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It is well-known that the introduction of vinyl and ethynyl moieties into nucleosides is of crucial 
importance for cytostatic, antiviral, or other biological activities. In this study 6- and 8-vinyl- 
and -ethynyluridine and -adenosine were prepared by a general procedure involving the 
palladium-catalyzed cross-coupling of trimethylsilylacetylene or vinyltributyltin. The introduc- 
tion of a vinyl group at C-6 of uridine or an  ethynyl group at C-8 of adenosine resulted in 
nucleoside derivatives showing cytostatic activity against several murine and/or human tumor 
cell lines. Interestingly, 8-vinyladenosine had pronounced selective inhibitory effects on human 
(MoW4F and MT-4) versus murine (L1210 and FM3A) tumor cell lines. 

Introduction 
As reported by a number of authors, the introduction 

of alkyl, alkenyl and/or alkynyl groups into natural 
purine and pyrimidine nucleosides is of great interest 
in view of their potential biological activities-l In 
particular, modifications of the C-8 position in purine 
nucleosides and the C-6 position of pyrimidine nucleo- 
sides are of significant interest for their influence on 
the conformation of the glycosidic bond (i.e., selectivity 
on adenosine receptors2). Robins and Samano3 have 
recently reported on the synthesis of 2'-deoxynucleoside- 
2'-spirocyclopropanes as mechanistic probes for ribo- 
nucleotide reductase (RRh4 They have demonstrated 
that biomimetic radical reactions yield, through the 
spirocyclopropyl ring opening, 5,6-dihydro-6,2'-ethano- 
2',3'-unsaturated cyclouridine (1) and 8,2'-ethano-2',3'- 
unsaturated cycloadenosine (2). Moreover, Chatto- 
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padhyaya et al. have reported the intramolecular 
cyclization of olefins as a means for trapping carbon 
radicals a t  the 2'- and 3'-carbons of nucleo~ides,~ and 
Tanaka et al. have recently demonstrated the usefulness 
of 6-(bromovinyl)uracil derivatives in radical-mediated 
cyclizations.6 Taking these considerations into account, 
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we envisaged compounds 5, 9 and 13, 14 as possible 
candidates for antitumor/antiviral  agent^.^ The follow- 
ing considerations guided our approach: (a) potential 
antitumor/antiviral activities may be obtained by in- 
troduction of alkenyl and alkynyl groups at  an op- 
portune position of the nucleosidic base;8 (b) a suitable 
function that could trap the incipient radical formed at 
position 2' or 3' of a ribonucleoside may serve as a probe 
for the proposed mechanism of action of ribonucleotide 
reductase; (c) alkynyl and vinyl moieties are known to 
be highly reactive with respect of the radical species; 
(d) the potential formation of cyclonucleosides, through 
addition to the unsaturated functionality (vinyl or 
ethynyl) of the incipient radical on the glycosylic portion, 
may account for the biological a~t iv i ty .~  

Chemistry 
Initially, we were attracted by the possibility to obtain 

S9 starting from compounds 4a and/or 4b (Scheme 1). 
A logical approach prompted us to study the oxidation 
of 4a with 2,3-dichloro-5,6-dicyano-l,4-benzoquinone 
(DDQ) whereas treatment with bases of 4b could 
reasonably afford deprotection of the (triisopropylphen- 
y1)sulfonyl group (TPS) with concomitant elimination 
of hydrobromic acid. Compound 4a has been already 
reported by Bichofberger,lo and 4b was simply prepared 
through reaction of the protected 5-bromouridine with 
triisopropylbenzenesulfonyl chloride (TPS-Cl). All at- 
tempts to achieve 5 as mentioned above were unsatis- 
factory: oxidation Of 4a afforded only traces of the target 
compound, the cleavage of the glycosylic bond being the 
principal reaction. However, better results, even not 
satisfactory, were obtained when 4b was first depro- 
tected with tetrabutylammonium fluoride (TBAI?) in 
THF solution and in situ treated with tetrabutylammo- 
nium hydroxide: very limited amounts (16%) of the 
expected compound 5, with concomitant disappearance 
of starting material, could be recovered. 

