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1. Int roduct ion 

In  the  course of s t r u c t u r a l  s tud ies  on oligoglycosides such as  saponins, 

acid hydrolys is  has been commonly used f o r  cleavage of the  glycoside l inkage 

between the  aglycone and the  carbohydrate residue.  It has been demonst- 

r a t ed ,  however, t h a t  the aglycone, e spec ia l ly  t h e  ac id- labi le  one, sometimes 

s u f f e r s  secondary a l t e r a t i o n  during the  hydrolysis procedure, and t h i s  makes 

the  s t r u c t u r e  e lucidat ion of saponin r a the r  complicated. 

In o rde r  t o  avoid such undesirable s i d e  r eac t ions ,  some devices have 

been made f o r  cleavage of the  glycoside l inkage and f o r  obta in ing the  genuine 

1 
sapagenol (o r  aglycone): e . g .  per iodate  oxidation and s o i l  b a c t e r i a l  hydro- 

l y s i s .  However, these  methods a re  disadvantageous f o r  e luc ida t ing  the  

s t r u c t u r e  of the  oligosaccharide por t ion  i n  oligoglycoside.  Recently, 

enzymatic hydrolys is  using the  crude glycosidase mixture has been success- 

f u l l y  applied i n  increas ing number of the  cases f o r  s t r u c t u r e  e lucidat ion of 

saponins. 
3 

In t h i s  connection, any chemical method, by which a s p e c i f i c  glycoside 

l inkage i n  oligoglycoside is  s e l e c t i v e l y  cleaved, has been considered t o  be 

extremely use fu l ,  e spec ia l ly  f o r  s t r u c t u r e  e lucidat ion of the  carbohydrate 

por t ion  of oligoglycoside.  Although t h i s  kind of s t u d i e s  have been the  

i n t e r e s t i n g  sub jec t s  of many inves t iga t ions  an polysaccharide,4 no work has 

been reported i n  the f i e l d  of saponin chemistry. For these  years ,  we have 

been i n t e r e s t e d  i n  exp lo i t ing  a  new chemical method which e f f e c t s  s e l e c t i v e  

cleavage of a  s p e c i f i c  glycaside l inkage i n  oligoglycoside.  

In t h i s  review, we descr ibe  t h e  o u t l i n e  of four  s e l e c t i v e  cleavage 

methods f o r  t h e  glucuronide l inkage i n  oligoglycoside (saponin) which have 

been recent ly  developed i n  our laboratory.  They a r e  p h o t ~ l y s i s , ~  lead 

t e t r a a c e t a t e  degradation,6 a c e t i c  anhydride and pyr id ine  d e g r a d a t i ~ n , ~  and 
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ancdic oxida t ion .  ' By use of t he se  methods, saponins,  which possess a 

glucuronide ~ o i e t y  d i r e c t l y  a t tached t o  t he  sapogenol (abbreviated a s  glu- 

curonide-saponin h e r e a f t e r ) ,  a r e  r ead i ly  decomposed t o  e x t r i c a t e  t h e i r  

genuine sapogenols and t o  fu rn i sh ,  i n  most cases ,  t he  carbohydrate ingredi -  

e n t s .  

2. Photo lys is  
5 

Being suggested from the  mass spec t rometr ic  behavior of o l igoglycos ide  

d e r i v a t i v e s ,  i t  was i n i t i a l l y  an t i c ipa t ed  t h a t  the  glycoside l inkage i n  ol igo- 

glycoside might be photochemically cleaved. Af ter  some prel iminary exami- 

na t ions  on the  photochemical behavior of var ious  o l igoglycos ides  a t  hand, i t  

has  been found t h a t  the  glucuronide l inkage i n  o l igoglycos ide  is  r ead i ly  

cleaved by u l t r a v i o l e t  l i g h t  i r r a d i a t i o n .  

For example, i r r a d i a t i o n  of sakuraso-saponin (lJ9 i n  methanol f o r  1 h r  

with a 500 W high pressure  mercury lamp (equipped with a Vycor f i l t e r )  l i be -  

r a t e s  t he  genuine sapogenol, protoprimulagenin A (ZJ, i n  a 74% y i e l d .  Acid 

hydrolys is  of t he  same saponin,  on the  o the r  hand, a f f o r d s  only primulagenin 

