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Alkaline t r e a t n e n t  of  C/D c i s -~0-ke tos te ro ids  produced an equi l ibr ium 

mixture of 17~- and l?~-H-20-keto conpounds. The 172-H-epi~r  i s  more 

s table  and i s  obtained as the main product.  The ro t a to ry  d ispers ion 

curves of the 17B-H-20-keto compounds show negat ive mad the 17a-H-R0-keto 

cowpoands show pos i t ive  Cotton e f f e c t s ,  but the a fp l i tude  va r i e s  with 

nei~bour~ groups. 

I t  has been shown al ready tha t  severa l  Asclepiadaceae F l - - t 8  contain 

e s t e r  g lycos ides ,  and the s t r uc t u r e s  of those aKlycones have been 

inves t iga t ed  a h i e f l y  by Re ichs t e in ' s  group and by us.  The s t r u c t u r e s  of  

¢ynancho~enin ( I )  1 , 2  u t a p l e x i p n i n  ( I I )  3 benzoylrananone ( I I I )  ,~,4 

deacylcynanchogenin = l ineolon  (Ia)  1 , 2  i sodeacylcymmchopnin  (Ib) 2 , 5  

3,4,6 ramanone (= isodlgipurpuroKenin-ll) (Ilia), isoramanone (= disipurpuro. 

genin- I I )  ( I I I b ) ,  3 ' 4 ' 6  ea rcos t in ,  1 '2 tayloron (V), 1 toemntogenin = 

5~-dihydroutendin (VI), 7 and deh~drotomentoge.~. = utend4- (VII) 8 have 

been assigned.  All  these aKlycone8 possess 128-OH, 14~-OH and 20-oxygen 

groups. 

This repor t  i s  an attempt to s ~ - . ~ i z e  the r e l a t i o n  between the C-17 

side chain e p i ~ r i z a t i o n  of C/D c i s  20-ketopreEn--e and the ehm-ge of 

op t i ca l  r o t a t o r y  d ispers ion .  Shimizu found tha t  I was e a s i l y  i s o m r i z e d  

2 by . lka14ne t rea tment  to Kive a 7:3 equi l ibr ium mixture of Ia  and Ib.  
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No~tra  a l s o  r e p o r t e d  t h a t  by a s i m i l a r  t r e a t m e n t  o f  l I I ,  an e q u i l i b r i u m  

mix ture  o f  I I I a  and I I I b  was ob t a i ned  and I I I a  was the  main p roduc t .  3 ' 4  

I t  was r e p o r t e d  t h a t  in  a c i d - ,  o r  b a s o - c a t a l y s o d  r e a c t i o n s ,  C/D t rans-RO- 

ke top regnanes  were i aomer ized  to  g ive  about  7:3 e q u i l i b r i u m  J i x t u r e  o f  17a-H-, 

and 172-H-20-keto i somers ,  and the  r a t i o  o f  C-17 epimers  v a r i e d  wi th  

d i f f e r e n t  ne ighbour ing  grOUpo 9 '10  On the  o t h e r  ha-d ,  the  i s o m e r i z a t i o n  

o f  C/D c i s  17~-H-20-ketopregnane to  17~-H- by a l k a l i n e  t r e a tmen t  was 

r e p o r t e d ,  11 but  the  17~-H- isomer was i s o l a t e d  as  the  only  p roduc t  i n  a 

poor  y i e l d .  Meyer found t h a t  by a l k a l i n e  ~ 7 d r o l y s i s  o f  the  14~, lS~-  

epoxy-17~-carb~nethoxy derivative obtained from resibufogenlnj two C-17 

epimers were formed in about l:l ratio. 12 From these reports, it was 
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obvious  t h a t  C/D c i s  17~-H-20-keto i s  thermodyn-m~cal ly more s t a b l e  t h - -  

the  17¢-H-epimer,  but  e q u i l i b r a t i o n  o f  the  0-17 epimers  was not  ment ioned.  

