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The phenolic compounds isolated from the rootd.imidera fruticosaincluded four new compounds, 2-methoxy-3,4-
methylenedioxybenzophenonB ((S)-2-methoxy-3,4-methylenedioxybenzhydryl alcoh®), 3-hydroxy-5-methoxybi-

phenyl @), and 1-methoxy-2,5,7-trihydroxyxanthond).(Three previously identified phenolics were also identified,
namely, 3,5-dimethoxybiphenyb), benzyl 2-hydroxy-6-methoxybenzoat®),(and 1,7-dihydroxyxanthon&). These
compounds were evaluated for their inhibitory effects on human acyl-CoA:cholesterol acyltransferase activity and on

the in vitro oxidation of low-density lipoprotein.

Lindera fruticosaHemsley is a shrub that grows in China, Nepal,
India, and Ethiopia. In Nepal, the fruit of this plant is used for the
a treatment of gastric diseasend in Ethiopia, the root is a
traditional anti-inflammatory medicine. However, no phytochemical
research has been carried out lanfruticosato date. This paper
describes the isolation of four new-(4) and three known5—7)
phenolic compounds from. fruticosa.To determine whether these
compounds might be effective in the development of hypercholes-
terolemic or antiatherogenic agents, their potential for inhibiting
human acyl-CoA:cholesterol acyltransferase (hACAT) and low-
density lipoprotein (LDL) oxidation was evaluated.
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Compoundl showed characteristic phenyl (2937, 1470 €émn
ketone (1731 cm'), and ether (1281, 1071 cr¥) absorption bands
in the IR spectrum. A molecular formula of 14,50, was

determined by HREIMS ([M}, m/z 256.0734). The!H NMR

Figure 1. H and 13C long-range correlations observed in the
HMBC spectra of compoundk 2, and4. The arrows indicate the
long-range correlations between proton and carbon signals in the
HMBC spectrum.

sp? carbons at) 132.6 (C-4), 124.3 (C-6), 102.7 (C-5), 129.5 (C-
2,6, and 128.0 (C-35), a methylenedioxy Spcarbon at 101.5,

and a methoxy signal ai 60.0. The structure of compournt
deduced from the data above was very similar to that of secuiphe-
none A, a 4-methoxy-2,3-methylenedioxybenzopheridre small
discrepancies were derived from a difference in the location of the
methylenedioxy and the methoxy on the benzene ring. Determi-
nation of the final structure ofi, including the location of the
functional group, was accomplished by a gradient heteronuclear
multiple bonding connectivity (gHMBC) NMR experiment (Figure
1). The methoxy hydrogen signad (3.81) correlated with the
oxygenated olefinic quaternary carbon C-@ 141.8), and the
methylenedioxy proton signad (5.59) correlated with the oxygen-

spectrum ofl indicated the presence of a monosubstituted benzene ated olefinic quaternary carbons C8136.8) and C-4d 148.6).

ring [0 7.76 (2H, br ddJ = 8.0, 1.6 Hz), 7.51 (1H, dddd,= 8.0,
8.0, 1.6, 1.6 Hz), 7.41 (2H, br dd, = 8.0, 8.0 Hz)], a 1,2,3,4-
tetrasubstituted benzene ring 6.93 (1H, d,J = 8.0 Hz), 6.57
(1H, d,J = 8.0 Hz)], a methylenedioxyd(5.59, 2H, s), and an
aromatic methoxy group(3.81, 3H, s). Thé3C NMR spectrum
indicated the presence of a characteristic nonchelated ketahe at
195.0 (C-7), five quaternary 3garbons at) 151.2 (C-4), 141.8
(C-2), 138.3 (C-D, 136.8 (C-3), and 126.1 (C-1), seven methine
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Thus, the new compound was identified as 2-methoxy-3,4-
methylenedioxybenzophenone.

