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1-Substiuted 6-(3-cyanobenzoyl) and [(3-cyanophenyl)fluoromethyl]-5-ethyl-uracils were synthe-
sized and evaluated in cell-based assays against HIV-1 wild-type and its clinically relevant non-
nucleoside reverse transcriptase inhibitor (NNRTI)-resistant mutants. Some of the synthesized
compounds showed activity against HIV-1 wild-type in the same range as Emivirine (MKC-442). 3-
{[3-(Allyloxymethyl)-5-ethyl-2,6-dioxo-1,2,3,6-tetrahydropyrimidin-4-yl]fluoromethyl}-benzoni-
trile 11b showed moderate activity against the Y181C HIV-1 mutant strain.
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Introduction

Although many drugs are currently available on the mar-
ket [1–4], the search for new HIV inhibitors is still going
on [5–8], mainly because of the induced resistance most
of these drugs cause. The reverse transcriptase enzyme
(RT) is responsible for making a copy of the viral RNA into
a complementary DNA as soon as the virus enters the
host cell, a process named reverse transcription. 6-Ben-
zyl-1-(ethoxymethyl)-5-isopropyluracil (Emivirine, for-
merly MKC-442) [9–11] is one of the non-nucleoside
reverse transcriptase inhibitors (NNRTIs) that are allos-
teric inhibitors of HIV-1 RT. It binds to a hydrophobic
pocket close to but distinct from the active site. Binding
of the inhibitor alters the conformation of the active site

and inactivates the enzyme. Since the synthesis of Emivir-
ine and the discovery of its activity against the wild-type
of HIV-1, many research projects have been published
reporting improvement of the activity of its analogues
against HIV-1 wild-type and mutant strains [12–16].
Recent publications about NNRTI diaryl ethers described
highly active compounds against mutant HIV-1 strains
when the diaryl ethers comprised a m-cyano group [17–
21]. Therefore, we now focus on 3-cyanobenzoyl and (3-
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Figure 1. Structure of MKC-442.
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cyanobenzyl)fluoromethyl as 6-substituents in MKC-442
derivatives in order to improve their activity against HIV-
1 mutants.

Results and discussion

Chemistry
Treatment of 4-chloro-5-ethyl-2,6-dimethoxy-pyrimidine
with the sodium salt of 3-cyanobenzyl cyanide in dry
dimethylformamide at 08C followed by oxidation of the
resultant product at room temperature afforded
3-[(5-ethyl-2,6-dimethoxypyrimidin-4-yl)-carbonyl]benzo-
nitrile 2, which was deprotected by treatment with trime-
thylsilyl iodide (TMSI) in chloroform at room temperature
to give the partially deprotected compound 3, 3-[(5-ethyl-
6-methoxy-2-oxo-2,3-dihydropyrimidin-4-yl)-carbonyl]-
benzonitrile, and the completely deprotected compound
4, 6-(3-cyanobenzoyl)-5-ethyluracil in overall yields of 33
and 31%, respectively. The simple alkylation reaction of
compound 3 with ethoxymethyl chloride in the presence

of triethylamine afforded compound 5. Compound 4 was
silylated by N,O-bis(trimethylsilyl)acetamide (BSA) fol-
lowed by treatment with ethoxymethyl chloride to give
only the N1-alkylated product 6 in 61% yield. Also, the sily-
lated derivative of compound 4 was treated with 3-cyano-
benzyl bromide in the presence of triethylamine to afford
3-{[6-(3-cyanobenzoyl)-5-ethyl-2,4-dioxo-3,4-dihydro-pyri-
midin-1(2H)-yl]methyl}-benzonitrile 7 (Scheme 1).

Compound 2 was reduced by sodium borohydride in
methanol at 08C to give 3-[(5-ethyl-2,6-dimethoxypyrimi-
din-4-yl)(hydroxy)methyl]benzonitrile 8, which was fluo-
rinated by diethylaminosulfur trifluoride (DAST) in
methylene chloride to furnish the fluoro derivative 9 in
40% overall yield. [(3-Cyanophenyl)fluoromethyl]-5-ethyl-
uracil 10 was prepared by deprotection of compound 9
through refluxing with TMSI in dry chloroform. MKC-442
analogues 11a,b were synthesized by silylation of com-
pound 10 with N,O-bis(trimethylsilyl)acetamide (BSA) and
alkylated either by treatment with ethoxymethyl chlor-
ide in methylene chloride at room temperature or by
bis(allyloxy)methane [13] in the presence of trimethyl-
silyl trifluoromethanesulfonate (TMS triflate) as the
Lewis-acid catalyst [22] at –508C (Scheme 2).

