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A series of nove5-DABO analogues$DABOSs, 1) were synthesized and evaluated as inhibitors of human
immunodeficiency virus type-1 (HIV-1). Key structural modifications included replacement of the
6-arylmethyl group by a 6-arylcarbonyl or 6-cyanoarylmethyl) group. Most of the compounds showed
only micromolar potency against HIV-1 in MT-4 cells in vitro, though two of th@agnd3g) were unusually
potent (IGo = 0.09 and 0.002M, respectively) and selective (S1 1500 and 4600, respectively). Structtre
activity relationships among the newly synthesi&BABOs are discussed.

Introduction Chart 1. Chemical Structures d&DABOs, and Compounds
Since they were first reported in 1992-alkoxy-3,4-dihydro- 2-4
6-benzyl-4(3)-pyrimidin-4-ones (DABOs¥, ' a class of non-
nucleoside reverse transcriptase inhibitors (NNRTIs), have been
the object of great interest and have led in recent years to the R, I
indentification of highly potent analogues in which the 6-benzyl S
group was replaced by a substituted arylmethyl group or the 2-
and 5-substituent on the pyrimidine ring was variously modified
as depicted in Chart 1. However, few modifications of the

arylmethyl carbon at the 6-position have been describ&de 1 S-DABOs 2

recently prepared a series of new 6-(1-naphthylmethyl) ana- o o}
logues @, Chart 1) which showed strong in vitro anti-HIV-1 R Ry
and anti-HIV-2 activity in MT-4 cells, together with high HN HN™
selectivity for the retroviruses relative to the T-cell h¥fst. Rz\s)\\N CN Resg SN °
Surmising that suitable modification of the gbridge between Rs Rs
the pyrimidine and aryl moieties might promatestacking 3 4

between the electron-deficient pyrimidine ring of the inhibitor

and th(_a electron-rich phenyl ring of Tyr188 or Tyrl81 in the Besides, the nitrile8b, 3d, 3g, 3j,k, 3m, 3t, and3x—acwere
transcriptase enzyme, we have now synthesized and tested gccessfully oxidized to ketonda—m (series B) by passing
new series of 6¢(-cyanoarylmethyl) and 6-aroyl analogu8s  ajr through the reaction mixture in the presence of 60% NaH

and4 (Chart 1) as novel NNRTIs. ~in anhydrous DMF at room temperature.
Chemistry. The synthesis of the title compounds of series

A (3a—ac) and series B4a—m) was outlined in Scheme land Results and Discussion

Scheme 2. The 2-thiobarbituric acid derivativeés—d were At the outset, the title compounds of series 3a{w) and
prepared according to the method of Koroniak et®aby  series B ga—m) were tested for their ability to inhibit the HIV-1
condensatlon of thiourea with the appropnqte dl'ethyl malonates jnquced cytopathogenicity, for cytotoxicity and anti-HIV-1
Sa—d in the presence of sodium methoxide in methanol at atjvity in MT-4 cells in comparison with nevirapine as reference
refluxing temperature. Subsequent S-alkylatior6ef-d with drug (Table 1). In series A, many compounds showed anti-
various alkyl halides in the presence of sodium hydroxide gave jy.1 activity that was more potent than that of nevirapine.
the corresponding 5-alkyl-2-alkylthiobarbituric acids—ac, Maximum activity was obtained with compounds3gand3g,
respectively. Treatment ofa—ac in dichloromethane with — \yhich were endowed with the highest potencysy& 0.09
p-toluenesulfonyl chloride and triethylamine afforded the dis- 4334 0.0024M, respectively) and selectivity (SE 1500 and
ulfonates8a—ac, which were reacted with various aryl aceto- 4600, respectively). These results appear to confirm our as-
nitriles in the presence of 60% NaH in anhydrous DMF to yield gymption that the introduction of a cyano group as an electron-
the intermediateSa—ac, respectively, and then without puri-  yjithdrawing substituent to the aryl methylic carbon at C-6
fication, hydrolysis of 9a—ac with 10% aqueous sodium  position might be more favorable to improve a putative
hydroxide in ethanol afforded the title compourBs-ac of  _stacking interaction between the electron-deficient aryl ring
series A. of the ligand and the electron-rich benzene ring of Tyr188 or
Tyrl81 of reverse transcriptase (RT).

* To whom correspondence S.Ir_‘o‘;'dhbe adfdrdesse%%ﬁ‘ﬂ‘65643811- Compounds belonging to series B were considerably less
Fa&jﬁfﬁj}ﬁfﬁéﬁﬁ,“' E-mail: richen@fudan.edu.cn. potent @a, 4g—i, 4k, and4m) or totally inactive ¢b—d, 4f,

* Katholieke Universiteit Leuven. and4j). However, a striking low cytotoxicity in this series was
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Scheme 2 Synthesis of Compound3a—ac
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3a-ac *
3 R; R, R3 3 Ry Ry R3
al H iPr 1-naphthyl P | Et 4-chlorobenzoylmethyl 1-naphthyl
b H cyclopentyl 1-naphthyl q Et i-Pr Ph
c Me cyclopentyl 1-naphthyl r Et 4-nitrobenzyl Ph
d Me propynyl 1-naphthyl S Et 4-nitrobenzyl 2,6-Cl,-Ph
e Me benzoylmethyl 1-naphthyl t i-Pr cyclopentyl 1-naphthyl
f Me 4-chlorobenzoylmethyl 1-naphthyl u i-Pr 4-methoxybenzyl 1-naphthyl
g9 Me j-Pr Ph V | i-Pr 4-methoxybenzyl Ph
h Me cyclopentyl Ph W | j-Pr 4-methoxybenzyl 2,6-Cl,-Ph
i Me benzoylmethyl Ph X H Et 1-naphthyl
j Et Et 1-naphthyl y H Et Ph
k Et i-Pr 1-naphthyl z H benzoylmethyl 1-naphthyl
| Et cyclopentyl 1-naphthyl aa| Et benzyl 1-naphthyl
m Et allyl 1-naphthyl ab| Et benzyl 2-naphthyl
n Et propynyl 1-naphthyl ac| Et cyclopentyl Ph
o Et 4-nitrobenzyl 1-naphthyl

aReagents and conditions: (a) thiourea, MeONa, MeOH, reflux, 8 h; §) RaOH, HO, 35°C, 4-24 h; (c) TsCl, EiN, CH.Cl,, —5 °C then rt,
overnight; (d) RCHCN, 60% NaH, DMF,—15 °C then rt, 48-72 h; (e) 10% NaOH, EtOH, rt, 2448 h.

Scheme 2 Synthesis of Compound&a—m

e}
R
HN ! a
S O
287N
Rs
3b, d, g, j-k, m, t, x-ac
4] R R Rs
a H Et 1-naphthyl
bl H cyclopentyl 1-naphthyl
c H benzoylmethyl 1-naphthyl
d H Et Ph
e Me i-Pr Ph
f Me propynyl 1-naphthyl
g Et Et 1-naphthyl
h Et -Pr 1-naphthyl
i Et allyl 1-naphthyl
J| Et  benzyl 1-naphthyl
k Et benzyl 2-naphthyl
| Et  cyclopentyl Ph
m i-Pr cyclopentyl 1-naphthyl

aReagents and conditions: (a) 60% NaH, DMF, Air, r;18 h.

structural modifications at positions 2, 5, and 6 were performed.
Two compounds4e and 4l) were found to exhibit moderate
activity. It was noteworthy that the introduction of a 6-arylcar-
bonyl substituent resulted in compounds of series B, which were
characterized by lower activity but coupled with marked
decrease in cytotoxicity. It was anticipated that this may be due
to the increase of molecule rigidity resulting in a steric clash
with adjacent residues that weaken interaction with the RT.

