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Abstract—A suspension culture of Glycyrrhiza echinata converted benzoic acid into its glucosyl ester. Suspension
cultures of Aconitum japonicum, Coffea arabica, Dioscoreophyllum cumminsii and Nicotiana tabacum, transformed
benzoic acid into its gentiobiosyl ester in addition to the glucosyl ester. The suspension cultures of A. japonicum and G.
echinata converted phenylacetic acid into the esters attached to the C-6 position of glucose, that is, 6-O-phenylacetyl-D-
glucose and ethyl 6-O-phenylacetyl-8-D-glucopyranoside. That of D. cumminsii converted phenylacetic acid into the
glucose ester and also into phenethyl S-D-glucopyranoside showing glucosylation after the reduction of the carboxylic
group. These suspension cultures converted cinnamic acid into p-coumaric acid and its glucosyl ester and p-coumaric
acid into its glucosyl ester. However, the conversion of caffeic acid was not observed. The suspension cultures of A.
Jjaponicum and C. arabica converted 3-phenylpropionic acid into its gentiobiosyl ester. On the other hand, the culture of
D. cumminsii did not produce the glycosyl ester but instead 3-(4-hydroxyphenyl)proptonic acid was formed, thus

showing hydroxylation capability.

INTRODUCTION

We have investigated the biotransformation abilities of
plant cell cultures to phenylpropanoides and their anal-
ogues. In our previous papers [1-5], we reported on the
biotransformation of 2-phenylpropionic acid(2-PPA) and
its derivatives such as 2-(4-hydroxyphenyl)propionic acid
(PHPA) and tropic acid. The suspension culture of Coffea
arabica [1,2] mainly converted phenylacetic acid, 2-
PPA, PHPA and tropic acid into their sucrose esters, that
of Aconitum japonicum [3] converted 2-PPA into ethyl 6-
O-(2-phenylpropionyl)-f-D-glucopyranoside and those of
Dioscoreophyllum cumminsii and Nicotiana tabacum [3]
converted 2-PPA into its glucosyl and gentiobiosyl esters.
The present paper reports on the biotransformation of
benzoic acid, phenylacetic acid, 3-phenylpropionic acid
and naturally occurring phenylpropanes (trans-cinnamic
acid, trans-p-coumaric acid and trans-caffeic acid) by the
suspension cultures of A. japonicum, C. arabica, D. cum-
minsii, Glycyrrhiza echinata and N. tabacum. The bio-
transformation abilities of plant cell cultures to C4—C,,
Cs—C, or C,-C, skeleton substrates were investigated.

RESULTS

Biotransformation of benzoic acid

After the administration of benzoic acid (1) to the plant
cell suspension cultures, the -glucosyl ester (2) of 1 was
isolated from cultured cells of Glycyrrhiza echinata by a
combination method of silica gel chromatography and
HPLC. From cultured cells of Aconitum japonicum,
Coffea arabica, Dioscoreophyllum cumminsii and Nico-
tiana tabacum compound 3 in addition to 2 was isolated.

*Part 64 in the series of “Studies on Plant Tissue Culture’. For
part 63, see Ushiyama, M. and Furuya, T. (1989) Phytochemistry
28 (in press).

The FABMS spectrum of 3 showed a peak at m/z 447
[MH]*. The '*CNMR spectrum of 3 exhibited signals
showing the presence of an additional f-glucosyl unit
(Table 1). The glycosylation shift at C-6 (6 +7.2) of the
inner glucose moiety indicated that the terminal glucose
in 3 is linked to the C-6 position of the inner glucose. The
13CNMR spectrum of the sugar moiety of 3 was in good
agreement with that of gentiobiose and the 'H NMR
spectrum (Experimental) also showed the structure of 3 to
be the S-gentiobiosyl ester of 1.

