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TWO NEW ELLAGITANNIN METABOLITES, CARPINUSIN AND CARPINUSNIN FRW 

CARPINUS LA XI FLORA^ 

Gen-ichiro Nonaka.* Michiko Akazawa, and I t s u o  N ish ioka  

Facu l ty  of Pharmaceutical Sciences. Kyushu Un i ve rs i t y .  3-1-1. 

Maidashi. Higashi-ku. Fukuoka 812. Japan 

Abstract--From the  f r e s h  leaves of Carpinus l a x i f l o r a  (Betulaceae), 

two new hydro lyzab le  tannins, carp inus in  (2) and carp inusn in  (3) .  

have been iso la ted ,  toge ther  w i t h  t h i r t e e n  known hydro lyzab le  tann ins  

and r e l a t e d  compounds, and t h e i r  s t r uc tu res  were e l uc i da ted  on t he  

bas is  o f  physico-chemical evidence. 

The metabolism o f  g a l l i c  a c i d  through an o x i d a t i v e  carbon t o  carbon coup l ing  t o  form 

3.3 ' .4.4 ' .5,5 ' -hexahydro~~diphenic ac i d  i s  found t o  predominate i n  ~ a t u r e , '  whereas the 

mechanism o f  t he  coup l ing  mode, as we l l  as t he  f u r t h e r  metabo l i c  f a t e  of t h i s  diphenic 

acid. i s  no t  f u l l y  understood. I n  t h e  course o f  our  cont inuous search f o r  t he  metabol i tes 

of g a l l i c  ac i d  es te r s  i n  h igher  p lan ts ,  we have encountered i n  t he  Betulaceous p lan t .  

Carpinus l a x i f l o r a  (Sieb. e t  Zucc.) Blume. l a r g e  accumulat ions o f  a se r i es  of h i g h l y  

3 
ox i d i zed  hydrolyzable tannins,  p a r t i c u l a r l y  o f  g e r a n i i n  (1 )  (1.5% based on t he  f resh 

m a t e r i a l )  which i s  regarded as one of t he  major metabol ic  pools o f  e l l ag i t ann ins .  
4 

De ta i l ed  chemical examination has now resu l t ed  i n  t he  i s o l a t i o n  o f  two new e l l a g i t a n n i n  
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metabo l i tes  named ca rp inus in  (2) and carp inusn in  (3). 

toge ther  w i t h  t h i r t e e n  known hydro lyzab le  tann ins  and 

r e l a t e d  compounds. Th i s  paper descr ibes the  s t r u c t u r e  

e l u c i d a t i o n  of these compounds. 

The water-soluble p o r t i o n  o f  t he  aqueous acetone e x t r a c t  

o f  the  f r esh  leaves was subjected t o  chromatography over  

Sephadex LH-20 dex t ran  gels,5 and repeated chromatography 

o f  the  t ann in  f r a c t i o n s  over a  v a r i e t y  o f  reverse-phase 

gels. such as MCI-gel CHP-2OP. Fu j i - ge l  005-63. Prep-PAK 

500/C18 and Bondapak C18/Porasi l  B , ~  y i e l ded  f i f t e e n  

compounds. Of these, t h i r t e e n  were i d e n t i f i e d  as ch lo ro-  

genic acid, g l ~ c o g a l l i n . ~  6 -~ -ga l l oy l g l ucose .5  2.3.4.6- 

8  
tet ra-0-  and 1.2.3.4.6-penta-9-galloylglucoses. 9 1 

cor i lag in ,1°  fu ros in , l l  geran i in ( l ) ,1°  casuar in in,  12 

p e d ~ n c u l a g i n . ' ~  pun ica fo l in .14  elaeocarpusin1° and repandusin ic  ac i d  monopotassium s a l t .  15 

by comparisons of t h e i r  phys i ca l  and spec t ra l  data w i t h  those of au thent ic  specimens. 

