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ABSTRACT 

The previously unknown steroids 38-acetoxy-24-methylene 

AS, 22, 24(28) -cholestatriene, 36-acetoxy-AS, 22, 24(28) - 
stigmastatriene, 36-acetoxy-24-methyl-AS, 22, 24-cholestatriene 

and 3B-acetoxy-AS, 7, 22, 24-ergostatetraene have been syn- 

thesized. The naturally occurring A5,7, 22, 24(28)-ergo- 

statetraene-36-01 has been prepared for the first time starting 

from stigmasterol and has been proven to be identical with the 

steroid isolated from Saccharomyces cerevisiae. The synthetic 

sequence developed involved a new and highly selective method 

for specific bromination of the 5, 6 double bond of stigma- 

sterol acetate. The sequence is readily adaptable to the 

preparation of several more variations of sterols with unsatur- 

ated side chains. 

During these syntheses several new intermediates have 

been prepared and characterized. Infrared, ultraviolet and 

nuclear magnetic resonance spectra of the new compounds are 

discussed. The effect of new functional groups on the 

chemical shift of the steroidal angular methyl groups in the 

n.m.r. has been determined. 
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INTRODUCTION 

Cons iderab le  work has  r e c e n t l y  been r e p o r t e d  on 

problems concerning t h e  b i o s y n t h e s i s  of p h y t o s t e r o l s .  

S p e c i a l  i n t e r e s t s  and e f f o r t s  have been d i r e c t e d  t o  

t h e  t r a n s f o r m a t i o n  of t h e  s i d e  c h a i n  of  s t e r o l s  i n  

f u n g i  and h ighe r  p l a n t s .  S e v e r a l  r e a c t i o n  schemes 

have been proposed b u t  a n  e x a c t  sequence of e v e n t s  

cannot  y e t  be e s t a b l i s h e d .  A v a i l a b l e  r e s u l t s  seem t o  

p o i n t  t o  t h e  p o s s i b i l i t y  of two p a r a l l e l  pathways. 

The f i r s t  r o u t e  cou ld  i nvo lve  a  s t e r o i d  w i t h  a  f u l l y  

s a t u r a t e d  s i d e  c h a i n  a s  a  key i n t e r m e d i a t e .  The 

second could  proceed v i a  s e v e r a l  me tabo l i c  i n t e r m e d i a t e s  

of  va ry ing  deg rees  of u n s a t u r a t i o n .  Which of t h e  two i s  

t h e  major one may w e l l  depend on t h e  c o n d i t i o n s  under 

which a  sys tem has  been i n v e s t i g a t e d .  O f  i n t e r e s t  i n  

t h i s  connec t ion  a r e  s t e r o i d a l  compounds w i t h  s i d e  c h a i n s  
- 

p o s s e s s i n g  con juga ted  double  bonds. Only one such  

compound h a s ,  up t o  t h i s  t ime ,  been i s o l a t e d  and c h a r a -  

c t e r i z e d .  S e v e r a l  analogous  compounds cou ld  however be 

p o s t u l a t e d  a s  p o s s i b l e  s e q u e n t i a l  i n t e r m e d i a t e s .  (See 

L i t e r a t u r e  Review) 

To e s t a b l i s h  t h e  involvement of a  compound a s  a  p r e -  

c u r s o r  i n  a  b i o s y n t h e t i c  sequence i t  i s  neces sa ry  t h a t  

1, t h e  p r e c u r s o r  i s  d e t e c t e d  i n  t h e  organism e i t h e r  by 



isolation or trapping experiments and 2, that feeding 

experiments show positive results. Many postulated 

intermediates may however be present in insufficient 

quantities in order to be isolated or even detected 

without prior knowledge of their physical and chemical 

properties. It is the aim of the present investigation 

to synthesize, with and without 14c-label, and characterize 

several of the possible intermediates. These appropriately 
1 I 
I* C-labelled compounds could then be used in later investi- 

gations to further elucidate the dynamic transformations 

of phytosterols in plants and fungi. 
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LITERATURE REVIEW 

The key r o l e s  of mevalonic a c i d  and squa l ene  i n  t h e  

me tabo l i c  sequence l e a d i n g  t o  s t e r o l s  a r e  f i r m l y  e s t a b -  1 

l i s h e d .  Work pub l i shed  up t o  1965 has  been reviewed by 

Clay ton  (1)  and by Goad (2 ) .  I n c o r p o r a t i o n  of 2 - 1 4 C  

mevalonate  i n t o  squa l ene  and i n t o  t h e  major p h y t o s t e r o l s  

ha s  been shown more r e c e n t l y  by s e v e r a l  workers ,  e . g .  i n  

? p ? - ~  z r ? ~  m p i ~ e  l c z * v r c ~  t . *~  P A - 2  uvQU e t  a;, < 3 j ,  i n  Euphorbia -- 
p e p l u s  by Ba i s t ed  ( 4 ) ,  i n  La r ix  dec idua  l e a v e s  (5) and 

Pisum sat ivum l e a v e s  (6) by Goad e t  a l .  C y c l i s a t i o n  of - -- 
2 ,  3-epoxy squa l ene  t o  c y c l o a r t e n o l  i n  N ico t ina  tabacum 

has  been shown by Eppenberger e t  a 1  ( 7 ) .  I n c o r p o r a t i o n  -- 
of  14c - c y c l o a r t e n o l  and/or  14c - l a n o s t e r o l  i n t o  b i o -  

s y n t h e t i c  "end produc ts"  has  r e c e n t l y  been demonstra ted 

- by H a l l  e t  a 1  (8 )  i n  Ochromonas malhamensis,  Hewlins e t  -- - 
a 1  (9) i n  c u l t u r e s  of  N ico t ina  tabacum and by Akhtar  e t  
7 - 

- - a 1  (10) and Marimoto e t  a1 (11) i n  y e a s t .  -- 
Transformat ion  of t h e  s i d e  c h a i n  of t h e s e  p r e c u r s o r s  

t o  t h e  s i d e  c h a i n  of t h e  f i n a l  s t e r o i d s  i nvo lves  f i r s t l y  

t h e  i n t r o d u c t i o n  of an  a l k y l -  o r  a l k y l e n e -  group a t  C - 2 4  

and secondly ,  t h e  fo rma t ion  of double  bonds a t  C - 2 2 ,  C-23, 

C-24(28) o r  C-25. (For numbering system s e e  F i g u r e  1 ) .  

The o r i g i n  of  t h e  e x t r a  a l k y l  group a t  C-24 has  been w e l l  

e s t a b l i s h e d  i n  numerous exper iments .  The p e r t i n e n t  l i t e r a -  

t u r e  has  been e x t e n s i v e l y  reviewed by Lederer  (12) .  Th i s  

e x t r a  a l k y l  group ( a t  C-24) i n  p h y t o s t e r o l s  has  been shown 

t o  a r i s e  from meth ion ine  (13) .  I n  e r g o s t e r o l ,  t h e  e x t r a  



FIGURE 1 

NUMBERING SYSTEM OF STEROIDS 
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carbon  i s  d e r i v e d  from a  s i n g l e  me thy la t i on  a t  C - 2 4 .  

I n  C - 2 9 - s t e r o l s  t h e  two e x t r a  carbons  a r e  added v i a  a  

double  t r a n s m e t h y l a t i o n  a t  C - 2 4 .  C a s t l e  -- e t  a 1  (14) 

and Tomita -- e t  a 1  (15) proposed t h e  me thy la t i on  mechan- 

i s m  shown i n  F igu re  2 .  F igu re s  3 and 4 ,  i n  t u r n ,  show 

t h e  numerous p o s s i b i l i t i e s  f o r  t h e  s t a b i l i z a t i o n  of t h e  

formed carbonium i o n  and t h e  subsequent  t r a n s f o r m a t i o n s  

l e a d i n g  t o  t h e  end p r o d u c t s .  Numerous 24-methylene com- 

e t  a 1  (16) ) While some appear  t o  be end p r o d u c t s ,  e . g .  -- 
e b u r i c o i c  a c i d  o r  e rgos t a -5 ,7 ,24 (28 )  t r i en -3B-01  (17) , 
o t h e r s  seem t o  be b i o g e n e t i c  i n t e r m e d i a t e s .  

I t  has  been demonstra ted by Akhtar  -- e t  a 1  (18C) and 

Bar ton -- e t  a l ,  1966 (19) t h a t  24 -me thy l ened ihyd ro l anos t e ro l  

i s  i n c o r p o r a t e d  by y e a s t  i n t o  e r g o s t e r o l .  4a - Methyl -  

- 24-methylene-  24,25-dihydrozymosterol  and o b t u s i f o l i o l ,  

a s t e r o l  which has  never  been d e t e c t e d  i n  y e a s t ,  a r e  t r a n s -  

- formed i n t o  e r g o s t e r o l  by y e a s t  a s  shown by Bar ton -- e t  a 1  

(19, 2 0 ) .  

Lederer  -- e t  a 1  (21) and J a u r e g u i b e r r y  -- e t  a1  (22) have 

shown t h a t  e r g o s t e r o l  s y n t h e s i z e d  by Neurospora c r a s s a  i n  

t h e  p re sence  of ( CD3)-methionine c o n t a i n s  on ly  two deu te r ium 

atoms. This  s u g g e s t s  t h a t  a  C-24-methylene d e r i v a t i v e  i s  a  

p r e c u r s o r  of C-24 m e t h y l s t e r o l s .  S e v e r a l  p u b l i c a t i o n s  how- 

eve r  seem t o  p rov ide  ev idence  a g a i n s t  t h e  involvement of a  

24-methylene compound a s  a  p r e c u r s o r  of e r g o s t e r o l .  24- 

Me thy ld ihyd ro l anos t e ro l  i s  conver ted  t o  e r g o s t e r o l  i n  good 
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FIGURE 2 

METHYLATION SCHEME ACCORDING TO 

TOMITA -- e t  a 1  (15) 
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FIGURE 3 

POSSIBILITIES FOR THE CARBONIUM ION 

STABILIZATION IN FUNGI 
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FIGURE 4 

POSSIBILITIES FOR THE CARBONIUM ION 

STABILIZATION IN PLANTS 
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y i e l d  w i thou t  p r i o r  conve r s ion  i n t o  a 24-methylene 

d e r i v a t i v e  (10) .  Th is  r e s u l t  was deduced from t h e  f a c t  

3 t h a t  M a t  C - 2 4  was n o t  l o s t .  Tomita -- e t  a 1  (15) r e p o r t e d  

t h a t  A7-ergostenol  i s o l a t e d  from C h l o r e l l a  v u l g a r i s ,  growq 

i n  t h e  p resence  of ( CD3 ) -  meth ion ine  con ta ined  t h r e e  

deu te r ium atoms a t  C-28. T h i s  r e s u l t  i n d i c a t e s  t h a t  a  C-24 

methylene d e r i v a t i v e  cannot  be invo lved .  

Exper imental  r e s u l t s  r e p o r t e d  by Ba r ton ' s  group (20) seem 

t o  exc lude  24-methylene-lancrt~rcl ss a F r c c t i r s o r  of e rgs -  

s t e r o l  i n  Saccharomyces c e r e v i s i a e .  A f t e r  work up of a  c e l l  

f r e e  y e a s t  system which had been incuba ted  f o r  14 hours  i n  

3 t h e  p re sence  of a mix tu re  of  1 ,24,25,30-  H4 - 2,3-epoxysqualene 

and i n a c t i v e  24,25-dihydrolanosterol, 13.4% of t h e  r a d i o  a c t i v -  

i t y  was found i n  l a n o s t e r o l  wh i l e  7 7 %  of t h e  a c t i v e  squa l ene  

was recovered .  No a c t i v i t y  was found i n  24,25-dihydro-24-  

- methylene l a n o s t e r o l  d e s p i t e  t h e  f a c t  t h a t  c e l l  f r e e  sys tems 
- 

w i i i  me tabo l i ze  s t e r o l s  beyond t h e  l a n o s t e r o l  . - s t a g e  a s  shown 

- by Bloch -- e t  a 1  (23). The above r e s u l t s  seem t o  i n d i c a t e  t h a t  

a f u l l y  s a t u r a t e d  s i d e  c h a i n  i s  a n  a p p r o p r i a t e  p r e c u r s o r ,  

p robably  a long  pathway a i n  F igu re  3. Pathway a '  appea r s  t o  be 

excluded s i n c e  no 3~ s h i f t  from C-23 t o  C - 2 4  could  be d e t e c t e d  

by Akhtar  e t  a 1  (10) .  -- 
The same d i sc r epancy  which e x i s t s  i n  t h e  s i n g l e  m e t h y l a t i o n  

seems a l s o  t o  e x i s t  i n  t h e  double  me thy la t i on .  Smith -- e t  a 1  

(24) found fou r  deuter ium atoms i n  p o r i f e r a s t e r o l  i s o l a t e d  

from Ochromonas malhamensis which had been grown i n  t h e  p re sence  

of ( CD3 ) - methionine .  T h i s  o b s e r v a t i o n  i n d i c a t e s  t h a t  



- 10 - 
f u c o s t e r o l  could  be t h e  p r e c u r s o r  f o r  C - 2 4  e t h y l s t e r o l s ,  

The same r e s u l t  was found f o r  a  number of 24 -e thy l  s t e r o l s  

i n  s e v e r a l  p l a n t  systems by Goad -- e t  a 1  ( 2 5 ) .  However, 

Lenfant  e t  a 1  ( 2 6 ,  27) have r e p o r t e d  t h e  i s o l a t i o n  of A 2 2 -  -- 
s t i g m a s t e r o l  c o n t a i n i n g  f i v e  deuter ium atoms from D i c t i o s t e l i u m  

discoideum. F u r t h e r ,  Tomita (15) has  i s o l a t e d  c h o n d r i l l a -  

s t e r o l  and A 7 - c h o n d r i l l a s t e r o l  from C h l o r e l l a  v u l g a r i s ,  grown 

i n  p resence  of ( CD3 ) -meth ion ine ,  a l s o  c o n t a i n i n g  f i v e  

deu te r ium atoms. Th i s  means t h a t  t h e  C - 2 4  e t h y l  group i s  

s y n t h e s i z e d  by a  mechanism which does no t  i nvo lve  a  C - 2 4  

e t h y l i d e n e  group. This  o b s e r v a t i o n ,  i n  t u r n ,  r u l e s  o u t  p a t h -  

way b ( see  F i g u r e  4) i n  favour  of  t h e  more d i r e c t  pathways 

a o r  a '  i nvo lv ing  a  f u l l y  s a t u r a t e d  s i d e  c h a i n .  

