
Tetrahedron Letters Vol. 21, pp 2561 - 2564 
@;Per@mon Press Ltd. lq80. Printed in Great Britain 

EQUILIBRATED STEREXXTRUCTURES OF HYDRATED GERANIIN AND MALLOTUSINIC ACID 
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Sutumar~: Partial revision of the hydrated structure, and determination of the absolute configu- 
rations of geraniin and mallotusinic acid lead to structures I-A and II-A, respectively. 

Structure of geraniin, the main tannin of plants of Geranium species, and of several 

species of Euphorbiaceae 
1 
, is represented by I 

2 
. Structure of mallotusinic acid which occurs 

in several species of Euphorbiaceae 
1 
, can be fundamentally shown by I13. 

Crystalline geraniin exhibits mutarotation in acetone containing water to give an 

equilibrium mixture which is shown by PMR and CpnC spectra to be composed of two isomers2. 

Mallotusinic acid, which is obtained aa an amorphous powder, forma an anaLogous equilibrium 

3 
mixture . Two of three carbonyl groups in the cyclohexenetrione moiety in these tannins were 

presumed to be hydrated, based on the CHR spectra 293 . These structures have now been 

re-investigated, as the PMR spectra showed that the methine proton at C 
l! 

is not substituted by 

deuterium upon mutarotation of dried geraniin in the presence af D20, to indicate that the 

OH 

-OH 

I: R=H 

IT: OH OH 

R= /\ OH "l-3 
F 
COOH 

mutarotation of geraniin is not due to epimeriza- 

ti0ll2’3 at the methine carbon. 

Equilibrated geraniin shows in the region of 

hydrated ketone and acetal of the CMR spectrum, four 

peaks which are singlets in the off-resonance 

spectrum, and doublets or triplets in the spectrum 

obtained by gated-decoupling technique as indicated 

by d and t in Fig. 1. Two solid lines ind%cate the 

peaks observed when the spectrum was measured in a 

short time after dissolution of crystalline geraniin 
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HO HO OH OH I-A, I-B: R=H 

II-A, II-B:OH OH 

COOH 

I-A,lI-A I-B, II-B 

in acetone-d 
6' 

Since these couplings are attributable to 

the couplings of 13C-C-H and l3 C-C-C-H on the cyclohexene 

ring, the doublets can be assigned to C6,, and the triplets 

to C 
5' - The downfield shift of 66, peak from 92.5 ppm to 

jk “ 

110 100 90 

108.9 ppm upon the mutarotation msy be attributed to Fig. 1 ppm 

formation of an ether linkage, or transformation similar to that from pyranose to furanose 
4 . 

Formation of a five-membered hemiacetal ring as shown by I-B is supported by the analogous 

chemical shift of C 6, peak (106.6 ppm) in the CMR spectrum of phenazine A (III) which is 

obtained by condensation with o-phenylenediamine at C4, and C5, of geraniin5. Further support 

to structure I-B is given by the ally1 coupling between Hl, and H3, in the PMX spectra of 

mutarotated geraniin (J=1.5 Hz) and phenazine A (J=1.5 Hz), which are in accord with the 

conformation induced by the ring closure of five-membered hemiacetal in I-B. 

A six-membered hemiacetal structure as shown by I-A, or presence of two gem-diol groups is 

then presumed for geraniin before the mutarotation. Between these two structures, the former 

is supported by the deuterium-induced differential isotope shift (DE) measurement as follows: 

As DIS technique was originally applied to carbohydrates6, in the preliminary experiment we 

tested applicability of this technique to phenolie compounds using those of lower molecular 

weights such as arbutin and corilagin (V). The results showed that the aromatic carbon which 

carries free hydroxyl group is clearly differentiated from that carrying ether owgen, by a dual 

peak (difference of shift, 0.1 - 0.25 ppm) of the former, and a single peak of the latter. 
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R= 
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UPon 01s measurement of gerani-tn, only c 6~ was exhibited as a single peak before (143.4 ppm) 

and after (147.3 PPm) the equilibration, Mhile the other phenolic carbons were s~lom as dual 

Peaks (differeme of shift, 0.13 ppm for C4e, in acetone-d 
6 - water, T:l). ThSs result 

indicates that a hsmiacetal ring is formed in both of isomeric gecaniin. The formation of a 

six-membered b+%miacetsl ring af geraniin before the equilibration is also supported by sharp 

sing&m3 of B 
1' 

and H 3f in the PMR spectrum, as bonding5 Rl,-Cl, and a 3,-C3, in this structure 

are almost in the same plane, The upfield shift of c,., peak in fhe CPlR E;pectra upon the 

mtarotatim (96.3 + 92.3 Ppm) is also in accord with the structural correlation of 1-A and 1-B. 

The configuration of H 
1' 

in goraniin is regarded as Q based on the fo.Llowine darar ?'he 

large upfield shift of Hl of the glucose moiety (6.62 + 6.14 ppm) upon the aromatization of 

phenilzine A to phenazine B {IV) should be attributed to shielding effect by newly farmed 

aromatic ring in the conformation shown by IV-A. In this structure, the atropisomerism at the 

~heny~p~~n~~~~~ moiety is Ii, This atropisomerism in phenazine B could be induced when rhe 

configuration of H 1, in phenazine A is a. 

As for the atropisomerism at the hexahydroxydiPhenoy1 (HRDF) group i-n corils&lu, any 

unambiguous evidence has not been presented although S configuration gas proposed 
7 
in the 

attempts to apply the amide rule of glyconic acids QJ Whe*yla. In the present experiment, 

dimethyl hexamethoxy~~phenoate (VI) fiaJi5 +21", cHCI.3) obtained by methanolysis of nona-+ 

25 
methylcorilagin (VII), and dihydraxymethylhexametboxybiPhenYl (La1240 *2900"~ MeoB) which is 

produced by reduction of VI, have been found optically identical with those derived from 

schisandrin for which atropisomerism was determined to be R8* 
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The determination of R configuration of the HHDP moiety in corilagin which is produced by 

hydrolysis of geraniin5, establishes the atropisomerism at the HHDP moiety in geraniin to be R. 

The absolute stereostructure of equilibrated geraniin is therefore shown by I-A 2 I-B. 

The PMR and CMR spectra of mallotusinic acid and its phenazine derivatives exhibit peaks 

corresponding to those of equilibrated geraniin, to show that the structure of this tannin is 

identical as that of geraniin except the presence of an additional gallic acid bonded via an 
_ 

ether linkage. The hydrated stereostructure of mallotusinic acid is then shown by II-A 2 

11-B'. The direction of optical rotation of trimethyl octa-O-methylvaloneate (VIII)3 derived 

from mallotusinic acid is identical with that of dimethyl hexamethoxydiphenoate produced from 

corilagin. The R configuration of valoneoyl group in the above structure of mallotusinic acid 

is based on this optical property and also on the co-occurrence of this tannin and geraniin as 

the main constituents in the leaf of Mallotus japonicus. 
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