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Anti-HIV Activity Relationships of Tripterygium Alkaloids*

Masafumi Horiuchf, Chihiro Murakamit Narihiko Fukamiya,® Donglei Yu} Tzu-Hsuan Che# Kenneth F. Bastow,
De-Cheng Zhan§,Yoshihisa Takaishf, Yasuhiro Imakurd,and Kuo-Hsiung Let

Department of Interdisciplinary Studies of Natural Honment, Faculty of Integrated Arts and Sciences, Hiroshimavehsity,
Higashi-Hiroshima 739-8521, Japan, Natural Products Research Laboratories, School of Pharmawssssityiof North Carolina, Chapel Hill,

North Carolina 27599, School of Pharmacy, Shanghai Medicaleisity, Shanghai, People’s Republic of China, Faculty of Sciences, Naruto

University of Education, Takashima, Naruto, Tokushima, 772-8502, Japan, and Faculty of Pharmaceutical SciemeesityJoi Tokushima,
Shomachi 1-78, Tokushima 770-8505, Japan

Receied March 20, 2006

Three new sesquiterpene pyridine alkaloids, tripfordinesCA(1—3), were isolated from an ethanolic extract of the

roots of Tripterygium wilfordii along with eight known pyridine alkaloids, and tested for in vitro cytotoxic and anti-

HIV activity. The structures of the new compounds were established on the basis of spectroscopic data interpretation.
Anti-HIV structure—activity relationships (SAR) for this compound type are proposed on the basis of the screening
results from the newly isolated compounds and prior data of known sesquiterpene pyridine alkaloids. The position of
a carboxyalkyl chain on the pyridine moiety was not critical since béthrad 4-substituted compounds exhibited high
anti-HIV activity (EGs, 0.1u4g/mL). In contrast, a hydroxy group at C{8arboxypropyl side chain) or C-8&arboxybutyl

side chain) was found to affect anti-HIV activity.

Tripterygium wilfordiiHook.f. (Celastraceae) is a poisonous liana
found in southern mainland China. The roots of the plant are known
as “Lei Gong Teng” in Chinese folklote® and, because of their
high toxicity, are used as an insecticide. Since the 1960s, various
laboratories have found that this plant has anti-inflammatory,
immunosuppressive, antitumor, and anti-AIDS activities. Conse-
quently, much effort has been devoted to clarify the active
principles?® leading to the isolation of dihydr@-agarofuran
sesquiterpenéstricyclic diterpeneg;® triterpenes;1° and sesquit-
erpene pyridine alkaloid$: 13 Recently, an extract of the roots of
T. wilfordii, designated [, has been used for the treatment of
various diseases, including dermatitis, rheumatoid arthritis, systemic
acne rosacea, and nephritfsAs part of our continuing study on
the constituents of Chinese medicinal plants, we report herein on
the isolation and structural elucidation of three new sesquiterpene2: Ri=Ac, Rz =Ac, Ry =R, =H
alkaloids, 1-3, from T. wilfordii. In addition, these compounds
were screened for in vitro cytotoxic and anti-HIV activity, and the
anti-HIV screening results were combined with prior data from
known sesquiterpene pyridine alkaloids to generate initial strueture
activity parameters.

AcO, OR;

1:Ry=Ac, Ry =H,R3=0H, Ry = Ac

3:R{=Rp=Ac,Rz=H,Ry=H

5: Ry =Ac, Ry =Fu,R3=H, Ry =Ac

4:Ry=Ac, R, =Ac, R3 = OH, Ry = Ac 10: Ry = Fu, Ry = Ac, R3 =OH, R, = Ac

6:Ry=Ac, Ry =Bz, R3=H, Ry = Ac 11: Ry = Ac, Ry = Fu, R3 = OH, Ry = Ac

7:Ry=Ac,Ry=Fu,R3=H, Ry = Ac 12: Ry =Fu, Ry = Ac, R3 =H, Ry = Ac
8: Ry =Ac, R, =Bz, R3 =0H, Ry = Ac

Results and Discussion 9:Ry=Ac, Ry =Fu, R3 = OH, Ry = Ac

The air-dried roots of. wilfordii were extracted with EtOH to
afford a crude extract. After evaporation of the solvent, the crude
extract was re-extracted with CHCIThe CHC} extract was

was established as;@1450:gN from the HREIMS (Wz 779.2628)
and NMR spectroscopic data. The UV spectruniiathowed an

chromatographed on silica gel using benzeBEOAc—n-hexane,
CH,Cl,—acetone, acetone, CHEIMeOH—H,0, and MeOH, suc-
cessively, to give five fractions. Further purification of fraction 3
using silica gel chromatography followed by repeated preparative
HPLC gave the three new alkaloids-3.

