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S t e r i c  C o u r s e  of  R e a c t i o n s  of  S t e r o i d s  

By Louis F. FIESER t, Cambridge, Mass. 

I n  p r e v i o u s  reviews~ a t t e n t i o n  was  ca l l ed  to  t wo  
t y p e s  of h i n d r a n c e  effects  t h a t  d e t e r m i n e  t h e  s te r ic  
course  or  r a t e  of r e a c t i o n s  i n v o l v i n g  f u n c t i o n a l  g r o u p s  
a t  t h e  17 -pos i t i on  of s te ro ids .  I n  t h i s  p a p e r  t h e  c o n c e p t  
will  b e  d e f i n e d  m o r e  spec i f ica l ly  a n d  a p p l i e d  to  o t h e r  
p o s i t i o n s  in  t h e  s t e ro id  s t r u c t u r e .  

][ntra- and extraradial e//ects at Clv One  t y p e  of 
h i n d r a n c e  con t ro l s  t h e  d i r e c t i o n  of o p e n i n g  of a c a r b o n -  
o x y g e n  or  c a r b o n - c a r b o n  d o u b l e  b o n d  e x t e n d i n g  f r o m  
C1~; t h e  r e l a t i ve  d i spos i t i on  of a t o m s  a n d  g r o u p s  in  t h e  
i m m e d i a t e  v i c i n i t y  of  t h e  f r o n t  a n d  r e a r  s ide  of C17 
a p p e a r s  to  be  such  as  to  r e n d e r  C ~  m o r e  access ib le  to  
a t t a c k  f r o m  t h e  r e a r  t h a n  f r o m  t h e  f ron t ,  for  t h e  r e a r  
m e m b e r  of t h e  d o u b l e  b o n d  i n v a r i a b l y  opens  p re fe r -  
e n t i a l l y  or exc lu s ive ly  (a). T h u s  17 -ke tones  on  h y d r o -  
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g e n a t i o n ,  r e d u c t i o n  w i t h  l i t h i u m  a l u m i n u m  h y d r i d e ,  
a d d i t i o n  of G r i g n a r d  r eagen t s ,  or  a d d i t i o n  of p o t a s s i u m  
a c e t y l i d e  y ie ld  ch i e f ly  p r o d u c t s  in  w h i c h  t h e  h y d r o g e n  
a t o m  a t t a c h e d  to  C17 is o r i e n t e d  to  t h e  r e a r  (e-Y) a n d  
t h e  h y d r o x y l  g r o u p  is o r i e n t e d  to  t h e  f r o n t  (f l -AX)3;  
17 ,20-e thy lenes  a d d  o s m i u m  t e t r o x i d e  ch i e f ly  b y  rea r -  
b o n d  a t t a c k  to  g ive  e - h y d r o x y l a t e d  p r o d u c t s  w i t h  t h e  
n o r m a l  ~-side c h a i n ;  17 ,20-enol  a c e t a t e s  r e a c t  w i t h  
p e r b e n z o i c  ac id  in  t h e  s a m e  s t e r i c  sense  to  g ive  17~- 
h y d r o x y - 2 0 - k e t o n e s  of t h e  n o r m a l  ser ies  4. O t h e r  in-  
s t ance s  of p r e f e r e n t i a l  r e a r  a t t a c k  of C17 a re :  (b) for- 
m a t i o n  of 17-epies t r io l  b y  o s m i u m  t e t r o x i d e  h y d r o x y l -  
a t i o n  of t he  z116-ethylene; (c) r e a c t i o n  of a 16,17- 
e t h y l e n e  w i t h  p e r b e n z o i c  ac id  to  g ive  t h e  16,17-c¢-oxide 
c o n v e r t i b l e  i n t o  a 1 7 ~ - h y d r o x y  c o m p o u n d S ;  (d) h y d r o -  
g e n a t i o n  of a 1 6 , 1 7 - u n s a t u r a t e d  2 0 - k e t o n e  to  a p r e g n a n -  
o lone ;  (e) f o r m a t i o n  of a 1 7 ~ , 2 1 - d i a c e t o x y  c o m p o u n d  
( r a t h e r  t h a n  17fl,21-) as a b y - p r o d u c t  of a c e t o x y l a t i o n  
of a 20-ke tone .  

