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Abstract

Thio-substituted g- and d-lactones were prepared via a resin-bound epoxide by ring-
opening reaction with sodium thiolates and subsequent cleavage.

The compounds were ineffective against herpes simplex virus type 1 and poliovirus.
However, the cytotoxicity on murine tumour lines of 3,3-dimethyl lactone appeared to be
promising.

Applications of combinatorial synthesis in medic-
inal chemistry promise to revolutionize new lead
discovery and to optimize biological activity (Ter-
rett et al 1995; Nefsi et al 1997). In the past few
years, efforts have been directed towards the
development of solid-phase chemistry as the pre-
eminent method for the construction of small
molecular libraries (Thompson & Ellman 1996).
Excess of reagents is easily separated from support-
bound products by simple ®ltration and reactions
can be driven to completion without the dif®cult
isolation and puri®cation steps.

Lactones are prominent moieties in biologically
active compounds (Caine et al 1992; Paquette et al
1994; Ellman & Plunkett 1995; Ogiku et al 1995)
and are attractive targets for solid-phase synthesis.
They afford the opportunity to combine the cycli-
zation and resin cleavage steps in order to provide a
traceless synthesis. This is exempli®ed herein in the
preparation of thio-substituted g- and d-lactones.
In-vitro evaluation of cytotoxicity and antiviral
activity against poliovirus, an RNA virus and
herpes simplex virus type 1 (HSV-1), a DNA virus
is reported.

Materials and Methods

Chemistry
IR spectra were recorded on a 16PC FTIR Perkin
Elmer spectrometer. Solids were examined with a

diffuse re¯ectance accessory. For liquids, a hor-
izontal attenuated total re¯ectance with a ZnSe
crystal was used. 1H and 13C NMR were recorded
using a Brucker DMX at 500 and 125 MHz,
respectively. CDCl3 was used as solvent and tet-
ramethylsilane as the internal standard. Chemical
shifts (d) are in ppm. Compounds were puri®ed by
column chromatography with silica gel 60 (70±
230 Mesh) purchased from Merck. DMF and
CH2Cl2 were distilled from CaH2 and P2O5,
respectively, and stored under N2. Merri®eld resin
was commercially available. Purity was estimated
by gas chromatography (Carlo Erba 4160, column
SE52) and NMR analysis after cleavage.

Polymeric epoxides 1a±d
These compounds were obtained by coupling
alkenoic acids to Merri®eld resin (1�7 mmol Cl gÿ1,
1% divinylbenzene) followed by epoxidation with
m-chloroperbenzoic acid according to Le Hetet et
al (1997).

Representative methods for synthesis of various
compounds

Polymeric b-hydroxythioethers 2a±d. The products
2a±d were prepared by ring opening with sodium
thiolates in DMF at room temperature as previously
described (Le Hetet et al 1997). The polymer
obtained was ®ltered off, washed with DMF,
DMF:H2O (1:1), H2O, H2O:THF (1:1), THF and
Et2O and then dried at 50�C under vacuum for 4 h.
IR (n cmÿ1): 3330 (OH), 1728 (CO).
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g-Butyrolactones 5±8. Tri¯uoroacetic acid (50% in
CH2Cl2, 16 mL) was added to the resin 2a±d (0�6 g,
1�02 mmol) and shaken for 2 h. The resulting solu-
tion was ®ltered from the resin, concentrated to
dryness and analysed by gas chromatography. The
residue was puri®ed by column chromatography.

Identi®cation of 5. After chromatography (CH2Cl2),
5 was obtained in 67% yield. IR n cmÿ1: 1774
(CO). 1H NMR d: 1�98±2�06 and 2�36±2�43 (2H,
m, H4), 2�47±2�61 (2H, m, H3), 3�02±3�06, 3�32±
3�36 and 4�59±4�64 (3H, m, ABX, H5 and CH2-5),
7�22±7�41 (5H, m, C6H5). 13C NMR d: 26�9 (C4),
28�4 (C3), 38�6 (CH2-5), 78�6 (C5), 129�2 (C3

0),
129�9 (C4

0), 130�2 (C2
0), 134�8 (C1

0), 176�5 (C2).

