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Biphenyl Glycosides from the Fruit of Pyracantha fortuneana
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Five new biphenyl glycosides, fortuneanosides1 B8 (2), C (3), D (4), and E 6), were isolated from the fruit of
Pyracantha fortuneandl heir structures were established as-8jBydroxy-3-methoxy-(1,1-biphenyl)-4O-/-p-glucoside,
4'-hydroxy-2,3,5-trimethoxy-(1,1-biphenyl)-2-O-f-p-glucoside, 4hydroxy-3,5-dimethoxy-(1,-biphenyl)-20-5-p-
glucoside, 2,4dihydroxy-3,5 -dimethoxy-(1,1-biphenyl)-30-4-p-glucoside, and 3;4ihydroxy-3,5-dimethoxy-(1,1-
biphenyl)-40-3-p-glucoside by spectroscopic analysis. All compounds were evaluated for inhibitory activity against
tyrosinase. Compared with arbutin = 0.23 mM), fortuneanoside D possessed more potency, with grvélue of

0.07 mM.

Pyracantha fortunean@vaxim.) Li, locally named Huo-ji, is J=8.4 Hz), 6.72 (1H, dJ = 3.0 Hz), and 6.71 (1H, dd} = 8.4,
widely distributed throughout the southern and northwestern parts 3.0 Hz)], a 1,3,5-trisubstituted benzene rirg§.64 (1H, dd,J =
of Chinal Its fruit is used as a traditional Chinese medicine for 2.2, 1.4 Hz), 6.58 (1H, dd] = 2.2, 1.4 Hz), and 6.32 (1H, §,=
treatment of indigestion. Recently, the fruit has been widely used 2.2 Hz)], and anO-methyl group ¢ 3.77, 3H, s). The aromatic
in cosmetics as a skin-whitening agent in Jap&nt was believed protons ab 6.58, 6.32, and 6.64 were assigned as'H+4', and
to have a skin-whitening effect through inhibiting tyrosinase (EC. H-6' on the basis of the coupling constants and the HMBC
1.14.18.1), a copper-containing monooxygenase enzyme, which iscorrelations of H-2C-4' (6 101.3) and C-6(6 107.9) and those of
widely distributed in nature and catalyzes the conversion of tyrosine H-6'/C-2 (6 110.5) and C-4 A long-range correlation between
to dopa, to dopaquinone, and subsequently to melanin by autopo-the methoxy protons)(3.77) and C-5(6 161.8) indicated that the
lymerization®” In our search for compounds with tyrosinase O-methyl group was located at C-hem-coupled protons of the

inhibitory activity, five new compounds, fortuneanosides® (1— trisubstituted benzene ring 8t6.72 and 6.71 were attributed to
5), have been isolated and identified from the fruiFoffortuneana H-2 and H-6 according to the HMBC correlations of H-2/Cé4 (
Their tyrosinase-inhibiting activities were evaluated in vitro. 148.6) and C-64 115.9) and those of H-6/C-2 (118.0) and C-4.

The remaining aromatic protom (7.11) was then assigned as H-5
on the basis of the splitting pattern and coupling constant. The

R2 R4 5 OMe
3 1 connection between the two aromatic rings was establishedby a
HO OMe Rs O 1,. OH HMBC cross-peak of H-2 and C-{5 141.8). The location of the
5

glucose residue was established to be at C-4 according to the HMBC

3 5
GlcO 1 ‘ Rs  OMe cross-peak between H-10 4.83) and C-4. The hydroxy substit-
5 ! : : OMe, Rz =R3 = H, R4 = O-Glc uents at C-3¢ 153.6) and C-3(6 159.0) were deduced on the

2 R1 =
OH if 21 :8;_?];‘ Ezg_gf:g‘*:: -H basis of their chemical shifts and the molecular formula. THus,
1 5: R1 =Ry = H Ry = OH, R33 - was determined as 3;8ihydroxy-3-methoxy-(1,-biphenyl)-40-
B-p-glucoside??
Results and Discussion Fortuneanoside B2j was isolated as a pale yellow gum

