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h S s ~ c r . - 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 (IC5,JEC,,J None of the deriva- 
tives inhibited HIV replication in the absence of toxicity. 

Colchicine 111 and its derivatives are 
known to be powerful mitotic poisons, 
anti-inflammatory agents ( l ) ,  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 111 
and isocolchicine 121 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 117 
showed anti-HIV activity but was also 
quite cytotoxic in our bioassay system. 
The IC,, and EC,, concentrations are 
very close to one another. Colchicine has 
a very low therapeutic index (IC,,J 
EC,,), suggesting that the apparent an- 
tiviral activity may be due to cytotoxic- 
ity. This is in contrast to the anti-HIV 

'For pan 2, see Nonaka et af. (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 l). The compounds 
were, in general, synthesized according 
to literature methods. They include N- 
deacetylcolchicine 127, 2demethylcolchi- 
cine 137, 2-demethylcolchicine 141, N- 
deacetylcolchiceine [51, 1,2,3demethyl- 
colchiceine 161, N-trifluoroacetyl-N- 
deacetylcolchicine Tr], N-trifluoroacetyl- 
N-deacetylcolchiceine 187, thiocolchi- 
cine [91, N-deacetylthiocolchicine 1101, 
2demethylthiocolchicine 1117, Ndeace- 
tyl-2-demethylthiocolchicine 1127, 10- 
dimethy lamino- 1 0-demethoxycolchicine 
1131, 10-dimethylamino-N-deacetyl- 
10-demethoxycolchicine [141, N-(3,4, 
5-trimethoxybenzoyl)-N-deacetylcolchi- 
cine 1157, N, 10-bis(3,4,5-trimethoxy- 
benzoyl)-N-deacetyl- 1 O-demethykolchi- 
cine 1167, N-(3,4,5-trimethoxycinna- 
moy1)-N-deacetylcolchicine 1171, N- 
inapinoyl-N-deacetylcolchicine 1181, N- 
caffeoyl-N-deacetylcolchicine 1191, N- 
deacetylisocolchicine 1207, N-deacetyl- 
1,2,3-demethylisocolchicine 1211, N- 
trifluoroacetyl-N-deacetylisocolchicine 
(221, N-trifluoroacetyl-N-deacetyl- 1,2, 
3-demethylisocolchicine 1231, and 9- 
dimethylamineNdeacety1-9demethoxy- 
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isocolchicine 1241. Compounds 6, 12, 
14, 16, 17, 19, 21, 23, and 24 are 
new compounds. 

The deacetyl 2 and demethyl3-6 (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 9-14 (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, 

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- 

p=o.0001). 

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. AI1 chemical shifts 
are reponed 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 (23C- 
400 mesh ASTM) was used for cc. 

1,2,3-DEMETHYLCOLCHICElNE [6].-To a 
solution of colchicine 111 (500 mg, 1.25 mmol) 
in CH,C12, a 1 M solution (5 ml, 5 mmol) of 
BBr3/CH2CI, was dropped under 0". The reac- 
tion mixture was stirred at room temperature for 
14 h. After H,O (20 ml) was added to the mix- 
ture, the yellow solution was extracted with 
EtOAc (20 ml X 3). T h e  combined EtOAc solu- 
tion was dried over Na,S04, 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 (E) 
247 (26000), 350 (16000); ir (KBr) 3300, 1620, 
1540, 1280cm-'; 'Hnmr(CD,COCD,, 6)7.81 
( 1 H d J z 7 . 1  Hz, NH), 7.66(1H, d,]= 11.8, 
Hz, ArH), 7.52 ( l H ,  s, ArH), 7.23 ( l H ,  d, 
/=  11.8 Hz, ArH), 6.37 ( IH ,  s, Arh), 4.67 
( lH ,  m, H-7), 2.4 ( l H ,  m), 2.2 (2H, m), 2.0 
( l H ,  m); fabms m/z [M+ 1]+ 344. A d .  calcd 
forC,,H,,06N*H,0, C59.83, H5.30, N3.88; 
found C 60.03, H 5.28, N 3.79. 