A (2) and the  genuine sapogenol (2) is  no t  obtained. Protoprimulagenin A 

(2) can be i s o l a t e d  i n  a l e s s e r  y i e l d  by repeated per iodate  oxida t ion  of 

sakuraso-saponin (11, bu t  formation of another minor a r t i f a c t  sapogenol (2, 

aeg ice r in ) ,  i n  addi t ion  t o  2, is  always accompanied. lo Therefore,  photo- 

l y s i s  has been shown t o  be a convenient method f o r  l i b e r a t i n g  t h e  genuine 

sapogenol of sakuraso-saponin (1). 
I n  order  t o  c l a r i f y  genera l  a p p l i c a b i l i t y  of t he  photochemical cleavage 

method, var ious  saponins a t  hand have been examined. It has been found 

t h a t  fol lowing glucuronide-saponins r ead i ly  l i b e r a t e  t h e i r  genuine sapogenols 

upon u l t r a v i o l e t  l i g h t  i r r a d i a t i o n :  e . g .  kurinso-saponin from PrimuZa japonica 
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A. Gray ( roo t )  ,lo soyasaponin I (5) from GZycine m a  M e r r i l l  ( s eeds ) ,  11 

desacyl-jegosaponin (2) from S t y r a  j a p m i c a  Sieb. e t  Zucc. ( p e r i c a r p s ) ,  12 

desacyl-boninsaponin A (2) from Schima rnertensiana Koidz. (bark)  ,13 desacyl  

d e r i v a t i v e s  of t e a  seeds  saponin mixture from Thea s i n e n s i s  L.  ( seeds) ,14  and 

desacyl  d e r i v a t i v e s  of horse-ches tnuts  saponin mixture from AescuZus t u r b i -  

n a t a  Blume (seeds) .  
15 

The r o l e  of  g lucuronic  ac id  moiety ha s  been next  i nves t i ga t ed .  Ul t ra -  

v i o l e t  l i g h t  i r r a d i a t i o n  of a  prosapogenol methyl e s t e r  (%) l i b e r a t e s  soya- 

sapogenol B (L) i n  an e x c e l l e n t  y i e l d ,  whi le  a  g lucos ide  @, which i s  pre- 

pared by sodium borohydride reduct ion  o f ? ,  is  unaf fec ted  under t h e  sane 

p h o t o l y t i c  cond i t i ons .  Consequently, i t  has become c l e a r  t h a t  cleavage of 

the  g lycas ide  l inkage  is  i n i t i a t e d  by a photochemical r eac t i on  of t h e  carbo- 

x y l  func t ion  i n  the  glucuronide moiety. In combination w i th  a f a c t  t h a t  

t h e  pho to ly s i s  does not  proceed i n  an a l k a l i n e  medium, a scheme I ( i  +ii+ 

i i i - + )  is  suggested as a p l a u s i b l e  r eac t i on  pathway f o r  t h e  photochemical 

cleavage of t h e  glucuronide l inkage .  

On the  o t h e r  hand, i n  t h e  case of chikusetsusaponin I V  ( 9 1 6  and V 

(10) ,I7 which a r e  hisdesmosides having an add i t i ona l  es te r -g lucos ide  l inkage  

along wi th  a glucuronide bond, s e l e c t i v e  cleavage of t h e  glucuronide l i nkage  

g iv ing  B-D-glucopyranosyl o l eano la t e  (g)2a is  e f f e c t e d .  

As described above, u l t r a v i o l e t  l i g h t  i r r a d i a t i o n  is a s imple procedure 

f o r  cleavage of the  glucuronide l inkage  i n  glucuronide-saponin and f o r  l i b e -  

r a t i n g  t h e  genuine sapogenol. This  is  t h e  f i r s t  example of t h e  p h o t o l y t i c  

cleavage of g lycos ide  l inkage  i n  o l igaglycos ide  which conta ins  a  photo-sensi- 

t i v e  func t ion  i n  the  carbohydrate po r t i on  bu t  no such a func t ion  i n  t h e  

aglycone p a r t .  Some r e l a t e d  s t u d i e s  have been repor ted  on t h e  pho to ly s i s  

of a r y l  glycosides18 and c e l l u l o s e .  
19 
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Since u l t r a v i o l e t  l i g h t  t ransparent  through a Vycor f i l t e r  i s  required 

f o r  t he  pho to lys i s ,  app l i ca t ion  of t he  method is  r a t h e r  l imi t ed  and seems t o  

be unsu i t ab l e  f o r  glucuronide-saponin having a photo-sensi t ive sapogenol(e.g. 

g lycy r rh i z in ) .  I n  add i t i on ,  any product ,  which is derived from t h e  carbo- 

hydra te  po r t i on ,  has n o t  y e t  been i s o l a t e d  probably due t o  photochemical 

decomposition. Therefore,  t he  s t u d i e s  have been developed t o  f i nd  out  

s u i t a b l e  modificat ion of t he  carboxyl funct ion  i n  the  glucuronic ac id  moiety 

1 
of glucuronide-saponin ( e . g .  R =COOCH CHO, o r  COSC6H5 i n  K!), i n  order t o  

3' 

e f f e c t  cleavage of t he  glucuranide l inkage  with longer wave-length l i g h t .  

