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Abstract - Two procedures for the synthesis of A-oxarolidine compound 4 from keto-ester - 

lb have been elaborated. The two-step method involving kera-amide 1 preparation and its - 

reaction with LiH seems to be superior to the direct synrhesis from & and ethanolamine 

in the presence of KOH followed by ~ c ~ 0 / P y  promoted cyclization. 

In the course of our studies on nitrogen analogs of steroids we have synthesized a number of 

1 2 
azasteroids by multi-step transformations of natural products such as cholesterol ,testosterone 

3 and dehydroepiandrosterone . There syntheses were successfully accomplished but in the most cases 

the total ~ields were nor very impressive though each individual step was fairly efficient. 

Very often the direct, "one pot" procedures are superior in respect of yield to other methods, 

sometimes qvite elegant but longer. Recently we have worked out relatively short and efficient 

merhodo of preparation of some des-A,B-steroids, particularly 3-(9'8-acetyl-des-A,B-chhlestff- 

4 
8'a-yl)-propionic acid (3) and its methyl ester (E) . In this report the results of our 
investigation on the compound 1 reaction with ethanolamine are presented. We have examined this 

reaction with a view to inserting of two heteroatoms to the steroid nucleus (oxygen and nitrogen 

in the ~ositions 1 and 5, respectively) with a simulraneous closure of two rings A and B. Such 

5 
A-o~azolidine compound 4 would be a bridge between stereoids and veatchine type alkaloids . 

Keto-ester & was heated under reflun in ethanolamine solution for 6 h. After removing of excess 

ethanolamine under reduced pressure the residve was treated with acetic anhydride in pyridine 

(the primary product was very polar and therefore difficult t o  isolate). The usual work-up 

and silica gel column chromatography afforded the product in a pure form in about 75 : yield. 

On the basis of IH-NMR and IR data it appeared to be a simple keto-amide i. Since compound Z 

was the only isolated product there was no evidence for equilibrium (shown on the Scheme) 

existing between 2 and a cyclic formi, 



C q o w d  5 m.p. 8 8 . 5 - $ 0 ~ ~ ; [ 4 ~  = +16.4'; 3 z r 3 :  1673 lamide C=Ol, 1699 (ke tone  C=Ol, 1742 mi-' 

( a c e t a t e  C=OJ; ~ ~ C D C I  1 .  6.09 i b s ,  IH, -NHl, 4.19 I t ,  J = 6 Ha, ZH,  -CH2-OAci, 3.55 im, ZX, 3 '  

-CK2-NH-I, 2.19 Is ,  3H, CH3CO-I, 2.09 18, 3H, CH3C00-I, 0.72 is, 18-Hi; m/e: 449 (M'; 30961, 

389 IM+-HOAO; m i ,  364 IM+-C~H+~O; 50961, 145 ~ c ~ H ~ ~ N o ~ + ;  I O W ,  65 I C * H ~ N O + ;  6 2 % ) .  

Compound J, on oi2, [c€]'* = -55.7'; 3 E 3 :  1635 i h c t m n  C=Ol, 1661 IC=CJ, 1742 om-l (acetate C=01; D 

A:?: 223 nm IE = 35001; ~ ~ C D C I  i .  5.17 ond 5.08 (Zzs ,  211H, ~>c=c:I, 4.18 im, Z H ,  -CH2-OAcl, 3 '  

3.S7 and 3.64 12m. Z d H ,  -CH2-j-i, 2.02 (8 ,  3H. CH3CX-i, 0.73 is, 18-Hi. 

Compowd & m.p. 1 2 5 . 5 - 1 2 7 ° ~ ; w F  +71.6'; $ 2 3 :  1630 I tactam C=Oi; ~ I c D c I ~ I :  3.50-4.30 

im, 48, osnzol idim p m t o n s i ,  1.51 Is, 19-Hi, 0. 71 is, 19-XI; m/e: 389 (Mi; 2%1, 86 iC4H$0 ; 100961 
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I n  the  next  experiment ra the  s o l u t i o n  of ke ro-es te r  2 i n  erhanolamine porassiwn hydroxide 

I6 eql was added and the  r e a c t i o n  mixture was re f luned  f o r  6 h .  A f t e r  removing of ethanolamine 
. . 