(Ca1H26010 by HRESIMS). The!H NMR spectrum of2 showed

The 60% (v/v) EtOH extract of the dried fruits Bf fortuneana typical signals of a 1,2-disubstituted aromatic ridg7;38 (1H, d,
was subjected to column chromatographic separation, followed byJ = 7.6 Hz), 7.24 (1H, t] = 7.6 Hz), 6.99 (1H, dJ = 7.6 H2)

preparative reversed-phase HPLC. Five new biphenyl glycosides,and 6.89 (LH, tJ = 7.6 Hz)], a singletd 6.44, 1H) arising from

nﬁmglyaf?rtunehan;)sidgs A Bh(Z), c .(3)’ D (4)H.g.n_d E 6)’.V\.’ere h a pentasubstituted aromatic moiety, and three singlet signals due
obtained from the fractions with tyrosinase-inhibiting activity. The O-methyl groupsd 3.77, 3.70, 3.69). The remaining resonances
structures_ of compound4<5) were elucidated from the analysis in the IH NMR spectrum of were assigned as those of a glucose
of extensive lD. and 2D NMR spectra. residue by analysis of HSQC and HMBC. The aromatic protons at
Fortuneanoside Al) was obtained as a pale yellow gum. The 5’5 99 754 6,89, and 7.38 were assigned as H-3, H-4, H-5, and
molecular formula was established agi€;0, by HRESIMS. The H-6 on the basis of the splitting pattern and COSY correlations.

1 . :
C %‘d DE]PIT NMR sp;ehctlra dt slhfwedthlg carbodns,. |nclud|ngt. The quaternary carbon signal@tl27.4 was attributed to C-1, by
onet -me y,bone :miﬁé' ﬁr’:/?ﬁz Te 'n%’ t?ln SIX Iar;ﬁma IC its correlation with H-3 and H-5. The aromatic protonda6.44
quaternary caroons. n spectrum ofl, the signals was then deduced as H-&ccording to its HMBC correlation with
3.33, 3.34, 3.36, 3.66/3.85, and 4.83, correlated with the carbon C-1. An HMBC cross-peak between tfiemethyl group ¢ 3.69)
S|gne’1Is aw 71.4 (C-4), 78.1 (C-3 and C-8), 75.0 (C-2), 62.6 and C-2 ¢ 156.6) indicated that th®-methyl group was located
(C-6"), and 103.1 (C-1) in the HSQC spectrum, respectively, at C-2. In the ROESY spectrum, ti@methyl protons at 3.70

suggested the presence of a glucose residue in the structdre of correlated with H-6 su .
L ; . - ggesting that the methoxy group was located
The remaining signals in théH NMR spectrum showed the at C-B (5 143.9). The remainin@-methyl group ¢ 3.77) was

presence of a 1,3,4-trisubstituted benzene rihg [L1 (1H, brd, located at C-3(6 140.9) on the basis of the carbon chemical shifts

* To whom correspondence should be addressed.¥86-20-85225849 and their HMBC correlation. Thé-methyl protons a® 3.77
Fax: +86-20-85221559. E-mail: yaoxinsheng@vib.tom.com. . correlated with H-1 (é 4.69) in the ROESY, spectrum, suggesting
T Shenyang Pharmaceutical University. that the glucose residue was located at'Ge2140.8). HMBC
* Jinan University. correlations of H-1/C-2 and H-6/C-2 confirmed this location.
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Therefore,2 was deduced as'-hydroxy-2,3,5-trimethoxy-(1,1-
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Table 1. 13C NMR Data ¢) for Compoundsl—5