Compounds 6 and 7 showed steric hinderence for rota-
tion around the carbonyl group. The slow rotation in
case of compound 7 was clear from 1H-NMR. Each diaster-
eotopic proton of CH2CH3 in the 5-position appeared as
broad singlet. Compound 6 showed even slower rotation
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Reagents and conditions: (a) i) NaH, DMF, 08C; ii) O2, r.t.; (b) TMSI, CHCl3, reflux;
(c) Et3N, EtOCH2Cl, CH2Cl2, r.t.; (d) BSA, EtOCH2Cl, CH2Cl2, r.t.; (e) BSA, Et(i-Pr)2N,
CH2Cl2.

Scheme 1. Synthesis of compounds 2–7.

Reagents and conditions: (a) NaBH4, MeOH; (b) DAST, CH2Cl2; (c) TMSI, CHCl3,
reflux; (d) BSA, EtOCH2Cl for synthesis of 11a; i) BSA, CH3CN; ii) TMS-triflate, -508C,
(CH2=CH-CH2-O)2CH2 for synthesis of 11b.

Scheme 2. Synthesis of compounds 8–11a,b.
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so that each diastereotopic proton of CH2CH3 appeared as
multiplet. For compound 5, the rotation was fast and the
CH2CH3 appeared as normal quartet in 1H-NMR.

Antiviral activity
Human immunodeficiency viruses type 1 (HIV-1, IIIB
strain) in MT-4 cells was used in our assay to investigate
the anti-HIV-1 activity of MKC-442 analogues synthesized
in the present study. The results are summarized in
Table 1.

Conclusion

It is interesting to note that all the new cyano derivatives,
except for compound 5, show activity against both HIV-1
variants carrying single and double mutations. Although
the activity was low against double mutated HIV-1, one
should notice that the N1-benzyl substituted derivative 7
also showed activity against that strain. The carbonyl
group at the 6-position of the uracil ring (compounds 5
and 7) decreases the activity against wild type HIV-1,
while the fluoromethylene group at 6-position of the ura-
cil ring in compounds 11a,b resulted in activity compara-
ble to MKC-442 and in increased activity against HIV-1
mutant strains.

This work received funding from the European Community's
Sixth Framework Programme under contract number LSHP-
CT-2004-503162 (Selection and development of microbicides for
mucosal use to prevent sexual HIV transmission/acquisition)
[24].

The authors have declared no conflict of interest.

Experimental

Chemistry
NMR spectra were recorded on a Varian Gemini 2000 spectrome-
ter at 300 MHz for 1H and 75 MHz for 13C with TMS as an internal
standard (Varian, Palo Alto, CA, USA). EI mass spectra were
recorded on a Finnigan MAT SSQ 710 (Thermo Electron Corpora-
tion, Bremen, Germany). MALDI spectra were recorded on a 4.7 T
Ultima Fourier transform Mass spectrometer (IonSpec, Irvine,
CA, USA). Melting points were determined in a B�chi melting
point apparatus (B�chi Labortechnik, Flawil, Switzerland). The
silica gel (0.040 –0.063 mm) used for column chromatography
was purchased from Merck (Merck, Germany). Microanalyses
were carried out at Chemical Laboratory II at the University of
Copenhagen, Denmark.

