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Abstract – The synthesis of optically active γ-valerolactones in order to 

characterize the absolute configuration of the one of the (-)-epicatechin gallate 

metabolites was described. The determination of stereochemistry at C(4) position 

of γ-valerolactone suggested that C(3) position of tea catechins was converted to 

the C(4) position of γ-valerolactone by maetabolism.  

The green tea catechins are known as one of the strongest bioactive groups among the polyphenols. They 

have diverse biological activities: free-radical scavenging,1 antibacterial,2 antiviral,3 anticancer,4 

antiinflammatory activities,5 and inhibitory activities against DNA polymerases.6 We have been reported 

the synthetic studies of monomer catechin derivatives7 and the stereoselective synthesis of procyanidin 

oligomers8 consisting of (+)-catechin and (-)-epicatechin with their bioactivities. With the potentially 

beneficial role of tea catechins in human health becoming increasingly significant, the metabolic fate of 

tea catechins in the body has recently become a subject of considerable interest and is beginning to be 

elucidated to some extent with respect to (-)-epicatechin, (-)-epigallocatechin, and (-)-epigallocatechin 

gallate. The catechins undergo extensive metabolism including methylation, glucuronidation, and 

sulfation.9,10 Mitsui Norin group described the identification of (-)-epicatechin gallate metabolites in the 

rat bile and urine.11 The microbial degradation of these compounds in the colon resulted in the formation 

of γ-valerolactones,12, 13  which are detectable in the plasma and urine following consumption of green tea. 

We report here a synthesis of catechin metabolites as the optically active form in order to characterize the 

absolute configuration of the one of the (-)-epicatechin gallate metabolites. 
 

†Dedicated to Prof. Dr. Ryoji Noyori on the occasion of his 70th birthday. 
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Figure 1.  Structure of catechin, epicatechin derivatives and γ-valerolactones 

 

In 2005, the synthesis of tea catechin metabolites as a racemic form was reported by J. D. Lambert 

group.14 We synthesized (R)-5-phenyl-γ-valerolactone (1) as a model compound described as shown in 

Scheme 1. Starting from chiral epoxide (3),15 3 was treated with phenylmagnesium bromide to afford 4 in 

58% yield. The hydroxy group of 4 was protected with MOM (methoxymethyl) group in 91% and 

TBDPS (tert-butyldiphenylsilyl) group was deprotected by TBAF (tetrabutylammonium fluoride) to give 

6 in 96% yield. PDC oxidation and following Wittig olefination gave the trans α,β-unsaturated ester (8) 

in 22% yield for the two-step sequences. Saturated ester was obtained from 8 with 10% Pd-C under 

hydrogen atmosphere in 96% yield. The removal of MOM group and lactone formation was achieved 

under acidic conditions to give 116,17 in 70% yield. 

A modification of the synthesis outlined above was employed for changing the protecting group from 

MOM to acetyl (Ac) group (Scheme 2). Acetyl protected alcohol was prepared from 4 by acetylation in 

90% and TBDPS group was removed by TBAF in the presence of acetic acid to give 11 in 85% yield. 
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Scheme 1. Reagents and conditions: (a) phenylmagnesium bromide, THF, 
-78 °C to rt; (b) MOMCl, i-Pr2NEt, CH2Cl2; (c) TBAF, THF, rt; (d) PDC, 
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The α,β-unsaturated ester (12) was obtained by Swern oxidation of 11 and following Wittig olefination 

under one-pot conditions in 66% yield. Hydrogenolysis over 10% Pd-C gave saturated ester 13 in 89% 

yield. The acetyl group was hydrolyzed with K2CO3 in methanol to form 1 in 17% yield. 
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Catechol compounds, (S)-5-(3,4-dihydroxyphenyl)-γ-valerolactone (2) was next synthesized from the 

coupling of epoxide (14) and di-silyl protected catechol bromide (Scheme 3). Bromide was treated with 

n-BuLi in THF in the presence of BF3•Et2O at -78 °C and THF solution of 14 was added to the solution, 

obtained alcohol was protected by MOM group under usual condition to give 15 in 56% yield. After Bn 

group was removed, alcohol (16) was oxidized to aldehyde by Swern oxidation and following Wittig 

olefination under one-pot conditions gave α,β-unsaturated ester (17) in 49% yield. Final γ-lactone 

formation was preceded under acidic conditions, γ-lactone (2) was obtained from 18 in 17% yield. To 

improve the reaction yield, the γ-lactone formation was studied on acetate (19)18 under alkaline conditions, 

desired γ-lactone (2)19 was obtained only in 19% yield. The spectroscopic data, MS, 1H NMR and 13C 

NMR, agreed with those of authentic 5-(3,4-dihydroxyphenyl)-γ-valerolactone. However, the optical rotation 
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value, [α]D
26 +39.6 (c 0.1, MeOH), was opposite value and three times larger than reported value,12 [α]D 

-12 (c 0.1, MeOH).  

In summary, we describe method for the synthesis of one of metabolites of the green tea catechins. We 

have determined the absolute stereochemistry of metabolite. This results suggest that stereochemistry at 

C(3) position of tea catechins reflects to the stereochemistry at C(4) position of γ-valerolactone. The 

difference of optical rotation value between synthetic sample and metabolite became clear, the metabolic 

fate of tea catechins still remains to be clarified.  
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