from t h e  r e a c t i o n  minture,  the  r e s i d u e  was a c e t y l a t e d  as i n  t h e  f i r s t  experiment .  TLC showed 

the  presence of the  major product  and s e v e r a l  by-products .  The rough chromatography a f fo rded  

consecu t ive ly  f r a c t i o n s  2,  b and 5. IR o f  t h e  l e a s t  p o l a r  f r a c t i o n  2 showed t h e  c h a r a c t e r i s t i c  

bands of ca rbonyl ic  a c i d s .  Before f u r t h e r  chromatographical  p u r i f i c a t i o n  f r a c t i o n  5 was t r e a t e d  

wifh diazomerhane. The l e s s  p o l a r  methyl e s t e r  appeared ro be  E.8 -unsa tu ra ted  e s t e r  id with  

a quas i -equa tor ia l  carbometoxyl group. The more p o l a r  ester proved to be  a chromatographical ly 

unseparable mixture of 50. -H epimer 2 and a.8 -unsa tu ra ted  e s t e r  & (1 = 228 nm). 
max 

Produces 2 and 5 were apparen t ly  formed as a r e s u l t  of a l d o l  l i k e  i n t r a m o l e c v l a r  condensat ion and 

e x i s t e d  i n  a very low c o n c e n t r a t i o n  i n  rhe r e a c t i o n  mixture.  Rechromatography of f r a c t i o n  b l e d  

to i s o l a t i o n  of two products  - egzo-mfhylene l a c t a m 2  and an  "" iden t i f i ed  compound con ta in inp  

presumably two ethanolamine units. To confirm t h e  structure of t h e  fprmer compound i t  was t r e a t e d  

wifh p-TS0H.H 0 i n  dioxane.  Within 6 h  a t  room temperature compound 3 disappeared  and kero-amide 1 2 

was formed i n  q u a n t i t a t i v e  ~ i e l d .  The r e a c t i o n  probably proceeded v i a  w a t e r  a d d i t i o n  co t h e h i g h l y  

r e a c t i v e  acylimmonium ion6 followed by an i s o m e r i z a t i o n  of the  in te rmedia ry  hydroxylactam A t o  

the  rhermodynamically favourab le  kero-amide L. The main f r a c t i o n  5 c o n s i s t e d  o f  the  major r e a c t i o n  

p roduc t ,  A-oxazolidine compound 4, and the  t r a c e s  of t h e  more p o l a r  kero-  amide 2. The o v e r a l l  

y i e l d  of 4 was 37 Z, whereas the y i e l d s  of the  by-products d e s c r i b e d  were i n  t h e  ranee 5-10 Z. 

To e l u c i d a t e  a mechanism of compound 4 f o r m a t i o n  some a d d i t i o n a l  experiments  were c a r r i e d  o u t .  

I n  o rder  t o  check a hypothes i s  t h a t  keto-amide 2 was an in te rmedia te  i n  t h e  p rocess  i t  was hea ted  

i n  erhanolamine s o l u t i o n  i n  t h e  p resence  of KOH and then ,  a f t e r  a removal of HOCH2M2NHZ, t r e a t e d  

wi th  AC 0 i n  ~ ~ r i d i m .  I n  t h e  s e p a r a t e  experiment  kero-ester 1b was r e f l u x e d  i n  ethanolamine 2 - 

i n  t h e  absence of KOH ( t o  generate in keto-amide Z and to  avoid t h e  base-catalyzed formation 

of the  by-products 5 and 5 ) .  then  potassium hydroxide was added and the  f u r t h e r  proceeding was - 

as above. However i n  both cases TLC showed no s p a t  corresponding t o  compound 6.  I n  a n o t h e r  
. . 

e x p e r i m n r  t h e  r e a c t i o n  wi th  HOCH CH NH and KOH was repea ted  i n  e x a c t l y  t h e  same manner as i n  2 2 2 

the  s u c c e s s f u l  experiment b u t  t h e  a c e t y l a t i o n  s t e p  was omi t ted .  TLC of t h e  r e a c t i o n  mixture 

showed the  presence of smal l  amounts of compounds 2 and 6, only  t r a c e s  of 4 and t h e  most o f  

m a t e r i a l  a t  t h e  base s p o t .  I n  t h e  l i g h t  of t h i s  r e s u l t  " the  a c e t y l a t i o n "  seems t o  be  e s s e n t i a l  

