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Our  f u r t h e r  e f for t  was  to  q u a n t i t a t e  t he se  resul ts ,  a n d  
these are  s u m m a r i z e d  in t h e  T a b l e  io. 

Zusammen[assung. Aus d a m  n a t i v e n  16slichen u n d  un -  
16slichen Ko l l agen  w u r d e n  dre i  Ketosi~uren,  u n d  zwar  
Brenz t r aubensAure ,  m-Ketoglutars~iure u n d  c¢-Netoiso- 
va le r i ans~ure  isoliert .  Diese  K e t o s ~ u r e n  h l tu fen  s ich in  

den  p e r i p h e r e n  G e b i e t e n  des Kol lagenmolek i i l s  (in Telo- 
pep t i den )  ~,s an.  
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Anthocyanins of Dioscorea alata L. 

The  g r ea t e r  yam,  or  w a t e r  yam,  Dioscorea alata L., is 
an  i m p o r t a n t  food c rop  in p a r t s  of S o u t h - E a s t  Asia,  a n d  
has  been  i n t r o d u c e d  b y  c u l t i v a t i o n  to  m a n y  o t h e r  t r op i ca l  
COuntries, i nc lud ing  W e s t  Afr ica.  T h e  f lesh  of t h e  ed ib le  
t ube r s  of m o s t  cu l t i va r s  is whi te ,  b u t  some  c o n t a i n  a 
purp l i sh - red  p i g m e n t .  T h e  whole  t u b e r  m a y  be  deep ly  
coloured, or  t h e r e  m a y  be  on ly  a t h i n  s.c. co loured  layer ,  
the  g rea t e r  p a r t  of t h e  t u b e r  be ing  f a i n t l y  p i n k  or  w h i t e :  
the  leaves  a n d  s t e m s  of t h e  g rowing  p l a n t  also are  some-  
t imes suf fused  w i t h  p i g m e n t .  These  t y p e s  h a v e  b e e n  
sepa ra t ed  as d i s t i n c t  species, D. atropurpurea Roxb . ,  D. 
Purpurea R o x b .  a n d  D. rubella Roxb .  x, b u t  a re  n o w  
genera l ly  r e g a r d e d  s i m p l y  as va r i e t i e s  of D. alataa. T h e  
P igmen t  is usua l ly  a s s u m e d  to  be  a n  a n t h o c y a n i n ,  b u t  
no i n f o r m a t i o n  as  to  i t s  c o m p o s i t i o n  a p p e a r e d  in  t he  
l i t e ra tu re ,  a n d  t h e  a u t h o r s  a re  u n a w a r e  of  r e p o r t s  of  
a n t h o c y a n i n s  in  a n y  of t h e  Dioscoreaceae .  

T u b e r s  of a pu rp le - f l e shed  f o r m  of D. alata g r o w n  on 
t he  U n i v e r s i t y  F a r m ,  Legon,  h a v e  b e e n  e x a m i n e d  for  t h e  
presence  of a n t h o c y a n i n s .  T h e  p i g m e n t s  were  e x t r a c t e d  
b y  h o m o g e n i z i n g  20 g of pee led  t u b e r  in  100 m l  of 
m e t h a n o l i c  1% HC1 for 5 min .  T he  suspens ion  was  lef t  
Overnight ,  t h e  e x t r a c t  f i l te red  off a n d  t h e  whole  process  
repeated .  The  c o m b i n e d  e x t r a c t  was  s h a k e n  w i t h  a n  
excess of pur i f i ed  e ther .  T h e  p i g m e n t s  were  s e p a r a t e d  as 
an  aqueous  c o n c e n t r a t e ,  w a s h e d  success ive ly  w i t h  l i gh t  
pe t ro l eum a n d  benzene ,  a n d  t h e n  e x h a u s t i v e l y  e x t r a c t e d  
With e t h y l  ace t a t e .  

~ ' u r t he r  pu r i f i c a t i on  a n d  s e p a r a t i o n  of t h e  a n t h o c y a n i n  
p i g m e n t s  was  u n d e r t a k e n  b y  p a p e r  c h r o m a t o g r a p h y  s. 
The  pu r i f i ed  e x t r a c t  was  b a n d e d  o n  seve ra l  shee t s  of 
W h i t m a n  No.  3 p a p e r  a n d  deve loped  w i t h  I : 1 n - b u t a n o l -  
2 N  HC1. 3 d i s t i n c t  co loured  b a n d s ,  1 b e i n g  m u c h  s t r o n g e r  
t h a n  t h e  o thers ,  appea red .  