Among these ,  a  phenylthio e s t e r  group (as  i n  s), which i s  r ead i ly  pre- 

pared from a carboxyl group (as i n  2) by treatment with N,N'-carbonyldiimi- 

dazole fallowed by addi t ion  of th iophenol ,  has been found s o  f a r  t o  be a pro- 

mising pho tosens i t i ve  group and t o  be cleaved by u l t r a v i o l e t  l i g h t  i r r a d i a -  

t i o n  through a Pyrex f i l t e r  (g iv ing  1 4 ) ,  although the  y i e l d  of 2 is  unsa t i s -  

fac tory .  
5d 

The p h o t o l y t i c  method is  y e t  a  sub jec t  of f u r t h e r  i nves t iga t ion .  How- 

ever ,  i t  should be mentioned here  t h a t  photochemical cleavage of t he  glucuro- 

n ide  l inkage  is  an exce l l en t  method i n  a sence,  because hydrolys is  of t h e  

glucuronide l inkage  usual ly  r equ i r e s  s t ronge r  ac id  condi t ions  a s  compared with 

hydrolys is  of t he  ordinary n e u t r a l  glycoside l inkage.  Furthermore, i f  the  

sapogenol por t ion  is  photo-stable a s  i n  sakuraso-saponin (L), the  p h o t o l y t i c  

method is favorable  f o r  l i b e r a t i o n  of t he  genuine sapogenol such a s  pro topr i -  

mulagenin A (z), which conta ins  an ac id- labi le  130,28-oxide moiety. 

3. Lead Te t r aace t a t e  Degradation 6 

I n  t he  case of pho to lys i s ,  a  photochemical r eac t ion  of t he  carboxyl group 

i n  t he  glucuronic ac id  moiety funct ions  a s  t he  i n i t i a t i n g  s t e p  leading  t o  
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cleavage of t he  glucuronide l inkage .  Therefore,  t he  s i m i l a r  type of reac- 

t i o n s  of t he  carboxyl group have been inves t iga t ed .  Although ox ida t ive  

decarhoxylat ion of a  carboxyl group us ing  lead t e t r a a c e t a t e  has been known i n  

varxous cases," n o  work has  been reported on the  reac t ion  between the  carbo- 

xy l  group of uronic  ac id  and lead  t e t r a a c e t a t e .  

It was i n i t i a l l y  assumed t h a i ,  when a glucopyranosiduronic ac id  (2, R= 
pro tec t ing  group o r  carbohydrate res idue)  is  t r e a t e d  with lead  t e t r a a c e t a t e ,  

an enol-type compound (,l6) and/or an acetate-type de r iva t ive  (I) would be 

mainly formed and t h e  r e s u l t i n g  products  would be r ead i ly  decomposed e i t h e r  

with mild ac id  o r  mild a l k a l i  t reatment t o  fu rn i sh  the  sapogenol. 

A t  t he  beginning,  a  glucuronide de r iva t ive  (l8), which i s  prepared from 

a prosapogenol (I?) of soyasaponin I (2) and r e t a i n s  t he  f r e e  carboxyl group, 

has been subjec ted  t o  lead  t e t r a a c e t a t e  oxida t ion .  Treatment of 1_8 with  

l ead  t e t r a a c e t a t e  i n  benzene under r e f l u x  f o r  1 h r  y i e l d s  two a c e t a t e s  (2,  

45% and s, 42%) i n  e x c e l l e n t  y i e l d s .  However, no product of type 16  is  

obtained.  Subsequent t reatment of both a c e t a t e s  (2, XI), r e spec t ive ly ,  

with 0.1% sodium methoxide-methanol. a t  room temperature f o r  30 min fu rn i shes  

expected sapogenol (3) almost quan t i t a t i ve ly .  

Next, t h e  method has been appl ied  t o  a d e r i v a t i v e  (21)  of sakuraso- 

saponin (1). Reaction of ?_1 with l e a d  t e t r a a c e t a t e  yields a mixture of 

two epimeric a c e t a t e s  (z) i n  a 95% y ie ld .  Subsequent t reatment of 22 

with sodium methoxide-methanol followed by ace ty l a t i on  ( a c e t i c  anhydride- 

py r id ine ,  f o r  f a c i l e  separa t ion  of t he  products)  furn ishes  fol lowing products:  

2 (90%) from the  sapagenol por t ion  and a diene (24% 32%), two glucopyranosyl 

a c e t a t e s  (25 and 26,  i n  a 70% combined y i e l d ) ,  and a t r i s a c c h a r i d e  d e r i v a t i v e  

(3 92%) which are derived from the  carbohydrate po r t i on .  The y i e l d s  of 

a l l  products  a r e  very high except  2_4 which is a q u i t e  uns table  diene.  The 
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s t r u c t u r e  of 2_4 is  subs t an t i a t ed  by i t s  physicochemical p rope r t i e s  and by the  

s i m i l a r  ana lys i s  of i t s  desace ty l  de r iva t ive  (*). 

