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S t e r o i d a l  S a p o g e n i n s .  X X X  

S t e r e o c h e m i s t r y  of  t h e  S i d e  C h a i n  

A n u m b e r  of worker s  h a v e  r e c e n t l y  i n v e s t i g a t e d  t h e  
s t e r e o c h e m i s t r y  of t h e  s t e reo ida l  s apogen in  side cha in  ~. 
The  f ac t  t h a t  n a t u r a l l y  occur r ing  s apogen ins  h a v e  iso- 
m e r i s m  a t  C~5 was  e s t a b l i s h e d  by  SCI~EER, KOSTIC, a n d  
MOSETTIG, a n d  b y  JAMES ~. W o r k  a t  t h i s  l a b o r a t o r y  s has  
s h o w n  t h a t  n a t u r a l  s apogen ins  h a v e  the  20cc conf igura -  
t i on  w h e r e a s  t he  u n n a t u r a l  20- i sosapogenins  (also cal led 
ana  -4, c y c l o p s e u d o  -~, and  n e o s a p o g e n i n s  6) h a v e  the  20 fl 
o r i e n t a t i o n .  I t  has  also been  r e c e n t l y  d e m o n s t r a t e d  t h a t  
a t rue  equ i l i b r i um is e s t ab l i shed  as a r e su l t  of h e a t i n g  
s a p o g e n i n s  w i th  a lcohol ic  HC1 v, s a r s a s a p o g e n i n  a n d  
smi l agen in  each  giving a m i x t u r e  c o n t a i n i n g  a p p r o x i -  
m a t e l y  20 % of t h e  f o r mer  a n d  80 % of t he  l a t t e r .  
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F r o m  t h e  foregoing  c o n s i d e r a t i o n s  (p r e sen t ed  in 
g r e a t e r  de ta i l  in re fe rences  s) t he  side cha in  f o r m u l a t i o n  

1 I. SCHEER, R. B. KOSTIC, and E. MOSETTIG, J. Auler. Chem. Soc. 
75, 4871 (1953); 77, 641 (1955). - V. H. T. JAMES, Chem. and Ind. 
1953, 1388. - M. E. WALL, C. R. EDDY, and S. SEROTA, J. Amer. 
Chem. Soc. 76, 2849 (1954); 77, 1230 (1955). - R. K. CALLOW and 
V. H. T. Jh~tEs, Chem. and Ind. 1954, 691. - D. H. W. DICKSnN el al., 
Chem. and Ind. 1954, 692. - D. A. H. TAYLOR, Chem. and Ind. 1954, 
1066. - J. B. ZIEGLER, W. ROSEN, and A. C. SHABICA, J. Amer. 
Chem. Soe. 76, 3865 0954); 77, 1223 (1955). - M. E. WALL, S. SE- 
ROTA, and L. P. WITI'rAUER, J. Amer. Chem. Soc. 77, 3086 (1955) (in 
press). - M. E. WALL and H. A. WALENS, J. Amer. Chem. Soc. 77 
(1955) (in press). - M. E. WALL and S. SEROTA (MS. in prepara- 
tion). 

2 V. H. T. JAMES, Chem. and Ind. 1953, 1388. 
3 M. E. WALL, C. R. EDDY, and S. SEROTA, J. Amer. Chem. Soc. 

76, 2849 (1954); 77, 1230 (1955). 
4 R. K. CALLOW and V. H. T. JAMES, Chem. and Ind. 1954, 691. - 

D. H. "~V. DICKSON et al., Chem. and Ind. 1954, 692. 
5 D. A. H. TAYLOR, Chem. and Ind. 1954, 1066. 
6 j .  B. ZIEGLER, W. ROSES, and A. C. SnAmCA, J. Amer. Chem. 

Soe. 76, 3865 (1954); 77, 1223 (1955). 
7 M. E. WALL, S. SEROTA, and L. P. WITNAUER, J. Amer. Chem. 

Soc. 77 (1955) (in press). 
8 M. E. WALL, C. R. I:~DDY, and S. SEROTA, J. Amer. Chem. Soc. 