Compoundl was obtained as a colorless, amorphous powder.
Its IR spectrum showed the presence of hydroxyl (3600gnester
carbonyl (1740 cm?), a,3-unsaturated carbonyl (1675 c#), and
pyridine ring (1640, 1550 cm) absorptions. Its molecular formula
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absorption maximum at 260 nm due to the presence of a pyridine
ring.

The 'H NMR spectrum ofl disclosed the presence of three
quaternary methyl group)[1.41 (H-10), 1.62 (H-14), and 1.61
(H-12)], five acetyl methyl groups)[1.96 (OAc-1), 2.01 (OAc-2),
2.18 (OAc-7), 2.19 (OAc-5), and 2.29 (OAc-11)], two methylene
groups connected to oxygen atonds4.61 and 5.42 (H-11), 3.70
and 5.83 (H-15)], a methine group connected to an oxygen atom
[0 3.99 (H-2)], five methine groups connected to ester oxygen atoms
[0 5.02 (H-3), 5.35 (H-8), 5.50 (H-1), 5.52 (H-7), and 6.91 (H-5)],
and three pyridine protons)[7.21 (H-3), 8.11 (H-4), and 8.68
(H-6')]. The relationships between proton signals inwere
established byH—'H COSY examination. Thé3C and DEPT
NMR spectra showed the presence of seven ester carbdryés[0
(C-12), 169.2 (OAc-8), 169.8 (OAc-1), 169.8 (OAc-5), 169.9
(OAc-7), 170.2 (OAc-11), and 173.0 (C-)11 five pyridine ring
carbons § 120.6 (C-5), 125.7 (C-3), 137.7 (C-4), 152.2 (C-6),
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and 164.7 (C-7], three methyl carbons)[17.8 (C-14), 22.7 (C-
12), and 27.6 (C-1§)], two methylene carbong)[31.3 (C-7) and

Horiuch et al.

spectrum of. These observations and the HREIMS data suggested
that compoun@ has a hydroxyl group at C-5 and a tertiary methyl

38.6 (C-8)], two methylene carbons connected to ester oxygen group at C-9

atoms p 60.5 (C-11) and 70.0 (C-15)], five methine carbons
connected to oxygen atoms $9.9 (C-7), 71.0 (C-8), 73.7 (C-5),

The HMBC correlations between H-3/C-1, C-10; H-5/C-13; H-6/
C-7; H-7/C-5, C-8; H-8/C-1; H-11/C-8, C-10; and H-15/C-13

75.2 (C-1), and 78.9 (C-3)], and a methine carbon connected to aconfirmed the partial structure @fas a dihydroagarofuran skeleton

hydroxyl group p 69.0 (C-2)]. The'H and'3C NMR spectroscopic
data of 1 were similar to those of4,'®> indicating that these

attached to a pyridine alkaloid ring at C-3 to C-15. Assignments
of the pyridine alkaloid moiety were supported by the following

compounds have the same basic skeleton. However, spectroscopigross-peaks: H-3/C-11H-15/C-12; H-4/C-2, C-6; H-7'/C-9;

comparison also revealed the following differences. Tand=3C
NMR spectra ofl lacked signals for one acetyl methyl group found
in 4. Additionally, the H-2 § 3.99) signal inl appeared at higher
field by approximately 1.15 ppm than that4fThese observations
and the HREIMS data suggested that compoiés a hydroxyl
group at C-2. In the HMBC spectrum df, cross-peaks were
observed between H-2/C-4; H-3/C-1, C-4, C-12; H-5/C-10, C-13;
H-6/C-5, C-10; H-7/C-8; H-8/C-1, C-9, C-11; H-11/C-8, C-9, C-10;
H-14/C-6; and H15/C-13, which confirmed the partial structure of