In order to produce higher amounts of compound 5, 
we planned a different strategy (Scheme 2): based on 
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3a: X = H 
3b: X = Br 

4a:X=H 
4b: X = Br 

(i) Vinylmagnesium bromide, THF, 0 "C; (ii) (1) TBAF, THF, (2) BQNOH, HzO. 

Scheme 2" 
0 
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7: R = vinyl 
8: R = trimethylsilyl-ethynyl 

111 

10 11: R =vinyl 
12: R - trimethylsilyi-ethynyl 

5 

A 

HO OH 

5: R = vinyl 
9: R =ethynyl 

13: R =vinyl 
14: R = ethynyl 

a (i) Tributylvinylstannane, (PhsPIrPd, DMF; (ii) (trimethylsilyl)acetylene, (PhSP)zPdClz, Et3N; (iii) CF~COZWHZO 50%; (iv) NH4F, 
MeOH, 70 "C. 

the study of Tanaka and co-workerdl on the position 6 
of pyrimidine bases, we envisaged the key intermediate 
611 as a suitable candidate. This compound is amenable 
of conversion to both the desired derivatives 7 and 8 
through a coupling reaction with a suitable source of 
alkynyl or alkenyl functions. The ethynyl derivative 8 
was prepared in 68% yield, by a methodology developed 
previously12 and involving the coupling of 6 and (tri- 
methylsily1)acetylene with (Ph~P)2PdC12. For the in- 
troduction of the vinyl moiety, the palladium-catalyzed 
cross-coupling reaction with organotin reagents is known 
to be a valuable approach,13 and applications of this 
procedure for the alkylation of purine and pyrimidine 
nucleosides have been recently reported.8J4J5 Either 
tetraalkyltin or alkyltributyltin reagents were employed 
on a suitable halide precursor to give the corresponding 
alkyl nucleoside. We used vinyltributyltin in DMF in 
the presence of catalytic amount of (PhsPhPd to obtain 
in almost quantitative yield the expected 7.16 Depro- 
tection of 7 and 8 at both 5'-O-tert-butyldimethylsilyl 
(TBDMS) and 2',3'-04sopropylidene groups was per- 
formed with 50% aqueous trifluoroacetic acid to give 5 
and 917 (with concurrent removal of the trimethylsilyl 
group) in good yield (Scheme 2). Moreover compound 
5 has also been prepared from 6- ethynyluridine (9) by 
direct hydrogenation on Pd-Bas04 catalyst. However, 
overreduction, formation of side products, and difficul- 

ties in the monitoring of the reduction led to very limited 
yields (20%). 

The above-described approach was extended to pro- 
tected 8-iodoadenosine (loll5 to give in 85 and 63% 
yields 11 and 12, respectively (Scheme 2). Difficulties 
in the deprotection step have been encountered; how- 
ever, the use of NH4F in methanol18 instead of the 
standard TBAF procedure gave the final compounds 13 
and 14 in 50 and 77% yield, respectively. These 
difficulties in the deprotection of silylated-vinyl adeno- 
sine have also been encountered by Van Aerschot et al.8 
and overcome through a tranisent silylation step. The 
NH4F/methanol deprotection avoided the conjugate ad- 
dition reaction that occurs by the use of TBAF'. 

Finally, extension of our procedure to the preparation 
of the cytidine analogs of compounds 5 and 9 failed. 
Surprisingly, we did not succeed in converting 6-iodo- 
4-( 1,2,4-triazol-1-yl)-5'-O-(~e~t-butyldimethylsilyl)-2',3'- 
isopropylideneuridine,19~20 into the expected coupling 
products. 

Results and Discussion 

6- and 8-vinyl- and -ethynyluridine and -adenosine 
have been prepared, starting from the corresponding 
iodo-substituted intermediates. Our methodology fur- 
ther extend the chemistry developed for the function- 
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Hexane, 1:9) gave a foam (yield 87%): lH NMR (CDCq) 6 8.08 
(8, lH, H6), 7.21 (s, 2H, Ar), 5.96 (d, J = 2.2 Hz, lH ,  Hl'), 
4.29 (m, 5H, H2', HY, H4', and 2 x CH-isop), 3.70 (m, 2H, 
HV), 2.90 (m, lH,  CH-isop), 1.31 (d, J = 7 Hz, 12H, Me-isop), 
1.29 (d, J = 7 Hz, 6H, Me-isop), 0.88-0.94 (3 8, 27H, tBu), 
0.10-0.02 (m, 18H, SiMe). 