Carpinusin (2) was obta ined as an of f -whi te powder (H20). mp 238-239'C (decomp), [ a ID  

+34.4" (MeOH), and showed t he  p o s i t i v e  c o l o r a t i o n  o f  e l l a g i t a n n i n s  w i t h  t he  NaN07-AcOH 
L 

1 
reagent.16 The H nmr spectrum of 2, measured imned ia te ly  a f t e r  d i sso lu t i on ,  e x h i b i t e d  

a  two-proton s i n g l e t  a t  6 7.18 due t o  a  g a l l o y l  group and a  p a i r  o f  one-proton s i n g l e t s  

a t  6 6.89 and 6.91 a t t r i b u t a b l e  t o  a  hexahydroxydiphenoyl (HHDP) group. The appearance 

o f  a  couple of a  benzy l i c  methine s i gna l  a t  6 5.01 (d. J=1.5 Hz) and an o l e f i n i c  p ro ton  

s igna l  a t  6 6.27 (d. J=1.5 Hz) suggested the  presence o f  a  dehydrohexahydroxydiphenoyl 

(DHHDP) group.1° Th is  was supported by 13c nmr spectroscopy (measured a f t e r  s tanding 

f o r  24 h), which showed the  c h a r a c t e r i s t i c  d u p l i c a t i o n  o f  s i gna l s  [g.q. 6 191.8, 194.6 

(C=O); 6 125.5, 128.8 (-cH=C:); 6 46.2, 51.8 (-CH:)] owing t o  t he  e q u i l i b r a t i o n  between 

the  f i v e -  and six-membered hemiacetal r i n g s  i n  the  DHHDP group. 

When t r e a t e d  w i t h  2-phenylenediamine i n  t he  presence o f  A C O H , ' ~  2  y i e l ded  the  phenazine 
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1 d e r i v a t i v e  (Za ) [ pos i t i ve  fab ms m/z: 1006 (M)']. The H nmr spectrum o f  2a was 

s t ra igh t fo rward .  and showed wel l -def ined s i gna l  pa t t e rns  (see Experimental).  The 

appearance o f  t he  sugar H-1. H-2. H-3 and H-4 s i g n a l s  as s i n g l e t s  imp l i ed  the  presence 

1 of a glucopyranose r i n g  adopt ing the  C -conformation. I n  add i t ion ,  the  l o w f i e l d  s h i f t s  4 

o f  a l l  t he  a l i p h a t i c  s i gna l s  i nd i ca ted  t h a t  t he  hydroxy l  groups i n  t he  sugar mo ie ty  are 
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complete ly  acylated. 

The a l l o c a t i o n s  and t he  c h i r a l i t i e s  o f  t he  phenolcarboxy?ic a c i d  es te r s  were determined 

as fol lows. Heat ing of 2a i n  water. fo l lowed by repeated chromatography over Sephadex 

LH-20 and MCI-gel CHP 20P, af forded t he  phenazine b i s l ac tone  (2b).17 3 4 L g a l l o y l -  

D-glucose" and 1.6-(S)-HHDP-3-I-gal loyl-6-D-glucose (2c). The fo rmat ion  o f  2c thus 

es tab l ihsed unequivocal ly .  as w e l l  as t he  atropisomerism o f  t he  HHDP group, t he  l oca t i ons  

o f  each acy l  group i n c l u d i n g  t h a t  o f  t he  DHHDP group a t  t he  glucose C-2 and C-4 pos i t i ons .  

