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Fill yourself in on reagents for:

Lj S y n t h e s i s  of chemical properties, as well as on their biological ^
I a r o m a t i c  a l d e h y d e s »  activity. Tyrosine, tryptophan, and histidine resi- j

p N-Methyl-N-phenylcarbamoyl Chloride dues are unaffected by the reagent. [Biochim. ;n
|j ( E a stm a n  10912) Biophys. Acta., 93,5 3 3  ( 1964).] |
j Under Friedel-Crafts conditions, N-methyl-N- r - ----------------------------------------------------------------- --------

p h e n y lca rb a m o y l ch lo rid e  re a c ts  w ith  an  a ro m a tic  N E W  P H T H A L O C Y A N IN E  CO M PO U N D S d
! I co m p o u n d  to  fo rm  an  a m id e  L ith iu m  alu m in u m  s ix  new metallo-phthalocyanines are now avail- I
H h y d rid e  re d u ctio n  of th e  a m id e  y ield s  th e  co rre - able. These bring the number offered by E astm an  !
hi sp o n d in g a ld eh y d e . [F ie s e r  an d  F ie s e r , Reagents Organic Chemicals to 21 , not including m etal- ¡1
P fo r  Organic Synthesis, Jo h n  W ile y  8s Sons, In c., free phthalocyanine. The new additions are : n
U N e w  Y o rk , 1 9 6 7 , p. 4 9 4 . ]  .  Aiuminuln Phthalocyanine Chloride ¡J
ii _  _  . . . .  .  . ( E astman 11004) p
Ü M o d i f i c a t i o n  O f  a c h y m o t r y p s m .  .  Cadmium Phthalocyanine

M e th y l p -N itro b e n z e n e su lfo n a te  ( E astman 10859) i'j
n (EASTMAN 1 0 9 5 8 )  • chlorogallium  Phthalocyanine _
[j T h e  m o d ificatio n  of a -c h y m o try p sin  th ro u g h  sp e- ( E astman 10962) 11
P cific m é th y la tio n  of h istid in e -5 7  is acco m p lish e d  • Copper Phthalocyanine ( E astman 5590) p
Ü w ith  m e th y l  p -n itro b e n z e n e s u lfo n a te  in  0 .1  M  • M anganous Phthalocyanine Li
L; sod iu m  p h o sp h a te  buffer a t  p H  a b o u t 7 .9 . R a d io - ( E astman 10885) fj

iso to p e  stu d ies con firm  an  a lm o st s to ich io m e tric  • Tin Phthalocyanine Dichloride ! !
; j re a c tio n  w ith  a -ch y m o try p sin . A m in o  acid  a n a ly - ( E astman 10885) q
n sis P in p oin ted  th e  m odified  a c tiv e  site  of th e  en - The compiete list is available in K odak P ub lica- L
!| z y m e  a s  h istid in e -5 7 . [J.A.C.S., 91, 1 5 6 6  ( 1 9 6 9 ) . ]  t o n  J J - 2 9 ,  P h t h a l o c y a n in e - T y p e  C o m p o u n d s .  ¡j
r : Check the coupon below. 7
LI P o i s o n i n g  R o s e n m u n d -  ________________________________ ________________  j

; i eC^U C ^ ° n  Every one of the reagents listed here is new.
L: Quinoline-Sulfur R eagent ( E astm an  1 0 9 7 9 ) T o o  new> in  fact> to  be listed  in the cu rrent ■
j The Rosenmund reaction for reducing acid chlo- E a stm a n  Organic Chemicals catalog. Recently
i rides to their corresponding aldehydes requires a synthesized at the Eastman Organic Chemicals ~

supported Pd catalyst. The quinoline-su'fur poi- Laboratories, one or more of them just could be I 
n son inhibits further hydrogenation under the nor- the reagent you’ve been looking for to complete i

mal reaction conditions. [Ber., 54, 425 (1 9 2 1 ).]  an assignment or spark a new undertaking. These j 
H _ ___ „ newly listed reagents are available from the dealer rj
'-J P r o t e i n  m o d i f i c a t i o n .  nearest you. For a copy of E a stm a n  Organic L
I l-Nitroguanyl-3,5-dimethylpyrazole Chemicals List 45—a catalog of more than 6000

¡p ( E a stm a n  10910) available reagents, and to receive automatically p
j Free amino groups of bovine serum albumen are periodic supplements to it—simply return coupon. i j

i'j modified by nitroguanidation with 1-nitroguanyl- We look forward to filling your request. ^
Li 3 ,5 -d im e th y lp y ra z o le . S u ch  m o d ificatio n  is d ésir- B & A  N O R T H -S T R O N C  ^
|L ab le, sin ce  it re p la ce s  a  p o sitiv e ly  ch a rg e d  am m o - _  ’  U  ¡]
|L n iu m  grou p  w ith  th e  n on -b asic  n itrog u an id in o  C U R T I N  P R E I S E R  h
i'j group. T h e  m odified  p ro te in s  allow  a  s tu d y  of th e  F I S H E R  S A R G E N T -W E L C H
p effect of ch a n g e s  in  th e  n e t c h a rg e  on  p h y sico - H O W E  8s F R E N C H  W I L L  p

|| Dept. 412L  ii
® Eastman Organic Chemicals u
j Eastman Kodak Company, Rochester, N.Y. 14650 j H

n □  Send JJ -1 , “ EA STM A N  Organic Chemicals” catalog J !. '
¡J □  Send JJ -2 9 , “Phthalocyanine-Type Compounds” J Ê  j j

| Name j
■ State ~Zip |
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rinrpŜ rnitfHi N°- 33 Solid Surfaces and the Gas-Solid Interface. Thirty-
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T h e rate  and equilibrium  constants, ki and K ,  for the form ation of the 1 ,1 -dim ethoxy complexes of 2,6-dicyano- 
4-nitroanisole (4) and 2,4-dicyano-6-nitroanisole (5) together w ith  the rate constants for their decomposition, hi, 
have been determ ined in m ethanol and m ethanolic dim ethyl sulfoxide solutions. T h e  stabilities of 4 and 5 in 
m ethanol [K a =  351. m ol-1 , K s  =  101. m ol- 1 ) are considerably sm aller th an  those for their cyanodinitro- and tri- 
nitro-substituted analogs, and replacem ent of the tw o nitro groups in the 2 and 4 positions b y  cyano groups results 
in a greater decrease in K  th an  the corresponding replacem ent of the 2- and 6 -nitro groups. T h e  observed linear 
increase in log K  w ith  increasing m olarity  o f D M S O  in m ethanol has been shown to be a com posite effect o f  an in
crease in hi and a  decrease in k i. T h e  structures of 4 and 5 are substantiated b y  pm r spectra of bo th  the isolated 
and in  situ  generated complexes. In  the in  situ  generation of 5, b u t not of 4, b y  the reaction of m ethanolic meth- 
oxide ion w ith  the parent ether in D M SO-de solution, the form ation of an unstable transient, l,3-dim ethoxy-2,4- 
dicyano-6 -nitrocyclohexadienylide ion, is observed b y  pmr. T h e  form ation of this transient also has been ob
served a t low  substrate concentrations b y  calorim etry.

In the preceding part of this series,1 we reported tion of a transient 1,3-dimethoxy complex in the forma- 
kinetic and thermodynamic data on the formation and tion of 5, as well as dimethyl sulfoxide (DMSO) solvent
decomposition of the 2,4,6-trinitro- (1), 2-cyano-4,6- effects on the formation and decomposition of 5 and on
dinitro- (2), and 4-cyano-2,6-dinitro-l,l-dimethoxy- the equilibrium constant of 4. 
cyclohexadienylides (3). These data indicated that
the relative order of complex stabilities is 1 >  2 >  3 in H3CCL H3CCL ,OCH3

N C ^ X / C N  0 2N ^ > C ^ C N
H3C O . / O C H 3 H3CO 0CH 3 H3COv  .OCH3 T l - > ]

0 2N - _ > C r -N 0 2 0 2N - ^ > < ^ C N  0 2N ^ > < ^ N 0 2

y  y  y  k  ¿N

N 0 2 N 0 2 CN 4 5

1 2 3 Experimental Section
methanol, and that the replacement of a vara nitro . , , . , .- , , ,

, ’ r  1 . ■ j  T h e  solvents and reagents were prepared, purified, and stan-
group by a cyano group causes a more dramatic de- dardized as previously described . 3 Solutions of sodium  m ethoxide
crease in the stability of the complex than the corre- jn m ethanolic D M S O  w ere freshly prepared from  the purified
sponding replacement in the ortho position. solvents b y  the appropriate dilutions.

In order to substantiate these conclusions, we have l-Brom o-2,4-dicyanobenzene (6 ) and l-brom o-2,6-dicyano-

prepared, isolated, and studied 4 and 5 »  o n l i n e
complexes and report our studies on the effect of re- sim ilar to  th a t used b y  W allenfels, et a l . ,  for the preparation of
placing two nitro groups by cyano groups on the struc- i-brom o-2,4,6-tricyanobenzene . 4 4-Brom oisophthalam ide (10)
ture and stability of these complexes. We also wish to w as prepared b y  refluxing 14.27 g (58 mm ol) of 8  in 85 m l of
present calorimetric and pmr evidence for the forma- th ionyl chloride for 24 hr, followed b y  rem oval of the excess thi-
^  ^  onyl chloride b y  rotary evaporation. T he residue was dissolved

(1) Part VI: J. H. Fendler, E. J.Fendler, and C. E. Griffin, J .  Org. Chem., ~~ *
34, 689 (1969); presented, in part, at the 168th National Meeting of the (3) W. E. Byrne, E. J. Fendler, J. H. Fendler, and C. E. Griffin, J .  Org.
American Chemical Society, New York, N. Y., Sept 1969. Chem ., 32, 2506 (1967).

(2) (a) University of Pittsburgh; (b) Carnegie-Mellon University; (c) (4) K. Wallenfels, F. Witzler, and K. Friedrich, Tetrahedron , 23, 1353
The University of Toledo; (d) University of Tennessee. (1967).
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5 ------------------------------------------------------------------------------------A n a l.6 C alcd  for C 9H 5N 30 3: C , 53.25; H , 2.48; N , 20.68.
( \  Found: C , 53.43; H , 2.48; N , 20.36.

-  ' 5<!v b\  T h e same procedure and reactant quantities w ere used to  pre-
a  [ P are 2,6-dicyano-4-nitroanisole (16) from  14. A fter recrystal-
°  1 lization from  m ethanol, the colorless needles of 16 m elted at
g  14 8 .5-14 9.5°.
f , o -  A n a l.6 C alcd  for C 9H 5N 30 3: C , 53.25; H , 2.48; N , 20.68.
^ ^ 5 * .  Found: C , 53.41; H , 2.33; N , 20.65.

V X .  Potassium l,l-dimethoxy-2,4-dieyano-6-nitrocyclohexadienyl-
§ \  > v \  ide (5) was prepared by the addition of 0.211 ml (1.07 mmol) of
g \  \  > 4 . 5.05 M  potassium methoxide in methanol to a solution of 0.204

g 0 5 -  \  g (1.08 mmol) of 15 in 0.25 ml of dry dioxane. The red crystals
S' \  which formed immediately on slight cooling were filtered under
_J \  \  ’ S j  dry nitrogen and were washed with dry benzene and anhydrous

\ X s ether. The crystalline product did not decompose completely at
J  i i i i i i i i i i temperatures <280°. This material contained approximately
0 2 4  6 e to 1 2 14 1 6 '8 2 0  0.5 mol of dioxane of crystallization (by pmr integration of

Time, Seconds dioxane singlet, r 6.43 ppm3).
F igu re 1.— (A) P lo t of log (OD< -  OD«,) against tim e for the A n a l -6 C alcd  for C ioH 8N 30 4K -0 .5 C 4H 80 2: C , 45.3; H ,

decom position of 4 in m ethanol a t 25.00°. (B ) P lo t of log (ODi 4.05; N , 13.2; K ,  12.3. Found: C , 40.79; H , 3.58; N , 11.92; 
— ODo) against tim e for the decomposition of 5 in m ethanol a t ld-28-
25.00°. (C ) P lo t of log (O D „ -  O D () against tim e for the attain- T h e same procedures and reactant quantities were used for the 
m ent of equilibrium  of 5 in D M S O -M eO H , 10:90 (v/v), a t  25.00°; preparation of potassium  l,l-d im ethoxy-2,6-d icyan o-4-n itro-
[15] =  9.0 X 10_5M, [NaOCHs] =  1.86 X 10 _3Af. cyd ohexadienylide (4) from  16 in 0.50 m l of d ry  dioxane. T h e

yellow  crystals, w hich form ed upon evaporation of a sm all am ount 
of the solvents w ith  dry nitrogen, were filtered and w ashed w ith  

in 250 ml of dry benzene and am m onia was bubbled through the dry b " e “ d anhydrous ether in an atm osphere of d ry  nitro- 
stirred reaction m ixture for ca . 8  hr. T h e w hite precinitate of T h e yellow; fry s ta  s turned red a t c a  140 b u t did not
am m onium  chloride and 1 0  was filtered, dried a t  90-100°, and dec° ® P ° f  com pletely a t tem peratures <280 T his m aterial
suspended in  200 m l of w ater. F iltration  gave  colorless, crystal- ®ontam ®d approxim ately 0.34 mol of dioxane of crystallization
line 10, which was washed w ith  w ater and dried a t 90-100°, mp !°7 ^  . .  „ „  TT
248-249°. T h e dinitrile 6  was prepared b y  refluxing a  m ixture ,  n , ° V t4  o l o .  S ’
of 10.0 g (41 mm ol) of 10, 5.4 g  of sodium chloride, and 50 ml of ' jj’ ^ ou n d ’ 42.03; Id, 2.73; N ,
phosphorus oxychloride for 4 hr. T h e excess phosphorus oxy- ’ , ,  , „  , , ,, , ,
chloride w as rem oved b y  rotary evaporation  a t 0.1 m m  and the 6  for complexes 5 and 4 are rather poor and duph-
residue w as poured into ca . 100 m l o f ice w ater. T h e  precip itate Cate analy f s  showed a considerable lack  of reproducibility which
was filtered, washed w ith w ater, and dried in  vacuo  over phos- suggests th at these results could be due to loss of dioxane or
phorus pentoxide. A fter recrystallization  from  benzene, the ” e t h a n o 1  during the analyses or the presence of potassium  ear-
colorless crvsta lsn f 6  TTipltpdnt 103—1Q3 Donate in the ash. th e  p u rity  of these complexes w as, how ever,

2-Brom oisophthalic acid ( 1 1) w as prepared b y  alkaline potas- (ound ^  be than 98%  b y  pm r integration, and no impuri-
sium  perm anganate oxidation of 9. A  m ixture of 25 g (135 ties could be detected in their infrared spectra obtained under
mm ol) of 9 , 6.25 g of sodium  hydroxide, 132 g  of potassium  per- conditions of m axim um  resolution on a Perkin-E lm er 221 spec-
m anganate, and 625 m l of w ater was refluxed for 15  hr; an addi- ropho om eter. . .
tional 50 g of potassium  perm anganate was added , and the mix- , ,e a<4 a'nm ent of the equilibrium  for the form ation of com-
ture w as refluxed for a further 7 hr. T h e excess potassium  per- i 3 j t and ^  irJ methanol and m m ethanolic D M S O  was followed
m anganate was decomposed w ith  m ethanol, the hot solution ?nTt o mM ln v tberm ostated cell com partm ent of a B eckm an 
was filtered, and the manganese dioxide precip itate was washed -2 spectrophotom eter. T h e tem perature w as measured in-
four tim es w ith ca . 200-ml portions of hot w ater. T h e com bined ®ld? . ce :s and was m aintained w ithin ± 0 .0 2 °. T h e m ixing
filtrates w ere concentrated to ca . 250 ml b y  distillation  and acidi- techniques for fast reactions have been described p reviou sly . 1

fied w ith  concentrated nitric acid. T h e precipitate w as filtered, . . e decom position of complexes 4 and 5 w as in itiated  b y  in-
washed w ith  cold w ater, and dried in  vacuo  over phosphorus f  ° l lng a  c° nce'ltrated  solution of the complex
pentoxide. T h e colorless crystals of 11 m elted a t  216 -218 ° t- t-va/toPt  • l r ^ 0  therm ostated m ethanol or meth-
(lit.s mp 218 °). 2-Brom oisophthalam ide ( 1 2 ) was prepared from  anoI' c ? M S 0  contained in the cell com partm ent of the spec-
11 b y  a procedure analogous to th at described fo r 1 0 . 7 was wophotom eter. T h e  rate of color disappearance was follow ed a t
prepared b y  the dehydration of 1 2  w ith  phosphorus oxychloride the appropriate w avelength . Since the concentration of 15 was
as previously described and m elted a t 190 -190 .5°. kep t a hundredfold sm aller than th at of the sodium m ethoxide,

2,4-D icyanoanisole (13) was prepared b y  the addition of 2.62 a? d the concentrations of the complexes w ere in the order 
m l (15 mm ol) of 5.73 M  potassium  m ethoxide in m ethanol to a ° ‘ / °  Pseudo-first-order kinetics were observed for both  the 
solution of 1.92 g (10 mm ol) of 6  in 20 ml of m ethanol. T h e  attainm ent of the equilibrium  for 5 and for the decom position
reaction m ixture w as refluxed for 7 hr, cooled, and poured onto . complexes 4 and 5. Such first-order plots for typ ical runs are 
50 g of ice. T he colorless crystals of 13 were filtered, washed given  in h igure 1.
w ith distilled w ater, and dried in  vacuo over phosphorus pentox- R apid m ixing techniques were used to determ ine the ab 
ide, mp 205-206°. sorbance due to  the complexes a t th e various m ethoxide ion con-

T h e  sam e procedure was used to prepare 2,6-d cyanoanisole centrations in m ethanol and in m ethanolic D M S O . T h e blan k
(14), mp 90-90.5°, from  6.93 m l (35 mm ol) of 5.05 M  potassium  in e,ach case contained the sam e concentration of m ethoxide ion
m ethoxide in m ethanol and 5.76 g (30 mm ol) of 7  in 30 ml of in the corresponding solvent.
m ethanol, w ith  the exception th at the reaction m ixture was re- . 9 a on m etno studies were carried ou t w ith  a dual calorim eter 
fluxed for 19 hr, cooled, and poured onto 100 g of ice. S I 1 ™ 7 desor*bed b y  A rn ett, B entrude, B urke, and D ug-

2 ,^4-Dicyano-6-nitroanisole (15) was prepared b y  the addition gT^?r’
of 1 .75  g  of 13 to 35 m l of fum ing nitric acid (d  1 .52). T h e 1 he apparatus was checked a t least once a  m onth b y  m easuring 
reaction m ixture was stirred a t 60-70° for 2 hr and a t room tern- ~*e .ea,j  s°F *ti°n of potassium  chloride in w ater. T h e values
perature for 15 hr, cooled, and poured onto 100 g of ice T h e  obtained usually agreed w ithin  ± 1 %  of the accepted valu e 8 and
solution w as neutralized slow ly w ith  rigorous stirring to pH  6  b y  alw ays agreed w ithin ± 2 % .

the addition of concentrated sodium  hydroxide at 0 ° . T h e  color- (6) Analyse« were performed by Galbraith Laboratories, Inc., Knoxville,
less, crystalline precip itate w as filtered, washed w ith  distilled Tenn.
w ater, and dried in  vacuo. A fter recrystallization  from  aqueous (7) E. M. Arnett, W. G. Bentrude, J. J. Burke, and P. M. Duggleby, j .
m ethanol, the colorless needles of 15 m elted a t 119 -12 0 °. Amer. Chem. Soc., 87, 1541 (1965).
____________  (8) V. B. Parker, “Thermal Properties of Aqueous Uni-univalent Elec

trolytes,” National Bureau of Standards, Washington, D. C., Patent NSRDS— 
(5) E. A. Coulson, J .  Chem. Soc., 1298 (1937). NBS2.
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Figure 2 .— A bsorption spectra of 2,6-dicyano-4-nitroanisole (16) [dm so],M

(6.75 X  10 -s M )  in m ethanol (A ) and in  2.99 M  m ethanolic
sodium m ethoxide (B). A bsorption  spectra of 2,4-dicyano-6- F igure 3.— P lo t of 1 +  log k , and 2 +  log k 2 fo r 5 in m ethanolic
nitroanisole (15) (3.96 X  10 ~ 6 M )  in m ethanol (C ) and in  2.99 M  dim ethyl sulfoxide a t 25.00°.
m ethanolic sodium  m ethoxide (D ) (all in m atched 1.00-em cells).

T h e  60-M H z pm r spectra w ere obtained w ith  a V arian  Asso- T a b l e  II
ciates A-60 spectrom eter a t 25° (probe tem perature m aintained I nteraction  of 2 ,4 -D icyano-6 -n itro a n iso le  (15) w ith

w ith a  V6040 variable-tem perature controller). Unless other- S odium  M et h o x id e  in  M ethanolic

wise noted, all spectra w ere determ ined on solutions in DMSO-<f6 D im eth y l  S u l fo x id e  at 25.00°
using tetram ethylsilane (T M S ) as an internal standard; chem ical loqNaOCHs],
shifts (r, parts per m illion) are given  re lative  to T M S  (t  10.00 [DMSO], M M ' HWtobsd, sec-* fa, 1. mol- 1 sec-»
ppm ) and are accurate to ± 0 .0 3  ppm . C hem ical-shift data  w ere q 2 06 ±  0 83“
taken from  spectra determ ined a t sw eep w idths of 500 H z. T h e  0 70  ̂ O' 15 4
reported coupling constants are the average of a t least three de- ‘
term inations a t 50-Hz sweep w idths and are accurate to ± 0 .0 2  °
H z. 0° 13 .9

3 .9 4  1 7 .5

Results 7  ■ 38 22 .5
9 .8 5  2 0 .7

The absorption spectra of 2,4-dicyano-6-nitroanisole 12.30  2 5.3
(15) and 2,6-dicyano-4-nitroanisole (16) in methanol 14 .7 4  30 .4  9 .5 5  ±  1.0 6
and in 2.99 M methanolic sodium methoxide are shown 1.41* 0= 11.7
in Figure 2. The data for the interaction of 15 with 10-8
sodium methoxide at 25.00° are given in Table I for °c 12
methanolic solutions and in Table II for methanolic „ r ?

2.80 12 .4
_  3 .7 3  16 .3
T a b l e  I  4 . 6 0  1 7 .3

I n teraction  of 2 ,4 -D icyano-6 -n itr o a n iso le  (15) g g2 27 1

(7.29 X  10 - 6  M )  w ith  M eth an olic  S odium  11  65 32 7
M e t h o x id e  at  25.00° jg  3  ^  5

102[NaOGHa], M  Absorbance at 480 mp.a 10fcobad»sec”1 18 6  45 0 1 9 .1  ±  0 .8

0* 1 .7 9  2 .1 0 *  0' 9 .4 3
0* 1 .8 1  0° 9 .4 3
0* 2 .0 9 2.20  16 .33
06 2 .2 5  4 .40 24.2
1.0 3  0 .13 2  2 .3 4  6 .60 24.6
2.0 6 0.260 2 .6 2  8.80 58.9
3 .0 9  0.363 3 .7 7  11 .0 0  10 3.5
4 .1 2  0.460 2 .6 9  13 .2  1 3 1 .8  8 7 .4  ±  14

5 -18 °-5 2 8  2 ' 7 1 . . “ F o r details see T ab le  I . b [15] =  9.0 X  10 - 5  M . • D e-
° U sing a pair of m atched 10-mm cells. 6 D ecom position o f com position of the solid complex 5 in the appropriate m ethanolic 

the solid complex 5. D M S O . d [15] =  8,0 X  10~s M .

DMSO. Values and standard deviations of fci for „ . . „  . . . ,, , ,,
15 in these solvents have been calculated by least-mean- smaller “ f 7 0 “ 1' 1 i n  met^an0+1 than f  
squares treatments of the data. Attempts were made to P” e Tbe uncertainty m h
obtain fa values at different temperatures in order to values m the 2.10 M DMSO system is due to the very
calculate the Arrhenius parameters for the formation of high values. A linear relationship has been found
complex 5. The standard deviations for these kinetic betwf®n loS k\ and^  ^  f  ?  “ T l m
runs were, however, even greater than for those at Von (Mgure 3) Using theabsorbance data m Table I
25.00°. Similarly, attempts to obtain fa values for the and the form of the Benesi-Hildebraud equation« shown 
reaction of 16 with methoxide ion in methanol or in j15] or x j
methanolic DMSO were completely frustrated by j  = "e+  Ae[XaOCH3J ^
irreproducible /c„bsd values. Kinetic measurements in __________
methanolic DMSO systems yielded better data, the (9) j j . Benesj and J. H. Hildebrand, J .  Amer. Chem. Soc.,  71, 2703
standard deviations in the fa vaiues are considerably (1949).
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Table III
Decomposition of Potassium 1,1-Dimethoxy-2,4-dicyano-6-nitrocyclohexadienylide (5) in

Methanolic Dimethyl Sulfoxide
----------------------------------------------------------- [DMSO], AT----------------------------------------------------------- .

0 1.41 2.10 3.52
102fo, se c - 1  a t  25.0 0 ° 19 .8  1 1 .5  9 .4 3  6 .5 2
KPfcj, se c “ 1  a t  14 .4 5 °  9 .0 7  5 .5 1  4 .1 6  2 .4 7
E i,  k c a lm o l - 1 1 2 .4  ± 1 . 0  1 1 .9  ±  1 .0  1 3 .3  ±  1 .0  1 5 .7  ± 1 . 0

eu  - 2 2  ±  3 - 2 4  ±  3 - 2 0  ±  3 - 1 3  ±  3

3 ---------------------------------- -----------------  Table IV
1 2 0 - ú Interaction of 2,6-Dicyan o-± nitro anisóle (16) with
| , /  Sodium Methoxide in Methanolic Dimethyl
f  / dmIS A l i o  ^  Sulfoxide at 25.00°

c l /  Absorbance at
i f /  ^ 4 2 1  M [DMSO], M  10*[NaOCHi], M  400 m/i“ K ,  1. mol-‘6
I  10_ / /  DM S0 0« 5 .2 5  0.079
I  / /  10 .5  0 .136
|  / /  2 1 .0  0.205

t  M A ^  3 1 .5  0.262
A  ^  4 2 .0  0 .316

«* o __i__i__i__i__i__i_i__ i_i__i_i___ i__i__i__ 5 2 .5  0 .336 3 3 .5
O 200 600 1000 1400 1800 2200 2600 3000  ̂ 9 45 0 332

tN°0CHil 12 .18  0.390

F igu re 4.— B enesi-H ildebrand plots for the form ation of 4 in 18.90 0.442
m ethanolic dim ethyl sulfoxide. 23.63 0.548

28.35 0.515
where A  is the absorbance in a 1.0-cm cell, e is the ex- 37.80 0.560 7 7 .0

tinction coefficient, and K  is the equilibrium constant 2,826 0 84 0.121
for the complex, a good linear relationship was obtained 2 ' Q' 249
on plotting [1S]/A vs. l/[NaOCH3] indicating that a g'60 0 '330
simple 1 :1  equilibrium prevails.1'3'10 Since the inter- 4 ’ 2o 0  421

cept of the Benesi-Hildebrand plot ( i .e . ,1 / e) is suscepti- g 40 0.468
ble to large errors, e was determined independently by 12.6 0.545
dissolving known amounts of 5 in DMSO and in various 16.8 0.578
DMSO-methanol mixtures and measuring the absor- 2 1 . 0  0 .618  2 2 1

bance (using the appropriate blanks) at 480 mp. A 4.23» 0.368 0.109

value of €480 =  (2.1 ±  0.1) X  104 cm- 1 1. mol-1 repre- 0.735 0.200
sents the mean of five independent measurements and 1.47 0.278
was used in conjunction with eq 1 to obtain K  — 15 1. 2 -21 0.325

mol-1 . This value is in agreement with that of K  =  2 94 0.336

10 ± 5 1 .  mol-1 obtained from the kinetic data (fci/fc2 in 8 ®8 9 892
Table I I ) . Table I I I  contains the kinetic and thermo- 14'7° 0  4 7 7  695
dynamic data for the decomposition of 5 in methanol TT. . . , ,j  , v. r  t-v ror\ Using a pair of matched 10-rnm cells. b Obtained from eq 1.
and methanolic D M b U .  •= [16] = 1.89 X  10~6 M . d [16] = 2.43 X  10~6 M . «[16] =

Equation 1 was used to calculate K  for the formation i .65 x  10“6 M. 
of 4 at 25.00° in methanol and methanolic DMSO. The 
data are given in Table IV and typical Benesi-Hilde
brand plots are shown in Figure 4. The extinction subtracting the heat of solution of the solid substituted
coefficient obtained from the intercept of Figure 4 for 4, anisóle in the indicated solvent from the heat of solution
€400 =  3.12 X  104 cm“ 1 1. mol“ 1, is in very good agree- 0f the same compound in the solvent containing sodium
ment with that of €400 =  (3.1 ±  0.5) X  104 cm “ 1 1. methoxide. Concentrations of the reactants were kept
mol“ 1 obtained from direct measurements by dissolving below 0.013 M . The above method is applicable only
known amounts of 4 in DMSO and DMSO-methanol when the equilibrium constant for complex formation is
mixtures and measuring the absorbance at 400 mp large When this is not the case, the heat of complex
against the appropriate solvent blanks. A satisfactory formation (H¡) was calculated from 
linear relationship of log K  vs. [DMSO], M , for 16 has
also been obtained. Table V contains the kinetic and = #ob»d/[c]F
thermodynamic data for the decomposition of 4 in where [c] is the concentration of the complex, V is the
methanol and in methanolic DMSO voiume of solution in the calorimeter (210.0 ml), and

The heats of formation of several Meisenheimer com- R  is the difference in the heat of solution of the sub.
plexes from the corresponding anisóles and sodium Btituted anisole in the re solvent and in the solvent
methoxide in solution are given in Table V I, together containi sodium methoxide. The concentration of
with free energies calculated from the data m Tables the lex [c] was calculated from
11 and IV. The heats of formation were obtained by

(10) E. J. Fendler, J. H. Fendler, W. E. Byrne, and C. 3 . Griffin, J .  Org. ¡„i _  ([A] +  [B] +  \ / K )  ±  V([A] +  [B] +  l / K ) 1 -  4[A][B] 
Chem., S3, 4141 (1968). 2
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T able V
D e c o m p o s it io n  o p  P o t a s s iu m  1 ,1 -D im e t h o x y -2 ,6 -d ic y a n o -4 - n it r o c y c l o h e x a d ie n y l id e  (4 )  in

Methanolic D imethyl Sulfoxide

------------------------------------------------------------- [DMSO], M ------------------ ------------------------------------------- ,
0 1.41 2.82 4.32 5.64

1 0 2fe , s e c “ 1 a t  2 5 .0 0 °  3 7 .3  2 1 .1 6  1 2 .9 0  6 . 3 0  3 .2 9
10% 2, s e c “ 1 a t  1 4 .4 5 °  1 4 .3 7  6 . 8 0  4 .3 7
10 2fc2, s e c " 1 a t  7 .6 0 °  7 .9 5  3 .7 1  2 .2 9
E t, k c a lm o l—1 1 4 .6  ±  0 . 8  1 6 .7  ±  0 . 8  1 6 .7  ±  0 . 8
A S *  eu  - 2 0 . 4  ± 2 . 0  - 6 . 9  ±  2 . 0  - 7 . 8  ±  2 . 0

T able VI 6l------------------------------- -------------- * *----- j-----
— i------- ------------------------------ r * !-----------T hermodynamic Values for F ormation op M eisenheimer *5- ahi0, /1,3 Comp e*/

Complexes at 2 5  t /
Solvent \  j\ ah ior
(voi. %  i *3~ r\  1,1 Comp,ex

DMSO in I / \
Complex methanol) AF, keal/mol AH, kcal/mol° AS, eu t * 2 ~ /

0 — 2 . 1  E n d o th e rm ic  f + i -  / _______ ___ 2
4  2 0  - 3 . 2  - 2 . 2 3  ± 0 . 5 5  + 3 . 3

3 0  - 3 . 9  - 2 . 4 6  ± 0 . 6 4  + 4 . 7  °
5 15  - 3 . 4  - 0 . 8 2  ± 0 . 4 9  + 8 . 7

19 15 ( + 3 . 0 5  ±  0 .6 4 ) 3 -io 0 10 20 30 fo 50 60 ‘ tuj 120 ?30
1 0  - 5 . 7 7  - 4 . 8 6  ± 0 . 3 0  + 3 . 0

18 0  — 1 .4 8  ± 0 . 5 0 c F ig u re  5 .— P lo ts  o f e n th a lp y , AH, vs. tim e  fo r  so lid  17 in  pure
° E rro rs  a re  s ta n d a rd  d e v ia tio n s (<r) fro m  th e  m ean . 6 T h is  is  m eth a n o l (cu rv e 1 ) an d  th e  sam e a m o u n t o f 17 in  0 .0 1  M  m eth -

a  m inim um  v a lu e  ca lcu la te d  assu m in g t h a t  K  fo r th e  1 ,3  co m - an o lic  sodiu m  m eth o xid e  (cu rv e  2 ) .
p lex is th e  sam e as K  fo r th e  1,1 com p lex . e C a lcu la te d  assu m 
ing  th a t  K  fo r th e  1 ,3  com p lex  is  la rg e , i.e., th a t  th e  com p lex mental error. This result indicates that the two K
fo rm atio n  is  esse n tia lly  co m p le te . values are at least of the same order of magnitude.

Table VII allows an intercomparison of kinetic and 
where [A] and [B] are the initial concentrations of thermodynamic data for the formation and decomposi-
anisole and base and K  is the equilibrium constant. ti0n of complexes 1 and 5 in methanol at 25.00°. The

The behavior of 2,4,6-trinitroanisole (17) and 15 pmr ¿ ata for the dicyanonitroanisoles and the 1,3- and
toward sodiutn methoxide in methanol and in 15% (v/v) 1,1-dimethoxycyclohexadienylides are given in Table
DMSO in methanol indicates that a complex forms VIII. 
prior to the formation of the more stable 1,1 complex.
Two typical calorimetric runs are superimposed in Discussion
Figure 5. Curve 1 is typical of the injection of solid 17
into pure methanol. Curve 2 reproduces an injection The absorption maxima of 15 and 16 in methanolic 
of the same amount of 17 into methanol containing sodium methoxide at 400 and 480 mu are assigned to
0.01 M  sodium methoxide. Normally, one-step com- complexes 4 and 5 since the spectra of the isolated com
plex formation yields a curve identical with 1 but dis- plexes have the same maxima. In each case the absorp-
placed along the enthalpy axis. Extrapolation of the tion maximum is reached at approximately 10_1 M
lines on opposite sides of the peak yields an intersection sodium methoxide and remains essentially constant at
point considerably below the displacement due to the higher concentrations; i.e., the equilibria given in eq 2
endothermic solution of 17 in methanol. With 15, the k,
curve is displaced in an endothermic direction from the 16 or 15 +  N aO C H a ^=2; 4  or 5 (2 )

curve generated by the dissolution of the anisole in the
solvent. In both cases, the calorimeter results indicate prevail. As in the case of the Meisenheimer complex
formation of a transient. In contrast, 16 gives no formations previously studied,1 the increase of absor-
evidence for transient formation. As shown by curve bance at 480 my. for 5 at lower methoxide ion concentra-
2, the transients are converted in an exothermic process tions was followed as a function of time. Under the ex-
into the final products, the 1,1 complexes. The rate of perimental conditions, the observed first-order rate con
formation of the 1,1 complex 1 from the transient cal- stant, fcQbsd, for equilibrium attainment is given by1
culated from curve 2 is in fair agreement with the rate
reported by Gold11 (4 1. mol-1 sec-1). The first-order fcobsd 1 a 31 + ^
rate of formation of 5 from the transient in 0.01517 M where kl is the second-order rate constant for the for-
sodium methoxide in methanol is roughly k =  0.20 mation of the complex and fc2 is the first-order rate con-
sec“ 1. This is too fast to enable an accurate deter- stant for its decomposition. We have successfully used
mination using the calorimeter. The method of Bolles eq 3 previously for calculating h  and fc2 values for a
and Drago12 has been applied to the calorimetric data number of Meisenheimer complexes.1’3’10 However,
yielding values of K  in rough agreement with those plots of fcobsd against sodium methoxide concentration
obtained from absorption spectroscopy. Using this for l5  showed considerable scatter. The reason for
method12 the values of K  obtained for the 1,1 and 1,3 these difficulties lies mainly in the unfavorably small
complexes were the same within a rather large experi- equilibrium constants. With the present technique, it 

„ „ , , , appears that optimum conditions for obtaining/ci and(11) V. Gold and C. H. Rochester, J .  Chem.  Soc., 1687 (1964). 1 \ °  *
(12) T. F. Bolles and R. S. Drago, J .  Amer. Chem. Soc., 87, 5015 (1965). « 2  Values p revail w hen K  IS rea so n a b ly  high, — I

flTUQYlinrf'^PU !
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T able V II
K inetic and T hermodynamic P arameters for the F ormation and Decomposition of T rinitro-,

Cyanodinitro-, and D icyanonitro-Substituted M eisenheimer Complexes in M ethanol at 25.00°
JO 2“ 3“ 4 5

fci, 1. m ol- 1  sec - 1  17.3 18.8 6.1 ~ 12 i> 2 .0
KWh, sec"1 1.04 7.20 22.0 373 198
K,  1. m ol- 1 17,000 2600 280 34 10
Ei, kcal m ol- 1  13.5 ±  1 .0  17.8 ±  0 .8  13.9 ±  0 .8
AS ,% m  - 9 . 4  ± 2 . 0  + 5 .0  ±  2 .0  - 1 0 .4  ±  2 .0
E 2, kcal m ol- 1  19.0 ±  1.0 14.4 ±  0 .8  9 .6  ±  0 .8  14.6 ±  0 .9  12.4 ±  1.0
AS2T, eu - 4 . 8  ± 2 . 0  - 2 0  ±  2 .0  - 3 2 .0  ±  2 .0  - 2 0 .4  ±  2 .5  - 2 2 .0  ±  3 .0

“ D a ta  obtained in ref 1. 6 C alcu lated from  fe and K .

T able Y III
Pmr Spectra of D icyanonitroanisoles and the Corresponding 1,3- and 1,1-D imethoxycyclohexadienylides“

?CHs CH30 OCR, V®3 CHjO OCR, 9CH3
0 + ^ 1 , cn 02n4 > O cn o2N ^ i / cN

h5̂ Y ^ h, h5̂ Y ^ h, ĥ h, hP y C  hP ^ och,
no2 no2 cn cn cn
16 Ab 15 S6 19°

n  (O C H ,) 5 . 5 3  7 .0 2  5 .7 8  7.0 8 5 .78
t3 (OCH3) 7-03
T3 (H) 1.0 0  2 .10  1 .2 4  2 .70  4.88
t5 (H ) 1.00 2 .10  1 .1 4  2.00 2 .1 2

2 .7  2 .3  2 d

« E x cep t where noted, spectra determ ined in D M SO -d 6 a t 25°. D etails of m ethod are given in Experim ental Section. 1 Spectra 
determ ined on samples of isolated complexes. c Spectrum  determ ined in M eO H -D M SO -ch  m ixtures. d J 3s estim ated from  500-Hz 
sweep w id th  spectra.

the methoxide ion concentration is kept in the region solvents enhance the stability of Meisenheimer com-
of 10_2-1 0 -8 M . Carbon dioxide may interfere at plexes.3 Indeed, this fact has been used extensively to
lower methoxide ion concentrations and changes in ion facilitate the isolation of crystalline potassium or sodium
activities introduce uncertainties at higher concentra- cyclohexadienylides.1'3’10'16 Kinetic results on the
tions. interaction of 15 and 16 with sodium methoxide in

The order of stabilities of the 2,4,6-trisubstituted methanol and methanolic DMSO (Tables II and IV,
Meisenheimer complexes parallels the electron-with- Figure 3) allows a quantitative treatment of this obser-
drawing power of the substituents at these positions. vation. The similarity of the dielectric constants of
The stabilities of the trinitro- ( l ) ,1 cyanodinitro- (2, methanol (30) and DMSO (47)17 renders this solvent
3 ),1 and dicyanonitro- (4, 5) substituted Meisenheimer pair particularly useful for kinetic studies. The equilib-
complexes are best expressed by the equilibrium con- rium constant for the formation of 4 is higher by a factor
stants of their formation in methanol at 25.00°: K\ of approximately 20 in 4.23 M DMSO in methanol
>  K 2 > K$ >  K i > Ks. Replacing two nitro groups in (DMSO-MeOH, 30-70 v /v) than in pure methanol,
the 2 and 4 positions by cyano groups results in a Furthermore, this increase in the equilibrium constant
greater effect on K  than replacing two nitro groups in with increasing amounts of DMSO in the solvent pair
the 2 and 6 positions: K 1/K 4 = 500, K\/K$ =  1700. is a composite effect of an increase in fci and a decrease
The present results substantiate our earlier1 findings of in fc2 (Table II and Figure 3).
K i/K 2 =  6.5 and K 1/K 3 =  60, and those of others who As a first approximation, the enhancement of h  
observed greater activating power for p-nitro com- obtained by an enrichment of the solvent in DMSO can 
pared with o-nitro groups for methoxydehalogenations.13 be attributed to the difference in the hydrogen-bonding 
Molecular orbital calculations have also demonstrated power of these solvents. It has been generally recog-
that the para substituent carries the bulk of the nized that such strong hydrogen-bond acceptors as
negative charge in Meisenheimer complexes.14 methoxide ions become considerably less solvated in

Changes in the equilibrium constants for complexes dipolar aprotic than in pro tic solvents.18 The meth-
1-5 are dependent to a greater extent on the changes in oxide ion in the DMSO-rich solvent is, therefore, less
h  than those in fa (Table V I). A similar situation has extensively hydrogen bonded and can consequently
been encountered in comparisons of the fci and fc2 values become a stronger nucleophile than in pure methancl.
for the methoxyl complexes of l-methoxy-2,4-dinitro- A similar rationalization can be extended to the effect of
naphthalene10 and 2,4-dinitroanisole.16 Lack of experi- DMSO as a cosolvent on fa. Since the negative charge
mental data does not allow the comprehensive discussion is delocalized in the Meisenheimer complex, the aprotic
of the Arrhenius parameters for complexes 4 and 5 DMSO solvates this large ionic species to a greater
which was possible for complexes 1-3 .1

It has been known for some time that dipolar aprotic (is) g . s . Gitis, a . i . Gias, and a . Ya. Kammskii, j . Gen. chem. ussa,
33, 3229, (1963); S. Nagakura, Tetrahedron Suppl., 19, 361 (1963).

(13) J. F. Bunnett and R. J. Morath, J .  Amer. Chem. Soc., 77, 5051 (17) D. Martin, A. Weise, and H.-J. Niclas, Angew. Chem. Intern. Ed.
(1955); W. Greizerstein and J. A. Brieux, ibid., 84, 1032 (1962). Engl., 6, 318 (1967), and references cited therein.

(14) P. Caveng, P. B. Fischer, E. Heilbronner, A. L. Miller, and H. Zol- (18) A. J. Parker, Quart. Rev. (London), 163 (1962); Advan. Org. Chem.,
linger, Helv. Chim. Acta, 60, 848 (1967). 5, 1 (1965); Advan. Phys. Org. Chem., 5, 173 (1967); Chem. Rev., 69, 1

(15) C. F. Bernasconi, J .  Amer. Chem. Soc., 90, 4982 (1968). (1969).
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extent than methanol and hence enhances its sta- tiate this generalization. The decomposition of Meis- 
bility. enheimer complexes (fa) in different methanolic DMSO

The arguments presented so far are, however, gross mixtures are governed to a greater extent by entropy
oversimplifications. Any serious consideration of sol- changes (Tables III and V). Increasing the DMSO
vent effects on rates has to include changes in the concentration caused an increase in A S*. This is
activity coefficients of the reactants and of the transi- explicable in terms of a greater solvation difference
tion state as a function of solvent changes. The pio- between the ground and transition states in methanol
neering work of Parker and his coworkers has laid the than in DMSO.
foundation for this type of treatment.19 From solu- The structures of the 1,1-dimethoxy complexes 4 
bility and electrochemical measurements these workers and 5 are confirmed by their pmr spectra (Table V III).
have demonstrated quantitatively that polar reactants The observed parameters are in full accord with expec-
and large polarizable SxAr transition states are more, tations based on the spectra of the corresponding
but small negative ions are less, solvated by DMSO than cyanodinitro1 (2 and 3) and trinitro1’24 (1) complexes,
by methanol. This conclusion qualitatively fits our Since the salient characteristics and structural impli-
data, but quantitative treatment must wait until cations of the pmr spectra of Meienheimer complexes
activity coefficient data are available for 15 and 16 or have been discussed in detail elsewhere,1-3'10'24’25 no
similar aromatic ethers. It is .realized that “solvent further comments on the spectra of 4 and 5 are warrant
sorting” could possibly occur in mixed solvents such as ed.
methanolic DMSO. This “solvent sorting” would Calorimetric studies indicate the formation of tran- 
result in further complications by producing cybotactic sients in the reactions leading to 1 and 5 ; however, no
regions whose composition is different from that of the conclusions regarding structures can be drawn on the
bulk solvent.20 Such a situation is more likely to occur basis of calorimetric studies. In the light of previous
in DMSO-rich solvents (> 95%  DMSO) where the work,1’24'26 it appears most likely that the transients
effects of extensive ion pairing of the methoxide ion also detected are 1,3 complexes, formed by rapid attack of
need to be considered.21 methoxide ion at the 3 position of the anisoles. Servis24

Linear correlations have been obtained between has provided pmr evidence for the formation of 18 as a
log fa, log fa, and log K  vs. molar DMSO concentration transient in the reaction of 2,4,6-trinitroanisole with
for compounds 15 and 16 (Figure 3). Similar results methoxide ion; 18 undergoes rapid conversion into the
have been found for the reactions of alkoxides and 0CH
amines with 4-fluoronitrobenzene and 2,4-dinitrochloro- q ^ T no
benzene in methanolic DMSO.22 Kingsbury observed 2 2
that the slopes of log k vs. [DMSO], M, have a fairly
constant value of 0.275 and concluded that the DMSO H jj OCH3
“catalysis” is relatively independent of the system N02
involved.22 Values of 0.75 and —0.14 for the slopes of 18
log fa and log fa vs. [DMSO], M, for the reaction of 15
with methoxide ion clearly render this conclusion 1,1 complex l .27 Pmr studies of the in situ generation
untenable. In the light of the numerous parameters of 5 from 15 and potassium methoxide confirm the
influencing the solvent effects (vide supra), it is un- calorimetric detection of a transient and provide evi-
warranted to attach any mechanistic significance to the dence for its structure. Addition of 1 drop of 5.73 M
linearity of this type of plot. Once such linearity has potassium methoxide in methanol to a solution of 15 in
been established, however, this relationship may be DMSO-¿6 at 25° results in a broadening28 of the protons
used profitably to obtain K  values in methanol for such of 15 and the development of weak doublets of equal
nucleophilic aromatic substitutions where fa/fa  <  1. intensities at t 2.12 and 4.88 ppm at the expense of the
We have successfully used this method for estimating signals attributable to 15. Within 18 min of the addi-
the equilibrium constant for the interaction of meth- tion of the potassium methoxide, the transient doublets
oxide ion with tricyanoanisole in methanol from the are undetectable and only the multiplet due to 15 and
data obtained in various methanolic DMSO solutions.23 the doublets at t 2.00 and 2.70 ppm are observable.

A large body of experimental evidence for nucleo- Similar behavior is observed on the addition of the
philic aromatic substitutions where the rate-determining second and third drops of 5.73 M  potassium methoxide. 
step is the formation of the intermediate complex The rate of disappearance of the transient signals
indicates that dipolar aprotic solvents more strongly (M) K. L. Servia, Arner. Chem. a».. 8 9 , isos (1967). 
affect the enthalpy than the entropy of activation.18 (25) R. Foster and C. A. Fyfe, Rev. Pure Appl. Chem., 16, 61 (1966); M. 
Unfortunately, the lack of data on the temperature R. Crampton, Advan. Phys. Org. chem., 7 , 2 1 1  (1 9 0 9 ).

a  . 7 ,  ,, ,. r ,, - 1  • , e (26) E. Buncel, A. R. Norris, and K. E. Russell, Quart. Rev. (London), 22,effect on fa for the reaction of methoxide ion with 15 123 (i968).
and the large uncertainties in the calorimetric deter- (27) Throughout this paper we have referred to the 1,3-dimethylcyclo-
mination of A H  values for 4 do not allow US to substan- hexadienylide complexes as transients. However, by the use of this termi-

nology in the formation of the 1,1 complexes, we do not intend to imply that
(19) A. J. Parker and R. Alexander, J .  Amer.  Chem. Soc., 90, 3313 (1968); the 1,3 complexes are direct precursors of the 1,1 complexes. Indeed, it is

R. Alexander, E. C. F. Ko, A. J. Parker, and T. J. Broxton, ibid., 90, 5049 more probable that concurrent equilibria exist and that the 1,1 complexes
(ig68) are formed via the aromatic ethers or similar ion-paired species, formed by

(20) A. H. Fainberg and S. Winstein, ibid., 78, 2770 (1956); J. B. Hyne, the dissociation of the 1,3 complexes.
R. Willis, and R. E. Wonkka, ibid., 84, 2914 (1962). (28) This effect is most probably the result of the formation of a para-

(21) E. C. Steiner, R. O. Trucks, J. D. Starkey, and J. H. Exner, Ab- magnetic species, although this postulate has not been verified experi-
stracts, 156th National Meeting of the American Chemical Society, Atlantic mentally. The formation of the anion radical of 3,5-dinitrobenzonitrile y
City N. J., Sept 1968, No. POLY-18. reaction of that aromatic with methoxide ion in methanol has been demon-

(22) C. A. Kingsbury, J .  Org. Chem., 29, 3262 (1964). strated recently.“
(23) W. G. Ernsberger, E. J. Fendler, J. H. Fendler, and C. E. Griffin, (29) N. L. Arthur E. J. Fendler, J. H. Fendler, and C. E. Griffin, un-

unpublished results. published results.
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increases with increasing concentrations of methanol parisons unequivocally establish the transient to be a 
and methoxide ion. Thus, after the addition of the 1,3-dimethoxycyclohexadienylide. 
third drop of methanolic potassium methoxide, the The 1,3-dimethoxycyclohexadienylides 18 and 19 
transient signals disappear within 3 min. The have also been observed calorimetrically in solutions
intensity of the signals due to 15 decrease with succes- containing low concentrations of reactants and DMSO
sive methoxide additions, disappearing after the addi- (Results and Table VI), indicating that 1,3 complex
tion of the third drop. The persistent spectrum is formation does not require either the high concentra-
identical with that obtained for the isolated complex tions of reactants or the use of dipolar aprotic solvents
5, i.e., doublets at r 2.00 and 2.70 ppm. previously employed.1'24-26’31 In the light of these

Similar evidence for the formation of a transient calorimetric results, the rapidly formed species, pre
species is obtained by examination of the high-field sumed to be a charge-transfer complex, observed in a
portion of the spectrum. Addition of potassium meth- kinetic investigation of 17 and ethanolic sodium ethox-
oxide to a solution of 15 results in a reduction in the ide prior to 1,1 complex formation82 might, in fact, oe
intensity of the methoxyl singlet of 15, r 5.78 ppm, and the 1,3 complex.
the appearance of a singlet at r 7.03 ppm The inten- However, 15 is unsymmetrical with respect to attack 
sity of the latter singlet is three times the intensity of by methoxide ion at the unsubstituted ring positions
either the 2.12- or 4.88-ppm doublet at the same elapsed and two isomeric complexes 19 and 22 could be formed,
time after methoxide addition. With time, the 7.03- The spectrum of complex 22 would possess the same
ppm singlet decreases in intensity with the simulta
neous development of a singlet at r  7.08 ppm. Ulti- OCH3
mately, the lower field singlet completely disappears. 0 2N J L . C N
The intensity of the 7.08-ppm singlet is three times that h5
of either the 2.00- or 2.70-ppm doublet. The rates of H C O ^ t ^ H
disappearance and appearance of these singlets paral- 3 I 3
lels the behavior of the lower field resonances. The 2 N̂
same behavior is observed on the addition of the second
and third drops of potassium methoxide solutions; t , , „ , , . ,  , , . ,
the rate of disappearance of the 7.03-ppm singlet in- g5°8S featuref  “  19’ V  consideration of chemical
creases with successive additions. After the addition of sluftf T n T  vi la 'ter|str^ t^ f '  ^ t h e  f ™ « 1'
the third drop of methoxide solution, the 5.78-ppm me,nt91° f Hf 5 18 ntlCal m tb tbat of H)3^  both 2 °
signal disappears and the persistent spectrum is that of í , 2 1 "  consequently be expected to display
the isolated complex 5, namely a singlet at 7.08 ppm. tbe 8aT  ch“ u ^  l  ^ ° T
In addition, resonances due to methanol and DMSO- ? P ° "  bo+lided,to sP3-hybridized carbon in the
<k are observed in this region of the spectrum. The ™ e strongly sbielded’ 4 '88 ? pm- ^
transient signals consisted of a two-proton A X  system “ mgeffect *  consistent with the environment of 
(r 2.12, 4.88 ppm, J AX =  2 Hz) and a methoxyl singlet J 9 SmCe Xt haS been the deshielding
at r 7.03 ppm, assignable as the H-5, H-3, and C-3 ^  ° f Cyan°  ff0UPS 18 considerably less than that of
methoxyl signals, respectively, of l,3-dimethoxy-2,4- ^ W u p s o n  he ring protons (attached to either sp2-
dicyano-6-nitrocyclohexadienylide ( . 9 ) .»  These M- J

proton of the transient similarity supports structure 19.
I 3 The shift (t 2.12 ppm) of this proton, H-5 of 19, is very

similar to that of H-5 of 21 (r 2.25 ppm), reflecting their 
Jy  3 essentially identical environments. H-3 of 22 is

H> flanked by two cyano groups and would be expected 00
CN be mucb more strongly shielded.33 Thus, the structure
19 19 is established for the transient.

The selectivity observed in the reaction of methoxide 
signments are based on the chemical shifts previously !on Wltb t0 yle^  tbe k-3 complex 19, rather than the
reported for the 1,3-dimethoxycyclohexadienylides 18, isomeric 22, is further evidence for the greater stabilizing
20, and 211 formed by the reactions of methoxide ioii effect of mtr0 groups compared with cyano groups in

Meisenheimer complex chemistry (vide supra). In 19, 
OCH3 OCH3 the entering methoxy group is para to the nitro fune-

02n JL CN ON J l  N02 tion, while an ortho relationship is present in 22. This
2 ^ Y /^ Y J h3 2 VY Y ''Y 'h3 2 selectivity now appears to be quite general for the

formation of complexes from nitro cyano aromatics, 
H5 j OCH3 H5 j OCH3 and is manifested by the relative stabilities of complexes

N° 2 CN 4  and 5, and 2 and 3 , 1 by the selectivity observed in the
20 21 formation of the 1,3-dimethoxycyclohexadienylide pre-

. _ cursors (20 and 21) of 2 and 3 , 1 and in the attack of
with methyl picrate, 2-cyano-4,6-dinitroanisole, and
4-cyano-2,6-dinitroanisole, respectively. These com- m. r crampton and v. Gold, j. chem.Soo., u, 8 9 3 (1 9 6 6 ).

(32) J. B. Amscough and E. F. Caldin, ibid., 2528 (1956).
,r , r , . (33) H-5 of 18 and 20 (r 1.47-1.59 ppm)1'21 is more strongly deshielded

' 1 16 ;  methof r 1 S1«nal of 19 has approximately the same chemical than H-5 of 21 (T 2.25 ppm).1 The replacement of one flanking nitro group
ut as the methoxyl of 15 (r 5.78 ppm) and is not resolved. Similar chemi- by a cyano group thus produces a shielding effect of ca. 0.75 ppm. It might

cal-shift behavior has been observed for the C-l methoxyl signals of 18, 20, be argued that similar replacement of the second nitro group would produce
and and the C-l methoxyl signals of the starting anisóles. a similar shielding effect to give r 3.00 ppm for H-3 of 22.
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methoxide ion on 3,5-dinitrobenzonitrile.29'34 The Registry No.-—4, 12384-95-1; 5, 12384-96-2; 6, 
failure to observe formation of a transient species by 22433-89-2; 7, 22433-90-5; 10, 22487-60-1; 11, 22433-
either pmr or calorimetric probes in the reaction of 91-6; 13, 22433-92-7; 14, 22433-93-8; 15, 22414-19-3;
methoxide ion with 16 is also consistent with this reac- 16,22433-95-0; 18,12244-75-6; 19,12384-97-3; sodium
tivity and stability pattern. In the symmetrical methoxide, 124-41-4.
anisole 16, attack is directed to the 1 position (para to
nitro) to yield the 1,1 complex 4 as both the kinetic and Acknowledgment.—This study was supported in part
thermodynamic product of the reaction. From these by grants from the U. S. Atomic Energy Commission
and our preceding studies,1 it is clear that the same and the Research Corporation (to J. W. L.). A portion
substitutional factors which determine the relative 0f the pmr studies was carried out with instrumentation
stabilities of the thermodynamically stable 1,1 com- provided by a grant (FR  00292-03) from the National
plexes also determine the occurrence and position of Institutes of Health. One of us (J. W. L.) gratefully
attack in the formation of 1,3 complexes. acknowledges the advice and assistance of Mr. Otto

(34) m . i. Foreman and r . Foster, Can. j .  chem., 4 7 , 7 2 9  (1969). Prater in the construction of the calorimeter.

Oxidation of N itronates with Persulfate and with Silver Ions

A l f r e d  H . P a g a n o  a n d  H a r o l d  S h e c h t e r

D epartm ent o f  Chem istry, T he O hio S tate U niversity, Colum bus, O hio 1/3^10 

R eceived J u n e  6, 1969

Sodium  or am m onium  persulfates convert salts of prim ary nitro compounds into secondary v icin al dinitro com
pounds (R C H N O 2C H N O 2R ) and aldehydes. S ilver ion catalyzes the oxidation-reduction  reactions, and ad
vantageous specific procedures using buffers and heterogeneous extractants are described for effecting oxidative 
dim erization. Experim ental methods have been developed w hich minimize transform ation of the oxid ative 
dimers to conjugated nitro olefins and their addition products. Salts of phenylnitrom ethane, 1-nitropropane, 
1 -nitrobutane, and 2 -m ethyl-l-n itropropane are converted b y  persulfates into their corresponding vicin al dinitro 
derivatives. In  the absence of an extractant, am m onium  persulfate oxidizes sodium  phenylm ethanenitronate 
to  cfs-a-nitrostilbene, a,/3, 7 -triphenyl-a-nitropropene, 3,4,5-triphenylisoxazoline oxide, and 3,4,5-triphenylisoxa- 
zole, along w ith  benzaldehyde. Sodium  1-phenyl-l-ethanenitronate, sodium  9-fluorenenitronate, and sodium  
l-(l-cyclo h exen yl)-l-eth an en itro n ate , secondary nitronates having conjugating unsaturated centers, are con
verted effectively  into acetophenone, fluorenone, and 1 -cyclohexenyl m ethyl ketone, respectively. Potassium  
1-nitropentane-l-n itronate and ammonium persulfate yield  pentanoic acid and pentanam ide. Various m echa
nisms for oxidation of nitronates b y  persulfates have been considered. A n  effective m ethod for oxidizing secon
d ary  nitronates to  tertiary  vicinal dinitro compounds (R 2C N O 2C N O 2R 2) b y  reaction w ith  equivalent quantities 
of silver n itrate  in aqueous dim ethyl sulfoxide or acetonitrile has been developed. 9-Nitrofluorene, 1-p h en yl-l- 
nitroethane, nitrocyclohexane, and 2-nitropropane have thus been oxidized advantageously to 9 ,9-d in itro- 
9,9'-bifluorenyl, 2,3-dinitro-2,3-diphenylbutanes, l,l'-d in itro b icy clo h ex yl, and 2,3-dim ethyl-2,3-dinitrobutane.
O xidative dim erization of silver salts of prim ary nitro compounds to secondary v icin al dinitro compounds is com
plicated b y  com petitive oxid ative n itration of the silver nitronates b y  silver n itrite to prim ary gem inal dinitro 
alkanes.

Salts of secondary nitro compounds are oxidized by cyclohexanone (67% ). Oxidation of salts of primary
persulfates in the pH range of 9.5-7.0 at 0 -5° to vicinal nitro compounds by persulfates has been limited to nitro-
tertiary dinitro compounds (eq 1) and ketones (eq 2 ).1 ethane, which results ultimately in 3,4,5-trimethylisoxa-

zole (3, ca. 25% ),1 and to phenylnitromethane3 (4), which 
H+ gives meso- (5, 5%) and dl- (6, 33%) l,2-dinitro-l,2-di-

2R2C=N02-  +  s20 82-  — > R2C— CR2 +  2S042~ (1) phenylethanes along with benzaldehyde (7).
2H Q The present investigation was initiated to determine

r 2C = N 0 2~ +  2S20 82~ — ->■  the reactions of persulfates with salts of primary nitro-
R 2C = 0  +  4H +  +  N 0 3-  +  4 S 0 42~ (2) alkanes, unsaturated primary and secondary nitro com-

. . pounds, and 1,1-dinitro alkanes. The study was ex-
Thus alkaline solutions of 2-mtropropane, 2-mtro- panded to include the catalytic effects of silver ion on
butane, and nitrocyclohexane, respectively, with am- oxidation of salts of primary and secondary nitro com-
monium or sodium persulfates yield 2 ,3-dimethyl-2,3- pounds with persulfates. These efforts led to investiga-
dinitrobutane (1, 51-62% ) and acetone (8-27% ), 3,4- îon 0f the actions of stoichiometric quantities of silver
dimethyl-3,4-dinitrohexane2 (37%) and 2-butanone ¿on on representative alkane nitronates and to develop-
(48% ), and 1,1 -dinitrobicyclohexyl (2, 14-30% ) and ment of an advantageous method for converting silver

u r  rH TT „ salts of secondary nitro alkanes into their vicinal oxida-
| | /— \ 2 -------Cr rive dimers.

H ;;C — C — C — C H 3 (  V - Y  )  xt p Oxidation of phenylnitromethane (4) by ammonium
I I N— / no2—  ^

0 2N NOz 2 CH=
(3) (a) A. Dornow and K. Fust, Chem. Ber., 90, 1774 (1957). (b) Refer-

1 2 3 ence 3a describes the oxidative dimers of 4 as a- and /3-l,2-dinitro-l,2-di-
------------------- phenylethanes. The a  and £ oxidative dimers are 5 and 6, respectively.

(1) H. Shechter and R .  B . Kaplan, J .  Amer. Chem. Soc., 75, 3980 (1953). The stereochemistry of 6 is established upon its partial resolution by less
(2) The stereochemistry of the 3,4-dimethyl-3,4-dinitrohexane is not than 1 equiv of brucine: H. Shechter, J. J. Gardikes, and A. H. Pagano,

known. «/• Amer. Chem. Soc., 81, 5420 (1959).
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persulfate in aqueous sodium hydroxide at 0-5° in 20 sodium 1-butanenitronate yields isomeric 4,5-dinitro-
hr over the pH range of 11.7-6.0 yields benzalaehyde (7, octanes (12%, stereochemistry unknown), butyral-
23% ), CT's-a-nitrostilbene (8, 58% ),4 a,/3,5-triphenyl-a- dehyde (18-27% ), 4-nitro-4-octene (32%), and 5-
nitropropene (11, 2.0% ), 3,4,5-triphenylisoxazoline acetoxy-4-nitrooctane. Oxidation of the 1-butaneni-
oxide (12, 1.3%), 3,4,5-triphenylisoxazole (13, 2.4% ), tronate anion with ammonium persulfate results in
and regenerated 4 (12%). Under the lengthy alkaline butyramide (4%) and butyric acid (12% ), along with
oxidative conditions, 8, 11, 12, and 13 are apparently the previous products.8 It is apparent that the 3-
derived from 5 and 6 or from 7 and 4 by sequences as nitro-3-hexene (18) and the 4-nitro-4-octene obtained
shown in eq 3 .5’6 To control the system so that satis- in the persulfate oxidations of 1-propanenitronate and

02N no2 02N H
**OW a a 2- I I  S i

C6H5CH2N02 - 8 >■ GsH5— C— C— C6H5 +  C6H5— C— C— CgH5v

4 H H H N02 \ 0lr
f i C \  C0H..,CH1NO!

r *  Ui ^^N02 oft- ’
/  8

o h ;  s 2o82-  c 6h sc h 2no2 /
CGH6CH2NOa —-  1 > CGH5CH— o  ---------- ---------------- '

14 UH
4 7

CcHr, C6H5

c6h5ch= c— CH— c6h5 c6h5c h —  c= c— c6h5

CeHs  ̂ N02 N02

C6Hs— CH— CH— CH— C6Hs — 10 11 ;3)
I I H

no2 no2 I
9 CeH—C-----C—C6H5 CeH — C----- C -C 6H6

C6H5— C^o^N^-O- * C t o - K j l
H 13

12

factory yields of the initial oxidation products could be 1-butanenitronate ions, respectively, are derived frcm
obtained, the reactions were effected in the presence of the oxidative dimers, 3,4-dinitrohexane (16, eq 4) and
heterogeneous extractants (chloroform or benzene) and
the pH was controlled at 9.7-7.0 by use of sodium ace- N^2
tate as a buffer. Salts of 4 are thus oxidized by excess CH3CH2CH—CHCH2CH3 base>
ammonium persulfate at various ratios of oxidant to 16 - hno2
nitro compound (Table I) to 5 (10-18% ) and 6 (34- 02N
65%) along with 7 (12-16% ), 12 (0.4% ), 13 (0.4-2.6% ), CH3CH2i=CHCH,CIh ~°*CCH>
benzoic acid (14, l.Q-7.8%), and benzamide (15, 0 .4 - ,g base, h
2.5% ). Under the conditions of the persulfate oxida- O
tions, using chloroform as a heterogeneous extractant, 0 N
neither 5 nor 6 isomerizes and their conversions into 8 21 I 3
and subsequent products are minimal. In the absence CH3CH2CH—CHCH2CH3 (4)
of the extractant, 5 and 6 are converted essentially 19
quantitatively into 8 by aqueous sodium acetate or
methanolic piperidine; reaction of 6 with 30% aqueous 4,5-dinitrooctane, by base-catalyzed elimination of
sodium hydroxide at 90-100° yields 13. nitrous acid. Nucleophilic addition of acetate ion to

Oxidations of alkaline solutions of other primary the conjugated nitro alkenes in the protonic environ-
nitro compounds with buffered persulfate ion in the nient results in the formation of vicinal nitroacetates
presence of chloroform were effected as with 4. Sodium (e(l4 ) .
1-propanenitronate and sodium persulfate give 3,4-di- Oxidation of sodium 2-methyl-l-propanenitronate, a 
nitrohexanes (16, ca. 41% ),7 propionaldehyde (17, 4 5 - relatively hindered nitronate, results in meso- (21) and
59% ), 3-nitro-3-hexene (18, 2% ), 4-acetoxy-3-nitro- dZ-2,5-dimethyl-3,4-dinitrohexanes (22) (10% ), iso
hexane (19, 3% ), and 1-nitropropane (20). Similarly, 0 2N N02 0 2N H

(4) The stereochemistry of 8 (the phenyl groups are cis) has been assigned (C H 2)2C H — 0 — — C H (C H 3 ) 2 (C H 3)2C H — C — C— C H (C H 3 ) 2

by J. P. Freeman and T. E. Stevens, J .  Org. Chem., 23, 136 (1958). j | j [
(5) Conversions of 4 and 7 into 11, 12, and 13 have been studied by (a) H H H NO2

F. Heim, Chem. Ber., 44, 2016 (1911); (b) E. P. Kohler and G. R. Barrett, 21 22
J .  Amer. Chem, Soc., 46, 2105 (1924); (e) D. E. Worrall, ibid., 57, 2299 
(1935); (d) P. Ruggli and B. Hegedtls, Helv. Chim. Acta, 22, 405 (199); (e)
K. Rorig, J .  Org. Chem., 61, 391 (1950); (j) A. Dornow and A. Frese, Justus (8) (a) A blank experiment with sodium 1-butanenitronate in which
Liebigs Ann. Chem,, 678, 122 (1952); (g) A. T. Nielsen and T. G. Archibald, ammonium persulfate is omitted results in recovery of 99% of the initial
Tetrahedron Lett., 3375 (1968). 1-nitrobutane and only 1% as butyraldehyde (as its 2,4-dinitrophenylhydra-

(6) Oxidation of nitroethane to 3 by alkaline persulfate presumably zone). It is concluded that the oxidizing agent is necessary to produce sigm.fi-
follows a course analogous with that of 4. cant amounts of carbonyl compounds from nitronates and that the yield of

(7) The isomeric 3,4-dinitrohexanes (16) could not be separated readily, aldehyde from Nef reaction813 in competition with that from persulfate oxica-
and thus their stereochemistry was not determined. tion is very small, (b) W. E. Noland, Chem. Rev., 6 6 , 137 (1955).
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T able I
R eaction of Sodium Phenylmethanenitronate with Ammonium P ersulfate (E q 3)

[C«H6CH= [(NHWs—
NOiNa], SaOs], Temp, Time,“ ,-------------------------------------------Yield,4 %------------------------------------------------- -

mol mol °C hr 5 6 7 12 13 14 IS 4»
0 .1  0 .2* 0-10  3 .5  1 5 .5  4 1 .5  1 1 .6  0 .4  2 .6  1 .0  6 .0
0 .25  0 .5* — 5 to 6 .0  9 .5  34 .2  16 .3  0 .4  7 .8  7 .3

- 1 0

0 .1  0.2"* 12 -15  0 .3 7  18 .5  44.0  15 .0  0 .4  2 .5  1 .3  0 .4  5 .6
0.095 0.285* 10-20 1 .0  10 .7  65 .0  16 .3  0 .4  2 .3  1 .9  2 .5  6 .4

“ T im e elapsed betw een p H  ca. 11  to 6.5; the reaction m ixtures were then analyzed. 4 Y ie lds are based on sodium  phenylm ethane
nitronate consumed. 8 R ecovery, per cent, of 4. * Am m onium  persulfate w as added to the alkaline solution of 4.

T able II
Uncatalyzed or Silver I on Catalyzed R eactions of Sodium 1-Propanenitronate“ with P ersulfates

[CsHeNOjNa],“ [SaOs*-],6.4 Temp, Time, ,-----------------------Yield, %----------------------- -
mol mol °C min 16*'8 17‘,f  20»■*
0 .3  0 .9 ’’ 10-20 90’ '* 30* 24 10
0 .3  0 .9 ”1'» 10-20 60’ '* 50* 40 3 .1
0 .3  0.9*' 0-5 390 27 25 11
0 .3  0 .9 ”*.» 0 -5  240 23 58 5 .3
0 .3  0.9» 10-20 90’ .* 18* 48 12
0 .3  0.9»'» 10-20 240 41* 46 4 .8
0 .3  0.9« 10-20 15 ’ .* 45 29 17

“ Sodium  1-propanenitronate. 4 Persulfates. 8 T h e  persulfate reagents w ere added to sodium  1-propanenitronate. * 3,4-D initro- 
hexanes. 8 Y ie lds based on 20 consumed. 1 Propionaldehyde, isolated as its 2,4-dinitrophenylhydrazone. » 1-N itropropane. 4 R e
covery of 20. 1 Sodium  persulfate (Becco C hem ical D ivision, Food M achinery and Chem ical C orp.) catalyzed  w ith  aqueous 10 %  silver
nitrate (10 ml, 5.9 X  10 ~ 3 mol). ’ T im e elapsed betw een pH  ca. 11  to pH  ca. 6.5 when reaction m ixtures were worked up. * A t the 
same tem perature, catalyzed Becco sodium  persulfate did not decrease the reaction tim e as m uch as catalyzed Eim er and Am end sodium  
persulfate. * Y ie ld s for oxid ative dimers were lower w ith  catalyzed  or uncatalyzed Becco sodium  persulfate than w ith  catalyzed  or 
uncatalyzed Eim er and Am end sodium  persulfate. m Sodium  persulfate (Eim er and Am end) catalyzed w ith  aqueous 10 %  silver n itrate  
(10 ml, 5.9 X  10 ~ 3 m ol). » In  all cases E im er and Am end sodium  persulfate was less soluble th an  Becco persulfate. 0 Sodium  per
su lfate  (Becco) u ncatalyzed. » Sodium  persulfate (Eim er and Am end) uncatalyzed. « Am m onium  persulfate (J. T . B aker) catalyzed 
w ith  aqueous 10 %  silver n itrate  (7.7 ml, 4.5 X  10 - 3  mol).

butyraldehyde (20%), and 4-acetoxy-2,5-dimethyl-3- The products and yields resulting from the silver-cat-
nitrohexanes (15%), along with regenerated 2-methyl- alyzed method are essentially identical with those ob-
1-nitropropane. The stereochemistry of oxidative tained in the absence of catalyst. The slightly im-
dimerization in this system is similar to that for 4 in proved yields with silver ion as catalyst are attributed
that 22 (the dl isomers) is formed in greater yield than is more to improved techniques in isolation of the products
21 (the meso isomer, the ratio of 22/21 is 4 .5 :1 ). The than to any effect by silver ion. The results for uncat-
stereochemical assignments for the isomers are made on alyzed and for silver ion catalyzed reactions of sodium
the basis that Z-brucine effects elimination of nitrous 1-propanenitronate with persulfates are summarized in
acid from i-2,5-dimethyl-3,4-dinitrohexane to form 2,5- Table II.
dimethyl-3-nitro-3-hexene at a greater rate than from Oxidations of secondary alkane nitronates having a 
the d isomer. conjugating aryl group or carbon-carbon double bond

Since oxidative dimerizations of alkane nitronates were also effected with persulfates. Reactions of so-
and particularly a-aryl alkane nitronates such as from dium 1-phenyl-l-ethanenitronate (23) and of sodium 1-
4 occur so slowly, a study was made of the influence of (l-cyclohexenyl)-l-ethanenitronate (24), respectively,
small proportions of silver ion (the mole ratio of Ag+ to give acetophenone (70-72% ) and 1-cyclohexenyl methyl
R C H = N 0 2~ is less than 1:60) on the oxidations.9 ketone (25, 61-66% , eq 5). No oxidative dimers could 
Oxidative dimerizations of 1-propanenitronate, 1-
butanenitronate, 2-methyl-l-propanenitronate, and N(VNa+ O
phenylmethanenitronate ions are greatly accelerated II |ch (5)
by silver ion. Reaction times were reduced by more [^^il C 3 3
than 80%  in most cases (from 1-7 hr to 0.25-1 hr).

. . . . .  24 25
(9) Monopositive silver ion is oxidized by persulfates to dipositive and tn- 

positive silver, possibly according to the following equations; in the presence
s+ s o - + So4!- be isolated in either case. Transformation of 24 to 25

ĝ2 f s2082~__ Ag3+ + *sc>4 ~ + so*2- by potsulfate widiccites that the oxid&tioTi method mciy be
2 -S04- — > SaOs2- of general value for converting unsaturated nitronates into

. . .  . . .  , ,. ... , . their corresponding unsaturated carbonyl derivatives.of reducing agents, tripositive and possibly dipositive silver ions are converted  ̂ .
rapidly into monopositive silver and the oxidized form of the reducing agent. F r o m  pot<£lSSrU.ril 9 “liblOrGIlCIlltrOI18<t/6 \20J tulG ITI&JOr
For discussion of this system and variants thereof, see D. M. Yost, j .  Amer. product is fluorenone (27, 72% ) ; the oxidative dimer
Chem. Soc., 48, 152 (1926), and C. E. Bawn and D. Margerison, Trans. Fara- nny \ • i ui. • j  / „ n\
day Soc, 51,6 2 5  (1955). 28 (13%) is also obtained (eq 6).
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and 32 by alkane nitronate may result in vicinal di- 
| | nitro compounds.

+ W -
1 > = N 0 2 K ► 0 2N o -  o2N o o - o

\  J  R2A ~ 0—N=CR-2 R2i —O—S—0 -  RjC^N—0 0 —S—O -
26 A A

30 31 32

r \ / ^ ° / T The possible oxidation of 1-nitro alkane nitronates
L / 0  +  1  ̂ /  / \ J .  ^  [RC(N 02) = N 0 2- ]  by persulfates to their Corre

ia y  j 0 2N r  | sponding tetranitro compounds has been investigated.
—̂r  Exposure of the potassium salt of phenyldinitromethane

27 28 to persulfate ion for 12 hr results in recovery of ca. 90%
of the initial materials. In the oxidation of potassium

There are no simple observable correlations between 1-nitropentane-l-nitronate (33) with ammonium per-
the effects of structure of primary and secondary ni- sulfate, 5,5,6,6-tetranitrodecane is not obtained; pen-
tronates and the major products obtained in their oxi- tanoic acid (35, 35%) and pentanamide (36, 55%) are
dation with persulfates; each compound has its own formed. The interesting transformations of 33 to 35
disciplines of oxidation. For preparative purposes it is and 36 are explainable on the assumption that 34 under-
advantageous to effect oxidation of secondary rather goes nucleophilic reaction with hydroxide ion and with
than primary nitronates, because formation and isola- ammonia (eq 10 and 11).
tion of vicinal tertiary dinitro compounds are not com
plicated by products derived from or after base-cat- N0 -
alyzed elimination of nitrous acid, as in the case of // 2 2S,o8!-
vicinal secondary dinitro compounds. It is clear also CH3(CH2)3Ĉ  2hzo >
that conversion of primary and secondary nitronates 
into aldehydes (and acids) and ketones is enhanced at 33
elevated temperatures and in dilute solution. It will 0
also be seen that oxidation of primary nitronates by m - ____ >. CH3(CH ),(f 10)
persulfates is more efficient for preparing vicinal sec- 0  3 " 3
ondary dinitro alkanes than is decomposition of silver ru \ r  -H#
salts of primary nitro compounds. CH3(CH2)3C 35

The detailed mechanisms of reactions of mononitro- N° 2 - hno2 p
nates with persulfates are not known. Oxidation of 34 x ^ CH3(CH2)3C (ill
salts of mononitro compounds apparently involves NH2
transfer of one electron to hydropersulfate and/or per- 36
sulfate ion and to sulfate radical ions, as in eq 7 and 8.

The results of oxidation of nitronates with persulfates, 
® 9  the catalytic effects of silver ion on such systems, and

R2C=N02-  +  HO—S—0 0 —S—0 -  — > previous knowledge of oxidative nitration of nitronates
II and nitrite ion to geminal dinitro compounds by silver

(S20 32-) i°nn have led to study of decomposition of silver salts
2 * R2CN02 +  HS04-  +  -S04-  (7) mononitro and M-dinitro compounds in homoge-

29 2 (S042~) 4 neous solution as a possible improved method for pre
paring vicinal dinitro derivatives. Silver salts of pri- 

RiC=N02-  +  •S04~ > R2CN02 +  S042“ (8) mary nitronates have been previously reported to de-
29 compose in heterogeneous media to silver and the cor-

The nitro alkyl radicals (29) possibly dimerize to vicinal « fP ondinS vjcinal secondary dinitro compounds.”
dinitro compounds (eq 9) and the isomeric a-nitro alkyl Thus silJ eT salts of mtroethane and -nitropentane re-

y spectively, decompose heterogeneously in water to 2,3-
0 2N no2 dinitrobutane and 5,6-dinitrodecane and silver in un-

I }  specified yields.12a Similarly, silver phenylmethane-
R2CN02 +  R2CN02 > R2C—CR2 (9) nitronate in benzene slowly gives l,2-dinitro-l,2-di-

29 29 phenylethane and silver.12b In previous work1 frcm
0iu0„ Q /,n  ■ i  \ , this laboratory, aqueous mixtures of silver nitrate andalkane mtronates (30, mtrornc esters) or pair with sul- „ i- _  0 , , , . ,
fafp rnrlR'n) inns TTwUv.inoio ai ,1 -n sodium 2-propanemtronate have been observed to con-fate radical ions. Hydrolysis of 30, 31, and 32 thus vert impractically into acetone (30%) 2,3-dimethyl-2 -
can give the carbonyl product, nitrous acid, and the ■> rl i r . i iu- . K, o /iicy\ o ■+ ,
parent mononitro compound;1» displacement of 30, 31, 3' dmitrobutane (n %>2 and 2-mtropropane (ca. 30%)

anions R2C(N02)CR2(N02) ' have been proposed as intermediates by 3. A.
. (1U) lbere are other routes »y which nitro alkyl radicals (29) can give Russell and W. C. Danen [A Amer. Chem. Soc., 88, 5663 (1966)] in conversion

vicinal dimers and carbonyl compounds which fit the present facts. Of of the 2-propanenitronate ion by 2-halo-2-nitropropanes into 2,3-dimethyl-
particular note are possible reactions of nitro alkyl radicals and/or sulfate 2,3-dinitrobutane.
radical anions with nitronate ions by carbon and/or oxygen alkylation to give (11) R. B. Kaplan and H. Shechter, /. Amer. Chem. Soc. 83 3535 (-pel)
intermediate nitroxjd radical anions such as R2C(N02)CR2(N02) ' , (12) (a) A. Angeli and L. Alessandri, Atti Accad. Naz. Lincei, R en d’
RzC—N02CR2(N02) , 0sS02CR2(N02) ' , and 0«S02N(0 )CR2, which Cl. Fis. Mat. Nat., 191, 784 (1910); (b) R. L. Shriner and G. B. Brown
are then oxidized to vicinal dinitro compounds, 30, 31, and 32. The radical J .  Org. Chem., 2, 376 (1937).
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It has now been found that, upon addition of concen- respectively, give 9,9'-dinitro-9,9'-bifluorenyl (28, 60%)
trated solutions of sodium 2-propanenitronate at 30 - and fluorenone (27, 33% ), l,l'-dinitrobicyclohexyl (2,
32° to silver nitrate dissolved in acetonitrile or, prefer- 49%) and cyclohexanone (40%), and isomeric 2,3-di-
ably, dimethyl sulfoxide containing small proportions of nitro-2,3-diphenylbutanes (63%) and acetophenone.
water,13 silver 2-propanenitronate is formed, which de- Decompositions of silver 1-propanenitronate, a pri-
composes, possible via the complex ion (R2C = N 0 2)2- mary nitronate, wTere effected homogeneously in di-
Ag~Ag+, to silver and 1 (61-84% , eq 12). Acetone methyl sulfoxide or acetonitrile as above for secondary

2 (C H 3)2C = N 0 2A g — =- (C H 3)2C — C (C H 3 ) 2 +  2A g (12) nitronates and heterogeneously in water as described
| | previously.1 In all experiments the yields of oxidative

0 2N N02 dimers and propionaldehyde are low, and the products
1 are more complex than those from silver salts of sec-

(8-20% ), 2-nitropropane (6-23% ), and nitrous acid are ondary nitro compounds. Decomposition of silver 1-
also formed (eq 13). In this system dimethyl sul- propanenitronate thus yields 3,4-dinitrohexanes (16,

H20 6-23% ) and propionaldehyde (17, 6-12% ); 1-nitropro-
2 (C H 3)2C = N 0 2A g —->■ pane (20), 1,1-dinitropropane (37, 10-22% ), and 3-

O N02 nitro-3-hexene (18, trace) are also formed.14 With
to  . rixiJixjnxi i TjATr. i oa /ioa water-acetonitrile as solvent, 16 is not obtained; theG ii3GGhl3 +  t i l j U l U l j  +  HJN02 +  2Ag (13) . 0007\ n n / m  oom  \products are 4-mtro-3-hexanol (22-28% ), 37 (17-22% ), 

foxide and, to a considerable extent, acetonitrile dis- 17 (6% ), and 20. Silver 2-methyl-l-propanenitronate
solve silver 2-propanenitronate and decomposition oc- in water-dimethyl sulfoxide decomposes very ineffi-
curs quickly to give 1 in markedly improved conver- eiently to dZ-2,5-dimethyl-3,4-dinitrohexane (22); the
sions compared with previous heterogeneous methods. major reactions lead to 2-methyl-l,l-dinitropropane
With either dimethyl sulfoxide or acetonitrile as solvent, (32%) and isobutyraldehyde (18%) and regeneration
silver 2-propanenitronate decomposes essentially com- 0f 2-methyl-l-nitropropane. Decomposition of such
pletely at ca. 30° in the dark in less than 0.5 hr. In silver primary nitronates is not a satisfactory synthetic
either solvent conversion of silver 2-propanenitronate method for preparing vicinal secondary dinitro alkanes.
(Table III) into 1 is increased and conversion into ace- It is apparent that oxidative decomposition of these
tone is lowered as the temperature is raised from —10 silver alkane nitronates leads in part to silver nitrite,
to 33°. Decomposition of sodium 2-propanenitronate and the silver 1-alkane nitronates undergo oxidative
and silver nitrate to products is considerably faster in nitration with silver nitrite to give 1,1-dinitro alkanes
water-dimethyl sulfoxide than in methanol-dimethyl (as in eq 14) in competition with oxidative dimerization
sulfoxide (5 hr). Silver 2-propanenitronate is photo
sensitive; upon exposure to light in acetonitrile, its con- C H 3C H 2C H = N 0 2A g  +  A g N 0 2 >

• • , I • i j  OH3O.n2O.ri (IN U2;2 ~r -¿Ag (.14;version into acetone is enhanced. 37

T a b l e  I I I  to vicinal secondary dinitro compounds. Silver phenyl-
D ecom position  or S il v e r  2 -P r o pa n en itro n a te  methanenitronate, however, does not undergo extensive

■ Yield, %■ . decomposition to silver nitrite and subsequent oxida
s e 11* Temp; Time,“ C,H£------- tive nitration to phenyldinitromethane (2%) under the

C H C N 1)(350) — 10°to - 5  17  0 lo 51 i T  above conditions. Its principal products are dW .2-
C H 3C N  (350) 0 -5  ' 1 7 : 0  34 31 19 dinitro-l.^diphen^ethane ( 6 , 3 5 % ) ,  a s -  (8 ) and (rans-
C H 3C N  (300) 30—32 5 0 6 6  20 16 cn-nitrostilbene (32%), and benzaldehyde (7, 18% ).
C H 3C N  (400) 30-32 0 .5  61 39 11 Possible thermolysis of silver nitronates was ex-
C H 3C N  (400 ) 80* 1 .0  53 23 28 tended to 1,1-dinitro compounds. Reaction of the
DMSO (150) 0 -5  12 .0  39 20 30 potassium salt of 1,1-dinitroethane with silver nitrate
DMSO (150) 30-32 5 .0  61 19 23 in dimethyl sulfoxide does not result in oxidative de-
DMSO (350) 32-34 5 .0  7 7 ' 13 6 . 0  composition. Even after 7 days at 45°, silver is not
DMSO (350) 30-31 4 .0  77 8  6 .0  precipitated from a homogeneous solution of silver
H 20  (170) 0 -5  12 .0  20 49 31 1-nitroethanenitronate in dimethyl sulfoxide in light.
“ T o ta l storage tim e of th e reaction m ixture. R eaction  a t ca- gilver salts 0f 1,1-dinitro alkanes are much more stable

30° was essentially com plete in  0.5 hr. »Y ie ld  based on 2-mtro- thoge f mononitro compounds. Additional
propane n ot recovered. c Acetone, isolated as its  2,4-dim tro- . . .  . . %  ,
phenylhydrazone. d R ecovered 2-nitropropane. 45 T h e reaction methods for oxidizing 1-nitro alkane nitronates are 
m ixture w as refluxed. < Y ie ld s of 1 as high as 84 %  have been being investigated, 
obtained under these conditions.

Silver salts of other secondary nitro compounds de- Experimental Section
compose rapidly in water-dimethyl sulfoxide to oxida- R eagen ts.—Ammonium persulfate (J. T .  B ak er, A R G , 9 9 .1% )
tive dimers in good yields. On the basis of the sec- w as used the m ost extensively as the persulfate oxidan t. Oc-

ondary nitronates „.„died, the method is reliable and of
general advantage lor preparing vicinal tertiary di- R G , 98 % ) were used. T echnical 1 -nitropropane, 2-nitropropane,
nitro compounds. Thus silver 9-fluorenenitronate, cy- — !-----------
clohexanenitronate, and l-phenyl-l-ethanenitronate, (14) As the reaction temperature is increased, conversion into 16 decreases

even further.
(13) Although there are experimental features which make acetonitrile (15) No attempt was made to maximize conversion into oxidative dimers in

more desirable than dimethyl sulfoxide as a solvent in these oxidations (see this system. meso-l,2-dinitro-l,2-diphenylethane (6) was not obtained;
Experimental Section), dimethyl sulfoxide is preferred because higher yields it, along with 6, might have undergone conversion into 8 and trans-a-mtro-
of vicinal oxidative dimers are obtained. stilbene in the present experiments.
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and 1-nitrobutane w ere washed w ith  aqueous sodium  bicarbonate (2 .4 % ), mp 2 10 -212°, no depression b y  authentic 13. D is-
(10 % ) and rectified over boric acid before use. 2 -M eth yl-l-n itro- tillation  of the residue gave 7 , yield  2.40 g (18 .5 % ), character-
propane , 1611 l-n itro-l-p h en yleth an e,16b l-(l-cyclo h ex en yl)-l-n itro - ized as its sem icarbazone, mp 220—22 1°, and 4, yie ld  2.2 g
ethan e , 160 potassium  9-fluorenenitronate,16d 1,1-d in itroethane , 11 ( 1 1 .6 % ), bp 82-84° (2-3 mm), n x D 1.5328, ir absorption essen-
I ,  1-dinitropentane," and phenyldinitrom ethane16e w ere prepared tia lly  identical w ith  th a t of initial 4. C rystallization  of the dis-
b y  adaptation  of known procedures. tillation  residue from  petroleum  ether yielded w h ite  3,4,5-tri-

T echnical acetonitrile and dim ethyl sulfoxide were used as phenylisoxazoline oxide ( 1 2 ), yield  0 .17 g  ( 1 .3 % ) , m p 16 1-16 2 .5 ° ,
solvents for the oxidations w ith  silver n itrate. A ceton itrile  no depression b y  authentic 1 2 .
has the advan tage over dim ethyl sulfoxide in th a t it  is more easily H eterogeneous R eaction of Sodium  Phenylm ethanenitronate 
rem oved, the products are cleaner, and low er reaction tem pera- with Am m onium  P ersu lfa te .19— A  solution of am m onium  per- 
tures can be used. D im eth yl sulfoxide is superior, how ever, w ith  su lfate (65 g, 0.285 m ol), sodium acetate (41.2  g , 0.5 m ol), and
respect to yields. w ater (150 m l) was added rapidly a t 10-20° to a stirred m ixture of

Sodium  Phenylcyanom ethanenitronate.17— A  m ixture of phenylnitrom ethane (4, 13.02 g, 0.095 m ol), w ater (65 m l),
phenylacetonitrile (234 g, 2.0 mol) and am yl n itrate  (373 g, 2.8 sodium  hydroxide (5.5 g, 0.138 m ol), and chloroform  (70 m l),
m ol, E th y l C orp ., B ato n  R ouge, L a .)  at 0° w as added over a 1-hr T h e pH  dropped from  9.1 to 6 . 8  over a 1-hr period. T h e m ixture
period to a well-stirred solution of sodium  (4.6 g , 2.0 g-atom ) in w as filtered, washed w ith w ater, and air dried to  give w h ite
absolute ethanol (600 ml) a t 4 -10 °. T h e  m ixture was stirred for m eso-l,2-dinitro-l,2-diphenylethane (5), yield  1.28 g (10 .7 % ), 
1 hr a t 5° and stored in ice-sa lt for 24 hr. T h e precip itate w as m p239° ( lit .3mp 235-237°).
filtered and washed w ith  eth yl ether. A fter the combined eth er- T h e aqueous layer was extracted w ith  chloroform . C oncenira-
ethanol filtrate  had been vacuum  evaporated to dryness, the tion of the chloroform  extracts and addition of eth yl ether gave
sodium  phenylcyanom ethanenitronate w as triturated w ith  w hite d i- l ,2 -d in itro -l,2 -diphenylethane (6 ), y ie ld  7.07 g, mp
ether, filtered, and washed w ith  ether, yield  360 g  (98% ) of w hite 15 0 -15 2 °, no depression b y  authentic 6 .
m aterial. C oncentration of the ethereal filtrate  gave a residue (4.58 g)

Phenylnitrom ethane (4).17— Sodium  phenylcyanom ethaneni- w hich a t 0° precipitated 1 2 , yield 0.03 g (0 .35% ), mp 162 -134 ° 
tronate (360 g, 1.96 mol) w as added in sm all portions over a (from ethanol). A n  aliquot of the residue was converted into
1-hr period to a stirred, refluxing solution of sodium  hydroxide benzaldehyde sem icarbazone, mp 222-223°; the d eriv a tive  cor-
(300 g, 7 .5  mol) in w ater (1000 m l). C opious evolution  of responds to  0.052 g  (16 .3 % ) of 7 in the residue. A  second aliquot 
am m onia occurred after addition of the sodium  salt. T h e mix- (c a . 0 .11 g) w as dissolved in aqueous sodium hydroxide (0.1 N ,
ture was boiled for 2.5 hr and cooled to 30°, and ice (600 g) was 75 m l); analysis of a 10-ml sam ple diluted to 1000 m l a t 290
added. T h e vigorously stirred m ixture was acidified a t 0 -10 ° nm (pure sodium  phenylm ethanenitronate has an extinction 
w ith  concentrated hydrochloric acid (825 m l) and extracted w ith  coefficient of 20,000 a t 291 nm) revealed th at 6 .4 %  4 (0.83 g,
e th yl ether. T h e  combined ether extracts w ere washed w ith  6 .1  X  10 - 3  m ol) w as present. A  third aliquot (0.5 g) in  ben-
cold aqueous saturated sodium  bicarbonate, ice-w ater containing zen e-Skellysolve B  was chrom atographed on silicic acid using
a few  drops of hydrochloric acid, and ice-w ater. T h e ether Skellysolve B  (10 m l) as prewash and 10 %  e th yl e th e r -S x e iy -
solution w as dried (N a 2SO ,), concentrated a t  reduced pressure, solve B  (75 m l) as developer. T h e top band, on elution w ith
and distilled twice, to  obtain 4: yie ld  195-206 g  (7 1-7 5 % ); bp eth yl ether, gave  benzam ide (15), mp 12 7 -12 9 °, corresponding to
76 -79 ° ( 2  m m ); n MD 1.5287; strong ir absorption a t 6.4 n ( C -  0.21 g (2 .5 % ) in th e residue. T h e  lower band gave  6 , m p 14 5 -
N 0 2), none for C = 0  or C -O N O . C au tion : fum ing of 4 w as 146°, corresponding to 0.69 g in the residue. C rystallization
experienced in initial distillation. of the residue from  ethanol resulted in 13, yield 0.19 g (2 .5 % ),

H om ogeneous R eaction of Sodium  Phenylm ethanenitronate mp 215 °. 
w ith Am m onium  P ersu lfa te .— Am m onium  persulfate (15 .7  g, E vaporation  of the aqueous extract and trituration  of the resi-
0.069 m ol) in w ater (55 m l) adjusted to  p H  8  b y  10 %  aqueous due w ith  e th y l ether gave, upon rem oval of solven t, benzoic acid
sodium  hydroxide w as added dropwise to  stirred 4 (19.0 g, 0.138 (14), mp 12 1°.
m ol) in w ater (100 m l)-sodium  hydroxide (8.1 g, 0.202 m ol, p H  Conversion of raeso-l,2 -D in itro-l,2 -diphenylethane (5) b y
I I .  7) a t < 1 0 ° . W ithin  15 min a yellow -w hite solid precip itated . Sodium  A cetate  into cfs-a-N itrostilbene (8 ).— W ater w as added
T h e p H  of the reaction m ixture was 9.3 upon addition of the to 5 (0.20 g , 7.4  X  10 - 4  m ol) in hot m ethanol (100 m l) until ihe
oxidizer, rem ained a t 8-9 for 10 hr, and changed gradually and solution becam e near-cloudy. Sodium  acetate  (0.061 g, 7 .4  X
stabilized a t 6.0-6.3 during the next 10 hr. 10 - 4  m ol) w as then added and the m ixture was refluxed for 10

T h e m ixture was filtered and the solid w as washed w ith  w ater m in. A fter standing for several hours, the solution w as extracted
and dried. A ddition  of eth yl ether and petroleum  ether to the w ith  ethyl ether. T h e ether extract, a fter drying (M gSO ,)
solid gave  yellow  m -a-nitrostilb en e (8 ), yield  8.0 g (58 .4 % ), and vacuum  evaporation, gave 8 , y ield  0.16 g  (9 7 % ), mp 69-
m p 73 -74 ° (from  ethanol), no depression b y  authentic 8 . Con- 70 .5°, no depression b y  authentic 8 .
centration of the filtrate  gave  yellow  £*,/3,y-triphenyl-a-nitropro- Conversion of dZ-1,2-Dinitro-1 ,2 -diphenylethane (6 ) b y  Sodium
pene (11 ), y ie ld  0.25 g (1 .9 % ), mp 10 1-10 3° (from ethanol) A cetate  into cfs-a-N itrostilbene (8 ).— A  m ixture of sodium  acetate
(lit . 18 mp 10 2-10 3°). (0.061 g, 7.4 X  10 ~ 4 m ol), 6  (0.20 g , 7.4  X  10 - 4  m ol), and meth-

A n a l. C alcd  for C 21H 17N O 2: C , 80.01; H , 5.39; N , 4.47. anol (20 m l) containing a few  drops of w ater wras refluxed for 10
F ound: C , 80,04; H , 5.50; N ,4 .5 0 . m in. T h e  m ixture w as kep t a t 20-25° for 1  hr; 8 , y ie ld  0.08 g,

T h e alkaline filtrate  and the aqueous washes were cooled, mp 7 1-7 2 .5 ° , precipitated during this period. T h e  alcoholic
acidified to p H  4.5 w ith  aqueous urea-acetic acid, and continu- solution w as extracted w ith  eth y l ether. T h e  com bined ether
ously extracted w ith  eth yl ether. T h e  ether extract w as washed extracts were dried (M gSO ,) and evaporated. T h e  yellow  resi-
w ith  w ater, 5 %  aqueous sodium  bicarbonate, hydrochloric acid due (0.09 g) was dissolved in benzene (3 m l) and ch ro o a to -
(0.1 N ),  and w ater, dried (N a 2SO*), filtered, and evaporated. graphed on silicic acid using Skellysolve B  as prewash and 1 C %

T h e aqueous filtrate  and washings were acidified further w ith  eth yl ether-Skellysolve B  as developer (35 m l). T h e yellow
hydrochloric acid. A n  aliquot of this solution, upon reaction band was eluted w ith  eth yl ether. T h e eluent w as dried and
w ith  excess 2,4-dinitrophenylhydrazine reagent, gave benzal- evaporated, giving additional 8 , y ie ld  0.07 g (9 1% ), mp 69-
dehyde 2,4-dinitrophenylhydrazone (mp 235.5-236.5°, no de- 70 .5°.
pression b y  authentic sam ple) corresponding to 4 .8 %  benzal- Conversion of ctt-l,2-D initro-l,2-diphenylethane (6 ) by  Sodium
dehyde (7, 0.0059 m ol) in the com bined solution. H ydroxide into 3,4,5-Triphenylisoxazole (13 ).— R eaction  of 6

E vap oration  of the ether extract yielded an oil, from  w hich (2 . 0  g , 0.0074 m ol) w ith  aqueous 30 %  sodium  hydroxide (50 m l)
separated w hite 3,4,5-triphenylisoxazole (13), yield  0.29 g a t  80-90° for 4 hr gave  a solid w hich was w ashed w ith  w ater and
------------------ a  little  ethanol and recrvstallized from  ethan ol-acetic acid to  give

(16) (a) N. Kornblum, H. O. Larson, R. K. Blackwood, D. D. Mooberry! white 13, yield 0.5 g (6 3 % ), mp 2 13 -2 15 ° , no depression b y  aU-
E. P. Oliveto, and G. F. Graham, J .  Amer. Chem. Soc., 78, 1497 (1956)' thentic 13.
(b) N. Kornblum, R. A. Smiley, R. K. Blackwood, and d . c . iffland, R eaction of Sodium  1-Propanenitronate w ith Sodium  P e r s il-
ibid., 77, 6269 (1955); (c) H. Fraser and G. F. Kon, J  Chem. Soc., 604 fate  C atalyzed b y  S ilver Ion.— T his experim ent is a  p ro to typ e of
(1934); (d w . Wishcenns and M. WaldmuUer Cfem Ber 41. 33381 (1908); th at for oxidation of l-propanenitronate, as sum m arized in T ab le
(e) L. F. Fieser and W. E. Doering, J .  Amer. Chem. Soc., 68, 2252 (1946). jy  ^

(17) This is a significantly improved procedure over that of A. H. Blatt,
“Organic Syntheses,” Coll. Vol.'ll, 2nd ed, John Wiley & Sons, Inc., New ____________
York, N. Y., 1943, p 512.

(18) F. Heim, Chem. Ber., 44, 2022 (1911). (19) This experiment is a prototype of those in Table I.
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Sodium persulfate (205 g , 0.9 m ol) and sodium  acetate  (123 A n alysis of the com bined aqueous extracts and an a liquot of 
g, 1.5  m ol) in w ater (500 m l) and then 10 %  aqueous silver n itrate  the chloroform  solution b y  reaction w ith  2,4-dinitrophenylhy- 
(5.9 X  10 ~ 3 m ol) w ere added to a stirred m ixture of 1-nitropro- drazone (mp 179 .5 °, no depression b y  an authentic sam ple) showed
pane (20, 26.7 g, 0.3 m ol), 10 %  aqueous sodium  hydroxide (150 form ation of isobutyraldehyde in 38 %  yie ld . D istillation  of the
m l) , and chloroform  (500 m l) a t 10-20°. A fte r  1 h r the p H  of the chloroform solution gave  (1) 2-m ethyl-l-n itropropane, y ie ld  8.4
m ixture w as 6 .7. T h e  silver deposited and the aqueous and g (2 7 % ), bp 65-67° (60 m m ), n ™d 1.4080, identical w ith  in itial
chloroform layers were separated. T h e  aqueous portion (A ) m aterial; (2) 4-acetoxy-2,5-dim ethyl-3-nitrohexane, y ie ld  3 .7  g 
w as extracted w ith  chloroform . T h e chloroform  extracts w ere (15 % ), bp 64-68° (0.5 m m ), n wv  1.4389, essentially identical
washed w ith  5 %  aqueous sodium  bicarbonate and dilute hydro- w ith  authentic m aterial; and (3) a residue w hich solidified on
chloric acid, dried (M g S 0 4), and distilled to  g ive  distillate B  and cooling. A ddition  of eth yl and petroleum  ether to the semisolid
residue C . T h e aqueous washings D  w ere acidified. ga ve  w hite, unstable dZ-2,5-dimethyl-3,4-dinitrohexane (2 2 ),

E x tract A  was steam  distilled into D . A n  aliquot of this solu- yield  3.0 g (13 % ), mp 12 3 -12 4 °, upon recrystallization  from
tion, when treated w ith  excess 2,4-dinitrophenylhydrazine, ga ve  Skellysolve B  and acetone.
propionaldehyde 2,4-dinitrophenylhydrazone, mp 15 6-158 ° A n a l.  C aled  for C 8H i6N 20 4: C , 47.05; H , 7.88; N , 13 .71 .
from  ethanol, no depression b y  authentic sam ple, corresponding Found: C , 47.56; H , 7.67; N , 13.63.
to  5.8 g  of propionaldehyde (17) in A - D . R ectification  of B  and E vap oration  and recrystallization  of the residue ga ve  m eso-2,5- 
the m ost v o latile  com ponent of C  gave  additional 17, 0.35 g, dim ethyl-3,4-dinitrohexane (21), y ie ld  0.82 g (4 % ), mp 80-83°.
analyzed as its 2,4-dinitrophenylhydrazone, and 2 0 : yield  0.83 A n a l.  C aled  for C 8H i6N 20 4: 0 ,4 7 .0 5 ; H , 7.88; N , 13 .71 .
g  (3 .1 % ), bp 49-53° (50 m m ); to20d 1.4016-1.4020 ( lit . 20 n 20d  Found: C ,4 7 .5 4 ; H , 7.65; N , 13.62.
1.4015). T h e tota l conversion into 17 w as 4 0 % .21 Partial Resolution of cK-2,5-Dimethyl-3,4-dinitrohexane (22).—

Residue C , on distillation, gave  (1) a m ixture (1.26 g) of 4- A  solution of 22 (0.80 g, 3.92 X  10 - 3  m ol) and 1-brucine (0.52 g,
acetoxy-3-nitrohexane (19) and 3-nitro-3-hexene (18), bp 52-69° 1.31 X  10 - 3  mol) in benzene (80 m l) w as stored a t 25° for 5 h r.
( 1 0  m m ), w20d 1.438 2-1.4555, and (2 ) 3,4-dinitrohexanes (16), T h e  m ixture was washed w ith  w ater, hydrochloric acid (0.05 A ) ,
y ie ld  5.46 g  (4 9 .5% ) of pale yellow  liquid, bp 50-54° (0.3 m m ), and saturated aqueous sodium  chloride, dried (M g S 0 4), and
n Z0D 1.4512. F raction  1 w as separable b y  chrom atography or concentrated in  vacuo  to give a  yellow -w hite solid: y ie ld  0.76
b y  distillation to (1) 18, yield  0.3 g  (1 .6 % ), a pale yellow  lach- g; mp 120°; [ a ] ^  1.4 ° (a  0 .17 ° , c 6.0, l =  2 dm ),
rym ator, bp 62-65° (10 m m ), n wD 1.4580 [authentic 18 from  A dditional Z-brucine (0.5 g) was added to  the solid in benzene 
19 and sodium  acetate, bp 66-66.5° (10 m m ), ji20d 1.4580]; and (80 m l) and the m ixture was refluxed for 1 hr. T h e  solution  on
(2) 19, yield  0.75 g (2 .7 % ), a colorless liquid, bp 90-93° (10 treatm ent as above yielded a yellow  sem isolid (0.26 g). A ddi-
m m ) , ra20d 1.4347 (the chrom atographic and the spectral prop- tion of petroleum  ether ga ve  a  w h ite  solid: mp 1 1 5 -1 1 8 °  a fter
erties are essentially identical w ith  those of authentic 19). recrystallization from  Skellysolve B -aceton e; m ixture m elting

F raction  2 w as distilled into various fractions of 19: bp 67° point w ith  22, no depression; ir alm ost identical w ith  2 2 ; [ckImo

(1 .3 m m ); m p c a .2 7 ° ;  w30d 1.4431. 1 1 °  (« 0 .74 °, c 3 .3 , l =  2 dm ).
A n a l. C aled  for CeHi2N 20 4: C , 40.91; H , 6.83; N , 15.85. T h e above procedure w ith  2 1  ga ve  no optical rotation  in the 

Found: C , 40.72; H , 6.97; N , 15 .37. recovered m aterial.
T he structure of 16 was confirmed upon its reaction (1.0  g , 2,5-Dimethyl-3-nitro-3-hexene.— Isobutyraldehyde (42 g,

5.68 X  10 - 3  m ol) w ith  aqueous sodium  hydroxide (6.1 X  10 - 3  0.585 m ol), 2-m ethyl-l-nitropropane (61 g, 0.59 m ol), aqueous
m ol) for 45 m in, extraction  of a subsequent ethereal solution 10 N  sodium  hydroxide ( 8  m l), and 9 5 %  ethanol w ere stirred for
w ith  dilute hydrochloric acid, w ork-up, and vacuum  distillation  72 hr a t 30-38°. T h e m ixture was acidified w ith  hydrochloric
to 18: yield  0.62 g  (85% ); nwD 1.4575; ir 6 . 6  and 7.5 ( C =  acid, neutralized, washed, and vacuu m  distilled to give 2,5-
C N 0 2) and 6.0 /x ( C = C ) ;  its properties are essentially identical dim ethyl-4-nitro-3-hexanol: yield  25.6 g  (49% ); bp 94-97°
w ith those of authentic 18. (10 m m ); » “ d 1.4486; ir 6.4 and 7.2  (N 0 2) and 2.9 n (O H ).

Reaction of Sodium 1-Butanenitronate with Ammonium Per- 2,5-D im ethyl-4-nitro-3-hexanol (25.6 g, 0.144 m ol), acetic 
sulfate Catalyzed by Silver Ion.— O xidation of a heterogeneous anhydride (16 g, 0.154 m ol), and sulfuric acid (0.5 ml) w ere stirred
m ixture of 1-nitrobutane (27 g, 0.26 m ol) in aqueous 10 %  sodium  a t 40-70° for 2.5 hr and then distilled  to  y ie ld  4-acetoxy-2,5-
hydroxide (130 m l) and chloroform  (450 m l) a t 10-20° w as dim ethyl-3-nitrohexane: yield  2 1.7  g (73 % ); bp 86-87° (2-2.5
effected a t p H  ca . 11.0  upon addition of ammonium persulfate m m ); «%> 1.4387; ir 6.4 and 7.2  ( C N 0 2) and 5 .7  and 8.1 /x
(178 g, 0.78 m ol), sodium  acetate  (107 g, 1.3  m ol) in w ater (300 ( C 0 2).
m l), and aqueous silver n itrate  (4.3 X  10 ~ 3 m ol). T h e reaction 4-Acetoxy-2,5-dim ethyl-3-nitrohexane (22 g , 0.101 m ol) and 
m ixture w as handled essentially id en tically  w ith  those from  anhydrous sodium  acetate  (12.0 g) w ere heated slow ly  at 115 °
sodium 1-propanenitronate and sodium  persulfate. T h e  fol- (15 m m ). T h e product th a t d istilled a t 70-80° (15 mm ) w as
low ing m aterials w ere obtained: (1) bu tyrald eh yde, y ie ld  4.25 dissolved in ethyl ether, washed w ith  aqueous 5 %  sodium  bi-
g (2 7% ), as its 2,4-dinitrophenylhydrazone, m p 12 1-12 2 ° , no carbonate, dilute hydrochloric acid , and w ater, dried (M g S 0 4),
depression b y  an authentic sam ple; (2) 1-nitrobutane, yield  4.3 g  and fractionated to  g ive  2,5-dim ethyl-3-nitro-3-hexene: y ie ld
(16 % ), bp  76 -77 ° (67 m m ), ra20d 1.4106 (lit . 20 n w D  1 .4 112 ); (3) 10.0 g (64% ); bp 74 -76° (10 m m ); h»d 1.4506; ir 6 . 6  and 7.4
5-acetoxy-4-nitrooctane, y ie ld  0.44 g (ca . 2 % ), contam inated (C — 1C N 0 2) and 6.0 n  ( C = C ) .
sligh tly  w ith  4-nitro-4-octene, bp 64° (2 m m ), n wd 1.4457; (4) A n a l. C aled  for C 8H i6N 0 2: C , 6 1 .12 ; H , 9.62; N , 8.79. 
4-nitro-4-octene, y ie ld  5.63 g (3 2 % ), pale yellow  lach rym ator, Found: C .6 1 .2 8 ; H , 9.94; N , 8 .51.
bp 6 6 - 6 8 ° (2 m m ), w20d 1 .4590 -1.4597 [lit . 20 bp 93° (10 m m ), Reaction of Sodium 1-Phenyl-l-ethanenitronate (23) with Am- 
n 26D 1.4593], ir 6 . 6  and 7.5  ( C = C N 0 2) and 6.0 ¡x ( C = C ) ;  and monium Persulfate.— Am m onium  persulfate (30.6 g, 0.134 mol)
(5) 4,5-dinitrooctanes, yield  2.70 g (12 % ), yellow  oil, bp 85-87° and sodium  acetate trihydrate (45.5 g, 0.335 mol) in w ater (100
(0.5 m m ), n 20D 1.4 5 17, ir 6.4 and 7.5  ¡x (C N 0 2). T h e  dinitro- m l) w as added to 1-nitro-l-ph en ylethan e (30 g , 0.067 m ol) and
octanes were contam inated w ith  some 4-nitro-4-octene as a result sodium  hydroxide (3.35 g, 0.0837 m ol) in w ater (32 m l) a t 0 -5 °.
of decom position during distillation. A fte r  7 hr (pH  change of ca .  11 to  6.5) the aqueous layer was

A n a l.  C aled  for C 8H i6N 20 4: C , 47.05; H , 7.85; N ,  13 .7 1 . extracted w ith  chloroform  and e th yl ether. T h e  organic ex-
Found: C , 47.52; H , 7.47; N , 13.86. tracts were washed w ith  5 %  sodium  bicarbonate, dilute hydro-

Reaction of Sodium 2-Methyl-l-propanenitronate and Am- chloric acid, and w ater, dried (M g S 0 4), and distilled to  g ive  (1)
monium Persulfate Catalyzed by Silver Ion.— Aqueous silver acetophenone, yield  4.96 g (7 1 % ) , bp 34-36° (0.3 m m ), n wD
nitrate (4.5 X  10 - 3  m ol) was added to  a  m ixture of 2-m ethyl- 1.5328-1.5334, identified as its 2,4-dinitrophenylhydrazone, mp
1-nitropropane (30.9 g , 0.3 m ol), 10 %  aqueous sodium  hydroxide 253-254° (from ethanol), no depression b y  an authentic sam ple;
(150 m l), am m onium  persulfate (205 g , 0.9 m ol), sodium  acetate  and (2) 1-nitro-l-phenylethane, y ie ld  ca . 1.0  g (10 % ), bp 53°
(123 g, 1.5  m ol), chloroform  (500 m l), and w ater (300 m l) a t (0.3 m m ), n wd 1.5214, spectral and chrom atographic properties
10 °. A fter 1 hr the chloroform  solution was washed w ith  5 %  identical w ith  initial m aterial.
sodium  bicarbonate, d ilute hydrochloric acid, and w ater. Oxidation of Sodium l-(l-Cyclohexenyl)-l-ethanenitronate
___________  (24) with Ammonium Persulfate Catalyzed by Silver Ion.— On

addition of am m onium  persulfate (43 g, 0.19 m ol) and sodium
(20) H. B Hass and E. F. Riley Chem Rev., 32, 373 (1943). aoetate  trih drate (4 3 . 5  g 0.32 m ol) in w ater (60 m l) to 1-(1-
(21) !n all experiments m which aldehydes or ketones were analysed as c clohexen yl)-l-n itroeth an e ( 1 0  g , 0.0645 m ol) in 1 0 %  sodium

precipitated 2 , 4-dimtrophenylhydrazones, the data were corrected to include | J  '  . .  , ). b  , - n  i\  j. «o xi_ tt u a

losses of the derivatives owing to their solubilities under the experimental hydroxide (33 m l) and chloroform  (50 m l) at 9 , the p H  changed
conditions. from  11 .6  to 8 .7 . Aqueous 10 %  silver n itrate  (1.5  m l) w as then
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introduced; in 1 hr the p H  was ca . 6.0. T h e aqueous layer w as n itrate  (25.5 g, 0 .15 mol) in either d im ethyl sulfoxide or aceto-
extracted w ith  chloroform and w ith  eth y l ether. T h e  organic n itrile and stirred for the tim e indicated.
extracts w ere concentrated in  vacuo. A n  aliquot of the concen- A fter the reaction w as com plete, the silver was filtered. W ater
trate  dissolved in m ethanol, on addition to 2,4-dinitrophenyl- (0 .5 -1 .5  1.) w as added to the filtrate and the m ixture was cooled
hydrazine, gave  1-cyclohexenyl m ethyl ketone 2,4-dinitrophenyl- to  0 -5 °. 2,3-D im ethyl-2,3-dinitrobutane (1) w as filtered,
hydrazone, mp (from ethanol) 205-207°, no depression b y  an washed w ith  w ater, and dried. A n  aliquot of the filtrate  w as
authentic sam ple , 22 corresponding to a yield  (4.5 g) of 1-cyclo- dissolved in 2,4-dinitrophenylhydrazine reagent. T h e  remain-
hexenyl m ethyl ketone of 6 6 % . ing aqueous filtrate was acidified w ith  acetic a cid -w a ter-u rea  a t

T h e  remainder of the concentrate was stirred w ith  excess 10 %  0° and extracted w ith  ethyl ether. T he ether extract ■ was w ashed
sodium  hydroxide a t 0° and extracted w ith  ethyl ether. T h e w ith  w ater, aqueous sodium  bicarbonate, and dilute sulfuric
ether extract was w ashed w ith  saturated sodium  chloride con- acid, dried (MgSO<)> and concentrated. T h e  o ily  residue w as
taining a few  drops of hydrochloric acid, dried (M gSO i), and dissolved in m inim al ethyl ether, a large q u an tity  of Skellysolve
distilled, yielding 1-cyclohexenyl m ethyl ketone: bp 58-59° F  was added, and additional 1  w as filtered. T h e  ethereal filtrate
(2.5 m m ); n 2h> 1.4861 (lit . 23 n wd 1.4881); ir 5.8 ( C = C )  and 6.0 w as concentrated and the 2-nitropropane recovered w as distilled. 
n  ( C = C ) .  R eaction of Potassium  C yclohexanenitronate w ith S ilver Ni-

T h e basic, aqueous layer, a fter acidification w ith  acetic a c id - trate.— A  solution of n itrocyclohexane (12.9 g, 0.1 m ol), potas-
urea-w ater at 0 -5 °, was extracted w ith  eth y l ether. T h e ether sium  hydroxide (5.6 g , 0.1 m ol), and w ater (40 m l) w as added
extract, a fter having been washed w ith  5 %  sodium  bicarbonate rapidly to a  stirred m ixture of silver n itrate  (17.0 g , 0 .1 m ol) in
and saturated aqueous sodium  chloride containing a  trace of dim ethyl sulfoxide (400 m l) a t 30°. A fter 5.5 h r, the silver was
hydrochloric acid, dried (M gSCh), and distilled, resulted in 1-(1- filtered and washed w ith  w arm  chloroform . W a te r (ca . 1 .5  1.)
cyclohexen yl)-l-n itroethan e, yield  1.5  g , (15 % ), bp 75-79° w as added to the combined filtrate. T h e  filtrate  w as extracted
(2.5 m m ), identical w ith  initial m aterial. w ith  chloroform  and eth yl ether and analyzed for cyclohexanone

R eaction of Potassium  9-Fluorenenitronate (26) with Potas- v ia  precipitation of it.s 2,4-dinitrophenylhydrazone.
sium  P ersu lfa te .— Potassium  persulfate (10.8 g, 0.04 m ol), w ater C oncentration of the organic extracts in  vacuo  gave  a  viscous
(250 m l), and a few  drops of aqueous 10 %  potassium  hydroxide residue and l,l'-d in itro b icy clo h e x yl (2). E th y l ether (10 m l
w ere added to a  stirred, heterogeneous m ixture of 26 (5.0 g, 0.02 and Skellysolve B  (100 m l) were added and 2  (3.50 g) w as fil-
m ol), w ater (60 m l), benzene (60 m l), and sufficient aqueous tered. T h e filtrate  was washed w ith  w ater, dried (MgSO<),
potassium  hydroxide to bring the pH  to ca . 9.0. Aqueous po- filtered, and cooled to 0°; additional 2  (1.03 g) precip itated ,
tassium  hydroxide w as added periodically to  m aintain  the p H  overall y ie ld  4 9 % , mp 2 17 -2 2 1 .5 ° , no depression b y  authentic 2.
a t  8-9.5  a t 20-30°. A fter 4 hr, the p H  of the m ixture w as raised T h e  various filtrates after separation of 2  were concentrated 
to p H  ca . 12.0 b y  addition of potassium  hydroxide and the ben- and analyzed for cyclohexanone as its 2,4-dinitrophenylhydrazone
zene layer w as separated. T h e aqueous layer was extracted w ith  and for regenerated nitrocyclohexane (3.48 g, 2 7 % ) b y  differ-
benzene and ethyl ether. T h e organic extracts were dried ence. T h e overall yield  of cyclohexanone was 4 0 % .
(M g S 0 4) and concentrated. A ddition  of benzene and petro- R eaction of Sodium  1-Phen yl-l-ethanen itron ate w ith S ilver 
leum  ether gave  9,9'-dinitro-9,9 '-bifluorenyl (28), y ie ld  0.55 g N itrate.— A  solution of 1-nitro-l-phenylethane (13.8 g , 0.991
(13 % ), mp 18 1-18 2 ° (from benzene-petroleum  ether), no de- m ol) and potassium  hydroxide (5.04 g , 0.090 m ol) in w ater (40
pression b y  an authentic sam ple. Concentration of the filtrate  m l) was added to silver n itrate  (15.6  g, 0.092 m ol) in dim ethyl
and cooling yielded fluorenone, yield  2.6 g (72 % ), mp 82-83°, sulfoxide (400 m l) a t 20-35°. A fter 4 h r the silver w as filtered;
no depression b y  an authentic sam ple. w ater (ca . 1 1.) w as added to the filtrate. T h e solution was

R eaction of Sodium  1-N itropentane-l-nitronats (33) w ith Am- extracted w ith  chloroform  and w ith  eth y l ether a t 0°. T h e silver
m onium  P ersu lfa te .— Am m onium  persulfate (98 g, 0.428 m ol) w as washed w ith  w arm  chloroform . T h e  extracts w ere washed
in w ater (144 m l) was added to 1,1-dinitropentar.e (18.5 g, 0.144 w ith  w ater, dried (MgSO<), and concentrated in  vacuo. W hen
m ol) in aqueous 10 %  sodium  hydroxide (63 m l). T h e m ixture eth yl ether and Skellysolve B  were added to  the residue, the
w as warm ed to 30-40° for 8.5 hr, heated to 53-55° (the p H  solution was stored a t 0°, and the precip itate w as filtered, w h ite
dropped to 5.3), cooled, and acidified w ith  dilute hydrochloric 2,3-dinitro-2,3-diphenylbutane (3.0 g) w as obtained, mp 14 0 -
acid to p H  ca . 1.5 . 141 ° (from ethan ol-w ater), ir 6 .4 5 * 1  (C N O 2).

T h e aqueous layer w as extracted w ith e th yl ether. T h e residue A n a l. C alcd  for C 16H i6N 20 ,:  C , 63.99; H , 5 .37; N , 9.32.
obtained, upon evaporation of the organic extracts, was triturated F ound: C , 64.34; H , 5.56; N , 9.08.
w ith  e th yl ether and Skellysolve F  and cooled. Valeram ide T h e ethereal filtrate, on vacuum  distillation, gave  a  m ixture of
separated, yield  2.28 g, mp 10 4-10 5°, no depression b y  an au- acetophenone and 1-nitro-l-phenylethane, y ie ld  5.53 g , bp 32-58° 
thentic sam ple. (ca. 0.2 m m ), and a residue (3.78 g) w hich crystallized  on acdi-

T h e eth yl ether-Skellysolve F  filtrate  was evaporated and tion of ethanol or eth yl ether to give w hite 2,3-dinitro-2,3-di-
distilled to give a volatile  fraction, yield  4 .5 4 g, b p 75-90° (10 m m ), phenylbutane, mp 150° (from ethan ol-w ater), ir  6.45 M (CNC>2).
and a  residue. A ddition  of Skellysolve F  to the residue pre- T h e  m elting p oin t of a m ixture of the tw o isomeric form s of 2,3-
cipitated additional valeram ide, y ie ld  1.55 g, mp 104-105°; dinitro-2,3-diphenylbutane was 10 0 -180 °.24
the valeram ide produced in this experim ent totaled  5 5 % . T h e  A n a l. C alcd  for C i6H 16N 20 4: C , 63.99; H , 5 .37; N , 9.32.
d istillate  exhibited strong infrared absorption a t 3.0 -3 .5  ( C 0 2H ) Found: C , 63.62; H , 5.30; N , 9 .17 .
and 6.3 *i [C (N 0 2)2] . A n  aliquot (10 m l) of the d istillate (0.1643 A n  aliquot of the distillation product was added to m ethanol 
g) in 0.1 N  sodium  hydroxide (100 m l) w as diluted to 1000 m l and the m ixture w as dissolved in excess 2,4-dinitrophenylhy-
and analyzed a t 226 and 386 m*i. T h e aliquot corresponds to drazine solution. T he acetophenone 2,4-dinitrophenylhydrazone
4.47 g of 1,1-dinitropentane (24 .5%  recovery) in the distillate. w as isolated, mp 250°, no depression b y  an authentic sam ple, and
T h e  valeric  acid, as determ ined b y  difference, to ta led  1.07 g  corresponds to  2.66 g of acetophenone in the d istillate . T h e
(3 5 % ). rem ainder of the d istillate w as 1-nitro-l-phenylethane (2.87 g,

T he aqueous layer was evaporated and the residue was trit- 2 1 % ). A n  aliquot of the initial aqueous la y er and the aqueous
urated w ith  eth yl ether. T h e ether extract, on evaporation, washings gave additional acetophenone 2,4-dinitrophenylhydra-
yielded  a  residue which gave  strong absorption for a  carboxyl zone. T h e  total acetophenone obtained corresponded to  4 C %
group and w hich, when refluxed w ith  th ion yl chloride and then conversion of 1 -nitro-l-phenylethane.
poured into cold am m onia, gave  valeram ide, mp 10 4-10 5°, no R eaction of Potassium  9-Fluorenenitronate w ith S ilver N itrate, 
depression b y  an authentic sam ple. — T h e silver, form ed during a 4.5-hr period after addition of

R eaction of Sodium  2-Propanenitronate with Silver N itr a te —  potassium  9-fluorenenitronate (10 g, 0.04 mol) in w ater (45 m l)
A  series of decompositions o f silver 2-propanenitronate w ere to  silver n itrate (7 .7  g, 0.045 mol) in dim ethyl sulfoxide (200 m l),
effected (T able  I I I )  under differing conditions of tem perature -----------------
and time using dimethyl sulfoxide—water or acetonitrile—water (24) Stereochemical assignments can possibly be made for the isomeric
as solvents. All oxidations were conducted as follows. 2,3-dinitro-2,3-diphenylbutanes on the basis of their melting points. Using

Sodium hydroxide (5.92 g, 0.148 mol), water (35 m l), and 2- tiie equalization (R. Stern, Abstracts, 131st National Meeting of the
nitropropane (13.4 g, 0 .15 mol) were added rapidly to silver American Chemical Society, Miami, Fla., Apr 1957, No. 5-0)—of diaster30-

isomeric compounds containing two identically substituted acyclic centers of 
asymmetry, the meso modification will have the higher melting point than

(22) W. H. Linnell and C. C. Shen, J . Pharm. Pharmacol., 2, 13 (1950). either the racemic or the optically active epimer provided that it is centro-
(23) L. Ruzieka, D. R. Koolhaas, and A. H. Wind, Helv. Chivx. Acta, 14, symmetrical—thus the 2,3-dinitro-2,3-diphenylbutane having the melting

1157 (1931). point of 150° would be assigned as the meso isomer.
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w as filtered and washed w ith  h ot benzene. W ater (c a . 1 1.) 5 .7  g ( 1 7 % ) , bp 58-60° (4-4.5 m m ), ji20d 1.4360, ir 6.3 n  [C-
w as added to the dim ethyl su lfoxide-w ater filtrate  and the re- (N 0 2)2]; (4) 4-nitro-3-hexanol26 containing a  sm all am ount of 3-
sulting aqueous solution w as extracted w ith  benzene. T h e  nitro-3-hexene, yield  2.6 g  (14 % ), bp 85-88° ( 4 ^ .5  m m ), ji“ d

com bined organic extracts w ere w ashed w ith  saturated sodium  1.4458; and (5) 3,4-dinitrohexanes26 (16), y ie ld  4.0 g  (18 % ),
chloride, dried (M gSCh), and concentrated in  vacuo. A ddition  bp ca . 106° (4-4.5 m m ), n 20d 1.4510. T h e v o latile  products
of eth yl ether and petroleum  ether to  the semisolid and concen- were com bined w ith  distillate A  and analyzed for propional-
tration  of the m ixture ga ve  9,9'-dinitro-9,9 '-bifluorenyl (28), dehyde (17) as its 2,4-dinitrophenylhydrazone. T h e  1-nitropro-
y ie ld  5.45 g , mp 18 1-18 2 °, no depression b y  authentic 28. Con- pane converted into 17 am ounted to  10 % .
centration, cooling, and filtration  of the ben zene-eth yl e th er-
petroleum  ether filtrate  ga ve  fluorenone (27), y ie ld  2.38 g (33% ) Registry No.—Sodium phenylcyanomethanenitro- 
mp 82-83 , no depression b y  authentic 27. R eaction  of the final _ i 1 0 0 0 c c \ a  c i- r ,
filtrate  w ith  hydroxylam ine hydrochloride resulted in form ation of ^ t e  12385-04-5; sodium phenylmethaneiutronate,
fluorenone oxim e, y ie ld  0.23 g  (3 % ) , mp 194 -195° (from chloro- 12321-46-9; ammonium persulfate, 7727-54-0; sodium 1-
form -petroleum  ether), no depression b y  an authentic sam ple. propanenitronate, 12384-98-4; sodium persulfate, 7775-

R eaction of Sodium  1-Propanenitronate w ith S ilver N itrate.—  27-1; sodium 1-butanenitronate, 12385-00-1; sodium
T h e results of the follow ing experim ent are typ ical of those of a 2-methyl-l-propanenitronate 12385-01-2; 2,5-dimethyl-
senes for silver 1 -propanenitronate in dim ethyl su lfoxide-w ater, . OT 1 o m n o  i ,, i ~ 4l ,
acetonitrile-w ater, and w ater. 4-mtro-3-hexanol, 22482-65-1; 4-acetoxy-2,5-dimethyl-

A solution of sodium  hydroxide (11 .9  g, 0.209 m ol), w ater (45 3-nitrohexane, 22482-66-2; 2,5-dimethyl-3-nitro-3-hex-
ml), and 1 -nitropropane (20, 26.7 g, 0.3 mol) was added to silver ene, 22482-67-3; potassium persulfate, 7727-21-1;
nitrate  (51 g, 0.3 m ol) in dim ethyl sulfoxide (375 m l)-m ethanol sodium 2-propanenitronate, 12384-99-5; silver nitrate,
(45 m l ) 25 a t 0-5 . A fte r  5 hr the silver w as filtered. W ater 1 7 * 7 0 1  0 0  o .  __ _  i i____ •, , ioo ocr n o a
(ca . 1.6 1.), eth yl ether, and hydrochloric acid were added to the j ' 8??8, „  f  , cyclohexanemtronate 12385-03-4,
filtrate (pH  ca . 1 .5) a t ca . 10° and the m ixture w as separated. 2,o-dinitro-2,3-diphenylbutane, 22479-37-4; weso-2,3-
T h e ether extract w as w ashed w ith  w ater, dried, and concen- dinitro-2,3-diphenylbutane, 22486-14-2; 4, 622-42-4;
trated to give distillate A  and residue B . T h e aqueous e xtract 16, 22482-64-0; 21, 22485-93-4; 2 2 , 22485-94-5;
and washings w ere acidified. 23,12385-05-6 ; 24,12385-06-7 ; 26 ,12385-07-8 ; 33,

Residue B  w as distilled to  g ive  (1) h ighly  v o latile  products; l o q o c  n o  q 
(2) 20, 26 y ie ld  4 .7  g  (19 % ); (3) 1,1-d initropropane26 (37), y ie ld  i^dSD -U 2-d.

“ “  Wa8 added t0 l0Wer the freezing P°iDt °f the “ y‘ Acknowledgment.—We are pleased to acknowledge
(2 6 ) identified by comparison with authentic samples. support of this research by the Office of Naval Research.
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N itrobenzene and cyclohexane a t 600° give benzene, biphenyl, phenol, ethylene, propylene, and butadiene 
as m ajor products. M in or products are ethylbenzene, styrene, ^-m ethylstyrene, allylbenzene, indene, and 
naphthalene; these are form ed b y  reaction of olefins derived from  cyclohexane w ith  phenyl radicals derived 
from  nitrobenzene. O n ly a sm all am ount of benzene comes from  cyclohexane; dehydrogenation is m ainly to 
cyclohexene. Ph enyl radical prefers to  abstract hydrogen from  cyclohexane rather than add to  the arom atic 
ring of benzene b y  a ratio of 1 6 :1 . T h e  products from  cycloheptane and cyclooctane are sim ilar to those from 
cyclohexane; cyclopentane differs m ainly in givin g alm ost no products derived from  a  C 4 fragm ent.

Nitrobenzene decomposes above 400° to phenyl nitrobenzene with cyclopentane, cycloheptane, and cy- 
radical and N 0 2.2 In  the presence of aromatic com- clooctane.
pounds, even of such a completely substituted benzene Experimental Section
derivative as hexafluorobenzene, phenyl radical adds to . . .
the aromatic system to give biphenyls as the major ^  fumace maintair J  a t  6 0 0  ±  1 ° under pure, dry nitro-
products.3 Hydrogen abstraction _is a minor process; gen w ith  con tact tim es of 14-22 sec. T h e  vapors w ere condensed
nitrobenzene with toluene gives mainly methylbiphenyl in a  flask a t 0°; the uncondensed effluent gases w ere passed
isomers, rather than benzene and biphenyl.4 through a series of three traps containing brom ine in chloroform

I t  was of interest, therefore, to study the behavior of a t ° ° ;  , The, condensates w ere distilled to  recover unreacted
. . .  . . .  , , material, and the residues were analyzed by gas chromatography,

nitrobenzene with compounds that contain only ab- magg spectrom etry) and direc tly  coupled gas chrom atography-
stractable hydrogens and no carbon-carbon double masg sp ectrom etry . 6 T h e brom inated products were analyzed
bonds. This article describes the reactions of nitro- b y  gas chrom atography.
benzene and nitrobenzene-d5 with cyclohexane, and of G as chrom atographic-m ass spectral analysis w as used not

on ly to  iden tify  chrom atographically separated com ponents of 
product m ixtures b u t also to determ ine the isotopic com position

(1) (a) Amoco Chemicals Corp.; (b) American Oil Co. 0f such com ponents from  reactions w ith  nitrobenzene-ds- F or
(2) E. K. Fields and S. Meyerson, J .  Amer. Chem. Soc., 89, 724 (1967). the j a t t e r  purp 0 se, variation  of the isotopic distribution over the
(3) E. K. Fields and S. Meyerson, ibid., 89, 3224 (1967): J .  Org. Chem.,

32, 3114 (1967).
(4) E. K. Fields and S. Meyerson, ibid., 33, 2315 (1968). (5) E. K. Fields and S. Meyerson, ibid., 33, 4487 (1968).
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time span of a chromatographic peak requires repetitive scanning Scheme I
of the molecular-ion region at a preselected reduced ionizing
v o lta g e . 9 Inten sity  corresponding to each isotopic species is C6H5N 0 2 — *■  C6H5' +  N 0 2

then  plotted  vs. tim e, and th e integrated areas under these 
curves are taken as measures of the concentrations of the various
species ® CgHs- or

In  a  typ ical experim ent, a  solution of 10.3 m l (0.1 m ol) of j j ■— — - 2 >- [ j +
nitrobenzene in 43.2 m l (0.4 m ol) of cyclohexane w as passed HJNU2

through a  Y y c o r  tube a t 600° under a  nitrogen to w  of 15 m l/m in, , / \
w ith  a con tact tim e of 2 0 . 1  sec. T h e vapors w ere condensed in J /  V ®
a flask a t 0°. T h e condensate was distilled ~,o give 21.3  g  of 20H  — CHCH F \
distillate and 4 .7 g  of residue. A nalysis of the distillate b y  gas 2 J
chrom atography on a  column of 5 %  B entone 34 and 5 %  D C 550  I II I ll
on Chrom osorb W  showed 15.6 g  of cyclohexane, 1 . 2  g of cyclo-
hexene, and 3.9 g  of benzene. A n alysis of the residue on a . .
column of 10 %  O V 17  on Chrom osorb W  gave the results shown l j
in  T ab le  I . T h e  brom ine solutions w ere reduced w ith  sodium
thiosulfate and extracted w ith  chloroform  to  give 17.5  g of a GHi 9 F 2 CH2 CH2

m ixture w hich was analyzed on a  column of 5 %  SE-30 on Chrom o- II , V  -m i \ „  ||
sorb W . T his analysis provided the data  on the olefins shown in c h 2 +  ------ -  y *  +  CH2

Table L

T able I  'CH2 CH2

P roducts from N itrobenzene and Cyclohexane“ CH)
Product* Yield, mol %c

E th ylene 2 5 .5  CH2=CHCH2CH3 — > CH2=CHCH2 +  CH3
Propylene 20 .4
B utenes 2 .5  CHI CH]
Butadiene 1 3 .7
Benzene 5 4 .4  CH2= C H C H 3 CH 4

Cyclohexene 1 5 .5
Phenol 1 .7
B iphenyl 0 .7  T a ble  II
Ethylbenzene 1 , 0  P roducts from Cyclohexane“
Styrene 2 .0  Product Yield, mol %*
(3-M ethylstyrene 1 . 0  E th ylen e 0 .0 7
A llylbenzene 0 .2  Propylene 0.30
Indene 0 .7  Butenes 0.04
N aphthalene 1 .2  Butadiene 0.23

“ R eaction  conditions: 600°, con tact tim e 20.1 sec, 0.1 m ol of “ R eaction  conditions: 600°, con tact tim e 2 1 . 2  sec, 0.4 mol of 
nitrobenzene, 0.4 mol of cyclohexane. 6 T h e  gaseous olefins were cyclohexane. * T h e yields were determ ined b y  gas chrom atog-
analyzed as brom ine addition products. O ther gases w ere rap hy and are based on a 10 %  conversion of cyclohexane. T h e
m ethane, ethane, propane, and hydrogen. ” T h e yields were m aterial unaccounted for, which w as lost w ith  the nitrogen
determ ined b y  gas chrom atography and are based on a  94.2%  stream , presum ably consisted of additional unreacted cyclo
conversion of nitrobenzene. hexane, low-boiling saturates, and hydrogen.

T h e  reagents and standards for gas chrom atography w ere a s  shown in Table II, under the reaction conditions em- 
reagent grade and w ere used as received. ployed in this work, cyclohexane alone underwent but

little thermal decomposition. The major product from 
Results and Discussion the pyrolysis of nitrobenzene with cyclohexane is ben-

Nitrobenzene with Cyclohexane.-The major prod- zenf - which can arise either by the dehydrogenation of
ucts from the reaction of nitrobenzene with cyclo- CyJcloh1ex]ane or by hydrogen abstraction by the phenyl
hexane are shown in Table I. The alkylaromatic radical derived from nitrobenzene, or by both routes,
products apparently result from the fragmentation of The dehydrogenation of cyclohexane, as evidenced by
cyclohexane to C2, C„ and C4 hydrocarbons, which the formation of cyclohexene, can also be effected by
then react with the phenyl radical derived from nitro- hydrogen abstraction by nitrogen dioxide.8 Cyclo
benzene. Nitrobenzene alone at 600° gives phenol, hexene can then undergo a retro Diels-Alder reaction to
biphenyl, and dibenzofuran as major products.8 The g!ve ethylene and butadiene.7'9 However, this is not
formation of ethylene, propylene, and butadiene from ° nly ? ath by whl<;h cyclohexane breaks down,
the pyrolysis of cyclohexane is well known.7 However, substantial quantities of propylene also formed. The

mechanisms underlying the formation of these olefins 
<6) l . p. Lmdeman and j . l . Annis, Anal, chem., 3 2 , 1742 (1960); w. e. from cyclohexane in the presence of added free radicals

Falconer and R. J. Cvetanovic, ibid., 34, 1064 (1962); R. Bentley, N. C. presumably differ from those of the Corresponding re-
Saha, and C. C. Sweeley, ibid., 37, 118 (1965); C. C. Sweeley, W. H. Elliott,
I. Fries, and R. Ryhage, ibid., 38, 1549 (1966); J. A. McCloskey, A. M. (1948); S. D. Mekhtiev, Y. G. Kambanov, and A. F. Aliev, Dokl. Akad. 
Lawson, and F. A. J. M. Leemans, Chem. Commun., 285 (1967); F. A. J. M. Nauk Azerb. SSB, IS, 125 (1959); S. D. Mekhtiev, A. F. Aliev, Y. G.
Leemans and J. A. McCloskey, J .  Amer. Oil Chem: Soc., 44, 11 (1967). Kambarov, and V. V. Sharov, Azerb. Khim. Zh., 3, 3 (1959); K. Setivek

(7) N. D. Zelinskii, B. M. Mikhaizov, and Y. A. Arbuzov, J .  Gen. Chem. and V. Bazant, Collect. Czech. Chem. Commun., 26, 442 (1961); D. L.
USSR, 4, 856 (1934); L. Kuchler, Trans. Faraday Soc., 38, 874 (1939); Fanter, M. A. Grayson, and C. J. Wolf, Abstracts, 154th National Meeting
V. Haensel and V. N. Ipatiev, Ind. Eng. Chem., 38, 632 (1943); L. Berg, of the American Chemical Society, Chicago, III., Sept 1967, No. B60;
G. L. Summer, C. W. Montgomery and J. Coull, ibid , 37, 352 (1945); Y. M. Paushkin A. G. Liakumovich, S. V. Adel’son, P. A. Nekeforov, and
Imperial Chemical Industries Ltd., British Patents 567,913 (1945) and O. V. Lysykh, Khim. Prom., 44, 811 (1968).
668,536 (1945); J. H. Haslam, U. S. Patent 2,418,879 (1947); H. A. GoU- (8) W. L. Fierce, U. S. Patent 3,413,368 (1968).
man, U. S. Patent 2,575,341 (1951); W. O. Keelig, British Patent 595,879 (9) H. Kwart and K. King, Chem. Rev., 68 ,  415 (1968).
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T able I I I
R eaction -of N itrobenzene-^  with  Cyclohexane“

,-------------------------------------------------------------Isotopic distributions6 of products,® %------------------------------------------------------------- -
Recovered

Deuterium nitro- Ethyl- /3-Methyl- Allyl- Naph-
atoms benzene Benzene Styrene benzene styrene benzene Indene thalene Biphenyl Phenol

0 4 2 13 6  12 1

1  1

2 1  3  1 2  1

3 1 8  5 4
4 5 7 11 9  17  12 47 58 1 23
5 93 89 85 74 75 75 14 27 9 6 8

6  2 1 2 7 3 3
7 8 2 2
8  3 5 8

9 53

10 27
“ R eaction  conditions: 600°, contact tim e 14.4 sec, 0.04 mol of nitrobenzene-d5, 0.16 mol of cyclohexane. T h e isotopic composi

tion of nitrobenzene was 0 .1%  (¿3, 3 .3 %  <f«, and 96.6%  ¿ 5. 6 D eterm ined w ith  a directly coupled gas chrom atograph—mass spectrom eter
b y  repetitive scanning over the parent-m ass region a t reduced ionizing voltage, followed b y  integration of the spectral intensities over 
the duration of the chrom atographic peak. » «-M ethylstyrene was identified b y  mass spectrom etry; however, it  w as present a t a 
concentration too low  for isotopic analysis.

action carried out in their absence, as evidenced by the fragments derived from cyclohexane, we treated nitro-
difference in product distribution of the gases shown in benzene-ds with cyclohexane at 600°. The isotopic
Tables I and II. Possible reaction paths for the radical- distribution of the products is shown in Table III.
induced decomposition of cyclohexane involve /3 scission The scrambling of protium and deuterium, as evidenced
of the cyclohexyl radical, ring scission to propylene, by the deuterium distribution of the recovered nitro-
and formation of cyclohexene as an intermediate. benzene, was low enough to allow us to draw valid
Propylene and methane also result from 1-butene by conclusions.
homolytic cleavage and hydrogen abstraction.10 These The isotopic distribution of benzene showed that it 
routes are outlined in Scheme I. was formed mainly by hydrogen abstraction by the

The low yield of phenol suggests that the phenyl phenyl-d6 radical, with only 4%  arising by dehydro
radical derived from the decomposition of nitrobenzene genation of cyclohexane. Styrene and ethylbenzene
prefers to abstract hydrogen rather than react with consisted largely of d i  and cfe species, with the latter

D  D  D

D .  X .  _EH1 D V V CH= C H 2

XK> + "  ^  bM d ~A D D

D

D . X / C H 2CH3

D

■ ¿ c  * -  “  : i r  -  i £ r *
A D D

nitrogen dioxide to form phenol via the nitro-nitrite predominating in both instances, from phenylation of 
rearrangement.3 The substantial quantities of un- ethylene by the phenyl-dr, radical. The concentrations
reacted olefins and the low yield of arylation products of the d4 species relative to benzene-d4 were somewhad
are additional evidence for predominance of hydrogen high to have arisen solely from arylation by the phenyl- 
abstraction. d4 radical, and may have formed in part by alkylation

Nitrobenzene-cfc with Cyclohexane.—'To gain a better of benzene-dB.
understanding of the dehydrogenation of cyclohexane The isotopic composition of /3-methylstyrene and 
and the interaction of the phenyl radical with the allylbenzene shows the arylation of propylene by the

phenyl-cfc radical with subsequent loss of hydrogen. 
(io) m . szwarc and a . h . Sehon, j . Chem. Phys., is, 2 3 7  (1 9 5 0 ), and relatively high concentrations of the d i  components

references cited therein; J. A. Kerr, R. Spencer, and A. F. Trotman- th e s e  iso m ers p a ra lle lin g  th o se  o f S ty re n e  an d
Dickenson, J .  Chem. SocS, 6652 (1965), and references cited therein. Ol Wiese isu iu eis , p m n u cii ft J
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ethylene, indicate the alkylation of benzene-d6 by the protium-deuterium exchange in the cyclohexadienyl 
allyl radical or, alternatively, propyl-radical alkylation radical intermediate accounts for naphthalene-d6. 
followed by dehydrogenation. Abstraction of an allylic Biphenyl consisted chiefly of the d9 and d10 species, 
hydrogen from /J-methylstyrene-ds and allylbenzene-d5 with a secondary maximum in the isotopic distribution
gives the same allylic radical, which then cyclizes to at dr,. Arylation by the phenyl-ds radical of undeu-
form indene-di- Indene-ds arises from protium- terated benzene derived from cyclohexane accounts for
deuterium exchange in the intermediate cyclohexa- the formation of biphenyl-d6. The more abundant
dienyl radical. Alkylation of benzene-rA by the pro- biphenyl species arise by arylation of benzene-d» by
penyl radical followed by loss of hydrogen and cycliza- the phenyl-d8 radical to give biphenyl-d9 and a little
tion contributes to indene-d4 and also accounts for the biphenyl-dio, and by dimerization of the phenyl-ds
observed indene-d3. The relatively large amount of un- radical to give biphenyl-di0.
labeled ethylbenzene and indene must arise solely from
cyclohexane. Gas chromatographic-mass spectral anal- i 9
ysis of mixtures from reactions with unlabeled nitro- p
benzene furnished evidence for ethylcyclohexene and I JT [ £
propenyl- or allylcyclohexane, and these are hkely P/ y ' ' T )  / V ^ N )
precursors of such cyclohexane-derived products. p D

D

JL C‘,Di’ D
+  C H 2= C H C H 3 D ^ J L  ^■Y*, Xx. * Yuo

D °  i
D x J ^ C H 2C H C H 3 - to ] c6d5h

d^ y Y ,  ? «

°  dt W t d
- m y  \ m i  V |  D

D D D p

D\y ^ y ^C^= CHCH;, D n J \ . -  CH,C H == C H, Most of the phenol forms via a nitro—nitrite rearrange-
JL JL JL JL merit of nitrobenzene-dj. Phenol-d4 forms in two ways:

D ' Y ' D  dV ^ d
^ ^ C6D6N02 — s- CeDsONO — >- C6D50  ■ +  NO

\-m An 1ra
* * C6D5OH

I _  reaction of phenyl-d4 with N 0 2 followed by nitro-
DV V CH- CHCH2 nitrite rearrangement, and protium-deuterium ex-

J L J J  change of ring deuteriums from phenol-d5.
® jj ® Arylation by the phenyl radical is the preferred re-

/  D action when nitrobenzene reacts with benzene at 600°,3
/  whereas hydrogen abstraction predominates with

p -i T D "1 cyclohexane. To measure the preference of phenyl
I J radical, we allowed nitrobenzene-ds to react with an

D'''T r iM ^ sl equimolar mixture of cyclohexane and benzene at 600°.
J I L y L-— I 1 R : I \ The isotopic distributions and yields of benzene and

® j" ® D | ^ NH biphenyl are shown in Table IV. The other products
D D from this reaction exhibited a distribution similar to

that shown in Table I. The combined yield of bcr- 
Y D] “M zene-d4 and -ds (56%) corresponds closely to the yield

of benzene (54%) derived from the reaction of nitre- 
| 9  benzene with cyclohexane alone. The yield of biphenyl-

an  ̂ resulting from the arylation of benzene by
T JL__J j" the phenyl-d.5 radical, is greater than the yield of bi-

D ^ j ^  phenyl in the absence of added benzene, probably
p p because a fivefold excess of benzene was employed in

. . . fflis reaction. The higher yield of benzene-cfe over
ih e isotopic distribution of naphthalene is similar to biphenyl-% 16:1, shows the strong preference of the

that of indene in that the d; and d6 species predominate. phenyl radical to abstract hydrogen rather than to add
A similar reaction sequence can be invoked in which to the aromatic system.
arylation of butadiene by the phenyl-cfe radical is Tc determine whether the reactions of other cyelo-
followed by cyclization and loss of hydrogen. Again, alkanes parallel those of cyclohexane, we treated cyclo-
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T a ble  IV  T able V

R eaction of N itrobenzene-ĉ  with  P roducts from N itrobenzene“’6 and Cycloalkanes
Cyclohexane and B enzene“ —-__________Cycloalkane______________

Product Isotopic distribution, %6 Yield, mol %e Product None Cs Ce C 7 Cg
Benzene do, 89.0 '------------- Relative concentration----- -------- .

dh  , 5  Phenol 100 100 100 100 100

d4’| 0 '.7 4 .2  Styrene . . .  87 101 77 87
d5, 8 . 6  5 1  8  Indene . . .  26 22 15  30
¿ 6’ 0  2 N aphthalene 7  31 1 2 2  114  118

B iphenyl do, 9 .0  B iphenyl 73 115  59 24 30
j  2  3  D ibenzofuran 80 55 9 7  15

0 . 9  D iphenyl E ther 35 15 7 5 6

dj, 1 .4  “ R eaction  conditions: 0.1 m ol of nitrobenzene, 0.4 mol of
^  g  g  q 3  cycloalkane, 600°, N 2 flow 20 m l/m in, con tact tim e 7 -14  sec.
^  Q4  g 3  3  6 T h e  products listed here represent a  sm all p a rt of the reaction
^ ’ 2 3  m ixtures, th e bu lk  of w hich w as distilled off below  140°. T his

6’ ' table  is intended only to  com pare product distributions from  the
®7’ z  ’ ' various reactants. c R e la tive  intensities in th e low -voltage

(7 . 5  ionizing eV, uncorrected) m ass spectrum  norm alized to
5 .0  phenol =  100. Sen sitivity , i.e .,  th e proportionality factor be-

dio, 3 .2  tw een parent-peak in ten sity  and concentration, differs from  one
“ R eaction  conditions: 600°, con tact tim e 17 .1  sec, 0.04 mol of compound to  another. H ow ever, closely  related  compounds

nitrobenzene-d5, 0 . 2  mol of cyclohexane, 0 . 2  m ol of benzene. have roughly equal sensitivities a t th e ionizing voltage  em ployed
T h e  isotopic composition of nitrobenzene w as 2 .2 %  d t and 97 .8 %  in our w o rk . 4 In  any case, the use of relative intensities is
ds. 6 C alcu lated from  low -voltage (7.5 ionizing eV, uncorrected) p erfectly  valid  for intercom parison of concentration ratios of
mass spectrum . • B ased on an 8 2 %  conversion of nitroben- identical com ponents in separate sam ples, w ithin the lim its of
zene-d5. reproducibility of th e low -voltage data. See S. M eyerson and

E . K . Fields, Chem . C om m un., 275 (1966); E . K . F ields and 
, , , , , S. M eyerson, A dvan. P h y s. Org. C hem ., 6 , 1 (1968).

pentane, cycloheptane, and cyclooctane with nitro
benzene under similar conditions. The major products
boiling over 140°, together with those from cyclo- action of nitrobenzene with cyclopentane more nearly
hexane and from nitrobenzene alone for comparison, resemble those from nitrobenzene alone than do those
are listed in TableV. All of the cycloalkanes alone, under with the other cycloalkanes. This pattern, again,
the same conditions, were recovered 90% or more probably reflects the important role of C4 intermediates
unchanged. in these systems. Because of its failure to produce such

Among the products from all four cycloalkanes, the intermediates, cyclopentane contributes substantially
yields of those attributed to the reaction of phenyl less than the larger cycloalkanes to reaction products
radical with C2 and C3 fragments, styrene and indene, with nitrobenzene and thus acts, in effect, as a relatively
are roughly the same. Naphthalene, from phenyl inert diluent. We are presently studying the reactions
radical with a C4 fragment, is formed in almost identical of nitrobenzene and nitrobenzene-4 with cyclic olefins
amounts from cyclohexane, -heptane, and -octane, but and polyolefins,
much less from cyclopentane. This would be expected
because fragmentation of cyclopentane, its radical, or Registry No.—Nitrobenzene, 98-95-3; nitrobenzene- 
cyclopentene into C4 and Ci species would not appear ds, 13657-09-5; cyclohexane, 110-82-7; cyclopentane,
energetically likely. The relative yields of phenol, bi- 287-92-3; cycloheptane, 291-64-5; cyclooctane, 292-
phenyl, dibenzofuran, and diphenyl ether from the re- 64-8.
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Effects of D istant Substituents on Photoinduced  
A rom atic Substitution R eactions1,2

K. E . Steller3 and R . L. Letsinger

D epartm ent o f  C hem istry, N orthw estern U niversity, E vanston , I l lin o is  60201  

Received J u n e  10, 1969

Electron-donating substituents (X ) m arkedly retard  photoinduced nucleophilic a ttack  on compounds in the 
series X C elE O C elL N C h . T h e  m eth oxyl group (X  =  O C H 3) sim ilarly retards photoinduced nucleophilic a tta ck  
a t  the nitroarom atic ring in X C eH iO G H jC lTjO C sH iN O j. Em ission-spectral d ata  and experim ents w ith  model 
compounds suggest th at the deactivation  results from  interaction of th e photoexcited nitroarom atic ring w ith 
the dialkoxybenzene ring to  y ie ld  a transient species w hich is inactive or of v ery  low  rea ctiv ity  in nucleophilic 
substitution.

The photoinduced reactions of nitroaromatics with Results
nucleophiles such as pyridine, hydroxide, and cyanide Nitrodiphenyl Ethers ( l ) .-T w o  types of reaction 
are markedly dependent on substituent groups in the were observed on photolysis of the 4-nitrodiphenyl
aromatic compound.2,4'5 For example, pyridine in ethers in aqueous pyridine: (a) displacement of nitrite
dilute aqueous solution reacts readily with photoexcited by ?yridine, and (b) displacement of 4-nitrophenoxide
4-nitroanisole but fails to react with excised nitroben- by pyridine. The latter reaction is unusual in that the
zene or 4-nitrophenol. nucleophile attacks a benzene ring which does not bear

As part of a program aimed at learning more about a nitro group.6 The extent of reaction proceeding
the effects of substituent groups in such systems, we via path a was evaluated by the amount of nitrile
have examined photoreactions of a series of substituted ion liberated; that going by path b was determined
4-nitrodiphenyl ethers (1) and several 2-aryloxy-l-(4- by the increase in absorbance at 400 v a p  owing to 4-
nitrophenoxy) ethanes (2). Several features common nitrophenoxide. Three of the photoreactions were
to the two series led to this choice. All compounds __  .— .
have an oxygen atom para to the nitro group; therefore, /  \ — 0 — f  \ — N 0 2

the structures are favorable for some type of photo- '==/
induced substitution. Since the nitrophenoxy group 1
is the dominant chromophore, the light-absorbing
step should be essentially independent of the sub- .----------------- ------------------1
stituent. These series therefore provide a measure I t
of effects of substituents exerted subsequent to the *—* r—* r.—» r.—» + *—»
absorption of light. In addition, steric effects should Jv . J — y y— 0 —P y—n/  y
be negligible, since the substituents are remote from X X ^
the reactive nitroaromatic function. There are also 4 3

characteristics unique to each system. Thus the +  +
oxygen bridge in 1 permits electronic effects to be -q__/  \ __>stq2 N° 2
transmitted from one ring to the other, whereas the \ = /
two methylene groups in 2 would severely limit trans- carried out on a preparative scale and the pyridinium

salts were isolated and characterized as picrates. N-[4- 
X — (  S — 0CH 2CH20 —\ \ — N 0 2 (4-Cyanophenoxy) phenyl jpyridinium pier ate (cation 3,

\ = J  \ = /  X  =  4-CN), N-4-(3-cyanophenoxy)phenyl pyridinium
2a, X = H  picrate (cation 3, X  =  3-CN), and the bis-N-pyri-

b, X =  CN dinium picrate 5 were obtained from reactions of the
c, X  =  OCH3 corresponding ethers ( 1 ,  X  =  4-CN, 3-CN, and 4-

N 0 2) in yields of 49, 94, and 56% , respectively.
mission of inductive and resonance effects. An aqueous
solution containing a high concentration of pyridine $  \  0 í~ \  - S T S  2X~
(20% by volume) was selected as the reaction medium \ = /  \ = J  \ = = / \ = J
for the survey. Subsequently, the major effects were 5
checked with key substrates reacting with ionic nu
cleophiles at low concentration. Rate and product data for photoreactions of the

4-nitrodiphenyl ethers in an aqueous solution 20%
(1) This research was supported in part by a research grant from the in  p y rid in e  an d  2 2 %  in  /-butyl a lco h o l a t  25  are

National Science Foundation (GP 5 7 1 5 ). assembled in Tables I and II. It may be noted than
(2) Part VIII in the series on photoinduced substitution. For part VII, n  „ v ____»•__ ____ < _  p ii „ •<  ____  i • , 1

see R. L. Letsinger and J. H. McCain, J .  Amer. Chem. Soc., 91, 6425 a b so rp tio n  S p ectra  o f th e  m trO Com pounds in  th e
<1969). reaction solvent are indeed very similar. Accordingly,

(3) Public Health Service Predoctoral Fellow.
(4) R. L. Letsinger and O. B. Ramsay, J .  Amer. Chem. Soc., 86, 1447 (6) This reaction was discovered by Dr. O. B. Ramsay, who characterized

(1964) ; R. L. Letsinger, O. B. Ramsay, and J. H. McCain, ibid.. 87, 2945 the nitrophenol and N-phenylpyridinium salt produced from the photo-
(1965) . reaction of 4-nitrodiphenyl ether with pyridine: O. B. Ramsay and R. L.

(5) E. Havinga, R. O. de Jongh, and M. E. Kronenberg, Helv. Chim. Acta., Letsinger, Abstracts, 148th National Meeting of the American Chemical
50, 2550 (1967), and references cited therein. Society, Chicago, 111., Sept 1964.
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Table I possible ionization of the group in the photoexcited
Photoreaction of XC6IL0C6H4N02 with Pyridine molecule,7 further studies of the deactivating effect

Xmax,“ fcobri/ of electron-donating groups utilized methoxyl de-
Substituent Registry no. mM fcffi 6 • .• r , . . ,.„  rivatives, tor which deactivation by ionization is not

Paren t 311 1 .0  J
A 7 TO (\1 noA a  a a a  4 r» p U D olU lv*

4,_c [ 1836-74-4 308 2  9  The relative rates of reaction of 4-nitrodiphenyl
3 /.Q! 2303-23-3 307 U 4  ether (1 X  10~4 M) and 4'-methoxy-4-nitrodiphenyl
4 '_CN 17076-68-5 300e 1 . 7  ether (1 X 10-4 M) with sodium hydroxide (0.04 M ),
3 '-C N  17076-74-3 298^ 1 . 7  potassium cyanide (0.008 M ), and ethylamine (0.1 M)
4 '-N 0 2 101-63-3 3 l0 e 1 .2  in aqueous 22%  ¿-butyl alcohol at 25° were determined
3 '-O C H 3 22479-76-1 310 0 .0 7 to see whether the effect of the 4'-methoxyl group
4 '-O C H 3 6337-24-2 313 ~ 0 .0 0 3  was general for nucleophilic substitution reactions.
4,"0H 22479-78-3 313 ~ 0  4-Nitrodiphenyl ether was found to react readily with
3 22483-31-4 312 hydroxide to give 4-nitrophenoxide (91% by uv) and
3 ' N H 2 22528-34 3  312 ~ 0  nitrite (5% ). Under the same conditions, the reaction
4 '-N H C O C H  2687-40-3 312 ~ 0  ° f 4'-methoxy-4-nitrodiphenyl ether was extremely
3 '-N H C O C H  22483-34-7 311 ~ 0  slow, about 1/i5o of the rate for 4-nitrodiphenyl

• D eterm ined in  aqueous ¿-butyl alcohol (2 2 % ), log e 4.06 ±  ether- Similar results were obtained with the other
0 . 0 2  unless otherw ise noted. b R eactions in 2 0 %  aqueous pyri- nucleophiles. In  these cases the reactions were carried
dine under N2 atm osphere a t 25°. 'L o g  e 4.10. d L og e 4.09. out in absorption cells and were followed by scanning
* L°g e 4-24- the spectrum at appropriate time intervals of irradia

tion. With ethylamine the relative reactivity of the
Table II 4-methoxyphenyl and the phenyl derivatives was ca.

Products from Reactions of Nitrodiphenyl 1/120; with potassium cyanide the corresponding ratio
Ethers with Pyridine was c f l y 300_ I t  is therefore clear that 4'-methoxyl

4-Nitro- NO.-, ,____ -mobmlvLTpHias»-------. deactivates the excited state of the 4-nitrodiphenyl
Substituent phenol, % phenol, % y  w p ether system responsible for nucleophilic substitution.
P aren t 56 3 4  - 1 . 0  + 0 .8 1  + 1 . 1  The effect is observed in reactions of both charged
4 '-B r 55 43 - 1 . 0  + 0 .9 7  + 1 . 2  and uncharged nucleophiles and at low (0.008 M)
4 '-C l 60 35 - 1 . 0  + 0 .9 8  + 1 . 3  and very high (20%  pyridine) nucleophile concentra-
3 '-C l 10 80 - 1 . 0  + 0 .7 4  tion.
4'-CN 8 87 _ 1 ° + 0 .7 4  2-(Aryloxy)ethyl 4-Nitrophenyl Ethers (2).—A pre-
3’_CN 4 91 + 0 .7 8  parative-scale reaction was carried out with 2-(4-cyano-
3 'O C H  10 (28P +2 ° phenoxy)-1 - (4-nitrophenoxy) ethane (2b) in aqueous

" , ,3 , , . , ., , r m  , , . pyridine in the same manner used for the 4-nitrodi-
* R elative  to  4-m trophenoxide. Y ,  W , and P  refer to  products i  i * -\T -i*  • _  i ,  - *

which appear as yellow  spots (4 -nitrophenoxide) and w hite phenyl ethers. An N-pyridimum product 6 was
(N -pyridinium  sa lt w ith  p-oxygen) and purple spots (N -pyri- isolated as the picrate in 92%  yield, showing that the
dinium salts w ithout p -oxygen) on paper under u v  light. b B ased reaction is completely analogous in type with that of
on reaction of both  nitro groups; a to ta l of 1.8 mol of N 0 2~ w as 4-nitroanisole. Other reactions were carried out with
obtained/m ol of compound. '  L o w  because of long reaction tim e. d i lu t e  s o lu t io n s  0f the ethers (1 X  KW4 M ) .  That

these also followed the same pathway was shown by 
the relative rate constants approximately equal the analysis of the nitrite liberated and by electrophoresis
relative quantum yields. 0f the organic products. In  each case a single organic

Three conclusions may be drawn from these results. product was observed. I t  migrated as a + 1  species
First, electron-withdrawing groups in the 3 and 4 and appeared as a whit6j fluorescent spot when viewed
positions have little effect on the overall rate of the 0n paper under ultraviolet light, 
photochemical reaction in this system. The parent
compound (4-nitrodiphenyl ether) and derivatives with \  jf~ \  , r  u M
chlorine, bromine, cyano, and nitro substituents at nc- ^ J - O C M O - ^ J - N O ,  + C 5H,N

the 3' or 4 ' positions all react at rates within a factor 2b
of three of each other. Second, the strong electron- .
withdrawing substituents, nitro and cyano, and to a I  __
lesser extent 3'-chloro, favor reaction by path a (nitrite / ~ \ ___ /  \ __7,/==\  , Nn-
displacement) relative to path b (nitrophenoxide dis- NC \__/ 0CH2C 2 \__/  __/  2
placement). The reason for this behavior is not ap- 
parent at this time. Third, electron-donating groups
such as hydroxyl, methoxyl, amino, and acetamino Information on the rates of reaction of compounds 
have a major effect on the photochemical reaction. 2a-c and two related substances with pyridine are
Hydroxyl, amino, and acetamino substituents at the 3 ' presented in Table I I I .  2-Phenoxy-1-(4-nitrophenoxy)-
or 4 ' positions quench the reaction completely. Meth- ethane (2a) was found to react at about the same rate
oxyl in the 3 ' position inhibits the reaction somewhat ag 4-nitroanisole. 2-(4-C yanophenoxy)-l-(4-nitro-
(fcobsd = Vi4 that of 4-nitrodiphenyl ether) and phenoxy)ethane (2b) reacted a little faster. The big
methoxyl in the 4 ' position inhibits the reaction very
cI vaao-Iv  (lr , , ^  1 /,™ tb n t Af 4 -u itrn d in h p n v l ether) (7) E. J. Baum, J. K. S. Wan, and J. N. Pitts, Jr., J .  Amur. Chem. Soc.,
strongly ( obsd A / 300 ? u r-i l  88 2652 (1966); G. Porter and P. Suppan, Trans. Faraday Soc., 62, 3375

Since interpretation of. the effect of substituents (1966). D. Schulte-Frohlinde and C. V. Sonntag, Z. Phys. Chem. (Frankfurt
possessing O-H  and N -H  bonds is complicated by am Main), 44, 314 (1965).
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T able IV
-  P hotokeactions of X C 6H 40 C H 2C H 20 C 6H 4N 0 2

.g ' '  WITH O H "  AND C N -

fcobsd relative to
j  j  .  Nucleophile ftobsd for

a ’ (concn, U ) X 4-nitroanisole
N aO H  (0.04)“ H  0 . 2

T  C N  0 .7
1,U ~ / /  O C H 3 0.03

K C N  (0.004)6 H  0.54

------ -A— --------- ------- - A T  C N  1 .7
1 , 0  ' O C H s 0.0 14

__________i__________ i------------------1----------------- 1-----  “ 50 %  v / v  w ater-i-bu tyl alcohol. b 30 %  v / v  dim ethyl-
0 - 0 2  ° -01* 0 - 0 6  0 ,0 8  form am ide in water.Cono. of XÔĤOCHj, M

Figure 1.—Stern-V olm er plot for form ation of 4-nitrophenoxide in absorption cells were irradiated with the 366-m,u
(measured b y  absorbance increase a t  400 m M) on irradiation of band isolated by a Bausch & Lomb monochromator.
4-nitroanisole and sodium hydroxide (0.008 M )  in 2 2 %  ¿-BuOH At this wavelength only 4-nitroanisole in the mixture
a t 25 m  the presence ot substituted amsoles, X C 6H 4O CH s v, u  t  n - r j. j  ,
( O  X =  4-OCHV A X =  H - □  X =  4-CN) absorbs. Initial rates were determined by the m-

' ‘ crease in absorbance at 400 m/i (owing to formation
of 4-nitrophenoxide). It is seen from the data in 

effect, as in the nitrodiphenyl ether series, was ob- Figure 1 that 1,4-dimethoxybenzene does inhibit the
served with the methoxy analog (2c), for which the reaction of photoexcited 4-nitroanisole with hydroxide,
rate was only that of 4-nitroanisole. Reactions At a concentration of 0.08 M it reduces the initial
of partial models for 2c 2-methoxyethyl 4-nitrophenyl rate of formation of 4-nitrophenoxide by a factor of 2.
ether (7) and 3-(4-methoxyphenyl)propyl 4-nitro- Anisole has only a slight effect and 4-cyanoanisole
phenyl ether (8) indicate that the low reactivity of Fas no measurable effect on the reaction of 4-nitro-
2c is related to the dialkoxybenzene moiety. Neither anisole with hydroxide.
the monoalkoxyphenyl substituent in 2a nor that in 8 Emission Spectra.—One possible explanation for the 
had an appreciable effect on the reaction. Also it slow reaction of 2c is that excitation energy is trans
does not appear reasonable to attribute the relatively ferred from the 4-nitrophenoxy group, the site of
low reactivity of 2c to greater basicity of the oxygen chemical attack, to the dialkoxybenzene moiety,
at the position of the ethane, since compound 7, Intramolecular energy transfer is a well-established
m which this oxygen should be even more basic than phenomenon in other systems.8 This possibility was
t at m 2c, exhibited no anomalous behavior. examined by observing emission spectra of compound

2c and models containing the same chromophores, i.e., 
T a b l e  III dimethoxybenzene, 4-nitroanisole, and a mixture of

P hotokeactions of X C H sCH »O CJI(NOs 1,4-dimethoxybenzene and 4-nitroanisole (Table V).
w ith  Aqueous P yridin e at 25°

fclb.a/ NO2,6 T a b l e  V
Compd X i r r m’ole“ %

f t n A -  „ „ F mission fob M ethoxybenzene D erivatives
¿a G6tL5U U.9 73 „  T
2 b p -N C C sH A )- 1 .8  83 under E xciting  L ight at A 300 n *

2c p -C H 30 C 6H 4 0  -  0.043 (6 ) P Fluorescence6 Phosphorescence'
7 PIT n -  a  V 7 Oompd intensity“ intensity“
o l  o i r  n r  w  n i  -  8 5  P-C H 3O C 6H 4O C H 3 52 56

_ .. , .  p - '/ ^ o c A b C i b  u . 1 - 5  p -C H 30 C 6II4N 0 2 0 0
0 K atio  0 1  /Cobsd for reaction of substituted ether to  k Qbsd for tj-C H  O C  H O C H  4 -

reaction of 4-nitroanisole under the same conditions. 6 M easured V r u n V u M O
a t end of the reaction. From  control reactions it  w as found th at n w n n w n n w  4 1

th e pyridinium  salts are stable b u t n itrite  slow ly decom poses p-0 H 30 0 6H 40 G H 2-
under th e reaction conditions. T hese  values are low as a  con- C IF O C A h N C h -p  0  0

sequence. “ Concentration of 1.0 X  10 - 5  M  each for fluorescence m easure
m ent; 3.6 X  10 - 4  M  each for phosphorescence m easurem ents, 

-p. 1 , 1  , , , , , b Solvent, 50 %  aqueous 1-B uO H ; tem perature, 25°; Xmas
Deactivation by methoxyl was also observed for observed, 336 mM. 'S o lv e n t, E P A ; tem perature, liquid N 2;

reactions of compounds 2 with other nucleophiles. As Xmax observed, 416 m¡x. T h e in tensity  units for phosphorescence
shown in Table IV, compound 2c reacted considerably differ from  those for fluorescence. d In arb itrary  units,

more slowly than 2a and 2b with hydroxide in aqueous
¿-butyl alcohol and with cyanide in aqueous dimethyl- On excitation at 300 m/i, 1,4-dimethoxybenzene 
acetamide.  ̂ both fluoresces in 50% aqueous i-butyl alcohol at

Intermolecular Quenching of Nucleophilic Substitu- room temperature (Xmax 336 m/i) and phosphoresces
tion. The experiments with compounds 1 and 2 in EPA  (ether-pentane-alcohol) at liquid nitrogen tem-
indicate that a dialkylbenzene moiety interferes with perature (Amax 416 m/i). Under the same conditions
the photoinduced reaction of a neighboring nitro-
phenoxy group with nucleophiles. To see whether a (8) °- Schnapp and m. Levy, j . Amer. chem. Soc., 84, 172 (1962); p. 
similar effect would obtain in an intermolecular system,
we examined the reaction of 4-mtroamsole with hydrox- (1964); s. a . Latt, h . t . Cheung, and e . r . Biout, /. Amer. cum. soc., 87,
ide in the presence of anisole, 4-cyanoanisole and 1 4- 995 (1965); R- A- Keller' iU d9°. iwo (i968); r . d . Rauh, t . r . Evansl
dimethoxybenzene. Solutions containing the reactants 689? ^  DeMember and N
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no emission was observed from 4-nitroanisole or com- 87°), 4 '-m ethoxy-4-nitrodiphenyl ether, m p 109° (lit . 11  mp
pound 2c. Fluorescence and phosphorescence from 110- 111°), 3'-acetam ino-4-nitrodiphenyl ether, mp 13 5 -13 5 .5 °

1,4-dimethoxybenzene in solution with an equivalent F-acetam m o-4-diphenyl ethe>> mp
154^-155 (lit . 10’ 12 m p 153 ), were prepared b y  condensation of

amount of 4-mtroamsole was observed, but the in- 4-brom onitrobenzene w ith  the appropriate potassium  phenoxide
tensity was considerably reduced. over copper-bronze b y  the general procedure of S to h r . 11 3 '-

Fluorescence from the mixture of 1,4-dimethoxyben- H ydroxy-4-nitrodiphenyl ether, m p 98-99° (lit . 10 m p 1 0 1 - 1 0 1 °),
zene and 4-nitroanisole shows that 1,4-dimethoxyben- af d 4 '-hydroxy-4-nitrodiphenyl ether w ere obtained b y  cleaving
„ „ „ „  • „  •, j  ■ ,i c  , ,  A i the m eth yl ethers w ith  alum inum  chloride in nitrobenzene a t 0 °
zene is excited m the presence of the 4-mtrophenoxy as repor/ed b y  I t 0  „  3 '-Am ino-4-nitrodiphenyl ether, mp 79°
chromophore. Absence ot fluorescence from com- (lit . 10 mp 80-81°), and 4'-am ino-4-nitrodiphenyl ether, mp 134 -
pound 2c therefore indicates that, if singlet excitation 135° (lit . 11 mp 13 4 -135°), were m ade b y  hyd rolyzing th e corre-
energy transfer is involved, the transfer is from the sponding acetam ino derivatives w ith  hydrochloric acid in re-
dialkoxybenzene ring to the 4-nitrophenoxy group f l^ m g  ethan ol . 12 4-Am ino-4-nitrodiphenyl ether w as also syn-

, i Ti * i i  t  , i thesized b y  p artial reduction of 4,4 -dm itrodiphenyl ether w ith
rather than in the reverse sense. Intramolecular en- hydrogen sulfide and am m onium  hyd roxid e . 14 T h e  compound
ergy transfer therefore cannot account for the low prepared in this manner w as identical w ith  th a t prepared b y
reactivity of compound 2c if the reaction is one in hydrolysis of the 4 '-acetam ido d erivative . 4'-Brom o-4-nitro-
which the nucleophile attacks a singlet excited state. diphenyl ether, mp 60 (lit . 16 m p 61 ), w as m ade b y  brom ination 16

If the triplet 5 ? te of 2c is the intermediate in the £ & &  V S S t S S H
substitution reaction, the energy-transfer explanation and 4'-cyano-4-nitrodiphenyl ether w ere synthesized by Sand-
requires that triplet excitation energy be transferred m eyer reactions. F urther details are provided for th e cyano
from the nitrophenoxy group to the dialkoxybenzene derivatives, since th ay  are new compounds.
ring. In this case, phosphorescence from 2c similar A cold aqueous solution of sodium  n itrite  (0.28 g, 0.004 m ol)
, f; , r i 4 v  f i  i i I T ,  , i was added to an aqueous solution containing concentrated hydro-
to that from 1,4-dimethoxybenzene should be observed. chloric acid ( 4  m l) and 4 '-am ino-4 -nitrodiphenyl ether (0.92 g,
Since no phosphorescence from 2c was detectable, al- 0.004 m ol) cooled in an ice bath . T h e m ixture w as stirred for
though phosphorescence from a mixture of 1 ,4-dimeth- 1 0  m in, neutralized w ith  sodium  carbonate, and filtered. I t
oxybenzene and 4-nitroanisole at the same concentra- w as ! j en add®d slow ly to  a cold, well-stirred m ixture of cuprous
, .  , , ,  x r i cyanide solution (50 m l, 0.027 m o l) 18 and benzene (50 ml),tion was easily measured, the energy-transfer mech- The mixture w as stirred vigorously, allowed to  w arm  to  room 
anism can also be ruled out as an explanation for tem perature, and filtered. T h e yellow , flocculant precip itate was
the low reactivity of 2c if the intermediate is a triplet isolated b y  filtration and heated in w ater to  decompose the corn-
state plex. E xtraction  w ith  benzene, evaporation  of the solvent, and

S in c e  t r a n s f e r  o f  e le c tr o n ic  e x c i t a t io n  e n e r g y  c a n  ^ crystallizatio n  of th e residue from  benzene and from  ethanol 
, i j  i f  , ., ■ , ,  , , . . . .  , j .  , gave  4 -cyano-4-nitrodiphenyl ether, yield  0.27 g  (28% ), mp
b e  r u le d  o u t  to r  b o th  s in g le t  a n d  t r i p l e t  in te r m e d ia te s ,  162 -163 °, ir 4.45 n (C N ).
the most plausible explanation for the deactivating A n al.  Calcd for C i3H 8N 20s: C, 65.00; H, 3.36; N , 11.6 4 . 
effect of CH3OC6H4OR, either intramolecularly or in- F ound: C, 65.49; H, 3.61; N , 11.40 . 

termolecularly, is that this moiety forms a complex pr? ^ ’ i:3o " n/1n ^ , ip h en y u?th er’i r ield

with electronically excited R ,0 C 6H4N 0 2 and that the 3 '-am m o-4 -n taodiphen yl ether.
complex is itself inactive toward nucleophiles and on A n al.  C alcd  for C i3H 8N 20 3: C , 65.00; H , 3.36; N , 11.64 .
dissociation affords R'OCeIRNCh which is likewise Found: C .6 4 .8 1 ;  H , 3.48; N , 11.69 .
inactive (probably ground-state nitroaromatic). Con- Since 4'-m ethoxy-4'-nitrodiphenyl ether p la ys a k e y  role in 

siderable evidence from other systems supports the
v i e w  t h a t  e x c it e d  a r o m a t ic  s p e c ie s  in d e e d  io r m  c o m -  hag been previously described . 11

plexes ( e .g . ,  an “exciplex”) with substances in the A n a l. C alcd  for CuH nNO«: C , 63.67; H , 4.52; N , 5 .7 1 .
ground state.9 Found: C , 63.69; H , 4.45; N , 5.88.

2-(4-Nitrophenoxy)ethyl T o sy late .— Sodium  4-nitrophenoxide 
. (39.6 g , 0.20 m ol) w as added to  a  solution of 2-brom oethanol

Experimental Section (24.8 g , 0 . 2 0  m ol) in anhydrous dim ethylform am ide ( 1 0 0  m l).

U ltraviolet spectra w ere recorded on a C a ry  M odel 11 spectro- T h e  solution was refluxed overnight and poured onto ice. R e 
photom eter and nm r spectra were obtained w ith  a Y arian  M od el crystallization  of the solid from  benzene gave  2-(4-m trophenoxy)-
A-60 spectrom eter. Chem ical shifts are reported as p arts per e a n o »y ie • S v • . . .

.ir  F , c  i j  f  , , .r i -i ip • • AL A  solution o f this alcohol (14.6o g , 0.08 m ol) in a m inim almillion downfield from  tetram ethylsilane. Em ission spectra , - , , . 6  , A A AA A , n , A
, x v x a  „ -  am ount of anhydrous pyrid ine w as cooled and added to a  coldwere measured w ith  an A m m co-B ow m an  spectrophotonuorom eter e a no mnn  ■ ^ •

/otjtp 4 oiAfi) • 1 •,v a ■ xr ™  solution of p-toluenesulfonyl chloride (15.3 g, 0.08 m ol) in p y n -(SP F  4-8106), equipped w ith  an A m m o-K eirs phosphoroscope J  c . . A •
co l xx t  x i  , , „ „ f  dine (20 m l). T h e solution w as refrigerated overnight and then

(C27-62140) attach m en t for phosphorescence m easurem ents. ^  , i r  .. %  k

m ‘  p“'c,rm“i bi »STiStTS. x  sr
k  A  S vv an t flat p late  apparatu s w«s used for separation of iona VIi^  C * d  lo r C ,.H ,.N 0 .8 : 0 ,5 3 .4 9 ;  1 1 ,4 .4 » ;  N , 4 .15 . 
b y  electrophoresis. Separations w ere carried out on 55 X  15 cm c  m o o  u A c c . m  n ?
ttti i o x • x x j  -xu u a  i ,x- Found: C , 53.83: H , 4.66: N , 4 .17 .
W hatm an 3-mm paper strips saturated w ith  buffer solution Substituted l-(^ henoky)-2 -(4 -n itro p h en o x y )eth a n e s.-T h e
A n  applied potential of 2000 V  w as em ptoyed. three compounds w ere prepared in the same m anner, typified

r S m i L l T l m ?  7  ”  0n P P b y  the synthesis of the m eth oxy derivative.

Solvents for fluorom etry w ere Fisher Spectroanalyzed R eagen t ’
m ethanol, S pectroquality  R eagen t hexane (M atheson Colem an ( u > ®toy ’ Z’ F, ĥ sl0J '„ ' hem-  ®0 1 ’ ^ 2, _  r  , g (12) F. F. Ray and L .  Soffer, J .  Org. Chem., 14, 1037 (1950).
and B ell), and 5 0 %  v / v  i-b u tyl alcohol w ater, prepared from  G ItQj p harm_ Bull. (Tokyo), s, 397 (1957); Chem. Abstr., 52, 9006
freshly distilled sam ples. (1 9 5 8 ).

Preparation of Substituted 4 '-N itrodiphenyl E th ers.— 3 '- (14)' Reduction procedure of A. Cerniani, R. Passerini, and G. Righi,
M ethoxy-4-nitrodiphenyl ether, mp 86-87° (lit . 10 m p 86 .5- Boll. Sri. Fac. Chin. Ind. Bologna, 12, 114 (1954).
---------------------------------------------------------------  (15) H. A. Scarborough, J .  Chem. Soc., 2361 (1929).

(9) See, e g., S. L. Murov, R. S. Cole, and G. S. Hammond, J .  Amer. (16) C. M. Suter, J .  Amer. Chem. Soc., 51, 2581 (1929).
Chem. Soc., 90, 2957 (1968); R. S. Cook and G. S. Hammond, ibid., 90, (17) M. Rolla and M. Sanesi, Ric. Sri., A[2], 1, 289 (1961).
2958 (1968); J. B. Birks and L. G. Christophorou, Nature, 196, 33 (1962). (18) H. T. Clarke and R. R. Read, “Organic Syntheses," Coll. Vol. I,

(10) G. Modena, Boll. Sri. Fac. Chim. Ind. Bologna, 17, 45 (1959). John Wiley & Sons, Inc., New York, N. Y„ 1946, p 514.
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T o a  solution of the sodium salt of 4-m ethoxyphenol (1.46 g , tion for 30 min, then the exit port was closed, and a positive
0.01 m ol) in anhydrous dim ethylform am ide (10 m l) w as added pressure of nitrogen w as m aintained w ithin th e vessel. T he
2-(4-nitrophenoxy)ethyl tosylate  (1.62 g, 0.0048 m ol). T h e solution w as placed under the photochem ical lam p a t zero tim e
solution w as heated at 75° w ith  stirring for 6  hr and a t 40-50° and the progress of reaction w as followed b y  periodically re-
for 2 days; then it w as poured into ice-w ater. T h e  solid w as m oving samples for measuring the absorbance a t th e Xma* valu e
collected and recrystallized from  benzene-hexane to  yield of the compound being studied. A fter ca . 10 half-lives, a  final
l-(4-m ethoxyphenoxy)-2-(4-nitrophenoxy)ethane: yield  1.31 g  reading was taken. P lots of log {A — A „ )/{A n  — A » ) w ere linear
(94% ); mp 1 1 5 -1 1 6 ° ;  nmr (C D C 13) 3.84 (3, m ethyl H ), 4.45 through 60 -70 %  conversion of the nitroarom atic com pound.
(4, m ethylene H ), 7 .0 1-7 .10 , 7.23, and 7.42 (6 , arom atic H ), D a ta  are therefore presented in the form  of relative pseudo-first-
and 8.31 and 8.47 ppm  (2, arom atic H ). T h e  u ltravio let spec- order rate constants.
trum  w as determ ined in aqueous solution 20%  in pyridine and Reactions w ith  aqueous sodium hydroxide w ere followed b y  
2 2 %  in ¿-butyl alcohol, since this w as the solution used in the the decrease in absorbance at the Xmax of the arom atic and b y  the
photochem ical reactions, u v  Xmax 315 m u  (e 1.22 X  104). increase in absorbance a t 400 m/j. owing to  4-nitrophenoxide.

A n al.  C alcd  for CuH isNOs: C , 62.28; H , 5.23; N , 4.84. Solutions in these cases were prepared b y  m ixing a 5.00 X  10 ~3M
Found: C , 62.22; H , 5.27; N , 4.98. solution (0.5 m l) of the arom atic compound in ¿-butyl alcohol,

l-Phenoxy-2-(4-nitrophenoxy)ethane w as sim ilarly prepared 0.50 M  aqueous sodium hydroxide (2.0 m l), and ¿-butyl alcohol
from  sodium phenoxide (3.84 g) and 2-(4-nitrophenoxy)ethyl (5.0 m l) and diluting the m ixture to 25 m l. R eactions of the
tosylate  (3.38 g) b y  reaction for 24 hr a t 65° and pouring the 2-arvloxy-l-(4-nitrophenoxy)ethanes w ith  sodium  hydroxide
product into w ater: yield 2.35 g  (9 1% ); mp 86-87°; Xmax were followed b y  periodically determ ining the am ount of nitrite
(aqueous 20%  p yrid in e-2 2%  ¿-butyl alcohol) 315 (e 1.09 X  ion liberated. Reactions w ith  cyanide ion and w ith  ethylam ine 
104); nm r (C D C 13) 4.47 (4, m ethylene H ), 7 .0 1-7 .2 6  and 7 .3 7 -  w ere carried out in glass-stoppered absorbing cells (10.0-mm
7.53 (7, arom atic H ), and 8.31 and 8.47 ppm  (2, arom atic H ). light p ath ), irradiated b y  the G E  lam p. T h e  progress was

A n al.  C alcd  for C hH i3N 0 4 : C , 64.86; H , 5.05; N , 5.40. followed b y  scanning the spectrum  from  240 to 400 him a t ap-
Found: C ,  64.94; H , 5.00; N , 5.39. propriate intervals. T h e  concentration of n itrite  liberated in

l-(4-Cyanophenoxy)-2-(4-nitrophenoxy)ethane was synthesized the photochem ical reactions was determ ined b y  th e m ethod of 
b y  heating sodium 4-cyanophenoxide, w hich was prepared from  R ider and M ellon . 19

3.57 g  of 4-cyanophenol, w ith  th e to sy late  in D M F  for 20 hr a t G en eral Procedure for Preparative-Scale R eaction s.— Unless 
120°: yield 2.61 g  (92% ); mp 139°; Xmax (aqueous 20 %  otherwise specified, the reaction m ixtures were placed in a
p yrid in e-2 2 %  ¿-butyl alcohol) 313 m^ ( e l .09 X  104); nmr (C D C ls) cylindrical, jacketed vessel (12.5-cm  i.d .)  m aintained a t 25° b y
4.53 (4, m ethylene H ), 7.09, 7.24, and 7.43 (4, arom atic H ), flowing w ater. T h e  top w as covered b y  a  P y rex  cover and the
and 7.69 and 7.85 ppm  (2, arom atic H ). solution was irradiated w ith  ligh t from  the G E  lam p. A fter

A n al.  C alcd  for CisHiilS^Ch: C , 63.38; H , 4.25; N , 9.85. irradiation, the solution w as evaporated in  vacuo  and the residue
F ound: C , 63.50; H , 4.32; N , 9.90. w as oaken up in  a  minimum am ount of ethanol. O n cooling and

3-(4-M ethoxyphenyl)-l-(4-nitrophenoxy)propane.— 3-(4-M e- m ixing w ith  a saturated solution of picric acid in ethanol, the
thoxyphenyl)propionic acid (Aldrich reagent grade, 9.0 g, 0.05 product precipitated as a picrate salt. I t  w as collected b y  fiitra-
m ol) in ether (50 m l) w as added during 1 hr to  lith ium  alum inum  tion  and recrystallized from  aqueous ethanol, 
hydride (4.0 g, 0.1 m ol) in d ry  ether (50 m l). T h e m ixture was T h e 4,4'-bis-N -pyridm ium  picrate derivative of diphenyl ether 
refluxed for 3 hr, 3 %  aqueous sodium hydroxide solution w as 5 was prepared b y  irradiating bis(4-nitrophenyl) ether (0.26 g)
added w ith  stirring, and th e precipitated salts w ere rem oved b y  in  pyridine (200 m l) and w ater (400 m l) for 6  hr and treatin g  th e
filtration. T h e ether layer w as separated, dried, and evaporated product w ith  picric acid. A fter tw o recrystallizations from
to  give 8.12 g  of 3-(4-m ethoxyphenyl)propanol. T o  a  portion of aqueous ethanol, the product w as obtained: yield  0.44 g  (56% ),
th is m aterial (6.0 g) in carbon tetrachloride a t  60° w as added mp 14 3-14 5 °.
phosphorus tribrom ide (4.88 g) in carbon tetrachloride (5 m l). A n a l.  C alcd  for CsdUjNsOis-VzIhiC): C , 51.59; H , 2.92;
A fter 20 min at reflux the m ixture was hydrolyzed and the organic N , 14 .16 . Found: C , 51.53; H , 2.87; N , 14.16. 
layer w as collected, dried, and evaporated to  yield  l-brom o-3- N-[4-(4-Cyanophenoxy)phenyl]pyridinium  picrate (3 , X  =
(4-m ethoxyphenyl)propane (6.60 g). A  portion of this product 4-C N ), yield 0.031 g  (49% ), mp 193-194 °, w as obtained from
(5.80 g) w as stirred w ith  excess sodium  4-nitrophenoxide (12.1 g) photolysis for 3 hr of 4'-cyano-4-nitrodiphenyl ether (0.030 g)
in  anhydrous dim ethylform am ide (25 m l) for 13 hr a t 1 1 5 ° , and in a solution prepared b y  diluting a m ixture of ¿-butyl alcohol 
the m ixture w as poured onto ice. R ecrystallization  of the product ( 6 6  m l) and pyridine ( 6  m l) to  300 m l w ith  w ater,
from  aqueous ethanol gave  3-(4-m ethoxyphenyl)-l-(4-nitro- A n a l. C alcd  for C a^ isN sO s-H jO : C , 55.49; H , 3.29.
phenoxy)propane: yield  5.91 g  (6 6 %  from  th e propionic acid); Found: C ,  55.32; H , 3.27.
mp 87.5-88 .5°; \tnax (aqueous 20%  p yrid in e-2 2 %  ¿-butyl al- T h e photoreaction of 2-(4-cyanophenoxy)-l-(4-nitrophenoxy)- 
cohol) 316 m/i (e 1.18  X  104); nmr (CC1<) 1.95-2 .8 5 (4, m ethy- ethane (0.142 g) was carried out b y  irradiating a solution in
lene H ), 3.87-4.07 (2, m ethylene H ), 3 .71 (3, m eth yl H ), pyridine (200 m l) and w ater (400 m l) for 8  hr. A fter tw o  re-
6 .6 1-7 .0 7  (6 , arom atic H ), and 7.98 and 8.13 (2, arom atic H  crystallizations from  aqueous ethanol, the N-4 -[2 -(4 -cyano-
ortho  to nitro). phenoxy)ethoxy] phenyl pyridinium  (6 ) picrate w as obtained,

A n a l. C alcd  for CitH nNO *: C , 66.89; H , 5.96; N ,  4.89. yield  0.223 g  (82% ), mp 16 2 -163 °. T h e  w h ite  fluorescent spot
F ound:  ̂ C , 6 7 .11 ; H , 5.98; N , 4 .91. due to  the cation had a  m obility of + 1 . 4  relative to the yellow

K in etic Studies.— M onochrom atic ligh t for the series of re- spot due to  picrate ( — 1.0) on electrophoresis a t p H  7.9. 
actions w ith  4-nitroanisole irradiated a t 366 ±  6  m u  w as ob- A n a l. C alcd  for C i6H i9N 60 9: C ,  57.25; H , 3 .5 1; N , 12.83.
tained from  a  B ausch &  Lom b high-intensity m onochrom ator Found: C , 57.36; H , 3 .3 4 ; N , 12 .77.
utilizing an L-33-86-35-01 super-pressure 200-W m ercury source. In  the case of 3'-cyano-4-nitrodiphenyl ether, a  solution con- 
Standard silica absorption cells (10.0-mm p ath) fitted w ith  tain ing the ether (0.043 g) in pyridine (23 m l) and ¿-butyl
ground-glass stoppers served as the reaction vessels. T h e cell alcohol (46 m l) w as diluted to 230 m l w ith  w ater and irradiated in
containing reactan t solution was placed in a  therm ostated a narrow, cylindrical vessel w ith  a H anovia 450-W immersion 
m etal holder 2 cm from  the m onochrom ator exit slit. E fficient lam p for 2 hr. T h e  ligh t w as filtered b y  a  P yrex  sleeve around
stirring w as provided b y  a  micro Teflon-coated m agnetic stirring the lam p. A  stream  of nitrogen w as bubbled through th e solu-
6 a r- . . .  . tion throughout the irradiation and the tem perature w as main-

In  other kinetic studies a G E  1200-W photochem ical lam p tained below 25° b y  a stream  of cold w ater around the immersion. 
( U A - ll)  cooled b y  a V yco r w ater condenser w as em ployed . 3 A  w ell. T h e optical density a t 400 him showed th a t the 4-nitrc-
typ ical reaction w ith  pyridine w as carried out b y  pipeting a  phenol w as form ed in the reaction in no more than 3 %  yield,
solution (1.0 m l) of the n itrophenyl ether (5.00 X  10 - 1 M )  in Precipitation  w ith  picric acid yielded 0.089 g  (94% ) of N -[4-(3-
¿-butyl alcohol, pyridine (10.0 m l), and ¿-butyl alcohol (10.0 m l) cyanophenoxy)phenyl]pyridinium  picrate, mp 135 -138 °. T h e
into a volum etric flask and diluting to  50 m l w ith  w ater. T h e an alyiica l sam ple, yield 0.064 g  (6 7% ), mp 13 7 -13 8 °, w as ob-
solution was added to  the reaction vessel (a low cylindrical vessel tained b y  three recrystal-izations from  aqueous ethanol,
w ith  an outside jack e t for circulation of ethylene g lyco l a t con- A n a l. C alcd  for C 2iH i5N 50 8: C , 57.50; H , 3.07; N , 13.94.
stan t tem perature) and covered w ith  a large, flat P yrex  top  Found: C , 57.61; H , 3.20; N , 13.88. 
equipped w ith  a  standard taper jo in t for joining to  the reaction 
vessel and ports for adm itting nitrogen and rem oving aliquots
of solution. Prepurified nitrogen w as bubbled through th e solu- (19) B. F. Rider and M. G. Mellon, Anal. Chem., 18, 96 (1946).
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Registry No.—2a, 22483-35-8; 2b, 22483-36-9; 2c, 8, 22483-41-6; N-[4-(3-cyanophenoxy)phenyl]pyridi-
22483-37-0; 3 (X  =  4-CN), 22483-38-1; 5 (X  =  nium picrate, 22483-43-8; 2-(4-nitrophenoxy)ethyl
picrate), 22483-39-2; 6, 22483-42-7; 7, 22483-40-5; tosylate, 22483-44-9.

Stable Carbonium  Ions. L X X X II .1 Protonation and Cleavage of 
N-Alkoxycarbonyl-Substituted Amino Acids in Strong Acid Solution

George A. Olah and D onald L . B rydon2 

D epartm ent o f  Chem istry, C ase W estern  Reserve U niversity, C leveland, O hio 44106
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Protonation  and cleavage of N -alkoxycarbonyl-substituted amino acids have been studied in S bF s-F SO sH - 
S 0 2 solution. Com plete a lk y l-oxygen  cleavage at — 76° was observed for all the ben zyloxycarbon yl and I-butyl- 
oxycarbon yl d erivatives studied, to give dications having both protonated carboxylic and protonated carbam ic 
functions. In  the la tter case, the trim ethylcarbonium  ion was observed. N -ra-Butyloxycarbonyl DL-alanine 
did not cleave a t — 20°; N -sec-butyloxycarbonyl cleaved slow ly a t — 50°; and N -vin yloxycarbon yl glycin e and N - 
a llyloxycarbon yl DL-alanine underwent complex change in the strong acid solution. T h e spectrum  of di-O- 
protonated N -form ylglycine w as observed.

The benzyloxycarbonyl group is an important pro- in SbF6-F S 0 3H-S02 solution at — 70°, only attheprod- 
tecting group for the amino function in amino acids and ucts of alkyl-oxygen cleavage were observed. In the 
peptides owing to its stability under amino acid cou
pling conditions, as well as the many methods available 
for its removal.8 On removal, the free amino group is 11 9
obtained, carbon dioxide is liberated, and a benzyl com- rocnhchco2h ■ FS0 H so*> 
pound is formed. The f-butyloxycarbonyl group is ~76

P h C H 20 C 0 N H C H R C 0 2H  +  2 H X — >- H\ + f  + J )H
P h C H iX  +  C 0 2 +  H X N H 2C H R C 0 2H  R + +  C = N H C H — C

tier' N»0H
also widely used in peptide synthesis as an amino func- j
tion protecting group. It is similarly removed under r  =  «-butyl or benzyl (R ' was not observed for R  =  ben zyl)
nonhydrolytic mild acid conditions to yield the free
amino group, although, as is not the case for the benzyl- , , , , , . . .  „
oxycarbonyl group, it is resistant to catalytic hydro- case of the N-f-butyloxycarbonyl ammo acids, the
genation and treatment with sodium in liquid ammonia. cleaved trimethylcarbonium ion was observed as a

The following is the order of ease of removal of some singlet absorption at 5 4. In the case of the N-benzyl-
amino-protecting groups for amino acids and peptides oxycarbonyl amino acids, very broad, weak absorptions
under nonhydrolytic acid conditions with evolution of wer® observed at 8 7—10, probably corresponding to poly
carbon dioxide: f-butyloxycarbonyl >  benzyloxycar- meric products of the cleaved benzyl cation,
bonyl >  allyloxycarbonyl >  sec-butyloxycarbonyl.4’5 For the general species I, the protonated carboxylic 

Protonated carboxylic acids6 and protonated alkyl function was observed as a singlet at ca. 5 13.1. he
carbamates and carbamic acids7 have been investigated carboxylic protons are deshielded by ca. 8 0.9 compared
in our previous studies by nmr spectroscopy in the w*th the carboxylic protons of protonated aliphatic car-
strong acid system SbF6-F S 0 3H -S 0 2. It  was of in- boxylic acids6 owing to the protonated carbamic group
terest to extend these studies to the behavior of N- on the «-carbon atom Compared with the carboxylic
alkoxycarbonyl-substituted amino acids in SbF6-  E 8
FSO3H-SO2 solution and to investigate, over a range of RCH(NH3+)C+(OH)2,8 they are shielded by 8 0.9. 
temperature, their cleavage reactions. Only carbonyl oxygen protonation was observed for

 ̂ the carbamic group of I. The proton on nitrogen was
Results and Discussion observed as a broad absorption at ca. 8 7.7. Two reso

nances were seen for the two protons on the carbamic 
N-Benzyloxycarbonyl and N-f-Butyloxycarbonyl 0Xygen atoms. This is most likely a result of hindered

Amino Acids.—When solutions of N-benzyloxycarbonyl rotation about the C„-N bond and relatively free rota-
and N-f-butyloxycarbonyl amino acids were prepared tion about the Ca- 0  bonds. Both resonances appear

(1) Part l x x x i : g . a . olah and m. b . Comisarow, j . Amer. chem. in the region 8 10.5-11.0, and there is allylic coupling be-
Soc., 9 1 , 2 9 5 5  (1969). tween the lower field resonance and the hydrogen atom

(2) National Institutes of Health Postdoctoral Research Investigator, Qn j^trogen. For the proton On the hydroxyl group
(3) See, e.g., M. Bodanszky and M. A. Ondetti, "Peptide Synthesis,” traUS to the proton On nitrogen with respect to the C~N

Interscience Publishers, Inc., John Wiley & Sons, Inc., New York, N. Y„ p bond, there is the possibility of a favorable planar W
25- T, , . , «  a7- , 1Q„ , coupling path with the protons on nitrogen.9 Conse-(4) R. A. Boissonnas and G. Preitner, Helv. Chim. Acta, 36, 875 (1953). F & F' . . i ,

(5) J. P. Greenstein and M. Winitz, "Chemistry of Amino Acids,” Vol. 2, q u e n tly , th e  COUpled low er lield. reso n a n ce  IS assigned. tO
John Wiley & Sons, Inc., NewYork, N. Y., 1961, pp887-901 and 1187-1257. j  t> tv t> * i n n  i. ok 0 1 7

(6) G. A. Olah and A. M. White, J .  Amer. Chem. Soc., 89, 3591, 4752, (8) G. A. Olah, D. L. Brydon, and R. D. Porter, J .  Org. Chem., SB, 317
7072 (1967). (1970)

(7) G. A. Olah and M. Calin, ibid., 90, 401 (1968). (9) S. Sternhell, Rev. Pure Appl. Chem., 14, 15 (1964).
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the trans earbamyl oxygen proton. The following N- other carbamic function, the OH protons appear at S
alkoxycarbonyl derivatives were studied in SbF6-  9.63 (1 H) and 9.87 (1 H), with the NH proton (1 H) at

5 7.17. These assignments are based on comparison 
0 with the nmr parameters of the triprotonated species

N VIII obtained from the cleavage of «-N-benzyloxycar-
„ n/  \  bonvl lysine. In this case, the carbamic OH protons

H are seen at 8 9.70 (1 H) and 9.93 (1 H), while the NH
proton and NH3+ protons appear as a broad peak at 8 

F S 0 3H -S 02 solution: N-benzyloxycarbonyl and N-f- 7 '17 ^  H>- , No fkavage reaction was observed even
butyloxycarbonyl glycine, L-alanine, L-valine, L-leucine, ^ b®n N-n-butyloxycarbonyl DL-alanme in
andL-proline; N-benzyloxycarbonylL-aspartic acid; N,- n? 5-F S 0 3H -S0 2 was maintained at —20 for 1 hr.
N'-dibenzyloxycarbonyl L-lysine; and e-N-benzyloxy- di-O-protonatea N-n-butyloxycarbonyl DL-alanme
carbonyl L-lysine. The nmr parameters at -  60° of the (X) Was observed wlth the carboxylic protons (2 H) ap-
protonated carbamic-carboxyhc species I, obtained by pearing as two resonances, 8 13.47 and 13.52, at —60 .
alkyl-oxygen cleavage, are summarized in Table I. The proton on the carbonyl oxygen appeared as a

After the temperature was raised to — 20° and then re-  ̂ arK| as a ^oublet at 8 10.66 (./oh-nh =
lowered to — 60°, the original spectra of I could be ob-  ̂ . be*ore> there is assumed to be a greater er_-
served unchanged. When the temperature was raised ro^ t ’on about the C-N  bond than about
from — 60° it was observed that the carboxylic protons . e rT:_ bond'TT ™be sir>glet corresponds to the isomer
exchanged more rapidly than the protons on the car- in. the OH group is cis to the proton on nitrogen
bamic oxygen atoms, which were unaffected by ex- W1̂ b ye8Pect to the C-N  bond, and the doublet to the
change processes at — 20°. trans isomer.

The diprotonated N-carboxy amino acids II-V  de- , Tt was observed that N-sec-butyloxycarbonyl dl- 
rived from the N-benzyloxycarbonyl and N-f-butyloxy- abanme had undergone slight cleavage (as evidenced by 
carbonyl derivatives of glycine, L-alanine, L-valine, and tt c^bonium at 5 4) after the solution in
L-leucine, can be exemplified by that obtained from l- kbh6- I S 0 3H -S 02 had been prepared at —78°. When 
alanine. The carboxylic protons (2 H) appear as a temperature is raised to between —60 and — 35c ,
singlet at 8 13.69 while the two carbamic OH groups alkyl-oxygen cleavage takes place in the following 
appear at 8 10.70 (1 H) and 11.10 (1 H, / oh- nh =  3 Hz). manner.
The NH hydrogen (1 H) gives rise to a broad doublet at 
8 7.77. This chemical shift reflects the partial positive CH3CH2
charge carried by the nitrogen atom. The methyl \ H o rn N H ™ rn  \nr\ t, sW'Y-fsou-so,
resonance (3 H) is a doublet at 8 2.23 ( J CHr-cH  = 7 Hz), CH3 ^  * ~--------- ------ ^
while the methine proton, being vicinal to both a ni- ^
trogen and a carbon atom carrying some positive charge, HO OH
appears as a multiplet at 8 5.66. +J

The triprotonated species VI resulting from the S ' 3 \  +
cleavage of N-benzyloxycarbonyl aspartic acid has to H0 0H
be cooled to —80° to lower the exchange rates before the
resonances of both protonated carboxylic groups at 8 L „  „„ + * * *  very rapid
13.93 (2 H) and 14.57 (2 H) can be observed. The L 3 2 J  ~ (CH3)3C +

lower field resonance is assigned to the pretons on the
carboxylic group on the tertiary carbon atom. Both However, when the temperature is raised to —20°, 
the CH (1 H) and NH (1 H) protons, at 5 6.27 and 8.00, secondary reactions occur; and, after the solution had
respectively, are shifted downfield compared with their been kept at —20° for 1 hr, the trimethyl carbonium
counterparts in the species derived from L-alanine. ion absorption disappears.
Also the carbamic OH resonances are at lower field The stability of the three isomeric N-butyloxycar- 
[811.13 (1 H) and 11.72 (1 H) ] with the latter resonance bonyl alanines in the superacid system is inversely re
broadened but not quite resolved as a doublet. lated to stabilities of the respective butyl cations ini-

The nitrogen atom in the diprotonated carbamic de- tially formed by alkyl-oxygen cleavage. The n-butyl
rivatives VII of proline carried no hydrogen atoms. isomer is not cleaving at —20°, while the f-butyl isomer
The carbamic OH resonances appear as two singlets, cleaves rapidly and completely at —78°. The sec-butyl
with a lower separation and a higher field than usual, at isomer behaves in an intermediate fashion, cleaving in
8 10.43 (1 H) and 10.57 (1 H). the range —60 to —35°.

The triprotonated species IX , possessing two O-pro- N-Allyloxycarbonyl DL-alanine, when dissolved in
tonated carbamic functions, produced from N,N'-di- SbF6-F S 0 3H -S 0 2 at - 7 6 ° ,  underwent a reaction, as
benzyloxycartionyl lysme, demonstrates the fact that evidenced by the two high-field doublets at 8 1.83 and
the alkoxycarbonyl group need not necessarily be linked 2.20. The nmr spectrum at - 6 0 °  and below is consis-
to an ammo group on the a  atom of a carboxylic acid for tent with an intramolecular cyclization having taken
alkyl-oxygen cleavage, with the production of a pro- place between the carbonyl oxygen and the secondary
tonated carbamic group, to occur. The OH protons of carbon atom of the allyl group. When the temperature
the protonated carbamic group adjacent to the pro- is raised from - 6 0 ° ,  the spectrum becomes more com-
tonated carboxylic group are assigned to the two reso- plex, but at no time, even after the solution was left at
nances at 8 10.77 (1 H) and 11.17 (1 H ), while the NH room temperature for 2 hr, was the diprotonated
proton (1 H) of this group appears at 5 7.7. For the N-carboxy alanine (III) expected from alkyl-oxygen

314 Olah and B rydon The Journal of Organic Chemistry



T able I “
Nmr Chemical Sh ifts (Parts p e r  M illio n ) and Coupling Constants (Hertz)6 of 

P rotonated Carbamic-C arboxylic Acids (P roduced b y  Cleavage of N-Alkoxycarbonyl P recursors) 
and P rotonated w-B utyloxycarbonyl dl-Alanine and N -Formylglycine at - 6 0 °  in F S 0 3H -SbF5-S 0 2 S olution

SpC0ieS H‘ H2 H, H4 He He H, He H.
' ' + / H 13-66 10.66 7 .7br 5.23 d

HO^ 110 6  d
H°  jj H ( * ,  3 = 3) ( JM = 6)

HO. + 3 . + ->OH
2 — NHCH2CT „„
HO'' j ^OH1 13.69 10.70 7.7 br 5.66 m 2.23 d

* CHj (J,,s = 7)
III

HO. + , , + .OH
: YC— NHCHClf 13.8 10.47 7.8 br 5.4 br 2.90 br 1.43 br
HCr | e \ )H l 11.06 d

pH (J»,. = 3)
n i n i  13 66 10-43 7.8 br 5.37 d 2.90 m 1.52 d

e 7 11-00 d ( J 3,4 = 5) (Je,, = 6.5)
IV (J>, a = 3) ( J4,e = 8) 1.43 d

(Jt.e = 6.5)
HO. + 3 4 *  -OH
2 NHGHC  ̂ 1
H0'" I ''°H 13.66 10.70 7.63 br 5.47 m 2.10 m 2.10 m 1.16 m

11.10
6 (Jt,8 = 3)

/ \
ch3? ch3

V

HQ* + 3 4  +
2

HO  ̂ | % OHl U -57C 1113 8‘0br ^ -27br  4.47 br 13.93
s CH2 1172

T
A

/ A ,
HO OHG

VI

* h.,c— ch2*
HaCv ^C— CT 13.7 10.43 5.60 dd 4.23 t 2.8 m 2.8 m

' | \ 3 '0H 10.57
-Ä +

HCT 2 mH
V II

HO%+ 3 < 5  g 7 4-^OH
2 'C==NHCH2(CH2)2CH,CHC' > 14.53° 9.70 7.17 br 3.87 br 2.07 br 2.66 br 5.23 br
HO' J  N)H 9 .93

InH3
3

V III

HO-î + 3 4 5 6 7 4-
NHCWCHACH^HC;  ̂ , 13.80 9.63 7.17 br 3.73 br 1.97 br 2.47 br 5.47 br 7.7 br 10.77

H 0  'OH 9  8 7  n  17NH s a,oi • '
I

HO^s^OH
IX

l  2 3  +  5 6 +

CH3CH2CH2CH20— C— NHCHC  ̂ 8 1.07dm 1 .7d m 4 .9dm 10.60d 7.43d m 5.50dm 2.10dd
L  I ' 0H 10.66 d ( J ,.7 = 8)
Y , 3 (J,,, = 3) 2.17 d 13.47

x ’ (Je, 7 = 8) 13.52

> < + ^OH ,HO- + -CH2Cj^ « 11.95^ dd 9 .23d 9 . 5 3 ^  5.68«^ 13.93
''OH (J,, J = 5) ( J  a,a = 5) ( J 3,< = 6)

Y Y ( J m  = 2.25) (Ja,a = 5)
XI

<* Spectra of com pounds in this table m ay be obtained b y  ordering docum ent no. 00602 from  A S IS  N atio n al A uxiliary  Publications 
Service, %  C C M  Inform ation Services, Inc., 22 W . 34 Street, N ew  Y o rk , N . Y .  10001, rem itting $1.00 for microfiche or $3.00 for 
photocopies. b C oupling constants are in parentheses. M u ltip licity  is indicated as fo llo w s: d, d o u b let; t, tr ip le t; m, m ultiplet ; 
br, broad. ° A t  — 80°. d A t  — 20°.

cleavage observed. Complex changes were observed N-carboxy glycine (II) was observed in the nmr spec-
when N-vinyloxycarbonyl glycine was dissolved in the trum when the solution was cooled back to —40°.
strong acid solution at —76° and the temperature was The behavior of vinyl carbamate in SbF5-F S 0 3H -  
raised. However, after the solution had been main- S 0 2 was also investigated. The nmr spectrum of the
tained at 55° for 1 hr, a small amount of diprotonated solution prepared at —76° was complex, but resonances
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corresponding to the alkyl-oxygen cleavage product, glycine, the long-range coupling is 0.55-0.75 Hz less 
protonated carbamic acid7 than in the case of the protonated carbamic groups.

OH
jj2n—c+  Experimental Section

OH M ateria ls .— N -B en zyloxy carbonyl and N -i-b u tylo xycarbo n yl
a-am ino acids w ere com m ercially availab le  and were obtained as 

were observed. The OH protons (2 H) were observed pure compounds from  Schwarz Bioresearch, In c ., and N u tri-
at S 10 and the NH protons (2 H) at 5 7.47 as broad tional Biochem icals C orp.
singlets. After the solution was heated to 60°, com- N-Formylglycine was prepared by slowly adding acetic an-
p i«  spectral change, took place but, when the solution
was cooled back to below —60 , the resonances attnb- 153- 154°).
uted to protonated carbamic acid were observable. N -n-bu tyloxycarbon yl and N -ally loxycarbon yl DL-alanine

Diprotonated N-formylglycine (X I) is an aldehydic were prepared from  DL-alanine and the appropriate chlorofcr-
analog of the diprotonated N-carboxy amino acids of m ates according to  the general procedure of Stevens and M a-

t  i • .i * . , ,. . , j  ta n ao e . 13 B o th  compounds were recrystaUized from  benzene-
type I and is therefore an interesting model compound. pentanej and the latter compound had a m elting p oin t of 6 1 .9 -
N - F o r m y l g l y c i n e  w a s  d i- O - p r o to n a t e d  in  S b F 6- F S O s H -  62.3° (lit. mp 6 0 -6 1°). N -n-bu tyloxycarbon yl DL-alanine was
S 0 2 s o lu t io n , a n d  n o  d e c o m p o s it io n  w a s  o b s e r v e d  t o  obtained in 5 3 %  yie ld , mp 67.7-68 °.
occur at —20°. At —60° the carboxylic protons (2 H) A n a l. C alcd  for CsHisNO»: C , 50.78; H, 7 .9 1; N , 7.40.
a p p e a r  a t  5 13.93 a s  a  s in g le t ,  a n d  a t  —20° t h e y  e x -  F ound. C , 50.89, H , 7 .72 , N , 7.38.

I 1 “  ’ J N -sec-Butyloxycarbonyl DL-alamne, mp 55 (lit. m p 59 ),
change too rapidly to be seen, th e  methylene pro- was prepared from  DL-alanine and sec-butyl chloroform ate,4 after
tons (2 H) are seen as a doublet (J cm-NH =  6 Hz) at the chloroform ate was first prepared from  phosgene and sec-
S 5.68 and the proton on nitrogen (1 H) appears as a b u ty l alcohol . 13

broad peak at S 9.53, which is comparable with the Nmr Spectra.—-A Vartan Associates M odel A-56/60A nmr 
-j • i i ' i i  £ xi i ■ , , i  spectrom eter equipped w ith  a variable-tem perature probe was

chemical shift of the proton on nitrogen m protonated ^ ed for all Coupling constants are believed accurate
mimes.10 The proton on the aldehydic oxygen (1 H) to ±0.1 Hz. T h e reference standard used w as capillary T M 3 . 
appears at 5 11.95 and is the same 5 3 upheld compared Preparation of Superacid Solution.—Solutions w ere u su ally  in 
with the proton on oxygen in aliphatic aldehydes,11 the following m olar proportions: amino acid derivative  (1);
while the proton on the aldehydic carbon atoms ap- * 6“ e (15); 1:1 M  antim ony pentafluoride-fluorosulfonic

pears at S 9.23. These spectral observations might T h e amino acid derivative w as dissolved in sulfur dioxide and
suggest that the positive charge attributable to aide- added slow ly a t -76° w ith  vigorous agitation  to  the 1:1 SbF5-
hydic O-protonation is delocalized over the oxygen, F S O sH  solution diluted w ith  sulfur dioxide. T h e  few  amino acid
carbon, and adjacent nitrogen atoms. Also, as in pro- derivatives w hich did not dissolve in sulfur dioxide were added
to n a t e d  c a r b a m ic  a c i d s ?  t h e r e  is  h in d e r e d  r o ta t io n  slow ly to the S bF 5- F S 0 3H -S 0 2 solutron w ith  vigorous agitatron.t o n a t e a ,  c a r D a m ic  a c id s , t h e r e  is  h in d e r e d  r o t a t io n  T here was usuaSly a  large p eak  a t  ca . 5  n  owing to  excegg acid-

a b o u t  t h e  O —N  b o n d  a n d  r e l a t i v e l y  fr e e  r o t a t io n  a b o u t  A ll the solutions were either colorless or fa in tly  colored except
the C -0  bond. Only one isomer is observed and that for the ben zyloxycarbon yl solutions, which were yellow  a t — 76°
observed CH-NH coupling is 5 Hz, suggesting that the and darkened rapidly w ith  rise in tem perature.

GH and NH protons bear a cisoid relationship as de- Registry No. _ n> 22483-22-3; III, 22486-00-6; 
picted m Table I The CH resonance (1 H) is ob- IV; 22486-01-7; V, 22486-02-8; VI, 22486-03-9; VII,
served as a triplet ( / ch- nh Hz, J Ch-0h -  5 Hz), and 22486-04-0; VIII, 22493-24-9; IX , 22486-05-1; X ,
the proton on the aldehydic oxygen atom is seen as a 99 ,CR n(5 9 VT 9Q1 ’
doublet of doublets due to a 5-Hz coupling with the ^b' U0 ;
proton on the vicinal carbon and an allylic-type coupling Acknowledgment.— Professor M. Bodanszky is
( J oh- nh =  2.25 Hz) with the proton on nitrogen. thanked for stimulating discussions and the arousal of
Analogously with the protonated carbamic acid cases, our interest in this study. The research was made
the coupled NH and OH protons can assume a planar possible through a grant of the National Institutes of
W coupling path and the hydroxyl group and the NH Health. Professor R. A. Olofson is thanked for sam-
proton bear a trans relationship with respect to the pies of N-vinyloxycarbonyl glycine and vinyl carbam-
C -N  bond. However, in the case of protonated formyl- ate.

(10) G. A. Olah and P. Kreinbtlhl, J .  Amer. Chem. Soc., 89, 4756 (1967). (12) Reference 5, p 921.
(11) G. A. Olah, D. H. O’Brien, and M. Calin, ibid., 89, 3582 (1967). (13) C. M. Stevens and R* Matanabe, J .  Amer. Chem. Soc., 72, 725 (1950)
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Stable Carbonium Ions. L X X X III .1 Protonation of Amino 
Acids, Simple Peptides, and Insulin in .Superaeid Solutions
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The protonation of a - ,  6 - ,  7 -, and 5-amino acids, protein-occurring a-amino acids, some simple peptides, 
and porcine insulin has been studied by nmr spectroscopy in FSOaH-SbFs-SCh and FS0 3H -SbF5 solution.
F or comparison, protonation of some lactones was also studied in the same solvent system s. In  the case of 
the amino acids, protonation of the amino and carboxyl groups, as well as of other availab le  basic sites, was 
observed. N o  dehydration  of th e protonated a -  and 0 -amino acids to oxocarbonium  ions was observed, b u t some 
cleavage of protonated 7 - and alm ost com plete cleavage of 5-amino acids took place. Protonation  on carboxyl 
oxygen of peptides was observed, besides protonation of other basic sites.

Earlier papers in this series h a ve  reported th e  nm r insulin, were dissolved in  th e  strong acid system
observation of th e  protonation  of carboxylic and di- F S 0 8H - S b F 5- S 0 2 at —76°, and th e nmr spectra of
carboxylic acids and their subsequent d ehydration to  th e solutions were exam ined over a  range of tem pera-
th e respective oxocarbonium  ions in  the strong acid tures from  —90 to  — 20°. G en erally, protonation  of
system  F S 0 8H - S b F 5 . 3 T h e  nm r spectra of am ino th e am ino function w as observed (3 H ) as a broad
acids and peptides h a ve  been in vestigated  in basic, resonance a t c a .  8  7.0 w ith  th e protonated carboxyl
acidic, and neutral solven t system s . 4 - 7  R e ce n tly, th e group (2 H ) appearing a t c a .  8  14.5. T h e  p rotonated
spectra of 20 am ino acids in C F 8C 0 2H  and C F 8C 0 2D  am ino group could u su ally  b e  observed over the w hole
solutions h ave been obtained a t 220 M H z  and used range of tem peratures studied, w hile th e  protons of
in  an in vestigation  of protein stru ctu re .8 T h e  con fer- th e carboxylic group generally exchanged too rap id ly
m ation of p o lyp ep tid es has been in vestiga ted  b y  nm r and to  be observed at tem peratures higher th an  — 40°. T h e
op tical m ethods . 9 • additional deshielding of th e  protonated carboxylic

Protonation of the carboxyl group in amino acids group by the protonated amino group on the a-carbon
is not observed in trifluoroacetic acid, but Thomas atom is illustrated by the fact that the protons of
and Niemann10 interpreted their cryoscopic studies of the protonated carboxylic groups of aliphatic carboxylic
L-leucine in 100% sulfuric acid in terms of the presence acids are observed at c a .  8  12.6.3 To study the possible
of small amounts of L-leucine protonated on both the cleavage of protonated amino acids, representative
amino and carboxyl groups. Subsequent cryoscopic samples of the a-amino acids, glycine, L-alanine, L-
studies in 100% sulfuric acid11 indicated that, as the valine, L-phenylalanine, L-proline, L-lysine, and l-
amino group is further removed from the carboxyl glutamic acid were heated for 2 hr at —40° in the
group in amino acids, the carboxyl group is protonated F S08H -SbF5 solution. Apart from L-phenylalanine,
to a greater extent (i = 2.3 for L-leucine, i = 2.7 for whose aromatic group reacted with the acid system
/3-alanine, and i = 3.0 for aminocaproic acid). at temperatures above —30°, the diprotonated amino

In  our continued studies, th e protonation and therm al acids were observed to  b e  stable a t this tem perature,
sta b ility  of protein-occurring a-am ino acids and of a T h ere w as no dehydration to  th e  corresponding oxo-
range o f a-, ¡3 -, 7 -, and 5-am ino acids in  th e strong carbonium  ion, as is th e  case w ith  th e p rotonated
acid system  F S 0 3H - S b F 6 w as in vestigated  b y  nm r aliphatic carboxylic acid s . 3

spectroscopy. In  th e sam e acid system , th e  pro- FSOsH-sbFt-so,
tonation  of some sim ple peptides and lactam s w as R C 0 2H2+ —  _ 3qo >  R CO + +  H 30 +

in vestigated, as w ell as th a t of porcine insulin.
A t  tem peratures below  — 20° in F SC h H -S bl'Y -SC h  

R e su lts  and D iscu ssio n  solution, th e sim ple peptides exam ined were observed
. „  , . . ,  ,, . . to  be chem ically stable, and to  b e  p rotonated on the

A ll th e «-am ino acids n atu rally  occurring in  pro- term inal am ino and carbo xyl groups and on th e  car-
terns, 12 as w ell as 5-am m ovalenc acid, a-, /3-, and b o n yl oxygen  0f th e  pep tid e bonds.
7-aminobutyric acids, some simple peptides, and

OH
(1) P a rtL X X X II: G. A. Olah and D. L. Brydon, J. Org. Chem., 33, 313 l‘\+ + .> 0 1 1

(1970). H:lN.+C H -C — -NHCH.C%
(2) (a) National Institutes of Health Postdoctoral Research Investigator, NOH

1967-1968; (b) National Institutes of Health Predoctoral Research In-  ̂ . . .
vestigator, 1968-1969. D ip r o t o n a te d  a -  a n d  / 3 -a m m o b u ta n o ic  a c id s  m

(3) g . a . oiah and a . m . White, j . Amer. Chem. Soc., 89, 3591, 4752, F S O 3H / -S B F 5 s o lu t io n  u n d e r w e n t  n o  d e c o m p o s it io n  a f t e r

(4/ M. Takeda and O. Jardetzky J. Chem. Phys., 26, 1346 (1956). being m aintained a t 45° for 4 hr. 7 -Am inobutanoiC
(5) o. Jardetzky and c. d . Jardetzky, j . B io l. Chem., 2 33, 383 (1958). acid underw ent some side reactions b u t w as observed
(6) F. A. Bovey andLG. V. D .Tiers J. Amer. Chem Soc. 81, 2870 (1958) underg0 about 50% dehydration. Diprotonated 5-
(7) S. Fujiwara and Y. Arata, Bull. Chem. Soc. Jap., 36, 578 (1963); . °  . . .  _ , ,  , ,  , , , i

37, 344 (1964). a m m o v a le r ic  a c id  d e h y d r a te d  s lo w ly  a t  — 2 0  , a n d
(8) B. Bak, C. Dambmann, F. Nicolaisen, and E. J. Pedersen, J. Mol. after 4  hr a t 4 5 ° ,  9 7 %  d ehydration had OCCUrred to

S- S T i ” i y i e l d  th e  oxocarbonium  ion H . N * ( C H , ) , C O +  T h e
(10) D. W. Thomas and C. Niemann, J. Biol Chem., 17S, 241 (1948). f a c i l i t y  w i th  w h ic h  d ip r o to n a te d  aifflllO C arb o x y llC  aCldS
d i)  j . l . O’Brien and c .  Niemann, j . Amer. ciiem. soc., 73,4264 (1951). d e h y d r a te d  in  t h e  a c id  s y s te m  s tu d ie d  in c r e a s e d  w ith
(12) J, P. Greenstein and M. Winitz, “Chemistry of the Amino Acids,” . j* xi , . j  __• _ __ _ i*

Voi. i, John Wiley & Sons, inc., New York, n . y ., 1961, p 3. the separation of the protonated ammo group from
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the protonated carboxyl group. This is most probably
due to an electrostatic repulsion, since there is a greater j  ch oFnhIco t
positive charge on the carboxylic carbon atom in the ”* * CH’ H‘ H N ‘ °'H‘
protonated carboxylic acid than on the oxocarbonium
carbon atom in the respective oxocarbonium ion (as _2o„
evidenced by the comparative deshielding of the a- 
hydrogen atoms by ca. 5 1.0 in the case of 5-amino- 
valeric acid). Similarly, it has been found that the
ease with which diprotonated dicarboxylic acids can "8“’ j\
be dehydrated increases with the increasing separation \
of the acid functions.3 I U , pV A

Monoamino Monocarboxylic Aliphatic Acids.— The V  y \ . J
nmr spectral data of the diprotonated species obtained
by dissolving glycine, malanine, L-valine, L-leucine, and ______t _ ..t___________ (____________,________
L-isoleucine in F S03H -SbFs-S02 are summarized in is “ 8 1 T ' *
Table I, as are the data for protonated L-cystine and PPM
L-methionine (Figure 1). Figure 1.— 60-MHz nmr spectrum  of L-methionine in HFSO3-

The simplest amino acid studied was glycine, in S bF5- S 0 2.
which, at — 60°, the protons on nitrogen (3 H) were
observed as a broad peak at 5 7.13, while the carboxylic could only be observed at —80°, and then as a broad
protons (2 H) appeared as a sharp singlet at 5 14.43 exchanging resonance at 5 15.17.
and as two lines at 6 14.2 and 14.43 at —90°. A t Diamino Monocarboxylic and Monoamino Dicar-
— 20°, the methylene protons (2 H) were resolved boxylic Aliphatic Acids.— The nmr parameters obtained 
into a quartet at 5 5.25 ( J c h - n h  = 6 Hz). upon protonation of diamino monocarboxylic and

The methyl resonances of diprotonated L-alanine amino dicarboxylic acids in F S03H -SbF6-S 0 2 solutions
and L-valine are interesting in that, with alanine, a are summarized in Table II. L-Lysine was observed
very low intensity doublet at 5 2.30 was observed as to be triprotonated, with the a-amino protons (3 H)
well as the strong doublet at 5 2.40, while with valine, and the amino protons (3 H) appearing at 5 7.06
two intense doublets were observed at 5 1.60 and 1.54 and 6.03, respectively. All the methylene and methine
and a very low intensity doublet was discernible at 5 protons appeared as broad peaks at —20°, and only
1.50. at —80° are the carboxylic protons observed as a

L-serine and L-threonine underwent chemical change sharp singlet at 5 14.53. 
in the strong acid system, as evidenced by the absence W ith 5-hydroxy lysine, poorly resolved spectra were 
of low-field resonance absorptions. A  singlet at 5 obtained. Only at -8 0  and —90° could the protons
5.77 and a broader singlet of equal area at 5 7.50 of the carboxylic group be observed as a very broad
was observed from — 20 to —80° in the case of serine. resonance at 5 14.8, and no resonances could be ob-
With threonine, a doublet (3 H) appeared at 5 2.35 served for the hydroxy group. It is conceivable that
(J = 6 Hz), a broad singlet (3 H) at 5 7.47, and broad the 5-hydroxy lysine underwent ring closure to form a
multiplets at 5 5.57 (1 H) and 6.17 (1 H). The re- lactone. If this were the case, the observed species
action of serine and threonine in trifluoroacetic acid might have been either the protonated lactone or an
solution has been discussed previously.6-8 equilibrium mixture of protonated acid and protonated

The carboxylic protons of L-cystine appear as a lactone, 
broad exchanging resonance at 5 14.93. Even a t -8 0 °, Arginine and its nonprotein-occurring homolog,
no protonation of the disulfide system was detected homoarginine, are basic a-amino acids which possess a
and the chemical shifts of the protonated amino group guanidine end group. Olah and W hite14 have shown
at 5 7.27 (3 H), the methine proton at 5 5.17 (1 H), and that guanidines are diprotonated in F S05H -SbF6-S 0 2
the methylene protons at 5 3.93 (2 H) in FS03H -SbFs-  in the following manner.
S02 are similar to the chemical shifts of 5 7.75, 4.80, +
and 3.61, respectively, determined in trifluoroacetic H2N^ FSOaH -s b F .- s o ; ___

acid.6 L-Cysteine underwent chemical reaction in the *" h2N** +~~
strong acid system in contrast to its behavior in
trifluoroacetic acid.6-8 Broad peaks were observed at 5 The a-amino group (3 H) in arginine appeared at 8
7.33 (NH3) and 5.43 (CH), no low-field resonances 7.07, the protonated amino function (3 H) of the
were seen, and after a few hours a white precipitate was guanidine group appeared at 5 8.9 as a sharper peak
deposited. than that owing to the protonated amino group (2 H),

A  very characteristic spectrum was obtained with and the substituted amino group (1 H) appeared at 5
L-methionine (Figure 1). The terminal group (3 H) 8.13. Homoarginine exhibited a very similar spectrum
appeared at 5 3.3 as an extremely sharp doublet to arginine at —60°, with the difference that in the case
(Jcm—sh = 8 Hz) as a result of the sulfur protonation. of arginine the carboxylic protons exchanged too
These values compare with protonated dimethyl sulfide, rapidly to be seen, while in the case of homoarginine
where the methyl protons appear as a doublet at 5 the carboxylic protons (2 H) were observed as a sharp
3.08 and the proton on sulfur as a septuplet at 5 6.52 singlet.
(Jcua-SH = 8 Hz).13 Again, the carboxyl protons Aspartic acid is triprotonated in the strong acid

solution. The carboxylic protons (4 H) were observed
(13) G. A. Olah, D. H. O’Brien, and C. U. Pittman, J ,  Amer. Chem, Soc.*

89, 2996 (1967). (14) G. A. Olah and A. M. White, ibid., 90, 6087 (1968).
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T a b l e  I I I

N m r  P a r a m e t e r s “ (5, P a r t s  p e r  M il l io n ) o f  P r o t o n a t e d  
A r o m a t ic  A m in o  A c id s  a t  —6 0 °  in  F S O s H -S b F s -S O i6 S o l u t io n

Species Registry no. Hi H, Hi Hi Hs Hs

c J 2CH2CH(NH3+)C02H2+ “ 2 2 4 9 3 -3 9 -6  1 4 .4 7  b r  6 . 8 3  b r  5 . 3 0  b r  3 . 8 7  b r  7 . 7 7  b r

J j + »
¿ b Q c k c m k O c o A r  2 2 4 9 3 -4 0 -9  1 4 . 7 7 d 7 .0 3  b r  5 . 4 3  b r  4 . 0 7  b r  7 . 9 7  1 3 .0

Br s
i i o Q c H C n t N H A w V  2 2 4 9 3 -4 1 -0  1 4 .7 3 *  b r  7 . 0 0  b r  5 .3 3  b r  3 .8 7  b r  8 .0 3

bT

I r,

H 0 ^ C H 2CH(NH3+)C02H2+ 2 2 4 9 3 -4 2 -1  1 4 .7 3 “ 6 . 9 6 “ b r  5 . 3 3 “ b r  3 . 8 “ b r  8 . 2 3 “
I

“ M u lt ip lic ity  is in d ica ted  as fo llow s: b r ,  b ro a d . 6 P h e n y la la n in e  in  9 : 1  F S 0 3H - S b F 6.  “ S e e  fo o tn o te  b, T a b le  I .  * A t  — 8 0 °  
“ A t - 9 0 ° .  ’ '

at —80° as a broad peak at 5 14.40. The methylene The presence of the sulfinic acid derivative was evi- 
group (2 H) appeared at 5 4.60 and resolved at — 20° denced by the appearance of an A A 'B B ' quartet at
into a doublet (JcmoH = 5 Hz). In the spectrum § 8.2 (Ja-b(a'-b') — 8 Hz) and a resonance attributable
of glutamic acid, the carboxylic proton resonances to the protonated sulfinic group at S 9.83. When the
are observed at 5 13.38 and 15.07 (the latter only temperature of the solution was raised to —30°, an
at —80°). The methylene (2 H) group furthest from irreversible reaction of the aromatic nucleus with the
the amino group appears at — 20° as a poorly re- acid system took place. When F S03H alone was used
solved triplet at S 3.97 (Jcm -cm  = 6 Hz). Compared as the solvent, protonation of only the amino group was
with the spectra of diprotonated dicarboxylic acids,3 a observed. With 1 :1  FS03H -SbF6 diluted with sul-
considerable deshielding effect is observed owing to furyl chloride fluoride, the solution was bright red, and a
the protonated amino group. reaction was observed with the aromatic nucleus.

In the spectra of asparagine and glutamine, the Similarly, 12.5:1 H F-SbF5 reacted with the phenyl- 
carboxylic protons can only be observed as broad alanine, and after 1 hr at — 60° a yellow oil separated, 
peaks at 5 15.48 ( — 90°) and 15.06 (—80°), respec- However, 9 :1 F S03H-SbFs was found to be the best 
tively. O-Protonation of the amide group is observed strong acid system, and a spectrum of diprotonated
in both cases. W ith asparagine, the proton is ob- phenylalanine [C6H6CH2CH(NH3+)C 0 2H2+] could be
served as a singlet at S 11.53 and the amide protons obtained at temperatures below — 50°. A t tempera-
(2 H) on nitrogen as two resonances at 5 8.87 and tures above —50°, the acid system reacted with the
9.23. W ith glutamine, the proton on amide oxygen aromatic nucleus. A t — 60°, the carboxylic protons
appears as a doublet (J = 3 Hz) at S 10.63 and the (2 H) appeared as a broad singlet at S 14.47, the
amide protons (2 H) on nitrogen appear at S 8.43 aromatic protons (5 H) and the ammonium protons
and 8.80. The amide protons on nitrogen are non- (3 H) as broad singlets at S 7.77 and 6.83, respectively,
equivalent owing to the partial double-bond character and the methylene (2 H) and methine (1 H) protons
of the C -N  bond. The protonation of amides has as broad resonances at 5 3.87 and 5.30.

L-Tyrosine underwent no chemical transformation in 
R _ C f + °  ^Ha 1 :1  FS03H -SbF6 diluted with S02, even at — 20°;

\  consequently, this strong acid system was used to study
its protonation. The aromatic protons (4 H) appeared 

been discussed by Katritzky and Jones16 and, in the as a sharp singlet at 5 7.97, and at — 60° a broad singlet
case of fluorosulfuric acid, by Gillespie and Birchall.16 was observed at 5 13.0. This latter resonance is as-
For protonated acetamide ( — 80°), the latter workers signed to the two protons on phenolic oxygen, resulting
observed the proton on oxygen at 5 10.72 and the from its protonation. The fact that the aromatic
protons on nitrogen at 5 8.24 and 8.36. resonance appeared as a singlet indicates that the

Aromatic Amino Acids.— The nmr data obtained for positive charge from this protonation resided on the
protonated aromatic amino acids in F S03H -SbF5 are phenolic oxygen and was not delocalized to any appre-
summarized in Table III. ciable extent over the aromatic ring. The carboxylic

When L-phenylalanine was dissolved in the usual protons appeared as a broad peak at — 60°, and at
manner with a sixfold excess of 1 :1  F S03H -SbF6 and —70° as a singlet (2H) at 5 14.77.
diluted with sulfur dioxide (15 M), sulfonylation occur- Spectral parameters were obtained for L-3,5-dibromo- 
red17 to give a mixture of diprotonated phenylalanines. tyrosine at — 60 and —80°, where the strong acid solu- 
The para-protonated sulfinic acid of diprotonated tion was of pale brown color. However, when the
phenylalanine was formed by ring protonation and temperature of the solution was raised, the color rapidly
reaction with sulfur dioxide. darkened, and diffuse spectra were observed indicating
H an irreversible process. An exchanging resonance

y ~ ^ C H X H ( N H  ) C O , H  + — ♦  absorption was observed for the carboxylic protons
c r v  " (1.5 H) at —80 and —90° and, at these temperatures

+ ^ ^  + (1 5 )  A. R. Katritzky and R. A. Y . Jones, C hem .Ind. (London), 722 ( 1 9 6 1 ) .

H . , 0 2S K  7 C H , C H ( N H 1) C 0 2H 2+  (16 ) R . J. Gillespie and T .  Birchall, Can. J .  Chem., 4 1 ,  14 8  (19 6 2 ) .

