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ABSTRACT.—A series of colchicine and isocolchicine derivatives were evaluated as in-
hibitors of HIV replication in H9 lymphocytes. Colchicine showed only very slight inhibition
in the absence of toxicity, as measured by the therapeutic index (IC5o/ECsc). None of the deriva-
tives inhibited HIV replication in the absence of toxicity.

Colchicine {1] and its derivatives are
known to be powerful mitotic poisons,
anti-inflammatory agents (1), and in-
hibitors of tumor growth (2). Colchicine
was recently reported as an inhibitor of
HIV replication (3,4).

As an extension of our research on tan-
nins as potent inhibitors of HIV reverse
transcriptase and HIV replication in H9
lymphocytic cells (5), we have prepared
and evaluated a series of colchicine {1}
and isocolchicine {2} derivatives as in-
hibitors of HIV replication in H9 lym-
phocytes. Compounds 1 and 2 possess a
similar biphenyl skeleton as found in
some anti-HIV tannins, such as punica-
lin, punicalagin, and punicacortein C

(5).
RESULTS AND DISCUSSION

Table 1 shows that colchicine {1}
showed anti-HIV activity but was also
quite cytotoxic in our bioassay system.
The ICs, and EC,, concentrations are
very close to one another. Colchicine has
a very low therapeutic index (ICsy/
ECs), suggesting that the apparent an-
tiviral activity may be due to cytotoxic-
ity. This is in contrast to the anti-HIV

'For part 2, see Nonaka ez 4/. (5).

activity previously reported for col-
chicine (3,4).

In an effort to improve the therapeutic
index that we measured for colchicine,
we prepared a variety of colchicine de-
rivatives (Table 1). The compounds
were, in general, synthesized according
to literature methods. They include N-
deacetylcolchicine {2}, 2-demethylcolchi-
cine [3}, 2-demethylcolchicine {4}, N-
deacetylcolchiceine [5], 1,2,3-demethyl-
colchiceine {6}, N-trifluoroacetyl-N-
deacetylcolchicine 7], N-trifluoroacetyl-
N-deacetylcolchiceine [8], thiocolchi-
cine {9}, N-deacetylthiocolchicine {10],
2-demethylthiocolchicine {11}, N-deace-
tyl-2-demethylchiocolchicine {12}, 10-
dimethylamino- 10-demethoxycolchicine
{13}, 10-dimethylamino-N-deacetyl-
10-demethoxycolchicine {14}, N-(3,4,
5-trimethoxybenzoyl)-N-deacetylcolchi-
cine {15}, N, 10-bis(3,4,5-trimethoxy-
benzoyl)-N-deacety!-10-demethylcolchi-
cine {16}, N-(3,4,5-trimethoxycinna-
moyl)-N-deacetylcolchicine {17}, N-
inapinoyl-N-deacetylcolchicine {18}, N-
caffeoyl-N-deacetylcolchicine {19}, N-
deacetylisocolchicine {201, N-deacetyl-
1,2,3-demethylisocolchicine {21}, N-
trifluoroacetyl-N-deacetylisocolchicine
{22}, N-trifluoroacetyl-N-deacetyl-1,2,
3-demethylisocolchicine {23}, and 9-
dimethylamino-N-deacetyl-9-demethoxy-
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isocolchicine {24}. Compounds 6, 12,
14, 16, 17, 19, 21, 23, and 24 are
new compounds.