On t h e  o the r  hand, a l k a l i n e  methanolys is  of t he  t r idecamethy l  e the r  o f  2a y i e l ded  t he  

d e x t r o r o t a t o r y  tet ramethoxylphenazine d imethyl  e s t e r  (2d) c33.0" (CHCl ) ] ,  18 
3 

toge ther  w i t h  methyl t r imethoxybenzoic a c i d  and d imethyl  ( I)-hexamethoxydiphenoate (2e) 

[ [ u I D  -29.3" ( C H C ~ ~ ) ] . ~ ~  thus con f i rm ing  t h e  c h i r a l i t y  o f  t he  DHHDP group t o  be i n  t he  

R-series. - 

The de termina t ion  o f  t he  o r i e n t a t i o n  of t he  DHHDP group a t  t h e  glucose C-2 and C-4 

1  13 p o s i t i o n s  was achieved by examination o f  t he  H- C long-range COSY spectrum (J=5 Hz) 

o f  2, which. a l though dup l i ca ted  by ex is tence  o f  a  m i x tu re  o f  t he  f i v e -  and sixinembered 

hemiacetal forms, was amenable t o  f i r s t - o r d e r  ana lys is .  showing t h a t  t he  five-membered 

hemiacetal form i s  predominant. Among t he  glucose s igna ls .  a  broad s i n g l e t  a t  6 5.49 

1 1  
a r i s i n g  from the  major  tautomer was assignable t o  H-2 based on the  H- H COSY examination. 

and t h i s  s i gna l  was found t o  be c o r r e l a t e d  w i t h  t he  carboxyl  carbon s i gna l  a t  6165.4. 

S i m i l a r  c o r r e l a t i o n  was observed between t h i s  carboxyl  carbon s i gna l  and the  aromatic 

p ro ton  s i gna l  a t  6 7.29. Since t he  s i gna l  a t  6 7.29 was a t t r i b u t e d  t o  t he  aromatic p ro ton  

i n  t he  DHHDP group by cons idera t ion  o f  t he  chemical s h i f t ,  t h e  aromatic r i n g  o f  the  DHHDP 

group cou ld  be concluded t o  be loca ted  a t  t he  glucose C-2 p o s i t i o n .  

On t h e  bas is  o f  these f indings,  carp inus in  was charac te r ized  as l.6-(3)-HHDP-Zv4-(R)- 

DHHDP-3-0-galloyl-B-D-glucose (2). 

Carpinusnin (3) was i s o l a t e d  as a  wh i t e  powder (H20), mp 215-217'C. [ u I D  f44.0" (MeOH). 

1  The H nmr spectrum e x h i b i t e d  s i g n a l s  due t o  a  g a l l o y l  group a t  6 7.24 (2H. s)  and two 

i s o l a t e d  aromatic protons a t  6 7.16 and 7.53 (each 1H. s). The sugar s igna ls .  except 
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f o r  t he  H-6 s i gna l  centered a t  z. 6 4.10. appeared downf ie ld (see Experimental), and 

the  r e l a t i v e l y  small  coup l ing  constants (J=l-4 Hz) of  t he  H-1 - H-4 s i gna l s  suggested 

1 t he  presence of  a glucopyranose r i n g  w i t h  a C4 o r  a r e l a t e d  skew boat conformation. 

1 1  
Besides sugar s igna ls ,  t he  a l i p h a t i c  s i gna l s  were found by H- H COSY t o  be composed 

of two independent sp in  systems; one was a se r i es  o f  s i gna l s  a t  6 2.23 (d- l ike,  5=8 Hz. 

H-5). 3.90 ( t - l i ke .  J=8 Hz, H-4). 4.91 (d. 5=7 Hz. H-2) and 5.12 (d. 5=7 Hz. H-3). whose 

chemical s h i f t s  and coup l ing  pa t t e rns  are i n  good accord w i t h  those o f  a chebul ic  ac id  

d ies ter .15  wh i l e  t h e  o the r  sp in  system cons i s t i ng  o f  t h e  s i gna l s  a t  6 2.63 (dd, 5=4.5, 

