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Reviews

Thienopyrimidines: synthesis, properties, and biological activity*

V. P. Litvinov
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Data on the methods for the synthesis of isomeric thienopyrimidine derivatives, their
chemical transformations, and biological activities are systematized and analyzed. Emphasis is
given to studies published over the last 10—15 years.
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1. Introduction

Fused pyrimidines continue to attract considerable
attention of researchers in different countries because of
their great practical usefulness, primarily, due to a very
wide spectrum of their biological activities. This is evi-
dent, in particular, from publications of regular reviews
on the chemistry of systems where the pyrimidine ring is
fused to various heterocycles, such as purines,!—® pteri-
dines,” quinazolines,3—10 pyridopyrimidines,!1—15 tri-
azolopyrimidines,10—21 pyrazolopyrimidines,2? pyrimido-
azepines, 23 furopyrimidines and pyrrolopyrimidines.24

Thienopyrimidines occupy a special position among
these compounds. Along with some other pyrimidine sys-
tems containing an annelated five-membered hetero-

* The review is dedicated to the 70th anniversary of the N. D.
Zelinsky Institute of Organic Chemistry of the Russian Acad-
emy of Sciences, where studies of thienopyrimidines are carried
out (at the Laboratory of Heterofunctional Compounds).

aromatic ring, thienopyrimidines are structural analogs of
biogenic purines and can be considered as potential
nucleic acid antimetabolites. Earlier, various aspects of
the chemistry and biology of isomeric thienopyrimidines
have been reviewed.24—40

The present review analyzes results of studies on the
synthesis, chemical transformations, and biological ac-
tivities of thienopyrimidines published primarily over the
last 10—15 years.

2. Synthesis of thienopyrimidines

Synthetic approaches to the construction of thieno-
pyrimidines are sufficiently well developed. Three pos-
sible types of annelation of thiophene to the pyrimi-
dine ring and, correspondingly, three isomeric thieno-
pyrimidines are known: thieno[2,3-d]pyrimidine (1),
thieno[3,2-d]pyrimidine (2), and thieno[3,4-d]|pyrimi-
dine (3). The structures and the conventional numbering
of these heterocyclic systems are shown below.
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The known approaches to the synthesis of thieno-
pyrimidines can be divided into two main groups: the
construction of the pyrimidine ring by intramolecular cy-
clization of thiophene derivatives and the thiophene ring
closure in pyrimidine derivatives.

2.1. Synthesis of thienopyrimidines
by pyrimidine ring closure

Appropriately substituted aminothiophenes, which are
accessible by various methods,24:28:29:32 serve as the main
starting compounds for the preparation of thienopyrimi-
dines with the use of this approach. Syntheses involving
the pyrimidine ring closure starting from both 2- and
3-aminothiophenes proceed under similar conditions and
in virtually the same reaction sequences, due to which all
three types of thienopyrimidines become accessible.
Hence, it is reasonable to classify the reactions leading to
these compounds according to the type of substitution in
the pyrimidine rings formed.

One of the most popular approaches to the synthesis
of thienopyrimidinediones 4 is based on the pyrimidine
ring closure in thienylureas 5.

(0]
COX
a A
NHCONHR H/&O
> 4

Hereinafter, A is the thiophene ring bearing substituents
at positions 2 and 3 or 3 and 4; thienopyrimidine struc-
ture 4 is thiophene analogously annelated to the pyrimi-
dine ring; the ester group is most widely used as the COX
group.

The starting thienylureas are synthesized according to
the known procedures based on reactions of amino-
thiophenes with isocyanates,41—45 KOCN—HCI,46
CISO,NCO,*7 and some other reagents. The substituent
R in thienylureas can be replaced with other hydrocarbon
groups using reactions with amines.4!

Pyrimidine ring closure from thienylureas occurs eas-
ily upon treatment with bases (generally, with ethanolic
or aqueous solutions of alkalis).41—45:47:48 An example of
the use of potassium zert-butoxide as a cyclizing agent was
documented.*® Cyclization of ureas with a —CONH,
group in an acidic medium was also described.46

Thienopyrimidinediones containing the hydrogenated
thiophene ring were synthesized starting from the corre-
sponding tetrahydrothienylureas.42:48,50,51

Thienopyrimidinediones 4 unsubstituted at the nitro-
gen atom (R = H) were prepared starting from amino-
thiophenes 6, whose successive treatment with chloro-
formates (or phosgene) and primary amines32—5% afforded
the target products 4.

CO,Et CO,Et

CICO,R!
| —— | —
NH, NHCO,R!
6
0
CO,Et
RNH, @I | NR
B — —
NHCONHR H/KO
4

Although intermediate thienylureas were not isolated,
their transient formation is quite probable.57-58

Substituted thienopyrimidinedione 7 was prepared in
91% yield by heating N,N’-diethyl- N-methoxycarbonyl-
N’-(3-methylamino-5-phenyl-2-thenoyl)thiourea (8) in
methanol.?