\  /  ~ ( 1 7 )  G. A. Olah and T. E . Kiovsky, J .  Amer. Chem. Soc., 89, 5 6 9 2  ( 1 9 6 7 ) .
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and at — 60°, although the aromatic resonance was ch, — a t .

quite sharp, the other resonances appeared as broad I
peaks. Only a t —90° could a spectrum of diprotonated | C\ v C'scoiH»
L-3,5-diiodotyrosine be obtained. W ith rise of tem- h.

perature, chemical reaction was observed, giving a -60° l\
deeply colored solution at — 50°. No resonance attrib- I j I
utable to phenolic protons was observed with either li J
the dibromo or diiodo tyrosines. A / M

Spectra of protonated L-3,5,3'-triiodotyrosine and \J \ a \ ¡J \
L-thyroxine could not be obtained in solutions of 1 :1  1 II \ j \ \ /  \
F S03H -SbF6 andS02 or 9 :1 FS03H -SbF5. —A V  —r V  v -,——‘ ^  V .

Heterocyclic Amino Acids.— The nmr data obtained 
in F S03H-SbF5-S02 for protonated heterocyclic amino
acids as well as related protonated model compounds _____ r_ ____ p _̂________|_________ |________
such as indole and indoleacetic acid are summarized in - |  ~ j 1 ..............
Table IV. PPM

L-Proline (Figure 2) is diprotonated and chemically Figure 2.'—60-M H z nm r spectrum  of L-proline in H F S 0 3-  

stable at —40°. A t —90°, the protons on oxygen split S b F 6- S 0 2 .

into two peaks at 8 14.30 and 14.50. In the case of +
L-hydroxyproline, triprotonation occurs. The carboxyl h c= c ch, ch(nh.V d»h(

protons only appear at —80° as a broad resonance at hn Lh
5 15.30, while the protons on nitrogen (2 H) appear at
5 8.17 (8 0.87 deshielded compared to the corresponding H
protons in diprotonated proline), and the hydroxyl
protons appear at 8 11.51 as an unresolved peak adj acent -60’
to the solvent peak a t —35°. , \

L-Histidine (Figure 3) is triprotonated. The tem- 1 a
perature of the solution had to be lowered to —90° to I J
slow the rate of exchange of the carboxyl protons A ( M i l  A
before they could be observed at 5 15.4. The protons A  \  J  l__ J  A A  A __ „ / V __J  A -
on the nitrogen atoms of the imidazole ring were ob
served at 5 11.33 and 11.43 as shoulders of the solvent 
peak at —60°. The other aromatic protons, at posi
tions 2 and 5 of the imidazole ring, appeared at — 60° . _e_ * . : ___ 1....
as singlets at 8 9.07 and 8.03. The protons on the " ppm

imidazole nitrogen atoms are better resolved from the Figure 3 ._ 6 0 -M H z nm r spectrum  of L-histidine in H F S 0 3-  
solvent peak in 9 :1 FS03H -SbF6 and appear (—20°) as S b F 6- S 0 2.

abroad singlet at 5 11.3.
Indole and indoleacetic acid were used as model and the proton on nitrogen (1 H) appeared at 5 8.10 as

compounds to study the protonation of tryptophan. an intense multiplet, while the proton adjacent to
Indole was found to protonate on the carbon atom nitrogen in position 2 of the indole system appeared as a

of the pyrrole ring /3 to the nitrogen atom, with con- doublet (Jch-nh = 6 Hz) at 5 9.58 (1 H). As before,
sequent formation of a methylene group and delocaliza- this multiplicity was due to a cisoid coupling with the
tion of the positive charge over the appropriate C -N  proton on nitrogen and absence of coupling with the
system, giving the C -N  bond some ethylenic character. proton in the 3 position. The proton in the 3 posit on

(1 H) appeared as a triplet (Jcii-cil = 5.7 Hz) at 8 
p 5.22 and the adjacent methylene group appeared at 8

— 4. 40 (2 H) as an asymmetric resonance of four lines.
An artifact appeared (0.4 H) at 8 4.9.

| ?  As in the cases of indole and indoleacetic acid, l-
H tryptophan was protonated at the 3 position of indole
1 and, also, the S-amino group and the carboxylic group

. , , - , . ,, • • , were observed to be protonated. The indole nitrogen
The methylene group was not coupled to the vicinal couM ^  be observ and was baW magked

proton because of their angular relationship, but this £ either the aromatic or ammonium peaks. The 
latter proton exhibited a cisoid coupling to the ^  at the 2 position 0f the indoie residue appeared 
proton on nitrogen Thus the methylene protons ^  overlapping doublets (1 H) at 5 9.53 and 9.63
appeared as a singlet (2 H at 8 4.73 the proton 2 _ 5.6 Hz), probably owing to the existence of
appeared as a sharp doublet (1 H) at 89.48 ( J ch -n h _= two conformers with different magnetic environments
6 Hz), and the proton on nitrogen (1 H) was under the &t ^  2 ition. It is unlikely that there was coupling 
aromatic resonance (4 H) at 8 7.97.

The indole system of indoleacetic acid was protonated H Jl
similarly to indole itself, in that protonation occurred ----- fC ; 7+8 6 +
at the 3 position. The carboxylic group was also found I  + J^CH2CH(NH,)C'0,H,+
to protonate, and at —80° two peaks appeared at 8 H h ^
13.15 and 13.50 (2 H). The aromatic protons (4 H) i
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T a b l e  V

N m r  P a r a m e t e r s “ (6, P a r t s  p e r  M il l io n  ) o f  
P r o t o n a t e d  L a c ta m s  a t  — 60° in  F S 0 3H -S b F 5 -S 0 2 S o l u t io n

Species Registry nc. Hi Ha Hi Hi Hi

H.C---- CH2  ̂ 22483-24-5 8.55« 10.00“ 3 .3 7  t  2 .7 7  m  4 .2 0  1;

HaCvNj'.CssoH'
H 2
1

IR.C CH23 t 22483-25-6 8 .70 “ 9 .4 3 “ br 3 .0 7 m 2 . 1 7 m  3 .9 0 m

HicxN̂ oHi!
H
i

H,C----CH2

i H2c{  \ h23 22483-26-7 8 .7 7 “ 9 .60“ m 3.20 m 2 .1 3  3 .9 5  m

h\  X \5 N'N/+>OH2
H 
1

“ M u ltip lic ity  is indicated as follows: t, triplet; m, m ultiplet; br, broad. " See footnote 6, T ab le  I. “ A t  — 90°.

T a b l e  V I

N m r  C h e m ic a l  S h if t s  (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“ (H e r t z ) o f  P r o t o n a t e d  a - ,  0 - ,  7 -, and 
8-M o n o a m in o  M o n o c a r b o x y l ic  A l ip h a t ic  A c id s  a n d  5-A m in o  to- B u t y l o x o c a r b o n iu m  

I on  a t  —60° in  F S 0 3H -SbF6-S 0 2 S o l u t io n

Species Registry no. Hi H2 Ha Hi Hi Hi

5 4 3 2 1
C H aC H iC H (N H 3+)C 0 2H2+ 22493-48-7 14 .3 7  7 .0  br 5 .2" m 2.70" m 1.5 7 "  t

6  lines 5 lines ( / 4,5 =  7 .5 )
5 4 2 3 1

C H 3C H (N H 3+)CH 2C02H2+ 22493-49-8 13 .5 7  6 .4 3  br 3.95" d 4.66" m 2.03" d
(Ja, 4 =  6 .0 )  ( A ,5 =  6 .5 )

5 2 4 3 1
C IL (N H 3+)CH 2CH 2C02H 2 + 22493-50-1 12.80  6 .1 7  3 .57" t  2.66" m 4.0" m

12.97 ( / 3, i = 7 .0 )
6 2 5 4 3 1

CH 2(N H 3+)CH2CH2CH2C02H2+ '  22493-51-2 1 2 .5 7  6 .0 7 br 3.63" m 2.37" m 2.37" m 3.63" m
12.80

6 2 5 4 3
CIT2(N ir3^ )CH 2C H 2C H 2C = 0 + “ 22493-52-3 6 .1 3 b r  4.63" t  2.60" m 2.60" m 3.73 " m

(•/a.4 = 7 . 0 )

“ Coupling constants are in parenthesis. M u ltip lic ity  is indicated as follows: d, doublet; t, triplet; m, m ultiplet; br, broad. " A t  
— 20°. “ See footnote b, T ab le  I.

between the protons at position 2  and position 3, since acids and 5-valeric acid in FSChH-SbFs-SCh are sum- 
this was not observed for protonated indole or proton- marized in Table VI.
ated indoleacetic acid. Protons 3 and 7 appeared as No changes were observed in the spectra of diproton
overlapping multiplets (2 H) centered at 5 5.30 and ated a- and /3-aminobutyric acids after they had been 
5.10, while the methylene protons (5) were a broad maintained for 4 hr at 45° and then left at room tem-
multiplet (width = 100 Hz) centered at 5 3.50. The car- perature for 12 hr. A  complex spectrum was obtained
boxylic protons could only be observed as a broad ex- with 7 -aminobutyric acid. Apart from the assigned 
changing resonance at 5 15.3. peaks given in Table V I, unassigned peaks were ob-

Lactams.— For comparison, nmr data were also served at 5 5.5, 7.2, 8.0, and 9.0. A t — 20°, a weak
obtained for protonated 2-pyrrolidinone, 5-valerolactam, triplet was observed (J = 7.0 Hz) at 5 4.62. When the
and e-caprolactam in FS0 3H -SbF6-S 0 2 . These are solution was left at —2 0 ° for several hours, this peak
summarized in Table V. grew in intensity, and after the solution had been main-

All three lactams were O-protonated and were quite tained at 45° for 4 hr, this triplet and the triplet at 5
stable even when maintained at 40° for 4 hr. 3.57 were of about equal intensity. This, coupled with

The OH and N H  protons are best observed at —90°. the decrease in intensity of the carboxyl resonance and
Even at —60°, they appear as broad exchanging peaks. the appearance of a new multiplet at ca. 8 0.5 downfield
The assignment of the methylene groups is based on from the multiplet at 8 2.66 is interpreted in terms of
the assumption that most of the positive charge resides dehydration of the protonated acid3 to the extent of
on the nitrogen atom. about 50% to yield the 7 -aminopropyloxocarbonium

2-Pyrrolidinone gave a particularly well-resolved ion.
spectrum. No coupling of the OH and NH  protons + _ H20

w as observed and th e m ethylene resonance resolved H3N +(CH2)3C 0 2H2------- >■ H3N (CH 2)3C O +
into a complex pattern at 2 0 °.

«■ > |8“> 7 - ) and 5-Am ino A cid s.— The nmr data for the Diprotonated 5-aminovaleric acid formed the 5-am- 
behavior of solutions of a-, ( 3 and 7 -aminobutyric inobutyloxocarbonium ion slowly at —20° (ii/2 =  1.5
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\ After the acid solution was heated at 40° for 2 hr, the
\ peptide was seen to have undergone chemical change,

\  since at — 60° only peaks at 8 5.30 (4 H), 7.1 (3 H), and
“■ 10,57 (c a . 1 H) had been observed.

The cyclic dipeptide diketopiperazine was di-O- 
protonated, and at —20° the protons on oxygen (2 H) 
appear as a sharp singlet at 8 11.27, the protons on 

1 nitrogen (2 H) as a broad singlet at 8 9.47, and the
methylene protons as a sharp singlet at 8 5.43. No 
allylic O H -N H  coupling or vicinal N H -C H  coupling are 
observed because of the dihedral relationship of the 

/  protons. A  solution of diketopiperazine in F S03H -
1 /  SbF5 was not affected on being maintained for 2 hr at
\ /  40°.

1 '  The imidazole rings in histidylhistidine were observed
r\ J  to be protonated as in histidine itself, but, over the

r j  \ _f temperature range —20 to —90°, protonated carboxyl
J ^  group, protonated peptide linkage (OH and NH ), and

imidazole ring NH protons could not be detected,
fio---------- 13 j -----------iTo-----------U?----------- ¡To" probably because of their rapid chemical exchange.

PPM
4-

F igu re  4.— Low-field portion of tim e-averaged 100-M H z nmr NH3 O C 0 2H
spectrum  of porcine insulin in H F S 0 3 - S b F 5- S 0 2 a t — 80°. | !| |

H C =  C-CH,CH-CNHCHCH,C===CH
I I . "  " I I

hr), and, after 4 hr at 45°, 97% formation of the oxo- HN%,+^Nh HNx+^NH
carbonium ion had taken place. H H

FSOsH-SbFs
H3N +(CH2)4C02H2+--------------> H3N+(CH2)4CO + A t — 60° broad lines were observed at 5 4.00 (4 H) for

~H2° the methylene protons, 5 5.37 (1 H) and 5.9 (1 H) for
In the 5-amino-tt-butyloxocarbonium ion, there is a the aliphatic methine protons, S 7.20 (3 H) for “he

downfield shift of S 1 for the methylene protons a to the ammonium group, and 8 7.97 (2 H) and 9:00 (2 H) for
oxocarbonium center, and a downfield shift of c a .  8  the imidazole ring CH  protons.
0.5 for the /3-methylene protons compared with the Triglycine was tetraprotonated. The carboxylic 
corresponding protons in the protonated acid. These protons could be observed at — 60°, but the two peptide
shifts are very similar to the shifts found in the dehydra- linkage OH protons were best observed at —70°, when
tion of aliphatic mono- and dicarboxylic acids to oxo- they appear at 8 12.80 and 13.47. The resonance at
carbonium and dioxocarbonium ions.3 Also, the ease s 13.47 broadened more rapidly than that at 8 12.80
of dehydration increased with increasing separation of with temperature rise.
the positively charged centers, for both of the diproton- Tetraglycine behaved similarly to triglycine. Pen- 
ated amino acids and the dicarboxylic acids. In none taprotonation was observed, with the carboxyl protons
of the amino acids studied in F S03H -SbF6 was there being observed as a sharp peak at — 60°, and the three
any evidence of dehydration to form the appropriate peptide OH protons being observed at — 70° as three
protonated lactam. broad exchanging peaks.

Simple Peptides.— The nmr data, obtained from As in diglycine and triglycine, the methylene group 
solutions of N-acetylglycine and the simple peptides protons adjacent to the terminal ammonium group were
diglycine, triglycine, tetraglycine, dialanine, and di- observed as a quartet at higher field (ca. 8 0.5) than the
ketopiperazine in F S 0 3H..SbF5 -S02, are summarized in other methylene protons.
Table VII. A t temperatures below —20°, diglycine The data obtained from diprotonated N-acetylglycine 
was observed to exist in the strong acid solution as a provide an interesting comparison with the data from
stable triprotonated species. The peptide linkage was the simple peptides. A t somewhat higher field than for

the corresponding protons in peptides, the carboxylic 
protons (2 H) and the NH  proton (1 H) appear at

H;N+CH,C- -̂NHCH CO H + —20°, at 8 13.66 and 8.97, respectively. As in the
2 2 2 2  case 0f the peptide linkage, O-protonation occurs and the

O-protonated, the proton on oxygen at — 60° appears Pr°ton on oxygen appears at —20° as a doublet as a
at 8 12,90 as a sharp singlet (1 H), and at -2 0 °  the result of allylic coupling with the NH  proton (J0H-nh =
proton on nitrogen (1 H) appears at 5 9.82 as a poorly 2'5 H z)' The methylene protons (2 H) appear at 5
resolved triplet coupled to the adjacent methylene 5-46 35 a doublet (¿ca-NH = 6 Hz), and the methyl
group. No allylic N H -O H  coupling is observed. The Protons as a singlet at 8 3.07. As in the case of proton-
terminal protonated amino and carboxyl ¡2 H) groups ated carbamates and carbamic acids18 and protonated
appear at the commonly observed amino acid shifts of f°rmylglycine, restricted rotation about the C -N  bond
8 7.15 and 14.33. A t -9 0 °, the carboxylic resonance is 1S assumed and the spectrum of protonated N-acetyl-
a broad doublet. The methylene protons were coupled 1S explained on the basis of the observation of
to the protons on adjacent nitrogen atoms and at —20° one geometriC£d isomer.
resolve into a doublet and a quartet, respectively. m a .  a . oiah and m . c*Un, j . Amer. chem. S oc, so. 4o i uses).
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Figure 5.— 100-M H z spectrum  of porcine insulin in H F S 0 3-S b F 5- S 0 2 tim e averaged from  S 0 to 10 a t — 70°.

After having been maintained at 40° for 4 hr, a so- with absorptions of the related protonated amino acids,
lution of N-acetylglycine in FS03H-SbF5 was observed Certain major characteristics, however, can be derived,
to have undergone some chemical change, as evidenced The broad shielded absorptions as well as the sharp
by the appearance of new peaks at 8 5.17 and 10.13.19 peak at 5 1.38 are mainly due to methyl proton absorp-

Porcine insulin was examined in FSChH-SbFs-SCh tions of leucine, isoleucine, and valine, which comprise
solution at 100 MHz. The low-field portion (5 11.20- 72 of the 294 nonexchanging protons. The broad
16.20) of the spectrum obtained in low concentration at absorption observed at 8 5-6, is due to the respective
—80° (Figure 4) was enhanced by computer averaging methine protons, and that at 5 7.50 to N -H  and over-
(525 passes). No improvement was seen using a lapping aromatic protons.
necessarily more dilute solution at -9 6 .5 °. The heavy We had hoped that extensive protonation, not only on 
absorption at 5 13.33 is assigned to the carboxylic acid nitrogen but also on carbonyl oxygen, would cause
protons of glutamic acid moieties and protonated sufficiently varying deshielding effects in the superacid
hydroxyl groups of tyrosine. These resonances are at media to allow more rigorous characterization of high
8 13.37 and 13.00, respectively, in the corresponding molecular weight peptides. Work is now in progress
amino acids in this solvent system. The two peaks at on some lower molecular weight peptides to determine
5 13.76 and 13.87 can be assigned to the terminal car- characteristics of protonation of the peptide bond and
boxylic acid groups for the A  and B  chains. As amino the effect of a wide range of neighboring amino acids, 
acids in this medium, asparagine and alanine show 
absorptions at 8 15.4 and 14.37. In this case it is
reasonable to expect a relative shielding effect to be Experimental Section
observed, because of the obviously smaller charge den- M ateria ls .—A ll the compounds used w ere com m ercially availa-
sity in this region in the protonated peptide than in the ble in high p u rity . A ll asym m etric compounds w ere of the
protonated amino acid. The broad signal at 5 12.50 l  configuration ap art from  »c-glutam ic acid, a-»L -(+ )-allo-
is due to O-protonation of various peptide linkages. h y d r o x y z in e  « -  and 0-am inobutanoic acid, n-thyroxine, d l -

/  c  , i r  ^  , /£. , r\ histidyl-DL-histidme, and DL-alanyl-DL-alamne. T h e m onohydro-
The higher field portion of the spectrum (r igure o) chloride of L-lysine and the monohydrochloride m onohydrate of

was time averaged at —70° for 185 passes. Figure 5 L-homoarginine, L-eysteine, and n-histidine were used,
also shows schematically the absorption signals observed Nm r Spectra.— A  V arian A ssociates M odel A-56/60A nm r 
for the protonated amino acids in the proportions in spectrom eter w ith a variable-tem perature probe was used for

, • , , f  • „  •__- a all spectra except those for porcm e insulin. Coupling constants
w h ic h  t h e y  c o m p r is e  p o r c in e  in s u lin .  A s s ig n r n e  i t s  arc Pel|eved accurate to  ± 0 .1  H z. T h e  reference standard used
c a n n o t  b e  m a d e  u n e q u iv o c a l ly  b y  s im p le  c o m p a r is o n  w as capjuary  t m s .

, „ . .. . . .  . ,. T h e porcine insulin was exam ined in a V arian  A ssociates M odel(19) As our paper was submitted for publication, a brief communication £  „ . , ,
[J. L. Sudmeier and K . E . Schwarts, Cfiem. Commun., 1646 (1968)] indicated H A-100 nmr spectrom eter. S ignal enhancem ent was accom-
that, in FSOlH-SbFs-SOz solution at —90°, di-, tri-, and tetraglycines, as plished w ith  a Varian  M odel C-1024 tim e-averaging com puter,
well as L-alanylglycine, showed two low-field absorptions for the nonequiva- A s internal lock, the m ain ncid p eak  was used, the chem ical shift
lent terminal carboxylic acid protons. Freezing out the C -0  bond rotations 0f w hich w as subsequently determ ined relative to  capillary T M S .
involved in protonated carboxylic acids was known from previous work. O w ing to  lim ited space, all spectra cannot be published w ith  this
in  the present work, carried out generally a t - 6 0 ° ,  temperatures were not article . Spectra, how ever, m ay be obtained b y  ordering from
low enough to observe the two isomers of the protonated acids. The non- A g j g  N ational A u xiliary  Publications Service, %  C O M  Infor-
equivalencies of the carboxylic acid protons were observed only in glycine m ation C  909 3rd A v e .; N ew  Y o rk , N . Y .  10022, rem itting 
and proline. In serine, threonine, and cysteine, exchange a t the tempera- c  , ©o nn TiA/mmflut
tures studied was so rapid that no carboxylic acid proton absorption was $1-00 for m icrofiche Or $3.00 for photocopies, D ocum en t N o . 
observed. 00602.
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Preparation of Strong Acid Solutions.—Solutions were made up The presence of a large excess of acid was ensured by observ-
with at least 3 mol of 1:1 FSChH-SbFs for each site available ing the characteristic acid peak at ca. S 11. 
for protonation in the solute, and the solutions were further
diluted with ca . 3 mol of sulfur dioxide for each mol of 1:1 Registry N o.— P roto n ated  histidylhistid ine, 22493- 
FSOsH-SbFs. The aromatic amino acids were diluted in a 2 2 -7 ; p ro tonated  trig lycine, 22493-23-8 . 
solution of 9 :1  FSOsH-SbFj;.

Few of the starting compounds investigated dissolved in sulfur Acknowledgment.— Professor M. Bodansky is
dioxide, and the solutions were made up slowly, at low tempera- thanked for snirmles of nom ine insulin nnd stinnilntino-ture, by vigorous agitation of the suspensions with the acid solu- trm m tea lo r sam ples oi porcine insulin and stim u latin g
solutions, resulting in homogeneous solutions of the protonated discussions. T h e  research was possible through a g ran t
substrates. from the National Institutes of Health.

Stable Carbonium Ions. L X X X IV .1 Diprotonation of Dialkyl Hydrazodiformates 
and Their Cleavage to Diprotonated Hydrazodiformic Acid and Alkylcarbonium Ions

G e o r g e  A. O l a h , J u d i t h  A. O l a h , a n d  R i c h a r d  H. S c h l o s b e r g 2

D epartm ent o f  Chem istry, C ase W estern Reserve U niversity, Cleveland, O hio 44106

R eceived M ay  5, 1969

A series of dialkyl hydrazodiformates [ (R 0 2CNH )2] has been investigated in F S 0 3H -SbF5- S 0 2 and /or HF-SbF'6-  
S 0 2 solution. Carbonyl oxygen protonation was observed in all cases, regardless of substituents, by means of 
low-temperature pmr spectroscopy. With certain of the diprotonated dialkyl hydrazodiformates, cleavage 
occurred in the extremely strong acid systems at higher temperatures to give stable alkylcarbonium ions and 
diprotonated hydrazodiformic acid [(NHC02H2+)2], Diprotonation of the related azodicarbonamide in strong 
acid media was also observed by low-temperature pmr spectroscopy.

In an earlier study we reported the observation of As in the case with alkyl carbamates,3 imides,4 am- 
protonated alkyl carbamates.3 ides,5 and simple dipeptides,6 protonation in the

R 0 fso H-sbF -so extremely strong acid media is observed exclusively
^>N—-C< -—  ------ 1---- 4- at the carbonyl oxygen atoms for all dialkyl hydra-

R/ 0R ~60° zodiformates studied. The protonated species give
+ ̂ 0H  A R. +^0H ,,+ well-resolved low-temperature pmr spectra in tne
C<̂ 0R" * R '" ^  C^0H  + superacid media. The spectral parameters for the

diprotonated dialkyl hydrazodiformates are sum- 
R, R' = alkyl or hydrogen; R" = alkyl marized in Table I.

As a representative case, the pmr spectrum of dipro- 
For example, in the pmr spectrum of protonated tonated diethyl hydrazodiformate (Figure 1) can be

ethyl N-methyl carbamate, the proton on oxygen compared with that; of protonated ethyl carbamate.3
appears at 3 9.71 as an overlapping doublet on top of a The OH proton of protonated ethyl carbamate (3)
singlet. The OH proton is expected to show two ab
sorptions owing to cis and trans isomers (1 and 2) if on _ +^.0H

JN =-=■= C ̂  ^
HL + ̂ O C H 2CH3 IT  + -O H  H OCH2CH ;i

> N * ~ C £  > N — C Z
H3C ^ O H  H,C ^ O C H .C ll,  3

1 2 shows a doublet (J = 2 Hz) at 5 9.86 caused by coupling
the pmr time scale rotation about the C -N  bond is slow. ^le Pr°tons on nitrogen, which show two broad
That one of the OH resonances is a doublet (J = 2.8 singlets at 8 7.40 and 7.33. The methyl protons show
Hz) is presumably due to long-range coupling in 1 with a ^ripkt at 5 1.60 and the methylene protons show a
the NH  proton. quartet at 5 4.86. In the case of diprotonated diethyl

Olah and Calin3 observed that at temperatures as low hydrazodiformate (4), the chemical shifts of both the
as —60° protonated alkyl carbamates undergo alkyl-
oxygen cleavage to give carbonium ions and protonated (  t r^OU \
carbamic acids and that the rate of cleavage is tertiary ( Y ~ C' îOCHCH j
alkyl carbamates >  secondary >  primary >  methyl. \ H I

Dialkyl hydrazodiformates are bisalkyl carbamates. \  A
In an extension of our studies of protonation of weak 4

organic bases, we investigated the chemistry of these
compounds in superacid media. Protonation of the NH  and OH protons are deshielded by about 1 ppm
following dialkyl hydrazodiformates was examined in Horn those in the carbamate, as would be expected for
FS08H (H F)-SbFs-S02 solution: dimethyl, diethyl, a doubly charged species such as 4. On closer ir_-
di-n-propyl, di-w-butyl, and di-isobutyl hydrazodi- speetion the spectrum very clearly shows the presence
formate. of two virtually identical (A ca. 2 Hz) ethyl groups.

Second-order splitting is ruled out, as A is the same for
(1) Part L X X X II I :  G . A. Olah, D. L. Brydon, and R. D. Porter, J .

Org. Chem., S®, 317 (1970). (4) G_ A- Olah and R . H. Schlosberg, ibid., 90, 6464 (1968).
(2) Postdoctoral Research Investigator, 1968-1969. (6) T . Birchall and R. J .  Gillespie, Can. J .  Chem., 41, 148 (1963).
(3) G. A. Olah and M. CaUn, J .  Ame.r. Chem. Soc., 90, 401 (1968). (6) G. A. Olah, D. L. Brydon, and R . D. Porter, J .  Org. Chem., in press.
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Figure 1.— P m r spectrum  of diprotonated diethyl hydrazodiform ate.

both the methyl and methylene groups. Another pos- magnetic environment of H6 is very little different from
sibility would be the presence of both di- (4) and those of H7 and Hs. Indeed a sharp singlet at 5 10.90
monoprotonated (5) species in the solution. We (H6, H7, and H8) and a doublet (J = 2 Hz) at 5 11.02

(H3) are observed. The doublet presumably arises

CHjCH/)^ + I from coupling of H5 with Hi (he., H N = C O H  long-
NNH(X)/JH,aGH; range coupling). Table I summarizes the pmr param-

a eters of the diprotonated dialkyl hydrazodiformates
5 investigated.

feel that this alternative can be disregarded, one Di-f-butyl hydrazodiformate, when treated in “ magic
would expect 5 (CH, ) -  5 (C H .) tobe much greater than a“ d S?lut? n’ cleaXfs ^  at tde lowest temperatures
,  ̂ tx , . . , attainable to give the /-butyl cation and diprotonated

the 2-Hz difference observed The explanation favored hydrazodiformic acid [(+H20 2CN H )2, 8], The observed
is that partial multiple bond formation between carbon enhanced deshielding of the N H  and OH protons in 8
and nitrogen m the diprotonated species 4 leads to compared with those in protonated carbamic acid3
rotation about the C -N  <r bond sufficiently hindered on (H2N - C 0 2H2+) reflects the dipositive ion nature of 8 .
the nmr time scale at low temperature to permit the
observation of cis and trans isomers, 6 and 7. From the fso h- sbr- so,
structural formulas, it can be seen that, if the rotational /-C4H0OOCNHNHCOO-<-C4H9 • ~  >
conformers 6 and 7 can be frozen out at low temperature,
then in the ci sconformer (6) CH 2a is magnetically non- ^   ̂ ^
equivalent with CH 2b. The methylene group labeled ^ c — N -N ^ C ^  + 2(CH '),C+
C H 2b is cis to the NH proton, Hi, whereas CH 2b is I
trans to H2.

8
l

When the di-n-butyl- and sec-butyl hydrazodiformates 
t  ! > C - N - N - c r T ’  were treated with FSOaH -SbF5 solution and then

| ^OH warmed to 20°, they cleaved to give the ¿-butyl cation
H and diprotonated hydrazodiformic acid. The di-i-

6 propyl and diisopropyl derivatives cleave very slowly at
j) 20°, while the diprotonated dimethyl and diethyl hydra-

CHCH.O. + I + .OH zodiformates were stable at 20°. These cleavage
3 Hn/ C — N-N— results are in good general agreement with the result 

7 I OCH2CH3 cited above for the cleavage of protonated alkyl car-
H bamates.

7 When azodicarbamate 9  was treated in F S03H -
Tf ,, ,. , , , . . „  „ (H F)-SbF6-S 0 2 solution at —78° a clear, brilliant
it the diprotonated species exists equally as conform

ers 6 and 7, then three separate N H  resonances should O O
be expected, since Hi ^  H2 H3 = H4. In fact only I II Fso.,K-sbF,-so HO.-.+ + .oh
N H  absorptions are found at S 8.62 and 8.87 in the area H,NCN— NCNH2 — - - ----^  ^C-N==N“ C if
ratio 3:1. This is a reasonable result, since the differ- 9 80 2 2
ence between H2 and H3 and/or H4 is only in the re- 10
lationship with the oxygen substituents on the carbon
a t the other end of the molecule. The peak at 5 8.87 orange solution was obtained. A t —80°, in addition
(Hi) is somewhat broadened. to absorptions attributable to the solvent, only two

As is the case with the N H  resonances, there should peaks are seen in the pmr spectrum, a singlet at 5
be three OH resonances (H6 ^  II6 H7 = H8), but the 11.75 (OH) and a broad singlet at 5 10.62 (NH2). A t

330 Olah, Olah, and Schlosberg The Journal of Organic Chemistry



20° the Upheld peak is completely submerged into diformate and azodicarbamate were obtained from Aldrich
one of the acid peaks, while the downheld peak has Chemical Co.
become resolved into a doublet with a 3-Hz coupling . Nmr Spectra.—AH spectra were obtained using a Varian

rpi_j. , , , . , „  , . Associates Model A-56/60A nmr spectrometer equipped with a
Constant, rhe diprotonated species 10  may be in- variable-tem perture probe and using external T M S  as reference, 
ferred from the data. G eneration  of the Diprotonated S pecies and T heir C leavag e.—

Sam ples of the diprotonated species w ere prepared b y  dissolving 
. _ 1.5  m l of FSC>3H -(H F )-S b F 6 ( 1 :1  M  solution) in an equal volum e

Experimental Section of sulfur dioxide a t — 78°. T h e  diester (0.3 g) w as dissolved in
t v  it , u j  a c , , , . . .  sulfur dioxide a t — 78° and this solution was added to  the acid
D ia  k y l hydrazodiform ates w ere prepared from  hydrazine solution. C leavage was attem pted b y  w arm ing the diprotonated 

hydrate an a  the appropriate a lk y l chloroform ates according to  gpecieg UIltil no further reaction occurred, 
tne m ethods ot D iels and P aqu in ' and D o x .8 I li-/-buLvi hydrazo-

,,, .  ~  7 , , ,  r, . Acknowledgment.— Support of the work by a grant
dais) 8 9Um' Qes' PhvS' Chem' 46’ 2007 from the National Institutes of Health is gratefully

(8) A. W. Dox, J .  Amer. Chem. Soc., 48, 1951 (1926). a c k n o w le d g e d .

Stable Carbonium  Ions. X C III.1 Protonated Thion Esters and  
Dithio Esters and Their Cleavage in Fluorosulfuric 

Acid-Antim ony Pentafluoride Solution

G e o r g e  A .  O l a h  a n d  A l i c e  T .  K u 2 

D epartm ent o f  C hem istry, C ase W estern R eserve U niversity, C leveland, O hio 44106

Received, M a y  5, 1969

A  series of protonated thion esters and dithio esters have been studied in H S 0 3F -S b F 5-S0 2 solution. T hio- 
carbonyl sulfur protonation w as observed in both cases a t — 60° b y  nmr spectroscopy. T w o isom eric species 
were found for protonated m eth yl and eth yl th ionacetate and protonated m ethyl dithioacetate a t low  tem pera
ture. Protonated thion esters are quite stable except for isopropyl thionacetate, w hich cleaved even a t — 70°.
A  m echanism  for the cleavage reaction is proposed. Protonated f-bu tyl dithio esters underwent a lk yl-su lfu r 
cleavage to give protonated dithio acids and i-b u tyl cation.

No investigation of the protonation of thion esters stants of the thion esters studied are summarized in 
and dithio esters in acid systems was reported so far Table I.
in the literature. In continuation of previous work Protonated Thionacetates.— The proton on sulfur of 
relating to the observation of protonated thio carboxylic protonated thionacetates (Figure 1, Table I) appeared
acids and thio esters,3 we considered it of interest as a singlet at 5 6.86-7.15, which is at a lower field
to extend our investigation to the protonation of thion than in protonated aliphatic thiols and sulfides.5 In
esters and dithio esters in the strong acid system 4 : 1 M  the SH region, another small quartet appeared at 6
FSOsH-SbFs solution diluted with S02 at low tern- 7.00 and 6.76 for protonated methyl and ethyl thion-
perature. acetate, respectively. Double-irradiation experiments

indicated that this SH proton is coupled with the thio- 
Results and Discussion acetyl protons. The small doublets for the thioacetyl

_ , „ „  , . protons of this minor isomer of both protonated methyl
Protonated Thion Esters.— The following thion esters an(] ethyl thionacetate were also observed (Table I).

were pro donated in F S 0 3H -SbF6 solution diluted with guch a long-range coupling was also observed in pro-
S02 at -6 0  : methyl, ethyl, and isopropyl4 thion- tonated thioacetic acid.3 This indicates that two iso
acetate; methyl and ethyl thionpropionate, and meric species (95:5) are present in both protonated
methyl thionbenzoate. methyl and ethyl thionacetate. Protonated isopropyl

AH the thion esters studied were protonated on thionacetate gave only an SH singlet at 5 6.86. 
thiocarbonyl sulfur atom in 4 :1 M FSChH-SbFs solu- Protonated Thionpropionates.— Protonated methyl 
tion diluted with S0 2 and gave well-resolved nmr and e|dlyi thionpropionate (Table I) show the proton on
spectra. As an example, Figure 1 shows the nmr sulfur as a singlet at 5 7.00 and 6.86, respectively. No

coupling of this proton with the thioacetyl methyl 
|  SH hydrogens or with the a protons of the alkyl groups

R(X)R' Fso3H-sbFt(4:iM)-sô  was observed.
Protonated Methyl Thionbenzoate.— The proton on 

sulfur in protonated methyl thionbenzoate appears as a

spectrum ot protonated methyl thionacetate. Assign- “ 6“  * "  13- Chemical shifts ” e
meats ot the nmr chemical shifts and coupling con- r f  p „ , onatei XUo„  Esters. _ E „th

(i) Part xcii: g . a. olah, c. l. jeueii, and a. m. white, j . Amer. protonated methyl and ethyl thionacetate show not only
Chem. Soc., 9i ,  3961 (1969). . a strong, intense singlet for the SH proton but also give

(3) g . a. olah, a. t . Ku, and a. m. white, j. Org. chem., 34, 1827 a small quartet in the bH region owing to another
(1969).

(4) Protonated isopropyl thionacetate could be observed only below (5) G. A. Olah, D. H. O’Brien, and C. U. Pittman, Jr . J .  Amer. Chem.
-8 0 ° .  Soc., 89, 2996 (1967).
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Table I
Nmr Spectral Parameters for Protonated Thion E sters in 4:1 M  F S0 3H-SbF5 Diluted with S0 2 at —60° “

Compd Registry no. SH Hi Hs H« Hi

” >
C&C3+ 22479-55-6 7 .1 5  3 .3 3  4 73

1 \>CH3
2

A t
CH3q +  H 22479-55-6 7.00 3,16 4.73

‘ ''OCH3 (q, 1) (d, 1)

HN
,.S 22479-56-7 6 .8 5  3 .1 3  4 .9 5  1 .7 3

(q, 7.0) (t, 7.0)
OCH2CH3

2 3

rn  X S x H 22479-56-7 6 .7 6  2 .9 6  4 .9 5  1 .7 3
(q, 1) (d ,l)  (q, 7.0) (t, 7.0)

2 33

SH
/  22479-57-8 6 . 86,J 3 .2 1 6 5.63* 1.78 ''

C?3 ^CH(CH3)a <“ > (d’ 7 -5)
2 3

.SH
CH3CH2c(f+ 3.30 4.86 1.40

a 1 Noch3 22479-58-9 7.00 (q; 7.0) (t, 7.0)

/-SH 3.55 5.05 1.45 1.83
22479-59-0 6 . 8 6  (q, 7 .5) (q. 7.5) (t) (t)

OCHoCH-j 
2 *

,SH
CAC/; 22479-60-3 7.13 7.76-8.43 5.00

N' 0 CH3
2

° Chemical shifts are in parts per million from external TMS. Multiplicity is indicated as follows: d, doublet; t, triplet; q, quar
tet; m, mutiplet. The coupling constants are indicated in hertz next to the multiplicity. 6 At —80°.

HV

/

,S .H  ICHjC <* I 0
° CH3 j

XC

’'* acetyl protons (I). The reason for this assignment
was given in our previous paper on protonated thio 

¡¡„A“ / acids.8 In accordance with the assignment of the
structure of protonated thioacetic acid, the SH proton 

n * in the minor isomer of both protonated methyl and
ethyl thionacetate should have a trans relationship 

___ill___  a____________________  with the thioacetyl protons (II, R  = CH 3, C 2H5).

■ i ......... .............i ■ ...........I r r T T :  H\
80 60 £ +0 2« S. .S

Figure 1.—The nmr spectrum of protonated methyl thionacetate. C.H3C. ( + NH CH3cA + R

A )  XT
R/

isomeric species amounting to about 5%. In this n m
minor isomer the SH proton is coupled w bh the thio
acetyl protons, which appear as doublets at S 3.16 The SH proton of the major isomer of protonated 
and 2.96 for protonated methyl and ethyl thionacetate, thionacetates consequently should be cis to the thio- 
respectively. Such long-range coupling was also ob- acetyl protons and have structure III.
served in one of the isomers of protonated thioacetic The orientation of the R  group cannot be decided 
acid in which the SH proton was trans to the thio- on the basis of the available data. However, it has been
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shown6 that protonated methyl formates of simple CHĈ
carboxylic acid have two isomeric forms (IV and V), '6cHiCB'i
in which the OH proton, the methine proton, and ^ ^
the methyl group are in a cis,trans relationship. In CH,°“° + ^cĥ ch, ^ ^  ĉ »
addition, the isomer observed for dimethoxy carbonium . I
ion also has the cis,trans structure V I.7 On the basis CH’C~° I CHl

pHCHjC i|

N  .
y ?  y \  y \  r  i

HC(? + H HG*f + H HCy + XCH3 I H's"

°  / °  / °  _ j L  w * *
CH, CH, - ..1----- J —  ■ - ■ ■ ■ ■  I —  . . . . . I ............... . ,J J SO 6 0  ,  4 0  20

IV V  VI
Figure 2.—The nmr spectrum of the cleavage reaction of pro

of these observations, the orientation of the group R  tonated isopropyl thionacetate.
in protonated thionacetates is suggested to be as
shown in II and III. This structural assignment is four-membered cyclic transition state formed by nu-
consistent with the fact that the preferred conformation oleophilic attack of the sulfur atom on the a carbon
of esters8 is the one in which the alkyl group is coplanar 01 ^le a^ y l group, 
and “cis” to the carbonyl oxygen (VII), thus mini-
mizing the interaction between the lone pairs on s  rlT

0X yg en ' 9 C H < f+ d i  3
JO  rr h r  X c h 3

r c ^  R' \  * *  \

V  /  /C lh /  / CH3

V n  \ /  V  \ /  \ h 3
+ I

Cleavage of Thion Esters.— We have reported pre- i H
viously3 the cleavagere action of protonated thiol- * i
acetates in strong acid media in which acyl-sulfur H. »
cleavage was observed for primary and secondary thiol X  VH3 A  / CHi
acetates and alkyl-sulfur cleavage was observed for /  CH (? * 'CH
i-butyl thiolacetates. Protonated thion esters are, CH3C(. J \^+y/ \
however, quite stable. W ith the exception of pro- Yy XCH3 9 CH3
tonated isopropyl thionacetate, all the protonated + p
thion esters studied gave no significant change10 in |h+ ,
FSOsH-SbFr, solution between — 60 and 15°. Pro- 1
tonated isopropyl thionacetate, on the other hand, / CH;1 +OH
could be observed only below —80° and cleavage CH,C+= 0  + H,+SCH || /  3
occurred even at —75°. A t —70° the nmr spectrum \)H3 CH:ICSCH
(Figure 2) showed the resonances of protonated iso- \ ;H :,
propyl thiolacetate, protonated isopropanethiol, and
methyloxocarbonium ion (acetyl cation, CH3C += 0 ) .  ^  nurnber of examples of rearrangement reactions
We have reported previously3 that protonated iso- this type' are known, which are formally similar
propyl thiolacetate is stable in F S03H -SbF6-S 0 2 solu- to the Schonberg rearrangement11 involving the mi-
tion at —70°. Thus the methyloxocarbonium ion gration of a group from oxygen to sulfur in the system
and protonated isopropanethiol formed from pro- S O
tonated isopropyl thionacetate at — 70° cannot be |j jj
due to the cleavage of intermediately formed pro- -COR- — <► -CSR
tonated isopropyl thiolacetate. rn, , , . . ,, , ,. ... , . c These are best known m the thionocarbamate system,A possible mechamsm which accounts for the forma- „  , AT T- , \,. , , ,  , , ■ ,, , .. , the so called Newman-Kwart rearrangement,13 andtion of the products in the cleavage reaction involves a . . . , , ,  ,

1 involve a change of the type

S O
(6) G. A. Olah, D. H. O'Brien, and A. M. White, J . Amer. Chem. Soc., II I

89, 5694 (1967). —NHCOR — ► -NHCSR
(7) A. M. White and G. A. Olah, ibid., 91, 2943 (1969); R . F . Borsch, ---------------------

ibid., 90, 5303 (1968). (11) H. R. Al-Kazimi D. S. Tarbell, and D. H. Plant, J .  Amer. Chem.
(8) G. J .  Karabatsos, N. Hsi, and C. E . Orzch, Jr ., Tetrahedron Lett., 38, Soc. 77, 2479 (1955); D. H. Powers and D. S. Tarbell ibid., 78, 5363

4639 (1966), and references cited therein. (1956).
(9) N. L . Owen and N. Sheppard, Proc. Chem. Soc. (London), 264 (1963). (12) M. S. Newman and H. A. Karnes, J .  Org. Chem., 31, 3980 (1966);
(10) This reflects the stability of R C += 0  relative to R C += S ,  the latter H. Kwart and E . R . Evans, ibid., 31, 410 (1966); H. M. Rells and G.

being the expected result of thioacyl—oxygen cleavage if this were to  occur. Pezzolato, ibid., 33, 2249 (1968); K . Miyazaki, Tetrahedron Lett., 2793
We have had no evidence for the formation of this ion so far. (1968).
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 ̂ h JicH,), Protonated methyl and isopropyl dithiobenzoate
CH,%cfcH,),----->ch,c'4h * £|ch,,> show the proton on sulfur as a singlet (Table II) at 8

7.36 and 7.60, slightly shielded when compared with 
CCH,)3 the proton on sulfur in the corresponding protonated

I dithioacetates.
Cleavage of Protonated Dithio Esters.— Protonated 

CHC<» ch.c|" primary and secondary dithio acetates are very stable.
h No indication of cleavage was observed even when the

I I P  solutions were heated up to 100°. Protonated ¿-butyl
tws*>— w  dithioacetate and dithiopropionate, however, undergo

— ........ .. . . . . .  .........n ..................I . . . . . .  v .. i . . , alkyl-sulfur cleavage at —30 to —20° in 4 :1 M F S 0 3H -
80 60 - ° 20 SbF5 solution diluted with S02 to give ¿-butyl cation

and the corresponding protonated dithio carboxylic 
Figure 3.— T h e nm r spectrum  of the cleavage reaction of pro- acids. As an example, the nmr spectrum of the cleav- 

tonated ¿-butyl dithioacetate. a g e  reaction of protonated ¿-butyl dithioacetate is
shown in Figure 3.

Protonated methyl and isopropyl dithiobenzoate 
Protonated Dithio Esters.— The following dithio underwent cleavage reaction slowly at room tempera-

esters were protonated in 4 :1 M FSChH-SbFs solution ture and — 20°, respectively, to give as yet unidentified
diluted with S02 at — 60°: methyl, ethyl, n-propyl, products.
isobutyl, and ¿-butyl dithioacetate; ¿-butyl dithio- Protonated Dithio Carboxylic Acids.—The nmr 
propionate; and methyl and isopropyl dithiobenzoate. chemical shifts of protonated dithioacetic and dithio-
A ll the dithio esters studied were protonated on the propionic acid generated by the cleavage of protonated
thiocarbonyl sulfur atom and gave well-resolved nmr ¿-butyl dithioacetate and dithiopropionate in 4 :1  M
spectra. The chemical shifts and coupling constants FS03H -SbF6 solution diluted with S0 2 are given in
are summarized in Table II. Table III. The nmr spectrum of protonated dithio

acetic acid (Figure 3) showed only one singlet at 5 
g gH 8.03 for the SH protons even when the temperature

RC/  FSo3H-sbF5(4:j Af)—so2̂ RC/ + was lowered as low as — 100°. Integration of the
\ gR/ -60° \-gR/ peaks indicated two protons on sulfur. Protonated

dithiopropionate, however, as in the case of the pro- 
„  , . tonated simple carboxylic acids,13 showed two singlets
Protonated dithioacetates (Table II) show the at the SH region at 8 7.90 and 7.94. This indicates,

proton on sulfur as a singlet at 8 7.38-7.65. No cou- as in the case of protonated aliphatic carboxylic acids,
P ® ™1H Proton with the thioacetyl protons or that the two protons have nonequivalent environments
wit the a protons of the alkyl groups was observed. arid is interpreted as a consequence of structure X
As m the case of protonated thion esters, this SH 
proton is assigned cis to the thioacetyl group. Thus
the structure of protonated dithio acetates is V III. S

RCi f  - t ^ H
H \ \

/ ' S / S
ch3g(; + r  h

X sX  x
VIII

being the predominant species. In the case of pro- 
The reasons for the proposed orientation of the alkyl tonated dithioacetic acid, the two SH protons are
group are the same as those already discussed in the probably incidently having the same chemical shift,
case of protonated thion esters. A t lower temperature, only one singlet was observed for the SH pro-
— 90°, protonated methyl dithioacetate shows another tons,
small quartet due to the SH proton at 8 6.80 with a
coupling constant of ca. 1 Hz. This indicates the T7„ - r- . Q„ ,.
existence of another isomeric species of protonated **
methyl dithioacetate, in which the SH proton and M ateria ls .— T h e  thion esters w ere prepared b y  the m ethod
the thioacetyl group are trans to one another. The described b y  Renson and B idaine.14 T h e im ido ester hydro-
q tr n e tn r o  n f fVdc, , - ’ rrrr chlorides were first prepared b y  the reaction of the appropriate

i K m u 1SO m er’ P r e S C n t  m «*■ 5% nitriles and alcohols w ith  anhydrous hydrogen chloride in  dry
amount, probably IS as shown in IX . hexane as so lven t a t  ice-bath tem perature. T h e  im ido ester

hydrochloride was then treated w ith  hydrogen sulfide in quinoline 
g  a t 0° to  g ive  the corresponding thion ester.

y f  D ith io  esters w ere prepared b y  the reaction of hydrogen sulfide
CH3C 4  + H w ith  thio im ido ester hydrochlorides in pyridine. T h e  thio

CH3. (13) G. A. Olah and A. M. White, J .  Amer. Chem. Soc., 89, 3591
(1967).

■ (14) M . Renson and J .  Bidaine, Bull. Soc. Chim. Beiges., 70, 519 (1961).
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T a b l e  II

N m r  S p e c t r a l  P a r a m e t e r s  f o r  P r o t o n a t e d  D it h io  E s t e r s  in  4 :1  M  F S 0 3H -S b F 6 S o l u t io n  D il u t e d  w it h  S 0 2 a t  — 60° *
Compd Registry no. SH Hi Hj Hi EU

/-SH
22479-61-4 7.38 3.10 3.30

SCH,
2

Ctl
>  22479-62-5 7.40 3.35 3.66 1.73

' ^ +SCH2CH3 ^ 7 . 5 )
2 3

SH
CHjCf + 22479-63-6 7.65 3.50 3.75 2.21 1.33

1 S &ch2ch2ch3 (t, 7 .5 )  (m) (t, 7 .5 )
2 3 4

/ SH
C?:C\+ / a k  22528-33-2 7.58 3.43 3.58 2.71 1.31

:sch2cH3 (d, 7 .0 )  (m) (d, 7 .0 )
\ h,

..SH
CHjĈ t 9Hs

1 x s - c —ch3 22479-64-7 7.70 3.40 1.96

ch3
2

XSH ^
cHaCH2Ĉ + | 3 22479-65-8 7.62 3.65 1.63 1.93

S“ |_CH3 (q> 7.5) (t)
33

/ SH
c* cv+ 22479-66-9 7.36 7.76-8.10 3.33

sch3

/ H
c ^ c <C  / h3 22479-67-0 7.60 8.00-8.33 4.55 1.93

^  (m, 7 .0 )  (d, 7 .0 )
ch3

3

“ See footnote a , T ab le  I.

T a b l e  I I I

N m r  S p e c t r a l  P a r a m e t e r s  f o r  P r o t o n a t e d  D it h io  C a r b o x y l ic  A c id s  in  
4 : 1 1  F S 0 3H -S b F 5 S o l u t io n  D il u t e d  w it h  S 0 2 a t  — 60° “

Compd Registry no. SH Hi Hi

1
CH3C;+ 22479-68-1 8.03 3.57

'SH
DJJ 7.90

2 1 / ?  22479-69-2 7.94 3.83 1.78
CHjCHjC J +  /  i-r /j. n  r\

\ SH (q, 7 .5 )  (tq, 7 .5 )

“ See footnote a , T ab le  I.

imido ester hydrochlorides were prepared b y  the reaction of the for all spectra. C hem ical shifts are reported in  5 (parts per 
appropriate nitrile and m ercaptan and anhydrous hydrogen m illion) from  external (capillary) tetram ethylsilane. 
chloride in petroleum  ether.15 Preparation of Solutions.— T h e  procedure used for th e prepara-

Nm r Spectra.— V arian  A ssociates M odel A-56/60A and H A  tion of solutions of the protonated thion esters and dithio esters 
100 spectrom eters w ith  variable-tem perature probes w ere used w as identical w ith  th at described p rev iou sly .6

„ „  , .  „  _ ^ Acknowledgment.-— Support of this work by a grant
(15) (a) C. 8. Marvel, P. DeRadzifzky, and J .  J .  Brader, J .  Amer. Chem. .1 at , • -i T . . .  , <• TT n, ,  . , - , ,

Soc., 77, 5997 (1955). (b) In the preparation of methyl and isopropyl f r 0 m  t h e  National Institutes of Health IS gratefully 
dithiobenzoate, anhydrous ether was used as solvent. acknowledged.

V ol. 35, N o . 2, F eb ru a ry  1970 Protonated T hion E sters and D ithio E sters 335



Reactions of t-B u tyl Peroxy Esters. X . Preparation of Dialkyl i-B u tyl 
Phosphates from  Dialkyl t-Butylperoxy Phosphates, Dialkyl 

Phosphorochloridates, and Dialkyl Phosphorochloridites1

G. S o s n o v s k y , E. H. Z a r e t , a n d  K . D. S c h m i t t  

D epartm ent o f  Chem istry, U niversity o f  W iscon sin — M ilw au kee, M ilw au kee, W iscon sin  53201

R eceived J u n e  6, 1969

D ialk y l ¿-butyl phosphates (1, R  =  M e, E t , ¿-Pr) are produced in low  yield  b y  the reaction of the corresponding 
dialkyl ¿-butylperoxy phosphates (2) w ith  triphenylphosphine (4), and b y  the reaction of the corresponding di
a lk yl phosphorochloridites (8) w ith  ¿-butyl hydroperoxide (7) in the presence of pyridine. E sters 1 (R  =  M e,
E t, n-Pr, ¿-Pr, n-Bu, i-Bu, Ph, PhCH2) are produced in high yield by the reaction of the corresponding dialkyl 
phosphorochloridates (6 ) with potassium ¿-butoxide at 8- 1 0 ° under anhydrous conditions.

Although alkoxy derivatives of phosphorus are, in During our investigation of the decomposition of 
general, quite stable, ¿-butoxy derivatives are usually di-n-butyl ¿-butylperoxy phosphate (2, R  = n-Bu). a
unstable and their preparation has often presented product was suggested to be 1 (R = n-Bu).7 It was
difficulty.2 A  survey of the literature reveals that the of interest, therefore, to synthesize this compound for
majority of the work reported on ¿-butoxy derivatives verification of its structure,
of phosphorus deals with di- and tri-f-butoxy phos
phorus compounds.2*-11’3 (R 0 )2P (0)00C M e 3

As part of another investigation, it was of interest to
develop a general method for the preparation of dialkyl The reduction of peroxy esters of carboxylic acids (3) 
¿-butyl phosphates (1, R  = alkyl). The literature to the corresponding esters by triphenylphosphine (4)
survey showed that only two compounds of this type has been described.8
(1, R  = Me, Et) have been prepared,4 the rest of the

R C (0 )0 0 C R ' 3 +  PlnP — >  R C (0)0C R 'a +  Ph3P((); 
(R 0 )2P (0)0C M e3 3 4  S

R  = alkyl, aryl, aralkyl; R ' = alkyl

^ n o/ a,eMrf rderivatives of pentavalent p h o s p h o r u s .» - !"  ”  a‘ .tem p t™  made ‘ » prepare 1 <R = n-Bu) by the
 ̂ r  reaction of the corresponding peroxy phosphate (2, R  =

(1) (a) This investigation was supported in part by a grant from the Pub- n-Bj) w i t h  4. However, s i n c e  OUr p r e v io u s  e x p e r i e n c e  
lie Health Service. D. S. Department of Health, Education, and Welfare U arl ulwvtvn +>,0 + ; rl liA m o lro m u e  r  j ;  11 i 1
(GM 14932-01), and in part by a grant from the Graduate School of the bh ° W n  t h a t ,  i n  h o m o lo g o u s  S e r ie s  Of d i a l k y l  p h o S -
University of Wisconsin. One of us (K . D. S.) was supported by a National p h o rO C h lo r ic lc lte S , ( Ü s lk y l  p h o S p h ä t e S j t e t F R ä lk y l  p y fO —
Science Foundation Undergraduate Research Participation Grant (G Y- p h o s p h a t e s ,  a n d  d i a l k y l  ¿ -b u ty lp e T O X y  p h o s p h a t e s ,  t h e
4399) during the summer of 1968. (b) The results were presented in part in „  i , , .  i 1 p , r  . n  ii ,
preliminary communications in Chem. Commun., 14, 453 (1966), and Syn., CU-W -DU tyl m e m b e r  01 t h e  S e r ie s  IS U S U a lly  t h e  m o s t
Int. J .  Methods Syn. Org. Chem., 38 (1969), and in part in a talk a t the d i f f i c u l t  t o  h a n d l e ,  t h e  i n v e s t i g a t i o n  W a s  C o m m e n c e d  O n
International Symposium on the Chemistry of Organic Peroxides in Berlin, o t h e r  p e fO X y  p h o s p h a t e s  w h ic h  h a d  p r o v e d  t o  b e  m o r e
JJU K , Sept 1967. (c) P art I X :  G. Sosnovsky and D. J .  Rawlinson, J .  , , ,  rpi n  , • « _ / r t  ,  T _  .
Org. Chem., 34, 3469 (1969). (d) This paper is dedicated to Dr. Eugen S t ä D le .  -LRUS, t i l e  reR C tlO D  o t  2  ( i i  iVLej xh tj i'-P Ty
Müller, Profesor of chemistry, University of Tübingen, in honor of the w i t h  a n  e t h e r e a l  S o lu t io n  o f  4 g iv e s  5 a n d  t h e  C o r r e s p o n d -

•«, »17 »»>■  » ,  **  ‘"hutyl phosphate 1 in 9 to 36% yields.

5 . Ä  o » » « » o oom *  +  * —  <r o »><o ,o c m „  + .
mann, R . J .  Ess, and R. P. Usinger, Jr ., J .  Amer. Chem. Soc. 78, 5817 (1956); 2 1
(e) J .  Fertig and W. Gerrard, Chem. Ind. (London), 1457 (1956); (f) W. R  =  Me, E t, l -P r
Gerrard, M. J .  D. Issacs, G. Machell, K. B. Smith, and P. L. Wyvill, J .

1920 (1953); (g) v* Mark and J- R- Van wazer, j . Org. Chem., Removal of 5 and unreaeted 4 from the reaction mixture
29, 1006 (1964), and references contained therein: (h) G. M . Kosolapoff, + ̂  4.- j  i i i
J .  Amer. Chem. Soc., 74, 4953 (1952); (j) S . R . Landauer and H. N. Rydon, p r e s e n t s  Q lm C U lty . F i l t r a t i o n  a n d  C o lu m n  c h r o m a t o g -
j .  Chem. soc., 2224 (1953). ’ raphy on neutral alumina remove only a portion of 4 and
,, f t  pa) r A' “ £ PWL-Jancy’ u; s; Pateilt 3’020’303 <19Q2>; 5. In the cases of 1 (R = Me, Et, t-Pr) the esters are(b) J .  R . Cox, Jr ., and F. H. Westheimer, J .  Amer. Chem. Soc., 80, 5541 , , , . ,  / , .  . . . ,
(1958); (c) H. Goldwhite and B . C. Saunders, J .  Chem. Soc., 2409 (1957); S ta D le  e n o u g h  SO t h a t  d i s t i l l a t i o n  m  t h e  p r e s e n c e  Of 4
(d) R. L. Nath and I. Das, Bull. Calcutta School Trap. Med., 12, 60 (1964); and S  is possible. When esters 1 (R =  il-Bu, f-Bu)
(e) G. Quesnel and G. Mavel, C. R. Acad. Sei., Paris, 248, 295 (1959): (f) B. J i e C l l e J  _________ C a j  »  , ,  , ,
C. Saunders and B . P. Stark, Tetrahedron, 4, 197 (1958); (g) R. W. Young, 8X 6 ^ S ^ m e d  l n  ^ h e  p r e s e n c e  of 4 a n d  5 t h e  e s t e r s  d e C O m -
J .  Amer. Chem. Soc., 76, 4620 (1953); (h) E . Cherbuliez, R . Prince, and j! P0Se an(l  intractable residues are obtained. Thus, it
Rabinowitz, Helv. Chim. Acta, 47, 1653 (1964); (i) R . Burgada, and G. appears that although 1 ( R  =  Me E t f-Pr) Can b3 
Martin, and G. Mavel, Bull. Soc. Chim. Fr., 2154 (1963); (j) A. Lapidot, „ „ ___ j  • i
D. Samuel, and M. Weiss-Rroday, J .  Chem. Soc., 637 (1964); (k) F . Cramer, p r e p a r e d  ID. 10W  y i e l d  b y  t h e  r e d u c t i o n  o f  t h e  CO ITe-
W. Rittersdorf, and W. Böhn, Ann. Chem., 654, 180 (1960). ' ’ S p o n d in g  2 w i t h  4, e s t e r s  1 (R =  n-Bu, f-Bu) C a n n o t  b e

(4) (a) J .  Cheymol, P. Chabrier, M. Selim, and P. Leduc, Acad. Sei., D rP D ß re d  b v  th i» ! m e th n r l
Paris, 247, 1014 (1958); (b) J ,  F . Allen, S. K . Reed, O. H. Johnson, and P  P  Y  ^ ^ 0 0 .
Nv i  CheJ n' Soc-  78> 3715 (19s6)- Roezniki Chem., 36, 97 (1962); (f) G. M. Blackburn, J .  S. Cohen, and A. R '

® ■ A- B,levlch »nd y . P- Evdakov, Zh. Obshch. K him ., 36, 365 Todd, J .  Chem. Soc., C, 239 (1966); (g) F. Cramer, German Patent 1179551
i f f  n ®” gada’ Ann- Chim■ 8- 347 <1963i ;  «  H. J. Lucas, F . W. (1964); (h) F. Cramer, S. Rittner, W. Reinhard, and P. Desai, Chem. Ber.
MitcheU Jr ., and C. N. Scully, J .  Amer. Chem. Soc., 72, 5491 (1950). 99, 2252 (1966); (i) T, Tanaka, Yukugaku Zasshi, 79, 437 (1959); (j) G.

t a T ’ Mukaiyama and T - Hata, Bull. Chem. Soc. Ja p .,  34, 99 (1961); Olah and A. Oswald, J .  Org. Chem., 25, 603 (1963)- (k) F  Cramer G
(b) J .  A. Maynard and J . M. Swan, Aust. J .  Chem., 16, 596 (1963); (c) R. L. Schneider, and J .  Tennigkeit, Angew. Chem., 74, 387 (1962).
Nath and I . Das Bull. Calcutta School Trap. Med. 12, 18 (1964); (d) C. (7) G. Sosnovsky and E . H. Zaret, Chem. Ind. (London), 628 (1966).
Uluta, Japanese Patent 12,221 (1960); (e) J. Michalski and A. Zwierzak, (8) L. Horner and W. Jurgeleit, Ann. Chem., 591, 138 (1955).
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In order to circumvent the purification difficulties dium ¿-butyl peroxide were unsuccessful and produced
encountered in the reactions with 4, other reducing triethyl phosphate (14, R  = Et) as the only isolable
agents for peroxides were investigated. Although _____
several methods for the reduction of various types of ( h u +  a i e3 > ( ^  ( )
carbon peroxides have been developed, 9 little is known
about th e reduction of organom etallic and organom etal- R  = E t

loid peroxides. 10 For example, reduction of trimethyl- duct. Thig regult geemg to exclude the ibilit of
(¿ -b u ty lp e r o x y )  s i la n e  a n d  u n s y m m e t n c a l  t i n  p e r -  f o r m a t i o n  o f  1 via t h e  r e a r r a n g e m e n t  o f  1 0  u n d e r  t h e  
o x id e s 12 w i th  s o d iu m  s u lf i te  h a v e  b e e n  r e p o r te d . R e a c -  n t  e x p e r im e n ta l  c o n d it io n s .

f  2 (P  = *"Pr) Y lth ^hydrous sodium sulfite at 0n the basis of these result the foliowing reaction 
35 for 24 hr does not proceed and the peroxy phos- gcheme for the formation of 1 is pr0p0Sed. Reduction
phate is recovered in high yield. The reaction of 2 0f 7 by 8 probably proceeds via the intermediate shown1!
R  = J - Pr with sodium bisulfite m refluxing carbon to duce dialkyl phosphorochloridate (6) and t- 

tetrachlor dc for 2 hr produces 1 (R = t-Pr) only m
trace amounts. Prolonged reaction times and elevated (RO)2PCl + Me3COOH — ►
temperatures effect no improvement in yield. Thus, g 7

this reduction method is not applicable to this type of
phosphorus peroxide. [(R0 )2P ^ b ~ -0 -C M e 3] - >

The preparation of dialkyl ¿-butylperoxy phosphates | | *
(2) b y  th e reaction of th e  corresponding d ia lk yl phos- Cl H

phorochloridates (6) w ith  ¿-butyl hydroperoxide (7) -o tc w m
• .1 c  • V i i i - L i n  i MeaL/Uii.m the presence or pyridine has been described. 13 6

mAviimvoi , tit pyridinc. butyl alcohol. Reaction of 6  with ¿-butyl alcohol
*■ 26 68 7 11 in the presence of pyridine produces 1 , whereas the

reaction of 6  with ¿-butyl alcohol at room temperature 
(R0)2P(0)00CMe3 +  Py-HCl ¡n t;,he absence of pyridine is reported16 not to proceed. 

2
pyridine

R  = alkyl, Ph, PhCH2 6 +  Me3C O H ----------- >  (R0)2P(0)0CM e3
1

However, the analogous reaction of dialkyl phosphoro- Simultaneously, 6  reacts with 7 in the presence of
chloridites (8, R  — Me, Et, i-Pr) with 7 m the presence pyridine to produce perester 2 . Under the experi-
of pyridine produces the corresponding dialkyl ¿-butyl mental conditions it is not possible to isolate 2, since
phosphate (1) and tetraalkyl pyrophosphate (9) instead we hayg found7,16 that 2 undergoes a facile deeomposi-
of the trivalent peroxide (1 0 ). tion to give the corresponding dialkyl phosphate 15,

trialkyl phosphate (14), and tetraalkyl pyrophos- 
(RCffiPCl phate (9).

8 ovridine (R0)2P(0)00CMe3— >■
+  £ - ‘P > (R0)2P(0)0CMe3 +  (R0)2P(0)0P(0X0R)2 2

7 v  9 (R0)2P(0)0H +  (R0)3P(0) +  (R0)2P(0)0P(0)(0R)2
4 ^  (RO)2POOCMe3 1S 14 9

10
Heating of ester 1  (R = f-Pr) at 50° and 0.1 mm for

R = Me, Et, i-Pr 7  hr in  th e presence of pyridine produced no change in
composition. The reaction of 6  (R = Et) with pyridine

, , ,  , .  c , , , ,  , , . u n d e r  a n h y d r o u s  c o n d it io n s  a t  r o o m  t e m p e r a tu r e  a lso
S im i la r ly ,  t h e  r e a c t io n  o f  d ip h e n y lc h lo r o p h o s p h in e  J . ,  ,,  , n  1

.., L ■ j - u i 4 4. i u u- , /n\ did not proceed. Thus, it seems that 9, 14, and 15 are(1 1 ) with 7 gives diphenyl ¿-butyl phosphmate (12) , , r , . , . ,  ’ ’ T,v , , 7  , ■ ■ not derived from ester 1 or peroxide 1 0 . I t  appears,
an ip eny p osp mic aci ( ). therefore, that oxidation of 8 occurs as the first step in

its reaction w ith  7 and th a t th e products are derived  

Ph2PCl +  7 pyndme> ph2p(0)OCMe3 +  Ph2P(0)OH from  th e subsequent reaction of oxidation product 6
H 12 1 3  w ith  either ¿-butyl alcohol or ¿-butyl hydroperoxide.

On the basis of these results, it is evident that neither 
_ , , . ,  , „  -t, .. the reduction of 2  with triphenylphosphine nor the
Further attempts to prepare peroxide 10 (R — Et) reaction of 8  with ¿-butyl hydroperoxide is a general 

by the reaction of diethyl phosphorochlondite with so- method for the preparation of L
T h e  k in e t ic s  o f  t h e  r e a c t io n  o f  6  ( R  =  P h )  w i th  p o 

o l E. G. E. Hawkins, “Organic Peroxides,” D. Van Nostrand Co., Inc., t a s s iu m  ¿ -b u to x id e  h a v e  b e e n  d e s c r ib e d : h o w e v e r , nO 
Princeton, N. J . ,  1961, and references contained therein. . . . .  „ \ i i_ 4 J 17 T

(10) G. Sosnovsky and J. H. Brown, Chem. Rev., 66, 529 (1966). i s o la t io n  o f  1 ( R  — P h )  h a s  b e e n  r e p o r te d . i n
(11) A. G. Davies and E. Buncel, Chem. Ind. (London), 1052 (1956);

(b) Y. A. Ol’dekop, M. M. Azanovskaya, and A. N. Kharitonovich, Akad. (14) R. F. Hudson, "Structure and Mechanism in Organo-Phosphorus
Nauk Bdorussk. SSR, Sb. Nauchn. Robot. Inst. Fiz-Org. Khim., 3 2 , (1960); Chemistry,” Academic Press Inc., New York, N. Y„ 1965, pp 168-171.
Chem. Abstr., § 5 , 22233A (1961). (15) T .  Mukaiyama and T .  Fujisawa, Bull. Chem. Soc. Jap., 3 4 , 812

(12) A. Rieche and T .  Bertz, Angew. Chem., 7 0 , 507 (1958). (1961).
(13) (a) A. Rieche, G. Hilgetag, and G. Schramm, Chem. Ber., 96, 381 (16) G. Sosnovsky and E. H. Zaret, paper in preparation.

(1962); (b) G. Sosnovsky and E. H. Zaret, J. Org. Chem., 3 4 , 968 (1969). (17) B. Miller, J. Amer. Chem. Soc., 8 2 , 3294 (1960).
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contrast, the reaction of 6 (R = Me) with sodium t- stirred a t room  tem perature for 24 hr and filtered. T h e  precipi-
butoxide yields4® 1 ( R  =  Me), and the reaction of 6 ta te w a s  dried a t room tem perature (10 m m )fo r  24Tir.
/-n ttu\ • , c  j • j i  • t  . l i i  A n a l. C alcd  for CM gC^Na: active  oxygen , 14.3; equ iv w t,
(R =  Et) with a mixture of sodium and boiling ¿-butyl m  F o u n d . active  oxygen , 1 3 .9 . e q u iv w t, 108.

alcohol yields41* 1 (R — Et). D ialk yl Phosphorochloridites. A  G en eral P roced ure.19— T o  87
Since sodium f-butoxide is not a readily available ml (1.0 mol) of phosphorus trichloride in 750 m l of benzene w as

starting material, and reaction of 6 (R =  t'-Pr) with added a t - 5  to  0° 80 ml (1.0 mol) of pyridine. T h e  m ixture was

sodium in r o w in g  i-butyl alcohol did non produce the
desired product, the reactions 0 1  6  ( K  — Me, itt, u - r Y } a t 0 -5 ° . T h e  m ixture was stirred a t 0 -5° for 15 m in and another
i - Pr, n-Bu, f-Bu, Ph, PhCH 2) with commerically 1.0 m ol of alcohol w as added at 0 -5 ° . T h e m ixture w as stirred
available potassium ¿-butoxide were investigated. a t 10 -15 °  for 1.5  hr and filtered. T h e filtrate  w as concentrated

[30-40° (30 mm)] and distilled giving d ia lkyl phosphorochloridite 
(R 0 )2P (0 )C 1 +  K O C M e 3 — >  (R 0 )2P (0 )0 C M e 3 (8), T ab le  I .

6  1

R  =  M e, E t, n-Pr, ¿-Pr, ra-Bu, ¿-Bu, Ph, P h C H 2 _ TaBLE 1
D i a l k y l  P h o s p h o r o c h l o r id it e s  (8 )

The reaction proceeds smoothly in all cases at 10° to R bp, °c (mm) D Yield. % Llt-19bP. °c (mm)

produce 1 in good to excellent yield. It has been found, E t  5 5 -5 7  (25) 1.4365 28 54 (25)
however, that it is necessary to maintain strictly anhy- 7’Pr 58-60 (12) 1.4260 40 62-64 (12)

drous conditions during the reaction. - Pr 60- 71 <8> ^ 385 19 80 <17)
Esters 1 (R =  Me, E t n-Pr i-Pr) are moderately R eduction of D ialk y l b u ty lp e r o x y  Phosphate. A . R eaction 

stable and can be readily distilled under vacuum. of D im ethyl b u ty lp e r o x y  Phosphate (2, R =  C H 3) w ith Tri-
However, esters 1 (R =  n-Bu, ¿-Bu) can be distilled phenylphosphine ( 4 ) — T o a  solution of 26.2 g (0.1 m ol) of tri-
only in small quantities through a short-path distilla- phenylphosphine in 200 ml of ether w as added at 35° a solution
tion head and can be stored for only a few hours at of 19.8 g  (0.1 m ol) of dim ethyl i-butylperoxy phosphate in 50 ml

-2 0 ° . Esters 1 (R = Ph, PhCH 2) are unstable at °f. et^ r- ,Aft,er * e. addi,tion J £ t co"}pleft; I n  7 aSorv0 . i i  t  , mi i , 7 , . , , .n  i stirred and refluxed for 2 hr and filtered. T h e filtrate  w as con-
20 a n d  c a n n o t  b e  d is t i l le d ;  t h e y  h a v e  b e e n  id e n t i f ie d  centra ted and distilled giving 2 g ( 1 1 % )  of dim ethyl i-b utyl

b y  n m r . phosphate (1, R  =  C H 3): bp 53-55° (0.2 m m ); n^D 1.4074 [lit.4a
Comparison of the physical constants and spectral bp 60° (0.07 m m )]; nmr s 1.44 [s, 9, (C H 3)3C O ], 3 .61 [d, J  =

characteristics (ir, nmr) of 1 (R =  n-Bu) with those of 11  H z, (C H 30 ) 2P (0 )] .
., , ■ , , , . , 7 , , , , B . R eaction of D iethyl i-B utylperoxy Phosphate (2, R  =  E t)
the material which we have previously7 reported to be with M p hen ylp hosp h in e ( 4 ) . - T o  a refluxing solution of 13 .1  g
1 (R — n-Bu) indicates that these materials are not (0.05 m ol) of triphenylphosphine in 125 ml of ether w as added
identical. We have now identified this material7 to be dropwise over 30 min a  solution of 11 .3  g (0.05 m ol) of diethyl
tri-n-butyl phosphate 14 (R =  n-Bu). This result is i-butylperoxy phosphate in 50 m l of ether. T h e m ixture w as 
more compatible with other data of our investigation f fluxed for. :3'5 h r a fter the addition w as com pleted and was

on the decomposition of dialkyl i-butylperoxy phos- (1) r  =  E t) :  b P 48-50° (0.02 m m ); n “ n 1.4092 [ lit .«-bp 63-66°
phates (2). The results of that study will be described (i m m ); m8Ed 1.4042].
a t  a  la t e r  d a t e . 16 A n a l.  C a lc d fo r  CgHisOiP: 0 ,4 5 .7 1 ;  H , 9 .1 1 ;  m ol w t, 210.

F ound: C ,4 5 .9 8 ; H , 9.19; mol w t, 204.
E x p e r im e n t a l  S e c t io n  c - R eaction of Diisopropyl i-B utylperoxy Phosphate (2, R  =

f-P r) with Triphenylphcsphine (4).— T o  a solution of 13 .1  g 
B oiling points and m elting points are uncorrected. N m r (0.05 m ol) of triphenylphosphine in 100 m l of ether was added a t

spectra w ere obtained on a V arian  H A-100 spectrom eter on 10 %  25° a solution of 12.7 g (0.05 mol) of diisopropyl i-butylp eroxy
(v/ v )  sam ples in carbon tetrachloride using an internal T M S  phosphate in 100 m l of ether. A fter the addition w as com pleted,
standard. E lem ental analyses were perform ed b y  M icro-Tech the m ixture w as stirred at am bient tem perature for 4 h r and was
Laboratories, Skokie, 111., and b y  M r. W . Saschek. M olecular treated as above giving 4.28 g (36% ) of diisopropyl i-b u ty l phos-
w eight determ inations were perform ed cryoscopically in benzene. phate (1, R  =  i-P r): bp 53-55° (0.1 m m ); n 2Sd 1.4079.

i-B u ty l hydroperoxide (Lucidol D ivision, W allace and T iernan, A n a l. C alcd  for C i0H 23O (P : C , 50.41; H , 9.73; mol w t,
In c .)  was concentrated b y  discarding the fraction  up to  bp 40° 238. Found: C , 50.23; H , 9 .77; mol w t, 225.
(40 m m ). P yridin e w as distilled under nitrogen and stored over D . R eaction of D i-n-butyl i-B utylperoxy Phosphate (2, R  =  
sodium  hydroxide. T rie th y l phosphate was obtained from  E ast- n-B u) with Triphenylphosphine (4).— T o  a solution of 2.62 g 
man K o d a k  and w as purified b y  distillation before use. A ll other (0.01 m ol) of triphenylphosphine in 100 m l of ether w as added a t
m aterials were best com m ercial grade used w ithout further puri- room tem perature a solution of 2.82 g  (0.01 m ol) of di-n-butyl f-
fication. T h e petroleum  ether used had bp 20-40°. bu tylp ero xy phosphate in 50 ml of absolute ether. A fter the

D ia lk y l phosphorochloridates (6) and d ia lk yl {-butylperoxy addition w as com plete, the m ixture was stirred a t am bient tern-
phosphates (2) w ere prepared b y  the m ethods described in an perature for 15 h r and w as treated as above, giving 2.63 g of an
earlier paper.13b unresolvable m ixture of triphenylphosphine oxide (5), di-n-butyl

T etraethyl pyrophosphate (9, R  =  E t) ,  bp 104° (0.1 m m ), phosphate (15, R  =  n -B u), and tetra-n-butyl pyrophosphate (9,
re96D 1.4166, was prepared as described in an earlier paper7 from  R  =  n -B u), which were identified b y  tic  on silica gel G . 
d ieth yl {-butylperoxy phosphate (2, R  =  E t) .  E . R eaction of Diisopropyl {-Butylperoxy Phosphate (2,

A n a l. C alcd  for C s n 2o07P 2: C , 33.00; H , 6.93. F ound: R  =  ¿-Pr) with Sodium  B isulfite. 1.— A  solution of 12 .7  g
C , 32.96; H , 6.84. (0.05 m ol) of diisopropyl i-butylperoxy phosphate, 50 m l of ether,

Tetraisopropyl pyrophosphate (9, R  =  ¿-Pr), bp 110 ° (0.1 m m ), 10.4 g  (0.1 m ol) of sodium  bisulfite, and 50 m l of w ater w as stirred
n 25D 1.4163, was prepared as above from  diisopropyl {-butyl- a t  30° for 25 hr. T h e  aqueous layer was separated and extracted
p eroxy phosphate (2, R  =  ¿-Pr). w ith  ether (tw o 50-ml portions). T h e  com bined organic so.u-

A n a l.  C alcd  for C i2H 280 7 P 2: C , 4 1.67; H , 8.20. F ound: tions w ere concentrated and distilled giv in g 8.5 g (6 7% ) of diiso-
C , 41.93; H , 8.37. _ prop yl i-butylp eroxy phosphate [bp 63-66° (0.05 m m ); n%>

Sodium  i-butyl peroxide was prepared b y  the m ethod of B art- 1.4135] and traces of diisopropyl i-b utyl phosphate, w hich was 
le tt  and M cB rid e .18 T h u s, 90 g (1.0  mol) of i-b utyl hydroperoxide identified b y  tic  on silica gel G .
w as added a t room tem perature to  a  slurry of 24 g (0.5 m ol) of 2.— A  slurry of 10.4 g  (0.10 mol) of sodium  bisulfite and 12.7 
sodium  hydride (50%. dispersion in oil). T h e  m ixture w as g  (0.05 mol) of diisopropjd i-butylperoxy phosphate w as stirred

(18) P.  D. Bartlett and J .  M. McBride, J .  Amer. Chem. Soc., 87, 1727 (19) J .  Michalski, T. Modro, and A. Zwierzak, J .  Chem. Soc., 4904
(1965). (1961).
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for 168 hr a t  room  tem perature and distilled giving 6.2 g  (49% ) (0.1 mm ) for 7 hr and distilled giving 10.6 g (89% ) of diisopropyl
of diisopropyl i-b utylp eroxy phosphate. i-b u tyl phosphate (1, R  = f-P r): bp 54-56° (0.25 m m ); n 25d

3.— A  m ixture of 10.4 g  (0.1 m ol) of sodium  bisulfite, 25 m l 1.4078. 
of w ater, 12 .7  g  (0.05 m ol) of diisopropyl i-butylp eroxy phos- R eaction  of D ieth yl Phosphorochloridate (6, R  =  E t) with 
phate, and 50 m l of carbon tetrachloride w as refluxed for 2 hr. P yrid in e.— A  solution of 17.25 g  (0.10 m ol) of d ieth yl phosphoro-
T h e aqueous layer w as separated and extracted w ith  ether (two chloridate, 8.69 g (0.11 m ol) of pyrid ine, and 50 m l of petroleum
50-ml portions). T h e  com bined organic solutions w ere concen- ether was stirred under nitrogen a t room tem perature for 3 hr and
trated and distilled giv in g 9 .7 g  (76 % ) of diisopropyl i-butyl- distilled yielding 16.5 g  (96% ) of d ieth yl phosphorochloridate
peroxy phosphate. (6, R  =  E t), bp 48-50° (0.8 mm ) [lit.13b bp 42° (0.2 m m )].

F . R eaction  of D iisopropyl i-B utylperoxy Phosphate (2, R  =  R eaction  of D iphenylchlorophosphine (11)  with ¿-Butyl H y-
i-P r) w ith Sodium  S u lfite .— A  m ixture of 25.2 g  (0.2 m ol) of droperoxide (7) and Pyrid in e. 1.— T o  a  solution of 22.1 g
sodium sulfite, 12 .7  g (0.05 m ol) of diisopropyl i-butylp eroxy (0.1 m ol) of diphenylchlorophosphine in 100 ml of petroleum
phosphate, and 25 m l of ether w as refluxed for 24 hr and filtered. ether was added a t — 15 to  — 5° a solution of 10 g (0 .11 m ol) of
T h e  filtrate w as concentrated and distilled giving 10 g (79 % ) of i-b utyl hydroperoxide and 10 m l (0.12 m ol) of pyridine. T h e
diisopropyl i-butylp eroxy phosphate. m ixture was filtered giv in g 22 g  of a  w hite solid which was washed

R eaction of D im ethyl Phosphorochloridite (8, R  =  M e) w ith w ith  w ater and recrystallized from  m ethanol-benzene giving 12 g
i-Butyl H ydroperoxide (7) and P yrid in e.— T h e reaction flask (55 % ) of diphenyl phosphinic acid (13), mp 19 3 .5 -19 4 °. 
w as charged w ith  12.8 g (0.01 m ol) of dim ethyl phosphorochlori- A n a l.  C aled  for C i2H h0 2P : C , 66.05; H , 5.08. Found:
dite and 250 m l of petroleum  ether (bp 20-40°) in a  nitrogen-filled C , 65.50; H , 5.23.
glove  box and was then rem oved and rapidly fitted  w ith ther- T h e filtrate  was evaporated to dryness (0.15 m m ) leavin g 5 g
m om eter, dropping funnel, stirrer, and condenser. A  slow (18 % ) of diphenyl-i-butyl phosphinate (12), mp 1 1 1 .5 - 1 1 2 °
stream  of nitrogen w as started  and a solution of 9.0 g (0.10 m ol) (M eO H -H 20 ).
of ¿-butyl hydroperoxide and 7.9 g  (0.10 m ol) of pyrid ine was A n a l. C aled  for C hH uO sP :  C , 70.07; H , 6.98; mol w t,
added dropwise a t 8 -12 ° . T h e  m ixture w as warm ed to  room 275. Found: C , 70.22; H , 7.07; mol w t, 265. 
tem perature over 1 hr and filtered. T h e filtrate  was concentrated 2.— A n  analogous reaction of 19 m l (0.1 mol) of diphenyl-
and fractionated through a 10-cm Y igreu x colum n giving 3.42 g chlorophosphine, 10 g  (0 .11 m ol) of i-b u ty l hydroperoxide and
(19 % ) of dim ethyl i-b u ty l phosphate (1, R  =  C H 3): bp 44-48° 100 m l of petroleum  ether gave  20.5 g (94% ) of diphenylphos-
(0.1 m m ); rA 'n 1.4075. phinic acid (13).

R eaction of D iethyl Phosphorochloridite (8, R  =  E t) w ith f- 3.— A  sim ilar reaction of 19 m l (0.1 m ol) of diphenylehloro-
B utyl H ydroperoxide (7) and P yrid in e. 1.— T o  a solution of phosphine, 10 m l (0.12 m ol) of pyrid ine, and 100 m l of petroleum
15.6 g (0.10 m ol) of d iethyl phosphorochloridite and 100 m l of ether gave  1.2  g of an unidentified polym eric m aterial, 8 g of 
pentane w as added under nitrogen a t - 1 5 °  a solution of 10 g p yrid inium  hydrochloride, and 9.4 g  (49% ) of unchanged di-
(0.11 m ol) of i-butyl hydroperoxide and 10 m l (0.12 m ol) of pyri- phenyl chlorophosphine (11 ):  bp  10 8 -110 ° (0.3 m m ); n 36d
dine. T h e m ixture w as stirred a t  — 5 to 5 ° for 2 hr and then 1.5888.
filtered. T h e filtrate  was concentrated and an ethereal solution Preparation of D ialk yl ¿-Butyl Phosphates (1) by  the Reaction
of the residual oil w as w ashed w ith  10 %  (v / v )  aqueous sodium  of D ialk yl Phosphorochloridates (6) with Potassium  ¿-Butoxide. 
bicarbonate, dried (Na2S04), concentrated, and distilled giving D im ethyl ¿-Butyl Phosphate (1 , R  =  M e ).— T h e  reaction flask
3.5 g (16 % ) of d iethyl ¿-butyl phosphate (1 , R  =  E t) :  bp 4 8 - was charged w ith  a m ixture of 12 .1  g  (0 .11 m ol) of potassium
5 1°  (0.14 m m ); 1.4095. ¿-butoxide and 250 m l of petroleum  ether in a  nitrogen-filled glove

2. T o  a solution of freshly distilled diethyl phosphorochlori- box. q,}ie flask Was rem oved and rapidly fitted  w ith  thermom-
dite (11 .7  g , 0.075 mol) in 100 ml of petroleum  ether was added éter, stirrer, condenser, and dropping funnel. A  stream  of dry
a t — 20 to — 15 a solution of 7.20 g (0.08 mol) of ¿-butyl hy- nitrogen w as m aintained during the reaction. D im eth yl phos-
droperoxide in 5.92 g (0.075 m ol) of pyridine. T h e  reaction w as phorochloridate (14.4 g, 0.10 m ol) w as added a t 5 -8 ° . T h e  mix-
carried out in a nitrogen filled glove box and a slow stream  of dried ture w as stirred for 15 m in and filtered. T h e filtrate  was con-
(H2SO .) nitrogen w as passed through the reaction vessel during centrated  and distilled giving 7.9 g  (4 3% ) o f d im ethyl i-b utyl
the addition. T h e  m ixture w as w arm ed to  room tem perature phosphate (1, R  =  M e): bp 40-42° (0.15 m m ); w2Sd 1.4073.
over 3 hr and was filtered in the glove box. T h e  filtrate  w as A n g l  C aled for C 6H !6O .P : C , 39.56; H , 8.30. F oun d: C,
concentrated and distilled giving 2 g ( 1 7 % )  of tetraeth yl pyro- on en- H  8 29
phosphate (9 R  =  E t)  [bp 1 1 9 -12 1°  (0.2 m m ); n®x> 1.4223] ^  ^  ^  R  _  E t) . _ A s a b o ve , 1 7 .25 g

g (4t % l  f  Z n o l  y  Ph0SPhate Í1« R  =  E t > IbP 53~ (0.1 m ol) of diethyl phosphorochloridate, 12.32 g  (0.11 m ol) of
)0t> ' ,.mm ,  , , ,  . . . .  t, • t. . potassium  i-butoxide, and 250 m l of petroleum  ether were al-

Reactm n of D usopropyl Phosphorochloridite (8, R  =  r-Pr ^  (7 1% )  of d ieth yl-i-butyl phosphate
H ydroperoxide (7 and P y n d in e .- T o  a solution of ( R  =  E t) ;  ¿  53_S5 5 o f0.05 m m ); i.4028; nm r a 1.32 

18 5 g  (0.10 m ol) of dusopropyl phosphorochloridite m  100 m l of CH 3C H 20 ), 1.44 [s, 9, (C H 3)3C O ], 3.98 (m, 4, C H 3C H 20 ).
petroleum  ether w as added under nitrogen a t  - 1 5  to  - 1 U  a  A ‘  ̂ t. \  a u o n n
solution of 10 g  (0.11 m ol) of i-b utyl hydroperoxide and 10 m l of t? “ * 1 PhoSpbat? (\ R  “  ^  , 9  i°V% n  n
(0.12 m ol) pyrid ine in 25 m l of petroleum  ether. T h e  m ixture §  ^  of d™ T ° ? /  Ph? P hn° ro.oh o n d a tf  ’ 1 2 ‘ . «  ((U 1 
was stirred for 0.75 hr a t 0° and filtered. T h e  filtrate  w as w ashed “ o l> of potassium  ¿-butox.de, and 250 m l of petroleum  ether were
w ith  aqueous sodium  bicarbonate (4 :1 , v / v ,  25 m l) and then «flawed t o ^ ,  1Í!  f i l i a n 7
w ith 25 m l of w ater. T h e organic la y er w as dried (Na«SO.,), P a c (- ’ „r ^  Pf r w  O H  O l P fO ll * 1 45 i s ” 9 CCH 1
concentrated, and distilled givin g 3.0 g (13 % ) of diisopropyl i- * ° :96 P H  O H  O l W O ll 3 86 tm 4 7 -  8 H z'
b u ty l phosphate (1, R  =  f-P r) [bp 45-46° (0.15 m m ), n ®d * W (  ’  ’ ’ ~
1.4092] and 2.9 g ( 1 7 % )  of tetraisopropyl pyrophosphate (9, a í  p  tt n  p  P  nn 3 3 - H  Q 73 Found-
R  =  i-P r) [bp 114 ° (0 .2 5 m m ),n ® D  1.4196], A n a l. C aled  for C,oH230 4P . C ,5 0 .3 3 ,  H , 9.73. F ound.

R eaction of D iethyl Phosphorochloridite (8, R  =  E t) w ith C , 50.41; H , 9.73.
Sodium  ¿-Butyl P eroxide.— T h e reaction vessel w as charged w ith  Diisopropyl ¿-Butyl Phosphate (1, R  =  f-P r). A s above, 20.Oo
12.3 g (0.11 mol) of sodium  i-b utyl peroxide and 350 m l of petro- g  (0.1 m ol) of diisopropyl phosphorochloridate, 12.32 g (0.11
leum ether in a nitrogen-filled glove box. T h e  flask w as fitted  m ol) of potassium  i-butoxide, and 250 m l of petroleum  ether were
rapidly w ith  dropping funnel, stirrer, therm om eter, and con- allowed to  react, giv in g 17 .1  g  (72 % ) of diisopropyl ¿-butyl phos-
denser. A  slow stream  of nitrogen was m aintained in the system  phate (1, R  =  f-P r): bp  5 1-5 2  (0.2 m m ); n 25D 1.4070, nm r 8
during the reaction. D ie th y l phosphorochloridite (15.6  g , 0.10 1-29 [d, 12, J  =  6 H z, [(C H 3)2C H 0 ]2P ( 0 ) ] , 1.46 [s, 9 , (C H 3)3C O ],
m ol) w as added over 0.5 hr a t 6 -10 °. T h e cooling b ath  w as 4.50 [m ,2, ( > C H 0 ) 2P ( 0 ) ] .
rem oved and the m ixture was stirred for 0.75 h r and then filtered. D i-n-butyl ¿-Butyl Phosphate (1, R  =  ra-Bu). A s above 22.85
T h e filtrate w as concentrated (25°) and distilled giving 2.3 g  g  (0.10 m ol) of di-n-butyl phosphorochloridate, 12.32 g (0.11
(25% ) of trieth yl phosphate (14, R =  E t) :  bp 4 8 -5 1° (0.15 m ol) of potassium  i-butoxide, and 250 m l of petroleum  ether were
m m ); n 25D  1.4041; nm r (C C h ) 8 1.34 (t, 3, J  =  6 H z, C H 3C H 20 ) ,  allowed to  react, giv in g after distillation  in sm all batches 22 g
4.02 (m, 2, C H 3C H 20 );  ir 1280 ( P = 0 ) .  (84% ) of di-n-butyl i-b utyl phosphate (1, R  =  n -B u): bp 9 7 -

R eaction of Diisopropyl ¿-Butyl Phosphate (1, R  =  ¿-Pr) with 99° (0.2 m m ); n ibD 1.4212; nm r 8 0.96 [t, 6, (C H 3C H 2C H 2-
P yridin e.— A  solution of 11 .9  g (0.05 m ol) of diisopropyl i-b utyl C H 20 ) 2P ( 0 )] , 1.48 [s, 9, (C H 3)3C O ], 1.60 [m, 8, (C H SC H 2C H 2-
phosphate and 3.95 g (0.05 m ol) of pyridine was heated a t 50° C H 20 )2P ( 0 ) j ,  3.91 [m, 4, (C H 3C H 2C H 2C H 20 ) 2P ( 0 ) ] .
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A n al.  Caled for C12H270 4P: C, 54.12; H, 10.22. Found: (0.1 mm) giving 22 g (68%) of dibenzyl i-butyl phosphate (1,
C, 53.42; H, 10.16. R =PhC H 2) identified by nmr; nmr S 1.47 [s, 9, (CH3)3CO], 4.71

Diisobutyl i-Butyl Phosphate (1, R  =  ¿-Bu).—As above, 22.85 [d, 4, (CoHsCH^O^PfO)] , 6.87 [s, 10, (C6H5CH20 )2P (0 )].
g (0.1 mol) of diisobutyl phosphorochloridate, 12.32 g (0.11
mol) of potassium ¿-butoxide, and 250 ml of petroleum ether _  . , „  . ,,, . iqoqo n-7 n , /-p _
were allowed to react, giving after distillation in small batches R eg istry  IN0 — 1 (I t  -  M e  , 1Ó2Ó2-UÍ-U; 1 ( I t  -
18.2 g (69%) of diisobutyl i-butyl phosphate ( l , It = f-Bu): E t), 13232-08-1 ; 1 (R  =  P r), 22433 -7 9 -0 ; 1 (R  —
bp 87-89° (0.3 mm); n*o 1.4171; nmr 8 0.97 jd , 12, J  =  6 Hz, ¿-P r), 13232 -09 -2 ; 1 (R  =  B u ), 2 2 4 3 3 -8 1 -4 ; 1 (R  =
[(CH3)2CHCH20 ]2P (0 )]} , 1.46 [s, 9, (CH»)„CO], 1.91 [m, 2, ¿.B u), 22433 -82 -5 ; 1 (R  =  P h ), 22433 -83 -6 ; 1 (R  =
<>C T C H ,0),P (0 )] ,3 7 5 l m ,4 .  (>C H C H ,°>P(0)] P h C H ,), 22433 -84 -7 ; 9  (R  -  E t ) ,  107-49-3  ; (R  -

C , S ;  K M  “  ' ■ ’¿-P r), 5836-28-2 ; 12, 1 7 0 6 -92 -9 ; 13 , 1 7 0 7 -0 3 - i ; 14
Diphenyl i-Butyl Phosphate (1, R  =  Ph).—As above, 21.3 g (R  =  E t), 7 8 -4 0 -0 ; diisopropyl ¿-butylp eroxy phos- 

(0.08 mol) of diphenyl phosphorochloridate,136 9.8 g (0.09 mol) phate, 10160-46-0 . 
of potassium i-butoxide, and 250 ml of petroleum ether were al
lowed to react. The filtrate was concentrated a t — 20° (0.1 mm) . , , , , —TT . - „  . . .
leaving 23.1 g (95%) of diphenyl i-butyl phosphate ( l ,  R  =  Ph) A ckn ow ledgm en t. W e gratefully  acknow ledge M iss  
identified bynmr: nmr «1.46 [s,9, (CH3)3CO], 6.82 [s, 10, (C6H6- G . W ip p ich  for technical assistance. W e th a n k  C arlisle  
0)2P(0)1. C h em ical W orks, Inc., R ead in g, O hio; M  & T  C hem icals

Dibenzyii-Butyl Phosphate ( l , R  = PhCH2) - A s  above 28.33 In c  R ah w ay  N . J .  ; and Stauffer C h em ical C o ., D o b b s  
g (0.096 mol) of dibenzyl phosphorochloridate,13b 12.32 g (0.11 ^ AT -*?  ¿  r c  • r i
mol) of potassium i-butoxide, and 250 ml of petroleum ether Ferry, N. Y .,  for supplies o f various phosphorus eom - 
were allowed to Teaet. The filtrate was concentrated at —20° pounds.

Polar Effects on the Form ation of Imines from  Isobutyraldéhyde and
Prim ary Aliphatic Am ines1

J a c k  H i n e , C h u e n  Y u a n  Y e h , a n d  F r a n k  C .  S c h m a l s t i e g  

D epartm ent o f  Chem istry, T h e O hio State U niversity, Colum bus, O hio 48210  

R eceived M ay  21, 1969

The following dimensionless equilibrium constants for the formation of imines and water from isobutyraldéhyde 
and primary amines were determined in aqueous solution at 35°: MeO(CH2)3NH2, 3600; PhCH2NH2, 2500; 
MeOCH2CH2NH2, 2060; Me2NCH2CH2NH2, 1700; HC==CCH2NH2, 1400; (MeO)2CHCH2NH2, 1380; H-.N- 
CH2CONH2, 621; H2NCH2CN, 548; CFSCH2NH2, 238. The equilibrium constants decrease with increasing 
electron-withdrawing power of the substituents. A plot of log K  vs. the pK a values of the conjugate acids of the 
amines gives a satisfactory straight line for amines of the type RNH2 where R  contains an sp3-hybridized 3-carbon 
atom. Deviations from this line in the cases of the imines derived from aminoacetonitrile and propargylamine 
are attributed to the particular stability of a conformer in which the carbon-nitrogen double bond of the imine is 
eclipsed by a cyano or ethynyl group. This conclusion is supported by nmr data.

We have previously described methods for determin- where I, W, B, and A are the equilibrium concentrations
ing equilibrium constants for the formation of imines of imine, water, amine, and aldehyde (including both
from isobutyraldéhyde and primary amines by uv free aldehyde and aldehyde hydrate), respectively. For
measurements at the aldehyde maximum or at the imine the ultraviolet method of determining K, eq 2 was used
maximum or by measurements of the effect of added when measurements were made at the imine maximum,
aldehyde on the pH of amine buffer solutions.2 Equi-
librium constants were reported for methyl-, ethyl-, 0,/ ~ °iA -  0 ~
is o p r o p y l- ,  ¿ -b u ty l- ,  n - p r o p y l- ,  a n d  n - b u t y la m in e ,  a n d  ! ! / ( «  -  «a -  «b )) +  \ W /\ K B {n  -  sa -  « ) ] }  (2)

the conformational equilibria of the resultant imines -, ,, ,■  ,• œ •
, .  -, , t «i, «a , and eB are the extinction coefficients ol the imine,were discussed on the basis of their nmr spectra. In , ,  , , -, . , , ,, , , ,,. j  i , „  , , t i , aldehyde, and amine at the wavelength used, A 0 and

these compounds, where polar effects were held rela- D ,, • ,, ? ■ ■  „ m,. , , 1 . . , .. , . B0 are the initial concentrations (before imine lorma-
tively constant, differences in ease of formation, and in -, , , ,  , , , . ■ ,, . . .  £c .. , , , , , ,  , j  , , tion) of aldehyde and amine, B is the concentration of
conformational prelerences were attributed almost .. , n . ,, , , T,Tr , . , . , amme in the reference cell, and 1) is the absorbance. In
entirely to steric effects. We have now determined the , , c,. . . . ¡, order to calculate the real concentrations ol aminesequilibrium constants xor the formation of mimes from t ,. , , .• u . t j i j j  • • , ,, present (that is, to correct for the amounts present misobutyraldéhyde and primary amines of the type f, , , , , \ , , ,, .

ivTTT • i-  , , • „  . , . j- ■ , the protonated forms), it was necessary to know theirR CH 2NH2, m which steric effects are kept fairly con- ■ ■ • , ,, , ,x x j i cc x - J - J 1 lomzation constants at the ionic strengths and tem-stant and polar effects varied widely. x , . , , , ° .r peratures used. I his knowledge was vital m cases
„  where equilibrium constants were determined by pH

measurements. The ion-product constant of water was
The equilibrium constant for imine formation is that calculated as described previously.2 The ionization

defined previously2 constants of 2-methoxyethylamine, 3-methoxypropyl-
K = IW/AB (1 ) amine, 2,2-dimethoxyethylamine, 2,2,2-trifluoro-

(1) (a) This investigation was supported in part by Grant DA-ARO-D- ethykmine, benzylamme, propargylamine and 2-
31-124-G648 from the U. S. Army Research Office (Durham^ and by Public C llIE IC tily l& IïlillO ô tiiy iR IÏllIlG  WGTQ OGtcriTllIlGu. R t  3o .
Health Service Grant AM 10378 from the National Institute of Arthritis Litcr&tlirG ValU GS a t  2 5 °  W6I*G C o r r e c te d  to  3 5 °  b y  th e
and Metabolic Diseases, (b) Abstracted in part from the Ph.D. thesis of
G. Y . Yeh, The Ohio State University, 1968. (2) J .  Hine and C. Y , Yeh, J .  Amer. Chem. Soc., 89, 2669 (1967).
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method of Perrin3 for aminoacetonitrile4 and glycin- t r“ i t t v  —r
amide,5 whose equilibrium constants were not deter- p o /
mined by the pH method and whose basicities were so msoich") »?  n"Bu
low that Httle ionization occurred. The pK& values for 3.5 - 2 3 /  * Et -
the conj ugate acids of the amines studied (including those p hCH2 o /
studied previously for which no pKa values were given2) • /cH2cH20Me
are listed in Table I. iogK hc=cch2 /  • u„  /  CH,CH,NMe,

T a b l e  I  /XH2CH(0Me)2

V a l u e s  o f  pKa f o r  P r im a r y  A m in e s  in  W a t e r  a t  35° 30 _ /
a n d  Z e r o  I o n ic  S t r e n g t h “ /
Amine p X a CH2CN /  Q CH2C0NH2

Methylamine 10.31* 0  /
Ethylamine 10.31* /
n-Fropylamine 10.21* /
Isopropylamine 10.21* /
n-Butylamine 10.26* /*  ch cf
¿-Butylamine 9.72* /  2 3
3-Methoxypropylamine 9 .8 3  -------- 1-------j --------- -̂------- r-------- L------- 1 _
2-Dimethylaminoethylamine 9.45° p k 0
2-Methoxyethylamine 9 .0 9  „  . . „  „  T __
Ben/vlamine 9 00 Figure 1.— Plot of log K  for the formation of t-P rC H = N R
o o t A u .i- i • c o .  from i-PrCHO and RNH2 vs. pK ,  for RNH3+. For the solid
2.2- Dimethoxyethylamine 8 .3 5  circles, R containg ansp3_hybridized^.carbon atom.
Propargylamme 7 .8 7
Glycinamide 7 .69s'”
2.2.2- Trifluoroethylamine 5 .5 2  T able II
Aminoacetonitrile  ̂ 5 . 16d’e E quilibrium Constants for F ormation of Imines from

° pAa Is the negative logarithm of the acidity constant of the Isobutyraldéhyde and P rimary Amines in W ater at 35°
conjugate acid of the amine. 6 Determined as described in ref 2. _____________ Ra_____________
c This refers to the acidity of the monoprotonated form of the Uv measurements
diamine, which is a mixture of Me2NCH2CH2NH3 + and H2NCH2- at absorption pH mea-
CH2NHMe2 +. d Calculated from data at 25°. "A t ionic Registry maximum sure
st rengths around 0.01 M. Primary amine no. Imine Aldehyde ments Av

MeO(CH2)3NH2 5332-73-0 3570 3620 3600
Equilibrium constants were determined by pH CeHsCEbNIb 100-46-9 2500 2500

measurements and, in most cases, by measurements at los'noQ 2°9° i 7nn 2°2° finn
the uv absorption maxima of the imines tor all the imines h G = C C H  NH 2450-71-7 1400 1400
except N -  isobutylidene -  2 -  dimethylaminoethylamine (MeO)2CHOH2NH2 22483-09-6 1200 1570 1380
and those imines for which K is less than 1000. The H2NCOCH2NH2 598-41-4 606* 636 621
additional basic functional group in 2-dimethylamino- NCCH 2NH 2 540-61-4 548 548
ethylamine made interpretation of the effect of added C F3CH2NH2 753-90-2 238 238
isobutyraldéhyde on the pH of amine buffer solutions » The dimensionless equilibrium constant defined by eq 1. 
excessively complicated. The absorption of 2-di- * The experimental method used is of diminished reliability for K
methylaminoethylamine in the range 2100-2400 Â is so values this small, 
strong as to make equilibrium measurements at the
imine maximum relatively unreliable. The addition of , . , . „ ,. ,, , ,,. i  j, . , ■ carbinolamme formation is no more than one-tenth as
isobutyraldéhyde to buffers of amines whose equi- ag ^  for imine formation.e Equiiibrium con.
librium constants for isobutyraldimine formation were ^  for the formation of carbinoiamines have been
kss than about 1000 caused such small changes m the found be decreaged onl slightly by electron-with-
pH that the equilibrium constants could not be deter- dr gubstituentsA3 It therefore seems fairly well 
mined reliably from them For these amines the ^  the mbrium constants we have mea-
equihbnum constants were determined by measure- gured are l el for imine formation. Kinetic 
ments at the aldehyde absorption maximum. The have ^  ghown ^  equilibrium in reactions
values of K obtained are hsted m Table I I . of the type studied is reached in a minute or less.3 This

As pointed out previously,2 the equilibrium constants addg ^  ̂  evidence that equilibrium had been reached
determined by the present methods are measures of the ^  ^  meagurement which were made a number 0f
extent of formation of carbinolamme (1) plus imine. minuteg ^  mixing and in which no drift wag noted.

i-PrCHO + RN H 2 — ^  f-PrCH (OH)NHR All of the isobutyraldimines except the one derived
1 from glycinamide were isolated and characterized by

f-P rC H = N R  +  H20  their ir, nmr, and in most cases uv spectra. A ll the 
compounds showed a strong absorption maximum at 

Stopped-flow kinetic studies of the reaction of iso- 1 5 7 2  ±  5 cm-1 , which we attribute to the C = N  stretch-
butyraldehyde with 2,2,2-trifluoroethylamine in water ing vibration. The uv and nmr spectral data are
at 35° have shown that the equilibrium constant for summarized in Tables III and IV.

(3) D. D. Perrin, Aust. J .  Chem., 17, 484 (1964).
(4) G. W. Stevenson and D. Williamson, J .  Amer. Chem. Soc., 80, 5943 (6) F . A. Via, The Ohio State University, personal communication, 1968.

(1958). (7) R. G. Kallen and W. P. Jencks, J .  B iol. Chem., 241, 5864 (1966).
(5) M . Zief and J .  T . Edsall, ibid., 89, 2245 (1937). (8) E . G. Sander and W. P. Jencks, J .  Amer. Chem. Soc., 90, 6154 (1968).
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T a b l e  III
U l t r a v io l e t  D a ta  on I s c b u t y r a l d im in e s

,--------MejCCHsCHMer------- - -----------------MeCN---------------- . ------------- Water-------------
Imine Registry No. Xmax, A e, M cm -1 Xmax, A e, i l i“> cm - ' Xma%, A e, it/-1 cm -1

¿ -P rC H = N (C H 2)3O M e 22483-13-2 2450 90 2300 138
i-P r C H = N C H 2C H 2O M e 2 2 4 8 3 - 1 «  2360 169 2360 195 2200 118
t- P r C H = N C H 2C H 2N M e 2 22483-15-4 2075“ 2980“ 2175“ 1560“
¿ -P rC H = N C H 2C H (O M e)2 22483-16-5 2425 95 2300 199 2275 193
¿ -P rC H = N C H 2C F 3 22483-17-6 2400 87 2300 130 2300 126
¿ -P rC H =  N  C H 2C O N H 2 22483-18-7 2350 157
t-P rC H =  N  C H 2C N  22483-19-8 2310 159 2300 177 2250 111
¿ -P rC H = N C H 2C ^ C H  22483-20-1 2370 119  2300 181

“ These results are not v ery  reliable, b u t th ey  do illustrate the sh ift in Anax and increase in e th at we have attribu ted to  the tertiary  
amino group in the m olecule.

T a b l e  IV
N m r  S p e c t r a  oe  N - I s o b u t y l id e n e a l k y l a m in e s “

Chemical shifts, r, and types of protons ,--------------------------Coupling constants, cps-------------------------- .
A B 6 C D E  F  G J a b  J bc J cd J de  J e f  J bd

(C H 3)2C H — C H = N — C H 2— C H 2— C H 2— O— C H 3 6 .9  4 .0  1 .3  6 .8  6 .3
8.99 2 .4 9  6 .7  8 .2 7  6 .7  6 .79
(C H 3)2C H — C H = N — C H 2— C 6H 5' 7 .0  4 .2  1 .4
8.99 2 .3 4  5 .4 5  2 .70
(C H 3)2C H — C H = N — C H 2— C H 2— O— C H 3 7 .0  4 .3
8.96 2 .5 2  6 .5 5  6 .5 5  6 .7 5
(C H 3)2C H — C H = N — C H 2— C H 2— N (C H 3)2 6 .7  4 .0  1 .3  6 .8  1 .0
8.98 2 .5 6  6 .62 7 .6 3  7.8 4
(C H 3)2C H — C H = N — C H 2C = C H  7 .2  4 .3  1 .8  2 .5  1 .3
8 .9 5  1 .9 5  5 .7 0  7 .4 5
(C H 3)2C H — C H = N — C H 2— C H (O C H 3)2 6 .8  4 .1  1 .3  5 .3
8.99 2 .5 4  6 .5 7  5 .5 4  6 .75
(C H 3)2C H — C H = N — C H 2— C F 3* 7 .0  4 .3  1 .3  9 .4  1 .0
8.93 2 .3 4  6 .1 7
(C H 3)2C H — C H =  N — C H 2— C N e 6 .8  4 .3  1 .8  1 .3
9 .0 1 2 .23  5 .7 1

“ R u n  neat, using internal tetram ethylsilane unless otherwise indicated. b A bsorption  b y  typ e  B  protons w as too broad and w eak to 
perm it a reliable determ ination of the chemical shift, b u t this sh ift corresponded to a r  of about 7.7 ppm  in all cases except those of N - 
isobutylidene-2,2,2-trifluoroethylam ine, N -isobutylidenebenzylam ine, N -isobutylidenepropargylam ine, and N -isobutylideneam ino- 
acetonitrile, where it  was about 7.6 ppm. “ R egistry  no.: 22483-21-2. d T h e  hydrogen-fluorine coupling constant J ce was 1 .2  cps. 
e U sing external tetram ethylsilane as reference.

Discussion tonated at the primary amino group. This species has

From the results shown in Table II it may be seen bf e ,n ffound t°  comprise 62%  of the total monoproton-
that electron-withdrawing substituents tend to decrease f,ted form1 ° f 2-dimethylammoethylamme.« Therefore
the equilibrium  constants for the form ation of iso- J 6 K *  T g £ en “  1 w a* d m d e d .b y  ° ; 62 and
butyraldim ines from  prim ary am ines. O ne m igh t r e s u l t a n t p K v a lu s  (9.24) used m  p lo ttin g  F igu re 1
exam ine this tenden cy q u a n tita tive ly  b y  m aking a T h e  slope of th e line show n m  the figure w as calculated  

T a ft  equation plot, b u t m ost of the required <r* valu es b y  f he T  b  ? f least ^ a r e s  using all of the solid
do not appear to be directly available. W e h ave there- circles w hich refer to  amines of th e ty p e  R N H 2 where

fore plotted log K vs. the pKa values of the coniugate R  “  ŝ hr̂ edA f  carbon* ato,m' f
acids of the amines studied. To the extent to which ^  °-256’ may be multlP.hed by the p* value for the
the amine basicities follow the Taft equation” this aCldRy ° f pnmary “ T f  “ f  ”  ?
procedure constitutes a test of the applicability of the ~°J80 “  an est; mate ° f p for the fo™ ation of iso-
Taft equation to our equilibrium constants. In the butyraldimines from primary amines. The p* value
plot (Figure 1) all of the equilibrium constants deter- ha? tbe expected algebraic sign Electron-withdrawing 
mined in the present investigation were used; in addi- fb stitp en ts would be expected to discourage the trans-
tion, data on all the amines of the type R N H 2, where for“ â on of the ammo group in which the nitrogen is
R  is primary, that were previously studied” are in- pr°bably aP P ™ a t e l y  sp” hybridized to an imino
eluded. (The equilibrium constants for isopropylamine grouP- m ^ i c h  the mtrogen is sp” hybridized and hence
and i-butylamine are relatively small because of greater mor? eh?tr™ hdr™ g -  T b e situation is somewhat 
steric hindrance.) The appropriate K& value that s™ dar to tbat found in the case of olefins, aldehydes,
should be used for the case of 2-dimethylaminoethyl- and keton°8’ whose enthalpies and free energies of
amine is hydrogenation are made more negative by electron-

withdrawing substituents.10
K* = [H+][Me2NCH2CH2NH2]/[Me2NCH2CH2NH3+] The fact that the equilibrium constant for formation

rp, , ■ ., , . . - . . ,, of the N-methylimine is somewhat larger than those for
That is, the denominator should contain the concentra- the ethyl. ; propyl_, and butylimines has already been 
tion of only that monoprotonated species that is pro-

(9) Cf. H. K . Hall, Jr ., J .  Amer. Chem. Soc., 79, 5441 (1957). (10) R . W. Taft, Jr ., and M. M. Kreevoy, ibid., 79, 4011 (1957).
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explained in terms of the three stable conformations that the hydrogen atom attached to sp2 carbon, which,
with respect to rotation around the carbon-nitrogen in a conformation like 5, would he in a deshielding region
single bond that exist for this imine compared with only
two for the other imines.2 If the equilibrium constant K
for the methyl compound were only two-thirds as H
large as it is, the point for methyl in Figure 1 would lie \  /
slightly below the line. The deviations of the other y \
open circles from the line are also best discussed in terms C = N  H

of conformational equilibria. /
All of the values of J Bc fall in the range 4.1 ±  0.2 cps 02

previously observed.2 We had estimated that this '
indicates that 32 ± 3%  of these imines exist in con- wph respect to the triple bond, absorbs at lower field
formation 2, with the two hydrogens trans to each jn cases 0f these two imines than in any others. If

it were not possible for these two imines to exist in the 
¡-j r  particularly stable conformers like 5, the equilibrium

\  /  constants for their formation would be only about 37%
CH3 C = N  as ]arge as they are. If the equilibrium constants were

'C only 37% as large, the agreement with the straight lineJ  \  in Figure 1 would be better.
H The tendency of the cyano group to eclipse the car-

2 bon-nitrogen double bond is analogous to (but stronger
than) its tendency to eclipse a carbon-carbon double 

other. A  more reliable estimate is now available from bond. A llyl cyanide exists to the extent of about 44%
the work of Karabatsos and Lande, who made measure- in the conformation analogous to 5 and only about 28%
ments at several temperatures using imines derived in each of the other two conformations.12 It seems
from a number of aldehydes.11 From their values of possible that the particular stability of conformations
J  trans and J  gauche and their alkyl correction factor, a like 5 for the imines derived from propargylamine and
coupling constant of 4.1 ±  0.2 cps may be calculated to aminoacetonitrile should be attributed to stabilizing
correspond to 35 ± 3%  conformation 2. van der Waals interactions; the cyano and ethynyl

In our previous analysis of conformational isomeriza- groups are smaller (in the relevant direction) than
tion due to rotation around the carbon-nitrogen single alkyl groups. If this explanation is correct, then it
bond,2 we described evidence that conformation 3, in would seem possible that stabilizing van der Waals
which the carbon-nitrogen double bond is eclipsed by a interactions would also be found in N-isobutylidene-
carbon-methyl bond, is about 2.0 kcal/mol less stable benzylamine and N-isobutylideneglycinamide if they
than 4, in which the carbon-nitrogen double bond is existed in conformations analogous to 5 with the phenyl

or carbamido group oriented in a plane perpendicular 
Me H H Me to the plane of the aldimino group. However, it is

\  /  b ^ /  known that the phenyl group in allylbenzene has a
Hh C Hh C smaller tendency to eclipse the carbon-carbon double

C = N  H c __N H bond than does the cyano group in allyl cyanide.12 To
/  b /  b freeze a phenyl or a carbamido group perpendicular to

Me2CHc Me2CHc the plane of the aldimino group would result in unfavor-
3 4 abie entropy effects that have no analogs in the cases

of the cyano and ethynyl compounds. Furthermore, 
eclipsed by a carbon-hydrogen bond. Inasmuch as the in such an orientation the carbon-oxygen double bond
previously undetectable J cd for N-isobutylideneiso- of the carbamido group would not be eclipsed by any
propylamine has subsequently been found to be 0.7 cps, of the bonds of the adjacent carbon atom, as worn e
our previous estimates of the Ha-H d and Hb-H d (see required for maximum stability. Finally, there is, of
3 and 4) coupling constants have been revised to 0.5 and course, no reason to believe that the van der Waas
2.1 cps, respectively. From the values of J cd in Table forces due to the ir electrons would be the same or e
IV  it follows that the 3-methoxypropyl-, 2-dimethyl- phenyl, carbamido, ethynyl, and cyano groups. There-
aminoethyl-, 2,2-dimethoxyethyl-, and 2,2,2-tri- fore, it is not surprising that the N-isobutylideneglycm-
fluoroethylimines, like the ethyl-, propyl-, and butylim- amide compound shows no tendency to exist m a^con-
ines studied previously, all exist almost entirely in formation hke 5, and the tendency of N-isobutyh ene-
conformations analogous to 4, in which the carbon- benzylamine to exist in such a conformation is small at
nitrogen double bond is not eclipsed by a carbon-carbon best (JCd -  1-4 cps).
bond in the amine part of the molecule. From the The preceding interpretation of part of our results m 
considerably larger coupling constant found for the terms of conformational stabilities may be complicated
imines derived from propargylamine and aminoacetoni- by the fact that most of our information concermng
trile, it may be calculated that these imines exist to an conformation^ stabilities comes from nmr measure-
extent of about 63% in conformations like 5. This ments on neat imines rather than on m ines m aqueous
conclusion is supported qualitatively by the facts that fh ffio n  where the equilibrium constants for imine
,/BD is larger for these imines than for any others and formation were determined.

(12) A. A. Bothner-By and H. Gunther, Discussions Faraday Soc., 34, 127
(11) G. J .  Karabatsos and S. S. Lande, Tetrahedron, 24, 3907 (1968). (1962).
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T a b l e  V

P r o p e r t ie s  o f  I s o b u t y r a l d im in e s

,------------ Cald, %------------ . ------------- Found, %-------------,
Imine Bp, °C d ‘H tu “C h , =C C H N C H N

i- P r C H = N (C H 2)3O M e 160 0.820 35 1.4245 25 67.09 11 .8 2  9 .93 67.0 7 1 1 .9 7  9 .79
i-P r C H = N C H 2C H 2O M e 142 0.839 35 1 .4 13 9  25 65.0 7 1 1 .7 0  10 .84 64.93 11 .8 0  10 .6 7
¿ -P rC H = N C H 2C H 2N M e 2 1 1 0 “ 0.796 25 1.4283 27 6 7 .5 4  12 .76  19 .70  6 7 .6 7  12.8 8  19.48
i-P r C H = N C H 2C H (O M e ) 2 1276 0.899 25 1.4 237 27 60.34 10 .76  8.80 60.52 10 .93 8.64
i-P r C H =  N  C H 2C F  3'  102 1.0 36 26 1.3632 2 7 .5  4 7.0 7 6 .58  9 .1 4  47.28 6 .6 7  9 .1 7
f-P r C H =  N  C H 2C N  35d 1.4326 28 65.43 9 .1 5  25.42 65.34  9 .4 2  25.40
¿ -P rC H = N C H 2C fe C H  132 0.841 26 1.4443 26 77 .0 1  10 .16  12.8 3 76.92 10.23 12 .9 7
i-P r C H = N C H 2C 6H 5 6 6 s 0.856 26 1.5079 26 8 1.9 4  9 .38  8.69 8 1.8 4  9 .3 2  8 .74

“ A t  138 mm. b A t  143 mm. c C alcd: P , 37.23. F ound: F , 37.12. d A t  2.5 mm. e A t  0.26 mm.

It may be that some of the deviations from linearity ethyl and the 2 ,2 ,2 -trifluoroethyl compounds, where m agnesium  
in the plot in Figure 1 arise from complications that sulfate was used as the drying agent instead of potassium  hy- 
affect only the p K a values. droxide- and * e  case of N -isobutylideneam inoacetonitrile, which

'  was prepared as follows. A  m ixture of 15.4  g  (0.1 m ol) of am m c-
acetonitrile bisulfate and 18 g  (0.18 m ol) of triethylam ine was 

Experimental Section stirred a t 0 ° w hile 7.2  g (9.1 m ol) of isobutyraldehyde w as added.
A fter 2  hr the reaction m ixture was dried over m olecular sieves, 

Umess otherwise stated the experim ental methods were the T y p e  5A , and distilled under vacuum . D a ta  on the imines pre
same as those used p reviou sly . 2 , , . . pared are listed in T ab le  V . A ttem pts to  isolate N -isobutylidene-

Am m oacetonitrile bisulistG £irid §lycinä,miciB hydro Chlorid© ^lycirS/inidG wgtg unsuccessful*
were recrystallized from  9 5 %  ethanol and dried in a desiccator.
A ll the other amines used were tested b y  gas-liqu id  p artition  Registry No.'— Isobutyraldehyde 78-84-2. 
chrom atography and found to  contain less than 0 .5 %  im pu rity, J •

im p u rity" 2’2’2' trifluoroethylamine’ which contained about 1 .5 %  Acknowledgment.— We acknowledge our indebted-
Im ines.— T he various imines were prepared from  isobutyral- n e ®s to Dr. J . Christopher Philips for the ultraviole* 

dehyde and the appropriate prim ary amine b y  methods like th a t spectra and analytical samples of N-isobutylidene- 
described p reviou sly , 2 except in the cases of the 2 .2 -dim ethoxy- propargylamine.

A New Addition Reaction of Chloromethyl M ethyl Sulfide to Olefins in 
Sulfuric Acid. A New Synthesis of 3-(M ethylthio)propionaldehyde

Takehiko Ichikawa, H iroko Owatari, and T etsiiya Kato 

C entral R esearch  L abora tor ies , A jin om oto C om pany, In c ., K a w a sa k i, J a p a n  

Received J u n e  4, 1968

C hlorom ethyl m ethyl sulfide ( 1 0 ) has been found to add to v in y l chloride in sulfuric acid to give 3-(m ethylthio )- 
propionaldehyde. T h e addition reaction of 10 w ith  other olefins was investigated, bu t similar reactions did not 
occur in the case of cyclohexene, acrylonitrile, or 1 -chlorocyclohexene.

Presently, cK-methionine, an essential amino acid, is investigation of other Lewis acids as catalysts for this
produced from acrolein and methanethiol.1 The pres- reaction, and to success with sulfuric acid,
ent study has been undertaken to find a new synthetic Reaction of Chloromethyl Methyl Sulfide with Vinyl 
route from dimethyl sulfide and vinyl chloride (11). Chloride in Sulfuric Acid.— When the sulfide 10 was
The chlorination of dimethyl sulfide is known to give treated with sulfuric acid, it gradually dissolved with
chloromethyl methyl sulfide (10)2 in good yields. The the evolution of hydrogen chloride to give a clear solu-
electrophilic addition of a-chloro ethers to olefins has tion. The solution was allowed to react with 11 in a
been widely investigated8 but the analogous reaction pressure vessel, and 3-(methylthio)propionaldehyde
of a-chloro sulfides seems not to have been, presumably (4) was found in the ether extract of the hydrolysate 
because of the weak reactivities of the sulfides compared of the reaction mixture and was isolated as its 2,4-
with the ethers.4 The Markovnikov addition of 10 to 11 dinitrophenylhydrazone (13a). A  part of unreacted
would give rise to l,l-dichloro-3-(methylth:o)prop_ane 10 was recovered as the methylthiomethyl derivatives
(1), which might in turn be converted int° dZ-methionine. of the hydrazine (15a), one of which was isolated and

> if has been found that identified as l-(2,4-dinitrophenyl)-l,2-bis(methylthio-
10 adds to l l  in the presence of aluminum chloride methyl)hydrazine (15b). There were also found some
yielding 1 m low yield. This result has led to the by-products, among which formaldehyde and acetal

dehyde were isolated as 13b and 13c, respectively.
(1) j . r . Catch, a. h . Cook, a. R. Graham, and i. Heiibron, j. chem. soc., From the ether extract of the original hvdrolvsate

Ä Ä :  ^  “ • ° 1* ’ “ d M- ^  '• ^  **•’ bis (methylthio) methane (5),8 m - and ¿ - 1 , 3 ^
(2) f . Boberg, G. winter, and j. Moos, Ann. chem., Gi6, i (1958): w. E. (methylthio)propene (6a and b), and 3-(methylthio)-

VaHanyaif T l i  ProPionaldehy de d“ yl mercaptal (9) were separated
(1965). "  ’

(4) H. Böhme, Chem. Ber„  74, 248 (1941). (5) L. Horner and P. Kaiser, Ann. Chem., 626, 19 (1959).
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S ch em e  I
CH,CHC1

c h 3s c h 2c h 2c h c i2

CH gCH — ~ 1~ > CH3SCH2CH2CH(OMe)2

X  * H  2
i— *- c h 3s c h 2c h 2c h o

3 Hj0 — *  CH3SCH2SCH 2

SCH3 Cl *  5

0 1 ^  — *  c h 3s c h 2c h = c h s c h 3

, A i  k J  6 a ’ d s

H.SO, h  irons

7 8 ch ch ci ' CH3SCH2CH2CH(SCH3)2
h 9

CH3SCH2C1 — - —
h2s° , N0)

io A

R C H = N N H — $  \ — N 02
CHj— CHCN \ = /

[CH3SCH2CH2CN] -<— — ------  13a, R =  CH3SCH2CH2

12 3 b, R =  CH3
I -----------  c, R =  H
\ 2,4-DNPH

CH3SCH2CH2COOH n o 2

0 14 L *  a - n-a v n o ,

a  a cl *L J "-------------A o ----------------  15 a ,R 1, R2,R 3 =  H ,C H 3SCH2
2 ‘ b ,R 1 = R 3 =  CH3SCH2; R 2 =  H

16

b y  v p c  a n d  id e n t i f ie d  b y  n m r . T h e  m e t h a n o ly s is  o f  t h e  w ere determ ined using the 5 convention relative to  tetram ethyl- 
. . . .  , ,■  • , o / v,, .n  t,; „  \ ^  u . „  silane (T M S ) as internal standard. U ltravio let absorption
i n i t i a l  r e a c t io n  m ix t u r e  g a v e  3 - ( m e t h y lt h io ) p r o p io n -  spectra w ere taken w ith  a H itachi X yp e E PS-2U  autom atic

aldehyde dimethyl acetal (2 ) . brood yields were Ob- recording spectrophotom eter, and infrared absorption spectra
tained when amounts greater than 4 mol of sulfuric w ere measured w ith  Jasco M odel IR -S  spectrophotom eter,
acid of above 95% concentration to 1 mol of 10 were A nalyses b y  v p c  w ere carried out using a Shim azu G C -2 B  ap-
used and th e reaction was carried out at around 0 ° . p aratus w ith  a  4 m m  X  3 m 10 %  C a rb o w a x 2 0 M  on 40-60
. . , , ■, ■» ip • - j  i i _ m esh Chrom osorb W  colum n. T h e  concentration of sulfuric acid

Among other catalysts, chlorosulfomc acid has bee or oleum  w as determ ined b y  m elting p oin t.8 
found to be effective, but the yields were generally 3-M eth ylth io-l,l-dichloropropan e ( l ) .— T o  pow dered alum i- 
inferior to those obtained using sulfuric acid. num  chloride (12 g, 0.09 m ol) in 40 m l of m ethylene chloride w as

R e a c t i o n  w it h  Other Olefins.— When treated with 10 added w ith  stirring 7 .7  g (0.08 mol) of 10 a t 10 °. T h e  m ixture 
• it • • j  rvN/vfmri w as stirred fo r 20 m in a t  10° and transferred to  a  pressure vesse l;
m  sulfuric acid, benzene gave benzyl methyl sud de 11 ^  0 ^  0 09 m ol) was a(jded. T h e  m ixture was k ep t for 2 days
(3), suggesting electrophilic attack oi th e methylthio- a  ̂ room tem perature with occasional shaking, then poured into
m e th y l cation. A  sim ilar result has been reported for 1 0 0  m l of 3 N  hydrochloric acid, and extracted w ith  ether which
th e  reaction of 10 w ith  o-nitrophenol in th e presence of w as w ashed w ith  w ater, dried over calcium  chloride, and evap-
alum inum  chloride,6 b u t th e reaction of 10 in sulfuric orated D istillation  of the residue gave  0.45 g bp 40-42° (1

■ . , , \  . * i . 1  i xu x. ~ m m ), of 1. T h e  iden tity  of the produ ct w as confirmed b y  nmr,
acid wit-h vinyl acetate. Vinyl ethyl ether, or styrene compared with that of authentic 1 prepared from 4 by the method
gave only the polymerization product. Cyclohexene 0f Hill and Tyson.9
yield ed  cy clo h e x y l m e th y l sulfide (7 ) an d  ch lo ro cy clo - 3-(Methylthio)propionaldehyde 2,4-Dinitrophenylhydrazone
hexane (8) as the result of the addition of m ethanethiol (13 a).— T o 98%  sulfuric acid (19.6 g , 0.2 m ol) was added 10 (3.8

, , , , 1  j . __„ i r i 7 g, 0.04 m ol) a t 0 -2 °, dropwise and w ith  sto rin g . A fter 5 mm
and hydrogen chloride originated from 1 • a t 0 °, the m ixture w as transferred to  a cooled pressure vessel and
reaction of 1-chlorocyclohexene gave only cyclohex- n  (3 . 7  g , 0.06 m ol) w as added. T h e  m ixture was kep t for 4 hr
anone (16) as the hydrolyzed product. Acrylonitrile at  o° w ith  occasional shaking and then poured into a solution of
gave 3 - (methylthio)propionitrile (12), the identity of 2 ,4 -d initrophenylhydrazine (16 g, 0.08 m ol) in 800 m l of 6 A  sul-
which was confirmed by converting the product into 3- furic acid to give crude hydrazone (11 .4  g). A  m ixture of ac-
. „  , , , . 1  . • J - i / i . \  m i 1 , curate ly  weighed samples of ¿-butyl alcohol and the hydrazone
(methyIthio)propionic acid (14). These results _ seem wag analyzed b y  nm r in p y r idin e. F rom  the peak ratios of the

to  suggest th a t th e  olefin w ould h a ve  to  b e  in ta ct in  th e m eth y l signals of 13a (5 2.07, s, CH 3S), 13b ( 5 1.95 and 1.85, d,
reaction m edium  to  b e  a tta ck e d  b y  the m eth ylth io - j  =  6 H z, CH aCH), and 15a (8 2.2-2.4, m , CH3S) to  th a t of t-
m otbvl cntinn b u ty l alcohol, it  w as found th at th e hydrazone contained 7.9 g of
m e tn y i cation.  ̂ 13a (70 %  from  10); 1-7 g of 1 3 b (13% from  11) , and 15a, the

Experimental Section m ethylth io groups of w hich corresponded to  8 mol %  of the
_  , am ount of 10 em ployed. R ecrystallization  from  m ethanol gave

A ll m elting points are uncorrected. T h e  nm r spectra w ere 
measured w ith  a V arian  A-60 spectrom eter. C hem ical shifts ------------------

(6) S. W. Long and R . D. Moss, U. S. Patent 2,976,325 (1961); Chem.. (8) C. M. Gable, H. F . Betz, and S. H. Maron, J .  Amer. Chem. Soc., 72,
Abstr 55 16484ft (1961). 1445 (1950).

(7)" H.Bohme, H. Fischer, and R . Frank, Ann. Chem.. 663, 54 (1949). (9) A. J .  Hill and F. Tyson, ibid., 50, 172 (1928).
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13a (mp 120 .5°), the ir and nm r of w hich w ere identical w ith  A n a l.  C alcd  for C ioHhN iOiSj: C , 37.72; H , 4.43; N , 
those of the hydrazone prepared from  authentic 4. 17.60, S , 20.14. F oun d: C , 38.09; H , 4.62; N , 17.69; S,

3-(M ethylthio)propionaldehyde D im ethyl A cetal (2 ).— T h e 20.10.
reaction m ixture, w orked up as in the previous experim ent from  R eactions of 10 in Sulfuric A cid. A . W ith  B en zen e.— T o  
1 0  (7.6 g, 0.08 m ol), in oleum  (31.2 g , S 0 3 6 .8 % )  w ith  1 1  (7.4 g , oleum (S 0 3 5 .7 % , 6 8  g) w as added 1 0  (16 g, 0 .17  m ol), dropwise
0 .12  m ol), was poured into 200 m l of anhydrous m ethanol and and w ith  stirring a t  0 -2 °, followed b y  13 g of benzene (0.17 m ol),
boiled under reflux for 2 hr. T h e solution was poured into sodium  A fter  being k ep t for 2 hr a t 0 -2° and overnight a t room tem pera-
bicarbonate solution and extracted w ith  ether. T h e  extract w as ture, the m ixture w as poured into 150 m l of w a ter-ice  slurry and
washed w ith  w ater, dried over m agnesium  sulfate, filtered, and extracted w ith  ether w hich w as dried over m agnesium  sulfate
evaporated. D istillation  of the residue gave  3.0 g (2 5 % ), bp and evaporated. D istillation  of the residue ga ve  6 .7  g  (29% ),
72-78 ° (15 m m ), of 2. T h e  id en tity  was confirmed b y  nmr, com- bp  94-96° (18 m m ), of 3: nm r (CC1<) 8 1.86 (s, 3, S C H 3), 3.53
pared w ith  th at of authentic 2  prepared from  4 and m ethanol b y  (s, 2, C H 2S), and 7.20 (s, 5 , A rH ).
th e conventional m ethod. A n a l.  C alcd  for C sH I0S: 6 , 69.51; H , 7.29; S , 23.20.

Identification of S id e  P rod u cts.— A  reaction m ixture, worked F oun d: C , 69.36; H , 7.53; S , 23.40.
up as in the previous experim ent from  10 (7.6 g , 0.08 m ole), in B . W ith  C yclohexen e.— Sulfide 10 (16 g , 0 .17  m ol) was added 
100%  sulfuric acid (63 g , 0.64 m ol) and 11 (7.4 g, 0.12 m ol), w as dropwise w ith  stirring to  oleum (S0 3 5 .7 % , 6 8  g) follow ed b y
poured into 400 m l of w a ter-ice  slurry and extracted w ith  chloro- cyclohexene (13.7  g, 0 .17  m ol) a t 0 -2 °. A fte r  3 h r a t 0 °, she
form  w hich w as washed w ith  sodium  bicarbonate solution and m ixture was poured into 2 0 0  m l of w ater-ice  slurry  and extracted
w ater, dried over m agnesium  sulfate, and filtered. T h e v p c  of w ith  ether; the extract was dried over sodium  su lfate  and
the extract a t 122° w ith  helium  gas flow rate  of 73  ml/'min ex- evaporated. D istillation  gave an oil (5.4 g), bp  13 1 -13 2 .5 ° ,
hibited  the peaks of 4 [retention tim e (tT) 7.0 min] and 5 (tT 3.8 w hich was identified as 8  containing about 10 %  5 b y  nm r and
m in) along w ith  tw o peaks a t U of 14.3 (A) and 17 .5  m in (B ). vpc, com pared w ith  those of authentic sam ples.
V p c  also showed the p eak  of 9 (t, 2 1.4  m in) a t  150° w ith  helium  T h e  m other liquor of the ether extract was boiled under reflux 
gas flow rate  of 60 m l/m in. T h e  id en tity  w as confirmed b y  for 2 hr, neutralized w ith  sodium  hydroxide solution, and ex
com parison w ith  the fr of authentic compounds. T h e  com- tracted w ith  ether; the extract w as dried over sodium  sulfate
pounds A  and B  w ere separated b y  v p c . E lem en tal analysis and evaporated. D istillation  of the residue gave  2.0 g  (9 % ), bp
showed th a t both  compounds have a com position close to  C 6- 59-62° (11 .5  m m ), of an oil, rectification of w hich ga ve  7: bp
H 10S2 . T h e nm r spectrum  of A  (C C h ) exhibited 3 H  singlets a t 59.5-60 .5° (13 m m ); nm r (CC 14) 8 2.00 (s, 3, S C H 3), 1.0 -2.2
8 2.02 (C H 3S C H 2) and 2.26 (C H sS C H = C ) ,  a 2  H  doublet a t 3 .12  (broad hum p 10, C H 2), and 2 .2 -2 .7  (broad hum p, 1 , C H S ).
(J  =  8  H z S C H 2C H = C ) ,  a 1 I i  m u ltip let a t 5 .2 -5 .8  (C H a- A n a l.  C alcd  for C 7H »S: C , 64.55; H , 10.83; S , 24.62.
C H = C H S ) , and a 1 H  doublet a t 6 . 1 2  (C H A= C H BS, J ab =  9 F ound: C , 64.39; H , 10.86; S, 25.16.
H z) along w ith  sm all peaks of im purities a t 1 .9 -2 .5 . Com pound C . W ith  A crylonitrile.— Sulfide 10 (16 g, 0 .17  m ol) w as added 
B  exhibited a  v e ry  sim ilar nm r spectrum  a t 5 1.98 (s, 3), 2.25 w ith  stirring to oleum (S0 3 5 .7 % , 6 8  g) follow ed b y  acrylonitrile
(s, 3), 3 .12  (d, 2, J  — 8  H z), 4 .9 -5 .7  (m, 1), and 6.05 (d, 1, (8.9, 0.18 m ol) a t  0 -2 °. A fter 4 hr a t 0°, the m ixture w as poured
CH a= C H bS, J a b  =  15 H z), along w ith  sm all peaks of im purities into 200 m l of w a ter-ice  slurry and extracted w ith  ether. T h e
a t 1 .9 -2 .5 . T hese results and the fa c t th at J a b  c f  B  is larger aqueous layer w as m ade slightly  alkaline w ith  sodium  hydroxide
th an  th a t of A  indicate th a t A  and B  are 6a and 6b, resp ectively . solution, the deposited sodium  sulfate rem oved b y  decantation,

Sulfuric acid (10 0 % , 2.5 g , 0.025 m ol) follow ed b y  1 0  (3.8 g , and the solution boiled under reflux for 4 h r. I t  was then acidi-
0.04 m ol) w as added dropwise to trim eth yl phosphate (10 m l) a t fled w ith  sulfuric acid and extracted w ith  ether; the extract was
0 -4 °. A fte r  5 m in, the solution was allowed to  react w ith  1 1  (3.7 dried over sodium  sulfate and evaporated. D istillation  of the
g, 0.06 m ol) in  a  pressure vessel a t 0° for 3 h r. T h e  m ixture residual oil gave  7 .1  g (3 5 % ), bp 13 5 -13 5 .5 ° (19 m m ), of 14 :
w as poured into a  solution of 2,4-dinitrophenylhydrazine (16 g , ir 1710 cm - 1  ( C = 0 ) ;  nm r (C C h ) 8 2 .12  (s, 3, S C H 3), 2.68 (m , 4,
0.08 m ol) in 6  A  sulfuric acid (800 m l). T h e orange-red precipi- C H 2C H 2S), and 11.32  (s, 1, C O O H ).
ta te  w as filtered, w ashed w ith  w ater, and dried. R ecrystalliza- A n a l.  C alcd  for C 4H 80 2S: C , 39.98; H , 6 .7 1; S , 26.68.
tion from  benzene gave  yellow  needles of 13c, the id en tity  of F ound: C , 39.97; H , 6.78; S, 26.47. 
w hich w as confirmed b y  infrared spectrum . T h e m other liquor
w as evaporated and th e residue w as chrom atographed over alu- Registry No.— Sulfuric acid, 7664-93-9; 1, 22433- 
m ina. From  the petroleum  ether-benzene (4:1) eluate, a ye llow  40-5; 2, 13214-29-4; 3, 766-92-7; 6a, 22433-04-1;
prism  of 15b, mp 97-98° (recrystallized from  petroleum  e th e r- fit, 9 9 4 0 9  (1 5 - 9 • 7  7 1 9 0  9 7  1  • i n  9 9 7 9  51 5 - 1 9 a
benzene), w as obtained: X ^ H 342 mM ( . 17,200);» nm r (C 6D 6) y f e o T o  o 1 4  6 4 6 0 1  5 l l  2 2 4 3 3  4 7  2  l b  W m
8 1.85 (s, 6 , S C H 3), 3.70 (broad s, 2, N C H 2S), 3 .71 (broad s, 2, H ' z ' 1 4 ’ b 4 6 ' U 1- 5 > 1 5 a > 22433-47-2, 15b, 22433-
N C H 2S), 6 .9 -8 .7  (m, 3, A rH ), and 9.26 (broad s, 1, N H ). T h e  48-3-
nm r spectrum  (pyridine) indicated th a t it  corresponds to  one of . , , . . 1 , .
the peaks of the side product 15a ( 8  2 .2 - 2 .4 ). A ckn ow led gm en t.— 1  he authors wish to express their
-------------- thanks to Dr. Tadio Takenishi of Ajinomoto Co., Inc.,

(10) The hydrazone 13a had the uv absorption maximum (EtOH) of 360 encouragement, and also to Mr. TomlyaSU Ito
mu (e 3 1 ,9 0 0 ) .  and Hideomi Saito for their help throughout this work.
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T h e sodium -am m onia reduction of a lkyl-substituted allenes (1,2-octadiene, 1,2-nonadiene, 2,3-nonadiene, 4,5- 
nonadiene, 3-ethyl-l,2-pentadiene, and 2,4-dim ethyl-2,3-pentadiene) and aryl-substituted allenes (phenylpropa- 
diene and 3-phenyl-l,2-butadiene) has been described. A lkyl-sub stituted  allenes were reduced sm oothly to 
g ive  good yields of olefins, while aryl-substituted allenes provided principally alkylbenzenes. P o ten tial routes 
for the form ation of these products have been investigated. E viden ce has been obtained for the isom erization of 
allenes to  internal alkynes, wherever possible, before reduction. T h e  allenes, w hich are not capable of isom eriza
tion to  internal alkynes, seem to undergo reduction directly.

It has been shown earlier that the blue solution formed The reductions were conducted using commercial 
by dissolving sodium in liquid ammonia is an excellent ammonia and pieces of freshly cut sodium. The re
reagent for reducing allenes to olefins.1 This particu- quired amount of allene in dry ether was added and
lar method of reduction, in combination with an elegant worked up after the requisite time,
two-step synthesis of allenes,2'3 has proved to be ad- All the allenes underwent reduction smoothly giving 
vantageous for synthesizing a higher homolog of an good yields of the products. Yields and product
olefin in good yield. composition are reported in Table I. The products

Medium-sized cyclic allenes are found to yield cis were separated, wherever necessary, by preparative gas
olefins1,4 on reduction with sodium-ammonia. This chromatography, and subjected to infrared and nuclear
reaction has been used recently in the synthesis of magnetic resonance spectral analysis.
cfs,ct.s-l,5-cyclorioriadiene1 "5 and m,cfs-l,6-cyclodeca-
diene6 because of the ad v an ta ge  offered in se le ctivity  of T a b l e  I

reduction. A llenes h a ve  been proposed as interm edi- R e d u c t io n  o f  A c y c l ic  A l l e n e s  b y  S o d iu m

ates in the m etal-am m o n ia reduction of certain m edi- IN L iq u id  A m m o n ia

um -sized cyclic acetylenes w hich also form  cis olefins.7-9 Total Product
Since som e confusion exists as to  the nature of th e  Aiiene yield, % (composition, %)

products in th e reduction of acyclic allenes,1,10 w e 1,2-Octadiene“ 77 ¿nms-2-Octene (96.8)
undertook a s tu d y  of th e reduction of representative m-2-Octene (2.5)
acyclic allenes w ith  sod iu m -liq uid  am m onia, w ith  the „  „„ 1-Octene (0.7)
. f  . ■ r ■ ■ ,, , -n ■ , 1  ,, J 1,2-N onadiene“ 80 frcms-2-Nonene (92.8)
in t e n t io n  o f e x a m in in g  t h e  s te r e o s p e c m c i t y  o f t h e  r e d u c -  ’ ft.g 2 Nonene ^  2 )

tio n  and of establishing, if possible, th e p o ten tial p a th  2,3-Nonadiene° 85 t o s - 2 -N onene (49.2)
through w hich the olefins arise. cis-2-Nonene (1.5)

irans-3-Nonene (47.9)

Results and Discussion « ^ N o n e n e  (L4)
4,5-N onadiene“ 82 irans-^ N onene (96.6)

For the present investigation, we have made use of cis-4-Nonene (3.4)
the following acyclic allenes— mono-, di-, and tetraalkyl 3-Ethyl-1,2-pentadiene“ 81 3-Ethyl-2-pentene (100)
allenes (1,2-octadiene, 1,2-nonadiene, 2,3-nonadiene, 2,4-D im ethyl-2,3-pentadiene“ 76 2,4-D im ethyl-2-pentene

4,5-nonadiene, 3-ethyl-l,2-pentadiene, and 2,4-di- , „„ 1̂00\ , „
methyl-2,3-pentadiene), and aryl allenes (phenylpropa- en y p ro p a  iene A lly^ benzem fas.O ) ’

diene and 3-phenyl-l,2-butadiene). All of the allenes 3-Phenyl-l,2-butadiene!’ 42c sec-Butylbenzene (100)

except 2 ,4-dimethyl-2,3-pentadiene were prepared „ p roc]ucts w ere analyzed on a 15-ft propylene g ly c o l-A g N 0 3 
according to the general two-step method for synthe- column. * Products were analyzed on a  10-ft 20 %  C arbow ax
sizing allenes.2,3 They showed properties which were column. c A  large portion of allene was found to undergo polym -
identical with the reported values.10-18 erization, hence the low  yield.

(1) D. Devaprabhakara and P. D. Gardner, J. Amer. Chem. Soc., 8S, 648 Alkyl-Substituted AlleneS.----1,2-Octadiene and 1,2-
( (2) ŵ. von e . Doering and a . k . Hoffmann, ibid., 76, 6162 (1954). nonadiene, on reduction, gave good. yields of trans 2

(3) w. r . Moore and h. r . Ward, j. Org. chem., 26,2073 (1960). olefin as the major product instead ol cis-i oieun as
(4) p. d . Gardner and m . Narayana, iud., 26,3518 (1961). reported earlier.1 4,5-Nonadiene provided trans-4-

(1967)R' Vaidyanatha8wamy and D- De™Prabhakara' ibid- 32- 4143 nonene as the major product. The reduction of 2,3-
(6) S. N. Sharma, R. K. Srivastava, and D. Devaprabhakara, Can. J. n o n a d ie n e  g a v e  m a in ly  tfaUS-2 -  a n d  iraW S-3-nO n ene

Chem., 46,84 (1968). in  a lm o s t  e q u a l  a m o u n ts . 3 - E t h y l - l ,2 - p e n t a d ie n e g a v e
(7) M. Svoboda, J. Sicher, and J. Zavada, Tetrahedron Lett., 15 (1964). , o  , OQ
(8) M. Svoboda, J. Zavada, and J. Sicher, Collect. Czech. Chem. Commun., Only 3-ethyl-2-pentene. 2,4-Dimethyl-2,3-pentadiene

3o, 413 (1965). underwent reduction smoothly to yield 2,4-dimethyl-2-
(9) J. Sicher, M. Svoboda, and J. Zavada, ibid., 30, 421 (1965). npn+^TIP
(10) J . M. Brown, Chem. Ind. (London), 1689 (1963).. peuttJUC . ^
d i)  w . r . Moore and h . r . Ward, j . Org. Chem., 27,4179 (1962). S c h e m e  I  sh o w s t h e  p o s s ib le  r o u te s  (A  a n d  & )  l o r  t n e
(12) l . skatGeboi, Tetrahedron Lett., 167 (1961). r e d u c t io n  o f  a lle n e s  t o  tvdus o le f in s . A c c o r d in g  t o

R.'m adlttnfEm Fiofkr^/r'Alr^; « 6^ 961) ;9?c) o ' t  Hetntn route A  the trans olefin arises by isomerization of allene
and c. v. DiGiovanna, j. Org. Chem., si, 970 (1966); (d) t . v. stand- to acetylene followed by trans addition oi electrons to
nichuk, v. a . Kormer, and a . a . Petrov, Zh. Obshch. Chim. 34, 3279 (1964); forrn the dianion (I) which then undergoes protonation

Chi, tl965): (e) A‘ MeiSterS and J' M' Swan’ AUSl' to give the trans olefin. This route is similar to the one
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Scheme I diene and 4,5-nonadiene. In the case of the former
i both 2- and 3-nonyne can be intermediates and the

- c - c  c e <- c 8 c e . c=c''<i~ latter can undergo reduction through 4-nonyne. Our
w  1 i  ̂ ® results with 1,2-nonadiene and 2,3-nonadiene are com-

e . i (i) \  pletely consistent with the observation of Benkeser and
"V - c = c - c -  \  , Tincher,19 who have obtained principally trans-2-

N-c = c = c / hn _c f̂~ octene from 1,2-octadiene, and trans-2- and trans-3-
 ̂ x octene in almost equal amounts from 2,3-octadiene; in

/  electrolytic reduction. Similar overall results have
/  been obtained by Brown10 and also Gardner and deMor.-

® „x vs e s tellano20 in the reduction of 2,3-nonadiene by alkalic —c = c c - c = c  . , •nr x e / +iinN metal m ammonia.
X6 . ^ j The result with 3-ethyl-l,2-pentadiene reveals that
/c_ c “' c n A = c - c "  the least substituted double bond of the aliene is reduced

' '  specifically to yield the highly substituted olefin. Since
this aliene cannot isomerize to the corresponding 2-

j  , . ,, , „ alkyne, and because of th e  conspicuous absence of
proposed b y  earlier w orkers14 for th e reduction of • , , ,• • ,, , , ,

, , . ., , , , . , , con ju gated  dienes in the partial reduction product of
acetylenes m  th e absence of an external proton donor. 1)2_nonadiene> we pr in  this caSe, th a t the reduc- 
A lte rn a tive ly, th e ahene can undergo direct reduction tion  follows on ly route B  of Schem e i  to  g iv e  th e reso.

through route B. The reaction presumably proceeds nance stabilized aUylic dicarbanion followed by pref-
b y  addition or one electron to g iv e  radical anions. , , ... , , V
cj , ,  6, , , , erential protonation a t the least su bstitu ted  carbon
Su bsequen t addition of one more electron follow ed b y  atom | for reasons already discussed. T h e  result w ith

r a ion o 0 arSe car on a oms gives an a y ic 2,4-dimethyl-2,3-pentadiene demonstrates that a simple
diamon (II) which can exist in resonance forms The tetrasubstituted aliene offers no hindrance to sodium-
mtermediate allyhc anions can have both cis and trans • rpdl,r+;nT,
configurations. Further, the least su bstitu ted  end of A_ rl t n
xu “  i i u ui • xu x 7  - A ryl-S u b stitu ted  A lien e s.— In  this series th e alienes
the m olecule pro bably  carries the greater am ount of „  , \  ,u . • ,• x- , i
„u„ • ,V , , . . . . .  used for the present in vestigation  were p hen ylp rop a-
cnarge, since the electron pair could o ccu p y an orbital j - , 0 , 1 1 0 u x j - u x u  f  u - i u
„ . • . , x u x 7 i diene and 3-p h en yl-l,2 -b u tad ien e, b o th  of w hich h ave
con taim ng m ore s character w hen concentrated there. +. • ’ • -xu xu u i
Tf xu;„ •„ x t  x- i x x -  x xi the alíeme double bond m  con ju gation  w ith  th e p hen yl
11 this is so, one expects preferential protonation a t the „  t i  t  J & ,, -xu “

„„u„x4x,,x a  u x • Tj xu xi , . „  ring. I h e  former g ave n -propylbenzene w ith  some
least su bstitu ted  carbon to  yield  the therm odyn am ically omra,„ .  f  n1) , , ,  ,< u- u j e u x- x- x 3 amount ol allylbenzene, and the latter gave only sec-

2 ^ r r s ^  ion b^ ib~  dThese resuitv hi re; h L  HaikyiV
product made us to suspect that it might be arising from T *  7 7 ’ 71 7 *  I T  7  observed by
the reduction of a possible 2-alkyne intermediate, in Wooster ^nd ^ an’21 wbo obtain?d U ,3 ,3 - e rapheny 1- 
view of the fact that terminal alienes are known to P™ P^e by sodium-ammoma reduction of! tetraphenyl-
undergo isomerization to 2-alkynes by bases.« Also, ProPad;ene . I .can also be pointed out here that the
Moore and W ard- have shown by calculations based on rf lctlon of ^ saturated bonds m conjugation
heats of formation and hydrogenation that 2-alkynes ^ith pheny ring can be a general phenomenon whicn 
are thermodynamically more stable than terminal and coworker,19 who have
alienes. The most likely reagent in our experiments f  tbe formation of alkylbenzenes by electrolytic
causing the isomerization seems to be sodium amide, ° 10? °  7 7 ^   ̂ eneS7 .. , , ..
whose concentration increases as reduction proceeds! T °bserVefd 7 T  can b,C ™ T
In support of our proposal, we have observed 36% 2- £  7  7 7  ca^ be f ef med
nonyne along with 18% trans-2-nonene and 46% un- that b° th allene ,and ,lts ^omerized product, 1-phenyl- 
reacted aliene, when 1,2-nonadiene was subjected to The former gives
partial reduction (using about half the theoretical £  11)crmed,ates> allylbenzene and propenyl-
amount of sodium required to reduce only one double ^ 7 7 ’ 7 7 ?  k t t f  glVeS P^Penylbenzene
bond). This confirms that some or all of the trans-2- wluch’ we think undergoes further reduction to n-
nonene is arising via a 2-nonyne intermediate. How- ProPFlbenzene' ^ blle allylbenzene undergoes isomeriza-
ever, the result does not exclude the possibility of the 10n !°  Pr<1Peiiy lbenzc|'e b®fore reduction. This as- 
direct reduction of the aliene to olefin, since it can be f mptlon of isomerization of allylbenzene to propenyl- 
argued that the formation of 2-nonyne could be inde- a T I  18 “ ° unreasonable since such isomerization 
pendent of the reduction of the allene, but the high TnT 7 influence ° fv a n ” us bases has been wel1 estab'  
concentration of 2-nonyne in comparison with that of by - T f i f  . T  ,  7  mterestmg to note
trans-2-nonene could be best explained by 1,2-nonadiene at * +1? T  bave found ln, a j a r a t e  expen-
undergoing isomerization faster than the direct reduc- 7  that ,even allylbenzene, on reduction with excess
tion. Similar extremely fast isomerization of 1,2- «odium under similar conditions, gives rise to n-propyl-
hexadiene to 2-hexyne has been noted by Wotiz and benzene-
coworkers.18 The same argument holds for 2,3-nona- (is ) j . h . w o fc , w. e . Buiups, and d . t . C h r i s t i a n , o r g. chem ., 3i ,

2069 (1966).
„  „  „  . , ^ (19) R . A. Benkeser and C. A. Tincher, ibid., 33, 2727 (1968).

P ;  K - W - Greenlee and W- C. Fernehus, J .  Amer. Chem. Sec., 64, 250S (20) P. D. Gardner and B . R. O. de Montellano, Dissertation Abslr., 26,
. , 2482 (1965).

fifi! T  t I iamPher’ ■ 79’ 5578 P 0®7)- (21) C. B . Wooster and J .  F. Ryan, J .  Amer. Chem. Soc., 66, 1133 (1934).
7 w  ^  A“  ' R - A¿ a™e;  and »• G - Gooper’ M á :  W. 1273 (1951)- (22) (a) A. Schriesheim, C. A. Rowe, Jr .,  and L. Noslund, ibid ., 86, 2111

(17) W. R . Moore and H. R. Ward, tbsd., 86, 86 (1963). (1963); (b) D. J .  Cram and R . T . Uyeda, ibid., 86, 5466 (1964).
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T o  c h e ck  th e  p o ss ib ility  o f th e  a fo resa id  in te rm e d i- liquid ammonia to give 2.57 g (77% ) of octene mixture, bp 121 -
a te s , p a r t ia l  re d u c tio n  (w ith  a b o u t h a lf  th e  a m o u n t o f 122° (754 mm). Analysis by glpc showed that the product con-
sodium  ren u ired  to  red u ce  o n lv  o n e  d o u b le  b o n d ) o f sisted of 1-octene (0 .7 % ), cw-2-octene (2 .5 % ), and t r a n s - 2 - o c t e n e
so a iu m  re q u ire d  to  red u ce  o n ly  o n e  d o u b le  bond ) ot (96 .8 % ). The infrared spectrum (liquid film) showed a strong
p h en y Ip ro p ad ien e  w as ca rrie d  o u t. W h e n  th e  re a c tio n  band at 963 c m -1 (irons out-of-plane hydrogen bending). All
w as a rre s te d  a fte r  a b o u t 15 m in , th e  gas ch ro m a to - three components were identified by comparing the glpc retention
g ra p h ic  a n a ly s is  o f th e  p ro d u ct a f te r  u su a l w o rk -u p  times with those of authentic samples. Only irons-2-octene was
show ed  th e  p re se n ce  o f n -p ro p y lb e n z e n e , a lly lb en z en e , separated by glpc, and it wa  ̂ identified by comparison of the

, . , f  tvt , i. ., infrared and nmr spectra with those of an authentic sample,
an d  1 -p h en y lp ro p y n e . N o  o th e r  p ro d u ct in c lu d in g  th e  Reduction of l,2-N onad iene.-l,2-N onadiene (2.48 g, 0 .0 2  
s ta r t in g  a lle n e  its e lf  w as o b serv ed . I n  a n o th e r  exp eri- mol) was reduced with 2.06 g (0.09 g-atom) of sodium in c a .  80 ml
m e n t, w hen  th e  p a r t ia l  re d u c tio n  w as allow ed  to  p ro ceed  of liquid ammonia. The usual work-up gave 2.0 g (80% ) of
fo r  a b o u t 3 h r , th e  p ro d u c t a n a ly s is  show ed n -p ro p y l- nonenes, bp 69-70° (45 mm). The glpc analysis showed that
, 1U j  i u i i the product consisted of cis-2-nonene (7 .2% ) and irons-2-nonene
b en zen e , p ro p en y lb en z en e , an d  1 -p h e n y lp ro p y n e  o n ly . ( 9 2 1 % ). The identity of each of the'se wag established
T h is  c le a rly  in d ic a te s  t h a t  th e  re d u c tio n  p ro ceed s, a t  by comparison of glpc retention times with those of authentic
le a s t  p a r t ly , th ro u g h  a  1 -p h en y lp ro p y n e  in te rm e d ia te , samples. The major component was isolated by glpc, and its
an d  t h a t  a lly lb en z en e , w h ich  is  o b serv ed  in  th e  s h o r t-  identity was established by comparison of the infrared and nmr
p erio d  ex p e r im en t, iso m erizes to  th e  p ro p en y lb en z en e  spectra with those of an authentic sample.
%  , . ,, ’ . , . 1 /  A ,. Reduction of 2,3-Nonadiene.— A 2.48-g (0.02 mol) sample of
o b serv ed  in  th e  lo n g -p erio d  e x p e r im en t. F o r m a tio n  2 ,3 -nonadiene was reduced by 2.08 g (0.09 g-atom) of sodium in
o f a lly lb e n z en e  in  th e  a b se n ce  o f fo rm a tio n  o f 3 -p h e n y l- ca. 80 ml of liquid ammonia. The usual work-up and distillation
p ro p y n e  in  th e  p a r t ia l  re d u c tio n  o f p h en y lp ro p a d ien e , yielded 2.16 g (85% ) of product, bp 68-69° (49 mm). Careful
in d ic a te s  t h a t  th e  fo rm e r  arises  o u t o f d ire c t re d u ctio n  analysis by glpc indicated that the product consisted of c i s - 2 -

,, nonene (1 .5% ), iro»s-2-nonene (49 .2% ), as-3-nonene (1 .4% ),
0  „ , e a  en.e ' ,. . „ , . and ¿rons-3-nonene (47 .9% ). The minor components were

T h e  re d u c tio n  of 3 -p h e n y l-l,Z -b u ta d ie n e  to  sec- identified by glpc analysis, while the major components were
b u ty lb e n z e n e  c a n  b e  exp la in ed  as a r is in g  fro m  d ire c t  separated by glpc and identified by comparison of the infrared
re d u ctio n  o f a lle n e  th ro u g h  th e  p o ssib le  2 -p h e n y l-2 - and nmr spectra with those of authentic samples.
b u te n e  an d  3 -p h e n y l-1 -b u te n e  in te rm e d ia te s . A m o n g  Reduction of 4,5-Nonadiene^-4,5-Nonadiene (2.48 g, 0 .0 2  
, .  < n , ,  mol) was reduced with 2.06 g (0.09 g-atom) of sodium in ca. 80
th e s e  tw o in te rm e d ia te s  o n e  c a n n o t b e  fa v o re d  o v er th e  ml iiqUjd ammonia to obtain 1.98 g (7 9 % ) of 4 -nonene isomers,
o th e r , b u t i t  c a n  b e  re ca lle d , h o w ev er, t h a t  3 -e th y l-  bp 58-59° (49 mm). Analysis by glpc indicated 3 .4 %  ci's-4-
1 ,2 -p en ta d ie n e  g iv es e x c lu s iv e ly  3 -e th y l-2 -p e n te n e , nonene and 96 .6%  froras-4-nonene. frons-4-Nonene was sepa-
w h ich  su gg ests  th e  lik e lih o o d  o f fo rm a tio n  o f 2 -p h e n y l- rated and identified by infrared and nmr. The infrared spectrum
o r  , • r , ,r  n • _  v t  had a strong band at 966 cm 1 (lit . 23 969 cm "1) . The nmr spec-
2 -b u te n e  in  p re fe re n ce  to  th e  o th e r  c o r n e r  w h ich , o f tm m  ghowed a triplet at s 0 .9 (6  H)> multipIets at 1.22 (6  H)
cou rse , c a n  go o v er to  th e  fo rm er re a so n a b ly  fa s t . and 1 .95  (4 H ), and a septet at 5 .38 (2 H ).

Reduction of 2,4-Dimethyl-2,3-pentadiene.— 2,4-Dim ethyl-2,3- 
Experimental Section pentadiene (2.88 g, 0.03 mol) was reduced with 2.76 g (0.12 g-

atom) of sodium in 100 ml of liquid ammonia to give 1.23 g
All boiling points are uncorrected. The infrared spectra were (76% ) of 2,4-dimethyl-2-pentene, bp 78-79° (754 mm), ra28d

recorded on a Perkin-Elmer Model 521 spectrophotometer using 1.4005 (lit . 24 bp 83-84°, n20D 1.4016). The product w asfoundto
cesium bromide plates for liquid film spectra and sodium chloride be pure by glpc. The infrared spectrum showed a band at 1670
cells for solution spectra. The nmr spectra were recorded on a cm -1  (C = C ). The nmr spectrum had a doublet at 8 0.87 (6  H ),
Varian Associates A-60 spectrometer, in carbon tetrachloride multipIets at 1.56 (6  H ), 2.42 (1 H ), and 4.88 (1 H).
with tetramethylsilane as the internal standard. The peaks are Reduction of 3-Ethyl-l,2-pentadiene.— 3-Ethyl-l,2-pentadiene
reported in 8 (ppm). Gas chromatographic analysis of the re- (1.92 g, 0.02 mol), on reduction with 2.06 g (0.09 g-atom) of
duction products of the alkyl-substituted allenes was carried out sodium in c a .  80 ml of liquid ammonia, gave 1.57 g (81% ) of 3-
on a 0.25 in X 15 ft column packed with 20%  propylene glycol- ethyl-2-pentene, bp 91-92° (754 mm), n 28D 1.4135 (lit . 25 bp 9 4-
silver nitrate (F  & M  Scientific Corp., Avondale, P a .) on 60-80 95°, n 20D 1.4148). The glpc analysis showed the sample to be
mesh Chromosorb P . The efficiency of the column was checked pure. The infrared spectrum exhibited a band at 1673 cm -1
with authentic samples of c i s -  and t r a n s - nonenes and was found (C = C ). The nmr spectrum had a triplet (with further fine
to be quite satisfactory for our present investigation. The glpc splitting) at 8 0.98 (6  H ), a doublet a t 1.59 (3 H ), mainly a quartet
analysis of the reduction products of phenyl substituted allenes with fine structure at 2.05 (4 H ), and a quartet at 4.19 (1 H ).
was carried out using a */« in. X  10 ft 20%  Carbowax column. Reduction of Phenylpropadiene.— Phenylpropadiene (2.90 g,
2,4-Dimethyl-2,3-pentadiene was obtained from Aldrich Chemi- 0.025 mol) was reduced with 2.30 g (0.10 g-atom) of sodium in 
cal Co. and showed no detectable impurities by glpc and nmr. c a .  100 ml of liquid ammonia to obtain 2.15 g (72% ) of the prod-
All of the other allenes were prepared by known procedures re- uct, bp 52-55° (16 mm). The glpc analysis showed the presence
ported in the literature , 2' 8 and their properties corresponded well of ra-propylbenzene (82% ) and allylbenzene (18% ). They were 
with those reported .10-18 The elemental analyses were carried separated by glpc and identified by comparison of the infrared
out by A. H. S-ddiqui, microanalyst of this department. and nmr spectra with those of authentic samples.

General Procedure for Sodium-Ammonia Reduction.— Com- Reduction of 3-Phenyl-l,2-butadiene.— 3-Phenyl-l,2-buta-
mercial ammonia was directly condensed without purification diene (2.60 g, 0.02 mol) was reduced with 0.06 g (0.09 g-atom) of
into the reaction flask fitted with a dropping funnel, a stirrer, sodium in c a .  80 ml of liquid ammonia to yield 1.62 g (42% ) of
and a D ry Ice condenser. A calculated quantity of dried sodium product, bp 60-62° (12 mm). The undistilled polymeric residue 
(freshly cut with a clean stainless steel knife) was dissolved in accounted for c a .  40%  of the product. The glpc analysis of the 
liquid ammonia. To the blue solution, the allene in dry ether product indicated it to be pure. The product was identified as
was added dropwise. After complete addition of the allene, the sec-butylbenzene by comparison of the infrared and nmr spectra
stirring was continued for c a .  1 hr to ensure completion of the with those of an authentic sample.
reaction, even though the reaction was found to be instantaneous. Partial Reduction of 1,2-Nonadiene.— Partial reduction of 1,2-
The excess sodium was then destroyed by adding ammonium nonadiene (1.24 g, 0.01 mol) using 0.23 g (0.01 g-atom) of sodium 
chloride in small amounts. The excess ammonia was allowed to in 50 ml of liquid ammonia gave a product mixture (1.01 g) which
evaporate. The product was isolated by adding water to the was found to contain frons-2-nonene (18% ), 1,2-nonadiene
residue and extraction of the product with ether. The com
bined extracts were washed twice with water and dried over an-
hydrous magnesium sulfate. The product was distilled after (23) K D Berlin and B s . B,athore, Tetrahedron Lett., 2547 (1964).
removal of the solvent through an efficient column. (24) w. J. Hickinbottom, D. Peters, and D. G. M. Wood, J. Chem. Soc.,

Reduction of 1 ,2 -Octadiene.— 1,2-Octadiene (3.30 g, 0.03 mol) 1360 (1955). 
was reduced with 2.76 g (0.12 g-atom) of sodium in ca. 100 ml of (25) H. C. Brown and G. Zweifel, J. Amer. Chem. Soc., 88 , 1433 (1966).
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(46% ), and 2-nonyne (36% ) by glpe analysis. These were 15 min and worked up in the usual way. The product (0.S2 g)
separated by glpc and identified by infrared and nmr. analysis by glpc showed the presence of n-propylbenzene (21 .&%),

Partial Reduction of Phenylpropadiene.— Phsnylpropadiene allylbenzene (15 .3% ), and 1-phenylpropyne (62 .8% ). These
(1.16 g, 0.01 mol) was reduced with 0.23 g (0.01 g-atom) of were separated and identified by nmr. 
sodium in 50 ml of liquid ammonia. The reaction product was
stirred for 3 hr and worked up in the usual manner. The glpc Registry No.— 1,2-Octadiene, 1072-19-1; 1,2-nona-
analysis of the product (0.95 g) showed the presence of n-propyl- j ;  9 2 4 3 3 -3 3  0- 9  3 rinnaHipno 9 9 4 3 3  34  7 - A Z
benzene (17 .2% ), propenylbenzene (22 .5% ), 1-phenylpropyne 2 2 4 3 3  33  ?> 2 2 4 3 3 ; 3 4 -7 > J ’f
(56 .8% ), and an unidentified product (3 .5 % ). The first three nonadiene, 821-74-9, o ethyi-l,2-pentadiene, 2384-
components were separated by glpc and identified by nmr. 96-5; 2,4-dimethyl-2,3-pentadiene, 1000-87-9; phenyl-

When the reaction in another lot was arrested and worked up propadiene, 2327-99-3; 3-phenyl-l,2-butadiene, 22433-
after ju st 15 min, the product analysis showed 15.7%  n-propyl- 39-2 
benzene, 19.5%  allylbenzene, and 64 .8%  1-phenylpropyne.

S « S W 3 S f l 2  „  Acknowledgment The author, are indebted to Dr.
added into a solution of 0.46 g (0.02 g-atom) of sodium in 50 ml JNityanand, Assistant Director, Central Drug Research
of liquid ammonia. The reaction mixture was stirred only for Institute, Lucknow, India, for the nmr spectra.
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Ethyl 2-acetamido-3-octadecynoate (8), derived from the 2,4-dinitrophenylhydrazone (4) of ethyl 2-oxo-3- 
octadecynoate (1) by reductive acetylation, was converted into trans- and cfs-2-acetamido-l-acetoxy-3-octade- 
cenes (13 and 16). Dihydroxylation ;n trans fashion of the trans compound 13 with performic acid followed by 
saponification afforded racemic N-acetyl phytosphingosine, the DL-nfeo isomer 14, together with the dl-arabino 
isomer 15. From the cis compound 16 there was obtained in the same way the dl-lyxo isomer 17, but the dl-xylo 
compound 18 was not obtained, cis cihydroxylation of 13 by silver iodoacetate furnished the dl-xylo isomer 18.

In the previous paper,1 a synthesis of racemic curred and the isoxazole derivative (6)6 was formed,
phytosphingosine and the lyxo isomer was described. On the other hand, the treatment of 1 with hydroxyl-
The procedure was based on the stereospecific reaction amine hydrochloride in the presence of sodium acetate
of ¿raus-glycidic acid with benzylamine to give 2,3- furnished an addition-cyclization product (7).7
er?/f/iro-2-benzylamino-3-hydroxy acid.2 The present Reductive acetylation of the 2,4-dinitrophenylhy- 
paper deals with syntheses of all of the racemic dia- dr&zone 4 to the acetylenic amido ester 8 was carried
stereoisomers of phytosphingosine by stereospecific di- out with zinc dust.8 The ester group of 8 was selec-
hydroxylations3 of 3-octadecene derivatives. tively reduced with lithium aluminum hydride to give

The stereochemical assignments of the products as acetylenic amido alcohol 9, which was partially hydro-
compared with the natural and the diastereomeric genated to 2-acetamido-l-hydroxy-(rans-3-octadecene
compounds described in the previous paper1 confirmed (10) with sodium in liquid ammonia,9 or to the cis
that all of the reactions proceeded with known stereo- isomer 12 with Lindlar’s catalyst.10 Alternatively, .he
chemistry. same cis compound 12 was obtained from 8 by catalytic

The reaction of n-hexadecynylmagnesium bromide hydrogenation followed by reduction with lithium 
with diethyl oxalate4 gave ethyl 2-oxo-3-octadecynoate aluminum hydride or lithium borohydride.11
(1) (identified by the semicarbazone 1 ') accompanied The irans-amido alcohol 10 was transformed into the 
by a small amount of tetrakis(l-hexadecynyl)ethylene O-acetate 13 and dihydroxylated in trans fashion with
glycol (2), whose constitution was confirmed by oxida- performic acid12 followed by saponification to furnish
tion with lead tetraacetate to afford bis(l-hexadecynyl) racemic N-acetyl phytosphingosine (14) and the
ketone (3)^ (identified by the 2,4-dinitrophenyl- T>~L-arabino isomer 15. The separation was carried out
hydrazone 3'). On heating an alcoholic solution of the by fractional recrystallization. Excellent crystalliz-
2,4-dmitrophenylhydrazone (4) of the acetylenic keto ability of the D-L-arabino compound 15 aided the isola-
ester 1 cyclization into the pyrazole derivative (5)5 tion of both isomers. The compound 14 was identical
was observed. When 1 was treated with hydroxyl-
amine hydrochloride, similar cyclization reaction oc- (6) (») u ciaisen, Ber., u ,  net (i9ii); (b) a. Quiiico, g. Gaudiano,

and L. Merlini, Tetrahedron, 2, 359 (1958).
(7) H. Reimlinger and J. J. M. Vandewalle, Ann. Chem., 720, 117 (1968).

(1) K. Sisido, N. Hirowatari, and T. Isida, J .  Org. Chem., 34, 3539 (1969). (8) D. Shapiro, H. Segal, and H. M. Flowers, J .  Amer. Chem. Sec. 80,
(2) (a) Y. Liwschitz, Y. Rabinsohn, and D. Perera, J .  Chem. Soc., 1116 1194 (1958).

(1962); (b) K. Sisido, N. Hirowatari, and T. Isida, J .  Org. Chem., 29, 2783 (9) (a) F. Sondheimer, J .  Chem. Soc., 877 (1950); (b) F. Asinger, B. Fell,
(1964)- and G. Steffan, Chem. Ber., 97, 1555 (1964).

(3) (a) D. Swern, G. N. Billen, T. W. Findley, and J. T. Soanlan, J .  Amer. (10) H. Lindlar, Heir. Chim. Acta, 35, 446 (1952).
Chem. Soc., 67, 1786 (1945); (b) R. B. Woodward and F. V. Brutoher, Jr., (11) I. Sallay, F. Dutka, and G. Fodor, ibid., 37, 778 (1954).
ibid., 80, 209 (1958). {12) (a) See ref 3a; (b) J. D. Roberts and C. W. Sauer, J .  Amer. Chem.

(4) 1. I. Lapkin and Yu. S. Andreichikov, Zh. Org. Knim., 1, 480 (1965); Soc., 71, 3925 (1949); (c) L. F. Fieser and S. Rajagopalan, ibid., 71, 3938
Chem. Abstr., 63, 1692A (1965). (1949); (d) J. B. Brown, H. B. Henbest, and E. R. H. Jones, J .  Chem. Soc.,
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HO NHAc OH NHAc
16

17 (lyxo) 18 (xylo)

R =  7Z-C14H29

in all respects with racemic n6o-2-acetamido-l,3,4- tween the tetradecyl group and the substituent at thej3
trihydroxyoctadecane reported previously1 and may carbon, thus producing the dl-lyxo isomer 17.
readily be converted into racemic phytosphingosine.13 On the other hand, since in the trans compound 13

By similar trans dihydroxylation of 2-acetamido-l- the steric interaction by the tetradecyl group would
acetoxy-as-3-octadecene (16) with performic acid, disappear, the epoxidation could occur irrespective of
there was obtained the dl -lyxo compound 17; however, the conformation, so that there were obtained both
the dl-xylo isomer 18 was not obtained. By compari- dl-ribo 14 and dl-arabino 15 isomers. The detailed
son of the spectroscopic data it was proved that the analyses of the products by gas chromatography as
compound 17 was identical with racemic lyxo-2-aceta- well as by thin layer chromatography failed, owing to
mido-l,3,4-'jrihydroxyoctadecane reported previously.1 low separability.

The failure of the isolation of the dl-xylo compound By cis dihydroxylation of 13 with silver iodoacetate 
18 might be accounted for by the preferential formation according to Woodward’s procedure3*5’16 there was
of the dl-lyxo isomer 17 due to the intramolecular isolated the dl -xylo compound 18. The corresponding
asymmetric induction of the groups at the /J carbon to dl-lyxo isomer 17, however, could not be obtained,
the epoxidation point. The opening of the epoxide presumably because of low separability. The infrared
ring would occur at the 5-carbon position (not at the spectrum of the mother liquor concentrate showed that
Y-carbon position) with Walden inversion,14 owing to this consisted of the mixture. The infrared spectrum
the steric effect of the groups at the ¡3 carbon. It is of 18 differed distinctly from those of the other three
presumed that performic acid associates with the isomers. By the same procedure the dl -arabino
acetoxy group (the acetamido group is too short for compound 15 was obtained from 16, but the dl-ribo
further reaction), probably by hydrogen bonding with isomer 14 was not isolated. This result would be
the carbonyl oxygen; as evidenced by the Dreiding consistent with the above reasoning,
model, the attack on the double bond would take place Use of the free hydroxyl compounds 10 and 12 
from the side opposite to the acetamido group in the instead of 13 and 16 did not give satisfactory results, 
conformation, which avoids the steric interaction be-

(15) (a) D. Ginsburg, J .  Amer. Chem. Soc., 75, 5746 (1953); (b) L. B.
Barkley, M. W. Farrar, W. S. Knowles, H. Raffelson, and Q. E. Thompson,

(13) D. Shapiro, H. Segal, and H. M. Flowers, J .  Amer. Chcm. Soc., 80, ibid., 76, 5014 (1954); (c) P. R. Jefferies and B. Milligan, J .  Chem. Soc., 2363
2170 (1958). (1956); (d) F. D. Gunstone and L. J. Morris, ibid., 487 (1957); (e) Md. E.

(14) D. Swern, Org. Reactions, 7, 378 (1953). Ali and L. N. Owen, ibid., 1066 (1958).
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T able I
L is t  of N ew Compounds

/-------------------- Calcd, %-------------------- ' /----------------------- Found, % --------------------—.
Compound Mp, °C Formula C H N C H N

1' 85-87 C2,H37N30 3 66 .45  9 .8 3  11 .07  66 .19  9 .8 8  11.15
2 6 2 -6 3 .5  CesHufA 84 .00  12.60 83.92 12.78
3 ' 5 9 .5 -6 0 .5  C39H62N40 4 71.71 9 .7 9  71 .96  9 .60
4 87-90 C26Hî8N40 6 62 .13  7 .62  11 .15  62.01 7 .71  11.14
5 154-155 C26H58N40 6 62 .13  7 .62  11.15 62 .38  7 .81  10.91
6 72-73 C19H33N 0 3 70 .5 5  10 .28  4 .3 3  70 .45  10.44 4 .4 8
7 9 1 .5 -9 2 .5  C20H37NO4 67 .5 7  10.49 3 .9 4  67 .68  10 .65  4 .1 4
8 81-82 C22HsoN 0 3 72 .2 8  10.75 3 .8 3  72 .23  10 .68  3 .7 3
9 94-95 C29H37N 0 2 74 .2 5  11 .53  4 .3 3  73 .98  11 .36  4 .2 2
10 8 1 .5 -8 2 .5  C20IL 9NO2 73 .79  12 .08  4 .3 0  73 .59  12 .16  4 .3 8
11 70-71 C22H4iN 0 3 71 .8 8  11.24 3 .81  71 .66  11.12 3 .81
12 6 9 .5 -7 0 .5  C20H3gNO2 73 .79  12 .08  4 .3 0  73 .62  12.33 4 .2 6
13 8 7 .5 -8 9  C22H4iN 0 3 71 .8 8  11 .24  3 .81  72 .00  11.31 3 .9 8
15 138-139 .5  C29H4iN 0 4 66.81 11.49 3 .9 0  66 .5 5  11 .69  4 .1 4
16 6 0 -6 1 .5  C22H41N 0 3 7 1 .8 8  11 .24  3 .81  71 .64  11 .36  3 .71
18 107 .5-109  C20H41NO4 66.81 11.49 3 .9 0  66 .52  11 .69  3 .8 8
19 133 Ci8H39N 0 3 68 .09  12 .38  4 .41  67 .86  12 .65  4 .3 9
20 101-103 C i8H39N 0 3 68 .09  12 .38  4 .4 1  68 .29  12 .67  4 .4 1

A tte m p te d  cis d ih y d ro x y la tio n  w ith  p o ta ssiu m  p e r- ethanol: ir (Nujol) 3280 and 3090 (NH), 2220 (C = C ), 1620,
m a n g a n a te 16 to  y ie ld  3 ,4 -erythro  com p o u n d s did  n o t  1590 cm 1 (C==N). , ,
a iv e  th e  desired  a c e ta m id o trio ls  K2,4-Dimtrophenyl)-3-ethoxycarbonyl-5-(l-tetradecyl)pyra-
® ’ zole (5).— When the 2,4-dinitrophenylhydrazone 4 was heated

in boiling ethanol, the pyrazole derivative 5 was formed and was 
E x p e r im e n ta l S e c t io n 17 recrystallized from ethanol: ir (Nujol) 3080 (CH ), 1735 (ester

C = 0 ) ,  1610 cm "1 (C = N ).
Ethyl 2-Oxo-3-octadecynoate (1) and Tetrakis(l-hexadecynyl)- 3-Methoxycarbonyl-5-(l-tetradecyl)isoxazole (6) and 5-Ethoxy-

ethylene Glycol (2).— Using an inverse addition technique, n- carbonyl-5-hydroxy-3-(l-tetradecyl)isoxazoline (7).— A mixture
hexadecynylmagnesium bromide, prepared from 11.1 g (0.05 of 3.17 g (0.00984 mol) of 1 and 0.84 g (0.012 mol) of hydroxyl-
mol) of 1-hexadecyne18 and 0.055 mol of ethylmagnesium bromide amine hydrochloride in 100 ml of methanol was allowed to stand
in 200 ml of anhydrous ether, was added dropwise at —30° to a for 3 days at room temperature. Addition of water afforded pre
solution of 7.3 g (0.05 mol) of diethyl oxalate in 50 ml of dry cipitates, from which 1.8 g (57% ) of the isoxazole derivative20
ether. After stirring for 15 min at —30°, the reaction mixture 6 was obtained and was recrystallized from hexane: ir (Nujol)
was decomposed with a saturated ammonium chloride solution. 3180 (CH), 1740 (ester C = 0 ) ,  1605 cm “1 (C = N ); nmr (CDOh),
After evaporation of the ether, the crystalline glycol 2 separated s 2.78 (t, 2, / =  7 Hz), 3.96 (s, 3), 6.42 (s, 1).
and was recrystallized from hexane in 6 % yield: ir (Nujol) 3490 When the same reaction was carried out in the presence of an-
(OH), 2260 cm 1 (C = C ). hydrous sodium acetate, the addition product 7 was obtained in

The mother liquor of 2 was concentrated and distilled under 4 0 % yield and recrvstallized from hexane: ir (Nujol) 3400 (OH),
reduced pressure to give 6.6 g (41% ) of 1: bp 184-186° (2 mm ); 1735 (ester 0 = 0 ) ,  1625 c m '1 (C = N ); nmr (CD Ch), 5 1.35
ir (neat) 2220 (C = C ), 1750 (ester C = 0 ) ,  1690 cm -1 ( C = 0 ) .  (1, 3, /  =  7 Hz), 2.35 (m, 2), 3.00 (d, 1, J  =  1 8 H z), 3.57 (d, 1,
Because of the lability of the compound 1 to heat, the elemental / =  18 Hz), 3.88 (s, 1), 4.32 (q, 2, J  — 7 Hz),
analyses did not give correct values for C20H34O3. _ Ethyl DL-2-Acetamido-3-octadecynoate (8).— To a suspension

Semicarbazone 1' was recrystallized from hexane: ir (Nujol) of 25 g (0.383 g-atom) of zinc powder in 60 ml of glacial acetic
3425, 3340, 3240 and 1690 (=N N H CO N H 2), 2220 (C = C ), 1740 acid and 25 ml of acetic anhydride was added dropwise a solution
(ester 0 = 0 ) ,  159o cm 1 (C = N ). of 4  00  g (0.00795 mol) of the hydrazone 4 in 100 ml of glacial

The 2,4-dinitrophenylhydrazone19 (4) of 1, was recrystallized acetic acid, with vigorous stirring. Filtration of the reaction
from benzene-ethanol: ir (Nujol) 3270 and 3140 (N H), 2230 mixture into ice-water yielded precipitates, from which 2,85 g

1^45 (ester C = 0 ) ,  1620 and 1595 cm 1 (C = N ). (98% ) of the acetylenic amido ester 8 was obtained and recrystal-
When the Grignard reaction was carried out by a normal addi- lizec from hexane: ir (Nujol) 3300, 1650, and 1535 (amide),

tion procedure, 1 and 2 were produced in 7.1 and 39%0 yields, 2250 (C = C ), 1760 cm "1 (ester C = 0 ) .
respectively. DL-2-Acetamido-l-hydroxy-3-octadecyne (9).— To a suspension

Bis(l-n-hexadecynyl) Ketone (3).— A mixture of 3.8 g (0.0022 0f 0.32 g (0.0084 mol) of lithium aluminum hydride in 50 ml of 
mol) of 2, 0.62 g of potassium carbonate, and 1.3 g (0.0022 mol) dry ether was added dropwise21 a solution of 2.2 g (0.006 mol) of
of lead tetraacetate in 50 ml of dry benzene was stirred for 3 hr at 8 in 100 ml of dry ether at - 1 5 ° ,  and the mixture was stirred :or
room temperature. The filtrate was concentrated and distilled 5  hr. The reaction mixture was worked up in the usual way to
^ ao1/ re<̂ ucec(  pressure to furnish 1.3 g (62% ) of 3: bp 175- give 1.5 g (78% ) of the product 9, which was recrvstallized from
180 (1m m ); ir (neat) 2220 ( f e C ) ,  1625 cm - 1 ( C = 0 ) .  ethyl acetate: ir (Nujol) 3290, 1630 and 1575 (amide), 3160,

The 2 ,4-dmitrophenylhydrazone (3 ') was recrystallized from 3080, 1080, and 1055 cm - 1 (hydroxy).
------------------- DL-2-Acetamido-l-hydroxy-iraras-3-octadecene (10).— A solu-

(16) (a) R. P. Linstead, L. N. Owen, and R. F. Webb, J .  Chem. Sac., 1225 ) ion of 2 A  g (0-0065 mo1) of 9 in  30 ml ° f anhydrous tetrahydro-
(1953); (b) P. D. Bartlett and A. Bavley, J .  Amer. Chem. Soc., 60, 2416 furan WaS added dropwise to a Stirred Solution of 3 g (0.13 g-
(1938). atom) of sodium in 150 ml of liquid ammonia. The mixture was

(17) Ir  spectra were measured on Shimazu IR -27B  spectrophotometer. stirred for 3  hr and worked up in the usual way to furnish 1 .6  g
Nmr spectra were determined as solutions in CDCh with TM S as an internal ( 7 6 % )  of 10, recrystallized from hexane—ethyl acetate: ir (Nujol)
standard on Japan Electron Optics Laboratory JE O L  C-60-H apparatus. 3 2 7 0 , 16 3 5  and 1535  (amide), 3 2 0 0 , 3 1 2 0 , and 1075  (hydroxy),
The purity of the compounds was established by thin layer chromatography 905  0m -1  (irans C H = C H )
using "Kieselgel G nach Stahl.” Microelemental analyses were performed o a • -j ± A . /ti\ * • ,hv Mr* k  Tinsimnto „t v  • . A * , Ethyl DL-2-Acetamido-as-3-octadecenoate (11).— A mixtureby Mrs. Ü. Huzimoto of this laboratory on a Yanagimoto Autoanalyzer • 0  A nAC/10 i\ c o  -, n £ T • ,, , . . , . ^
CHN Corder M T-1. In Table I are listed the new compounds prepared in ° f  2 ‘°  g  (0 -00548  m o1) o f 8  and  ° * 2 °  g  o f L m d la r  S c a ta ly s t  in  100
this experiment. All melting points were corrected. ---------------------

(18) E . F. Jenny and J .  Druey, Helv. Chim. Acta, 42, 401 (195&). (20) Under the acidic conditions, transesterification occurred.
(19) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, "The Systematic (21) When the addition was carried out as fast as possible at —50c, a

Identification of Organic Compounds,” 4th ed, John Wiley & Sons, Inc., large amount of unidentifiable oily materials were formed. The yield de-
New York, N. Y., 1956, p 219. pended on the rate of addition and the reaction temperature.
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ml of ethyl acetate was hydrogenated at room temperature under arabino isomer 15: ir (Nujol) 3440, 1605 and 1585 (amide),
hydrogen at atmospheric pressure until the calculated amount of 3330, 3240, 3100, and 1060 cm -1 (hydroxy); R¡ 0.48 in chloro-
hydrogen (135 ml) was absorbed. In a usual treatment 1.9 g form -m ethanol-2.8%  ammonium hydroxide (5 0 :1 0 :1 ).
(94% ) of 11 was obtained, and recrystallized from hexane: ir The residue obtained from the mother liquor was recrystallized 
(Nujol) 3300, 1650 and 1555 (amide), 3060 and 810 (cis C H =  from acetone to furnish 0.441 g (14 .9% ) of the ribo isomer 14, 
CH ), 1755 cm-1 (ester C = 0 ) .  identical in all respects with racemic N-acetyl phytosphingosine

DL-2-Acetamido-l-hydroxy-«s-3-octadecene (12). A. By reported previously.1 
Reduction of 11 with Lithium Aluminum Hydride.— To a sus- DL-h/xo-2-Acetamido-l,3,4-trihydroxyoctadecane (17).— B y
pension of 0.273 g (0.007 mol) of lithium aluminum hydride in similar irons dihydroxylation of 16 with performic acid followed
20 ml of dry ether was added dropwise a solution of 1.84 g (0.005 by saponification as described above, there was isolated in 63%
mol) of 11 in 100 ml of dry ether at —10° and the mixture was yield the racemic N-acetylaminotriol 17, identical in all respects
stirred for 5 hr. Upon working up in the usual way there was with the racemic lyxo compound reported previously.1
obtained 1.37 g (84% ) of 12, recrystallized from hexane: ir From the mother liquor the d l-xylo isomer 18 could not be
(Nujol) 3300, 1640 and 1585 (amide), 3240, 3120, 1080, and 1045 isolated.
cm “1 (hydroxy). i>L-xylo-2-Acetamido-1,3,4-trihydroxyoctadecane (18) and the

B . By Reduction of 11 with Lithium Borohydride.— Selective d l-arabino Isomer 15.—To a vigorously stirred mixture of 3.68
reduction of 11 to 12 was carried out according to the procedure g (0.01 mol) of 13 and 3.7 g (0.022 mol) of silver acetate in 65 ml
used by Sallay and coworkers11 and the product 12 was obtained of glacial acetic acid was added at room temperature 2.6 g (0.0102
in 68%  yield. mol) of finely powdered iodine, in small portions. After stirring

C. By Partial Hydrogenation of 9 .— The cis-amido alcohol 12 for 30 min, 10 ml of aqueous acetic acid (containing 0.20 g of
was also prepared in 74%  yield by partial hydrogenation of 9 water) was added and the reaction mixture was heated at 9 0 -
using Lindlar’s catalyst. 95° for 6 hr with vigorous stirring. After the usual work-up,3b

DL-2-Acetamido-l-acetoxy-ira»s-3-octadecene (13).— T o aso lu - there was obtained 0.54 g (15% ) of the racemic xylo compound
tion of 6.2 g (0.019 mol) of 10  in 100 ml of pyridine was added 30 18, recrystallized from acetone: ir (Nujol) 3300, 1635, and 1540
ml (0.294 mol) of acetic anhydride and the mixture was allowed (amide), 3200 and 1065 cm -1 (hydroxy); R¡ 0.40 in chloroform-
to stand for 24 hr. There was obtained 4.8 g (69% ) of the m ethanol-2.8%  ammonium hydroxide (5 0 :1 0 :1 ).
acetoxy compound 13, recrystallized from ethyl acetate: ir The m.-lyxo compound 17 could not be isolated.
(Nujol) 3300, 1645, and 1570 (amide), 3090, 1675, and 980 When 16 was treated similarly, the arabino isomer 15 was ob-
(trans C H = C H ), 1725 cm -1 (ester C = 0 ) ;  • Ri 0.40 in chloro- tained in 29%  yield. The ribo compound 14 was not obtained, 
form-ethyl acetate-methanol (5 :3 :1). DL-aro5¿no-2-Amino-l,3,4-trihydroxyoctadecane (19) and the

DL-2-Acetamido-l-acetoxy-cis-3-octadecene (16).— In a way DL-xylo Isomer 20.—A solution of 0.32 g of 15 and 1.5 g of potas-
similar to that described above the cis isomer 16 was prepared in sium hydroxide in 100 ml of 90%  methanol was heated under
85%  yield and recrystallized from methanol: ir (Nujol) 3320, reflux for 6 hr.18 After removal of the solvent in vacuo, water
1660, 1650, and 1550 (amide), 3120 (cis C H = C H ), 1740 cm-1 was added, and the precipitate formed was recrystallized from
(ester C = C ) ; Rt 0.87 in chloroform-ethyl acetate-m ethanol acetonitrile-ethanol to give 0.22 g (78% ) of 19: ir (Nujol) 3370,
(5 :3 :1 ) .  1595, and 1575 (amino), 3350-2770 and 1040 cm -1 (hydroxy);

DL-n'6o-2-Acetamido-l,3,4-trihydroxyoctadecane (14) and the Rt 0.42 in chloroform-methanol-2.8% ammonium hydroxide 
d l-arabino Isomer 15.— A mixture of 3.043 g (0.00828 mol) of 13 (3 5 :1 0 :1 ).
and 2 ml of 30%  hydrogen peroxide in 50 ml of formic acid was Similarly, the xylo compound 20 was obtained from 18 in 73%
stirred for 24 hr at 40°, during which time, at 7-hr intervals, two yield and was recrystallized from hexane-ethanol: ir (Nujol)
2-ml portions of 30%  hydrogen peroxide were added. The reac- 3330 and 1600 (amino), 3300-2740 and 1100-970 cm-1 (hydroxy);
tion mixture was poured into ice-water and the resulting di- Rs 0.51 in chloroform-methanol-2.8% ammonium hydroxide
hydroxylat.ed products were extracted with ether. The com- (3 5 :1 0 :1 ).
bined ether extracts were washed successively with sodium
bisulfite, sodium bicarbonate, and water. After drying over Registry H o .- l ,  22566-56-9; 1', 22577-01-1; 2,
sodium sulfate the solvent was removed, and the residue was ^ ro i no ran rn  o a o o w c
dissolved in 150 ml of methanol and treated with a saturated 22566-57-0; 3, 22566-58-1, 3 , 22566-59-2, 4, 2^566-
aqueous potassium hydroxide solution for 24 hr at room tempera- 60-5; 5,22594-00-9; 6,22566-24-1; 7 ,22566-25-2; 8,
ture. After removal of the solvent in vacuo water was added 22565-70-4; 9, 22565-71-5; 10, 22565-72-6; 11, 22577-
and the precipitates formed were extracted with ether-chloro- 0 2 . 2 . 12,22565-73-7; 13,22565-76-0; 15,22565-77-1;
form. From this solution there was obtained 2.644 g (88.9% ) of ookrk vc o . i s  oqcrc 7 q o . in oosftr; on ft.
a mixture of diastereoisomers, which were recrystallized from 1 6 > 22565-78-2, 18, 2 2 5 6 5 -7 0 -3 , 19, 22h0b -SU -0 , 2U,
ethanol-ethyl acetate-hexane to give 0.563 g (18 .9% ) of the 22565-81-7.
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The Addition of Brom otrichlorom ethane to  a,/3-Unsaturated Ketones.
A Nuclear M agnetic Resonance Study of the Addition Products

Soon Ng and S. H. Ong

Department of Chemistry, University of Malaya, Kuala Lumpur, Malaysia 
Received June 24, 1969

The free-radical addition of bromotrichloromethane to benzylideneacetone and benzylideneacetophenone 
yielded mainly PhCHBrCH(CCl3)CCCH3 and PhCHBrCH(CCl3)COPh, respectively. The structures of the 
adducts have been assigned unambiguously through nmr study involving solvent effects on acyclic ketones and 
comparison of data of several related compounds of known structures.

The free-radical addition of bromotrichloromethane form solutions. The chemical-shift data are tabulated
to unsymmetrical olefins R C H =C H R ' has been below.
studied,1’2 and the mode of addition in each case
afforded an intramolecular comparison of the stabilizing T able I
influences of the substituents R  and R ' on the free alkyl Nmr Chemical-Shift  D ata for Acyclic K eto n es“
radicals. The scale of relative stabilizing effects1 was a =
found to be Ph >  CN «  CO >  C 02E t «  C 02H >  Me. Compd FormuIa
Considering the stabilizing effects of the phenyl and jy  CH3aCOCH3a a 8.44 7.85 0.59
ketonic groups, the addition of bromotrichloromethane y CH3aCOCHb(CH3c)2 a s '32 7 . 8 7  O A o
to benzylideneacetone would be expected to lead to the b 7.90 7.43 0.47
intermediate radical I and hence the product Ha. c 9.16 8.90 0.26

V I CH3aCOCH2bCH3o a 8 .4 2  7 .8 6  0 .5 6
PhCHCHCOCHs PhCIICHCOCH.-, PhCH—CHCOCH3 b 8 .1 8  7 .5 4  0 .6 4

CC13 Br CC13 CC13 Br VTT .... ® *.95 0 22j  j j a jji VII PhCOCH2bCH3c b 7.54 7.03 0 5-
c 8.95 8.78 0 17

Although this reaction was reported, attempts to VI11 (c H3cCH2b)2CO b 8.11 7.o7 0.54
degrade the adducts to known products were not TY P t n i n i m c n  ° 0’n,
successtul.1 4 urther, it was also recorded3 that m the | | b 5 38 5 07 0 3
addition of thiyl radicals (R-) to a.d-unsaturated ke- Br Br
tones, including benzylideneacetone, the radical (R-) c 4 .7 3  4 .6 9  0 .0 4
adds at the carbon d to the carbonyl. In view of the “ Values are in parts per million. All determinations were 
difference in the orientation of free-radical addition, carried out in dilute solutions (<2%). 
we thought that it would be important to determine the
structure of the adduct II. Table I shows that, for compounds IV -V III, methyl

Nmr study of several acyclic ketones indicates that protons a  to the carbonyl group shift upheld by 0.45-
protons a to the carbonyl group are subject to benzene- 0.59 ppm in benzene solution relative to deuteriochloro-
mduced solvent shifts, as in the case of alicyclic ke- form solution; methylene or methine protons n to
tones,4 and thus can be distinguished from other pro- the carbonyl also shift upheld by about the same
tons. Therefore the nmr signals can be accurately amount. Methyl protons /3 to the carbonyl group
assigned to the protons in II. By comparing the are also observed to shift upheld in these compounds,
chemical-shift data of several related compounds of but by lesser amounts. These results are used to 
known structures, it is possible to determine unam- assign the pair of AB doublets due to protons b and c
biguously the positions of the Br and CCI3 groups. in the nmr spectrum of compound IX .
This study was extended to the reaction of bromotri- These chemical-shift data observed for acyclic ke- 
chloromethane and benzylideneacetophenone. The tones in benzene and chloroform solutions are con-
adduct m  is expected to have the structure Ilia . De- sistent with similar data observed for alicyclic ketones,
tailed discussion of the nmr study is given below. such as keto steroids.4 Certainly, it is the same soLmo-

PhCH—CHCOPh PhCH—CHCOPh solvent interaction that gives rise to this benzene-
| |  I I  induced upneld shift in these ketones. An explanation

Br CCI3 CC13 3r in terms of a collision complex between the ketone
IIIa Bib compound and the benzene molecule has been offered
. by Bhacca and Williams.4

The nmr signals of protons a to the carbonyl group The upheld shift of protons a to the carbonyl group 
in alicyclic compounds are known to shift upheld in may be used to help in elucidating the correct struc- 
benzene ,solution relative to deuteriochloroform solu- tures of the reaction products I I  and I I I  described

several acyclic ketones above. The nmr spectra of these compounds have
have been obtained in both benzene and deuteriochloro- been determined in both benzene and deuteriochloro-

(1) R. l . Huang, j . chem. Soc., 1342 (1957). ôrm solutions at Ctt. 0.25 M  or less.
(2) J. I. G. Cadogan, E. G. Duell and P. W. Inward ibid., 4164 (1962). The nmr Spectrum of I I  Consists of a pair of AB

S  doui lets “ d *  T  T k- r>™ « •  pl^yl-proion
in Organic Chemistry,” Holden-Day, Inc., San Francisco, Calif., 1964, Pe&KS, With parameters shown U1 Table II. As the
Chapter7’ ’ ’ methyl peak and the higher held doublet (r 5.78)
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shift upheld in benzene solution, this higher held proton in the PhCHBr fragment has a r value less
doublet may be assigned to the proton a  to the carbonyl than 5 and that of the proton in the fragment CHCC13-
group- CO has a r  value higher than 5. If compound II

is assigned the structure as shown, the observed r 
T able II values of the aliphatic protons, which are 4.52 and

N mk Data for Compound II 5.52 ppm in deuteriochloroform solution, would be
,— AB doublets— , Methyl, consistent with this structure.
-— n ppm— " J . Hz r, ppm Solvent If compound II is assigned the alternative structure
4.52 5.52 10.3 7.37 CDC1S PhCHCCl3CHBrCOCHs (lib), the proton in the frag-
4.55 5.78 10.0 7.75 CiHs ment PhCHCCh should be assigned the higher r

A = rCeH6 -  todcij °-03 0.26 0.38 value, 5.52, on the basis of the data for compound
X III . However, it has been shown above that the 

The nmr spectrum of III consists of a pair of AB benzene-induced solvent shift involves the proton as-
doublets for the aliphatic protons, plus the phenyl- sociated with this r value, and the resonance signal
proton peaks, with parameters shown in Table III. In of the proton in this fragment, PhCHC013, is not
this case the relative shifts in the two solvents are expected to involve this shift in this structure. Hence
too small to be significant. In view of the large groups this structure is ruled out.
near the aliphatic protons, the lack of any significant The r values 4.26 and 4.54 for III indicate that 
relative shift in the two solvents can be explained in the fragment PhCHCCl3 is not present. This is ob-
terms of steric factors preventing any substantial in- vious from examination of the data for compound
teraction between the molecule and the solvent mole- X III , in which the proton in the fragment PhCHCCl3
cules. has a r value of 5.70. This rules out structure Illb  for

the adduct. Further, by analogy with the reaction of 
T able III benzylideneacetone, it may be deduced thay the adduct

N mr Data for Compound III has structure Ilia .
----------------------- AB doublets-----------------------%

' r,ppm J ’ Hz Solvent Experimental Section
4 .2 6  4 .5 4  10 .2  CDC13
4 .1 9  4 .5 7  10 .2  C6H6 The nmr measurements were made with a Hitachi Perkin-

Elm er R-20A high-resolution nmr spectrometer. Proton chemi- 
cal shifts are reported in parts per million with respect to tetra- 

Ihe benzene-induced solvent shifts found for the methylsilane (T M S) as internal standard and frequently checked 
benzylidene-acetone product assign chemical shifts with the cyclohexane signal at 1.42 ppm from T M S. Thus the
to the protons a  and ¿3 to the carbonyl group, respec- chemical-shift data are accurate to within ±0.02 ppm.

lively. Reference compounds may be used to establish ptw f w n  ket°ne’ ethyl ketT ’ dii___ . , , . n  /  , j .  x A , . ethyl ketone, and propiophenone were of reagent grade and
the chemical shifts of protons adjacent to bromine distilled twice before use. Benzylideneacetone dibromide, mp 
and trichloromethyl groups and thus to locate these 123.5-124.5° (lit.6 mp 124-126°), styrene dibromide, mp 74-75°
groups relative to the carbonyl group. To this end (ht.6 mp 74-74 .5°), and stilbene dibromide, mp 236-238° (lit.6
the nmr spectra of the following compounds have “ E, 237  ̂were PrePared from benzylideneacetone, styrene, and

been obtained, with the chemical-shift data in deuterio- tetrachbridr'D B r o m o ^ 61 -  
chloroforffi solution indicated below the respective pro- 52°, l-bromo-2-trichloromethylhydrostilbene, 2 mp 112-113°, and 
tons. 4-bromo-4-phenyl-3-trichloromethylbutan-2-one,1 mp 98-99°,

were prepared according to the methods reported :n the literature. 
PhCH BrCH 2B r PhCH BrCH 2CCl3 The addition of bromotrichloromethane (80 g, 400 mmol) to

X XI benzylideneacetophenone (14.3 g, 69 mmol) catalyzed by benzoyl
4.91 6.01 4.60 6.25 peroxide (4.0 g, 17 mmol) was carried out under the same condi-

„  tions as in the preparation of 4-bromo-4-phenyl-3-trichloro-
PhCH BrCH BrPh PhCH BrCH CCl3Ph methylbutan-2-one.1 The crude adduct, yield 13 g (46% ), mp

XU XIII 118-133°, was recrystallized from methanol to give 2-bromo-2-
4.55 4.13 5.70 phenyl-l-trichloromethylethyl phenyl ketone, mp 140.4-141°.

Anal. Calcd for Ci6Hi2OBrCl3: C, 47 .3 ; H, 2 .9 . Found: C, 
Comparison of the r values in compounds X  and 47.4; H, 3 .2.

X I  shows that the protons in the fragment CH2Br
have a lower r value than those in the fragment CH2- Registry N o —Bromotrichloromethane, 75-62-7; Ha, 
CC13. This may indicate that Br as a substituent 22431-13-6; I lia , 22431-14-7; IV, 67-64-1; V, 563-80-4;
in a molecule confers a lower r  value on protons at- VI, 78-93-3; VII, 93-55-0; VIII, 96-22-0; IX , 6310-44-7.’
tached to the same carbon atom than does the sub
stituent CC13, other conditions being the same. This Acknowledgment.'—One of us (S. N.) wishes to
point, together with the chemical-shift datum of the acknowledge a Visiting Lectureship in the Department
aliphatic protons of compound X II , may be used to of Chemistry, University of Hong Kong, 1969, during
assign the nmr spectrum of the aliphatic protons of which period the nmr work reported here was carried
compound X III . out, as well as a travel grant from the Lee Foundation,

Compound I X -X I I I  show that the proton in the Kula Lumpur, 
fragment PhCHBr in various molecular environments
has a t  value less than 5. In compound IX , i f  the (S) N. H. Cromwell, j . Amer. chem. Soc., 6 2 , 3470 a m
Br O il the carbon adjacent to the carbonyl group (6) I. Heilbron and H. M. Bunbury, “Dictionary of Organic Compounds,”
is replaced by a trichloromethyl group, CC13, to give Ey,r7e. a“d Spottiswoode London, urns.-m n T T D  r i T T n m  n A n T T  /TT x . .  . (7) M . S. Kharasch, O. Reinmuth, and W. H. Urry, J. Amer. Chem. Soc.,
PhCHBrCHCCl3COCH3 (Ha), it is expected that the 69, 1105 (1947).
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The trieyclo[4.3.2.01.6]unJec-10-en-2-ones (1 and 2) undergo acid-catalyzed isomerization to the tricyclo- 
[3.3.3.01.6]undec-3-en-2-ones (5 and 8), respectively. On the other hand, the more reactive bicyclo[4.2.0] oct-7- 
en-2-ones (3 and 4) isomeriie to bicycIo[3.2.1]oct-6-en-8-ones (13 and 21), respectively, rather than tobicyclo- 
[3.3.0]oct^3-en-2-ones. The isomerizations of the bicyclic ketones occur under conditions considerably milder 
than those required for rearrangement of the tricyclic ketones. Possible mechanisms for these isomerizations 
are offered.

As part of a general study of t re effects of acids on anhydride 7 which has also been obtained from olefin 
polycyclic d,y-unsaturated ketones,3’4 we have ex- 6.7
amined the acid-catalyzed rearrangements of the Similar treatment of 2 led to the formation of an 
ketones 1, 2, 3, and 4. We report cur findings here. isomeric, conjugated ketone in 85% yield, having the

, spectral properties expected for 8, the structure assigned
A J A A to this new ketone. The latter change, 2 -►  8, is exactly

/  0 \ j f  9  /  2  f  / /  analogous with the previously mentioned 1 5 change.

CD CD V jO J, cu
' 2 3 4 > —  < \ 7 xThe synthesis of 1 involved pf otocycloaddition of

1,2-dichloroethylene to bicyclo[4.3f)]non-l j6)-en-2-one 2 I
followed by dehalogenation with sodium in liquid 8
ammonia. When care was taken :o ensure the anhy
drous nature of the ammonia, we found no further We suggest that the two isomerizations discussed 
reduction of 1 to the corresponding alcohol. Ketone 2 above occur as is outkned in Scheme I. Net migration
was obtained from photocycloaddr ion of 2-butyne to the etheno bridge from C -l to C-2 in the protonatea 
the previously mentioned bicyclonoaenone. Ketones 3 ketone 9, a process in which considerable strain relief is
and 4 were obtained by hydrolysis ot the corresponding realized, leads to 10, a substituted 8-bicyclo [3.2.1]-
ketals5'6 in 5%  sulfuric acid. octenyl cation which is presumably well stabilized.8 A

When ketone 1 was treated wit a p-toluenesulfonic Wagner-Meerwein shift leads to the observed products 
acid in boiling benzene, a new a,/?-insaturated ketone ^  (11a =  5, l ib  =  8).
[X®SH 228 nm (e 7200), 1710 cm -1, and S 5.91 and

7.33 ppm (doublets, / ax = 6 Hz) ] was obtained in 68% Scheme I
yield, uncontaminated with other species of similar R
volatility. The rearranged ketone is assigned structure J  R R R
5 on the basis of the above spectra and its oxidation to I \__/

s - S i -  a -4 '%
1 5 9 10

C \ (  A
N. W  .0 ■*—  /  j  \  Attempts to purify ketone 3 by gas chromatography

under conditions which 1 and 2 survived without any 
jlj rearrangement or decomposition were unsuccessful in

6 that the collected material exhibited spectra and tic
7 data indicative of the presence of two compounds;

. . however, pure 3 (tic, nmr) could be obtained after ketal
(1) We thank the National Science Foundation for their generous support i i i • 1 v .»ii w  T • i* ^

of this research. h y d ro ly sis  b y  d is tiila tio n . I n je c t io n  ot p u re  3  in to  th e
(2) National Science Foundation Trainee, 1966-1J69. gas chromatograph led to the formation of a  Second
(3) For a preliminary account of this work, see F . L. OargiU and J . W. compound, whereupon We SUSpected that an acid-
(4) R. L. Cargill, m . e . Beckham, and j. r. DamCJrood, Abstracts, issth catalyzed rearrangement had occurred on the column.

National Meeting of the American Chemical Society San Francisco, Calif.,
April 1968, No. P179. (7) J. R. Damewood, Ph.D. Thesis, University of South Carolina, Co-

(5) H. O. House and T. H. Cronin, J .  Org. Chem., 30, 1961 (1965). lumbia, S. C., 1967.
(6) C. G. Scouten, F. E. Barton, J. R. Burgess, I*. R. Story, and J. F. (8) G. W. Klumpp, G. Ellen, and F. Bickelhaupt, Rec. Trav. Chim. Pays-

Garst, Chem. Commun., 78 (1969). Bas, 88, 474 (1969).
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Several attempts to carry out the presumed rearrange- Scheme III
ment with various acids in solution led only to rapid jv
decomposition of 3 ; no volatile material was detected.9
However, when 3 was passed in a stream of helium + d )  ------- *- \ j  \  —► 12
through a column of acid-washed alumina maintained 1

at 200°, a new crystalline ketone was obtained in 28%  / V  0 +
yield. No starting material was recovered, indicating ^  Ob jj/
that considerable decomposition of either 3 or the new Apr /  17 19
product had occurred. ir b It H

Based on the analogy of the rearrangements discussed f 0 +o/
above in terms of Scheme I, we felt that 3 should \H I
undergo isomerization to 12 ; however, comparison of the <£+ \  < ■ ly   —► 13
spectral data for the new ketone [Xmlx11 272 nm (e 13) 16
and 1750,1720,1660, and 1620 cm- 1 ] with those of OH
1210’11 [X̂ a° H 224 nm (e  11,600) and 319 (39) and 18
r£S4 1705 and 1590 cm- 1 ] clearly showed our reasoning
to be in error. That the product of this rearrangement ,. . , .  , , , ,, • .• , ,  , . ,  , .  , ,, 1 he question of which ot the two proposed paths is inis 13 became evident from its hydrogenation to the , , ,, r , , , 1 . ,, , 1 1 -.i .. ... -,i fact the favored one is easily resolved by a simpleknown ketcne Is 12'11* coupled with its nonidentity with , , , ,7., , , o 1. tts labeling experiment, thus, rearrangement via path athe known enone 14 (see Scheme 11). , , . . c rs a J ,  - , , r , ,v ' leads to conversion of C-6 ol 3 into a trigonal C-6 in 13,

whereas isomerization via path b allows the bridgehead
Scheme II C-6 of 3 to remain at a bridgehead in 13. Rearrange-

O ment of ketone 4 may yield either 20 or 21 via path a or
0 A 0 I b> resPectively-

L I  20 4 21
-----v —> . Ketone 4 was found to undergo isomerization when

warmed in benzene containing p-toluenesulfonic acid to 
yield a single product. That the new isomer is 21 

14 15 follows from the nmr spectrum, which shows the pres
ence of two vinyl hydrogens and a methyl on quar- 

The intermediacy of ion 18 is almost certainly re- ternary carbon as well as other spectroscopic data (see
quired for the conversion of 3 into 13. Two paths from Experimental Section) Path a is therefore eliminated
3 to 18 are evident (Scheme III). One, path a, is and the correctness of path b is corroborated, if not
similar to the changes outlined earlier in Scheme I : establis ed. ,
migration of the etheno bridge to yield 17 followed by an The absen^  of 12in thf  rearrangement product from 
alkyl shift via path c leads to 18. The second, path b, f  is now readily explained: the required intermediate, 
only requires a shift of the C -l-C -6 bond in 16 from C-l »  bypassed m favor of direct isomerization of 16 to
to C-2, giving 18 directly.14 The absence of 12 in the J«» tbus Providing no path from 3 to 12 In the
product would be very difficult to rationalize if path a tricyclic systems 1 and 2, isomerization rna path b leads
were the preferred one, since 17 would be expected to 22’ a relatlf  ̂  poor bndgehead carbonmm ion

j ,, , , , • in JX ■ +b_ and one whose only available path of deactivation, ifrearrange to the more stable ion 19 (via path dj in tne , . •, . J . . ,
, j  . • .. • r.t 1 formed in the absence of nucleophiles, is reversion tomanner already outlined in the isomerizations ot 1 and , ,, .

J starting material. The next higher energy path is,
therefore, followed.

(8) Similar attempts to observe the acid-catalyzed isomerization of ,—
quadricyclanone to bicyclo[3.2.0]hepta-3,6-dien-2-one in solution were /OH/
unsuccessful: P. R. Story and S. R. Farenholtz, J .  Amer. Chem. Soc., 87, I
1623 (1965). We thank Professor Story for informing us of these nonresults. R

(10) W. E. Parham, R. W. Soeder, J . R. Throckmorton, K. Kuncl, and "\
R. M. Dodson, -bid., 87, 32 (1965).

(11) D. M. Pond, Ph.D. Thesis, University of South Carolina, Columbia, + ^"----
S. C., 1968. R

(12) A. C. Cope, J. M. Grisar, and P. E. Peterson, J .  Amer. Chem. Soc., 22
82, 4299 (1960).

(13) C. S. Foote andI R. B, Woodward, Tetrahedron 20, 687(1964). J n  su m m ary ) We h a v e  d escrib ed  a c id -ca ta ly z e d
(14) Although path b is inoperative m the related bicyclo[3.2.0]heptenyl  ̂ t J 1 , . + TO 9 Q1

systems, it is evidently the favored path in the less rigid bicyclo[4.2.0]- ISOmGrizationS WUlCll lead  Ill XWO CaSGS XO tjilG [o.O.Oj“
octyl and -octenyl systems. See G. Btlchi and E. M. Burgess, J .  Amer. prODGllaiie System15,16 aild in a SeCOnd pair of Cases to
S S a O . S . D CM“ ndGs .a “ :A o“ :: the previously unknown bicyclo[3.2.1 ]oct-6-en-8-ones.
8®, 359 (1970); A. C. Cope, R. W. Gleason, S. Moon, and C. H. Park,
ibid., 32, 942 (1367); and S. P. Pappas, B. C. Pappas, and N. A. Portnoy, (15) D. Ginsburg, Accounts Chem. Res., 2, 120 (1..69).
ibid S i’ 520 '1369). HO) H. W. Thompson, J .  Org. Chem., 32, 1222 (1967).
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T h e  s y n th e t ic  u t i l i ty  o f th e s e  re a rra n g e m e n ts  is  o b v io u s, hydrate in 50 ml of benzene was refluxed for 10  min. The cooled 
an d  in  s u b s e q u e n t p u b lic a tio n s  w e s h a ll  d iscu ss o th e r  reaction mixture washed with 2 0 %  sodium bicarbonate, 

, , . ,, , , ,. concentrated, and distilled, giving 1.32 g (68 .7% ) of 5 : bp 95
e x a m p les  o f th e  u se fu ln ess  o f th e s e  tra n s fo rm a tio n s  as  (bath) (0 -2 5  T o rr). uv max (95%  c 2H6OH) 228 nm ( . 72CO)
w ell as  th e  c h e m is try  o f th e  iso m eriz a tio n  p ro d u cts . and 314 (73); ir (CCh) 1710 ( C = 0 )  and 1595 cm " 1 (C = C );

nmr (CCh) 8 7.33 (d, 1 , J ax =  6.0 Hz), 5.91 (d, 1, /ax =  6.0  
i7 Hz, Q = C C H = C H ), and 1.3-2.1 ppm (m, 12, methylene).

E x p e r im e n ta l S e c t io n 1 An analytical sample was further purified by preparative glpc

Tricyclo[4.3.2.01.6]undec- 10-en-2-one ( l ) . - A  solution of 2.60 ^ ¿ ft  X  ° ‘25 in"  18° ° ’ 50 ml/min He) and subse'
g (0.0191 mol) of bicy clo[4 .3 .0]non-1 (6 )-en-2-one18 and 3 ml of q ^  Calcd for c  ^  (mol wt 162.22): C , 81.44; H, 
a  mixture of cis- and trans-l,2-dichloroethylenes :n8u  ml of pen- g F ouncp q g i g7 * H 8 65
tane was irradiated (Corex) for 30 min. Progress of the reaction ' 3 ,4-Dimethyltric’yclo[3.3.3.0',^]undec-3-en-2-one (8 ) . - A  solu- 
was measured by glpc (3%  D E C S , 8  f t  X  0.125 in., 120 12 ^  of Q g2  (0 .0048 mol) of 2  and 50 mg of p-toluenesulfonic acid

u 6. - S°  Veat. f  d‘CblT n° ‘  monohydrate in 50 ml of benzene was refluxed for 72 hr. The
ethylene by distillation left a brown oil, which was dissolved in 10 0  coo M  reactkm mixture was washed with 5%  sodium bicarbonate,
ml of dry ether and introduced into a 3-1 flask containing 21 . of concentrated and distiIled) giving 0.78 g (85% ) of 8 : bp 125°
fresh y  distilled, anhydrous ammonia. Small pieces of sodium (bath) ( 0 .55  Torr); uv max (95%  c 2H6OH) 248 nm (« 10.380)
meta were added until the solution remained dark blue. After and 3 U  (g3) ir (CC1<) 1700  (C= 0 )  and 1645 cm “'  (C = C );
the blue solution had stirred for an additional 10  mm, ammonium nmr 5 j  an(j  j  5 9  ppm
chloride was added to destroy excess sodium and the ammonia was An tical gampie was further purified by preparative glpc
allowed to evaporate. W ater was added to the residue and the (20%  D EG S) 10  { t  x  0 .25  in ., i 60 °, 120 ml/min He) and subse- 
resulting solution was extracted with three 100 -ml portions of auent distillation
ether. The ethereal extract was dried (Na2SO ,.co n cen trated , q AnaL Calcd ¡0T CuHl,o  (mol wt 190.27): C, 82.06; H ,
and distilled, giving2 .3 8 g (77 .0% ) of 1: b p 7 1 - .3  (0.25 Torr); „ Found-  C 8 1 8 1 - H 9 41
uv max (95%  C Ä O H ) 296 nm (<,85); ir (CCh) 3 1 2 0  3030 9 -B icyclo[3 .2 .1 .]oct-6 -en-8-0ne ( u j . - A  total of 0.573 g (0.00421
(HC CH ), and 1700 cm (C O ), nmr (CCh) 5 5.97 (q, 2, mol) 0f 3  was injected in 50~/d portions into a stream of helium
/ ab =  2.8 Hz, Aab =  10.5 Hz) and 1.75 ppm (m, 12). flowing at 4 ml/min over a column (1 X  15 cm) of acid-washed

The 2,4-dmitrophenylhydrazone was recrystallized from meth- alumina (M erck), which was maintained at 200° by means of a 
anol-w ater, mp 123.0-123.5 . „ heating tape. The eluate was trapped in an air-cooled U tube

° a cd for i f f i  Wh  »  N ifi’os ; and c o u n te d  to 0.147 g (28 .8% ) of 13: mp 110.5-111°; uv
V -  . N , 16-37 Found. C,,5 9 .6 1 , H, 5.40 N, 16.28 max (gfi% c 2H6OH) 272 nm (* 13); ir (CCh) 3050 (=CH),

10,11-Dimethyltricyclo[4 .3 .2 .01.6]undec-10-en-2-one (2).—A 1750j 1720 ( c = 0 )>  1690> 1620 (C = C ), and 750 and 720 cm "1
solution of 2.40 g (0.0176 mol) of bicyclo[4.3.C]non-l(6)-en-2- (HC=CH); nmr (CCh) 8 6.12 (t, 2, .1 =  2 Hz, vinyl), 2.61 (m,
one and 4 ml of 2-butyne in 80 ml of pentane was irradiated 2> bridgehead), and 1.68 ppm (m, 6, methylene).
(Corex) for 30 min. The progress of the reaction was measured The 2,4-dinitrophenylhydrazone was recrystallized from me^h-
by glpc (3%  D E C S , 8  f t  X  0.125 in., 120 , 12 ml/ mm H e). Re- anol-water, mp 158-159°. The 2,4-dinitrophenylhydrazone of
moval of the pentane and excess 2-butyne left a residue from bicyclo[3 .2 .1]oct-2 -en-8 -onehadam eltingpointof 176.4-177.2°.“
which 2.23 g (6 6 .5 % )o f 2 was distilled: bp 114-116 (7 T ^ ) ;  Calcd for C u M A  (mol wt 302.28): C , 55.62;
uv max (95%  C2H6OH) 296 nm (e 168); ir (CCh) 1695 ( C = 0 )  H 4  67; N , 18  54 , Found: C, 55.81; H, 4 .82 ; N, 18.70. 
and 1410 cm 1 (COCH2); nmr (CCh) 8 1.45 ppm (m ). Bicyclo[3 .2 . 1]octan-8 -one (15).— A solution of 0.298 g (0.00244

An analytical sample was further purified by preparative glpc mol) of 13 in 50 ml of methanol was hydrogenated over 50 o g  of
(20%  D E C S , 10 f t  X  0.25 in., 160°, 120 ml/min He) and sub- palladium (5 %  on charcoal) at 1-atm pressure. The catalyst was
sequent distillation. Tr „ ri  removed and the filtrate was combined with 75 ml of water and

Anal. Calcd for C i3H i80  (mol wt 190.27): C, 82.06; H, 9 .54. extracted with three 50-ml portions of pentane. The pentane
Found: C , 81.88; H, 9 .67. extracts were combined, dried (MgSO/), and concentrated, and

The p-toluenesulfonylhydrazone was recrystallized from meth- the residue was purified by glpc (20%  D E C S, 10 ft X  0.25 in.,
anol-water mp 136.0-136.5° 170°, 50 ml/min He), giving 0.113 g (38 .1% ) of 15, mp 140-Anal. Calcd for C20H26N2O2S: (mol wt 347.50). C, 67.02, 1 4 1 ° (lit.13mp 140-141°).
H , 7 .31 ; N, 7 .82. Found: C, 67.17; H, 7 .25; N , 7.89. T ie  2 ,4 -dinitrophenylhydrazone was recrystallized from meth-

Bicyclo[4 .2 .0]oct-7-en-2-one (3).— A solution of 5.95 g (0.0359 anol-water, mp 174-175° (lit.“  mp 175.4-176.2°). 
mol) of bicyclo[4.2.0]oct-7-en-2-one ethylene ketal5.6 in 200 ml of CM-Bicyclo[3.3.0]octan-l,5-dicarboxylic Acid Anhydride (7).—  
ether was stirred a t 25° with 30 ml of 5 %  sulfuric acid for 15 hr. A From Tricyclo[3 3 .2 .0 15]dec-9-ene (6 ).—A solution of 33 mg
The aqueous phase was extracted with 100 ml of ether and the (0.20 mmol) of ruthenium tetroxide in 20 ml of carbon tetrachlo-
ethereal solutions were combined, washed with aqueous sodium ride, generated by the method of Mercer and Meyer, 19 was corn-
bicarbonate and water, dried (MgSCh), concentrated, and dis- bined with a solution of 427 mg (3.19 mmol) of 6  in 50 ml of carbon
tilled, giving 3.34 g (76 .3% ) of 3 : bp 78-80° (20_Torr); ir (neat) tetrachloride. After ruthenium dioxide began to precipitate a
3105, 3040 (H C = C H ), 1700 ( C = 0 ) ,  and 780 and 700 cm 1 (cis solution of g of sodium m-periodate in 50 ml of water was added
H C = C H ); nmr (CCh) 8 6.0 (q, 2, J ab =  5.0 Hz, Aab =  20.0 and j j ie resulting two-phase mixture was stirred at 25° for 12  hr.
Hz, vinyl), 3.30 (m, 2, bridgehead), and 1 .9 0 ppm (m, 6 , methyl- rpbg organjc phase was separated, stirred with 3 ml of isopropyl
ene)- alcohol for 2 0  min, filtered to remove ruthenium dioxide, dried

The p-toluenesulfonylhydrazone was recrystallized from meth- (M gSO,), and concentrated to yield 300 mg of a yellow oil. The
anol-water, mp 146-147°. 0j j  was treated with ethereal diazomethane and the resulting

Anal. Calcd for C isH isN20 2S (mol wt 290.31): C , 62.05; mixture of anhydride 7 and the corresponding diester was sep-
H, 6.25 ; N, 9 .65. Found: C, 62.02, H, 6 .08 ; N, 9 .80. arated by preparative glpc (20%  D E G S, 10 ft X  0.25 in., 180°,

Tricyclo[3 .3 .3 .0 1.6]undec-3-en-2-one (5).—A solution of 1.92 3 0 0  ml//miu He). The collected diester, 30 mg, had ir (CCh)
g (0.0118 mol) of 1 and 0 .8  g of p-toluenesulfcnic acid mono- m 0  cm - i .  nmr (CCj4) s 3 .5 7  (s> 9) C 0 2CH3) and 1.80 ppm (br

m, 12). The collected anhydride 7 amounted to 183 mg (31.9% ),
(17) All boiling points and melting points are uneorrected. Micro- m _ l l 2 °. An analytical sample of 7 was obtained by sub-

analyses were performed by Bernhardt Microanalytisches Laboratorium, ^ , or.0 4 10 1lQo. • /nm \ iQ/in Qnrl 17«^ nm“!*
Elbach über Engelskirken, Germany, or by Gailbraith Laboratories, Inc., hmation a t 80 : mp 112-113 IT (CCh) 1840 and 1783 cm ,
Knoxville, Tenn. Infrared spectra were determined in carbon tetrachloride nmr (CCI4) 5 1.90 ppm (br m). Continuous extrac ion O.
unless otherwise stated, using a Perkin-Elmer Model 3c7 or 257 grating acidified aqueous phase (see above) for 48 hr gave an additional
spectrophotometer. All nmr spectra were determined in carbon tetrachlo- 353 mg (61.5% ) of 7.
ride containing tetramethylsilane as an internal standard using a Varian Anal. Calcd for C1DH12O3 (mol wt 180.20): C , 66.65- H,
A-60 nmr spectrometer. Analytical gas-liquid partition chromatograms 6.71. Found: C, 66.62; H, 6.78.
were determined using a Varian Aerograph Model 1200 chromatograph g  From Tricyclo[3.3.3.01»5]undec-3-en-2-one (5).— A solu-
and preparative glpc separations were conducted using a Varian Aerograph t ion containing ca. 5 mg of potassium permanganate and 1.0 g 
9(LP-3 Chromatograph. Irradiations were carried out using a Hanov.a ¡odate in 20 ml of water was Stirred along with
high-pressure mercury arc (450 W), internal probe, type L, and the niter ^
specified. *

(18) R. K. Hill and R. T. Conley, J .  Amer. Chem. Soc. 82, 645 (1960). (19) E. E. Mercer and 3. M. Meyer, personal communication.
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57 mg (0.35 mmol) of 5 at 25°. After 12 hr the mixture was J ab = 4.0 Hz, Aa b=  8 .0  Hz), 2.85 (s, 1), 2 .4 -1 .5  (m, 6), and 1.30 
acidified with 5 %  sulfuric acid and extracted with three 20-ml ppm (m, 3).
portions of carbon tetrachloride. The organic extract was dried The 2,4-dinitrophenylhydrazone was recrystallized from meth- 
(MgSCh) and concentrated, and the residue was sublimed to give anol-water, mp 124-125°.
20 mg (32% ) of 7, mp 112-113°. The two samples of 7 were Anal. Calcd for CitHi6N40 4 (mol wt 316.30): C , 56.96;
shown to be identical by comparison of ir and nmr spectra as well H, 5 .10 ; N, 17.71. Found: C , 56.89; H, 4 .97 ; N, 17.60.
as by the mixture melting point, 112-113°. l-M ethylbicyclo[3.2.1]oct-6-en-8-one (21).— A solution of 1.50

6-Methylbicyclo[4.2.0] oct-7-en-2-one (4).— A solution of 10.25 g (0.0111 mol) of 4 and 50 mg of p-toluenesulfonic acid in 200 ml
g (0.0925 mol) of 3-methylcyclohex-2-enone (Aldrich Chemical of benzene was refluxed for 5 min. The cooled reaction mixture
Co.) and 30 ml of a mixture of cis- and irans-dichloroethylenes in 1 was washed with 5%  sodium bicarbonate solution, concentrated,
1. of pentane was irradiated (Corex) for 5 hr. Progress of the and distilled to give 0.0472 g (3 .14% ): bp 90° (bath) (0.005
reaction was measured by glpc (3%  Carbowax 20 M , 8 f t  X  Torr); ir (CCU) 3050 (H C = C H ), 1760, 1700 ( C = 0 ) ,  and 1650 
0.125 in., 130°, 12 ml/min H e). Removal of the solvent and cm -1 (C = C ); nmr (CC14) 8 5.95 (t, 2, J  = 3 .0  Hz), 2.68 (m, 1),
excess diehloroethylene by distillation left a brown oil which was 2 .0 -1 .4  (m, 6), and 1.00 ppm (s, 3 ). The low yield of isolated
dissolved in 500 ml of benzene. This solution, together with 20 21 reflects the fact that this substance is very labile and it under-
mi of ethylene glycol and a crystal of p-toluenesulfonic acid, was goes résinification upon distillation. No products other than 21
refluxed with the separation of water. After 10 hr, 100 ml of 10%  could be detected in the crude reaction mixture.
sodium bicarbonate was added to the cooled reaction mixture. The 2,4-dinitrophenylhydrazone was recrystallized from meth-
The organic layer was separated, extracted with water, and con- anol-water, mp 154-155°.
centrated, and the residue was dissolved in 300 ml of anhydrous Anal. Calcd for C i5K i6N40 4 (mol wt 316.30): C , 56.96;
ether. The ethereal solution was then introduced into a 3-1. H, 5 .10 ; N, 17.71. Found: C, 57.17; H, 5 .00; 6 ,1 7 .8 9 .
flask containing 2 1. of freshly distilled anhydrous ammonia.
Small pieces of sodium metal were added until the solution re- Registry No.-— 1, 22241-68-5; 2,4-dinitrophenylhy- 
mained dark blue. After the blue solution had stirred for an drazone of 1, 22241-69-6; 2, 22241-70-9; p-toluene-
additional 2 hr, ammonium chloride was added to destroy excess sulfonylhydrazone of 2 » 22241-71-0' 3 , 21604-44-4'
sodium and the ammonia was allowed to evaporate. W ater . , i f  ,, , f  ,  noo„ ,  no i a n o o n  ’
was added to the residue and the resulting solution was extracted p-tokenesu fonylhydrazone of 3, 22297-90-1 ; 4 22241-
with three 300-ml portions of ether. The ethereal extract was 72-1; 2,4-dinitrophenylhydrazone o f 4, 22297-91-2;
dried (MgSO<), concentrated, and distilled to give 13.65 g 5,15674-27-8; 7,22241-74-3; 8,22241-75-4; 13,22241-
(82 .1% ) of 6-methylbicyclo[4.2.0]oct-7-en-2-one ethylene ketal, 76-5; 2,4-dinitrophenylhydrazone of 13, 22241-77-6;
bp 60-65° (4.0 Torr) A 13.65-g portion of the above ketal was 21 22241-78-7; 2,4-dinitrophenylhydrazone of 21,
dissolved in 200 ml of ether and stirred a t room temperature along noAt 7 0 S  
with 50 ml of 5%  aqueous sulfuric acid. After 12 hr, the ethereal 2 2 2 4 1 -/ 9 -8 .
phase was separated extracted with dilute sodium bicarbonate Acknowledgment.—It  is a pleasure to thank Profes-
solution, dried (M gSOj), concentrated, and distilled to give 8.53 T T 7 .»  , ,, AT ,, m cu 4 t t  ■ • ,
g (82 .6% ) of 4 : bp 70-74° (5.0 T orr); ir (CC14) 3120, 3030 so r  Ja m e s  L - Marshall, North Texas State Umversity,
(H C = C H ), and 1700 c m '1 ( C = 0 ) ;  nmr (CC14) 8 6.00 (q, 2, fo r  h is  h e lp fu l su gg estio n s.
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The rearrangement-addition reactions of a series of bicyclo[3.2.0]hept-6-en-2-ones are described. Thus 6,7- 
dimethyl- and l,7-dimethylbieyclo[3.2.0]hept-6-en-2-one (5 and 8) yield endo-3-hydroxy-l-methyl-anif-7-methyl- 
bicyclo[2.2.1]heptan-2-one (6) and e?wfo-3-hydroxy-l,3-dimethylbicyclo[2.2.1]heptan-2-one (9), respectively.
However, bicyclo[2.2.1]hept-6-en-2-one (19) yields onii-7-chloro-l-hydroxybicyclo[2.2.1]hept-2-ene (20). These 
rearrangement-additions are rationalized in terms of Scheme I. Ketone 20 yields 19 when treated with potassium 
f-butoxide.

In  this paper we report some novel rearrangement- ^  ^
addition reactions of certain /3,7 -unsaturated ketones in _________  _________
aqueous acid. As will be seen, these rearrangement- /  /  \  __/  7  \
additions proceed cleanly to provide high yields of \ J C ^ /  \ .
otherwise difficultly available products, thereby provid- ^ / " Q
ing a new and useful synthetic method. ° \  \ 0

The synthesis of the tricyclic 18,7 -unsaturated ketone 2

2 , in which the final step is removal of the ketal.function
of 1 in aqueous acid, has been described. 2 Hydrolysis ^
of the ketal 3 under identical conditions, 6  M  aqueous ^ __ I___  ^ ________
hydrochloric acid-ether, provided not the desired /  7  \  /  / \
ketone 4, but a crystalline tertiary alcohol. The latter 1 1
was presumed to arise from initially formed 4 by a V '  jf V |
subsequent rearrangement. We have, therefore, ex- 0

3  4
(1) We thank the National Science Foundation for generous support of . . . .

this work. a m in ed  th e  a c t io n  o f 6  M  h y d ro c h lo ric  ac id  o n  a  series  of
(2) (a) R. L. Cargill, J. R. Damewood, and M. M. Cooper, J .  Amer. «  -y-UIlSatUrated ketones, and the results of this in-

Chem. Soc., 88 ,  1330 (1966); (b) R. L. Cargill, et al., in preparation; (c) see ’ ’ ____ , , ,
also H. O. House and T. H. Cronin, J .  Org. Chem., 30, 1061 (1965). VestlgatlOn are reported here.
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The reaction of ketone 53 in 6 iff hydrochloric411 acid S cheme I
yielded a single liquid hydroxy ketone. The new j>3
material (C9H14O2) exhibits spectral characteristics41* |+
typical of a cyclopentanone, a secondary alcohol, one -\ ^  j,
methyl on quarternary carbon, and one methyl on II /   ̂ ;i=i:
tertiary carbon. The new hydroxy ketone was shown Ri
to be 6 by oxidation with potassium permanganate to 3 +OH 1 OH
santenic acid (7).5 Coupling of the carbinol proton 12 13
with the adjacent bridgehead hydrogen ( J  =  4.5 Hz) 
shows the hydroxyl to be endo.6,7

V A  T v  >
r f  )  — ► / ^ L 7 \  — ► ''C 0 2h  Ri o h

A ^ V b n  a / - co2h 14 15
-  0  O 7 ^  H

6Similar treatment of 8 provided a single crystalline OH
hydroxy ketone 9, the structure of which was estab- Rj
lished as follows. The spectral data4b clearly show the
presence of a tertiary alcohol and two methyls on _ _  _  '
completely substituted carbons. Oxidation with aque- f ’T,1 T12 -  e* 3~
ous potassium permanganate gave an epimenc mixture c R = R = R - H
of the keto acids 10. Reaction of the diketone 11 with 1 2 3
methylmagnesium iodide yields 9 as the major product.
The formation of both epimers of a keto acid demon- structure of the observed ketones and also for the
strates that the hydroxyl is attached at C-3 and not at observed stereospecificity of the reactions.
C-2 in 9, and the formation of 9 from 11 indicates that In an effort to demonstrate the role of solvent in the 
the hydroxyl group is again endo. rearrangement-hydration reaction, a mixture of 5 and 8

was stirred in 6 M  methanolic hydrochloric acid. Two 
0 new products, a methoxy ketone 17 and a ketal 18, the

K II structures of which were assigned on the basis of
w  ~C CH3 spectral data,4b were obtained. The formation of 17

A / ' ' C O  H from 8 is in agreement with the suggested mechanism
jq depicted in Scheme I ; the formation of 18 merely

l\ y t  indicates that ketalization of 5 is fast and that the keial
occupies a relatively deep energy minimum.

