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C o r f f o r m a t i o n a l  S t u d i e s  o n  cycloHexanones 
By W. KLYNE, London 1 

ROBINS and WALKER 2 have recently discussed the 
stabilities of some perhydro- l :4-d ioxophenanthrenes  
prepared in their  previous work ~. They showed tha t  the 
stabil i ty sequence of these diketones could be ration- 
alized by making an "allowance for nonbonded interac- 
tion between the oxygen a tom of a cyclohexanone car- 
bonyl group and an equatorial  (eclipsed) subst i tuent  on 
an adjacent  carbon atom. This may  be called the 
"2-alkyl ketone effect".  

ROBINS and ~rALKER* subsequent ly pointed out tha t  
another conformational  factor is also involved viz. the 
decrease in the non-bonded interact ion energy associated 
with an axial  Mkyl group when a carbonyl group is 
present in the 3-position. This may  be called the "3-al- 
kyl ke tone"  effect. 

The purpose of the present paper is to discuss other  
evidence from a var ie ty  of alicyclic compounds which 
confirms the existence of these two separate effects, and 
gives further  est imates of their  magnitude.  

Geometry.-- The 2-alkyl ketone e / /ec t . -A methyl  (or 
methylene) group subst i tu ted in an equatorial  position 
on C(o.) of cyclohexanone is in an (almost) eclipsed posi- 
tion with respect to the oxygen of the carbonyl group 
(I). An axial methyl  group is not (II). This is a special 
case of the general conformationaI problem of linked 
trigonal and te t ragonal  a toms (c[. MIZUSHIMA) ~. COOK- 
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SON ~ has es t imated the projected valency angles O =  
C1-C~-X to be 15 ° and 105 ° respectively for equatorial  (I) 
and axial (II) substi tuents (X) in the 2-position. 

The 2-alkylketone effect resembles the steric factor 
involved in COREY'S t rea tment  7 of the stereochemistry 

1 Postgraduate Medical School, London, W. 12. 
s p. A. RoBncs and J. WALKER, J. chem. Soc. 1936, 1789. 
3 p. A. ROBINS and J. WALKER, J. chem. Soc. 1954, 3960. 

P. A. ROBINS and J. XcVALKER, Chem. and Ind. 1955, 772. 
S. MIZUSHIMA, Internal Rotations and the Structure o] Molecules 

(Academic Press, New York, 1954), p. 73. 
R. C. COOKSON, J. Chem. Soc. 195t, 282. 

7 E. J. Cor~Bv, Exper. 9, 329 (1959); J. Amer. chem. Soc. r~, 
2301, 8297, 483~ (1958); 76, 175 {1954). 

of a-bromoketones. The other  factor  discussed by 
COREr, ViZ. dipole r e p u l s i o n - w h i c h  is of great import-  
ance for the interaction of C -  Br and C = O - i s  no doubt  
involved to a minor ex ten t  in the 2-alkyl-ketones. 

The 3-alkfl ketone e / /ee t . - In  a conformat ion such as 
(III) (methylcyclohexane in its unstable axial conforma- 
tion) the l :3-non-bonded interact ions of the axial 
methyl  group are with two axial  hydrogen a toms mark-  
ed'*'. In a compound such as 3(a)-methylcyclohexanone 
(IV) where C 1 is trigonal, one of these axial H-a toms is 
missing (of. DREIDINGS); the non-bonded interact ion of 
the axial methyl  group with the oxygen of the carbonyl  
at C 1 cannot be calculated, but  since the in tera tomic  ~H 0 M~ ~ X ~ '  Me 
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distance Me - C to = O  is large (ca. 3.8 A), the interact ion 
is presumably small. ROBINS and WALKER 4 therefore 
set the difference in non-bonded energy contr ibuted by 
the methyI group between 3(a)-methylcyclohexanone 
(IV) and the 3(e)-methyl conformation (V) as something 
approaching one-half the energy increment  for an axial  
methyl  group in methylcyclohexane (ca 1.8 kcal .mole-1;  
PITZ~R and BECKETTg)--i,e. approximate ly  0-9 kcal, 
mole-1. 

In 2(a)methyl-cydohexane-l:4-diones (including the 
perhydro-1 : 4-dioxophenanthrenes of ROBINS and WAL- 
KER 3) both 2-alkylketone and 3-alkylketone effects 
operate, Compare formulae (VIA) and (VIB). 
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VIA V! B 
R = --CH 3 or ---CH 2- 

In the following discussion the possibility of boat  
conformations will not be considered, and small de- 
formations of valency angles will be neglected. 

Monocyclic ketones.--The monocyclic terpene ketones, 
carvomenthone (VII} and isocarvomenthone (VIII),  
provide a valuable example  for s tudying the 2-alkyl- 
ketone effect alone. (I am indebted to Dr. J. WALKER for 
drawing my a t tent ion  to these compounds.) The equilib- 

8 A. S. DREIDING, Chem. and Ind. 1954, 1419. 
9 K, S. PITZER and C. "W. BECKETT, J, Amer. chem. Soc. 69, 977 

(1947). 
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r i u m  b e t w e e n  (VII)  a n d  (VI I I )  (JOHNSTON a n d  READ l°) 
r e p r e s e n t s  a n  e q u i l i b r i u m  b e t w e e n  2(e)- a n d  2 ( a ) - m e t h y l -  
ke tones .  H e r e  t h e  3 ( a ) - a lky lke tone  ef fec t  p l ays  n o  pa r t ,  
s ince  t h e  large  isopropyl group  is p r e s u m a b l y  e q u a t o r i a l  
in  b o t h  isomers .  
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The  e q u i l i b r i u m  is a p p r o x i m a t e l y  80 % (e) : 20 % (a), i.e. 
I (  = 4. T h e  d i f fe rence  in  free e n e r g y  b e t w e e n  t h e  t w o  
i somers  c a n  t h e n  be  c a l c u l a t e d  as  A F =  - R T  In K =  0-8 
k c a l . m o l e - L  