biphenyl)-2-O-3-pb-glucoside. position 12 ob 3 b 5b
Fortuneanoside C3J, obtained as a pale yellow gum, had the
molecular formula ggH,400 by HRESIMS. ThelH NMR spectrum % ﬁg'g gg'g ggg iig'g ﬁég
showed characteristic signals of a 1,2-disubstituted aromatic system 3 153.6 111.1 1145 146.0 151.9
[6 7.35 (1H, dJ = 8.0 Hz), 7.25 (1H, tJ = 8.0 Hz), 7.19 (1H, d, 4 148.6 128.0 127.6 115.4 146.8
J = 8.0 Hz), and 7.04 (1H, tJ = 8.0 Hz)], one singlet for two 5 118.8 119.6 121.8 118.4 116.5
equivalent aromatic protons 6.91, 2H) belonging to a 1,3,4,5- 6 115.9 132.3 130.4 124.0 114.0
tetrasubstituted benzene, and one singlet for two equivalent 1 1418 1213 127.5 128.4 128.0
e 4 . 2 1105 140.8 107.2 106.9 107.1
O-methyl groups ¢ 3.79). The remaining signals in thel NMR 3 159.0 140.9 1475 147.4 147.4
spectrum, together with the cross-peaks in the HSQC spectrum, 4 1013 140.8 134.7 134.7 134.7
revealed the presence of a glucose moietys.irin the ROESY 5 161.8 143.9 1475 147.4 147.4
spectrum, the protons of th@methyl groups correlated with two 6 107.9 109.6 107.2 106.9 107.1
equivalent aromatic protons (H-and H-8), suggesting that two 1" 103.1 102.2 100.0 103.4 1011
2" 75.0 73.8 735 73.3 73.6
O-methyl groups were located at C&nd C-5 (6 147.5). HMBC "
; 3 78.1 76.3 77.0 75.7 76.9
cross-peaks between H& and C-3, C-4 (6 134.7), and C-5 2 71.4 69.7 69.7 69.9 69.8
confirmed their location. The remaining aromatic protof§ (19, 5 78.1 76.8 771 77.3 77.0
7.25, 7.04, and 7.35) were assigned as H-3, H-4, H-5, and H-6 on 6" 62.6 60.8 60.6 60.8 60.8
the basis of the splitting pattern and their successive correlations 2-OCHs 55.3
in the COSY spectrum. The connection between the two aromatic 3-OChs 60.2 56.0 56.0 56.0
5-OCHs 55.8 56.0 56.0 56.0 56.0

rings was established by%d HMBC cross-peak between H;&

and C-1 ¢ 130.2). This was further supported by correlations
between H-26' and H-6 in the ROESY spectrum. The glucose
residue was located at C-? (153.9), according to the ROESY

aMeasured in CROD. ® Measured in DMSQ.

Table 2. Inhibitory Activity of Compoundsl—5 to Tyrosinase

correlation between H*1(d 5.07) and H-3. Thus3 was deduced

1 2 3 4 5 arbutin

as 4-hydroxy-3,5'-dimethoxy-(1,1-biphenyl)-20-3-b-glucoside.

I1Csc® (MM) 2.21 0.45 0.07 0.14 0.23

Fortuneanoside D4j was isolated as a pale yellow gum and
had the molecular formula H240:0 by HRESIMS data. ThéH
NMR data of4 were similar to those o8 but showed one less
aromatic signal, suggesting that the 1,2-disubstituted aromatic
system in3 was replaced by a 1,2,3-trisubstituted aromatic moiety
in 4. The aromatic protons ad 7.07, 6.74, and 6.98 were
respectively assigned as H-4, H-5, and H-6 on the basis of their
splitting pattern and COSY correlations. The glucose residue was
located at C-3¢ 146.0) due to the HMBC correlation of H*X6
4.60)/C-3. Therefore4 was determined as 2;dihydroxy-3,5'-
dimethoxy-(1,1-biphenyl)-3O-3-p-glucoside.