~-DEACETYL-2-DEMET"IOCOLCHICINE 
[12].-To a solution of 2-demethylthiocolchi- 
cine [ll] (900 mg, 2.24 mmol) in MeOH (10 
ml), 2 N aqueous HCI 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 CHCI, 
extract was washed with brine, dried over 
Na2S04, and evaporated to furnish a crude crys- 
tal. Purification of the crystal by cc afforded 12 
(500 rng, 62%) as yellow crystals: mp 224" (dec); 
{ a ] ~  - 182O(c= 0.1, CHCI,); uv (EtOH) h max 
(E) 254 (23000), 285 (12000), 377 (20000); ir 
(KBr) 1550, 1310, 114Ocm-' ; 'H~nr(CDC1~,  
6)7.58(1H,s,ArH),7.22(lH,d,J=10.4Hz, 
ArH), 7.03 ( l H ,  d, /=  10.4 Hz, ArH), 6.53 
( lH,s ,ArH) ,  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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d z  IM+ 11+ 360. Anal. calcd for C1&12104NS. 
%H20,C61.93,H6.02,N3.80,S8.70;found 
C62.09,H5.74,N3.80,S8.77.  

10-DIMETHYLAMINO-N-DEACEM- 10-DE- 
METHOXYCOLCHICINE [14].-To a solution of 
N-deacetylcolchicine [2] (100 mg, 0.28 mmol) 
in H,O-EtOH (3:l)  (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 reactionsolution, the reaction 
mixture was extracted with CHCI, (20 ml X 3). 
The combined CHCI, extract was washed with 
brine (50 ml), dried over Na2S04, and evaporated 
to give a crude brown oil. The oily product was 
purified by tlc to yield 14 (50 rng, 49%) as a yel- 
lowcrystal: mp 121-122';[a)~ +117"(c=O.1, 
EtOH); uv (EtOH) A max (e) 252 (26000), 364 
(19000); ir (KBr) 1550, 1350 cm-I; 'H nmr 
(CDCI,, 6) 7.32 ( l H ,  s, ArH), 7.15 ( l H ,  d,  
J =  11.0 Hz, ArH), 6.52 ( lH ,  s, ArH), 6.51 
( l H ,  d, ]=11.0 Hz, ArH), 3.89 (6H, s, 
2 X OMe), 3.69 ( lH ,  m, H-7), 3.62 (3H, s, 
OMe), 3.14 (6H, s, NMe,), 2.41 ( l H ,  br s, H- 
5), 2.33 ( lH ,  m, H-5), 1.67 ( lH ,  m, H-6), 1.22 
( lH ,  m, H-6); fabms m/z [M + 1]+ 37 1. Anal. 
calcd for C2,H2604N2.0.6H,0, C 66.15, H 
7.19, N 7.35; foundC 66.63, H 7.00, N 6.97. 

DEACETYL- IO-DEMETHYLCOLCHICINE 1161 .- 
To a solution of N-deacetylcolchiceine 15) (500 
mg, 1.46 mmol) in pyridine-CHCI, (20 ml-10 
ml), 1.0 g (4.4 rnmol) 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 CHCI, (50 ml). The CHCI, solution was 
washed with 5% NaHCO, (50 ml) and then with 
brine (50 mi), dried over Na,S04, 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]D - 152"(c=0.1, 
EtOH); uv (EtOH) A rnax (e) 244 (36000), 340 
(14000); ir (KBr) 1735, 1655, 1580 crn-'; 'H 
nmr (CDCI,, 8 )  7.69 ( l H ,  s, ArH), 7.37 (2H, s, 
ArH), 7.36 (2H, s, ArH), 7.02 ( l H ,  s, ArH), 
6.53(1H,d,J= 16Hz,ArH) ,4 .81(1H,m,H-  
7), 3.95 (3H,s,  OMe), 3.91 (3H,s,OMe), 3.90 
(3H, s, OMe), 3.86 (6H, s, 2 X OMe), 3.82 (3H, 
s, OMe), 3.80 (6H, s, 2 XOMe), 3.77 (3H, s, 
OMe), 2.6-2.4 (2H, rn, H-5). 2.44 ( l H ,  m, H- 
6), 2.00 ( l H ,  rn, H-6); fabrns mlz IM + I+ 732 . 
Anal. calcd for C39H41013N, C 64.01, H 5.65, 
N 1.91;foundC63.76,H5.73,N 1.89. 

