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SYNTHESIS OF DEUTERATED MElEYLENJXYCLOHEXANES, 

ME'IHPLENEDECALINS AND TARAXASTEROLS 

Bsiu-pu Daniel Lee, Larry S. Eichmeier and David M. Piatak, 
Department of Chemistry, Northern Illinois University 

DeKalb, IL 60115 USA 

SUMMARY 

Taraxasterols  s p e c i f i c a l l y  labelled at various ring E sites were 

synthesized as were cyclohexanes and decalins substituted by a methyl group and 

an erocyclic methylene moiety similar to the ring E system of this terpene. 

Preparation of deuterated analogs in which the deuterium is located beta to the 

exocyclic double bond w a s  a c c o m p l i s h e d  by catalytic reduction of the 

corresponding unsaturated ketone, followed by removal of the label at the alpha 

carbon and introduction of the exocyclic methylene with a Wittig reaction. 

Compounds labelled on the exocyclic methylene moiety were afforded by a Wittig 

reaction of the appropriate ketone with (methyl-d3)triphenylphosphonium bromide. 

Taraxasterol trideuterated alpha to the double bond was prepared by DCl exchange 

of the ketone followed by a Wittig reaction. 

Key Words: taraxasterol, deuterium, exocyclic methylene, terpene 

INTRODUCTION 

During studies on the isolation of plant sterols from Cirsium arvense or 

Canadian thistle, we isolated (1) the somewhat ubiquitous pentacyclic 

triterpene, taraxasterol (a). Difficulties with a secure identification by 
common physical constants prompted us to use mass spectral analysis in order to 

provide a final structural assignment. It was noted there were only a few 
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d i s t i n c t  s i g n a l s  i n  t h e  h igh  m/z range and those  a t  m/z 315(M-lll)  and 357(M-69) 

were e s p e c i a l l y  prominent and no t  a t t r i b u t a b l e  t o  s imple  lo s ses .  Since these  

s i g n a l s  could p rov ide  a means of r e a d i l y  i d e n t i f y i n g  t h i s  t e rpene  when admixed 

w i t h  o t h e r s ,  we u n d e r t o o k  a s t u d y  ( 2 )  on t h e  o r i g i n  o f  t h e s e  f r a g m e n t s  i n  

t a r a x a s t e r o l  and t h e i r  occurrence and r e l a t i o n  t o  s i m i l a r  s i g n a l s  i n  compounds 

w i t h  the  same s t r u c t u r a l  f e a t u r e s  a s  r i n g  E of t a r a x a s t e r o l .  To f u l l y  e l u c i d a t e  

t h e  f r a g m e n t a t i o n  p a t t e r n s  t a r a x a s t e r o l s ,  c y c l o h e x a n e s ,  and d e c a l i n s  

a p p r o p r i a t e l y  d e u t e r a t e d  a t  c e r t a i n  p o s i t i o n s  were required.  In t h i s  paper we 

would l i k e  t o  d e s c r i b e  t h e  s i t e  s p e c i f i c  syn theses  of d e u t e r a t e d  compounds used 

i n  our s tudy  (2)  by methods which can be a p p l i e d  g e n e r a l l y  and conven ien t ly  t o  

s i m i l a r  compounds. U n d e u t e r a t e d  compounds n o t  prepared p r e v i o u s l y  by o t h e r  

means a r e  a l s o  included. 

RESULTS AND DISCUSSION 

The r o u t e  f o r  each of t he  t a r a x a s t e r o l s ,  namely, 30,30-d2 u, 19,21,21-d3 

- 1 C .  18a-dl Id. and 22a-dl s t a r t e d  w i t h  2 0 - k e t o n e  lf w h i c h  c a n  b e  r e a d i l y  

prepared by RuO4 Oxidat ion (3)  of t a r a x a s t e r o l  a c e t a t e  (h). W i t t i g  r e a c t i o n  of  

- I f  w i t h  a3P=CD2 fo rmed  C-30 d i d e u t e r a t e d  s. It  was accompan ied ,  t hough ,  by 

m o n o d e u t e r a t e d  and n o n d e u t e r a t e d  t a r a x a s t e r o l  i n  a 55:30:15 r a t i o  a s  

i n d i c a t e d  by a n a l y s i s  ( 4 )  of t h e  M+2. M + 1 ,  and M s i g n a l s  i n  a mass spectrum and 

by i n t e g r a t i o n  of  an  nmr s p e c t r u m .  Most l i k e l y ,  t h e  mono- and n o n d e u t e r a t e d  

spec ie s  occur from exchange of the W i t t i g  y l i d  w i t h  so lven t  i m p u r i t i e s ,  which 

a r e  exaggerated by the  sma l l  s c a l e  of t he  r eac t ion .  Absence of any s i g n i f i c a n t  

M+3 s i g n a l s  i n  t h e  m a s s  s p e c t r u m  d i s c o u n t e d  exchange  of y l i d  w i t h  h y d r o g e n s  

alpha t o  the ketone a t  C-18 and C-22. b e f o r e  the  y l i d  had a chance to r e a c t  w i t h  

t h e  ketone. 