Biotransformation of phenylacetic acid

From the conversion products of phenylacetic acid (4),
compound 5 was isolated from the suspension culture of
A. japonicum and 6, from the medium of G. echinata. The
FABMS spectrum of 5 showed a peak at m/z 321 [M
+Na]*.In the 'H and 1*C NMR spectra of 5, there were
signals showing the presence of the a- and f-anomers of
glucose acylated at the C-6 position, in addition to those
due to the phenylacetyl group. The FABMS spectrum of
6 showed a peak at m/z 349 [M + Na]* which was larger
by 28 mass units than that of 5. The 'H and '*CNMR
spectra of 6 were in good agreement with those of the -
anomer of 5 excepting an additional set of signals due to
the ethyl group carrying an oxygen function. In the
13C NMR spectrum a glycosylation shift at the anomeric
carbon of a glucose moiety was observed. This gly-
cosylation shift showed the ethyl group to be attached to
the anomeric position of the glucose moiety. From these
results 5 was assigned the structure of 6-O-phenylacetyl-
D-glucose and 6 was ethyl 6-O-phenylacetyl-8-D-gluco-
pyranoside.

From the cultured cells of D. cumminsii, compound 7
and phenethyl -D-glucopyranoside (8) [6] were isolated.
The FABMS spectrum of 7 showed a peak at m/z 321 [M
+Na]”. The 'H and 13C NMR spectra of 7 exhibited the
signals showing the presence of the a- and f-anomers of a
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Scheme 1. Biotransformations of benzoic acid (1) and 3-phenylpropionic acid (11) by plant cell cultures. (a)
Aconitum japonicum; (b) Coffea arabica; (c) Dioscoreophyllum cumminsii; (d) Glycyrrhiza echinata; (e) Nicotiana
tabacum.
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Scheme 2. Biotransformations of phenylacetic acid (4) by plant cell cultures. The suspension culture of C. arabica
converted 4 into the sucrose ester, see ref. [1] (a—d). See legend to Scheme 1.

glucose moiety. The acylation shift (ca é +1.2) for H-2' of
the glucose moiety indicated the phenylacetyl group to be
attached to the C-2 position of the glucose moiety. Thus 7
may be 2-O-phenylacetyl-D-glucose. Although the glu-
cosyl ester of 4 has not been isolated, compound 7 was
transferred to the glucosyl ester of 4 by acyl migration.
The biotransformation of 2 into 8 showed that the
suspension culture of D. cumminsii reduced the carboxylic
group of 2 to a primary alcohol. Although 2-phenyleth-
anol and its glucoside (8) were identified from the suspen-
sion culture of Rosa damascena [7], these compounds
were not identified in plant or suspension culture of D.
cumminsii, which had no administration or was fed only
ethanol.

Biotransformation of C¢—C; compounds

When trans-cinnamic acid (9) was incubated with the
suspension culture of N. tabacum, the f-glucosyl ester of

p-coumaric acid (10) [8, 9] was isolated from the cultured
cells. p-Coumaric acid was not isolated from the suspen-
sion culture of N. tabacum previously administered cin-
namic acid, but identified by TLC. From the suspension
cultures of A. japonicum, C. arabica, D. cumminsii and
G. echinata previously administered cinnamic acid, p-
coumaric acid and its glucosyl ester (10) were identified by
TLC. In the administration of trans-p-coumaric acid,
although its conversion product was not isolated, the
glucosyl ester of p-coumaric acid (10) was identified by
TLG. When trans-caffeic acid was administered, caffeic
acid was adsorbed by the cells but conversion was not
observed.

When 3-phenylpropionic acid (11) was administered,
compound 12 was isolated from the cultured cells of
A. japonicum and C. arabica. The FABMS spectrum of 12
showed a peak at m/z 497 [M+Na]*. The 'H and
13CNMR spectra exhibited the signals due to the 3-
phenylpropionyl group and sugar moiety and the spectra
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Table 1. '1*C NMR data for compounds 2, 3, 5, 7, 8, 10, 12, 13, 15 (75 or 100 MHz, CD,OD) and 6 (CDCl,)

C 2 3 5 6 7 8 10 12 13 15

1 167.1 1671 1738 1723 1734 1729 720 1683 1736 1773 1762

2 1350 1351 421 420 412 422 419 375 1143 371 375 470 469
3 13t.1*  131.1° 1359 1337 1401 1390 1404 1486 318 316 195 194
4 131.2*  1312° 1308 129.31  130.68 1303 1272 1421 1333 1422

5 1299 1300 129.8¢ 128.6° 129.6% 129.5¢ 129.7% 1317 1298 1305 129.8% 129.7%
6 1312 1312° 1283 1272 1281 1280 1275 1171 1297 1165 128.7%