Compound?2 showed absorptions characteristic of phenolic
alcohol (3427 cm?), phenyl (2924, 1468 cni), and ether (1258,
1065 cnt?l) groups in the IR spectrum. A molecular formula of
C15H1404 was determined by HREIMS ([M] nvz 258.0887). The
IH and 3C NMR spectra revealed compougdto be similar to
compoundl, with the exception of a singlet oxygenated methine
proton atd 5.91 (1H, s, H-7), a carbon &t 72.5 (C-7), and the
absence of any characteristic nonchelated ketone carbonyl. In the
gHMBC spectrum, the C-%(72.5) signal showed cross-peaks with
H-2'/6' (0 7.34) and H-6 ¢ 6.73), and the H-7d 5.91) proton
signal showed cross-peaks with C<2%40.9), C-6 ¢ 120.7), and
C-2/6' (0 128.0) byJ; correlation. Therefore, rather than a ketone,
a hydroxyl group was present between the A and B rings. The
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Figure 2. NMR chemical shift differences for th&):-(—)-MTPA

ester of2 (2a) and the R)-(+)-MTPA ester of2 (2b) in ppm at
400 MHz. *A¢d SR Defined asdy in 2a — dy in 2b.

Notes

by J, correlation. The H-4 signab)(6.86) showed cross-peaks with
C-2 (0 140.8) and C-1ad( 109.8) byJ; correlation and C-4ad(
146.5) byJ, correlation. Therefore, in the A ring, the hydroxyl
group could be placed at C-2 and the methoxy group at C-1. The
H-6 signal ¢ 7.54) showed a cross-peak with C-5al(66.0) byJs
correlation and with C-5§ 149.8) and C-7 { 150.4) by J,
correlation. In turn, the H-8 signad (8.00) indicated cross-peaks
with C-5a ¢ 156.0) and C-9q 182.7) byJ; correlation and with
C-8a ¢ 126.5) and C-7d 150.4) byJ, correlation. Therefore, the
other two hydroxyl groups were assigned at C-5 and C-7,
repectively. Thus, compourd was established as a 1-methoxy-

absolute configuration at C-7 between the phenyl groups was 2,5,7-trihydroxyxanthone.

clarified by applying the modified Mosher method to teneth-
oxy-a-(trifluoromethyl)phenylacetyl (MTPA) esters of compound
2. Thus, compoun@ was esterified withR)-(—)-MTPA chloride
and ©)-(+)-MTPA chloride in the presence of pyridine, affording
the (9-(—)-MTPA ester Ra) (in a 82.9% yield) and theR)-(+)-
MTPA ester 2b) (in a 86.8% vyield), as colorless crystals, respec-
tively. In the IlH NMR spectrum of MTPA estersAd (ppm) =
(9-(—)-MTPA — (R)-(+)-MTPA was calculated for each proton

The three known compoundS—7 were identified as 3,5-
dimethoxybiphenyl, benzyl 2-hydroxy-6-methoxybenzoate, and 1,7-
dihydroxyxanthone, respectively, through the comparison of several
spectroscopic data with those of the literattre.

The phenolic compounds isolated framfruticosawere tested
for inhibition of hACAT-1 and LDL oxidation activity. It has been
suggested that oxidation of LDL cholesterol is an important step
in the formation of atherosclerotic lesioh&vidence to support

around the C-7 MTPA ester group. The proton signals assignedthis hypothesis is based in part on observational studies that

for H-2'/6', H-3/5', and H-4 in the §)-(—)-MTPA derivative @a)
were observed at a higher field compared to those of Ryé-{)-
MTPA derivative @b), while the proton signals due to H-5, H-6,
and the methoxy of)-(—)-MTPA (2a) were observed at a lower
field compared to that in theRj-(+)-MTPA (2b). The A6 values

demonstrate associations between oxidized LDL cholesterol and
both the presence of atherosclerotic lesfomsd the progression

of carotid artery atherosclerosigicyl-CoA:cholesterol acyltrans-
ferase (ACAT, E.C. 2.3.1.26) is an allosteric enzyfrtaat plays

an important role in the esterification of cholesterol, facilitating

and their signs are shown in Figure 2 and showed unequivocally intracellular storagé and intercellular circulation via incorporation
that the absolute stereochemistry of the asymmetric carbon at C-7into apolipoprotein-B (apo-B)-containing lipoprotei#sddition-

is S. Thus, the new compourZlwas identified as$)-2-methoxy-
3,4-methylenedioxybenzhydryl alcohol, a reduced form of com-
poundl.