H-10/C-8, C-9, and C-11 The ester carbonyl carbon signals (1,
2,7, 8, and OAc-11 ab 169.6, 168.7, 170.1, 169.0, and 169.7)
showed long-range HMBC correlations with ring protons (H-1 at
0 5.62, H-2 at 5.18, H-7 atd 5.50, H-8 at) 5.34, and H-11 ab

4.51 and 5.21). The relative stereochemistry2afas determined

by analysis of NOE correlations. From these data, the structure of
2 was established asf23,7/5,83,11-pentaacetoxyed5a-dihy-
droxy-3n,15-[2-methyl-3-(3"-carboxy-2 -pyridyl)propanoic acid]-
dicarbolactone dihydroxyagarofuran, and the compound has been

a dihydroagarofuran skeleton attached to a pyridine alkaloid ring given the trivial name tripfordine B.

moiety at C-3 to C-15. Cross-peaks between't&-2, C-6, C-12;
H-5'/C-3; H-7'/C-2, C-9; and H-10/C-8 supported the assign-

Compound3 was obtained as a colorless, amorphous powder.
Asinland2, the IR spectrum o8 showed the presence of hydroxyl

ments of the pyridine alkaloid mOiety. CrOSS'peakS that appeared (3600 le)’ ester Carbony| (1695 CTﬁ), a’ﬁ_unsaturated Carbony|

betweend 3.70 (H-15) and 168.0 (C-1pand betweer 5.02 (H-
3) and 173.0 (C-1] indicated that the pyridine alkaloid moiety

(1680 cmY), and pyridine (1640, 1535 cr) groups. Its molecular
formula was established asd4s0:7/N from the HREIMS (Wz

was connected with ester linkages at C-3 and C-15 of the 763.2679) and NMR spectroscopic data. Its UV spectrum showed
dihydroagarofuran skeleton. The positions of the acetate esters inan absorption maximum at 237 nm due to a conjugated aromatic
1 were confirmed by long-range correlations of the ester carbonyl ring.

carbon signals (1, 5, 7, 8, and OAc-11A&1169.8, 169.8, 169.9,
169.2, and 170.2) with the respective ring protons (H-& &t50,
H-5 atd 6.91, H-7 atd 5.52, H-8 atd 5.35, and H-11 ad 4.61

The 'H NMR spectrum of3 disclosed the presence of two
quaternary methyls, two tertiary methyls, five acetyl methyls, three
aromatic protons, two methylenes connected to oxygens, five

and 5.42) in the HMBC spectrum. The relative stereochemistry of methines connected to ester oxygens, and a methine connected to
1 was confirmed by NOE correlations. From these data, the structure 4 hydroxyl group. Thé*C and DEPT NMR spectroscopic data

of 1 was established ag3ba,75,83,11-pentaacetoxyfR4o-dihy-
droxy-30,15-[2-methyl-2-hydroxy-3-(3"-carboxy-2-pyridyl)pro-

indicated the presence of seven ester carbonyl groups, five pyridine
ring carbons, four methyl carbons, two methylene carbons connected

panoic acid]dicarbolactone dihydroxyagarofuran and has been given; gxygen, six methine carbons connected to oxygen, two quaternary

the trivial name tripfordine A.

carbons connected to oxygen, and two methine carbons!Hhe

Compound was obtained as a colorless, amorphous solid. The 'H COSY and HMBC experiments established the connectivity of

IR spectrum indicated the presence of hydroxyl (3450%nester
carbonyl (1740 cm?), a,3-unsaturated carbonyl (1710 cf), and
pyridine ring (1650, 1540 cnt) moieties. Its molecular formula
was established aszgE450:7N from the HREIMS Wz 763.2693)

these carbons. Th#d and3C NMR spectra of3 were similar to
those of5,1617 suggesting that these compounds have the same
hypoglaunine-type pyridine alkaloid structure. However,'thend
13C NMR spectra of3 lacked the furanoyl group found i6.

and NMR spectroscopic data. Its UV spectrum showed an absorp-Furthermore, the H-5)5.46) signal in3 appeared at higher field
tion maximum at 267 nm due to a conjugated aromatic ring. The by approximately 1.41 ppm than that®&fln the HMBC spectrum