The deacetyl 2 and demethyl 3—6 (6—
8), as well as trifluoro 7 and 8 (6) deriva-
tives were all less active HIV inhibitors
than colchicine. Anti-HIV activity cor-
related with cytotoxicity. S- and N-bear-
ing derivatives 914 (7, 9—13) were pre-
pared, in which the 10-OMe group of
colchicine was replaced by SMe and
NMe, moieties. These compounds in-
hibited HIV replication and H9 cell
growth over a wide range of concentra-
tions. Two compounds, 7 and 9, were
more active than colchicine. Three com-
pounds, 10, 11, and 13, inhibited at
concentrations comparable to colchi-
cine. Two compounds, 12 and 14, were
much less active than colchicine. In all
cases, the anti-HIV activity and cell
growth inhibition were at nearly identi-
cal concentrations, indicating that the
anti-HIV activity is probably due to tox-
icity. Derivatives 15 and 16 introduced
a trimethoxygalloyl group {related to
anti-HIV tannins, such as 1,3,4-tri-O-
galloylquinic acid and related com-
pounds (5)} and 17, 18, and 19 intro-
duced a cinnamoyl group into col-
chicine. These compounds also inhib-
ited HIV replication and cell growth
over a wide range of concentrations, but
once again, cytotoxicity was closely re-
lated to antiviral activity. The isocol-
chicine series 20-24 (6,8), containing a
tautomerically arranged tropolonic oxy-
gen function, was less active than col-
chicine. For colchicine and all the de-
rivatives tested, anti-HIV activity was
correlated with cytotoxicity (R =0.972,
»=10.0001).

In summary, we have prepared a vari-
ety of colchicine derivatives. None of the
derivatives improves upon the very
slight anti-HIV activity which col-
chicine itself exhibits. Because no sig-
nificant HIV inhibition was detected in
the absence of cytotoxicity, additional
tests using different cell lines or virus
strains were not conducted. Despite pre-
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vious reports (3,4), our results suggest
that these compounds are not effective
agents for HIV inhibition.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—
All melting points were taken on a Fischer-Johns
melting point apparatus and are uncorrected. Ir
spectra were recorded on a Perkin-Elmer 1320
spectrophotometer. Uv spectra were taken on a
Varian 220 uv-vis spectrophotometer, and 'H-
nmr spectra were obtained from a Varian 400
MHz nmr spectrophotometer. All chemical shifts
are reported in ppm from TMS. Mass spectral
analyses were determined on a V.G. Micromass
70-70 instrument with a fab system. Analytical
and preparative tlc were carried out on Merck pre-
coated Si gel 60F-254. EM Kieselgel 60 (230—
400 mesh ASTM) was used for cc.

1,2,3-DEMETHYLCOLCHICEINE {6}.—To a
solution of colchicine {11 (500 mg, 1.25 mmol)
in CH,Cl,, 2 1 M solution (5 ml, 5 mmol) of
BBt;/CH,Cl, was dropped under 0°. The reac-
tion mixture was stirred at room temperature for
14 h. After H,0 (20 ml) was added to the mix-
ture, the yellow solution was extracted with
EtOAc (20 ml X 3). The combined EtOAc solu-
tion was dried over Na,SOy, concentrated, and
crystallized from hot H,O to yield 6 (130 mg,
30%) as yellow crystals: mp 205~206°; [a]D
—302° (¢=0.1, EtOH); uv (EtOH) A max (€)
247 (26000), 350 (16000); ir (KBr) 3300, 1620,
1540, 1280 cm™ ' 'H nmr (CD;COCD;, 8) 7.81
(1Hd,J=7.1Hz, NH), 7.66 (1H, d, J=11.8,
Hz, ArH), 7.52 (1H, s, ActH), 7.23 (1H, d,
J=11.8 Hz, ArH), 6.37 (1H, s, Arh), 4.67
(1H, m, H-7), 2.4 (1H, m), 2.2 2H, m), 2.0
(1H, m); fabms m/z [M+ 11" 344. Anal. caled
for C;gH,0¢N*H,0, C59.83, H5.30, N 3.88;
found C 60.03, H 5.28, N 3.79.

