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Six, heretofore undescribed, 5'-Methyl-5'-(5-Substituted uracil-1-ylmethyl) -2'-oxo-3'-methy-
lenetetrahydrofurans (F, Cl, Br, I, CH,, H) (6a-f) were synthesized and evaluated against three
cell lines (FM-3A, P-388 and U-937). For the preparation of o-methylene-y-butyrolactone bear-
ing 5-substituted uracils (6a-f), the efficient Reformatsky type reaction was employed which in-
volves the treatment of ethyl a-(bromomethyl) acrylate and zinc with the respective 5-sub-
stituted uracil-1-ylacetones (5a-f). The acetone derivatives (5a-f) were directly obtained by the
respective alkylation reaction of 5-substituted uracils with chloroacetone in the presence of
K,CO; (or NaH). These lactone compounds 6a-f exhibited moderate to significant activity in
all of the three cell lines, and 6b, 6¢ and 6e showed significant antitumor activities (inhibitory
concentrations (IC,) ranged from 1.3-3.8 ug/ml).

Key words : 5'-Methyl-5'-(5-Substituted uracil-1-ylmethyl)-2'-ox0-3'-methylenetetrahydrofuran,
o-Methylene-y-butyrolactone, Cytotoxic moiety, Reformatsky reaction, Antitumor activity,
Mouse mammary carcinoma (FM-3A), Mouse lymphoid neoplasma (P-388), Human histiocytic

lymphoma (U-937), ICs,.

INTRODUCTION

In the search for antitumor agents of plant origin, a
number of significantly cytotoxic sesquiterpene lac-
tones have been separated (Kupchan, et al, 1969a,b;
Lee, et al, 1972). The biological activity of these com-
plex natural products appears to be associated with
their ability to act as alkylating agents by virtue of a
Michael-type addition of biological nucleophiles such
as L-cysteine, glutathione or thiol-rich enzymes such
as phosphofractokinase, glycogen synthetase and
DNA polymerase, to the a-methylene-y-butyrolactone
moiety itself (Lee, et al 1976; Kupchan, et al, 1970).
This type of system has been observed, for example,
in the cytotoxic antitumor agents, helenalin (1) (Hall,
et al, 1977), vernolephin (2) (Kupchan, et al., 1969a,
b), elephantophin (3) (Kupchan, et a/, 1969) and ten-
ulin (4) (Hall, et al, 1977). It has been established that
the o-methylene-y-butyrolactone is the most reactive
chemical functionality in both 1, 2, and 3, with no
reaction being observed between cysteine and the
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epoxide 3, or the endocyclic , o,B-unsaturated lactone
in 3. These views are in accord with the theory of tu-
mor inhibition by the selective alkylation of biological
macromolecules which have been advanced by Kup-
chan and co-workers.
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A large number of possible drug design is to attach
an alkylating mustard moiety to a biological carrier.
In this way a possible drug candidate bearing the ac-
tive cytotoxic d-methylene-y-butyrolactone moiety
has been synthesized with a view to developing ef-
fective clinical drugs since naturally found derivatives
have therapeutic indices that prelude their clinical
use (Lee, et al, 1975; Dehal, et al, 1980; Heindel, et
al, 1981; Cassady, et al, 1978; Rosowsky, et al.,
1974; Sanyal, et al, 1986). Several new synthetic ap-
proaches to the development of such a cytotoxic o-
methylene-y-butyrolactone moiety are excellently re-
viewed (Ohler, et al, 1970; Grieco, 1975; Gammill,
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et al, 1975).

As a part of our effort to develope more useful an-
titumor agents (Kim, et al, 1992, 1993a,b, 1994a-,
1995), we were particularly interested in synthesizing
suitably substituted nucleic acid bases bearing this
moiety as a biological carrier. An extensive literature
survey revealed that relatively scanty literature ref-
erences are known. We have synthesized potential
target-specific alkylating agents by introducing the an-
titumor cytotoxic moiety, o-methylene-y-bu-
tyrolactone function into 5-substituted uracil nucleic
acid bases 4a-f, and evaluated these synthesized com-
pounds 6a-f against three cell lines (FM-3A, P-388
and U-937).

