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ABSTRACT 

X-Ray analysis of the 3,4,8,10,1 I-penta-acetate (3) of bergenin has confirmed the earlier structural 
assignments. 

INTRODUCTION 

Bergenin (1) has been isolated from the roots of Bergeniu crassifolia’” and 
purpurascens’ and Casesalpinia digyna4, from the bark of Corylopsis spicata’ and 
Mallotus japonic&, and from the heartwood of Shorea leprosula’ and Macaranga 

peltata8. Extraction of the bark of Macarangczpeltata, a small tree commonly found in 
Indian forests, gave’, in addition to 1,the di-O-methyl derivative 2. A gum powder of 
this tree has been used in Indian medicine for the treatment of venereal diseases8x9 and 
other medicinal applications have been reported3,6,‘0. 

The first structures proposed *,I’ for 1 were revised independently by Hay and 
Haynes” and by Posternak and Diirr’3. In order to clarify the structure8q’4”5, an attempt 
was made to obtain crystalline material suitable for X-ray analysis16. A straightforward 
synthesis of this type of C-glycosylarene was developedI and has been reported17. 

RESULTS AND DISCUSSION 

The reaction of 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide (5) with 4-0- 
methylgallic acid methyl ester (6) in the presence of methanolic sodium methoxide 
gavel2 1.6% of a product that had physical data in agreement with those of natural 
bergenin (1). The n.m.r. data of 1, its penta-acetate 3, and 2, and its tri-acetate 4, were 
taken as further proof of the structure assigned’ previously. However, the low-yielding 
synthesis and the relatively high field ‘H-n.m.r. shift (6 4.29) observed for the resonance 
of H-4a of 3 did not rule out isomeric structures’4”s which can be formed readily from 
the precursors’6. Therefore, 2 was synthesised by an independent route15. Intramolecu- 
lar C-glucosylation of the trichloroacetimidate 7 followed by hydrogenolysis and 
acetylation gave a major product that had ‘H-n.m.r. data much closer to expectations 

* Aryl C-Glycosides, Part 3. For Parts I and 2, see R. R. Schmidt and W. Frick,Tetrahedron, 44 (1988) 
7163-7169; Liehigs Ann. Chem., (1989) 565-570. 
’ Author for correspondence 

OOOB-6215/91/$03.50 @ 1991 - Elsevier Science Publishers B.V. 
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7 8 i? = 3.4,5-Trimethoxyben7oyl 
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Fig. 1. Structure and numbering of 3,4,8,10,1 I-penta-O-acetylbergenin. 

tively. Thus, the chemical shift (6 4.29) of the resonance for H-4a in 3 is due to the 

unusual conformation of the attached cabonyloxy moiety which is part of the tricyclic 

system. This difference in the location of the carbonyl group relative to H-4a influences 

dramatically the anisotropy effect of the carbonyl group, thus leading to a relative 

upfield shift (- 1 p.p.m.) of the resonance for H-4a. The chemoselective synthesis” of 2 

and 4 confirmed the structural assignments. 

EXPERIMENTAL 

Generul. - The ‘H-n.m.r. spectra (internal Me,Si) were recorded with a Bruker 

WM 250 spectrometer. 1.r. spectra (KBr) were recorded with a Perkin-Elmer 237 

spectrophotometer. Melting points are uncorrected. Column chromatography was 

carried out on silica gel (Merck 70-230 mesh ASTM, and 230400 mesh for flash 

chromatography under normal pressure). Melting points are uncorrected. 

3,4,8,10,1l-Penta-0-acetylbergenirt (3). - Bergenin (1; 250 mg, 1.6% from 5), 

obtained” from 2,3,4,6-tetra-0-acetyl-a-D-glucopyranosyl bromide (5; 20 g, 49 mmol) 
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Atomic co-ordinates for 3 mith estrmared standard deviations III parenthcsza. 

and methyl 4-O-methylgallate’” (6; 10 g, 50 mmol). had m.p. 235 37 : lit.‘ m.p. 2.37 

Treatment’ of 1 with excess of acetic anhydride in pyridine afforded 3 (340 mg. 83?,,). 

which had m.p.. ‘H-n.m.r. data, and i.r. data as reported. C,lr-eful recrystallisation from 

ethanol afforded crystals for X-ray analysis’, 
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TABLE II 

Selected data” for 3 with estimated standard deviations in Darentheses 
I - 

(a) Bond lengrhs (pm) 
o-1-C-l 

c-1-c-2 

c-2-o-2 

c-3-0-3 

c-5- o-4 

0-4-C-6 

C-&C-7 

C-8&C- 1 I 
c-9-o-7 

C-l l-0-8 

O-8-C-12 

C-12PZ-13 
C-l 3-C-23 

c-15-0-10 

o-l&C-16 

C-16--C-17 

C-18-C-20 

C’2&0- I3 

0-13-C-21 

c-21P.z”22 

(h) Band angles (degrees j 
C-1-0.l-C-24 

0-1-c-1-c-5 
c-t-c-2-O-2 

0-2-C-3--0-3 

0-3Pz-3%c-4 

C-l-C-S-C-8 

C-5-O-&C-6 

0-4-C-6-C-7 

C-5-C-8-O-6 

o-f%c-8~c- 11 

0-6-c-9-0-7 

o-7-c-9-c- 10 

C-8&C- 1 l-C-24 
C-l l-O-8-C-12 

0-8&C-12--C-13 

c- 12-c- 13Wz 14 

C-lb-c-13-C-23 

c-14-c-15-0-10 

0-IO-C-15-C-18 

0-10-c-16-0-1 1 
o-llMz-16-c-17 
c-15-c-18-C-20 

C-18&0-12-C-19 

C-18-C-2&C-23 

C-20-0- 13-C-21 

0-13-C-21-C-22 

C-13-C-23-C-20 
C-2&C-23-C-24 

O-l&C-24-C-23 

143.0 (5) 
149.0 (7) 

