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Synthesis and biological activities of [E]-5-(2-acylvinyl)uracils
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Summary — The synthesis of a number of 5-substituted uracils, eg [E]-5-(2-acylvinyl)uracils 8a—8g is described. These compounds
were found to have cytotoxic activities against CCRF-CEM human lymphoblastoid cells, HT-29 colon carcinoma cells and 1.1210/0
mouse leukemia cells. These compounds were also found to inhibit thymidylate synthase.

[E]-5-(2-acylvinyl)uracils / anticancer agents / thymidylate synthase inhibitors

Introduction

The importance of 5-substituted derivatives of uracil
as anticancer and antiviral (including anti-AIDS)
agents is well-established. For example, 5-fluorouracil
(5-FU) and the corresponding 2'-deoxyribonucleoside
(FUdR) [1] have been of importance in cancer chemo-
therapy for decades, whereas 5-(trifluoromethyl)- 2'-
deoxyuridine (F;TdR) [2] is an important agent for the
treatment of ocular herpes keratitis. [E]-5-(2-Bromo-
vinyl)-2'-deoxyuridine (BVDU) [3] has been found to
be a potent agent against herpes simplex virus type 1
(HSV-I). Recently, 3'-azido-3'-deoxythymidine (AZT)
[4, 5] has been found to be an effective inhibitor of
the human immunodeficiency virus (HIV) and is
being used in AIDS patients. A number of other 5-
substituted derivatives of uracil [6-15] have also been
developed which have been found to be inhibitors of
thymidylate synthase (TS) [16-18], an essential
enzyme required for cellular multiplication processes.

In view of our interest in the development of inhibi-
tors of TS which could act as anticancer agents, we
recently synthesized 5-(acylethynyl) wuracils (5-
AEUs), a group of novel 5-substituted uracils of struc-
ture I [19-20]. These compounds were found to have
antitumour properties and act as potent inhibitors of
the thymidylate synthase enzyme [21].
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In order to find the structure—activity relation
among 5-substituted uracils as inhibitors of thymidy-
late synthase it became desirable to synthesize the
vinyl analogues of 5-AEUs, eg [E]-5-(2-acyl-
vinyl)uracils of structure II. Because of the presence
of an active substituent at the C-5 position of the
uracil ring these compounds could act, after being
con-verted to the corresponding 2'-deoxyribonucleo-
tides, as inhibitors of the TS enzyme for the following
reasons: 1) the attack on the thiol group of the
cysteine moiety of the TS enzyme at the C-6 carbon
atom of the 2'-deoxyribonucleotides derived from II
will be facilitated due to the inductive and mesomeric
effects of the C-5 substituent; 2) the attack by the thiol
group could also take place at the vinylic group at C-5
position; 3) the attack by the thiol group at C-6 of the
uracil ring and another nucleophilic group on the
enzyme at the vinylic moiety at C-5 position will lead
to a very tight enzyme-inhibitor complex; 4) further-
more, hydrophobic interactions between the R group
on the C-5 substituent and hydrophobic groups on the
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TS enzyme [18] could also strengthen the complex.
Such considerations thus led us to the design of
compounds of structure II and this paper reports a
facile and efficient method for the synthesis of [E]-5-
(2-acylvinyhuracils and their biological properties.

Chemistry

Although the synthesis of 5-vinyluracil and the corres-
ponding nucleosides has been reported [22—25], to our
knowledge there is only one report of the synthesis of
5-(2-acylvinyhuracils [26]. However, their biological
propertics have not been extensively explored. We
have recently reported the synthesis of [E]-5-(2-acyl-
vinyl)uracils according to scheme 1, as shown below
[27-29].

Starting from 5-iodo-2,4-dimethoxypyrimidine 1,
[E]-5-(2-acylvinyl) uracils 8a—8f were obtained
through a 7-step procedure in an overall yield of
12-19% (8a, 15%; 8b, 15%:; 8¢, 17%; 8d, 14%; 8e,
12% and 8f, 19%). Due to the multistep nature of
scheme 1 and poor overall yields, we were prompted
to develop an alternative method for the synthesis
of [E]-5-(2-acylvinyl)uracils. Palladium-catalysed re-
actions have been successfully utilised for C—C bond
formation in aromatic and heterocyclic systems
[30-37]. We have utilised this reaction for the syn-
thesis of [F]-5-(2-acylvinyDuracils according to
scheme 2. :