Eblouz e t  a 1  (28a) have been a b l e  t o  show t h a t  s i t o s t e r o l  -- 
( s a t u r a t e d  s i d e  c h a i n )  i s  t rans formed i n t o  A22-s t igmas te ro l  

i n  D i c t i o s t e l i u m  discoideum.  The same a u t h o r s  showed 

t h a t  t h e  r e v e r s e  t r a n s f s r m a t i e n ,  however, was n o t  p o s s i b i e .  
--  

- Acompound of t h e  t ype  i l l u s t r a t e d  below has  on ly  been 

i s o l a t e d  i n  one i n s t a n c e .  B r e i v i k  e t  a 1  (29) r e p o r t e d  i n  1954 -- 
t h e  i s o l a t i o n  of t h i s  new y e a s t  s t e r o l  t o  which they  a s s i g n e d  

s t r u c t u r e  i l l u s t r a t e d .  



The s t r u c t u r e  ass ignment  was based on s p e c t r o s c o p i c  ev idence  

and on b i o s y n t h e t i c  c o n s i d e r a t i o n s .  Th is  s t e r o l  i s  r e p o r t e d  

t o  be a  minor s t e r o l  under u s u a l  c o n d i t i o n s .  S p e c i a l  growth 

c o n d i t i o n s ,  u n s p e c i f i e d  by t h e  a u t h o r s ,  were r e p o r t e d  t o  

produce t h e  new s t e r o l  a s  a  major p roduc t  by s e v e r a l  y e a s t  

s t r a i n s .  The same a u t h o r s  pub l i shed  a  method (30) f o r  t h e  

q u a n t i t a t i v e  d e t e r m i n a t i o n  of e r g o s t e r o l  and e r g o s t a t e t r a e n e o l  

i n  15 d i f f e r e n t  y e a s t  s t r a i n s .  The method was based on t h e  

,. sr 2 - I---- . -. aYJvr  L A " l l ,  ~ y p l i ~ d i  Iru1 t h e  two compouncis. 

P e t z o l d  -- e t  a 1  (31) developed a n  improved method f o r  t h e  

i s o l a t i o n  of 24 (28)- dehydroe rgos t e ro l  from y e a s t .  They con- 

f i rmed  B r e i v i k ' s  s t r u c t u r e  ass ignment  by NMR and chemical  

t r a n s f o r m a t i o n s .  Maugenet -- e t  a 1  (32, 33) r e p o r t ,  however, 

t h a t  t hey  were unab le  t o  d e t e c t  24(28)-dehydroergosterol i n  

a n  i n v e s t i g a t i o n  i nvo lv ing  1 3  s p e c i e s  of y e a s t ,  w h i l e  Marimoto 

- e t  a 1  (11) d i d  n o t  f i n d  t h e  e r g o s t a t e t r a e n e o l  i n  t h e  y e a s t  -- 
Candida u t i l i s .  - - 

- 
The t r a n s f o r m a t i o n  of e r g o s t a t e t r a e n e o l  i n t o  e r g o s t e r o l  

ha s  n o t  y e t  been unambiguously demons t ra ted .  Katsuk i  e t  a 1  -- 
C23) however, i s o l a t e d  a n  u n s a t u r a t e d  d e r i v a t i v e  of e r g o s t e r o l  

(named ES2 by t h e  a u t h o r s )  from c e l l  f r e e  y e a s t  e x t r a c t s  

t o  which they  a s s igned  t e n t a t i v e l y  t h e  s t r u c t u r e  of e rgo-  

s t a t e t r a e n e o l  a s  i s o l a t e d  by B r e i v i k  e t  a 1  (29) .  I n t a c t  -- 
y e a s t  c e l l s  were found t o  conve r t  ES2 a e r o b i c a l l y  t o  e r g o s t e r o l .  



DISCUSSION AND RESULTS 

1. Synthesis i 
Studies on the biosynthesis of phytosterols in 

fungi and higher plants have not as yet been able to 

demonstrate the importance of steroids possessing con- 

jugated unsaturation in the side chain as biosynthetic 

i~ltermeciiates. In particular, the role which such 

steroids play in the sequence of modifications occurring 

in the side chain has not yet been fully investigated. 

With the exception of ~5,7,22,24 (28) -ergostatetraene-36- 

01 in yeast (29) no such compounds have in fact been 

isolated. In order to study the possible intermediacy 

of this type of steroid in the biosynthesis of ergo- 
- sterol in yeast or of the major phytosterols in plants, 

it became necessary to develop a synthetic procedure for 

the preparation of steroids with such doubly unsaturated 

side chains. 

The proposed synthesis for these compounds follows 

the route shown in Figure 5, page 13 It involves the 

preparation of two key intermediates, aldehyde I and 11, 

and their transformation to final products via Wittig 

reactions. 

The immediate goals of this work were therefore: 

1) to develop an efficient synthetic sequence for the . . 

conversion of a readily available sterol into 

aldehyde I and I1 
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FIGURE 5 

GENERAL OUTLINE OF THE PROPOSED SYNTHESIS 

FOR STEROIDS POSSESSING DOUBLY UNSATURATED 

SIDE CHAINS 

STARTING MATERIAL 

- 
CHOLESTENE SERIES 

R = -0Ac 

- R' =: 

FINAL PRODUCTS 

RO 
RO 

ERGOSTEN SERIES 

R = -0Bz 



2 )  t o  i n t r o d u c e  t h e  u n s a t u r a t e d  s i d e  c h a i n s  v i a  

W i t t i g  r e a c t i o n  i n  such a  way a s  t o  a l l ow  

f o r  easy  i n c o r p o r a t i o n  of 1 4 c - l a b e l ,  and 

3 )  t o  prove t h e  i d e n t i t y  of t h e  s y n t h e t i c  and of 

t h e  n a t u r a l l y  o c c u r r i n g  and i s o l a t e d  A5,7 ,22,24(28)-  

e rgos t a t e t r aene -3B-01  by an unambiguous s y n t h e s i s .  

S t i g m a s t e r o l  was found t o  be t h e  most convenien t  

~ t h i - i i ~ ~ g  111a ie~ - i a i .  A f t e r  e s t e r i f l c a t i o n  of t h e  C - 3  

a l c o h o l  t h e  5,6 double  bond could  be  p r o t e c t e d  and t h e  

s i d e  cha in  c l eaved  by ozono lys i s  t o  g i v e  a ldehyde I .  

This  a ldehyde could  be t ransformed d i r e c t l y  t o  t h e  s t e r o i d s  

of t h e  c h o l e s t e n  s e r i e s  o r  i t  could  be  t ransformed t o  

a ldehyde I1 by p r o t e c t i n g  t h e  a ldehyde f u n c t i o n  and by 

i n t r o d u c i n g  t h e  double  bond a t  C - 7 .  Subsequent removal 

- of t h e  a ldehyde p r o t e c t i n g  group fo l lowed  by a p p r o p r i a t e  

W i t t i g  r e a c t i o n  would g i v e  t h e  s t e r o l s  of t h e  e r g o s t e n  
- 

s e r i e s .  

The s y n t h e s i s  of 38-acetoxy-22,  24-bisnor-A5-cholen- 

22-a1 was accomplished by t h e  r o u t e  shown i n  F i g u r e  6 ,  

page 1 5 .  This  a ldehyde had been ob t a ined  p r e v i o u s l y  by 

Hey1 e t  a 1  (34) a s  i t s  semicarbazone d e r i v a t i v e  and l a t e r  -- 
i n  pure  form by C e n t o l e l l a  e t  a 1  ( 3 5 ) .  The p r e s e n t  syn-  -- 
t h e s i s  fo l l ows  e s s e n t i a l l y  t h e  sequence used by C e n t o l e l l a  

e t  a 1  w i t h  t h e  excep t ion  t h a t  brominat ion of s t i g m a s t e r o l  -- 
a c e t a t e  was performed u s i n g  iodobenzene dibromide.  Thus 
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FIGURE 6 

OUTLINE OF THE SYNTHESIS OF 

36-ACETOXY-A5-BISNORCHOLEN- 

22-AL (ALDEHYDE I) 

1.1 R = H - 
1.2 R = -0Ac - 

1.4 R = OAc; x = B r  
.- 

1.5 R = O B z ;  x = Br - 
1.6 R = O A c ;  x = C 1  - 

RO 1.7 R = OBz; x = Cl - 

I 3. NaHS03 

1.8 R = O A c  - 
1.9 R = OBz - 



brominat ion of s t iginaster01 e s t e r  fo l lowed by ozono l y s i s  

of t h e  22,23 double  bond and p u r i f i c a t i o n  of t h e  a ldehyde 

v i a  t h e  b i s u l f i t e  adduct  gave g e n e r a l l y  low y i e l d s  (20- 

28%) of a ldehyde i n  accordance w i th  t h e  pub l i shed  l i t e r a -  

t u r e .  The f a c t  t h a t  a  c o n s i d e r a b l e  amount of unchanged 

s t i gmas t e ro l  e s t e r  could  be recovered  sugges ted  t h a t  t h e  

22,23 double  bond had been p r o t e c t e d  from o z o n o l y s i s ,  

e . g .  t h e  b romina t ion  of t h e  5 ,6  double  bond was n o t  ve ry  

s e l e c t i v e .  T h i s  was a l s o  p a r t l y  confirmed by t h e  f - ac t  

t h a t  h i g h  y i e l d s  of  a ldehyde o r  t h e  cor responding  a c i d  

were ob t a ined  on o z o n o l y s i s  when t h e  5 , 6 -  double  bond was 

p r o t e c t e d  by means o t h e r  t h a n  d i r e c t  b romina t ion  (Br2) 

e . g ,  by h y d r o c h l o r i n a t i o n  (36-1, by fo rma t ion  of 

i - s t i g m a s t e r y l - m e t h y l  e t h e r ,  by t h e  fo rma t ion  of t h e  5 ,6  

d i c h l o r o  compound (37)  o r  by t rans forming  s t i g m a s t e r o l  i n t o  
- 

t h e  cor responding  A4,22-stigmastadiene-3-oiie C38j.  
- - 

- 
The s p e c i f i c i t y  of t h e  b romina t ion  of s t i g m a s t e r o l  

a c e t a t e  w i t h  bromine was t h e r e f o r e  i n v e s t i g a t e d .  F i g u r e  7 ,  

page17  shows t h e  r e g i o n  63.5-6 i n  t h e  NMR spectrum of a  

mix tu re  of b romos te ro l s  ob t a ined  a f t e r  b romina t ion  accord ing  

t o  t h e  method of Fernholz  (39) .  F i g u r e  8 ,  page 18 shows 

t h e  same r e g i o n  of  t h e  NMR s p e c t r a  of  s t i g m a s t e r o l  and of 

pure  5 , 6  d ib romos t igmas te ro l  ob t a ined  accord ing  t o  t h e  

method d e s c r i b e d  below. Comparison of t h e  s p e c t r a  a l l ow  t h e  

unambiguous ass ignment  of t h e  peak a t  64.48 t o  t h e  p r o t o n s  



FIGURE 7 

N,M,R. SPECTRUM (64-5.5) OF 38-ACETOXY-5,6 

DIBROMOSTIGMASTEROL + 38-ACETOXY-22, 23 

DIBROMOSTIGMASTEROL IN CDCls (SWEEP WIDTH 

250 Hz)  
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FIGURE 8 

a) N.M.R. SPECTRUM 184-5.5 OF 3B-ACETOXY 
5, 6 DIBROMOSTIGMASTEROL 

b) 36-ACETOXY-STIGMASTEROL 

(BOTH COMPOUNDS TAKEN IN CDC13 500 HZ 
SWEEP WIDTH) 
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a t  C - 2 2  and C - 2 3  of t h e  brominated s i d e  c h a i n .  S e v e r a l  

brominat ions  were c a r r i e d  ou t  and t h e  r e s p e c t i v e  peak 

a r e a s  eva lua t ed .  I t  was found t h a t  5,6-dibromostigmaster-1 

was formed i n  y i e l d s  of 60-68%. These r e s u l t s ,  ob t a ined  

from t h e  NMR, were confirmed by q u a n t i t a t i v e  measurements 

u s ing  i . r .  

Smith e t  a 1  (37)  have shown t h a t  s t i g m a s t e r o l  e s t e r s  -- 
can  be c h l o r i n a t e d  i n  t h e  5 ,6  p o s i t i o n  s p e c i f i c a l l y ,  u s ing  

iodobenzene d i c h l o r i d e  a s  c h l o r i n a t i n g  a g e n t ,  and t h a t  

subsequent  ozono lys i s  g i v e s  5 -b i sno rcho len i c  a c i d  i n  h i g h  

y i e l d s .  Ozonolysis  was t h e r e f o r e  c a r r i e d  o u t  on 5 ,6  

d i c h l o r o s t i g m a s t e r o l  a c e t a t e ,  ob t a ined  by t h e  method of 

Smith -- e t  a l .  The y i e l d s  of a ldehyde ,  however, were low, 

Th i s  i s  e s s e n t i a l l y  due t o  t h e  f a c t  t h a t  t h e  r e a c t i o n  mix tu re  

a f t e r  ~ z ~ n a l y s i s  had t o  be hea ted  w i t h  z i n c  and a c e t i c  a c i d  

i n  o r d e r  t o  a c h i e v e  d e c h l o r i n a t i o n .  S ince  t h e  cor responding  

dibromo compound can be  deha logena ted  a t  room t empera tu re ,  a  

new approach was sought  u t i l i z i n g  bromina t ion  t o  p r o t e c t  

t h e  5 ,6  double  bond. A s e a r c h  of t h e  l i t e r a t u r e  r e v e a l e d  

no evidence f o r  t h e  u s e  of iodobenzene dibromide a s  bromin- 

a t i n g  a g e n t .  Iodobenzene dibromide i t s e l f  had been d e s c r i b e d  

by T h i e l e  e t  a 1  ( 4 0 )  a s  an o i l  a t  room t empera tu re ,  c r y s t a l -  -- 
l i z i n g  a t  - 4 S 0 .  These p r o p e r t i e s  were confirmed.  The com- 

pound g i v e s  o f f  bromine r a p i d l y  a t  room t empera tu re  bu t  i s  

q u i t e  s t a b l e  even a t  0'. I t  i s  b e s t  p repared  i n  a  s o l u t i o n  

of pure  hexane and added t o  t h e  r e a c t i o n  mix tu re  a s  t h e  

hexane s o l u t i o n .  Bromination of s t i g m a s t e r o l  a c e t a t e  u s ing  
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iodobenzene d ib romide  g i v e s  a  h i g h  y i e l d  of  t h e  5 , 6  

d ib romide .  The p roduc t  i s  of  h i g h  p u r i t y  and can  be  

used w i t h o u t  f u r t h e r  p u r i f i c a t i o n  f o r  t h e  o z o n o l y s i s .  

No d e t e c t a b l e  amounts of  22,23-dibromide cou ld  be  found.  

The ev idence  f o r  t h e  h i g h  s e l e c t i v i t y  o f  t h e  r e a c t i o n  

comes from t h e  NMR s p e c t r a  of t h e  c rude  r e a c t i o n  p r o d u c t .  

