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obse rved ,  due  to  t h e  f o r m a t i o n  of t o c o p h e r y l h y d r o q u i -  
none .  Samples  of t h i s  f r ac t i on  were c h r o m a t o g r a p h e d  o n  
paper .  Af t e r  t r e a t m e n t  w i t h  b o r o h y d r i d e  a n d  d e v e l o p m e n t  
w i t h  2,3, 5 - t r i p h e n y t t e t r a z o l e  in  0 . 2 M  p h o s p h a t e  bu f f e r  
p H  7, one  single spo t  was  o b s e r v e d  a t  t h e  iden t i ca l  posi-  
t i o n  of s y n t h e t i c  t o c o p h e r y l q u i n o n e .  

T h e  f r ac t i on  $2, red isso lved  in a m i n i m u m  a m o u n t  (0.5 
nil) of e thano l ,  g ives  a c rop  of yel low c rys ta l s  a t  - -20°C.  
These  were  rec rys ta l l i zed  f rom a smal le r  q u a n t i t y  (0.05 
ml)  of  e t h a n o l  a n d  were found  to  h a v e  a m e l t i n g  p o i n t  a t  
a b o u t  4 - 5 ° C  a n d  a s p e c t r u m  in e thar /o l  w i t h  b a n d s  a t  
279 mix a n d  405 mix, Af t e r  r e d u c t i o n  w i t h  b o r o h y d r i d e  t h e  
b a n d  in  t h e  v is ib le  reg ion  d i s appea r s  a n d  t h e  p e a k  in t h e  
U V  is sh i f t ed  to  290 mix (F igure  2). 

P a p e r  c h r o m a t o g r a p h y  of th i s  f r ac t ion  was r u n  to-  
g e t h e r  w i t h  samples  of pure  U b i q u i n o n e  homologues .  A 
spo t  was obse rved  w h i c h  h a s  a RI  h i g h e r  t h a n  U b i q u i n o n e  
30. CRAVEN'S r eac t ion  for U b i q u i n o n e  was  pos i t ive  a n d  
gave  t he  t y p i c a l  b lue  colour.  

Discussion and Conclusions. T h e  u n s a p o n i f i a b l e  f r ac t i on  
f rom t h e  musc le  t i ssue  of Spirographis spallanzani con-  
t a i n s  a n u m b e r  of co loured  s u b s t a n c e s  w h i c h  are  n o t  re-  
m o v e d  b y  t r e a t m e n t  w i t h  F lor id in ,  Decalso,  Silieic acid 

or  A l u m i n a .  A good pu r i f i c a t i on  of  t h e  e x t r a c t  c a n  b e  
o b t a i n e d  b y  a b s o r p t i o n  o n  ca rbon .  Th i s  t r e a t m e n t ,  h o w -  
ever ,  is r e spons ib le  for t h e  o x i d a t i o n  of t o c o p h e r o l  to  toco-  
phe ry l -qu inone .  Cont ro l s  c o n t a i n i n g  d i f f e r en t  a m o u n t s  of  
s y n t h e t i c  tocophero l ,  as well  as e x t r a c t s  to  w h i c h  toco-  
phe ro l  h a d  been  added ,  w h e n  t r e a t e d  w i t h  ca rbon ,  were 
f o u n d  to  c o n t a i n  on ly  25% of t h e  o r ig ina l  tocophero l ,  t h e  
r e m a i n i n g  p a r t  of i t  h a v i n g  been  t r a n s f o r m e d  to  toco-  
phe ry l -qu inone .  