17 Hz. H-5). 2.85 (dd. J=10, 17 Hz. H-5). 3.43 (m. H-4). 4.12 (dd, J=1. 7 Hz. H-3) and 

5.34 (d. J=1 Hz. H-2) suggested t he  presence of a neochebuloyl group. 
15 

When hydrolyzed i n  2N s u l f u r i c  acid. 3 furn ished D-glucose, g a l l i c  ac id  and chebu l ic  

ac id  [["ID +19.6" ( M ~ O H ) ] , ' ~  whereas enzymatic hyd ro l ys i s  of 3 w i t h  tannase y i e l d e d  a 

HOOC, OH 
CHIOY 

HOOC 

OH 

0 
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1 
p a r t i a l  hydro lysa te  (3a). toge ther  w i t h  g a l l i c  acid. The H nmr spectrum o f  3a revealed 

t he  absence o f  t he  g a l l i c  a c i d  e s t e r  and showed complex s i gna l  pa t t e rns  due t o  a- and 

6'glucopyranose protons, thus i n d i c a t i n g  t h a t  t he  g a l l o y l  group i s  loca ted  a t  the  glucose 

C-1 pos i t i on .  On heat ing  i n  water, 3 afforded, as t he  major product, another p a r t i a l  

1 hydro lysa te  (3b). whose H nmr spectrum revealed t he  presence o f  a g a l l o y l  and two 

neochebuloyl groups i n  t he  molecule. The l o w f i e l d  s h i f t s  o f  t he  glucose H-1. H-3 and 

H-4 s i gna l s  ( 6  5.91, 5.50 and 5.28, r espec t i ve l y )  i nd i ca ted  t h a t  these p o s i t i o n s  a re  

e s t e r i f i e d .  I n  add i t ion ,  t he  l a r g e  coup l ing  constants (5=7, 8 Hz) o f  these s i gna l s  showed 

4 
t he  conformat ional  change of t he  glucopyranose r i n g  i n t o  C1. These f i n d i n g s  a re  f u l l y  

cons i s ten t  w i t h  3b being 1-Q-galloyl-3.4-bis-neochebuloyl-6-D-glucose. Since as mentioned 

before.  t he  glucose C-6 hydroxy l  was found t o  be n o t  acy la ted  o r i g i n a l l y ,  t he  chebuloyl  

1 group should b r idge  t h e  2.4-posit ions of t he  glucopyranose r i n g  t o  adopt t he  C o r  skew 4 

boat  conformation. From these chemical and spectroscopic evidence, t he  s t r u c t u r e  o f  

carp inusn in  was determined t o  be l-~-galloyl-2.4-chebuloyl-3-neochebuloyl-6-D-glucose 

(3). 

Very recent ly .  we have found t h a t  some of t he  Euphorbia species (E. he l ioscopia.  E. 

jolkini. E. adenochlora) a re  r i c h  sources o f  g e r a n i i n  (1)  and e l l a g i t a n n i n s  having t he  

HHDP a t  t he  r e l a t i v e l y  uncomnon 1.6-posit ions i n  t he  glucopyranose moiety." From t h i s  

p o i n t  of view, t h e  metabol ism o f  g a l l i c  ac i d  es te r s  i n  C. l a x i f l o r a  i s  considered t o  

be very  s i m i l a r  t o  t h a t  i n  Euphorbia p lan ts .  I n  add i t ion ,  a l though carp inusn in  (3)  i s  

regarded as one o f  t he  metabo l i tes  der ived  from the  comon intermediate.  

1.2.3.4.6-Penta-0-galloyl-6-D-glucose o r  1-@ga11oyl-2.4:3.6-bis-HHDP-8-D-glucose through 

t he  o x i d a t i o n  o f  t he  aromatic r ing(s) , '  fo l lowed by p a r t i a l  hydro lys is ,  i t s  b i osyn the t i c  

r e l a t i o n s h i p  w i t h  ca-occurr ing g e r a n i i n  (1) i s  n o t  c l ea r .  F i n a l l y ,  i t should be noted 

t h a t  t o  t he  best  o f  our knowledge, t h i s  i s  t he  f i r s t  i s o l a t i o n  o f  hydro lyzab le  tann ins  

from Carpinus species. 
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EXPERIMENTAL 

M e l t i n g  p o i n t s  were determined w i t h  a Yanaco mic ro-mel t ing  p o i n t  apparatus and are 

uncorrected. Op t i ca l  r o t a t i o n s  were measured w i t h  a JASCO DIP-4 d i g i t a l  po la r imeter .  