Compound3 showed hydroxy (3610 cm), phenyl (3010, 1610,
1430 cnt?), and ether (1225, 1210 cr) bands in the IR spectrum.
A molecular formula of GH;,0, was determined by HREIMS
(IM]*, 200.0834). ThéH NMR spectrum revealed the signals for
a monosubstituted benzene ring 7.53 (2H, br ddJ = 8.0, 1.6
Hz), 7.40 (2H, ddddJ = 8.0, 8.0, 1.6, 1.6 Hz), 7.33 (1H, br dd,
J= 8.0, 8.0 Hz)], a 1,3,5-trisubstituted benzene rinb[71 (1H,
dd,J= 1.6, 1.6 Hz), 6.65 (1H, dd] = 1.6, 1.6 Hz), 6.40 (1H, dd,
J = 1.6, 1.6 Hz)], and a methoxy group 8.82, 3H, s). Thé*C
NMR spectroscopic data indicated four quaternad/cgrbons at
0 161.0 (C-5), 156.8 (C-3), 143.6 (C)land 140.7 (C-1), eight
methine sp carbons at) 128.6 (C-2,6'), 127.5 (C-4), 127.0 (C-
3.5), 106.8 (C-2), 105.6 (C-6), and 100.3 (C-4), and a methoxy
signal atd 55.4. On the basis of this evidence, the new compound
3 was determined to be 3-hydroxy-5-methoxybiphenyl. Although
obtained as a natural product for the first time in the present
investigation,3 has been synthesized from 1,3-cyclohexanedione
previously3

Compound4 showed absorbances of phenolic alcohol (3306
cm1), phenyl (2922, 1487 cni), and ketone (1734 cm) in the
IR spectrum. A molecular formula of ;¢H100s was determined
by HREIMS ([M]*, 274.0473). ThéH NMR spectrum indicated
the proton signals for a 1,2,3,4-tetrasubstituted benzene ring at
7.30 (1H, d,J = 8.8 Hz) and 6.86 (1H, d] = 8.8 Hz), a 1,2,3,5-
tetrasubstituted benzene ringa8.00 (1H, br s) and 7.57 (1H, br
s), and an aromatic methoxy at3.85 (3H, s). The!3C NMR
spectrum indicated a characteristic keton@ d182.7 (C-9), eight
quaternary spcarbons a¥ 156.0 (C-5a), 155.1 (C-2), 150.3 (C-

ally, many in vitro and in vivo experiments have demonstrated that
ACAT plays a critical role in the development of foam cells, a
prominent feature of atherosclerotic lesidfs.

Naturally occurring hACAT-1 and LDL oxidation inhibitors have
been rarely reported thus far. The activity of hACAT-1 was inhibited
by compoundd, 5, and6 (0.40 mM) by 544 0.7%, 43+ 1.3%,
and 46+ 0.6%, respectively. However, these compounds exhibited
much weaker inhibitory activity than oleic acid anilide (the positive
control), with 57+ 2.1% (0.3uM) inhibition. Compounds3—5
demonstrated LDL antioxidant activity with igvalues of 15.5,
25.5, and 48.LM, respectively. These values were also somewhat
lower than the positive control, probucol, which had agalue
of 4.3uM.

Experimental Section

General Experimental Procedures.For instrumental and general
methods, see a previous par.

Plant Material. The roots ofL. fruticosawere collected from a rural
forest in Addis Ababa Province, Ethiopia, by one of the authors (F.N.).
They were identified by Dr. Dae-Keun Kim, Woosuk University, Jeonju.
A voucher specimen (KHU02031) was deposited in the Laboratory of
Natural Products Chemistry, Kyung Hee University, Suwon, Republic
of Korea.