143.0 (8) 

122.4 (9) 

144.1 (6) 

133.4 (8) 

146.7 (12) 

149.7 (6) 

119.1 (7) 

145.0 (5) 

134.8 (5) 

150.4 (6) 
139.7 (6) 

139.6 (7) 
132.4 (12) 

146.4 (12) 

138.3 (7) 

138.4 (5) 

135.8 (6) 

147.6 (8) 

113.4(3) 

109.6 (3) 
108.0 (4) 

120.6 (8) 

124.3 (8) 

110.5 (3) 

117.2 (6) 

111.5(9) 

108.4 (3) 

110.9 (3) 

123.4 (4) 

124.9 (5) 

109.3 (3) 
116.0 (3) 

117.0 (4) 
118.0 (4) 

121.2 (4) 
120.0 (4) 

118.7 (4) 

121.2 (8) 

126.1 (10) 
119.1 (4) 

115.0 (5) 
121.3 (4) 

117.3 (4) 

Ill .9 (4) 

117.7 (4) 

123.9 (4) 

110.6 (3) 

0-l-C-24 

C-l-C-5 

O-2-C-3 

c-3-c-4 

c-5--c-s 
C-GO-5 

C-8-0-6 

O-~-c-9 

c-9-c-IO 
C- I 1 -X-24 

C- 12-O-9 

c-13-c-14 
C-l&C-15 

C-15-C-18 
C-1&0-11 

C-18-0-12 
O-12-C-19 

C-20-C-23 

C-21-0-14 

C-23-C-24 

o-IHZ-IHZ-2 

C-2-C-l-C-5 

C-2-O-2-C-3 

0-2C-3-C-4 

c-l&c-5-o-4 

O-4-C-5-C-8 
O-&C-&O-5 

0-5-C-6-C-7 
C-5%C-8-C11 

C-8%0-&C-9 
o-~c-9%c-10 

C-8-C-l l-0-8 

0-8&C-l l-C-24 

0-8&C- 12 -0-9 
o-9-c- 12-c- 13 

C-12-C-13-C-23 

c-13-c-14c-15 
C-14-C-15-C-18 

C-15-O-l&C-16 

o-lGC-l&C-17 

C-15WZ-18-O-12 
0-12-C-18-C-20 

c- 18~c-2(to- 13 
O-l 3-C-2&C-23 

0-13-C-21-O-14 

O-l&C-21-C-22 

C-l 3-C-23-C-24 
0-1-c-24-c-1 I 

C-l I- C-24-C-23 

142.7 (5) 
151.9 (6) 

124.8 (9) 

145.4 (13) 

151.3 (6) 
118.7 (14) 

142.9 (4) 

133.4 (6) 
148.3 (6) 

151.8 (5) 

119.0 (6) 

138.3 (6) 
136.8 (7) 

137.9 (7) 
118.7 (11) 

137.7 (6) 
141.8 (8) 

138.9 (5) 

118.6 (6) 

148.8 (6) 

105.6 (4) 

113.1 (4) 
122.4 (5) 

114.5 (6) 

108.5 (3) 

108.9 (4) 

122.9 (7) 

125.6 (7) 

106.3 (3) 

118.1 (4) 
111.7 (5) 

109.3 (3) 

110.6 (3) 

119.9 (4) 
122.9 (4) 

120.6 (4) 

119.4 (4) 

121.1 (5) 

118.5 (5) 

112.7 (8) 

120.8 (5) 

120.0 (4) 

118.8 (3) 
119.9 (4) 

121.7 (4) 

126.4 (5) 

118.3 (3) 

107.2 (3) 

109.4 (3) 



TABLF II (continued) 

C’q~.sral &rfrJbr 3 (CJf,,O,,). Colourless; crystal size, 0.5 x 0.5 x 0.5 mm: 

monoclinic. space group P2,: unit-cell dimensions, CI = X.966 (2) .A. h == i 2.X23 (3) A. C‘ 

= 11.895 (4) ~%.l, = 92.47 (31 : volume. 1365.4 A’: z 2; mol. wt.. 53X.46: density (talc.). 

1 .?I I g:‘cm’: absorption coefficient. 1 .O cm ‘; F(000) 564. Data collection: Nicoltt P.1 

diffractometer: Mo-K, radiation 0, = 0.71073 A); tcmpcraturc. 299 I<: nlOrlochr(~177;itor 

highly oriented graphite crystal; 28 range. 4.0 -52.0; sun t>pc, omega; scan speed. 

2.00 29.3’ /min in w; scan range, 1 .O’ Background measurement. stationary crystal and 

stationary counter at the beginning and end of the scan. each for IN”, of the totnl K;III 

time; 3 standard reflections measured every 97 reflections: 2931 rellrcticitls collcctc‘ii: 

2X04 (R,,,, := 1.34%) independent reflections: 2804 [I;’ b 00( 131 obser\0.l refectiow 

Solution and refinement: N~coiet SHELXTI., PLI.‘S (Micrc)x,slu El). direct methods. 
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full-matrix least-squares; quantity minimised, Zw (F,, - FJ2. Hydrogen atoms, riding 
model, fixed isotropic CT, weighting scheme, w-’ = g2 (F’) + 0.0005F2; final R indices, R, 
= 7.15% RF2 = 6.41%; goodness-of-fit, I .5054; data to parameter ratio, 8.1: 1; largest 
difference peak, 0.29 (ee/A3); LS parameter, 343. 
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