Th i s  v a l u e  r e p r e s e n t s  t h e  d i f fe rence  in n o n - b o n d e d  
e n e r g y  b e t w e e n  2(a)- a n d  2(e)-methylcyclohexanones 
(I a n d  II) .  PITZER a n d  BECKJ~TT 9 h a v e  c a l c u l a t e d  t h e  
e n e r g y  d i f fe rence  b e t w e e n  (a)- a n d  (e)-methylcyclohexa- 
nes  as  ca. 1.8 kcal .  m o l e - / .  T h e  i n t e r a c t i o n  b e t w e e n  a n  
e q u a t o r i a l  m e t h y l  g r o u p  a n d  a n  a d j a c e n t  c a r b o n y l  g r o u p  
is t h u s  e s t i m a t e d  as  1-8-0.8 = 1-0 kcal .  m o l e - / .  

M e n t h o n e  ( IX)  a n d  isomenthone,  in  w h i c h  t h e  car -  
b o n y l  g r o u p  is a d j a c e n t  to  a n  isopropyl s u b s t i t u e n t ,  do  
n o t  p r o v i d e  a s u i t a b l e  e x a m p l e  for  d i scuss ion  a t  p r e s e n t .  

2-Decalones.--Comparison of t h e  cis- a n d  trans-2-de- 
ca lones  w i t h  t h e  r e l a t e d  deca l in s  p r o v i d e s  a n  i n t e r e s t i n g  
i l l u s t r a t i o n  of  t h e  " 3 - a l k y l k e t o n e "  e f fec t  a c t i n g  a lone ,  

X t r a ~ l s  

R H "  
x I  

(0 8~xH = 3"1 ~)  

R ~ ' /  \ 

cis 

X I I  

The  d i f fe rence  in n o n - b o n d e d  e n e r g y  b e t w e e n  c is- 
a n d  tmns-decalins (X) a n d  (XI)  (R = H2) h a s  b e e n  re-  
p r e s e n t e d  b y  TURNER n as t h r e e  s k e w - b u t a n e  i n t e r n e -  

lO R. G. JOHNSTON and J. READ, J. chem. Soc. 1935, 1138. 
11 R. B. TURNER, J, Amer. chem. Soc, 74, 2118 (195B). 

t i o n s  p r e s e n t  in  t h e  cis- b u t  n o t  t h e  trans-isomer. These  
a c c o u n t  wel l  for  t h e  d i f f e rence  of 2.4 k c a l . m o l e - L  

I n  cis-2-decalone (p re fe r red  c o n f o r m a t i o n  ( X I  ; R =  O) lz 
one  of t h e  t h r e e  skew i n t e r a c t i o n s  is of t h e  3 -a lky lke tone  
t y p e - - v i z ,  t h a t  b e t w e e n  t h e  m e t h y l e n e  g r o u p  a t  C(s) 
(axia l  w i t h  r e s p e c t  to  r i ng  A) a n d  t h e  k e t o  g r o u p  a t  C(2) 
(C[. TAYLOR la, DREIDINGS). trans-2-Decalone ( X ;  R = O) 
h a s  no  s k e w - b u t a n e  i n t e r a c t i o n s .  T h e  e n e r g y  d i f ference  
(cis- minus trans-2-decalone) s h o u l d  t h e r e f o r e  be  smal le r  
t h a n  t h e  e n e r g y  d i f f e rence  (cis- minus trans-decalin). In  
f ac t  t h e  d i f fe rence  in h e a t  of c o m b u s t i o n  b e t w e e n  cis- 
a n d  trans-2-decalone (2-2 k c a l . m o l e  -1) is less t h a n  t h a t  
b e t w e e n  cis- a n d  trans-decalins (4.7 kcal .  mole  -1) 
(HOCKEL14). 

T h e  a l t e r n a t i v e  c o n f o r m a t i o n  ( X l I ,  R = O) for  c~s-2- 
d e c a l o n e  will n o t  b e  f a v o u r e d ,  s ince  i t  shows  th r ee  
o r d i n a r y  s k e w - b u t a n e  i n t e r a c t i o n s .  5 f l -S te ro ids  m u s t  
h o w e v e r  t a k e  u p  t h i s  c o n f o r m a t i o n  b e c a u s e  of fus ion 
b e t w e e n  t i n g s  B a n d  C. 
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1-Decalones.--Some of t h e  i m p o r t a n t  i n t e r a t o m i c  
d i s t a n c e s  for  cis-decalin are  s h o w n  in ( X I I I ) .  T h e  sho r t  
( and  equal )  H - H  d i s t a n c e s  lc~:5a a n d  1 ~ : 7 ~  (both  
1.9 A) in s k e w - b u t a n e  s y s t e m s  a re  n o t e w o r t h y .  I f  t he  
t w o  H a t o m s  a t  C-1  a re  r e p l a c e d  b y  = O as in  cis-l-de- 
ca lone  (XIV)  t h e  d i s t a n c e  0 : 5 ~ H  is 3.4 A:  t h i s  in- 
c r ea s ed  i n t e r a t o m i c  d i s t a n c e  is t h e  bas i s  of t h e  3-alkyl-  
k e t o n e  ef fec t  in  ( X I V ) .  

I t  m a y  b e  seen  t h a t  t h e  0: 7 e H - d i s t a n c e  is 2,2 A ;  and  
t h e  i n t e r a c t i o n  he re  wil l  b e  cons ide rab l e .  H e n c e  a l t h o u g h  
C(I) C(9~C(s)-C(7) in  ( X I V )  f o r m  a " s k e w  b u t a n - l - o n e "  
s y s t e m  (el. TAYLOR 2 a n d  DREIDING a) i t  s eems  r ea sonab le  
in  a n  a p p r o x i m a t e  t r e a t m e n t  to  cons ide r  t h e  i n t e r a c t i o n  
of C(I)=O:C(7)H~ in  ( X I V )  as r o u g h l y  e q u i v a l e n t  to 
C(1)H z : C(7)H 2. 

