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Abstract:

Lipophilic tea polyphenols (LTP) were prepared by catalytic esterification of green tea polyphe-

nols ( GTP) with hexadecanoyl chloride. A mnovel long-chain acyl-derivative of epigallocatechin-3-o-gallate
(EGCG) was first isolated from purification of LTP by high-speed countercurrent chromatography ( HSCCC)
using a solvent system composed of n-hexane-ethyl acetate-methanol-water (1:1:1: 1, v/v). The molecular

structure of the acyl-derivative, Epigallocatechin-3- O-gallate-4’- O-hexadecanate , was elucidated by means

of elemental analysis, IR, 'H-NMR and MS spectra.
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INTRODUCTION

Green tea polyphenols (GTP) from the leav-
es of green tea ( Camellia sinensis L. ) is used as
a kind of food antioxidant and dietary supplement
as epigallocatechin-3- O-gallate ( EGCG), epi-
catechin ( EC)D, epigallocatechin ( EGC) and
epicatechin-3- O-gallate ( ECG;
see Fig.1), these principal green tea catechins

for structures

have been known to possess anti-arteriosclerosis.
resistance to oxidation and anticancer character-
istics ( Hollman et al., 1999; Dreosti, 1996;
Zhu et al.> 2001; Johnson and Loo, 2000; Li
et al., 2000). However, the use of GTP is
greatly limited because of its poor solubility in
lipid medium. Therefore; it is important to prop-
erly prepare lipophilic tea polyphenols (LTP) for
use in lipid-soluble medium. Recent results in-
dicated that solubility of LTP in salad oil in-
creased more than 2000 times when aliphatic
acyl chlorides having 10 or more carbon atoms
were used (Wang et al., 2002). Although the

structure of LTP was not determined, the ability

CLC number:

069; S571.1

to scavenge hydroxyl radicals ( *OH), and reac-
tive oxygen species generated by macrophage’ s
breathe burst in biological system decreased in
the order GTP > LTP > V;(Vitamin E), but the
inhibitory activity on the lipid peroxidation initi-
ated by 2, 2 -azobis(2, 4-dimethylvaleronitrile)
CAMVN) is decreased in order Vi > LTP ~
GTP,
peg/mL (Liang et al .» 1999) . The present paper

when the concentration is more than 50

first describes isolation and purification of long-
chain acyl-derivative of EGCG from LTP pre-
pared by catalytic esterification between GTP and
Ci¢-fatty acid using high-speed countercurrent
chromatography separation and then elucidates
the chemical structure of the acyl-derivative.

EXPERIMENTAL

Apparatus

A J-type high-speed countercurrent chroma-
tography ( HSCCC) instrument was employed in
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the present study. It was fabricated at the Zhe-
jiang University, Hangzhou, China. The type J
multilayer coil planet centrifuge with a 10 cm
revolution radius induces a synchronous plane-
tary motion of the column holder. The separation
column revolves around the central axis of the
centrifuge and simultaneously rotates about its
own axis at the same angular velocity in the same
direction (Ito and Conway, 1996). The column
holder hub was 25 c¢m in length and 6 cm in
OD. The multilayer coil was prepared by wind-
ing48 m of 5.5 mm 1. D PTFE (polytetraflu-
oroethylene ) tubing ( Zeus Industrial Products,
Raritan, NJ, U.S.A.) around the holder hub.
The capacity of the column was 1100 mlL. The
experiment was performed at a revolution speed
of 750 rev/min. The mobile phase was delivered
using a Waters 510 HPLC pump ( Millipore Cor-
poration, Milford, MA, U.S.A.). An injection
loop was used for sample loading and a UV-VIS
detector ( Model UV-752, Shanghai Instrument
Factory, Shanghai, China) was used for moni-
toring the effluent.

Reagents

GTP (quality specifications: tea polyphenols:
minimum 95% > EGCG: minimum 50% ) used for
preparation of LTP was supplied by Zhejiang
Yuyao Siming Tea Biological Products Co., lLid,
and hexadecanoyl chloride was fresh prepared by
collecting 152 °C — 156 °C/267 Pa fractions of
distillation of reaction product between hexade-
canoic acid and thionyl chloride. epigallocate-
chin-3-0-gallate ( EGCG) was purchased from
Sigma,
used for high-speed countercurrent chromatogra-
phy were analytical grade solvents. Methanol used
for HPLC analysis was HPLC grade reagent.