T h e  ru le  of r ea r  a t t a c k  a t  C~ t h u s  seems  to  a p p l y  to  a 
wide  v a r i e t y  of s t r u c t u r e s  a n d  r eagen t s .  W h a t e v e r  t h e  
sou rce  a n d  n a t u r e  of t h e  s p a t i a l  c h a r a c t e r i s t i c s  in  t h e  
i m m e d i a t e  v i c i n i t y  of  C1T t h a t  f a v o r  a t t a c k  f rom t h e  

x Convcrse Memorial Laboratory, Harvard University, Cam- 
bridge 38, Massachusetts. 

2 L.F.F1EsER and M. FIEsI~IG Exper. 4, ~85 (1948); Natural 
Products Related to Phenanthrene, 3rd Ed., Reinhold, New York 
(1949). 

3 Unless otherwise indicated, references to the literature are to be 
found in the Monograph by FIESER and FIESER, lot. cir. 

a B.A. KoEcHLIN, D.L. GARMMSE, T.H. KRITCHEVSKY, and 
T.F. GALLAGHER, J. Amer. Chem. Soe. 71, 2362 (1949). 

5 PL, A, PLATTNER, H. HEussER, and M. FEusER, Helv. chim. 
acta 31, 2~10 (1948).- P. L. JULIAN, E. W. MEYER, and I, RYDEN, J. 
Amer. Chem. Soe. 71, 756 (1949), 

rear ,  t he  ove ra l l  e f fec t  m u s t  be  a s s o c i a t e d  w i t h  a t o m s  
w i t h i n  t h e  v a n  de r  ~Vaals r a d i u s  of C17 a n d  h e n c e  c a n  
be  d e s c r i b e d  as a n  i n t r a r a d i a l  effect .  
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T h a t  a h i n d r a n c e  ef fec t  of a s econd  t y p e  d e t e r m i n e s  
t h e  course  of r e a c t i o n s  i n v o l v i n g  f u n c t i o n a l  g r o u p s  
a t t a c h e d  to  C,7 c a n  b e  r ecogn ized  f rom t h e  f ac t  t h a t  
a t t a c k  f rom t h e  f r o n t  is f a v o r e d  o v e r  a t t a c k  i ron l  t h e  
rea r .  T h u s  in  t h e  pa i r s  of e p i m e r i c  e s t e r s  (f) a n d  (g), t h e  

(0 

OCOCHa OCOCH a 
H3C i H3C I 

/ / - -  

Hydr01. fast  Hydrol. slow 

(g) 

COOR 

H3C I 
\ \ . / ~  

/ 

Hydrol. fast  

COOR 
HaC 

/ 

HydroL slow 

17f l - ep imer  is h y d r o l y z e d  more  r a p i d l y  t h a n  t h e  17a-  
ep imer .  H e r e  t h e  a t t a c k  is a t  c a r b o n y l  g roups  a t  some 
d i s t a n c e  f r o m  C17, a n d  w h a t e v e r  h i n d r a n c e  effects  
d e t e r m i n e  t h e  r e l a t i ve  access ib i l i t y  of g roups  o r i e n t e d  
on  t he  f r o n t  a n d  r ea r  s ides of t h e  molecu le  t he se  ef fec ts  
m u s t  o p e r a t e  ou t s i de  t i le  v a n  de r  VVaals r a d i u s  of C1~ 
a n d  are  t h e r e f o r e  de f ined  as e x t r a r a d i a l  w i t h  r e spec t  to  
t h e  p o i n t  of a t t a c h m e n t  to  t h e  nuc leus .  O t h e r  i n s t a n c e s  
i n d i c a t i n g  g r e a t e r  a v a i l a b i l i t y  of space  on  t h e  f r o n t  t h a n  
on  t h e  r ea r  s ide in t h e  reg ion  e x t r a r a d i a l  to  C17 are  as 
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fol lows:  in a 17a -hyd roxy -20 -ke tone  (h) t he  h y d r o x y l  
g roup  is no t  acy lab le  and the  ca rbony l  g roup  has  no rma l  
add i t ive  power,  whereas  in a 17 f l -hydroxy-20-ke tone  of 