Synthesis of 3-[(5-ethyl-2,6-dimethoxypyrimidin-4-
yl)carbonyl]benzonitrile 2
Sodium hydride (2.9 g, 66 mmol, 55% suspension in paraffin oil)
was added portionwise to a stirred solution of compound 1
(4.1 g, 20 mmol) and 3-cyanobenzyl cyanide (4 g, 28 mmol) in
dry dimethylformamide (40 mL) at 08C. The mixture was
allowed to reach room temperature gradually and left to be
stirred for 30 h in an open flask (using air for oxidation). The
reaction mixture was poured into ice-cold water (200 g) and the
solid product formed was filtered off, washed with water and
dried to afford 5.23 g of compound 2 as a pure solid, yield: 88%;
m.p.: 103 –1058C; 1H-NMR (CDCl3) d [ppm]: 1.10 (t, J = 7.5 Hz, 3H,
CH3CH2), 2.50 (q, J = 7.5 Hz, 2H, CH3CH2), 3.94, 4.09 (2s, 6H,
2OCH3), 7.62 (t, J = 8.1 Hz, 1H, Harom), 7.87 (dt, J = 7.8, 1.4 Hz, 1H,
Harom), 8.14–8.17 (m, 2H, Harom); 13C-NMR (CDCl3) d [ppm]: 14.14
(CH3CH2), 18.28 (CH3CH2), 54.49, 54.93 (2OCH3), 113.00, 129.50,
133.93, 133.99, 136.43, 136.26 (Carom), 116.17 (CN), 117.76 (C5),
160.34 (C2), 162.75 (C4), 170.71 (C6), 191.26 (C=O); EI MS m/z: 297
[M + H+] (48%), 268 (100%). Anal. calcd. for C16H15N3O3 (297.31): C,
64.64; H, 5.09; N, 14.13. Found: C, 64.11; H, 5.03; N, 13.72.

Synthesis of compounds 3 and 4
Under nitrogen, trimethylsilyl iodide (TMSI) (0.62 mL, 4.4 mmol)
was added dropwise at r.t. to a stirred solution of compound 2
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Table 1. Cytotoxicity and anti-HIV-1 activity of compounds 5–7, 11a,b, and the reference compounds MKC-442 and efavirenz
(EFV).

Compound CC50 (lM)a) SIc) EC50 (lM)b)

Wild type EFVR Y181C K103N + Y181C

5 A100 10 l 0.5 A100 A100 A100
6 A100 0.1 l 0.01 A100 8 l 3 67
7 A100 0.2 l 0.1 A100 46 44
11a A100 0.07 l 0.005 A100 3 l 1 14 l 1
11b A100 0.05 l 0.03 A100 1.5 l 0.05 20 l 10
MKC-442 A100 A3333 0.03 100 20 >100
EFV 30 15000 0.002 3 0.008 0.3

a) Compound dose required to reduce the viability of mock-infected cells by 50%, as determined by the MTT method.
b) Compound dose required to achieve 50% protection of MT-4 cells from HIV-1-induced cytopathogenicity, as determined by the

MTT method. The symbol (>) indicates that the CC50 was not reached at the highest concentration tested.
c) Selectivity index: ratio: CC50/EC50. EC50 and CC50 are expressed as the mean values of at least two separate experiments. EFVR is the

triple mutant (K103R + V179D + P225H).
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(0.6 g, 2 mmol) in dry chloroform (20 mL) and the solution was
refluxed for 3 h. The reaction mixture was cooled to r.t. and
quenched with 5% aq. sodium bicarbonate solution (2 mL).
Water (10 mL) was added and the two layers were separated. The
chloroform layer was dried using sodium sulfate and evaporated
under reduced pressure. The residual material was chromato-
graphed on a silica gel column using petroleum ether / ether
(2 : 1, v/v) as eluent to give two compounds 3 and 4.

3-[(5-Ethyl-6-methoxy-2-oxo-2,3-dihydropyrimidin-4-
yl)carbonyl]benzonitrile 3
Yield: 35%; m.p.: 223 –2258C; 1H-NMR (CDCl3) d [ppm]: 0.91 (t, J =
7.1 Hz, 3H, CH3CH2), 2.15 (q, J = 7.1 Hz, 2H, CH3CH2), 3.86 (s, 3H,
OCH3), 5.31 (bs, 1H, NH), 7.78 (t, J = 8.0 Hz, 1H, Harom), 8.16-8.19
(m, 2H, Harom), 8.28 (s, 1H, Harom); 13C-NMR (CDCl3) d [ppm]: 14.57
(CH3CH2), 17.68 (CH3CH2), 53.31 (OCH3), 105.07 (C5), 117.83 (CN),
112.12, 130.28, 133.32, 133.84, 135.82, 137.37 (Carom), 155.87 (C4),
161.42 (C2), 169.50 (C6), 190.91 (C=O); EI MS m/z: 283 [M+] (59%),
254 (100%); HRMS (MALDI) m/z: 284.1029 (C15H14N3O3 [M + H+]),
requires: 284.1030.