Fortuneanoside E5] was obtained as a pale yellow gum and
had the molecular formulagg,40;0 from HRESIMS analysis. The
IH NMR spectrum of5 showed characteristic signals of a 1,3,4-
trisubstituted aromatic systerd [.02 (1H, brdJ = 8.8 Hz), 6.72
(1H, d,J = 3.0 Hz), and 6.62 (1H, dd] = 8.8, 3.0 Hz)], one
singlet for two equivalent aromatic protons§.87, 2H) belonging
to a 1,3,4,5-tetrasubstituted aromatic ring, and one singlet signal
due to two equivalen©-methyl groups ¢ 3.77). ThelH NMR

a2 The results are from the three concurrent readings, and each SD
was usually within 2% of the mean.

a JASCO V-550 UV/vis spectrometer. ESIMS spectra were taken on a
Finigan LCQ Advantage MAX mass spectrometer. HRESIMS spectra
were acquired using a Micromass Q-TOF mass spectrometer. 1D and
2D NMR spectra were measured with a Bruker AV-400 spectrometer
using a DMSO¢s solution unless otherwise stated.

Plant Material. The plant was collected at the Mount of Qinling,
Shanxi Province, China, in November 2003, and was identifiell.as
fortuneana A voucher specimen (20031202) is deposited in the Institute
of Traditional Chinese Medicine & Natural Products, Jinan University,
Guangzhou, China.

Extraction and Isolation. The air-dried fruit (5.0 kg) ofP.
fortuneanawas refluxed twice with 60% (v/v) aqueous EtOH (30 L)
for 2 h each time. After filtration, the filtrate was evaporated to dryness
under vacuum. The dried extract was suspended@ahd partitioned
with n-hexane, CHG| EtOAc, and them-BuOH, successively, to afford
18.4, 36.1, 30.1, and 126.6 g of extracts, respectively. From-BigOH
extract with tyrosinase-inhibiting activity, 15 fractions were obtained

spectrum and HSQC also revealed the presence of a glucose moietyy activity-guided fractionation with silica gel column chromatography
in 5. Them-coupled aromatic protons of the trisubstituented phenyl eluting with CHCk—MeOH—H,0 (20:1:0 to 5:5:1). The active fraction
ring ato 6.72 and 6.62 were assigned as H-2 and H-6 according to 3 (2.36 g, eluted with CHG+-MeOH 10:1) was further separated by

HMBC correlations of H-2/C-4{ 146.8) and C-6{ 114.0) and
those of H-6/C-2¢ 116.5) and C-4. The aromatic protondaf.02

was attributed to H-5 on the basis of the splitting pattern and the
coupling constants. The connection between the two aromatic rings
was established by & HMBC cross-peak between H-2 and C-1

(6 128.0). The glucose residue was located at C-4 according to the
HMBC correlation between H*1(6 4.89) and C-4. Thus; was
elucidated as 3;4ihydroxy-3,5-dimethoxy-(1,1-biphenyl)-40O-
p-p-glucoside.

The inhibitory activities of compound$—5 to tyrosinase are
listed in Table 2. The potencies of compourglst, and5 were
similar to arbutin, while2 was 10 times less potent than arbutin.
This suggested that the'-@H contributed to the activity of
compounds3, 4, and 5. Further assays are needed in order to
determine whether these natural products are active in vivo.

Experimental Section
General Experimental ProceduresIR spectra were obtained using

reversed-phase column chromatography, eluting with a gradient of
MeOH-H0, to yield six fractions (A+A6). Fraction A2 (eluted with
30% MeOH-H,0) was fractionated on HW-40 column chromatography
by gradient MeOH-H,O elution to yield six subfractions. Compound

5 (2.9 mg) was obtained from the third subfraction (eluted with 40%
MeOH-H,0) after purification by preparative reversed-phase HPLC
with 15% MeCN-H,0 as eluting solvent system. Fraction A3 (eluted
with 60% MeOH-H,0) was subjected to column chromatography on
HW-40 eluting with a gradient of MeOHH,O to yield six subfractions.
Compound?2 (4.8 mg) was obtained from the second subfractions
(eluted with 40% MeOH-H,0), after purification by preparative HPLC
with 20% MeCN-H,O. Compounds (3.4 mg) and4 (3.5 mg) were
obtained from the fourth subfractions (eluted with 60% Me€HO),