The acetylenic alcohols 9 were synthesised from
the condensation of acetylene with the appropriate
aldehydes in the presence of sodium in liquid am-
monia [38} and were obtained in 49-82% yields.
These on reduction with lithium aluminium hydride in
ether [39] or by hydrogenation (Lindlar catalyst)
afforded the corresponding allyl alcohols 10 in excel-

OMe OMe OMey, o
NP Y NZ N\ C=C-R NF C=C\H
L 0k, I
MeO \N MeD" Me O™,
’ 2, R=CH,OTHP
i . iii ,
l_:g, R= CH,0H — >4, F= CH,0H
v
§,R= CHO
v
0 6, R= CHOHR
0 . vi
H s 7, R= COR

~_ 7 R
vii HiN =
L | H
8a,R=CgHg 8d,R=CgH(OMe)y3,4
H

8b,R=CH Me-p  8e,R=Et
8c,R=CgH;OMe-p 8f,R=Pr

Scheme 1. i) Cul-C=C-CH,-OTHP in Py; ii) p-TSA,
MeOH; iii) LAH in THF; iv) MnO, in CH,Cl,; v) RMgX in
THF; vi) MnQ, in CH,Cl,; vii) Me,SiCl, Nal in CH,CN.

R—CHO ——> R—CHOH-C=CH —1—» R-CHOH-CH=CH,

9 10
- OMe
1
N~ | OMe S_R
Me0 H, OR
0 ) NS,
m _
—C— =i —
——— R-C-CH=CH, and iv MeO/k\N
1
- 7

7a,8,9a,10a,1a, R=CgHg
7b,85,95,10b, R=CgH,Me-p

7c,8¢,9¢c,10¢,Me, R=CgH, OMep
79,89,99,10g,!g, R:CGH[‘Me-m

Scheme 2. i) CH=CH, Na in liquid NH;; ii) LAH, rt or
Lindlar's catalyst, H,; iii) CrO;, H,SO, in acetone, 0°C; iv)
[Ph,P],PdCl,, Cul, Et;N, reflux, 24 h; v) Me,SiCl, Nal,
CH,CN.

lent vields. The oxidation of the allyl alcohols 10
under mild conditions [40] gave the vinylic ketones
(11; 11a, R = CH,; 11b, R = CH,Me-p; 11c, R =
C:H,OME-p and 11g, R = CiH,Me-m). 5-lodo-2,4-
dimethoxypyrimidine [1] [41] on treatment with the
vinylic ketones 11 in the presence of bis(triphenyl-
phosphine) palladium(Il)chloride and cuprous iodide
in triethylamine afforded [E]-5-(2-acylvinyl)-2,4-
dimethoxypyrimidines 7 in modest yields. These were
demethylated with chlorotrimethylsilane and sodium
iodide in acetonitrile [28, 29] to yield [E]-5-(2-acylvi-
nyDuracils 8. The vinylic hydrogens in compounds 8
had the E-configuration as was evident from their
NMR spectra where they, were coupled with a J = 16
Hz. The overall yields of the [F]-5-(2-acylvinyl)
uracils starting from 5-iodo-2,4-dimethoxypyrimidine
1 were in the following range: 27-35%; 8a, 29%: 8b,
39%; 8¢, 27%; and 8g, 35%. Thus it appears that the
palladium catalysed reaction for the synthesis of [E]-
5-(2-acylvinyljuracils (scheme 2) is much superior to
the Grignard procedure (scheme 1) by its simplicity
(fewer steps), less time and material consumption, and
better overall yields.

Biological results

The [E]-5-(2-acylvinyburacils 8a—-8f were tested
against tumour cell lines in vitro, eg against
CCRF-CEM human lymphoblastoid cells, HT-29
colon carcinoma cells [42] and against L1210/0
mouse leukemia cells. The results are shown in
table L.

It can be seen from table I that [E]-5-(2-acyl-
vinyluracils showed some activity against all 3 cell



Table 1. Cytotoxicity of [E]-5-(2-acylvinyl)uracils against
tumour cells in culture.

Compound 1Cso (uM)
CCRFICEM HT-29 L1210/0
8a 12 23 74
8b 26 12 7.4
8c 26 - -
8d 31 54 -
8e 56 66 -
8f 40 - _
5-FU 2.0 - 03

lines in vitro. However, the corresponding acetylenic
compounds of structure I were = 3 times more active
against L1210/0 cell line and 10-20 times more active
against CCRF—CEM cells [21] compared to the viny-
lic compounds. This could be due to the different
stereo-electronic properties of the AEUs compared to
the AVUs.