(h) 

COCH a COCH a 
HaC H3C i 
\ / - - o H  o) \ l f i ~  °H 

/ - -  / - -  

t he  17-iso series (i) t he  h y d r o x y l  g roup  is acy lab le  and  
the  ca rbony l  g roup  is u n r e a c t i v e ;  a 17-normal  ace to  
c o m p o u n d  or e t io  es ter  (j) is t h e r m o d y n a m i c a l l y  more  

(i) 

COR COR 
H3C I H ~ C i  
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R = C H  a, O C H  a 

s table  t h a n  the  17 a -ep imer  (k) and  p r e d o m i n a t e s  in t he  
equ i l i b r ium mix tu re .  

Posit ions 11 and 72. GALLAGHER and  I(RITCHEVSKY 1 
h a v e  no t ed  t h a t  the  concep t  of p re fe ren t ia l  rear  a t t a c k  
in reac t ions  i n v o l v i n g  in t r a rad ia l  s ter ic  effects  can  be 
e x t e n d e d  to  posi t ions  I1 and  12. R e d u c t i o n  of an  l l -  
ke tone  by  h y d r o g e n a t i o n  or  w i th  l i t h ium a l u m i n u m  
hydr ide  proceeds  exc lus ive ly  by  opening  of t he  rear  
m e m b e r  of t he  double  bond.  B r o m i n a t i o n  of a 12-ketone 
(I) proceeds  chief ly  by  a t t a c k  f rom the  rear  to  give the  
11~-bromo d e r i v a t i v e  I I .  This  subs tance  and  the  i somer  
I I I ,  i so la ted  as a by -p roduc t ,  undergo  hydro lys i s  wi th  
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invers ion  to  give IV  and  V and  hence the  a t t a c k  by  
h y d r o x i d e  ion p r o b a b l y  occurs  by  the  SN2 mechan i sm.  
T h a t  t he  11 a -b romoke tone  I I  is hyd ro lyzed  m u c h  more  
s lowly  t h a n  f l -epimer p r e s u m a b l y  is because  the  re- 
qu i r ed  f ron ta l  a p p r o a c h  of t he  nucleophi t ic  agen t  is 
sub jec t  to  t h e  same  screening  t h a t  p r even t s  f ron t -bond  
open ing  of an  l l - c a r b o n y t  group.  

Pos i t ion  12 also seems to  be more  accessible to  a t t a c k  
f rom t h e  rear  t h a n  f rom the  f ront ,  s ince an  11-ketone on 
b r o m i n a t i o n  gives  chief ly  the  12 ~-bromo-11-ke tone .  The  

1 T.F. GALLAGIIER and T. H. KRITCttEV,~KY', J. Amer. Chem. Soc. 
72, 88°~ (1950). 

r eac t ion  of an  11 ,12-unsa tura ted  s teroid  wi th  perbenzo ic  
acid  invo lves  a t t a c k  of b o t h  posi t ions f rom the  rea r  to  
give the  11 x, 12 ~-oxide. 

H i n d r a n c e  effects  b e y o n d  the  l imi t  of van  der  W a a l s  
forces a t  Cll and C1~ can be infer red  f rom the  resul ts  of 
acy la t ion  and  hydro lys i s  expe r imen t s .  An 11 f l -hydroxyl  
g roup  is s t rong ly  h indered ,  since it  is no t  acy lab le  by  
any  known m e t h o d ;  an 11 x -hydroxy l  group is read i ly  
acylable .  Thus  of  the  two  ep imer ic  11-hydroxy  de r iva t ives  
IV  and  V above,  t he  f irs t  resists  aee ty l a t i on  and the  
second fo rms  an ace t a t e  w i t h o u t  d i f f icul ty .  These  facts,  
t o g e t h e r  wi th  c o m p a r a t i v e  ra tes  of  hydro lys i s  of  a series 
of ace ta tes ,  es tabl ish  t he  order  of r e l a t ive  h indrance  of 
t he  e x t r a r a d i a l  t y p e  as follows : 11 f l ) l  2 x)12 f l ) l l  a. A t  
posi t ion 11 b o t h  the  ex t ra -  and  in t r a r ad i a t  effects  opera te  
to  m a k e  t h e  rear  side (x) t he  more  accessible to  a t tack .  
A t  pos i t ion  12, as a t  pos i t ion  17, t he  t w o  effects  ope ra te  
in oppos i t e  d i rec t ions .  