J R  -  k

8 °  9 V

>7 - )̂ 0CHi
terms of Scheme I. Net migration of the etheno bridge 0 OCH3 3
in the protonated ketone 12 leads to ion 13, which is a 5 lg
7-norbornenyl cation and is presumably well stabilized.8
Rapid hydration of ion 13 (from the anti side) is fol- I t  is of interest to note that rearrangement-addition 
lowed by slow protonation of the olefinic bond of 14 of ketones 5 and 8 is faster than is equilibration of the
from the exo side and a Wagner-Meerwein shift to two; however, when 5 and 8 are heated separately in
produce the observed hydroxy ketones 16 (16a =  6, benzene containing p-toluenesulfonic acid, the same
16b =  9). This sequence accounts for the gross equilibrium mixture containing 95%  5 and 5%  8 was

obtained.9,10
(3) (a) P. E. Eaton, Tetrahedron Lett., 4395 (1964); (b) R. Criegee and

H. Furrer, Chem. Ber., 97, 2949 (1964). (9) G. Btlchi and E. M. Burgess, J .  Amer. Chem. Soc., 82, 4333 (1960).
(4) (a) All acid-catalyzed reactions described in this paper were carried (10) For other examples of acid-catalyzed isomerizations and additions to

out in a two phase, ether-aqueous hydrochloric acid system; see Experi- (3,7-unsaturated ketones, see (a) R. Caple, H. W. Tan, and F. M. Hsu,
mental Section for details, (b) See Experimental Section for spectral data. J .  Org. Chem., S3, 1542 (1968); (b) W. F. Erman, J .  Amer. Chem. Soc.,

(5) We are grateful to Professor S. Beckmann for authentic sample of 89, S828 (1967); (c) W. F. Erman, ibid., 91, 799 (1969); (d) J. J. Beere-
santenic acid (7): S. Beckmann and R . Schafer, Justus Liebigs Ann. Chem., boom, J .  Org. Chem., 30, 4230 (1965); J .  Amer. Chem. Soc., 85, 3525 (1963);
685, 154 (1954). (e) R. B. Bates, M. J . Onore, S. K. Paknikar, C. Steelink, and E. P. Blan-

(6) By way of comparison, endo-2-hydroxy-3,3-dimethylbicyclo[2.2.1]- chard, Chem. Commun., 1037, (1967); (f) R. L. Cargill and J. W. Crawford,
heptane exhibits a doublet at 3.53 ppm ( J  = 4.5 Hz) for the carbinol hy- Tetrahedron Lett., 169 (1967); (g) R. L. Cargill, M. E. Beckham, A. E.
drogen. Siebert, and J. Dorn, J .  Org. Chem., SO, 3647 (1965); (h) R. L. Cargill,

(7) F. A. L. Anet, Can. J .  Chem., 39, 789 (1961). M. E. Beckham, and J. R. Damewood, Abstracts, 155th National Meeting
(8) See P. D. Bartlett, Nonclassical Ions, W. A. Benjamin, Inc., New of the American Chemical Society, San Francisco, Calif., April 1968, No.

York, N. Y., 1965, for leading references. P179.
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When ketone 19 was stirred in a mixture of ether and also yields 24 when subjected to the rearrangement- 
6 M  hydrochloric acid, it was very slowly converted addition conditions.16 
into a new unsaturated chloro alcohol, 20. The
presence of a single chlorine atom was established from f  | N  .—Cl
elemental analysis and by mass spectrometry. The 7 \ —*■ -
two vinyl protons give a three-line multiplet centered at L ]/. )  ]TL j L \
6.08 ppm,11 and the C-7 proton gives a broadened jj ^
singlet12 at 3.54 ppm. That the alcohol is tertiary was 0  II
established by determination of the nmr spectrum in 4 23 0
dimethyl sulfoxide, whereupon the hydroxyl proton
signal appears as a sharp singlet (5.68 ppm). Catalytic In addition to the synthetically useful rearrange- 
hydrogenation of 20 gave the saturated 21, which upon ment-additions described above, we have found that the
dechlorination (sodium-liquid ammonia) gave the chloro alcohols 20 and 24 undergo base-induced re
known alcohol 22.13 The stereochemistry of the arrangement-elimination to provide in each case the
chlorine is inferred from the solvolytic half-life of 20, ketonic precursor, 19 or 23, respectively, in high yield.
180 min in 50%  aqueous ethanol (55.53°), which is The use of this transformation allows the synthesis, for
only a factor of 60 greater than that of anti-7-chloro- example, of 23 in a pure state. Irradiation of 4 leads to
norbornene.14 a photostationary mixture of 4 and 23 (30:70) .15

%
O OH OH 19

19 20 ci

r S

21 22 O
23

That ketone 19 yields the chloro alcohol 20 rather 
than the expected hydroxy ketone may be explained in Experimental Section17
terms of Scheme I as follows. Conversion of 19 (12c) . , „
Inin Hip rlml 1 4 c  is ranid and reversible via ion 1 3 c  Acid-Catalyzed Interconversion of 6 ,7-Dunethylbicyclo[3.2.0]-into the diol 14c is rapid and reversiDie via ion ldc. hept_6_en_2_one (5) and i,7-Dimethylbicyclo[3.2.0]hept-6-en-2-
Protonation of the disubstituted double bond in 14c is one a.—a  rapidly stirred solution containing 0.091 g
very slow compared with that in 14a, or b, which gives (0.00067 mol) of 5 and Ö.010 g of p-toluenesulfonic acid in 5 ml of
in each case tertiary carboniumion 15a, orb. The slow dry benzene was refluxed for 10 hr. Gas-liquid partition chro-
rate of protonation of 14c allows ion 13c to be captured matography (3%  D E G S, 8 ft  X  0.125 in., 100 , 25 ml/min He)
, . , %  , ■ mi i , ■ on ■ nr ,• i • , indicated that the reaction mixture consisted of 95%  5 and
by chloride ion. The resulting 20 is effectively inert 1 g Continued refluxing led to decomposition of the ke-
under the reaction conditions. tones.

We now return to the experiment which led us into B.—A solution containing 0.078 g (0.00057 mol) of 8 and 0.009
the present study. Removal of the ketal function g of p-toluenesulfonic acid in 5 ml of dry benzene was refluxed for
from 3 With 6 M  hydrochloric acid gave in low yield a 10 hr Analysis by glpc indicated that the reaction mixture

crystalline tertiary alcohol, [subsequent experiments Acid-Catalyzed Rearrangement of 1,7-Dimethylbicyclo[3.2.0]- 
showed, however, that hydrolysis of 3  with 3 M  hy- hept-6-en-2-one (8) in Hydrochloric Acid.—A solution containing
drochloric acid provides 4 in good yield. When 4 was 0.060 g (0.00044 mol) of 8 in 10 ml of ether was stirred at room
subjected to the rearrangement-hydration conditions temperature with 3 ml of 6 AT hydrochloric acid for 10 hr. The
, J , , i , , reaction mixture was poured mto 10 ml of water and extracted

described above, a new crystalhne chloro alcohol was w i t h  e t h e r _ T h e  e x t r a c l ,s  w e r e  combined, dried (M gSO ,), and
obtained. The new chloro alcohol is assigned structure concentrated to dryness by distillation (steam bath), giving 0.066
24 on the basis of spectral data,4b which show the ---------------  m „ , ..
p resen ce  of n Single vinyl nydrogen, a  secondary g 1968. A manuscript describing the photochemistry of a series of
chlorine, and a tertiary alcohol. The stereochemistry bicyoUc and tricyclic 0 ,7 -unsaturated ketones, including 4 and as, is in
of the chlorine follows“ from the solvolytic half-life of — used here
2.38 min (50% aqueous ethanol, 55.53 ) which is only and the absence of such interconversion in the case of 5 and 8, merely indi-
slightlv different from that of ardi-7-chlorOnOrbornene cates that the activation free energy for the 4-1-23 change is lower than

under similar conditions.'* Furthermore, ketone 23 f “ ’ 1-” “
which may be obtained from 4 by photoisomerization, 5 (17) A11 boiling points and melting points are uncorrected. Micro

analyses were performed by Bernhardt Microanalytisches Laboratorium,
(11) The nmr spectrum of l-hydroxybieyelo[2.2.1]hept-2-ene exhibits a Elbach über Engleskirken Germany, or by Gailbraith Laboratories Inc 

. ... , . 87 Knoxville, Tenn. Infrared spectra were determined in carbon tetrachloride
S,“ l 2a)r M ure" to detect resolvable couphng in a similar case has been unless otherwise stated using a Perkin-Elmer Model 337 or 257 grating
reported by S. Ho, T. Omoto, Y. Fujise, and K. Sakan, Chem. Commun., spectrophotometer. All nmr spectra were determined in carbon tetrachlo-
7S2 nofiSl ride «obtaining 5% tetramethylsilane as an internal standard using a Vanan

(13) C. J. Norton, Ph.D. Thesis, Harvard University, Cambridge, Mass., A-60 nmr spectrometer. Analytical gas-liquid Partition chromatograms
were determined using a Vanan Aerograph Model 1200 chromatograph

(14) W. G. Woods, R. A. Carboni, and J. D. Roberts, J .  Amer. Chem. and preparative glpc separations were conducted using a Vanan Aerograph
Soc., 78, 5653 (1956). 90-P-3 chromatograph.
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g of erafo-3-hydroxy-1,3-dimethylbicyclo[2.2.1]heptan-2-one (9) and ca. 4 % . The component representing 55%  of the product
as a solid residue. Preparative glpc (20%  SB-52, 10 ft X  0.25 was partially separated into two compounds using a flow rate of
in., 150°, 100 ml/min He) gave a  pure sample of 9 : mp 8 5 -8 6 ° ; 75 ml/min. These two components proved to be 11 and a hy-
ir (CC1<) 3570, 3460 (OH), 1745 ( C = 0 ) ,  and 1156 cm -1 (CO); droxy ketone which was presumably the product of Grignard ad-
nmr (CCb) 8 3.22 (s, 1, COH), 1.20 (s, 3, COHCH3), 1.12 (s, 3, d itionat the C -2  carbonyl: ir (CCb) 3660, 3430, 1750, 1144, and
CCH3), and 1 .44-2.32 ppm (m, 7 ); nmr (D M SO )18 5.23 ppm 1043 cm -1. The component representing 41%  of the product
(s, 1 COH ); mass spectrum19 (70 eV) mfe  (rel intensity) 154 (1), mixture was obtained in a like manner and was shown to be 9 .
126 (17), 111 (4), 95 (1), 94 (2), 71 (100), 70 (1 ), and 57 (3). The component representing 4 %  of the isolated mixture could

Anal. Calcd for CqHhCK (mol wt 154.21): C , 70.10; H, not be characterized because of lack of material.
9 .15. Found: C, 70.22; H, 9.10. Oxidation of f:wio-3-Hydroxy-1-meibyl-ariii-7-methylhhyclo-

Acid-Catalyzed Rearrangement of 6,7-Dimethylbicyclo[3.2.0]- [2.2.1]heptan-2-one (6 ) with Potassium Permanganate.— A
hept-6 -en-2 -one (5) in Hydrochloric Acid.— A solution of 0.511 solution containing 0.140 g (0.000908 mol) of 6  in 20 ml of 4%
g (0.00375 mol) of 5 in 15 ml of ether was stirred a t room tern- aqueous potassium permanganate solution was stirred at room
perature with 10 ml of 6  iV hydrochloric acid for 48 hr. The temperature for 30 hr. Sodium sulfite (ca. 100 mg) was added
reaction mixture was poured into 100  ml of water and extracted to destroy excess permanganate and the solution was acidified
with ether. The ether extracts were combined, washed with 5%  (ca. pH 2) with concentrated hydrochloric acid. The clear aque-
sodium bicarbonate and water, dried (MgSCL), and concentrated ous solution was concentrated by distillation (steam bath) at
by distillation to give 0.521 g of a brown oil. Preparative glpc reduced pressure (22-30 Torr) and a gray solid precipitated.
(20%  SE-52, 10 ft X  0.25 in., 150°, 100 ml/min He) gave a pure The remaining water was decanted and the crude diacid was dried
sample of mdo-3-hydroxy-l-methyl-araif-7-methylbicyclo[2.2.1]- (25-30°) a t reduced pressure (0.1 Torr) for 6  hr, giving 0.101 g
heptan-2-one (6 ): ir (CCb) 3560, 3440 (OH), 1750 ( C = 0 ) ,  (60 .4% ). Two recrys'allizations from benzene and subsequent
and 1080 cm -1 (CO); nmr (CCI») 5 4.20 (br s, 1, CHOH), 3.86 drying (steam bath) a t reduced pressure (0.1 Torr) gave a pure
(d, 1, J  = 4 .5  Hz, CHOH), 1.02 (s, 3, CCH3 l, 0.97 (d, 3 , J  sample of santenic acid (7): mp 170-171°; mmp 170-171°.
— 5.0 Hz, CHCH3), and 1.30-2.50 ppm (m, 6 ) nmr (DM SO ) Treatment of santenic acid with diazomethane gave dimethyl
8 5.53 ppm (d, 1, J  — 5.0 Hz, CHOH); mass spectrum (70 eV) santenate: ir (CCI*) 1740 ( C = 0 ) ,  1186, 1166, and 1104 cm -1
m/e  (rel intensity) 154 (39), 126 (21), 111 (21), 95 (47), 71 (57), (CO); nmr (CCb) 8 3.61 (s, 6 , OCH3), 1.06 (s, 3 , CCH3), 0 .95
70 (100), and 57 (67). (d, 3, J  =  6.5 Hz, CHCH3), and 1.88 ppm (m, 6 ).

Anal. Calcd for C9H „ 0 2 (mol wt 154.21): C , 70.10; H, Anal. Calcd for CnH180 4 (mol wt 210.23): C , 61.66; H ,
9.15. Found: C, 70.13; H, 9.11. 8 .47. Found: C, 61.94; H, 8 .6 6 .

Acid-Catalyzed Rearrangement of 6 ,7-Dimethylbicyclo [3.2.0]- Oxidation of erado-3-Hydroxy-1 ,3-dimethylbicyclo [2 .2 . 1] hep-
hept-6-en-2-one (5) and l,7-Dimethylbicyclo[3.2.0]hept-6-en-2- tan-2 -one (9). A. With Lead Tetraacetate.— A mixture con-
one (8 ) in Hydrochloric Acid.— A solution containing 1.877 g taining 0.119 g (0.773 mmol) of 9 and 0.300 g of lead tetraacetate
(0.01378 mol) of a mixture of 5 and 8  (ratio 2 :1 )  in 100 ml of ether in 6  ml of 90%  acetic acid was stirred for 1 hr at 25° and concen-
was stirred at room temperature with 60 ml of 6  N  hydrochloric trated in vacuo to afford a viscous oil. W ater was added to
acid for 40 hr. The reaction mixture was poured into 200 ml of decompose the remaining lead tetraacetate and the resulting
water and extracted with ether. The extracts were combined, suspension was extracted with ether. The crude keto acid 10
washed with 5%  sodium bicarbonate and water, dried (NaîSCL), obtained upon removal of solvent was esterified with diazomeih-
concentrated, and distilled to give 1.649 g (77 .60% ) of a mixture ane. A pure sample was obtained by preparative glpc (20%
consisting of ca. 65%  endo-3-hydroxy-l-methyl-c.?iif-7-methylbi- D E G S, 5 ft  X  0.25 in., 120 m./min H e): ir (CCL) 1735 (ester)
cyclo[2.2.1]heptan-2-one (6) and ca. 35%  e?ido-3-hydroxy-l,3- and 1720 cm “1 (ketone); nmr (CCb) 8 1.23 (s, 3, CCH3), 2.07
dimethylbieyclo[2.2.1]heptan-2-one (9), bp 65-70° (0.30 Torr). (s, 3 , 0 = C C H 3), and 3.59 ppm (s, 3, C 0 2CH3).
Pure samples of 6  and 9 were obtained by preparative glpc (20%  Anal. Calcd for C i0H,6O3 (mol wt 184.23): C, 65.19; H ,
S E -5 2 ,1 0 ft  X  0.25 in., 155°, 100 ml/min H e). 8.75. Found: C, 65.11; H, 8.82.

l-Methylbicyclo[2.2.1]heptane-2,3-dione (11).— To a solution B . With Potassium Permanganate.— Oxidation of 0.340 g 
containing 2.51 g (0.0179 mol) of l-methylbicyclo[2.2.1]heptan- (0.221 mmol) of 9 as described above for the oxidation of 6
2-one20 in 20 ml of o-xylene was added at once 2.25 g (0.0203 mol) gave 0.308 g of a colorless oil, a mixture of epimers of 1 0 .22 The
of selenium dioxide21 and the resulting solution was refluxed for nmr spectrum exhibits a broad singlet at 7.95 ppm (COOH)
17 hr. The reaction mixture was filtered and concentrated by and a multiplet extending between 2.75 and 0.80 ppm (relative
distillation (steam bath) a t reduced pressure (ca. 22 Torr) to give areas, 1 :1 3 ). Two similar pairs of singlets are prominent at 2.12
a dark yellow oil. Trituration with cold hexane gave a bright and 2.03 (acetyl) and 1.20 and 1.11 (CCH3) ppm. The ir spec-
yellow oil which amounted to 0.916 g (33 .2% ). Preparative glpc trum (CCb) shows broad OH absorption and bands at 1710 and
(20%  SE-30, 8  ft  X  0.125 in., 130°, 120 ml/min He) and sub- 1735 cm -1.
sequent sublimation (bath temperature 5 4 -55°) a t reduced Acid-Catalyzed Rearrangement of 6,7-Dim ethylbicyclo[3.2.0]- 
pressure (0.1 Torr) gave a pure sample of l-m ethy.bicyclo[2.2.1]- hept-6 -en-2 -one (5) and 1,7-Dimethylbicyclo[3.2.0]hept-6-en-2-
heptane-2,3-dione (11): mp 4 6 .0 -4 7 .5 ° ; uv max (95%  C2B 5OH) one (8 ) in Methanolic Hydrochloric Acid.— A solution containing
266 nm (e 80.7) and 312 (34 .6); ir (CCb) 1770 and 1745 cm -1 1.08 g (0.00793 mol) of a mixture of 5 and 8  (ratio 1 : 2 ) in 40 ml of
( C = 0 ) ;  nmr (CCb) 8 2.88 (d, 1, J  — 3.5 Hz, C-4 bridgehead 6  N  methanolic hydrochloric acid was stirred at room temperature
proton), 1.27 (s, 3, CCH3), and 1.78 ppm (m, 6 ). for 17.5 hr. The methanolic solution turned very dark as the

Anal. Calcd for CsH10O2 (mol wt 138.17): C , 69.54; H, reaction progressed. This dark solution was poured into 200 ml
7.30. Found: C , 69.28; H, 7 .58. of water and extracted with ether. The ether extracts were

Addition of Méthylmagnésium Iodide to 1-Methylbicyclo- combined, washed with 5%  sodium bicarbonate and water, dried
[2,2.1]heptane-2,3-dione (1 1 ). An ethereal solution of methyl- (MgSCL), and concentrated by distillation to give 0.750 g of a
magnesium iodide was added dropwise to a solution (rapidly brown oil. Gas-liquid partition chromatography (20%  SE-
stirred) of 0.199 g (0.00129 mol) of 11 in 25 ml of ether until the 52, 10 ft X  0.25 in., 130°, 100 ml/min He) showed this oil to
yellow color vanished. The reaction mixture was poured into consist of five components. Two of these, present in about equal
2 0 0  ml of water and extracted with three 1 00 -ml portions of ether. amounts, constituted 83%  of the isolated product mixture.
The extracts were combined, washed with 5%  sodium thiosulfate, Preparative glpc (20%  SE-52, 10 f t  X  0.25 in., 130°, 100 ml/min
dried (MgSCL), and concentrated by slow distillation to give 0.182 He) gave samples of these two components. The compound
I n m  ^ ° W °^ ' Gas-liquid partition chromatography (2 0 %  representing 41%  of the product is presumed to be 18: ir (CCb)
SE-30, 8  ft X  0.25 in., 131°, 100 ml/min He) showed the oil to be 2820 (OCH3), 1740 (weak), 1127, and 1024 cm “ 1 (CO); nmr
a mixture of three components, present in amounts of 55, 41, (CCb) 8 3 .24 (s, 6 , OCII/) and 1.61 ppm (br s, 6 , = C C H „). The
------------------- compound isolated as 42%  of the product has been assigned the

r. T structure 17: ir (CCb) 2820 (OCH3, 1741 ( C = 0 ) ,  1105, and(18) O. L. Chapman and R. W. King, J .  Amer. Chem. Soc., 86, 1256
(1964). ____________

(19) We thank Dr. A. L. Burlingame and Mr. B. R. Simoneit, University
of California, Berkeley, for all mass spectra reported here. (22) The cis isomer of keto acid 10 has been characterized by Yates: P.

(20) P. D. Bartlett and G. D. Sargent, ibid., 87, 1297 (1965). Yates and A. G. Fallis, Tetrahedron Lett., 4621 (1967). Comparison of the
(21) (a) K. B. Wiberg, B. R. Lowry, and T. H. Colby, ibid., 83, 3998 spectra of our pure ester with those of Yates’ pure acid leaves little doubt of

(1961); (b) J. Meinwald, C. B. Jensen, A. Lewis, and C. Swithenbank, the assigned structures (10). We are pleased to thank Professor Yates for
J .  Org. Chem., 29, 3469 (1964) making the comparison.
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1074 cm -1  (CO); nmr (CC14) 5 3.27 (s, 3 , OCH3), 1.17 (s, 3 , reaction mixture was poured into 150 ml of water and extracted
GCH3), 1.05 (s, 3, CC H j), and 1.42-2.33 ppm (m, 5). with three 100-ml portions of ether. The extracts were com-

Anal. Calcd for CioHieCh (mol wt 168.24): C , 71.39; H, bined, dried (M gS04), and concentrated to give a light brown oil
9.59. Found: 0 ,7 1 .5 4 ; H, 9 .57. which solidified on standing in the cold. The solid was dis-

Acid-Catalyzed Rearrangement of Bicyclo[3.2.0]hept-6-en-2- solved in 5 ml of a pentane-ether (9 :1 )  solution and passed
one (19)23 in Hydrochloric Acid.—A solution containing 1.335 g through activated charcoal several times to remove the color.
(0.01235 mol) of 19 in 100 ml of ether was stirred with 25 ml of Removal of solvent gave white crystals which were washed with
6  N  hydrochloric acid at room temperature for 148 hr and progress cold pentane and dried (25-30°) at reduced pressure (0.1 Torr)
of the reaction was followed by glpc (3%  SE-30, 8  ft  X  0.125 in., for 24 hr to give 1.143 g (51 .95% ) of cmit-ll-chloro-8 -hydroxytri-
140°, 25 ml/min He). The reaction mixture was then poured cyclo[6.2.1.01.6]undec-6(7)-ene (24): mp 107-108°; ir (CC14)
into 100 ml cf water and extracted with ether. The extracts 3560,3415 (OH), 3035 (C H = C ), and 1130 cm -1 (CO ); nmr (CC14)
were combined, dried (M gS04), and concentrated at atmospheric 8 5.34 (s, 1, C H = C ), 3.46 (s, 1, CHC1), 2.11 (s, 1 , COH), and
pressure leaving a brown oil. The brown color was removed by 1.99 ppm (m, 1 2 ); nmr (D M SO ) 5.30 ppm (s, 1 , COH ); ma.«
passing a pentane-ether (1 :1 )  solution of the oil repeatedly spectrum (70 eV) m/e  (rel intensity) 200 (17), 198 (55), 182 (20),
through activated charcoal. Removal of the solvent gave a 180 (60), 163 (100), 149 (39), 145 (64), and 91 (58). 
colorless oil which readily crystallized below room temperature Anal. Calcd for CnH15C10 (mol wt 198.70): C , 66.49; 
and amounted to 1.181 g (66 .13% ) of <mb'-7-chloro-l-hydroxy- H, 7 .61 ; Cl, 17.84. Found: C, 66.37; H, 7 .49; Cl, 18.00. 
bicyclo[2 .2 .1]hept-2-ene (20). Preparative glpc (20%  SE-52, Acid-Catalyzed Rearrangement of T ricyclo[6.3.0.0!6]undec- 
10 ft X  0.25 in., 140°, 90 ml/min He) gave a pure sample of 20: 6(7)-en-9-one (23) in Hydrochloric Acid.— A solution containing
ir (CC14) 3580, 3410 (OH), 3055 (C H = C H ), and 1195 cm -1  0.125 g (0.000771 mol) of 23 in 20 ml of ether was stirred at room
(CO); nmr (CC14) 8 6.08 (m, 2 , H C = C H ), 3.54 (s, 1, CHC1), temperature with 10 ml of 6  N  hydrochloric acid for 26 hr. The
3.05 (s, 1 , COH), 2.64 (s, 1, C-4 bridgehead proton), and 1.67 reaction mixture was then poured into 50 ml of water and ex-
ppm (m, 4, CH2CH2); nmr (D M SO ) 8 5.68 (s, 1 COH); mass tracted with two 50-ml portions of ether. The extracts were
spectrum (70 aV) m/e (rel intensity) 144 (O), 109 (6 ), 108 (50), combined, dried (Na2S 0 4), and concentrated to dryness by dis-
107 (12), 91 i.l), 79 (100), 77 (29), 6 6  (18), and 55 (24). tillation to give 0.177 g of a colorless oil which appeared to be a

Anal. Calcd for C7H9CIO (mol wt 144.60): C , 58.14; H, single substance (glpc). Preparative glpc (20%  SE-52, 10 ft
6.27; Cl, 24.52. Found: C , 58.32; H, 6 .39; Cl, 24.32. X  0.25 in., 180°, 250 ml/min He) gave 0.032 g of anri'-ll-chloro-

7-Chloro-l-hydroxybicyclo[2.2.1]heptane (21).— A solution 8-hydroxytricyclo[6.2.1.0I.6]undee-6(7)-ene (24). 
containing 0.296 g (0.00205 mol) of anft-7-chloro-l-hydroxy- Base-Catalyzed Rearrangement of <mri'-ll-Chloro-8-hydroxy- 
bicyclo[2.2.1]hept-2-ene (20) and ca. 25 mg of platinum dioxide tricyclo[6 .2 .1 .0>.c]undec-6(7)-ene (24).— To a solution prepared
in 10 ml of methanol was hydrogenated (at 49 lb/in.2) for 3 .5  hr. f rom 0.137 g (0.00351 g-atom) of potassium metal in 100 ml of
The methanolic solution was filtered and carefully concentrated dry i-butyl alcohol was added at once 0.403 g (0.00203 mol) of
by distillation to give 0.242 g (80 .7% ) of a colorless oil which 24 in 10 ml of i-butyl alcohol. The resulting solution was re
crystallized on standing in the cold. Preparative glpc (2 0 %  fluxed with rapid stirring for 24 hr. The reaction mixture was
S E -5 2 ,10 ft  X  0.25 in., 165°, 25 ml/min He) followed by sublima- then poured into 200 ml of water containing 5 g of sodium chloride
tion (bath temperature 5 8 -60°) a t reduced pressure (0.075 Torr) and extracted with three 100-ml portions of pentane. The ex-
gave a pure sample of 7-chloro-l-hydroxybicyclo[2.2 .1]heptane tracts were combined, dried (M gS04), concentrated, and distilled
(21): mp 113-114°; ir (CC14) 3575, 3435 (OH), and 1136 cm -1 to give 0.238 g (72 .3% ) of a colorless oil which glpc (3%  SE-30,
(CO); nmr CC14) 8 3.72 (s, 1 , CHC1), 1.98 (s, 1, COH), and 8  f t  X  0.125 in. 180°, 25 ml/min He) showed to be a single com-
1.76 ppm (m, 9). pound. Preparative glpc (20%  D E G S , 5 ft  X  0.25 in., 120°,Anal. Calcd for C7H11CIO (mol wt 146.60): C , 57.34; H , 120 ml/min He) gave a pure sample of tricyclo [6 .3 .0 .0 ''6]undec-
7.56; Cl, 24.18. Found; C , 57.40; H , 7 .61 ; Cl, 24.13. 6-en-9-one (23).

l-Hydroxybicyclo[2.2.1]heptane (22).— To a solution contain- Base-Catalyzed Rearrangement of oni?'-7-Chloro-l-hydroxybi-
ing 0.242 g (0.00165 mol) of 7-chloro-hydroxybicyclo[2.2.1]- cyclo[2.2.1]hept-2-ene (20).— 'To a solution prepared from 0.250
heptane (21) in 50 ml of freshly condensed ammonia, small pieces g (0.00639 g-atom) of potassium metal in 65 ml of dry f-butyl
of sodium metal were added until the solution remained dark alcohol was added at once 0.800 g (0.00553 mol) of 20 in 10 ml of
blue. This blue solution was refluxed for 0.5 hr and then the i-butyl alcohol. The resulting solution was refluxed with rapid
reaction was quenched by the addition of 1 g of ammonium chlo- stirring for 10 hr and then stirred for an additional 6 hr at room
ride. Evaporation of the ammonia left a salt residue which was temperature. The reaction mixture was then poured into 400
dissolved in 10 ml of water and extracted with two 10-ml portions m] 0f water containing 5 g of sodium chloride and extracted with
of ether. The extracts were combined, dried (M gS04), and con- five 100-ml portions of ether. The extracts were combined,
centrated to dryness by careful distillation to give 0.157 g (84 .9% ) dried (Na2S 0 4), and concentrated to give 0.538 g (90 .1% ) of a
of a white, crystalline material. Preparative glpc (20%  SE-52, colorless oil which glpc (20%  SE-52, 10 ft X  0.25 in., 110°, 100
10 ft X  0.25 in., 150°, 100 ml/min He) indicated the presence of a ml/min He) showed to be a single compound. Preparative glpc
single compound, which was shown to be 1-hydroxybicyclo- gave a pure sample of bicy clo [3.2.0] hept-6-en-2-one (19).
[2.2.1]heptane (22):13 mp 155-156° (sealed tube); ir (CC14) Solvolyses of Chloro Alcohols 20 and 24.— 1Thesolvolyses of 20  
3605, 3310 'O H ), and 1133 cm 1 (CO); nmr (CC14) 8 3.06 (s, and 24 in 50%  aqueous ethanol (by volume) were conducted at 
1, COH), 1.98 (m, 1, C-4 bridgehead), and 1.52 ppm (m, 10). 55.53 ±  0.05° by the standard ampoule technique.14 The ex-

Acid-Catalyzed Rearrangement of Tricyclo[4.3.2.01'f’lundec- tent of solvolysis was determined by titration of the ampoule
10-en-7-one (4 )2 in Hydrochloric Acid. A solution containing contents with standard base. The half-reaction times were thus
I .  797 g (0.01110 mol) of 4 in 150 ml of ether was stirred with 65 determined to be 180 min for 20 and 2.4 min for 24.
ml of 6 iy hydrochloric acid at room temperature for 24 hr. The

Registry No.—6, 22257-23-1; 9 , 22256-24-2; 11, 
(23) This ketone is prepared from cyclopentenone as is described for the 1194-35-0; 17, 22256-25-3; 18, 22241-66-3; 20, 22256-

similar tricyclic compounds m ref 2. See also L. A. Paquette and O. Cox, _ 7___ 7 4 7 _ 7„  ̂ _ 7 7
J. Amer. Chem. Soc., 89, 5633 (1967). 26-4 ; 21,22241-67-4 ; 24,22256-27-5.
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Spectral Correlations for a,/3-Unsaturated K etonesIa
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Preferred conformations of labile alkyl-substituted a,0-unsaturated ketones can be determined quite readily 
by analysis of nmr and infrared spectra. For the series of ketones studied, correlations of structure with con
formation show that the (S)-cis conformation is favored for those ketones having an a hydrogen and two /3-alkyl 
groups. For methyl ketones with a-methyl and cfs-/3-alkyl groups, steric crowding results in a preferred non- 
planar (for C = C  and C = 0 )  conformation. For cases where the groups a t R  and R ' in 25 are as large as a com
bination of ethyl and methyl, the deviation from planarity is significant, and, where R " '  is also an alkyl group, 
the data suggest a preferred conformation having the C = 0  group at or near a 90° angle to the C = C . An at
tempt is made to approximate the extent of deviation.

I t  is reported2 that the COMe group causes a nmr cently, Baldwin10 has interpreted the nmr spectrum on
deshielding of the /3-methyl group protons in mesityl the basis of the (S)-cis conformation. He compared
oxide when they are in the cis position. This con- the chemical shifts of the /3-methyl groups of mesityl
elusion was reached on the basis of nmr investigations8’4 oxide with those of cis- (3) and irans-3-penten-2-one (4)
of a series of cis and trans a,/3-unsaturated carboxylic and assigned the low-field resonance to the /3-methyl
esters. For example, a chemical-shift difference of 0.28 group which is cis to the carbonyl group,
ppm is observed for the two /3-methyl groups in methyl Infrared spectrophotometry differentiates between 
/3,/3-dimethylacrylate. Since this deshielding effect is (S)-cis and (S)-trans a,/3-unsaturated ketones, since the
the average for the three equivalent conformations of ratio of the band intensities of the C = 0  to the C = C
the methyl group, it represents a significant shift. To stretching vibrations is considerably larger for transoid
account for a shift of this magnitude, it was suggested than for cisoid ketones.8’9 It was also observed that
that the (S)-cis conformation (la) is heavily populated. there is a greater frequency separation between the
As opposed to the (S)-trans conformation (lb), the 0 = 0  and the C = C  stretching bands of the (S)-cis
(S)-cis form permits a close approach of the affected conformation than of the (S')-trans.'3

protons to the magnetically anisotropic carbonyl group. The possibility should also be considered that the
most stable conformation might be one in which the

CIK C__Ĉ H - 3 W H carbonyl group is rotated out of the carbon-carbon
CH /  \  CH'  \ c==0 double—plane. The increase in energy due to the de-

' 3 3 CH /  crease in orbital overlap interaction of the two groups
3 might be more than compensated for by a decrease in

la lb energy due to a decrease in steric crowding as the two
That mesityl oxide (2) exists in the (S)-cis conforma- groups rotate away from each other, 

tion was first demonstrated by dipole-moment measure- . present work, the preferred conformations of a 
ments6’6 and subsequently confirmed from infrared,7’8 senes of labile (conformationally mobile) a,/3-unsat-
Raman,9 and ultraviolet6 spectrophotometry. Re- urated ketones have been assigned on the basis of the

chemical shifts of hydrogens of /3 groups. Information 
CH3 .H h. y ll from the infrared spectra substantiates the correlations.

C = C  C = C  These results are useful in developing generalizations
CH3' /  — CH3 C H f^  S)C — CH3 concerning preferred conformations of a,/3-unsaturated

0f  0f  ketones from the type of alkyl substituents present.
2 3 Nuclear Magnetic Resonance and Infrared Spectros-

s 2 .l l  and 1.86 (0  CH3) s 2.12 (p CH3) copy *e su lts .-T h e  chemical shifts observed for the
6 09 (0 H) /3-methyl, /3-methylene, and /3-hydrogen moieties for a

series of conjugated olefinic ketones are given in Table I, 
CH3\  along with the differences in chemical shifts (A, ppm) of

.C= C the protons of a /3 group cis to the carbonyl group rela-
H y — CH3 tive to a trans ¡3 group of the same type. With the ex-

O ception of compound 9, these chemical-shift differences
4 can be made by direct comparison of identical /3 groups

s 1.90 (0 CH3) on the same compound or by comparing cis and Dans
6 .7 1 ( 0  H) isomers. For example, compound 2 has two/3-methyl

—-------------  groups. A comparison of the geometric isomers 6 and 7
(1) (a) Supported by U. S. Atomic Energy Commission Contract AT- also permits the determination of chemical-shift differ-

(40-i)-s234; taken from the Pb.D. dissertation of d . n. f . (b) Texas ences for cfs and trans /3-methyl hydrogens, as well as
(2) L. M. Jackman, ’’Applications of Nnclear Magnetic Resonance Spec- *“  “ “  ^  hydrogens. The Value for

troscopy in Organic Chemistry,” Pergamon Press Ltd., London, 1963, p 121. COmpOUlld 9  IS the difference between the observed chem-
(3> R JfAman and R-H- wiIe>-’ p™- (them. Soc.. 196 (1658). ical shift and the average chemical shift (1.84 ppm) of
(5) J. B. Bentley, K. B. Everard, R. J. B. Marsden, and L. E. Sutton, tm n S  ^ “ e th y 1 grou p s (w ith  re sp e c t to  - C O R )  in  C O m -

j . Chem. Soc., 2 9 5 7  (19 4 9 ). ’ p o u n d s h a v in g  a n  a  h y d ro g en . A lso  lis te d  a re  th e
(6) G. K. Estok and J. H. Sikes, J .  Amer. Chem. Soc., 75, 2745 (1953).
(7) R. Mecke and K. Noack, Chem. Ber., 93, 210 (1960). (9 ) K. Noack and R. N. Jones, Can. J .  Chem., 39, 2201 (1960)
(8) R. L. Erskine and E. S. Waight, J .  Chem. Soc., 3425 (1960). (10) E. Baldwin, J .  Org. Chem., 30, 2423 (1965).
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Table I
Nmr Chemical Shifts of /3 Substituents and the Ratio of the C = 0  to C=C  

Stretching Band Intensities of Conjugated Olefinic Ketones
.--------------- Chemical shift, 5----------------- . .-------------A, ppm-------------.

Compd cis trans cis trans r,
no. Compd“ 0 CH. 0 CHi 0 CH2 0 CH2 0 CHi 0 CH2 0 H (C=0/C=C)

2 CMe2=CHCOMe 2 . 1 1  1.85 . ..  . . .  0.26 . ..  . . .  0.60
5 CMe2=CHCOEt 2.09 1.85 . . .  . . .  0.24 . ..  ... 0.70
6 CEtMe=CHCOEt ... 1.85 2.54 . ..  . . .  0.40 ... 0.88
7 CMeEt=CHCOEt 2.11 . ..  . . .  2.14 0.26 ... . . .  0.66
8 CMe2=CHCOPr 2.05 1.82 . ..  . . .  0.23 ... . . .  0.89
9 CMePr=CHCOMe 2.05 ...  . . .  2.05 0.21 ...  . . .  0.83

10 CMePr=CHCOPr 2.07 ... . . .  2.08 0.23 ...  ... 1.01
11 CPrMe=CHCOPr ...  1.84 2.54 . ..  ... 0.46
12 CMe2==CEtCOMe 1.74 1.74 . ..  ... 0.00 ...  . . .  5.09
13 CPrMe=CEtCOMe .. .  1.70 2.14 . ..  ... 0.00 . ..  2.94
14 CMePr=CEtCOMe 1.70 ...  . . .  2.14 0.00 . ..  . . .  3.05
15 CMe2=CMeCOEt 1.74 1.74 . ..  . . .  0.00 ...  . . .  2.35
16 CEt2=CMeCOEt ...  . . .  2.10 2.08 . ..  0.02 . . .  2.40
17 CEt2=CMeCO-i-Pr ...  . . .  2.04 1.95 ... 0.09 . . .  1.71
18 CMe^CMeCOMe 1.82 1.76 . ..  . . .  0.06 ...  . . .  1.96
19 CEtMe=CMeCOMe ... 1.72 2.25 . ..  ... 0.14 ...  1.98
20 CMeEt=CMeCOMe 1.81 ...  . . .  2.11 0.09 ... . . .  1.69
21 CHEt=CMeCOEt ...  . . .  2.24 . ..  ... . . .  . . .  5.53
22 CHMe=CMeCOMe ... 1.72 . ..  . . .  ... ... . . .  5.23
23 CH2=CHCOMe ... . . .  . . .  ... . . .  . . .  0.3* ~ 5 .0
24 CH2=CMeCOMe .. .  . . .  . . .  ... . . .  . . .  0.2' 9.0d

® The first alkyl group (or hydrogen) listed is c is  to the carbonyl group. b S. Castellano and J. S. Waugh, J .  C h em . Ph-ys., 37, 1951 
(1962). c Reference 2, p 123. d Reference 8 .

ratios fa) of the integrated band intensities (deter- ( S ) - c i s  conformation. The question arises as to
mined by cutting and weighing relevant peaks) of the whether the deshielding effect remains negligible or in-
C = 0  and C = C  stretching vibrations. creases as the carbonyl group continues to turn from the

90° out-of-plane position to the ( S ) - t r a n s  conformation.
Discussion Considerable evidence suggests that there is a difference

in chemical shifts of c i s  and t r a n s  0  protons for com- 
Excluding compounds 21-24, the «,.3-unsaturated pounds with predominant ( S ) - t r a n s  conformations,

ketones in Table I can be divided into three groups. jpor example, a chemical-shift difference of 0.3 ppm is
(1 ) those which show a significant chemical shift of the observed for the 0 protons of methyl vinyl ketone (23)
protons of a 0 group c i s  to the carbonyl group relative (footnote b , Table I). Ronayne, Sargent, and Wil-
to a t r a n s  0  group of the same type (2 , 5 -11 ); (2) those hams11 indicate that this compound favors the (S ) - t r a n s

which show an insignificant shift (12-16); and (3) those conformation at room temperature on the basis of a nmr
which show a moderate chemical shift (17-20). variable-temperature study. Furthermore, the car-

Consistent with the above discussion, the first group bonyl stretching band is c a .  five times as intense as the
is assigned the ( S ) - c i s  conformation. Infrared data C = C  stretching band, which is consistent with the
compliment and confirm this assignment, as evidenced ( s ) - t r a n s  conformation. Similar data for 3-methyl-3-
by the low ratio of C = 0  to C = C  band intensities. buten-2-one (24), i . e . ,  a large ratio (9.0) 8 for the inte-
That this ratio would be low for ( S ) - c i s  ketones is well grated band intensities of the C = 0  and C = C
established.6-8 Considering the general formula 25, stretching vibrations and a nmr variable-temperature

R„ R, study, 11 indicate an ( S ) - t r a n s  conformation, and the 0

\  /  hydrogens show a 0 .2 0 -ppm difference in chemical
C=C shift (see ref 2, p 123).

R„ /  X'cOR This /3-hydrogen shift difference of 0.2-0.3 ppm for
25 ( S ) - t r a n s  compounds is considerably less than the cor

responding difference for ( S ) - c i s  compounds, e .g . ,  the 
for those cases where R ' =  H, R "  =  alkyl, and R ,,/ =  /3-hydrogen A = 0.62 for c i s -  (3) and irans-3-pentanone
alkyl, clearly there will be more steric interference be- (4 ). (However, it is not certain that the conformation
tween R and R '"  in the ( S ) - t r a n s  conformation than of 4  is ( S ) - c i s ;  so this comparison may be subject to some
between R  and H in the ( S ) - c i s  conformation, leading uncertainty.) At any rate, compounds 12-16, which
to a preference for the ( S ) - c i s  form. show negligible shifts, must be nonplanar with large

When R ' is a group other than H, steric repulsions angles of rotation of the carbonyl group with respect to
would have a tendency to force the molecule out of the the carbon-carbon double bond. Compounds 17-20,
( S ) - c i s  conformation and into a nonplanar conforma- which show intermediate chemical shifts, must have
tion. This would be expected to lead to a reduced de- conformations between the planar (S ) - c i s  or ( S ) - t r a n s

shielding effect on the /3-carbon protons as the aniso- conformations and the 90° nonplanar form. The ratios
tropic carbonyl group turns away. It seems likely that
this deshielding effect would become negligible by the (11) }  Ronayne> M. v. Sargent, and D. H. Williams, J .  Amer. Chem. 
time the carbonyl group has turned 90° away from the soe.. 88,5288 (1966).
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of the C = 0  to C = C  band intensities for the nonplanar than described above, and those with a  hydrogens and
ketones (12-20) are between the observed values for /3-alkyl groups are all present in the (S)-cis form as far
(,S)-cis ketones (2, 5-11) and (S)-trans ketones (21-24). as can be determined.

From the available data, the effect of structure on Correlations by Erskine and Waight8 based on the 
conformational preference can be generalized as fol- ratio of the integrated band intensities of the 0 = 0  and
lows: (1) labile a,/3-unsaturated ketones (25) with an C = C  stretching vibrations agree with these results for
a  hydrogen and alkyl groups at R "  and R '"  prefer the ketones having a hydrogen at R '; however, they would
(S)-cis conformation; (2) if R  and R ' are methyl groups classify 3,4-dimethyl-3-penten-2-one (18) as (S')-cis.
and R '"  is an alkyl group, a slight deviation from the The present correlations clearly show that this corn-
planar conformation occurs in order to relieve the mod- pound prefers a conformation with the C = 0  rotated
erate steric repulsions between R and R ': (3) if groups somewhat from the planar (S)-cis conformation. 3im-
at R and R ' are as large as a combination of an ethyl and ilarly, from their infrared data, Noack and Jones9 report
a methyl, steric repulsions become large enough to cause that 18 and ¿ra«s-3,4-dimethyl-3-hexen-2-one (20)
significant deviation from the planar conformation. prefer the (S)-cis conformation; however, the intensi-
For those cases where there is also an alkyl group at ties of the C = C  stretching bands are between the values
R " ',  the data suggest a conformation having the C = 0  shown for fixed (S)-cis and fixed (S)-trans compounds
group at or near a 90° angle to the C = C , unless steric shown in their tabulations. These intermediate values,
repulsions between R  and R " '  become large. If steric together with the present nmr results, fit better the
repulsions among R, R ', and R '"  become large, the assignments to nonplanar conformations made here,
molecule assumes a preferred conformation between For ketones showing intermediate chemical shifts, it
(S)-cis or (S)-trans and 90° out-of-plane. This is well appears that there should be a correlation between the
illustrated by 5-ethyl-2,4-dimethyl-4-hepten-3-one (17), chemical shift of /3 groups and the dihedral angle formed
which has an isopropyl group at R and an ethyl group by the carbonyl group and the carbon-carbon double
at R " ' .  An examination of a molecular model clearly bond. Although an exact angle cannot be calculated
shows that the least sterically hindered conformation from the available data, a function (</.) of this angle can
has the C = 0  to C = C  angle between 0 and 90° with re- be determined as follows.
spect to the planar (S)-cis conformation The differ- For (S)-cis ketones (2, 5-11), an average chemical- 
ence in chemical shifts of the /3-methylene hydrogens shift difference (fi-cis relative to J-trans) of 0.24 ppm is
and an intermediate value for the ratio of C = 0  to observed for /3-methvl groups. Then 0 for ketone 18
C = C  stretching vibrations support this proposition. is 0.06/0.24 =  0.25. For ketones 19 and 20, 0 is 0 .09 /
A smaller effect of this type may be present in com- 0.24 =  0.37. Similarly, the average difference in chem-
pound 16, which has ethyl groups at R and R '" .  ical shifts of /3-methylene groups is 0.43 for (S)-cis ke-

Sufficient examples are not available to correlate tones. Using this value for ketones 19 and 20 leads to
structure with preferred conformations for ketones with the value 0  =  0.14/0.43 =  0.33. Table II lists values
a /3 hydrogen (21-24). However, the high ratios of the
C = 0  to C = C  stretching bands suggest the (S)-trans T able II
conformation for ketones with a /3 hydrogen cis to the The F unction, 0, of «,/3-Unsaturated K etones

carbonyl group (R '"  =  H). As mentioned earlier, L isted in T able I
Ronayne, Sargent, and Williams11 classify methyl vinyl Compd 0
ketone (23) as predominantly (S)-trans from a nmr vari- 2 1.0
able temperature study, and Erskine and Waight8 5 1.0
show 3-methyl-3-buten-2-one (24) to be (S)-trans from 6 0.93
infrared data. On the basis of benzene solvent shifts, 7 1.0
Timmons12 classifies 3-methyl-3-buten-2-one (24), 3- 8 0.96
penten-2-one, 3-methy 1-3-penten-2-one (22), and 4- 9 0 88
phenyl-3-buten-2-one as (S)-trans. 10 0 96

Owing to interference from groups other than those of no
interest, there is some uncertainty in some of the assign- 13 0 0
ments. Two unresolved singlets are present in the 14 0 0
spectrum of 3,4-dimethyl-3-penten-2-one (18) at 1.82 15 o'o
(6 H) and 1.76 ppm (3 H) which represent the a-and d- 16 0.05
methyl groups. An unequivocal assignment cannot be 17 0.22
made in this case. A singlet representing ca. 0.4 H is 18 0.25
also present at 2.09 ppm, which may indicate a small 19 0.37,» 0.33*
population of the (S)-cis conformer. A similar diffi- 20 0.37,“ 0.336
culty is encountered with 4,5-dimethyl-4-hexen-3-one ° Calculated from /3-methyl groups. 6 Calculated from p-
(15), which shows two unresolved singlets at 1.74 (6 H) methylene groups.
and 1.72 ppm (3 H) representing the a-  and 3-methyl
groups. Even if the assignment of all six hydrogens of of ^ ior ketones 2 and 5 2°- A number near unity in-
the /3-methyl groups at 1.74 ppm is in error, there is dicates a (S)-cis ketone and a value of zero indicates
only a 0.02-ppm chemical shift caused by the aniso- carbonyl group is 90 out of the plane of the
tropic carbonyl group. caroon—carbon double bond. Although sufficient data

None of the ketones appears to exist as a mixture of are no  ̂avadable to evaluate the A value for (S)-trans (3
conformers at room temperature to a greater extent groups, it is conceivable that some of the ketones with

intermediate chemical-shift values might have preferred
(i2) c. J. Timmons, chem. Commun., 576 (i95s). conformations between 90° nonplanar and (S)-trans.
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However, it is probable (see the /3-hydrogen discussion U 5 ° an 8 ft X  0.375 in ., 20%  silicone fluid X F-1150 (Varian
above) that A will be smaller for fixed (S )- tm n s  than for Aerograph) column achieved resolution sufficient to isolate pure

, .i , 5 and a mixture of 18 and 27. The mixture containing 15.7%
fixed  (S)-cis  co m p o u n d s , so o n ly  th o se  com p o u n d s w ith  27  an(j  84 .3%  18 was separated conveniently a t 100° using the
sm a ll, n o nzero  v a lu e s  o f 4> su ffer fro m  th is  u n c e r ta in ty . 20 ft  X  0.375 in., 30%  SE-30 column.
The relatively low values for the ratios of C = 0  to C = C  Spectral data of compound 5 follow: nmr 5.98
stretching frequencies for these compounds indicate that ls> hne splitting, 1 H, CH3C = C H  (for simplicity, this type of 

the preferred con fer™ «,™  certainly are not very near I t * ”,  £ £  “ ta
(S)-trans. fine splitting)], 2.34 (q, 2 H, COCH2CH3), 2.09 (s, fine splitting,

cis to carbonyl, 3 H , H C = C C H 3), 1.85 (s, fine splitting, irons 
tv, 1 to carbonyl, 3 H, H C = C C H )3, and 1.01 (t, 3 H, CH2CH3);
Expenmental Section ir (neat) 1690 (s> c = 0 ) ,  162 3  (s, C = C ) , 1413 (m, CH2

Almost all of the olefinic ketones were separated and purified bend of CH2CO), and 837 cm 1 (s, CH bend on trisubstituted
by preparative gas chromatography, and a Wilkins Model A-700 double bond); uv 312 (w, R  band) and 237 nyt (s, K  band),
Autoprep chromatograph was used for this purpose. All of the mass spectrum m/e  (rel intensity) 112 (16, (parent peak), 83
mass spectra and the nmr spectra of some of the compounds were (100), 57 (51), 55 (82), 43 (15), 41 (19), 39 (43), 29 (93), 28
taken by M r. H. T . Ford and D r. P . Flannigan, respectively, of (25), 27 (63), and 15 (10). ccu
Continental Oil Co., for which assistance the authors are most Spectral data of compound 18 follow: nmr STMS 2.14 (s,
grateful. The mass spectra were recorded on a CEC 103 mass 0 H, COCH3), 1.82 (s, 6 H, irons CHsC— CCH3), and 1.76 (s,
spectrometer using an ionization voltage of 70 eV. The nmr 3 H, C = C C H 3 irons to carbonyl); ir y„ax 1690 (s, 0 = 0 ) ,  1618 (s,
spectra taken by D r. Flannigan were recorded at room tempera- C = C ), and 1348 cm 1 (s, OHs bend of a methyl ketone); uvXmax
ture on a Varian HA-100 spectrometer. The remainder were 305 (w, R  band) and 247 m/x (s, K  band); mass spectrum ro/e
recorded in this laboratory at room temperature on a Varian (re  ̂ intensity) 112 (16) (parent peak), 97 (14), 69 (36), 55 (11),
A-60 spectrometer. 43 (100), 41 (75), 39 (27), 28 (14), 27 (20), and 15 (21).

Infrared spectra were obtained on a Perkin-Elmer Model 337 cis-5-Methyl-4-hepten-3-one (6), iroras-5-Methyl-4-hepten-3-
grating infrared spectrophotometer and a Perkin-Elmer Model °®e C7)» cis-3,4-Dimethyl-3-hexen-2-one (19), and irores-3, - 
21 spectrophotometer using neat samples between sodium chloride Dimethyl-3-hexen-2-one (20). Phosphorus oxychloride (378 g),
windows. bp 104°, was distilled into 504 g (7.0 mol) of butanone contained

Ultraviolet spectra for all compounds were obtained in 95%  *n a round-bottomed flask. The reaction mixture was left in a
ethanol on a Beckman Model D K -1 recording spectrophotometer. water bath cooled by tap water to 15-20 . The crude ole me
a,/3-Unsaturated ketones show a weak R  band of the carbonyl ketone mixture obtained by the procedure described above was
group between 300 and 350 and a strong K  band of the a,ft- distilled through a short Vigreux column to give 210.8 g of color- 
conjugated system between 215 and 250 m/x.13 The empirical less product, bp 52 78 (225 mm), leaving 56 g of high-boi i ^
generalizations derived by Woodward» for the effect of substitu- ^esiffiie Gc analysis indicated the presence of 6 A %  6 19.9%
tion upon the position of the K  band were used with excellent re- 7 > 19.8%  19, 5 .3%  20, and 46 .5%  3,4-dimethyl-4 he e 0 e
suits as an aid in assigning the structures of some of the ketones. ( » )  (mixture of m  and irons). The preparative gc separation

¿ ^ F ?  ^  SyntheS6S ^  SiV6n “  th<3 P h 'D ' diS" s S r a f d a t a  of compound 7foU ow : nmr &  5.96 (s, fine
S 5-Methyl-4-jiexen-3-one (5) and 3,4-Dimethyl-3-penten-2-one splitting 1 H, CH3C= C H ) 2.54 C H ^ l l s T f i n e  ralitthT " 
(18).16—Phosphorus oxychloride (376 g) was distilled into a J ;! .5 / '1, \  no / ’ l l  ’
mixture of 200 g (3.49 mol) of acetone and 251 g (3.49 mol) of ^  6 9 0 ^ 0 ^ 0 )  1620 G C = C )  1413C(m"
butanone contained in a round-bottomed flask. The reaction ^Ha), ir (neat) rr„ „ 1 6 9 ( ,  ), ( ,  ), ( >
mixture was left for 48 hr in a water bath cooled by tap water to ^ b  berd of CH2CO), andl 800 cmi (m, CH bend on trisubsti- 
28°. The solution was orange at the beginning of the reaction luted double bond); uv A 310-315 and 238
and became progressively darker until a dark brown mixture mix (s, K  band), m ^ s spectrum m/e ( e y ) (
resulted after 48 hr. The reaction mixture was treated with 1400 ^ ) oQ7fom ^ 1 4 )  and 27 (43) The com-
ml of water, and the dark brown chloro ketone layer was sep- (12)> «  <71), 39 (30), 29 (78 , 28 (14 and 27 (43). Ih e  com 
arated, washed with water, and dried over sodium sulfate. De- Pound gave a negative .iodoform test the semicarbazone de
hydrochlorination was effected by refluxing with 350 g of di- rivative had a melting point of 127.5-128.5 ^
methylaniline for 30 min. The resulting mixture had two dis- Spectral darii of compomid 7 follow. ™ r  5TM,  5 96 (s, fine
tinct layers. After the mixture was cooled in an ice bath, 235 g splitting, H , CH3C = C H b  2 40 (q 2 H C O C H .C a ) 2 T 4
of a light brown oil was decanted from the solid dimethylaniline h  f n ^ J f f t v e r i a i f f i n a  t  6 H C H r
hydrochloride. This crude product was washed with dilute 3 H H C ^C C H sb and11 0 5 a n d H B  ®
hydrochloric acid followed by sodium bicarbonate solution, and £® > )' ir j nef ^ “ n ! 6907  ’s03 J - i  (m OH bend on trisub-
then distilled through a short Vigreux column to give 116 g of CH2 bend of CH2C 0 , and1 803 cm (m (3H 1bend^on tnsub
colorless product boding at 130-175°; 116 g of residue remained f l u t e d  double bond); uv A;mI 310-315 (w, R  band) and 238
in the distillation flask. Gc analysis (at 110 and 138°, re- mM (K  band); mass spectrumm/c (relin tensity)126 ( ) (P j
spectively) of the crude distillate using a 10 ft X  0.25 in. column I * ® « . (45), 69 (16), 57 (100), 55 (12) 53 (11), 43 ( ).^

ssiassarisis
r  1>■=% » « ‘W  « • '%  k»to“ ’ “ d *  8 p S P° i °  of oompoimd »  fo lio .,  - r  «  2.25 ( , .

4  T t a ' £ , " c ) h « r BS. o „ l d » » .b . , . P, , . W b y p rep „ . t i v .  2 H 3̂  ‘ C l S A ) “
go in a  one-stop o p .r.tion  l*h . m falm . w .  compliontad by the » o  bv 1 72 M  H -  t o  C - C b  uv

s :  , T b iiyl 2 0 I1  7 :  b « . «  ™  i “  s » d ) ? m̂

sorb P  conveniently separated the desired compounds into groups > ' » The compound gave a positive
A and B . Group A was further separated at 80° using a 6 ft X  t  t
0.375 in. 20%  Carbowax column and was '  S p e cto  data of compound 20 follow: nmr i ? S  2.15 (s, 3H,
26, 50%  mesityl oxide, and 5 %  impurities. Similarly, group B  /-irvnxr \ o n  /n o u  n  1 81 Cs 6 H a and 3
contained 12%* 5, 11%  27, 74%  18, and 3 %  impurities. A t COCH,h 2.11 ^ ^ H ^ C - C O T .C H ,) ,  U S U s , 6 J ,  « a n d ^

(13) R. M. Silverstein and G. C. Bassler, “Spectrometric Identification of 0 = 0 ) ,  1615 (m, C— C ), and 1349 Cm 1 (s, CH 3 bend of CO CH j),
Organic Compounds,” John Wiley & Sons, Inc., New York, N. Y., 1963, p uv x ^ H 305 (w, R  band) and 247 m/i (s, K  band); mass spec-
99- 100. trum m/e  (rel intensity) 126 (11) (parent peak), 111 (16), 83 (37),

(14) R. B. Woodward, J .  Amer. Ckem. Soc., 63, 1123 (1941); 64, 76 ____________

(1a s ))' D. D. Faulk, Fh.D. Dissertation, University ol Arkansas, 1966. (17) D. D Faulk in “G C Preparative Separations,” K. P. Dimick,
(16) J- Colonge and K. Mostalavi, Bull. Soc. Chim. F t.. 5, 1478 (1938). Ed., Varian Aerograph, Palo Alto, Calif., 1966, pp 10-24.
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55 (76), 53 (12), 43 (100), 41 (48), 39 (26), 26 (17), 28 (10), conjugated isomers, cis- (30) and frons-6-methyl-6-nonen-4-one
27 (32), and 15 (23). The compound gave a positive iodoform (31). Analytical gc results on a 5%  FFA P column show that
test. the mixture contains ca. 75 .8%  conjugated and 24 .2%  noncon-

2-M ethyl-2-hepten-4-one (8), 4-M ethyI-3-hepten-2-one (9), jugated olefinic ketones. A satisfactory gc method to separate
and 3-Ethyl-4-methyl-3-penten-2-one (12).—Analogous to the the nonconjugated olefinic ketones from the conjugated ones was
condensation of a mixture of acetone and butanone by phosphorus not accomplished; however, a number of gc columns are suit-
oxychloride, 500 g (5.814 mol) of 2-pentanone and 337.2 g (5.814 able for the isolation of 10 from the other three compounds,
mol) of acetone were condensed by means of 624.7 g (4.07 mol) The 20 ft X  0.375 in., 30%  SE-30 column was used at 163° for
of phosphorus oxychloride. After the mixture had stood for 48 the isolation of 10. Interestingly, elution over a 20 ft X  0.375
hr at room temperature (ca. 25°), 790 g (4.85 mol) of crude in., 30%  FF A P  column causes considerable trans-cis (10 to 11)
chloroketone was isolated, which represents 83 .4%  of the theo- isomerization to occur. The fact that the trans compound had
retical yield. The chloro ketone was dehydrochlorinated by isomerized to the cis isomer is readily detectable from the nmr
refluxing for 2 hr with alcoholic potassium hydroxide, which was spectrum owing to the difference in chemical shift of the 0-methyl
prepared by dissolving 444.5 g (8.52 mol) of potassium hydroxide group in the two isomers.
in 2000 g of 95%  ethanol. After treatment with a large volume Spectral data of compound 10 follow: nmr 8™ ! 5.97 (s, 
of water, the upper ketonic layer was separated and distilled fine splitting, 1 H, CH3C = C H ), 2.33 (t, 2 H, COCH2CH2),
through a short Vigreux column to give a mixture of olefinic ke- ca. 2.08 (t, partially obscured, 2 H, C = C C H 2CH2), 2.07 (s,
tones boiling at 115-190°. fine splitting, cis to carbonyl, 3 H, C H = C C H 3), ca. 1.56 (m,

Gc analysis showed the relative yield of products to be 7 .3 %  4 H , CH 3CH2CH2), and 0.93 (t, 6 H, CH2CH3); ir (neat) r™?1
mesityl oxide, 47 .1%  C8 olefinic ketones, and 45 .6%  CM ketones. 1691 (s, C = 0 )  and 1323 cm -1 (s, C = C ) ; uv X®°H 310 (w, R
The mixture of C8 olefinic ketones consists of 21 .5%  8, 12.5%  9, band) and 240 m̂ i (s ,K b a n d ); mass spectrum m/e  (rel intensity)
4 5 .5%  12, and 20.5%  3-ethyl-4-methyl-4-penten-2-one (29). 154 (13) (parent peak), 111 (100), 71 (39), 69 (23), 43 (64), 41
The C8 ketones were separated to give 29, a mixture of 8 and 12, (47), 39 (26), 29 (18), and 27 (37). The mixture containing the
and pure 9 on a 12 ft X  0.375 in., 30%  Carbowax column at 145°. cis isomer (11) shows a nmr singlet at 8 1.84, which indicates
Ketones 8 and 12 were separated on a 20 ft X  0.375 in., 20%  that the 0-methyl group is irons to the carbonyl function. Also, a 
polyethylene glycol distearate column at 120°. partially obscured triplet is found at 8 2.54 indicating that the

Spectral data of compound 8 follow: nmr 8?ms 5.99 (s, fine split- 0 methylene is cis to the carbonyl function, 
ting, 1 H, CH3C = C H ), 2.26 (t, 2 H, COCH2CH2), 2.05 (s, fine cis- (13) and iror„s-3-Ethyl-4-methyl-3-hepten-2-one (14).—
splitting, cis to carbonyl, 3 H, H C = C C H 3), 1.82 (s, fine split- 2-Pentanone (250 g) was condensed by phosphorus oxychloride
ting, trans to carbonyl, 3 H, H C = C C H 3), ca. 1.54 (m, 2 H, in a reaction similar to the ones described above. The reaction
CH 2CH2CH3), and 0.87 (t, 3 H, CH2CH3); ir (neat) 1681 (s, mixture was allowed to stand for 48 hr at 20°. The resulting
C = 0 ) ,  1613 (s, C = C ), and 813 cm -1 (w, CH bend on a trisub- chloroketone was dehydrochlorinated by refluxing for 2 hr with 
stituted double bond); uv X“ °H 310 (w, R  band) and 237 mix alcoholic potassium hydroxide, prepared by dissolving 168 g
(s, K  band); mass spectrum m/e (rel intensity) 126 (14) (parent (3 mol) of potassium hydroxide in 945 ml of 95%  ethanol. Treat-
peak), 83 (100), 55 (36), 43 (12), 41 (16), 39 (22), 29 (19), 27 ment of the product with a large excess of water separated the
(31), and 15 (10). The compound gave a negative iodoform test. desired olefinic ketones. Distillation of the crude product gave

Spectral data of compound 9 follow: nmr 8™J 5.95 (s, broad, 1 42 g of colorless material, bp 55-65° (5-7  mm). This product
H , CH3C = C H ), 2.05 (t, partially obscured, 2 H, CH2CH2C = C ) , consisted of a complex mixture of isomeric C 10 olefinic ketones
2.05 (s, fine splitting, 6 H, COCHs and C O C H =C C H 3 cis to which could not be completely resolved by any of the gc col-
carbonyl), 1.47 (sextet 2 H, CH3CH2CH2), and 0.90 (t, 3 H , umns tried. However, 3-ethyl-4-methyl-4-hepten-2-one (32)
CH2CH3); ir (neat) iv“° ‘ 1691 (s, C = 0 ) ,  1620 (s, C = C ), could easily be separated from the other isomers using a 30%
1352 (m, C II3 bend of COCH3), and 809 cm -1 (w, CH bend on a SE-30 column a t 167°. Analytical gc showed that the mixture
trisubstituted double bond); uv X®°H 310 (w, R  band) and 240 contained about 45 .9%  32 and 54 .1%  a mixture of isomeric
m/i (s, K  band); mass spectrum m/e (rel intensity) 126 (17) ketones. Seven grams of 32 was saturated with dry hydrogen
(parent peak), 111 (88), 98 (18), 83 (28), 69 (36), 55 (69), 53 (12), chloride and allowed to stand in a refrigerator at 5° for 12 hr.
43 (100), 41 (44), 39 (39), 29 (21), 27 (43), anc 15 (45). The The chloro ketone was dehydrochlorinated by refluxing for 2 hr
compound gave a positive iodoform test. This sample contains with alcoholic potassium hydroxide. The recovered olefinic
an impurity with almost identical properties. In  the nmr spec- ketones were distilled under reduced pressure to give 5.2 g of a
trum there is a singlet with an area representing ca. 0 .7  H at colorless product, bp 57-58° (10 mm). Gc analysis of the
8 1.82 which shows second-order splitting by the vinyl proton into mixture obtained in this reaction showed 83 .5%  32, 8 .2 %  13,
a doublet. The chemical shift of this absorption is at the correct and 8 .3%  14. These ketones were separated using a 20 ft X
position to indicate the presence of a small amount of the geomet- 0.375 in., 30%  FF A P  column at 173°.
ric isomer of 9; i.e., this impurity has the carbonyl group and the Spectral data of compound 13 follow: nmr 5™s 2.14 (m,
0-methyl group trans. A simple calculation indicates that the 4 H, CH2CH2C = C C H 2CH3), 2.14 (s, 3 H, COCH3), 1.70 (s,
cis-trans mixture contains about 30%  the geometric isomer of 9 . 3 H , 0 methyl), ca. 1.47 (m, 2 H, CH3CH2CH2), and 1.00 (t ,

Spectral data of compound 12 follow: nmr S?ms 2.26 (q, 6 H, CH2CH3); ir (neat) 1690 (s, C = 0 )  and 1612 cm -1 (m,
2 H , C = C C H 2CH3), 2.13 (s, 3 H, COCH3), 1.74 (s, 6 H , 0  C = C ) ; uv X®'™ 305 (w, R  band) and 247 mix (s, K  band);
methyls), and 0.96 (t, 3 H, CH2CH3); ir (neat) ¡%“° ‘ 1688 (s, mass spectrum m/e  (rel intensity) 154 (25) (parent peak). 139
C = 0 ) ,  1614 (w ,C = C ), and 1352 cm“1 (m .C H , bend of COCH3); (35), 125 (11), 69 (74), 55 (47), 43 (100), 41 (42), 39 (21), 29
uv X®°H 300-305 (w, R  band) and 244 m/x (s, K  band); mass (16), 27 (24), and 15 (16).
spectrum m/e  (rel intensity) 126 (37) (parent peak), 111 (34), Tne spectral properties of compound 14 are almost identical 
83 (46), 55 (62), 53 (10), 43 (100), 41 (41), 39 (31), 29 (13), 27 with those of 13; therefore, the geometric assignments could be in
(26), and 15 (45). The compound gave a positive iodoform test. error.

fraras-6-Methyl-5-nonen-4-one (10).18— 2-Pentanone (478 g, 3-Methyl-3-penten-2-one (23).19— A solution of 265 g (3.7
5.56 mol) was added to a solution prepared by dissolving 23 g of mol) of butanone and 150 g (3.4 mol) of freshly prepared acet-
sodium in 300 ml of methyl alcohol, and the resulting material aldehyde was placed in a round-bottomed flask and cooled to
was refluxed for 3 hr. The basic solution was neutralized with —5 °. This solution was saturated with dry hydrogen chloride
20%  sulfuric acid and diluted with excess water. The insoluble and allowed to stand for 12 hr at —5°. The crude product was
ketonic layer was separated, washed with water, and dried over washed with dilute sodium hydroxide and dried over sodium
potassium carbonate. Distillation through a short Vigreux sulfate. Distillation through a short Vigreux column gave 68 g
column under reduced pressure yielded 94 g of colorless product, of colorless product, bp 135-136°. Isolation of 23 from impuri-
bp 77-79° (8 mm). I t  was determined that 2-pentanone con- ties was achieved using a 20%  silicon fluid X F-1150  column a t
denses only at the methyl carbon in the presence of sodium meth- 130°.
oxide by comparing the reaction product with authentic samples Spectral data of compound 23 follow: nmr S?£s 6.67 (q, 
of olefinic ketones formed from the acid-catalyzed condensation fine splitting, 1 H, CH3C = C H C H 3), 2.22 (s, 3 H, COCH3), 1.86
of 2-pentanone at the methylene carbon. (d, 3 H, CHCH3, trans to carbonyl), and 1.72 (s, fine splitting,

cis- (11) and frons-6-methyl-5-nonen-4-one (10) are formed 3 H , C H = C C H 3, a-m ethyl); ir (neat) 3055 (w, vinyl H ),
along with two other compounds which are probably the non- ____________

(IS) L. E. Hinkel, E. E. Ayling, J. F. J. Dippy, and T. H. Angel, J .  
(18) J. Colonge, Bull. Soc. Chim. Fr., 49, 441 (1931). Chem. S o c 814 (1931).
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1677 (s, C = 0 ) ,  1655 (m, C = C ) , 1365 (s, CH3 bend of COCH3), ml of concentrated hydrochloric acid and 600 ml of water. The
and 822 cm -1 (s, CH bend on a trisubstituted double bond); top ketonic layer was washed with saturated sodium bicarbonate
uv 305 (w, R  band) and 228 mp (s, K  band); mass spec- and dried over sodium sulfate. After low-boiling material had
trum m/e (rel intensity) 98 (33) (parent peak), 83 (25), 55 (100), been removed, 305 g of crude chloro ketone was refluxed for 2 hr
43 (55), 39 (22), 29 (29), 27 (32), and 15 (21). The compound with 90 g of potassium hydroxide dissolved in 405 g of 95%  eth-
gave a positive iodoform test. anol. Treatment with a large volume of water separated 117 g

4-Methyl-4-hepten-3-one (22).— This compound was prepared of olefinic ketone. Although some unidentified products were
by condensation of propionaldehyde and 3-pentanone in a manner present, most of the material was a mixture of the condensation
similar to the preparation of 23. products of propionyl chloride and 2-methyl-2-butene. Isola-

Spectral data of compound 22 follow: nmr Stms 6.46 (t, tion of the olefinic ketone mixture by preparative gc and subse-
fine splitting, 1 H , CH 3C = C H C H 2), 2.59 (q, 2 H, C 0C H 2C1T3), quent characterization showed the mixture to consist of 84 .7%
2.24 (quintet, broad, 2 H , CH3CH2CH, trans to carbonyl), 1.72 IS and 15.3%  4,5-dimethyl-5-hexen-3-one (34). The two
(s, fine splitting, 3 H, C H = C C H 3, a methyl), and 1.08 and 1.04 ketones were separated on an 8.5 ft X  0.375 in., 20%  T C E P
(2 t, 6  H, CH2CH3); ir (neat) 3045 (w, vinyl H ), 1670 (s, column at 123°.
C = 0 ) ,  1642 (w, C = C ), and 802 cm -1 (s, CH bend on a trisub- Spectral data of compound 15 follow: nmr S?£s 2.42 (q, 
stituted double bond); uv X®1™ 305 (w, R  band) and 224 m t̂ 2 H , COCH2CH3), 1.74 (s, 6  H , (3 methyls), 1.72 (s, 3 H, a
(s, K  band); mass spectrum m/e  (relintensity) 126 (15) (parent methyl), and 0.99 (t, 3 H, CH2CH3); ir (neat) vZt*' 1695 (s,
peak), 97 (8C), 69 (77), 57 (13), 41 (100), 39 (27), 29 (38), 28 C = 0 ) ,  1626 (m, C = C ) , and 1418 cm “' (w, CH2 bend of COCH2);
(12), and 27 (38). X^°H 300-305 (w, R  band) and 244 mp (s, K  band); mass spec-

5-Ethyl-4-methyl-4-hepten-3-one (16).— Analogous to the trum m/e (rel intensity) 126 (20) (parent peak), 97  (8 8 ), 69 (92),
condensations described above, 172 g (2 mol) of 3-pentanone was 57 (18), 53 (13), 41 (100), 39 (28), 29 (36), and 27 (34).
condensed by means of 108 g (0 .6 6  mol) of phosphorus oxychlo- 5-Ethyl-2,4-dimethyl-4-hepten-3-one (17).— Isobutyryl chloride
ride. Twenty grams of zinc chloride was used as a catalyst in (7.5 g) and 10.3 g (0.105 mol) of 3-ethyl-2-pentene were condensed
this reaction. The usual work-up procedure gave 145 g of crude in the presence of stannic chloride. The reaction and work-up
product. Distillation under reduced pressure gave 85 g of color- procedure were similar to that described above. A mixture of
less product, bp 75-104° (5 mm). Analysis of the product shows 17 and 5-ethyl-2,4-dimethyl-5-hepten-3-one (35) was obtained,
the presence of 7 .0%  16 and 93.0%  5-ethyl-4-methyl-5-hepten- Separation was accomplished using a 6  ft X  0.375 in., 20%  Car-
3-one (33). Separation was accomplished by means of a 20 ft  bowax column at 155°.
X  0.375 in., 30%  FFA P  column. Spectral data of compound 17 follow: nmr 3™'s 2.75 [m,

Spectral data of compound 16 follow: nmr Stms 2.44 (q, 1 H, COCH(CH3)2] , 2.04 (q, 2 H, CH3CH2C = C , cis to carbonyl),
2 H ,C O CH 2CH3), 2.10 and 2.08 (pair of quartets, 4  H, CH3CH2), 1.95 (q, 2  H , CH3CH2C = C , trans to carbonyl), 1.76 (s, 3 H,
1.79 (s, 3 H, a methyl), and 1.02 (overlapping t, 9 H, CH2CH3); a methyl), 1.02 [d, 6  H, CH(CH3)2] , and 0.99 (t, 6  H, CH2CH3);
ir (neat) 1689 (s, C = 0 )  and 1615 cm -1 (w, C = C ) ; uv ir (neat) iv“* 1 1678 (s, C = 0 )  and 1616 cm -1  (w, C = C ) ; uv
X™°H 305 (w, R  band) and 247 m/z (s, K  band). X®‘a°H 302 (w, R  band) and 247 mju (s, K  band); mass spectrum

4,5-Dimethyl-4-hexen-3-one ( 1 5 ) . — Propionyl chloride (186 m/e  (rel intensity) 168 (7) (parent peak), 125 (56), 69 (21), 55 
g, 2 mol) was mixed with 210 g (3 mol) of Eastm an technical- (100), 43 (28), 41 (36), 39 (16), 29 (15), and 27 (25). 
grade pentene (ca. 2 : 1  ratio of 2 -methyl-2 -butene and 2 -pentene)
in a round-bttomed flask fitted with a reflux condenser. Twenty Registry No.—2,141-79-7; 5,13905-10-7; 6, 20685- 
grams of stannic chloride was added slowly through the condenser, 43-2' 7, 20685-44-3 ' 8 22319-24-0' 9 22319-25-1'
causing the temperature to rise to co. 50°. The flask was heated 10,22287-10-1; 11, 22319-26-2; 12,’ 22287-11-2; is !
gently for 30 mm, at which time the temperature of the reaction 9 9 9 0 7 1 9 0 . u  9 9 9 0 7 1 0 1 . 7 0 9 ^ 0 1 1  i .  ia  9 9 0 1 0
mixture had reached ca. 100°. The resulting liquid was cooled 2 2 2 8 / -1 2  3 ,  14 , 2 2 2 8 / -1 3  4 ,  1 5 , /325-9U 5 ,  10 , 2 2 3 1 9 -
and then poured into dilute hydrochloric acid prepared with 160 28-4; 17, 22319-29-5; 18, 684-94-6; 19, 20685-45-4;

—  ~  I 20, 20685-46-5 ; 21, 22319-31-9; 22, 565-62-8; 23, 78-(20) J. Colonge and K . Mostafavi, Bull. Soc. Chim. Fr., 6,  335 (1939). ( . a* a . . i7G 0  ' 1
(21) J. Colonge and D. Joly, Ann. Chem., 18, 286 (1943). 94-4 ; 24, 814-78-8.

Bicyclo[l. 1. l]pentane Derivatives1
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The synthesis of a variety of 1- and 2-substituted bicyclo[ 1.1.1]pentanes is described. Free-radical substitu
tion occurs primarily at the bridgehead, and both types of hydrogens are markedly deactivated toward free- 
radical attack. The bridgehead radical opens to the methylenecyclobutyl radical at an appreciable rate. The 
K a of the bridgehead acid is higher than that for any other simple saturated carboxylic acid, and the Kb of the 
bridgehead amine is lower than that of any other simple aliphatic amine. The nmr spectra of the compounds 
are discussed and the coupling constants and chemical shifts are given.

In the case of bicyclo[l.l.l]pentane, the parent hy- of 1,4-pentadiene.6 The Wurtz reaction has been
drocarbon is more easily obtained than its simple de- improved using the naphthalene radical anion as the
rivatives.3 Bicyclopentane was originally prepared halogen abstractor to give a 6.5% yield of the hydro-
by the reaction of 3-bromomethylcyclobutyl bromide carbon. Recently, Rifi has found that the electro-
with lithium amalgam.4 It has also been obtained chemical dehalogenation7 also is successful with 3-
by the photolysis of bicyclo [2.1.1 ]hexan-2-one5 and bromomethylcyclobutyl bromide and gives over twice

the yield obtained using the chemical reagents.8 This
(1) This investigation was supported by the U. S. Army Research Office 

(Durham).
(2) Taken from part of the Ph.D. thesis of V. Z. Williams, 1968. Proctor

and Gamble Fellow, 1966-1967; Heyl Fellow, 1967-1968. (5) J. Meinwald, W. Szkrybalo, and D. R. Dimmel, Tetrahedron Lett.,
(3) The only functional bicyclo[l.l.l]pentane derivative which has been 731 (1967).

obtained from a compound other than the parent hydrocarbon is the 2- (6) R. Srinivasan and K. H. Carlougb, J .  Amer. Chem. Soc., 89, 4932
phenyl-2-hydroxy compound formed via the irradiation of phenyl cyclobutyl (1967).
ketone [A. Padwa and E. Alexander, J .  Amer. Chem. Soc., 89, 6376 (1967)]. (7) M. R. Rifi. ibid., 89, 4442 (1967).

(4) K. B. Wiberg and D. S. Connor, ibid., 88 ,  4437 (1966). (8) Dr. M. R. Rifi, personal communication.
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appears to be the best way in which to obtain bicyclo- would appear that the relative reactivities must be
[l.l.l]pentane. on the order of 100:1 or greater.

One of the simplest methods of obtaining a func- Two factors may contribute to the low reactivity 
tional bicyclopentane derivative is free-radical halo- of bicyclo [1.1.1 jpentane. First, both the bridgehead
genation. We have previously reported cn the chlori- and methylene positions incorporate considerable
nation using ¿-butyl hypochlorite.4 We have found it strain, which should result in a marked decrease in
possible to effect direct, photochemically initiated reactivity. Second, the secondary hydrogens are
chlorination in Freon 11 (trichlorofluoromethane) as a sterically not so accessible so in cyclohexane. As a
solvent. Using a limited concentration of chlorine, result, the tertiary bridgehead position becomes more
an 11% yield of a mixture of mono- and dichlorides reactive than the secondary methylene position,
was obtained with the following distribution (eq 1). In an effort to introduce conveniently a carbon

y l  containing functional group, the little-used photo-
i cfci, chemical reaction between a hydrocarbon and oxalyl

N. 7  2 hv > chloride13 was tried. The reaction was found to give
^  73%  of a mixture of acid chlorides (eq 2). Some

<\ ^ ~ CI +  ^ C1 +  " O “ “  ^  +  J ^ / O C ,  w

5l*  *  «  ,  85:15

M r a + ^  + j L j *  »
¿[ ■ /  disubstitution products also appear to have been

. cl formed. Again, bridgehead substitution predomi-
ll% ** nates.

The products were easily identified by their nmr spectra. The acid chloride mixture could be converted into a 
The majority of the products consisted of polyhalides, mixture of the 1- and 2-hydroxy compounds by eon-
and at least part of this was derived from 3-methylene- version into the ketone and peracid oxidation (eq 3). 
cyclobutyl chloride. It seems probable that the
bridgehead radical was formed, and then opened to /k COC1 /V /C0Et
the 3-methylenecyclobutyl radical before reacting with /  y \  Et*Zn, /  Y \  m-cic6H,co:,H 
chlorine. This hypothesis was tested by carrying av<a ‘
out the reaction using a relatively high chlorine con
centration. The mono- and dichlorides were now ob- OH
tained in 50%  yield and gave the products indicated yvOCOEt y l  i 0H (3)
above in the proportions 62, 15, 0, 14, 2, and 7% , /  y\  chjj. /  V\ +
respectively. The amount of ring opening was de- ^ \ / 7  St20> \  ¡ 7
creased markedly, suggesting that the 1-bicyclo [1.1.1]- ^
pentyl radical rearranges to the 3-merhylenecyclo- 8515
JUT r ra(^ Ca' ^significant activation energy. The two alcohols could be separated by vpc, and were

e ra 10 o n ge ea o me y ene su s l u ion obtained in an 85 :15  ratio corresponding to the acid
was 2 .4 ,1  (assuming that the 1 2  dichloride was, formed chloride mixture. Bicyclo [1.1.1 ]pentan-l-ol was a
irom the 1-chloro derivative), giving a relative re- ,•,
activity per hydrogen of 7:1.  The chiorination of T ’ /  , , ,  .,,, , • ,• , , , , , „ Treatment of the acid chloride mixture with meth-
nnrtrinvrTn^Vw h i  SUC iT  n0J  ,<?r.nan.e’ anol gave the methyl esters, which could be reduced
T9 9 niH ’12 v, ^i k v!cyc °" to the carbinols with lithium aluminum hydride (ec 4).[2.2.0 Jhexane12 has also been studied. In each case,
the majority of the products are derived from the C0C1 co CH
unrearranged hydrocarbons, and only in the case of / \ \  MeOH / V x  * ' L;aih,
bicyclo [2.2.0]hexane was any bridgehead substitution \  / /  " \  ) /  ~ — V
(15%) found. In the case of bicyclo [2.1.1 Jhexane,
all of the chlorides isolated were substituted at the pit ntr
two-carbon bridge. I 2 ■

Srinivasan and Sonntag11 found that the rate of 7 \ \  JL  CH2° H (4)
chlorination of a methylene group in cyclohexane is \  \ \  +
only 1.25 times greater than that of the 2 position of 
bicyclo [2.1.1 Jhexane. An attempt was made to carry
out a competitive chlorination of bicyclo[l.1.1 Jpentane The carbinol mixture could be separated by vpc. Treat-
and cyclohexane. However, cyclohexane reacted es- ment of the acid chlorides with water gave the car-
sentially instantaneously under conditions which led boxylic acids, which could be separated by vpc. The
to a relatively slow reaction with bicyclopentane. It bridgehead acid was a solid, mp 59-59.7°. The

(9) E. C. Kooyman and G. C. Vegter, Tetrahedron, 4, 382 (1958). (13) M. S. Kharasch and H. C. Brown, J .  Amer. Chem. Soc„ 64, 329
(10) M. L. Poutsma, •/. Amer. Chem. Soc., 87, 4293 (1965). (1942). This reaction has recently been applied to a bicyclic Bystem by
(11) R. Srinivasan and F. I. Sonntag, ibid., 89, 407 (1967). P. K. Freeman, F. A. Raymond, J. C. Sutton, and W. R. Kindley, J .  Org.
(12) R. Srinivasan and F. I. Sonntag, Tetrahedron Lett., 603 (1967). Chem., S3, 1448 (1968).
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bridgehead acid was converted into the amine via the and methylene protons. The chemical shifts are sum- 
Schmidt reaction (eq 5). marized in Table II. The effect of the substituent

is remarkably small at the C3 hydrogen. A larger 
range of values is found for the C2 hydrogens, and 

/v C0C1 yL | co2H /c) the difference in values for the two types of hydrogens
/  y \  __  ̂ /  y\ + varies from 0.32 to 0.78 ppm.
\. / /  Considerably more data may be derived from the

spectra of the 2-substituted derivatives (Table III). 
NaN I »so 1 11 each case, the two bridgehead hydrogens lead to a

T  * sharp singlet. The methylene protons are all non-
NR+ equivalent, allowing the observation of both geminal
I and long-range coupling. The hydroxy and chloro

S \ \  compounds gave essentially first-order splitting pat-
\  terns and the spectra were easily analyzed. With

\ v  approximate values of the coupling constants, it was
possible to analyze the spectra of the other compounds 

We have previously noted the effect of hybridization with the aid of the program laocn 3 .15 The designation
at the bridgehead position on the dissociation con- 0f the protons is shown below. The long-range cou-
stant of carboxylic acids and on the basicity of amines. 14

In order to extend these observations, the compounds HC s _Hb
obtained in this series were studied. Bicyclo [1.1.1]- J

pentane-l-carboxylic acid was found to have a K & / X
of 8.05 X  10-6  in water at 25°, which is the largest |
value so J a r  noted for a simple saturated carboxylic He Ha
acid. The corresponding amine was found to have a
K b of 3 .8  X  1 0  6, and thus is considerably less basic Plmf. constf ts 1 (t Hz for ,the unsubstituted
than even ammonia. A summary of some of the P°sltlon and ca, 7  Hz for tde coupling involving H

j i -  r p  l i  t  1  Ihis corresponds to the value found for the parentavailable data is recorded in Table I. Ihe 1-bicyclo- , ^
h y d ro c a rb o n . 4 I h e  g em m a l cou p lin g  c o n s ta n ts  w ere
ca. 3 Hz, which is reasonable for this structure. 16 

Table 1 The magnitudes of the chemical shifts are of interest
Dissociation Constants of Carboxylic Acids and Amines ^  connection with development of approaches to

in Water at 25° calculating these quantities, since the molecules have
”toh» x b=XNH’ rigid» well-defined geometries. However, a detailed

x  °mp 2 1 gg ! discussion of this problem will be postponed until
x  j - 7 42 other related data may be presented.

(CH3)3C -X  0 .8 9  28
</\^_x j 64 X1 Experimental Section

Bicyclo[1.1.1]pentane.— To a 3-1., three-necked flask equipped
__- V 'x with an addition funnel with helium inlet, Trubore stirrer with

3 .4 8  2 .0* Teflon paddle, and an Allihn condenser attached to a Dry Ice -
x acetone-cooled trap was added 23 g (1 g-atom) of sodium, 1500

W  s ml of dry glyme, and 128 g (1 mol) of naphthalene. The mixture
° 0  ■ 3° was stirred under helium at room temperature to allow the deep

_  , , .. , . , ,, j  , 1. 1 c green radical anion solution to form. The flask was cooled to
Except for the bicychc compounds, the data were aken from ^ 3 0 ° using a Dry Ice-isopropyl alcohol bath, and a solution of 

M  Kotake “Constants of Organic Compounds, Asakura of 3 -bromomethylcyclobutyl bromide in 250 ml of
Publishing Co., Tokyo, 1963, pp 585 and 615. Eeference 14. dry giyme Was added dropwise over a 3-hr period. The addition

funnel was replaced by a helium inlet tube which extended below 
[1 .1 . 1  lpentanecarboxylic acid is nine times as acidic the surface of the solution and the flow of gas was increased to a

j  ,  , • ____ „ • j - ___ _ , 1  „  „ 1 ___ i  .  moderate rate. The solution was allowed to warm slowly and
as p iv a h e  ac id , an d  o v er tw ice  as  a c id ic  as  th e  c lo se ly  thgn wag heated to reflux for 1 5  hr to distil the products into the
related l-bicyclo[2.1.1 Jhexanecarboxyhc acid. A  sim- trap. The product was bulb-to-bulb distilled into a storage trap
ilar trend is found with the amines, with 1-bicyclo- for subsequent purification. The excess radical anion in the
[1 l.ljpentylamine being much less basic than even reaction flask was destroyed with water and the solvent was re
ammonia. The changes in acidity and basicity a l-  covCTed^centxifugation of the suspended solids and redistilla-

most certainly arise primarily from the change in s jn a typical run, about 20 ml of volatile material was collected 
character in the bridgehead-X bond as the bond angles p, the trap. Nmr analysis indicated 32%  glyme, 55%  methyl
at the bridgehead are distorted from their normal vinyl ether (from solvent cleavage), and 13%  hydrocarbons.
values. 14 In accord with this, the 18C -H  nmr coupling The combined crude product from several runs was fractionally

constant at the bridgehead position of bicyclo [1.1.1 ]- Helipak packmg. The condenser was held at - 1 0 ° .  Methyl
pentane is 160 Hz.4 vinyl ether, bp 8 °, was collected, followed by the hydrocarbon

Finally, we may consider the nmr spectra of the fraction, bp 25-45°. 
bicyclo [1.1.1 [pentane derivatives. The l-substituted The hydrocarbon fraction was cooled in an ice bath and stirred
derivatives exhibit very simple spectra (two singlets), magnetically. Bromine was added dropwise until the color
since there is no coupling between the bridgehead C15) A. A. Bothner-By and S. M. Castellano, "Computer Programs for

Chemistry,” D. F. DeTar, Ed., W. A. Benjamin, New York, N. Y., 1968,
(14) K. B. Wiberg and B. R. Lowry, J .  Amer. Chem. Soc., 85, 3188 p 10.

(1963). Fleming and D. H. Williams, Tetrahedron, 23, 2747 (1967).
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T able II
Chemical Shifts for 1-Substituted B icyclo[1.1.1]pentanes

Registry ,------ Chemical shift, 5-------, Registry ,——Chemical shift, S------,
R no. Bridgehead Methylene R no. Bridgehead Methylene

OH 22287-25-8  2 .3 5  1 .92  H 311-75-1 2 .4 5  1 .88
CH3 10555-48-3 2 .4 0  1 .67  CH2OH 22287-32-7 2 .4 8  1 .70
C 0 2E t  22287-27-0  2 .4 2  2 .0 5  OCOEt 22287-33-8 2 .4 9  2 .1 0
C 0 2H 22287-28-1 2 .4 S  2 .1 0  COC1 22287-34-9 2 .5 0  2 .1 8
CHiOAc 22287-29-2 2 .4 4  1 .70  NH3+C1~ 22287-35-0 2 .6 1  2 .0 6
CO Et 22287-30-5  2 .4 5  2 .0 1  Cl 10555-50-7 2 .7 7  2 .2 7

T able I I I
Nmr Spectra of 2-Substititted B icyclo[1.1 . 1]pentanes 

,------------------------- Chemical shift, 6—-------- ---------------
Registry Bridge- ,----------Coupling constant, Hz---------- ,

Substituent no. Ha Hb H0 Hd He head J a0 J  bS J  be Jde
Cl 10555-49-4 4 .1 9  2 .7 8  1 .91  2 .0 7  1 .61  2 .6 2  7 .4  10.1 - 3 . 0  - 3 . 0
OH 22287-38-3 4 .2 1  2 .81  1 .85  1 .6 6  1 .25  2 .5 2  6 .3  10.1 - 2 . 7  - 3 . 0
OCOC2H5 22319-33-1 4 .5 8  2 .5 5  1 .78  1 .75  1 .46  2 .6 5  6 .9  9 .8  - 2 . 7  - 3 . 2
COCjHs 22319-34-2 2 .8 5  2 .2 0  1 .80  1 .7 4  1 .7 0  2 .7 7  6 .7  9 .8  - 3 . 0  - 2 . 3
C 0 2CH3 22287-39-4  2 .81  2 .3 8  1 .85  1 .73  1 .72  2 .7 3  7 .2  9 .6  - 3 . 2  - 1 . 9
C 0 2H 22287-40-7 2 .9 4  2 .4 9  1 .90  1 .75  1 .76  2 .7 8  7 .3  10 .0  - 3 . 2  - 2 . 2
CH2OH 22287-41-8  2 .5 5  2 .4 3  1 .88  1 .87  1 .70  2 .4 9  6 .7  10 .0  - 3 . 5  - 2 . 5

persisted. The volatile hydrocarbons were bulb-to-bulb distilled B . High Chlorine Concentration.— A mixture of 1.0 g of bi- 
into a storage trap. The hydrocarbon mixture was separated cy clo [l.l.l]p en tan e and 2.0 ml of Freon-11 was placed in a 10-ml
by vpc using an 8  ft  X  1 in. 30%  isoquinoline on 50-60 mesh flask attached to a —5° condenser. An excess of chlorine was
Anaprep U column. B icy clo [l.l.l]p en tan e  had a retention bubbled in and the flask was then illuminated. After 3 hr, ni-
time of 15.5 min a t room temperature and was isolated in 6 .5%  trogen was passed through the solution to sweep out hydrogen
yield. chloride. Analysis by vpc indicated the chloride composition

Chlorination of Bicyclo[ 1 .1.1]pentane. A. Low Chlorine to be 62%  l-chlorobicyclo[l.l.l]pentane, 15%  2-chlorobicyclo-
Concentration.— To a 25-ml, two-necked flask fitted with a capil- [1.1.1]pentane, 2%  l,3-d ichlorobicyclo[l.l.l]pentane, 14%  2 ,2 -
lary gas inlet tube extending almost to the bottom of the flask, a dichlcrobicyclo[l.l.l]per_tane, and 7%  1,2-dichlorobicyelo-
magnetic stirrer, and a reflux condenser fitted with a drying [1.1.1]pentane. Isolation by preparative vpc gave 0.46 g (31% )
tube was added 1.5 g (22 mmol) of b icyclo [l.l.l]p entane in 15 of l-chlorobicyclo[l.l.l]pentane. Some unreacted bicyclo-
ml of Freon 1 1 . The condenser was cooled to — 10  to —15° [1.1.1]pentane also was present.
using a circulating bath and the reaction was carried out in a cold Bicyclo[l.l.l]pentanecarbonyl Chloride.—A 20 X  1 cm (i.d .) 
room at 2 °. Chlorine was bubbled slowly into the stirred mixture quartz tube was fitted with a long, thin glass stirrer and an
while it was irradiated with a 75-W incandescent lamp a t a dis- efficient condenser with drying tube. The condenser was held
tance of 10  cm. The rate of chlorine addition was such that the at —5° using a circulating bath. Into the reaction vessel was
solution maintained a light yellow color. The reaction was placed 3.0 g (44 mmol) of b icy clo [l.l.l]p entane, 7.6 g (60 mmol)
followed by vpc, and after 8  hr it appeared complete. of freshly distilled oxalyl chloride, and 4 ml of Freon 11 as a

The majority of the solvent was removed by cautious distilla- diluent. The area above the liquid level was covered with alu-
tion through a short-path still. The products were isolated by minum foil. The stirrer was started and the solution was ir-
vpc using a 10 f t  X  0.375 in. 20%  Carbowax column at 130°. radiated with two Sylvania G15T8 low-pressure mercury lamps
Nine components were found, and six were in sufficient quantity at a distance of 6  in. Irradiation was continued for 10 hr or until
to be isolated and identified. The first component (51%  of the the volume of the solution had decreased by about 4  ml. The
volatile material) was l-chlorobicyclo[l.l.l]penrane, nmr 5 reaction mixture was transferred to a distillation flask with the
2.27 (s, 6  H) and 2.77 (s, 1 H ). aid of a little Freon 1 1 . Distillation gave 4.2 g (73% ) of a mix-

Anal. Calcd for C5H7CI: C, 58.6; H, 6 .9 ; Cl, 34.6. Found: ture of 1 - and 2-bicyclo[l.l.l]pentanecarbonyl chlorides, bp 34—
C, 58.5, 58.6; H, 6 .7, 6 .9 ; Cl, 34.7, 34.6. 40° (10 mm). The ratio of the two components was affected by

The second component (12% ) was shown to be 3-methylene- temperature. At 1 -2 °, the ratio of 1- to 2-substituted deriva- 
cyclobutyl chloride by its nmr spectrum: 8 2 .6 -S .6  (m, 4 H ), tivesw as78 :2 2  and at 25° itw a s8 5 :1 5 .
4.42 (quintuplet, 1H, J  =  7.0 Hz), and 4 .8 -5 .0  (m, 2 H ). The pot residue (1.3 g) was treated with methanol and ana-

Anal. Calcd for C5H7C I: C, 58.6; H, 6 .7 ; Cl, £4.6. Found: lyzed by nmr and vpc. A complex mixture was found which
C, 58.4, 58.4; H, 7 .0, 7 .0 ; Cl, 34.5. contained diesters.

The third component (23% ) was found to be 2-chlorobicyclo- Bicyclo[ 1 . 1 . 1]pentyl Ethyl Ketones.— To a 250-ml, three-
[1.1 .l]pentane by its nmr spectrum (Table I I I ) .  necked flask fitted with a nitrogen inlet was added 100 ml of

Anal. " Calcd for C5H7CI: C, 58.6; H , 6 .9 ; Cl, 34.6. Found: dry ether and 2.0 g (16 mmol) of diethylzinc. A nitrogen flow
®8.4; H, 6.9, 6 .9 ; C l,3 4 .7 ,3 4 .5 . was maintained during the addition to prevent ignition of the

The fourth and fifth components were too small to be collected. diethylzinc. The flask was then equipped with a magnetic
The sixth component (1 .4% ) was l,3-d ich lorobicyclo [l.l.l]- stirrer, a reflux condenser with a drying tube, and an addition
pentane, mp 72°, nmr i  2.43 (s). The seventh component funnel to which the nitrogen inlet was attached. Under a slow
(11% ) was 2,2-dichlorobicyclo[l.l.l]pentane: nmr 8 1.95 (d, nitrogen flow, 4.08 g (31 mmol) of a mixture of 1- and 2-

J  ~  U7 Hz), 2.61 (d, 2 II, J  =  1.7 Hz), and 3.13 (s, 2 H ). bicyclo[1.1.1]pentanecarbonyl chlorides in 25 ml of ether was
Anal. Calcd for C5H6C12: C, 43 .8 ; H, 4 .4 ; Cl, 51.8. added over 0.5 hr. The solution was stirred for 0.5 hr after

i o " atl: . 43 '9> 43,8; H > 4-5’ 4 '5; C1> 51 -7> 51-7 - . addition and cooled in an ice-salt bath, and 20  ml of saturated
lh e  eighth component (1 .4% ) was l,2-d ich lorobicyclo [l.l.l]- ammonium chloride solution was added slowly followed by

pentane. Its  nmr spectrum was analogous to that of 2-chloro- enough 2%  hydrochloric acid to dissolve all the solids.
b icy clo [l.l.l]p entane, with the band for the bridgehead hydro- The mixture was transferred to a separatory funnel and the
gen integrating for only one proton: 8 1.93 (d of d, 1 H, J  layers were separated. The aqueous layer was extracted with
- J 0; 9  2 ; J 8  (d ° 4 d, 1 H . J  =  7.2 and 2.5 H z), two 25-ml portions of ether. The combined ether solution was
2 in n . „ c T r  i ’ 2 - 9 4  (s> 4 2.98 (d of d, 1 H, J  washed with 25-ml portions of saturated sodium bicarbonate
— 10.0 and 2.5 Hz), and 4.19 (d, 1H , J  =  7.2 Hz). The ninth solution, water, and saturated salt solution, and dried over
component was not isolated. The total yield of purified mono- magnesium sulfate. The solvent was removed by distillation, 
and dichlorides was 250 mg (11% ). The ketones appeared to decompose on distillation and therefore
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were used in the following step without purification. The yield Bicyclo[1.1.1]pentanemethanols.—A solution of 5.25 g (42
was estimated to be 55% . mmol) of a mixture of 15%  methyl b icyclo[l.l.l]p entane-2-

A sample of the mixture was analyzed by vpc. On a 10 ft X  carboxylate and 85%  methyl bicyclo[l.l.l]pentane-l-carboxylate
0.375 in. 20%  D E G S column at 110°, the two isomers were sep- in 25 ml of dry ether was added over a 1-hr period to 3.8 g of lith-
arated cleanly. l-B icy c lo [l.l .lip e n ty l ethyl ketone (<R 12.5 ium aluminum hydride in 100 ml of ether at 0 ° . The solution
min) had the nmr spectrum summarized in Table I I  and had an was stirred for 1 hr and treated with 3.8 ml of water, 3.8 ml of
ir carbonyl band at 1705 cm -1. 2 -B icy clo [l.l.l]p en ty l ethyl 15%  potassium hydroxide solution, and 11.4 ml of water. The
ketone (Ir 15 min) had the nmr spectrum summarized in Table solution was filtered and dried over magnesium sulfate. The
I I I  and had an ir carbonyl band at 1705 cm -1. ether was removed by distillation, and the products were isolated

Bicyclo[1 .1 .1]pentyl Propionates.— The crude mixture of by preparative vpc using a 10 ft X  0.375 in. 20%  D E G S column
bicyclo[ 1 .1.1]pentyl ethyl ketones was mixed with 60 ml of at 150°. There was obtained 0.86 g of b icy clo [l.l.l]p en tan e-l-
methylene chloride and 5.6 g of ra-chloroperbenzoic acid. The methanol (¿R 3.0 min) and 0.33 g of b icyclo[l.l.l]p entane-2-
solution was stirred at room temperature for 4 days. The solu- methanol Hr 5.2 min). The nmr spectra are summarized in
tion was filtered and then washed with 25 ml of 1.0 M  sodium Tables I I  and I I I .
sulfate solution, two 25-ml portions of saturated sodium bi- Anal. Calcd for CeHioO: C, 73 .4 ; H , 10.3. Found (1 
carbonate solution, 25 ml of water, and 25 ml of saturated salt isomer): C, 72.7, 72.8; H, 9 .7, 9 .7 . Found (2 isomer): C,
solution. The organic layer was dried over sodium sulfate and 73.2, 73.2; H, 10.1, 9.9.
the solvent was removed using a rotary evaporator. Distillation Bicyclo[l.l.l]pentanecarboxylic Acids.— A mixture (1.0 g) of 
gave 1.92 g (91% ) of a mixture of bicy clo [1.1.1] pentyl pro- bicyclo[l.l.l]pentanecarbonyl chlorides was dissolved in 25 ml of 
pionates, bp 65-67° (23 mm). ether and added dropwise to a stirred salt solution to which 1.0 ml

The mixture could be separated by vpc using a 20%  D E G S of saturated sodium carbonate solution had been added. The
column at 110°, giving 74%  bridgehead ester (iR 7.6 min) solution was stirred for 3 hr, the aqueous layer was acidified with
and 26%  secondary ester (¿R 12.5 min). hydrochloric acid, and the layers were separated. The aqueous

Bicyclo[l.l.l]pentanols.— Methyllithium was formed from layer was extracted with three 25-ml portions of ether, and the
0.44 g (63 mg-atom) of lithium wire and methyl bromide in 30 ml of combined ether solutions were washed with two 15-ml portions
dry ether. The flask was cooled in an ice bath and 1.92 g (13.7 of saturated salt solution and dried over magnesium sulfate,
mmol) of the mixture of 1- and 2-b icy clo [l.l.l]p en ty l propionates The solvent was removed using a rotary evaporator, giving 0.95
in 20 ml of dry ether was added over 1 hr. The solution was g of crude acid. Separation was effected at 150° using a 10 ft
allowed to warm at room temperature and was stirred for an X  0.375 in. 710 silicone column which had been treated with
additional 1 hr. several 0.1-ml injections of acetic acid. The bridgehead isomer

The flask was again cooled in an ice bath and a solution of 1.65 (fR 6.0 min) could be collected in good purity, but, because of
g (31.3 mmol) of ammonium chloride in 10 ml of water was added tailing, the secondary isomer (fR 7.2 min) was contaminated
slowly. The solution was transferred to a separatory funnel and with 8 -10%  bridgehead compound.
enough water was added to dissolve all the solids. The ethereal B icyclo[l.l.l]pentane-l-carboxylic acid had a melting point
layer was washed with 20 ml of water and 20 ml of saturated salt of 59-59 .7°.
solution and dried over sodium sulfate. The majority of the Anal. Calcd for C6H60 :  C, 64.1; H, 7 .2 . Found: C,
solvent was removed by distillation through a 25 X  1 cm column 63.3, 63.2; H, 6 .9, 7 .0.
packed with Helipak. The products were isolated by prepara- I t  was converted into a p-bromophenacyl ester, mp 104.3- 
tive vpc using a 20%  didecyl phthalate column at 110°. 1- 104.6° after recrystallization from methanol.
B icyclo[l.l.l]p en tan ol (£r 3.4 min) was the first component. Anal. Calcd for CnHisCbBr: C, 54.4; H , 4 .2 ; B r, 25.8.

Anal. Calcd for CiHsO: C, 71.4; H , 9 .5 . Found: C , Found: C, 5 4 .3 ,5 4 .4 ; H, 4 .2 ,4 .6 ;  B r, 2 6 .0 ,2 6 .1 .
70.6; I I ,  9 .4 . l-B icyclo[l.l.l]pentylam ine Hydrochloride.— In  a 50-ml flask

2-B icyclo [l.l.l]p en tan ol (fR 6.0 min) was the second com- equipped with a stirrer and reflux condenser were placed 13 ml of
ponent. chloroform, 2.5 ml of concentrated sulfuric acid, and 0.8 g of

Anal. Calcd for CsH80 :  C , 71.4; H , 9 .5 . Found: C , bicyclo[l.l.l]pentane-l-carboxylie acid. The solution was
7 0 .7 ,7 0 .7 ; H , 9 .4, 9 .3 . heated to 35-40° in an oil bath, and 0.95 g (14.5 mmol) of

The structures were easily shown from the nmr spectra (Tables sodium azide was added in small portions over a 1-hr period.
I I  and I I I ) .  The solution was stirred for 1 hr, cooled, made basic with 33%

1- B icyclo[l.l.l]p en tan ol was converted into its 3,5-dinitro- sodium hydroxide solution, and steam distilled into a well-cooled
benzoate, mp 143.6-144.6° after recrystallization from hexane. receiver containing 15 ml of 3 N  hydrochloric acid. The chloro-

Anal. Calcd for CuHioNiOg: C , 51.8; H, 3 .6 ; N , 10.1. form and excess aqueous acid were removed using a rotary evap-
Found: C, 51.8, 52 .0 ; H, 3 .7 . 3 .8 ; N , 10.1, 10.1. orator. The salt was purified by precipitation from 1-propanol,

2- B iey clo [l.l.l]p en tan ol also was converted into its 3,5-di- using three times the volume of dry ether. The nmr spectrum is
nitrobenzoate, mp 126.4-127.4° after recrystallization from summarized in Table I I .
hexane. Anal. Calcd for CSH10NC1: C , 50.2; H, 8 .4 ; Cl, 29.7.

Methyl Bicyclo[l.l.l]pentanecarboxylates.— A solution of 2 .0  Found: C , 50.2, 50.3; H, 8 .4 , 8 .3 ; Cl, 29.5.
ml of methanol in 25 ml of dry ether was cooled and stirred in Dissociation Constants.— The dissociation constants were de
an ice bath. A solution of 5.0 g of the 85 :15  mixture of bicyclo- termined potentiometrically in water solution, as described pre-
[l.l.l]pentanecarbonyl chlorides in 15 ml of dry ether was added viously.14
and the solution was allowed to warm to room temperature over 
0.5 hr. The solution was treated with two 15-ml portions of 
water and two 15-ml portions of sodium bicarbonate solution and
dried over magnesium sulfate. The solvent was removed through Registry No.— l-Bicyclo[l.l.l]pentanol 3,5-dinitro-
a short Vigreux column, giving 4.4 g (92% ) of esters. The benzoate, 22319-35-3; 2-bicyclo[l.l.l]pentanol 3,5-
coi^mn am(f°aratedby VP° ^  & 1 0  ft *  ° ' 3 7 5  Carbowax dinitrobenzoate, 22319-36-4; bicyclo[l.l.l]pentane-l-

Methyl bicyclo[l.l.l]pentane-l-carboxylate (fR 4.5 min) carboxylic acid p-bromophenaeyl ester, 22319-37-5,
formed 85%  of the mixture. 2 -bicyclo[l.l.l]pentanecarbonyl chloride, 22319-38-6;

Anal. Calcd for C7H10O2: C, 66.7; H, 7.9 . Found: C, 3-methylenecyclobutyl chloride, 22287-42-9; 1,3-di-
66.8; H, 7.8 . chlorobicyclo[1.1.1 ]pentane, 22287-43-0; 2,2-dichloro-

b ic y c lo  [ 1 .1 .1  ]p e n ta n e , 2 2 2 8 7 -4 4 -1 ; 1 ,2 -d ich lo ro b icy c lo - 
in Tables I I  and I I I .  [ l . l . l jp e n t a n e ,  2 2 2 8 7 -4 5 -2 .
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Reductive Opening of Acyclic Conjugated Cyclopropyl 
Ketones with Lithium  in Liquid Am m onia1

W il l ia m  G. D a u b e n  a n d  R ic h a r d  E . W o l f  

Department of Chemistry, University of California, Berkeley, California 94720 
Received June 9, 1969

A series of acyclic 2-methylcyclopropyl alkyl ketones 1 has been reductively cleaved with lithium in liquid 
ammonia. The selective bond cleavage which occurs depends upon the influence of both steric and electronic 
factors. The reduction products that predominate in the reaction mixture from the cleavage of 2,2-dimethyl- 
cyclopropyl alkyl ketones or cis-2-methylcyclopropyl alkyl ketones arise from C -l-C -2  bond breaking. In con
trast the irans-2-methyleyclopropyl alkyl ketones fragment at the C -l-C -3  bond. The observed ring-opening 
pattern suggests that steric factors can control the direction of cleavage, presumably through unsymmetrical 
overlap of the carbonyl .tt system with one of the cyclopropane bonds. In the absence of these steric elements 
(as in the frans-substituted cyclopropane ring), the bond that cleaves is the one that gives the more thermo
dynamically stable carbanion intermediate (least substituted carbon).

The reduction of organic compounds with metals in be derived from the more thermodynamically stable
liquid ammonia is a well-established synthetic tech- secondary carbanion was found.
nique.2-5 Deuteration6-7 and alkylation3-10 experi- The present study extends this reductive reaction of 
ments in the reduction of a,/3-unsaturated ketones with lithium in liquid ammonia to acyclic conjugated
lithium in liquid ammonia have shown that the/3-carbon cyclopropyl ketones of the general type 1, where both
atom develops a considerable amount o: carbanion
character during the reductive process. Cyclopropyl 9
ketones, when reduced with metals in ammonia,11 Rî
undergo reductive cleavage of the cyclopropane ring by 3
a mechanism similar to that described for enones, and j
thus, the developing carbanionic character of the H R = H Clh
/3 carbon could be a controlling factor in a ring opening.

0 O-  0 OH bonds of the cyclopropane ring are free to overlap with
ji 2e T H+ II the carbonyl t  system and thus the importance of

-—*■ electronic and steric factors can be evaluated. The six
2-methylcyclopropyl alkyl ketones 2-7  were prepared. 

In fused bicyclic systems, however, geometrical fac- The ketoneg 2) 3, and 5 were obtained by treating the 
tors12'13 and not electronic factors appear to control the
direction of ring opening of the cyclopropane ring, and 0 0 0
the bond that cleaves is the one which has the greater A X  a JL .  a X
overlap with the carbonyl it system. An example of ^ '^ ~ ^ k"'R3 Rs
this stereoselective reductive cleavage can be illustrated 2 R = C H  4,R3 = CH3 6,R3 = CH3
with the reduction of (+)-carone, which gives only the 3 R3 = C4H9 5, R3=C4H9 7,R3=C4H9
(—)-carvomenthones upon treatment with lithium in
liquid ammonia.12’13 None of the product which would „ . . . .  . . .

respective enones with dimethyloxosuitomum yhde,14
0 0  and ketones 4, 6, and 7 were prepared from the cor-X  11 responding cyclopropylcarbinols which, in turn, were

__>- Hr I prepared from corresponding cis- and irans-allylie
n / '  /  ~T i f  ^  alcohols using methylene iodide and zinc-copper

I couple.15,16 The allylic alcohols were prepared from the
^  acetylenic alcohols by hydrogenation.

(1) This work was supported in part by Public Healtt Service Grant T h e  lith iu m  in  liq u id  a m m o n ia  re d u c tio n  o f  a n
CY-04284, National Cancer Institute, U. S. Public Health Service. U n sy m m e trica lly  S u b stitu ted  C yclop rop yl k e to n e  Can

(2) For a general discussion of dissolving metal reductions, see H. O. ]ea(J to two different ring-opened products. . The
House, “Modern Synthetic Reactions,” W. A. Benjamin, Inc., New York, . . . . . . . . .  . • cn i t tc
n. y ., 1965, pp 50- 77. reduction possibilities are shown m bcheme I. 11 one

(3) H. Smith, “Organic Reactions in Liquid Ammonia," Vol. 1, part 2, p resu m es t h a t  th e  C arbonyl grOUp Can r o ta te  to  th e

(Londcm)", 12> 17 (i9B8,. ™ e  extent over both bonds of the cyclopropane ring,
(5) For a survey of metal-ammonia reductions in the steroid field, see thermodyn&mic Considerations 01 the intermediates

“Steroid Reactions,” Holden-Day, Inc., C. Djerassi, Ed., San Francisco, formed in the reductive cleavage prOCeSS should allow 
Calif., 1963, pp 299—325. , j»  . i • i i j r  ii i * *71

(6) D. H. Williams, J. M. Wilson, H. Budzikiewicz, and C. Djerassi, 0 n e  t 0  P re d ic t w h ich  b o n d  o f th e  C yclop rop an e r in g  Will
j .  Amer. chem. Soc., SB, 2 0 9 1 (1963). preferentially break. Path a in Scheme I shows

if' f etifonr,an̂  J' Goft’ T̂ trahedron̂ ett-'471 cleavage of the C -l-C -2 bond, leading to the less stable(8) G. Stork, P. Rosen, N. Goldman, R. V. Coombs, and J. Tsuji, J .  , ,. , & , .  .
Amer. chem. Soc., 87, 2 7 5  (1965). secondary or tertiary carbanion, whereas path b gives

(9) d . Caine, j . Org. chem., 2 9 , 18 6 8  (1964). the more stable primary carbanion. Under equal
(10) H. A. Smith, B. J. L. Huff, W. J. Powers, III, and D. Caine, ibid.,

32, 2851 (1967). (14) E. J. Corey and M. Chaykovsky, J .  Amer. Chem. Soc., 87, 1353
(11) R. Y. Volkenburgh, K. W. Greenlee, J. M. Derfer, and C. E. Boord, (1965).

J .  Amer. Chem. Soc., 71, 3595 (1949). (15) H. E. Simmons, E. P. Blanchard, and R. D. Smith, ibid., 86, 1347
(12) T. Norin, Acta Chem. Scand., 19, 1289 (1965). (1964).
(13) W. G. Dauben and E. J. Deviny, J .  Org. Chem., 31, 3794 (1966). (16) W. G. Dauben and G. H. Berezin, ibid., 85, 468 (1963).
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S cheme I system a steric control was again controlling the course
b 0  0_ 0- of the reaction. From molecular models of ketones 2

/ V  || Ll I _ I and 3, it appeared that the C -l-C -2  bond was in a
j NH,/ + position to overlap more with the carbonyl ir system

R2'' I  Ik than the C -l-C -3  bond because of the steric interaction
a b of the m -2 -methyl substituent with the carbonyl

|h© group.
’  The reduction of the frons-2-methylcyclopropyl

0  0  ketones 4 and 5 with lithium in liquid ammonia served
R a j + R /  I) to substantiate the concept of unsymmetrical overlap in

the ds-2-methyl-substituted ketones 2  and 3. When 
tk ■” * the c is  substituent was absent, the predominant

a b products were formed by way of the primary carbanion
intermediate (path b) . 17

overlap conditions the product resulting from the more The m-2-methylcyclopropyl ketones 6  and 7 were 
stable primary carbanion intermediate would be reduced with lithium in liquid ammonia and the ratio of
expected to predominate in the reduction mixture. products 10/11 and 12/13 were reversed from that
The results of the lithium-ammonia reductions are observed in the cleavage of the tr a n s  ketones 4 and 5.
shown in Table I. The sharp contrast between the ring opening of the c is

and tr a n s  ketones clearly indicated that a steric effect 
T able I was present in the c is  ketones and that both steric and

L ithium  in L iquid Ammonia R eduction of Acyclic electronic factors are involved in the reduction process.
Conjugated Cyclopropyl K etones

Starting Products, ^
material, path a and b, Path a, Path b, A l!

Ketone % % % %
2 10 74« 76 24 '  R _ r w
3 5 87 81 19 . 0  0
4 5 65 6 94 5 ,R 3= C 4H9 N*. | I |
5 5 87 12 88 0  'V- / S 'S' - ' ' T 3 3

7 1  69 91 9 ^  10,R3 =  CH3 H,R3 =  CH3

° The product ratio remained essentially the same even though K r  —PH 12, R3= C 4H9 13,R3 C4H9
the yields ranged from 36 to 84% . ’ 3— 3

7,R 3 =  C4H9

The reduction of 2,2-dimethylcyclopropyl methyl j n case of the ircms-monomethyl-substituted 
ketone (2 ) with lithium in liquid ammonia afforded two cyclopropyl ketones 4  and 5 , the free rotation of the
ketonic products, 8  and 9, and the corresponding alco- carbonyl gives equal 7r-orbital overlap to either cyclo-
hols. To simplify product analysis the reduction propane bond. The predominant influence of the
mixtures were routinely oxidized. The major product course of the reduction is the relative thermodynamic
from such a work-up was isoamyl methyl ketone (8 ) and stability of the carbanionic intermediates generated,
the minor component was neopentyl methyl ketone (9). q^e cis-mo no m e thy 1 cyclopropyl ketones 6  and 7, in a

Q 0  0  thermodynamic sense, provide the same competition
|| || I  between carbanion centers as the tr a n s  ketones 4 and 5,

but the steric effect is far more important than the
_ „  relative difference between a primary and secondary

2,R 3=C H 3 8 ,R 3= C  3 9,R3~ 3 carbanion and the ratios are reversed.
™ , , , r , , The difference in thermodynamic stability of theThe relative product percentages formed by path a , . , , , , ,• " __,, ,. , - , , ,  , ,. , • • carbanion is greatest when a tertiary center competes
(leading to the less stable tertiary carbanion inter- . 6  , , • ,, _, , • 7 ,, „v , , . , , , . ,  ,. ,, with a primary center, such as in the reduction of the
mediate) clearly implicated considerations other than _ ,. J , , , , „ n , ,  rp. Q , ■, '  j  • i £ . 2,2-dimethylcyclopropyl ketones 2 and 3. ih e  steric
simple thermodynamic stabilities of intermediate r 'L l  c o o/ . e  . r ,  situation m the case of 2 ,2 -dimethyl-substituted
carbamons in control of the nng-opening process. Un . , , ,  , /, . nu •, ■ . ...

, . ,  , . x i .,... , , n u i. cvclopropyl ketones should be the same as it is m the
the basis of carbanion stabilities, ketone 9 should have ylcyclopropyl ketones 6  and 7. As one can
been the predominant product. Although the data read. £  Tabfe j  the thermodynamic effect
presented in Table I  indicate an 84% recovery of ^  the ca. 4 : i  ratio of path a/path b type products
material at the end of the reaction this result was the th* ketones 2 and 3 to a ratio of m . i 0 :1 with 6 and 7.
best of a series of experiments. The methyl ketones of ^  data ^  consistent ^  developing carban_
this series are quite volatile (bp 110-130 ), and when character on a d  l carbon in the reductive
attempts were made to isolate the ketonic products the of cyclopropyl ketones. Recently, similar
losses were considerable. In order to obviate this *  electronic effects were reported in the re-
difficuity the n-butyl ketone senes was studied of methyl-substituted phenylcyclo-

The reductive cleavage of 2,2-dimethylcyclopropyl 6
butyl ketone (3) proceeded to give the same ring- <17) After completion of this work, similar results were reported in the
opening pattern as ketone 2. The bond that opened literature. See R. Fraisse-Jullien and C. Frejaville, Bull. Soc. Chtm Fr

r  a  r  , - 1 1  4449 (1968). However, their results do not include the cis-substituted
was the one leading to the less thermodynamically monomethylcyclopropyl ketones, which are considered necessary to evaluate 
stable product, thus suggesting that in this acyclic electronic effects under similar steric conditions.
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propanes18 and, thus, indicate a close relationship opening. The slight shift in the isomer distribution in
between these two series of substituted cyclopropanes. the magnesium reduction may be anamolous, for the

It is of interest to examine the nature of the steric magnesium did not dissolve appreciably in the ammonia
interaction in these reductive cleavages of the cis-2- and did not give the typical blue color normally as-
methylcyclopropyl methyl ketones. Electron-diffrac- sociated with metal in ammonia reduction. The
tion measurements19 and nmr studies20 indicate that insensitivity of the product ratio to various metals
unsubstituted cyclopropyl methyl ketone exists pre- suggests that no change in conformer population occurs,
dominantly as the “bisected” cisoid conformer A. If This could be due to the fact that the smallest atom,

lithium, is already large enough to establish the pre- 
CH3 ferred conformation or that the conformation of the

~ > C H 3 CH3.  transition state is predominately transoid in all cases.
v|y  f / \  / V t )  A similar insensitivity in product ratio with the metal

/ o \  ° y  \ > ph3 /  CH3 employed has recently been found in the reduction of
^  g q ketones,21 a result at variance with earlier reports

concerning the effect of metals.22

the reductive cleavage proceeds via a transition state Tfhese “ f  of a ®teric f ect in, the eduction of 
involving overlap of a bond of the cyclopropane ring conforma lonally mobile cyclopropyl conjugated ke-
and the carbonyl group, then consideration of the two tones ^11 attention to the synthetic utility of the
cisoid gauche conformations B and C is important, Process' ^  the a s  series, the ovefall reaction process is 
The presence of a substituent on the same side of the
cyclopropane ring makes conformation B preferred R,. _ XH __y R1V̂ /\^ H __  ̂ RiCHCH2CH2COR3
owing to the unfavorable interaction of the substituent Rr '"COR3 v:OR;i
and the carbonyl oxygen in conformation C. In the
absence of a substituent on the same side cf the cyclo- Rk  ̂ v Ri-̂ /\ ^ -H __v | 3
propane, both gauche conformations are of equal f i '  ''COR3 r '  t :OR3 iqCHCIhCOR;, 
energy and purely electronic effects control the course
of the reaction. equivalent to a chain-elongation reaction by insertion

In view of the fact that there is consideraole negative 0f the carbon between the original a  and 0 carbons of
character at both the carbonyl oxygen and the ¡3 the starting material. In the trans series, the process is
carbon in the transition state, dipolar considerations equivalent to a 1,4 addition to the unsaturated system
suggest that a transoid configuration for the transition to form a tertiary center 0 to the carbonyl group,
state most likely would be preferred. The steric
interactions in the two gauche conformations D and E  . 23
of the transoid arrangements place the methyl groups in xpenmen a ec ion
such a position that the steric interactions would lead to Synthesis of Starting Ketones, cis- and trans-2-Methyl'
the same conclusion as above with the cisoid form. cyclopropyl Methyl Ketones (6 and 4).—These compounds were

prepared as described in an earlier publication. 24

2,2-Dimethylcyclopropyl Methyl Ketone (2).—Mesityl oxide
^ 0  CL was allowed to react with dimethyloxosulfonium ylide14 and 2 was

jT 'i  obtained in 56% yield. The spectral properties were in agree-

y'-V^CH, ment with the reported values.“ ■“
^C Ii3 ^ 2-Methyl-2-octen-4-one.—Following the general procedure of

■p. p House and Trost,2610 g o: 3,3-dimethylacrylic acid and 138 ml of
U  1.6 M  n-butyllithium were allowed to react. The reaction mix-

T . » , , ,. . ture, which was composed of the a , /3- and /3,7 -unsaturated ketone
In view of the sensitivity of the product ratio to the

preferred conformations of the starting material, the „ , .................
pr, , n * i i *  £ 1 1 i • i i (21) J. W. Huffman and J. T. Charles, J .  Amer. Chem. Soc., 90, 6486effect of varying the size of the reducing metal was (1968).

evaluated. The results, summarized in Table II, show (22) G. Ourisson and A. Rassat, Tetrahedron Lett., 21, 16 (1960); A. 
that the metal had no effect on the direction of ring c°uiombeauandA s o c c U m F r  3 33 8  uses); J-c.Esprie,

°  A-M. Giroud, and A. Rassat, %bid., 809 (1967); A, Coulombeau and A. Ras
sat, Chem. Commun., 1587 (1968).

TABLE I I  (23) Infrared spectra were recorded on a Perkin-Elmer Model 137
Infracord or a 237 grating spectrophotometer. Ultraviolet spectra were 

REDUCTION OF 2,2-DimETHYLCYCLOPROPYL Methyl taken with either a Perkin-Elmer ultraviolet-visible or a Beckman DK-2A
KETONE (2) WITH Various Metals IN Liquid Ammonia spectrometer. Nuclear magnetic resonance spectra were determined on a

Starting Varian Associates A-60 or HA-100 spectrometer. Mass spectra were
material, Products,“ Path a! Path b, recorded with either a Varian Associates M-66 or a modified Consolidated

Metai % % % % Electronics Corporations Type 21-103C mass spectrometer. An Aerograph
A-90 gas chromatograph, equipped with either a 10 ft X 0.375 in., 20% 

R1 111 "  XF-1150 Cyanosilicone or a 10% Carbowax-10% KOH column, was utilized
Ca 28 55 74 26 for separation of isomeric compounds. Product percentages were deter-
K 10 73 76 24 mined from vpc trace analyses using either an Aerograph 204 or a Hewlett-
j ĵa gg 22 Packard F & M Model 5720 gas chromatograph, both of which were

equipped with a flame ionization detector. Column chromatographies were 
■**■§ 57 27 87 13 done with neutral Woelm alumina (activity II) unless otherwise indicated.

“ Determined by internal-standard method using cyclooctane AH materials used were either reagent grade or purified technical grades, 
as an internal standard. Combustion analyses were performed by the Microanalytical Department

of the University of California, Berkeley.
•------------------- (24) W. G. Dauben, L. Schutte, and R. E. Wolf, J .  Org. Chem.., 34, 1849

(18) S. W. Staley and J. J. Rocchio, J.  Amer. Chem. Soc., St, 1565 (1969). (1969).
(19) L. S. Bartell, J. P. Guillory, and A. T. Parks, J .  Phys. Chem., 69, 3043 (25) R. M. Roberts, R. G. Landolt, R. N. Greene, and E. W. Heyer,

(1965). J ‘ Amer. Chem. Soc., 89, 1404 (1967).
(20) J. L. Pierre and P. Arnaud, Bull. Soc. Chim. Fr„ 1690 (1966). (26) H. O. House and B. Trost, J. Org. Chem., 30, 2502 (1965).
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as well as a hydrocarbon and a tertiary alcohol, was allowed to distilled valeraldehyde in 75 ml of diethyl ether was added over a
stand in aqueous ethanolic potassium carbonate solution for 1 hr 1-hr period to the cold reaction mixture. The D ry Ice-acetone
and then column chromatographed to yield 3.8 g (27% ) of 2~ condenser was removed and replaced with a water condenser and
methyl-2-octen-4-one: ir (CCh) 3060, 1693, 1625, 1130, and the reaction was allowed to stir for 16 hr.
1040 cm J ; nmr (CCh) S 6.02 (m, 1, C = C H ), 2.33 (t, 2, J  =  A saturated ammonium chloride solution was added to the mix-
6.5 Hz, CH2CO), 2.08 (d, 3, J  =  1.5 Hz, C = C C H 3, irons to CO), ture until the magnesium salts dissolved. The ethereal layer
I .  83 (d, 3, J  =  1.5 Hz, C = C C H 3, cis to CO), 1.48 (m, 4 ), and was separated from the aqueous layer, the aqueous layer was ex-
0 . 9 (t, 3 ,J  =  6.5 Hz, CH2CH3). tracted with ether, and the extracts were combined. The ethereal

Anal. Calcd for CsHieO (mol wt 140.23): C, 77.09; H, extract was washed with a saturated potassium bicarbonate solu-
I I .  50. Found: C, 77.37; H, 11.69. tion, dried, rotary evaporated, and spinning band distilled to

2,2-Dimethylcyclopropyl Butyl Ketone (3).— Following the yield 8.9 g (70 .5% ) of a colorless liquid. The product was iden-
procedure described24'20 for the preparation of 2,2-dimethyl- tified as 2-oetyn-4-ol based on the following data: bp 100-102°
cyclopropyl methyl ketone (2), a solution of 3.0 g (17 mmol, 80%  (29 mm); ir (CC1,) 3600, 3440, 2250, 2200, 1100, 1030, 1000, and
pure) of 2-methyl-2-octen-4-one in 8 ml of dimethyl sulfoxide was 885 cm “1; nmr (CCh) 8 4.19 (m, 1, CHOH), 2.92 (s, 1, OH,
added to a flask containing 0.42 g (17.4 mmol) of sodium hydride, shifts upheld with dilution), 1.81 (d, 3, J  =  2 Hz, CH3C=eC ),
3.8 g (17 mmol) of trimethyloxosulfonium iodide, and 17 ml of 1.46 (m, 6), and 0.93 (t, 3, /  =  6 Hz, CH2CH3).
dimethyl sulfoxide. Anal. Calcd for C8HuO (mol wt 126.20): C , 76.14; H,

The crude product (2.6 g) was column chromatographed to 11.18. Found: C , 76.02; H, 11.03. 
yield 1.6 g (61% ) of 2,2-dimethylcyclopropyl butyl ketone (3). efs-2-Octen-4-ol.— The hydrogenation was performed using a
A vpe-purified sample gave the following spectral and analytical Brown2 apparatus following the external generation procedure.30
data: uv max (95%  C2H5OH) 201.5 m^ (e 5300); ir (CCh) The catalyst was prepared from 1.0 g of Darco G activated char-
3075, 3010, 1690, 1130, 1090, and 1030 cm ! ; nmr (CCh) 8 coal and 1.0 ml of 0.02 M  palladium (II) chloride solution. To
2.42 (t, 2, /  = 6.5 Hz, CH2CO), 1.74 (d of d, 2, J  =  7.5 and 5.5 the catalyst suspension was added 2.0 ml of ethylenediamine
Hz), 1.6-1.18 (m, 4), 1 .18-0 .9  [t, 2 s, 9, /  =  6.5 Hz, CFI2CH3 followed by 6.3 g (50 mmol) of 2-octyn-4-ol. Hydrogen uptake
and CC(CH3)2], and 0.7 (d of d, 1, J  =  3.5 and 7.5 Hz, hCH2, proceeded at a rate of 3 .6  mmol/min. The hydrogenation was
H cis to carbonyl). stopped when 1 molar equiv of hydrogen had been consumed.

Anal. Calcd for CioHigO (mol wt 154.25): C , 77.87; H, The hydrogenation mixture, when analyzed on vpc, contained
11.86. Found: C, 78.03; H, 11.59. two products in relative amounts of 3.5 and 96 .5% .

irons-2-Octen-4-one. -Following the procedure of Cason,27 a Spectral and analytical data of the m ajor product were obtained
41.6-g (0.4 mol) portion of freshly distilled crotonyl chloride from a vpc-purified sample: bp 63-65° (20 mm); ir (CCh)
(bp 124-125°) and ra-butylcadmium reagent were allowed to react 3600, 3330, 3010, 1660, 965, and 725 cm “1; nmr (CCh) 8 5.32
in the usual manner. The solvent was removed through an 18-in. (m, 2, H C = C H ), 4.03 (m, 1, CHOH), 3.14 (s, 1, OH), 1.63 (d,

lgreux column and the concentrate was distilled under reduced 3, / =  5.5 Hz, CH3C = C ), 1.32 (m, 6 ), and 0.91 (t, 3, J  =  6.5 
pressure to yield 28.75 g (57% ) of irores-2-octen-4-one: bp 3 4 -  Hz, CH2CH3).
4 1 0 (0 .5 -0 .6  mm); uv max (95%  C2H6OH) 223 mM (e 11,600); ir Anal. Calcd for C8H160  (mol wt 128.22): C , 75.00; I I ,  
(CCh) 3020, 1695,1675, and 970 cm -1; nmr (CCh) 8 6.79 (d of q, 12.50. Found: C , 74.74; H, 12.37.
1, J  = 6.5 and 15 Hz, C = C H ), 6.04 (d of q, 1, J  =  1.5 and 15 The minor product was not collected. I t  was assumed to be 
Hz, C = C H ), 2.47 (t, 2, J  =  6.5 Hz, CH2CO), 1.86 (d of d, 3, the saturated carbinol.
J  = 1.5 and 6.5 Hz, C = C C H 3), 1.44 (m, 4), and 0.91 (t, 3, J  trans-2-Octen-4-ol.— A mixture of 630 mg (5 mmol) of trans-
= 6.5 Hz, CH2CH3). 2-octen-4-one, 100 mg (2.5 mmol) of lithium aluminum hydride,

Anal. Calcd for CsHuO (mol wt 126.20): C, 76.14; H, and 15 ml of dry diethyl ether was allowed to stir overnight at
11.18. Found: C, 76.33; H, 11.07. room temperature. An additional 47.5 mg (1.25 mmol) of lith-

irares-2-Methylcyclopropyl Butyl Ketone (5).— A solution of ium aluminum hydride was added and the mixture was allowed
12.6 g (0.1 mol) of frons-2-octen-4-one in 33 ml of dimethyl sulf- to stir under reflux for 1 hr.
oxide was added to a flask containing 2.64 g (0.11 mol) of sodium The reaction mixture was treated with a saturated ammonium
hydride, 22 g (0.1 mol) of trimethyloxosulfonium iodide, and 110 chloride solution, cautiously, until the dense salts precipitated,
ml of dimethyl sulfoxide according to the procedure described for The liquid layer was decanted and the salts were washed with 
the preparation of 2,2-dimethylcyclopropyl methyl ketone (2). ether.

After the normal work-up, the crude mixture was dried, con- The ethereal extracts were combined, dried, and rotary evap- 
centrated, and distilled under reduced pressure to yield 7.55 g orated, and the concentrate was bulb-to-bulb distilled to yield
(54%)^ of frons-2-methylcyclopropyl butyl ketone (5): bp 104 mg (16% ) of a clear liquid.
67-68 (15 mm); uv max (95%  C2H5OH) 195 m/i (e 5 ,350); The spectral data were taken on a sample judged to be 80%
ir (CC14) 3060, 1695, 1400, and 1080 cm -1; nmr (CCh) 8 2.48 pure on the basis of vpc analysis and contaminant peaks in the 
(t, 2 , J  = 6.5 Hz, CH2CO), 1.48 (m, 6), 1.15 (distorted s, 3, nmr: ir (CCh) 3600, 3350, 1670, and 965 cm "1; nmr (CCh)
CCCH3), 0.91 (t over m, J  = 6.5 Hz, CH2CH3), and 0.65 (m, 5 5.45 (m, 1.5), 3 .9  (m, 0 .8 ), 3 .5  (m, 0 .4 ), 2.83 (s, 1, OH), 1.67
I ,  CCH2, H c i s  to carbonyl). (d, 2 .8 , /  = 5 Hz, C = C C H 3), 1.36 (m, 6 .2 ), and 0.9 (t, 3 .2 ,Anal. Calcd for C9Hi60  (mol wt 140.23): C , 77.09; H , / = 6 Hz, CH2CH3).
I I .  50. Found: C, 77.35; H, 11.29. The minor product was assumed to be the saturated carbinol

2-Octyn-4-ol.-8’29 A flame-dried, three-neck flask was fitted based on the position of contaminant peaks in the nmr of the mixed
with a mechanical stirrer, a pressure-equalized addition funnel, sample. No attem pt was made to further purify the sample,
a Dry Ice-acetone condenser, and an adapter to permit the intro- A vpc coinjection of frons-2-octen-4-ol and cis-2-octen-4-ol 
duction of gaseous samples. The flask was closed to the atmo- gave one peak on a 20%  X F-1150  Cyanosilicone column (150°,
sphere through a mercury bubbler and flushed with dry nitrogen. 60p si).
An 0.11-mol ethyl Grignard solution in 50 ml of diethyl ether was eis-2-Methylcyclopropylbutylcarbinol.— A solution of 3.78 g
prepared in the reaction vessel. (30 mmol) of cfs-2-octen-4-ol in 15 ml of dry diethyl ether was

A 10-g (0.25 mol) portion of methylacetylene (Farchan Lab- added to a mixture of 5.49 g (84.2 mmol) of zinc-copper couple
oratories), which had been precondensed into a Dry Ice-acetone- (M etal Hydrides LPO 100), 17.67 g (66 mmol) of methylene
cooled trap, was allowed to distil into the reaction vessel over a iodide, and 40 ml of diethyl ether, and the resulting mixture was
1-hr period through a Drierite-filled drying tube, which was, in allowed to react according to a literature procedure.16
turn, connected to the gas-inlet adapter. The reaction mixture Methylene iodide contaminated the product mixture even after 
was stirred for 3 hr at room temperature. sodium methoxide treatm ent,16 but it was effectively removed by

The two-phase system (the upper layer was nearly water white column chromatography (silica gel) using pentane as the eluting
and the bottom layer was dark gray) was stirred vigorously and solvent. The more polar product was eluted with blends of
cooled in an ice bath. A solution of 8 .6  g (0.10 mol) of freshly pentane-diethyl ether to yield 3.16 g (74% ) of a colorless liquid,

(27) J. Cason and F. S. Prout, “Organic Syntheses,” Coll. Vol. I ll , John f  identified “  cfs-2-methylcyclopropylbutylcarbinol
Wiley & Sons, Inc., New York, n . Y., 1955, p 601. by the following spectral characteristics: ir (CCh) 3600, 3060,

(28) I. A. Favorskaia, E. M. Auvinen, and J. P. Artsybashev, J .  G en . -------------------
Chem. USSR, 28, 1832 (1958); Zh. Obshch. Khim., 28, 1785 (1958). (30) C. A. Brown and H. C. Brown, J .  Org. Chem., 81, 3989 (1966).

(29) I. M. Heilbron, E. R. H. Jones, and R. A. Raphael, J  Chem . S oc ., The authors wish to thank Dr. C. A. Brown for his assistance in this hydro-
264 (1943). genation.
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Table III
R eduction of 2,2-Dimethylcyclopkopyl Methyl K etone (2) with L ithium in L iquid Ammonia

---------------------- Reagents--------------------- , Ketones Ring-opening
Ammonia, Ketone 2, Lithium, Reaction after oxida- ,--------Ketone product distribution, %-------- . ratio of

Run ml g g time, hr tion, % 9 2 8 14 8/9
1 200“ 2 .2 4  2 ,8  1 Z&> 19 15 66  . .  3 .4
2 200“ 2 .2 4  0 .31  2 48" 14 40 46 . .  3 .3
3 200 2 .2 4  1 .4  6  51“ 20 21 51 8  2 .5
4 400 2 .2 4  2 .8  2 70“ 17 19 59 5 3 .4
5 400 2 .2 4  2 .8  2 53“ 17 22 55 6  3 .2
6  60 0 .1 1 4  0 .1 4  2 21 8  69 . .  3 .3
7 60 0 .112  0 .1 4  2 84“ 21 12 67 . .  3 .2

“ Ammonia was dried over sodium before use. b Products were determined by actual isolation. The work-up varied from the 
standard procedure in that the ammonium chloride was added before the ammonia was evaporated. “ Products were determined by 
comparison with an internal standard on vpc. d Cyelooctane was included as an internal standard at the start of the reaction. Prefer
ential loss of the standard was noted. The yield was > 100% .

3000, and 1015 cm -1; nmr (CC1<) S 3.09 (m, 1, CHOH), 2.67 tention times and ir spectra with those of an authentic sample,
(s, 1, OH), and 1 .7-0 .7  (m, 16; at 1.43, m, CH2; a t 1.04, d, This product was assumed to be thermally produced26 (cracking
CCCH3; at 0.92, t , CH2CH 3; at 0 .8 -0 .6 , m, ECH). on vpc?) and not the result of the lithium in ammonia reduction.

The alcohol was not characterized further and was used with- The products were collected by preparative vpc (20%  X F-1150
out further purification in the next step. Cyanosilicone, 10 ft X  0.375 in., 150°, 60 psi).

cfs-2-Methylcyclopropyl Butyl Ketone (7).— To a rapidly stirred The minor product (8.5 min) was identified as neopentyl methyl
solution of cfs-2-methylcyclopropylbutylcarbinol in 100 ml of ketone (9) on the basis of the following spectral characteristics:
freshly distilled acetone (from potassium permanganate) was ir (CCh) 1718, 1360, 1350, 1220, and 1150 cm -1; nmr (CC1<)
added 6.4 ml (17 mmol) of Jones reagent31 32 (preparedfrom 26.72 «2 .27  (s, 2, CH2CO), 2.05 (s, 3, CH3CO), and 1.0 [s, 9, (CH3)3C ].
g of chromium trioxide and 23 ml of concentrated sulfuric acid The structure was later confirmed by independent synthesis, 
diluted with 100  ml of water). After 5 min the excess chromic The second product eluted (11  min) was identified as the start-
acid was decomposed with 5 ml of methanol. ing ketone 2 by ir and retention time.

The liquid layer was decanted and the salts were washed with The major product (13.5 min) was identified as isoamyl methyl
three 50-ml portions of acetone. The extracts were combined ketone (8 ) based on the following spectral characteristics: ir
and rotary evaporated. The concentrate was taken up in ether (CCh) 1715, 1365, and 1160 cm -1; nmr (CCh) « 2.35 (t, 2 , J
and the ethereal solution was washed with a saturated sodium =  7 Hz, CH2CH2CO), 2.C2 (s, 3, CH 3CO), 1 .4 4  (m, 3 ), and 0.89
chloride solution, dried, and rotary evaporated to yield 1.26 g [d, 6 , /  =  5.5 Hz, (CH 3)2C H ]. The ir and mass spectra were
(69% ) of a colorless liquid, which gave one peak on vpc and was identical with those of an authentic sample, 
identified as cis-2-methyleyclopropyl butyl ketone (7) based on Reduction of 2,2-Dimethylcyclopropyl Butyl Ketone (3).—
the following spectral and analytical data: ir (CCh) 3075, 3010, From 1.33 g (8.5 mmol) of 2,2-dimethylcyclopropyl butyl ketone
1695, 1385, 1125, 1068, 1032, and 855 cm 1; nmr (CCb) « 2.44 (3), 1.18 g (170 mg-atoms) of lithium, and 2 0 0  ml of ammonia
(t, 2, J  — 7 Hz, CH2CO), a 1.95 (m, 1, DOHCO), and 1.7—0.7 was obtained 1.3 g (96 .4% ) of a clear oil. The oil was oxidized
[m, 13; a t 1.4, m, (CTL^; at 1.06, a sharp spike, DCCH3; with the Brown oxidant solution33 to yield 1 .21  g (91% ) of product
a t 0.91, t , J  ~  6.5 Hz, CH2CH3] . Upon vpc connection (20%  ketones which, when analyzed on vpc, gave the following prod-
X F-1150 Cyanosilicone, 150°), the as  ketone preceded the trans uct distribution: neopentyl butyl ketone Ur 19.25 min, 17 .3% );
ketone (relative retention time 0 .9 6 :1 .0 ). starting ketone (tR 26 min, 4 .9 % ); isoamyl butyl ketone (tR

Anal. Calcd for CgHieO (mol wt 140.23): C, 77.09; H, 32.25 min, 76 .6 % ); and 2-methyl-l-nonen-5-one (Ir 42.25
11.50. Found: C, 76.92; H, 11.34. min, 1 .2% ).

General Reduction Procedure.—The entire reaction sequence, The first eluted product (iK 19.25 min) was identified as neo- 
including drying of the ammonia, was conducted as described pentyl butyl ketone based on spectral data: ir (CCh) 1715,
previously.13 The work-up procedure was changed owing to the 1465, 1365, and 1250 cm “1; nmr (CCh) « 2.21 [s over t , 4 , (CH3)3-
volatility of the products, and the modified procedure is as fol- CCH2CO and CH 2CH2CO ], 1 .9-1 .15  (m, 4), and 0.98 [s over t
lows. _ _ 12, (CH3)3C and CH 3CH2] .

After the reaction had stirred for the stated time, the ammonia The vpc retention time, ir, and nmr of the second product (26
was allowed to evaporate. To the enolate salts were added a min) were identical with those of starting ketone 3.
100%  excess of a saturated ammonium chloride solution followed The structure of isoamyl n-butyl ketone (¿R 32.25 min) was 
by portions of diethyl ether. assigned on the basis of the following spectral data: ir (CC14)

The two layers were separated; the aqueous layer was sat- 1715, 1380, 1365, 1250, 1130 and 1040 cm -1; nmr (CCh) « 2.31 
urated with sodium chloride and extracted with ether. The (t, 4, J  = 6.5 Hz, CH2COCH2), 1.41 (m, 7), and0.87 [d ov ert, 9 ,
ethereal extracts were combined, washed with saturated sodium doublet J  =  7 Hz, (CH3)2CHCH2] ; mol wt, 156 (mass spectrum),
carbonate, and dried. The ethereal solutions were analyzed by The final product eluted (tR 42.25 min) was assigned the struc-
vpc and, in all cases, alcohols as well as ketones were observed in ture of 2 -methyl-l-nonen-5 -one on the basis of the following data:
the product mixture. The ethereal solution was routinely oxi- ir (CCh) 3060 (C = C H ), 1715 ( C = 0 ) ,  1645 (C = C ), and 890
dized with the Brown oxidant solution32 [prepared from 41 g cm -1  (CH2= C ) ;  mol wt 154 (mass spectrum of an enriched
(137 mmol) of sodium dichromate dihydrate, 200 ml of distilled sample).
water, and 30.8 ml of 96%  sulfuric acid]. Reduction of iraras-2-Methylcyclopropyl Methyl Ketone (4).—

Except where indicated, the yield of volatile ketones was de- From 0.98 g (10 mmol) of iroras-2-methylcyclopropyl methyl
termined by mixing a weighed portion of the ethereal solution ketone (4), 1.39 g (200 mg-atoms) of lithium, and 200 ml of arn-
with a known weight of an internal standard (cyclopentanone, monia was obtained a calculated yield (by vpc) of 0.48 g (48% )
cyclohexanone, or cyclooctane) and relating the relative areas to with the following product distribution: methyl isobutyl ketone
the amounts of each ketone present. ( 11 , tE 10  min, 8 6 .7 % ); methyl n-butyl ketone (10, lR 13.25

Reduction of 2,2-Dimethylcyclopropyl Methyl Ketone (2 ).—  min, 5 .9 % ); and ira»s-2-methylcyclopropyl methyl ketone (4
several reductions were carried out using ketone 2 as a substrate. iE 15 min, 7 .4 % ).
The variations employed and the results obtained are listed in Methyl isobutyl ketone ( 1 1 ) was identified by comparison of

%r 6 ' 1 . , ,, - j- j  , . , , , ir. nmr, and vpc retention time with those of an authentic sample.
Vpc analysis of the oxidized product mixture showed three Methvl « a 4i , ,

£ 1 ,0%°2eZZA ,7f? bob!OTed’shown to be 2-methyl-l-hexen-5-one (14) by comparison of re- those of the sample from the reduction.

(31) K. Bowden, I. M. Heilbron, E. R. h . Jones, and B. c . L. Weedon, The final product was identified as starting material 4 by
J .  Chem. Soc., 39 (1946). spectral and retention-time comparisons with an authentic

(32) H. C. Brown and C. P. Garg, J .  Amer. Chem. Soc., BZ, 2952 (1961). sample.
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A second reduction of 98 mg of £rans-2-methylcyclopropyl 790 mg (114 mg-atoms) of lithium in 125 ml of ammonia. The
methyl ketone (4) gave a calculated yield of 70.5 mg (70.5% ) product mixture was concentrated after oxidation to yield 0.58 g
and was composed of 91 .6%  11, 2 .5 %  10, and 5 .9 %  starting (73% ) of an oil which, when analyzed on vpc, was composed of
material 4 . 8 .5 %  isobutyl n-butyl ketone (13) and 9 .15%  di-n-butyl ketone

Reduction of frans-2-Methylcyclopropyl Butyl Ketone (5).—  (12).
From 1.4 g (10 mmol) of £rans-2-methyl cyclopropyl butyl ketone The first product eluted was assigned the structure isobutyl 
(5), 1.38 g (200 mg-atoms) of lithium, and 200 ml of ammonia butyl ketone (13) on the basis of identical vpc retention times
was obtained 1.3 g (91 .8% ) of product ketones. Vpc analysis and nmr spectra with those of the major ketone from the reduc-
of the product mixture indicated the following distribution: tive cleavage of irans-2-methylcyclopropyl butyl ketone (5).
an unidentified component (£r 5 .5 -9 .0  min, 10 .2% ); isobutyl The major product was assigned the structure di-n-butyl 
n-butyl ketone (13, £r 19.5 min, 7 5 .3 % ); di-n-butyl ketone (12, ketone (12) from the following spectral data: ir (CCU) 1718 and
tn 26.0 min, 9 .8 % ); and irans-2-methylcyelopropyl butyl ketone 1260 cm ”1; nmr (CCh) 8 2.30 (t, 4 , /  =  6.5 Hz, CH2COCH2),
(5, £r 28.0 min, 4 .7 % ). 1.40 (m, 8), and 0.94 (t, 6, J  = 6 Hz, CH3CH2). The vpc re-

The first two peaks (£r 5 .5 -9 .0  min) appeared to be low mo- tention time was identical with that of the minor ketone 12 ob-
lecular weight ketones and hydrocarbons on the basis of spectral tained from the reductive cleavage of irans-2-methylcyclopropyl
properties: ir (CC1<) 1712 ( C = 0 ) ,  1640 (C = C ), and 890 cm -1 butyl ketone (5).
(C H = C ); nmr (CCh) complex absorptions at 8 5 .32-4 .15  M etal Reduction of 2,2-Dimethylcyclopropyl Methyl Ketone 
(C = C H ), 2 .41-0 .83 , and 0 .2 5 -0 . No attem pt was made to (2). A. With Calcium.— The same procedure as described for
further purify the mixture. run 7 (Table I I I )  was employed to reduce 114 mg of ketone 2

The major product (in 19.5 min) was identified as isobutyl with 0.08 g (21 mg-atoms) of pentane-washed calcium metal,
n-butyl ketone (13) based on the following spectral data: ir The calculated yield was 97 mg (93% ) and the product mixture
(CCh) 1715, 1380, 1365 [(CH3)2CH ], 1170, and 1145 cm -1; was composed of 17%  neopentyl methyl ketone (9), 34%  starting
nmr (CC14) 8 2.28 and 2.17 (t over d, 4 , /  =  6.5 Hz, CH2CH2CO); ketone (2), and 49%  isoamyl methyl ketone (8), The normal-
J  = 2 Hz, CHCH2CO), 2 .05 -1 .05  (m, 5), and 0.90 and 0.89 ized percentage of 8/9 was 74 :26 .
[tov erd , 9, /  =  6.5 Hz, CH3CH2; J  =  6 Hz, (CH3)2C H j. B . With Potassium.— From 112 mg of ketone 2 and 0.08 g

The third product eluted (£r 26 min) was enriched by vpc puri- of potassium metal was obtained 95 mg (83% ) of a product
fication (85% ) and was assigned the structure of di-n-butyl mixture composed of 21%  ketone 9, 12%  ketone 2, and 67%  ke-
ketone (12) based on the spectral characteristics of the impure tone8. The normalized percentage of 8/9 was 76 :24 .
sample: nmr (CCh) 8 2.30 (t, 4, J  = 6.5 Hz, CH2COCH2), C. With Sodium.— From 114 mg of ketone 2 and 0.46 g of 
1.40 (m, 8), and 0.94 (t, 6, /  =  6.5 Hz, CH3CH2). The vpc hexane-washed sodium metal was obtained 99 mg (85% ) of a
retention, time corresponded to that of the major ring-opened product mixture containing 18%  ketone 9, 20%  ketone 2, and
product 12 obtained from as-2-methylcyclopropyl n-butyl ke- 62%  ketone 8. The normalized percentage of 8/9 was 78 :22 .
tone (7). D . With Magnesium.— To an ammonia solution of 0.49 g of

The final product eluted corresponded with the starting cyclo- magnesium turnings was added 112 mg of ketone 2 as before,
propyl ketone (5). The typical blue color did not develop with the addition of mag-

Reduction of eis-2-Methylcyclopropyl Methyl Ketone (6).—  nesium to liquid ammonia, and throughout the reaction the
Following the usual procedure, 0.98 g (9.3 mmol) of cfs-2-methyl- metal did not appear to be dissolving. The sequence of reduc-
cyclopropyl methyl ketone (6), 93%  pure by vpc, in 5 ml of ether tion-oxidation was carried out as with the other metals. The
was allowed to react for 2 hr with 1.39 g (200 mg-atoms) of lithium calculated yield was 96 mg (84% ), and the composition was 4 %
in 200 ml of ammonia. The calculated volatile yield was 52% . ketone 9, 68%  ketone 2, and 28%  ketone 8. The normalized
The product mixture was composed of 6 .1 %  methyl isobutyl percentage of 8/9 was 87 :13 .
ketone (11), 79 .3%  methyl n-butyl ketone (10), and 14.6%
cjs-2-methyleyclopropyl methyl ketone (6). Registry No.'—3, 22286-91-5; 5, 22286-92-6; 7,

In a second run, 98 mg of ketone 6 provided 69 mg (69% , 22286-93-7; 8 , 110-12-3; 9, 590-50-1; 12, 502-56-7;
calculated by internal standard) of which the compoisition was ^  7 4 9 2 _38 . 8 ;  2-methyl-2-OCten-4-one, 19860-71-0;

3 ‘ pToK;ct73assIg;0mean t¡'fo r 'm e 'th y l isobutyl ketone (11) and t r a m - 2-OCtan-4-one, 22286-99-3; 2-OCtyn-4-ol, 22286-
methyl n-butyl ketone (10) were based on identical vpc retention 98-2; m-2-octen-4-ol, 22287-00-9; frans-2-octen-4-
times, ir spectra, and nmr spectra with those of an authentic 0 1, 20125-81-9; m-2-methylcyclopropylbutylcarbinol,
sample and an independently prepared sample, respectively. 22287-01-0' neopentyl butyl ketone, 22319-52-4; iso-

2328™ 2- 11ketone (7) in 5 ml of ether was allowed to react for 2.5 hr with one, 22319 53-5.
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A N uclear M agnetic Resonance Evaluation of Cyclopropyl 
P articip ation  in Rigid, Tricyclic Cyclopropyl Ketones

S. A. M o n t i1
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The geometric requirements for ground-state cyclopropyl ketone delocalization were probed by comparing the 
chemical-shift behavior of the Hp cyclopropyl protons in conformationally defined, rigid ketones and the corre
sponding hydrocarbons. The tricyclo[2.2.1.02'3]heptan-7-yl (2) and the tetracyclo[2.2.1.0.z'603'6]heptan-7-yl (3) 
skeletons were used as models for the bisected conformation (A). Tricyclo[3.3.0.02 8]octan-3-yl (8) derivatives 
served as models for the unsymmetrical, “bicyclobutonium ion” conformation (B). Nonconjugative carbonyl 
group contributions to the cyclopropyl proton shifts were estimated using appropriate bicyclic models. These 
effects as well as ring strain effects were found to be minimal. The downfield shifts observed for the bisected 
systems follow: 2, 1.1 ppm; 3, 0.8 ppn. For the unsymmetrical model 8, the shift was 0.1-0 .5  ppm. These 
data provide direct support for the hypothesis of maximum delocalization in the bisected conformation. Delo
calization in B  did not involve preferential conjugation of the cyclopropane carbon-carbon bond “geometrically 
disposed for overlap.”

The presence or absence of specific geometric re- independent, direct determination of the ground-state
quirements for conjugative interaction of a cyclopro- delocalization possible in B would provide a more
pane ring with an adjacent chromophore constitutes an rigorous test of this hypothesis.
area of active interest.2 Three distinct conformations Since conformationally mobile systems are not 
have been considered: the bisected species A, the suited for such an investigation, an examination of
unsymmetrical or bicyclobutonium ion geometry B, cyclopropyl ketone participation in geometrically
and the symmetrical arrangement C. Recent struc- defined, rigid systems was undertaken. In this way
tural studies on freely rotating systems containing a the conjugative participation possible in each conforma-
cyclopropyl moiety adjacent to an electrcn-deficient tion, A and B, could be evaluated individually using
center (carbonyl group3 or carbonium ion4'6) have proton nmr. The results described provide support for
established that the bisected conformer A represents the hypothesis of maximum delocalization in conforma- 
a conformational energy minimum.6 These data, in tion A (compared with B), and they qualitatively define 
turn, have been interpreted as evidence supporting the the nature of delocalization in conformation B. 
hypothesis of maximum overlap in conformation A.4-7
With respect to conformer C, this conclusion seems Methods and Results
justified. Studies in hindered systems6 have shown . . . .  .
that interaction between a cyclopropane ring and an ground-state participation m each tricyclic
adjacent cationic center is reduced c o n s i d e r a b l y 6*  (or cyclopropyl ketone was probed by comparing the 
becomes negligible6b) when the system is constrained to chemical shift behavior of the more remote H0 pioton 
geometry C.6b The analogous comparison between (see part structure 1 for notation) m the ketone (lc)
conformers A and B , however, is less firmly established. with that m the reierence hydrocarbon (lh). In order
While the cumulative evidence suggests clearly that A R
provides the optimum geometry for interaction, an ||

^  X 1A B C

(1) Partial financial support from the University of Texas Research In- Jh 3 R —H2
stitute is gratefully acknowledged. ^

(2) Reviews: (a) R . Breslow in “Molecular Rearrangements,” Vol. 1, P.
de Mayo, Ed., Interscience Publishers, Inc., New York, N. Y . 1963, Chap-
ter 3; (b) j . p. Pete, B u ll. Soc. c h im . F r„  357 (1967); (e) u .  Hanack and t o  i n t e r p r e t  t h e s e  d a t a  in  t e r m s  o f  c y c l o p r o p y l  k e t o n e

(3) L. s. Barteii and i. p. Guillory, j. Chem. Ays., « , 647, 654 (1965); resonance, however, trie contribution of several non-
l . s. Barteii, j .  p. Guillory, and a . p. Parks, j . P hys. q h em ., 69, 3043 conjugative effects to -jhe chemical-shift behavior of the
(1965). . „  , , , H« protons required evaluation. These include car-
Turner, J .  A m er. Chem . S oc., 87, 4533 (1965); C. U. Pittman, Jr ., and G. A. b o n y l  g r o u p  a n i s o t r o p y  a n d  i n d u c t i v e  e f f e c t s ,  r i n g
oiah, ib id ., 87, 5123 (1965); p. von r . Sehieyer and g . w . vanDine, ib id ., s t r a i n  e f f e c t s  w i t h i n  a  g iv e n  s y s t e m ,  a n d  t h e  e f f e c t  o f

88 l i w \ ( v 6 «ii H ' G ' ^ he^’ J ' - i Ij R n « ^ ’s ^ dnoRAi97iM1w 8)r' s t r a i n  d i f f e r e n c e s  i n  ' h e  s e r ie s  o f  s y s t e m s  e x a m in e d .(5) (a) T . Sharpe and J .  C. Martin, %bid., 88, 1815 (1966); (b) H. C. . . . .  . J  .
Brown and j . d . Cleveland, ib id ., 88,2051 (1966). The transoid relationship of the carbonyl group and the

(6) For similar studies, also see (a) G. L. Closs and H. B . Klinger, ib id ., J J  p r o t o n s  ( s e e  l c )  t e n t a t i v e l y  S u g g e s t e d  t h a t  t h e
87. 3265 (1965); W. G. Dauben and G. H. Berezin, ib id ., 89, 3449 (1967); r  l /v* i u  u  l  ̂ •__
C. H. Heathcock and S. R. Poulter, ib id ., 90, 3766 (1968); M . J .  Jorgenson C a r b o n y l  g r o u p  e f f e c t s  s h o u ld  b e  r e l a t i v e l y  U m m p o r -
and T . Leung, ib id ., 90, 3769 (1968); G. R . De Mare and J . S. Martin, ib id ., t a n t .  V e r i f i c a t i o n  o f  t h i s  a s s u m p t i o n  W a s  o b t a i n e d  i n
88,5033 (1966)-, g . a . Russeii and j . Maikus, ib id ., 89, 160 (1967); a . the following way. The steric and spacial relationships
H. Cowley and T. A. Furtsch, ib id ., 91, 39 (1969). (b) Conformation C is r , ,  Tt j. i xi i i
preferred, however, for cyclopropylinteraction with an adjacent electron-rich t h e  pTO tO IlS a n d  t h e  C a r b o n y l  g r o u p  W e r e  a p -
center; cf. n . l . Bauid, r . Gordon, and j . Zoeiier, ib id ., 89 ,3948 (1967). proximated by means of bicyclic systems. Since these

m  u HoS^nn Taruhedron L ett 38» U965); k . swmiau, h Kato systems do not contain a cyelopropyl group and con-
and T . Yonezawa, N ip p on  K a g a k a  Z assh i, 88, 1050 (1967); Chem . A bstr., J  i ^  • r
68, 77601 (1968). sequently conjugation is not possible, a comparison ol
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the chemical-shift parameters for the appropriate r r
proton models in the ketone and the hydrocarbon ,| jj
provided an estimate of the nonconjugative carbonyl \ \
group effects. These bicyclic systems also provide a j,
crude estimate of the strain effects due to the introduc- i ''y ' 3

tion of a sp2-hybridized carbon atom in a given system.
As discussed below in detail for each specific system, 2h, R = H 3h R = H
the introduction of a carbonyl group has a negligible c, R=C) 2 c' R = (/
influence on the relative H3 proton chemical shifts. m, R = CH2
The internal ring strain contributions to the proton
shifts were minimized by restricting chemical shift \ R . / J  0
comparisons to a given system. A . J .  R/ |

In addition to differences in the relative geometries of /Y  /  h
the cyclopropane ring and the carbonyl group, the 
series examined differ in ring strain. The possibility (f
that these changes in strain make a significant, non- 0
conjugative contribution to the comparative results 4 c t>Zu 7
obtained seems unlikely, however, since both un- . -  2, -
strained, acyclic cyclopropyl ketones3-5 and the more
strained of the systems examined in the present work Tricyclo[3.3.0.02,8]octan-3-one (8c) 14 was used as a 
{i.e., 2 and 3 ; vide infra) show qualitatively the same model for cyclopropyl ketone participation fixed in the 
interaction. unsymmetrical geometry B. An inspection of stereo-

As models for cyclopropyl ketone delocalization in the models shows that the system is quite rigid and that the
rigid, bisected conformation A, tricyclo[2.2.1.02,6]- Qs-Cs <7-cyclopropane carbon-carbon bond forms a
heptan-7-one (2c)8,9 (nortricyclanone) and tetracyclo- dihedral angle of ca. 25 with the ir bond of the carbonyl
[2.2.1.0.2'603'8]heptan-7-one (3c) 10 (quadricyclanone) SrouP- Thus this cyclopropane bond is preferentially
were used. These nmr data, together with those for oriented for overlap with the adjacent carbonyl group,
related systems and for the nonrigid 1 -acetylnortri- '̂̂ ie chemical-shift data for this ketone and the related
cyelanone (4 ) ,11 are given in Table I. A preliminary hydrocarbon (8h) are given in Table II. In addition,

tentative assignments for the published nmr spectrum15 
of the vinylcyclopropane 9 are included in Table II.

Table I

100-MHz Nmr Data for
Some B isected Cyclopropyl K etones“ iable 1 1
H H -CHj-  100-MHz Nmr Data for

2 h 0 9 5  0 9 5  1  90 1 18 ^ the T ricyclo [3.3.0.02'8]octan-3-yl Skeleton“

2c 1-10 2^07 1-80 1.'65,1.97 a .  m - c i t

3 ”  J 4  \ \  2 1 0  2 I  8h 1>4* ^  1 A b  2 ‘ 5 5  1 A > 1 ' 8
8 c d 1.80 2.65 1.96 2.38 1.56 2.90 1.56,2.05

T  U l 2.08 1.38 (4H), 1.47 (2H) ^  ^ hf  T ' f  '  H !7 1 6 5  ^. . . . .  , , „ “ See Table I. b Range of 1.17-1.65 ppm. c Range of 1.65-2.05
“ Chemiea1 shifts determined in this work are reported for 1 0 -  ppm „ Data from ref 14j 20% carbon tetrachloride solution.

2 0 % carbon tetrachloride solutioip, m parts per million down- e gee an(j  ref ^  degassed deuteriochloroform solution, con-
field Trom internal tetramethylsilane. Using 2c as a model, centration not specified. 1 Range of 1.45-1.90 ppm.
the cyclopropyl proton chemical shifts were shown to be inde
pendent of concentration (see Experimental Section for details).

W; G- ? afubeK,ana R- w Cargi11, T d r f eAJ o n ' 1S- These assignments are based on the analysis presented 197 (1961), carbon tetrachloride solution, concentration not , . . ,, , ,
specified. • Values from P. R. Story and S. R. Fahrenholtz, ref by Chapman and coworkers15 and on analogy with the 
1 0 , carbon tetrachloride solution, concentration not specified. presence of a low-field, one-proton quartet in both 8c

and 9.
. The nonconjugative effects of introducing a carbonyl

examination of two less strained models for A, namely group into a bisected framework, {i.e., skeleton 2 or 3)
tncyclo|3.2.1.02’7 ]octan-3-one (5) 12 and tricyclo- were estimated with the bicyclo [2.2.1 ]heptan-2-yl
[3.3.1.0- 8]nonan-9-one (7),13 as well as the slightly system (10). Stereomodels show that the C4-bridge-
skewed .ricyclo [3.2.1 ,02,7]octan-8-one (6 ) ,13 was made. head proton in ketone 10c reasonably approximates the
Unfortunately, a coalescence of all protons in the nmr spacial arrangement of the proton in ketones 2c and
spectra of these ketones precluded precise assignments 3C with respect to the carbonyl group. The increase in
for the Hj3 protons. strain accompanying the introduction of an sp2 carbon,

however, is only qualitatively the same for 2, 3, and 10. 
(8) j . Meinwaid and j .  k . Crandall, j . Amer. chem . Soc., 88, 1292 (1966); Since conjugation is not possible in 10c, a comparison of

R SsIu erfan d  p. e . Sonnet, Chem. in d . (London), 786 (1963). the chemical-shift behavior of the C4 H in hydrocarbon
(10) P. E . Story and S. R . Fahrenholtz, J .  Amer. Chem. Soc., 86, 1270 1 0h with that in the ketone 10c will give an estimate of

(1964) - T_. „ u , T) . , ,  .. the composite nonconjugative carbonyl group effects.(11) Kindly provided by Professor H. Hart: H. Hart and R . A. Martin, 1 J °  °
J .  Org. Chem., 24, 1267 (1959).

(12) W. R . Moore, W. R . Moser, and J .  E . LaPrade, ibid., 28, 2200 (14) S. A. Monti, D. J .  Buoheok, and J . C. Shepard, J .  Org. Chem., 34,
(1963). 3080 (1969).

(13) W. von E . Doering, E . T . Fossel and R . L. Kaye, Tetrahedron, 21, 25 (15) O. L. Chapman, G. W. Borden, R . W. King, and B . Winkler, J .  Amer.
(1965) . Chem. Soc., 86 ,  2660 (1964).
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In norbornane (lOh) this proton appears at 2.2 ppm. 16 (2c). A further indication of the charge delocalization
The chemical shift of this proton in camphor (10 c, 1,7,7- to the C2 and C6 carbon atoms of 2c is provided by a
trimethyl) is ca. 2.2 ppm. 17 Thus the nonconjugative comparison of the methylene proton chemical shifts in
effects in these ring systems appear negligible. 2h and 2c. Both the exo and endo methylene protons

of 2c are shifted downfield by ca. 0 .5 -0 .8 ppm. Since 
R the exo protons are located in the shielding cone of the
11 p carbonyl group, they are assigned to the 1.65-ppm

/ \ y \  \ resonance and the endo protons to the 1.97-ppm signal.
T  y*=R  =  y—./I \  X  /  The paramagnetic shift of both sets of methylene

\ v ^ X / i x Z  protons strongly supports the presence of two electron-
8] deficient cyclopropyl carbon atoms in 2c.
H A similar examination of the data for the cross-

conjugated quadricyclene system (3) shows that the Hg 
8fi- ^ = jj2 9 protons of 3c are shifted downfield by 0.8 ppm. Both

c’ the cross-conjugated nature of 3c and the electrostatic
7i p consequences of the vicinal relationship of the two sets

\ . I .  \ /^ of Hg carbon atoms could account for the diminished
/  / = R  s' participation qualitatively suggested by the relative

magnitudes of the Hg proton shifts for 3c (0.8 ppm) 
H H H vs. 2c (1.12 ppm). A more quantitative interpretation
10h, R = H, llh, R = H2 12K, R=H2 of this difference seems unwarranted, however, since the

c, R = 0  c, R = 0 c,R = 0 effect of subtle nonconjugative environmental dif
ferences between the two system cannot be evaluated 

In the unsymmetric ketone 8c, the Hg protons are accurately, 
nonequivalent. As a model for the Hi proton in 8c, the If one assumes that the nonconjugative anisotropy 
tertiary protons in the cfs-tricyclo [3.3.C ]octan-3-yl and strain effects of a methylene group are similar to
skeleton (11) were used. Once again, stereomodels those of a carbonyl group, the data in Table I for the
confirm the appropriateness of this model. In hydro- exocyclic methylene derivative 2m support vinyl-
carbon llh , this proton resonates at 2.4 ppm18 and in cyclopropane conjugation in the bisected conformation
the ketone 11c at 2.6 ppm. 14 Thus a  ̂ca. 0.2-ppm A. The magnitude of the Hg proton shift (ca. 0.45
downfield shift results from nonconjugative carbonyl ppm) suggests less charge delocalization than observed
effects at Hi. In a similar way, the bridgehead protons for the carbonyl group, as expected. Once again
in the bicyclo [3.2.1 ]octan-3-yl system (12) were used as these data support only general trends and should not
a model for the Hs proton in 8c. Although two con- be interpreted quantitatively.
formations are possible for 12c, stereomodels show that By way of comparison, the magnetically equivalent 
this system constitutes a reasonable model. In Hg protons of the nonrigid 1 -acetyhiortricyclene (4)u
ketone 12c, the bridgehead proton appears at 2.5 ppm. 14 appear ca. 0.9 ppm lower field than in the reference
Literature data for the hydrocarbon 12h are unavail- hydrocarbon 2h. Since this molecule can adopt both a
able, but an estimate of 2.2-2.4 ppm for tnis tertiary cisoid and a transoid bisected conformation, the ob-
proton seems reasonable on comparison whh lOh and served shift most probably reflects charge delocalization
llh . Thus, a downfield shift of ca. 0 .1-0.3 ppm would as well as carbonyl group anisotropy effects,
also be expected for H8 in 8c. This is in the same direc- In the unsymmetrical geometry B, participation is 
tion and of approximately the same magnitude as that postulated to involve preferential overlap of only one 
estimated for Ha. Consequently these nonconjugative cyclopropane <r bond with the adjacent carbonyl group 
carbonyl effects essentially cancel one another when a (bond darkened in B). As a consequence of this
relative comparison of the Hi and H8 chemical shifts is selective overlap, delocalization in a conformationally
made- rigid system would result in nonequivalent chemical-

Discussion shift behavior for the two Hg protons. In terms of the
tricyelo[3.3.0.02'8]octan-3-yl skeleton 8 , this hypothesis 

In the bisected conformation A, charge delocalization requires that the C8 Hg proton experience a greater
in the cyclopropyl ketone system is postulated to downfield shift than the Ct Hg proton upon introduc-
involve equal participation of two cyclopropane a tion of a carbonyl group. As seen in Table II, the data
bonds (bonds darkened in A). Since nonconjugative for this system are at variance with this postulate,
effects associated with the introduction of a carbonyl The Ci Hg proton is shifted downfield ca. 0.7 ppm in
group into the bisected skeleton were shown to be ketone 8c and the C8 Hg proton ca. 0.4 ppm. If one
minimal, any resonance effects would be reflected in a corrects for the nonconjugative carbonyl group effects, 
downfield shift for the Hg protons. An inspection of ca q o ppm for the Ci H position and ca. 0.1-0.3p pm
the data in Table I clearly verifies the presence of such for the C8 H position, the Ci Hg proton experiences a
charge delocalization m this conformation In the greater paramagnetic shift (co. 0 .5 ppm) than the
nortncyclene skeleton 2 a paramagnetic shift of 1 .1 2  c  H proton (c0. 0 .1 - 0 .3  ppm).
ppm for the magnetically identical Hg protons results These results suggest that for rigid tricyclic systems,
on going from nortncyclene (2h) to nortncyclanone , , ,  , , , . . . .  . .. ' , . ,J cyclopropyl ketone delocalization m the unsymmetrical

(16) M IT  Seminars in Organic Chemistry, Fall semester, 1961, Spectrum geometry B does not involve preferential Conjugation
N (17)' Sadtler NMR Spectra Catalogue, Spectrum No. 30. ° f the Cyclopropane Carbon-Carbon bond ‘‘geometrically

(is) w. b . Moniz and j . a . Dixon, j. A m er. chem.. S oc., 83,1671 (1961). disposed for overlap” (bond darkened in B). Com-
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parison of the downfield shifts observed in the bisected Nortricyclanone (2c) w as prepared by the m ethod of M ein- 
geometry A (2, 1.1, and 3, 0.8 ppm) and in the un- w ald .8 T h e '/> C H  for the H „ position w as 184 H z and for the
symmetrical geometry B (8 , 0 .1-0.5 ppm) provides position 185 H z .2» T h e chem ical shifts of the H a , H^, and
j-  . , t  . . .  , ,  \ J  , , ezo-C H 2-  (1.6a ppm ) protons remained constant ( ± 1  H z) on
direct support for the proposition that ground-state going from  a neat sam ple to  a 2 .5 %  C C14 solution. T h e  c [  H 9
c y c lo p r o p y l  k e t o n e  d e lo c a l iz a t io n  is  m a x im iz e d  in  t h e  and the endo-C H 2-  (1.97 ppm ) protons w ere shifted ca . 8 and 4
b is e c t e d  c o n fo r m a t io n . H z, respectively, upon dilution.

A n  e x a m in a t io n  o f  t h e  r e le v a n t  d a t a  f o r  t h e  u n -  , 3-M ethylerietricyc lo [2 .2 .i.0 2’6]heptane (2m) was prepared 

s y m m e t r ic a l  v i n y lc y c lo p r o p a n e  9  (s e e  T a b l e  I I )  le a d s  t o

conclusions analogous to those obtained for carbonyl m atography on silica gel using pentane. D istillation  furnished 
group conjugation. There is no evidence to support pure 2m: bp 1 1 3 -1 1 4 ° ; average yield  of three runs ca . 16 % ;
selective overlap of the C2-C 8 <j  bond. Since an ir (C C h ) 1684 cm -1 ; nmr (CC 14), 4.48, 1 H  (singlet), 4.60 ppm ,

a c c u r a t e  e s t im a t e  o f  t h e  c a r b o n - c a r b o n  d o u b le - b o n d  1 t  "i \  J ablerJih , , ,
• , _ , , ,  rc , , ,  tt Tricyclo[3.3.0 .02'8]octane (8h) w as prepared from  ketone 8c14

a n is o t r o p y  a n d  o t h e r  n o n c o n ju g a t iv e  e ffe c ts  o n  t h e  using the H uang-M inlon adaptation of the W olff-K ish n er reduc-
p r o to n  r e s o n a n c e s  d u e  t o  t h e  p r e s e n c e  o f  t w o  s p 2-  tio n .22 T h e crude product w as purified b y  preparative vp c  to
h y d r id iz e d  c a r b o n s  in  9  is  m o r e  te n u o u s ,  th e s e  t e n t a t i v e  give hydrocarbon 8h:23 mol w t (mass spectrum ) 108; nmr
c o n c lu s io n s  c o n c e r n in g  t h e  g e o m e t r ic  p a r a m e t e r s  f o r  (C C h ),^ .1 7 -1 .6 5  (6 H , com plex), 1.65-2.0 5 ppm  (5 H , complex) 

v in y lc y c lo p r o p a n e  p a r t ic ip a t io n  r e q u ir e  f u r t h e r  s u p -  see a 6

P°rt- Registry No.—2c, 279-19-6; 2h, 695-05-6; 2m,
Experimental Section 1974-87-4; 4,22482-71-9; 8h, 2401-89-0.

N m r spectra w ere obtained on a V arian  A ssociates M odel H A - M' G°rd°n “  °btaining th6Se da*a *
100 spectrom eter; infrared spectra w ere m easured on a Perkin- (2i) r . Greenwald, M. Chaykovsky, and E. J. Corey, J .  Org. Chem., 28,
Elm er M odel 237 or 257 grating infrared spectrom eter. 1 1 2 8  (1963).

N ortricyclene (2h) w as prepared b y  the m ethod of Sch leyer.19 (22) Cf. N. A. LeBel and R . M. Liesemer, J .  Amer. Chem. Soc., 87, 4301
T h e cyclopropyl hydrogen-carbon-13 coupling constant of (1965).
l j 13CH == 175 H z was m easured.20 (23) Alternate preparations: J. Zirner and S. Winstein, Proc. Chem. Soc.
---------------------- (London), 235 (1964); M. Schwarz, A. Besold, and E . R . Nelson, J .  Org.

(19) P. von R. Schleyer, J .  Amer. Chem. Soc., 80, 1700 (1958). Chem., 30, 2425 (1965).

Condensation-Cyclization of Diketones and Keto Esters with Electron-Deficient 
Arom atics. I. Form ation and Structure of Some Stable Delocalized 

Anions Containing the Bicyclo[3.3.1]nonane Skeleton

M . J. Strauss,1 T . C. Jensen , H . Schran , and  K . O’C onner

D epartm ent o f  C hem istry, U niversity o f  V erm ont, B urlington , V erm ont 05401  

R eceived  M a y  10, 1969

A  series of new b icyclic  anions containing the bicyclo[3.3.1]nonane skeleton have been prepared from  sym - 
trinitrobenzene, 3,5-dinitrobenzonitrile, and m ethyl 3,5-dinitrobenzoate. T he electron-deficient arom atics are 
bridged across the ortho  and p a r a  positions w ith various ketones and keto esters such as acetone, dicarbom ethoxy- 
aeetone, eth yl acetoacetate, a-acetylbutyrolacton e, and aoetylacetone. T h e eondensation-cyclizations are 
in itiated w ith  prim ary, secondary, and tertiary  amines. T w o distinct m echanistic routes are indicated. W ith  
acetone and secondary amines, an enamine interm ediate is proposed as a precursor to the bicyelie anion. W ith 
more acidic ketones and keto esters (i.e ., aoetylacetone and eth yl acetoacetate) a delocalized carbanion inter
m ediate is involved.

T h e  c h e m is t r y  o f  a  c o m p le x e s  a r is in g  f r o m  t h e  in te r -  o r ig in a l l y  s u p p o s e d  t h a t  f o r m a t io n  o f  s u c h  b ic y c l ic

a c t io n  o f  e le c tr o n - d e f ic ie n t  a r o m a t ic s  a n d  b a s e s  h a s  a n io n s  o c c u r r e d  o n ly  w it h  s z / m -tr in itro b e n z e n e  a n d

r e c e iv e d  c o n s id e r a b le  a t t e n t io n  d u r in g  t h e  p a s t  f iv e  s p e c if ic  k e to n e s .  W e  h a v e  s in c e  d is c o v e r e d  t h a t  t h e

y e a r s  a n d  h a s  r e c e n t ly  b e e n  r e v ie w e d .2’3 W e  h a v e  r e a c t io n  is  q u i t e  g e n e r a l  a n d  o c c u r s  w it h  a  v a r i e t y  o f

r e p o r te d  p r e l im in a r y  in v e s t ig a t io n s  o f  a  n e w  t y p e  o f  s t r u c t u r a l l y  d i f fe r e n t  d ik e to n e s  a n d  k e t o  e s t e r s  w i t h

e x t r e m e ly  s t a b le  b ic y c l i c  a n io n  w h ic h  r e s u lts  f r o m  v a r io u s  e le c tr o n - d e f ic ie n t  b e n z e n e s  in  t h e  p r e s e n c e
in te r n a l  c y c l i z a t i o n  in  c e r t a in  a  c o m p le x e s .4’5 T h e  o f  p r im a r y ,  s e c o n d a r y ,  a n d  t e r t i a r y  a m in e s . W e

b ic y c l i c  s t r u c t u r e  1 w a s  o b s e r v e d  t o  fo r m  u p o n  a d d it io n  r e p o r t  h e r e  r e s u lts  o f  i n v e s t ig a t io n s  c a r r ie d  o u t
o f  d ie t h y la m in e  t o  a  s o lu t io n  o f  &7/ m - t r in itr o b e n z e n e  w i t h  s j/ m -tr in itr o b e n z e n e , 3 ,5 - d in it r o b e n z o n itr i le ,  a n d

in  a c e t o n e ,4 w h e r e a s  2 w a s  fo r m e d  u p o n  a d d it io n  o f  m e t h y l  3 ,5 - d in it r o b e n z o a te .  A c e t o n e ,  e t h y l  a c e to -
t r ie t h y la m in e  t o  a  m u ll  o f  s y w i- tr in it r o b e n z e n e  a n d  a c e t a t e ,  a o e ty la c e to n e ,  a - a c e t y lb u t y r o la c t o n e ,  a n d  1 ,3 -

d ib e n z y l  k e t o n e .6 T h e  t o t a l  s t e r e o c h e m is t r y  o f  2 h a s  d ic a r b o m e t h o x y a c e t o n e  a l l  w e r e  u t i l i z e d  a s  k e t o n ic

n o t  y e t  b e e n  d e te r m in e d , b u t  is o m e r s  w i t h  t h e  p h e n y l  a d d e n d s .  P ip e r id in e ,  i - b u t y la m in e ,  d ie t h y la m in e ,  a n d

g r o u p s  cis  a n d  tra n s  h a v e  b e e n  i s o la t e d .6 I t  w a s  t r ie t h y la m in e  a l l  w e r e  e f f e c t iv e  in  p r o m o t in g  r e a c t io n ,
, , ,  , ,  b u t  t h e  t r ie t h y la m m o n iu m  s a lt s  c r y s t a l l i z e d  p a r t ic -

(1) To whom all inquiries should be addressed. lt . . . i ci x* \ rrvr t
(2) R . Foster and C. A. Fyfe, Rev. Pure Appl. Chem., 16, 61 (1966). l l l t i r ly  W 6 ll (S 6 6  E x p e r i m e n t a l  o e c t i o n ) .  l i i e  m e C il“
(3) E. Buncel, A. R . Norris, and K. E. Russell, Quart. Rev. (London), 123 a n is t ic  r o u t e s  le a d in g  t o  t h e  b ic y c l i c  a n io n s  a r e  d is -

(1 (46) M .  j . Strauss and h . Schran, j . A m e , chem . S o c , s i ,  3974 (1969). c u s s e d  a n d  t w o  d if fe r e n t  r e a c t io n  p a t h s  a r e  p r o p o s e d .
(5) R . Foster, M. I. Foreman, and M. J .  Strauss, Tetrahedron Lett., 4949

^jgggj (6) M. I. Foreman, R . Foster, and M. J . Strauss, J .  Chem. Soc., in press.
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T a b l e  I

T r in it r o , C y a n o d in it r o , and  C a r b o m e t h o x y d in it r o  A n io n s

n o 2 n o 2

IT f V  ,N 0 2

| 1  f  I ^o2
o 0  o
1 - 7  and 9 - 1 3  8

Aromatic
Compd compd Amine Ketone or keto ester Product

1  sym -Trinitrobenzene H N (C H 2C H 3 ) 2 A cetone R i =  R 2 =  H ; R 3 =  N 0 2

2 sj/m-Trinitrobenzene N (C H 2C H 3)3  D iben zyl ketone R i =  R 2 =  CeHs; R 3 =  N 0 2

3  sj/m-Trinitrobenzene H N (C H 2C H 3)2 A oetylacetone R i =  C O C H 3; R 2 =  H ; R 3 =  NOa

4  sym -Trinitrobenzene N (C H 2C H 3 )3 A zetylacetone R i =  C O C H 3; Ra =  H ; R 3 =  N 0 2

5 sj/m-Trinitrobenzene ¡¡-BuNH2 A cetylaceton e R i =  C O C H 3 ; R 2 =  H ; Rs ••= N O 2

6  sym -Trinitrobenzene Piperidine A cetylaeeton e R i =  C O C H 3 ; R 2 =  H ; R 3 =  N 0 2

7 sym -Trinitrobenzene N (C H 2C H 3 )3  E th y l acetoaoetate R i =  C O 2C H 2C H 3 ; R 2 =  H ; R 3 =  NOa

8  sym -Trinitrobenzene N (C H aC H 3 ) 3 a-A cetylb utyrolacton e

9 sj/m-Trinitrobenzene N (C H 2C H 3 )3 1,3-D icarbom ethoxyacetone R i =  R 2 =  C O 2C II 3 ; Rs =  NOa

10 3,5-D initro-
benzonitrile N (C H 2C H 3)3  E th y l acetoaoetate R i or R 2 =  C O 2C H 2C H 3 ; R 2 or R i = H ; R 3 =  C N

11 3,5-D initro-
benzonitrile N (C H 2C H 3 )3 1,3-D icarbom ethoxyacetone R , =  R 2 =  C O 2C H 3 ; R 3 =  C N

12 M eth y l 3,5-
dinitrobenzoate N (C H 2C H 3 ) 3 1,3-D icarbom ethoxyacetone R i =  R 2 =  C O 2C H 3 ; R 3 =  C O 2C H 3

13 M eth y l 3,5-
dinitrobenzoate H N (C H 2C H 3 ) 2 A cetone R i =  R 2 =  H ; R 3 =  C O 2C H 3

The various complexes investigated are summarized Discussion

inNmrleSp ectra .-T h e adducts 1-13 are moderately T1f  Acetone and Acetylacetone A dducts.-The nmr
soluble in polar organic solvents such as acetone and ®P.eci °  6 1(F C ° an*?nr
methanol. They are also slightly soluble in water and trinitrobenzene acetone, and diethylamme has pre-
in some cases chloroform. Nmr spectra were obtained yious y een escn  ̂ . e miropropeni p
from solutions prepared by dissolving re crystallized aS & Sm^ 6 & r • 1 i t u + x t  79
adduct in acetone-^, DMSO-d„ chloroform-^, or a H° N°V pr° to?. appears as a triplet centered at fi 5.72
mixture of the latter two. In many cases the resulting and probably lies over the bridging carbonyl function.
products are a mixture of stereoisomers. Unsuccessful 1S s ei]eo® ®mis ry as . een assigne on 0 , as!s
attempts at separation were made by fractional of,  chemical-shift comparisons with other aliphatic
crystallization and column chromatographv. The re- nitro compounds in acetone solution. The two bridge
suiting nmr spectra of the crude adducts" are conse- ^ead protons appear as a poorly resolved doublet at 5
q u e n tly  difficult to interpret in certain instances, i h e  , . , ,,
spectra were run on a V arian  A -60 instrum ent w ith  the electron-difficient arom atic com pound, th e nm r  
T M S  as an internal reference. Som e pertinent sp ec- spectrum  of the addu ct 13 is consistent w ith  a structure  

tral d ata  are sum m arized in T a b le  I I . in w hlch ,the C 0 2C H , group is p art of the delocalized
V isib le Spectra.— T h e  trinitro com plexes 1-9 are an™  function A lth o u gh  a sm all q u a n tity  of

brilliant red-orange crystals. Su bstitu tio n  of a cyano DLM S O f  ™  added to aid dissolution of 13 the m ajor
or carbom ethoxy group on the delocalized anionic chem ical-shift differences betw een this ad d u ct and 1
portion of the structure results in brigh t yello w  crys- arf  m ost likely  due to structural changes and n ot

tals of 10 -13 . T h ese q u alita tive  color characteristics solvent v T h e  bridSm S H C N ° 2. P ^ to n  appears
result from changes in the delocalized propenide portion a t essentially the sam e frequency as m  1. T h e  pro

of the molecule and are illustrated in a more quan- P,_em de Proto*  m  13 aP P fars 0.55 p p m  u p fid d  from
tita tiv e  fashion b y  the visible absorption m axim a in th a t m  L  T h ls  ,w0,uld be expected if th e C 0 2C H 3
acetone and m ethanol solution. F o r the com plexes function is attach ed  to  the delocalized propenide
1 -9 , Xmax is 505 ±  10 m y and emax is 30,000-50,000, portion of the molecule. Since this group is m uch less

and for 10 -13 , Xmax is 377 ±  5 mM and emax is 18,000- electronegative th an  N 0 2, electron d ensity should then
22,000. T h e  absorption m axim a are sum m arized in be higher on the carbon fram ew ork in 13 and result
th e E xperim en tal Section. T h e  visible spectra were in greater shielding of the propenide proton. T h e

run on a P erkin -E lm er 202 U V -V isib le  spectrophotom - bridgehead positions in 13 are n ot eq u ivalen t and ap-
eter. pear as tw o broad absorptions a t 5 4.45 and 3.98. T h is
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T a b l e  II

C h e m ic a l  S h if t s  (5 V a l u e s ) and  S p l it t in g “ o f  P r o t o n s  
in  t h e  B ic y c l ic  A n io n s  1-3 , 8 , 10, and  13 (M e a s u r e d  a t  60 M H z)

-------------------- ----------------------------------------------------------Protons— ---------------------------------------------- ------------------------------ N
Adduct Propenide Bridgehead Bridging HCNO2 a to keto bridge Other Solvent

l 6 8.52: (s, 1 H ) 4 .5 3  (m, 2 H ) 5 .7 2  (t, 1 H, 2 .3 - 3 .0  (m, 4 H ) A ceto n e-*
J  =  3 cps)

2 '  8 .5 9  ( s , l H )  4 .6 2  (m, 2 H ) 5 .9 7  (t, 1 H , 4 .4 2  (m, 2 H ) 7 .1 3  (m, 10 H , D M S O - *
J  =  3 cps) arom atic II)

3 8.40 ( s , l H )  5 .1 8  (m, 1  H ) 5 .3 1  (m, 1  H ) Under acetyl 2 .5 0  (s, 3 H , D M S O -d 6

4.20  (m, 1 H ) group and cation C H 3C O )
absorptions

8  8 .50 ( s , l H )  4 .88  (t, 1  H , 6 .1 8  (t, 1  H , 2 .5 8  (m, 2 H ), 4 .4  (m, 2 H , C D C ls-
J  =  3 cps) J  =  3 cps) overlaps cation O C H 2 of D M S O -

4 .4  (m, 1  H ), and C H 2C  of lactone) *  ( 1 :1 )
under lactone lactone 2 .5 8  (m, 2 H,
O C H 2 C C H 2 of

lactone)
10 7 .4 3  (s, 1 H ) 4 .0 5  (br, 2 H ), 5 .1 1  (t, 1 H , 2 .6 7  (m, 2 H ), over- 4 .2 7  (q, 2 H ) D M S O - *

overlaps C H 2 J  =  3 cps) laps cation absorptions; 1 .3 2  (t, 3 H )
of C 0 2E t  C H C 0 2 E t  not observed (both

(rapid exchange)1* C 0 2E t)
13 7 .9 7  ( s , l H )  4 .4 5  (br, 1  H ) 5 .6 8  (t, 1  H , Obscured b y  3 .5 9  (s, 3 H , D M S O - *

3.98  (br, 1  H ) J  =  3 cps) cation absorption C O 2C H 3)

“ s =  singlet; t  =  trip let, q =  qu artet; m =  m ultiplet; br =  broad. 6 R eference 4. e R eference 5. d E xchange w ith  D M S O - *  
solvent catalyzed b y  free am ine should dim inish the in ten sity  of this absorption considerably.

difference cannot be explained on the basis of electro- S c h e m e  I
negativity effects, as other interactions might be quite
important in this rigid structure. The C 0 2CH3 sin- HN(CH2CH3)2 +  acetone =5=®= (CH3CH2)2N—^  + H20
glet in 13 appears at 5 3.59, 0.6 ppm upheld from that CH3
in the starting methyl 3,5-dinitrobenzoate, supporting
the conclusion that the C 0 2CH3 function is part of /PHz
the delocalized propenide system. The protons a to (CH3CH2)2N K +  sym-trinitrobenzene *■ 
the carbonyl in 13 are obscured by partially protonated CH3

DMSO-di solvent and the diethylammonium cation +NCCH C H 1

quartet. We have previously proposed4 that 1 arises II 2 3 2
from an enamine a complex as shown in Scheme I. A
more direct path to 1, through internal cyclization 0 2N.T'N-’C.-N02 3

of a a- complex formed by attack of acetonate anion 
on s?/m-trinitrobenzene, is less likely, for reasons to
be discussed shortly. A route involving an enamine 1
^-complex intermediate might also lead to 13. Fore- X02
man and Foster have shown7 that formation of a- N(CH2CH3)2
complexes from 1-substituted 3,5-dinitrobenzenes, ace- ^
tone, and triethylamine (which cannot form an enamine
intermediate) occurs to give a mixture of both possible 02N 'x T  H \ __^
isomers, 14 and IS, where X  =  CN or CF3. If both )

II J  N02 J

« N° a

° 2N 0 < x N C ) 2  ° 2n w ^ n ° 2

T - X x  x h 3 |T ------------- ► 1
I I  J  L / ^ 2  H20 f ° rme^

T | || jj H with enamine

X X 0  no2

14 15 the conversion of 16 into 13 is kinetically or thermody-
, , ,  , , „ p j  namically favored.

isomeric enamine <j complexes 16 and 17 are ormed An alternative mechanistic pathway can be formu- 
from methyl 3,5-dimtrobenzoate, acetone, and diethyl- ^  wWch doeg not involve enamine intermediates
amine either one could lead directly to 13 (Sc erne (Scheme III). If triethylamine is used instead of

Although both 16 and 17 are probably in rapi diethylamine, the reaction with sym-trinitrobenzene
equilibrium, since only 13 and not 18 is obtained as and acet0ne stops at the o-complex state and 19 can
the final product, either 17 proceeds solely to 3 or isolated as the crystalline triethylammonium salt.8

(7) M . I. Foreman and R . Foster, Can. J .  Chem., « ,  729 (1969). (8) R . Foster and C. A. Fyfe, J .  Chem. S oc., B , 53 (1966).
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S c h e m e  I I  S c h e m e  III

+N(CH 2CH3) 2 N(CH2CH3)2 acetone +  HN(CH2CH3)2 =*=*=

TT $ X X h 3 H & X N i h 2 c h , c o c h 2-  +  H2N +(CH2CH3) 2

O ^ m  ° 2N\ X ! >
T _ T  | CH3COCH2~ + s>w-trinitrobenzene

|| l| H CH2COCH3 H CH2COCH2_ v

C 0 2CH3 C0 2CH3 0 2N ^ J X ^ N 0 2 ° 2N \ X / h  )

16 \  I r J  ^  1

iio2 n o 2

13 19

/Ha0 from the most acidic hydrogen available on the acetyl-

/ acetonate moiety. In the case of 20 this would yield 
22, which is conformationally able to undergo intra
molecular cyclization to 4. With 21, the result might 
+N(CH 2CH3) 2 N(CH2CH3)2 be 24 , in which intramolecular cyclization cannot occur

H JL̂  h2_ / %  (except for unobserved intramolecular oxygen attack).
H C  ̂ ® 3 KL Cr ^  Proton abstraction from the terminal methyl group

° 2N% > 0 C02 3 —► Hv,_f><r^C02CH3 in 21 is not favored even though the resultant 23 could

0  / _  ?
n o 2 n o 2 h 3c  C .

17 H V "  CH3
I W

c o 2c h 3
N(CH 2CH3) 2 2 3 y

V , n o 2 n ° 2

o2< x >  2 jjCY 24
Y Y co2ch3 f r  1

I n o 2 0

n ° 2 0  | _ h 2 0  0

1 8  HjC^  h X c = 0  H3C- \ h  / X
H c ' ^  H N g /

We have observed similar behavior with methyl 3,5- ° 2N% ^><C ^ N̂ 2 ° 2Ns J ) X y N̂
dinitrobenzoate, acetone, and triethylamine. If these (I -  j  T  -  T
reagents are mixed and left standing for 4 days, a 
purple solution results with a visible spectrum char-
acteristic of anionic a complexes.2 In this case the 2 2
complex cannot be isolated, presumably because the 20 21
equilibrium lies far on the side of the reactants. With | ^
more acidic ketones and keto esters (i.e., acetylacetone, q
ethyl acetoacetate), bicyclic structures like 2-12 are /  H3C. Jd II
formed with both triethylamine and diethylamine, ck  ~ ,-CCH3 q
presumably by a route analogous to Scheme III. The
enammes formed from such acidic species should be 0 2N . ) x ^ . H  1 0 2NN k><^^,H \
much less reactive than the enamine of acetone and |J J^N02 J  | j\ Nq J
diethylamine. In addition, a complexes resulting
from reaction of acetylacetone, triethylamine, and ¿ q I
sym-trinitrobenzene, while they are detectable in the 2 2
visible spectrum of the reaction solution, cannot be 22 . 23
isolated. The bicyclic product 4 precipitates soon /
after the reagents are mixed. This is in marked con- ' n /
trast to the behavior of acetone itself, where the only *
isolable product is the a complex 19.

There are two possible initial complexes, 20 and 21, proceed directly to the bicyclic anion 4. This is con-
which may form from acetylacetone, si/m-trinitro- firmed by the observation that with acet are ItsT!
benzene, and triethylamine. Probably 20 and 21 the reaction stops at the ex-complex stage. These ob- 
would be in equilibrium and further intramolecular servations are consistent with the fact that diethyl-
cyclization would favor that route which involves amine and triethylamine are effective in producing
proton abstraction (intramolecularly or by solvent) bicyclic structures like 2-12 with acidic ketones and
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keto esters, but only diethylamine is effective with The CN stretch in 10  appears at 2180 cm -1, about 45
acetone, yielding 1 and 13, where an enamine inter- cm “ 1 lower in frequency than conjugated nitriles and
mediate is probably involved. 70 cm- 1 lower than unconjugated nitriles. This in

The adducts formed from diethylamine and tri- indicative of charge delocalization onto this function,
ethylamine with acetylacetone, 3 and 4, are much less The carbonyl region is broad at 1620-1670 cm “ 1 in
soluble in acetone than 1 . To obtain sufficiently re- both 7 and 1 0 . In considering the carbonyl region
solved nmr spectra of the acetylacetone adducts, solu- of the infrared for all the acetylacetone, ethyl aceto-
tions were prepared with DMSO-d6. These adducts acetate, and a-acetylbutyrolactone adducts, it should
are a mixture of stereoisomers, due to asymmetric be noted that in the former two cases there is no ap-
centers at the H C N 02 bridge and adjacent to the preciable absorption above 1690 cm -1, presumably
keto bridge, and exhibit complex nmr spectra. Simi- because the /3-diketo function in each exists to a con-
lar isomerism has previously been observed in 2 where siderable extent in the enol form (a very small ab-
the phenyl groups can be cis or trans, and in that sorption above 1700 cm“ 1 probably does result from
case the isomers were separated.6 All the adducts the diketo structure). In the spiro cyclic adduct 8 ,
3-7 and 9-12 probably exist as a keto-enol equilib- where the carbon atom joining the two carbonylic
rium mixture containing a greater amount of the functions has no hydrogen (he., the spiro carbon atom),
enolic structure. This point is further supported by the both the lactone and bridging carbonyls are clearly
infrared spectra (vide infra). Since exchange with observed at 1760 and 1755 cm“ 1.
DMSO-d6 catalyzed by traces of free amine is also a The 1,3-Dicarbomethoxyacetone Adducts.—1,3-Di- 
complicating factor, it is not surprising that the enolic carbomethoxyacetone condenses with sj/m-trinitro-
and ammonium cation absorptions are difficult to benzene, 3,5-dinitrobenzonitrile, and methyl 3,5-di-
detect in the nmr spectra determined in this solvent. nitrobenzoate in the presence of triethylamine to yield
Similar exchange resulting in a diminished +NH ab- the corresponding bicyclic anions 9, 1 1 , and 1 2 . The
sorption and increasing protonated solvent absorption nmr spectra of these adducts are quite complex owing
has previously been observed in related systems.4 The to the isomeric mixtures. 1,3-Dicarbomethoxyace-
quadrupole moment of nitrogen also contributes to tone appears to be the most reactive of all the keto
broadening of the +NH signal. esters used, as the characteristic orange and yellow

The Ethyl Acetoacetate Adducts.—Ethyl aceto- colors of the adducts developed very soon after mixing
acetate condenses with sz/m-trinitrobenzene and with the reagents. Some difficulty was encountered in
3 .5- dinitrobenzonitrile in the presence of triethylamine recrystallizing these products. A 9 :1  mixture of
to yield the anions 7 and 10, respectively. A number ether-methanol was found to be a reasonably effective
of isomers are possible in each case, resulting in com- solvent for recrystallization. The 1600-1800-cm“ 1
plex nmr spectra. The propenide proton in 7 appears region of the infrared spectra of 9, 11, and 12 is quite
as a broad singlet at 5 8.33 (1 H), almost the same interesting. In 9 and 11 this region is characterized
value observed for the propenide proton(s) in 4. Evi- by three peaks at 1610, 1645, and 1730 cm“ 1. In
dently, the chemical shift of this kind of proton is very 12  an added peak appears at 1685 cm“ 1. This must
similar in the various isomers of 7, a conclusion sup- be due to the C 0 2CH3 on the delocalized propenide
ported by the slight variation in shift of the propenide function of 1 2 . In the starting ester, the C 0 2CH3
protons in all the trinitro adducts (Table III). Using carbonyl absorbs at 1725 cm-1. The shift to lower

frequency in 12 is consistent with attach m en t to the  
T a b l e  III delocalized anionic system .

C h e m ic a l  S h if t  o f  P r o p e n id e  P r o t o n (s ) (5  V a l u e s ) T h e  «-Acetylbutyrolactone A dduct.-A  spiro bi-
in  t h e  B ic y c l ic  A n io n s  1-9 cyclic structure should form w hen the startin g keto

a r inn Shift ester is p art of a ring. T hu s, reaction of sz/m-trinitro-
j 8 52 benzene with a-acetylbutyrolactone yields orange
2 8.59 crystals of w h at m igh t b e  the spiro addu ct 8 . A
3  8.40 definite structural assignm ent m ust w ait th e difficult
4 8.36 task of isomer separation.
5 8.40

6 8 f° Experimental Section
7  8 .33 r
8  8 .50  A ll the adducts 1-13  w ere prepared b y  dissolving a m axim um
9  8 .52  am ount of electron-deficient arom atic compound in about 2  m l of

the ketonic su bstrate . T h e solution w as gen tly  w arm ed to about 
. . . .  ,. , , , , ,  30-35° to aid dissolution, and a tw o -to  threefold excess of amine

3.5- dmitrobenzomtrile as the aromatic substrate, the was then added (based on a lim iting am ount of arom atic). T he
resulting adduct 10 shows a propenide absorption at 8 intensely colored solution w as k ep t a t 30-40° and agitated  oc-
7.43 (1 H) 0.9 ppm upfield from that in the trinitro casionally. A fter 4 -12  hr, ca. 1 0 0  ml of cold anhydrous ether
adduct 7. This is definitive evidence for the con- was added. In  m ost cases, an orange-yellow solid precipitated

, . i . „ „ „ „ „  im m ediately from  solution. T his solid w as faltered, washed
elusion th a t th e less electronegative cya  O g p p with cold anhydrous ether, redissolved in 150-250 m l of boiling
of the delocalized anionic portion of the molecule, r u r -  ether w ith  ju st enough m ethanol added to effect dissolution, and
ther corroborating evidence for this point results from  kep t a t 0-10° for 3 days. T h e resulting crystals were filtered
the visibl“ spectrum  of 10 which, like 11, has an ab- and dried under vacuu m  a t 30-40°. In  some instances, th e initial

sorption a t  ca 38 0  mp characteristic of the cyano-
n itr o p r o p e m d e  f u n c t io n ,  a n d  n o t  a t  ca. 5UU m/x, w h ic h  these cases, the oil w as washed w ith  copious am ounts of anhy-
c h a r a c te r iz e s  1-9. drous ether and redissolved in an ether-m ethanol solution, which

T h e  in fr a r e d  s p e c t r a  o f  7 a n d  10 a r e  a ls o  o f  in te r e s t .  a fter standing for 3  days a t 0 - 1 0 ° deposited crystals of the adduct.
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T a b l e  IV

C h a r a c t e r iz a t io n  o f  t h e  B ic y c l ic  A n io n s

,------------------------Calcd, % ------------------------, -■--------------------------Found, % -------------------------- •
Adduct Mp, °C Xmax, mM C H N C H N

1 « 1 7 1 -17 2  5106 4 5.35  5 .8 5  16 .2 7  45.40 5 .7 8  16 .2 5
2 '  190 -191 50011 6 1.8 2  6 .1 5  10 .68  6 1 .7 2  6 .1 8  10.80
3 157-158  5156 46.63 5 .7 4  14 .50  46.89 6.00 14.80
4 152-153 506* 4 9 .27 6 .5 7  13 .5 2  49.46 6 .33  13 .3 8
5  144—160' 507* 46.63 5 .7 4  14 .50  4 6 .76  5 .6 2  14 .2 2
6  180-181 504* 43.24 5 .5 7  14 .0 6 48.44 5 .8 6  13 .8 6
7 147-148 504* 48.64 6 .3 5  12.60  48.60 6 .4 3  12 .5 0
8  15 7-16 4  504* 48.86 5 .9 2  12 .6 6  48.58 6.00 12.90
9 119 -12 2  5006 4 6 .7 1  5 .7 8  1 1 .4 7  46.84 5 .8 3  1 1 .3 6

10 14 6 -15 1 ' 374* 5 3 .76  6 .6 5  13 .20  5 3 .9 1  6.80  13 .2 4
1 1  126-127 382* 5 1 .2 7  6.03 1 1 .9 6  50.93 5 .9 2  12.09
12 118 -119  375* 50.30 6 .23  8 .38 50 .55 6 .3 5  8.33
13 140-150 ' 372* 50 .39 6 .49 1 1 .7 6  50.40 6 .5 9  1 1 .5 4

“ Reference 3. 6 In  acetone. '  Reference 4. * In  m ethanol. '  M elts  w ith  decom position.

A typical example is outlined below. The elemental analyses, 12379-61-2 ; 10, 12379-60-1 ; 11, 12379 -62 -3 ; 1 2 ,1 2 3 7 9 -
melting points, and visible maxima of 1-13  are summarized in 6 3 -4 ' 13, 12379-57-6

1,3-D icarbom  ethoxy acetone-1 ,3 ,5-trm itrobenzene (9).— A
mixture of 1.3 ml of 1,3-dicarbomethoxyacetone and 2.13 g (0.01 Acknowledgment,—The authors acknowledge par-
mol) of trinitrobenzene was warmed until the aromatic com- tial support by the Army Research Office at Durham 
pound dissolved and ca . 3 ml of triethylamine was then added. (Grant DAHC(M 69 C), the National Aeronautics and 
The greenish, tarlike mixture was kept at room temperature ior ' . , . . , .. ^  nno do
4 hr and 5 ml of methanol was added. The resultant slurry was Space Administration (Grant NGxl 46-00 "008 b
added to 75 ml of anhydrous ether and the mixture was cooled. 68-19), the National Science Foundation (Institutional
The crude product which precipitated was filtered and recrystal- Grant 6 9 -87 ), the Research Corporation, and the
lized from a 1 :1  ether-methanol mixture to give a 30% yield of University of Vermont. T. C. Jensen is further in
brilliant red crystals, mp 119 122 . deb ted to the Department of Health, Education and

Registry No.—1, 12379-55-4 ; 2 ,12  3 7 9 -6 4 -5 ; 3-6 , Welfare for an National Defense Education Act Fellow-
mixture, 12379-56-5 ; 7, 12379-59-8 ; 8 , 12379-58-7 ; 9, ship.

C o n f o r m a t i o n a l  E q u i l i b r i a  f o r  2 -  a n d  S -H te y cIo lS .S . l J n o iia i io I s 1
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D epartm ent o f  Chem istry. Oregon State U niversity, C orvallis, Oregon 97331 
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Equilibration of either the exo- or enlo-3-bicyclo[3.3.1]nonanols w ith  alum inum  isoproxide in isopropyl alcohol 
a t 94° gave 96.9%  exo isomer. T h e A 3° of — 2.5 kcal/m ol obtained is a reasonable approxim ation of the energy 
difference between the ch air-b oat and double-chair conformers of bicyclo[3.3.1]nonane. Equilibration of either 
of the tw o isomers of 2-bicyclo[3.3.1]nonanol under the same conditions gave 68 .7%  endo  isomer (equatorial 
hydroxyl). In  this protic solvent, a G ’oh =  — 0.56 kcal/m ol. Equilibration  over R aney nickel in cyclohexane 
gives a A(?°oh of — 0.25 kcal/m ol for an aprotic solvent.

Bicyclo[3.3.1]nonane provides an interesting vehicle j
for the study of conformational effects. Thus it has j a/\
been established,2 contrary to most expectations,3 that ___ Jf B[
the molecule adopts preferentially the double-chair =?=*= ¡A * "'T~74
rather than the chair-boat conformation. No estimate \/~"̂  J V
of the energy difference between these two conformations '
was available when the study reported here was made.4 lcb lc0
X -R ay studies2 showed that the ring distorts readily
parallel to the plane of symmetry through Ca, C7, as a /y mrnetU  element. Little has been done
and C9, but is resistant to distortions which destroy £'scer â'n ^ e. inAuence of these ring distortions

on the conformational preferences of ring substituents.
(1) The authors are pleased to make acknowledgment to the donors of the EfJUlilblHtlOll Of 2-BlCyC ,3.3. l jnOUUnCis. The tWO

Petroleum Research Fund, administered by the American Chemical Society, epimeric 2-bicydo [3.3.1 Jnonanols, eXO-2 and e n d o -2 ,
for support of this work. A preliminary account of this work was given at
the Northwest Regional Meeting of the American Chemical Society, R ich- A A
land, Wash., June 1967. / \ /\

(2) M . Dobler and J .  Dunitz, Helv. Chim. Acta, 47 , 695 (1964); W. A. C . I ------ , __ r— I —— ..
Brown, J .  Martin, and G. A. Sim J .  Chem. Soc. 1844 (1965). I ---------I _̂_____________________________—

(3) E . L. Eliel, “Stereochemistry of Carbon Compounds,” McGraw- 1 /  \ 7 \  1/ T 7 \
Hill Book Co., Inc., New York, N. Y ., 1962, pp 295-296. V V  K  ' V  OH

(4) See, however, R . A. Appleton, C. Egan, J .  M . Evans, S. H. Graham, ,
and J. Dixon, J .  Chem. Soc., C, 1110 (1968). 6X0-2 6X1(10-2
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were prepared according to known procedures.6-7 Discussion
Pure samples were collected by preparative gas chro- ,  .... .
matography, and these had physical and spectral prop- The A6! ° r thf  enf  ̂  eaf 3  equilibrium represents 
erties in excellent agreement with published values. aA reasonable value for the 1 b- l co equilibrium. The 
The equilibrium mixtures were analyzed directly by f  f J,ues f° r the substituted isomers and the unsub-
glpc. Equihbration over aluminum isopropoxide in stituted conformers will correspond accurately only
• i i u i  . r.AO ■ i , » I , ,  when (a) the exo isomer exists predominantly in theisopropyl alcohol at 94 was carried out from both , , ,  v t . , , • ,, % • , , r• rpi -ru ■ • , , • i double chair and the endo m the chair-boat conforma-pure epimers. ihe equilibrium mixture contained ,. , . . .  . ... , .o-i nor „ i cri j -  tt. t u  „ tions; and (b) the substituents alter the energies of31.0% exo-2 and 69.0%  enao-2. Equilibration over ,, ’ . v . „ . , , . „  6T, • , , , , , • .  , , , ,a the conformations in parallel fashion. Doth condi-lianey nickel catalyst in isopropyl alcohol8 gave an ,. , . /. , , ,  , .■vu ■ • , , • • 0 1 0 0 / o j  co mo* tions appear to be satisfied here, ih e  double-chairequilibrium mixture containing 31.3%  exo-2 and 68.7%  . ,. . _ . , . , ,, , .

7 „ rpi • • i 1 v. 7 knn nee conformation for exo-3 is supported by the spectrafenao-2. Thus in isopropyl alcohol AG°on =  —0.56 , , . ,  .. , , ,  , . rl - , ,, , ,  , 7 . . ,, , , data.1-* While a double-chair conformation has beenkcal/mol. Our value is in excellent agreement with , , , , , ,  , , , ,  r ,
., 7 r a c-a 1 1 / i u  • Ju -d 1 suggested13 for enao-3, the case for the chair-boatthe value of —0.5o9 kcal/mol obtained by Baggeley,. , o , , ,  j  , 7 conformation has been argued effectively4’12 and willet al.2 and published after our work was nearly com- , , , , . , , •, , \ not be repeated here, there are two possible chair-
^ m, ' r „ 7 boat conformers for endo-3, endo-3ha and endo-3cb. TheThe equilibration of exo-2 and enao-2 was also ’ 00
carried out in cyclohexane using Raney nickel as cat- /
alyst.8 The equilibrium mixture contained 40.5%  /
exo-2 and 59.5%  endo-2 with K = 1.47 and AG°oh =
- 0 .2 5  kcal/mol. ------ /  0H \7

Equilibration of 3-Bicyclo [3.3.1 Jnonanols.—Both the y H O - - ^

exo- and endo-3-bicyclo [3.3.1 Jnonanols (3) were pre- e n d o -3 c.h e n d o -3 hc
pared by established procedures6 and purified by pre

former is excluded because it possesses two 1,3-diaxial 
A methylene-hydroxyl interactions not present in the

A latter. 14 Thus the first condition is satisfied. Since
- I r—— L— -L  the hydroxyl group is effectively in an equatorial posi-

I r- —  Y \J tion in each isomer, the second condition is also satisfied.
V  ^ O H  Our conclusion that the A (7° for the l cb- lc c  equihb-

e n d o -3 e x o -3 rium is 2.5 kcal/mol (at 94°) is supported by the
report4 that A f T V  for the endo-4-exo-4 equilibrium

. , , „ . . .  is 2.7 kcal/mol. That the AG° value is thus inde-parative gas chromatography. Our sample of exo-i
showed a high-frequency methylene stretch at 2968 ± 2  A
cm-1, whereas Hartmann and Grafe10 report 2980 cm-1. ___A 1------—
However, our sample has an nmr spectrum which r J 7
duphcates that reproduced in Schaefer’s paper.6 Direct / V \1
glpc analysis of the isomers of 3 was not possible; V ^COOMe
so mixtures were converted into the acetates, which e n d o -4  e x 0 .4

were analyzed via glpc. Check runs on known mix
tures showed that the method was reliable and ac- pendent of the nature of the substituent indicates 
curate to at least 1 part in 100 . clearly that the energy difference is that for the skeletal

Each of the epimers wa$ equilibrated over aluminum change only. If l cb and l co are assumed to be of
isopropoxide according to the procedure of Eliel and equal entropy except for that due to the higher sym-
Ro . 11 When equilibration was made in boiling iso- metry of l ce, the AH =  2 .9 -3 .2 kcal/mol can be com-
propyl alcohol, the mixture obtained from endo-3 con- pared with a calculated potential-energy difference
sisted of 4.3%  endo-3 and 95.7%  exo-3 , while the mix- for the two conformers. Using a modified Wiberg
ture from exo-3 contained 3.6%  endo-3. Difficulty program. 16’17 we have calculated7 that this value is
was experienced with sublimation of the alcohols from 3.7 kcal/mol. The agreement is reasonably satisfac-
the reaction mixture; so all later runs were made lory.
in sealed tubes. Duplicate runs at 94.1° starting The total strain energy for l cc compared with chair 
with either epimer gave 3 .1 %  endo-3 and 96.9%  exo-i. cyclohexane as a strain-free model can now be es-
Thus the equilibrium constant for the endo-exo con- timated. The lateral rigidity of the bicyclo [3.3.13-
version is 31.3 and A6 '°m =  -2 .5 1  kcal/mol. An nonane ring2 ensures that l cb will possess a C2v boat
attempt to repeat the studies using Raney nickel gave form. Thus the strain energy of l cb is the sum of a
onlv 2-bicvclo [3.3.1 lnonanone. chair cyclohexane (0.0 kcal/mol) and a C2v boat cyclo

hexane (6.9 kcal/mol) . 18 Since 1 00 has ca. 2.9 kcal/
(5) J .  P . Schaefer, J .  C. Lark, C. A. Flegal, and L. M . Honig, J .  Org.

Chem. 32 1372 (1967). (12) W. O. K . Macrosson, J .  Martin, and W. Parker, Tetrahedron Lett.,
(6) E . A. Appleton, J .  R . Dixon, J .  M . Evans, and S. H. Graham, Tetra- 2589 (1965).

hedron, 23, 805 (1967). C.-Y. Chen and R . J .  W. Le Fevre, ibid. 737 (1965).
(7) E . N. Marvell, G. J .  Gleicher, D . Stunner, and K . Salisbury, J .  Org. (14) For a cyclohexane ring a methyl-hydroxyl diaxial interaction is un-

Chem S3 3393 (1968). favorably by 2.4 kcal/mol,15 and two somewhat smaller but similar interac-
(8) E . L. Eliel and S. M. Schroeter, J .  Amer. Chem. Soc., 87, 5031 (1965). tions seems quite sufficient to eliminate endo-3b„.
(9) K . H. Baggeley, J .  R . Dixon, J .  M . Evans, and S. H. Graham, Tetra- (15) E . L. Eliel and H. Haubenstock J .  Org. Chem., 26, 3504 (1961).

hedron, 23, 299 (1967). (16) K - B ’ Wlber8, J - Amer. Chem. Soc., 87, 1070 (1965).
(10) ’ m ’. Hartmann and U. Grafe, Angew. Chem., 305 (1967). (17) G. J .  Gleicher and P. von R  Schleyer, ibid., 89, 582 (1967).
(11) E. L. Eliel and R. S. Ro, J .  Amer. Chem. Soc., 79, 5992 (1957). (18) J .  B . Hendrickson, ibid., 83, 4537 (1961).
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m o l le s s  s t r a in  t h a n  l cb, t h e  t o t a l  s t r a in  e n e r g y  f o r  l co T h e above olefin w as converted into exo-2,3-epoxybicyclo- 
m u s t  b e  c lo s e  t o  4 .0  k c a l/ m o l .  C l e a r l y  t h e  c a lc u la t e d 17  [3.3.1] nonane b y  the m ethod of P a y n e . 21 A  solution containing
v a l u e  o f  1 1 . 7  k c a l/ m o l  is  m u c h  t o o  la r g e .  1  e,c-u iv  of b ic y c le [3.3 ljn on ene, 1 equiv of benzonitrile, a  5 0 %

^  lx ,  / , 1 7 -  _ , m olar excess of 30 %  hydrogen peroxide, and ca . 2  m olar equiv
O u r  r e s u lt s  f o r  t h e  e7 la o -2 —e x o - 2  e q u i l ib r iu m  p r o v id e  0f  potassium  bicarbonate in m ethanol w as stirred a t room  tern-

t w o  AG®o h  v a lu e s ,  0 .2 5  k c a l/ m o l  in  a n  a p r o t ic  s o lv e n t  perature for 48 hr. W ater was added and th e organic products
a n d  0 .5 6  k c a l/ m o l  f o r  p r o t ic  s o lv e n ts .  T w o  v a lu e s  w ere taken up in pentane and dried (M g S 0 4). T h e  solvent w as
f o r  A<7°o h  h a v e  b e e n  fo u n d  f o r  c y c lo h e x a n e , 3 0 .6 - 0 .7  rem" / ed in  vacuo  and glpc analysis (15 f t  X  \U in . 5 %  F F A P
r__ , • __ .] n a n  r , • ,• T 0 1 1  Ohromosorb G  a t  118 ) showed the product to  consist o f a
f o r  a p r o t ic  m e d ia  a n d  0 .90  f o r  p r o t ic  m e d ia . I n  v i e w  m ixture of epoxide and un4 a c te d  benZonitrUe and olefin. T his
Ox the general uncertainties associated With conforma- was separated via  preparative thin layer chrom atography (M erck
tional AG° values in general and for the hydroxyl P F 2E4 silica gel, benzene; olefin Bt 0.7, benzonitrile Rt 0.4, epox-
group particularly,8 the values for the bicyclic molecule lde R l ° -2 5 ) and the epoxide w as purified b y  sublim ation in

can be said to be about half of those found for cyclo- vacf°’ Jnp i 8?-1,8? ° n „ ,
hexane. I  his relation can be readily accounted for, q 78.04- H  9.98.

a n d  i t  s u g g e s ts  t h a t  t h e  d is t o r t io n s  o f  a  n o r m a l  c y c lo -  A  m ixture of 13 g  (0.094 mol) of crude exo-2,3-epoxybicyclo- 
h e x a n e  r in g  p r e s e n t  in  l cc d o  n o t  m a t e r i a l l y  in f lu e n c e  [3.3.1]nonane and 27 g  (0.074 m ol) of lithium  alum inum  hydride 
t h e  A G °  (se e  b e lo w )  ln 8 0 0  m l of tetrahydrofuran w as heated a t 50° for 24 hr. E x-

T h e  e q u a t o r ia l  {endo) p o s it io n  a t  C 2 m  l cc d if fe r s  ° f s W  Was def oyi;d >  careful addition of w ater, and the 
£ ^ v 4 • i . . .  . organic layer was decanted. Precipitated solids w ere washed
f r o m  a  n o r m a l e q u a t o r ia l  p o s it io n  i n  a  c y c lo h e x a n e  w ith  ether and the extracts were combined w ith  the decanted
r in g  b y  h a v i n g  a  d ia x ia l  i n t e r a c t io n  w i t h  t h e  endo solution. T h e  solvent w as rem oved in  vacuo and the crude
h y d r o g e n  a t  C 8 . 7  A s s u m in g  t h a t  1 ,3 - d ia x ia l  i n t e r -  alcohol w as purified b y  sublim ation: mp 175 -178 ° (lit . 6 mp
a c t io n s  a r e  a d d i t iv e ,  t h e  exo p o s it io n  a t  C 2 h a s  t w o  176- 1 7 7 ° ) ;  ir  (C C l4) 36(10, 3400, 2980 (sh), 1480, and 1030 cm “ 1;

» 4.u j  i. tt, , , nm r (CC14) S 3.80 (m, 1 H ), 3.20 (s, 1 H ), and 0 .9-2.4 (m, 14 H ).
o f  t h e s e  w h i le  t h e  endo h a s  o n e . F o r  c y c lo h e x a n e  A n alysis via  g lp c ( 1 2  f t  x  0.125 in. 5 %  F F A P  on Chrom osorb
t h e  a x ia l  p o s it io n  h a s  t w o  a n d  t h e  e q u a t o r i a l  n o n e . G  a t 118 °) showed 9 .9 %  endo  epimer present as an im p u rity.
H e n c e  t h e  A G° f o r  C 2 o n  t h e  b i c y c l i c  s y s t e m  s h o u ld  Sam ples for use in the equilibration were purified b y  preparative 
b e  h a l f  t h a t  f o r  a  c y c lo h e x a n e  A (70. T h e  e x p e r im e n t a l  gas chrom atography.
r e s u l t s  a r e  i n  a c c o r d  w i t h  t h is  s im p le  a n a ly s is .  I t  A  p-m trobenzoate w as prepared b y  heating 50 m g of the alcohol

. 1 __. , , , ,  , r i  m  n  1 • w ith  a 1 0 %  excess of p-m trobenzoyl chloride m  1  m l of pyrid ine
m u s t  b e  n o t e d ,  h o w e v e r ,  t h a t  t h e  C r - C 2-  C 3 a n g le  i n  a t  8 0 ° for 3  hr. W ater ( 5  m l) was added and th e m ixture was
t h e  b i c y c l i c  r in g  is  ca. 1 1 4  , w h ic h  t i l t s  t h e  exo b o n d  extracted w ith  ether. T h e ether extracts w ere washed w ith
o u t w a r d  f r o m  t h e  th r e e fo ld  a x is  o f  a  c y c lo h e x a n e  r in g  sodium  bicarbonate solution and dried over sodium  sulfate,
b y  a b o u t  9 ° .  T h i s  d is to r t io n ,  w h ic h  is  a b o u t  o n e -  and be Sfdvent was rem oved b y  distillation. T h e  product w as

t h ir d  o f  t h a t  r e q u ir e d  t o  p r o d u c e  a  p la n a r  c y c lo h e x a n e

r in g , w o u ld  b e  e x p e c t e d  t o  r e d u c e  t h e  in t e r a c t io n s  cy c lo [3 .3 . l]nonanone22 (4 . 5  g , 3 3  mm ol) in 16 ml of m ethanol w as
in  t h e  exo p o s it io n , a n d  h e n c e  t o  r e d u c e  t h e  A G° added dropwise to  a solution of 2.45 g  (64 mm ol) of sodium  boro-
a t  C 2 t o  c o n s id e r a b ly  le s s  t h a n  h a l f  t h e  n o r m a l  v a lu e .  hydride in 32 m l of m ethanol. T h e reaction m ixture w as kep t at
T h e  r e s u lts  in d ic a t e  t h a t  t h is  d is t o r t io n  h a s  l i t t l e  i f  15°A m til addition had been com pleted and w as then stirred  over-

a n y  in f lu e n c e  o n  t h e  r e l a t i v e  A G - v a l u e ,  W e  a t t r i b u t e  S S f ’, 3 2

t h is  t o  t h e  d is t o r t io n s  m a d e  m  t h e  m o r e  f le x ib le  c y c lo -  pentane. T h e  pentane extracts w ere dried (K 2C O 3) and the
h e x a n e  r in g  t o  m in im iz e  a x ia l  in t e r a c t io n s ,  w h ic h  r e -  solvent w as rem oved. T he product w as purified b y  sublim ation,
d u c e  t h e  n o r m a l A (7° f o r  c y c lo h e x a n e  in  a  m a n n e r  m p 178 -18 2° (lit.6mp 1 7 7 -1 7 8 ° ) ,y ie ld 3 .6 g (80% ). A n a ly s isb y

n o t  a c c e s s ib le  t o  t h e  m o r e  r ig id  b i c y c l i c  s y s t e m . W H n it f/ th *  n r ‘ 12°  K i ;  FFA?P  ° n Chroinos:)rb ^  a t 1 2 0 °)
m. ,  , , ?  , / .  indicated th e presence o_ 2 %  exo- 2  as an im p u rity. Sam ples for
I  h e  c o m p u t e d  g e o m e t r y  a n d  t h e  v a n  d e r  W a a ls  equilibration w ere purified b y  preparative gas chrom atography.

p a r a m e t r iz a t io n  o f  H i l l 1 9  w e r e  u s e d  t o  c a lc u la t e  t h e  A  p-nitrobenzoate w as prepared as described under exo-2 ,
n o n b o n d e d  i n t e r a c t io n  e n e r g y  d if fe r e n c e  f o r  exo-2 a n d  m p 103-105° (lit . 6 m p 10 1-10 2°).
endo-2. T h e  c a lc u la t e d  A G° o f  0 .1  k c a l/ m o l  t r e a t s  ez^ 3-B icyclo[3.3.i]nonan ol (exo-3).— T his alcohol w as pre- 

t h e  h y d r o x y l  a e  a  s p h e r ic a l  o x y g e n  o n l y  a n d  ig n o r e s

t h e  h y d r o g e n ,  t h i s  v a lu e ,  w h ic h  w o u ld  b e  e x p e c t e d  fled b y  sublim ation to  give a w hite solid, mp 118 -12 5 °, in 50 %
t o  e q u a t e  m o r e  n e a r ly  t o  t h e  AG° in  a n  a p r o t ic  s o lv e n t ,  yie ld . A n alysis on a  100-ft capillary column (M B M A  a t 128°)
is  in  r e a s o n a b le  a g r e e m e n t  w i t h  t h e  e x p e r im e n t a l  v a l u e  showed 8 3 %  exo-3. T his w as further purified b y  preparative
o f  0 .2 5  k c a l/ m o l .  g!p.c ' 1 5  X  ° - 3 7 5  in - Carbow ax 20M  on firebrick) to  g ive  a

' solid, mp 1 0 0 - 1 0 2 ° (lit . 6 m p 1 0 0 - 1 0 1 °), w hich analyzed as better
th an  99%  exo-3 . T h e  nm r spectrum  w as identical w ith  th at 

E x p e r im e n t a l  S e c t io n  reproduced m the literatu re . 6 . . . .
A  p-m trobenzoate w as prepared as described for ea:o-2, m p 

exo-2-Bicyclo[3.3.1]nonanol (exo-2 ) 2 -B icy c lo [3 .3 . 1 ]nonen-9 - 14 8 -15 1°  (lit . 10 m p 15 0 -15 1°) .
one® (20.0 g , 0 .15 m ol) w as dissolved in 200 m l of diethylene g ly- encio-3-Bicyclo[3.3.1]nonanol (endo-3).— T o  a  solution of 3 .5 g  
col containing 15 m l (0.31 m ol) of 9 9 %  hydrazine h yd rate and (25 mm ol) of exo-3 in 30 m l of anhydrous pyrid ine w as added over
14 g  of potassium  hydroxide. T h e  m ixture w as heated slow ly to  ?  2' b r Poriod a  m ixture of 7 .5  g  (75 m m ol) of chrom ium  trioxide
2 0 0 ° under nitrogen and heating was continued until no further in 75 m l of anhydrous pyridine. T h e reaction m ixture w as stirred
w ater collected in the D ean -S ta rk  trap  (6 - 8  hr). T h e  m ixture a t 4 5 ° for 48 hr. A  solution containing 9 g  of sodium  bisulfite in
w as cooled, diluted w ith  ice-w ater, and extracted w ith  pentane. 25 m l of w ater w as then added to  the reaction m ixture, and the
M ateria l w hich had sublim ed into the condenser w as washed out solution w as acidified w ith  concentrated hydrochloric acid. T h e
w ith  pentane, the combined pentane solutions w ere dried product w as extracted w ith  pentane, and th e extracts w ere washed
(M g S 0 4), and th e solvent w as rem oved by. evaporation to  give w ith  w ater and dried (M g S 0 4). R em oval of th e solvent b y  dis-
14.2 g  (79 % ) of w h ite  solid. A  sam ple purified b y  sublim ation filiation  gave  2 .7  g  (78% ) of crude ketone. Sublim ation gave
m elted a t  93-96° (lit . 6 m p 96-97°). 2 -5 g  of product, mp 17 2 -17 7 °  (lit . 6 mp 170 -176 °).
__________  T h e  above product w as reduced w ith  sodium  borohydride

according to  th e procedure of Schaefer, et a lx  Com pound endo - 3

(19) T. L. Hill, J .  Chem. Phys. 16, 399 (1948). ---------------------
(20) S. Brewis and P. E . Hughes, Chem. Commun., 6 (1966). We are (21) G. B . Payne, Tetrahedron, 18, 763 (1962).

deeply indebted to Dr. S. Brewis for a generous gift of this compound. (22) E . N. Marvell, D. Stunner, and C. Rowell, ibid., 22, 861 (1966).
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w as obtained in 7 1 %  yield  after purification b y  sublim ation, m p containing 10-20 ¿1 of acetone. A  sealed-tube technique was 
120 -123° (lit . 6 mp 12 1 .5 -12 4 °). T h e  nm r spectrum  is in good used as described above. A fte r  equilibration had been corn- 
agreem ent w ith  th at published . 6 p leted, th e contents of the reaction tu be w ere poured into 5  m l of

A  p-nitrobenzoate w as prepared according to  the procedure 0.7 N  hydrochloric acid and the produ ct w as taken  up in pentane, 
given under endo-2 , mp 10 1-10 3° (lit . 10 mp 10 6-10 7°). T h e  pentane solution w as dried (K 2C O 3) and used for analysis.

3-Bicyclo [3 ,3 .1]nonyl Acetates.— F or th e glpc analysis th e Analyses.— A ll analyses w ere carried out on an A erograph 204B
exo- and endo-3  m ixtures w ere converted in to th e acetates. T h e  equipped w ith  flam e ionization detector and an L  &  N  ty p e  W
alcohol m ixture (c a . 100 m g) w as m ixed w ith  20 m g of anhydrous recorder w ith  a  D isc  in tegrator. M ixtures of exo-  and endo-2
sodium acetate  and 200 m g of acetic anhydride and th e reaction w ere analyzed d irectly  using a 12 f t  X  0.125 in. 5 %  F F A P
m ixture w as heated for 2  hr a t 100°. Ice  (5 g) w as added to  th e on Chrom osorb G  column a t  125°. T h e  exo- and endo-3  were
m ixture and the product was taken  up in pentane. T h e solution converted into the acetates as described above and analyzed on a
w as dried (MgSO<) and concentrated. A n alysis w as m ade 100-ft capillary colum n w ith  M B M A  as a liquid phase a t 125°.
via  g lpc as described below . F ou r independent runs on a sam ple P ea k  areas indicated b y  th e D isc in tegrator w ere checked b y
containing 5 .9 %  endo-3  and 9 4 .1 %  exo-3 b y  w eight gave  5.5 counting squares on th e graph. A ll analyses w ere m ade in
94.5, 5 .6:94.4 , 5 .7 :9 4 .3 , and 5 .7 :9 4 .3 % . duplicate and the valu e  reported is an average of the tw o (T able

exo-3-Bicyclo[3.3.1]nonyl Acetate.— A  sam ple of pure exo-3 I) .
w as acetylated  as described above. T h e  acetate  w as recovered
b y  rem oval of the pentane: ir (neat) 1730, 1360, 1240, 1090 T
and 1030 cm -1 ; nm r (CC14) S 5.4 (m ), 1.95 (s), and 0 .8-2.4 (m ). I a b l e  1

A n al.  C alcd  for 0 iiH i60 2: C , 72.49; H , 9.95. F oun d: C , R e s u l t s  o f  E q u il ib r a t io n  S t u d ie s

72.70; H , 10 06. Equilibrium
endo-3-Bicyclo[3.3.1]nonyl A cetate .— A  sam ple of the endo  Time, mixture,

acetate prepared as above showed ir (neat) 1735, 1370, 1240, 1080, Run Reactant Catalyst Solvent days exo/endo
and 1010 cm -1 ; nm r (C C h ) 5 4.9 (m) and 0 .7-2 .5  (m ). 1  endo-3  A l-i-P rO  i-P rO H  20 9 6 .8 :3 .2

A n a l.  C alcd  for C n H i60 2: C , 72.49; H , 9.95. F ou n d: 2 endo-3  A l-f-P rO  f-P rO H  20 9 6 .9 :3 .1
C , 72 .57; H , 10.06. o 3  AW -PrO ,• p rO H  on 0 7  1 . 0  o

Equilibration.— T hose equilibrations using R a n ey  nickel as a  A ,  . . 7, I  . 7, 7 1  .¿. A  ,
cata lyst used solvents and cata lyst prepared as described b y  E liel eX \ r 9 6 .7 .3 .4
and Schroeter . 8 A  solution containing ca . 100 m g of the appro- 5  ex°-2  A l-I;PrO  t-PrO H  20 3 0 .8 :6 9 .2
priate  alcohol in 2-3  m l of solven t w as m ixed, w ith  the cata lyst ® endo-2  A l-i-PrO  f-P rO H  20 3 1 .3 :6 8 .7
(1-3  g) and sealed in a glass tu be. T h e  tu be was suspended in a  7  exo-2 R a n e y  N i i-P rO H  8  3 2 .1 :6 7 .9
constant-tem perature b a th  u ntil equilibration (as determ ined 8  endo-2  R a n e y  N i ¿-PrOH  8  3 1 .2 :6 8 .8
from  a  series of check sam ples) w as com plete. T h e  reaction w as 9 exo-2 R a n ey  N i C 6H i2° 10 4 1 .0 :5 9 .0
term inated b y  rem oval of th e sam ple from  th e bath  and a fter 1 0  exo-2 R a n ey  N i C 6H 12 10 4 1 .0 :5 9 .0
opening of the tube b y  rem oval of the cata ly st b y  filtration. T h e  H  exo-2  R a n e y  N i C 6H i2 10 39 6  ■ 60 4
cata lyst w as washed thoroughly and the solvent w as rem oved 1 2  m d(h2  R a n ey  N i c 6H 12 10 42^0¡58^0
by distillation. A nalysis w as m ade b y  glp c, and in m ost cases „  TT , „ „ „ „ „ „
a t least tw o runs w ere m ade from  each side of the equilibrium . J® " f * 2 . C J K  10 3 9 .8 :6 0 .2
In th e ease o f the 3-bicyelo[3.3.1]nonanols, th e crude m ixture 1 4  ® .Haney N i t-P rO H  2 3 0 .6 :6 9 .4
w as converted into the acetates prior to  analysis as described b R a n ey  N i C 6H i2 3 .5  3 2 .0 :6 8 .0
above. “ C yclohexane. 1 2-Bicyclo[3.3.1]nonanone.