MATERIALS AND METHODS

Melting points were determined on an elec-
trothermal capillary melting point apparatus and un-
corrected. TLC was performed on glass plates coated
with silicone oxide (silica gel 60F,;,) and compounds
were visualized using a UV lamp. Proton nuclear
magnetic resonance spectra were obtained with a
Varian EM-360 spectrophotometer and Varian Gem-
ini 200 MHz (solution in dimethylsulfoxide-d, with
tetramethylsilane as internal standard). Utraviolet
spectra data were measured with a Hitachi 124 spec-
trometer. The organic solvents and chemicals were
obtained from commercial products and purified by
the appropriate methods before use. Pertinent data for
synthesized compounds (5a-f, 6a-f) are listed in Table
I and II.

General Procedure for the Preparation of 5-Sub-
stituted uracil-1-ylactone (5a-f)

Table I. 5-Substituted uracil-1-ylacetone (5a-f)
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To a stirred solution of 5-substituted uracil (4a-f) (3.
75 mmol) in DMF (35 ml) was added K,CO, (3.75
mmol). The mixture was continously stirred by ad-
ding chloroacetone (3.85 mmol) in small portions dur-
ing 3-4 hours period. The reaction mixture was eva-
porated to give oily residues, which were applied to
a column packed with silica gel and the colunm was
eluted with hexane-ethylacetate (20:1, v/v). The frac-
tions containig the 5a-f were collected first, and con-
centrated to a syrup which was crystallized from an
appropriate solvent (Table 1).

General Procedure for the Synthesis of Ethyl o-
(bromomethyl)acrylate

To a solution of dry, distilled ethylene glycol (25.1
g, 4.05 mol) in dry THF (85 ml) was added cautiously
NaH (5.8 g, 0.24 mol). After the first vigorous reac-
tion had subsided, the mixture was heated under re-
flux for 24 hours. The syrupy suspension of sodium
ethylene glycolate resulting was cooled to room tem-
perature and then added slowly to a solution of ethyl
B,B'-dibromoisobutyrate (55.6 g, 0.20 mol) in THF (85
ml). The temperatue was kept below 45°C by con-
trolling the rate of reactions when addition was com-
plete, the mixture was stirred for 90 minutes and then
poured into water (900 ml). The organic layer which
separated was extracted into CH,Cl, (200 ml x 3). The
aqueous layer was acidified with aqueous 5 N nitric
acid and treated with silver nitrate. After drying, the
silver bromide precipitate weighed 20 g (60%). The
methylene chloride was evaporated under reduced
pressure and the residue was fractionated through the
colunm, bp 44-45°C (1.7 mmHg).

comp. R mp("C) yield(%) NMR(DMSO-d6) UVH,O). [R(KBr) recryt.
1
COCH, N-CH, 6-H N-H Amax(M) ®(c=0), cm~ solvent

5a F 223-225 35 2.16 4.58 7.90 11.98 288.1 1730 acetone
5h Cl 225-227 32 2.16 4.63 7.98 11.92 290.7 1732 acetone
5¢ Br 230-231 31 2.16 4.63 8.05 11.53 294.0 1720 acetone
5d | 234-236 27 2.15 4.62 8.03 11.82 2879 1719 acetone
5e CH3 196-198 64 2.15 4.57 7.33 11.23 285.4 1725 CHCl,
5f H 209-210 65 2.15 4.62 7.45 11.26 279.1 1718 C,H,OH
Table 1. 5'-Methyl-5'-(5-Substituted uracii-1-yImethyl)-2'-oxo0-3'-methylenetetrahydrofuran (6a-f)
comp. R mp{°C) yield(%)  NMR(DMSO-d,) 8, UV(CH,CI) IR(KBr) recryt.

5'CH, N-CH, 4'-CH, exo-CH, Aemax(NM) B(c=0), slovert
ba F 224-226 83 1.33 3.98 2.90 5.70 6.18 284 .4 1758 CHCly
6h Cl 232-233 79 1.33 3.95 2.85 5.72 6.09 286.2 1762 CH,Cl,
6¢C Br 233-235 78 1.32 3.97 2.87 5.80 6.20 286.0 1766 CHCl,
6d | 183-185 79 1.32 3.97 2.87 5.79 6.25 298.0 1762 CH,CI,
be CH, 210-212 87 1.35 3.97 2.88 5.70 6.08 282.4 1767 CHCl,
6f H 200-201 87 1.32 3.95 2.89 5.69 6.15 278.0 1754 CHCl,4
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General Procedure for the Synthesis of 5'-Methyl-5'-
(5-Substituted uracil-1-ylmethyl)-2'-0x0-3'-methy-
lenetetrahydrofurans (6a-f)