after purification by preparative HPLC with 20% MeCM,O. The
active fraction 4 (4.47 g, eluted with CHEIMeOH, 4:1) was further
fractionated by reversed-phase column chromatography eluted with a
gradient of MeOH-H,0 to yield 14 fractions (B+B14). Fraction B1
(eluted with 10% MeOH-H,0) was subjected to column chromatog-
raphy on HW-40 eluting with a gradient of MeOGHH,O to yield eight
subfractions. Compourit(13.8 mg) was obtained from the fifth (eluted

a JASCO FT/IR-480 plus spectrometer. Optical rotations were measuredwith 60% MeOH-H,0) subfraction, after purification by preparative

on a JASCO P-1020 digital polarmeter. UV spectra were recorded on

HPLC with 15% MeCN-H,0.
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Assay of Inhibitory Activity to Tyrosinase. This assay was
performed according to the procedure of Mason &€ alith slight
modifications, usingL-tyrosine as a substrate. Forty microliters of
mushroom tyrosinase solution (100 units/mL), 410 of 0.1 mg/mL
L-tyrosine solution in phosphate-buffered saline (PBS) solution (25 mM,
pH 6.8), 80uL of phosphate-buffered saline (PBS) solution (25 mM,
pH 6.8), and 4Q:L of sample in 20% MeOH solution were added to
a 96-well microplate. The assay mixture was incubated atG7or
30 min. Instead of a sample in 20% MeOH solution, a 20% MeOH

solution was added to a blank solution. Before and after incubation,

Dai et al.

nm; IR (KBr) vmax 3427, 1625, 1031 cn; *H NMR (400 MHz)67.07
(1H, d,J = 7.6 Hz, H-4), 6.98 (1H, dJ = 7.6 Hz, H-6), 6.82 (2H, s,
H-2', 6), 6.74 (1H, t,J = 7.6 Hz, H-5), 4.60 (1H, dJ = 6.8 Hz,
H-1"), 3.76 (6H, s, 3 5-OCHg), 3.68 (1H, d,J = 10.6 Hz, H-6a),
3.46 (1H, m, H-8b), 3.15-3.32 (overlapped in solvent, H*2H-3",
H-4", H-5"); 13C NMR (100 MHz), see Table 1; ESIMS (positive ion
mode)m/z 447 [M + NaJ', 871 [2M + Na]*; ESIMS (negative ion
mode) m/z 423 [M — H]; HRESIMS nvz 447.1275 (calcd for
C20H24010Na, 4471267)

Fortuneanoside E (5): pale yellow gum; % —41.6 ¢ 0.25,

the amount of dopachrome produced in the reaction mixture was MeOH); UV (MeOH)Anax (109 €) 210 (4.66), 263 (4.07), 296 (sh) (3.92)
measured at 492 nm in the microplate reader. The percentage of thenm; IR (KBr) vmax 3431, 1630, 1076 cnt; IH NMR (400 MHz) 67.02

inhibition of tyrosinase activity was calculated by the following
equation: inhibition (%)= [(A — B) — (C — D)J/(A — B) x 100,
where A is absorbance of blank solution after incubatid®,is
absorbance of blank solution before incubati@his absorbance of
sample solution after incubation, abds absorbance of sample solution
before incubation.

Fortuneanoside A (1): pale yellow gum; ¢]%% —56.4 ¢ 0.25,
MeOH); UV (MeOH)Amax (log €) 218 (4.55), 250 (sh) (3.98), 295 (3.89)
nm; IR (KBr) vmax 3418, 1612, 1073 cnd; 'H NMR (CDsOD, 400
MHz) 7.11 (1H, brdJ = 8.4 Hz, H-5), 6.72 (1H, dJ = 3.0 Hz, H-2),
6.71 (1H, dd,J = 8.4, 3.0 Hz, H-6), 6.64 (1H, dd] = 2.2, 1.4 Hz,
H-6), 6.58 (1H, ddJ = 2.2, 1.4 Hz, H-2, 6.32 (1H, t,J = 2.2 Hz,
H-4"), 4.83 (overlapped in HDO, H%), 3.85 (1H, brd,J = 12 Hz,
H-6"a), 3.77 (3H, s, 50CH;) 3.66 (1H, m, H-6b), 3.33-3.36
(overlapped in solvent, H*2 H-3", H-4", H-5"); 13C NMR (CD;0OD,
100 MHz), see Table 1; ESIMS (positive ion moduajz 417 [M +
NaJt, 811 [2M + Na]"; ESIMS (negative ion modejvz 393 [M —
H]~, 787 [2M — H]~; HRESIMS m/z 417.1177 (calcd for GH,,00-
Na, 417.1162).