R eagen ts and solvents for equilibrations using alum inum  iso-
propoxide were prepared as described b y  E liel and S chroeter . 8 _  , _„  , , 1 r,n r,r.
Equilibrations were carried ou t on 100 m g of the alcohol w ith  110  Registry JMO. exo-2, 22485-97-8, endo-2, 10036-25-6; 
m g of alum inum  isopropoxide in 1-2  ml of isopropyl alcohol exo-3, 10036-10- 9; endo-3,10036-08-5.

Synthesis of Bicyclo[3.3.1]nonanes. Products of the Friedel-C rafts R eaction of
3 - (3-Cyclohexen-1 -yl)propionyl Chloride1

E l l io t  N . M a r v e l l , R .  S t e p h e n  K n u t so n ,2 T e r r y  M cE w e n ,
D a v id  S t u r m e r , 3 W il so n  F e d e r ic i , and K ir b y  S a l is b u r y

D epartm ent o f  Chem istry, Oregon S tate U niversity, C orvallis, Oregon 97SS1 

R eceived A p r il  22, 1969

A  series of b icyclo [3.3.1] nonane derivatives can be prepared b y  a  F ried el-C rafts  reaction of 3-(3-cyclohexen-
1- yl)p rop ionyl chloride (2 ) under various conditions. Stannic chloride in chloroform gives 7-bicyclo[3.3.1]nonen-
2- one (3) and 8-chloro-2-bicyclo[3.3.1]nonanone (4). A lum inum  chloride in 1,2-dichloroethane leads to  6 -chloro-
2-bicyclo [3.3.1]nonanone (7), which can be converted into 6-bicyclo[3.3.1]nonen-2-one (8 ). W ith  alum inum  
chloride in boiling cyclohexane, 2  gives 2-bicyclo[3.3.1]nonanone (6 ). F in ally , 3-(3-cyclohexen-l-yl)propionic 
acid (1) gives 2,3,4,5,6,7-hexahydro-l-indenone (9) when treated w ith  polyphosphoric acid.

Interest in the bicyclo [3.3.1 [nonane ring system has development of some novel and useful syntheses of
been revived recently, in part because it is of importance the ring system,6 but most of these are best adapted
in the synthesis of some complex natural products,4 to the preparation of molecules substituted in a single
and in part because it presents an interesting skeleton ring. The preparation of bicyclo [3.3.1 [nonanes with
for mechanistic studies.6 This interest has promoted

(5) See, for example, the following papers and preceding papers in each
(1) The authors are pleased to make acknowledgement to the donors of series: (a) J .  M. Davies and S. H. Graham, J .  Chem. Soc., 2040 (1968);

the Petroleum Research Fund, administered by the American. Chemical (b) M . A. Eakin, J .  Martin, and W. Parker, Chem. Commun., 298 (1968);
Society, for support of this research. (c) J .  P. Schaefer and C. A. Flegal, J .  Amer. Chem. Soc., 89, 5729 (1967);

(2) Petroleum Research Fund Fellow, 1966-1968. (d) E . N. Marvell, G. J .  Gleicher, D. Sturmer, and K . Salisbury, J .  Org.
(3) Petroleum Research Fund Fellow, 1963-1964. Chem., 33, 3393 (1968).
(4) J .  Martin, W. Parker, and R . A. Raphael, Chem. Commun., 633 (6) G. Stork and H. K . Landesman, J .  Amer. Chem. Soc., 78, 5129 (1956);

(1965); R. O. H. Murray, W. Parker, and R . A. Raphael, Tetrahedron, 16, S. Brewis and P. R. Hughes, Chem. Commun., 6 (1966); E . F . Knights and 
74 (1961). H. C. Brown, J .  Amer. Chem. Soc., 90, 5283 (1968).
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substituents in both rings is still dominated7 by the two olefinic protons at 5 .S-6 .2  ppm and particularly a
classic synthesis of Meerwein.8 We have now de- single-proton resonance centered at 2.8 ppm.6d Cy-
veloped an economical and versatile synthesis for bi- clization would be expected to lead to 7-bicyclo [3 .3 .1  ]-
cyclo [3.3.1 [nonanes bearing different functionality in nonen-2-one (3) or to 6-bicyclo[3.2.2]nonen-2-one, a
each of the rings. known substance. 15 The latter was eliminated, since

Earlier work9 had shown that the “ene participation” it has Amax 288 and 214 nm and nmr and mass spectra
route to bicyclo [3.3.1 [nonanes is not synthetically use- clearly different from the product isolated in our re-
ful. However, the great simplicity and potential ver- action. The assignment of a bicyclo [3.3.1 [nonane
satility of the route prompted us to examine further skeleton to our product was confirmed by reduction
variants which might prove effective. One reasonable of 3 to the known ketone 6 .14 However, the position
possibility was internal acylation, a process used sue- of the double bond is not necessarily as shown despite
cessfully for the formation of bicyclic ketones, 10 albeit the synthetic route, since Colvin and Parker16 have
normally for ori/io-fused rings. After the present work shown that double bonds in the bicyclo [3.3.1 [nonane
had been completed, Erman and Kretschmer11 showed system may migrate under acid conditions. The pres-
that 4-cyclooctenecarbonyl chloride gives 2-chlorobi- ence of a proton resonance at 2.8 ppm in the nmr
cyclo [3.3.1 ]nonan-9-one. spectrum of 3, which can be assigned to the bridgehead

The synthesis of 3-(3-cyclohexen-l-yl)propionic acid proton at Ci, suggested that the 7  position was correct.
00  was accomplished initially by conventional elabora- This was confirmed by the synthesis of 6-bicyclo [3.3.1  ]-
tion of the side chain in 3-cyclohexene-l-carboxalde- nonen-2-one (8) (see below), which has no bands in
hyde. However, the elegant procedure of Finkbeiner this region. Despite its apparent purity, 2 could con-
and Cooper12 was modified to provide a single-step tain small amounts of 8 , since we would probably
path to the desired acid in ca. 50% yield from 4-vinyl- be unable to detect 5-10%  8 in our sample,
cyclohexene. Of the two monochloro ketones, one has been tenta

tively identified as 8-chlorobicyclo[3.3.1]nonan-2-one 
% %  (4). Catalytic reduction of 4 under basic conditions

£[% I J  gave 6 which delineates the carbon skeleton. The
T TlCl1 I | synthetic scheme suggests that the chlorine should
^  THF s r be at C8, but later results (see below) showed that

1 chlorine migration occurs readily. Dehydrohalogena-
tion should provide an unequivocal assignment, since an 

Acylation with Stannic Chloride.—The first attempts 8 Cl should give exclusively 3, while a 7 Cl should give a
to induce 3 -(3-cyclohexen-l-yl) propionyl chloride (2) mixture of 3 and 8 . Dehydrohalogenation proved
to undergo an internal acylation were carried out with difficult. Tertiary amines gave poor yields of complex
stannic chloride in chloroform. Three products were mixtures, and silver ion led to a mixture of 3 and a
isolated from the reaction: an unsaturated ketone (3) second product having vCo at 1755 cm-1. We have
and two monochloro ketones (4 and 5). Enone 3 , mp been unable to separate the mixture, but the presence

of 3 can be confirmed spectrally. Furtherm ore, the  

C H C 1  resonance in the nm r spectrum  of 4 is m arkedly  
M  Sncî  different from  those of a C H O H  a t CY T h u s w e

T ’ chci3 consider th a t the chlorine is attach ed  to Cg, b u t w hether
k ^ C O C l it  is exo or endo is nor y e t  established.

2 The third product; (5) is characterized by a carbonyl
J' \ // band at 1710 cm ' 1 and a proton resonance at 4.4

/  \ \ + /  \ \ , r  H nr, ppm, suggesting the presence of a CHC1 unit. The
\_Z V  \_L J  9 13 compound analyzes correctly for C9H13OCI and is

3 4 5 monomeric (mass spectrum). However, all attempts
to remove the halogen reductively in order to deter- 

Hj\pd—c Hi/Pd—c mine the nature of the carbon skeleton have been
\ /KOH-MeCH unsuccessful. Thus no structural assignment can be

O made at present.
.— /  Influence of Conditions on Yields.—In order to im-

( y y  prove the yield of 3, a relatively comprehensive study
' ^  of the influence of catalyst and solvent on the Friedel-

® Crafts reaction of 2 was made. The results of glpc
tuz co° v , • , , ,. analysis of the products obtained are shown in Table
6 6 -6 8  was charac erized spec rally :_ uv, A 298 nm L  The data disclose a remarkable sensitivity of the 
(e 80) and 02 (2100), lr, 1710 cm (ketone), nmr, nature of the product to both catalyst and solvent.

(7) j . p. Schaefer and l . m . Honig, j. Org. chem . 33, 2BE5 (1968). Since the bicyclic products are generally difficult to
(8) h . Meerwein, f . Kiel, g. Kiosgen, and e . Sehoh, j . Praia, chem ., isolate and purify, only those conditions which lead to

‘ (̂Sd ’ e . ' n . <MarveIl, D. Sturmer, and R . S. Knutson J .  Org. Chem., S3, ^ P 1*3 m lx tU r e S  W e r e  S e le c t e d  f o r  f u r t h e r
2991 (1968). stu d y. A sid e from  the stannic chloride-chloroform

(10) J .  W. Cook and C. A. Lawrence, J .  Chem. Soc., 1637 (1938); J .  C.
Bardhan and K. C. Bhattacharyya, Chem. In d . (London), 800 (1953); (13) J .  A. Berson and M. -Jones, Jr ., J .  Amer. Chem. Soc., 86, 5019 (1964).
D. W. Mathieson, J .  Chem. Soc., 3251 (1953); P. A. Plattner and G. Biichi, We are indebted to Professor Berson for a sample of this ketone.
Helv C htm .A cla, 29, 1608 U946). (14) E . N . Marvell, D. Sturmer, and C. Rowell, Tetrahedron, 22, 861

(11) W. F . Erman and H. C. Kretschmer, J .  Org. Chem., 33, 1545 (1968). (1966), and references cited therein.
(12) H. L. Finkbeiner and G. D. Cooper, ib id ., 27, 3395 (1562). (15) E . W. Colvin and W. Parker, J .  Chem. Soc., 5764 (1965).
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T a b l e  I

Results of the Analysis of Friedel-Crafts Products from 2 under Various Conditions
,------------------------------------------------------------Per cent area under peak®------------------------------------------------------------ >

Catalyst Solvent Ab B c Cb D6 E & F d G& He I &

S n C l4 C 10 H 2C H 2C1 40 5 29 13 14
C H C ls 48 5 17  4 26
C H 2C12 43 5 28 9 16
C S 2 33 7 42 10 8

AlCIs C 1C H 2C H 2C1 3  2  2  6  2 1  63 4
C C 14 6  6  28 16 17  19 2
C H C ls 6  5 1 2  44 27 6

C S 2 7  7 28 20 18 19 2
C 6H 12 37 52/ 2  4 2 4

Z n C V  C H C 13 50 11 30 7
C H 2C12 36 57 7

F e C l3 C 1C H 2C H 2C1 29 14 20 42 6

C H C U  17 56 17  10
C S 2 5  3 2 2  2 2  44 4

T iC U  C C 14 7 -<-------------  10 ------------- 5- 61 10 6

C S 2 15  -<-------------  13 ------------- >  56 5 1 2

<* T h e peaks are lettered in order of elution. b T h e substance responsible for this peak has not been identified. c T his com ponent is
7-b icyclo[3.3.1 ] nonen-2-one (3). d T his com ponent is 8-chlorobicyclo[3.3.1]nonan-2-one (4). «T his com ponent is 6-chlorobicyclo[3.3 .1]- 
nonen-2 -one (7 ). / T h is  com ponent is 2-bicyclo[3.3.1]nonanone (6 ). »R eactions w ith  Z 11CI2 were slow and these results repre
sent incom plete reaction.

system already considered for the preparation of 3, [3.3.1 ]nonanol was obtained as an equilibrium mix-
the use of aluminum chloride-dichloroethane for the ture17 of the two epimers.
preparation of the compound responsible for peak H, The position of the chlorine relative to the carbonyl 
of aluminum chloride-cyclohexane for the synthesis group was established by dehydrohalogenation to 6 -
of 6, and of titanium chloride-dichloroethane for bicyclo [3.3.1 ]nonen-2-one (8), a ketone previously iso
formation of 4  were examined further. lated by Rogers. 18 Since the nmr spectrum of 8 shows

Acylation with Aluminum Chloride-Dichloroethane. no deflection of the base line at 2.5-3.0 ppm, we can
-—As is indicated in Table I, the use of aluminum chlo- state that the dehydrohalogenation product must
ride in dichloroethane converts 2  mainly into one com- contain less than 5%  3. Thus the position of the
pound elected as peak H. This product is another chlorine at Ca is clearly established, but its orientation
monochloro ketone, C 9H13OCI, which has been assigned is uncertain. Allinger and Liang19 have shown that
the structure of 6-ehloro-2-bicyclo[3.3.1]nonanone (7) the orientation of a chlorine on a cyclohexane ring
on the basis of the data described below. I t  was can be deduced from the position of the C -C l stretch

in the infrared. Thus rc-ci for axial chlorine should 
0  be 661-678 cm " 1 and rC-c i f°r equatorial chlorine

O  / — y - f  /— y -\  should be 749-758 c m '1. Ketone 7 has two bands,
/' chciT \ / / KQH 3> \ / / one at 768 cm “ 1 and a second of lesser intensity at

J  1 ̂ 1 y  ^  715 cm-1. These suggest that 7 is a mixture of epi-
C1 mers.

, 7 \ Migration of a chlorine during internal acylation
V /  RaneyNi \  L lHSCH;f? is not without precedent. Nenitzescu and coworkers20

/ . \ 2 RaneyNi ,/ f3ccooh Et oh a \ have studied this phenomenon with some care, ana
QH \  have shown that the main product normally obtained

/ f  _____ /  ' has the chlorine atom on that carbon atom most
/ /  V >  /  \ \  distant from the carbonyl group which permits forma-
\ _ J _ J  \_L J  \— l—/  tion of a secondary chloride. Our results agree with

8 this generalization. That the chlorine migration can
indeed occur under the conditions of the reaction was 

isolated routinely in yields of 40%  on a preparative confirmed by treating 4 with aluminum chloride in 
scale. Removal of the chlorine atom by reductive dichloroethane. A good yield of 7 was obtained,
means proved difficult, but was ultimately accom- Synthesis of 2 -Bicyclo[3.3.1 Jnonanone (6 ).— Since 
plished in two ways. Wolff-Kishner reduction gave a the occurrence of hydride transfers in carbonium ion 
crystalline hydrocarbon which proved identical with reactions and particularly in Friedel-Crafts reactions21

2-bicyclo [3.3.1 [nonene. 16 Raney nickel desulfuriza- is well established, it seemed that the use of an ap-
tion of the ethylene dithioketal of 7 gave bicyclo [3.3.1 ]-
nonane These show that the carbon skeleton is once (17) e . n. Marvell and r . s. Knutson ibid. 35,388 (1970); k . h. Bag- 
again bicyclo [3.3.1 [nonane, and the second reaction vter. J- R. Dixon, J. M. Evans, and S. H. Graham, Tetrahedron, as, 299
suggests that reductive dechlorination should be pos- (18) We are indebted to Professor N. A. J .  Rogers of the University of
sible. This proved correct, since, when 7 was treated Lancaster for spectral data.

. . .  1 -IT j  o  9  'h im rr.ln  (19) N. L. Allinger and C. D. Liang, J .  Org. Chem., 32, 2391 (1967).
with a large excess of W-2 Raney nickel, 2-bicyclo (20) C, D . Nenitzescu and I. Gavat, Ann. Chirn. (Paris), 519, 260 (1935);

C. D. Nenitzescu, I. Gavat, and K . Coeora, Chem. Ber., 73, 233 (1940);
(16) J .  P. Schaefer, J .  C. Lark, C. A. Flegal, and L. M. Honig, J .  Org. C. D. Nenitzescu and A. M. Glatz, Bull. Soc. Chim. F t. 218 (1961).

Chem 32 1372 (1967). (2 D C. D. Nenitzescu, Chem. Ber., 69, 1820 (1963).
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propriate solvent might permit synthesis of 6 . This A n a l.  C alcd  for C iJT 220 (: C , 66.12; H , 8.72. Found: 
aim was realized when a hydrocarbon solvent was 6 6 -1 0 ; H , 8.62. 

employed. Studies with peutaue, 3-methylpeutaue,
cyclohexane, and methylcyclohexane at temperatures and C ooper . 12 A  solution of n-propylm agnesium  brom ide in 775
ranging from 0° to solvent reflux showed that the m l of tetrahydrofuran w as prepared from  32.1 g  (1.32 g-atom s)
use of cyclohexane at reflux was most effective. The of m agnesium  and 147.8 g  ( 1 . 2 0  m ol) of n-propvl brom ide under
main by-product was isolated by preparative glpc a  nitrogen atm osphere. T o  this w as added slow ly 2 9 m l of

, , , . ,. 1 , A r titanium  tetrachloride, and, after the vigorous reaction had sub-
and spectral examination showed that it was a hydro- sided> 1 0 8  g  ( 1 . 0 0  m ol) of 4-vinylcyclohexene w as added. T h e
carbon. Presumably, it is derived from the solvent reaction m ixture w as heated under reflux for 16 hr. A fte r  1 0 0

carbonium ion formed in the hydride-transfer process, m l of d iethyl ether had been added, the solution w as cooled to
but it was not examined further, since this hydro- — 5° and carbon dioxide w as passed over the stirred solution a t  a
carbon is easily separated from the desirec 6  by column w hlch perm itted m aintenance of the reaction m ixture below

chromatography, this route constitutes a very econom- T h e solution was treated w ith  a slurry of 550 m l of 1 0 %  sulfuric 
ical synthesis for 6  from 4-vinylcyclohexene in three acid and ice chips. T h e aqueous layer was extracted w ith  ether, 
steps with an overall yield of ca. 20% . and the combined organic layers were extracted w ith  2 0 %  sodium

Synthesis of 8-Chlorobicyclo [3.3.1 lnonan-2-one (4). hydroxide. C arefu l neutralization of the cold, basic solution 
. ,i i i r m i.i t , ,i . w ith  concentrated hydrochloric acid gave  an oil: bp 89-90°

—As the data of Table I  suggest, the most effective (0.05 m m ); yield  76 g  (4 9 % ); mp 3 3 - 3 5 ° (lit . 12 m p 3 1-3 2 °).
conditions for the preparation of 4 involve the use of M ethod B .— A  m ixture of 101 g (0.40 mol) of d ieth yl 2-(3- 
titanium tetrachloride in 1,2-dichloroethane. Isolation cycloh exen -l-y l)eth an e-l,l-d icarboxylate  and 750 m l of 1 0 %
of 4  from the product mixture was most conveniently aqueous potassium  hydroxide was stirred a t room tem perature

accomplished by distillation followed by low-temper- - J  “ S
ture crystallization. D e s p it e  the inefficiency of this acidic solution was extracted several tim es w ith  ether. E vap -
process, yields of ca. 30% pure 4 can be obtained oration of the ether gave  2-(3-cycloh exen-l-vl)eth an e-l,l-d i-
routinely. carboxylic acid, mp 1 2 0 - 1 2 1  ° after recrystallization from  benzene.

Cyclization of 1 in Polyphosphoric Add.—F in ally, c  "60*86• H ^ i o ^  CloHu0<: C’ 60'59; 7-12, hound:
an atte m p t to sim p lify the synthesis of 3 w as m ade b y  ’T h e  a(,0TO acid (74.5 g> 0.376 mol) was heated in 800 ml of 
treatin g 3-(3-cyclo h exen -l-yl)p ro p io n ic acid  w it h  p o ly - xylene at 132° for 16 hr. T h e xylene was removed b y  distillation
phosphoric acid (P P A ). N o  3 w as form ed in this and the residue was distilled, bp 87-88° (0.2 mm), to give 55.3 g

(9 5% ) of 3-(3-cyclohexen-l-yl)propionic acid, mp 3 4 .5-3 6°. 
q  M ethod C.— T o  29.8 g  (0.212 m ol) of 3-(3-eyelohexen-l-yl)-

QCOOH ppa  propanol9 in 1500 m l of acetone a t 0° w as added dropwise ca .
\ \ /  t f t  \  \  120 m l of a solution containing 32.0 g  of chromium trioxide and

J  7 \  \  /  /  27.6 ml of sulfuric acid. A s soon as the red color of the reagent
persisted for a few  m inutes, the reaction m ixture w as allowed to  

PPA stand overnight. A b o u t 500 ml of w ater w as added and the ace
tone was rem oved under reduced pressure. T h e organic product 

-  w as taken up in ether and was isolated b y  distillation: bp
f  |[ \  81-82° (0.6 m m ); m p 33-35°; yield  25.9 g  (79 % ).

3-(3-Cyclohexen-l-yl)propionyl Chloride (2 ).— T h is acid chlo- 
;] ride w as prepared from  the above acid b y  treatm ent w ith  oxalyl

q  chloride as described eariier.6d T h e crude product was used in
g the F ried e l-C rafts  step w ithout further purification. T h e  prep

aration of 2  w as also carried out in larger scale, as described 
below.

process, which gave an excellent yield of 2 ,3 ,4 ,5 , 6 ,7 -  A  solution containing 120 g (0.78 m ol) of 3-(3-cyclohexen-l-yl)-
hexahydro-l-indenone (9 ). Presumably, a  shift of the propionic acid and 69 g  of pyridine in 1 2 0 0  m l of d ry  benzene was
double bond precedes the ring-closure step. Thus by cooled to  5 ° . Purified th ion yl chloride (190 g , 1 . 6  m ol) w as

appropriate control of catalyst, solvent, and substrate, ¿ 7 .7 7 ™ ,S F  t t C S S S S t i S :
tins general synthetic route can be used to convert were removed under reduced pressure and th e product w as iso-
4-vinylcyclohexene into 3 , 4 , 6 , 7 , or 9  in reasonable lated b y  distillation, bp 58-60° (0.5 m m ), yield 115  g  (8 6 % ).
yields by a process involving no more than three T his product w as used w ithout further purification,
steps in any case. 7-Bicyclo[3.3.1]nonen-2-one (3).— T h e ketone 3 w as prepared

in 5 5 %  yield  according to  the procedure described earlier :6d 
nmr (CC14) 5 ca . 6.0 and 5.8 (modified A B , J ab =  9, T a x  =  

Experimental Section d 2  ® ), 2.82 (m, l  H „  and 2.6 - 1 .7 (br m, 9 H ).
8-Chlorobicyclo[3.3.1]nonan-2-one (4). Method A.— T h e still 

Diethyl 2-(3-Cyclohexen-l-yl)ethane-l,l-dicarboxvlate.— A residues obtained after the isolation of 3 as described above eon-
to sylate  w as prepared in 9 6 %  yield from  485 g  (4.34 m ol) of 3- tain  Ay fflpc analysis (190°, U con Polar colum n) m ainly a  m ixture
cyclohexen -l-ylm ethan ol9 according to  the m ethod of T ip so n . 22 ° f  ^ and These could be separated readily b y  chrom atog-
T h e crude tosylate , ir (neat) 1590, 1500, 1350, and 1180 cm “ 1, g raPhy on a c tiv ity  I I  alum ina, 3 being eluted w ith  10 -2 0 %
w as used directly  in the second step. T o  a solution containing benzene-pentane and 4 b y  80-100%  benzene-pentane as a w h ite,
0.61 mol of sodium  dieth yl m alonate in 450 ml of anhydrous crystalline m aterial: mp 40-46°; ir 1710, 750, and 684 c m " 1;
ethanol was added over a 5-hr period 154 g  (0.60 m ol of crude nm r (c c h) 5  4.4 (br s> 1 H ) and 2 .6 -1 .5  (br m , 12 H ).
to sy la te). T h e  reaction m ixture w as heated under reflux for 36 A n a l.  C alcd  for CgHigOCl: C , 62.61; II , 7.59. F ound: 
hr. T o  this w as added 250 ml of w ater, and m ost of the ethanol C > 62.80; I i ,  7.55.
was rem oved under reduced pressure. T h e  residue w as acidified M ethod B .— T o  a solution containing 10 g  (0.058 m ol) of 1 
w ith  dilute hydrochloric acid. T h e  organic layer w as separated in 5 0 0  m l_oi l>2 -dicU oroethane w as added dropwise 25 g  (0.13
and the aqueous layer w as extracted w ith  ether. T h e  desired mo1) of titanium  tetrachloride. A fter th e addition had been
product w as isolated b y  fractional distillation: bp 95-99° (2 com pleted, the solution was stirred for 6  hr a t 25°. A  slurry of
m m ); y ie ld  102.6 g  (70 % ); n wD 1.4620; ir 1740, 1650, 1465 ice chips in 500 m l of 10 %  hydrochloric acid w as added, and th e
1095, and 1055 cm -1 . layers were separated. T h e aqueous layer w as extracted w ith

methylene chloride, and the combined organic layers were dried 
( ) R. S. Tipson, J. Org. Chem., 9,235(1944). (NagSCh). After the solvent had been removed, the product was
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distilled through a  short colum n packed w ith  glass helices, bp ca . and extracted w ith  pentane. T h e  m ain com ponent of this
60-80° (0.8 m m ), yield  4.2 g  (38% ). G lp c analysis (V i in. solution w as isolated b y  preparative glp c (5 f t  X  0.25 in. 20 %
X  5 f t  SF-96 on Chrom osorb a t 150°) showed th a t this fraction  SF-96 colum n a t  135°): mp 6 1.5 -6 2 .5 °; yield  134 m g (34 % );
contained ca . 90 %  4 . F urth er purification w as achieved b y  ir (CC 14) 3050, 1710, and 1105 cm -1 ; nm r (CCU ) S 5.84 (d, 2 H ,
fractional freezing. A  product, mp 40-46°, w as obtained (28% ). J  =  3 H z) and 2 .6 5 -1 .6  (m, 10 H ); Xmax (C H 3O H ) 293 nm  (e 4 1).

6-Chlorobicyclo[3.3.1]nonan-2-one (7).— A  m ixture containing A  sem icarbazone derivative  prepared according to  the pro-
10.1 g  (0.059 m ol) of 2  and 17.2  g  (0.129 m ol) of alum inum  chlo- cedure of Cheronis and E n trik in 23 m elted a t 19 1-19 2 ° . 
ride in 240 m l of 1,2-dichloroethane w as stirred for 5 hr a t 25°. A n a l. C alcd  for C 10H 15N 3O : C , 62.12; H , 7.82. F oun d: 
T h e m ixture w as cooled in an ice b a th  and 120 m l of 10 %  hydro- C, 61.98; H , 7.69.
chloric acid w as added. T h e  aqueous layer w as extracted w ith  Method B .— K eto n e  7 (200 m g, 1 .16  m m ol) w as stirred for 
dichloroethane, and the combined organic layers were w ashed 36 hr w ith  a solution of 506 m g (2.32 m m ol) of silver trifluoro-
w ith  sodium bicarbonate and w ater. T h e solution w as dried acetate  in 10 m l of trifluoroacetic acid . T h e  p recip itate  was
(MgSO<) and the solvent w as rem oved in  vacuo. A fter rem oval rem oved b y  filtration, and the filtrate  w as diluted w ith  w ater and
of a  sm all am ount of liquid m aterial (2.0 g ), the product w as iso- extracted w ith  pentane. T h e  pentane solution w as w ashed free
lated from  the ta rry  residue b y  vacuu m  sublim ation, bp 165° of acid and concentrated in  vacuo. E xam in ation  of the concen-
(bath tem perature, 0.05 m m ). T h e  product w as purified b y  trate  b y  glpc (SF-96 column a t 160°) showed th a t th e reaction
resublim ation, giv in g 4 .12  g  (4 1% ) of 7: mp 78 -8 1°; ir (C S 2) had not proceeded to  com pletion (60%  from  glp c). T h e  produ ct
1710, 986, 768, and 715  cm -1 ; nm r (CC 14) 5 4.28 (br s, 1 H ) and w as isolated b y  preparative g lp c as above, g iv in g  42 m g (2 7 %
2 .6 -1 .4  (m, 12 H ). or 4 5 %  based on am ount of 7 consum ed) of m aterial, m p 6 1-6 2 ° .

A n a l. C alcd for C 9H 130 C 1: C , 62.61; H , 7.54; C l, 20.57. Hydrogenation of 3 .— A sam ple of 3 w as hydrogenated in 
F ound: C , 32.54; H , 7.62; C l, 20.42. m ethanol solution over palladium  on charcoal. T h e  cata ly st

A  sem icarbazone derivative  prepared according to th e pro- w as rem oved b y  filtration and the product w as isolated b y  prepara-
cedure of Cheronis and E n trik in 23 m elted at 18 4-18 5°. tive  glpc. T h e nm r and mass spectra of the com pound w ere

A n al.  C alcd  for CioHi6N 3OCI: C , 52.29; H , 6.97. F ound: identical w ith  those of an authentic sam ple of 6 .
C , 52.06; H , 6.98. 2-Bicyclo[3.3.1]nonene from 7.— A  sam ple of 7 (250 m g, 1.45

2-Bicyclo[3.3.1]nonanone (6 ).— A  solution of 10.0 g  (0.056 mm ol) w as mixed w ith  146 m g (3.01 m m ol) of hydrazine h yd rate
mol) of 2  in 150 m l of cyclohexane was added dropwise to  a  and 240 m g of potassium  hydroxide in 2.5 m l of dieth ylene g lyco l,
rapidly stirred suspension of 15 .5  g  (0.116 m ol) of alum inum  T h e  solution w as placed in a  10-ml flask fitted  w ith  a cold-finger
chloride in 11. of boiling cyclohexane. A fter addition w as com- condenser, and was heated a t 50° for 4 hr and then a t  200° for 4
plete, the m ixture w as stirred for 15 m in and cooled in an  ice hr. T h e solid w hich collected on the condenser w as purified b y
bath . C a. 300 m l of dilute hydrochloric acid w as added and th e preparative glpc (5 f t  X  0.25 in. 20 %  SF-96 colum n a t 100°),
organic layer w as separated, washed w ith  saturated sodium  sul- m p 99-100° (lit . 16 mp 9 6 .5 -9 7°), yield  80 m g (32% ).
fate , and dried (MgSO<). T h e solven t w as rem oved b y  dis- Bicyclo[3.3.1]nonane from 7 .— A  solution of 500 m g (2.9 
filiation  using a V igreux colum n, and the product w as isolated b y  m m ol) of 7 in a sm all am ount of anhydrous ether was com bined
distillation, bp 34-38° (0.02 m m ). T h e  solid w hich collected in w ith  0.5 m l of ethanedithiol and 8  drops of boron trifluoride
th e head w as washed out w ith  pentane and purified b y  sublim a- ethereate. T h e m ixture w as allowed to  stand a t room tem pera-
tion , mp 127-130 ° (capillary) ( lit . 14 mp 13 4 -13 7 °), yield 1.4 1 g . tu re fo r  2 hr, after w hich the excess ethanedithiol was rem oved b y

T h e  distillate w as analyzed b y  g lp c (15 f t  X  0.125 in. 5 %  azeotropic distillation w ith  absolute ethanol. T h e  residue w as
SE-30 on Chrom osorb G  colum n a t  150°) and w as found to  diluted w ith  5 m l of absolute ethanol and heated at reflux for 10
contain tw o im purities w hich eluted before th e ketone. Isolation  hr over 5.5 g  of W - 2  R an ey nickel.
of the im purities b y  preparative glpc (14 f t  X  0.375 in. 2 0 %  T h e  cata lyst w as rem oved b y  filtration, and th e filtrate  w as 
SF-96 on firebrick column a t 130°) and exam ination of their nm r diluted w ith  w ater and then extracted w ith  pentane. T h e  prod-
spectra showed only aliphatic hydrogen. u ct was isolated b y  glpc, mp 14 3-14 5 ° (lit . 16 mp 14 3 -14 4 °),

F or syn thetic runs th e d istillate  w as chrom atographed over yield 102 m g (28% ). 
a c tiv ity  I I  alum ina. T h e  im purities eluted in the first fractions 2-Bicyclo[3.3.1]nonanol from 7.— A  solution of 3 11  m g (1.8 1 
w ith  hexane as eluent and th e desired ketone w as eluted a fter mm ol) of 7 in 5 m l of m ethanol w as stirred a t  reflux w ith  3 g  of
these, mp 128-130° (capillary), yield  2.32 g . T h e  overall yield W -2 R an ey nickel for 10 hr. T h e  cata lyst w as rem oved b y  fil-
was 3.73 g  (4 6% ). tration. and extracted in a  Soxhlet apparatus w ith  m ethanol.

2,3,4,5,6,7-Hexahydro-l-indenone (9 ).— A  m ixture of 4.07 g  T h e  combined m ethanol solutions w ere diluted w ith  w ater and
(0.026 m ol) of 3-(3-cyclohexen-l-yl)propionic acid and 59 g  of extracted w ith  pentane. E vap oration  of the pentane gave  147
polyphosphoric acid w as heated on a  steam  b a th  for 2.5 hr. T h e  m g (4 7% ) of 2-bicyclo[3.3.1]nonanol. Purification b y  prepara-
reaction m ixture w as shaken a t regular in tervals during this tim e. glpc (5 f t  X  0.25 in. 20 %  SF-96 colum n a t 145°) ga ve  a sam ple,
T h e cooled m ixture was diluted to  200 m l w ith  w ater, and th is mp 178 -18 2° (lit . 16 m p 17 7 -17 8 °  for endo-2-ol and 17 6 -17 7 °
solution w as extracted w ith  ether. T h e  ether extracts w ere for exo-2-ol). G lp c comparison w ith  auth entic sam ples showed
washed w ith  w ater, dried (MgSO<), and concentrated in  vacuo. th is m aterial to  contain ca . 70 %  endo-2-ol and 30 %  exo-2-o\.
D istillation , bp ca . 70° (0.4 m m ), gave  2.66 g  (74 % ) of keton e, Reduction of 4 .— Crude product from  th e stannic chloride 
Xmax 238 nm  (log e 4.10 ) [lit . 24 Xmax 236 nm '(log e 4.09)]. T h e 2,4- catalyzed  reaction of 2  containing ca . 40 %  3, 30 %  4 , and 20 %  S
dinitrophenylhydrazone derivative  m elted a t 237-238° ( lit . 24 (glpc analysis) w as hydrogenated over palladium  on charcoal in
m p 238-239°). m ethanolic potassium  hydroxide (10 % ) un til no further hydrogen

6 -Bicyclo [3.3.1]nonen-2 -one (8 ). Method A.— A  m ixture of w as absorbed. T h e  cata lyst w as rem oved and the solution w as
500 m g (2.9 m m ol) of 7, 16 m l of benzene, 5 m l of ethylene g lyco l, neutralized w ith  dilute hydrochloric acid . W ater w as added
and 19 m g of p-toluenesulfonic acid w as heated under reflux for and the solution w as extracted w ith  pentane. A fte r  rem oval of
5.5 hr. W ater w as rem oved from  the reaction m ixture via  a  th e pentane, the residue w as purified b y  sublim ation. A n alysis
D e an -S ta rk  separator. T h e  reaction m ixture w as washed w ith  b y  glpc (SF-96 column a t 150°) showed th a t 3 and 4 had disap-
1 0  m l of 1 %  sodium  hydroxide, and th e aqueous layer w as ex- peared and a new product w ith  th e sam e retention tim e as 6

tracted w ith  ether. T h e  com bined benzene and ether solutions (internal com parison) had appeared. H ow ever, 5 rem ained
were washed w ith  w ater, and distilled until th e head tem pera- unaltered. T h e  m ass spectrum  of th e reduction product was
ture reached 80°. T h e residue (5 m l) showed no carbonyl or identical w ith  th a t of an authentic sam ple of 6 .
enol ether bands in the infrared. Dehydrohalogenation of 4 . Method A.— A  sam ple (400 m g,

T h is residue w as added to  a  solution containing 29 m m ol of 2.35 m m ol) of 4 w as treated w ith  1.0  g  of silver trifluoroacetate
sodium  glycolate  in 20 m l of ethylene g lyco l, and th e reaction as described under th e dehydrohalogenation of 7. T h e product
m ixture w as heated a t 155° for 4 hr. T h e  cooled solution w as gave  one peak on glpc analysis (5 f t  X  0.25 in. SF-96 colum n):
acidified w ith  10 %  sulfuric acid and extracted w ith  pentane. ir 3025, 1755, 1710, and 1645 cm -1 ; Xmax 297 nm (e ca . 100); nmr
M ost of the pentane was distilled from  th is solution and th e  (C C h ) 5 5.8 (m, 2  H ) and unresolved m ultiplets a t 3 .1 , 2.8, and 
residue w as heated under reflux w ith  10 m l of acetone and 7 m l o f 0 .9-2.7 .
4 %  sulfuric acid for 1 hr. T h e  solution w as diluted w ith  w a ter Method B .— K eto n e 4 (200 m g, 1.18 m m ol) and 400 m g of 
__________  . silver n itrate  were m ixed in 30 ml of 9 5 %  ethanol. T h e  m ixture

(23) N. D. Cheronis and J .  B . Entrikin, “Identification of Organic Com- was boiled for 8  hr, and after the solution had been diluted w ith
pounds,” interscienee Publishers, Inc., New York, N. Y ., 1963, p 320. w ater, the product w as taken up in pentane. T h e  product was

(24) R. L. Frank and R. C. Pierle, J .  Amer. Chem. Soc., 73, 724 (1951). collected from glpc and had spectral properties in full agreement
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w ith  those noted above. T h e  intensities of the 17 5 5 -and 1710- zone, 22482-57-1; 8 , 22482-58-2; 8  semicarbazone,
c m - 1 bands were approxim ately equal. 22482-59-3; diethyl 2-(3-cyclohexen-l-yl)ethane-l,l-

dicarboxylate, 22482-60-6; 2-(3-cyclohexen-l-yl)ethane-
Registry No.—2, 22482-52-6; 3, 16957-72-5; 4, 1,1-dicarboxylie acid, 22482-61-7; 3-(3-cyclohexen-l-

22482-54-8; 6,2568-17-4; 7,22482-56-0; 7 semicarba- yl)propionic acid, 22482-62-8.

T ransannular Reactions during Solvolyses of exo-2,3-Epoxybicyclo[3.3.1]nonane1

E l l io t  N . M a r v e l l , J u r g e n  S e u b e r t , D a v id  S t u r m e r ,2 and W il so n  F e d e r ic i  

D epartm ent o f  C hem istry, Oregon State U niversity, C orvallis, Oregon 97SS1 

R eceived A p r il  22, 1969

Solvolysis of exo-2,3-epoxybicyclo[3.3.1]nonane (1) a t 0° in trifluoroacetic acid gave (50-60% ) a m ixture of
7-bicyclo[3.3.1]nonen-exo-2-ol (3) and 6 -b icyclo[3 .3 .1 ]nonen-ex9-2 -ol (4). A cetolysis of 1 gave (95% ) a m ixture 
containing 5 3 %  diols and 4 7 %  enols. G lpc analysis of the tota l m ixture showed 4 6 %  exo-2-eredo-3-bicyclo[3.3.1]- 
nonadiol (9), 2 3 %  a m ixture of 3 and 4, 2 1 %  3-bicyclo[3.3.1]nonen-exo-2-ol (7), 5 %  exo-2-exo-7-bicyclo- 
[3.3.1]nonadiol (10), 3 %  a compound ten tative ly  identified as 7-bicyclo[3.3.1]nonen-exo-3-ol (8), and 2 %  
a diol ten tatively  assigned the structure e?ido-2-exo-3-bicyclo[3.3.1]nonadiol (11). T h e results are compared 
w ith  sim ilar solvolyses of cfs-cyclooctene oxide.

In 1944 the classic and elegant experiments of Thus it should provide an ideal substrate for study
Bartlett, Condon, and Schneider3 showed that hydride of the mechanistic details of transannular processes,
transfer from a nonactivated CH group to a carbonium The present paper reports a comparison of the behavior
ion can occur with great rapidity. With the exception of exo-2,3-epoxybicyclo [3.3.1 ]nonane (1 ) with that of
of such special reactions as 1 ,2-hydride shifts and cis-cyclooctene oxide8 under comparable conditions.9
cases where the product of reaction with the solvent Solvolyses and Product Identification.— Epoxidation 
regenerates the carbonium ion,4 this hydride shift was of 2-bicyclo[3.3.1]nonene was carried out by the
not found to compete successfully with reaction be- method of Payne. 10 The product was shown to be
tween the carbonium ion and a nucleophilic solvent. ea;o-2,3-epoxybicyclo [3.3.1 ]nonane (1) by reduction to
Thus the discovery that a transannular hydride shift the known exo-2-bicyclo[3.3.1  ]nonanol (2 ) .11 Sol-
will compete quite effectively with a nucleophilic volysis of 1 was performed first in trifluoroacetic
solvent for the carbonium ions of medium rings8 evoked acid, and a modest yield (50-60% ) of monomeric
considerable interest. Despite a great deal of effort product was recovered after hydrolysis with dilute
by a number of investigators,6 the relative importance base. The crude product was purified chromato-
of such factors as proximity of the CH group to the graphically and a crystalline enol was recovered. This
cation, strain in the ring, and hindrance to reaction enol was reduced to 2 , which shows that ring opening
with the solvent is not yet clear, and questions of occurred without loss of configuration at C2.
whether sequential ion formation, rearrangement, and Based on the assumption that this enol must be 
solvent reaction is required or whether partial or fully derived from a C7 carbonium ion, a mixture of 7-bicy-
concerted processes are possible have not been unequiv- clo [3.3.1 ]nonen-ezo-2-ol (3) and 6-bicyclo [3.3.1 [nonen-
ocally answered. The conformational mobility of exo-2-ol (4) is expected. However, we were unable
the medium rings has served to complex the investi- to separate the product either by glpc or thin layer
gative problem and has prevented a better understand- chromatography. Therefore, the enol fraction was
ing of the role which conformation must play in the oxidized by Jones oxidant. It is assumed that under
transannular hydride transfer. these conditions the position of the double bond is

Hoping to be able to answer some of these questions not altered, since this procedure is known to leave even
about transannular processes, we began a compre- sensitive ¡3,y double bonds unaltered. 12 The oxidation
hensive study of the chemistry of medium rings con- product, mp 55- 6 8°, was again inseparable on thin
formationally restricted by bridging. Our first efforts layer chromatography or glpc. Both 7-bicyclo [3.3.1 ]-
were directed at the symmetrically bridged cyclooctane nonen-2-one (5) 13 and 6-bicyclo [3.3.1 ]nonen-2-one (6 )14
ring, viz., bicyclo [3.3.1 [nonane. For molecules having were synthesized, and known mixtures of the two
only hydrogen on the endo sides of carbons 3 and 7,
this ring is known7 to have a double-chair conformation. (8) »  a . C. Cope, A. H. Keough, P. E. Peterson, H. E. Simmons, Jr.,

and G. W. Wood, J .  Amer. Chem. Soc., 79, 3900 (1957); (b) A. C. Cope,
(1) The authors are pleased to make acknowledgment to the donors of the J. M. Grisar, and P. E. Peterson, ib id ., 81, 1640 (1959); (c) A. C. Cope,

Petroleum Research Fund, administered by the American Chemical Society, G. A. Berchtold, P. E. Peterson, and S. H. Sharman, ibid., 82, 6366 (1960).
for support of this research. (9) After this study was virtually complete, a report of a similar study was

(2) Petroleum Research Fund Fellow, 1963-1964. published: R. A. Appleton, J. R. Dixon, J. M. Evans, and S. H. Graham,
(3) P. D. Bartlett, F. E. Condon, and A. Schneider, J .  Amer. Chem. Soc., Tetrahedron, 23, 805 (1967). Fortunately, their work was confined to form-

66, 1531 (1944). olysis while ours was limited to trifluoroacetolysis and acetolysis.
(4) See, e.g., P. D. Bartlett and J. D. McCollum, iòidi., 78, 1441 (1956). (10) G. B. Payne, ibid., 18. 763 (1962).
(5) V. Prelog and K. Schenker, Helv. Chim. Acta, 35, 2044 (1952); A. C. (11) J. P. Schaefer, J. C. Lark, C. A. Flegal, and L. M. Honig, J .  Org.

Cope, S. W. Fenton, and C. F. Spencer J .  Amer. Chem. Soc., 74, 5884 (1952). Chem., 32, 1372 (1967).
(6) For a recent review, see V. Prelog and J. G. Traynham, “Molecular (12) C. Djerassi, R. R. Engle, and A. Bowers ibid. 21, 1547 (1956).

Rearrangements,” Voi. I, P. de Mayo, Ed., Interscience Publishers, Inc., (13) E. N. Marvell, G. J. Gleicher, D. Sturmer, and K. Salisbury, ib id .,
New York, N. Y., 1963, pp 593-615. 33, 3393 (1968).

(7) M. Dobler and J. Dunitz, Helv. Chim. Acta, 47, 695 (1964); W. A. C. (14) E. N. Marvell, R. 8. Knutson, T. McEwen, D. Sturmer, W. Federici,
Brown, J. Martin, and G. A. Sim, J .  Chem. Soc., 1844 (1965). and K. Salisbury, ibid., 35, 391 (1970).
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could not be separated under the same conditions. r,—v—y /—v -\  /— r-\
However, 5 shows Xmax 297 m/i (e 184) and 6 has \  /  /  + \ /  /  +  \  /  / — 0H
Xmax 297 m/u (e 77). The oxidation product has ^
Xmax 297 mg (e 100), which would correspond to a OH OH
mixture of 79%  6 and 21% 5. Similarly, 5 has a 3 + 4  7 8(?)
single-proton resonance (multiplet at 2.82 ppm) in 23% 2 1 % 3 %
its nmr spectrum in a region where 6 has no absorption.
Integration of this region as compared with the two- .— -r ■. /
proton olefinic region as a standard indicated that the (  /  \  LlA1HlX
oxidation product consisted of ca. 80%  6 and 20% 5. '— 0 0Ac
Thus we consider that the enol from trifluoroacetolysis
of 1 is a mixture containing 20 ±  5%  3 and 80 ±  5%  4. /  'TA __/  VA /  VA.
Small amounts of a diol fraction were obtained (ca. \ /  / ""OH + HO \_J_)  ̂ \ /  /
5 -  10%) from the trifluoroacetolysis but were not \  \ \
identified. OH OH

9 10 11 (?)
/ r— \ 46%  5%  2 %CD ¿Sk (T\ iHi°*

1 __ /CH2cho .ch2cooh

F=ccooH C /  C /
'CHO 'COOH

C D  ^  G >  + C D  The diol fraction was separated into three com-
\ \  \ ponents by preparative thin layer chromatography.
OH OH OH The main constituent (46%) in the diol fraction was

2 3 4 shown to be a vicinal diol by oxidation with periodic
|Cl°3 acid. The ring-cleavage product was separated and

_____ _____ oxidized to the known15 m-3-carboxymethylcyclohex-
/  y \  + /  V \  anecarboxylic acid. This diol was not identical with
\—/—/  \— Z _ / exo-2-ea:o-3-bicyclo[3.3.1]nonadiol prepared by osmium

A0 '0  tetroxide oxidation of 2-bicyclo[3.3.1]nonene. If the
5 6 configuration is retained at either C2 or C3, then this must

be either exo-2-endo-3-hicyclo [3.3.1 ]nonadiol (9) or endo-
• , , • ,, „„„„„„ 2-exo-3-bicyclo[3.3.1 [nonadiol (11). Since 11 is ex-Acetolvsis of 1 was carried out in the presence of . , , • ;  , ,, , , , ,  , • „„„v “ . . . 1Ano rr , „ _______ pected to exist predominantly as a double-chair con-sodium acetate at 100 . ih e reaction proceeded K , ,, , . , r < rr, , j  . , wn 1 rp, former, it should exhibit abnormally high frequency C-Hslowlv and required ca. 72 hr. ihe crude reaction , , , rp,A . ,4 , ,  , • , , •, stretching and bending modes m the infrared.16 Theproduct was treated with hthmm alummura hydride « s  al ^  h  there_

and his product was ana ysed by g l p c E n d .  and ‘ structure 9, which should exist pref-
diol fractions were present m about equal amounts 8 conformer.
and each contained three’ com ponent The■ enol ftao- ¿ j  of intermediate abundance was shown to
to n  contained 23%  3 +  4  21%  3-b cycle [3.3 1 Jnonen- formolysis product which Applte
aro-2-ol (7), and 3%  of a fourth enol. A crude sample oi. .  assi d the ¿ n a tu re  10. A complete
o f the 21% com ponent of th e  enol fraction  w as isolated ’ ’  °  , ,. . , , ,
, /L\ . A  rp, . proof of structure for th e diol has n o t been carried
b y  p rep arative gipc. T h is  w as oxidized to th e kn ow n  V  structure d Qn ^  m ode of

3-bicyclo [3-3.1 ]nonen-2-one. 11 Since reduction of the A si le attempt to prepare the diol 10
entire enol fraction gave 2 as the only important ydroboration of 3 +  4  was not successful. Corn-
product, this second enol was assigned the structure 7̂  ”  1Q ig ted to adopt a double-chair conforma-
Partial confirmation of his assignment obtained and ^  acPcord ^  our assignment the diol prod-
by carrying out a formolysis of 1 under the pubhshed hag abnormal bands in the infrared at 2985 and
conditions® and showing by glpc comparison that the 16 The ^  onent of the diol fraction
constituent that the previous workers had assigned w&g isolated in i form and a complete

? m Ctn e L r S C PC W ° UrS-tflbn L ™ e  «Pectral examination was not possible. However, it difficulty of the separation, we were not able to prepare V acid) and on that basis was
bentativeiy assigned the structure 11.

tural assignment is based purely on the chemical data. Discussion
The minor constituent has not been fully identified,

but it is not identical with either of the alcohols ob- The results of the present study are not particularly 
tained from reduction of 6-bicyclo[3.3.1]nonen-2-one. surprising, but they are revealing with respect to some 
Assuming that the configuration at C2 or Cg must aspects of the mechanism of transannular processes, 
be retained, this eliminates all possible enols except ,  B Germain> w. w. Thompaon, and H. Pine,, j. ora.
6- bicyclo  [3.3.1 ]nonen-exo-3-ol (8). T h u s this stru ctu re c w ,  1 7 ,2 7 2  (1952).
is tentatively assigned to the minor enol. (16) G. EgUnton, J .  Martin, and W. Parker, J .  Chem. Soc., 1243 (1605).
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Consider first the probable routes to the products iso- by acetate ion. Either process requires an endo attack,
lated from 1. Clearly, ring opening of the epoxide which has no precedent in this ring system,
occurs preferentially in the expected manner via cleav- Comparison of these results with those of the sol- 
age of the equatoriallike C -0  bond and retention of the volysis of m-cycloocetene oxide ( 12 ) reveals several
axial. This is also favored by the formation of a car- striking relations. As Table I shows, the bicyclic
bonium ion at C3 which eliminates the transannular molecule shows an enhanced tendency to undergo
C3-C 7 hydrogen interactions. However, if our tenta- elimination,
tive structural assignments are correct, 'he presence
of 8  and 11 indicates that cleavage in the reverse T a b l e  I
direction can occur, albeit much less readily. The „  „ . „
formation ot 8 would require a 1,3-hydrogen shift Trans T rans-

from Cs to C2. Schaefer and Homg1̂  have found Vicinal Vicinal annular annular
Reactant Solvent diol enol diol enol

Q ^ oh * Q } - oh -  s ?  SSSS ::: ::: .“.
+ + 1 2 » H C O O H  13 1  53 33

l" H C O O H  24 2 36 36
evidence which points to this type of shift in a some- 12» H O A c -O A c -  77 . . .  9 11
what different case. 1 H O A c -O A c -  46 21 5 23

In view of the recent observation that solvolysis of »D a ta  from ref 8b. b D a ta  from ref 9. 
exo-7-methyl-eaio-3-bicyclo [3.3.1 |nonyl tosylate shows 
no kinetic isotope effect when deuterium is sub-
stituted for the endo 7 hydrogen,« the route of If1 however, the ratio of vicinal to transannular
Scheme I is suggested as the most likely for solvolysis P ™ *1®* “  conusldered’ the s te r n s  are very much

alike, although the monocyclic reactant has a slightly
greater tendency to undergo transannular reactions. 

S c h e m e  I This is quite different from the results with solvolysis
/  /  of the tosylates, where the bicyclic molecule shows a

r— ---- OH dramatically reduced transannular reactivity .19 Al-
though this has been attributed19 to the strain in 

/  Y / 0  y the 3,7 hydrogen bridged transition state, the epoxide
results suggest that the ratio of rates of transannular 

s' hydride shift vs. the collapse to normal products also
plays an important role. Thus the strain relief in 

/ s A the transition state for elimination may increase this
r— rat e in the bicyclic system as compared with the cyclo- 

/— qH ^ A^_^OH octane case enough to reduce the competition by
/  \[/' /  XJ transannular shifts.

v The results of acetolysis in the two systems shows
|| that the rear side of the carbon atom at which dis-
i placement occurs is more available in the cis-cyclo-

/  /  octene oxide as compared with 1 . Also the absence
^  —>. —' ~—y of cts-l,2-diol in both systems indicates effective pro-

sY' ^ tection of the carbonium ion by the hydroxyl group
' V V V in both cases. Finally, the analysis below indicates

, that the hydroxyl group may also play a further role
| in the transannular process.
< At present it is not possible to make an accurate

conformational analysis of the cfs-cycloocetene oxide 
^ qh solvolysis without making some assumptions. If we

f  "M r"' assume that 12  has a geometry only slightly distorted
HO—' V from one of the minima on the conformational surface

described by Hendrickson,20 it is possible to utilize 
of the bicyclic epoxide. Thus the initial protonated d&ta for the analysis. Thus, if the geometry re
epoxide is converted into a carbonium ion which reacts sembles the CC conformation, there would be four
either normally or transannularly. Complete absence different positions for the epoxide. Ring opening of
of cfs-1 ,2-diol in the product must mean that the ar)y one these at an equatoriallike bond would
hydroxyl at C2 protects the carbonium ion from exo fea^ 1° a carbonium ion which could pseudorotate
attack by the solvent, and that even in this relatively 111 the TCC/CC system without loss of stereospecificity
rigid molecule the protection is complete. Finally, f°r transannular processes of 1,3 or 1,5 types. For
the formation of the exo-2-endo-3-diol can be related other pseudorotational systems, i.e., B C /T B C ,
to solvent attack from the endo side of the ion or to T C /C , and B B / S 4/ B , a similar ring opening would 
direct Sn2 ring opening of the protonated epoxide £lve an 10T1 whose pseudorotation would destroy the

stereospecificity required (usually for the 1,3-hydride
(17) J .  P . Schaefer and L. M. Honig, J .  Org. Chem., 33, 2655 (1968).
(18) M . A. Eakin, J .  Martin, W. Parker, C. Egan, and S. H. Graham, (19) M . A. Eakin, J .  Martin, and W. Parker, ibid., 298 (1968).

Chem. Commun., 337 (1968). (20) J .  B . Hendrickson, J .  Amer. Chem. Soc., 89, 7047 (1967).
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sh ift).21 I t  has been fo u n d 18 th a t ea:o-7-methyl-endo- 45 m l of tetrahydrofuran  w as heated a t  50° for 24 h r. A  crude
3-bicyclo [ 3 .3 .1 ]nonyl to sy la te  undergoes transannular alcohol, mp 15 0 -170 °, w as obtained from  the m ixture a fter

, ] , , , m .  ■ ,i . ,i  hydrolysis of excess hydride and rem oval of the so lven t. G lnc
reactions to  a m oderate exten t. T h is  m eans th a t the p^riflc; tion (silicone SV 96 a t 148°) gave  a single alcohol, mp
in i t i a l  c a r b o m u m  io n , w h ic h  is  p r e s u m a b ly  a  c h a i r -  174 -176 ° (lit.11 mp 17 6 -17 7 °).
boat conformer, must convert into the chair-chair con- Trifluoroacetolysis of l . — A  cold solution of 3.6 g  (26 m m ol) 
former fast enough to permit the transannular hydride of 1 in 25 ml of pentane was added to  36 m l of trifluoroacetic acid
shift to com pete w ith  norm al so lven t reactions. I f  a t. 0 .' Thei solution w as stirred a t 0° for 4 hr- a fter w hich a
. . .  . n ,i • ■ , • ■■ solution containing 28 g of sodium  hydroxide in 125 m l of w ater
th e transition sta te  for this interconversion is assum ed w as added. T h is m ixture was stirred for 15 hr. T h e  organic
to lie at about the same energy level as that for the m aterials w ere extracted w ith  ether, and th e ether extracts were
chair-boat interconversion in cyclohexane, then the washed w ith  saturated sodium  sulfate solution. T h e ether layer
finding22 that the chair-boat form lies about 6 .5  kcal/ was dried (K2CO3) and the ether w as evap orated . T h e  crude

mol above the ol»ir form of cyclohexane leads to a g «  ^
barrier of c a .  4  5  kcal for the bicyclic lntercon.version. w hich w as further purified b y  sublim ation: mp 15 0 -1 5 1°;

A m o n g  t h e  g e n e r a l  m e c h a n is t ic  s c h e m e s  w h ic h  m u s t  ir (CSs) 3385 (br), 3040, 1096, 1060, 1040, 968, 955, and 715
b e  c o n s id e r e d  f o r  t r a n s a n n u la r  r e a c t io n s ,  o n e  ( S c h e m e  cm -1 ; nmr (C C fi) 5 5.73 (m, 2 H ), 3 .77  (broad s, 1 H ), 2.22 (s,
I I ) ,  which finds the substrate converted into a car- 1 If), 2.20 (m 2 II), ] . 9 6 ( m 4 II)  and 1 6 3  (br m , 6 H ).

n  A n a l. C alcd  for C 9H uO : C , 78 .21; H , 10 .21. Found:
C , 77.99; H , 10.23.

S ch em e  I I  A cetolysis of 1.-— A  solution of 93 m g (0.067 m m ol) of 1 and
solvent 145 m g (1 .7  mm ol) of sodium  acetate  in 2.9 ml of glacial acetic

substrate y - * - C + (conformer A ) ------- >  product A  acid w as heated in a sealed tu be for 73 hr at 100°. W ater was
added to  the cooled reaction m ixture, and the solution w as ex- 

fcn.0 tracted  w ith  ether. T h e dried (M gSCh) extracts were treated
w ith  an excess of lithium  alum inum  hydride a t  25° for 24 hr. 

P +  imnfnrmAr R ) S° V<>\  nrnHupt R  Excess hydride w as destroyed and th e solution w as treated w ith
ka 0 .1 N  hydrochloric acid. T h e organic products w ere taken  up

. I f  in ether. T h e solution w as concentrated in  vacuo  and analysis
H >| j via  g lpc (12 f t  X  0.125 in. 5 %  F F A P  colum n a t 193°) showed 4 7 %

„  , , . s°lvent enol and 5 3 %  diol. T h e diols separate in three peaks, 11 (2 % ),
C +  (transannular) — *■ product T  9 (46% )j and 10 ( 5 % ) . A n alysis of the enols on the sam e column

. showed three peaks, 7 (2 1% ), 3 +  4 (23% ), and 8 (3 % ).
. . . . .  Identification of Trifluoroacetolysis P rod uct.— T h e enol mix-
bom um  ion w hich can react w ith  so lven t d irectly  b u t tu re was obtained as a  solid, mp 15 0 -1 5 1° , as w as described
m ust undergo a conform ational change before a trans- above. A  sample of the enol (53 m g, 0.38 mm ol) w as hydro-
annular reaction can occur, is of considerable irnpor- genated over palladium  on charcoal. T h e product was purified
tance. F o r this m echanism  th e heigh t of the en ergy b>r sublim ation, mp 176 -17 9 °, and w as identical b y  b o th  glpc
, . a j, , .  , ■ , • • f  analysis and spectral exam ination w ith  an authentic sam ple of
barrier for conform ational m terconversion is ol crucial 2 23

im portance. I f  it  w ere too high, then  k c <  k \  and A  further sample of enol, mp 13 4 -14 1° , isolated from  chrom a- 
th e transannular reaction w ould be excluded. T h e  to grap hy on alum ina and sublimed once (79 m g), w as dissolved in 
d ata  ab o ve suggest th a t a barrier m uch in excess 20 m l of acetone. A n  aqueous solution containing 2.67 g of
of 5 kcal/'m ol w ould exclude th e transannular reaction. chro1™  anhydride and 2 3 mi of sulfuric acid in 10 m l of solution

. .  . n  . , was added drop wise to  th e acetone solution cooled to  — 8 m  an
T h u s in. accounting for stereospecificity in a  trans- ice-sa lt bath . W hen th e orange color persisted (c a . 0.25 m l of
annular reaction, conform ational interconversions re- oxidant), the solution was stirred for 20 m in and a few  drops of
quiring energies ab o ve 5 k cal/m o l m igh t be ignored m ethanol w ere added. T h e solution was diluted w ith  w ater and
w hile those of lower a c tiv a tio n  en ergy w ould neces- neutralized w ith  sodium bicarbonate. O rganic products were

. , , , i ■ , , T7i i __j.____  taken up m ether and the solution w as dried (ivlgb04). E v a p -
s a n l y  h a v e  t o  b e  t a k e n  in t o  a c c o u n t .  F o r  c y c lo o c t a n e  oration ^  th e ether gave  80 m g of solid w hich showed a single

ch em istry H endrickson ’s calculations in dicate th a t peak on glpc (5 %  S E -3 0 on  Chrom osorb W ). A fte r  sublim ation,
all pseudorotation processes w ould h a ve  to be con- 49 m g of w hite solid, m p 55-68°, w as obtained: Xma* 297 nm
sidered b u t all sym m etrical interconversion m odes (« ca. 100); nmr (CC1*) s 5.8 (d, 2 H ), 2.8 (m, 0.2 H ), and 2 .6 -

could safely be ignored. As a result the stereospecificity Trifluoroacetic Acid.-An im pure sam ple of
of the transannular reactions can be accounted lor 7 , mp 127-131°, isolated from  th e acetolysis product b y  prepara-
only if (a) the carbonium ion formed by ring opening tiv e  gas chrom atography, w as stirred w ith  trifluoroacetic acid a t
falls into the T C C / C C  conformational system, (b) 0° for 4 hr. T h e reaction m ixture w as worked up as described
the ion falls into another conformational system and under the solvolysis and the product w as purified b y  sublim ation.
. . . .  , , • . ,, i  „ „  T h e  infrared and nm r spectra w ere identical w ith  those of the
t h e  h y d r o x y l  g r o u p  r e s t r ic t s  t h e  p s e u d o r o t a t io n ,  o r  startin g m aterial.

(c) th e conform ations in vo lved  do n ot belong to  a n y  Identification of A cetolysis P roducts.— T h e aceto lysis product 
of the sym m etrical ones stu died b y  H endrickson. In - w as separated into diol and enol fractions either b y  column chro-
vestigatio n  o f th e altern ative  b is u n d erw ay a t present. m atography (alum ina a c tiv ity  I I / I I I ,  benzene-ether follow ed

b y  m ethanol) or preparative layer chrom atography [alumina 
M erck  P F 264, m ethylene chloride-m ethanol (9 5:5)].

E x p e r im e n t a l  S e c t i o n  D iol Fraction.— T h e diol fraction  w as separated into three
com ponents b y  preparative layer chrom atography. O ne com- 

exo-2-exo-3-Epoxybicyclo[3.3.1]nonane (1). T h is  com pound ponent (5 % ) separated on the alum ina p late  w ith  m ethylene
w as prepared b y  th e m ethod of P ayn e10 using the directions of chloride-m ethanol (95:5). T h e  other tw o (2 %  and 4 6 % ) were
M arve ll and K n u tso n .22 T h e  product, m p 18 2-18 3°, wa,s puri- separated using alum ina w ith  m ethanol as eluent,
fled b y  preparative layer chrom atography and w as obtained in T h e 5 %  component (10) w as a w hite crystalline solid: mp
c a .  30 %  yie ld . 2 15 -2 16 ° after sublim ation and recrystallization  from  ethanol

exo-2-Bicyclo[3.3.1 ]nonanol (2).— A  m ixture of 0.53 g  (3.8 (lit » m p 204°); ir (CC 14) 2985, 2920, 2885, 2875, 2854, 1485,
mm ol) of 1 and 1 .1  g  (3 m m ol) of lith ium  alum inum  hydride in 1466j and 1446 cm - i ; +  (K B r) 3350, 1355, 1280, 1265, 1090 (s),

(21) I t  should be noted that 12 gives only c*s-l,4-cyclooctanedioI, and that
this is formed by both 1,5- (61% ) and 1,3-hydride shifts (39%)*« (23) We are indebted to Dr. Jack Martin, The University, Glascow, for

(22) E  N. Marvell and R . S. Knutson, J .  Org. Chem., 35, 388 (1970). furnishing us with spectral data on this compound for comparison purposes.
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1062 (s), 998, 973 (s), 956 (s), and 902 (s) c m - ';  nmr (CHC1*) 5 son ( 1 2  f t  X  0.125 in. 5 %  F F A P  column a t 14 5°) to  be identical
3.9 (br s, 2 H ), 3.5 (br unresolved m , 2 H ), 2.0 (m, 5 H ), and w ith  the m ain component of the trifluoroacetolysis, i . e . ,  3 +  4.
1.6 1 (br s, 7 H ). A  sam ple of 10 w as prepared according to th e T h e minor component (3%  of the solvolysis product or 6 %  of the
directions of A ppleton , et a l . , 3 and spectral comparison showed enol fraction) was not isolated, b u t w as shown b y  glpc comparison
it to  be identical w ith  the 5 %  diol above. to be different from  the hydride reduction products of either 5

T he 2 %  component (11) was not isolated in pure form , being or 6 . 
contam inated w ith  stopcock grease and traces of alum ina. T h is A  sam ple of the enol iraction  (110 m g) was hydrogenated over 
crude m aterial (84 m g) w as stirred a t 25° w ith  75 m l of 0.0125 M  palladium  on charcoal in m ethanol solution. T h e m ain product
potassium  periodate solution and 7.5 m l of 2.0 N  sulfuric acid was collected from  a preparative gas chrom atographic run: mp
for 24 hr. T itratio n  according to the directions given b y  Jack- 176 -178 °; ir 3400, 2980, 1480, 1040, 982, 963, and 910 cm -1 .
son24 showed th at periodate equivalent to  17.4  m g of diol w as T h e spectral data  and m elting point iden tify  this as 2.
consumed. P artial separation of the tw o m ain enol com ponents w as

T h e 4 6 %  component (9) w as isolated as a crystalline solid achieved in a preparative scale gas chrom atography run on 5 ft
and was purified b y  sublim ation: mp 1 18 -12 1°; ir (K B r)  X  0.25 in. 20 %  SE-30 on Chrom osorb W  colum n at 90°. A
3320, 1150 (w), 1074, 1052 (s), 1034, 1008 (s), 996, 906, and 720 crude sample enriched ir. com ponent 7 (2 1%  of the solvolysis mix-
c m - ';  ir (C C h ) 2930, 2872, 2856, 1468, and 1466 cm “ 1; nm r ture) w as obtained: mp 12 7 -13 1 °; ir (CC14) £620, 3360 (br),
(C H C lj)  5 4.05 (br s, 2 H ), 3.49 (m, 2  H ), 2 .16  (m), 1.93 (br 3020, 2920, 1458, 1446, 1250, 1220, 1067 (w ), 1045 (m ), and 985
s), 1.58 (b rs), and 1 .0 -2 .4 (12  H ). c m " 1 (s); nmr (CC14) S 5 .5-6.0  (m, 2 H ), 3.82 (unresolved, 1 H ),

A n a l. C alcd  for C SH 16Q2: C , 69.19; H , 10.32. Found: 2.23 (m), 2.08 (s, 1 H ), 2.0 (m), 1.5  (br s), and 1 .2 -2 .4  (11  H ).
C , 69.48; H , 10.38. Com pound 7 is reported 11 to  m elt a t  10 3-10 3.5°, b u t the overlap

A  sam ple (118 m g, 0.76 mm ol) of this diol w as oxidized w ith  betw een the peaks for enols 3 + 4  and 7 , even on an analytical
periodate as described above. In  24 hr a t 25°, 1 1 3 %  of the theo- level, prevented isolation of pure 7 on a preparative scale,
retical am ount of periodate w as consumed. The reaction mix- A  portion of this enol (125 m g) w as treated w ith  200 m g of
ture w as concentrated in  vacuo, saturated w ith  sodium  chloride, chromium trioxide in 5 ml of pyridine a t  25° for 14 hr. T h e
and extracted w ith  chloroform. T h e extracts were dried solution w as diluted w ith  ether and an excess of w ater was added.
(M gSCh) and the solvent w as evaporated to  give 130 mg of solid, T h e ether layer w as separated and passed through an a c tiv ity  IV
mp 15 4 -15 6 °, w hich reacted w ith  dinitrophenylhydrazine and alum ina colum n. T h e ether eluate w as concentrated and the
showed bands in the infrared a t 2710 and 2810 cm “ 1. T reatm ent ketonic products were separated b y  preparative gas chroma-
of the crude m aterial w ith  30 %  hydrogen peroxide gave a crystal- tography (10 %  SF-96 cn silanized Chrom osorb a t  114 °) . T h e
line acid, mp 15 3 -15 5 ° (lit . 15 mp 150 -15 2 °). m ain product w as isolated as a w hite solid: mp 98-100° ( lit .11

Enol Fraction.— G lpc exam ination of the enol fraction showed mp 9 7 .5-9 8 .5°); ir (C C h ) 1675 cm -1 ; u v  Xmax 235 nm ; nmr
three com ponents. T h e  m ajor com ponent (23%  of the solvolysis (C C h ) S 6.89, 6 .12  (modified A B , 2 H , J ab =  9.8 H z), and
product or 50 %  of the enol fraction) was shown b y  glpc com pari- 1 .5 -2 . 8  (m, 10 H ).

(24) E . L. Jackson, Org. Reactions, 2 , 341 (1944). R e g i s t r y  H o .  1 J 13366-99-9, 9 ,  22485-96-7.
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W hereas lactonization of camphene-8 -carboxylic acid w ith  form ic acid has been reported to give (3 lactone 2 , the 
initial product has been identified as the y  lactone 3. T h e structure and configuration of bornane-l-carbo-2-ea:o- 
lactone (3) have been established b y  conversion w ith  excess phenvllithium  into the same glycol 10 as obtained from
10-benzoyl-2-eto-bornanol (9) w ith  excess phenylm agnesium  brom ide. T h e configuration of 8 , previously re
ported as the endo  alcohol, was proven b y  degradation to isoborneol (2-exo-bornanol). A  second lactone, exo-2,3- 
dim ethyl-endo-3-hydroxynorbornane-enio-2-acetic acid lactone (4), is produced from  1 and 3 on longer heating 
w ith  form ic acid or prolonged standing w ith trifluoroacetic acid. A  third lactone, e»do-2,3-dimethyl-exo-3-hy- 
droxynorbornanane-exo-2 -acetic acid lactone (5), is also form ed in sm all quan tity. Lactone 5 is the m ajor or ex
clusive product when 1, 3, or 4 are treated w ith 10 %  sulfuric acid-form ic acid for 6.5 hr, 50 %  sulfuric acid, or con
centrated sulfuric acid, respectively. T h e structure and configuration of lactone 5 have been unequivocally es
tablished b y  degradation to 9-m ethylcam phene, which has been synthesized b y  a stereospecific reaction sequence.
Convenient syntheses of op tically  active 1 from  nopol (10-hydroxym ethyl-a-pinene) and camphene via  camphene-
8 -m ethanol are described, and it  is noted th at lactonization of optically  active 1  is accompanied b y  com plete 
racem ization. D euterium  exchange reactions involving 1 and the lactones 3, 4, and 5 are described and a prob
able m echanistic p athw ay from  1  to the lactones is suggested. F in ally, hydrochlorination of 1, previously de
scribed b y  Langlois, is shown to produce ezo-2-chlorocam phane-10-carboxylic acid rather than the reported 2 - 
chloro-3,3-dim ethylbornane-2-acetic acid.

For a number of years, studies in one of these lab- phene racemization,4'6 while studies in the other lab
oratories have been concerned with the various types oratory have been concerned with devising simple
of rearrangements encountered in the camphane-iso- synthetic routes to certain terpene intermediates.6 In
camphane systems3-6 with particular attention to cam- the course of these studies the attention of both groups

of investigators was attracted independently to a paper
(1) Work supported in part by Public Health Service Grants CA 05406

and 10202 from the National Cancer Institute and a Faculty Research Grant (3) W. R . Vaughan and R. Perry, Jr ,,  J .  Amer. Chem. Soc., 74, 5355
from the Horace H. Rackham School of Graduate Studies, The University (1952).
of Michigan. Inquiries should be addressed to W. R . Vaughan, The Uni- (4) W. R. Vaughan and R . Perry, Jr .,  ibid., 75, 3168 (1953).
versity of Connecticut or J .  Wolinsky, Purdue University. (5) W. R . Vaughan, C. T . Goetschel, M . H. Goodrow, and C. L. Warren,

(2) Abstracted in part from Ph.D. dissertations The University of Michi- ibid., 85, 2282 (1963).
gan, by F . S. Seichter, 1959, and R . R . Dueltgen, 1967, and by S. Grey, (6) J .  Wolinsky, D. R . Dimmel, and T. W. Gibson, J .  Org. Chem., 32,
1968, Purdue University. 2087 (1967).
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by Langlois7 in which camphene-8-carboxylic acid (1) Conditions which favor the production of lactone 4 
was converted by treatment with formic acid or formic- as the major lactonic product (see Table I) include
sulfuric acids into a substance with unspecified optical allowing acid 1 to stand in trifluoroacetic acid for
properties alleged to be ¡3 lactone 2. In view of the any length of time in excess of 9 days, heating it with
unusual stability of this lactone, both groups were formic acid or trifluoroacetic acid for longer than 3-4
prompted to reexamine the lactonization of camphene- days, or heating it with 10% sulfuric acid in 90%
8-carboxylic acid, and it may now be jointly reported formic acid7 for 30-90 min. Lactone 4 is readily iso-
that, depending upon conditions, one or more of three lated in pure form by recrystallization from pentane,
different lactones, 3-5, are produced. In this paper
the structures of these lactones will be delineated T a b l e  I

and probable pathways for their formation will be L a c to n iz a t io n  o f  C a m p h e n e -8 - c a r b o x y l ic  A c id  (1 )
considered. Lactone Lactone Lactone

Conditions Time 3, % 4, % 5, %

K  90 %  form ic acid 1 hr 2 8 .2  18 .8
[\  a t 100° 2 hr 3 1 .1  25 .2

^  r ^ > c CH:‘ 6 h r ° 2 0 - 5  4 1  - 9  ?
%  CH, 4 days 9 .9  7 3 .1  7

j ■ J  O 10 days 6 .5  8 1 .0  ?

¿ o ,H  CH  —  CO 14 days 8 4 .5  1 5 .5
j " 2  C F 3C 0 2H  at 25° 2  hr 9 .0

6  hr 12 .3  1 .7
CH, ,GHs K 16 hr 2 3 .8  3 . 2

/ V  CH, 2 days 50 9 .4
/ %  > C 0  6  days 4 6 .4  4 2.8

nT \  9 days 4 1 .7  54
\ / \  CH, \ 15 days 2 6 .4  7 3 .6

ILC-— r'n CH3 * 25 days 100 T race
W  4  5  C F 3C O 2H  at 72° 3 .5  days 79 .4  2 1 .6

10 %  H 2SO 4 in  0 .5  hr 92 9
CH: k s /CH, form ic acid 1 . 0  hr 82 .5  1 7 .5

3 .0  hr 57 43

liCi 0H" 6 .5  hr 37 63
1   *■  / - 7 ^ / c . I  ----- *  5 0 % H 2SO 4 0 .5  hr 47 53

\ 1 .0  hr 45 55
| 2 H 2 .0  hr 2 5 .6  74 .4

CO,H 9 5 %  H 2S 0 4 a t 0° 6  hr 1 1  89

31 CH, CH, a A n  unknown product w ith a m eth yl resonance a t 5 0.8 ppm
1. builds up to a m axim um  of 2 5 %  a t 6  hr and disappears slow ly

.CH 3 thereafter.

^  (=].]. \ Prolonged heating of acid 1 with 10% sulfuric acid-
2 | Cl 90%  formic acid, heating it at 150° with 50%  sulfuric

CO,H acicj; or allowing it to stand at 0° with 95%  sulfuric
acid for 6 hr gives lactone 5 as the major product.

/ L H  Finally, it was observed that treatment of a-pinene-
' 10-carboxylic acid with trifluoroacetic acid for 4 months

CH CO H gave a poor yield of a lactone mixture which appeared
2 2 to be predominantly lactone 4.

The three lactones, whose properties are listed in 
Table II, are isomeric and presumably arise as a con- 

The conditions described by Langlois7 for the lac- sequence of rearrangements common to the extremely
tonization of acid 1 were followed explicitly and solids labile bicyclic systems from which they are neces-
were obtained whose melting points corresponded ex- sarily derived. We turn next to explicit proofs of 
actly with those reported. When acid 1 was heated structure for each of the lactones, 
for 1-2 hr in 90%  formic acid7 or allowed to stand 
at ambient temperature in trifluoroacetic acid for 3
days, a lactone mixture was produced from which T a b l e  II
pure lactone 3, mp 198.5-199.5°, could be obtained P r o p e r t ie s  o f  L a c t o n e s  3-5

bv recrvstallization. Examination of the nmr spec- ,I r  ,  g1p°“ „  ^

trum of th.6 moto.6r licjliors from trio formic £tcicl f£tc- tone Mp, °C stretch, n time, min CH3CCH3 HCO
tonization demonstrated the presence of lactone 4. As 3 19 8 .5 -19 9 .5  5 .6 5  19 .8  0 . 9 4  4 .1 9
shown in Table I, optimum conditions for the pro- 0 .98

duction of lactone 3 involve heating acid 1 for 1-2 4 170 -171 5 .6 5  20 .6  1 .1 6
hr in formic acid or allowing it to stand in trifluoro- 1 .3 2
acetic acid for 2-3 days. Optically active acid 1 gave 5 15 7 -16 1  5 .6 5  2 7 .6  1 . 1 2

optically inactive 3 using these methods. 1 •32
« D E G S  a t 175 °, 12 psi, 10 -ft column. b 8 in parts per m illion

(7 ) G. Langlois, Bull. Soc. Chim. Fr„  41, 384 (1927). (60 M e, internal T M S ).
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Scheme I
Configuration Proof for 3 and 9

\  H'  CH2COC6H5 h /  c h , h '  c o 2h  h '  c o c i

9  COC6H3 1 8  1 9

.  17
C,H,MgBr , /

C6H5M g B r /  Na0H NaBH,

\  /  HOC(C6Hr) 2 H CH2OH h  CH3 4. NaOH H CH2OH

C03 10 20

Examination of the infrared spectrum of 3 immedi- benzoylisoborneol (9). Originally, it was planned
ately disposed of Langlois’ /3-lactone hypothesis, since to degrade 3 via the Barbier-Wieland procedure, and
the carbonyl absorption corresponds to tiiat charac- to this end it was converted by treatment with excess
teristic of a typical y lactone. If 1 experiences a phenylmagnesium bromide into 10-(diphenylhydroxy-
rearrangement typical of the camphene system, it methyl)isoborneol (10), which could also be obtained
seemed likely that 3 should be identical, except for by treatment of 9 or its acetate with excess phenyl-
its lack of optical activity, with a lactone obtained lithium, thereby establishing both structural and con-
by Bain8 as a minor product of treatment of endo-2- figurational relationships between 3 and 9. Unfor-
chlorocamphane-10-carboxylic acid (6) with base. tunately the attractive prospect of such a degradation
Comparison of infrared spectra of optically inactive 3 could not be realized directly. Thus simple dehy-
and optically active lactone kindly furnished by Dr. dration of 10  afforded a cyclic ether 1 1 , and acetyla-
Bain established the identity of the two lactones, and tion of the secondary hydroxyl yielded the glycol
consequently provided a strong inference as to the monoacetate 1 2 , which upon dehydration afforded 10 -
structure of 3. benzhydrylideneisobornyl acetate (13), which failed

Further inferences regarding the structure of 3 are to react with ozone, as did its hydrolysis product,
possible. The skeletal arrangement is confirmed by 10-benzhydrilideneisoborneol (14). Nor was it pos-
lithium aluminum hydride reduction to 10-hydroxy- sible to oxidize the double bond in 13 or 14 with any
methylisoborneol (7), which was oxidized according other reagent. On the other hand, 14 could be oxidized
to the Jones procedure9 to the known camphor-10- to 10-benzhydrilidenecamphor (15) by Jones reagent,9
carboxylic acid (8) (eq 1), and the exo configuration and sodium borohydride reduction of 15 regenerated

14. The only reaction affecting the double bond in 
this system was catalytic hydrogenation of 13 to give 

Cro 10-benzhydrylisobornyl acetate (16).
3 —— T /  —A- / O L  /  (1) However, 9 was readily acetylated to a 10-benzoyl-

^  C l i X  isobcrnyl acetate (17), and 17 could be oxidized, albeit
] | 2 O in poor yield, to exo-2-acetoxyapocamphane-l-car-
CH2OH CO.H boxylic. acid (18).12 Conversion of the carboxyl group

7 8 into methyl involved acid chloride (19) formation,
reduction by sodium borohydride to the carbinol 20 

of the oxygen at C-2 in 3 is suggested by the nmr (which upon hydrolysis of the acetate afforded the
spectrum of diol 7, in which the multiplicity of the known 10-hydroxyisoborneol13,14), and an adaptation
C-2 proton is characteristic of an endo 2 proton and of Stork’s conversion of hydroxymethyl groups in the
the substantial nonequivalence of the geminal methyl cantharidine synthesis15 into the present system. Iden-
groups is typical of bornane derivatives with an exo tification of the final product as isoborneol was ac-
hydroxyl group. 10 complished by comparison of infrared spectra, melting

The configuration of 3 was definitively established points, and mixture melting points and preparation and
via the following correlation. The reaction product comparison of p-nnrobenzoates. This degradation
of camphene with benzoyl chloride in the presence (see Scheme I) explicitly defines the configuration of
of aluminum chloride upon hydrolysis, had been the lactone 3 as well as that of 10 -benzoylisoborneol
reported as 10-benzoylborneol,u whereas its degrada- (9).
tion to isoborneol (Scheme I) requires that it be 10- We turn next to the gross structures of lactones

.... r t, „ ■ . -v, t, . „ t tt „ , „  , , 4 and 5. Both lactones displayed the characterististic(8) J ,  P. Bam, A. H. Best, B . L, Hampton, G. A. Hawkins, and J. L.
Kitchen, J .  Amer. Chem. Soc., 72, 3124 (1950). (12) P. Lipp, H. Braucker, and H. Sauer, ibid., 73, 1146 (1940).

(9) K . Bowden, I . M. Heilbron, E . R . H. Jones, and B . C. L. Weedon, (13) B . A. Arbuzov and Z. G. Iseva, Zh. Obshch. K him ., 21, 1250 (1954).
J .  Chem. Soc., 39 (1946). (14) T . Kuusinen, Suomen Kemistilehti, B , 31, 179 (1958).

(10) J .  Muaher, Mol. Phys., 6, 93 (1963). (15) G. Stork, E. E . Van Tamelen, L. J .  Friedman, and A. W. Burgstahler,
(11) P. Lipp, P. KUppers, and H. Holl, Chem. Ber., 60, 1575 (1927). J .  Amer. Chem. Soc., 76, 384 (1953).
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Scheme II
Structure Proof for 5

¿ h g "  Ayr«-
\ cHs \ uc h 3 c h 3 c h 3

5 21 22
SOCi2
pyridine

r - I ^ X C A  J ^ C .  OH- . K / H A O A c

c h 2 c h 2 c h 2

25  2 4  23

' LCHjLi
2. -H20

-  a ?
o  \ )  \ )

26

7 -lactone absorption of 5.65 y, which eliminates pos- Prior to the availability of nmr and mass spectro- 
sible formulations involving a 5-lactone ring. The metric data, it was thought that 4 might possibly
nmr spectra of lactones 4 and 5 exhibit two distinctive be the endo isomer of 3. Samples of 4 prepared from
singlet methyl resonances (see Table II) and wholly a-pinene18-20 or from nopol (10-hydroxymethyl-a-
lack a signal for a proton on an oxygen-bearing carbon pinene) resisted crystallization. However, it was pos-
atom. The mass spectra of 4 and 5 are almost identical sible to treat the impure 4  with excess phenylmag-
and show abundant ions at m/e 43, 67, and 112 which nesium bromide and obtain the same glycol (27) as
correlate16 with the breakdown pattern shown in could be similarly prepared from pure samples of 4,
eq 2. Taken together, these observations establish thus confirming the product identity of isomerizations

of 1 and a-pinene-10-carboxylic acid. Attempts to 
CH3 j- 1 + monoacetylate this glycol (27) were for the most part

aO   3'V '°\  + unproductive, cyclization to an ether 28 occurring
+ J L v ==(̂  + CH3CO readily. However, in one attempt a very small amount

m/e 67 [CH3 J m/e 43 °f glycol monoacetate 12 was isolated. I t  is possible
’ m/e 112 that this arose from slight contamination of the original

’ lactone 4 with lactone 3, but it is just conceivable
that a retro rearrangement occurred. Experimentally 

the gross structures for both compounds, and, since a most significant is the fact that 10-benzhydrilidene-
trans ring junction is extremely unlikely, it is reason- camphor (15) can be reduced under equilibrating con-
able to infer that one isomer is the endo,cis lactone 4  ditions with aluminum isopropoxide to 10-benzhy-
while the other is the exo,cis lactone 5. drilideiieborneol (29), whose nmr spectrum, as expected,

The structure and configuration of lactone 5  are exhibits a signal for a proton on oxygen-bearing car-
definitively established by the following transformations bon, whereas no such signal is present in the nmr
(Scheme II). Lithium aluminum hydride reduction spectrum of either 4 or 27. Thus the original hy-
of 5 afforded the crystalline diol 21, which was con- pothesis had to be abandoned, and structural and
verted into the monoacetate 22 by reaction with acetic configurational proofs for 4 depend upon its relation-
anhydride and a catalytic amount of pyridine. Dehy- ship to 5 as suggested by the nmr and mass spectro-
dration of 22 with thionyl chloride in pyridine gave metric data cited above.
9-acetoxymethylcamphene (23). This was converted Langlois7 claimed that the addition of hydrogen 
via 9-hydroxymethylcamphene (24) into the tosylate, chloride to camphene-8-earboxylic acid (1) gave chloro
which was then reduced with lithium aluminum hy- acid 30. The nmr spectrum of this compound (see
dride to 9-methylcamphene (25), identical with an Experimental Section) demonstrates that it should be
authentic sample obtained from ero-3-ethyl-endo-3- reformulated as the ezo-chloro acid 31. Like the endo-
methylnorbornan-2-one (26) A 17 This series of re- chloro acid 6,8 the exo isomer 31 is largely transformed
actions unambiguously establishes the exo ring fusion
of lactone 5  and by inference establishes an endo ring (18) v. N. Ipatieffi c . j. Czaikowski, and H. pines, m , ts. 4098 
fusion for lactone 4. (1951).

(19) H, Rupe and H. Hertier, Justus Liebigs Ann. Ckem., 459, 171 
(16) D. 2t. Dimmel and J .  Wolinsky, J .  Org. Chem., 32, 2735 (1967). (1927).
(17) E . J .  Corey, R„ Hartmann, and P. A. Vatakencherry, J .  Amer. Chem. (20) D . Tishchenko, N. Persiantseva, and V. Foliadov, J .  Oen. Chem.

Soc., 84, 2611 (1962). USSR, 22, 1829 (1952).
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S c h e m e  I I I “ 6

L a c t o n iz a t io n - R e a r r a n g e m e n t s

zb; 4 [ib - 2b 1 = 3
/ /  / (racem ate)

chco2h L ch2co,h ch2co2h
1  A

II'
.  / \  H OjCClI, H 0 2CCH2. . I

ho2cch, = T - = y z ^ y  = y y y y  ::=̂  4
•31 O O D /  /

ch2co2h ho2cch2
B  B

f

-H 4-

H 0 2C€H2 ,

/^ L j =  y ^ ^ C H 2C02H 5 y ^ ^ C H 2C02H

C 32'

“ s t e Ps are as follow s: a, protonization and bridgin g; b, 2,6-hydride sh ift ( + A - >  -  A ); c, ring closure and deprotonizaton ( A -*-3 ); 
d, exo-m ethyl sh ift (A  -»- B ); e, ring closure and deprotonization (B  -*■  4); f, 2,6-hydride sh ift ( B - + C ) ;  g, ring closure and deprotoniza- 
tion (C  - *  5);  h  and i, deprotonization. b N o te  th a t the low er case letters ap p ly  to  the forw ard reactions (e.g., A  ->• B ). T h e  lettered 
ions are pictured as nonelassical ions for convenience only.

T a b l e  I I I
T h e  A c t io n  o f  A c id s  on  L a c t o n e s  3-5

Laotone Conditions Time Lactone 3, % Lactone 4, % Lactone S. %
3 10 %  H jSO j in  H C O jH  a t  100° 0 .5  hr . . .  90 .8  9 . 2

1 .0  hr . . .  8 2 .5  1 7 .5
2 .0  hr . . .  7 1 .8  28.2
3 .0  hr . . .  5 6 .9  4 1 .8
6 .5  hr . . .  3 7 .4  62.6

5 0 %  H 2S 0 4 a t 150° 2 .5  hr . . .  2 1 . 0  7 9 . 0

4 5 0 %  H 2S 0 4 a t 150° 2 .5  hr . . .  2 3 .8  76 .2
5 90 %  H C 0 2H  a t 100° 3 .0  days . . .  . . .  100.0
5 R efluxing C F 3C 0 2H  3 .0  days . . .  . . .  100.0
5 1 0 %  H 2S 0 4 in  H C O 2H  a t 100° 3 .0  hr . . .  . . .  100.0
5 5 0 %  H 2S 0 4 a t 150° 2 . 0  hr . . .  . . .  100.0

into camphene when treated with sodium carbonate triggers the Wagner—Meerwein rearrangement and ac- 
in water. _ companying 6 ,2-hydride shift which culminate in the

Possible Reaction Paths.1 Examination of Table I formation of lactone 3 . The slower rate of lactoniza-
demonstrates that camphene-8-carboxylic acid (1 ) tion in the deuterated acid (/ch//cd =  2) is in accord
is first converted into lactone 3 , which is then trans- with this assumption. Mass spectrometric analysis of
formed into lactone 4 with passage of time. Lactone lactone 4, which eventually is produced, demonstrated
5 only appears much later in the reaction sequence and it to be a mixture of <k-(k isomers with the rh and d3
is only an important product when sulfuric acid is pres- compounds accounting for ca. 60%  of the mixture. At
ent or the mixture in trifluoroacetie acid is heated for least two deuterium atoms were located ai the carbon
some time. Control experiments (Table III) confirm atom a. to the carbonyl group, and the presence of
the reaction sequence 1 3 -► 4  -► 5. Thus, bearing ions in the region of m/e 43-46 placed the remaining
in mind that starting with optically active 1 only deuterium atoms in the CH3CO group. This is sup-
racemic products are obtained, it becomes possible ported by the integrated values for the methyl groups
to delineate the sequence of mechanistic steps (Scheme in the nmr spectra (see Experimental Section). This

• . . conclusion was confirmed by the examination of the
The Iactomzation of acid 1 in deuteriotriiluoroacetic mass spectrum of lactone 4-%  prepared by the exchange

acid was followed by nmr spectroscopy and the resulting of the hydrogens a to the carbonyl group using sodium
lactone 4 was isolated and analyzed by mass spectros- methoxide in CH3OD. Incorporation of deuterium
copy. Little, if any, deuterium exchange of the into the methyl group most likely proceeds by way
olefinic proton in acid 1 was noted, suggesting that of unsaturated acid 3 2 .

protonation of acid 1 is a rate-determining step which Extensive exchange of CH3CQ and CH2CQ2 hydro-
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gens occurred when lactone 3 was heated for 3 days 2,3-dimethyl-3-hydroxynorbornane-2-carboxylic acid,22 
in deuteriotrifluoroacetic acid. This observation sug- tricycloekasantalic acid,23'24 and the isomeric bicyclo- 
gests the existence of an equilbrium between lactone 4, ekasantalic acids.24
ion B, and unsaturated acid 32 in this solvent. Deu- In summary, the lactonization of camphene-8-car- 
terium exchange also took place with lactone 5 under boxylic acid (1 ) involves a rapid, reversible Wagner-
the same conditions, but to a much lesser extent in Meerwein rearrangement accompanied or followed by a
the CH3CO group. This is in accord with the greater 6,2-hydride shift, followed by a slower exclusive exo-
thermodynamic stability of lactone 5 and its lesser methyl Nametkin migration. The exo lactone 5 would
tendency to revert to ion C. appear to be most readily accessible by an endo-methyl

Since only racemic products (lactones) are obtained, shift in ion A or related classical counterparts. How-
and since rate control appears to be vested in pro- ever, there is to date no compelling evidence in support
tonation of 1 , it can be assumed that reaction b is a of an endo-methyl migration in the norbornane series,
relatively rapid one, reaction c being slower than b whereas exo-methyl migration is well documented.26
but faster than a; i.e., that lactone 3 is the primary Lactone 5 is most likely produced from ion B via
kinetically controlled product. ion C or classical counterparts.

Lactone 4 appears later in the course of reaction 
and, given the proper conditions, can be isolated es- Experimental Section
sentially free of 3 or 5; it can be formed (without
isolation of 3) from 1 or from 3. Therefore, one may Cam phene-8 -carboxylic Acid ( l) .  T h e racem ic acid w as pre- 

postulate that, under the reaetion condition. used 4
is thermodynamically more Stable than 3, while the Com pound ( — )-l, of high optical p u rity , w as obtained from  nopol
energy barrier in reactions d and e is higher than that u tilizin g a modification of B ain ’s procedure . 8

in reactions a-c. Otherwise, 4 would be formed more A . 26—A  solution of 2 0 0  g  (1.47 m ol) of cam phene, 47 g (1.56
readilv than 3 m ol) Paraf ° rmaldehyde, 20 m l of acetic anhydride, and 300 ml

t-. ,, • ' -  , , . . , , of glacial acetic acid w as heated a t reflux for 48 hr. M o st of the
Finally, since 5 does not revert into other members acetic acid was distilled a t atm ospheric pressure and the residue

of the series, it must be assumed that, under conditions w as distilled under diminished pressure to give 170.0 g  of (¡-ace-
leading to its formation, 5 is the most stable lactone toxym ethylcam phene, bp  90-104° (1.5  m m ), and 30.0 g of a
and that the energy barrier in reactions f and g is m ixture of 1 0-acetoxym ethyh sobom yl acetate  and another uni-

still higher than that in reactions d and e. In other ^ o m ^ O ^ g tf  (+)-camphene,5 [a]29D +35.8°, there was ob- 
words, the thermodynamic stabilities of the acid 1 tained 5.5 g of 8-acetoxymethylcamphene, [a]29D +29.4° flit.27
and lactones 3 -5  are in the order 1 <  3 <  4 <  5 and [a]26D +18.9° from ( + )-camphene, [<*]25d  +  25.5°).
the energy barriers for the conversions are in the Alkaline hydrolysis of (± )-8-acetoxymethylcamphene gave 
order 1 ^ 3 < 3 - * 4 < 4 - * 5 .  Racemization of A 39'4 « (±)-camphene-8-methanol: bp 85-93° (18
(reaction b) is probably the fastest reaction, and the C H 3C C H 3), 0 .85-1.9 7 (complex m ), 2.87 (s, 1 , C - l  H ), 3.45
principal energy barriers are probably to be associated (s , i ,  O H ), 4 . 0  (d, 2 , . /  =  7 H z, C H 2O A c), and 5 .1  ppm  (t, 1 ,
with reactions a, d, and f, since there is no a priori J =  7 H z, H C = C ) .
reason why the ring-closure deprotonation reactions To an ice-cooled solution of 2 0 . 0  g  of camphene-8 -m ethanol in
/„ „  „ „ j  „ \ „i__ i j  u „  „  i j i  . 4- 50.0 ml of pure acetone was added 60 m l of 8  A7 chrom ium  trioxide
(c , e , a n d  g )  s h o u ld  h a v e  m a r k e d ly  d i f fe r e n t  e n e r g y  in sulfuricP acid_w a te r. A fter the solution w as stirred for 30
requirements or even be involved until actual work-up. m in, the excess oxidant w as destroyed w ith  isopropyl alcohol.
Thus bridging (i.e., Wagner-Meerwein rearrangement) A fter the usual work-up, d istillation gave  16.5 g  of ( ± ) - 8 -form yl-
appears to be easier than an exo-methyl shift (Nametkin cam phene: bp 128-130° ( 1 2  mm ) [lit . 28 bp 130° ( 1 2  m m )]; 
rearrangement), which in turn is easier than a 2 ,6- ir ^  ji01 i™«235 («1 1 ,200).
i i • i i - i ,  x r  , 1  • r t  i , i  T h e  2,4-dim trophenylhydrazone of this aldehyde w as crystal-
h y d r id e  s h if t .  I f  t h e s e  in fe r e n c e s  a r e  v a l i d ,  t h e n  t h e  Uzed from  ethan ol-ethyl acetate, m p 201-203°.
most notable situation is the implied large difference 8 -Form ylcam phene, 16.5 g, w as placed in a large beaker and 
in ease of accomplishment between the two 2,6-hydride kep t in con tact w ith  air for 5 d ays. T h e p artia lly  solidified mix-
shifts (b and f), one being the fastest reaction (inter- ture was taken UP in ether an4i extracted w ith  5 %  sodium  car-

conversion of enantiomers) and the other the slowest ^  ether. The ether was removed and the residue was re. 
reaction (interconversion of epimers) in the sequence. crystallized from  hexane to  give 1 1 . 0  g  of (±  )-camphene-8 -car-

There are, of course, four additional lactones which boxylic  acid: mp 122 -124 °; nm r 1 .10  (s, 2 -C H 3), 4.04 (a, C - l
could form in these transformations; one, a 8 lactone, H ), 5.44 (s, H C = C ) ,  and 11.86 ppm  (s, C 0 2H ). T h e  acid l

could be produced from ion C (Scheme III), and °x h M te d  & - 4 9  8°y (± ) '8'acetoxymethylcamphene
three, bornane-8-carbo-3-ea;o-lactone, 1,2-dimethyl- b .29— T h e direct addition of hydrogen chloride to  nopol (instead
norbornane-2-exo-acetic acid 3-ezo-lactone, and 1,2-di- 0f to the acetate  of nopol8) and m olecular distillation  proved the
methylnorbornane-2-endo-acetic acid 3-endo-lactone, m ost convenient route to 2-endo-chlorocam phane-lO-m ethanol. 8

could be produced from an ion, not shown, formed A  20.3-g (0.100 m ol) sam ple of th is m aterial w as refluxed in 100
from ion C by a 3,2-hydride shift. However, lack m l of glacial acetic acid for 2  hr w ith  16 .7  g  (0 . 1 0 0  m ol) of silver

of signals for a proton on a carbon atom bearing an
, / j. i i  i - j l i 1 (22) A. M. T . Finch, Jr ., and W. R . Vaughan, ibid., 87, 5520 (1965).

o x y g e n  a t o m  ( e x c e p t  t h o s e  e x h ib it e d  b y  la c t o n e  3 )  (23) G. E . Cream and D. Wese, Tetrahedron, 22, 2583 (1966).
in all nmr spectra rules out these lactones, as it does (24) P. R . Bai, s. Y. Kamat, B . B . Ghatege, K. K . Chakravarti, and s. c.
the C-2 epimer of lactone 3. Bhattacharyya, ibid ., 21, 629 (1965).

Failure to obtain a  8 lactone is consistent with the Interacience publishers, inc., New York, n . y „ i 96s. p 155. 
greater thermodynamic stability of 7  lactones relative (26) Work was done at Purdue University, 

to 8 lactones and is paralleled by the formation of (27^ - J-Rit*el a“dG,y,lases; / ,A,m̂ ^ m,'0̂ 7 io?Ql 583 (1942)'/  . .  . , , ,  (28) G. Langlois, Ann. Ch%m. (Pans), 12 (lx), 193 (1919).
7  lactones in the lactonization OI teresantahc acid, 2̂9) Work was done at The University of Michigan and The University

of Connecticut. Microanalyses were done by Spang Microanalytical 
(21) T. Hasselstrom, J .  Amer. Chem. Soc., 53, 1097 (1931). Laboratory, Ann Arbor, Mich.
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acetate. T h e m ixture w as then filtered and the filtrate was m ade 1 0 -Carboxyisobom eol Lactone (3).26— A  solution of 3.0 g  of 
slightly  basic w ith  5 %  sodium bicarbonate solution, after w hich ( ±  )-camphene-8 -carboxylic acid (1) in 10 g  of 9 0 %  form ic acid 
the aqueous m ixture was continuously extracted w ith  ether for w as heated a t reflux for 1  hr. T h e  dark solution w as poured into
several hours and dried over magnesium  sulfate. T h e  ether w as w ater and extracted w ith  ether. T h e  ether w as w ashed re
rem oved and th e residue was distilled and then tw ice redistilled p eated ly w ith  5 %  sodium carbonate solution, and w ater and 
to  give 18 .7  g (90% ) of ( + ) - 8 -acetoxym ethylcam phene: bp dried. E vaporation  of the solvent le ft a reddish solid w hich dis-
75° (0.03 m m ); sp gr 0.996 (27°); n 27D 1.4843; [ct,'nx> + 9 3 .7 2 ° . played a  carbonyl peak a t 5.65 n- One half of th is solid was
T h e  infrared spectrum  is identical w ith  th at of a racem ic sam ple . 28 sublimed in  vacuo  and the other half w as recrystallized from

A n a l. C alcd  for C i3H 2o02: C , 74.95; H , 9.68. Found: hexane. T h e sublimed m aterial showed a m elting point of 149-
C , 74.83; H , 9.47. 165°, and its infrared spectrum  indicated th at it  w as contam -

H ydrolysis of the ester using 50 %  aqueous ethanol and potas- inated w ith  a  trace of acid 1 . V p c  analysis showed on ly  one
sium  hydroxide afforded 24 g (85% ) of (+ )-cam p hen e-8 -m eth- m ajor peak; however, the nmr of this solid displayed, in addition
anol, whose infrared spectrum  is identical w ith  th at of a racem ic to  the m ethyl resonances a t 0.9 ppm  characteristic of lactone
sam ple : 28 bp 76° (0.40 m m ); sp gr 0.9705 (30°); n^D 1.50 15; 3, singlets a t 1 .12  and 1.32 ppm  w hich are characteristic of lac
ier] 30d + 9 2 .4 2 ° {lit. bp 125-126° ( 8  m m ); sp gr 0.987 (15 °); tone 4. I t  w as estim ated th at the solid contained 6 4 %  3 and
W d + 4 5 ° 8{. 36 %  4.

O xidation to  ( — )-eamphene-8 -carboxylic acid w as carried out T h e recrystallized portion exhibited a m elting point of 190-
according to  the directions of L o C icero . 30 T h e product w as re- 195° and displayed an infrared spectrum  identical w ith  th a t of
crystallized from  low-boiling petroleum  ether, mp 119 .5 -12 1°  B a in ’s lactone 3: nmr 5 0.94 and 0.98 (s, 6 , C H 3C C H 3), 2.32
M 26d — 260° (chloroform ). T h e infrared spectrum  is indis- (C H 2C O ), 4.19  (m, 1, C H O ), and 1.0 2-1.90  ppm  (com plex m );
tinguishable from  those of the racem ic sam ples. mass spectrum  rri/e 180 (parent peak) and abun d an t ions at

A n a l. C alcd  for C u H i60 2: C , 73.30; H , 8.95. Found: C , m /e  152, 137, 1 2 2 , 108, 93, 80, 67, 55, and 43.
73.22; H , 8.90. W hen 29 a solution of 3.3 g  of ( — )-l in 15 m l of trifluoraeetic

( +  )-«-Pinene-10-carboxylic A cid . 29 A .— ( +  )-«-Pinene w as acid w as kept a t room tem perature for ca . 3 days, there w as ob-
converted into (+ )-m yrten o l: bp 100-101° (10 m m ); d 27 tained 3.2 g  of crude lactone. T h e crude lactone was first
0.9809; n 2eD 1.4966; [<*]27d + 2 5 .4 °  { lit . 31 bp 105° (9 m m ); n o  recrystallized from  ethanol-w ater and then repeatedly from
1.4966; [qi]d + 4 9 .7 ° ) .  O xidation w ith  selenium dioxide fol- petroleum  ether (bp 60 -75°) to  give a solid, m p 198 .5-199 .5°
low ed b y  reduction w ith  lithium  alum inohydride w as used. ( lit . 7 mp 198 -19 9°). T h e lactone 3 is op tically  in active, and its

(+ )-a-P inen e-10 -carboxylic  acid w as prepared from  (+ }-m y rte - infrared spectrum  is superim posable upon th at of th e lactone 3
nol v ia  the brom ide (phosphorus tribrom ide ) 19 and nitrile , 20 [a] 27d k in dly  supplied b y  D r. J . P . B a in . 8

+  10 ±  2 ° . A  4.0-g sam ple of the nitrile w as converted into the exo-2 ,3-D im ethyibicy:lo[2.2 . 1 ]heptane-endo-3-hydroxy-e/nio-
am ide b y  m ixing it  w ith  8.4 g  of 30 %  hydrogen peroxide, and 2-acetic A cid Lactone (4). A . Form ic-Sulfuric A cid Lactoniza-
enough absolute ethanol w as added to  provide hom ogeneity. tion of Cam phene-8 -carboxylic Acid ( l ) . 26— A  solution of 8.0 g
T h e p H  w as adjusted to  9.0 b y  addition of dilute sodium hy- of camphene-8 -carboxylic acid (1), 6.95 g of concentrated sulfuric
droxide and the solution w as refluxed for 4 hr. T h e  p H  was acid, and 46.5 g  of 8 8 %  form ic acid w as allowed to  stand for
adjusted to  5.0 and the solution w as extracted w ith  chloroform. 6.25 days a t 25°. T h e solution w as diluted to  ca . 350 m l w ith
R em oval of the solvent and recrystallization from  ethan ol-w ater w ater and extracted w ith  ether. T h e  ether solution w as washed
afforded w h ite  crystals, mp 9 8 .5 -10 1°, y ie ld  9 5 % . w ith  10 %  bicarbonate and w ater and dried over anhydrous

A n a l. C alcd  for C 1 1H 17N O : C , 73.70; H , 9.56. Found: m agnesium  sulfate. T h e solvent was rem oved to  leave 7.0 g  of
C , 73 .51; H , 9.52. crude product, m p 15 5 °. R ecrystallization  from  petroleum  ether

T h e nitrile was hydrolyzed in aqueous alcoholic potassium  (bp 30-60°) and chrom atography on a short F lorisil column 
hydroxide to  th e free acid as described b y  A rnold and D an zig , 82 (chloroform eluent) gave  pure lactone 4: m p 1 7 0 -17 1° ;  ir 
w ith  sim ilar results. 5 . 5 5  nm r, tw o m eth yl singlets a t 5 1.32 and 1 .16  ppm  and no

B .— A  hot solution of 5 .10  g of nopyl to sy la te 32 in d ry  dim ethyl signals below S 2.45 ppm ; mass spectrum  m /e  180 (parent ion)
sulfoxide w as added as fast as possible, w ith  due regard for the and abundant ions a t m/e 112 , 97, 67, and 43.
possibility of the reaction getting out of hand, to  a  solution of 445 A n a l. C alcd  for C n H 160 2: C , 73 .31; H , 8.95. Found: C , 
g  of sodium  bicarbonate in 2 1. of dim ethyl sulfoxide held a t  150°. 73 .11 ; H , 8.79.
A fter com plete addition, th e reaction w as held a t  14 5-150 ° for B . Trifluoroacetic Acid Lactonization of l . 26'29— A  solution of 
15 min and the stirred solution was cooled to  room tem perature 2.0 g  of acid 1 in 15 m l of trifluoroacetic acid w as allowed to stand
and filtered. T h e  filtrate  w as diluted w ith  an equal volum e of for 7 days a t room tem perature. W ork-up gave  1.94 g  of crude
w ater, and the combined extracts w ere dried over anhydrous lactone, w hich w as recrvstallized from  petroleum  ether (bp
m agnesium  sulfate and distilled, yield  319 g  of colorless distillate, 30-60°) to  yield 4, mp 170°.
bp 72-79° (0.25 m m ). A nalysis b y  glpc showed this m aterial C .29— A  solution of 40 g  of a-pinene-10-carboxylic acid in  100 ml
to be a 1 : 1  m ixture of the desired aldehyde and nopol. of trifluoroacetic acid w as kep t for 4 m onths. W ork-up in the

T h is m ixture was dissolved in 1750 m l of absolute ethanol con- usual m anner gave  2.0 g (10 % ) of an op tically  in active  oil whose
taining a  solution of 204 g  (1.2  m ol) of silver n itrate  in 300 m l of infrared spectrum  w as nearly identical w ith  th a t of lactone 4. 
w ater, and, w ith  rapid stirring, th ere w as added a  solution of 14 4 g R eaction  w ith  phenylm agnesium  brom ide gave  diol 27, m p 16 7 -
(3.6 m ol) of sodium hydroxide in 21. of w ater a t a  rate  sufficientto 168°, w hich w as dehydrated to ether 28, mp 1 18 -119 ° . Id en tity
m aintain  am bient tem perature. A fter com plete addition, stir- of these samples w as established b y  com parison of nm r spectra
ring w as continued for 24 hr and the m ixture w as filtered the of authentic m aterials (see below).
residue being thoroughly washed w ith  w ater and ethanol. T h e  endo-2 ,3 -Dimethyl-e:r0 -3 -hydroxybicyclo [2.2.1] heptane-ea;o-2-
filtrate  w as extracted w ith  ca . 3 1. of ether, and th e aqueous acetic Acid Lactone (5).26— A  m ixture of 8.0 g  of camphene-8 -ear-
alcoholic basic phase was acidified to pH  2 and extracted w ith  2 1. boxylic  acid ( 1 ) and 50 m l of 50 %  sulfuric acid was heated a t 160 -
of ether in 250-ml portions. T h e ethereal extracts were combined, 165 0 for 2 hr. T h e resulting dark brown solution w as washed thor-
dried over m agnesium  sulfate, and distilled to  yield  18.85 g  of oughly w ith  5 %  sodium carbonate and dried, and th e ether w as
ligh t yellow  oil, bp 122-129° (0.45 mm ) [lit . 32 bp 95° (0.05 m m )], rem oved to g ive  a  dark brown oil which on recrystallization from
w hich solidified on cooling, mp 50-60°. R ecrystallization  from  hexane afforded 5.5 g  of lactone 5 : m p 15 5 -15 9 ° (sublim ation
aqueous ethanol afforded w hite crystals, m p 73 .0 -74 .5°. in  vacuo  raised the m elting point to  15 7 -16 1°) ; ir 5.65 +  nmr,

T h e infrared spectrum  of this acid shows a strong olefinic prom inent m eth yl signals a t 5 1.32 and 1 .12  ppm  and no signals
absorption a t 6.14  u and a carbonyl absorption a t 5.92 a> com- below 5 2.45 ppm ; m ass spectrum  m /e  180 (parent ion) and abun-
parable w ith  th at of the amide reported above (6.14 a , carbonyl dan t ions a t m /e  112 , 92, 67, and 43.
5.99 a). These data  strongly suggest conjugation; b u t, as A n a l. C alcd  for C n H + b :  C , 73.24; H , 8.95. F ound: 
reported , 32 th e acid can be reduced to  nopol b y  treatm ent w ith  C , 73.30; H , 9 .0 2 .
lithium aluminum hydride. VpC analysis of the crude lactone mixture using a D E G S  column
----------------  at 170° indicated the presence of lactones 5 and 4 in a 4 :1  ratio.

(30) J. C. LoCicero and R. T. Johnson, J .  Amer. Chem. Soc, 74, 2094 j 1™ 01 “ fP ^ e n t with a shorter retention time was col-
(1952). lected, mp 155-164  , and shown to be identical with lactone 4

(31) A. R . Penfold, G. R . Ramage, and J .  L. Simonsen, J .  Proc. Roy. Soc. bY infrared and nmr comparison.
N. S. Wales. 6 8 , 36 (1934). A ltern ative ly , a  solution of 4.0 g  of acid 1 and 5.0 g  of concen-

(32) R . T. Arnold and M. J. Danzig, J .  Amer. Chem. Soc., 79, 892 (1957). trated sulfuric acid in 30 ml of 90 %  formic acid was heated at
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reflux for 3.5 hr. W ork-up gave 3.2 of crude lactone. R e- which w as recrystallized from  petroleum  ether (bp 60 -75°) or
crystallization  from  hexane afforded 3.0 g  of w h ite  solid, mp 163 e than ol-w ater (98% ), m p 108-109°.
16 7°. V p c  analysis indicated the presence of lactones 5 and 4 A n a l. C alcd  for C 25H 28O2 : C , 83.29; H , 7.83. Found: 
in a ratio of 5 : 1 . C , 83.21; H , 7 .57.

10-Hydroxymethylisoborneol (7 ).26— T o  a stirred slurry of 0.5 T h e  product gave  a  negative test w ith  brom ine in carbon 
g  of lithium  alum inum  hydride in 2 0  ml of ether w as added slow ly tetrachloride b u t produced a color w ith  tetranitrom ethane 
a solution of 2.0 g  of lactone 3 in ether. T h e  m ixture w as stirred 10-Benzhydrylideneisobomeol (14).29— H ydrolysis of 13 was 
overnight and then decomposed w ith  saturated sodium sulfate achieved w ith  sodium hydroxide in 5 0 %  aqueous ethanol b y
solution. T h e  ether layer w as separated, dried, and concentrated refluxing, using 1.1 g of 13 and 2.5 g  of sodium  hydroxide in 50 m l,
to  give 1 .7  g  of solid. R ecrystallization  from  hexane afforded for 3 hr. T h e  ethanol was rem oved b y  distillation  and th e prod-
1.5  g of w h ite  crystals, m p 84^87°, w hich displayed tw o singlet u ct w as extracted into 1 : 1  ether-benzene and dried. A fter
m ethyl resonances a t 5 0.82 and 1.03 ppm , com plex m ultiplets rem oval of solvent there remained 0.96 g  (93% ) of an oil which
a t 5 1 .10 -1 .9 2  ppm  ow ing to  nine protons, a three-proton mul- w as recrystallized from  petroleum  ether (bp 6 0 -75°), m p 108-
tip let a t 5 3.72 ppm , and a broad tw o-proton m ultiplet a t S 109°.
4.52 ppm . A n a l. C alcd  for CjsHjeO: C , 86.74; H , 8.23. Found:

A n a l.  C alcd  for C 11H 20O 2 : C , 71.69; H , 10.94. F ound: C , 87.53; H , 8.39.
C , 71 .7 7 ; H , 10.89. 10-Benzhydrylidenecamphor (15).29— A  1.0-g sam ple of 14

T h e diacetate derivative  of 10-hydroxym ethylisoborneol in 30 m l of acetone was titrated  a t room  tem perature w ith  Jones
showed carbonyl absorption a t 5 .77 1 1  and nmr signals a t 8 0.85 reagent9 and then the reaction m ixture w as diluted w ith  ice-w ater
and 1.0 (s, 2-C H 3), 2 .1  [s, 2 C H 3 ( C = 0 ) 0 ] ,  4.0 (m, C H 20 ) ,  and and extracted several tim es w ith  ether. T h e ether extracts were
4.72 ppm  (m, C H O ). combined and washed free of acid, dried over m agnesium  sulfate,

Camphor-10-carboxylic Acid (8 ).26— T o  a stirred and ice-cooled and evaporated to  dryness, leavin g 1 g of solid product which w as
solution of 1.0 g  of 10-hydroxym ethylisoborneol (7) in 20 m l of tw ice recrystallized from  petroleum  ether (bp 6 0 -75°), mp 110 -
acetone was added 5 .5  m l of 8  A  chrom ium  trioxide solution. 1 1 1 ° .
A fter 5 min the excess oxidant w as destroyed w ith  isopropyl A n a l. C alcd  for C 23H 2<0 : C , 87.30; H , 7 .65 . F ound:
alcohol and the m ixture was worked up in the usual manner to  C , 87.27; H , 7.80.
give , a fter t w o  recrystallizations from  hexane, 0.77 g  of camphor- 10-Benzhydrylisobomyl Acetate (16).29— A  1.0-g sam ple of 13
10-carboxylic acid: mp 95-97° (lit . 9 m p 92-93°); nmr singlets in 50 m l of glacial acetic acid w as hydrogenated for 1 .5  hr a t 1-
a t 5 0.90 and 1.02 ppm  for tw o m ethyl groups, tw o-proton mul- atm  pressure over 0 . 0 2 1  g  of A dam s cata lyst. R em o val of the
tip lets at 5 2 .11  and 2.2-2.33 ppm , and a carboxyl proton a t 1 1 .1 4  solvent and recrystallization  from  petroleum  ether (bp 30 -40 °), 
ppm . ethan ol-w ater, and finally ethanol afforded the p ro d u ct, mp

T h e sem 'carbazone derivative  of the keto  acid w as recrystal- 78-84°. 
lized from  aqueous ethanol, mp 196-199° (lit . 8 mp 199-200°). A n a l.  C alcd  for C 25H 30O 2 : C , 82.83; H , 8.34. Found:

10-(Dimethylhydroxymethyl)isobomeol.29— T reatm ent of 3 C , 83.00; H , 8 .11 .
w ith  2 equiv of m ethylm agnesium  iodide afforded an 80%  yield  of exo-2-Acetoxyapocamphane-l-carboxylic Acid (18).29— A  mix- 
product, w hite needles from  eth y l acetate-petroleum  ether (bp ture of 12 g  (0.040 mol) of 10-benzoylisobornyl acetate  (17)u
60 -75°), mp 14 3-14 5 °. and 8.0 g  (0.80 m ol) of chromic anhydride in 200 m l of g lacia l

A n al.  C alcd  for C i3H 240 3: C , 73.53; H , 11.39 . F oun d: acetic acid and 40 m l of w ater w as refluxed for 12 hr w ith  stirring,
C , 73.79; H , 11.36 . and then the greater portion of the acetic acid was rem oved b y

10-(Diphenylhydroxymethyl)isoborneol (10).29— T reatm ent of evaporation in an air stream . T h e  residual oil w as dissolved b y
3 w ith  2 equiv of phenylm agnesium  brom ide (amm onium chloride shaking w ith  equal volum es of 10 %  sodium  carbonate and ether, 
work-up) afforded a  98 %  yield  of 10, recrystallized from  e th yl From  the ether layer there w as recovered 8  g of 17 (infrared spec-
acetate-petroleum  ether (bp 60 -75°) and benzene-petroleum  ether trum ). A cidification of the aqueous layer w ith  concentrated
(bp 60 -75°), mp 15 8 -15 9 °. hydrochloric acid, extraction  w ith  ether-benzene, w ashing of the

A n a l. C alcd  for CisHjaCh: C , 82.10; H , 8.39. F ound: extract w ith  w ater, drying (magnesium  sulfate), and evaporation
C , 82.26; H , 8.45. afforded a m ixture of benzoic acid and 18. These were finally

T his substance w as also prepared from  10-benzoylisoborneol separated on a Florosil colum n b y  eluting the benzoic acid w ith
(9)11 and 10-benzoylisobornyl acetate  (17)11 (both originally carbon tetrachloride, yield  2.0 g  of 18, mp 1 1 7 -1 1 9 °  (lit.1 2 1 2 1 -
assigned the born yl configuration11) using phenyllithium  in ap- 1 2 2 °), neut equiv 228 ±  2 .
propriate am ounts. T h e  infrared spectra are superim posable T h e acid chloride 19 was prepared b y  means of th ion yl chlo-
and m ixture m elting points show no depression. ride, bp 94-96° (0.75 m m ). [The previous report, bp 1 1 1 - 1 1 3 °

10a,10a-Diphenyl-2-exo-10a-epoxy-10-homobornane (11).29— • (0.30 m m ) , 2 is probably in error, 3.0 mm being more lik e ly  for
T his ether w as m ost readily prepared from  9 b y  refluxing in ben- the pressure used.] A  Rosenm und reduction on th is m aterial
zene w ith  a  cata lytic  am ount of iodine, using 0.33 g  of 1 0 , 0.03 failed. On a larger scale, chrom atography of the oxidation prod-
g of iodine, and 25 m l of benzene, for 24 hr. T h e  iodine w as u cts is better om itted and separation achieved b y  fraction al
rem oved w ith  5 %  sodium  thiosulfate and th e product w as ob- distillation of the acid chlorides.
tained as an oil on evaporation. R ecrystallization  from  petro- 10-Hydroxyisobornyl Acetate (20).29— T o a  well-stirred sus-
leum  ether (bp 60 -75°) affords a 90 %  yield  of product, mp 14 1.0 - pension of 10 g  (0.26 m ol) of sodium  borohydride in 150 ml of
14 2 .5°. T h e  infrared spectrum  lacks absorption in the h yd ro xyl dioxane (dried over calcium  hydride and distilled from  lithium
region. alum inum  hydride) was added 31 g  (0.13 m ol) of 19 in 50 m l of

A n al.  C alcd  for C 23H 260 : C , 86.74; H , 8.23. F ound: dioxane (sim ilarly dried) a t room tem perature. T h e heteroge-
C , 86.54; H , 8 .19 . neous m ixture was heated on th e steam  bath  for 1  hr w ith  stirring,

10-(Diphenylhydroxymethyl)isobornyl Acetate (12).29— 'Phis cooled, hydrolyzed w ith  a sm all am ount of ice-w ater, and evap-
acetate  m ay be prepared from  10 in acetic anhydride alone b y  orated in an air stream  to  ca . one-fourth its volum e. T h e  gela-
gen tly  refluxing for 18 hr, or in benzene solution containing acetic tinous residue was stirred w ith  equal volum es of w ater and ether,
anhydride and a cata lytic  am ount of sodium  acetate  b y  refluxing, w hich were then separated, the ether layer being washed w ell
using 0.45 g  of 10, 13 g  of acetic anhydride, and 0.10 g  of sodium  w ith  w ater, dried, and evaporated to  g ive  a dense oil, yield  (24 g).
acetate  in 1 2  m l of d ry  benzene, for 2.5 d ays. In  either case an D istillation  afforded a single liquid fraction, bp 130 -135° (0.10
essentially q u an titative  yield m ay be obtained. R ecrystalliza- m m ), yield 15 g  (54 % ), and a solid residue, yield  9.0 g  (4 0 % ).
tion from  benzene-petroleum  ether (bp 60 -75°) affords analyti- A  portion of the d istillate was hydrolyzed w ith  sodium  hydroxide,
cally  pure m aterial, b u t there appear to be several different crystal and the hyd rolysate  and solid residue w ere each recrystallized
form s, as indicated b y  different m elting points on different batches from  petroleum  ether (bp 60 -75°), mp 246-248°, no depression
of product w ith  superim posable infrared spectra, mp 134.0 - of m ixture m elting point, identical infrared spectra. T h e  re-
134 .5°, rem elted a t 144^145° and 15 0 -15 3°. ported m elting point for 10-hydroxyisoborneol is 2 4 1-2 4 3 °.13

A n al. C alcd  for C 25H 30O3: C , 79.33; H , 7.99. Found: C a. 4 %  of the original 18 w as recovered from  the initial alkaline
C , 79.53; H , 8 .16 . solution.

10-Benzhydrylideneisobornyl Acetate (13).29— A  5.0-g sam ple Conversion of 10-Hydroxyisobornyl Acetate (20) into Iso-
of 12 and 50 m g of iodine in 50 m l of dry benzene w ere refluxed for bomeol.29— A  solution of 2.4 g  of 20 in a m ixture of 10 m l of
15 hr, after w hich th e iodine w as rem oved b y  washing w ith  5 %  pyrid ine and 10 m l of benzene w as cooled to  5 ° , and a solution of
sodium thiosulfate. E vap oration  after drying afforded an oil, 1.8  g  of m ethanesulfonyl chloride in 4 m l of pyrid ine was added
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w ith  stirring. A fte r  standing for 14 hr a t  5 ° , the m ixture (con- m /e  122, 1 2 1 , 94, 93, 79, 67, and 4 1. T h e nm r spectrum  dis-
ta in ing a p recip itate) w as poured into ice-w ater and the new m ix- p layed  signals a t 1.00 (s, C H 3), 2.62 (m, C - l  H ), and 4.42 and
tu re w as acidified w ith  concentrated hydrochloric acid . T h e  4.72 (s, C = C H 2) ppm
resultan t solution w as extracted w ith  ether, and the ethereal A n a l. C alcd  for C UH 18: C , 87.92; H , 12.05. F ound: C , 
e x tra ct w as washed w ell w ith  5 %  sodium  hydroxide and then w ith  87.75; H , 11.9 7 .
w a ter, dried over m agnesium  sulfate, and evaporated to  g ive  a 3-endo-Methyl-3-exo-ethyl-2-norbomanone (26).“— T o  a stirred 
ligh t ye llow  oil (10-m ethanesulfonoxyisobornyl acetate) w h ich  solution of 5.0 g  (0.042 mol) of 3-methyl-2-norbornanone in 15 ml
could n ot be  distilled ow ing to  extensive decom position above of anhydrous ether was added an ethereal solution of tritylsodium
80 . until the red color persisted. E th y l iodide, 70.0 g  (0.57 m ol),

A  solution of 1.40 g  (0.0048 m ol) of th e preceding m esylate in  w as added and the solution was stirred at room tem perature for 
20 m l of d ry  benzene w as added to  a solution of 0.022 m ol (0.85 24 hr. W ater w as added, and the ether solution w as separated,
g  potassium  m etal) of potassium  ¿-butoxide in 18 m l of ¿-butyl washed w ith  w ater, and dried, and the ether w as evaporated,
alcohol a t  room  tem perature to  w hich had been added 1.78 g  D istillation  of the residue gave 3.82 g of 26, bp 50-55° (1.5  m m ),
(2.0 m l) of e th yl m ercaptan. T h e  m ixture w as refluxed w ith  w hich w as shown to be about 9 5 %  pure b y  v p c. T h e  infrared
m echanical stirring for 15 hr, during w hich tim e it becam e a  th ick , spectrum  of 26 showed a strong carbonyl band at 5.73 m- T h e
viscous gel. N e x t it w as carefully  diluted w ith  a large volum e nm r spectrum  showed prom inent signals at 5 2.42 ppm  for a
of w ater, extracted w ith  ether, and dried. A fter rem oval of th e tw o-proton m ultiplet, a singlet m ethyl group a t 5 0.92 ppm , and
so lven t, th e residual oil, 10-ethylthioisobornyl acetate , was ob- a trip let m eth yl a t 5 1.01 ppm . T h e  mass spectrum  showed a
ta in ed , yield  1 .1  g  (90 % ), bp  102-104° (0.25 m m ). parent ion at m /e  152 and abundant ions a t m /e  124, 83, 67,

T h is  d istillate  w as added to ca . 20 g  of freshly prepared R a n ey  55, and 41.
n ickel33 in 80 m l of reagent grade m ethanol. T h e  m ixture w as 9-Methylcamphene from Ketone 26 .26— T o an ether solution
refluxed for 3 hr, cooled, and filtered, and on evaporation  th e containing 0.092 mol of m ethyllithium  w as added an ether solu-
sem isolid residue w as dissolved in 200 m l of 5 0 %  aqueous ethanol tion of 3.5 g (0.023 mol) of 3-eiido-methyl-3-ezo-ethjd-2-nor-
containing 10 g  of sodium  hydroxide. A fter this solution w as bornanone (26). T h e resulting solution w as heated and stirred
stirred for 8  hr a t 40°, th e ethanol w as distilled and the residual for 2 days. T h e reaction m ixture was poured in to -ice  w ater and
alkalin e solution w as cooled, extracted w ith  ether, and dried. the ether solution was separated. D istillation  gave  2.8 g (80% )
T h e  ether w as evaporated, leavin g 0.5 g  (80% ) c f  isoborneol, of tertiary  alcohol, bp 65-73° (1.5  m m ), which showed strong
m p 2 1 1 - 2 1 2 °, w ith  no depression on m ixture w ith  an authentic hyd roxyl absorption b u t no carbonyl absorption,
sam ple. T h e  infrared spectrum  w as identical w ith  th a t of an T h e alcohol w as dissolved in 30 ml of m ethylene chloride and
auth entic sam ple, and th e p-nitrobenzoate, m p 127-128 ° (w ith treated a t — 5° w ith  15 m l of th ion yl chloride and 15 m l of pyri-
no depression on m ixture w ith  an authentic sam ple), has an in- dine, and the m ixture w as stirred for 40 m in. P entane w as added
frared spectrum  identical w ith  th at of an authentic sam ple and the reaction m ixture w as poured into ice-w ater. T h e  or-

Diol 2 1 .26— A  solution of 2.5 g  of lactone 5 in ether was added ganic layer w as separated, washed w ith  dilute hydrochloric acid
to  a suspension of 1.5  g  of lith ium  alum inum  hydride in ether. and w ater, and dried over anhydrous m agnesium  sulfate. D is-
T h e  m ixture w as stirred a t  room  tem perature overn igh t and then tillation  gave  1.2  g  of liquid, bp 58-62° (1.7  m m ), whose infrared
decom posed w ith  sodium  sulfate solution. T h e  salts and solvent spectrum  showed the presence of term inal m ethylene a t  11 .3 1  p.
w ere rem oved, leavin g 2.2 g  of a w a x y  solid. R ecrystallization  V p c analysis using a SF-96 column a t 140° indicated the presence
from  hexane afforded 2.0 g  of diol 21: mp 97-10 0 °; nm r 5 0.87 of a minor component (ca . 5 -10 % ) w ith  lower retention. The
and 1 .14  (ss, 6 , C H 3C C H 3), 3.54 (m, 2, C H 20 ) ,  5.52 (m, 2, m ajor com ponent w as collected and displayed term inal olefin
O H ), and 1 .19 -2 .2  ppm  (complex m , 10). absorption at 6.02 and 11.30 n and tw o olefin protons as singlets

Unsaturated Acetate 23 .28— A  solution of 2.0 g  of diol 21 in 30 a t 5 4.71 and 4.42 ppm . T he infrared, nmr, and mass spectrum
m l of acetic anhydride containing a trace of pyrid ine w as heated of this sam ple of 9-m ethylcam phene were identical w ith  those of
a t  reflux fo r 2 hr. W ork-up gave  an oil w hich showed infrared the m ethylcam phene obtained b y  degradation of lactone 5.
absorption a t 2.9 and 5.76 n (OH  and O C O C H 3). cfs-2,3-Dimethyl-erado-3-hydroxy-2-(2,2-diphenyl-2-hydroxy-

T h e  crude h yd ro xy acetate  22 w as dissolved in 15 m l of m ethyl- ethyl)bicyclo[2.2.1]heptane (17).29— T h e G rignard reagent from 
ene chloride, and to  the cooled solution was added 10 m l of th ion yl 2.24 g  (14.0 mm ol) of brom obenzene and 0.292 g (12.5 m g-atom s)
chloride and 10 m l of pyridine. T h e  stirred m ixture was poured of magnesium  turnings was prepared in a total of 35 ml of d ry
in to cold w ater a fter 30 m in and extracted w ith  ether. T h e  ether ether. T o  this w as added 0.75 g  (4.16 mm ol) of lactone 4 in a 
solution was washed w ith  5 %  hydrochloric acid and w a ter, dried, solution of 10 m l of dry ether and 10 ml of dry benzene. A fter
and the ether rem oved to  leave 1.6  g  of an oil w hich on v p c  analy- addition, the m ixture w as stirred and refluxed for 30 m in and
sis showed o n ly  one m ajor peak. A  v p c  purified sam ple showed poured into 50 ml of saturated ammonium chloride solution con-
infrared peaks a t 5 .76, 6 .0 1, and 11.2 5  1 1  and prom inent nmr taining 10 drops of concentrated hydrochloric acid. T h e  or-
signals at 5 2.1 (C H 3C O ) and 4.52 and 4.82 ( C = C H 2) ppm . ganic la yer w as separated, dried over magnesium  sulfate, and

A n a l. C alcd  for C i3H 2o0 2: C , 74.96; H , 9.67. F ound: evaporated. T h e resulting crude solid w as triturated w ith  cold
C ,  74.90; H , 9.63. petroleum  ether (bp 30-60°) to  give a w hite solid, mp 148-149°,

9-Hydroxymethylcamphene (24).26— U n saturated ester 23 yield 0.73 g  (52 .5 % ). R ecrystallization  from  petroleum  ether
(1.5  g) w as saponified w ith  10 %  potassium  hydroxide in ethanol (bp 30-60°) gave  an analytical sam ple, mp 163 .0 -163.5°. 
to  g iv e  1 .1  g  of a colorless liquid, bp 93-96° (1 .5  m m ), w hich A n al.  C alcd  for C 23H 280 2: C , 82.17; H , 8.39. Found:
show ed infrared absorption a t 3.0, 6.01, and 11.2 5  ,1  and prom - C , 82.09; H , 8.23.
in en t nm r signals a t 5 1.01 (s, C H ), 3.74 (O H ), and 4.48 and 4 .71 Dehydration of Diphenyl Glycol 27. Formation of Ether
(s, C H 2) ppm . 28 .29— Several attem pts were m ade to obtain a m onoacetate from

A n a l.  C alcd  for CnH igO: C , 79 .41; H , 10.85. Found: the g lyco l 27. These m et w ith  uniform  failure, the products
C , 79.66; H , 1 1 .1 5 . being either unchanged diol or the derived ether 28. In  all cases

9-Methylcamphene (25).26— A  m ixture of 0.57 g  of p-toluene an excellent m aterial balance w as realized, 
sulfonic acid , 0.5 g  of 9-hydroxym ethylcam phene (24), and 5 g  of T h e ether, endo,cfs-3a,7a-dim ethyl-2,2-diphenyl-4,7-m ethano-
pyrid ine was stirred overnight and then poured into ice. T h e octahydrobenzofuran, w as obtained as w hite crystals, mp 1 1 5 -
m ixture w as extracted w ith  ether and the ether solution w as 116 °, from aqueous ethanol.
w ashed w ith  dilute hydrochloric acid, 5 %  sodium  carbonate, and A n al. C alcd  for C 23H 260 : C , 86.74; H , 8.23. Found:
w a ter and dried. T h e  ether w as evaporated, leavin g an oil C , 86.89; H , 8.31.
w hich could not be induced to  crystallize. Possible Retrorearrangement.29— In one attem pted aeetyla-

A  hexane solution of the crude to sy late  derivative  w as added to  tion, 6  mmol of 27, 6  mm o. of previously reacted acetyl chloride,
a  stirred solution o f 0.8 g  of lith ium  alum inum  hydride in ether. and 7 mmol of pyridine in 10 ml of dry benzene were refluxed for
T h e excess hydride w as decomposed a fter 16 hr. T h e salts and 5 days. E xten sive chrom atography on Florisil finally yielded
so lven t were carefully  rem oved and the residue was purified b y  50 m g of m onoacetylated glycol, which was recrystallized from
v p c  to  g ive  a  liquid whose infrared spectrum  showed peaks at 6.02 petroleum  ether (bp 60-70°) to  give 43 m g of 12, mp 14 2 .5 -
and 11.30  n, characteristic of a  term inal m ethylene group. T h e  143.5°.
m ass spectrum  had a parent ion a t m /e  150 and abundant ions a t A n a l. C alcd  for C^HjoCb: C , 79.33; H , 7.99. Found:

___________  C , 79.42; H , 8.06.
(33) R . Mozingo, D. E . Wolf, S. A. Harris, and K . Folkers, J .  Amer. T h e nmr and infrared spectra correspond w ith  those for 12.

Chem. Soc., 6S, 1013 (1943). Further confirmation is provided b y  iodine dehydration to  13,
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T a b l e  I V  phene-8 -carboxylic acid (1) in 0.9 m l of deuterated trifluoroacetie
Time, days Lactone 3, % Lactone 4, % acid ,w as Placed in an nmr tu be and the progress of th e reaction at

„ j ,  am bient tem perature (Table I V )  w as followed b y  periodically
' ' "  exam ining th e nm r spectrum  of th e solution.

endo  Lactone 4-d2.26— T o a stirred solution prepared b y  adding 
8  3 3 .5  9 .1  g00 m g of sodium to  5 m l of C H 3O D  w as added 600 m g of endo

14 68.0 12 .4  lactone 4 . T h e solution w as k ep t a t room  tem perature for 3
21 70 .2  14 .3  days, concentrated, and diluted w ith  deuterium  oxide. T he

T a b l e  V
D e u t e r iu m  E x c h a n g e  a t  R oom  T e m p e r a t u r e  in  D e u t e r io t r if l u o r o a c e t ic  A cid

,----------------------------- OCCHj--------------------------------- ,
Starting ,------------ --------------------------------- Lactone 4---------------------------------------------- . m /e  43; m /e  44;° m /e  45; m /e  46;
compd do, % di,a % (h, % dz, % d\, % da do, % di, % du, % dz, %

1  9 .7  2 7 .7  33 .2  1 9 .1  7 .3  2 .9  6 1 .7  28 .9  8 .5  0 .9
4 7 .5  1 5 .6  3 5 .1  18 .5  12 .0  7 .4  3 2 .1  36 .8  2 4 .5  6 . 6

5 5 4 .8  34 1 1 .2  . . .  . . .  . . .  8 8  7 .5  3 .9

“ C orrected for natural contribution of M  +  I.

m p 106-108°, no depression on m ixture w ith  authentic 13. T h e  solution was extracted w ith  ether. T h e  ether solution w as dried
ultraviolet, infrared, and nmr spectra correspond w ith  those of 13. over anhydrous m agnesium  sulfate, the ether w as rem oved, and
In  view  of the v ery  sm all am ount of 12 isolated from  2.0 g  of 27, the resulting solid w as recrystallized from  hexane and sublim ed to
it  is possible th a t 27 w as contam inated w ith  a trace of 1 0 , arising give 106 m g of lactone 4-d2. T h e m ass spectrum  showed a p aren t
from  4  having been contam inated w ith  a trace of 3. ion at m /e  182 and abundant ions a t m /e  139, 114 , 113 , 93, 67,

1 0 -Benzhydrilideneborneol (29).29— A  4.95-g (0.015 mol) and 43. 
sam ple of 15 was sealed in a  glass tu be w ith  12.24 g (0,060 m ol) T reatm ent of Acid 1 and Lactones 3-5  w ith D eu tera ted  T ri- 
of alum inum  isopropoxide (excess to  perm it com plete equilibra- fluoroacetic A cid .26— Sam ples of ca . 500 m g of cam phene-8 -
tion to  the more stable epim er84) and 40 m l of isopropyl alcohol carboxylic acid (1), lactone 3, and lactone 4 in ca . 0.5 m l of deu-
(a prelim inary experim ent using th e toluene solvent recom m ended terated trifluoroacetie acid were heated a t reflux for 3 days,
afforded v ery  litt le  product). T h e  tu be w as heated a t 135° for T h e solution w as worked up in the usual m anner and th e  resulting
10.5 days, cooled, and opened, and the contents were poured into deuterated lactone 4 w as analyzed b y  mass, spectroscopy. Lac-
100 ml of cold 10 %  hydrochloric acid. A fte r  four 50-ml ether tone 5 was treated in a sim ilar manner and th e recovered lactone
extractions were perform ed, th e extracts w ere com bined, w ashed 5 w as analyzed b y  mass spectroscopy.
w ith  saturated sodium  chloride solution u ntil neutral, and dried T h e  integrated areas of the m eth yl resonances a t 8 1 .3 4  and
over anhydrous m agnesium  sulfate. E vap oration  of the solven t 1 .16  ppm  in lactone 4 are in a ratio of 23:29, supporting the mass
(oil pum p a t end) le ft a  gum  whose infrared spectrum  showed spectrom etric assignm ent of deuterium  incorporation in to  the
some residual 15. T h e gum  w as chrom atographed on F lorisil, C C H 3 group (c/. T ab le  V  above).
and, after elution w ith  pure petroleum  ether (bp 60-70°) and . t  , 0 0 . 0 -
benzene-uetroleum  ether (bp 60-70°) m ixtures up to  5 0 % , pure Registry JMo. 22485-/0-0, ( ) - l , 22400-
benzene afforded a crystalline eluate, mp 10 3 -113 ° . Several 80-9; 3, 22485-77-4; 4, 22485-78-5; 5, 22485-79-6;
recrystallizations from  aqueous ethanol gave  29, mp 118 -119 °  7( 22528-22-9; 10, 22479-79-4; 11, 22479-80-7; 12,
no carbonyl in the infrared. T h e  nm r spectrum  showed a  singlet 22479-81-8; 13, 22479-82-9; 14, 22482-99-1; 15,
for 0 1 1 6  v in y l proton a t  8 5.98 ppm  and a m ultiplot (two closely o o /iq q  nn 7 * i/c 9 9 Pi9 ö 9 Q a . 9 1  9 9 J.RQ n i  R. 9 3
spaced quartets) at 8 5.04 ppm , characteristic for the borneol 22483-00-7, 16, 22528-23-0, 21, 22483-01-8, 2 3 ,
system  in these com pounds. 22528-24-1; 24, 22483-02-9; 25, 22483-03-0; 26,

A n a l. C alcd  for C 23H 260 :  C , 86.74; H , 8.23. F ound: 22485-68-3; 27, 22485-69-4; 28, 22485-70-7; 29,
C, 86.67; H, 8.25. 22528-25-2; 29 acetate, 22485-71-8; (±)-cam phene-8-

T h e m elting poin t of the acetate, 74 -76 °, clearly differs from  m e th a n o l!  22485-72-9; (+)-8-acetoxymethylcamphene,
A n a l  ec S c d erf o r ‘ c 25H 280 2: C , 83.29; H , 7.83. F ound: 22485-73-0; (+)-a-pinene-10-carboxamide, 22485-

C , 83.18; H, 7.72 . 74-1; 10-(dimethylhydroxymethyl)isoborneol, 22485-
Addition of H ydrogen Chloride to Cam phene-8 -carboxylic Acid 75-2. 

to G ive  3 1 .26— A  solution of 5.0 g  of 1 in 35 m l of acetic acid w as
saturated w ith  hydrogen chloride gas and stirred for 2  d ays. Acknowledgment.-— The Michigan authors wish to
T h e solvent w as rem oved under dim inished pressure, leavin g acknowledge the contributions to this research by Dr.
3.6 g of a dark brow n solid. R ecrystallization  from  hexane Q  T  G o e t s c h e l  a n d  D r . A . M. T. Finch, whose efforts
followed b y  sublim ation m  vacuo  ga ve  a w hite solid: mp 150 - . , ~ , ,  , , , , t t -
156° (lit ’ mp 15 0 -15 6 °); nm r 0.90 and 1 .14  (s, 6 , C H 3C C H 3), improved several of the reported procedures, to H i
2.41 and 2.70 (C H 2C 0 2), 4.42 (m, 1 , H C C 1), and 11.4 2  ppm  (s, Laboratories, Whitmore Lake, Mich., for preparation
1 , C 0 2H ). of a large sample of 10-benzhydrylidenecamphor; to Dr.

T h e recrystallized chloro acid 31 w as washed several tim es w ith  william Cartwright and Dr. Jack K. Reed, whose
5 %  sodium  carbonate solution. T h e  aqueous solution w as ex- theses led to improvements in  the prep-
tracted w ith  ether. T h e  ether solution w as dried and the ether . 1 . , . r , f
was rem oved to  leave  a  sem isolid. V p c  analysis of th is m aterial arations of various compounds m the senes, and to
showed one com ponent, w hich w as collected and spectrally  Mr. R. B. Clark, Mr. R. A. Dunn, Mr. P. E . Krieger,
identified as cam phene. Mr. A. H. Parkman, Mr. R. E . Servis, and Mrs.

Lactonization of Cam phene-8 -carboxylic Acid (l) with D eu- Heather Simonson, all of whom assisted at various
terated T rifluoroacetie A c id . 26 A  solution o f 250 m g of cam - ^  ^  i n v e s t i g a t i o n _ T h a n k s  a r e  also due to

Mr. Frank Parker and Mr. Gunther Schütze for prep-
(34) C. F . Wilcox, Jr ., M . Sexton, and M. F . Wilcox, J .  Org. Chem., 28, r  • i* J  / cn  T\/T«\

1079 (1963) aration of infrared and nmr spectra (60 Me).
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Conjugate Addition Reactions of Ethyl Atropate with Certain  
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E th y l atropate, C H i= C ( C 6H 6)C O O C iH 5, underwent conjugate addition w ith phenylm agnesium  brom ide and 
w ith alkali di- and triphenylm ethides to  form corresponding ^-substituted products. E th y l atropate also under
w ent conjugate additions w ith the 1 ,2 -dialkali salts of benzophenone and benzophenone anil to afford a lactone 
and a -y-amino ester, respectively. Several new /3-amino esters were prepared b y  sim ilarly condensing ethyl atro
pate w ith certain alkali amides or w ith  appropriate free amines. Various alkylations of interm ediate carb- 
anions were effected to afford «-substituted derivatives. Some related reactions were also realized.

Methyl atropate and ethyl atropate (1) have pre- Although ester 1 has been reported to produce poly- 
viously been shown to undergo polymerization with mers with catalytic amounts of alkali triphenylmethides 
catalytic amounts of various nucleophiles, including 5a or b,2 1 afforded the monomeric /3-trityl derivative 
sodium amide,2 alkali triphenylmethide,2 n-butyl- 6 with 1 molar equiv of these reagents in liquid am-
lithium,3’4 and w-butylmagnesium bromide.4 Most of monia or tetrahydrofuran (TH F); the yields of 6 were
these reactions presumably involved a series of con- 40 and 66%, respectively (Scheme I). 
jugate 1,4 additions of the ester, first with the nucleo
phile and then with intermediate carbanions. How- S c h e m e  I
ever, only two types of reactions of these esters with 1 x, x.TT „ „  „.
m o la r  e q u iv  o r  m o r e  o f  n u c le o p h i le s  a p p e a r  t o  h a v e  b e e n  (C 6H 5)3C N a  -<----------(C SH 5)3C H ----------- >  (C 6H 5)3C L i
reported previously. One type involved methyl atro- llquid NHs THF
pate with methyl- or phenylmagnesium halide to form ;5a
ketone 2a or b ;5 the other involved ethyl atropate (1) A  e5ter 1 Tr . T, L e.iterl\

7 . ! C l *  a ,  ► (U 6 n 5 j3 ^ ^ W 2 U il0 U U 0 2 ll5 ‘<----------------with phenylacetone in the presence ol sodium ethoxide 2. n h 4c i  i 2. acid

to give cyclic /3 diketone 3 .6 Apparently, the first type CJh
of reaction involved both 1,2 and 1,4 additions, and the 6
second both Michael and Dieckmann condensations.

Similarly, ester 1 was condensed with sodium di- 
^CH2 CHCeH5 phenylmethide (7) in liquid ammonia to form the 0 -

C 6H5CH C = 0  diphenylmethyl derivative 9 in 61% yield. That so-
__ rvrrnR V___ , /  dium adduct 8 was present in the reaction mixture be-

CH2 -CCOOC2H5 2 CH, fore neutralization was shown by i n  s i t u  alkylation with
q H C6H5 O n-butyl bromide to give the a-n-butyl derivative 10 in

l 5 2a R = CHj 3 38% yield (Scheme I I ) .
b, R  =  C6H5

S c h e m e  II
In the present investigation, ethyl atropate (1) was Na

found to undergo single conjugate addition reactions (C 6H 5)2C H N a  ■ — >- (C 6H 5)2C H C H 2C C O O C 2H 5

with several types of nucleophiles to furnish useful 7 liquid n h 3 I
methods of synthesis of a number of monomeric prod- 6Hs
ucts. /

Results with Carbanions.— In contrast to methyl NH(CI /
atropate,6 1 underwent 1,4 addition with phenylmag- /  n_CiHsBr
nesium bromide at room temperature to form 4 in 32 -
58%  yield (eq l). 1 |

! e8ter!  (C 6H 5 )2C H C H 2C H C O O C 2H 5 (C 6H 3)2C H C II,C C ;0 0 C 2II5

C e H sM g B r— ---------- >  C 6H 6C H 2C H C 0 0 C 2H 5 (1) I I
2. acid I C 6H 5 Cells

CeHs 9 1 0

4

, a . j . .u tt • •* t . ,  .. c . , .. Ester 1 underwent conjugate addition, accompanied(1) (a) Supported at the University of Missouri by the Fetroleum Re- r
search Fund, administered by the American Chemical Society, and at Duke by CycllZ&tlOIl, With dlSOdlUm SRlt 11 to lOriH iRCtone 13 
University by the Office of Army Research (Durham); (b) University of jn 37%  yield; presumably, disodium adduct 12 Was an
Missouri; (c) Duke University; (d) Union Carbide Corp., South Charleston, intermediate (Scheme III). However, it WRS not

(2) C. de Saint-Gobain, French Patent 1,357,679 (1964); Chem. Abstr., established whether the Cydization OCCUtTed before Or
6i, i2i67d (1964). after neutralization.
Chem. Abstr., sa, 13250a (1965). Similarly, ester 1 was condensed with dialkah salts

(4) K . Chikanishi and T . Tsuruta, M akromol. Chem., 78 231 (1964); 14a or b in liquid ammonia to give 7-amillO ester 15 in
Winton, 7 . Chem. S o c ,  840 (1940). 2 0 ~ 3 0 %  N o n e  o f  t h e  corresponding cyclic lactam

(6) G. R . Ames and W. Davey, ibid., 1794 (1958). W a s  isolated.
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Scheme III NaNH2 N a r x
18a----------- ► (C2H5)2NCH2CCOOC2H5 — >

2Na Na liquid NHs |
(C6H5)2C = 0 ----------- > (C6H6)2CONa C6H6

liquid NH3 j j 20

I R| ester 1  (C 2H 6)2N C H 2C C O O C 2H 5 (3)

CH2 I tt
/  \  NH.CI N a ® '  „

(C6H5)20  CHC6H5 -<-------(C6H5)2CCH2CCOOC2H5 21 a- R = CRATE
1 1  | |  b, R  =  TO-C4H 9

O----------0 = 0  ONa C6H5
13 1 2  At least for the preparation of 2 1 a, this sodium amide

method seems preferable to the above-mentioned in situ 
„  s ™  „  benzylation of the hthium adduct 17a, which required a

( 0 6 X l 5 ) 2 0 - J N U 6 - t l 5  ( U 6 M 5 ; 2 0 - U J a 2 ^ J l U U U ^ 2 X l 5  i  , • i  i  a * • 1 r  a . '  £  a  * 1 1| |  relatively longer reaction period for a satisfactory yield
14a, M = Na C6H5NH Cells (see Scheme IV and Experimental Section).

b, M = K 15 Also, /3-amino ester 18a was methylated at its ni
trogen atom with methyl iodide in acetonitrile to form 

Results with Anions of Amines.— Similar to the the quaternary ammonium iodide 22 in 80%  yield (eq
previously reported polymerization of ester 1 with a 4 ).
catalytic amount of sodium amide in TH F, anisole, and
dimethyl sulfoxide,2 we observed some polymerization ciw +
of 1 even with 1 molar equiv of alkali amides in liquid 18a GHjC*  (C2H6)2N-CH2CHCOOC2H6 I (4)
ammonia and with lithioethylamide in ether-hexane or CH3 C6H5
THF-hexane. More significantly, however, single con- 22
jugate addition reactions were realized with ester 1 and
1 molar equiv of the lithio derivatives of secondary Results with Free Amines and Basic Catalysis.—  
amines, I6a-c, in ether-hexane or THF-hexane to Ester 1 underwent an uncatalyzed conjugate addition
form /3-dialkylamino esters 18a-c in yields of 62, 33, reaction with benzylamine and n-butylamine in ethanol
and 48-54% , respectively (Scheme IV). That lithio to form the d-amino derivatives 23a and bin yields of 71
adduct 17 was present in the reaction mixture before and 50%, respectively (eq 5). 
neutralization was shown by in situ alkylation with
benzyl chloride to form the «-benzyl derivative 21a. C6H5CH2NH2 —— i  RNHCH2CHCOOC2H5 (5)

S° “ " IV or n-C.H .N H . 23a, R  = 'c H aC(H5
n-CtHsLi R' b, R =  ra-CRIo

RNHR'------------------»- RNLi
o®THF-hex“ne 16a> R  “  R ’ “  CeF(CHi )i Although this method would presumably be suitable

c,’ R = CH3; R' = C6Hs with certain other primary amines, it failed with free
, diethylamine. Even in the presence of catalytic
1  «»tor 1 amounts of sodium ethoxide, sodium methoxide, or n-

butyllithium, ester 1 underwent only a little conjugate 
RNCH2CHCOOC2H5 RNCH2C-COOC2H6 addition with diethylamine and methylaniline to form

I ] /3-amino esters 18a and c, respectively.
CeHs CeHs Results with Malonic Ester.—Ester 1 underwent a

18a, R = R' = C g *  17a, R = R' = CJT typical Michael condensation with ethyl malonate in
c R = CH3- R' = C6H5 c, R = CH3; R' = C6H5 the presence of a catalytic amount of sodium ethoxide

or sodium methoxide neat or in ethanol to form the /3 
/3-Amino ester 18c was also prepared through sodium derivative 24 in 55-60%  yield (eq 6). 

methylaniline (19) in liquid ammonia, the yield being
. . i  l l  i  j Na002il5 or JNaUUJl3

66%  (eq 2). This method, however, does not appear CH2(COOC2H6)2 +  1 ------------------------»-
(catalytic amount)

NaNHi N a 1. ester 1 ('eNr.
C6H5NHCH3 -------------- S -C 6H 5NCH3 -------------- -> 18c (2) TT r.Lrr.TT rr

liquid NHa 2. NH,C1 (G2H3OGO)2CHCH2CHCOOC2H 5 (6)
19 24

suitable for the two purely aliphatic amines, with which When malonic ester was converted into its sodium salt 
the equilibrium of the acid-base reaction would pre- with 1 molar equiv of sodium ethoxide in ethanol or
sumably be on the side of the free amine and sodium sodium amide in liquid ammonia and ester 1 was added,
amide. the yields of 24 were only 5 and 24%, respectively.

/¡-Amino ester 18a was alkylated at its a carbon with 
certain halides by means of sodium amide in liquid am- Discussion
monia. Thus, the intermediate sodium salt 20 under
went alkylation with benzyl chloride and n-butyl bro- Interestingly, in spite of the tendency of ester 1 to be 
mide to form the a-alkyl derivatives 2 1 a and b in yields polymerized by strong nucleophiles, the reactions de- 
of 71 and 7 5 % , respectively (eq 3 ). scribed herein stopped at the initial stage to form mono-
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mers w ith  m ost of the nucleophiles studied. Since 1 failed to react satisfactory w ith  diethylam in e even in
even  1 m olar eq u iv o f alkali am ides and lithium  deriva- the presence of ca ta ly tic  am ounts of sodium  ethoxide or
tives of prim ary am ines afforded polym eric m aterial, other basic reagents. Also, 0-amino ester 18c was
success in arresting the present reactions at the m ono- found to  undergo cleavage w ith  a ca ta ly tic  q u a n tity  of
meric stage w ith  the alkali derivatives of secondary sodium  ethoxide in ethanol to form  m ethylan ilin e and
am ines m a y be ascribed to a steric factor. P o ssib ly  a e th y l atropate (1), though the equilibrium  m a y  h a ve
steric factor w as instrum ental also in the success of the been shifted in favo r of these com ponents b y  p o lym er-
preparation of monomers w ith  the alkali d erivatives of ization of m ost of 1 (see E xperim en tal Section). T h ere-
the p o lyp h en yl com pounds. fore, the satisfactory con jugate additions of 1 w ith  th e

W ith  th e exceptions of the G rign ard and m alonic es- alkali d erivatives of the secondary am ines appear at-
ter d erivatives, 4 and 24, respectively, all of th e products tribu table to  form ation of the more w e ak ly  basic ad-
described in this paper appear to be new. T h eir struc- d u ct anion such as 17, although the m etallic cation m a y
tures were supported b y  elem ental analyses and absorp- also be influential, especially w hen it  is lith iu m .14
tion  spectra (see E xperim en tal Section). O n th e other hand, the equilibrium  of th e con ju gate

A lth o u g h  4 can be prepared more con ven ien tly b y  addition reaction of ester 1 w ith  m alonic ester is evi-
alkylatio n  of sodium  e th y l p h en ylacetate,7 24 seems d en tly  on th e side of the neutral ad d u ct 24, since 24 w as
b etter prepared b y  th e present m ethod th an  b y  an ear- obtained in good yield  w ith  a ca ta ly tic  am oun t of so
ber one in vo lvin g alkylatio n  of sodium  m alonic ester dium  ethoxide b u t not w ith  1 eq u iv of this base. T hu s,
w ith  2-phenyl-3-chloropropionate, for w hich no yield  con ju gate addition reactions of ester 1 w ith  m alonic  

w as reported.8 T h e  latter reaction m a y  h a ve  been ac- ester occur better w ith a ca ta ly tic  am ount th an  w ith  1
com panied b y  dehydrohalogenation, a ty p e  of reaction eq u iv of sodium  ethoxide, since the resulting ad d u ct
th a t occurred exclu sively in an a tte m p t to  a lk ylate  po- carbanion, w hich is a stronger base th an  th e m alonic
tassium  diphenylm ethide w ith  e th y l 3-brom opropio- ester carbanion, needs to acquire a proton to  afford the  

n ate .9 more therm odyn am ically stable netural adduct.
W hile there appear to be no earlier exam ples for con

ju g a te  additions of an a,0 -unsaturated ester w ith  an
alkali d erivative of a secondary amine, such reactions xp en m en  a ec ion

w ith  the other typ e s of nucleophiles h ave been de- Preparation of E thyl Atropate ( 1 ).— This ester w as prepared
s c r ib e d  p r e v io u s ly .  T h u s ,  b e s id e s  t h e  w e ll- k n o w n  b y  a  m odification of the procedure of Am es and D a v e y . 6 Sodium

G rign ard and M ich ael typ es of reactions, con ju gate ad - f hoxide- l2'27, ^ ’ Prepfar^  in ,1200, "¡J Oof x ^ nec
 ̂ . . .  , ’. j ?  , , from  10o.8 g (2.3 mol) of ethanol and 52.2 g (2.27 g-atom s) of

ditions of e th yl cm nam ate w ith  potassium  d iph enyl- sodium , w as treated w ith  328.5 g (2.25 mol) of diethyl oxalate,
rnethide,10 of chalcone w ith  disodium  salt 11,11 and of followed b y  489.0 g (2.98 m ol) of ethyl phen ylacetate. E ach
m eth yl or e th yl acrylate w ith  prim ary or secondary addition required 30 m in, and the tem perature w as m aintained
am ines12 h ave been reported. Sim ilar to  our observa- below 35 w ith  a, w ater bath . T h e solution w as allowed to stand

tion w ith  ester 1 and free d i e t h y l ™  (see above) S S

e th y l cm nam ate has been reported n ot to  react w ith  were colorless. T h e  solid was then slurried w ith  1  1. of ether 
this am in e.13 and m ade acidic b y  the addition of 1 N  hydrochloric acid . T he

T h e  present results, as w ell as earlier ones, fit into tw o resulting phases were separated, the aqueous phase w as extracted
categories w ith  regard to  affecting satisfactorily con- w ith  tw o 300-ml portions of ether, and the ether extracts w ere
• „  ?  • ' y  com bined and concentrated under reduced pressure. T h e
ju g a te  addition reactions of a,0 -unsaturated esters (or rem aining oil w as treated w ith  300 m l of 38 %  aaueous form al-
other such system s) w ith  nucleophiles: (a) those th a t dehyde and 1 1. of w ater. T h e resulting rapidly stirred m ixture
form  a sufficiently more stable (more w e ak ly  basic) ad- w as then treated a t 12 -18 ° during 3 hr w ith  a solution of 243.0 g
d u ct carbanion; and (b) those th a t produce a more (1-76 mol) of potassium  carbonate in 450 m l of w ater, and stirred

therm od yn am ically stable nuetral ad d u ct com pared to  pl' T  ex.;̂ af ed £kth \
J  , , , a s , . 1. of ether and the aqueous phase was extracted with two 300-ml

th e tw o starting neutral com ponents. C a te g o r y  a m - portions of ether. Work-up followed by distillation of the crude
eludes th e  reactions of G rignard reagents, th e p o ly - product on a 40 theoretical plate spinning-band distillation col-
p h en yl carbanions, and the anions of amines, thou gh  th e umn afforded 230 g^(58%) of ethyl atropate (l), bp 88-91° (2.5
m agnesium  of the G rignard reagent m a y  also p la y  an tht.6 bp 76-77° (1.2 mm)]. The nmr of the product showed

u  n  4- u  ■ , ,  A  „ the presence of 97.5% ethyl atropate and 2.5% ethyl phenyl-
m portant role.14 C a te g o ry  b includes th e reactions of acetate. Ethyl atropate ¿ uld p r e s e r v e d  without the pres-

t h e  n e u t r a l  t r e e  a m in e s  a n d  t h e  b a s e - c a t a l y z e d  M i c h a e l  ence of polym erization inhibitors b y  refrigerator storage under a
c o n d e n s a t io n s .  nitrogen atm osphere.

A p p a r e n t l y ,  t h e  e q u i l ib r iu m  o f  t h e  c o n ju g a t e  a d d i-  P urer eth yl atropate ( 1 ) was realized in 6 5 %  yie ld  w hen the 
t io n  r e a c t io n  o f  e s t e r  1 w it h  a  fr e e  s e c o n d a r y  a m in e , e .g . ,  preparation w as repeated em ploying 2.25 mol each of eth yl

, • ■ , ,  . ,  J  a ’ phenylacetate and diethyl oxalate along w ith  2.5 m ol of sodium
d ie t h y la m in e ,  is  o n  t h e  s id e  o f  t h e  s e c o n d a r y  a m m e , s in c e  ethoxide.

Addition of Phenylm agnesium  Brom ide to E th yl Atropate.—
(7) W. G. Kenyon, R. B . Meyer, and C. R . Hauser, J . Org. Chem., 28, Phenylm agnesium  brom ide, prepared from  0.60 g  (0.025 g-atom )

3108 (1963). °* magnesium and 3.93 g  (0.025 mol) of brom obenzene in  50
(8) V. Breznak, Biochem. Z., 205, 417; Beilsteins Handbush ser organis- ^  ether, was treated during 12 min w ith a solution of 4 .4  g

chen chemie, Vol. 9, II , Springer-Verlag, 1944, p 715. ----------------------
(9) See W. G. Kofron and N. I . Gottfried, J .  Org. Chem., 31, 3426 (1966). (15) Melting points were taken on a Thomas-Hoover capillary melting
(10) M . T . Tetenbaum and C. R . Hauser, ib id ., 23, 229 (1958). point apparatus and are uncorrected. Infrared spectra were determined on
(11) See P. J .  Hamrick, Jr ., and C. R. Hauser, J .  Amer. Chem. S oc., 81, a Perkin-Elmer Infracord Model 137 either neat, as Nujol mulls, or in K B r

493 (1959). disks. Nmr spectra were obtained with a Varian Associates A-60 spectrom-
(12) R . Mozingo and J .  H. McCracken, "Organic Syntheses,” Coll. Vol. eter using tetramethylsilane as internal standard. Analyses were performed

III , John Wiley & Sons, Inc., New York, N. Y ., 1955, p 258. by Galbraith Laboratories, Knoxville, Tenn., and Triangle Chemical
(13) K . Morsch, Monatsh. Chem., 61, 229 (1932). Laboratories, Chapel Hill, N. C. Unless indicated, the reactions were
(14) For the metallic cation effect in carbonyl addition reactions, see worked up by extracting the aqueous phase with three or four 50-ml portions

W. I . O Sullivan, F . W. Swamer, W. J. Humphlett, and C. R. Hauser, of ether, drying (CaSOi or MgSOi), and concentrating the combined extracts
J .  Org. Chem., 26, 2306 (1961). on the rotary evaporator.
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(0.025 mol) of eth yl atrópate (1) in 50 m l of ether. A fter 5 hr, 1760 ( C = 0 )  and 700 cm - 1  (A rH ); nm r (C D C L ) S 7.0 (m , 15,
the w hite suspension w as cooled to  0° and hyd rolyzed b y  100 m l of A rH ) and 3.3 (m, 3, C H , C H 2).
3 N  hydrochloric acid. W ork-up 15 and distillation of the result- A n a l. C aled  for CjsH islh: C , 84.07; H , 5 .73. F ound:
ing residue afforded 2.0 g  (32% ) of e th yl 2,3-diphenylpropanoate C , 84.16; H , 5 .77.
(4), bp 168-170° (4 mm ) [lit .7 bp 11 5 -1 1 6 .5 °  (0.13 m m )]. Benzophenone (1.85 g , 2 1 % ) w as recovered from  th e reaction

Sim ilarly, addition of a  tw ofold excess of phenylm agnesium  m ixture and isolated as its 2,4-dinitrophenylhydrazone deriva-
brom ide to 0.025 mol of ethyl atrópate for 16 h r gave ester 4 in tive , mp and m m p 238-240°.
58 %  yie ld . Saponification of a portion of ester 4 according to  Addition of Dialkalibenzophenone Anil to Ethyl Atrópate.—  
published procedures7 afforded the expected 2,3-diphenylpro- T his reaction was effected essentially as described above for di- 
panoic acid, mp 83-84° ( lit .7 mp 84 -85°). sodium  benzophenone b y  adding 6.43 g  (0.025 m ol) of solid

Addition of Triphenylmethane to Ethyl Atrópate. A. By benzophenone anil in sm all portions to an am m onia solution of
Means of Sodium  Amide in Liquid Ammonia.— T o 0.027 m ol 1 .15  g  (0.05 g-atom ) of sodium  follow ed b y  a solution of 4.4 g
of sodium  amide in 300 m l of anhydrous liquid am m onia , 16 pre- (0.025 m ol) of ester 1  in 50 m l of ether. W ork-up 15 afforded an
pared from  0.64 g (0.027 g-atom ) of sodium , w as added 6.7 g  insoluble solid th at was collected and treated w ith  aqueous so-
(0.027 mol) of solid triphenylm ethane, followed after 30 min by dium  hydroxide. F urth er w ork-up 15 afforded, upon recrystalli-
a solution of 4.4 g (0.025 mol) of eth yl atrópate in 50 ml of ether zation from  absolute ethanol, 3.3 g  (30% ) of eth yl 2,4,4-tri-
added during 1 0  m in. T h e  reaction m ixture was treated im- phenyl-4-phenylam inobutanoate (15): mp 14 0 .5 -14 2 .5 °; ir
m ediately w ith  20 g  of solid am m onium  chloride and the am- (N u jo l)3 15 0  (N H ), 1700 ( C = 0 ) ,  710 , and 690 cm - 1  (A rH ); nmr
m onia was allowed to  evaporate. T h e resulting residue was (C D C 13) S 7.37 (m, 20, A rH ), 6.4 (s, 1, N H ), 3.25 (m , 5 , C H ,
hydrolyzed b y  100 ml of 3 N  hydrochloric acid. W ork-up 15 C II 2), and 1.05 (t, 3, C H 3).
afforded a gum like m aterial w hich w as crystallized from  9 5 %  A n a l. C aled  for C30H29NO2: C , 82.75; H , 6 .6 6 ; N , 3 .2 1 .
ethanol to afford 4.2 g  (40% ) of eth yl 2,4,4,4-tetraphenylbutano- F ound: C , 82.63; H , 6.65; N , 3 .16 .
ate  (6 ): mp 125-128 °; ir (K B r)  1730 ( C = 0 ) ,  770, 747, and W hen the reaction was repeated em ploying 1.95 g (0.05 g- 
695 cm - 1  (A rH ); nm r (C D C I 3) 5 7.25 (d, 20 A rH ), 3 .5 (m, 5, atom ) of potassium  m etal, 7 -amino ester 15 was obtained in 20%  
C H , C H 2), and 0.9 (t, 3, C H 3). yie ld .

A n a l. C aled  for C 30H 28O 2 : C , 85.80; H , 6 .77 . F ou n d: Addition of N-Lithioamides to Ethyl Atrópate. A. General
C , 85.45; H , 6.82. Procedure.— T o  a solution of 0.025 or 0.05 mol of the appropriate

B. By M ean s of n-Butyllithium.— To a  solution of 4.88 g  am ine in 100 m l of anhydrous ether w as added 17.3  or 34.5 m l
(0.02 m ol) of triphenylm ethane in 50 m l of T H F  and 25 m l of (0.027 or 0.055 mol) of 1.6  M  « -bu tyllith ium  in hexane . 17 A fter
ether was added, during 5 m in, 20 m l (0.03 m ol) of 1 . 6  M  « -bu tyl- 15-60 m in, the reaction m ixture w as treated during 30 m in w ith  a
lithium  in hexane . 17 A fter the solution w as stirred for 4 hr a t solution of 4.4 or 8 . 8  g (0.025 or 0.05 m ol) of eth yl atrópate in 50
0° (ice bath ), the bright red suspension was treated w ith  a  solu- m l of ether. T h e resuiting yellow  solution was stirred for 5 hr
tion of 3.6 g (0.02 m ol) of eth yl atrópate in 20 m l of T H F . A fter  a t  25°, and then treated w ith  100 m l of 3 N  hydrochloric acid
30 min, the resulting clear red solution w as poured into 300 m l of T h e  aqueous phase w as extracted w ith  three 50-ml portions of
ice-w ater. W ork-up 15 gave  5.8 g of ester 6 , mp 125-128 °; re- ether, which were discarded. T h e  aqueous phase w as neutralized
crystallization  from  9 5 %  ethanol afforded 5.5 g (6 6 % )  of this b y  solid NaaCCb and w orked u p , 15 and the crude product w as
com pound, mp 126 -128 °. distilled.

Addition of Sodium Diphenylmethane to Ethyl Atrópate.—  B. Diethylamine.— T his reaction w as effected on a 0.05-mol 
This reaction w as effected essentially as described above for scale to  afford 7.63 g (62% ) of e th yl 2-phenyl-3-diethylam ino-
sodium  triphenylm ethane em ploying 0.025 mol of sodium  am ide , 16 propanoate (13a): bp 1 1 5 -1 1 6 °  (2.5 m m ); ir (neat) 1740
4.2 g  (0.025 m ol) of diphenylm ethane, and 4.4 g  (0.025 m ol) of ( C = 0 ) ,  733, and 700 cm - 1  (A rH ); nm r (neat) S 7.2  (m, 5, A rH ),
eth yl atrópate. D istillation  of the crude product gave  5.21 g 3.25 (m, 9, all C H 2, C H ), 1.05 (t, 6 , C H 3), and 0.93 (t, 3, C H 3).
(6 1% ) of eth yl 2,4,4-triphenylbutanoate (9): bp 203-204° A n a l. C aled  for CisHWNCh: C , 72.25; H , 9.30; N , 5.62.
(2 m m ); ir (neat) 1720 ( C = 0 ) ,  752, and 708 cm " 1 (A rH ); F ound: C , 72.38; H , 9.20; N , 5.96.
nm r (C C h ) 5 7.08 (d, 15 , A rH ), 3.9 (q, 2, O C H 2), 2.93 (m, 4, W hen the reaction was repeated essentially as described above 
C H , C H 2), and 1.04 (t, 3, C H 3). em ploying T H F  as the solvent rather than ether, am ino ester

A n a l. C aled  for C 24H 2«0 2: C , 83.88; H , 6.99. F ound: C , 18a was obtained in 4 8 %  yield .
84.00; H , 7.09. C. Diisopropylamine.— Sim ilarly, 0.05 mol of the appropriate

I n  situ  Butylation of the Diphenylmethyl Adduct of Ethyl reagents afforded 4.6 g (33% ) of eth yl 2-phenyl-3-diisopropyl-
Atropate.— T his reaction w as accom plished essentially as de- am inopropanoate (18b): bp 142-144° (2 m m ); ir (neat) 1740
scribed in the preceding experim ent, except th at as soon as th e ( C = 0 ) ,  732, and 699 cm - 1  (A rH ); nmr (neat) 5 7 .1  (m , 5,
addition of the eth y l atrópate w as com pleted, the reaction m ixture A rH ), 3.3 (m, 7, C H 2, C H ), and 0.9 (m, 15, C H 3).
was treated during 2  m in w ith  a solution of 3.45 g (0.025 m ol) of A n a l.  C aled  for C 17H 27N O 2: C , 73.63; H , 9.75; N , 5.05.
«-bu tyl brom ide in 50 m l of ether. A fter  1 hr, the m ixture was F ound: C , 73.59; H , 9.84; N , 5.24.
neutralized b y  the addition of 10 g of solid ammonium chloride. D. N-Methylaniline.— Likew ise, 0.025 mol of the appropriate 
W ork-up 15 afforded 3.75 g (38% ) of l,l,3 -trip h en yl-3-carb eth o xy- reagents gave  3.23 g (48% ) of eth yl 2-phenyl-3-N -m ethylanilino-
heptane (10): bp 239-240° (1 m m ); ir (neat) 1720 ( C = 0 ) ,  propanoate (18c): bp 16 0 -16 1° ( 2  m m ); ir (neat) 1730 ( C = 0 ) ,
752, and 708 cm “ 1 (A rH ); nm r (C D C 13) S 7.2  (m , 15 A rH ), 758, and 695 cm " 1 (A rH ); nm r (CDCI3) 5 6.9 (m, 10, A rH ),
3.8 (m, 3, O C H 2, A r 2C H ), 3.0 (m, 2, C H 2), 1 .9  (m, 2, C H 2), 3.9 (m, 5 , O C H 2, C H 2C H ), 2.8 (s, 3, N C H 3), and 1.3  (t, 3,
and 0.89 (m, 10, C H 2, C H 3). C H 3).

A n al. C aled  for CígHaCh: C , 84.00; H , 8.00. F ound: A n a l.  C aled  for C i8H 2iN 0 2: C , 76.29; H , 7 .47; N , 4.94.
C , 84.01; H , 8.24. F ound: C , 76 .13; H , 7.55; N , 4.92.

Addition of Disodium Benzophenone (11) to Ethyl Atrópate.—  Addition of N-Methylaniline to Ethyl Atrópate By Means
T o 250 m l of liquid am m onia w as added 1 .15  g (0.05 g-atom ) of Sodium Amide in Liquid Ammonia.— T o  0.025 m ol of sodium
of sodium  m etal followed b y  a solution of 4.55 g  (0.025 m ol) am ide in 300 m l of liquid am m onia16 was added a  solution of 2.675
of benzophenone in 30 m l of ether. T h e  resulting purple solution g  (0.025 m ol) of N -m ethylaniline in 25 m l of ether. A fter 15
was stirred for 1 0  m in and then treated during 2  m in w ith  a solu- m in, the resulting green suspension was treated during 2 0  min
tion of 4.4 g (0.025 m ol) of eth yl atrópate in 25 m l of ether. T h e  w ith  a solution of 4.4 g  (0.025 mol) of eth yl atrópate in 100 ml of
resulting ink-blue solution w as stirred for 2 min and poured into ether. A fter the m ixture was stirred for 4 hr, the now gray  sus-
200 ml of am m onia containing 10 g of ammonium chloride. T h e  pension was neutralized b y  15 g of solid am m onium  chloride and
am m onia was allowed to evaporate from  the yellow  solution and the am m onia w as allowed to evaporate. W ork-up 15 gave  4.65
the residue was hyd rolyzed b y  100 m l of 3 IV hydrochloric acid . g (6 6 % ) of 0 -amino ester 18c, bp 16 0 -16 1° ( 2  m m ).
Solid which did not dissolve was com bined w ith  th at obtained b y  I n  situ  Benzylation of Lithium Ethyl 2-Phenyl-3-diethylamino-
evaporating the ether from  three extractions of the aqueous phase. propanoate (17a).— Lithium  sa lt 17a, prepared as above, was
R ecrystallization  of the solid from  eth yl acetate gave 2.85 g (3 7% ) treated during 10 min w ith  a solution of 6.33 g (0.05 mol) of
of 2,4,4-triphenylbutyrolactone (13): m p 15 9 -16 2 °; ir (N ujo l) ben zyl chloride in 50 m l of ether. H eat w as applied and the
__________  yellow  m ixture was refluxed for 17 hr. U pon cooling, the m ixture

(16) See C. R . Hauser, F. W. Swamer, and J .  T. Adams, Org. Reactions. 8 ,  hydrolyzed and worked up 15 to afford 3.59 g  (29% ) of re-
1 2 2  (1954). covered ethyl atrópate, bp 115 -118  (3 m m ), and 4.85 g  (28% )

(17) Supplied by the Foote Mineral Co., Exton, Pa. of ethyl 2-benzyl-2-phenyl-3-diethylam inopropanoate (21a):
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bp 179-180 ° (3.5 m m ); ir (neat) 1725 ( C = 0 ) ,  740, and 705 of 4.4 g (0.025 mol) of eth yl atropate in  5 m l of absolute ethan ol . 18

cm - 1  (A rH ); nm r (neat) S 7 .15  (s, 5 , A rH ), 7.C (s, 5, A rH ), A fter 6  days, the ethanol was stripped and the m ixture w as dis-
4.0 (q, 2, O C H 2), 3 .51 (s, 2, A rC H 2), 3 .1  (s, 2, A rC C H 2N ), 2.4 tilled to on ly give 3.22 g (73% ) of eth yl atropate, bp 104-106°
(q, 4, N C H 2), and 0.9 (m, 9, C H 3). (3 m m ). T h e  nm r of the recovered ester w as identical w ith  th at

A n a l. C alcd  for C 22H 29N 0 2: C , 77.84; H , 8  61; N , 4 .13 . of an authentic sam ple.
F ound: C , 77.56; H , 8.52; N , 4.28. B . B y  M ean s of Catalytic Q uantities of Sodium  A lkoxid es.—

W hen the reaction w as repeated b y  refluxing the reaction Sodium  ethoxide (0.0017 mol) w as prepared from  0.04 g  (0.0017
m ixture for 50 h r instead of 17 hr, amino ester 2 1 a w as obtained g-atom ) of sodium  in 10 m l of absolute ethanol. T h e ethanol was
in 50 %  yield . rem oved under high vacuum , and the resulting w h ite  solid was

A lkylations of E thyl 2-Phenyl-3-diethylam inopropanoate (18a) treated w ith  a  m ixture of 1.3 g  (0.017 m ol) of diethylam ine and
b y  M ean s of Sodium  Am ide in Liquid Am m onia. A . B en zyl 2.2 g (0.012 mol) of eth yl atropate. A fter 30 m in, the resulting
C hloride.— T o  a suspension of 0.0275 mol of sodium  amide in 300 yellow  solution w as hydrolyzed b y  150 m l of w ater. T h e  usual 
m l of liquid ammonia16 was added during 5 m in a solution of 6.125 w ork-up and distillation afforded sm all am ounts of volatile
g  (0.025 m ol) of amino ester 18a in 50 m l of ether. A fter 30 m in, products, the nm r of which indicated the presence of on ly  trace
the resulting pale green solution w as treated during 5 m in w ith  a  am ounts of amino ester 18a. Sim ilar results were obtained when
solution of 3 .16  g (0.025 mol) of ben zyl chloride in 50 m l of cata lytic  am ounts of comm ercial sodium  m ethoxide or n-butyl-
ether. A fter 4 hr, the m ixture was treated w ith  15 g  of solid lith ium  were em ployed to  affect the condensation,
am m onium  chloride and the ammonia was allowed to  evaporate. Likew ise, condensation of N -m ethylaniline w ith  e th yl atropate
T h e resulting residue was w orked up15 to  afford 6.0 g (7 1 % )  of effected b y  means of a  cata lytic  am ount of sodium  ethoxide
ben zyl derivative 21a, bp 162-163° (2 m m ). afforded only trace am ounts of the desired amino ester 10c.

B . «.-Butyl Brom ide.— This reaction w as accom plished essen- Additions of D iethyl M alonate to E thyl A tropate.— Solid
tia lly  as described in p art A  above b y  em ploying 3.43 g  (0.025 sodium  ethoxide (0.0017 m ol), prepared as described above, was
m ol) of n -bu tyl brom ide to afford 5.69 g (75 % ) of ethyl 2-n- treated w ith  a  m ixture of 2.2 g (0.012 mol) of eth yl atropate and
butyl-2-phenyl-3-diethylam inopropanoate (2 1 b ): bp 126-128° 2 . 0  g  (0.012 m ol) of diethyl m alonate. T h e  resulting yellow
(1 m m ); ir (neat) 1725 ( C = 0 ) ,  755, and 705 cm - 1  (A rH ); nm r solution w as stirred for 30 min and poured into 150 m l of w ater.
(C D C I 3) 5 7.2  (s, 5, A rH ), 4 .1 (q, 2, O C H 3), 3.04 (d, 2, N C H 2- A fter w ork-up , 16 the resulting crude product was distilled to  give
C A r) , 2.34 (q, 4, N C H 2), and 1.0 (m, 18, C H 2, C H 3 1. 2.3 g (55 % ) of l-ph enyl-l,3 ,3-tricarbethoxypropan e (24): bp

N -M ethylation  of Am ino E ster 18a.— T o  a solution of 10.0 g 18 5-18 7° (1.5  m m ) [lit . 8 bp 215° (15 m m )]; nm r (C D C 13) 5
(0.041 mol) of amino ester 18a in 100 m l of acetonitrile w as added 7 .1  (s, 5, A rH ), 4.0 (m , 6 , O C H 2), 3.3 (m, 2, C H ), 2.4 (q, 2,
20 g of m ethyl iodide. Sufficient heat was applied to the reaction C H 2), and 1 .1  (m, 9, C H 3).
m ixture to cause gentle reflux. A fter 24 hr, the solution was A n a l. C alcd  for C i8H 240 6: C , 24.28; H , 7 .14 . F ound:
allowed to cool before it was poured into 750 m l of ether. T h e  C , 64.48; H , 7 .17 .
resulting precip itate was collected and recrystallized from  aceto- W hen the reaction w as repeated using 4.4 g  (0.025 m ol) of 
n itrile-ether to afford 12.85 g  (80% ) of (2-carbethcxy-2-phenyl)- eth yl atropate, 4.0 g (0.025 mol) of d iethyl m alonate, and 0.19 g
e th yl d ieth yl m ethyl am m onium  iodide (22): m p 122 -124 °; ir (0.0035 mol) of com m ercial sodium  m ethoxide, ester 24 w as ob-
(N ujol) 1725 cm - 1  ( C = 0 ) ;  nm r (C D C I3) S 7.43 (m , 5 , A rH ), 4.0 tained in 60%  yie ld .
(m, 9, C H 2, C H ), 3.26 (s, 3, N C H 3), 1.38 (t, 6 , C H 3), and 1.2  W hen the reaction w as repeated using 1 equiv of sodium  eth- 
(t, 3, C H 3). oxide in 100 m l of absolute ethanol for 5 hr, 0.4 g (5 % ) of ester

A n a l. C alcd  for Ci6H26N02I: N , 3 .57. F ound: N , 3.45. 24 was obtained, bp 18 5-18 7° (1.5  m m ). M uch  polym eric m ate-
T h a t 2 2  w as the actual structure of this quaternary sa lt w as rial remained in the p ot.

fruther dem onstrated b y  effecting a /3 elim ination on it  b y  lith ium  Likew ise, when the reaction was effected b y  1 equiv of sodium
diethylam ine to give eth yl atropate (1). amide in am m onia for 5 m in, 1.98 g (24% ) of ester 24 was ob-

Reactions of E thyl Atropate with Prim ary A m ines. A . W ith  tained; eth yl atropate and diethyl m alonate were recovered in
B en zylam in e.— A  solution of 1 .4  g  (0.008 m ol) of eth yl atropate yields of 21 and 5 0 % , respectively.
and 0.86 g  (0.008 m ol) of benzylam ine in 5 m l of absolute ethanol /3 Elim ination of Ethyl 2-Phenyl-3-N-m ethylanilinopropanoate 
was allowed to stand a t 25° for 24 hr. Subsequent rem oval of (18c).— T o  a solution of 50 m l of absolute ethanol containing a
so lven t under reduced pressure gave a th ick  oil w hich, upon dis- cata ly tic  am ount of sodium  ethoxide was added 2 . 3 3  g (0 . 0 1  m ol)
tillation, afforded 1.6  g (7 1% ) of eth yl 2-phenyl-3-N -benzyl- of ester 18c and the yellow  solution w as refluxed for 24 hr. T h e
am ino propanoate (23a): bp 172—174° (1 m m ); :r (neat) 3350 solution was cooled to room tem perature and treated w ith  several
(N H ) and 1725 cm 1 ( C = 0 ) ;  nmr (C C L ) d 7.2 (m , 10, A rH ), drops of acetic acid, and the solvent w as rem oved to  afford an
4.05 (q, 2 , O C H 2), 3 .71 (s, 2 , A rC H 2N ), 3 .1  (m, 3, C H , C H 2N ), oily  residue. Subsequent distillation gave  0.3 g (29% ) of m ethyl-
1.45 (s, 1, N H ), and 1 .10  (t, 3, C H 3). aniline (identified b y  comparison of its ir spectrum  and boiling

A n al.  C alcd  for C isH 2iN 0 2: C , 76.29; H , 7.47; N , 4.94. point w ith  those of an authentic sam ple), 0.1 g of recovered amino
F ound: C , 76 .19 ; H , 7.29; N , 4.88. ester 18c, bp 174 -178 ° (1.2  m m ), a sm all am ount of eth yl atro-

.¿s. W ith  n-Butylam ine. A s in p a rt A , 4.4 g (3.025 m ol) of p ate, bp 70 -75° (1 m m ), and about 1.5  g of polym eric m aterial,
e th y l atropate and 1.85 g  (0.025 m ol) of n-butylam ine were con
densed in 10 m l of absolute ethanol. W ork-up gave 3 .12  g  (50% )
o f eth yl 2-phenyl-3-n-butylam inopropanoate (23b): bp 10 7- Registry No. 1, 22286-82-4; 6 , 22286-83-5; 9 , 
108° (0.2 m m ); nm r (CC 1,) 5 7.26 (m, 5 A rH ), 4.10  (q, 2, O C H 2), 22286-84-6; 10, 22286-85-7; 13, 2286-86-8; 15, 22319- 
3 .15  (m, 5  CH *, C H ), and 1 . 1 0  C H 3) ^  44-4; i 8a, 22286-87-9; 18b, 22319-45-5; 18c, 22286-
Found:' c S  1 ^ 1 ? 5 . 8 1 . ?  i ’ ; N’ 88-° ; 21a, 22319-46-6; 21b, 22286-89-1; 22,22319-47-

M iscellan eou s C ondensations of D iethylam ine w ith E thyl ^ > 23a, 22319-48-8; 23b, 22286-90-4; 24, 22319-49-9. 
A tropate. A . In the A bsence of B ases .— T o  0.9 g  (0.012 mol)

of diethylam ine in 25 ml of absolute ethanol containing a few (IS) This procedure is similar to that described for the condensation of
cry sta ls Of nydroquinone was added, in I-m l portions, 8. solution methylamine with ethyl acrylate (ref 12).

414 K aiser, Mao, Hauser, and Hauser The Journal of Organic Chemistry



Base-Catalyzed R eactions. X X X V I.1 Sodium- and Potassium -Catalyzed  
Reactions of Selected 4-Alkylpyridines with Isoprene

Wayne M. Stalick2 and Herman P ines

I p a t i e f f  H igh  P ressu re an d  C atalytic L aboratory ,
D epartm ent o f  C hem istry, N orthw estern U niversity, E vanston , I l l in o is  60201

R eceived J u n e  11, 1969

The addition of various 4-alkylpyridines to isoprene in a sodium- or potassium-catalyzed reaction has been 
observed. The pyridines selected for this study were 4-methyl-, 4-ethyl-, 4-n-propyl-, 4-isopropyl-, and 4-sec- 
butylpyridine. The reaction proceeds readily at 0-25° via  a Michael-type addition mechanism to yield mono-, 
di-, and triaddition products. The addition of isoprene occurs exclusively on the alkyl carbon atom a  to the 
pyridine ring, and no double-bond isomerization was noted in the product formed. In all cases, tail addition 
predominates over head addition, and the ratios of the products seem to be determined by both the relative sta
bilities of the resultant earbanions and the steric hindrance to addition. The alkenylation reaction is discussed, 
as is the determination of structure of the produced alkenylated pyridines by various physical and chemical 
means. The nmr spectra of most head addition products show a diamagnetic upheld shift for the interior 
methyl group. These same addition products also fail to undergo hydrogenation under conditions employed to 
hydrogenate the tail-addition isomers.

The reaction of olefins with alkylaromatics changes and triaddition products, all from substitution on the 
markedly with the type of catalyst and/or experimental picolyl carbon.
conditions used. A good example of this is the reaction The present work was initiated to give further insight 
of toluene with propylene. With an acid catalyst, the into the alkenylation mechanism. Since isoprene has
main product is p-cymene, the result of ring alkylation;3 an unsymmetrical structure, and can thus add in two
however, under free-radical conditions, side-chain different ways, it should be more instructive in following
alkylation is found and n-butylbenzene is produced,4 the reaction pathway. It was also desirable to corn-
while a base catalyst produces isobutylbenzene, also a pare the results of this study with the analogous addi-
product of side-chain alkylation.5 The side-chain al- tions of alkylbenzenes to isoprene.8 Complete conver-
kylations of alkylaromatics catalyzed by alkali metals, sion of alkylpyridines to products was found when care
in which the actual catalyst is a.n organoalkali metal was taken to purify the reactants. In the present work,
complex, have been under intensive study in our labora- 4-picoline, 4-ethylpyridine, 4-n-propylpyridine, 4-iso-
tories. The initial study concerned the alkylation of propylpyridine, and 4-sec-butylpyridine were used as
alkylbenzenes having a benzylic hydrogen.6’7 It was the aromatics, and product structure determinations
necessary to initiate these reactions with a promoter and were made by both physical and chemical means,
to perform the reactions in an autoclave at temperatures
varying from 150-200°, depending upon the reactants. Results and Discussion
When toluene was added to isoprene, only the mono- . , „ , . , .  , .
addition products were examined as further alkenylation The addition of various 4-alkylpyridines to isoprene 
occurred to give chain-lengthening isomers, presumably J as carried out m a pseudohomogeneous solution of
v n ° r  , ■ • r , +, __ d is p e rs e d  c a t a l y t i c  a m o u n ts  o i  m e ta l l i c  s o d iu m  o r  p o t a s -
b e c a u s e  a d d it io n  t o  is o p r e n e  is  f a s t e r  t h a n  p r o t o n a -  . F  m1 J  , , , / ,  ft0
tion.8 Even though the possibility of 1,2 addition to Tbe we5?. ohservf A to procf  d a . 0
isoprene exists, as has been found in polymerization for l-pmo me, 4-ethylpyndine, and 4-n-propylpyridme, 

, j .  , . 9 , . . i , „„„„ but no addition product was produced with 4-isopropyI-studies of isoprene,9 only 1,4-addition products were . ’ ... , ,. .
.  ,  . .,  . -lT , . , , • p y r id in e  o r  4 - s e c - b u ty lp y n d m e  u n t i l  t h e  r e a c t io n  m ix -
fo u n d  in  t h is  c a s e , w h ic h  m a y  b e  a t t r ib u t e d  t o  s t e r i c  ,  , rp . , •
. . .  , . . .  t u r e  w a s  w a r m e d  t o  r o o m  te m p e r a tu r e ,  i o  o b t a in

ur°i °+-a o a oiwinrrirlinos wore complete conversion of the pyridines to products, it was 
e rs a y a ion . .„r, essential that all of the materials be distilled, dried over

e, i y’T  , ^  molecular sieves, and then redistilled immediately be-
160“,»  Recently the alkenylat,on and aralkylatione If the dispemion of the alkali metal was lided
of various 2- and 4-alkylpyridines with butadiene and , . . , , 4 , . •. ___
styrenes have been reported.44’-  The alkenylation of ^  heat’ varymS a“ oun,ts of, Slde P.rf Ucts’“ ... , , , , , ,• probably dipyndyls, were produced, and complete con-
4-picohne with butadrene proceeded to grve mono-, dr-, ^  ^  prod; cts was y0 longer

(I) (a) For paper XX X V , see N. E, Sartoris and H. Pines, J .  Org. Chem., found. The dispersion of potassium Was always more
84, 2119 (1969). (b) Paper VII of the series Alkylation of Heteroaromatics. d if f ic u lt  than that of Sodium metal.
F °(2rM "n L I;tT p ^ o c to r a l  Fellow, 1965-1966; Ethyl Corp. Predoctoral W h e n  S o d iu m  is  d is s o lv e d  in  s u b s t i t u t e d  p y r id in e s ,  a
Fellow, 1967-1968. r a d ic a l  a n io n  is  f o r m e d ,43 a n d  t h u s  i t  is  p ro p o s e d  t h a t

(3) S. H. Patinkin and B. S. Friedman in “Friedel-Crafts and Related m e c h a n is m  0 f  m e ta la t io n  g o e s  th r o u g h  t h e  r a d ic a l

New York, N .Y ., 1964, pp 9-16 and 149-151. a n io n  a s  d is c u s s e d  p r e v io u s ly .44 I h e  r a d ic a l  a n io n
(4) H. Pines and J. T. Arrigo, J. Amer. Chem. Soc., 79, 4958 (1957). could then abstract a proton, leading directly to the
(5) h . Pines and v . Mark, ibid., 78, 4316 (1956). picolyl anion,46 or could go through a ring-metalated
(6) H. Pines and L. Schaap, Advan. C a t a l 12, 117 (19bU). j  7 . °  j  t  i i  i v
(7) J . Shabtai and H. Pines, J. Org. Chem., 30, 3854 (1965), and references aniO Il in  a  k m e tlC a lly  C o n tro lle d  S e q u e n c e  lOllOW ed Dy

cited therein. c o n v e r s io n  t o  t h e  m o re  th e r m o d y n a m ic a l ly  s t a b le  a
(8) H. Pines and N. C. Sih, ib id ., 30, 280 (1965).
(9) See C. E. H. Bawn and A. Ledwith, Quart. Rev. (London), 16, 361

(1962) M. Itoh and S. Nagakura, Tetrhedron Lett., 417 (1965).
(10) ' H. Pines and B. Notari, /. Amer. Chem. Soc., 82, 2209 (1960). (14) B. Stipanovi6 and H. Pines, J .  Org. Chem., 34, 2107 (1969).
(II) H. Pines and J. Oszczapowicz, J. Org. Chem., 32, 3183 (1967). (15) Picolyl anion throughout the paper is defined as an anion on the a-
(12) H. Pines and N. E. Sartoris, ibid., 34, 2113 (1969). carbon atom of the alkyl group on pyridine.
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T able I
Pentenylation of 4-Picoline“

Conversion
of alkyl- -------------------------------------------------------- Yield, %-------------------------------------------------------- .

Sample Time, pyridine, ,---- -Monoaddition----- - Diaddition& ------------- ---------- Triaddition------------------------
Catalyst no. hr % 1 2 3 + 4 - 1 - 5 6  7 8 9

Sodium 1 0.5 12 56 34 10
4 2.0 56 35 22 43
7 4.0 100 Trace Trace 96 3 1 Trace

11 15.0 100 . . .  . . .  82 12 5 1
Potassium 1 1.0 35 29 21 50

2 1.5 51 13 9 78
4 2.5 69 3 3 94
6 3.8 81 4 2 85 5 4 Trace

12 10.0 99+ Trace Trace 69 16 13 2
13 18.5 99+ . . .  . . .  32 36 27 5 Trace

° Reaction carried out at 20-25°. 6 From nmr it  was estimated that about 40% of diadduct was 3, 45% was 4, and 15% was 5.

isomer of the alkylaromatic, as described by Benkeser, chromatography are corrected for variations in thermal
et al., for the metalation of cumene and ethylben- conductivity, and compound numbers correspond to
zene.16 After the picolyl anion is formed, the those given in Schemes I—III. Examination of Tables
reaction proceeds via a carbanion mechanism to give the I—III shows that in all cases the tail-addition (A in eq 2)
alkenylation products. Equations 1 and 2 illustrate compound predominates, but that potassium yields a

R C R C R C
Py—¿ -M +  +  C =C —A = C  Py—A—C—C = A —C~M + +  Py—A—C—A = C —C“ M  +

A ' A ' I t '
A ' B '

I  I
R C R C

Py—A—C—C—¿==C Py—A—C—A—0 = 0  (1)
A ' M + A ' M  +

R

R C R C P y - j j - H

Py—¿—C—C = i—C -M + or Py—¿—C—¿ = C —C -M + -----— >
A ' A '

R C R C R
Py—C—C—0 = A —C or Py—A—C—A = C —C +  Py—A “ M + (2)

A ' A ' A '
A  B

how the reaction is assumed to proceed, where R  and higher percentage of the head-addition (B in eq 2)
R ' = H, alkyl, or alkenyl, P y C “ M + = the catalyst isomer than does sodium. The preferential formation
complex, and M = sodium or potassium. It is ap- of type A  compounds over type B for the same anion is
parent that, if R  and/or R ' = H, further alkenylation likely to be due to the difference in the stabilities of the
can and does occur to produce di- and triaddition carbanion A ' and B ' (primary secondary vs. primary
products. The exact products obtained from the <-» tertiary) given in eq 1. Steric factors begin to
reaction of the various 4-alkylpyridines with isoprene determine product distributions with the alkenylation
are given in Schemes I—III. of n-propylpyridine and are the major controlling

As can be seen in Schemes I—III, all of the factors when the trisubstituted products are produced,
possible products are formed, but the ratio of products The product distributions given in Tables I—III for the
changes depending on whether sodium or potassium is moncadduct yield the following ratios for A/B when
used as the catalyst. Tables I—III summarize the potassium is used as a catalyst: 1.4:1 for 4-picoline,
products produced throughout these reactions. The 1.2:1 for 4-ethylpyridine, ca. 2:1 for 4-n-prop.ylpyridine,
amount of catalyst used was 5 g-atom % , based on the 1.3:1 for 4-isopropylpyridine, and 6.5:1 for 4-sec-
moles of 4-alkylpyridine used for the reaction. The butylpyridine. It is possible to explain the above
mole per cent yields as determined by vapor phase results by considering the anion stability and steric

„ A „  , „ „  „  hindrance to attack by isoprene. The anion of picoline
(16) (a) K . A. Benkeser, A. E . Trevillyan, and J. Hooz, J .  Amer. Chem. i ~ ~  4- j  j. u +1 ¿ a i t  • » n

Soc., 84, 4971 (1962); (b) R. A. Benkeser, J .  Hooz, T . V. Hston, and A. E . WOUld̂  be expected to be the most Stable aniOn of the
Treviiiyan, aid., 85 ,3984 (1963). series if extrapolation can be made from the hydrocar-
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Scheme I
C 0

C I I
| Py— C— (C— C = C — C)2 Py— C— (C— C— C— C),

Py_ c _ c _ c = c - C  3 12

P j-c 1 f f
I / - c - c - c  Hj.plll,tk /C c c c

r  py— c—c—c=c—c Py— c. --------------- *  Py— cv
V c—c=c—c xc—c—c—c

py— c -  ( j |  "  'c
m r  H2-Pd black 4  13

n C
J I I

c Py— c— (c— c=c— C)2 Py c (c c c c)2
I e 14Py— C— C----C— C----C 5

10
c
I

Py— c— c— c—c—c
11

j' Py—c—(c—c=c—c>3 9 py—c—(C—c=c—c)3
Py— C— (C— C = C — C)3 'c  Py— C— (C— C— C— C)3 (l

3 6 9 15 9

9 9 c  cCSH, | H2-Pd black j j

4 * (C— C = C — C)2 c—c=c—C * (C— C— C— C)2 c—c—c—c
5 Py— Py— c /  Py— c /  Py—

c—c = c — C (C— C = C — C)2 c — c = c — c (c— c = c — C)2
I I I jC c c  c

7 8 16 17

bon analogs.17 The product ratio then agrees with the product ratios of A /B  found when sodium was used
concept that the less reactive reagent shows the greater were 1.6:1 for 4-picoline, 2 .1:1 for 4-ethylpyridine, ca.
selectivity. In the case of 4-ethylpyridine, examina- 2:1 for 4-n-propylpyridine, 3 :1 for 4-isopropylpyridine,
tion of molecular models indicates that the terminal and 9:1 for 4-sec-butylpyridine. Tables I-I II  also
methyl group can situate itself so that it does not show that the reaction rates proceed in the following
sterically hinder the addition of isoprene and, being a order, starting with the most reactive alkylpyridine:
more reactive anion than picoline, it thus gives a 4-ethylpyridine >  4-n-propylpyridine >  4-isopropyl-
slightly lower A/B ratio. The selectivity for 4-n- pyridine >  4-methylpyridine >  4-sec-butylpyridine.
propylpyndine is greater, since the extra ethyl group is These results compare favorably with those found
situated so that head addition to give B is sterically when competitive reactions are run.18
hindered, whereas tail addition to give A  is not affected; It should be noted that in all cases the product 
this point is further discussed in the following paper.18 distribution percentages are applicable only for the
The most reactive anions would be those of 4-isopropyl- particular molar ratios of reactants used. Also, the
pyridine and 4-sec-butylpyridine. Using a potassium reaction times given in the tables are those derived from
ion catalyst, 4-isopropylpyridine reacts about as fast one experiment and are generally reproducible for the
and selectively as 4-ethylpyridine, but 4-sec-butyl- reactions in which all reactants are purified. The
pyridine reacts much slower and again shows steric reactions were run using ca. 5 g-atom %  of dispersed
hindrance to head addition as did 4-n-propylpyridine. alkali metal and a 25-50% excess of isoprene based on

In general, with sodium as a catalyst the anion seems complete reaction of the 4-alkylpyridine to give the
to be less reactive and the selectivity greater, thus fully substituted product; i.e., 1 mol of 4-ethylpyridine
giving larger proportions of tail-addition products (A) was treated with 2.5-3.0 mol of isoprene. The reac-
than when potassium is used as a catalyst. The tions were followed in all cases to 100% conversion of

, - the alkylpyridine to products, and in many cases the
(17) D. J .  Cram, “Fundamentals of Carbanion Chemistry,” Academic j  1 j_ -r  ,1 i t

Press In c , New York, N .Y ., 1965, pp 1-27 and references cited therein. reaction _ WaS followed longer to See if the product
(18) W. M. Stalick and H. Pines, J .  Org. Chem., 36, 422 (1970). distribution changed.
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Scheme II

C

R  R C R C R I
I I I  i l l  c — c = c — cI c5Hs I I c5h, ! I I /

P y — C --------*■  P y — C — C — C = C — C ------- -  P y — C — (C — C = C — C ) 2 P y —

18, R =  Me 20, R  =  Me C— C = C — C

27, R  =  E t 29, R  =  Et £

R t  t  2 1 , R =  Me

P y — c — c — C = C — C P y — C — (C — C = C —  C ) 2 30, R =  Et

I 2 2 , R  =  Me
C 31, R =  Et

19, R  =  Me
28, R  =  Et H2-Pd black

H2-Pd black

R C

T 9 I I
I I P y — c — (C — c — C— C)> c

P y — C — C— C — C— C * V
25, R =  Me ?  r  r  J, n

23’ " - Mc 34, R — E t _ 1 /  C _ °
3 2 , R =  E t P y — Cv

R 9 c — c = c — c
R 9 I I  |
I | P y — C— (C— C = C — C ) 2 c

P y — C — C — C — C — C
2 2 , R =  Me 26, R =  Me

24, R =  Me 31, R  =  E t 3 5 ,R  =  Et
33, R = E t

Scheme III  The mono-, di-, and triaddition products were
R  roughly separated by distillation. To ease the separa-
I csh„ tion of similarly boiling hydrogenated isomers, selective

Py c  ► hydrogenation was performed in the presence of a
palladium oxide catalyst. This method selectively 
hydrogenated only the tail-addition isomers while 

R C R  C leaving the head-addition units unsaturated. This
I I I I hydrogenation procedure was effective on all compounds

py 9 c c =c  c Py 9 C c==c c  having a fully substituted picolyl carbon (see Schemes
I —I I I ) . I t  was not possible to separate the products 

= formed when a secondary anion was added to isoprene;
I n  c T.-, AO V Ai r,/6 m  *-c-> 3> 4> and 5 were inseparable, as was 20 from 22 and

’ ’ 29 from 31. In these cases the product ratios were
determined by nmr (see below). The structural 

H2-Pd black determinations of the products were made on the pure
compounds separated by means of preparative gas 

r  C R C chromatography. The physical constants of the reac-
| | I I tion products and their corresponding hydrogenated

P y — C— C — C— C— C P y — C — C— C = C — C species are given in Table IV. A  few of the hydrogen-
I I' ated isomers were compared with products synthesized

by independent means.18 As the infrared spectra were 
3 8 ,R = R ' = Me 3 7 ,R  = R' = Me all consistent with the compounds formed and also simi-
41, R =  Me; R ' =  E t 40, R =  Ms; R' =  Et lar to one another, they will not be discussed. The main

tool used for structural determinations was the nmr,
As in the previous work,11 no double-bond isomeriza- the results are discussed in the following sec

tion was noticed in the products found. In  addition, 10J9. . , w 2 ml
unlike the reactions of isoprene with alkylbenzenes,8 no . J^ u s s io n o f  Nmr D a ta .-T h e  nmr spectra are quite 
chain lengthing was observed when two isoprenoid ? ef\mt! J e f+(!r the compounds proposed, and it is possible 
units were added. While the present study was in ! °  d!yide mto four ™am c ^ e s  (see Table V).
progress, a report of the sodium-catalyzed addition of n a CaSCjS f  V'"° “ pro ons 0 py^ dl° e gave reso"
isoprene to 3-picoline at 140° was made; however, the “  peakf at+ 5 ,8f f : 6 PP“ ? and th®. tw° i '  proton 
authors only reported finding the tail-addition isomers.19 pea s were oca e a . . ppm. Since these four

pyricme protons were always present, they were taken
(19) Yu. i. Chumakov and v. m. Ledovakikh, ukr. K him . zh ., si, 506 as foternal standards for integration and will not be

(1965); Chem. Abstr., 63 5594a (1965). further disCUSSed.
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Table II

Pentenylation of 4-Ethyl- and 4-n-PitoPYLPYRiDiNE
RCH2A

L l| Conversion ,-----------------------------Yield,“ %-----------------------------,
YN of alkyl- Monoaddition

Sample Time, pyridine, 18 +  19 or ,-----------------Diaddition----------------- ,
R Catalyst no. hr %  27 +  28 20 or 29 21 or SO 22 or 31

C H 3 Sodium  I s 0 .5  30 100“
2 1 .0  6 6  96 2 2
3 1 .5  93 84 9 7 T ra ce
5 3 .5  100 52 27 19 2

Potassium  l'J 0 .5  46 95** 2 3
2s 1 .0  70 87 6  7 . . .
5 2 .5  100 70 14  15  1
6  5 .3  100 15 40 40 5

C 2H 6 Sodium l b 0 .5  45 100«
36 1 .5  82 100
4 2 .0  100 100
5 3 .0  100 98 2
6  2 1 .0  100 77 20 3

Potassium  l 6 0 .5  8  100«
3 1 .5  55 100
4 2 .0  78 100
5 2 .5  100 91 6  2
7 5 .8  100 80 15 5

10 20.0  100 59 28 13 T race

“ Com pounds 18-22 and 27-31 are th e products of pentenylation  of 4-ethypyridine and 4-rt-propylpyridine, respectively. b R eactio n  
w as run a t 0° for these sam ples and then  warm ed to 20-25° for subsequent samples. « From  nm r it  w as found th a t 6 8 %  of the mono
adduct was 18 and 3 2 %  w as 19. d From  nm r it  was found th a t 5 5 %  of the m onoadduct was 18 and 4 5 %  w as 19. «From  nm r it was 
estimated, th at about 60 -70 %  of the m onoadduct w as 27 and 30 -40 %  was 28.

Table I II

Pentenylation of 4tI sopropyl- and 4-sec-Butylpyridine 

H
R - C - R j

---------------------- Yield,“ %--------------------- .
L JJ Conversion Ratio of

Sample Time, of alkylpyridine, ✓------ Monoaddition------ •, 37/37 or
Ri R2 Catalyst no. hr % 36 or 39 37 or 40 39/40

C H 3 C H 3 Sodium  1  0 .5  39 73 27 2 .7
2 1 .0  57 72 28 2 .6
3 2 .0  84 77 23 3 .3
5 2 0 .5  100 77 23 3 .3

Potassium  1 0 .5  15 58 42 1 .4
3 1 .5  40 57 43 1 .3
4 2 .5  75 56 44 1 .3

'5 6 .5  100 57 43 1 .3
C H 3 C 2H 6 Sodium  1 0 .5  23 89 11  8 .1

4 2 .0  47 91 9 10 .1
5 3 .5  60 90 10 9 .0
8  8 .0  84 89 11  8 .1

12 12 .0  95 90 10 9 .0
14 18 .0  99+ 90 10 9 .0

Potassium  1 0 .5  12 90 10 9 .0
3 1 .5  39 8 8  12 7 .3
5  3 .3  52 85 15 6 .7
7  7 .3  8 6  87 13 6 .7

1 1  12 .0  95 8 6  14 6 .1
13 15 .0  9 9 + 8 6  14 6 .1

“ Com pounds 36-37 and 39-40  are the products of penten ylation  of 4-isopropylpyridine and 4-sec-butylpyridine, respectively.

Table V gives the approximate values found for the most noticeable peaks are the unsplit methyl peaks, one 
chemical shifts of the four classes of compounds pro- being trans to the side chain and showing resonance at 
duced. When diaddition compounds were formed, it ca. 5 1.50 ppm and the other being cis to the side chain
was, of course, possible to have two classes present in and giving a resonance peak at ca. S 1.61 ppm. The
the same nmr spectrum. Compounds of class I and class II compounds gave an unresolved mass of peaks a
II gave very predictable spectra. For class I. the 5 0 .9-1.9 ppm owing to the saturated side chain.
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Table IV
Physical Constants for Products of Alkenylat:on of 4-Alkylpyridines with I soprene

Relative
,------ Calcd, %—---- • ✓------ Found, %-------• retention

Compd Bp, °C (mm) n»»» Formula C H C H times“
1 118-120(15) 1.5116 CnHisN . . .  . . .  . . .  0.46
2 76-77 (2) 1.5122 CuHwN 81.93 9.38 81.66 9.60 0.50
3 ” 125-128 (3) 1.5150 Ci«H»N 83.79 10.10 84.04 10.14 1.44
4» 125-128 (3) 1.5150 C16H23N 83.79 10.10 84.04 10.14 1.44
5* 125-128 (3) 1.5150 Ci6H23N 83.79 10.10 84.04 10.14 1.44
6 162-165 (3) 1.5257 C21H31N . . .  . . .  . . .  . . .  2.61
7 162-165 (3) 1.5270 C2iH31N . . .  . . .  . . .  . . .  2.84
8» 162-165 (3) 1.5284 C„H3IN 84.78 10.51 84.61 10.51 3.12
9C 162-165 (3) 1.5286 C2iH31N . . .  . . .  . . .  . . .  3.48

10 78-79 (3.5) 1.4874 C1.H.7N 80.92 10.50 80.81 10.80 0.40
11 78-79 (3.5) 1.4907 CuHI7N 80.92 10.50 80.62 10.73 0.42
12b ... 1.4850 C16H27N . . .  . . .  . . .  . . .  1.02
13» ... 1.4850 C16H2,N . . .  . . .  . . .  . . .  1.02
146 ... 1.4850 C16H2,N . . .  . . .  . . .  . . .  1.02
15 ... 1.4858 CmH,7N 83.10 12.29 83.31 12.49 2.05
16 ...  1.4979 C2iH36N 83.65 11.70 83.55 11.86 2.60
17* . ..  . . .  C2,H33N
18& 85-86 (3) 1.5098 C,2H17N . . .  . . .  . . .  . . .  0.53
196 85-86 (3) 1.5098 CisllnN . . .  . . .  . . .  . . .  0.53
20 117-118 (1.5) 1.5213 CnH25N . . .  . . .  . . .  . . .  1.82
21 117-118 (1.5) 1.5220 CnH26N 83.89 10.35 83.73 10.53 2.01
22c 130-134 (4) 1.5229 Ci,H25N 83.89 10.35 83.91 10.31 2.22
236 98-100 (8 ) 1.4877 Ci2H,.N 81.30 10.80 81.11 10.91 0.43
2 i b 98-100 (8 ) 1.4877 Ci2H19N 81.30 10.80 81.11 10.91 0.43
25 ...  1.4890 CnH2»N 82.53 11.81 82.66 11.84 1.37
26 ...  1.5042 CnH27N . . .  . . .  . . .  . . .  1.75
27 b 112-115 (4) 1.5062 C,3H19N 82.48 10.12 82.25 10.25 0.65
286 112-115 (4) 1.5062 Ci3H19N 82.48 10.12 82.25 10.25 0.65
29 146-148 (4) 1.5229 Ci8H27N 83.98 10.58 83.77 10.64 2.30
30 146-148 (4) 1.5238 Ci8H27N 83.98 10.58 84.09 10.65 2.55
31c 146-148 (4) 1.5243 Ci8H27N 83.98 10.58 84.11 10.37 2.76
32s . ..  1.4875 Ci3H2iN . . .  . . .  . . .  . . .  0.53
336 ... 1.4875 C,3H21N . . .  . . .  . . .  . . .  0.53
34 ... 1.4902 C,sH3iN . . .  . . .  . . .  . . .  1.71
35 ... 1.5065 Ci8H29N . . .  . . .  . . .  . . .  2.28
36 130-134 (15) 1.5119 CuHi,N . . .  . . .  . . .  . . .  0.67
37 130-134 (15) 1.5132 Ci3Hi9N 82.48 10.12 82.77 10.14 0.74
38 ... 1.4917 Ci3H21N 81.61 11.07 81.43 11.09 0.56
39 110-112 (3) 1.5133 Ci4H2iN 82.70 10.41 83.04 10.56 0.92
40 110-112 (3) 1.5144 CMH21N 82.70 10.41 82.53 10.38 1.05
41 ... 1.4938 C„H23N . . .  . . .  . . .  . . .  0.80

0 Retention times were obtained using a 3.2 m X 0.25 in. column packed with 15% Versamid 900 on 60-80 mesh Gas-Pack WAB. 
Conditions used were 200° for monoadducts, 225° for diadducts, 245° for triadducts, and a f lo w  rate of 70-75 ml/min. Internal standard 
was 1,1-diphenylbutane = 1.00 retention time. b The compounds within each group were inseparable and the physical constants given 
are for the mixture. c These compounds were isolated from reactions run in a different system; the procedure is given by II. Pines and
W. M. Stalick, T e tr a h ed r o n  L e tt ., 3723 (1968). d This compound was not isolated.

There is an interesting feature in class I I I  compounds pyridine ring owing to steric crowding. When this
due to steric crowding. The spectra of cis- or trans-3- occurs, the internal methyl group (b) is much closer to
methyI-2-pentene is quite similar to that described in the pyridine ring than is the external methyl group (a).
Table V, as are the spectra of compounds 2 , 4, 5 ,19 , and When the methyl group is crowded into the tt cloud
28 (R == H, R ' =  H, alkyl, alkenyl). However, when above the ring, its shielding is increased, since the
examining the spectra of other class I I I  compounds induced magnetic field of the ring and the applied
where R  and R 'a re  alkyl or alkenyl groups, a noticeable magnetic fields are opposed.20 Therefore, an upheld
upfield shift is observed for the internal methyl group shift is noted for the internal methyl group, but vir-
(b). This methyl group, which has previously been tually no shift is observed for the terminal methyl
found in the region of 5 1.65 ppm, has now shown a group. Owing to the hydrogenation procedure used
diamagnetic shift to ca. S 1.15 ppm, or an upfield shift (above), class IV  is composed of only five compounds,
of 0.5 ppm. From examination of space-filling molecu- 1 1 , 13, 14, 24, and 33. The spectra show resonance
lar models of these compounds, it  becomes clear that, in peaks for the terminal methyl group (a) at about S 0.90
the compounds where R  =  H and R ' =  H, alkyl, or ppm, and for the internal methyl group (b) at about 5
alkenyl, the most stable position for the pententyl group 0.94 ppm, but the peaks are not very well resolved from
is away from the pyridine ring. However, for the one another.
other compounds in this class (R  = R ' H), the „, i -  , « ., (20) D. W. Mathieson, Nuclear Magnetic Resonance for Organic
pentenyl Side chain must frequently reside over the Chemists," Academic Press Inc., New York, N. V„ 1967, p 34.
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T a ble  Y
N mr D ata for General Compound Structures

(d )
R  H  C H 3 (a) R  C H 3 (a)

P y — C — C H 2— ¿ = C /  P y — C H 2— C H r - C H
I \  \ \

R ' C H 3 (b) R '  C H 3 (a)
class I  class I I

(b) (b)
R  c h 3 r  c h 3

P y — C H ü— ¿ = C H — C H 3 (a) P y — ¿ — C H 2— ¿ H — C H 2— C H 3 (a)

À ' (<1) R '
class I I I  class IV

Compd class Group S ppm Multiplicity

I  a 1 .5 0  S inglet
b 1 .6 1  S inglet
d 4 .90  M u ltip let

I I  a  0 .8 5  D ou blet
IH °  a  1 .5 8  D ou blet

b 1 .6 6  S inglet
d 5 .1 0  Q uartet

I V  a 0 .90 T rip le t
b 0 .94  D ou blet

° See discussion in tex t about this class of compound.

As was stated earlier, the following compounds were perature and atm ospheric pressure. T h e  reaction m ixture w as
inseparable from one another: 3 and 4  from 5 ;  18 from checked b y  v p c, and, when ca . 9 5 %  of the tail-addition product

!9 ;  27 from 28;,and the hydrogenation product*, of theee S J S Ï t l - Æ
compounds, lh e  ratios given in labiés I III ior these or no hydrogenation of the head-addition product. T h e  ethanol 
compounds were determined by nmr in the following was evaporated under a  stream  of nitrogen and the products w ere
way. A peak at ca. 5 1.45 ppm was due to the head- separated by v p c.
addition isomer, and in the case of compounds 18 and 19 Analysis of Products.—T h e  infrared spectra of the pure sam ples

. t it j  j  , ■ „ , i_ i , .  w ere taken w ith  a  B aird  M odel 4-55 spectrophotom eter cali-
this peak allowed a good approximation of the relative brated at 514 a  w ith  a  poiystyren e film . T h e  nm r spectra w ere
amounts of these two compounds to be made. The taken  w ith  a V arian  M odel A-60 nm r spectrophotom eter using
ratios of 27/28 and of 3 /4 /5  were estimated in this tetram ethylsilane as an internal standard. M icroanalyses w ere
same manner, but owing to some overlapping by a peak perform ed b y  either M icroT ech  Laboratories, Skokie, 111., or
from the side-chain methylene group the ratios cannot M f ~ w  Laboratories, G arden C ity , M ich . V ap or phase chro-

, “ a  v  m atographic analysis and separations w ere perform ed on a F  &  M
be determined SO accurately. M odel 720 dual-colum n instrum ent equipped w ith  a therm al-

con d u ctivity  detector and using helium  as a carrier gas. T h e  
Experimental Section separations and identifications of the various a lken ylated  p yri-

dines w ere accom plished w ith  various columns w ith  diam eters of 
R eag en ts.— 4-Picoline, 4-ethylpyridine, 4-isopropylpyridine, V s -Va in. and lengths of 2 .3 -16 .1  m , packed w ith  5 - 1 5 %  Vers-

and 4-n-propylpyridine w ere purchased from  R eilly  T a r  and am ide 900 on 60-100 mesh G as P a ck  W A B .
C hem ical C o . T h e  synthesis of 4-sec-butylpyridine is described
in the follow ing p a p er . 18 T h e  alkylpyridines were distilled, Registry No.— 1, 22253-14-1; 2, 22253-15-2; 3,
dried over Linde 5A  M olecular Sieves and then redistilled im- 22253-16-3; 4, 22253-17-4; 5, 22253-18-5; 6, 22297-
m ediately  before use. E th y l- , n -bu tyl-, and sec-butylcyclohex- ’ J  i n  r . o W > k ‘l  on  o - a  0 0 0 0 7  0 7  a .
ane, used as internal standards for v p c  analyses, were obtained b y  o u - o ,  / , ¿ ¿ ¿ o o - i y - u ,  o ,  , y ,  o ,
cata lytic  hydrogenation of the corresponding alkylbenzenes. 10, 22241-38-9: 11, 22241-39-0; 12, 22253-23-2; 13,
Isoprene (Aldrich 1-1955-1) w as dried over Linde 3A  M olecular 22253-24-3; 14, 22253-25-4; 15, 22253-26-3; 16,
Sieves and distilled ju st before use. A nalyses b y  v p c  of the above 22253-27-6; 18, 22253-28-7; 19, 22253-29-8; 20,
m aterials indicated them  to  be of > 9 9 .5 %  p u rity . o o o k q  on  1  . o ,  oo oftq  0 1  -, oo oftq  0  . > q .

Preparation of C atalyst Solution and G en eral R eaction  Pro- I  Z
ced ure.— T h e equipm ent used was th at described p rev iou sly .8 2 2 2 5 3 -3 3 -4 ; 24, 2 2 2 5 3 -3 4 -5 ; 25, 2 2 2 5 3 -3 5 -6 ; 2 6 ,2 2 2 5 3 -
T h e  cata lyst solution w as prepared and the reaction procedure 36-7; 27, 22253-37-8; 28, 22253-38-9; 29, 22297-88-7;
w as perform ed as described in previous papers . 11 . 12 D ispersion 30, 22253-39-0; 31, 22253-40-3; 32, 22241-55-0; 33,
w as accom plished a t  room tem perature and the reaction products 22241-56-T 34 22241-57-2 ' 35 22241-58-3' 36 22241-
were separated b y  distillation. T h e physical constants of th e ’ ’  _ ’ ’  , '0 0 0 I 1  ft9  q .
products thus produced can be found in T ab le  I V . 5 9 ' 4 > 37, 2 2 2 4 1 -6 0 -7 , 38, 2 2 2 4 1 - 6 1 - 8 , 39, 2 2 2 4 1 -6 2 -9 ,

C atalytic H ydrogenation.— In  all cases th e m ono-, di-, and 40, 22241-63-0; 41, 22241-64-1; isoprene, 78-79-5. 
trip en tylated  com pounds w ere separated from  each other b y  dis
tillation  on a  6 -in. V igreux colum n T h e  hydrogenations w ere Acknowledgment.—The authors wish to thank Dr.
earned out by diluting the alkylpynames with lour parts ot etn- T ^  £ r  . ,
anol and adding 1 0 %  of a  palladium  b lack  cata lyst (Englehard, Janusz Oszczapowicz for preliminary studies per- 
from  Sargent N o . SC13906) followed b y  reaction a t room tem - formed in  th is  laboratory.
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Base-Catalyzed Reactions. X X X V II.1 Relative Rates of 
Side-Chain Alkenylation of 4 -Substituted Pyridines with Isoprene.

Effects of th e Side-Chain Double Bond on Reaction Rates

Wayne M. Stalick2 and Herman P ines

I p a t i e f f  H ig h  P ressu re  an d  C atalytic Laboratory ,
D epartm ent o f  C hem istry, N orthw estern U niversity, E vanston , I l l in o is  60201

R eceived  J u n e  11, 1969

T h e com petitive side-chain alken ylation  of various 4-alkyl and alkenylpyridines w ith  isoprene catalyzed  b y  
alkali m etals was investigated. E xam ination  of the alkylpyridines used in the reaction shows th at steric factors 
are im portant when substitution is m ade on the carbon /5 to  the pyridine ring. T h e presence of a  side-chain 
double bond increases the rate of alkenylation  and this is ascribed to a eom plexation of the olefinic bond w ith  
the alkali m etal catalyst. T he re lative  increase in com petitive rate varies w ith  the catalyst used in th e reaction, 
such th a t K  >  N a  >  Li. T h e changes in rea ctiv ity  th a t occur when using different catalysts are explained b y  
the principle of hard and soft acids and bases. A  table iden tifying m an y new 4-substituted pyridine com
pounds is also given.

I t  was noted in the preceding paperlb that, when iso- added to 4-picoline, diaddition is found when the reac-
prene was added to 4-picoline, the d adducts were tion has proceeded to about 2%  completion.lb In
formed very rapidly, even though the monoadducts these two cases the monoadducts react about 65 and 50
were in very small concentrations. Diaddition prod- times faster, respectively, than does 4-picoline. Scheme
ucts became detectable when only ca. 2%  of the 4- I shows the general reaction of interest,
picoline had been converted into monoadducts. The
same results were observed when butadiene was added S c h e m e  I
to 4-picoline in a similar reaction .3 The side-chain R R
double bond in these cases increases the overall rate of I |
addition of a second conjugated diene. P y — C - M+ -c = c ~ c==c, P y — C — C— C = C — CTM + +

I t  was initially suggested3 that this rate enhancement A

is due to a x-electron bonding of the picclyl4 hydrogen R
with the double bond of the alkenyl group or aryl |
group, thus increasing the acidity of the alkenylated P y  c  c  C =C —CTM+ .Prot°n translbh.
pyridines over that of the corresponding alkylpyridines. B
Similar increases in acidity of otherwise unactivated R
C -H  bonds in camphenilone due to formation of ¥  |
homoenolate anions have also been noted.6 Further py c — c — c==c— C +
studies now indicate that other factors may be of R R
greater importance in the type of compounds presently M+ I I
being investigated. We now suggest that internal P y — C—C—C =C —C *
protonation of the anion formed by addition of a di-
olefin and eomplexation of the alkali metal with the R R
side-chain double bond are the main contributors to the I j
rate enhancement. Similar reports of the interaction / C C=C c  yC  C = C — C

of metals, such as lithium6 and silver,7 with olefinic Py— % + Py—C +
bonds are known. XC — C = C — C ' c — C = C — C

This study examines the reaction of isoprene at room I j
temperature with various 4-alkyl- and alkenylpyridines. R R
The steric effect of substitution is examined as well as R
the effect of changing the alkali metal eatalvst. [

y C — C = C — C

Results and Discussion Py— C
nq—c=c_c

The base-catalyzed alkenylation of 4-picoline with I
butadiene proceeds to only 1.5% completion before di- R
addition formation is noted.3 When isoprene is 9

(1) (a) Paper V III of the series Alkylation of Heteroaromatics. For „  f i l l
paper VII and X X X V I of the series Base-Catalyzed Reactions, see ref lb. ^  =  I A J J  > M =  K ,N a,L i; R =  H, CH3
(b) W. M. Stalick and H. Pines, J .  Org. Chem.., 35, 415 (1970).

(2) Monsanto Predoctoral Fellow, 1965-1966; Ethyl Corp. Predoctoral 
Fellow, 1967-1968.

(3) H. Pines and J . Oszczapowicz, J . Org. Chem., 32, 3183 (1987). In order to determine the effect of structure on reac-
(4) Pioolyi anion throughout the paper is defined as an anion on the «- tion rate, a large number of 4-substituted Dvridines

carbon atom of the alkyl group on pyridine. , i • i ry-u .
(s) (a) a . Niekon and j . l . Lambert, j .  Amer. chem. Soc., ss, 1905 were synthesized, these compounds are hsted in

(1966); (b) A. Niekon, J . L. Lambert, and J. E. Oliver, ibid., 88, 2787 Table I, along with their physical Constants. All new
“ . P. Oliver, J .B .  Smart, and M. T. Emerson, ,W ., 88, 4101 (1966). COmP OU11^  id e n tif ie d  b y  n m r . C o m p e t i t iv e

(7) d. Gray, r . a . wies, and w . d. ciosson, Tetrahedron Lett., 5639 r e a c t io n s  w e re  t h e n  c a r r ie d  o u t  u s in g  is o p r e n e  a s  t h e  d i-
(!968). o le f in , w ith  e i th e r  4 -p ic o l in e  o r  4 -n -p r o p y lp y r id in e  in
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T a b l e  I

S y n t h e s is  o f  4 -S u b s t it u t e d  P y b id in e s

-----------------Starting Materials---------------- - ,---------------—-— -------------------------------—---------— Products__________________ _____ _______________

f
N © ^ R n Q ^ C H R 2

Alkylating Registry Isolated Bp,a °C
R  agent R i R 2 no. yield, % (mm) n20D

C2H5 C2H6Br CHa C2H5 OS6'” 128-130 (100) 1.4958
C H 3 f-C3HjBr H  i - C J h  79d 81 (15) 1.4896
C2H5 i-C3H7Br CHa ¿-C3H 7 98” •d 89 (15) 1.4930
CHa i-C sH n B r H  j-C sH h 22241-38-9 85” 77 -79  (3 .5 )  1 4874
CH3 CH3CH(C2H5)CH2Br H  CH2CH(CH3)C2H5 22241-39-0 92 78 (2 .5 ) 1.4 90 7
CHa C4H9Br H  C4H9 93” 62-65 (2) 1.4920
CH3 C3H7Br H  C 3H ,  9 4 / 84 (10) 1.4939
CH3 ¡ - C J T B r  H  ¿-C4H9 4810-78-0 78 70 (3) 1.4903
CH3 (CH3)3C(CH2)2Br H  (C H 2)2C i.C H 3)3 22241-41-4 90 89—90 (4) 1.4920
CH3 CsHnBr H  C6Hn 87» 86-88 (4) 1.4 8 9 1
CH3 H2C=CH(CH2)2Br H  (CH2)2CH =CH 2 22241-42-5 80 102 (13) 1.5 0 8 7
CH3 H2C=CH(CH2)3Br H  (CH2)3CH=CH 2 22241-43-6 86 85-86 (3) 1 .50 52
C2H5 i-C 5H iiB r CHa i-CsH n 22253-33-4 61” 98—100 (8) 1.4869
C2H5 CH3CH(C2H5)CH2Br CHa CH2CH(CH3)C2H6 22253-34-5 70” 98-99 (8) 1.4895

0 B oilin g points are uncorreeted. b L iterature bp 197° (765 m m ), n.20D 1.49515 [C. T . K y te , G . H . Jeffery, and A . I . V ogel, ./. Chem . 
Soc., 4454 (I960)]. ” Y ie ld  calculated b y  vp c. d P reviou sly  synthesized in this laboratory [H. Pines and B .  N otari, ,/. A m er. Chem . 
Soc., 82, 2209 (I960)]. »Literatu re bp  95° ( 6  m m ), to20d 1.49196 (cited in b). * L iterature bp 84° ( 8  m m ), «%> 1.49387 (cited in b).
» Literature bp 68.5° (0.1 m m ), n 20D 1.4886 [J. P . W ibau t and J. W . H ey, R ec. Trav. C him . P a y s-B a s ,  72, 513 (1953)].

competition with the synthesized pyridine. Ca. 5 g- 10-13). However, when the methyl substitution is on
atom % of metallic sodium was dispersed in an equi- the carbon atom 3  to the pyridine ring, the rate of reac-
molar amount of the two 4-substituted pyridines to tion decreases sharply within each series of anions
form the catalyst, and then about 10 mol %  of isoprene (expt 1, 4, and 15 for tertiary anions and 2, 3, and 14 for
was added to this mixture. Samples were removed secondary anions).
periodically and the ratio of products was determined The effect of the side-chain double bond on the rate 
by vpc analysis; these competitive results were then of isoprene addition can also be seen in Table II (expt
corrected for variations in relative thermal conduc- 16, 19, and 20). The double bond of 4-(3-pentenyl)- 
tivity and are summarized in Table II. The effect of pyridine (the butadiene adduct, expt 16) increases the
anion stability on reaction rate can be inferred by ex- rate of reaction with isoprene by a factor of ca. 10 over
aminination of expt 1 and 2. The secondary anion that of 4-picoline, while the isoprene monoadducts
appears to be the most reactive; 4-picoline reacts more (expt 19 and 20) show a rate increase of about 7.5.
slowly owing to the stability of the anion, and the ter- The effect of the position of the double bond was ex-
tiary anion, although expected to be the most reactive, amined in the case of 4-(3-pentenyl)-, 4-(4-pentenyl)-,
is slower, presumably because steric factors decrease the and 4-(5-hexenyl)pyridine (expt 16-18), and it was
rate of addition to isoprene. Although the relative found that the effect of the unsaturation decreases as
concentrations as well as the relative reactivities of the the double bond is moved from the 7  to the 3 to the «
reactant anions contribute to the observed results, it position with respect to the pyridine ring, the relative
appears that anion reactivity and steric hindrance rates decreasing from 10 to 7 to 4, respectively. Un
effects are of major importance in the case of alkyl- saturation in the e position has almost no effect on the
pyridines. This assumption is further strengthened by reaction rate (expt 9 vs. 18).
the results discussed in the section dealing with solvent In addition to sodium and potassium, it was found 
effects (see below). These results are in agreement that lithium metal is also a catalyst for these reac-
with previous studies on the competitive rates of reac- tions.11 Changing the metal catalyst from potassium
tion of substituted aromatic hydrocarbons8 and of 2- to sodium to lithium changes the competitive rate of
and 4-alkylpyridines9’10 with ethylene carried out in an pentenylation of 2-methyl-5-(4-pyridyl)-2-pentene vs.
autoclave at elevated temperatures. 4-re-propylpyridine from 2.6 to 2.2 and 1.9, respectively

The relative rate of pentenylation of 4-re-propyl- (expt 23, 19, and 25). However, no change in competi-
pyridine is slower than that of 4-ethylpyridine by a tive reaction rates is noted when different metals are
factor of 2.5 (expt 5), probably owing to the increased used as catalysts for the addition of isoprene to the
bulk of the side chain. Further lengthening of the saturated analog, 4-methyl-l-(4-pyridyl)pentane vs. 4-
chain has only a slight effect on the rate of reaction, re- re-propylpyridine (expt 21, 10, and 24). The above re
propyl-, re-butyl-, re-pentyl-, and re-hexylpyridine suits can be explained by applying the principle of hard
all being 3 .5-4 times more reactive than 4-picoline and soft acids and bases.12 An olefin is a soft base
(expt 3 and 7 -9 ). Likewise, substitution for a hydrogen and as such is expected to form a more stable complex
by a methyl group on a carbon atom 7  or 3 to the pyr- with the softest acid, potassium ion, and the least stable
idine ring has little effect on the rate of reaction (expt complex with lithium ion, which is the hardest acid in

(8) H. Pines and L. Schaap, J . Amer. Chem. Soc., 80, 3076 (1958). (11) W. M, Stalick and H. Pines, J .  Org. Chem., in press.
(9) H. Pines and L. Schaap, Advan. Catal., 12, 117 (1900). (12) (a) R . G. Pearson, J .  Amer. Chem. Soc., 85, 3533 (1963); (b) R . G.
(10) B . Notari and H. Pines, J .  Amer. Chem. Soc., 82, 2945 (1960). Pearson and J .  Songstad, ibid., 89, 1827 (1967).
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T a b l e  I I

C o m p e t it iv e  P e n t e n y l a t io n  o f  4 -S u b s t it u t e d  P y r id in e s ®
Ratio of Ratio of
reacted Nor- reacted Nor-

/—*------------ 4-Alkylpyridine-----------------> C5H4NR1/ malized /•------------— 4-Alkylpyridine-------------- •> C5H4N R 1/ malized
Expt 4-CsHiNRj 4-CsH»NR» CsHiNRs ratio6 Expt 4-CsHiNRi 4-C6H4NR2 CsH4N R2 ratio6

C 16c — C— C— C = C — C — C— C— C 2 .9  9 .9
/  17 — C— C— C— C = C  — C— C— C 2 .1  7 .1

1 — C — C 2 .0  2 .0  18 —  C— C— C— C— C = C  — C— C— C 1 .3  4 .4

\  ?
C I

2 — C— C — C 8 .2  8 .2  19 — C— C— C = C — C — C— C— G 2 .2  7 .5
3 —  C— C— C — C 3 .4  3 .4  C

G !
/  20 — C— C— C = C — C — C— C— C 2 .2  7 .5

4 — C — C 0 .9  0 .9  C
\  ,  I

C— C 21d — C— C— C— C— C — C— C— C 1 .2  4 .1
5 — C— C — C— C— C 2 .5  8 .5  C

C /
/  22* — C — C— C 0 .7  5 .5

6 — C— C — C— C 0 .2 4  2 .0  \
7 — C— C— C— C — C— C— C 1 .2  4 .1  C
8 — C— C— C— C— C — C— C— C 1.1  3 .7  C
9 — C— G— C— C— C— G — C— C— C 1 .0  3 .4  |

C 23 d — C— C— C = C — C — C— C— C 2 .6  8 .8
I c

10 — C— C— C— C— C — C— C— C 1 .3  4 .4  |
C 24s — C— C— C— C— C — C— C— C 1 .2  4 .1
I C

11 —  C— C— C— C— C — C— C— C 1 .3  4 .4  J
C 25“ — C— O—C = C — C — C— C— C 1 .9  6 .5
I C

12 — C— C— C— C — C— C— C 1 .3  4 .4  |
C 25f  — C— C— C— C— C — C— C— C 1 .2  4 .1

/  C
13 — C— C— C— C — C— C— C - .1  3 .7  /

| \  21> — C — C— C 1.1 9 .0
C C \

C C
/  C

14 — C— C — C— C— C 0 .05  0 .2  ]
\  23;  —  C— C— C = C — C — C— C— C 2 .7  9 .2

C C
c

/  29« — C— C— C = C — C — C— C— C 2 .7  9 .2
15 — C C — C— C— C C < 0 .0 1

\  /
c

\
G

° Sodium  m etal was used as the cata lyst in itiator, unless otherw ise noted. 6 R a tio  of reacted C 6H 4N R i/4-picolin e norm alized 
to  4-pieoline =  1. “ M ixture  of c is - tra n s  was used in ratio of 1 :2 . d Potassium  m etal w as used as the cata lyst in itiator. 
* Lith iu m  m etal w as used as the cata lyst in itiator, f  R eaction  was run in a hom ogeneous system  using d im ethyl sulfoxide as a 
solvent and potassium  ¿-butoxide as a cata lyst. « R eactio n  was run in a homogeneous system  using N -m ethyl-2-pyrrolidone as a 
solvent and potassium  f-butoxide as a  catalyst.

this study. As a consequence, the stronger the metal- protonation of the monoaddition product (A and B in
to-olefin complex, the larger the amount of negative Scheme I). Since a rate increase of 50 to 65 times is
charge on the picolyl carbon; the picolyl carbon thus noticed in the case of the isoprene or butadiene mono-
becomes more nucleophilic and reacts more rapidly. adduct over that of 4-picoline, and 7.5 and 10 are the
The metal-double-bond complex is assumed to be a respective rate increases due to double-bond complexa-
monomer, in analogy with the case of benzyllithium in tion of the metal, the other factor of 6.5 is probably due
tetrahydrofuran.13 The rate increase that is realized to the intramolecular protonation of the side chain and

c __c  subsequent metalation of the picolyl carbon. The fol-
/  \ q lowing diagram illustrates the assumed cyclic structure

5'M------ 1| containing five carbon atoms and a bridging hydrogen;
/Gx  examination of space-filling molecular models shows

c R this to be a favorable situation.