3-[(5-Ethyl-2,6-dioxo-1,2,3,6-tetrahydropyrimidin-4-
yl)carbonyl]benzonitrile 4
Yield: 37%; m.p.: 226 –2288C; 1H-NMR (DMSO-d6) d [ppm]: 0.87 (t, J
= 7.2 Hz, 3H, CH3CH2), 2.01 (q, J = 7.2 Hz, 2H, CH3CH2), 7.84 (t, J =
7.8 Hz, 1H, Harom), 8.24 (dt, J = 7.8, 1.4 Hz, 2H, Harom), 8.30 (dt, J =
7.8, 1.4 Hz, 1H, Harom), 8.56 (t, J = 1.5 Hz, 1H, Harom), 11.08, 11.32
(2s, 2H, 2 NH); 13C-NMR (DMSO-d6) d [ppm]: 13.58 (CH3CH2), 17.96
(CH3CH2), 112.60 (C5), 111.76, 130.57, 133.57, 133.67, 134.99,
138.26 (Carom), 144.05 (C4), 150.39 (C2), 164.39 (C6), 188.73 (C=O);
HRMS (MALDI) m/z: 292.0688 (C14H11N3O3 [M + H+]), requires:
292.0693.

Synthesis of 3-{[3-(ethoxymethyl)-5-ethyl-6-methoxy-2-
oxo-2,3-dihydropyrimidin-4-yl]carbonyl}-benzonitrile 5
Triethylamine (0.06 mL, 0.42 mmol) was added to a stirred solu-
tion of compound 3 (100 mg, 0.35 mmol) and ethoxymethyl
chloride (0.04 mL, 0.42 mmol) in dry methylene chloride (10 mL)
at r.t. The reaction mixture was stirred for 3 h, the solvent was
evaporated under reduced pressure and the residual material
was purified by silica gel column chromatography using CH2Cl2

as eluent to furnish 66 mg of compound 5, yield 55%; m.p.: 70 –
728C; 1H-NMR (CDCl3) d [ppm]: 1.12 (t, J = 7.4 Hz, 3H, CH3CH2), 1.25
(t, J = 7.2 Hz, 3H, CH3CH2), 2.52 (q, J = 7.4 Hz, 2H, CH3CH2), 3.80 (q,
J = 7.2 Hz, 2H, CH3CH2), 4.09 (s, 3H, OCH3), 5.54 (s, 2H, NCH2O),
7.61 (t, J = 7.5 Hz, 1H, Harom), 7.87 (dt, J = 7.8, 1.5 Hz, Harom), 8.17-
8.21 (m, 2H, Harom); 13C-NMR (CDCl3) d [ppm]: 14.08 (CH3CH2),
15.02 (CH3CH2O), 18.28 (CH3CH2), 54.60 (OCH3), 65.70 (CH3CH2O),
91.79 (NCH2O), 116.98 (C5), 117.75 (CN), 112.95, 129.46, 133.97,
134.15, 136.19, 136.43 (Carom), 160.18 (C2), 161.25 (C4), 170.84
(C6), 190.93 (C=O); HRMS (MALDI) m/z: 364.1258 (C18H19NaN3O4 [M
+ Na+])], requires: 364.1268.

Synthesis of 3-{[3-(ethoxymethyl)-5-ethyl-2,6-dioxo-
1,2,3,6-tetrahydropyrimidin-4-yl]carbonyl}-benzonitrile 6
Compound 4 (0.29 g, 1 mmol) was stirred in dry methylene
chloride (15 mL) under nitrogen atmosphere, and N,O-bis(trime-
thylsilyl)acetamide (BSA) (0.87 mL, 3.5 mmol) was added. After
complete silylation (clear solution, after 10 min), ethoxymethyl
chloride (0.14 mL, 1.5 mmol) was added dropwise to the reaction

mixture at r.t. and stirred for 3 h. The reaction was quenched by
addition of 5% aq. sodium bicarbonate solution (3 mL). Water
(10 mL) and methylene chloride (10 mL) were added to the reac-
tion mixture. The two layers were separated and the organic
layer was dried using sodium sulfate. The solvent was removed
under reduced pressure and the residual material was purified
by silica gel column chromatography using ethyl acetate /
methylene chloride (1 : 1, v / v) as eluent to afford 200 mg of
compound 6, yield: 61%; m.p.: 123 –1258C; 1H-NMR (CDCl3) d