N-DEACETYL-2-DEMETHYLTHIOCOLCHICINE
{12}.—To a solution of 2-demethylthiocolchi-
cine [11} (900 mg, 2.24 mmol) in MeOH (10
ml), 2 N aqueous HCl was added. The reaction
solution was refluxed for 24 h. The red solution
was adjusted to pH 8 by NaHCO, and extracted
with CHCI; (20 ml X 3). The combined CHCl;
extract was washed with brine, dried over
Na,S0O,, and evaporated to furnish a crude crys-
tal. Purification of the crystal by cc afforded 12
(500 mg, 62%) as yellow crystals: mp 224° (dec);
[alD —182°(=0.1, CHCl,); uv (EtOH) N max
() 254 (23000), 285 (12000), 377 (20000); ir
(KBr) 1550, 1310, 1140 cm™'; 'H nme (CDCL,,
8)7.58(1H, s, ArH), 7.22(1H, d, ] = 10.4 Hz,
ArH), 7.03 (1H, d, J=10.4 Hz, ArH), 6.53
(1H, s, AcH), 3.94 (3H, s, OMe), 3.74 (1H, m,
H-7), 3.59 (3H, s, OMe), 2.45 (3H, s, SMe),
2.40 2H, m, H-5), 1.62 (2H, m, H-6); fabms
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miz IM+ 11" 360. Anal. calcd for C,gH,,04NS-
13H,0, C61.93, H6.02, N 3.80, § 8.70; found
C62.09, H5.74, N 3.80, § 8.77.

10-DIMETHYLAMINO-N-DEACETYL- 10-DE-
METHOXYCOLCHICINE [14].—To a solution of
N-deacetylcolchicine {2} (100 mg, 0.28 mmol)
in H,O-EtOH (3:1) (10 ml), a 40% di-
methylamine aqueous solution (1.25 ml) was
added. The reaction mixture was stirred at room
temperature for 40 h. After H,O (20 ml) was
added to the brown reaction solution, the reaction
mixture was extracted with CHCl; (20 ml X 3).
The combined CHCI; extract was washed with
brine (50 ml), dried over Na,8Oy, and evaporated
to give a crude brown oil. The oily product was
purified by tlc to yield 14 (50 mg, 49%) as a yel-
low crystal: mp 121-122°% [alD +117°(¢=0.1,
EtOH); uv (EtOH) \ max (€) 252 (26000), 364
(19000); ir (KBr) 1550, 1350 cm™'; 'H nmr
(CDCl3, 8) 7.32 (1H, s, ArH), 7.15 (1H, d,
J=11.0 Hz, ArH), 6.52 (1H, s, ArH), 6.51
(1H, d, J=11.0 Hz, ArH), 3.89 (6H, s,
2 X OMe), 3.69 (1H, m, H-7), 3.62 (3H, s,
OMe), 3.14 (6H, s, NMe,), 2.41 (1H, brs, H-
5), 2.33(1H, m, H-5), 1.67 (1H, m, H-6), 1.22
(1H, m, H-6); fabms m/z (M + 11" 371. Anal.
caled for C,H,604N,°0.6H,0, C 66.15, H
7.19, N 7.35; found C 66.63, H7.00, N 6.97.