4-04 (Triisopropylphenyl)sulfonyl]-6-bromo-6-vinyl- 
S,6-dihydro-2',3',6'-tris-O-(tert-butyldimethylsilyl)uri~ 
dine (4b). Compound 3b (0.50 g, 0.53 mmol) was dissolved 
in anhydrous THF (5  mL) under positive argon pressure, and 
vinylmagnesium bromide 1.0 M in THF (2.5 mL, 2.5 mmol) 
was added at 0 "C. After 1 h at 0 "C, TLC indicated complete 
reaction and the mixture was then diluted with Et20 (20 mL), 
treated wtih saturated NH&1(20 mL), and washed with H2O 
(50 mL). The organic layer was dried and evaporated to give 
a crude residue (1.1 g), which was purified by chromatography 
(EtOAdhexane, 9:1, in the presence of traces of E4N) to  give 
4b as an  oil (0.49 g, yield 96%). The resulting compound was 
stable only if stored in solution (CH2C12) below -17 "C: 'H 

(m, lH,  vinyl), 5.90 (d, J = 6.5 Hz, lH,  Hl'), 5.37 (d, J. = 17 
Hz, lH,  vinyl), 5.22 (d, J = 10 Hz, vinyl), 4.64 (d, J = 4 Hz, 
lH ,  H6) 4.19-3.93 (m, 5H, H2', H3', H4', and 2 x CH-isop), 
3.70 (m, 2H, H5'), 2.90 (M, l h ,  CH-isop), 1.31 (d, J = 7 Hz, 
12H, 2 x Me-isop), 1.29 (d, J = 7 Hz, 6H, Me-isop), 0.88-0.94 
(38, 27H, tBu), 0.10-0.02 (m, 18H, SiMe). 

Preparation of 6- and 8-Vinyl-Protected Uridine (7) 
and Adenosine (11). General Procedure. In a typical 
experiment in a 100 mL two-necked flask, halide (6 and 10) 
(0.95 mmol) was dissolved in dry DMF (20 mL), and (Ph3P)4- 
Pd (0.054 g, 0.0475 mmol) and tributylvinylstannane (1 mL, 
4.76 mmol) were added. The mixture was stirred at 90 "C for 
1.5 h under positive argon pressure (TLC, EtOAdhexane, 3:7). 
When the reaction was complete, the solvent was evaporated, 
and the brown residue was dissolved in EtOAc (50 mL), 
washed with saturated N&cl (1 x 20 mL), dried, and 
evaporated. The resulting brown oil was purified by chroma- 
tography (EtOAckexane, 3:7, in presence of traces of Et3N). 
7: yield 95%; foam; 'H NMR (CDC13) 6 9.1 (sbr, lH,  NH), 

6.68 (dd, J = 10 Hz, J = 17 Hz, lH ,  vinyl), 5.88 (d, J = 17 Hz, 
lH,  vinyl), 5.78 (s, lH,  H5), 5.75 (d, J = 2.2 Hz, lH,  Hl'), 5.67 
(d, J= 10Hz, lH,vinyl),5,19(dd, J = 2 . 2 H z , J = 6 . 4 H z , l H ,  
HY), 4.84 (dd, J = 6.4 Hz, J = 4.4 Hz, lH,  H3'), 4.15 (m, lH,  
H4'), 3.80 (m, 2H, H5'), 1.55 (s,3H, Me-isop), 1.34 (s,3H, Me- 
isop), 0.9 (8, 9H, tBu), 0.05 (8, 6H, SiMe). 
11: yield 85%; mp 184-186 "C (EtOH/H20); lH NMR 

lH,  vinyl), 6.47 (dd, J = 2 Hz, J = 18 Hz, lH,  vinyl), 5.99 (d, 

12 Hz, 1H, vinyl), 5.29 (dd, J = 6.2 Hz, J = 4.6 Hz, lH,  H2'), 
4.50 (dd, J = 2.4 Hz, J = 4.6 Hz, lH,  H3'), 4.07 (m, 2H, H4', 
H5'), 3.78 (dd, J = 6.4 Hz, J = 13.6 Hz, lH,  H5'), 0.97-0.75 
(3s, 27H, tBu), 0.16-0.02 (m, 18H, SiMe). 