P ro tons  a t  C - 2 2  and C-23 i n  22,23-dibromostigmasterol 

r e s o n a t e  a t  64.48 ( s e e  F i g u r e  7 ,  page 1 7 ) .  No such  

a b s o r p t i o n  could  h e  r l e t e r t e i l  i ~ ?  the  c r zde  h r ~ ; ; ~ i i i t ; t i ~ i i  

p roduc t  u s i n g  iodobenzene d ib romide  ( s e e  F i g u r e  8a ,  page  1 8 ) .  

Fur the rmore ,  h a l o g e n a t i o n  of t h e  22,23 doub l e  bond would b e  

expec ted  t o  s h i f t  C-18 and C-19 methyl  r e sonance  t o  lower 

f i e l d  ( s e e  Tab l e  L, page 3 5 ) .  No such  a b s o r p t i o n s  a s  

obse rved  f o r  t h e  C-18 and C-19 methyl  r e sonance  of  22,23- 

d ib romos t i gmas t e ro l  a c e t a t e  o b t a i n e d  by b romina t i on  w i t h  

mo lecu l a r  bromine cou ld  b e  d e t e c t e d  i n  t h e  p r e s e n t  c a s e .  
- 

The s h i f t  of  t h e  C - 3  a c e t a t e  group i n  t h e  5,6- and t h e  
. . 

- 

- 22,23-dibromide d i f f e r  by 1 .5 -2  H z  and two s h a r p  s i n g l e t s  

cou ld  be s e e n  i n  t h e  m i x t u r e  d e r i v e d  from b romina t i on  

acco rd ing  t o  t h e  p rocedu re  of  Fe rnho l z .  A s i n g l e  peak was 

obse rved  f o r  t h e s e  p r o t o n s  i n  t h e  spec t rum of t h e  p r o d u c t  

formed i n  above r e a c t i o n .  

Y i e l d s  of a ldehyde  1.10 a s  i t s  b i s u l f i t e  adduc t  were - 
c o n s i s t a n t l y  between 75% and 85%.  I n  a d d i t i o n  t o  t h e  a l d e -  

hyde,  t h e  f o l l o w i n g  p r o d u c t s  were i s o l a t e d  a f t e r  s e v e r a l  

o  zo.no l y s  e s  : 



1 - 2 %  38-acetoxy-AS-bisnorcholenic a c i d  a s  i t s  sodium 

s a l t  , 

4-5% s t i g m a s t e r o l  a c e t a t e .  
I 

Ca, 5% u n i d e n t i f i e d  n e u t r a l ,  non k e t o n i c  p roduc t s .  

The a ldehyde ob t a ined  from t h e  decomposi t ion of t h e  

b i s u l f i t e  adduct  was of s u f f i c i e n t  p u r i t y  t o  be used f o r  

t h e  subsequent  r e a c t i o n s .  The a ldehyde can  e i t h e r  be  

used d i r e c t l y  f o r  t h e  p r e p a r a t i o n  of t h e  s t e r o l s  i n  t h e  

c h o l e s t e n  s e r i e s  ( s e e  F i g u r e  9 ,  page 22) o r  i t  can  be 

t ransformed i n t o  36-benzoxy-bisnorergosten-22-a1 1.16 - 
( s ee  F igu re  10 ,  page 2 3 ) .  

The conve r s ion  of  a ldehyde  1.10 t o  a ldehyde  1 .16  - 
invo lved  p r o t e c t i o n  of t h e  a ldehyde f u n c t i o n  by a c e t a l  

f o rma t ion  p r i o r  t o  i n t r o d u c t i o n  of t h e  A7-double bond. 

Thus t r e a t i n g  t h e  compound w i t h  e t h y l e n e  g l y c o l  and BF3- 
- 

e k h e r a t e  i n  g l a c i a l  a c e t i c  a c i d  by t h e  method of F i e s e r  - e t  

a l -  (41) gave h i g h  y i e l d s  of a c e t a l .  - T h i s  method i s  - - 
g e n e r a l l y  used f o r  t h e  p r o t e c t i o n  of ketones  on ly ;  I n  t h e  

p r e s e n t  c a s e  i t  i s ,  however, s u p e r i o r  t o  t h e  u s u a l  method 

f o r  a ldehyde p r o t e c t i o n  which i n v o l v e s  prolonged r e f l u x i n g  

of t h e  a ldehyde i n  benzene i n  t h e  p re sence  of PTS and e t h y l e n e  

g l y c o l .  I t  i s  e s s e n t i a l  t o  c o o l  t h e  s o l u t i o n  r a p i d l y  i n  

i c e  a f t e r  a d d i t i o n  of BFs -e the ra t e  and t o  f i l t e r  o f f  t h e  

p roduc t  immediately.  Prolonged s t a n d i n g  of t h e  p roduc t  i n  

t h e  mother l i q u o r  can reduce  t h e  y i e l d  t o  a s  low a s  10-20%.  

When e thane  d i t h i o l  was used under t h e  same c o n d i t i o n s ,  t h e  

cor responding  t h i o a c e t a l  was a l s o  formed i n  h igh  y i e l d .  
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FIGURE 9 - 

PREPARATION OF STEROIDS I N  THE 

CHOLESTENE S E R I E S  

- 
1.17 

AcO 
I _L_ 
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FIGURE 10 

TRANSFORMATION OF 3 B-ACETOXY- AS- BISNORCIiOLEN- 
22-AL to 38-BENZOXY-AS, 7-ERGOSTEN-22-AL 

ALDEHYDE I1 
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The A7-double bond was i n t roduced  acco rd ing  t o  

t h e  s l i g h t l y  modif ied  method d e s c r i b e d  by Hunziken e t  a 1  -- 
(42) e .g .  brominat ion of  3f3-benzoxy-ll5-bisnor-22,22-ethylene 

dioxy-cholen w i t h  NBS fo l lowed  by dehydroha logena t ion  w i t h  

t r i m e t h y l  phosph i t e  t o  g i v e  t h e  A S ,  7 -d iene .  The r e a c t i o n  

can  be performed on e i t h e r  t h e  C-3 a c e t a t e  o r  C-3 benzoa t e ,  

however, when t h e  a c e t a t e  was u sed ,  i t  was found t h a t  up 

t o  30% of t h e  A 4 ,  6 -d i ene  was formed. This  was e v i d e n t  

from t h e  U . V .  a b s o r p t i o n  maxima a t  232, 238 and 248 m u .  

Evidence f o r  minor q u a n t i t i e s  of t h e  A 4 ,  6 isomer cou ld  

a l s o  be ob t a ined  from t h e  NMR spectrum of t h e  c rude  r e a c t i o n  

produc t  by looking  a t  t h e  C-18 and C-19 methyl  resonances  

( see  Table  I ,  page 3 5 ) .  S ince  no d e t e c t a b l e  amount of  t h e  

A4, 6 isomer was found when t h e  C-3 benzoa te  was s u b j e c t e d  

t o  t h e  bromination/dehydrobromination sequence t h e  a c e t a t e  

was hydrolyzed and t h e  C-3 hydroxyl benzoyla ted  b e f o r e  

i n t r o d u c t i o n  of  t h e  A7 double  bond. 

Hydro lys i s  o f  t h e  a c e t a l ,  i n  t h e  u s u a l  manner, by 

r e f l u x i n g  i n  H2SO4-water-alcohol gave a  poor y i e l d  of t h e  

f r e e  a ldehyde.  A c o n s i d e r a b l e  amount of t h e  i s o l a t e d  produc t  

seemed t o  c o n s i s t  of t h e  22-methyl hemiace t a l ,  ( s t r o n g  

hydroxyl a b s o r p t i o n  i n  t h e  i n f r a - r e d  and methoxy peak a t  

63.5  i n  t h e  NMR). High y i e l d s  of f r e e  a ldehyde were ob t a ined  

when t h e  r e a c t i o n  was c a r r i e d  o u t  i n  THF-water-H2SOs, Th i s  

a ldehyde was t h e n  f u r t h e r  r e a c t e d  a s  shown i n  F i g u r e  11, 
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FIGURE 11 

PREPARATION OF S T E R O I D S  I N  

THE ERGOSTENE S E R I E S  



The u n s a t u r a t e d  s i d e  c h a i n s  were i n t roduced  i n t o  

t h e  s t e r o i d a l  a ldehyde v i a  t h e  W i t t i g  r e a c t i o n .  (For 

reviews s e e  ( 4 3 ,  4 4 )  ) .  The method involved fo rma t ion  

of a n  y l i d e  i n  a  s u i t a b l e  s o l v e n t  and subsequent  r e a c t i o n  

of t h i s  y l i d e  w i t h  t h e  ca rbony l  compound. I t  ha s  been 

r e p o r t e d  (45,  4 6 )  t h a t  resonance  s t a b i l i z e d  y l i d e s  e .g .  

3.16 r e a c t  w i t h  ca rbonyl  compounds t o  g i v e  t r a n s  o l e f i n e s  - 
n e a r l y  e x c l u s i v e l y  w h i l e  u n s t a b l e  y l i d e s  y i e l d  mix tu re s  

!?f t h e  tx:: p ~ s s i b l c  isoiiiz-rs. 111  such nl ixtures  t n e  c i s  - 
isomer u s u a l l y  predominates .  

Whether a  c i s  o r  a  t r a n s  o l e f i n  i s  formed depends - 
mainly  on t h e  form and t h e  r a t e  of fo rma t ion  of t h e  pos tu -  

l a t e d  i n t e r m e d i a t e  b e t a i n e .  Th is  i n t e r m e d i a t e  can b e  

e i t h e r  i n  e r y t h r o  o r  t h r e o  form. E ry th ro  b e t a i n e  l e a d s  

t o  c i s  o l e f i n  wh i l e  t h e  t h r e o  form r e s u l t s  i n  a  t r a n s  - 
o l e f i n  . Beta ine  fo rma t ion  i s  r e v e r s i b l e .  Decay of t h i s  

f o u r  c e n t e r e d  i n t e r m e d i a t e  i s  t h e r e f o r e  d i r e c t l y  r e l a t e d  

t o  t h e  f i n a l  c i s - t r a n s  r a t i o .  The t h r e o  form i s  of  lower - 
energy and t h e r e f o r e  more s t a b l e . .  I f  c o l l a p s e  of t h e  i n t e r -  

media te  b e t a i n e  t o  f i n a l  p roduc t  i s  slow t h e  e r y t h r o  form 

c o l l a p s e s  f a s t e r  and c i s  o l e f i n  w i l l  be t h e  major p roduc t .  - 
Schneider  (47)  s u g g e s t s  an  e x p l a n a t i o n  f o r  t h e  d i f f e r e n t  

behav ior  of t h e  two types  of y l i d e s .  H i s  e x p l a n a t i o n  i s  

based on a  t r i g a n o l - b i p y r a m i d a l  s t r u c t u r e  ( see  F i g u r e  1 2 ,  

page 2.7) of  t h e  i n t e r m e d i a t e  b e t a i n e  formed upon r e a c t i o n  

of t h e  ca rbonyl  and t h e  y l i d e .  Coord ina t ion  of t h e  ca rbony l -  

compound w i t h  t h e  b ipyramida l  y l i d e  t ends  t o  f a v o r  t h e  



\ 0- R' 
\ .' u2 -,c = c, 

H 
cis 

TRIGONAL -BlPYRAMIDAL STRUCTURE OF THE 
WITTIG REACTION INTERMEDIATE ACCORDING 

TO SCHNEIDER C475 



e r y t h r o  form due t o  l e s s  s t e r i c  i n t e r a c t i o n .  The 

e l e c t r o n - r i c h ,  s t a b i l i z e d  y l i d e  however t ends  t o  

s t a b i l i z e  t h e  i n t e r m e d i a t e  i n  t h e  t h r e o  io rm,  r e g a r d l e s s  

of  t h e  g r e a t e r  s t e r i c  i n t e r a c t i o n .  S c h n e i d e r ' s  model,  

proposed f o r  y l i d s  s t a b l i z e d  by carbonyl  g roups ,  c an  

a l s o  be a p p l i e d  t o  d o u b l e - b o n d - s t a b i l i z e d  y l i d s .  Based 

on t h e s e  c o n s i d e r a t i o n s  one would expec t  t h e  p r o d u c t s  

ob t a ined  v i a  W i t t i g  r e a c t i o n s  a s  c a r r i e d  o u t  i n  t h i s  work 

t o  have t h e  r e q u i r e d  trans s t r ~ c t ~ r ~ .  

S e v e r a l  of t h e  compounds were s y n t h e s i z e d  by two 

d i f f e r e n t  pathways a s  shown i n  F igu re  1 0 ,  page 2 3  and 

F igu re  11, page 25.  The c o r r e c t  s t r u c t u r e  and s t e r e o -  

chemis t ry  o f  t h e  s y n t h e s i z e d  compounds were f i n a l l y  a s s e r t e d  

by: 

U l t r a v i o l e t  Absorp t ion  

I n f r a - r e d  Absorp t ion  

Nuciear  Magnetic Kesonance 
. - and 

Mass Spec t romet ry .  



2 .  S p e c t r a  

U l t r a v i o l e t  A b s o r ~ t i o n  

The U.V.  a b s o r p t i o n s  f o r  t h e  double  bonds i n  t h e  

r i n g  system a g r e e  w i t h  t h e  c a l c u l a t e d  (48)  v a l u e s .  The 

c a l c u l a t e d  v a l u e s  f o r  t h e  con juga t ion  i n  t h e  s , ide c h a i n ,  

however, a r e  n o t  i n  good agreement w i t h  t h e  measured 

v a l u e s  : 

Calc .  2 2 7  

Measured 2 2 2  

Calc .  224 

Measured 230 

I t  has  be-n r e p o r t e d  by Koch ( 4 9 )  t h a t  t h e  i n t e n s i t y  

of t h e  major U . V .  a b s o r p t i o n  bands ,  due t o  con juga ted  

double  bonds,  a r e  d iminished i n  t h e  c a s e  of  c i s  compounds - 
compared t o  t h e i r  t r a n s  forms.  I n  t h e  c a s e  of compound 

1 .20  where t h e  two isomers  have been i s o l a t e d  t h i s  has  - 
been v e r i f i e d .  (ctrans = 28,300, = 14 ,500) .  The 



U . V .  a b s o r p t i o n s  do conf i rm t h e  p resence  of 

con juga t ion  i n  t h e  s i d e  c h a i n ,  however, i t  r e v e a l s  I 

l i t t l e  about  s p e c i f i c  s t r u c t u r a l  f e a t u r e s .  



I n f r a r e d  A b s o r ~ t i o n  

Trans d i s u b s t i t u t e d  e t h y l e n e s  g ive  r i s e  t o  medium 

I -1 t o  s t r o n g  bands a t  990-965 cm Rasmussen -- e t  a 1  (50)  

have shown t h a t  t h i s  a b s o r p t i o n  band appears  on ly  w i t h  

t r a n s  double  bonds. S t i g m a s t e r o l  has  2 s t r o n g  bands a t  

975 and 965 cm" which can  be r e l a t e d  t o  t h e  22,23 double  

bond. I d e n t i c a l  bands a r e  a l s o  found i n  t h e  e r g o s t e r o l  

--.- - -  L-.-... FCC--*.. -C -- - 2  ---.. A : - -  ..-- - - - - - L A  2 .'.A L -  
~ ~ G L L L  UIII. L I I G L L ~  VI LVJIJU~QLIVII ~ L G  Z G ~ U I  LGU LU U G  

sma l l  (51) .  