N, 10-B1s(3,4,5-TRIMETHOXYBENZOYL)-N-
DEACETYL- 10-DEMETHYLCOLCHICINE {16].—
To a solution of N-deacetylcolchiceine {5} (500
mg, 1.46 mmol) in pyridine-CHCI; (20 ml-10
ml), 1.0 g (4.4 mmol) of 3,4,5-trimethoxyben-
zoyl chloride was added. The reaction mixture
was stirred at room temperature for 14 h. The sol-
vent was removed, and the residue was dissolved
in CHCl; (50 ml). The CHCI; solution was
washed with 5% NaHCO, (50 ml) and then with
brine (50 ml), dried over Na,SOj, and evaporated
to afford a crude product. The crude product was
purified by cc to yield 16 (850 mg, 80% ) as a yel-
low crystal: mp 148-149°; {a}p —152°(=0.1,
EtOH); uv (EtOH) A max (€) 244 (36000), 340
(14000); ir (KBr) 1735, 1655, 1580 cm™'; 'H
nmr (CDCl;, 8) 7.69 (1H, s, ArH), 7.37 (2H, s,
ArH), 7.36 (2H, s, ArH), 7.02 (1H, s, ArH),
6.53(1H, d, J= 16 Hz, AtH), 4.81(1H, m, H-
7), 3.95(3H, s, OMe), 3.91(3H, s, OMe), 3.90
(3H, s, OMe), 3.86(GH, s, 2 X OMe), 3.82(3H,
s, OMe), 3.80 (6H, s, 2 X OMe), 3.77 (3H, s,
OMe), 2.6-2.4 (2H, m, H-5), 2.44 (1H, m, H-
6), 2.00 (1H, m, H-6); fabms m/z (M +1* 732
Anral. caled for C3gH4, 03N, C 64.01, H 5.65,
N 1.91; found C 63.76, H5.73, N 1.89.

N-(3,4,5-TRIMETHOXYCINNAMOYL)-N-
DEACETYLCOLCHICINE {17}.—To a solution of
N-deacetylcolchicine {5} (100 mg, 0.28 mmol)
and 3,4,5-trimethoxycinnamic acid (80 mg,
0.34 mmol) in CH,Cl, (4 ml), 80 mg (0.34
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mmol) of 1,3-dicyclohexylcarbodiimide was
added. The mixture was stitred at room tempera-
ture for 14 h. After CH,Cl, (30 mi) was added,
the mixture was washed with H,O, dried over
Na,SOy, and evaporated to furnish a crude prod-
uct. The crude product was purified by tlc to yield
17 (110 mg, 70%) as a yellow crystal: mp 153—
154°; {alp —73° (¢=0.1, EtOH); uv (EtOH) A
max (€) 244 (35000), 304 (28000); ir (KBr)
1620, 1580, 1250, 1130 cm™ ' 'H nmr (CDCl,,
3) 7.91(1H, d, J=6.2 Hz, NH), 7.70 (1H, s,
ArH), 7.39 (1H, d, J=10.7 Hz, ArH), 7.16
(1H, d, J=15.5 Hz, =CH-Ar), 6.92 (1H, d,
J=10.7 Hz, ArH), 6.56 (1H, s, ArH), 6.45
(2H, s, ArH), 6.37 (1H, d, J=15.5 Hz,
-COCH=), 4.80 (1H, m, H-7), 4.02, 3.97,
3.92, 3.83, 3.75, 3.75, 3.71 (7X3H, 7s,
7 X OMe), 2.6-2.4(3H, m, H-5, -6), 1.95 (1H,
m, H-6); fabms m/z (M + 111 578.

N-CAFFEOYL-N-DEACETYLCOLCHICINE {19].
—~Compound 19 (yellow crystal, 30 mg) was
synthesized from deacetylcolchicine {2} (50 mg)
by the same method by which we prepared 17.
Compound 19: mp 216-219° {alp -74°
(¢=0.1, EtcOH); uv (EtOH) A max (€) 244
(36000), 328 (29000); ir (KBr) 3300, 1650,
1580, 1250 cm ™ ; 'H nmr (CDCl,, 8), 7.73 (1H,
s, AtH), 7.36 (1H, d, /= 10.8 Hz, AtH), 7.11
(1H, d, J=15.4 Hz, =CH-Ar), 6.90 (1H, d,
J=10.8 Hz, ArH), 6.88 (1H, s, ArH), 6.57
(1H, d, J=7.8 Hz), 6.42 (1H, d, J=7.8 Hz),
6.23 (1H, d, J=15.4 Hz, -COCH=), 4.66
(1H, m, H-7), 3.91, 3.90, 3.86, 3.68 (4 X 3H,
4s, 4 X OMe), 2.4 (1H, m, H-5), 2.2 (2H, m,
H-5, -6), 1.9 (1H, m, H-6); fabms m/z [M + 1}*
520. Amal. caled for CyoH,g0N'2H,0, C
62.69,H5.99, N 2.52; found C61.25, H5.40,
N 2.58.