IH NMR spectrum of2 revealed the presence of two quaternary

of 3, correlations between H-9 (5.46) and both C-7469.1) and

methyls, one tertiary methyl, five acetyl methyls, three aromatic C-10 © 92.9) were observed. These findings suggest3ias a

protons, two methylenes connected to oxygens, five methines hydroxyl group at C-5. The HMBC correlations between H-1/C-9,
connected to ester oxygens, and one methine connected to &-8, C-11; H-3/C-2, C-1; H-5/C-7, C-10, C-13; H-7/C-8, C-9; H-8/
hydroxyl group. Thel®C and DEPT NMR spectroscopic data C-9, C-11; H-11/C-1, C-8, C-9; H-12/C-3, C-4; and H-14/C-13
indicated the presence of seven ester carbonyl groups, five pyridineagain confirmed a dihydroagarofuran structure with a pyridine
ring carbons, three methyls, two methylenes, two methylenes alkaloid ring attached at C-3 to C-15. Assignments of the pyridine
connected to ester oxygen atoms, six methines, and two quaternaryalkaloid moiety were supported by the following cross-peaks: H-3/
carbons connected to oxygen atorid—'H COSY and HMBC C-17; H-14/C-15; H-15/C-12 H-2'/C-12; H-5'/C-3, C-6; H-6'/
experiments established the carbon connectivity patterns. AlthoughC-5; H-7'/C-4; H-9'/C-4, C-7, C-8; H-10/C-7,C-8, and C-11

the H and13C NMR spectra oR were similar to those of and The acetate esters Biwere assigned at C-1, -2;7, -8, and -11

45 demonstrating that these three compounds have the sameon the basis of the correlations of the ester carbonyl carbons with
skeleton, comparison of their spectroscopic data showed thering protons (1, 2, 7, 8, and OAc-11@tl69.3, 168.9, 170.0, 168.6,
following differences. Likel, compound?2 has only five acetyl and 169.8 with H-1 ab 5.55, H-2 at) 5.28, H-7 at) 5.49, H-8 at
methyl groups rather than the six found4n A hydroxyl rather 0 5.34, and H-11 ab 4.53 and 5.10, respectively). The molecular
than an acetate group is found at C-524non the basis of an ~ formula and the unsaturation number obtained by HREIMS
approximately 1.55 ppm upfield shift of H-B 6.33) in2 relative supported the above conclusions. The relative stereochemistry of
to 4. In addition, compound® and4 have different substituents at 3 was determined by analysis of NOE correlations. From these data,
C-9 (H in 2, OH in 4) on the basis of the following data. # the the structure o8 was established ag#23,75,83,11-pentaacetoxy-
10-methyl proton signald 1.46) appeared as a singlet, whileZin 40,50-dihydroxy-3x,15-[2,3-dimethyl-3-(3"-carboxy-4-pyridyl)-

this signal ¢ 1.16) was observed as a doublet at slightly higher Propanoic acid]dicarbolactone dihydroxyagarofuran and has been
field (0.3 ppm). Moreover, in th&C NMR spectrum o, the C-9 given the trivial name tripfordine C.

carbon signal appeared at38.1, and this tertiary carbon signal Eight known compounds [evonine, alatusinine, wilforjine, 4-hy-
correlated with the H-10proton signal at 2.33 in the HMBC droxy-7-epi-chuchuhusnine E-V, euonymin2Q), tripterifordin,



Sesquiterpene Pyridine Alkaloids from Tripterygium wilfordii

Table 1. Anti-HIV Activity of 1—3 and Related Compounds
from Prior Screenint16.22.23

compound 1Go (ug/mL)®  EGCso (ug/mL)P TIc
tripfordine A (1) >25 134 1.9
tripfordine B @) >25 NS!
tripfordine C @) >25 NS
wilforine (6)16 >100 NS
wilforgine (7)16 >100 NS
wilfordine (8)1¢ 20.0 <0.10 >200
wilfortrine (9)16 >100 <0.10 >1000
hypoglaunine A10)!6 >100 0.13 >769
hypoglaunine B1{1)16 >100 0.10 >1000
hypoglaunine D12)16 22.2 NS
triptonine A (13)13 >100 25 >39.4
triptonine B (14)13 >100 <0.1 >1000
hyponine A (L5)%? 27.7 1.0 27.7
hyponine D (6)23 20.2 NS
hyponine F 17)% >100 35.2 >2.8
forrestine (8)23 >100 0.48 >208
cangoronine E-11(9)%? 56.8 0.90 63.4
euonymine 20)16 22.8 0.20 113
neoeuonymine1)23 >100 0.88 >113
hyponine B 22)22 >100 0.10 >1000
AZT 500 0.012 41 667

a|Cso = concentration of test sample that was toxic to 50% of the
mock-infected cells? ECso = concentration of the test sample that was
able to suppress HIV replication by 50%Therapeutic index (Tl
ratio of the 1Go to EGso. NS = no suppressiorf. This EG value is
the mean of 65 E&g values for AZT.
wilforine (6), and wilfordine 8)] also insolated were identified by
comparing their physical and spectroscopic data with those in the
literaturel6-20