Amongst the 5-AVUs themselves, the nature of the
acyl group played some role in determining the bio-
logical activities of these compounds. A comparison
of the ICs)'s against CCRF-CEM cell line showed
compound 8a, where the aromatic ring is unsubstitu-
ted, to be the most active. The substitution of hydro-
gen with an electron-donating group in the aromatic
ring (compounds 8b-8d) reduced the activity by
2—fold. Also the replacement of the aromatic group
with an aliphatic group in the acyl moiety (com-
pounds 8e and 8f) reduced the activity to a greater
extent, indicating the importance of the aromatic
group in the acyl moiety.

A comparison of the ICsy's of compounds 8a and 8b
against 1.1210/0 mouse leukemia cell line with those
of 5-vinyluracil (ICs, = 1 x 104 M), 5-dibromo-vinyl
uracil JCysy = 1 X 104 M) [43] shows the importance
of acyl conjugation in potentiating the reactivities of
the 5-AVUs.

Thymidylate synthase inhibition studies in CCRF-
CEM cells

We have also tested the thymidylate synthase inhibi-
tory activities of [E]-5-(2-acylvinyljyuracils in infact
CCRE-CEM and 1.1210/0 cell lines according to the
procedure of Kalman and Yalowich [44].

In figure 1, the thymidylate synthase inhibition in
CCRF-CEM cells by [E]-5-[2-(3',4'-dimethoxyben-
zoyl)vinylJuracil 8d is shown. A plot of TS activity
(as measured by tritiated water released) against time
of incubation of the cells with the drug at 2 different
concentrations of the drug is shown. It should be
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Fig 1. «TS inhibition by [3H]H,O-release assay, [5-3H]dUrd
added for 10 min X 37° at the times indicated.

observed that TS inhibition is clearly rapid with this
drug. Beyond 20 min incubation of the cells with the
drug at 100 pM concentration, the thymidylate
synthase enzyme is practically totally inhibited. At
30 uM concentration (ICs, of compound 8d), how-
ever, > 50% inhibition of the enzyme was observed
beyond 20 min of exposure to the drug. The decrease
in inhibition at 40 min for the 30 wmol concentration
may just be scatter, but perhaps some mechanism of
resistance could also take place.

In figure 2, the percent of thymidylate synthase
activity is plotted against the concentration of 8d used
to treat the CCRF—CEM cells. A 30 = min exposure of
the cells took place before tritiated dUrd was added. It
should be observed that under these conditions, 50%
inhibition of TS took place at 30 UM concentration
(ICsp) of 8d, whereas at 100 uM concentration > 80%
inhibition of TS was observed. It should also be noted
that TS inhibition by 8d was of first order in the drug
(log ‘pseudo first-order’ vs linear drug concentration)
at 30 min, but this saturated at 2100 uM, meaning that
we had reached a rate-limiting step of either transport,
activation or of binding of the activated nucleoside
to TS.

Thymidylate synthase inhibition studies in L.1210/0
cells

The thymidylate synthase inhibitory activities of [F]-
5-(2-acylvinyDuracils were also tested in L1210/0
mouse leukemia cells. In figure 3A, the percentage
activity was plotted against concentration of com-
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Fig 2.230-Min drug exposure prior to adding [5-3H]dUrd
for 3H,0-release assay (60 min X 37°).

pound 8a which was used for incubation of the
L1210/0 cells for 2 h. A reference study was also
carried out for 5-fluorouracil and plotted in figure 3B.
It is to be observed that whereas 50% inhibition of TS
activity for compound 8a is at 140 uM, the correspond-
ing value for 5-FU is = 2.5 uM.

A comparison of the inhibition of TS activity in
L1210/0 cells by the other 5-AVUs is shown in
table II.

From table II, it is to be noted that electron donat-
ing substitution in the aromatic ring of the C-5 side
chain decreased the TS inhibitory activity of [E]-5-(2-
acylvinyl)uracils to a small extent.

A comparison of TS inhibitory activities of [E]-5-
(2-acylvinyluracils with those of 5-(2-acylethy-
nyDuracils [21] shows the former compounds to be
less potent than the latter compounds, which agrees
with their comparative cytotoxic properties.