A s  is  apparent  from t h e  s eque l ,  lead  t e t r a a c e t a t e  oxida t ion  fallowed by 

a l k a l i  t reatment is  arr exce l l en t  procedure f o r  degradation of a permethylated 

de r iva t ive  of glucuronide-saponin (preserv ing  i t s  f r e e  carboxyl funct ion)  and 

f o r  l i b e r a t i o n  of i ts  cons t i t uen t s  i n  high y i e l d s .  The res idues  a t  C-2 '  

and C-4' i n  the  glucuronic ac id  moiety a r e  e l iminated  during the  r eac t ion  

sequence, and the  method seems t o  be q u i t e  usefu l  f o r  s t r u c t u r e  e luc ida t ion  

of glucuronide-saponin, I n  add i t i on ,  i t  is noteworthy t h a t  the  acid-  

l a b i l e  function i n  t he  sapogenol (e.g. t he  138,28-oxide moiety i n l )  has been 

kept  i n t a c t  during the  degradation procedure (as seen i n  23) .  

I n  order  t o  c l a r i f y  t he  scope of t he  lead t e t r a a c e t a t e  degradation 

method, some o the r  glucuronide-saponins: e.g. soyasaponin I (5),11 desacyl- 

jegosaponin ( 2 ) , l 2  and desacyl-baninsaponin A (%) , I3  have been subjec ted  t o  

t h e  method. S t a r t i n g  from carboxyl ic  ac id  d e r i v a t i v e s ( l 2 ,  2, g ) ,  
expected ing red ien t s  (z, 2 ,  33 from L2;  25, ?_6, 2, 3_3,  3'4 from 2; 2_5, 2 6 ,  

32 ,  33 ,  35 from ?J) a r e  l i b e r a t e d  i n  good y i e l d s ,  r e spec t ive ly ,  i n  addi t ion  * 

t o  t he  d iene  (3) a s  a common product. 

Based on these  f i nd ings ,  t he  lead  t e t r a a c e t a t e  degradation method seems 

t o  be use fu l  no t  only f o r  s t r u c t u r e  e luc ida t ion  of glucuronide-saponin, bu t  

a l s o  f o r  s e l e c t i v e  cleavage of the  glucuronide l inkage  i n  polysaccharide.  

Next, t he  behavior of methyl glycoside d e r i v a t i v e s  of D-glucuronic ac id  and 

D-galacturonic ac id  has been examined, s ince  s e v e r a l  kinds of uronide l ink-  

ages o t h e r  than @-glucuronide a r e  known t o  occur i n  na ture .  

Treatment of methyl 2,3,4-tri-0-methyl-8-D-glucopyranosiduronic ac id  (36) 

with lead  t e t r a a c e t a t e  i n  r e f lux ing  benzene y i e l d s  two major a c e t a t e s  (27, 42% 

and 2, 30%) and two minor es ter - type  d isacchar ides  (59, 5% and 40, 3%). The 
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l a t t e r  e s t e r s  a r e  probably formed by combination of an intermediary carbonium 

ca t ion  (z)21 wi th  t he  s t a r t i n g  compound (2). Analogous type o f  dimeric 

e s t e r  is  n o t  formed i n  the  case of glucuronide-saponin presumably due t o  

s t e r i c  congestion a t  C-5' i n  t he  glucuronide moiety. Sodium methoxide- 

methanol t reatment fallowed by ace ty l a t i on  of 3_7 and 3_8 furn ishes  the  d iene  

(2) i n  69% and 74% y i e l d ,  respect ive ly .  Here again ,  t he  s u b s t i t u e n t s  a t  

C-2 and C-4 of 37 and 38 a r e  r ead i ly  e l iminated  during the  conversion leading  

t o  5. On s i m i l a r  methanolic a l k a l i n e  treatment of 31) and 4_0, t he  methyl 

e s t e r  of 3& and the  diene (3) a r e  obtained i n  high y i e l d s .  

Next, methyl 2,3,4-tri-0-methyl-a-D-glucopyranosiduronic ac id  (41) has 

been subjec ted  t o  t h e  degradation.  In t h i s  case ,  two ace t a t e s  (42, 43) 

a r e  mainly farmed, bu t  no es ter - type  d isacchar ide  is  produced probably due t o  

s t e r i c  congestion a t  C-5. Alkaline treatment followed by ace ty l a t i on  of 

2 and 4_3, g ives  24 r e spec t ive ly ,  thus  poss ib l e  cleavage of t he  a-D-glucuro- 

n ide  l inkage  i n  o l igoglycos ide  being demonstrated. 