S y n t h e s i s  of t r i d e u t e r a t e d  was begun by r e p l a c e m e n t  of t h e  h y d r o g e n s  

a e j a c e n t  t o  t h e  k e t o n e  i n  If w i t h  d e u t e r i u m  by exchange  w i t h  DCl/D2O i n  

CE3CH2OD. The t r i d e u t e r a t e d  ketone was then r e a c t e d  w i t h  83PCB2 t o  y i e l d  

Is. Mass  s p e c t r a l  d a t a  i n d i c a t e d  I. a n d  &i h a d  t h e  s a m e  d e u t e r i u m  



Synthesis of Deuterated Methylenecyclohexanes 1397 

R i  

- 5a R l = C H 2  ;R2=R3=H 

- b R I = C H ~ ; R ~ = M ~ ; R ~ = H  

- c R ~ = O ; R Z = R ~ = H  

- d R1=O;R2=Me;R3=H 

- e R ~ = C D ~ ; R Z = R ~ = H  

- f R1 =CD2 ; R2 =Me; R3  =H 

g R l = C H 2  ;R2=H;R3=D 

- h R ~ = C H Z ; R ~ = M ~ ; R ~ = D  

-. i R ~ = O ; R ~ = H ; R ~ = C ~ H I O N  Me I- 
+ 

j- R1 = O ;  R2=H ; R3=D 

- k R,  =O;R2=Me;R3=D 

6 - 

s" 
7a R=H - 
- b R=Me 
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i nco rpora t ion ,  conf i rming  aga in  exchange be tween t h e  y l i d  and hydrogens a lpha  t o  

the  ke tone  i s  n e g l i g i b l e .  

I n t r o d u c t i o n  of d e u t e r i u m  a t  C-18 and  C-22 o f  t a r a x a s t e r o l  (la and &, 

r e s p e c t i v e l y )  r e q u i r e d  t h a t  a ,p-unsa tura ted  ke tones  2. and 2 be  formed f i r s t  by 

b romina t ion  of lf. t hen  dehydrobrominat ion  of t h e  r e s u l t a n t  m i x t u r e  of C-19 and 

C--21 b r o m o k e t o n e s  li and lk, r e s p e c t i v e l y .  The k e t o n e s  w e r e  s e p a r a t e d  and  

i s o l a t e d  by success ive  p r e p a r a t i v e  t h i n  l a y e r  chromatography (TLC). The r a t i o  

of  2. and 3 was found  t o  depend  upon t h e  b r o m i n a t i o n  r e a c t i o n  t i m e .  The b romo 

i n t e r m e d i a t e  l-i, which forms 2, was produced i n  a 3.5:l r a t i o  over  i somer  B, 

which forms 3. when t h e  r e a c t i o n  time was l i m i t e d  to  5 min. and i n  a 1 : l A  r a t i o  

when t h e  t i m e  was  e x t e n d e d  t o  40 min. A p p a r e n t l y ,  i s  k i n e t i c a l l y  f a v o r e d  

wh i l e  & i s  thermodynamica l ly  favored. Reduct ion  of 2 and 3 w i t h  deuter ium over 

10% Pd-C, f o l l o w e d  by  r e m o v a l  of t h e  d e u t e r i u m  on t h e  C-19 o r  C-21 c a r b o n  

t h r o u g h  b a s e  e x c h a n g e ,  y i e l d e d  11 and I_m r e a d i l y .  S t e r e o c h e m i s t r y  o f  t h e  

deuter ium a t  C-18 o r  C-22 was a s s igned  as  d e p i c t e d  because  t h e  molecu le s  would 

be a b l e  t o  approach t h e  c a t a l y s t  on ly  o p p o s i t e  t h e  l7p -ax ia l  methyl  group. The 

s e q u e n c e  t o  and  & was c o m p l e t e d  w i t h  a W i t t i g  r e a c t i o n  o f  t h e  r e s p e c t i v e  

ke tones  11 and & w i t h  O3P=CH2 i n  good y i e l d  and i s o t o p i c  pu r i ty .  

