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ABSTRACT

The photocycloaddition of pyrimidine-2-thione derivatives (1) and (7) to
alkynes (2a,b) and alkene (9) are studied. I rradiation of dioxane solution of
(2) in the presence of alkynes (2a,b) produced the thiol derivatives (3a,b)
through ring cleavage of thietene (5). Irradiation of (1) in the presence of
alkenes (9) under the same conditions produced the corresponding photo-
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products (12) and (13) respectively. The structure of all products was con-
firmed by analytical spectral data.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

The photochemistry of thiocarbonyl compounds
has extensively high attention*. The observed pho-
toreactionsof thiocarbonyl compoundsoftenfollow a
different coursefromtheir carbonyl compounds ana-
logues. The maority of these reported involving
thioketenesthat undergo [2+2] cycloaddition to alk-
enes, alkynes, imines, inter- and intramol ecular H-ab-
straction, and photo-oxidation’>®. Somereportsdea
with the photochemical reactionsinvolving the C=S
group of thioamided™. In particular, they gave, by
[2+2] photocycloadditon with alkenes or alkynes,
thietanes asaprimary adducts® that are often unstable
and aretransformed into their fragmentation products.
Thismay beascribed to the participation of thelone-
pair electronsof the N-atom which facilitatethe C-S
bond cleavage of thethietanering®. Inthisreport the
photocycl oaddition reactions of pyrimidine-2-thione
derivatived®t (1) with different dkynesand alkenes
were studied to furnish the corresponding thiol de-
rivatives.

RESULTSAND DISCUSSION

Irradiation of a dioxane solution of 4-(2,5-
dimethoxyphenyl)-3-methyl-1,4,5,7-tetrahydro-6H-
pyrazol o[ 3,4-d] pyrimidine-6-thione (1) with ahigh
pressuremercury lamp through aPyrex filter under Ni-
trogen in the presence of alkynes (2a-c) furnished the
corresponding thiol derivatives (3a-b).
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Theformation of 2-(2-mercapto-alkyl)pyrimidine
(3) can be best explained by theintermediacy of the
spirocyclic thietene (5). The latter is formed
regiosel ectively by photochemical [2+2] cycloaddi-
tion of C=C of pyrimidine-2-thione (1) andthe C=C
of alkyne (2) viathe more stable biradical intermedi-
ate’>4 (4). Compound (5) undergoesring cleavage
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in the presence of the lone-pair electrons of the N-
atomto afford the Zwitter ion (6). Findly, theintramo-
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lecular proton transfer occursto form thefinal iso-
lated product (3) (Scheme 1).
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In a similar manner 7,7-dimethyl-4-phenyl-2-

wastreated with (2a,b) under the experimenta condi-

thioxo-2,3,4,6,7,8-hexahydroquinazolin-5(1H)-one tions, where by compound (8a,b) wasformed.

e} Ph

x
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Thestructure of the new photoproductswaseluci-
dated on thebasis of their spectra and analytical data.
Asanexamplethe 1H-NMR spectrum of (3a) reved ed
the characteristic signal of the SH group at 6 =1.03
ppm; the IR spectrum exhibited the characteristic thiol
absorption band at 2550 cm*. The UV spectrum of
(3a) revealed ). =463 nm, that establish the conju-
gated structure. Such ascompound (8a) showed H-
NMRat 6 0.89 (S, 1H, SH); 1.50 (s, 3H, CH,); 1.93
(s,3H,CH,); 2.01(s, 2H,-CH,); 2.29(s, 2H, -CH,);
3.76 (s, 3H, -COOCH,); 3.82 (s, 3H, -COOCH,),
4.81(s, 1H,-CH); 7.01-7.65 (m, 5H, 5 aromatic pro-
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tons); 8.90 (s, 1H, NH); and Mass spectrum of com-
pound (8a) showed molecular ion peak at m/z: 430
[M*, 4.20%]; which proves the molecular ion
(sz 24N OSS)'

Mass spectrum of compound (3b) showed molecu-
lar ion peak at m/z: 420 [M*, 2.88%)]; which proves
themolecularion (C ;H,N,O,S).