A l l  t h e  s y n t h e s i z e d  compounds have medium t o  s t r o n g  

a b s o r p t i o n s  a t  975 and 965 cm-l. The 975 cm-' band i s  
" 1  

no t  always w e l l  r e s o l v e d  and appears  a s  a  shou lde r  on t h e  

s t r o n g e r  965 cm" band. I n  t h e  c a s e  of 5 ,22 -c i s -24  - 
e r o g s t a t r i e n e ,  1 .20 , t h e s e  bands a r e  mi s s ing  e n t i r e l y .  

- Two new bonds appear  i n  t h i s  c a s e  a t  745 and 690 cm-l .  

Bands i n  t h i s  r e g i o n  have been a s s igned  t o  - c i s  double  bonds 

- by s e v e r a l  a u t h o r s  (52) .  

The p re sence  of a  t e r m i n a l  methylene group i n  compounds 

1 .18  and 1 . 2 2  i s  w e l l  documented by t h e  p re sence  of a  - 
- 1 medium i n t e n s i t y  band a t  890 cm . Thi s  ass ignment  i s  

confirmed by t h e  p re sence  of t h e  same a b s o r p t i o n  i n  t h e  

n a t u r a l l y  o c c u r r i n g  e r g o s t a t e t r a e n e  i s o l a t e d  from y e a s t .  

Compound - 1.19 can  have two p o s s i b l e  isomers a t  C-28 

e . g .  t r a n s  - t r a n s  o r  t r a n s  - c i s .  The d e s i g n a t i o n  c i s  - - 
and t r a n s  i s  no t  e n t i r e l y  unambiguous. The Chemical 

A b s t r a c t s  nomencla ture ,  pu t  forward by Blackwod e t  a 1  ( 5 3 )  -- 



- 32  - 
t h e r e f o r e  d e s i g n a t e s  t h e  two isomers a s  E and Z 

A d i f f e r e n t i a t i o n  between t h e  two isomers based on i . r .  
1 ' 1  

a b s o r p t i o n  a l o n e  i s  no t  p o s s i b l e  and one has  t o  r e l y  

on t h e  NMR s p e c t r a  f o r  a  d e f i n i t e  s t r u c t u r e  ass ignment .  



NMR Spectroscopy 

The s t e r o e c h e m i s t r y  a t  C-28 i n  compound 1.19 - 
has  been a s s igned  t o  t h e  Z form on t h e  fo l l owing  . . grounqs .  

F r o s t  -- e t  a 1  (54) have i s o l a t e d  7,24(28) s t i g m a s t a d i e n e -  

3f3ol and fobnd i t  t o  be i d e n t i c a l  w i t h  - i s o f u c o s t e r o l .  

I n  t h e  former compound, H-C-25 r e s o n a t e s  a t  82.82. 

Goodwin -- e t  a 1  (55) compared f u c o s t e r o l  and - i s o f u c o s t e r o l  

a n d  fn1-1nd H - C - 2 5  r e s n n a n r e  t o  h e  4 2 ,  2 a n d  6 2 . 8  r p ~ p p c t i \ ~ p l > ~ -  

Beates  -- e t  a 1  (56) c o r r e l a t e d  s e v e r a l  model compounds and 

2 4 - e t h y l i d i n e  s t e r o l s  and found t h a t  i n  a l l  of t h e  examined 

compounds t h e  h e p t e t ,  due t o  t h e  i sop ropy l  methine  p r o t o n ,  

occu r r ed  a t  e i t h e r  62.8 o r  6 2 . 2 .  They a s s igned  62.2 t o  t h e  

E -  and 62.8  t o  t h e  2 -  c o n f i g u r a t i o n .  Compound 1 .19  NMR 

shows a  s e p t e t  a t  62.84 f o r  H-C-25 and must t h e r e f o r e  be  

a s s igned  Z -  c o n f i g u r a t i o n .  The s t e r e o c h e m i s t r y  of t h e  
- 

2 2 , 2 3  double  bond was e s t a b l i s h e d  by t h e  resonance  i n  t h e  -- - 
o l e f i n i c  r e g i o n .  A l l  t h e  compounds showed t h e  expected 

doub le t  (J = 16 t 1 H z )  f o r  t h e  t r a n s  p ro ton  a t  C-23 and 

t h e  q u a r t e t  (J = 16 t 1, 8) f o r  t h e  p ro ton  a t  C - 2 2  t r a n s  



NMR - S i g n a l s  of t h e  Angular Methyl Pro tons  

Shoolery  e t  a 1  (57)  have shown t h a t  t h e  resonance 
7- 

f requency  of angu la r  methyl  p ro tons  i s  h i g h l y  dependent 

on t h e  n a t u r e  and o r i e n t a t i o n  of f u n c t i o n a 1 , g r o u p s  i n  t h e  

s t e r o i d  s k e l e t o n .  He and l a t e r  Zurcher (58)  and Cohen e t  - 
a 1  ( 5 9 )  were a b l e  t o  show t h a t  t h e  f requency s h i f t s  caused - 
by t h e  i n d i v i d u a l  f u n c t i o n a l  groups a r e  approx imate ly  

a d d i t i v e .  Enough d a t a  have been compiled and t a b u l a t e d  

t o  a l l ow  t h e  c a l c u l a t i o n  of t h e  p o s i t i o n  of t h e  angu la r  

methyl  groups i n  most s t e r o i d s .  Th is  no t  on ly  pe rmi t s  

check ing the  s t r u c t u r e  ass ignment  of t h e  s t e r o i d s  s y n t h e s i z e d  

b u t  i t  a l s o  a l l ows  t h e  d e t e c t i o n  of smal l  amounts of by- 

p roduc t s  con tamina t ing  t h e  major p roduc t s  of t h e s e  s y n t h e s e s .  

The method was found t o  be u s e f u l  i n  determing t h e  amount 

of 22 ,23-c i s - i somer  - i n  t h e  c rude  r e a c t i o n  produc t  from t h e  

Wi-ttig r e a c t i o n .  1 - 2  Hz down f i e l d  from t h e  resonance  sf 

t h e  C-18 p ro tons  a  s m a l l e r  peak i s  observed.  Th i s  peak i s  

n o t  p r e s e n t  a f t e r  p u r i f i c a t i o n  of t h e  major t r a n s  p roduc t  

and must be due t o  t h e  2 2 ,  23 - c i s  isomer.  Th is  peak 

d i s appea red  a f t e r  p u r i f i c a t i o n  of t h e  compound. No resonance 

f o r  o l e f i n i c  - c i s  p ro tons  cou ld  be d e t e c t e d  i n  t h e  c rude  

r e a c t i o n  p roduc t .  

The c l o s e  agreement of t h e  c a l c u l a t e d  and t h e  measured 

v a l u e s  can be  s een  from Table  1% The pub l i shed  v a l u e s  

used f o r  t h e  c a l c u l a t i o n  were t aken  e x c l u s i v e l y  from t h e  

p u b l i c a t i o n s  mentioned a t  t h e  beg inn ing .  The v a l u e s  i n  

Table  11 , .  page 38 were ob t a ined  from t h e  newly syn thes i zed  

s t e r o i d s .  



TABLE I 

CHEMICAL S H I F T S  OF ANGULAR METIIYL GROUPS 

NAME 

Ergosterol benzoate 

Stigmasterol ace- 
tate 

Stigmasterol ben- 
zoate 

5,6-dibromostigma- 
sterol acetate 
(SaBr, 6BBr) 
5,6-dichlorostigma- 
sterol benzoate 

22,23-dibromostigma- 
sterol acetate 

3B-acetoxy-bisnor- 
22,22-ethylene di- 
oxy cholene 1.12 - 
3B -benzoxy- bisnor- 
22,22-ethylene-di- 

- oxy cholene 1 . 1 3  - - 
36-acetoxy-bisnor- - 
22,22-ethylene-di- 
oxy-A 5,7-ergosten 

1.15 - 

Meas - 
ured 

58.8 

61.0 

63.2 

83.0 

83.5 

61.5 

60.0 

62.5 

56.5 

61.0 

59.0 

62.5 

59.0 

Calc 

58.5 

63.0 

86.2 

83.0 

62.0 

62.0 

56.5 

61.5 

56.5 

59.0 

- 
Veas 
ured - 
38.0 

42.0 

42.0 

44.0 

43.0 

46.0 

41.5 

41.5 

37.5 

41.5 

38.0 

44.0 

4 0 . 5  

- 
Calc 
- 
38.5 

42.0 

43.2 

43.0 

45.0 

41.5 

37.5 

40.9 

37.5 

40.5 
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TABLE I ( con t i nued )  

FOOTNOTES 

1 )  C a l c u l a t e d  by u s i n g  t h e  v a l u e  3 .0  / 0  f o r  C-3 b e n z o a t e  

2 )  No v a l u e  f o r  1 7 B - C l o H 1 9  i s  a v a i l a b l e ;  by d i f f e r e n c e  t h e  
v a l u e  f o r  176 C l o H 1 9  i s  - 1 . 5  / -2 .0 .  

3)  C a l c u l a t e d  by u s i n g  v a l u e s  o b t a i n e d  from 1 and 2  

4 )  The bad f i t  f o r  H-C-19 i s  p robab ly  due  t o  t h e  v a l u e  f o r  
t h e  C - 3 - a c e t a t e - 5 - B r  which seems t o  be d i f f e r e n t  f o r  
j u s t  C - 3 - a c e t a t e .  

5) C a l c u l a t e d  u s i n g  t h e  v a l u e  f o r  C ~ H 1 7 B r 2 / ' 0 . 5 / + 3 . 0 /  g i v e n  
by C .  F .  Hammer e t  a 1  STEROIDS 637 (1955) -- 



6) Deducted t h e  v a l u e  of - 2 . 5 / - 2 . 5  f o r  C511902 fro111 t h i s  
measurement.  T h i s  v a l u e  i s  used i n  a l l  c a l c u l a t i o n s  
hav ing  t h i s  group a t  C-17,  

7) No v a l u e  was a v a i l a b l e  f o r  A4,6. Values  a r e  c a l c u l a t e d  
by t h e  u n j u s t i f i e d  p rocedu re  of adding t h e  v a l u e s  f o r  
A 4  and A6. 

8 )  Deducted v a l u e  of 0/0 f o r  17B-C3H50; used f o r  t h e  
c a l c u l a t i o n  of No. 13 .  

9) Deducted v a l u e  of  0 / 0  f o r  176-CeH1 70; used f o r  t h e  
c a l c u l a t i o n  of  No. 15 .  

10) The v a l u e  - 0 . 5 / - 2 . 0 ,  r e p o r t e d  f o r  17f3-C9Hl7 has  been 
u sed  f o r  c a l c u l a t i o n  of No. 16  and 17 .  

11)  N . m . r .  of t h e  n a t u r a l  compound. From t h i s  spect rum t h e  
v a l u e s  - l . O / - 1 . 5  were deduc ted  f o r  17BqC9H15 and used 
f o r  t h e  c a l c u l a t i o n  of  No. 19  and 20. 

1 2 )  C a l c u l a t e d  v a l u e  o b t a i n e d  by u s i n g  t h e  v a l u e s  f o r  
1 7 8 - C 9 H l 5 .  

8 
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TABLE I1 

EFFECT OF SOME NEW SUBSTITUENTS ON THE 
CHEMICAL SHIFT OF C-18 AND C-19 PROTONS 

Functional Group 



3 .  P r e p a r a t i o n  of A l k y l h a l i d e s  and Triphenylphosphonium S a l t s  

Triphenylphosphonium s a l t s  a r e  g e n e r a l l y  p repared  by 

t r e a t i n g  t h e  cor responding  h a l i d e  i n  a  s u i t a b l e  s o l v e q t ,  

mos t ly  benzene,  w i t h  t r i pheny lphosph ine .  The r e a c t i o n  

r a t e  i n c r e a s e s  a long  t h e  sequence R C 1 ,  R B r ,  R I .  The 

r a t e  depends,  however, a l s o  on t h e  n a t u r e  of  t h e  a l k y l  

p a r t  of t h e  h a l i d e ,  Methyl h a l i d e s ,  a l k y l  h a l i d e s  and 

group,  r e a c t  most r a p i d l y .  The s a i t  of me thy l iod ide  

p r e c i p i t a t e d  i n  92% y i e l d  a f t e r  r e a c t i o n  a t  room tempera ture  

f o r  two hours  whereas t h e  s a l t  of  e t h y l i o d i d e  was formed 

on ly  a f t e r  r e f l u x i n g .  The a l l y l i c  bromide 1-bromo-2,3 

d imethy l -2-bu tene  - 3 . 3  formed t h e  cor responding  phosphonium 

s a l t  spontaneous ly  on mixing w i t h  t r iphenylphosphine .  The 

i somer i c  bromide 2-methylene-3-methyl-1-bromo bu tane  - 3.9 ,  - 
a l though  a l l y l i c ,  d i d  n o t  r e a c t  i n  r e f l u x i n g  . - benzene 

- a t  normal p r e s s u r e .  Only a f t e r  h e a t i n g  t h e  r e a c t i o n  mix ture  

a t  80•‹ under p r e s s u r e  was a  q u a n t i t a t i v e  y i e l d  of phos- 

phonium s a l t  o b t a i n e d .  The produc t  was a  mix tu re  of two 

i somer i c  s a l t s  3 . 4  and 3.12. Heat ing of t h i s  mix tu re  i n  - - 
CHC13under p r e s s u r e  d i d  no t  a l t e r  t h e  r a t i o  of t h e  two 

isomers .  When t h e  cor responding  iodo h a l i d e  3.10 was - 
t r e a t e d  a t  room t empera tu re  w i t h  t r iphenylphosphine  t h e  

expected s a l t  3.12 was formed w i t h i n  one hour i n  good 

y i e l d  and no i somer i c  s a l t  was formed. 
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TABLE 111 

PREPARED TRIPIIENYPHOSPHONIUM SALTS 

NAME FORMULA 

Methyltriphenyl- 
Phosphonium Iodide 

Ethyltripheny- 
Phosphonium Iodide 

2,3-dimethy-1- 
butene-tri-phenyl- 
phosphonium bromide 

2-methylene-3-methyl-1 
-triphenylphosphonium 
iodide 

Is~propylmethyltri- 
phenylphosphonium 
bromide 



The synthesis of 1-iodo-2-methylene-3-methylbutane I 

3.10 was accomplished by the reaction sequence shown in - 
Figure 13, page 42 . 

The ketoylide 3.16 was prepared by the sequence - 
shown in Figure 14, page 43. 