In the  case  of D-galacturonide l inkage ,  t he  results are somewhat diverse. 

Treatment of methyl 2,3,4-tri-0-methyl-8-D-galactopyranosiduronic ac id  (44) 
with lead  t e t r a a c e t a t e  y i e l d s  a 5a-acetate (45, 73%) a s  a s i n g l e  product .  

On subsequent t reatment with sodium methoxide-methanol followed by ace ty la-  

t i o n ,  the  a c e t a t e  (2) is  r ead i ly  converted t o  t he  same d iene  (2) as from 

t h e  above mentioned glucuronide de r iva t ives .  It has  been shown the re fo re  

t h a t  t h e  0-D-galacturonide l inkage  i n  o l igoglycos ide  may be cleaved r ead i ly  

by the  lead  t e t r a a c e t a t e  degradation method. 

However, methyl 2,3,4-tri-0-methyl-a-D-galactopyranosiduronic ac id  (5) 

shows considerable r e s i s t a n c e  f o r  lead  t e t r a a c e t a t e  oxida t ion  probably due t o  

s t e r i c  congestion. Treatment of 4_6 with l a r g e  excess of  lead  t e t r a a c e t a t e  

on prolonged hea t ing  (30 h r )  i n  r e f l u x i n g  benzene y i e l d s  a smal l  amount of a  
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56-acetate ( 4 7 ,  7%) wi th  a  recovery of most of  t h e  s t a r t i n g  a c i d  (L6, 82%). 

The a c e t a t e  (9) once farmed is  r e a d i l y  converted t o  t h e  d iene  (2) a s  above 

i n  a  h igh  y i e l d .  

It has  become c l e a r  s o  f a r  t h a t  t h e  l e ad  t e t r a a c c t a t e  degradation method 

is  use fu l  f o r  degrada t ion  of t h e  6- and a-D-glucuronide l i nkages  and the  B-D- 

ga lac turonide  l inkage .  A more s u i t a b l e  cleavage method f o r  t h e  a-D-galac- 

turonide  l i nkage  is  under s tudy  i n  our labora tory .  A s  f o r  t h e  r e a c t i o n  

pathway, scheme I1 ( ~ 4 ~ i +  v&i +2_4 and v&i + i x  -sx+z) seems t o  be 

reasonable .  

In o rde r  t o  de f ine  t h e  r e a c t i o n  pathway, i so l .a t ion  of t h e  dialdehyde in-  

te rmedia te  ( c i  or: i n  scheme 11) ha s  been f i r s t  at tempted bu t  without  suc- 

cess .  F i n a l l y ,  formation of t h e  dialdehyde i n  t h e  r e a c t i o n  medium has  

been s u b s t a n t i a t e d  by t r app ing  i t  wi th  ni tromethaneZ2 under t h e  a l k a l i n e  con- 

d i t i o n s .  Treatment of t h e  a c e t a t e  (37, 38, o r  2)  i n  ni tromethane wi th  1 N  

sodium methoxide-methanol a t  4' f o r  12 h r  y i e l d s  t h r e e  n i t r o c y c l i t o l s :  5- 

deoxy-l,2,3-tri-O-methyl-5-nitro-sciZlo-inositol (48). DL-1-deoxy-3,4,5-tri- 

0-methyl-1-nitro-TO-inositol(4_9), and 3-deoxy-1,5,6-tri-O-methyl-3-nitro- 

muco-inosi tol  (z). 6c P a r t i c i p a t i o n  of the  dialdehyde i n t e rmed ia t e  i n  t h e  

r e a c t i o n  pathway has  been thus  demonstrated. By use of t h i s  t y p e  of reac-  

t i o n s ,  conversion of u ron i c  ac id  d e r i v a t i v e s  l e ad ing  t o  o t h e r  t ype  of cyc l i -  

t o l s  are c u r r e n t l y  under s tudy  i n  our l abo ra to ry .  

4 .  Acet ic  Anhydride-Pyridine Degradation 
7 

During t h e  course of t h e  s t r u c t u r a l  s t udy  o f  sakuraso-saponin (A),' i t  

was no t i ced  t h a t  a c e t y l a t i o n  of & w i t h  a c e t i c  anhydride and py r id ine  (1 : l )  

mixture under r e f l u x  f o r  1 h r  d id  n o t  g ive  f u l l y  ace ty l a t ed  saponin b u t  unex- 

pec ted ly  furn ished  3,16-di-0-acetyl-protoprimulagenin A (l, 60%),  1,2,3,4,6-  
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penta-0-acetyl-glucopyranose (52, 78%),  and t r i s a c c h a r i d e  nonaacetate (53, 
P 

71%). Thus, i t  has  been no t i ced  t h a t  hea t ing  wi th  a c e t i c  anhydride- 

pyr id ine  mixture can be a new degradation method f o r  glucuronide-saponin. 