Thephotocydoaddition reactionsof (1) and (7) with
electron-deficient dkeneslikeacrylonitrileisstudied. Ir-
radiation of adioxanesolution of (1) and (7) inthepres-
enceof excessof acrylonitrile(9) under thesame previ-
ously explained conditionsled to theformation of the
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product (12). In spite of, the presence of two
regioisomeric modesof cycloaddition of athionewith
acrylonitrile. Compound (12) inthepresent work isthe
only isolableisomer that could be obtained and identi-
fied. Similar sulphideadduct wasprevioudy detected and
identified as a product from the photoreaction of
benzothaizole-2-thionewith dimethylethylene(DME)™,
The presenceof additiona productsin the photochemi-
cal reaction of (1) with acrylonitrile (9) could a'so be
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detected (column chromatography). However, thesemi-
nor ungpecified productscould beisol ated. Further sudies
arenow under investigation toisolateand identify these
products. Formation of compound (12) could be ex-
plained by assuming that the Zwitter ion (11) formed at
first viathethietaneintermediate™ (10); then reacted
with another moleculeof (9) tofurnishthe corresponding
photoadduct (12) smilarly photocycloaddition reaction
of (7) with acrylonitrile (9) under the sameconditionto
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gives(13) (Scheme?2).

The mass spectrum of compound (12) reveded the
molecular ion peaks[M*] at m/z=410for the correct
molecular weight of (12). ThelR and *H-NMR spec-
trareved ed thedisappearance of thecharacteristicsg-
nal of the SH group. All the spectroscopic and micro-
analytica datawerein accordancewith the suggested
structure. Such as compound (13) showed *H-NMR
at 6 0.97 (s, 3H, CH,); 1.93 (s, 3H, CH,); 2.01 (s,
2H, -CH,); 2.29 (s, 2H, -CH,); 241 (t, 2H. CH,, J

=6.0 Hz); 2.62 (d, 2H, CH,, J=8 Hz), 3.64 (t, 2H,
CH,, J=6.0Hz), 4.75(s, 1H, CH); 4.97 (t, 1H, CH,
J=8.0Hz), 7.32-7.45 (m, 5H, 5 aromatic protons and
NH proton), 8.55(s, 1H, NH); 9.56 (s, 1H, NH); and
M ass spectrum of compound (13) showed molecular
ion peak at m/z: 396 [M*, 2.88%].

EXPERIMENTAL

Meélting pointswere determined on an el ectrother-
ey, Onganic CHEMISTRY
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mal gpparatus (Buchi 535, Switzerland) inan open cap-
illary tube and are uncorrected. IR spectraexpressed
in(cm™) wererecorded in KBr pelletsonaPA-9721
IR spectrophotometer. *H-NMR & 2C-NMR spec-
trawere obtained on aVarian EM-390 (270 and 500
MHz) spectrometer in CD,Cl assolvent, usingTMS
asinterna reference and chemical shifts () are ex-
pressed in ppm. Mass spectrawererecorded on Kratos
(75 e-v) MsEquipment. Elementd analyseswere car-
ried out by the micro-analytical unit at the National
Research Centre, Giza, Egypt.

All reactionswere monitored by thinlayer chroma-
tography, carried out on 0.2 mm silicagel 60 F-254
(Merck) platesusing UV light (245 and 365 nm) for
detection. Column chromatography wascarried out on
aBaker silicagel powder (60-200 mesh).

Thephotor eaction of 4-(2,5-dimethoxyphenyl)-3-
methyl-1,4,5,7-tetrahydro-6H-pyrazolo[ 3,4-
d]pyrimidine-6-thione(1) and 7,7-dimethyl-4-phe-
nyl-2-thioxo-2,3,4,6,7,8-hexahydroquinazolin-
5(1H)-one(7) with alkynes(2a,b) or acrylonitrile

(a) General procedure

A solutionof (1) or (7) (0.03g,0.01mol) indioxin
(300 ml) inthepresence of excessof akynes(2a,b) or
acrylonitrile(9) inaPyrex vessel under N, wasirradi-
ated with ahigh pressure Mercury lamp (HP, Philips,
125W), until completion of the reaction at room tem-
perature. Thereactionswere monitored by thinlayer
chromatography (TLC) usngauminum sheetswithslica
gd 60 F254 (Merck). After removal of the solvent, the
res duewaschromatographed (slicage, 60 mesh) with
suitable solvent to yield the photoproducts (3a,b) or
(8a,b) and (12) or (13).