n-hexane, methanol and ethyl acetate

Preparation of two-phase solvent system

In order to achieve effective separation by
HSCCC> one must first determine a suitable sol-
vent system which provides an optimum range of
partition coefficient (0.5 <K <2.0) for the tar-
get compounds. This can be done according to
the following two methods: a simple and most ef-
fective method is to find a previous report on
CCC experiments for similar compounds. If such
data are not available, one may conduct a sys-
tematic search for the solvent system as de-
scribed elsewhere (Oka et al ., 1991) although
this trial and error procedure may require several
In the present study, the preparative
HSCCC separation and purification was per-
formed with a two-phase solvent system com-

hours.

posed of n-hexane-ethyl acetate-methanol-water
(1:1:1:1, v/v). After thoroughly equilibrating
the mixture of the solvents in a separatory funnel
at room temperature, two phases were separated
shortly before use. The upper organic phase was
used as mobile phase, and the lower aqueous
phase as stationary phase.
Preparation of LTP

The catalytic esterification was carried out
according to a patented method (Zhong et al .
1999). LTP was prepared using 4.0 g of GTP
and 6.5 g of hexadecanoyl chloride in 50 mL of
ethyl acetate in the presence of a catalyst at 40
°C . The reaction was kept for 3 hours under stir-
ring. Then the reaction solution obtained by fil-
tration was washed with deionized water (30 mlL.
x 3), and the upper organic layer was evaporat-
ed and dried in vacuum at 40 °C to yield 8.7 g
of the light-yellow powdery product. A likely re-
action can be as indicated in Fig.1.

OH ¢
O—C—(CHjy),4CH;

HO O _ . Catalyst  HO o R

+ CHy(CH2)14COC] ~—— !
"R, Ethy! acetate R,
OH OH

EGCG: R,=OH, Ry=galloyl Galloyl:  HO, o

EC: Ry=H, R,=OH I

EGC. R,=OH, R,=OH HO N

ECG: Ry=H, Rj=galloyl HO

Fig.1 A likely esterification reaction scheme between GTP and hexadecanoyl chloride
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Separation procedure

The multilayer coiled column was first entire-
ly filled with the lower aqueous phase as the sta-
tionary phase. Then the apparatus was started.
The HSCCC sample solution was prepared by
dissolving 5.0 g of LTP in 50 ml of upper
phases and injected through the injection loop
before the mobile phase was pumped into the
column at a flow rate of 3.2 ml/min after run-
ning to 750 rev/min. The effluent was monitored
at 280 nm and collected with a fraction collec-
tor.

HPLC analysis and identification of the acyl-deriva-
tive
An Agilent 1100 HPLC system composed of

quaternary pump with degasser,
column compartment, variable wavelength detec-

thermostated

tor> manual injector and 1100 ChemStation soft-
ware. The HPLC separation was performed on a
Zorbax-ODS columm (5 pm, 4.6 mm 1.D. x
25cm) eluted with 85% of methanol in water
from 0 — 30 min at a flow rate of 1.0 mL/min
and monitored at 280 nm and column tempera-
ture of 25 °C . Identification of the acyl-deriva-

tive was carried out by Bruker Vector-22 infrared
(IR) spectrometer> Esquire-LC electrospray ion-
ization CESI) Mass spectrometry (MS), AC-400
nuclear magnetic resonance (NMR) spectrometer
and Carlo-Erba EA1110 Elemental analyzer.

RESULTS AND DISCUSSION

Isolation and purification of lipophilic acyl-derivative
of EGCG

In the molecules of catechins many hydroxyl
groups may react with acyl chloride. Therefore,
the reaction products were complicated (Fig.2)
though the reaction condition was strictly con-
trolled. However, it is interesting that the main
products were isolated by the separation of HSC-
CC (Fig.3). The fraction corresponding to peak
3 was collected and the solvent evaporated to
yield 1.4 g of white powder from 5.0 g of LTP.
HPLC analysis of the powder showed it was very
pure (Fig.4) . The result of the elemental analys-
is Ccaled. for CxHgOp: €C65.52% > H6.90% ;
found: C65.38% , H6.85% ) was in good agree-
ment with that of the EGCG acyl-derivative .

1.712

Absorbance (mAU)

T
15 20 25

Time (min)

Fig.2 HPLC analysis of the reaction products between GTP and hexadecanoyl chloride . Zorbax-ODS column
(5um; 4.6 mm I.D. x25 cm); column temperature: 25 °C: mobile phase: 85% of methanol in water: flow

rate: 1.0 mL/min; wavelength: 280 nm

Elucidation of the acyl-derivative structure

1. Infrared spectrum (IR) analysis

Fig.5 shows the IR spectra of EGCG and its
acyl-derivative (KBr), in which there were two
strong absorption peaks at 2924 ¢cm™'(y, ) and