Preparation of 6- and 8-tTrjmethylsilyl)ethynyl-Pro- 
tected Uridine (8) and Adenosine (12). General Proce- 
dure. In a typical experiment in a 100 mL two-necked flask, 
freshly distilled dry EQN (40 mL) was vigorously purged with 
nitrogen for 30 min, and halide (6 and 10) (0.92 mmol) was 
added followed by (trimethylsily1)acetylene (0.426 mL, 3.01 
mmol), (PhsP)2PdC12 (0.015 g, 0.0213 mmol), and CUI (0.01 g, 
0.0526 mmol). This suspension was stirred at  room tempera- 
ture for 1 h and then at 80 "C for 2 h under positive argon 
pressure (TLC, EtOAdhexane, 3:7). When the reaction was 
complete, the solvent was evaporated, and the brown residue 
was dissolved in CHzClz (100 mL), washed with 2% disodium 
EDTA/H20 (2 x 50 mL) and HzO (2 x 50 mL), dried, and 
evaporated. The resulting brown oil was purified by column 
chromatography (EtOAckexane, 3:7, in presence of traces of 

8: yield 68%; yellow syrup; 'H NMR (CDC13) 6 9.77 (br, lH,  
NH), 6.33 (d, J = 1.5 Hz, lH,  Hl'), 5.94 (d, J = 2.2 Hz, lH ,  
H5), 5.19 (dd, J =  1.6 Hz, J =  6.6 Hz, lH,  H2'), 4.80 (dd, J =  
4 Hz, J = 6.6 Hz, lH,  H3'), 4.17 (m, lH,  H4'), 3.82 (m, 2H, 
H5'), 1.53 (s, 3H, Me-isop), 1.35 (s, 3H, Me-isop), 0.88 (s, 9H, 
tBu), 0.29 (9, 9H, SiMea), 0.04 ( 8 ,  6H, SiMe2). 

NMR (CDC13) 6 7.23 (9, 2H, Ar), 6.39 (9, lH,  NH), 5.99-5.83 

(CDCl3) 6 8.28 (9, lH,  H2), 6.98 (dd, J = 12, Hz, J = 18 Hz, 

J = 6 Hz, lH,  Hl'), 5.95 ( 8 ,  2H, NHz), 5.70 (dd, J = 2 Hz, J = 

EtsN). 

Table 1. Inhibitory Effects of Nucleoside Derivatives 6, 9, 13, 
and 14 on the Proliferation of Murine Leukemia L1210, Murine 
Mammary Carcinoma FMBA, and Human T-Lymphoblast 
Molt/4F and MT-4 Cells 

ICs0 01MP 
compd L1210 FM3A MolV4F MT4 

5 21 f 0.7 24 14 f0 .12  11 
9 '372 2372 >372 286 f 78 
13 190 & 38 145 6.5 f 0.1 15 f 5 
14 54 f 24 27 25 f 0.1 22 f 7 

a 50% inhibitory concentration, or compound concentration 
required to inhibit tumor cell proliferation by 50%. 

alization of position 6 on uridine and position 8 on 
adenosine and allows a general procedure for the 
preparation of either 6- and 8-vinyl- or -ethynyluridine 
and -adenosine based on a palladium-catalyzed cross- 
coupling strategy. Whereas 6-ethynyluridine (9) was 
devoid of any marked cytostatic activity against murine 
(L1210 and FM3A) and human (Molt/4F and MT-4) cells 
[50% inhibitory concentration (IC~O) 1 286 pM (Table 
1)1, its 6-vinyl-substituted counterpart (5) inhibited 
tumor cell proliferation with an IC50 of 12-24 pM 
against the four tumor cell lines investigated. Whereas 
8-ethynyladenosine (14) inhibited the proliferation of all 
four cell lines (IC50 22-54 pM), 8-vinyladenosine (13) 
was poorly cytostatic against the murine tumor cells 
(L1210 and FM3A), but had a more pronounced inhibi- 
tory effect on human Molt/4F and MT-4 cell proliferation 
(IC50: 6.5-15 pM). These data may be suggestive of 
differences in the metabolism of 8-vinyladenosine in 
human versus murine tumor cell lines. 

