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Proliferation of Human Immunodeficiency Virus Type 1 and Its Protease
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The conjugates of some dicarboxylic acid hemiesters of triterpenes which show potent inhibition against
human immunodeficiency virus type 1 protease (HIV-1 PR) with a reverse transcriptase inhibitor azidothymi-
dine (AZT) or anti-HIV alkaloid FK 3000 were prepared, and their inhibitory activities were investigated against
HIV-induced cytopathic effects (CPE) and HIV-1 PR. Most of the triterpene-AZT conjugates showed potent anti-
HIV activity as well as moderate to potent PR inhibitory activity, though AZT itself showed no PR inhibitory ac-
tivity at all. However, the triterpene-FK 3000 conjugates showed neither PR inhibitory activity nor anti-HIV ac-

tivity.
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Currently, two types of inhibitors of human immunodefi-
ciency virus (HIV) have been developed as therapeutic drugs
for acquired immunodeficiency syndrome (AIDS). One is an
HIV-1 reverse transcriptase (RT) inhibitor, and the other is an
HIV-1 protease (PR) inhibitor. Both enzymes are essential
for the replication of HIV. Combinational uses of these two
types of agents have succeeded in lowering the emergency of
the viral resistance to anti-HIV drugs. However, the virus
cannot be completely eradicated from the bodies of patients
and these anti-HIV drugs are still too expensive to be used by
a majority of AIDS patients. Many attempts to develop new
anti-HIV agents have led to the synthesis and isolation of a
variety of HIV-1 PR or RT inhibitors. However, many of the
enzyme inhibitors showed poor anti-HIV activity regardless
of their potent enzyme inhibitory activities. Recently, another
concept of drug combination emerged, that is to link two
types of HIV inhibitors with a chemical bond, such as conju-
gates of HIV-1 RT inhibitory nucleosides with nonnucleo-
sides,"” and of HIV-1 RT inhibitors with HIV-1 PR in-
hibitors.” The conjugates of two enzyme inhibitors are not
only expected to lower the speed of the emergence of virus-
drug resistance,” but also to enhance the anti-HIV activity.®

We have previously reported that dicarboxylic acid
hemiesters of ursolic acid, oleanolic acid and betulinic acid
showed potent inhibitory activity on HIV-1 PR.** However,
most of these derivatives showed no appreciable anti-HIV ac-
tivity, which was believed to be due to the poor cell perme-
ability. Following the concept mentioned above, we prepared
some conjugates of triterpene derivatives with other anti-HIV
agents, and their anti-HIV activity and HIV-1 PR inhibitory
activity were compared with those of the respective units in
the present paper.

Results and Discussion

Compounds 2—8, 1a—8a were synthesized as reported
previously.” The triterpene-AZT (azidothymidine) conju-
gates (1b, 2b) and triterpene—FK 3000 conjugates (2f, 4f, 6f)
were synthesized by condensation of the corresponding di-
carboxylic acid hemiesters (1a, 2a, 4a, 6a) with AZT or FK
3000 in the presence of dicyclohexylcarbodiimide (DCC)
and 4-dimethylaminopyridine (DMAP) in CH,CL,—CH,CN.
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Compounds 3b—8b were prepared by coupling the respec-
tive amines or oximes with adipic acid hemiester of AZT, the
latter being prepared by condensation of AZT with adipic
acid using a DCC-DMAP method.

The inhibitory activity of the synthesized triterpene conju-
gates against HIV-1 PR was evaluated by quantitative high
performance liquid chromatographic (HPLC) analysis of the