i n  compound4 formation.  We assume t h a t  d u r i n g  the  r e a c t i o n  with HOCH2CH2NT2 i n  the  presence of 

s t r o n g  base  t h e r e  i s  an e q u i l i b r i u m  between an open form and a c y c l i c  form C, the  ca rboxyl ic  

group probably does no t  p a r t i c i p a t e  d i r e c t l y  i n  the  r e a c t i o n  ( the  most l i k e l y ,  however, i t  has an 

e f f e c t  on t h e  s t e reochemis t ry  o f  the  process) remaining as a c a r b o x y l a f ~ .  Only a f t e r  rhe removal 

of erhanolamine and a d d i t i o n  of AC 0 i n  p y r i d i n e  a ca rbaxy la te  reacts to give a mixed anhydr ide  2 



and i t  a c y l a t e d  i n t r a m a l e c u l a r l y  e i t h e r  the  form! or 5 thus quenching an e q u i l i b r i u m .  From t h e  

open form B the  major byproduct  2 i s  f o r m d  by a p r o t o n  a b s t r a c t i o n  e x c l u s i v e l y  from the  a n g u l a r  

methyl group - i t  may be a l s o  a n  in t ramolecu la r  p r o c e s s .  The c y c l i c  f o r m s  becomes t ransformed t o  

A - o ~ a z o l i d i n e  compound 4. Formation of 4 i s  the  h i g h l y  s t e r e o s p e c i f i c  reaction. The compound 

isolated was homogenous i n  TLC, had a sharp m e l t i n g  p o i n t ,  a s i n g l e  s i g n a l  of 19-H pro tons  i n  

IH-NMR and beyand doubt i t  was a pure s t e reo i somer .  The i n s p e c t i o n  of ~ r e i d i n g  s tereomodels  

suggested R conf igura t ion  a t  C-10 bur  u n f o r t u n a t e l y  t h e r e  was no a d d i t i o n a l  proof from s p e c t r a l  

d a t a .  However 10R c o n f i g u r a t i o n  was s t r o n g l y  supported by t h e  fo l lowing  expriment .  

Keto-amide 2 was t r e a t e d  wi th  l i t h i u m  h y d r i d e  ( 4  eq) i n  r e f l u x i n g  to luene .  The r e a c t i o n  was 

completed w i t h i n  1 h .  Unexpectedly the a n l y  p roduc t  i s o l a t e d  ( i n  about  70 % y i e l d )  was i d e n t i c a l  

i n  a11 r e s p e c t s  ( i n c l u d i n g  the  s tereochemistry at C-10) wi th  t h e  ~ r e v i o ~ s l y  o b t a i n e d  compound 4. 

A mechanism of  t h i s  r e a c t i o n  seems t o  be c l e a r  - the  t e r t i a r y  a lkox ide  an ion  d e r i v i n g  from 

t h e c y c l i c  f o r m 4  of kera-amide 2 s u b s t i c u r e s  i n r r a m o l e c u l a r l y  the  a c e t a t e  thus c l o s i n g  an 

oxaea l id ine  r ing.The c y c l i c  f o r m i  i s  a mixture of two s te reo i somers  of d i f f e r e n t  c h i r a l i t y  a t  

C-10, b u t  a n l y  one of them, w i t h  a quas i  e q u a t o r i a l  h y d r o m i  group (10R) i s  capable t o  a t t a i n  

a s u i t a b l e  conformat ion  f o r  sN2 type r e a c t i o n .  I n  the  case of t h e  ep imer ic  forrnA a n  approach to  

a bonding d i s t a n c e  would be r a t h e r  d i f f i c u l t  and would r e q u i r e  t r a n s i t i o n  s t a t e r  of much h i g h e r  

energy.  However, i t  e a s i l y  e q u i l i b r a t e s  + t h e  openkero-amide Z prov id ing  rhe  f o r m &  which i s  

a b l e  t o  c y c l i z e  t o  a x a z o l i d i n e  I .  The t o t a l  y i e l d  of 5 from k e t o - e s t e r  > according to  zhe 

procedure invo lv ing  two s t e p s ,  keto-amide 2 formation and LiH i n i t i a t e d  c y c l i z a t i o n  of 2,  

exceeds 50 1 and i s  s u p e r i o r  t o  t h e  d i r e c t  method. 
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