Extraction and Isolation. The dried, powdered roots (1 kg) were
extracted with 80% aqueous methanol (2&L3) and concentrated in
vacuo. The extracts were partitioned with@H(2 L), EtOAc (2 L x
3), andn-BuOH (2 L x 3). The concentrated EtOAc fraction (LFE, 14
g) was subjected to silica gel column chromatography (156 §,x
12 cm) and eluted with a gradient of CHEMeOH (10:1— 7:1, 1 L
of each), resulting in 12 fractions (LFELFE12). Fraction LFE2 [1.0
g, VJV: (elution volume/total volume) 0.650.10] was subjected to
ODS column chromatography (100 ¢,3 x 6 cm) and eluted with

7), 149.8 (C-5), 146.6 (C-4a), 140.8 (C-1), 126.5 (C-8a), and 109.8 H.0—MeOH (5:4, 1.8 L), yielding compouni[112 mg,Ve/V; 0.28~

(C-1a), four methine gpcarbons a 120.5 (C-3), 120.1 (C-6),
109.3 (C-8), and 108.6 (C-4), and a methoxy carbo &(7.4.
The tetraoxygenated xanthone character of compduraks inferred
from the above data. In the gHMBC NMR spectrum (Figure 1),
the methoxy hydrogen signad (3.85) showed a cross-peak with
the oxygenated olefinic quaternary carbon G31.65.1). The H-3

(60 7.30) proton signal exhibited cross-peaks with C51165.1)
and C-4a ¢ 146.5) byJ; correlation, as well as with C-2(140.8)

0.44; TLC (RP-18 Es49 R 0.4, MeOH-H0, 3:1] and 3,5-dimethoxy-
biphenyl 6)* [32 mg, VJ/V; 0.44-0.53; TLC (RP-18 k49 R 0.3,
MeOH-H,0, 3:1]. Fraction LFE2-7 (290 mg/¢/V; 0.11-0.14) was
separated by ODS column chromatography (10 g,x 6 cm) and
eluted with MeOH-H,O (3:1, 1.6 L), yielding benzyl 2-hydroxy-6-
methoxybenzoates)® [41 mg,Ve/V;: 0.13-0.16; TLC (RP-18 k19 R
0.4, MeOH-H,0, 5:1]. Fraction LFE3 (1.4 gVJ/V: 0.10-0.15) was
separated by ODS column chromatography (15 4,x 6 cm) and
eluted with MeOH-H,O (1:1— 2:1, 1 L of each), resulting in 11
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Table 1. Inhibitory Activity of Compoundsl—7 on hACAT-1 and LDL OxidatioA

1 2 3 4 5 6 7 positive contrd!
hACAT-inhibition (%) 54+ 0.7 31+ 2.8 30+ 2.2 7.0+ 0.7 43+ 1.3 46+ 0.6 31+ 0.4 57+ 2.1
LDL antioxidation (IGso, uM) 524 192 155 255 48.1 478 386 5.4

aThe data are presented as mearstandard deviation of three replicaté®robucol and oleic acid anilide were used as inhibitors on LDL
oxidation and on hACAT-1, respectivelyThe treatment concentration of compounds isolated ftamdera fruticosawas 0.4 mM, and that of

oleic acid anilide was 0.2M.