76, 2849 (1954); 77, 1230 (1955).- D. A. H. TAYLOR, Chem. and Ind. 
lga4, 1066. - J. B. ZXEGLER, W. ROSEN~ and A. C. SHABZCA, J. Amer. 
Chem. Soc. 76, 3865 (1954); 77, 1223 (1955). 

of smi l agen in  and  r e l a t ed  20~, 2 5 D - s a p o g e n i n s  is bes t  
r e p r e s e n t e d  by  I. 

R e c e n t l y ,  we p r e p a r e d  a n u m b e r  of 20fl, 25D-  a n d  
20 fl, 25 L - s a p o g e n i n s  1. F r o m  a c o m p a r i s o n  of t h e  specif ic  
r o t a t i o n s  of t h e s e  s apogen ins  w i t h  t he i r  20~ ana logues  
(Table),  t h e  a u t h o r  has  d e d u c e d  t h a t  f o r m u l a t i o n  I I  b e s t  
r e p r e s e n t s  s a r s a s a p o g e n i n  a n d  2 0 ~ , 2 5 L - s a p o g e n i n s ;  
f o r m u l a t i o n  I I I  is g iven to  20- isosmi lagenin  and  r e l a t ed  
20fl, 2 5 D - s a p o g e n i n s ;  a n d  f o r m u l a t i o n  IV  b e s t  f i ts  20- 
i so sa r sa sapogen in  a n d  r e l a t ed  20fl, 25L-sapogen ins .  

The  basis  for  t he  above  a s s i g n m e n t s  is t h e  a s s u m p t i o n  
t h a t  t h e  h igh ly  po la r  a s y m m e t r i c  c e n t e r  a t  C2~ is r e spon-  
sible for t he  m a j o r  p o r t i o n  of t he  o b s e r v e d  [cc]i ) of sapo-  
gen ins  a n d  t h a t  t h e  cen te r s  a t  C~0 and  C2~ h a v e  on ly  a 
m i n o r  e f fec t  on [~D.  I t  fol lows t h a t  a n y  m a j o r  c h a n g e  in 
t h e  [~]D of s apogen ins  m u s t  be a sc r ibed  to  a change  
a t  C22. 

L e t  us e x a m i n e  t h e  d a t a  w h i c h  s u b s t a n t i a t e s  th i s  as- 
s u m p t i o n .  Co lumns  1 a n d  2 of Tab le  give t h e  [c~]i ) of a 
n u m b e r  of 20~ a n d  20fl pa i r s  k n o w n  to  d i f fe r  a t  C25 in 
each  series 2. The  [M]D di f ferences  for  t h e  20~ series are  
s h o w n  in c o l u m n  3 a n d  are  of obv ious  low m a g n i t u d e .  
Co l u mn  4 gives t he  s a m e  d a t a  for  t h e  20f l  ser ies  and  
shows  a p r o n o u n c e d  d e x t r o r o t a t o r y  sh i f t  of large 
m a g n i t u d e .  We b a r e  s h o w n  8 t h a t  t h e  C2s c o n f i g u r a t i o n s  
of s a p o g e n i n s  of t he  20fl ser ies  are  iden t i ca l  to  t he i r  
c o r r e s p o n d i n g  20a ana logues .  Accord ing ly ,  we can  rule  
ou t  C25 i s o m e r i s m  as a f ac to r  in  t h e  p r o n o u n c e d  d e x t r o -  
r o t a t o r y  sh i f t  o b s e r v e d  in t he  20fl ser ies  s ince we have  
d e m o n s t r a t e d  t h a t  c o r r e s p o n d i n g  C~s d i f fe rences  in t he  
20~ series h a v e  l i t t le  e f fec t  on  ro t a t i on .  S imi la r ly  we can  
d e m o n s t r a t e  t h a t  t h e  C~0 c e n t e r  e x e r t s  on ly  a m i n o r  
effect .  Co lumn  6 shows t h a t  a c h a n g e  f r o m  20c~ to  20fl 
in t he  25 D series has  an  ave rage  e f fec t  of a b o u t  + 45 uni ts .  
Co lumn  5 shows  t h a t  t h e  s a m e  change  f rom 20x to  20fl 
in t h e  25 L ser ies  is of m u c h  g r e a t e r  m a g n i t u d e  a n d  of 
t he  s a m e  order  f o u n d  in c o l u m n  4 wh ich  c o m p a r e s  2 5 L  
and  25D i somers  w i t h  t h e  s a m e  C20 fl conf igura t ion .  