A solution of ethyl o-(bromomethylacrylate (0.67 g,
3.5 mmol) in anhydrous THF (50 ml) was added drop-
wise with vigorous stirring under nitrogen to a mix-
ture of granulated active Zn (0.33 g, 5.0 mmol), p-hy-
droquinone (0.004 g) and the 5-substituted uracil-1-
ylacetone (5a-f) (0.34 g, 2.0 mmol) in anhydrous THF
(20 ml). Once the reaction has started, addition was
adjusted such that the temperature dose not rise a-
bove 40-50°C, The reaction mixture was stirred for a-
bout 4 hours at 50°C, cooled and poured into ice-
cold 7% HCI (25 ml). The reaction mixture was ex-
tracted with chloroform (100 mlx 4), and the chloro-
form extractions were washed with aqg NaHCQ,, fol-
lowed by aq NaCl, dried over anhydrous MgSQ,. Fil-
tration and evaporation gave residues, which were
crystallized from an appropriate solvent (Table 1I)

Evaluation of antitumor activity

The antitumor effect of the synthesized compounds
was determined by the modified methods (Mosmann,
et al, 1983 ; Carmichael, et al, 1987, Kim, et al.,
1994b,c,d,f).

MTT-Microculture Tetrazolium Assay

The assay is dependent on the cellular reduction of
water-soluble MTT (Sigma Chemical Co., St. Louis, M.
0O.) by the mitochondrial dehydrogenase of vial cells
to a blue water-nonsoluble formazan crystal product
which can be measured spectrophotometrically
(Mosmann, ef al, 1983; Carmichael, et al, 1987;
Kim, et al, 1994b,c,d,f). Following appropriate in-
cubation of cells (FM-3A, P-388, and U-937 cells) in
the presence or absence of synthesized compounds,
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT; Sigma Chemical Co., St. Louis, M.O.)
was added to each well and incubated at 37°C for a
further 4 hours before processing as described below.

For cell growth, serially increasing cell numbers
were plated in different columns across 96-well mi-
crotiter plates. Well growing cell were harvested,
counted and inoculated at the concentrations of 2x
10* cells/ml into 96-well microtiter plates. After 24
hours, synthesized compounds (6a-f and 5a-f) were
applied to triplicate culture wells and the cultures
were incubated at 37°C for 3 days. Following this in-
cubation, 2 ul of MTT solution (5 mg/ml in phosphate
buffer solution; KCl 0.2 g, KH,PO, 0.2 g, NaCl 8.0 g,
Na,HPO, 1.15 g, MgCl, 0.101 g/ml, pH=7.4) was
added to microculture wells. After 4 hours incubation
at 37°C, the supernatant was removed from each well
and 100 pl of 100% DMSO was added to solubilize

Table I IC;, of 5'-Methyl-5'-(5-Substituted uracil-1-
ylmethyl)-2'-0xo0-3'-methylenetetrahydrofurans and Related
Compounds

comp. ICsy (ng/mly*

FM3A/S® P388/5° U937/s*
5a 24.0 >100 >100
5b 32.0 25 >100
5c¢ 70.0 >100 >100
5d 38.0 >100 >100
5e 42.0 >100 101
5f 18.0 16.5 19.0
6a 5.0 5.3 10.5
6b 1.3 3.3 3.8
6cC 3.1 5.8 22.0
6d 2.0 2.8 3.4
be 1.3 2.5 3.2
6f 1.4 4.3 5.1

a: Mean values of triplicate runs. The concentration of syn-
thesized compounds required to reduce cell numbers to 50%
of controls in a growth inhibition assay. b: Mouse mammary
carcinoma cell. ¢: Mouse leukemia cell. d: Human his-
tiocytic lymphoma cell.

the formazan crystals which were formed by the cel-
luar reduction of MTT. After thorough mixing with
mechanical plate mixer, absorbance spectra was read
on ELISA Processor Il microplate Reader (Behering
Co.) at a wavelength of 570 nm and a reference
wavelength of 650 nm (absorbance peak for DMSO).
All measurements were carried out in triplicate. There
was good reproducibility between replicate wells
with standard erors<+10% (Carmichael, et al, 1987).
(Table HI)