Table 1.
tives

Anti-HIV Protease and Anti-HIV Activity of Triterpene Deriva-

vs. PR vs. HIV Relative potency
Compd.
ICs, (™) IC 9 (um) CCy (um) S.L. to AZT
1 8 NE =110
2 20 13.49 =53.1 3.97 1/223—1/464
3 5.5 NE 266
4 9.5 NE 51.8
5+7 NE 2198
6 >20 NE 13.3
8 >20 NE 13.3
1a 3.0 NE 13.4
2a 7.5 20.9” 41.8 2.00 1/349
3a 5.5 NE 209
4a 4.0 NE 40.9
5a 3.0 NE 53.7
6a 3.0 NE 419
7a 2.1 NE 21.4
8a 35 NE 53.3
1b 32 3.789 15.0 3.99 1/129—1/62.8
2b 4.0 18.49 148 8.01 1/632
3b 1.9 1.844 29.6 16.1 1/30.7
4b 16 4,539 145 32.0 1/75.6
5b 1.2 0.589% 120 204 1/9.83
6b 20 0.3709 73.9 200 1/12.7
7b 1.9 0.469" 120 256 1/7.8
8b 8.0 7.399 >118 >16.0 1/123
2f >100 NE 502
4f >100 NE 31.0
6f >100 NE 1004
AZT  >100 0.0599—0.0291  >1>9 >62.5" 1
0.0599> 19 >128.29
0.02919 62.59

IC,y, the minimum concentration for complete inhibition of HIV-1 induced CPE in
MT-4 cells by microscopic observation. CC,, the minimum concentration for appear-
ance of MT-4 cell toxicity by microscopic observation. NE, not effective. a—d)
Samples with their IC,, values bearing the same superscrip were measured at the same
time.
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cleavage products of a synthetic substrate. The 50% in-
hibitory concentrations (ICsy)) of these conjugates against
HIV-1 PR are listed in Table 1. The anti-HIV activity and cy-
totoxicity of the conjugates were evaluated with MT-4 cells.
The results were represented as IC,,, and CC,, values, refer-
ring to the minimum concentration for complete inhibition of
HIV-1 induced cytopathic effects (CPE) and the minimum
concentration for appearance of MT-4 cell toxicity, respec-
tively.

Although potent HIV-1 PR inhibitory activity was ob-
served in many dicarboxylic acid hemiesters of oleanolic
acid (1a—=8a), most of them exhibited no appreciable anti-
HIV activity. It has been reported that some compounds with
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free carboxylic groups in their structures showed potent HI'V-
1 PR inhibitory activity but little anti-HIV activity due to
their poor cell permeability.” Conjugates of these HIV-1 PR
inhibitors with a reverse transcriptase inhibitor, such as AZT,
may increase their permeability to the cell. The conjugates
then split into two different classes of anti-HIV agents inside
the cell and thus express excellent antiviral activity.” In-
spired by this concept, we prepared several triterpene—AZT
conjugates and triterpene—FK 3000 conjugates. FK 3000 is a
morphinane type alkaloid having anti-herpes simplex virus
activity in vitro and in vivo by inhibiting viral DNA synthe-
sis.*® In addition, we found that FK 3000 also had anti-HIV
activity (IC,,,=7.8 ug/ml, CC,=15.6 ug/ml) but no inhibi-

*
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Fig. 1. Synthesis of Triterpene—AZT and Triterpene—FK 3000 Conjugates

3b R=H, X=-ON=
0 4h R= CHg, X=-ON=
5b R= H, X={3-NH
6b R= CHj. X=p-NH
7b B=H, X=a-NH
8h R= CHa, X=r-NH

3a A=H, X=-ON=
4a R= CHg, X=-ON=
5a A= H, X=%-NH
6a A= CHy, X=[i-NH
7a A= H, X=c-MH
8a A= CHa, X=o-NH
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tory activity against HIV-1 PR, suggesting that it targets a
stage of the viral life cycle, different from that mediated by
PR. When all the conjugates were tested for their anti-HIV
activity and PR inhibitory activity, the triterpene—FK 3000
conjugates (2f, 4f, 6f) showed neither inhibitory activity
against HIV-1 PR nor anti-HIV activity. The poor anti-HIV
activity of the triterpene—FK 3000 conjugates may be due to
the less permeability to cells and/or the difficulty in cleaving
an amide bond of the conjugates into two active inhibitory
components inside the cells.

On the other hand, all the triterpene—AZT conjugates
(1b—8b) showed potent anti-HIV activity (Table 1) and this
activity was compared with the relative potency of samples
to AZT. The 28-free acid derivatives (1b, 3b, 5b, 7b) were
more potent than the corresponding 28-methyl ester deriva-
tives (2b, 4b, 6b, 8b). With respect to the chemical bond at
position-3, the 3-amide conjugates (5b—7b except for 8b)
were the most potent followed by the 3-imide conjugates (3b,
4b). The conjugates with a 3-ester bond (1b, 2b) showed the
weakest anti-HIV activity among the triterpene—AZT conju-
gates (1b—8b). The most potent compound (7b) completely
inhibited HIV-1 induced CPE on MT-4 cells at 0.47 um, 1/7.8
fold of the potency of AZT.