fractions (LFE3-+LFE3-11). Fraction LFE3-7 (36 m/d/V; 0.51—
0.53) was subjected to silica gel column chromatography (100 g,
¢ 3 x 7 cm) and eluted wittn-hexane-EtOAc (3:1, 2 L), yielding
compound? [23 mg,V/V; 0.13-0.16; TLC (Keiselgel 60 54 R 0.7,
n-hexane-EtOAc, 1:1]. LFE3-8 (162 mg\V¢/V: 0.54-0.62) was
separated by ODS column chromatography (7@ @ x 5 cm) and
eluted with MeOH-H,0 (4:1, 2.5 L), yielding compound3[14 mg,
Ve/V; 0.06-0.20; TLC (RP-18 k49 R 0.5, MeOH-H,0, 3:1] and4
[16 mg, V&/V; 0.30-0.40; TLC (RP-18 bs49 R 0.45, MeOH-H,0,
3:1]. Fraction LFE3-9 (122 mgyd/V; 0.63-0.69) was separated by
ODS column chromatography (70 @¢,3 x 5 cm) and eluted with
MeOH-H,0 (8:1, 1 L), yielding 1,7-dihydroxyxanthon&)f [23 mg,
Ve/V; 0.40-0.50; TLC (RP-18 bsag R 0.35, MeOH-H0, 4:1].
2-Methoxy-3,4-methylenedioxybenzophenone (1gplorless oil; IR
(CaR, window in CHCE) vmax 2937, 2841, 1731, 1658, 1470, 1281,
1071 cnt’; *H NMR (CDCls, 400 MHz) 6 7.76 (2H, br dd,J = 8.0,
1.6 Hz, H-2, 6'), 7.51 (1H, ddddJ = 8.0, 8.0, 1.6, 1.6 Hz, H'}, 7.41
(2H, br dd,J = 8.0, 8.0 Hz, H-3 5'), 6.93 (1H, d,J = 8.0 Hz, H-6),
6.57 (1H, d,J = 8.0 Hz, H-5), 5.59 (2H, br s;OCH,0—), 3.81 (3H,
s, OCH); *C NMR (CDCk, 100 MHz) 6 195.0 (C, C-7), 151.2 (C,
C-4),141.8 (C, C-2), 138.3 (C, C)1136.8 (C, C-3), 132.6 (CH, C#
129.5 (CH, C-2 6), 128.0 (CH, C-3 5, 126.1 (C, C-1), 124.3 (CH,
C-6), 102.7 (CH, C-5), 101.5 (GH—OCH,0O—), 60.0 (CH, OCHy);
EIMS m/z 256 [M]* (40), 240 (32), 180 (9), 150 (100), 92 (100), 57
(35); HREIMS m/z 256.0734 (calcd for GH1,04, 256.0736).

(9)-2-Methoxy-3,4-methylenedioxybenzhydryl alcohol (2)fine,
yellow, amorphous powder (EtOAc)a]*> —13.1 € 0.26, CHCY);
IR (CaR, window in CHCE) vmax 3427, 2924, 2854, 1728, 1574, 1468,
1258, 1065 cm!; *H NMR (pyridine-ds, 400 MHz) § 7.34 (2H, dd,
J = 8.4, 2.0 Hz, H-2 6), 7.30 (2H, dd,J = 8.4, 8.4 Hz, H-3 5),
7.23 (1H, tt,J = 8.4, 2.0 Hz, H-4, 6.73 (1H, d,J = 8.0 Hz, H-6),
6.49 (1H, d,J = 8.0 Hz, H-5), 5.91 (3H, br s;OCH,0— and H-7),
3.81 (3H, s, OCH); *C NMR (pyridineds, 100 MHz) 6 148.9 (C,
C-4), 140.9 (C, C-2), 143.6 (C, C)1136.5 (C, C-3), 128.6 (C, C-1),
128.0 (CH, C-2 6'), 127.0 (CH, C-4, 126.2 (CH, C-3 5, 120.7
(CH, C-6), 102.5 (CH, C-5), 101.0 (GH-OCH,0-), 72.5 (CH, C-7),
59.5 (CH, OCH); EIMS m/z 258 [M]* (40), 239 (78), 200 (13), 178
(97), 164 (32), 152 (13), 148 (64), 105 (100), 96 (38), 72 (80), 59
(100); m/'z 258.0887 (calcd for GH1404, 258.0892).

Esterification of Compound 2 with (R)-(—)-MTPA Chloride. *°
The esterification of compounds(2.5 mgx 2) with (R)-(—)-MTPA
chloride (24uL) and (-(+)-MTPA chloride (24uL) yielded the §-
(—)-MTPA ester2a (3.9 mg) and theR)-(+)-MTPA ester2b (4.0 mg)
as colorless crystals, respectively.

(9)-(—)-MTPA ester 2a: *H NMR (CDCls, 400 MHz)6 7.30 (2H,
dd,J= 8.4, 2.0 Hz, H-2 6), 7.26 (2H, dd,) = 8.4, 8.4 Hz, H-3 5,
7.19 (1H, tt,J = 8.4, 2.0 Hz, H-4), 7.18-7.28 (phenyl groups of MTPA
overlapped with H-2-H-6"), 6.86 (1H, dJ = 8.0 Hz, H-6), 6.52 (1H,
d,J= 8.0 Hz, H-5), 5.90 (1H, dJ = 1.2 Hz,—OCH,0-), 5.87 (1H,
d, J = 1.2 Hz,—OCH0-), 5.53 (1H, s, H-7), 3.86 (3H, s, OGH