To p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  g e n e r a l i t y  o f  v a r i o u s  mass  s p e c t r a l  

f r a g m e n t a t i o n s  n o t e d  w i t h  t a r a x a s t e r o l ,  compounds  w i t h  s t r u c t u r a l  f e a t u r e s  

s i m i l a r  t o  r i n g  E of t a r a x a s t e r o l ,  i.e., cyc lohexene  ( 5 ) .  d e c a l i n s  & and a. 
and s e v e r a l  d e u t e r a  t e d  v e r s i o n s ,  were  s y n t h e s i z e d .  Again ,  t h e  c o r r e s p o n d i n g  

s a t u r a t e d  k e t o n e s  4b, 2 (6 ) .  a n d  ( 6 )  p r o v i d e d  t h e  s t a r t i n g  p o i n t  f o r  t h e  

d e s i r e d  l a b e l l e d  m a t e r i a l s .  W i t t i g  r e a c t i o n  o f  e a c h  w i t h  B3P=CD2 y i e l d e d  

me t h y l e n e - d e u t e r a t e d  &. 5 e ,  and  5 f .  r e s p e c t i v e l y ,  i n  d2:dl:do r a t i o s  o f  

75 :24:1 ,  95 :4 :1 .  and 68:23:9 ,  a s  d e t e r m i n e d  by  nmr and mass  s p e c t r a l  d a t a  (4 ) .  

Exchange between the  y l i d  and s o l v e n t  seems t o  have t aken  p l a c e  a g a i n  bu t  no t  t o  

the  e x t e n t  seen w i t h  t a r a x a s t e r o l  (2). O v e r a l l  y i e l d s  were no t  as good as w i t h  

the  nondeutera ted  y l id -p robab ly  due t o  a deu te r ium i s o t o p e  e f f e c t .  

Cyclohexene and d e c a l i n  & and 3 ana logs  monodeutera ted  on t h e  r i n g  two 
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carbons removed from the  double bond were a l s o  used i n  the s tudy  (2). As i n  the 

t a r a x a s t e r o l  s e r i e s  t h e  c o r r e s p o n d i n g  k e t o n e s  w e r e  c o n v e r t e d  t o  t h e i r  a , p -  

unsa tu ra t ed  v e r s i o n s  6, b, and B. To o b t a i n  6 and a t he  s a t u r a t e d  ketones 

and & were brominated a s  t h e i r  t r i m e t h y l s i l y l  eno la t e s .  then dehydrobrominated 

as  r e p o r t e d  (6). Since n e i t h e r  unsa tu ra t ed  ketone could be ob ta ined  i n  a pure 

s t a t e .  b o t h  w e r e  p u r i f i e d  ( 7 )  v i a  t h e  p - m e t h y l p i p e r i d y l  i o d i d e s  (7 )  and s. 
The d i m e t h y l  u n s a t u r a t e d  k e t o n e  was  p r e p a r e d  a s  r e p o r t e d  (61 by s i m p l e  

bromination-dehydrobromination of  and had a g l c  d e t e r m i n e d  p u r i t y  of 97%.  

R e d u c t i o n  o f  a l l  t h r e e  u n s a t u r a t e d  k e t o n e s  w i t h  d e u t e r i u m  c a t a l y z e d  by  

t r i s ( t r i p h e n y 1 p h o s p h i n e ) t h o d i u m  c h l o r i d e  (8) .  which i s  h igh ly  s t e r e o s e l e c t i v e ,  

and removal of the  deuter ium a d j a c e n t  t o  the  ketone w i t h  base gave 4f .  a. and 

- 5 k  i n  h i g h  y i e l d  and i s o t o p i c  p u r i t y .  A W i t t i g  r e a c t i o n  of  e a c h  w i t h  a3P=CH2 

completed t h e  s y n t h e s i s  t o  a, h, and a. 

MElEODS AND MATERIALS 

Commercial reagents .  such a s  1 . 2 - d i m e t h o x y e t h a n e  (DME), t e t r a h y d r o f u r a n  

(TRF), and e t h e r ,  were d i s t i l l e d  from l i t h i u m  aluminum hydrj.de p r i o r  t o  use. 2- 

B u t y l l i t h i u m  was d o u b l y  t i t r a t e d  u s i n g  1 , l - d i b r o m o e t h a n e  b e f o r e  r e a c t i o n s .  

E x t r a c t i o n  s o l u t i o n s  were d r i e d  over  MgSOs b e f o r e  evaporat ion.  