7 13L1° 13L.1° 1298 128.6° 129.6¢ 129.58 120.7" 1609 127.6 157.1 1283

8 130.8¢ 129.3F  130.68 1303° 117.1 12977 1165 128.7%

9 1317 1298 1305 129.8% 129.7%
r 966 966 943 986 1023 913 965 1047 958 960 941 984
> 744 743 740 765 735 761 772 754 738 742 739 764
3 784 782° 750 782 760 724 764 783 716 781 749 78.1
4 714 718 720 710 701 721 720 720 709 718 719 711
5 792 782¢ 721 756 738 732 784 784 786 783 719 756
6 626 698 656 656 636 628 630 631 622 6938 655 65.1
1" 104.9 104.9

2 75.4 754

3 78.3¢ 78.1

4" 71.2¢ 711

5 78.3¢ 78.3

6 63.0 63.0

OCH, 65.6

Me 15.1

*~k Assignments are interchangeable.

For 5, 7 and 15, there are two columns for each carbon because there are mixtures of «- and f-anomers of the

glucose moiety.

of the sugar moiety was in good agreement with that of 3
indicating the structure of 12 to be the S-gentiobiosyl
ester of 11. From the medium of D. cumminsii 3-(4-
hydroxyphenyl)propionic acid (13) was isolated. When 2-
phenylpropionic acid (14), a branched isomer of 11, was
administered to the suspension culture of G. echinata,
compound 15 was isolated from the medium. The
FABMS spectrum of 15 showed a peak at m/z 335 [M
+Na]*. The 'H and '3C NMR spectra of 15 exhibited
the signals to be in good agreement with those of the
sugar moiety of 5 in addition to the signals due to the
2-phenylpropionyl group. Thus 15 is 6-O-(2-phenyl-
propionyl)-D-glucose.

DISCUSSION

Following the administration of the naturally occur-
ring phenylpropanes, cinnamic acid and p-coumaric acid,
they were glucosylated and/or hydroxylated by plant cell
suspension cultures, but the conversion product of caffeic
acid was not observed. Cinnamic acid and p-coumaric
acid at 100 mg/l show toxicity to the plant suspension
cultures and hence the suspension cultures hydroxylated
and glycosylated the cinnamic acid and p-coumaric acid
administered. The cultures temporarily accumulated the
products and thereafter they were gradually metabolized.
Caffeic acid having two hydroxy group may not be toxic
at the concentration of 100 mg/l and hence it may not be
necessary for it to be hydroxylated or glycosylated but the
caffeic acid adsorbed into the cells may be gradually
metabolized. It is reported [8] that the root disks of sweet

potato converted trans-cinnamic acid supplied externally
into the glucosyl ester of cinnamic acid and then that of p-
coumaric acid. However, in plant cell suspension cultures,
the glucosyl ester of cinnamic acid has not been detected.
Cell suspension cultures may convert cinnamic acid
supplied externally into p-coumaric acid and then into its
glucosytl ester.

The suspension cultures of A. japonicum, C. arabica and
G. echinata converted benzoic acid (1, C4—C,) into its
glucosyl and/or gentiobiosyl esters (2 and 3) and those of
A. japonicum and C. arabica also converted 3-phenylpro-
pionic acid (11, C4—Cj;) into its gentiobiosyl ester (12). On
the other hand, with the administration phenylacetic acid
(4, C¢—C,), the suspension cultures of 4. japonicum and G.
echinata produced the compounds (5 and 6} in which 4
was linked to glucose and ethyl glucoside, respectively, at
the C-6 position. Coffea arabica produced the sucrose
ester in which 4 was linked to the C-6 position of the
glucose moiety [1]. In the suspension cultures of A.
japonicum [3] and G. echinata, the glycosylation of 2-
phenylpropionic acid (14), a branched isomer of 11, was
similar to that of 4. In the suspension culture of C. arabica
[1,2], the glycosylation of 14 and its hydroxylated
derivatives such as tropic acid and 2-(4-hydroxy-
phenyl)propionic acid were similar to that of 4. Therefore
the linkage to the C-6 position of the glucose moiety is
specific for the C,—C, compound and 14, and its de-
tivatives, having a branched structure, may be recognized
as C4~C, compounds in the suspension cultures of A.
japonicum, C. arabica and G. echinata. Although the
suspension culture of C. arabica mainly attached sucrose
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to 4, 14 and its derivatives, the disaccharide gentiobiose
was linked to 1 and 11. Therefore the formation of the
sucrose ester may be peculiar to C4—C, compounds.