The e q u i l i b r a t i o n  o f  deacylcynanchogenin  and ramanone can be a t t r i b u t e d  to  

e i t h e r  the  b a s e - c a t a l y s e d  r e a c t i o n  o r  the  e f f e c t  o f  ne ighbour ing  I~ -OH and 

14~M-OH in  the  molecu le .  Mitsuhasb/  and co-workers ,  2 ' 3 ' 4  employed ~ KOH 

i n  MeOH r e f l u x i n g  f o r  5 h r . ,  fo l lowed  by f r a c t i o - - I  c r y s t a l l i z a t i o n  o f  the  

r e s u l t i n g  mi x t u r e s  to  o b t a i n  I s ,  Ib  and I I I a ,  I I I b  from t h e i r  n a t u r a l l y  

occurlng e s t e r  ag l ycones .  These h y d r o l y s i s  c o n d i t i o n s  a re  r a t h e r  s t r ong  
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Cae'JpGLrqDd to  these  commonl~ employed in  i a o m e r i z a t i o n .  To f i n d  the  proper  

c o n ~ i t i o n |  f o r  i s o s e r i + a t i o n ,  l a  woe t r e a t e d  wi th  the fo l lowing  concent-  

r a t i o n  of  KOH- MeOH; 5 ,2 .5 ,  1 .2 ,  0 .6  and 0 . ~ .  These mixtures  were 

r e f l ~ e d  f o r  i and 5 hr., respectively. Compound Ia i somerized to  I b  and 

the r a t i o  o f  I a  to  Ib  was about the  same in  a l l  these  exper imenta l  condi-  

t i o n s .  I a  proved to  be the  ~,~n product  a f t e r  paper chroNatography. 13 

To i n v e e t i g a t e  the  e f f e c t  o f  1P_5-OH on C- l?  e p i l e r i z a t i o n ,  

~B , l~5 -d i ace toxy -~ ,14~ , l ?o~pregnane -20 -one  (VIII)  4 was t r e a t e d  with  

KOH-MeOH, and the  recrui t ing mixture  wag e~l~Lued by t h i n - l a y e r  chrona to-  

~rap~ (A~203, 3 . ~  "eOW/C6H6). Coapouade VZZIa, m.p. 80-85 °, ~ 0.~: 

and VI l lb ,  re.p. ~0~-~06 e, Bf O . ~  were ob ta ined  by f r a c t i o n a l  c r y e t a l l i -  

za t iono A f t e r  a l k a l i n e  t r e a t m e n t ,  VI I Ia  and VII Ib ,  each y i e l d e d  a mixture 

o f  VI I Ia  and VIIIb .  The Cotton e f f e c t  o f  the  r o t a t o r y  d i s p e r s i o n  curves  

VI I I ,  V i l l a  wan nega t ive  but the  curve o f  VIIIb was p o s i t i v e .  These r e s u l t s  

s t r o n g l y  emggeat a 175-H-~0-keto c o n f i g u r a t i o n  f o r  VI I I ,  V i l l a  and 17~- f o r  

VII Ib .  

To prove the  e f f e c t  o f  the 145-0~ group on C-17 ep imer i za t i on ,  ~5-ace t -  

o~-14B-hydroxy-~,14~,lT~-pregnane-20-one (N.I) 14 was treated as described 

above. The r e s u l t i n g  mixture was s u b a i t t e d  to  t h i n - l a y e r  ch romatograp~  

(A1203, ~ HeO~/C6H6). Two e~ots ,  IXa, Rf 0 .25 and IXb, Rf 0.42 were 

located. Compounds IXa, m.p. 215-220 °, and IXb, m.p. ~TJ~8-242 ° were 

obtained from the reaction mixture after AI203 chromatograph. When both 

lXa and IXb were mabmltted separately to ~M KOH-HeOH treatment, and the 

r e s u l t i n g  mix tu res  examined by t h i n - l a y e r  chrometogral~y,  the  0-17 epimera 

were formed from both oompounds but IXa was the  emin product .  The r o t a t o r y  

d i s~er l~on  ourvee o f  IX and IXa showed a nega t ive  Cotton e f f e c t  while the  

curve o f  IXb ihowed a p o s i t i v e  e f f e c t .  35-Ace tox~-5o ,14~, lT~-pre~ane-  



O c t  1 9 6 4  S T E R O I D S 487 

20-one " "(X) 14 gave e x a c t l y  the  same r e s u l t s  as  IX a f t e r  a l k a l i n e  t r e a t m e n t ,  