M e l t i n g  p o i n t s  (mp) w e r e  t a k e n  on a F i s h e r - J o h n s  a p p a r a t u s  and a r e  n o t  

c o r r e c t e d .  I n f r a r e d  ( i r )  s p e c t r a  w e r e  r e c o r d e d  w i t h  a P e r k i n - E l m e r  237B or a 

Beckman IR-8 s p e c t r o m e t e r .  N u c l e a r  m a g n e t i c  r e s o n a n c e  ( n m r )  s p e c t r a  w e r e  

ob ta ined  w i t h  a Varian A-60A ins t rumen t  on l i q u i d  samples sea l ed  i n  a c a p i l l a r y  

tube or on s o l i d s  d i s s o l v e d  i n  deu te r ioch lo ro fo rm w i t h  t e t r a m e t h y l s i l a n e  a s  an 

i n t e r n a l  s t a n d a r d .  Mass s p e c t r a  w e r e  t a k e n  on a Hitachi-Perkin-Elmer RMU-6E 

ins t rumen t  a t  70 e.v. Deuterium i n c o r p o r a t i o n  was determined from mass s p e c t r a  

a s  d e s c r i b e d  ( 4 ) .  

Gas l i q u i d  c h r o m a t o g r a p h y  ( g l c )  a n a l y s e s  w e r e  p e r f o r m e d  on a V a r i a n  

A e r o g r a p h  2700 i n s t r u m e n t  e q u i p p e d  w i t h  f l a m e  i o n i z a t i o n  d e t e c t o r s  and 

i n t e r f a c e d  t o  an Autolab N i n t e g r a t o r  on e i t h e r  column A: 1 / 8  inch  by 6 f t .  SS 
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column of  3% SE-30 on 60180 chrom. W; or co lumn B: 118 i n c h  by  7 f t .  SS co lumn 

o f  1.5% DEGS on 8 0 / 1 0 0  chrom. W ( a c i d  washed)  a t  t h e  i n d i c a t e d  t e m p e r a t u r e s .  

P r e p a r a t i v e  g l c  was done on a Var i an  Aerograph 1700 ins t rumen t  equipped w i t h  a 

t h e r m a l  c o n d u c t i v i t y  d e t e c t o r  and a 1 / 4  i n c h  by 8 f t .  co lumn of  20% SE-30 on 

60180 chrom. W. Thin l a y e r  chromatography (lLC) s e p a r a t i o n s  were c a r r i e d  o u t  on 

E. Merck 8F254 s i l i c a  g e l  w i t h  20% e t h y l  acetate-hexane. 

EXPERIMENTAL 

P r e p a r a t i o n  of  a.6-Unsaturated Teruenes 2 and 3 

A s o l u t i o n  o f  t e r p e n e  k e t o n e  Lf (160mg) i n  gl .  HOAc (10mL) was s t i r r e d  

v i g o r o u s l y  w h i l e  B r 2  i n  g l .  BOAc (0.5M; 0.68mL) was added. A f t e r  7 min. t h e  

s o l u t i o n  was e v a p o r a t e d  i n  v a c u o  t o  g i v e  a m i x t u r e  of  b r o m o k e t o n e s  and u. 
The c r u d e  p r o d u c t  was  d i s s o l v e d  i n  DME (4mL), Li2C03 (0.278) and L i B r  (0.32g) 

were added, and the  mix tu re  was hea ted  a t  120-125OC f o r  5 hi. The r e a c t i o n  was 

cooled. water  (20mL) added, and t h e  t e rpenes  i s o l a t e d  w i t h  ether .  The product  

was p u r i f i e d  r e p e a t e d l y  by p r e p a r a t i v e  R C  t o  y i e l d  47mg of 2, mp 230-233OC; ir  

( C H C 1 3 )  3010,  1727 ,  1672  cm-'; Calcd.  f o r  C30H4003: C,79.44, H.10.32. Found:  

C , 7 9 . 5 8 ;  H,10.76% and a l s o  19mg. o f  3, m p  228-230O; i r  (CHC13) 3060,  1725 ,  1668  

cm-l; nmr 65.90 and 6.74 ( d , l H  e a c h ) ;  Found: C,79.94; 8.10.21'k. 

- C a t a l v t i c  Reduction of a.6-Unsaturated Ketones w i t h  Deuterium 

a/  5-dl-2-Methylcyclohexanone (4f). Tris(tripheny1phosphine)rhodinm c h l o r i d e  

( 0 3 9 g )  was d i s s o l v e d  i n  acetone (30mL) i n  a f l a s k  connected t o  an atmospheric  

p r e s s u r e  r e d u c t i o n  appa ra tus  equipped w i t h  a 25mL gas r e s e r v o i r  and Bg- f i l l ed  

l e v e l i n g  bulb.  The f l a s k  was e v a c u a t e d ,  t h e n  d e u t e r i u m  g a s  was i n t r o d u c e d .  