The three new compounds;-3, were evaluated in an in-house
cytotoxicity bioassad against six different human cancer cell lines
[A549 (lung), HCT-8 (ileocecal), A431 (epidermoid), AR751
(breast), LN-CaP (prostate), PC-3 (prostate)], but were not active
(|C5o > 4,ng/m|_)

Because we previously reported anti-HIV data for related
sesquiterpene pyridine alkaloidé<22) from the genudriptery-
gium13162225ompoundd—3 were also screened in HIV-1-infected
H9 lymphocytes (Table 1). Among these compounds, 12 alkaloids
(8—11, 13—15, and18—22) showed anti-HIV activity with EGy
values from 2.54 t6<0.10ug/mL, while the remaining compounds
(1-3, 6, 7, 12, 16, and 17) were inactive. The following SAR
observations were drawn from these data.
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COOCH;

COOCH;

13 14

15: Ry =Ac, R, =Ac, R =Fu
16: Ry = Ac, R, = Nic, R3 =Bz
17: Ry =Ac, R, =Fu, R; = Ac
18: Ry =Ac, R, =Bz, R; = Ac
19: Ry =Ac, R, =Ac, R; =Bz
20: Ry =Ac, R, =Ac, Rz3 =Ac
21: Ry =Ac, R, =Ac,R3=H

22: Ry =Fu, Ry =Ac, Ry =Ac

were obtained on a JASCO DIP-370 digital polarimeter (0.5 dm).

IR and UV spectra were recorded on JASCO IR-810 and Hitachi 320-S
spectrophotometers, respectivefd and *C NMR spectra were
determined on JEOL JNM-A400 and JEOL LA 500 instruments in
CDCl; using TMS as an internal standard. Mass spectra were recorded
on a JEOL SX102A instrument. Silica gel (Merck, type 60,320
mesh) was used for column chromatography. Analytical HPLC was
performed on a Tosoh liquid chromatograph equipped with a UV
detector at 254 nm and a reversed-phased column (YMC A-303) using
a solvent mixture of MeOHH,O. Preparative HPLC was carried out
on Tosoh or Gilson liquid chromatographs equipped with a reversed-

This alkaloid class contains a sesquiterpene skeleton, a nicotinicphase column (YMC-Pack, ODS-A) at 254 nm using the same solvents

acid moiety, and a propionic or butyric acid at positidre-4' of
the nicotinic acid, with the two latter components linking the

as employed for analytical HPLC.
Plant Material. The roots ofTripterygium wilfordiiwere collected

sesquiterpene C-3 and C-15. Among the various sesquiterpendn Fujian Province, People’s Republic of China, and verified by
substituents, a C-5 acetyl group was found most commonly among Pharmacognosy Associate Professor Guan-Yun Gu, Vice-Chairman of

the active compounds, and the rank order of potency was 5-acety
(20) > 5-hydroxy @1) > 5-benzyloxy (9) > 5-furanoyl (L5), on

the basis of comparison of the Efvalues ofl5 and19—21. In
addition, the active triptonine B14) has a monoterpene moiety

IScientific and Technical Archives of Shanghai Medical University,

Shanghai, China. A voucher specimen is deposited at the Department
of Chemistry of Natural Drugs, School of Pharmacy, Shanghai Medical
University, Shanghai, China.