T h e  ex t r a r ad i a t  effect  seems to  con t ro l  t he  d i rec t ion  
of f ission of t he  t w o  l l , 12 -ox ides ,  as t h o u g h  the  in i t ia l  
a t t a c k  were  a t  t he  o x y g e n  a tom,  r a t h e r  t h a n  a t  a ca rbon  
center .  Thus  the  fission of t he  x-oxide  V I  a t  t he  bond  
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e x t e n d i n g  to Cn  is in l ine wi th  the  g rea te r  h ind rance  of 
a 1 2 x - t h a n  of an 11 x-ester  group.  An  11 fl-group is more  
h indered  t h a n  a 12/~-group, and hence the  fl-oxide V I I I  
is c l eaved  a t  the  less h inde red  C12-1inkage. 

The  reac t ions  of AU-cholen ic  acids w i t h  b romine  and  
wi th  h y p o b r o m o u s  acid m a y  ac tua l ly  be h igh ly  compl i -  
cated,  b u t  a useful  empi r ica l  i n t e r p r e t a t i o n  is t h a t  the  
key  process  is a rear  a t t a c k  to  give the  b r o m o n i u m  ion 
XI ,  fo l lowed by  fission in a m a n n e r  ana logous  to  fission 
of the  x-oxide.  The  produc ts ,  X I I  and  X I I I ,  h a v e  the  
e x p e c t e d  11 fl, 12 ~:or ien ta t ion .  
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When either of the epimeric l l -hydroxy-12-ke to  
acids IV or V or their  bromo precursors is refluxed with 
alcoholic alkali an equil ibrium mixture  of isomers 
results in which the Marker-Lawson acid X I V  pre- 
dominates;  the yields of components  obtained after  
equil ibrat ion of pure X I V  (GALLAGHER) are indicated 
under the formulas. GALLAGHER and KRITCHt~VSKY have 
suggested an interpreta t ion of the predominance of X I V  
based on the concept of a rear-a t tack by a proton of a 
common enediol ion, but  this explanat ion seems inad- 
missible because the relative rates of enolization reactions 
cannot  influence the final position of equilibrium. The 
phenomenon seems rather  to be related to the iso- 
merization of 17-ketones and etio esters discussed above;  
the position of equil ibrium should be dependent  upon 
the relat ive avai labi l i ty of space in the front and rear 
extraradial  regions surrounding position 11 and 12. I f  
accommodat ion of the hydroxyl  group alone were in- 
volved, the relat ive abundance of the isomers expected 
from relative hindrance in the hydrolysis of esters would 
be: V ) X I V ) X V ) I V ;  this corresponds to the actual  
order except  for the reversal of V and XIV.  

Posit ions 5 and 6. Many reactions involving the 5,6- 
double bond bear evidence tha t  a t tack  is predominately  
from the rear. Thus hydrogenat ion of cholesterol gives 
exclusively a cholestane derivat ive (XVI) ; hydroxylat ion 
with  osmium tetroxide or permanganate  gives the 
3/5,5c¢,6~-trioi (XVII); reaction with perbenzoic acid 
gives chiefly the e-oxide (XVIII) ,  which on hydrolysis 
yields the 3fl,5e,6fl-triol (XIX).  Brominat ion of 
cholesterol has been shown by BARTON and MILLER ~ 
to yield the 5cq6fl-dibromide (XXI I ) ;  the reaction is 
here formulated as involving rear a t t ack  and fission of 
the e-bromonium ion X X I  in the direction established 
for the e-oxide. 

There is some reason to believe tha t  both hydroxyl-  
ation of ergosterol (XXII I )  with lead te t raaceta te  or 

1 D .H .R .BARTON a n d  ]~.MILLER, J .  Amer .  Chem.  Soc. 72, 1066 
(19so). 

osmium tetroxide and reaction of the sterol with oxygen 
proceed by a t tack  from the rear, as represented in 
formulas X X I V  and XXV,  since the ready dehydrat ion 
of the triol-I  (XXVI) on pyrolysis suggests tha t  the 
hydroxyl  group at  C s is cis to the hydrogen a tom at  C 9. 