Fab ms were taken w i t h  a JEOL JMS-HX 1001JMA 3500 da ta  system us ing  MeOH-glycerol as 

a mat r i x .  'H and 13c nmr spectra were recorded on JEOL FX-100. GX-270 and GX-400 

spectrometers us ing  TMS as an i n t e r n a l  standard. Column chromatography was c a r r i e d  out 

w i t h  Sephadex LH-20 (25-100 u. Pharmacia F ine  Chemical Co.. Ltd.). MCI-gel CHP 20P (75-  

150 u, M i t s u b i s h i  Chemical I ndus t r i es .  Ltd.). F u j i  g e l  ODS 63 (43-65 u. F u j i  g e l  Hanbai 

Co.. Ltd.), Prep-PAK 500/C18 (37-75 u. Waters Associates. Inc.) and Bondapak C18/Porasil 

B (37-75 u. Waters Associates. Inc.). 

I s o l a t i o n  of Tannins 

The f resh leaves (20.1 Kg) of C. l a x i f l o r a ,  c o l l e c t e d  i n  the  medic inal  p l a n t  garden o f  

Kyushu Un i ve rs i t y .  Fukuoka. Gapan. were ex t rac ted  f i v e  t imes w i t h  80% aqueous acetone 

a t  room temperature. The combined e x t r a c t s  were concentrated i n  vacuo below 40°C t o  g ive  

p r e c i p i t a t e s  c o n s i s t i n g  o f  ch l o rophy l l s ,  waxes, &. Af te r  removal of t he  p r e c i p i t a t e s  

by f i l t r a t i o n  w i t h  t he  a i d  of C e l i t e  545, t he  f i l t r a t e  was app l ied  t o  a Sephadex LH-20 

column. E l u t i o n  f i r s t  w i t h  H20 a f fo rded non-phenolic compounds, and successive e l u t i o n  

w i t h  H20 con ta i n i ng  inc reas ing  p ropor t ions  o f  MeOH y ie l ded  f o u r  f r ac t i ons .  The f i r s t  

f r a c t i o n  c o n s i s t i n g  o f  lower-molecular-weight pheno l i c  compounds was chromatographed 

over  MCI-gel CHP 20P w i t h  a m ix tu re  o f  H20-MeOH (9 : l )  t o  g i v e  ch lo rogen ic  a c i d  (49.8 

9). g l u c o g a l l i n  (0.13 g) and 6-0-gal loylglucose (1.9 g). The second f r a c t i o n  was 

repeated ly  chromatographed over Sephadex LH-20 w i t h  EtOH and MCI-gel CHP 20P and F u j i  

ge l  ODS G3 w i t h  H20 con ta i n i ng  an i nc reas ing  amount of MeOH t o  y i e l d  c o r i l a g i n  (1.0 g) 

and ca rp inus in  (2)(2.2 9). Repeated chromatography of t he  t h i r d  f r a c t i o n  over  Sephadex 

LH-20 w i t h  EtOH and F u j i  ge l  ODS G3. Prep-PAK 500/C18 and Bondapak Clg/Porasil B w i t h  

H20-MeOH furn ished f u ros in  (1.1 g), g e r a n i i n  (G. 300 g), r rpandus in ic  a c i d  monopotassium 

s a l t  (32 mg). e laeocarpusin (41 mg). casua r i n i n  (0.12 g), pedunculagin (0.25 g). 

carp inusn in  (3)(0.18 g) and pun i ca fo l i n  (1.1 9). The f i n a l  f r a c t i o n  was found t o  con ta i n  

ga l l o t ann ins  by t h e  negat ive c o l o r a t i o n  w i t h  t he  NaN02-AcOH reagent, and was separated 

by M C I  ge l  CHP 2OP w i t h  H20-MeOH t o  g i v e  2.3.4.6-tetra-0- and 1.2.3.4.6-penta-Q-galloyl- 

glucoses (0.31 g and 1.2 g, r espec t i ve l y ) .  