Thus, the introduction of a vinyl moiety at the C-6 of 
uridine, or a vinyl or ethynyl group at the C-8 of 
adenosine, which induce the opposite conformation of 
the glycosidic bond if compared to the natural nucleo- 
sides, made these nucleosides markedly more cytostatic 
than the natural ones. The pronounced cytostatic 
activity of 8-vinyladenosine (13) together with its previ- 
ously reported antiviral activity (i.e., herpes simplex 
virus type 1, vaccinia virus, and respiratory syncytial 
virusI8 make this compound particularly interesting. 
Moreover, in constrast with the trend observed in the 
5-vinyl- and 5-ethynyl-substituted 2'-deoxyuridine se- 
ries,21 6 vinyluridine is a potent cytostatic compound, 
whereas the 6-ethynyl derivative is inactive. 

Experimental Part 
Chemistry. Melting points were obtained in open capillary 

tubes and are uncorrected. Reaction courses were routinely 
monitored by thin-layer chromatography (TLC) on silica gel 
precoated F254 Merck plates with detection under 254-nm UV 
lamp and/or by spraying the plates with 10% H2SOaeOH 
and heating. Nuclear magnetic resonance ('H NMR, 13C NMR) 
spectra were determined in DMSO-de or CDC13 solution with 
a Bruker AC-200 spectrometer, and peak positions are given 
in parts per million downfield from tetramethylsilane as 
internal standard. Ultraviolet spectra were recorded on a 
JASCO 510 spectrometer. Column chromatography was per- 
formed with Merck 60-200-mesh silica gel. Room tempera- 
ture varied between 22 and 25 "C. All drying operations were 
performed over anhydrous magnesium sulfate. Microanalysis 
were in agreement with calculated values within &0.4%. 

Starting Materials. Starting compounds 3a,1° 6,11 and 
1015 were prepared as reported. 

4-04 (Triisopropylphenyl)sulfonyll-6-bromo-2,3',5'-tris- 
O-(tert-butyldimethylsily1)uridine (3b). Compound 3b 
was prepared following and adapting the procedure described 
on the parent uridine derivative.1° Chromatography (EtOAd 
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12: yield 63%; yellow solid mp 85-87 "C (EtOWHzO); lH 
NMR (CDC13) 6 8.29 (9, lH,  H2), 6.15 (d, J = 6.8 Hz, lH,  Hl'), 
6.01 (s, 2H, NH2), 5.38 (dd, J = 4.4 Hz, J = 7 Hz, lH,  HY), 
4.45 (d, J = 4.2 Hz, lH,  H3'), 4.18-4.07 (m, 2H, H4', H5'), 
3.77 (dd, J =  4.4 Hz, J =  9 Hz, lH ,  HV), 0.97-0.78 ( 3 ~ ,  27H, 
tBu), 0.29-0.07 (m, 27H, SiMe). 

General Procedures for Deprotection. Preparation of 
6-Vinyl- (5) and 6-Ethynyluridine (9). The protected 
compound (1 mmol) was dissolved at 0 "C in aqueous trifluo- 
roacetic acid (TFA) (20 mL), and the mixture was stirred 
overnight at  room temperature. After evaporation the crude 
residue was purified by column chromatography (CH2Cld 
MeOH, 9:l). 

5:9 yield 88%; mp 203-205 "C (MeOWEtzO); UV (HzO) a,, 

(DMSO-de) 6 11.40 (sbr, lH ,  NH), 6.79 (dd, J = 11 Hz, J = 17 
Hz, lH,  vinyl), 5.91 (d, J = 17 Hz, lH,  vinyl), 5.75 (s, lH ,  H5), 
5.69 (d, J = 2.2 Hz, lH,  Hl'), 5.60 (d, J = 11 Hz, lH ,  vinyl), 
5.23 ( d , J =  5.6 Hz, lH,  OH2'),4.97 ( d , J =  6.2 Hz, 1H,OH3'), 
4.80 (t, J = 5.6 Hz, lH ,  OH5'), 4.40 (m, lH,  H2'), 4.01 (m, lH,  
H3'), 3.69-3.43 (m, 3H, H4' and H5'). Anal. (CllH18206) C, 
H, N. 