N, lO-BIS(3,4,5-TRIMETHOXYBENZOYL)-N- 

N-(3,4,5-TRIMETHOXYCINNAMOYL)-N- 
DEACETYLCOLCHICINE [17].-To a solution of 
N-deacetylcolchicine 151 (100 rng, 0.28 mmol) 
and 3,4,5-trimethoxycinnamic acid (80 mg, 
0.34 mrnol) in CH2C1, (4 ml), 80 rng (0.34 

mmol) of 1,3-dicyclohexylcarbiimide was 
added. The mixture was stirred at room tempera- 
ture for 14 h. After CH,CI, (30 ml) was added, 
the mixture was washed with H,O, dried over 
Na2S04, and evaporated to furnish a crude prod- 
uct. The crude product was purified by tlc to yield 
17 (1 10 mg, 70%) as a yellow crystal: mp 153- 
154"; [a)D -73" (c=O.  1, EtOH); uv (EtOH) A 
max (E) 244 (35000), 304 (28000); ir (KBr) 
1620, 1580, 1250, 1130cm-'; 'Hnrnr(CDCl3, 
8)7 .91(1H,d , ]=6 .2Hz,  NH), 7.70(1H, s, 
ArH), 7.39 ( l H ,  d , J =  10.7 Hz, ArH), 7.16 
( l H ,  d , j =  15.5 Hz, =CH-Ar), 6.92 ( l H ,  d, 
J =  10.7 Hz, ArH), 6.56 ( lH ,  s, ArH), 6.45 
(2H, s, ArH), 6.37 ( lH ,  d,  J =  15.5 Hz, 
-COCH=), 4.80 ( l H ,  m, H-7). 4.02, 3.97, 
3.92, 3.83, 3.75, 3.75, 3.71 (7X 3H, 7s, 
7xOMe),2.6-2.4(3H,m,H-5,-6), 1.95(1H, 
m, H-6); fabms m/z [M + 1]+ 578. 

N-CAFFEOYL-N-DEACETYLCOLCHICINE [19]. 
-Compound 19 (yellow crystal, 30 mg) was 
synthesized from deacetylcolchicine 121 (50 rng) 
by the same method by which we prepared 17. 
Compound 19 :  mp 216-219'; [a]D -74" 
( ~ ~ 0 . 1 ,  EtOH); uv (EtOH) A rnax (E) 244 
(36000), 328 (29000); ir (KBr) 3300, 1650, 
1580, 1250cm-'; 'H nmr(CDCI,, 6), 7.73 ( lH ,  
s,ArH),7.36(1H,d,J=10.8Hz,ArH),7.11 
( l H ,  d , J =  15.4 Hz, =CH-Ar), 6.90 ( IH,  d, 
/ =  10.8 Hz, ArH), 6.88 ( lH ,  s, ArH), 6.57 
( lH ,  d, J = 7 . 8  Hz), 6.42 ( lH ,  d,]=7.8 Hz), 

( lH ,m,H-7) ,  3.91, 3.90, 3.86, 3 . 6 8 ( 4 x 3 H ,  
4s, 4 X OMe), 2.4 ( l H ,  m, H-5). 2.2 (2H, m, 
H-5, -6), 1.9 ( lH ,  rn, H-6); fabms m/z [M + 1)+ 
520. Anal. calcd for C,9H2908N.2H20, C 
62.69, H 5.99, N 2.52; found C 6 1.25, H 5.40, 
N 2.58. 