In an attempt to further study the SARs, we examined the
effect of Ry substituents at C-6 position of the pyrimidine ring
by use of various aryl groups. It can be seen that 1-naphthyl-
substituted compound8¢, 3k, and 30) were generally more
potent than the phenyl-substituted compouriis 8q,r) with
the exception of the paiBv and 3u in series A. In line with
these observations, a similar conclusion was reached about series
B. These results indicated that the 1-naphthyl substitution of
Rs; was more favorably positioned to make interactions with
the -clouds of the aromatic chain of Tyr181 or Tyr188 of RT
may be due to the higher aromatic properties and bulky steric
hindrance. It was previously reported that in ott®DABO
series the insertion of two chlorine atoms at the ortho-position
of phenyl ring at C-6 position strongly improved the anti-HIV-1

observed. For example, the majority of compounds were not activity.® For compounds, we were also testing the effect of

cytotoxic for MT-4 cells at doses as high as 12@, and only
two of them @b and4m) showed C values at concentrations
lower than 30uM. Inspired by these observations further

changing B = phenyl into R = 2,6-dichlorophenyl. The effect

was rather dramatic as can be seen by compaingith 3w
with a decrease in activity against HIV-1. A similar change in
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Table 1. Anti-HIV-1 Activity and Cytotoxicity of Compound8a—w, 4a—m in MT-4 Cells
o]
HN™ Ri
NS
Ro- SAN 0
Rs
4a-m
compd R R2 Rs3 ICs0(uM)2 CGCso (uM)® Sl
3a H i-Pr 1-naphthyl 0.66: 0.27 53.19+ 20.72 82
3b H cyclopentyl 1-naphthyl >22.80 22.80t 4.52 <1
3 Me cyclopentyl 1-naphthyl 0.8& 0.40 49.39%+ 21.49 61
3 Me propynyl 1-naphthyl 2.761.16 46.09+ 1.54 17
3e Me benzoylmethyl 1-naphthyl 0.02 0.04 163.86+ 33.16 1500
3f Me 4-chlorobenzoylmethyl 1-naphthyl 4.210.89 148.32+ 21.24 32
39 Me i-Pr Ph 0.002t 0.0002 10.8H6.56 4600
3h Me cyclopentyl Ph 6.34 2.09 58.95+ 15.48 9
3i Me benzoylmethyl Ph 7.2& 3.17 53.81+ 13.76 7
3 Et Et 1-naphthyl 1.1#0.23 122.35+ 63.98 103
3k Et i-Pr 1-naphthyl 0.24-0.12 >344.35 >1400
3l Et cyclopentyl 1-naphthyl 0.1& 0.08 51.88+ 18.33 293
3m Et allyl 1-naphthyl 0.58+ 0.33 >346.26 >585
3n Et propynyl 1-naphthyl 4.85 0.61 47.99 9.50 10
30 Et 4-nitrobenzyl 1-naphthyl 1.2% 0.07 24.52+ 1.38 20
3p Et 4-chlorobenzoylmethyl 1-naphthyl >35.73 116.66t 13.07 <3
3q Et i-Pr Ph 0.64+ 0.38 58.02+ 21.02 91
3r Et 4-nitrobenzyl Ph 1.330.27 34.19+ 2.14 26
3s Et 4-nitrobenzyl 2,6-GHPh 2.22+0.44 23.46+ 2.83 11
3t i-Pr cyclopentyl 1-naphthyl 1.34 0.38 7.32+ 1.09 5
3u i-Pr 4-methoxybenzyl 1-naphthyl >2.09 2.09+ 1.47 <1
3v i-Pr 4-methoxybenzyl Ph 3.580.81 26.7% 2.72 8
3w i-Pr 4-methoxybenzyl 2,6-gPh >23.53 23.53+ 1.31 <1
4a H Et 1-naphthyl 37.58: 3.87 241.6H 13.61 6
4b H cyclopentyl 1-naphthyl >21.03 21.03:9.80 <1
4c H benzoylmethyl 1-naphthyl >304.41 >304.41 NA
4d H Et Ph >246.65 246.65 19.46 <1
4e Me i-Pr Ph 2.05+ 0.03 263.19+ 27.08 128
Af Me propynyl 1-naphthyl >123.56 123.56 35.57 <1
4g Et Et 1-naphthyl 27.849.17 196.54+ 112.37 7
4h Et i-Pr 1-naphthyl 6.7% 0.51 178.92+ 16.59 26
4i Et allyl 1-naphthyl 16.94t 8.40 210.3%A54.09 12
4j Et benzyl 1-naphthyl >312.50 >312.50 NA
4k Et benzyl 2-naphthyl >60.75 157.43: 7.73 <3
4 Et cyclopentyl Ph 4.6% 1.31 60.37+ 17.19 13
4m i-Pr cyclopentyl 1-naphthyl 10.8% 2.24 24.69+ 2.86 2
HEPT 5.06 405 80
nevirapine 0.25 >200 >800

a]Cso: concentration of compound required to protect the cell against viral cytopathogenicity by 50% in MT-2 €&lks. concentration of compound

that reduces the normal uninfected MT-4 cell viability by 509l: selectivity index: ratio C&y/1Cso.

activity was observed for compour8t (ICso = 1.33+ 0.27
uM) when compared witl8s (ICsp = 2.22 + 0.44 uM). The

pyrimidine ring affected the antiviral activity as exemplified
by 4-fold improvement of activity passing from the 2-ethylthio
results in our case suggested that the substituent a Bn homologues3j and 4g to the corresponding 2-isopropylthio
important criterion for activity. analogues3k and 4h. Optimal activity was obtained with
Variations at the C-5 position of pyrimidine ring play an compounds bearing such 2-alkylthio substituents as isopropy-
important role, as previously obsen@t,and allow compounds  Ithio, cyclopentylthio, allylthio, and benzoylmethylthio groups.
with very high potent activity to be obtained. None of the Among these serial modifications, the 2-isopropylthio-substi-
modifications at the C-5 position proved to be devoid of anti- tuted compounds of series A generally showed the best potency
HIV-1 activity or less potent than the 5-methyl-substituted with ICsvalues in the low nanomolar or sub-micromolar range.
compounds. However, it also should be noticed that except for The introduction of an allylthio moiety at the C-2 position gave
compounds3c and3l, substitutions of the 5-methyl with either compound3m, which displayed sub-micromolar anti-HIV-1
ethyl or the isopropyl resulted in slightly decreased activity activity with the lowest cytotoxicity (I6o = 0.58uM, CCsp >
(from 3c,d to 3t and 3n, respectively) or markedly decreased 346.26uM). It is worth noting that the insertion of a chlorine
activity (up to 7-fold passing from3f to 3p). Thus, within the atom at the para-position of the benzoylmethyl ring led to
derivatives in series A, the best activity was provided by the compounds3f and 3p characterized by both low cytotoxicity
5-methyl-substituted derivative. For example, compoudds and antiviral activity.
3e and 3g containing 5-methyl substitution displayed high In addition, we have chosen two compoun@e &nd3Kk) to
potency with 1Gg values ranging from 0.80 to 0.0Q&V. evaluate their anti-HIV-1 activity in human peripheral blood
Just as with SARs of our previo®DABOs 1° the nature of mononuclear cells (PBMCs) (Figure 3, Table 2). It was found
the substituents at C-2 position were also essential for the anti-that these two compounds showed moderate anti-HIV-1 activity
HIV-1 activity both in series A and B. As shown in Table 1, in human PBMCs. In particular, compourdg exhibited low
steric properties of the substituents at the C-2 position of micromolar value of IG of 0.99uM. However, in comparison
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Figure 3. Anti-HIV-1 evaluation in PBMCs of selected compounds
3eand3k.

Table 2. Anti-HIV-1 Activity and Cytotoxicity of Selected Title
Compounds e and 3k) in PBMCs

compd 1Go (uM)2 CGCso (uM)® Sk
3e 0.99 69.91 70
3k 1.66 >68.87 >41

a|Cso: concentration of compound required to achieve 50% reduction
of p24 production in HIV-1 () infected PBMCsP CCsq: concentration
of compound that reduces the viability of mock-infected cells by 5®6.
selectivity index: ratio C&y/ICso.