HaC [ HaC [ 
/ \1 /~/  /,\J/~/ 

. o / ~ / ' ~  no~ / i \~ /  
HO ~)H 
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' ~  t ~...::.:o I t "I  o .  I I !1 

H0~: ... H0~/I ~// H0//V'~/ 
OH 

XXV XXVI Triol-I XXVII 

Extraradia l  hindrance at C 5 operates to shield the 
front side of the molecule more than  the rear side. Thus 

H3C [ HsC ! 

HO/~/I\) no /~ / l~ /  
OH Oil 

XXVIII  XXIX 

the 5 a-hydroxyl  group of cholestane-3fl, 5 e-diol (XXVII I )  
is acylabte whereas the 5fl-hydroxyl group present in 
many  cardiac aglycones (XXIX)  is not. The relation- 
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u o ~  H o / V [ \ /  

H HO OH 

XVI XVII 
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ship is the same at  position 6, since the 6/%acetoxy 
group of X X X  is more resistent t6 hydrolysis than the 
3fl-acetoxy group, whereas in X X X I  the 6x-acetgxy 
group is hydrolyzed at the same rate as the 3 fl-acetoxy 
group. 

H3C I H3C I 
/\,I/N/ / \ J / \ /  

.oo/"-/ i", /  
H I H OAc OAc 

XXX XXXI 

Hydrogenation. Instances cited above show tha t  
hydrogenat ion of a 16,17- or 5,6-double bond involve 
a t tack  of the less shielded rear side to give products with 
a 17 e- or 5 a-hydrogen a t o m .  In  numerous examples of 
hydrogenat ion of a 14,15-double bond a t tack  is likewise 
from the rear (1) ; reaction with perbenzoic acid similarly 
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gives the a-oxide. Rear  a t tack  is also the rule for hydro- 
genation of a double bond extending from C 9 to C n or to 
C s. Thus AMithocholenic acid gives a 9 a-dihydride (m); 
dehydroergostenol  reacts in par t  by 1,4-addition to give 
AS I~4)_ergosteno 1 (n); isodehydrocholesterol reacts in 
par t  by 1,4-addition to give Atcholes tenol  (o). The 7,8- 
double bond in a stenol is not  hydrogenable but  migrates 
to the 8,14-position; however, the 7,8-double bond of 
dihydroequil in (p) is hydrogenable and the product  
probably has the unnatura l  g-configuration at  C s. Thus 
in the one known example position 8, like positions 5, 
9, 11, 14, and 17 in the reactions cited, appears to be 
a t tacked by hydrogen from the rear. 

Exceptions. Although rear a t tack  in reactions at 
nuclear positions appears to be a rather  general pheno- 
menon, there are some exceptions to the rule. The 4, 5- 

double bond of zl4-cholestene and of A4-cholestenol 
suffers frontal a t tack  on hydrogenation, for the products  
are coprostane and coprostanol. Hydrogenat ion of zI 4- 
unsatura ted  3-ketones usually gives mixtures  in which 
coprostane derivat ives predominate,  but  the direction of 
reduct ion varies with the s tructure and nature of the 
side chain and instances are known of reduction ex- 
clusively to members of the cholestane series. FrontaI  
a t t ack  is noted in the reaction of A4-cholestene-3-one 
with perbenzoic acid, for the product  is the 4fi,5fl- 
oxide x. The steric course of reactions involving position 
4 alone is not  clear. Hydroxyla t ion  of cholesterol at  C 4 
by reaction with selenium dioxide gives a product  of the 
probable configuration of X X X I I ,  and hence appears to 
involve frontal attack. On the other  hand, the chief 

HaC [ HaC I 
/ ~ l / \ j  / \ 1 / ~ /  
] I [ I I 

s o / ~ / % /  O//~/IN/ 
OH ~r 

x x x I I  XXXIII  

product  of brominat ion of a 3-ketone of the coprostane 
series appears to be the 4~-derivat ive XXXHI, since 
it is subject  to dehydrohalogenation,  presumably by 
trans elimination. 