Xa, m.p. 180-184 0, as  the  main p roduc t ,  and Xb, m.po 170-172 e, the  minor 

p roduc t ,  were o b t a i n e d  from the  r e a c t i o n  mix tu re .  The r o t a t o r y  d i s p e r s i o n  

cu rves  o f  X and Xa showed a nega t i ve  Cot ton  e f f e c t  and the  curve  o f  Xb 

showed a p o s i t i v e  one.  The o p t i c a l  r o t a t o r y  d i s p e r s i o n  cu rves  o f  C/D c i s  

20-ke to  compounds a re  shown i n  Table I .  

From these  expe r imen t s  and from p r e v i o u s  pape r s ,  1 ' 2 ' 3  one can draw the  

fo l l owing  c o n c l u s i o n s :  

1. The Cot ton e f f e c t  and e ~ u i l i b r a t i o n . -  The r o t a t o r y  d i s p e r s i o n  has been 

employed s u c c e s s f u l l y  to  determine the  c o n f i g u r a t i o n  o f  the C-17 s ide  cha in  

of C/D cis 20-keto-preEnanes. The thermodynAm4oally stable 175-H-20- 

keto compound shoes a negative Cotton effect whereas a positive Cotton 

effect is observed with the 17a-isomer. It is notable that in the C/D 

t r a n s  s t e r o i d s ,  the  more s t a b l e  17a-H-20-keto compound shows a p o s i t i v e  Cot ton 

e f f e c t ,  and the 17a-H-isomer a n e g a t i v e  e f f e c t .  15 These r e s u l t s  a re  

d e s c r i b e d  i n  Table I I .  

2. E f f e c t  o f  12~-ace toxy  g r o u p s . -  The C/D c i s  17~-H-20-keto s e r i e s ,  which 

have 12~-ace toxy  groups  show a s h i f t  o f  molecu la r  ampli tude to  the  n e g a t i v e  

s ide  i n  the  co r r e spond ing  12~-hydroxy compounds ( I a -XI ,  I I I a - X I I ,  I I a - I I )  

and i n  the  co r r e spond ing  u n s u b s t i t u t e d  compounds, (IX-XII ,  XI I I ,  X-VIII ,  

1 
XVII-XVI). Klyne has a l so  mentioned the  e f f e c t  o f  the  128-aoetoxy group.  

3. Effect of 128-hydroxy KTOU~S.- In both 17~-, and 17a-H-20-keto 

compounds, the  p resence  o f  a 12~-hydroxy group causes  a s h i f t  o f  the  

molecu la r  a m p l i t i d e  to  the  p o s i t i v e  s ide  ( I I I a - I X a ,  VIIIa-Xa,  VIIIb-Xb, 

IIIb-IXb). 

4. E f f e c t  o f  14~-~TOU~S. " The presence  o f  the  14B-hydrox~ group,  the  17- 

i somers  o f  20-ketopre~-~--es  causes  a s h i f t  o f  the  molecu la r  ampli tude to  the  
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Compound 

Table I 

f i r s t  extremum second extremum 

Sign and amplitude 
of wave a X i0"- 

(Ia) -2592 (3o2) +5270 (255.5) 

(Ib) +3920 (305) + 600.6 (270) 

(XI)= 3,12-diacetate of Ia 

(II) -3114.1 (315) +5869.9 (265) 

-3291.6 (319) +4135.6 (270) 

(IIa) -1174.2 (316) +5506.2 (267) 

(V) -14lO (320) +4650 (280) 

( I I I )  +2404.6 (305) -3073.6 (270) 

( I I Ia) -4542 (3OI)  +4308 (260) 
-5731 (306) +4078 (263) 

(IIIb) +3114.6 (305) -2283.3 (265) 

+3824.5 (308) -3318.4 (269) 

(XZI):3,12- -8264 (302)  +380 l  (259) 
diacetate of IIIa 

(XIII):3,12- -7776 (3O2) +4968 (259) 
d i a c e t a t e  5~-dihydroramanone 

(VIII) -4953 (3O4) +5421 (256) 
(VIIIa) -1870.4 (298) +1336 (260) 
(VIIIb) +5277.2 (304) -5911 (260) 