It is to be noted from TS inhibition studies that the
[E]-5-(2-acylvinyl)uracils (8a—8f) like the 5-(2-acyle-
thynyl)uracils, in spite of their bulky Cs-substituents,
must be converted intracellularly to the corresponding
nucleosides and subsequently to the nucleotides and

Table IL. Inhibition of TS activity in L.1210/0 cells of [E]-5-
(2-acylvinylyuracils at IC,.

Compound % Inhibition
8a 59.0
8h 59.1
8c 53.5
8d 48.2
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Fig 3A, B. “Drugs at ICq; drug X 120 min; ([3H]dUrd x 20
min).

that they are effective inhibitors of TS like many other
uracil nucleotides with bulky C-5 substituents [9, 10].
This corroborates our working hypothesis but does
not, however, rule out the possibility of other modes
of action for the AVUs.

Experimental protocols

Melting points were determined on a Reichert (28590)
(Austria) melting point bath and in open capillaries in a sulphu-
ric acid bath and are uncorrected. The ultraviolet spectra (UV)
were recorded on a Hitachi 200-20 spectrometer in spectro-
photometric-grade ethanol (Baker). The infrared (IR) spectra
were taken on a Perkin—Elmer 298 instrument, as KBr plates
for solids and as thin films (neat) for liquid samples. The
proton nuclear magnetic resonance spectra (:H-NMR) (repor-
ted in 8) were recorded on a Varian EM-360L 60 MHz spectro-
meter in solvents as indicated with tetramethyl—silane as inter-
nal reference. Silica-gel TLLC was performed on 60F-254
precoated sheets (E Merck, Darmstadt) and column chromato-
graphy was carried out on neutral alumina or silica gel.
Analyses indicated by elemental symbols were within £ 0.4%
of the theoretical values and were performed on Perkin—Elmer
Elemental Analyzer 240C.

The 5-(2-acylvinyl)uracils 8a, 8b, 8¢ and 8g were syn-
thesised by the palladium-catalysed reaction procedure



(scheme 2) and reported below, whereas 5-(2-acylvinyl)uracils
8d, 8e and 8f were synthesised according to the Grignard
procedure (scheme 1) which has been previously reported [20,
27-29].

Acetylenic carbinols 9a, 9b, 9¢ and 9g

These were synthesised according to the literature procedure
[38]. Their IR spectra showed the characteristic absorption
bands at 3300 cm-! (C=C-H), 2120 cm! (w, C=C). The
IH-NMR spectra (60 MHz, CCl,, TMS) had the following
values:

1-Phenylprop-2-yn-1-o0l 9a. & 2.43 (d, 1H, J = 2 Hz, H-C=C-),
3.63 (bs, IH,H-C-OH), 5.20 (bs, 1H, H-C-OH ), 7.20 (m, 5H,
Ar-H).

1-p-Tolylprop-2-yn-1-o0l 9b. 8 2.23 (s, 3H, Ar-Me), 2.39 (d, 1H,
J=2Hz, H-C=C-), 3.85 (s, 1H, HC-OH), 5.17 (d, 1H, 2 Hz, H-
C-OH), 7.00 (d, 2H, J = 8 Hz, Ar-H ), 7.27 (d, 2H, J = 8 Hz,
Ar-H).

1-p-Anisylprop-2-yn-1-0l 9¢. 8 2.50 (d, 1H,J =2 Hz, H

3.60 (s, 3H, Ar-OMe ), 3.85 (s, 1H, CH-OH), 5.16 (d, 1

ZHZ,HC OH) 6.67 (d, 2H, J = 8 Hz, Ar-H), 7.26 (d, 2H
8 Hz, Ar-H).

C=C-),
I =
9‘,:

1-m-Tolylprop-2-yn-1-0l 9g. 8 2.26 (s, 3H, Ar-Me), 243 (d,
1H, J =2 Hz, H-C=C-), 3.60 (bs, 1H, CHOH), 5.17 (d, 1H, J =
2 Hz, HCOH), 7.06 (m, 4H, Ar-H).