Identi®cation of 6. After chromatography (CH2Cl2)
6 (1:1 mixture of diastereoisomers) was obtained in
50% yield. IR n cmÿ1: 1770 (CO). 1H NMR d:
1.27±1�28 (3H, d, CH3-3), 1�60±1�66, 2�01±2�08,
2�30±2�36 and 2�50±2�68 (2H, m, H4), 2�72±2�79
(1H, m, H3), 2�98±3�05, 3�28±3�37, 4�42±4�50 and
4�60±4�65 (3H, m, ABX, H5 and CH2-5,
JAB � 13�8 and 13�84, JAX � 3�94 and 5�70,
JBX � 5�07 and 8�00), 7�20±7�40 (5H, m, C6H5).
13C NMR d: 23�4 and 24�9 (CH3), 30�1 and 30�7
(C4), 32�2 and 32�9 (C3), 34�7 and 35�0 (CH2-5),
72�7 and 72�9 (C5), 123�4 and 123�5 (C

0
3), 125�6 and

125�7 (C4
0), 126�6 and 126�7 (C2

0), 131�1 and 131�3
(C1
0), 175�3 and 175�9 (C2).

Identi®cation of 7. After chromatography (CH2Cl2±
CH3COOEt, 80:20) 7 was obtained in 25% yield.
IR n cmÿ1: 1772 (CO). 1H NMR d: 1�20±1�25 (6H,
s, CH3), 1�80±1�90 and 2�20±2�28 (2H, m, H4),
3�05±3�08, 3�35±3�40 and 4�48±4�55 (3H, m, ABX,
H5 and CH2-5), 7�10±7�40 (5H, m, C6H5). 13C
NMR d: 24�6 and 25�0 (CH3), 38�8 (C4), 40�5
(C3), 38�6 (CH2-5), 75�0 (C5), 126�9 (C3

0), 129�2
(C4
0), 130�0 (C2

0), 134�8 (C1
0), 181�2 (C2).

Identi®cation of 8. Crude yield 63%. IR n cmÿ1:
1732 (CO). 1H NMR d: 1�55±1�65 and 1�78±1�88
(2H, m, H4), 1�85±1�95 and 2�10±2�15 (2H, m, H5),
2�40±2�50 and 2�54±2�64 (2H, m, H3), 2�95±3�05,
3�35±3�42 and 4�40±4�50 (3H, m, ABX, H6 and
CH2-6), 7�22±7�39 (5H, m, C6H5). 13C NMR d:
18�2 (C4), 26�8 (C5), 29�5 (C3), 38�6 (CH2-6), 79�2
(C6), 125�8 (C3

0),126�5 (C4
0), 126�7 (C2

0), 135�1
(C1
0), 171�6 (C2).

Identi®cation of 9. Yield 45%. IR n cmÿ1: 1774
(CO). 1H NMR d: 1�95±2�05 and 2�38±2�45 (2H,
m, H2), 2�32 (3H, s, CH3), 2�48±2�62 (2H, m, H3),
2�95±3�05, 3�25±3�32 and 4�53±4�62 (3H, m, ABX,
H5 and CH2-5), 7�10±7�40 (4H, m, C6H4). 13C

NMR d: 21�0 (CH3), 26�9 (C4), 28�5 (C3), 39�3
(CH2-5), 78�7 (C5), 130�0 (C3

0), 130�9 (C4
0), 131�0

(C2
0), 137�4 (C1

0), 176�5 (C2).

Identi®cation of 10. Compound 10 (1:1 mixture of
diastereoisomers) was obtained in 30% yield. IR
n cmÿ1: 1772 (CO). 1H NMR d: 1�27±1�28 (3H, d,
CH3-3), 2�34 (3H, s, CH3), 1�60±1�66, 2�01±2�08,
2�30±2�36 and 2�58±2�68 (2H, m, H4), 2�60±2�70
(1H, m, H3), 2�98±3�05, 3�28±3�37, 4�42±4�50 and
4�60±4�65 (3H, m, ABX, H5 and CH2-5), 7�20±
7�40 (4H, m, C6H4).