- 42 - 
FIGURE 13 

PREPARATION OF 1-IODO-2-METHYLENE-3-METHYLBUTANE 
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FIGURE 14 

PREPARATION OF TRIPHENYLPHOSPINE - ISOPROPYLbIETHYLENE 
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EXPERIMENTAL 

Ins t ruments  and M a t e r i a l s  

Mel t ing  p o i n t s  were ob t a ined  on a  F i she r - Johns  m e l t i n g  I 
p o i n t  appa ra tu s  and a r e  unco r r ec t ed .  S p e c t r a  were ob t a ined  

on t h e  fo l lowing  in s t rumen t s :  Perkin-Elmer 457 ( i . r . ) ,  

Unicam SP 800 ( u . v . ) ,  Va r i an  A 56/60 (n.m.r.) and H i t a c h i -  

Perkin-Elmer RMU-7 double  f o c u s i n g  mass spec t rome te r .  N . m . r .  

resul t s  a r e  r e p o r t e d  a <  A i ~ s i n g  T M S  as i f i t e r f i a l  s t z f ida rd  

( 6  = O), I n l e t  v o l t a g e  f o r  m . s .  was 80 eV i f  no t  s p e c i f i c a l l y  

mentioned o the rwi se .  S t i g m a s t e r o l  was generous ly  s u p p l i e d  

f r e e  of  charge  by t h e  Upjohn Company, Kalamazoo, Michigan.  

Yeast  was donated by t h e  C a r l i n g  Breweries Limited i n  Vancouver, 

a@-ace toxy -24 -e thy l ,  A-5, 22 -cho le s t ad i ene  - 1 . 2  ( s t i g m a s t e r o l  a c e t a t e  

To a  f i l t e r e d  s o l u t i o n  of 50 g  (0.12 mmole) s t i g m a s t e r o l  - 1.1 

- i n  500 m l  of p y r i d i n e  60 m l  a c e t i c  anhydr ide  were added. The 

mix tu re  was l e f t  s t a n d i n g  a t  room t empera tu re  f o r  15  hours .  -. - 

- The s o l u t i o n  was t h e n  hea t ed  t o  d i s s o l v e  t h e  p r e c i p i t a t e  which 

had formed and poured on to  i c e .  The s o l i d  which s e p a r a t e d  was 

f i l t e r e d  o f f  and washed on t h e  f i l t e r  w i t h  5% H C 1  and a g a i n  

w i t h  wate r  u n t i l  t h e  washwater was n e u t r a l .  The s o l i d  was d r i e d  

under vacuum i n  a  d e s i c c a t o r  and r e c r y s t a l l i z e d  from e t h a n o l  

t o  g i v e  50.5 g  (91.5%) of s t i g m a s t e r o l a c e t a t e .  No s t a r t i n g  

m a t e r i a l  cou ld  be d e t e c t e d  by TLC a n a l y s i s  ( S i l i c a  g e l ,  benzene:  

hexane 1 : l ) .  m.p. 143-144'. ( l i t .  (60) m.p. 1 4 4 - 1 4 4 . 6 ~ ) .  vmax 

( n u j o l ) :  1732 (C = 0 a c e t a t e ) ,  975, 965 (C - 2 2 ,  C - 2 3  t r a n s  

double  bond),  888, 846, 818 and 805 cm'l (4 bands a s s o c i a t e d  

w i t h  C-5, C-6 double  bond).  N . m . r .  ( in 'CDCls ) : 6  0.7 (CH -C-18, s )  



(H-C-22, H - C - 2 3 ,  broad m), 5 .3  (1-1-C-6, broad m). 

S t i g m a s t e r o l  benzoa te  1 . 3  

To 15  g  (0.036 mole) of s t i g m a s t e r o l  - 1.1, d i s s o l v e d  i n  

150 m l  of p y r i d i n e ,  10 g  (0.072 mole) of benzoyi  c h l o r i d e  

were added. The r e a c t i o n  mix tu re  was t r e a t e d  and worked up a s  

d e s c r i b e d  f o r  t h e  a c e t a t e .  m.p. 158-159'. ( l i t .  (60 )  m.p. 

160•‹).  u n o 1  [C = n); 475 ;  9 6  (c-22,  c - 2 3  t r l n s  
max 

double  bond) ,  845 830 and 808 cm-I (C-5, C-6 doub le  b o n d ) .  

N . m . r .  ( i n  CDC13): 60.7 (CH3-C-18, s ) ,  1 .06 (CH3- C-19),  

4.65-4.96 (H-C-3, broad m), 5.05 (H-C-22, H-C-23, broad m), 5 .3  

(H-C-6, broad m ) ,  7.65 Carom. H). 

5 ,6  Dibromost igmasteryl  a c e t a t e  - 1 . 4  

1. P r e p a r a t i o n  of iodobenzene dibromide:  To 7  g  of 

- iodobenzene (34  mmole) i n  10 m l  of  d r y  hexane 4.8 g. of 
- 

bromine ( 3 3  mmole) was added. The s o l u t i o n  was mixed a t  r . t .  
- - - 

- and coo led  t o  below -5'. 2 .  Bromination:  A s o l u t i o n  of 15  g  

o f  s t igmas te ry l  a c e t a t e  (33 mmole) i n  9 0 0  m l  of d r y  hexane was 

coo led  t o  below -50. The s o l u t i o n  was s t i r r e d  v i g o r o u s l y  w i th  

a magnet ic  s t i r r e r  and t h e  r e a g e n t  p repared  a s  above was 

added a t  such a  r a t e  a s  t o  m a i n t a i n  t h e  s o l u t i o n  p a l e  ye l low.  

The a d d i t i o n  t ook  3-4 hou r s .  The s l i g h t l y  t u r b i d  s o l u t i o n  was 

f i l t e r e d  and c o n c e n t r a t e d  under vacuum u n t i l  t h e  major p a r t  of 

t h e  b romos te ro l  p r e c i p i t a t e d .  The mix tu re  was hea t ed  u n t i l  

t h e  s o l i d  d i s s o l v e d  a g a i n  and t h e  s o l u t i o n  r e f r i g e r a t e d  f o r  

s e v e r a l  hours .  The 5,6-dibromo-stigmasteryl a c e t a t e  which 

c r y s t a l l i z e d ,  was f i l t e r e d ,  washed thoroughly w i t h  i c e  c o l d  



methanol and dried under vacuum. Yield 13.5 g, m.p. 130- 

132'. The filtrate and the washings were concentrated to 

dryness. The solid was triturated with hot methanol, cooled ! 
and filtered. 6.2 g of product was collected, mop. 124-128'. 

Recrystallization of the total bromosterol from 95% ethanol 

gave 18.5 g (91.5%) of product, m.p. 131-135'. (lit (39) 
0 m.p. 132-135 ) .  vma, (nujol): 1732 (C = O), 975 and 965 cm-l, 

(C-22, C-23 double bond). N.m.r. (in CDC13): 60.70 (CH3-C-18, 

s), 1.44 (CHS-C-18, s), 2.10 (CH3COO-, s), 4.77 (H-C-6, broad 

m), 5.15 - 5.60 (H-C-3, broad m), 5.05 (H-C-22, H-C-23, broad 

Bromination of stigmasterol with molecular bromine 

The bromination was carried out according to Fernholz (39). 

The crude bromosterol obtained after evaporation of the CHC13 

was used for the n.m.r. and i.r. spectra. For the quantitative 

determination of the 22-23 double bond by i.r. the following 

equation was used (38) : 
ABr X 100 

% C-C = •÷ 

. A0 
where: ABr = % absorption at 975 cm" after bromination and 

A. = % absorption at 975 cm-' of stigmasterol acetate. 

% absorption was obtained according to the base-line technique 

(61), using a line going through the point on the spectrum at 

1000 cm-' and parallel to the background. N.m.r. for 5,6- 

dibromosterol (in CDC13) : 60.70 (CH3 -C-18, s), 1.45 (CH3-C-19, 

s ) ,  2.10 (OCHB, s) ; for 22,23 dibromosterol: 6,O. 77 (CHB-C-18, 

s), 1.0 (CH3-C-19, s). The region 64.0 - 6.0 is reproduced 
in Figure 7, page 17. 
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5,6 Dichlorostigmasteryl 3enzoate -- 1.7 

The chlorination was carried out according to Smith 

and Wallis (37) and Berg and Wallis (62). 16 g (31 mmole) 

of stigmastery1,benzoate 1.3 and 8.5 g (31 mrnole) of iodo- - I 

benzene dichloride (63) were dissolved in 300 ml of chloroform. 

The solution was kept at 40-45' for 30 minutes. The chloro- 

form was then distilled off at normal pressure and the dark 

oil poured into 150 ml of ethanol. Water was added and the 

precipitate collected. The product was crystallized twice 

from ethanol to give 14 g (77.5%) of dichlorosterol. No 

attempt was made to separate the two isomers (5a, 6a and 
\ 

5a, 68) and, therefore, a sharp melting point was not obtained. 

(m.p. 120-13~~). The mixture of the two isomers was used for 

ozonolysis. vmax (nujol): 1715 (C = O), 975 and 965 cm-' 

(C-22, C-23 double bond). N.m.r. (in CDCls): 60.7 (CH3-C-18, 
- 
-s), 1-.42 (CH3-C-19, s), 4.18 (HC-6 broad m), 5.05 (HC-22, 

HC-23-, broad m), 5.4 (H-C-3, .broad m), 7.65 (arom. H, m). 
- 

Ozonoly'sis of 5,6-Dibromostigmasteryl acetate 

A solution of 15 g (0.0244' mole) of 1.4 in 600 ml. of - 
dichloromethane, containing 8 ml of pyridine, was cooled to 

-70'. A mixture of ozone and oxygen was introduced at a 

constant flow rate of 2 l/min. (0.5 mmole ozone/min.). The 

ozone passing through the solution unreacted was monitored 

by titrating the iodine liberated from a 5% potassium iodide 

solution against sodium thiosulfate. The reaction was termi- 

nated after 1.7 molar equivalents of ozone were absorbed. 



Zinc powder ( 4 0  g)  and g l a c i a l  a c e t i c  a c i d  (60 ml) were 

added.  The s o l u t i o n  was warmed t o  r . t .  and s t i r r e d  v i g o r -  

o u s l y  f o r  3 - 4  hours .  

tw ice  w i t h  wate r  t h e n  

5% NaOH. The s a l t  of 

which c o n c e n t r a t e d  a t  

d ichloromethane s o l u t  

The s o l u t i o n  was f i l t e r e d ,  washed 

w i t h  NaHC03 s o l u t i o n  and f i n a l l y  w i t h  

3 - ace toxy -5 -b i sno r - cho l en i c  a c i d  

t h e  i n t e r f a c e  was d i s c a r d e d .  The 

on was washed w i t h  water  u n t i l  n e u t r a  

The s o l v e n t  was removed a t  reduced p r e s s u r e ,  l e a v i n g  a  

c r y s t a l l i n e  r e s i d u e .  Th i s  p roduc t  was d i s s o l v e d  i n  a  sma l l  

amount of methanol t h e n  200 m l  of a  s a t u r a t e d  NaHS03 s o l u t i o n  

was added and t h e  mix tu re  shaken f o r  s e v e r a l  hours .  The 

suspens ion  was t h e n  added t o  a n  equa l  amount of  e t h e r  i n  a  

s e p a r a t o r y  f u n n e l  and shaken.  Most of t h e  aqueous phase  was 

drawn o f f  and d i s c a r d e d .  The remainder of t h e  mix tu re  was 

c e n t r i f u g e d  and t h e  e t h e r  decan ted .  The s o l i d  was washed 
- 

- s e v e r a l  t imes  w i t h  wate r  and . e the r  and d r i e d  under vacuum 

i n  a - d e s i c c a t o r  t o  g i v e  9 . 5  g  (81.5%) of t h e  b i s u l f i t e  
- 

a d d i t i o n  compound of 3~-acetoxy-~5-bisnorcholen-22-al 

Ozonolys i s  of s t i gmas t e ro l  a c e t a t e  d i c h l o r i d e  1 . 6  was c a r r i e d  - 
o u t  i n  an  analogous  manner. 

Convers ion of b i s u l f i t e  adduc t  - 1 . 8  t o  36 -ace toxy -b i sno r -22 ,  

22-e thy lene-d ioxycholene  1 . 1 2  

To 7 g  of b i s u l f i t e  adduc t  of AS-b isnor -cho len-22-&l  - 1 .8  

suspended i n  20 m l  of w a t e r ,  500 m l  of e t h e r  and 300 m l  of 

1 0 %  Na,C03 s o l u t i o n  were added. The mix tu re  was shaken u n t i l  

two c l e a r  l a y e r s  formed (5-10 minu te s ) .  The aqueous l a y e r  

was drawn o f f  and washed tw ice  w i t h  e t h e r .  The combined e t h e r  
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solutions were washed with water until neutral and dried 

, 
over anhydrous Na,SO,. The solvent was removed under 

vacuum at r.t. to give a white, crystalline residue of 36-  

acetoxy-AS-bisnor cholen- 22-a1 1.10 m.p. 116-118' (lit. - 
(35) m.p. 116-117~). vmax (nujol) : 1724 cm-l, aldehyde C = 0. 

N.m.r. (in CDC13): 60.74 (CH3-C-18, s), 1.03 (CH3-C-19, s), 

2.0 (OCH3, s), 5.3 (H-C-6, broad m), 9.55 (-CHO, d, J=3Hz). 

The aldehyde - 1.10 was immediately dissolved in a boiling 

~ ~ I i i t i ~ i i  a 1  8 mi uf diethyiene glycol and d b  mi glacial 

acetic acid. The solution was cooled to 40' and.4 ml of 

b o r o n t r i f l u o r i d e - e t h e r a t e  added. Crystallization occurred 

immediately. The mixture was quickly cooled in ice and 

filtered. The solid was washed with a few drops of ice 

cold methanol and dried under vacuum for several hours to 

give 5 g (82%) of 3B-acetoxy-bisnor-22,22-ethylenedioxycholene 

- -- 1.12. Recrystallization from ethyl acetate gave a product 

with m.p. 209-210'. N.m.r. (in CDCln) : 6.0.685 (CHI -C-18, s) , 
- 

- 
0.92 (CH3-C-21, d, 5~6.5 HZ), 1.0 (CH3-C-19, s), 2.0 (CH3COO-, 

s ) ,  3.85 (4H, ethylenedioxy H, d, J=2Mz), 4.81 (H-C-22, d, 

J=2 Hz), 5.35 (H-C-6, broad m). 

Anal. Calcd: C, 74.96; H, 9.68 

Found: C, 74.63; H, 9.56. 