T h e  n o n - b o n d e d  ene rg ies  of cis- a n d  trans-l-decalones 
a n d  s o m e  r e l a t e d  s t e ro id s  m a y  be  c a l c u l a t e d  u s i n g  the  

12 It  is necessary to introduce a symbol to distinguish the two 
eonformations (XI) and (XII) of cis-2-decalone; it suggested that 
the nature of the valency bond leading from the bridge-head in the 
direction of the principal substituent or function (ketone in deealones, 
double bond in oetalins) be designated in the name; thus (XI) and 
(XII) are cis(e)- and cis-(a)-2-decalones respectively since the C(9) : 
C(1 ) bonds are equatorial and axial respectively with reference to 
ring B. 

I~ D. A. H. TAYLOR, Chem. and Ind. 1954, '250. 
14 W. H0CKEL, Liebigs Ann. Chem. 451, 109 (1927). - G. F. D~- 

vtss and E. C. GXLBERT, J. Amer. chem. Soc. 63, 1585 (1941) give the 
value ~.1 kcal. mole -1 for the deealins, but did not study the 2- 
decalones. 
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Table/.--Non-bonded energy differences in 1-decalones. All values of E are relative to the corresponding unsubstituted-trans-decalin as 
zero, in kcal.mole -1. For steroids only the A and B rings are considered. Values of E calculated as follows: (a) Values for skeleton 
only--i .e,  for deealins, following JOHNSON 1 and TURNER 2. (b)Values for decalones, allowing + 1.0 kcal.mole -1 for 2-alkylketone effect 

and - 0 - 9  kcaLmole -1 for 3-alkylketone effect (ROBINS and VV'ALKERS), 

trans-l-Decalone (XV, R = H) 
cis-(a)-l-Decalone (XVI, R ~-= H) 
cis-(e)-l-Deealone (XVII, R = H) 
9-Methyl-trans-l-decalone 
9-Methyl-cis-(a)-l-decalone 
9-Methyl-cis-(e)-l-decalone 
lO-l~ethyl-trans-l-decalone (XV, R =  Me) 
also 4-Oxo-5~-steroid 
or 6-Oxo-5a-steroid 
lO-Methyl-cis-(a)-l-decalone (XVI, R - Me) 
or 4-Oxo-Sfl-steroid (XVIII) 
lO-Methyl-cis-(e)-l-deealone (XVII, R = Me) 
or 6-Oxo-5fl-steroid 

: W. s. JoHNson, Exper. 7, 315 (1951); J. Amer. chem. Soc. 
75, 1498 (1953). 

* Anomalous (see text). 

c o n s t a n t s  d e d u c e d  b y  JOt~NSON ~5 and  b y  ROBINS a n d  
WALKER ~6 (see Tab le  I). 
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Fo r  t h e  1-decalones ,  HiiCKEL ~v f o u n d  t h a t  t he  equil ib-  
r ium m i x t u r e  of t h e  t w o  i somers  c o n t a i n e d  a t  least  
95% trans (at  220°). F o r  t h e  9 - m e t h y l - l - d e c a l o n e s  Ross ,  
SMITH, and  DREIDING 18 h a v e  r e c e n t l y  s h o w n  t h a t  equili-  
b ra t ion  over  p a l l a d i u m - c h a r c o a l  a t  250 ° gives a m i x t u r e  
in w h i c h  t h e  c i s - i somer  p r e d o m i n a t e s  (60% cis :40% 
¢rans). The  e n e r g y  va lues  ca l cu l a t ed  in co lumn  c of 
Table I a re  q u a l i t a t i v e l y  in  a c c o r d a n c e  wi th  this.  

15 W. S. JoHNson, Exper. 7, 315 (1951); J. Amer. chem. Soe. 75, 
1498 (1953). 

16 p.A. RomNs and J. WALKER, J. chem. Soc. 1955, 1789; Chem. 
and Ind. I955, 772. 

17 W. HOCKEL, Liebigs Ann. d41, 1 (19"25). 
is A. Ross, P. A. S. SM:rH, and A. S. DREIDING, J. org. Chem. 20, 

905 (1955). 

Interactions 

Skew 2-Alkyl- 
butane ketone 

0 1 
3 1 
3 0 
4 1 
5 1 
5 1 

i} 4 1 

it 5 
} 5 0 

3-Alkyl- 
ketone 

E 

(a) {b) 

0 1.0 
2,4 2.5 
2-4 2.4 
3"2 4.2 
4"0 4.1 
4.0 5-0 
3.2 3"3* 

4.0 4-1 

4'0 3-1" 

R. B. TURNER, J, Amer. chem. Soc, 74, 2118 (1952). 
P. A. ROmNS and J. WALKER, Chem. and Ind. 1955. 772. 

The  e x p e r i m e n t a l  s t ab i l i t y  o r d e r  for  6 -oxos t e ro id s  
(5~- more  s tab le  t h a n  5fl-) p ro v i d e s  a good i l l u s t r a t i on  of  
a fine balance  in c o n f o r m a t i o n a l  effects .  E n e r g y  diffe-  
rences  ca lcula ted  w i t h  a l lowances  for t he  2 -a lky lke tone  
and  3-a lkylke tone  effects  as s h o w n  in  Tab le  I w o u l d  
imply  t h a t  the  5fl (A:B-c i s )  c o m p o u n d s  shou ld  be  of 
s l ight ly  Iower energy  c o n t e n t  t h a n  t h e  5x (A:B- t r ans )  
isomers.  In  fact ,  t he  latter c o m p o u n d s  are  s t ab l e  in iso- 
mer iz ing  condi t ions .  This  a n o m a l y  can  be c o r r e c t e d  b y  
assigning a va lue  < 0-8 kcal. m o l e - :  to  t h e  2-alkyl-  
ke tone  effect  4. 