Af t e r  a b s o r p t i o n  on  c a r b o n  of t h e  e x t r a c t ,  a second  
s u b s t a n c e ,  closely r e s e m b l i n g  a U b i q u i n o n e  homologue ,  
c a n  eas i ly  be  de tec ted .  Th i s  is l iqu id  a t  r o o m  t e m p e r a t u r e  
and ,  in  t h e  ox id ized  s ta te ,  shows a t y p i c a l  b a n d  in  t h e  
U V  w i t h  a p e a k  a t  279 mix. All t he  U b i q u i n o n e  h o m o -  
logues h a v e  in e t h a n o l  a n  U V  b a n d  d i sp laced  to  s h o r t e r  
w a v e l e n g t h  (275 mtz). The  c a r b o n  t r e a t m e n t  does  n o t  
seem to  be  respons ib le  for  t h e  sh i f t ing  of t h e  U b i q u i n o n e  
b a n d  f rom 275 to  279 m~t. U b i q u i n o n e  50 a n d  30, a f t e r  
a b s o r p t i o n  on  c a r b o n  a n d  e lu t ion  w i t h  ch lo ro fo rm,  show 
n o  c h a n g e  in t h e i r  s p e c t r o p h o t o m e t r i c  p roper t i e s .  The  
low m e l t i n g  p o i n t  could  sugges t  a v e r y  s h o r t  c h a i n  or  
p e r h a p s  a mod i f i ed  s t r u c t u r e  of t h e  c o m p o u n d ,  whereas  
t h e  p e a k  a t  279 mix m a y  ind ica t e  t he  p resence  of h y d r o x y l  
group(s)  in  t h e  side cha in  1~. 
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Fig. 2. Ultraviolet spectrum of fraction Ss ( - - - )  as compared with 
Ubiquinone 50 prepared from beef heart ( - - ) .  a and a', after reduc- 

tion with KBH4. 

Riassunto. L ' in sapon i f i cab i l e  del muscolo  di Spirogra- 
phis spallanzani con t i ene  accan to  a s terol i  e tocoferolo,  
u n  c o m p o s t o  di n a t u r a  c h i n o n i c a  a v e n t e  m o l t e  p r o p r i e t g  
in  c o m u n e  con  gli ub ich inon i .  A n c h e  il t oco fe r i l ch inone  
s t a t o  i den t i f i ca to  negl i  e s t r a t t i .  Si r i t i ene  pe r6  che  esso 
si f o rmi  da l  tocoferolo  d u r a n t e  il p r o c e d i m e n t o  di  e s t r a -  
zione. 
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The Optical Rotatory Dispersion Curves of 
t rans-Decalones  and their Polycyclic Analogues 1 

W o r k  on op t ica l  r o t a t o r y  d i spers ion  cu rves  ove r  t h e  
las t  10 years  h a s  p r o d u c e d  a m a s s  of d a t a  on  ke tones ,  t h e  
n - ->  ~* c a r b o n y l  a b s o r p t i o n  b a n d  a t  290 mix be ing  spe- 
c ia l ly  su i t ab l e  for  m e a s u r e m e n t .  Gene ra l  rev iews  h a v e  
b e e n  givenS-% a n d  t h e  ideas  on  t h i s  s u b j e c t  h a v e  b e e n  
s y s t e m a t i z e d  in  t e r m s  of t h e  O c t a n t  Ru le  6. E x t e n s i v e  col- 
lect ions  of d a t a  for  s i x - m e m b e r e d  r ing  ke tones  h a v e  been  
g iven  e lsewhere  ~, 7 

I t  h a s  been  a p p a r e n t  for some t i m e  s t h a t  the  a m p l i t u d e  
(a) of t h e  C o t t o n  effect  is a c o n v e n i e n t  m e a s u r e  of t he  
a s y m m e t r y  of t h e  s u r r o u n d i n g s  of t h e  c a r b o n y l  group.  
(The a m p l i t u d e  a is def ined  as t h e  molecu la r  r o t a t i o n  a t  
t he  e x t r e m u m  of longer  w a v e l e n g t h  minus t h e  mo lecu l a r  

r o t a t i o n  a t  t h e  e x t r e m u m  of s h o r t e r  w a v e l e n g t h ;  i.e. t h e  
d i f ference  b e t w e e n  p e a k  a n d  t rough ,  a p p r o p r i a t e l y  
signed.)  F r o m  t h e  t h e o r e t i c a l  s t a n d p o i n t ,  t h e  r o t a t i o n a l  

1 Paper IX of the series Optical Rotatory Dispersion. For Paper 
VIII, see J. HRBEX JR., J. P. JENNINGS, W. KLYNE, and F. ~A~- 
TXV~, Coll. Czech. Chem. Comm., 29, in press (1964}. 

s C. DJERASSl, Optical Rotatory Dispersion; Applications in Organic 
Chemistry (McGraw-Hill, New York 1960). 