HNMe
Et

I\Ille
[\ N._O
MeOH
Ph" s N\T¢S MO, ¢ ] Y
A N\
OH/N o} S Et
e 0
8 OMe 7

Salts of thieno[2,3-d]|pyrimidine-2,4-dione with al-
kali metals were synthesized and their IR spectra were
studied.?

Thienylthiourecas 9 prepared by reactions of
vic-amino(ethoxycarbonyl)thiophenes 6 with isothio-
cyanates37:61—64 or by reactions of thiophenes 6 succes-
sively with thiophosgene and amines®3%4 undergo, like
thienylureas 5, the pyrimidine ring closure upon treat-
ment with an ethanoholic solution of HCI 63 or ethanolic
alkali followed by acidification of the reaction mixture
with hydrochloric acid.37:61—66 Earlier,%7:68 it has been
demonstrated that for R = Acyl, the latter reactions re-
sulted in hydrolysis to give unsubstituted thioxopyrimi-
dinone 10 (R = H).

0
CO,Et CO,Et
J\ G A\ 4 | /i:
s NH, s” NH STONNTSs
S=CNHR
9 10

Reagents: i. RNCS or 1) CSCl,, 2) RNH,; ii. KOH—EtOH or
HCI—EtOH.
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As in the case of the corresponding ureas, thioureas 9
need not be isolated in the pure form. For example, treat-
ment of esters 6 with isothiocyanates in the presence of
bases directly afforded thioxopyrimidinones 10,37:69:70 the
reactions of compounds bearing a —CONH, group pro-
ceeding in the absence of bases as well.”! The reactions
with N-arylthioureas are accompanied by elimination of
the aniline molecule to form unsubstituted thioxopyrimi-
dinone 10 (R = H),57 which was also prepared by treating
aminothiophene 6 with potassium thiocyanate in acetic
acid or with formamide and elemental sulfur.”2

Thiourea 9 can be prepared by the reactions of the
corresponding isothiocyanates with an excess of primary
amines’374 or hydrazine’>76 as well as by the reactions of
esters 6 with N-arylthiocarbamates.”’

Fused 2-amino-3-ethoxycarbonylthiophenes 11 were
successfully used in analogous reactions for the synthesis
of tricyclic thioxothienopyrimidinones. For example, the
reactions of compounds 11 with isothiocyanates gave rise
to thioureido derivatives 12, which underwent intramo-
lecular cyclization under the action of ethanolic KOH to
form 2-thioxodihydropyrano(thiopyrano)thienopyrimi-
dine-4-ones 13 in yields higher than 95%.78—82

CO,Et CO,Et
% / \ RNCS % / \ .
s~ TNH, s~ TNH
11

|
S=CNHR
12

s —
o]
HCI N
- / \ )*s
s NH
13

R =H, Me, CH=CH,, Ph, Bn

Condensation of diethyl 2-amino-4,5,6,7-tetrahydro-
thieno[2,3-c]pyridine-3,6-dicarboxylate (14) with
SCNCO,Et followed by treatment of intermediate 15 with
NaOEt afforded ethyl 4-oxo-2-thioxo-1,2,3,4,5,6,7,8-
octahydropyrido[47,3":4,5]thieno[2,3-d]pyrimidine-7-
carboxylate (16).83

2-Thioxopyrido[3,2":4,5]thieno[3,2-d]pyrimidin-
4(3H )-ones 17 isomeric to compound 16 were prepared
by cyclocondensation of 2-ethoxycarbonyl-4-phenyl-6-
substituted thieno[2,3-b]pyridines 18 with isothiocyanates
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CO,Et
SCNCO,Et
s~ TNH,
14
CO,Et
~ |aoet I ~
s~ ~NHC(S)NHCO,Et
15
0
NaOEt NH
eo,cN__ [\ ~s
NH
s
16

in the presence (or in the absence) of a phase-transfer
catalyst.34

Ph

18

R = 4-MeCgH,, 4-MeOCgH,; R” = Bu", Ph

A one-pot procedure was developed3? for the synthe-
sis of (2-alkylthio-4-oxothieno[3,2-d]pyrimidine-3-
yl)acetonitriles (19) based on treatment of methyl
3-aminothiophene-2-carboxylate (20) successively with
CSCl,, NH,CH,CN, and alkyl halides.

NH, NCS

CO,Me CO,Me

S S
20

H,NCH,CN
=< »

\ B, 7\

R = Me, Pr, Bn, CH,CO,Bu!