Polymeric b-hydroxythioethers 3a±b, 4a
The products 3a±b and 4a were prepared by ring
opening 1a±b with thiols in the presence of
Ti(OiPr)4. To the resin 1a±b (600 mg, 1�02 mmol)
in dry DMF (6 mL) was added R3SH (1�02 mmol)
and Ti(OiPr)4 (1�02 mmol). The resulting mixture
was stirred at room temperature under nitrogen for
2 h. The resin (3a±b, 4a) obtained was ®ltered and
washed with DMF, THF, H2O, Et2O and dried
under vacuum. IR (n cmÿ1): 3330 (OH), 1728 (CO).

g-Butyrolactones 9±11. These cyclic esters were
obtained by cyclization during the opening of the
epoxide ring. Sodium thiolate generated by treat-
ment of NaH in dry DMF with an excess of thiol
was added to the resin 1a±b in dry DMF (8 mL) at
0�C for 18 h. The reaction mixture was ®ltered.
After washing the polymer with DMF, the solution
was extracted at pH 8 (NaOH 10%) with CH2Cl2
(56 10 mL), dried (Na2SO4) and evaporated. The
residue was puri®ed by chromatography on silica gel.

Antitumour activity

Cell culture. Murine L1210 leukaemia cells and
3LL Lewis Lung carcinoma cells were cultured in
RPMI 1640 medium (Eurobio) containing 10%
heat-inactivated foetal calf serum (Eurobio), 2 mM

L-glutamine, 1% non-essential amino acids,
50 int. units mLÿ1 penicillin and 50mg mLÿ1 strep-
tomycin in a humidi®ed atmosphere of 95% air and
5% CO2, at 37�C. Viability was checked with
trypan blue and cell numbers were determined
using a hemocytometer.

Sample preparation. Stock solutions (100 mM)
were prepared in dimethylsulphoxide, distributed
in 0�2-mL fractions and stored at ÿ20�C.

In-vitro proliferation assays. All antiproliferative
assays were carried out in 96-well culture plates
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(Corning), seeded with 100 mL 2�56 103 L1210
cells/well at the experiment time or with 100mL
103 3LL cells/well 24 h before the start of the
experiments. Diluted stock solutions (10 mL) and
two-fold dilutions ranging from 8 to 0�25 mM (®nal
concentrations in wells from 0�72 to 0�023 mM)
were added in triplicate to cell suspensions in the
multi-plate. Six wells without drugs served as a
control for cell growth. Peripheral wells containing
only 100 mL medium were not considered for
assays, because of variations due to liquid evapora-
tion at plate edges, and served as blank controls.
After incubation at 37�C for 48 h, 10mL 5 mg mLÿ1

MTT in phosphate-buffered saline was added to
each well and incubated for a further 4 h. The 96-
well plates were then centrifuged at 1000 g for
5 min and supernatants were carefully removed.
The blue formazan crystals produced by viable
cells were dissolved in dimethylsulphoxide to
allow assay using a microplate spectrophotometer
(Multiscan Life-Science) at 540 nm (test) and
690 nm (background). Cell growth inhibition was
calculated in comparison with control cell growth
and the EC50 was calculated using the Biolise
software.

Antiviral activity

Cells and viruses. African green monkey kidney
cells (Vero) were grown in Eagle0s minimum
essential medium (MEM) supplemented with 10%
foetal calf serum, 160 int. units mLÿ1 penicillin and
80 mg mLÿ1 gentamycin. The viruses used were
HSV-1 strain H29S and poliovirus type 2, vaccinal
strain Sabin. Virus stocks were prepared on Vero
cells and virus titrations were performed with the
limit dilution method (Burleson et al 1992). The
virus titre was estimated from cytopathogenicity
and expressed as 50% tissue cultures infectious
doses per mL (TCID50).