The suspension cultures of 4. japonicum, C. arabica, G.
echinata and N. tabacum converted phenylcarboxylic
acids into their sugar esters, that is, only glycosylation
was observed. However, the suspension culture of D.
cumminsii converted 4 into phenethyl §-D-glucopyrano-
side (8) and 11, into 3-(4-hydroxyphenyl)propionic acid
(13). The former showed the ability to reduce a carboxylic
acid into the corresponding primary alcohol and the
latter had hydroxylation capability. In the suspension
culture of D. cumminsii, hydroxylation and reduction of 1,
hydroxylation of 4 and reduction of 11 were not observed
and thereby hydroxylation and reduction may be specific
for C4—C, and C4—C,, respectively. With the administra-
tion of 11, low yields of conversion products and no
remains of 11 in suspension cultures, except with D.
cumminsii, indicated 11 may easily be metabolized by the
plant suspension cultures. On the other hand, in the
suspension culture of D. cumminsii, metabolic activity
after hydroxylation may be low and thereby hydrox-
ylated product (13) may remain and be excrete into the
medium.

EXPERIMENTAL

Mps: uncorr. NMR: 300 or 400 MHz (CD,0OD or CDCl,).
FABMS were determined with a JEOL JMS DX-300 instru-
ments equipped with a direct inlet system.

Culture and administration method. The cell culture of Acon-
itum japonicum [3] was initiated in 1978 from root grown in
Sado, Japan and subcultured on a Murashige and Skoog’s (MS)
medium containing 2,4-D 1 ppm and kinetin 0.1 ppm. There-
after, the callus was transferred in 1980 onto Revised Tobacco
(RT) medium [10] containing NAA 1 ppm, kinetin 0.1 ppm and
Casamino acid 0.1% and subcultured for 3 weeks. The cell
culture of Dioscoreophyllum cumminsii [3, 11] was initiated in
1976 from stem on a MS medium containing IAA 1 ppm and
kinetin 0.1 ppm, and subcultured on a RT medium containing
2,4-D 1 ppm, kinetin 0.1 ppm and casamino acid 0.1% for 3
weeks. The cell cultures of Coffea arabica (seed) [1,2] and
Nicotiana tabacum (stem) [3, 12] were initiated in 1982 and 1966,
respectively, on MS medium containing 2,4-D 1 ppm and kinetin
0.1 ppm and subcultured for 3 weeks. The cell culture of
Glycyrrhiza echinata was initiated in 1965 from seedling root on
a White medium containing 2,4-D 0.1 ppm and yeast extract
0.1% and subcultured for 3 weeks. Thereafter, in 1976, the callus
was treated with MNNG and isolated a strain grown on a MS
medium containing TAA 1 ppm and kinetin 0.1 ppm, and sub-
cultured for 3 weeks [13].

These calli were transferred to a liquid medium of the same
composition as the subculture, and cultured on a rotary shaker
at 145 rpm and 25° in the dark. After 2-3 weeks, each test
substrate (25 mg) dissolved in 2 ml 50% EtOH or H,0, was
added to 250 ml of each suspension culture and cultured for 1 or
3 days. The test substrates were benzoic acid, trans-cinnamic
acid, trans-p-coumaric acid, trans-caffeic acid, 3-phenylpropionic
acid, purchased from Wako Pure Chemical (Osaka), phenylace-
tic acid (colourless plates, mp 76-77°, bp 265-266°) and 2-
phenylpropionic acid (colourless liquid, bp 264-265°) supplied
by Nissan Chemical Industries Ltd.

Isolation of the conversion products from benzoic acid. The
suspension culture of A. japonicum (0.51) previously adminis-
tered benzoic acid was separated into the medium and the cells
by Nylon cloth, and the cells were homogenized with MeOH and
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filtered. The filtrate was concd and applied on a Diaion HP-20
column and washed with H,O followed by elution with MeOH.
From the eluate, compounds 2 (10 mg) and 3 (21.1 mg) were
isolated by silica gel (Wako gel C-200) CC (eluent,
CHCI;~-MeOH-H,0, 20:6:1) and HPLC using Senshu Pak
ODS-4301-N column and MeOH~H,0 (3:7 for 2 and 1:4 for 3)
as the eluents.

