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THE CONSTITUTION OF THBAFLAVIN 

A. G. Brown, C. P. Falshaw, E. Haslam, A. Holmes, and W. D. Ollis 

Department of Chemistry, The University, Sheffield 

(Reoeived 20 JanaaiJr ,196) 

The recent publication1 describing (a) thedetermination of the molecular 

weight of thkaflavin acetate, (b) the deuterirrm analysis of theaflavin delaero- 

acetate, and (c) the interpretation of the NMR spectrum of the theaflavin- 

methanol solvate, makes it desirable for us to report our evidence regarding 

the constitution of theaflavin. Our results are in certain respects more 

extensive and more detailed than those reported by Gianturco ei al. ’ and -- 

h particular we have prepared a manher of new derivatives’ of theaflavin which 

have heen useful in defining its novel constitution. The configuratiOna formula 

which we now propose for theaflavin i8 different from that given by Gianturco 

t2tal.l -- 
Crystalline theaflavin was fkst obtained by Roberta and Myers’ and later 

* See Table 1 
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Roberts’ proposed for theaflavm the ccnstitrpion (I). This suggestion was based 

mainly on the supposition that the enzyme catalysed (tea oxidase) formation of 

theafkvm @ate involved the oxidathe coupling4 of catechin type precursors 

and the opinion that the UV spectrum of theaflavin indicated the presence of a 

benzotropokme nucleus of the purpurogallin (II) type. Our initial structural 

studies on theaflavin were guided by these hypotheses, but it soon became clear 

that modification of the c onst&uUon 0) was necessary. Mesnwhile, Takino and 

Imagawa’ made the important observation that oxidation of mixtties of 

(-)epigallocatecbin (TV) and (-)epicatechtn (V) either with tea oxidase or with 

potassium ferricyanide yielded a reddish-orange compound, C29H24012. The 

identity of this ccmpound, C20H24012, with theaflavin was suspected and on the 

basis of a reasonable mechanism for its formation the constitttion (VI) was 

caddered.5’ 6 later the identity of theaflavin with the oxidation product, 

‘2p24’12 was established. 
7 

While these studies by Takino et al. 5,697 
-- were in progress, we were 

examinhq natural theaflavin isolated ti om black tea by a modification of 

Roberts’ procedure. 2 Theaflaviu was characterised by the derivatives listed 

In Table 1 and these results established that theafkrin had the molecular formula 

C2+i1503(OH&. in which seven hydroxyl groups were phenolic or enohc and the 

other two hydroxyl groups were alcoholic. The inkared spectral data (see 

Table 1) indicated that theaflaviu contained a highly conjugated carbonyl group 

(Vc;1630 cm-‘.) and the shift of tbe carbonyl band (Vco 1675-1680 cm-j.) in 

appropriate derivatives sq~yested that this carbonyl group was internally hydrogen 
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bonded in theaflavfn . This observation was obviously compatible with Roberts’ 

suggestion 
3 

that thsaflavin was a benzotropolone derivative. However, 

comparison of tbe UV spectra of theafiavin and its derivatives with appropriate 

models (see Table 2) clearly favoured the presence of a 1’. 2’-dihydroxy-3,4- 

benzotropolone (ill’) 399 grouping rather than a 1’. 2’, 3’-tribydroxy-3,4-benzo- 

tropolone (II) 10 
residue. 

The presence of a 1’. 2’-dihydroxy-3.4~benzotropolone grouping in theaflavin 

and its molecular formula, C2gH24012, was clearly compatible with its formation 

by an oxidative process 

‘1SH14*6 + ‘1SH14’7 

<-CH4*> 
- c29H24012g 

involving precursors of the catechln, C15H1406, and gallocatechin, C15H140, 

types. This process was clearly analogous to the c&dative coupling of catechol 

and pyrogallol to yield 1’. 2’-dihydroxy-3,4+enzotropolone. 3.9 

(-CH4*) 
C6H602 + C6H603 - C11Hao4 

and as both (-)epicatecbin (V) and (-)epigallocatecbin @V) occur in green tea, 3 

their oxidative coupUng to yield theaflavin (I) 5,697 has ample precedent. “’ We 

now propose for theaflavin the configurational formula (VII). 
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OR 