(IX) -4286 (3o2) + 4 ~ i  (256) 

(IXa) -5427 (3O2) +4328 (262) 

(ixb) +z~49 (298) - 6n  (262) 
(XIV) = 14B, 17m-pregnane-3B, 5S, 14~-trio 1-20-one 
3-acetate 

(XV) = 14~-pregnane-3~, 5~, 142-triol-20-one 
3 - a c e t a t e  

(X) -2547 (303)  +4896 (260) 
(Xa) -3377.1 (303) +4541.8 (256) 
(xi~) +3ooi. 2 (301) -3889 (26o) 

(xvi): 14~,15s -335o (3o2) +4071 (255) 
epoxide of VIII 

(XVII) =1413,15S -1727 (301) +3882 (256) 
epoxide of X 

- 77.8 

+33.2 

_i12 l) 

- 89.8 
@ 

- 74.2 

- 66.8 

- 61 

+ 54.77 

- 88.5 

- 98.0" 
+ 53.9 

+ 71.4" 

-120.6 

-127.4 

-103.7 

- 32.0 

+lll. 9 

- 84.9 

- 97.5 

+ 20.6 

_ 86 l) 

+ 25 l) 

- 74.7 

- 77.1 

+ 68.9 

_ 74.24) 

_ 56.94) 
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Table II 

Cotton R e l a t i v e  C/D r i ng  

e f f e c t  s t a b i l i t y  

C-17- 

configuration 

+ stable trams 17m-H- 

- stable cis 17B-H- 

+ unstable cis 17m-H- 

- unstable trans 17B-H- 

negative side (Xa-IXa, X-IX, Villa-Ilia, Vlll-Xlll, Vlllb-lllb, Xb-IXb). 

5. Effect of 14~tl~-epoxide group.- The 14BtlS~-epoxide causes the 

molecular amplitude to move to the positive side (VIII-XVI, X-XVII). 

6. Effect of 17B-h~droxy groups. - The addition of a 17~-hydrox~ group, 

(II,Ila and Ia,lIla) results in the trough shifting about 13 e~ to the long 

wave region. This also occurs with the C/D trans compound. 15'16 In the 

case of C/D cis 20-ketopregnane, the sign of the Cotton effect is effected 

by C-17 c o n f i g u r a t i o n  and the ampli tude i s  e f f e c t e d  by the ne ighbour ing  

s u b s t i t u e n t s .  

EXPERIMENTAL 

I s o m e r i z a t i o n  o f  the  s ide  chain  o f  Deac21c~anchogenin  ( I a ) .  Deacyl -  

cynJnohogenin ( I a ,  1 rag.) and ~ methanol -potass ium hydroxide (0 .2  ml . )  were 

s e a l e d  under  n i t r o g e n  and hea ted  f o r  5 hr .  on the  steam ba th .  When coo l ,  

the  r e a c t i o n  mixture was examined by paper  chromatography (ch lo roform/  

for~mutde) and the format ion  o f  i sodeacy lcynanchogen in  ( Ib ,  Rdc=l.9) was 

proved.  The s u e  i s o m e r i z a t i o n  was observed  wi th  d i f f e r e n t  c o n d i t i o n s ,  

such a s  0.2% methanol -potass ium hydroxide hea ted  1 hr .  Treatment with 0.2% 

m e t ~ o l - p o t a s s i u m  hydroxide  f o r  3 hr .  a t  room temperature  produced a 

small  y i e l d  o f  Ib .  

H~dro l~s i s  o f  ~BI12~-diacetoxy-5%14~l17m-pre~nane-20-one ( V I I I ) .  
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VII I  (66 rag. ) was h~drolyzed with  ~ metha-o l -potass ium b~Tdroxide (3 ml.)  i n  

n i t r o g e n  f o r  5 h r .  The r e a c t i o n  mixture was e x t r a c t e d  con t inuous ly  wi th  

e t h e r .  The e x t r a c t  (55 mgo) gave 13 q .  c r y s t a l s  (VII Ib) ,  mop. 205-209 0 

a f t e r  r e o r y s t a l l i z a t i o n  from benzene. VI I Ia ,  n.p° 80-85 o was obt-~ned by 

r e c r y s t a l l i z a t i o n  of  the mother l i q u o r  wi th  ace tone-wate r .  VII Ia  and VIIIb 

were t r e a t e d  wi th  ~ methanol-potass ium hydroxide f o r  5 hr .  Th in - l aye r  chro-  

matographic a n a l y s i s  (alumina,  3 . ~  methanol/benzene) gave the r e s u l t s  

shown in Fig. i. 