6.23 ( lH ,  d, J =  15.4 Hz, -COCH=), 4.66 

N-DEACETYL- 1,2,3-DEMETHYLISOCOLCHI- 
CINE [21).-To a solution of 2 0  (150 mg, 0.42 
mmol) in CH,CI, (4 rnl), a 1 M BBr,/CH,CI, so- 
lution (2.4 ml, 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 mixture, it was evaporated to leave 
about 1 ml of an oily product. The oily product 
was put into gel (Toyo pearl HW40F 25 mm 
i.d. X 1 cm), which was previously washed with 
H,O. This gel mixture was washed with H 2 0  (10 
ml X 3) and MeOH (10 ml X 3), respectively. 
The MeOH solution was evaporated to give a 
crude product. The crude product was purified by 
cc on Sephadex LH-20 (25 mrn i.d. X 15 cm, 
95% EtOH) to yield crystalline 21 (120 mg): mp 

(EtOH) A max (E) 246 (2 lOOO), 353 (12000); ir 
(KBr) 3200, 1605 cm-'; 'H nmr (CD,COCD/ 
D,O, 8) 7.69 ( l H ,  d,]= 11.7 Hz, ArH), 7.64 
( lH,s ,ArH) ,  7.32(1H,d,]=11.7,Hz,ArH), 
6.45(1H3, s,ArH),4.55(1H,m,H-7),  2.7-2.5 

221-223'; [U]D -390" (c=O.l, EtOH); uv 
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(2H, m, H-5), 2.4-2.1 (2H, m, H-6); fabms mlz 
[M + 1]+ 302. 

N-TRIFLUOROACETYL-N-DEACETYL- 1,2,3- 
DEMETHYLISOCOLCHICEINE [23].-Compound 
23 (crystal, 100 mg) was synthesized from N-tri- 
fluoroacetyl-N-deacetylisocolchicine 1221 ( 150 
mg) by a method analogous to that used in the 
preparation of 21. Compound 23: mp 18 1-183'; 
[alD -227" ( c = O .  1 EtOH); uv (EtOH) A max 
(E) 245 (25000), 350 (16000); ir (KBr) 3300, 
1605 cm-'; 'H nmr (CD,COCD,, 6 )  9.20 ( l H ,  
s, NH), 7.73 ( lH ,  d ,  /= 11.8 Hz, ArH), 7.48 
( l H ,  s, ArH), 7.29(1H3, d , J=  11.8Hz,ArH), 
6.42 ( l H ,  s, ArH), 4.76 ( l H ,  m, H-7), 2.5-2.4 
( l H ,  m, H-5), 2.4-2.2 (3H, m, H-5, -6); fabms 
m/z [M + 1]+ 398. 

METHOXYISOCOLCHICINE [24].-Compound 
24 (yellow crystal, 60 mg) was prepared from N- 
deacecylisocolchicine E201 (100 mg) by the same 
procedure by which we made 13 .  Compound 24: 
mp 172'; [a]D -27' ( c = O . I ,  EtOH); uv 
(EtOH) A rnax (E 257 (26000), 364 (21000); ir 
(KBr) 1540, 1350, 1100 cm-'; 'H nmr(CDCI,, 
8 )7 ,45(1H,s ,  ArH), 7 .18(1H,d,J= 12.4Hz, 
ArH), 6.91 ( l H ,  d,]= 12.4 Hz, ArH), 6.54 
( lH ,  s, ArH), 3.89 (6H, s, 2 X OMe), 3.83 ( l H ,  
m, H-7), 3.68 (3H, s, OMe), 3.17 (6H, s, 
NMe,), 2.41(1H, m, H-5), 2.29(1H, m, H-5), 
1.9-1.7(2H, m, H-6);fabmsm/z[M+ 1)+371. 
Anal. calcd for Cz1HZbO4N2*%H2O, C 66.47, 
H 7.17, N 7.38; found C 66.98, H 6.93, N 
7.40. 

9-DIMETHYLAMINO-N-DEACETYL-9-DE- 

HIV INHIBITION ASAY.-Inhibition assays 
were conducted as described previously (5). H9 
lymphocytes (3.5 X lo6 celldml) were incubated 
in the presence or absence of HIV-1 (HTLV-IIIB, 
0 . 0 1 4 . 1  TCID 50/cell) for 1 ha t  37". Cells were 
washed thoroughly to remove unadsorbed virions 
and resuspended at 4 X  lo5 celldml 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 

amounts of p24. The effective (EC,,) and inhibi- 
tory (IC,") 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. 
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