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Cleavage of Proanthocyanidins with Thioglycollic Acid 
By KARL D. SEARS* and RONALD L. CASEBIER 

( ITT ‘Rayonier Inc., Olympic Research Division, Shelton, Washington 98584) 

BROWN and his co-workers1 have used thioglycollic 
acid to determine the mode of linkage in the 
tannin from common heather. Thioglycollic acid 
degradation of this tannin followed by methylation 
of the crude product with diazomethane led, after 
purification, to the S-benzylthioglycollate (I). 
Since thioglycollic acid is known to cleave benzylic 
ethers,2 i t  was concluded that the condensed 
tannin was comprised of flavanoid units attached 
by C-4 benzylic ether linkages (11). 

Consideration of this work led us to speculate 
that thioglycollic acid might be capable of cleaving 
tannins in which the structural units are linked by 
carbon-carbon bonds [e.g. (III)]. The recent isola- 
tion of numerous, natural, dimeric proanthocyan- 
idins,,* [e.g. (IV)] strongly supports the suggestion 
that the most commonly occurring polymeric 
leucoanthocyanidins (condensed tannins which 
yield cyanidin on acid treatment) are composed of 
flavan-3-01 nuclei in which the acid-labile carbon- 
carbon bond from the 4-position of the one is 
linked to the 6- or 8-position of the other [e .g .  
(III)].395 The condensed tannin is terminated by a 
catechin unit which lacks a hydroxy-group a t  C-4 
and is incapable of further condensation. Although 
thioglycollic acid has not been reported to cleave 
carbon-carbon bonds it appeared that suitably 
activated carbon-carbon linkages should be readily 
capable of rupture with this reagent. 

To test our hypothesis, the reactions of two 
model proanthocyanidin compounds, (V) and (VI), 
with thioglycollic acid have been studied. These 
compounds were initially synthesized and charac- 
terized by Geissman and Yoshimura,6 and the 
preparation and extensive characterization of (V) 
have been investigated by Jurd and Lulldin.’ 

Both (V) and (VI) were prepared by the method 
of Geissman and Yoshimura in which the flavan- 
3,4-diol (VII) was condensed with equimolar 
amounts of phloroglucinol or (+)-catechin in 
aqueous 0-1N-hydrochloric acid-dioxan a t  0”. 
In both preparations two major products were 
formed (believed to be epimeric a t  C-4)6 with the 
isomer of higher R, predominating on t.1.c. Com- 
pound (VII) was prepared by reducing 5,7,3’,4’- 
tetra-0-methyldihydroquerceting with sodium 
borohydride to obtain the higher melting isomer 
(m.p. 205”, in agreement with Fujise, et ~ 1 . ~ ) .  

Prior to thioglycollic acid degradation of either 
(V) or (VI), the S-benzylthioglycollate (VIII) was 

prepared by heating flavan-3,kdio 1 (VII) under 
reflux with 25% aqueous thioglycollic acid for 
two hours followed by methylation with dimethyl 
sulphate and potassium carbonate in acetone 
under reflux. The predominant product (VIII) 
was isolated by preparative t.1.c. in chroma- 
tographically homogeneous form. Sublimation 
(1 50°/ 10-5 mm.) gave methyl S- (3-hydroxy- 
5,7,3 ’, 4’-tetramethoxyflavan-4-y1) -thioglycollate 
(VIII) as an amorphous solid, Vmsx (CHC1,) 3440 
and 1735cm.-l, Amax (EtOH) 277 ( E  4000). The 
n.m.r. spectrum was in accord with structure 
(VIII); T 5-10 (d, C-2 methine proton, J 10.0 Hz) 
indicating that the 2,3-hydrogens are trans- 
diaxial ; a determination of the 3,4-configuration 
could not be made. The compound analyzed for 
C2,H,,0,S, and had a parent peak in the mass 
spectrum a t  m / e  of 450, the calculated molecular 
weight. A much smaller quantity of the other, 
presumed, epimeric C-4 isomer was also formed in 
the reaction. This had a lower R, value and after 
purification by preparative t .l.c. gave an identical 
U.V. and a similar i.r. spectrum. 

The proanthocyanidin (V) was treated with 
thioglycollic acid, with the same conditions used 
to prepare (VIII) from (VII), to obtain as the 
predominant product the S-benzylthioglycollate 
(VIII) synthesized by the independent route 
discussed. This compound was purified by pre- 
parative t.1.c. and was chromatographically identi- 
cal, and had i.r., u.v., and n.m.r. spectra identical 
to those obtained for synthetic compound. Prior 
to methylation of the crude degradation products, 
the acidic reaction products were extracted with 
sodium hydrogen carbonate solution. Phloro- 
glucinol was observed by two dimensional t.1.c. to 
be the major component of the non-hydrogen 
carbonate extractable material. 

Similarly, the proanthocyanidin (VI) with 
catechin as the pendent ring, was degraded with 
thioglycollic acid; again, (VIII) was obtained as 
the predominant product. Purification by pre- 
parative t.1.c. gave a product which was chromato- 
graphically identical a.nd had i.r. and U.V. spectra 
identical to those of the synthetic compound. 

Our success in cleaving the model proantho- 
cyanidin compounds with thioglycollic acid has led 
us to apply this technique as a structural tool in 
the degradation of tannin from western hemlock 
(Tsuga heterophylla), a condensed tannin believed to 
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have structural units linked by carbon-carbon We thank Dr. H. L. Hergert for helpful dis- 
bondsg as represented in (111). cussions and his interest in this work. 
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