No equi l ib r ium d a t a  are  ava i lab le  b u t  WINDAUS 1~ des-  
cribes t he  t r a n s f o r m a t i o n  of  cis -)" t rans  as i r r evers ib le  
{in 3 : 6-dioxo-5fl-cholanic acid) and  WIELANO a n d  DANE 2° 
ob ta ined  a 70% yield of pure  3~ -hydroxy-6 -oxo-5x -  
chotanic  acid f rom the  5fl- isomer (el. also PRELOG a n d  
TAGMANN21). The  s imple r  e x a m p l e  of LINSTEAD a n d  
WHETSTONE 2z is no t  i m m e d i a t e l y  r e l ev an t  here,  s ince  i t  
concerns  a p e r h y d r o - 9 - o x o p h e n a n t h r e n e  w i t h o u t  an  
ang le -me thy l  group.  

Other perhydrophenanthrene  hetones . - -SARETT a n d  co-  
workers  ~a have  shown  t h a t  in p e r h y d r o p h e n a n t h r e n e  
de r iva t ives  of t y p e s  ( X l X )  a n d  (XX) ,  one of t h e  2-epi-  
mer le  m e t h y l  de r iva t ives  is a p p r e c i a b l y  more  s t ab l e  t h a n  
the  o t h e r ;  in t he  l : 4 - d i k e t o n e s  of t y p e s  ( X X I )  a n d  
(XXII) the  two  ep imers  are  of more  n ea r l y  equa l  
s tabi l i ty .  (In fact  in t h e  p re sence  of p o t a s s i u m  c a r b o n a t e ,  

X X l I  

HO~2 M¢O "¢'-- H~:¢ 
XIX XX 

p reponde ra t e s . )  SARETT the re fo re  c o n c l u d e d  
prov is iona l ly  t h a t  t h e  stable e p i m e r  of t he  h y d r o x y k e t o n e  

19 A. WI~;DAVS, Liebigs Ann. Chem. 447, '253 {19'26). 
20 H. WIELAND and E. DANE, Z. physiol, Chem. 212, 41 (193"2). 
21 V. PRELOG and E. TAGMANN, Helv. cAirn. Acta °.7, 1880 (1944). 
32 R. P. LINSTEAD and R. R. WHETSTONE, J. chetn. Soc. 1950, 

1428. 
2a R. M, LYKES, G. I. POO$, R. E. BEVLER, W. G, JottNs, and 

L. H. SARETT, J. Amer. c|mm. Soc. 75, 1707 (1953). - L. H. SARETT, 
W. F. Jou~s, R. E. BEYLER, R. M. LYKES, G. I. Poos, and G. E. 
ARTH, J. Amer. chem. Soc. 75, ~112 (1953). 
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was t h e  2e(e) c o m p o u n d  (XlX) because  n o n - b o n d e d  
i n t e r a c t i o n  be tween  2fl(a)-CH a and  4fl(a)-OH in t he  
e p i m e r  (XX) would  be g r ea t e r  t h a n  t h a t  b e t w e e n  
2fl(a)-CH~ and 4-ea rbonyl  in ( X X I I ) .  These  e x a m p l e s  
s u p p o r t  the  idea t h a t  t he  " 3 - a l k y l k e t o n e "  effect  p lays  a 
pa r t  in de t e rmin ing  the  s tabi l i t ies  of 2 -a lky l -1 :4 -d ike-  
tones.  

XXIIXXII 

Other E x a m p l e s . - -  A 1 :4 -d ioxohexMin  which  shows 
s tabi l i t ies  of t he  same  order  in i ts  cis- a n d  t rans - i somers  
is t h e  c o m p o u n d  ( X X I I I ) ,  one  of t h e  ea r ly  s tages  in  the  
H a r v a r d  s te ro id  syn thes i s  (WooDWARD, SONDHEIMt~R, 
TAUB, HEUSLER, and  ~¢[CLAMORE~4). Th is  is h o w e v e r  
compl i ca t ed  b y  the  presence  of olef inic  l inkages  in b o t h  
rings,  

XXIII  XXIV 

A n o t h e r  e x a m p l e  where  t h e  c i s - i somer  p r e d o m i n a t e s  
a t  e q u i l i b r i u m  is p r o v i d e d  b y  t h e  o x o - o c t a h y d r o p h e n -  
a n t h r e n e  de r iva t i ve s  of t he  genera l  t y p e  (XXIV)25. 

A fu r the r  c o m p l e x  e-deca lone  which  is s table  in t he  
c i s - fo rm is " h y d r o x y d i h y d r o e r e m o p h i l o n e  " '~  ( X X I V A )  
which  has  r e c e n t l y  been  s u b m i t t e d  to  a de ta i l ed  X - r a y  
inves t iga t ion  by  GRANT and  :ROGERS ~r, Here  t he  3-alkyl-  
ke tone  ef fec t  (be tween C(s) and  C(0 ) p lays  a p a r t  in f avou r -  
ing  the  s t ab i l i t y  of t h e  c i s - i somer;  t h e  p r inc ipa l  f ac to r  is, 
however ,  t he  presence  of subs t i t uen t s  a t  C(6) and C(7)which 
are  equa to r i a l  in ( X X I V A )  bu t  wou ld  b o t h  be ax ia l  in 
t he  t rans - i somer  or in t h e  a l t e r n a t i v e  c o n f o r m a t i o n  of  
the  cis- isomer ,  S o m e  in t e r ac t i on  b e t w e e n  the  ca rbony l  
o x y g e n  and  the  h y d r o x y l  group m a y  also bc i n v o l v e d ~ %  