The reactions of aminocarbonyl derivatives of thio-
phene (21) with potassium thiocyanate afforded (4-oxo-
3,4-dihydrothieno|[2,3-d]|pyrimidin-2-ylthio)acetic acid
derivatives (22) in yields up to 51%. Analogously, the
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isomeric aminocarbonyl derivative 23 gave ethyl (7-cya-
no-6-methylthio-4-oxo0-3,4-dihydrothieno[3,2-d]pyrimi-
din-2-ylthio)acetate (24) in 85% yield.8¢

1 1 X
R CO,Et o R NH
/\ — I\ 7~scH,comr?
R2 NH RH
S | S
0=CCH,CI
22
21
R'!=Me, R2= Me, COEt; R', R2= (CH,),;
R3 = OEt, OH, N(CH,CH,),
NC NHCOCH,CI
KSCN
MeS [ ) CO,E EtOH
e s oEt
23
NG SCH,CO,Et
—_— / \ NH
Me S
o)
24

Thioxothienopyrimidinones 25 were prepared3” by
recyclization of thiazines in an acidic medium.

R! C R1 H2N+ o
N
S
HCl
/\ — I\  7~oe
R2 s NHC(S)OEt R2 S N
S
R1
NH
/o \ 0
2 —-HCl
R S NH
25

2-Thioxopyrido[3,2":4,5]thieno[3,2-d]pyrimidin-
4(3H)-ones were synthesized by the reactions of 3-amino-
2-ethoxycarbonylthieno[2,3-b]pyridines with isothio-
cyanates34 or by the reactions of 3-amino-2-cyano(carba-
moyl)thieno[2,3-b]pyridines with carbon disulfide.88 An
analogous reaction of 2-aminothiophene-3-carboxamide
with carbon disulfide yielded thioxopyrimidinone 10.58:89

Selenium analogs of compounds 10, viz., selenoxo-
thienopyrimidinones 26, were prepared by intramolecu-

0
R!  CO,Et R! NR3
i
- 7\ )§Se

R? NHC(Se)NHR?3 R2 NH

S S

27 26

i. KOH—EtOH.

lar cyclization of selenoureas 27 in the presence of
ethanolic KOH.?0

A procedure was developed3%:91—93 for the synthesis of
thienopyrimidinedithiones 28 involving thermal recycliza-
tion of thiazines 29, which, in turn, are prepared by the
reactions of substituted 2-amino-3-cyanothiophenes 30
with carbon disulfide in the presence of bases.

HN
R! CN R! S
CS
2/U\ TZ. 2 / \ N&S —
R s~ “NH, R S
30 29
S
’
R NH
B
R2 NH
S
28

Hereinafter, B is a base.

The reaction of carbon disulfide with amino deriva-
tives of thienopyridine 31 was used for the synthesis of
pyridothienopyrimidinedithione 32.88

3-Cyano-2-thioureidothiophenes 33, which are pre-
pared by the reactions of aminocyanothiophenes 30 with
isothiocyanates or by reactions successively with CSCl,
and amines, undergo intramolecular cyclization in the
presence of bases at room temperature to give 3-thioxo-
thieno[2,3-d]pyrimidine-1-imines 34.94—96 The latter re-
action requires a thorough control over the temperature to
prevent the possible rearrangement (such as the Dimroth
rearrangement) into aminothienopyrimidinethiones. At-

R' CN
3
o T -
R2 s NHC(S)NHR?
33
HN
R1

NR3

— . I\ ~s

20°C R2 s NH

34
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tempts to isolate the corresponding cyclization products
of cyanourea failed due, apparently, to the rapid rear-
rangement into aminothienopyrimidinones.%®

Aminothiophenes 35 react with S,S5 -dimethyl
N-cyanoiminocarbodithioate to give isothioureas 36,
which cyclize in the presence of amine (if X = OR) or
by heating with a base (if X = NR;) to yield com-
pounds 37.97-98

1
R CO,Et NCN
2/@ " MeSJ\SMe -
R g~ ~NH,
35
0
1 1
R COX R NR3
B i S o G S
R2 NH A R2 NH
S /K S
MeS~ TNCN 37
36
X =OR, NR,

The dicyanomethylene substituent as well as its ester
analog can cause a substantial shift of the tautomeric equi-
librium in the pyrimidine moiety. Dicyanomethylene de-
rivatives and their ester analogs 38 were prepared??—101 py
reactions of compounds 35 successively with (di)cyano-
ketene dithioacetal followed by cyclization of intermedi-
ate 39 in the presence of bases.

R! COX
35 + — R2 S NH —
MeS SMe VA
MeS
CN
39
0}
R1
NRS3
RSNHQ CN
o BNt
2
R s NH b4
38
Z=CN, CO,Me

Thienopyrimidinone 40 was prepared!%? by the reac-
tion of 3-amino-2-ethoxycarbonylthiophene with ethyl
dicyanoacetate.

Aminothienopyrimidinones 41 were synthesized by
cyclization of vic-cyanothienylureas 42 generated in situ
by the reaction of 2-amino-3-cyanothiophenes 30 with
isothiocyanates?® or urea.193 Compound 41 with R3 = H
exists predominantly as the tautomeric 4- NH form. The

NH,

CN .
U\ " NC)\CO Et
&~ CO,Et 2
NG NC
CO,Et
HN HN CozEt
— M — e
&~ CO,Et S
(0]
40

reactions with isothiocyanates are accompanied by dimer-
ization as a side process.%?