N-DEACETYL-1,2,3-DEMETHYLISOCOLCHI-
CINE {21}.—To a solution of 20 (150 mg, 0.42
mmol) in CH,Cl, (4 ml), 2 1 M BBr,/CH,Cl, so-
lution (2.4 mli, 2.4 mmol) was added under 0°.
The reaction mixture was stirred at room temper-
ature for 1.5 h. After MeOH (5 ml) was added to
the reaction mixrture, it was evaporated to leave
about 1 ml of an oily product. The oily product
was put into gel (Toyo pear] HW40F 25 mm
i.d. X 1 cm), which was previously washed with
H,0O. This gel mixture was washed with H,O (10
ml X 3) and MeOH (10 ml X 3), respectively.
The MeOH solution was evaporated to give 2
crude product. The crude product was purified by
cc on Sephadex LH-20 (25 mm i.d. X 15 ¢m,
95% EtOH) to yield crystalline 21 (120 mg): mp
221-223°% [alD —390° (¢=0.1, EtOH); uv
(EtOH) A max (€) 246 (21000), 353 (12000); ir
(KBr) 3200, 1605 cm™"; 'H nmr (CD,COCD/
D,0, 8) 7.69 (1H, d, J=11.7 Hz, ArH), 7.64
(1H, s, AcH), 7.32(1H, d, J= 11.7, Hz, ArH),
6.45 (1H, s, ArH), 4.55 (1H, m, H-7), 2.7-2.5
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(2H, m, H-5), 2.4-2.1(2H, m, H-6); fabms m/z
M+ 11" 302.

N-TRIFLUOROACETYL-N-DEACETYL-1,2,3-
DEMETHYLISOCOLCHICEINE {23].—Compound
23 (crystal, 100 mg) was synthesized from N-tri-
fluoroacetyl-N-deacetylisocolchicine {22} (150
mg) by a method analogous to that used in the
preparation of 21. Compound 23: mp 181-183°;
{alD —227° (¢=0.1 EtOH); uv (EtOH) A max
(€) 245 (25000), 350 (16000); ir (KBr) 3300,
1605 cm™'; 'H nmr (CD;COCD;, 8) 9.20 (1H,
s, NH), 7.73 (1H, d, J=11.8 Hz, ArH), 7.48
(1H, s, ArH), 7.29 (1H, d, J= 11.8 Hz, ArH),
6.42 (1H, s, ArH), 4.76 (1H, m, H-7), 2.5-2.4
(1H, m, H-5), 2.4-2.2 (3H, m, H-5, -6); fabms
miz M+ 117 398.

9-DIMETHYLAMINO-N-DEACETYL-9-DE-
METHOXYISOCOLCHICINE {24].—Compound
24 (yellow crystal, 60 mg) was prepared from N-
deacerylisocolchicine {20} (100 mg) by the same
procedure by which we made 13. Compound 24:
mp 172°% {[alp —27° (¢=0.1, EtOH); uv
(EtOH) A max (e 257 (26000), 364 (21000); ir
(KBr) 1540, 1350, 1100 cm™'; '"H nmr (CDCl;,
9)7.45 (1H, s, ArtH), 7.18 (1H, d, J = 12.4 He,
ArH), 6.91 (1H, d, J=12.4 Hz, ArH), 6.54
(1H, s, ArH), 3.89(6H, s, 2 X OMe), 3.83 (1H,
m, H-7), 3.68 (3H, s, OMe), 3.17 (GH, s,
NMe,), 2.41(1H, m, H-5), 2.29(1H, m, H-5),
1.9-1.7 (2H, m, H-6); fabms m/z [M + 117 371.
Anal. caled for C, H,,0O4N,2H,0, C 66.47,
H 7.17, N 7.38; found C 66.98, H 6.93, N
7.40.