Although AZT itself showed no inhibitory activity against
HIV-1 PR, most of the triterpene—AZT conjugates exhibited
moderate to potent PR inhibitory activity. Especially, those
had a free acid group at position-28 (1b, 3b, Sb, 7b) showed
inhibitory activity against HIV-1 PR comparable to or even
more potent than the corresponding triterpene dicarboxylic
acid hemiesters (1a, 3a, 5a, 7a). The most potent conjugate
5b had an ICy; as low as 1.2 um. Since no hydrolysis of the
triterpene—AZT conjugates was observed under the assay
conditions when monitored by HPLC, the triterpene—-AZT
conjugates but not the hydrolysates were responsible for the
inhibitory activity of 1b—8b against HIV-1 PR. Size exclu-
sion chromatography of Sb using the reported method” re-
vealed that the action mechanism was dimerization inhibition
(data not shown). The improved potency of triterpene—AZT
conjugates over triterpene dicarboxylic acid hemiesters may
indicate that the overall structures of the triterpene conjugate
could fit at a site of HIV-1 PR leading to the inhibition of
dimerization. Although the anti-HIV activity of these conju-
gates was weaker than that of AZT itself, the PR inhibitory
effects may be effective for AZT-resistant virus.

Experimental

General Experimental Procedures Optical rotations were measured
with a JASCO DIP-360 automatic polarimeter. Proton nuclear magnetic res-
onance (‘"H-NMR) spectra were measured with either a Varian Gemini 300
("H, 300 MHz), Varian Unity 500 (‘H, 500 MHz) or JEOL JNA-LA 400WB-
FT ('H, 400 MHz) NMR spectrometer. The chemical shifts are represented
in ppm with tetramethylsilane (TMS) as an internal standard. Atmospheric
pressure ionization mass (API-MS) spectra were measured with a Perkin-
Elmer SCIEX API-III biomolecular mass analyzer. Preparative HPLC was
carried out on a Gilson instrument with a 231 LX injector, a 119 UV/VIS de-
tector and a TSK gel ODS-80T,, column (21.5X300 mm, Tosoh Co.).

Chemicals and Enzyme FK 3000 was isolated from the root tubers of
Stephania cepharantha Havata as reported previously.® An HIV-protease
assay kit was purchased from Backem Bioscience.

General Procedure for Coupling of Oleanolic Acid Derivatives with
AZT (1b, 2b) Azidothymidine (70mg, 0.26 mmol) and DCC (8.0 mg,
0.04 mmol) were added to a solution of triterpene acid (la or 2a 0.02—
0.04 mmol) and DMAP (4.0mg, 0.03mmol) in a mixture of CH,Cl,—
CH,CN (4: 1, 2ml). The reaction mixture was allowed to stand for 10h at
room temperature with stirring. The solvent was then removed, and the
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residue was subjected to column chromatography on RP-18 (H,0-MeOH
3:7—0:1).

3-0-[6-0-(Azidothymidine-5'-yl)-adipoyl]oleanolic Acid (1b): 33.7%,
[0]F +46.3° (c=0.22, CHCL,); 'H-NMR (CDCl;, 400 MHz) §&: 0.75 (3H,
s), 0.84 (3H, s), 0.85 (3H, s), 0.90 (3H, s), 0.93 (6H, s), 1.13 (3H, s)
(7XCH,), 1.93 (3H, d, J=1.0Hz, CH;-Nu), 2.34 (2H, t-like, H-2'), 2.41
(2H, t-like, H-5"), 2.46 (2H, m, H-2'-Nu), 2.83 (1H, dd, /=13.5, 4.1 Hz, H-
18), 4.06 (1H, q, J=4.6 Hz, H-4'-Nu), 4.22 (1H, dt, J=7.5, 5.5Hz, H-3'-
Nu), 4.31 (1H, dd, /=3.8, 12.2 Hz, Ha-5"-Nu), 4.38 (1H, dd, /=4.6, 12.1 Hz,
Hb-5'-Nu), 4.50 (1H, t, J=7.8 Hz, H-3), 5.27 (1H, t-like, H-12), 6.09 (1H, t,
J=6.3Hz, H-1"-Nu), 7.21 (1H, d, J=1.2 Hz, H-6-Nu), 9.36 (1H, brs, NH-
Nu); API-MS (positive): m/z 856 [M+Na]" (100); (negative): 832 [M—1]~
(100), 597 (50), 583 (70), 455 (35).

