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S t e r o i d  S t e r e o c h e m i s t r y  ~,~ 

T h e  p r o b l e m s  assoc ia ted  w i t h  d e s i g n a t i n g  r e l a t i ve  a n d /  
or  abso lu t e  c o n f i g u r a t i o n  in  s te ro id  s ide -cha ins  h a v e  b e e n  
recognized  for  a n u m b e r  of years .  I n  1948, FIESER a n d  
FIESER s sugges ted  t h a t  t h e  2 0 - h y d r o x y  p r e g n a n e s  cou ld  
b e  d e s i g n a t e d  ~ or  r ,  d e p e n d i n g  on  w h e t h e r  t h e  h y d r o x y  
s u b s t i t u e n t  was  o r i en t ed  (wi th  t h e  2 1 - m e t h y l  g r o u p  to  t h e  
rear)  to  t he  r i g h t  or  le f t  r e spec t ive ly .  T h i s  n o t a t i o n  was  
e x t e n d e d  b y  PLATTNERa in  a n  a p p e n d i x  to  t he  1950 s t e ro id  
n o m e n c l a t u r e  ru les  6 ( fo rmu la t ed  a t  t h e  Ciba  F o u n d a t i o n  
Conference  in London )  a n d  s u b s e q u e n t l y  b y  t h e  FIESERS 6 
to  inc lude  t h e  whole  s te ro l  s ide-chain .  A f t e r  e x t e n d i n g  t he  
s ide -cha in  in  a F i s c h e r - t y p e  7 p ro jec t ion ,  s u b s t i t u e n t s  
fa l l ing to  t h e  r i g h t  or lef t  cou ld  be  ass igned  a n  ~- or  r - con -  
f i g u r a t i o n  (e.g. I). More  recen t ly ,  a t  t h e  sugges t ion  of 
FRIED 8, t h e  ~- or  r - d e s i g n a t i o n  was  c h a n g e d  to  a e  a n d  flF. 
T h e  l e t t e r  y n o w  c lea r ly  d i s t i ngu i shes  b e t w e e n  abso lu t e  
c o n f i g u r a t i o n  b a s e d  on  a F i s c h e r - t y p e  p r o j e c t i o n  of t h e  
s ide -cha in  a n d  t h e  u sua l  c o n c e p t  of x a n d  fl in  t h e  s t e ro id  
nucleus .  

D u r i n g  t he  pe r iod  t h a t  t h e  ~- a n d  r - n o t a t i o n  was b e i n g  
deve loped  for  t h e  s t e ro id  s ide-cha in ,  t h e  need  for  a more  
s y s t e m a t i c  m e t h o d  of de f in ing  a b s o l u t e  c o n f i g u r a t i o n  in  
al l  b r a n c h e s  of o rgan ic  c h e m i s t r y  b e c a m e  m o r e  u r gen t .  
Th i s  s i t u a t i o n  p r o m p t e d  CAHn a n d  INC-OLD ~ to  p ropose  a 
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' s equence  ru le '  for  t h e  spec i f i ca t ion  of a s y m m e t r y  b a s e d  
o n  dec reas ing  a t o m i c  n u m b e r s  of s u b s t i t u e n t s  a t t a c h e d  to  
a n  a s y m m e t r i c  a t o m .  T h e i r  o r ig ina l  p roposa l  was  re f ined  
in  1956 to  inc lude ,  in  a genera l  m a n n e r ,  al l  t y p e s  of 
op t i c a l  i somer i sm e n c o u n t e r e d  in  o rgan ic  c h e m i s t r y %  
I n  s u m m a r y ,  t h e  a s y m m e t r i c  a t o m  is v i sua l ized  as  p a r t  of 
a pe r spec t i ve  f o r m u l a  n (cf. I I )  in  w h i c h  t h e  s u b s t i t n e n t  of 
lowes t  a t o m i c  n u m b e r  (d) is p l aced  a w a y  f r o m  tt le  v i ewer  
a n d  t h e  o t h e r  t h r e e  c o m p o n e n t s  are  p r o j e c t i n g  t o w a r d  t h e  
viewer.  I n s p e c t i o n  is t h e n  m a d e  of t h e  l a t t e r  t h r e e  sub-  
s t i t u e n t s  as to  w h e t h e r  t h e  a t o m i c  n u m b e r s  decrease  
clockwise or  counterc lockwise .  A r i g h t - h a n d e d  p a t t e r n  is 
d e s i g n a t e d  R a n d  a l e f t - h a n d e d  p a t t e r n  S. The  R a n d  S 
symbo l s  are  t a k e n  r e spec t ive ly  f r o m  t h e  L a t i n  words  
rectus m e a n i n g  r i g h t  a n d  sinister r e fe r r ing  t o  left.  The re -  
fore, t h e  abso lu t e  conf igu ra t ion ,  if k n o w n  in  t e r m s  of a 
t h r e e - d i m e n s i o n a l  model ,  is r ead i ly  c o n v e r t e d  to  a n  R or 
S n o t a t i o n .  Converse ly ,  R or S m a y  eas i ly  be  c o n v e r t e d  to  
a t h r e e - d i m e n s i o n a l  model .  T h e  sequence  ru le  m a y  be  
l ikened  to  ou r  p r e s e n t l y  a c c e p t e d  c o n c e p t  of op t i ca l  iso- 
m e r i s m  based  o n  t e t r a h e d r a l  c a r b o n ;  t h a t  is, e l egan t  in  i ts  
s impl ic i ty .  