~ _ FiL 106

.\\
i

Figure 2. Crystal structure of compountb.

with the MT-4 cell line, this cell line appears to be less sensitive.
These two compounds proved to be approximately 7 to 10-fold  /
less active in PBMCs than in MT-4 cells. The decreased anti-
HIV-1 activities were also coupled with increased cytotoxicity

in PBMCs. The Sl values decreased by about 20- to 30-fold
for the two compounds.

Molecular Modeling Analysis. With the aim to investigate
the binding mode of our newly synthesized compounds, a )
modeling study was performed by means of AutoDock for P
docking. Compoun®g was chosen to be docked into the non- '
nucleoside binding site (NNBS) of HIV-1 RT. Coordinates of -
the NNBS were taken from the crystal structure of the RT/6-
benzyl-1-(ethoxymethyl)-5-isopropyluracil (MKC-442) complex
due to the high degree of similarity between MKC-442 and
DABOs. The theoretical binding mode 8f to the NNBS is
shown in Figure 4.

Results showed that the pyrimidine NH moiety at position 3 and Trp229 as well as by Leu234 and Pro95. In particular, the
was engaged in a hydrogen bond with thee@ moiety of phenyl ring interacts favorably with the Tyrl81 side chain,
Lys101. The 6-¢-cyanobenzyl) moiety of3g fits into the giving rise to a positiver-stacking interaction. The 2-isopro-
aromatic-rich non-nucleoside binding pocket (NNBP), sur- pylthio substituent was well accommodated in the Pro236
rounded by the aromatic side chains of Tyr181, Tyr188, Phe227,pocket. Moreover, the methyl group at C-5 position was

A

TYR183

Figure 4. Model of 3g docked into the RT non-nucleoside binding
site. Putative intermolecular hydrogen bonds are highlighted by dashed
lines.
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positioned in the hydrophobic cavity formed by the Val179 and g, 24 mmol) was added portionwise &0 °C under a nitrogen
Vall06 side chains. atmosphere. The whole was stirred at the same temperature for 1

In summary, the results of the AutoDocking analysis sup- N, warmed to room temperature, and then reacted for748h.

ported our newly designed and synthesized compounds. FurtherThe resulting mixture was acidified with acetic acid under ice-

A . - ; : cooling and concentrated under reduced pressure to afford the crude
gggm’;&uon of3gwill consider these aspects in further design intermediaté9a—ac. Then without further purification, EtOH (300

mL) was added at room temperature. After the mixture was stirred

. for 0.5 h, 10% NaOH (100 mL) was added dropwise under ice-

Conclusion cooling. The reaction mixture was then stirred at room temperature
In recent years much effort has been made to exploit novel for 24—48 h and then acidified to pH-5% with acetic acid. After

and potenSDABOs mainly through the modification of C-2,  Most of the solvent was removed under reduced pressure, the

C-5, or the aryl ring of the C-6 moiety. Relatively little attention 'esulting residue was poured into water and extracted wit CH

has been paid to modify the aryl methylic carbon bound to C-6 Cl,. The organic layer was dried over &0, and concentrated in

A . . vacuo to give the crude product, which was first purified by flash
of the pyrimidine ring. Our structure-based design has led to chromatography (eluent: GBI,) and followed by recrystallization

the discovery that the intrpduction of a cyano at the aryl .methylic from MeOH or AcOEt with the exception of compoung@s—ac,
carbon generated a series of novel S-DABO derivatives as awhich were pure enough to be used in the next step without
novel class of highly potent NNRTIs coupled with remarkable recrystallization.

activity and high selectivity. And replacement of the 6-arylm- 6-[a-Cyano-(1-naphthylmethyl)]-3,4-dihydro-2-isopropylthi-
ethyl with a 6-arylcarbonyl led to compounds endowed with opyrimidin-4(3H)-one (3a). Yield 30.5%; recrystallized from
low cytotoxicity. The application of this novel and potent AcOEt, mp 165.5166.9°C; 'H NMR (DMSO-ds, 500 MHz) 6
structure modification is expected to provide the foundation for 1.19 (d,J = 6.7 Hz, 3H, CHCH), 1.24 (d.J = 6.7 Hz, 3H, CH-

the rational modification of the C-6 position and accelerate the CH), 3.72 (sep) = 6.7 Hz, 1H, SCH), 6.19 (s, 1H, CHCN), 6.40

- - (s, 1H, CH), 7.57-8.25 (m, 7H, Naph), 12.87 (s, 1H, NH}C
discovery of more potent and selective NNRTIs. NMR (DMSO-e. 400 MHZ) 6 22.16 (CH), 22.30 (CH), 35.98

; ; (SCH,), 36.80 (CHCN), 107.33 (C5), 118.79 (CN), 123.37, 125.51,

Experimental Section 126.23, 126.86, 127.40, 128.85, 129.31, 129.49, 129.97, 133.59
Chemistry. Melting points were measured on a WRS-1 digital (Naph), 159.90 (C6), 160.29 (C2), 162.90 (C4); MS (flx 335

melting point apparatus and are uncorrected. Infrared (IR) spectra(M™*). Anal. (CigH17/N30S) C, H, N, S.

(KBr) were recorded on a Jasco FT/IR-4200 instrum&atNMR 6-[o-Cyano-(1-naphthylmethyl)]-2-cyclopentylthio-3,4-dihy-

on a Bruker DMX 500 MHz or a Bruker AV 400 MHz spectrometer  dropyrimidin-4(3 H)-one (3b).Yield 42.1%; recrystallized from

and®*C NMR spectra on a Bruker AV 400 MHz spectrometer were AcOEt, mp 185.7187.0°C; *H NMR (DMSO-ds, 500 MHz) 6

recorded in DMSQds or CDCk. Chemical shifts are reported in 1.28-1.32 (m, 4H, cyclopentyl), 1.47 (m, 2H, cyclopentyl), 1.63

(ppm) units relative to the internal standard tetramethylsilane (TMS). (m, 2H, cyclopentyl), 3.323.33 (m, 1H, cyclopentyl), 6.57 (s, 1H,

Mass spectra were obtained on a Agilent MS/5975 mass spectrom-CHCN), 6.62 (s, 1H, CH), 7.618.20 (m, 7H, Naph), 13.11 (s,

eter. Elemental analyses were performed on a CARLOERBA 1106 1H, NH); MS (El)m/z 361 (M*). Anal. (G1H1gN30S) C, H, N, S.

instrument, and the results of elemental analyses for C, H, Cl, N 6-[a-Cyano-(1-naphthylmethyl)]-2-cyclopentylthio-3,4-dihy-

and S were withint0.4% of the theoretical values. All chemicals  dro-5-methylpyrimidin-4(3 H)-one (3c).Yield 43.9%; recrystal-

and solvents used were of reagent grade and were purified and driedized from AcOEt, mp 214.4215.0°C; *H NMR (DMSO-ds, 500

by standard methods before use. All air-sensitive reactions were MHz) 6 1.29-1.36 (m, 4H, cyclopentyl), 1.49 (m, 2H, cyclopentyl),

run under a nitrogen atmosphere. All the reaction were monitored 1.70 (m, 2H, cyclopentyl), 1.95 (s, 3H, GH3.47-3.50 (m, 1H,

by TLC on pre-coated silica gel G plates at 254 nm under a UV cyclopentyl), 6.52 (s, 1H, CHCN), 7.58.71 (m, 7H, Naph), 12.96

lamp using ethyl acetate/hexane as eluents. Flash chromatographys, 1H, NH);13C NMR (DMSO-ds, 400 MHz)6 10.63 (CHy), 24.08

separations were obtained on silica gel (3@00 mesh). (2C, cyclopentyl), 24.22 (CHCN), 32.26 (2C, cyclopentyl), 43.32
General Procedure for the Synthesis of 5-Alkyl-2-alkylth- (cyclopentyl), 118.63 (CN), 123.07, 124.79, 124.95, 126.56, 128.38,

iobarbituric Acid Derivatives 7a—ac.To a suspension of 5-alkyl- ~ 128.72, 130.15, 132.05, 132.20, 133.37, 133.79 (Naph, C5), 156.07

2-thiobarbituric acida—d (200 mmol) in water (500 mL) was  (C6), 158.88 (C2), 163.30 (C4); MS (Elvz 375 (M"). Anal.

added NaOH (8.0 g, 200 mmol) portionwise at room temperature. (C,H»1N30S) C, H, N, S.