Extraction and Isolation. The root bark off. wilfordii was extracted

linked to positions-7 and -11 by ester bonds. However, compounds with CHCl,. The CHC} extract (925 g) was obtained by evaporation

with a nicotinic ester16) or hydroxy () group at C-2 were inactive.
The position of the carboxypropyl or carboxybutyl chain on the
nicotinic moiety is not critical since both compounds (2'-
substituted) and.1 (4'-substituted) exhibited high activity (E&
0.10ug/mL). In addition, compounds with a tertiary hydroxy group
in the propionic (C-§ or butyric (C-9) acid side chain showed
anti-HIV activity (e.g.,8, 9, 10, 11, 14), while corresponding
compounds without this OH were inactivé, (7, 12) or much less
active (L3), respectively. However, although compou2d does
not contain an OH-8 it was highly active; thus, other structural

of the solvent. The CHGlextract was dissolved in MeOH and
chromatographed on a silica gel column (3.5 kg,<L150 cm). The
MeOH solution was eluted with benzenEtOAc—n-hexane (14:5:6)

to give fraction 1 (64.5 g), Ckl,—acetone (1:0 to 1:4) to give fraction

2 (41.1 g), acetone to give fraction 3 (120.3 g), CEEMeOH—H0O
(14:50:3, 65:35:10) to give fraction 4 (63.6 g), and MeOH to give
fraction 5 (106.1 g). Each fraction was checked by TLC and HPLC.
Fraction 3 (120.3 g) was chromatographed on a LH-20 silica gel column
(1.9 kg, 11x 150 cm) (MeOH) and eluted with CHEtMeOH (95:5,
9:1, 8:2, 7:3, 1:1, 0:100) to afford six fractions (fractions 3-1: 3.8 g,
3-2: 84 ¢, 3-3: 378 g, 3-4: 20.1 g, 3-5: 3.9 g, and 3-6: 23.3 g).

parameters also contribute to activity. More data are needed toFraction 3-2 (8.4 g) was separated by MPLC (Lichroprep RP-18,

elucidate other structureactivity parameters.

Experimental Section

General Experimental ProceduresMelting points were determined
on an MRK air bath-type melting point apparatus. Specific rotations

MeOH-H0, 7:3, 100:0) to gave three fractions (fractions 3-2-1 and
3-2-2 and MeOH fraction). Fraction 3-2-1 was separated by preparative
HPLC (YMC-Pack, ODS-A, MeOHH0, 1:1) to provide three new
sesquiterpene pyridine alkaloids,(1.1 mg),2 (1.7 mg), and3 (6.3

mg), along with five known alkaloids, wilforjine (9.1 mé)alatusinine
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(5.7 mg)® evonine (9.2 mg}? 4-hydroxy-7epichuchuhusnine E-V
(3.3 mg)® and 20 (20.0 mg)!® These five known compounds were

Horiuch et al.

H-1), 5.98 (1H, dJ = 1.2 Hz, OH-5), 6.02 (1H, brs, OH-4), 6.04 (1H,
d, J = 12.0 Hz, H-15b), 7.38 (1H, d] = 8.8 Hz, H-5), 8.72 (1H, d,

obtained as colorless, amorphous powders. Si gel chromatography of]J = 5.2 Hz, H-6), 9.04 (1H, s, H-2; 13C NMR (CDCk) 6 9.8 (C-9),

fraction 2 (41.1 g) eluting with CHGHMeOH (99:1, 95:1, and 90:1)
and MeOH afforded nine fractions (fractions 2-1: 5.8 g, 2-2: 664.7
mg, 2-3: 475.9 mg, 2-4: 3.67 g, 2-5: 6.58 g, 2-6: 4.92 g, 2-7: 4.34
g, 2-8: 3.02 g, and 2-9: 8.56 g). Further purification of fraction 2-1
using repeated preparative HPLC (Lichroprep RP-18, Me®kD,
7:1) gave 20 (7.0 mg¥° and tripterifordin (2.3 mg}° Repeated
purification of fraction 2-4 yielde® (3.3 mg}® and8 (3.2 mg)*¢ These

11.2 (C-10), 18.6 (C-14), 20.4 (CKCOO-8), 20.4 (CHCOO-1), 21.0
(CHsCOO0-2), 21.0 (CHCOO-11), 21.4 (CHC00-7), 23.1 (C-12), 33.0
(C-7), 46.0 (C-8), 51.1 (C-9), 51.9 (C-6), 60.4 (C-11), 68.5 (C-2),
69.1 (C-7), 70.8 (C-8), 71.0 (C-15), 72.5 (C-4), 73.3 (C-1), 74.3 (C-
5), 75.1 (C-3), 84.7 (C-13), 92.9 (C-10), 121.5 (§824.6 (C-3), 151.4
(C-2), 153.1 (C-6), 168.4 (C-12), 168.6 (CHCOO-8), 168.9 (Cht
C00-2), 169.3 (CHCOO-1), 169.8 (CHCOO-11), 170.0 (CKCOO-

four known compounds were obtained as colorless, amorphous powders?), 173.4 (C-11); HREIMS nm/z 763.2679 (calcd for €HsO:7N,