S W. KLYNE, in Advances in Organic Chemistry (Ed. R. A. RAPHAEL, 
Interscienee, New York 1960)t eel. 1. 

a C, DJERASSI, Pure appl, Chem, 2, 475 (1961). 
5 W, MOFFITT, A. MOSCOWITZ, R. B. WOOD~,VARD, W. KLYNE, and 

C. DJERASSI, J. Am. chem, See. 83, 4013 {1961). 
C. DJERASSl and W. KLYNE, J. chem. See. I96,~, 4929. 

7 C, DJERASm and W. KLYNE, J. chem. Soc. 1963, 2390. 
S C. DJERASSI and W. KLYNE, Prec. chem. Soc. 1957, 55. 
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strength R~ is preferable O, but this involves elaborate 
calculations. In work on circular dichroism the molecular 
ellipticity (,9) serves the same purpose ~0, ~L 

trans-Decalin derivatives are especially valuable as 
reference compounds in this work, because their conforma- 
tion is almost completely rigid (for reference to excep- 
tions, see p. 352). Extensive series of compounds which 
may be considered as trEEs-l- or -2-decalones, with or with- 
out additional rings, and with or without angular methyl  
g roups ,  h a v e  n o w  b e e n  m e a s u r e d .  T h e s e  r e s u l t s  can  be  
t a b u l a t e d  to  give  a n  ove ra l l  p i c t u r e  w h i c h  is v a l u a b l e  for  
check ing  s t r u c t u r e s ,  c o n f i g u r a t i o n s  a n d  c o n f o r m a t i o n s .  
T h e  d a t a  a re  t a k e n  l a rge ly  f r o m  t h e  co l lec t ions  of  P ro f .  C. 
DJ:ERASSI ( S t a n f o r d ) ,  a n d  f r o m  o u r  o w n  w o r k ,  t o g e t h e r  
w i t h  s o m e  d a t a  f r o m  Prof .  G. OURISSON'S l a b o r a t o r y  in 
S t r a s b o u r g .  O n e  v i t a l  r e fe rence  c o m p o u n d  ( trans-2- 
deca lone  itself) h a s  r e c e n t l y  b e e n  p r o v i d e d ,  t h a n k s  to  t h e  
k i n d n e s s  of  P ro f .  V.  PRELOG, E . T . H . ,  Zi i r ich x~ a n d  t h i s  
enab l e s  us  t o  of fer  t h e  p r e l i m i n a r y  t a b l e s  g i v e n  h e r e w i t h .  

I t  is not suggested that  the values given for the ampli- 
tudes are of high precision, but  even as approximations 
they are useful for structural  purposes. Comparison with 
circular dichroism data l°,lx in the future will be very 
valuable. The essential purpose of these tables is to exam- 
ine the approximate magnitude of the amplitude contri- 
butions (An) for angular methyl  groups, and for the third 
and fourth rings fused on to a decalone system. For the 
purpose of standardizing symbols the ring carrying the 
c a r b o n y l  g r o u p  is r e f e r r e d  t o  a s  r i n g  A ,  t h e  a d j a c e n t  r i n g  
as B and additional rings as C and D. (These letters are in 
many cases not the same as the letters allotted to the 
rings under the normal procedures of nomenclature for 
individual compounds.) 

All compounds considered here have the standard 
trans-antirtrans-fusion of rings, and may be represented 
as variants of formulae I, I I I  and IV. The Octant  repre- 
sentations given are based on the pattern of the perfect 

diamond lattice. In order to simplify comparisons some 
values given here are for the enantiomers of the com- 
pounds which have been measured. This is indicated by 
the prefix E. For present purposes, it is almost certainly 
immaterial  whether the fourth ring D is five- or six- 
membered (see, for example, Table II,  note j). 

All values given here are for measurements in methanol 
at  room temperature (18-25°). I t  is appreciated that  
further information may  be gained at  t imes from studies 
in different solvents (see, for example, RASSAT ~, OURIS- 
SON 14 DJERASSI ~), and perhaps at different temperatures 

Table II. R.D. amplitudes for trans-2-decalones. Values for a andZ]a 
for additional rings 

(i) General formula (III). Compounds related to 2-oxo-5~-steroids, 

" " Me 
Substituents H Me H 

A + B rings only +54 ~ +52 b + 71 ~ 

With C ring +71 a 
(Aa) (+17) 

With C + D rings + 10P 
(An) (+ 30) 

(it) General formula (IV). Compounds related to 3-oxo-5~-steroids. 