From the suspension cultures of C. arabica (0.5 1), D. cumminsii
(21), G. echinata (11) and N. tabacum (11), compounds 2 (11.1,
12.1, 16.8, 5.2 mg, respectively) and 3 (5.9, 6.0, 0, 11.1 mg,
respectively) were isolated by the similar method to that used
with A. japonicum. The eluent of the silica gel column (Wako gel
C-200) was CHCl1,-MeOH-H,O (6:4:1) and the eluents for
HPLC (column, Senshu Pak ODS-4301-N) were MeOH-H,0O
(3:7) for 2 and MeOH-H,0 (1:4) for 3.

Isolation of compound S. From the n-BuOH extract of the
medium of A. japonicum previously administered phenylacetic
acid (total 350 mg), compound 5 (10.4 mg) was isolated by silica
gel (Kieselgel 60) CC (eluent, CHC1,-MeOH, 8:1) and HPLC
using a Unisil Q C18 column and MeOH-H,0 (3:7) as the
eluent.

Isolation of compound 6. From the EtOAc extract of the
medium of G. echinata previously administered phenylacetic acid
(total 400 mg), compound 6 (46 mg) was isolated by HPLC using
Unisil Q C18 column and MeOH-H,O (1:1 and 2:3) as the
eluent.

Isolation of compound 7 and 8. The MeOH extract of the
cultured cells of D. cumminsii previously administered phenylace-
tic acid (total 400 mg) was suspended in H,O and extracted with
n-BuOH saturated with H,O. From the n-BuOH extract, com-
pounds 7 (2 mg) and 8 (4.6 mg) were isolated by silica gel (Wako
gel C-200 and Kieselgel 60) CC (CHC1;-MeOH-H,0, 7:3:1,
lower layer and EtOAc-MeOH, 12:1) and HPLC using Unisil
QCI18 column and MeOH-H,O (3:7 and 1:3) and
MeOH-THF-H,0 (3:2:20) as the eluents.

Isolation of compound 10. The MeOH extract of the cultured
cells of N. tabacum previously administered trans-cinnamic acid
(total 200 mg) was partitioned between EtOAc and H,O. From
the aq. layer, compound 10 (22.0 mg) was isolated by silica gel
(Wako gel C-200) CC (eluent, CHC1;-MeOH-H,0, 6:4:1) and
HPLC using Senshu Pak ODS-4301-N column and
MeOH-H,0 (3:7) as the eluent, and crystallized from
MeOH-H,0.

Isolation of compound 12. The MeOH extracts of the cultured
cells of A. japonicum (2 1) and C. arabica (2 1) previously adminis-
tered 3-phenylpropionic acid were suspended in H,O. The
suspension was applied on a Diaion HP-20 column and washed
with H,O followed by elution with MeOH. From the MeOH
eluates, compound 12 (A4. japonicum, 5.1 mg; C. arabica, 21.4 mg)
was isolated by silica gel (Wako gel C-200) CC (eluent,
CHCI;~-MeOH, 4: 1) and HPLC using Senshu Pak ODS-4301-N
column and MeOH-H,0O (1:3 or 1:4) as the eluent.

Isolation of compound 13. From the EtOAc extract of the
medium of D. cumminsii suspension culture administered 3-
phenylpropionic acid (total 300 mg), compound 13 (16.1 mg)
was isolated by silica gel (Wako gel C-200) CC (eluent,
CHCI,-MeOH, 20:1) and HPLC using Senshu Pak ODS-4301-
N column and MeOH-H,O (3:7) as the €luent.

Isolation of compound 15. The medium of G. echinata pre-
viously administered 2-phenylpropionic acid (total 250 mg) was
partitioned between EtOAc and H,O. The aq. layer was ex-
tracted with n-BuOH saturated with H,O. From the n-BuOH
extract compound 15 (9.6 mg) was isolated by HPLC using
Unisil Q C18 column and MeOH-H,O (2:3) as the eluent.