T h i s  s e q u e n c e  was r e p e a t e d  t w i c e  more t o  e n s u r e  r e m o v a l  of a l l  o t h e r  g a s e s .  

S t i r r i n g  was i n i t i a t e d  and cont inued u n t i l  a c o n s t a n t  p r e s s u r e  of deuter ium was 

r e a c h e d  (1 h r ) .  6-Methyl-2-cyclohexenone ( 6 )  (1.02g) was added and s t i r r i n g  

unde r  a d e u t e r i u m  a t m o s p h e r e  c o n t i n u e d  u n t i l  g a s  a b s o r p t i o n  c e a s e d  (5.5 h r ) .  

The m i x t u r e  was t h e n  c o n c e n t r a t e d  i n  vacuo  and t h e  r e s i d u e  p a s s e d  t h r o u g h  a 

s h o r t  s i l i c a  g e l  co lumn (15g)  w i t h  p e n t a n e .  D i s t i l l a t i o n  gave  0.85g (80%) of  

2.3-d2-6-methylcyclohexanone, bp 65-67OC (22mm), which was used d i r e c t l y  below. 
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The p r o d u c t  was d i s s o l v e d  i n  0.5% KOH-MeOH (15mL). and t h e  s o l u t i o n  was 

heated a t  r e f l u x  f o r  2 hr. The cooled s o l u t i o n  was e x t r a c t e d  w i t h  pentane and 

t h e  p e n t a n e  l a y e r  washed w i t h  w a t e r ,  d r i e d ,  and f r a c t i o n a t e d  t o  g i v e  0.80g of 

d e u t e r a t e d  k e t o n e  4f, bp 67-68OC (22mm); i r  2180 ( w ) ,  2720 c m - l ;  m / z  113  ( M + )  

d l  i n c o r p o r a t i o n  954%. 

b/ 4-dl-l-Methyl-trans-2-decalone (2). Unsaturated ketone a (1.01g) (6) was 

reduced w i t h  (C6Hsp)3Rhc1 (0.15g) i n  ace tone  (20mL) a s  desc r ibed  above bu t  f o r  

35 hr. The r e a c t i o n  r e s idue  was passed through an alumina column ( a c t i v i t y  I) 

w i t h  hexane. Removal of t h e  hexane  y i e l d e d  1.OOg w h i c h  was t r e a t e d  w i t h  0.5% 

KOH-MeOH (40mL) a t  r e f l u x  f o r  2 hr .  Recove ry  of t h e  p r o d u c t  and d i s t i l l a t i o n  

gave  0.53g (52%) of 5-i, bp 73-74OC (0.25mm) [ r e p o r t e d  ( 9 )  f o r  u n d e u t e r a t e d  

k e t o n e .  b p  66-67OC (0.07mm)l; i r  ( n e a t )  2170 (w),  1715  cm-l; nmr 61.05 (d,3H), 

1.2-2.5 (m,14H): m / z  167 ( M + )  dl i n c o r p o r a t i o n  954%. 

C /  ~-d~-l,lO-Dimethyl-trans-2-decalone (3). A sample of (2.04g) (6) was 

r e d u c e d  by (C6H5p)3RhC1 (0.258) i n  a c e t o n e  (35mL) a s  d e s c r i b e d  above for u. 
S o l v e n t  r emova l  a f f o r d e d  2.04g o f  d i d e u t e r a t e d  product .rhich was subsequent ly  

exchanged  b y  0.5% KOB-MeOH (175mL) a s  above. A t o t a l  o f  1.13g (55%) o f  

d e u t e r a t e d  d e c a l o n e  a, bp 82-83OC (0.6mm) [ r e p o r t e d  ( 9 )  f o r  u n d e u t e r a t e d  

k e t o n e ,  bp 75OC (O.2mm)l; i r  ( n e a t )  2150(w),  1708 cm-l; m / z  1 8 1  (M') d l  

i n c o r p o r a t i o n  96&. 