No t  much consistency is apparent  in available 
evidence concerning the steric course of reactions at  
positions 6 and 7. The pr imary  product  of brominat ion 
of 7-ketocholestanyl acetate  is probably  the 6 fl-bromo 
der iva t ive ;  t ha t  obtained from 6-ketocholestane-3 fl,5 a- 
diol diacetate  is probably the 7 fl-bromo der ivat ive  2. In 
apparent  contradict ion to the last observation, reduction 
of the ~-keto group of 7-ketocholestanyl acetate  with 
l i thium a luminum hydride occurs chiefly by rear-bond 
attack,  and allylic brominat ion of cholesteryl esters 
gives tile 7~-brolho derivat ives a, 

Zltsammen/assung 
Der sterische Verlauf yon Reakt ionen an einem ge- 

gebenen Kohlenstoffatom des Steroidgerilstes h/ingt yon 
Hinderungseffekten ab, welche innerhalb des van der 
Waalsschen Radius des betreffenden Kohlenstoffatoms 
wirken. Diese Effekte werden daher als intraradiale be- 
zeichnet. Eine zweite IZlasse yon Effekten,  die als 
extraradiale  zu definieren sind, beeinflussen den steri- 
schen Verlauf yon Reakt ionen funktioneller Substi- 
tuenten,  wie z . B .  yon Azetylgruppen oder Carbo- 
i i thoxylgruppen, am Sterinkern. 

In Stellung 17 und 12 wirken der intraradiale und der 
extraradiale  Effekt  gegeneinander, w&hrend sic in SteI- 
lung 11 und 5 im gleichen Sinne wirksam sind. 

Von sehr wenigen Ausnahmen abgesehen wird bei 
intraradialer  Hinderung .vorzugsweise die Rtickseite des 
Molekiils angegriffen. Daher  erhiilt man in Substi tu- 
t ionsreakt ionen vornehmlich Produkte  mit  dem Substi- 
tuenten auf der ~-Seite. Auch Antagerungen an Doppel- 
bindungen linden haupts~chlich durch Angriff auf die 
e-Seite start.  

1 PL.A. PLATTNER, H.HEUSSER, and A./3. KULKARNI, Helv .  
chim. ae t a  31, 1885 (19.18). 

2 L .F .  FIESER and  S. RAJAGOPALAN, J.  Amer.  Chetlh Soc. 71, 
3938 (1949). 

3 A . E .  BIDE, H./3. HENBEST, ]~,. R. H. JONES, R . W .  PEEVERS, and  
P.A. WxLKINSON, J. Chem. Soc. 1783 (1948). 
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STUDIORUM P R O G R E S S U S  

T h e  C o n f o r m a t i o n  t of  the  S t e r o i d  N u c l e u s  

By D.H.R.  BAaTO-~ ~, Cambridge, Mass. 

In  r ecen t  yea r s  i t  has  become  genera l ly  a c c e p t e d  t h a t  
the  cha i r  c o n f o r m a t i o n  of c y c l o h e x a n e  is a p p r e c i a b l y  
more  s t ab le  t h a n  the  boat .  In  t he  cha i r  c o n f o r m a t i o n  
i t  is poss ib le  a,4 to  d i s t i ngu i sh  t w o  t y p e s  of c a r b o n -  
h y d r o g e n  b o n d s ;  t hose  which  lie as in (Ia) p e r p e n d i c u l a r  
t o  a p l ane  c o n t a i n i n g  essen t ia l ly  t h e  s ix c a r b o n  a t o m s  
and  wh ich  are  cal led 3 polar (p), a n d  t h o s e  w h i c h  lie as 
in l ib)  a p p r o x i m a t e l y  in t h i s  p lane .  The  l a t t e r  h a v e  
been  d e s i g n a t e d  ~ equatorial (el. 