3-0-[6-0-(Azidothymidine-5'-yl)adipoyl]oleanolic Acid Methyl Ester
(2b): 28.9%, [0]% +47.2° (¢=0.72, CHCl,); "H-NMR (CDCl,) &: 0.72 (3H,
s), 0.85 (6H, s), 0.90 (3H, s), 0.93 (6H, s), 1.13 (3H, s) (7XCH,), 1.65 (over-
lapped signals, H-3’, 4), 1.93 (3H, d, /=0.9Hz, CH;-Nu), 2.33 (2H, t,
J=6.9Hz, H-2"), 2.41 (2H, t, J=6.5Hz, H-5"), 2.44 (2H, m, H-2'-Nu), 2.87
(1H, dd, J=13.5, 4.1 Hz, H-18), 3.62 (3H, s, COOCH;-28), 4.06 (I1H, q,
J=4.6Hz, H-4'-Nu), 4.21 (1H, dt, J=7.5, 5.4 Hz, H-3’-Nu), 4.31 (1H, dd,
J=3.9, 12.0 Hz, Ha-5'-Nu), 4.38 (1H, dd, /=4.3, 12.0 Hz, Hb-5'-Nu), 4.50
(1H, t, J=7.8 Hz, H-3), 5.28 (1H, t-like, H-12), 6.10 (1H, t, J=6.3 Hz, H-1'-
Nu), 7.20 (1H, d, J=0.9Hz, H-6-Nu), 8.49 (1H, brs, NH-Nu); API-MS
(negative): m/z 846 [M—1]" (55), 455 (20).

Adipoylazidothymidine A mixture of azidothymidine (300mg, 1.11
mmol), adipic acid (800 mg, 4.44 mmol), 4-dimethylaminopyridine (DMAP)
(80 mg, 0.65 mmol) and DCC (300 mg, 1.45 mmol) in tetrahydrofuran (THE,
50ml) was stirred overnight at room temperature. The solution was then
concentrated to dryness under vacuum and purified by ODS column chro-
matography (H,0-MeOH 100:0—40:60) to give adipoylazidothymidine
(320mg, 73.0% yield) as a white powder; API-MS (negative): m/z 394
M—1]" (80).

30~ and 3-Amino-olean-12-en-28-olic Acids (5, 7) Sodium cyano-
borohydride (0.42 g, 9 mmol) was added to a methanol solution of 3-hydroxy-
imino-olean-12-en-28-oic acid (200mg, 0.41 mmol)® and ammonium ac-
etate (0.37 g, 6.8 mmol) under argon atmosphere. The solution was cooled in
ice water, and 15% aqueous titanium bichloride (1.2ml, 1.4mmol) was
added dropwise over 20 min. The mixture was stirred at room temperature
for 12h and then treated with 2 N sodium hydroxide to adjust to pH 10. The
aqueous solution was extracted with CHCI1; (150 ml1X2), and the organic
layer was repeatedly washed with water and concentrated to dryness to give
a mixture of 3¢ and 3 3-amino compounds as a white powder, in a yield of
89.0%.

Preparation of Compounds 3b—8b A mixture of adipoylazidothymi-
dine (27—60mg, 0.07 mmol), 3, 4, 6, 8, or 3a- and 3 S-amino-oleanolic
acids (5+7) (15—30mg, 0.03—0.06 mmol), DMAP (7 mg, 0.06 mmol) and
DCC (16 mg, 0.08 mmol) in THF (2 ml) was stirred overnight at room tem-
perature until the starting material disappeared. The reaction mixture was
then treated with water, concentrated to dryness under vacuum, and purified
by chromatography on a column of ODS and HPLC (H,0-MeOH 20 : 80—
0:100) to give compounds 3b—8b.