Consequen t ly ,  i t  n o w  a p p e a r s  t h a t  t h e  CAHN, INGOLD, 
PRELOG s y s t e m  s h o u l d  be used to  def ine  s t e ro id  s ide -cha in  
s t e r e o c h e m i s t r y  w i t h  t h e  poss ible  e x c c p t i o n  of subs t i -  
t u t i o n  a t  C20 x~;here t h e  ~- a n d  r - n o t a t i o n  h a s  b e e n  used  
f r e q u e n t l y  in  t h e  pas t .  T h e  R a n d  S s y s t e m  p r e s e n t s  t h e  
o b v i o u s  a d v a n t a g e s  of a m e t h o d  w h i c h  is s u i t a b l e  ~or 
de f in ing  a b s o l u t e  c o n f i g u r a t i o n  in  a l l  b r a n c h e s  of o rgan ic  
c h e m i s t r y  a n d  is n o t  s u b j e c t  t o  e r ro rs  in  i n t e r p r e t a t i o n  
w h i c h  would  m o s t  c e r t a i n l y  be  e n c o u n t e r e d  in  c o m p l e x  
s te ro id  s ide -cha ins  u s ing  t h e  aF- a n d  f lF-designat ion.  

Br ie f  a p p l i c a t i o n  of t h e  R a n d  S s y s t e m  to  s eve ra l  areas  
of s t e ro id  c h e m i s t r y  will, in  a p r e l i m i n a r y  m a n n e r ,  serve 
t o  i l l u s t r a t e  i t s  u t i l i ty .  F o r  example ,  t h e  s te ro l  i so la ted  
f rom Aesculus hippocastanum a n d  ass igned  a 3~, 7~, 22~- 
t r i h y d r o x y - A S - s t i g m a s t a n e  ( I I I )  1= s t r u c t u r e  m i g h t  now 
be  s y s t e m a t i c a l l y  n a m e d  3a, 7¢¢, 2 2 S - t r i h y d r o x y - 2 4  R- 

1 In part, a summary of recommendations presented by the author 
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st igmast-5-ene~L Convers ion of, e.g., 220t to 22S may  be 
visualized in the  following manner .  I n  a Fischer  projection,  
the 22g-hydroxy  group would  be represented by  s t ructure  
I I I ,  in a t e t r ahed ra l  representa t ion  by  IV, and V would 
represent  an  easy  mode l  for assigning R or S, Transforming 
the Fischer  p ro jec t ion  by  an  even number  of exchanges of 
groups provides  a mnemon ic  xe for easily drawing V. In- 
spection of s t ruc tu re  V readi ly  indicates  t ha t  the atomic 
numbers  of  subs t i tuen t s  a t t ached  to the  asymmetr ic  22- 
carbon are decreasing counterclockwise.  A choice between 
the two  carbon-conta in ing  subs t i tuents  is made  on the 
basis of  one tess carbon bonded  to  Cz, than  to C~0X°. 
Therefore,  C~0 acquires  the  h igher  pr ior i ty  and the absolute 
conf igurat ion a t  C~  is S. 