Tripfordine A (1): colorless, amorphous solid; mp 17274 °C;
[0]%%p +4.5 (€ 0.034, MeOH); UV (MeOH)Amax (log €) 260 (2.91)
nm; IR (KBr) vmax 3600, 1740, 1725, 1675, 1640, 1550, 1535, 1500,
1450 cn1?; *H NMR (CDClg, 400 MHz)6 1.41 (3H, H-10), 1.61 (3H,

s, H-12), 1.62 (3H, s, H-14), 1.96 (3H, s, @DO-1), 2.01 (3H, s,
CH;COO0-8), 2.18 (3H, s, C¥COO0-7), 2.19 (3H, s, CECOO-5), 2.29
(3H, s, CHCOO-11), 2.35 (1H, dJ = 3.6 Hz, H-6), 2.84 (1H, m,
H-7'a), 3.70 (1H, dJ = 12.0 Hz, H-15a), 3.99 (1H, dd,= 2.8, 2.8
Hz, H-2), 4.61 (1H, dJ = 13.6 Hz, H-11a), 5.02 (1H, d = 2.8 Hz,
H-3), 5.35 (1H, dJ = 6.0 Hz, H-8), 5.42 (1H, d] = 13.6 Hz, H-11b),
5.50 (1H, d,J = 3.6 Hz, H-1), 5.52 (1H, ddJ = 4.0 Hz, 5.8, H-7),
5.83 (1H, d,J = 12.0 Hz, H-15b), 6.91 (1H, s, H-5), 7.21 (1H, dH,
= 4.8 Hz, 8.0, H-H, 8.11 (1H, ddJ = 1.8, 7.8 Hz, H-4), 8.68 (1H,
dd,J = 1.8, 5.0 Hz, H-6; *C NMR (CDCk, 100 MHz)¢ 17.8 (C-
14), 20.6 (CHCOO-8), 20.8 (CHCOO-1), 21.0 (CHCOO-7), 21.4
(CH;COO-11), 21.6 (CHCOO-1), 22.7 (C-12), 27.6 (C-1031.3 (C-
7, 38.6(C-8), 51.0 (C-6), 52.3 (C-9), 60.5 (C-11), 69.0 (C-2), 69.8
(C-4), 69.9 (C-7), 70.0 (C-15), 71.0 (C-8), 73.7 (C-5), 75.2 (C-1), 77.6
(C-9), 78.9 (C-3), 84.6 (C-13), 94.6 (C-10), 120.6 (§;8.25.7 (C-
3), 137.7 (C-4), 152.2 (C-6), 164.7 (C-2), 168.0 (C-12), 169.2 (CH-
COO0-8), 169.8 (CHCOO-1), 169.8 (CHCOO-5), 169.9 (CHCOO-
7), 170.2 (CHCOO-11), 173.0 (C-1); EIMS m/z 779 [M]* (5), 250
(7), 194 (26), 176 (33), 106 (22), 77 (17), 43 (100); HREIM#
779.2628 (calcd for €HasO18N. 779.2617).