Compound 3b: 54.4% in yield, [o]% +39.5° (c=1.22, CHCl,); '"H-NMR
(CDCly) 6: 0.77 (3H, s), 0.89 (3H, s), 0.92 (3H, s), 0.99 (3H, s), 1.11 (6H,
s), 1.24 (3H, s) (7XCH,), 1.93 (3H, brs, CH;-Nu), 2.42 (7H, overlapped sig-
nals, H-2'-Nu, Ha-2, 2’, 5), 2.85 (2H, overlapped signals, H-18, Hb-2), 4.06
(1H, q, J=4.5Hz, H-4'-Nu), 4.24 (1H, dt, J=7.2, 5.4Hz, H-3'-Nu), 4.30
(1H, dd, J=3.9, 12.0 Hz, Ha-5'-Nu), 4.38 (1H, dd, /=4.5, 12.3 Hz, Hb-5'-
Nu), 5.27 (1H, t-like, H-12), 6.09 (1H, t, J=6.3 Hz, H-1"-Nu), 7.20 (1H,
brs, H-6-Nu); API-MS (negative): m/z 845 [M—1]" (80); Anal. Calcd for
C,HgOoNg: C, 65.21; H, 7.86; N, 9.93. Found: C, 65.34; H, 7.98; N, 9.72.

Compound 4b: 58.1% in yield, [¢]% +65.7° (¢=0.46, CHCL,); 'TH-NMR
(CDCL,) 6: 0.76 (3H, s), 0.90 (3H, s), 0.93 (3H, s), 1.02 (3H, s), 1.12 (3H,
s), 1.13 (3H, s), 1.25 (3H, s) (7XCHj), 1.65 (overlapped signals, H-3', 4"),
1.94 (3H, d, /=0.9 Hz, CH;-Nu), 2.33 (7H, overlapped signals, H-2'-Nu, H-
2a, 2', 5"), 2.89 (2H, overlapped signals, H-18, H-2b), 3.63 (3H, s,
COOCH;-28), 4.06 (1H, q, J=4.5Hz, H-4'-Nu), 423 (IH, dt, J=72,
5.4Hz, H-3'-Nu), 4.30 (1H, dd, J=3.9, 12.0 Hz, Ha-5'-Nu), 4.39 (1H, dd,
J=4.5, 12.3 Hz, Hb-5'-Nu), 5.29 (1H, t-like, H-12), 6.10 (1H, t, J=6.3 Hz,
H-1'-Nu), 7.20 (1H, d, /=0.9 Hz, H-6-Nu), 8.52 (1H, brs, NH-Nu); API-
MS (negative): m/z 859 [M—1]" (80).

Compound 5b: 58.4% in yield, [¢]5 +41.8° (c=1.36, CHCL,); 'H-NMR
(CDC1,—CD;0D) 8: 0.77 (3H, s), 0.78 (3H, s), 0.86 (3H, s), 0.90 (6H, s),
0.93 (3H, s), 1.15 (3H, s) (7XCH;), 1.92 (3H, s, CH;-Nu), 2.21 (2H, t-like,
H-2"), 2.43 (4H, overlapped signals, H-5", H-2'-Nu), 2.82 (1H, dd, J=13.5,
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4.1Hz, H-18), 3.65 (overlapped with H,O signal, H-3), 4.06 (1H, q,
J=4.4Hz, H-4'-Nu), 4.25 (1H, dt, J=7.4, 5.5Hz, H-3'-Nu), 4.30 (1H, dd,
J=3.8, 12.1 Hz, Ha-5'-Nu), 4.37 (1H, dd, J/=4.4, 12.1 Hz, Hb-5'-Nu), 5.27
(1H, t-like, H-12), 6.08 (2H, overlapped signals, NH, H-1"-Nu), 7.25 (1H,
brs, H-6-Nu); API-MS (negative): m/z 831 [M—1]" (100); Anal. Calcd for
C,sHesOsNg: C, 66.31; H, 8.23; N, 10.09. Found: C, 65.99; H, 8.30; N, 9.86.