O g 
/ 

~O 
XXIVA 

(Dr. ROGERS has k ind ly  in fo rmed  the  a u t h o r  t h a t  the  
ca rbony l  oxygen  bond  seems to  be  b e n t  cons ide rab ly  o u t  

24 R. B. WOODWARD, F. SONDHEIMER, D. TAUB, K. HEUSLER, and 
W. M. McLAMoRE, J. Amer. chem. Soc. 7$, 4223 (1952). 

~5 D. ARmO~I and J. KALVODA (1955), cited by M. V. MIIovI6, 
E. SU~DT, E. KYBURZ, O. JEGER, and L. RUZICKA, HelD. chim. 
Acta 38, 237 (1955}. - C/. D. ARIG0m, J. KALVODA, H. HEUSSER, 
0. JEGER, and L. RVZXCKA, Hetv. chim. Acta ~8, 1857 (1955). - R. P. 
JACOBSEN, J. Amer. chem. Soc. 75, 4769 (1953). 

26 Sir JOHN SIMOtCSEN and D. H. R. BARTON, The Terpenes, vol. 
3 {Cambridge University Press, 1952), p. 212. 

• 7 D. F. GRANT and D. ROGERS, Chem. and Ind. 1956 (in press). 
(I am greatly indebted to Dr. D. ROaERS, Cardiff, for advance ia- 
formation about this paper.) 

2 7 a  Cf. W. S. SWRBELY and S. S. LANDER, J. Amer. chem. Soc. 72, 
3756 (1951)) oxx ~-h3<lroxycyc/ohe~ianc~es. 

of t h e  p lane  of C(7)-C(s)-C(9) towards  t he  equa tor ia l  
posi t ion.)  

Tr i terpeno ids  a n d  steroids. - 2zl-Nortri terpenoids.  - In  
these  c o m p o u n d s  (hedragona te  t y p e ;  X X V ,  R and  R" 
= H and  Me), if t he  single m e t h y l  g roup  a t  C4 is ax ia l  it 
wil l  be  sub jec t  to  1 : 3- repuls ion b y  t h e  ang le  m e t h y l  group 
a t  C10 (c/. I:~ITZER2S; BECKETT, PITZER, and  SPITZ:ER ~9 

XXV 

give 5.6 kca l .mole  -1 as an  " a r b i t r a r y "  va lue  for a 
1 : 3-Me :~{e in teract ion}.  We  m a y  the re fo re  conclude 
t h a t  t h e  s tab le  (and on ly  known)  i somer  is t he  4a[e)- 
m e t h y l  c o m p o u n d  (XXV,  R = H,  R '  = Me). 

S u p p o r t  for th is  is f o r t h c o m i n g  f r o m  molecu la r  rota-  
t ion  a rgumen t s .  T h e  w o r k  Of BARTON, IVES, andTI to•As  3° 
has  shown t h a t  3-ketones  wi th  gem-d ime thy l  a t  C4 
(XXV,  R = R '  = Me) do n o t  differ  g r e a t l y  in [MiD 
f r o m  those  of t y p e  ( X X V ,  R ---- R '  ~ H) w i t h  no  sub- 
s t i t uen t s  a t  C4. I t  is the re fore  possibte to  ca lcu la te  the  
con t r ibu t io l i  of t he  single m e t h y l  group a t  C4 in me thy l  
hed ragona te .  AMe = IV[D (me thy l  hedragonate3X), --MD 
(me thy l  3-oxoolean-12-en-28-oate)  = (+  463) -- (+  348) 
= + 1 1 5 .  

D a t e  for t he  30-nor ta raxas tan-20-ones -  (see below) 32 
show t h a t  ( X X V I )  is more  d e x t r o r o t a t o r y  t h a n  (xxvII);  
the  h e d r a g o n a t e  is the re fore  ana logous  to  ( X X V I )  and 
m u s t  h a v e  a 4 e - m e t h y l  g roup  (XXV,  R = H, R '  = Me). 

3 0 - N o r / a r a x a s t a n e s . - A  fu r the r  e x a m p l e  showing  how 
fine is t he  ba lance  b e t w e e n  axia l  and  equa to r i a l  epimers  
in c o m p l e x  c o m p o u n d s  is p rov ided  b y  t h e  30-nor taraxa-  
s tan-20-ones  of AMEs, BETON, BOWERS, HALSALL, and 
JoNEs  38. A r g u m e n t s  f rom reac t ion  m e c h a n i s m s  and 
molecu la r  ro t a t ions  ind ica te  t h a t  t h e  ax ia l  19fl-methyl  
c o m p o u n d  ( X X V I I )  is more  s table  t h a n  the  19~-(e) 
c p i m e r  ( X X V I )  23. Repu l s ion  be tween  the  two  axial 

H ..e a 

XXVI XXVII 

[MD] (+ ~6S) [MD] (+ 6~) 

m e t h y l  groups  a t  C-17 and  C-19 in (XXVII) m i g h t  per- 
haps  be  e x p e c t e d  to  m a k e  th is  t h e  less s t ab le  isomer.  
H o w e v e r ,  t he re  is t he  fu r the r  compl i ca t ion  of in te rac t ion  
be tween  the  equa to r i a l  subs t i t uen t s  a t  C-19 and  C-12 
( "4 :5  e f f ec t "  c[. KLYNE33). This  j u s t  t ips  the  ba lance  in 
f a v o u r  of  (XXVlI). 

28 g. S. PITZER, Chem. Rev. 27, 39 (1940). 
29 C. W .  BECKETT, K,  S. PITZER and R, SPITBER, J .  Amer. chem. 

Soc. 69, 2488 (1947). 
$0 D. H. R. BARTON, D. A. J. IrEs and B, R. TttOMAS, J. chem. 