After the reaction mixture was stirred for 30 min, the appropriate  6-[a-Cyano-(1-naphthylmethyl)]-3,4-dihydro-5-methyl-2-pro-

alkyl halide (220 mmol) was added. Then the reaction mixture was pynylthiopyrimidin-4(3 H)-one (3d).Yield 47.1%; recrystallized

stirred at room temperature for—24 h. The precipitate which ~ from MeOH, mp 218.4-218.9°C; 'H NMR (DMSO-ds, 500 MHz)

formed was filtered off, washed with water, and dried to giee- 01.84 (s, 3H, CH), 3.19 (s, 1H=CH), 3.89-4.01 (m, 2H, SCH),

ac to be used in the next step without further purification. 6.53 (s, 1H, CHCN), 7.548.28 (m, 7H, Naph), 13.06 (s, 1H, NH);
General Procedure for the Synthesis of the Disulfonates 8a 13C NMR (DMSO-ds, 400 MHZz) 6 10.09 (CH), 18.39 (SCH),

ac. To a suspension ofa—ac (100 mmol) in anhydrous Cil, 38.28 (CHCN), 73.43=£CH), 79.60 €C), 118.45 (CN), 123.03,

(500 mL) was added BEM (181.8 g, 1800 mmol) at room  125.58, 126.26, 127.05, 127.08, 128.47, 128.93, 129.19, 129.68,

temperature under a nitrogen atmosphere. After the mixture was 130.08, 133.55 (Naph, C5), 155.03 (C6), 157.44 (C2), 163.33 (C4);

stirred for 0.5 h and then cooled te6 °C, a solution of TsCl (40.11 MS (EI) m/z 345 (M"). Anal. (GoH1sN3OS) C, H, N, S.

g, 210 mmol) in anhydrous Gi&l, (100 mL) was added dropwise. 2-Benzoylmethylthio-6-fo-cyano-(1-naphthylmethyl)]-3,4-di-

The whole was then stirred for 1 h, warmed to room temperature, hydro-5-methylpyrimidin-4(3 H)-one (3e).Yield 33.0%; recrystal-

and stirred overnight. After the resulting mixture was diluted with lized from MeOH, mp 195.6196.8°C; IH NMR (DMSO-dg, 500

ice—water, the organic layer was separated and the aqueous wasMHz) ¢ 1.87 (s, 3H, CH), 4.76 (s, 2H, SCh), 6.44 (s, 1H, CHCN),

extracted with CHCl,. The combined organic phases were washed 7.34-8.03 (m, 12H, Naph, Ph), 13.10 (s, 1H, NHFC NMR

with 1% HCI and water, dried, and then concentrated in vacuo to (DMSO-ds, 400 MHz) 6 11.02 (CH), 37.08 (SCH), 39.11

afford the crude product to be used in the next step without further (CHCN), 117.39 (CN), 127.98 (2C), 128.69 (2C), 128.85, 128.97,

purification. 129.34, 129.96, 131.55, 133.55, 133.93, 134.18, 134.94, 135.07,
General Procedure for the Synthesis of 5-Alkyl-2-alkylthio- 135.23, 135.69, 136.17 (Naph, Ph, C5), 156.03 (C6), 158.44 (C2),

6-(a-cyanoarylmethyl)-3,4-dihydropyrimidin-4(3H)-ones 3a-ac. 163.26 (C4), 193.99 (€0); MS (El) m/z 425 (M'). Anal.

To a solution of8a—ac (20 mmol) in anhydrous DMF (100 mL)  (CzsH19N3O2S) C, H, N, S.

was added appropriate aryl acetonitriles (22 mmol) at room  2-(4-Chlorobenzoylmethylthio)-6-fo-cyano-(1-naphthylmethyl)]-

temperature. After the mixture was stirred for 0.5 h, 60% NaH (1.0 3,4-dihydro-5-methylpyrimidin-4(3H)-one (3f). Yield 35.9%;
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recrystallized from MeOH, mp 176-71.77.9°C; *H NMR (DMSO-
ds, 500 MHz) 6 1.89 (s, 3H, CH), 4.69 (s, 2H, SCh), 6.51 (s,
1H, CHCN), 7.39-8.07 (m, 11H, Naph, Ph), 13.03 (s, 1H, NH);
MS (El) m/z 459 (M"). Anal. (GsH1sCIN3O,S) C, H, CI, N, S.
6-(a-Cyanobenzyl)-3,4-dihydro-2-isopropylthio-5-methylpy-
rimidin-4(3 H)-one (3g).Yield 44.5%; recrystallized from AcOEt,
mp 161.6-163.4°C; 'H NMR (DMSO-ds, 500 MHz) 6 1.29 (d,J
= 6.8 Hz, 3H, CHCH), 1.42 (d,J = 6.8 Hz, 3H, CHCH), 1.98
(s, 3H, CH), 3.87 (sep] = 6.8 Hz, 1H, SCH), 5.87 (s, 1H, CHCN),
7.35-7.46 (m, 5H, Ph), 12.80 (s, 1H, NH}¥C NMR (DMSO-ds,
400 MHz) ¢ 10.10 (CHy), 22.39 (CHCH), 22.49 (CHCH), 36.11
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12.26 (s, 1H, NH)#C NMR (DMSO-ds, 400 MHz)6 11.92 (CH-
CHg), 18.27 (CHCHg), 32.24 (CHCN), 38.26 (SChl 118.07 &
CH,), 118.83 (CN), 122.38, 123.03, 125.52, 126.27, 126.92, 126.97,
128.92,129.16, 130.02, 130.39, 133.38, 133.56 (Naph=CH),
154.28 (C6), 157.99 (C2), 162.77 (C4); MS (Eljz 361 (M*).
Anal. (QlngNgoS) C,H,/N,S.
6-[a-Cyano-(1-naphthylmethyl)]-3,4-dihydro-5-ethyl-2-propy-
nylthiopyrimidin-4(3 H)-one (3n).Yield 41.8%; recrystallized from
MeOH, mp 190.4-191.1°C; *H NMR (DMSO-ds, 500 MHz) 6
0.63 (t,J = 7.2 Hz, 3H, CHCHjy), 2.36 (g, = 7.2 Hz, 2H, CH-
CHy), 3.21 (s, 1H=CH), 3.89-4.03 (m, 2H, SCH), 6.56 (s, 1H,

(SCH), 40.36 (CHCN), 118.83 (CN), 127.72 (2C), 128.25, 129.02 CHCN), 7.54-8.30 (m, 7H, Naph), 13.04 (s, 1H, NH¥C NMR
(2C), 129.33, 134.22 (Ph, C5), 154.75 (C6), 158.10 (C2), 162.92 (DMSO-ds, 400 MHz)6 12.66 (CHCHs), 18.23 (CHCHs), 18.39