Compound 6b: 70.9% in yield, [¢]3 +41.8° (c=1.36, CHCl,); 'H-NMR
(CDCLy) 6: 0.72 (3H, s), 0.76 (3H, s), 0.88 (3H, s), 0.89 (6H, s), 0.90 (3H,
s), 0.92 (3H, s) (7XCHs), 1.65 (overlapped signals, H-3', 4"), 1.93 (3H, s,
CH;-Nu), 2.20 (2H, t-like, H-2"), 2.43 (4H, overlapped signals, H-5', H-2'-
Nu), 2.87 (1H, dd, J=13.5, 4.1 Hz, H-18), 3.62 (3H, s, COOCH,-28), 3.65
(overlapped signals, H-3), 4.05 (1H, q, /=4.4Hz, H-4'-Nu), 4.23 (1H, dt,
J=7.4, 5.5Hz, H-3'-Nu), 4.29 (1H, dd, J=3.8, 12.1 Hz, Ha-5'-Nu), 4.36
(1H, dd, J=4.4, 12.1 Hz, Hb-5'-Nu), 5.28 (1H, t-like, H-12), 5.29 (1H, d,
J=9.9Hz, NH), 6.08 (1H, t, J/=6.3 Hz, H-1'-Nu), 7.21 (1H, brs, H-6-Nu),
8.77 (1H, brs, NH-Nu); API-MS (negative): m/z 845 [M—1]" (100).

Compound 7b: 16.7% in yield, [o]% +35.0° (c=0.54, CHCL,); 'H-NMR
(CDCL,) 4: 0.76 (3H, s), 0.83 (3H, s), 0.91 (3H, s), 0.93 (6H, 5), 1.18 (3H, s)
(7XCH;), 1.93 (3H, s, CH;-Nu), 2.26 (2H, t-like, H-2"), 2.45 (4H, over-
lapped signals, H-5', H-2'-Nu), 2.83 (1H, dd, J=13.5, 4.1 Hz, H-18), 3.82
(1H, brd, J/=9.3 Hz, H-3), 4.06 (1H, q, J=4.4Hz, H-4'-Nu), 4.26 (1H, dt,
J=7.4, 5.5Hz, H-3'-Nu), 4.34 (2H, m, H-5'-Nu), 5.29 (1H, t-like, H-12),
5.78 (1H, d, J=9.3Hz, NH), 6.08 (1H, t, J=6.3Hz, H-1'-Nu), 7.22 (1H,
brs, H-6-Nu), 8.94 (1H, brs, NH-Nu); API-MS (negative): m/z 831 [M—1]"
(100).

Compound 8b: 68.3% in yield, [o]3 +41.8° (c=1.36, CHC,); 'H-NMR
(CDCLy) 6: 0.73 (3H, s), 0.84 (3H, s), 0.91 (3H, s), 0.93 (3H, s), 0.95 (6H,
s), 1.18 (3H, s) (7XCH,), 1.93 (3H, s, CH;-Nu), 2.24 (2H, t-like, H-2"), 2.43
(4H, overlapped signals, H-5', H-2'-Nu), 2.87 (1H, dd, J=13.5, 4.1 Hz, H-
18), 3.63 (3H, s, COOCH,-28), 3.84 (1H, brd, J=9.0 Hz, H-3), 4.05 (1H, q,
J=4.4Hz, H-4'-Nu), 4.27 (1H, dt, J=7.4, 5.5 Hz, H-3'-Nu), 4.34 (2H, m, H-
5'-Nu), 5.29 (1H, t-like, H-12), 5.76 (1H, d, J=9.0Hz, NH), 6.08 (1H, t,
J=6.3Hz, H-1"-Nu), 7.21 (1H, brs, H-6-Nu), 8.53 (1H, brs, NH-Nu); MS
(negative-API): m/z 845 [M—1]" (100).