[ppm]: 0.79 (t, J = 7.1 Hz, 3H, CH3CH2), 0.97 (t, J = 7.5 Hz, 3H,
CH3CH2O), 1.94 –2.01 (m, 1H, CH3-HCH), 2.24–2.31 (m, 1H, CH3-
HCH), 3.29-3.45 (m, J = 7.5 Hz, 2H, CH3-CH2-O), 4.82 (d, J = 10.1 Hz,
1H, N-HCH-O), 5.56 (d, J = 10.1 Hz, 1H, N-HCH-O), 7.72 (t, J = 7.8 Hz,
1H, Harom), 8.0 (dt, J = 7.8, 1.4 Hz, 1H, Harom), 8.16 (dt, J = 8.1, 1.2 Hz,
1H, Harom), 8.25 (t, J = 1.4 Hz, 1H, Harom), 9.57 (s, 1H, NH); 13C-NMR
(CDCl3) d [ppm]: 13.22 (CH3CH2), 14.14 (CH3CH2O), 19.15 (CH3CH2),
64.33 (CH3CH2O), 72.97 (NCH2O), 117.21 (C5), 115.45 (CN), 113.70,
129.98, 132.90, 133.21, 136.17, 137.46 (Carom), 144.34 (C4), 150.42
(C2), 162.54 (C6), 187.87 (C=O); EI MS m/z: 327 [M+] (11%), 59
(100%). Anal. calcd. for C17H17N3O4 (327.33): C, 62.38; H, 5.23; N,
12.84. Found: C, 62.46; H, 5.28; N, 12.65.

Synthesis of 3-{[6-(3-cyanobenzoyl)-5-ethyl-2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl]methyl}-benzonitrile 7
To a stirred solution of compound 4 (80 mg, 0.3 mmol) dry
methylene chloride (10 mL) under nitrogen atmosphere, N,O-
bis(trimethylsilyl)acetamide (BSA) (0.25 mL, 1 mmol) was added.
After complete silylation (clear solution, after 10 min), 3-cyano-
benzyl bromide (86 mg, 0.44 mmol) was added to the mixture
and it was refluxed for 16 h. The reaction mixture was cooled to
r.t. and the solvent was removed under reduced pressure. The
residual material was purified by silica gel column chromatogra-
phy using EtOAc / CH2Cl2 (1 : 1, v / v) as eluent to afford 60 mg of
compound 7, yield: 52%; m.p.: 250-2528C; 1H-NMR (DMSO-d6) d

[ppm]: 0.83 (t, J = 7.2 Hz, 3H, CH3CH2), 1.86, 2.00 (2bs, 2H,
CH3CH2), 4.64, 4.87 (2bs, 2H, CH2Ar), 7.30 –7.39 (m, 2H, Harom),
7.54 –760 (m, 2H, Harom), 7.68 (t, J = 7.8 Hz, 1H, Harom), 8.10 (d, J =
7.8 Hz, 1H, Harom), 8.23 (d, J = 7.8 Hz, 1H, Harom), 8.44 (s, 1H, Harom);
13C-NMR (DMSO-d6) d [ppm]: 13.09 (CH3CH2), 18.68 (CH3CH2), 47.01
(CH2Ar), 113.32 (C5), 117.25 (CN), 118.31 (CN), 111.10, 112.38,
129.12, 130.31, 130.65, 130.92, 131.72, 133.09, 134.27, 134.59,
137.59, 138.46 (Carom), 145.15 (C6), 151.01 (C2), 163.065 (C4),
188.59 (COAr); EI MS m/z: 384 [M+] (27%), 116 (100%). Anal. calcd.
for C22H16N4O3 . 0.2 H2O (388.00): C, 68.10; H, 4.26; N, 14.44.
Found: C, 68.10; H, 4.17; N, 14.08.