Soc. 1954, 903. 
31 D.H.R .  BARTON and P, DE MAYO, J, chem. Soc. 1954, 887. 
a2 T. R. AMES, J. L. BETON, A. BOWERS, T. G. HALSALL, and E. R. 

H. JoNEs, J. Chem. Soc. 1954, 1905. 
33 W. KLYNE, Progress in Stereochemistry, vol. 1 (Butterworth's, 

Lo~dot~ 1954), p. 36. 
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D - H o m o s t e r o i d s . - - R A M I R E Z  a n d  STAFIEJ 34 have  pre-  
pa red  ep imer i c  i 7 a - m e t h y t - 1 7 - o x o - D - h o m o  s te ro ids  
(general  f o r m u l a  XXVlII, R = Me). These  a u t h o r s  h a v e  
shown t h a t  in t h e  p r e s e n c e  of a lkal i  an  e q u i l i b r i u m  is 
set  up  b e t w e e n  t h e  17a~(a)- a n d  1 7 a f l ( e ) - m e t h y l  ep imer s  
( X X I X  a n d  X X X )  in  w h i c h  t h e  l a t t e r  p r e d o m i n a t e s  
(70 % e: 30 % a). These  p r o p o r t i o n s  are  of  t h e  s a m e  order  
as t h o s e  for  t h e  c a r v o m e n t h o n e s  (vn  a n d  vii i ,  80% 
e:20% a). 

! -¢ 

o f 

I I ! 
R I H V  H H H 

XXVIII XXIX XXX XXXI 

C o m p a r i s o n  of molecu la r  r o t a t i o n s  w i t h  t h e  c o m -  
pounds  n o t  c a r r y i n g  a m e t h y l  g r o u p  a t  C-17a (GOLDBERG 
and WYDLER 3~) s h o w s  pos i t i ve  a n d  n e g a t i v e  changes  due  
to t h e  i n t r o d u c t i o n  of 17am- a n d  17af t -methy l  g roups  
r e spec t ive ly  (Table  I I ) .  

Table I I .  

17a¢¢-Methyl-5~-D-homoandrostane- 
3 : 17-dione 

5~-D-Homoandrostane-3:17-dione . . . 
17afl-Methyl-5cc-D-homoandrostane 

3 : 17-dione 

[MD] AMe 

- 19 
- 96 

--110 

+ 7 7  

-- 14 

The 1 7 - m e t h y l - 1 7 a - o x o - D - h o m o s t e r o i d s  (urane  der iv -  
a t ives;  X X X I ) - - a l t h o u g h  n o t  s t r i c t l y  ana logous  to  t he  
2 4 - n o r - t r i t e r p e n o i d s - - h a v e  a gene ra l  s im i l a r i t y  in t h a t ,  
if the  17 -me thy l  were  fl (axial) t h e r e  would  be  a l : 3 -  
Me (a) :Me (a) i n t e r a c t i o n  w i t h  C-18. I t  is t he r e fo re  ce r t a in  
t ha t  t h e  17 -me thy l  g roup  in  t h e  u ranes  is ~(e) as sug-  
gested previously3% 

J l - O x o - 9 f l - s t e r o i d s . -  These  c o m p o u n d s  sT c a n n o t  prof i t -  
ably be cons ide red  here ,  s ince  a t  l ea s t  one  r ing  m u s t  be 
a b o a t - f o r m ,  on  a c c o u n t  of t h e  p re sence  of t h e  D-r ing .  

l : 3 - D i o n e  t ypes . - -BACHMANN,  ROSS, DREIDING, and  
SMITH 3s h a v e  e x a m i n e d  t h e  s tab i l i t i e s  of va r ious  de-  
c a h y d r o i s o q u i n o l i n e - l : 3 - d i o n e s  (genera l  t y p e ,  x x x n ) .  
l 'hese e x a m p l e s  m a y  be  s l igh t ly  c o m p l i c a t e d  b y  t h e  
presence of  t he  h e t e r o a t o m  (N) in one  r ing,  wh ich  will  
modify s o m e  v a l e n c y  angles  s l ight ly .  T h e  r e l e v a n t  in t e r -  
actions are  s u m m a r i z e d  in Tab le  I n .  

34 F. RAMIREZ and S. STAFIEJ, J. Amer. chem. Soc. 77, 134 (1955) 
Chem. and Ind. 1955, 1180. 

35 M. W. GOLDBERG and E. WYDLER, Helv. chim. Acta 26, 1142 
(1943). 

ae W. I{LYNE, Nature (London) 166, 559 (1950). - W. KLYNE and 
C. W. SHOVPEE, Chem. and Ind, 1952, 470. - R. J. W. CR~MLYN, 
D. L. GARMAISE, and C. W. SltovvEe, J. chem. Soc. 1953, 1847. 

37 p. BLADON, H. B. HENBEST, B. J. LOVELL, G. W. WooD, 
G. F. WOODS, J. ELKS, R. M. EVANS, D. E. HATHWAY, J. S. OUOH- 
zor¢, and G. H. THOMAS, J. chem. Soc. 1953, 2921. - J. GRIGOR, 
W. LAIRD, D. MACLEAN, G. T. NEWBOLD, and 12. S. SPRING, J. chem. 
Soc. 195~, 2333. - A. CRAWSIIAW, n. B. HENBEST, E. R. H. JONES, 
and A. A. ~VAGLAND, J. chem. Soc. 1955, 3420. - K. HEUSLER 
and A. WETTSTEIN, Hetv. chim. Acta 36, 398 (1953). 
38 W. E. BACHMANN, A. ROSS, A. S. DREIDING, and P. A. S. 

SMITH, J. org. Chem. 19, 222 (1954). 

In  t h e  c o m p o u n d s  ( X X X l I ;  X = Y = H) c a r r y i n g  no  
b r i d g e h e a d  s u b s t i t u e n t s  t h e  t rans  c o m p o u n d  is t h e  m o r e  
s t ab le  (equi l ibr ium ca. 2 t rans  : 1 cis) .  H e r e  t h e  p r e f e r r e d  
c o n f o r m a t i o n  for  t h e  c i s - i s o m e r  m u s t  be  ( x x x n I ) .  