One m u s t  conc lude  t h a t  t h e  g rea t  d e x t r o r o t a t o r y  sh i f t  
f ound  in pas s ing  to  t he  20fl, 2 5 L  ser ies  is due  to  t h e  fac t  
t h a t  t h i s  g roup  di[ /ers  at C22 f r o m  i t s  20fl,  25 D ; 20~, 25 D ; 
a n d  20~ ,25L  i somers  a n d  f u r t h e r  t h a t  all  t h e  o t h e r  
series are i d e n t i c a l  at C2v F u r t h e r m o r e  t h e  d a t a  s u p p o r t s  
t he  v iew t h a t  t h e  h i g h l y  po la r  sp i roke t a l  C2~ group  is 
r e spons ib le  for  t h e  m a j o r  p a r t  of t he  [mid va lues  obse rved  
wi th  sapogen ins .  A d d i t i o n a l  ev idence  for  t h i s  v iew is t he  
fac t  t h a t  w h e n e v e r  t h e  po la r  sp i roke ta l  r ing  is o p e n e d  as 
in t he  f o r m a t i o n  of pseudo- ,  d ihydro - ,  and  d ihydro -  
p s e u d o s a p o g e n i n s ,  t h e r e  is aga in  a p r o n o u n c e d  d e x t r o -  
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[~]~)* [MD]** Differences 

1 2 3 4 

Compound 2Off. 20fl /I Eta ~ E b 

Sarsasapogenin . . . . . . . .  25L 
Smilagenin . . . . . . . . . .  25D 
Markogenin . . . . . . . . . .  25L 
Samogenin . . . . . . . . . .  25D 

Yamogenin . . . . . . . . . .  25L 
Diosgenin . . . . . . . . . . .  25D 

3-Desoxysarsasapogenin . . . . .  25L 
3-Desoxysmilagenin . . . . . .  25D 
3-Desoxytigogenin . . . . . . .  25D 
Tigogenin . . . . . . . . . . .  25D 

- -  7 5  

- 7 1  

- 7 0  

- 7 4  

- -  1 2 9  

- -  1 2 9  

- -  7 3  

- -  7 1  

- -  6 9  

- -  6 7  

+ 31 t 
- 59 t 

+ 132 

- 15 z 
- 1033 
- -  122 ~ 
+ 37 ~ 
- -  63 z 

- 5 9  ~ 

- -  6 7  u 

- 17 

+ 17 

0 

- 8 

+ 374 

+ 364 

+ 40O 

5 6 
zJ ]s,3e A Ela 

+ 440 
+ 5O 

+ 358 

+ 473 + 108 
+ 29 

+ 444 
+ 32 
+ 40 

0 

* [~]D of 20c¢ series determined in chloroform, 20~ series in dioxane and converted to chloroform basis by adding (-5) to each observed 
dioxane value. 

** MD = [~]D x molecular weight/100 a AE l = MD [(20ce,25L)-(20~,25D)] c zIEa = MD [(20fl,25L)-(20~z,25L)] 
b AE~ = MD[(20fl,25L)-(20fl, g5D)] a AE 4 = MD[(20fl,25D).(20a,25D)] 

r o t a t o r y  c h a n g e  in  t h e  r o t a t i o n  a n d  the  o b s e r v e d  [CCJD 
va lues  are genera l ly  nea r  zeroL F o r m u l a t i o n  I has  been  
ass igned  to  s m i l a g e n i n  b y  severa l  r e sea rch  groups  4 a n d  
c e r t a i n l y  s eems  reasonab le  on the  bas is  of i n f o r m a t i o n  a t  
h a n d .  I t  fol lows f r o m  t h e  op t i ca l  r o t a t i o n  d a t a  p rev i -  
ous ly  c i t ed  t h a t  s a r s a s a p o g e n i n  is I I  d i f fe r ing  f r o m  I on ly  
a t  C,~; 20- i sosmi lagenin  is I I I ,  d i f fer ing  f rom I on ly  a t  
C,0, and  20- i sosa r sasapogen in  is I V  di f fer ing  f r o m  I a t  
C,0, C2,, and  C,5. The  a u t h o r  p roposes  t h a t  s apogen ins  of 
g roups  I, I I ,  I I I ,  IV be cal led  r e spec t i ve ly  20~, 22a, 25D- ;  
20m, 22a, 25L- ;  20fl, 22a, 25D- ;  a n d  20fl, 22b, 25L-sapo-  
gen ins  (G. MUELLER a n d  B. RIEGEL f i rs t  p r o p o s e d  t h i s  
n o m e n c l a t u r e  sys t em) .  

