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Abstract-An mvestlgatron of the bark of Myr~ca rubrn has led to the rsolatlon and charactertzatton of myricatm (a 
galloyl flavanonol sulfate) and four new galloyl prodelphmrdm drmers, together wrth galltc acd ( f )-gallocatechm 
and 3-0-galloyl-( -)-eptcatechm Evidence for the structures of these compounds was obtamed from analyses of ‘H 
and “C NMR spectra, and from hydrolytic studies 

INTRODUCTlON 
been used m Japan and Chma as an astringent and an 
antldrarrherc and also as a dyemg and tannmg agent As 

Myrrca rubru commonly dtstrlbuted m the southern parts part of chemical studies on tanmns m crude drugs, we 
of Japan, 1s well-known as a rich source of tannin, along have undertaken the analysts of the ethyl acetate soluble 
with flavonords such as myrrcetm and myrlcltrm [l] with portion of the bark extract This has resulted m the 
a 5,7,3’,4’,5’-phenohc substltutton pattern Its bark has lsolatlon of a flavanonol sulfate named myrlcatm (1) and 

R’O 

I R’=H, RZ=S03K, R3=Galloyl 

IO R’ = R2= t-l, R3= GaNoyl 

lb R’= R’=Me, RL Trtmethylgdoyl 

IC R’=H, R2= SO,K, R3=H 

2 R’ = Rz- Gdoyl 

29 R’= R2= H 

3 RI= H, R*= Galloyl 
HO 

OH 

4 R = Galloyl 
4a R-H 

OH 

four new galloyl prodelphmldm dlmers (2-5), together 
*Part 6 m the senes “Tanmns and Related Compounds” For with galhc acid (6), ( + )-gallocatechm (7) and 3-O-galloyl- 

Part 5 see Nishrzawa, M, Yamagshl, T, Nonaka, G and (-)-eplgallocatechm (8). and the assignments of the 
Nnhtoka, I J Chem Sot Perkrn Trans 1 (submitted) structures 1-8 for these compounds 
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RESULTS AND DISCUSSION 

The aqueous acetone extract of the fresh bark afforded, 
upon concentration of the solution, a yellow crystalline 
mass conslstmg of flavonols Partition of the filtrate with 
ethyl acetate followed by chromatography of the ethyl 
acetate soluble portion over Sephadex LH-20 and LH-60 
elutmg with varymg solvent systems, VIZ ethanol, 
ethanol-water, methanol-water and ethanol-acetone- 
water [2], yielded myrlcatm (1) and prodelphmldm 
dlmers (2-5) In addition, the known compounds 6-8 
were isolated and their structures were confirmed by 
compansons of the physical and spectral data with those 
reported m the literature 

Myrlcatm (1) showed an intense blue colouratlon with 
ferric chloride reagent on TLC The molecular formula, 
C,,H,,O,,SK, was assigned to this compound on the 
basis of elemental analysis The occurrence of the pot- 
assmm atom was deduced from quantification of the ashes 
obtained by combustion analysis The ‘H NMR spectrum 
exhibited AB-type double doublet signals at 65 47 
(J= 12Hz)and587(5= 12Hz)duetotheC-2andC-3 
protons of a flavonold skeleton, together with a two- 
proton singlet slgnal at 66 04 which was assigned to the C- 

6 and C-8 protons Two meta-coupled doublets at 66 94 
(J = 2 Hz) and 7 00 (J = 2 Hz) arising from a flavonold 
B-ring, suggested that this rmg has an unsymmetrical 
3’,4’,5’-tnsubstltutlon pattern These ‘H NMR spectral 
observations were also supported by the 13C resonances 
hsted m Table 1 Of these the C-4 carbonyl signal at 
6192 5, along with the signals at 673 4 and 819 due to the 
C-3 and C-2, respectively, were typical for flavanonols 
The presence of a galloyl group was evident from a two- 
proton singlet at 66 94 m the ‘H NMR spectrum and also 
the correspondmg carbon signals m the 13C NMR spec- 
trum (Table 1) These spectral data coupled with the result 
of elemental analysis suggested that the 12 oxygen atoms 
out of 15 were located m the flavanonol and galloyl 
moletles, and that the remammg three oxygens might 
form a sulfate function Treatment of 1 with a mixture of 
pyndme-choxane (1 1) [3] afforded a desulfated product 
(la), which displayed m the ‘H NMR spectrum a two- 
proton singlet due to the B-ring protons at 66 66, thus 
suggesting that this rmg m la possesses a symmetrical 
3’,4’,5’-tnsubstltutlon pattern Furthermore, methylatlon 
of 1 with dimethyl sulfate and potassmm carbonate m dry 
acetone furmshed an octamethyl ether (1 b) showing M + 
at m/z 584 m the mass spectrum The ‘H NMR spectrum 