X = H Me H Me 
Substituents y H H Me Me 

A + B rings only +54" +52 b +71 ° 
(as above) 

With C ring 

With C + D rings 

+ 6 0  r + 5 3 g  

(dE) (+ 6} (+ i) 

+64 ~ +54~ +90 k 
(Aa) (+ 10) (+ 2) I+ 19) 

+73 ~ 

Table I. R.D. amplitudes of trans.l-decalones. Values for a and Aa 
for additional rings: General formula (I). (Letters ~-f indicate the 

nature of the individual compounds studied, and references) 

X = H H Me 
Substituents } = H Me H 

A + B rings only --40 • +~7 b --60 c 

%rith C ring --58 d 
(Aa) ( -  is) 

With C + D rings 0~ --94 t 
(Aa} (--~7) (--34) 

a C. DJERASS! and J. STAUNTON, J, Am. Chem. Soe. S3, 736 0961) 
{E). - W. KLYnE and W. ROBERTSOl% Exper. 18, 413 (1962), 

b C. DJERASSL R. RINIKER, and B. RINIKER, J. Am. Chem. Soc. 78, 
6361~ (1956). 
Calculated from values for hydroxy-derivatives kindly supplied by 
Prof. V. PEELOG. -- W. KLYNE and W. ROBERTSON, Exper. 18, 
413 (1962). 

d 14-Oxo-des-n-steroid (as K6ster.Logemann ketone), C. DJERASS! 
and W. KLYNX, Chem. & Ind. 1966, 988. 

~' 17a-Oxo-l~-homo-steroid. Plain curve, i.e. a = 0. (E) Ref. as 
above. 

' 4-Oxo-5m-steroid (ring D of I is fivc-membered). - C. DJERASSI, 
W. CLOSSON, and A. E. LXI'PMAN, J. Am. Chem. Soc. 78, 3163 
(1956). 

Notes and re/er~nees. E indicates that the value in the Table is 
that for the enantiomer of the compound measured, i.e. the sign has 
been changed. Additional values for related compounds al~ given in 
e and L 

Unsubstituted decalones; kindly provided by Prof. V. PRELOG 
and Dr. JAMBRESIC, E.T.H.,  Ztirich. 

~' C. DJERASSI and J. E. GUEST (Part 95), in press. See also e (E). 
C. DJERASSt and J. E. GUEST (Part 95), in press. 

d 12-Oxo-des-n-steroid; R, H. BIBLE JR. and R. R. BURTNER, 
J. org. Chem. 26, 1174 (1961). 

o 2-Oxo-5ce-steroid L 
f 13.Oxo.des.n-steroid ~. 

3-Oxo-des-n-steroid (A. C. AIREY, unpublished observation; pre- 
pared from material kindly supplied by Dr. G. ANNEE, Ciba AG., 
Basel). 

~* 3-Oxo-19-nor-5~-steroid (ring D of IV is five-membered) s. 
J 3-Oxo-5~-steroid v (ring D of IV is five-membered); also 3-oxo-o- 

homo-50t-steroid (A. C. AIREV, unpublished observation) a, + 54. 
k 17-Oxo-D-homosteroid (E) ~. 
i 5-Methyl-3-Oxo-50~-steroid (ring n of IV is five-memberedJV _ W. 

NAGATA, S. HIRAI, H. ITAZAKI, and K. TAKEDA, Liebig's Ann. 641, 
184, 196 (1961). 

Notes and re]erences. (For meaning of E, see Table I) 

9 A. Moscowlrz, Chap. 12, in 2. 
10 For a comparison of O.R.D. and C.D. as techniques in structural 

work, see C. DJERASSl, H. WOLF, and E. BUr~E~BERO, J. Am. 
chem. Soc. 84, 4552 (1962). 

11 p. CrtABB~, Tetrahedron, in press (1964). 
I~ V. PRELOG and L JAMaR~SlC, unpublished work. 
13 H. P. GERVAIS and A. RASSAT, Bull. Soc. china. Fr. 1961, 743. 
14 p .  WITZ,  U .  HERRMANN, J.-M. LEIIN, and G. OURISSOS, Bull. Soe. 

chim" Fr. 1963, ll01. 
~ A. MOSCOWITZ, K. M. WELL~tAS, and C. DJ~RASSI, Proe. Nat. 