3B-Benzoxy-bisnor-22,22-ethylene-dioxycholene - 1.13 

The acetate 1.12 (5 g) was refluxed for one hour in 300 - 
ml of 5% alcoholic KOH, poured into ice/water and extracted 

with CII2C12. The extract was washed with water until neutral, 

dried over anhydrous blgSOlt and evaporated to dryness. The 



, residue was taken up in 80 ml of pyridine and 10 ml of 

benzoyl chloride was added. After standing at r.t. for 

12 hours the solution was poured into ice. The formed 

precipitate was collected, washed free of pyridine with 
I 

water and recrystallized from ethyl acetate to give 5.2 

g (90.5%) of benzoate - 1.13, m.p. 178-180'. After three 

more recrystallizations the analytical sample melted at 

1030, 1010, 800 and 710 cm-I. N.m.r. (in CDCln): 60.710 

Anal. Calcd: C, 77.79; H, 8.84 Found: C, 78,.04; H ,  8.90. 

A solution of 4 g (0.084 mole) of bisnor-22,22-ethylene- 

dioxybenzoate 1.13 in 100 ml of CC14 was heated to reflux and 

1.65 g (0.093 mole) of NBS added. The mixture was refluxed - 

for 8 minutes then cooled in ice and the solid (995 mg, 

m.p. 122-126') filtered and washed with cold petroleum ether. 

The filtrate was evaporated at r.t. under vacuum and the obtained 

crystalline residue taken up in 75 ml of xylene. The solution 

containing the bromosterol was added dropwise to a vigorously 

boiling solution of 5.2 g (0.042 mole) of trimethylphosphite in 

25 ml of xylene. After refluxing for 90 minutes the xylene 

was distilled off at 75' under vacuum and the crystalline residue 

was treated with little ethyl acetate in the cold, filtered 

and washed on the filter with little ice cold petroleum ether. 

The crude product was then recrystallized from ethyl acetate 



t o  g i v e  2.77 g  ( 6 9 % )  o f  - 1 . 1 4  m.p. 155-158'. The a n a l y t i c a l  

s ample  had m.p. 166-167' a f t e r  t h r e e  r e c r y s t a l l i z a t i o n s  from 

t h e  same s o l v e n t .  vmax ( n u j o l ) :  1715 ,  1600 ,  1585 ,  1 2 7 0 ,  1110 ,  

Hex a n  e  835 ,  807 and 710 cm"; A max 226 mu ( E =  1 5 , 4 0 0 ) ,  260 mp 

( E =  9 , 0 0 0 ) ,  2 7 1  npl ( E =  1 3 , 2 0 0 ) ,  282 mp ( E =  13 ,300)  and  293 mp 

(E = 7 , 2 0 0 ) .  N . m . r .  ( i n  CDC13) : 60 .634  (CH3-C-18, s ) ,  0 .984 

(CH3- C-19, s ) ,  0 .966  (CH,-C-21, d ,  J=  7 .0  Hz) ,  3 .85  ( e t h y l d i o x y  

H ,  d ,  511 .8  H Z ) ,  4 . 8 1  (H-C-22, d ,  J= 2.0 H Z ) ,  5 .54 (H-C-6, 

H-C-7 b r o a d  m), 7 .84  (arom. H,  m). 

Ana l  C a l c d :  C ,  78 .12;  H ,  8 .46 .  Found: C ,  78 .24;  H ,  8 . 5 3  

38-acetoxy-bisnor-22,22-ethylenedioxy-ergostene 1 . 1 5  

The r e a c t i o n  was c a r r i e d  o u t  i n  t h e  same manner a s  d e s c r i b e d  

f o r  t h e  3$-benzoxy a n a l o g .  The c r u d e  p r o d u c t  was a  m i x t u r e  of 

8 4 ,  6 - d i e n e  (Ca. 3 0 % ) .  hmax 232,238 and 248 mp; A 5 , 7 - d i e n e  (Ca. 

6 5 % )  Amax 261, 273, 282 and  295 mu and Ca 5% o f  a more h i g h l y  
- 

c o n j u g a t e d  compound hmax 307 and  '320 m u .  N . m . r .  f o r  A 5 , 7 - d i e n e  

[ i n  CDCl-,): 6 0 . 6 3  (CH3-C-18, s ) ,  0 .94  (CH3-C-19, s ) ;  f o r  A4, 6  
- 

d i e n e :  6 0 . 6 9  (CH3-C-18, s ) ,  1 . 0 3  (CH,-C-19, s ) .  

38-Benzoxy-bisnorergostene-22-a1 1 . 1 6  

To a  s o l u t i o n  o f  2 .0  g  (4 .2  mole)  a c e t a l  1 . 1 4  i n  50 m l  of THF - 
5% s u l f u r i c  a c i d  was added  u n t i l  p r e c i p i t a t e  a p p e a r e d .  The 

s o l u t i o n  was c l a r i f i e d  by a d d i t i o n  o f  THF. The r e a c t i o n  v e s s e l  

was f l u s h e d  f o r  1 0  m i n u t e s  w i t h  a  s t r e a m  o f  N 2 ,  s e a l e d  and  

s t i r r e d  v i g o r o u s l y  a t  r . t .  f o r  1 2  h o u r s .  The s o l u t i o n  was n e u t r a l -  

i z e d  w i t h  Na2CO3 and most  o f  t h e  t h e  THF d i s t i l l e d  o f f .  The 

p r o d u c t  was e x t r a c t e d  w i t h  C H 2 C 1 2 ,  d r i e d  o v e r  anhydrous  MgSOt, and 

t h e  s o l v e n t  e v a p o r a t e d .  The c r y s t a l l i n e  r e s i d u e  was t a k e n  up i n  

l i t t l e  c o l d  e t h e r  and  f i l t e r e d  t o  g i v e  1 . 5 7  g  ( 8 6 . 7 % )  of - 1 . 1 6  



, 
1585,  1500,  1312,  1270,  1205,  1 1 1 0 ,  1070, 835, 807 and 710 cm"; 

Iieaane 226 mp (E=  1 5 , 5 0 0 ) ,  234 mp shou lde r  ( E =  1 1 , 1 0 0 ) ,  
ma, 

b road  m), 5.5 (H-C-6, H-C-7, broad m),  7.84 (arom. H ,  m), 9 .6  

(-CHO, d ,  J=3 Hz).  

Mass Spec . :  Found mol. w t .  432.C39H3603 r e q u i r e d :  mol. w t .  

Gene ra l  P rocedure  f o r  t h e  w i t t i g  Reac t i on  w i t h  t h e  Nonketonic 

Phosphonium S a l t s  - 
C a r e f u l l y  d r i e d  and p u l v e r i z e d  ,phosphonium s a l t  was suspended 

i n  d r y  d i e t h y l  e t h e r  i n  a  500 m l  p r e s s u r e  b o t t l e .  The b o t t l e  was 

f l u s h e d  f o r  1 0  minu t e s  w i t h  d r y  n i t r o g e n  and capped w i t h  a  s e r i o -  

l o g i c a l  - septum. The c a l c u l a t e d  amount of  b u t y l l i t h i u m  i n  hep t ane  
- -. w a s  i n t r o d u c e d  w i t h  a  s y r i n g e  th rough  t h e  septum. l n e  b o t t i e  

- -  

was then- shaken  mechan i ca l l y  a t  r .  t. u n t i l  most o f  t h e  s a l t  d i s -  

s o l v e d .  The c a r b o n y l  compound, d i s s o l v e d  i n  d r y  e t h e r  o r  THF, 

was t h e n  added t o  t h e  yP ide  s o l u t i o n .  The a d d i t i o n  was a g a i n  

made w i t h  a  s y r i n g e  t h rough  t h e  septum. The r e a c t i o n  mix tu r e  was 

shaken  a t  r . t .  f o r  1 - 2  hou r s .  The septum was r e p l a c e d  by a  

r u b b e r  s t o p p e r ,  f i t t e d  w i t h  a  thermometer .  The m i x t u r e  was hea t ed  

t o  60' and shaken  f o r  10-12  h o u r s .  A f t e r  c o o l i n g ,  m o i s t  e t h e r  

was added u n t i l  e x c e s s  r e a g e n t  was decomposed. The c r y s t a l l i n e  

s o l i d  was f i l t e r e d  and t h e  e t h e r  s o l u t i o n ,  c o n t a i n i n g  t h e  p r o d u c t ,  

was d r i e d  ove r  anhydrous  Na2S04,  evapo ra t ed  t o  d r y n e s s  and t h e  
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residue taken up in pyridine if reesterification was necessary. 

Otherwise the product was purified further as described in the 

individual cases. 

3f3-acetoxy-A5, 22-cholestadiene-24-one 1.17 - 
Bisulfite adduct - 1.8 (3.5 g, 7.4 mole) was decomposed as 

described previously to give 2.1 g (77.5%) of aldehyde - 1.10. 

To a solution of the aldehyde in 150 ml of DMSO 12 g (35 mmole) 

of t r i pheny lphosph ine i sop ropy lme thy l ene  3.16 was added and the 

reaction mixture heated at 95' for 65 hours. Then 500 ml of 

water and 100 rnl of 10% H2S04 were added and the product 

extracted with ether, The ether extract was washed several 

times with water and dried over anhydrous MgS04. The crude 

product was purified on a SiO2 column, using hexane:ether 

95:s as eluting solvent to give 1.7 g (68.4%) - 1.17. Recrystal- 

lization from methanol gave m.p. 141.5-142.5'. vmax (KBr) : 

1732 - (acetate C=O), 1695, 1670 (sh), 1625 and 990 cm-' (-C=CH- 

CO-1; h EtOH 2 2 2  rnv (E= l!l,5!lG) a N.3.r. ( i n  CiiCi3 j ;6G. 73 [CHs -C- max - - - 
18, s), 1.1 (CH3-C-19, s), 1.15 (CH3-C-21, 2CH3-C-25, d, J=7.0Hz) 

2.0 (CH3COO-, s), 2.8 (H-C-25, m, J=7 HZ), 4.42 - 4.85 (H-C-3), 
5.36 (H-C-6, m), 6.08 (H-C-23, d, J=16 Hz), 6.74 (H-C-22, d of d, J= 

8.5 and 16 Hz). 

Mass Spec: Found 440.CnsH4403 required mol wt. 440 

2 .4-Din i t rophenylhydrazone  derivative of 1.17 -- This characteristic 
compound was made in the usual fashion by refluxing ketone 1.17 and -- 
ethanolic sulphuric acid solution of 2 .4 -d in i t r opheny lhyd raz ine .  

The separated product was recrystallized two times from ethyl- 

acetate-methanol and had m.p. Z14.0-214.5•‹. 



3~-acetoxy-24-methylene-A5~22,24(28)-ch~lestatrien 1.18 - 
a) Preparation via ketone - 1.17 

~ e t h y l t r i p h e n y l p h o s p h o n i ~  iodide 3.1 (1-7 g, 4.2 mmole) 

in 25 ml of ether was treated with 4.1 mmole butyllithium in heptanee 

This mixture was reacted with ketone 1.17 (270 mg, 0.6 mmole) in - 
20 ml of ether. The reaction mixture was shaken for one hour at 

r.t. and three hours at 50•‹. After work up and acetylation, the 

residue was chromatographed on 20 g of Si.02. The product was 

e l u t c d  x i t h  5crizcii=; l lexd~~t:  i . i a116 recrystaiiizeci twice from 
methanol to give 86 mg (32%) of - 1.18 m.p. 143.5-144'. Stripping 

- 'O= -58' (C.0.99); the column with ether gave 65 mg of 1.17. 

'max ( K B r ) :  3095, 1600, 975 (sh), 965, 890 (-HC=CH-C=CH2), 1732 

- 1 cm (C=O) ; hmax EtoH 231 (E= 21,400), 226 sh (E -20,000) and 238 

sh (E -16,000). N.m.r. (in CDC13): 60.71 (CH3-C-18, s), 1.025 

(CH3-C-19, s), 1.07 (12H,CH3 -C-21, 2CH3-C-25, d, 5 ~ 6 . 5  HZ), 

Z.0 (CH3COO-, s), 4.3-4.7 (H-C-3), 4.79 (=CH2, broad, s), 5.3 

(H-C-6, m), 5.62 (H-C-22, quart. ,- J=15 and 8- Hz), 5.91 (H-C-23, 

h, J=L5 Hz) . 
Mass Spec: Found: mol. wt. 438.C3~H46O2 required mol wt. 438. 

b) Preparation from aldehyde - 1.10 

To a suspension of 6.24 g (0.0132 mole) of 2-methylene-3- 

methylbutane-1-triphenylphosphonium iodide 3.12 in 30 ml of ether - 
0.013 mole of butyllithium in heptane was added. After 30 minutes 

at s.t. 1.0 g (2.64 mmole) of aldehyde 1.10 was added. The - 
reaction mixture was then treated as above to give 510 mg (44%) 

of - 1.18. After two recrystallizations from alcohol the product 

had m.p. 143.0-144.0~. The i.r., u.v. and n.m.r. spectra obtained 

were sugerimposable with those obtained in preparation a). 



38-acetoxyA5,22(24(28)Z)stigmastatriene 1 . 1 9  

E thy l t r ipheny lphosphon ium i o d i d e  - 3 . 2  (1.66 g  , 3.97 mmole) 

, suspended i n  35 m l  d r y  e t h e r ,  was r e a c t e d  w i t h  3 .85  mmole 

b u t y l l i t h i u m  i n  h e p t a n e  a t  r . t .  f o r  1 hour .  Ketone - 1 . 1 7  
1 

(350 mg, 0.795 mmole) i n  20 m l  of  d r y  e t h e r  was added and t h e  

r e a c t i o n  a l l o w e d  t o  p r o c e e d  a t  r . t .  f o r  1 h o u r .  The r e a c t i o n  

m i x t u r e  was t h e n  shaken  a t  60' f o r  1 0  h o u r s .  A f t e r  c o o l i n g ,  

e x c e s s  r e a g e n t  was decomposed w i t h  m o i s t  e t h e r  and t h e  r e a c t i o n  

worked up i n  t n e  u s u a l  manner .  'l'he p r o d u c t  - 1 . 1 9  (C-3-OH) 

was r e a c e t y l a t e d  w i t h  a c e t i c  a n h y d r i d e  i n  p y r i d i n e .  The a c e t a t e  

was p u r i f i e d  by p r e p a r a t i v e  TLC (S i02 ,  benzene) .  A f t e r  r e c r y -  

s t a l l i z a t i o n  f rom e t h a n o l  - 1.19 had  m.p. 1 2 2 - 1 ~ 2 . 5 ~ ;  ( a ) i "  ( C = l . l )  

-54'; -v (KBr): 1732 (C=O), 970,  962,  903, 886, 844, 810,  803 max 

and 795 cm- l ;  Amax EtoH 234 (E= 24,000) .  N . m . r .  ( i n  CDC13): 60.70 

(CH3-C-18, s ) ,  1 . 0 1  (CH3-C-19, s ) ,  1 . 0  (CH3-C-26, C-27, d ,  J=7Hz) ;  
1 

2.625 (CH3-C-29, - d ,  J = 7  Hz) ,  2 . 0 ,  (CH3COO-, s ) ' ,  2.82 (H-C-25 s e p t .  

5 = 7  Hz),  4 . 3  - 4 .8  (H-C-3, m), 5.15 - 6 . 0  ( 4 H ,  
- 

H-C-6, H - C - 2 2 ,  H-C-23 and H-C-28, m). 