H 

XXXII XXXIII  

H 0 

XXXIV 

I n  the  c o m p o u n d s  ca r ry ing  a m e t h y l  g roup  a t  COo ) 
( x x x n  :x  = H, Y = Me) t h e  c i s - i s o m e r  (XXXlV) is 
t he  more  s tab le  (equi l ibr ium ca. 2 t rans:  3 cis) .  H e r e  t h e  
2-a lkylke tone  effect  is j u s t  o v e rb a l an c i n g  one  s k e w  e f fec t  
(0.8 kcal .mole-*) .  

Me O 

XXXVA 

Me 

XXXVB 

t?Lt M ¢ 

3 

XXXVI 

0 

Table I lL--Interact ions in decahydro-1:3.dioxoiso-quinolines 37 

9H: 10H lrans * 
cis (XXXlI I )  . 

9H:10Me trans 
cis (XXXIV)* . 

9Me:10H trans 
cis (XXXV A) . 
eis (XXXV B)* 

Skew inter- 2-AIkyl- 
actions in ketone 
skeleton effects 

0 1 
3 1 
4 1 
5 0 
4 1 
5 1 
5 1 

8-Alkyl- 
ketone 

effects** 

* Stable isomer. 
** These represent contributions to be subtracted from the skew 

interaction effects in the first column. 
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I n  t h e  c o m p o u n d s  c a r r y i n g  a m e t h y l  g r o u p  a t  C(0) 
( X X X I I ;  X = Me, Y = I t )  t h e  cis-isomer is a g a i n  t h e  
m o r e  s t a b l e  ( equ i l ib r ium,  ca. 1 trans: 2 cis), I n  n e i t h e r  of 
t h e  t w o  poss ib le  c o n f o r m a t i o n s  of t h e  cis c o m p o u n d  
( X X X V A  a n d  X X X V B )  is t h e  ec l ipsed  0 : CH~ ef fec t  de-  
cisive,  s ince each  m u s t  h a v e  one  ec l ipsed  g r o u p i n g - -  
(O:CH~) in A,  ( O : C H ( 8 ] )  in  B;  (O:CH~[8~) is a lso 
ecl ipsed in  t h e  trans-isomer. T h e  d e t e r m i n i n g  f a c t o r  m u s t  
t h e n  be  t h e  p r e s e n c e  of t w o  3 - a l k y l k e t o n e  ef fec ts  in  
(cis; X X X V B ) ;  t h e s e  a re  b e t w e e n  C(5) a n d  t h e  k e t o n e  
g roups  a t  C(n a n d  C(~). C a l c u l a t i o n  in  t h e  u s u a l  m a n n e r  
f r o m  t h e  e q u i l i b r i u m  c o n s t a n t  ( a t  250°C) i n d i c a t e s  t h a t  
e ach  3 - a l k y l k e t o n e  e f fec t  is w o r t h  r a t h e r  less  t h a n  
I k c a l . m o l e - L  

M¢ M¢ 

\ Me FI 

XXXVII  XXXVIII  

A n o t h e r  e x a m p l e - - u n c o m p l i c a t e d  b y  t h e  p r e s e n c e  of 
a h e t e r o a t o m  in  t h e  r i n g - - i s  t h e  homocycl ic  a n a l o g u e  of 
( X X X I V ) ,  t h e  1 : 3 - d i o x o - 1 0 - m e t h y l d e c a l i n  ( X X X V I )  of  
LINSTEAD a n d  ~ILLIDGE 2. H e r e  a g a i n  t h e  cis- isomer is  

"s tab le  a n d  t h e  2 - a l k y l k e t o n e  e f fec t  is ab le  t o  o v e r b a l a n c e  
one  skew effect .  T h e  o x y g e n  a n a l o g u e  of ( X X X I V )  (an-  
h y d r i d e )  h a s  b e e n  f o u n d  t o  gix(e a 1 :1  cis:trans equ i -  
l i b r i u m  mix tu reSL  

Table IV.--~-Alkylketone effect. The following values are to be 
added to the contributions of the carbon skeleton. 

Example Formulae 

I~OBINS 8.rid WALKER'S 
diketones 

Carvomenthones 
17a-Methyl-17-oxo-D- 

homosteroids 
1 : 3-Dioxodecahydroiso- 

quinolines 

1 : 3-Dioxo-10-methyl- 
deeulin 

6-Oxosteroids 

VII ,  VI I I  

X X I X ,  X X X  

X X X I I  
( X = H ;  Y=Me) 

X X X V I  
XV, X V I I  

(kcal. lteie- 
mole_l) rences 

0.8-1.2 1 
1,0 2 

0.5 3 

>-0.8 4 

>0 .8  5 
<0.8 6 

1 p. A. ReruNs and J. "~VALKER, Chem. and. and Ind. 1955, 772. 
2 R. G. JOHNSTON and J. READ, J. chem. See. 1935, 1138. 
a F. RA~IIREZ and S. 8TA~J ,  J. Amer. chem. Soc. 77, 134; Chem. 

and Ind. 1955, 11~30. 
4 W. E, BACHMAW~¢, A. ROSS, A. S. DREIm~CG, and P. A. S. 

SmrH, J. org. Chem. 19, 222 (1954). 
5 R. P. LINSTEAD and A. F. MILLIDGE, J. chem. Soc. 1936, 478, 
0 See discussion in text page 123. 

lllethyltropinones. A n o t h e r  e x a m p l e  f r o m  t h e  h e t e r o -  
cyc l ic  f ie ld  w h e r e  t h e  2 - a l k y l k e t o n e  e f fec t  o p e r a t e s  a lone  
is p r o v i d e d  b y  t h e  m e t h y l t r o p i n o n e s  of  K o v k c s ,  FoI)oR,  
a n d  WEISZ *°. T h e  a x i a l  m e t h y l - k e t o n e  (xXXVlI) o n  oxi-  
m a r i o n  in  a l k a l i n e  c o n d i t i o n s  gives  t h e  o x i m e  of  t h e  
equatorial e p i m e r  (xxxvnI) .  