Turn ing  now to  t he  s teroidal  sapogenin side-chain, the  
need for a more  un i fo rm and reliable sys tem of defining 
absolute conf igura t ion  is immed ia t e ly  evident ,  part icu- 
larly in r ing  F .  Subs t i tuen t s  a t  posit ions C~_zs, or  a t  
a symmet r i c  centers  r e m o v e d  f rom the  ring system, should 
be des ignated  using R or  S. Appl ica t ion  of the  R and S 
nota t ion to  Cz5 has  a l r eady  been suggested ~4. Further ,  
adopt ion of R and S a t  Cz~ of t h e  s teroidal  sapogenin side- 
chain would  al low re ta in ing  the  original  I U P A C  number-  
ing sys tem ~ for r ing F .  Use of t he  FI~S~R-PL~,~N~R con- 
vent ion  would  necess i ta te  reassigning number  27, now 
more logical ly  reserved  for the  t e rmina l  carbon, to the C~, 
ring F carbon  s,xL This  change would  be required before 
the sapogenin s ide-chain could be numbered  consistent 
with a F ischer  project ion.  Al though  posit ion 22 may  be 
defined employ ing  recent  modif icat ions t~ of current  IUPAC 
spirostane nomenc la tu re  ~, ambiguous  cases should be 
handled employ ing  the  R and S method.  Since a sub- 
s t i tuent  a t  C~0 m a y  be described using x or  fl, t ha t  is, 
below or  above  the  general  plane of rings A through E, 
there is no pressing r equ i remen t  for R or  S a t  this position. 
Par t ia l  s t ruc tu re  VI  (20~, 22R, 24S, 25R) il lustrates these 
recommendat ions .  

Extens ion of the R and S sys tem to appropr ia te  areas  of 
steroidal  alkaloid nomencla ture  is also r ecommended .  
A useful i l lustrat ion of the  R and S no ta t ion  in this  field 
was recent ly  described by SClmEm~-R tv,ta. 

In  summary,  i t  is proposed t h a t  the R and S sys tem be 
adopted for defining absolute  conf igurat ion in all non- 
rigid steroid side-chains. 

Zusammen/assung. Ein  L~berbliek fiber die angewand ten  
Methoden zur Bes t immung  der  absoluten Konf igura t ion  
in Steroidsei tenket ten wurde  gegebcn. Die a l lgemeine An-  
wendung der R- und S-Rcgel  wurde empfohlcn.  

G. R.  PETTIT 

Department o/Chemistry, University o/Maine, Orono 
(Maine, U.S.A.), November 1, 7962. 
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T r a n s a n n u l a r  R e a c t i o n  B e t w e e n  E s t e r  and A m i d e  
G r o u p s .  F o r m a t i o n  of  a C y c l o l  P e p t i d e  D e r i v a t i v e  

The researches of STOLL and his collaborators 1 have 
shown t h a t  the  e rgot  alkaloids, e.g. Ergotamine  (II, 
R = lysergylamino,  R'  = CH 3, R "  = CH~C~H~) contain 
an unusua l  cyclol  pep t ide  ~ system. In  principle, this ring 
system m a y  be der ived  e i ther  by  the  intramolecular  addi- 
t ion of an h y d r o x y l  group to an amide carbonyl (I+II), 
or by t r ansannu la r  add i t ion  of amide nitrogen to ester 
carbonyl (III->Iv). HOFMANN, FREY, and OTT s have 
used the  former  route  successfully in their  total  synthesis 
of Ergo tamine ,  and  the  react ion has  since been studied 
in detai l  by  SHEMYAKXN et  el. 4. This  interest  in the  forma- 
tion of cyclol pept ides  p rompt s  us to report  the following 
exper iments  which were made  in Cambridge in 1957, and 
which show t h a t  the  cyclol  sys tem is also a t ta inable  by 
t ransannular  reac t ion  of the  macrocycl ic  tactone ( I I I + I I ,  
R = R '  = H,  R'"  = CHzCHM%). 

]3enzyloxyacetyl-L-leucine,  m.p.  91.5-93 °, [,tip--13.14 ° 
(c = 1.8 in e thanol)  (Found:  C, 64.6; H,  7.6; N, 5.1: 
ClsH~lNO4 requires  C, 64.5; H,  7.55; N, 5 .0~) ,  prepared 
from benzy loxyace ty l  chloride and L-leucine in aqueous 
sodium hydrox ide ,  was condensed wi th  L-proline by  the  
sulphuric anhydr ide  m e t h o d L  The result ing benzyloxy- 
acetyl-L-leucyl-L-prol ine,  m.p.  131--133 °, [=]D--65 ° (c = 
3.8 in E t O H )  (Found:  C, 63.8; H,  7.7; N, 7.55: C20HzsN2Os 

requires C, 63.9; H, 7.45; N, 7.45%) was reduced with  
sodium in liquid ammonia  to yield the glycol lyl -dipept ide  

OH 
R R' 0 ~ N I J  

C 0 - - N - ~ 0  

I R+ I I R" 
/ 

H\CH . /  H I  
1V ' CHzCHMe2 

CH:~CHMe z ~I 
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