Substituted allyl alcohols 10a, 10b and 10g

10a, 10b and 10g were obtained by the lithium aluminium
hydride reduction of the corresponding acetylenic carbinols. A
typical reaction procedure is as follows:

Synthesis of 1-phenylprop-2-en-1-ol 10a. To a cooled (0°C)
solution of 9a (1g, 7.57 mmol ) in dry ether, lithium aluminium
hydride (350 mg, 9.22 mmol) was added portionwise. After the
addition was complete, the mixture was further stirred at room
temperature for 18 h and then decomposed with saturated
Na,SO, solution. It was extracted with ether (3 X 50 ml) and
the ether layer was washed with water (3 X 50 ml) and dried
(anhydrous Na,SO,). After the removal of solvent and sublima-
tion (oven temp 72°C at 1 mm Hg), a viscous liquid (910 mg,
89%) was obtained. H-NMR (60 MHz, CCl,) & 4.07 (bs, 1H,
CHOH), 4.73-5.33 (m, 3H, CH,=CH-CHOH), 5.56-6.16 (m,
1H, CH, = CH-CHOH), 6.96-6.33 (m, 5H, Ar-H).

1-p-Tolylprop-2-en-1-ol 10b. Yield 91%, liquid, sublimated at
85°C at 1 mm Hg. 1H-NMR (60 MHz, CCl,)  2.26 (s, 3H, Ar-
Me), 3.92 (bs, 1H, CHOH), 4.73-5.33 (m, 3H, CH, =
CH-CHOB), 5.56-6.20 (m, 1H, CH, = CH-CHOH), 6.82-7.26
(m, 4H, Ar-H).

1-m-Tolylprop-2-en-1-ol 10g. Yield 90%, liquid, sublimated at
80°C under 1 mm Hg. IH-NMR (60 MHz, CCl,) 8 2.26 (s, 3H,
Ar-Me), 4.36 (bs, 1H, CHOH), 4.82-5.40 (m, 3H, CH, = CH-
CHOH), 5.63-6.23 (m, 1H, CH, = CH-CHOH), 6.86-7.23 (m,
4H, Ar-H).

1-p-Anisylprop-2-en-1-0l 10c. (1-p-Anisylprop-2-yn-1-0l 9c,
500 mg, 3.09 mmol) was hydrogenated in alcohol (20 ml) in
the presence of Lindlar catalyst (5% palladium on calcium
carbonate, poisoned with lead) (30 mg) by stirring under
hydrogen atmosphere at ordinary pressure and temperature for
36 h. After the usual work-up, a liquid was obtained which was
purified by sublimation at 118° under 1.5 mm Hg (400 mg,
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79%). 'H-NMR (60 MHz, CCl,) & 3.73 (s, 3H, Ar-OMe ),
4.86-5.36 (m, 3H, CH, = CH-CHOH), 5.56-6.20 (m, 1H,
CH, = CH-CHOH), 6.74 (d, 2H, J = 8 Hz, Ar-H ), 7.10 (d, 2H,
J =8 Hz, Ar-H).

3-Aryl-3-oxo-prop-1-enes 1la, 11b, 11c, 11g. A typical proce-
dure

3-oxo-3-phenylprop-1-ene 1la. The allyl alcohol (10a, 1 g,
7.46 mmol) was dissolved in acetone, cooled to 0°C and then
Jones” reagent (CrO; in sulphuric acid-water) was added to it
until the colour of the Jones’ reagent persisted. It was further
stirred for 30 min, then the mixture was poured into water and
extracted vigorously with ether (3 x 50 ml). The organic phase
was washed with water (3 x 50 ml), NaHCO; solution (10%),
then with water (3 X 50 ml) again and dried (anhydrous sodium
sulphate). After removal of solvent, a residue was obtained
which was purified by rapid chromatography on a column of
alumina (neutral), the eluting solvent being 5% ethyl acetate in
petroleum ether (60-80°C fraction) (yield 790 mg, 80%), bp:
80°C/2 mm Hg. IR v,,, 1660 cm-! (conjugated C = O).
IH-NMR (60 MHz, CCl,) 6 4.73 (dd, IH, J = 10 Hz, 2 Hz,
vinylic-H, cis) 6.26 (dd, 1H, J = 16 Hz, 2 Hz, vinylic, frans),
6.79-8.03 (m, 6H, Ar-H and one vinylic-H).

3-Oxo-3-p-tolylprop-1-ene 11b. An oil (yield 86%), bp:
45°C/0.15 mm Hg. IR v, 1665 cm-l; IH-NMR (60 MHz,
CCl,) 8 2.40 (s, 3H, Ar-Me), 5.76 (dd, lH J =10 Hz, 2 Hz,
vinylic-H, cis), 6.30 (dd, 1H, J = 16 Hz, 2 Hz, vinylic-H,
trans), 6.89-7.89 (m, 5H, Ar-H and one vinylic-H).