Table 1 13C NMR spectral data of compounds 1, lb, 3 and 4* 

1 lb 3 4 

c-2 
c-3 
c-4 
c-4a 
C-5, C-l, C-8a 

C-6 
C-8 

I 

C-l’ 
C-2’, C-6’ 

B-rmg 
C-3’, C-5’ 

( ‘::: 
c-3 
c-4 
C-4a 
C-5, C-7, C-8a 

C-6 
/ C-8 

Lower umt I C-l’ 

Galloyl 
I 

C-2, C-6 
c-3. c-5 

I c-4. 
-coo- 
-0Me 

819 
134 

192 5 
1014 

163 2 
1642 

1656 
972 
96 1 

127 1 
1113 
1149 

147 2 
1410 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

1199 

1099 
145 6 
1389 
1680 

81 1 768 73 0 
13 9 13 0 730 

1843 36 5 344 
1043 993t 998 
162 2 1542$ 155 ot 
1638 155 3$ 1555t 
1645 155 7$ 1566t 

93 5 955 95 O$ 
93 5 960 961$ 

1308 1328 1327 
1043 10629 1063 

1530 
138 5 

- 
124 1 

1070 
1525 
142 5 
1662 

556,560,606 

1460 
130211 

778 

690 

-n 
1012t 
157 2$ 
157 7$ 

969 
1075 
1328 
10658 
1460 

131311 
1213 

1101 
145 5 
1389 
1660 

145 75 

13001/ 
77 8 

691 

--R 
99 8 

1574$ 
158 It 
1069 
9683 

1327 
1063 
14578 
130111 
121 1 
121 1 
1097 
14554 
1392 
1663 

*Recorded m Me,CO-d6 + D20 at 25 05 MHz 
t,$, §,I Values with the same sign, may be reversed m the vertical column 
l/Overlapped with solvent slgnal 
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m/z404 m/z 181 

of 1 b exhlblted, hke that of la, a two-proton singlet for C- 
2’ and C-6’ protons at 66 73 The 13C NMR spectrum 
(Table 1) was also m good agreement with the proposed 
structure (lb) for this methylate On the basis of these 
results, It was concluded that the sulfate group was located 
at the C-3’ hydroxyl group on the B-rmg The locatlon of 
the galloyl group was determined to be at the C-3 posltlon 
m the C-ring by comparison of the ‘H NMR spectrum of 
1 with that of the degalloylated product (1~) formed by 
enzymatic hydrolysis of 1 Namely, the C-2 and C-3 
proton signals m lc (C-2 64 88, d, J = 12 Hz, C-3 64 48, 
d, J = 12 Hz) were observed at higher field than those of 1, 
while other signals remained almost unchanged The 
appearance of fragment peaks at m/z 404 and 181 m the 
mass spectrum of lb, which were formed by a retro-DIeIs- 
Alder type cleavage, has also supported this conclusion In 
order to establish the absolute stereochemistry of the C-2 
posltlon, CD spectral comparison of lc with that of 
flavanonols of known configuration was attempted 
Compound lb showed a negative Cotton effect at 286 mp 
and a positive one at ca 320-330 mp due to the 71 -+ n* and 
n + K* transition, respectively, analogous to flavanonols 
reported to have a ZR-configuratlon [4] Since C-2 and C- 
3 hydrogens were trans-onented, as revealed by the 
‘H NMR coupling constant (J = 12 Hz), the absolute 
configuratlon at both C-2 and C-3 posltlons could be 
determined to be R Based on these results myrlcatm was 
asslgned the structure 1 

upfield Compound 3 gave galhc acid and prodelphuudm 
B-2 (2a) on hydrolysis with tannase, thus mdlcatmg 3 to be 
a monogallate of prodelphmldm B-2 The posltlon of the 
galloyl group was determined as follows The “C NMR 
spectrum showed an upfield shift of C-3 (6730) and a 
lowfield shift of C-2 (676 8) as compared with those of 
procyamdm B-2 (C-3 674 8, C-2 875 5), while other 
ahphatlc carbon signals were not shifted Moreover, 
chemical shift of a broad multlplet at 65 62 due to the C-3’ 
methme proton was analogous to that of 2 These 
observations allowed the galloyl group to be located on 
the C-3’ hydroxyl group 