Synthesis of 3-[(5-ethyl-2,6-dimethoxypyrimidin-4-
yl)(hydroxy)methyl]benzonitrile 8
Under ice cooling bath, sodium borohydride (170 mg, 4.5 mmol)
was added portionwise to a stirred solution of compound 2
(1.2 g, 4 mmol) in methanol (20 mL). The reaction mixture was
left to reach r.t. gradually with stirring for 1 h, then acetic acid
(1 mL) was added followed by addition of water (40 mL) and
ether (50 mL). The two layers were separated and the ether layer
was dried (MgSO4) and evaporated under reduced pressure. The
oily residual material was 0.8 g of the pure compound 8, yield
67%; yellow oil; 1H-NMR (CDCl3) d [ppm]: 0.83 (t, J = 7.5 Hz, 3H,
CH3CH2), 2.31-2.50 (m, 2H, CH3CH2), 4.02, 4.05 (2s, 6H, 2OCH3),
5.15 (d, J = 7.5 Hz, 1H, OH), 5.76 (d, J = 7.5 Hz, 1H, CH), 7.41–7.60
(m, 4H, Harom); 13C-NMR (CDCl3) d [ppm]: 12.61 (CH3CH2), 17.43
(CH3CH2), 54.38, 54.79 (2 OCH3), 70.47 (CH), 118.47 (CN), 113.18
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(C5), 112.61, 129.37, 130.87, 131.50, 131.77, 143.79 (Carom), 162.69
(C4), 164.53 (C2), 170.41 (C6); HRMS (MALDI) m/z: 322.1160
(C16H17NaN3O3 [M + Na+]), requires: 322.1162.

Synthesis of 3-[(5-ethyl-2,6-dimethoxypyrimidin-4-
yl)(fluoro)methyl]benzonitrile 9
To a stirred solution of compound 8 (0.6 g, 3 mmol) in dry
methylene chloride (10 mL) was added DAST (0.6 mL, 4.5 mmol)
in CH2Cl2 (1 mL) dropwise at –58C. The reaction mixture was
allowed to reach r.t. and stirred for 3 h. 5% Aqueous sodium
bicarbonate (0.5 mL) was added to the reaction mixture followed
by addition of water (15 mL) and methylene chloride (15 mL).
The two layers were separated and the organic layer was dried
using sodium sulfate (10 g) and evaporated under reduced pres-
sure. The residual oily product was purified by silica gel column
chromatography using ether as eluent to afford 0.54 g of com-
pound 9, yield: 60%; as a yellow oil; 1H-NMR (CDCl3) d [ppm]: 1.04
(t, J = 7.4 Hz, 3H, CH3CH2), 2.57 (q, J = 7.4 Hz, 2H, CH3CH2), 3.94,
4.01 (2s, 6H, 2OCH3), 6.54 (d, JH,F = 47.1 Hz, 1H, CH-F), 7.49 (t, J =
7.7 Hz, 1H, Harom), 7.61 –7.74 (m, 3H, Harom); 13C-NMR (CDCl3) d

[ppm]: 13.91 (CH3CH2), 17.60 (d, J = 2.3 Hz, CH3CH2), 54.33, 54.66
(2OCH3), 91.30 (d, J = 178.3 Hz, CH-F), 115.51 (C5), 118.37 (CN),
112.53, 129.15 (Carom), 129.61 (d, J = 6.9 Hz, Carom), 130.33 (d, J =
6.4 Hz, Carom), 131.96 (d, J = 1.3 Hz, Carom), 139.41 (d, J = 22.6 Hz,
Carom), 161.40 (d, J = 20.4 Hz, C4), 163.01 (C2), 170.79 (C6); HRMS
(MALDI) m/z: 324.117 (C16H16FNaN3O2 [M + Na+]), requires:
324.119.

Synthesis of 3-[(5-ethyl-2,6-dioxo-1,2,3,6-
tetrahydropyrimidin-4-yl)(fluoro)methyl] benzonitrile 10
Under nitrogen, trimethyl silyl iodide (TMSI) (0.4 mL, 3 mmol)
was added dropwise at r.t. to a stirred solution of compound 9
(0.39 g, 1.3 mmol) in dry chloroform (20 mL) and the solution
was refluxed for 3 h. The reaction mixture was cooled to r.t. and
quenched with 5% aq. sodium bicarbonate solution (1.5 mL),
water (10 mL) was added and the two layers were separated. The
chloroform layer was dried using sodium sulfate and evaporated
under reduced pressure. The residual material was chromato-
graphed on a silica gel column using petroleum EtOAc / CH2Cl2