C C
in this case is even more significant when one considers +^"C _ 'N s
that the metal not only complexes with the side-chain II __  ̂ 9 \  + ,_|
double bond but is probably also stabilized intermolec- . C - - ; ......
ularly by the lone-pair electrons of neighboring pyr- |  J c  R | | At
idine molecules. NSr

The second factor which appears to play an important
role in increasing the rate of addition is the internal This mechanism implies that the product formed

from internal protonation must be of a cis conformation 
(13) p. West and r . Waack, j .  Amer. chem,. Soc., 89, 4395 (1967). about the double bond. If an examination is made of
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T a b l e  I II

C h a r a c t e r iz a t io n  o f  N e w  P r o d u c t s  F o r m e d  d u r in g  C o m p e t it iv e  S t u d ie s “

H C

/ = \ l  I
N j p - c - c - c = c - c

R
Products from Registry .--------- Calcd, % --------- . ,--------- Found, %--------- .

expt no.& R c no. 7i20d C H C H

7 — C — C — C  22241-44-7 1.50 42 82.70 10 .4 1  82.52 10 .3 5
8  — C — C — C — C  22241-45-8 1.5020 82.89 10 .66 83.06 10 .60
9 —  C — C — C — C —  C  22241-46-9 1.4996 83.05 10.89 82.84 10 .78

10 — C — C — C — C  22241-47-0 1.4990 83.05 10.89 83.06 10 .78

I
C

1 1  —  C — C — C — C  22241-48-1 1.4998 83.05 10 .89 8 2 .72  10 .78

I
C

12 — C — C — C  22241-49-2 1.5002 82.89 10 .66 8 2 .5 7  10 .49

C
C

13 — C — C — C — C  22241-50-5 1.4960 83.20 11 .0 9  83.4 7 10 .99

C
C

/
14 — C  22241-51-6 1.5082 82.70 10 .4 1  82.64 10 .26

\
C

15 —  C — C«' 12241-52-7 1 .5 14 9  82.89 10 .66 83.09 10.68

I
C

16 C — C = C — C  22256-21-9 1 .5 14 8  83.66 9 .8 3  8 3 .76  9 .6 3
irons

16 C — C = C — C  22256-22-0 1 .5 17 8  83.66 9 .8 3 83.60 9 .9 2
cis

17 — C — C — C = C  22241-53-8 1 .5 12 6  83.66 9 .8 3 83.69 9 .7 1
18 —  C — C — C — C = C  22241-54-9 1 .5 10 2  83.78 1 0 .1 1  8 3 .52 10.06

“ T h e  p hysical constants of all products of th e com petitive reactions not given  here are given  in T ab le  I V  of the preceding paper (see 
ref lb ) .  6 E xperim ent num bers refer to  those given  in T ab le  I I .  c T h e  isoprene adduct shown is the one form ed b y  C-4 addition  of 
isoprene. N m r studies in dicate  th a t the product isolated contains about 60 -70 %  C-4 and 30 -40 %  C - l  addition products; therefore, 
th e elem ental analyses and refractive indices given  here are for the m ixture. d T h is product is m ade from  4-(2-isoam yl)pyridine, so th at 
th e hydrogen represented in th e m ain structure in  this case is replaced b y  a  m eth yl group.

the diaddition products of butadiene to 4-picoIine, a drofuran and dimethoxyethane, but no evidence for 
ratio of 3.1 :3 .3 :1 .0 is found for the distribution of reaction was found. 17
trans,trans/trans,cis/cis,cis. Indeed, the ratio of prod- The competitive rate of alkenylation of 4-isopropyl- 
uct containing a m-butene group is much larger than pyridine increased upon changing the catalyst from so- 
the thermodynamically predicted ratio.14’15 dium to potassium to potassium i-butoxide; the com-

Solvent Effects.—Similar catalytic reactions occur in petitive ratio of 4-isopropylpyridine/4-ethylpyridine
homogeneous media of dipolar aprotic solvents using changes from 0.24:1 to 0.7:1 to 1.1:1, respectively,
potassium i-butoxide as a catalyst.16 To determine the so that, in the homogeneous system, 4-isopropylpyridine
effect of solvent on the competitive rates of reaction, is more reactive than 4-ethylpyridine, as would be pre-
four experiments were performed using dimethyl sulf- dieted by anion reactivity. I t  appears that the relative
oxide or N-methyl-2-pyrrolidone as solvents (Table II, rate of pentenylation of 4-isopropylpyridine increases as
expt 26-29). I t  was found that the effect of solvent on the anion becomes more loosely associated with the al-
the competitive rates is small. This result is not too kali metal; and finally, in the dipolar aprotic solvents,
surprising, for although the reactions in the presence of the cation is solvated and the anion of 4-isopropylpyri-
the alkali metal catalyst have been made without dine adds to isoprene faster than does the anion of 4-
added solvent, they are, in actuality, in a similar polar ethylpyridine. This factor is important, because there
medium of excess alkylpyridine. This type of reaction should be little if any steric hindrance to addition by
has been tried in less polar solvents, such as tetrahy- 4-ethylpyridine; but 4-isopropylpyridine should ex

perience steric hindrance to addition if the ion pair is
(14) The thermodynamic cis/trans ratio of 2-butenes at 27° was calculated c l o s e l y  r e l a t e d .  I n  t h e  p r e c e d i n g  p a p e r 11* i t  W a s  a ls o

to be about 1 :3  (see ref 15). From this the calculated values expected for s h o w n  t h a t  t h e  a m o u n t  o f  h e a d - a d d i t i o n  p r o d u c t  b e -
the diaddition product would be 9 :6 :1  for trans, trans/trans,cis/cis, cis. - , i , . i i n    j *  ___ x^

(15) J. R . Kilpatrick, E, J. Prosen, K , S. Pitzer, and F. D. Rossini, J .  Res. COH1GS larger RS the Catalyst IS changed from SodlUIH to
Nat. Bur. Stand., A36, 559 (1946).

(16) H. Pines and W. M. Stalick, Tetrahedron Lett., 3723 (1968). (17) Unreported results from this laboratory.
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potassium, which is in line with the increase in reactiv- lyzed by vpc and the ratio of products was determined to calculate
ity. Further substantiation of this point can be made th®. re] ati,Ye ratf  °f reavctio11', AU ProductsJ e synthesized

by the fact that even with a sodium catalyst, the addi- tivities were determined. All new products were identified by
tion of these two alkylpyndmes to ethylene was found their nmr, ir, refractive indices, and elemental analyses. The
to occur at the same rate when the reaction was run at new products are reported in Table III.
elevated temperatures in an autoclave.10 Homogeneous Catalyzed Reactions.— All of the needed reac

tants and solvents were distilled immediately before use. In a 
dry box, 0.025 mol of two 4-alkylpyridines were weighed and 

Experimental Section injected into a 30-dram vial containing 15 ml of a 0.5 M  potas
sium i-butoxide in dimethyl sulfoxide or N-methyl-2-pyrrolidone 

Synthesis of 4-Alkyl- and Alkenylpyridines.— The 4-substituted solution. A rubber septum was inserted and the catalyst solu-
pyridines were prepared in liquid ammonia from 4-alkylpyridines, tions were removed to the laboratory, where the reactions were
alkyl- or alkenylbromides, and sodium amide according to the carried out at room temperature following a procedure similar to
general procedure described by Brown and Murphey. 18 Table that of Schriesheim and coworkers for the isomerization of ole-
I lists the products synthesized by this method along with their fins. 19 The samples from these reactions were quenched with
yields and physical constants. methanol and the product ratios were determined by gas chroma-

Competitive Reactions.— The competitive reactions were tography.
carried out using the 4-substituted pyridines that had been dried Analyses.— The infrared spectra of the pyridines were taken
over Linde 5-A Molecular Sieves and immediately redistilled with a Baird Model 4-55 infrared spectrophotometer. Nmr
before use. All materials were of >99.5% purity as determined analyses were performed on a Varian Model A-60 spectropho-
by vpc. The following describes a typical competitive reaction: tometer using TMS as an internal standard. Refractive indices
In a dry box, 0.025 mol of two 4-alkylpyridines were weighed and were measured on a Zeiss Opton refractometer thermostated at
the alkylpyridines were then transferred to a three-necked flask 2 0  ±  0.1°. Vpc separations and identifications were made
of 20-ml capacity that had previously been flushed with nitrogen. using an F  & M Model 720 dual-column gas chromatograph
The flask was equipped with a specially designed drum-shaped equipped with a thermal-conductivity detector using helium as a
high-speed stirrer and a Dry Ice condenser to which a calcium carrier gas. Separations, product compositions, and relative
chloride drying tube was attached. C a. 2.5 X 10- 3  g-atom of thermal conductivities were made using either 10% SE-30 silicone
alkali metal was freshly cut and allowed to disperse in the com- gum rubber on 60-80 Gas-Pack WAB columns or 15% Vers-
bined alkylpyridines. After the metal was completely dispersed amid 900 on 60-80 Gas-Pack WAB columns of various lengths
(2-3 hr), 5 X 10- 3  mol of freshly distilled isoprene was added. and at appropriate temperatures. Elemental analyses were
Samples were withdrawn at 0.5-hr intervals for a total of 4 hr performed by M-H-W Laboratories, Garden City, Mich,
and decomposed with methanol. The products were then ana-
__________  Registry No.— Isoprene, 78-79-5.

(18) H. C. Brown and W. A. Murphey, J .  Amer. Chora. Soc., 73, 3308 (19) S. Bank, C. A. Kowe, Jr ., A. Schriesheim, and L. A. Naslund, ibid.,
(1951). 89, 6897 (1967).

The Chem istry of Diazepines. The Photochem ical Intram olecular 1,3-Dipolar 
Cycloaddition of Substituted 1-Ethoxyearbonyliminopyridinium  Ylides1

Tadashi Sasaki, K en Kanematsu, Akikazu K akehi, I zuo I chikawa, and K enji Hayakawa

Institu te o f  A p p lied  O rganic C hem istry , F acu lty  o f  E n gin eerin g , N ag oy a  University,
C h iku sa , N agoya, 464, J a p a n

R eceived J u n e  S, 1969

The photochemical intramolecular 1,3-dipolar cycloaddition of substituted 1-ethoxycarbonyliminopyridinium 
ylides produces lH-l,2-diazepines. Structural elucidation of the diazepines was accomplished by spectral means 
and confirmed by Diels-Alder reactions with tetracyanoethylene (TONE) and catalytic reduction.

Recently, increased attention has been paid to me- photochemical rearrangement of 1-ethoxycarbonyl-
dium-sized cyclic nonbenzenoid heteroaromatic hy- iminopyridinium ylides.
drocarbons such as azepines and oxepines.2 Despite Independently, we have also reported the photo- 
unabated interest in the theoretical and practical as- chemical synthesis of lH-l,2-diazepines by the same
pects of seven-membered heterocyclic chemistry, the route.la Since the photochemical behaviour of imino-
diazepines have been incompletely defined, because until pyridinium ylides has not been so extensively investi-
recently they have been known only in the form of gated as that of aromatic amine oxides,6 we have
condensed ring systems.3 Recently, Streith, et al.,* re- examined the solution-phase photolysis of a-, a ,a '-,
ported the first synthesis of simple diazepines by the (3-, and 7 -substituted 1-ethoxycarbonyliminopyridin-

ium ylides. This has led to a study of their catalytic 
reduction and their Diels-Alder reactions: the latter

(1) (a) For the preliminary communication, see T. Sasaki. K . Kanematsu, _ i pi ~ . • ¿1 i •
and a . Kakehi, chem. Commun., 432 (1969). (b) s tu d i«  on Heteroaro- t a c t i o n s  a p p e a r  t o  b e  t h e  f i r s t  in  t h e  d i a z e p m e  s e n e s .
maticity. X X X I I I .  Part X X X I I  of this series: T. Sasaki,-T. Yoshioka,
and Y. Suzuki, Bull. Chem. Soc. Ja p -,  42, 3335 (1969). R p s iilt« ?  a n d  D i s r u c c i n n

(2) For a recent brief review in the azepine field, see I. C. Paul, S. M. dUU
Johnson, L. A. Paquette, J .  H. Barrett, and II. J .  Haluska, J .  Amer. Chem. Q im t h a e a e  .4.1 v i ;  A r ,,, . -.. .
S o c .  90, 5023 (1968); for the oxepin field, see E . Vogel, ei al , Angew. Chem., S y n t h e s e s  O f t h e  P y n d l lU U m  Y u d C S .— T h e  p y n d m iU m
7 6 ,5 3 5  (1968). ylides 3-11 were prepared by the reactions of a -  and
8073( i 968) a re°ent bri6f r6VleW’ 866 T' TakaS6’ J ' Svn' °Tg' Chem' Jap" 2®’ 7 -pieoline, 2,4-lutidine, /3-picoline, 2,5-, 3,5-, 3,4-, and

(4) J .  Streith and J.-M . Cassal, Angew. Chem., 80, 117 (1968); Tetrahe- (5) (a) P. L. Kumler and O. Buchardt, Chem. Commun., 1321 (1968);
dron Lett., 4541 (1968); J .  Streith, A. Blind, J.-M . Cassal, and O. Sigwalt, (b) E . C. Taylor and G. G. Spence, ibid ., 1037 (1968); (c) C. Kaneko, I.
Bull. Soc. Chim. Fr., 948 (1969). Yokoe, and S. Yamada, Tetrahedron, 25, 295 (1969).
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T a b l e  I

P h o t o iso m e r iz a t io n  o p  Y l id e s

Irradn
time, Diaze- Yield,“ v c lo ,

Ylide Solvent hr Method“ pine6 % Mp, °C nMn Appearance cm -i ,--------- X„a° f  (log e)---- — ,

2  A cetone 8  A  1 2  95 1 .5 2 18  R ed  oil“1 1710  228 (4.03) 355 (2 .3 8 )
D ioxane 19 B  85
B enzene 50 B  44

3 A ceton e 5 .5  A  13 80 1.4992 R ed  oil* 1715  220 (3 .99) 325 (2 .6 3)
D ioxane 12 B  43

4  A cetone 10 A  14 74 5 1-5 3  Y e llo w  prism s' 1700 220 (3 .8 7)/ 368 (2 .4 3 y
D ioxane 1 2  B  53

5  B enzene 65 B  15 77 1 .5 2 0 3 ' Orange oild 1707 221 (3 .9 4 ) 338 (2 .6 3 )
6 A ceton e 6  A  16 75 1.520 0  Y e llo w  oil* 1710  218 (4.00) 341 (2 .5 5 )

Benzene 48 B  16
7 B enzene 43 B  17 51 88-89 Y e llo w  prism s' 1695 221 (4 .19 )  344 (2.50 )

A cetone 6  A  70
8  A cetone 4 A  18 84 42-43 Y e llo w  prism s' 1690 219 (4 .0 5) 350 (2 .52)

B enzene 44 B  44
9  A cetone 47 B  19 80 89-90 Y e llo w  prism s' 1690 2 17  (3.98) 320 (2 .74 )

1 0  B enzene 50 B  2 0  47 1.5191«  Y e llo w  oil* 1700 221 (3 .9 5) 339 (2 .6 1)
11 B enzene 45 B  21 76 110  Y e llo w  prism s' 1705 220 (3 .9 5) 274 (3.48)»

A cetone 45 B  87

“ See Experim ental Section. 6 C , H , and N  analyses w ere w ithin  ± 0 .3 5 %  for all diazepines (E ditor). '  B ased  on w eigh t of m aterial 
isolated from silica ge l chrom atography. d Purification b y  short-path distillation  a t 120-180° (0.5-0.6 m m ) a fter separation b y  colum n 
chrom atography. '  T em perature 19°. f  n-H exane. «Shoulder.

2,6-lutidine, and 2,4,6-collidine with hydroxylamine-O- aprotic or protic solvents in Pyrex vessels using a
sulfonic acid. These N-ylides showed strong carbonyl 100-W high-pressure mercury lamp (>310 mp) gave
absorption in the range 1620-1640 cm-1 which shifted compounds 12-21 in 40-80%  yields (Table I). When
to 1730-1750 cm-1 in the corresponding picrates. The acetone was used as a solvent and irradiation was
shift of the carbonyl absorption to lower wavenumber carried out with a 300-W high-pressure mercury lamp,
in the ylides may be due to the delocalization of the the same products were obtained in 80-90%  yields,
N lone pair, as shown in Scheme I. The uv spectra suggesting that the photoisomerization may proceed

via an excited triplet state. Irradiation of pyridine 
S c h e m e  I in acetone or in ethyl acetate in the presence of ethyl

r3 azidoformate at room temperature gave 1-ethoxycar-
j. 7 ^  ^  IT ^  bonyl-lH-l,2-diazepine in about 5%  yield, while the

N « * 4 NH2OSO3H N ^ | N  4 thermal reaction of pyridine with ethyl azidoformate
J L  cico2Et-K2co3̂  in ethyl acetate at 130° gave 1-ethoxycarbonylimino-

ifi ^ 5̂ Rx +1 Rs pyridinium ylide (2) in a yield of 60%. These findings
1 _/0 indicate that l-ethoxycarbonyl-lH-l,2-diazepine is

N— Cy formed only by the photochemical conversion of the
OEt ylide, as shown in Scheme II.

R3 b» s  2—11
r 2^ ] 5 ,  r 4 > N  S c h e m e  II

P / N p D  +  N 3COOEt \  II
R ‘ . N - N ,  X* S r  V N

C 0 ?E t 1  h, / *  COOEt

12-21 X *  /  12
Ylide Diazepine R i R 2 Ra R i ±  /  A

2  1 2  H  H  H  H  H  a ,, !
3 13 C H 3 H  H  H  H  1^ ^  ' '
4 14 H H CH3 H H  N+
5 15 CH3 H CH3 H H I
6 16 H  CH3 H H H V
7 17 CH3 H H  CH3 H
8 18 H CHa H  CH3 H C 00E t
9 19 H CH3 CHa H H  2

10 20 CHa H H H CH3
11 21 CHa H CHa H  CH3 In the uv spectral comparison between the ylides

and their photoproducts 12- 21 , the decrease in the 
of the ylides contained two maxima, one in the range molecular extinction of longer wavelength absorption 
of 228-243 m/i (log e 3.3-4.0) and another at 304-318 and the increase in that of shorter wavelength absorp- 
m/z (log « 3.0- 3.7). tion suggest that the photoproducts exist as non-

Photolysis of the N-Ylides and Structural Elucidation planar molecules. The nmr spectra, which show long- 
of the Products.—Irradiation of the ylides 2-11 in range coupling between ring protons and methyl
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M3 M5 Hu Ms
f l  J3.4=3SH2 J 5.4HI.OHz T  I i| J6.7=8.0 Hz J T T L  11 . 1

1 ».li t "  a  g ~
M

III lip 1(41».ii||tii  - - - - *— -— —- - - - jl/L/U -— / l  L - - - - - J J III.—  H3 Irradiated

« » i fV—- - - - - - .- - - - - - - |L J |I - - IP I I _ _ _ _ H6 Irradiated' 2.60 ' 3T4S 3 ^  + -T55 ^
F igu re 1 —  100-M c nm r spectra and spin decoupling of v in y l protons of l-eth oxycarb on yl-lH -l,2-d iazep in e.

protons, confirm this conclusion. Recent studies on S c h e m e  III
the molecular geometry of derivatives o: lH-azepine / = \  CH3
in the free and complexed state by X -ray  analysis Jj __,. (  f '  3
show that the molecule exists in a boat conformation Mn' ^ t ii
(true polyenes).2’6 ^  3 |

Structural elucidation of these photoproducts was COOEt COOEt
accomplished by their nmr and mass spectral analyses. [ 1  — J3
The spectral patterns of products 13-21 are grossly 
similar to each other, as seen from Table I. The |
nmr spectral and spin-decoupling data at 100 MHz N" b / = \
for the parent diazepine 12 are shown in Figure 1. I L\\-»- f  j^CH3 \ ¡j

Structural elucidation of the methyl-substituted °  Et S s f^ N — COOEt " t, r ^ N " N
diazepine derivatives was accomplished by the nmr 3 3 |
spectral comparison with that of the parent com- COOEt
pound 12. Thus, compound 13 was assigned to be
l-ethoxycarbonyl-3-methyl-lH-l,2-diazepiue from its a / =Ny - 'CH3
nmr spectrum on the basis of absence of an absorption L J  > ^
of the azomethine proton. Similarly, compound 16
was characterized as l-ethoxycarbonyl-4-methyl-lH- „„  | I
1,2-diazepine on the basis of the nmr peaks which ap- 3 hv COOEt COOEt
peared at t 2.69 (doublet, 1 H, H3, J  =  1.5 Hz owing k  J  _  16
to the azomethine proton, with the disposition of the | +
C3 and C5 hydrogen atoms permitting long-range __
coupling), 3.63 (broad doublet, 1 H, H5), 4.33 (broad I ,, l i ^ r  Hs « H3C\ 7  \
triplet, 1 H, H6), 3.78 (double doublets, 1 H, H7), COOEt V  I J  «
and 8.02 (doublet, 3 H, CH3 at C4, J  =  1.5 Hz) in the 6 NV N ^
ring protons. In particular, when acetone was used as | COOEt
a solvent and irradiation was carried out with a COOEt
300-W  high-pressure mercury lamp (method A, see
Experimental Section), the photoproduct 16 was ob- intramolecular cyclization on the less hindered a  car
t o n e d  in 72.8%  yield and no isom eric product could b e  bon is favored. This conclusion stands in contrast
detected by tic or nmr analysis. to results obtained by Okamoto7* and recently by

The mechanism by which these diazepines are pro- us7b for the orientation of the ground-state 1,3-dipolar
duced is suggested to involve an intermediate diazabi- cycloaddition reactions of N-imines and the N-ylides
cyclo[4.l.Ojheptadiene (Scheme III). On this basis, with dipolarophiles (Scheme IV). 
the results with ylide 3 indicate that initial 1,3-dipolar The above results are also interesting when com-

(6) X -R ay investigation of the iron-tricarbonyl complex of 1,2-diazepine (7) (a) T . Okamoto, M. Hirobe, Y. Tamai, and E . Yabe, Chem. Pharm .
has also been carried out by Professor Weiss; recent personal communica- Bull. (Tokyo), 14, 506 (1966); (b) T . Sasaki, K . Kanematsu and Y  Yuki-
tion from Professor J .  Streith. moto, unpublished work.
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07 — ------------------'
! n n  vv

n-co2c2h5 r R " i+ R i+  p r p i +J Y y-  ̂ Y yX  "yY*
» R i V - s ,  O f * ,  r,A " \

«•  ̂ I’ « NH
M - 7 3  J  „L M- 72  J M-86 M-87

Rg R7 Rg R7 Rg R7 1+

S S >  ^  Y \  =  Y S h _____ , ________,
b< Y n R ." V nh r/ ^ “ " /  j 1

-r*c\  T X  M
R4 Rg 7  R4 Rg Rg Rg \ \  R g l+ [ R4 RjJH R7 Bj R/H Re

M . * - f t
. M-I I4-  M - 1 0 0  L

M - 9 9  /  \ _p r u  /  N\ _ p  pki M-99
M-II3 X  V 3 /  X ^ N  M_ ||3^ /“RsCN X R7CN

R \ ,Rg Rg Re Rex R7

Y  y  y
Rg R4 Rg

M-127. M—141. M-155.

Figure 2.— F ragm en tation  p aths o f lH -l,2 -d iazep ines.

Scheme IV urethan, since the azepine is known to rearrange to
CH3 phenylurethan easily on treatment with base8

/ y n  X n (SohemeVI)'

y  u y *  sc“ “ vi R
4 h J = \ x h 3

CH f  f  hA ^
3 HĈ CĈ N A y  I „
---------------► I > COOEt

T‘|' I 20, R  =  H

_chcoc6h5 COCeH5 R r  y  2i , r = ch3

Scheme V [ X ]  fo , [ j ^

X  iv t ' V S jb. A  h/ n^ CHs

R ^ n F r R ^ N sX r  -N-COOEt \ ] 00Et

0 "  10, R  =  H \

r > °  -  O  n'E‘ CH' V  I
r A n X « «O O E t +  r S

H C"^sNS!̂ XsCH
pared with the formation of the 1,3-oxazepine ring c6hs 3
system by photolysis of «, «^-substituted aromatic
amine N-oxides and the mechanisms for their formation r / ~ ~ \  1
v i a  oxaziridines and oxiranes5 (Scheme V). f ^=±. \\ j j  — —*  f J

In  contrast, in the case of 1-ethoxycarbonylimino X d  N r  e
derivatives of 2,6-lutidine and 2,4,6 -collidine whose a  N LUUU | NHCOOEt
and a' positions are occupied with methyl groups, L COOEt J
the 1 ,3-dipolar intramolecular photocycloaddition re
actions in benzene gave lH-l,2-diazepine compounds ^he structures of diazepines 20 and 21 were assigned 
20 and 21, and phenylurethan in yields of 47, 76, on the basis of their nmr spectra. The nmr spectrum
and c a .  2 -5% , respectively. These findings suggest Q£ 2q in deuteriochloroform exhibits signals at t 3.60,
that ethoxycarbonyl nitrene is formed by photochem- g gg 4  an(j  7 .8 2  with relative intensities of 1 : 1 : 1 : 6 , 
ical cleavage of a,a'-disubstituted pyridinium ylides,
which presumably add to benzene to give N-ethoxy- (g) ^  K nafner, D. Zinser, and K.-L. Moritz, Tetrahedron Lett., 1733 
carbonylazepine, which in turn rearranges to phenyl- (1964); (b) w. Lwowski, Angew. chem . intern. Ed. Engl., 6,897 (1967).
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Table II
Nmr Spectra op Diazepines“

Diazepine Ring protons and ring methyl protons, r (CDCh)
13 3.60-3.67 (m, 3 H, H4, H5, H7), 4.31 (dq, 1 H, He, J„,  ̂ = 7.5  Hz, J t,5 = 4.5 Hz,

J 6,4 = 2.0 Hz), 7.89 (s, 3 H, C3 CH3)
14 2.73 (brd, 1 H, H3, J 3,4 = 3.0 Hz), 3.80 (d, 1 H, H,, / 7l6 = 7.2 Hz), 3.95

(m, 1 H, H4), 4.43 (dd, 1  H, H6, / 6.7 = 7.2  Hz, / 6,4 = 2.0 Hz), 8.08 (d, 3 H,
Cs CH3, /  = 0.5 Hz)

15 3.73 (d, 1 H, H7, 6 = 7.5  Hz), 3.88 (br s, 1 H, H4), 4.49 (dd, 1 H, H6,
= 7.5 Hz, J 6,4 = 1 . 5  Hz), 7.88 (s, 3 H, C3 CH3), 8.09 (d, 3 H, C 6 CH3,

J  = 1.0 Hz)
16 2.69 (d, 1 H, H3, / 3,5 =  1.5  Hz), 3.63 (br d, 1 H, H6, / 5,e = 5.0 Hz), 3.78

(dd, 1  H, H7, = 8.0, / 7 ,5 = 0.8 Hz), 4.33 (br t, 1 H, H6), 8.02 (d, 3 H,
C 4 CH3, J  = 1.5  Hz)

17 3.63 (br s, 2 H, H4, H5), 3.86 (br s, 1 H, H7), 7.90 (s, 3 H, C 3CH3),
8.18 (d, 3 H, C 6 CH3,T  = 1.5  Hz)

18 2.89 (s, 1 H, H3), 3.80 (br s, 1 H, H6), 4.06 (br s, 1 H, H7),
8.09 (d, 3H , C4 CH3, /  = 1 .5  Hz), 8.23 (d, 3 H, C 6 CH3, J  = 1.5  Hz)

19 2.88 (s, 1 H, H3), 3.84 (d, 1 H, H7, / 7 ,6 = 7.5  Hz), 4.49 (d, 1 H, H6,
J 6l7 = 7.5 Hz), 8.16 (s, 6  H, C4 and C 5 CH3)

20 3.42-3.75 (m, 2 H, H4, H6), 4.15 (m, 1 H ,H ,) ,7 .82 (br s, 6  H, C3 and
C7 CH3)

21 3.87 (br 3, 1 H, H4), 4.33 (br s, 1  H, H6), 7.87 (br s, 6  H, C 3 and C 7 CH3),
8.07 (s, 3 H, C5 CH3)

“ Multiplicity ia indicated as follows: s, singlet; d, doublet; dd, double doublet; m, multiplet; t, triplet; q, quartet; br, broad.

while that of 21 appears at r 3.87, 4.33, 7.87, and 8.07 Table III
with relative intensities of 1 :1 :6 :3 , as shown in Table Mass Spectral Fragmentation in Diazepines
II. In addition, chemical-shift values of methyl pro- ----------------------- Rei intensity---------------------- .
tons at r  7.82 (2CH3) in 20, and 7.87 (2CH3) and lon 12 13 14 15 16 17 18 19 20 21°
8.07 in 21 could be correlated with those of methyl- ?? 100 21 5 59 54 44 42 50 03 35“
Ŝ bŜ tuted lH-l,2-diazepines 13-19. Here, isomeric m  I 73 2 2 £ 32 33 40 46 33 21 35
structures, 2-methyi-lH-l,3-diazepme derivatives for m  -  86 74  26 20 24 18 12 14 15 13 11
these products, are ruled out, since methyl protons M  -  87 39 50 20 27 20 21 17 21 16 11
attached to C2 of the 1,3-diazine skeleton would appear M  -  99 61 60 39 27 79 29 35 36 11 32
at lower fields, as in 2-methylimidazole (r  7.58).9 M -  100 56 95 100 50 100 49 66 69 12 36

Mass Spectra of Diazepines.—Since the mass spectra M  — 113 17 100 9 30 14 15 11 14 18 48
of the diazepines have yet not been reported, the M -  114 17 41 13 56 8 31 22 22 29 37
spectra of compounds 12-21 were examined and are M — 127 91 85 69 15 60 14 21 21 4 18
characterized by fragment ion peaks at M — 72, M  — 141 . . .  38 10 48 42 42 30 31 14 24
M -  73, M -  86, M -  87, M -  99, M -  100, M -  77 ■ • • 92 31 27 19 21 17 20 8 11
113, M -  114, M -  127, and M -  141, as shown , 0ase; “ M ”, reff s to a fragment ion 14 mass units
• nn„ui„ t t t _j  „ ! . • „ »  c ,i ,, (~CHj) below the molecular ion; the latter had a relative in-m table 111, and mechanisms for some of these frag- tensity of 4%
mentation processes are proposed in Figure 2. Striking
differences were observed in the base peaks between oxepine; and ine frequently lead to abnormal
the spectra of the parent diazepine 12 and the methyl- products.io Thus, cycl0heptatriene and dimethyl ace-
substituted diazepines 13-21. Base peafe (relative tylenedicarboxylate give rise to the tricyclic adduct
“ y9Q10 aPpear <M+>’ ,67’ 29, formall deriyed from norcaradiene; and; similarl
80, 29 29, 29 28, and 29 in the diazepines 12-21, oxepine and maleic anhydride also give ’a tricyc]£
respectively. The ions at M -  72 and M -  73 are adduct. Recentl a bicyclic i )4-Cycloaddition struc-
readdy formed from the molecular ion and fragment ture has been assigned to the product for the reaction
to M -  99 and M -  113 ions. Apparently, the pres- between i H-azepines and tetracyanoethylene- More
ence of the methyl group at C3 or C, favors major recently, the unusual i j6. Cycloaddition reaction of N-
fragmentation to the pyrrole ions at M -  113 and ethoxycarbonylazepine with nitrosobenzene was re-

comparison, compound 12 and the ported b Murphy and M cC arth y - A thermally
m e th y k u W u  d  diazepines at C4 C , and Ce mduced; 6 +  2 Cycloaddition is not permissible ac-
M M QQ !  observed by api.earanceof intense peaks cording to the Hoffmann-Woodward correlations.- 
nr M _  Ml " J 00* • Thf  at ,M "  ,127 The diazepines 12-15, 17, and 19 proved to be inert
C K  C N  ^  +b y T f - V T  Z  °  HCN ^  to reaction with maleic anhydride, dimethylacetylene 

D S i E  l  S ^  dicarboxylate, or diethyl azodicarboxylate, but they
H DiaZep+me^ ^ r further did react readily with tetracyanoethylene TCN E) in 

structural elucidation, the diene reactivity of diazepines J  , v , .
1 2 -2 1  was studied. The additions of dienophiles to beMe”e S°‘Utl0"  eV<”  room temperat" re to
medium-sized ring polyenes such as cycloheptatriene,

(10) A. S. Kende, P. T. Izzo, and J. E. Lancaster, ib id ., 87, 5044 (1965).
„  „  . (11) J. H. van den Hende and A. S. Kende, Chem. C om m un., 384 (1965).

. (9) Chemical shifts of methyl protons of imidazoles are given in the (12) W. S. Murphy and J. P. McCarthy, ib id ., 1155 (1968).
literature; see G. S. Reddy, R. T. Hobgood, Jr., and J. H. Goldstein, J .  (13) R. Hoffmann and R. B. Woodward, Accounts Chem . R es., 1 17
A m er. Chem. Soc., 84, 336 (1962). (1968). '
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Table IY

R R NC NC\ 8 _ C N
I T  E to 2c x  N ^ C c n

* r - T y ^ k  —
EV  V f v / ^ R<

5 I HL ^  *\COOEt K > r 3

12-21 2 2 -2 9
Diaze- Temp,6 Time, Yield,

pine Adduct“ R i R j Ra R 4 R 6 °C hr % Mp, °C

12 22 H  H  H  H  H  80 6  56 1 4 8 .5 -
25 72 10 15 0 .5

13 23 C H 3 H  H  H  H  25 72 53 17 7 -17 9
14 24 H  H  C H 3 H  H  80 3 64 16 1-16 4
15 25 C H S H  C H 3 H  H  25 24 54 210 dec
16 26 H  CHa H  H  H  80 5 7 16 1-16 3
17  27 C H 3 H  H  C H 3 H  25 24 46 188-189
18 28 H CHa H CHa H 80 6  1 .5  16 7-170
19 29 H CHa CHa H H 25 24 55 164 -165

“ C , H , and N  analyses w ere w ithin  ± 0 .3 %  for all compounds (Editor). 6 80° was refluxing benzene tem perature; 25° w as room 
tem perature.

Table V
Nmr Data Of Diels-Alder Adducts

Adduct Ring protons and ring methyl protons, t (DMSO-de)

22 2 .9 8  (d, 1 H , H 4, / 4 , 5 =  6 .0  H z), 3 .0 9 (br t, 1 H , H 6, 6 =  8 .0  H z, J 6, 7 =  8 .0  H z),
3 .4 3  (br t, 1 H , H 7, J i . i  =  7 . 0  H z, J j , e =  8 .0  H z), 3 .9 4  (dd, 1 H , H i, / 1 , 7 =  7 .0  H z,
J i ,6  = 1 . 5  H z), 5 .7 0  (m, 1 H , H 5)

23 3 .10  (br t, 1 H, H e, / . , 6 =  7 .0  H z, . / 6 ,7 =  8 .0  H z), 3 .4 1  (br t, 1 H , H 7, =  8 .0  H z,
J i ,i =  7 .5  H z), 3 .9 1  (dd, 1 H , H i, J i . i  =  7 .5  H z, J i , e  =  1 .5  H z), 5 .6 4  (dd, 1 H , II 5,
/ 6, 6 =  7 .0  H z, J M =  1 .0  H z), 7 .8 8  (s, 3 H , C 4 C H 3)

24 3.00 (d, 1 H , H 4, J t , 6 =  6 .5  H z), 3 .69  (m, 1 H , H 7), 4 .0 6  (d, 1 H , H i , / i ,7 =  8 .0  H z),
5 .7 2  (dd, 1 H, H 5, J , a =  6 .5  H z, / 6.7 =  1 .0  H z), 7 .9 7  (d, 3 H , C 6 CHa, /  =  1 .5  H z)

25 3.80 (m, 1 H , H 7), 4 .0 3 (d, 1 H , H i, J u  =  8 .0  H z), 5 .6 7  (d, 1 H , H 6, / 6,7 =  2 .0  H z)
7 .8 8  (s, 3 H, C4 CHa), 7 .9 5  (d, 3 H, C6 CH3, J  =  1 .5  H z)

26 3 .1 9  (s, 1 H , H 4), 3 .4 6  (dd, 1 H , He, J M  =  8 .0  H z, =  1 .5  H z), 3 .9 4
(t, 1 H , H 7, =  8 .0  H z, 6 =  8 .0  H z), 4 .1 6  (dd, 1 H , Hi, J i,,  =  8 .0  H z, J u i =
1 .5  H z), 8 .2 7  (s, 3 H, C6 CHa)

27 3 .4 8  (m, 1 H , H 6), 4 .1 3  (d, 1 H , H ,, J u ,  =  1 .5  H z), 5 .7 3  (d, 1 H , H 5, / 6,e =  8 .0  H z),
7 .9 2  (s, 3 H , Co CHa), 7 .9 5  (d, 3 H, C7 CHa, /  =  1 .5  H z)

28 3 .1 9  (s, 1 H , H 4), 3 .7 2  (m, 1 H , H 6), 4 .1 1  (d, 1 H, H i, / i , 6 =  1 .5  H z),
7 .9 9  (d, 3 H, C7 CHa, J  =  1 .5  H z), 8 .33  (s, 3 H, C5 CHa)

29 3 .2 2  (s, 1 H , H 4), 3 .6 6  (m, 1 H , H 7), 4 .0 3 (d, 1 H , H i, J Ui =  8 .0  H z),
7 .9 8  (d, 3 H , C6 CHa, J  =  1 .5  H z), 8 .23 (s, 3 H , C5 CH3)

the crystalline 1:1 adducts 22-25, 27, and 29, re- Table YI
spectively, in c a . 50% yields (Table IV ). On the other Mass Spectral Fragmentation in Diels-Alder Adducts
hand, compounds 16 and 18 reacted with TONE ---------------------------Rei intensity------------------------------.

in benzene o n ly  on heating, to  afford the corresponding Peak 22 23 24  25 26  2 7  29

1 : 1  adducts 26 and 28 in v e r y  low  yields, and 2 0  and 2 1  Base 1 6 6  1 8 0  1 8 0  1 9 4  1 0 8  1 9 4  1 9 4

were inert to th e D ie ls -A ld e r  reaction T h e  nm r M  _  1 2 8  1 0 0  1 0 0  1 0 0  1 0 0  8 9  1 0 0  1 0 0

d a ta  are sum m arized m  T a b le  V ; spectral assignm ents 12g 2 8  1 7  3 7  7 4  7 6  18 27
w ere derived b y  com parison w ith  those of the car- 76„ 1 2  7  3 5  3 6  3 7  2 2  19

beth o x ya zep in e-tetracyan o eth ylen e ad d u ct . 10' 14 E a c h  .  A  peak at m / e  7 6  might be assignabie to th e fragm ent T C N E  
ad d u ct displayed characteristic ir bands for C = 0  _  2 CN.
(1700-1718 cm -1), C = N  (2280 cm "1), and C = C  (1620-
1638 cm“ 1). Furthermore, the mass spectra of these Catalytic Hydrogenation of Diazepines.—The diaze- 
adducts showed a molecular ion and strong peak at pines 12-21 were hydrogenated over 5% palladium
M — 128 by the loss of a C6N4 molecule from the on carbon at atmospheric pressure. Reduction of
molecular ion; this fragment may arise from a retro compounds 14, 18, and 19 gave good yields of the
Diels-Alder fragmentation. As shown in Table VI, corresponding hexahydro diazepines. These com-
the fragment ion peaks at M  — 128 for the adducts, pounds showed ir absorption at 3340 cm-1 (NH). On
with the exception of 26, were observed as the base the other hand, in agreement with Streith’s observa-
peaks. tion,4 the reduction of 12, 13, 15-17, 20, and 21 gave a

, , mixture of the corresponding hexahydrodiazepines 
adducts is now ¡n progress. and tetrahydrodiazepmes which could not be separated
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b y  f r a c t io n a l  d is t i l la t io n .  T h e s e  m ix t u r e s  s h o w e d  a b -  A n al.  C alcd  for C 9H 12N 2O 2 : C , 59.98; H , 6 .71; N , 15.55. 
s o r p t io n  o w in g  t o  a m in o  (334 0  c m - 1 ) a n d  im in o  b a n d s  Found: C , 59.83; H , 6.81; N , 15.50.
H R 3 0 - 1 6 50  cm  “T  in t h e i r  ir  s n e c tr a  l-Ethoxycarbonyl-2,5-dim ethylpyndm ium  Y lid e  (7) (M ethod
'  ' P  B ).— F rom  10 g (0.09 mol) of 2,5-lutidine there was obtained 3.3

g (34% ) of 7 as hygroscopic yellow  flakes after purification b y
F Y n e r im e n to l S e c t io n  is chrom atography (silica gel) using benzene as an eluent,
n x p e n m e n r a i  o e c u o n  l-Ethoxycarbonyl-3,5-dim ethylpyridm ium  Y lide (8 ) (M ethod

Preparation of 1-Ethoxycarbonylim inopyridinium  Y lid es From  10 g (0.09 mol) of 3,5-lutidine there was obtained 4.4
(2—11 ) . 16 1-Ethoxycarbonylim inopyridinium  Y lide (2) (M ethod g (45% ) of 8  as colorless crystals: rnp 132-134°, rc-o 1620 cm 6

A ).— A  solution of hydroxylam ine-O-sulfonic acid (H A S) (5.7 g, A n al.  C alcd  for CioHuNiOi: C , 61.83; H , 7.27; N , 14.42.
0.05 m ol) in w ater (50 m l) was neutralized w ith  aqueous potas- Found: C , 62.16; E ,  7.46, N , 14.61.
slum  hydroxide (2.8 g, 0.05 mol, in 10 m l of w ater). T o  this l-Ethoxycarbonylim m o-3,4-dim ethylpyndinium  Ylide (9)
solution w as added pyrid ine (20 g, 0.25 m ol). T h e solution was (M ethod B ). From  10 g  (0.09 mol) of 3,4-lutidine there w as ob-
stirred a t room tem perature for 1 d ay and then potassium  car- K̂B?ed ® _^6 % ) 9  as yellow-brown crystals, mp 90-91 ,
bonate (6.9 g , 0.05 mol) w as added. W ater and unreacted pyri- I'c- °  l ’, P i°ra*e l ®4 - ! ® 3  E ,  xr
dine were rem oved in  vacuo  below 50°. T h e residue was treated A n a l. C alcd  for C ioH hN 20 2 : 0 ,6 1 .8 3 ,  H , 7 .27 , JM, 14.42.
w n h  ethanol (100 m l), and the insoluble precip itate was rem oved Found: C , 61.27, H , 7.30, h ,  14.61. _
b y  filtration. T o  this filtrate ethyl chloroform ate (5.4 g, 0.05 , l-Ethoxycarbonyhm m o-^ hdim ethylpyridm ium  Y lid e  ( 1 0 )
m cl) and excess potassium  carbonate (10 g, 0.07 mol) were added (M ethod A ). From  7.0 g (0.07 mol) of 2,6-lutidine there was 
and th e resulting solution was stirred at room tem perature over- obtained ca . 4 .1 g (43% ) of 10 as hygroscopic yellow  needles,
n ight. A fter filtration of the solution, the filtrate was concern T bls comPound was raed for photolysis w ithout further punfica-
trated  in v a cu o .  Purification b y  chrom atography (alum ina) using tion. .
benzene as an  eluent followed b y  recrystallization from  benzene l-Ethoxycarbonyhm m o - 2  4,6-trim ethylpyridm ium  Y lid e  (11)
ga ve  2  (3.4 g, 4 1 % )  as colorless crystals, mp 108-109° (lit.* mp (M ethod A ) .- F r o m  6  0 g (0.06 mol) of 2  4 ,6 -collidine there was
100ô  obtained 1.5  g (14 % ) of 11 as colorless crystals, mp 137-140 .

l-Ethoxycarbonylim ino-2 -m ethylpyridinium  Y lid e  (3) (M ethod A n aL  C alcd  for C uH nN jO ,: C , 63.44; H , 7.74; N , 13.49.
A ) .— From  14 g (0.15 m ol) of a-picoline there w as obtained 7.0 g Found: C , 63.21; H , 7 .55, N , 13.44.
(78 % ) of 3  as a  pale yellow  oil: picrate mp 14 5 -14 7°, H ow ever, this compound w as not obtained b y  m ethod B .
1750 c m - 1  Preparation of the D iazepm es (12 -2 1). G en eral M ethod.— A

A n a l. C alcd  for C ,6H 1SN 60 9 (picrate): 0 ,4 4 .0 1 ;  H , 3.69; solution of the pyridinium  ylides (2 - 1 1 ) in acetone or benzene was
N  17  11 Found- C  44 08* H  3 7 1 *  N  17 20 irradiated under nitrogen and cooling internally to  20-25 b y  a

W hen an aqueous solution of H A S  and a-picoline was heated a t cold fiiP r w ith (A ) a 300-W high-pressure m ercury lam p (volum e
70-80° in a w ater b ath  for 1  hr, only 5 0 %  3  w as obtained. 8 0 0  f  100JW high-pressure m ercury lam p (volum e

3-Ethoxycarbonylim ino-4-m ethylpyridinium  Y lide (4) (M ethod 4 0 0  m1)- T h e  solution was then concentrated m  vacuo  and pun-
A )  .— From  8  g (0.09 m ol) of T-picoline there was obtained 5.4 g fied by  «dica S?el chrom atography. Furtherm ore, the crude
(60% ) o ’ 4  as yellow  crystals: mp 14 8 -15 1° , rg ! r0  1640 c m " 1. compound w as purified b y  short-path distillation or recrystal-

A n a l. C alcd  for C sH 12N 20 2: C , 59.98; H , 6 .7 1; N , 15.55. lization  from  »-hexane These data  are sum m arized m T ab le I .
Found- C  59 57- H  6  82- N  15 39 T he crude products (strong pyridine odor ) 17 from  photolysis

W hen an aqueous solution of H A S  and T-picoline w as heated of compounds 1 1  and/or 1 2  were chrom atographed using benzene
a t 70-80° for 1  hr, on ly 2 3 %  4  was obtained. 8 5  “ » elu(;n t: A fte *; separation of the diazepine compounds 2 0

l-Ethoxycarbonylim ino-2,4-dim ethylpyridinium  Y lide (5) and 2 1> elutlon w lth  10 %  benzene-chloroform  solution yielded
(M ethod A ).— From  8  g (0.06 mol) of 2,4-lutidine there w as «*• 2 -5 %  phenylurethan, characterized b y  identical ir and nmr
obtained 6 . 1  g (63% ) as a  yellow  oil, and this compound was spectra w ith  those of an authentic sample.
used in the follow ing reactions w ithout further purification (one Reactions of Pyridine with E thyl Azidoform ate. A . Photo
spot b y  tic ). chem ical.— A  solution of ethyl azidoform ate (6 . 0  g, 0.05 mol)

l-E thoxycarbonylim ino-3 -m ethylpyridinium  Y lid e  (6 i (M ethod and P y ridine ( 1 5  8 - ° - 1 9  mo1) in acetone (250 ml) was irradiated
B )  .— A  solution of H A S  (5.7 g, 0.05 mol) in w ater (50 m l) was a t room tem perature for 36 hr b y  m ethod A . T h e  solution was
neutralized w ith  aqueous potassium  hydroxide (2 . 8  g , 0.05 m ol, concentrated %n vacuo and the residue was then purified b y
in 10 m l of w ater) under cooling. T o  this solution there was colutnn chrom atography (silica gel) 1-E th oxycarb on yl-lH -
added /3-picoline (10 g, 0 .11  m ol). T h e resulting solution was U -cu a zep in e  (12)* was obtained in 5 %  yield  H ow ever, the
heated a t 70-80° for 3  h r and cooled to  room tem perature w ith  Tield when eth yl acetate was em ployed as a  solvent instead of 
stirring. Potassium  carbonate (6.9 g, 0.05 m ol) was then added acetone w as on ly 2 / 0. ,
to  the solution. W ater and unreacted /3-picoline were rem oved T herm al. A  m ixture of ethyl azidofonnate (2.0 g,
from  the solution in  vacuo  below 50°. T h e  residue was treated ?-0 1 ' mo1) and P y ndlne d °  ° ‘ 1 3  mo1) was heat®d a t ! 30J
w ith  chloroform  (100 m l), and the insoluble precipitate w as for 1 h r in a sealed tube. T h e reaction m ixture was then purified
rem oved b y  filtration. T o  this filtrate  eth yl chloroform ate (5 . 4  b Y colum n chrom atography (alumina) and recrystallized from  
g, 0.05 m ol) and excess potassium  carbonate (10 g, 0.07 m ol) benzene to yield  1 .7  g (59 % ), mp 108-109 . T his compound
w ere added, and the resulting solution w as stirred a t room tern- w a® f ° und to  be identical w ith  1 -ethoxycarbonylim m opyridm ium
p erature overnight. A fte r  filtration  the filtrate  w as concentrated yhd e (2 ), prepared b y  the m ethod described above. 
in  vacu o . Purification  b y  chrom atography (alum ina) using ben- D ie ls-A ld er R eactions of D iazepm es (2 2 -2 9 ) .-T h e  general
zene as an eluent follow ed b y  recrystallization  from  benzene gave Procedure is illustrated for the preparation of 2 -ethoxycarbony - 
6  (4 g, 4 4 % ) as yellow  crystals: mp 10 0 -10 1°, rg ! '0  1630 c m - ;  8,8,9 P-tetracyano^ S-diazabicyclo[3 2 . ^  {
picrate m p 14 1-14 3 °, 1730 cm "h  A  solution of 1 2  (471 m g 2.8 mm ol) and T O N E  (354 m g, 2.8

mm ol) in d ry  benzene (30 m l) was refluxed for 6  hr and then
■-----------------  cooled. T h e  solution w as concentrated in  vacuo and the residue

w as recrystallized from  ethanol to yield  471 m g (56 .5% ) of color-
(15) The melting points were measured with a Yanagimotomicromelting 1 &SS crystals, mp 14 8 .5-150 .5°. H ow ever, w hen the reaction

point apparatus and are ^corrected. Microanalyses were performed on a w as carried Qut r00m tem perature for 3 days, the yield  WHS only
Yanagimoto C.H.N.-Corder, Model M T-1. The uv spectra were deter- Q
mined with a JASCO Model ORD/UV-5 recorder. The nmr spectra were * J 0 ' __ ^
taken with a Japan Electric Optics Laboratory Co., Ltd., Model JN M -M H -60 C atalytic H ydrogenation of the D iazepm es. G en eral M ethod,
nmr spectrometer and with a Varian A-60 recording spectrometer with T h e diazepines in. m ethanol (20 m l) were hydrogenated over
tetramethylsilane as an internal standard. The chemical shifts are ex- 5 %  P d - C  w ith  stirring a t room tem perature for 15-hr w ork-up
pressed in r values. The mass spectra were obtained on a Hitachi RM U-D  in the norm al w ay  followed b y  short-path distillation a t  70-100°
double-focusing mass spectrometer operating a t an ionization potential of ( 1 —2  m m ).
70 eV. The solid samples were ionized by electron bombardment after
sublimation directly into the electron beam at 100-150“. The ir spectra R e g i s t r y  N o .—- 3 ,  2 2 9 2 8 - 8 3 - 2 ;  3  p i c r a t e ,  2 2 9 2 8 - 8 4 - 3 ;
were taken with a JASCO Model IR -S  spectrophotometer. Thin layer o o n o o  o -  . £  o o n o o  o R K .  fi ' + 99Q 7Q  1 6 4 -
chromatography (tic) was carried out on alumina and silica plates by using ^  Z Z v Z o - o Oj Z ^ y Z o -o v -D } O p iC r R l6 , Z Z u iv -L  
benzene-methanol mixtues as developing solvents and iodine as a develop
ing reagent. (17) 2,6-Lutidine and 2,4,6-collidine were characterized by glpc comparison

(16) R . Gosl and A. Meuwsen, Chem . Ber., 92, 2521 (1959). with authentic samples.
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The Photoisom erization of 1-Im inopyridinium  Ylides to 1(111),2-Diazepines1

A. B alastjbramanian, J ohn M. McI ntosh, and Victor Snieckus 
D epartm ent o f  Chem istry, U niversity o f  W a terb o , W aterloo, C an a d a  

R eceived  J u ly  S8, 1969

Irradiation of 1-im inopyridinium  ylides 2a-f and 4a and b in m ethylene chloride solution produces 1(1H ),2- 
diazepines 3a-f and Sa and b in good yields. T h e m ajority  of the ylides were best prepared b y  a  new  m ethod from  
the corresponding 1 -am inopyridinium  iodides and acylatin g agent. Structure 3a was deduced from  the first- 
order analysis of its 100-M H z nm r spectrum  and w as confirmed b y  its degradation to  9. T h e  second m ajor 
photoproduct of the y lid e  2d was shown to be 10 b y  synthesis. W hereas y lid e  2f rearranged to 3f, 2g was photo- 
chem ically stable; it is suggested th a t this m ay be due to large contributions of 13 and 14 to the respective 
excited states of the tw o ylides. Com pound 15 w as stable to  irradiation at 3000 and 3500 A .

Over the years, some of the most intriguing and Cassal made the important observation10 that the ir-
fruitful heterocyclic chemistry has been associated radiation of the system 1 (X  =  N C 02E t) gives 1-
with the three classes of compounds defined by struc- ethoxyearbonyl-l(lH),2-diazepine (vide infra). More
ture 1 (X  =  O, CR2, and NR). Although examples recently, the French workers11 and a Japanese group12
of each class have been known for over 50 years, broadened the scope of this photochemical rearrange-
their chemistry has been explored only relatively re- ment. As part of a detailed investigation of the 1-
cently.2 The isoelectronic nature of these systems iminopyridinium ylides 1 (X  =  NR), we have inde-
has invited comparison of their ground-state chemical pendently irradiated a series of ring-substituted

1-ethoxycarbonylimino- and 1-acetyliminopyridinium

O ylides 1 (X  =  N C 02E t and NCOCH3, respectively)
as well as several related single examples. Preliminary 

+‘j< observations concerning the system 1 (X  =  NCOCH3)
“X have appeared.13 Herein we report on the photo-

l chemistry of the ylides 2a-g, 4a, 4b, and 15. Our re
sults are complementary to the work of Streith10’11 

reactivity. A similar comparison in their photochem- at'd Sasaki,12 but differ in several aspects and extend
ical reactivity is predicted to be instructive,3 and thus the scope of the general photochemical synthesis of
it is not surprising that examples of all three types l(lH),2-diazepines to include new functionalized de-
have been investigated from this point of view. Em- rivatives of this largely unexplored class of com-
phasis has been placed mainly on the irradiation of pounds.14 Furthermore, in view of the interest in
the readily available28, quinoline and pyridine N-ox- the theoretical aspects of cycloaddition reactions as
ides,4-6 but more recently other aromatic amine N- they apply to the related oxepin and azepine systems,15
oxides have received attention.7 On the other hand, a a detailed presentation of the preparation and physical
single but interesting example of the pyridinium ylide 1 properties of the new l( lH ),2-diazepines would seem
(X  =  CR2) has been irradiated.8 The corresponding to have timely utility. In this connection, it is to
N -N  ylides remained unexplored9 until Streith and be noted that diazepine-tetracyanoethylene adducts

have been described by Sasaki very recently.12
(1) Presented a t the 52nd Meeting of the Chemical Institute of Canada, W h e r e a s  m a n y  C o m p le x  l - p h e n y l i m i n o p y r i d i n i u m

Montreal, May 25, 1969. t i  i v , e  r
(2) Summaries follow, (a) 1 (X  = 0 ) :  E . Ochiai, “Aromatic Amine y l id e s  h a v e  b een . kXLOWIl IOT SOH ie t i m e .  O n ly  a  iCW

Oxides,” Elsevier Publishing Co., Amsterdam, 1967. (b) 1 (X  =  C R 2) : e x a m p l e s  o f  s i m p l e  1 - im in O p y r id in iu m  y l i d e s  [C 0 m -
F . Krohnke, Angew C h e m 75, 317 (1963). (c) 1 (X  =  N R ): T. Okamoto
and M . Hirobe, J .  Syn. Org. Chem. J a p .,  26, 746 (1968). (10) J. Streith and J.-M . Cassal, Angew. Chem. Intern. Ed. Engl., 7, 129

(3) Such a comparison may be generalized; see H. Izawa, P. de Mayo, and (1968); experimental details have appeared recently in J .  Streith, A. Blind,
T . Tabata, Can. J .  Chem., 47, 51 (1969). J.-M . Cassal, and C. Sigwalt, Bull. Soc. Chim. Fr., 948 (1969).

(4) (a) C. Kaneko, J .  Syn. Org. Chem. Ja p .,  26, 758 (1968); (b) M. Ishi- (11) J .  Streith and J.-M . Cassal, Tetrahedron Lett., 4541 (1968); J .
kawa, C. Kaneko, I. Yokoe, and S. Yamada, Tetrahedron, 25, 295 (1969), and Streith and J.-M . Cassal, Bull. Soc. Chim. Fr., 2175 (1969).
references cited therein. (12) S. Sasaki, K . Kanematsu, and A. Kaheki, Chem. Commun., 432

(5) O. Buehardt and P. L. Kumler, Acta Chem. S c a n d 23, 159 (1969), and (1969). 
references cited therein. (13) V. Snieckus, ibid., 831 (1969).

(6) For a comprehensive list of references, see E . C. Taylor and G. G. (14) Very few simple examples of the 1,2-diazepine system are known:
Spence, Chem. Commun., 1037 (1968). F . D. Popp and A. C. Noble, Advan. Heterocycl. Chem., 8 ,  22 (1967);

(7) W. E . Dolbier, Jr ., and W. M. Williams, J ,  Amer. Chem. Soc., 91, J .  A. Moore and E . Mitchell, “Heterocyclic Compounds,” Vol. 9, R . C.
2818 (1969), and references cited therein. Elderfield, Ed., John Wiley & Sons, Inc., New York, N. Y ., 1967, p 294 ff;

(8) J .  Streith and J.-M . Cassal, C. R. Acad. Sci., Paris, Ser. C., 264, 1307 see also T . Takase, J .  Syn. Org. Chem. Ja p .,  26, 807 (1968).
(1967); J .  Stredth, B . Danner, and C. Sigwalt, Chem. Commun., 979 (1967). (15) L. A. Paquette, J .  H. Barrett, and D. E . Kuhla, J .  Amer. Chem. Soc.,

(9) The photolyses of several unusual N -N  ylides have been reported: 91, 3616 (1969), and references cited therein; see also J .  R . Wiseman and
P. de Mayo and J .  J .  Ryan, Tetrahedron Lett., 827 (1967); P. de Mayo and B . P. Chong, Tetrahedron Lett., 1619 (1969).
J .  J .  Ryan, Can. J .  Chem., 45, 2177 (1967); M . G. Pleiss and J .  A. Moore, (16) K . Dimroth, G. Arnoldy, S. von Eicken, and G. Schiffier, Justus
J .  Amer. Chem. Soc., 90, 4738 (1968). Liebigs Ann. Chem., 604, 221 (1957), and references cited therein.
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pounds 1 (X = NCOCH3) and ring-methylated de- Table I
rivatives, 17 2a, 18 4a, 19 and 4b20] have been reported. In Preparation and Infrared and Ultraviolet Spectra of 
our attempts to prepare a series of simple ylides, ap- Pyridinium Ylides
plication of the methods of Hafner18 or Curtius20 gave Prepn >wci\ M oh
uniformly poor yields (Table I, method A), and a new Ylide method° YieId' % cm"  Xm“ ’ m" (e)‘
procedure was therefore devised. Treatment of sub- 2a A ^  j ®44 1^30)
stituted 1-aminopyridinium iodides with potassium 2 b A  0 1632 242 (5300)
hydroxide and ethyl chloroformate produced the cor- B ^ d 1610 2 7 0  (sh 3810)

responding ylides 2a-f in fair to good yields (Table I, 2 7 7  (sh 3350)

method B). With the exception of the precursor to 310 (2050)

2f, the 1-aminopyridinium iodide derivatives were 2c A  3 1638 230 (5490)
prepared by a literature method.21 Ylide 2g could not B 29 1620 245 (5880)

be synthesized by this procedure but was obtained 312 (4620)
via the Hafner route.18 The ylides 4a and 4b were 2 d A  9 1633 233 (5630)

readily available from the reaction of 1-aminopyri- B 51 1611 2 8 2  (3420)

dinium iodide with benzoyl chloride and p-toluene- 311 (3670)

sulfonyl chloride, respectively (see Experimental Sec- 2e B 49 274 [4949)
t i o n ) ‘ 281 (sh, 4320)

4 5__ 4 305 (sh, 970)

O tM ,  2f B  53 1655 298 (23,460)
\\ h r  \  l  1565

+!(.! 2 N j l f '* 2 2g A  1 1720 231 (sh, 6460)
_ I I _  1640 274 (4340)NC02Et C02Et 161Q 35Q (ggoo)

2a, unsubstituted 3a, unsubstituted 4a B  8 3  1 6 2 1 (w) 233 (13,530 )

b, 2-CH s b, 3 -C H 3 1 5 9 2  3 1 7  (4S5°)
c, 4 -C H 3 c, 5 -C H 3 1 5 5 1

d, 3,5-diCH s d, 4,6-diCHs 4b A  1 4  1601 (w) 240 (14,000)

e, 2,6-diCH 3 e, 3 ,7-diC H 3 B  5 7  _ 3 1 7  (218°)
f, 4-N  (C H i)j f, 5-N  (CHj)» “ See E xperim ental Section. b w  =  w eak. c L iquid  sam ples

g, 4 -C 0 2E t  were handled b y  m icrotechniques described in P . L . K irk ,
' “ U ltram icroanalysis,”  John W iley  &  Sons, Inc., N ew  Y o rk ,

0 / = \  / ==\  N . Y., 1950. sh =  shoulder. d Yield of picrate derivative.i  Q  Cj
+ | ^ nmr spectrum, ruled out most of these and left struc-
~NR ^ C02Et tures 3a and 6 for consideration.22 The observed

low-field signal at r 2.56 could be associated with an 
4a, R = COPh 5a, R = COPh 6 azomethine proton in either of the two structures,
b , R = SO2C7H7 b, R = S02C7H7 but its multiplicity and coupling constants strongly

The ir, uv, and nmr spectral data for these com- favored the 1(1H),2 diazepine structure 3a for the
pounds are summarized in Tables I  and II. Carbonyl b y p r o d u c t  Determination of the 100-MHz nmr
absorption at 1630-1640 cm" 1 in the infrared spectrum ®Pec+tmm Wltl? appropriate decoupling experiments

j  1, • 1 , • . v.oin j* ,• lea to a complete nrst-order analysis in terms of theand ultraviolet maxima at >310 m¿1 were diagnostic , , /m l ! ttt\ 9* n  J n ^
for the characterization of these ylides and agreed with f u t u r e  3a (Table I I I ) .28 Confirmation was ob-
earlier reports of these properties for the related 1 -acetyl- auie y egra a lon o a o e nown , - 1- 
iminopyridinium systems.17 _ benzoyl-1,2-hexahydrodiazepme 9 shown m Scheme I.

Photolysis of 2a in methylene chloride solution at 
3500 A gave a single isomeric product. At this stage Scheme I
of our work, Streith and Cassal reported their pre- _ /— \ \
liminary results10 and assigned structure 3a to the 3a — - Pd (  /I Hi|Pt0> (  )
photoproduct on the basis of spectral properties. Al- ySTN V NH
though our spectral data were in reasonable agreement I |
with those presented by Streith, we had already under- C02Et C02Et
taken a course of action initiated by the following 7 s '  8
analysis. As mentioned previously, a photochemical l-hci,h.o
analogy between 2a and the pyridine N-oxides could /  \  2.oiriPhcoa
be drawn, and on this basis several possible structures y  J,
could be formulated for the photoproduct. The spec- N" \coph
tral properties of the photoproduct, in particular the COPh

(17) T . Okamoto, M. Hirobe, and A. Ohsawa, Chem. Pharm . Bull. 9
(Tokyo), 14, 518 (1966). ______________

(18) K . Hafner, D. Zinser, and K .-L . Moritz, Tetrahedron Lett., 1733 
(1964). (22) This point has been made recently by Kaneko; cf. ref 4a.

(19) T. Okamoto, M. Hirobe, C. Mizushima, and A. Ohsawa, Yakugaku  (23) Computer-simulated analysis of the nmr spectra of 3a and related
Zasshi, 83, 308 (1963); Chem. Abstr., 69, 51306 (1963). diazepines is in progress.

(20) T . Curtius and G. Kraemer, J .  Prakt. Chem., 126, 303 (1930). (24) G. Zinnerand W. Deucker, Arch.Pharm . (Weinheim), 296, 526 (1962).
(21) R . Gosl and A. Meuwsen, Chem. Ber., 92, 2521 (1956). We thank Dr. Zinner for correspondence.
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T able II
N m r  S p e c t r a  o p  P y r id in iu m  Y l i d e s “

Ylide Aromatic and ring methyl protons CO2CH2CH!6 COaCHiCHs1
2a 1 .3 4  (d, 2, /  =  6  H z, H 2, H 6), 2 .14 -2 .5 9  (m, 3, H 3- 5) 5 .8 5  8  6 8

2b 1 .3 8  (br d, 1, J  =  8  H z, H„), 2 .0 2 -2 .6 1  (m, 3, H , - t), 5 .80  8  62
7 .2 2  (s, 3, C 2 C H 3)

2c 1 .5 4  (br d, 2, J  =  6  H z, H 2, H 6), 2.60 (br d, 2, 5 .80  8  62
/  =  6  H z, H 3, H 6), 7.41 (s, 3, C 4 C H 3)

2d 1 .6 1  (br s, 2 , H 2, H 6), 2.70 (br s, 1 , H i), 5 .8 7  8  71
7 .6 2  (s, 6 , C 3, C 5 C H 3)

2 e 1 .7 0 -2 .6 0  (m, 2 , H 3-  E), 7 .3 0  (s, 6 , C 2, C8 CH3) 5 .8 2  8 .62
2f 1 .8 4  (br d, 2, /  =  7 .5  H z, H 2, H e), 3 .38  (br d, 2, 5 .8 8  8 .70

J  =  7 .5  H z, He, He), 6.8 3 [s, 6 , N (C H 3)2]
2g 1 .0 5  (br d, 2, /  =  6  H z, H 2, H 6), 1 .9 7  (br d, 2, /  =  6  H z, 5.69° 8  70<i

H 3, He)
4a 1 .0 7  (br d, 2, J  =  7 H z, H 2, H s), 1 .7 7 - 2 .6 7  (m, 8 ,

H a-6, COPh)
4b 1.4 0  (br d, 2, /  =  7 H z , H 2, H ,), 2 .7 3  (br d, 2, /  =  8  H z,

He', H 6" ), 1 .9 2 -2 .4 5  (m, 3, H ,- ,) ,  2 .6 3  (br d, 2 ,
J  =  8  H z, H 3', H e"), 7 .5 7  (s, 3, C 4'  C H 3«)

“ T ab ulation  follows th e order chem ical sh ift (r  valu e), m u ltip lic ity  (s =  singlet, d =  doublet, t  =  trip let, q =  qu artet, m  — m ul
tiple^  br =  broad), num ber, coupling constant, and assignm ent of protons. b J  =  6 -7  H z. * T w o overlapping qu artets, 4 H . d T w o  
overlapping triplets, 6  H. e Protons of the - S 0 2C 7H 7 function.

T a b l e  III promoted rearrangement of 3d (ylide 2d acting as
1 0 0 -M H z N m r  S p e c t r u m  o p  base) during the photolysis26 (see Experimental Sec-

1 -E t h o x y c a r b o n y l -1 ( 1 H ) ,2 - d ia z e p in e  (3 a )  tion). Therefore, compound 10 is a true photoproduct.
Mul-

Proton r tiplicity Coupling constants, Hz ___ a //______
Ha 2 .5 6  dd <I3 ,4 =  3, Jj.s =  1 "  }
H 4 3 .70  m J 4,a =  3, / 4 , 6 =  11  C H a ^ - ^ . C H j
H 6 3 .40  m  =  1, /a.4 =  11 , 2d ^  +  Y Y

J s , 6 =  5, J 5.7 =  1 CH,Cl,orC6H6

H 6 4 .20  m  J M =  1, J 6 , 5 =  5, J 6,  =  7.5 N ^ - NHC0 2Et
H 7 3 .7 1  m  / 7 .5 =  1 , J t.h =  7 .5  jq

C 0 2C H 2C H 3 5 .7 5  q J  =  7 .0

C 0 2CH2CHa 8 .6 7  t  J  =  7 .0  2d +  3d __________ jf________ 1

Stepwise reduction to the hexahydro derivative 8 was The effect of electronic factors on the photolytic 
followed by acid hydrolysis and Schotten-Baumann process is illustrated dramatically by the behavior of
reaction with benzoyl chloride to yield compound 9. ylides 2f and 2g. Whereas 2f rearranged cleanly to

Irradiation of the ylides 2b, 2c, 2e, 2f, 4a, and 4b 3f> 2g was stable to irradiation in methylene chloride
produced the corresponding diazepine derivatives 3b, or benzene solution.
3c, 3e, 3f, 5a, and 5b in good yields (see Experimental The results may be summarized by the mechanism 
Section). The structures of the photoproducts have outlined in Scheme II. When dealing with a 2-methyl-
been assigned by comparison of the spectral data with substituted ylide (2g), rearrangement goes exclusively
that of compound 3a. In particular, the nmr spectra to the least hindered side, forming the hypothetical
confirmed the structural assignments, although their diaziridine intermediate 11 which then undergoes va-
complexity allowed calculation of coupling constants lence isomerization to the diazepine 3b; however,
only in the cases of simple spin systems23 (Table 2,6-dimethyl substitution (2e) does not hinder the rmg
IV). The ir and uv data for these compounds expansion to 3e (path a). 3,5-Dimethyl substitution
are summarized in Table V (Experimental Section). forces a cleavage process to compete with ring ex
i t  is to be noted that the unsymmetrical ylide 2b re- pansion (pathb). 
arranges exclusively to yield the diazepine 3b; no S c h e m e  II
isomeric product could be detected by tic or nmr
analysis. 2̂ Hj [ j

More interesting results were obtained when 3,5- or (CH iH 'a 'N ^ T H
dimethyl-l-carbethoxyiminopyridinium ylide 2d was 2,6-diCHa * 3 N' 3 3b or 3e
irradiated in methylene chloride solution. Besides -¡si's. a CO Et
the normal photoproduct 3d (41% ), characterized (T J  ju_ L 2
mainly by its nmr spectrum (Table IV), a 31%  yield +N f  CH CH
of 2-carbethoxyamino-3,5-dimethylpyridine (10) was -¿CO Et b V ]  3
obtained. The latter was identified by comparison 2 3,5-diCH3) 3d + 10
with an authentic sample prepared by a known route. N"
The same two products were produced by irradiation ^
in benzene; however, the yields were different, 3d L 2 _
(80%) and 10 (10%). It was shown that 10 did not r2 r,) We thank Professor J. A. Moore for discussion concerning these ex- 
arise from 3d either by a thermal process or by a base- penments.
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T a ble  IV
60-M H z N m k  S p e c t r a  o r D ia z e p in e s “ -6

Diazepine Aromatic and ring methyl protons COiCHiCHs' COiCHiCHa0

3 b  3 .4 4 -3 .7 4  (m, 3, H 4, H», E 7), 4 .3 1  (m, 1, He), 7 .9 0  (s, 3, C 3 C H 3) 5 .7 0  8 .6 7
3c 2 .7 0  (d, 1, J z ,4 =  4 H z, H s) 3 .7 3 -4 .0 7  (m, 2, IL , H ,), 4 .4 3  (dd, 1, 5 .6 7  8 .6 7

J 6,4 =  1 .5  H z J 6l7 =  8  H z, He), 8 .10  (d, 3, C 5 C H 3)
3 d 2 .7 6  (d, 1, / 3 ,5 =  1 .5  H z, H s), 3 .7 3  (br s, 1, H 5), 3 .9 9  (br s, 1, 5 .7 0  8 . 6 8

Hv), 8 .0 7 (d, 3) and 8 .2 1  (d, 3, C 4, C 6 C H 3)
3e 3 . 4 3 - 3 . 7 6  (m, 2, H 4, H 6), 4 .1 7  (m, 1, He), 7 .8 3  (s ,6 , C 3(C , C H 3) 5 .7 2  8 .6 5

3f 2 .7 5  (d, 1, J 3 ,4 =  5 .5  H z, H s), 3 .7 7  (d, 1, J,,e =  8 .5  H z, 5 .7 2  8 .6 7
H 7), 4 .3 5  (dd, 1, J 6,7 =  8 .5  H z, =  2 .5  H z, H 6),
5 .20  (q, 1, / 4l3 =  5 .5  H z, / 4, 6 =  2 .5  H z, H 4), 7 .1 3  [s, 6 , N (C H 3)2],

5a 2 .2 3 -2 .7 0  (m, 6 , H 3, C O P L ), 3 .1 5 -3 .8 0  (m, 3, H 4, H s, H 7),
4 .1 2  (m, 1 , H 6)

5b 2 .1 6  (d, 2, J  =  8  H z, H 2-, H 6.<*), 2 .69  (d, 2, /  =  8  H z, H 3-, H 5.<*),
2 .7 4  (d, 1, hidden H s), 3 .2 4 -3 .9 2  (m, 2) and 4 .0 6 -4 .4 9  
(m, 2, H 4- 7), 7 .5 5  (s, 3, C 4- C H ^ )

« See footnote a , T ab le  II . 6 See ref 23. * J  =  7.0 H z. d See footnote e, T ab le  II.

The results with ylides 2f and 2g are partially under- possibly associated with the highly delocalized (aro-
stood if reference may be made to the thoroughly matic) nature of the compound.26
investigated ultraviolet spectral characteristics of the
isoelectronic pyridine N-oxides.la In these systems, Experimental Section
evidence is available which indicates that contributing M icroanalyses w ere perform ed b y  A . B .  G yg li, M icro tech 
resonance forms in which oxygen has lost most of Laboratories, T oronto, and U niroyal Laboratories, G uelph,
its negative charge, e.g., 12, are important in excited- M eltin g points w ere measured on a Fisher-Johns apparatus and

, , /  • i i  - _are uncorrected. Infrared spectra were determ ined w ith  B eck-
state considerations Assuming that these considera- m ann I R _5A> _9> and _1 0  iPnstrum ents in chloroform  solution

tions apply to the N  N  ylides, the excited spates Or unless otherwise indicated. U ltravio let spectra w ere recorded
2f and 2g may be described by the resonance forms 0n H itach i E P S -3 T  and B eckm an D B -G  spectrophotom eters in
13 and 14, respectively. Thus photochemical lability m ethanol solution. N uclear m agnetic resonance spectra w ere
(2f) and stability (2g) may be associated with the obtained w ith  J E O L  C-60 V arian  T-60, and V arian  H A-100

amount of negative charge on exocyclic nitrogen. In- s£ane internal stan dard. Colum n, th in  layer, and th ick  layer
formation concerning the detailed mechanism, m par- chrom atography w as carried out w ith  silica gel obtained from
ticular evidence for the diaziridine intermediate 11, is B rinkm ann (Canada) L td .;  W oelm  alum ina (basic, grade III)
not yet available, although the attention of streith  w as used for the purification of the ylid ep icra tes. Solvents were
toward the solution of this problem is to be noted.1»'11 ref * nt ^  and f  tilled before use; unless otherwise indi-

^  cated, petroleum  ether of boiling range 60-80 was used. A
+ _ R ayon et photochem ical reactor equipped w ith  sixteen 3500-A

O ^ ^ -O E t lam ps was used; photolyses were carried ou t in P yrex  vessels

Û ¿  f and cooled internally to 1 0 - 2 0 ° b y  a  cold finger.
. T h e  Preparation of 1-Ethoxycarbonylim inopyridinium  Y lid es

| 2g || J  (2 a -g ) . 1 -Ethoxycarbonylim inopyridinium  Y lide (2 a). M ethod
. .  A.— A  three-necked round-bottom  flask equipped w ith  a eon-

| | || denser and an addition funnel w as charged w ith  70 g  of freshly
O ~N C 02E t N C 0 2E t distilled pyridine and 10 g of eth yl azidoform ate. T h e  con

denser w as attach ed to a gas buret in order to  m easure the 
12 13 14 nitrogen evolution. T h e reaction w as in itiated  b y  imm ersing

the flask into an oil b a th  a t 105° and stirring. In  1 2 hr, 1.9  1. of 
Finally, the very similar UV spectrum [u v  max nitrogen were evolved (theoretical: 1.94 1.). Excess pyridine

(CH2C12) 271, 308 m ji]  of an unusual, rigid carboxypyri- was rem oved in  vacrn  and the dark residue was taken up in 75

d in iu m  y l id e ,  p y r id o [ 2 , l - 5 ] - l ,3 ,4 - o x a d ia z o lo n e - 2  (15),26 1111 °f bollm g Cthl° rof?,rm a n d treated w ith  charcoal. T h e  filtrate
J  L ’ 1 ’ 1 \ was concentrated and recrystallized tw ice from  benzene and tw ice

from  tetrahydrofuran to  yield  2.50 g (17 .4 %  based on eth y l 
azidoform ate) of 2a, mp 108-109° ( lit . 18 mp 109°).

K J I  M ethod B .— T o  a stirred solution of 1.60 g (7.55 mm ol) of 1-
+ Y  O ■ *—i ami nopyr i di ni um iodide21 in 50 m l of ethanol were added dropwise

----- L jljk sZ l and concurrently from  tw o addition funnels solutions of 0.69 g
N'0  ^ 0  (15.0 mm ol) of potassium  hydroxide in 50 m l of ethanol and 1.6 1

g (14 .7 mm ol) of eth yl chloroform ate in 10 m l of ethanol. T h e  
"  additions w ere carried out in such a m anner as to  m aintain  a

basic solution, indicated b y  the persistence of a purple color in 
to that of the simple case 2a led to a brief investigation the reaction m ixture. A fter the additions, the resulting pale
of its photochemical behavior. It was found that yellow  solution was further stirred for 70 m in. E vap oratio n
compound 15 was stable to irradiation at 3 5 0 0  and to  d ^ n e ss yielded a  yellow  residue w hich w as dissolved in 2 0

o n n n  * • , , . , . . .  r , , m l of a 1 0 %  aqueous sodium  carbonate solution and extracted
30 0 0  A in methylene chloride solution for at least w ith  m ethy lene chloride. T h e extracts were dried (N a 2S 0 4)
2 4  hr. Sensitization with benzophenone also proved and concentrated to  yield  761 mg of crystalline m aterial. R e-
fruitless in that starting material was recovered un- crystallization  from  tetrahydrofuran gave  colorless flakes of 2 a,
changed after lengthy irradiation times at 3 5 0 0  A .  5 7 5 m g  (48% ), identical w ith  m aterial prepared b y  m ethod A .
-to. i  , r t e  i i . . . .  , j. Ih e  following compounds were prepared b y  m ethods A  and B
1 he stability of 15 may be due to its inability to form a as indicated in T ab le  I .
(strained) diaziridine intermediate which, in turn, is 2-M ethyl-i-ethoxycarhonylim inopyridinium  Y lid e  (2 b ) .— A  pale

yellow , hygroscopic oil was obtained. F urth er purification  was 
(26) K . Hoegele, Helv. Chim. Acta, 41, 548 (1958). accom plished v ia  the p icrate. R ecrystallization  from  ben zen e-
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methanol gave yellow needles, mp 139-142.5°. For the purpose Table V
of photolysis, the ylide 2b was regenerated by passing a chloro- T. TT „ „
form solution of the pierate through a short column of basic . Infbared and ^
alumina. Purity was established by ir and uv spectroscopy and Diazepme >». > om 1 “ C«)6
tic homogeneity in several solvent systems. 3a 1700 221 (11,440)

T h e pierate was recrystallized from  benzene for the an alytical 1609 255 (sh, 3560)
sam ple, mp 14 1-14 2 ° . 3b 1706 224 (12,380)

A n a l. C alcd  for C 15H 15N 5O 9 : C , 44.02; H , 3.69; N , 1 7 .1 1 .  1631 256 (sh 3460)
F ound: C 4 4  1 2 ; H ,  3.92 ¡ N H - M .  3c i 7 H  220 (12,670 )

4-Methyl-l-ethoxycarbonylmunopyridmium Ylide (2c).—
M ethod A  was modified in th a t toluene w as used as a  solvent , _ _ y  ’ '
for the reaction and the w /w  ratio of pyrid ine derivative to  eth yl 3  1 7 1 7  222 (8790)
azidoform ate w as reduced to 3 : 1 .  R ecrystallization  from  1632 250 (sh, 5840)
tetrahydrofuran  and benzene yielded 2 c. F urth er recrystal- 3e 1697 226 (8330)
lization  from  carbon tetrachloride furnished an an alytical sam ple, 1641 242 (6990)
mp 15 1 .5 -15 2 .5 ° . 3f 1695 271 (14,200)

A n a l. C alcd  for C 9H i2N 20 2: C , 59.99; H , 6 .71; N , 15 .55 . 1650 352 (3440)
F ound: C , 59.66; H . 6.80; N , 15 .57. 5 a 1 6 5 1  227 (13 ,350 )

3,5-D im ethyl-l-ethoxycarbonyU m inopyridinium  Y lid e  (2d).—  1 6 H  2 8 5  (sh 5400)
M ethod A was modified as in the case of 2 c. T hree recrystal- -u  , , „ or m r ' rrn )
lizations from  benzene gave  colorless crystals of 2d, m p 138 -140 °. , _no , ' , , ’ „

A n a l. C alcd  for C 19H I4N 20 2: C , 61.84; H , 7 .27; N , 14.42. 1 5 9 8  2 7 6  <sh ’ 195°)
F ound: C , 6 1 .7 1 ; H , 7 .3 1; N , 14.46. 0 See footnote b, T ab le  I. 6 See footn ote c, T ab le  I.

2,6-Dimethyl-l-ethoxycarbonylimmopyridinium Ylide (2e).—
T h e pierate, mp 15 3 -15 5 °  from  ethanol, w as treated as in the 1630 ( C = N )  cm -1 ; nm r r  2.92 (t, 1 , C 3 H ), 5.83 (q, 2 , C 0 2-
case of 2b. R ecrystallizatio n  from  petroleum  ether-benzene C H 2C H 3), 6.28 (br m , 2, C< H ), 7.58 (b rm , 2, C 7 H ), 8.26 (br m,
ga ve  2e as pale yellow  needles, mp 10 1-10 2 °. 4, C 6, C 6 H ), and 8 . 6 8  (t, 3, C 0 2C H 2C H 3). T h e  rem ainder of the

A n al.  C alcd  for C ioH hN 20 2: C , 61.84; H , 7 .27; N ; 14.42. m aterial was directly  hydrogenated in ethanol over p latin um
F ound: C , 61.93; H , 7.28; 6 , 14.49. oxide and yielded, after chrom atography, 217 m g (5 5 % ) of oily

4-Dimethylamino-l-ethoxycarbonyliminopyridinium Ylide (2f). l-ethoxycarbonyl-l,2-hexahydrodiazepine (8): ir (C C 14) 1700
— 4-Dimethylamino-l-aminopyridinium iodide was prepared in cm - 1  ( C = 0 ) ;  nmr r  5.80 (br, 1 , N H , exchanged w ith  D 20 ),
13 %  yield  according to the procedures of G osl2land O kam oto . 27 5.87 (q, 2, C 0 2C H 2C H 3), 6.53 (m, 2, C 7 H ), 7 .1 1  (m, 2, C 3 H ),
T w o recrystallizations from  ethanol ga ve  colorless needles, mp 8.36 (m , 6 , C<, C 5 , C 6 H ), and 8.73 (t, 3, C 0 2C H 2C H 3).
20 1.5-202.5°. A n a l. C alcd  for C 3H i6N 20 2: C ,  55.79; H , 9.36; N , 16 .27.

A n a l. C alcd  for C ,H 12N 3I: C , 31.72 ; H , 4.57; N , 15.85; F ound: C , 5 5 .7 1; H , 9.30; N , 16.66.
1 ,4 7 .8 7 . F ound: C , 31.73 ; H . 4.63; N , 15.84; 1 ,4 7 .7 1 .  Com pound 8  was dissolved in 7 m l of concentrated hydroch loric

T h e  above com pound, w hen treated w ith  eth yl chloroform ate acid and the resulting solution was refluxed for 10 hr. E vap ora-
according to  m ethod B , gave  2f. T hree recrystallizations from  tion in  vacuo gave  a  residue w hich was dissolved in alcoholic
benzene furnished colorless needles, m p 18 3-18 5°. potassium  hydroxide solution (10 g in 80 m l) and refluxed for 30

A n a l. C alcd  for CioHisNsCh: C , 57.40; H , 7.23; N , 20.08. m in. T h e solution w as concentrated and extracted w ith  large
F ound: C , 5 7 .3 1; H , 7.24; N , 20.31. am ounts of w arm  ether. C oncentration  of the ether e x tra ct to

4-Ethoxycarbonyl-l-ethoxycarbonyliminopyridinium Y lid e  (2g). 25 m l was followed b y  additions of 50 m l of pyrid ine and 4 g of
— M eth o d  A  was modified as in the case of 2c. C oncentration  benzoyl chloride. A fter  standing overnight, the m ixture was
in  vacuo gave  a viscous oil w h ich  was triturated w ith  ether to  y ie ld  concentrated in  vacuo  and the product w as isolated in the usual
pale yellow  needles, mp 16 2 -16 3 .5 °. w a y . T w o  recrystallizations from  ethanol yielded 1,2-dibenzoyl-

A n a l. C alcd  for C n H u N A h : C , 55.46; H . 5.92; N , 11 .7 6 . 1,2-hexahydrodiazepine (9), m p 15 6 -15 7 ° , w hich w as eharacter-
Found: C , 55 .19 ; H , 5.93; N , 11.6 2 . ized b y  identical ir spectrum , m elting point, and m ixture m elting

1-Benzoyliminopyridmium Ylide (4a).— In  following m ethod point w ith  those of an authentic sam ple prepared according to
B , 2 equiv of benzoyl chloride instead of eth yl chloroform ate Zinner and D eu ck er . 24

was used. R ecrystallization  from  benzene-petroleum  ether gave  Photolysis of 3,5-Dimethyl-l-ethoxycarbonylimmopyridinium
tan  needles of 4a, mp 179 -18 0 .5° (lit . 19 mp 17 7 .5 °) . Ylide (2d).— T h e crude product from  photolysis in m ethylene

1-p-Toluenesulfonyliminopyridinium Ylide (4b).— M ethod B  chloride solution w as chrom atographed. A fte r  separation of
w as followed except th at 2 equiv of p-toluenesulfonyl chloride in- 4,6-dimethyl-l-ethoxycarbonyl-l(lH),2-diazepine (3d), elution
stead of ethyl chloroform ate was used. T w o  recrystallizations w ith  7%  m ethanol-chloroform  solution yielded 3 1 %  10,
from  m ethanol yielded colorless rectangles, mp 2 15 -2 17 °  (lit . 20 characterized b y  identical ir, u v , and nm r spectra, m elting poin t,
mp 2 1 0 °). and m ixture m elting p oin t w ith  those of an authentic sam ple pre-

Preparation of 1(1H),2-Diazepine Derivatives (3a-f). Gen- pared as described below,
eral Photolysis Procedure.— A  0 .2 5 %  solution (w /v) of the y lid e  Preparation of 2-Carbethoxyamino-3,5-dimethylpyridine (10).
in m ethylene chloride w as irradiated and the reaction w as fol- — 2-Am ino-3,5-dim ethylpyridine w as prepared28 in 20 %  yie ld :
lowed b y  the disappearance of the high-w avelength absorption bp 98-100° (5-6 m m ); ir (CCU ) 3505, 3405, and 1616 cm - 1 ;
in the u v  spectrum  (see T ab le  I ) . In  general, photolysis w as u v  m ax 235 m/i (e 10,440) and 304 (5310); nm r r  2.23 (b rs , 1 , H j),
com plete in 10 -12  hr for 100-mg sam ples. E vap oration  of 2.91 (br s, 1, H 4), 5.72 (br s, 2, N H 2, exchanged w ith  D 20 ) ,  7.84
solvent in  vacuo, chrom atography over silica gel (elution w ith  (s, 3, C 5 C H 3), and 7.92 (s, 3, C 3 C H 3). T his com pound was
benzene and benzene-chloroform  m ixtures), and recrystallization  treated w ith  pyridine and e th yl chloroform ate according to the
or distillation yielded 3a-f, 5a, and 5b. T h e yields of products procedure of K a tr itz k y . 29 Com pound 10 was obtained in 38 %
and physical and an alytical d ata  are collected in T ab les V  and V I . yie ld : m p 1 1 3 -1 1 7 .5 ° ;  ir (CC1<) 3420, 3175 (N H ), and 1740

Photolysis of 1-Ethoxycarbonyliminopyridinium Ylide (2a) cm -1 ( C = 0 ) ;  u v  m ax 226 m u (e 9200) and 274 (5000); nm r t
and Its Degradation to l,2-Dibenzoyl-l,2-hexahydrodiazepine 1.93 (d, 1 , /  =  2 H z, H 6), 2.44 (br, 1, N H , exchanged w ith  D 20 ) ,
(9).— A  solution of 2a (399 m g, 2.5 m m ol), in 90 m l of m ethylene 2.63 (d, 1, J  =  2 H z, H 4), 5.98 (q, 2, C 0 2C H 2C H 3), 7.70  (s,
chloride solution w as photolyzed for 24 hr. T h e  so lven t w as 6 , C 3, C 3 C H s), and 8.65 (t, 3, C 0 2C H 2C H 3). R ecrystallizatio n
rem oved in  vacuo and the resulting 370 mg of brow n oil w as h y- from  ethan ol-w ater gave  an an alytical sam ple, mp 1 1 5 .5 -1 1 6 .5 ° .
drogenated a t  1  atm  in ethanol over 5 %  palladium  on charcoal. A n a l.  C alcd  for CioH uN 20 2: C , 61.84; H , 7 .2 7 ; N , 14.42.
A fter uptake of 1 0 1  m l (1.95 m m ol) of hydrogen, the reaction w as F ound: C , 61.93; H , 7.28; N , 14.49.
stopped and w orked up in the usual w a y . A 130-mg portion M ethylen e chloride solutions of 3d and a m ixture of 2d w ith  3d
of the crude product was chrom atographed on silica gel (ether ( 1 :1 )  were le ft  standing a t room tem perature in the dark for 24
eluent) and yielded 60 m g of l-ethoxycarbonyl-4,5,6,7-tetrahydro- hr. In  both  cases, tic  analysis show ed th a t no decom position and
diazepm e (7) as a pale yellow  oil: ir (CCU ) 1705 ( C = 0 )  and no generation of 1 0  had occurred.

(27) T. Okamoto, M. Hirobe, and E . Yabe, Chem. Pharm. Bull. (Tokyo), (28) A. Albert and R . E . Willette, J .  Chem. Soc., 4063 (1964).
14 523 (1966). (29) A. R. Katritzky, ibid., 2063 (1956).
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T a b l e  V I

P h y s ic a l  a n d  A n a l y t ic a l  D a ta  o f  D ia z e p in e s

-̂----------------------------- Analysis,0 %------------------------------- '
Diaze- Yield, Physical Molecular /------------- Calcd--------------- 1 Found *
pine % ° state& d or mp, °C formula C H N C H N

3a 97 R ed  oil 1.5400 C 8H 10N 2O 2 57.8 2  6 .0 7  16 .8 6 5 7.4 0  5 .9 3  16 .4 4
3 b 84 Y e llo w  oil 1.5 2 76  C 9H 12N 40 2 59 .99  6 .7 1  15 .5 5  60.05 6 .9 6  15 .3 8
3c 98 P a le  yellow  5 5 .5 -5 6  C 9H 12N 20 2 59.99 6 .7 1  15 .5 5  5 9 .7 4  6 .9 3  15 .5 9

needles '1

3d 41 Y e llo w  oil 1.50 65 C 10H uN 2O 2 6 1 .8 4  7 .2 7  14 .4 2  6 1.4 4  7 .2 6  14 .20
3e 72 Y e llo w  oil 1 .5 14 0  C 10H i4N 2O 2 6 1 .8 4  7 .2 7  14 .4 2  6 1.5 0  7 .3 3  14 .20
3 f 65 Y e llow  90-91 C 10H 15N 3O 2 5 7.4 0  7 .2 3  20.08 5 7.0 5  7 .2 0  19.80

needles®
5a 64 Orange 52-54 C 12H I0N 2O 7 2 .7 1  5 .0 8 1 4 .1 3  7 2 .7 1  5 .2 3  14.00

needles®
5 b 61 P a le  yellow  173 -17 5  CuH nN iO jS» 58.06 4 .8 7  1 1 .2 8  5 8 .3 7  4 .7 7  11 .0 6

crystals/ dec
“ A fter chrom atography. 6 Purification of the oily  diazepines was achieved b y  short-path distillation a t  45-60° ( 0 .1 - 0 .5  m m ). 

* O w ing to  v o la tility  and in stability, an alytical d ata  on th e oily compounds w as difficult to  obtain  and th e valu es given  are th e best of at 
least quadruplicate determ inations. d From  benzene-petroleum  ether. ® From  ether-petroleum  ether (bp 35-60°). f  F rom  benzene, 
s C alcd: S, 12.89. Found: S, 13.08.
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Synthesis of 4,5-D isubstituted Pyrimidines
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L abora tory  o f  O rganic C hem istry, U niversity o f  T h essa lon ik i, T h essa lon ik i, Greece 

R eceived  J u n e  9, 1969

Several new 4-amino (or hyd roxy) 5-substituted pyrim idines are prepared b y  the reaction of trisform ylam ino- 
m ethane w ith  various substituted acetonitriles, acetam ides, and corresponding esters, and the reaction results are 
discussed.

In a previous paper,2 the synthesis of 4-amino (or In this paper, the possibility of synthesis of 4-hydroxy- 
hydroxy) 5-substituted pyrimidines by the reaction of 5-phenylpyrimidine from phenylacetamide, having a 
trisformylaminomethane (I) with phenylacetonitriles less active methylene group than p-nitrophenylacet-
(a) or p-nitrophenylacetamide (b) having an active amide, as well as the synthesis of 4-hydroxypyrimidines 
methylene group was reported. from the corresponding esters (c), were studied. Fur

thermore, in order to prepare new 4-amino (or hydroxy) 
r NCH0] 5-substituted pyrimidines and to extend the application

HC(NHCHO)3 165° > ¡j -S£ XR> | j  of this synthetic method, substituted acetonitriles,
HCNH2 Sst^^y acetamides, and the corresponding esters, with both

1 a, X = CN:Y = NH2 electron-attracting and -releasing substituents, were
b X = CONH • Y = OH used.
c X = COOEt- Y = OH The reactions were carried out under the same condi- 
’ ’ tions, using formamide as a solvent and p-toluenc,sul

fonic acid as a catalyst.8 However, the presence of
Pyrimidines of similar structure, with different sub- formamide and the catalyst has been found to be un-

stituent R, have been prepared by other workers.3- 7 necessary. The results of these reactions are pre
sented in Table I.

Some 4-hydroxypyrimidines were also prepared by
(2) G. Tsatsaronis and f . Effenberger, Ghem. Ber„ 94, 2876 (1961). add hydrolysis of the corresponding 4-aminopyrimi-
(3) h . Bredereck, g . simchen, and h . Traut, ib id ., 98, 3883 (1966). dines. The results of the replacement reactions are18 w: h! summarized in Table II.
(6) K. Huffman, F. Schaefer and G. Peters, J .  Org. Chem., 27, 551 (1962).
(7) E. C. Taylor and J. G. Berger, ib id ., 32, 2376 (1967). (8) H. Bredereck, R. Gompper, and B. Geiger, Chem. Ber., 93, 1402 (1960).
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T a b l e  I

S y n t h e s e s  o f  4 ,5 -D is u b s t it u t e d  P y r im id in e s  
—̂ Product—

Reac-
/--------- Starting material--------- s tion L  I  Pure

-----------------RCH 2X ------------ —> condi- ^  Y  yield, /------------ Calcd, % -------------. ,------------ Found, % -------------,
R  X  tiona Compd Y  % Formula C H N C H N

a-CioH 7 C N  A  I I  N H 2 28 C hH uN 3 75 .9 9  5 ,0 1  18 .99 76.08 5 .1 3  19.03
2- C 5H 4N  C N “ A  I I I  N H 2 54 C 9H aN 4 6 2 .7 7  4 .68  3 2 .54  6 2 .73  4 .5 4  3 1.9 9
3- C 5H 4N  C N 6 A  I V  NHo 52 C 9H 8N 4 6 2 .7 7  4 .6 8  3 2 .54  6 2 .5 1  4 .60  32.28
4- C 5H 4N  C N c A  V  N H 2 52 C 9H SN 4 6 2 .7 7  4 .6 8  3 2 .54  6 2 .18  4 .4 5  32 .4 7
2- C 9H 6N  C N 1* A* V I  N H 2 38 C i3H i„N 4 70 .25 4 .5 4  2 5 .2 1  6 9 .7 1  4 .48  2 5.36
4 -C 9H 6N  C N / A e V I I  N H 2 36 C i3H 10N 4 70 .25 4 .5 4  2 5 .2 1  70 .53 4 .2 1  2 5 .3 7
6 -C 9H 6N  C N " A« V I I I  N H 2 7 C iSH „ N 4 70 .25 4 .5 4  2 5 .2 1  69.96 4 .40 24.96
8 -C 9H 6N  C N *'’ A" I X  N H 2 10 C i3H i0N 4 70 .25 4 .5 4  2 5 .2 1  7 0 .13  4 .49 2 5 .15
C H 3 C N  A ' X  N H 2 1 .8  C 6H ,N 3* 55.03 6 .4 7  3 8 .5 1 54.43 6 .0 7  38 .37
C 6H 5 C O N H 2 A‘ X I  O H  9 C ioH 8N 20 ”> ............................................................................................
C 6H 5 C O O E t A ' X I  O H  0 .3  C 10H 8N 2O ............................................................................................
a-CioH , C O N H 2” A  X I I  O H  5 C i4H i„N20  7 5 .6 5  4 .5 4  12 .6 1  75 .3 6  4 .2 5  12.60
(X-C10H 7 C O O E t A  N o pyrim idine
3- C 5H 4N  C O N H 2° A  X I I I  O H  25 C 9H ,N 30  62.42 4 .0 7  2 4 .2 7  62.06 3.80 2 3 .9 7
4- C 5H 4N  C O N IC ” A  X I V  O H  40 C 9H 7N 30  62.42 4 .0 7  2 4 .2 7  62.50 3.82 24.40
p -0 2N C 6H 4 C O O E t A  X V  O H  40 C 10H 7N 3O3" ...........................................................................................
C 3H 7 C N  A ” N o pyridine 0 .4  Bisform yl

am inom ethane
CjHis C N  A® N o pyrim idine 0 .6  B isform yl

am inom ethane

0 N . Sperber, et a l., J .  A m er. C hem . S oc., 73, 5752 (1951). b O btained from  K  &  K  Laboratories, Inc. c Prepared analogously to
2-pyridylacetonitrile, yield 5 8 % . d W . Borsche and R . M anreuffel, Chem . A bstr., 3 1, 406 (1937); Chem . Z en lr., I, 2971 (1937). e H alf 
quantities of reactants were used. / H . L ettré, et a l., Chem . B er .,  85, 397 (1952). « Prepared analogously to  2-pyridylacetonitrile  from  
the 6 -quinolylacetam ide, yield  5 5 % , m p 80-81°. * R . G . Jones, Q. F . Soper, O. K . Behrens, and J. W . Corse, J .  A m er. Chem . S oc., 70, 
2843 (1948). ’  B . P rijs, et a l., H elv. C him . A cta, 37, 90 (1954). > In  a glass sealed tube heated in an autoclave. k R . R . W illiam s, A . E .
Ruehle, and J. Finkelstein, J .  A m er. C hem . S oc., 59, 526 (1937). 1 W ith o u t catalyst. m Reference 4. " W . W enner, Chem . A bstr., 44,
9374c (1950). 0 A . B urger and C . W alter, J .  A m er. Chem . S oc., 72 ,19 8 8  (1950). *  A . Burger, et a l., ib id ., 74, 3175 (1952). « R eference
2. r F ivefold  quantities of reactants were used. " Tenfold  quantities of reactants were used.

T a b l e  I I

R e p l a c e m e n t s  o f  t h e  S u b s t it u e n t  Y

______________ n^ Y r _______________

^ 'N ^ 'Y  Pure
,---------Starting material--------- . •--------- Product--------- . yield, r — Calcd, % , *• • “ Found, % .
Compd R  Y  Compd Y  % Formula C H N C H N

I I  a-CioH 7 N H 2 X I I  OH  45 . . .  .............................................................................................
I I I  2-C 5H 4N  N H 2 X V I  O H  43 C 9H 7N 30  62.42 4 .0 7  2 4 .2 7  6 2 .13  3.90  2 4 .13
IV  3-C 5H 4N  N H 2 X I I  O H  50 . . .  .............................................................................................
X I I  a -C 10H 7 O H  X V I I  C l 76 C 14H 9N 2C1 69.82 3 .7 7  1 1 .6 3  69.42 3 .4 0  1 1 .7 7
X V I I  a - C „ H 7 C l I I  N H 2 54 . . .  .............................................................................................
X V I I  a-CioH , C l X V I I I  N H N H 2 80 C l4H 12N 4 7 1 .1 6  5 .1 2  2 3 .7 2  7 1 .2 9  5 .0 5  23.53

On the basis of the yields (Table I), it is found that used to make possible the isolation of the expected py- 
the reactivity of RCH2X , for the same substituent R, rimidine, even in small amounts. However, from these 
decreases in the order nitrile >  amide >  ester (X  =  CN, reactions, bisformylaminomethane, in very small yield,
CONH2, and COOEt, respectively). This is attrib- was isolated. It was identified by mixture melting
uted to the higher electron-attracting effect of the CN point and by comparison of the ir spectra with that of
group with respect to the CONH2 and the COOEt an authentic sample.9 The mechanism of formation of
group, with the result that the methylene group of bisformylaminomethane is under further investigation, 
nitrile becomes more active. The yield also depends significantly on the steric

In addition, for the same substituent X , as the elec- bulk of the substituent R. Thus, in spite of the more
tron-attracting effect of the substituent R  is increased, electron-attracting effect, the yields with «-naphthyl-
higher yields are obtained, provided that the hindrance and 2-quinolylacetonitrile were, respectively, less than 
effect of R  is almost the same. This is evident from with phenyl- and 2-pyridylacetonitrile. The consid- 
the reaction yields with «-naphthyl- and 4-quinolylace- erably smaller yield with 8-quinolyl- or 6-quinolylace- 
tonitrile, 3-pyridyl- and 4-pyridylacetamide, and tonitrile compared with «-naphthylacetonitrile is due 
phenyl- and p-nitrophenylacetic ethyl ester and from to the formation of resinous by-products, 
the reactions with propio-, valero-, and caprylonitrile, The ratio of the yields with amide and corresponding 
where R  is an electron-releasing substituent. Thus no nitrile becomes greater as the electron-attracting effect
pyrimidine was obtained with valero- and caprylo
nitrile, although larger quantities of reactants were (9) C. w. Sauer and R. J. Bruni, J .  Amer. Chem. Soc., 77, 2559 (1955).
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o f  t h e  s u b s t i t u e n t  R  in c r e a s e s . T h u s  f o r  R  =  a -  resin, on cooling, w as separated b y  decantation. T h e solution
n a p h t h y l ,  3 - p y r i d y l ,  a n d  4 - p y r id y l ,  t h e  r a t io  o f  y ie ld s  is  w as then concentrated, affording a crystalline product which

in c r e a s e d , r e s p e c t i v e ly .  C o n s e q u e n t ly ,  fo r  a  m o r e

e le c t r o n - a t t r a c t in g  s u b s t i t u e n t  H , t h e  r e a c t io n  y i e l d  tion of the filtrate  w ith  8 %  sodium  hydroxide. T h e  precip itate
w i t h  a n  a m id e  w o u ld  b e  e x p e c t e d  to  a p p r o a c h  t h e  y i e l d  w as crystallized from  w ater, giving crude V I I I  as pale yellow
w i t h  t h e  c o r r e s p o n d in g  n it r i le .  A  s im ila r  in c r e a s e  o f  crystals, yield  1.9  g , mp 16 3 -17 1 ° . I t  w as chrom atographed
t h e  r a t io  o f  y ie ld s  w it h  e s t e r  a n d  c o r r e s p o n d in g  a m id e  is  on basic alum ina b y  using 4 :1  chloroform -benzene as eluent to

1 1  i y ield  a product, mp 186-193 . R ecrystallizations from  ligrom
6  6  ' , , . , , „  . (bp 100-120°) gave  w hite crystals of pure V I I I ,  y ie ld  0.4 g , mp

I h e  c o m p o u n d  o b t a in e d  b y  N o v e l l i 1 0 ’ 1 1  b y  r e a c t io n  o f  1 9 4 - 1 9 5 °. 

a - n a p h t h y la c e t o n i t r i l e  w i t h  f o r m a m id e  a n d  d e s c r ib e d  6 -Q uinolylacetam ide.— In  a flask w ith  stopper, 21.5  g  (0.1
a s  a - n a p h t h y l m e t h y l - 1 ,3 ,5 - t r ia z in e  w a s  s h o w n  in  mo1-' of 6 -quinolylacetic ethyl ester17 and 1 0 0  ml of am m onium
t h is  w o r k  t o  b e  t h e  is o m e r ic  4 - a m in o - 5 - a - n a p h t h y lp y -  hydrox+ide (2 l % )  w ere shaken for 8  hr. T h e  form ed am ide was

r i im d m e  (1 1 ) .  1  h e  id e n t i f ic a t io n  w a s  b a s e d  o n  m ix t u r e  1 3  g (7 0 % ) , m p 207-208°.

m e lt in g  p o in t  a n d  ir  s p e c tr a .  T h e  a m in o p y r im id in e s  A n a l. C alcd  for C uH 10N 2O: C , 70.95; H , 5 .4 1; N , 15.05. 
s h o w e d  t h e  c h a r a c t e r is t ic  a b s o r p t io n s  o :  t h e  a m in o  Found: C , 70 .71; H , 5.80; N , 15 .10 .
g r o u p 1 2 “ 16  ( 1 6 2 0 - 1 6 7 0 , 3 1 0 0 - 3 1 7 0 , a n a  3 2 8 8 -3 3 6 0  . 4-Am mo-5-(quinolyl-8)-pyrimidine (IX ).— T h e resinous reac-
c m _ n  tion m ixture was treated as in the case of I I .  T h e  resin form ed

' was rem oved and the alkaline solution w as extracted w ith  benzene
for 24 hr to  yield  crude I X  as pale yellow  crystals, y ie ld  0.8 g, 

Experimental Section rnp 174 -18 0 °. R ecrystallization  from  benzene (charcoal) gave
w hite needles, y ie ld  0.6 g, mp 18 6-18 7°.

M eltin g points were taken on a K ofler hot-stage apparatus and 4-Am ino-5-m ethylpyrim idine (X ).— T h e reaction m ixture was 
are corrected. T h e  m elting point of 4-am ino-5-m ethylpyrim idine treated w ith  w ater, made alkaline w ith  8 %  sodium  hydroxide,
(X ) w as obtained in a closed capillary tube because of its sub- and extracted w ith  benzene for 30 hr. Crude X  w as obtained
lunation. A ll ir spectra were obtained as N u jol mulls on a  Beck- from  the benzene extract as pale yellow  crystals, y ie ld  0 . 2  g .
m an IR -4  spectrophotom eter. R ecrystallization  from  benzene (charcoal) gave w hite needles,

R eaction Conditions (A, T ab le  I ) .— A  m ixture of 0.05 mol of y ie ld  0.1 g , mp 178 -17 9 ° (lit . 18 mp 17 5 -17 6 °) . 
startin g m aterial (nitrile, am ide, or ester), 14.5 g  (0.1 mol) o f 4-H ydroxy~5-phenylpyrimidine (XI). A . Syn th esis with 
trisform ylam ino me thane 16 (I) , 8  ml (0.2 m ol) of form am ide, and A m ice .— T h e reaction m ixture was treated w ith  a  sm all am ount
* g o f^ to lu e n e s u lfo n ic  acid was heated w ith  stirring for 7 hr of w ater and 8 %  sodium  hydroxide and the unreacted am ide w as

. . # separated and regained after recrystallization, y ie ld  2 2 % . T h e
• , 4 ' - ^ m o“5-«“naphthylpynm idm e (II). T h e  dark reaction alkaline filtrate  w as treated w ith  active  carbon, filtered, cooled,

m ixture w as acidified w ith  10 %  hydrochloric acid, diluted w ith  and saturated w ith  carbon dioxide to p H  7 -8  to  p recip itate  X I ,
w ater treated w ith  active carbon, and filtered, and the amino- yield  0.9 g, mp 125-14 0 °. T h e new filtrate  w as extracted w ith
pyrim idine (II)  was precipitated b y  basification w ith  8 %  sodium  chloroform  for 10 h r and the extract, a fter rem oval of chloroform

ydroxide and crystallized from  benzene (charcoal). I t  is v e ry  and form am ide [bp 95° (10 m m )], was dried on a  p late, yield
soluble m  chloroform  and w arm  alcohol, and soluble in w arm  1.8 g, mp 13 6 -16 7 °. T h e to ta lly  received crude X I  was w arm ed
benzene and w ater. R ecrystallizations from  benzene (charcoal) on a  steam  bath  w ith  1 0  ml of 36 %  hydrochloric acid for 1  hr to
gave  w hite crystals, yield  3 g , mp 194-195 ° . hydrolyze any unreacted am ide. T h e residue, after evaporation,

4-Am m o-5-(pyridyl-2)-pyrim idm e (III).— T h e reaction m ixture w as dissolved in 8 %  sodium  hydroxide and the solution was
was allowed to crystallize  overnight. T h e product w as filtered saturated w ith  carbon dioxide to give X I ,  yield  1  g,  mp 170 -
w ith  suction, washed w ith  a sm all am ount of w ater, dried, and, 173 °. R ecrystallization  from  w ater gave  w h ite  crystals, yield
a lter treatm ent w ith  active  carbon, crystallized from  benzene, 0 . 8  g , mp 173 -17 4 ° (lit 4 mp 173 -17 4 °)

g ’^mp l 73; 175 , ;  F ^om the filtrate  b y  basification, B . ’ S yn th esis with E ster . - T h e  reaction m ixture gave tw o 
, 1  8%  sodium  hydroxide and extraction  w ith  benzene for 24 layers. T h e upper layer, b y  distillation  in  vacuo  [bp 12 0 -12 1°
hr, an additional 0.5 g  of I I I  was obtained R ecrystalh zation  (20 m m )], gave the unreacted ester, yield  5 0 % . T h e low er
1r7°™  ^®"zene (charcoal) g ave w hite crystals, y ie ld  4 .7  g, mp layer was m ade alkaline w ith  8 %  sodium  hydroxide, treated w ith

i  i m; n l  (  j i  • /rvrx r mu active  carbon, filtered, saturated w ith  carbon dioxide, and ex-
9 9  2 m m a" ner tra0ted w ith  ehloroform for 10 hr. T h e hydroxvpyrim idine X I
as above, w hite crystals of I V  were obtained, y ie ld  4.5 g , m p 19 6 - was separated and purified as above. R ecrystallization  from

A a ™ ;™  C /T7. . . . Tr w ater, a fter cooling in a refrigerator, gave w hite crystals, yield
4-Am ino-5-(pyridyl-4)-pyrim idine (V).—A s above, crude V  w as 0.03 g, mp 17 2 -17 4 °.

yie}d 5 '4n s ’ mp 225~227°. R ecrystallization  from  4-H ydroxy-5-a-naphthylpyrim idine (X II).— T h e unreacted
229° °  ° rm  C arC° al gaVe Whlte crystals ’ y ield 4 -5  g> mP 228“  amide was recovered in 4 5 %  yield  as in procedure A  for X I .  T h e

4  Amirm 4  I’niiinnivi 9 1  rtn\ mu . alkaline filtrate  w as treated w ith active  carbon and saturated
4-Am m o-5-(qum olyl-2)-pyrim idine (V I).— T h e reaction mix- w ith  carbon dioxide to precipitate X I I ,  w hich w as redissolved in

s e w T t e d I X t e e a t e T a f i n T e T  f U  prodlf  ! w as 8 %  sodium  hydroxide and reprecipitated w ith  carbon dioxide,
separated and treated as in the case of I I ,  g ivin g, a fter crystalhza- R ecrystallization  from  benzene (charcoal) or alcohol gave  w hite
tion from  benzene (charcoal), crude V I , yield  2.9 g ,m p  196-200°. crystals, yield  0 . 6  g, mp 2 0 3 - 2 0 5 ° gave  w m te

v fe ld 2  i  mD°201-OM ^o“ 2 6 1 1 6  (charcoal) Save brlSh t Pla tes> Attem pted R eaction of I with «-N aphthylacetic Ethyl E s te r. -  
4  Amino 4  teninolvl 4 1  mn-imiSm. A r m  t  j-u In  an anal° g ° us manner to procedure B  for X I ,  no hyd ro xyp y-

» ^  i s s r  ?0m% s i 11 ™  obt‘ in' d , h e  “ hj" '*•“  ~  »
v iek ? 2 g^mp 246-^47° Chl° r° f° rm <charcoal) Save w hite cry stals. 4-H ydroxy-5-(pyridyl-3)-pyrim idm e ( X I I I ) .- T h e  reaction mix- 

4-Amino 5 iauinnlvl 61 nvrimidino i'VTTTl mu n i ■ ture was adowed to stand overnight. T h e crystalline product

b e a m  .o lu tioi. wae treated w ith  « l i v e  carbon end the form ed „ t e d  w ith  carbon dioxide end cooled overn ish t in a  r e f r j m t o i ,

nm a TVewBii; a n ■ a „  and tbe seParated, crude X I I I  was crystallized  from  alcohol
J n ]  ( c W ° a l> -  pale y ellow  crystals, y ie ld  3.3 g, mp 235-238°.

(toi t tsj q_ j  tt w  r sv-l o ^ones> Q* Soper, O. K . Behrens, and J .  W. Corse, J .  Amer.(12) L. N. Short and H. W. Thompson, J .  Chem. Soc., 168 (1952). Chem. &oc., 70, 2843 (1948).
(13) D. J .  Brown and L. N. Short, ibid., 331 (1953). V? A ’ ™ t> U1 , T ™ , ..............
(14) J .  A. Brownlie, ibid., 3062 (1930). (1937) R ' WlUlams' A’ E ‘ Ruehle’ and J - Fmkelstein, abad., «9, 526

ite ) H * ? • ’ I 8’ i f 8 (1966): rr (19)' 3'r0“  the filtrate’ after dieliIla« ™  of formamide and extraetion of
Chem Ber 92 329 UMO) Rempfer, K . Klemm, and H. Keck, the residue with boiling chloroform, unreaeted amide was recovered in 6%
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R ecrystallization  from  alcohol gave  w h ite  crystals, yield  2.2 g , 4-H ydroxy-5-(pyridyl-2)-pyrim idine (XVI) b y  H ydrolysis of III. 
mp 238-239°. — Com pound I I I  (8 . 6  g , 0.05 m ol) was hyd rolyzed  as previously

4-H ydroxy-5-(pyridyl-4)-pyrim idm e (X IV).— In  the same man- for 20 hr. T h e reaction m ixture w as evaporated on a steam  b ath
ner as above, crude X I V  w as obtained as pale yellow  needles, under reduced pressure to rem ove the hydrogen chloride. T he
yie ld  4.4 g , . mp 280-283°. R ecrystallizations from  alcohol residue was dissolved in sodium  hydroxide solution and extracted
ga ve  w hite needles, y ie ld  3.5 g, mp 282-283°. w ith benzene for 12 hr to rem ove unreacted I I I  (0.5 g ) . T h e

4-H ydroxy-5-p-m trophenylpyrim idine (X V).— T h e reaction alkaline solution w as then satu rated  w ith  carbon dioxide and
product w as separated, dissolved in w arm  8 %  sodium  hydroxide, extracted w ith  chloroform  for 48 hr, yielding crude X V I .  R e-
and treated w ith  active  carbon, and the filtrate  after saturation  crystallization  from  acetic e th yl ester (charcoal) gave  w hite
w ith  carbon dioxide, yielded  X V  as a  yellow  powder, y ie ld  6  g, crystals, yield  3.8 g , mp 18 1-18 3 °.
m p 330-332° dec. B y  redissolving the product in 8 %  sodium  4-H ydroxy-5-(pyridyl-3)-pyrim idine (XIII) b y  H ydrolysis of
hydroxide and reprecipitation w ith  carbon dioxide, pure X V  IV .— In  the sam e m anner as previou sly, crude X I I I  w as obtained
w as obtained as yellow  needles, y ie ld  4 g, mp 335-337° dec on the saturation of the alkaline solution w ith  carbon dioxide,
( lit . 2 mp 337° dee). yield  4 .1  g, mp 234-238°. A n  additional am ount (1 .5  g) of

Attem pted R eaction of I  w ith V aleronitrile. Isolation of B is- X I I I  w as obtained b y  extraction  of the filtrate  w ith  chloroform
form ylam inom ethane.— T h e reaction m ixture w as distilled to  for 36 hr. R ecrystallization  from  alcohol gave  w h ite  crystals,
recover the unreacted nitrile in 7 1 %  y ie ld . (The nitrile w as yield  4.3 g, mp 238-239°.
purified from  the distilled s-triazine b y  freezings and redistilla- 4 -Chloro-5 -a-naphthyipyrim idine (X VII).— A  m ixture of 1 1 .1
tions). T h e solid residue, after the distillation  of form am ide, g (0.05 m ol) of X I I  in 40 m l of fresh ly  distilled phosphorus oxy-
w as dissolved in w ater, m ade alkaline w ith  sodium  carbonate, and chloride w as refluxed for 1  h r and then the excess of oxychloride
extracted w ith chloroform for 3 days to  g iv e  a crystalline product, was rem oved under reduced pressure. T h e  residual resinous
yield  0.5 g, mp 13 2 -13 9 °. R ecrystallization  from  toluene (char- product w as treated w ith  ice-w ater and the crude X V I I  was
coal) gave w hite crystals of bisform ylam inom ethane, y ie ld  0.3 g  separated as yellow  pow der. C rysta llization  from  petroleum
mp 14 0 -14 1° ( lit . 9 mp 14 2 -14 3 °). ether (bp 60-80°) w ith  active  carbon gave  w hite crystals, yield

Attem pted R eaction  of I w ith C aprylonitrile. Isolation of B is- 9.2 g, mp 99-100°. 
form ylam inom ethane.— T h e reaction m ixture ga ve  tw o layers. 4 -Am ino-5 -«-naphthylpyrim idine (II) b y  Transform ation of
T h e upper la y er gave  the unreacted nitrile, bp 205°. (T h e X V II.— A  m ixture of 0.5 g  of X V I I  and 5 m l of alcohol saturated
purification of the nitrile from  s-triazine was obtained as pre- w ith  am m onia gas w as heated in a  sealed tube for 4 hr a t 150 -
v iou sly .) T h e  low er layer was m ade alkaline w ith  8 %  sodium  160°. T h e alcohol was rem oved b y  evaporation  under reduced
hydroxide and the resultant oily  la yer of unreacted nitrile w as pressure and the residue w as extracted w ith  boiling benzene to
rem oved (8 8 %  of the nitrile was to ta lly  recovered). T h eso lu tio n  give , a fter recrystallization, I I ,  y ie ld  0.25 g , mp 195°.
was then extracted w ith  ether for 4 days to give a  m ixture of tw o 4 -H ydrazino-5 -a-naphthylpyrim idine (X V III). T o  a slightly
layers. T he upper layer w as ether. T h e low er w as distilled in w arm  solution of 2.4 g (0.01 m ol) of X V I I  in 50 m l of m ethanol,
vacuo to  rem ove form am ide, and the residue was treated w ith  1 0  m l of hydrazine h yd rate  was added and the solution w as al-
boiling m ethanol to  y ie ld  a  crystalline product, y ie ld  1.4  g, mp lowed to stand for 24 hr. Rhom boid crystals of X V I I I  were
12 7 -13 4 °. R ecrystallization  from  acetic e th yl ester (charcoal) separated. R ecrystallization  from  m ethanol (charcoal) gave
gave w h ite  needles of bisform ylam inom ethane, y ie ld  0.9 g , m p w h ite  crystals, yield  1.9  g, mp 18 1-18 2 °.
14 0 -14 1°.

4-H ydroxy-5-«-naphthylpyrim idine (XII) by H ydrolysis of II  —
A  solution of 11.1 g (0.05 m ol) of I I  in 35 m l of 36% hydrochloric Registry No.—II, 22433-62-1; III, 22487-56-5;
acid was heated on a steam bath in a stream of hydrogen chloride 00/IQo a o  o . \ t  oo4QQ Aii !•  VT 99433 VTT
for 20 hr. The reaction mixture was made alkaline with 35%  IV , 22433-63-2 Y, 22433-65-4, VI, ¿2 4 33 -66 -5  VU,
sodium hydroxide and the unreacted I I  was recovered in 18% 22433-67-6, V I I I ,  22487-57-6, I X ,  22487-58 7, X ,
yield by filtration. The filtrate was diluted with 50 ml of water 22433-68-7. X I ,  22433-69-8; X I I ,  22433-70-1, X I I I ,
and saturated with carbon dioxide to precipitate X I I .  Crystal- 22433-71-2; X I V ,  22433-72-3; X Y , 22433-73-4; X V I ,
lization from water or alcohol gave white needles yield 5 g, mp 22433-74-5‘ X V I I ,  22487-59-8; X V I I I ,  22433-75-6;
204-205°. The yield of X I I  was increased to 56% when the . , , ’ , . , „ „ .„ o  n
hydrolysis time was 40 hr. 6-qumolylacetarmde, 22433-76-7.
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The Photocyclization of l-(a-Indolyl)-2-(d-pyridyl)acryloiiitrile

Henri-Philippe Husson, Claude T hal, P ierre P otier, and E rnest Wenkert 
Institu t d e C h im ie des Substances N atu relles, C .N .R .S ., 91-O if-sur-Y vette, F ran ce  

R eceived  J u n e  18, 1969

T h e photolysis of an ethanol solution o f the title  compound in the presence of ferric chloride or iodine has 
yielded 6-cyano-7H -pyrido [3,2-c] carbazole and 6-cyano-7H -pyrido [3,4-c] carbazole. A  sim ilar photolysis in the 
absence of oxidizing agents has led to l-cyano-3-(/3-form ylvinyl)carbazole.

One of the many conceivable routes of synthesis of pyridocarbazoles were in consonance with their as-
Aspidosperma alkaloids, e.g., vincadifformine (1 ) , in- signed structures, the most striking features being
volves the construction of a tetracyclic nucleus, such as the deshielding of the C -ll proton by the nonbonded
4, and later introductions of the angular two-carbon electron pair of N -l in the proton magnetic resonance
substituent and the ,/3-indolyl-Nb ethano bridge. In spectrum of the less polar substance 7 and the de
pursuit of this goal, the synthesis of nitrile 4 was at- shielding of the C-4 proton by the central benzene ring
tempted. It was assumed that the photolysis of l-(a - in the spectrum of 8 (see Experimental Section). The
indolyl)-2 (d-pyridyl) acrylonitrile (2) would yield 4 in heterocycle 7, containing a highly hindered pyridine
analogy to the photochemical conversion of the di- nitrogen, was unreactive toward methylation, whereas
cyanostilbene S into the dihydrophenanthrene 6 .1-3 8 yielded a pyridinium salt on treatment with methyl
While this proved not to be the case, an interesting new iodide, which could be converted into the piperidine
rearrangement was encountered. derivative 9 on sodium borohydride reduction. The

mass spectrum of the latter product revealed an M —
.— . ,— . / = \  H 43 peak, characteristic of the CH2= N C H 3 moiety and

\  /  \  / ' ' t \  y '  ''m 'r indicative of the lack of attachment of the piperidine
'— (  T J N t  '— (  I  '—\ H | nitrogen to the carbazole nucleus.

H  I H  I II I H  2 2

C 0 2Me CN  N r  CN w a  ii^ N *  / = \  A ' v NMe

1 2 ^  sy _ ^ V y 4 ’Q v y ' 1

CN H r  H r  n \

V . / T  T  l r  T  T  CN CN CN
h | CeH5 ^%t̂ A | N' CN 7 8 9

HN CN CN Irradiation of an ethanolic solution of 2 under ni-
4 5 6 trogen with a high-pressure Hanau lamp yielded a com-
. .  . , , , . , . , , , plex mixture from which a product to which structure

• Methoxide-mduced condensation of «-mdolylaceto- i 0a was assigned could be isolated in 30% yield. Its
mtrile4 with nicotmaldehyde yielded a single product 2 reduction with sodiura borohydride gave the alcohol
(or its geometric isomer).6 Determination of its stereo- 10b whose acetyiati0n afforded the ester 10c, while its
chemistry could be avoided, since its subsequent photo- oxidation with osmium tetroxide and thereafter with
cyclization was expected to be preceded by photoisom- godium periodate ielded l .Cyano-3-formylcarbazole
enzation of its central double bond. The photolysis ( l la ) . Borohydride reduction of the latter led to the
of 2 was first executed m an oxidative manner, in order alcohol j lb whereas condensation with malonic acid
to ascertain the ease and direction of cyclization and to the cinnamic acid derivative 10d, the reduction of
avoid possible complications during the desired isomer- whose acid chloride with lithium tri-i-butoxyaluminum
ization of the anticipated, sensitive intermediate 3 into hydride produced an alcohol identical with the product
4. Irradiation of an ethanolic solution of 2 with a high- (10b) of reduction of the photolysis product. The last
pressure Hanau lamp m the presence of ferric chloride get of experiments verified the trans configuration of the
or iodine led to two products, 7 and 8, in 5 and 30%  -a „w  „ . •, , t■ , j  ,. , vri , 1 , , ■ ,. , side chain of 10a, already discernible from its pmr spec-yields, respectively. 1 he spectral characteristics of the trum 1 2 3 4 5

(1) M. V. Sargent and C. J. Timmons, J .  A m er. Chem . S oc ., 85, 2186 ,
(1963); J .  C hem . S ac ., 5544 (1964). /  ^  / = V  R

(2) For reviews of the photochemical transformation of stilbenes into di- \
hydrophenanthrenes or phenanthrenes, see (a) R. O. Kan, “Organic Photo- \ J| I ----- ( jj I
chemistry," McGraw-Hill Book Co., Inc,, New York, N. Y., 1966, pp 219-
222; (b) F. R, Stermitz in “Organic Photochemistry," Vol. 1, 0.  L. Chap- H | H
man, Ed., Marcel Dekker, Inc., New York, N. Y., 1967, p 247; (c) A. CN CN
Schonberg, “Preparative Organic Photochemistry," Springer-Verlag, New
York, N. Y., 1968, Chapters 13 and 14, pp 126-145; (d) K. A. Muszkat 10a, R — CHO 11a, R =  CHO
and E. Fischer, J .  Chem . S oc ., B t 662 (1967). b, R =  CfROH b R =  CH OH

(3) For examples of the conversion of stilbazoles into azodihydrophenan- c =  qjj OAc
threnes or azophenanthrenes, see rel 2a-c and (a) C. E. Loader and C. J. 7 __ 2
Timmons, J .  Chem . S oc., C, 1078 (1966); 1457 (1967); 330 (1968); (b) d , R - C 0 2H
Y. M. Clark and A. Cox, Tetrahedron, 22, 3421 (1966); (c) E. Winterfeldt e, R = CO^Me
and H. J. Altmann, Angew. Chem ., 486 (1968).

(4) W. Schindler, Helv. C him . A cta, 40, 2156 (1957). rpn r ,♦ c  ■% n  £  at , , 7
(5) This compound was synthetized initially by Dr. T. Oishi (E. Wenkert . “  form ation. OI 10& trOIH th.0 p h o tolysis  OI 2  inl

and t . oishi, unpublished observations). p lica tes  3  an d  12 as con secu tiv e  in term ed iates. W h ile
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the unravelling of the pyridine ring is unprecedented,3 it 221 (4.50), 250 (4.59), 282 (4.39), 312 (3.94), 351 (3.85), and

represents an elimination-aromatization reminiscent of 60 A3 '74 j  0o?% ^ ^ H_Nit07H2 : ^°° 1̂ 4'46-)’ 273 (4 -34)’ 320 ,, , p ,. j? i ,i i  j -  (4.25), and 385 (3.82); nm r 5 7.55 (q, 1, J  = 8 , 4.5 cps, H-3),
the spontaneous formation of phenanthrenes from di- 8 51 (q> h J  =  8 > 2  cps, H-4 ), 8.56 (s, 1, H-5), 8.90 (m , 1, H-ll),
hydrophenanthrene intermediates possessing leaving and 9.15 ppm  (q> j  =  4.5, 2 cps, H-2); mass spectrum m /e
groups at central bridgehead positions in the photocycli- 243 (M +).
zation  of o -halo-or o-m ethoxystilbenes.7 A lte rn a tive ly, A n a l .  Calcd for C i6H9N 3: C, 78.99; H, 3.73; N, 17.28.

3 in ethanol solution can be expected to be in equilibrium F°Thfchio;o7f o f ! i t 3es9g;ve ^ s o lid  whose crystallization  from
W ith  i t s  tautomers 1 3  and 14 , of which the latter can 2 :1  chloroform -m ethanol yielded 1.22  g of yellow  crystals of
undergo an electrocyclic transformation into 12 . The nitrile 8 : mp > 260°; xma* * * (E tO H ) 220 m^ (shoulder, log e
available experimental facts were insufficient to differ- 4.54), 255 (shoulder, 4 .54), 271 (4.59), 286 (4.50), and 347 (4.03);

entiate these reaction routes or to discern the sequence *ma* i^t, ^ 2+i T2 6̂Ti^ '4J2 ’ ,51] ’ o o o  and 32*V li5?J’.  . . .  .  A Xmax (E tO H -N a O H ) 267 (4.49) and 322 (4.65); nm r S 7.41 (d,
o f  e v e n t s  m  t h e  h y d r o l y t i c  is o m e r iz a t io n  o f  12  in t o  1 0 a  h J  =  6 cps> H - i) ,  8 . 5 5  (m> h  H - l l ) ,  8.70 (s, 1, H -5), 8.75 (d,
(photolysis or work-up). 1, J  — 6  cps, H-2 ), and 9.41 ppm  (s, 1, H-4); mass spectrum

m /e  243 (M +).
T m A x  A n a l. C alcd  for C i6H 9N 3: C , 78.99; H , 3.73; N , 17.28.

/ = \  / = \ H  | J F ound: C , 78.77; H , 3.89; N , 17.08.
\  Irradiation  of a solution of 500 m g of 2 and 500 mg of ferric

«— I I I  ^ — \  I  H ] chloride in 250 m l of ethanol as above, concentration of the
j C H = N H  N ****^ '^  solution, dilution w ith  w ater and addition of potassium  carbonate
jj T | until the m ixture reached p H  6 , extraction  w ith  chloroform , and

CN CN further w ork-up as above gave  sim ilar yields of 7 and 8 .
1 2  l,2,3,4-Tetrahydro-3-m ethyl-6-cyano-7H -pyrido[3,4-c]carb-

azole (9).— M eth yl iodide, 5 m l, was added to a solution of 200 
H N ^ ^ s, mg of 8  in a minimum am ount of m ethanol and the m ixture was

P = \  I I  kep t a t 40° for 48 hr. T hree additional 5-ml portions of m ethyl
\  iodide were added during this period. F iltration  of the resultant
A— 'J  I  H I precip itate, 193 m g, and crystallization  from  m ethanol yielded

8  m ethiodide, mp > 270 °.
H | A n a l.  C alcd  for C „ H i2N 3I: C , 52.98; H , 3 .11 ;  N , 10.90.

CN F ound: C , 52.37; II, 3 .12 ; N , 10.50.
, 4  Sodium  borohydride, 100 m g, was added in sm all portions to a

suspension of 92 mg of the m ethiodide in 25 m l of 9 :1  m eth an ol- 
w ater. T h e starting m aterial dissolved and the solution assumed 

P v n o r im o n t! .!  tJ ertin n  a green fluorescence. A fter 15 m in a precip itate appeared. T h e
js x p e n m e n u i i  o e c  u m ixture was diluted w ith aqueous saturated brine solution and the

M eltin g points were determ ined on a K ofler block. U ltra- precip itate, 50 m g, w as filtered. C rysta llization  of the solid 
v io le t spectra were m easured on a U nicam  M odel SP  700 spec- from  1 : 1  m ethanol-acetone gave  the base 9: mp 250 ; W
trom eter and infrared spectra (N ujol) were m easured on a Perkin- (E tO H ) 222 m/i (log e 4.66), 252 (4.22), 278 (4.35), 306 (4-09),
Elm er M odel 257 spectrom eter. M ass spectra were recorded and 364: (3.86); Xmax (E tO H 2+) 2 2 2  (4.66), 251 (4.44), 277 (4..46),
on an A . E .  I .  M odel M S  9 spectrom eter. Proton m agnetic 310 (4.09), and 364 (3.84); Xma* (E tO H -N a O H ) 252 (T 2 8 ), ~78

resonance spectra of deuteriodim ethyl sulfoxide solutions were 4̂ 4 ^ ’ 3 ‘ ^ 9  o f in in ’ 'L
taken on a  V arian  M odel A-60A instrum ent. 2 ’ 3 ‘ 3 1  (s’ b road ’ 2 ’ C '*  S m + f J  I f ’

l-(a-Indolyl)-2-(/3-pyridyl)acrylonitrile (2 ).— N icotin aldehyde, broad, 2, C-4 C H 2); mass spectrum  m /e  261 (M +), 260 (M  -  1),

6 m l, was added to a solution of 8.00 g  of a-in dolylaceton itrile4 and 21?  ^  7  7 « iq  vr k 7q - n  ifi ns
and sodium  m ethoxide (from  1.20 g of sodium ) in 300 ml of A n a l.  C alcd  for Cu,H 13N 3: C , 78 .13 , H , 5 .79, N , 16.08.
m ethanol. T h e  m ixture was kep t a t room tem perature for 1 hr, fo u n d : C , 78.10, 1 1 5 . /I,  IN, 10.92.
diluted w ith  w ater, and saturated w ith  sodium  chloride. T h e l-C yano-3-(^-form ylvm yl)carbazole ( 1 0 a ) .- A  solution of 600
resultant precip itate w as filtered and crystallized  from  acetone, mg of 2 in 250 m l of ethanol under nitrogen was irradiated y  a
leading in 80%  yield  to the n itrile 2: mp 206°; ir (N ujo l) 2220 high-pressure H anau Q 81 lam p for 15 h r. T h e  solution w as
cm - i  (C = N ) ;  Xma* (E tO H ) 270 mM (log e 4 .14 ) and 380 (4.46); concentrated under reduced pressure. T hree repetitions of the
Xmax (E tO H T ) 269 (4.14) and 389 (4.42); Xmax (E tO H -N a O H ) operation gave 1.80 g of crude product A  solution of the prod-
264 (shoulder, 4 .5 7 ) and 3 7 4  (4.60); mass spectrum  m /e  245 u ct m  a minimum am ount of m ethanol was mixed w ith  1 2  g of
(M+V Florisil (100-200 m esh), the solven t w as elim inated, and the
'  , , ri„ i„u  o  tt ■n t- r  7 0 3 1 5 . tt 4 52- N  17  13 rem aining powder was added to a  chrom atography column of 42 gA n a l. C alcd  for C .eH n N ^  C  78.35, H , 4.52, N , 17 .13 . ^  ^  ^  ^ . j  T h e  9 : 1  benzene-chloroform  eluates

T c y a n o - 7 H  pyrido[3,2-C]carbazole (7) and 6-Cyano-7H -py- yielded 405 mg of pure product, while the 4 :1  eluates led to 280
rido [3,4-c] carbazole (8 ) . - A  solution of 600 mg of 2 and 100 mg of m g of som ewhat im pure¡m aterial. S u b lim a tio n ^ t 150 (0.01
iodine in 250 ml of ethanol under nitrogen was irradiated b y  a mm ) gave  1 0 a: mp >264 ir i  6 n  309 4  5 9 )
high-pressure H anau Q 81 lam p for 5 hr. Enough sodium  thio- cm O ), ( E ^  2 1 3 f 4 J f a i o  ( 4  5 6 )’ 354
sulfate w as added to decolorize the solution. T h e m ixture w as and 346 (4336) W  (E tO H -N a O H ) 301 (4.54), 319 (4.56), 354
concentrated and then diluted w ith  w ater. F iltration  of the (shoulder 4.44 , and 438 (4.47) nm r a 6.98 (q 1 , J  -  J O ,  7.5
resultant p recip itate  yielded 520 m g of a solid. Several repeti- cps, v in y l P H ), 7.85 (d, 1, /  -  16 cps, v in y l a  H ), and 9 .71
tions^of1  the^operation^gave 3.80 g  of crude product. A  solution ppm  (d, 1, /  =  7.5  cps, aldehyde H ); mass spectrum  m /e  246

of the produ ct in a m inim um  am ount of m ethanol w as m ixed (M  >■ p  „  „ „  . r  7 o nq. n  4  nq. o  6  50-
w ith  30Pg of F lorisil (60-100 m esh), the solvent w as elim inated, A n a l  C alcd  for CieHioON* C .J 8 .0 3 ,  H , 4 ^ 9 , O , 6.50,
and the rem aining pow der was added to  a chrom atography col- N , 11.38 . F ound. C , 7  • > > • >  ; 9n
"  140 g  of the sam e F lorisil. T h e  benzene and 10 0 :1 l-C yano-3-form ylcarbazole ( l la ) .- O s m m m  te t oxide 2 0  m g
benzene-chloroform  eluates led to 275 mg of solid whose crystal- w as added w ith  stirn n g to  a  «  of 200 mg r f  “ yde  1 0 a 
lization  from  chloroform  gave  150 m g of yellow  needles of n itrile m 4 m l of w ater and 30 m l of dioxane a t room  tem perature. 
7  soRn»- \ I'FtOH'i 299 m ,£ Hos- e 4 521 250 (4 54) A fter the dark brown m ixture had been le ft  standing for 150 m m ,
L  ^  4 ’ n  951 (a n J ? 8 6  (sh o d d er 3 k t  x i !  (E tO H T ) 50 m g of sodium  periodate was added over a 1-hr period and the284 (4.46), 350 (3.95), and 386 (shoulder, 3 .74 ), Xma,  wag kep t &t room tem perature for 9 0  m in, concentrated

*---------------- ~ under reduced pressure, diluted w ith  w ater, and extracted w ith
(6 ) The photoinduced hydration of pyridine has been reported: J. chloroform . T h e extract w as w ashed w ith  w ater, filtered tw ice

Joussot-Dubien and J. Houdard, Tetrahedron Lett., 4389 (1967), and refer- through 2 g of Florisil, and evaporated. C rystallization  of the
ences Cited therein. residue, 165 m g, from  m ethanol yielded aldehyde 1 1 a: mp

(7) F. B. Mallory, C. S. Wood and J. T. Gordon, J .  Amer. Chem. Soc., 8 6 , 206_20go j (N u jd )  2230 ( C = N )  and 1680 Cm“ 1 ( C = 0 ) ;
3094  (1964), and references cited therein. ’ v J /
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Xma* (E tO H ) 225 mju log (e 4.37), 291 (4.66), and 357 (3.89); drops of piperidine in 8 m l of pyridine was kep t a t 80° for 1 hr
Xmax (E tO H -N a O H ) 312 (4.45) and 375 (4.00); nmr 6 8.36 (d, and then a t 100° for 2 hr, refluxed for 0.5 hr, and poured into a
1 , J  — 2 cps, H -4), 8.95 (d, 1, J  =  2 cps, H -2), and 10.09 ppm  10 %  hydrochloric acid solution. C rystallization  of the resultant
(s, 1 , aldehyde H ); mass spectrum  w /e 220 ( M +). precipitate, 197 m g, from  3 :2  m ethanol-acetone yielded acid

A n a l.  C alcd  for C „ H 8O N 2: C , 76.36; H , 3.66; O , 7.27; lOd, mp >260°, nm r 8 6.70 (d, 1, J  =  16 cps, olefinic H ) and
N , 12.72. F oun d: C , 76.58; H , 3 .81; 0 ,7 .5 5 ;  N , 12 .16 . 7.83 ppm  (d, 1, /  =  16 cps, olefinic H ). A  solution of 50 m g of

l-Cyano-3-hydroxym ethylcarbazole ( l i b ) . — R eduction  of al- the acid and 3 drops of concentrated sulfuric acid in 10 m l of 
deh yd e 11a  followed the procedure for the conversion of 10a into m ethanol w as refluxed for 18 hr and poured into saturated brine
10b {vide in fr a ) .  C rystallization  of the product from  1 : 1  chloro- solution. C rystallization  of the precipitate, 38 m g, from  meth-
form -m ethan ol gave l i b :  mp 150°; Xmax (E tO H ) 222 rmt (log anol yielded ester lOe, mp 250°, mass spectrum m /e 276 ( M +).
<= 4 .59), 253 (4 .31), 278 (4.33), and 366 (3.77): Xma* (E tO H - A n a l. C alcd  for C 17H 120 2N 2: C , 73.90; H , 4.38; N , 10 .14. 
N a O H ) 250 (4.38), 278 (4.36), 294 (shoulder, 4.22), 366 (3.54), Found: C , 73.87; H , 4.20; N , 10.10.
and 4 17 (3 .14); mass spectrum  m /e  222 ( M +). A  solution of 30 mg of acid lOd and a few drops of oxalyl chlo-

A n a l. C alcd  for C hH ioO N 2: C , 75.65; H , 4.54. F ound: ride in 10 m l of tetrahydrofuran was stirred a t room tem perature
C , 74.42; H , 4.90. for 90 m in. T h e solvent and excess reagent w ere evaporated

l-Cyano-3-(/j-hydroxym ethylvinyl)carbazole (10b).— Sodium  under reduced pressure. T he residue was redissolved in 10 m l of
borohydride, 50 m g, w as added in sm all portions to a  solution of anhydrous tetrahydrofuran and mixed w ith  a solution of 20 mg of
50 mg of aldehyde 10a in 15 m l of m ethanol. A fte r  2 hr the lith ium  tri-i-butoxyalum inum  hydride in 10 m l of tetrahydro-
m ixture was diluted w ith  w ater and extracted w ith  chloroform . furan. T h e m ixture w as stirred a t  room tem perature for 1 hr,
E vap oration  of the extract and crystallization  of the residue, 50 diluted w ith  saturated brine solution, and extracted w ith  chloro-
m g, from  m ethanol yielded alcohol 10b, mp 204°, mass spectrum  form . E vaporation  of the extract and crystallization  of the
ru le  248 ( M +). residue from  m ethanol yielded a crystalline alcohol, identical in

A n a l. C alcd  for Ci6Hi2O N 2: C , 77.40; H , 4.87; O, 6.44; all respects w ith  10b {vide su p ra ) . I ts  treatm ent w ith  acetic
N , 11.28 . F ound: C , 77.28; H , 4.82; O , 6.64; N , 11.39 . anhydride yielded an acetate, identical in a ll respects w ith  10c

A lcohol 10b was acylated  b y  dissolution in a m ixture of acetic {vide su p ra ) . 
anhydride and pyridine a t room tem perature. T h e  usual w ork
up and crystallization  of the crude product from  1:1 acetone- Registry No.— 2 , 22433-55-2; 7, 22433-56-3; 8,
hexane gave acetate 10c mp 185° 22433-57-4; 8 methiodide, 22433-61-0; 9, 17517-71-4;
F ou n d:' C , 1 l 2 6 ? I ? 4 7 0 ? n ’. q . S .  ’ ^  M ’ N ’ 1 0 a > 2 2 4 8 7 -4 8 -5 ; 10 b, 22430-80-4; 10c, 22430-81-5;

l-Cyano-3-(/3-carbom ethoxyvinyl)carbazole (lO e).— A  solution 10d, 22430-82-6; lOe, 22430-83-7; 11a, 22433-59-6; 
of 200 m g of aldehyde 11a , 160 m g of m alonic acid, and a  few  l ib ,  22433-60-9.

Aziridines. X X II . The Reactions of Some 1-Substituted Aziridines 
with Carbethoxym ethylenetriphenylphosphorane and  

Carbethoxyethylidinetriphenylphosphorane

Harold W. Heine, George B, Lowrie, III, and K aren Crane Irving 
D epartm ent o f  C hem istry, B u ekn ell U niversity, Lew isburg, P en n sy lvan ia  17837  

R eceived D ecem ber S3, 1968

1-Aroylaziridines and related system s have been shown to react w ith  carbethoxym ethylenetriphenylphosphorane 
and carbethoxyethylidinetriphenylphosphorane. T h e  products of reaction arise from interm ediates form ed b y  
the carbanionic center of the y lid e  attackin g  the aziridinyl carbon.

Reactions of nucleophiles or reagents possessing nu- of 2 was demonstrated by spectral data and conversion
oleophilic sites with either 1-aroylaziridines or aziridines into 4-(p-nitrobenzamido) butanoic acid (3). The ir
bearing other unsaturated 1 substituents have been spectrum of 2 showed NH absorption and no carbonyl
well studied in recent years.1-7 The products re- absorption below 6.15 g, evidence that the ester car
suiting from these reactions may be rationalized, us- bonyl group was participating in charge delocalization,
ually, as arising from intermediates formed by an attack Heating of 2 with benzaldehyde and p-nitrobenzalde-
of the nucleophile at the 2 position of the aziridine ring. hyde gave the corresponding ethyl 2-benzylidine-4-
A new and potentially useful reaction that follows this (p-nitrobenzamido)butanoates 4 and 5, respectively,
general pattern, namely, the reaction of 1-aroylaziri- and similar heating of 2 with 2-butenal gave compound
dines and related systems with carbethoxvmethylene- 6.
triphenylphosphorane (1) and carbethoxyethylidine- Compound 1 also reacts with l-p-nitrobenzoyl-2- 
triphenylphosphorane (8), has now been observed. methylaziridine to produce ethyl 4-(p-nitrobenzamido)-

2-triphenylphosphoranylpentanoate (7). Compound 7 
Results was hydrolyzed to 4-(p-nitrobenzamido)pentanoic

Carbethoxymethylenetriphenylphosphorane (1) and a°id- The structure of this acid was authenticated by
1-p-nitrobenzoylaziridine in refluxing toluene formed an alternate preparation involving the reaction of 4- 
the new and isolable ylide 2 (Scheme I). The structure aminopentanoic acid with p-nitrobenzoyl chloride and

by mass spectroscopy.
S «f carbetKoxyethylidinekiphenylphospho-
(3) p . Thyrum and a . r . Day, j . Med. chem ., 8 , 107 (i96s). rane ',8 )  in refluxing toluene formed triphenylphosphine
(4) g. e . Ham, u. s. Patent 3,247,220; Chem. Abstr., si, 196221» (i960). oxide and l-(p-nitrobenzoyl)-2-ethoxy-3- methyl- 2-pyr-
(5) H. W. Heine and T . Newton, Tetrahedron Lett., 1859 (1967). /rj ■> TTx , ,  , ,  . . .
(6) H. W. Heine and M . S. Kaplan, J .  Org. Chem., 82, 3069 (1967). r ° l l I i e  W  (scheme II) aS W e ll as a Small quantity
(7) S. Fujita, T. Hiyama, and H. Nozaki, Tetrahedron Lett., 1677 (1969). (8%) of 2-p-nitrOphenyl-2-OXaZoHne. The Structure of
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S cheme I  S cheme I I I

‘¡J 1 +  p -c h 3c6h 4s o 2nc3 — ►

ArC— N<] +  (C6H5)3PCHC02Et — *■ pCH3C6H4S 0 2NHCH2CH2CC02Et —►

A ' - P - W W  1 |(CA)i
0  0  1,
II II

ArCNHCH2CH2CC02E t — v ArCNH(CH2)3C02H p-CH3C6H4S02NH(CH2)3C02H

P(C6H5)3 3 o  o  12

2 II .  II
RCHOj  1 +  C6H5NHCNCJ — a- C6H5NHCCC02Et

0  O CH3 P(C6Hs)3
II II I 13

ArCNHCH2CH2CC02E t ArCNHCHCH2CC02Et
II II |
CHR P(C6H5)3 1

4, R =  C6H5 7 1 +  C6H5N = C = 0
5, R =  p-N02C6H4
6, R =  CH3C H = C H  Scheme IV

0
S cheme I I  II

n  rH  p-02NC6H4CH—-CHCC6H5 +  1 — *
|| f 3 V

ArCN<] +  (C6H5)3P = C C 0 2Et i

Ar — p-02NC6H4 8 14

j| 9 E t p-02NC6H4C H =N C H 2C = C H C 0 2C2H5

A rC I jK V -C H j + (C6H5)3P0

9 15

|h+'h!° IV). The structure of 15 was deduced by elemental
0  CH3 analyses, nmr spectroscopy, and the formation of the
| j p-nitrobenzaldehyde 2,4-dinitrophenylhydrazone when

ArCNHCH2CH2CHC02Et 15 was treated with 2,4-dinitrophenylhydrazine. The
10 nmr spectrum of 15 in CDC13 with TMS as an internal

standard showed the methylene group as a sharp
the novel enamide 9 was deduced from elemental analy- singlet at 4.13 ppm and the ethyl group with its charac-
ses, nmr spectroscopy, and the mild acid hydrolysis of 9 at teristic splitting pattern as a quartet centered at about
room temperature to ethyl 2-methyl 4-(p-nitrobenz- 4.08 ppm and a triplet centered at 1.18 ppm. The two
amidobutanoate (10), the structure of which was veri- vinylic hydrogens absorbed in the same region as the
fied by nmr and mass spectroscopy. The nmr spectrum two aromatic moieties (6.8-7.9 ppm). A control run of
of 9 taken in deuteriochloroform shows (a) the four hy- 14 in refluxing chloroform resulted in the recovery of
drogens of the p-nitrophenyl group as two doublets at the starting reagent.
ca. 8.24 and 7.61 ppm, (b) the characteristic splitting
pattern of the ethyl group with the methylene and Discussion
methyl moieties absorbing at 3.40 and 0.68 ppm, respec- . .
tively; (c) the 3-methyl group as a singlet at 1.68 ppm; l t  seems «*»*, m the reactions of 1-p-mtrobenzoyl- 
and (d) the protons at C-4 and C-5 of the ring as triplets aziridme and 1-p-tolysu fonylazindme with 1 , the carb-
centered at ca. 2.42 (2 H) and 4.00 ppm (2 H ). an\onic center of the ylldt‘ attacks thf azindmyl carbon

Reaction of 1-p-tolylsulfonylaziridine with 1 formed and °Pens ^he ring to form 2 and 11, respectively,
the ylide 1 1 (Scheme I I I ) . The structure of 11 was con- Compound 1 reacts in a similar fashion at the methylene
firmed by elemental analyses and conversion into the carbon rather than ĥ.e methine carbon of 1-p-mtro-
known 4 -(p-tolylsulfonamido)butanoic acid (12). As benzoyl-2-methylaziridine to produce ethyl 4-(p-mtro-
with compound 2, the ester carbonyl absorption of 11 benzamido)- 2- triphenylphosphoranylpentanoate (7).
was at ca. 6.15 y. Compound 1 with 1-aziridinecar- Th!s, result 18 akm to tbe selective isomenzations by
boxanilide in refluxing toluene did not open the aziridine iodide ion of l-p-mtrobenzoyl-2-methylaziridme to
ring but instead displaced it to form the ethyl ester of 2-p-nitrophenyl-4-methyl-2-oxazoline and 1-p-mtro-
2-(triphenylphosphoranylidene)malonanilic acid (13), a phenylazo-2-methylaziridme (16) to 1-p-nitropheny-
known compound8 prepared by reaction of 1 with phenyl azo-4-methyl-A2-l,2,3-triazoline (17) d ■
isocyanate (Scheme I I I ) .  ̂ (9) H w  Heine, W. G. Kenyon, and E. M. Johnson, J .  Amer. Chem.

Carbethoxymethylenetriphenylphosphorane (1) and Soc., ss, 2570 (i96i>. 
irans-2-p-nitrophenyl-3-benzoylaziridine (14) in re- (10) H-w- Heine and Ap Tomalia’ ibid- 84> 993 (1962(-
a  r R. Huisgen and G. Szeimies, personal communication. Inese m-
nuxmg cnlorotorm iormed the ochlll base 15 (Scheme vestigators proved unequivocally that the product of isomerization of 16

was 17 by oxidation of 17 to the corresponding triazole, which was synthesized 
(8) S. Tripett and D. M. Walker, J . Chem. Soc., 3874 (1959). by an alternate route.
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T h e  reaction , of 8  w ith  1-p-nitrobenzoylaziridine p rob - dry toluene was refluxed for 2 hr. The solvent was evaporated
ab ly  p roceeds via a rin g opening of th e  aziridine b y  th e  and t l̂e 52!j! mg cruc*e 2 that remained was recrystallized

. • 10  T i. j - j- i o u  j  • three times from equal portions of benzene and petroleum ethery l'd e  to  give 18 In te rm e d ia te  18 could undergo an  in- (bp 9(M 150) to giv4e cryFtals> mp 191_ 192=.
te rn a l nucleophilic ad dition  b y  th e  benzam ido n itrogen  A nal. Calcd for C3iH29N20 5P : 0 ,  68 .88 ; H, 5.41; N, 5.18. 
to  th e  ester group to  yield  a  ty p ica l W ittig  in term ed iate  Found: C, 68.92; H , 5 .26; N, 5.04.
19, w hich could fo rm  triphenylphosphine oxide and 9 4-(p-nitrobenzamido)butanoic Acid (3) was obtained by dis-
(S ch em e V ) . T h e  sm all q u a n tity  of 2 -p -n itro p h en y l-2 - so!v!ng 540 of 2An 25 ° fF o t 10%  » u s  methanol. A 

t . .. r  r , solution containing Oo mg of KOH in 2o ml of aqueous methanol
oxazoline (8 % ) form ed in  th is re a c tio n  m a y  arise b y  th e  (1 : 1 ) was added and the entire mixture was refluxed for 1 hr.
well k now n pyrolysis of 1 -acylazirid ines to  2-OxazolineS. The reaction mixture was cooled and then poured into 500 ml of

water. The solvent was evaporated to 50 ml and the precipitated 
„ T triphenylphosphine oxide was filtered. The filtrate was adjusted
¡scheme V to a pH of 1-3 with 10% H2S 0 4. Evaporation of the filtrate gave

O C02Et 201 mg of 3. Recrystallization from acetone-CCl* and then
li _  [ 95%  ethanol formed 3, mp 165-167°. Compound 3 was also

ArC— NCH2CH2— C— P(C6H5)3 — *- prepared by the reaction of 4-aminobutanoie acid with p-nitro-
I benzoyl chloride.

CH3 A nal. Calcd for CnH^hhOs: C, 52.38; H, 4 .80; N , 11.11.
18 Found: C, 52.55; H, 5.03; N, 11.01 .

„-p. _  Ethyl 4-p-nitrobenzamido-2-benzylidenebutanoate (4) was
0  \  lP  prepared by refluxing a mixture of 540 mg of 2 and 15 ml of benz-
II JP +(C6H5)3 o j - i p i n m  aldehyde for 24 hr. Evaporation of the excess benzaldehyde

ArCN Y C H  ° °  1 6  5/3 and dissolution of the residual oil in 15 ml of C6H6 followed by
'— — * 3 the addition of 20 ml of petroleum ether gave 211 mg of 4. Four

19 recrystallizations from 95%  ethanol gave 4, mp 137-138°.
A nal. Calcd for C2oH20N20 5: C, 65.21; H, 5 .47; N, 7.60. 

Found: C, 65.17; H, 5.64; N, 7.46.
A ll of th e  ab o v e  reactio n s of aziridines w ith  ylides in - Ethyl 4-(p-Nitrobenzamido)-2-(p-nitrobenzylidene)butanoate

v o lv e  nucleophilic d isp lacem en t a t  th e  azirid inyl c a r-  (s )-— A mixture of 540 mg of 5 ,1 5 1  mg of p-nitrobenzaldehyde,

b on . In  c o n tra s t, i t  ap p ears t h a t  th e  carb o n y l ca rb o n  of £ 3  ^ d th T r S id u d  " i w e d
1-azin d m ecarb o xan ilid e  is th e  site  of a t ta c k  b y  1. R e a c -  addition of 15 ml of petroleum ether precipitated 342 mg of 5 . 
tion s tak in g  p lace  a t  th e  carb o n y l group of 1 -a cy la z ir- Three recrystallizations from CHCb gave 5, mp 175-177°. 
idines a re  n o t unknow n. E x a m p le s  a re  th e  easy  m e th - Anal. Calcd for C20H i9N3O7: 6 ,5 8 .1 1 ;  H, 4 .63; N, 10.16.
an olysis of l-p -n itro b en zoy lazirid in e ca ta ly z e d  b y  Fo™ d:, 4-87A , * , , ,• i - i  - ip f  ,1 , .  j* 1 1 . . t  Ethyl 4~(p-Nitrobenzamido)-2-(2-butenylidene)butanoate (6).
iod id e io n 12 an d  th e  re a c tio n  of 1 -a cy la z m d m e s w ith  _ A mixture of 540 mg of 2 and 20 ml yof crotonaldehyde was
lith iu m  alu m in um  h yd rid e to  yield  ald eh y d es.13 refluxed for 12 hr. The excess aldehyde was evaporated, the

I t  is also con ceivab le th a t  th e  ylide 1 re a c ts  w ith  I -  residual oil was dissolved in 15 ml of C6H 6, and 156 mg of crude 6
azirid in ecarb oxan ilid e  to  give p h en yl iso cv a n a te , w hich , was Precipitated by the addition of 20 ml of petroleum ether.
as  D reviouslv show n b v  T rin e tt  8 could re a c t w ith  th e  Five recrystallizations from 95%  ethanol gave 6, mp 145-147°.a s  p revio u sly  snow n o y  i r i p e t t ,  could  re a c t  w ith  th e  A nal Calcd for Cl,H20N2O5: C, 61.44; H, 6 .07; N , 8.43.
ylid e  to  fo rm  13. Found: c, 61.36; H, 5.99; N, 8.25.

T h e  fo rm atio n  of 15 fro m  1 an d  14 in volves c leav ag e  Ethyl 4-(p-Nitrobenzamido)-2-triphenylphosphoranylpentan-
of th e  c a rb o n -ca rb o n  bon d  of th e  aziridine rin g  an d  a  oate (7 ) was prepared by refluxing in 30 ml of toluene for 5 hr a
W itt ig  re a c tio n  w ith  th e  ca rb o n y l grou p  of th e  aziridine. mbrtl*re °f 3i 8Lmg ?f 1 and 206 mg of l-P-nitrobenzoyl-2-methyl-

Isom erization s of 2,3-d lS U b stltu ted  azin d m es in to  Schlff dissolved in SO ml of ethyl ether Slow evaporation gave 381 mg
b ases h a v e  been  re p o rted . T h u s  a t  2 2 5  2 ,3-d ip h en y l- of crude 7, which was recrystallized four times from ethyl ether
aziridine isom erizes in to  b en zalb en zy lam in e,14 an d  to give 7, mp 183-184°.
a t  2 0 5 °  2 ,2-d ip h en y l-3-m eth ylazirid in e is co n v e rte d  in to  Ana^- Calcd for C32H3iN20 6P : C, 69.31; H, 5 .63; N, 5.05.

e th y lim in o b e n z o p h e n o n e .- im y -2 -p h e n y l-3 -b e n z o y la -  oun i . i p ^ o b U z ^ S ’e&o^^methyl-Z-pyrroline (9 ) . - A  
z m a in e  an d  14 h av e  been  show n to  ad d  to  d im eth y l a c e t-  mixture of 1.45 g of 8 and 0.768 g of 1-p-nitrobenzoylaziridine in
y le n e d ica rb o x y la te  an d  d ieth y l ace ty le n e d ica rb o x y l- 70 ml of dry toluene was refluxed for 6 hr. The solvent was
a te , resp e ctiv e ly , b y  c a rb o n -ca rb o n  scission  of th e  evaporated and 3 -4  ml of dry E t20  was added to the residual oil.
azirid ine r in g .16,17 O ur exp erim en tal resu lts  in d ica te  The (C6H5)3PO that precipitatedl was¡filtered andthe solvent was
,,  , ,  , , ■ • . . .  , evaporated. Xhe residue was dissolved in a minimum amount
th a t  1 p lays a  role in  th e  isom erization , b u t do n o t of dry C#h 6 and the solution was chromatographed on a column
p e rm it a  con clu sion  as to  w h eth er th e  W ittig  re a c tio n  of neutral alumina with CeHe. The first 50-ml fraction was evap-
p reced es o r follow s th e  isom erization . orated to give 70 mg of crude 2-p-nitrophenyl-2-oxazoline. The

next fraction of 150-200 ml eluent, when evaporated, gave 360 
mg of 9. Compound 9 was then dissolved in a minimum of 

Experimental Section D M F, and water was added until 9 precipitated; the compound
was redissolved in D M F and precipitated again with H20 .  Pure 

Ethyl 4-(p-Nitrobenzamido)-2-triphenylphosphoranylhutanoate 9 melted at 142.5-145.5°.
(2).— A mixture of 348 mg of carbethoxymethylenetriphenyl- A nal. Calcd for C»HI6N20 4: C, 60.85; H, 5 .85; N, 10.14. 
phosphorane and 192 mg of 1-p-nitrobenzoylaziridine12 in 25 ml of Found: C, 61.04; H, 5.91; N, 10.16.
-------------------- Ethyl 2-Methyl-4-(p-nitrobenzamido)butanoate (10).— To 1

(12) H. w. Heine, M. E. Fetter, and E. M. Nicholson, J .  Amer. Chem. nil of acetone was added 39 mg of 9, 0 .4  ml of glacial acetic acid,
Soc., 81, 2 2 0 2  (1959). and 0.4 ml of H20 .  In 10 min the initially bright yellow solution

G3) H. c . Brown and A. Tsukamoto, ibid., 83, 2 0 1 6 , 4 5 4 9  (1961). turned colorless. At this point 3.6 ml of H20  was added and the
(14) (a) G. H. Coleman and G. p. Waugh, Proc. l o w  Acad, sd ., 40, solution was allowed to stand for 1-3 days. Crystals of 10

m  (1935); (b) G. H. Coleman and C. S. Nicholopoulos, ibid., 49, 286 gradually appeared and were filtered. The yield of crude 10 15 16 17

(15) ' B. K. Campbell and K. N. Campbell, J .  0rg. Chsm., 9, 178 (1944). f as 30 ” g ’ Fo”  ̂ crystallizations from petroleum ether (bp
(16) (a) A. Padwa and L. Hamilton, Tetrahedron Lett., 4363 (1965); (b) 100 115 ' gave mP 65.5-66.5  , nmr (CDC13) 5 1.26 (t,

A. Padwa and L. Hamilton, J .  Heterocycl. Chem., 4, 118 (1968). 3, t/ =  6 Hz, CH2CH3), 1.22 (d, 2, J  =  7 Hz, CHCH3), 1.91 (m,
(17) H. W. Heine, A. B. Smith, III, and J. D. Bower, J .  Org. Chem., 33, 1, CHCH3), 2.55 (quintet, 2 , / ^ 7  Hz, CH2CH ), 3 .52 (q, 2, /  =

1097 (1968). 6 Hz, NCH2), 4.23 (q, 2, /  =  7 Hz, OCH2), 7.05 (m, 1, N H ), and
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7 .88-8 .35  (m, 4, aromatic); mass spectrum m /e  294 (molecular with a small amount of 95%  ethanol. The yellow crystals of 15
ion), 248, 193, 179, 150, and 102. were filtered and recrystallized from 95%  ethanol to give 150

A nal. Calcd for Ci4H18N20 6: C, 57.11; H, 6 .16; N, 9 .52. mg of 15, mp 113-115°.
Found: C, 57.44; H, 6 .02 ; N, 9 .80 . A nal. Calcd for Ci9HlsN20 4: C, 67.43; H, 5 .36 ; N, 8.28.

Ethyl 4-(p-Tolylsulfonyl)-3-triphenylphosphoranylbutanoate Found: C, 67.14; H, 5 .46; N, 8.20.
(11).— A mixture of 197 mg of p-tolylsulfonylaziridine,9 348 mg Hydrolysis of 7 to 4-(p-nitrobenzamidojpentanoic acid was
of 1, and 25 ml of dry toluene was refluxed for 15 min. On cool- effected by adding 227 mg of 7 to 20 ml of CH30H -H 20  (1 :1 )
ing, a white solid, mp 240-260°, precipitated and was filtered. and heating until 7 dissolved. A solution containing 28 mg of
Evaporation of the filtrate gave 166 mg of crude 11. Four re- KOH in 20 ml of CH30 H -H 20  (1 :1 ) was added and the mixture
crystallizations from 95%  ethanol gave 11, mp 184-186°. was refluxed for 2 hr. Evaporation of the CH3OH caused pre-

A nal. Calcd for C3iH32N 0 4PS: C, 68.23; H, 5 .91; N, 2 .56. cipitation of Ph3PO, which was filtered. The filtrate was acid-
Found: C, 68.27; H , 6 .21 ; N , 2.61. ified to pH 1-3 with 10%  H2S 0 4. Evaporation of the filtrate gave

Conversion of 11 into 12.— To 272 mg of 11 in 20 ml of 10%  75 mg of 4-(p-nitrobenzamido)pentanoic acid. Recrystalliza-
aqueous methanol was added a solution of 28 mg of KOH in 15 tion from aqueous ethanol gave material melting at 145-146°.
ml of 50%  aqueous methanol. The mixture was refluxed for 1 Reaction of 4-aminopentanoic acid20 with p-nitrobenzoyl chloride
hr, cooled, and added to 175 ml of H20 .  The volume of solvent also formed 4-(p-nitrobenzamido)pentanoic acid in poor yield,
was reduced to 25 ml by evaporation and the triphenylphosphine The two samples gave identical ir spectra; mass spectrum molec-
oxide that had precipitated was filtered. The pH of the filtrate ular ion m/e 266, fragments m /e 249, 220, 193 [p -02NC6H4
was adjusted to ca. 2 by 10%  H2SC>4 and then the filtrate was CONHCHCH3] +, 150, and 120.
evaporated to give 115 mg of 12. Recrystallization three times 0 0 / I W , 0 , ,
from aqueous ethanol gave 12, mp 132-134°. An authentic R e g istry  N o . 1) 1 0 9 9 -4 5 -2 , 2 ,  2 2 4 8 7 -5 2 -1 , 3 ,
sample of 12 prepared according to a published method18 melted 2 2 4 3 3 -2 0 -1 ; 4 ,  2 2 4 3 3 -2 1 -2 ; 5 ,  2 2 4 3 3 -2 2 -3 ; 6 , 2 2 4 3 3 -2 3 -
at 133-134°; the ir spectra of the two samples were identical. 4 ; 7 f 2 2 4 3 3 -2 4 -5 ; 8 , 5 7 1 7 -3 7 -3 ; 9 , 2 2 4 3 3 -2 6 -7 ; 10 ,

Compound 11 was prepared by refluxing a mixture of 348 mg of 2 2 4 3 3 -2 7 -8 ; 1 1 ,2 2 4 3 3 -2 8 - 9 ;  1 2 ,1 2 1 3 - 4 2 - 9 ;  1 5 ,2 2 4 8 7 -
3, 192 mg of 1-aziridinecarboxanilide,19 and 25 ml of dry toluene 
for 4 hr. The solvent was evaporated and 306 mg of crude 11 tnr-o.
was obtained and recrystallized from CCh-hexane, mp 182-184°. A ck n ow led g m en t.— W e  th a n k  th e  don ors of th e
An authentic sample was prepared by a published method.“ Inis °  j u j .u a
sample of l l  melted at 188-189° and had an ir spectrum identical P e tro le u m  R e se a rch  F u n d , ad m in istered  b y  th e  A m e n -
with that of l l  prepared from the 1-aziridinecarboxanilide. ca n  C h em ical S o cie ty , fo r su p p o rt of th is  w ork  a n d

Ethyl 3-Phenyl-4-(N-p-nitrobenzylidene)amino-2~butenoate M r . R ich a rd  A d am s for th e  exp erim en ts  d ealing w ith
(15).— A mixture of 268 mg of 2-p-nitrophenyl-3-benzoylaziri- fran s-2 -n -n itro p h en yl-3-b en zo ylazirid in e. T h e  a u th o rs

The'solvent^vas e ^ r i l n d  ™  ^  illdebtedf l e s s o r  C h arles  S w eeley fo r th e
____________ _ m ass sp e ctru m  oi com p ou n d  1 0 .

(18) D. Todd and S. Teich, J .  Amer. Chem. Soc., 75, 1895 (1953).
(19) S. Gabriel and R. Stelzner, Ber., 28, 2929 (1895). (20) J. Cologne and J. M. Pouchol, Bull. Soc. Chim. Fr„ 598 (1962).

Cyclization Reactions of Ninhydrin with A rom atic Amines and Ureas1
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Ninhydrin (1,2,3-indantrione monohydrate, 1) condenses with aromatic amines that contain an additional 
activating group in the meta position. The reaction proceeds with cyclization to give structures of type 5 (X  =
OH, OCHu, or NH2; R  =  H). These products are stable, show the appropriate number of aromatic protons m 
their nmr spectra, give strong parent peaks in their mass spectra, and yield well-characterized acetyl derivatives.
These properties distinguish them from the products formed from 1 and less activated aromatic amines, in which 
reaction takes place only at the central carbonyl group of 1. The reaction of 1 with urea and 1,3-dimethylurea 
also proceeds with cyclization, to give structures of type 6 (R  =  FI or CH3; R ' =  H). 1,1-Dimethylurea does 
not react with ninhydrin.

In  re ce n t stud ies in  th is  la b o ra to ry ,2’3 i t  w as rep o rte d  tu re s  of ty p e  2 , w hile th e  corresp on d ing d e h y d ra te d
th a t  n in h yd rin  re a c te d  w ith  th e  am ino h ete ro cy cle s  p ro d u cts  (3 ) w ere ob tain ed  fro m  p -b y d ro xy an ilin e  an d

gu an ine an d  cy to sin e  to  afford  p ro d u cts  w h ich  con 
ta in ed  a n  ad d itio n al h e te ro cy c lic  rin g . T h e se  resu lts  0  0  O
sto o d  in  c o n tra s t  to  earlier re p o rts  in  th e  lite ra tu re  .. fl „ „  0H
a b o u t th e  re a ctio n s  of n in h yd rin  w ith  sim pler a ro m a tic  p Y y  [ j  f  | \ = n r

am in es an d  u reas . T h u s  th e  re a c tio n  p ro d u cts  of 1 NHR ^ 1 1
w ith  an ilin e ,4 p -ch loroan ilin e ,4 o -  an d  m -h y d ro x y a n i- n o
lin e ,4 p -am in ob en zoic a c id ,6 2 -am in o p y rid in e ,4 u re a ,6’7 0  0
1 1-dimethylurea,6 and guanidine7,8 were assigned struc- 1 2a, R = C6H5 3

b, R =  p-C1C6H4
(1) This investigation was supported by a grant (GM-11437) from the c, R — m-HOC6H4

U. S. Public Health Service. 4, R CONH2
(2) R. Shapiro and J. Haehmann, Biochemistry, 5, 2799 (1966).

Si a m f X S0C" *° ’ 47 ( 5 p -p h en y len ed iam in e .6 O nly in  th e  re a c tio n  of o-p h enyl-
(5) r. Moubasher, j . chem. Soc., 1038 (1949). enediamine with ninhydrin was a cyclized structure (4 )
(6) M. Polonovsky, P. Gonnard, and G. Glots, Bull. Soc. Chim. Fr„ 6, ascrib ed  to  th e  p ro d u c t .9 

1557 (1939).
(7) D. A. Mac Fayden, J .  Biol. Chem., 186, 1 (1950). . . . .  nQim
(8) S. Ruhemann, J .  Chem. Soc. 97, 2025 (1910). (9) S. Ruhemann, tbid., 97, 1438 (1910).
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We have now reinvestigated these reactions and wish spot upon thin layer chromatography, and showed an
to report that aromatic amines with an electron-re- intense molecular-ion peak in its mass spectrum. Its
leasing group (hydroxy, methoxy, or amino) in the nmr spectrum in (CD3)2SO revealed the presence of
meta position react with ninhydrin to give the corre- four indanone protons, three benzenoid protons _ (with
sponding indeno[2,1-6jindole derivative (5). If the the proton meta to nitrogen split by a single adjacent

proton), and four exchangeable protons. Friedm an4 

0 has assigned structure 2c to the reaction product of wi
ll I  OR hydroxyaniline and ninhydrin. This assignment was

apparently made by analogy to the aniline reaction, 
as it was stated that the nmr spectra of the product in

'n_ _ / \  R ( j \  (  dimethyl sulfoxide-ds and C F3C 0 2H were too complex
\__/  /  \  for unequivocal analysis. However, we feel that the

properties of this compound are quite readily interpre- 
X table in term of structure Sa. Further confirmation of

4 5a X = OH- R = H this structure was provided by the conversion of 5a into
b’ x  = 0 2c 'c h 3; R = OCCH3 a stable tetracetyl derivative, 5b. This product ex-
c, X = OCH3; R = H hibited absorptions for four different CHsCO groups in
d, X = OCH3; R = OCCH3 the nmr, as expected.

m-Anisidine gave with ninhydrin a product similar in 
activating group is not present, then cyclization does its properties to 5a. Its nmr spectrum was consistent
not occur, but rather simple addition to the central witli that expected from a cyclized product of structure
carbonyl group of ninhydrin takes place. Urea and 5c. Acetylation of this substance afforded a triacetyl
1,3-dimethylurea react with 1 to give cyclized products derivative, 5d. An adduct prepared from m-phenylene-
of structure 6. No reaction occurs with 1,1-dimethyl- diamine and ninhydrin crystallized well only from an
urea and ninhydrin. acetone-water mixture. It crystallized with a molecule

The products of reaction of ninhydrin and aniline 0f acetone, but its properties and nmr spectrum were
and p-chloroaniline were unstable. Unlike the cyclized otherwise analogous to those of 5a and 5c. Structure
products discussed below, they reverted to their com- 5e was assigned to this adduct. Upon acetylation, it
ponents upon thin layer chromatography, gave ace- yielded a dehydrated, triacetyl derivative to which
tanilide and p-ehloroacetanilide upon attempted acety- structure 8 has been assigned.
lation, and exhibited no molecular ion in the mass spec- The ready formation of an adduct of urea and nin- 
trum. Our analysis of the ninhydrin-amline product hydrin has been reported by several groups of
agreed with that of Friedman,4 and we agree with as- workers.6,7,10 Structure 2d (or a tautomer involving
signment of structure 2a to this compound. The anal- the enol from of the urea moiety) was assigned to it.6,7
ysis and nmr spectrum of the product of reaction of This was supported largely by the observation that 1,1-
ninhydrin and p-chloroaniline indicated that it con- dimethylurea gave an analogous adduct with 1, but that
tained one indandione residue and two amine mole- 1,3-dimethylurea did not. In reexamining these re-
cules. Upon recrystallization of this from chloroform- suits, however, we obtained the exact opposite result,
hexane, a 1 :1  adduct analogous to that of Friedman4 Urea and 1,3-dimethylurea readily gave adducts with
was obtained. Inspection of the nmr spectrum of the ninhydrin. No new product could be isolated when 1,1-
1 :2  adduct in (CD3)2SO revealed that it had decom- dimethylurea and ninhydrin wTere brought together
posed, in that solvent, to an equal mixture of 1:1 adduct under a variety of conditions. Only unchanged nin-
and p-chloroaniline; Similarly, the 1 :1  adduct par- hydrin was observed by tic, and unchanged 1,1-di-
tially decomposed in (CD3)2SO to ninhydrin and p- methylurea was recovered from the reaction mixture,
chloroaniline. In CH8OD, both compounds decom- The urea-ninhydrin product ran as a well-defined spot
posed completely to ninhydrin and p-chloroaniline. on tic, exhibited a peak for the molecular ion in the mass
The infrared spectrum (KBr) of the 1 :2  adduct was spectrum, and had absorptions for four different NH
well defined and distinguishable from those of p-chlo- and QH protons in its nmr spectrum. It formed a well-
roaniline and the 1 :1  adduct. On this basis, we believe characterized tetracetyl derivative, whose nmr spectrum
it to represent a distinct compound as a solid (if not in confirmed the presence of four nonequivalent acetyl
solution) and have assigned structure 7 to it. groups. On this basis, structures 6a and 6b were as

signed to the urea-ninhydrin product and its tetra- 
9 0  acetyl derivative, respectively. The properties of the

OR' NH| l l  product of 1,3-dimethylurea and ninhydrin were fully
f T  y><CNR analogous, and in accord with the structure 6c. A

I diacetyl derivative, 6d, was prepared from this com-
R'O X8 ' " V ) A pound.

R Cl A reaction product of guanidine and ninhydrin was
6 a,R = R ' = H 7  a jso reported by earlier workers. 7, 8 W e found this

b’ p I p iT  compound to be insoluble in most neutral solvents and
d, R=CHj’ R' = COCH3 streak  badly on tic. I ts  nmr spectrum (C F 3C 0 2H)

showed one NH absorption which integrated as two

The product obtained from m-hydroxyaniline and protonS’ and another NH (one Proton) absorptiwn over- 
ninhydrin has quite different properties from those of
2a and 7. It  recrystallized well, gave a well-defined (io) d. d. Van siyke and p. b . Hamilton, /. B id . Chem., iso, 471 (1943).

448 Shapiro and Chatterjie The Journal of Organic Chemistry



lapping the aromatic hydrogen peak. These results Acetylation of 5a — A mixture of 2.0  g (7.5 mmol) of 5a, 100
suggested structure 9, or a tautomer, for this compound. mJ acetic anhydride, and 2 ml of pyridine was heated at reflux,

with stirring, for 5 days, lh e solvents were removed under 
vacuum and the red-brown residue was treated with methanol 

II II and filtered. The filtrate was decolorized with charcoal and
.  11 „ tt evaporated. The residue was washed with water and then re-

p  | \  r Y V  crystallized from methanol-water to afford 1.10 g (34% ) of
crude acetylatea product 5b. An analytical sample, mp 194- 

/ \  /  / \  |l 196°, was prepared by multiple recrystallizations from methanol:
CH3CO > = <  HO N— 11— NH2 ir (K B r) 5.68 (shoulder), 5.75 (shoulder), 5.81, 5.88 (shoulder),

II / )  H 6.25, and 6.67 ju; uv max (MeOH) 244 mp (e 20,000), 294 (6490);
O ^ N ( C O C H 3)2 nmr (CD3SOCD3) r  2.02 (s, 4 , indanone H ), 2.23 (d, 1, J  =

o 9 9 Hz, H meta to NCOCH3 ), 2 .72-2 .96  (m, 2, H ortho and p a ra
°  ' to NCOCH3 ), 7.90 (s, 3, CH3 CO), 7.99 (s, 6 , CH3CO), and 8.25

H ow ev er, th e  m ass sp e ctru m  show ed a  n u m b er of p eaks (s, 3, CH3CO); tic f t  0-62 (ethyl acetate)•
. , 1 • 1 ,i ,1 , 1  1 1 • A n al. Calcd for C23H i9NOs: C, 63.16; H, 4 .39 ; N, 3 .20 ;

of m / e  values higher than the expected molecular ion, mol wtj 437. Found: C, 63.22; H, 4 .25 ; N, 3 .21 ; mol wt,
and it seems likely that the substance is dimeric or 4 3 7  (mass spectrum).
polymeric. Only intractable mixtures were formed Reaction of Ninhydrin with m-Anisidine. Formation of 5c.— 
UDOn attempted acetylation. The preparation was analogous with that conducted with m-

! V ' hydroxy aniline. A crude yield of 92%  was obtained. An
analytical sample, mp 212-214° dec, was prepared by several 

Experimental Section recrystallizations from ethanol: ir (K B r) 2.92, 2 .99, 3 .14, 5 .71 ,
y  5.84, 6.20, 6.28, 6 .66 , and 6.84 p ; uv max (MeOH) 224 mp (e

The general procedures used were similar to those already de- 50,000), 244 (24,100), and 288 (4080); nmr (CD3SOCD3) r
scribed, 3 with the following exceptions. Mass spectra were 2.00 (s, 4, indanone H ), 2.65 (d, 1, /  =  8 Hz, H meta to N H ),
determined with a Varian M-66 mass spectrometer at 70 eV. 3.23 (s, 1, NH ), 3 .60-3 .95  (m, 2, H ortho and para  to N H ), 4.85
Analyses were performed by Spang Microanalytical Laboratories, (broad, 2, OH), and 6.85 (s, 3, OCH3); tic Ri 0.68 [benzene- 
Ann Arbor, M ich., or on an automatic CHN analyzer (F & M methanol (80 :20 )].
Scientific Corp., Model 185). Thin layer chromatography was A nal. Calcd for Ci6H i3N 0 4: C, 67.84; H , 4 .63 ; N, 4 .94 ;
performed on plates prepared with Merck silica gel, except where mol wt, 283. Found: C, 68.26; H, 4 .71 ; N, 4 .92 ; mol wt,
otherwise noted. 283 (mass spectrum).

2-Hydroxy-2-N-phenylamino-l,3-indandione (2a).—The pro- Acetylation of 5c.—A mixture of 2.0 g (7.1 mmol) of 5c and
cedure of Friedman was followed, using 1.85 g (10.4 mmol) of 65 ml of acetic anhydride were heated with stirring at 95° for
ninhydrin and 0.97 g (10.4 mmol) of aniline. A yield of 1.20 g 139 hr. The solvent was removed under vacuum and the residue
(4 5 % ) of 2a was obtained, as a yellow powder: mp 106-108° was recrystallized from methanol to yield 0.80 g (28% ) of crude
dec; the ir and uv were similar to those reported;4 nmr (CD3- 5d. An analytical sample, mp 179—180°, was prepared by sev-
SOCD3), r  1.95 (s, 4, indandione H ) and 2.80-3 .65  (m, 7, ani- eral recrystallizations from methanol: ir (K Br) 5.72, 5 .80, 5.91,
line H, NH, and OH); after addition of D20 ,  the peak at 2 .8 0 - 6.23, 6.30 (shoulder), 6.67, and 6.83 p; uv max (MeOH) 227
3.65 integrated as five protons. rap (e 46,200), 252 (27,500), and 290 (6720); nmr (CD3SOCD3)

A nal. Calcd for CisHnNOs: C, 71.14; H , 4 .38 ; N, 5.53. t 2.12 (s, 4, indanone H ), 2.25 (d, 1, /  =  8 Hz, H meta to N C-
Found: C, 71.18; H, 4 .05 ; N, 5 .11. OCH3), 2 .95-3 .20  (m, 2, H ortho and p ara  to NCOCH3), 6.88

2,2-Di-(p-chlorophenylamino)-1,3-indandione (7).— To a (s, 3 , OCH3), and 7.97 (s, 9, CH3CO); tic Ri 0.90 (ethyl acetate),
solution of 1.27 g (10 mmol) of p-chloroaniline in 200 ml of A nal. Calcd for C22H19NO7: C, 64.54; H, 4 .68 ; N, 3 .42 ;
H20  at 45 ° was added 0.89 g (5 mmol) of ninhydrin in 100 ml of mol wt, 409. Found: C, 64.71; H, 5 .04; N, 3 .36 ; mol wt,
H20 .  The reaction mixture was stirred for 1 hr at 25° and al- 409 (mass spectrum).
lowed to stand for 16 hr at 5 ° . The resulting yellow, crystalline Reaction of Ninhydrin with m-Phenylenediamine. Formation
precipitate was filtered and dried under vacuum for 2 days to of 5 e —The preparation was analogous to that conducted
yield 1.55 g (79% ) of 7. An analytical sample was prepared by with m-hydroxyaniline. A yield of 65%  5e, as a yellow solid,
recrystallization from ethanol-water: mp 119-121° dec; ir was obtained. An analytical sample, which had no melting
(K B r) 2.95, 5 .71, 6.22  (shoulder), 6 .28, and 6.70 n ‘, nmr (CD3- point below 300°, was prepared by several recry stalliz a t ions
SOCD3) r  2.00 (s, 4 , indandione H ), 2.86 (s, 5, p-ClC6H 4NH of from acetone-water: ir (K B r) 2.86, 2 .98, 3.10 (shoulder) 5 .88,
2b and NH or OH of 2b), 2.90, 3 .04, 3 .36, and 3.52 (q, 4 , p- 6.15, and 6.80 p ; nmr (CD3SOCD3) r  2-00-2.45 (m, 4 indanone
CIC6H 4NH2), 3.21 (s, 1, NH or OH of 2b), and 4.83 (s, broad, H ), 2.88 (s, 1, NH ), 3.00 (d, 1, /  =  8 Hz, H meta to N H ), 3 .90
2 n-ClC6H4NH2); nmr (CH3OD) r 2.00 (s, 4, ninhydrin aromatic 4.20 (m, 4, H ortho and para  to NH ; NH2 or OH), 4.85 (broad,
H) and 2.86, 3 .00, 3 .25, and 3.40 (q, 4, p-ClC6H 4NH2). 2 NIK or OH), and 7.82 (acetone); upon addition of DsO, the

A n al. Calcd for CwHiJSWV■ H20 : C, 60.74; H, 3 .89; N, peaks at r  2.88 and 4.95 disappeared and the multiplet a t r
6 75- Cl 17 09 Found- C 61.11; H, 3 .96 ; N, 6 .81 ; Cl, 3 .90-4 .20  integrated as two protons; tic Ri 0.55 (ethyl acetate).
17.48. A n al. Calcd for CuHuNrf)>-C ,H rf): C, 66.25; H, 5 .56 ;

Attempts to remove the water of hydration resulted in decom- N, 8.59. Found: C, 66.54; H, 5 .66 ; N, 8.39.
position of the compound. Acetylation of 5e.- A  mixture of 1.2 g of 5e 100 ml of acetic

Reaction of Ninhydrin with m-Hydroxyaniline. Formation of anhydride, and 10 ml of pyridine was heated at reflux under JN2
5a>—x  solution of 3 .27 g (30 mmol) of m-hydroxyaniline and for 48 hr. The resulting red solution was evaporated to dryness
5.34 g (30 mmol) of ninhydrin 300 ml of water was stirred for 30 under vacuum. The residue was washed with water and tn t-
min at 25°. The fluffy, yellow precipitate that formed was col- urated with acetone. The insoluble, crystalline material was
lected and dried under vacuum to yield 7.50 g (93% ) of 5a. An recrystallized several times from alcohol (once with charcoal)
analytical sample, which did not melt below 340°, was prepared and then from chloroform-hexane This afforded 0.1 g of 8
by recrystallization from ethanol: the ir and uv spectra were as a yellow powder: mp 236 237^5 , i r (K B r) 5 .65, 5.80, 5.90,
similar to those reported-4 nmr (CD3SOCD3) r 1.07 (s, 1, phe- 6.18, and 6.90 p ; uv max (MeOH) 238 mp 0  33 ,000), 278
nolic OH), 1 .90-2 .35  (m, 4, indanone H ), 2.90 (d, 1, J  =  8 Hz, (18,800), 289 (13,600), 302 (13^500), and359 (7120); nmr (CDCU)
H meta to N H), 3.37 (s, 1, N H ), 3 .6 5 ^ .0 8  (m, 2, H ortho and t 2 .10-3 .15  (m, 7, aromatic H ), 7.50 (s, 3, CH3GO), and 7.b5
p a ra to N H ), and 4.70 (broad, 2 , OH); the NH and OH protons (s, 6 , CHaCO); tic R ,0 ,.91 (ethyl acetate).
disappeared upon addition of D20 ;  nmr (C F3CO2H ) r  1 .93-2 .75  A nal. Calcd for C ^ N * ^ :  C 67^02 H, 4 .28 N 7.44,
(m, 5, indanone H and H meta to NH) and 2 .92-3 .27  (m, 2, H mol wt, 376. Found: C, 66.50, H, 4 .27 , N, 7 .35, mol wt,
ortho and para  to N H ); at 15° a broad peak at r  1.16 appeared 376 (mass spectrum).
(NH or OH); tic Ri 0.80 [1-butanol-water (86 :14) on Avicel Reaction of Ninhydrin with Urea. Formation of 6a. The
microcrystalline cellulose]. reaction was conducted according to the published Procedure.

A nal Calcd for Ci5HnN04: C, 66.91; H, 4.12; N, 5.20; The ultraviolet spectrum of the product has been reported,
mol wt, 269. Found: C, 67.18; H, 3.95; N, 4.84; mol wt, The product, 6a had the following additional properties: ir
269 (mass spectrum). (K B r) 2.98, 3 .05, 5 .80, 5.92, and 6.33 p; nmr (CD3SOCD3 )
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t 1.99 (s, 1, NH ), 2 .08-2 .60  (m, 5, indanone H and 1 N H ), 3.45 mol wt, 248. Found: C, 57.77; H , 4 .63; N, 11.03; mol wt,
(s, 1, OH), and 3.58 (s, 1, OH); tic Ri 0.14 (ethyl acetate). 248 (mass spectrum).

A n a l .  Calcd for CioHsN^u C, 54.55; H, 3 .66; N, 12.72; Acetylation of 6c.—A mixture of 0.5 g (2.0 mmol) of 6c, 40 
mol wt, 220. Found: C , 54.41; H, 3 .87; N, 12.84; mol wt, 220 ml of acetic anhydride , and a small amount of sodium acetate 
(mass spectrum). was heated at reflux with stirring under N2 for 90 min. The

Acetylation of 6a.— A suspension of 2.0 g (9.1 mmol) of 6a reaction was worked up by the procedure used for 6b to afford
in 75 ml of acetic anhydride was heated with stirring, under N2 0.3 g (45% ) of 6d. An analytical sample, mp 191-193°, was
for 3 hr. The temperature, initially 50°, was raised to 100° over prepared by several recrystallizations from benzene-petroleum
this time. The mixture was poured into 500 ml of ice-water ether: ir (K B r) 3.38, 5.64, 5.80, 6.22, 6.82, and 6.95 n; uv
and allowed to stand for 16 hr. The mixture was extracted with max (MeOH) 250 my (e 10,800) and 290 (1500); nmr (CD3-
an ether-benzene mixture, and the organic layer was washed SOCD3) t 1.91-2.30 (m, 4, indanone H ), 7.10 (s, 3, NCH3),
several times with water and evaporated. The residue was 7.17 (s, 3, NCH3), 7.85 (s, 3, COCH3), 7.88 (s, 3, COCH3);
washed with hot water, allowed to dry, and then crystallized tic Ri 0.90 (ethyl acetate).
from benzene-petroleum ether (bp 30 -6 0 °). A yield of 1.80 g A nal. Calcd for C13H16N2O6: C, 57.83; H, 4.85; N, 8.43; 
(52% ) of 6b was obtained. An analytical sample, mp 186-188°, mol wt, 332. Found: C, 57.63; H, 4.81; N, 8.44; mol wt, 332
was prepared by recrystallization from benzene-petroleum ether: (mass spectrum).
ir (K Br) 5.61, 5.70, 5.80, 6.22, and 6.82 y ; uv max (MeOH) Reaction of Ninhydria with Guanidine.—A solution containing 
225 m/r (e 8600), 250 (9000), and 286 (1000); nmr (CD3SOCD3) 1.78 g (10 mmol) of ninhydrin and 1.80 g (15 mmol) of guanidine
r 1.95-2.40 (m, 4 , indanone H ), 7.62 (s, overlaps CD»HSOCD3 carbonate in 150 ml of water was stirred at 25° for 30 min and kept
peak, COCH3), 7.70 (s, 3, COCH3), 7.97 (s, 3, COCH3), and at 5° for 16 hr. The precipitate that formed was filtered, washed
7.99 (s, 3, COCH3); tic iff 0.86 (ethyl acetate). with water, and dried under vacuum. This product, 2 .0  g

A n a l .  Calcd for ClsHi6N20 8: C, 55.67; H, 4 .15 ; N , 7 .21; (91% ), mp 215-218° dec, was used directly for analysis: ir
mol wt, 388. Found: 0 ,5 5 .9 8 ;  H, 4 .12 ; N, 7.43; mol wt, (K B r) 2 .9 0 -4 .0  (broad), 5.82, 5.90 (shoulder), 5.98, 6.02 (shoul-
388 (mass spectrum). der), 6.08 (shoulder), 6.12 (shoulder), 6.21, 6.40, and 6.86  y ;

Reaction of Ninhydrin with 1,3-Dimethylurea. Formation of nmr (C F3C 0 2H) r 2 .30-2 .80  (m, overlapping broad absorption,
6c.— A solution containing 2.42 g (13.6 mmol) of ninhydrin and 5, indanone H +  NH) and 3.50 (s, 2, N H). The mass spectrum
2.82 g (32 mmol) of 1,3-dimethylurea in 80 ml of 0.1 N  H2SO, was showed numerous weak peaks beyond the expected molecular
heated at 60° for 30 min. The reaction mixture was kept at 5° ion {m /e  219) up to about m/e 350.
for 48 hr. The precipitate that formed was filtered, washed with A nal. Calcd for C10H9N3O3: C, 54.80; H, 4 .14 ; N, 19.17. 
water, and dried to afford 3.10 g (92% ) of 6c. An analytical Found: C, 54.77; H, 4 .12; N, 19.05. 
sample, mp 259-261 ° dec, was prepared by recrystallization from
methanol-chloroform: ir (K Br) 3.01, 3.20 (shoulder), 5.75, Registry N o .— 1, 485-47-2; 2a, 17438-16-3; 5a,
5.95, 6.20, 6.74, and 6.83 y (shoulder); uv max (MeOH) 248 9 2 4 8 7 -5 5 -4 -  5h 9 9 433-31  _4 - 9942ft Q7-3- 5 d
mu (e 10,600) and 290 (1730); nmr (CD3SOCE3) r 1 .95-2 .28  22430-98-t- 5 e ’ 2-430 99 t ’ 6a 22431 00 l ’ 6b
(m, 4, indanone H ), 3.00 (s, 1, OH), 3.15 (s, 1, OH), 7.08 (s, J  ’ . 7 ,  „ „ ’ . 1_UU 1 ’ ° D’
3, NCH3), and 7.16 (s, 3, NCH3); tic iff 0.49 (ethyl acetate). 22431-01-2; 6c, 22431-02-3 ; 6d, 22431-03-4; 7 ,22431-

A n a l .  Calcd for Ci2H12N20 4: C, 58.06; H, 4 ,87 ; N, 11.28; 04-5; 8, 22431-05-6; 9, 22431-06-7.

A ttem pted Epoxidation of Triphenylcyclopropenela,b

Louis E. F riedrich10 and R ussell A. Cormier

Department o f  Chemistry, University o f  Rochester, Rochester, New York 14627 
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Treatment of triphenylcyclopropene (1 ) with both p-nitro- and m-chloroperbenzoic acid gave the two isomeric 
cis- and fraras-a-phenylchalcones (2a and 2b) in the approximate ratio of 82 :18. No intermediates were detected 
when the progress of the reaction was monitored by nmr under buffered conditions. The possibility and signifi
cance of oxabicyclobutane intermediates is briefly discussed.

Oxabicyclobutanes have been postulated several were intermediates, thermal fragmentation of the bicy-
times as intermediates in various thermal2a’b and clo [1.1.0] ring system3 would yield the observed prod-
photochemical20-11 reactions. In none of these cases, ucts.
however, have oxabicyclobutanes been detected. As part of a larger effort to synthesize oxabicyclo-

The report of Prinzbach and Fischer2b provides the butanes and determine the chemistry of their ring- 
most compelling choice for an oxabicyclobutane in- opening processes, we have studied the oxidation of tri- 
termediate in chemical reactions. Peracetic acid ox- phenylcyclopropene with peracids. 
idation of 1,2-dimethylcyclopropenecarboxylic acid Room-temperature treatment of a methylene chlo- 
methyl ester gave a 30%  isolated yield of the two iso- ride solution of triphenylcyclopropene (1) with 1.2
meric cis- and ircms-/3-acetylcrotonic acid methyl esters equiv of p-nitroperbenzoic acid in a flask wrapped with
in a ratio of 1 :4 . If the expected oxabicyclobutanes aluminum foil gave only the two isomeric cis- and trans-

(1) (a) This work was supported by National Science Foundation Grant
GP-887S. (b) N ote Added in  P roof.— A communication recently ap- ,0
peared in which the epoxidation of several alkyl-substituted cyclopropenes PE u
was reported: J. Ciabattoni and P. J. Kocienski, J .  Amer. Chem. Soc., 91, r h ^  H Ph / P h
6534 (1969). (c) To whom inquiries should be addressed. “  3 ’ C

(2) (a) S. Marmor and M. M. Thomas, J .  Org. Chem., 32, 252 (1967); II
(b) H. Prinzbach and U. Fischer, Helv. Chim. Acta, 60, 1669 (1967); (c) Ph Ph (7
E, J. Corey, J. D. Bass, R. LeMahieu, and R. B. Mitra, J .  Amer. Chem. Soc., - R '
86, 5570 (1964); (d) E. J. Corey, M. Tada, R. LaMahieu, and L. Libit, 1 1 ^
ibid., 87, 2051 (1965); (e) H. E. Zimmerman, R. G. Lewis, J. J. McCullough, 2a, R1 =  Ph;R2 = H
A. Padwa, S. W. Staley, and M. Semmelhack, ibid., 88, 1965 (1966); (f) b; Rx =  H; Rj =  Ph
O. L. Chapman and W. R. Adams, ibid., 90, 2333 (1968); (g) H. E. Zimmer- ----------------  ;
man and W. R. Elser, ibid., 91, 887 (1969); (h) N. Furutac-ii, Y. Nakadaira, (3) Substituted bicyclobutanes fragment into butadienss in an analogous
and K. Nakanishi, ibid., 91, 1028 (1969). fashion; see G. Closs and P. Pfeifer, J .  Amer. Chem. Soc., 90, 2452 (1968).
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T a ble  I R,
P roduct R atios from Oxidation  of T riphenylcyclopropene“ 0.

Unreacted Ri
<=y°l°-

Peracid Buffer Ratio of 2a/2b6 propene, % i * **
p -N 02 None 80 :20  ±  4  16 Ph
p -N 02 None 8 2 :1 8  =fc 5 4  ,  t> _  pn. p _  tr
to-C1 None 84 :1 6  ±  3 5 u ’ n . H P - m
m-Cl NaHC03 80:20 ±  4 10 ’ 1 ™
m-Cl NaHCOa 84:16 ±  5 10 instance was any evidence for 3a, 3b, or any other inter-
p-NOj NaHC03 78:22 ±  5 6 mediate found; only the simultaneous disappearance of
p-NOi N aH C 03 8 1 : 19 ±  5 8 reactants and appearance of the two chalcone products
m-CY Na2C 0 3 83 :1 7  ±  9 37 2 a  and 2b  were observed under conditions where a min-

“ T0A^ethyleT,e chlorid,e s°1yi!;ion at I ° r  temperatur,e u?in§ imum of 3 mol %  of a product such as 3a or 3b (with an ca. 20%  excess peracid. bAll reported errors are standard , i . , , £ \  , ,
deviations. c In ethanol-free chloroform solution. expected singlet for the tertiary benzylic proton) could

be observed. The 3%  minimum was established by the 
a-phenylchalcones (2a and 2b). The identities of the internal addition of a known amount of p-dioxane after
a-phenylchalcones were established by comparison the reaction was completed. .
with authentic samples which were synthesized by two Since the inorganic buffers were inefficient at re
reported procedures.4 No other products were ob- moymg the liberated phenyl-substituted carboxylic
served by ir, nmr, uv, and thin layer analysis after ca. acids’ the possibility exists that the suspected oxabicy- 
90%  reaction. Similar experiments with commercially clobutane(s) 3 decompose by acid-catalyzed processes 
available 85%  m-chloroperbenzoic acid gave identical suc^ as ^ ose shown in Scheme I. The second set of 
results.

Several runs were also performed with added bases to S cheme 1°
see whether the liberated p-nitro- or m-chlorobenzoic + ?-
acids were decomposing isolable intermediates. Un-
fortunately, control experiments established that the Rl
added bases were not effective at rapidly removing p- •v\l
nitrobenzoic acid from chloroform (see Experimental Ph Ph
Section). _ 3a, b |.

Control experiments showed that the cis- and trans- ^
a-phenylchalcones were individually stable to the reac- \ /  _^+ Ph\ yH
tions conditions and isolation procedure if the products 0 = = ( ' P h  "* *IIO+ (^ P h
were protected from light and if a large excess of per- \ph \
acid and very long reaction times were avoided. Sim-
ilarly, triphenylcyclopropene was stable to p-nitro- Ph Ph
benzoic acid and the isolation procedure. In the pre- ,H+ O----- ^  0 =
sence of light, dilute solutions of the chalcones under- 3a, b -----*■ —*-
went slow cis-trans isomerization. Large excesses of *H-------------- Ph *H— t---------- Ph
peracid in the epoxidation reaction led to additional Ph H Ph H
unknown products. Control experiments established , ,
that these unknown materials were formed by subse- 4 I
quent oxidation of the chalcones and were not investi- Ph Ph
gated further. O---- S  0 — f

Quantitative ultraviolet analyses of the crude product — ► *H,
mixtures obtained under various reaction conditions *H-----------% %
were performed by an unweighted least-squares regres- ph Ph Ph Ph
sion analysis on the total optical density of the three „ -r _  PK „  R _  „  p, 
component mixtures at ten different wavelengths. 1 — 101 ’ 2 ~ or
Subjection of known mixtures of the two chalcones and
triphenylcyclopropene to the isolation procedure and equations in this scheme predicts a shuffling of the
ultraviolet analysis revealed that no analytical bias was atoms in the products. This possibility was tested
present. The results are listed in Table I. through the use of m-chloroperbenzoic acid-O-ch which

The most attractive, although completely unproven, should introduce deuterium at the 3 carbon of the a,j3-
route for formation of the two observed products is via unsaturated ketone products. Mass spectral analysis
oxabicyclobutane(s) 3a and/or 3b. In an effort to de- of both products showed only undeuterated material,
tect these or any other intermediates, the progress of the which invalidates the second acid-catalyzed fragmenta-
oxidation was followed by nmr spectroscopy in ethanol- tion. The first mechanism m Scheme I, which involves
free chloroform solution. Methylene chloride could protonation on oxygen, cannot be eliminated,
not be conveniently used as a solvent because its proton ^  oxabicyclobutanes 3a and/or 3b are the immedia e 
absorption obscures the important region of the spec- precursors of the two chalcones, it is reasonable but not
trum. m-Chloroperbenzoic acid was used both with necessary to expect that a stereoselective fragmentation
and without the presence of sodium carbonate. In no would occur that, 18 controlled by the orbital symmetry

characteristics of oxabicyclobutane. th e  qualitative
(4) (a) J. Parriok, Can. J .  Chem., 42, 190 (1964); (b) W. Black and

R. Lutz, J .  Amer. Chem. Soc., 78, 5990 (1953). (5) R. Hoffmann and R. B. Woodward, Accounts Chem. Res., 1, 17 (1968).
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prediction of fragmentation preferences for oxabicyclo- acrolein (Scheme II). These calculations, subject to
butanes, however, is complicated by the lack of sym- their theoretical and practical limitations, fortunately
metry elements which are preserved throughout the enable distinct predictions to be made. The transoid-
reaction. Furthermore, since there is no stereochem- disi.4 mode is clearly favored over the transoid-con^i
istry associated with the oxygen atom, only two theo- mode, on the basis of total energy as well as symmetry
retieal concerted fragmentation modes are possible for arguments; in the transoid-con^ mode the highest
oxabicyclobutanes. This situation is contrasted with occupied orbital of oxabicyclobutane correlates with
tha'  for bicyclobutanes, where the extra two hydrogen the lowest unoccupied x  orbital of acrolein. A similar
atoms or other substituents on the additional bridged result was found for the two cisoid modes. The cisoid-
carbon atom lead to four distinguishable fragmentation disi.4 mode was clearly favored over the cisoid-conM
pathways.3 mode for the same two reasons. The use of these pre-

As is the case with bicyclobutanes,6 oxabicyclo- bictions must await firm knowledge of whether oxa-
butanes in theory may fragment to form initially either dicyclobutane 3 is indeed an intermediate and, if so,
cisoid or transoid a,/3-unsaturated carbonyl products. knowledge of the ratio of 3a/3b.
In order to form the same cis or trans isomer, opposite In both our work on triphenylcyclopropene and 
rotational modes must prevail in forming cisoid or Prinzbach’s work on 1,2-dimethylcyclopropenecarbox- 
transoid product (Scheme II). ylic acid methyl ester, a kinetically controlled epoxi-

dation of the double bonds should give a predominance 
Scheme II  of oxabicyclobutane 5, where R 2 is hydrogen and Ri is

0  phenyl or carbomethoxy. In both cases, a disrotatory
0  || opening of the cyclopropane ring (Scheme II) to form a

__ f /  R C C R transoid a,/3-unsaturatcd ketone or a conrotatory
/  \ opening to form a cisoid ketone (energetically unfavor-

R R R ^  able) would produce the observed major reaction prod-

\ * uct. It  appears fortuitous that both Prinzbach and
s M / diSj ( we observed a 4 :1  ratio of the two possible cis and trans

R2 ’ products.
Qv J One final set of experiments was performed, even

Ri though the results cannot yet be applied to an overall
V : understanding of the oxidation of cyclopropenes.
¿R  Piperidine-catalyzed equilibration of the a-phenyl-

chalcones was effected in both ethanol and methylene

/ . chloride solution until the composition of the mixture
N“ "1'* no longer changed. Even though the solutions turned

yellow, nmr analyses revealed no detectable decomposi- 
R i ^  ?  tior. of the chalcones, nor did the previously employed

0 j? R__q__c __R least-squares regression analysis reveal any noticeable
__£ | presence of decomposition products, which should have

/  \ led to large residuals and standard deviations. The
R R Rz Ri equilibration results are shown in Table II. As is indi

cated, the thermodynamically favored a-phenylchal- 
Another possibility is that oxabicyclobutanes may cone is bhe same chalcone that was formed in major

prefer to rearrange first to oxetenes7 of general structure amounts in the irreversible, kinetically controlled oxi-
4. If so, the product chalcones could be formed by a dation of triphenylcyclopropene.

R\ R\\------- q \ — q T able II
a __a  / jj __________ ^ /  _  E quilibration“ Studies on Chalcones 2a and 2b

1 /  - V' Starting Equilibrium
■n, V, r /  'p  Solvent Temp, °C chalcone ratio of 2a/2b6

2 1 E t o n  80 2a 68:32 ±  3
4  EtOH 80 2b 69:31 ±  3

cyclobutene-butadiene-type fragm entation. In such a CH2Clac 120-130 2a 64:36 ±  3
case, only the developing nonbonded interactions of R i CHAV 120-130 2b 66:34 ±  2
with R  and R 2 with the oxygen atom would direct the “ All equilibrations employed a 10-mol excess of piperidine, 
ring-opening process to the cisoid a ,/3-unsaturated car- ^  reported errors are standard deviations. “ Hndegassed
, , , 2 ,• i i _ r  T, solutions employing undistilled piperidine gave a 2a to 2b ratio of
bonyl product; as mentioned before, the presence of the 66 : 34 ±  3 from 2a and a 64: 36 ±  2 ratio from 2b.
oxygen atom  destroys the disrotatory and conrotatory 
distinctions for fragmentation.

We have performed extended Huckel calculations on Experimental Section
the four fragmentation modes of oxabicyclobutane to General.— Nmr spectra were obtained with a Varian Model

„  ,, , , , . .  _ A-60 spectrometer using tetramethylsilane as internal standard.(6; K. B. Wiberg, Tetrahedron, 24, 1083 (1968); K. B. Wiberg and G. A C a w  1 1  i\/TG 4. i a l , ■
Szeimies, Tetrahedron Leu., 1 2 3 5  (1968). A c « y  M °d d  11 M S spectrophotometer was used to obtain

(7) (a) This reaction pathway is most likely “allowed'’ because of the re- spectra. Ir spectra were recorded with, a Perkm-Elmer
suits from the CNDO?b calculations performed by Wiberg® on the analo- Model 137 spectrometer. Melting points were obtained on a 
gous reaction of bicyclobutane to eyclobutene. The results of Closs,3 how- calibrated Fisher-Jobns melting point apparatus. Mass spectra
ever, effectively rule out this process for the dimethylbicyclobutanes. (b) were obtained at both 20 and 75 eV on a Perkin-Elmer Hitachi
Complete neglect of differential overlap molecular orbital. RM U6E  spectrometer. A direct inlet probe was used.
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1 >2,3-Triphenylcyclopropene (1).— The cyclopropene was pre- aqueous N aH C 03 was an additional product found which ex-
pared from triphenylcyclopropenyl bromide8 according to the hibited in the crude reaction mixture a weak, 1770-cm -1 ab-
procedure of Breslow and Dowd8 and recrystallized to constant sorption in the ir. No further investigations were performed 
uv in 95%  EtO H : mp 114 .0 -115 .5°; uv max (95%  EtO H ) with aqueous buffers.
330 m/i4 (« 24,200), 313 (29,000), and 228 (30,600); uv max Several experiments were performed in which the course of the 
(CHCI3) 334 m*t (e 23,700) and 317 (29,000); ir (CCLt) 1820 cm -1 oxidation of 1 was followed in an nmr tube. m-Chloroperbenzoic
(cyclopropene double bond); nmr (CDC13) 8 7 .77 -7 .20  (m, 15 H , acid and ethanol-free CHC113 were employed. The spectrum was 
aromatic) and 3 .26 (s, 1 H , allylic H ) [lit.8 mp 112-113°; uv repeatedly scanned in the region 8 1 .0 -7 .0 . Only the disappear-
max (95%  EtO H ) 334 mp (e 22 ,800), 318 (28,800), and 218 ance of 1 at 8 3.26 and the appearance of chalcone products were
(27,800); ir 1818 cm -1 ; nmr 8 7.1 (m, 15 H ) and 3.2 (s, 1 H )[ . observed. Addition of p-dioxane to the nmr tube after the reac-

p-Nitroperbenzoic Acid.— The peracid was prepared by either tion was complete indicated that a minimum of a 3 mol %  yield
N20 210 or sodium peroxide11 oxidation of p-nitrobenzoic acid or of an intermediate with a one-proton singlet could have been 
p-nitrobenzoyl chloride, respectively. The peracid analyzed to detected in the region scanned. Similar oxidations with m -
9 9 + %  purity by iodometric analysis with standardized Na2- ehloroperbenzoic acid in ethanol-free CHCI3 with an added
S2O3 in CHCh-HOAc solution; mp 138-139° dec (sealed tube) 15-mol ratio of solid Na2C03 also failed to produce any detectable 
[lit.9 mp 138° dec (sealed tube); lit.10 mp 136-137° dec (sealed intermediates.
tube)]; ir12 (Nujol) 3200 (OH), 1750 ( 0 = 0 ) ,  and 870 cm -1 Analytical Method for Product Composition.— Quantitative 
«> ° ) .  uv analyses of the various crude multicomponent reaction mix-

m-Chloroperbenzoic Acid.-—The peracid was 85%  assay and tures were performed by a linear unweighted least-squares re-
was used as obtained from Research Organic/Inorganic Chemical gression analysis14 on the total optical density of the product a t
Co. ten different wavelengths (eq 1 ). The determined extinction

cis- and irans-a-Phenylchalcones (2a and 2b).— The chalcones
were synthesized according to the procedures of Parrick and of OD^Li =  e2ac2aZ +  £2bC2bl +  el'cil (1 )
Black and Lutz .4 Mixtures of isomers were separated by a
Woelm neutral alumina chromatography (activity II ) using coefficients of 2a, 2b, and 1 which were used in this analysis are
benzene-hexane as the eluent. The individual isomers were given in Table II I . Solutions for analyses were prepared by
recrystallized from 95%  EtO H  to constant uv. D ata for cis-a- dissolving a small sample of the product in ca. 50 ml of CHCU
phenvlchalcone (2a) follow: mp 89-90° (lit. 4 mp 8 9 -9 0 °); (Mallinckrodt AR grade) and the concentration was adjusted to
uv max (95%  EtO H ) 260 him (e 26,200) and 281 (24,400) [lit.4b give approximately unit optical density at 260 mp. The spectra
uv max (95%  EtO H ) 260 mp (<• 24,600) and 280 (22 ,900)]; uv of all solutions were run immediately because control experiments
max (CHCI3) 260 mp (e 21,800) and 284 (20,800); ir (CC1() 1666 established that ca. 10-6 M  solutions of the chalcones underwent
( C = 0 )  and 1224 cm -1 (lit.4“ ir 1666 cm -1); nmr (CDC13) 8 significant cis-trans  isomerization when not protected from light.
8 .09-7 .92  (m, 2 H, benzoyl ortho protons) and 7 .55-6 .98  (m, 14 H , No isomerization occurred in the dark. A control experiment in
remaining protons). D ata for iraras-a-phenylchalcone (2b) which a 7 3 :1 7 :1 0  mole ratio of 2a, 2b, and 1 was subjected to
follow: mp 103-104° (lit.4 mp 9 8 -9 9 °, 103-103.5°); uv max the work-up and uv analysis gave an analyzed ratio of 7 3 :1 8 :9 .
(95%  EtO H ) 255 mp (t 16,500) and 300 (14,500) [lit.4b uv max The analytical results of several peracid oxidations of 1 are sum-
(95%  EtO H ) 255 mp (e 15,100) and 300-302.5  (13,700)]; uv marized in Table I.
max (CHCh) 253 mp (e 14,300) and 303 (12,700); ir (CC1,)
1650 ( C = 0 ) ,  and 1250 cm -1 (lit.4“ ir 1649 cm -1); nmr (CDC13) T able III
8 7 .97-7 .82  (m, 2 H , benzoyl ortho protons ) and 7 .49-7 .15  (m,
14 H, remaining protons). E xtinction Coefficients“ of « -P henylchalcones 2a and

General Procedure for Peracid Oxidation of Triphenylcyclo- 2b and T riphenylcyclopropene (1)
propene (1 ).—A solution of 3 .60 mmol of peracid in 45 ml of x, mp io-*<-(2a) io- , t (2b) io~*« (l)
CII2C12 (to-ehloroperbenzoic acid was dissolved in 10 ml of 250 17 .9  1 4 .0  3 .1
CHjCli) was added rapidly with stirring in a nitrogen atmosphere 260 21 8 13 6 2 8
to 3.00 mmol of 1 in 5 ml of CH2CI2 a t room temperature. All 270 19 7 10 4 5 1
reaction flasks were wrapped with aluminum foil to exclude light. 2gq 20 4 1 0 1
Stirring was continued for ca. 6 hr and the unreacted peracid was ' '
destroyed with 10%  aqueous N a2S 0 3 to give a negative starch-  ̂ 20 A  1 1 .4  1 4 .0
iodide test. The resulting mixture was washed with three 25-ml 300 1 6 .9  1 2 .6  19 .9
portions of 5%  aqueous NaHCOs and one 25-ml portion of water. 310 1 1 .7  1 2 .3  2 3 .3
The organic layer was dried over anhydrous Na2S 0 3 and the sol- 320 6 .8  9 .6  2 7 .2
vent was evaporated without heating on a rotary evaporator to 330 3 .3  6 .1  2 1 .1
give a pale yellow oil which solidified. Thin layer chromatog- 340 1 .8  3 6 12 3
raphy on Merck silica gel G with 5%  ether in hexane showed .  Measured in CHCU solution. The extinction coefficients 
only two spots, corresponding first to the Et value of a mixture of were invariant within the measured concentration ranges 0f
2a and 2b and second to an Hi value identical with that of un- 2 x  10 -5 to 12 X  10 -5 M
reacted olefin 1. U v, ir, and nmr spectroscopy showed only the 
presence of the two chalcones and unreacted 1.

Control experiments performed in the same manner showed Neutralization Rates of p-Nitrobenzoic and p-Nitroperbenzoic 
that in the absence of large excesses of peracid or long reaction Acid with Inorganic Bases. A. Sodium Bicarbonate. Solid,
times, the product chalcones were stable to the reaction condi- anhydrous NaHCOs was added to a saturated CHCI3 solution of
tions and work-up. Similarly, triphenylcyclopropene (1) was p-nitrobenzoic acid and the mixture was stirred at room tern-
stable to a CH2C12 solution of p-nitrobenzoic acid and the work-up perature. The acid concentration was monitored by uv analy-
conditions. sis. After 1 hr, 1 equiv of N aH C 03 had only reduced the con-

When the oxidations were performed with a > 20%  excess of centration of p-n.trobenzoic acid by 18% . 
peracid, at least one additional component was detected in small Sodium Carbonate. A similar experiment as above em-
amounts, nmr (CDCI3) 8 4.1 (s). This or some other additional Paying a 25-mol excess of anhydrous Na2C 0 3 reduced the acid
component absorbed strongly in the 250-270-mp region of the uv concentration by 50%  after 15 min. When a saturated CHCls
spectrum. This minor product(s) was not further investigated. solution of p-nitroperbenzoic acid was treated with a 100-mol ex-

Several reactions were performed with added solid NaHCOa cess of Na^COa, the peracid concentration was reduced by 28%  
or Na2Co3. No additional products were observed. Only after 1 hr.
when the reaction was buffered as a two-phase mixture with C. Disodium Hydrogen Phosphate. A 50-mol excess of
____________  solid, anhydrous N a2HPO, reduced the acid concentration by

13%  after 1 hr.
(8) R. Breslow and H. W. Chang, J .  Amer. Chem. Soc., 83, 2367 (1961). --------------------
(9) R. Breslow and P. Dowd, ibid., 85, 2729 (1963). (13) Ethanol-free chloroform was prepared by passing Mallinckrodt AR
(10) L. S. Silbert, E. Siegel, and D. Swern, J .  Org. Chem., 37, 1336 (1962). grade CHCIj through a column of Merck alumina (100 g of alumina per 200
(11) M. Yilkas, Bull. Soc. Chim. Fr., 26, 1401 (1959). ml of CHCls).
(12) Absorptions characteristic of aliphatic peracids are found at 3200, (14) J. Mandel, “The Statistical Analysis of Experimental Data,”

1745, and 880 cm-1; see L. T. Man, ibid., 33, 652 (1966). Interscience Publishers, Inc., New York, N. Y., 1964, p 136.
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Oxidation with m-Chloroperbenzoic Acid-O-di.— m-Chloro- Catalytic Equilibration of a-Phenylchalcones (2a and 2b).
perbenzoic acid of 9 9 + %  purity was prepared by extraction of A. Piperidine in Ethanol.—A 284-mg (1.0 mmol) portion of
an ethereal solution of the commercially available material 2a was added with stirring to a solution of 850 mg (10.0 mmol)
with a neutral phosphate buffer prepared from 35.5 g of disodium of piperidine (Eastmenr Practical) in 25 ml of absolute EtO H.
hydrogen phosphate and 34.0 g of potassium dihydrogen phos- The resulting solution, excluded from light, was heated to 80°
phate dissolved in 11. of water. A solution of 3.4 g (0.020 mol) internal temperature (reflux) in an oil bath. A 1-ml aliquot was
of 9 9 + %  m-chloroperbenzoic acid in 50 ml of dry, ethanol-free removed at selected times and added to a mixture of 400 ml of
chloroform was stirred with 4.0 g (0.20 mol) of deuterium oxide water and 10 ml of CHCh. After thorough mixing, the CHCls
at room temperature. After 1 hr the organic layer was separated solution was separated and diluted with additional CHCls to
and dried over anhydrous sodium sulfate. The dried chloroform give a unit optical density at 260 mju. The diluted solutions 
solution was treated with a second 4.0-g (0.20 mol) portion of were analyzed for the per cent of cis- and irans-chalcones 2a and
deuterium oxide for 1 hr. Work-up as before and removal of the 2b by uv analysis as described previously. After 24 hr the ratio
solvent on a rotary evaporator without heating gave 2.7 g (80% ) of 2a to 2b was constant (Table III) . At the end of the equili- 
of deuterated peracid: ir (Nujol) 2375 (OD), 1715 ( C = 0 ) ,  bration a portion of the remaining ethanolic solution was added
and 861 cm ”1 (O-O); nmr (CDC13) 8 8 .26-7 .33  (m, 4 H , aro- to a mixture of water and CHC13 as described above and the
matic protons). CHCh layer was analyzed by ir and nmr spectroscopy. No

A 5.0-mmol sample of triphenylcyclopropene was oxidized absorptions other than those of the cis- and irans-a-phenylchal- 
with an equimolar amount of m-chloroperbenzoic aeid-di as cones were observed.
previously described. Uv analysis of the product showed 94%  The irar.s-a-phenylchalcone was allowed to equilibrate under
reaction with a ratio of 2a/2b of 80 :2 0  ±  6 . The crude product the same reaction conditions as above (Table III) . Only the
was chromatographed on 75 g of Woelm neutral alumina (ac- two ohalcone absorptions were observed in the ir and nmr spec-
tivity II ), d 2.2 cm. Application with 25%  benzene in hexane tra  of the crude reaction product.
and elution with benzene-hexane (increasingly greater amounts When the 24-hr aliquots from both equilibrations were added 
of benzene) gave 0.10 g (7% ) of 1, 0.66 g (49% ) of 2a (99:1  ± 4  to water and CHC13 and the CHC13 solution was successively
ratio of 2a / 2b), and 0.13 g (10% ) of 2b (88 :1 2  ±  3 ratio of washed with 5%  aqueous HC1, 5%  aqueous N aH C 03, and water,
2a/2b ). Infrared analysis of the materials established their the uv analyses gave slightly different equilibrium mixtures, 
identity. The impure trans isomer (2b) was rechromatographed cis-a-Phenylchalcone (2a) led to a 71 :29 ±  3 ratio and the trans-
to yield 63 mg (5% ) of a mixture of 2a and 2b, and 43 mg (3% ) chalcone 2b gave a 73 :27  ±  3 ratio of 2a/2b , respectively,
of 2b (91 :9  ±  2 ratio of 2b /2a). No further attempt was made B. Piperidine in Methylene Chloride.—A solution of 142 mg 
to purify this sample. (0.500 mmol) of 2a and 425 mg (5.00 mmol) of piperidine in 4 ml

Mass spectral analysis at 20- and 75-eV ionizing voltage of these of CH2C12 was heated in a stainless steel sealed tube at 120-130°.
samples showed the absence of deuterium incorporation. The At selected times the tube was cooled in ice and a 0.5-ml sample
peak intensities in the molecular ion region were virtually iden- of the orange solution was added to a mixture of 400 ml of water
tical with those of standard undeuterated samples. The mass and 15 mi of CHC13 and shaken well. The colorless CHCh
spectrum of a control sample of 2b which had been passed through layer was filtered through anhydrous Na2SO( and the solvent was
Woelm neutral alumina (activity II , deactivated with deuterium removed on a rotary evaporator. The colorless, oily residue was
oxide) was also identical with that of a standard sample of 2b. analyzed by uv, ir, and nmr spectroscopy. Only the two chal-
The alumina had previously been treated with deuterium oxide cones were observed. After 24 hr the composition of the equil-
and dried at 200-205° (1.0 mm) for 15 hr before deactivation. ibration mixture was constant at 6 6 :3 4  ±  3 for 2a and 2b,

Molecular Orbital Calculations.— A probable geometry of oxa- respectively, 
bicyclobutane was deduced from the known geometries of cyclo- Similar treatment of 2b gave a 64 :36  =fc 2 equilibrium mixture
propane, oxirane, and bicyclobutane.16’16 The reaction coordi- of 2a and 2b.
nate was chosen to lie along a pathway defined by a linear variation When the two equilibrations were performed with freshly 
of the bond angles and bond lengths of oxabicyclobutane to those distilled piperidine and when nitrogen gas was bubbled through
of acrolein.16 The exponents of the atoms were chosen as 1.625, the reactants for 0.5 hr prior to reaction, 2a led to a 64 :3 6  db 3
2.275, and 1.000 for carbon, oxygen, and hydrogen, respectively. ratio and 2b gave a 66 :34  ±  2 ratio of 2a and 2b, respectively.
The respective Coulomb integrals in eV were as follows: C2s, See Table II for a summary of the results.
21.43; 0 2s, 35.30; C2p, 11.42; 0 2p 17.76. Resonance integrals C. Other Conditions.—Several equilibrations were attempted 
were calculated by the Wolfsberg-Helmholz equation using K  with aquecus perchloric acid catalysis as well as with anhydrous
=  1.75. Eigen vectors and eigen values were calculated for eight p-toluenesulfonie acid catalysis in benzene. In the case of
intermediate geometries by the usual extended Hiiekel pro- aqueous perchloric acid,19 no isomerization was observed after
gram .17 The matrix diagonalization was performed in double 48 hr at room temperature using ca. 35%  aqueous HC10< and
precision.18 5 X  10-6 M  2a. W ith p-toluenesulfonic acid in benzene, de-

T . „ ,,T , ,  „  „  , „ composition of 2a occurred. Thermal, iodine-catalyzed equili-(15) P. R. Certain, V. S. Watts, and J. H. Goldstein, Theor. Chim. Acta, „ 2o ni ^  irtj  i c ~ i _  , • ,.
2 , 324 (1964); J. F. Chiang, C. F. Wilcox, Jr., and S. H. Bauer, Tetrahedron, J ?80 led t0  decomposition of 2a and was not mvestl-
25, 369 (1969); K. B. Wiberg, ibid., 24, 1083 (1968); M. D. Harmony and gated tu rtter.
K. Cox, J .  Amer. Chem. Soc., 88 ,  5049 (1966).

(16) L. E. Sutton, Ed., “Tables of Interatomic Distances and Configura- 1 /IQ Q oQ 7 ^ 1 0  £ 7  A* oK
tions in Molecules and Ions,” The Chemical Society, London, 1958, Supple- X teglSiry RIO.- 1, lDOlU-(ty-y J ¿ a ,  /O1Z-O/-0; ¿D ,
ment, 1965. All angles were chosen as 120° and the Ci,2 distance as 1.43 A. 7474-65-9.
All C-H bond lengths were 1.08 A.

(17) Quantum Chemistry Program Exchange, Department of Chemistry,
Indiana University, Bloomington, Indiana 47001. (19) D. S. Noyce, W. A. Pryor, and P. A. King, J .  Amer. Chem. Soc.J 81f

(18) Acknowledgment is made to the Computer Center at the University 5432 (1959); D. S. Noyce and M. J. Jorgenson, ibid., 83, 2525 (1961)
of Rochester for machine time on their IBM 360/65 computer. (20) S. Yamashita, Bull. Chem. Soc. Jap ., 34, 487 (1961).
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Synthesis of an Isom er of Pteroic Acid,
4-[(2-Am ino-4-hydroxypyrim ido[5,4-d]pyrim idin-6-ylm ethyl)am ino]benzoic Acid1

D ong H an K im 2 and R o b e r t  L . M cK e e

The Venable Laboratory, Department o f  Chemistry, University o f  North Carolina, C hapel H ill, North Carolina

Received Ju n e  19, 1969

4-[(2-Amino-4-hydroxypyrimido[5,4-d]pyrimidi«-6-ylmethyl)ammo)benzoic acid (3) and its 2-hydroxy analog
(4), in which C7 and N8 of the pteridine nucleus are interchanged, were synthesized in seven steps from 5-bromo-
2-hydroxymethyl-4-pyrimidinecarboxylic acid. Efforts to condense p-earbethoxyanilinoacetamidine hydro
chloride (6 ) with mucobromic acid did not succeed.

Many chemically modified analogs of pteroylglutamic expected bromopyrimidinecarboxylic acid 8 might lead 
acid (2) and pteroic acid (1) are known to antagonize the to the desired 3 by an approach previously developed in
growth-promoting activity of the vitamin 2 which is this laboratory.6 Preparation of the required inter-
known to function in its tetrahydro form.3 mediate is depicted in Scheme I. p-Carbethoxyanilino-

h « I v 'K K  S c ,“ ‘ I
HT lT  J X Et02C — $  y— NHR - f *

W
5, R=CH2CN

t, x  = OH 6, R = CH2C(NH2)=NH-HC1
2, X = HNCHCO.H 7, R = CH2CONH2

CH2CH2C02H N ^ V ^ Br

Recent interest in this field has been centered on the Et02C—/  \ — NHCH2—4s JL
preparation and biochemical study of deazapteridine \==/ N C02H
analogs in efforts to determine the structural require- 8
ments for the biological activity.4 No attempt has
heretofore been made, however, to investigate the acetonitrile (5) was obtained in excellent yield from 
effect on the activity of changing the relative positions ethyl p-aminobenzoate by the method of Takeda.6 
of the nitrogen atoms in the pteridine nucleus. An attempt to displace the chlorine of chloroacetonitrile

q with ethyl p-aminobenzoate was not successful. The
I  ph conversion of 5 into 6 was carried out according to the

2 \ = /  "'OH method of Schafer and Peters,7 which consists of treat-
ment of the nitrile with dry methanol in the presence of 

R w sodium methoxide followed by addition of an equiv-
3, r  — nh2 alent amount of ammonium chloride. The structure of
4, R =  OH the resultant amidine was supported by elemental anal

ysis, infrared spectrum, and its conversion into p-carb- 
We have been particularly interested in an isomer in ethoxyanilinoacetamide (7) by alkaline hydrolysis,

which C7 and Ns of the pteridine ring of pteroic acid are Our efforts to condense 6 with mucobromic acid, how-
interchanged. This paper describes the synthesis of 3, ever, did not succeed under the various conditions ap-
in which this interchange has been accomplished. plied. This lack of success might be attributable, at

An initial approach to this synthesis involved the least in part, to the nucleophilic character of the anilino
preparation of 2-amino-6-methylpyrimido[5,4-d]pyr- nitrogen, which interferes in the reaction of the amidine
imidin-4-ol and unsuccessful efforts to attach p-amino- with mucobromic acid.
benzoic acid at the 6-methyl site.6 I t seemed more At this stage, our attention turned to a preparation of 
promising, therefore, to prepare first a pyrimidine ring a 5-bromo-4-pyrimidinecarboxylic acid whose 2 sub-
with the desired side chain followed by construction of stituent could be converted into a p-carboxyanilino-
the second pyrimidine ring. Accordingly, condensa- methyl group. After an unsuccessful effort to obtain
tion of p-carbethoxyanilinoacetamidine hydrochloride 5-bromo-2-chloromethyl-4-pyrimidinecarboxylic acid
(6) with mucobromic acid was attempted. Then the from chloroacetamidine and mucobromic acid, 2-(p-

(1) (a) This investigation was supported by Public Health Service to ly lsu ffo n y lo x y m e th y l)-5 -b ro m O -4 -p y r im id in e c a rb o X -
Research Grant CA-05781 from the National Cancer Institute, for which a ylic add. (11) WRS prepared, as shown i ll  Scheme II
grateful acknowledgment is expressed, (b) Abstracted in part from a thesis fro m  th e  C orresponding 2-hydrO X ym .ethylpyrim idi.n6
submitted by D. H. K. to the University of North Carolina in partial fulfill- i i i , . ,. J  /̂ \ o i
ment of requirements for the Ph.D. degree, 1965. 1 0 a > obtained from hydroxyacetamidme (9)8 and

(2) To whom all correspondence should be addressed: Research Division, mucobromic acid by a modified Budesinsky procedure.9
Wyeth Laboratories, in c-.B ^  8299 Philadelphia, Pa. 191°i- An incorporation of the p-carboxyanilinomethyl group

(3) (a) L. Delmonte and T. H. Jukes, Pharm. Rev., 14,  91 (1962); (b) . r  . . F  J  ,, . r
r . p. Rao, j . Sci. Ind. ReS„ 26, 3 3 3  (1967). into the pyrimidine was thereupon achieved by allowing

(4) (a) O. D. Bird, V. Oakes, K. Undheim, and H. N. Rydon in '‘Pteri
dine Chemistry,” W. Pfleiderer and E. C. Taylor, Ed., The Macmillan Co., (6) A. Takeda, J .  Org. Chem., 22, 1096 (1957).
New York, N. Y., 1964, pp 417-426; (b) J. A. Montgomery and N. F. (7) F. E. Schaefer and G. A. Peters, ibid., 26, 412 (1961).
Wood, J .  Org. Chem., 29, 7341 (1964); (c) R. D. Elliot, C. Temple, Jr., and (8) G. E. McCasland and D. S. Tarbell, J .  Amer. Chem. Soc., 68, 2393
J. A. Montgomery, ibid., 31, 1890 (1966). (1946).

(5) C. E. Cook, Ph.D. Thesis, University of North Carolina, 1960. (9) Z. Budesinksy, Collect. Czech. Chem. Commun., 14,  223 (1949).
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Scheme II  th e  h em ih y d rate  of 3 . T h e  u v  sp e ctru m  of 3  w as sim -
jsjjj ilar to  th a t  of p tero ic  a c id ,17 exh ibitin g its  ab so rp tion
| m a x im a  a t  2 5 8  m ¿1 (e 1 6 ,9 0 0 ), 2 8 0  (2 4 ,4 0 0 ) ,  an d  3 4 9

H0CH2C=NH-HC1 — > Ho c j j _ J L JL (40130) in  0 .1 %  aqueous sodium  h yd roxid e  solution ,
g 2 an d  th e  n m r sp e ctru m  ru n  in  b asic  d eu teriu m  oxid e so-

10a R = C O H  lu tio n  exh ib ited  its  C 8 p ro to n  signal a t  r  1 .8 8  (s ), its
k’ _  H p ara-d isu b stitu te d  p hen yl rin g  p roto n s a t  r  2 .5 8  an d

3.73 as an A A 'X X ’ pattern, and its C6 methylene pro- 
tons at r  6.03 (s).

¥  || __ >  W a rm in g  a  sligh tly  acidic aqueous solu tion  of th e  sul-
TsOCH2 ^4N/^Ss qo H fo n a te  16 on  a  ste a m  b a th  cau sed  th e  loss of sulfur di-

2 oxid e an d  afforded N - [(2 ,4 -d ih y d roxyp yrim id o  [5 ,4 -d ]-
11 6 -p y rim id y l)m e th y l]-  4 -  am inobenzoic acid  (4 ) ,18

N ^ V X

h ° 2c _ 0 - N h c h A n 1 . co  I - r  E x p e rim e n ta l S ectio n
1 Elemental analyses were performed by Triangle Chemical

12, X  =  Br Laboratories, Inc., Chapel Hill, N . C ., and Micro-Tech Lab-
13, X  =  NIL oratories, Skokie, 111. Melting points were uncorrected. Ir
14’ x  =  NHCNHCC6H5 spectra were obtained in K B r pellets using a Perkin-Elmer In-

'  r  | ' fracord Model 137 spectrophotometer, uv spectra were recorded
g q on a Perkin-Elmer Model 202 spectrophotometer, and nmr spec

tra were obtained on a Varian Model A-60 spectrometer using 
N R Me4Si as internal standard.

n— - N " ' I f ' ^  —► 3 P-Carbethoxyanilincacetonitrile (5).— An aqueous solution of
H 02c —f  y—NHCH2—^ NH — ► 4 KCN (21.5 g in 60 ml) was added to a hot solution obtained by

\ = /  N y '  dissolving 84.4 g of sodium p-carbethoxyanilinomethanesulfonate
q  in 150 ml of water, and the resulting mixture was refluxed for 80

ie r, min. Sodium p-carbethoxyanilinomethanesulfonate was pre-
’ 77 ”  J 5  „  pared from ethyl p-aminobenzoate and sodium hydroxymethane-

lo, K — s u 3K. sulfonate according to a literature method.6 Chilling of the
reaction mixture caused separation of a precipitate, which was 

11 to  re a c t  w ith  »-am in ob en zoic acid  in  d im eth ylfo rm - collected on a filter and washed with water. Toe crude product 

am id e to  g iv e  ^ 0 . 2 ^ 0 ^ ^ ^
p yrim id m eearb oxy lie  acid  (1 2 ) . l r e a t m e n t  of 12 w ith  g 1 3 3  (t> 3> c h 3CH2), 4.28 (m, 4, CH3CH2, CH2), and 4.70
aq ueous am m on ia  in  a  sealed tu b e  afforded  th e  co rre - ppm (s , i ,  NH ).
sponding 5 -am in op yrim id in ecarb oxy lic  acid  13 . A nal. Calcd for CnH12N20 2: C, 64.49; H, 5 .92; N, 13.72.