Identification of p-coumaric acid, its glucosyl ester (10} and
caffeic acid. The suspension cultures previously administered
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cinnamic acid, p-coumaric acid or caffeic acid were separated
into the media and the cells by Nylon cloth, and the latter were
homogenized with MeOH. The homogenates were filtered and
evapd. The media and the MeOH extracts were applied on a
Diaion HP-20 column and washed with H,O followed by
elution with MeOH. Cinnamic acid, p-coumaric acid, caffeic acid
and/or the glucosyl ester of p-coumaric acid (10) containing the
MeOH cluates were identified with authentic cinnamic acid, p-
coumaric acid, caffeic acid and 10 isolated from the suspen-
sion culture of N. tabacum administered cinnamic acid by TLC
using C4H¢—dioxane-HOAc (18:5:1) and CHCl;-MeOH-H,0
(6:4:1) as the solvents, and detected by 10% FeCl;, UV absorp-
tion, 10% FeCl;—5% K, Fe(CN)s and 10% H,SO, (heat).

Benzoyl  6-O-f-D-glucopyranosyl--D-glucopyranoside  (3).
Amorphous solid: [«]2° —27.8° (MeOH; ¢ 1.10); IR vKBr ¢m 1
3405, 1725; 'HNMR (CD,0D): §5.80 (1H, d, J =7.5 Hz, H-1"),
428 (1H, dd, J=11.5, 2Hz) and 3.89 (1H, dd, J =11.5, 5Hz, H-6"),
443 (1H, d, J=17.5 Hz, H-1"), 3.30 (1H, dd, J =9, 7.5 Hz, H-2"),
3.74 (1H, ddd, J =10, 5.5, 2 Hz, H-5"), 3.92 (1H, dd, J =12, 2 Hz)
and 3.73 (1H, dd, J =12, 5.5 Hz, H-6"), 8.17-8.22 (2H, m, H-3 and
H-7), 7.56-7.63 (2H, m, H-4 and H-6), 7.70-7.77 (1H, m, H-5),
3.57-3.66 (3H, m, H-2', H-3" and H-5), 3.34-3.47 3H, m, H-4’, H-
3”and H-4"); '3C NMR (CD,0D): see Table 1; FABMS m/z: 447
[MH]".

6-O-Phenylacetyl-D-glucose (5). Amorphous solid: [«]}°
+32.6° (MeOH; ¢0.43); IRvXB cm™1: 3420, 1725; '"HNMR
(CD,0Dy): §3.75(1.2H, s and 3.76, 0.8H, s, H-2), 5.15 (0.6H, d, J
=3.8 Hz) and 4.57 (04H. d, J=8 Hz, H-1), 3.22(0.4H, dd, J =9,
8 Hz, H-2'), 3.75 (0.6H, t, J =9 Hz, H-3"), 3.36 (0.6H, dd, J =10,
9 Hz) and 3.37 (0.4H, 1, J =9.5 Hz, H-4'), 4.04 (0.6H, ddd, J =10,
5,2 Hz) and 3.56 (0.4H, ddd, J =9.5, 6,2 Hz, H-5'),4.49 (0.6H, dd,
J=11.5, 2 Hz), 452 (0.4H, dd, J=11.5, 2 Hz), 431 (0.6H, dd, J
=11.5, 5§ Hz) and 4.29 (0.4H, dd, J=11.5, 6 Hz, H-¢'), 7.31-7.42
(5H, m, H-4, H-5, H-6, H-7 and H-8), 3.39-3.45 (1H, m, H-2'
and H-3"); "*C NMR (CD,0D): see Table 1; FABMS m/z: 321
[M+Na]*.

Ethyl 6-O-phenylacetyl-f-p-glucopyranoside (6). Amorphous
solid: [a] 58 —19.5° (MeOH; c0.88); IR vEBr cm ™ ': 3500, 1730;
'HNMR (CDCl,): 63.77 (2H, 5, H-2),4.23 (1H, 4, J =8 Hz, H-1"),
3.33(1H, dd, J =9,8 Hz, H-2'), 3.33 (1H, dd, J = 9.5, 8.5 Hz, H-4'),
344 (1H, ddd, J =9.5, 5, 2.5 Hz, H-5'), 441 (1H, dd, J =12, 5 Hz)
and 4.35(1H, dd, J =12, 2.5 Hz, H-6'). 1.23 (3H, ¢, J=7 Hz, Me),
7.23-7.35 (5H, m, H-4, H-5, H-6, H-7 and H-8), 3.83-3.91 (1H, m,
OCH,), 3.49-3.57 (2H, m, H-3' and OCH,); *C NMR (CDCl,}:
see Table 1; FABMS m/z: 349 [M + Na]*.