R! CN R! CN
Q/U\ —l’ Q/U\
R S NH, R s rI\JH
30 O=CNHR3
42
o H,N . NH,
=N J NR3
RS=H
! \ )*o pE—— / — (o}
R2 s NH R2 s N
41

i. RINCO or OC(NH,),, A.

1-Aminothieno[2,3-d|pyrimidine-3(4 H )-thiones (43)
were prepared by cyclization of vic-cyano(thioureido)thio-
phenes 33 followed by the Dimroth rearrangement of in-
termediates 34 under the action of bases?4104—107 o1 by
heating of 2-amino-3-cyanothiophenes 30 with thio-
urea.103

HN
R! CN R! NR3
o |
R¥ g II\JH R Ng
S=CNHR3
a3 34
RONH ~
R! <N
R2 [ \N#S
S
43

Thioureas 44 undergo cyclization to give annelated
thienopyrimidines 45.108
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S=CNHR 45
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Angularly annelated thienopyrimidinethiones 46 were
synthesized1%8 by the reactions of 2-amino-3-thienyl-
1,2,4-triazoles 47 with isothiocyanates or carbon disulfide.

NN NN
HN/H R! \ N/H
R3NCS
7\ - /A
R2 S NH, R2 s NHC(S)NHR?

a7
cs,, N
KOH R | N HCI
7\ )§s
s~ ~NH

R2
46

2-Aminothienopyrimidine-4-imines 48 were pre-
pared1% by the reaction of aminothiophenes 30 with cyan-
amides in an acidic medium.

R CN
/m\ + ArNHCN L
RZ g~ NH,
30
HN
1
R NAr
— \N/)\NH2
R s
a8

Treatment of 2-acylamino-3-cyanothiophenes 49 with
amines afforded thienopyrimidineimines 50, some of

R' CN
R4NH, - HCI
7\ -
R? S NHCOR3
49
HN R4NH
1 1
R NR4 R =N
— 1\ P — AN Pro
50 51

which are rather unstable and rearrange into aminothieno-
pyrimidines 51 under the reaction conditions.110—112

More stable compounds 52 in which the imino group
is involved in the fused triazole ring were prepared103,113
according to the following scheme:

NN NN
1 N 1 i N
R NH R N
i
e —— I\
R s~ TNH, R ¢~ N
52

i. R3COCI or R3C(OEt);, A; or RRCN—HCI.

A general procedure for the synthesis!!4 of amino-
thienopyrimidinones(thiones, selenones) 53 is based on
the reaction of a-thienylchloroformamidines 54 with salts
KXCN (X=0, S, or Se).

Cl
PCl1
@\NHC(O)NRZ — @\NJ\NR -

s S 2
54
X
NH
KXCN
— [\ /)\NRQ
N
S
53

X=0,S, Se

In recent years, much more studies were devoted to
the synthesis of thienopyrimidinones and their deriva-
tives. There are two types of such structures depending on
the position of the C=0 group, viz., the A structure con-
taining the amide group and the B structure, which is a
cyclic urea.

R
@4 Wj“\
N 'R HO
A B

As in earlier studies, three main procedures were used
for the synthesis of thienopyrimidinones. One proce-
dure involves intramolecular cyclization of vic-ethoxy-
carbonylthienylamidines 55, which are formed in the re-
action of 2-amino-3-ethoxycarbonylthiophenes of type 6
with amides, to give thienopyrimidinones 56, cycliza-
tion being so rapid that it is impossible to isolate
amidines 55.69:71,115—122 Secondary amides, including
cyclic amides, react analogously.!15
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R!  CO,Et R4 o
HN CO,Et
M P [ B B
B
R N\g” TNH, 0~ "R® A )\
NHCOR N R
60 59
0}
R! CO,Et R! NR* Heating of vic-aminocyanothiophenes 30 (following
N-acylation) in the presence of acids affords thieno-
— / \ — / \ 7/ —R3 .. . .
R2 N R2 pyrimidinones 61. Apparently, the reaction proceeds via
S S imines 62, which undergo recyclization under the reac-
R3” “NHR#4 56 tion conditions to form compounds 61.107,164—167
55

Amidines 55 can also be generated in situ by the reac-
tions of thiophenes 6 with nitriles under acidic condi-
tions.122—134 I some cases, amidines 55 were prepared
using milder (two-step) procedures, which involve treat-
ment of thiophenes 6 successively with an orthoester and
amine. 135—139

An alternative procedure for the preparation of thieno-
pyrimidinones 56 is based on the pyrimidine ring closure
in vic-carbamoylacylaminothiophenes 57 by heating in
an inert solvent!49—143 or under conditions of basic ca-
talysis. 144—147