C o n stru ctio n  of th e  second  p yrim idin e rin g  w as Found: C, 64.70; H, 5 .89; N, 13.95.
. . . . „  , . , a  • , i ,■ Hvdrolvsis of 5 with aqueous NaOH solution afforded p-

ach iev ed  m  excellen t yield  b y  refluxing a  b asic  solu tion  carbX x y a n ilin o a ce ta m id c(7 ): mp 145-146°; ir 3455 (NH),
of th e  re a c tiv e  in te rm e d ia te  1 4 ,10 w h ich  w as o b tain ed  b y  1686 (ester c = 0 ) ,  and 1662 cm “1 (amide C = 0 ) .
tre a tm e n t of 13 w ith  1 m o lar eq u iv  of b en zo yl isoth io - A n al. Calcd for CuH hN20 3: C, 59.45; H, 6 .35 ; N, 12.61.
c y a n a te  Found: C, 59.87; H, 6 .43; N, 12.60.

D isp lacem en t of th e  2 -m e rca p to  group of 13 b y  a m - p-Carbethoxyanilinoacetamidine Hydrochloride (6 ) . - T h e
. , . , t  i i • t  A  K ii a  1 procedure of Schaefer and Peters7 was employed with the follow-

m o m a  h ad  to  b e accom p lish ed  in d irectly , ’ first con - ¿ng modifications. The reaction period of the base-catalyzed
v e rtin g  th e  m e rca p to  group in to  th e  labile su lfon ate. imino ether formation from 5 was extended to 7 hr, and subse-
T h u s , o xid atio n  of IS  w ith  th e  s to ich io m etric  a m o u n t of quent conversion of the imino ether into the amidine hydro-
p otassiu m  p e rm a n g a n a te 13 afforded th e  re a c tiv e  sul- chloride by NH4C1 was carried out at 57 ±  l c for 48 hr. The

fo n a te  16 . T h e  in frared  sp e ctru m  of 16 exh ib ited  b and s Protduct was Z t  [ T v S d l i ' I  mn fsQ4_____ _ , butanone to give a crystalline product, yield 71 %, mp 189-190 .
at 1049 and 1238 cm which are ascribed to the sul- A n al. Calcd for CuHi6C1N30 2: C, 51.27; H, 6 .26; N, 
fonate group. The introduction of the amino group 16.31. Found: C, 51.82; H, 6 .49; N, 16.17. 
was brought about by heating a solution of 16 in aque- When 6 was hydrolyzed in aqueous KOH solution, the amide 
ous ammonia at 100° in a closed vessel. Since no 7 was obtained in 60%  yield, mp 143-145°. A mixture melting 

., , , , , i j  v j  i /, I, point with the authentic sample obtained irom 5 was not de-suitable recrystalhzation solvent could be found for the pressed
p ro d u ct, p u rificatio n  w as ach iev ed  b y  dissolution  in  di- Hydroxyacetonitrile was obtained according to the procedure 
lu te  b a se  follow ed b y  p recip ita tio n  w ith  a n  acid , giving of McCasland and Tarbell.8 A continuous ether extraction of the
a  p ale  yellow  p ow d er w hose a n aly sis14 in d icated  i t  to  b e  product from the reaction mixture increased the reported yield

more than twofold, bp 79-81° (7.5 mm) [lit.8 bp 102° (14 m m )].
(10) No attempt was made to fully characterize this seemingly unstable 5-Bromo-2-hydroxymethyl-4-pynmidinecarboxylic Acid (10a).

intermediate, although it was isolated from the reaction mixture. — Mucobromic acid (25.8 g, 0.1 mol) was dissolved in dry MeOH
(11) Although it has been amply demonstrated by Tayler and Cain12 that and diluted with MeOH to 40 ml. Compound 9s (19 g, 0.172

the 2-mercapto group of pteridine derivatives can be replaced by amines, was dissolved in 140 ml of dry MeOH in a 500-ml three-
rather strenuous reaction conditions coupled with low yields induced us to neck flask equipped with a meohanical stirrer and a thermometer, 
search for an alternative route which circumvents the limitations of the mi a  i • ____ j ♦ -n ,1  . eco tt, . . . . .  The reaction flask was immersed m an oil bath at 50-55 . Underdirect replacement method.

(12) E. C. Taylor and C. K. Cain, J .  Amer. Chem. Soc., 73, 4384 (1951);
74, 1644, 1788 (1952). (18) L. M. Brancone and W. Fulmor, 4̂nai. Chem., 21, 1147 (1949).

(13) The presence of excess oxidizing agent appears to yield an undesirable, (17) C. W. Waller, B. L. Hutchings, J. H. Mowat, E. L. R. Stokstad,
further oxidized compound, whose identification was not attempted. J. H. Boothe, R. B. Angler, J. Semb, Y. Suffarow, D. B. Cosulich, M. J.

(14) As was the case in analyses of pteridines,15 4 showed a lower value than Fahrenback, M. E. Hultcuist, E. Kuh, E. H. Northey D. R. Seeger, and
the calculated value for nitrogen by as much as 1.6% by a convention micro J. P. Sickels, J .  Amer. Chem. Soc., 70, 19 (1948).
Dumas method. Satisfactory results were obtained by adding a small (18) Pyrimidinesulfonic acids are known to transform into hydroxy deriv-
amount of silver oxide to the combustion tube when a sample was charged.16 atives in an acidic medium; see D. J. Brown, “The Pyrimidines,” Inter-

(15) A. Albert, Quart. Rev. (London), 6, 197 (1952). science Publishers, Inc., New York, N. Y., 1962, pp 17, 297.
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vigorous stirring, 72 ml of methanolic NaOMe solution which period of 5 min under vigorous stirring. The stirring and warm-
was obtained by dissolving 6.9 g of Na in absolute MeOH to give ing was continued for 3.5 hr. The reaction mixture was added
a total volume of 120 ml was added rapidly to the amidine solu- dropwise to 200 ml of cold water, and the resulting mixture was
tion followed by an immediate addition of 24 ml of the muco- stirred at 0° for 0.5 hr. The precipitate was collected on a filter
bromic acid solution over a period of 5 min. A mild exothermic and washed with water to give 2.1 g of product, mp 215-218°
reaction took place. When the temperature of the reaction dec. This was used directly in the following ring-closure reac-
mixture decreased to the original state, the rest of the NaOMe tion.
solution was added followed by an addition of the remaining 4-[(4-Hydroxy-2-mercaptopyrimido[5,4-d]pyrimidm-6-ylmethyl- 
mucrobromic acid solution. The stirring was continued for 2 hr. aminojbenzoic Acid (15).—A solution obtained by dissolving 2.1
The inorganic salts were removed by filtration and washed with g of 14 in 6.8  ml of hot aqueous 3 N  KOH solution was refluxed
absolute EtO H . The filtrate and washings were combined and for 7 min. Acidification of the reaction mixture with 2 N  HC1
evaporated under reduced pressure to dryness. The black resi- to pH ca. 2 under vigorous stirring caused separation of a fine
due was dissolved in 50 ml of 2 N  HC1 and extracted continu- powder, which was collected on a filter and washed with 0 .1%
ously with E t20  for 24 hr. Evaporation of the EfaO extract aqueous NaCl, 0 .05%  aqueous NaCl, and water, successively,
afforded crystalline product, which was collected on a filter and The filter residue was triturated with E t20  repeatedly after being
washed with Me2C0 - E t 20 (2 :1 )  and then with dry E t20  to give dried in  vacuo, giving 1.6 g (98% ) of product which did not melt
8.23 g (35% ) of 10a: mp 152-153.5° dec; ir 3600 (OH) and below 360° but charred at ca. 300°. For purification the crude
1720 cm -1 ( C = 0 ) .  product was dissolved in warm aqueous N aH C 03 solution, treated

A nal. Calcd for C6H5BrN 20 3: C, 30.93; H , 2 .17; N, 12.02. with charcoal, and filtered. Acidification of the filtrate with
Found: C, 31.28; H, 2 .73; N, 12.41. HO Ac caused separation of hardly filterable fine particles. The

Addition of a large excess of Me2CO to a solution obtained by resulting mixture was digested for 20 min on a steam bath and
dissolving 10a in an equimolar aqueous KOH solution caused cooled slowly to room temperature. After the supernatant liquid
precipitation of the K  salt of 10a. Recrystallization from Me2- was removed by careful decantation, the product was collected
CO-H2O (4 :1 ) afforded needlelike crystals: mp 251-252° dec; on a filter and washed with water: ir 3508, 3225, 2942, 1720,
ir 1612 and 1390 cm -1 (C 0 2_ ). and 1700 cm -1.

A nal. Calcd for C6H4BrN 20 3K : C, 26.58; H, 1.49; N, A nal. Calcd for Ci4HnN60aS-H 20 :  C, 48.42; H, 3 .77; 
10.33. Found: C, 26.53; H, 1.45; N, 10.41. N, 20.17. Found: C, 49.04; H, 3 .40; N, 19.71.

Heating of 10a in boiling Me2CO for 0.5 hr resulted in decar- 4-[(2-Amino-4-hydroxypyrimido[5,4-d] pyrimidin-6-ylmethyl)-
boxylation to give 5-bromo-2-hydroxymethylpyrimidine (10b). aminojbenzoic Acid (3).— To a solution obtained by dissolving
Purification by sublimation in  vacuo at 66 ±  0.5° (oil-bath tem- 0.5 g of 15 in 5 ml of 1 N  aqueous KOH was added dropwise
perature) afforded white crystals, mp 93-94°, no carbonyl ab- 43 ml of aqueous K M n 04 solution (10 mg/ml) with vigorous
sorption band in the ir. stirring and chilling (1 ±  1°) over a period of 1 hr. The M n 02

A nal. Calcd for C5H6BrN 20 : C, 31.77; H, 2 .67; N, 14.82. was removed by filtration and washed with water. A small
Found: C, 31.78; H, 2 .89; N , 14.73. amount of Na2S20 3 was added to the filtrate. The filtrate was

2-(p-Toluenesulfonyloxymethyl)-5-bromo-4-pyrimidinecar- then heated to boiling, treated with charcoal, and filtered. Neu-
boxylic Acid (11).— p-Toluenesulfonyl chloride (8.5 g) dissolved in tralization and subsequent slow cooling of the filtrate caused
30 ml of E t20  was added slowly to a solution obtained by dissolv- separation of precipitate, which was collected on a filter and
ing 10a in 70 ml of 1 N  aqueous NaOH solution under vigorous washed with water, giving 0.63 g (80% ) of potassium 6-
stirring. The stirring was continued for 3 hr, during which 15 ml (4-carboxyanilinomethyl)-4-hydroxypyrimido[5,4-d] pyrimidin-2-
of additional E t20  was added. The EtjO layer was removed, sulfonate (16): mp > 360°; ir 3400, 3182, 1708, 1604, 1238,
and the aqueous layer was washed with E t20 .  Careful acidifica- 1170, and 1049 cm -1.
tion of the aqueous solution with 2 N  HC1 under cooling caused A mixture of 34 ml of concentrated NH,OH and 0.43 g of 16 
separation of the product, which was collected on a filter and was charged in a steel bomb and heated at 100° for 2.5 hr. After
washed with water several times: yield 2.28 g (30% ); mp 150 being cooled to room temperature, the bomb was opened and the 
151°; ir 1723 ( C = 0 ) ,  1357, and 1166 cm “1 (S 02). excess NH3 was evaporated. Neutralization of the remaining

A nal. Calcd for Ci3HuBrN 20 5S: C, 40.32; H, 2 .86; N, solution with 2 N  HC1 caused separation of fine particles, which
7.24. Found: C, 40.19; H, 2 .84; N, 7 .30. were collected on a filter to give 0.22 g (68% ) of product, mp

5-Bromo-2-(p-carboxyanilino)-methyl-4-pyrimidinecarboxylic > 360°. For purification, the product was dissolved in 40 ml of 
Acid (12).—A solution obtained by dissolving 9.33 g of 11 and 17 hot 0.03 N  aqueous NaOH solution, treated with charcoal, and
g of p-aminobenzoic acid in 47 ml of dry D M F was stirred at filtered. Careful acidification of the hot filtrate with 1 N  HC1
50-60° (oil-bath temperature) for 48 hr. After mostof the D M F to pH ca. 3 caused separation of the product in a colloidal state,
was removed in  vacuo, the residual oil was added dropwise to 140 After digestion for 30 min on a steam bath, the product was fil-
ml of cold water, whereby precipitation occurred. The pre- tered and washed with 0.1 N  aqueous NaCl solution and then
cipitate was collected on a filter and washed with water and then with water twice. Repeated purification by the above manner
with E t20  repeatedly to give 13.4 g of crude product, mp 240-250°. afforded an analytical sample, which did not melt below 360°
This was used directly in the following debromoamination reac- but turned to brown from ca . 300°: ir 3400, 3310, 3100 (br),
tion- 1670 (br), and 1600 cm-1.

5-Amino-2-(p-carboxyaniiino)methyl-4-pyrimidmecarboxylic A nal. Calcd for ChHi2N603-V2H20 :  C, 52.33; H, 4 .09 ;
Acid(13).— A mixture of 13.4 g of crude 12, 0.5 g of CuS04-5H20 ,  N ,26.22. Found: C, 52.62; H, 4 .22 ; N, 26.05.
and 100 ml of NH4OH was charged in a steel bomb, and 4- [(2,4-Dihydroxypyrimido [5,4-d] pyrimidin-6-ylmethyl)ammo] -
the latter was kept in boiling water for 2.5 hr. After the benzoic Acid (4).—Digestion of 16 in slightly acidic medium at 
mixture had cooled to room temperature, the excess ammonia ca. 95° for 20 min (an odor of S 0 2 was noticed during the diges-
was evaporated under a mild stream of air. Insoluble material tion) resulted in formation of 4. Repeated purification of the
was removed by filtration and the filtrate was acidified with 2 N  product by a similar manner used for 3̂  afforded a pale yellow
HC1 to pH ca. 1 under cooling. The crystals so obtained were powder which did not melt below 360°: ir 3400, 2100 (br,)
collected on a filter and washed with water. Recrystallization of 1700 (br), and 1600 cm l ; uv max (0.1 N  NaOH) 282 mp (e
the crude product from a large excess of water with treatment of 32,400) and 344 (4500). c o it  tr
charcoal afforded 1.6 g of needlelike crystals, mp 235-236° dec. A n al. Calcd for Ci4HnN60 4- 7 2H 2C>: C, 52.17; H, 3.77;

A nal. Calcd for C i3H42N40 4: C, 54.18; H, 4 .20 ; N, 19.44. N, 21.78. Found: C, 51.85; H, 3 .93 ; N, 21.49.
Found: C, 53.89; H, 4 .33 ; N, 19.63.

5-(3-Benzoyl-2-thioureido)-2-(4-carboxyanilinomethyl)-4-py- Registry No.—3, 22433-07-4; 4, 22487-49-6; 5,
rimidinecarboxylic Acid (14).10 To a solution obtained by dissolv- 92433-08-5■ 6.22433-09-6; 7,22487-50-9; 10a, 22433- 
ing 1.4 g of 13 in 9 ml of dry D M F at 50—60° (oil-bath tempera- )  . i i 11• inV, 993.99  19“  —*■ .f ¿sssTii ¿4“

(19) J. C. Ambelang and T. B. Johnson; J. Arner. Chem. Soc., 61, 6321 ^  22433-16-5: 15, 22433-17-6; 16, 22433-18-7.

Vol. 35, No. 2, February 1970 Synthesis of an Isomer of P teroic Acid 457



Synthesis o f an Isom er o f A ntheridiol

T. C. M cMorris

The New York Botanical Barden, Bronx, New York 10458 

Received A p ril 8, 1969

The syntheses are described of 3(3-aeetoxy-22,25-dihydroxy-A5’24<28)-stigma3tadien-29-oic acid y-lactone
( I I I )  and of its 7-keto analog (I I )  which is isomeric with the fungal sex hormone antheridiol. The key reaction 
was a Reformatsky condensation of a C22 aldehyde with a C7 bromo butenolide.

The role hormones play in sexual reproduction in OH
fungi is well established.1 In the case cf the aquatic j I
fungus Achlya bisexualis, the mechanism of hormonal 
control of the sexual process was postulated by Raper
several years ago.2 The substance which initiates the , | | j|
process and which is secreted by the female mycelium ®
was called hormone A. It was isolated in crystalline 1.
form in 1965 and renamed antheridiol.3 The hormone HO x O
has been shown to be a steroid with the structure I 4 I
and this structure has now been confirmed by a syn
thesis carried out by Fried and coworkers of the Syntex 0
Corp.6 OH J L

During the structural investigation, before a satis- j f  |
factory nuclear magnetic resonance (nmr) spectrum |
had been obtained,6 the isomeric structure II for an-
theridiol was favored and a synthesis of this structure f T__ J
was first undertaken. This paper describes the syn- j L
thesis of the model steriod III, and the isomer of an-
theridiol II. The synthetic work provided important ®
evidence for the structure of antheridiol itself. II

The starting material for the synthesis of III was 
3/3-acetoxy-22,23-bisnorcholenic acid, which was re- v, ..CHO 0
duced to the aldehyde IV by a modification of the i jT  II
method of Staab.7 Treatment with an excess of N-N'- r p " 0
carbonyldiimidazole in boiling tetrahydrofuran gave ------1 +  ----- 1— —*■
the imidazolid, which was reduced with lithium tri-i- i J  1
butoxyaluminium hydride in tetrahydrofuran at room A cCrNv"'^Ss~'^ R2
temperature to give 3j3-acetoxy-22,23-bisr_or-A6-cholen- IV V
aldehyde (IV), mp 113-116°,8 in high yield. 0

cfs-4-Hydroxy-3,4-dimethy 1-2-pentenoic acid lactone jl
was prepared essentially by the method of Stewart j ¡p'N)
and Woolley.9 I t  gave, on treatment with N-bromo- ----- 1—
succinimide in refluxing carbon tetrachloride under 1 jT  ‘
illumination, a mixture of products separated by chro- X ^ l l
matography into unchanged lactone, the bromo lactone ------
V (Ri =  B r; R 2 = H), mp 41°, and the dibromo J I j
lactone V (Ri =  R 2 =  Br), mp 120°. A c C i '

Reformatsky reaction of the aldehyde IV and the 111
bromo lactone V (Ri =  B r; R 2 =  H) with activated qjjq
zinc dust in benzene followed by chromatography of ''Y '
the product afforded 3/3-acetoxy-22,25-dihydroxy- / \ J A

(1) See, inter alia, (a) L. Machlis in “The Fungi," Vol. II, G. C. Ainsworth |
and A. S. Sussman, Ed., Academic Press Inc., New York, N. Y., 1966, p 415;
(b) W. H. Nutting, H. Rapoport, and L, Machlis, J .  Amer. Chem. Soc., 90, HO Q
6434 (1968); (c) H. van den Ende, J .  Bacterial., 96, 1298 (1968).

(2) J. R. Raper, Amer. J .  Bot., 26, 639 (1939). VI
(3) T. C. McMorris and A. W. Barksdale, Nature, 215, 320 (1967).
(4) G. P. Arsenault, K. Biemann, A. W. Barksdale, and T. C. McMorris, A5’24(2S)-stigmastadien-29-oic acid Y-laCtone (III) m’O

'• ( t T A C Edw ^s, “ s S T L d o e n .  and I. H. Fried, « « . ,  9 1 , 1248 22^ 2^ °»  “  *  of 15% (from IV). The S u b s ta n ce
(issa)- gave one spot on thin layer chromatography (tic)

(6) This was in part due to the poor solubility of antheridiol in suitable as did its product of acetylation, HID 205-207° and
organic solvents. Eventually, a mixed solvent, 4; 1 CDCIa-CDiOD, proved 1 .• 0 , A ’ . o ml . . ,
to be best. product of deacetylation, mp 240—244 . This indicated

(7) H. A. Staab and H. Braanling, Justus Liebigs Ann. Chem., 664, 119 that the product III Was a single epimer.
(8) A. P. Centolella, F. W. Heyl, and M. E. Herr, ./. Amer. Chem. Soc., ^  1S noting that the ketone ring of III  Was

70, 2 9 5 3  (1948). unchanged alter treatment with alkali and subsequent
(9) j . m . Stewart and d . w. Woolley, ibid., s i, 4 9 5 1  (1 9 5 9 ). acidification. In contrast, when an alcoholic solution
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of antheridiol was treated with a trace of sodium hy- (200 ml) followed by N,N'-carbonyl diimidazole (25 g). The
droxide solution, the ultraviolet spectrum changed mixture was heated to boiling, when complete solution occurred,
in 3 hr from a single maximum at 220 mM to maxima S  C°°led and P°uredc “ to

X J  0^70 m i- 1 , ,  1, water, giving a white precipitate which was separated by filtra-
at 237 and 278 m/x. this change was not fully in- tion, washed thoroughly with water, and dried over P 20e, yield 
vestigated because of lack of material, but it probably 22 g, mp 220-223°. This imidazolid (22 g) was suspended in
involved rearrangement of the a,/3-butenolide to the dry tetrahydrofuran (300 ml) and a solution of lithium tri-f-
@ ,y  isomer10 as well as partial elimination of the 3/3- butoxyaluminum hydride (20 g) in tetrahydrofuran (200 ml) was 
1 1 , m, 1 f ,, „ x x i  added dropwise during a 1 -hr period at room temperature. The
hydroxyl group. The loss of the a,/3-unsaturated resulting solution was concentrated in  vacuo at room temperature
lactone chromophore exposed the peak at 237 m/x to about 100 ml and poured into dilute 1N  hydrochloric acid (400
owing to the A5-7 ketone present in antheridiol. ml) with vigorous stirring. The precipitate was separated by

For the synthesis of II, stigmasteryl acetate was filtration, washed with water, and air dried, yield 23 g, mp 114-
oxidized with anhydrous sodium chromate in acetic J k s n J l f X i W  o f t W b
acid acetic anhydride at 00—40 to give 7-ketostlg- dehyde and unchanged imidazolid. The product was, therefore,
rnasteryl acetate, mp 181-183°.11 Treatment with purified by chromatography on silica gel (0.05-0.20 mm) with
dilute potassium carbonate solution then gave the chloroform, giving 14 g of aldehyde, mp 113-116°. This al-
keto alcohol. Controlled ozonolysis of this compound dehyde has been prepared by ozonolysis of stigmasteryl acetate

, x, , i i 1 1 * 1  , . . dibromide by Centolella, et a l . °  who give a melting point of 113-
in a solution of methylene chloride containing 1% n 6 «. The latter method was tried but was found not to be so
pyridine at —78°, followed by reductive work-up convenient as the one described above. Spectral data for com-
(Zn-CH3COOH),12 gave a 4 0 %  yield of 3/3-hydroxy- pound IV follow: ir 2725 and 1733 cm-1; nmr 8 0.70 (H-18),
A6-7 -k e to ch o le n -2 2 ,2 3 -b isn o ra ld e h y d e  (V I ) , m p 2 2 6 -  1-03 (H -19), 1.13 (d, 7  =  7 Hz, H -21), 5.40 (broad peak, H -6 ),
2 2 qo j  \ /I V and 9.61 (d, J  =  3.5 Hz, H-24).

‘ , rrT . cfs-4-Hydroxy-3,4-dimethyl-2-pentenoic Acid Lactone (V, R,
The mass spectrum of the aldehyde VI (mol wt = R2 = H).—The preparation was similar to the one described

344) was very similar to that of antheridiol, thus in the literature,9 except for the following differences. 2-Hy-
providing further evidence for the steroid nucleus of droxy-2-methylbutan-3-one was acetylated by refluxing with
the latter compound. Antheridiol (mol wt 470 ) excess acetic anhydride and a little zinc dust for 3 hr. The liquid

. . . .  i r , , Nn . . ,, was cooled and poured into ice-water, causing separation of the
readily loses a large fragment; m /e  126, giving the fragrant, oily acetate. Sodium bicarbonate was added to neu-
base peak m /e  344  which corresponds to the molecular tralize the acetic acid and the acetate was then extracted into
ion of VI. The only significant difference in the ether. The extract was dried (Na2S 0 4) and distilled, and the
spectra was in the few additional peaks, viz., at m/e fraction with a boiling point of 77° (21 mm) was collected and

, r „ ,  „  , . , A \ in/» , , , ,  used in the Ref ormatsky reaction with ethyl bromoacetate. The
470 , 452, 43 4  (all very low intensity), 126, and 111, product of this reactio¿ after treatment with sodium hydroxide
in the spectrum of antheridiol. solution was acidified and then extracted with ether. The ex-

The aldehyde was converted to its tetrahydropyranyl tract was dried (Na2S 0 4), the ether was removed, and the residual
ether (dihydropyran-p-toluenesulfonic acid) and then brown, viscous liquid was chromatographed on alumina with 5 : 1
condensed with the bromo ketone V ( R ,  -  B r; f c _  k a í  T f Z ,
H) to give the tetrahydropyranyl ether of II in 15% CH»), 2 .03 (d, J  =  2 Hz, 1 CH„), and 5.70 (q, J  =  2 Hz, l H ).
yield from VI. This product, mp 220-225°, aD  —74°, Reaction of V (Ri =  R2 =  H ) with N-Bromosuccinimide.— The 
appeared to be homogeneous by tic. Removal of the lactone (1 g) was dissolved in dry carbon tetrachloride (60 ml),
tetrahydropyranyl group by gentle acid treatment and N-bromosuccinimide (1.4 g) w ^  added. The mixture was

T i na a r  -i i A r oAfoa) x* . i• n  refluxed under illumination from a 25Ü-W lamp for 30 mm and 
afforded 3/3,22,25-trihydroxy-A ’ -stigmastadien-7- cooled, and the liquid was filtered away from the succinimide.
on-29-oic acid 7 -lactone (II), mp 241-244°. Removal of the solvent gave an oil (2 g) which was chromato-

The mass spectra of II  and antheridiol proved to graphed on silica gel with 1 :3  ethyl acetate-petroleum ether
be almost identical. However, the fragment ion from (bp 6 0-90°) to give, first, the dibromo lactone V (Ri = R 2 =  B r):
, ,  ■ , , . f  11 1 ' m l  .  m „nl, m p l2 0 ° ; ir 1748 cm "1; nmr 8 1.63 (s, 2 CH ,), 6.23 (brs, 1 H ),
the Side chain of the latter compound gave a much and 6.48 (b rs, 1 H ); mass spectrum m /e  282 (M+), 284, and 286.
stronger peak at m /e  126 than the corresponding frag- The bromo iactone y  (R , = H ; R 2 = Br) was eluted next: mp 
ment from II. Both spectra showed intense peaks 4 1 °; ir 1760 cm -1; nmr 8 1.58 (s, 2 CH3), 4.21 (d, J  = 1.5 Hz,
at m /e  111 [(C7HU)0 2 — CH3)+]. Like antheridiol, 2 H ), and 6.20  (t, J  = 1.5 Hz, 1 H ); mass spectrum m /e  204
compound II was easily converted into a A3'6-7 ketone (M+), i206, 235, and 250. The last two peaks were presumably 

^ \ , . , . j  formed by loss of bromine from the molecular ion followed by
(̂ max 278 m/x) on treatment witn acid. dimerization of the resulting radical ion (CuHisOx = 250) and

The isomer of antheridiol (II) was inactive in the ioss 0f a methyl (Ci3H i60 4 = 235). 
biological assay for hormone A. A n a l. Caled for CTH90 2B r (mol wt, 205.05): C, 41.00;

H, 4 .39 ; O, 15.61; B r, 39.00. Found: C, 40.90; H, 4 .25 ;
E x p e rim e n ta l S e c tio n 13 0 ,1 5 .7 3 ;  B r, 39.74. , , .

Late fractions from the chromatography gave unchanged lac-
30- Acetoxy-22,23-bisnorcholenaldehyde (IV).—3/3-Acetoxybis- toneV (Ri = R 2 = H ).

norcholenic acid (20 g)13b was added to dry tetrahydrofuran 30-Acetoxy-22,25-dihydroxy-A5. »<2i»-stigmastadien-29-oic
------------------- Acid y-Lactone (III).— A solution of 30-acetoxy-22,23-bisnor-

(10) The isomerization of a,0-butenolides with alkali is well known m cholenaldehyde (500 mg) and the bromo lactone V (Ri =  H;
the cardenolide field. See L. F. Fieser and M. Fieser, "Steroids, Remhold r 2 _  R r) (275 mg) in dry benzene ( 8  ml) was refluxed together
Publishing Corp., New York, N. Y., 1959,, p 739. with activated zinc dust for 2 hr. (The zinc dust was activated

(11) L. F. Feiser, M. Fieser, and R. N. Chakravarti, J. Amer. Chem. Soc., , * x , ,  , , , , . . , - - . ,
71 2 2 2 6  (1949) by treating it with dilute 6 N  hydrochloric acid for 5 mm, wash-

(12) This method was first used for ozonolysis of stigmastadienone by G. ing it several times with water and then with acetone, and drying
Slomp, Jr., and J. L. Johnson, ibid., 80, 915 (1958). it at 100° in  vacu o .)  The mixture was diluted with benzene sha-

(13) (a) Melting points were taken on a Kofler hot stage and are un- ken with dilute 2 N  hydrochloric acid for several minutes and then
corrected. Infrared spectra were determined in KBr disks with a Perkin- wRb water and dried (Na2S 0 4), and the solvent was removed.
Elmer Model 21 spectrophotometer and ultraviolet spectra were determined rj-be regjdue (70O mg) was chromatographed on silica gel with
in ethanol with a Perkin-Elmer Model 450 spectrophotometer. Nuclear j . j  ethyl acetate-petroleum ether to give II I : yield 93 mg;
magnetic resonance spectra were recorded on a Varían A-60 A spectrometer 224-227°; ir 1757, 1742 (sh), and 1718 cm " 1 (acetate and
using tetramethylsilane as internal reference. Microanalyses were carried. ^ / X J . , , ,  -p- 0 1  • ,
out by Dr. F. Pascher, Bonn, Germany, (b) Purchased from Mann Re- lactone); nmr 8 0 70 (H -18), 1.00 (H-19) (the H-21 SIgnal ap- 
search Laboratories, Inc., New York, N. Y. 10006. peared as two inflections on the side of the H-19 singlet), 1.43
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(H-26 and -27), 1.98 (acetate), 3.99 (broad peak, H -22), 4.52 at 5 4.73, all due to the protons of the tetrahydropyran ring,
(very broad peak, H -3), 5.32 (br s, H-6 ), and 5.80 (s, H -28); The aldehyde VI could be recovered unchanged by treating the
mass spectrum m /e 438 (M — 60), 312 (M — 60 — 126), and tetrahydropyranyl ether with a solution of dilute HC1 in methanol
H I . (0.1 ml of concentrated HC1 in 100 ml of methanol) for 3 hr at

A nal. Calcd for C3iH4e06: C, 74.66; H, 9 .30 ; O, 16.04; room temperature. Thus no epimerization occurred at C-20
mol wt, 498.68. Found: C, 74.50; H, 9 .51; 0 ,1 6 .0 1 ;  mol in the formation of the tetrahydropyranyl ether,
wt, 500 (cryoscopic). The tetrahydropyranyl ether and the bromo lactone V (Ri

This substance gave a single spot on tic with different solvent =  Br, R 2 =  H ) (180 mg) were dissolved in dry benzene (3 ml),
systems. Acetylation with acetic anhydride and pyridine gave a activated zinc dust (60 mg) was added, and the mixture was re
product, mp 205-207°, which was also homogeneous by tic. fluxed for 1.5 hr. I t  was then cooled, diluted with benzene,
Likewise, hydrolysis of the acetate group by treatment of the washed with dilute hydrochloric acid and water, and dried
alcoholic solution with 10% K 2C 0 3 solution gave a crystalline (Na2S 0 4). The solvent was removed and the residue was chro-
product, mp 240-244°, ir 1745 cm -1, which was homogeneous. marographed on silica gel with 1; 1 ethyl acetate-petroleum ether,

7-Ketostigmasterol.— The following method gave better yields giving the tetrahydropyranyl ether of II : yield 66 mg; mp
than that described in the literature.11 Stigmasteryl acetate 220-225°; an —74° (c 0 .2, MeOH); uv max 215 mu (« 19,000)
(5 g) was dissolved in acetic acid (500 ml) and acetic anhydride and 233 (inflection, 16,000); ir 3472, 1739, 1675, and 1634 c m '1;
(50 ml). The solution was stirred at 35-40° with sodium chro- nmr S 0.70 (H -18), 0.97 (broad peak, H-2114), 1.20 (H -19), 1.45
mate (5 g) for 48 hr, concentrated under reduced pressure to a (11-26 and -27), 5.70 (broad s, H-6 ), and 5.87 (s, H -28).
small volume, and poured into water with vigorous stirring. A nal. Calcd for C34H50O6: C, 73.61; H , 9 .09 ; O, 17.31; 
The precipitate was removed by filtration, washed with water, mol wt, 554.75. Found: C, 73.38; H, 9 .02 ; O, 17.74; mol 
air dried, and crystallized from ethyl acetate-petroleum ether, wt, 510 (tensimetric).
yielding ca. 2 g, mp 176-179°. Recrystallization from methanol This substance appeared to be homogeneous by tic. The tetra-
raised the melting point to 181-183°. hydropyranyl group was removed by adding 4 ml of a solution of

The keto acetate in methanol (200 ml) was stirred overnight dilute HC1 in methanol (0.08 ml of 6 N  HC1 in 100 ml of methanol)
with 10%  K 2C 0 3 solution (20 ml). Most of the solvent was to 18 mg of II I . I t  dissolved on shaking, the solution was kept
removed in  vac-uo and water was added to the residue. The in- for 2 hr at room temperature, a few drops of sodium bicarbonate
soluble product was collected and dried: it melted partially at solution were added, and the methanol was evaporated in a
122-124° and completely at 143-145°; uv max 237 mp (e 12,200); stream of N2. W ater was added to the residue and the insoluble
ir 1675 and 1634 cm-1. material was separated, washed with water, dried, and recrystal-

3(¡-Hydroxy-A5-7-keto-22,23-bisnorcholenaldebyde (VI).— 7- lized from ethyl acetate to give II : mp 241-244°; uv max
Ketostigmasterol (1 g), dissolved in methylene chloride (100 mi) 214 mp (e 18,600) and 232 (inflection, 15,000); ir 3425, 1727,
and pyridine (1 ml), was ozonized at —78° for 45 min. (This and 1656 cm -1; nmr o 0.71 (H-18), 1.00 (broad peak, H-2114),
reaction time was found to be most suitable for the conditions 1.21 (H -19), 1.47 (H-26 and -27), 5.71 (br s, H -6 ), and 5.90
used. Shorter reaction times gave mixtures of unchanged 7- (s, H-28).
ketostigmasterol and aldehyde which were not readily separated, A nal. Calcd for CaH^Os (mol wt, 470.63): C, 74.01; H, 
while longer reaction times led to attack of the nuclear double 9 .00 ; 0 , 17.00. Found: C, 74.28; H, 9 .01 ; 0 , 17.14. 
bond.) A white suspension formed. This was stirred with zinc When the tetrahydropyranyl ether of II was allowed to stand
dust (2 g) and acetic acid (2 ml) for 2 hr, during which time it with the dilute hydrochloric acid and methanol overnight, ex-
warmed to room temperature. I t  was then washed several times tensive elimination of the 30 substituent occurred and the As.6-7
with water and dried (Na2S 0 4). Removal of the solvent in  ketone was isolated: mp 237-240°; uv max 210 mp (e 14,900)
vacuo gave a crystalline residue which was shaken with a little and 278 (22,200); ir 3410, 1754,1645, and 1623 cm -1,
ethyl acetate and separated by filtration: yield 330 mg; mp
226-229° (recrystallization from chloroform-ethyl acetate did Registry No.— II, 22336-99-8; tetrahydropyranyl
not change the melting point); «d - 1 2 4 °  (c 0 .5 , MeOH); uv ether of II, 22287-16-7; III, 22287-17-8; IV, 10211- 
max 238 niju (e 12,800); ir 3484, 2710, 1727, 1664, and 1626 qq q , tt /-q  -p pr\ /iioo  a i a . xr /t> _ t> _
cm -1; nmr S 0.73 (H -18), 1.13 (d, /  =  7 Hz, H -21), 1.20 (H -19), =  H H =  R rl ^ 7  4 7 - T
5.73 (broad peak, H-6 ), and 9.63 (d, J  =  3 Hz, H -24); mass B r ) ,  " 2 3 1 J  54  b , V (K i LL, K 2 H r), 2 2 2 8  /  4 / - 4 ,
spectrum m /e  344 (base peak, M +). VI, 2 2 2 8 7 -1 9 -0 .

A nal. Calcd for C22H320 3 (mol wt, 344.48): C, 76.70; H,
9 .36 ; O, 13.93. Found: C, 75.74; H , 9 .41 ; O, 14.73. A Acknowledgment.— T h e  a u th o r is g ra te fu l to  Dr.
satisfactory analysis has not been obtained, possibly because the A lm a  B a rk sd a le  fo r th e  biological a ssay , to  H elen

SOlVent after being heated t0 COnStant McMorris for technical assistance, and to Dr. G. P.
3/3,22,25-Trihydroxy-AE.24(28)-stigmastadien-7-on-29-oic Acid Arsenault and Dr. K. Biemann (Massachusetts In

n-Lactone (II).— The keto aldehyde VI (300 mg) was stirred for stitute of Technology) for the mass spectra. This
30 min with dihydropyran (6 ml) and a small crystal of p-toluene- work was supported by the National Institutes of
sulfonic acid The resulting solution was concentrated in  vacuo H e a Ith  (G ra n t G M  1 2 1 5 0 ).
and chromatographed on silica gel with 1:3 ethyl acetate-pe
troleum ether. The crystalline fractions of the tetrahydropy- (14) This broad peak is probably a result of virtual coupling. For an
ranyl ether were combined. The nmr spectrum of this material explanation of this effect, see N. S. Bhacca and D. H. Williams, “Applications
was similar to that of the starting aldehyde VI, except for in- of NMR Spectroscopy in Organic Chemistry," Holcen-Day, Inc., San
creased resonances in the region of S 1.6 and 3.6 and a broad peak Francisco, Calif., 1964, p 36.
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Conversion of Acyclic Carbohydrates into Tetrahydrofuran Derivatives.
Acid-Catalyzed Dehydration of Hexitols1
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The acid-catalyzed dehydration o f  hexitols leads primarily to the formation of tetrahydrofuran derivatives. In 
those cases in which the reaction proceeds readily, ring closure involves displacement of water from the primary 
alcohol groups in the 1 (or 6 ) position. Where this reaction is retarded by steric effects, the formation of varying 
amounts of anhydrides involving ring closure with inversion at the 2 (or 5) position occurs. The rate of the ring- 
closure reaction involving the primary hydroxyl groups is influenced by changes in the configuration of hydroxyl 
groups not directly involved in the reaction, by inductive effects, and by an interaction between the hydroxyl 
group adjacent to the leaving group and the leaving group itself in the transition state. 2 The ease of 1,4-anhy- 
dride formation decreases through the series allitol, talitol, iditol, glucitol, altritol, galactitol, gulitol, and man
nitol. The formation of 1,4:3,6 anhydrides from the 1,4 anhydrides of iditol and gulitol is approximately 40 times 
faster than from those of glucitol and mannitol, in which the hydroxyl substituent in the newly formed ring is endo.

The acid-catalyzed anhydrization of tetritols and Chart I
pentitols produces tetrahydrofuran derivatives having O I 0  , 0  . 0

the configuration of the starting alditol. 2 T h e rate of \  K  \  V  jS K  k
the reaction decreases through the series ribitol, xylitol, \ — /  ' — / \— *  ’— *
arabinitol, and lyxitol and appears to depend on interac- ' ' '
tions present in the transition states for ring closure. n b o  (50) xyl°  l29) arab in o  ( 0) yxo ( )

A  similar effect of configuration on the rate of 1,4-an- a„hydropentitols
hydride ring formation should be observable m the
hexitol series if the interactions in the transition state j
determine the reaction rate. _ / ° \  ~ / ° \  _/ ° \  /  \

1,4-Anhydrohexitols.3— T h e hexitols have four asym- K __ )  \j___/  \__ y  \\__ y
metric carbons but have primary hydroxyl groups at ] f | Î
both ends. Because of this, there are only six different 1 3  5  7
configurations possible rather than the eight possible a lio  (1700) g luco (510) altro  (195) m an n o( 13)
for the hexoses. Four of the six hexitols can have
enantiomers and two are m eso  compounds; i .e ., a to ta l - O  KO  HO k o
of ten  hexitols is known. Tetrahydrofuran rings can \  /  \] y  k  k  k  k
be formed a t either end of the hexitol chain and could \— (  NL- /  j— V N V
be designated as 1,4 anhydrides and 3,6 anhydrides to 2  4  6  8

emphasize this point. However, in this paper the ia(o (9 3 0) (do (670) galacto  (173) gulo <78)
m ajor concern is w ith the effects of configurational
differences within the tetrahydrofuran ring and these 1 ,4 -anhydrohexitoIs
can be compared most readily if all compounds are
discussed as 1,4 anhydrides. For example, D-glucitol j )  Qne 0f the hexitols belongs to the d series and the
and L-gulitol are names for the same compound; two 0ther to the l  series. However, the rate of the dehy-
different tetrahydrofuran rings can be formed by ¿ration reaction is not influenced by the enantiomeric
reaction at the primary hydroxyl groups. Both form 0f the hexitol, and the configurational relation-
anhydrides could be named as derivatives of D-glucitol, sbips between the pentitols and the hexitols are most
i . e . ,  1,4-anhydro-D-gIucitol and 3,6-anhydro-D-glucitol. easily seen in this representation. The relative rates of
However, it is preferable to name them both as 1,4 formation from the corresponding alditol in 2 N  hydro
anhydrides in which case the latter is named 1,4-an- chloric acid at 100° are given in parentheses beside
hydro-L-gulitol. A  similar situation exists with D-tali- eacb structure; those of the pentitols were obtained
tol and D-altritol. W ith the other four configurations, from ref 2, and those of the hexitols from the data in 
allitol and galactitol are m eso  compounds from which Table I. The expectation that the hexitol series would
racemic mixtures of 1,4 anhydrides are produced by bave the same dependence of rate on configuration as
reaction at either end; either enantiomer of mannitol or the pentitol series is fully borne out, although the
iditol reacts to give the same 1,4 anhydride. Thus, hexitols anhydrize more rapidly than the corresponding
D-mannitol can form only 1,4-anhydro-D-mannitol. pentitols.

The relevance of this discussion is apparent when the T h e effect of configuration of the hexitols on the rate 
effects of configuration on reactions of the hexitols is 0f - ^ 4  anhydride form ation can be rationalized on the
compared with th at observed for the pentitols. E ach  following basis. Only those transition states in which
1 ,4 -anhydropentitol can give rise to two 1,4-anhydro- the hydroxyl group at C-2 occupies an axial position are
hexitols if the carbon chain is extended a t C -5 (C hart allowed, since, when this group is equatorial, it  interacts

(X) This investigation was supported in part by a Public Health Service with the leaving group to prevent its departure2’4

S~  G. Hudson and R. Barker. J .  Org. Chem.. 32, 3650 (1967). product, and the carbon and oxygen atoms of the forming ring are disposed
(3) R. Barker, ibid.. 29, 869 (1964). “  would be in a ̂ -membered-rmg system.
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T a ble  I
P roducts of the Acid- catalyzed D ehydration of the Hexito ls and T h eir  R ates op F ormation“

1,4 anhydrides,
ôverall (2 N) ,b relative rate ôverall (4 IV),'

Hexitol Products® sec"1 =b 0.2 ki,i,c sec"1 ±  0.2 of formation  ̂ sec-1 ±  0.2
Allitol 1,4-Anhydro-DL-allitol (92) 7 .2 6  X  lO“3 3 .3  X  10" 6 133 (1) 2 .5  X  10 “4

One unknown (8 )
D-Talitol 1,4-Anhydro-n-talitol (68) 1 .8  X  10" 6 73 (2)

1.4- Anhydro-D-altritol (14) 2 .66 X  10~5 3 .7  X 10“6 15 (5)
Two unknowns (18)

L-Iditol 1,4-Anhydro-n-iditol (85) 3 .0 8  X  lO“5 1 .3  X 1 0 “5 53 (4) 1 .1 7  X 1 0 “ 4
2.5- Anhydro-D-glucitol (15) 2 .3  X  10~6

D-Glucitol 1,4-Anhydro-D-glueitol (85) 9 .9  X  10-e 39 (3)
1.4- Anhydro-L-gulitol (13) 1.15 X  10~5 1 .5  X  10"6 6 (8)
2.5- Anhydro-L-iditol (2) 2 .3  X 10 -7

Galactitol 1,4-Anhydro-DL-galactitol (97) 6 .67 X 10-6 3 .3  X 10"e 13 (6) 2 .8  X 10-5
One unknown (3)

D-Mannitol 1,4-Anhydro-D-mannitol (41) 2 .5  X  10-7 1 (7)
2.5- Anhydro-D-glucitol (45) 1 .1 8  X  10“6 2 .7  X  10" 7 4 .2  X  10 ' 6
1.5- Anhydro-D-mannitol (14) 8 .3  X  10~s

° Figures in parentheses are percentages of initial products as determined by gas chromatography. The dianhydrides of glucitol, 
mannitol, and iditol are formed slowly and are only important at later stages of the reaction. 6 Pseudo-first-order rate constants for the 
disappearance of hexitol in 2 A7 hydrochloric acid at 100°. '  Pseudo-first-order rate constants for anhydride formation from hexitol in 
2 N  hydrochloric acid at 100° corrected for symmetry of substrates. d Numerals in parentheses refer to structures in Chart I. 
'  Pseudo-first-order rate constants for the disappearance of hexitol in 4 N  hydrochloric acid at 100°.

(Chart II). This requirement fixes the conformation cyclizes six times faster than the latter. If the transi-
of the carbon chain from carbon 1 to carbon 4. Dif- tion states are similar to that proposed for the parent
ferences in rate then depend upon the nonbonded lyxo configuration, then that for the manno compound
interactions between substituents in this conformation. has hydroxyls at C-3 and C-5 eclipsed, while in the
The important nonbonded interactions are those guio configuration the hydroxymethyl of C-6 and the
between adjacent ci.s-hydroxyl groups and between a hydroxyl at C-3 would be eclipsed. If the important
bulky substituent at carbon 4 and a cfs-hydroxyl group interactions are polar ones, then the conformer having
at carbon 3 or at carbon 2. an interaction between hydroxyl groups is less stable.

l,4:3,6-Dianhydrohexitols.—The 1,4 anhydrides of 
Chart II iditol, gulitol, glucitol, and mannitol are converted into

jl the corresponding 1,4:3,6 anhydrides under the condi-
I OH y .  3k R j j  tions of the reaction. The pseudo-first-order rate

r  — const ant s obtained using authentic samples are 5.6 X  
/  V rr HOA \ _  lO -4, 5.0 X  10 1.2 X  10-5, and 1 3  x  10~5 min“ 1,

¿ y p  i V  d i respectively. There is a 40-fold difference between
3 H OH2 H OH2 rates of formation of 1,4:3,6 anhydrides from 1,4

anhydrides in which the hydroxyl a t C-5 is endo in the 
I OH product and those in which this hydroxyl is exo. In

- O — (X )—OH2 - 0 - - W - - O H ,  the former case (the 1,4 anhydrides of m annitol and
X '->\H 2 j  2 glucitol) the hydroxyl a t C-5 must approach an eclipsed

1 H orientation with respect to the oxygen of the 1,4-an-
projection along C-2 -C -i projection along C-2-C-1 rinf ’ whereas in the latter ‘(the 1,4 anhydrides
, . , , n . .  of iditol and gulitol) the C -0  dipoles are oriented so as
bond, 2-OH axial; leaving bond, 2-OH equatorial; to minimize their interactions (Chart IIT .

group can depart interacts with the leaving group

Chart III

Differences in rate between isomers differing only in H OH HO H
configuration at carbon 5 appear to be due to interac- NX O \ /  q
tions between the substituents at C-5 and those at C-3. / ¡ s /  \  / \ /  \
When the hydroxyl groups are cis (in the Fischer HOCHj/U^___y  HOCifi/O^___y
projection) the rate is always greater than when they
are trans. The rate difference is substantial only e  uco and manno £ul° and ldo
between the gulo and manno compounds; the former

2,5-Anhydrohexitols.—The anhydrization of all of 
6 4 5 OH hexitols except mannitol leads primarily to the

HOCH2 1 1 HO | H formation of 1,4 anhydrides. However, in all cases
\ V  compounds having the chromatographic characteristics

/ v C  /  / - r \  /  of 2,5 anhydrides are produced. The 2,5 anhydrides of
H Hq Y  H I Y  mannitol, glucitol, and iditol were available for com-

5 OH H°CH2 OH parison with the compounds produced in the anhy-
3 3 drization reaction. In  the case of the products from

manno sulo  iditol and glucitol, identification is based only on the
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gas ch ro m a to g ra p h ic  b eh av io r of th e  p ro d u cts . H o w - T able II
ev er, 2 ,5 -an h yd ro -D -g lu cito l w as iso lated  fro m  th e  R etention T imes and M olar R esponses of the Acetate 
m an n ito l re a ctio n  m ix tu re  an d  ch a ra cte riz e d  as its  D erivatives of H exitols and T heir  Anhydrides,
l ,3 -0 -is o p ro p y lid e n e -6 -0 -tr ity l  d e riv a tiv e .6 R elative to R ibitol at 240°

The occurrence of 2,5 anhydrides is most readily Alditol Retention time Molar response
explained on the basis of the intermediate formation of Allitol 2 .0 9 0  l . 168
1,2 epoxides, which can rearrange to form 2,5 anhy- DL-Talitol 2 .4 1 2  1 .043
drides with inversion of configuration at C-2. Ob- I'”(,.llo.j 3 .0 4 3  1.092

yiously such epoxide formation can involve either end of Galactitol 2 '725  1' 014
the hexitol molecule. In the case of glucitol (Chart D-Mannitol 2 332 l 034
IV) only 2,5-anhydro-L-iditol was observed (route 2) 1,4-Anhydro-

Di>allitol 1 .643  0 .813
Chart IV DL-talitol 1.645  0 .805

H2COH H2C\ H2COH D-altritol 1.151 0 .7 8 8
| | ^ 0  | D-iditol 1 .456  0 .8 9 4

HCOH H C ^ ---- CH H0CH2 D-glucitol 1.293 1.024
i j 1 I O D-gulitol 1.850 0.856

HOCH HOCH HOCH [ /  \  D-galactitol 1.348 0.902
I ^  | —^ 0 — 4 - —. = \  H? )  D-mannitol 1.483 0.935

HCOH HCOH HCOH j— / CH2OH 2,5-Anhydro-

„{o„ h oh h j  » ¡SSL i;S ;:£
h 2c o h  h 2c o h  h 2c o h  1,3 5 ! 1 -407  ° ' 94°

D'gluclto1 2,5-anhydro-D-mannitol D-glucitol 1.391 0.913
| route 2 D-galactitol 1.343 1.020
I D-mannitol 1.361 0.979

1 ,4 :3,6-Dianhydro-
H2COH H2COH D-iditol 0 .4 3 7  0 .5 8 6

I ! D-mannitol 0 .5 3 7  0 .554
HCOH C----

H0(IH HOCH O CHjOH compounds lacking a hydroxyl group adjacent to the
| __>. 0___1___ = C HO/ leaving group form 1,4 anhydrides with ease.2 To

HCOH' HCOH r further examine the importance of the 2-hydroxyl group
I I ¿ jj on the rate of 1,4-anhydride formation the anhydriza-

tion of 2-deoxy-D-glueitol was examined. The pseudo- 
H HCOH HOCH2 first-order rate constant for the disappearance of

2 nr , , T . 2-deoxy-n-glucitol in 2.0 N  hydrochloric acid at 100° is
1 . 8 X 1 0  “ mm the  major product (approximately

j , ,  , , - , . ,. _ „ . .  85% ) appears to be l,4-anhydro-2-deoxy-D-glucitol,
and it would have been formed from the 5,6 epoxide. since the reaction mixture after 10 X  U/t releases 1.04
Since the formation of a 3 6 anhydride (M-anhydro-L- molar iy of formaldehyde mol' of periodate 
gulitol) occurs with greater difficulty than does the consumed. The ratio of the rates of formatioil of
formation of 1,4-anhydro-D-g ucitol there would be a M -anhydr0-2-deoxy-D-glucitol and 1,4-anhydro-n-glu-
correspondmgly greater opportumty for epoxide forma- citol ig 2.6 : l j  in good agreement with the observation
10ii; 1 , . . . . . .  - - , J . . „  , that a hydroxyl group adjacent to the leaving group

The anhydrization -of iditol leads to a significant produces a decrease in rate by a factor of 3 .2 2-Deoxy-
proportion of 2,5-anhydro-D-glucitol. Apparently the D-ghicitoi (more properly 2-deoxy-D-ara6mo-hexitol)
configuration of this alditol allows the formation of CQuld ag weU be referred to ag 2-deoxy-D-mannitol, and
both the 1,4-anhydride and the 1,2 (or 5,6) epoxide, the fact that it underg0es 1,4-anhydride formation 100
since both are formed with significantly greater ease timeg fagter than doeg D.mannitol clearl demonstrates
than are most other anhydrides. the importance of configuration, in particular of the

D-Manmtol anhydrizes with greater difficulty than relatiye ition of the 2-hydroxyl, to the rate of this
any of the other alditols and a large proportion of reaction
2,5-anhydro-D-glucitol is formed. In addition, a sig
nificant proportion of 1,5-anhydro-D-mannitol is
formed. This material could arise either by direct Experimental Section
displacement of a protonated hydroxyl from C-l by the Hexitols.— D-Glucitol, D-mannitol, and galactitol were ob-
hydroxyl at C-5 or by opening of a 1,2 epoxide by the tamed from Pfanstiehl Laboratories, Inc. Samples were at
hydroxyl at C-5. least 99% Pure as determined by gas-liquid chromatography of

The possibility that 1,2 epoxides are important as their acetate and trimethylsilyl derivatives and were used with-
. , . j. , .  ,, , , . , . , , out further purmcation. L-Iditol was a gift from Dr. J .  W.
intermediates in the formation of 1,4 anhydrides has LeM aistre, Atlas Chemical Industries, Wilmington, Del. Al-
been considered previously6'7 and shown to be _un- litol and n-talitol were prepared by reduction of the correspond-
important in this type of reaction. In addition, ing lactones with sodium borohydride according to the method

of Abdel-Akher, et a l?  These alditols were recrystallized from
(5) G. R. Gray and R. Barker, unpublished results. ____________
(6) F. C. Hartman and R. Barker, J .  Org. C h e m 28, 1004 (1963).
(7) B. A. Applegarth, J. T. Buchanan, and J. Baddiley, J .  Chem. Soc., (8) M. Abdel-Akher, J. K. Hamilton, and F. Smith, J .  Amer. Chem. Soc.,

1213 (1965). 73, 4691 (1951).
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methanol until their physical properties agreed with literature 30 ml/min as the carrier gas. The column was maintained at 
values. 110-140° for the separation of silyl derivatives and at 200-225°

Kinetic Studies.— One milliliter portions of a 4%  solution of for the separation of acetates. In most cases either derivative
the hexitol in the appropriate concentration of hjrdrochloric acid could be used to follow the progress of the anhydrization reac-
were placed in a series of tubes which were sealed and submerged tion. The detector response to each compound was established
in a boiling water bath. The variation in temperature observed when possible using authentic materials and was used with mea-
over a period of several weeks was less than 1 ° . Samples were surements of peak areas to calculate the proportions of the various
withdrawn at intervals and neutralized with sodium hydroxide. components present.
They were then concentrated to dryness under a stream of hot, Ir_ Table II  are presented the relative retention times and the
dry air and the acetate derivatives were formed in the presence molar responses for the hexitols and anhydrohexitols used as
of the residual salts. I t  was shown by subjecting known mix- standards in this study, 
tures of hexitols and their anhydrides to this procedure that the 
salt does not interfere with the derivatization. A suitable aliquot
(usually 1 to 5 *.1) of the reaction mixture was injected into the Registry N o —Allitol, 488-44-8; D-talitol, 22576-99-4;
S“A ? S ”. i S hw .„  performed on .  5 ft X V . in. column of L-iditol, 4 8 8 -4 5 -9 ; D-glucitol, 5 0 -70 -4 ; g a lactito l, 608-
polyethylene glycol sebacate on Chromosorb Q using helium at 6 6 -2 ; D -m annitol, 69-65-8 .

Conversion of Acyclic Carbohydrates into Tetrahydrofuran Derivatives. 
Deam ination of l-A m ino-l-deoxypentitolsla

D . D e n n is  H e a r d , B .  G . H u d s o n , a n d  R o b e r t  B a r k e r 113 

Department o f Biochemistry, University o f  Iow a, Iow a City, Iow a 52240  

Received Ju ly  16, 1969

The 1-amino-l-deoxypentitols were prepared from the corresponding oximes by hydrogenation over platinum.
The products of deamination with nitrous acid at 0° were examined by gas chromatography. In each case, the
1,4-anhydropentitol having the configuration of the starting material was the major product. The amounts of 
pentitol with the parent configuration and anhydropentitol formed by ring closure with inversion at position 2 
increased through the series xylo <  ribo =  arabino <K lyxo. Bis(l-deoxypentitol}amines are also formed during 
the reduction of the oximes. The d-arabino  isomer has been characterized.

Other reports in this series describe the acid-catalyzed with nitrous acid is rapid and leads to the formation of 
formation of the tetrahydrofuran rings of methyl various amounts of 1,4-anhydropentitol, pentitol, and
pentofuranosides,2 1,4-anhydropentitols,3 and 1,4-an- anhydrides formed by ring closure between C-5 and
hydrohexitols.4 Similar effects of configuration on the C-2, which have inversion at C-2. The proportions of 
rates of these reactions were observed and explained on these products are given in Table I. 
the basis of interactions between substituents in the
transition states. In particular, interactions between T a b l e  I
groups which were forced to occupy 1,3-diaxial orienta- M ola r  P r o po rtio n s o f  P rod ucts from  D eam in atio n  of 
tions and between a 2-hydroxyl or methoxyl group and i -Am ino-1 -d e o x y p e n t it o l s“
the group leaving C-l appeared to be important. i-Amino-i- 1 .4  2 ,5  anhydride,

The l-amino-l-deoxyalditols have been shown to deoxypentitol anhydride inverted Alditol
deaminate readily and to give rise to 1,4-anhydroalditols ribo 78 15 7
as major products.5 The deamination reaction differs arabino 78 9 14
from the displacement reactions cited above in that it xvl°  89 9 2
takes place at lower temperatures, and may therefore be ly x 0  55 24 20
influenced by conformations of the ground states. 0 Values are averages of three separate deamination experi- 
Further, the reaction is not reversible, and, unlike the ments and duplicate analyses,
dehydration of the alditols, reaction with the solvent
produces a stable product. Finally, the transition The deamination reaction leading to 1,4 anhydrides 
state for the formation of a tetrahydrofuran derivative and alditols having the configuration cf the starting
in the deamination does not contain a leaving group, or amine probably proceeds by one of the routes shown in
contains one which cannot have the kinds of interaction Scheme I. For convenience, the ribo configuration is
that a protonated leaving group can have with adjacent represented; however, the following discussion is
hydroxyls. Because of these differences we wished to concerned with the general case. It is not possible to
determine whether the effect of configuration in the distinguish between the two routes, but, to rationalize
acid-catalyzed reactions was observed in this ring- the differences in proportion of products observed with
closure reaction. differences in configuration, it is not necessary to do so.

The deamination of the 1-amino-l-deoxypentitols That the rate of formation of the diazo compound 2
(1) (a) This investigation was supported in part by a Public Health Ser- was not influenced by changes in the configuration of

vice Research Grant (GM 11,963) and by a Public Health Service Research th e  a m in e  1 Was show n b y  m ea su rin g  th e  r a te s  o f
Career Program Award (g m  2 4 ,808) to r . b . from the institute oI General disappearance of the latter (see Experimental Section).
Medical Sciences; (b) to whom inquiries should be addressed. TT  ̂ * t

(2) D. Dennis Heard and R. Barker, J .  Org. Chem., 33, 740 (1968). -H ow ever, th e  re&Ct&nt IOr th e  form ation  Ol 1 ,4  a jl l iy -
(3) b , g . Hudson and r . Barker, M d., 3 2 , 3 6 5 0  (1967). drides is either the diazo compound 2 or the carbonium
S  ®a* er'.l6ld-’ ®8,461 (4970j- ion 3, and differences in rate of formation of 2 or 3

and l . f . Wiggins, Nature, 165,566 (1 9 5 0 ). w ould  n o t  in flu en ce  th e  p ro p o rtio n  o f 7 fo rm ed  m  th e
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Sc h e m e  I  Sc h e m e  I I

+ + transition state ground state
h2cn h 2 h ,c n 2 h2c

H;------ 2 H hono H+ 0H n2 H+ 0H J h2COH OH
H------ OH ----- - H-------OH H------ OH ^ \ s L - 0 ' '  HOH ( ► /  C+
H— — OH H-------OH routel H-------OH

H2COH h2c o h  h2coh  r  ho 'oh

h  h2co h  H J h2COH h oh

h o c h 2| h-------0H HOCH2| H O ^ V i— -O''  ̂  HOH2C ^ i-y -x / C +

H------ 0H / HV  - 'Y -- '-C + HO ivV -N , „ l j l 0H <Cy r
HO OH H-‘f I hA Ah ri6”

4 5 Ih2COH

H O 'A nL - 9 -  HOHjC - tv p *
HOCH2 h/ V - {

/ ° \  v  ho' oh
/  \  a r a b i n o

N — Y OH

H0n 0H CH.OH

reaction. This proportion should depend only on the I Ho' OH
relative rates of the intramolecular reaction (forming 7) l y x o

and reaction with solvent (forming 6).
If the formation of the 1,4 anhydride is a displace- . . .

ment reaction,6 then the ease of assumption of con- cyclize than is nbitol, primarily because of the in
formation 4 should affect the rate of the process and terference of the C-2 hydroxyl group of the former with
the rate would be sensitive to changes in configuration. b̂e i ea,vJrl̂  gr0UP m the transition state having fewest
The same effect would be expected if 5 were the inter- nonbonded interactions between substituents at C-2,
mediate in the process. On the other hand, neither the , arK „ bls interaction is proposed to involve
rate of conversion of the diazo compound 2 nor of the hydrogen-bond formation with, or proton transfer to, 
carbonium ion 3 into the alditol 6 would be expected to b̂® ^  group. In the deamination reaction, no such
be as strongly influenced by configurational changes in interaction can occur and the other effects of configura-
the reactant as the ring-closure reaction. b° n (ih°™  due to interactions between groups at C-2,

The rates of reaction of the intermediate 2 or 3 , an  ̂ should still be apparent. On this basis,
cannot be measured. However, the relative rates of tbe Proportion of 1,4 anhydride would be expected to
cyclization and solvolysis can be estimated from the decrease through the series arabino xylo, nbo  and lyxo 
relative proportions of products at any time in the as waf *01*nd m an ear ^  study of the cyclization of
reaction and, if it is assumed that solvolysis is un- benzylated pentitols. This is not the case. I t  is
affected by changes in configuration, the effect of Posslb e that’ m tbe, deamination reaction which is
configuration on the rate of the cyclization reaction can f med out at °,r below r«om temperature, the con-
be estimated from the ratio of pentitol to 1,4 anhydride. formations of the ground states are important in

From the data in Table I and on the basis of the determining the ease of cyclization. It has been
assumptions discussed above, it appears that ring proposed earlier ■ that the ground-state conformations
formation becomes increasingly more difficult through tb e . Pentlb) S have their hydroxyl groups gauche,
the series xylo, riba, arabino, and lyxo. However, the Producing a maximum separation of the C -0  dipoles,
differences in rate are small. Probable transition The ground state for xylitol would then have the con
states for the various configurations are shown in formation 8 and *hat of nbitol the conformation 9.
Scheme II The ‘ormer would be much more likely to give rise to a

In the ’ acid-catalyzed formation of 1,4-anhydro- ^ clic Product Alternatively, the ground-state con-
pentitols from the pentitols the rates were found to bjrmers ma/  be fe n d e d  chains with a zig-zag con-
decrease through the series ribo (50), xylo (29), arabino formation. In this case the proportion of 1,4 anhy-
(10), and lyxo ( l ) .7 In this case, the differences in rates dnde will reflect the energy difference between the
between the pairs of isomers differing in configuration extended chain and the cyclic transition state,
at C-2 were attributed largely to interaction of the Such ground-state conformations are less likely to
hydroxyl group at C-2 with the leaving group in one of determine the rate of cychzation m the acid-catalyzed
them. For example, arabinitol is much slower to dehydration at 100 .

(6) J. Baddiley, J. G. Buchanan, andB. Carss, J .  Chem. Soc., 4058 (1957). (8) G. R. Gray, F. C. Hartman, and R. Barker, J .  Org. Chem., 30, 2020
(7) Relative rates given in parentheses are corrected for the statistical (1965).

factor in the case of ribitol and xylitol, and were calculated from the propor- (9) F. C. Hartman and R. Barker, Biochemistry, 4, 1068 (1965).
tion and 1,4 anhydrides of arabinitol and lyxitol formed in the dehydration (10) H. S. Khadem, D. Horton, and T. F. Page, Jr., J .  Org. Chem., 33,
of arabinitol.8 734 (1968).
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In addition to 1,4 anhydrides and alditols, varying pentoses by catalytic reduction of freshly prepared pentose
proportions of products involving ring closure at C-2 by oxime. The amines were purified by preparation and recrystal-

u , j  i * n  c r . j  rpv j  i u  lization of the IV-salievlidene-l-amino-l-deoxypentitols and the
the hydroxyl at C-5 are found. These products could 1_anino. 1.deoxypentitol hydrochlorides were generated by acid
arise from the intermediate formation of 1,2 epoxides, hydrolysis of the salicylideneamines.
which would rearrange to form stable tetrahydrofuran A. l-Amino-l-deoxy-D-arabinitol Hydrochloride.— To 5.6 g 
derivatives (Scheme III). It is improbable that 1,2 of hydroxylamine sulfate in 40 ml of water at room temperature

was added 10 g of D-arabinose. The pH of the solution immedi
ately dropped from 2.6 to 1.8. A solution of 3 N  ammonium 

scheme i l l  hydroxide was added dropwise to the reaction mixture to main-
+ H2COH tain a pH of 4.6. The pH reached this constant value in 1.5

Bid B 2C \ ^  hr, indicating the reaction had reached completion.13
______H_________________ I The reaction mixture was transferred to a 500-ml Parr reduc-

t I H-------- OH tion bottle and 10 ml of glacial acetic acid and 1 g of platinum
“  H OH *■ O _____ qjjj oxide were added. The mixture was reduced for 18 hr during
H OH H OH |_____  which time the theoretical amount of hydrogen was taken up.

„  PQpj COH The mlxture was filtered through a Celite pad to remove the
2 2 platinum, and passed over a column containing 150 ml of Dowex

j 50W X  8 (H+). The column was washed with water until the
I eluate was neutral, and these washings were discarded. The

| column was then eluted with 250 ml of 5 A' ammonium hydroxide,
HO--------H i  and the eluate concentrated to dryness at 30°. The residue was
HO_____h  9  taken down to dryness several times from absolute ethanol, leav-

I ing the crude amine as a clear syrup (8 g, 80% ).
The amine was purified by conversion into the salicylidene deriv- 

H2COH ative. To a solution of 7.5 g of the amine syrup in 7.5 ml of water
were added 22.5 ml of absolute ethyl alcohol and 5.25 ml of salicyl- 

. . aldehyde.14 The mixture was refluxed for 30 min and then con-
epoxides are intermediates m the formation of the 1,4 centrated. The resulting crystalline M-salicylidene-l-amino-1- 
anhydrides, since it has been shown that l,2-epoxy-4- deoxy-D-arabinitol (6.0 g, 51% ), after recrystallization from
butanol does not give rise to 3-hydroxyfuran under absolute ethyl alcohol, had mp 183-185°. Wolfrom, el a l., report
mildly alkaline conditions.11 The possibility that these mP 184- 1 8 5 l-Amirm-l-deoxy-D-arabinitol hydrochloride was 

, '7 . „ , » ^ , , obtained by acid hydrolysis of the salicylidene derivative and
products are formed from a rearranged carbonium extraction of the salicylaldehyde with methylene chloride. The 
ion can be discounted, since only products having material obtained by concentration of the aqueous phase was
inversion at C-2 are found. If a C-2 carbonium ion recrystallized from aqueous methanol to a constant melting point
intermediate was involved, then products should be of 135-135.5°. Jones, ef of., report mp 136.5-1 3 7 .5 °.1S

. u • • \ . .• , . . .  , A nal. Calcd for C5HUN 0 4C1: C, 32.01; H, 7.52; N, 7.46;present having inversion and retention at this center. mol wt> 187.6. Found: c> 32.24; *H> 7.61. N> 7.30; mol wt>
A bis(l-deoxy-D-arabimtol)amme was isolated from ,go ±  5. 

the reduction of D-arabinose oxime, which was prepared l-Amino-i-deoxy-D-ribitol, -D-xylitol, and -u-lyxitol Hydro- 
by the neutralization of the acid released during oxime chlorides.— The crude amine hydrochlorides, the salicylidene
formation with sodium hydroxide. The reduction of derivatives, and the purified hydrochlorides of the 1-deoxy-
,, , , , ,. - ,, , , , ,  , , pemitols were prepared as described tor the arabm o  isomer,
the neutral solution followed by the usual work-up gave Xhey had the properties listed in Table IL
an amine, which, when treated with nitrous acid, gave an
insoluble N-nitroso derivative. The derivative was T able II
characterized by molecular weight, elemental analysis, iv-Saiicyiidene-i- i-Amino-i-deoxyPentitoi
and conversion back into the amine. It gives an atypical amino-i-deoxypentitoi-. .--------------hydrochloride---------------
Liebermann test and has a strong absorption band at Mp,°c Lit.4mP, °c Mp, °c c, % h, % n , %
237 mu. The occurence of secondary amines in the ribo  124 126 126-128” 31 .84  7 .5 9  7 .45
reduction of oximes has been described previously,12“ *yl° 128-129 139_140‘ 82 19 7_^_ 7 ' i 7

and secondary amines are also formed in the reduction „ . „ . . ^ t . .
r i i • ioH a iv-Sahcyudene-l-ammo-l-deoxy-D-lyxitol: Anal. Calcd tor

Of glycosylammes.12b C12H17N 0 6; C, 56.5; H, 6.67; N, 5.48; mol wt, 255. Found:
C, 56.4; H, 6.61; N, 5.47. Registry no. 22566-19-4. 6 See ref 
14' ‘ Lit. value 132.5-134° (ref 15). Registry no. 22566-17-2. 

iix p e n m e n ia i s e c u o n  d 4.^ mjno. ,  deoxy-D-lyxitol hydrochloride could not be crystal-
Melting points are corrected. Gas chromatography was per- lized; however, the material was chromatographically pure, and 

formed with an Aerograph H Y -FI 600-D, equipped with a 5 ft X  analysls obtained agrees closely with that expected of a mono-
Vs in. column of 10% polyethylene glycol sebacate on Chromo- hydrate CsHuNCl- (H20 ) .  e Registry no. 22566-18-3. 
sorb Q using helium as the carrier gas. Constant temperature
for deamination experiments was maintained using a Haake Deamination Reactions.— Samples of 1-deoxy-l-aminopentitol
Ultrathermostat NBS water bath. Absorbancies were measured hydrochlorides (180 mg) were dissolved in water (3 ml). Glacial
using a Beckman DU with a Gilford attachment and absorption acetic acid (1 ml) was added and the mixture cooled to 0°.
spectra were obtained using a Cary 15. Sodium nitrite (140 mg) was added to the solution in milligram

Reductions were performed at room temperature at low pres- amounts during 1 hr, while the temperature of the reaction mix-
sure (50 lb/in .2) using a Parr pressure reaction apparatus. ture was maintained at 0°.
Molecular weights were determined using a Mechrolab vapor The reaction mixture was then kept at room temperature for 1
phase osmometer. Analyses were performed by Galbraith hr, degassed by alternately warming and applying a vacuum by 
Laboratories Inc., Knoxville, Tenn. means of a water aspirator, and passed over a column (6 ml) of

Preparation of 1-Amino-l-deoxypentitol Hydrochlorides.—  Dowex 50W X  8 (H+). The eluate was concentrated to dryness,
The 1-amino-l-deoxypentitols were obtained from the parent and the residue taken up in water (1 ml) and passed over a column

(11) F. C. Hartman and R. Barker, J .  Org. Chem., 28, 1004 (1963). (13) J. W. Haas, Jr., andR. E. Kadunce, ibid., 84, 4910 (1965).
(12) (a) R. Paul, Bull. Soc. Chim. Fr„ [5] 4,1121 (1937); P. N. Rylander, (14) M. L. Wolfrom, F. Shafizadeh, J. O. Wehrmuller, and R. K. Arm- 

“Catalytic Hydrogenation over Platinum Metals,” Academic Press Inc., strong, J .  Org. Chem., 23, 571 (1958).
New York, N. Y., 1967, p 139; (b) F. Kagan, M. A. Rebensdorf, and (15) J. K. N. Jones, M. B. Perry, and J. C. Turner, Can. J .  Chem., 40,
R. V. Heinzelman, J .  Amer. Chem. Soc., 79, 3541 (1957). 503 (1962).
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(6 ml) of Rexyn 203 (OH~). The eluate was concentrated to The compound had E Mm  8.75 X  102 and E Kus 22.6. I t  gave 
dryness, to give 100 mg (60-70% ) of a mixture of alditol and an atypical Liebermann nitroso test in which the first color ob-
anhydrides. tained was royal blue. The compound consumed 1.0 mmol of

The products of the deamination reactions were investigated periodate/53.0 mg of sample, 
by paper, thin layer, and gas chromatography. Aqueous solu- A n al. Calcd for C10H22N2O9: C, 38 .2 ; H , 7 .06 ; N , 8 .8 6 ;
tions of the reaction products were applied to Whatman No. 1 mol wt, 314.3. Found: C, 38.02; H , 7 .03; N , 8 .94 ; mol wt,
filter paper or to plates of microcrystalline cellulose16 and were 340 ±  40.
developed in ethyl acetate-pyridine-water (1 0 :4 :3 )  and in A benzoate, prepared in the usual fashion, had mp 80° and
methyl ethyl ketone-water (9 2 :8 ). Carbohydrate components [<*]26d + 5 8 .2  (e 1.77, CHCh).
were located by their reaction with periodate/benzidene spray.17 A nal. Calcd for CeeHsilNbOn: C, 69 .2 ; H, 4 .70 ; N , 2 .44 ;
Ri values were compared with those of authentic alditols and mol wt, 1147. Found: C, 69.8; H , 4 .84 ; N, 2 .54 ; mol wt,
1,4-anhydroalditols. 1260 ±  100.

Quantitative analysis of the reaction mixtures was performed Bis(l-deoxy-D-arabinitol)amine.—Catalytic reduction of the
by gas chromatographic analysis of the acetate and silyl deriva- nitroso compound over platinum gave an amine, mp 173.6,
tives using 10%  polyethylene glycol sebacate on Chromosorb Q. [a]D  —10° (c 1, H 20 ) ,  and pK a' 7 .75, which did not react with
The acetates were formed by treatment of samples (20 mg) with salicaldehyde, but which gave a crystalline hydrochloride, mp
pyridine (0.2  ml) and acetic anhydride (0.1 ml) and separation 199-201 and [«]d + 2 3 °  (c 2 , H20 ) .  This amine could be quanti-
was achieved at a column temperature of 220°. The silyl ethers tatively converted into the nitroso compound,
were prepared by treatment of samples (50 mg) with pyridine Kinetics of Deamination.— Attempts were made to estimate the 
(0.2  ml), trimethylchlorosilane (0.2  ml), and hexamethyl- rates of deamination of the 1-amino-l-deoxypentitol hydro-
disilazane (0.1 ml), and separation was achieved at a column chlorides by measurement of the evolution of nitrogen during
temperature of 130°. The retention times of the products were reaction; however, reproducible results could not be obtained,
compared with those of authentic materials. The molar re- Reproducible results were obtained using a modification of
sponses of the alditols and their 1,4 anhydrides were established Sorensen’s formaldehyde titration as described by Taylor for the 
using authentic materials. The compositions of the deamina- measurement of the deamination of aliphatic amino acids.18 
tion mixtures were calculated from the molar responses and are A solution containing 1 ml of 0.1 N  1-amino-l-deoxypentitol 
shown in Table I. hydrochloride and 0.5 ml of 0.2 N  hydrochloric acid at 25° was

To determine the reliability of the procedure, deaminations mixed with 0.5 ml of 0 .4  N  sodium nitrite. Aliquots (100 m1)
were performed in the presence of a known proportion of a pentitol were withdrawn at intervals and were immediately mixed with
which would not be formed in the reaction. (For example, 2 ml of 0.005 N  sodium hydroxide and 1 ml of water. The pH of
ribitol was added to 1-amino-l-deoxy-D-arabinitol hydrochloride the solution was adjusted to 8.5. This solution was mixed with
prior to deamination.) The reaction was processed as described 1 ml of a 20%  solution of formaldehyde, which had also been ad-
and analyzed by gas chromatography. The proportion of ribitol justed to pH 8.5. The solution was then purged with argon to
in the products was used as an index of recovery of the alditol prevent absorption of carbon dioxide and was titrated in a 3-min
and anhydrides. In all cases it was found that a t least 80%  of period with 0.001 N  hydroxide to pH 8.5 . All of the 1-amino-
the amine had been converted into alditol or anhydrides. 1-deoxypentitols were deaminated at approximately the same

iV-Nitrosobis(l-deoxy-D-arabinitol)amine.— In the experiments rate, k =  0.253 ±  0.04 sec-1.19
involving deamination of 1-amino-l-deoxy-D-arabinitol, which
had not been purified via the salicylidene derivative, the forma- Registry No.1— 2V-Nitrosobis(l-deoxy-D-arabinitol)-
tion of a polyhydroxy compound which strongly absorbed in the amine, 22566 -20 -7 ; AT-nitrosobis ( 1 -d eoxy-D -arab in ito l- 
uv was observed. This component is fairly insoluble in water, am in e) b en zo ate  22566 -21 -8 ; bis(l-deoxy-D -arabinitol)- 
and in one experiment crystallized from the deamination mixture. . i • /-< i i . 1N ♦ •.
After several recrystallizations, it had mP 210° and %]d +39.2° amine, 22566 -22 -9 ; bis(l-deoxy-D-arabim tol)am m e hy- 
(c 1.84, H20 ). drochloride, 22566-23-0 .

(16) Avicel F. M. C. Corp., Newark, Del. (18) T. W. J. Taylor, J . Chem. Soc., 1897 (1928).
(17) J. A. Cifonelli and F. Smith, Anal. Chem., 26, 1132 (1954). (19) T. W. J. Taylor, ibid., 1099 (1928).
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Total Synthesis of Modified Steroids. II. 8/3-M ethyl-D -hom oestranes1

D o n a l d  J .  F r a n c e , J o h n  J .  H a n d , an d  M a r in t js  L o s 2

Chemical Research and Development Laboratories, Agricultural Division,
Am erican Cyanamid Company, Princeton, New Jersey

Received Ju n e  19, 1969

Synthetic methods have been developed for the preparation of 3-methoxy-8/3-methyl-D-homoestra-l,3,5(10),- 
9(11), 14-pentaen-l7a-one by two routes. The first of these involved the alkylation of 3 with 2-bromo-3 - 
methoxyacetophenone, which could be converted into the key intermediate 24, 3,7,8,8a-tetrahydro-5a-(m- 
methoxyphenethyl)-5/3,8a/3-dimethyl-l,6(2H,5H)-naphthalenedione, by a variety of methods. The alternate 
route proceeded through the allyl derivative 16, which was transformed into the aldehyde 18 in two steps. Reac
tion of 18 with OT-methoxyphenylmagnesium bromide gave 10, which on reduction and hydrolysis afforded the 
same intermediate 24. Acid-catalyzed cyclization of 24 then yielded the D-homo steroid 26.

The previous paper1 in this series described the total methoxyacetophenone. It was anticipated that the
synthesis of compounds related to 8/3-methyl-D-homo- most serious side reaction in the use of this com-
B-norestrane (1). Since these compounds are struc- pound under strongly basic conditions would be that
turally further removed from the natural steroids than of self-condensation.6 The anion of 3 prepared by
the corresponding homolog 2, a synthesis of the latter
system was developed utilizing intermediates already 2PhCOCH2Br >  PhCOCH=CHCOPh
available from the preparation of 1. . . iT

treatment with sodium hydride in dimethoxyethane
/ \  is stable for extended periods. This fact allowed condi-

tions to be defined under which self-condensation was 
p j l '  i f l  minimized if not eliminated. Experimentally, it was

found that both the temperature and rate of addition 
X 2  of the 2-bromo-3'-methoxyacetophenone were of

prime importance. These are the factors which would 
The synthesis of 1 was essentially completed when expected to effect the rate of self-condensation.

3 3'4 was successfully alkylated with m-methoxybenzyl g y  employing low temperatures (0-5°) and a slow
chloride. A similar process for the preparation of 2 rate 0f addition of the alkylating agent, an 80-90%
would require that 3 be alkylated with m-methoxy- yield of 4 could be realized. When the reaction was
phenethyl bromide or some equivalent thereof. Al- carried out on a large scale, the phenacyl bromide was
though this reagent has been employed for the alkyla- conveniently added overnight in a cold room by means
tion of several enolate anions,5 the pronounced ten- 0f an electric pump. It has been established1 that
dency for the bromine to undergo elimination to give alkylation of 3 with m-methoxybenzyl chloride occurs
the corresponding styrene rather than displacement exclusively from the a  side. It is therefore reasonable
has severely limited its use. Nevertheless the method, to assume that the product 4 has the relative stereo-
by virtue of its directness, was attractive and alkyla- chemistry shown.
tion of 3 by m-methoxyphenethyl bromide was at- Hydrolysis of 4 by a strong base3 proved to be 
tempted. No evidence was obtained for the formation more difficult than that of the corresponding benzyl

I------1 product 6, which gave 7 in essentially quantitative

P h X c H  eyX)
J J j  c „ , o ^ y  

' 0
3 4, R =  CHN(CH3)Ph J — ?

5,R = H, OCH3

6, R =  CHN(CH3)Ph
of even small amounts of the desired alkylation product 7 R = H
under a wide variety of reaction conditions .

An obvious alternative to m-methoxyphenethyl .
bromide was the commercially available 2-bromo-3/- yield. Under similar conditions 4 afforded a mixture

which was readily separated into neutral and acidic
(1) Parti: D. J. France; J. J. Hand, and M. Los, Tetrahedron, 2«, 4011 fractions. The neutral product obtained in 60%  yield

(19®9)' v j , , , .  ,, , was the desired ketone 5, whereas the acidic material(2) To whom correspondence should be addressed. ;
(3) Y. Kitahara, A. Yoshikoshi, and S. Oida, Tetrahedron Lett., 1763 proved to be the /3-ketO aldehyde 8. The Iimr Spec-

d064)- . trum of 8 clearly showed the aldehydic proton at r
(4) Structural formulas containing one or more asymmetric carbon atoms A n x1 t i t  i ± ± r\ n

depict one diastereomer but refer to racemic compounds throughout. Each 0.62 <2>S Well as  the eiiolic hydroxyl proton at T 0.11.
racemate is arbitrarily represented by the diastereomer having the C-13 The increased Stability of 8 to strong base OVer the
methyl group (steroid numbering) in the 0 configuration.

(5) See, e.g., G. H. Douglas, J. M. H. Graves, D. Hartley, G. A. Hughes,
B. T. McLoughlin, J. Siddall, and H. Smith, J .  Chem. Soc., 5072 (1963), and (6) B. M. Bogoslovskii, J .  Gen. Chem. USSRj 14, 993 (1944); Chem.
references cited therein. Abstr., 39, 4600 (1945).
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corresponding benzyl analog must be attributed to isomer in which the phenyl group is 0 (cis to the methyl
the presence of the phenacyl carbonyl group. I t  has groups) should cause a shift in the position of the
been established7 that under basic conditions 8 is in furan ring methyl resonance as the rate of rotation
equilibrium with 9, with the result that 0-diketone of the phenyl group is decreased. In contrast, a shift
cleavage is retarded. would not be expected in the other isomer.

q The nmr spectrum of the major isomer of 13 at 40°
jj I I 9  showed the methyl groups as two cleanly separated

H C ^ i x ?  CH  ̂ I peaks. At —30° one of these peaks was shifted so
|| ' j  ] OH that the methyl groups resonated at essentially the

T /  ' j  | same place. The spectrum of the minor isomer of 13,
\ f ^ Y ' \ 0 * * y ^ * * * '  on the other hand, showed the methyl groups as a

J  L J  \ .''' singlet at 40° unchanged by lowering the temperature.
CH30  || Based on this evidence, structure 14 is tentatively

0 OCH3 assigned to the major isomer.
8 9 0

When 5 was catalytically reduced in methanol at 
60°, 1 equiv of hydrogen was absorbed and two prod-
ucts were isolated in varying amounts. These proved O' !
to be the hemiketal 10 and the mixed ketal 11. On 'y
one occasion 11 was the sole product. The variation
in the ratio of products 10 and 11 is undoubtedly due | |j

R/

r A
R° a l t e r n a t i v e  route to 10 was developed which 

(Y i avoided the use of the blocked ketone 3 and thus

i  '’ eliminated the hydrolysis step. Although direct al
kylation of IS with phenacyl bromide was unsuccess- 

| ful, good yields of the alkylated product 16 were ob-

^OCH, |------1
10,R = H;R' = OCH2CH2O |------1
11, R = CH3; R' = 0 CH2CH20  < ¡> ..0  f . T  J
12, R = C2H5; R' = 0 CH2CH20  f J  j
13, R = H; R' = O

to traces of acid in the reaction medium. Similar 1i e  i r
reduction of 5 in ethanol gave the corresponding ethyl
ketal 12. Treatment of 10 with methanol or ethanol tained with allyl bromide.8 Reaction of 16 with
containing a trace of acetic acid resulted in complete sodium chlorate in the presence of catalytic amounts
conversion into the mixed ketals 11 and 12, respectively. 0f osmium tetroxide9 resulted in complete conversion

That these compounds are mixtures of isomers is into a hydroxylated product to which structure 17
indicated by broad melting point range and variable was assigned, since its ir spectrum was devoid of
ir and nmr spectra. Thus, two sets of signals are ____ ____
visible at r 4 .0-5.5 for the benzylic and vinyl protons ¿  | \ (1 ^
in the nmr spectra. It is noteworthy that this method
for the preparation of compounds 10-12 is h? hly HCs U X J  X , Y  j  h<s L u U  
stereoselective m that the crude product is predom-
inantly one isomer which can be obtained pure, whereas X / 1 J '
10 synthesized by the alternate route described below i l l
yields essentially equal amounts of two isomers. CH20 H O OH

Hydrolysis of 10 or 11 or mixtures of these com- 17 18 19
pounds with aqueous acetic acid yielded the ketone 13.
In this case a complete separation of the two isomers carbonyl absorption bands. That 17 was also a mix-
was achieved. It is reasonable to assume that the ture was indicated by wide melting point range and
asymmetric center involving the hemiketal function variable ir and nmr spectra. Oxidation of this mix-
is the same in both cases, since they were subjected i,uro by sodium metaperiodate9 gave a quantitative
to equilibrating conditions. Further, it would be ex- yield of the aldehyde 18. Frequently, 18 was accom-
pected that the hydroxyl group would adopt the 0 panied by a much more polar compound whose ir
configuration to give a relatively strainless cfs-fused spectrum showed strong OH but no carbonyl bands,
furan ring. If, then, these compounds differ only in Formulation of this material as the hydrate 19 is
the Configuration of the phenyl group, they should Similarly, the compounds described in part X can be prepared by the
be distinguishable by variable-temperature nmr. The direct alkylation of is with benzyl chloride.

(9) K. Wiesner, K. K. Chan, and C. Demerson, Tetrahedron Lett., 2893 
(7) J. J. Hand and M. Los, Chem. C o m m u n 673 (1969). (1965).
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further supported by analytical data as well as the ment with p-toluenesulfonic acid in benzene resulted
fact that it is quantitatively converted into the aide- instead in the elimination of the acetoxy group to
hyde 18 when passed through a short column of alu- form in moderate yield the styrene 23. The nmr
mina in methylene chloride. spectrum of 23 showed the styrene vinyl protons as a

A study of the reaction between the aldehyde 18 quartet with J  =  16 Hz, indicating a trans configura-
and m-methoxyphenylmagnesium bromide was nec- tion about this double bond. Reduction of this double
essary to obtain satisfactory yields of the hemiketal bond then gave 24.
10. This was somewhat surprising.10 Titration of
aldehyde 18 with the Grignard reagent at room tern- R n
perature showed that 3 equiv were consumed before a / V
positive Gilman test was obtained. These data are jf j  II J
difficult to rationalize, since enolization of both car-
bonyl groups would require only 2 equiv and acceptable II J
yields of 10 could be isolated from the reaction. I t  CH30  3
was found experimentally th at, when a 20%  excess 24, R = 0  26
of Grignard reagent was added all at once to 18 at 25, R = 0CH2CH20
— 20°, a 76%  yield of 10 could be isolated. , , , , , ,  . ,,

Uhle11 recently reported the conversion of the ketal Althouf h f  compounds 10-12 could be efficiently 
20 into the keto acetate 21 by heating 20 with a mix- converted into 24 through 25 by further catalytic re-
. c . ,  j  ... , 1 ■, n r  , ,  duction in acetic acid at 70 and 3 atm, the mostture of acetic acid and acetic anhydride. When 13 : _  xl , ,. , -

direct route to 24 was that of direct reduction of 5
under the same conditions. Partial hydrolysis of the

I ketal group invariably occurred during the isolation
/  |\qCH of 25, so that the crude product was acid hydrolyzed

‘ immediately to the dione 24.
^ W h e n  the dione 24 was treated with concentrated 

j . j  hydrochloric acid in acetic acid overnight, the 8/3-
HC i ' — met hyl - D- homoest rane 26 was obtained in essentially 

20 quantitative yield. The more commonly used rea
gents for effecting this type of cyclodehydration (poly- 
phosphoric acid, hydrofluoric acid, hydrochloric acid 

(  in ethanol, and p-toluenesulfonic acid in benzene6)
gave greatly reduced yields of 26.

OCOCH3 Experimental Section12

Qpj 3',7',8',8'a-Tetrahydro-5'a-(»i-methoxypheiiacyl)-5'/3,8'ad-
' j j dimethyl-7 '-(N-methylanilinomethylene)spiro [ 1,3-dioxolane-2,1 '-
il (2'H)-naphthalen]-6'(5'H)-one (4).— To a solution containing
; 52.95 g (0.15 mol) of 3 in 600 ml of dry dimethoxyethane

under nitrogen was added 8.5 g (0.27 mol) of sodium hydride as a 
. . . .  .. . .. . 54%  suspension in mineral oil. The mixture was heated under

was subjected to these conditions, an Oily product reflux with stirring for 2 hr and then cooled in an ice-water bath,
was formed whose ir spectrum indicated that a similar A solution of 51.45 g (0.224 mol) of 2-bromo-3'-methoxyaceto-
reaction had occurred to give 22. An attempt to phenone in 500 ml of dry dimethoxyethane was added at ice-
cyclodehydrate 22 to a tetracyclic compound by treat- bath temperature during a 4.2-hr period. After the solution had

stood overnight, water was added followed by excess 2.5 M  
0  sodium dihydrogen phosphate solution. The mixture was ex-

O || tracted twice with methylene chloride, and the combined extracts
II were washed twice with water and dried over sodium sulfate.

I | Removal of the solvent left a crystalline residue which on re-
\ | I crystallization from acetone gave 63.9 g (85% ) of 4, mp 161—

, 164.5°. Two further recrystallizations from acetone afforded an
| ^  analytical sample: mp 169-170°; ir 1700, 1650, 1580, and 1540

I | ! I cm “1; nmr r  4.58 (t, 1, C = C H ), 6.20 (s, 3 , OCHs), 6.43 (s, 4
r u  OCH-2CH2O), 6.61 (s, 3 , NCHS), 8.59 (s, 3 , CCHS), and 8.86

j L II (s, 3, CCH3).
OCOCHs ^ ^ " O C H 3 Anal. Calcd for CaHssOeN: C , 74.23; H , 7 .03 ; N, 2.79.

Found: C, 74.39; H, 7.20; N, 2.36.
^  23 3',7',8',8'a-Tetrahydro-5'a-(m-methoxyphenacyl)-5'(3,8'a/3-

------------------- dimethylspiro[l,3-dioxolane-2,l'(2'H)-naphthalen] -6 '(5 'H )-o n e
(10) Compounds of type A, where Ri and R2 are alkyl groups, have been (5 ) and 3 ,7 ,8 ,8 a-tetrahydro-7 -hydroxymethylene)-5 a-(m-me-

thoxyphenacyl)-5'(3,8'ad-dimethylspiro [ 1,3 - dioxolane - 2 ,1 ' (2 'H )- 
I | naphthalen]-6'(5'H)-one (8 ).—To a solution containing

91.8 g of 4 in 610 ml of 2-ethoxyethanol was added 610 
r T j  ml of water containing 258 g of potassium hydroxide. The solu-

Ri Ra (12) Melting points were determined on a Thomas-Hoover capillary
A. melting point apparatus and are uncorrected. Infrared spectra were deter

mined as Nujol mulls or films using a Perkin-Elmer Infracord (Model 137). 
found to be completely inert to Grignard and alkyllithium reagents (un- Proton nmr spectra were determined in deuteriochloroform solution with a 
published results from these laboratories). Varian A-60A spectrometer with TMS as internal standard. Mieroanalyses

(11) F. C. Uhle, J .  Org. Chem., 31, 4193 (1966). were performed by Galbraith Laboratories, Knoxville, Tenn.
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tion was heated under reflux in a nitrogen atmosphere for 6 hr. trum was recorded at —30° the methyl signals appeared as a sin- 
After standing overnight, the solution was diluted with 2 1. of glet at r 8.69.
water and extracted twice with ether. The aqueous phase was Anal. Calcd for C2iH290 4: C, 73.66; H, 7.66. Found:
retained. The extract was washed successively twice with water, C, 73.60; H, 7.59.
once with cold 2 N  hydrochloric acid, and three times with water. Concentration of the mother liquors gave the second'Crystalline 
The organic phase was dried over sodium sulfate, the solvent was isomer of 13, mp 129-131°. The analytical sample was obtained
evaporated, and the residue was triturated with ether to give 43.7 from acetone-hexane: mp 132.5-133.5°; ir 3500 (OH) and
g (62%) of the dione 5, mp 104-118°. Two recrystallizations of 1700 cm- 1  (C = 0 ) ; nmr r 3.94 (m, 1, C =C H ), 5.22 (m, 1,
this material from acetone-hexane gave the analytical sample: PhCH), 6.22 (s, 3, OCH3), and 8.64 (s, 6 , 2 CCH3). The posi-
mp 121-122°; ir 1710, 1690 (C = 0 ) , 1650 (C = C ), 1610, and tion of the methyl signal was unchanged when the spectrum was
1580 cm- 1  (phenyl); nmr t  4.61 (t, 1, C =C H ), 6.04 (s, 4, OCH2- run at —30°.
CH2O), 6.22 (s, 3, OCH3), and 8 .68  (s, 6 , 2 CCH3). Anal. Calcd for C2,iT260<: C, 73.66; H, 7.66. Found:

Anal. Calcd for C2SH2„05: C, 71.85; H, 7.34. Found: C, 73.82; H, 7.36.
C, 71.59; H, 7.34. 5'a-AUyl-3',7',8',8'a-tetrahydro-5',/3,8'a/3-dimethylspiro[l,3-di-

The aqueous phase from the original extraction was acidified oxolane-2,l'(2'H)-naphthalen]-6'(5'H)-one (16).—To a stirred
with ice-cold 2 N  hydrochloric acid and extracted three times solution of 4.7 g (20 mmol) of the ketone 15 in 100 ml of dry t-
with methylene chloride. The combined extract was washed butyl alcohol under nitrogen was added 5.60 g (50 mmol) of po-
twice with water and brine and dried over sodium sulfate. Evap- tassium f-butoxide. The mixture was heated under reflux for 2

oration of the solvent and trituration of the residue with ether hr and cooled to room temperature, and 2 .9  g (22  mmol) of allyl
gave the 13.8 g 118%) of the /3-keto aldehyde 8 , mp 165-166°. bromide was added. The solution was stirred for 0.5 hr, diluted
Recrystallization from methanol gave an analytically pure with water, and extracted twice with ether. The combined ex
sample: mp 157-160.5°; ir 1720, 1650, and 1590 cm-1; nmr tracts were washed twice with water and saturated brine and dried
r —0.11 (s, 1, enolicOH), 0.62 (s, 1, CHO), 4.26 (t, 1, C = C H ), over sodium sulfate. Evaporation of the solvent gave an oil
6.01 (m, 4, OCH2CH2O), 6.21 (s, 3, OCH3), 8 .68  (s, 3, CCH3), which was crystallized from a small volume of hexane, giving 3.3
and 8.73 (s, 3, CCH3). g (60%) of the allyl compound 16, mp 64-65.5°. Two recrystal-

Anal. Calcd for C24H2S0 6 : C, 69.88; H, 6.84. Found: lizations from the same solvent gave an analytical sample: mp
C, 69.57; H, 6.89. 67.5-68.5°; ir 1700 (C = 0 ) , 1650, and 1640 cm ' 1 (C = C ); nmr

2',3'a,4',5',5'a,7',8',9'b-Octahydro-2'f-(OT-methoxyphenyl)- r 3.9-5.3 (m, 4, vinyl H), 6.0 (s, 4, 0CH 2CH20 ) , 8.78 (s, 3, 
5'al3,9'b/3-dimethylspiro[l,3-dioxolane-2,6'(TH)-naphtho[2,l-b]- CCH3), and 8.92 (s, 3, CCH3).
furan]-3'a£-ol (10) and the Corresponding Methyl Ether 11 and 2',3'a,4',5',5'a,7',8',9'b-Octahydro-3'a|-hydroxy-5'a/3,9'b/3-
Ethyl Ether 12.—A solution of 10 g of 5 in 180 ml of meth- dimethylspiro[l,3-dioxolane-2,6'(TH)-naphtho[2,l-6]furan-2'{- 
anol was reduced with hydrogen at 60° and 3 atm in the presence methanol (17).—To a solution containing 27.6 g (0.1 mol)
of 1.5 g of 5% palladium on carbon for 1 hr. The catalyst was of 16 in 450 ml of tetrahydrofuran was added a solution of
removed by filtration and the solvent was evaporated. The 12.8 g (0.12 mol) of sodium chlorate in 200 ml of water. After
residue was crystallized from acetone-hexane to give 5.4 g of the 2 ml of a standard solution containing 1 mmol of osmium tetroxide
hemiketal 1 0 . The ir spectrum of this material varies with the in 5 ml of water was added, the mixture was stored in the dark
sample in the fingerprint region. In all cases, however, no for 64 hr. Two such reaction mixtures were combined and a
carbonyl band is evident but a strong OH band is present, some- solution of 575 g of sodium sulfite in 2.5 1. of water was added,
times as a doublet. Material recrystallized twice from methyl The mixture was shaken thoroughly and extracted twice with
isobutyl ketone gave the following data: mp 153-159°; ir methylene chloride. The combined extract was washed with
3400 cm- 1  (OH); nmr r 4.61 (t, 1, C =C H ), 4.93 (t, 1, PhCH), saturated brine and dried over sodium sulfate, and the solvent
6.05 (s, 4, OCH2CH2O), 6.22 (s, 3, OCH3), and 8.65 and 8.67 was evaporated. The residue was crystallized from ether, giving
(d, 6 , 2 CCH3). 49.9 g of 17, mp 122-136°. A second crop of 17 weighed 4.4 g

Anal. Calcd for C23H30O5: C, 71.48; H, 7.82. Found: (total yield, 87.5%). A sample was recrystallized twice from
C, 71.24; H, 7.97. acetonitrile: mp 140-160° (with bubbling); ir 3450 cm-1  (OH).

The mother liquors after removal of 10 were concentrated and Anal. Calcd for CmfteOs: C, 65.78; H, 8.44. Found: 
the residue was crystallized from hexane to give 2 .2  g of methyl C, 65.73; H, 8.14.
ether 11, mp 80-87°. Two further crystallizations from hexane 5 'a-Formylmethyl-3',7 ',8 ',8 'a-tetrahydro-5'/3,8 'a/3-dimethyl-
gave an analytical sample: mp 88-92°; ir shows no OH or spiro[l,3-dioxoiane-2,l'(2'H)-naphthalen]-6'(5'H)-one (18)
C = 0  bands; nmr r 4.60 (m, 1 , C =C H ), 5.18 (t, 1 , PhCH), and 2\3'a,4',5',5'a,7',8',9'b-Octahydro-5'a/3,9'b/3-dimethylspiro-
6.06 (s, 4, OCH2CH2O), 6.22 (s, 3, PhOCH3), 6.71 (s, 3, OCH3), [ 1 ,3-dioxolane-2, 1 '(2 'H)-naphtho[2 , 1 -b]furan-2 ',3 'a£-diol (19).
and 8 .68  (s, 6 , 2 CCH3). —To a stirred solution containing 49.9 g (0.18 mol) of

Anal. Calcd for C24H32O6: C, 71.97; H, 8.05. Found: 17 in 480 ml of tetrahydrofuran was added slowly 74.1 g (0.346
C, 71.93; H, 8.09. mol) of sodium periodate in 480 ml of water. An ice-water

A solution of 1 g of 10 in 25 ml of absolute methanol and 2 drops cooling bath was used to maintain a temperature of 18-20°
of glacial acetic acid was heated under reflux for 4 hr. The acid during the addition. The mixture was stirred overnight and
was neutralized by the addition of triethylamine and the mixture thoroughly shaken with a solution of 230 g of sodium sulfite in
was poured into water. The solution was extracted with ether 800 ml of water, and the product was extracted into methylene
and the extract was washed with water and dried over sodium chloride. The extract was washed with saturated brine and dried
sulfate. Evaporation of the solvent and crystallization of the over sodium sulfate, and the solvent was evaporated. The resi-
residue from hexane gave a quantitative yield of the methyl due was crystallized from ether-hexane to afford 39.2 g (87.5%)
ether 11. of the aldehyde 18: mp 61-62.5°; ir 2750 (aldehyde CH), 1710,

Reduction of 5 in ethanol afforded the corresponding ethyl 1700 (C = 0 ) , and 1640 cm- 1  (C = C ); nmr t  0.43 (t, 1, CHO),
ether 12: mp 93-94° (from hexane); nmr r 4.68 (t, 1, C =C H ) 4.48 (t, 1, C =C H ), 5.96 (s, 4, 0CH 2CH20 ) , and 8.62 (s, 6 , 2
5.13 (t, 1, PhCH), 6.04 (s, 4, 0C H 2CH20 ) ,  6.21 (s, 3, OCH3), CCH3).
6.38 (q, 2, CH3CH2), 8 .6 6  (s, 6 , 2 CCH3), and 8.81 (t, 3, CH3- Anal. Calcd for Ci6H220 4: C, 69.04; H, 7.97. Found:
CH2). C, 68.75; H, 7.97.

Anal. Calcd for C23H34Os: C, 72.43; H, 8.27. Found: From many preparations of the aldehyde, varying amounts of a
C, 72.23; H, 8.42. compound less soluble in acetone-hexane than 18 were isolated.

l,2,3a,4,5,5a,9,9b-Octahydro-3aa-hydroxy-2{-(m-methoxy- This product is formulated as the hydrate 19. Two recrystal- 
phenyl)-5a/3,9b/3-dimethylnaphtho[2,l-b]furan-6(7H)-one (13).— lizations from acetone gave an analytical sample: mp 116-
Hydrolysis of the crude product from the reduction of 10 130°; ir 3500 and 3600 cm“ 1 (OH), no carbonyl band; nmr
g of 5 in methanol with 25% aqueous acetic acid at 90° for 1 hr showed ca. 30% dissociation to the free aldehyde 18 as determined
and isolation of the product by ether extraction gave a crude by the intensity of the aldehyde CH band. The methyl groups
product which on crystallization from acetone-hexane afforded appeared at r 3.65 and 8.73.
6 .1  g (69%) of one isomer of 13, mp 131-138°. Three recrystal- Anal. Calcd for CiclhAh: C, 64.85; H, 8.16. Found:
lizations of this material from the same solvents gave an analytical C, 64.82; H, 8.23.
sample: mp 135.5-138.5°; ir 3450 (OH) and 1700 cm“ 1 (C = 0 ) ; Preparation of the Hemiketal 10 from the Aldehyde 18.— 
nmr t 4.41 (m, 1, C =C H ), 4.81 (m, 1, PhCH), 6.26 (s, 3, OCH3), A stirred solution containing 40.7 g (0.147 mol) of 18 in 500 ml of
8.63 (s, 3, CCH3), and 8 .68  (s, 3, CCH3). When the nmr spec- dry tetrahydrofuran under nitrogen was cooled to - 2 0 ° .  At
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this temperature 194 ml of a 0.91 M  solution of m-methoxyphenyl- 4.11 (m, 1, C = C H ), 6.23 (s, 3, OCH3), 8.65 (s, 3, CCH3), and 
magnesium bromide in tetrahydrofuran was added in one portion. 8.76 (s, 3, CCH3).
After 5 min, 150 ml of saturated aqueous sodium dihydrogen Anal. Calcd for C2iH260 3: C, 77.27; H, 8.03. Found: 
phosphate was added. Salts were removed by filtration and C, 77.39; H, 7.93.
washed with tetrahydrofuran. The aqueous phase was separated, B .—A solution containing 20 g of 5 in 200 ml of acetic acid was
the organic phase was washed with saturated brine, and the reduced with hydrogen at 70° and 3 atm in the presence of 1.0 g of
solvent was evaporated. The residue was dissolved in ether, the 5%  palladium hydroxide on carbon. Reduction was complete in
ether was dried over sodium sulfate, and the solvent was evap- 3.5 hr. The catalyst was removed and the solvent was evapo-
orated. The residue was crystallized from ether-hexane to give rated. The residue consisted mainly of theketal 25 together with
43.1 g (77.5% ) of the hemiketal 10, mp 133-143°. This product varying amounts of the dione 24.
is a mixture of isomers. The analytical sample was obtained To the residue in 60 ml of tetrahydrofuran was added 48 ml of 
from acetone, mp 132-180 . 2.6 N  perchloric acid. After 0.5 hr the solution was diluted with

Anal. Calcd for CmH^Os: C, 71.10; H, 3.30. Found: water and extracted whh ether. The extract was washed twice
?•> ,8 '25 ' with water and dried over sodium sulfate. Evaporation of the

The analytical sample of the ethyl ether 12 was prepared from solvent and crystallization of the residue from ether-hexane gave
the above hemiketal by treatment with ethanol and acetic acid, 16.6 g (96% ) of dione 24, mp 68-70°, identical with that prepared
mp 112-126°. above.
P  ôr C, 72.43; H, 3.27. Found: C.— Reduction of the hemiketal 10 under the same conditions
C, 72.18; H, 8.30. described in B followed by hydrolysis gave a similar yield of the

3 ,7 ,8 ,8a-T etrahydro-5a-(m-methoxystyryl)-5/3,8a/3-dim ethyl- dione 24.
l,6(2H,5H)-naphthalenedione (23). A solution of 5.0 g of the 3-Methoxy-8/3-methyl-D-homoestra-l,3,5( 10),9 ( 11), 14-pentaen- 
hemiketal 13 in 80 ml of acetic acid and 40 ml of acetic anhydride 17a-one (26).— To 21.5 g of the dione 24 in 170 ml of acetic acid
was heated under reflux for 1 hr. The solvents were removed, was added 17 ml of concentrated hydrochloric acid. After stand-
the residue was dissolved in toluene, and the solvent was again ing overnight at room temperature, the mixture was poured into
evaporated. The residue was an oil, consisting mainly of the water and extracted with ether. The extract was washed twice
acetate 22 , ir 1740 (acetate C = 0 )  and 1710 cm 1 ( C = 0 ) .  with water followed by cold 1 N  sodium hydroxide, water, and

A solution of 2.0 g of p-toluenesulfonic acid in 170 ml of benzene saturated brine, and dried over sodium sulfate. The solvent
was heated under reflux under a Dean-Stark water separator for was evaporated to give 19.7 g (97% ) of crystalline 26, mp 89 -  
20 min. The crude acetate prepared above in 40 ml of benzene 95.5°. Two recrystallizations from 2-propanol gave an analytical
was added and heating was continued for 1 hr. The cooled sample: mp 97-97 .5°; \“»°H 257 m/i (e 18,300) [3-methoxy-D-
solution was diluted with ether, washed with saturated sodium homoestra-l,3,5(10),9(ll)-tetraen-17a-one is reported6 to have
bicarbonate solution, and dried over sodium sulfate, and the X®°H 262 m/i (c 18,700)]; ir 1710 ( C = 0 ) ,  1650, 1640 (C = C )
solvent was evaporated. The residue was crystallized from 1610, and 1570 cm -' (uhenyl); nmr r 4.16 (m/ 2  2 C = C H )’
methanol affording 1.8 g of the styrene 23. Recrystallization 6.23 (s, 3, OCH3), 8.54 (s, C, CCH3), and 8.78 (s, 3, CCH3)
from methanol gave 1.5 g of 23, mp 8 9 .5 -92°. One further re- A nal. Calcd for C2IH240 2: C, 81.78; H, 7.84. Found'
crystallization gave an analytical sample: mp 9 1 -9 2 °; ir 1700 C 81.70' H 7.90.
( C = 0 ) ,  1640 (C = C ), and 1600 cm -1 (phenyl); nmr r 3.52 (d,
1 , J  =  16 Hz, P h C H =C H ), 3.90 (d, 1 , J  =  16 Hz, P h C H = C H ), „  .  A - T  ,  _

4.04 (m, 1 , C = C H ), 6.18 (s, 3, OCH3), 8.48 (s, 3, CCH3), and Registry No.—4, 22430-84-8  ; 5, 22430 -85 -9 ; 8,
8.78 (s, 3, CCH3). 22430 -86 -0 ; 10, 22430 -87 -1 ; 11, 224 30 -88 -2 ; 12,

Anal. Calcd for C21H 240 3: C, 77.75; H , 7 .46. Found: 22487 -51 -0 ; 13, 22430 -89 -3 ; 16, 2 2 4 30 -90 -6 ' 17,

¡ ¡4 3 0 -9 1 -7 ;  L
methyl-1,6(2H,5H)-naphthalenedione (24). A.—A solution con- 2243 J  94 0 ,  2 4 ,2 2 4 3 0 -9 5 -1 , 2 6 ,2 2 4 3 0 -9 6 -2 .
taining 324 mg (1 mmol) of 23 in 15 ml of ethanol was reduced
with hydrogen at room temperature and atmospheric pressure Acknowledgment.'— The authors wish to thank
ib iw ^ c o m D le i  in04  m8in°f 0n R A T  M r ' R ' S ' Wayne fo r helpful discussion concerning nmrtion was complete in 4 mm. 1 he catalyst was removed and the ____ , d  r  T-  v> iwi_ e , ■ , &
solvent was evaporated. Crystallization of the residue from spectra, Froiessor K. 13. Wlberg for stimulating dlS-
ether-hexane gave 283 mg of dione 24: mp 69-71°; ir 1700 cussion throughout the course of this work, and Dr.
( C = 0 ), 1650 (C = C ), 1610, and 1580 cm -1 (phenyl); nmr r M . W . Bullock for his help and encouragement.
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Studies on Resin Acids. IV. The Structure, Stereochem istry, 
and Reactions of Some Dihydroabietic Acids1
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Unequivocal syntheses of 8<x-abiet-13-en-18-oic (4), abiet-13-en-18-oic (5), and abiet-7-en-18-oic acids (6) are 
described. The stereochemical course of various reactions of these compounds as well as those of the two abiet-8- 
(14)-en-18-oic acids (2 and 3) are discussed.

Direct reduction of abietic acid (1) by either chem- to 2 from the lithium-ammonia reduction of abietic
ical or catalytic methods may, in theory, give rise acid,6 and structure 7 had been assigned to one of
to six different dihydro acids (2-7). At the time this the acids obtained by Velluz, et a l .ib In earlier work
work was initiated, the structure and stereochemistry in this laboratory, structure 4 had been assigned to
of only one of these acids (2) was known with cer- the A13-dihydro acid, which is present to the extent
tainty,1’3 although a number of other dihydroabietic of ca. 15% in most samples of 2 prepared by reduction
acids had been prepared and characterized.4 Following of abietic acid;1 however, Burgstahler, Marx, and
the initiation of this work, we learned that acids 3, 5, Zinkel5 present rather convincing evidence that this
and 6 had been obtained and identified in addition impurity is in fact 5. The earlier assignment of stereo-

H chemistry was based on the course of the rearrange-
. I  ¡1  ment of an epoxide obtained in low yield from the

| || | I oxidation of a sample of 2 obtained in the usual manner.1
In order to reconcile this discrepancy, and also to 

I H J I H \ I H J confirm the structural and stereochemical assignments
made by Burgstahler, et al,& the preparation of acids 

CO.,H C0 2H C0 2H 4 -6  by unambiguous routes has been carried out.
j 2 3 The synthesis of 5 was accomplished by first reducing

the known1'5 methyl 14-oxoabietan-18-oate (8) with 
| j H i sodium borohydride to give the 14a (axial) alcohol

(9) contaminated with a small quantity of another 
- i l l J  m I J  alcohol, presumably the 14/3-ol. The nmr spectrum

r  ^ j [ A  [ ¿ ¡ j  °I 9 was in accord with that expected for an axial
alcohol, with H-14 appearing as a broadened singlet 

! fi i^nu at  ̂ 3.72 an(f the methyl peak at relatively
2 2 2 high field (5 0.84) as expected for a compound with a

4 5 6 trans B,C-ring fusion.1 Dehydration of this alcohol
H i H i H i with phosphorus oxychloride-pyridine and hydrolysis

1 of the esters afforded a mixture of the corresponding 
I J  I H j H acids, from which 5 contaminated with a few per

cent °f 2 could be obtained. The nmr spectrum of 5 
1 1 %  was in agreement with the assigned structure, showing

f'| fj fj the C-10 methyl signal at 5 0.86. Reaction of S with
COoH C0 2CH3 C0 2CH3 m-chloroperbenzoic acid gave epoxide 10, which was

7 8 9  markedly different from that reported earlier and as
signed structure l l . 1 By analogy with the hydro- 

I I H I genation of 5, which affords almost exclusively abietan-
%H|<q | j j K q |%] ' ^  18-oic acid (12),1-5 and hydroboration of the methyl

'' ester of 5, which gives methyl 14/3-hydroxyabietan-
[ H H  f H J H  [ H 18-oate (13), it is assumed that 10 is the ¡3 oxide.

While this work was in progress, Cross and Myers 
qqyj ¿ qyj ¿ qyj obtained a glycol from the osmylation of the usual

2 ‘ mixture of 2 and 4 or 56 to which they assigned structure
10 14; however, when acid 5 was treated with osmium

-----------  , tetroxide, a glycol was obtained which was identical
(1) Part III: J. W. Huffman, T. Kamiya, L. H. Wright, J. J. Schmid, and 7 nni.

w. Herz, j . Org. Chem., 3i, 4 1 2 8  (1966). This work was supported in part with that prepared by Cross and Myers. The nmr
by Career Development Award GM-5433 from the National Institutes of Spectrum of this glycol showed H-14 aS & doublet
Health and was presented at the Fifth International Symposium on the with a Coupling Constant of 9 Hz, indicating a tram-
Chemistry of Natural Products, London, July 1968. . . . .  , , XTo J  T J i A j

(2) Abstracted in part from the dissertation presented by J. A. Alford in UiaXiai re la tio n s  flip  b e tw een  x l-o  an d  anCL On
partial fulfillment of the requirements for the Ph.D. degree, Clemson Uni
versity, Dec 1968.

(3) A. W. Burgstahler and J. N. Marx, Tetrahedron Lett., 3333 (1964). (5) (a) J. N. Marx, Ph.D. Dissertation, University of Kansas, Sept
(4) (a) R. Lombard and J. Ebelin, Bull. Soc. Chim. F r 930 (1953). 1965. (b) A. W. Burgstahler, J. N. Marx, and D. F. Zinkel, J .  Org. Chem.,

(b) L. Velluz, G. Muller, A. Petit, and J. Mathieu, ibid., 401 (1954). (c) 34, 1550 (1969). We would like to thank Professor Burgstahler for sending
For a review of work reported prior to 1950, see J. Simonsen and D. H. R. us a copy of this manuscript prior to its publication.
Barton, “The Terpenes,” Vol. 3, Cambridge University Press, 1952, pp (6) B. E. Cross and P. L. Myers, J .  Chem. Soc., C, 471 (1968).
3 7 4 -4 4 5 , (7) We would like to thank Professor Cross for a sample of this compound.
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this basis it must be 13/3,14/3-dihydroxyabietan-18-oic from the (3 side, and this may explain the failure 
acid (15).8 of these reactions to afford the desired product.

In order to clarify the nature and origin of the In a further effort to confirm the structure and 
epoxide assigned structure 11, an unambiguous syn- stereochemistry of 16, it was oxidized to a ketone,
thesis of 4 and its epoxide was attempted. Hydro- employing conditions which were assumed to preclude
boration-oxidation of the methyl ester of 35 gave a isomerization at either enolizable position (C-8 or
mixture of a hydroxy ester and a glycol. This hydroxy C-14).9 However, the rotatory dispersion curve of
ester and its acetate showed C-10 methyl signals in this compound showed a negative Cotton effect of
the nmr at o 1.00 and 1.10, respectively, indicative moderate amplitude ( — 31), rather than the positive
of a cis B,C-ring fusion.1 Since it is well known that Cotton effect predicted by the octant rule for a ketone
diborane adds to olefins in a cis fashion, this compound with a cis B,C-ring fusion. The nmr spectrum of
must be methyl 14«-hydroxyy-8a,13/3-abietan-18-oate this ketone showed a C-10 methyl signal at 8 0.87,
(16), and on this basis of the nmr spectrum the glycol intermediate between the position of the corresponding
is the 18-ol corresponding to 16. signals for methyl 14-oxoabietan-18-oate (8, § 0.961)

H and methyl 14-oxo-8«-abietan-18-oate (17, 8 0 .721).
y d  On the basis of the rotatory dispersion curve of this

| H | H | | H | ketone, and the fact that it was isomerized to the
stable isomer 8 by base, it was tentatively assigned 

l H J I H \ l H j the 8/3,13/3-14-oxo structure (18), resulting from epi-
jij /T ]^  /Tj|/j merization at C-8 during oxidation.10 However, com-

C02CH3 C02H C0,H pound 18 was subsequently prepared by Herz and
j3 14 15 coworkers11 by an unambiguous route and found to

be different from the compound described above. Since 
¥  I H I H | there are only four possible ketones with a gross struc-

ture corresponding to 8, and since three of these, 
J C d ,  8, 17, and 18, are known,1-11 the oxidation product

f  ^ J  '0H f  0 [  j'j 0  of 16 is probably methyl 14-oxo-8a,13/3-abietan-18-
oate (19). This assignment of stereochemistry was 

f I H H further confirmed by a comparison of the chemical-
2 3 2 1 2 2 shift differences of the C-10 methyl in compounds 8,

16 17 18 17, 18, and 19, when the spectra were run in benzene-
H jj h de and chloroform-d. From these data, which are

summarized in Table I, it can be seen that AS for

C ~ 's" I C  v ; T a b l e  I
C-10 C hem ical-S h if t  D ata

s , j!j  s \ g  - ¡T  -Jj fo r  M e t h y l  14-Ox o a b ie t a n -1 8 -o a tes“
CO-CHj C02CH3 C0)CH3 ,-------------------Solvent-----------------------.

Ketone Chloroform-d Benzene-de
8 0.96,6 0.97* 0.75/0.77'

# H | 17 0.72*> 0.63*
18 0.97" 0.70c

j H j 19 0.87 0.75
-  « All values reported as parts per million relative to tetra-

I H methylsilane. 6 Reference 1. 'Reference 11. <* J. W. Huff-
man and T. Kamiya, unpublished work.

, n : H
co2ch3 co2ch3

22 23 the isomers with a trans ring fusion is —0.21 and —0.27
T ~ , „ for 811-12 and 18,11 respectively, while AS for 17 is
In an effort to confirm the stereochemistry of 16 - 0 .0 1 .12 A similar comparison of chemical-shift dif-

l v Ĉ r lCa ™eanS’ , t if, t0i) {  ate was PrePared> ferences for the compound assigned structure 19 was 
with the intention of effecting the conversion of 16 _ 0.12, indicating that the B,C-ring fusion is cis. The
into a , l  /3-abictan 18 oic, acid, using the method anomalous rotatory dispersion curve of 19 may be
described earlier/ However lithium aluminum hy- caused by any one of several factors, but is ^ ost
dride reduction of the tosylate followed by oxidation probabiy due to some form of deformation of ring C,
with Jones reagent afforded 3 as the only isolable brought about b the severe steric interaction between
product, the result of elimination of tosylate, rather C-14 and the C-10 angular methyl group,
than displacement by hydride. Lithium-ammonia re- The sodium borohydride reduction of 19 gave es- 
duction of the tosylate proceeded with cleavage of sentially one hydroxy est which was different from
the sulfur-oxygen bond and reduction of the ester the laiown 8 «, 1.3/3,14«-ol (16), and was also neither 
function to give the glycol obtained as a by-product
in the hydroboration of 3. The examination of models (9) E. J. Corey and R. A. Sneen, J .  Amer. Chem. Soc., 78, 6269 (1956).
of the tosylate of 16 indicates that the 14 position (10) Burgstahler, et ol. (ref 5b), have concluded that this compound is 18.
is extremely hindered to the approach of a reagent l “ " ’,v“  *"

(11) W. Herz, personal communication. We would like to thank Profes- 
(8) B. E. Cross and P. L. Myers [J. Chem. Soc., C, 711 (1969)] have in- sor Herz for carrying out the comparison of these ketones, 

dependency reached the same conclusions. See also ref 5b. (12) Footnote d, Table I.
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of the epimeric methyl 14-hydroxyabietan-18-oates mixture of 7 and 14 ketones (23 and 8). Although
(9 and 13). The nmr spectrum of this alcohol showed a this mixture again could not be resolved by chromatog-
relat.ively shielded C-10 methyl signal at 5 0.88, in- raphy, advantage was taken of the known reluctance
dicating a trans B,C-ring fusion, and H-14, although of 8 to form carbonyl derivatives1’6'6 and the mixture
at rather low field for an axial proton (8 3.38), appeared was converted into an easily separable mixture of 8
as a very diffuse multiplet (TTi/2 =  15 Hz), which and the oxime of 23. Hydrolysis of this oxime gave
indicates that this compound has an equatorial hy- pure 23, which was identical with a sample prepared
droxyl group. The only structure consistent with by the method of Cross and Myers.6 The rotatory
these data is methyl 14/3-hydroxy-13/3-abietan-18-oate dispersion curve of 23 showed a negative Cotton effect
(20), and comparison with a sample of this material curve of moderate amplitude, in agreement with the
prepared by Herz and coworkers confirmed this assign- assigned structure.15 The gross structure of 23 and
ment of stereochemistry.13 An examination of models its stereochemistry at C-13 were confirmed by reduction
of 19 indicates that attack by borohydride would be under Wolff-Kishner conditions to abietan-18-oic acid
expected to occur from the a  side of the molecule to (12). In an effort to convert 23 into the desired
give a 14/3-hydroxy ester. However, in this compound abiet-7-enoic acid, it was reduced to a mixture of
there is an extremely severe steric interaction between stereoisomeric 7-ols; however, attempted dehydration
the angular methyl and hydroxyl group, and under with phosphorus oxychloride-pyridine gave an in-
the conditions of the reaction C-8 is isomerized prior tractable mixture. This conversion was effected via
to reduction. the Bamford-Stevens reaction of the tosylhydrazone

With the structure and stereochemistry of 16 clari- of 23, which gave, although in mediocre yield, 6,
fied, an attempt was made to prepare the still unknown the spectral properties of which were in agreement
8a-abiet-13-en-18-oic acid (4). Treatment of hy- with the indicated structure. Finally, 6 was isolated
droxy ester 16 with phosphorus oxychloride-pyridine from its mixture with 5 by recrystallizing their ( —)-
led to a 1:1 mixture of the methyl esters of 3 and a a-phenethylamine salts.
new acid, presumably 4. Chromatography of this During the course of this work it became quite 
mixture on silver nitrate-silica gel led to the separation clear that the so-called “rule of a  attack,” which
of the isomers; however, the methyl ester of the new is of considerable utility in the steroid series,16 is
acid could be obtained only in ca. 90%  purity. The not valid in the dihydroabietic acid series. It has
nmr spectrum of this ester agreed well with that ex- already been noted1 that additions to the 8,14 double
pected for 4, with H-14 appearing as a multiplet at S bond in 2 occur almost exclusively from the /3 side,
5.20 and the C-10 methyl protons at 5 0.91.14 The while this work indicates that in 13/3-abiet-8(14)-en-
stereochemistry of the new unsaturated ester was fur- 18-oic acid (3) additions proceed to a considerable
ther confirmed when it was found that hydrogenation extent from the ¡3 side of the molecule.17 In the
of the 1 :1  mixture of A(814) and A13 esters obtained A13 olefins the course of addition reactions is governed
from the dehydration gave a 1 :2  mixture of methyl by the stereochemistry of C-8, with the 8/3 isomer (5)
13/3- (21) and 8«,13/3-abietan-18-oate (22). Since 3 undergoing virtually exclusive /3 attack,6’8 while the
is known to afford a mixture of 21 and 22 (containing 8a  isomer (4) reacts preferentially (and predictably)
62%  215b) on hydrogenation, and since 4 would from the a  face. Insufficient data are available to
be expected to give nearly exclusively 22, the hydro- permit any generalizations concerning the stereochem-
genation data indicate that the new acid is indeed 4. istry of additions to the A7-abietenes.
Reaction of the methyl ester of 4 with m-chloroperoxy-
benzoic acid gave a complex mixture of products; F-smerimental Section18
however, a lack of material precluded a detailed study Experimental
of the course of this reaction. Although it has not Methyl 14«-Hydroxyabietan-18-oate'9 (9).—To a solution of 
u  x  a  11 -fV»inTYi o m  18.0 ff of keto ester 8  m 500 ml of methanol at 0 was added z u . ubeen possible to isolate acid 4 from the hthium-am- boroliydride in smaU portionS over a period of 10 min.
monia reduction of abietlC acid, the reported physical rj-jjg solution was stirred for an additional 40 min at room tem-
and chemical properties of the compound assigned perature. The volume of the methanol was reduced by one-half
structure 11 strongly indicate that this compound with the aid of an aspirator, and the mixture was poured into
must indeed be the a oxide derived from 4, and that water, extracted with chloroform, and dried. Removal of sol-

a c id  4  m u st b e  p re s e n t in  th e  re d u c tio n  m ix tu re . (15) P. Crabbe, "Optical Rotatory Dispersion and Circular Dichroism in
During the course of their work on the reduction Organic Chemistry.” Holden-Day, Inc., San Francisco, Calif., 1965, p 44.

of abietic acid, Burgstahler and Marx reported the ^
isolation of a 1 :1  mixture of abiet-7- and -13-en-18- (17) W. Herz and R. N. Merrington [J. Org. Chem., 30, 3198 (1965)1 have
oic acids (6 and 5)5a from which the A7 acid was sub- already noted that additions to methyl pimar-8(14)-en-18-oate acid led to a

sequently obtained in pure form by chromatography.615 on a Thomas-Hoover melting point
In an effort to effect an alternate separation, we have apparatus and are uncorreeted. Infrared spectra were taken as films or 
converted the mixture of acids into the methyl esters potassium bromide pellets on a Perkin-Elmer Model 1 3 7  sp̂ tropholo” et" ;

. i i i T  x* Vapor phase chromatographic analyses were performed on an F & M Model
and subjected this mixture to hydroboration-oxidation. 810 chromatograph, utilizing a 6 ft X 0.125 in. column packed with SE-30
Chromatography of this mixture gave no effective on Chromosorb W. Nuclear magnetic resonance spectra were recorded on a

,• „ , •. _ QO „„„„, , . ,„„1-1,, nY; fl t o  the Varian Associates Model A-60 nuclear magnetic resonance spectrometerseparation, and it was consequently oxidized to tne uBing deuterioohloroform as solvent and tetramethylsilane as an internal
standard. Signals are given in parts per million relative to this standard.

(13) W. Herz, personal-mmun¡cation. We would like to thank Pro- sodtm

(ll) The anguTa“  m'ethyl group in this compound lies above the plane of n-line were determined in 95% ethanol KnolvO *
the double bond and would be expected to appear at somewhat higher field .meter. Analyses were performed by Galbraith Laboratories, Knoxv.U ,
than if this were not the case. The C-10 methyl signal of methyl 8«- Tenn. • j  * h, n - T Kemivn
abiet-12-en-18-oate also appears at S 0.91.> (19) Th.s preparation was originally earned out by Dr. T. Kam.ya.
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vent in  v acu o  yielded an oil which crystallized on trituration with water, and 0.5 g of sodium bisulfite were added, and the solution
hexane. Recrystallization from the same solvent afforded 14.3 g was vigorously stirred for 2 hr. The pyridine was neutralized
(79% ) of white needles: mp 104-106°; [a]D+ 1 4 °  (e0.900); nmr with concentrated hydrochloric acid, and the resulting precipi-
3.72 (br s, H-14), 1.18 (C-4 methyl), 0.92 (d, /  =  7 Hz, iso- tate was collected. Two recrystallizations from ether-hexane
propyl), and 0.84 ppm (C-10 methyl). afforded 0.095 of glycol: mp and mmp 183-184°; ir spectrum

A n a l .  Calcd for C^HstOa: C, 74.95; H , 10.78. Found: identical with that of the material prepared by Cross and M yers;6
C, 74.98; H, 10.69. nmr (pyridine) 3.39 (d, J  — 9 Hz, H-14), 1.39 (C-4 methyl),

Abiet-13-en-18-oic Acid (5).— To a solution of 14.0 g of alcohol 1.10 (d) and 0.98 (d, J  =  7 Hz, isopropyl), and 0.94 ppm (C-10
9 in 50 ml of pyridine was added 14.0 g of phosphorus oxychloride. methyl).
The mixture was protected from moisture with a calcium chloride Methyl 14a-Hydroxy-8a,13/3-abietan-18-oate (16).—To a solu-
drying tube and heated on a steam bath for 7 hr. The solution tion of 10.0 g of methyl 13|3-abiet-8(14)-en-18-oate5 (3) in 150 ml
was cooled and carefully poured over 150 g of ice-water, and of dry diglyme was added 2.0 g of sodium borohydride. The
the excess pyridine was neutralized with hydrochloric acid. The reaction was cooled in an ice bath and 8.4 g of freshly distilled
mixture was extracted with methylene chloride, washed with boron trifluoride etherate was added over a 1-hr period. The
water, and dried. Removal of the solvent afforded 13.1 g (98% ) gelatinous reaction mixture was allowed to warm to room tem-
of oil, the nmr spectrum of which indicated that it contained perature and stirred for 4 hr. A few drops of water followed by
about 10%  8(14) isomer. A solution of 16.0 g of this oil 50 ml of 10%  sodium hydroxide and 50 ml of 30%  hydrogen per- 
and 40.0 g of anhydrous lithium iodide in 150 ml of dry collidine oxide were added cautiously. The mixture was stirred overnight
was heated at reflux under nitrogen for 18 hr. The solution was and poured into water. The white precipitate, yield 10.0 g,
cooled, poured into 250 ml of ice-water, neutralized with con- mp 100-110°, was dried, dissolved in hexane-benzene (1 :4 ),
centrated hydrochloric acid, extracted with methylene chloride, and chromatographed on Merck acid-washed alumina. Elution
washed with water, and dried. Removal of the solvent afforded with hexane-benzene (1 :4 )  gave 0.78 g of starting ester. Elution
10.0 g of white solid. The nmr spectrum indicated that the with methylene chloride-benzene (1 :4 )  gave 7.26 g (69% ) of
mixture contained 90%  the desired compound plus 10%  hydroxy ester 16, which was recrystallized from hexane: mp
8(14) isomer. After three recrystallizations from acetone, the 136-138°; [a]n —11.7° (c 1.109); nmr 3.62 (m, H -14), 1.19
nmr indicated that the solid product was richer in the 8(14) (C-4 methyl), 1.00 (C-10 methyl), and 0.90 (d) and 0.80 (d,
isomer (2), and the filtrates were converted into the diamylamine J  — 7 Hz, isopropyl).
salt, which was recrystallized three times from acetone. Re- A nal. Calcd for C21H36O3: C, 74.95; H, 10.87. Found:
generation of the acid with acetic acid and subsequent recrystal- C, 74.77; H, 10.81.
lization from acetone afforded 2.4 g of abiet-13-en-18-oic acid :20 The 14 acetate, mp 122-123°, [a]23D —47.3° (c 1.053), was 
mp 162-164°; [«Id —7.2° ( c l .092) (lit.6bmp 146-147°; [a]d + 6 °); formed in the usual manner and was recrystallized from methanol:
nmr 5.09 (br s, H-14), 1.18 (C-4 methyl), 0.97 (d, /  =  7 Hz, nmr 5.21 (m, H-14), 1.20 (C-4 methyl), 1.11 (C-10 methyl),
isopropyl), and 0.86 ppm (C-10 methyl). and 0.90 (d) and 0.80 (d, /  =  7 Hz, isopropyl).

A n a l .  Calcd for C20H32O2: C, 78.90; H , 10.59. Found: A nal. Calcd for C^HssCh: C, 72.98; H, 10.12. Found:
C, 79.12; H, 10.80. C, 72.79; H, 10.23.

Epoxidation of Abiet-13-en-18-oic Acid.— To a solution of 1.5 Elution with methylene chloride-methanol (19:1) gave 1.83 
g of the acid in 25 ml of methylene chloride at 0 ° was added g of diol. Two recrystallizations from methanol gave crystals,
slowly and in small portions 1.1 g of m-chloroperbenzoic acid. mp 155-157° (lit.6b mp 155-157°), [a]D + 7 .5 °  (c 1.594), which
The solution was stirred overnight at room temperature and then held tenaciously to solvent and failed to give satisfactory ana-
heated at reflux for 7 hr. The solution was washed twice with lytical data.
25 ml of 10%  sodium bisulfite solution, three times with saturated A nal. Calcd for C2oH3602-C H 3OH: C, 74.07; H, 11.84. 
sodium bicarbonate, and once with water, and dried over mag- Found: C, 74.59; H, 11.96.
nesium sulfate. After removal of solvent, there was obtained Methyl 14a-Tosyloxy-8a:,13/3-abietan-18-oate.— To a solution
1.4 g of oil which crystallized from 2-butanone. Recrystal- of 5.0 g of hydroxy ester 16 in 15 ml of pyridine was added 3.75
lization from acetone afforded 0.75 g of 10 as white needles: mp g of p-toluenesulfonyl chloride. The solution was stirred over-
226-2280; [a]D + 1 1 .2 °  (c 1.163); nmr 2.82 (s, H-14), 1.16 night at room temperature and poured into water. The pre-
(C-4 methyl), 0.95 (d, J  =  6 Hz, isopropyl), and 0.82 ppm (C-10 cipitate was recrystallized from cold acetone to give 6.80 g (93% )
methyl). of tosylate, mp 112-113°, [a]D —21.5° (c 1.024).

A n a l . Calcd for C20H32O3: C, 74.96; H , 10.06. Found: A nal. Calcd for C2sH4205S: C, 68.55; H , 8 .63. Found:
C, 74.73; H, 9.87. C, 68.31; H, 8.54.

Hydrogenation of Abiet-13-en-18-oic Acid.— A solution of Attempted Preparations of 8«,13+Abietan-18-oic Acid (22).
0.100 g of the acid 5 in 19 ml of acetic acid was hydrogenated with A .—To a solution of 3.0 g of tosylate in 90 ml of absolute ether
0.050 g of platinum oxide at 59 psi and room temperature. The was added 1.50 g of lithium aluminum hydride. The reaction
reaction mixture was filtered through Celite and the product was mixture was heated at reflux for 18 hr and cooled, the excess
precipitated by the addition of water. Recrystallization from hydride was decomposed with water, and the mixture was acidi-
aqueous acetone gave 0.075 g of abietan-18-oic acid (12), mp fled with 10% hydrochloric acid. The ether layer was washed,
and mmp 178-180°.1 dried, and evaporated, and the residue was dissolved in hexane

Hydroboration of Methyl Abiet-13-en-18-oate.— To a solution and passed through a column of 50 g of Merck acid-washed
of 0.450 g of the methyl ester (prepared from the acid and ethereal alumina. Evaporation of the hexane eluant furnished 1.57 g
diazomethane) in 10 ml of dry diglyme was added 0.100  g of (88% ) of material which could not be induced to crystallize,
sodium borohydride. The reaction was cooled in an ice bath and The r.mr spectrum exhibited a one-proton singlet at 5.5 ppm,
0.050 g of freshly distilled boron fluoride etherate in 2 ml of indicating that elimination had taken place. A 0.5-g portion of
diglyme was added over a period of 30 min. The reaction mix- this material was dissolved in 20 ml of acetone, mixed with 2 ml
ture was allowed to warm to room temperature and stirred for of Jones reagent, and stirred for 30 min. The mixture was
4 hr. A few drops of water followed by 3 ml of 10% sodium poured into water, extracted with methylene chloride, and dried,
hydroxide and 3 ml of 30%  hydrogen peroxide were added slowly. After removal of solvent, there was obtained 0.45 g of the color-
The mixture was stirred overnight and poured into 25 ml of water. less oil. Crystallization of the oil from acetone afforded 0.25 g
The precipitate was collected and recrystallized from hexane to of 13/5-abiet-8(14)-en-18-oic acid (3), mp 148-149°. The nmr
give 0.310 g (70% ) of product, mp 134-135°, identified as methyl spectrum of the residual oil from the evaporation of the mother
14/3-hydroxyabietan-18-oate (13) by mixture melting point liquors was identical with that of 13/3-abiet-8(14)-en-18-oic acid.
(134r-135°) and by comparison of the infrared spectra with that B .— A solution of 1.0 g of tosylate in 20 ml of ether was added
of an authentic sample.1 to 75 ml of liquid ammonia. To this solution was added 0.5 g of

13/3,14/3-Dihydroxyabietan-18-oic Acid (15).— To a solution of lithium and the blue reaction mixture was stirred for 1 hr. Suf-
0.150 g of 5 in 2.5 ml of pyridine was added 0.200 g of osmium ficient anhydrous ethanol was added to destroy the blue color,
tetroxide. The black solution was allowed to stand for 72 hr at the reaction mixture was allowed to stand overnight, and 50
room temperature. An additional 15 ml of pyridine, 15 ml of ml of water was added. The mixture was extracted with methy-
____________  lene chloride and dried, and the solvent was removed to give 0.48

g (76% ) of product, mp 155-157°. The infrared and nmr spectra 
(20) Glpc data indicate that our material contains ca. 9% A8<14) isomer: of the product were identical with those of the diol obtained from

Dr. D. F. Zinkel, personal communication. hydroboration of methyl 13£!-abiet-8(14)-en-18-oate.
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Methyl 14-Oxo-8a,130-abietan-18-oate (19).— T o  a  solution of em ploying the m ethod of M arx, could be isolated 10.0 g  (9 % ) of
1.50 g  of chromium trioxide, 1.50 g  of sodium  dichrom ate, and 130-abiet-8(14)-en-18-oic acid (3), m p 148-150 ° (lit. m p 148-
2.4 m l of acetic acid in 12 m l of w ater w as added 1.50 g  of hy- 150°), identical w ith  a sam ple prepared b y  the hydrogenation  of
droxy ester 15 in 45 m l of benzene a t 0°. T h e reaction m ixture levopim aric acid .5 Regeneration of the acids from  the solid
w as stirred a t 0° for 2 hr and a t room  tem perature for 18 hr. m ixture of sa lts collected prior to  the isolation of 13/3-abiet-8(14)-
T h e organic layer w as separated, washed w ith  w ater, and dried en-18-oic acid afforded an additional 40.0 g  (36% ) of th e m ixture 
over m agnesium  sulfate. A fter rem oval of the drying agent and of abiet-8(14)- and -13-en-18-oic acids, mp 18 7-19 5° a fter five
the solvent, there w as obtained 1 .5  g  (100% ) of w hite solid. recrystallizations. T h e m aterial rem aining in the m other liquors
R ecrystallization  from  hexane and then m ethanol furnished the w as purified through the diam ylam ine salt to  give 0 65 g  (0 6 % )
analytical sam ple: mp 79-80°; nm r 1.20 (C-4 m eth yl), 0.92 of abiet-13-en-18-oic acid, mp 16 2 -16 4 °, identical w ith ' the
(d) and 0.82 (d, /  =  7 H z, isopropyl), and 0.87 ppm  (C-10 m aterial mentioned above. In  addition to  the above compounds
m ethyl); m m p (with the 80,13(3 isomer) 4 5-56 °; O R D  [0]689 3.0 g  (27% ) of the 1 : 1  m ixture of abiet-7-en-18-oic acid (6) and
— 250°, [0]3ii — 2400°, [0]287 0°, [0]274 + 7 7 0 ° . abiet-13-en-18-oic acid (5) (lit.5amp 16 1-16 2 °)  w as obtained.

A n a l.  C alcd  for C 2 1H 34O 3 : C , 75.40; H , 10.25. F oun d: Methyl 7-Oxoabietan-18-oate (23).— H ydroboration -oxidation
C , 75.19; H , 10 .11. _ of 3.0 g  of the m ixture of the m ethyl esters of abiet-7- and -13-en-

A  0.5-g sample of this ketone in 10 m l of m ethanol containing 18-oic acids was carried out as previously described to  g ive  2.80 g
0.5 g  of potassium  hydroxide was heated a t reflux for 30 min and of crude product w hich w as dissolved in hexane and chrom ato-
poured into w ater, and the precip itate w as collected. R ecrystal- graphed on 80 g  of M erck  acid-washed alum ina. E lu tio n  w ith
lization from  m ethanol afforded 0.4 g  (80% ) of m aterial, m p hexane and hexane-benzene ( 1 :1 )  gave  0.29 g  of startin g esters.
79-80°. A  m ixture m elting point w ith  m ethyl 14-oxoabietan-18- T h e  first benzene fraction ga ve  0.18 g  of crystals, w hich on re-
oate (8 ) w as 79-80° . Infrared and nm r spectra were identical w ith  crystallization  afforded pure m eth yl 14/3-hydroxyabietan-18-
those of an authentic sam ple of this m aterial. oate. F urther elution w ith  benzene gave  1.8 1 g  of a m ixture of

Methyl 14/3-Hydroxy-130-abietan-18-oate (2 0 ).— T o  a  solution this compound and a 7-hydroxy ester. A ttem p ts to  separate th e
of 0.050 g of 19 in 3 m l of 9 5 %  ethanol was added 0.050 g of m ixture b y  rechrom atography w ere unsuccessful, and it w as
sodium borohydride, and the reaction m ixture w as heated a t converted into the m ixture of the corresponding ketones,
reflux 2.5 hr. T h e clear solution w as cooled, diluted w ith  12 m l T o  a solution of 8 . 0  g  of th e m ixture of 7- and 14-hydroxy esters
of 5 %  hydrochloric acid, extracted w ith  ether, washed thoroughly in 600 m l of acetone a t 0 ° w as added 40 m l of Jones reagent. T h e 
w ith  w ater and saturated sodium  chloride, and dried, and the reaction m ixture was stirred for 2.5 hr and sufficient m ethanol was
solvent was rem oved to  give 0.050 g  of crystalline residue. T ic  added to destroy the excess chromic acid. T h e volum e was reduced
(silica gel G , 5 %  ethyl acetate  in benzene) showed the presence of to  200 m l, and the reaction m ixture w as diluted w ith  500 ml of
nonpolar m aterial, and 0.043 g  of the solid was taken up in ben- w ater, extracted w ith  ether, and dried over m agnesium  sulfate,
zene and chrom atographed on silica gel. E lution  w ith  1 %  eth yl R em oval of the drying agent and solven t afforded 7.5  g  (93% ) of
acetate-benzene ga ve  0.002 g  of nonpolar m aterial, w hile the oil w hich could not be crystallized. A ttem p ts to  separate th e
later fractions w ith  eth yl acetate-ben zene m ixtures gave  first m ixture b y  column chrom atography again failed, and the ketones
0.011 g  of impure alcohol and then 0.024 g  (48% ) of 20, w hich w as were separated via  the 7-oximino com pound . 21

homogeneous to  tic  and showed nmr signals a t 3.47 (m, RT/> A  solution of 8.5 g  of the m ixture of keto  esters, 16.0 g  of sodium  
=  15 H z, H -14), 1 .18  (s, C -4 m eth yl), 1.09 and 0.90 (d, J  =  acetate, and 28.0 g  of hydroxylam ine hydrochloride in 240 ml of

6  H z, isopropyl), and 0.90 ppm  (s, C -10  m eth yl). T h e  an alytical m ethanol w as heated a t reflux overnight. T h e  solution was
sam ple, mp 13 0 -13 1°, w as crystallized from  hexane. T h is  m ate- cooled, poured into w ater, extracted w ith  m ethylene chloride, 
rial w as identical (m ixture m elting point and nm r) w ith  a sam ple washed w ith  w ater, and dried over m agnesium  sulfate. R em oval
prepared b y  H erz, e t a l .13 of drying agent and solvent gave  8.5 g  of oily product. T h e oil

A n a l. C alcd  for C 2 1H 36O 3 : C , 74.95; H , 10.78. Found: was dissolved in benzene-hexane ( 1 :1 )  and chrom atographed on
C , 74.68; H , 10.84. M erck  acid-washed alum ina. E lution  w ith  benzene ga ve  m ethyl

8a-Abiet-13-en-18-oic Acid (4).— T o  a solution of 0.30 g  of 14-oxo-abietan-18-oate (8), identical w ith  an authentic sam ple . 1

m ethyl 14a-hydroxy-8<*,130-abietan-18-oate (16) in 3 m l of p yri- E lution  w ith  benzene-m ethylene chloride ( 1 :1 )  ga ve  4 .1 g  of
dine w as added 0.5 m l of phosphorus oxychloride. T h e  reaction the oxim e of m ethyl 7-oxoabietan-10-oate, mp 18 3-18 5°. R e
m ixture w as heated overnight on a steam  bath , cooled, and slow ly crystallization from  m ethanol and then hexane gave  th e analytical
added to 15 m l of ice-w ater. T h e  excess pyrid ine w as neutralized sam ple: mp 18 5-18 6.5°; nm r 1.25 (C-4 m eth yl), 0.98 (C-10
w ith  concentrated hydrochloric acid and the m ixture w as ex- m eth yl), and 0.87 (d, /  =  6  H z, isopropyl),
tracted w ith  ether, washed, and dried. R em oval of the solvent A n a l. C alcd  for C 21H 35N O 3 : C , 72 .12 ; H , 10.09; N , 4.01. 
yielded 0.272 g  (92% ) of sem icrystalline m aterial. T h e  nm r Found: C , 72.36; H , 9.98; N , 4.01.
spectra of th is m aterial indicated th a t it  w as a  1 : 1  m ixture of the T o  obtain  the required 7-keto compound (23), a solution of 0.5 
abiet-8(14)- and-13-en-8-oates. A  0.265-g portion of this m ate- g  of the oxim e, 20 m l of m ethanol, 2 m l of w ater, and 2 m l of
rial w as taken  up in hexane and chrom atographed on 25 g  of concentrated sulfuric acid w as heated a t  reflux for 80 hr. T h e
silver n itrate  im pregnated silica gel. E lution  w ith  4 :1  hexan e- solution w as cooled, poured into w ater, extracted w ith  ether,
benzene gave  0.091 g  of 3, w hile later fractions w ith  the same and dried. A fter rem oval of solvent, an oil w as obtained w hich
solvent pair gave first 0.020 g  of a m ixture and then 0.094 g  of was dissolved in benzene and filtered through a short column of
nearly pure (co. 80%  b y  nm r) 4 as the m eth yl ester. T his m ate- alum ina. R ecrystallization  of the m aterial eluted w ith  benzene
rial showed nmr signals a t 5.21 (m, H -14 ), 1.20 (s, C-4 m eth yl), from  pentane and then m ethanol gave  0.3 g  (63% ) of m eth yl 7-
0.95 (d, J  =  6  H z, isopropyl), and 0.91 ppm  (s, C -10  m eth yl). oxoabietan-18-oate (23): mp 86.5-87°; nm r 1.23 (C-4 m eth yl),
In  v iew  of the sm all am ount of this m aterial availab le  and the 1.09 (C-10 m eth yl), and 0.88 (d, /  =  6  H z, isopropyl); O R D
fact th at it could not be induced to  crystallize, a sample w as sub- [0 ] 5 3 9  — 260°, [0]306 — 3620°, [0]232 0°, [<t>]m + 1 5 6 4 ° . Cross and
jected  to  m ass spectrom etry in lieu of analysis and gave a parent M eyers6 report this compound as an oil; how ever, a sam ple pre
peak a t m /e  318 (calculated mol w t, 318). pared b y  their m ethod w as identical w ith  th at prepared b y  this

Hydrogenation of Methyl 130-Abiet-8(14)-en-18-oate (3) and route.
8a:-Abiet-13-en-18-oate (4).— A  solution of 0.05 g  of the m ixture Wolff-Kishner Reduction of Methyl 7-Oxoabietan-18-oate.— A  
of esters from  above in 10 m l of acetic acid w as hydrogenated in solution of 0.5 g  of the keto ester, 2.0 g  of potassium  hydroxide,
the presence of 0.05 g  of A dam s cata lyst a t  35 psi for 6  hr. T h e  and 5 m l of anhydrous hydrazine in 60 m l of ethylene glycol was
solution w as filtered, diluted w ith  w ater, extracted w ith  ether, heated a t 150° for 1.5  hr. T h e condenser w as rem oved and the
washed w ith  w ater and diluted base, and dried. A fter rem oval of tem perature was allowed to  rise to  195° during a 2-hr period,
solvent, analysis b y  glc indicated the presence of tw o compounds T h e  reaction was held at this tem perature for an additional 1 hr.
(22 and 21) in a  ratio of 2 :1 .  These w ere identified b y  a com- T h e solution w as cooled, acidified w ith  hydrochloric acid , poured
parison of their retention tim es w ith  those of authentic sam ples. into ice-w ater, extracted w ith  ether, and dried. A fter  rem oval of

Lithium-Ammonia Reduction of Abietic Acid.— T h e reduction solvent, there was obtained 0.40 g  of oil w hich crystallized  from
and isolation of abiet-8(14)-en-18-oic acid was carried out as acetone to  give 0.24 g (5 1 % ) of abietan-18-oic acid (12), mp
described p rev iou sly . 1 . 6 From  145 g  of the diam ylam ine salt of and mmp 17 6 -17 8 0.1 T h e  infrared and nmr spectra w ere iden-
abietic acid, there w as obtained 27.6 g  (29% ) of the ca . 4 :1  tical w ith  those of an authentic sam ple . 1

m ixture of abiet-8(14)-en-18-oic acid (2) and abiet-13-en-18-oic ------------------
acid (5), mp 190 -194°, w hich was used for those experim ents (21) An attempt to separate this mixture with Girard’s T reagent was
requiring the 8(14)-unsaturated acid. From  the m other liquors, successful, although the product recovery was not satisfactory.
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p-Toluenesulfonylhydrazoneof Methyl7-Oxoabietan-18-oate.—  amine; boiling was continued until the amine salt began to pre-
A solution of 0.300 g of keto ester, and 0.372 g cf p-toluenesul- cipitate. The solution was cooled and the precipitate was re-
fonylhydrazine in 25 ml of 0.2 M  ethanolic hydrochloric acid was crystallized once from acetone, five times from ethyl acetate, and
heated at reflux for 2 hr and then boiled for 19 min without the five additional times from aqueous acetone. The acid was re
condenser. An equal volume of water was added, and the white generated from the salt and recrystallized three times from acetone
precipitate was collected and recrystallized from aqueous meth- to give 0.80 g of 6, mp 178-180°. The infrared and nmr spectra
anol, affording 0.365 g (90%) of material, mp 81-82°. were identical with those of abiet-7-en-18-oic acid prepared by

A n al.  Calcd for C28H42N20 4 S: C, 66.91; H, 8.42; N, 5.57. the Bamford-Stevens reaction.
Found: C, 66.67; H, 8.26; N, 5.31.

Abiet-7-en- 18-oic Acid («). A - T o  a solution of 0.1 g of R egistry No.—3, 17611-13-1; 5, 17611-11-9; 6 ,
sodium in 5 ml of ethylene glycol was added 0.140 g of the p- 1 1 Q  7- o 8R 9- in  995R5 87 1* 995R5
toluenesulfonylhydrazone. T h e reaction m ixture was poured / / O i l - i iW ,  V, Z/OOD 8 0  2 ,  1U, ZZOOO o r  o ,  1 3 , 2 2 0 0 0
into water and extracted with ether. The ether solution was 88-4; 16, 22565-89-5; 16 14 acetate, 22565-90-8;
extracted with 20% potassium hydroxide solution, acidified, and 16 14 tosylate, 22565-91-9; 19, 22565-92-0; 23, 22576-
reextracted with ether. The solvent was removed and the result- 93.5 • 23 oxime, 22565-93-1; 23 p-toluenesulfonyl-
ing oil was crystallized from acetone to give 0.025 g of product: , , 9 9 S7 R QJ. Q
mp 166-167° (lit.6b mp 180-182°); nmr 5.30 (m, H-7), 1.25 n yarazon e, 220/0-U±-y.
(C-4 methyl), 0.87 (d, /  = 7 Hz, isopropyl), and C.82 ppm (C-10
methyl). Acknowledgment.— The spectropolarimeter used in

A n al.  Calcd for C20H32O2: C, 78.90; H, 10.59. Found: this work was obtained through a National Science
IT’, 10,'44' , •  r _ Foundation Research Instrument Grant. The mass

B.— To a boiling solution of 3.0 g of the mixture of abiet-7- , , , , ,. • i , . ,, i
and -1 3 -en-1 8 -0 ic acids obtained from the reduction of abietic spectral determination was carried out at the Research
acid in 50 m l of acetone w as added 1.4 g of (— )-a-phenethyl- T r i a n g le  I n s t i t u t e .

Studies on Resin Acids. V. Preparation and Reactions of Ring-A  
Olefins from  Dehydroabietic Acid1

J . W. H uffman

D epartm ent o f  Chem istry an d  Geology, C lem son University, Clem son, South C aro lin a  29631

Received J u n e  30, 1969

The lead tetraacetate decarboxylation of dehydroabietic acid has been found to give three olefins (2, 5, and 6) 
and the acetate of 18-norabieta-8,ll,13-trien-4-ol (7). Hydroboration-oxidation of this mixture of olefins gives 
principally 18-norabieta-8,ll,13-trien-19-ol (12) and 18-norabieta-8,ll,13-trien-3a-ol (13), plus small quantities 
of 19-nor-50-abieta-8,ll,13-trien-7-one (17). To elucidate the structure of 17, it was necessary to prepare 18- and 
19-norabieta-8,ll,13-trien-7-one by oxidation of the corresponding hydrocarbons It was found that sodium- 
ammonia reduction of dehydroabietonitrile gives the 19-nor hydrocarbon (20), rather than 18-norabieta-8,11,13- 
triene as suggested originally. The structure of 17 was confirmed by its synthesis in two steps from methyl
7-oxoabieta-5,8,11,13-tetraen-l 8-oate (22).

The readily available diterpenes, dehydroabietic on 4-dimethylamino-18-norabieta-8,ll,13-triene (4) or,
acid (abieta-8,ll,13-trien-18-oic acid2) and podocarpic alternatively, by the lead tetraacetate decarboxyla-
acid (12-hydroxypodocarpa-8,ll,13-trien-19-oic acid2), tion of l .3e
have received considerable attention as possible pre- The single-step decarboxylation of 1 with lead tetra- 
cursors for the synthesis of steroids or steroid analogs.3 acetate, carried out in these laboratories some years
The basic goal of these workers was the conversion ago and reported to lead to essentially pure 2, is by
of dehydroabietic acid (1) into abieta-4(18),8,ll,13- far the most convenient of the methods employed
tetraene,4 which was accomplished by various methods to date for this conversion. However, subsequent re-
and with varying degrees of success. The earliest investigation of this reaction, making use of techniques
workers in this area investigated the acid-catalyzed which were not available during the course of the
dehydration of abieta-8,ll,13-trien-18-ol (3) and rec- earlier work, indicates that the material described as 2
ognized that this led to mixtures of olefins. 3a’b Later is actually a mixture of three olefins.6 Repetition
workers prepared what was described as pure 2 by of the lead tetraacetate decarboxylation of dehydro-
either Hofmann3c>d or Cope3d eliminations carried out abietic acid and careful analysis of the nmr spectrum

indicated that the material previously described as
(1) Part IV : J. W. Huffman, J. A. Alford, and R . R. Sobti, J .  Org. Chem ., p u re  2  Was in  fa c t  a  m ix tu re  of 2 , a b ie ta -3 ,8 ,1 1 ,1 3 -

34, 473 (1969). This work was supported in part by Career Development te tra e n e  (5 ) , an d  a b ie ta -4 ,8 ,1 1 ,1 3 -te tra e n e  (6 ) in  a
Award GM-5433 from the National Institutes of Health. 0 . 0 . 1  „ j j r * „  „ az O Y  • u  r n

(2) The systematic method of nomenclature employed in this paper is 10 of_ 2 .2 : 1. In addition to a 65%  yield of the
that outlined by j . ApSimon, m . Fetizon, e . Fujita, l . Gough, w. Herz, olefin mixture, there was also obtained an oily acetate
p. r . jefnes, d . Mangom, t . Norm, k. Overton, s. w. Pelletier, j . w. Rowe, in 7%  yield. The spectral data for this compound
and E . Wenkert, Abstracts, 6th International Symposium on the Chemistry - j *  x j  i f  ± i i i ,1 A
of Natural Products, Mexico City, April 1969, p 35. in d icated  th a t  it  WRS p ro b ab ly  th e  Sam e RS th e  4-RC6-

(3) (a) a. Brossi, h . Gutmann, and o. Jeger, Heiv. Chim. A cta, 33, 1730 toxy-18- or -19-norabieta-8,11,13-triene (7 or 8) re-
(1950); (b) R. P. Jacobsen, J .  A m er. Chem . S oc., 75, 4709 (1953); (c) H. H.
Zeiss and W. B. Martin, ib id ., 75, 5935 (1953); (d) J. W. Huffman and R. F. (5) (a) A. W. Burgstahler, personal communication; A. W. Burgstahler and
Stockel, J .  Org. Chem ., 28, 506 (1963); (e) J. W. Huffman and P. G. Ara- J. N. Marx, J .  Org. Chem ., 34, 1562 (1969). We would like to thank Pro- 
pakos, ib id ., 30, 1604 (1965); (f) C. R. Bennet and R. C Cambie, T etra-  fessor Burgstahler for copies of the nmr spectra of this mixture of olefins, as
hedron, 23, 927 (1967); (g) R. N. Seelye and W. B. Watkins, Tetrahedron  well as that obtained by the method of Zeiss and Martin.Sc We would also
L ett., 1271 (1968). like to thank Professor Burgstahler for sending us a copy of his manuscript

(4) In the case of the workers in ref 3f, the conversion was in the podo- prior to publication, (b) J. F. Biellmann, R. Werrig, P. Daste, and M.
carpic acid series. Raynaud, Chem. C om m un., 168 (1968).
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ported by Seelye and Watkins.38,6 Hydrolysis of this of the 4-acetoxy and 4-hydroxy compounds mentioned 
acetate gave a crystalline alcohol (9 or 10), having above. The nmr spectrum of the acetate showed
the same melting point as that reported by Seelye three-proton singlets for the C-4 and C-10 methyl
and Watkins.38'6 Repetition of the nitrous acid de- at 8 1.55 and 1.18, while the alcohol had singlets
amination of 4-amino-18-nor-abieta-8,ll,13-triene (11) at 5 1.21 and 1.16.8 By analogy with the chemical-

shift differences observed in the steroid series, the 
I I I  conversion of 10 into its acetate should result in the

shielding of the angular methyl by ca. 8 0 .04,9 with 
simultaneous strong deshielding of the C-4 methyl 

I j f  T  j J owing to the proximity of the acetate group. How-
ever, by similar reference to chemical-shift differences 

H CH ^ CH ^ ln ^ ie s êr°id series, the conversion of 9 into its acetate
_  2 3 should somewhat deshield the angular methyl group,9

I, R -  C02H 2 5 with again a rather profound change in the chemical
3, R = CH>OH shift of the C-4 methyl. Thus, it is probable that
4, R = N(CH3)2 the alcohol is 18-norabieta-8,ll,13-trien-4-ol (9) and
7, R = OCOCH;, the acetate is 7 .10 The mechanism of the formation
9, R=OH 0f 7 ancj g during the course of the preparation of the
II, R = NH, mixture of olefins has been discussed,31,6 as has the
21, R = CN course of the lead tetraacetate decarboxylation of po-

| I docarpic acid.3f It is apparent that, since the ratio
°f olefins obtained by the decarboxylation of 1 is quite 
different from that observed in the podocarpic acid f J  L J series,11 the reaction must not proceed through an
“open” carbonium ion, but apparently follows a course 

* RO ' H similar to that of a nitrous acid deamination.
6 8, R = CH3CO In order to compare the various methods of prep-

10, R = H aration of 2 and its isomers, the Hofmann elimination
. of 4 3c’d was repeated and found to give a mixture

containing 80%  2 and 10% each of 5 and 6.5a
jf/’j J  Although the various olefins obtained from the lead

/ V y  tetraacetate oxidation could be readily identified by
I nmr spectroscopy, and the 4(18) olefin has been well

'jj HO' / C  y  characterized by chemical means,3,6 very little was
/  H H known concerning the chemical behavior of 5 and 6.

CH2OH i3 Consequently, the mixture of olefins was subjected
12, R = CH,OH I to hydroboration-oxidation to give a mixture of hy-

I drocarbons and five alcohols. The hydrocarbons were
present in small amount (see Experimental Section) 

l v / J  [ y,R' and two of the five alcohols constituted the bulk
| || of the reaction product. From this mixture two pure

'jj H R compounds, the known 18-norabieta-8,ll,13-trien-19-
H ' H R = R/ = 0 °1 (12)6 and a crystalline alcohol isomeric with 12,

14 1Q’ R=R, = H were obtained. The nmr spectrum of this crystalline
’ alcohol showed a doublet ( J  =  7 Hz) at 8 0.99 and a

I | | C-10 methyl singlet at 8 1.18, with a proton adjacent
to a secondary alcohol as a multiplet at 5 3.83. Since 
W  i/2 for this signal was 7 Hz, it could be assigned 

i as an e(luaf°rlal proton, and, assuming the normal
cfs addition of diborane, this alcohol is 18-norabieta- 

H ' h R h ' H H 8,11,13-trien-3a-ol (13).12 Oxidation of 13 followed
16 R = R/ = 0  17 18 by acid-catalyzed isomerization gave 19-norabieta-8,-
20, R = R' = H

(8) In these and all the other dehydroabietic acid derivatives discussed,
. , r. ~ ■. ,  • • j i ,i the isopropyl group appears in the nmr as a doublet ( J  *» 6-7 Hz) centered

gave a mixture of 2 , 5, and 6 m approximately the at ca. 51.2.
same ratio reported earlier,3g,6>7 plus small amounts (9) N. s. Bhacca and D. H. Williams, "Applications of NMR Spectros

copy in Organic Chemistry,” Holden-Day, Inc., San Francisco, Calif., 1964,
(6) These authors did not make a stereochemical assignment for the pp 14-24. 6

acetoxy function in their original communication. [While this manuscript (10) (a) Similar conclusions have been reached by Seelye and Watkins
was in preparation, these authors assigned the 4a configuration to this al- for these compounds and by Bennet and Cambie8,6 for a similar alcohol in
c o h o l: Tetrahedron, 25, 447 (1969)]. It should also be noted that the the podocarpic acid series; however, these authors have assigned the nmr
deamination of a primary amine similar to 11 (probably 4-amino~-8a,13f3,18- peak at 5 1.21 and 1.55 in 9 and 7, respectively, to the C-10 methyl group,
norabietane) to give a mixture of olefins was reported some years ago by for reasons which are not immediately obvious, (b) J. W. Rowe (personal
Y. N. Belov and S. D. Kustova, Z h. Obshch. K h im ., 24, 1087 (1954). communication) has isolated 9 as a naturally occuring substance, and his

(7) In their work, the authors in ref 3g and 6 assign an nmr chemical shift independent nmr assignments agree with ours.  ̂ ^
of 8 1.34 to the C-4 methyl group of 6. This is almost certainly the C-10 (11) In the podocarpic acid reactions the ratio of 2/5/6 is ca. 3 :1 :6.
methyl signal from 6 , which is also present in the mixture3* (see Experi- (12) This compound has apparently been obtained as one component of
mental Section). The signal for the vinyl methyl at C-4 should be in the an unseparated mixture of alcohols from the hydroboration of 5* (J. F.
range of 8 1.5—1.8, and is buried in the envelope of ring protons. Biellmann, personal communication).

Vol. 85, No. 2, February 1970 R ing-A Olefins from Dehydroabietic Acid 479



ll,13-trien-3-one (14), the spectral properties of which of which agreed well with those reported for 20.6a How-
did not agree with those reported by Brannon, et a l.u  ever, the melting point of the 12,14-dinitro derivative
These authors find the C-10 methyl signal in the nmr of this hydrocarbon did not agree with that reported
at 5 1.26, with the C-4 methyl doublet (./ =  7 Hz) by Burgstahler and Marx,6a although the nmr spectrum
at the same position. The nmr spectrum of our sample of the derivative was in accord with theirs.18 The
of 14 clearly shows the C-10 methyl signal at 5 1.37, melting point of our nitro compound agrees well with
with the C-4 methyl doublet at 8 1.12.14 The rotatory that reported by Perold and Jeger for the derivative
dispersion curve of 14 showed a positive Cotton effect of a hydrocarbon of gross structure 19 or 20, which
(amplitude + 1 6 ), in agreement with the assigned was obtained by partial dehydrogenation of fichtelite.19
structure and stereochemistry. It was subsequently The same hydrocarbon could also be obtained by
found that it was possible to isolate 14 by the direct Wodf-Kishner reduction of the aldehyde obtained by
oxidation of the crude mixture of alcohols. Although oxidation and isomerization of 12.20 Chromic acid
tic indicated that there were three alcohols in addition oxidation of 20 afforded 16, which again was not
to 12 and 13 in the hydroboration mixture, they were identical with the 7 ketone obtained by hydroboration-
present in small quantity and could not be isolated oxidation.
in a pure state. Although neither 15 nor 16 were identical with the

In one hydroboration-oxidation experiment, in which ketone obtained from the hydroboration, a comparison
the total crude reaction mixture was oxidized directly of the nmr chemical shifts of these ketones permitted a
with chromic acid, there was obtained in addition tentative assignment of stereochemistry to the original
to 14 a second, and crystalline, ketone. This ketone ketone. In the compound with an equatorial methyl
showed a carbonyl band in the infrared at 5.97 n, groups (16), both rings A and B should be in the
indicative of a conjugated ketone. The ultraviolet normal chair and half-chair conformations, respectively;
spectrum confirmed this conclusion, and the nmr and by comparison with data in the 18,19-bisnorpo-
showed that H -14 was deshielded relative to its normal docarpa-8,ll,13-triene series,21 this was found to be
position. On the basis of these data and microanalysis, the case. In compound 16, the C-10 methyl signal
it was apparent that this compound is one of the four appears at 8 1.16 with a chemical-shift difference of 8

stereoisomeric 18- or 19-norabieta-8,ll,13-trien-7-ones 0.07 when compared with the corresponding hydro-
(15-18). Although one of these isomers had been carbon (20), in excellent accord with those reported
prepared previously,8a it is of unknown stereochem- by Wenkert, et a t ' 1 In the case of compounds in
istry, and, in order to clarify the stereochemistry of the 7-ketodehydroabietane series having an axial C-4
the crystalline ketone, the preparation of the two methyl, it has been noted that ring B exists in a half-
7 ketones in the natural (5a) series was undertaken. boat conformation, relieving the rather severe 1,3-
Since it has been shown that catalytic hydrogenation methyl interaction between the axial C-4 methyl group
of the mixture of olefins from the decarboxylation of and the angular methyl.21 Again, the nmr spectra
abiet-8(14)-en-18-oic acid proceeds largely by attack of 19 and 15 are in agreement with this conclusion,
from the a  face of the molecule to give fichtelite,16 with the C-10 methyl signal in 19 appearing at 8

the similar mixture of olefins from dehydroabietic acid 1.25; however, the difference in chemical shift between
was hydrogenated to give 18-norabieta-8,ll,13-triene 19 and 15 is 8 0.10, somewhat more than that observed
(19;. Chromic acid oxidation16 of 19 gave the desired by Wenkert, et at.-' The crystalline ketone isolated
7-one (15). This compound, although similar to the from the hydroboration must, therefore, be one of
crystalline ketone mentioned above, was not identical the two cis isomers (17 or 18). If compound 17 were
with it. _ _ to exist in a steroidlike conformation (17a) the C-4

The preparation of 19-norabieta-8,ll,13-triene (20) a-methyl group would be axial, while in the nonsteroid
by a multistep sequence from 12 has been described;63, conformation (17b) it would be equatorial. In the
however, a much more attractive route appeared to case of 18, the steroid conformation with C-4 equatorial
bê  the direct sodium-ammonia reduction of dehydro- (18a) should be preferred. The angular methyl group
abietonitrile (21).17 _ Although the_product of this re- in both 17a and 18a appears to have the same spatial
duction had tentatively been assigned structure 19, relationship to the aromatic ring and carbonyl group
a comparison of the reported nmr spectrum of the as it does in 16, and consequently the chemical shift 
reduction product of 21 with that of 19 indicated for these protons should be in the range of 5 1.10-1.25.21
that it was probably the 4 epimer 20. Repetition Since the chemical shift of the C-10 methyl signal
of the metal-ammonia reduction gave a hydrocarbon in the crystalline ketone appears at 5 1.48, well down- 
which was different from 19 and the spectral properties field from that expected for 18a, it seemed probable

r, t, tj ti „ T T „  , , that this ketone was 19-norabieta-8,ll,13-trien-7-one(13) D. R. Brannon, H. Boaz, B. J, WRey, J. Mabe, and D. R. Horton, / iht\
J .  Org. C hem ., 33, 4462 (1968). In their original communication [Chem. ' *
Commun., 681 (1968)] these authors assign, without explanation, different In an effort to confirm the structure and stereochem-
Mi“ aptVhe ehemi0al Shi£t o£ the C"4 methyl protons than they do in the istry of the compound assigned structure 17, methyl

(14) The sample of 14 to which the authors in ref 13 assign the 3-keto
structure was obtained in very small quantity, and characterized principally (18) Neither we nor Professor Burgstahler have a satisfactory explanation
by mass spectrometery. It should be noted that, in two other 3-keto abieta- for this discrepancy in melting points, unless one is dealing with different crys-
8,11,13-tnenes discussed in ref 13, the C-10 methyl signals appear at 8 1.41 talline modifications of the same compound.
and 1.44. Compound 14 has also been prepared by Biellman^'« but its (19) G. W. Perold and O. Jeger, H dv. C him . A cta, 32 1085 (1949)
properties have not been described in detail. (20) This aldehyde was prepared by Burgstahler and Marx5“ by chromic

(15) N. P. Jensen and W. S. Johnson J .  Org. Chem,., 32, 2045 (1967); acid oxidation of 12. However, we employed the Moffatt oxidation pro-
see also ref 5a. cedure: K. E. Pfitzner and J. G. Moffatt, J. A m er. Chem . S oc., 87, 5661,

(16) (a) E. Wenkert and B. G. Jackson, J .  A m er. Chem . S oc., 80, 211 5670(1965).
(1958); (b) E. Wenkert and J. W. Chamberlin, ib id ., 81, 683 (1959). (21) E. Wenkert, A. Alonso, P. Beak, R. W. J. Carney, P. W Jeffs and

(17) P. G. Arapakos, ib id ., 89, 6794 (1967). J. D. McChesney, J .  Org. Chem ., SO, 713 (1965).
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/ ' '?  Experimental Section26

D ecarboxylations of D ehydroabietic A cid. A .— T h e reaction 
CH3 T  of dehydroabietic acid w ith  lead te traacetate  was carried ou t as

/ ---------1 previously described . 26 From  27.95 g  of acid, there w as obtained,
y j y ------------ h . / \  a fter chrom atography on alum ina, 15.43 g  (6 8 % ) of a m ixture of

\ R ) r ,rr — —\ / \ ' - p t r  olefins which consisted of 19-n o rabieta-3 ,8 ,ll,13 -tetraen e (5),
\  \  prr 3 j j ' C  \  3 19-norabieta-4 (18 ),8 ,ll,13-tetraen e (2 ), and 19-norabieta-4,8,-

)  \ r '  3 \  y  11,13-tetraen e (6 ) in a ratio of 2 :2 :1 .  T h e  com position of the
j s  ' jj 1 /  m ixture w as determ ined b y  the relative areas of v in y l and aro

m atic peaks in the nm r. T h e benzene fractions from  the chro
m a 17b m atography gave  1.95 g  (7 % ) of 4-acetoxy-18-norabieta-8,11 ,13 -

triene (7) as an oil: nmr 1.96 (s, C H 3C O ), 1.55  (s, C-4 m eth yl), 
F  ~~~> and 1.18  ppm  (s, C - 1 0  m eth yl). T his ester was hyd rolyzed to

C R ) / fc=====/ the 4-ol (9) b y  the m ethod of C am bie. From  1.06 g  of acetate,
/ there w as obtained, after chrom atography on M erck  alum ina

/ I / ------------V  ar>d elution w ith  hexane, 0.048 g  of a m ixture of the A 3, A4, and
H - y  \" 0  A 4(18> olefins in a ratio of 1 : 2 : 1 . E lution  w ith  benzene gave 0 .177

\  \  g  of recovered acetate, while the m ethylene chloride fractions
) af f orded 0.415 g  (52 % ) of 18 -norabieta-8 ,ll,13-trien-4-ol (9) as 

CH j a  w h ite  solid. R ecrystallization  from  hexane gave  m aterial of
m p 90-91° (lit.3«.1«* mp 9 1.5 -9 2 .5 °); nmr 1 .2 1 (s, C-4 m eth yl) 
and 1.16  ppm  (s, C-10  m eth yl). T h e  infrared spectrum  of this 

t compound w as essentially the sam e as th a t reported p reviou sly for
I I a  noncrystalline substance assigned this stru cture.3d

r ' x ' Y ' p ' ' '  — T he potassium  carbonate elim ination reaction of 4-m ethyl-
am ino-18-norabieta-8,1 1 ,12-triene w as carried out as previously 

I described.3c.d From  3.10 g  of base hydrochloride there was
l  JL xL f  | obtained 0.77 g  of a hydrocarbon m ixture w hich, b y  integration

H K  of the nmr spectrum , consisted of 80%  4(18) olefin 2  and ca . 10 %
C 0 2CH3 F T ' '  U C 0 2CH3 each of the endocyclic isomers.

, . T ,  =  l f i P , =  n r n p w  C .— 4-A m ino-18-norabieta-8,ll,13-triene ( 1 1 ) was prepared
^  n , n  u g u g h 3 essentially according to  the m ethod of Seelye and W a tk in s . 3« .6

25, R  =  OCOCH3; R ' =  H T h e infrared spectrum  of this m aterial w as identical w ith  th a t of a
sam ple prepared b y  the m ethod of H uffm an and S to ck e l . 27 T he 

n  i_- . _ o 1 1  1 0  , . , 0  ± , nm r assignm ents were in agreem ent w ith  those of Seelye and
7 - o x o a b ie t a - 5 ,8 ,1 1 , 1 3 - t e t r a e n - 1 8 - o a t e  (2 2 ) 22 w a s  s u b -  W atk in s , 3« ,6 and the picrate had a m elting point of 218-220°
je c t e d  t o  v ig o r o u s  b a s ic  h y d r o ly s is  w i t h  s im u lt a n e o u s  (lit. mp 218-220°,3« 222-223° 27). T h e  deam ination w as carried
d e c a r b o x y la t io n  t o  g i v e  1 9 - n o r a b i e t a - 5 ,8 , l l , 1 3 - t e t r a e n -  out according to the procedure of Seelye and W atk in s , 3« .6 and,
7 - o n e  (2 3 ). I t  is  a s s u m e d  t h a t  t h is  s e q u e n c e  g iv e s  from  10-° §  of am ine> chrom atography on alum ina and elution

r is e  t o  t h e  s t a b le  1 9 - n o r  is o m e r , r a t h e r  t h a n  t h e  18 - Wlt*  h“ ng£ ve,  ,of hy drf ar+b ° ^
. _ . . . .  ’  „  containing 60 %  2, 3 3 %  5, and 7 %  6 . T h e  benzene fractions

n o r  c o m p o u n d . I n  a d d it io n  t o  2 3 , a  s m a ll  q u a n t i t y  gave 0.084 g  (0 .8 % ) of the 4 -acetate (7 ), identical w ith  th a t pre-
o f  17 w a s  o b t a in e d  f r o m  t h is  r e a c t io n ,  a p p a r e n t l y  pared above, while benzene-m ethylene chloride fractions gave
via a  1 ,4 - h y d r id e  t r a n s f e r . 23  C a t a l y t i c  h y d r o g e n a t io n  0 . 1 2 0  g  (1 .2 % ) of the 4-ol (9) as a w hite solid w hich w as recrystal-
of 2 3 , em ploying a rhodium  ca ta ly st to  m inim ize hy- lized from hexane, m p and mmp 89-90 . In  contrast to  the ex-
, ,, x • i i penence of the earlier workers, no difficu lty m crystallizin g this

drogenolysis, gave 17, id en tica l w ith  th e  m aterial ob- m aterial w as encountered.
t a in e d  f r o m  t h e  h y d r o b o r a t i o n - o x i d a t i o n  s e q u e n c e . From  an analysis of the nmr spectra of the various m ixtures of

A l t h o u g h  t h e  r o u t e  b y  w h ic h  th is  k e t o n e  is  fo r m e d  hydrocarbons obtained in these experim ents, correlations w ith
d u r in g  t h e  h y d r o b o r a t io n  s e q u e n c e  is  u n c le a r ,  i t  m u s t  the data  of B en n ett and C am bie, and exam ination of the spec-

b e  d e r iv e d  f r o m  t h e  A 4 o le f in  (6) b y  0  a t t a c k  o f  d ib o r a n e . tm m  ° i a p" re sam ple ° f  °?efin {vide %  L? possi“ e to, . , assign the following signals in the nmr spectra of the three olefins:
S in c e  17 w a s  n o t  o b t a in e d  m  th o s e  r e a c t io n s  m  w h ic h  19-norabieta-3,8,11,13-tetraen e (5 ), 5.30 (m, H -3 ) and 1.05
t h e  m ix t u r e  o f  a lc o h o ls  w a s  s e p a r a t e d  f r o m  t h e  o t h e r  ppm  (s, C-10  m eth yl); 19-norabieta-4(18),8 ,11,13-tetraen e
c o m p o n e n ts  o f  t h e  h y d r o b o r a t io n  m ix t u r e ,  t h is  k e t o n e  (2). 4.70 (d, /  =  15 H z, H -19) and 0.99 ppm  (s, C-10  m ethyl);
is  p r o b a b ly  fo r m e d  f r o m  t h e  c o r r e s p o n d in g  h y d r o c a r b o n  19-norabieta-4,8,11,13-tetraen e (6 ), 1.66 (s, C -4 m ethyl) and

t h r o u g h  b e n z y h c  o x id a t io n .  H ydroboration-O xidation of A bietatetraene M ixtu re.— T o a
I n  t h e  le a d  t e t r a a c e t a t e  d e c a r b o x y la t io n  o f  p o -  solution of 4.00 g of the olefin m ixture obtained b y  the lead tetra-

d o c a r p ic  a c id  m e t h y l  e th e r ,  a  c o n s id e r a b le  q u a n t i t y  acetate  decarboxylation and 1.40 g  of lithium  alum inum  hydride

o f  C - 7  o x id a t io n  p r o d u c t s  w a s  o b t a i n e d . 31 E x a m in a -  ------------------
tion  of th e  m ore polar fractio n s from  th e  d ecarboxyla- 1251 Tbe assignments ol stereochemistry made in ref 24 are in fact re-

. r ’ l l  versed: however, the original stereochemical assignments of P. F. Ritchie,
tion  o f 1 gave no in d ication  of an y  appreciable am ount T K Sanderson, and L. F. McBurney [ J .  A m er. Chem . S oc ., 7 5,
of th is typ e o f oxid ation  in  th e  d ehydroabietane series 2610 (1953)] are correct. The nmr spectrum of 24 has been noted by w.
u n d e r  t h e  r e a c t io n  c o n d it io n s  u s e d . R e p e t i t i o n  o f  t h e  ^mention«! in ref'^g1*5 0 18  IJ‘ ° re' Chem’’ i 0 , 1 8 8 1  (1965)1, whUe that °{2S
r e p o r t e d  le a d  t e t r a a c e t a t e  o x id a t io n  o f  m e t h y l  d e h y -  (26) Melting points were determined on a Kofler hot stage and are un-
d r o a b i e t a t e 24 g a v e  b o t h  is o m e r ic  7  a c e t a t e s  (2 4  a n d  corrected. Infrared spectra were taken as films or potassium bromide pel-
otf\ m + W  +hnn lu st isnrripr ns rpnnrtpfi enrlipr 26 lets on a perkin-Elmer Model 137 spectropolarimeter. Ultraviolet spectra2 5 ) ,  r a t n e r  t n a n  j u s t  o n e  is o m e r  a s  r e p o r t e d  e a r n e r . were determined as methanol solutions using a Perkin-Elmer Model 2 0 2

spectrophotometer. Nuclear magnetic resonance spectra were recorded 
on a Varian Associates Model A-60 spectrometer using deuteriochloroform

(22) E. Wenkert, R. W. J. Carney, and C. Kaneko, J . A m er. Chem . S oc., as solvent and tetramethylsilane as an internal standard. Signals are given
83 4440 (1961). in parts per million relative to the standard. Optical rotatory dispersion

(23) A compound which was assigned structure 23 had been reported curves were determined in methanol with a Jasco ORD/UV-5 spectropolar-
earlier;3̂  however, it is not identical with that prepared in this work. It is imeter. Analyses were performed by Galbraith Laboratories, Knoxville,
possible that the earlier compound is actually the C-4 epimer; however, a Tenn.
lack of material precluded a detailed reinvestigation. (27) J. W. Huffman and R. F. Stockel, unpublished work. See also R. F.

(24) G. Dupont, R. Dulou, G. Ourisson, and C. Thibault, B u ll. Soc. Stockel, Ph.D. Dissertation, Clemson University, 1962; C an. J .  C hem ., At,
C him . F r ., 70S (1955). 834 (1963).
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in 100 m l of d ry  ether a t 0° was added dropwise over a 30-min tem perature for 19 m in, 2 drops of w ater and 3 drops of 10 %  so-
period 5.0 m l of redistilled boron trifluoride etherate in 80 m l dium  hydroxide were added, and the precip itated  solids were
of d ry  ether. T h e  reaction m ixture w as allowed to w arm  to  room rem oved. T h e  acetone solution w as diluted w ith  w ater and
tem perature and stirred for 2.5 hr. Ice  and saturated sodium extracted w ith  three portions of ether, th e ethereal extracts were
chloride were added and th e ether w as decanted. T h e  ethereal com bined, washed w ith  w ater, and dried, and th e solven t w as
solution was dried, the solvent was rem oved in  vacuo w ith  gentle rem oved in  vacuo to  leave 0.081 g  of oil. T his oil w as taken up in
w arm ing, and the m ixture of alkylboranes was taken up in 150 m l 5 m l of d ig lym e, 0.5 ml of 2 N  hydrochloric acid w as added, and
of tetrahydrofuran and 80 m l of 10 %  sodium  hydroxide. T o  th is the m ixture w as heated on the steam  b ath  for 30 m in. T h e
solution w as added 60 m l of 30 %  hydrogen peroxide and the reaction m ixture w as diluted w ith  w ater and extracted  w ith  tw o
reaction m ixture w as stirred for 18 hr a t room tem perature. T h e portions of hexane. T h e  hexane extracts w ere com bined, w ashed
aqueous layer w as draw n off and extracted three tim es w ith  ether, w ith  w ater, and dried, and the solvent w as rem oved a t reduced
and the ethereal extracts were combined w ith  the original organic pressure to  give 0.070 g (64% ) of ketone, identical w ith  th a t de
phase. T h e  combined extracts were washed w ith  w ater and scribed above.
dried, and th e solvents were rem oved a t reduced pressure to  give 18-Norabieta-8,ll,13-triene (19).— C a ta ly tic  hydrogenation
4.29 g  of colorless oil. T ic  [silica gel G , benzer.e-ethyl acetate  (platinum  oxide-ethanol, 30 psi, 25°) of 1.50 g  of the m ixed olefins
(8 : 1 )] showed a six-com ponent m ixture, w ith  one component from  the lead te traacetate  decarboxylation of dehydroabietic
m oving near the solvent fron t. T w o of the rem aining five com- acid gave 1.50 g  (100% ) of hydrocarbon, nmr 1 .15  (s, C-10
ponents of the m ixture appeared to  predom inate. T h e  m ixture m eth yl) and 0.99 ppm  (d, J  =  7 H z, C-4 m eth yl). T h e  12,14-
was dissolved in hexane and chrom atographed on 80 g of M erck  dinitro derivative  had a m elting point of 174 -176 ° (lit.6a m p 176 -
acid-washed alum ina. E lution  w ith  hexane gave  0.555 g  of 19- 177 °).
n orabieta-4 ,8 ,ll,12 -tetraen e (6), w hich w as identified b y  its nmr 18-Norabieta-8,ll,13-trien-7-one (15).— T o  a solution of 0.70
spectrum  {vide su p ra ) . 28 E lution  w ith  benzene-m ethylene g  of 19 in 25 m l of acetic acid w as added a solution of 1 .10  g of
chloride m ixtures gave, in order, 0.125 g of a  m ixture of tw o chromium trioxide in a solution of 2 m l of w ater and 25 m l of
alcohols w ith  v ery  sim ilar fit values on tic  and 0.337 g of 18- acetic acid. T h e  reaction m ixture was stirred a t room  tem pera-
n orabieta-8 ,ll,13-trien-3a-ol (13) as a w h ite  solid: nm r 3.83 ture for 18 hr, th e solvent was rem oved at reduced pressure, and
(m, W i/j =  7 H z, H -3), 1.18  (s, C-10  m ethyl), and 0.99 ppm  the residue was taken up in ether. T h e ethereal extracts were
(d, J  =  7 H z, C -4 m eth yl). T h e analytical sam ple, m p 1 1 9 -  washed w ith  w ater and 1 0 %  aqueous sodium hydroxide and dried,
1 2 0 °, w as crystallized from  hexane, and the solvent was rem oved at reduced pressure to  leave  0.28 g

A n al.  C alcd  for CiHEgO: C , 83.77; H , 10.36. Found: of yellow  oil. C hrom atography on acid-washed alum ina and
C , 83.51; H , 10.50. elution w ith  hexane gave  0.056 g of recovered hydrocarbon, while

F urther elution w ith  benzene-m ethylene chloride m ixtures gave  elution w ith  hexane-benzene (3 :1 )  gave  0.092 g (14 % ) of 15
0.203 g of a m ixture of the 3a-ol and tw o other com pounds, while as a colorless oil: Ac_o 5.96 m; »imax 254 nm (log e 3.99) and 303
the final benzene-m ethylene chloride fractions gave  0.645 g  of (3.28); nmr 7.82 (br s, H -14 ), 1.25 (s, C - 1 0  m eth yl), and 1.05
18 -norabieta-8 ,ll,13-trien-19-ol (12) as a colorless oil. T h e nmr ppm  (d, J  =  7  H z, C -4 m eth yl). F or analysis this compound
spectrum  agreed well w ith  th at reported b y  B urgstahler and w as converted into the dinitrophenylhydrazone, mp 180-182°
M arx,5“ w ith  signals at 3.75 (d, J  =  6  H z, H -19) and 1.03 ppm  from  ethanol.
(s, C-10  m ethyl). A n al.  C alcd  for C 25II 30N 4O 4 : C , 66.65; H , 6 .71; N , 12.44.

In  another run, 1.166  g  of the m ixture of alcohols, a fter the Found: C , 66.87; H , 6.55; N , 12.64. 
separation of the hydrocarbon fraction, w as dissolved in 100 ml o f 19-Norabieta-8,ll,13-trien-18-al.— T o  a solution of 0.538 g  of
acetone and treated w ith  excess K ilian i reagent. A fter the crude 18-nor-abieta-8,ll,13-trien-19-ol ( 1 2 ) in 4 ml of D M S O  and 8  ml
product was isolated in the usual manner, it  was separated into of benzene w as added 1.40 g  of dicyclohexylcarbodiim ide, 0.20
0.094 g  of acidic m aterial and 0.987 g  of a neutral fraction. T ic  m l of pyridine, and 0.10 ml of trifluoroacetic acid. T h e  reaction
(silica gel G -benzene) indicated th a t this neutral fraction con- m ixture w as stirred a t room tem perature for 2 1  hr, diluted w ith
sisted of tw o m ajor com ponents, and it  was dissolved in hexane ether, and washed thoroughly w ith  w ater and 1 0 %  hydrochloric
and chrom atographed on 25 g of acid-washed alum ina. E lution  acid. T h e  ethereal solution was dried and the solvent was re-
w ith  benzene-hexane (3:2) gave 0.167 g  of 19-n o rab ieta-8 ,ll,13 - m oved a t reduced pressure to  give 0.326 g  of brown oil. T h is oil
trien-3-one (14) as a colorless oil:29 Xc-o 5.86 nmr 1.37 (s, was taken up in 15 ml of diglym e and treated w ith  1.5  m l of 2 N  
C -10  m ethyl) and 1.10  (d, J  =  H z, C-4 m eth yl); O R D  [qi>]400 hydrochloric acid as described above to  give 0.224 g  of oil, w hich
+  324°, [+U01 + 1 6 1 0 ° , [<i>]264 — 810°. F or analysis this m aterial w as dissolved in hexane-benzene (3:2) and filtered through a
w as converted into the 2,4-dinitrophenylhydrazone, mp 15 4 - short alum ina column to  give 0.102 g (19 % ) of aldehyde, the
155° from  ethan ol-ethyl acetate. infrared spectrum  of w hich w as identical w ith  th a t reported

A n al.  C alcd  for C 25H 30N 4O 4 : C , 66.65; H , 6 .71; N , 12.44. earlier.3d T h is compound showed nmr signals at 9.53 (d, J  =
Found: C , 66.42; H , 6.65; N , 12.27. 4 H z, H -18) and 1 .12  ppm  (s, C-10  m ethyl).

T h e  acid fraction w as dissolved in ether and treated w ith  excess 19-Norabieta-8,ll,13-triene (20). A.— T o  a  solution of 3.0 g 
ethereal diazom ethane. A fter rem oval of the solvents, tic  (silica of sodium in 50 m l of liquid am m onia w as added 1.50 g  of de
gel G -benzene) indicated the presence of three compounds and hydroabietonitrile. T h e  reaction m ixture w as stirred at reflux
the m aterial was not investigated further. for 2 hr and then th e am m onia was allowed to evaporate. T h e

In one run carried out on 4.0 g  of olefins in w hich the tota l crude residue was taken up in ether, w ater w as added cautiously, and
hydroboration m ixture w as oxidized d irectly  as described above, the aqueous layer w as draw n off and washed w ith  ether. T h e
the first hexane-benzene fractions from  th e chrom atography of ether layers were combined, washed w ith  w ater and dilute hydro-
th e neutral fraction gave 0.045 g of 19-nor-5/3-abieta-8,ll,13- chloric acid, and dried, and the solvent w as rem oved in  vacuo
trien-7-one (17): mp 104-105° from  hexane; Xc-o 5.97 p\ Xmax to give an off-white oil, the infrared spectrum  of which showed the
252 m /4 (log e 4.08) and 303 (3.43); nmr 8.02 (br s, H -14), 1.48 presence o f some unreacted nitrile. T h e oil w as taken  up in
(s, C-10  m eth yl), and 0.91 ppm  (d, J  — 7 H z, C-4 m eth yl). hexane and filtered through alum ina to give 0.727 g (53 % ) of
O w ing to  the solubility of this m aterial in common solvents, it hydrocarbon as a colorless oil w ith  nmr signals a t 1.09 (s, C-10
was converted into the dinitrophenylhydrazone, mp 197-199 ° m ethyl) and 0.93 ppm  (d, /  =  5 H z, C -4 m eth yl). T h e  12,14-
from  ethan ol-ethyl acetate. dinitro derivative  w as prepared and after chrom atography and

A n a l.  C alcd  for C 25H 30N 4O 4 : C , 66.65; H , 6 .7 1; N , 12.44. recrystallization from  m ethanol had a m elting point of 130 - 
Found: C , 66.51; H , 6.79; N , 12.20. 13 1°  (lit. mp 1 5 1 - 1 5 3 ° >  133-134 ° 19).

19-Norabieta-8,11,13-trien-3-one (14).— 1To a solution of 0 .110  A n al.  C alcd  for C i9H 26N 20 4 : C , 65.88; H , 7.56; N , 8.09. 
g  of 18 -n orabieta-8 ,ll,13-trien-3a-ol (13) in 15 ml of acetone was Found: C , 65.65; H , 7.39; N , 8 .17 .
added K ilia n i reagent dropwise until a  perm anent orange color T he dinitro derivative had nm r signals at 7.60 (s, H - l l ) ,  1 .12  
persisted. T h e reaction m ixture w as allowed to  stand a t room (s, C -10  m eth yl), and 0.95 ppm  (d, J  =  5 H z, C -4 m eth yl). 
------------------ B .— T o  a solution of 0.132 g  of 19-norabieta-8 ,ll,13 -trien -18 -al

.no. T v. . . ,  , ,  „ in 15 m l of diethylene glycol was added 1.0  m l of hydrazine and(28) In subsequent runs, considerably smaller quantities (0.1-0.2 g) of n c , , . , r™ J  ,
saturated hydrocarbons (abietatrienes) were obtained in this fraction. 1  -0 , f  ° f/ 0 <T Uum hy dr™ d e .  T h e reaction m ixture Was heated

(29) The balance of the material was, from the infrared spectrum of the ^   ̂ 2 hr and then at reflux for 4  hr. A fter Cooling, the
crude neutral fraction, the 18 and/or 19 aldehyde. Subsequent experience in- solution Was diluted with w ater and extracted  With two portions
dicated that these aldehydes were somewhat unstable to chromatography on of hexane. The hexane extracts Were Combined, Washed With
alumina. w ater, and dried, and the solvent was removed. The residue
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w as redissolved in hexane and filtered through alum ina to  give benzene-m ethylene chloride ( 1 :1 )  gave  0.024 g  of a m ixture of 
0.051 g (4 1% ) of 20, identical w ith  th a t described in p art A . alcohols, w hich was not investigated further.

19-Norabieta-8,11,13-trien-7-one (16).— T h e hydrocarbon w as Lead Tetraacetate Oxidation of Methyl Dehydroabietate.—  
oxidized as described above in th e preparation of th e 18-norke- T h e  reaction w ith  lead te traacetate  was carried out as described
tone. From  0.50 g  of startin g m aterial there w as obtained 0.183 b y  D u P o n t . 24 From  2.00 g  of ester there w as obtained 0.172 g
g  (33% ) of 7-one 16 as a colorless.oil: Xc_o 5.96 p ;  Xma* 254 mtt of m eth yl 7a-aceto xyab ieta-8 ,ll,13 -trien -18 -oate  (24): mp
(log «4.04) and 302 (3.80); nm r 7.90 (br s, H -14 ), 1 .16  (s, C -10  16 0 -16 1° (lit. mp 16 7°); Xc_o 5.80 M; nm r 5.89 (q, W y t =
m eth yl), and 0.90 ppm  (d, J  =  5 H z, C-4 m eth yl). F or analysis, 7 Hz, H -7), 1.2 7  (s, C -4 m eth yl), and 1 .18  ppm  (s, C-10  m eth yl),
the dinitrophenylhydrazone, m p 204-295° from  eth an ol-eth yl H ydrolysis of this ester afforded the 7a-ol, mp 10 7-108° ( lit . 24

acetate, was prepared. mP 1 1 1 0)- T h e dark brow n, gum m y residue, 1.94 g , rem aining
A n a l. C alcd  for C s6H soN ,G 4i  C ,  66.65; H , 5 .7 1 ;  N ,  12.44. after rem oving the crystalline a  acetate  was taken up in 200 m l of 

F ou n d ' C  6 6  42- H  6  73 ' N  12 29 m ethanol to  w hich w as added 8.0 g  of potassium  hydroxide and
19-Norabieta-5,8,11,13-tetraen-7-one (23),— T o  a  solution of l 0 ™1 of w a te r ' / he reaction m ixture w as heated a t reflux for

1 . 6 8  g  of m eth yl 7-oxoabieta-5 ,8 ,ll,13-tetraen -18 -oate  (2 2 ) 2  hr, concentrated to  a sm all volum e, and diluted w ith  ether and
in 10 m l of diethylene g lyco l w as added 0.60 g  of sodium hydrox- the ethf r f ^ a c ts , wer+e f ashed w ith  w ater and dried A fter
ide and a few  drops of w a ter. T h e  reaction m ixture w as heated rem oval of the solvent, there w as obtained 0.531 g  of a dark
a t reflux for 18 hr, cooled, diluted w ith  w ater, and extracted w ith  brown glass w hich w as taken up m benzene and chrom atographed
four portions of hexane. T h e hexane extracts w ere washed w ith  on acid-washed alum ina. E lu tio n  w ith  benzene gave  0.183
w ater and diluted hydrochloric acid and dried, and the solvent w as « of colorless oil w hich appeared to  be a  m ixture of recovered
rem oved at reduced pressure to  g ive  0.89 g  of brown oil. T ic  8tart“ S fmat+erlal and . e^ ^ on Products. T h e  m ethylene
(silica gel G -ben zen e) indicated th e presence of tw o  com pounds, chionde fractions afforded 0.176 g  of a m ixture of 70  (25) and
and the m ixture w as taken  up in hexane-benzene (3 : 1 ) and chro- ^  whlohAb y  “ R a t i o n  of th e nm r spectrum  contained
m atographed on alum ina. E lu tio n  w ith  hexane-benzene (2 :1)  f  corn er A  sample of m eth yl 70 -hydroxyabieta-8,11 ,13 -
ga ve  0.041 g  of 19-nor-5/3-abieta-8,ll,13-trien-7-one (17), mp and tnen-18-oate (25), prepared b y  borohydn d e reduction of
m m p 100-102°. T h e  more polar hexane-benzene fractions gave  keton e, gave  nm r signals a t  4.82 (t J  =  8  H z, H -7) and
0 .173 g of 23 as off-w hite crystals: m p 6 5 -6 7°; Xc=o 6.03 M; L 2 ? (s> C ' 10, m eth yl and ^  . ^ e  ^ re s p o n d in g
Xmax 256 mM (log ,  4.08), 266 (sh, 4.00), and 304 (3.34); nm r 8.03 acetate has a  Slmllar spectrum  w ith  H -7 shifted to  6.08 ppm .

(b rs , H - 1 4 ), 6.30 ( d , J  = 1.5  H z, H -6 ), 1.48 (s, C -10  m eth yl), Registry No — 1, 1740-19-8; 2,22478-62-2; 5,
and 1 .19  ppm  (d, J  — 6  H z, C-4 m eth yl). T h is compound w as 0 0 4 .7 Q a q  q .  9 9 4 7 8  4 - 7  9 95fifi-0 5-8 * 13  2 2 5 7 6 -
to o  soluble in co m m on solvents to  be satisfactorily  recrystallized , 22478-63-3, 6 , 22478-64-4, 7 ,  2 2 5 6 b  0 5  8 , 1 3 ,  2 2 5 / b
and w as converted into th e  d initrophenylhy drazone, m p 222-223° 98-3 5 14, 22566-06-9; 14 2 ,4-dinitrophenylhy drazone,
from  ethyl acetate, for analysis. A  m ixture m elting point w ith  22566-07-0; 15, 22566-08-1; 15 2,4-dinitrophenyl-
the derivative, mp 230 -231°, of a  keton e assigned this struc- hydrazone, 22593-99-3; 16, 22566-09-2; 16 2,4-dinitro-
ture previously3-1 w as 2 1 2 - 2 2 0 °. phenylhydrazone, 22566-10-5; 17,22566-11-6; 17 2,4-

A n a l  66.95; H, 6.29; N 12.49. dinitrophenylhydrazone, 22566-12-7; 19, 19407-17-1;

1 9 -N or-5 i3 -ab ieta-8 , l l , 1 3 -trien -7 -on e (17 ).— C a ta ly tic  hydro- 2 0 > 19407-18-2; 23, 22566-15-0; 23 2,4-dinitrophenyl- 
genation (5 %  rhodium  on alum ina, m ethanol, 25 psi) of 0.056 g  hydrazone, 22566-16-1; 24, 22565-68-0; 25, 17901-
of 23 gave, a fter filtration  and evap oration  of solvent, 0.035 g  36-9. 
of brow n sem isolid. T h e  infrared spectrum  of this m aterial in
dicated th a t it  w as a m ixture of ketone and alcohol, and tic  Acknowledgments.— The spectropolarimeter used in
(silica gel G -ben zen e) confirmed this observation. T h e  residue this work was obtained through a National Science
was taken  np in hexane-benzene ( 3 :1) and chrom atographed on Foundation Research Instruments Grant. We would
M erck  acid-washed alum ina. E lution  w ith  hexane-benzene , 1  i rr  -r? c< , i c ■ n-_n1 1 i QC, t „  „ r  Q
(1:1) gave 0.009 g  of 17 as w hite crystals, mp 99-101°, m m p l^e to thank T  F . Sanderson of Hercules, Inc., for a
102-104° w ith  th e m aterial obtained p reviou sly . E lu tio n  w ith  generous gift of deuydro able to nitrile.

The Photochem ical Lactolization and Deconjugation of 
t r a n s - Steroidal a,/3-Unsaturated Acids

M anuel D ebono and R. M ichael M olloy

T h e L il ly  R esearch  L abora tor ies , E l i  L il ly  an d  C om pany, In d ia n a p o lis , In d ia n a  4.6206

R eceived  J u n e  SO, 1969

T h e photoisom erization of 2-(fmras-ylideneacetic acid)-17/3-hydroxy-5a-androstan-3-one (1) w as studied and 
was shown to  g ive  3£,17/3-dihydroxy-5'(2'H )-oxo-5a-androstano[3,2-6]furan (2). Irradiation  of th e correspond
ing 17-keto-16-(2raras-ylideneacetic acid)androst-5(6)-en-3/3-ol (5) gave on ly tra n s -c is  isom erization of the 
side chain. A  sh ift of the side-chain double bond in 2 -prans-ylideneacetic acid)-3 0 , 1 7 £-dihydroxy-5 a:-androstane 
diacetate (7) to  the C -l(2 )  position was observed when the irradiation was carried out in acetone. T his de- 
conjugated acid 8  was characterized b y  the facile ketonization  of its C-3 h yd ro xyl function in refluxing alkaline 
solution. O n ly  tra n s -c is  isom erization occurred w hen 16-(<r<ms-ylideneacetic acid)-3 (3 , l 7 i3-dihydrQxyandrost- 
5 (6 )-ene d iacetate  (10) was sim ilarly irradiated. Some aspects of the mechanisms of these transform ations 
are discussed.

o
In the course of the study of general methods for Irradiation of 1 using ultraviolet light (3550 A) for 

the synthesis of ring-A fused heterocyclic steroids, 3 -4  hr in methanol gave a product with infrared,
we became interested in the chemistry of 2-(trans-y\- ultraviolet, and nmr spectra characteristic of the a ,¡3-
ideneacetic acid)-17/3-hydroxy-5a-androstaii-3-one ( l ) .1 unsaturated lactol 2. This compound was found to
The results of our study of the photochemical be- be identical with the lactol obtained from the acid-
havior of this system are reported here. catalyzed cyclodehydration of 3. The lactol was fur

ther characterized by its quantitative conversion into
(1969)M Deb°n°' E' M' M°UOy' and L' PatterS°D' '7' °r0' °hem" 3032 the pyridazone 4 with ethanolic hydrazine.1
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OH OH cis isomerization of the side chain occurred to give a
- i l  keto acid, 6, as evidenced by the shift of the nmr 

| [H  j |H | signal for the olefinic proton of 6 from 5 6.3 to 6.1
-¡7*" r==1/ \ / x / t ppm.2 This shift corresponds to the removal of the

JL J H \ H side-chain olefinic proton from the deshielding region
0 ^ hr QT ^ about the C-17 carbonyl group. The reaction appeared

l“ to reach equilibrium rapidly, and the ratio of cis to
1 S '  2 trans isomers approached 1:1 within 6 hr. The factors

|n,h,
/ /  H+ » ' O H  9  COOH

. n j t f  / ? - - & ■

h H
j j  H which determine whether the keto group will interact

4 with the side-chain carboxyl group to form a lactol
3 remain obscure. Undoubtedly a number of steric and

II ?  II 900H electronic factors are operative in this transformation.
'^ Y ^ C O O H  Conversion of the C-3 carbonyl group of 1 into a

I H ___I JM"- ___ J 3/3-acetoxyl group by reduction and acetylation gave 7,
p " '  ^ ~hT ; which was expectedly inert to the irradiation conditions

H which isomerized l .3 However, irradiation of 7 in
: ' acetone caused disappearance of the uv and ir bands

5 6 characteristic of a,j3-unsaturated acid (217 m^ and
I c |Ac 1650 cm-1, respectively).

COOH Ch^ " ^ ]  COOH |x hx ' ^ i The Pr°duct showed an upfield shift of the olefinic
_____I fa t r  I *  ____I proton signal from 5 5.9 to 5.62 (isolated double bond),

h | ^ ^ acetone ^ where it is partially superimposed on the broad mul-
tiplet at S 5.42 (allylic C-3 proton). In addition, 

H H the doublet at 5 4.2, which corresponds to the signal
7 g for the equatorial C-l proton, is no longer present.4

I These data are consistent with the structural assign-
I ment 8, which results from the deconjugation of the

OAc H OAc olefinic bond to the C-l position. Shift of the double
COOH bond in a,/?-unsaturated acids to the ¡3,y position upon

| H I (-OOH . ( h | photolysis has been observed by Kropp6’6 with crotonic
^  acid, while others have observed this with acyclic

JL I H H'JI I h a,/3-unsaturated aldehydes and ketones.7 This struc-
AcO A cO ^ ^  tural assignment was confirmed by hydrogenation to 9,

10 which had also been obtained from the hydrogenation
u 9 of 7 .1 The 2/3 configuration of the side chain of 9
t was assigned on the basis of steric hindrance of the

OAc COOH d side favoring hydrogenation from the a  side.
__ J The acid 8 was further characterized by its novel

[ behavior under basic conditions.
When a methanolic solution of 8 containing excess 

li I J  H base was refluxed for 3 hr, a keto acid was formed. Its
HCT nmr spectrum showed disappearance of the olefinic

H proton, the loss of one proton on carbon bearing oxygen,
and a shift of the C-19 methyl from S 0.78 to 1.12,8

Previous study of the photochemistry of „-keto a,ft- while the carboxylic Proton was stm evident (S 10.13,
unsaturated acids has been limited to a report by Lutz whlch disappeared with D20 ) . Treatment of 12 with 
concerning the lactolization of aroyl-a- (and ¡3-) methyl- methanolic p-toluenesulfomc acid at room temperature 
acrylic acids.2 Lutz observed that the parent trans- (3) (a) P. Kurath and w. Cole, 0rg, Chem,, 26, 1939 (1961). (b) M. s. 
benzoylacrylic acid did not cyclize upon irradiation Newman, W. C. Sagar, and C. C. Cochrane, ib id ., 23, 1832 (1958). 
with sunlight, but was isomerized to the open-chain (4) (a) H- Hauth> D- Stauffacher, P. Niklaus, and A. Melera, Helv. C him .

CIS isomer. Since 1 has alkyl substitution on the Kuimig, j . Amer. Chem. See.. ss, sses (me).
side-chain olefinic bond, it follows from Lutz's observa- (5) p. j . KroPP and h. j . Krauss, j . Org. chem., sa, 3222 (1967).
tion that the cyclic lactol form could be expected in (6) For a recent study on the Photoisomerization of ethyi crotonate, see,r , • r ry *  R. R. Rando and W. von E. Doering, ibid., 33, 1671 (1968).
tne ISOmeriZatlOn OI Z. (7) For a representative summary of examples, see R. O. Kan, “Organic

Photolysis of the 16-ylideneacetic acid 17-ketO ste- Photochemistry,” McGraw-Hill Book Co., Inc., New York, N. Y., 1966, p 
roid 5 did not result in lactol formation, but a trans- 29‘ , . , .... ... , . . .1 (8) This chemical-shift position for the C-19 methyl group could be

estimated from Zurcher’s rules, which are summarized in N. S. Bhacca and 
(2) R. E. Lutz, P. S. Bailey, C. Dien, and J. W. Rinker| J . Amen Chem, D. H. Williams, “Applications of NMR Spectroscopy in Organic Chemistry,”

S oc., 75, 5039 (1953). Holden-Day Inc., San Francisco, Calif., 1964, p 19.
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for 0.5 hr gave methoxylactol 13. Its infrared spec- reaction.10,11 Without speculating about the triplet
trum showed a carbonyl band at 1770 cm-1, and its or singlet character of the excited states involved,
nmr had a signal at 5 3.32 (s, 3 H, CH30 - ) .  The it seems reasonable that factors which assist the forma-
isolation of 13 indicates that the base treatment of 8 tion of a six-membered transition state will favor the
resulted in ketonization of the C-3 oxygen function. deconjugation.12 Models of 7 show that the C-2 side

chain and the C-l equatorial proton can achieve co- 
OAc OH planarity, and close approach of the carboxyl carbonyl

/ x l l  COOH T to the C-l equatorial proton is possible without much
COOH S' j __  ̂ | y conformational deformation of ring A. These factors

oh-> -------1 w o u ld  t e n d  t o  f a c i l i t a t e  ^ -h y d r o g e n  a b s t r a c t io n  a n d

X  J H I X  J 11 isomerization by the mechanism described above.
Analogous discussion of the steric factors in 10 leads 

H H to the conclusion that the C-15 protons and the C-16
8 *2 ylideneacetic acid side chain can not achieve co-

j p l a n a r i t y ;  t h e r e fo r e ,  a n  in c r e a s e d  c a r b o x y l - C - 1 5  p r o 

t o n  d is ta n c e  r e s u lts ,  m a k in g  a b s t r a c t io n  o f  C - 1 5  p r o to n s  

? H d if f ic u lt .

H f  H ___J Experimental Section

J ^  M eltin g points are uncorrected. U v  spectra were recorded on
a C a ry  15 spectrophotom eter. I r  spectra were determ ined on a 

OMe H Perkin-E lm er 2 1. N m r spectra w ere obtained on a  V arian  HR-60
w ith  T M S  as an internal standard. Irradiations were carried 

1 3  out in a R a yon et-S rin ivasan -G riffin  photochem ical reactor
r  under purified nitrogen a t 35-40 °, using quartz vessels.

The general features of this transformation are Irradiation of l 7 /3-H ydroxy-3 -oxo-5 o:-androstane-A2-Q:-acetic Acid 
analogous to the work of Elderfield on the transforma- (i).—irrad iation  of 1 . 0  g of l in 450 m l of m ethanol w asocarried
tion of the A“’̂ -lactol ring of strophanthidin into the ou t in a  R ayon et C ham ber reactor equipped w ith  3550-A  ultra-
lactolic side chain in isostrophantidin.9 When the violet sources under a stream  of nitrogen for 3-4  h r . 1 T h e reac-

, . , „  , • , , , 1 . x , „  tion m ixture was evaporated to  dryness under reduced pressure.
steroidal acid 7 was subjected to base treatment under The regidue 2 was recrystallized from  E tO H : y ie ld  0.5 g; mp
conditions which isomerized 8, no ketonization occurred, 256-260°; u v  m ax (E tO H ) 214 m^ (« 30,000); ir (C H C lj)  1760
indicating that /3,y unsaturation, rather than a ,¡3 un- and 1640 cm -1 ; nmr s 5.86 (b rs , 1 H ).
saturation, was necessary and that it was unlikely T h e compound was identical in all respects w ith the compound 

that isomerization of 8 to 7  occurred prior to formation X ^ v l r s i o n  ' o f  5 '( 2 'H )-oxo-5 a-androstano-

° f  12 . [3,2-6]furan (2) into the Pyridazone 4.— T h e lactol 2 (0.30 g)
The reaction can be formally represented as a base- ;n io mi 0f E tO H  was treated w ith  0.25 m l of hydrazine hydrate

catalyzed isomerization of a A 1 to a A 2 double bond, and refluxed for 6  h r . 1 E vap oration  of solvent and recrystalliza-

»  * " " >  * » t h e  f o l lo w in s  s c h e m e - h ,
COO“ U + ~  COO“  -x. 9.10; N , 7.67. F ound: C , 72.54; H , 8.84; N , 8 .11 .
| p ^ T  T  I I Irradiation of 3/}-H ydroxy-17-oxo-androst-5-en-16-ylidene-

/  acetic Acid (5).— A  solution of 1.00 g  of 5 in 500 m l of M eO H  w as
T  T __ |  J  irradiated b y  the above procedure for 3 h r .3a T h e solven t was

HO * HO'/ k ' —  rem oved under reduced pressure, and the product w as collected,
j!j H yield  501 m g. T h e  nmr spectrum  showed a 1 : 1  m ixture of cis
t i and trans  keto acids. T h e cis  acid could be fraction ally  crystal-

:base ketonization lized f rom M eO H : yield 55 m g; mp 18 0 -18 5°; nm r (C D C U
and 0.3 m l of D M S O ) S 6.20 (m, 1 H , > C = C H C O O H )  and 1.07 

1 2  and 1.0 1 (s, 3 H  each, 2 angular C H 3).
. ,  : 1  . . . . . .  , A n a l.  C alcd  for C 21H M0 4: C , 73.22; H , 8 .19 . Found:

Irradiation of the corresponding 1 b-trans-ylidene- c> 7310; g 00
acetic acid 3/3,17/3-dibydroxyandrost-5-ene-3,17-diace- ’ Photoisomerization of 3/i,17/i-Diacetoxy-5a-androstan-2-
tate (10) in acetone did not result in deconjugation ylideneacetic Acid (7).—T h e irradiation of 7 (2.5 g) w as per-

but resulted solely in the trans-cis isomerization o f  form ed in 500 mi of M e.iX ), using the m e X X ^ m e d  m i s m e
_ ,  „  . , , • , • , ,  mi , x c i t -  x for 18 h r . 1 T h e solven t was rem oved under reduced pressure,
C-16 side chain to give 11. The product ol this trans- &nd ^  regidue wag recrystallized f rom  E t 20 - M e 2C 0  m ixtures to
fo r m a t io n  r e ta in e d  t h e  u l t r a v i o l e t  c h r o m o p h o r e  a t  217 give 8; yield 135 g (5 4 % ); mp 2 11 -2 13 ° ; nmr (C D C h ) s 0.8
m p  a n d  t h e  n m r  s ig n a l  fo r  t h e  o le f in ic  p r o t o n  a t  S (Sj 3  h , angular C H 3), 2.03 (s, 6  H , acetate), 4.6 (br t, 1 H ,
5.92, w h ic h  c o r r e s p o n d s  t o  a  d o w n fie ld  s h i f t  o f  5 0.22 C -17  H ), 5.5 (m, 1 H , C-3 H ), 5.6 (s, 1 H , C - l  H ), and 10.1 (m,
from the corresponding signal for the trans isomer at S 1 X d ^ C a l c d  for C 26H 360e: C , 69.42; H , 8.39. Found:

5 .7 .  C .6 9 .2 0 ; H , 8.42.
The difference between the photolyses of 7 and W hen this irradiation was carried ou t in M eO H , no significant 

10 in acetone deserves further comment. Reports am ount of deconjugation occurred, and only startin g m aterial was

c o n c e r n in g  t h e  c o n v e r s io n  o f  « ^ s a t u r a t e d  t o  0 , y -  isolatedphotoisomerization of 3 ,̂17 -̂Diacetoxyandrost-5-en-16-
u n s a t u r a t e d  c a r b o n y l  c o m p o u n d s  p r o p o s e  t h a t  7 - h y -  yUdeneacetic Acid (10).— A  solution of 2.0 g of 10 in 500 ml of
d r o g e n  a b s t r a c t io n  o c c u r s  t h r o u g h  a  s ix - m e m b e r e d  M e2C O  w as irradiated w ith  3550-A u ltravio let ligh t for 6  h r3“
tr a n s it io n  s t a t e ,  a  v a r i a t i o n  o f  t h e  N o r r is h  t y p e  I I  using the procedures outlined above. E vap oration  of solvent

gave  a m ixture which showed tw o components on tic  (silica gel,
(9) (a) W. D. Paist, E. R. Blout, F. C. Uhle, and R. C. Elderfield, J .  -----------------

Org. Chem ., 6, 273 (1941). (b) For a review of the examples of this phenom- (10) See ref 7, p 73.
enon in the strophanthidin series, see L. F. Fieser and M. Feiser, •'Steroids,” (11) J. A. Barltrop and J. Wills, Tetrahedron Lett (1968).
Reinhoid Publishing Co., New York, N. Y„ 1959, p 736. (12) M. J. Jorgenson and L. Gundel, ib id ., 4991 (1968).
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E tO A c). T h e less polar com ponent was identified as startin g M e O H -E t20  to give 1 2 : y ie ld  483 m g; mp 2 17 -2 19 °; nmr
m aterial on the basis of nm r evidence (side-chain olefinic proton (C D C h  -D M S O ) S 1 .12  (s, 3 H , C -19  CH s) and 3.63 (m, 1  H,
& 5 .7 , 17-acetate  a t S 2.19) and tic . F ractional crystallization  C -17  H ).
from MeOH gave the more polar component 1 1 : yield 990 mg; A n a l. Calcd for C21B 32O4: C, 72.38; H, 9.26. Found:
mp 20 8 -211°; uv max (EtOH) 216 him (e 9150); ir (CHCfi) 1650 C, 72.12; H, 9.54.
cm -1 ; nm r (C D C h ) 2.02 (s, 3 H , acetate, C-3 H ), 4.45 (m, 1 H , 17/3-Hydroxy-5a-androstan-2a-ylacetic Acid 3-£-Methoxy-
C-3 H ), 5.40 (m, 1 H , C -5 olefinic H ), 5.60 (m, 1 H , C -17  H ), and lactol (13).— A  solution containing 400 mg of 12 and 30 m g of
5.94 (m, 1 H , side-chain olefinic H , c is ) .  (The preceding values T sO H  in 60 m l of M eO H  was allowed to stand a t room  tem pera-
are for the D 20  run, since the carboxyl proton overlapped the last ture. T ic  indicated th at m ost of the starting m aterial had been
three signals a t S 5.40.) converted into a less polar product. T h e  reaction m ixture

A n a l. C alcd  for C a ^ O e :  C , 69.74; H , 7.96. F ound: was poured into 300 m l of H 20 , extracted tw ice w ith  500 m l of
C , 69.95; H , 7.96. E t 20 , and dried (M g S 0 4). E vap oration  of so lven t and recrystal-

Hydrogenation of 3/3,17/3-Diacetoxy-5a-androst-l-en-2-yl- lization  from  ether gave the crystalline solid 13: yie ld  245 m g;
acetic Acid (8 ).— A  solution containing 503 mg of 8  and 50 mg of mp 205-206°; ir (C D C 13) 1770 cm -1 ; nm r (C D C h ) 5 0.72 (s, 3 H ,
platinum  oxide in 250 m l of E tO H  was hydrogenated a t 1 atm - C -18  C I i3), 0.84 (s, 3 H , C -19 C H 3), 3.32 (s, 3 H , O C H 3), and
pressure until hydrogen u ptake dim inished. T h e  solven t was 3.6 (m, 1 H , C -17  H ).
evaporated under reduced pressure, and the residue w as recrystal- A n a l. C alcd  for C mH siO u  C , 72.89; H , 9.45. Found:
lized from  ether to give 92 mg of recovered starting m aterial. C , 72 .7 1; H , 9.36.
The mother liquors were concentrated, and the residue was re
crystallized from ether to give 21 mg of a crystalline solid, mp 2 14 - „  . , , „ „ „ „ „ „ „  ,
2 15 ° . The nmr spectrum of this compound showed angular Registry No. 2 , 2 0 7 1 2 -^ 2 -5 , 4, ^ 2 2 8 7 -2 1 -4 , 6, 
methyl signals at 46 and 53 cps and two acetate singlets at S 1.92 2 2 2 8 7 -2 2 -5  ; 8 , 2 2 2 8 7 -2 3 -6 ; 9 , 2 0 7 0 8 -7 4 -1 ; 11, 2 2 2 8 7 -
and 2.02. The C-3 and C -17  protons appeared at 6 4.92 and 0 6 - 5 ;  12, 2 2 2 8 7 -0 7 -6 ; 13, 2 2 2 8 7 -0 8 -7 .
4.10  (m ), resp ectively.

A n a l.  C alcd  for CaHsjOe: C , 69.09; H , 8 .81. Found:
C , 6 9 .3 2 ; H , 8.85. Acknowledgments.— The authors wish to acknowl-

Base-Catalyzed Isomerization of 8 .—A  solution containing 787 edge the fine technical assistance of Mr. Lawrence E. 
mg of 8  and 787 mg of N aO H  in 1 0 0  m l of M eO H  and 1 0 0  m l of Patterson, Dr. William Hargrove and associates
H 20  was refluxed for 3 hr and then allowed to cool to room tern- (physico-chemical data), Mr. George Maciak and
perature. ih e  so lven t w as evaporated to half its volum e, 2 0 0  • - ,  . \  , ,  ® .
m l of H 20  w as added, and the m ixture was acidified w ith  dilute associates (microanalyses), and Mrs. Nancy Cone for
H C 1. T h e precipitate w as collected and recrystallized from  their help in preparation of this article.

The Structure of Damsinic Acid, a New Sesquiterpene 
from A m brosia  am brosioides  (Cav.) Payne1

R aymond W. D oskotch and C harles D. H tjfford2

D ivision  o f  N atu ra l P rodu cts Chem istry, C ollege o f  P harm acy ,
T h e Ohio S tate U niversity, C olum bus, Ohio JfSHlO

R eceived  J u l y  14, 1969

T h e structure of a new sesquiterpene, dam sinic acid, from  A m brosia  am brosio ides  (C a v .) P ayn e has been shown 
to  be 2 . Pyrazolin e derivatives of damsin ( 1 ) and dam sinic acid w ere assigned structures based on C D  and 
nmr studies.

We recently reported the isolation and identification hyde on ozonolysis. The nature of the bicyclic system
of the pseudoguaianolide damsin ( l )3 as the cytotoxic was established by dehydration followed by dehydro
principle of Ambrosia ambrosioides (Cav.) Payne. genation of the diol 7 to chamazulene (8). The azulene
There was obtained in addition an inactive substance, product was not consonant with the requirement of one
mp 112-113°, which analyzed for C15H22O3 and con- tertiary methyl group in the starting materials. Ap-
tained a carboxyl and carbonyl function, a secondary parently a 1 ,2-methyl shift had occurred during aro-
and tertiary methyl group, and an exocyclie methylene, matization, a migration already reported for other
as established by physical methods (uv, ir, nmr, and pseudoguaianolides.6,6
mass spectrum).3 The structure of the compound, The location of the ketone group in the five-mem- 
damsinic acid, has been determined as 2 from the follow- bered ring was suggested by the ir band at 1735 cm -1, 
ing evidence. The nmr peaks for compounds reported The C-4 position was preferred, in keeping with the 
in this paper are given in Table I. previously isolated pseudoguaianolides from Ambrosia.''

The nmr spectrum of damsinic acid indicated an The incorporation of two deuterium atoms into the
a-substituted acrylic acid side chain which was con- dihydro acid 3 according to the conditions of Komae 
firmed by (a) the spectral changes observed on hydro- and Nigam8 established the assignment, 
genation to the dihydro acid 3, (b) the formation of the
methyl ester 4 with 1 mol of diazomethane and two Pl o .  Deueland T. a . Geissman, J .  A m er. Chem. S oc., 79 , 3778 (1957);
isomeric pyrazoline esters _5a and 5b with excess re- * £  « ,  asr
agent, and (c) the liberation of acid 6 and formalde- (1953); o>) l. Bernard and g. Bachi, Experientia, is, 466 U967).

(6) W. Herz, H. Watanabe, M. Miyazaki, and Y. Kishida, J .  A m er.
(1) Antitumor Agents. III. Previous paper: R. W. Doskotch and F. Chem . S oc., 84, 2601 (1962).

S. El-Feraly, J .  P h arm . S et., in press. This investigation was supported by (7) (a) W. Herz in "Recent Advances in Phytochemistry,” T. J. Mabry,
Public Health Service Research Grants CA-08133 from the National Cancer Ed., Appleton-Century-Crofts, New York, N. Y., 1968, p 2 2 9 ; (b) J.
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T a b l e  I

N m r  P e a k s  o f  D a m s in ic  A c id  a n d  I t s  D e r i v a t i v e s 0

4 3  e))Vtv6 jj 

D

1

Compd C-5 CHa C-10 CHj C-ll CHa H-6 H-7 C-ll =CHa Miscellaneous
2  1 .0 6  1 .0 5  d (7 .0 ) 2 .8 3  m 5 .6 3  1 1 .2 3  (C O O H )

6 .2 7

3 1 .0 1  1.0 2 d (6 . 6 ) 1 .1 8  d (6 .7 ) 10 .4 7  (C O O H )
4  1 .0 4  1 .0 5  d  (7.0 ) 5 .5 1  3 .7 4  (CO O C H s)

6.08
5a 0.99 1.0 3  d (7) 2 .9  m 3 .7 7  (CO O C H s)

4 .6  m 5 (C H 2C H 2N )

5b 1 .0 2  1 .0 3  d (7) 2 . 6  m 3 .7 7  (CO O C H s)
4 .5  m 5 (C H 2C H 2N )

6  1 . 0 1  1 . 0 2  d (6 .3 ) 2 .7 3  m 9 .9 1  (C O O H )
7 0.88 0.83 d (7)' 0 .93 d (7)' 2 .1  m “ (OH )
9 1 . 1 7  1 .1 6  d (6 . 8 ) 1 . 1 1  d (7 .2 ) 4 .5 4  d (5 .4 ) 2 .8 8  dq (7 .2 , 8 . 0 / H u )

11 1 .1 2  1.0 9  d (6 . 8 )c 1 .2 4  d (6 .7 ) ' 4 .4 4  d (8.2)
1 2  0 .98 0 .95  d ( 7 /  0 .9 7  d ( 7 /  3 .4  m 4  (OH )
13 1 .0 7  1 .0 5  d (6 .4 ) 3 .1 5  d ( 4 .8 / N C H 3)

7 .4  m d (N H )
14 1 .0 3  1 .0 4  d (6 . 2 ) 2 .7 8  d ( 4 . 7 / N C H 3)

5 .5 1  m d (N H )

15a 1 .2 7  1 .1 5  d (7 .3 ) 5 .4 5  d (6 .2 ) 4 .7 5  m 5 (C H 2C H 2N )
15b 1 .4 7  1 .1 5  d ( 7 .1 )  4 .7 9  d (9 .1 )  2 .9 6  m 4 .7  m 5 (C H 2C H 2N )

“ Chem ical shifts (S, parts per m illion) were taken in C D C b  on V arian  A-60A or H A100 instrum ents w ith  T M S  as internal standard; 
singlets are unm arked, d =  doublet, m =  m ultiplet w ith  center given, q =  quartet; coupling constants are given  in parentheses in 
hertz. 5 T h e valu e recorded is the center of the m ultiplet of overlapping peaks for the four protons. c V alues in row m ay be inter
changed. d L o st in D 20 . e T w o  overlapping quartets form ing five peaks are clearly visible in the 100-M H z spectrum . 1 Collapses 
to  a singlet in  D 20 .

The stereochemistry of the ring junction in damsinic stance was prepared by Romo, et a l.,n  by Raney nickel
acid was assigned as trans in keeping with other pseudo- desulfurization of the addition product of damsin and
guaianolides7b on the basis of comparison of its ORD toluenethiol. Lithium aluminum hydride reduction of
and CD curves with those of damsin. Both gave dihydrodamsin (9) gave the triol 12, whose mesylate on
positive Cotton-effect curves with the first extremum at reduction with the same reagent gave products of S -0
315 mp (o 37.7°) and 327 mp (a 39.9°), respectively. bond cleavage. Similar products were obtained from
The assignment for damsin derivatives was originally the mesylate and tosylate of the diol 7. Complete
based on ORD studies6 in comparison with appropriate replacement of the tosylate by iodide in diol 7 ditosylate
steroid models.9 The absolute stereochemistry follows was likewise unsuccessful.
from ambrosin (2,3-dehydrodamsin), whose 3-bromo The stereochemistry at C-7 was established by CD 
derivative was subjected to X -ray analysis.10 studies.14 In particular the curves of N-methyl

Attempts to convert both damsin (1) and damsinic thionamides have been shown to be related to the
acid (2) into a common product, such as pseudoguaiane, asymmetry at the a  carbon,16 and the corresponding
for determining the configuration at C-7 and C-10 derivative 13 of bisnordamsinic acid (6) was prepared
failed, but our findings are of interest to be recorded. via the amide 14. The CD curve of 13 showed a weak
Catalytic hydrogenation of damsin (1) under both negative band at 338 m̂ i ([0] —200 ) for the n —*■ w*
heterogeneous3,6 (Pd on charcoal) and homogeneous11 absorption, the “optically active” band of the thione
[tris(triphenylphosphine)rhodium chloride] conditions group. Since a negative Cotton effect in these deriva-
results in poor yields of dihydrodamsin (9); the main
product is dihydroisoambrosin (isodamsin, 10). How- (13) J. Romo, A. Romo de Vivar, A. Velez, and E. Urbina, Can. J .  Chem.,

ever, catalytic heterogeneous hydrogenation under “ ¿ f  acid (t) show8 a weak Cotton.effect peak at 245 m„
alkaline conditions m which the lactone is opened ((e] +300») ¡n addition to that for the ketone at 295 mg uej + 3750°).
gave no isodamsin, but instead gave dihydrodamsin This weak peak has been ascribed to the n IT* transition of the carbonyl
(9) and 11-epidihydrodamsm (11).“  The latter sub-

were studied. Damsin (1) likewise exhibits a weak peak at 240 mg ([0]
(9) C. Djerassi, R. Riniker and B. Riniker, J .  Arner. Chem. Soc., 78, 6362 +420°); the n — it* absorption of the lactone carbonyl and its sign is a

(1956). function not only of the C-7 configuration but also depends on the ring fusion
(10) ' M. T. Emerson, W. Herz, C. N. Caughlan and R. W. Witters, T elra-  (cis  or trans) and the position of ring closure (C-6 or C-8).« Conclusions

hedron Lett. 6151 (1966). reached in the case of 2 would reflect the rotomer population distribution and
(11) J .  F . Biellman and M. J. Jung, J .  A m er. Chem. Soc., 90, 1673 (1968). not simply the stereochemistry at C-7.
(12) Undoubtedly, dihydrodamsinic acid (3) is a mixture of the two C-ll (15) T. G. Waddell, W. Stocklin, and T. A. Geissman, Tetrahedron Lett.,

epimers, but these are not separated by the paper chromatographic systems 1313 (1969).
employed. (16) J. V. Burakevich and C. Djerassi, J .  A m er. Chem. Soc., 87, 51 (1965).
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h L Hi Hi The chemical-shift differences of the C-5 methyl and
/ |  \ / i  A  > the H-6 an(  ̂H-7 protons in the nmr spectra of the two
V l V d  V T v —/  substances were primary evidence for the choices.
°  £  °  °  Dreiding models of the two isomers indicated that, in
1 " q 2 R H R° "  HO<n 1;>a, *S s*tuate(* al°nS the longitudinal axis of the
■v "4 ' r ”c h °  ^  °  diazene (-N = N -)  group. By analogy with an ethylene

' 3 group, a deshielding would be expected along that axis.
H h [ Hi The H-6 proton was found in 15a at 5 5.45, while in 15b it

/ ^ f \  appeared at 8 4.79. A similar but less intense de-
y j w  CH ch V tV -V  n—n S r T w /  shielding exists for the H-7 proton (5 2.69) in 15a but
0 X  2 l 2 0 X  1 O not in 15b (5 2.96). If the diazene group is responsible

CH3 °  n "N- N CH30<n "CH2CH2 for these chemical-shift differences, a similar effect
5a 0 5b 0 9  should be observed for the C-5 methyl, but not for the

1 %  R= COH reverse isomers. This indeed is the case, for one finds
Hi JL f] the peak at 8 1.47 in 15b and at 8 1.27 in 15a. Both

/ " ]  \\ J3' R= cnhch3 isomers gave identical mass spectra.
V W  T h e  C D  c u r v e s  fo r  t h e  d a m s in  p y r a z o l in e s  a r e  s h o w n

HO |  y — c h 2o h  V —  14, R= CNHCH3  in  F ig u r e  1 .  I t  w a s  th e r e fo r e  p o s s ib le  t o  m a k e  t h e

7  R _ H s t e r e o c h e m ic a l  a s s ig n m e n t  f o r  t h e  m e t h y l  d a m s in a t e

^  p y r a z o l in e s  o n  t h e  b a s is  o f  t h e s e  c u r v e s . 18\c. K = OHsv

/ Ex p e r i me n t a l  S e c t io n

O * j i \  ¿7 |— — ( M eltin g points taken in capillaries were determ ined w ith  a
0^y~~“ o  > "  T hom as-H oover apparatus and are uncorrected. E lem en tal

J3 §  10 'q  11 O analyses were perform ed b y  M r. Joseph F . A licino. Infrared
^  spectra were taken in chloroform on a Perkin-E lm er M odel 237

H ! y  I or 257 spectrophotom eter, and u ltravio let spectra w ere obtained
in m ethanol on a  C a ry  M odel 15 spectrophotom eter. T h e nm r 

J  /  spectra were measured in deuteriochloroform  on a V arian  A-60A
Q  * | \ Z CH 2<i 'H2 —\ / ‘ N =  ̂  instrum ent w ith T M S  as internal standard; chem ical shifts

O ^ X '''N  =  N o O ^ C H 2 CH 2  are rePorted in s (parts per m illion) units. T h e O R D , C D ,
O 1 5 b  and optical rotation values were determ ined in m ethanol on a

Jasco M odel O R D /ITV-5 spectropolarim eter. G as chrom atog- 
tives where only hydrocarbon substituents ' are at the raphy (glpc) w as perform ed w ith  an F &  M  M odel 500 instrum ent

a s y m m e t r ic  c e n te r  c o r r e s p o n d s  t o  a n  R  c o n f ig u r a t io n , 17 T I>pl 1! 1i , a fl^ e-iom zation detector on ®lll00ne gum  
+ . r< n • o  ■ ■ • j  u ■ j rubber (SE-30) on Chrom osorb W  (80-100 m esh ;. M ass spectra

t h e  s u b s t i t u e n t  a t  C - 7  m  d a m s in ic  a c id  c a n  b e  s a id  t o  were obtained on an A E I  M S - 9  double-focusing instrum ent and
h a v e  t h e  p  d e s ig n a t io n . T h e  a s y m m e t r y  a t  C - 7  in  samples w ere introduced via  the direct in let probe,
d a m s in ic  a c id  a n d  d a m s in  is  t h e r e fo r e  t h e  s a m e . T w o  D am sinic Acid (2 ).— T he detailed isolation procedure from  
a d d it io n a l  C o t t o n - e f f e c t  p e a k s  o f  h ig h  i n t e n s i t y  w e r e  A m brosia  am brosio ides  and the physical properties are pub-

o b s e r v e d  a t  2 96  (n  —  o f  t h e  k e to n e )  a n d  2 5 9  m M ^ T b e  s’lbstf  ,!^ vas obtainf  111 a J ^ l d .<* ° f  the 
/ *  f  +K +W \ dried plant material, lh e nmr peaks are given m Table I.
' Tr” )  7r 0 1  t h e  t n i o n e ) . _ D ihydrodam sinic Acid (3).— A  solution of 500 mg of 2 in 5 ml

T h e  c o n f ig u r a t io n  a t  C - 1 0  r e m a in e d  to  b e  d e te r m in e d , of ethanol was added to 170 mg of 5 %  palladium  on charcoal
a n d  p a u c i t y  o f  s t a r t i n g  m a t e r ia l  p r e v e n t e d  a n  e x t e n d e d  in 50 m l of ethanol. H ydrogen uptake a t room tem perature and
s t u d y .  H o w e v e r ,  o n  b io g e n e t ic  g r o u n d s  t h e  m e t h y l  1-atm  Pressure oeased a fter 1 m olar equiv was absorbed. T h e

group very likely is ft since all of the sesquiterpenes Wa® rte“ oved by R a t i o n  and the residue from the fil-
* i f  j  j. j  1 . £ a 7 • i trate was crystallized from hexane to give 250 mg of 3: mp 108-
isolated to date from Ambrosia spp. have this configura- 109°; [«]25d +121° (c 0.27, CH3OH); uv max 290 m/x (e 35);
t lo n .7a ir 1735 (cyclopentanone C = 0 )  and 1700 cm - 1  (carboxylic acid

P a p e r  c h r o m a t o g r a p h ic  e x a m in a t io n  o f  t h e  r e a c t io n  C = 0 ). 
m ix t u r e  f r o m  d a m s in ic  a c id  a n d  d ia z o m e t h a n e  r e v e a le d  C alcd  for CisHwOa: C , 71.39; H , 9.59. F ound: C ,

t h e  p r e s e n c e  o f  t w o  p y r a z o l in e  e s te r s , 5 a  a n d  5b, w h ic h  M eth yl’ ¿ am sinate (4)._A solutlon of 38 mg of 2  in 2 m l of 
w e r e  p u n n e d  b y  p a r t i t io n  c o lu m n  c h r o m a t o g r a p h y .  ether w as treated w ith  1  equiv of ethereal diazom ethane for 1 0  

B o t h  e x h ib i t  s p e c tr a l  p r o p e r t ie s  (ir , n m r)  c o n s is te n t  ------------------
•4.i n  n  • ■ , , mi • n n  (18) After this study was completed, a report appeared by M. Suchy,

w i t h  C - l l  ^ ep im eric s t r u c t u r e s .  T h e i r  C D  c u r v e s  a r e  L. Dolejs, V. Herout, F. Sorm, G. Snatzke, and J. Himmelreieh, Collect. 
s h o v m  in  F ig u r e  1 ,  a n d  t h e  s t e r e o c h e m ic a l  a s s ig n m e n t  Czech Chem. Com m un., 3 4 , 229 (1969), and G. Snatzke, R iechst. A rom en,
w a s  m a d e  w it h  t h e  a id  o f  t h e  C D  r e s u lts  f r o m  t h e  K oerperpftegem ., 19, 1 (1969), on the CD properties of a number of sesquiter-

1- /. i . pene lactones and their pyrazolines, including that of the major damsin
p y r a z o l in e s  OI d a m s in . pyrazoline derivative 15a. Of interest to us was that only one pyrazoline

T h e  m a jo r  p y r a z o l in e  (15a) o f  d a m s in  r e a d i ly  from methyl iliciate (i) was recorded. These authors indicate that the sign
c r y s t a l l i z e s  f r o m  t h e  r e a c t io n  m ix tu r e ,  b u t  t h e  m in o r  of thfe Cot,to“ -eSeot ou" e a* “ • 3 8 0  for tha pyrazoline may be used to
' . - I  , , 7 , , assist m determining the stereochemistry of the lactone junctions (e.g.,
ISO m er 15D  w a s  o b t a in e d  o n ly  a f t e r  p a r t i t io n  c h r o m a -  jurineolide). In light of our findings, we would caution against the indiscrimi-
t o g r a p h y  o f  t h e  m o th e r  l iq u o r  r e s id u e . T h e  p r o d u c t  nate ex êns ôn °f this method to cases where one pyrazoline derivative does

Tirno />« 1 *7 . 1  ,TT:+u * j i , i not constitute the predominant reaction product.r a t io  w a s  c a . 1 7 : 1 ,  w i t h  t h e  m a jo r  is o m e r  t a k e n  t o  b e

t h a t  fo r m e d  b y  1 ,3 - d ip o la r  a d d it io n  o f  d ia z o m e t h a n e

f r o m  t h e  s t e r i c a l ly  le ss  h in d e r e d  a  s id e . T h e  s t r u c t u r e  x  7 _ . - L / n ,A'H-

a s s ig n m e n t s  w e r e  s u p p o r te d  b y  t h e  fo l lo w in g  s p e c tr o -  u/i / n= n

s c o p ic  d a t a .  CHjC"|
o

(17) R. S . Cahn, C. K. Ingold and V. Prelog, E x p erien tia , 12, 81 (1956). i
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m in. R em oval of the ether and crystallization  fro m  aqueous
ethanol gave 33 m g of 4: mp 48-49°; [«]25d + 9 6 °  (c 0.32, CD  / ' '
C H 3O H ); uv  m ax 285 m/t (e 50); ir 1740 (cyclopentanone C = 0 )  / '»
and 1720 and 1626 cm - 1  (a .+ u n satu rated  ester). A -  j '

A n al. C alcd  for CieH240 3 : C , 72.69; H , 9 .15 . Found: C , < '
72.60; H , 8 .8 8 . / \

Pyrazolines of M ethyl D am sinate (5a and b ) .— A  solution of -  / \
200 mg of 2 in 3 m l of ether was treated w ith  a fourfold excess of j  \
ethereal diazom ethane for 4 days a t 5 ° . R em oval of the solvent / '
gave an amorphous residue th at indicated tw o compounds 2  _ / \
(Zim m erm an’s reagent) on exam ination b y  paper chrom atography /  ' \  J  i
[IIC O N H , and 5 :1  C elR -petroleum  ether (bp 60-70°)], Rt 0 .71 /  / ^ - r s '
and 0.56.19 T h e m ixture w as separated on a partition  column / \ /  \  \
(20 g of C elite  545Z0) em ploying the same solvent system . T he ~ \  \  \
fraction w ith  R i 0 .71 (91 m g) crystallized from  isopropyl ether "f q. \  \  \
to give 54 m g of 5a as colorless needles: m p 13 0 -13 1°; [a  25d O  \ +  \
— 6 ° (c 0.28, C H 3O H ) ;  u v m ax 324 m/i (t 173); ir 1740 (double x  0 -----------------
intensity, cyclopentanone and ester C = 0 )  and 1560 cm “ 1 /  \  \  / /
( N = N ) ;  O R D  $ 400 - 1 2 4 0 ° ,  $ 335 -1 0 ,6 0 0 °  (trough), $ 827 0°, ^  /  \  \ / /
$309 + 14 ,2 0 0 ° (peak), $ 2S7 0°, $250 — 3420° (trough), $230 0°, and /  \ \  /
$ 2 10  + 19 8 0 ° (last reading); C D  8 32 7 — 15,600° (peak), 8 308 0°, \  /  \ \  /  /
0295  + 73 0 0 °, 0260 + 13 4 0 ° (shoulder), 0 248 0°, 0 234 -2 0 8 0 °, and \ v '  /
0220 0°; mass spectrum  (70 eV ) m /e  (rel intensity) 278.1880 (25) 2  \
[ca lcd  for C i,H 260 3 (M  -  N 2) 278.1882], 260 (16), 246 (17), \
222 (15), 201 (14), 190 (15), 175 (17), 161 (24), 137 (44), and \  /
121 (34). \

A n a l. C alcd  for C 17H 26N 2O 3 : C , 66.64; H , 8.55; N , 9 .14 . ~ \  j
Found: C , 66.75; H , 8.26; N , 9.48. \

T h e  colum n fraction  w ith  R i 0.56 (163 m g) contained com- 
pound 5b, a  colorless, viscous oil th at resisted crystallization  and 4  -
had the following properties: [«]26d + 1 6 7 °  (c 0.32, C H 3O H );
u v m ax 324 m/z (e 199); ir 1740 (double intensity, cyclopentanone
and ester C = 0 )  and 1560 cm “ 1 ( N = N ) ;  O R D  $ 40o + 230 0 °, -----r— ]---- 1----- 1----- ,----- ,----- ,----- ,----- ,----- ,-----,----- ,----- ,-----
$ 334 + 13 ,5 0 0 ° (peak), $ 820 0°, $sos — 3370° (shoulder), $ 2So 2 3 0  2 7 0  3 10  3 5 0
— 5970° (trough), $ 240 — 995° (peak), and $ 2 10  — 7350° (last
reading); C D  0 326 + 15,0 0 0 ° (peak), 0 3OO + 74 5 0 ° (shoulder), A (m p )
0260 + 5 0 5 °  (shoulder), and ©234 + 354 0 ° (peak); mass spectrum  „■ , , ,. , , ,, , ,

™ / / 1 • / ■ , \ 0 7 0  1 0 7 0  mm r 1 j c ri xj Figure 1.— Circular dichroism curves tor m ethyl dam sinate(70 e v )  m  e  (rel in tensity) 278.1879 (20) calcd for CuI+eOs & - , , , w ^ i  , ,
(M -  N 2) 278.1.882]. T he'rest of the spectrum  was ¡«distinguish- PyraZa mes 5t> (7 X ^ X - X - > f )  and damsm
able from  th a t of 5a. pyrazolines 15a (------ ) and 15b (-------- ).