The  n o t a b l e  researches  of HASSEL a n d  his col labo-  
r a t o r s  5,6 on the  e l ec t ron  d i f f rac t ion  of c y c l o h e x a n e  
d e r i v a t i v e s  have  t h r o w n  cons ide rab le  l igh t  on  these  
m o r e  sub t l e  a spec t s  of s t e r e o c h e m i s t r y .  T h u s  i t  has  
been  shown  6 t h a t  m o n o s u b s t i t u t e d  e y c l o h e x a n e s  a d o p t  
t h e  equa to r i a l  c o n f o r m a t i o n  (IIa)  r a t h e r  t h a n  the  po la r  
one  (IIb) .  This  is an  o b s e r v a t i o n  of i m p o r t a n c e  for i t  
i nd ica te s  t h a t  t h e  e q u a t o r i a l  c o n f o r m a t i o n s  are  t h e r -  
m o d y n a m i c a l l y  m o r e  s t ab l e  t h a n  t h e  po la r  ones.  I t  
shou ld  p e r h a p s  be p o i n t e d  o u t  he re  t h a t  a l t h o u g h  one  
c o n f o r m a t i o n  of  a molecule  is more  s t ab l e  t h a n  o t h e r  

/ Ip) 

(P) 1Io) (P) 

J " ,~ - - te  ) 
ta) 

l i b )  

(p) (P) 
H R 

/ 

(11o) ( l l b )  

poss ible  c o n f o r m a t i o n s ,  th i s  does  not m e a n  t h a t  t h e  
molecule  is compelled to  r eac t  as if i t  were  in th i s  con-  
f o r m a t i o n  or t h a t  i t  is r ig id ly  I ixed in a n y  way.  So long 
as t h e  ene rgy  barriers b e t w e e n  c o n f o r m a t i o n s  are  small ,  
s e p a r a t e  c o n f o r m a t i o n s  c a n n o t  be d i s t i ngu i shed  b y  t h e  
classical  m e t h o d s  of s t e r e o c h e m i s t r y .  On t h e  o t h e r  h a n d  
a smal l  d i f fe rence  in free e n e r g y  c o n t e n t  ( abou t  one  
ki local ,  a t  r o o m  t e m p e r a t u r e )  b e t w e e n  t w o  poss ib le  
c o n f o r m a t i o n s  will  ensure  t h a t  t h e  molecule  a p p e a r s  b y  
phys i ca l  m e t h o d s  of e x a m i n a t i o n  and  b y  t h e r m o -  
d y n a m i c  c o n s i d e r a t i o n s  to  be s u b s t a n t i a l l y  in on ly  one 
c o n f o r m a t i o n .  

1 The word conformation is used to denote differing strainless 
arrangements in space of a set of bonded atoms. In accordance with 
the tenets of classical stereochemistry, these arrangements represent 
only one molecular species. 

Harvard University Visiting Lecturer, 1949-50, Harvard 
University, Cambridge 38, Mass. 

3 C. VV'.BECKETT, I<.S. PITZER, and R. SPITZER, J. Amer. Chem. 
Soc. 69, 2488 (1947). 

4 0 .  HASSEL'S nomenclature ~ is different, but the distinction 
remains the same. 

s O. HAssEL and H.V~ERyOLL, Acta Chem. Scand. 1, 149 (1947). 
8 See O. HASSEL and B. OTTAR, Acta chem, Stand. 1, 9~9 

(1947) for a summarizing paper and references to earlier work. 

T h e  e q u a t o r i a l  c o n f o r m a t i o n s  are  also t h e  more  
s t ab le  in b o t h  c is! l  : 3- a n d  t r a n s - l : 4 -  d i s u b s t i t u t e d  
cyc lohexanes  t. Thus  cis-I  : 3 - d i m e t h y l c y c l o h e x a n e  a d o p t s  
t h e  d iequa to r i a l  c o n f o r m a t i o n  (IIIa)  r a t h e r  t h a n  the  
d ipolar  one ( I I Ib) ,  wh i l s t  t r a n s - l : 4 - d i m e t h y l c y c l o -  
h e x a n e  exis t s  as (IVa) r a t h e r  t h a n  (IVb),  

re) 