The third prodelphmldm dlmer (4) was shown to be a 
structural Isomer of 2 having the same functional groups 
by ‘H and 13C NMR analyses Hydrolysis of 4 with 
tannase gave galhc acid and a dlmer (4a) Compound 4a 
exhibited, m the ‘H NMR spectrum, slmllar ahphatlc 
resonances to procyamdm B-5 [7] which IS a C-4-C-6 
linked eplcatechm dlmer Since m the ‘H NMR spectrum 
of 4 the signals due to C-3 and C-3’ protons were shifted 
downfield, two galloyl groups could be placed on these 
posltlons Based on these results the structure of 4 was 
established as 3,3’-dl-0-galloyl prodelphundm B-5 The 
dlfferentlatlon between C-4-C-8’ and C-4-C-6’ linked 
procyamdms by comparison of the respective C-2’ proton 
chemical shift was described previously [8] In the case of 
4, as well as prodelphmldm B-5, the C-2’ proton signal 
appeared at comparatively higher field than that of 
the correspondmg C-4-C-8’ hnked counterpart These 
results were consistent with those obtained for procyan- 
ldms 

A prodelphmldm dlmer (2) was, apart from the flavo- 
nes, a maJor constituent of M rubra, and was obtamed as 
a pale brown amorphous powder The ‘H NMR spectrum 
showed two galloyl signals at 66 96 and 7 07, two two- 
proton singlets at 66 50 and 6 53 arlsmg from the flavan B- 
ring, and three signals at 65 94 (1 H, d, J = 2 Hz), 6 00 (1 H, 
d, J = 2 Hz) and 6 14 (1 H, s) due to the C-6 and C-8 
protons In the ahphatlc region, five signals derived from 
the C-ring protons were observed at lower field, protons 
for C-2 at S5 56 (s), C-2’ and C-3’ at 6 5 40-5 56 (overlap- 
ped), C-3 at S4 96 (m), and C-4 at 64 78 (d, J = 3 Hz) The 
C-4’ methylene signals appeared at S2 98 as a two-proton 
multlplet These ‘H NMR characterlstlcs were, except for 
the two aromatlc singlets at 66 50 and 6 53, closely related 
to those of 3,3’-dl-O-galloyl procyamdm B-2 reported 
previously [5,6] Enzymatic hydrolysis of 2 with tannase 
yielded galhc acid and prodelphundm B-2 (2a) The 
structure of 2a was confirmed by the ‘H NMR spectrum 
which displayed close slmdarltles m the ahphatlc region 
to that of procyamdm B-2 [7] From these facts, 2 
was characterized as 3,3’-dl-O-galloyl prodelphundm 
B-2 

The fourth prodelphmldm (5) gave a lH NMR spec- 
trum analogous to the dlmer 2, besides a doublet at 64 84 
(J = 8 Hz) and a two-proton multlplet at 2 60-3 20, with 
large coupling constants due to the C-2’ and C-4’ protons, 
respectively, mdlcatmg the presence of a gallocatechm 
moiety (C-2 and C-3 trans) m the lower unit The mode of 
linkage between the two umts was deduced from the 
chemical shift of the C-2’ proton which was affected by the 
upper unit, resultmg m the upfield shift (cf the C-2 proton 
signal in 3-0-galloyl-( -)-catechm which appeared at 6 
5 08 [6]) This may imply that the two units are linked 
through a C-4-C-8’ bond 

It has been recogmzed that m plant tissues pro- 
delphnndms are usually associated with procyamdms, 
formmg a complex mixture of tannins [9-l l] However, 
proanthocyamdms so far obtained from M rubra excep- 
tionally contain only one flavan unit of 5,1,3’,4’,5’- 
pentahydroxy substitution The occurrence of galloyl 
proanthocyamdms 1s limited in the plant kmgdom, e g m 
rhubarb [S], roots of Polygonurn multt~orum [6], grapes 
[ 123 and perslmmons [ 131, although proanthocyamdms 
are widely dlstrlbuted It is, therefore, of chemotaxonomlc 
significance from these pomts of view to have isolated 
prodelphuudm dlmers all having galloyl groups 
Furthermore, this is the first time that a galloyl flavanonol 
with a sulfate group has been reported 

EXPERIMENTAL 

The second prodelphuudm (3) contamed one galloyl 
group as shown by the ‘H NMR spectrum 167 04) 

Mps are uncorr ‘H and 13C NMR spectra were measured at 

Although the ‘H NMR spectrum closely resembles that of 
100 and 25 05 MHz, respectively, m Me,CO-d, + D,O unless 