2-O-Phenylacetyl-D-glucose (7). Amorphous solid: [«]3!
—2.5° (MeOH; c0.55); IRvEBrcm™': 3415, 1720; 'HNMR
(CD,0D): 63.71, 2H (s, H-2), 5.23 (0.6H, d, J = 3.8 Hz) and 4.60
(0.4H, d, J=8 Hz, H-1"), 4.57 (0.6H, dd, J =10, 3.8 Hz) and 4.68
(0.4H, dd, J =9.5, 8 Hz, H-2)), 3.90 (0.6H, dd, J=10, 9 Hz) and
3.50 (0.4H, dd, J =9.5, 8.5 Hz, H-3'), 3.38 (0.6H, dd, J =9.5,9 Hz)
and 3.35(0.4H, ¢, J =8.5 Hz, H-4), 7.27-7.32 (4H, m, H-4, H-5, H-
7 and H-8), 7.21-7.25 (1H, m, H-6); **C NMR (CD,0D): see
Table 1; FABMS m/z: 321 [M +Na]*.

3-Phenylpropionyl 6-O-f-D-glucopyranosyl-B-b-glucopyrano-
side (12). Amorphous solid: [x]3° —12.6° (MeOH; c1.06);

3339

IR vXBr cm ™ 1: 3400, 1745; '"H NMR (CD,0D): §5.56 (1H, d, J
=8 Hz, H-1%, 3.30 (1H, dd, J=9, 8 Hz, H-2), 3.63 (1H, ddd, J
=9.5,5.2 Hz, H-5), 4.24 (1H, dd, J = 11.5, 2 Hz) and 3.86 (1H, dd,
J=11.5,5Hz H-6',442(1H,d,J=7.6 Hz, H-1"),397(1H, dd, J
=12,1.8 Hz) and 3.75 (1H, dd, J =12, 5 Hz, H-6"), 3.04 (2H, br 1,
J=17.5Hz, H-2), 2.77-2.84 (2H, m, H-3), 7.24-7.39 (5H, m, H-5,
H-6, H-7, H-8 and H-9), 3.34-3.56 (6H, m, H-3’, H-4', H-2", H-3",
H-4" and H-5"); 1>*C NMR (CD;OD): see Table 1; FABMS m/z:
497 [M +Na]*.

(2RS)-6-O-(2-phenylpropionyl)-D-Glucose (15). Amorphous
solid: [a]3' +34.3° (MeOH; ¢0.49); IR vKE: cm ™ !: 3430, 1725;
'"HNMR (CD,0D}: 63.770 and 3.765 (each 0.5H, ¢, J=7 Hz, H-
2), 1.456 and 1.455 (each 1.5H, d, J=7 Hz, H-3), 498 (0.6H, d, J
=3.8 Hz) and 4.42 (0.4H, d, J=8 Hz, H-1"), 3.19 (0.6H, dd, J
=9.5,3.8 Hz) and 3.08 (0.4H, dd, J =9, 8 Hz, H-2'), 3.61(0.6H, dd,
J=9.5,9 Hz) and 3.30 (0.4H, ¢, J=9 Hz, H-3'), 3.19 (0.6H, dd, J
=10, 9 Hz) and 3.22 (0.4H, dd, J=9.5, 9 Hz, H-4"), 3.87 (0.6H,
ddd, J=10, §, 2.2 Hz) and 3.40 (0.4H, ddd, J =9.5, 6, 2 Hz, H-5'),
438 (0.6H, dd, J =12, 2.2 Hz), 4.37 (0.4H, dd, J =12, 2 Hz), 4.19
(0.6H, dd, J=12, 5 Hz) and 4.20 (0.4H, dd, J=12, 6 Hz, H-6'),
7.19-7.24 and 7.27-7.32 (total 5H, m, H-5, H-6, H-7, H-8
and H-9); 13C NMR (CD,0D): see Table 1; FABMS m/z: 335
[M+Nal*.
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