3-p-Anisyl-3-oxo-prop-1-ene 1le. An oil (yield 79%), bp:
70°C/0.15 mm Hg. IR v, 1660 cml; 1H-NMR (60 MHz,
CCly) & 3.82 (s, 3H, Ar-OMe), 5.79 (dd, 1H, J = 10 Hz, 2 Hz,
vinylic-H, cis), 6.33 (dd, 1H, J = 16 Hz, 2 Hz, vinylic-H, trans),
6.76-8.03 (m, 5H, Ar-H and one vinylic-H).

3-Oxo-3-m-tolylprop-1-ene Ilg. An oil (yield 83%), bp:
40°C/0.15 mm Hg. IR v_,, 1660 cm-l; 'H-NMR (60 MHz,
CCl,) 6 2.33 (s, 3H, Ar-Me), 5.73 (dd, 1H, J = 10 Hz, 2 Hz,
vinylic-H, cis), 6.26 (dd, 1H, J = 16 Hz, 2Hz, vinylic-H, trans),
6.83-7.76 (m, 5H, Ar-H and one vinylic-H).

Synthesis of [E]-5-(2-acylvinyl)-2 4-dimethoxypyrimidines 7a,
7b, 7c and 7g. A general procedure

[E]-5-(2-Benzoylvinyl)-2 4-dimethoxypyrimidine 7a. A mixture
of 5-iodo-2,4-dimethoxypyrimidine (1, 250 mg, 0.93 mmol),
bis(triphenylphosphine) palladium(il)chloride (10 mg, 0.014
mmol) and cuprous iodide (10 mg, 0.052 mmol) in dry triethy-
lamine (15 ml) was stirred under nitrogen atmosphere for 15
min. 3-Oxo-3-phenylprop-1-ene (11a, 250 mg, 1.9 mmol) was
then added to this. The mixture was then further stirred at room
temperature for 15 min and refluxed for 24 h. Triethylamine
was then removed under reduced pressure. The residue was
treated with water (50 ml) and then extracted with chloroform
(3 X 50 ml). The combined chloroform extracts were washed
with water (3 X 50 ml), dried (anhydrous Na,S0O,) and solvent
was removed to yield a gum. This was purified by chromato-
graphy on a column of silica gel (60120 mesh). The desired
compound was eluted with chloroform (75 mg, 29%), mp:
134-136°C (lit [28, 29] mp. 134°C), identical to an authentic
sample from IR, UV and 'H-NMR comparison.

Compounds 7b and 7c were obtained by the above proce-
dure in 39% and 27% yields respectively. They were identical
to authentic samples [28, 29] from IR, UV and 'H-NMR
comparisons.
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[E]-2 4-Dimethoxy-5-(2-m-toluoylvinyl)pyrimidine 7g. This
was obtained in 35% yield by following the general procedure
as described under 7a; mp: 136°C.IR v, 1660(s), 1600 cm-!;
UV (ethanol) A, 322 om (€ 26, 475); 1H-NMR, & 2.43 (s, 3H,
Ar-Me), 4.03 and 4.13 (2s, 6H, OMe), 7.30-7.40 (m, 2H, Ar-
H), 7.66 (s, 2H, vinylic-H), 7.79 (m, 2H, Ar-H), 8.56 (s, 1H,
Cs-H). Anal C,(H,(N,O, (C, H, N).

Synthesis of [E]-5-(2-acylvinyl)uracils 8a, 8b, 8c, 8g. A typical
procedure

[E]-5-(2-m-Toluoyl vinyl)uracil 8g. A mixture of [E]-2,4-dime-
thoxy-5-(2-m-toluoylvinyl)pyrimidine (7g, 100 mg, 0.35
mmol), anhydrous sodium iodide (130 mg, 0.87 mmol) and
chlorotrimethylsilane (0.1 ml, 0. 87 mmol) in dry acetonitrile
(4 ml) was stirred under nitrogen atmosphere for 24 h. The
solvent was then removed under reduced pressure. The residue
was treated with cold water (5 ml), filtered, washed with
sodium metabisulfite solution (10%), again with water, filtered
and dried. This was then crystallized from methanol/water
(4:1) into a cream-coloured solid (63 mg, 70%), mp: > 300°C.
IR v, 3160, 1710, 1680, 1590 cm-1; UV (ethanol) A, 328,
270 nm; 'H-NMR (DMSO-d;, 60 MHz), & 2.40 (s, 3H, Ar-
Me), 7.26-8.20 (m, 7H, Ar-H, vinylic-H and C¢-H).