Carpinusin ( 2 )  

An of f -whi te powder (H20), mp 238-239'C (decamp). [a lD20 +34.4" (~=1.0 ,  MeOH). @. 
Calcd f o r  C41H28027'5/2H20: C. 49.36; H. 3.33. Found: C. 48.94; H. 3.35. Negative fab 

ms m/z: 951 (M-H)-. 'H Nmr (measured a f t e r  1 h. 100 MHz. acetone-%): 4.06. 4.12 (1H 

i n  t o t a l .  each d. - J=12 Hz. g lc .  H-6). 4.50-4.80 (1H i n  t o t a l .  m. g lc .  H-5). 5.01 (5/6H. 

d. J=1.5 Hz. DHHDP-H-1). 5.24 (1/6H. s. DHHDP-H-1). 5.00-5.15 (1H i n  t o t a l .  m, g lc .  H- 
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6). 5.30-5.60 (2H i n  t o t a l ,  m, g lc .  H-2. 4). 6.08 ( lH, m. g lc .  H-3). 6.26 ( lH,  b r  s. 

g lc .  H-1). 6.27 (516H. d, 2=1.5 Hz, OHHDP-H-3). 6.57 (1/6H, s. DHHDP-H-3). 6.89, 6.91 

(each 1H. s, HHDP-H). 7.18 (2H, s. g a l l o y l  H), 7.29 ( lH, s, DHHDP-H-3'). 1 3 c ' ~ m r  (25 

MHz, acetone-%): 46.2. 51.8 (1C i n  t o t a l .  DHHDP-C-I). 60.2-96.2 (6C i n  t o t a l ,  glc.C), 

90.4, 92.6 (1C i n  t o t a l ,  DHHDP-C-5,6). 191.8, 194.6 (1C i n  t o t a l ,  DHHDP-C-4). 

Formation of Phenazine (2a) 

A m ix tu re  o f  2 (200 mg) and 2-phenylenediamine (60 mg) i n  20% e t h a n o l i c  AcOH (6 m l )  was 

s t i r r e d  a t  room temperature f o r  2 h. The r e a c t i o n  m ix tu re  was subjected t o  chromatography 

over Sephadex LH-20 w i t h  EtOH t o  g i v e  t he  phenazine (2a)(193 mg) as a p a l e  brown amorphous 

powder, [a ]? -40.4' (c=0.7. MeOH). P o s i t i v e  f ab  ms I&: 1006 (M)'. 'H Nmr (270 MHz, 

acetone-&): 4.24 (lH, dd, J=5, 13 Hz, g lc .  H-6). 4.79 (lH, dd. J=5, 13 Hz, g lc .  H-5). 

5.19 ( lH,  s, g l c .  H-2). 5.20 (IN, s, g lc .  H-4). 5.26 (1H. t. J=13 Hz, g lc .  H-6). 5.67 

( lH, b r  s, g lc .  H-3). 6.09 (1H. s, g lc .  H-1). 6.59, 6.86 (each lH, s. HHOP-H). 7.12 (2H, 

s, g a l l o y l  H), 7.14 ( lH, s, ph. H-3'). 7.97 ( lH, s, ph. H-3). 8.00-8.40 (4H, m, ph.-H). 