To compare t he  method with ord inary  a c e t ~ l y s i s , ~ ~ ' ~ ~  sakurasa-saponinQ) 

has been t r e a t e d  with boron t r i f l u o r i d e  e the ra t e -8ce t i c  anhydride-acetic 

ac id .  2 4  I n  t h i s  case ,  & y i e l d s  3,16,28-tri-0-acetyl-primulagenin A (54, 

63%) i n  add i t i on  t o  5_2 (71%) and 2 (65%),  but  no formation of 51 is  observed. 

Therefore,  t h e  a c e t i c  anhydride-pyridine method is  supe r io r  t o  ord inary  aceto-  

l y s i s  i n  regard t o  l i b e r a t i o n  of t he  ace ty l a t ed  genuine sapogenol (e.g. 51) 

from glucuronide-saponin (e.g. L). 
I n  o rde r  t o  e l u c i d a t e  t h e  r eac t ion  pathway, t he  r o l e  of both reagents  

has  been inves t iga t ed .  Treatment of sakurasa-saponin (1) with  r e f lux ing  

a c e t i c  anhydride-pyridine mixture of var ious  molar r a t i o s  (1000:l- 1:1000) 

has  shown t h a t  mixtures of r a t i o s  (10:l-1:lO) may e f f e c t  the  des i r ed  degra- 

da t ion  ( r ega rd l e s s  of t he  y i e l d s )  and both  reagents  a r e  indispensable .  For 

example, t reatment of & w i t h  py r id ine  only una f f ec t s  saponin whi le  t rea tment  

with b o i l i n g  a c e t i c  anhydride r e s u l t s  i n  formation of a c e t y l a t e d  saponin.  

Next, t he  r o l e  of f r e e  carboxyl group i n  t he  glucuronide moiety has been 

inves t iga t ed .  A methyl e s t e r  ( E ) ,  which is prepared by methanolic 

hydrogen ch lo r ide  treatment of 1, has  been subjec ted  t o  t he  a c e t i c  anhydride- 

pyr id ine  degradation.  Even a f t e r  r e f lux ing  f o r  24 h r ,  no degradat ion  pro- 

duct is formed b u t  only a f u l l y  a c e t y l a t e d  d e r i v a t i v e  (26) is obtained.  On 

the  o the r  hand, when the  a c e t i c  anhydride-pyridine degradation is  app l i ed  t o  

5_7, i n  which the  f r e e  carboxyl funct ion  is  resumed, t h r e e  degradation products  

(22, 5 3 ,  2) a r e  obtained i n  high y i e l d s  a f t e r  r e f lux ing  f o r  only 1 h r .  

Therefore,  it has  become c l e a r  t h a t  t he  degradation method is e f f e c t e d  f o r  

cleavage a t  t h e  glucuronide moiety having a f r e e  carboxyl funct ion .  I n  
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a d d i t i o n ,  s i n c e  t h e  methyl e s t e r  (55) is  unaf fec ted ,  the  i n i t i a l  s t a g e  of t h e  

degradation seems t o  be  s t a r t e d  more l i k e l y  w i th  t h e  decarboxylat ion reac- 

t i onZ5  than t h e  6-el imination r eac t i on .  
4a 

The s t r u c t u r e  requirement i n  t h e  glucuronide moiety ha s  been next  inves- 

t ~ g a t e d .  Desacyl-jegosaponin ( 7 8 ) ,  which possbsses two carbohydrate r e s i -  

dues a t  C-2' and C-4' of t h e  glucuronide moiety s i m i l a r l y  a s  i n  sakuraso- 

saponin (1) and i t s  d e r i v a t i v e  (z), f u r n i s h e s  f i v e  degradation products  

a f t e r  r e f l ux ing  wi th  a c e t i c  anhydride and py r id ine  f o r  1 h r :  3,21,22,28- 

tetra-0-acetyl-barringtogenol C (2, 49%) and 3,16,21,22,28-penta-0-acetyl- 

ba r r ing togeno l  C (2, 12%) from t h e  sapogenal  po r t i on  and 52 (60%) and two 

d i s accha r ide  p e r a c e t a t e s  (60, 28% and 61,  35%) from t h e  carbohydrate po r t i on .  