1 1 Q R4
R CONH, R
2 NHCOR? A \ NR
R S CcO R S
57 56

Diamides 57 need not be isolated from the reaction
mixture. In these reactions, orthoesters,’1:148—150 acetic
anhydride, 38151152 formic acid,3:153 and diethyl ox-
alate141,154—156 were used as reagents.

vic-Amino(carbamoyl)thiophenes 58 react with aro-
matic and heteroaromatic aldehydes to give hydrogenated
thienopyrimidinones, 149:157—159 which are oxidized to the
corresponding thienopyrimidinones on heating in an
acidic medium.158

o) 0
CONH,
QL= @~ G
NH, N R NT R
58
R = Ar, Het

Thienopyrimidinones 59 were prepared128,160—164
the reactions of thiophenes 60 containing the ethoxy-
carbonyl and amide groups with amines. It was postu-
lated that these reactions proceed via intermediate di-
amides 57.

M rx
NHCOR?3

30 H+1A
0 HN
o\ NH o\ o)
2 /) N/)\Rs '_ 2 /) N/)\R3
R s R s
61 62

i. R3COCl or (R3CO),0.

The third general procedure for the synthesis of
thienopyrimidines 59 is based on recyclization of thieno-
oxazinones 63, which are generated by the reactions of
aminocarboxylic acids 64 or esters 6 with acylating agents
(Ac,0, HC(OEt);3, or PACOCI) in the presence of bases,
under the action of amines.46:119:168—179 Thjg recyclization
proceeds through the intermediate formation of di-
amides 65. The reactions with secondary amines give these

diamides as the only reaction products.178:180
(0]
COOH
| ; | o) R'NH,
)\ A
NH, N" R
64 63
(0]
CONHR! 1
- o - A
=
NHCOR N R
59

i. RCOCI or RC(OE);.

Other thienopyrimidinones bearing substituents in the
pyrimidine fragment were successfully synthesized with
the use of 2(3)-amino-3(2)-ethoxycarbonylthiophenes 6
and their annelated analogs.123:124,181—189
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An unusual closure of the pyrimidine ring was ob-
served in the reactions of 2-chloroacetylamino-3-ethoxy-
carbonylthiophenes 66 with salts KXCN (X = S or Se)
giving rise to substituted thienopyrimidinones 67.190

R'  CO,Et
/ \ KXCN
R\~ “NHCOCH,CI ~ R°OH
66
0
1
R NH
— B\ /)\XCHZCOQR3
R? N
S
67

X=S8§, Se

Successive treatment of 2-amino-3-cyanothiophenes
30 with carbon disulfide in the presence of sodium
methoxide and then with methyl iodide gave rise to
vic-bis(methylthio)methylideneamino(cyano)thiophe-
nes 68, which were transformed into alkylthiothienopyri-
midineimines 69 under the action of amines.?3191 It was
emphasized that it is necessary to thoroughly control the
reaction conditions to prevent the possible Dimroth rear-
rangement.

R' CN

/ﬂ\ 1)082, NaOMe
R2 S NH2 2) Mel

30

HN
R! CN . R! NR3
— /Z—g\ — [\ P~swme
R Ng” N R Ng” N
MeS SMe 69
68

The reaction of 2-benzoylamino-4,5-dihydrothio-
phene-3-carbonitrile (70) with ethyl acetoacetate in the
presence of tin(1v) chloride and triethylamine afforded

CN
MeCOCH,CO,Et
_———
g~ ~NHCOPh SnCl,, Et;N
70
H,N  CO,Et MeOC—CH—CO,Et
CcoMm N
e
— — \  J~pn
s~ ~NHCOPh s N

71

ethyl 2-(5,6-dihydro-2-phenylthieno[2,3-d]pyrimidin-4-
yl)-3-oxobutanoate (71).192

An efficient procedure was developed for the synthesis
of pyridothienopyrimidines containing various substitu-
ents at position 2 of the pyrimidine fragment. For ex-
ample, iminophosphoranes 72 react with isocyanates,
CO,, and CS, under mild conditions to give functional-
ized 2,3-dihydropyrido[3”,2":4,5]thieno|3,2-d]-pyrimidi-
nes 73—75.193

72
ti/
X
Ph N=c=x ph N’(
NC NC /' NR
N \ , —
EtO S NR! EtO S

73—75
R' = Ph, 4-MeCgH,, 4-MeOCgH,; R2 = Et, 4-CICgH,,
4-FCgH,, 4-MeCgHy;
X=NRZ2(73), O (74), S (75)
Reagents and conditions: i. RZNCO, C¢HsMe, A (for 73); CO,,
C¢HsMe, 120 °C (for 74); CS,, CcHsMe, 120 °C (for 75).

A new efficient approach to the synthesis of previously
unknown trihalomethyl-substituted thienopyrimidinones
76 is based on the reaction of methyl N-(1-chloro-2,2,2-
trihaloethylidene)carbamates 77 with thienylamines 78.194
Intermediate trihaloacetamidines 79 undergo intra-
molecular cyclization into thienopyrimidinones 76 on
heating.