(C4); MS (El)m/z 299 (M*). Anal. (CigH17N3OS) C, H, N, S.
6-(a.-Cyanobenzyl)-2-cyclopentylthio-3,4-dihydro-5-methyl-
pyrimidin-4(3 H)-one (3h). Yield 39.9%; recrystallized from
AcOEt, mp 168.2-169.1°C; 'H NMR (DMSO-ds, 500 MHz) 6
1.46-1.50 (m, 4H, cyclopentyl), 1.571.60 (m, 2H, cyclopentyl),
1.68-1.70 (m, 2H, cyclopentyl), 1.80 (s, 3H, GK13.74-3.75 (m,
1H, cyclopentyl), 5.34 (s, 1H, CHCN), 7.55.89 (m, 7H, Ph),
12.81 (s, 1H, NH)¥C NMR (DMSO-g, 400 MHz)6 10.54 (CH),

(SCH,), 38.05 (CHCN), 73.39€CH), 79.69 €C), 118.67 (CN),
123.02, 125.57, 126.26, 126.33, 127.06, 127.21, 128.94,
129.20, 129.99, 130.39, 133.55 (Naph, C5), 154.45 (C6), 157.26
(C2), 164.09 (C4); MS (Elz 359 (M*). Anal. (G1H17N30S) C,
H, N, S.
6-[a-Cyano-(1-naphthylmethyl)]-3,4-dihydro-5-ethyl-2-(4-ni-
trobenzylthio)pyrimidin-4(3 H)-one (30).Yield 35.2%; recrystal-
lized from AcOEt, mp 182.6183.7°C; *H NMR (CDCl;, 400

23.38 (CHCN), 24.26, 24.35 (cyclopentyl), 32.64, 32.81 (cyclo- MHz) 6 1.10 (t,J = 7.2 Hz, 3H, CHCHy), 2.95 (q,J = 7.2 Hz,
pentyl), 43.03 (cyclopentyl), 116.49 (CN), 127.76, 128.87, 129.00, 2H, CH,CHs), 4.08 (s, 2H, SCh), 5.80 (s, 1H, CHCN), 7.44
129.72, 134.23, 134.46 (Ph, C5), 155.93 (C6), 159.34 (C2), 162.947.88 (m, 11H, Naph, Ph), 12.15 (s, 1H, NH); MS (Eljz 456

(C4); MS (El)m/z 325 (M"). Anal. (GigH1gN3OS) C, H, N, S.
2-Benzoylmethylthio-6-@-cyanobenzyl)-3,4-dihydro-5-meth-
ylpyrimidin-4(3 H)-one (3i). Yield 37.6%; recrystallized from
MeOH, mp 156.6-157.6°C; *H NMR (DMSO-ds, 500 MHz) 6
1.95 (s, 3H, CH), 4.75 (s, 2H, SCh), 6.56 (s, 1H, CHCN), 7.39
8.11 (m, 10H, Ph, Ph), 13.01 (s, 1H, NH); MS (Efjz 375 (M").
Anal. (C21H17N3OZS) C,H,N,S.
6-[o-Cyano-(1-naphthylmethyl)]-3,4-dihydro-5-ethyl-2-eth-
ylthiopyrimidin-4(3 H)-one (3)). Yield 53.6%; recrystallized from
AcOEt, mp 189.6-190.1°C; 'H NMR (DMSO-ds, 500 MHz) 6
0.99 (d,J = 7.1 Hz, 6H, % CHj), 2.33 (q,J = 7.1 Hz, 2H, CH-
CHj3), 2.85 (q,J = 7.1 Hz, 2H, SCHj), 6.06 (s, 1H, CHCN), 7.59
8.89 (m, 7H, Naph), 13.03 (s, 1H, NH); MS (Et¥yz 349 (M").
Anal. (020H19N3OS) C,H, N, S.
6-[o-Cyano-(1-naphthylmethyl)]-3,4-dihydro-5-ethyl-2-iso-
propylthiopyrimidin-4(3 H)-one (3Kk).Yield 51.9%; recrystallized
from AcOEt, mp 228.6-229.4°C; *H NMR (DMSO-ds, 500 MHz)
0 0.77 (t,J = 7.2 Hz, 3H, CHCHg), 1.10 (d,J = 6.7 Hz, 3H,
CH3CH), 1.33 (d,J = 6.7 Hz, 3H, CHCH), 2.43 (9,J = 7.2 Hz,
2H, CH,CHj3), 3.69 (sep,J = 6.7 Hz, 1H, SCH), 6.55 (s, 1H,
CHCN), 7.55-8.18 (m, 7H, Naph), 12.85 (s, 1H, NH})C NMR
(DMSO-ds, 400 MHZz)6 12.16 (CHCHs), 18.33 (CHCHg), 22.27
(CHsCH), 22.42 (CHCH), 36.08 (CHCN), 38.07 (SCH), 118.87

(M+). Anal. (C25H20N4O3S) C,H, N, S.
2-(4-Chlorobenzoylmethylithio)-6-fo.-cyano-(1-naphthylmethyl)]-
3,4-dihydro-5-ethylpyrimidin-4(3H)-one (3p).Yield 32.1%; re-
crystallized from MeOH, mp 181:6183.2°C; *H NMR (CDCls,
400 MHz) 6 0.96 (t,J = 7.6 Hz, 3H, CHCHg), 2.32 (q,J = 7.6
Hz, 2H, CHCHj3), 3.42 (s, 2H, SCh), 4.48 (s, 1H, CHCN), 7.3
7.93 (m, 11H, Naph, Ph), 12.05 (s, 1H, NH); MS (Eijz 473
(M™). Anal. (GeH20CIN3O2S) C, H, CI, N, S.
6-(a-Cyanobenzyl)-3,4-dihydro-5-ethyl-2-isopropylthiopyri-
midin-4(3H)-one (3q).Yield 47.5%; recrystallized from AcOEt,
mp 140.5-141.9°C; *H NMR (DMSO-dgs, 500 MHz)6 0.92 (t,J
= 7.1 Hz, 3H, CHCHg), 1.27 (d,J = 6.7 Hz, 3H, CHCH), 1.41
(d,J=6.7 Hz, 3H, CHCH), 2.47 (q,J = 7.1 Hz, 2H, CHCHy),
3.85 (sep,J = 6.7 Hz, 1H, SCH), 5.88 (s, 1H, CHCN), 7.3@.88
(m, 5H, Ph), 12.79 (s, 1H, NH}3C NMR (DMSO-ds, 400 MHz)
0 14.36 (CHCHy), 18.47 (CHCHy), 22.77 (CHCH), 22.94 (CH-
CH), 36.39 (SCH), 36.74 (CHCN), 119.54 (CN), 122.54, 128.32
(2C), 128.87, 129.52 (2C), 134.82 (Ph, C5), 154.84 (C6), 158.96
(C2), 163.12 (C4); MS (Elz 313 (M*). Anal. (Ci7H19N30S) C,
H, N, S.
6-(o-Cyanobenzyl)-3,4-dihydro-5-ethyl-2-(4-nitrobenzylthio)-
pyrimidin-4(3 H)-one (3r). Yield 39.3%; recrystallized from AcO-
Et, mp 89.6-90.3°C; *H NMR (CDCl;, 400 MHz)6 1.04 (t,J =

(CN), 122.42, 123.04, 125.52, 126.20, 126.87, 126.92, 128.88, 7.6 Hz, 3H, CHCHj), 2.44 (q,J = 7.6 Hz, 2H, CHCHa), 4.37 (s,
129.08, 130.02, 130.38, 133.54 (Naph, C5), 154.16 (C6), 158.29 2H, SCH), 5.19 (s, 1H, CHCN), 7.1#7.84 (m, 9H, Ph, Ph), 12.41