d /  ~~~~~-3~-Hydroxy-30-nor-20-oxo-18a,19Bg.22Bgarsane  (h). To a suspension 

of 10% Pd-C (3mg) i n  cyclohexane (2mL) which had been s t i r r e d  under a deuter ium 

gas atmosphere f o r  4 hr. was added unsa tu ra t ed  ketone 3 (19mg). The mixture  was 

t h e n  s t i r r e d  for 48 hr .  u n d e r  d e u t e r i u m ,  t h e  c a t a l y s t  was c o l l e c t e d  by 

f i l t r a t i o n .  and t h e  so lven t  removed i n  vacuo. The r e s idue  was d i s so lved  i n  10% 

methanol ic  KOE (5mL) and hea ted  a t  r e f l u x  f o r  5 hr. The cooled r e a c t i o n  mix tu re  

was evaporated t o  dryness,  and t h e  product was i s o l a t e d  w i t h  e t h e r  and washed 

w i t h  w a t e r ,  d i l .  H C l ,  and w a t e r .  Removal o f  t h e  s o l v e n t  gave  15mg of b, mp 

224-228OC [ r e p o r t e d  (10 )  f o r  u n d e u t e r a t e d  k e t o n e ,  mp 228OC1; i r  (CHC13) 3460 

(broad),  2125 ( w ) ,  1695 cm-l; m / z  429 (M') dl i n c o r p o r a t i o n  954%. 
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e /  ~~~-d~-3~-Hydroxy-30-nor-20-oxo-19~H u r s a n e  (GI. The r e d u c t i o n  and 

exchange procedures used f o r  & were employed w i t h  25mg of ketone 2, 5mg of 1oW 

PI-C and 3mL of cyc lohexane .  The f i n a l  p r o d u c t  11 (19mg) was p u r i f i e d  by 

p repa ra t ive  ILC. mp 226-228OC; ir  (cBCl3) 3430 (broad),  2150 (w), 1700 cm-l; m / z  

429 (M+) d l  i nco rpora t ion  94+%. 

W i t t i n  React ions wi th  Cvclohexanones 

a /  ~-d~-2-Methylmethylenecyclohexane (a). An e t h e r  s o l u t i o n  (0.5mL) of g- 

b u t y l l i t h i u m  (6.3mmol) was added s lowly  t o  a s t i r r e d  suspension of C & J ( C ~ H ~ ) ~ P B ~  

(2.290; 6.36mmol) i n  e t h e r  (15mL) u n d e r  n i t r o g e n .  The y e l l o w  m i x t u r e  was 

s t i r r e d  for 2 h r  a t  a m b i e n t  t e m p e r a t u r e .  t h e n  a s o l u t i o n  of d e u t e r a t e d  

cyclohexanone 4f (0.57g; 5.0mmol) in e t h e r  (10mL) was added dropwise. Af t e r  t h e  

r e a c t i o n  had been s t i r r e d  f o r  16  h r ,  t h e  e t h e r  was removed i n  vacuo and r ep laced  

w i t h  THF (10mL). The m i x t u r e  was t h e n  r e f l u x e d  for 7 hr .  The p r o d u c t  was 

recovered from the  cooled, w a t e r - d i l u t e d  m i x t u r e  w i t h  pen tane .  D i s t i l l a t i o n  

y i e lded  0.31g of l i q u i d  w i t h  bp 117-135OC. Glc (B, 95OC) i n d i c a t e d  a mix tu re  of 

78% of p r o d u c t  P r e p a r a t i v e  g l c  (95OC) was 

u s e d  t o  i s o l a t e  p u r e  w i t h  bp 125-126OC: i r  ( n e a t )  3060 (w). 2160  ( w ) ,  1648  

( s ) ,  918 cm-l: nmr S 1.08 (d,3H), 4.6 (m,2H); m / z  111 (M+) d l  i n c o r p o r a t i o n  

9s+%. 

and 22% of s t a r t i n g  k e t o n e  4f. 

b l  2-Methyl-(methylene-d2)cyclohexane (&). The same r e a c t i o n  cond i t ions  and 

w o r k u p  a s  a b o v e  w e r e  e m p l o y e d  e x c e p t  t h e  s t a r t i n g  k e t o n e  w a s  2- 

m e t h y l c y c l o h e x a n o n e  (0.33g;  2.9mmol) a n d  t h e  y l i d  was g e n e r a t e d  f rom 

CD3(C6B5)3PBr (1.52g; 4.2mmol). Q u a n t i t i e s  f o r  the o t h e r  r eagen t s  and s o l v e n t s  

were taken in t h e  r e s p e c t i v e  mole-mole or mole-volume r a t i o s  used above. Glc 

a n a l y s i s  (A, 95OC) of t h e  r e s i d u e  (0.30g) i n d i c a t e d  i t  t o  be composed of 34% o f  

d e s i r e d  p r o d u c t  & and 66% of  s t a r t i n g  ke tone .  P r e p a r a t i v e  g l c  (90°C) gave a 

pure sample, bp 125-126OC; nmr 84.5 i n t e g r a t i o n  r a t i o  of 1:154 t o  o the r  proton 

s igna l s :  m/z  112 (M+) d2:dl:do i n c o r p o r a t i o n  75:24:1 

c l  2-Methylmethylenecyclohexane (h). The above r e a c t i o n  c o n d i t i o n s  and 

r e q u i r e m e n t s  w e r e  r e p e a t e d  w i t h  2 - m e t h y l c y c l o h e x a n o n e  (1 .25g;  11.2mmol) and  



