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The pigments characteristic of black tea infusions are of two general types’ associated with the 

theaflavin fraction and the thearubigin fraction. The thearubigins have been recognised as polymeric 

proanthocyanidins . 2 The theaflavin fraction contains a considerable number of compounds which are 

benxtropolone derivatives including theaflavm 3’4 (I; ca. 8%). theaflavin-3-gallate (II; ca. 3%). 

the&h&n-3’-gallate (III; ca. 20%), theaflavin-3.3’-digallate (IV; ca. 4%). isotheaflavin5 (4%). and 

theaflavic and epitheaflavic acids6 the approximate relative proportions given by our present 

fractionation procedures are indicated. We now report upon the elucidation of the constitutions snd 

configurations of the galloyl esters (II, III, and IV) by spectroscopic methods, and the confirmation of 

these configurations by synthesis. 

Chromatography [Sephadex LH 20; propan-2-01, acetic acid, water (4 : I: 4)] of the thesflavin 

fraction7 gave three well separated bands. The first consisted mainly of theaflavin (I) and isotheaflavin, 5 

the second yielded a mixture of the monogallates (II and III), and the third gave the digallate (IV). The 

IR spectra of the galloyl esters were very similar to that of theaflavin, but there were additional bands 

(%o w 1690 cm -1. ) which could be assigned to gallates derived from alcoholic hydroxyl groups. ‘Ihe 

absorption spectra (Table 1) of the compounds (II, III, and IV) were extremely similar to that of 

theailavm (I) and their ORD curves closely corresponded with the ORD curve of theaflavin (I). 

‘Ihe molecular formulae of the compounds (II), (III), and (IV) were established by high resolution 

mass spectrometric examination of their methyl ethers (methylation with dimethyl sulphate and 

potassium carbonate in boiling acetone). The monogallates (II and III) gave the decamethyl ethers 

(VI and VII) [Found: M, 856.2939. C36H1806(0Me)lo requires M, 856.29431; the digallate (IV) was 

similarly characterised as the tridecamethyl ether (VIII) [Found: M, 1050.353. 

requires M, 1050.352]. 

C43H1907(OMe)13 

Their absorption spectra (Table 1) and their mass spectral fragmentation 

patterns summarised in the Scheme showed a striking relationship to that of theaflavm heptamethyl 

ether3 (V) and indicated particularly that the gallates (II, III, and IV) were galloyl derivatives involving 

either the 3- or the 3’-hydroxyl groups of theaflavin (I). The fragmentations were clearly dominated by 

(i) cleavage (-212 a.m.u.) involving the trimethoxybenxoyloxy residues and (ii) retro-Diels-Alder 

reactions (-166 a.m.u.). 

* To whom correspondence should be addressed. 
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OR1 _ R1 = R2 = R3 = 

(1) H 

(IQ H 

(III) H 

(Iv) H 

(v) Me 

(VI) Me 

(VII) Me 

(VIII) Me 

X = Galloyl(3,4.5-trlhydronybenroyl); Y = 3,4,5-trimethoxybenzoyl 

TABLE 1 

Absor@on spectra hmax (Emax) in ethanol 

Comparison of the NMR spectra given in Table 2 clearly supported the constitutions (II), (III), and 

(IV). Although the monogallates were isolated by chromatography as a single fraction, the Nh4R spectra 

obtained on this mixture (II + III; approximate ratio 3 : 2) and the derived mixture of decamethyl 

ethers (VI + VII) permitted the assignments given in Table 2. Having established the constitutions of 

these three galloyl esters, the indication from their ORD curves that they had corresponding absolute 

configurations (II, III, and IV) was settled by synthesis. llmaflavin heptamethyl ether (V) and 3,4, S-tri- 

methoxybenzoyl chloride in pyridine gave, after chromatographic fractionation, theaflavin3,3:digallate 

tridecamethyl ether (VIII) and a mixture of theaflavin-3- and -3’-monogallate decamethyl ethers (VI and 

VII). 

The theaflavln pigments do not occur in the green leaf, but are formed by an enzyme-catalysed 

oxldative process during the fermentation of green leaf to give black tea. If hydrolysis of gallate esters 

is not involved, then the probable precursors’ are as indicated: theaflavln 3-gallate (II) [(-)-epicatechln 

and (-)-epigallocatechin gallate], theaflavin-3’-gallate (III) [(-)-epicatechin gallate and (-)-epigallo- 
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catechin] and theaflavin-3, I’-digallate (IV) [(-)-epicatechin gallate and (-)-epigallocatechin gallate] . 

Our configurations (II, Ill, and IV) are different from those already reported, 8 but Dr. Collier 

has kindly informed us that these earlier formulations8 are in error and that they should be amended 

to become identical with ours. 

W) cw - l(V)-] (-166)~ m/e 496 (-166)b m/e 330 

tw w w (a - T6, m,e 478 

m/e 644 

m/e 672 

m/e 626 (-166)~ m/e 460 
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(4) 

(5) 
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(7) 

(8) 

OMe 

(IX) m/e 212 

OMe 

(X) m/e 195 

OMe 

(XI) m/e 191 

OMe 

(XII) m/e 167 
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