P a r t i a l  Hydro lys is  o f  2a 

An aqueous s o l u t i o n  o f  2a (150 mg) i n  H20 (8  m l )  was heated a t  95'C f o r  6 h. The products 

were separated b y  chromatography over M C I  ge l  CHP 20P w i t h  H20 con ta i n i ng  inc reas ing  

amounts o f  MeOH t o  a f f o r d  the  phenazine b i s l ac tone  (2b) ( 8  mg). 3-0-gal loy l -0-g lucose 

(5 mg) and 1,6-(~)-HHOP-3-0-galloyl-8-D-glucose - (2c)(35 mg). which were i d e n t i f i e d  by 

spec t ra l  comparisons w i t h  those o f  au then t i c  samples. 

Methy la t ion  o f  2a, Fol lowed by A l k a l i n e  Methanolys is  

A s o l u t i o n  of 2a (25 mg) i n  MeOH (3 m l )  was t r e a t e d  w i t h  e the rea l  CH2N2 a t  room 

temperature f o r  1 h. A f t e r  evaporat ion o f  t he  solvent ,  t he  res idue was chromatographed 

over  s i l i c a  g e l  w i t h  benzene con ta i n i ng  i nc reas ing  amounts o f  acetone t o  g i v e  t he  

t r idecamethy l  e the r  (16 mg) as a wh i t e  amorphous powder. [a lDZ0 -7.7" (:=0.7, MeOH). 

'H Nmr (270 MHz. acetone-d6): 6.78, 6.95 [each lH, s, hexamethoxydiphenoyl HI, 7.28(2H. 

s, g a l l o y l  H), 7.50 (1H. s. ph. H-3'). 8.00-8.30 (4H i n  t o t a l ,  m, ph.-H), 8.81 ( lH, s, 

ph. H-3). A s o l u t i o n  o f  t he  methyl  e the r  (119 mg) i n  2% NaOMeIMeOH (10 m l )  was kep t  a t  

room temperature overnight .  A f t e r  n e u t r a l i z a t i o n  w i t h  Amber l i te  IRA-1206 (H' form), t he  

r e a c t i o n  products were separated by s i l i c a  g e l  chromatography w i t h  benzene-acetone t o  

g i v e  methyl  t r imethoxybenzoic a c i d  (32 mg), d imethy l  (5)-hexameth~x~diphenoate (2e)(18 

mg). [ a ]  22 +29.3" (c=O.Z, CHCl ) and t he  tetramethoxyphenazine d imethyl  e s t e r  ( Z d ) ( l 2  3 
mg). +33.0° (c=O.I. CtlC13). 

Carpinusnin ( 3 )  
A wh i t e  powder (H20), mp 215-217'C. [ a lDZ0  +44.0° (c=0.6, MeOH). Anal. Calcd f o r  

C41H3402q'3H20: C. 47.14; H. 3.86. Found: C ,  47.22: H. 3.78. Negat ive fab ms &: 989 

(M-H)-. H Nmr (270 MHz, acetone-d6+D20): 2.23 (2H. d - l i ke ,  J=8 Hz, che. H-5), 2.63 ( lH, 
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dd. 5=4.5. 17 Hz. neo. H-5). 2.85 ( lH, dd, ?=lo, 17 Hz. neo. H-5). 3.43 ( lH, m. neo. 

H-4). 3.90(1H. t - l i ke .J=8Hz,  che. H-4). 4.03(1H. dd, 5=7. 12Hz.  g lc .  H-6). 4.12 

(lH, dd. <=I. 7 Hz, neo. H-3). 4.13 (1H. dd, 5=7. 12 Hz, g lc .  H-6), 4.49 (1H. t. 5=7 

Hz. g lc .  H-5). 4.91 (lH, d. 5=7 Hz, che. H-2). 4.99 (IH. d, 5=3.5 Hz, g lc .  H-4). 5.12 

(1H. d. 5=7Hz.  che. H-3). 5.34 (1H. d. J=1 Hz. neo. H-2). 5.43(1H. b r s .  g lc .  H-3). 