Chytotoxicity studies of [E]-5-(2-acylvinyl)uracils 8a-8f against
CCRF-CEM and L1210/0 cells

Human lymphoblastoid CCRF-CEM cells were seeded at
(4.0-5.0) x 104 celis/ml in duplicate for each dmg concentra-
tion in borosilicate test tubes containing Roswell Park Memo-
rial Institute (RPMI) 1640 medium supplemented with 10%
dialysed fetal calf serum, 16 mM HEPES and 8 mM MOPS
buffer, pH 7.2. The test compounds dissolved in Me,SO were
added to the cell cultures, with rapid mixing with the use of a
1:200 dilution to obtain desired drug concentrations (final
Me,SO concentration 0.5%). Each compound was tested at 7 or
more different concentrations. Incubation of cells with the
compounds was performed at 37°C for 48 h. L1210/0 cells
were obtained from D Griswold of the Southern Research Insti-
tute in Birmingham, Alabama.

Cytotoxicity studies of [E]-5-(2-acylvinyl)uracils against HT-
29 colorectal carcinoma cells

HT-29 colorectal carcinoma cells were cultured and tested
according to the procedure of Link e af [42]. The HT-29 cells
grew attached and were trypsinised for cell counting at 48 h of
continuous drug exposure.

Typical experimental procedure for thymidylate synthase inhi-
bition studies

L1210/0 cells in Roswell Park Memorial Institute (RPMI) 1640
medium supplemented with 10% dialysed fetal calf serum, 0.5
ml, 5 X 105 cells/ml were incubated with the drug (in different
concentrations in DMSQO) for varying time periods at 37°C and
5% CO,. At the end of the incubation period [5-3H]dUrd
{Moravek Biochemicals, City of Industry, CA; 50 ul, 110 000
cpm) was added and the mixture was further incubated for a
period of 60 min. A 3% charcoal suspension (1 ml) in O.2 N
HC1 was then added and the mixture was centrifuged at 4 000
g for 25 min at 4°C. The supernatant liquid (1 ml) was taken
and the radioactivity was counted (Beckmann LS 9000) using
RIA solve II (Research Products Int, Mount Prospect, IL,
USA). Corrections were made for the radioactivity released
after tritiated dUrd addition at zero time. The corrected radio-
activity was measured as the ‘percent’ of radioactivity released
under identical conditions without the drug (see fig 1). The

measurements were made in triplicate with 5-FU in parallel as
a positive control. The error bars thus indicate the experimental
SDs.

Acknowledgments

Financial assistance from the Depariment of Science and
Technology, Government of India, to NGK (Grant No
SP/S1/G-45/88) is gratefully acknowledged. JSM is a SRF
under the above project. LNC thanks the UGC, Government of
India for a UGC fellowship.

References

1 Heidelberger C (1984) Pyrimidine and Pyrimidine Anti-
metabolities in Cancer Medicine (Holland JF, Frei E, eds)
Lea and Febiger, Philadelphia, PA, 801824
2 Heidelberger C, King DH (1979) Antiviral Agents in
Pharmacology and Therapeutics (Shugar D, ed) Perga-
mon Press, Oxford, vol 6, p 427
3 De Clercq E, Descamps J, De Somer P, Barr PJ, Jones AS,
Walker RT (1979) Proc Natl Acad Sci USA 76,
2947-2951
De Clercq E (1986) J Med Chem 29, 1561-1569
Mitsuya H, Weinhold KJ, Furman PA, St Clair MH, Lehr-
man SN, Gallo RC, Bolognesi D, Barry DW, Broder S
(1985 ) Proc Natl Acad Sci USA 82, 7096-7100
Kalman TI, Bardos TJ (1970) Mol Pharmacol 6, 621-630
Santi DV, Sakai TT (1972) Biochem Biophys Res
Commun 46, 1320-1325
Park JS, Chang CTC, Mertes MP (1976) J Med Chem 22,
1134-1137
De Clercq E, Balzarini J, Descamps J, Bigge CF, Chang
CTC, Kalaritis P, Mertes MP (1981) Biochem Pharmaco!
30, 495-502
10 De Clercq E, Balzarini J, Torrence PF, Mertes MBP,
Schmidt CL, Shugar D, Barr PJ, Jones AS, Verhelst G,
Walker RT (1981) Mol Pharmacol 19, 321-330