(b) Dimethyl 2-[4-(2,5-dimethoxy-phenyl)-3-me-
thyl-4,5-dihydro-1H-pyr-azolo[ 3,4-d] pyrimidin-
6yl]-3-mer capto-but-2-enedioat 3(a)

Irradiation time 25 hours,d uent (ethyl acetate: pe-
troleum ether 40-60°C, 8 : 2); oil; yield (92%); Ms (m/
z,%): 446 [M*, 8.20%]; IR (film, cn?): 3429 (NH);
3126 (C-H, aromatic); 2926, 2906, 2862 (CH,); 2550
(SH); 1731 (C=0); 1650 (C=0). UV A __ =463 nm.
'H-NMR (270 MHz, CDCl -d,, TMS): 6 1.03(S, 1H,
SH); 1.78 (S, 3H, -CH,); 3.64 (s, 3H, -OCH,); 3.72
(s, 3H, -OCH,); 3.76 (s, 3H, -COOCH,); 3.77 (s,
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3H, -COOCH,); 4.86 (s, 1H, -CH); 6.25-7.01 (m,
4H, 3 aromatic protonsand NH proton); 12.10 (s, 1H,
NH). And. Calcd. For C,H,,N,O.S: C, 53.80%; H,
4.97%; N, 12.55%; Found: C, 53.65%; H, 4.81%;
N, 12.30%.

(©) (2E)-2-[4-(2,5-dimethoxyphenyl)-3-methyl-4,5-
dihydro-1H-pyr-azolo[3,4-d]pyrimidin-6-yl]-3-
sulfanylbut-2-enedioicacid (3b)

Irradiation time 23 hours, d uent (ethyl acetate: pe-
troleum ether 40-60°C, 6 : 2); oil; yield (86%); Ms (m/
z,%): 420 [M*, 2.88%]. IR (film, cn?): 3440 (NH);
3125 (C-H, aromatic); 2921, 2900, 2860 (CH,); 2551
(SH); 1733 (C=0); 1658 (C=0). UV i __ =452 nm.
'H-NMR (270 MHz, CDCl.-d , TMS): § 1.01(S, 1H,
SH); 1.76 (S, 3H, -CH,); 3.64 (s, 3H, -OCH,); 3.72
(s, 3H, -OCH,); 4.80 (s, 1H, -CH); 6.20-6.85 (m,
4H, 3 aromatic protonsand NH proton); 11.01 (s, 1H,
COOH, exchangeable with D,O); 11.10 (s, 1H,
COOH, exchangeablewith D,0); 12.10 (s, 1H, NH).
And. Calcd. For C H,N,QO,S: C,51.67%; H, 4.34%;
N, 13.39%. Found: C, 51.33%; H, 4.14%; N, 13.05%.
(d) Dimethyl 2-(7,7-dimethyl-5-oxo0-4-phenyl-
3,4,5,6,8-hexahydro-quina-zolin-2-yl)-3-mer capto-
but-2-enedioate (8a)

Irradiation time 20 hours, d uent (ethyl acetate: pe-
troleum ether 40-60°C, 7 : 2); oil; yield (95%); Ms (m/
Z,%): 430[M*, 4.20%)]. IR (film, cn?): 3393 (NH);
3125 (C-H, aromatic); 2954, 2920, 2810 (CH,); 2465
(SH); 1736 (C=0); 1694 (C=0); 1664 (C=0). UV
A .=481nm.'"H-NMR (270MHz, CDCl -d,, TMS):
6 0.89 (S, 1H, SH); 1.50 (s, 3H, CH,); 1.93 (s, 3H,
CH,); 2.01 (s, 2H, -CH,); 2.29 (s, 2H, -CH,); 3.76
(s, 3H, -COOCH,); 3.82 (s, 3H, -COOCH,); 4.81
(s,1H, -CH); 7.01-7.65 (m, 5H, 5 aromatic protons);
8.90 (s, 1H, NH).Anal. Calcd. For C_H,,N,O.S: C,
61.67%; H, 5.65%; N, 6.54%. Found: C, 61.52%; H,
5.30%; N, 6.24%.