(C2), 162.50 (C4); MS (Elj'z 363 (M*). Anal. (Gx3H21N30S) C,
H, N, S.
6-[o-Cyano-(1-naphthylmethyl)]-2-cyclopentylthio-3,4-dihy-
dro-5-ethylpyrimidin-4(3 H)-one (3l).Yield 44.4%; recrystallized
from AcOEt, mp 216.3-217.2°C; *H NMR (DMSO-ds, 500 MHz)
0 0.77 (t,J = 7.2 Hz, 3H, CHCHj3), 1.29 (m, 1H, cyclopentyl),
1.45-1.53 (m, 5H, cyclopentyl), 1.62 (m, 1H, cyclopentyl), 2.15
(m, 1H, cyclopentyl), 2.44 (q) = 7.2 Hz, 2H, CHCHs), 3.66—
3.69 (m, 1H, cyclopentyl), 6.54 (s, 1H, CHCN), 7:58.15 (m,
7H, Naph), 12.85 (s, 1H, NH}3C NMR (DMSO-dg, 400 MHz)6
12.07 (CHCHjg), 18.29 (CHCHs), 24.19, 24.23, 32.37, 32.52
(cyclopentyl), 38.20 (CHCN), 43.31 (cyclopentyl), 118.86 (CN),

(S, 1H, NH), MS (EI)m/z 406 (W) Anal. (CZJ_H13N403S) C, H,
N, S.
6-(a-Cyano-2,6-dichlorobenzyl)-3,4-dihydro-5-ethyl-2-(4-ni-
trobenzylthio)pyrimidin-4(3 H)-one (3s).Yield 31.0%; recrystal-
lized from AcOEt, mp 109.9111.1°C; *H NMR (DMSO-ds, 400
MHz) 6 1.12 (t,J = 7.2 Hz, 3H, CHCHs), 2.32 (q,J = 7.2 Hz,
2H, CH,CHs), 4.49 (s, 2H, SCh), 6.47 (s, 1H, CHCN), 7.47
9.84 (m, 7H, Ar), 13.00 (s, 1H, NH)23C NMR (DMSO-ds, 400
MHz) 6 11.99 (CHCHs), 12.10 (CHCN), 18.88 (CKCHs), 32.60
(SCHy), 116.97 (CN), 119.78 (C5), 123.85 (2C), 130.03, 130.13
(2C), 130.29 (2C), 131.46, 135.70, 135.76, 146.59, 147.02 (Ar),
148.58 (C6), 159.93 (C2), 164.08 (C4); MS (Ejz 474 (M™).

122.49, 123.07, 125.47, 126.18, 126.83, 126.93, 128.86, Anal. (C;;H16CI,N4OsS) C, H, CI, N, S.
129.00, 130.06, 130.43, 133.54 (Naph, C5), 154.35 (C6), 158.86 6-[a-Cyano-(1-naphthylmethyl)]-2-cyclopentylthio-3,4-dihy-

(C2), 162.66 (C4); MS (Elj'z 389 (M*). Anal. (GsH23N30S) C,
H, N, S.

2-Allylthio-6-[ a-cyano-(1-naphthylmethyl)]-3,4-dihydro-5-eth-
ylpyrimidin-4(3 H)-one (3m). Yield 53.2%; recrystallized from
MeOH, mp 195.8-197.3°C; *H NMR (CDCl;, 500 MHz) 6 0.98
(t, J= 7.5 Hz, 3H, CHCHj3), 2.49 (q,J = 7.5 Hz, 2H, CHCHj),
3.67-3.73 (m, 2H, SCH), 5.02-5.20 (m, 2H,=CH,), 5.70-5.71
(m, 1H,=CH), 5.87 (s, 1H, CHCN), 7.348.07 (m, 7H, Naph),

dro-5-isopropylpyrimidin-4(3 H)-one (3t). Yield 47.3%; recrystal-
lized from AcOEt, mp 172.6173.8°C; 'H NMR (CDCl;, 400
MHz) 6 1.19 (d,J = 7.2 Hz, 6H, CH(CH)_), 1.42-1.48 (m, 4H,
cyclopentyl), 1.63+1.63 (m, 2H, cyclopentyl), 1.861.90 (m, 2H,
cyclopentyl), 3.11 (sep] = 7.2 Hz, 1H, CH(CH),), 3.47 (m, 1H,
cyclopentyl), 5.94 (s, 1H, CHCN), 7.2%.83 (m, 7H, Naph), 12.16
(s, 1H, NH);3C NMR (CDClk, 400 MHz)$ 19.78 (2C, CH(CH)»),
21.68 (CH(CH)y), 24.61, 24.74 (cyclopentyl), 29.63 (CHCN), 33.04
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(2C, cyclopentyl), 43.67 (cyclopentyl), 115.36 (CN), 122.67, 124.69,

Jietal.

6-Benzoyl-3,4-dihydro-2-isopropylthio-5-methylpyrimidin-

126.57, 127.55, 128.13, 129.07, 129.61, 129.82, 130.24, 131.46,4(3H)-one (4e).Yield 88.7%; mp 121.3122.7 °C; *H NMR

135.17 (Naph, C5), 159.08 (C6), 159.55 (C2), 165.96 (C4); MS
(El) m'z 403 (M*). Anal. (G4H2sN30S) C, H, N, S.
6-[o-Cyano-(1-naphthylmethyl)]-3,4-dihydro-5-isopropyl-2-
(4-methoxybenzylthio)pyrimidin-4(3H)-one (3u). Yield 40.1%;
recrystallized from MeOH, mp 104-3105.6°C; *H NMR (CDCls,
400 MHz) 6 1.18 (d,J = 7.3 Hz, 6H, CH(CH),), 2.49 (sepJ =
7.3 Hz, 1H, CH(CH),), 3.43 (s, 3H, OCH), 4.51 (s, 2H, SCH),
5.91 (s, 1H, CHCN), 7.267.87 (m, 11H, Ar), 12.69 (s, 1H, NH);
MS (EIl) nVz 455 (MJr) Anal. (G7H2sN30.S) C, H, N, S.
6-(a-Cyanobenzyl)-3,4-dihydro-5-isopropyl-2-(4-methoxyben-
zylthio)pyrimidin-4(3 H)-one (3v). Yield 33.7%; recrystallized
from MeOH, mp 69.6-70.2°C; 'H NMR (DMSO-ds, 400 MHz)
0 1.16 (d,J = 7.2 Hz, 6H, CH(CH),), 2.48 (sep,) = 7.3 Hz, 1H,
CH(CHg),), 3.09 (s, 3H, OCHh), 4.42 (s, 2H, SCh), 5.98 (s, 1H,
CHCN), 7.077.87 (m, 9H, Ar), 12.75 (s, 1H, NH); MS (Ehvz
405 (M+) Anal. (C23H23N3OZS) C,H, N, S.
6-(a-Cyano-2,6-dichlorobenzyl)-3,4-dihydro-5-isopropyl-2-(4-
methoxybenzylthio)pyrimidin-4(3H)-one (3w). Yield 31.4%;
recrystallized from MeOH, mp 64-865.2°C; 'H NMR (CDCls,
400 MHz) 6 1.20 (d,J = 7.0 Hz, 6H, CH(CH),), 2.50 (sepJ =
7.0 Hz, 1H, CH(CH),), 3.41 (s, 3H, OCH), 4.03 (s, 2H, SCH),
6.05 (s, 1H, CHCN), 7.297.42 (m, 7H, Ar), 11.05 (s, 1H, NH);
MS (El) m/z 473 (M*). Anal. (G3H21ClN3O,S) C, H, CI, N, S.
General Procedure for the Synthesis of 5-Alkyl-2-alkylthio-
6-arylcarbonyl-3,4-dihydropyrimidin-4(3 H)-ones 4a-m. 5-Alkyl-
2-alkylthio-6-(a-cyanoarylmethyl)-3,4-dihydropyrimidin-4(8-
ones3b, 3d, 3g, 3j,k, 3m, 3t, and3x—ac (2 mmol) was dissolved
in anhydrous DMF (50 mL) under nitrogen atmosphere. The
solution was cooled te-10°C, and NaH (0.10 g, 2.4 mmol) (60%
in paraffin) was added portionwise. The resulting mixture was
stirred for 0.5 h, warmed to room temperature, and then air was
passed through the reaction mixture for® h. The resulting
solution was neutralized with acetic acid, concentrated in vacuo,
and added to water (100 mL). A precipitate which formed was
filtered off, washed with water, dried, and recrystallized from
AcOEt.
3,4-Dihydro-2-ethylthio-6-(1-naphthoyl)pyrimidin-4(3H)-
one (4a).Yield 82.5%; mp 222.6223.2°C; *H NMR (DMSO-ds,
500 MHz) 6 0.95 (t,J = 7.2 Hz, 3H, CH), 2.75 (sep,) = 7.2 Hz,
2H, SCH), 6.57 (s, 1H, CH), 7.668.26 (m, 7H, Naph), 13.09 (s,
1H, NH); 13C NMR (DMSO-s, 400 MHz) 6 14.14 (CH), 24.33
(CHy), 110.26 (C5), 124.46, 125.02, 125.43, 127.75, 128.57, 130.21,
130.33, 132.61, 133.07, 133.13 (Naph), 154.71 (C6), 158.70 (C2),
162.95 (C4), 195.00 (€0); MS (El) m/z 310 (M*). Anal.
(C17H14N202S) C, H, N, S.
2-Cyclopentylthio-3,4-dihydro-6-(1-naphthoyl)pyrimidin-4(3H)-
one (4b).Yield 86.1%; mp 186.4187.4°C; 'H NMR (DMSO-
ds, 500 MHz) ¢ 1.27-1.30 (m, 4H, cyclopentyl), 1.47 (m, 2H,
cyclopentyl), 1.61 (m, 2H, cyclopentyl), 3.31 (m, 1H, cyclopentyl),
6.61 (s, 1H, CH), 7.668.18 (m, 7H, Naph), 13.09 (s, 1H, NH);
13C NMR (DMSO-dg, 400 MHz)d 24.00 (2C), 32.20 (2C), 43.32