Mass Spec :  Found: mol w t .  452. C 3 1 H t + 8 0 2  r e q u i r e d :  mol w t .  452 

36-acetoxy-24-methyl-117,224 c h o l e s t a t r i e n e  1 . 2 0  

To a  s u s p e n s i o n  of  1 . 6  g  (3 .8  mmole) of  2 , 3 , - d i m e t h y l - 2 -  

butenet r iphenyphosphonium bromide - 3 . 4  i n  30 m l  o f  d r y  e t h e r ,  3 .8  

mmole o f  b u t y l l i t h i w n  i n  h e p t a n e  was added.  The m i x t u r e  was l e f t  

t o  r e a c t  a t  r a t .  f o r  1 hour  t h e n  1 . 0  g  (2.64 mmole) o f  a l d e h y d e  

1 . 1 0  was added.  A f t e r  1 h o u r ,  a l l  t h e  y l i d e  had r e a c t e d .  The - 
m i x t u r e  was t h e n  shaken  a t  55-60' f o r  1 0  h o u r s ,  c o o l e d ,  f i l t e r e d  

and c o n c e n t r a t e d .  The c r y s t a l l i n e  p r o d u c t ,  o b t a i n e d  when chroma- 

t o g r a p h e d  on p r e p  TLC (SiOz b e n z e n e ) ,  showed two components .  The 



major product and a less polar minor component were recovered 
I 

separately. (The starting material and some triene-alcohol i 
1 

remained near the origin.) Both recovered components had I 
I identical u.v, absorptions. The major product was trans- 36-1 1 

acetoxy-7,8-dihydro-A5,22,24-ergostatriee (for structure 

assignment see discussion). After recrystallization from 

ethanol, it analyzed as a single component on TLC (SiO,/Ag~0,), 

The product (735 mg, 63%) had m.p. 110-110.5~; 20 (C=1.05) 

- 51". 
'max (KB~): 1732 (C=O), 1140, 1045, 965, 810, 840, 855 

and 890 cm-l; 241.5 ym (E= 28,300). N . m . r .  (in CDCl3); 

60.71 (CH -C-18, s ) ,  1.015 (CH3-C-19, s), 1.05 (CH3-C-21, d, 

J=7 HZ), 1.72((CH3)2 C=, s), 1.76 (CH3-C-24, s) ,  1.98 (CH3COO-, s ) ,  

4.3 - 4.8 (H-C-3, m), 5.33 (H-C-22, quart. J=16 and 8 Hz), 5.37 

(H-C-6, m), 6.32 (H-C-23, d, J=16 Hz). 

Mass Spec: Found mol. wt. 438. C30H4602 required: mol wt. 438. 

- 
mmole) and 7 g (20 mmole) of t r i pheny lphosph ine i sop ropy lme thy l ene  

3.16 in 200 ml of DMSO were treated in the same way as in the - 
preparation of ketone - 1.17 to give 0.68 g (42%) of - 1.21 m.p. 148- 

14g0. v max (KBr): 1715 (C=O), 1695 (sh), 1670, 1625, 995, 985 

(-C=CH-CO-), 1600, 1585, 835 and 710 cm". hCH30H pm 293 (E= 7,800) max 

281,,(s= l4,4OO), 270.5 (E= l4,6OO), 261 (E= 11,800) and 228 (E=  

29,000). N.m.r. (in CDC13):60.67 (CH3-C-18, s), 0.99 (CH3-C-19, s), 

1.1 ( Z C H ~ - C - ~ ~ ,  d, 5=7 Hz), 1.14 (CH3-C-21, d ,  J=7 Hz) ,2,75 (H-C- 

25, sept,, J=7 Hz), 4.65 - 5.2 (H-C-3), 5.44 (H-C-6, H-C-7, m), 
6.12 (H-C-23, d, J=16 Hz), 6.8 (C-22, quart., J=16, 8 Hz), 7.82 

(arom. H, m). 



Mass Spec: Found mol. wt. 500. C34H4403 required: 

mol. wt. 500. 

3B-benoxy,A5,7,22,24-ergostatetraene 1.24 

3B-benzoxy-22-bisnor-A5,7-ergosten-22-a1 - 1.16 in THF 

(1.1 g, 2.55 mmole) was added to a solution of 12.1 mmole 

of the ylide prepared in the usual way from 2,3-dimethyl- 

triphenyl-phosphonium bromide 3.4 and treated as in the - 
preparation of 1.20 to give 0.925 g (73%) of 1.24 m.p. 147.5- 

148". vmax ( K B r ) :  1716 (C=O), 1600, 1585, 1500, 965, 890, 835 

and 710 cm-l; h:i:H 234 mp (E= 43,5OO), 271 mu(€= 12,100) and 

293.5 mu (E= 6,200); N.m.r. (in CDC13): 60.66 (CH3-C-18, s), 

1.0 (CH3-C-21, d, J=.7 HZ), 1.01 (CH3-C-19, s), 1.72 ((CH3)2-C=, 

s), 1.75 (CH3-C-24, s), 4.45 - 4.9 (H-C-3), 5.3 (H-C-22 quart., 
518 and 8 Hz), 5.36 (H-C-6, H-C-7, m), 6.25 (H-C-23, d, J=15.5 

Hz), 7.7 (arom. H, m). 
- 

Mass Spec: Found mol. wt. 498. C35H4602 required: mol. wt. 498. 

3B-benzo-xy-A5,7,22,24(28)-ergostatetraene 1.22 
- - 
a) Preparation via ketone 1.21 - 

38- benzoxy-A5,7-ergostatriene-24-one - 1.16 (1.0 g, 1.97 

mmole) in THF was added to 10 mmole of ylide, prepared in ether 

from 2.47 g (10 mmole) of methyl t r iphenylphosphonium iodide 3.1 - 
and 9.8 mmole of butyllithium. The reaction product was rebenzoy- 

lated and purified on preparative TLC to give 0.72 g (72%) 1.22 - 
map. 148.5-150.0~. 

b) Preparation via aldehyde 1.16 - 
3B-benzoxy-22-bisnor -A5,7-ergosten-22-a1 1.16 (1.1 g, 2.55 

mmole) in THF was added to a solution of 12.7 mmole of 2-methylene- 



3-methylbutane-1-triphenylphosphonium ylide, prepared from 

the salt - 3.12 and butyllithium. The reaction mixture was 

treated as in the preparation of 1.18b. The crude product 

was a mixture of C-3 benzoate and free alcohol. The mixture 

was treated with benzoyl chloride in pyridine in the usual 

way and chromatographed on SiOz to give 0.69 g (54.5%) of 

1.16 m.p. 148-149'. After two recrystallizations from ethyl - 
acetate-methanol the m.p.  was 1-54, n - 1 ~ 0 . 5 ~ .  [lit. ( 2 9 )  m.p.  

149-151•‹). vmax (KBr), 1715 (C=O), 1600, 1585, 970, 962, 886, 

835, 803, and 710 cm-l; hzi:H 229 mp (E= 36,9OO), 271 mp (E=  

12,200), 281.5 mp (E= 12,900) and 293 mp (E=  7,000). N.m.r. 

(in CDC13): 80.65 (CH3-C-18, s), 0.95 (CH3-C-19, s), 1.06 

(CH3-C-21, 2CH3-C-25, d, 5=7Hz), 4.5 - 4.9 (H-C-3), 4.79 

(=CH2, m), 5.62 (H-C-22, quart. 5=15 and 8 Hz), 5.44 (H-C-6m 

- H-C-7, m), 5.9 (H-C-23, d, J=l5 Hz), 7.7 (arom. H, m). 
- 

Mass Spec: Found mol. wt. 498. C35H4602 required: mol. 
. - - 

wt. 498, 

Isolation of A5,7,22,24(28)-ergostatetraene from Saccharomyces 

cerevisiae 

Brewers yeast was digested in alcoholic KOH at reflux temper- 

ature for 1 hour. An equal volume of water was added and the 

lipid fraction extracted with heptane. The extract was washed with 

water until neutral and dried. After evaporation of the solvent 

the crude residue was benzoylated in the usual way in pyridine 

with benzoyl chloride. The major part of the ergosterol benzoate 

was removed by crystallization. The mother liquor was chromato- 



graphed on a SiOn column. The f r a c t i o n ,  c o n t a i n i n g  most 

of  t h e  t e t r a e n e ,  was f u r t h e r  p u r i f i e d  by p r e p a r a t i v e  TLC 

( S i O z  + 10% AgN03) and r e c r y s t a l l i z e d  from e t h y l  a c e t a t e  
I 

methanol t o  g i v e  t h e  p u r e  compound, m.p. 1 4 9 . 5 - 1 5 0 . ~ ~ .  

( l i t .  (29) 149-151•‹). The m.p. was n o t  depressed  on mixing 

w i t h  t h e  s y n t h e t i c  compound. The i . r ,  u .v ,  and n.m.r.  

s p e c t r a  of  t h e  n a t u r a l  and t h e  s y n t h e t i c  s t e r o l  were e s s e n t i a l l y  

i d e n t i s a l .  Hydro lys i s  w i t h  a l c o h o l i c  KOH a s  d e s c r i b e d  above 

gave t h e  f r e e  a l c o h o l  - 1 .23 ,  m.p. 116-116.5' ( l i t .  ( 3 1 )  116- 

117O). 

P r e p a r a t i o n  of Phosphonium S a l t s  

Methyltriphenylphosphonium I o d i d e  3 . 1  

To a  s o l u t i o n  of 7 . 2  g  (0.027 mole) of t r i pheny lphosph ine  

i n  20 ,ml of benzene 5  g  (0.035 mole) of methy l iod ide  was added. 

, A p r e c i p i t a t e  formed immediately.  A f t e r  s t i r r i n g  a t  r . t .  f o r  - 
2 hou r s ,  t h e  methylphosphonium i o d i d e  was f i l t e r e d ,  washed w i t h  

-- 
benzene-and d r i e d  under vacuum f o r  48 hours .  Y ie ld :  10 .1  g  

E t h y l t r i p h e n y l  phosphonium Iod ide  3 .2  - 
To a  s o l u t i o n  of 9 g (0.034 mole) t r i pheny lphosph ine  i n  3 0  

I 

m l  of benzene 6.4 g  (0.04 mole) e t h y l i o d i d e  was added.  The 

s o l u t i o n  was r e f l u x e d  f o r  1 2  hours  and t h e  p roduc t  c o l l e c t e d .  

The s a l t  was washed on t h e  f i l t e r  w i t h  benzene and e t h e r  and 

d r i e d  under vacuum f o r  48 hours  t o  g i v e  7 .8  g  (52.4%) of t h e  

phosphonium s a l t ,  m.p. 164-165' ( l i t  (64) m.p. 163-164.S0) 



1-Bromo-2,3-dimethyl-2-butene - 3 .3  

To 8 g (0.09 mole) of t e t r a m e t h y l e t h y l e n e  i n  100 m l  of 

C C 1 4  14 .3  g  (0.08 mole) NBS and 0 . 1  g benzoylperox ide  were 

added and t h e  mix tu re  r e f l u x e d  f o r  2 4  hours .  The s o l u t i o n  

was coo led  i n  i c e  and f i l t e r e d  (7.5 g ,  m.p. 1 2 2 - 1 2 5 ~ ) .  The 

s o l v e n t  was evapora ted  and t h e  c l e a r ,  c o l o r l e s s  l i q u i d  was 

kep t  under vacuum (5 mm) f o r  1 hour and used wi thou t  f u r t h e r  

p u r i f i c a t i o n  f o r  t h e  s a l t  f o rma t ion .  

2,3-dimethyl-2-butene-triphenylphosphonium bromide - 3.4 

The r e a c t i o n  p roduc t  was t aken  up i n  100 m l  of  d r y  benzene.  

To t h i s  s o l u t i o n  2 1  g (0.08 mole) t r i pheny lphosph ine  was added. 

The p r e c i p i t a t e  formed immediate ly ,  a s  an o i l  which c r y s t a l l i z e d .  

The m i x t u r e  was s t i r r e d  a t  30' f o r  3 hours  and f i l t e r e d .  The 

p roduc t  was p u r i f i e d  by s t i r r i n g  s e v e r a l  t imes  w i t h  f r e s h  

benzene and f i n a l l y  d r i e d  under vacuum, m.p. 164-166'. 

H . m . r .  ( i n  - CDC13): 61.14 (CH3-C-2, broad d ,  J = 3  Hz),  1 .62  (6H, 

CH3-C-3, - broad d ,  J = 5 . 5 ) ,  4.54 (25-CH2-P, d  J = 1 4  Hz),  7 . 7  (15H, 

gram. H ,  m). 

I s o p r o p y l d i e t h y l m a l o n a t e  - 3.5 

To a  s o l u t i o n  of 14 .2  g  (6 .2  mole) sodium i n  350 m l  of 

a b s o l u t e  e t h a n o l  100 g  (0.62 mole) of  malonic  a c i d  d i e t h y l e s t e r  

was added. A f t e r  2-bromopropane (76 g ,  0.62 mole) was added 

dropwise  t h e  r e a c t i o n  mix tu re  was r e f l u x e d  f o r  2.5 hours .  The 

e t h a n o l  was removed under vacuum and t h e  r e s i d u e  taken  up i n  

wa te r .  The aqueous phase  was d i s c a r d e d  and t h e  o r g a n i c  phase  

d i s t i l l e d  under vacuum; b .p .  105-106' a t  13  mm. ( l i t .  (65) b .p .  

214' a t  760 mm) t o  g i v e  107 g  (85.3%) of 3 .5 .  N.m.r. (nea t )  : - 



60.94 (6H,  d ,  J = 6 . 5  Hz),  1 . 19  [6H, t ,  J = 7  Hz),  2.2 ( 1  H ,  

d of d ,  J = 6 . 5  Hz and 5=8 Hz),  2.99 ( lH ,  d ,  J = 8  Hz) ,  4.02 

(4H, q u a r t . ,  5-7 Hz). 

I sopropy lmonoe thy lmalona te  - 3 .6  

To a  s o l u t i o n  o f  23 g  (0.49 mole) of  KOH i n  2 m l  o f  wa t e r  

and 400 m l  o f  methanol  100 g (0 .49 mole) of  t h e  d i e s t e r  3 . 5  - 
was added g r a d u a l l y .  The s o l u t i o n  was n e u t r a l  a f t e r  s t a n d i n g  

f o r  1 5  hou r s  a t  r . t .  Concen t r a t ed  NaCl s o l u t i o n  was added 

and t h e  u n r e a c t e d  s t a r t i n g  m a t e r i a l  e x t r a c t e d  w i t h  e t h e r .  The 

e t h e r  e x t r a c t  was washed w i t h  w a t e r  u n t i l  n e t u r a l  and d r i e d  

o v e r  anhydrous NazS04 . The e t h e r  was evapo ra t ed .  The o i l y  

r e s i d u e  was k e p t  under  vacuum (ca.  1 mm) f o r  2 hours  and 

f i l t e r e d  t o  g i v e  67 g (78%) of  - 3 . 6 .  The p r o d u c t  was u sed  

w i t h o u t  f u r t h e r  p u r i f i c a t i o n  f o r  t h e  nex t  r e a c t i o n .  N . m . r .  