39 R. P. LINSTI~AD and A. F. MILLIDGE, J. chem. Soc. 1936, 478. 
40 0.  KovAcs, G. FODOR, and I. WEISZ, Helv. chim. Acta 37, 892 

(1954). 

Table V.--3-Alkylketone effect, The following values are to be 
subtracted from the contributions of the carbon skeleton. The in- 
troduction of a 3-alkylketone effect in a polycyclie structure is 
equivalent to replacing one skew-butane by a skew-butan-l-one 

configuration. 

E(3 AK) 
Example Formulae (kcal. 

mole-*) 

3a-Methylcyclohexanone. 
9-Methyl-l-decalones 
1 : 3-Dioxodeeahydroiso- 

quinol ines.  

1 : 3-Dioxodecahydroiso- 
quionlines.  

I I I ,  IV 

x x x n ,  
( X = M e ; Y = H  

x x x n ,  
(x~-~ H, Y~---H) 

0,9 
1'2 

<i.0 

I'0 

Refe- 
rences 

1 
2 

3 

3 

I p. A. Remits and J. WALKER, Chem. and Ind. 1966, 772. 
2 A. Ross, P, A. S. SmTH, and A. S. DREmn; G J. org. Chem. Co, 

905 (1955). 
8 W. E. BaCUMA~% A. Ross, A. S. DEEXDI~O, and P. A. S. 

SMITH, J. org. Chem. 19, 222 (1954). 

Non-bonded Energy  Contr ibut ions . - -An a t t e m p t  m a y  
n o w  b e  m a d e  t o  s u m m a r i z e  t h e  v a l u e s  c a l c u l a t e d  for 
t h e  n o n - b o n d e d  e n e r g y c o n t r i b u t i o n s  of t h e  2 -a lky lke tone  
(2 A K )  a n d  3 - M k y l k e t o n e  (3 A K )  e f fec t s  in  d i f fe ren t  
g r o u p s  of c o m p o u n d s .  

W h i l s t  n o  c l a i m s  t o  h i g h  a c c u r a c y  c a n  be  m a d e  for  the  
e s t i m a t e s  in  T a b l e s  I V  a n d  V, i t  a p p e a r s  t h a t  t h e  2-alkyl- 
k e t o n e  a n d  3 - M k y l k e t o n e  ef fec ts  a re  e a c h  o/ the  order o] 
1 k c a l . m o l e  - I .  I t  is h o p e d  to  a p p l y  t h e s e  ideas  in  a fu tu re  
c o m m u n i c a t i o n  to  t h e  s t a b i l i t y  of h e x a h y d r o i n d a n e s  and  
t h e i r  o x o - d e r i v a t i v e s .  

Note added in Proo] (Dec., 1955). J. SC~REI~ER and A. ESCHEt;- 
~OSEn, Holy. chim. Acta 38, 1529 (1955) have recently discussed the 
rates of oxidation of steroid alcohols to ketones with chromium 
trioxide, and the release of steric strain invoh'ed. Dr. A. DREIDING 
(private communication) has pointed out that  their results can 
conveniently be considered in terms of the alkylketone effects. 
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Zus(~m~,~cn[assu~g 
Bei  S t a b i l i t a t s b e t r a c h t u n g e n  a n  P e r b y d r o - 1 ,  4-diketo- 

p h e n a n t h r e n e n  h a b e n  ROBINS u n d  ~4VALKER 2 au f  die 
B e d e u t u n g  d e r  b i n d u n g s f r e i e n  ( ~ n o n - b o n d e d Q  Wechsel-  
w i r k u n g  zwi schen  d e m  C a r b o n y l s a u e r s t o f f  e ines  Cy- 
c l o h e x a n o n s  u n d  d e m  a q u a t o r i a l e n ,  gleichst~indigen 
(eecl ipsed)  0 A l k y l s u b s t i t u e n t e n  a m  b e n a c h b a r t e n  Koh- 
l e n s t o f f a t o m  h i n g e w i e s e n  ( t (2 -Alky lke ton~-Ef fek t ) .  Fer- 
n e r  ze ig t en  sie ~, dass  n o c h  e in  a n d e r e r  Kons te l l a t ions -  
f a k t o r  e ine  Rol le  spie l t ,  n A ml i ch  d e r  (~3-Alkylketon~- 
E f fek t .  

I n  d e r  v o r l i e g e n d e u  M i t t e i l u n g  w e r d e n  verschiedene  
Beisp ie le  y o n  m o n o c y c l i s c h e n  T e r p e n e n ,  Decalonen,  
1 . 3 - D i k e t o d e c a l i n e n  ( u n d  i h r e n  h e t e r o c y c l i s c h e n  Ana- 
logen) ,  S t e r o i d e n  u n d  T r i t e r p e n e n  d i s k u t i e r t ,  d ie  diese 
b e i d e n  E f f e k t e  fiir s ich  odor  in  K o m b i n a t i o n  zeigen.  In 
e i n z e l n e n  F a l l e n  s t e h e n  die v e r s c h i e d e n e n  Fak toren ,  
die die r e l a t i v e  S t ab i l i t i i t  y o n / ~ q u a t o r i a l e n  u n d  axialen 
E p i m e r e n  y o n  A l k y l c y c l o h e x a n o n e n  b e s t i m m e n ,  in 
e i n e m  s e h r  e m p f i n d l i c h e u  G l e i c h g e w i c h t .  