(DMSO-ds, 400 MHz)6 1.22 (d,J = 7.0 Hz, 6H, (CH).CH), 1.78
(s, 3H, CH), 3.67 (sep) = 6.8 Hz, 1H, SCH), 7.467.88 (m, 5H,
Ph), 12.91 (s, 1H, NH)}3C NMR (DMSO-ds, 400 MHz) 6 10.51
(CHy), 22.30 (CH), 22.20, 22.39 (CH(CH),), 35.75 (SCH), 128.91,
129.01, 129.51, 129.67, 134.24, 134.31, 134.39 (Ph, C5), 155.93
(C6), 158.70 (C2), 162.87 (C4), 193.47<0); MS (El) m/z 288
(M+) Anal. (015H16N2023) C,H, N,S.
3,4-Dihydro-5-methyl-6-(1-naphthoyl)-2-propynylthiopyrimi-
din-4(3H)-one (4f).Yield 70.6%; mp 249.6250.7°C; *H NMR
(DMSO-ds, 500 MHz) 6 1.86 (s, 3H, CH), 3.18 (s, 1H=CH),
3.98 (m, 2H, SCH), 7.50-8.29 (m, 7H, Naph), 13.11 (s, 1H, NH);
MS (El) m/z 334 (M*). Anal. (GgH1aN20.S) C, H, N, S.
3,4-Dihydro-5-ethyl-2-ethylthio-6-(1-naphthoyl)pyrimidin-
4(3H)-one (4g). Yield 87.9%; mp 171.6172.5°C; 'H NMR
(DMSO-ds, 500 MHz) 6 1.01 (d,J = 6.9 Hz, 6H, 2% CHjs), 2.32
(g, J = 6.9 Hz, 2H, CHCHg), 2.83 (q,J = 6.9 Hz, 2H, SCH),
7.60-8.87 (m, 7H, Naph), 12.98 (s, 1H, NH); MS (Eiyz 338
(M+) Anal. (ClnggNzozs) C,HN,S.
3,4-Dihydro-5-ethyl-2-isopropylthio-6-(1-naphthoyl)pyrimi-
din-4(3H)-one (4h).Yield 85.3%; mp 141.6142.3°C; 'H NMR
(DMSO-ds, 400 MHZz) 6 0.94 (t,J = 7.2 Hz, 3H, CHCHy), 1.21
(d, J = 6.8 Hz, 6H, (CH),CH), 2.21 (q,d = 7.2 Hz, 2H, CH-
CHy), 3.66 (sep]J = 6.8 Hz, 1H, SCH), 6.687.87 (m, 7H, Naph),
12.93 (s, 1H, NH)#C NMR (DMSO-ds, 400 MHz)6 13.16 (CH-
CH,), 18.47 (CHCH,), 22.34 (2C, CH(CH),), 35.69 (SCH),
127.84, 128.85, 129.27, 129.66, 129.89, 130.15, 134.30, 134.44
(Naph, C5), 156.08 (C6), 158.97 (C2), 162.40 (C4), 193.3% (C
0); MS (El) m/z 352 (M"). Anal. (GoH20N20:S) C, H, N, S.
2-Allylthio-3,4-dihydro-5-ethyl-6-(1-naphthoyl)pyrimidin-
4(3H)-one (4i). Yield 80.4%; mp 133.+134.4 °C; 'H NMR
(CDCl;, 400 MHz) 6 1.14 (t,J = 7.4 Hz, 3H, CHCHjy), 2.51 (q,
J=7.4 Hz, 2H, CHCH;), 3.62 (d,J = 7.0 Hz, 2H, SCH), 4.97—
5.03 (m, 2H,=CH,), 5.67-5.72 (m, 1H,=CH), 7.48-9.15 (m,
7H, Naph), 11.34 (s, 1H, NH); MS (Elin'z 350 (M"). Anal.
(ConlgNzozs) C, H, N, S
2-Benzylthio-3,4-dihydro-5-ethyl-6-(1-naphthoyl)pyrimidin-
4(3H)-one (4j). Yield 91.3%; mp 219.9221.3 °C; *H NMR
(DMSO-ds, 500 MHz) 6 1.02 (t,J = 7.2 Hz, 3H, CHCHj), 2.35
(9,J=7.2 Hz, 2H, CHCHg), 4.09 (s, 2H, SCh), 7.02-8.85 (m,
12H, Naph, Ph), 13.01 (s, 1H, NH}*C NMR (DMSO-ds, 400
MHz) 6 12.32 (CHCH), 16.16 (CHCHj), 33.24 (SCH), 127.40
(2C), 127.88 (3C), 128.44 (3C), 128.83 (3C), 130.03 (3C), 134.16,
136.17 (Ar), 145.45 (C5), 148.03 (C6), 158.39 (C2), 164.33 (C4),
191.98 (G=0); MS (El) nVz 400 (M"). Anal. (G4H20N20,S) C,
H, N, S.
2-Benzylthio-3,4-dihydro-5-ethyl-6-(2-naphthoyl)pyrimidin-
4(3H)-one (4k). Yield 90.7%; mp 200.6201.1°C; H NMR
(DMSO-ds, 500 MHz) 6 1.03 (t,J = 7.4 Hz, 3H, CHCHjy), 2.34
(9,3 = 7.4 Hz, 2H, CHCHj3), 3.84 (s, 2H, SCh), 7.17-8.92 (m,
12H, Naph, Ph), 13.11 (s, 1H, NH}*C NMR (DMSO-ds, 400
MHz) 6 12.32 (CHCHa), 16.16 (CHCHjy), 33.23 (SCH), 127.41
(2C), 127.85 (3C), 128.48 (3C), 128.85 (3C), 130.04 (3C), 134.15,

(cyclopentyl), 109.71 (C5), 124.51, 125.04, 126.39, 127.60, 128.51, 136,17 (Ar), 145.46 (C5), 148.04 (C6), 158.35 (C2), 164.32 (C4),
129.67, 130.14, 132.25, 133.01, 133.60 (Naph), 155.02 (C6), 158.39191 96 (CG=0); MS (El) m/z 400 (M*). Anal. (CoaHzoN,0,S) C,