Syii fhesis of Deuieraied Methylenecyclohexanes 1403 

CH3(CgH5)3PBr (4.50g; 40mmol) y i e l d i n g  1.24g o f  h, bp 122-124OC [ r e p o r t e d  ( 5 )  

bp by a t o t a l l y  d i f f e r e n t  method 124.5-124.8OC (745mm)l. 

W i t t i a  React ions w i t h  Methvldecalones 

a/  4 - d ~ - l - M e t h y l - 2 - m e t h y l e n e - ~ - d e c a l i n  (a). An e t h e r  s o l u t i o n  (0.5mL) of 

n - b u t y l l i t h i u m  (8mmol) was  i n t r o d u c e d  i n t o  m i x t u r e  of CH3(C6A5)3PBr (3.261; 

9.lmmol) i n  e t h e r  (15mL) under n i t rogen ,  and t h e  yellow mixture  was s t i r r e d  f o r  

2 hr.  Ke tone  5-i (0.388; 2.3mmol) i n  e t h e r  (10mL) was added,  and s t i r r i n g  was 

cont inued f o r  1 6  hr. The e t h e r  was r ep laced  by 'LBF (25mL1, and t h e  s o l u t i o n  was 

r e f l u x e d  f o r  7 hr. The r e a c t i o n  was t h e n  d i l u t e d  w i t h  w a t e r ,  and  t h e  p r o d u c t  

was r e c o v e r e d  w i t h  hexane t o  a f f o r d  0.35g o f  h, bp 71-73OC (3.lmm); i r  ( n e a t )  

3170 (w), 2150 (w),  1775 (w), 1645 (s), 908  cm-l; nmr 61.05 (d,3H), 4.7(m,2B), 

m / z  165 (M'). Glc a n a l y s i s  (A, 15OoC) i n d i c a t e d  a s i n g l e  compound present.  

b/  l - M e t h y l - 2 - ( m e t h y l e n e - d 2 ) - ~ - d e c n l i n  (a). This  r e a c t i o n  was based upon 

0.54g (3.3mmol) of m e t h y l d e c a l o n e  & (6) and 1.35g (3.8mmol) o f  C D ~ ( C S H ~ ) ~ P B ~  

and performed as above. Glc (A, 15OoC) of t h e  crude product (0.50g) ind ica t ed  a 

mix tu re  of 47% of d e s i r e d  and 53% of ketone a. An a n a l y t i c a l  sample secured 

by P r e p a r a t i v e  g l c  (160°C) had bp 72-73OC (3 .0mm);  nmr 64.7 i n t e g r a t i o n  r a t i o  of 

1:189 t o  o t h e r  proton s i g n a l s ;  m / z  166 (M') d2:dl:do i n c o r p o r a t i o n  95:4:1 

c /  l - M e t h y l - 2 - m e t h y l e n e - ~ - d e c a l i n  (a). The above r e a c t i o n  was conducted 

w i t h  k e t o n e  & (1.1g; 6.7mmol) (6) and  CH3(C6H5)3PBr (12.og: 33.4mmol) and gave 

l . l g  of d e c a l i n  h, bp 71-71OC (2.8mm); i r  (nea t )  3080, 1650, 908 cm-'; nmr 64.6 

(m.2H): Calcd.  f o r  C12HZO: C,92.31; B,7.69. Found: C.92.60: H,7.4046. 

W i t t i a  React ions wi th  Dimethvldecalones 

a /  ~ - d ~ - l , l O - D i m e t h y l - 2 - m e t h y l e n e - ~ - d e c a l i n  (2). The y l i d  was prepared 

f i r s t  by s t i r r i n g  g -bn ty l l i t h inm (11.2mmol) 

(4.441; 12.4mmol) s u s p e n d e d  i n  e t h e r  (10mL) a s  above. A s o l u t i o n  of k e t o n e  

(1.12g; 6.2mmol) i n  e t h e r  (15mL) was used i n  t h e  r e a c t i o n  which was conducted a s  

f o r  58. D i s t i l l a t i o n  of t h e  recovered product  y i e l d e d  0.72g (65%) of 2. bp 68- 