R
Hal,CC(Cl)=N—CO,Me + n —
+r AIkO,C™ Ny~ ~NH,
78
o
R BN
20 °C l—)\ j\t OMe
AIKO,C ™y N “CHal,
79
Q
R NH
100 °C
/ \ _ / CHal
TMeOH  AO,C TNy
76
X=0,S
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Several modifications of methods for the synthesis of
thienopyrimidinones were documented.159:182,195—199

Two main procedures for the construction of thieno-
pyrimidinethiones 80 containing a cyclic thioamide frag-
ment are known. One of them is based on cyclization of
vic-acylamino(thiocarbamoyl)thiophenes 81.

S
1 1
R!  CSNH, R NH

e T\ J~rs

R s NHCOR3 R2 S N

81 80

Thioamides required for this reaction are prepared
from the corresponding nitriles 30, which undergo cy-
clization to thienopyrimidinethiones 80 upon successive
treatment with carbon disulfide in the presence of bases
and then with orthoesters.20? The reverse order of the
reaction steps can also be used: an imidate or amide is
initially formed from nitrile 30 and then these intermedi-
ates are transformed into compounds 80 upon treatment
with NaSH.%1.200

R' CN R!  CSNH,
H,S
e - Y —
R s~ "NH, R s~ TNH,
30
R'  CSNH,
R3(OEt)
A R2 N
S J\
EtO” "R3

Another procedure for the synthesis of thiones 80 in-
volves recyclization of thienothiazinethiones 82, which

R!  CO,Et
3
R2™ g~ ~NHCOR s
1
83 oo R S
| P2Ss A\ )\R?’
Na28 R2 N
0 S
.
R 3\ 82
|\ pP—gs —
R2Ng” N R lR“NHz
63 R!'  CSNHR3
80 —— A
R \g~ ~NHCSR*
84

are prepared by the reactions of amides 83 or thieno-
oxazinones 63 with P,Ss and Na,S, under the action of
amines.201-202 These reactions proceed via intermediate
bis-thioamides 84. In the case of R* = But, the intermedi-
ates were isolated.203 An excess of amine should not be
used in recyclization because of the possible replacement
of the thione group with the imino group.205:206
Thienopyrimidinethiones 85 isomeric to thiones 80
were synthesized by cyclization of thioureas 86 prepared
from the corresponding amino(aroyl)thiophenes.207

R'  COAr R!
cscl,

\ —

/
NH, R2

COAr

\ —

/
R2 NCS

S

S

R! COAr
3|
RNH, R .
2
R S II\IH
S=CNHR3
86

In recent years, the development of methods for the
synthesis of thienopyrimidines containing two substitu-
ents in the pyrimidine moiety has also attracted attention.
For example, a general procedure was devised for the
synthesis of diaminothienopyrimidines 87, which involves
the pyrimidine ring closure in vic-cyano(guanidino)thio-
phenes 88.

NH,
CN
A~ @
N7 NH, N)\NHz
88 87

Compounds 87 are prepared in situ by the reaction
of 2-amino-3-cyanothiophenes with chloroformami-
dine?98:209 or guanidine. The latter reaction proceeds via
guanidines 88 or 89 as intermediates.?4,107,200,210

.
CN Jflz Hal~
B
+ —_—
@i H,N" “NH, A
NH,
NH, NH,
X NH
— | 88or | — 87
NH,

89

Diaminothienopyrimidines 87 were also synthesized
by the reactions of thiophenes 30 with cyanamides in
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acidic conditions?!! or by cyclization of guanidines 88
derived from the corresponding carbodiimides 90.212

CN CN NH
NH 2
Do 2 |G
N=C=NR N NHR
S S
90 88

H,N e

<N
I\ N/)\NHQ
s
87

Diaminothienopyrimidines were also prepared?!? by
treatment of thiophenes 30 successively with carbon di-
sulfide and ammonia.

An original procedure was developed for the synthesis
of thienopyrimidines 87 involving the simultaneous clo-
sure of the thiophene and pyrimidine rings.39:213—215 For
example, treatment of enethiolates 91 with N-cyano-
chloroacetamidine triggers a chain of successive reactions:
alkylation at the sulfur atom to form compounds 92, the
Thorpe—Ziegler cyclization to give thiophenes 93, and
the pyrimidine ring closure. Intermediates need not be
isolated from the reaction mixture and the target thieno-
pyrimidine 87 can be synthesized by a one-pot procedure.
The last step, viz., the pyrimidine ring closure, can be
performed both in basic and acidic media.

ICN NCN
+a’Yy —

R s- NH,

91

R1

R2

R CN
I NCN| S
S/Y

NH,

92

R"  NH, R! N§<NH2
i
= A S e 4 LS
R™ g R™ g
NH, NH,
93 87
i. Base or HY.