(e) (2E)-2-(7,7-dimethyl-5-ox0-4-phenyl-3,4,5,6,7,
8-hexahydroquinazolin-2-yl)-3-sulfanylbut-2-
enedioicacid (8b)

Irradiation time 20 hours, d uent (ethyl acetate: pe-
troleum ether 40-60°C, 9 : 2); oil; yield (75%); Ms (m/
z, %): 402 [M*+2, 6.24%)]; 397 [M*-3, 4.87%]. IR
(film, cm): 3425 (NH); 3125 (C-H, aromatic); 2925,
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2920, 2810 (-CH,); 2445 (SH); 1730 (C=0); 1672
(C=0), 1664 (C=0). UV %r__ = 464 nm. 'H-NMR
(270MHz, CDCl -d, TMS): 6 0.89(S, 1H, SH); 1.01
(s,3H, CH,); 1.93 (s, 3H, CH,); 2.01 (s, 2H, -CH,);
2.29(s,2H,-CH,); 4.81 (s, 1H, -CH); 7.01-7.65 (m,
5H, 5 aromatic protons); 8.90 (s, 1H, NH); 10.01 (s,
1H, COOH, exchangeable with D,0); 13.10 (s, 1H,
COOH, exchangeable with D,0). And. Calcd. For
C,,H,,N,O.S: C, 59.99%; H, 5.03%; N, 7.00%.
Found: C, 59.66%; H, 4.93%; N, 6.91%.

() 3-[(2-cyanoethyl)sulfanyl]-2-[4-(2,4-dimethoxy-
phenyl)-3-methyl-4,5-dihydr o-1H-pyrazol o[ 3,4-
d]pyrimidin-6-yl] propionitrile(12)

Irradiation time 4 h, eluent (MeOH), oil; Yield
(74%); MS(m/z) =410[M*, 6.24%)]. IR (film, cm™):
3396 (NH), 2935 (CH3), 2191 (CN). 1H-NMR (270
MHz, CDCI3-d1, TMS): 6 1.07 (s, 3H, CH,); 2.36 (t,
2H. CH,, J=6.0 Hz), 2.62 (d, 2H, CH2, J =8 Hz),
3.64 (t, 2H, CH,,J =6.0 Hz), 3.76 (s, 3H, -OCH,);
3.81 (s, 3H, -OCH,); 4.85 (s, 1H, CH); 4.97 (t, 1H,
CH, J=8.0Hz), 7.30-7.59 (m, 4H, 3 aromatic pro-
tonsand NH proton), 8.55 (s, 1H, NH); 11.91 (s, 1H,
NH). Anal. Cacd. for C, H,,N.O,S: C, 58.52%; H,
5.40%; N, 20.47%. Found: C, 58.32%; H, 5.21%;
N, 20.25%.

(9) 3-(2-Cyano-ethylsulfanyl)-2-(7,7-dimethyl-5-
oxo-4-phenyl-1,2,3,4,5,6,7,8-octahydr o-quinazolin-
2-yl)propionitrile(13)

Irradiationtime7 h, duent (EtOH), all; Yid d (64%);
MS (m/z) =396 [M*, 2.88%]. IR (film, cm™?): 3425
(NH), 2925 (CH3), 2211 (CN). 1H-NMR (270 MHz,
CDCI3-d1, TMS): 6 0.97 (s, 3H, CH,); 1.93 (s, 3H,
CH,); 2.01(s, 2H,-CH,); 2.29(s, 2H,-CH,); 2.41(t,
2H. CH,, J=6.0 Hz); 2.62 (d, 2H, CH,, J =8 Hz),
3.64(t, 2H, CH,, J=6.0 Hz), 4.75 (s, 1H, CH); 4.97
(t,1H,CH, J=8.0Hz), 7.32-7.45 (m, 5H, 5 aromatic
protons and NH proton), 8.55 (s, 1H, NH); 9.56 (s,
1H,NH).And. Cdlcd. For C,,H..N,OS: C, 66.97%;
H, 6.64%; N, 14.20%. Found: C, 66.83%; H, 6.51%;
N, 14.02%.
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