HIV INHIBITION ASSAY.—Inhibition assays
were conducted as described previously (5). H9
lymphocytes (3.5 X 10° cells/ml) were incubated
in the presence or absence of HIV-1 (HTLV-IIIB,
0.01-0.1 TCID 50/cell) for 1 hat 37°. Cells were
washed thoroughly to remove unadsorbed virions
and resuspended at 4 X 10° cells/ml in culture
medium. Aliquots were placed in the wells of 24-
well culture plates containing an equal volume of
test compound (diluted in culture medium).
After incubation for 3 days at 37°, the cell density
of uninfected cultures was determined by count-
ing cells in the Coulter counter to assess toxicity
of the test compound. A p24 antigen capture
assay was used to determine the level of virus re-
leased in the medium of the HIV-infected cul-
tures. The antigen capture assay uses a mouse
monoclonal antibody as the capture antibody and
rabbit serum specific for p24 as the detector anti-
body. P24 in the culture medium was quanti-
tated against a standard curve containing known
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amounts of p24. The effective (ECs,) and inhibi-
tory (ICs,) concentrations (for anti-HIV activity
and cytotoxicity, respectively) were estimated
graphically. The percent inhibition (for infected
and uninfected cultures) was plotted versus con-
centration for each compound and the 50% inhi-
bition value read from the graph.

ACKNOWLEDGMENTS

This investigation was supported by grant Al-
25697 from the National Institute of Allergies
and Infectious Diseases awarded to K.H. Lee and
A.J. Bodner. The authors thank Debra Lantz,
Terry Patamawenu, and Michelle Youmans for
expert technical assistance.

LITERATURE CITED

1. E. Housset, Ann. Dermatol. Syphiligr., 94,
31 (1967).

2. M.H. Zweig and C.F. Chignell, Biochem.
Pharmacol., 22, 2141 (1973).

3. R.Baumand R. Dagani, Chem. Eng. News,
June 26, 1989, p. 7 (1989).

4. S. Read, M. Lyons, H. Li, and J. Zabris-
kie, “Abstracts,” Sth International Confer-
ence on AIDS, Montreal, Canada, 1989, p.
528.

5. G. Nonaka, I. Nishioka, M. Nishizawa, T.
Yamagishi, Y. Kashiwada, G.E. Dutsch-
man, A.J. Bodner, R.E. Kilkuskie, Y.C.
Cheng, and K.H. Lee, J. Nat. Prod., 53,
587 (1990).

6. H.G. Capraro and A. Brossi, Helv. Chem.
Acta, 62, 965 (1979).

7. M. Roésner, H.G. Capraro, A.E. Jacobson,
L. Atwell, A. Brossi, M.A. Iorio, T.H.
Williams, R.H. Sik, and C.F. Chignell, J.
Med. Chem., 24, 257 (1981).

8. A. Brossi, P.N. Sharma, L. Atwell, A.E.
Jacobson, M.A. Iorio, M. Moliuari, and
C.F. Chignell, J. Med. Chem., 26, 1365
(1983).

9. H. Fernholz, Angew. Chem., 65, 319
(1953).

10. A. Muzaffar, M. Chrzanowska, and A.
Brossi, Heterocycles, 28, 365 (1989).

11. T.S. Lin, G.T. Shiau, W.H. Prusoff, and
R.E. Harmen, J. Med. Chem., 23, 1440
(1980).

12. P. Kerekes, P.N. Sharma, A. Brossi, C.F.
Chignell, and F.R. Quinn, /. Med. Chem.,
28, 1204 (1985).

13. P.N. Sharma and A. Brossi, Hererocycles,
20, 1587 (1983).

Recerved 3 October 1990