Alkoxy- and alkylthio-substituted aminothienopyrimi-
dines 94 were prepared by cyclization of the correspond-
ing isoureas and isothioureas 95. Isoureas are generated

in situ by the reactions of thiophenes 30 with cyanates in
the presence of acids.210 Isothioureas are produced by
alkylation of thioureas 33.105

3 1
30 R:CCIN R CN
—s» R2/U\N —
s
a3 R3BHal N XA
95
. H,N
=N
— I\ P~xmo
R2 S N
94

X=0,8S

Another procedure for the synthesis of these com-
pounds is based on the use of iminothienothiazinethiones
29 as the starting substrates. For example, their reactions
with one equivalent of methyl iodide afforded com-
pounds 96, which underwent recyclization into thieno-
pyrimidines 97 under the action of amines.'®! The reac-
tion with two equivalents of methyl iodide gave rise to
di(methylthio)thienopyrimidines 98.93

R' CN
A
R g~ NH,
30
C‘Sy
HN B HN
R! S R? S
1]
A\ I~ —— I\ P~sme
R2 S NH R2 s N
29 96
iil l R3NH,
MeS R3HN
R1 = N R1 = N
! \ /)\SMe ! \ /)\SMe
R2 S N R2 S N
98 97

Reagents: i. Mel (1 equiv.), Et;N (1 equiv.); ii. Mel (2 equiv.),
Et;N (2 equiv.).

The two possible isomers of aminothienopyrimidines
contain either the amidine (99) or guanidine (100)
fragment.
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NH, R
L L
=z =z
N~ TR N~ "NH,
99 100
R=H, Ak, Ar

Two general procedures for the direct synthesis of
aminothienopyrimidines 99 are documented. One of these
method involves cyclization of vic-amidino(cyano)thio-
phenes 101.

NH,
CN
@ — @
N¢L\R N;L\R
101 99

The most popular procedure for the preparation
of the starting amidines 101 is based on the reac-
tion of vic-amino(cyano)thiophenes 30 with form-
amide.91,94,104,117,217,218 Jnder the reaction conditions,
intermediate formamidine 101 cannot be isolated and it
undergoes spontaneous cyclization to give aminothieno-
pyrimidine 99.

Imidates react with thiophenes 30 analogously. In the
reactions of N-substituted imidates, the initially formed
thienopyrimidineimines 50 undergo cyclization to give
aminothienopyrimidines 51.212 Amidines 101 can also be
prepared by the reactions of aminothiophenes 30 with
nitriles in an acidic medium.132,215,211,220,221 [y, thjg case,
attempts to isolate amidines 101 also failed. The reaction
is complicated by the side formation of chlorothieno-
pyrimidine due, apparently, to the competitive attack of
hydrogen chloride on the 3-CN group of thiophene 30.
The amount of chlorothienopyrimidine produced depends
on the nature of the substituent R and the reaction condi-
tions. 211,222

A very mild procedure for the generation of amidines
101, which allows their isolation, is based on aminolysis
of imidates 102, which are prepared by treatment of
thiophenes 30 with orthoesters. The reaction with ammo-

CN CN
RC(OEt), OEt  R'NH,
e O Sl
NH, N~ R
30 102
NH NHR!
CN
<]E NHR' | NR' | SN
— — —
= =
N/l\R Néi\R N/L\R
101 50 99

nia directly affords aminothienopyrimidine 99,290 whereas
in the case of primary amines, recyclization of intermedi-
ate thienopyrimidineimine 50 takes place.223:224 Thieno-
pyrimidineimines 50, like amidines 101, can be isolated
from the reaction mixture. It was demonstrated?23:224 that
both these compounds give aminothienopyrimidines 99
on heating in the presence of a catalytic amount of bases.

Amidines 101 can also be generated by treatment of
amides 103 with arylamine hydrochlorides in the pres-
ence of dehydrating agents, such as P,Os. In this case,
attempts to isolate the corresponding amidines failed, but
this procedure made it possible to prepare thienopyrimi-
dines 99.110,111

R' CN
ArNH, - HCI
/ \ ——— 50 — 99
P,0s, A
R \g~" ~NHCOR?® 27
103

Another procedure for the synthesis of aminothieno-
pyrimidines 99, which is used much more rarely, is based
on the pyrimidine ring closure in vic-acylaminothiophene-
carbamidines 104 generated in situ from compounds 103
and amines. 163,225

R1 NR2
S
103 M R2 7 | NH S
A
S” “NHCOR3
104
R1 NH2

A
ST\ R
99

Aminothienopyrimidines 99 can also be prepared by
substitution of an amine for the halogen atom in halo-
thienopyrimidines synthesized from thienopyrimidinones
of type A. An analogous synthesis based on thieno-
pyrimidinones of type B provides the only approach to
derivatives of isomeric aminothienopyrimidine 100.226

Most compounds of this group are accessible only by
an indirect route involving synthesis of thienopyri-
midinones, preparation of chlorothienopyrimidines from
these compounds, and the replacement of the chlorine
atom with OR, SR, or other groups. However, procedures
for the direct construction of the target pyrimidine ring
were described for particular cases (for the preparation of
specific compounds).