(4 : 1, v / v) as eluent to give 0.46 g of compound 10, yield: 57%;
m.p.: 168 –1708C; 1H-NMR (DMSO-d6) d [ppm]: 0.83 (t, J = 7.4 Hz,
3H, CH3CH2), 2.31 (q, J = 7.4 Hz, 2H, CH3CH2), 6.80 (d, J = 45.0 Hz,
1H, CH-F), 7.67–8.05 (m, 4H, Harom), 10.81, 11.22 (2s, 2H, 2NH);
13C-NMR (DMSO-d6) d [ppm]: 13.53 (CH3CH2), 17.08 (CH3CH2), 86.86
(d, J = 175.4 Hz, CH-F), 112.46 (C5), 118.27 (CN), 111.76, 130.04
(Carom), 130.16 (d, J = 6.0 Hz, Carom), 131.28 (d, J = 5.2 Hz, Carom),
137.10 (d, J = 21.9 Hz, Carom), 144.12 (d, J = 20.0 Hz, C4), 150.67
(C2), 164.09 (C6); EI MS m/z: 273 [M+] (20%), 91 (100%). Anal. calcd.
for C14H12FN3O2: C, 61.53; H, 4.43; N, 15.38. Found: C, 61.50; H,
4.26; N, 15.20.

Synthesis of 3-[(3-(ethoxymethyl)-5-ethyl-1,2,3,6-
tetrahydro-2,6-dioxopyrimidin-4-yl)fluoromethyl]-
benzonitrile 11a
Compound 10 (137 mg, 0.5 mmol) was stirred in dry CH2Cl2

(10 mL) under nitrogen atmosphere, and N,O-bis(trimethylsilyl)-
acetamide (BSA) (0.43 mL, 1.75 mmol) was added. After complete
silylation (clear solution, after 10 min), ethoxymethyl chloride
(0.1 mL, 1 mmol) was added dropwise to the reaction mixture at
r.t. and stirred for 3 h. The reaction was quenched by addition of

5% aq sodium bicarbonate solution (3 mL). Water (10 mL) and
methylene chloride (15 mL) were added to the reaction mixture.
The two layers were separated and the organic layer was dried
using sodium sulfate. The solvent was removed under reduced
pressure and the residual material was purified by silica gel col-
umn chromatography using EtOAc / CH2Cl2 (1 : 4, v / v) as eluent
to afford 75 mg of compound 11a, yield: 45%; m.p.: 90 –928C; 1H-
NMR (CDCl3) d [ppm]: 0.97 (t, J = 7.4 Hz, 3H, CH3CH2-C5), 1.04 (t, J =
6.9 Hz, 3H, CH3CH2O), 2.27 –2.47 (m, 2H, CH3CH2-C5), 3.45–362
(m, 2H, CH3CH2O), 5.22 (d, J = 11.2 Hz, 2H, N-HCH-O), 5.34 (d, J =
11.2 Hz, 2H, N-HCH-O), 6.86 (d, J = 46.5 Hz, 1H, CH-F), 7.56 –7.72
(m, 4H, Harom), 9.73 (s, 1H, NH); 13C-NMR (CDCl3) d [ppm]: 13.50
(CH3CH2), 14.69 (CH3CH2), 19.13 (CH3CH2C5), 64.99 (CH3CH2O),
73.12 (NCH2O), 87.18 (d, J = 179.5 Hz, CH-F), 117.91 (CN), 113.26,
129.65, 132.65 (Carom), 119.84 (d, J = 2.9 Hz, C5), 129.12 (d, J =
6.0 Hz, Carom), 129.65 (d, J = 5.2 Hz, Carom), 137.63 (d, J = 21.7 Hz,
Carom), 145.17 (d, J = 18.6 Hz, C6), 151.28 (C2), 162.99 (C4); HRMS
(MALDI) m/z: 354.1220 (C17H18FN3NaO3 [M + Na+]), requires:
354.1224.