General Procedure for Coupling of 3-O-Adipoyloleanolic Acid Deriv-
atives with FK 3000 (2f, 4f, 6f) A solution of triterpene acid (2a, 4a, 6a,
0.02—0.05 mmmol), DMAP (4.0mg, 0.03 mmol), FK 3000 (0.02—0.05
mmol), and DCC (0.02—0.05 mmol) in CH,Cl, (1 ml) was stirred for 10 h at
room temperature. The reaction mixture was treated with water, concen-
trated to dryness, and purified by column chromatography on RP-18
(H,0-MeOH 3:7—0:1) and silica gel (n-hexane—acetone 9:1—7:3) to
obtain pure compounds (2f, 4f, 6f). It is of interest to note that all the triter-
pene—FK 3000 conjugates exhibited double signals for the protons and car-
bons near the nitrogen atom of FK 3000 in the NMR spectra. The phenome-
non can be explained as the bold substitution around the nitrogen of FK
3000 resulting in slow conversion between enantiomers at the chiral center
of the nitrogen for measurement by 'H- and *C-NMR. The chemical shift of
these signals will be presented as /9.

3B-0-[6-(FK 3000)adipoyl]olean-12-en-28-oic Acid Methyl Ester (2f):
59.3% in yield; '"H-NMR (CDCl;) &: 0.72 (3H, s), 0.83 (3H, s), 0.86 (3H, s),

Vol. 50, No. 6

0.90 (3H, s), 0.93 (6H, s), 1.13 (3H, s) (7XCH,), 2.01 (3H, s, COOCH;-6"),
2.04/2.05 (3H, s, COOCH;-7"), 3.55/3.58 (3H, s, OCH,-8"), 3.62 (3H, s,
COOCH;-28), 3.88 (3H, s, OCH;-3), 4.49 (1H, dd, J=9.0, 16.2Hz, H-3),
5.13 (1H, m, H-6"), 5.17 (1H, brs, H-12), 5.38/6.04 (1H, d, J/=4.1 Hz, H-9"),
5.85/5.91 (1H, d, J=3.3 Hz, H-7"), 6.56/6.58 (1H, d, J=7.0Hz, H-1"), 6.74
(1H, d, J=7.0 Hz, H-2"); MS (negative-API): m/z 996 [M—1]" (90).

3B-0-[6-(FK 3000)adipoylimino]olean-12-en-28-oic Acid Methyl Ester
(4f): 55.7% in yield; "H-NMR (CDCl5) &: 0.76 (3H, s), 0.90 (3H, s), 0.93
(3H, s), 1.02 (3H, s), 1.12 (6H, s), 1.25 (3H, s) (7XCH,), 2.01 (3H, s,
COOCH;-6"), 2.04/2.05 (3H, s, COOCH,-7"), 3.55/3.58 (3H, s, OCH,-8"),
3.62 (3H, s, COOCH,-28), 3.88 (3H, s, OCH,-3), 5.15 (1H, m, H-6"), 5.28
(1H, brs, H-12), 5.38/6.04 (1H, d, J=4.1Hz, H-9"), 5.85/5.90 (1H, d,
J=2.7Hz, H-7"), 6.56/6.58 (1H, d, J=8.0 Hz, H-1"), 6.74 (1H, d, J=8.0 Hz,
H-2"); API-MS (negative): m/z 1009 [M—1]" (70).

3B-[6-(FK 3000)adipoylamino]olean-12-en-oic Acid Methyl Ester (6f):
57.2 % in yield; '"H-NMR (CDCl,) &: 0.72 (3H, s), 0.77 (3H, s), 0.87 (3H,
s), 0.88 (3H, s), 0.90 (3H, s), 0.92 (3H, s), 1.13 (3H, s) (7XCHj,), 2.01 (3H,
s, COOCH,-6"), 2.04/2.05 (3H, s, COOCH,-7"), 3.54/3.57 (3H, s, OCH,-8"),
3.62 (3H, s, COOCH;-28), 3.67 (1H, m, H-3), 3.88 (3H, s, OCH;-3), 5.14
(IH, m, H-6"), 5.27 (IH, t-like, H-12), 5.38/6.04 (1H, d, J=3.9 Hz, H-9"),
5.59 (IH, t, J=7.9Hz, H-3), 5.85/5.90 (1H, d, J=2.2Hz, H-7"), 6.56/6.58
(1H, d, J=7.2Hz, H-17), 6.74 (1H, d, J=7.2Hz, H-2"); API-MS (negative):
m/z 995 [M—1]" (100).

HIV-1 Protease Assay The same HIV-1 PR assay kit and method were
used as described previously.®

Anti-HIV Assay MT-4 cells infected with HIV-1 (LAV-1) were used for
the antiviral assay as described previously.”
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