Hydrolysis of 32-acetoxy-l%2-hydroxy-Sa. 14~, l?a-l~-wgnane-RO-one (IX). 

IX (50 rag.) was t r e a t e d  as  VIII  and a f t e r  the evapora t ion  of  the methanol,  

rag. o f  c r y s t a l s  were ob ta ined .  These were r e c r y s t a l l i z e d  from benzene 

to  colorless needles, IXa (26 ag.), n.p. 215-220 °. The nother  l i q u o r  gave 

IXh (2 mg.), n.p. 238-240 e. IXa and IXb were treated in the sane harmer 

as la and Ib. Th4--layer chromatoKraphlc analyses are shown in Fig. 2. 

H~drol~sis of ~2-aceto~-~zt14atl~=-T~egnane-20-one~X). X (44 :g.) was 

trea~ed as VIII, the resulting mixture was extracted with ether. Removal 

of ether gave ~0 rag. crystals. The product was submitted to chronatography. 

Xb, m.p. 170-174 e, 4 ag., was eluted with hexane-bensene (2:1) and Xa, a.p. 

180-185 e, 10 n g . ,  wi th  benzene. T h i n - l a y e r  chromatographic ana lys6s  of  the 

p roduc t s  o f  a l k a l i n e  t r ea tment  o f  Xa and Xb are  shown in  F ig .  3- 

F ig .  1 

A 

B 

C 

D 

E 

A= VIIIb ,  B= p roduc t s  of  a l k a l i n e  t r e a t n e n t  of  VIIIb ,  C= products  of  a l k -  

a l i n e  t r ea tment  o f  VI I Ia ,  D= VII Ia ,  E= products  o f  a l k a l i n e  t r ea tment  of  VI I I .  
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Fig .  2 

C ~  

A= IXb, B= p roduc t s  o f  a l k a l i n e  t r e a t m e n t  o f  IXb, Om p roduc t s  o f  a l k a l i n e  

t r e a t m e n t  o f  IXa, D=- IXa, Em p roduc t s  o f  a l k a l i n e  t r e a tmen t  o f  IX. 

A 

B 

C 

D 

E 

Y ~  

Q 

CZ~ 

A= Xa, B= p roduc t s  o f  a l k a l i n e  t r e a t m e n t  o f  Xa, C= p r o d u c t s  o f  a l k a l i n e  

t r e a t m e n t  o f  Xb, D= Xb, E= p r oduc t s  o f  a l va l4ne  t r e a tmen t  o f  X. 

O p t i c a l  Rota to r~  D i s p e r s i o n .  - The r o t a t o r y  d i s p e r s i o n  curves  were 

measured wi th  an au tomat ic  r e c o r d e r  Rudolph p h o t o e l e c t r i c  s p e c t r o p o l a r i -  

meter  and O.R.D.-gV-5-Niphon Bunko. The r e s u l t s  a re  shown in  Table I and 

the  measuring c o n d i t i o n s  a re  a s  fo l lowing ;  

Ia, Ib, II, IIb, IIIa, IIIb, C= 0.2, 1= 0.I in MeOH, 25e0. 

II, IIIa, IIIb *C= 0.2, i= 0.i in dioxane, 25e0. 

III, C= 0.2, 700-290 ~, i= 0.I, 310-250 ~, I.= 0.01 in MeOH, 14-15eC. 

XII, XIII, VIII, VIIIa, VIIIb, IX, IXa, X, Xa, XVI, XVII, C= 0.2, 1=0.2, 

and 0 .5  i n  MeOH, 14-15e0.  

IXb, C= 0 .08 ,  1= 0 . 5 ,  i n  MeOH, 14e0. 

[a]  = molecu la r  ampl i tude ,  and [~] = molecu la r  r o t a t i o n .  
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