2, a broad singlet at 6401 due to a methme proton 
otherwlse stated Chenucal shifts are given m 6(ppm), scale 

attached to a hydroxy-beanng carbon atom was shifted 
relative to TMS MS were recorded usmg a direct mlet system at 
70 eV TLC was carried out on SI gel and spots were VISU- 
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ahzed by spraymg with either FeCI, or amsaldehyde-H,SO, 
reagent 

Extractron and isolation Freshly collected bark (6 kg) of M 
rubra Sieb et Zucc, was extracted at room temp with 80% aq 
Me&O The Me,CO was removed by evaporation under red 
pres (ca 40”) The resulting aq soln deposIted a yellow crystalhne 
mass which was shown by TLC to bea mixture of flavones After 
removal of the ppt, the filtrate was extracted with EtOAc The 
EtOAc extract (88 g) was chromatographed over Sephadex LH- 
20 elutmg with EtOH contammg increasing amounts of H,O to 
yield five fractions Crystallization of fraction 1 (5 2 g) afforded 
galhc acid (6) (0 83 g) Fraction 2 (13 4 g) was separated by SI gel 
using EtOAcC,H, (1 l-2 1) to give a further crop of galhc acid 
(0 87 g) and ( f )-gallocatechm (7) (0 62 g) Polyamide chromato- 
graphy of fraction 3 (7 8 g) using a H,O-MeOH system afforded 
3-O-galloyl-( - )-epigallocatechm (8) (4 0 g) Fraction 4 (8 2 g) 
was repeatedly chromatographed over Sephadex LH-20 elutmg 
with 807” aq MeOH giving myncatm (1) (038 g) and the 
prodelphmidms 2 (1 65 g) and 3 (0 07 gj Prodelphmidms 4 
(041 g) and 5 (003 g) were isolated pure from fraction 5 by 
chromatography over Sephadex LH-60 (80% aq MeOH) and 
LH-20 (EtOH-Me&O-H,O) 

white amorphous powder, [a]g +35 3” (Me,CO, c 0 55) 
‘H NMR 62 84 (2H, m, H-4’), 3 97 (lH, br s, H-3),4 29 (lH, br s, 
H-3’),471 (lH,d,J = 3 Hz,H-4),489(1H,s,H-2),501 (lH,s,H- 
2’), 5 95,6 03 (3H m total, H-6, H-8 and H-6’), 6 47 (ZH, s, B-nng 
H), 6 64 (2H, s, B’-nng H) 

Myrwatm (1) Pale yellow needles (H,O), mp 235-237”, [a]g 
+782” (Me,CO,c087) ‘HNMR 6547 (lH,d,J = 12 Hz, H- 
2), 5 87 (lH, d, I = 12 Hz, H-3), 6 04 (2H, s, H-6, and H-8), 6 94 
(2H, s, galloyl H), 6 94 (lH, d, J = 2 Hz, H-6’), 7 00 (lH, d, J 
= 2Hz, H-2’) 13C NMR see Table 1 (Found C, 41 14, H, 3 37, 
S, 5 10 C22H16015SK requires C, 4093, H, 3 43, S, 5 42% ) 

Desulfatlon of 1 Compound 1 (80mg) m pyndme-dioxane 
(1 1) (4 ml) was refluxed for 1 hr Evaporation of solvent under 
red pres afforded a brown residue which was purified by 
Sephadex LH-20 chromatography using EtOH to yield a yellow 
amorphous powder (Is), [a]g+807” (Me,CO, c 1 7) 
‘HNMR 6546(1H,d,J=12Hz,H_2),596(1H,d,J= 12Hz. 
H-3), 6 03 (2H, s, H-6 and H-8), 6 66 (2H, s, H-2’ and H-6’), 7 06 
(2H, s, galloyl H) 

3’-0-GaNoyf prodelphuudm B-2 (3) An off-white amorphous 
powder, [a] g + 73 2” (MeOH, c 093) ‘H NMR 63 02 (2H, m, 
H-4’), 4 01 (lH, br s, H-3), 4 84 (lH, d, J = 3 Hz, H-4), 5 14 (2H, s, 
H-2 and H-2’), 5 62 (lH, br s, H-3’), 5 92 (lH, s, H-6’), 5 99 (2H, s, 
H-6 and H-8), 6 48 (2H, s, B-nng H), 6 66 (2H, s, B’-nng H), 7 04 
(2H, s, galloyl H) 13C NMR see Table 1 