RO 

(VII) R=R’=H 

(VIII) R = R’ = AC 

(IX) R = Me; R’ = H 

00 R = Me; .R’ I & 

(XI) R = Me; R’ = Mw 

(XII) R = K’ = SiMe3 

In the derivation of the cc&gurational formula (VII) the assumpCion is made 

that the formation of tbeaflavin takes place with the preservation of absolure 

configmation at the chiral centres in the precursors. This assum@on is 

reasonsble, but in view of the known epfmerisation at C2 in the catechin series the 

possible consequences of this during the formation of tbeaflavin (VIQ from 

(-)epicatechin (V) and (-)epigallocatechin (IV) most be considered. In this 

comxxtion one facet of the cheinistry of theaflavin which has not been previously 

examined is wbether it is cptically active. We have qow established that theaflavlm 

and its derivatives all give optical rotatory dispersion curves. These will be 

discussed in our f’ull publication. 

The formula (VII) for theaflaviu may also be deduced by an imkpendent 

agreement based on the NMR and maas spectra of tbeaflavin and its derivatives. 

The NMR spectra are summarised in Table 3. The presence of two pairs of 

meta-related protons (positions 6, 8, 6’, and 8’) are recognisable as two AB 

systems (J ..+ 2 c/s) and singlats may be assigned to three protons (positions 3”, 
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5”. and 7”) on the benzotrcpolcme residue. Broad signals associated with four 

protons may be assigned to two benzylic metbylene groups (positions 4 a& 4’). 

The benzylic prtions (positions 2 and 2’), when they are observable, appear as- 

singlets. This is good evidencel’ for the relative stereochemistry shown in the 

configurational formula (VII) because the singlet nature of the signals due to the 

protons (positions 2 and 2’) requires axial-equatorial relations, that is 

cis-stereochemist- between C2-H and C3-H and between C2, -H and C3, -H. - 

The signals due to the pratons (positions 3 axl 3’) are broad, but they show the 

expected downfield shift on 0-acetylation and 0-mesylntion. 

The mass spectra of theaflavin nonacetate (VIII), theaflavin hwamethyl ether 

(IX), theaflavin heptamethyl ether diacetate (X), and theaflavin heptamethyl ether 

dimesylate (XII) have been determined. Detailed discussion will be presented 

shortly, but it may be noted that the results provide excellent support for the 

proposed structure (VII) for theaflavin. In particular, generation of ions of the 

type (XIII), (XIV), and (xv) clearly indicates the presence of the grouping (XVI) 

12 
and the fragmentation pattern associated with retro;Mels-Alder reactions (see 

arrows, XV9 requires the presence of E such groupings (XVI). The mass 

spectrum of theaflavin heptamethyl ether exemplifies this scheme in that it 

shows a molecular ion peak at m/e 662, fragment ions at m/e 496, 495, 330, 329, 
. 

191, 167, and 166, and metastable peaks due to the processes 662+ + 496++ 166 

and 496+ 4 330+ + 166. 
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Me0 

XIV m/e 167 

Me0 H H 

XV m/e 191 XVI 

Thus the mass spectral evidence requires the presence of & groupings 

(XVI) and when these are linked to the benzotropolone (III) in positions defined 

by the NMR spectral data then this leads directly to the constitution (VI) and 

the configuration (VII) for theaflavin. 13 

Th., description of theaflavin as a natural product is debatable since its 

formation involved an enzyme catalysed process which operates during the 

fermentation of green tea to give black tea. However, its novel C29-structure 

is certainly derived by the oxidative coupling of Cl3-flavonoid precursors and 

as such its structure may be regarded as a new variant upon the C 
30 

-structures 

characteristic of the biflavonyls 14 
and the dimeric proanthocyanidins . 

15 
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This work is a continuation of the studies of the late Dr. E.A.H. Roberts. 

We thank the Indian Tea Association (London) for ffnancial support and 

Professor R.D. Haworth, F.R.S., for his close interest. 
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