The  a n t h o c y a n i n  b a n d s  were  cu t  out ,  e lu ted  w i t h  5 %  
acetic acid in  m e t h a n o l  a n d  a f t e r  c o n c e n t r a t i o n  in v a c u o  
a t  30_35oC, pur i f i ed  b y  r e - r u n n i n g  in n - b u t a n o l - a c e t i c  
ac id -wa te r  (62 :12 :26 )  a n d  t h e n  in  15% aqueous  ace t ic  
acid on  w a s h e d  pape r .  A q u e o u s  s o l v e n t  was  used to  
r emove  free sugar s  4. 

T h e  pur i f i ed  e lua tes  were  c o n c e n t r a t e d  in  v a c u o  a n d  
Shaken w i t h  smal l  a m o u n t s  of 20% HC1 in  a la rge  excess  
of e ther .  T h e  p i g m e n t  was  t r a n s f e r r e d  c o m p l e t e l y  i n t o  
the  aqueous  layer,  w h i c h  was s epa ra t ed ,  t r aces  of e t h e r  
and  m e t h a n o l  r e m o v e d  in vacuo ,  a n d  t h e n  h e a t e d  on  a 
boil ing w a t e r  b a t h  for  3 min .  T h e  so lu t ion  was qu i ck ly  

cooled, e x t r a c t e d  w i t h  a m y l  alcohol ,  a n d  t h e  o rgan ic  
l ayer  w a s h e d  w i t h  wate r .  A m y l  a lcohol ic  e x t r a c t s  of t h e  
ag lycones  were  t h e n  app l ied  to  W h i t m a n  No. 1 paper .  4 
s o l v e n t  s y s t e m s  were  used for  d e v e l o p m e n t :  (1) ' F o r e s t a l  
so lven t '  - wa t e r - ace t i c  ac id-conc.  HC1 (10 : 30 : 3 v /v)  ; 
(2) Ace t ic  ac id-conc.  H C l - w a t e r  (5 : 1 : 5 vJv) ; (3) m-cresol-  
S, 5 N  H e l - w a t e r  (1 : 1 : 1 v / v ) ;  (4) n - b u t a n o l - 2 N  HC1 (1 : 1 
v/v ,  t o p  layer) .  T h e  n - b u t a n o l :  2 N He1 s o l v e n t  m i x t u r e  
was  kep t ,  whi le  t h e  p a p e r  was  e q u i l i b r i a t e d  w i t h  t h e  
lower  a q u e o u s  phase ,  for 24 h, be fore  use. 

O n  al l  t h e  c h r o m a t o g r a m s  of h y d r o l y s e d  p i g m e n t  
e x t r a c t s  on ly  a s ingle a n t h o c y a n i d i n  spo t  a p p e a r e d ;  th i s  
spo t  was  m a g e n t a  in  v is ib le  l igh t  a n d  b r i g h t  p i n k  in  
UV- l igh t .  The  R f  v a l u e  of t h i s  a n t h o c y a n i d i n  was  com- 
p a r e d  w i t h  t hose  of k n o w n  a n t h o c y a n i d i n s  4-s (see 
Tab le  I), a n d  f o u n d  to  co r r e spond  w i t h  cyan id in .  This  
was  c o n f i r m e d  b y  c o - r u n n i n g  w i t h  a s a m p l e  of cyan id in ,  

Table I. Rf values of the principal anthocyanidins and of D. alata 
anthocyanidin in different solvent systems 

Anthocyanidin Bu: HC1 'Forestal' AcOH : HC1 m-cresol: HC1 

Pelargonidin 0.80 0.68 0,55 0.82 
Cyanidin 0.69 0.50 0,34 0.69 
Peonidin 0.72 0.63 0.50 0.87 
Delphinidin 0.35 0.30 0.22 0.52 
Petunidin 0.45 0.45 - 0.75 
Malvidin 0.53 0.60 0.43 0.90 
Hirsutidin 0.72 - - - 
Anthoeyanidirt 0.69 0.50 0.35 0.70 
of D. alata 
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when no separation occurred. All 3 anthocyanins thus 
have the same aglycone and are cyanidin glycosides. 