Tripfordine B (2): colorless, amorphous solid; mp 13233 °C;
[0]%% —15.4 € 0.13, MeOH); UV (MeOH)Amax (log €) 267 (3.55)
nm; IR (KBr) vmax 3450, 1740, 1710, 1650, 1635, 1540, 1460 &m
H NMR (CDCls, 400 MHz)¢ 1.16 (3H, d,J = 6.8 Hz, H-10), 1.65
(3H, s, H-14), 1.85 (3H, s, CI£00-1), 1.86 (3H, s, H-12), 1.95 (3H,
s, CHCOO0-8), 2.13 (3H, s, C#£00-2), 2.16 (3H, s, CECOO-7),
2.16 (3H, s, CHCOO-11), 2.33 (1H, m, H-‘&), 2.33 (1H, m, H-9,
2.43 (1H, d,J = 3.2 Hz, H-6), 2.87 (1H, m, H-‘@), 3.72 (1H, dJ =
12.4 Hz, H-15a), 4.08 (1H, m, H), 4.51 (1H, dJ = 13.2 Hz, H-11a),
5.00 (1H, d,J = 2.4 Hz, H-3), 5.18 (1H, ddJ = 2.8, 2.8 Hz, H-2),
5.21 (1H, dJ = 12.4 Hz, H-11b), 5.33 (1H, dl = 2.8 Hz, H-5), 5.34
(1H, d,J = 5.6 Hz, H-8), 5.50 (1H, ddJ = 4.0, 5.6 Hz, H-7), 5.62
(1H, d,J = 3.6 Hz, H-1), 5.85 (1H, d) = 12.4 Hz, H-15b), 5.99 (1H,
d, J = 3.6 Hz, OH-5), 6.37 (1H, brs, OH-4), 7.28 (1H, 1H, dd=
4.8, 8.0 Hz, H-5, 8.36 (1H, ddJ = 2.0, 8.0 Hz, H-4), 8.76 (1H, dd,
J=2.0, 4.8 Hz, H-6; *3C NMR (CDCk) ¢ 18.1 (C-14), 19.0 (C-1{,
20.4 (CHCOO-1), 20.6 (CHCOO-8), 21.0 (CHCOO-11), 21.0 (Cht
COO0-2), 21.4 (CHCOO-7), 23.4 (C-12), 33.0 (CJ733.4 (C-8), 38.1
(C-9),50.8 (C-6), 52.4 (C-9), 60.7 (C-11), 69.2 (C-2), 69.3 (C-7), 71.2
(C-8), 71.2 (C-15), 71.8(C-4), 73.6 (C-1), 74.1 (C-5), 75.1(C-3), 85.0
(C-13), 92.7 (C-10), 121.3 (Cp 123.8 (C-3), 138.7 (C-4), 153.6
(C-6), 165.1 (C-2), 167.1 (C-12, 168.7 (CHCOO-2), 169.0 (Cht
COO0-8), 169.6 (CHCOO-1), 169.7 (CHCOO0-11), 170.1 (CECOO-
7), 175.4 (CHCOO-11); EIMS m/z 763 [M]* (37), 705 (22), 690 (23),
632 (22), 530 (31), 218 (29), 206 (100), 178 (98), 161 (36), 93 (86),
43 (96); EIMSm/z 763 [M]* (37), 705 (22), 690 (23), 632 (22), 530
(31), 218 (29), 206 (100), 178 (98), 161 (36), 93 (86), 43 (96); HREIMS
m/z 763.2693 (calcd for €H4sO17N, 779.2700).

Tripfordine C (3): colorless, amorphous solid; mp 13741 °C;
[0]?% —5.8 (€ 0.022, MeOH); UV (MeOH)Amax (log €) 237 (2.93)
nm; IR (KBr) vmax 3600, 1695, 1680, 1640, 1535, 1500, 1450 &m
!H NMR (CDCl;) 6 1.08 (3H, d,J = 7.2 Hz, H-10), 1.36 (3H, dJ =
7.2 Hz, H-9), 1.68 (1H, s, H-14), 1.82 (3H, d,= 1.2 Hz, H-12), 1.83
(3H, s, CHCOO-1), 1.95 (3H, s, CK¥COO0-8), 2.14 (3H, s, CKCOO-
7), 2.15 (3H, s, CHCOO0-2), 2.20 (3H, s, CKCOO-11), 2.45 (1H, d,
J= 2.4 Hz, H-6), 3.73 (1H, dJ = 12.0 Hz, H-15a), 4.53 (1H, d| =
13.2 Hz, H-11a), 4.73 (1H, d, = 2.4 Hz, H-3), 479 (1H, gy = 7.2
Hz, H-7a), 5.10 (1H, dJ = 13.2 Hz, H-11b), 5.28 (1H, dd = 2.8,
3.6 Hz, H-2), 5.34 (1H, dJ = 6.0 Hz, H-8), 5.46 (1H, dJ = 2.4 Hz,
H-5), 5.49 (1H, ddJ = 3.8, 5.8 Hz, H-7), 5.55 (1H, d] = 3.8 Hz,

763.2668).
Biological Assays.The details of the in vitro cytotoxicity and anti-
HIV assays have been reported previousih
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