O zonolysis of 2 . A .— Com pound 2  (200 m g) in 10 m l of
m ethanol was treated w ith  oxygen containing ca . 2 %  ozone a t L iA lH 4 in tetrahydrofuran under reflux for 24 hr, resulting in a
— 78° for 15 m in. T h e reaction m ixture w as steam  distilled and m ixture showing in the ir OH  bands b u t no S = 0  stretching
the distillate was collected in a saturated alcoholic solution of peaks. H eating the ditosylate w ith  N a l  in acetone a t 100° in a
dimedone. T he solution deposited the dimedone derivative of sealed tube resulted in recovery of m aterial w ith  tosylate  groups
form aldehyde, yield  18 m g, mp 189-190°, undepressed on ad- (ir).
m ixture w ith  an authentic sam ple. Conversion of 7 into Cham azulene (8 ).— A  49-mg sam ple of 7

B — A  solution of 100 mg of 2  in 10 ml of m ethanol was ozonized in 1 m l of anhydrous pyridine w as treated w ith  0.05 ml of S O C l2

as before and the solvent was evaporated at reduced pressure. for 2 hr a t room tem perature. T h e  reaction m ixture was poured
The ozonide was decomposed at room tem perature b y  the addi- into 5 m l of w ater and extracted w ith  ether. T he ether extract
tion of 2 ml of H 20  and occasionally stirred. A fter 1 hr the H 20  was washed w ith 3 N  H C1, 5 %  N a H C 0 3, and w ater and dried
was rem oved b y  evaporation and the residue w as chromato- (N a 2S 0 4). T he residue (46 m g) le ft after evaporation  of solvent
graphed on a sm all partition  colum n (20 g of C elite  545, H C O N H 2 showed no O H  bands in the ir and w as thoroughly mixed w ith
and CeHe as so lven ts). C rystallization  from  C iH s-hexane yielded 35 m g of 10 %  palladium  on charcoal in a hard-glass test tube.
49 mg of bisnordam sinic acid ( 6 ) :  mp 13 0 -13 1°; [ a ] 26D + 1 1 0 °  T h e tube was heated at 320-330° for 1 m in and showed a blue
(c 0.27, C H 3O H ); u v max 296 m g (e 30); ir 1735 (cyclopentanone vapor. T h e cooled reaction m ixture w as extracted w ith  hexane
C = 0 )  and 1705 cm “ 1 (carboxylic acid C = 0 ) .  and after rem oval of the hexane gave a blue-green residue (24 m g).

A n al.  C alcd  for C i3H 2„0 3: C , 69.61; H , 8.99. Found: C , Purification of the residue b y  preparative tic  (silica gel G , 9 :1
69.98; H , 8.72. n-hexane-CeHe) resulted in 2  mg of a blue oil w hich form ed a

L iA lH 4 R eduction of 3 .— A  solution of 500 mg of 3 in 20 ml of 1,3,5-trinitrobenzene adduct, mp 12 9 -13 1° . T h e  u v  spectrum
tetrahydrofuran was treated w ith  600 mg of L iA lH 4 under reflux w as identical w ith  th at of an authentic sam ple of the T N B
for 24 hr. T he reaction m ixture was cooled, the excess L iA lH 4 adduct of cham azulene (8 ) . 21 T h e regenerated azulenes had super-
was decomposed w ith  eth yl acetate, and 3 m l of H 20  was added. im posable u v  spectra and identical h i  values (0.53) on tic
T h e m ixture w as filtered, the gel was washed w ith  C H C I3, and (silica gel G , 9 :1  n-hexane-CeH s). In  this system  guaiazulene
the combined filtrate and wash were dried (N a2S 0 4). E vapora- had R t 0.60.
tion of the solvent and crystallization  of the residue from  ¿6116- D euterium  Studies on 3. Sodium  m etal (125 m g) was added 
hexane gave 368 mg of the diol 7: mp 119 -12 0 °; [«]25d + 5 4 °  to 1 ml of D 20 . A fter dissolution, 12 mg of 3 w as added and the
(c 0.86, C H 3O H ); ir 3600 and 3490 cm “ 1 (free and associated solution was refluxed for 10 hr. T h e cooled reaction m ixture was
O H ) and no carbonyl bands. acidified w ith D 2S 0 4 and extracted w ith ether. T h e combined

A n a l.  C alcd  for C ,6H 280 2: C , 74.95; H , 11.74 . Found: C , ether la yer was evaporated to dryness, and the residue was dis-
74.73- H 11.8 7. solved in 2 m l of ethanol, evaporated again, and crystallized

T h e oily dim esylate was prepared in the usual m anner. T h e from  n-hexane. T h e crystalline product (7 m g) was subjected
ir spectrum  showed no O H  absorption, bu t peaks were present to deuterium -exchange conditions and purification once again,
at 1350 and 1170 cm “ 1 ( S = 0  stretching). A n amorphous ditosy- — --------------
late  was sim ilarly prepared, ir 1595 (Ar) and 1355 and 1175  (21) x80iated from Chamomile Oil -‘German,” a generous gift from
cm “ 1 ( S = 0  stretching). B oth  derivatives were treated w ith  Fritzsche Brothers, Inc., by adsorption chromatography on activity I
------------------  neutral alumina with n-hexane as solvent. The blue band that was collected

(19) Reference 3 gives procedures for the paper chromatographic and readily formed the TNB adduct, mp 129—130.5 ,22
partition column separations. (22) E. Guenther and D. Althausen, “The Essential Oils,” Vol. II, D.

(20) A diatomaceous earth from Johns-Manville Corp., New York, N. Y. Van Nostrand Co., New York, N. Y., 1949, pp 132, 133.
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T h e m olecular ion of the deuterated product appeared at m /e  and excess anhydrous C H 3N H 2 was bubbled in. A fte r  10 min at 
254, indicating an u ptake of tw o deuterium  atom s. room tem perature the reaction solution was extracted w ith

Hydrogenation of Damsin ( 1 ) under Alkaline Conditions.— A  dilute base and H 20 . T h e dried (N a 2S 0 4) C 6H 6 solution on
546-mg sam ple of 1 w as w arm ed in 15 m l of 0.1 N  N aO H  on a evaporation  yielded 16 mg of the amide 14 as an oil: hom o
steam  b a th  to  affect lactone ring opening as evidenced b y  solu- geneous on tic  and paper chrom atogaphic analysis; ir 3455
tion form ing. T h e  cooled solution w as added to a suspension of (N H ), 1733 (ketone C = 0 ) ,  and 1665 and 1525 cm - 1  (amide
300 mg of 5 %  palladium  on charcoal in 40 m l of ethanol contain- C = 0 ) .
ing 2 m l of 0.1 N  N aO H  and hydrogenated. A fter 10 hr a t room T h e am ide 14 (16 m g) in 1 ml of xylene was treated w ith  12 mg 
tem perature and atm ospheric pressure, hydrogen u ptake ceased. of sulfurated potash and 1 0  mg of phosphorus pentasulfide ac-
T h e  cata ly st was rem oved b y  filtration  and the ethanol w as cording to the m ethod of B urakevich and D jerassi . 16 T h e  re
evaporated from  the filtrate  a t reduced pressure, diluted w ith  action residue was purified tw ice b y  tic  (silica gel G , 4 :1  CsH 6-
10 m l of H 20 ,  acidified w ith  H C1, and extracted w ith  C H C 13. E tO A c), and the eluted band ( Rt 0.20) gave  the thioam ide 13
T h e dried (N a 2S 0 4) C H C b -ex tract residue (550 m g), on paper (7 m g): homogeneous on further tic  and g lp c ; 23 the mass spec-
chrom atographic exam ination (2 :1  CeHe-hexane and H CON H ») trum  (70 eV ) m /e  (rel intensity) 253.1499 (51) (calcd for C u H 23-
show ed tw o spots w ith  iff 0.60 and 0.45 (Zim m erm an’s reagent). N O S  m/e 253.1500), 238 (15), 220 (28), 204 (12), and 102 (100,
A  p artition  colum n 19 (100 g of C elite  545) em ploying the sam e C 4H sN S ); C D  0 335 — 206°, 0 297 +4000°, and 0 2eo + 63 0 0 °.
so lven t system  separated the m ixture. T h e iff 0.60 band gave Pyrazolines of Damsin (15a and b).— T o  329 m g of 1 dissolved 
276 m g of tetrahydroam brosin (dihydrodam sin, 9) from  n -  in 20 m l of ether, excess ethereal diazom ethane was added; the
hexane: m p 126 -127° (lit.6a mp 128°); [<*]26d + 6 6 ° (c 0.27, m ixture w as kept a t 5° for 24 hr. T he solvent and excess reagent
C H 3O H ); ir 1770 (7 -lactone C = 0 )  and 1740 cm - 1  (cyclo- were allowed to evaporate and the residue was crystallized  from
pentan on e C = 0 ) .  acetone-hexane to give 218 mg of pyrazoline 15a: mp 133 -135°

A n a l. C alcd  for C i5H 220 3: C , 71.9 7 ; H , 8 .8 6 . Found: C , dec; u v max 323 m/j (e 204); ir 1770 (7 -lactone C = 0 ) ,  1740
72 .17 ; H , 9 .14 . (cyclopentanone C = 0 ) ,  and 1560 cm - 1  ( N = N ) ;  mass spectrum

T h e band w ith  iff  0.45 gave from  isopropyl ether 6 6  m g of 11- (70 eV ) m/e (rel intensity) 262.1550 (4) [calcd for Ci6H220 3

epitetrahydroam brosin  ( 1 1 -epidihydrodam sin, 1 1 ): mp 116 - (M  — N 2) 262.1569], 247.1333 (100) (ca lcd fo rC isH u C h 247.1334),
1 1 7 °  (lit . 13 mp 115 ° ); ir 1770 (7 -lactone C = 0 )  and 1740 cm ’ 1 229 (6 ), 205 (5), 137 (21), 109 (16), and 97 (32). T h e m other
(cyclopentanone C — 6 ). T h e  iff  of damsin in the solven t system  liquors showed on paper chrom atography (C eH e-H C O N H ,,
em ployed is also 0.45. Zim m erm an’s reagent) an additional substance a t iff 0.54.

A n a l. C alcd  for C i6H 220 3: C , 71.97; H , 8 .8 6 . F ound: C , T he m ajor product had iff 0.65. Em ploying the same solvent
72.18; H , 9.08. system  in a  partition  column19 gave the minor pyrazoline 15b,

LiAlH4 Reduction of 9.— A  solution of 185 m g of 9 in 20 ml of w hich crystallized (15 m g) from  acetone-hexane: mp 146-148°
tetrah ydrofu ran  w as treated w ith  300 m g of L iA lH 4 under reflux dec; u v m ax 327 m/x (e 275); ir 1770 (7 -lactone C = 0 ) ,  1740
for 24 hr. A fte r  cooling, the excess reducing agent was de- (cyclopentane C = 0 ) ,  and 1555 cm - 1  ( N = N ) ;  mass spectrum
composed w ith  eth yl acetate followed b y  the addition of 2  ml of (70 eV ) m /e  (rel intensity) 262.1564 (6 ) [calcd for C i6H 220 3

H 20 . T h e  m ixture w as filtered, the gel w as washed w ith  C H C ls, (M  — N 2) 262.1569], 247.1335 (100), 229 (6 ), 205 (5), 137 (24),
and the w ash and filtrate were dried (N a 2S 0 4). T h e residue from  109 (20), and 97 (34). T h e mass spectra for the tw o isomers were
the C H C 13 solution crystallized from  isopropyl ether to give 100 indistinguishable,
mg of the triol 12: mp 139-140 °; [ a ] 25D + 2 3 °  (c 0.33, C H 3O H );

ir 3600 and 3350 cm - 1 (O H ) Registry N o .-2 ,  22844-19-5; 3, 22922-35-6; 4,
7 o l r ZH C10 69f Cl6H28° 3’ C’ 70’27’ H’ n -01, F d' 22844-20-8; 5a, 22844-31-1; 5b, 22844-21-9; 6 ,22844-

T h e trim esylate of the triol 12 w as prepared in the usual man- 22-0; 7, 22844-23-1; 9, 21848-56-6; 11, 19908-71-5;
ner, givin g a h eavy  oil lacking O H  absorption in the ir b u t show- 12,22844-26-4; 13,22844-27-5; 14,22844-28-6; 15a,
ing peaks a t  1330 and 1160 cm “ 1 ( S = 0  stretching), re d u c tio n  22844-29-7' 15b, 22844-30-0.
of the trim esylate w ith  L iA lH , under reflux for 24 h r in tetra- ’
hydrofuran gave a mixture that lacked the S = 0  absorption in „  T,  j  T r;- u
the ir and showed peaks in the OH region. Acknowledgment.—We thank Dr. Rodger L. Foltz

N-Methylthionbisnordamsinamide (13).—A 30-mg sample of of Battelle Memorial Institute for the mass spectra.
6 w as dissolved in 1  ml of dry CeHe, and 0 .15 ml of (C O C l ) 2 was
added. T h e  reaction proceeded a t room tem perature for 8 hr and (23) Less than 2 % impurity was detected. On a 4 ft x  0.25 in. column
then the solvent and excess reagent were evaporated at reduced at a temperature of 200° and carrier gas flow rate (He) at 45 ml/min, the
pressure. T h e  oily acid chloride w as redissolved in dry C 6H S retention time for the thicnamide was 5.7 min.
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The first instance of direct glycosylation of the 1,3,5-triazine ring has been described. The synthesis of the 
nucleoside antibiotic 5-azacytidine (4-amino-l-j3-D-ribofuranosyl-l,3,5-triazin-2-one, I )  has been achieved in 34%  
yield by treatment of the trimethylsilyl derivative of 4-amino-l,3,5-triazin-2-one (5-azacytosine) with 2,3,5-tri-
O-acetyl-D-ribofuranosyl bromide in acetonitrile, followed by deblocking with methanolic ammonia. Similar 
treatment of the trimethylsilyl derivative of 5-azacytosine with 3,5-di-0-acetyl-2-deoxyribofuranosyl chloride 
resulted in the a and 0 anomers of 2'-deoxy-5-azacytidine, which were clearly distinguished by pmr. In a simi
lar manner, l-(/3-D-ribofuranosyl)cyanuric acid (V) and l-/3-D-ribofuranosyl-3-methylcyanuric acid (VI) were 
prepared from cyanuric acid and 1-methylcyanuric acid, respectively. Attempts to prepare 4-amino-l-/3-u- 
arabinofuranosyl-l,3,5-triazin-2-one (5-azaarabinofuranosylcytosine) were unsuccessful because 4-amino-l- 
(2,3,5-tri-0-benzyl-^-D-arabinofuranosyl)-l,3,5-triazin-2-one (VII) could not be deblocked without concomitant 
destruction of the triazine ring. The nucleoside derivatives of the 1,3,5-triazine ring present some interesting 
nucleosides for future biochemical and biophysical studies.

5-Azacytidine (4-amino-l-/3-D-ribofuranosyl-l,3,5-tri- triazine ring has now resulted in the direct attachment
azin-2-one, I) has been isolated from Streptoverti- of the D-ribofuranose moiety to the 1,3,5-triazine ring
cillium ladakanus . 2’ 3 This antibiotic inhibits gram- system. 5-Azacytosine16 was treated with hexamethyl-
negative bacteria and is active against T-4 lymphoma disilazane in a manner similar to that previously em-
and L-1210 leukemia in mice.2 The identity of I was ployed for 4-amino-6-pyrimidone.13 The resulting tri

methylsilyl derivative (II) was dissolved in acetonitrile 
NH2 and treated with 2,3,5-tri-O-acetyl-D-ribofuranosyl bro-

mide.16 The crude blocked nucleoside was isolated and 
q | | treated with methanolic ammonia to give crude I, yield

=  r r  34%. Recrystallization gave 5-azacytidine, yield 11%,
HOCH,^CL mp 231-233° dec. Rigorous comparison of this prod-

\  uct with 5-azacytidine isolated from cultures of S.
' \ l ___ V ' '  ladakanus proved the samples to be identical.

^  I , Utilization of this procedure for the synthesis of
5-aza-2'-deoxycytidine (III) was also successful. 

1 Syrupy l,3,5-tri-0-acetyl-2-deoxy-D-ribofuranose17 was
, vr u j i  u ■ • r converted into 3,5-di-0-acetyl-2-deoxy-D-ribofuranosylestablished3 by comparison with authentic 5-azacyti- chloride and allowed to react with an excess of the tri-

me prepare J  a ure mvo vm§ methylsilyl derivative of 5-azacytosine in acetonitrile,
dosure of l-(2,3 5-tri-0-acetyl-d-D-ribofuranosyl)-4- After 7 d at room temperature the reaction mixture 
methy hsobiuret The remarkable biological activity was treated ag for the preparation of j  and the product

af ainS e*Penmen a eu emia _ as resu ,e in was purified via column chromatography on silica gel to
the selection ol 5-azacytidme for clinical trial against • * . ,, , • • , / .  , „„ _ . f . ,  give a mixture of anomers of l-(3,5-di-0-acetyl-leukemia m human subjects.8’9 5-Azacytidme inhibits <, ,, •, f ,, - . • % ,.  . ,, • J.U ■ m j  ■ • , ■/ _ . ,, ’’ . 2-deoxy-D-ribofuranosyl)-5-azacytosme. This mixtureprotein synthesis10 and is incorporated into both RNA . . , ,,
and DNA 11 WaS treateci Wltb ethanolic ammonia to remove the

T, „ . ,  ,... . . , . acetyl groups. The resulting a and /3 anomers were
tb Tu Si U lef nl 1S a ora^pry u i izmg various n- separated by a combination of fractional crystallization

methylsilyl pyrimidines in a direct glycosylation pro- and preparative layer chromatography on silica gel to

fe-iU)iei2- i 4S ^ CC6e 6r  T- e i e f°+L-er + S+i,aVe ^ ve Pure l-(2-deoxy-a-D-ribofuranosyl)-5-azacytosine
failed.12 The apphcation of this study to the *- (lV) and 2'-deoxy-5-;zacytidine [4-amino-l-(2-deoxy-/3-

(1) Supported by Research Grants c a  08109-02 and c a  08109-03 from D-ribofuranosyl)-l,3,5-triazin-2-one, III]. Assignment
the National Cancer Institute of the National Institutes of Health, U. S. of the (3 Configuration to III WaS made by COmpar-
PubUc HeaHh Service. ison of the pmr signals observed for the anomeric pro-

(2) L. J. Hanka, J. S. Evans, D. J. Mason, and A. Dietz, A ntim icrob. , , ,  „ TT11 i ,7 t, t t ,
Ag. ch em other., 619 (1966). tons1' of III and the corresponding a  anomer, IV. It

(3) m . e . Bergy and r . r . Herr, ibid., 625 (1966). should be noted that a lengthy synthesis of 5-aza-2'-
(i964)A PiSkala and F' S°rm’ C0UeCt' Czech' Chem' C°mmUn" 2060 deoxycytidine has been reported18 in a preliminary com-

(5) J. S, Evans and L. J. Hanka, E xperien tia , 24, 922 (1968). m u n ication  Via l-(3 ,5 -d i-0 -p -to lu y l-2 -d eO X y -D -rib o -
(6) f . sorm and j . Veseiy, Neopiasma, 22, 53 (1966). furanosyl)-4-methylisobiuret. However, no yield was
(7) J. Veseiy, A. Cihak, and F. Sorm, B iochem . P harm acol., 17, 519 (1968).
(8) J. Veseiy, A. Cihak, and F. Sorm, Cancer R es., 28, 1995 (1968).
(9) A. Goldin, H. B. Wood, Jr., and R. Engle, Cancer Chemother. R ept., (13) M. W. Winkley and R. K. Robins, ib id ., 34, 431 (1969).

[2] 1, 13, 14, 233, 268 (1968). (14) M. W. Winkley and R. K. Robins, J .  Chem . S oc., C, 791 (1969).
(10) J. Doskocil, V. Paces, and F. Sorm, B ioch im . B iophys. A cta, 145, 771 (15) R. Hartenstein and I. F. Fridowich, J .  Org. Chem ., 32, 1953 (1967).

19(>7)' (16) R. D. Guthrie and S. C. Smith, Chem . In d . (London), 547 (1968).
(11) V. Paces, J. Doskocil and F. Sorm, ib id ., 161, 352 (1968). (17) M. J. Robins and R. K. Robins, J .  A m er. Chem . S oc., 87, 4934 (1965).
(12} M. W. Winkley and R. K. Robins, J . Org. Chem ., 33, 2822 (1968). (18) J. Pliml and F. Sorm, Collect. Czech. Chem . C om m un., 29, 2576 (1964).
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given and the authors did not distinguish between the on this nucleoside are in progress in our laboratories, 
possible two anomers, III and IV. For comparative purposes, the compound 1-(/3-d-

ribofuranosyl)-3-methylcyanuric acid (VI) was sim- 
(CH ) Si-N ilarly prepared frcm 1-methylcyanuric acid21 in 39%

I AcOCH^Ov^^ yield.
N -'' N +  j<^ | — c i — >• — v It would appear that the silylation procedure of nu-

(CH3);,Si-0—1%, J* |----- f  cleoside synthesis is generally applicable even to ring
AcO systems such as 1,3,5-triazine, which have not pre-

11 viously been alkylated by other methods of nucleoside
I ’ synthesis.

I S r ^ N

0 = L _ rJ  Experimental Section
w +  a-  anomer

HOCH, . . 0 ^  j y  M eltin g points were determ ined w ith  a T hom as-H oover capil-
lary  m elting point apparatus and are uncorrected. Specific 

r \ j  rotations were measured in a  1-dm tube w ith  a  Perkin-E lm er
j j M odel 141 autom atic digital readout polarim eter. Proton

jjq  m agnetic resonance (pmr) spectra were measured w ith  appropri
ate internal standards of tetram ethylsilane or sodium  2 ,2 -di- 

q  h i  m ethyl-2-silapentane-5-sulfonate w ith  a  V arian  M odel A-60

A V nm r spectrom eter. U ltraviolet spectra w ere determ ined w ith  a
B eckm an M odel D K -2  spectrom eter. Infrared spectra were 

j h N  v CHj determ ined w ith  a Beckm an M odel IR -5 spectrophotom eter.
0 = = \ ^ ^ > = 0  0 = \  ^ J= 0  D etection  of components on S ilicA R  7 G F  (M allinckrodt) and

1 1 alum ina H F  254 (Brinkm ann) was b y  u ltraviolet ligh t. A lum ina
H OCIL HOC H2 used ;n columns was obtained from M erck & C o. (suitable for

L /  \  chrom atographic absorption). Silica gel was purchased from
i X J I / / !  J . T .  B aker Chem ical C o. (suitable for chrom atographic use),

j | | [ S olven t proportions were b y  volum e. E vaporations w ere per-
HO OH HO OH form ed under diminished pressure a t 35° w ith a B u ch i R otovap or.

y  y ,  T rim eth ylsilyl derivatives of various s-triazines were prepared
using the general procedure of W itten bu rg . 17 T h e  s-triazines 

NH 2 were heated under reflux in an excess of hexam ethyldisilazane
I w ith  a cata lytic  qu an tity  of ammonium sulfate under anhydrous

N  conditions until com plete solution was achieved. T h e  excess
0 = 1  JJ hexam ethyldisilazane w as rem oved b y  distillation under di-

N  minished pressure and the residue (oil or crystalline solid) was
PhCH 2OCH 2 .-Ck used directly  w ithout further purification.

5-Azacytidine (I).—To the trimethylsilyl derivative of 5-aza- 
l\ l  cytosine (prepared from 10 g of 5-azacytosine16) was added 2,3,5-

| l C H 2Ph tri-O-acetyl-D-ribofuranosyl bromide (prepared from 20 g of
PhCH20  tetra-0-acetyl-D-ribofuranose16)indry acetonitrile(180 ml). After

initial stirring, the solution was le ft a t room tem perature for 3 
VII days. T h e solution was evaporated to a syrup. Sodium bi

carbonate, w ater, and ethanol were added. T h e  m ixture was 
In an attempt to prepare l-(3-D-arabinofuranosyl- evaporated to  dryness. C oevaporation w ith absolute ethanol

5-azacytosine, 2,3,5-tri-O-benzyl-D-arabinofuranosyl rem oved the last traces of w ater. T he residue was extracted w ith
chloride19 and the trimethylsilyl derivative of 5-aza- chloroform  (Celite used) and the extract was evaporated to

cytosine were dissolved in dichloromethane and kept at ' ,The/ esidue vas e,x“ d " T  7 th To ZJ  , i . . f .  , and the solvent was removed to give 24.5 g of a foam. Io  this
room temperature for 11 days to give a 47% yield of m aterial was added m ethanolic am m onia solution (150 m l of
l-(2,3,5-tri-0-benzyl-/3-D-arabinofuranosyl)-5-azacyto- m ethanol saturated at 0° w ith  am m onia). T h e vessel was
sine (VII). Catalytic debenzylation of VII with sealed and the solution w as le ft a t room tem perature for 2  hr and

palladium and hydrogen resulted in destruction of the then a tj>° overnight. T he m ixture was evaporated to near dry-
7  . . k £ • , • p o n r A * / ^  ness. T o  the residue was added m ethanol and the solid was
triazme ring. A fusion reaction of 2,3,5-tri-O-acetyl- collected> yield  5 . 2  g  (34%)> mp 192-209°. This m aterial was
D-arabinofuranosyl chloride with the trimethylsilyl dissolved in warm  w ater and the solution was decolorized w ith
derivative of 5-azacytosine gave only the a  anomer, 1- charcoal. E vaporation  gave crystals of 5-azacytidine, yield
(2,3,5-tri-0-acetyl-a-D-arabinofuranosyl)-5-azacytosine. 1-75 g  ( 1 1 % ) , mp 231-233°. R ecrystallization  from  aqueous

Treatment of 2,4,6-tris(trimethy lSilyloxy)-l,3,5-tri- “  J? * T t e r ^ ^  (I)’ ” P 235~23?
azme, prepared from cyanuric acid, with 2,3,5-tri-O- ¿ n a l  C alcd  for c 8H12N,06: C , 3 9 .3 4 ; H , 4.95; N , 2 2 .9 4 . 
benzoyl-D-ribofuranosyl bromide gave a 43% yield, Found; C , 39.14; H , 4.99; N , 22.91.
after deblocking of l-(/3-D-ribofuranosyl)cyanuric acid A  m ixture m elting point w ith authentic m aterial3 showed no 
(V). This molecule is of particular interest since it is depression. T he [<*]26d ( c l ,  w ater) valu e recorded b y  us for

symmetrical. There is essentially no anti form to this were identica] w ith  thoge of authentio m ateri a lA 3 T h e product

nucleoside. The structural resemblance to uridine is, wag sh0w n to be homogeneous b y  tic  on S ilicA R  7 G F  w ith  ethyl
however, indeed striking. Such a nucleoside should be acetate-m ethan ol (4 :1)  as solvent and it  had the same R i as a
of considerable theoretical interest to both biochemists m arker of authentic m aterial . 3

and biophysical chemists, since it has been postulated l-(3,5-D i-0-acetyl-2-deoxy-a,^D -ribofuranosyl)-5-azacytosm e.
\ r  —Syrupy 2-deoxy-l,5-tri-0-acetyl-D-ribofuranose17 (21 g) was

that certain enzymes pvefev either the syn or anti con- dissolved in dry ether (400 ml) containing acetyl chloride (30 ml)
formation of pyrimidine nucleosides.20 Further studies and the solution was saturated with hydrogen chloride at 0° for

1 hr. T h e sealed solution was le ft a t 0° for 1  d ay . T h e solution 
(19) C. P. J. Glav,demans and H. G. Fletcher. Jr. J. Org. Chem ., 28, 3004 was evaporated to a syrup which w as coevaporated w ith  toluene

(1963). --------------------
(20) E. Reich personal communication. (21) W. J. Close, J .  A m er, Chem. Soc., 75, 3617 (1953).

492 Winkley and R obins The Journal of Organic Chemistry_



to give a dark-colored, crude glycosyl halide. This product was anol-ethanol gave an additional 0.12 g of 0  anomer (III), mp
dissolved in acetonitrile (200 m l) and transferred to the tri- 19 1-19 3 °, and 0.40 g  of a  anomer (IV ), mp 17 7 -17 9 °.
m ethylsilyl derivative of 5-azacytosine (from 15 g  of 5-azacyto- In  a subsequent experim ent the procedure was modified as 
sine). T he sealed m ixture was stirred a t room tem perature for follows. T o  a solution of ammonia-saturated (at 0°) ethanol (130
4 days. T he m ixture w as evaporated to a syrup and sodium m l) was added 1.70 g of l-(3,5-di-0-acetyl-2-deoxy-a,/3-D-ribo-
bicarbonate and ethanol were added. T h e m ixture was evap- furanosyl)-5-azacytosine and the sealed m ixture was stirred a t
orated to dryness and the residue was extracted w ith  chloroform. 5° for 7 hr. T he solution was stored a t — 15° for a further
T he extract was evaporated to ca . 200 ml and applied to a column 6  days. T h e solution was evaporated below 25° to a syrup.
(40 X  5.0 cm) of silica gel prepacked in chloroform. T h e column T his m aterial was dissolved in m ethanol and the solution was
was eluted w ith  chloroform and 200-ml fractions were collected. decolorized w ith charcoal. T he solution was evaporated to
A t  fraction 10 the solvent was changed to chloroform -ethyl sm aller volum e and then coevaporated w ith ethanol to  give 0.77
acetate (9 :1 ) , a t fraction  20 to eth yl acetate, and at fraction 31 to g of w hite crystals, mp 175 -177 ° (A ), containing largely a  ano-
eth yl acetate-m ethanol ( 1 9 :1 ) .  Fractions 33-39 were pooled mer. T he mother liquor, richer in the 0  anomer, w as evaporated
and evaporated to  a sem icrystalline m aterial. T his m ixture w as and applied (ca . 100 m g/plate) to the short edges of 5 silicA R
extracted w ith chloroform and the extract was applied to a 7 G F  plates (2 X 200 X  400 m m ). T he plates were developed
column (37 X  3.2 cm) of silica gel prepacked in chloroform. several times w ith ethyl acetate-m ethanol (4 :1)  and the faster
Elution  was started w ith chloroform and 200-ml fractions were m oving of the two barely separated zones was excised and ex-
collected. T he solvent was changed to chloroform -ethyl acetate tracted w ith methanol. Solvent rem oval and crystallization of
(4 :1)  a t fraction 8  and to  ethyl acetate a ttractio n  1 2 . Fractions the residue from m ethanol-ethanol gave 56.7 mg (4 % ) of 2 '-
14-25 were evaporated to a  sm all volum e, whereupon crystalliza- deoxy-5-azacytidine (III), mp 193-194 °. T h e crystalline ma-
tion occurred. E th er was added to give 2.42 g  of white crystals, terial (A) w as also subjected to a  similar separation to  give 33.6
mp 162-165°. mg (3 % ) of /3 anomer (III), mp 19 1-19 2 °. T h e slower moving

A n al.  C alcd  for C i2H 16N 40 6: C , 46.15; H , 5 .16; N , 17.94. zone was treated sim ilarly to give a to tal yield of 0.65 g (52% ) 
Found: C , 45.90; H , 5.07; N , 17.85. of « anomer (IV ), mp 18 1-18 2°.

This product, when examined b y  tic  on silicA R  7 G F  w ith ace- l-(2,3,5-Tri-0-benzyl-|3-D-arabinofuranosyl)-5-azacytosine (VII). 
tone as developer, showed tw o v ery  closely m oving components ■— T o the trim ethylsilyl derivative of 5-azacytosine (prepared
(typical of anomers): a m ajor, slower m oving component and a from 7.5 g of 5-azacytosine) was added 2,3,5-tri-O-benzyl-D-
minor, faster m oving component. A ttem pts a t fractional crys- arabinofuranosyl chloride [prepared from  15.0 g of 2,3,5-tri-O-
tallization failed. T h e m ixture exhibited the following spectral benzyl-l-p-nitrobenzoyl-D-arabinofuranose19 in dry dichlorometh-
data: pm r (DM SO-dg) 8  1.99 (s) and 2 .11  (s, 6 , O A c), 2.20- ane (125 ml)] and the resulting solution was protected from  mois-
3.10 (m, 2, 2 ' H ), 4.07-4.36 (“ s ”  a t 4 .15 , “ s ”  at 4.22, and “ s”  ture and left a t room tem perature for 1 1  days. T h e solution
at 4 .31, 2, 5 ' C H 2O A c), 4.70-5.00 (m, 1, 4 ' H ), 5.08-5.42 (m, 1, was evaporated to dryness and the residue was treated with
3 ' H ), 6.12 (rough q, 1 , 1 ' H ), 7.55 (s) and 7.63 (s, 2, 4 N H 2), sodium bicarbonate, water, and ethanol. T he m ixture was
and 8.40 (s, 1 ,6  H ); A*®xr 1740 cm - 1  (O A c). evaporated to dryness and the residue was coevaporated w ith

2'-Deoxy-5-azacytidine (III) and the a  Anomer (IV).— T o a ethanol. T h e residue was extracted w ith  chloroform and the
solution of am m onia-saturated (at 0°) ethanol (200 ml) was added chloroform extract was evaporated to dryness. T h e residue
2.76 g of the m ixture of l-(3,5-di-0-acetyl-2-deoxy-a,/3-D-ribo- was extracted once more w ith chloroform and the extract was
furanosyl)-5-azacytosine, and the sealed m ixture was stirred a t applied to a column (40 X  3.3 cm) of silica gel prepacked in
5 ° for 2 hr to achieve solution. T h e solution w as m aintained at chloroform. Fractions ( 2 0 0  ml each) were collected and the
— 15° for 5 days and then evaporated a t 25° to a syrup which was fractionation was monitored b y  tic  on S ilicA R  7G F  w ith  chloro-
heated a t 60° under oil pum p vacuum  to rem ove acetam ide. form -eth yl acetate (4 :1)  as developer. E lution  w as started
A  100-mg portion of the residue (A) was applied to the short w ith  chloroform. A t  fraction 39 the eluting solvent w as changed
edge of a silicA R  7 G F  plate (2 X  200 X  400 mm) and the plate to chloroform -ethyl acetate (9 :1 ) . Fractions 8-43, w hich con-
was developed several tim es w ith ethyl acetate-m ethanol (4 :1 ) . tained a single nucleosidic component, were evaporated to dry-
T w o closely m oving zones were observed, one m ajor ( a  anomer), ness. T he residue was crystallized from ethanol-ether to yield
slower m oving zone and a minor, v ery  slightly  faster m oving (0  6.39 g (4 7% ) of w hite crystals, mp 14 1-14 3 °. R ecrystallization
anomer) zone. E xtraction  of the sm aller zone w ith m ethanol and from ethanol gave pure V II:  mp 14 2-143°; pm r (CD C ls)
solvent rem oval gave a m inute qu an tity  of crystalline residue 8  3.60 (d, 2, “ J ”  =  5.5 cps, 5 ' C H 2O H ), 3.93-4.32 (m , 3, 2 ',
(crude 0  anom er). T h e remaining crude syrupy m ixture of 3 ',  and 4 ' H ), 4.38 (s, 2, P h C H 2), 4.48 (s, 2, P h C H 2), 4.51 (s,
anomers (A ) was dissolved in w arm  m ethanol and seeded w ith  2, P h C H 2), 6.31 (d, 1, J  =  4.0 cps, 1 '  H ), 7.06-7.47 (m, 15,
this m aterial to give w hite needles of I I I ,  y ie ld  0.10 g, mp 189- P h H ), 7.69 (broad s, 2, 4 N H 2), and 8.26 (s, 1, 6  H ).
19 1°. T h e m other liquor and washings (ethanol and ether) A n al. C alcd for CK1H 30N 4O 6 : C , 67,69; H , 5.88; N , 10.89. 
deposited w hite prisms (1.05 g) of a  anomer contam inated w ith  Found: C , 67.60; H , 5.82; N , 1 1 . 1 0 .
a faint trace of 0  anomer. R ecrystallization  of the 0  anomer l-(/3-D-Ribofuranosyl)cyanuric Acid (V).— T o the trim ethylsilyl
from m ethanol-2-propanol gave pure product, 2'-deoxy-5-aza- derivative of cyanuric acid (from 15 g of cyanuric acid) was
cytidine (III): mp 19 1-19 3 °; [<*]29d + 6 3 .8 °  (c 1.00, w ater); X*®' added 2,3,5-tri-O-benzoyl-D-ribofuranosyl brom ide (from 40 g of
1600-1710 cm - 1  [5-azacytosine absorptions, in the region 1200- l-0-acetyl-2-3,5-t.ri-0-benzoyl-/3-D-ribofuranose) in dry aeeto-
4000 cm - 1  the spectrum  was v ery  sim ilar to th at of 5-azacytidine nitrile (250 m l). A fter sealing and initial stirring, the solution
( I ) ] ; A'® ,1 253 mM, X° ax4 239 (e 8200), and A” , , , 11 253 sh (2300); was le ft a t room tem perature for 8  days. T h e solvent was evap-
pm r (D 20 )  8 2 .36-2.67 (m, 2 , 2 ' H ), 3.80-3.94 (“ d ”  centered at orated to a  syrup and absolute ethanol was added to the residue.
3.80 “J ”  — 2.0 cps, “ s”  a t 3.88, 2 ,5 ' C H 2O H ), 6.29 (t, 1, W  T h e m ixture was evaporated to dryness and extracted (Celite
=  13.0 cps, J a y  =  6.5 cps, 1 '  H ), and 8.58 (s, 1 , 6  H ). filtration) w ith chloroform. T h e  solvent was removed and the

A n al.  C alcd  for C 8H i2N 40 i:  C , 42.10; H , 5.30; N , 24.55. residue, redissolved in chloroform, w as applied to a column (48.5
Found: C , 4 1.8 1; H , 5 .15 ; N , 24.52. X  5.0 cm) of silica gel prepacked in chloroform. Fractions (200

R ecrystallization  of the crude a  anomer (IV ) from m ethanol- ml each) were collected and the fractionation was monitored by
2-propanol gave 0.81 g of pure product: mp 17 7 -17 9 °; [<*]29d tic on silicA R  7 G F  w ith  ethyl acetate-chloroform  (3 :7) as de-
— 40.8° (c 1.0 , w ater); 1600-1660 cm - 1  (5-azacytosine veloper. A t  fraction 16 the solvent w as changed to chloroform -
absorptions); Amax 253 mu, Amax 239 (e 8200), and Amax 253 sh ethyl acetate (9 :1)  and a t fraction 25 to chloroform -ethyl ace-
(2700); pm r (D 20 )  8  2.00-3.12 (m, 2, 2 'H ), 3.58-3.81 ( ‘s ”  ta te  (4 :1) . Fractions 14-34 were pooled and evaporated, yield-
centered at 3.69 and s centered a t 3.75, 2, 5 C H 2O H ), 4.30- j 22.60 g of a  dry syrup. A  portion (16.0 g) was dissolved in
4.65 (m, 2 , 3 ',  and 4 ' H ), 4.86 (solvent), 6.16 (q, 1, W  =  9.0 J thanol ml ) L Urated a t (0°) w ith  ammonia and le ft in a

Cps.’ f  r  w ’ qn. n  0 4 . ^  pressure vessel for 4 days. T h e solution was filtered and the
F o u ^ d r  *41 R601H  %  i V  N  24 5 5  ’ ’ ’ ’ ’ “  ‘ filtrate was evaporated to sm aller volum e, whereupon crystal-

T h e various m other liquors ^ ere evaporated and applied (ca . of the product occurred^ T h e m ixture was coevaporated
100 m g/plate) to the short edge of silicA R  7 G F  plates (2 X  200 with absolute ethanol to  yield 6.25 g G 3 % )  of V , mp 222-223
X  400 m m ). T he plates were developed several times w ith  ethyl dec. R ecrystallization  from  w ater-ethanol gave pure m aterial:
acetate-m ethanol (4 :1 )  until the zones corresponding to the mp 229-230° dec; [a ]26d 24.3° (c 1 , w ater); vmax 1680 and 177
anomers were separated. T h e  zones w ere excised and extracted cm - 1  ( C = 0  of heterocycle); pm r (D 2O) 5 3.57-4.23 (m, 3,
w ith m ethanol. Solvent rem oval and crystallization from  meth- 4 ' H  and 5 ' C H 2O H , 5 C H 2OH  as “s ” a t 3.85), 4.38 (t, 1, W
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=  12.0 cps, J 3 '.2' =  6.0 cps, 3 ' H ), 4 .65-4.85 (m, solvent and T his syrup was dissolved in a m ixture of acetic anhydride (150 
2 ' H ), and 6.22 (d, 1 , J i ' y  =  3.5 cps, 1 '  H ). ml) and acetic acid (550 m l). Concentrated sulfuric acid (35 ml)

A n a l. C a lcd  for C 8H uN 30 ,:  C , 36.79; H , 4.25; N , 16.09. was added dropwise to  the ice-cold solution and the solution w as
F ound: C , 36.48; H , 3.92; N , 15.85. le ft a t room tem perature overnight. T h e solution w as poured

l-(2,3,5-Tri-0-benzoyl-/5-D-ribofuranosyl)cyanuric A cid .— T h e onto ice and the m ixture was extracted w ith  chloroform . T he
rem aining portion of the crude benzoate (above, 6.60 g) was chloroform extract was stirred w ith  excess saturated sodium
crystallized  from  chloroform -ethyl acetate-h ep tan e to yield  4.44 bicarbonate overnight a t  5 ° . T h e  extract was washed w ith  w ater
g of w hite crystals, mp 2 1 1 - 2 1 °. T h e  product was dissolved in a and dried (M gSO ,). Solvent rem oval afforded 64 g of 1,2 ,3 ,5-
m ixture of m ethanol and eth yl acetate  and th e solution w as de- tetra-O-acetyl-n-arabinofuranose as an oil.
colorized. T h e  solution w as evaporated to sm all volum e and D ry  hydrogen chloride gas w as bubbled through an ice-cold
heptane w as added. Pure product was deposited as w hite solution of 53 g  of the above syrup in ether (1 1 .)  containing acetyl
needles: mp 2 11 -2 13 ° ; 1655 and 1770 cm - 1  ( C = 0  of chloride (100 m l) until the solution was saturated (c a . 1  hr),
heterocycle, and benzoate); pm r (DMSO-<4) i  4.50-5.00 [m, T h e  solution was sealed and m aintained a t  0 ° for 6  days. T h e
3, 4 ' H  overlapping 5 ' C H 2O H  (s) centered a t 4 .75 ], 6 .13 -6 .4 7  solution was evaporated and the residue w as coevaporated w ith
(m , 2, 2 ' and 3 ' H ), 6.57 (s, 1 ,  J i ’y  <  1  cps, 1 '  H ), 7.22-8.26 toluene.
(m , 15, ben zoate), and 11.94  (s, 2, N H ). T his syrup w as dissolved in toluene (150-200 m l) and trans-

A n a l.  C alcd  for C 29H 23N 3O 10: C ,6 0 .7 3 ;  H , 4.04; N , 7 .33. ferred to the trim ethylsilyl derivative of 5-azacytosine (prepared
F ound: C , 60.91; H , 4.18; N , 7 .18 . from  25 g of 5-azacytosine). A n aspirator vacu u m  w as applied

l-(/3-b-Ribofuranosyl)-3-methylcyanuric Acid (V I).— T o  the to the m agnetically stirred solution and the tem perature was
trim eth ylsilyl derivative  of 1-m ethylcyanuric acid (prepared from  qu ickly raised to 195° using an oil bath . T h e  tem perature was
5 g  of 1-m ethylcyan uric acid21) was added 2,3,5-tri-O-benzoyl-D- m aintained a t 195° for 25 m in. E than ol and sodium  bicarbonate
ribofuranosyl brom ide (prepared from  10 g  of l-O -acetyl-2 ,3 ,5- were added to  the residue. T h e m ixture w as evaporated to dry-
tri-O-benzoyl-D-ribofuranose) in dry acetonitrile (150 m l). T h e  ness and the residue w as extracted w ith  chloroform  (C elite).
sealed m ixture was stirred in itia lly  and then le ft  a t  room  tern- T h e chloroform extract was evaporated to  sm aller volum e and
perature for 2 w eeks. T h e  solution was evaporated to a  syrup applied to  a  column (69 X 4.0 m) of silica gel prepacked in chloro-
and the syrup was treated w ith  absolute ethanol (50 m l). T h e form . Fractions (200 m l each) were collected and the fractiona-
m ixture was evaporated to dryness and the residue w as extracted tion w as m onitored b y  tic  on silicA R  7 G F  w ith  eth yl a ce ta te -
w ith  chloroform . E vap oration  provided a  syrup w hich w as m ethanol (9 : 1 ) as developer. A t  fraction 31 the eluting solvent
redissolved in chloroform , and the solution was applied to a was changed to chloroform -ethyl acetate (9 :1 ) , a t fraction  41 to
colum n (40 X 3.3 cm) of silica gel prepacked in chloroform . chloroform -ethyl acetate (7 :3 ), at fraction 46 to eth y l acetate,
T h e  fractionation  w as m onitored b y  tic  on S ilicA R  7 G F  w ith  and a t fraction 64 to ethyl acetate-m ethanol ( 1 9 :1 ) .  F raction s
chloroform -eth yl acetate  (7 :3 ) as developer. Fractions of 200 44-74 were collected and evaporated to a syrup w hich w as crystal-
mi each w ere collected up to fraction 4. Fractions 5 and 6  w ere lized from  ethyl acetate-eth er, yield 2.77 g, mp 16 5 -16 8 °. T h e
of 100-ml volum e. Fractions 7 -12  w ere again of 200-ml volum e. m other liquor w as evaporated and the residue w as dissolved in
F raction s 6 -12  w ere pooled and evaporated to  g ive  8.37 g of a chloroform . Silica gel w as added and the m ixture w as evap-
w h ite, hom ogeneous foam : pm r (C D C I 3) 6  3.23 (s, 3, N 3C H 3), orated to  give a free-running powder. T his m aterial w as added
4.50-4.88 (m, 3, 4 ' H  and 5 ' C H 2O H ), 6.05-6.30 (m , 2, 2 ' to a dry column of silica gel (43.5 X 4.0 cm) so th a t the total
and 3 ' H ), 6.48 (s, 1, J i ’y  <  1 cps, 1 '  H ), 7.10 -7.60  (m , 9, benz- column size w as 66.0 X 4.0 cm. E lution  w as started w ith chloro-
oate), and 7 .77  (m, 6 , benzoate). T his m aterial was dissolved in form and 200-ml fractions were collected. A t  fraction  5 the
am m onia-saturated (at 0°) m ethanol (100 m l) and le ft at room  solvent w as changed to chloroform -ethyl acetate (9 :1 ) , a t frac-
tem perature for 4 days in a  sealed vessel. T h e  solution w as tion 9 to chloroform -ethyl acetate (7 :3 ), a t fraction 13 to eth yl
filtered through C elite  and the filtrate  w as evaporated to a syrup . acetate ( 1 :1 ) ,  a t fraction 21 to ethyl acetate-chloroform  (7:3),
T his syrup w as dissolved in a m ixture of chloroform and w ater. a t fraction 35 to  eth yl acetate, and a t fraction 60 to eth yl a ceta te-
T h e  aqueous solution w as further extracted three tim es w ith  m ethanol (98:2). Fractions 36-66 were evaporated to a syrup
chloroform  and then evaporated to dryness. T h e  residue w as which w as crystallized as above to give 1.80 g, mp 163-165°.
coevaporated w ith  absolute ethanol and the residue was stirred T h e m other liquor was evaporated to a syrup and dissolved in
in ether (200 m l) for several days. T h e  resulting w hite powder chloroform. Silica gel was added and the m ixture was evapo-
(3.40 g) w as collected and crystallized from  m ethanol-2-pro- rated to give a free-running powder. This m aterial was added
panol, y ie ld  2.05 g (39% ), m p 144-146°. T his m aterial w as to a dry column (25 X 3.3 cm) of silica gel so th at the tota l col-
dissolved in m ethanol and the solution w as decolorized w ith  umn size was 44.0 X 3.3 cm . T h e elution was started  w ith
a ctivated  carbon. A fter solvent rem oval the syrup w as crystal- chloroform and 200-ml fractions were collected. A t  fraction 
lized from  m ethanol-2-propanol: mp 14 4 -146°; [<*]31d — 2 1.5 °  6  the solvent was changed to chloroform -ethyl acetate (9 :1),
(c 1 , w ater); ¡v ”xr 1680 and 1720 cm - 1  ( C = 0  of heterocycle); a t fraction 11 to chloroform -ethyl acetate (7 :3 ), a t fraction  15
pm r (D 2O ) 5 3.26 (s, 3, N 3 C H 3), 3.80 -4.15 [m, 3, 5 ' C H 2O H  to chloroform -ethyl acetate (3 :7 ), and at fraction  26 to ethyl
(s) a t  3.83 overlapped b y  4 ' H ] , 4.40 (t, 1, JV ,2' =  12.3 cps, 3 ' H ), acetate. Fractions 22-30 were evaporated and crystallized as
4.53-5.00 (m , 2 ' H  and solven t), and 6 .11  (d, 1 , J i ’y  — 3 .5  above to  give 0.65 g, mp 17 0 -17 1° . T h e  various crystalline
cps, l ' H ) .  m aterials were combined and dissolved in chloroform. T he

A n a l. C alcd  for C 9H 13N 3O 7 : C , 39.27; H , 4.76; N , 15.27. solution was decolorized and evaporated to a syrup, w hich w as
Found: C , 39.19; H , 4.82; N , 15.39. crystallized from  eth yl acetate-eth er to give 4.85 g (8 % ) , mp

l-(2,3,5-Tri-0-acetyl-a-D-arabmofuranosyl)-5-azacytosme.— T o  166-168 °. A  further crystallization gave pure product: mp
a solution of sodium  (0.5 g) in anhydrous m ethanol (500 m l) 167-168 °; pm r (C D C ls) S 2.10 (s, 3, A c), 2 .18  (s, 6 , A c ), 4.33
was added m eth yl 2,3,5-tri-O-benzoyl-D-arabinofuranoside22 (84 (“ d ” , 2, “ J ”  =  5 .5  cps, 5 ' C H 2O H ), 4 .61-4 .9 1 (m, 1, 4 H ),
g) and the solution was heated under reflux for 45 m in. T o the 5.20-5.38 (m, 1, 3 ' H ), 5.62-5.80 (m, 1, 2 ' H ), 5.95 (d, 1, J i ’.i
stirred cooled solution w as added p o rtion w iseD O w ex50 (H +, X 4 , =  2.5 cps, l 'H ) ,  6.73 (s, 2, 4 N H 2), a n d 8.21 (s, 1, 6 H ).
200-400 mesh) until the solution w as neutral. T h e resin w as A n al.  C alcd  for C hH i8N ,0 8: C , 45.40; H , 4.90; N , 15 .13 . 
filtered off and washed w ith  m ethanol. T h e filtrate and w ashings Found: C , 45.14; H , 4.74; N , 15.04.
were evaporated to a syrup. T h e  syrup was dissolved in chloro- l-(2,3-IsopropyHdene-/3-D-ribofuranosyl)cyanuric Acid.—1-(j8-
form  and extracted w ith  chloroform several tim es. T h e  aqueous D -Ribofuranosyl)cyanuric acid (6.25 g) w as dissolved in a m ixture
layer was evaporated to asyru p  and the syrup was dried b y  coevap- of dim ethylform am ide ( 2 0  m l) and dim ethoxypropane (18 m l)
oration w ith  ethanol and then w ith  dry pyridine. T h e d ry  syrup containing 15 drops of a solution of 4  M  hydrogen chloride in
was treated overnight w ith  acetic anhydride (200 m l)-pyrid in e dioxane. T h e sealed solution was le ft a t room tem perature for 3
(200 m l). T h e solution was poured onto ice and the m ixture days. g 0 diUm bicarbonate (5 g) w as added and the m ixture
was extracted w ith  chloroform . T h e chloroform extract was was stirred for 2 hours. T h e solution was filtered through C elite
washed consecutively w ith w ater, ice-cold 2 N  hydrochloric acid, and the filter was washed w ith  1-butanol. T h e filtrate was evap-
w ater-saturated sodium  bicarbonate solution, and w ater. T h e  orated to dryness under oil pum p vacuum . T h e residue was
dried (M gSO ,) solution w as evaporated to give syru p y m eth yl dissolved in ethanol (100 ml) containing glacial acetic acid (5 m l).
2,3,5-tri-O-acetyl-D -arabinofuranoside. T h e solution w as heated on a  steam  bath  for 5 m in and then le ft

(22) H. G. Fletcher, Jr., in "Methods in Carbohydrate Chemistry,” Voi. 2, overnight a t room tem perature. T h e solvent was rem oved and
M. L. Wolfrom and R. L. Whistler, Ed., Academic Press Inc., New York, the residue was coevaporated With toluene. Ihe residue was
N. Y., 1963, p 2 2 8 . dissolved in chloroform and silica gel (40 g) was added. T h e
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m ixture was then evaporated to give a free-running pow der. started w ith  chloroform. Fractions (200 m l each) were collected
This m aterial w as added to a dry column of silica gel (41 X 3.3 and the fractionation was monitored b y  tic  on S ilicA R  7G F
cm) so th at the final size was 61 X 3.3 cm. T h e column was w ith ethyl acetate-chloroform  (7:3 ) as developer (detection by
eluted w ith chloroform and 100-ml fractions were collected. A t sulfuric acid). A t  fraction 9 the solvent w as changed to chloro-
fraction 11 th eso lven t w as changed to chloroform -m ethanol (9 :1 ). form -eth yl acetate (4 :1)  and at fraction  14 to ethyl acetate.
Fractions 15-20, w hich were homogeneous as judged b y  tic  on Fractions 16 -19 , which were of 100-ml volum e and w hich con-
S ilicA R  7 G F  w ith  ethyl acetate developer (detection w ith  sulfuric tam ed a single component, were pooled and evaporated to a foam ,
acid), were evaporated to dryness. T h e syrup y residue was C rystallization  from  ethyl acetate-heptane yielded 7.06 g (89% )
crystallized from  ethanol-heptane to yield  6.36 g (8 8 % ) of w hite of w hite crystals, mp 194-196°. These crystals were dissolved
product, mp 17 9 -18 1° . T his m aterial w as recrystallized from  in m ethanol and the solution w as decolorized. A fter solvent
ethanol-heptane to  give pure product: mp 18 0 -18 1°; rem oval, the product waia crystallized from  ethanol-heptane to
1680-1800 cm - 1  (C = 0  of cyanuric acid); pm r (DM SO-ds) 8 give pure m aterial: mp 19 5 -19 7°; vTftl 1710-1760 cm -1 ; pm r
1.32 (s, 3, C C H 3), 1.52 (s, 3, C C H S), 3.54 ( “ d ,”  2, “ J ”  =  6.5 (DM SO-de) 1.33 (s, 3, C C H 3), 1.52 (s, 3, C C H 3), 3.20 (s, 1, 5 '
cps, 5 ' C H 2O H ), 3.80-4.18 (m, 1, 4 ' H ), 4.54-4.93 (m, 2. 3 ' C H 3S 0 2), 4 .10 ^ .6 0  [m, 3, 5 ' C H 20  (s) a t 4.36 overlapped b y
H  and 5 ' C H 2O H ), 5 .17  (d, 1, J i ’y  =  6.0 cps, 2 ' H ), 6.18 (s, 4 ' H ], 4.74-4.98 (m, 1, 3 ' H ), 5.21 (d, 1, J p y  =  7.0 cps, 2 ' H ),
1, J i ' y  < 1  cps, l 'H ) ,  and 11.84 (broad, s, 2, N H ). 6.14  (s, 1, / i ' ,2' < 1  cps, 1 '  H ), and 11.66  (s, 2, N H ).

A n al.  C alcd  for C iiH ,eN 30 7: C , 43.85; H , 5.02; N , 13.95. A n a l. C alcd  for C i2H „ N 30 9S: C , 37.98; H , 4.52; N , 11.08. 
Found: C , 44.21; H , 5.45; N , 14.20. Found: C , 37.88; H , 4.42; N , 11.04.

l-(2,3-0-Isopropylidene-5-m ethylsulfonyl-/3-D-ribofuranosyl)-
cyanuric A cid .— T o  a stirred solution of l-(2,3-0-isopropylidene- Registry No.— I, 320-67-2; III, 2353-33-5; IV, 
0-D-ribofuranosyl)cyanuric acid (6.32 g) in dry pyridine (50 ml) 22432-95-7’ V 22432-96-8’ VI, 22432-97-9; VII,

22432-98-0; ‘ -(S^diU-^ety^-deoxy-a^-D-ribofuran- 
Absolute ethanol (a few drops) was added and the solution was OSyl)-5-azacytosme, 22432-93-5, l-(2,3,5 tri O -benzoyl-
left overnight at 0 ° . The solution was evaporated to dryness /3-D-ribofuranosyl)cyanuric acid, 22432-99-1; l-(2,3,5-
and the residue was coevaporated with toluene. The dried (oil tri-0-acetyl-a:-D-arabinofuranosyl)-5-azacytosine, 22433-
pump vacuum) residue was dissolved in methanol and silica gel 0 0 _7 ;  i-(2,3-isopropylidene-/?-D-ribofuranosyl)cyanuric
was added. The mixture was evaporated to give a free-runnmg A1 „ f  0 ^  . r , -  In i 1
powder Which was added to a column (51 x  3.5 cm) of silica gel acid, 22433-01-8; l-(2,3-0-isopropylidene-5-methylsul- 
so that the final dimensions were 72 X 3.5 cm. Elution was fonyl-/J-D-ribofuranosyl)cyanuric acid, 22433-02-9.

Synthesis of 21-Hydroxymethylprogesterone

A. F. Hirsch1 and G. I. F ujimoto
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T h e synthesis of 21-hydroxym ethylprogesterone was accomplished b y  tw o pathw ays, from  progesterone and 
from  3£-acetoxy-5-pregnen-20-one. T h e preferred m ethod involved the form ylation and subsequent boro- 
hydride reduction of the 3-m onoketal of progesterone. T his diol was subsequently trity lated , oxidized, and 
hydrolyzed to yield  2 1 -hydroxym ethylprogesterone.

The C-17 side chains of the progestational and We presumed that 21-hydroxymethylprogesterone
adrenocortical steroid hormones may be compared with would be quite labile and that synthesis by indirect
the lowest members of the deoxy sugar and sugar methods would be very sensitive to manipulations
series, respectively. Elongation of these side chains by involved in protecting the other functional groups in
addition of hydroxymethyl groups would yield homo- the molecule. This did not prove to be the case,
logs of the steroid-substituted carbohydrates. The The addition of the hydroxymethyl group on C-21 
higher hydroxymethyl homologs of progesterone and was accomplished by condensation of the 17/3-acetyl
cortisol would have side chains which may be pictured group of pregnenolone acetate (1) with formate ester4
as 1-substituted deoxy ketoses and 1-substituted followed by reduction with borohydride to the triol 2a
ketoses, respectively. We wish to report the synthesis in the reaction medium (Scheme I). A number of
of 21-hydroxymethylprogesterone (7a), our initial routes were considered in order to utilize this condensa-
objective in these studies. tion reaction for the synthesis of 21-hydroxymethyl-

A simple, direct method has been reported for the progesterone. That the formate condensation occurs
synthesis of 21-hydroxymethylcortisol by condensation on C-21 has been demonstrated by Hirai, et a l . , 6 as well
of cortisol with formaldehyde.2 When we attempted as from evidence below.
this method with pregnenolone and formaldehyde, we One approach was to form the 20,21a-acetonide 
recovered only starting steroid. Our further studies with derivative6 of the triol 2a in order to oxidize selectively
this method will be the subject of a separate paper. the A6-3/3-hydroxyl to the A4-3-ketone by the Oppenauer
We did not obtain monohydroxymethylation in the method. Hydrolysis of the acetonide 4 yielded the diol
desired position. ketone 5a. The overall yield of this metnod to this

Very few primary aliphatic a-unsubstituted (3- point was so low that we turned to other approaches,
hydroxy ketones have been reported in the literature.3 An attempt to shortcut this pathway by tritylation of

(4) L. Ruzicka, U. S. Patent 2,398,861 (1946); W. Bockmdhl, G. Ehrhart,
(1) (a) Senior Postdoctoral Fellow, 1965-1967, supported by Grant and H. Rusehig, German Patent 871,451 (1953); N. J. Doorenbos and L.

5 TU-MH6418, National Institutes of Health. Milewich, J .  Org. Chem ., 31, 3193 (1966).
(2) S. Noguchi and K. Morita, Chem. P h arm . B u ll. (Tokyo), 11, 1235 (5) S. Hirai, R. G. Harvey, and E. V. Jensen, Tetrahedron, 22, 1625 (1966).

(1953) (6) M. Tanabe and B. Bigley, J. A m er. C hem . Soc., 83, 756 (1961); A.
(3) See, e.g ., T. White and R. N. Howard, J .  C hem . S oc., 25 (1943), and Hampton, J. C. Fratantoni, P. M. Carroll, and S. Wang, ibid., 87, 5481

the patent literature for l-hydroxybutan-3-one. (1965).
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X  CH2 CH2 a, R =  H 8’

ROCH  HOCH / = 0  b, R =  COCH 3

| \  —* f y  —► X /  I t was surPrising that no other products were observed
on tic. This was an indication of the relative stability 

qX X X  of this /3-hydroxy ketone.
5a,b The above method was simplified by removing the

7a,b ketal group simultaneously with the trityl group in
a’ R = bf the gynthesis. The 20/3,21a-diol 3-ketal 10a was trityl-
b, R = COCH 3 ated, tken oxidized at C-20 to the 21a-trityl 20-ketone

3-ketal 12. Mild acid hydrolysis removed both the 
the triol 2a followed by oxidation of both the C-3 and trityl and the ketal to yield 21-hydroxymethyl- 
C-20 hydroxyls simultaneously was unsuccessful. progesterone. This method gave the best overall

The more fruitful method was to start with progester- yields (63% from 10a).
one and mask the 3-ketone with an ethylene ketal The difficulties anticipated in the removal of protec-
derivative 9 prepared by selective hydrolysis of the tive groups in the /3-hydroxy keto steroids were not
3,20-bisketal of progesterone (8) (Scheme II). Con- realized. In fact, the 21a-hydroxy 20-keto steroid
densation of the 3-monoketal 9 with isoamyl formate appears to be much more stable than anticipated and 
followed by borohydride reduction yielded the 20,21a- to be quite resistant to the usual dehydration proce-
dihvdroxy 3-ethylene ketal 10a. On hydrolysis this dures. Neither mild acid nor alkali appears to alter
yielded the same diol ketone 5a as the first method. this structure.
The configuration of the 20-hydroxyl is presumed to be
/3, since sodium borohydride reduction of the 20- Experimental Section
ketones yields almost exclusively the 20/3-ols.7 From
nmr spectral data the characteristic up field shift for Analyses were determined by Spang Microanalybeal Labora- 
,, ■ , , , . tory, Ann Arbor, Mich. It spectra were recorded with a Perkm-
the C-18 methyl of 0.11 ppm is observed following E% er Model 21 spectrophotometer; nmr spectra with a Varian
acetylation of the 20/3,21a-diol 3-ketone 5a to the M odel A-60 spectrom eter in C D C fi w ith  SiM e. as internal stan-
20)3,21a-diacetoxy 3-ketone 5b, substantiating the 20/3 dard; and O R D  spectra w ith  a C a ry  M odel 60 spectropolarim eter
configuration for the hydroxyl group.8 There is in- 711 dioxane unless otherwise stated . M eltin g points w ere de
dication of some 20a-hydroxyl formation from the term med on a  K ofler hot stage F or tie silica  gei O F  w ^  used,

, , ° J  , , „  , , , and, for silica gel columns, S ilicA R  cc-7, 100-200 m esh, w as used,
minor product which was separated on tic out not 2l-M eth yl-5-Pregnene-30,2O0,2la-triol ( 2 a ) .« - A  solution of
characterized further. By protecting the C-21a 30 g (84 mm ol) of pregnenolone acetate ( 1 ) in 1.3  1 . of anhydrous
primary hydroxyl of 5a by tritylation, w e  selectively benzene was distilled to rem ove about 1 0 0  m l of a benzene azeo-
oxidized the C-20 hydroxyl with chromic acid-pyridine trope. T o the cooled solution, under nitrogen, were added w ith

to the trityl diketone, which was not isolated.' Mild f ™  X r n  !) °f sodiu.mfhyd1de (5T\% 33'3 fl h, . ’ , . freshly distilled isoam j-1 form ate. Ih e  m ixture was refluxed
hydrolysis of the trityl group gave the desired 21-hy- for ^ 2  hr and cooled, and to it 9 . 5  g of sodium borohydride and
droxymethylprogesterone (7a) in 59% yield from 10a. 500 m l of m ethanol were added. T he m ixture was stirred

overnight, diluted with 150 ml of water, neutralized with sulfuric 
(7) See, e.g ., h .  F. Fieser and M. Fie,ser,“ Steroids,” Reinhold Publishing acid, and concentrated in  v a c u o .  The solid residue was washed

Corp., New York, N. Y., 1959, p 568. ------------------
(8) See C. H. Robinson and P. Hofer, Chem. In d . (London), S77 (1966); (9) We wish to acknowledge the generous assistance of Mr. A. S. Taren-

H. Lee and M. E. Wolff, J .  Org. Chem ., 32, 192 (1967). dash in the preparation of this substance.
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w ith w ater, dried in  vacuo, and crystallized  from  acetone, of 70 %  acetic acid over 4 days. T h e  residue w as concentrated 
affording 9.8 g (33 .6 % ) of product 2 a, w hich w as sufficiently in  vacuo, extracted w ith  ether, w ashed, dried, and chrom ato-
pure for the subsequent steps. A  sam ple w as recrystallized from  graphed on 45 g  of silica gel. F rom  the ben zene-acetone (9 :1 )
acetone, mp 183-185° (softening a t 178 °), ir (K B r)  3.01 p  (O H ). fraction  was obtained 911 mg (69% ) of 7a, crystallized  from  ace-

A n a l. C aled  for C 22H 360 r 7 2 H 20 : C , 73.96; H , 10.43. tone, mp 138 -13 9°; when com pared w ith  7a prepared from  10a,
Found; C , 73.88; H , 10 .21. there was no depression in m elting poin t on adm ixture and ir

T h e triol 2a was a cety lated  to the triacetate  2b in 6 6 %  yield , spectra w ere identical, 
mp 139 -14 3.5° (softening a t 13 7 °), ir (CSs) 5 .74  (ester C = 0 )  5-Pregnene-3,20-dione 3-Ethylene K e ta l (9).10— T o  100 mg
and 8.10 n (ester C O C ). (0.25 mm ol) of progesterone bisethylene k eta l (8 ) 11 in 25 m l of

A n a l. C aled  for C 28H 4206: C , 70.86; H , 8.92. Found: C , w ater-saturated benzene was added 2.5 m l of 0.01 M  p-toluene-
70.78; H , 8 .77. sulfonic acid in ether. A fter th e m ixture w as stirred for 70

20/3,21a-Isopropylidenedioxy-21-methyl-5-pregnen-3/3-ol (3a). min a t  room tem perature, 50 m l of benzene and 50 m l of 1 0 %
M ethod A .— T o  a  solution of 383 m g (1 .1  m m ol) of triol 2 a in 3 N a H C 0 3 w ere added. T h e organic phase was w ashed w ell w ith
m l of dim ethylform am ide w ere added 5 m l of 2,2-dim ethoxy- w ater, dried, (K 2C 0 3), and concentrated, yielding 8 6  m g (96% )
propane and 10 mg of p-toluenesulfonic acid . T h e solution was of a product sufficiently pure for the subsequent reactions,
stirred for 75 m in, neutralized w ith  dilute sodium  bicarbonate, C rysta llization  from  m ethanol and then from  acetone gave  9,
and extracted w ith  benzene. T h e  extra ct was washed w ith  mp 174 .5 -176 .5 °  (lit. mp 18 0 -18 1°,12a 178 -18 0 °12b). 
w ater, dried (M g S 0 4), and concentrated. T h e residue (403 m g) 20/3,2 la-D ihydroxy-21-m ethyl-5-pregnen-3-one 3-Ethylene
was chrom atographed on 20 g  of alum ina (M erck) and the K e ta l ( 1 0 a ).— A  solution of 4.89 g (13.62 m m ol) of the 3-m ono
m ethylene chloride eluate gave  302 mg of crude product, w hich ethylene k eta l (9) of progesterone in 550 m l of dry benzene was
on crystallization  from  acetone yielded 185 m g (48% ) of 3a, distilled to rem ove ca . 50 m l of a benzene azeotrope. T o  the
mp 190-192° subl, ir  (C S 2) 2.82 (OH ) and 7.29 yu (acetonide). cooled solution under a nitrogen atm osphere w as added w ith

A n al.  C aled  for C^H^Os: C , 77 .27; H , 10.38. F ound: C , stirring 1.82 g of sodium  hydride (5 5 %  in oil) and 5.5 m l of
7 7 .1 1 ;  H , 10 .27. freshly distilled isoam yl form ate. T h e  m ixture w as refluxed for

M ethod B .— A  suspension of 3.48 g (10 m m ol) of 2a, 400 m l 4 hr and cooled, and 3.6 g  of sodium  borohydride and 100 m l of
of acetone, 15 ml of 2,2-dim ethoxypropane, and 340 m g of m ethanol were added and the resultan t m ixture was stirred
di(p-nitrophenyl) phosphate w as stirred for 5 hr (dissolution overnight. A fter the m ixture was concentrated under reduced
occurring in 20 m in) at room tem perature. A fter addition of pressure and 600 m l of w ater w as added, a  suspension was
2 0 0  mg of sodium  bicarbonate, the solution w as concentrated form ed w hich was extracted thoroughly w ith  ether until no
in  vacuo. T h e residue w as taken  up in ether, w ashed w ith  w ater, solid remained. T h e com bined ether solution w as w ashed w ith
dried (M g S 0 4), and concentrated. A fter crystallization  from  w ater, dried (MgSO<), and concentrated. In  la ter w ork m ethy-
m ethylene chloride or acetone, 2.85 g (73 % ) of 3a w as obtained, lene chloride was used for the extraction  because of greater solu-
mp 19 1-19 3 °  and identical in ir spectrum  and chrom atographic bilizing properties. T h e crude produ ct was crystallized  from  
m obility w ith produ ct from  m ethod A . acetone, affording 5 .19  g (97.4 % ) of product sufficiently homo-

T h e acetate  3b was prepared in q u an titative  yield from  3a: geneous to use in subsequent steps. A  sam ple for analysis was
mp 188-193° subl; ir (C S 2) 5 .77  (ester C = 0 ) ,  7.29 (acetonide), prepared b y  chrom atography on alum ina (M erck) from  the
and 8.09 n (ester C O C ); nm r S 5.44 (br, 1 , C -6 ), 3.84 (m, 2, fraction  eluted w ith m ethanol-m ethylene chloride ( 1 :1 ) .  A
C -21a), 2.03 (s, 3, C H 3C O ), 1.47 (s, 3, acetonide C H 3 axial), sm all am ount of w h at is p robably  the 20a isomer of 1 0 a was
1.35 (s, 3, C H 3 equatorial), 1.02 (s, 3, C -19 ), and 0.73 (s, 3, separated b y  chrom atography. T w o recrystallizations of the
C -18 ). m ajor fraction  (90% ) from  acetone yielded 10a: mp 196-199.5°

A n a l. C aled  for C 2,H 420 4: C , 75 .3 1; H - 9.83. Found: C , subl; ir (CH C 13) 2.80 (sh) and 2.88 M (O H ); nm r 6 5.4 (br, 1,
75.33; H , 9 .9 1. _ C -6 ), 3.95 (ketal), 3.88 (t, 2, J  =  6  cps, C -2 1a), 1.04 (C -19),

O ppenauer Oxidation of 3a.— A  solution of 176 mg (0.45 mm ol) and 0.79 (C-18). 
of 3a, 30 m l of toluene, and 5 m l of cyclohexanone (freshly dis- A n a l. C aled  for C 24H 380 4: C , 73.81; H , 9.81. F ound: C ,
tilled reagents) w as distilled to rem ove ca . 3 m l of toluene. 74.02; H , 9.80.
A fter addition of 200 mg of alum inum  isopropoxide, the solution A cetylatio n  of the diol k eta l 1 0 a gave  a q u an titative  y ie ld  of
was refluxed for 2 h r and allowed to stand overnight. A  yellow , the diacetate 1 0 b: mp 164 -168 °; ir (C S 2) 5 .74 (ester C = 0 ) ,
gum  residue w as obtained a fter concentration in  vacuo. T o  8.06, and 8.16 u (ester C O C ); nm r S 5 .37 (br, 1 , C -6 ), 5.07
this w as added 70 m l of 10 %  R och elle  sa lt solution and 150 m l (br, 1, C-20), 4 .11  (t, 2, J  =  7 cps, C -2 1a), 3.96 (ketal), 2.05
of ether. T h e ethereal solution w as washed w ith  w ater, dried (acetates), 1.02 (C -19), and 0.69 (C -18).
(M g S 0 4), and concentrated in  vacuo. T h e residue w as chro- A n a l. C aled  for C 2sH4206: C , 70.86; H , 8.92. F ound: C ,
m atographed on silica  gel and eluted w ith  1 %  acetone in benzene. 70.76; H , 8.80.
T h e product obtained was crystallized  from  acetone, yielding H ydrolysis of K e ta l 10a.— A  solution of 700 mg of k eta l 10a
17.6  mg (10 % ) of chrom atographically pure 4: m p 183-186° in 100 m l of 80%  acetic acid, a fter standing for 24 hr a t room
subl; ir (C S 2) 5.96 ( C = 0 )  and 7.28 /i (acetonide); nm r S 5.79 tem perature, was diluted w ith  tw o 100-ml portions of w ater and
(br, 1, C -4), 1.49 (s, 3, acetonide, C H 3 axial), 1.36 (s, 3, C H 3 extracted thoroughly w ith  m ethylene chloride. T h e extract
equatorial), 1 . 2 1  (C -19), and 0.73 (C -18). was washed well w ith  N a 2C 0 3 and w ater, concentrated to dryness

A n a l. C aled  for C 25H 380 3: C , 77.68; H , 9 .91. F ound: C , in  vacuo, and crystallized from  acetone. T hree crops yielded
77.58; H , 9.94. 527 mg (8 5 % ). On chrom atography on W oelm  neutral alum ina

20/3,21a-Dihydroxy-21-methyl-4-pregnen-3-one (5a).— A  solu- (activ ity  I ) , the C H 2C l2-M e O H  (9 :1 )  fraction  gave a nearly
tion of 23.4 m g (0.061 mm ol) of acetonide 4 in 1 m l of 90 %  acetic q u an titative  yield of the diol ketone 5a, recrystallized tw ice
acid was allowed to stand at room tem perature for 3 hr. T h e from  acetone as needles: mp 203.5-204.5°; ir (CH C 13) 2.88
process of concentrating in  vacuo, adding benzene, and reconcen- (O H ), 6.02 ( C = 0 ) ,  and 6.20 n ( C = C ) ;  nm r 5 5.75  (br, 1,
trating w as repeated three tim es. T h e  product, obtained in C-4), 3.88 (t, 2, J  =  5 cps, C -2 1a), 2.76 (O H ), 2.29 (C-21),
q u an titative  y ie ld , was crystallized  from  acetone, mp 198-20 1°; 1.2  (C -19), and 0.83 (C-18); O R D  (c 0.056) [4 > ]589 + 2 8 5 °,
when com pared w ith  5a from  series II  there was no depression [$]42o-4o5 + 5 2 5 °  (broad p eak), [4>]364 — 453°, [ $ ] 357 — 262°,
in m elting point on adm ixture and ir spectra were identical. [4>]35o — 755°, [4+ k  +  1244° (sh), [4>]322 + 3480 ° (sh), [4+08

21-H ydroxym ethylprogesterone (7a) Prepared from  D iol K e - + 5 8 1 6 °  (sh), and [4 >]275 + 8 54 0 °.
tone 5a.— A  solution of 1.328 g of diol ketone 5a in 20 m l of A n a l. C aled  for C 22H 340 3: C , 76.26; H , 9.89. F oun d: C ,
pyridine (freshly distilled) w as p artia lly  distilled and replenished 76.45; H , 9 .61.
w ith pyridine tw ice. A fter  1 .17 5  g  of tr ity l chloride w as added, T h e diacetate  5b was prepared in the usual w a y: mp 122-
the solution w as allowed to stand for 3 days. T h e tr ity l h yd ro xy 126°; ir (C S 2) 5.74, 8.09, and 8.16 u (ester C = 0 ,  C O C ); nmr
ketone 6 proved to be very deliquescent and was not char- ____________
acterized further. The pyridine solution of 6 was added to a
solution of 500 mg of C r0 3 in 20 ml of pyridine. T w o more por- This Procedure is a modification of the method of J. Schmidlin and
tions of 500 mg of C r0 3 in pyrid ine were added over a period of ' Act̂ \45, 1 . _. _ 7K_ , ... (11) W. S. Allen, S. Bernstein, and R. Littell, J .  A m er. Chem . Soc., 76,
7 days until the reaction was complete according to tic. After 6n6 (1954)
10 ml of m ethanol w as added, the solution w as concentrated (12) (a) F. Sondheimer, M. Velasco, and G. Rosenkranz, ib id ., 77, 192
in  vacuo and extracted w ith  ether. T h e extract was filtered, (1955); (b) A. Bowers, L. C. Ibanez, and H. J. Ringold, Tetrahedron, 7,
washed w ith w ater, concentrated, and hydrolyzed w ith  20 ml 138 (1959).
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5  5.75 (br, 1 , C -4), 4 .1 1  (t, 2, J  =  7 cps, C -2 1a), 2.29 (t, 2, washed w ith  ether. T h e com bined ether solution w as washed
J  =  7  cps, C -2 1), 2.05 (acetates), 1 .19  (C -19), and 0.72 (C -18). w ith  w ater and dried, and the solven t was rem oved in  vacuo.

A n a l. C alcd  for C + H s+ b: C , 72.53; H , 8.90. F ound: C , T h e product solidified when treated w ith  acetone-cold  m ethanol
72.65; H , 9.09. and weighed 2.06 g  ( 9 l% ) .  T his was sufficiently pure for the

Tritylation of 20/3,2 la-dihydroxy-2 l-m ethyl-5-pregnen-3-one 3- n ext step. Various attem pts to prepare an an a ly tica l sam ple
E th ylen e K e ta l (10a).— A  solution of 4.22 g  (10.8 m m ol) of diol failed . F rom  silica gel chrom atography a hom ogeneous sub-
k eta l 10a in 75 ml of dry pyrid ine was p a rtia lly  distilled in  vacuo  stance 12 was obtained from  the benzene fraction: m p 78 .5 -
and replenished w ith  pyrid ine to  a volum e of 100 m l. T o  this 8 1 .5 °; ir (C Sj) 3.29, 3.32, 13.47, and 14.22 (aryl), and 5.86 u
w as added 3.47 g of freshly crystallized tr ity l chloride and the (20 C = 0 ) ;  nm r 8 7 .2 - 7 . 6  (trityl), 5.4 (br, 1, C -6 ), 3.96 (ketal),
solution was allowed to stand for 40 hr. A n oth er 0.5 g of tr ity l 3.44 (t, 2, J  =  6  cps, C -21a), 2.62 (t, 2 , /  =  6  cps, C -2 1), 1.03
chloride w as added and 24 hr later no startin g m ateria l rem ained (C -19 ), and 0.63 (C-18).
according to tic  [acetone-benzene (1 :4 )] . T h e pyridine was 2 1 -H ydroxym ethylprogesterone (7a).— H ydrolysis of 1.72  g 
rem oved in  vacuo  and the addition and distillation of benzene (2.73 mm ol) of 2 1 -trityloxym ethylprogesterone 3-ethylene 
in  vacuo  was repeated three tim es. T h e residue w as taken  up ketal (12) in 100 m l of 80%  acetic acid was com plete a fter the
in 150 ml of m ethylene chloride, w ashed w ith  5 %  N aH C C h solution had been shaken for 17 hr a t room tem perature. A fter
solution and w ater, dried (M gSO ,), and concentrated Tx> dryness. 100 m l of w ater w as added, the solution was extracted  w ith  ether
A fter crystallizing from  acetone, 4.82 g  of 11a w as obtained in and the organic extract w as washed w ith  dilute N a 2C 0 3  and w ater,
tw o crops, mp 18 7 -19 1° . T h e to ta l y ie ld  of 6.0 g (88.3% ) dried (M gSCh), and concentrated in  vacuo  to  a yellow ish  gum .
included a  third crop of crystals, mp 179 -18 3 °. A  sam ple was T h e  residue was chrom atographed on silica  gel, and the fraction
recrystallized  from  acetone for analysis: mp 18 8 -19 1°; ir  eluted w ith  acetone-benzene (1 :4 )  yielded 726 m g (78 % ) of
(C S 2) 2.86 (O H ), 3.30, 3.33, 13.48, and 14.23 n (ary l); nm r 8 7a , w hich w as crystallized  from  acetone: mp 14 0 .5 -14 1 .5 °;
7.2 3 -7 .5 3  (tr ity l) , 5.4 (broad, 1, C -6 ), 3.95 (ketal), 3.35 (t, 2, u v  m ax (M eO H ) 241 mM (e 17,800); ir (C S 2) 2.82 (O H ), 5.90
J  =  6  cps, C -2 1a), 1.05 (C -19), and 0.78 (C -18). (20 C = 0 ) ,  and 5.96 n (3 C = 0 ) ;  nm r 8 5.74 (br, 1, C-4), 3.85

A n a l. C alcd  for C«H s20 4: C , 81.61; H , 8.28. Found: C , (t, 2, J  =  5 cps, C -2 1a), 2.62 (t, 2, /  =  5 cps, C -2 1), 1 .19  (C -19),
81.63; H , 8 .18 . and 0.69 (C -18); O R D  (c 0.0527) [<*>]ss9 +  550°, [4>W + 1 5 4 0 ° ,

T h e  acetate  l i b  w as prepared from  11a  in q u an titative  y ie ld  [$1356 + 20 0 0 °, [«hUsi + 18 7 0 ° , [4 >]3i2 + 15 ,2 0 0 °, [4>]m + 78 0  . 
and crystallized  from  acetone as colorless needles: mp 19 3 -194 °; A n a l. C alcd  for C 22H 320 3: C , 76.70; H , 9.36. F oun d: C ,
ir (C S 2) 3.30, 3.34, 13.47, and 14.23 (aryl), 5 .76 (ester C = 0 ) ,  76.54; H , 9.57.
and 8.10 M (ester C O C ); nmr 5 7 .2 -7 .5  (trity l) , 5.36 (broad, A cetylatio n  of 7a resulted in a q u an titative  yield  of the acetate
1 , C -6 ), 4.95 (broad, 1, C-20), 3.93 (ketal), 3 .12  (t, 2, C -2 1a), 7b, w hich crystallized  from  acetone in orthorhom bic prisms:
1.84 (acetate ) , 13 1 . 0 1  (C -19), and 0.64 (C -18 ). mp 12 9 -12 9 .5 °; ir (CS2) 5.73 (ester C = 0 )  and 8.14  (ester

A n a l.  C alcd  for C 45H 540 5: C , 80.08; H , 8.06. F ound: C , C O C ), 5.86 (20 C = 0 ) ,  and 5.96 y. (3 C = 0 ) ;  nm r 8 5.78 (br, 1 ,
80.09; H , 8 .12. C-4), 4.38 (t, 2, /  =  6  cps, C -2 1a), 2.72 (t, 2, /  =  6  cps, C -2 1),

Chrom ium  Trioxide Oxidation of 11a .— A  solution of 2.26 g 2.04 (acetate), 1.20 (C -19), and 0.71 (C-18).
(3.58 m m ol) of h yd ro xy tr ity l k eta l 1 1 a in 40 ml of d ry  pyrid ine A n a l. C alcd  for C 24H 340 4 : C , 74.58; H , 8.87. F oun d: C ,
w as added dropwise to  a solution of 1 .4 1 g (14 .1  m m ol) of chro- 74.39; H , 8.75. 
m ium  trioxide in 30 m l of d ry  pyridine and allowed to stand over
n igh t a t  room tem perature. A fter 300 ml of ether and 1 0  m l of Registry No.— 2a, 22486-07-3; 2b, 22528-31-0;
m ethanol were added, the precip itate form ed was filtered and 3 a  22486-08-4; 3b, 22486-09-5; 4, 22486-10-8 ; 5a, 
---------------  22486-11-9; 5b, 22486-12-0; 7a, 22486-13-1; 7b,

(13) The acetate protons shifted upheld by 0.20 ppm in the presence of a 22486-15-3 ' 10a 22486-16-4* 10b 22485-90-1 * 11a
trityl group. See, e.g., D. Horton, J. B. Hughes, J. S. Jewell, K. D. Philips, OOAqc:  qi o ’ 1 1V. ’ 99ASR 0 9  T - ’ 19 9969S  9Q R
and W. N. Turner, J .  Org. Chem ., 32 , 1073 (1967). ¿2485-91-2, lib , 22485-92-3, 12, 22528-2y-b.

Photochem istry of 5-N orbornenylacetone and 5-NorbornenyIacetaldehyde

R .  R .  S a u e r s  a n d  K .  W .  K e l l y  

S chool o f  C hem istry, Rutgers U niversity, N ew  B ru n sw ick , N ew  J e r s e y  0890S  

Received J u ly  24 , 1969

Irradiation of the 8 ,e-unsaturated carbonyl compounds 1 and 2 led to m ixtures of oxetanes as the m ajor photo
produets.

As part of a broad study of the photochemical of intramolecular energy transfer2 from the triplet
behavior of unsaturated polycyclic ketones,1 it was of state of the carbonyl group of 1 (ET =  80-82 kcal/mol3)
interest to examine the two norbornene systems 1 and 2. to the norbornene double bond (fi'T =  72 kcal/mol4).
It was hoped that studies of these systems would be On the other hand, triplet transfer from the aldehyde
informative as to the intramolecular modes of interac- function of 2 (£’x ~  69 kcal/mol5) would be expected to
tion of the excited carbonyl groups with the double bond. be considerably less efficient. Substantive product
More specifically, for example, one has the possibility differences in the two cases would serve as a basis for

interpretations as to the nature of the transfer process. 
Lastly, our interest in these systems was enhanced by 

/ - T  the intriguing chemical possibilities, e.g., Norrish Type
II cleavage or cyclobutanol formation, which might

C H v C = 0  C H C H = 0  (2) H_ Morrisoni J  A iner. Chem. S oc ., 87, 932 (1965); P. A. Leermakers.
I J.-P. Montillier, and R. D. Rauh, M ol. Photochem ., 1, 57 (1969); D. O.

CHa Cowan and A. A. Baum, Abstracts, 157th National Meeting of the American
1 2 Chemical Society, Minneapolis, Minn., April 1969, No. P 117.

(3) R. F. Borkman and D. R. Kearns, J .  Chem. P hys., 44, 945 (1966).
------------------- (4) See D. R. Arnold, A dvan. P hotochem ., 6 . 301 (1968).

(1) R. R. Sauers, W. Schinski, and M. M. Mason, Tetrahedron Lett., 79 (5) J. D. Borman, J. H. Stanley, W. V. Sherman, and S. G. Cohen, J .
(1969). A m er. Chem. S oc., 85, 4010 (1963).
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follow intramolecular abstractions of the y  hydrogen at bonylation reactions. Experimentally, it was found 
the bridgeheads. that the major oxetane gave 9 after rearrangement and

decarbonylation, a fact which verifies the assignment of 
Results and Discussion 5 to this isomer. Similarly, the minor isomer must be

r r  , , , . . . , 6 ,  since olefin 10 was produced on rearrangement and
Ketone 1 was prepared by chromic acid oxidation of decarbonylation

the alcohols (4a) obtained from the reaction of the Finally ; irradiation of the aldehyde 2 led to two 
Gngnard reagent of bromomethylnorbornene (3) with isomeric oxetanes in a ratio of 2 2 :78. Analysis of the 
acetaldehyde Aldehyde 2 was obtained by mild nmr spectral parameters in the low. field region sug_
oxi a ion o o-norbornenylethanol (4b). Preparative gested that the major isomer corresponded to structure

n ,  since the observed broad doublet at S 4.50 ( J  =  6 
J y .  t\ cps) assigned to Ha and Hb bore resemblance to  the

[0] gross structure of the multiplet (doublet of triplets,
*" 1,2 J  =  7.5, 1.5, and 1.5 cps) for the analogous proton in 5.

I R I rHn„  Similarly, the low-field proton in 6 (q, J  == 7.5 and 4.5
2 r 21 cps) had a counterpart, Hc, in the low-field region of 12

R (q, J  =  8  and 5 cps). The remaining  proton, Hd
1  4 a ,R  =  CH3 (t, J  =  4 cps), had no counterpart in the spectra of

b. R = H either 5 or 6. This analysis, while self-consistent, is not
, , i , . regarded as definitive. The basic arguments would not

photolyses were carried out on nitrogen-purged solu- be altered if the structural assignments for 11 and 12
tions of 1 or 2 in benzene or ether with Corex-filtered were reverged however 
fight. Under these conditions, 1 was consumed with
the concurrent production of a 2 :1  mixture of products. x k
A careful search revealed only trace amounts of acetone 
and norbornadiene, the expected products of a Norrish
Type II cleavage. That the two major products were t X —h y  \ j)  y'
isomeric with 1 was demonstrated by elemental analyses (X ''p /
on samples obtained by fractional distillation of the  ̂ b
product. From a consideration of infrared and nmr 12
spectral data, it was clear that these ̂  isomers were Thus no significant differences in product type were 
oxetanes. Since the problem of differentiating between observed for the two photolyses. Nevertheless, the
the two possible oxetanes 5 and 6 could not be un- results are of interest in that they extend the limits of
ambiguously resolved by analysis of the spectral data, a the intramolecular Paterno-Biichi reaction in the sense
chemical means was devised. The key reaction that photocyclizations of 5,e-unsaturated ketones have
involved acid-catalyzed cleavage of the oxetane ring,7 a not previously been observed to lead to products of the
process which would be expected to lead to the isomeric types represented by 6  and 12. Moreover, they
aldehydes 7 and 8. Since the parent hydrocarbons represent relatively simple examples of carbonyl

systems which possess -y-hydrogen atoms but which do 
not undergo appreciable Norrish Type II reactions.9 

H A yL /  y2 Owing to the wide variations in the efficiency of Type II
” eliminations in cyclic compounds, speculations as to

k y \~' h h  the role of the double bond in the cases at hand would
CH:) 3 7 be premature.10

Experimental Section

A '''"  E lem ental analyses were done b y  M icro-Tech Laboratories,
: Skokie, 111. Infrared spectra w ere determ ined as films or as

noted on a Perkin-E lm er M odel 21 spectrophotom eter. N uclear 
N t\  m agnetic resonance data  were obtained from  a V arian  M odel

A-60 spectrom eter in carbon tetrachloride w ith  tetram ethyl- 
/ A T .  /  silane as internal standard. G as chrom atogram s were determ ined

— *" \  J / — CH:, on an Aerograph A-90 P  instrum ent using 12 f t  X  0.25 in. columns
W --------' J --------- ' of C arbow ax 20 M  on Chrom osorb G  or as noted. M elting

/  pG  ^  points were determ ined on a  M el-T em p apparatus and are
3 „ uncorrected.

”  ea;0 ,era<fo-5 -N orbom enylacetaldehyde (2).— A n  ice-cold solution

3-methylbicyclo [3.2.1 ]oct-2-ene (9) and 3-methylbi- oi3™ J  (0; 2 3 °f ̂ ,endo-ib3 in 1.51. of acetone w as treated
i ro o rvT , n, , , 0 w ith  60 m l of 8.0 N  Jones reagent11 over a period of 70 mm.

oyclo [3.3.0 Joct-2-en.e (10) are both known, compounds, T h e resulting m ixture was diluted w ith  4.5 1. of w ater and ex-
the desired correlations could be achieved by decar- tracted w ith chloroform. T h e extracts were washed w ith

(6) R. R. Sauers, R. M. Hawthorne, and B. I. Dentz, J . Org. C hem ., 32, (9) For a discussion and other examples, see A. Padwa and D. Eastman,
4071 (1967); E. Allred and J. Marichieh, Tetrahedron L ett., 949 (1963). ib id ., 91, 463 (1969).

(7) G. Biichi, C. G. Inman, and E. S. Lipinsky, J .  A m er. Chem . S oc., 76, (10) A quantitative study of this problem is in progress in these labora-
4237 (1954). Traces of acid present in unpurified carbon tetrachloride tories with A. Rousseau. For a recent discussion and references on the inter-
smoothly catalyzed these rearrangements. molecular mechanism of carbonyl-olefin energy transfer, see J. Saltiel, K. R.

(8) For a reference to 9, see W. Kraus and R. Dewald, Ju stu s  L iebig s  Neuberger, and M. Wrighton, ib id ., 91, 3659 (1969).
Ann. Chem ., 689, 21 (1965). H. C. Brown and W. J. Hammar [7. A m er. (11) C. Djerassi, R. R. Engle, and A. Bowers, J .  Org. C hem ., 21, 1547
Chem . Soc., 89, 1524 (1967)] have reported the synthesis of 10. (1956).
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sodium  bicarbonate solution and dried over M g S 0 4. E vapora- 5-M ethyl-6-oxatetracyclo[5.3 .0.0.3'9(F 8] decane (6 ) gave  the
tion of the extracts gave 5.40 g (17 % ) of an oil: bp 57° i l . 5 m m ); following data: bp 63-64° ( 6  m m ); nmr 5 4.57 (q, J  =  7.5 and
nm r 5 9 .71 (m, H C = 0 ) ,  5.92 (m, H C = C ) ,  2.82 (s), and 2 .6 - 4.5 cps, H C O ), 1.37 (s, C H ,), and 2 .9 - 1 . 1  (m ); ir (film) 8.74
0.55 (m ); ir 5.78 ( C = 0 )  and 13.92 ( C = C )  y . G c analysis (m), 9.56 (m), 10.03 (s), 10.13 (s), 10.78 (s), 11.0 6 (m ), and
(152°) showed an ex o /en d o  ratio of 17:8 3 . 12.08 m (s)-

Satisfactory elem ental analysis of 2 could not be obtained owing A n al.  C alcd  for CioHuO : C , 79.95; H , 9.39. F ound: C ,
to rapid air oxidation. 79.83; H , 9.36.

T h e 2,4-dinitrophenylhydrazone was prepared, mp 13 1-13 0 °. Irradiation of en do-1.— A  30-mg sample of endo-1  w as collected
A n a l.  C alcd  for C i5H i6N 40 4: C , 56.96; H , 5.10 ; N , 17 .7 1 . b y  preparative gc, x£ S°H 279 nm (e 27). A  deoxygenated solu-

Found: C , 57.14; H , 5.34; N , 17.47. tion in 0.30 ml of benzene was prepared and irradiated in a P y re x
exo^rado-S-Norbornenylacetone ( 1 ). A . A  solution of 13 .1 g nm r tube w ith  the 3000-A source of a R ayon et photochem ical

(0.096 mol) of 2  in 20 m l of dry ether was added to the G rignard reacto r 14 for 2 2  hr. G c analysis revealed th at 80 %  of the
reagent prepared from  20.6 g (0.14 m ol) of m ethyl icdide and ketone had been consumed b u t th at only trace am ounts ( < 0 .1 % )
3.89 g (0.16 g-atom ) of magnesium in 20 ml of ether. T h e result- 0f acetone and norbornadiene could be detected, 
ing solution was heated a t reflux for 1 hr, a t which tim e it was Irradiation of 2 .— Irradiation of 5.40 g of 2 in 1 1. of benzene
poured onto a m ixture of ice and hydrochloric acid. T h e crude for 3  for gave  2.41 g (45% ) of a solid which contained a trace of
alcohols (4a) were extracted into ether which was dried and starting m aterial. A  pentane solution of the product w as washed
evaporated. w ith  dilute potassium  perm anganate until the color persisted.

A  sm all sam ple of ftro,en<fo-l-(5-norbornenyl)propan-2-ol (4a) T h e acidic m aterials were rem oved b y  washing w ith  aqueous
was purified b y  gas chrom atography: nmr 5 5.98 (m, H C = C ) ,  sodium carbonate and the extracts were dried and evaporated to
3.70 (m, H C O ), 2 .75-0 .6 (m), and 1.10  (d, J  =  7 cps, C H 3); give 1 . 4 5  g 0f a m ixture of 11 and 12. A n  an alytical sam ple was
ir 2.92 (m, O H ), 3.25 (w, H C = ) ,  8.90 (m, C O ), and 13.98 y  prepared b y  sublim ation at 55° (1.5  m m ).
(s, H C = C H ) .  A n a l. C alcd  for C 9H 12O: C , 79.37; H , 8 .8 8 . F ound: C ,

A n a l.  C alcd  for C 10H 16O : C , 78.89; H , 10.60. F ound: C  79.38; H , 9.06.
78 .51; H , 10.49. G c ana|ygis ( 1 5 2 °) indicated the presence of tw o com ponents

T h e  crude alcohol was dissolved in 200 m l of acetone and ;n a rat (0  0f 22:78. Sm all samples of the tw o isomers w ere col-
treated w ith  31 ml of Jones reagent11 a t 0 -10 °. A fter the m ixture lected for spectral purposes. T h e minor isomer, mp 14 3-150 °,
had been stirred for 1 0  min, enough isopropyl alcohol to destroy wag assigned structure 1 2  (6 -oxatetraeyclo[5 .3 .0 .0 .3.90 5 '8]decane):
the excess reagent w as added. T he resulting m ixture w as poured nmr s 4 , 7 0  (q, /  =  8  and 5 cps, H C O ), 4.88 (t, J  =  4 cps,
into 1 1. of w ater followed b y  ether extraction. T he dried ex- H C O ), and 3 .5 -1 .4  (m); ir (N ujol) 8.50 (m), 8.98 (m ), 9.68 (m),
tracts were evaporated and the residue was distilled to yield  7.42 1 0 .18 (s), 11.43  (m), 11 .9 1  (m), and 12.15  y (m ).
g (5 1 % ) of 1: bp 64-65 (0.6-0.5 m m ); nmr S 6.03 (m, H C = ) ,  T h e m ajor com ponent, mp 153-164 °, w as assigned structure
3.0-0.3 (m), and 2.09 (C H 3); ir 5.83 (s, C = 0 )  and 13.98 (s, n  (4-Ox atetracyclo[5 .2 .1.0 .3-606’9]decane): nm r 5 4.50 (d, J  =  6

H C = C H ) M. Gc analysis (153°) showed a 15:85 ratio of exo /en d o  cpg) H C 0 ) and 3 .5 -1 .0  (m); ir (N ujol) 9.42 (w ), 9.93 (m ),
isomers. 1 0 . 2 0  (m ), 1 1 . 3 3  (m), 11.96  (m), and 12.58 y  (m).

A u a i. C alcd  for C kjH hO : C , 79.95; H , 9.39. F oun d: C , 3-Methyl-CTS-bicyclo[3.3.0]oct-2-ene-7-carboxaldehyde (8 ).—

°  ™ , A  solution of 6  in carbon tetrachloride7 was allowed to  stand at
B . T h e G rignard reagent of 5-brom om ethylnorbornene (15 %  2 5 ° for 42 hr. A t  the end of this period, rearrangem ent to 8  was

exo) 13 was prepared from  153 g (0.82 mol) and 21.9 g (0.90 g- coraplete as shown b y  gc: nmr 6 9.50 (d, ./ =  2  cps, H C = 0 ) ,
atom ) of magnesium in 500 m l of ether. A  solution of 6 6  g  (1.22 5 . 1 0  (m> H C = C ) ,  and 3 .5 -1 .0  (m); ir 3.69 (w) and 5.78 y  (s).

j  freshty distilled acetaldehyde in 70 m l of ether was T h e 2 ,4-dinitrophenylhydrazine was prepared b y  addition of 6

added over a  20-mm period to the cooled (5-10 °) G rignard solu- d irectly to an acid solution of 2 ,4 -D N P H  in ethanol; a fter erys-
tion. T h e resulting m ixture was heated a t reflux for 15 min and tallization from  ethanol the m elting point w as 17 6 -17 7 .5 ° .
poured over a m ixture of ice and hydrochloric acid. T h e product A n al.  C alcd  for C i6H i8N 40 4: C , 58.17; H , 5.49; N , 16.96. 
w as extracted into ether which was washed w ith  sodium bi- F ou n d 4 C  58.064 H  5 .3 5 4 N  16.46.
carbonate solution and dried oyer M gS O (. T h e crude product 3 -M ethylbicycio[3 .’2 .i]oct-2 -ene-6 -carboxaldehyde (7).— T h e
obtained on evaporation showed four components on gc analysis aidehyde w as prepared as above. G c analysis indicated tw o

6f °  aiK* ê ° ~ 1 an(* ex°  an(}  endo alcohols 4a. peaks in a  3 :1  ratio w hich are presumed to be epimers: nm r 5
! e f r 0d u y  Was 0Xldlzed, f  above m 2  . of acetone 9 . 6 3  (d) j  =  2  cps, H C = 0 ) ,  5.52 (d, J  =  7  cps, H C = C ) ,  and

J ° nf  reagent t 0  yleld  6 9 ' 3 4  g (56 % ) of ketone 3 .0 -1.4  (m); ir 3.70 (w) and 5.80 y  (s).
p_, , 1 m m ). T h e 2,4-dinitrophenylhydrazone was prepared as above, mp

P h otolyses.— Preparative-scale irradiations were carried out 153-155° 
in cyclindrical flasks equipped w ith nitrogen inlet tubes a t the r  ns nt- H   ̂ qs- N  17 17
bottom . T h e lam ps used were 450-W (type D  H anovia medium- 3 -M ethylbicycio[3 .3 "o]oct-2 - e n e '( 1 0 ) . - A  m ixture of 0.81 g 
pressure m ercury arcs which were housed m a water-cooled im- of 8  and 0 . 2 0  g of 10 %  palladium  on carbon was heated at 150° 18 

mersion ce l equipped w ith  a Corex 9700 filter sleeve. T he in a short.path  f i l i a t i o n  apparatus. T h e b ath  tem perature
compound to be irradiated was dissolved m  dry benzene or ether wag graduall raised tc 190°, at which tim e the evolution of gas
and the solution was purged w ith dry, oxygen-free nitrogen for appeared to cease. A  vacuum  w as applied, whereupon 0.84 g of

u r n  distillate obtained. Preparative gc (Apiezon L , 125°)
Irradiation of 1.— A  solution of 12.04 g of 1  m 1  1. of ether was indicated one maim- oroduct w ith a sm all shoulder T h e ir

irradiated for 20 hr. G c analysis (150°) revealed only a trace mdl0ated ° f ® , m a j ° 1 Pr«duct Wltb a  s m a 1 1  shoulder, if te  ir
t  . .. , • i j  i J  , spectrum  of the collected m aterial w as v irtu a lly  identical w ith

J j r Z Z S mat7 l f  a T °  PealkS ln the ratl°  2  A n  th at of an authentic sample of 1 0 ; 8 the nmr spectrum  w as iden-
■ , s?  u 6i ' S f 0 6 1 1  la  rea®t1 0 6 ^mixture revealed tw o tical w ith th at of an authentic sam ple except for a  sm all doublet

singletsm t 1.37 and 1 22 ppm  m the ratio of ca  1 : - D istillation  a t s 0 . 9 5  in the decarbonylation product.
h pl?°*9sylate at 2 “ m Save a 7-52-g (62% ; traction, 3-M ethylbicyclo[3.2.1] oct-2 -ene (9 ).— A  0.75-g sam ple of m ixed

P -A t  1  qo W“  y  PUPe ° f tan es- A  nonvolatile aldeh des (< 1 0 %  8 ) was heated at 138° for 4 hr w ith  0.35 m l of
h t  W t i L i  T h e .Pure oxetaf s f ould be obtained ¿_b u ty l peroxide,is A n additional 0.17 ml of peroxide w as added
^ f r a c t io n a l  distillation on a spinning-band column (18 in. X  6  followed b y  heating for 2Q h r. Prep arative g 0  (Apiezon L ,

j  a ........i , , ,  ,, 148°) revealed one m ajor com ponent, -which was collected
fnilnwimr rlntn- hn fis 7 1 ” ifi ' \ ' s !-i i ]  ^  (0.105 g). T he ir spectrum  of this m aterial w as v irtu a lly  identical

5  «nd 1  5  L s  P w r m  9 9 "?); r /  ( «° V  = 1 7 -5 ’ th at of an authentic sample of 9 .8 A b o u t 10 %  1 0  wasl.o ,  and 1.5  cps, H C O ), 1.22 (s, C H 3), and 2 .6 -1.0  im ); ir , . ,, . , , , . *  . , , . , £
(film) 9.10 (m), 9.52 (s), 9.71 (s), 9.85 (m), 10 48 (m) 1 .28 pr6Sf  * m. th+’f  P? dunCt’ ¥  determmed by integration of the nmr
(m), and 12.18 y  (s). spectrum m the 8 5.0 region.

A n a l.  C alcd  for C 10H 14O : C , 79.95; H , 9.39. Found: C , -----------------

80.25, H , 9.44. (14) Obtained from the Southern New England Ultraviolet Co., Middle-
town, Conn.

(12) This method proved to be the more convenient one owing to the (15) J. Wilt and V. P. Absgg, J .  Org. Chem ., 33, 925 (1968).
availability of the starting materials. (16) J. A. Berson and C. J. Olsen, J .  A m er. Chem . Soc., 84, 3178

(13) K. Alder and E. Windemuth, Chem. Ber., 71, 1939 (1938). (1962).
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_______________Notes____________________________________________________________________

Pyrazole Product R atio  Analysis of termediate 1- or 2-pyrazolines spectrophotometrically
th e R eaction of D iazom ethane w ith faiIed- We therefore investigated the pyrazole prod-

, . . , „ . , uct ratios, which we suspected would yield indirect
M ethyl c is -  and im n.s-/3-ChloroacrylatcS evidence for the nature of the intermediates in pyrazole

_  „ T „ „  „ formation. If pyrazolines 8 and 9 are indeed formed
D o n a l d  T .  W i t i a k  a n d  B ir a n d r a  K .  S in h a  , • ;• ,  ,during the reaction sequence, product analysis1 should

„ . . . . . reflect the presence of these intermediates which are
College o f  P harm acy , T he O hio S tate U niversity, expected to eliminate HC1 at different rates. Signifi-

C olum bus, O hio 43210  cant differences in pyrazole product ratio should only
be observed if there are large differences in rates of 

Received, M ay  2 0 ,1 9 6 9  elimination of HC1 from intermediate stereoisomeric
1-pyrazolines and one of the elimination rates is faster 

Carbomethoxypyrazoles 1, 2, and 3 are obtained than isomerization (8 or 9 —► 10). 
upon reaction of appropriately substituted methyl Cl, C O .fH
acrylates (i.e>, 4 and 5) with excess diazomethane in A— ^
ether.1’2 However, the mechanism of pyrazole  forma- ws~6 v H /  N ^
tion remains obscure. To probe into the nature of the N /
intermediates in pyrazole formation, we studied the 8
reaction of methyl cis- and irans-/3-chloroacrylates 6 Cl H

with diazomethane.
CCCCHj CCU'.it, C 0 2CH;i CO CM, H \  C° 2CH  ̂ trans'6

C / i — ch3 c i " NH *=* 9
XN/  V  r c02CH3

1  H I >— /
2 CHl 8 or 9 — ►

3 V
X----CH =  CH— CO.R H

4, X  =  AcS; R  =  OH;, 1 0 , R  =  C1

5, X =  Br; R  =  CH,, 11, R =  H

6 , X =  Cl; R  =  CH j Results and Discussion
7 X ~  Cl* R =  H

, , , . . . .  , ’ . ,, , . , Methyl cfs-d-chloroacrylate (6) was prepared byConcerted addition of diazomethane to cis- and , ,  .7  . , i  , , . . .  t u r i , , • r. , .  , , , - i . - .  ,• cuprous chloride catalyzed addition of HCl to propiohctrans- 6  is expected to yield intermediate 1-pyrazolines ! ,  , „ , , :  , Dp, „0 , _ x- i mu- i ■ • . i , acid followed by esterification in methanol.7 th e8 and 9, respectively. I his conclusion is supported by , ,  . . . . .  .trans isomer 6 was prepared m a similar manner fromthe observation that activated olefins containing a B „ _ , ,  C, . . , , . , , . . . ., , , . . 7  ¿raiis-S-chloroacryhc acid (7) obtained by isomerization
substituent which is not a leaving group react with J _7  in g / HCL7 \  mixture of cis and trans
diazomethane to yield 1-pyrazoimes with retention oi . ,  u i , - , ;. . , v v, isomers 6 could also be prepared by catalytic addition
geometrical configuration.3 1-Pyrazohnes may readily HC1 tQ methyl propiolate. Spinning-band distilla-
isomerize to 2-pyrazolmes.4’5 this isomerization, ,. -, • j  . • ; j  co/, . t J 11 • i j  xi o tion afforded pure cis and ¿ran« isomers m oU and 5%
which is apparently very fast,« would yield the 2-pyrazo- ^  J ivd The ity of the geometrical
me 10 as a common intermediate from either m - or *_chlo’ro wag confirmed b gas_liquid partition

trans-6 . Attempts, m our laboratories, to detect in- , , , , , •F ’ ’ chromatography and by comparison with reported
(1) D. T. Witiak and M. C. Lu, J . Otq. Chem ., 33, 4451 (196S). n m r S p ectra  ^

s f t -jssz “i “ if;:; n rs»  «, r««« w w » » «ms mm «.
3736 (1962). azomethane-ether in a Dry Ice-acetone bath for 4 hr,

(4) L. 1. Smith and W. Pings, J .  Org. Chem ., 2, 23 (1937).
(5) L. I. Smith and K. L. Howard, J .  A m er. Chem . Soc., 68, 159 (1943). (7) A. N. Kurtz, W. E. Billups, R. B. Greenlee, H. F. Hamil, and W. T.
(6) L. I. Smith and K. L. Howard, ib id ., 65, 165 (1943). Pace, J .  Orff. Chem ., 30, 3141 (1965).
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followed by standing at room temperature for 70 hr, thio) acrylates were employed as starting material,
affords, by gas-liquid partition chromatography, product ratio analysis suggested cis elimination of
l-methyl-5-carbomethoxypyrazole (1), 3-carbomethoxy- thiolacetic acid from the intermediate 1-pyrazoline to
pyrazole (2), and l-methyl-3-carbomethoxypyrazole be the more facile process.1 Since large differences in
(3 ) in a ratio of 2.20:1 .34:1 .00 (43.8, 36.5, and 19.7%, pyrazole product ratio were not observed when stereo-
respectively). No starting material was detected. isomeric methyl /3- (acetylthio)acrylates served as the
Reaction of 10 mM trans-6 under identical conditions reactant, but were observed when the acetylthio group
afforded only pyrazoles 1 and 2 in a ratio of 1.00:9.87 was replaced by chloride, it seems that trans elimina-
(9.2 and 90.8% , respectively). No starting material tion of the acetylthio group also takes place readily,
or l-methyl-3-carbomethoxypyrazole (3 ) was detected. With the /?-chloroacrylates, results obtained are con-
This difference in pyrazole product ratios, which is sistent with the proposal that the 1-pyrazoline 8, de
dependent upon the configuration of the starting rived from cis-6, undergoes a relatively rapid trans
0- chloro ester, is evidence for the lack of a common in- elimination of HC1, affording, after rapid isomerization
termediate 2-pyrazoline 10 and/or an identical reac- of intermediate 12, 3-carbomethoxypyrazole (2). The
tion pathway for the two geometrical isomers of 6 ; the intermediate 1-pyrazoline 8 is methylated to the same
differences in pyrazole product ratios must be mainly a extent (via 3) as when 3 itself serves as the reactant,
reflection of the ease of elimination of HC1 from in- Such trans elimination of HC1 is apparently faster
termediate 1-pyrazolines 8 and 9. than isomerization (8 —► 10) and involves the more

Support for this interpretation is derived from the acidic proton a  to the carbomethoxy group, since the
following observations: Reaction of 10 mM  3-carbo- relative configuration of this proton represents the only
methoxypyrazole (2) in 36-43 mM  distilled diazo- difference between intermediates 8 and 9. With in
methane-ether under identical conditions described termediate 9, derived from trans-6, elimination of HC1
when cis- or trans-6 served as starting material afforded is considerably slower and most likely takes place
pyrazoles 1, 2, and 3 in a ratio of 2 .26:1 .94:1 .00 (43.5, during solvent (and diazomethane) removal, since
37.4, and 19.2%, respectively).8 This ratio is nearly pyrazole 3 was not detected as one of the reaction prod-
the same as the pyrazole product ratio observed when ucts. The elimination of HC1 may in fact occur during
cis-6 served as starting material. Under identical or after isomerization (9 10).
reaction conditions, but employing equimolar (10 mM)
concentrations of 3-carbomethoxypyrazole (2) and C 0 2CH3

diazomethane, the ratio obtained for 1, 2, and 3  was 8 —*■ *" 2 *" 1 + 2  + 3

1.53:6.90:1.00, respectively; i.e., even at low concen- 1ST
trations of diazomethane, 3 was obtained as one of the 12
products. When trans-6 served as the reactant, no
1- m e th y l-3 -ca rb o m e th o x y p y ra z o le  (3 ) w as form ed. Experimental Section 

l o  d eterm in e  w h e th e r in te rm e d ia te  1- c r  2 -p y ra z o -
lines could undergo such methylation, we subjected m-0-Chloroacrylic acid (7) was prepared b y  cuprous chloride 
methyl acrylate to identical reaction conditions, re- catalyzed addition of H C1 to  propiolic aci accor m g to  a pu 

, J  . , lished m ethod: mp 59-60° (lit.7 mp 60.8-61.4 ).
moved the solvent under reduced pressure, and con- ¿nms-/3-Chloroacrylic acid (7) was prepared from  cis-7 b y  
verted the residual pyrazolines into pyrazoles by bromi- heating in 6 IV H C1 for 6  hr: mp 85-86.5° (lit .7 mp 85-86°). 
nation followed by elimination of H Br.2 Gas-liquid Methyl cf.s-/3-chloroacrylate (6) was prepared b y  heating cis-7  
partition chromatography showed l-methyl-5-carbo- in m ethanol containing a few drops of concentrated H 2SO 4 . bp 
F  , ,  , , , ,  85-86° (90 mm l i t .1 bp 79-83° 78 mm ) . A ltern a tive ly ,
methoxypyrazole (1) and 3-carbomethoxypyrazole (2) methyl ^ . chlo'rolacrylate (6) may be prepared from  m ethyl
to be present in 11.6 and 76.8% yield, respectively. propiolate. T o  a solution of 2.0 g  of C u C l in 40 m l of concen-
No l-methyl-3-carbomethoxypyrazole (3 ) was detected; trated H C1 was added 15.0 g  (0.19 mol) of m eth yl propiolate
therefore, the 1-pyrazoline does not yield 3. 3-Carbo- during 15 min w ith  constant stirring a t a  tem perature of 8 -12 ° .
methoxy-2-pyrazoline (11) was also prepared in pure A/,ter standing a t 0° overnight, the m ixture was extracted  w ith
„ J  , %  . , . A  ' , , .  1 , , ,  r  chloroform, dried over anhydrous N a 2S 0 4, filtered, and con
fo r m  and subjected to methylation under the same centrated under reduced pressure. T h e residue (14.0 g) w as 
conditions. After removal of the solvent, the residual distilled using a spinning-band colum n, affording 13.0 g  (62% ) of
pyrazolines were similarly converted into pyrazoles. pure cis-6 and 1.0  g  (4 .5% ) of trans-6 .
Product ratio analysis again revealed the absence of 3  Methyl trans-P-chloroacrylate (6) was prepared from  tran s-7
and th e  nresence of 1 and 2 in 7 6 and 86  6 %  vield 111 a lllanner slmiIar to the preparation of the cis  isomer 6: bpan a  m e  presence 01 i  an a  2 in  +0 an a  » 0 .0 /o yield, 60_62° (íoom m ) [lit.1 bp 74-75° (131 mm)].
re sp ectiv ely , t h e  p ro d u ct ra tio s  w hen 11 served  as Reaction of Methyl cis-0-Chloroacrylate (6) with Distilled
starting material were similar to the ratios observed Diazomethane in Ether.— T o  200 ml of the distilled e th e r-
when trans-6 served as starting material. Since 3  diazom ethane (3.6-4.3 X  10~J m ol) solution10 w as added 1 .2  g
is not obtained from intermediate 1- or 2-pyrazolines, x  10 2 mol) of m ethyl c^s-d-chloroacrylate (6) in 100 m l of

it must result from methylation of pyrazole 2 when of dry ethei, and added to the reaotion flask to m ake 350 ml. 

c is -6  serves as the reactant. T he reaction m ixture was kep t in a D ry  Ice-aceton e b a th  for 4
Cromwell and coworkers have evidence suggesting hr and then allowed to stand a t room tem perature for 70 hr.

that trans elimination (under acidic conditions) of T h e solven t w as rem oved under reduced pressure and th e residue 

appropriately substituted 4-,mi„0pyrasoliues is more “  “  ”  *
r a p id  t h a n  cis e lim in a t io n . W h e n  m e t h y l  / 3 -(a c e ty l-  silicone gum  rubber (TTC-W98) on Chrom osorb W  (80-100

mesh) w ith  a 4 f t  X  0.25 in. glass column w ith  colum n tem perá
is) This pyrazole product ratio is dependent upon the concentration of ture of 120°, detector tem perature of 240°, injection p ort tem-

diazomethane and the reaction conditions employed. Under somewhat perature of 250°, in let pressure of 35 psi, and carrier gas (H e)
different conditions (see ref 1), other ratios are obtained.

(9) N. H. Cromwell, N. G. Barker, R. A. Wankel, P. J Vanderhorst, (10) H. A. Blatt, Ed., "Organic Syntheses,” Coll. Vol. II, John Wiley &
F. W. Olson, and J. H. Anglin, Jr., J .  A m er. Chem . S oc., 73, 1044 (1951). Sons, Inc., New York, N. Y., 1955, p 165.
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flow rate of 45 m l/m in. R eten tion  tim es of 0.90 min for 1 - nickel(II) complexes in solution.2 In comparatively
m ethyl-5-carbom ethoxypyrazole (1), 1 .5  min for 3-earbom ethoxy- fewer instances, both isomers of a given complex have
pyrazole (2 ) and 2.30 m in for l-m ethyl-3-earbom ethoxypyrazole b  isolated in pure form.3 This has been accomplished
(3) were obtained, th ese  retention tim es are sim ilar to  those . , . . . . . .  . . . , . N , 1/TTN
previously reported . 1 T h e peak ratio for 1 /2 / 3  was 2 .2 :1 .3 4 : With bls(alkyldiphenylphosphme)nickel(II) dlhalldes.
1 . 0  (4 3 .8 :3 6 .5 :19 .7% ), respectively. It has now been observed that both the tetrahedral and

Reaction of Methyl irans-/3-Chloroacrylate (6) with Distilled square planar nickel (II) dichloride complexes of the 
Diazomethane in Ether . - R e a c t io n  conditions em ployed were the bidendate ligand ¿rans-2-(2'-quinolyl)methylene-3-qui- 
same as m the reaction of cis-6  w ith  distilled ether-diazom ethane. . . . .  , • ,•
G as-liquid  partition  chrom atography under identical conditions n u c lld m o n e  a n d  o f  i t s  6  - m e t h o x y  d e r i v a t i v e  a  e  v e  y
afforded l-m ethyl-5-carbom ethoxypyrazole  (1) and 3-carbo- e a s i ly  p r e p a r e d  in  p u r e  c r y s t a l l in e  fo rm ,
m ethoxypyrazole (2 ) in a ratio o f 9 .87:1.0 0  (90 .8 :9 .2% ), 2 - ( 6 '- M e t h o x y - 2 '- q u in o ly l) m e t h y le n e - 3 - q u in u c l id i -
respectively. N o l-m ethyl-3-carbom ethoxypyrazole (3) w as n o n e  w a g  s y n t h e s iz e d  in  t h e  c o u r s e  o f  a  p r o je c t  c o n -

depyrazdoline and Pyrazole Formation When Methyl Acrylate ?e r n e d  w i >;h  a n t im a la r ia ls  o f  t h e  q u in o lin e m e th a n o l  c la s s
Served as Starting Material.— One gram  (1 .1  X 10 - 2  m ol) of b y  t h e  b a s e - c a t a l y z e d  c o n d e n s a t io n  o t  o - m e th o x y -
m ethyl acrylate  w as treated w ith  distilled ether-diazom ethane q u in o lin e - 2 - c a r b o x a ld e h y d e 4 w i t h  3 - q u in u c lid in o n e . I n
(3.6-4.3 X  lO - 2 m ol) under conditions identical w ith  those o r d e r  t o  p r o v e  t h e  a n t ic ip a t e d  tra n s  s t e r e o c h e m is t r y  o f
d escrib ed for the reaction of m eth yl cis-0 -chloroacrylate (6 ) w ith  t h e  p r o d u c t  i t s  c o b a l t ,  n ic k e l ,  a n d  c o p p e r  d ic h lo r id e
distilled diazom ethane m ether. 1  he so lven t w as rem oved under , i cr i m -, i
reduced pressure and th e residue containing pyrazolines w as c o m p le x e s  w e r e  p r e p a r e d . S in c e  th e s e  e x h ib i t  n o r m a l
brom inated b y  dropwise addition of 1.0  g  (0.55 X 10 - 2  m ol) of (1710-1720 c m - 1 ) c a r b o n y l  s t r e t c h in g  fr e q u e n c ie s  m
B r 2 in 1 0  ml of d ry  C C 14 according to  th e m ethod of Pechm an th e ir  in fr a r e d  s p e c tr a ,  b o t h  n it r o g e n  a to m s  a n d  n o t  t h e
and B u rk a rd . 2 T h e  reaction tem perature was m aintained a t 0° c a r b o n y l  o x y g e n  a r e  in v o lv e d  in  c o o r d in a t io n , w h e n c e
for 0.5 hr and then the solution w as allowed to  w arm  to room  ,,  , , „  ,
tem perature. T h e solvent w as rem oved under reduced pressure e  r m s  g e o m e  r y
and the residue w as dissolved in 25 m l of d ry  chloroform . G a s- 
liquid partition  chrom atography showed l-m ethyl-5-carbo-
m ethoxypyrazole (1), 1 1 .6 % , and 3-carbom ethoxypyrazole (2 ), J |j ] tt | || 1 H
7 6 .8 % . N o l-m ethyl-3-carbom ethoxypyrazole  (3) was detected.
U ncharacterized com pounds represented a to ta l of 1 1 .6 %  of the i P  i ^  / P
reaction m ixture. ! / \  \ /  \

Pyrazole Formation When 3-Carbomethoxy-2-pyrazoline (11) C1---M N )  (’]— M— Ns J
Served as Starting M ateria l.— 3-Carbom ethoxy-2-pyrazoline w as 4  '— ' | N— '
prepared from  2 .1  g  (2.4 X  10 - 2  m ol) of m eth yl a cry late  under Cl Cl
th e same reaction conditions as described previously. T h e solvent , , ,  _  w -r M =  r  T? =  n rH
was rem oved under reduced pressure and the residue w as crys- ’ . ’ _  ;i ’ ]
tallized from  9 5 %  ethanol, affording 1.8 g (60% ) of 3-carbo- 2, M — Ni; R — OCR, 4 ,M  =  Ni, R — OCH3

m ethoxy-2-pyrazoline (11 ), m p 6 1-6 3° (lit . 2 mp 63-66°). O ne 5 ,M  =  CO; R =  H 7 ,M  =  C u ;R  = H
gram  (7.9 X  10 ~ 3 m ol) of 3-carbom ethoxy-2-pyrazoline (11)  w as 6  M =  Ni; R =  H 8 , M = Ni; R = H
treated in distilled ether-diazom ethane (2.5 X 10 - 2  m ol) under
conditions identical w ith  th e reaction conditions described . , , , . ..___
for cis-6  With distilled diazom ethane in ether. T h e solvent T h e  complexes were prepared by combining ethanol
was rem oved under reduced pressure and the residue w as bro- solutions of the metal dichlondes With solutions Ol tne
m inated b y  addition  of 1 . 0  g  (0.55 X 1 0 - 2  m ol) of B r2 in 1 0  ml ligand. They crystallized out immediately. The
of d ry  C C 14 as above. G as-liq u id  p artition  chrom atography cobalt complex 1 is deep green and may be recrystal-
showed l-m ethyl-5-carbom ethoxypyrazole  ( 1 ) 7 .6 %  and 3- jiz e d  w i t h o u t  c h a n g e  from chloroform-ethanol. The
carbom ethoxypyrazole (2), 8 9 .6 % . jNo l-m etnyl-3-carbo- it  ■ c j  ±
m ethoxypyrazole w as detected. U ncharacterized com pounds nickel complex 2 is maroon and has an m rare spec rum
represented a to ta l of 2 .8 %  of the reaction m ixture. (Nujol) identical with that of the cobalt complex.

T , . . TV, rv  004 oo o ■ * Ocio ddie copper complex 3 is brown-yellow and has an en-
Regxstry No.-Diazomethane, 334-88-3; m -6 , 3510- ^  different infrared spectrum from those of com-

44 9; tra n s-6 , 5135 18 2. plexes 1 and 2. Given the propensity of cobalt(II) to
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a  h o t  s o lv e n t  in  w h ic h  t h e  c o m p le x  h a s  lo w  s o lu b i l i t y .  Copper Com plex 3.— A  solution of cupric chloride dihydrate

Boiling absolute ethyl alcohol served admirably up to ms.’ 9,34 ™ in ethî ri>011 ^  ml).w.as added tof t warm s°lu-
, r ■ ,  1 tion of ligand (100 m g, 0.34 mm ol) m ethanol (5 m l). T h e

th e  t im e  a  c r y s t a l l in e  s a m p le  o f  is o m e r  4  w a s  p r e p a r e d . product was filtered and washed w ith  ethanol, giv in g 138 mg
T h e r e a f t e r ,  b o il in g  / ¡-b u ty l a lc o h o l  w a s  n e c e s s a r y  fo r  (9 5 % ) of sm all khaki crystals: m p 297 298 , ir  ĵ max 1720, 1645,
f u r t h e r  p r e p a r a t io n s  o f  2 in  t h e  s a m e  la b o r a t o r y .  16 2 5 ,15 0 0 ,13 8 0 ,12 4 5 ,113 5 , 10 90,1025, 910, 888, 875, 850, 833,

S in c e  t h e  m e t h o x y l  g r o u p  in  t h e  se r ie s  1 - 4  is  e s s e n t ia l ly  819> ^81, T72, and c m "1.
a n  a r t i f a c t  a r is in g  f r o m  o u r  in te r e s t  in o u in in e  a n a lo g s  A n a l. C alcd  for C i8H 18C l2C u N 20 2: C , 50.42; H , 4.23; C l,a n  a r t i f a c t  a r is in g  ir o m  o u r  in te r e s t  m  q u in in e  a n a lo g s ,  16 S4; n , 6.53. Found: C ,5 0 .4 7 ;  H , 4.05; C l, 16.33; N ,
t h e  l ig a n d  la c k in g  th is  a d d i t io n a l  f u n c t io n a l  g r o u p  w a s  g gg

also synthesized. Again a single geometrical isomer N ickel Com plex 4.— T he nickel complex 2 (131 m g) was taken 
(irons) was obtained, which readily yielded the series up in boiling m ethylene chloride (25 m l), giving a brow n solution,
of complexes 5-8. The nickel complex 6 undergoes This was concentrated w ith gradual addition of ethanol, causing
,i n -i • x- x i „  -i i the isomeric complex to separate in yellow-brown plates. T hethe same facile isomerization to complex 8  described product was fiI J ed and ŵ hed witJh ethanol. gi£ ng 120 mg
a b o v e  fo r  t h e  is o m e r ic  p a ir  2 a n d  4 . M a g n e t i c  m o m e n ts  (92% ): mp >360°; ir ymax 1 7 2 0 , 1645, 1625, 1500, 1 3 8 0 , 1245,
o f  f o u r  o f  t h e  c o m p le x e s , 1, 6, 7, a n d  8, w e r e  m e a s u r e d 6 1135, 1090, 1025, 910, 885, 871, 850, 835, 818, 782, 763, 757,

to  c o n fir m  t h e  s t r u c t u r a l  a s s ig n m e n t s  m a d e  o n  t h e  and 690 cm ~1-
b a s is  o f  in fr a r e d  s n e c tr a l  d a ta  a n d  in r e a s o n a b le  A n al.  C alcd  for C i8H 18C l2N 2N i0 2: C , 50.99; H , 4.28; C l,
D asis o t in t r a r e a  s p e c t r a l  d a t a ,  a n d , in  r e a s o n a b le  16 73; N j 6 61 Found: C , 5 1 .2 1; H , 4.02; C l, 16.92; N ,
a g r e e m e n t 7 w it h  t h e  a s s ig n e d  s t r u c t u r e s ,  m a g n e t ic  6 57

moments of 3.98, 3.34, 1.74, and 0.65 BM, respectively, ij-aiis-2-(2'-Quinolyl)rnethylene-3-quim iclidinone.— A  solution
were observed. The small moment observed for com- of sodium  (347 m g) in absolute ethanol (10 m l) was added to a
plex 8  suggests that it is not entirely diamagnetic. solution of quinoline-2-carboxaldehyde10 (1.572 g, 0.01 m ol) and
r> -ui „  i, , , , , , , ,  f .  ■ , ■ 3-quinuclidinone9 (1.612  g, 0.01 m ol) m absolute ethanol (25 ml)Possibly a small amount of the tetrahedra^ geometry is J 4 heated HI)der reflllx for 0.5 hr. The solution was cooled and
a d m ix e d  w i t h  t h e  s q u a r e - p la n a r  g e o m e t r y .  treated w ith  w ater (50 m l) to  induce crystallization , and the

product w as filtered out and washed w ith  alcohol to  give 2 .187 g 
_ . (83% ) of yellow  crystals: mp 15 0 -15 1°; ir <'max 1710 , 1640,
Experim ental Section i 240, 1170) 1090j g30j 810) and 758 cm - i ,  nmr (C D C 13) 2.03 (m,

irans-2-(6'-M ethoxy-2'-quinolyl)m ethylene-3-quinuclidinone.—   ̂ B ) , 2.67 (quintuplet, 1 H ), 3.08 (m, 4 H ), 7.36 (s, 1 H ), 7.63
A solution of sodium (50 m g) in absolute ethar ol (2 m l) was (m ’ 3 H ), 8.08 (d, 2 H ), and 8.71 ppm  (d, 1 H ). 
added to a solution of 6-m ethoxyquinoline-2-carboxyaldehyde4 A n a l. C alcd  for C ivH i6N 20 : C , 77.25; H , 6 .10; N , 10.60. 
(187 m g, 1 mmol) and 3-quinuclidinone9 (125 m g, 1 mm ol) in Found: C , 77.46; H , 6.10; N , 10.52.
absolute ethanol (10 ml) and heated under reflux for 2 hr. T h e Cobalt Com plex 5. A  solution of cobaltous chloride hexa-
solution w as cooled and scratched to induce crystallization , and hydrate (0.237 g , 0.00. m ol) in ethanol (12 m l) w as added to a
the product was filtered out and washed w ith  w ater and cold warm  solution of the ligand (0.264 g, 0.001 m ol) in ethanol (10
ethanol to give 246 mg (84% ) of yellow  crystals: mp 18 5-18 6°; mP- T h e product was filtered and washed w ith  ethanol, giving 
ir 1700, 1615, 1555, 1495, 1240, 1215, 1090, 1025, and 830 0.379 g (96% ) of green powder. R ecrystallization  from  C H C fi-
c m " 1; nm r (C D C fi)  2.05 (m, 4 H ), 2.67 (quintuplet, 1 H ), 3 .15  ethanol gave deep green crystals: mp 325° dec; ir 1710,
(m, 4 H ), 3.95 (s, 3 H ), 7.08 (d, 1 H ), 7.40 (m plus s, 2 H ), 1640, 1590, 1370, 1240, 1210, 1165, 1090, 1015, 935, 855, 832,
8.05 (d, 2 H ), and 8.75 ppm  (d, 1 H ). 807, 788, 760, and 745 cm “ 1.

A n a l. C alcd  for C i8H i8N 20 2: C , 73.65; H , £ .16; N , 9.52. A n a l. C alcd  for C n ih sC h C o N A ): C , 51.80; H , 4.09; N , 
Found: C , 73.80; H , 6.16; N , 9.40. 7 -11; C l, 17.99. Found: C , 51.80; H , 4.02; N , 7.05; C l,

Cobalt Com plex 1.— A  solution of cobaltous chloride hexa- 18.18. 
hydrate (81 m g, 0.34 mm ol) in ethanol (2 m l) w as added to a N ickel Com plex 6.— A  hot solution of nickelous chloride hexa-
warm solution of the ligand (100 m g, 0.34 mmol) in ethanol (5 hydrate (0.095 g, 0.4 mm ol) in absolute ethanol (1 .5  m l) w as
m l). T he product was filtered and washed w ith  ethanol, giving added to a warm  solution of the ligand (0.106 g , 0.4 m m ol) in
133 mg (92% ) of green pow der. R ecrystallization  from  chloro- »-butyl alcohol (4 m l). T he resulting m aroon solution was 
form -ethanol gave lustrous green crystals: mp 316° dec; ir qu ickly cooled in a cold-water bath . T h e product was filtered

1710, 1620, 1580, 1375, 1245, 1235, 1165, 1130, 1095, 1020, and vacuum  dried, giving 0.141 g (89% ) of m aroon crystals:
938, 867, 819, 764, 754, and 688 c m " 1. A n nm r spectrum  was mP 310° dec; ir vmax 1720, 1645, 1595, 1370, 1245, 935, 868, 855,
precluded b y  low so lu bility. 835, 810, 790, 780, 760, and 743 c m " 1.

A n al.  C alcd  for C i8H 18C l2C o N 20 2: C , 50.96; H , 4.28; C l, A n a l. C alcd  for C n H 16C l2N 2N iO : C , 51.83; H , 4.09; C l,
16.72; N , 6.60. Found: C , 51.22; H , 4.30; C l, 17.04; N , 18.00; N , 7 .1 1 . Found: C , 51.88; H , 4.03; C l, 18 .15; N ,
6.73. 7 .1 1 .

N ickel Com plex 2 .— A  hot solution of nickelous chloride hexa- Copper Com plex 7 .— A  solution of cupric chloride dih ydrate
hyd rate (81 m g, 0.34 mmol) in ethanol (1 m l) was added to a (0.085 g, 0.5 mm ol) in ethanol (4 m l) was added to a w arm  solu-
boiling solution of the ligand (100 mg, 0.34 mm ol) in 1-butanol tion of the ligand (0.132 g, 0.5 m ol) in ethanol (7 m l). T he
(1 m l). T he product was filtered and washed w ith  ethanol, product w as filtered and washed w ith ethanol, giv in g 0.189 g
givin g 131 mg (9 1% ) of m aroon needles: mp 310° dec; ir (95% ) of sm all gold crystals: mp 233° dec; ir rmax 1720, 1640,

1710, 1620, 1580, 1375, 1245, 1235, 1165, 1133, 1095, 1020, 1595, 1495, 1370, 1240, 1090, 908, 855, 828, 783, 766, and
938, 868, 816, 764, 755, and 687 c m " 1. 755 c m " 1.

A n a l. C alcd  for C i8H i8C l2N 2N i0 2: C , 50.99; FI, 4.28; C l, A n a l. C alcd  for C n H i6C l2C u N 20 : C , 51.20; H , 4.04; C l,
16.73; N , 6 .61. Found: C , 51.06; H , 4.32; C l, 16.44; N , 17.80; N , 7.03. Found: C , 51.03; H , 3.96; C l, 17.96; N ,
6.43. 6.90.
__________  N ickel Com plex 8.— T h e nickel com plex 6 (50 m g) w as dis

solved in boiling chloroform (35 m l), giv in g a rose-colored solu
te) Magnetic susceptibilities were measured at room temperatures with tion. This was concentrated w ith  concurrent addition of abso-

a Gouy balance using solid samples in glass tubes. The apparatus was Iqte ethanol, causing the isomeric com plex to separate in yellow -
calibrated with mercury tetrathiocyanato cobaltate. For a detailed descrip- brown crystals. T h e product w as filtered and w ashed w ith
tion, see B. N. Figgis and R. S. Nyholm, J .  Chem. S oc., 4190 (1958). No ethanol, giving 43 mg (86%)'. mp > 360°; ir 1710 , 1645,
allowance was made for diamagnetic contributions in calculating magnetic 159g 15()0 137() ]23g n 6 0  U 40  10g5 1020j 915, 886, 860,
moments from the observed susceptibilities. OOA ’0 , A 0 -t

(7) See ref 5, p 636-637. 830> 810’ 780> 755’ and 738 cm \
(8) Melting points are uncorreeted. Infrared spectra were measured as A n a l. C alcd for C n ii i6C l2N 2N iO . C , 51.83 , H , 4.09, C l,

Nujoi mulls on a Perkin-Elmer Infracord Model 137; stronger bands are 18.00, N , 7 .1 1 .  Found; C , 5 1 .8 1 j FT, 4.08j C l, 17 .96 , N , 
listed. Elemental analyses were carried out by Galbraith Laboratories, IncM 7.04.
Knoxville, Tenn.

(9) Obtained from Aldrich Chemical Co., Inc., Milwaukee, Wis., as the
hydrochloride. (10) H. Kaplan, J . A m er. Chem . S oc., 63, 2654 (1941).
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Registry N o — tran s-2 -(6'-M ethoxy-2'-quinolyl)- S c h e m e  I
methylene-3-quinclidinone, 22058-77-1; trans-2-(2'- 0  0
quinolyl)methylene-3-quinuclidinone, 22058-81-7; 1, || lZnNHCi JT~\ II
22143-13-1; 2, 22058-78-2; 3, 22058-79-3; 5, 22058- 02N— (  V— COEt -  -  - > ON— (  V-COEt
80-6; 6, 22143-14-2; 7, 22058-82-8. X = / 2FeClj X = /

1  2

H.N— N02 H+
4-(4-Nitrophenylazo)benzolc Acid.

Improved Synthesis of Its Acid Chloride and ‘ |
Spectroscopic Properties of Its E sters1 NABS-C1 3b o2N ^ } — N= N — ^ — ( R

3c
W. H. N u t t i n g , R ic h a r d  A. J e w e l l , a n d  H e n r y  R a p o p o r t  3a> r _  QEt

b,R = 0K
Department of Chemistry, University of California, c R = Cl

Berkeley, California 94720

Received July 7,1969 claimed6a using modified conditions, but these also
failed in our hands. Consequently we examined this 

The synthesis of 4-(4-nitrophenylazo)benzoyl chlo- reaction in detail and now report conditions which
ride (NABS-C1)2 and its use in the formation of esters reliably lead to 60-65%  yields on up to a 40-g scale,
was described3 in 1955. Since then, NABS-C1 has In particular, vigorous stirring, closely controlled
been employed advantageously for the derivatization temperature, and a nitrogen atmosphere are required,
of other aliphatic4 and aromatic5 alcohols, thiols,« Also, the use of ammonium chloride15 in place of the
sugars,7 amines,8 and amino acid methyl esters;9 originally recommended acetic acid reduced the acid-
NABS-hydrazide has been prepared and used to catalyzed side reactions of the intermediate ethyl
prepare derivatives of aldehydes and ketones.10 The p-hydroxylaminobenzoate, which was then oxidized
esters are usually solid,11 their bright red-orange color to 2 usinS a decreased quantity of ferric chloride in
makes them highly suitable for chromatographic puri- the codi
fication,4’12 and their molecular weight13 may be No major changes were required in the subsequent 
determined from the ultraviolet absorption of the steps. The crude> thoroughly dried NABS ester 3a
NABS chromophore. These properties make NABS- was purified by chromatography on alumina, and the
Cl a desirable reagent in the isolation and characteriza- most effect purification of the final NABS chloride
tion of natural products.12’14 (3c) was accomplished by vacuum sublimation.

Synthesis of NABS-CL—In connection with work on Ultraviolet Absorption of NABS Esters.—The light- 
the structure of sirenin,14a it became necessary to syn- activated isomerization of substituted irons-azoben-
thesize NABS-C1 in quantity as shown in Scheme I. zenes to a photostationary equilibrium mixture of
Our attempts to obtain the 65-70%  yield reported3 cis and trans isomers has been established.16 In the
for the conversion of 1 into 2 on the original 5-g scale presence of ordinary laboratory fluorescent light, solu-
resulted in an average yield (ten experiments) of 15% ; tions of írans-p-phenylazobenzoates (PAB esters) of
larger scale reactions gave even lower yields. Other aliphatic17 and aromatic8b alcohols are isomerized,
attempts5“ to increase the scale of the reaction have and the isomers are chromatographically separable.17
also resulted in lower yields of 2. A 65%  yield is Consequently, trans - 4 - (4 - nitrophenylazo)benzoates

(NABS esters) would be expected to behave similarly,
(1) Supported in pan by the National Science Foundation an d  th u s ial p recau tio n s w ould be n ece ssa ry  to
{¿) Abbreviated from its German name, 4-mtroazobenzolearbon8aure-4- t i  y • . , . ,

chlorid: A. Butenandt, R. Beckmann, and D. Stamm, Z. P hysio l. Chem ., exclu d e light during h andling OI th e  Solutions When
324,84 (1961). p recise  ch ro m ato g rap h ic  and sp ectro sco p ic  d eterm in a-

(3) E. Hecker, B er ., 88, 1666 (1955). f . , • ,
(4) E. S. Amin and E. Hecker, ibid., 89 , 695 (1956); E. Hecker and R. tlOnS w ere being m ad e. _

Lattreii, ibid., 96, 639 (1963). About 3 X 10~3 M  solutions of NABS ethyl ester
(5) (a) R. Pohloudek-Fabini and P. Muenchow, P harm azie, 18, 734 (3 a ) w ere exposed to  la b o ra to ry  flu orescen t light

(1963); (b) P. Muenchow and R. Pohloudek-Fabini, ib id ., 19, 386 (1964). , ,, , , , oon , j
(6) E. s. Amin, j . Chem . S oc., 4769 (1958). and the absorbance at 330 nm was noted as a iunction
(7) e . s. Amin, Md.. 5544 (1961). of time. A variety of solvents— benzene, ether, ethyl
®  Neurath andIE. Doerk, Bar., 9 7 , 172 (1964). acetate, ethanol, and acetic acid—was used, and in
(9) E. S. Amin, J .  Chem . S oc., 1953 (1960). 7 7 , i
(10) S. M. A. D. Zayed and I. M. I. Fakhr, Ju stu s  L iebigs A nn. Chem ., each  Case p h o to s ta tio n a ry  equilibrium  Was reach ed

662,165 (1963); s. M. a . D. Zayed and i. M. i. Fakhr, M onatsh. c h em ., 96, after 2 hr with about a 5% decrease in absorbance.
^(llJ^R^Westerhof and J. A. K. Buisman, Rec. Trav. Chim . P a y s-B as ., 76, T h e  equilibrium mixture, showing E yellow Spot
679 (1957). at Ri 0.14 and a red-orange spot at R¡ 0.37 on silica

(12) m . winter, b . wiiihaim, M. Hinder, E. Paiiuy, and E. Sundt, g e l-b en zen e th in  la y e r ch ro m a to g ra p h y , can  be th e r-
Perfu m ery Essent. Oil Record, 49, 250 (1958); B. J. Hunt and W. Rigby, n • 1Rq , , , • .v _
Chem. ind. (London), 1790 (1967). mally isomerized6“ at room temperature m the dark

(13) A. Butenandt, R. Beckmann, and E. Hecker, Z. P hysio l. Chem ., 324, for 30 hr to 8111 3-11 -tVO/RS Solution which shows Oilly
71 (1961); W. Kloepffer, H. Esterbauer, and E. Schauenstein, Fette, S e ifen ,
A nstrichm ittel, 67, 198 (1965). (15) G. H. Coleman, C. M. McCloskey, and F. A. Stuart, “Organic Syn-

(14) (a) W. H. Nutting, H. Rapoport, and L. Machlis, J .  A m er. Chem . theses,” Coll. Vol. Ill, E. C. Horning, Ed., John Wiley & Sons, Inc., New
Soc., 90, 6434 (1968). (b) E. Hecker, Angew. Chem ., 68, 682 (1956); E. York, N. Y., 1955, p 668.
Clarke and E. Hecker, N aturw issenschaften, 52, 446 (1965); A. Butenandt (16) (a) W. R. Brode, J. H. Gould, and G. M. Wyman, J .  A m er. Chem.
and Tam, Z. P hysio l. Chem ., 308, 277 (1957); S. M. A. D. Zayed and T. M. S oc., 74, 4641 (1952); 75, 1856 (1953) ; (b) G. Zimmerman, L. Chow, and
Hussein, ib id ., 341, 91 (1965); A. Butenandt and H. Rembold, ib id ., 308, U. Paik, ib id ., 80, 3528 (1958).
284 (1957). (17) I. Katz and M. Keeney, A nal. Chem ., 36, 231 (1964).

Vol. 85, No. 2, February 1970 N o tes 505



T a b l e  I

S p e c t r o s c o p ic  P r o p e r t i e s  o f  N A B S  E s t e r s

Uv /---------------------------------------Nmr, 8, ppm— ---------------------------------- '
Registry tmax at ✓-----Carbinol protons-----> j

Alcohol no. 330 nm° In alcohol In ester =CH =CCHa -CCHa

M ethanol 22428-39-3 31,300 3 .4 7  3.95
1- H exanol 22428-40-6 32,200 3 .5 5  4 .33  . . .  . . .  0 .926
E than ol 22428-41-7 32,000 3 .70  4 .4 4  . . .  . . .  1 .4 3 '
2- Propanol 22428-38-2 32,000 3 .9 7  5 .2 9  . . .  . . .  1.40«*
Cyclohexanol 222867-6-6 32,200 3 .5 5  5 .1 4
Geraniol 22286-78-8 32,200 4 .1 2  4 .90 5.14« 1 .6 2

5.54« 1.6 8
1 .8 1

N erol 22286-79-9 32,500 4 .10  4.82 5.09« 1.60
5.49« 1 .6 6

1.8 0

cis-2-M ethyl-2-penten-l-ol 22286-80-2 32,300 4.00 4.80 5.46« 1 .8 5  1.00«
2-M ethylenepentanol 22286-77-7 32,300 4.00 4.80 5.02 . . .  0 .9 7 '

5 .1 4

irans-2-M ethyl-2-penten-1 -ol 22286-81-3 32,400 3.92 4 .74  5.58« 1 .7 6  1.00«

° A ll values are in 9 5 %  ethanol and are to  w ithin ±200. h t , J  =  5 Hz. '  t, /  =  7 Hz. d d , J  =  6  H z. « TPi/i =  7  Hz.

one red-orange spot. Progress of the isomerization mary allylic alcohols were prepared to redetermine
is followed by the increase in absorbance at 330 nm. the extinction coefficients and to assess any effect
This demonstrates the cis-trans light-activated equilib- of structure of the alcohol upon the extinction coefficient
rium for NABS esters and provides a procedure to of the corresponding NABS ester. In particular, the
ensure that the spectroscopic and chromatographic difference in the reported19 values for NABS nerol
measurements are being made on only the trans isomer. and NABS geraniol (e 28,800 and 31,600, respectively)

In order to compare the ultraviolet absorption was much greater than would be expected from experi-
properties of the cis with the trans isomer, preparative mental error or from the lowering of extinction coeffi-
thin layer chromatography on silica gel G-benzene cient of NABS nerol owing to trans-cis light-activated
was used to obtain a small sample of the cis isomer. isomerization of the NABS chromophore. This sug-
However, the normal procedure used to measure an gested a possible effect of the configuration of the
extinction coefficient involved sufficient heat and light allylic double bond upon the extinction coefficient of
to isomerize the sample to nearly all trans isomer. By the NABS ester.
immediately making the measurement at room tem- The NABS esters of primary alcohols were prepared 
perature after desorption of the cis isomer from the in 85-95%  yield in most cases and the reaction time
silica gel at 0°, a \max of 262 nm (e 13,900) in methanol- was reduced from 24® to 0.6-1 hr. However, the 33%
chloroform (9:1) was obtained. Isomerizing the solu- yield of NABS 2-propanol (0.6-hr reaction time) in-
tion of m-NABS ethyl ester (3a) to its irons form dicates that secondary alcohols require a longer re
allowed the concentration to be calculated from the action time for comparable yields. A simplified work-
extinction coefficient of irons-NABS ethyl ester (3a) up was developed by directly chromatographing the
as determined in this solvent. Within 2 hr after crude reaction product.
the measurement on cis-3a was made, tic showed a The redetermined extinction coefficients of NABS 
small amount of trans-3a to be present. The cis ex- esters are presented in Table I. Except for NABS
tinction coefficient therefore is a minimum value and methanol, an average value of 32,200 ±  400 was
may be as high as 14,900, estimating from tic that as found. Thus there is no effect of the structure of
much as 10% transls isomer may have been present the aliphatic alcohols upon their NABS ester chromo-
when the measurement was made. Using the value e phore. The 4%  increase to 32,200 in the extinction
13,900, the photostationary equilibrium mixture con- coefficient is in accord with the 4%  decrease in ab-
tains approximately 6% cis isomer. If one examines sorbance observed for NABS ethyl ester in ethanol
the spectra for the isomerization of trans-3a to the solution exposed to light. The lower value of 30,880®
equilibrium mixture, the decrease in absorbance at is thus attributed primarily to the cis-trans light-
330 nm is accompanied by an increase in absorbance activated isomerization of the NABS chromophore.
at 262 nm. Protection of the NABS ester solutions from light

Since there is no mention® of any precautions to has not only increased the extinction coefficient but
shield solutions of NABS esters from light for the also decreased the uncertainty by 50%. The signifi-
extinction coefficient measurements, the high un- cantly smaller extinction coefficient of NABS methanol
certainty in e of ± 800  in 30,880 (ethanol) could be may be a true difference, since methanol is the only
due to some isomerized solutions, which would also proton-substituted primary alcohol in the series of
lead to a lower average value for the extinction co- alkyl-substituted primary alcohols,
efficient. Nmr Properties of NABS Esters.—An additional

Consequently, NABS esters of representative sat- advantage of characterizing alcohols as NABS esters
urated primary and secondary alcohols as well as pri- has been found. The carbinol protons of alcohols,

,, „ ,  „„„ „ „ when converted into their NABS ester, fall into groups
(lo; If all the absorbance at 330 nm (e 6000) is due to trans-Zn, as much

as 19% may be present, and then cis-3a would have e 17,100 and trans-3a
would have « 4800 at 262 nm. (19) A. Mondon and G. Teege, B er., 91, 1014 (1958).
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in the nmr spectrum according to the type of alcohol, dried on the filter overnight, and finally  placed in a vacuum  oven 
as sh ow  in Tables I and II. If the chemical shift 120-140° for 5 hr to  give 63 g  (8 7.5 % ) of potassium  salt

3b.
4-(4-Nitrophenylazo)benzoyl Chloride (3c).— U sing a flask 

T a b l e  I I  shielded from  ligh t, 9.8 g (0.032 mol) of potassium  sa lt 3b which
had been found w ith  5.4 g of anhydrous sodium  carbonate was 

N m r S ig n a l  o f  t h e  C a r b i n o l  P r o t o n s  o f  N A B S  E s t e r s  treated w ith  40 m l of th ion yl chloride and 40 m l of toluene. A fter 
A c c o r d in g  t o  t h e  T y p e  o f  A l c o h o l  the reaction m ixture w as refluxed and m agnetically stirred for 4

NABS ester of alcohol s of carbinol proton hr, the excess thionyl chloride and toluene were distilled a t re-
Prim ary saturated 3  9 5 - 4  4 4  duced pressure. T h e crude product was dissolved in benzene
p • ,, ,. , ' Qn and filtered, and the filtrate was evaporated to dryness. Sub-
r n m a iy  anyiic ™  lim ation a t  150° (0 . 0 2  m m ) gave  6 . 3 5  g (69% ) of acid chloride
Secondary saturated 5 .1 4 -5 .2 9  3c> mp 163_165= in an evacu ated capillary (lit.* mp 162 -

163°).
Preparation of NABS Esters.— G eraniol was obtained from  the 

of the carbinol proton in the free alcohol is used to hydrolysis of geranyl acetate  (purissim a, A ldrich), while the 2-
classify the type of alcohol, a discrepancy occurs in m ethyl-2 -penten-l-ols and 2 -m ethylenepentanol w ere prepared
the case of 2-propanol and cyclohexanol. The former “  descr i b ? d - 22 E xcep t for nerol, other alcohols were commer-

would be classified as a primary allyhc alcohol while was distiIIed from  p_toluenesulfonyl chloride and the benzene
the latter would be regarded as a primary saturated w as distilled from  calcium  hydride.
alcohol. In contrast, conversion of the alcohols into General Procedure.— T o  th e alcohol w as added 2  m ol of pyri-
their NABS esters allows a consistent classification dine and sufficient benzene to dissolve 1 mol of N A B S - C 1 .

according to the type of alcohol. V ™ 1 f oess o i° f er( the aiooho1 or1N^ S" P  was/ sed’ , A.ftf°  J  ^  stirring for ca . 1  hr for primary alcohols (secondary alcohols
m ay require 24 hr or longer) in a flask protected from  ligh t, the 

Experimental Section20 reaction m ixture was suction filtered and the filtrate w as evap-
r  orated in  vacuo. T h e residue w as then chrom atographed on

Ethyl p-Nitrosobenzoate (2).—A fte r  40 g (0.21 m ol) of ethyl alum ina (neutral, a c tiv ity  2.5) w ith benzene to afford the N A B S
p-nitrobenzoate (1) was dissolved in 560 m l of 2-m ethoxyethanol, ester. T h e an alytical sam ple was obtained b y  recrystalliza-
a  solution of 17  g  of am m onium  chloride in 135 m l of w ater was tion from  benzene or benzene-cyclohexane.
added and the solution w as warm ed to  30° in a  nitrogen atm o- In  addition to  the e th yl ester, th e follow ing esters w ere p re
sphere. W ith  vigorous stirring (H ershberg-type stirrer), 36 g pared: methyl ester, mp 19 0 -19 1° ( lit . 3 mp 18 6-18 7°); n-
(0.55 mol) of finely powdered zinc dust was added, b y  periodically hexyl ester, mp 114 -1 1 5 °  (lit . 3 mp 1 1 0 - 1 1 1 °); isopropyl ester,
rem oving the condenser, in sm all portions over 30 min and the mp 183-184° (lit . 3 mp 178-180 °); cyclohexyl ester, mp 163-164°
tem perature w as held a t 33-35° b y  cooling w ith  an ice bath . ( lit . 3 mp 164 -165°); geranyl ester, mp 103-104° ( lit . 3 mp 10 7-
A fte ra d d itio n  w as com pleted, th e stirring w as stopped a t 5-min 109°); and neryl ester, mp 88-89° ( lit . 3 m p 9 0 -9 1°). T h e
intervals to ascertain the color21 of the supernatant liquid. W hen following esters were prepared and analyzed,
it becam e colorless, the reaction m ixture was suction filtered in a cfs-2-Methyl-2-penten-l-yl ester had a m elting point of 138-
nitrogen atm osphere and the filter cake was washed w ith  30 ml of 139°.
2-m ethoxyethanol. T h e  com bined filtrate  and washing was then A n a l. C alcd  for C 19H 19N 3O 4 : C , 64.6; H , 5.4; N , 11 .9 .
added dropwise, under a nitrogen atm osphere w ith  rapid stirring F oun d: C ,6 4 .9 ;  B ,  5 .3; N , 12.2.
over a period of 90 m in, to  a solution of 84 g (0.52 m ol) of anhy- 2-Methylenepentyl ester had a m elting point of 10 5-106°.
drous ferric chloride in 950 m l of w ater and 240 ml of ethanol A n a l. C alcd  for C j9N i9N 30 <: C , 64.6; H , 5.4; N , 11.9 .
m aintained a t — 5° w ith  an  ice-m ethanol bath . A fter an addi- F ound: C , 64.8; H , 5 .1 ; N , 12 .1 .
tional 30 m in of stirring, the reaction m ixture was poured into 2rares-2-Methyl-2-penten-l-yl ester had a  m elting point of 
1900 m l of cold w ater and suction filtered. A fter being washed 124-125°.
w ith w ater, the dam p precipitate was steam  distilled to give 28.8 A n a l. C alcd  for CioHigNsO«: C , 64.6; H , 5.4; N , 11.9 .
g (62% ) of 2 , mp 79-80.5° after recrystallization  from  ethanol F oun d: C , 64.9; H, 5 .1 ; N , 12.1,
(lit . 3 mp 83-84°). Ultraviolet Measurements for Ethyl £rans-4-(4-Nitrophenyl-

Ethyl 4-(4-Nitrophenylazo)benzoate (3a).— Into a flask shielded azo)benzoate (3a). A. Isomerization.— C a. 3 X 10 - 3  M  solu-
from  the light and equipped w ith  a  reflux condenser, m agnetic tions of N A B S  eth yl ester (3a) in  9 5 %  ethanol were placed 67
stirring bar, and nitrogen atm osphere were placed 40 g (0.22 cm from  the laboratory fluorescent ligh t. A liquots (1 ml) were
m ol) of unrecrystallized 2, 33.6 g (0.24 mol) of p-nitroaniline, w ithdraw n periodically and diluted to  100 ml w ith  9 5 %  ethanol
and a solution of 1 2 0  g of trichloroacetic acid in 800 ml of glacial before measurem ent in 1 -cm m atched cells.
acetic acid . A fter the solution w as stirred and heated a t 100° B . Extinction C oefficients.— B y  heating a t 40° in a w ater bath
for 4 hr, it  w as cooled to  30° and then poured into 2400 m l of w hen necessary, 9 5 %  ethanol solutions of known concentration
w ater. T h e suspension w as filtered and the filter cake w as w ere prepared in alum inum  foil covered flasks and stored in the
washed w ith  w ater and air dried on the filter overnight. D ry in g  dark at room tem perature for a t least 24 hr prior to m easurem ent
was com pleted b y  dissolving the precipitate in benzene and a t Amnx 330 nm. T h e values presented in T ab le  I  are the result
evaporating to dryness. T h e residue was then redissolved in of a t  least duplicate determ inations 24 h r apart on duplicate
benzene and passed through a  column of 454 g of alum ina (neu- sam ples.
tral, a c tiv ity  I) and eluted w ith  benzene-ether ( 1 :1 )  to yie ld , Isolation and Extinction Coefficient for Ethyl cfs-4-(4-Nitro-
after evaporation, 58.6 g (8 1% ) of N A B S  ethyl ester (3a), mp 164 - phenylazo)benzoate.— A  0.052 M  solution of iran s-N A B S  ethyl
165° ( lit . 3 mp 16 2 -16 5 °). ester (3a) in benzene was exposed to laboratory fluorescent light

Potassium 4-(4-Nitrophenylazo)benzoate (3b).— In a nitrogen a t a distance of 67 cm for ca . 10 hr. T h e m ixture was separated 
atm osphere were placed 70 g  (0.23 m ol) of N A B S  eth yl ester (3a) b y preparative thin layer chrom atography on silica gel G  plates
dissolved in 3 . 5  1 . of benzene and a solution of 17.3  g of potassium  and developed w ith benzene in alum inum  foil covered tanks at
hydroxide in 400 m l of 2-m ethoxyethanol. T h e reaction m ixture room tem perature (trans ester, R i 0.37, red-orange; cis  ester,
was stirred a t room tem perature for 15 hr and then filtered . T h e  R i 0 .14, yellow ). A fter cooling to  0 °, the c fs-N A B S  eth yl ester
filter cake was washed w ith  a sm all am ount of 2-m ethoxyethanol, w as desorbed in near darkness w ith  5 m l of absolute ethanol and

1 0 0  m l of m ethylene chloride, and the solution was then filtered. 
T h e  filtrate w as evaporated in  vacuo, w ith  no external heat,

(20) Melting points were taken in capillary tubes and are uncorrected; jn the dark at 20 mm for 30 min and then for 15 min each at 2 mm
ultraviolet spectra were determined with a Cary Model 14 Spectrophotom- and 0.020 m m . A  portion of the resulting liquid was diluted to
eter; nmr spectra were determined in deuterioehloroform on a Varian A-60
spectrometer using internal TMS (S 0); microanalyses were performed by the -------------------
Analytical Laboratory, "University of California, Berkeley.

(21) The supernatant liquid was yellow at the end of the addition and (22) K . C . Chan, R. A. Jewell, W. H. N u ttin g , an d  H. Rapoporfc, J .  Org.
beame colorless in 15—20 min. If more time is required, the stirring may C hem ., 33, 3382 (1968). The corresponding NABS esters were prepared by
not be sufficiently vigorous and the yield may be low. K- C, Chan.
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100 ml with methanol-chloroform (9:1, v/v) and its absorbance used in the runs in which quantitative analyses were
was determined at 262 nm. After the yellow solution was ex- attempted. No detectable amount of a-trichloro-
posed to laboratory fluorescent light for 2 hr, it was stored in the acetoxypyridine, which was synthesized independently,
dark at room temperature for 65 hr. Its absorbance at 330 nm , ' . , , . *, , .
was then measured, from which the concentration of trans ester was observed by nmr or infrared. This product is the
(and hence of the original cis ester) was calculated using 32,000 expected one based on analogy with the acetic anhy-
as the extinction coefficient. dride-pyridine N-oxide reaction.4

The reaction at hand is apparently not a result of
Registry No.—3c, 22286-74-4. homolytic cleavage of the N -0  bond of the acylated

N-oxide, since very little carbon dioxide is obtained
_______________  when the N-oxide is treated with trichloroacetyl

chloride. A more likely explanation is that the driving 
. . force for the reaction is the exothermic loss of carbon

O xygen-Transfer R eactions of Am ine N-Oxides. dioxide from free trichloroacetate ion, which is not
IV. The Pyridine N-Oxide—T richloroacetic complexed with its counterion. Scheme I uses this

Anhydride R eaction idea in r a t i o n a l i z i n g  the products observed.

T. K oenig and J . Wieczorek1 Scheme 1

Department of Chemistry, University of Oregon, 0
Eugene, Oregon 97403 || O

CC13C _ ||
Received June 25, 1969 L J  + rp] C J  0CCCb

During the course of our general studies2 on the 0 OCCC1,
reactions of N-oxides with acylating agents, we ob- |
served3 a rather unusual reaction between trichloro- O
acetyl chloride and picoline N-oxides which gives CC13
picolyl chlorides and carbon dioxide in fairly high yields I
after a few hours in refluxing chloroform. The chloride f ^ l l  + H+
product was found to be a result of the high suscepti-
bility of trichloroacetate esters to displacement by j attack
chloride ion, and the carbon dioxide was found to be a
result of the unexpectedly fast rate of decarboxylation Jl + H+ ccir L Jl
of ammonium trichloroacetate salts in solutions at high N TC13 • 1+ + ~CC13 + C02
concentration. The present report deals with an 2 OCCCl3 I H+
additional manifestation of the rapid decarboxylation II ^  CHC13
rate of the trichloroacetate ion in the reaction of pyri- [  Jl CC13 + H+ attack 0
dine N-oxide with trichloroacetic anhydride. ^ N = c j^  involving

When pyridine N-oxide is refluxed in chloroform in CH3 CHjCN
the presence of trichloroacetic anhydride, no appreci- positiveci
able reaction is evident even after several hours. The attack
N-oxide can be largely recovered after such a period.
However, when the two reagents are mixed in aceto- C1
nitrile solvent even at 0°, an exothermic reaction is 1 2 __
immediately evident and carbon dioxide evolution t cycloaddition | |)
begins at once. If the temperature is maintained at 0 °> L J  *---------------- 1 V
the gas evolution levels off at ca. 30% . When the N |
reaction is carried out at 20-30°, 1 equiv of gas is 3 ~ OCCCIT + CC14
evolved after ca. 5  hr. ^  „cycioaddition ](

The resulting product solution contains an exceed- L Jl "
ingly complex mixture of substituted pyr.dine deriva- CHCb 0 I
tives. The products isolated and identified after the 4 II car ’
complicated work-up procedure, summarized in the CHC!,CCCI:, CCL==C O
Experimental Section, are carbon tetrachloride (40%), 
chloroform (20% ), pentachloroacetone (20%), a-tri-
chloromethylpyridine (10-20% ), 7-trichloromethylpy- That the observation of any reaction at all is defi- 
ridine (1- 4% ), a-dichloromethylpyridine (present), nitely coupled to the polarity of the medium was
y-dichloromethylpyridine (5% ), and «-aninopyridme evidenced by slow addition of acetonitrile to a refluxing
(4% ). These yields are based on amount of N-oxide solution of the reagents in chloroform. Only when the
present initially, since 2 equiv of the anhydride were solvent mixture contains c a .  50% acetonitrile does

carbon dioxide evolution occur at an appreciable rate.
(1) Fellow of the Kosciusko Foundation on leave fr ,m Politechnika The Spectral properties of the product residues from 

Wroclawska, Poland, 1966—1967.
(2) T. Koenig and T. Barklow, Tetrahedron, in press; T. Koenig, J .

Amer. Chem. Soc., 88, 4045 (1966); T. Koenig, Tetrahedron Lett., No. 29, (4) M. Katada, J .  Pharm. Soc., J a p ., 67, 51 (1947); J. H. Markgraf,
2751 (1967); T. Koenig, ibid., No. 35, 3127 (1965). H. B. Brown, S. C. Mohr, and R. G. Peterson, J .  Amer. Chem. Soc., 85, 958

(3) T. Koenig and J. Wieczorek, J .  Org. Chem., 33 , 1530 (1968). (1963).
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these conditions were similar to those from the aceto- a-Trichloroacetoxy pyridine.— This material was prepared by
nitrile runs but were not investigated further. This treatment of an ether suspension of the silver salt of 2-pyridone
serves to militate against acetonitrile functioning in any trichloroacetyl chloride The product was distilled, bp 58°
, . , . . °  . V1 , , ; i . (0.7 mm). Its infrared spectrum m chloroform showed carbonyl

stoichiometric way. A more likely role is a polarity absorption at 1767 cm-1. The nmr spectra of carbon tetrachlo- 
effect which allows formation of free trichloroacetate ride solutions of this material showed the characteristic pattern
ion. The proposed scheme is by no means uniquely of a 2-substituted pyridine, an H-6 doublet of doublets at & 8.41
established by experimental facts. Alternative radical ^  =  4  F z’ 7 „ 2 Hz! , and F " 3’.~4,’ a ,n d  ' 5 multiplets centered 
„1 i i . . .  T, at 5 7.50 and 7.2o. The chemical shift of H-6 is distinctlychains and carbene mechanisms are also possible. It different from that of the products (2 and 4) obtained here.
does seem clear that trichloroacetate ions can be more Pyridine N-Oxide-Trichloroacetic Anhydride Reaction.— The 
reactive toward decarboxylation than toward what anhydride (36.00 g, 0.117 mol) in 20 ml of acetonitrile was added
would seem to be a facile nucleophilic atack on a charged over a 1()-min period to 160 ml of solvent containing 5.57 g
pvridine derivative (0.059 mol) of freshly distilled pyridine N-oxide. The reaction

. . . .  . . .  ,, vessel was immersed in a cold-water bath such that the tempera-
The formation of a-ammopyridine could be a result ture 0f ^he reaction mixture did not rise above 30°. (The bath

of attack of one of the pyridine bases on the N-acetoxy was previously equilibrated as a closed system with a gas buret
pyridinium species, but the product in such cases attached.) In some runs (with equivalent results), the reaction
would not be expected to hydrolyze as readily as the was carried out with a nitr°Sen sParSe through ascarite. Gas
Schiff-base structure shown. The failure of the acid ?™*uti°n wTa,s immediatelf  evide.nt and aftf  ® *  " t e d  to, . . , . . . 1500 ml. The mass spectrum of an aliquot of the condensible
chloride reaction militates against a heterolytic cleavage portion of this gas indicated that it was essentially pure carbon
of the acetoxonium ion with a  attack by solvent, as has dioxide containing traces of solvent.
been observed5 in picoline N-oxide reactions using The acetonitrile and volatile components of the product mix- 
benzonitrile solvents. The decarboxylation of pyri- ture were removed by bulb-to-bulb distillation at room tempera-
j . .  J. - 1 1  , , ,  i . . „ - .,1  ture and 1-mm pressure. Gripe analyses showed the presence
dmium trichloroacetate does not give 1, and the an- and amounts of chloroform and carbon tetrachloride. The
hydride does not react with pyridine to the products residue remaining after the bulb-to-bulb distillation was diluted
found here under similar conditions. with 10 ml of water, and steam distillation yielded 7.22 g of

volatile residue after extraction with methylene chloride, drying,
__ . ___. , „ ,. and evaporation of solvent. The nmr spectrum of this material

indicated that it contained approximately equal amounts of 
Infrared spectra were obtained using a Beckman IR -5 spectro- pentachloroacetone (singlet at 5 6.91) and substituted pyridines

photometer. Nuclear magnetic resonance spectra were obtained (H-6 multiplet centered at 5 8.77). A number of smaller singlets
using a Varian A-60 spectrometer. Glpc analyses of chloroform at higher field (S > 6 .8 ) were also present in the nmr spectrum of
and carbon tetrachloride were carried out at 50° using an Aero- this mixture.
graph 90-P and a 10 ft X  0.125 in. column packed with 20%  Treatment of an aliquot of this mixture with picric acid gave 
T C EP on firebrick. Analyses were obtained from Berkeley the equivalent of 0.27 g (0.69 mmol) of the picrate of ■y-trichloro-
Analytical Laboratories, Berkeley, Calif. Pyridine N-oxide was methylpyridine, mp 150-151° when mixed with authentic
distilled directly into the reaction flask. Trichloroacetic anhy- sample.
dride was distilled, bp 60° (0.6 mm), immediately before use. Distillation of the steam-volatile residue gave a fraction whose
Acetonitrile was dried by distillation from phosphorus pentoxide. nmr spectrum was nearly free of pyridine protons, bp 65-85° (10

2-Trichloromethylpyridine (2).— This compound was synthe- mm). Residistillation of this material gave a cut, bp 68.5° (8
sized by the reaction of 2-picoline with chlorine in acetic acid- mm), which showed an infrared spectrum in carbon tetrachloride
sodium acetate6 and obtained as an oil, bp 98° (15 mm). Nmr which was identical with that of authentic pentachloroacetone.
spectra of carbon tetrachloride solutions showed the characteristic Its nmr spectrum showed a major singlet at 5 6.91, also identical
pattern of a 2-substituted pyridine, an H-6 doublet of doublets with that of pentachloroacetone. However, there were two addi-
at « 8.71 ( /  =  4.2 Hz, / ' S 1 . 5  Hz) and H-3, -4, and -5 multiplets ricmal singlets at 5 6.63 and 6.13 which could be attributed to the
centered at S 7.87 and 7.33. I t  failed to form a picrate. tetrachloroacetone isomers.

Anal. Calcd for C6H4NC13: C, 36.67; H, 2 .05; N, 7 .12 ; The higher boiling fraction from the steam-volatile material 
Cl, 54.14. Found: C, 36.92; H, 2 .05; N, 6 .98; Cl, 53.98. was distilled at 54° (0.5 mm). On treatment with picric acid,

4-Trichloromethylpyridine (1).— The sequence7 identical with the picrate of 1 was obtained, mp 150-152°, undepressed when
that used for 2 afforded 1 as an oil, bp 78° (10 mm). Nmr spectra mixed with authentic sample. Removal of the excess picric acid
of carbon tetrachloride solutions of this material showed the char- by extraction with bicarbonate gave a residue which showed in-
acteristic four-substituted pattern (A A 'X X ' system), SA, «  frared and nmr spectra identical with those of authentic 2.
protons, 8.87, and 5X, 0 protons, 8.00 (J  =  4.5 Hz, J '  Si 1.8 The residue after steam distillation was brought to pH 9 by 
Hz). I t  formed a picrate, mp 151-152° (lit.7 mp 154°). the addition of potassium carbonate, extracted several times with

2-Dichloromethylpyridine (4).— Authentic 4 was obtained by methylene chloride, and dried. After removal of solvent the
reduction7 of 2, using stannous chloride, as an oil, bp 90-92° residue weighed 2.09 g. This material was chromatographed over
(18 mm). Its nmr spectrum in carbon tetrachloride showed the Florosil. A fraction which was eluted by ether gave the picrate
w-proton singlet at 5 7 .01, an H-6 multiplet at 5 8.65, and H-3, of y-dichloromethylpyridine, mp 135-136 , undepressed when
-4, and -5 multiplets at S 7.87 and 7.39. I t  formed a picrate, mixed with authentic sample. The nmr spectrum was also iden-
mp 115.5-116° (lit.8 mp 115-116°). tical with that of the synthetic material. Other chromatography

4-Dichloromethylpyridine (3).— Authentic 3 was obtained7 in fractions gave nmr spectra similar to those of authentic «-di-
low yield from the stannous chloride reduction of 1 as an oil, bp chloromethylpyridine, but the picrates from these fractions were
78-80° (15 mm). Its nmr spectrum in carbon tetrachloride those of the y isomer, which crystallizes more readily. Fractions
showed the w-proton singlet at S 6.81 and the characteristic finally eluted with methanol-ethyl acetate were identical with
A A 'X X ' pattern of a 4-substituted pyridine, ¡¡a, a  protons, 8.63, authentic a-aminopyridine.
and 5x, 0 protons, 7.40 ( /  =  4 .0  Hz, J '  =  1.5 Hz). I t  formed a 
picrate, mp 135-136°.

A nal. Calcd for CuH sCL^O i: C, 36.84; H, 2 .06; 0 1 ,1 8 .1 3 ; Registry No.'— Pyridine N-oxide, 694-59-7; trichloro- 
N, 14.32. Found: C, 36.65; H, 1.97; Cl, 18.28; N, 14.14. acetic anhydride, 4124-31-6; a-trichloroacetoxypyri-
__________ dine, 22796-45-8; 1, 22796-40-3; 2, 4377-37-1; 3,

22796-42-5; 3 picrate, 22796-43-6; 4, 4377-35-9.
(5) T . Cohen and G. L. Deets, J .  Amer. Chem. Soc., 90 , 3939 (1968).
(6) P. Dyson.and D. Hammick, J .  Chem. Soc., 781 (1939).
(7) b . r. Brown, d . Hammick, and b . h . Thewiis, M d., 1145 (1951). Acknowledgment.^—This work was supported by a
(8) F . Raschig, British Patent 909,080 (1962); Chem. Ahstr., 58, 9035 j.i t » i_v t t  ix i. cs(1963) grant from the Public Health Service.
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Optically Active Selenium -Containing Amino attempt to isolate she N-carbobenzoxy-L-selenocysteine
Acids. The Synthesis of t-Selenocystine and diphenylmethyl ester but instead converted theJ selenol m situ mto the corresponding diselenide,

L-Selenolanthionine1 3 bis(diphenylmethyl)bis(N-carbobenzoxy)-L-selenocysti-
nate (Ila ). Although the reaction mixture gave a 

J. Roy, Wolfgang Gordon, I. L. Schwabtz, and soiid corresponding to 85%  yield, various preparations
xiODERICH VV ALTER » ty t • er i j ’ l i j * t iof Ila  gave different optical rotations, and a close

The Mount Sinai Medical and Graduate Schools of The examination of the reaction product on tic revealed
City University of New York, New York, New York 10029, two compounds which exhibit almost identical /if

and The Medical Research Center, Brookhaven National Laboratory, values. Repeated slow crystallizations of the reaction
Upton, New York 11978 mixture finally gave I la  in moderate yield with only a

trace of by-product. The preparation of I I  in high 
Received August 11,1969 yield, completely free of contaminants, and with re

producible optical activity was achieved by the fol-
During the past few years, increased attention has lowing route. N-Carbobenzoxy-Se-benzoyl-n-seleno-

been given to biologically active selenocysteine-con- cysteine diphenylmethyl ester (III)— readily secured
taining peptides.4“8 In this context it was important by the acylation of N-carbobenzoxy-L-selenocysteine
to develop synthetic methods which would permit diphenylmethyl ester— was debenzoylated with hy-
the introduction of selenium into opbically active droxylamine and oxidized in situ to yield II . The
amino acids. Recently, we described a convenient ester n  wag cleaved with 0.9 N  hydrogen chloride
procedure for the preparation of Se-benzyl-L-seleno- jn nitromethane11 and the reaction product was iso
cysteine derivatives. This method, consisting of a ]ated as the crystalline bisdicyclohexylammonium salt
nucleophilic displacement of the O-p-toluenesulfonate ( jy ) .  The nitrogen function of the free acid of IV
moiety of an O-tosylated L-serine derivative by the was liberated by treatm ent with hydrogen bromide
benzyl selenolate anion, is advantageous for the prep- in glacial acetic acid, and, upon adjustment of the so-
aration of Se-benzyl-L-selenocysteine compounds which lution of the hydrobromide to pH 5, the L-selenocystine
bear selectively removable amino- and carboxyl-pro- (y )  was secured (Scheme I). In addition, L-selenocys-
tecting groups.7,8 tine was prepared by another method. While the

In order to demonstrate the wider scope for this above route, starting with the fully protected sele-
displacement reaction in the synthesis of selenium- nocysteine derivative III , proceeded according to the
containing amino acids, we investigated the possibility scheme (a) liberation of selenium moiety, (b) oxidative
of transforming an O-tosylated L-serine derivative dimerization, (c) liberation of carboxyl group, and (d)
with sodium hydrogen selenide to the corresponding liberation of nitrogen moiety, the route described be-
selenocysteine derivative. Such a derivative with its iow entails the following steps: (a) liberation of
free selenol function would provide a key intermediate, nitr0gen and carboxyl moieties, (b) liberation of se-
allowing the transformation either to the diselenide lenium moiety, and (c) oxidative dimerization. For
by oxidation or to selenides by alkylation. While this purpose 'the sodium salt of N-carbobenzoxy-L-
the former type of reaction would pave the way for a selenocysteine diphenylmethyl ester was allowed to
convenient synthesis of L-selenocystine, the latter react with diphenylmethyl bromide to yield N-
would offer a route toward the synthesis of dialkyl- carbobenzoxy-Se-diphenylmethyl-L-selenocysteine di-
selenides which possess a selenocysteine moiety as the phenylmethyl ester (VI). Apparently, this alkylation
basic skeleton, such as L-selenolanthionine. The latter proceeds slowly and a prolonged reaction time is re
reaction path would also permit the introduction of quired to obtain V I in high yield. If the reaction
selectively removable selenium-protecting groups. time ¿s shortened, II, formed from the unreacted

To examine the feasibilty of the above concept, selenol during the work-up procedure of the reaction,
N-carbobenzoxy-O-tosyl-L-serine diphenylmethyl ester js isolated as a major by-product. When diphenyl-
(I)8 was allowed to react with a stoichiometric amount methyl toluene-p-sulfonate,12 instead of the diphenyl-
of sodium hydrogen selenide. In view of the ease methyl bromide, is used for alkylation, the reaction
wnh wRich aliphatic selenols oxidize,9’® we did not does not proceed any faster. Decarbobenzoxylation

(1) This work was supported by U. S. Public Health Service Grant AM- and simultaneous deesterification of VI Were achieved
10080 of the National Institute of Arthritis and Metabolic Diseases and by treatm ent with H Br-A cO H  and the resulting Se-
by, ^ ’ S; , f tomicEv ,rgy? omnli8sionv; ,  ru v diphenylmethyl-L-selenocysteine on reaction with T F A(2) The following abbreviations have been adopted: Z = CeHsCmOCO; j • j  • • • TT
Ts = H3CC6H4SO2; DMFA = N,N-dimethylformamide; AcOH = acetic fl-llCI OXld.S/tlOIl VYl SZttl gRV6 V .
acid; EtOH = ethanol; MeOH = methanol; EtzO = diethyl ether; EtOAc Horn, et a l described the isolation of the Slllfur-
= ethyl acetate; TFA = trifluoroacetic acid. . • • • • i 1 , i • n • /n * n

(3) (a) This work was presented in part before the First American Pep- Containing ammo acid lanthlOMne [blS (/3-ammO-/3-Car-
tide Symposium at Yale University, Conn., Aug 1968 (R. Walter and M. boxyethyl)Sulfide] from W'Ool13 and from Several prO-
Dekker, New York, m press), (b) Smce the completion of this work, the teins14,15 after being treated with alkalies. More re-
synthesis of L-selenolanthionine by an independent route has been reported:  ̂ ,1  • • i
g. zdansky, Ark. Kem i, 29, 443 (1968). centiy, it has come to light that L-lanthionme may be a

(4) W. Frank, Z. Physiol. Chem., 339, 202, 214, 222 (1964).
(5) R. Walter and V. du Vigneaud, J .  Amer. Chem. Soc., 87, 4192 (1965); (10) T. W. Campbell, H. G. Walker, and G. M. Coppinger, Chem. Rev.,

88, 1331 (1966). 50, 279 (1952).
(6) R. Walter and W. Y. Chan, ibid., 89, 3892 (1967). (11) G. C. Stelakatos, A. Paganou, and L, Zervas, J .  Chem. fSoc., C, 1191
(7) D. Theodoropoulos, I. L. Schwartz, and R. Walter Tetrahedron Lett., (1966).

2411 (1967). (12) A. Ledwith and D. G. Morris, ibid., 508 (1964).
(8) D. Theodoropoulos, I. L. Schwartz, and R. Walter, Biochemistry, 6, (13) M. J. Horn, D. B. Jones, and S J. Ringel, J .  Biol. Chem., 138, 141

3927 (1967). (1941).
(9) H. Rheinboldt in “Methoden der Org. Chemie,” Vol. 9, Supplement (14) M. J. Horn and D. B. Jones, ibid., 139, 473 (1941).

4, E. Mailer Ed., Georg Theime Verlag, Stuttgart, 1955, p 965. (15) M. J. Horn, D: B. Jones, and S. J. Ringel, ibid., 144, 87 (1942).
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2. T F A

I I  3 . N H 4O H

1 . h c i / c h 3n o 2
2. (C 6 H „ ) 2N H

I . H 3 O +
+ 2 . H B r/ A c O H

/ — S e — C H 2C H C O O  (C 6 H 1 1 )2 N H 2 \ 3 . N H 4O H  / - S e - C H 2C H C O O H  \

\  N H Z  / 2 *  \  N H 2 / 2

I V  V

Sc h e m e  II  

,  l .N a O H
, ♦ H Se H S e— C H 2Ç H C O O C H (C 6Hf,)2 2 . I S e ^ C H 2C H C O O C H (C 6H 5)2 ^

“ Is<̂ “ N H Z  > \ N H Z  J 2
V II

1. h c i / c h 3n o 2
2 .  (C 6H „ ) 2NH

1. H :,0 +

S c / O H ,C H < :O O H  \ *■ H B r/ A cO H  S c  / C H 2C H C O O “(C 6H „ ) 2 N H 2 \

\  N H 2 / 2 *— ------- i-------------  \ N H Z  j 2
I X  V I I I

n a tu ra lly  occu rrin g  am in o a c id .16'17 W e  th erefo re  sphere, sodium (0.075 g) was dissolved in EtOH (5 ml) and the
set o u t to  syn th esize th e  o p tica lly  a c tiv e  seleno isolog resulting mixture was saturated with hydrogen selenide. To this

2, , ,  , , j, xi i mi • x i  solution, I (1.25 g) dissolved m degassed D M 1A (2 ml) was
as a  fu rth e r te s t  of ou r m eth od . T h e  ex p e rim e n ta l added and the reaction mixture was stirred for an additional 20
p a th  follow ed is ou tlin ed  in S ch em e I I .  T h e  O -tosyl- min. After the addition of EtOAc (80 ml), the organic phase
a te d  e ste r I  w as allow ed to  re a c t  w ith  sodium  h yd rog en  was extracted with water (three 20-ml portions). The organic
selenide an d  co n v e rte d  in to  th e  selenolate, w hich in phase was separated, dried, and evaporated. The residue
tu rn  w as alleviated h v  addition  of a second m ole of T crystallized from EtOAc-petroleum ether (bp 30-60 ): yieldtu rn  w as allcy latea  Dy ad d ition  ot a  second m ole ot i .  0 _895 g (35% ); mp 9 0-93°; M 22d - 5 7 .4 °  (2%  in D M FA ).
T h e  resu ltin g p ro te c te d  L -selen olan thiom n e (V II )  w as Examination on tic with C6H6-EtO A c (9 :1 , v /v ) as solvent sys-
hydrolyzed and the bis(N-carbobenzoxy)-L-selenolan- tem revealed two compounds with very close Ri values. Re-
th ion ine w as isolated  as th e  cry sta llin e  d icy clo h exy l- peated recrystallizations from EtO Ac-EtO H  gave an almost
am m on iu m  s a lt ( V I I I ) .  T h e  h yd rob ro m id e s a lt, ob - ? 1r<̂ ^ p :Aiyield ° '65 s  6̂2^0 ;̂ mp 96~98 • W 24» - 8 2 .2
tain ed  a fte r  d ecarb o b en zo xy latio n  of th e  acid  lib erated  N-Carbobenzoxy-Se-benzoyl-L-selenocysteine Diphenylmethyl
from V I I I ,  was converted into the free base of L- Ester (III).— Sodium hydrogen selenide was prepared from sodium
selenolanthionine ( I X ) .  (0.065 g) dissolved in absolute EtOH (5 ml) as described above.

To the resulting solution, I (1.12 g), which was dissolved in
degassed DM FA (2 ml) was added and the reaction mixture was

*** stirred for an additional 30 min. After this period, NaOH (0.1 g)
Preliminary Preparation of Bis(diphenylmethyl)bis(N-carbo- dissolved in degassed water (1 ml) was added, followed by ben-

benzoxy)-L-selenocystinate (lia).—Under a hydrogen atmo- zoyl chloride (1.13 g) in degassed DM FA (3 ml). The exo-
------------------  thermic reaction mixture was stirred under hydrogen inflow for

(16) J. M. Stein, Chem. Ind. (London), 774 (1955). 4g min an(j then diluted with EtOAc (80 ml). The organic
(17) D. R. Rao, A. H. Ennor, and B . Thorpe, Biochem. Biophys. Res. , , , , . , , , , ___0 r ,

Commun 22 163 (1966) phase was separated and washed with water (three 25-ml por-
(18) All melting points were determined with a Thomas-Hoover capillary tions), dried, and evaporated. The residue was thoroughly ex

melting point apparatus and are corrected. The infrared spectra were tracted with petroleum ether ana the remaining solid was Crystal-
recorded on a Perkin-Elmer Model 457 infrared spectrophotometer in pressed lized from absolute EtO H : yield 0.9 g (78.3% ); mp 8 2-84°;
disks of K B r at a concentration of 0.3% . The optical rotations were deter- ^  22D —42 0° (2%  in DM FA)
mined with a Carl Zeiss photoelectric precision polarimeter (0.005°) The C a lcd  for CslH„NChSe: C, 65.0; H, 4 .76; N, 2.45.
elementary analyses were earned out by Galbraith Laboratories, Knoxville, __ . _T _
Tenn. Found: C, 64.8; H, 4 .64; N, 2.40.
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Final Preparation of Bis(diphenylmethyl)bis(N-carbobenzoxy)- VI (0.3 g) in dry AcOH (1 ml), 4 N  H Br in AeOH (1 ml) was
L-selenocystinate (II).— Sodium (0.0144 g) was dissolved in added. After 1 hr, the reaction mixture was evaporated and
anhydrous MeOH (2 ml); to this solution hydroxylamine hydro- the resulting white solid material was triturated repeatedly with
chloride (0.0434 g) dissolved in MeOH (2 ml) was added. To dry E t20  and then with a few drops of water, yield 0.1 g (63% ),
the stirred reaction mixture N-carbobenzoxy-Se-benzoyl-L- mp 149-150°. The infrared spectrum taken in K B r [3020 and
selenocysteine diphenylmethyl ester (0.286 g) in DM FA (2 ml) 3040 (phenyl stretching), 1620 and 1580 (carboxylate), and 700,
was added. After 75 min of continued stirring, the light yellow and 750 cm -1 (phenyl bending)] indicated that the Se-diphenyl-
solution was diluted with 75 ml of EtOAc. The organic phase methyl-L-seleno cysteine was isolated as its zwitterion rather than
was separated and washed with water (two 25-ml portions) and as the hydrobromide. This compound was suspended in TFA
dried; removal of the solvent gave an oil. Fine, faint yellow (3 ml) and after addition of phenol (0.4 g) the reaction mixture
needles were obtained by crystallization from MeOH: yield was heated under reflux for 20 min. The volatile solvent was
0.19 g (81% ); mp 101-102°; [a] 24d - 85.2° (2%  in DM FA). evaporated under reduced pressure to dryness; the residual

Anal. Calcd for C4SH44N20 8Se2: C, 61 .7 ; H, 4 .74 ; N , liquid was dissolved ir. water (2 ml) and washed with E t20  (two
' 3.00. Found: C, 61.8; H, 4 .62; N, 2.93. 10-ml portions); and the pH was then adjusted to 5 with 2 N

Bis(dicyclohexylammonium)bis(N-carbobenzoxy)-L-selenocys- NH4OH when a yellow solid was obtained, yield 0.04 g (80% ),
tinate (IV).— The ester II (0.6 g), dissolved in a solution of 0.9 N  which had identical physical properties as V described above.
HC1 in nitromethane (10 ml), was kept for 1 hr at room tempera- Bis(diphenylmethyl)bis(N-carbobenzoxy)-L-selenolanthionate
ture. After this period, thin layer chromatography [C8H6-  (VII).— Into absolute EtOH (4 ml) containing sodium (0.055
EtOAc (9 :1)] revealed the absence of starting material. The g) H 2Se was bubbled. Into the solution, I (0.8 g) dissolved in
nitromethane was evaporated and the oily residue was thoroughly DM FA (2 ml) was introduced. After 10 min of stirring, NaOH
extracted with dilute N aH C 03 solution. The aqueous phase (0.068 g) dissolved in H20  (1 ml) was added followed by I (0.80 g)
was extracted with E t20  (two 25-ml portions), separated, and, in DM FA (2 ml). The mixture was stirred for an additional
after acidification writh 2 N  H2S 0 4, extracted with EtOAc (three 20 min. The reaction mixture was extracted with EtOAc (50
20-ml portions). The organic solution was washed two times ml) which was washed with H20  (one 40-ml and two 10-ml
with small amounts of H20 ,  dried with Na2S 04, and evaporated. portions), dried, and evaporated. The resulting residue was
The syrupy residue (0.39 g) was dissolved in MeOH (3 ml), and crystallized from EtOAc-petroleum ether: yield 0.752 g
dicyclohexylamine (0.3 g) dissolved in MeOH (1 ml) was added. (61 .5% ); mp 114°; [a]22D —31.7° (1%  in D M FA ); ir 3335
Upon addition of E t20 ,  a crystalline precipitate resulted, which (NH), 1740 (ester), and 1690 cm -1 (urethane),
was collected and recrystallized from M eO H -Et20 :  yield 0.6 Anal. Calcd for C48H 44N2C>8Se: C, 67.4; H, 5 .18; N, 3.27.
g (97% ); mp 177-178°; [a] 22d - 4 9 .5 °  (1%  in MeOH). Found: C, 67.6; H, 5.30; N, 3.19.Anal. Calcd for C46H,0N4O8Se2: C, 57.3; H, 7.31; N, Bis(dicyclohexylammonium)bis(N-carbobenzoxy)-L-seleno-
5.81. Found: C, 57.4; H, 7 .39; N ,5 .7 1 . lanthionate (VIII).— A solution of 0.9 N  HC1 in nitromethane

L-Selenocystine (V).— The salt IV (0.4 g) was dissolved in a (20 ml) containing VII (0.665 g) was kept for 1.5 hr at 25°; then
mixture of 1 N  H2S 0 4 (30 ml) and EtOAc (30 ml). The organic the solvent was evaporated under reduced pressure. The result-
phase was separated, washed three times with a few milliliters ing residue was taken up in petroleum ether (15 ml) which was
of 2 N  H2S 0 4 and three times with a few milliliters of H20 ,  dried then extracted with half-concentrated N aH C 03 solution (20
over anhydrous Na2S 0 4, and evaporated, and the residue was ml). The aqueous phase was acidified with 2 N  H 2S 0 4 and ex-
dried over P 205 . The resulting oil was dissolved in dry AcOH tracted with EtOAc (three 20-ml portions). After the combined
(1 ml) and 4 N  HBr in AcOH (1 ml) was added. During the organic fractions were washed with H20  (four 10-ml portions),
next 30 min, while the mixture was allowed to stand at room the solution was dried and the solvent was evaporated. Upon
temperature, the H Br salt precipitated partially. Precipitation dilution of the oily residue (0.381 g) with MeOH (2 ml) and
was completed by addition of E t20  and the solid material was addition of dicyclohexylamine (0.334 g) and E t20 ,  a crystalline
filtered and repeatedly washed with E t20 .  After being dried under product resulted which was collected and recrystallized from
vacuum over KOH and P20 5, the H Br salt was dissolved in H 20  M eO H -Et20 :  yield 0.61 g (93% ); mp 172-173°; ]« ]22d — 0.88°
(2 ml) and the product was precipitated by adjusting the pH to 5 (1%  in MeOH); ir 3400 and 3250 (NH), 1715 (urethan), and
with dropwise addition of 2 N  NH4OH. The canary yellow 1635 cm -1 (carboxylate).
product was washed with H20  (2 ml) and dried over P 20 6 under Anal. Calcd for C46H7oN40 8Se: C, 62.4; H, 7 .96; N, 6.32.
vacuum: yield 0.125 g (90% ); mp 218° dec; [a] 25d —162° (1%  Found: C, 62.6; H, 8.08; N, 6.32.
in 2 A  HC1) {lit .19 mp 215° dec; [«]26d —162° (2 V H C 1 )); ir L-Selenolanthionine (IX).— Compound V III (0.310 g) was 
2080 (NH3+), 1620, and 1580 cm -1 (carboxylate). dissolved by shaking with a mixture of 2 N  H 2S 0 4 (40 ml) and

Anal. Calcd for C6Hi2N20 4Se2: C, 21.5; H, 3 .85 ; N , 8.36. EtOAc (40 ml). The organic phase was separated, washed
Found: C, 21.6; H, 3.68; N, 8.52. repeatedly with a few milliliters of dilute H2S 04 and H20 ,  dried

Upon amino acid analysis, L-selenocystine emerged at 156.8 over anhydrous Na2S 0 4, and evaporated. The resulting residue
ml after the start of the chromatogram; an identical value for was dissolved in glacial AcOH (1 ml) and treated with 4 N  H Br
the time of emergence was found previously.20 Glycine, which in glacial AcOH (1 ml). After 1 hr at 26°, E t20  (20 ml) was
emerged at 105.6 ml, served as a position marker. added and the resulting solid material was washed several times

N-Carbobenzoxy-Se-diphenylmethyl-L-selenocysteine Diphe- by decantation with Et.20 .  The hydrobromide salt was taken up
nylmethyl Ester (VI).— To the sodium salt of N-carbobenz- in H20  (0.5 ml) and the pH of the resulting solution was adjusted
oxy-L-selenocysteine diphenylmethyl ester prepared from 1.12 to 5 with 2 N  NH4OH. The precipitated product was washed
g of I (as detailed for the preparation of III) was added 1.0 g of with H20  (0.7 ml): yield 0.065 g (72% ); the compound de-
diphenylmethyl bromide dissolved in 2 ml of degassed DM FA. composed in solid state between 230 and 270°; [a]21D + 3 4 .9 °  (1%
The reaction mixture was stirred under hydrogen for 3 hr and in 5 TV HC1) [lit.3b [a]26D + 3 4 .8 °  (1%  in 1 A  HC1)1; ir 3400
then the tightly stoppered reaction flask was left in the dark for (broad NH ), 1630, and 1540 cm -1 (carboxylate).
72 hr at room temperature. The reaction mixture was diluted Anal. Calcd for CeHi2N20 4Se: C, 28.2; H, 5 .04; N, 10.9. 
with EtOAc (100 ml) and washed with water (three 25-ml por- Found: C, 28.5; H ,4 .8 8 ; N , 11.0.
tions); the organic phase was separated, dried, and evaporated. Upon amino acid analysis, L-selenolanthionine and glycine
The resulting oil was chromatographed on a silica gel column; emerged at 88.5 and 1C5.6 ml, respectively, after the start of the
unreacted diphenylmethyl bromide was eluted with CeH6 and chromatogram.
the product with CeHe-EtOAc (99 :1 , v /v ). The fractions Elution Procedure for Amino Acids.— L-selenocystine and l-
containing the product were combined and evaporated, and the selenolanthionine were chromatographed on the Beckman-
resulting oily residue was crystallized from EtO H : yield 1.0 g Spinco Model 120C amino acid analyzer, using Beckman custom
(79% ); mp 104-104.5°; [a] 24d —36.5° (2%  in DM FA). research resin PA-28 packed in a 56 X  0.9 cm column. For

Anal. Calcd for C37H33N0 4Se: C, 70.0; H, 5.24; N, 2.21. elution of the amino acids a pH 3.22 ±  0.002 buffer and a pH
Found: C, 69.7; H, 5.44; N, 2.32. 4.250 ±  0.002 buffer were used. Both buffers were comprised

Alternative Preparation of L-Selenocystine.— To a solution of of 0.20 N  sodium citrate containing B rIJ  35 (2.0 ml L), penta-
__________ chlorophenol (0.1 ml/1.), and thiodiglycol reagent (5.0 ml/1.).

The latter reagent was deleted during the elution of L-seleno-
(19) A. Fredga, Svensk Kem. Tidskr., 49, 12 4  (1 9 3 7 ). cystine.20 The buffer flow rate was set at 68.0 ml/hr and the
(20) R . Walter, D. H. Schlesinger, and I. L. Schwartz, Anal. Biochem., 27, temperature was maintained during the entire elution procedure

231 (1969). at 55°.
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Acknowledgments— The authors express their ap- Pept;de solvent“ peptide, m » elimination,'- % 
predation to the following members of these lab- Ia EtOH 0.01 4.4 5.0 5.1 5  4
oratories: Miss Patricia Evans for the preparation of la DMF 0 . 0 1  4 . 8

starting materials, Mrs. Helga Albrecht for infrared IV EtOH 0.04 4.8, 5.0, 5.3
spectra, and Mr. David Schlesinger for amino acid V EtOH 0.04 2 .0 , 2.3
analyses. V DMF 0.04 2.4,2.7

VI EtOH 0 .0 4  1 .8
__________________  VI D M F 0 .0 3  1 .9

“ Solutions contain 1.1 equiv of 1.0 N  sodium hydroxide. 
. . 6 Percentage of /3 elimination is equated to the percentage of

S u l l u r - G o n t a i m n g  P o ly p e p t id e s .  X .  pyruvic acid found in the reaction mixture after 5 hr at 25°.
A  S t u d y  o f  8  E l i m i n a t i o n  o f  M e r c a n t id e s  Pyruvic acid was determined by the procedure of A. Patchornik

and M. Sokolovsky (ref 9).
f r o m  C y s te in e  P e p t i d e s 1-3

was utilized. These workers have described an ana-
RmHARD G. Hisret, RociER A. Ufham, 4 lytical method for the acid-catalyzed conversion of

Gordon M. Beverly, and Warren C. Jones, Jr. , 1 , 7  , , ■ n j ,
peptide-bound dehydroalamne to pyruvic acid and the

Venable Chemical Laboratory, The University o f  North C arolina, subsequent determination of the pyruvic acid present 
C hapel H ill, North C a ro lin a ' using lactic dehydrogenase and reduced diphosphopyr-

idine nucleotide. The amount of pyruvic acid present 
Received August 2 5 ,1 9 6 9  is assumed to represent the extent of 8  elimination in the

original alkaline reaction. Several S-alkyl-L-cysteine 
During the attempted saponification of ethyl N- esters were studied using this procedure; the substrates

carbobenzoxy - S - benzhydryl - l - cysteinylglycyl - N'-f- (Table I) included Ia, ethyl N-carbobenzoxy-S-benzyl-
butyloxycarbonyl-L-lysylglycinate (Ia) using 1 equiv of L-cysteinylglycinate (IV), ethyl N-carbobenzoxy-S-
sodium hydroxide in aqueous dioxane, a mixture of benzhydryl-L-cysteinylglycinate (V), and ethyl N-car-
products was obtained. In addition to some of the de- bobenzoxy-S-trityl-L-cysteinylglycinate (VI). In these
sired acid, lb, the presence of several substances of experiments the substrate was allowed to stand with 1 . 1

higher mobility was indicated by tic of the reaction equiv of 1.0 N  sodium hydroxide for 5 hr, the solvent
mixture. Subsequently, one of these components was was evaporated, and the residue was treated with 6  N
isolated and identified by melting point and mass spec- hydrochloric acid solution at 110° for 5 hr. The
tral fragmentation pattern as dibenzhydryl disulfide amount of pyruvic acid was then determined spectro-
(II). Presumably, benzhydryl mercaptide and the photometrically. It is apparent from these results
corresponding dehydroalanine peptide, III, were ini- that the amount of 8  elimination is small using hy-
tially produced by a /3-elimination5 - 7  reaction; air oxi- droxide ion despite the intensity of the dibenzhydryl
dation of the mercaptide would yield II. disulfide spot on the thin layer chromatograms. The

, Ne-R o r amount of pyruvic acid present was not significantly
I z | 0H_ affected by solvent or the nature of the S-alkyl sub-

Z • Cy • Gly • Lys • G lyO R------ ;---->■ stituent.
Ia, R  = C2H5 mo-dioxane The amount 0f p  elimination accompanying the re-
b’ R  =  H 0  N 6-BO C moval of an S-benzoyl group from peptides containing

|| | both S-benzhydryl- and S-benzoyl-protected n-cysteine
lb +  [(C6H|)2CHS+ 2  + [ZNHCC- Gly -Lys -GlyOR] residues was then investigated. As expected, meth-

qH2  anolysis of ¿-butyl N-carbobenzoxy-S-benzhydryl-L-
III cysteinylglycyl-Ne-i-butyloxycarbonyl-L - lysylglycyl - S-

In order to obtain a quantitative evaluation of the benzoyl-L-cysteinylglycinate (VII), using dilute so 
extent of 8  elimination, a procedure devised by Pat- Ne-BO C
chornik and Sokolovsky8 and Gawron and Odstrchel9 SBzh | SBz

(1) Part IX of this series: R. G. Hiskey and J .  T . Sparrow, J .  Org. Z • Cy ■ Gly • Lys • Gly • Cy • GlyO-i-Bu
Chem., SB, 215 (1970). VII

(2) Supported in part by Grant A-3416 from the National Institute of
Arthritis and Metabolic Diseases of the National Institutes of Health, U. S. dium methoxide in methanol Solution (0.077 M ) , pro-

“̂(^“l̂ ê followinĝ abbreviations have been incorporated in the text; ¿UCed low levels of pyruvic add (Table II). The hexa-
Z = carbobenzoxy; BOC = ¿-butyloxycarbonyl; Bzh = benzhydryl: peptide, V II, WES readily Soluble 111 methanol, Elld
Tr -Jaityl; Bz = benzoyl; ¿-Bu = i-butyl; Cy = cysteinyl; Gly = glycyl; methanolysis of the S“b6IlZ0yl group Oil a preparative

(4) Abstracted in part from a dissertation by R . A. Upham submitted to SCalG prOC6 Gd.6 (l rapidly Elld c lG E Illy , ES described by
the University of North Carolina in partial fulfillment of the requirements Z gIV E S , 6t d/..10 It WES IlOtcd, hoWGVGr, that, wllGIl tllG
for the Ph D^ degree, Aug 1968. H lG th o x id G  C O X lC G Iltration  W ES inC rG ESG d f r o m  0 . 0 0 1  t o

(5) (a) J .  A. MacLaren, W. E. Savige, and J .  M. Swan, Aust. J .  Chem., 11, t x t t
345 (1958); (b) J .  A. Maclaren, ibid., 11, 360 (1958). 0.02 M ,  a Spot C O ITG SpO Ild lllg  to 11 appeared Oil the

(6) L. Zervas, I. Photaki, A. Cosmatos, and N. Ghelis, Peptides, Proc. £ JC Qf  reaction mixture. In Contrast to V II, the
1123 (1963). hexapeptide, ¿-butyl N-carbobenzoxy-S-benzhydryl-

(8) A. Patchornik and M. Sokolovsky, ibid., 8 6 , 1206 (1964).
(9) O. Gawron and G. Odstrchel, ibid., 89, 3263 (1967). (10) L. Zervas, I. Photaki, and N. Ghelis, ibid., 8B, 1337 (1963).
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T able II  in vacuo. The resulting solid was recrystallized from 250 ml of
p  E limination op M ercaptides from S-Benzhydryl- 2-propanol to provide 7.06 g (77.4% ) of the ester, mp 131.5-

AND S-Benzoyl-l-cysteine P eptides during M ethanolysis A naL  Caled for c 28H26N20 eS: C, 64.85; H, 5 .05 ; N, 5.40;
Concn of /s elimina- S, 6.18. Found: C, 65.17; H, 5.23; N, 5 .46; S, 6.45.

Peptide Solvent“ peptide, M tion, % Preparation of N-Carbobenzoxy-S-benzhydryl-L-cysteinyl-
VII MeOH 0.013  0 .2 4  glycine.— To a solution containing 2.59 g (0.005 mol) of N-carbo-
VII MeOH 0.0015  0 .4  benzoxy-S-benzhydryl-L-cysteine N-hydroxysuccinimide ester
V III DMAc 0 .0 2 6  2 3 .4 ,2 6 .3  in 15 ml of 1,2-dimethoxyethane was added a solution containing
V III DMAc 0 .0 2 2  2 1 .5  0.38 g (0.005 mol) of glycine and 0.84 g (0.010 mol) of sodium
V III MeOH-DMAc (1 '3 )  0 021 16 5 bicarbonate in 13 ml of water. The solution was stirred for 5
V III MeOH-DCAc (1 :1 ) o'.021 lo ’.O hr a^ 25s>  dduted with 75J ml wat,er>.and acidified t o PH 2
V III MeOH-DMAc (3 :1 ) 0 .021  7 .4 , 7 .8  w‘th 6 ^ h y d r o c h l o r i c * t 1? n T “  sat^rated wlth

sodium chloride and extracted with ethyl acetate. 1 he organic 
“ Solutions contain 1 equiv of 0.077 V  sodium methoxide in layer was washed with water and saturated brine, dried, and

methanol. b Percentage of 0 elimination is equated to the per- evaporated in  vacuo to a solid. Recrystallization from a 1 :10
centage of pyruvic acid found in the reaction mixture after 5 hr mixture of ethyl acetate-petroleum ether (bp 3 0-60°) provided
at 25°- 1.99 g (83% ) of the peptide, mp 114-117.5°, [«I^d —0.8° (c

0 .5 , CHCls).
SBzh SBz A naL  Caled for C26H26N20 6S: C, 65.25; H, 5 .48 ; N, 5 .85;

„ 1  ,P M  1  A . „  S, 6.70. Found: C, 65.36; H, 5.53; N, 5 .83; S, 6.92.
y  '  y '3 y  y - -  u The game material, mp 111-116°, was obtained in 83%  yield

by hydrolysis of i-butyl N-carbobenzoxy-S-benzhydryl-L-cys- 
teinylglycinate with boron trifluoride diethyl etherate in glacial 

L -cy ste in y lg ly cy lg ly cy lg ly cy l-S -b e n z o y l-L -cy ste in y lg ly - acetic acid.
c in a te 11 (V I I I ) ,  w as only sligh tly  soluble in  m eth an ol Ethyl N“-Carbobenzoxy-NM-butyloxycarbonyl-L-lysylglycin-
an d  dissolved read ily  in  only N ,N -d im e th y la c e ta m id e ; ate;~ A  solution w ntaining2.79 g (0.02 mol) o f e1diyl gU cinste
,,  , ,  .i i ■ j. .i , , hydrochloride and 11.23 g (0.02 mol) of N“-carbobenzoxy-Ne-(-
th erefo re , th e  m eth an olysis of th e  S -ben zoyl group w as butyloxycarbonyl-L-lysine N,N-dicyclohexylammomum salt»
co n d u cted  w ith  1 eq uiv of sodium  m eth oxid e in  N ,N -d i- in 20 ml of methylene chloride and 2 ml of chloroform was cooled
m e th y la ce ta m id e . U n d er th ese  con ditions a  su b stan - to 0 ° and treated with 4.21 g (0.022 mol) of i-ethyl-3-(N,N-di-
tia l a m o u n t of ¡3 e lim in ation  o ccu rred , as evid en ced  b y  methylaminopropyl)e&rbodiimide hydrochloride. The reaction
th e  fo rm atio n  of ca . 2 0 %  of p y ru v ic  acid  upon  acid  m’xt+ure ^  stirred at 0 ° for 1.5 hr and at 25° for l l  hr The
, , k-n-i i n •. solution was filtered and washed with 50 ml of ethyl acetate, and
h yd roly sis  of th e  re a ctio n  m ix tu re . A lth o u g h  th e  s ite  the filtrate was evaporated to an oil. The oil was dissolved in 150
of ¡3 elim in ation  (cy ste in e  1 or 5) w as n o t established , ml of ethyl acetate and washed with 1 N  sulfuric acid, water,
th e  a m o u n t of ¡3 e lim in ation  o ccu rrin g  in  V I I I  d uring 5%  potassium bicarbonate, water, and saturated brine. The
re m o v a l of th e  S -ben zoyl group w as clearly  re la te d  to  dried ethyl acetate solution was concentrated in  vacuo to 100 ml,

th e  p o la rity  of th e  so lv en t. W h en  th e m eth an olysis
re a c tio n  w as ca rrie d  o u t in  vario u s m ixtu res  of m e th - A nal. Caled for C!3H35N30 , :  C, 59.34; H, 7.58; N, 9.03. 
anol an d  N ,N -d im e th y la ce ta m id e , th e  a m o u n t of p y r- Found: C ,5 9 .5 8 ; H ,7 .6 0 ; N .9 .2 1 .
u v ic  acid  d e te cte d  in th e  re a c tio n  m ix tu re  a fte r h yd rol- Preparation of Ethyl N-Carbobenzoxy-S-benzhydryl-L-cys-
ysis d ecreased . F ro m  th ese  d a ta  it  ap p ears th a t  th e  ( E U - A  so-

ov i L-i , ,. . . . .  lution of 11.62 g (0.025 mol) ethyl N“-carbobenzoxy-Ne-f-butyl-
U tility  of b ase-lab ile p ro te c tiv e  groups in  peptides con - oxycarbonyl-L-lysylglycinate in 250 ml of absolute ethanol con-
ta m in g  cy ste in e  will depend on th e  b ase  s tre n g th  of th e  taining 1.2 g of 10%  palladium-on-charcoal catalyst was treated
p a rticu la r  sy ste m  em ployed for rem o v al of th e  p ro te c - with a stream of hydrogen. After 0.5 hr, tic (system C) indi-
tiv e  group. W ith  larg er p ep tid es w hich  req u ire  highly cated one sPot and the suspension was filtered with the aid of dia-
p olar solven ts for solution , ¡3 e lim in ation  of alk yl m er- tomaceous earth.. The filtrate was concentrated to 50 ml and

,.  j  £ c  „  , , . . , . J  treated with 250 ml of dry ether and 17.5 ml (0.245 mol) of 1.4 M
cap tid es  from  b -alk y lcy ste in e  residues m a y  b ecom e an  hydr0gen chloride in 2-propanol. The dried hydrochloride salt, 
im p o rta n t and serious side re a ctio n . yield 8.42 g (91.2% ), mp 109-116°, was homogeneous by tic

(system C) and was used without further purification.
. A solution containing 2.47 g (0.005 mol) of N-carbobenzoxy-S-

Experunental Section12 benzhydryl-L-cysteinylglycine and 1.89 g (0.005 mol) of the
Ethyl N-carbobenzoxy-S-benzyl-l-cysteinylglycinate (IV) 6* crude hydrochloride in 11 ml of dry chloroform was cooled to

ethyl N-carbobenzoxy-S-benzhydryl-L-cysteinylglycine (V),13 - 1 0 °  and treated with 0.69 ml (0.05 mol) of tnethylamme. The
and ethyl N-carbobenzoxy-S-trityl-L-cysteinylglycinate13 were resulting slurry was treated with 1.05 g (0.0055 mol) of l-et,hyl-3-
prepared by the reported procedures. (N,N-dimethylaminopropyl)carbodumide hydrochloride and

Preparation of N-Carbobenzoxy-S-benzhydryl-L-cysteine N- stirred at - 1 0 °  for 1 hr and at 25° for 12 hr. The solution was
Hydroxysuccimide Ester.—A solution containing 7.41 g (0 0176 evaporated in vacuo to provide a solid, which was dissolved in 300
mol) of N-carbobenzoxy-S-benzhydryl-L-cysteine13 and 2 2 g ml of chloroform and washed with 100 ml of 1 N  sulfuric acid and
(0.0176 mol) of N-hydroxysuccinimide in 12 ml of 1 ,2-dimethoxy- four 10°-ml Portions of water- The dried organic layer was
ethane was cooled to 0° and treated with 3.7 g (0.018 mol) of concentrated to 50 ml and the peptide was precipitated by the
N ,N-dicyclohexylcarbodiimide. The solution was stirred for 2 addition of 700 ml of ether. Recrystallization of the resulting
hr at 0° and 20 hr at 25°. The precipitated DCU was washed solid from dioxane-water gave 3.56 g (90% ) of white solid, mp
with 15 ml of 1,2-dimethoxyethane and the filtrate was evaporated 162-164 , homogeneous by tic (system A).
------------------- F A nal. Caled for C4iH63N509S: C, 62.18; H, 6 .75 ; N, 8.84;

(11) The synthesis of V III will be reported in a separate paper. S , 4 .0 5 . Found: C , 6 2 .3 3 ; H , 6 .7 4 ; N , 9 .0 3 ; S , 4 .0 7 .
(12) Melting points are uncorrected and were taken in unsealed capillary Preparation of N-Carbobenzoxy-S-benzhydryl-L-cysteinyl-

Mbe\ ° rw  t  Kf er h0u, Siage'T„ EleJnenta,1 analyses were Perf°™ ^  by glycyl-Ne-i-butyloxycarbonyl-L-lysylglycine (lb). Method A.—RUcrotech Laboratories, Skokie, 111. Optical rotations were measured on a *7 . . . . .  , T • ,,  , . . .
Perkin-Elmer Model 141 polarimeter. Mass spectral studies were conducted Attempts to saponify the ester la  using alkaline conditions con-
m th  a Hitachi Perkin-Elmer Model RM U -6E instrument. sistently resulted in the formation of a mixture of products, as

The following solvent systems were employed for thin layer chromatograms: show n by tic (systems A and B ). Saponification of 0.8 g (1.01
system A, chloroform-methanol (9 :1 ); system B, chloroform-methanol- mmol) of la  with 1 equiv of 0.95 N  sodium hydroxide solution
acetic acid (8 .5 : l :0.5); system C, chloroform (saturated with ammonia)- in dioxane at 25° was stopped after 3.5 hr by the addition of 1.5
methanol (9 :1 ); system D, benzene-ethyl acetate (8 :2 ); system E , chloro- equiv of Cold 0.25 A1 hydrochloric acid solution. The Solution was
form-methanol (19:1). ______________ .

(13) L. Zervas and I . Photaki, J .  Amer. Chem. Soc., 84, 3887 (1962). (14) L. Zervas and C. Hamalidis, ibid., 87, 99 (1965).
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extracted with ethyl acetate; evaporation of the organic extract teinylglycyl-N'-t-butyloxycarbonyl-L-lysylglycyl-L-cysteinylglyci-
yielded an oil which crystallized upon addition of methanol to nate.— To a cooled solution of 324.5 mg (0.3 mmol) of VII
provide 0.01 g (2 .5% ) of needles, nip 149-151° (lit.15 16 mp 151- in 300 ml of dry methanol was added 6 ml (0.33 mmol) of an
152°), homogeneous by tic (Rt 0.95, systems A, B , and D ). 0.055 N  solution of sodium methoxide in methanol. The reac-
The mass spectrum (direct probe at 260°, 2.6 kV dynode, 0.5 tion, followed on tic with system E , required 2.5 hr for com-
slit width) exhibited peaks at m ft  (rel intensity) 199 (6.3) at- pletion. The solution was acidified with 0.5 ml of glacial acetic
tributed to (Cells)2CHS+ and a pattern from 167 (100) down con- acid, concentrated in  vacuo to 50 ml, and poured into 700 ml of
sistent with (C6H5)2CH+. These data are consistent with the water. The washed precipitate was dried in  vacuo to yield 283.8
structure of benzhydryl disulfide. mg (96.5% ) of thiol: mp 185-188°; [a]%> - 1 0 .8 °  (c 0.250,

Method B .—A solution of 0.323 g (0.0011 mol) of Ne-i-butyl- D M Ac); homogeneous by tic (system E ).  
oxycarbonyl-L-lysylglycine and 0.170 g (0.002 mol) of sodium A nal. Calcd for CisHKlsbOn^: C, 58.82; H, 6 .68 ; N , 10.00; 
bicarbonate in 3 ml of water was treated with a solution contain- S, 6.54. Found: C, 58.80; H, 6.63; N, 9 .86; S, 6.57. 
ing 0.576 g (0.001 mol) of N-carbobenzoxy-S-benzhydryl-L- When the methanolysis of VII was carried out in more con- 
cysteinylglycine N-hydroxysuccinimide ester in 5 ml of dime- centrated solution (0.02 M  rather than 0.001 M ), a spot corre-
thoxyethane. The reaction mixture was stirred for 18 hr at room sponding to II appeared on the tic of the reaction mixture, 
temperature, diluted with 100 ml of water, and acidified to pH 3 Pyruvate Analyses. A. Saponification Reactions.— The sub-
with 1 N  sulfuric acid. The precipitate was filtered, washed strate (ca. 0.02 mmol) was accurately weighed into a hydrolysis
with 50 ml of water, and dried in  vacuo to yield 0.71 g of crude tube and dissolved in sufficient solvent (ethanol or N,N-dimethyl-
product. The substance was washed with ethyl acetate and formamide) to give the desired substrate concentration. The
ether and recrystallized from chloroform-hexane to provide solution was treated with 1.1 equiv of 1.0 iV sodium hydroxide
0.62 g (82% ) of white solid, mp 134-139°, [<*]28d —22.6° (c solution, and the reaction mixture was left at room temperature
0.53, D M F). for 5 hr. Solvent was then evaporated in  vacuo, and 1 ml of

A nal. Calcd for C39H49N50 9S -0 .5H 2O: C, 60.60; H, 6.52; constant-boiling 6 ,V hydrochloric acid solution was added. The
N, 9.06; S, 4 .15. Found: C, 60.59; H, 6.45; N, 9.07; S, tube was sealed and heated at 110° for 5 hr to liberate, by hy-
4-08. drolysis,8 pyruvic acid from the dehydroalanine peptide present

Preparation of i-Butyl N-o-Nitrophenylsulfenyl-S-benzoyl-L- in the reaction mixture. The contents of the tube were care-
cysteinylglycinate.— A solution of 5.60 g (0.01 mol) of N-o-ni- fully washed into a 5-ml volumetric flask with 1.1 M  potassium
trophenylsulfenyl-S-benzoyl-L-cysteine N,N-dicyclohexylamine hydrogen phosphate, the pH was brought to 7.5 with 50%  sodium
salt16 in 20 ml of chloroform at —10° was treated with 1.30 ml hydroxide, and the solution was diluted to volume with phosphate
(0.01 mol) of isobutyl chloroformate and stirred at —10° for buffer. Aliquots cf this solution were then analyzed for pyruvic
10 min. The solution was then treated with 1.68 g (0.01 mol) acid with reduced diphosphopyridine nucleotide and lactic de-
of ¿-butyl glycinate hydrochloride and 1.01 g (0.01 mol) of N- hydrogenase as previously described.8
methylmorpholine in 10 ml of chloroform. The reaction mixture B . Methanolysis Reactions.— The substrate (ca. 0.01 mmol)
was stirred for 2 hr at 0° and 5 hr at 25°. The solution was was accurately weighed into a hydrolysis tube and dissolved in 
evaporated in  vacuo and the residue was suspended in an ether sufficient solvent (methanol, N,N-dimethylacetamide, or a
ethyl acetate mixture. The suspension was filtered and the mixture of both) -o give the desired substrate concentration,
filtrate was washed with 0.5 N  sulfuric acid, water, 10% po- One equivalent of 0.074 N  sodium methoxide in methanol was
tassium bicarbonate, water, and saturated brine. The dried then added, and the reaction mixture was allowed to stand at
extract was evaporated in  vacuo to a yellow oil which was dis- room temperature for 5 hr. The reaction mixture was then
solved in chloroform, slurried with 5 g of silica gel, and filtered. treated as described above. In all saponification and methanolv-
The resulting solution was evaporated in  vacuo to give 4.48 g sis reactions, the presence of unreacted starting material was
(91% ) of a yellow foam, homogeneous by tic (system A). An observed by tic (system A),
analytical sample was prepared by crystallization from benzene-
ether-hexane, mp 81-83°, M 27d - 1 0 .6 ° (c 1 .37 , CHCh). Registry N o .— Ia , 22423 -71 -8 ; lb , 22423 -72 -9 ; V I I ,

A nal. Calcd for C22H 25N3O6S2: C, 53.75; H, 5.13; N, 8.55; 22423-77-4 ; N -carb o b en zo xy -S -b en zh y d ry l-L -cy ste in e
S, 13.08. Found: C ,5 3 .2 9 ; H, 5.15; N, 8 .75; S, 13.29. N -h yd roxy su ccin im id e ester, 22423 -73 -0 ; N -ca rb o -

b en zo xy-S -b en zh yd ryl-L -cy stein ylg lycin e , 2 2 4 2 3 -7 4 -1 ; 
teinylglycinate (VII).— To a solution of 4.48 g (0.091 mol) of e th yl N -ca rb o b e n z o x y -N  -¿ -b u ty lo x y ca rb o n y l l  ly sy l
¿-butyl N-o-nitrophenylsulfenyl-S-benzoyl-L-cysteinylglycinate in g ly cin ate , 21869 -27 -2 ; ¿-bu tyl N -O -nitrophenylsulfenyl-
300 ml of dry ether was added 18 ml of 2.2 N  hydrogen chlo- S -b e n z o y l-L -cy ste in y lg ly cin a te , 2 2 4 2 3 -7 6 -3 ; ¿ -b u ty l
ride in ether An oil formed after 2 hr at 25°, the supernatant N -ca rb o b e n z o x y -S -b e n z h y d ry l-L -cy s te in y lg ly c y l-N e- f -
was decanted, and the oil was crystallized from chloroform-ether , . •__i i
to give 2.09 g of ¿-butyl S-benzoyl-L-cysteinylglycinate hydro- b u ty lo x y c a rb o n y l-L -ly s y lg  y c y  - - y  y g y  > 
chloride, homogeneous (ninhydrin, iodine vapor) by tic (system 22423-78-5 .
A). ___ _______________

A solution of 1.553 g (2.04 mmol) of lib  and 0.283 ml (2.04 
mmol) of triethylamine in 15 ml of N,N-dimethylacetamide was . . _ .
treated with 0.25 ml (2.08 mmol) of pivaloyl chloride at —10°. Synthesis of Lam prolobm e
After 10 min, 0.763 g (2.04 mmol) of crude ¿-butyl S-benzoyl-L-
cysteinylglycinate hydrochloride and 0.283 ml (2.04 mmol) of E rnest W enkert and A. R obert J effcoat1
triethylamine in 5 ml of N,N-dimethylacetamide was added to
the reaction mixture. The solution was stirred at —10° for 1 rr*.Aw~n«
hr and at 25° for 6.5 hr. The suspension was filtered and washed epar m m  o f y, j-y/n i ’
with ether and ethyl acetate, and the filtrate was added to 400 ml Bloomington, In d ian a  m O l
of ether. The supernatant was decanted and the gum was tri
turated with ether to give 1.91 g of solid. The material was Received Ju ly  7, 1969
filtered through silica gel G with 2%  methanol in chloroform
(v /v ). The effluent was evaporated in  vacuo and the solid was t w0 _st ep re a ctio n  sequence of p a rtia l h y d ro -
recrystallized from hot 95%  ethanol-water (40 :30 , v /v ) to give . ( , ,, , o , irj- : „„n„ flT1u anir]-
1.616 g (73% ) of V II: mp 174-180°; M 26D - 2 3 .0 °  (c 0 .50, gen ation  of l-a lk y l-3 -a c y  Ip yn d in m m  sa lts  an d  ac  d
DM Ac); homogeneous by tic (system A, E ). ca ta ly z e d  cy clizatio n  of th e  re su lta n t l-a lk y l-3 -a c jd -

A nal. Calcd for C66H69N ,0 12S2: C, 60.92; H, 6.41; N, 2-piperideines h as form ed th e  basis of gen eral syn th esis
9.04; S, 5.91. Found: C, 60 .91 ; H, 6 .29; N, 9 .08; S, 5.98. 0 f quinolizidines2 an d  alkaloids b ased  on th is  ring

Preparation of ¿-Butyl N-Carbobenzoxy-S-benzhydryl-L-cys- sy s te m .3 H ereto fore  on ly m e th y l n ico tin a te , n ico tin -

(15) A. Schonberg, E . Singer, E. Frese, and K. Praefcke, Chem. Bar., 98, (1) Public Health Service Predoctoral Fellow, 1966-1969.
3311 (1965). (2) E . Wenkert, K . G. Dave, and R. V. Stevens, J .  Amer. Chem. Soc., 90,

(16) L. Zervas, D. Borovas, and E . Gazis, J .  Amer. Chem. Soc., 85, 3660 6177 (1968), and references cited therein.
(3) E . Wenkert, Accounts Chem. Res., 1, 78 (1968).
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aldehyde, and /3-acetylpyridine have served as starting respectively, the latter of which proved identical with
materials. Nicotinonitrile, in the form of its Na-methyl the product of phthalation of 6b. Furthermore, in
derivative, has been shown to be susceptible to partial teraction of bromide 5c with sodium glutarimide
reduction,4 but has not been tested in the second step of yielded isolamprolobine (7), identical with the imide
the aforementioned reaction sequence. Since it ap- derived from amine 5b and glutaric anhydride,
peared to be an ideal starting compound for the construe- 
tion of dinitrogenous natural bases, an investigation of
the synthesis of such a product—lamprolobine (1), the L jS k
major alkaloidal constituent of the leaves of Lam- If jpJ ^
prolobium fructicosum Benth.5—from nicotinonitrile 0
was undertaken. I ^ J

r r °
k J N L  CN Treatment of the amine 6b with glutaric anhydride

I I f  T ?~\ led to dl-lamprolobine (1), spectrally identical with
0 k S  the natural alkaloid.6

k/N^k k/lkk
j 2 Experimental Section

Melting points were determined on a Reichert micro hot stage 
A lk y lation  of n ico tin on itrile  w ith  4 -b ro m o -2 -b u ta - and are uncorrected. Infrared spectra were recorded on Perkin-

none eth ylen e k e ta l6 an d  h yd ro g en atio n  of th e  s a lt Elmer 137 and 621 spectrophotometers. Unless otherwise
yielded th e  2-piperideine 2 , w hose tre a tm e n t w ith  stated, proton magnetic resonance spectra of deuteriochloroform

, i 1C • j  • i i , • j  j  solutions containing tetramethylsilane as internal standard were
p-tolu enesulfom c acid  m  benzene solu tion  afforded determined on YarianA-60 and HA-100 spectrometers.
the pair ol isomeric cyanoquinolizidone ketals 3a and l-(3-Ketobutyl)-3-cyanopyridiiihim Bromide Ethylene Ketal.—
4a. Their reduction with lithium aluminum hydride A mixture of 6.24 g of nicotinonitrile and 12.4 g of 4-bromo-2-
gave the labile, liquid diamines 3b and 4b, which were butanone ethylene ketal6 was stirred at 60°. When, after 2
characterized as phthalimides 3c and 4c, respectively. days the mixture had set into a paste 25 ml of ether was added

and the solid was filtered and washed with ether, ih e nitrate 
p  and washings were combined, the solvent was evaporated, and

H J  H p - x  I pj 0 —v the residue was left standing for 24 hr. Filtration of the resultant
/ \ precipitate, washing as before, and combination with the previous

j | ~ 0 | ' j  j— Q* solid yielded 17.0 g of salt which was sufficiently pure to be used
L jq J  in the next reaction. Its crystallization from a mixture of

methanol and acetone ethylene ketal gave pure pyridinium salt: 
3 4  mp 151-153° dec; ir (K Br) 4.50 (w, C = N ) and 6.13 m (m,

a R =  CN G = C ); pmr (dideuteriomethyl sulfoxide) & 1.35 (s, 3, methyl),
b R =  CH.NH 2 .4 -2 .6 (m, 2, methylene), 3.87 (s, 4, oxymethylenes), 4.81 (t,

’ p _ u  2, /  = 7.0 cps, aminomethylene), and 8 .2 -9 .7  (m, 4, pyridine H ).
c,K  =  CH2mGUM,6H, A nal. Calcd for C12H150 2N2B r: C, 48.17; H, 5 .06 ; N,

TJ , , . , x , , , , . , 9.36. Found: C, 48.33; H, 5.29; N, 9.62.
Hydrolysis ol the ketals 3b and 4b with aqueous l-(3-Ketobutyl)-l,4,5,6-tetrahydronicotinoiiitrile Ethylene

acid and Wolff—Kishner reduction of the resultant Ketal (2 ).—A mixture of 10.0 g of the above salt, 1.0 g of 10%
ketones produced diamines 5b7 and 6b, respectively, palladium on charcoal, and 10 ml of triethylamine in 50 ml of
whose stereochemistry was determined in the following methan°i was hydrogenated at room temperature under a pres-

77 T . . /«- i 77 -i • • xo sure of 40 psi for 12 hr. It was filtered and the filtrate was evap-
manner, d  -Lupmine (5a) and dl-epillipimne (6a) orated. The residue from the filtrate was extracted with ether

Y and the extract was evaporated. An ether solution of the residue
q pj was passed through a short alumina (activity IV) column and

j ] ?  evaporated. Chromatography of the residual oil, 4.70 g, on
[ silica yielded liquid 2 : ir (neat) 4.62 (m, C = N ) and 6.18 m
k ^ - N \ k  I I. J  (m, C = C ); pmr 5 1.27 (s, 3, methyl), 3.92 (s, 4, oxymethyl-

enes), and 6.79 (s, 1, olefinic H).
5 6 A nal. Calcd for C12H 18O2N2: C, 64.84; H, 8 .16; N, 12.60.

a , Y =  OII Found: C, 65.01; H, 8 .38; N, 12.60.
b, Y =  NH2 9-Cyano-2-quinolizidone Ethylene Ketals 3a and 4a.— A
c y  =  Br solution of 7.4 g of 2 in 200 ml of dry benzene was added over
d Y =  N(CO)2CbH a ^b-min period to a solution of 8.0 g of p-toluenesulfonic acid
................. ..  A (from which water had been removed by azeotropic distillation

were converted into bromides8-10 5c and 6c, re- from benzene) in 200 ml of dry benzene and the mixture was re
spectively. Interaction of the bromides with potassium fluf ed under nitrogern for 8 hr. The cooled solution was poured

x it • • i i- j  i ont°  a suspension of an excess of sodium bicarbonate in 1 1. of
p h th a h m id e 11 led to  th e  cry sta llin e  im ides 5d and 6d, methylene chloride, stirred for some time, and filtered. The

(4) E. Wenkert, K. G. Dave, F. Haglid, R. G. Lewis, T. Oiahi, R . v. filtrate was evaporated and the residue was extracted with ether.
Stevens, and M. Terashima, J .  Org. Chem., 33, 747 (1968;. The extract was dried over sodium sulfate and evaporated.