Acad. Sci. Washington 50, 799 (1963). 



15, VI .  1964 Brev i  co rnun icaz ion i  - Br ie f  R e p o r t s  3 5 1  

J ~ l J ~  

x l c l D I  

II Y 
0 

I 
I 
t 

Y 

D 

I[ Y 

* A t o m s  in o r  n e a r  X Y  n o d a l  p lane .  

Y 

A l 
o I I i X C D 

* ..... & * Lx .... 

ZX A t o m s  in f r o n t  o c t a n t ;  n e g a t i v e  c o n t r i b u t i o n ,  

. . . . .  

III 

IV 

V 

Y 

~ J  

J ' - , l J ~ t / q ~ l J i ~ /  
t 

I o l  
C 

D i 

Ic 
t I -  

ra 
I 
I 

A 

. . . .  f ...... 

Y A  
. . . .  O . . . . . .  

i 
i 

iA" l 
O __--2_ ~ . . . .  
I 
i 

(see the important  work of D J E R A S S I ,  MOSCOWITZ et al. 16 
on temperature effects in circular dichroism measure- 
ments); however, for present purposes the above-men- 
tioned standard conditions must suffice. 

The t rans- l -deca lones  considered here follow a single 
pattern, as (I); an alternative pat tern (II), as found in 
1-oxo-5~-steroids, has some atoms in 'front octants'~; 
these produce undesirable complications and this general 
type (II) is neglected here. Among the t rans-2-decalones 
two groups represented by (III) and (IV) are both com- 
mon; these may be looked upon as the analogues of 2- and 
3-oxo-Sx-steroids, respectively. 

The contributions of individual groups to amplitudes 
(or rotational strengths) have been dealt with in many 
other ways elsewhere - see, for example, the discussion by 
MoscowlTZ 17 on the calculation of R k values from struc- 

tural formulae, and discussions by ])JERASSI et al. xs, ~ on 
the contributions of methyl  groups at  various positions in 
the cyclohexanone ring. Tables I and II, which summarize 
the data, show tha t  it is possible to allot approximate Aa 
values to the angle methyl  groups, and to additional rings 
C and D. These figures, rough as they are, are compatible 

IS K. M. WELLMAI~, E. BUNNENBERG, and C. DJERASSI, J. Am. 
chem. Soc. 85, 1870 {1963). -A. MoseowiTz, K. M. WELLMAN, and 
C. DJERASSI, J .  Am.  c h e m .  Soc.  85, 3515 (1963). 

17 A.  MoscowiTz ,  T e t r a h e d r o n  13, 48 (1961). 
18 C. DJERASSI, E, LUND, and A. A. AXHREM, J. Am. chem. Soe. 84, 

1~49 096~). 
19 C. BEARD, C. DJERASSI, J .  SICHER, F.  ~Ieog, a n d  M. T l c r i v ,  

T e t r a h e d r o n  19, 919 (1963). 
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with  the  idea  t h a t  the  ampl i tude  con t r ibu t ion  of a group 
falls off  t h e  f a r the r  t he  group  is r emoved  f rom the  car-  
bony l  ch romophore  6,1L 

The con t r ibu t ions  (Aa) for t he  th i rd  and  fou r th  r ings 
(C and  D) it1 general  formulae  I and  I I I  are in t he  range  
of 15-30 a-units .  Cont r ibu t ions  for t he  th i rd  and  fou r th  
rings in general  formula  IV, where  r ing C is a lmos t  sym-  
metr ica l  abou t  t he  ca rbonyl  group,  are usual ly  smaller .  

Few compounds  of p e r h y d r o - a n t h r a c e n e  t y p e s  are 
avai lable for compar ison,  bu t  one example  m a y  be men-  
t ioned  f rom recen t  work  in S t rasbourg ,  viz. t he  A' -  
homos te ro id  ke tone  (V)*°. The  ampl i tude  found  (a, +95)  
suggests  t h a t  the  con t r ibu t ion  of the  third,  four th  and  
f i f th  r ings  here  is of t he  order  of 40. uni ts .  

Tables I and  II  enable  us to  deduce  values  for m e t h y l  
groups in var ious  pos i t ions  (some of which  have  a l ready  
been  discussed b y  DJERASSI e t  al.~a,l~); these  are  sum-  
mar ized  in Table  I I I .  