11 Maggiora L, Chang CTC, Torrence PF, Mertes MP (1981)
J Am Chem Soc 103, 3192-3198

12 Srinivasan A, Amarnath V, Broom AD, Zou FC, Cheng
YC (1984) J Med Chem 27, 17101717

13 Yang TY, Slusher RM, Broom AD, Ueda T, Cheng YC
(1988) J Med Chem 31, 21262132

14 Danenberg PV, Bhatt RS, Kundu NG, Danenberg K,
Heidelberger C (1981) J Med Chem 24, 1537-1540

15 Barr PJ, Robins MJ, Santi DV {1983) Biochemistry 22,
1696-1703

16 Hardy LW, Finer-Moore JS, Montfort WR, Jones MO,
Santi DV, Stroud RM (1987) Science 2335, 448-455

17 Montfort WR, Perry KM, Faumann EB, Finer-Moore IS,
Maley GF, Hardy L, Maley F, Stroud RM (1990) Biochem-
istry 29, 69646977

18 Finer-Moore JS, Montfort WR, Stoud RM (1990)
Biochemistry 29, 6977-6986

19 Kundu NG, Das B, Majumdar A, Chaudhuri LN (1987)
Tetrahedron Lett 28, 5543-5546

20 Kundu NG, Chaudhun LN (1991) J Chem Soc Perkin
Trans 1 1677-1682

21 Kundu NG, Das B, Spears CP, Majumdar A, Kang SI
(1990) J Med Chem: 33, 1975-1979

22 Evans CH, Jones AS, Walker RT (1973) Tetrahedron 29,
“1611- 1614

s

NeREN. R S N



Fissekis JD, Sweet F (1973) J Org Chem 38, 1963-1970
Jones AS, Stephenson GP, Walker RT (1974) Nucleic
Acids Res 1, 105-107

Sharma RA, Bobek M (1975) J Org Chem 40, 2377-2379
Ressner EC, Fraher P, Edelman MS, Mertes MP (1976)
J Med Chem 19, 194-196

Kundu NG, Chaudhuri LN, Dasgupta SK (1990) J Chem
Soc Perkin Trans 1, 1822—1824

Kundu NG, Chaudhuri LN (1992) J Chem Res (S) 64—65
Kundu NG, Chaudhuri LN (1992) J Chem Res (M)
0631-0655

Heck RF (1979) Acc Chem Res 12, 146151

Heck RF (1982) Org React 27, 345-390

Heck RF (1985) Palladium Reagents in Organic Synthe-
sis. Academic Press, NY

Bergstrom DE, Ruth JL (1976) J Am Chem Soc 98, 15871589
Ruth JL, Bergstrom DE (1978) J Org Chem 43,
2870-2876

Bergstrom DE, Ogawa MK (1978) J Am Chem Soc 100,
8106-8112

36
37
38

39
40
41
42
43

44

479

Bergstrom DE, Beal P, Jenson J, Lin X (1991) J Org
Chem 56, 5598-5602

Bergstrom DE, Lin X, Wang G, Rotstein D, Beal P, Norrix
K, Ruth JL (1992) Synletr 179-188

Campbell KN, Campbell BK, Eby LT (1938) J Am Chem
Soc 60, 2882-2884; Jones ERH, McCombie JT (1942)
J Chem Soc 733=735

Bates EB, Jones ERH, Whiting MC (1954) J Chem Soc
1854-1860

Bowden K, Heilbron IM, Jones ERH, Weedon BCL
(1946) J Chem Soc 39-45

Das B, Kundu NG (1988) Synth Commun 18, 855-867
Link KH, Aigner KR, Peschau K, Warthona M,
Schwemmile K, Danenberg PV (1988) Cancer Chemother
Pharmacol 22, 58-62

Bobek M, Bloch A (1978) Chemistry and Biology of
Nucleosides and Nucleotides (Harmon RE, Robins RK,
Townsend LB, eds) Academic Press, NY, 135-148
Kalman TI, Yalowich J (1978) Proc Am Assoc Cancer Res
19, 153158