(C2), 163.38 (C4), 195.37 €0); MS (El) m/z 350 (M"). Anal.
(Co0H18N20,S) C, H, N, S.
2-Benzoylmethylthio-3,4-dihydro-6-(1-naphthoyl)pyrimidin-
4(3H)-one (4c). Yield 30.7%; mp 183.2183.7 °C; H NMR
(DMSO-ds, 500 MHz) 6 3.86 (s, 2H, SCh), 6.97 (CH), 7.42
8.08 (m, 12H, Naph, Ph), 13.15 (s, 1H, NH); MS (Etjz 400
(M+) Anal. (ngH]_eNzOgS) C,H, N, S.
6-Benzoyl-3,4-dihydro-2-ethylthiopyrimidin-4(3H)-one (4d).
Yield 90.3%; mp 173.2174.5°C; IH NMR (DMSO-ds, 500 MHz)
0 1.23 (t,J = 7.3 Hz, 3H, CH), 3.05 (q,J = 7.3 Hz, 2H, SCH),
6.46 (s, 1H, CH), 7.4#7.97 (m, 5H, Ph), 13.11 (s, 1H, NH}¥C
NMR (DMSO-ds, 400 MHz) 6 14.38 (CH), 24.39 (CH), 109.76

H, N, S.
6-Benzoyl-2-cyclopentylthio-3,4-dihydro-5-ethylpyrimidin-
4(3H)-one (4l). Yield 84.3%; mp 162.6163.3 °C; *H NMR
(DMSO-ds, 500 MHz) 6 0.95 (t,J = 7.1 Hz, 3H, CHCHj3), 1.46
(m, 4H, cyclopentyl), 1.58 (m, 2H, cyclopentyl), 1.93 (m, 2H,
cyclopentyl), 2.21 (qJ) = 7.1 Hz, 2H, CHCHy), 3.74-3.75 (m,
1H, cyclopentyl), 7.557.89 (m, 5H, Ph), 12.95 (s, 1H, NH}C
NMR (DMSO-ds, 400 MHz)0 13.18 (CHCHs), 18.46 (CHCHa),
24.24 (2C, cyclopentyl), 32.56 (2C, cyclopentyl), 43.08 (cyclopen-
tyl), 123.12, 128.83 (2C), 129.69 (2C), 134.29, 134.51 (Ph, C5),
156.09 (C6), 159.53 (C2), 162.45 (C4), 193.4H@Q); MS (EI)
m/z 328 (M"). Anal. (GigH20N20.S) C, H, N, S.

(C5), 128.42 (2C), 130.14, 133.77, 134.69 (Ph), 154.75 (C6), 159.06  2-Cyclopentylthio-3,4-dihydro-5-isopropyl-6-(1-naphthoyl)py-

(C2), 162.38 (C4), 192.17 (€0); MS (El) m/z 260 (M"). Anal.
(C13H12N205S) C, H, N, S.

rimidin-4(3H)-one (4m). Yield 87.6%; mp 155.2157.0°C; *H
NMR (DMSO-ds, 400 MHz)6 1.18 (d,J = 7.1 Hz, 6H, CH(CH),),
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Three-dimensional coordinates of the HIV-1 RT/MKC-442
(emivirine) complex (Brookhaven Protein Data Bank entry 1RT1)
were used as the input structure for docking calculations. For this
NH); 3C NMR (DMSO-ds, 400 MHz) 6 19.89 (2C, CH(CH),), aim, all cocrystallized water molecules and the ligand were deleted,
21.99 (CH(CH),), 24.60, 24.76 (cyclopentyl), 33.16 (2C, cyclo- all hydrogens were added, and Amber95 charges were loaded using
pentyl), 43.61 (cyclopentyl), 122.67, 124.71, 126.55, 127.58, 128.12, the appropriate tool in the Biopolymer module of Sybyl and
129.05, 129.59, 129.78, 130.21, 131.44, 135.18 (Naph, C5), 159.03submitted to minimization with the steepest descent methods and
(C6), 159.39 (C2), 164.99 (C4), 194.00€0); MS (EI) m/z 392 conjugated gradients methods (Tripos force field) to an energy
(MT). Anal. (G3H24N20,S) C, H, N, S. gradient of 0.05 kcal/(meR). The structure of the ne®DABO
Methods. X-ray Crystallography of Compounds 3k and 4b. derivative3g was built using the Sybyl Sketcher model and fully
Single crystals 08k and4b suitable for X-ray diffraction analysis ~ Minimized with the Powell method (MMFF94 force field) to an
were obtained by recrystallization from methanol and ethyl acetate, €nergy gradient of 0.05 kcal/(mdl).
respectively. All measurements were made on an Enraf-Nonius  Docking simulations were performed with the program AutoDock
CAD-4 diffractometer. 3.0.5. Grids of molecular interactions were calculated in a cubic
Data were collected using CAD-4 Software (Enrfonius, box (size, 25.125 A; grid spacing: 0.375 A). Docking was
Delft, The Netherlands, 1994). Cell were refined with CAD-4, and performed 100 times using the Lamarckian genetic algorithm with
data reduction was performed with XCAD4 (Harms & Wocadlo, random starting position and conformation, standard parameters,
1994). The structure was solved by SHELX-8%nd was refined and a maximum of 250 000 energy evaluations. The 10 final docked
using SHELX-L9722 Software used to prepare molecular graphics conformations were ranked according to their binding free energy.
was ORTEP-3 for Windows (Version 1.05; Farrugia, 1997).
The data for3k were as follows: GH»1NsOS, M, 363.47,a =
10.822(3) Ab = 15.375(3) A,c = 12.061(4) A8 = 105.51(3),
V = 1933.7(9) B, Z = 4, space group21/n, monoclinic,F(000)
= 768,d. = 1.248 mg/m, x = 0.18 mnT%, 1 = 0.71073 AT =
295(2) K. Of a total of 4116 reflections were measured, 3476 were
independent withR = 0.044, wRF?) = 0.139 | > 20(l)], andS=
1.01. Parameters refined 343d)max = 0.38 € As, (AP)min =
—0.18 e A3, (Alo)max < 0.001, extinction coefficient= 0.0036-
(11).

1.47 (m, 4H, cyclopentyl), 1.611.62 (m, 2H, cyclopentyl), 1.93
(m, 2H, cyclopentyl), 2.97 (seg,= 7.1 Hz, 1H, CH(CH),), 3.39—
3.42 (m, 1H, cyclopentyl), 7.528.13 (m, 7H, Naph), 13.06 (s, 1H,
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The data fodb were as follows: GyH1gN>O,S, M, 350.42,a =
11.920(2) Ab = 10.312(3) A,c = 14.855(4) A8 = 108.43(2),
V = 1732.3(7) R, Z = 4, space group21/n, monoclinic,F(000)
= 736,d;. = 1.344 mg/m, u = 0.20 mnT1, A = 0.71073 AT=

295(2) K. Of a total of 3499 reflections were measured, 3109 were

independent witlR = 0.039, wRF?) = 0.117 | > 20(l)], andS=
1.01. Parameters refined 23\ )max = 0.24 e A3, (AP)min =
—0.20 e A3, (Alo)max < 0.001, extinction coefficiert= 0.0037-
(20).

Biological Activity. The anti-HIV activity and cytotoxicity were
evaluated against wild type HIV-1 straindlin MT-4 cells using
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) method?3 Briefly, virus stocks were titrated in MT-4 cells
and expressed as the 50% cell culture infective dose (G4EID
MT-4 cells were suspended in culture medium ax 110° cells/
mL and infected with HIV at a multiplicity of infection of 0.02.
Immediately after viral infection, 10@L of the cell suspension

was placed in each well of a flat-bottomed microtiter tray containing
various concentrations of the test compounds. The test compounds

were dissolved in DMSO at 50 mM or higher. After 4 days of
incubation at 37°C, the number of viable cells was determined

using the MTT method. Compounds were tested in parallel for

cytotoxic effects in uninfected MT-4 cells.
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