I t  m a y  be sugges ted  t h a t  these  Tables  m a y  be appl ied  
in s t ruc tu ra l  work  in t he  following way.  One s t a r t s  w i th  
the  a s s u m p t i o n  t h a t  t he  Aa values  of groups  and  addi-  
t ional  r ings fused on to a decalone are additive, and  one 
works ou t  t he  expected a value for  a g iven s t ruc tu re ,  and  
compares  i t  wi th  t he  observed e x p e r i m e n t a l  a value.  Dis- 
crepancies  be tween  expec ted  and observed  values  m a y  be 
t r e a t e d  as follows: 

(a) Minor  discrepancies  (about  10 a-units)  are pre-  
s u m a b l y  due to  minor  changes  in conformat ion ,  and  

Table III. R.D. amplitude contributions of methyl groups attached 
to a cyclohexanone ring 

Position of Me with Oetant Aa Formulae 
respect to CO Nos. 
(eyclohexanone (this paper) 
numbering) 

S-axial LR b +67 I (b-a)e 

3-axiat UR --~20 I (c-a) 
UR --17 E III (c-a) 
UR --26 E IV (k-h) 
UR --19 E IV (l-j) 

4-axial ~ -- 2 III (b-a) 
- 1 o  IV (j-h) 
- - t 7  IV [l-k) 

Ideally, these groups should be in the vertical symmetry plane 
and have zero zIa value; the actual value, 4:0 indicates, perhaps, 
some distortion. 

~' LR = lower right; UR = upper right. 
, Letters a-k indicate footnotes in Tables I and I1. 

should  of ten  be neglec ted  - or the i r  impl ica t ions  m a y  be 
considered if a suff ic ient  b o d y  of de ta i led  d a t a  is avai lable.  

(b) Differences of m e d i u m  size (20-30 a-units)  are pro- 
bab ly  due to  modif ied  chair  conformat ions ,  such  as the  
f l a t t ened  r ing d iscussed recent ly  b y  OURISSON ~ and  by  
ALLINGER ~. 

(c) Major  dif ferences  of t he  order  of 50-100 a-uni ts  are 
somet imes  to  be ascr ibed to  ma jo r  con fo rma t iona l  changes ,  
such as t he  twis t  con fo rma t ion  (see DJERASSI and  
KLVNE 2~), or t h e y  m a y  give rise to  d o u b t s  r ega rd ing  the  
s t ruc tu re  or conf igura t ion  of the  c o m p o u n d  concerned .  

Similar  tab les  can doubt less  be p repa red  in due course 
for cis-fused decalone sys tems ,  for h e x a h y d r o i n d a n o n e s ,  
and  for a n y  o the r  group of c o m p o u n d s  i n  wh ich  m a n y  
examples  are  available.  In  th is  k ind of work, emphas i s  
should  be laid on the  collect ion of d a t a ;  i m p o r t a n t  as are 
the  reference values  for  ce r t a in  key  c o m p o u n d s ,  t h e  n a t u r e  
of the  s e m i - q u a n t i t a t i v e  t echn ique  makes  i t  necessary  for 
the  organic chemis t  to have  figures for a range of com-  
p o u n d s  before d rawing  f i rm conclusions 24. 

Zusammen/assung. Der Einf luss  yon  Me thy l subs t i t uen -  
ten,  sowie yon  zus~tzl ich anel l ie r ten  Ringen  auf  die A m -  
p l i tude  der  Ro ta t ionsd i spe r s ionskurve  yon  trans-DekMon 
(1) u n d  trans-Dekalon (2) wird  du rch  Analyse  eines um-  
fangre ichen  T a t s a c h e n ma t e r i Ms  e rmi t t e l t .  Die in t abe l -  
lar ischer  F o r m  zusammenges te l l t en ,  ftir den jeweil igen 
S u b s t i t u t i o n s t y p  eha rak te r i s t i schen  BeitrAge ve rha l t en  
sich in e r s te r  N/ iherung add i t i v  und  k 6 n n e n  desha tb  zur 
l~berpr t i fung yon  S t ruk tu ren ,  Konf igura t ionen  und  Kon-  
s te l l a t ionen  herangezogen  werden .  
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