Fortuneanoside B (2): pale yellow gum; §]*% —5.8 (c 1.45,
MeOH); UV (MeOH) Amax (log €) 206 (4.58), 255 (3.62), 282 (3.69)
nm; IR (KBr) vmax 3430, 1630, 1074, 1027 cth *H NMR (400 MHz)
07.38 (1H, d,J = 7.6 Hz, H-6), 7.24 (1H, tJ = 7.6 Hz, H-4), 6.99
(1H, d,J = 7.6 Hz, H-3), 6.89 (1H, tJ = 7.6 Hz, H-5), 6.44 (1H, s,
H-6'), 4.69 (1H, d,J = 7.6 Hz, H-1'), 3.77 (3H, s, 30CHg), 3.70
(3H, s, B-OCHg), 3.69 (3H, s, 2-OC¥H), 3.53 (1H, brd,J = 9.6 Hz,
H-6"a), 3.35 (overlapped in solvent, H46), 2.85-3.06 (4H, m, H-2,
H-3", H-4", H-5"); 3C NMR (100 MHz), see Table 1; ESIMS (positive
ion mode)m/z 461 [M + NaJ*, 899 [2M + Na]"; ESIMS (negative
ion mode)m/z 437 [M — H]~; HRESIMS m/z 461.1425 (calcd for
C21H26010Na, 4611424)

Fortuneanoside C (3): pale yellow gum; ¢’ —36.1 € 0.39,
MeOH); UV (MeOH)Amax (log €) 205 (4.17), 269 (3.47), 286 (sh) (3.45)
nm; IR (KBr) vmax 3438, 1644, 1028 cnt; *H NMR (400 MHz)67.35
(1H, d,J = 8.0 Hz, H-6), 7.25 (1H, tJ = 8.0 Hz, H-4), 7.19 (1H, d,
J=8.0 Hz, H-3), 7.04 (1H, tJ = 8.0 Hz, H-5), 6.91 (2H, s, H:26)),
5.07 (1H, d,J = 7.8 Hz, H-1'), 3.79 (6H, s, 3 5-OCH), 3.68 (1H,
d,J = 10.8 Hz, H-6a), 3.43 (1H, m, H-Bb), 3.12-3.30 (overlapped
in solvent, H-2, H-3", H-4", H-5"); 13C NMR (100 MHz), see Table
1; ESIMS (positive ion mode)vz 431 [M + Na]*, 839 [2M + Na]';
ESIMS (negative ion modejnwz 407 [M — H]~; HRESIMS m/z
431.1343 (calcd for @€H2400Na, 431.1318).

Fortuneanoside D (4): pale yellow gum; §]'> —46.4 (c 0.79,
MeOH); UV (MeOH)Amax (log €) 210 (4.36), 267 (3.78), 291 (sh) (3.67)

(1H, brd,J = 8.8 Hz, H-5), 6.87 (2H, s, H!®), 6.72 (1H, dJ = 3.0
Hz, H-2), 6.62 (1H, ddJ) = 8.8, 3.0 Hz, H-6), 4.89 (1H, d] = 7.7
Hz, H-1"), 3.77 (6H, s, 3 5-OCHs), 3.66 (1H, brd,J = 10.7 Hz,
H-6"a), 3.44 (1H, m, H-Bb), 3.11-3.33 (overlapped in solvent, H*2
H-3", H-4", H-5"); 3C NMR (100 MHz), see Table 1; ESIMS (positive
ion mode)nVz 447 [M + Na]t, 871 [2M + Na]"; ESIMS (negative
ion mode)m/z 423 [M — H]~; HRESIMS mVz 447.1249 (calcd for
CooH24010Na, 4471267)
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