Evaluation of cytotoxicity of lactones on Vero cells
To assess the effect of lactones on uninfected Vero
cells dilutions from 256 103 to 98 nM were added
to con¯uent one-day-old monolayers of Vero cells
grown in 96-well microplates. After 96 h incuba-
tion at 37�C, cell growth and survival were mea-
sured by the tetrazolium dye procedure (Denizot &
Lang 1986). The optical density of each well was
read using an automated plate reader (Titertek
Multiscan) and all data was immediately analysed
on a microcomputer with the Biolise software.
Each assay was performed in triplicate and each
experiment was repeated six times. The 50%

cytotoxic concentration (CC50) was de®ned as the
concentration of compound that reduced the
absorbance (OD540) of the control sample by 50%.

Antiviral activity
Lactones from CC50 to CC50/4 were added to
con¯uent Vero cells just before virus infection at a
low multiplicity of infection (0�001 and 0�01
TCID50 per cell). Toxicity controls, cells controls
and virus controls were run simultaneously.

Each compound was assayed in triplicate and
each experiment was repeated three times. Plates
were incubated at 37�C for multiple cycles of
replication (48 h for poliovirus and 72 h for HSV-
1). Cell survival was measured as above by the
tetrazolium dye procedure. The concentration of
drug that reduced the viral cell destruction by 50%
was expressed as the 50% inhibitory (or cytopathic
effect) concentration EC50.

Results and Discussion

Chemistry
Our ®rst choice for a polymer was the widely used
Merri®eld resin (chloromethylated styrene±
divinylbenzene copolymer). The starting material
for the synthesis of lactones 5±11 were epoxides
1a±d. The latter were obtained from alkenoic acids
(Le Hetet et al 1997) and were submitted to ring-
opening with various thiolates R3SNa. The reaction
afforded the b-hydroxythioethers 2a±d with
C6H5SNa as indicated in Figure 1. FTIR was suc-
cessfully used in reaction monitoring. A band at
3330 cmÿ1 (hydroxile group) indicated the epoxide
ring-opening.

In the case of other thiolates (Figure 2), the FTIR
spectrum showed the disappearance of absorption
at 1730 cmÿ1 of the ester moiety (attachment to the
polymer support) indicating cyclization during the
opening of the epoxide. The ®ltration and washing
of the resin delivered g-butyrolactones 9±11 in the
®ltrate. An extraction was necessary to isolate 9±
11 in moderate yields.

To avoid this lactonization in-situ, another strat-
egy can be suggested for the synthesis of com-
pounds 3a±b and 4a. Epoxides 1a±d were opened
by thiolates in the presence of titatium tetra-
isopropoxide over 2 h and gave the expected b-
hydroxythioethers (Figure 2).

Treatment of resins 2, 3 and 4 with tri¯uoroacetic
acid (Ho et al 1983) in methylene chloride caused
spontaneous lactonization and the desired products
5±11 were obtained in good yields. Examination of
the resin by FTIR showed no absorption at
1730 cmÿ1, and the appearance of a band at
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1784 cmÿ1 (COCF3) indicated that cleavage was
complete. All the products were identi®ed by 1H
and 13C NMR.

These results establish that supported epoxides
have synthetic potential in the preparation of 3,5-
disubstituted g- and d-butyrolactones. The strategy

via hydroxyethers is currently being explored to
afford sulphoxide and sulphone derivatives.

Biological results
Cytotoxicity on Vero cells and the effect of lactones
5±10 on viral cell destruction is summarized in

Figure 2. Synthesis of lactones 9±11.

Figure 1. Synthesis of lactones 5±8.
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Table 1. Compounds 5, 7 and 9 were completely
ineffective against poliovirus and HSV-1. Lactone
6 appeared to be a weak inhibitor of both viruses,
whereas lactones 8 and 10 exhibited only anti-
poliovirus activity. These results were obtained at
the lowest multiplicity of infection (0�001). The
poor selectivity indexes indicate that the com-
pounds did not have antiviral activity.