3,3’-Dt-O-gaIIoyl prodelphnudm B-5 (4) An off-white amorph- 
ouspowder,[a]E +574”(Me,CO,c 101) ‘H NMR 63 00(2H, 
m,H4’),460(1H, brs,H-4), 505 (lH,s,H-2’),5 33 (lH,s,H-2), 
5 58 (lH, s, H-3’), 600 (lH, d, J = 2 Hz, H-6), 6 12 (lH, d, 
J = 2 Hz, H-8), 6 16 (lH, s, H-8’). 6 53,6 64 (each 2H, s, B-, B’- 
nng H), 7 04 (4H, s, 2 x galloyl H) “C NMR see Table 1 
Treatment of 4 with tannase followed by chromatography over 
Sephadex LH-20 using EtOH afforded galhc acid and pro- 
delphmtdm B-5 (4e) 4e an off-white amorphous powder, [a]# 
+ 112 0” (Me&O, c 0 56) ‘H NMR 62 68 (2H, m, H-4), 4 02 
(lH, br s, H-3),4 12 (lH,s, H-3’), 4 58 (lH,d, J = 3 Hz, H-4),4 75 
(lH, s, H-2), 4 85 (lH, s, H-2’), 6 02-6 05 (3H, m, H-6, H-8 and H- 
8’), 6 44, 6 56 (each 2H, s, B-, B’-nng H) 

3,3’-Di-O-gaIloyl prodelphmtdm B-l (5) An off-white amorph- 
ous powder, [a]g + 26 6” (Me&O, c 0 25) ‘H NMR 6 2 6-3 2 
(2H, m, H-4’), 4 84 (lH, d, J = 8 Hz, H-2’), 496 (lH, br s, H-4), 
5 3-5 5 (3H m total, m, H-2, H-3 and H-3’), 5 94 (lH, d, J = 2 Hz, 
H-6), 600 (lH, d, J = 2Hz, H-8), 609 (lH, s, H-6’), 656, 663 
(each 2H, s, B-, B’-nng H), 6 59, 6 99 (each 2H, s, galloyl H) 

G&c acid (6) Colourless needles (H,O), mp 245-248”, IR 
vkfzcm-l 3250 (OH), 1700 (COOH) 

( f )-Gallocatechm (7) Colourless needles (H,O), mp 
19&193”, [a]g 0” (Me&O, c 105) IR v~~crn-’ 3360 (OH), 
1625 (aromatic) 

Enzymatic hydrolysis of 1 Compound 1 (100 mg) m aq soln 
was incubated with tannase at 37” for 30 mm The solvent was 
coned and the residue treated with EtOH The EtOH soluble 
portion was subJected to CC over Sephadex LH-20 Elution with 
EtOH afforded galbc acid and a hydrolysate (lc), colourless 
needles (H,O), mp 241-245”, [a]g+6 1” (MeOH, CO 13) 
‘HNMR(CD,OD) 6448(1H,d,J= 12Hz,H_3),488(1H,d,J 
= 12Hz,H-2),588(1H,d,J=2Hz,H-6),591(1H,d,I=2Hz, 
H-S), 6 82 (lH, d, J = 2 Hz, H-6’), 7 02 (IH, d, J = 2 Hz, H-2’) 
CD (MeOH) [Olrad -28 x IO’, [@]3,,0, [B]325 +5 x lo4 

3-0-Galloyl-( -)-ep~atechm (8) Colourless needles (H,O), 
mp223”,[a]~-1861°(MeOH,c115)1HNMR6296(2H,d- 
hke, J = 4 Hz, H-4), 5 07 (lH, s, H-2), 5 56 (lH, t-like, J = 4 Hz, 
H-3), 6 03 (lH,d, J = 2 Hz, H-6), 6 06 (lH, d,J = 2 Hz, H-8). 6 63 
(2H, s, H-2’), 7 02 (2H, s, galloyl H) 

Methylatmn of1 Compound l(80 mg) was methylated for 3 hr 
with Me$O, (0 7 ml) and K2C03 (1 ml) m dry Me&O (8 ml) 
After filtration of the inorganic ppt, the soln was coned to a syrup 
which was punfied by CC over St gel Elution with C6H6- 
Me,CO (5 1) furnished the octamethyl ether (lb), colourless 
needles (MeOH), mp 102-104”, [a]g+510” (CHCI,, ~04) 
‘HNMR (CDCI,) 63 S&384 (8 x OMe), 546 (lH, d, J 
= 12 Hz, H-2), 589 (lH, d, J = 12 Hz, H-3), 6 I5 (lH, d, J 
= 2 Hz, H-6), 6 20 (lH, d, J = 2 Hz, H-8), 6 73 (2H, s, H-2’), 7 19 
(2H, s, galloyl H) “C NMR see Table 1 MS m/r (rel mt ) 
584 [M]’ (4), 556 [M-CO]+ (3), 404 (3), 376 (16), 374 (20), 
212(20), 195 (lOO), 181 (66) 
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