9: yield 73%; mp 216 "C (MeOWEtzO), (lit.17 mp 217-219 
"C). Anal. (C11H12N206) C, H, N. 

Preparation of &Vinyl- (13) and 8-Ethynyladenosine 
(14). "he protected compound (1 "01) was dissolved at room 
temperature in MeOH (20 mL), and NH4F18 (5 mmol) was 
added. The mixture was refluxed at 60-70 "C until complete 
conversion to deprotected compound (TLC, CHzCld'MeOH, 9:l). 
After evaporation, the crude residue was purified by column 
chromatography. 

13: yield 50%; mp 241 "C (MeOWEtzO) ( lk8  mp 245 "C dec); 
UV (HzO) I,, 228 ( E  25 7001, Ami, 253 ( E  59001, Am= 288 ( E  

NH2), 7.10 (dd, J = 11 Hz, J = 17 Hz, lH,  vinyl), 6.35 (dd, J 
= 2 Hz, J = 17 Hz, lH,  vinyl), 5.96 (d, J = 7 Hz, lH ,  Hl'), 
5.77-5.67 (m, 2H, OH5' and vinyl), 5.38 (d, J = 7 Hz, lH ,  
OHY), 5.22 (d, J = 4.6 Hz, lH,  OH3'), 4.81 (m, lH,  H2'), 4.12 
(m, lH,  H3'), 3.99 (m, lH ,  H4'), 3.56 (m, 2H, H5'). Anal. 
(CizHi5N504) C, H, N. 

14: yield 77%; mp 232-234 "C (MeOWEtzO); UV (HzO) a,, 

276 ( E  4260), a ~ , ,  238 ( E  460), a,, 212 ( E  2420); 'H NMR 

13 400); 'H NMR (DMSO-d6) 6 8.11 (8, lH ,  H2), 7.44 (s, 2H, 

228 ( E  20 ooo), afin 247 ( E  3900), lmaX 292 ( E  17 000); 1~ NMR 
(CDC13) 6 8.18 (s, lH ,  H2), 7.70 (9, 2H, NHz), 5.96 (d, J = 7 
Hz, lH,  Hl'), 5.57 (m, lH,  OH5'1, 5.48 (d, J = 7 Hz, lH,  OH2 
'1, 5.25 (d, J = 4.4 Hz, lH ,  OH3'). Anal. (Ci~H13N504) C, H, 
N. 

Biology. (a) Cells. Murine leukaemia L1210, murine 
mammary carcinoma FM3A, human T-lymphoblast Molff4F, 
and human T-lymphocyte MT-4 cells were cultivated in Eagle's 

.minimal essential medium (Gibco BRL, Paisley, Scotland) 
(L1210, FM3A) or RPMI-1640 medium (Gibco BRL) (Molff4F, 
MT-4), supplemented with 10% fetal calf serum (Gibco BRL), 
2 mM L-glutamine (Gibco BRL), and 0.075% NaHC03. Cells 
were subcultivated twice a week. 

(b) Inhibition of Tumor Cell Proliferation. All assays 
were performed in flat-bottomed 96-well microplates (Falcon) 
as previously d e s ~ r i b e d . ~ ~ J ~  Briefly, the cells were suspended 
in growth medium and added to the microplate wells at  a 
density of 5 x lo4 L1210 or FM3A cells/well (200 pL) or 6.25 
x lo4 Molff4 or MT-4 cells/well in the presence of varying 
concentrations of the test compounds. The cells were then 
allowed to proliferate for 48 (L1210 and FM3A), 72 (Molff4), 
or 120 h (MT-4) at  37 "C in a humidified, CO2-controlled 
atmosphere. At the end of the incubation period, the L1210, 
FMSA, and Molff4F cells were counted in a Coulter counter 
(Coulter Electronics Ltd., Harpenden, Herts, U.K.). MT-4 cell 
cultures were stained by trypan blue to count the number of 
viable cells under the microscope. The IC50 was defined as 
the concentration of compound that reduced the number of 
viable cells by 50%. All values shown in Table 1 for L1210, 
Molff4F, and MT-4 cells are means of at least two or three 
independent experiments; the data shown for FM3A cells are 
derived from one single experiment. 
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