The sugar components were identified by a method 
used for the identification of the sugar components of 
cocoa anthocyanins ~. Each methanolic eluate of the 
individual anthocyanins from Whatman  No. 3 paper was 
evaporated to dryness in vacuo. The anthocyanins were 
hydrolysed for 30 rnin in 0.5N sulphuric acid in a boiling 
water bath. The hydrolysates were neutralized with 
BaCO v centrifuged and concentrated in vacuo. The 
residue was extracted with methanol and the extract  
concentrated in vacuo to approximately 0.2 ml. The 
sugar chromatograms were developed in ethyl acetate- 
pyridin-water (2 : 2 : I v/v) 10, the sugar spots detected by 
spraying with aniline-phthalate reagent xl and compared 
with standard sugars. 

Table IL Rf values of the principal cyanidin glycosides and ol D. 
alata anthocyanin in different solvent systems 

Cyanidin glycoside ACOH- A C O H -  BAW HCI-~ r 
HC1-W HCI-W 

5:1:5 82:15:3 4:1:5 3:97 

3-glucos ide  0.61 0,26 0,38 0,07 
3 -ga lac tos ide  0.61 0 .26 0,37 0 .07 
3 - r h a m n o g l u c o s i d e  - 0.43 0,37 0,19 
3-gent iob ios ide  - - 0.29 - 
3 -xy log lueos ide  0.85 0.51 0.36 0.24 
3-d ig lucos ide  - 0,61 0,33 0.34 
3, 5-d ig lucos idc  0.70 0,40 0.28 0.16 
3 - r h a m n o g l u e o s i d o -  - 0.59 0,25 0,36 
g lueos ide  
Majo r  a n t h o c y a n i n  0 .69 0,38 0.28 0.14 
of D.  a l a t a  

The sugars obtained from the major anthocyanin and 
from one of the minor anthocyanins could not be separated 
from glucose. The concentration of the third was so low 
that  it was not possible to determine the sugar component 
with the amount  of sample available. On the chromate- 
grams a trace of arabinose was detected but  this may be 
an artefact formed during the chromatographylL 

The Rf values of the anthocyanins isolated were com- 
pared with those of known cyanidin glycosides (Table II). 
The major  component  of the pigment is thus shown to be 
cyanidin-3-5-diglucoside. 

The Rf values of the 2 minor anthocyanins when run 
in non-alcoholic solvents were similar to the Rf  values of 
cyanidin-3-monoglucoside and cyanidin-3-rhamnogluco- 
side, but  when run in BAW the Rf  vatues did not  coincide. 
Fur ther  studies on the 2 minor yam pigments are there- 
Iore necessary. 

Rdsumd. Trois anthocyanines oa t  6t6 extraits  de tuber- 
cules d 'une vari&t~ de l ' igname D. alata ~ chair pourpre. 
Tous les 3 sent des glycosides de la cyanidine: le pigment 
principal est le cyanidine-3, 5-diglucoside. 
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The Molecular Structure of the Benzilic A c i d  

Rearrangement Product of  3~,  17~-Diacetoxy- 
11-hydroxy- 12-oxo-Sfl-androst-9(11)-ene 

3~, 17fl- Diacetoxy-  l l  -hydroxy  - 12-oxo - 5/~- androst-  
9(lI)-ene (I), on t rea tment  with base, gives a compound 
C19H~aO~, which can be shown to contain 2 hydroxyl  
groups and a lactone ring 1. A benzilic acid rearrange- 
ment  of 1, followed by lactonization between the carboxyl 
group at C-11 and the hydroxyl  at  C-17 would be stereo- 
chemically impossible with a trans C/D ring junction. 
Accordingly, a retroaldol equilibrium with epimerization 
a t  C-13 leading to a d s  C/D ring junction prior to the 
benzilic acid rearrangement was postulated, and structure 
2a was put  forward for the lactone 1. In  this remarkable 
transformation numerous keto-enol equilibria could lead 
to a change of stereochemistry of the B]C as well as the 
C/D ring junctions. A crystal structure analysis was 
carried out on a p-bromobenzoyl ester of the rearrange- 
ment  product to determine the stereochemistry at  the 
B/C ring junction, postulated to be tha t  of the naturally 
occurring androstanes, and to confirm the unusual struc- 
ture containing three 5-membered rings all cis-fused 1, 
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