(5) N. K. Hart, S. R. Johns, and J .  A. Lamberton, Aust. J .  Chem., 21, Silica chromatography of the residual oil, 3.9 g, and elution with
1619 (1968). 24 :1  chloroform-methanol yielded three sets of fractions whose

(6) L. Williman and H. Schinz, Helv. Chim. Acta, 32, 2151 (1949). thin layer chromatography revealed the first to contain one
99(73358 (“ “ "  S°humann’ U' Friese' and E' Poetsch' Chem■ Ber-  isomer, the second a mixture, and the third the second isomer

(8) G. R . Clemo and j. Rudinger, ./. Chem. S oc , 2714 (1951). ° l  fthe desired Product- Rechromatography of the second group
(9) F . Bohlmann, E. Winterfeldt, and u. Friese, Chem. Ber., 96, 2251 of fra c tio n s , 1 .0  g , on  silica  sep ara ted  th em  in to  th e  tw o iso m ers.

( 1963). D is tilla t io n  o f th e  firs t fra ctio n s  y ield ed  1 .1  g o f a  c ry sta llin e
(10) G. Fodor, J .  Amer. Chem. Soc., 88, 1040 (1966). s°bd whose crystallization from ether-hexane or sublimation gave
(11) Cf. S. Okuda, H. Katoaka, and S. Tsuda, Chem. Pharm. Bull. colorless crystals of 3a: mp 78-79 .5°; ir (K B r) 4.45 M (w,

(Tokyo), 13, 491 (1965). C = N ); pmr S 3.96 (s, 4, oxymethylenes).
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A nal. Calcd for C12H 18O2N2: 0 ,  64.84; H, 8 .16 ; N, 12.60. perature 250°) of the residue yielded 10 mg of liquid isolamprolo-
Found: C, 64.59; H, 8 .29; N, 12.37. bine (7): ir (CCU) 5.78 (m, C = 0 )  and 5.95 n (s, 0 = 0 ) .

Distillation of the last fractions yielded 1.2 g of a solid whose A suspension of 232 mg of bromide 5c and 135 mg of sodium 
crystallization from ether-hexane or sublimation afforded color- glutarimide in 4 ml of dimethylformamide was refluxed for 2 hr.
less crystals of 4a: mp 71 -7 2 .5 ° ; ir (K B r) 4.45 n (w, C = N ); The mixture was cooled and filtered and the filtrate was evap-
pmr 5 3.96 (s, 4, oxymethylenes). orated. The residue was chromatographed on alumina (activity

A n al. Calcd for C12H 18O2N 2: 0 ,  64.84; H, 8 .16; N , 12.60. IV ). Distillation of the 5 0 :1  ether-methanol eluates yielded 40
Found: C, 64.82; H, 8.02; N, 12.77. mg of liquid 7 whose ir and pmr spectra and thin layer chromato-

Phthalimides 3c and 4c.— A solution of 500 mg of 3a in 50 ml graphic behavior were identical with those of 7 above,
of dry ether was added over a 1-hr period to a stirring solution of Lamprolobine (1).— The above procedure of conversion of 5b
500 mg of lithium aluminum hydride in 50 ml of ether at room into 7 was applied to 100 mg of 6b and 100 mg of glutaric anhy- 
temperature and the mixture was stirred for 3 hr. Sodium sulfate dride. I t  led to 30 mg of liquid dZ-lamprolobine (1), ir (CCI4)
decahydrate was added and the mixture was shaken and filtered. 5.78 (m, C = 0 )  and 5.95 n (s, C = 0 ) ,  identical in all respects
The salts were washed with methylene chloride and the combined with the spectrum of natural lamprolobine (1). Crystallization 
filtrate and washings were evaporated. The residual liquid of its picrate from methanol gave yellow plates, mp 190-192°. 
amine 3b, 440 mg, had to be used for further reactions immedi- A nal. Calcd for C21H27O9N5: C , 51 .11 ; H , 5 .51 ; N , 14.19. 
ately, since it formed readily a carbon dioxide addition product. Found: C, 51.45; H, 5 .80 ; N, 14.12.
A solution of 45 mg of 3b and 50 mg of phthalic anhydride in 3
ml of chloroform was refluxed for 30 min and then evaporated. Registry N o . 1, 22142-02-5; 2, 22423-62-7 ; 3a, 
The residue was heated at 220° (0.001 Torr) and sublimed in a 22423-63-8; 3c, 22423-64-9; 4a, 22423-65-0; 4c,
fractional sublimator. Crystallization of the product, 50 mg, 22423-67-2' 5d, 10248-22-3; 6d, 22423-69-4; 1 p ic-

S V t  ¿ 5  «"«P “ I  » * .  2 2 1 4 2 -0 3 -6 ; l - ( 3  -k e to b n ty lH -c y a n o p y r id m h m
C = C ). b rom id e e th ylen e k e ta l, 2 2 4 2 3 -6 6 -1 .

A nal. Calcd for C20H24O4N2: C, 67.40; H, 6 .79; N, 7 .86. . . , . , rp, ,, . , , , , ,
Found: C, 67.20; H , 6 .64; N, 7 .68 . Acknowledgments.— -The authors are indebted to

The identical procedure was applied to 4a. Crystallization Dr. J . A. Lamberton for a gift of a sample of natural
of its imide from ether-hexane gave crystals of 4c: mp 137-138°; lamprolobine and to the U. S. Department of Health,
ir (K Br) 5.65 (w, C = 0 ) ,  5 .8 6 (s , C==0), and 6.18 (w , C = C ). Education and Welfare (Grant GM-11571) for partial 

A nal. Calcd for C20H 24O4N2: C, 67.40; H , 6.79; N , 7.86. v 1
Found: C, 67.67; H, 6 .59; N, 7 .82. support of this work.

Diamines 5b and 6b and Their Derivatives.— A solution of 1.5 
g of diamino ketal 4b in 10 ml of 50%  sulfuric acid was kept at
room temperature for 18 hr. The solution was cooled, made . . .
alkaline with 5 N  potassium hydroxide, and extracted exhaus- T h e  S t e r e o c h e m i s t r y  01  ( ) - D e o x y n u p h a r i d m e .
tively with methylene chloride. The extract was dried and T h e  S y n t h e s i s  o f  ( - ) - ( R ) - a - M e t h y l a d i p i c  A c id  
concentrated to a 10-ml volume. Ethylene glycol, 25 ml, was
added and the remaining methylene chloride was removed by m T T
distillation. Potassium hydroxide, 4 .0  g, and 10 ml of 98%  ChUN FoOK WoNG’ Egm0NT AueR’ AND RoBERT T ' LaLoNDE 
hydrazine were added and the mixture was heated at 190° for ca. ~
3 hr and subsequently refluxed under nitrogen for 12 hr. I t  _ TT • Department o f  Chemistry,
was then cooled, acidified with 6 N  hydrochloric acid, and evap- State University College o f  Forestry at Syracuse University,
orated under vacuum. The residue was dissolved in a minimum Syracuse, New York 13210
amount of 1 N  potassium hydroxide and the alkaline solution
was extracted with methylene chloride. The extract was dried Received M ay 22, 1969
and evaporated. Distillation of the residue gave 135 mg of 6b,
which had to be used immediately in the next reactions in view A  re c e n t p u b lica tio n 2 d ealing w ith  th e  sy n th esis  of
of its ready air oxidation and formation of a carbon dioxide adduct. ( +  ) - ( S ) - a -m e th y la d ip ic  acid  h as p ro m p te d  U S  to

1 ml cf chloroform was refluxed in a sublimation tube for 30 min. d isclose ou r syn th esis  of ( — )-( /t ) -a -m e th y la d ip iC  a cid , a
I t  was evaporated and the tube was heated at 250° (0.005 Torr) syn th esis  ca rrie d  o u t in  an  a t te m p t  to  c la rify  th e
in a fractional sublimator. Collection of a band of crystals gave ab so lu te  co n figu ratio n  of ( — )-d e o x y n u p h a rid in e  and
10 mg of solid whose crystallization from ether-hexane yielded re la ted  N u p h a r alk alo id s . 3 A lso re p o rte d  h e re  a re
colorless crystals of 6d: mp 128-129°; mmp (with 6d below) i i.
127-128.5°: mmp (with 5d below) 108-117°; ir (K B r) 5.66 (m n u clear m a S * e tlc  re so n an ce  re su lts  w h ich  su p p o rt th e
C = 0 ) ,  5.85 (s, C = 0 ) ,  and 6.20 y (w, C = C ). re la tiv e  co n figu ratio n  of d e o x y n u p h a n d m e  p rop osed

A nal. Calcd for C18H 22O2N2: C, 72.46; H, 7 .43; N, 9 .39 . earlier.
Found: C, 72.63; H, 7 .53; N , 9 .37. O riginally , th e  a b so lu te  con figu ratio n  of ( — )-d e o x y -

The preparation of the 1-bromomethylquinolizidines 5c and nUp h arid in e (1 ) w as p rop osed  on  th e  b asis t h a t  th e
oc followed the procedure for the conversion of lupmine (5a) , \  . , , , . , i -
into optically active 5c .8 Epilupinine (6a), 330 mg, gave 410 ( — )-a :-m e th y la d ip ic  acid  o b ta in e d  on  d e g ra d a tio n
mg of 6c. (S ch em e I )  possessed th e  S  co n fig u ra tio n . 4 T h e

A solution of 100 mg of 5c and 100 mg of potassium phthalimide co n figu ratio n al assig n m en t of th is  acid  w as m a d e  on  th e
in 4 ml of dry dimethylformamide was heated at 130° for 4 hr.11 basis 0 f syn th esis  fro m  ( - ) - a - m e t h y l - Y - b u t y r o l a c -
The mixture was cooled and evaporated. The residue was ex- * ^  i ( w crvj. i j •.V ii i ii  • j  l i  , u j  o c to n e , w h ich  in  tu rn  w as co rre la te d  w ith  ( )tracted with methylene chloride and chromatographed on 3 g of . . . TT ^  R ,.  ,
alumina (activity II ) . Elution with 50 :1  ether-methanol gave methylsuccmic acid. However, Turner questioned
65 mg of a solid whose^^crystallization from ether-hexaneyielded {1) Support of this work by the u. s . Department of Interior, Federal
crystals of 5d. mp 135 136 , ll (K Br) 5.66 (rn, C O), 5.87 Water Pollution Control Administration and the M clntire-Stennis Coopera-

^  0 ) ,  and 6.19 /x (w, C = C ). tive Forestry Research Program of the U. S. Department of Agriculture is
A nal. Calcd for C18H22O2IM2: C, 72.46; H, 7 .43 ; N , 9 .39. gratefully acknowledged.

Found: C, 72.21; H, 7 .62; N, 9.27. (2) I. Kawasaki and T. Kaneko, Bull. Chem. Soc. Jap., 41, 1482 (1968).
A similar reaction with 40 mg of 6c and 40 mg of potassium (3) These include nupharidine, AJ-dehydrodeoxynupharidine, nuphar-

phthalimide gave 29 mg of 6d: mp 127.5-129°; ir (K B r) iden- amine, anhydronupharamine, nuphamine, and castoramine.
tical with that of 6d above. (4) (a) M ' Kotake' l - Kawasaki, T . Okamoto, S . Matustani, S . Kusu-

tn* _•  ̂ a  ̂ 1 r nA i ,1 ^ moto, and T . Kaneko, ibid ., 35, 1335 (1962); (b) Y . Arata and T. Iwai,Diamine 5b, 1.4 g, was prepared from 3b, 90 mg, by the pro- v  * n . . v . 7 , ’ , Ar ’ ' mqaonj  ... . * P • . .. . , ° , . . Kanazawa Daxgaku Yakugakuba Kenkyu Nempo, 12, 39 (1962).
cedure outlmed above for the conversion of 4b into 6b. A solu- (5) T Kanelt0i K. Wakabayashi, and H. Katsura, Bull. Chem. Soc. Jap.,
tion of 35 mg of diamine 5b and 35 mg of glutaric anhydride in 4 36> 1149 (igg2).
ml of chloroform was kept at room temperature for 2  hr. Evap- (6) D. C. Aldridge, J .  J .  Armstrong, R . N. Speake, and W. B . Turner,
oration of the solution and high vacuum distillation (bath tern- J .  Chem. Soc., 1667 (1967).
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,1 I According to a known procedure,9 ( — )-(R)-S-
methyl-e-caprolactone was obtained by repeated low- 

*■ L  jlj temperature fractional crystallization of the mixture of
X _ J  | 5- and 0-methyl-e-caprolactones resulting from the

/  \  /  \CH;) Baeyer-Villiger oxidation of (+)-(f2)-3-methylcyclo-
Nq'  \ q/  hexanone (optical purity, 100%). Careful allvaline

1 H /  hydrolysis of the ( — )-(i£)-5-methyl-e-caproIactone and
y' subsequent oxidation with an excess of potassium

/  permanganate produced ( —)-(.R)-a-methyladipic acid
[ l which agreed in sign and magnitude of rotation with

( '''X' } the ( —) acid of degradation.
L A convincing assignment of the relative configuration

[ I 1  | '• and conformation of ( —)-deoxynupharidine has been
/  VCH;,)., made on the basis of synthetic methods and infrared

' o '  studies. 10,11 Supporting evidence for the presence of
2 one axial and one equatorial methyl group was furnished
jo, by an early nmr study,4a and a specific stereochemical
h2° assignment of methyl groups was made possible later by

the transformation of nupharamine to deoxynuphari- 
methylsuccini. acid dine an(j 7-epideoxvnupharidine. 12 Since the 7 epimer

j [ was shown by nmr to have two equatorial methyl
KMiiO, . X cO O H  groups, deoxynupharidine must have Ci equatorial and

L *" L  C7 axial methyl groups. This stereochemistry is also
_ J  ] demonstrated through examination of the C6 protons in

/  V COOH the 100 MHz nmr of deoxynupharidine. Both H 6a
' o '  (7-30 r) and H6p (8 .12  t) signals are identical quartets.

3 The H6a quartet arises from geminal (12.5 Hz) and
equatorial-equatorial (6a-70) coupling ( J eie =  2.5 Hz), 

. H V H while the H6/3 quartet arises from geminal (12.5 Hz) and
yi X\ si ^ 0  axial-equatorial (60-7/3) coupling ( / a,e =  2.5 Hz).

| | —► j t) + ] These results are consistent with a structure having a
^ ^ 0  C7 axial methyl group. Therefore the Ca methyl must
(+)-(#) be equatorial. Had the C7 methyl been equatorial, a

diaxial (60-7a) coupling (J  ~  10 Hz) would have
,, . , j . ,, a  a  \ ,, , resulted, in which case low- and high-field quartetsthe assignment of the S  configuration to ( — )-a-methyl-

r . “  ( + ) -  On the basis of the correlation of (-)-deoxynuphari-
(A -e-mcthyladipic acid, as well as <->-«-methy ad.pic w ( _  (K li;lllvlidl ic lcjd and the stadies
acid all were produced in the oxidative degradation of . , , • , , , , , , •„
the cytochalasins A and B. Furthermore, Turner of relative stereochemistry, the absolute stereochemis-
suggested that the proposed absolute configuration of can e Slven as eP,c e m
( — )-deoxynupharidine should be reversed. Later, the
formation of (—)-(/2)-methylsuccinic acid by ozonolysis CH3 ^ ¥
of the tertiary aminodiene 2 was offered7 as experi- 
mental evidence to confirm Turner’s suggestion.

We viewed an assignment of the absolute configura- H I
tion of ( — )-deoxynupharidine as ambiguous when based \ CH;)
on a correlation with optically active methylsuccinic 0
acid. The optically active acid possibly could have 4
originated from Ci0, Ci, C2, and C3, by ozonolysis of two
carbon-carbon double bonds in 2, or its antipode could Experimental Section
have arisen from C6, C7, C8, and C9, by ozonolysis of a
double bond and a carbon-nitrogen bond. There is Spectra were obtained as follows: nmr m solution as iiidi- 
precedent for the formation of aldehydes on ozonolysis ^  ; nd/odetermi„ed hy  Mrs. D Lee and Mrs. H. Jennison; 
of tertiary amines,8 and oxidative conditions such as ir in soiutiori as indicated, Perkin-Elmer 137. Melting points
those used in the degradation of 2 would suffice to were determined on a Kofler micro hot stage and are uncorrected;
oxidize an aldehyde to a carboxylic acid. On the optical rotations, on a Perkin-Elmer 141 polarimeter. The ele-
other hand, the origin of the (—)-a-methyladipic acid mental analysis was performed by Galbraith Laboratories.

. , (-)-(fl)-or-Methyladipic Acid.—According to the method of
produced from 3 in the degradation is unequivocal and, 0verberger and Kaye,» 10.3 g (0.0916 mol) of (+ )-(«)-3-methyl- 
therefore, a synthesis of (fi)-a-methyladipic acid was 
justified for the purpose of correlation.

(9) C. G. Overberger and H. Kaye, J .  Amer. Chem. Soc. 89, 5640 (1967).
(10) F. Bohlmann, E . Wir.terfeldt, P. Studt, H. Laurent, G. Boroschewski,

(7) I. Kawasaki, I . Kusumoto, and T. Kaneko, Bull. Chem. Soc. Ja p .,  41, and K . Kleine, Chem. Ber., 94, 3151 (1961).
1264 (1968). (11) Y . Arata, N. Hazama, and Y. Kojima, J .  Pharm. Soc. J a p .,  82, 326

(8) P. S. Bailey, D. A. Mitchard, and A. Y. Khashab, J .  Org. Chem., 33, (1962).
2675 (1968); P. S. Bailey and J .  E . Keller, ibid., 33, 2680 (1968); and ref- (12) I. Kawasaki, S. Matsutani, and T. Kaneko, Bull. Chem. Soc. Ja p .,
erences therein. 36, 1474 (1963).
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cyclohexanone,18 M 25d + 1 2 .3 °  (1 dm, neat) [lit.9 H 27d + 12.01 Anom eric M ethyl 4-Thio-D -arabinofuranosides1
(1 dm, neat)], was treated with a mixture of 26.5 g (0.126 mol)
of trifluoroacetic anhydride and 3.63 g of 90%  hydrogen peroxide _  T _  TT „  „  n  T ,
to yield 9.4 g of colorless liquid (bp 83° at 2.5 mm) containing a R oy L ' W histler , U. G. N ayak, and Arthur W. P erkins, J r .2
mixture of S-methyl-e-caprolactone and /3-methyl-e-caprolactone.
The nmr spectrum (CC14) of this mixture showed the low-field Department o f  Biochemistry, Purdue University,
methylene signals at 5.84 (t, J  =  4 Hz) and 6.0 (m, 4.5 H z), Lafayette, In d ian a  47907
which were assigned to the chemical shifts of the -C H 20 -  groups
of /3- and ¿-methyl-e-caprolactone, respectively. The ¿-methyl- Received Ju ly  7, 1969
e-caprolactone was isolated from the mixture by fractional crystal
lization at 0 ° , yielding 0.944 g of needles: mp 35 .5 -3 6 .0 ° ;
[a]23D - 3 7 .4 °  (c 0.855, CHC13) {lit .9 [«]%> - 3 6 .1 1  (c 0.46, Since some nucleosides of n-arabmose possess anti- 
CHCla)}; ir (CCU) 5.78 and 8.59 n; nmr (CC1«) r  6.0  (m, 2 H , tumor activity,8 and a number of thio and amino sugars
-C H 20 - ) ,  7.47 (m, 2 H, -C H 2C = 0 ) ,  8.20 (broad m, 5 H ), and and their derivatives have been shown to have biological
9.08 (d, /  =  6.8  Hz, 3 H ). activity, it is of interest to prepare nucleosides of

A mixture of ( — )-(# )-5-methyl-e-caprolactone (415 mg, 3.24 . , .  ̂ . rpi ^  a  u f a  ^
mmol), sodium hydroxide (372 mg), and 5 ml of aqueous ethanol 4-thlo-D-arabmose. The conversion of 9-(4 -thlO-0-D-
was heated to reflux for 2 hr. Ethanol was removed by vacuum xylofuranosyl)adenine into 9 - (4  -thio-p-D-arabmoiura-
evaporation and the residue was treated with an excess of sat- nosyl)adenine has been reported,4 but the synthesis is
urated potassium permanganate (about 1 g) until the pink colora- not applicable to other nucleosides. This paper de-
tion persisted. The mixture, after storing at room temperature scribeg tfa gynthegig of th e  anomeric methyl 4-thio-D-
overnight, was treated with a few crystals of sodium bisulfite , . „ J  , , . ,, , -i ui
until the decantation was colorless. The brown precipitate was arabinofuran.osid.es, making the sugar analog aval a e
removed by filtration and the filtrate was extracted twice with 50 for incorporation into a variety of nucleosides,
ml of methylene chloride. The aqueous layer was separated and The starting material used in the synthesis is 5 -S -  
adjusted to pH l by adding concentrated hydrochloric acid. acetyl-3,6-di-O-benzyl-l,2-0-isopropylidene-a-n-gluco-
Continuous extraction with ether yielded 472 mg of crystals, mp ,  , . . . i-__• . . .
75-78°. Fractional crystallization (thrice) from a mixture of furanose,6 an intermediate prepared earlier m this
ether and petroleum ether afforded 246 mg of crystals: mp 8 1 -  laboratory for the synthesis of 5-thio-D-glucopyranose.
82°; [apD - 1 3 .4 °  (c 2.15 EtO H ); ir (CHCla) 3.80 (br) and Selective hydrolysis of the isopropylidene group in the
5.85 n (s) (COOH); nmr (CDCb) r  —1.6 (s, 2 H, COOH), 7.62 presence of the thiolacetate group of 5-5-acctyl-3,6-di-
(m ,3 H ), 8.33 (m 4 H ) and 8.78 (d, J  =  7 IIz 3 H ). O-benzyl-l,2-0-isopropylidene-5-thio-a-D-glucofuranose
C, 52 .39 ; H, 7.50. (I) m 5 0 %  aqueous a c e tic  acid  a t  7 0  gives a 7 8 %  yield

' ( + )-S-a-Methyladipic acid had lit.2 mp 81-83°, M 25d + 1 3 .8 °  of cry sta llin e  5 -S -a ce ty l-3 ,6 -d i-0 -b e n z y l-5 -th io -D -g lu co -  
(c, 1.91 in EtO H ). ( —)-«-Methyladipic acid had lit.4b.6 mp fu ran ose  (II) an d  a 1 6 .2 %  yield  of 3 ,6 -d i-0 -b e n z y l-5 -  
82-83°, [a]28D - 1 8 ° .  th io-D -glu copyran ose (III) Scheme (I ) .

(-)-D eoxynuphandine.— A 200-mg sample of nuphandme f H I is confirmed bv the
([<*]D + 1 4 .8 °  mp 218-224°, hydrochloride mp 228°; lit.14 [«]d l h e  structure ol compouna 1 1 1  is connrmea Dy tne
-f  13.0, mp 212°, hydrochloride mp 196°) was dissolved in 100 absence of absorptions at 1 6 8 5  (o-acetyl) an d  2 5 5 0  cm
mg of absolute ethanol, and 100 mg of 10%  palladized charcoal (SH). Also, the absence of resonance signals at r
was added. The mixture was shaken under 1 atm of hydrogen at 7-7.2 (SH), 7.76 (S-acetyl), and 8 .5-8.7 (isopropylid- 
room temperature. After 0.5 hr, consumption of hydrogen was  ̂ indicates that in compound III sulfur has replaced
complete. The catalyst was filtered and the filtrate evaporated. 7 , , , • , u i „ _____ „
Chromatography of the 190 mg of oily residue on neutral alumina oxygen as the heteroatom m a s a e p y ia  f(
(activity II), using hexane (95% )-ether (5 % ) gave 178 mg of The strong dextrorotation of compound III (+ 9 7 .5  )
deoxynupharidine: M 25d —105° (48.6 mg in 2 ml of MeOH), compared with the dextrorotations of compounds I and
mp (hydrochloride salt) 268°; lit.16 [a]26D - 1 1 2 .5 ° ,  mp (hydro- j j  /  54  35 an d  —40°) having furanose structures
chloride sab) 262°. The key features of the 100-MHz nmr t  th a t  compound III has a stable pyranose

structure in which sulfur has entered the ring. I he 
presence of the »S'-acetyl group in compound II is 

Table j confirmed by an absorption at 1685 cm - 1  and by a
„  T „ ' resonance signal in the nmr spectrum at r 7.76. The

100-MHz N mr Spectrum of Deoxynupharidine abgence Qf signal jn the region of T 8 .5- 8 .7 confirms
csy “ ‘r°ef  th e  ab sen ce of th e  isopropylidene grou p. C o m p ou n d  II
to T M S, No. of is fu rth e r ch a ra cte riz e d  b y  a ce ty la tio n  to  o b ta in  1,2-

(r  10) protons Splitting pattern, j , Hz Assignment6 d i-0 -a c e ty l-5 -> S -a c e ty l-3 ,6 -d i-0 -b e n z y l-5 -th io -D -g lu c o -
9 .01  Doublet, 7 .0  C, CH3 (ax) fu ran ose  (IX ) fo r w h ich  b o th  th e  ir  an d  n m r s p e c tra

6 r , , , show ed th e  p resen ce of <8 - a c e ty l an d  O -a ce ty l grou p s.
Doublet, 5 +  C, CH3 (eq) The structure of compound III is confirmed by the

y in f  Quartet' 12*®' 2 5 C\ H (eq) absence of an absorption at 1685 c m -1. Also, the
7 .1 2  1 Quartet, 8.0, 6 .2  H (ax) absence of a resonance signal at r  7.76 (S-acetyl pro-
- Only the lower field half of the 8.12 quartet is clearly observed. tons) and r  8 .5-8.7 (isopropylidene protons further

The high-field portion is superimposed on the envelope of the indicates that m compound 111 sulfur has replaced the
remaining methinyl and methylene protons. b ax = axial, eq =  oxygen as the heteroatom in a stable pyranose ring, 
equatorial.

(1) This work was supported by the National Institutes of Health, De
partment of Health, Education and Welfare, Grant No. 1 R O l Am 11463;

Registry No.— 4, 1143-54-0; (-)-(B )-« -m eth y l- °£ ““ AgricuUuraI Experiment station'
adipic acid, 16200-25-2. (2) National Institutes of Health predootoral fellow, 1965-1968.

(3) For a review see S. S. Cohen in "Progress in Nucleic Acid Research and 
Molecular Biology,” Vol. 5, J .  N. Davidson and W. E . Cohn Ed., Academic

(13) Purchased from the Aldrich Chemical Co. Press Inc., New York, N. Y ., 1965, p i .  ,  n  , ,  iaQ
(14) M. Kotake, I. Kawasaki, S. Matsutani, S. Kusumoto, and T. Kaneko, (4) E . J .  Reist, L. V. Fisher, and L. Goodman, J .  Org. Chem., 33, 189

Bull. Chem. Soc, Ja p .,  3 5 , 698 (1962). (1968). J T>T ..... „„«or
(15) Y . Arata, J .  Pharm. Soc. J a p .,  66, 138 (1946). (5) U. G. Nayak and R. L. Whistler, ibid., 34, 97 (1969).
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Oxidation of sulfides to sulfoxides by metaperiodate ammonia separately has afforded crystalline methyl
has been described6 as a rather general reaction and has 4-thio-a-D-arabinofuranoside (VII) and methyl 4-thio-
been applied to the synthesis of sulfoxides of thio /?-D-arabinofuranoside (VIII), respectively. Assign-
sugars.7’8 However, the divalent sulfur of compound ment of the anomeric configurations have been made by
II is resistant to oxidation by neutral sodium metaperio- analogy to the known methyl D-arabinofuranoside.9
date, possibly owing to the inductive effect of the acetyl The nmr spectra of compounds VII and VIII in D20
substituent. Thus, oxidation of compound II with show the anomeric proton as a doublet centered at r
neutral sodium metaperiodate in 50% aqueous ethanol 5.01 (Jii2 =  4.5 Hz) and 5.3 (Ji(2 =  3.8 Hz), respec-
gives a rapid and quantitative yield of 4-S-acetyl-2,5- tively. In compound VII the H -l and H-2 protons are
di-O-benzyl-4-thio-afde/ii/do-D-arabinose (IV), which ex- tr a n s  to each other and hence will have a larger coupling
Mbits absorptions at 1730 (aldehyde) and 1685 cm-1 constant, thus confirming VII as the a anomer and VIII
((S-acetyl). Compound IV is directly converted to the as the j8 anomer.
anomeric 2,5-di-0~benzyl-4-thio-D-arabinofuranosides
(V and VI) by refluxing in 0.5%  methanolic hydrogen Experimental Section
chloride. The anomers V and VI are separated readily
on a silica gel column to give pure, crystalline com- Analytical M ethods.^Purity-of products was determined by 

, °  thm layer chromatography (tic) with silica gel G1" coated on 5.0
pounds. X  12.5 cm glass slides according to published procedure.11 Com-

The nmr spectra of both compounds V and VI ponents were located by spraying with 5%  sulfuric acid in ethanol
integrated for 2 4  protons. The absence of a resonance and heating until permanent char spots were visible. Column
signal in the r 7.6-7.8 region and that of an absorption chromatography was carried out on silica gel.12 Solvents (in
in th e  ronion of 16Q0 c m “ 1 confirm s th e  ah sen ce of th e  parts by volume) were A > chloroform-acetone (9 :1 ) ; B , hex-m  tn e  region  01 ib yu  cm  con u rm s tile  ab sen ce  Ol tile  ane-ethyl acetate (6 :1 ) ; C, benzene-ethyl acetate (1 0 :1 ); D,
¿-acetyl group in both  V and V I. Ihe presence of a chloroform-methanol (1 0 :1 ); and E , chloroform-methanol (6 : 1).
resonance signal at r 2.7 integrating for 10 aromatic Melting points are corrected and were determined with a cali-
protons substantiates that both the benzyl groups are brated Fisher-Johns apparatus. Nuclear Magnetic resonance
intact (nmr) spectra were obtained with a Varian Associates A-60

Débenzylation of V and VI with sodium in liquid (9> I. Augestad and E . Berner, Acta Chem. Scand., 8, 251 (1954>.
(10) Brinkmann Instruments, Inc., Westbury, Long Island, N. Y.

(6) N. J .  Leonard and C. R. Jonson, J .  Org. Chem., 27, 282 (1962). (11) R . L. Whistler, M. Lamchen, and R . M. Rowell, J .  Chem. Educ., 43,
(7) R . M. Rowell and R . L. Whistler, ibid., 31, 1514 (1966). 28 (1966).
(8) R . L. Whistler, T . Van Es, and R . M. Rowell, ibid., 30, 2719 (1961). (12) J .  T . Baker Chemical Co., Phillipsburg, N. J.

520 Notes The Jou rn al o f Organic Chemistry



instrument. Infrared (ir) spectra were obtained with a Perkin- tions, it was possible to achieve fractional crystallization of VI
Elmer Model 337 spectrophotometer. Evaporations were done by seeding a solution of the mixture in ether-hexane. The nmr
under reduced pressure with a bath temperature below 40°. (CDC13) of compound V was suggestive of a  configuration: r
Optical rotations were measured on a Perkin-Elmer Model 141 2.69 (s, 10, aromatic), 5.36 and 5.50 (2 s, 4, CH2 of benzyl),
polarimeter. 6.72 (s, 3, CH30 - ) ,  and 4.93 (broad s, 1, H -l).

5-S-Acetyl-3,6-di-0-benzyl-l,2-0-isopropylidene-5-thio-a-D-glu- A nal. Calcd for C + H + h S : C, 66.64; H, 6 .71; S, 8.90. 
coftiranose (I).— Compound I was prepared according to pub- Found: C, 66.38; H, 7 .00; S, 8.84.
lished directions.6 The nmr (CDC13) for compound VI showed r  2.7 (s, 10 H ,

5-iS-Acetyl-3,6-di-0-benzyl-5-thio-D-glucofuranose (II).— Com- . aromatic), 5.35 and 5.48 (2 s, H, CH2 of benzyl), and 6.76 (s, 3,
pound I (30 g) was dissolved in 750 ml of glacial acetic acid at CH30 - ) .
25° and to this solution 750 ml of water was added with stirring. A nal. Found: C, 66.83; H , 6 .86 ; S, 9.12.
The stirred mixture was heated at 70° under nitrogen for 36 hr. Methyl 4-Thio-a-D-arabinofuranoside (VII).— To a stirred
The reaction mixture was concentrated on a rotatory evaporator solution of compound V (21.6 g, 0.06 mol) in liquid ammonia
to a solid mass which was taken in 750 ml of chloroform. The (500 ml) contained in a 1-1.. three-necked flask, fitted with me-
chloroform solution was washed sequentially with 10% aqueous chanical stirrer and Dry Ice-acetone condenser, was added 100
sodium chloride, dilute aqueous sodium bicarbonate, and water ml of dry 1,2-dimethoxyethane to assist the solubility of V
until the washings were neutral. The washed chloroform solu- during reduction. Freshly cut sodium was added in small pieces
tion was dried over anhydrous sodium sulfate and filtered. The (about 200-mg size), one at a time, until the blue color of the
filtrate was concentrated to dryness, whereupon the residue solution persisted for 15 min or more. The reaction mixture was
solidified. The solid was recrystallized by dissolving it in 100 ml then carefully decomposed with excess solid ammonium chloride 
of ether. To this was added 300 ml of hexane and the solution and ammonia was allowed to evaporate overnight in a current of
was set aside at 25° to obtain compound II as flocculent needles: nitrogen. Chloroform (500 ml) was added and the solution
yield 20 g; mp 104r-105°; [a ]25D —40° (c 1.2, CHCh). The warmed to 40° to drive off the trace of dissolved ammonia,
supernatant from the recrystallization, on being examined by with a current of nitrogen bubbling through the solution. The
tic in solvent A, showed the presence of some more of compound reaction mixture was filtered to separate the inorganic salts and
II  (Ri 0.34) and compound III  (major component having Rt the filtrate concentrated under reduced pressure to a yellow-
0.24); and hence was concentrated and chromatographed over ish syrup which was chromatographically homogeneous in solvent
a silica gel column using solvent A as eluent, to give an additional D but contained some bibenzyl, which was removed by silica gel
1.25 g of compound II . Total yield of compound II was 21.25 chromatography using solvent D as eluent. The product (10.6
g (78% ): ir Xma* (Nujol) 3450 (OH) and 1685 (S-acetyl); nmr g, ^ 1 0 0 % ) crystallized spontaneously upon removal of the sol-
(CDCI3) r  2.71 (s, 10, aromatic) and 7.76 (s, 3, S-acetyl). The vent and was recrystallized from either chloroform or ethyl acetate
nmr spectrum of compound II in CDCh integrated for 26 protons as small needles: mp 71-72°; [o ] 25d + 2 9 9 °  (c 1, CH3OH). The
with assignable resonances at r  2.71 (10 H, aromatic) and 7.76 nmr spectrum of VII in D20  showed the complete absence of
(3 H, S-acetyl), and none for the isopropylidene protons in the the benzyl groups and showed the anomeric proton as a doublet
region of 8 .5 -8 .7 . centered at t 5.01 ( J i . i  =  4.5 H z); the methoxyl resonance

A nal. Calcd for CmHmOsS: C , 63.14; H, 6 .26; S, 7.65. occurred at r  6.80.
Found: C, 62.95; H, 6.42; S, 7.45. A nal. Calcd for C6H I20 4S: C, 39.99; H, 6 .71 ; S, 17.79.

The fractions having iff 0.24 were combined and concentrated Found: C, 39.73; H, 6 .88 ; S, 17.65. 
to give 4 g (16.2% ) of pure compound III . An analytical sample Methyl 4-Thio-/3-D-arabinofuranoside (VIII).— In a similar
prepared by recrystallization from ether-hexane, had mp 102-  manner described above for the a  anomer, compound VI (21.6  
103°; [a] 25d + 9 7 .5 °  (c 1 , CHCh); ir Amax (Nujol) 3500 (OH); g, 0.06 mol) was debenzylated. The resultant syrup was chro-
nmr (CDC13) r 2.71 (s, 10, aromatic), 5.26 and 5.56 (2 s, 4, CH2 matographed using solvent E  as eluent. Pure compound VIII
of benzyl). (10.5 g, ~ 1 0 0 % ) so obtained was recrystallized from hotc hloro-

A nal. Calcd for C20H21O5S: C, 63.8; H, 6 .4 ; S, 8.52. form as long needles: mp 98°; [a]25D — 156° (c 1.25, CH3OH).
Found: C, 64.0; H , 6 .30; S, 8.41. Again, the nmr spectrum of compound V III in D20  showed the

l,2-Di-0-acetyl-5-iS-acetyl-3,6-di-0-benzyl-5-thio-D-glucofuran- absence of benzyl groups. Assignable resonance signals for the
ose (IX).— Compound II (1.046 g) was acetylated using pyridine anomeric proton occurred at r  5.3 ( / i ,2 — 3.8 Hz), and for the
and acetic anhydride and the reaction mixture was worked up methoxyl protons at r  6.38.
in the usual manner. Compound IX  was recrystallized from A nal. Found: S, 17.53. 
ether-hexane as needles: mp 8 5-86°; [a]26D + 1 .2 °  (c 1.07,
CHCh); irXmai (Nujol) 1740 (O-acetyl) and 1685 (S-acetyl). R e g is try  N o .— I I ,  2 2 5 3 8 -3 5 -8 ; I I I ,  2 2 5 3 8 -3 6 -9 ;

A nal. Calcd for C26H3„08S: C, 62.13; H, 6 .02 ; S, 6.38. y ,  2 2 3 7 7 -9 3 -1 ; V I , 2 2 3 7 7 -9 4 -2 ; V II , 2 2 3 7 7 -9 5 -3 ;

“  « n- f • j V I I I ,  2 2 3 7 7 -9 6 -4 ; I X ,  2 2 5 5 4 -9 4 -5 .Methyl 2,5-Di-0-benzyl-4-thio-a- and -/3-D-arabinofuranoside ’ ’ ’
(V and VI).— To a stirred solution of compound II (24.4 g, 0.058 __________________
mol) in 300 ml of ethanol was added a solution of neutral sodium
metaperiodate (13.65 g, 0.0638 mol) in 300 ml of water. The _  ,  „  e  . f  » i m 
mixture was stirred below 30° for 30-40 min, then filtered, using a The S tru ctu re and Conform ation of the c i s
little ethanol to wash the precipitate. The filtrate was concen- a n ( | t r a n s  I s o m e r s  o f  J - ( p - C h l o r o b e n z y l i d e n c ) -  
trated under diminished pressure at a bath temperature below 30° , . .
to remove ethanol and water. The oily residue was then taken 2 - m e t h y l - 5 - m e t h o x y m d e n y l a c e t i c  A c id
in 500 ml of chloroform and washed twice with water to remove
the inorganic salts. The washed chloroform solution was dried K arst H oogsteen and N elson R. T renner
over anhydrous sodium sulfate and filtered. The filtrate was
concentrated to give an almost quantitative yield of^-S-acetyl- Department o f  B iophysics and Pharmacology,

’ f 1!?  f Zy 1  ^  u TV8® v v l  g)™  , , Mcrcfc SharP & Dohme Researeh Laboratories,
S “ “  T  f ta Adi « f ;  t nd exhlblted W  (Nul0l) D ivision o f M erck & Co., Inc., Rahway, New Jersey  070651730 (aldehyde) and 1685 (S-acetyl). J

Compound IV thus obtained, was dissolved in 400 ml of 0 .5%  
solution of hydrogen chloride in methanol. The solution was Received M arch 20, 1969
refluxed for 3 hr, after which time it was cooled in ice water and
neutralized with silver carbonate. The mixture was filtered D u rin g  th e  cou rse of a  re search  p ro g ra m  on
and the filtrate was concentrated. The syrupy mixture of the a n ti_in flam m ato ry  agen ts, l-(p -ch lo ro b e n z y lid e n e )-2 -  
anomenc glycosides were readily separated by column chromatog- J . , . . . ,  ,, • ,
raphy over silica gel using solvent C as eluent. The pure com- m e th y l-5 -m e th o x y in d e n y la ce tic  acid  w as syn thesized
ponents were crystallized from ether-hexane to give 9.5 g (40.7% ) in a  s tu d y  of in d o m eth acin  a n alo g s .1 T h e  p resen ce of
of methyl 2,5-di-0-benzyl-4-thio-a-D-arabinofuranoside (V):
mp 43-45°, [a]25D + 1 1 2 °  (c 1.4, CHCh), and 11 g (52.2% ) of (1) T, Y. Shen, R. L. Ellis, B, E, Witzel, and A. R. Matzuk, Abstracts,
methyl 2,5-di-0-benzyl-4-thio-+D-arabinofuranoside (VI), mp 152nd National Meeting of the American Chemical Society, New York,
74-75°, [a ] 25d —139° (c 1.26, CHCh). In subsequent prepara- N. Y ., Sept 1966, No. P003.
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T able I
Nuclear M agnetic R esonance D ata for Compounds I and II“

Protons of 
p-chloro-
phenyl H-7, ortho H-4, meta ortho-meta,

Solvent ring H-10 only, Jortho only, Jmeta Jortko-mela CHsO CH2COOH CHs

I CDCI3 2 .6 8  2 .5 9  2 .4 9  (s) 3 .2 5 (d )  3 .2 9 (d )  6 .1 6  6 .4 5  8 .1 9
2.63 (s) 3.43 (d)

U Fi> D F6 D F D F D F D F U F U F
Acetone-de 2 .5 8  2 .5 3 “ 2 .4 0 “ (s) 3 .1 3  3 .3 1 (d )  6 .21  6 .4 4  8 .1 7

2 .4 8  (s) 3 .4 3 (d )
II CDCls 2 .6 0  3 .0 0  2 .71  (s) 3 .2 7 (d )  3 .5 5 (d )  6 .2 2  6 .4 2  7 .8 5

2 .8 7  (s) 3 .6 8 (d )
A cetone-* 2 .5 2  2 .9 3  2 .7 8  (s) 3 .2 0 (d )  3 .5 6 (d )  6 .2 6  6 .4 3  7 .8 3

2 .9 0  (s) 3 .7 0 (d )
A, chemical-shift CDC13 + 0 .0 8  - 0 .4 1  0 .2 2  - 0 . 0 2  - 0 .2 6  - 0 . 0 6  + 0 .0 3  + 0 .3 4

differences, A cetone-* + 0 .0 6  - 0 . 4 0  - 0 . 3 8  - 0 . 0 7  - 0 .2 5  - 0 . 0 5  + 0 .0 1  + 0 .3 4
I -  II

.  J vrth0 =  o.io = 6 cps; J  meta =  2.4 cps. h U F, upheld; D F, downfield. “ H-7 and = C H  proton resonances overlapped, 

a double bond between the atoms C -l and C-10 gives Results
rise to two isomers, one with the C-2 atom cis The nuclear magnetic resonance data in the two sol-
(I) and one with the C-2 atom trans (II) with respect to venis chloroform and acetone are presented in Table I. 
the p-chlorophenyl substituent. The assjgriment of the spectrum could be made on the

basis of the observed chemical shifts, the relative inte- 
CH3-Q^5 s grated band areas, and the typical ortho, ortho-meta,

/ =\ and meta aromatic coupling patterns given by the pro-
4\  f  H tons at C-4, C-6, and C-7 of the indenyl substituent,

HOOC-CH while those of the p-chlorophenyl substituent occur as a
9 s \ __  singlet band. Compound I has protons identical in

| \  type with II and is isomerically related to it. This is
CH3 \ _ /  supported by its elemental composition (see Experi-

'C1 mental Section).
j The magnetic anisotropy caused by the electrons in

the benzene ring makes it possible to describe the rela- 
CH3- 0 ,  9  ̂ tive proximity and orientation of the planes of the aro-

y = \  / ==\ matic rings in the two isomers I and II. Protons sit-
\  )  A /  uated in the plane of an aromatic ring are subject to

__/  \  , /  paramagnetic or downfield frequency shifts, whereas
2 \ y / >== protons located over the aromatic ring plane are sub-

I L~ ject to diamagnetic or upheld frequency shifts.
CH3 With these anisotropy rules in mind, it will be ob-

h served that the chemical-shift differences A presented
in Table I are consistent with the structural and confor- 

Fractional crystallization of the final crude product mational assignments made in this paper for isomers I
synthesized according to Shen, et al.,1 from a benzene and II. Protons on the C-6, C-7, and C-10 atoms and
solution gives crystalline material with the following the C-2 methyl are especially dominant in these consid-
physical properties: mp 168-169°; uv Amax 339 m/x erations. Isomer I thus must have the cis configura-
(e 14,300), 288 (14,900), and 238 (21,900). On ex- tion with its C-2 methyl over the plane of the aromatic
amination of the nuclear magnetic resonance spectrum ring of the indene system.
of imcompletely purified material, a number of small Since I and II are geometrical isomers, it wras thought 
satellite bands near the main resonances were observed, to be of interest to see if thermal and photochemical 
suggesting the presence of an isomeric compound. isomerization could be induced here as, for example, in
This isomer was isolated with the procedure mentioned the case of maleic and fumaric acids. Heating the
in the Experimental Section and possessed the following isomer I in a p-dioxane solution containing some con-
physical properties: mp 186-188°; uv Amax 343 mp (e centrated hydrochloric acid at 100° showed, on exam-
15,000) and 286 (25,200). The results, discussed ination by uv spectroscopy at 238 and 288 mp, that an
below, obtained by nuclear magnetic resonance spec- equilibrium of ca. 96%  II and 4%  I is established in ca.
troscopy and single-crystal X -ray structure determina- 3-4 hr. Under these conditions, compound II reaches
tion, show that the lower melting compound (mp 168- the same equilibrium. In methanol solution to which a
169°) can be identified as the trans isomer (II) and that small amount of iodine has been added, both I and II
the cis isomer (I) is the compound with the higher melt- are isomerized to a similar equilibrium when exposed
ing point (186-188°). The biological activity is associ- for 24 hr in quartz vessels to a quartz GE-AH5 high-
ated with compound II, whereas compound I only shows pressure mercury arc lamp. Thus, II is thermodynam-
marginal anti-inflammatory activity. ically the more stable isomer, and this accounts for the
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fact that only a few per cent of I  is formed during the 
synthesis of I I .

An independent confirmation of the structural as- b \
signment, based on nuclear magnetic resonance data, r
was obtained with a single-crystal structure determina- * M ||8m
tion. The methyl ester of the biologically active, low-
melting isomer I I  could be crystallized and the structure J, '
was determined with the isomorphous replacement %±y) ((fn)
method. Crystal data and other details are summa- \
rized in the Experimental Section.

Figure 1 shows the electron-density map representing
the projection of the crystal structure along the c axis. __ ((G )) ((wi)
All atoms are resolved and it is clear that the C-2 7A\\ j /T  ' ^ \  Kpf
atoms occupy the trans configuration with respect to
the p-chlorophenyl ring. Also, the molecular confor- V l v l  My
mation in the crystalline state, as viewed along the axis ---------------------------
of projection, is consistent with the nmr results in solu- ((£%
tion; the plane of the p-chlorophenyl ring appears ap- _JJ 
proximately normal to the plane of the indene ring. l ( 0 )

Experimental Section /vV \

All nmr data reported here were obtained with a Varian As- 
sociates Model 4300B high-resolution spectrometer equipped --— —
with a superstabilizer and a phase detector and operating at 60 I (u ff) (Qln
Mcps. All spectra were obtained with 5-10%  (w /v) solutions 
in deuteriochloroform or deuterioacetone placed in a spinning 
Wilmad precision-bore tube. The resonance positions were
determined relative to benzene as an external reference and f(Q j)
scaled by the use of side bands2 generated by a frequency counter '-----——-------- ----------------------- ---------------- /fSR\-------------------
calibrated Hewlett-Packard audio oscillator, Model 2000 CD. ( ® ) j
The chemical shifts were calculated with the equation t =  Av/v°
"h 3.50,3 where Av is the observed resonance displacement from Figure 1.— Fourier synthesis of the electron-density projection 
benzene in cycles per second and v° is the spectrometer frequency along the direction of the c axis,
in megacycles. All data in Table I are converted to internal 
TMS as a reference.

Isolation of I from the original mother liquor solids of II was with the corresponding bromo derivatives. The intensities
carried out as follows. Ten grams of the total mother liquor was of the hko reflections, necessary for the c-axis projection, were
dissolved in 100 ml of boiling absolute ethanol, and 50 ml of hot determined from Weissenberg photographs by visual estimation, 
water was added until a slight turbidity occurred. When the After the positions of the heavy atoms were determined with
solution was cooled slowly to 6 0 -70°, 320 mg of crystals were Patterson syntheses, the structure was solved in the usual way
separated by hot filtration. These crystals were recrystallized and refined by difference Fourier syntheses. The final Fourier
in 5 ml of boiling absolute ethanol, and 2 ml of hot water was synthesis is shown in Figure 1, and the final R  factor is 0.145.
added. When the solution was cooled slowly to ca. 50°, 190 A list of coordinates and structure factors is available from the
mg of pure I was obtained. The purity of this material was authors on request,
determined by uv and nmr spectroscopy and by solubility analy
sis, which demonstrated it to be better than 99%  pure. R e g istry  N o .— I , 22287-03-2; I I ,  20754-69-2.

A nal. Calcd for C20H17O3CI (mol wt 340.81): C, 70.6; H,
5.0 ; Cl, 10.4. Found: C, 70.72; H, 5 .11; Cl, 9.93. __________________

Initial separation of the isomers I and II from a slightly impure 
(ca. 5% ) sample of II was obtained by reverse-phase partition * ]vPW ‘¡U rn tW tir- Rout#» t o
column chromatography. The column consisted of dichioro- "
dimethylsilane (GE Dri-Film) treated silicic acid powder as Dibenzo[b,b]biphenylene and Its
carrier containing a 1 :1  chloroform-isooctane stationary phase, < i A l l ' l 9 T t  .1  1 1
through which flowed a mobile phase consisting of 65 :35 meth- ’ ’ ’ e  r a m e  T a n
anol-water. The ratio of carrier to stationary phase was 0.5 -T etraphenyl Derivatives
m l/g. The column bed was 25 ml in diameter and ca. 0.5 m long.
The sample was charged by dissolving 0.06 g in 2 ml of the sta- N icolaas P etkus du Pkeez, P etrus j anse van VuuBen ,
tionary phase and letting this flow into the top of the column bed. i-w-Tem
Isomer I occurs first behind the liquid front followed by II . The - ,lv" :
effluent is easily monitored by uv spectroscopy and observation
of the ratio of the 286- to 238-m/i absorptions. Although the Organic Section, Department o f  Chemistry,
chromatographic bands of I and II from the above column are Potchefstroom University fo r  C .H .E ., Potchefstroum,
not widefy separated, fractionation of I and II is good enough South A frica
for subsequent purification of the eluted material by simple
crystallization from chloroform-petroleum ether. This method Received M ay 19, 1969
is slow and tedious but seems to be the only one which works with

n , Si" “  # »  ” tul syn‘ he% oi -  S> ™grown from methanol, are orthorhombic, with a  =  22.12 A, achieved, several alternative routes to I (li  H) and 
b = 17.36 A, c = 4.71 A; d„bsd = 1.26 g/cm3, doled = l-30g/cm3;
space group (from systematic absences), four mole- (1) R. F. Curtiss and G. Viswanath, Chem. Ind. (London), 1174 (1954);
cules of C21H 19O3CI per unit cell. The structure is isomorphous J - Chem• Soc-. 1070 (1959).
______________ (2) E. R. Ward and B. D. Pearson, ibid., 1676 (1959).

(2) J. T. Arnold and M. E . Packard, J .  Chem. Phys., 19, 1608 (1951). (3) E. R. Ward and B . D. Pearson, ibid., 515 (1961).
(3) G. V. D. Tiers, J .  Phys. Chem., 62, 1151 (1958). (4) J .  W. Barton and S. A. Jones, ibid., 1276 (1967).
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some of its derivatives5 6’6 have been developed. These at m/e 293 and 278, accompanied by two corresponding
methods are, however, fairly laborious and mostly char- metastable peaks at m/e 279 and 264. The consecutive
acterized by low overall yields.1-3 The syn and anti loss of two methyl radicals in the mass spectrometer
photodimers7 of 1,4-naphthoquinone, namely II and most probably results in the formation of the dipositive
III, which are readily available and easily converted6'7 ion b. To show12 that the m/e 278 ion was probable di-
into Zw-binaphthylene derivatives I (R =  OH, OCH3,
or OCOCH3), contain carbon skeletons identical with CH, CH3 "12+'
that of I. Reduction with suitable reagents should I j
furnish tetrahydroxy derivatives (IV, R =  H, alkyl, or ~CH>\
aryl), which should be convertible into I (R =  H, alkyl,
or aryl). I |

CH3 ch3

R R 0 0  a, m/e 308

Ov̂ yO OCyyO m/em Ä
R R 0 0 b, m /e 278

I II, syn

H’ a nti positive ion b, the mass spectra of 1,2-, 2,3-, and 1,4-
ROHHO R dimethylnaphthalene were investigated. In all cases a

stable benzotropilium ion (m/e 141) was formed, con
i' Jl I I I \ firming the correctness of the proposed fragmentation

a -> b. Treatment of I (R =  CH3) with 2,4,7-trinitro- 
R OH HO R 9-fluorenone led to a deep red 1 :2  adduct (V), which,

IV  when chromatographed in benzene solution over
alumina, afforded I (R =  CH3).

The reaction of III with lithium aluminum hydride in When III was treated with an excess of phenylmag- 
tetrahydrofuran led in high yield to an amorphous, nesium bromide and the reaction mixture was treated
colorless product (IV, R  =  H) which contains no car- with dilute hydrochloric acid, a colorless, crystalline
bonilic groups and shows typical hydroxylic absorption product, which appeared to be VI, was obtained in 61%
in its infrared spectrum. Dehydration of IV (R =  H), yield, showing that two carbonyl groups of III were re-
however, proceeded only under drastic conditions, tained. Compound VI was recovered after further
leading mainly to undesired and unidentified products. treatment with phenylmagnesium bromide. Since
Thus, with phosphoryl chloride in pyridine, the op- steric shielding of the two “unchanged” carbonyl
ümum yield of I (R =  H) was 5%. _ _ _ groups in the intermediate adduct VII seemed doubtful,

The reaction of III with methylmagnesium iodide, the a5 0Ve reaction was repeated, and the reaction mix-
which was carried out according to a recently developed ture was carefully decomposed with a quantity of hy-
method for highly insoluble substrates, proceeded drochloric acid equivalent to the amount of Grignard
smoot y, yielding crystalline IV (R =  CH3) P/acti- reagent used. In this case a tetrahydroxylated com-
ca /  (?r,ai!tlj ai 1 V e The dehydration of IV (R = C H 3) pound, VIII, was isolated, showing that enolization of
is facilitated by the tertiary nature of the hydroxylic VII, followed by proton exchange, probably led to the
groups Only one product, I (R =  CH3i, which crys- formation of IX . The ketonization of VIII to VI,
taliized as golden yellow needles from benzene and 
analyzed for C24H20, was isolated in 40%  yield from the 2C„HsMgBr
reaction mixture. The relatively simple infrared spec- 111

trum displays the presence of methyl groups (2985, C6H5OMgBrn CBHr OMgBrnMoRv
2910,9 and 1443 cm-1). The characteristic olefinic ab- \ 7  H H II h I
sorption at 1612 cm -1  is probably due to the C = C  h2o
stretching vibration of the localized double bonds, ad- * L i . — *
jacent to the strained four-membered ring.10’ 11 The h I /  \ H
ultraviolet spectrum of I (R =  CH3) corresponds to that QH5 OMgBr0  QH5 OMgBr 0 MsBr
of I (R = H ) , 1’2 differing only in position of the maxima, VII Ix
owing to a bathocromic shift caused by the methyl sub
stituents. The mass spectrum of I (R =  CH3) is quite 9^ OR 9 Ä  OH y
simple and shows, apart from the molecular ion (a, m/e
308), which is also the base peak, two prominent peaks G  j G  ' j  HC1, G  j G  1 J

(5) C. D. Nenitzescu, M. Avram, I. G. Dinulescu, and G. Mateescu, /  \ J y  \ Jd H if
Ann., 653, 79 (1962). p  tt OH n  U O R  O

(6) J .  M. Bruce, J .  Chem. Soc., 2782 (1962). U tt ° 6il5
(7) J .  Dekker, P. J .  van Vuuren, and D. P. Venter, J .  Org. Chem., 33, VIII VI

464 (1968).
(8) J .  Dekker and T . G. Dekker, ibid., 33, 2604 (1968). . .
(9) Ih e  relatively high frequency of the C—H stretching vibration is W illC il IS GilGCLGCl b y  Q lllltG  X iyd rO C flloriC  RClClj IS RSCriDGCl

ascribed to the high s character of the adjacent t bonds. This phenomenon t o  t h e  h ig h  S c h a r a c t e r  o f  t h e  tW O T  b o n d s  a d j a c e n t  t o
is also encountered in the case of XV.

(10) D. P. Venter and J .  D ekker,/. Org. Chem., 34 , 2224 (1969). (12) P. N. Rylander, S. Meyerson, and H. M. Grubb, ibid., 79, 842
(11) A. Streitwieser, Jr ., G. R. Ziegler, P. C. Mowery, A. Lewis, and (1957); K . Biemann, “ Mass Speetrometry,” McGraw-Hill Book Co.,

R . G. Lawler, J .  Amer. Chem. Soc., 90, 1357 (1968). Inc., New York, N. Y ., 1962, p 84.
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the strained four-membered ring.10’11 Compounds VI sence of carbonilic absorption in its infrared spectrum,
and VIII were additionally synthesized by treatment of was characterized as X V I—was obtained in 70%  yield.
X ,10 the partially enolized derivative of II and III, with Dehydration of X V I produced X V  in 66%  yield. The
phenylmagnesium bromide. spectral data obtained were consistent with the struc

ture. The ultraviolet spectrum closely resembles that 
V h ? h of X I , showing broad maxima at 230 and 305 m/x.

/ \ A f  VI Further characterization was done by conversion of XV
f JT  f  T  J  ------ into its dihydrazone (X V II).

0  OH X

x  ch 3 oh  9 h  9 Hs h  9

Both VI and VIII are readily dehydrated to X I . r ^ T ^ l —
The infrared spectrum of X I  illustrates typical, car- L  JL J—L J 1 J  “ L J L J —
bonilic absorption at 1685 cm -1. The presence and C H O H  ' I H if
position of the two carbonilic groups in X I  was evi- 3 OH CH3 0
denced by the formation of the corresponding dihy- XVI XV
drazone (X II) and oxidative degradation to o-diben-
zoylbenzene (X III). Acetylation of X I  led to 1,4-di- Acetylation of X V  led to the formation of golden 
acetoxy-5,8-diphenyldibenzo[5,/i]biphenylene (XIV ). yellow needles of X V III. The ultraviolet spectrum of
On the other hand, X IV  was obtained directly simply X V III resembles that of XIV , showing a small hypso-
by refluxing either VI or VIII in acetic anhydride con- chromic effect. Compound X V III was additionally
taining a small amount of concentrated hydrochloric obtained by refluxing X V I in acetic anhydride con-
acid. The infrared spectrum of X IV  shows strong ab- taining hydrochloric acid. Furthermore, the reaction
sorption at 1205 and 1177 c m -1, which is typical for of X V  with methylmagnesium iodide, followed by de-
phenolic acetates.13 The spectral data obtained were hydration, led in good yield (35%) to the formation of
consistent with the structure. I (R = CH8).

<f H‘ H 9  I
ch 3 occh3

VI or VIII --------► [ I  L  1 I ^  J L  ^
it f  XVI or XV —

/  oh  H n
(CHa-CO)jO /  6 5 | i
HC1 /  XI CH3 occh 3

/ ( :chjco)2o , ||
O /  CHjCOONa |Cr° 3 o

il *  r  H- XVIII
C6H5 OCCH3 16 ü
X C = 0  The conversion of the diketones X I  and X V  into the

I ll I i l l  l u  naphtho [b ] cyclobutadiene derivatives X I X  (R = CH3
V A X  % / A c==0 or C6H5) is presently being investigated in order to ob-

C H OCCH I tain inform^ i° n regarding the stabilization of the cy-
65  || 3 C6H5 clobutadiene derivative X X , which we aim to synthe-

0  XIII size eventually.

XIV R O O D

The reaction of III with phenyllithium led to an
amorphous product. The latter was refluxed with [ T  __| Jj J  i  I j  | Jj }
acetic anhydride, whereupon three crystalline com-
pounds, namely X IV  (47% yield), 2,2'-di-l,4-naph- R 0 0  0
thoquinonyl (5% yield), and an unidentified product, XIX, R = CH3 or C6H5 XX
were obtained.

In order to obtain I (R =  C6H6), the diketone X I  was Experimental Section
treated with excess phenylmagnesium bromide. The
reaction mixture was decomposed with dilute hydro- The following instruments were used for the recording of phys-
chloric acid and extracted with ether. The ether- i^ 1 properties: a Perfcirr-Slmer Mode1 221 «pecHrophotometer,

, , ,  , . . . . , an Unicam SP 800 spectrophotometer, a M.b. 9 mass spectrom-
soluble product was subsequently refluxed m a mixture eter> and a Gallenkamp (design no. 889339) melting point ap- 
of acetic anhydride and acetyl chloride, whereby orange- paratus. Melting points are uncorrected. Owing to the low
yellow needles of I (R =  Cells) were obtained in 28%  solubilities of the various compounds, no nmr spectra could be
yigjd obtained.14

The synthesis of the diketone X V  was accomplished (14) After 400 scans on a saturated DMSO-d. solution of I  (R  = CHi), 
simply by treating X  with methylmagnesium iodide, 'veak aromatic signals (r 2.62) were observed. The methyl bands could not 

,  , , T , ,  , 1 - 1 1  be recorded because of the H20  and ds impurity in the solvent. The CH,
whereby a colorless crystalline product— which, by absorption was, however, recorded as a singlet (r 7.3$) in a single scan with
virtue of its typical hydroxylic absorption and the ab- CS2 as solvent. This indicates that the methyl protons are benzylic.

These spectra were recorded on a Varian HA-100 spectrometer and inter- 
CIS) L. J .  Bellamy, ‘‘The Infrared Spectra of Complex Molecules,” preted by Dr. Jim  Feeney (Varian A. G., Klausstrasse 43, Zürich 8, Switzer- 

Methuen and Co. Ltd., London, 1959, p 152. land).
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Dibenzo[b,/i] biphenylene (I, R =  H ).— A suspension of IIP  at 247°); r“ r 3430-3400 (broad, s), 1678 (s), 1665 (s), 1599 (s),
(0.24 g) and LiAlHi (0.6 g) in sodium-dried T H F (45 ml) was 1443 (ms), 1325 (s), 1298 (ms), 1262 (s), 1077 (m), 1061 (ms),
refluxed for 24 hr. The reaction mixture was concentrated to 1031 (ms), 800 (w), 764 (s), 752 (ms), 746 (ms), and 722 cm -1
15 ml and decomposed with 0.5 N  hydrochloric acid. The in- (ms).
soluble product (IV, R  =  H ) was filtered off and washed with A nal. Calcd for CasHaCh: C, 81.33; H, 5 .11. Found:
water. A solution of the crude IV (R =  H, 0.187 g) in pyridine C, 81.74; H, 5.06.
(4 ml) and phosphoryl chloride (2 ml) was refluxed for 3 hr. B. From the Diol X .10— The reaction was carried out as in
The reaction mixture was treated carefully with water and procedure B for V III. The reaction mixture was decomposed
extracted with hot benzene. The extract was washed with with 0.5 N  hydrochloric acid instead of 0.06 N  hydrochloric acid,
water, dried (Na2SO<), and chromatographed (alumina). Evap- Recrystallization of the crude product from acetone yielded VI
oration of the solvent yielded crystalline I (R =  H, 0.01 g, 5% ) (2.75 g, 75 .3% ). The product was identified by ir spectroscopy
as yellow plates, which sublimed at 342-345° (lit.1 340-345°); and melting point.
the infrared and ultraviolet spectra of I (R =  H ) were identical C. From the Adduct VIII.— A suspension of V III (2 g) in
with the reported1'2 spectra. ether (45 ml) was treated with 0.5 N  hydrochloric acid (40 ml),

5 .6 .1 1 .12- Tetramethyldibenzo [5, It]biphenylene (I, R =  CH3). and the mixture was shaken for 20 min. The insoluble product
A.—A solution of IIP  (0.5 g) in an excess of methylmagnesium was filtered off and recrystallized from acetone, yielding VI (1.63
iodide in ether (4.1 M , 16 ml) was stirred magnetically in a g, 81 .5% ), and the product was identified by ir spectroscopy and
stoppered flask for 36 hr. The clear solution was carefully treated melting point.
with excess 0.5 N  hydrochloric acid. The reaction product (IV, 5 , 12-Diketo-5 ,5a - l lb ,12-tetrahydro-6 ,ll-diphenyldibenzo[6,/i]-
R =  CH3) was filtered and washed with ether. A solution of IV biphenylene (X I).— Concentrated hydrochloric acid (10 ml) was
(R =  CH3) in a mixture of acetic anhydride (15 ml) and acetyl added to a boiling suspension of VI or V III (0.5 g) in ethanol
chloride (2 ml) was refluxed for 5 hr and cooled. Compound I (70 ml). The reaction mixture was refluxed in the dark for 5 hr
(R =  CH3) separated as yellow needles. A solution of I (R =  and cooled. Colorless needles of X I  (0.14 g, 30 .5% ), which was
CH3) in hot benzene was chromatographed over alumina. Golden recrystallized from ethanol, separated: mp 238 .5-239 .5°;
yellow needles of I (R =  CH3, 0.198 g, 40% ) crystallized from 1685 (s), 1593 (m), 1291 (s), 798 (w), 788 (w), 774 (s), 770 (sh),
the eluate, which sublimed at 333-340°: 3060 (w), 2986 751 (s), 731 (m), and 697 cm - 1 (s); X“ °H (log e) 229 (4.75), 236
(w), 2910 (w), 1611 (w), 1590 (w), 1512 (w), 1443 (w), 945 (w), (4.75), and 305 mM (4.13); Xah (log e) 378 mM (2.91); mass spec-
761 (s), and 750 cm “1 (s); X™ f‘ -CH!C1 (log e) 286.5 (4.93), 299.5 trum m /e  436 (molecular ion).
(5.24), 335 (4.36), 364 (3.36), 370 (3.36), 383 (3.78), and 408 A nal. Calcd for C32H20O2: C, 88.05; H, 4 .62. Found:
m i((3.96); X8h (log e) 315 (4.42) and 344 m p  (3 .99); mass spectrum C, 88.15; H ,4 .6 6 .
m /e  308 (molecular ion). 5,12-Diketo-5,5a,llb,12-tetrahydro-6,ll-diphenyldibenzo[b,/i]-

A nal. Calcd for C2<H20: 0 ,9 3 .4 6 ;  H, 6.54. Found: C, biphenylenedihydrazone (XII).— A boiling solution of X I  (0.2 g)
93.70; H, 6 .55. in ethanol (40 ml) was treated with 80%  hydrazine hydrate (2

A dilute solution in benzene exhibits a strong blue fluorescence. ml). After 1 hr, colorless needles of the dihydrazone (X II ,
B. The 2,4,7-Trinitro-9-fluorenone Complex (V) of I (R = 0.178 g, 83.6% ) separated. The product was filtered off and

CHj).— A hot suspension of I (R = CII3, 0.31 g) in benzene (350 recrystallized from ethanol: mp 252-254° dec (darkening com- 
ml) was treated with a solution of 2,4,7-trinitro-9-fluorenone (0.7 mencing at 225°); i w  3380 (m), 3215 (m), 1625 (w), 1584 (m),
g) in benzene (100 ml), and the clear, deep red solution was con- 1488 (w), 760 (sh), 750 (s), and 697 cm -1 (s); mass spectrum
centrated to 75 ml and cooled. Deep red needles separated, and m /e  464 (molecular ion).
recrystallization from benzene yielded V (0.53 g, 54 .7% ), mp A nal. Calcd for C32H2(N4: C, 82.73; H, 5 .21; N, 12.06.
250-252° dec. Found: C, 82.87; II, 5.24; N, 12.02.

A n al. Calcd for C5oH 30OhN 6: C , 63.97; H, 3 .22; N, 8.95. Oxidative Degradation of XI to o-Dibenzoylbenzene (XIII).—  
Found: C, 63.75; H , 3 .11; N , 9 .01. A solution of chromium trioxide (0.5 g) in 50%  acetic acid (3 ml)

A solution of V (0.2 g) in benzene was chromatographed over was added to a solution of X I  (0.2 g) in acetic acid (3 ml). The
alumina. The yellow eluate was concentrated and cooled, and reaction mixture was refluxed (5 hr), cooled, and treated with
yellow needles (0.045 g, 69.2% ) of I (R =  CH3) separated. excess water (200 ml). The precipitate was filtered off, washed

5b,6 ,1 1 ,lla-Tetrahydro-5,6 , 11, 12-tetrahydroxy-6 ,11-diphenyl- with water, and recrystallized from ether, yielding X II I  (0.11
dibenzo[b,h]biphenylene (VIII). A. From the anti Dimer g, 90% ): mp 148° (lit.16 mp 148°). The infrared spectrum
U I.—A solution of IIP  (4 g) in an excess of phenylmagnesium was identical with that of an authentic sample of X I I I .
bromide in ether (2.5 M , 80 ml) was stirred magnetically in a 5 , 12-Diacetoxy-6 ,1 l-diphenyldibenzo[6 ,/t]biphenylene (XIV).
stoppered flask for 36 hr. The reaction mixture was treated A. From the Adducts VI and VIII.—A solution of VI or V III 
with 0.05 N  hydrochloric acid (100 ml). The amorphous product (0.234 g) in acetic anhydride (5 ml) and concentrated hydrochloric
was filtered off, washed with ether, and recrystallized from ace- acid (0.5 ml) was refluxed for 3 hr. The solution was eoncen-
tone, yielding colorless crystals (V III, 4.18 g, 7C% ): mp 289- trated (2 ml), whereupon yellow needles separated. Recrystal-
291°; 3540 (s), 3380-3350 (broad, s), 1382 (m), 1310 (s), lization from benzene yielded bright yellow needles of X IV  (0.18
1170 (w), 1150 (w), 1110 (ms), 1001 (ms), 998 (ms), 863 (s), 769 g, 83 .3% ); mp 318.5-321° (darkening commencing at 270°); 
(sh), 760 (s), 743 (w), 729 (ms), and 708 cm -1 (w); mass spec- p™* 1784 (s), 1628 (w), 1514 (m), 1491 (m), 1382 (m ), 1355 (s),
trum m /e  472 (molecular ion). 1205 (s), 1175 (s), 1100 (m), 783 (sh), 773 (s), 761 (sh), 751 (s),

A nal. Calcd for C32H M0 4: C, 81.33; H, 5 .11. Found: 748 (sh), and 717 cm -' (m); X™ f‘'CH!C1 (log e) 302.5 (5.06),
C , 81.14; H, 5 .03. 338 (4.28), 385 (3.60), and 409 mM (3.75); Xsh (log e) 290 (4.79),

B. From the Diol X .— A solution of X 10 (2 g) in sodium- 364 (3.49), 370 (3.35), and 400 mp (2.95); mass spectrum m /e
dried T H F (200 ml) was introduced dropwise (2 hr) to a solution 520 (molecular ion).
of phenylmagnesium bromide in ether (2.5 M , 40 ml). The A nal. Calcd for C36H2104 : C, 83.06; II, 4 .65. Found: 
reaction mixture was refluxed (24 hr), concentrated (50 ml), C, 83.15; H, 4.69.
and treated with ether (20 ml) and 0.06 N  hydrochloric acid (50 B. From the Diketone X I.—A mixture of X I  (0.3 g), acetic
ml). The water layer was separated and extracted twice with anhydride (15 ml), and anhydrous sodium acetate (0.3 g) was
ether (100 ml). The combined organic extract was washed sue- refluxed for 8 hr and cooled. The crystalline product was filtered
cessively with 5%  N aH C 03 and 5%  Na2S20 3 and cried (Na2S 0 4). off, washed successively with acetic acid and water, dried, and
Evaporation to dryness afforded a solid, which was triturated recrystallized from benzene, yielding X IV  (0.29 g, 81 .3% ), and
with ether (10 ml) and filtered off. Recrystallizg.tion from ace- the product was identified by ir spectroscopy and melting point,
tone yielded V III (1.79 g, 60% ), and the product was identified by The Reaction of the anti Dimer III with Phenyllithium.—  
ir spectroscopy and melting point. A solution of IIP  (0.5 g) in an excess of phenyllithium in ether

5 .12- Diketo-5,5a,5b,6 , 11, 11a ,lib , 12-octahydro-6,11-dihydroxy- (1.7 M , 18 ml) was stirred magnetically in a stoppered flask for
6 , 11-diphenyldibenzo[6 ,h]biphenylene (VI). A. From the anti 36 hr. The reaction mixture was carefully treated with 0.5 N
Dimer III. A solution of IIP  (0.3 g) in an excess of phenyl- hydrochloric acid (40 ml), and the precipitate was filtered off
magnesium bromide in ether (2.5 M, 9 ml) was stirred magneti- and washed with water. A solution of the crude product (0.33 g)
cally in a stoppered flask for 24 hr. The reaction mixture was in acetic anhydride (15 ml) was refluxed for 3 hr and cooled,
decomposed as in procedure A for I (R =  CH3). The amorphous From the cooled solution two crystalline products, namely 2 ,2 '-
product was recrystallized from acetone, yielding colorless crystals -------------------
of VI (0.34 g, 7 .54% ): mp 301.5-303° (blackening commencing (15) H. Simonis and P. Remmert, Chum. Ber., 48, 208 (1915).
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di-l,4-naphthoquinonyl (0.025 g, 5% ) and an unidentified, color- 22286-72-2; X I, 22286-73-3; X II , 22286-65-3; XIV ,
less product (0.026 g, mp > 350°), which was separated by frac- 22319-40-0; XV , 22319-41-1; XV I, 22286-66-4; XV II,
tional crystallization from benzene, were obtained. The mother oooca k . irvTTT oqqoa AS A
liquor was concentrated to 5 ml, whereupon yellow needles of X IV  ¿ ¿ ¿ o o -o  t - o ,  Jv  V 111, /ZZoo-Oo-O.
(0.163 g, 47 .2% ) were obtained. Products were identified by ir A ck n ow led g m en t.— T h e  a u th o rs  are  in d eb ted  to  th e

SP5̂ 6̂ lT,12-T t̂raplienyWfi)enzo[6,h]biphenylene (I, R = C6H6). Council for Scientific and Industrial Research of South
— A solution of X I  (0.5 g) in an excess of phenylmagnesium bro- Africa for financial support and for a postgraduate
midein ether (2.5 M, 20 ml) was stirred magnetically in a stop- grant to N. P. du P. A grant by the Industrial De-
pered flask for 24 hr. The reaction mixture was decomposed with vel0pment Corporation of South Africa Ltd., to N. P.
0.5 A'hydrochloric acid (60 ml) and extracted with ether (50 ml). i rV • , £ n 1 1 j  j
The extract was washed successively with 5%  NaHCO, and du P ‘ 18 gratefully acknowledged.
water, dried (Na2S 0 4), and concentrated to 2 ml. Acetic an- __________________
hydride was added and the solution was concentrated to 5 ml.
Phosphoryl chloride (0.5 ml) was added and the reaction mixture . . . .  . T
was refluxed for 4 hr and cooled. Orange-yellow crystals of I (R O x id a tiv e  A c y l a t i o n .  A  N ew
=  CeHj, 0.19 g, 29 .8% ) separated: mp > 350° (lit.6 mp > 3 5 0 °); R e a c t i o n  o f  P r i m a r y  N i t r o  C o m p o u n d s
the ir and uv spectra are identical with the reported5 spectra.

The Reaction of the Diol X with Méthylmagnésium Iodide.—
A solution of X 10 (2.047 g) in sodium-dried T H F (200 ml) was Y  P . Stermitz
added over a period of 2 hr to a solution of méthylmagnésium
iodide in ether (4.1 M , 40 ml). The reaction mixture was treated Department o f Chemistry, Colorado State University,
as in procedure B for V III. Recrystallization of the crude prod- Fort Collins, Colorado 80521
uct from ether yielded X V I (1.58 g, 70 .1% ): mp 298-301°
(darkening commencing at 260°); i*™' 3450-3350 (s), 1654 (m), P- A. N orris1
1646 (m), 1387 (ms), 1310 (s), 1173 (s), 1090 (ms), 1049 (ms), „  , , . _  . , Tu r. a, . tt ■ ;
1025 (ms), 993 (s), 950 (ms), 765 (s), 760 (s), 755 (s), 740 (ms), Department o f Chemistry, Utah State University,
and 702 cm “1 (m). Logan, Utah 84821

5, 12-Diketo-5,5a, 1 lb , 12-tetrahydro-6,11-dimethyldibenzo [b,h\ - 
biphenylene (XV).— Concentrated hydrochloric acid (15 ml) was Received Ju n e  3, 1969
added to a boiling solution of X V I (1.05 g) in ethanol (100 ml).
The reaction mixture was refluxed for 3 hr. Yellow crystals j  th e  cou rse 0 f s tru c tu re  proof of m isero to xin ,2 we
started separating after 20 mm. Recrystallization from ethanol .. . .. ,
yielded X V  (0.63 g, 66 .6 % ): mp 221-223°; 4 «  1685 (sh), d iscovered  a  new  re a ctio n  of p rim a ry  m tro  com pounds
1679 (s), 1625 (w), 1590 (m ), 1292 (s), 1230 (s), 920 (s), 790 (ms), w h ich  is exem plified b y th e  follow ing re a c tio n  schem e.
768 (sh), 753 (s), 722 (s), and 705 cm “1 (w); (log e) 237.5
(4.67), 281 (3.89), and 292 m^ (3 .89); mass spectrum m /e  312 0  0
(molecular ion). a n s  il I

A nal. Calcd for C22H 160 2: C , 84.59; H, 5.16. Found: RCH2N 02 a -» RC— N— 0CCH3
C, 84.75; H , 5 .13. steam bath |

5.12- Diketo-5,5a, 1 lb, 12-tetrahydro-6 , 11-dimethyldibenzo [6 A] - I C = 0
biphenylenedihydrazone (XVII).— A mixture of X V  (0.066 g), j
ethanol (70 ml), and 80%  hydrazine hydrate (1 ml) was treated
as in the procedure for X I I .  The colorless product was re
crystallized from ethanol, yielding X V II (0.066 g, 92 .3% ): mp II
286-287° (darkening commencing at 275°); ¡v®' 3325 (s), 3192
(ms), 1625 (w), 1391 (w), 791 (m ), 770 (s), 748 (s), 730 (m), 720 a- R =  CH2CH3
(m), and 708 cm -1 (m ); mass spectrum m /e  340 (molecular ion). b, R = C H 3

A nal. Calcd for C22H2„N4: C, 77.62; H, 5 .92 ; N, 16.46. . , , . , , , ,
Found: C, 77.32; H, 5 .85 ; N , 16.36. T h u s, to  100 m l of a ce tic  an h y d rid e w as ad ded  2 2 .3  g  of

5 .12- Diacetoxy-6,11-dimethyldibenzo[b,h]biphenylene (XVIII). I a  an d  10.0 g  of fused sodium  a c e ta te . T h e  m ix tu re
A. From the Diketone XV.— A mixture of X V  (0.5 g), acetic w as S e ated  on a  ste a m  b a th  fo r 8  h r, d u rin g  w h ich  tim e
anhydride (15 ml) and anhydrous sodium acetate (0.2  g) was j b em erald  in  co lo r. T h e  solu tio n  w as
treated as m procedure B for X IV . The golden yellow needles , , . c
were reerystallized from benzene, yielding X V III (0.51 g, 81 .5% ): then shaken with a chloroform-water mixture, sodium
sublimed with melting at 302-305°; r ™ '1755 (s), 1383 (m), 1346 carbonate was carefully added to the aqueous layer,
(m), 1215 (s), 1188 (m), 1159 (ms), 1090 (m ), 1059 (m), 792 (w), the mixture was again shaken, and the layers were
760 (s), 755 (s), and 727 cm “1 (w); x°”icl CH!C1 (log e) 264 (4.14), separated. The chloroform layer was washed with
408 t 8 (3.820 );-5x f  (log f s K T / e  water and dried over sodium sulfate, and the chloroform
396 (molecular ion). was removed by distillation. I  he remaining oil was

A nal. Calcd for C26H20O4: C, 78.77; H, 5.09. Found: distilled in  v acu o  and 29.8 g (70%) of l ia  (bp 64—65° at
C, 78.86; H , 5 .16. l  mm) was collected. The structure of l ia  was chiefly

J Adduct X V I— A solution of X V I (0.5 g) in acetic assigned by the data below and also in analogy with the
anhydride (15 ml) and concentrated hydrochloric acid (2 ml) ® » TTi • l T 1 ^
was treated as in procedure A for X IV . The golden yellow preparation of lib , a previously known compound
crystals were recrystallized from benzene, yielding X V III (0.21 whose structure was proven chemically,
g, 36 .6% ), and the product was identified by ir spectroscopy and A n a l .  Calcd for C 7H 11N O 4 (lia) : C, 48.55; H ,
melting point. g_3 0 . $  g.Q8 . Found: C, 48.53; H, 6.63; N, 7.90.

5.6.11.12- Teframethyldibenzo[b,h]biphenylene (I, R  = CHa following sp ectral d ata  were ob ta in ed : ir 1800
from the Diketone XV.—A solution of X V  (0.5 g) in an excess \ m m  - 1  /  ± u a
of méthylmagnésium iodide in ether (4 .1  M , 1 2  ml) was treated (strong, —COINOCO—) ,  1720—1710 cm  (strong, broa ,
as in procedure A for I (R  =  CH3). A solution of the resulting -C O N R C O -) ; nm r (p arts per m illion from  T M S ) 1.11
product in acetic anhydride (5 ml) and acetyl chloride (0.5 ml) (tr ip le t, 3  H , C H 3C H 2) , 2 .6 8  (q u artet, 2  H , C H 3C H 2),
was refluxed for 5 hr and cooled. Compound I  (R = CH3, 2  2 8  /singlet 3  H  QHîjC==0 ) ,  2 .38  (singlet, 3 H , C H 3C =
0.173 g, 35%) separated as yellow needles, and the product was v &
identified by ir spectroscopy and melting point. ( National Aeronautics and Space Administration Predoctoral Fellow.

. , , T T m  TTN OSO A V  n T /-R n n  f (2) F - R - Sterm itz’ F - A ' N orris' and M - C - Williams, J .  A m e r .  C h e m .Registry No.—I (R =  H), 258-47-9; I (R =  L R 3), ^  i599
22286-70-0; Y, 22319-39-7; YI, 22286-71-1; VIII, <3) t. urbanski, j. CAem.See.,3374(1949).
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0 ) ;  mass spectrum (m/e, rel intensity) 173, 1 (M+), 57, were therefore interested in exploring further their
60 (CH3CH2CO+), 43, 100 (CHsCO+), no other peaks potential as synthetic intermediates,
above 2%  relative intensity. We have found that irradiation of dilute solutions of

Treatment of lb in the same manner yielded lib , aromatic iodo compounds in carbon tetrachloride with
corresponding in properties to lib  prepared8 by Urban- 3000-A light leads to formation of the corresponding
ski. A similar derivative was prepared in high yield chloro compounds. Replacement of an iodo substituent
from miserotoxin.2 by chlorine using iodine monochloride as the chlorine

The key to high yield preparation of II compounds donor is known to take place on irradiation with visible
(which can be considered as N-acyloxyimides or light,6 but the only reported use of 'carbon tetrachloride
triacylhydroxylamines) is the use of steam-bath heat as a chlorine donor is in the formation of 4-chlorobi-
rather than reflux, as used by Urbanski.8 Thus, phenyl from 4-iodobiphenyl.6 Exchange of chlorine for
Urbanski isolated only lib  as the main product, no iodine takes place cleanly without contamination by
matter what R was present in I. Indeed, we found positional isomers. In most cases irradiation for 5 hr
that, if the reaction mixture is heated tc reflux, a self- was sufficient to effect a 70-75%  conversion into the
sustaining exothermic reaction takes place which chloro compound, although actual yields were higher
results in complete conversion of all II compounds into because of recovery of unchanged starting material,
lib. The II derivatives are excellent for mass spectral Longer reaction times were avoided because of possible
studies since the R C = 0 + fragment is readily formed complications involving reactions with the iodine
and this provides a handle for interpretation. liberated in the course of the photolysis. Within a

The mechanism of this reaction is obviously complex given period of time, percentage conversion of the
and must involve several steps. The clearest step of aromatic iodide into the corresponding chloride was
the reaction is likely to be the last one, which is prob- (compared with iodobenzene) greater for compounds
ably a 1,3-acyl migration from III. At the present with electron-donating substituents; the electron-with

drawing carboxyl group, for example, considerably 
O slowed the reaction7 and substantial amounts of un-
II reacted o-iodobenzoic acid could be recovered.

CH3CO O Representative results are summarized in Table I.
R— C = N — OCCH3 —► II

j j j  T a b l e  I
P h o t o l y s is  o f  A r o m a t ic  I odo  C o m p o u n d s  in

there is no way of choosing between several ways8 of C a r b o n  T e t r a c h l o r id e

arriving at III. However, elucidation cf the mecha- % yield of corresponding
nism may well have a bearing on a known rearrange- Substrate chioro compound“

ment4 of cyclic nitro ketones. Iodobenzene 76s
2- Iodotoluene 60

Registry No.— I l a ,  22427-07-2. 2-Iodoanisole 78

(4) H. 0 . Larson and E . K . W. Wat, J .  Amer. Chem. S x . ,  85, S27 (1063); 4-Iodoamsole 96
A. Hassner and J .  Larkin, ibid., 85, 2181 (1963). 2-lodophen.ol 80

l,4-Dimethyl-2-iodobenzene 75
------------------------ — 2-Iodophenylacet.ic acid 81

3- (4-Iodophenyl)butanoic acid 78
P h otochem ical Synthesis of Arom a tic Chloro 4-(4-Iodophenyl)butanoie acid 87
Com pounds from  A rom atic Iodo Com pounds1 3-(4-Iodophenyl)propanoie acid 76

2-Iodobenzoic acid 51
F r a n k  K ie n z l e 2 and E d w a r d  C. T a il o r  “ Based on recovered starting material and determined _ by

glpe. Identity of products was confirmed by melting point,
„  , . _ spectral analysis, and/or chromatographic means. 6 IrradiatedDepartment of Chemistry, Princeton University, for g j,r

Princeton, New Jersey  085ifi

Received Ju ly  7 1969 In accor(iance with the generally accepted mechanism
for photodecomposition of iodo compounds, we suggest

The photodecomposition of aromatic iodo compounds the following reaction scheme to account for our results- 
has long been known, but only recently has this process Arl — >-Ar- +  I-
been used for synthetic purposes. Thus, photolysis of Ar- +  C C 1,___>- ArCl +  -CCh
aromatic iodides has led to syntheses cf biphenyls, 2I __ _
phenanthrenes, and organophosphorus and organoboron ^ 2
compounds, all in acceptable yields.8 2 ' LC13 — >- C2Cl6

Aromatic iodo compounds are now read.ly accessible Hexachloroethane could be isolated from the photolyses
if  tVa ul  ™ at!c .hydrocarbons through in yields to 5% in agreement with the above sug-

initial thallation with thalhc trifluoroacetate followed gested reaction pathway *
by treatment with aqueous potassium iodide,4 and we  ̂ l rradiation of 2-iodotoluene and l,4-dimethyl-2-

(1) We gratefully acknowledge partial financial support of this work by iodobenzene gave, in addition to the product of halogen
the Smith Kline and French Laboratories, Philadelphia, Pa.

(2) NRCC Postdoctoral Fellow, 1968-1970. (5) B . Milligan, R. L. Bradow, J. E. Rose, H. E. Hubbert, and A. Roe,
(3) For a review, see R . K. Sharma and N. Kharasch, Angew. Chem., 80, J .  Amer. Chem. Soc., 84, I5S (1962),

69 (1968); Angew. Chem. Intern. Ed. Engl., 7, 36 (1968). (6) N. Kharasch,’ R. K. Sharma, and M, Hussain, unpublished results;
(4) A. McKillop, J. S. Fowler, M. J, Zelesko, J, D. Hunt, E. C. Taylor, see ref 60 in ref 3.

and G. McGillivray, Tetrahedron Lett., 2427 (1969). (7) W. Wolf and N. Kharasch, J .  Org. Chem., 30, 2493 (1965).
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exchange, a,2-dichlorotoluene (7.5%) and a,2-dichloro- reported because they differ significantly from those
1,4-dimethylbenzene (10%), respectively. These latter reported in the literature.
compounds must arise by a secondary process which is In our work, various attempts to prepare 2-chloro-l- 
depicted below. propyl methyl ether by methylating 2-chloro-l-propanol

failed, presumably because the nucleophilicity of the 
/pV\ alcohol is decreased by the inductive effect of the

\CJ)) CH3 + ‘CCI, > \CJ)) CH,- + CHC13 chlorine. A yield of 53%  was finally obtained from the 
\ \ reaction of l-methoxy-2-propanol with thionyl chloride.
C1 Cl The reported3 13% yield of 2-bromo-l-propyl methyl

/rN\ ether from the reaction of l-methoxy-2-propanol with
O  + c c b *■ xyJ/ + 'c c ’3 phosphorous tribromide was reproducible. Modifying

\ \ the procedure by distilhng the product directly as it is
^  C1 formed, under vacuum, improved this yield to 58%.

2-Iodo-l-propyl methyl ether was prepared (86% yield, 
Irradiation of 4-iodoaniline in carbon tetrachloride with 14% recovery of starting material) from 2-bromo-

gave only traces of the corresponding chloro compound; 1-propyl methyl ether and sodium iodide in refluxing
the nature of the dark, insoluble material which was acetone. Attempted preparation of the compound
formed was not investigated further. from the reaction of 2-tosyloxy-l-propyl methyl ether

We suggest that this photochemical conversion of aro- with sodium iodide in acetone unaccountably failed, 
matic iodo into aromatic chloro compounds may prove A 35% yield of 3-chloro-l-butyl methyl ether from 
to be of synthetic value because of the mild reaction 3-chloro-l-butanol was obtained via reaction of the
conditions employed and the effectiveness of the halo- benzenesulfonate of the alcohol with sodium methoxide
gen exchange. in methanol. Only 4%  3-bromo-l-butyl methyl

ether was formed from 1,3-dibromobutane and metha- 
F-rnprim pntai QprHnr, nolic sodium methoxide. (A 35% yield of 3-bromo-l-

butyl methyl ether from the reaction of propene with 
/rp?h°atocll̂ mic!i  Reactor,--]Ar Rayonet photochemical reactor bromomethyl methyl ether has been reported.)4
3000-Â lamps was used The reactions were carried out in a £Chloro-l-pentyl methyl ether was prepared Without 
30 X 5 cm quartz tube at room temperature (the temperature difficulty m 76% yield from 4-chloro-l-bromopentane
rose slowly during the time of reaction to 45°). and sodium methoxide in methanol. The analogous

Gas Chromatography.—An Aerograph A90-P3 instrument with reaction of dibromopentane was twice5,6 reported to
employed ^  coIumn with °n 45-60 Chrom w was proceed with about 50% yield of 4-bromo-l-pentyl

General Procedure.—The iodo compound (1 g) was dissolved methyl ether. In our hands the reaction was less
in 500 ml of carbon tetrachloride and the solution irradiated for successful. Five variations of conditions were tried,
5 hr. The violet solution was then evaporated in vacuo, the some more than once. In all cases a mixture of isomers,
residue dissolved in ether (100 ml), and the ether solution ex- 4-bromo-l-pentyl and 5-bromo-2-pentyl methyl ethers,
tracted once with 20 ml of a 5% sodium bisulfite solution. The obtained. Yields of this mixture ranged from 3 to
ether layer was dried over anhydrous sodium sulfate and evap- ,. „ . , i , , ,
orated. The chloro compounds were isolated by crystallization 28% .  ̂The proportion of 4-bromo-l-pentyl methyl
from hexane (in the case of solids), or their presence and purity ether in the mixture also depended upon conditions,
quantitatively determined by gas chromatography (in the case of ranging from about 50 to 92%. Pure 4-bromo-l-
liquids). The crude acids (see Table I) obtained after evapora- pentyl methyl ether was obtained from the mixture by 
tion of the ether solution were methylated with diazomethane , .. ,. c r , n , , ,, i ,1
prior to gas chromatography. selective reaction of 5-bromo-2-pentyl methyl ether

with sodium iodide in acetone.
-----------------------  The halogénation of 5-methoxy-l-pentene led to a

mixture of dihalopentyl methyl ethers (Scheme I), 
Syntheses of Some Haloalkyl M ethyl E th e rs1* which could not be separated by preparative gas

chromatography because of decomposition during the 
P a u l  E .  P e t e r s o n  and  F r a n c is  J . S l a m a 16 1 runs. High-speed spinning-band distillation using a

Teflon band was employed in the separation of 1,5-di- 
Department of[Chemistry, St. Louis University, chloro-2-pentyl methyl ether from its isomer, 4,5-di-St. Louts, Missouri 63156 . .  . r  m l. , c n i •chloro-l-pentyl methyl ether. This procedure failed m

Received July U, 1969 the case of the bromine analogs because they both
decomposed upon heating. Since 4?5-dibromo-l-pentyi

The absence of reports of the preparation of several ether decomposed more slowly than the isomer,
simple haloalkyl methyl ethers probably stems, in part, 14 was Poss'ble to isolate this czc-dibromide. The
from tendencies toward elimination and/or participa- distribution of products m the wo a ogena ions seems
tion inherent in the ethers and/or in intermediates in to indicate that participation is more important m the
the syntheses of these ethers. We report here syntheses chlorination than m the brommation (Scheme II).
of several haloalkyl methyl ethers, which were needed The results obtained in these halogénations are similar
in our studies of halogen participation.’ In the case of to those reported’ for the lodmation of 4-penten-l-ol m
the preparations of four of the ethers, our results are (3) r . l . Jacobs and r . d . Sehuetz,/. org.chem., 26,3472 (i9 6 i).

(4) S. Mamedov and M. R. Kulibekov, Zh. Obshch. Khirn., 27, 1499
(1) (a) We gratefully acknowledge partial support of the research and (1957); Chem. Abstr., 52, 3750a (1958).

partial support of the purchase of a Varian HA-100D nmr spectrometer by (5) S. Oae, J .  Amer. Chem. Soc., 78, 4030 (1956).
the National Science Foundation through Grants GP-6638 and GP-8510, (6) L. Wartski, Bull. Soc. Chim. Fr., 3066 (1965); Chem. Abstr., 64, 1945c
respectively; (b) NDEA Fellow, 1966-1969. (1966).

(2) P. E . Peterson and F. J .  Slama, J .  Amer. Chem. Soc., 90, 6516 (1968). (7) D. L. H. Williams, Tetrahedron Lett., 2001 (1967).
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S c h e m e  I (90.0 g, 1.0 mol) and kept at —10° until the initial exothermic
_ _  _  process was completed. The flask was placed on a distilling
S y n t h e s e s  o f  D ih a l o p e n t y l  M e t h y l  E t h e r s  column in a 100o bath. The distalate> colleoted immediately at

CH2= C H C H 2CH2CH2OCH3 a pressure of 62 Torr, was washed with 10% sodium bicarbonate
and with saturated sodium chloride. Redistillation afforded 92 g

1. CC1,;Cla;02 (58% ) of 2-bromo-l-propyl methyl ether: bp 62° (79 Torr);
2. fractional distillation nmr (CCU) g 3 .3 (s> 3> CHsO), 1.64 (d, 3 , CH3C ), 3 .4 -3 .7  (m, 2,

/ — \  CHs), and 4 .0 -4 .5  (m, 1, CH).
p h  r i r w n f r u  \ n r u  „ „ „ A  /  2-Iodo-l-propyl Methyl Ether.— Sodium iodide (40 g, 0.276
k 2T k (  2)3 3 UH2U No  mol), reagent grade acetone (60 ml), and 2-bromo-l-propyl

2 parts , r 1 part methyl ether (20.0 g, 0.122 mol) were refluxed for 48 hr. Solids
p h  piPH/npH \/p u  pi were precipitated with ether. Distillation afforded 14%  of the
CH2UCH(OOH3XLH2)3U  starting bromide and 21.1 g (86% ) of 2-iodo-l-propyl methyl

3.3 parts ether: bp 67° (54 Torr); nmr (CCL) 8 1.84 (d, 3, CH3C), 3 .2 -
3.7 (multiple!, and singlet, 5, CH2 and CH30 ) ,  and 3 .9 -4 .6  (m, 1,

CH,-CHCH'CH,CH,OCH, “ L .  C lo d  C.H.OI: C, 23.91; H, 4 .5 2 . F o u r i :  C ,
24.05* H 4.54.

CCI|,Br' 3-Chloro-l-butyl Methyl Ether.— Pyridine (100 ml, 1.25 mol),
/— \ benzenesulfonyl chloride (49.2 g, 0.28 mol) and 3-chloro-l-

*  ^  J .  \ butanol (21.6 g, 0.20 mol, prepared by lithium aluminum hy-
CH2BrCHBr(CH2)3OCH3 BrH2C dride reduction of 3-culorobutyric acid) were mixed for 2 hr at

4.3 parts 1 part — 5 to —10°, and then poured into 320 ml of prechilled 6 N
hydrochloric acid. The mixture was extracted with chloroform 

"  C and dried with magnesium sulfate. Chloroform was removed in
CH2BrCH(OCH3)(CH2)3Br a rotary evaporator. Methanol (100 ml) containing 0.17 mol of

41 parts sodium methoxide was added dropwise and refluxed for 10 min.
Filtration and distillation afforded 8.62 g (35%  from the alcohol) 

B of 3-chloro-l-butyl methyl ether: bp 65° (95 Torr); ir (CCL)
1105 cm -1 (ether); nmr (CF3COOH) 8 1.56 (d, 3, CH3C), 3.60  

A +  B +  C a > A -I- C (s, 3, CHaO), 1 .8 -2 .5  (m, 2, CHC1CH2), and 3 .61 -4 .5  (m, 3,
distillation CH2OCH3 and CHC1).

fractional 4-Chloro-l-pentyl Methyl Ether.— 4-Chloro-l-bromopentane
distillation (0.107 mol) (prepared from 2-methyl-tetrahydrofuran via reac-

. *■ q tion with acetyl chloride to form 4-chloro-l-pentyl acetate ,9 which
was subjected to acidic methanolysis, followed by reaction of the 
resulting 4-chloro-l-pentanol with phosphorus tribromide) was 

S c h e m e  II added to methanol (50 ml) which contained sodium methoxide
mn.ma, (0.107 mol), refluxed 1 hr, and distilled, to afford 3.04 g of start-

X 2 +  C H ,=C H C H 2CH2CH2OCH3 *■ CH2XCHX(CH2)3OCH3 ;ng material (4-chloro-l-bromopentane) and 10.11 g (76% ) of
,K ' ,0" ^ .  4-chloro-l-pentyl methyl ether: bp 65° (32 Torr); ir 1113 cm -1

participation (ether); nmr (CC14) 5 1.48 (d, 3, CH3C), 3.24 (s , 3, CH30 ) ,  3 .2 5 -
I 3 .4  (m, 2, CHjOCHj ), 3 .8 -4 .2  (m, 1, CHC1), and 1 .6-1 .9  (m, 4,

r  ,— , "" CH2CH2CH20 ) .
/  \  CH,XCH(OCH3)(CH.,)3X Anal. Calcd for C6H130C1: C, 52.74; H, 9 .59. Found:

XH,C V j /  C, 52.75; II, 9.55.
+ | Mixture of 4-Bromo-l-pentyl and 5-Bromo-2-pentyl Methyl

/  \  Ethers.— 1,4-Dibromopentane (230 g, 1.0 mol) was allowed to
XH2C/ ' r /  react for 4 days at room temperature with sodium iodide (150 g,

1.0 ml) in dry acetone (450 ml). After filtration, the acetone 
was removed by distillation. Methanol (220 ml) was added.

aq u eo u s a c e to n e  to  p ro d u ce  so m e 2 - io d o m e th y lte tra -  Sodium methoxide (0.33 mol) in methanol (220 ml) was added 
, , » mi ,• c a r j -l  i x i dropwise to the refluxing solution over 1.5 hr. Distillation at-
h y d ro fu ra n . T h e  p re p a ra tio n  o f 4 ,5 -d ib ro m o -l-p e n ty l forded 20 03 g (28% ) of a mixture of 4. bromo-l-pentyl and 5-
methyl ether in 8 0 %  yield by the  ̂method of Scheme I  bromo-2-pentyl methyl ethers bp [69-70° (22 T orr)].
h as been re p o rte d ,8 w ith  no m en tion  of isom eric  p rod - Isolation of 4-Bromo-l-pentyl Methyl Ether.— A mixture (9 g,
u cts . Id en tifica tio n  of th e  isom ers b y  th e ir  n m r 9.05 mol) containing about, 50%  4-bromo-l-pentyl methyl ether
s p e c tra , ta k e n  in  tw o solven ts, w as u n eq u ivocal. andf 50%  5; br°™0; 2; pent^  ™ thy}  ether was dissolv' d -dryr  1 acetone and added to a flask containing sodium iodide (4.5 g,

0.03 mol) in acetone. After 12 hr at room temperature, filtra- 
Experimental Section ^ on ar,9 distillation afforded several cuts, one of which was pure

4-bromo-l-pentyl methyl ether (1.89 g): bp 71° (22 Torr); nmr
Distillations and Analyses.— Distillations were performed on (CCh) 8 1 .5 -2 .2 (7, including a doublet at 1 .68), 3 .1 -3 .5  (5,

platinum spinning-band columns, except as noted. Analyses including a singlet at 3.25), and 3 .8 -4 .4  (m, 1, CH3CH BrC);
were performed by Scandinavian Mieroanalytical Laboratories, ir 1105 cm -1 (ether). The ether was separable from its isomer,
Herlev, Denmark. 5-bromo-2-pentyl methyl ether, by gas chromatography on a 150-

2-Chloro-l-propyl Methyl Ether.— Thionyl chloride (71.4 g, ft DC-550 capillary column, and was shown to be 99.8 ±  0 .2 %
0.60 mol) was added dropwise to l-methoxy-2-propanol (54 g, isomerically pure. The highest boiling fraction (4.86 g) was
0.60 mol) and pyridine (50.4 g, 0.60 mol) in an ice-cooled flask. impure 5-iodo-2-pentyl methyl ether: bp 78-81° (13 Torr);
The flask was then heated to 120° for 1 hr. Distillation af- nmr (CCL) 8 1 .3 -2 .2  (m, 4, CH2CH2CH2I), 1.19 (d, 3, CHs),
forded 29.5 g (53% ) of 2-chloro-l-propyl methyl ether: bp 98° 3 .0 -3 .6 (6 , including a singlet at 3.23).
(1 atm ); nmr (CC14) 5 1.46 (d, 3, CCH3), 3.32 (s, 3, OCH3), 3 .2 -  4,5-Dichloro-l-pentyl and l,5-Dichloro-2-pentyl Methyl Ethers.
3.6 (m, 2, CH2), and 3 .8-4 .1  (m, 1, CH ). — Chlorine (17.1 g, 10.9 ml, 0.24 mol) was evaporated into

Anal. Calcd for CtHsOCl; C , 44.25; H, 8.36. Found: C , a stream of oxygen and led into ice-cold carbon tetrachloride
44.45; H, 8 .51. (100 ml) containing 4-methoxy-l-pentene (25.0 g, 0.25 mol). A

2-Bromo- 1-propyl Methyl Ether.— Phosphorus tribromide (136 high-speed Teflon spinning-band column was used to separate
g, 0.5 mol) was added slowly to prechilled l-methoxy-2-propanol the isomers. The resulting fractions contained 17.6 g (43% ) of

(8) R. Paul and O. Riobe, C. R. Acad. Sci., P aris, 230, 1185 (1950); (9) S. Searles, Jr ., K. Pollart, and F. Block, J .  Amer. Chem. Soc., 79, 952
Chem. Abstr., 45, 15186 (1951). (1957).
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l,5-dichloro-2-pentyl methyl ether, 10.6 g (26% ) of 4,5-dichloro- I
1- pentyl methyl ether, and 3.7 g (13% ) of 2-chloromethyltetra- 
hydrofuran: bp 75-77° (28 Torr) [lit.10 55-56° (20 T orr)]. The 
isomeric ethers were separable analytically on a DC-550 gas 
chromatographic column and were identified by their spectra.

1.5- Dichloro-2-pentyl methyl ether: bp 103° (19 Torr); nmr &
(CC14) 5 3.38 (s, 3, CH30 ) ,  3 .2 -3 .6  (m, 5, C1CH2CH and C1CH2),
and 1 .5 -2 .1 (m, 4, CH2CH2CH2C1).

A nal. Calcd for C6H i2OC12: C, 42.14; H, 7.04. Found:
C, 42.14; H, 7.04. . ■ ,

4 .5- Dichloro-1-pentyl methyl ether: bp 95-100° (19 T orr); ------ aJULju —.------------  --- J\kJ  ^
nmr (CCh) S 3.27 (s, 3, CH30 ) ,  3.36 (t, 2, OCH2), 1 .4 -2 .6  (m, 4 ,
CH2CH2CH20 ) ,  3 .4 -3 .9  (m, 2, C1CH2), and 3 .8 -4 .2  (m, 1, CH ).

Anal. Calcd for C6Hi2OCl2: C, 42.14; H, 7.04. Found: L  I
C, 42.33; 11,7.05. u  ,

That 2-chloromethyltetrahydrofuran was not arising from the j
dichloro compounds during distillation was evidenced by its sharp , ,  / [  { I J
disappearance from distillation fractions early in the distillation. ------ -------------------------  J J  j 87 %—A r1

4.5- Dibromo-l-pentyl Methyl Ether.— 5-Methoxy-l-pentene 
(20.0 g, 0.20 mol) and bromine (30 g, 0.187 mol) were allowed to
react in carbon tetrachloride (100 ml) in subdued light. Because C  I
of the pyrolytic instability of l,5-dibromo-2-pentyl methyl ether, . I
the only compounds isolated in pure form by slow distillation I I  | ,
were 2-bromomethyltetrahydrofuran, bp 60-61° (14 Torr) ---------^ _____ J  U L _______ 7
[lit.10 bp 63.5-64° (17 Torr)], and 4,5-dibromo-l-pentyl methyl , i , i i
ether: bp 105° (7 Torr) [lit,.8'9 bp for “ CH2BrCH Br(CH 2)3-
OCH3, ” 100° (8 Torr)]; nmr (CC14) 5 3 .9 -4 .3  (m, 1, CH ), 3 .4 -  Figure 1.— Nmr spectrum (CCh): (a) crystallized erythro-2,3-
3.9 (m, 2, BrCH2), 3.36 (t, 2, CH20 ) ,  3.27 (s, 3, CH30 ) ,  and dibromo-2-butyl tosylate; (b) mixture of erythro and threo
1 .2-2 .4  (m, 4, CH2CH2CH20 ) .  diastereosmers from the addition of bromine to ¿rares-2-buten-2-yl

„  tosylate; (c) mixture of diastereosmers from the addition of
Registry No. 2-Chloro-l-propyl methyl ether, 5390- bromine to the cis isomer.

71-6; 2-bromo-l-propyl methyl ether, 22461-48-9;
2- iodo-l-propyl methyl ether, 22461-49-0; 3-chloro-l- taining an sp2-hybridized bond to an atom other than
butyl methyl ether, 3565-66-0; 4-chloro-l-pentyl hydrogen or carbon. Lemieux has demonstrated that
methyl ether, 22461-51-4; 4-bromo-l-pentyl methyl bromination of dihydropyran and related compounds
ether,^ 4457-68-5; 5-bromo-2-pentyl methyl ether, occurs via a stabilized oxonium ion, and that this
3706-57-8; l,5-dichloro-2-pentyl methyl ether, 22434- reaction yields significant amounts of the c i s -  as well as
10-2; 4,5-dichloro-l-pentyl methyl ether, 22461-54-7. the irans-dibromide.5 Stevens has shown that bro-

(io) g . Egiinton, e . r . h . Jones, and m . c. whiting, j .  Chem . Soc., 2873 mine-82 adds to 1-bromocyclohexene with t r a n s  stereo-
(1952)- specificity.6

_______________  In the present study, the stereochemistry of the
addition of bromine in carbon tetrachloride to 2-buten-

Stereoselective Addition of Brom ine to 2 tosylates was determined.7 The nmr spectra
„ „   ̂ o i nn . 1-, , . „ (Figure 1) of the products of the addition to the c i s  and2-B u ten -2-yl losylates. horm olysis of . . .J J  _ t r a n s  isomers, indicate some stereoselectivity m the
erythro-2,3-D ibrom o-2-butyl Tosylate a addition to the double bond (Scheme I). The lack of

complete stereospecificity can be interpreted in terms of 
Paul E. Peterson and J oseph M. I ndelicato16 stabilized oxonium ions 2 and 3 which may be formed

directly or from 1 and 4 in competition with attack of 
Department o f Chemistry, St. Louis University, bromide ion. The stereochemical assignment is based

t. Louis, M issouri 6 3 1 6 6  on a8SUmption 0f a preponderance of t r a n s  addition.
„ ■ , , , i, iqrq The products of the addition of bromine to 1-cyclo-

eceive u y , hexen-l-yl tosylate proved to be so unstable that they

It is widely recognized that the electrophilic addition C°™u n°* a® Identified' . ,t , , i c , . 1 • , ... ... . The a,/3-dibromo tosylates are of some interest asof bromine to olehns proceeds v i a  an intermediate , , ,. , , , , . . , i i ■, • ■ • , , *, ■ , j j j .  solvolytic substrates which may undergo solvolysisbromomum ion, or its equivalent, to give t r a n s  adducts. J . . . ■,, , g., A ,rr,,- r • ’ , c T , , , , , with a -o r  d-bromme assistance or with both. Accord-Ih is cyclic intermediate was first postulated by . , ,,  ̂ , , ■ e ■ •,Tj , , i T7— c iio , , , v j  • ,, ‘ mgly, the crystalline 6 was dissolved m lormic acidRoberts and Kimball2 and later observed m the nmr a f ’. . J .. , , , f , , ,, i• r i j  ti it , A1 c i • l containing sodium formate and was found to navestudies of (Jiah and Bollinger.8 Olehns which can , &  ̂ , . , . „ , 0 , , __c , - , ,  , j  .. , , i  undergone rapid formolysis to give 3-bromo-2-butanoneform highly stabilized cations are less prone to form , r
bridged cations, and they may give mixtures of stereo- ' 4 ''
isomeric products.4 hcqoh ®

Of particular interest to this study is the stereo- 6 -----------> CH3CHBrCCH3 (1)
c h e m i s t r y  o f  t h e  a d d i t i o n  o f  b r o m i n e  t o  o le f in s  c o n -  H co o N a

(1) (a) We acknowledge partial support of the purchase of a Varian h a - Information concerning the role of /3-bromine in
100D nmr spectrometer through National Science Foundation Grant G P- SO lv olySG S W£IS a<V8il.£lbl6 f r o m  £111 U n p u b lisllG C l s t u d y  o f  
8510. (b) N SF Graduate Trainee, 1966-1969.

(2) I. Roberts and G. E . Kimball, J .  A m er. Chem. Soc., 59, 947 (1937). (5) (a) R. U. Lemieux and B. Fraser-Reid, Can. J .  Chem ., 42, 532 (1964);
(3) G. A. Olah and J .  M. Bollinger, ib id ., 89, 4744 (1967). (b) R . U. Lemieux and B . Fraser-Reid, ib id ., 43, 1460 (1965).
(4) (a) R . C. Fahey and H. J .  Schneider, ib id ., 90, 4429 (1968); (b) J .  H. (6) C. L. Stevens and J .  A. Valicenti, J .  A m er. Chem . S oc., 87, 838 (1965).

Rolston and K . Yates, ib id ., 91, 1469 (1969); (c) J .  H. Rolston and K . Yates, (7) For the preparation and stereochemical assignments of the vinyl
ib id ., 91, 1477 (1969). tosylates, see P. E. Peterson and J . M. Indelicato, ib id ., 90, 6515 (1968).
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S c h e m e  I Experimental Section

Infrared spectra were determined on a Beckman Model IR-5A  
3 double-beam spectrophotometer. Gas chromatographic analysis

Y C ' ^ O T s was carried out on a Hewlett-Packard Model 5750 gas chromato
graph. Nmr spectra were determined on a Yarian Model HA- 
100D spectrometer.

4 Addition of Bromine to 2-Buten-2-yl Tosylates.—  trans-2-
Buten-2-yl tosylate (0.0358 g, 1.585 X  lO" 4 mol) was dissolved 

g r Br CH3 in 0.5 ml of CCh and cooled in an ice bath. Bromine (0.025 g,
/  \ \____ /  0.1585 mmol) was added and the mixture kept cold until the nmr

p h  _ /  \  p h  </' \  NTs snectrum was taken (2-5 min; cf. Figure 1): nmr (CC14) 6 1.83
3< /  V ,  3 H CH, 2  and 1.85 (2d, J  = 6 Hz, CH3CH B1- ) ,  2.34 and 2.46 (2s, CH3-
H OTs + CO TsBr-), 2.45 (s, CH3C6H4- ) ,  4.59 and 4.34 (2q, J  =  7 Hz,

1 /  2 CHaCHBr-), 7.72 (m, aromatic). To show that two peaks were
I /  Ir - present at S 4.45 and 4.46, 20%  benzene was added to the solu-

. /  t  1 tion. The CH3C6H4-  peak was shifted upheld to S 2.32 and the
*  R , R , CH3CO TsBr- peak shifted upheld only to 5 2.43. The spectrum

\ 3;AOTs \ j  1 remained constant in the proportions of isomers after 36 hr at
threo  \-------C  ery th ro  J ---------£ room temperature, indicating no interconversion of isomers.

H p h  r ,. H p u  h  p OTs The addition to the cis isomer was carried out in a similar manner.
3 3 The nmr spectrum showed that the minor component from the

5 /  6 previously described addition reaction was now the predominant
73% / b y  27% isomer present.
2 /  7g^, Isolation Experiment.—The trans isomer (0.0026 mol) was

/  brominated. The solution was washed with distilled water and
' b p  /  tBr~ saturated NaCl solution and dried (M gS04). Removal of the

'  solvent on a rotary evaporator yielded 91%  of a mixture of
Br CH3 Rr diastereomers. Several crystallizations from hexane gave erythro-

\ /  /  \ 2 ,3-dibromo-2-butyl tosylate: mp 77 .9-79 .8 ; nmr (CC14) 5 1.83
J ------ \  %Ts +  „  /  \  p h  (d, 3, ./  =  6 Hz, CH3C H B r-), 2.34 (s, 3, C & C O T sB r-), 2 .45

CH3 A CT n ~jT  %  3 (s, 3, CH3C6H 4- ) ,  4.59 (q, 1, /  =  7 Hz, CHaCHBr-), 7.52 (m, 4 ,
CH, OTs aromatic).

3 4  A nal. Calcd for CnHi4Br20 3S: C, 34.22; H , 3 .65. Found:
C, 34.22; H, 3.65.

Br2 CC1, Formolysis of en/ffiro-2,3-Dibromo-2-butyl Tosylate.— To a
weighed quantity of dibromobutyl tosylate formic acid (0.125 

H ^ C H 3 j /[ jn sodium formate) was added to form a solution 0.1 M  in
^ - C = C ^  tosylate. The tosylate was slow to dissolve, but did so after 10

CH3 OTs min. At that time, nmr indicated that no starting material was
present. The solution was neutralized with N aH C 03 and ex
tracted with CC14. The sole product of the reaction was identi
fied by ir and nmr to be 3-bromo-2-butanone.

the formolysis of trans- and cis-2-bromocyclohexyl In a similar experiment, glpc of the reaction mixture, employ-
brosylate. In the case of the trans isomer where j3-bro- a base forecolumn,12 indicated quantitative conversion into the

mine assistance is possible, the rate of formolysis romo etone-
relative to that of the parent cyclohexyl brosylate was Registry No.—Bromine, 7726-95-6; 5, 22461-42-3; 
decreased by a factor of 2.8. In the case of the cis 6,22461-43-4.
isomer where /3-bromine assistance is impossible, the (I2) p E Peter80n and E Ta0i 0rg_ CAem„ 29> 2322 (1964). 
inductive effect of the bromine decreased the reaction
rate by a factor of 8500.8 On the other hand, the -----------------------
effect of an a-bromine in the case of the solvolysis of
some benzhydryl dibromides was to speed up solvolysis.9 Q uaternary Carbons by the Alkylation of
Based on an estimate that the half-life for the reaction T ertiary  Halides with A lum inum  Alkyls.
(eq 1) was less than 6 min, the solvolysis of the a  d-di- A Model for In itiation  and T erm in ation  in
bromo tosylate 6 is faster than that of 2-butyf tosyf-
ate by at least a factor of 35.10 The cited literature C ationic Polym erization
suggests that both a- and /3-bromine assistance occur in
the formolysis of 6. K e n n e d y

Finally, it may be noted that the reaction of a,/3-di- 
bromo tosylates with formic acid may be of synthetic „  Corpora™ Research Laboratories,

value, as it provides an alternative to a standard Linden, New Jersey  07036
preparation of a-bromo ketones and aldehydes through
the bromination of enol acetates.11 Received M ay SO, 1969

(8) (a) J. E . Duddey, Ph. D. Thesis, St. Louis University (1987). (b) The reactions of halo hydrOCarboilS with aluminum
These results may be compared with the acetolysis data from the literature: alkyls have been Studied previously.1 The best report
e . Gmnwaid j Amer. chem. Soc 73, (1951), and s. winstein, e . j this field is by Miller,1 who investigated the inter-

(9) A. Streitwieser, “Solvolytic Displacement Reactions,” MeGraw Hill a c t i o n  b e t w e e n  a l u m i n u m  t r i e t h y l  a n d  a  V a r i e t y  Of
Book Co., New York, n . y ., 1962, p 102. halogen-containing hydrocarbons in ethyl ether at
chem Soc ̂ 8?'ti69°(i965)E Kelley Jr'’R- Bellolh and K- A- Sipp’1 Amer• room or higher temperatures. Product analysis showed

( i i )  (a) e . r . h . Jones and d . j .  wiuka, j . Chem. Soc., 907 (1959); (b) medium to high conversions into a variety of products
P. Z. Bedoukian, “Organic Syntheses,” Coll. Vol. I l l ,  John Wiley & Sons,
Inc., New York, N. Y ., 1955, p 127. (I) D. B . Miller, J .  Org. Chem., 31, 908 (1966), and references cited therein.

532 Notes ^he Journal of Organic Chemistry



Table I
S y n t h e s is  o f  Qu a t e r n a r y  C a r b o n  A to m  C o n t a in in g  C o m p o u n d s  b y  

R e a c t io n  o f  T e r t ia r y  A l k y l  C h l o r id e s  w it h  A 1(C H 8)3°
<----------------------------------------Solvent----------------------------------------s

Alkyl halide Registry no. Product Methyl chloride Cyclopentane

R 1 (j'Hj c No appreciable reaction for 15 min
fjijCCt 507-20-0 CHjCC’Hs'' at —25°; complete reaction in

CH3 Ch3 less than 1 0  min at ~ 2 1 °
^  CH,

CHjCHUCi 594-36-5 CHXH.rcii, j  .I | a e
CH3 CH3

CH3 CH3 d  No appreciable reaction for 4 days
CH3CH2CH,CCI 432548-8 (UXilcuicH, at -78°; complete clean reac-

I  ̂ I tion after 1 2  hr at room tempera-
OHs CHj ture

^  i® 3 Cft CH, d  No appreciable reaction for 4 days
ch— cci 4398-65-6 ch_cch3 a t —78°; complete, clean reac-

I I I tion after 1 2  hr at room tem-
CHs CHs CH‘ C»3 perature
HSC CH, H3C CH3

CH3c cci 918-07-0 CH3C-CCH3 Partial reaction after 24 hr a t —70°
H3c CH3 HjC CH3

C. .Cl a  x
X  6196-85-6 JXT d  Partial reaction after 24 hr at —70°;
I----1 I__ I co. 1  %  olefin present

0 931-78-2 CS < 'C  ̂ Partial reaction after 24 hr a t —70°;
[  J  co. 1% olefin present

“ Molar quantities of A1(CH8 ) 3 and RC1 reacted. Product analysis by nmr. 6 Also confirmed by gc. 0 Quantative, clean reaction 
in less than 10 min at — 78°. d Quantative, clean reaction at — 78°. 6 Not examined.

which arose via a variety of reaction paths, i.e., cou- methyl chloride solvent and complete conversion into
pling, reduction, elimination (dehydrohalogenation), po- final products was obtained by the time of nmr analysis
lymerization, etc. , (usually less than 10 min). In cyclopentane the re

in the course of our studies on the mechanism of actions were slower but proceeded without disturbing 
cationic polymerizations, we carried out experiments side reactions (e.<?., elimination) as well, 
to elucidate the polymerization-catalytic action of Table II  shows the results obtained with AIMe3 
AIR3-RCI initiator systems.2'3 Aluminum trialkyls and various primary, secondary, allyl, and benzyl
{e.g., AlMe3, AlEt3, AliBu3) in the presence of certain chlorides. The conversion of 1-chloroethylbenzene into
alkyl halides are efficient initiators for the polymeriza- cumene was complete in less than the time of nmr analy-
tion of cationically initiable monomers, e.g., isobutylene, sis (co. 10 min). Allyl, isopropyl, and isobutyl chloride
styrene, etc.2’3 I t was observed that the introduction did not react at —78° during the times shown in Table
sequence of the reactants is of decisive importance II ; however, the expected methylated hydrocarbons
for successful polymerization. Thus efficient polym- formed at a higher temperature. It should be noted
erization commences when the introduction sequence that the sole product from isobutyl chloride was neo-
is monomer-AlMe3-R C l; however, no or very little pentane (cf. below). There was no evidence for dis-
polymer is formed when the sequence is AlMe3-R C l- turbing side reactions (elimination, etc.) in any of
monomer. This initial observation was followed up these experiments. Benzyl chloride, which gives poly-
experimentally to elucidate the reaction(s) between benzyl (-CeELCIR-) in the presence of Lewis acids,4
AIRs and various alkyl halides. This work provided gave ca. 20% ethylbenzene and ca. 80% polymer,
important insight into the initiation and termination Ethyl chloride did not react with AlMe3.
mechanisms of olefin polymerizations with AIR3-RCI Table III shows the results of a series of experiments 
initiator systems and, in addition, resulted in the def- with various aluminum trialkyls and ¿-butyl chloride,
inition of an alkylation (coupling) reaction for the Again, the reactions proceeded rapidly and without the
synthesis of branched hydrocarbons in general and formation of by-products.
quaternary carbon compounds in particular. Experiments were also carried out to study the

stoichiometry of the ¿-B ud +  A1(CH3)3 reaction by 
Results the addition of increasing amounts of ¿-B ud to the

„  . , T . A1(CH3)3. No complications occurred upon the addi-
lable I summarizes the results obtained with a ,. /  , „ 1 t . u 4. 1 m m + 1 __ 1, , ,. tion of up to 3 mol of ¿-butyl chloride to 1 mol ol

senes of tertiary chlorides and AlMes. All reactions in methyl chloride soivent at - 7 8 ° .  Prod-
proceeded by eq 1. Alkylation was very rapid in ^  by nmr indicated the formation of stoi_

A1(CH3 ) 3 +  RC1—>■ A1(CH3)2C1 +  RCH3 (1) chiometric amounts of neopentane. Further addition

(2) J .  P. Kennedy in “Polymer Chemistry of Synthetic Elastomers,” (3) J .  P. Kennedy, Belgian Pateht 663,319 (1965).
J .  P . Kennedy and E . Tornqvist Ed., Interscience Publishers, Inc., New (4) J .  P. Kennedy and R. B. Isaacson, J .  Macromol. Chem., 1, 541
York, N. Y ., 1968, part 1, Chapter 5A, p 291. (1966).
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T a b l e  II
S y n t h e s is  o f  V a r io u s  H y d r o c a r b o n s  b y  R e a c t io n  o f  A l k y l  and  A r a l k y l  C h l o r id e s  

w it h  A1(CH3)5 in  M e t h y l  C h l o r id e  S o l u t io n “
Halide Product Remarks

CeHeCHjCl C,H ECHsCHal Ca. 20%  ethylbenzene formed in
the temperature range of —78 to 
20° ; by-product polybenzyl

CHa CH3

C6H 5CHC1 CeHsCHCHs” Complete, clean reaction at -  78°
CH'ir=CHCH2Cl C H j=C H C H 2CH, No reaction for 24 hr at -7 S * .

Slow reaction at room tempera
ture: ca. 30%  conversion after 
4 days, 100%  conversion into 1- 
butene after 9 days

(CH3)2CHC1 (CH3)2CHCH3 No reaction a t - 7 8 ° .  Slow reac
tion when heated to room tem
perature: ca. 50%  conversion 
into isobutane after 9 days

CHa

(CH3)2CHCH2C1 CHaCCHa No reaction for 2 hr a t - 7 8 ° ;  com-
| plete conversion into neopentane

CHa after 4 days at room temperature
CH3CH2C1 . . .  N ° reaction for 2 weeks at room

temperature

“ Molar quantities reacted; product analysis by nmr. b Confirmed by gc.

T a b l e  III
S y n t h e s is  o f  H y d r o c a r b o n s  b y  R e a c t io n  o f  V a r io u s  A l u m in u m  T r ia l k y l s  

w it h  ¿ -B u t y l  C h l o r id e  in  M e t h y l  C h l o r id e  S o l u t io n “

Aluminum trialkyl Product Remarks

CH3

A1(CH3)3 CHaCCHa Immediate complete reaction a t —78°. The [Al(CHa)3l2/
| f-butyl chloride ratio was 0.5:1
CHa
CHa

Al(C2H5)a CH3CCH2CHa Immediate reaction a t - 7 8 ° .  The [Al(C2H5)8]2/i-butyl
1 chloride ratio was 0 .5 :1
CHa
CHa CHa

Al(i-C4H 9)a CHaCCH2CHCH3 Partial reaction at - 7 8 ° .  The Al(i-C4H 9)3/i-butyl chloride
l ratio was 1:1
CHa

“ Product analysis by nmr.

of f-butyl chloride resulted in the formation of a white —78°), is faster than in cyclopentane. In cyclopen-
precipitate, and the nmr spectra became difficult to tane the reaction is slow at —25°, but occurs rapidly at
internret. —21°. Similar observations were also made with the

. other tertiary chlorides, as shown in Table I.
iscussion All the reactions proceeded selectively to the qua-

The reaction represented by eq 2, where R and R ' are ternary carbon compound indicated. The synthesis
of organic molecules with quaternary carbon atoms 

( AA1)R +  R Cl — ► RR +  ( AADCl (2 ) ia q u ite  difficult with present_day techniques. The
alkyl or aralkyl groups, most likely proceeds by a Grignard reaction commonly used for this purpose is
carbonium ion mechanism.1 For example, the reaction slow and is beset by disturbing complications, e.g.,
between aluminum trimethyl and f-butyl chloride to elimination, reduction, etc., and therefore usually gives
neopentane can be visualized as follows (eq 3). The low yields. The reaction with aluminum alkyls and
AlMea -1- f-BuCl__ > ¿-Bu+ AlMe3Cl“ __>■ tertiary alkyl halides, particularly in inert polar solvents

„  at low temperatures, proceeds very rapidly and selec-
f-BuMe +  A1Mc2C1 (3) lively

reaction is very rapid in methyl chloride solvent Under our conditions tertiary halides react very 
a t —78° and it is complete before the nmr spectroscopic rapidly with aluminum trimethyl, secondary halides
analysis can be performed (< 10 min). The reaction react much more slowly, and normal primary halides
in methyl chloride, the more polar solvent (e ca. 18 at do not react at all. E.g., isopropyl chloride gives
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isobutane with a half-life of c a . 9 days at room tem- at —78°, c a . 30% conversion was found after 4 days at
perature, whereas ethyl chloride remains unchanged room temperature, and 100% after 9 days,
even after 14 days at room temperature. The reaction between aluminum alkyls and alkyl

The isobutyl chloride experiment (c/. Table II) is halides can be viewed as a model for the initiation
important, as it provides insight into the reaction and termination reactions in carbonium-ion polymeri-
mechanism. Isobutyl chloride gives exclusively neo- zations. Thus initiation of cationic polymerizations
pentane in a relatively slow reaction (no reaction after 2 occurs by the generation of a suitable carbonium ion.
hr at —78°, complete conversion in 4 days at room The polymerization initiator is usually a Lewis acid
temperature). These results are interpreted by as- the function of which is to help generate the first car-
suming a slow reaction in which the chlorine is re- bonium ion (or proton) by, e .g . ,  eq 8. This step is
moved by the aluminum trialkyl, followed by a fast
isomerization v ia  hydride shift to the more stable R X  (or H X ) + A1R3 R + (or H +) + A1R3X  (8)
tertiary butyl cation, which captures a methyl group . ,  ,, , t  ., „ , ..
(methine anion) from the Gegen ion and gives neo- identical with the first step of the alkylation reaction
pentane (eq 4 and 5). Neopentane formation from iso- discussed above. The R+ (or H+), m the presence of a

catiomcally active monomer, initiates polymerization 
which, depending on a series of important parameters 

CH3  ̂ ( e .g . ,  structure of the monomer, temperature, solvent,
^CHCH2C1 + AlMe3 ^CHCH2+[AlMe3Cl] (4) etc.), might proceed to high polymer.

CH3 CH3 In the absence of a cationically initiable monomer,
fast the electrophile (R + or H+) is stabilized by alkylation

" s '  or by a variety of other processes, e .g . ,  elimination,
¿ s '  qji etc. (eq 9). This reaction has been referred to in our

.CH3 | 2 earlier publication.6
\ +  [AlMe3C i r  — CH3CCH3 +  AlMe,Cl (5)

| '  R+ (orH + ) +  A1RSX - — >• R R  (or H R) +  A1R2X  (9)
CH3

This process can be regarded as a model for the 
butyl chloride strongly supports a carbonium ion mech- termination in carbonium-ion polymerizations initiated 
anism. with AIR3-R X  systems. In these polymerizations the

Among the benzyl halides, 1-chloroethylbenzene growing cation is converted into a high molecular
gave cumene selectively and rapidly in 100% yield at weight hydrocarbon (eq 10).
-7 8 ° .  Benzyl chloride produced c a . 20% ethylben- R^+A 1R3X -  R - R  +  A1R2X  (10)
zene and c a . 80% white powdery product, polybenzyl 
(-C 6H4CH2-) . Evidently, with benzyl chloride a
competitive side reaction occurs in which benzyl Experimental Section
cations (and/or growing benzyl cations) are consumed All the experiments and manipulations were performed in a 
by ring benzylation (eq 6 ) .  The dehydrochlorination stainless-steel enclosure under N2 atmosphere (ca . 30 ppm mois

ture).6 The aluminum alkyls (Texas Alkyls Co.) and other 
/— , + ,— . ,— . chemicals used were commercially available materials (K & K

(C~y>— CH2 ( ( ~ y )  q jj —% / ) V _ p p r  Laboratories or Matheson Coleman and Bell) and were freshly dis-
v^r /  -HCi V v  2 v - V  2 -HCl tilled in  vacuo before use. 2-Chloro-2,3-dimethylbutane and 2-

___ ___ chloro-2,3,3-trimethylbutane were produced by hydroehlorina-
/ ( y \  qjj — u ) \ — f ir  t (6 ) b °n oorresPoncling olefins by known methods. Both gas
W  2 v - > / ~  etc' ' ' chromatography and nmr spectroscopy were used to ascertain the
/  purity of the starting materials. Most experiments were carried

f r \  Att out in nmr tubes. A representative experiment was performed as
\ V -//  2 follows. Separate molar solutions of i-butyl chloride and alu

minum trimethyl in methyl chloride (or cyclopentane) solvent 
were prepared at —78°. Into nmr tubes 2-ml aliquots of these 

which accompanies each benzylation step most likely solutions were filled and mixed a t - 7 8 ° .  The tubes were capped,
gives rise to AlMeCl2 (eq 7), a strong chlorine acceptor; frozen in liquid N2, and sealed. Subsequently, the temperature

of the samples was brought back to —78° for nmr spectroscopy. 
HC1 „ . HC1 . , , ,  Nmr analysis was performed as soon as feasible after sample

A Me3 r r a , A1Me2C1 lC T , A1MeCl2 ( ) preparation by the use of a Varian 60 nmr spectrometer. If no
reaction occurred a t —78°, the tubes were stored at this tempera-

SO that this reaction is probably autocatalytic for ture an(l/or warmed to higher temperatures to effect conversion.
nnlvhenzvl form ation  T h e  n olvalk vlation  reactio n  of Selected samples were also analyzed by gas chromatography,p olyoenzyi fo rm atio n , i n e  p olyallty lation  re a c tio n  ol A perkin.Elmer 226 instrument (0.01 in. x  300 ft capillary, DC
benzyl chloride to  p olyb en zyl is a  w ell-in v estig ated , 55Q silicon oil a t 40°, He carries gas) and a flame ionization de-
extremely facile reaction and proceeds with high rate tector were used. In these instances the samples were prepared
even at —130°.4,5 in test tubes, and the reactions were quenched by the introduction

With 1-chloroethylbenzene no polymer formation was of an excess of cold methanol Upon methanol treatment a
, j  * ,x • ,i .  .... voluminous while precipitate formed. Oc analysis was per-

observed. Apparently, m this case the repetitive formedby removing aliquots of the supernatant liquid,
alkylation of the aromatic rings with the methyl phenyl
carbonium ion (C6H5CH+CH3) is retarded owing to Registry No.— A1(CH3)3, 75-24-1; A1(C2H5)3, 97-93-8;
steric hindrance. A1(i-C4H9)3, 100-99-2.

Allyl chloride gave exclusively 1-butene in a relatively
slow reaction. In this experiment no reaction occurred (6) J. P. Kennedy and a . Milliman, Advances in Chemistry Series, No.

91, American Chemical Society, Washington, D. C., 1969, Chapter 18, p
(5) P. Finocciaro and R. Passerini, Ann. Chim. (Rome), 58, 418 (1968). 287.
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Acknowledgment.— The help of Dr. M. A. Melchior methane yielded the corresponding enol ethers, 4b
and F. Cassidy in the interpretation of nmr and gc and 4c, All the chloro-substituted indenes prepared
spectra, respectively, is gratefully acknowledged. The in this work were sharp melting and appeared to be
advice of Dr. G. E. Milliman during the initial phase of single compounds by thin layer chromatography. Gas-
this work was of great value. Most of the experimental liquid chromatography of the enol ethers also failed
operations were carried out with greatest competence to reveal the presence of more than one component,
by Mr. R. R. Phillips. Thus, it seemed likely that dinitriles lb and lc  were

both undergoing cyclization unidirectionally. Since 
gtructureg 0f *;he cyclization products could not

£ be determined by physical methods, it was necessary
D irectio n  of C yclizatio n  ot , , , , . , j  , , ■to resort to chemical degradation.

l,2-B is-(cyanom ethyl)benzenesla Attempted ozonolysis of 3a gave only unchanged
starting material. However, gentle oxidation of ethyl 

Adrienne S. D e y , Andre R osowsky, and E dward J. M odest en0] ef}ier 4 a 5 WRR 1 equiv of chromic acid gave a
mixture of unreacted starting material and a product 

The Children s Cancer Research Foundation  which proved to be ethyl o-carboxyphenylacetate
and the Departments o f Biological Chemistry and Pathology, . . ,. ' „

Harvard M edical School, Boston, M assachusetts 02115 (5a)-6 When the oxidation was carried out with 2
equiv of chromium trioxide, the product appeared to 

Received Ju ly  9 ,1 9 6 9  be a mixture of 5a and another compound, which is
probably the intermediate acyl cyanide shown in

2-Amino-3-eyano-lH-indenes bearing a single chlo- Scheme I. This assignment was supported by the
rine substituent on the benzene ring were required infrared spectrum of the mixture, which contained a
as synthetic intermediates.113 A convenient route to nitrile band at 2230 cm 1 and a carbonyl peak at
amino nitriles of this type is the base-catalyzed Thorpe 1780 cm h The latter peak lies in the high wave
cyclization of l,2-bis(cyanomethyl)benzenes, which number region characteristically ascribed to C = 0
has been reported for the unsubstituted parent com- functions attached directly to strong electron-attracting
pound, la .2 Unsymmetrically substituted dinitriles, groups.7 The presence of a small amount of the
such as 4-chloro-l,2-bis(cyanomethyl)benzene fib) and presumed acyl cyanide was also indicated by the nmr
3-chloro-l,2-bis(cyanomethyl)benzene (lc), can each spectrum, which contained, in addition to the signals
give rise to two isomeric products, depending on arising from 5a, a minor second set of peaks displaced
which cyanomethyl group undergoes anion formation by only about 2 cps.
most easily in the presence of base. This note describes Similar oxidation of 4b with 1 equiv of chromium 
a useful chemical method to establish the direction trioxide, gave, in addition to some unchanged 4b, a
of cyclization of these dinitriles with complete cer- product whose analysis and spectra were consistent
tainty. This method, outlined in Scheme I, may be with structure 5b. On the other hand, oxidation with
of general interest and applicability for similar systems. 2 equiv of chromium trioxide and direct sapon-

Cvclization of the unsymmetrical dinitriles lb and ification of the crude product afforded a 63% yield
lc  afforded the corresponding cyano ketones; alkyla- of 4-chlorohomophthalic acid (6b). Since no unchanged
tion gave the cyano enol ethers, which were oxidized 4b was recovered, it was clear that the employment
to homophthalic acids with chromic acid under mild of 2 equiv of oxidant had resulted in a more corn-
conditions. The direction of cyclization of the di- plete reaction. The identification of 6b was made
nitriles, which proved to be in accordance with pre- by comparison of its infrared spectrum with that of
dictions based on classical electronic effects, was con- an authentic specimen,8 and also by mixture melting
firmed by identification of the homophthalic acids. point determination. The formation of 6b during

Dinitriles lb and lc  were prepared by bromination the oxidation of 4b established unequivocally that
of 4-chloro-o-xylene3 and 3-chloro-o-xylene, and re- the Cl substituent in indenes 2b-4b was attached to
action of the resulting l,2-bis(bromomethyl) com- the 5 rather than the 6 position. Hence, the base-
pounds with sodium cyanide in aqueous ethanol4 Cy- catalyzed cyclization of dinitrile lb had to proceed
clization of the dinitriles was accomplished in absolute via preferential ionization of the cyanomethyl group
ethanol in the presence of a catalytic amount of sodium meta to the Cl atom.
ethoxide according to the method previously described Oxidation of 4c with 2 equiv of chromium trioxide 
for the cyclization of la .2 The amino group in amino gave a 48%  yield of a single product identified as 6-
nitriles 2b and 2c was hydrolyzed by refluxing in 6 N chlorohomophthalic acid (6c) by comparison with an
sulfuric acid for 3 hr. Treatment of the strongly authentic sample prepared as shown in Scheme II.
enolic cyano ketones 3b and 3c with ethereal diazo-

(5) Compound 4a was prepared directly from 2a by refluxing with ethanol
(1) (a) This investigation was supported in part by Research Contract DA- in sulfuric acid as described by Moore and Thorpe.2“

49-193-MD-3008 from the U. S. Army Medical Research and Development (6) This compound has been claimed previously as the product of the reae-
Command, Walter Reed Army Institute of Research, and Research Career tion of o-carboxyphenylacetonitrile with ethanol and sulfuric acid: H. W.
Development Award K3-CA-22,151 from the National Cancer Institute, Johnston, C. E . Kaslow, A. Langsjoen, and R. L. Shriner, J .  Org. Chem.,
National Institutes of Health, U. S. Public Health Service. This is publica- 13, 477 (1948). The material isolated by these workers1 was a liquid, bp
tion No. 656 from the Army Research Program on Malaria, (b) A. Rosow- 164-169° (19 mm), whereas our product was a solid, mp 98-100° (see E x
sky, A. S. Dey, J .  Battaglia, and E . J .  Modest, J .  Heterccycl. Chem., 6, perimental Section). I t  is probable that the material described by Johnston
613 (1969). and coworkers was actually a mixture of a t least two compounds.

(2) (a) C. W. Moore and J. F . Thorpe, J .  Chem. Soc., 93, 165 (1908); (b) (7) L. J .  Bellamy, “The Infrared Spectra of Complex Molecules,” John
W. Schroth and W. Treibs, Ann. Chem., 639, 214 (1961). Wiley & Sons, Inc., New York, N. Y ., 1958, p 125.

(3) D. R . Lyon, F . G. Mann, and G. H. Cookson, J .  Chem. Soc., 662 (8) We are very grateful to Dr. P. A. S. Smith, of the Department of
(1947). Chemistry, University of Michigan, for furnishing us with a sample of 4-

(4) A. C. Cope and S. W. Fenton, J .  Amer. Chem. Soc., 73, 1368 (1951). chlorohomophthalic acid.
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S c h e m e  I

CN CN CN

R . V ^ / C H . C N  Na0Et 6iyHjS04 R l\ ^ A

V ^ c„,cn ■=* — ycy°h - xxŷ
R2 R2 Rj

1®—c 2a—c 3a—c 4a—c

0  Cr03

r' Y y o t  ■'y y "  J “ "

Y ^ C H ,C O O H  NS-k+ c H J j O K .  ^  k X c H ^ R ,

n» ^  0  À , J .
6 b,c 5a,b L ü J

a, Rt =  =  H, Rg = C2H5
b , R1 =  Cl,R2 =  H,R3 =  CH3
c ,  R ,= H ,R 2 =  Ci,R3 =  CH3

Although several substituted homophthalic acids were more acidic than the or¿/io-cyanomethyl group and 
prepared via this route by Smith and Kan,9 6c was that the favored product should therefore be 2c. 
not described. The identification of 6c as the oxidation In summary, the chromic acid oxidation of enol 
product of 4c proved that the cyclization of dinitrile ethers 4a-c represents a useful method for the selective
lc  proceeded, as in lb, via anion formation on the cleavage of the double bond in this type of indene
cyanomethyl group meta to the Cl atom. derivative. The reaction is simple to perform and

p r o c e e d s  c l e a n l y ,  g iv e s  r e a s o n a b l e  y ie ld s  o f  h o m o -  

S c h e m e  I I  p h t h a l i c  a c id s ,  a n d  c a n  p r o b a b l y  b e  e x t e n d e d  s u c c e s s -

0  f u l l y  t o  o t h e r  c o m p o u n d s  o f  s i m i l a r  s t r u c t u r e .

I 1 soci C1 II
A y ' CH*C 0&  2Pb(SCN\  —  C— NCS ^  Experimental Section«

CSj 4-Chloro-l,2-bis(cyanomethyl)benzene (lb ).— Bromination of
q  pj 4-chloro-o-xylene3 according to a standard procedure13 gave, after
I I repeated vacuum distillation, a 23%  yield of > 90%  glpc-pure

40% koh / L / C H 2C02H a,a'-dibromo-4-chloro-o-xylene: bp 102-106° (0.05 mm) [lit.3
I |j (| 111-127° (0.1 m m )]. The dibromide (16 g, 0.05 mol) was added

„  fairly rapidly and with vigorous stirring to a solution of NaCN
I UU2hl (5.9  g, 0.12 mol) in 50 ml of 50%  EtO H  under N 2. After being
S 6c refluxed for 30 min, the mixture was cooled and poured into 300

ml of water, and the product was extracted into CHCls (200 ml 
total). The combined CHCI3 layers were washed with water, 

The present finding that dinitriles lb and lc  undergo dried, and evaporated under reduced pressure. Crystallization
cyclization unidirectionally in the presence of base of the brown residue from absolute EtO H  gave 6.8  g (67% ) of
can be interpreted in terms of classical electronic material melting at 77-81 • A second crystallization from

„  . „ j  TT ,,  , , . . . .  aqueous ethanol gave yellow solid: mp 80-82 . Analytically
effects. The Hammett constant, ff, which is con- pure colorless crystals were obtained upon repeated crystalliza-
sidered a measure of net polar effect (inductive and tion of a separate sample14 from 7-PrOH: m p 8 1 °; ir (KC1) 2270
resonance), is +  0.23 for p-Cl and + 0 .37  for m-Cl cm “1 (C = N ); nmr (CDC13) ¿3 .73  (singlet, -C H 2CN ).
substituents.10 Since positive 0  values denote net A nal. Calcd for C i0H7C1N2: C, 63.00; H, 3 .70; Cl, 18.60; 

electron witMr.wal, one would predict that in lb N' 14 M  C' 62*  H' «  18-“ - N' 
the cyanomethyl group meta to the Cl substituent
s h o u ld  b e  m o r e  a c i d i c  t h a n  t h e  T w a - c y a n o m e t h y l  (12) Ultraviolet spectra were measured with Cary M o d e m  and Model 15

x l  j  , -j -j •] spectrophotometers. Infrared spectra were taken in potassium chloride
g lO lip . Oïl this basis, the expected product should disks with a Perkin-Elmer Model 137B double-beam recording spectro-
be 2b, in agreement with the experimental result. Al- photometer. Nmr spectra were determined in deuteriochioroform solution
though Hammett <7 constants are not very useful in on a Varia» A-S0 instrument, with tetramethylsUane as the internal reference.

w . Glpc analyses were performed on an F  & M Model 720 instrument, using
predicting the net polar effect of ortho substituents, ô f t x 1/« in. 10% silicone rubber (SE-30) columns and helium as the carrier 
the Taft ff* constant, which is considered to reflect Analytical samples were dried over Drierite at 70-100° (0.05 mm).

i v i ■ j  rr ± Melting points were measured in Pyrex capillary tubes in a modified Wag-
more accurately the combined effect of polar and ner-M eyer apparatus [E.C. Wagner and J. F. Meyer, In d . Eng. Chem.. Anal.
steric factors, can be used for this purpose.11 The E d., 10, 584 (1938)] at a heating rate of 2°/min, and are uncorrected. Mi
f f *  constant for O-Cl ( +  0.20) is very similar to <J for croanalyses were performed by Galbraith Laboratories, Knoxville, Tenn.

, . . .  j t t  , , 11 (13) E . F . M. Stephenson in “Organic Syntheses,” Coll. Vol. IV , John
the p - C l  substituent. Hence with respect to the Wiley & Sons, New York, N. Y ., 1963,p  984.
cyclization of lc, one would predict that the cyano- (14) This sample of lb  was obtained via an alternate, but less satisfactory,
methyl group meta to the Cl substituent should be ditosylatlon of 4-chlorobenzene-l,2-dimethanol«.;» via the

J  & ^  tosyl chloride-sodium hydride procedure,17 and subsequent reaction of the
ditosylate with sodium cyanide in dimethyl sulfoxide.

(9) P. A. S. Smith and R . O. Kan, J .  Org. Chem., 29, 2261 (1964). (15) J .  Tirouflet, C. R. Acad. Set., P aris , 238, 2246 (1954).
(10) H. H. Jaffé, Chem. Rev., 53, 191 (1953). (16) R . F . Bird and E . E . Turner, J .  Chem. Soc., 5050 (1952).
(11) R . W. Taft, Jr .,  in “Steric Effects in Organic Chemistry,” M. S. (17) J .  K . Kochi and G. S. Hammond, J .  Amer. Chem. Soc., 75, 3443

Newman, Ed., John Wiley & Sons, Inc., New York, N. Y ., 1956, p 619. (1953).
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3-Chloro-l,2-bis(cyanomethyl)benzene ( l c ).18— 2,3-Dimethyl- ethereal CH2N2 until gas evolution ceased. The resulting solu-
aniline was diazotized and treated with CuCl in the usual fashion. 3 tion was evaporated under reduced pressure, and the brown resi-
After being heated briefly to 55°, the reaction mixture was steam due was crystallized from aqueous EtO H : 1.3 g (63% ), mp 114-
distilled. The distillate, which appeared to contain a significant 116° dec. Further recrystallization from aqueous EtO H  gave
amount of 2,3-dimethylphenol in addition to the expected yellow crystals: mp 120-122°; ir (KC1) 2240 cm -1 (C = N );
product,19 was basified with 5%  NaOH and extracted with E t20 .  nmr (CDC13) 8 4.25 (singlet, OCH3), 3.55 (singlet, ArCH2).
The organic layer was washed several times with 5%  NaOH, A nal. Calcd for CnH8ClNO: C, 64.24; H, 3 .92; Cl, 17.24;
rinsed to neutrality, and evaporated. The combined products N, 6.81. Found: C, 84.39; H, 4 .05 ; C l,17 .48 ; N, 6 .54. 
from two runs were purified further by repeated basic extraction 7-Chloro-3-cyano-2-methoxy-lH-indene (4c).— Reaction of 3c 
and vacuum distillation until no more 2,3-dimethylphenol was with ethereal CH2N2 as described for the preparation of 4b gave
detectable by glpc to yield pure 3-chloro-o-xylene, 51.9 g (22% ), a 63%  yield of beige powder. One crystallization from aqueous
bp 93-95° (33 mm) [lit.20 187-190° (1 atm )]. Bromination of ethanol gave the analytical sample: mp 140-142° dec; ir (KC1)
this material according to the procedure used with the 4-chloro 2230 cm -1 (C = N ); nmr (CDCI3) 5 4.27 (singlet, OCH3), 3.55
isomer gave after two vacuum distillations 55.6 g (50% ) of a ,a '-  (singlet, ArCH2).
dibromo-3-chloro-o-xylene, bp 105-106° (0.005 mm), mp 3 1 .5 - A nal. Calcd for CnHgClNO: C, 64.24; H, 3 .92 ; Cl, 17.24;
35° (solidifying in the receiver). N, 6.81. Found: C, 33.91; H, 3 .83 ; Cl, 17.33; N , 6 .90 .

A n al. Calcd for C8H7Br2Cl: C, 32.20; H, 2.36; B r, 53.56; Oxidation of 3-Cyano-2-ethoxy-lH-indene (4a). Procedure 
Cl, 11.88. Found: C, 31.99; H, 2 .36; Br, 53.83; Cl, 11.96. A.— To a solution of 4a5 (0.50 g, 0.0027 mol) in 25 ml of glacial

The above dibromide was treated with NaCN in refluxing AcOH at 50° was added a warm solution of C r0 3 (0.25 g, 0.0025
EtO H  as described for the preparation of the 4-chloro isomer. mol) in 30 ml of glacial AcOH. After being kept at 50° (internal)
Crystallization from EtOH afforded 18.3 g (52% ) of yellow solid: in a bath for 10 min and then at room temperature for 80 min,
mp 130-131.5°; ir (KC1) 2270 cm -1 (C = N ); nmr (CDC13) 8 3.88 the mixture was poured into ice water. The precipitate was
and 3.97 (singlets, -C H 2CN). The analytical sample had mp filtered to give 0.30 g of material, mp 72-78°, consisting mainly
127-129°. of starting material mixed with some oxidation product. The

A nal. Calcd for CioH7C12N : C, 63.00; H, 3 .70; Cl, 18.60; solid was redissolved in 25 ml of glacial AcOH and treated with
N, 14.70. Found: C, 62.91; H, 3.54; Cl, 18.62; N, 14.69. additional C r0 3 (0.15 g, 0.0015 mol) in a bath at 65-70° for 1 hr.

2-Ammo-5-chloro-3-cyano-lH-indene (2b).—To a solution of The mixture was poured into 200 ml of ice water, and a minute
lb (9.6 g, 0.05 mol) in 30 ml of absolute EtOH at reflux was added quantity of unchanged 4a was filtered off. The filtrate was ex-
under N2 a solution of N a (0.1 g, 0.004 mol) in absolute EtO H  tracted with EtiO, and the organic layer was washed with water,
(5 ml). A dense solid was formed within 2 min. Afier being dried, and evaporated to give a yellow oil. Addition of water to
heated an additional 5 min, the mixture was cooled and filtered, the oil gave some orange solid, mp 63-69°, consisting again
and the solid was washed with a little cold EtOH to give 5.1 g mainly of unchanged 4a. However, extraction of the cloudy
(53% ) of gray-purple powder, which tended to darken upon filtrate with E t20 ,  followed by the usual work-up, gave a residue
standing. Recrystallization from 95%  EtOH gave very small which solidified upon standing overnight at room temperature,
purplish needles: mp 250-253° dec. Further recrystallization Repeated crystallization from benzene-petroleum ether (bp 4 0 -
did not improve the appearance of the product. 60°) gave yellow needles of 5a (0.05 g, 9% ): mp 98-100°; ir

A n al. Calcd for C10H7C1N2: C, 63.00; H, 3 .70; Cl, 18.60; (KC1) 1680 cm “1 (acid C = 0 ) ,  1730 cm “1 (ester C = 0 ) ,  3040
N, 14.70. Found: C, 63.12; H, 3 .57; C l.18 .82 ; N, 14.71. cm “1 (associated OH); nmr (CDC13) 8 4.23 (quartet, OCH2CH3),

2-Ammo-7-chloro-3-cyano-lH-indene (2c).— A solution of lc  4.12 (singlet, ArCH2CO'i, 1.27 (triplet, CH2CH3).
(1.0 g, 0.0052 mol) in the minimum amount (9 ml) of refluxing A nal. Calcd for CnH120 4: C, 63.45; H, 5.80. Found: C,
EtOH was treated, under N2, with a solution of Na (0.011 g, 63.68; H, 5.78.
O. 00044 mol) in absolute EtOH (0.2 ml). The reaction mixture, Oxidation of 5-Chloro-3-cyano-2-methoxy-lH-indene (4b).
which rapidly turned brown and then black, was refluxed for 40 Procedure B .— A solution of 4b (0.5 g, 0.0024 mol) in 20 ml of
min, ohen cooled, and filtered. Recrystallization of the crude glacial AcOH at 95° was treated with C r0 3 (0.25 g, 0.0025 mol),
pioduct (0.5 g, 50%)^ from absolute EtO H  gave small beige After being stirred at 95-105° (internal) for 50 min, the mixture
needles, mp 213-216 dec; ir (KC1) 2200 cm “1 (conjugated was poured into water and extracted with E t20 .  The organic

'• layer was washed with water, dried, and evaporated under re-
tvt ia  nn %Tcd ôr CioHrClN2: C, 63.00; H, 3 .70; Cl, 18.60; duced pressure to give a yellow oil which solidified under petro-

round: C, 63.30; H , 3 .72; Cl, 18.75; N, 14.64. leum ether (bp 40 -6 0 °). The yellow, somewhat gummy solid
'Ch'oro-l-cyano^-indanone (3b). A mixture of 2b (1.9 g, (0.25 g), consisted of equal parts of unreacted 4b and methyl 2-

« . ° /  concentrated H2SO<, and 95 ml of water was carboxy-4-chlorophenylacetate (5b), as shown by the nmr spec-
re uxe with stining for 3 hr, then cooled, diluted with 100 ml trum; pure 4b could be recovered by recrystallization from
0 water, and filtered. Recrystallization of the crude product aqueous EtO H. Dilution of the filtrate remaining after recovery

• 9. % ) ta m  a<l“  EtOH gave a beige powder: mp 193- of 4b with CHC13 afforded crude 5b and recrystallization from
dec, ir (K Br) 2260 cm 1 (C = N ), 3500 cm “1 (enolic OH). benzene-petroleum ether gave analytically pure orange crystals:

m A_m:“ • Calcd for CioH.CINO: C, 62.68; H, 3 .16; Cl, 18.50; mp 110-113°; nmr (CDC1,) 8 4.10  (singlet, ArCH2CO), 3.76
N ,7 .3 1 . Found: C, 62.77; H, 3.32; Cl, 18.57; N, 7.16. (singlet, OCH3).
n noQol0r^ l '1CJ anl° '? 'mdan0ne (3c)'— A mixture of 2c (1.6 g, A nal. Calcd for C ioH,C104: C, 52.53; H, 3 .96 ; Cl, 15.50.
U.UU82 mol), 15 ml of concentrated H2SO<, and 75 ml of water was Found: C, 52.77; H, 3.82; Cl, 15.49.
store under reflux for 3 hr, then cooled, and filtered. Crystal- Treatment of the original reaction product with 10% NaOH in
iza ion o e ciuce pioduct (1.5 g, 94% ) from aqueous EtOH the cold, followed by filtration to remove dark insoluble material

fc—  el*°e Powder- mp 206-209 dec; ir (KC1) 2250 cm “1 and acidification of the filtrate with 12 A: 11C1, gave a small frac-
K i TT . tion of unreacted 4b. However, ether extraction of the cloudy
N J'f,.'  -,a c , 01 C, 62.68; H, 3 .16 ; Cl, 18.50; acid filtrate gave a yellow oil which crystallized slowly upon stand

’s rw ' a*™ o ’  ̂ ^ ’ 3 ;18> Cl, 18.34; N, 7.54. ing. The solid was suspended in CHC13 and a trace of undissolved
n f t h n  o°- n n ? 0’2i’!neti.ll o ' 1H‘lndene (4b).—A suspension 4-chlorohomophthalic acid (6b) filtered off: mp 195-198° with
01 jd  ( i .9  g, U.U1 mol) m EtiO was treated with freshly prepared gas evolution (rapid heating); ir (KC1) 1710 cm “1 (acid C = 0 ) .

The mixture melting point with authentic 6b8 was 196-199°.
(18) This compound was first isolated unexpectedly when a commercial Procedure C.— A  solution of 4b (0 .5 6  g , 0 .0 0 2 7  mol) in 20 ml of

batch of “4-chloro-o-xylene” (K & k  Laboratories, Inc., Plainview, N. Y .) glacial AcOH on the steam bath was treated with C r0 3 (0.56 g,
was subjected to bromination and treatment with sodium cyanide in the 0 .0 0 5 6  m o l). T h e  m ix tu re  Was k e p t on th e  ste a m  b a th , w ith
usua manner. Fractional crystallization of the product yielded both the occasional shaking, for 1 hr, then poured into 400 ml of cold water,
staT ttaa 4 c h l o ^  xvi °K a subs*antia‘ am°unt of lc- Anal^ is »f the and extracted with 100 ml of CHC1S, followed by 100 ml of E tsO.starting 4-cnioro-o-xylene by nmr then showed clearly that this material rpv j   ̂ , •, , 1
actually contains 4-chloro- and 3-chloro-o-xylene in a ratio of approxTmateTv ^  COmbmf d, 0rgam0 layerS Were evaporated under reduced
1 : 1. pp y pressure, and the residue was treated with 20 ml of 10% NaOH.

(19) The apparent ease of hydrolysis of this diazonium salt is noteworthy Sorae dark insoluble material was removed by filtration, and the
in view of the fact that the corresponding reaction of 3,4-dimethylaniline3 basic filtrate was heated on the steam bath for 30 min. Acidifi-
proceeded without complication. cation of the cooled solution with 12 N  HC1 gave 0.14 g (24% ) of

A- F- Dokukina and M- M. Koton, Zh. Obshch. K him ., 29, 2201 6b: mp 195-198° dec. Extraction of the acid filtrate with E t20
o , em. Abstr., 64, 10905 (1960). gave an oil which crystallized partially. Washing of this solid
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with CHCh gave an additional 0.23 g (39% ) of 6b: mp 195-197° in  these reactions are best described as unsymmetrically
dec. The total yield obtained by this procedure was 0.37 g bridged bromonium ions with weak bonding between

the bromine atom and the benzylic carbon atoms, Oxidation of 7-Chloro-3-cyano-2-methoxy-lH-indene (4c).—  V, ., , , .
Upon being heated with CrCb (2 equiv) and worked up in a man- as ls illu stra te d  below  for sty ren e . I  allu re to  ach iev e a 
ner similar to the preceding experiment (procedure C), 4c gave
a 48%  yield of 6-chlorohomophthalic acid (6c). Recrystalliza- J ? r
tion from water gave colorless crystals: mp 174-176° with gas \ + /7 } /
evolution; ir (KC1) 1680 cm “1 (aromatic COOH), 1705 cm -1 y N
(aliphatic COOH). This product was identical with the au- H H
thentic sample of 6c prepared from o-chlorophenylacetic acid _ . . . . .
(see below) and the mixture melting point was not depressed. symmetrically bridged bromonium ion m these re-

A nal. Calcd for C9H7CIOU C, 50.36; H, 3 .28 . Found: actions is undoubtedly due to increased stabilization
C, 50.34; H, 3.01. _ of the carbonium ion system by the phenyl ring. On

5-Chloro- 1-thio-1 2 ,3 ,4 -tetrahydro- 13(2H,4H)usoquinolme- hand, the bromonium ion involved in bro-
dione.— A mixture of o-chloropnenylacetyl chloride21 (8.6  g, . P \ . <-> r , , , •
0.046 mol), PbSCN (14.7 g, 0.046 mol), and 18 ml of benzene was mination of c is -  and fnms-2-butene was shown to in- 
refluxed with stirring for 5 hr, then filtered twice, and evaporated volve symmetrical bridging.2
under reduced pressure. Short-path distillation of the residue Jn the course of our studies on the bromination of
gav® 8'1 f j 8t %l !  i T id' ,b?u 107T1^ ^ r ®  dienes, we became interested in the nature of the
n o iu tio n  of th?°-X lorophenylacetyl H h iic y a n a te  (sTo l  bonding  ̂ in the intermediates in these reactions In
0.038 mol) in 10 ml of CS2 was added dropwise to a stirred sus- the addition of bromine to butadiene, at least three
pension of A1C13 (11.1 g, 2.2 molar equiv) in 30 ml of CS2, while charge distributions could be involved. Their struc-
cooling in an ice bath. When addition was complete, the mixture tures are shown below. Intermediate I is a bromonium
was refluxed for 5 hr, then cooled in ice, and treated with 12 ml of
1 N  HC1. The brown reaction product was broken up with a „ TT„ „ TT__ „ „  „ „  n u n v ___p u
spatula to give a bright orange solid, which was filtered off and CH2—-CHCH— CH2 CH2 -pH + CH CH2 CH2 CHCH CH.,
washed with water. Crystallization from glacial AcOH gave 'B r  'B r Br
several crops of bright orange product (total 3.6 g, 45% ): mp + ,  ¡j HI
247-250° dec. The analytical sample had mp 250-252° dec. "

A nal. Calcd for CsH sClN O S^C, 51.07; H, 2 .8 6 ; N , 6.62. jon wbb symmetrical bridging. Intermediate II rep-
FOimd6-CWoro°ho7mophih2aHc Acid (6c).-5 -C h loro-l-th io -l,2 ,3 ,4 - resents the charge as highly delocalized across the
tetrahydro-l,3 (2H ,4H)-isoquinolinedione (1.0 g, 0.0047 mol) was bromine atom and the adjacent allylic system. In-
hydrolyzed with 40 ml of 40%  KOH under reflux for 2.5 days in termediate III shows the charge as essentially localized
a flask of alkali-resistant glass. After being left a t room tem- on secondary carbonium ion. This intermediate
perature for 3 days, the mixture was refluxed an additional 6 hr, should assum e increasing importance as the polarity
then cooled, acidified with HC1, diluted with water to dissolve & ^ T . i -
the precipitated inorganic material, and extracted twice with of the solvent becomes greater. In this regard,
ether. Evaporation of the dried ether extract gave 0.68  g (67% ) Rolston and Yates2 and Buckles, Miller, and Thur-
of crude light yellow product: mp 157° with gas evolution. maier3 have shown that, in the bromination of sub-
Crystallization from water afforded a small first crop of malo- stituted styrenes ahd stilbenes, respectively, the charge
dorous material probably containing sulfur Extraction of the localized to form the most stable carbonium
filtrate with ether gave light yellow material, mp 167-1 b9 with ■ . , . . ,
gas evolution. Recrystallization from glacial AcOH gave pure ion as the polarity of the solvent IS increased.
6c as. a white powder: mp 172-174° (gas evolution). The It seemed to us that bromination in methanol might
infrared spectra of this material and of the product obtained from permit differentiation between these intermediates. In-
the oxidation of 4c were identical, and a mixture melting point termediate I should be attacked by the methanol
was not depressed. molecule4 at either carbon atom of the bromonium

Registry No.— lb , 22479-38-5; lc , 22479-39-6; 2b, jon i,0 give both 4-bromo-3-methoxy-l-butene (1) and
22479-41-0; 2c, 22528-32-1; 3b, 22479-42-1; 3c, 22479- 3-bromo-4-methoxy-l-butene (2). Intermediate II
43-2; 4b, 22479-44-3; 4c, 22479-45-4; 5a, 22479-46-5; should lead to significant quantities of l-bromo-4-
5b, 22482-73-1; 6c, 22482-74-2; 5-chloro-l-thio-l,2,3,4- methoxy-2-butene (3), presumably the tr a n s  isomer,
tetrahydro-l,3(2H,4H)-isoquinolinedione, 22482-75-3; by attack at the terminal carbon atom of the allylic
a,a'-dibromo-3-chloro-o-xylene, 22479-40-9. system; 1 and perhaps some 2 would also be expected.

Acknowledgments.— The laboratory assistance of Attack by methanol on III should give primarily 1. All
Mrs. Josephine Battaglia and Mrs. Rebecca G. Stephen- of the intermediates could give 3 by a Sn2' attack
son is gratefully acknowledged. The authors are also by methanol on the terminal carbon atom of the
indebted to Mr. Roger Cavallo and Mr. Chester allylic system.
Rosansky for the determination of infrared spectra. Formation of 3,4-dibromo-l-butene (4) and frans-1,4-

 ̂ j . R ..  dibromo-2-butene (5) would be expected.
(21) L. R . Cerecedo and C. P. Sherwm, J .  Biol. Chern,, 58, ¿15 v '  r

Results and Discussion

T h e B ro m in atio n  o f  B u tad ien e in  M eth an ol yh c  results in Table I show that, of the methoxy-
Victor L. Heasley and Paul H. Chamberlain bromides, 4-bromo-3-methoxy-l-butene (1) is the prin-

~ 77 (1) R. C. Fahey and H. J . Schneider, /. Amer. Chem. Soc., 90, 4429 (1968).
Department o f  Chemistry , P asadena College, j  H Rolston an(j  k . Yates, ibid., 91, 1469 (1969); J .  H. Rolston and

P asadena, California 9 1 1 0 4  K . Yates, ibid., 91, 1477 (1969); J .  H. Rolston and K . Yates, ibid., 91, 1483
(1969).

Received M ay 8 , 1 9 6 9  (3) R . E . Buckles, J .  L. Miller, and R. J .  Thurmaier, J .  Org. Chem., 32,
888 (1967).

. 0 .  , - x *  (  T (4) is possible that the weakly nucleophilic solvent might not open
Recent studies1-2 on the bromination o i  styrene this bromonium ion (I). In that case, the product would be exclusively the 

and substituted styrenes suggest that the intermediates dibromides.
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T a b l e  I
B rom ination  op B u t a d ie n e  in  M eth an ol  a t  —15"

Butadiene, .———Methoxybromides, % ---------- - Ratio •------------ Dibromides %------------- - Ratio Yield,
mole fraction 1 3 of 1/3  4 5 of 4 /5  %

0 .0 2  63 4 .3  15 22 10 2 .2  98
0 .0 5  45 3 .2  14 35 16 2 .2
0 .0 7  34 3 .9  8 .7  42 20 2 .1
0 .1 0  28 3 .1  9 .0  48 21 2 .3  57
0 .1 5  23 3 .2  7 .2  48 24 2 .0
0 .2 0  21 2 .3  9 .1  51 25 2 .0
0 .3 5  12 1 .2  10 52 34 1 .5
0 .5 0  13 1 .3  10 53 33 1 .6  67
0.02« 55 4 .1  13 26 14 1 .9
0 .5 0 “ 6 .8  0 .5  14 52 42 1 .2
0 .0 2 6 60 3 .7  16 23 14 1 .6
0 .5 0 6 7 .9  0 .6  13 53 38 1 .4

« Oxygen was passed through the reaction solution. b The radical inhibitor, 2,6-di-i-but,yl-4-methylphenol, was added to the reaction 
solution.

cipal product. A small amount of trans-l-bromo-4- methanol molecule. One explanation for this ob-
methoxy-2-butene (3) was also formed;5 no 3-bromo- servation might be that the larger bromide ion ex-
4-methoxy-l-butene (2) was detected. Evidence for periences severe steric hindrance when attacking at
the absence of 2  is explained in the Experimental position 3 and therefore chooses position 1. Another
Section. As far as the dibromides are concerned, more likely explanation involves considerations of
approximately twice as much 4 as 5 is formed under intermediate III and the relative nucleophilic abilities
under all conditions. of the methanol molecule and the bromide ion. In

Before the mechanism of these reactions can be intermediate III, nucleophiles can either react with
discussed from an ionic standpoint, it is essential that the carbonium ion at position 3 or attack position 1
the possibility of a radical pathway be eliminated. It by an Sn2' reaction. Since the bromide ion is a strong
has already been shown6 that a 1,2 to 1,4 ratio of nucleophile, it readily reacts with position 1 by the
ca. 2 in the bromination and chlorination of butadiene Sn2' pathway. Methanol, on the other hand, is a
is indicative of an ionic mechanism. From this stand- weak nucleophile and reacts almost completely with
point, it seems that the addition of bromine to butadiene the carbonium ion. 
in methanol is following an ionic pathway at all mole
fractions of butadiene. This viewpoint is supported Experimental Section
by the fact that the radical inhibitors, oxygen and
2,6-di-£-butyl-4-methylphenol, did not substantially Materials.— All solvents and reagents were obtained com
aker the ratio of 4/5. However, it should be pointed ^ eroially purAty unless “ dicatf  • J heQ̂. . , . . . .  ' „ . .. ’ t i diene was Matheson Coleman and Bell instrument grade, 99 .5%
out that addition oi ethylbenzene, as a radical scav- pure.
enger, to the reaction mixtures led to some a-bromo- Bromination. General Procedure.— Liquefied butadiene was 
ethylbenzene at all the mole fractions except 0.02. We added to the determined quantity of methanol, on a balance,
have interpreted these data to mean that only at a u n t i ! , t h e  appropriate weight was obtained The reaction solu-
„ i  i ,• c n no • • • , ,, , t.ion has a magnitude of 80-100 ml. To this solution at —15 ,
mole fraction of 0.02 is an ionic pathway followed under a nitrogen atmosphere, bromine was added dropwise until
completely; at higher mole fractions ac ertain amount 10-20%  of the butadiene had been allowed to react. The re-
of radical reaction accompanies the principal ionic action product was poured into cold water {ca. 100 ml), sodium
reaction. For this reason, and also because of the carbonate was added to destroy the H Br, and sufficient sodium
improved yield, all mechanistic considerations will be chlo,ride wa,L adde? satoate the solution and salt out the

con ned o the data which were obtained at a mole low-boiling petroleum ether, in three portions. I t  was established
traction of 0.02. that no rearrangement, of the dibromides occurred during the re-

The almost exclusive formation of 4-bromo--3-me- action or isolation. I t  was also established that under the re-
thoxy-l-butene (1) over 2  or 3 seems to indicate that action and isolation conditions the dibromides did not solvolyze
the 'intermediate involved in this reaction is best to give the methoxybromides.
, . ttt m  i .. . , , . All brommations were carried out m a dark room with a

d escrib ed  b y  I I I ,  w ith , p erh ap s, sligh t d elocalization  photographic safelight.
of the charge across the allylic system. A comparison Procedure for Analysis of Products.— The vpc analyses of the 
of the ratios 1/3 and 4/5 shows that the bromide ion products were accomplished with an Aerograph Model 90 P-3
(or tribromide ion) is much more effective a t  attacking chromatograph and an F  & M Model 700 chromatograph. The
„  i / , __,i c i, • , , ■. j, conditions for analysis for the former instrument follow: flow
p osition  1 (see th e  follow ing s tru ctu re ) th a n  is th e  rate (H e), 334 ml/min; column dimensions, 6 ft X  0.25 in.;

4 3 2 1 column temperature, 60°; column composition, 2 .5%  SE-30 on
0 __0 __.0 = 0  60-80 mesh DMCS Chromosorb W . Under these conditions, the
\ / +  retention times of 1, 3 , 4, and 5 are, respectively, 45, 111, 72, and

Br 189 sec. The conditions for analysis in the latter instrument
" follow: flow rate (He), 55 ml/min; column dimensions, 8 ft X

(5) cisU-Bromo-r-methoxy-^buiene was synthesized unambiguously, 0.125 in.; column composition, identical with that given above.
an?6l MWnp ou Z ! T r  T  ™ pr°ducf s- ,  The retention times of 1, 3, 4, and 5 are, respectively, 54, 132,(6) M. Poutsma [J . Org. Chem., 31, 4167 (1966)] has already discussed 04 j  ^04. > v  > >
tile variation in the ratio of 1,2 to 1,4 addition with a change in mechanism ' ’ atl Sf C"
in the chlorination of butadiene. We have found that this ratio varies in JSIon.e of the products rearranged under the conditions of
nearly an identical manner in the bromination of butadiene. An article on analysis. This was determined by collecting the product, after
our investigation has been accepted for publication in a forthcoming issue it had passed through the chromatograph and observing that no
of this journal. change in composition had occurred on reinjection.
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The percentages of the compounds were based on their adjusted Registry N o—Butadiene, 106-99-0; frans-2-butene
areas m the chromatograms. The adjustments were based on 1,4-diacetate, 1576-98-3; ¿rans-2-butene-l,4-diol, 821-
the following determinations: the ratio of A4/A 5 divided by , \ ,
W i/W t is equal to 0.85; A i/A 5 divided by W i/W s is equal to 11-4, b"CWis-4-methoxy-^-buten-l-ol, 22427-04-9, 1,
1.23; and A 3/A 5 divided by W%/W.5 is equal to 1.18. The ma- 22427-00-5; 3, 22427-01-6.
terial balances were obtained by the internal-standard method . , , , . , , . . , „
using «-bromoethylbenzene. The area/weight ratio for a - Acknowledgment—Acknowledgment is made to the
bromoethylbenzene to 5 was found to be 1.30. Petroleum Research Fund, administered by the Ameri-

Identification of the Products Formed in the Bromination of can Chemical Socieity, and to Union Oil Co., Brea,
Butadiene in Methanol . - T h e  chromatogram of the product from Calif., for support of this research, 
the brommation ot butadme m methanol showed four peaks.
The second and fourth peaks were identified as 4 and 5, respec- __________________
tively, on the basis of having retention times and ir spectra
i d e n t i c a l  w i t h  t h o s e  o f  t h e  a u t h e n t i c  i s o m e r s ,  w h i c h  w e r e  s y n -  i r o o i i  c  .
t h e s i z e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  H a t c h ,  e f a l l  Conform ation of Bicyclo[3.3.11nonane System s.

The first peak was assigned to 4-bromo-3-methoxy-l-butene A  Semiempirical Investigation
(1) on the following basis. The bromination product was frac-
tioned and the compound responsible for the first peak was „  T „  T T „
isolated in pure form, bp 5 1-52° (30 mm), as indicated by vpc M ’ Chakrabarty, R. L . E llis , and J oe L. R oberts

analysis. The compound gave the correct analysis for a bromo-
methoxybutene, C5H 9BrO. A nal. Calcd for CsHsBrO: C , Department o f  Chemistry, M arshall University,
36.39; H, 5.497; Br, 48.43. Found: C, 36.27; H , 5 .57 ; B r, Huntington, West Virginia 25701
48.69. The infrared spectrum8 indicated either 1 or 2 , since it
contained the hydrogen absorption band for the CH30  group at Received Ju n e  17, 1969
2810 cm -1 and the terminal vinyl absorption band at 928 and 
985 cm -1. The nmr spectrum was complex, but supported the
structure of 1 or 2 by showing relative areas of three vinyl hy- The structures of compounds belonging to the ring  
drogens to six methyl, methylene, and methine hydrogens. system bicyclo [3.3.1 [nonane have been the subject of 
The compound was assigned the structure of 4-bromo-3-methoxy- considerable interest in recent years.1-6 Apart from
1- butene (l )  rather than 3-bromo-4-methoxy-l-butene (2) on the various distorted structures, these species may exist in
basis of stability Heating the compound for 45 min at 115° f th  followi th re e  conformations, all'of which
gave no detectable rearrangement to trans-l-bromo-4r-methoxy- J  6  . T \ £ ,
2- butene (3), which would definitely be expected9 if the compound free from bond-angle strain. In  most of th e  cases
were 2 . studied thus far, the chair-chair structure with various

trans-l-Bromo-4-methoxy-l-butene (3) was synthesized un- degrees of d isto rtion  seem  to  b e fav o red . T h u s  Brown, 
ambiguously, and when analyzed by vpc was found to have a
retention time identical with that of the third peak. The syn- \  /  a
thesis of 3 is outlined in the following sequence. n o  /  \

K O A o  / l  J \  - N n.
<rons-l,4-dibromo-2-butene-------->  L \  . /  > \  x  /  \  >

H ° A e  \ > C /  V

, b »(OH)2 \  /  U
irores-2-butene 1,4-diacetate-------->  \ f  \

bp 7 3-75° (0.30 mm) , . , . , ,v chair-chair boat—chair
(C H iO JiS O !

trans-2-butene 1,4-diol--------------->■ A
bp 9 2-97° (0.25 mm) /  \

p b „
(rems-4-methoxy-2-buten-l-ol — >■ \ s ^ s  x / x /

bp 76-79° (3.3 mm)
boat—boat

¿rcms-l-bromo-4-inethoxy-2-butene
bp 51° (4 .1 mm) et al.,2 and Dobler, et al.,3 by their X-ray crystallo-

™ . . , , , graphic studies, proved the chair-chair structures for
Ihe infrared spectrum of each of the intermediates in the & 1 , T . X T . . .  „  „  , AT j - i  c

above synthetic sequence supported the proposed structure. com p ou n ds I  an d  I I  With G3—U 1 and N 3- U 7 dis ances o
The infrared spectrum of the synthesized 3 showed the following 3.05 and 3.02 A, respectively. Douglass and Ratliff
absorption bands:7 2810 (hydrogens of the CH3O group), 965
(trans vinyl hydrogens, strong), and 572 and 595 cm-1 (CBr h 3.05 A h
group). The molecular analysis corresponded to CsHjBrO. 1 302 A N+ Br-  / \  J \
A nal. Calcd for C6H9BrO: C, 36.39; H , 5.497; Br, 48.43. fit ' h\ C  >
Found: C, 36.43; H , 5 .63 ; B r, 48.19. /  S . J  \

(7) L . F . H a tc h , P . D . G a rd n e r, an d  R .  E .  G ilb e r t, J .  Amer. Chem. Soc., \  /  O C H 2 C„H 4B r
81, 5943 (1956). \

(8 ) F o r  a  d iscu ssio n  of th e  p o sit io n  of a b so rp tio n  ban d s in  th e  in fra red , \ f  O H
see D . W illia m s an d  I .  F lem in g , “ S p e ctro sco p ic  M e th o d s in  O rgan ic C h e m is - ,  -rr
t r y ,”  M c G ra w -H ill P u b lish in g  C o . L td . ,  L o n d on , 1966.

N.N'-dimethylbispidine and based on
tio n  o f b u ta d ie n e  an d  isop ren e, see  B .  T . B ro o k s , “ T h e  C h e m is try  of th e  d i p o l e  m O H lG I l t  8.11 Q. n m r  S tU Q .1 6 S , t e n t a t i v e l y  a s s i g n e d  8 ;

N on ben zen o id  H y d ro ca rb o n s,* ' R e in h o ld  P u b lish in g  C o rp ., N ew  Y o rk , N . Y . ,  f l a t t e n e d  c h a i r - c h a i r  S t r u c t u r e  f o r  t h i s  C o m p o u n d .
1 950 , p 3 6 2 -3 6 6 . I n  su p p o rt o f o ur a ss ig n m e n t o f s tru c tu re  1 to  th is  co m 
p ound ra th e r  th a n  2 on th e  basis  o f s ta b il i ty , w e w ould lik e  to  in d ica te  th a t ,
u n d er id e n tic a l co n d itio n s, 4  rearran g es to  6 . A lso , u n d er n ea rly  id e n tic a l (1 )  J .  E .  D ou glass  an d  T .  B .  R a tl i f f ,  J. Org. Chem., 3 3 , 3 5 5  (1 9 6 8 ) .
co n d itio n s, 3 ,4 -d ib ro m o -2 -m e th y l- l -b u te n e  re a rra n g e s ex te n s iv e ly . [See (2 ) W . A. C . B ro w n , J .  M a r tin , an d  G . A . S im , J. Chem. Soc., 1 8 4 4  (1 9 6 5 ) .
V . L . H easley , C . L . F ry e , R .  T . G o re , J r . ,  an d  P .  S . W ild a y , J. Org. Chem., (3 ) M . D o b le r  an d  J .  D . D u n itz , Helv. Chim. Ada., 4 7 , 6 9 5  (1 9 6 4 ) .
3 3 , 2 3 4 2  (1 9 6 8 ) .]  W e also  o b serv ed  th a t , upon s ta n d in g , m - l -b r o m o -4 -  (4 )  C .-Y . C h en  an d  R .  J .  W . L e F e v re , J. Chem. Soc., B, 5 3 9  (1 9 6 6 ) .
m eth o x y -2 -b u te n e  slow ly  re a rra n g e s to  ir« 7is - l-b ro m o -4 -m e th o x y -2 -b u te n e  (5 ) H . S . A aron , C . P . F erg u so n , an d  C . P .  R a d e r , J. Amer. Chem. Soc., 8 9 ,
(3 ) . O n ly  a  t r a c e  o f w h a t m a y  b e  3 -b ro m o -4 -m e th o x y -l-b u te n e  (2) was 1431 (1 9 6 7 ) .
d e tec ted . T h is  d efin ite ly  co n firm s th e  g re a te r  th e rm o d y n a m ic  s ta b il i ty  o f (6 ) N . W . J .  P u m p h re y  an d  M . J .  T .  R o b in so n , Chem. Ind. (L o n d o n ),
3 co m p ared  w ith 2. 190 3  (1 9 6 3 ).
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-25830.0 ---------------------------------------------------- given in Figure 1. I t  is clear from this figure that the
minimum energy value for compound I is obtained at 

d  an r value of 2.9 A.
■25e40-° 1 T  ■ ~20910'0 On the other hand, for N,N'-dimethylbispidine the

i / minimum energy was obtained at an r value of 2.5 A,
\ ./ M92o o which is the N-N distance in a normal chair-chair form.
1  /  20920'0 The main difference between N,N'-dimethylbispidine
1 /  and compound I is the absence of endo hydrogen atoms

£  _2586o 0 \ y  -20930.0 in the former. I t  is, therefore, reasonable to expect
\ /  less strain in the normal form of this compound than in
\ /  the latter. Similar calculations on the chair-boat and

-25S70 o. V  /  r -20940.0 boat~boat forms yielded higher energy values (Table\ v  /n. X f  /  2o9so o T able I
y  / '  T otal Orbital E nergy Differences and Calculated

\ .  Dipole M oments for Various Conformations of
N ,N '-D imethylbispidine

- 2 5 8 9 0 . 0  ____________ ._____________,___________________________ ._____________ . - 2 0 9 6 0 . 0
------------ ~~------------ n  Yl  ¡ T  3 2  '---------- k c a l--------------- '  '— D ip o le  m o m e n t, D  ■

C o n fo rm a tio n  E H T  C N D O / 2  C a lcd “ F o u n d

l~ Chair-chair 0 0 2 .2
Chair-boat 2 0 .6  1 8 .0  1 .7  2 . 0 ± 0 . 2

Figure 1.— Total energy calculated by the E H T  method as a B oat-boat 45 4 24 9 3 56
function of the distance between atoms in positions 3 and 7: .  Calculated complete dipoie m0ment by CN D O /2 method.
■, 3-azabieyclo[3.3.1 Jnonane; •, N,N-dimetnylbispidme. From ref 1

Unfortunately, however, the measured dipole moment The q n DO/2 method gives reliable dipole-moment 
does not unequivocally rule out the possibility of the data and relative conformations at fixed input bond
chair-boat structure for this compound. We, therefore, lengths.ii-i, For large moleCules, the calculations,
carried out LCAO-MO calculations m order to throw eyen in a high_speed digital computer, are prohibitively
some light chi the structure of tins compound.  ̂ time consuming. Hence we decided to carry out

Jf j °  Srm° Calculations. Extended Huckel MO calculations only on the normal chair-chair, chair-boat,
Method.--T h e method is that developed by Hoff- and boat-boat^ structures. The energy values and
mann.7 Calculations were made on an IBM  7040 com- di le moments for these structures are given in Table
puter using q c p e  Program No 30. Values of valence- j  These energy values, when compared with those
state ionization potentials used m this calculation have calculated by the EHT method, show the same trend.

™ i “ Ĵ lte^ ure-8'\ u ,  ,  , ,  ,  Energy values obtained by the SCF method seem more
CNDO/2 Me hod.-This method developed by reasonable. To the best 0f our knowledge, the diff-

Pople and Segal,« is an LCAO-SCF method. Cal- erence in the en values for this t of bicyclic
culations were made on an IBM  7040 computer using 8y8tem have not been reported.
q c p e  Program No 91, the output of which consists ‘ Cyclohexane is known to exist entirely in the chair 
of total energy, charge densities, dipole moments cal- conformation at r00m temperature. The energy dif-
cu ated from charge densities and dipo.e moments ference between the chair and the boat forms of this
calculated from the effective charge densities taking molecule ig stü] a subject of C0ntr0versy. Reported
mto account the symmetries of the individual orbitals. v a lu e s i4,16 ran g e  from  L 3 1  to  10.6 kcal/mol. Yousif

The C-C and C-H distances were assumed to be the and Robertsie r ted the activation energy of the
same as those m cyclohexane and C-N distances were • • e * a J-a ■ -j - j. l io n  i w i• , j  , , „ .. , inversion of 4,4-dmuoropiperidme to be 13.9 kcal/mol
considered to be the same as C-C distances. • .i , , ... rk, j- «  u ,m methanol solution, lh e energy differences between

the various conformations given in Table I  are of similar
Results and Discussion magnitude. The calculated dipole moment for the

Em«-™«™? „ „j  +i , , , TJ- , , ,1 j  r chair-chair form agree with the experimental value1Hoffmann7 used the extended Huckel method for f, • , , w  ,,. •  „ +, , , , ,  r . withm the limit of the experimental error. We, there-obtaining the most probable conformation in several ( n , r  . , ,, . ’ , i
h  t , • ,, i . fore, conclude that at room temperature this moleculehydrocarbons. Here we applied this metnod for the , • , 1 . , .ro o 11 , . v  t-, , , .. does exist entirely m a normal or near normal chair-bicyclo [3.3.1 Jnonane system. X-Ray data are avail- b • f

able for compounds I and II. Of these two compounds, C air orm'
I  has a nitrogen atom in position 3 We, therefore, Registry N0.-N,N'-Dimethylbispidine, 14789-33-4. 
decided to carry out calculations on this compound for
its chair-chair conformation with various degrees of Acknowledgment.—Our sincere thanks are due to
distortion. The energy values of this molecule and Dr. J. E. Douglass and Dr. A. R. Lepley for valuable
N,N -dimethylbispidine for their chair-chair conforma- discussion. One of us (M. R. C.) is grateful to the
tion were calculated in which the distance r between Benedum Foundation for a summer research grant, 
atoms in positions 3 and 7 was varied. The results are

(11) G . A . S eg al, ibid., 4 7 , 1 8 7 6  (1 9 6 7 ).
(7 ) R .  H offm an n , J. Chem. Phys., 3 9 , 1 397  (1 9 6 3 ) . (1 2 ) D . P . S a n try  an d  G . A . S eg al, ibid., 4 7 , 158  (1 9 6 7 ).
(8 ) H . A . S k in n e r an d  H . O . P r itc h a rd , Trans. Faraday Soc., 4 9 , 125 4  (1 3 ) D . W . D a v ies  an d  W . C . M a c k ro d t, Chem. Commun., 1226 (1 9 6 7 ) .

(1 9 5 3 ) ; H . O . P r itc h a rd  an d  H . A . S k in n e r, Chem. Rev., 58  , 745  (1 9 5 5 ) . (14 ) R .  B .  T u rn e r , J. Amer. Chem. Soc., 7 4 , 2 1 1 8  (1 9 5 2 ).
(9 ) J .  H inze a n d  H . H . Ja f fé , J. Amer. Chem. Soc., 8 4 , 5 4 0  (1 9 6 2 ) . (1 5 ) K . I t o ,  ibid., 7 5 ,  2 4 3 0  (1 9 5 3 ) .
(10) J .  A . P o p le  an d  G . A . S eg al, J. Chem. Phys., 4 3 , S 1 3 6  (1 9 6 5 ) . (16 ) G . A . Y o u s if  an d  J .  D . R o b e rts , ibid., 9 0 , 6 4 2 8  (1 9 6 8 ) .
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Lithium -M ethylam ine Reduction. I. an aldol-type condensation of N-butylidenemethyl-
Reduction of Furan, 2-MethyIfuran, amine (6). N-(2-Ethyl-2-hexenylidene)methyiamine

and Furfurvl (8) was identified by independent synthesis/1 com-
y  parison of ir spectra, and an nmr spectrum. Glpc

. n „ T tt „ collection and reinjection of the other product (7),
J ames D. Adkins/  and W. A. B eegin  ̂ probably N-(2-ethyl-3-methylammohexylidene)methyl-

amine, showed considerable conversion of this com- 
Department o f Chemistry, University o f Southern M ississippi, pound into 6 and 8. Further substantiation of this

Hattiesburg, M ississipp i 3 940 I identification was obtained from an nmr spectrum
(see Experimental Section). Attempts to isolate 7 

Received December SO, 1968 again for further study failed.

Rosenblum4 has reported the reduction of the furan /  \  CH3CH2CH2CH,OH +
ring of 2-furoic acid using sodium and ammonia as :'NHi
well as sodium, alcohol, and ammonia, but he was 1 5 (25.07/
unable to reduce furan (1) by the same methods. 2-
Methylfuran (2) also is not reducible using sodium HNCH3
in ammonia.5 Furfuryl alcohol (3) has been con- , I
verted (about 40%) into 2 with sodium in liquid am- CH3CH2CH2CH=NCH3 + CH3CH2CH2CHCHCH=NCH3 +
monia, but no further reduction was observed.6 CH2CH3

I t  has been shown that there are only slight differ- 6 (64-W  U M 0)
ences between sodium-alcohol-ammonia reductions
and those employing lithium-alcohol-methylamine.7 P H P H m . r H = r r H = N P H

However, in previous work Benkeser and coworkers8 3 2 2  j 3
demonstrated that lithium-amine is a more powerful CH2CH;!
if less selective reducing system than sodium-ammonia. 8 ^ ^

On the basis of the aforementioned facts, it seemed
worthwhile to attempt the reduction of 1-3 using The reductions of furfuryl alcohol with lithium and 
lithium in methylamine. methylamine are summarized in Table II.

Results Discussion

The reduction of 2-methylfuran (2) with lithium The present conception of the reduction of the furan 
in methylamine produces six products (see Table I), ring is shown in Scheme I. No attempt was made
some of which indicate that extensive ring opening to postulate the role of lithium in the reaction or the
has occurred. The relative amounts of these products reducing species involved ( i . e . ,  e ~ ,  e22~, e~Li+ e~).12
is dependent on the amount of lithium employed. One The reduction of 2 (Table I) with 2 equiv of lithium 
of the products of this reaction, N-l-methylbutylidene- apparently results from the reduction of half of 2
methylamine (4), was characterized by matching its with 4 equiv of lithium, and half of 2 remains unre-
infrared spectrum with that of an authentic sample acted. The inability to account for all the starting
prepared9 from 2-pentanone and methylamine. The material appears to be characteristic of this type of
fact that 4 (very sensitive to moisture) could be re- reduction.4-6
duced either catalytically or by lithium in methylamine A carbinolamine species is an obvious intermediate 
to the known N-l-dimethylbutylamine contributed to in the conversion of 2-pentanone into 4 ,13 and by
its identification. The ethanol isolated in the reduction analogy with aliphatic ketals14 one would not expect
of 2 is unexpected and seemingly results from the an aliphatic carbinolamine to be reduced. Thus it
rupture a t —6° of a carbon-carbon as well as a carbon- is believed that a carbinolamine or some ionic form
oxygen bond.10 thereof is an intermediate in this reduction.

The reduction of 1 (v id e  i n f r a )  yielded four products, The products previously discussed are predictable 
two of which (7 and 8) were probably the result of on the basis of metal-ammonia reduction of benzo- 

, furans,15,16 but the isolation of ethanol is quite unex-
(1 ) (a ) T h is  w ork w as su p p o rted  m  p a r t  b y  fun ds given  to  th e  U n iv e rs ity  i  i  i i i i

of S o u th ern  M ississip p i b y  th e  M ississip p i B o a rd  o f T ru s te e s  of In s ti tu tio n s  PGCted. Although. C&rbon.—C&rDOIl bond de&V&ge 111
of H ig h er E d u c a tio n  fo r  th e  su p p o rt o f b a s ic  research , (b ) P o rtio n s  o f th is  metal-ammonia reductions is not Unknown, those COHl-
w ork w ere p resen ted  a t  th e  1 5 6 th  N a tio n a l M e e tin g  of th e  A m erican  C h em ica l pounds ill which it has been observed have Olie Or more
S o c ie ty , A tla n tic  C ity , N . J . ,  S e p t  1 9 6 8 , an d  th e  2 0 th  S o u th ea ste rn  R e g io n a l
M e e tin g  of th e  A m erican  C h em ica l S o c ie ty , T a lla h a ssee , F la . ,  D ec  1968. phenyl gTOUpS On each Carbon involved in the bond

(2 ) U n iv e rs ity  of S o u th e rn  M ississip p i G ra d u a te  F e llo w , cleavage17 Or Contain a Cyclopropyl System.18 It  is
(3 ) N a tio n a l S c ie n c e  F o u n d a tio n  G ra d u a te  F ello w .
(4 ) L .  R o sen b lu m , P h .D . D isse rta tio n , T h e  O hio  S ta te  U n iv e rs ity , 1 9 5 2 . (1 1 ) R ,  T io lla is  an d  H . G u ille rm , Compt. Rend., 2 3 6 , 179 8  (1 9 5 3 ) .
(5 ) A . P . D un lo p  an d  F .  N . P e te rs , “ T h e  F u r a n s ,”  R e in h o ld  P u b lish in g  (1 2 ) J .  L . D y e , Accounts Chem. Res., X, 3 0 6  (1 9 6 8 ) .

C o rp ., N ew  Y o rk , N . Y . ,  1 9 5 3 , p  5 2 . (1 3 ) M . M . S p ru n g , Chem. Rev., 2 6 , 29 7  (1 9 4 0 ) .
(6 ) A . J .  B ir c h , J. Chem. Soc., 80 9  (1 9 4 5 ) . (14 ) R .  A . B e n k e ser , C . A rnold , J r . ,  R .  F . L a m b e r t , and O . H . T h o m a s ,
(7 ) R .  A . B e n k e ser , M . L . B u rro u s , J  J .  H azd ra , and E .  M . K a ise r , J .  J. Amer. Chem. Soc., 77, 6 042  (1 9 5 5 ).

Org. Chem., 2 8 , 1094 (1 9 6 3 ) . (1 5 ) S , D . D a rlin g  an d  K . D . W ills , J. Org. Chem., 3 2 , 2 7 9 4  (1 9 6 7 ) .
(8 ) R .  A . B e n k e se r  in  “ M e ta l-O rg a n ic  C o m p o u n d s,”  A d v an ces in  C h e m - (16) D . P .  B r u s ta n d  D . S . T a rb e ll , ibid., 3 1 , 1251 (1 9 6 6 ).

is try  S eries , N o . 2 3 , A m erican  C h em ica l S o c ie ty , W a sh in g to n , D . C ., 1959, (1 7 ) (a ) C . B .  W o o ster and J .  F .  R y a n , J . Amer. Chem. Soc., 5 6 , 1133
pp 5 8 -6 2 . (1 9 3 4 ) ; (b ) C . B .  W o o ster  an d  D . S . L a th a m , ibid., 5 8 , 7 6  (1 9 3 6 ) .

(9 ) R .  T io lla is , Bull. Soc. Chim. Fr., 7 0 8  (1 9 4 7 ) . (1 8 ) (a ) R .  v a n  V olk en b u rg , K .  W . G reen lee , J .  M . D erfer , an d  C . E .
(10) T o  e lim in a te  th e  p o ss ib ility  th a t  th e  e th a n o l was a co n ta m in a n t B o o rd , ibid., 71, 3 5 9 5  (1 9 4 9 ) ; (b ) W . G . D a u b en  an d  E .  J .  D e v in y , J. Org.

of th e  e th e r  used fo r e x tra c tio n , m e th y l w -propyl e th e r  w as used as th e  ex - Chem., 3 1 , 3 7 9 4  (1 9 6 6 ) ; (c) H . M . W a lb o rsk y , F .  P . Jo h n s o n , an d  J .  B .
tra c tin g  so lv e n t on  one o ccasio n  w ith  th e  sam e resu lts . P ie rc e , J. Amer. Chem. Soc., 9 0 , 5 2 2 2  (1 9 6 8 ).
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Table I
Reduction of 2-Mbthylfuran®

P ro d u cts  fro m  red u ctio n  w ith  2  L i  4  L i  6  L i  8  L i

Tetrahydro-2-methylfuran, % b 4.8 14.4 13.4 10.5
2-Pentanone, % 5.6 10.3
N-l-Methylbutylidenemethylamine,'% 80.0 47.1 33.6 37.4
2-Pentanol, % 1.0 7.2 28.6 28.6
1- Pentanol, % 3.8 16.6 12.7 15.6
Ethanol, % 4.8 4.5 13.4 8.1
Amount of reduced material recovered, g 10.6 16.3 19.1 19.7

° In all the reactions 20.5 g (0.250 mol) of 2-methylfuran and 500 ml of methylamme were used. b This is per cent of reduced material 
recovered. It was determined from glpc curve areas. No attempt was made to correct the peak areas for differences in thermal con
ductivity of the components. c See Experimental Section for the preparation of the authentic sample.

Table II
Reduction of Furfuryl Alcohol®

P ro d u cts  fro m  red u ctio n  w ith  2  L i  4  L i 6  L i 8  L i

Tetrahydrofurfurylalcohol, % b . . .  • • • 8.4
2- Methylfuran, % 51.5 12.3
Tetrahydro-2-methylfuran, % . . .  . . .  . . .  2.6
2-Pentanone, % . . .  26.9 9.8 3.8
N-1-Methylbutylidenemethylamine,c % 24.2 39.8 41.2 17.4
N-Pentylidenemethylamine, % . ..  ••• 15.5
2-Pentanol, %  . . .  ••• 7.3 41.9
1-Pentanol, % . . .  12.8 19.3 18.7
Ethanol, % 4.8 2.7 13.7
Furfuryl alcohol, % 19.9 5.4
Amount of reduced material recovered, g 15.0 19.1 17.3 14.8

“ In each reaction 24.5 g (0.250 mol) of furfuryl alcohol and 500 ml of methylamine were used. b This is per cent of reduced material 
recovered. The percentages were determined from glpc curve areas uncorrected for differences in thermal conductivity of the com
ponents. c See Experimental Section for the preparation of the authentic sample.

Scheme I age of the ion produced (possibly a concerted pro-
q r  O' 1 cess). A study of variables in the production of
|| | H+ ethanol is currently in progress. Initial investigations

CH3CH2CH2CR «■ -- - - -  CHjCHjCHX'R _H Q i show that the amount of ethanol formed is dependent
3‘ ’ 1 * NCH on solution conditions and ring substituents. Up to

HNCH3J | J 48% ethanol can be obtained. 19

 ̂ CK3CH2CH2CR The reduction of furan was differentiated from th a t
of 2 by the aldol-type imine condensation, absence 

OH 0  I  of ethanol, and absence of cyclic products.
| II The reduction of furfuryl alcohol (Scheme II) involved

CH3CH2CH2CHR -< [_CH3CH2CHzCRj CH;iCH,0H" extensive hydrogenolysis of 3 to 2, as Birch observed
| using sodium-ammonia.6 Tetrahydrofurfuryl alcohol

[A] — *■  \  Scheme II

0 R I ° R . A  _  A  _  see
,  T)/ 'CH.,OH XT \ l l  Scheme I

II 3 \  2RCH2CH2CH2CH2OH «—  [_rch2ch2ch2chJ \

o r  0-  1  0  ̂ TH,OH

RCH2CH2CH2CHa n— RCH2CH2CH2CH _” 0 1 and N-pentylidenemethylamine were isolated in addi-
2 I r tion to the products found from the reduction of 2 .

HNCH3J NCH3 The absence of N-pentylidenemethylamine among the
RCHUH2CH2CH products of reduction of 2 and its occurrence in re-

g _ h ch duction of 3 is attributed to the more acidic conditions
’ J existing during the reduction of 3 owing to the ionizable

“ These products were not observed in the reduction of furan. hvrlrnvvl hvrlrno-pn 
6 This product was observed in the reduction of furfuryl alcohol J J s •
but not in the reduction of 2-methylfuran.

Experimental Section

presently thought that ethanol produced in the re- Ir spectra were recorded on a Perkin-Elmer Model 257 grating 
duction arises from C2- C 3 cleavage of a ring-intact spectrophotometer. Nmr spectra were determined on a Varian 
intermediate followed by a base-catalyzed ether cleav- ( 1 9 ) u n p u b lish ed  resu lts  from  th is  la b o ra to ry .

544 N otes  27ie Jou rn al o f Organic Chemistry



Model A-60D spectrometer with tetramethylsilane as an internal methylamine21 (6 .1% ), and N-(2-ethyl-3-methylaminohexyli- 
reference. Glpc analyses were carried out on a Microtek Model dene)methylamine (4 .0 % ).
GC-2000R linear temperature programmed gas chromatograph N-Butylidenemethylamme (6)9 gave the following spectral 
using 0.25 in. X 10 ft coiled stainless steel tubes packed with 20%  data: ir p g *  2969, 2878, 2846, 1457 (CH), and 1672 cm -1
Carbowax 20M on 60-80 mesh nonacid-washed Chromosorb W . (C = N ); nmr (CDC13, max) r  2.35 (perturbed s, 1, C H = N ),
The carrier gas in these determinations was helium, and the tem- 6.73 (perturbed s, 3, C = N C H 3), and 7.66-9.31 (complex m, 7* 
perature program was 50-225° at a rate of 10 deg/min. CH2 and CH3).

General Procedure— After a three-necked Pyrex flask N-(2-Ethyl-2-hexenylidene)methylamine (8)11 gave the follow- 
equipped with Dry Ice condenser and mercury trap, mechanical ing spectral data: ir «¡i£* 2972, 2945, 2882, 2849, 2777, 1463,
stirrer, and gas-inlet tube was flushed with dry nitrogen, 2-methyl- 1456, 1402 (CH ), 1644 (C = N ), and 1633 cm ' 1 (C = C ); nmr
furan (2) or furfuryl alcohol (3) was added. The desired amount (CDC13, max) r 2.28 (perturbed s, 1, C H = N ), 4.25 (t,
of methylamine was then condensed in the flask, and the calcu- 1 , C H = C ), 6.64 (s, 3, C = N C H 3), 7.69 (perturbed quintet,
lated amount of '/s-in. lithium wire was added to the stirred mix- 4, C = C C H 2), and 8.28-9 .28  (complex m, 8 , CH2 and CH3). 
ture. The solution was decomposed with ammonium chloride in N-(2-Ethyl-3-methylaminohexylidene)methylamine (7) gave 
water, and the product was extracted with ether and dried (Na2- the following spectral data: nmr (CD3COCD3, max) t 4.38
S 0 4). The solvent was distilled off under vacuum without heat, (perturbed s, 1 , CH==N), 6 .47-6 .77  (complex m, 1 , C H C = N ),
the products were analyzed by glpc, and the compounds were 7.52 (s, 3, C = N C H 3), 7.85 (s, 3, NDCH3), and 8.00-9 .32  (corn-
identified by comparison of their ir and, where noted, nmr spec- plex m, CH, CH2, and CH3).
tra with those of authentic compounds.20 The results of the N-Pentylidenemethylamine was prepared using the procedure 
reduction of 2-methylfuran and furfuryl alcohol are summarized in for the preparation of N-l-methylbutylidenemethylamine, and 
Tables I  and II, respectively. gave the following spectral data: ir «22* 2958, 2880, 2863, 2846,

Reduction of 2-Methylfuran (2).— Following the general pro- 2781, 1459 (CH ), and 1671 cm “1 (C = N ); nmr (CC14, max) r
cedure above, 20.5 g (0.250 mol) of 2 and 10.35 g (1.50g-atom s 2.43 (br s, 1, C H = N ), 6.83 (perturbed s, 3, C = N C H 3), and
of lithium in 500 ml of methylamine were allowed to react for 8 7 .37-9.31 (complex m, 9, CH2 and CH3).
hr. After extraction (methyl n-propyl ether), 23.3 g of reduced
material was recovered. The major products, in order of their Registry No.—1 , 110-00-9; 2, 534-22-5; 3, 98-00-0; 
elution from glpc, were tetrahydro-2-methylfuran21 (7.1%) 4,22431-09-0; 7,22431-11-4; N-l-dimethylbutylamine,
ethanol21 (7.7%), 2-pentanone21 (31.6%), N-l-methylbutylidene- 22431-10-3; N-pentylidenemethylamine, 10599-75-4. 
methylamine21 (29.1%), 2-pentanol21 (17.7%), and 1-pentanol21
(6 .8 % ). Their relative retention times were 1 :2 .2 6 :2 .6 4 : Acknowledgment.— The authors wish to thank the
2 .<® . 3 .89 :5 .14 . Perkin-Elmer Corn, for mass spectra of the components

K-l-Methylbutyhdenemethylamme (4).— Using a modification ,, ,  • ,
of Tiollais’ method8 for preparation of N-alkylaldimines, 40.5 g 0 * som e 01 the reduction mixtures.
(0.472 mol) of 2-pentanone was added dropwise to 150 ml of 
methylamine and stirred for 1.5 h r. The excess methylamine was 
removed by heating to 50°. Addition of potassium carbonate
caused foaming and separation into two layers. The organic Diphenylmethyl Bishydroperoxide.
layer was decanted diluted with an equal volume of ether, and An Anomalous Product from the Ozonolysis
dried (Na2S 0 4). A 45-50%  yield of 4, bp 108-110°, was real- J
ized:22 ir «22 2962, 2879, 1451, 1358 (CH ), and 1659 cm - 1 of Tetraphenylethylene
(C = N ); nmr (CC14, max) r  6.90 (s, 3 , C = N C H 3), 7 .39-8 .80
(complex m, 7, CH2 and CH3), and 9.06 (t, 3, CH3). j ,  <3 R obertson and W. J . Verzino, J r .1

Reduction of N-l-Methylbutyhdenemethylamine (4). A.
Catalytic Hydrogenation of Authentic 4 .— An 8.80-g mixture of „  . .
4 and 2-pentanone was allowed to react in a Parr hydrogenation D ep a rtm en t o f  C h em istry , C o lo ra d o  S ta te  L m v ers ity ,
apparatus23 until detectable reaction ceased (5.5-psi decrease). ^ or  ̂ C o llin s , C o lo rad o  80621
The final product mixture, analyzed by glpc, was composed of
2-pentanone (18.2% ), 2-pentanol (23 .2% ), and N,1-dimethyl- Received M arch 6, 1969
butylamine (58.6% ).

907? 9701 "  The ozonolysis of an olefin in a hydroxylic solvent is
weak), and 1161 cm - 1 (CN ); nmr (CDCls, max) r 7.58 (s, 3, one method of synthesizing alkoxy hydroperoxides.2 
NCH„) and 8 .33-9 .30  (complex m, 11, CH, CH2, and CH3). Tetraphenylethylene has been ozonized in the presence

A n a l .  Calcd for C6Hi5N: C, 71.21; H, 14.94. Found: of methanol,6’6 but the resultant methoxy hydroperoxide
C, 70.9o; H, 14.77. _ from the interception of the Criegee zwitterion (2 ) has

B. Catalytic Hydrogenation of 4 from the Reduction of 2- , . , • 1 , j  wr x. „  j
Methylfuran (2 ) . - I n  a Brown2 Micro Hydro-Analyzer23 was n ev er a c tu a lb  been 1S° la te d ’ W ne hav,e m£WJe num erous
placed 4.0 mg (0.0403 mmol) of 4 . The reduction, which con- attempts to prepare the expected methoxy hydroperox-
sumed 0.0400 mmol of the theoretical 0.0403 mmol of hydrogen, ide at temperatures ranging from —78 to 0° and have
produced N,l-dimethylbutylamine identical with that obtained isolated only the expected benzophenone and the
from reduction of the authentic 4. . completely unexpected diphenylmethyl bishydroperox-

C. Reduction of 4 with Lithium in Methylamine.— Using the ^  * 1 * 1 1
general procedure (v ide s u p r a ) ,  an 18.5-g mixture of 0.1 mol of 1(̂ e W* ^  bishydroperoxide during ozonation in a
2-pentanone, 0. 1 mol of 4 , 2.76 g (0.400 g-atom) of lithium, and hydroxylic solvent has not been previously observed.
400 ml of methylamine were stirred together for 5 hr and 10 min.
The 17.0-g product mixture, analyzed by glpc, was composed of I'/'A'l
N,l-dimethylbutylamine (54.7% ), 2-pentanol (7 .9% ), 2-pen- K J I  OOH
tanone (13.3% ), an d 4 (24.2% ). Ar2C = C A r2 -----+  Ph2C = 0

Reduction of Furan (1).— After 8 hr, the reaction of 34.0 g CH,OH/CHC], ^OOH
(0.500 mol) of freshly distilled furan and 20.7 g (3.00 g-atoms) of K J J
lithium in 1000 ml of methylamine yielded 21.9 g of reduced
material. This was composed of N-butylidenemethylamine21 1
(64.9% ), 1-butanol21 (25.0% ), N-(2-ethyl-2-hexenylidene)- -------------------
-------------------------- (1 ) N a tio n a l S c ie n c e  F o u n d a tio n  G ra d u a te  T e a ch in g  A ssis ta n t F ello w ,

(2 0 ) U n less o therw ise n o ted , th e  a u th e n tic  sam p les w ere o b ta in ed  fro m  sum m ers o f 1 968 , 1969.
co m m ercia l sou rces. (2 ) P .  S . B a ile y , CTiem. ¿2ev., 5 8 , 9 2 5  (1 9 5 8 ).

(2 1 ) N m r s p e c tra  w ere used fo r  id e n tific a tio n . (3 ) R .  C rieg ee an d  G . L o h au s, Ann. Chem., 5 8 3 , 6  (1 9 5 3 ) .
(2 2 ) T h is  y ie ld  is  b ased  on  g lp c a n a ly sis  o f th e  p ro d u ct m ix tu re . (4 ) R .  C rieg ee in  "P e ro x id e  R e a c t io n  M e ch a n ism s,”  J .  O . E d w a rd s , E d .,
(2 3 ) A . I .  V ogel, " P r a c t ic a l  O rg an ic C h e m is try ,”  L o n g m a n s, G reen  an d  In te rsc ie n ce  P u b lish ers , I n c . ,  N ew  Y o rk , N . Y . ,  1 962 , p 3 4 .

C o ., N ew  Y o rk , N . Y . ,  1 957 , p  8 6 7 . (5 ) S . F lisz a r , D . G ra v e l, an d  E .  C a v a lie r i, Can. J . Chem., 4 4 , 6 7  (1 9 6 6 ) .
(2 4 ) C . A . B ro w n , Anal. Chem., 3 9 , 1882 (1 9 6 7 ) . (6 ) S . F lisz a r  an d  M . G ran g er, J. Amer. Chem. Soc., 9 1 , 3 3 3 0  (1 9 6 9 ).
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The aliphatic bishydroperoxides are usually prepared pletely different, and the latter was superimposable on
by the action of hydrogen peroxide on the ketone the ir spectrum of benzophenone, with the exception of a
(acetone,7 ethyl methyl ketone,8 diethyl ketone,9 and few very weak peaks due to residual 1. In addition,
cyclohexanone10-12). Cadogan, et al.,11 may have when 1 was decomposed in the gas chromatograph only
observed 1 from the reaction of 85% hydrcgen peroxide. two peaks resulted, which by comparison with authentic
with benzophenone. They isolated a peroxide, mp samples were identified as benzophenone and oxygen.
90-92°, but did not establish the structure of the com- Again, these results were confirmed by mass spectrom-
pound. Our attempts to reproduce this synthesis etry. A moderate temperature (source 130°) mass
under a variety of conditions were unsuccessful. spectrum of 1 gave only the spectrum of benzophenone

and a large oxygen 32 peak.
Results and Discussion This thermal instability of 1, while expected, made

meaningful elemental analysis difficult and accounts for
Ozonolysis of tetraphenylethylene in a chloroform- the somewhat high equivalent weight obtained. How-

alcohol solution produced, after removal of the solvent, ever> an acceptable anaIysis was obtained for the di-
a clear, colorless oil. Tic analysis of this oil, on silica acetyl derivative
gel at —5 indicated the presence of only two compo- The bishydroperoxide was thought to be formed by 
nents in the mixture. One would expect these to be, the reactioil of 2 with hydrogen peroxide. To test this 
based on previously reported work,2-6 benzophenone 
and diphenylmethoxy methyl hydroperoxide 3 (or the
ethoxy derivative, depending on the alcohol used in the Ar\ c-%°° + h 0 __> Ar\ c/ 00H
solvent system). We were able to isolate both compo- At " 2 2 AlA  X'OOH

Al- .OCT Ar. . OOH 2 1
+ MeOH —>

Ar Ar 0Me hypothesis 2 drops of 90% H20 2 was added to the
2 3 reaction mixture before ozonolysis and the yield of

, r ,, . , , isolatable bishydroperoxide increased from 50 tonents of the mixture and readily identified one as Tr 1 ,, . , . ,, , rj,, , . ., , , 71%. However, when the hydrogen peroxide wasbenzophenone. 1 he other component, a white crystal- , % , , ., , . , , • , %r Vj  ■ j  i . added to the ozonolysis product mixture after removingline solid, gave ir and nmr spectra which were not J c  . , ,  c , , T,  m, • , , , the solvents, no increase m the yield of 1 was observed,compatible with 3. ih e  ir spectrum showed no all- . , ., TT , . . .  , . . . .  Apparently 1 is formed during the ozonolysis reactionphatic C-H absorptions m the 2900-cm 1 region while 1 , , ... f  . ,' J ,. , ,f, . , and not from decomposition ol some intermediate suchthe nmr gave no indication of any aliphatic protons. ^  ^
A multiplet was observed at 5 7.25-7.73 and a broad aS%, , , . , . . .  , n n  • . . .■ i ,  . ,■ ,. _ , .  , • , ,. , there are at lease two possible sources of H2O2 m thissinglet at 9.70 (integration ratio 5:1) which disappeared , , , r  ' , 0 „  ,J  -r-\ n,, , ■, . . .  , , ... system, as shown by reactions 1 and 2. Reaction 1on addition of T>20 . The white solid reacted readily
with starch-iodide paper, and a quantitative titration
for active oxygen gave an equivalent weight of 60.8 Ar^ ^.00~ Ar^ ^OOH
(equivalent weight of 3 is 115). Owing to the over- ^r/C+ + Hj°  A / C x -oH
whelming evidence against 3 it was rejected as the L 1 J
structure for the other component in the ozonolysis Ar
mixture. _ ^C = 0  + HA (1)

Structure 1 fits the experimental evidence much Ar
better than does 3. The equivalent weight of 1 is 58,
and for the nmr spectrum one would expect a multiplet RCH,OH + 0:, —* RCOsH + HA (2)
due to the aromatic protons and a broad singlet down-
field, integrating in the ratio of 5 :1, as was observed. requires residual water within the system and may be
In addition, the ir spectrum is compatible with what the source of only a small amount of hydrogen peroxide,
would be expected for structure 1 . Confirmation for while reaction 2 is very likely the main source of 
structure 1 was obtained from a low temperature mass hydrogen peroxide. Whiting and coworkers14 indicate
spectrum which gave a parent ion of mass 232, the that this reaction occurs readily at —78°.
mmecular weight of 1 , intensity 1%. _ The results of this investigation indicate that the

Chemical evidence for 1 was obtained from the diphenyl-substituted Criegee zwitterion is quite stable
thermal behavior and pyrolysis products of the white and seiective as to its requirements for reaction with a
solid. Compound I readily converts to benzophenone nucleophile. This stability may be due either to a 
an oxygen on heating. For example, a KBr pellet large delocalization energy via resonance with the x
of 1 was prepared and the ir spectrum obtained, but system 0f the phenyl rings or to the formation of the
after heating the pellet for 20 mm at 130 a new spec- dioxirane intermediate 4. At any rate, neither the 
trum was obtained. These two ir spectra were com-

Ar O
(7 )  N . A . M ila s  an d  A . G olu b ov ie, J. Amer. Chem. Soc., 8 1 , 6461 (1 9 5 9 ) . \  /  i
(8) N . A . M ile s  and A . G o lu b o v ie, ibid., 8 1 , 5824 (1959). '
(9 ) N . A . M ile s  an d  A. G olu b ov ie, ibid., 8 1 , 3361 (1 9 5 9 ) . A r  0
(1 0 ) W . C o op er an d  W . H . T . D av id so n , J. Chem. Soc., 118 0  (1 9 5 2 ) . 4

(1 1 ) M . S . K h a ra s c h  an d  G . S o sn o v sk y , J. Org. Chem., 2 3 , 132 2  (1 9 5 8 ).
(1 2 ) A . H . M . C o sijn  an d  M . G . J .  O ssew old, Rec. Trav Chirr*. Pays-Bas,

8 7 , 1264 (1 9 6 8 ). ( 1 4 ) M . C . W h itin g , A. J .  N . B o lt ,  an d  J .  H . P a rish , “ O x id atio n  of O rg a n ic
(13) J .  I .  G . C adogan, D . H . H ey , an d  W . A . San d erson , J. Chem. Soc., Compounds,” V ol. I l l ,  A m erican  C h em ica l S o c ie ty , W a sh in g to n  D . C .,

4897 (1960). 1968, p 4.
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ozonide, the alkoxy hydroperoxide, nor the Criegee 9H -Dibenz[c./]im idazo[l,2-a]azepines
zwitterion dimer forms when better nucleophiles are
present.

J .  B. Hester , J r .

Experimental Section
Research Laboratories, The U pjohn Company,

Ozonolysis Procedure.— An Orec 0 3V2 ozone generator was K alam azoo , M ichigan 49001
used. The concentration of ozone was about 1%  in oxygen with 
a flow rate of 1.5 l./h r. The 0 2 was dried prior to entering the
generator by passing it through concentrated sulfuric acid. The Received Ju ly  24 1969
O3-O 2 mixture was passed into the reaction system which had 
been previously cooled to —78° with a Dry Ice-acetone slurry.

Tetraphenylethylene (1.00 g, 3.01 mmol), mp 221-224 , was j n connection with another investigation, we at- 
dissolved in 150 ml ol chloroform (distilled) and 100 ml of meth- , , , , ~. , , , , , , .  r . ,  . . ,
anol (distilled over magnesium) or ethanol, and treated with tempted to effect the cyclodehydration of the benzattllde
ozone until the appearance of blue color in the solution indicated {v iz . 1) into the 7 position of the indoline nucleus,
excess ozone (.ca . 20 min). The excess ozone was then flushed After an initial unsuccessful attempt with phosphorus
out with nitrogen. The solvent was stripped off (10-20 mm and oxychloride, we investigated the reaction of 1 with
10-20°) leaving a clear colorless oil. Tic of the oil at - 5 °  on p o l y p h o n i c  a c id . T h e  p ro d u ct obtained from this
silica gel and developed with CHCI3 indicated two compounds \ K . . . .. , . . .
identified as benzophenone and l: yield 0.71 g, 3.90 mmol, of reaction in 38% yield was not the expected cyclode-
benzophenone and 0.35 g, 1.51 mmol (50% ), of bishydroperoxide. hydration product but an isomer thereof. Based on

Diphenylmethyl Bishydroperoxide (1).— After recrystallization mechanistic considerations {v id e  i n f r a )  and the simi-
from hexane, the white needles of 1 had a melting point of 9 4 - la r ity  0f its ultraviolet spectrum to that of 2 1 [Xmax
96 . A reaction with starch-iodide paper indicated that the n„ ,  /0 0 on\ j  o o r , /• a  a- io a o o m
compound contained active oxygen. The infrared spectrum 2 5 6  ( e 8 1 2 0 ) ’ 2 9 5  (6 8 3 0 )> an d  2 2 9  ( S e c t i o n ,  13,930) ],
showed no absorption in the carbonyl region but strong bands 
were observed at 3450, 1450, 1205, 1040, 781, 741, and 704 cm -1 .
The nmr spectrum in acetonitrile showed two types of protons, a 
broad singlet at 9.70 and a multiplet at S 7 .25-7 .73 , which inte-
grated 1 :5 , respectively. The addition of 2 drops of deuterium \) ' /
oxide to the nmr tube caused the singlet at S 9.70 to disappear. ) —N \—N
A low-temperature (source at 50 ±  2 °)  mass spectrum established t i l  ll I
the parent ion at 232 (1%  intensity) with major peaks at 77, 105, L l l  1 I J  L II II I
182, and 199. Elemental analysis was not satisfactory owing to \ /
facile decomposition to benzophenone. The diacetyl derivative 2 v. I
was formed by adding acetyl chloride to a pyridine solution of 1. x ,  CH3
The resulting diperester was recrystallized from hexane giving N .  ’• nC<H*Ll 4
white needles (mp 109 .5-111 .0°). The nmr spectrum of the \ ^ 2.CH,I
perester showed a singlet at S 1.88 and a multiplet at 7 .20 -7 .65  tpd-C
integrating 6 :1 0 , respectively. The infrared spectrum had a ------- 1 'X ^
strong carbonyl band at 1785 cm -1, characteristic of peresters.15 16’16 L J
A high resolution mass spectrum of the perester with the internal N ^
standard, heptacosafluorotributylamine, established the parent | 0 ^  ft ^  N
ion at 316 (0 .3%  intensity). A nal. Calcd for CnHisCh: C, CH2 C (  )  PPA
64.55; H, 5 .10 ; O, 30.35. Found: C, 64.68; H , 5 .23 ; O, | | w  -------- ► I II II J
30.24. CH2-------- N

Analysis for Active Oxygen.— An analytical technique de- | j
veloped at this laboratory was used to determine active oxygen H CH3
content. Titrations were carried out in a 125-ml erlenmeyer \ 3
flask equipped with a gas inlet stem at the bottom. During a ,
titration nitrogen was passed into the titration vessel through a |H T-h+
gas washing bottle filled with crushed Dry Ice. A sample (13
mg) was added to 25 ml of glacial acetic acid containing 1 g of CH3
K I. After 15 min in the dark (under carbon dioxide-nitrogen), ------- 1 I H
80 ml of water was added and the iodine titrated with 0.01 N  L  If + J  ft ^
sodium thiosulfate. A blank titration was unnecessary. The /  I II + m
titrated solution remained colorless until the gas system was \^ /\ ' = : '  X / n / X ŝ
turned off (1 hr later). This technique was very reproducible N OH N-—/
(equiv wt: 60.41, 61.27) and, based on our results, appears I C  N
superior to that used by Fliszar and Granger,6 eliminating iodine “  X '
entrapment by solid ice, air oxidation of the iodide ion, and titra- C
tion at near 0 °. i,

-HP |

Registry No.— 1, 22461-45-6; 1, diacetyl derivative, CH3
22461-46-7; tetraphenylethylene, 632-51-9. 1 U—xCf̂ H -Acknowledgment.—This publication is No. 2-69 from n x N3 /  \  ^ \=/
the Chemistry Department of Colorado State Uni- \__,/
versity. We wish to thank this department for the ^ 3
support of this work.

(1 5 ) L. J .  B e lla m y , “The In fr a re d  S p e c tra  o f C o m p lex  M o lecu les ,”  -------------------------
M e th u e n  an d  C o . L td .,  L o n d on , 1 9 6 4 , p 129.

(1 6 ) M . M . M a r t in  a n d  E .  B .  S a n d e rs , J. Amer. Chem. Soc., 89, 3 7 7 7  (1 ) A . E .  D ru k k e r, C . I .  Ju d d , an d  D . D . D u ste rh o ft , J. Heterocyd.
(1 9 6 7 ) . Chem., 3 , 2 0 6  (1 9 6 6 ) .
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we proposed structure 3 for this product. Confirma- 92.5 g (84.7% ) of l, mp 99 .5-103°. D ata for the analytical

tion of this structure was achieved by an independent stmplV °lloWU^nnl°9Qo0 9̂7-mUV T i r n f. ,, , . „ . . , J f ,  , ,  absorption, e 13,100), 299 (2750), and 226 (inflection, 13,450);
synthesis: alkylation of 2, which was prepared by the ir (Nujol) 3320 (NH) and 1630 cm "' ( C = 0 ) .
literature method, by successive treatment with n - A nal. Caled for Ci7H18N20 :  C, 76.66; H, 6 .81 ; N , 10.52. 
butyllitliium and methyl iodide gave a product which Pound: C, 76.80; H, 7 .02; N, 10.60.
wps identical with 3 2,3-Dihydro-9-methyl-9H-dibenz[c,/]imidazo[l,2-a]azepine (3).

a r ,• - v ,  A.— A stirred mixture of 1 (45.0 g, 0.169 mol) and polyphosphoricA mechanistic interpretation of the reaction is shown. acid (1 3 kg) was kept under N/ at 150_ 160= for 2 i .5 hr and then
Initial cyclodehydration of 1 to form A might be iol- poured into stirred ice-water (2-3 1.)* The solution which
lowed by successive cleavage of the CH2-N + bond and resulted was made alkaline with 50% NaOII and extracted with
hydride migration to give the relatively stable benzylic ether. The ether extract was washed successively with water
earbonium ion (B). An electrophilic reaction of this “ d bnne’ dued (K2CO3), and concentrated. The•residue was

. . . . / .  , ,  A ...  , 1 , . chromatographed on silica gel (2 kg) with E t3N -EtO A c (2 :9 8 ).
earbonium ion with the monosubstituted benzene ring The drgi. m£deidai eluted was unreacted starting material, 5.12 g,
wculd lead, v ia  C, to the observed product (3 ) . A mp 103 .5-105°. The product was then eluted and crystallized
somewhat analogous reaction of N,N-dialkyl-N'-acyl- from EtOAc-Skellysolve B to give 14.6 g, mp 142-143°, and
o-phenylenediamines with polyphosphoric acid to give hl5 §> mP 120-123° (37.6% ), of 3. That the two crops were
b e n z im id a z o le s  h a s  b e e n  r e n n r te d  2 different polym orphic crystalline form s of the sam e compound
b e n z in u d a z o ie s  H as b e e n  r e p o r te d . was dem onstrated b y  m ixture m elting point and ir (C H C h) com-

Initial attempts to degrade 3 by acid (6 N  HC1) or parison. Data for the analytical sample follow: mp 128.5-
alkaline (20% ethanolic KOH) hydrolysis were unsuc- 129°; uv (EtOH) xma* 295 mM (end absorption, « 8800), 291
cessful; starting material was recovered in both cases. (7250), and 233 (inflection, 14,600); mass spectrum m /e  (rel
Palladium-catalyzed dehydrogenation of 3 in refluxing 247 23r3 a”d 2b4
, V A • n o a t  ■ (CDCls) 8 1.55, 1.73 (two d, 3, J  = 7.5 Hz, CH3CH ), 4.0o

decalin gave 4  m 7 8 %  yield. _ (m , 5, C-2, -3, -9), 7.16 and 7.86 (two m, 7 and 1, 0 -5  8 and
The nmr spectra of 3 and 4  were interesting m that - io - l3 ) ;  nmr [(CD3)2NCDO, 120°] <s 1.59 (d, 3, ,/ =  7.5 Hz,

the methyl group in each case was represented by a pair CH3CH) and 3.96 (m, 5, C-2, -3, -9).
of doublets. This phenomenon was temperature de- A nal. Caled for CnHi6N 2: C, 82.22; H, 6 .50 ; N , 11.28.
pendent: at 1 2 0 °  the methyl group of 3  appeared as a Found: C, 82.20; H, 6.50; N , 11.5 i . ,
\ . , , . , ,  , _ 0 , . a i B .— A stirred solution of 2 (2.34 g, 0.0100 m ol) in dry te tra -
doublet and at 1 4 0  the methyl group of 4  appeared as hydrofuran (50 m l), under N ,, was treated  w ith 10 ml (0.016 
a broad singlet with a half band width of c a . 22 Hz. m ol) of a 15.13% solution of re-butyllithium in hexane. T he 
This type of behavior is characteristic of molecules resulting dark green solution was allowed to stand a t am bient
which at a given temperature can assume two or more tem perature for 3.83 hr, cooled in  an ice b a th , and treated  during

c , • i - i  i •• i , , i j  i i 8 m in w ith a solution of m ethyl iodide (0.935 m l, 0.015 m ol) in
conformations which are relatively stable and slowly anhydrousether. This m ixture was k ep t at am bient tem perature
interconvertible. for jg hr and poured into ice-water. The resulting mixture was

The relative intensities of the doublets for both 3 extracted with ether. The ether extract was washed with brine,
and 4  were nearly equal, which suggests that in each dried (M gS04), and concentrated. The residue was chromato
case the two conformations represented were approxi- graphed on silica gel (150 g) with EtaN -EtO Ac (2 :9 8 ). The 

, , ,, , , . . , , product was crystallized from EtOAc-okellysolve B to give 0.475
mately equally populated at ambient temperature. g, mp 119 .5- 122 .5 °, and 0.506 g, mp 117-119.5° (39.5% ), of 3 .
Molecular models of 3 and 4  show that in jhe two possi- The combined product was recrystallized three times from E t-
ble conformations the methyl group would be influenced OAc, mp 121-124°, identical with the cyclodehydration product
differently by the electronic environment associated by “3 uv> and nmr comparison. The mixture melting point

Wii  +i he f ighbu ring benZene ringS; thiS iS COnsistent ^-M e& yl-Q H ^ibenz [c,f] imidazo [ 1,2-a] azepine (4).- A  mixture 
w ith  th e  observed  resu lts. 0f 3 d  o g, 4.03 mmol), 10% palladium Oil carbon (0.5 g), and

decalin (20 ml) was refluxed under N2 for 15 hr and allowed to 
„  . . 4 stand at ambient temperature for 18 hr. The solid was collected

xperimen a ec ion by filtration, washed with Skellysolve B , and extracted with hot
1 - (2-Benzamidoethyl)indoline (1).— A solution of benzoyl MeOH. The MeOH extract was concentrated and the residue

chloride (63.5 g, 0.452 mol) in benzene (200 ml) was added during was crystallized from EtOAc to give 0.769 g (77.5% ) of 4, mp
20 min to a cold, stirred solution of l-(2-amiii9ethyl)indolme5 167-168.5°. D ata for the analytical sample follow: mp 166 .5-
(65.8 g, 0.411 mol) and triethylamine (49.7 g) in benzene (820 167.5°; uv (EtOH) X„,ax 271 nm (e 11,900); mass spectrum m /e
ml). The resulting mixture was allowed to stand under N2 at (rel intensity) 246 (93), 231 (100), 204 (11), and 177 (9); nmr
ambient temperature for 18 hr and poured into water (1.5 1.). (CDC]a) 8 1.12, 1.80 (two d, 3, J  =  7.5 Hz, CH3CH ), 3.93,
This mixture was made alkaline with 50%  NaOH and extracted 4.09 (two, q, 1, J  =  7.5 Hz, CH3CH ), 7.34 and 8.01 (two m, 9
with benzene. The benzene extract was dried (K2C 0 3) and and 1> C-2, -3, -5 -8 , -10-13); nmr [(CD3)2NCDO, 140°] 8 1.29
concentrated. Crystallization of the residue from EtOAc gave (broad s, 3, CH3CH ), and 4.10 (broad s, 1, CH3CH ).
------------------- A nal. Caled for C„H i4N2: C, 82.90; H, 5 .73; N, 11.37.

(2 ) O. M e th -C o h n  an d  H . S u se h itz k y , J. Chem. Soc., 2 3 0 9  (1 9 6 4 ) . Found: C 82 9 7 ’ H 5 81 * N 11 68
(3 ) F o r  ex a m p le , see J .  A. E lv id g e  in  “ N u cle a r  M a g n e tic  R e so n a n ce  fo r  ’ *

^ X N CYh!™967;ppD36W38MathieSOn’ Academic Pw"  InC” NeW Registry No, 1, 2 2 9 2 2 - 4 7 - 0 ;  3 , 2 2 9 2 2 - 4 8 - 1 ;  4 ,
(4) M e ltin g  p o in ts  w ere ta k e n  in  ca p illa ry  tu b e s  an d  a re  co rre c te d . T h e  2 2 9 2 2 - 4 9 -2 .

ir  s p e c tra  w ere reco rd ed  on  a  P e rk in -E lm e r  M o d e l 421 record ing  sp e c tro 
p h o to m e ter . th e  uv s p e c tra  on a  C a ry  M o d el 14 sp e c tro p h o to m e te r , an d  th e  Acknowledgment.---The author is indebted to Dl\ M.
m ass sp e c tra  a t  70  e V  on an  A tla s  C H -4  sp e c tro m e te r . T h e  n m r sp ec tra  GrOStic for mass Spectra, Mr. F. A. MacKcllaf for 
w ere reco rd ed  on  a  V a n a n  A -60A  s p e c tro m e te r ; ch e m ic a l sh ifts  w ere m ea - ,  —A  7 .
sured in  p a r ts  p e r  m illion  dow n field fro m  te tra m e th y ls ila n e . S k e lly so lv e  B  M U T  S p G C tT & j A i r .  r . A .  I M e i l l m a i l  IO T  I T  Sp C C i/Tclj J M f S .  

is a  co m m ercia l h ex a n e , bp  6 0 - 7 0 ° ,  m ad e b y  S k e lly  O il C o ., K a n sa s  C ity , Betty F. Zimmer for U V  SpeCtl’a, Mr. N. H. Knight and
ag, Dar'liadt, o lZ ly "  chromatography was obtainfid from E' Merck his associates for analytical data, and Mr. J. Robert

(5 i r . p . M u ii, u .  s. P a t e n t  3 ,0 9 3 , 6 3 2  0 9 6 3 ) .  Greene for laboratory assistance.
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HOW PURE IS PURE?
(O ptically  p u re , th a t is)

( + )  - M T P A  a n d  ( - )  - M T P A

Prom pted in p art by  the ever more stringent requirem ents of the FD A , there is a growing interest in the resolution of 
D,L-eom pounds, and hence in the determ ination of optical purity. Professor M osner(1) and his students have recently 
developed a-m ethoxy-a-trifluorom ethylphenylacetic acid (M T P A ) as a reagent to test the optical purity  of alcohols 
and amines. F irs t  the esters or amides are prepared from  the acid chloride of ( + )  or ( —) M T P A ; then the nm r spec
tra  are used for the qu antitative analysis of the enantiom eric composition of the alcohols or amines.

T h e advantages of M T P A  are (1) marked stab ility  toward racem ization even under severe reaction-conditions, (2) 
excellent separation of both proton and fluorine nm r-signals of the diastereoisomevs, w ith the fluorine signals in an un
congested spectral region, (3) its application w ith bo th  amines and alcohols and (4) the fa c t  th a t this absolute m ethod 
(i.e. independent of optical ro tation) can be used accurately  on samples as sm all as 20 mg.

#15,526-8 ( + )  - M T P A  1 g. - $12.; 5 g. - $42

#15,551-6 ( - )  - M T P A  1 g. - $12.; 5 g. - $42

<l > J .  A . D a le , D ,  L .  D u ll a n d  H . S .  M o sh er , J .  O rg . C h em . 3 4 , 2 5 4 3  (1 9 6 9 ) .

RROMINATIONS a la carte
W e have long been selling pyridinium bromide perbromide, m am ly as a  selective*1' brom inating agent. T h is stable, 
crystalline solid is handled m uch more easily than liquid bromine, and its applications have been particularly  impor
ta n t in steroid chem istry. One thing th a t P y  +H B r3_  cannot do, however, is to brom inate selectively a ketone in the 
presence of an unhindered double bond, and so as simple a ketone as brom om ethyl styryl ketone had never been made. 
T h is is now possible

9 PH T °
^J>~-C H =C H -C -C H 3 0+=CH— C— CH,Br

w ith pyrrolidone hydrotribrom ide<2) (P H T ), also a stable, crystalline solid, soluble in T H F , and we feel certain  th a t 
this selectiv ity  for ketones will m ake P H T  an im portant brom inating agent, of particular in terest to steroid chemists.

#15,520-9 Pyrro l idone h y d ro t r ib ro m id e  ( P H T )  100 g. - $8.75; 500 g. - $28.50

#13,328-8 P yr id in iu m  b ro m id e  p e rb ro m id e ,  te ch .  100 g. - $4.75; 500 g. - $19.25

m  L . F .  F ie se r  an d  M . F ieser , “ R e a g e n ts  fo r O rgan ic S y n th e s is ,”  (N ew  Y o rk , 1 9 6 7 ) , p . 9 6 7 .

«> D . V . C . A w an g an d  S . W o lfe , C a n . J .  C h em . 4 7 , 7 0 6  (1 9 6 9 ) .
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