F ina l ly ,  le t  us e x a m i n e  t h e  m a n n e r  in wh ich  the  series 
I - I V  could be f o r m e d  b y  cyc l i za t ion  of t he  p s e u d o s a p o -  
genins .  I t  is p r o b a b l e  t h a t  p s e u d o s a p o g e n i n s  ex i s t  as 
r e sonance  s t ab i l i zed  h yb r id s ,  I n  t he  p re sence  of H +  
cyc l i za t ion  t akes  p lace  in  t he  s equence :  

1 3 
20fl ~ Pseudo • 20a¢ 5. 

2 

A s s u m i n g  cyc l i za t ion  of t h e  p l a n a r  f o r m s  B or  C of 
p s e u d o s a p o g e n i n s ,  t h e r e  is no  longer  need  to  be b o u n d  
r ig id ly  b y  t h e  c o n c e p t  of t r a n s  r ing  c losuresL  The  n a t u r e  
Of t h e  va r ious  i s o m e r s  w h i c h  are  f o r m e d  s e e m s  to  d e p e n d  
e n t i r e l y  on steric cheers. 
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Cons ide r ing  f i r s t  t he  20x series,  i t  will be  n o t e d  t h a t  
mode l s  w i t h  C~, con f igu ra t i on  oppos i t e  t h a t  of I a n d  I I  
i nd i ca t e  t h a t  t h e r e  would  be a s t r o n g  i n t e r a c t i o n  be- 
t w e e n  the  C,x m e t h y l  a n d  t h e  C23 m e t h y l e n e  groups .  
Models  s h o w  m u c h  less i n t e r a c t i o n  b e t w e e n  the  C~1 
m e t h y l  a n d  the  smal l e r  o x y g e n  a t o m  as s h o w n  in I a n d  
I I  so t h a t  these  fo rms  h a v e  less overa l l  e n e r g y  a n d  are  
favored .  In  t he  case of I I ,  t h e  i n t e r a c t i o n  of t he  axia l  C,~ 
m e t h y l  w i th  a single h y d r o g e n  a t o m  has  less e f fec t  on 
t h e  overal l  e n e r g y  of t h e  molecule  t h a n  the  C21-C2a in te r -  
ac t ions  d i scussed  above .  

A d i f f e ren t  s i t u a t i o n  occurs  in t h e  20fl series.  In  th i s  
case t he  C,1 m e t h y l  is r ep laced  b y  a m u c h  smal l e r  h y d r o -  
gen a t o m ,  and  mode l s  show no  i n t e r a c t i o n  in e i t he r  of t he  
two  C** possibi l i t ies .  U n d e r  these  c i r c u m s t a n c e s  s ter ic  
ef fec ts  a t  C25 m i g h t  well  d e t e r m i n e  the  d i rec t ion  of r ing  
c losure  so t h a t  in each  case t h e  more  s t ab le  equa to r i a l  
Czr m e t h y l  is fo rmed .  This  would  requ i re  a cis closure 
in  t h e  case  of  I I I  a n d  a t rans  closure  in t he  case of  IV.  
The  foregoing  r a t i ona l i za t i on  of  t h e  cyc l i za t ion  of  
p s e u d o s a p o g e n i n s  to  give t h e  ser ies  I - I V  is t h u s  in c o m -  
p le te  acco rd  w i t h  t h e  f o r m u l a t i o n s  d e d u c e d  f r o m  t h e  
op t ica l  r o t a t i o n s  of t h e s e  c o m p o u n d s .  