( n e a t )  : 60.97 and 0.98 (3H e a c h ,  d ,  J = 6 . 5  Hz), 1 . 18  (3H, t ,  
- 
5=7 Hz) j- 2.33 (m,  J = 6 . 5  Hz and J = 8  Hz) ,  3.2 ( lH,  d ,  J = 8  Hz], 

-- 
4.01 (2H, q u a r t . ,  J = 7  Hz). 
- 
2-methylene-3-methyl-butanoic  a c i d - e t h y l e s t e r  - 3.7 

To a  s o l u t i o n  o f  16 .8  g (0.115 mole) of  d i e t h y l a m i n e  i n  

20 m l  o f  wa t e r  34 .6  g of 40% aqueous formaldehyde s o l u t i o n  

(0.46 mole formaldehyde) was added.  The mix tu r e  was k e p t  a t  

r . t .  f o r  1 5  minu tes  and 40 g  (0 .23  mole) o f  monoester  3 .6  added.  - 
The s o l u t i o n  was r e f l u x e d  f o r  1 5  hours  and e x t r a c t e d  w i t h  e t h e r .  

The e t h e r  e x t r a c t  was washed w i t h  d i l .  H C I ,  NaHC03 s o l u t i o n  and 

wa t e r  u n t i l  n e u t r a l .  A f t e r  d r y i n g  ove r  anhydrous N a ~ S 0 4 ,  t h e  



80-81' a t  60 mm y i e l d i n g  26.4 g (81%) of 3 .7 .  vmaX(f i lm)  : - 
3080, 1610,  895 ( > C  = CH,) and 1705 (C=O) c m - l e  

N * m * r *  (in I 
CDC13): 61.04 (2CH3-C-3, d ,  5 ~ 6 . 5  HZ) ,  1 .26  ( C H 3 - C H 2 - ,  t ,  

J=7 Hz) ,  2.33 ( ) C H - ,  s e p t e t ,  5-6.5 Hz) ,  4.18 (-CH2-0-, q u a r t .  

J = 7  HZ) ,  5.45,  6.05 ( = C H 2 ,  2d, J=1 Hz). 

2-Methylene-3-methyl b u t a n o l - 1  3 .8  - 
A m i x t u r e  of 6.4 g of L i A l H 4  and 200 m l  of  d r y  e t h e r  was 

r e f l u x e d  f o r  30 minu tes  and t h e  e t h e r  s o l .  of  L i A l H 4  decan t ed  

from und i s so lved  m a t e r i a l .  To t h i s  e t h e r  s o l u t i o n  10 g (0 .07  

mole)  of e s t e r  3 . 7  was added i n  such  a  way a s  t o  m a i n t a i n  g e n t l e  - 
s e f l u x i n g .  A f t e r  a d d i t i o n  was completed t h e  r e a c t i o n  m i x t u r e  

was r e f l u x e d  v i g o r o u s l y  f o r  30 minu tes .  The exces s  L i A l H 4  was 

decomposed by a d d i t i o n  of  wa t e r  and 300 m l  of  10% H2S04 was 

added under  c o o l i n g .  The r e a c t i o n  mix tu re  was s t i r r e d  u n t i l  two 
- 

aqueous - p h a s e  e x t r a c t e d  t h r e e  t imes  w i t h  e t h e r .  The combined 

e t h e r  e x t r a c t s  and t h e  a l c o h o l  were d r i e d  over  anhydrous MgS04 

and t h e  e t h e r  evapora ted  t o  g i v e  8 . 5  g  of  c rude  p r o d u c t .  The 

c rude  p roduc t  was shown by n.m.r ,  and v . p . c .  t o  be a  m i x t u r e  of  

3.8 and abou t  10% of t h e  f u l l y  s a t u r a t e d  a l c o h o l .  The m i x t u r e  - 
was d i s t i l l e d  t o  g i v e  p u r e  3 .8 ,  b .p .  39' a t  4.6 mm i n  7 3 %  ( 5 . 1  g) - 
y i e l d .  wmax ( f i l m ) :  3300, 1040 (-OH) and 1645 (>C=CH ) cm-l .  

N . m . r .  ( i n  CDC13): 61.05 C(CHS),-C, d ,  J = 7  Hz),  2 . 2  ( X H - ,  s e p t .  

J = 7  Hz) ,  4 . 0 2  (-CH2-, s ) ,  4 .81 ( -OH,  s ,  exchanged i n  D20), 4.84 

and 4.98 (=CH2, 2d, J=1 Hz).  



1-Bromo-2-methylene-3lmethyl-butane - 3.9 

To 4  g  (0.04 mole) of  a l c o h o l  - 3 .8 ,  coo led  t o  below l o 0 ,  

4.6 g (0.017 mole) of phosphoms t r ib romide  was added g r a d u a l l y  

s o  t h a t  t h e  t empera ture  d i d  n o t  r i s e  above l o 0 .  A f t e r  

a d d i t i o n  was completed t h e  r e a c t i o n  mix tu re  was kep t  a t  r a t .  f o r  

30 minutes .  S a t u r a t e d  NaHC03 s o l u t i o n  was added and t h e  p roduc t  

e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t  was washed w i t h  wate r  

u n t i l  n e u t r a l ,  d r i e d  over  Na2S04 and t h e  s o l v e n t  evapora ted  

under vacuum t o  g i v e  6.4 g (71%) of a  c l e a r  l i q u i d .  The 

m a t e r i a l  darkened r a p i d l y  on s t a n d i n g  a t  r . t .  S p e c t r a  of  t h e  

c rude  produc t  showed t h e  p re sence  of t h e  t e r m i n a l  methylene 

( i . .  1645 and 895 cm"' and n.m.r. two d o u b l e t s ,  J=1 Hz a t  64.9 

and 65.09) .  The produc t  was used  w i thou t  f u r t h e r  p u r i f i c a t i o n  

f o r  f u r t h e r  r e a c t i o n s .  

, Triphenylphosphonium s a l t  of  bromide 

A s o l u t i o n  of 6 g  of  t h e  c rude  bromide 3.9 i n  200 m l  of - 
benzene was added t o  a  s o l u t i o n  of 10  g of t r i pheny lphosph ine  

i n  50 m l  of  benzene and r e f l u x e d  f o r  10  hours .  No p r e c i p i t a t e  

formed. The s o l u t i o n  was t h e n  hea t ed  a t  80' under p r e s s u r e  f o r  

24 hours  and t h e  p r e c i p i t a t e d  s a l t  c o l l e c t e d ,  washed thoroughly  

w i t h  benzene and d r i e d  under vacuum. The n.m.r.  showed t h e  

p roduc t  t o  be a  mix tu re  of 46% of t h e  phosphonium s a l t  of 3.9 - 
and 54% of a  s a l t  i d e n t i c a l  w i t h  t h e  s a l t  formed from t h e  i s o -  

mer i c  bromide 3.3. The s a l t  m ix tu re  was r e d i s s o l v e d  i n  C H C 1 3  and - 
hea t ed  a t  80' under p r e s s u r e  f o r  1 2  hou r s .  The r a t i o  of t h e  two 

isomers  d i d  n o t  change.  



1- Podo-2-methylene-3-methylbutane 3.10 and 

A s o l u t i o n  of 6 g NaI i n  25 m l  of a ce tone  was added t o  

a  s o l u t i o n  of 6 g  of t h e  bromoolef in  - 3 .9 .  A p r e c i p i t a t e  

o f  NaBr formed immediately.  The mix tu re  was kep t  a t  r .  t .  

f o r  40 minutes .  Water was added and t h e  compound e x t r a c t e d  

w i t h  e t h e r .  The e t h e r  e x t r a c t  was washed w i t h  w a t e r ,  sodium 

t h i o s u l f a t e  s o l u t i o n  and a g a i n  w i t h  water  an  d r i e d  over  

anhydrous MgS04 f o r  2 4  hou r s .  Dry benzene was added t o  

t h e  e t h e r  s o l u t i o n .  The e t h e r  and most of t h e  benzene was 

evapora ted  under vacuum a t  18-20'. The r e s i d u e  was taken  

up i n  d r y  benzene and t h e  s o l u t i o n  added t o  a s o l u t i o n  of 

10 g  of t r i pheny lphosph ine  i n  50 m l  of benzene. The s a l t  

began t o  p r e c i p i t a t e  i n  f i n e  n e e d l e s  a t  r . t .  a f t e r  one hour .  

The mix tu re  was l e f t  s t a n d i n g  a t  r . t .  f o r  48 hou r s ,  f i l t e r e d  
- 

. and  washed w i t h  benzene t o  g i v e  13 .9  g  (59%) of phosphonium 

s a l t  -3.12. - A f t e r  d r y i n g  under vacuum f o f  s e v e r a l  days  i t  
- 

mel ted  a t  184-187'. vmax (KBr): 3045, 1645,  1585, 1435,  1110,  

995, 910 and 865 cm-'. N . m . r .  ( i n  CDCl3):6 0.94 (CH3-C-, d ,  

J=6.5  Hz) ,  1.82 ( C H -  complex m), 4.44 (-CH2-P, d ,  J = 1 5  Hz),  

4.99 ( C H 2 = C ,  q u a r t . ,  J = 1 2  H z  and J = 6  Hz),  7.81 (15 arom. H ,  m). 

I s o b u t y r i c  ac id-bromide 3.13 

A mix tu re  of 65.5 g (0.74 mole) of i s o b u t y r i c  a c i d  and 

100 g (0.37 mole) of phosphorus t r ib romide  was hea ted  a t  100- 

120' f o r  4 hou r s .  The r e a c t i o n  mix tu re  was t hen  d i s t i l l e d  

a t  normal p r e s s u r e  and t h e  f r a c t i o n  d i s t i l l i n g  between 115- 

118' C c o l l e c t e d .  ( l i t .  (66) b .p .  116-118•‹ a t  760 mm). Yie ld  
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90.5 g (81%) .  

Isopropylbromomethyl ke tone  - 3.14 

The bromoketone was p r epa red  acco rd ing  t o  t h e  s l i g h t l y  

modi f ied  method of Carch e t  a 1  (671). Diazomethane was 
-7 

i 

o b t a i n e d  i n  t h e  u s u a l  manner by d e c a n t i n g  t h e  e t h e r a l  s o l u t i o n  

of t h e  potass ium hydrox ide  decomposi t ion of N-n i t rosomethy l  

u r e a  (p repared  acco rd ing  t o  Arndt  -- e t  a 1  (68) The C H 2 N 2  

s o l u t i o n  was d r i e d  over  KOH f o r  4 hours  and coo l ed  i n  i c e .  
- 
l o  t h i s  e t h e r  s o l u t i o n ,  c o n t a i n i n g  0.38 mole of  d iazomethane,  

25.5 g  (0.17 mole) of bromoacid 3.13 i n  50 m l  of e t h e r  were - 
added dropwise .  A f t e r  1 hour a t  0' d r y  hydrpgen bromide was 

pa s sed  i n t o  t h e  s o l u t i o n  u n t i l  an  excess  was p r e s e n t .  The t 

s o l u t i o n  was l e f t  a t  0' f o r  1 hour t h e n  washed w i t h  H20, NaHC03 

s o l .  and f i n a l l y  w i t h  H20 u n t i l  n e u t r a l  and d r i e d  o v e r  anhydrous  ' 

~ ~ d t , .  The e t h e r  was evapora ted  and t h e  r e s i d u a l  o i l  d i s t i l l e d  
- u n d e r  vacuum, b .p .  85-86' a t  50 mrn ( l i t  ( 6 7 )  b .p .  85-86' a t  

50 rnm] t o  g i v e  19.2  g  (68.5%) of fromoketone.  vmax(f i lm)  : 
- 

1735,  1715 (C=O), 1465,  1260,  1190,  1060,  930, 885, 685, 

and 620 cm-l. N . m . r .  ( i n  CDC11) : 6  1 . 1 7  and 61.14 ((CH3)2C-, 

d ,  J = 6 . 5  Hz),  2.98 ( C H - ,  s e p t . ,  J= 6 .5  Hz) ,  4.08 (-CH - B r ,  s ) .  

I sopropy lmethy l t r ipheny lphosphonium bromide 3 .15 

Tr iphenylphosphine ,  (25 .5  g ,  0.07 mole) was d i s s o l v e d  i n  

80 m l  of  d r y  benzene.  Isopropylbromomethyl ke tone  3.14 

(10 g ,  0.06 mole) was added and t h e  mix tu re  was l e f t  a t  r . t .  

f o r  2 4  hours  t h e n  f i l t e r e d .  The s o l i d  was t aken  up i n  f r e s h  

benzene,  s t i r r e d ,  f i l t e r e d  and d r i e d  under  vacuum t o  g i v e  

29.1 g (82%) of phosphonium s a l t .  The p roduc t  was r e c r y s t a l -  

l i z e d  from e t h y l  a c e t a t e  - hexane,  m.p. 235 - 237'. 
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'max ( n u j o l ) :  1690 cm" (C=O). N . m . r .  ( i n  CDCla) : 6 1 . 1  

( (CH3)2C, d ,  J x 6 . 5  Hz) ,  3 . 2 4  ( G I - ,  s e p t . ,  J=6.5 Hz) ,  

5 .85  ( P - C H 2 - ,  d ,  J = 1 2  H z ) ,  7 .66  (15 arom. H ,  m ) .  

TriphenylphosphineisopropylmethyLylylene - 3.16 

A s o l u t i o n  of  1 8  g  (0.042 mole)  of  i s o p r o p y l t r i p h e n y l -  

phosphonium bromide - 3 . 3  i n  650 m l  o f  w a t e r  was t r e a t e d  w i t h  

s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n  a t  r . t .  f o r  1 2  h o u r s .  

The s o l i d  was c o l l e c t e d ,  washed w i t h  w a t e r  and d r i e d  f o r  

1 2  h o u r s  under  vacuum. The p r o d u c t  was r e c r y s t a l l i z e d  from 

e t h y l  a c e t a t e  - hexane  t o  g i v e  1 3 . 4  g (91 .5%)  - 3 .16 ,  m.p. 

170 - 171'. v max ( n u j o l )  ; 1510 cm" (C=O) hmax EtoH 266 rnp 

(E=  6 , 7 0 0 ) ,  273 mp ( E =  6 ,500)  and 287 mp ( E =  5 ,930) .  N . m . r .  t 

( i n  CHC13) : 81.18 ( (CH3)2C, d ,  J = 6 . 5  Hz) ,  2 .53 ( C H - ,  s e p t . ,  

J = 6 . 5  Hz) ,  4 . 3  - 5.0 ( P=CH-, b road  d ) ,  7 . 5  (15 arom. H ,  m). I 
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