5.34 ( lH, d, J=1 Hz, neo. H-2). 5.43 (1H. b r  s, g lc .  H-2). 6.23 ( lH, b r  s, g lc .  H-3). 

6.44 (lH, d, 5=2.5 Hz, g lc .  H-1). 7.16 (1H. s, neo. H-3'). 7.53 (lH, s. che. H-3'). 7.24 

2 s. g a l l o y l  H). 13C Nmr (25 MHz. acetone-&tD20): 30.3 (che. C-5). 34.3 (neo. C-5). 

36.2 (neo. C-3). 39.3 (che. C-4). 41.1 (che. C-3). 45.3 (neo. C-4). 62.4 (g l c .  C-6). 

62.7 (g l c .  C-3). 66.6 (che. C-2). 69.0 (g l c .  C-4). 70.6 (g lc .  C-2). 78.5 (neo. C-2). 

79.0 (g lc .  C-5). 92.6 (g lc .  C-1). 165.0. 165.3. 165.7. 170.0, 172.1. 172.3, 173.5. 173.8, 

174.0 (-COO-). 

Ac id  Hyd ro l ys i s  of 3 

A s o l u t i o n  o f  3 (30 mg) i n  2N H2S04 (3 m l )  was heated on a water ba th  f o r  6 h. The 

r e a c t i o n  m ix tu re  was d i r e c t l y  chromatographed over Sephadex LH-20, and e l u t i o n  w i t h  H20 

y i e l d e d  g a l l i c  ac i d  (6 mg), chebu l i c  a c i d  (5 mg), [a lDZ2 t19.6" (c=0.3, MeOH). and 

glucose. t he  l a t t e r  being i d e n t i f i e d  by c e l l u l o s e  t l c  [Rf 0.39. solvent :  

n-BuOH-pyridine-H20 (6:4:3)1. - 
Tannase Hydro lys is  o f  3 

A s o l u t i o n  of 3 (30 m g ) i n  H20 (4 m l )  was incubated w i t h  tannase a t  room temperature 

f o r  1 h. The r e a c t i o n  m ix tu re  was concentrated i n  vacuo t o  dryness. The res idue was 

t r e a t e d  w i t h  EtOH, and t he  EtOH-soluble p o r t i o n  was subjected t o  chromatography over 

Sephadex LH-20 w i t h  EtOH t o  f u rn i sh  g a l l i c  ac i d  ( 4  mg) and the  hyd ro l ysa te  (3a) (6  mg) 

as a wh i t e  amorphous powder. Negat ive f ab  ms m/z: 837 (M-H)-. 'H Nmr (100 MHz. 

acetone-&+D20): 7.12. 7.18 (1H i n  t o t a l .  each s, neo. H-3'). 7.46. 7.56 (1H i n  t o t a l ,  

each s. che. H-3'). 

Hydro lys is  of 3 i n  Hot Water 

A s o l u t i o n  o f  3 (30 mg) i n  H20 (3 m l )  was heated a t  95°C fo r  2 h. A f t e r  coo l ing .  t he  

p roduc t  was separated by MCI-gel CHP 20P chromatography w i t h  H20-MeOH t o  a f f o r d  t he  

p a r t i a l  hydro lysa te  (3b) as a wh i t e  amorphous powder (8 mg). Negat ive f ab  ms m/z: 
1007(M-H)-. 'H Nmr (100 MHz, acetone-d6+D20): 2.50-3.00 (4H. neo. H-5). 3.30 (ZH, rn. 

neo. H-4). 5.33 (2H. m, neo. H-2). 5.28 ( lH, t. J=8 Hz, g lc .  H-4). 5.50 ( lH, t. 5=8 Hz. 

g lc .  H-3). 5.91 (lH, d. 5=7 Hz, g lc .  H-1). 7.12 (2H, s, neo. H-3'). 7.22 (ZH, s, g a l l o y l  

H). 
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