2853 em~'(y, ) that were the characteristic ab-

sorption peaks of long chain aliphatic saturated
hydrocarbon while the other parts were similar to
that of the EGCG. There was another character-
istic absorption peak at 1735 em™'Cy,_ ) which
indicated the saturated fatty acid ester linkage
between long fatty chain and EGCG.
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Fig.3 HSCCC chromatogram of LTP. Solvent sys-
tem: n-hexane-ethyl acetate-methanol-water(1: 1: 1:

1, v/v); mobile phase:

upper organic phase;

flow

rate: 3.2 mL/min; rotating speed of the column: 750
rev/min; sample size: 5.0g; retention of stationary

phase: 69 %

2. Mass spectrometry (MS) analysis

Electrospray ionization (ESI) MS was adopt-
ed to analyze the EGCG acyl-derivative. The da-
ta showed that m/z 695.4 is the negative ion of
the EGCG acyl-derivative> which is the calculat-
ed molecular mass 696. 8 of the derived EGCG
by 16-C fatty acid chain. The main fragment m/z
457.1 is the negative ion of EGCG ( molecular
mass 458.4) . Therefore, it can be inferred from
the MS analysis that the acyl-derivative should
be EGCG-COOC;sHj; .

3. '"H nuclear magnetic resonance spectros-
copy('H -NMR) analysis

Table 1 lists the '"H-NMR chemical shifts
(8) of EGCG and the acyl-derivative of EGCG
in DMSO-dg . The & values of the acyl-derivative
were close to the corresponding protons in EGCG

while one proton (& 8.01) missed and three
kinds of protons [ 50.85(3H,t, J =6.72 Hz)»
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Fig.4 HPLC analysis of the fraction corresponding to peak 3 in HSCCC chromatogram ( Analysis conditions:

the same as above)
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Fig.5 The IR spectra of EGCG and its acyl-derivative ( KBr)

(a) EGCG:

(b) EGCG Acyl-derivative
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81.24(26H, m)> 51.58(2H, m) ] increased.
Proton corresponding 68.01 is the proton at 4'-
OH on the B-ring of the EGCG structure (Jia et
al.» 1998), and respective protons correspond-
ing 50.85(3H,t, J =6.72 Hz), §1.24(26H,
m) and 51.58(2H, m) are protons in the groups
of -CH;» -CCH, )3~ and -CO-CH,- . Consequent-
ly,> It is clear that the acyl-derivative is epigallo-
catechin-3- O-gallate-4’ - O-hexadecanate, a sin-
gle-substitution acyl-derivative at 4’ on the B-ring
of the EGCG structure (Fig. 6) based on the
above elemental analysis, IR, 'H-NMR and MS

spectra.

Table 1 'H-NMR data on EGCG and the EGCG
acyl-derivative( 3 in 10 %)
Position EGCG EGCG acyl-derivative
-CH; 0.85 (3H, t)
-(CH,) - 1.24 (26H, m)
-CO-CH,- 1.58 (2H, m)
2 4.95 (1H, s) 5.04 (1H, &)
3 5.36 (1H, &) 5.37 (1H, m)
4a 2.92 (1H, m> 2.90 (1H, m)
4e 2.65 (1H, &> 2.61 (1H, d)
6 5.93 (1H, dd> 5.94 (1H, &
8 5.82 (1H, dd> 5.83 (1H, I
2°,6’ 6.40 (2H, s) 6.49 (2H, s)
27,6” 6.81 (2H, s) 6.81 (2H, I
HO-5 9.27 (1H, s> 9.30 (1H, I
HO-7 9.03 (1H, ) 9.06 (1H, &)
HO-3’, 5’ 8.70 (2H, &) 8.70 (2H, &)
HO-4’ 8.01 (1H, s)
HO-3”, 57 9.18 (2H, ) 9.18 (2H, s)
HO-4” 8.89 (1H, s) 8.89 (1H, s)

OH

1
, O—C—(CH2)14CH;

Fig.6 The structure of the EGCG acyl-derivative
CONCLUSIONS

The molecular structure of the catechins in
green tea polyphenols (GTP) can be modified to
prepare lipophilic tea polyphenols (LTP) by cata-

Iytic esterification. The results showed that the
main acyl-derivatives of the catechins were isolat-
ed and purified by the separation of high-speed
countercurrent chromatography (HSCCC), and a
novel long-chain single-substitution acyl-deriva-
tive of epigallocatechin-3-O-gallate ( EGCG ),
epigallocatechin-3- O-gallate-4'- O-hexadecanate s
was obtained from lipophilic tea polyphenols
(LTP). This means that structural modification
can significantly improve some properties of natu-
ral products, and that HSCCC is indeed a versa-
tile tool in separation science.
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