RESULTS AND DISCUSSION

For the preparation of a-methylene-y-butyrolactone-
bearing 5-substituted wuracils, 5'-methyl-5'-(5-sub-
stituted uracil-1-ylmethyl)-2'-0x0-3'-methylene tetrahy-
drofurans (6a-f), the efficient Reformatsky type reac-
tion (Ohler, et al, 1970) was employed which in-
volves the treatment of ethyl o-~(bromomethyl)
acrylate (Ferris, 1955) and zinc with the respective 5-
substituted uracil-1-yl acetone (5a-f). The respective
yield of the lactones were fairly good. The 5-sub-
stituted uracil-1-ylacetones (5a-f); 5-fluorouracil-1-yla-
cetone (5a), 5-chlorouracil-1-ylacetone (5b), 5-
bromouracil-1-ylacetone (5c¢), 5-iodouracil-1-yla-
cetone (5d), thymine-1-ylacetone (5e) and uracil-1-yla-
cetone (5f) were directly obtained by the respective
reaction of 5-substituted uracil with chloroactone in
the presence of K,CO, (or NaH). It has been reported
(Montgomery, 1961) uracil was alkylated at the N-1
position. It was also reported that under similar con-
ditions, 5-fluorouracil furnished N-3-substituted deri-
vatives. Recently we have shown (Kim, et al., 1994c,f
that the direct alkylation of 5-fluorouracil with o-
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chloroalkyl nitrile afforded moderate vyields of the
isomeric mixtures of N-1-substituted 1-(w-cyanoalkyl)-
5-fluorouracils and N,N-1,3-disubstituted 1,3-bis(®-
cyanoalkyl)-5-fluorouracils with the N-1-substituted
product as the predominant. However, we could not
isolate the isomeric 5-fluorouracil-3-ylacetone and
analogous 5-substituted uracil-3-ylacetones even after
extensive column chromatography and purification.
For '"H NMR spectra data of the exocyclic methylene
group of all the lactones (6a-f), two apparent triplets
(J=3-4 Hz) or mutiplets were observed at 8 5.64+0.16
for the proton syn to the lactone carbonyl group and
at & 6.15+0.12 for the proton anti to the carbonyl
group. For most of the lactones the C-4 methylene
protons of the lactone group were apparent triplet (J=
2-4 Hz) or mutiplets centered at & 2.85+0.05. The IR
spectra of the lactones showed characteristic bands at
d 1754+4 cm1’. The physicochemical data of the
lactones and ketones have been described in Tables |
and Il

As illustrated in table Ill, the 5'-methyl-5'-(5-sub-
stituted uracil-1-ylmethyl)-2'-0x0-3'-methylenete-
trahydrofurans  (6a-f); 5'-methyl-5'-(5-fluorouracil-1-
ylmethyl)-2'-ox0-3'-methylenetetrahydrofuran (6a), 5'-
methyl- 5'-(5-chlorouracil-1-ylmethyl)-2'-oxo0-3'-methy-
lenetetrahydrofuran (6b), 5'-methyl-5'-(5-bromouracil-1-
ylmethyl)-2'-ox0-3'-methylenetetrahydrofuran (6c), 5'-
methyl-5'-(5-iodouracil-1-ylmethyl)-2'-ox0-3'-methy-
lenetetrahydrofuran (6d), 5'-methyl-5'-(thymine-1-ylme-
thyl)-2'-oxo-3'-methylenetetrahydrofuran (6e), 5'-methyl-
5'-(uracil-1-ylmethyl)-2'-0x0-3'-methylenetetrahydro-
furan (6f) were evaluated for their in vitro cytotoxicities
against three cell lines; a) mouse mammary carcinoma

(FM-3A), b) mouse lymphoid neoplasma (P-388), ¢} hu-
man histiocytic lymphoma cell (U-937). The com-
pounds that exhibited moderate to significant activity
in all of the three types of cell lines, included 6a-f,
where compounds 6b, 6¢c and 6e showed significant
antitumor activity (inhibitory concentration (ICs,) rang-
ed from 1.3 to 3.8 g/ml). The synthetic intermediate
compounds 5a-f were also screened against the above
three cell lines, and found no activity. Further in-
vestigation of the structure-activity relationships of the
nucleic acid base a-methylene-y-butyrolactones and re-
lated derivatives is in progress.
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