No signi®cant differences in the cytotoxicity of
the six compounds were noted. The cytotoxicity of
lactones 5±10 on L1210 and 3LL murine tumour
lines is given in Table 2. Doxorubicin was used as
positive control. Compounds 6 and 10, with one
methyl group on the lactone ring, appeared to be
slightly more cytotoxic than compound 5.
Lactone 7 with two methyl groups showed even
greater cytotoxicity. Other derivatives based on the
structural features of 7 should be synthesized in
order to reach levels of cytotoxicity comparable
with doxorubicin.

Further study of lactone 7 cytotoxicity on other
tumour cell lines, especially human tumours, would
be of interest and asymmetric epoxidation and ring
opening with other nucleophiles to prepare addi-
tional derivatives is also required.

Acknowledgements
We are grateful to Mrs Le Roch and Mrs F Baril for
their technical assistance.

References

Burleson, F. G., Chambers, T. M., Wiedbrauk, D. L. (1992)
Virology A Laboratory Manual. Academic Press Inc, San
Diego 53±71

Caine, D., Venkataramu, S. D., Kois, A. (1992) Trans b-
isoprenyl-g-(hydroxymethyl)-g-butyro lactones. J. Org.
Chem. 57: 2960±2963

Denizot, F., Lang, R. (1986) Rapid colorimetric assay for cell
growth and survival. Modi®cations to the tetrazolium dye
procedure giving improved sensitivity and reliability. J.
Immunol. Methods 89: 271±277

Ellman, J. A., Plunkett, M. J. (1995) A silicon-based linker for
traceless solid-phase synthesis. J. Org. Chem. 60: 6006±
6007

Ho, P. T., Davies, N. (1983) A practical synthesis of (R)-(ÿ)-g-
hydroxymethyl-g-butyrolactone from natural glutamic acid.
Synthesis. 462±464

Le Hetet, C., David, M., Carreaux, F., Carboni, B., Sauleau,
A. (1997) Synthesis of functionalized g- and d- Lactones
via polymer-bound epoxides. Tetrahedron Lett. 38: 5153±
5156

Nefsi, A., Ostresu, J. M., Houguten, R. A. (1997) The current
status of heterocyclic combinatorial libraries. Chem. Rev.
97: 449±472

Ogiku, T., Yoshida, S. I., Ohmizu, H., Iwasaki, T. (1995)
Stereocontrolled syntheses of diequatorial and axial-equa-
torial furofuran lignans. J. Org. Chem. 57: 1148±1153

Paquette, L. A., Wang, T. Z., Sivik, R. (1994) Total synthesis
of (-)austalide B. A generic solution to elaboration of the
pyran/p-cresol/butenolide triad. J. Am. Chem. Soc. 116:
11323±11334

Terrett, N. K., Gardner, M., Gordon, D. W., Kobylecki, R. J.,
Steele, J. (1995) Combinatorial synthesis. The design of
compound libraries and their application to drug discovery.
Tetrahedron 51: 8135±8173

Thompson, L. A., Ellman, J. A. (1996) Synthesis and applica-
tions of small molecule libraries. Chem. Rev. 96: 555±600

Table 1. Cytotoxicity on Vero cells and in-vitro antiviral effect of lactones 5±10.

Compound CC50 (mM) HSV-1 CC50/EC50 Poliovirus CC50/EC50
EC50 (mM) EC50 (mM)

5 625 Inactive ± Inactive ±
6 375 250 1�5 375 2
7 187 Inactive ± Inactive ±
8 750 Inactive ± 375 2
9 305 Inactive ± Inactive ±
10 375 Inactive ± 250 1�5

Vero cells were infected at a multiplicity of infection of 0�001. CC50, 50% cytotoxic concentration; EC50, 50% inhibitory
concentration.

Table 2. Cytotoxicity of lactones 5±10 on 3LL and L1210
cells.

Compound CC50 (mM) L1210
3LL

Doxorubicin 106 10ÿ3 26 10ÿ3

5 325 80
6 125 70
7 50 60
8 75 120
9 170 100
10 116 130

Doxorubicin served as positive control.
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