The re  r e m a i n s  for d i scuss ion  t h e  i n f r a red  s p e c t r a  of  
I - I V .  Original ly ,  we conc luded  in a g r e e m e n t  w i t h  R. N. 
JONES t h a t  t h e  large d i f fe rences  b e t w e e n  t h e  in f ra red  
s p e c t r a  of I a n d  I I  were  due  to  d i f fe rences  in C2, con-  
f i gu ra t i on  ~. The  p r e s e n t  ev idence  r e n d e r s  t h e  above  
h y p o t h e s i s  u n t e n a b l e .  I n s t e a d  t h e  in f ra red  d i f fe rences  
b e t w e e n  I a n d  I I  m u s t  be a sc r ibed  to  t h e  e q u a t o r i a l  a n d  
ax ia l  C2~ m e t h y l  g roup .  The  m a r k e d l y  d i f f e ren t  s p e c t r e  
of I I I L  m u s t  be  a s c r i b e d  to  t h e  s t r a i n  p r o d u c e d  b y  t h e  
20fl con f igu ra t ion ,  a n d  t h a t  of IV  b o t h  to  t h e  20fl a n d  t o  
t h e  d i f fe rence  in C,~ conf igura t ion .  
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Zusam~en/assung 
Die optischen Drehungen einiger 20e, 25D; 20e, 25L; 

20fl, 25D; und 20fl. 25-L-Sapogenine wurden best immt.  
Die ersten drei Serien gaben fibereinstimmend links- 
drehende ~Verte, abet  die Ietztere Gruppe erwies sich als 
rechtsdrehend. 

Die S t ruktur  der vier Serien der Sapogenine folgte 
aus der Analyse dieser Befunde. Der mSgliche Mecha- 
nismus bei der Ents tehung  dieser Verbindungen aus 
Pseudosapogeninen wurde besprochen. Die Autoren 
gelangen zum Schluss, dass sterische Faktoren  an C20 
und C,5 die Rieh tung  der Ringsehliessung beeinflussen. 

Electrolytic Behaviour of Some 
Carotenoids in Strongly Acid Media 

Some t ime ago, in the course of quite  a different 
invest igation 1, we dissolved caro tene  in isobutylalcohol 
which was saturated with a solution of 25 % sulfuric acid 
in water, and we electrolysed this solution in an inver ted 
V-tube S between two beakers containing 25% sulfuric 
acid in water into which anode and cathode were im- 
mersed. A bluish-green compound migrated towards the 
cathode and accumulated at the cathodic end of the 
isobutylalcohol layer. L. CHOL~O~Y, to whom we are 
indebted for the gift of carotene and for discussions 
told us, on inspection of the experiment ,  t ha t  his caro- 
tene probably contained epoxides and he thought  their  
salts were involved in the electrolytic migration.  As a 
mat te r  oI fact, the yellow carotene itself did not  migrate. 

To identify the green, ionized compound, we prepared 
authentic  fl-carotene epoxides with perphthalic acid 
following I£ARRER'S 3 method and resolved the resulting 
mixture by chromatography on a Ca/OH/2 column with 
petrol-ether.  Eight  different zones were isolated and 
zones 6. and 7. were identified as KARRER'S luteochrome 
and fl-carotene-diepoxide respectively. The maxima of 
their  absorption spectra in carbon disulfide were: 454 
and 480 m# for luteochrome (KARRER'S values: 451 and 
482 m/~) respect ively 470 and 502 m#  for /~-carotene- 
diepoxide (KARRER'S values:  470 and 502 m/~). Both  
compounds were dissolved in the acidified isobutyl alco- 
hol ment ioned above. The init ial ly yellow colour of the 
solutions tu rned  gradually into blueish-green, as de- 
scribed by IgARRER, in chloroform containing hydro- 
chloride acid. These green compounds migrated towards 
the cathode in the above-ment ioned inverted V-tube ap- 
paratus, applying 90 V to the 3 cm port ion of the tube 
(internal d iameter  2 ram) which was filled with the 
isobutyl alcoholic solution. The current  was 5 mA. The 
green compound did not pass into the aqueous sulfuric 
acid but  accumulated at the cathodic end of the alco- 
holic phase; it followed the current  after reversal of the 
electrodes. 

Other chromatographic fractions of the oxidized 
carotene behaved similarly, a l though their  colour, which 
developed after a t ime in the  acidified alcohol, var ied 
between lavender-blue, v io le t  and green. The coloured 
compound in some cases weakly passed the phase border 
into the aqueous kcid at the cathodic side. 