(R)-(+)-MTPA ester 2b: 'H NMR (CDCls, 400 MHz)6 7.34 (2H,
dd,J = 8.4, 2.0 Hz, H-2 6, 7.30 (2H, dd,) = 8.4, 8.4 Hz, H-3 5,
7.22 (1H, tt,J= 8.4, 2.0 Hz, H-4), 7.20-7.31 (phenyl groups of MTPA
overlapped with H-2-H-6"), 6.73 (1H, dJ = 8.0 Hz, H-6), 6.49 (1H,
d,J= 8.0 Hz, H-5), 5.91 (1H, dJ = 1.2 Hz,—OCH,0-), 5.90 (1H,
d, J = 1.2 Hz,—-OCH0-), 5.90 (1H, s, H-7), 3.81 (3H, s, OGH

3-Hydroxy-5-methoxybiphenyl (3)2 colorless oil; IR (CaFwindow
in CHCl3) vmax 3610, 3010, 2960, 2840, 1610 (s), 1590, 1500, 1430,
1360, 1225, 1210 cmi; *H NMR (CDCls, 400 MHz) 6 7.53 (2H, br
dd,J = 8.0, 1.6 Hz, H-2 6€), 7.40 (2H, ddddJ = 8.0, 8.0, 1.6, 1.6
Hz, H-3, 5), 7.33 (1H, br ddJ = 8.0, 8.0 Hz, H-4, 6.71 (1H, dd,
J=1.6, 1.6 Hz, H-6), 6.65 (1H, dd, = 1.6, 1.6 Hz, H-2), 6.40 (1H,
dd,J= 1.6, 1.6 Hz, H-4), 3.82 (3H, s, OGH *3C NMR (CDCk, 100
MHz) 6 161.0 (C, C-5), 156.8 (C, C-3), 143.6 (C, O;1140.7 (C,
C-1), 128.6 (CH, C-2 6), 127.5 (CH, C-4, 127.0 (CH, C-3 &),
106.8 (CH, C-2), 105.6 (CH, C-6), 100.3 (CH, C-4), 55.4 (CBICHy);

EIMS mvz 200 [M]* (100), 170 (100), 128 (91), 115 (46), 102 (20), 77
(34), 51 (15), 18 (8); HREIMS1/z 200.0834 (calcd for GH1,0;,
200.0837).

1-Methoxy-2,5,7-trihydroxyxanthone (4):fine, yellow, amorphous
powder (MeOH); IR (CafFwindow in MeOH)vmax 3306, 2922, 2853,
1734, 1637, 1605, 1581, 1487 cin'H NMR (pyridine-ds, 400 MHz)
6 8.00 (1H, br s, H-8), 7.57 (1H, br s, H-6), 7.30 (1H,Xd+= 8.8 Hz,
H-3), 6.86 (1H, dJ = 8.8 Hz, H-4), 3.85 (1H, s, OCHt °C NMR
(pyridine-ds, 100 MHz) 6 182.7 (C, C-9), 156.0 (C, C-5a), 155.1 (C,
C-2), 150.3 (C, C-7), 149.8 (C, C-5), 146.6 (C, C-4a), 140.8 (C, C-1),
126.5 (C, C-8a), 120.5 (CH, C-3), 120.1 (CH, C-6), 109.8 (C, C-1a),
109.3 (CH, C-8), 108.6 (CH, C-4), 57.4 (gHDCH); EIMS m/z 274
[M]* (10), 230 (43), 215 (11), 200 (12), 187 (15), 172 (5), 149 (12),
135 (17), 115 (10), 97 (12), 84 (100), 56 (100), 18 (83); HREIWS
274.0473 (calcd for GH100s, 274. 0477).

ACAT Activity Assay. The inhibitory activity on ACAT was
determined using a previous method as described by Brecher and
Chant® with slight modificationst’

LDL Oxidation Assay. The inhibitory activity on LDL oxidation
was determined using a previous method as described in the lite¥ature,
with slight modifications’
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