I n  t h e  case  of soyasaponin I (2) and chikusetsusaponin V (10). both  of  

which possess  only one carbohydrate r e s idue  a t  C-2' of t h e  glucuronide moiety,  

no degrada t ion  product  is  obta ined  even a f t e r  prolonged b e a t i n g  ( r e f l ux ing  

f o r  25 h r  wi th  a c e t i c  anhydride and py r id ine ) .  The products  a r e  t h e i r  

p e r a c e t a t e s  (6'2, 6 3 ) .  On the  o t h e r  hand, chikusetsusaponin I V  (?), which 

possesses  a carbohydrate r e s idue  a t  C-4' of t h e  glucuronide moiety,  f u rn i shes  

t h e  p e r a c e t a t e  (L4) a s  t h e  major product  along w i th  a t r a c e  amount of degra- 

da t i on  product  (65 = p e r a c e t a t e  of 11). 
F i n a l l y ,  t h e  a c e t a t e  mixture  of sakurasa-saponin (1) ( t r i d e c a a c e t a t e  and 

t e t r a d e c a a c e t a t e ) ,  which is prepared by t rea tment  w i th  a c e t i c  anhydride and 

py r id ine  a t  room temperature overn ight ,  has been sub j ec t ed  t o  t h e  degrada t ion .  

The products  a r e  i d e n t i c a l  w i t h  those  (2, 2 ,  5_3) obta ined  by d i r e c t  degrada- 

t i o n  of sakuraso-saponin (1). 
Based on t he se  f i n d i n g s ,  t h e  a c e t i c  anhydride-pyridine degrada t ion  method 

has  been e luc ida t ed  t o  be  e f f e c t i v e  f o r  degrada t ion  of glucuronide-saponin 

which con t a in s ,  i n  t h e  glucuronide moiety,  a f r e e  carboxyl  group and two 
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carbohydrate residues a t  C-2'  and C-4'. The pa r t i c ipa t ion  of the carho- 

hydrate res idue  a t  C-3' is  a subject  of fu r the r  study an6 any product derived 

from t h e  glucuronide moiety has no t  y e t  been i so la t ed .  The react ion path- 

way is assumed t o  proceed as  shown i n  scheme 111, i n  which the  react ion is  

i n i t i a t e d  with mixed anhydride formation fcllowed by decarhoxylative elimina- 

t i on .  

5. Anodic Oxidation 
8 

I n  the  lead t e t r a a c e t a t e  degradation method described above, decarhoxyl- 

a t ion  followed by in t roduct ion of an acetoxyl group a t  C-5' of the  glucuro- 

nide moiety r e s u l t s  i n  cleavage of t h e  glucuronide l inkage under a lka l ine  

condi t iocs .  Recently, i t  has been found t h a t  anodic oxidation is a l s o  a 

f a c i l e  procedure f o r  s u b s t i t u t i o n  of the  carboxyl group i n  the  glucuronide- 

saponin with some o the r  residues (acetoxyl,  methoxyl). The r e s u l t i n g  

acetoxylated o r  methoxylated de r iva t ive  of glucuronide-saponin is  readi ly  

decomposed t o  l i b e r a t e  the  sapogenol. In  regard t o  the  anodic decarboxyl- 

a t ion  r eac t ion ,  many works have been reported.  26 However, no repor t  has 

been provided an anodic oxidation of t h e  uronic  acid de r iva t ive .  Since 

the  work i n  our  labora tory  is cur ren t ly  i n  progress,  some examples a re  given 

below. 

When methyl 2,3,4-tri-0-methyl-B-D-glucopyranosiduroic acid (36) i n  

methanol-diethylamine is  subjected  t o  constant  current  e l e c t r o l y s i s  (0 .1  A ,  

15-25 V) using glassy carbon as  an anode, two methoxylated de r iva t ives  ( 6 _ 6 ,  

37% and 67,  42%) a r e  obtained. The same products (66,  30% and 67 ,  34%) 

a re  a l s o  obtained,  when the react ion is  undertaken by control led  p o t e n t i a l  

e l e c t r o l y s i s  (1.73 V vs S.C.E.) i n  methanol-sodium methoxide mixture using 

sodium perchlora te  as  t h e  supporting e l e c t r o l y t e .  
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On t he  o t h e r  hand, cons tant  cu r r en t  e l e c t r o l y s i s  (0.07 A,  20-25 V) of 3 

with  a plat inum e l ec t rode  i n  a c e t i c  acid-t-butanol-diethylamine fu rn i shes  two 

ace toxyla ted  d e r i v a t i v e s  7 ,  34% and 2, 35%), thus  anodic oxids t ion  has 

been found t o  be u se fu l  f o r  decarboxylat ion followed by in t roduc t ion  of an 

ace toxyl  o r  a  methoxyl group a t  t he  glucuronide moiety, which i s  a promising 

process  f o r  cleavage of t he  glucuronide l inkage .  