, cp) ! .cH3 
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T h e r m o d y n a m i c  ca lcu la t ions  1 s h o w  t h a t  t r a n s - i : 2 -  
d i m e t h y l c y c l o h e x a n e  t a k e s  up  t h e  d i equa to r i a l  con-  
f o r m a t i o n  (V; R = C H 3 )  r a t h e r  t h a n  t h e  d ipo la r  one  
(VI;  R = C H 3 ) .  F o r  c i s - l : 2 - d i s u b s t i t u t e d  c y c l o h e x a n e s  
t h e r e  are  t w o  poss ib le  con fo rma t ions .  In  b o t h  of these  
one of t he  s u b s t i t u e n t s  fo rms  an equa to r i a l  bond ,  t he  
o t h e r  a po la r  one. Since these  d i f fe rences  in t h e r m o -  
d y n a m i c  s t ab i l i t y  b e t w e e n  equa to r i a l  a n d  pola r  con- 
f o r m a t i o n s  are  p r e s u m a b l y  of s te r ic  origin 1, i t  would  
a p p e a r  logical  to  m a k e  the  la rger  s u b s t i t u e n t  fo rm the  
equa to r i a l  bond .  

Cons ide ra t ions  of t h e  s ame  t y p e  can  be e x t e n d e d  to  
2 - subs t i t u t ed  cyc lohexano l s .  T h u s  2,3 the  c is-a lcohols  
(VII  ; R =  alkyl),  on cqu i l i b r a t i on  b y  h e a t i n g  w i t h  sod ium,  
fu rn i sh  a l m o s t  e n t i r e l y  t h e  t r a n s - i s o m e r s  ( V I I I ;  R =  
alkyI).  In  t h e  f o r m e r  one  s u b s t i t u e n t  is polar ,  one  
equa to r i a l ;  in t h e  l a t t e r  b o t h  are  equa to r ia l .  The  s a m e  
conclus ion  on re la t ive  s t ab i l i t y  is r e a c h e d  f rom a 
cons ide ra t i on  of t h e r m o c h e m i c a l  d a t a  4. S imi la r ly  5 t h e  
2 : 6 - d i s u b s t i t u t e d  cye lohexano l  (IX),  w i t h  t w o  equa to r i a l  
a n d  one pola r  s u b s t i t u e n t s ,  is i somer ized  to  (X) on 
equ i l ib ra t ion .  The  s i t u a t i o n  is t h e  s ame  3 w i t h  t he  
bicycl ic  t r ans -e -deca lo l .  H e r e  t he  i s o me r  (XI)  is iso- 
mer ized  to  (XII )  on equ i l ib ra t ion .  

A c o n s i d e r a t i o n  of t h e  c o n f o r m a t i o n s  6 (XI I I}  and  
(XIV) ,  a s s u m e d  b y  t h e  s t e ro id  nuc leus  w h e n  t h e  A / B  
r ing Iusion is r e s p e c t i v e l y  t r a n s -  a n d  cis-, p r o v i d e s  a 
s t r ik ing  i l l u s t r a t i on  of t h e  usefu lness  of t h e  c o n c e p t  of 

1 C,'~V.BECKETT, K.S.PxTzER, and R. SPITZER, J. Amer. Chem. 
Soe. 69, 2488 (1947). 

2 G.VAvoN, Bull. Soe. Chim. [4], 49, 937 (1931). 
8 W. HOCKEL, Ann. Chem. 533, 1 (1937). 
4 A. SKITA and W. FAUST, Ber. Dtsch. Chem. G~'s. 64, 2878 (1931). 
5 G.VAvoN and P.ANzIANI, Bull. Soc. Chim. [5], t, 1080 (1937). 

In connection with the conformations of poly-substituted cyclo- 
hexanes it should be mentioned that O. BASTIANS~, 0. ELLEaSEN, 
and O.HAssEL, (Acta chem. Seand. 3, 918 [1949!) have recently 
shown that the five stereoisomerie benzene hexachlori4es assume, in 
agreement with our general argument, those conformations which 
have the maximum possible number of equatorial carbon-chlorine 
bonds: 

6 Conformations (XIII) and (XIV) are unambiguous represen- 
tations of the steroid nucleus provided that rings A, B, and C are 
chairs. This is almost certainly true for a trans-A/B ring fusion 
(compare the X-ray evidence of C.H. CARMSLE and D.CRowFooT 
(Froc. Roy. Soc. A 184, 64 [1945]) on the conformation of eholesteryl 
iodide) and a similar situation, at least in solution, probably holds 
for a cis-A/B fusion. The justification for the latter has been more 