Synthesis of 3-[{3-(allyloxymethyl)-5-ethyl-2,6-dioxo-
1,2,3,6-tetrahydropyrimidin-4-yl}fluoro-
methyl]benzonitrile 11b
Compound 10 (95 mg, 0.35 mmol) was stirred in dry acetonitrile
(10 mL) under nitrogen atmosphere, and N,O-bis(trimethylsilyl)a-
cetamide (BSA) (0.3 mL, 1.2 mmol) was added. The mixture
became clear after stirring at room temperature for 10 min. The
reaction mixture was cooled to –508C and TMS triflate (0.06 mL,
0.35 mmol) was added followed by dropwise addition of bis(ally-
loxy)methane (90 mg, 0.7 mmol) in CH2Cl2 (1 mL). The reaction
mixture was stirred at room temperature for 3 h, quenched
with ice-cold saturated solution of NaHCO3 (1 mL), and evapo-
rated under reduced pressure. The residue was extracted with
Et2O (3650 mL), and the combined organic fractions were dried
(MgSO4) and evaporated under reduced pressure. The residue
was chromatographed on a silica gel column using EtOAc /
CH2Cl2 (1 : 4) as eluent to furnish 80 mg of compound 11b, yield:
67%; m.p.: 98 –1008C; 1H-NMR (CDCl3) d [ppm]: 0.98 (t, J = 7.4 Hz,
3H, CH3CH2), 2.33 –2.41 (m, 2H, CH3CH2), 4.02 (dd, J = 1.7, 4.1 Hz,
2H, CH2-CH), 5.13 –5.17 (m, 2H, CH2=CH), 5.23 (d, J = 10.8 Hz, 1H,
NHCHO), 5.35 (d, J = 11.36 Hz, 1H, NHCHO), 5.64–5.77 (m, 1H,
CH=CH2), 6.86 (d, J = 46.5 Hz, 1H, CH-F), 7.54–7.71 (m, 4H, Harom),
9.51 (s, 1H, NH); 13C-NMR (CDCl3) d [ppm]: 13.57 (CH3CH2), 19.16
(CH3CH2), 70.45 (OCH2CH), 72.87 (NCH2O), 87.19 (d, J = 178.8 Hz,
CH-F), 117.90 (CN), 118.14 (CH2=CH), 119.92 (d, J = 3.2 Hz, C5),
113.34 (Carom), 129.04 (d, J = 6.1 Hz, Carom), 129.62 (d, J = 5.6 Hz,
Carom), 129.83 (Carom), 132.70 (CH2=CH), 132.75 (d, J = 9.5 Hz, Carom),
137.49 (d, J = 21.5 Hz, Carom), 145.04 (d, J = 18.5 Hz, C6), 151.19
(C2), 162.81 (C4); HRMS (MALDI) m/z: 366.1225 (C18H18FNaN3O3 [M
+ Na+]), requires: 366.1224.

Cell-based assays

Compounds, cells, and viruses
Compounds were dissolved in DMSO at 100 mM and then
diluted in culture medium.

Cell lines were purchased from American Type Culture Collec-
tion (ATCC). The absence of mycoplasma contamination was
checked periodically by the Hoechst staining method. Cell lines
supporting the multiplication of HIV-1 were the CD4+ human T-
cells containing an integrated HTLV-1 genome (MT-4).
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Cytotoxicity assays
For cytotoxicity evaluations, exponentially growing cells
derived from human haematological tumors [CD4+ human T-
cells containing an integrated HTLV-1 genome (MT-4)] were
seeded at an initial density of 16105 cells/mL in 96-well plates in
RPMI-1640 medium supplemented with 10% fetal calf serum
(FCS), 100 units/mL penicillin G and 100 lg/mL streptomycin.
Cell cultures were then incubated at 378C in a humidified, 5%
CO2 atmosphere in the absence or presence of serial dilutions of
test compounds. Cell viability was determined after 96 h at 378C
by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bro-
mide (MTT) method [23].

Antiviral assays
Activity of compounds against Human Immunodeficiency virus
type-1 (HIV-1) was based on the inhibition of virus-induced cyto-
pathogenicity in MT-4 cells acutely infected with a multiplicity
of infection (m. o. i.) of 0.01. Briefly, 50 mL of RPMI containing
16104 MT-4 were added to each well of flat-bottom microtitre
trays containing 50 mL of RPMI, without or with serial dilutions
of the test compounds. Then, 20 mL of an HIV-1 suspension con-
taining 100 CCID50 were added. After a 4-day incubation, cell via-
bility was determined by the MTT method.
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