71OC ( l m m ) ;  i r  ( n e a t )  3090, 2150,  1775 ,  1645 ,  902 em-'; nmr 61.01 (s,3H).  1.04 

(d,3H). 4.66 (m.2H); m / z  179 (M') dl i n c o r p o r a t i o n  95*. 

i n  e t h e r  (7.0mL) w i t h  CH3(CgH5)3PBr 
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b /  l.l0-Dimethyl-2-(methy1ene-d2)-trans-decalin (sf). This reaction was 

conducted a s  above with 0.56 (3.lmmol) of (6) and 1.44g (4.0mmol) of 

CD3(C6B5)3F%r and gave 0.558 of crude product composed of 61% product s f  and 39% 

starting ketone a s  indicated by glc ( A ,  17OOC). A pure sample secured by 

preparative glc (180OC) had bp 68-70°C (Imm); nmr 64.6 integration ratio of 1:55 

with other protons; m/z 180 (M') d2:dl:do incorporation 68:23:9. 

c/ 1,lO-Dime thyl-2-me thy1 ene- trans-dec a 1 in (2). The above procedure with 

0.04g (5.78mmol) of (6) and 3.60g ( 1 0 0 m m o l )  of CH3(C6B5)3PBr afforded 0.848 

(82%) of colorless a, bp 68-70°C (lmm) which analyzed by glc (A, 17OoC) as 91% 

- 5b and 9% a. Preparative glc (180OC) gave pure material with bp 69-7OoC (1 
mm); C,87.56: H,12.44. 

Found: C. 87.71 : H. 12.39%. 

- Wittia Reactions with Ketones from Taraxasterol 

ir (neat) 1772, 1648, 906 cm-l; Calcd. for C13B22: 

The reaction procedures employed for the decalins were also used for the 

formation of the various taraxasterols except as noted. 

a /  18a-dl-Taraxasterol (Id). 18a-dl-Ketone I!, (19mg; 0.04mmol) and 

CH3(C6A5)3PBr (280mg; 0.80mmol) gave 13mg of u. mp 222-225OC [reported (10) mp 

undeuterated taraxasterol 224OCI; ir (CECl3) 3470 (broad), 2150 ( w ) ,  1645, 900 

cm-l: m/z 427 (M'): ILC identical with taraxasterol. 

b/ 22a-dl-Taraxasterol (b). From the reaction of I_m (15mg: 0.03mmol) and 

CH3(C6B5)3PBr (230mg; 0.6mmol), deuterated taraxasterol (14mg) w a s  obtained 

after preparative TLC. It had mp 222-224OC; ir 3485 (br). 2125 ( w ) ,  1650 ( m ) ,  

910 cm-l; m/z 421 (M'). 

C/ 30.30-d2-Taraxastero1 (u). Ketone lf (14mg: 0.03mmol) with CD3(C6H5)3PBr 

(0.64mg; 1.8mmol) formed 13mg of (after preparative ILC), m.p. 223-224OC; m / z  

4 2 8  (M') d2:dl:do incorporation 55:30:15. 

Preuaration of 19.21.21-d3-Taraxasterol (lc) - 

All procedures were performed in a dry box containing a positive helium 

atmosphere. 

A solution of ketone (25mg) in absolute ethanol-d (2.5mL) containing 38% 
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D C I - D Z O  ( 5  d r o p s )  was r e f l u x e d  f o r  2 hr .  The t e r p e n e  was r e c o v e r e d  from t h e  

c o o l e d  r e a c t i o n  by p r e c i p i t a t i o n  w i t h  D20 and  c o l l e c t i o n  by f i l t r a t i o n .  The 

exchange procedure was r epea ted  tw ice  more w i t h  t h e  recovered hydroxy ketone a 
A f t e r  had been d r i ed ,  it was d i s s o l v e d  i n  e t h e r  (20mL) and added t o  the  y l i d  

from a3(C6H5)3PBr t2.Og; 0.0056mmoI) and g - b u t y l l i  thium (5.0mL: 1.6M) i n  e t h e r  

(22mL) p r e p a r e d  a s  above. The r e a c t i o n  was t h e n  c o n t i n u e d  and t h e  t e r p e n e  

r e c o v e r e d  a s  d e s c r i b e d  above. Chromatography  of  t h e  r e c o v e r e d  m a t e r i a l  by  

p r e p a r a t i v e  TLC gave  l 5 m g  o f  b, mp 222-224OC; m l z  429 (M') d3 i n c o r p o r a t i o n  

8 7 e ;  i d e n t i c a l  t o  t a r a x a s t e r o l  by mixed mp and TLC. 
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