L!en sakuraso-saponin (1) is sub jec t ed  t o  cons tant  cu r r en t  e l e c t r o l y s i s  

(0.14 P., 45-58 V)  i n  a c e t i c  ac id- t r ie thylamine ,  an ace toxyla ted  product is  

formed. Alkaline t rea tment  (sodium methoxide-nett.ano1) followed by ace ty l -  

a t i o n  ( a c e t i c  anhydride-pyridine) of  t he  product g ives  four  degradation pro- 

ducts :  3,16-di-0-acetyl-protoprimulagenin A (2, 21%) and 3-0-acetyl-aegice- 

r i n  (P_8 = a c e t a t e  of 2, 27%) from t h e  sapogenol po r t i on  and 5 2  (48%) and 53 

(36%) from t h e  carbohydrate po r t i on .  Although y i e l d s  of t h e  products  a r e  

y e t  u n s a t i s f a c t o r y ,  i t  has  been shown t h a t  anodic oxida t ion  is app l i cab le  f o r  

s e l e c t i v e  cleavage of t he  glucuronide l inkage  s i m i l a r l y  a s  t h e  lead  t e t r a -  

a c e t a t e  degradation.  flowever, a s  not iced  i n  formation of an oxidized pro- 

l u c t  (L8), anodic oxida t ion  may accompany concomitant oxida t ion  of t he  hydro- 

x y l  group ( e spec i a l l y  a x i a l  one) i n  t h e  sapogenol por t ion .  I n  f a c t ,  anodic 

oxida t ion  (cons tant  cur rent  e l e c t r o l y s i s )  of protoprimulagenin A (2) under 

s i m i l a r  condi t ions  fu rn i shes  aeg ice r in  (2) i n  a 65% y i e l d .  

Eu'ext, t h e  pe race t a t e  (g) of soyasaponin I (?) 'has been sub jec t ed  t o  

cons tant  cu r r en t  e l e c t r o l y s i s .  I n  t h i s  case ,  although two d isacchar ide  

pe race t a t e s  (s, 26% and 61,  23%) a r e  l i b e r a t e d  from t h e  carbohydrate po r t i on  

a s  expected,  t h e  sapogenol po r t i on  y i e l d s  an inseparable  mixture due t o  con- 

c0mitar.t s i d e  r eac t ions .  To c l a r i f y  t he  reason,  3,21,24-tri-0-acetyl- 

soyasapogenol B (E) has  been sub jec t ed  t o  anodic oxida t ion  under t he  same 

r eac t ion  condi t ions .  Af t e r  1 h r ,  two products  ( 7 0 ,  5% and 7l, 75%) a r e  
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y ie lded .  

It has been no t i ced  s o  f a r  t h a t  anodic oxida t ion  may be  s u i t a b l e  f o r  

l i b e r a t i o n  of the  carbohydrate r e s idues  which a t t a c h  t o  t h e  glucuronide 

moiety of glucuronide-saponin. The r eac t i on  pathway is  presumed t o  pro- 

ceed through r a d i c a l  ( z i ,  =) and c a t i o n  ( e i )  which a r e  der ived  v ia  

one-electron or two-electron ox ida t i on  a s  shown i n  scheme I V  and is  analogous 

t o  o rd ina ry  e l e c t r o l y t i c  d e c a r b o x y l ~ t i o n .  
2 7 

6 .  Conclusion 

Based on cons ide ra t i ons  of t h e  r e a c t i o n  pathway, above-described fou r  

degrada t ion  methods, which e f f e c t  s e l e c t i v e  cleavage of t h e  glucuronide l i nk -  

age i n  glucuronide-saponin,  seer. t o  be  app l i cab l e  a l s o  f o r  t h e  cleavage of 

o t h e r  k inds  of uronide l inkages .  Some of t h e  r eac t i on  i n t e rmed ia t e s  

der ived  from t h e  g lucuronic  a c i d  moiety a r e  presumed t o  be p o t e n t i a l  spec i e s  

f o r  conversion of g lucuronic  a c i d  t o  some o t h e r  type  of carbohydrate deriva-  

t i v e s .  S tud i e s  on t he se  s u b j e c t s  are now i n  progress  i n  our l abo ra to ry .  

Anong f o u r  methods, t h e  l e a d  t e t r a a c e t a t e  degrada t ion  l i b e r a t e s  a l l  t h e  

c o n s t i t u e n t s  of t h e  s t a r t i n g  glucuronide-saponin i n  h igh  y i e l d s  except  t h e  

d iene  from t h e  g lucuronic  a c i d  moiety. It may be  p r e f e r a b l e  f o r  s e l e c t i v e  

degradation a t  t h e  glucuronide n o i e t y  i n  polysacchar ides  and w i l l  b e  c s e f u l  

f o r  s t r u c t u r a l  s t u d i e s .  
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