1 F. K6R6SY and GY. SZ~KELY, Nature 168, 77 (1951); 
Magyar K~miai Foly6irat. 67, 110 (1951). 

" F. KSROSV and GY. SZJ~KELY, Magyar K6miai Folydirat. 68, 
474 (1952). 

a p. KARRER and E. JUCKER, Helv. Chim. Acta 28, 427, 470 (1945). 

The cathionic behaviour of these carotenoids may be 
due either to  their  loosely bound ~-electrons or to  the 
formation of oxoniumsalts  on the r ing-oxygen atoms. 

To test  these hypotheses,  we performed some fur ther  
experiments.  First  we tr ied to electrolyse the chloroform 
solution Of the blue product  from carotene and SbC15 of 
the Carr-Price reaction, but  failed to detect  any migra- 
tion of the blue boundarise between coloured and un- 
coloured chloroform. This colour reaction is given by 
carotenoids irrespective of whether  they are pure hydro- 
carbons or contain oxygen. They are held to be dative 
compounds of the electron-donor carotenoids and the 
acceptor Lewis-acids (SbC1 G, SbC18, A1Cla, BF~, etc). In 
our case the dative compound evident ly  did not  dis- 
sociate into posit ive and negative ions in chloroform 
solution. 

Then we invest igated the deep blue compounds which 
are formed from earotenoids and strong acids. I t  is welI 
known tha t  the hydrocarbon carotenoids yield these blue 
compounds with concentrated sulfuric acid, while 
carotenoids containing oxygen, e.g. violaxanthine,  react  
even with dilute hydrochloric acid. Not  much seems to 
be known, however, about  these compounds.  

We separated ~- and fl-carotene chromatographical ly  
from each other and examined their  reaction with 
sulfuric acid of varying concentrat ion,  They dissolve in 
concentra ted acid to a beautiful  peacock-blue solution 
which however  fades through ul t ramarin to an unsight ly 
violet. Using sulfuric acid di luted with increasing 
amounts  of water,  we found tha t  the peacock-blue 
colour is relat ively stable at and beyond 15% water  
con ten t  and the blue colour develops up to about  28 % 
water  contents.  Using a solution of carotene in benzene 
and shaking it  with sulfuric acid of different concentra-  
tion, we found tha t  a part i t ion equil ibr ium is established 
between the acid and benzene phase. At about  84% 
H~SO 4 and above all carotene passes into the acid, while 
below 72 % all of it remains in the benzene or reverts in- 
to benzene solution if a stronger acid is diluted with 
water. At concentrat ions between 72 and 84% H~SO4, 
the carotene is distr ibuted between the yellow benzene 
and the blue acid phaserevers ib ly .  I t  should be proved, 
however, whether the reverted yellow pigment  is genuine 
carotene or a der ivate  therefrom. We also wish to in- 
vest igate the part i t ion equil ibrium between these phases 
quant i ta t ively .  I t  is interest ing to note t h a t  the upper 

a n d  lower concentrat ion limits of the sulfuric acid at  
both sides of this par t i t ion equil ibrium approximate  
very  closely to the composit ion for I-I2SO ~ • H~O and 
HzSO ~ • 2H~O respectively, al though in view of the fact 
t ha t  carotenoids containing oxygen sometimes give the 
blue colour even with dilute acids, this agreement  may 
prove to be a mere coincidence. 

These blue solutions were subjected to an electric 
field s t rength of about  1 ¥ / c m  in the inver ted V-tube 
apparatus.  To stabilize the boundary between coloured 
solution and the underlying strong sulfuric acid, the 
former was slightly diluted with water  or methanol.  To 
our great  surprise these blue derivates of the carotenes 
migrated to the anode. Their  ionic mobilities were of the 
order o f  10 -~, which may  be regarded as normal in 
viscous sulfuric acid media. The fractions of the chroma- 
tog ramm of oxydised carotene mentioned above were 
t reated similarly and this t ime they  too all migrated 
towards the anode! The cationic or anionic behaviour 
thus depends upon whether  we work in aqueous acid 
solutions or in acidified isobutyl alcohol (or amyl  alcohol). 
The 6th fraction (luteochrome) dissolved to a grayish- 
green colour, the 7 th fraction (diepoxide) to greenish- 
blue while the others varied between brown and violet. 