3-Amino-2-cyanothieno[2,3-b]pyridines 105 react
with diethyl oxalate in the presence of sodium ethoxide to
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give pyrido[37,2":4,5]thieno[3,2-d]pyrimidines 106.17°
The reaction involves successive N-acylation, the forma-
tion of imidate 107, and cyclization into pyrimidine 106.

R NH,
RS
| N\ (Et0,C),
EtONa, EtOH
RT N~ S
105
R NHCOCO,Et R NHCOCO,Et
R NH
N N
- | ) NN —» | ) A
R N S R N S OEt
107

106

1-Chlorothieno[2,3-d]pyrimidines (108) are formed
(sometimes as by-products) in the reactions of thiophenes
30 with nitriles in the presence of dry hydrogen chlo-
ride.210:221 Apparently, the reactions involve the attack of
HCI on the nitrile group in amidine 109 followed by the

R' CN
i,
RZ7 g~ TNH,
30
cl
R' CN R! NH
|~
R Ng” TN RZ7 Ng” TN
XZNJ\R3 X2NJ\R3
109 110
cl /
1
R ~N
AN Fn
R s
108

X=H, Me

i. R3CN, HCI or R*COMe,, POCI;.

pyrimidine ring closure in imidoyl chloride 110 produced.
Chlorothienopyrimidines 108 can selectively be prepared
by the reaction of thiophenes 30 with the Vilsmeier re-
agent. In this case, the competitive reactions of the nitrile
and amino groups are not observed.22’

In recent years, procedures were devised for the synthe-
sis of thienopyrimidines using recyclization of derivatives
of thieno[2,3-d]oxazinones,228:229 thieno|3,2-d]oxazi-
nes,23? and pyrano[3,4-d]pyrimidines.23!

2.2. Synthesis of thienopyrimidines
by thiophene ring closure

As earlier, procedures for the synthesis of thieno-
pyrimidines by the thiophene ring closure starting from
the available pyrimidine system are used much more rarely
than the pyrimidine ring closure. This is attributable to
the fact that the starting appropriately substituted pyrim-
idines are less readily accessible. In this section, the data
are systematized according to the types of reactions giving
rise to the thiophene ring formation.

Generally, the synthesis of thienopyrimidines using
the Claisen, Thorpe—Ziegler, and Friedlaender conden-
sations can be represented by the following scheme:

X

Y
- @
S/\Z S

Y =CO,Et, X=0H (=0); Y=CN, X=NH,; Y=COR, X=R;

Z is an electron-withdrawing group, B is the pyrimidine ring

In the case of Y = CO,Et, the reaction affords 5-hydr-
oxythienopyrimidines, which exist predominantly as the
oxo form (111). Pyrimidines 112 used as the starting com-
pounds in this synthesis can be prepared by two methods.
One of them involves substitution of the mercaptoacetic
acid residue for the chlorine atom in 4-chloro-5-ethoxy-
carbonylpyrimidines 113. Pyrimidines 112 are then sub-
jected to cyclization in the presence of bases to give
thieno[2,3-d|pyrimidin-5-ones 111.232,233

R1
N COE
B
Py +HSCH,Z — —
R?” °N” ~cl
113
R1 1 o)
CO,Et
R2/I\N/ S/\Z RZ/I%N S
112 111

R'=H, Me, SMe; R? = Ph, Cl; Z = CO,Alk, CONHAr, CN, NO,
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The sulfonyl group at position 4 of pyrimidine is re-
placed like the chlorine atom. The starting sulfonyl-
pyrimidines were prepared?32 by oxidation of the corre-
sponding allylthio compounds.

Another procedure for the synthesis of pyrimidines
112 involves alkylation of 5-ethoxycarbonylpyrimidine-
4(3H)-thiones 114 with chloroacetic acid derivatives. In
this case, thienopyrimidines 111 were prepared without

isolation of intermediate pyrimidines 112.234—236
R1
NT COFt CICH,COR?
A 5
RZ” °N” s
H
114
CO,Et
)\ =
s/\n/
112
1
R o
N z
— | COR?
RQAN S
111

R! = Me, Ar; R2 = Ar; R3 = Me, OEt, NH,NHAr

For Z = CN, the Thorpe—Ziegler reaction affords
aminothienopyrimidines 115. The starting pyrimidines
116, like ester analogs 112, are generated by the replace-
ment of the chlorine atom in 4-chloro-5-cyanopyrimi-
dines 117 with the corresponding thiols!18:232,233,237—241
or by alkylation of 5-cyanopyrimidinethiones 118 with
chloroacetic acid derivatives.242—247

In some cases, pyrimidines 116 formed as intermedi-
ates in the S-alkylation of pyrimidinethiones 118 were
isolated.243:245 [n the presence of a catalytic amount of
bases, compounds 116 undergo cyclization to give the
target products. In addition to compounds 115 contain-
ing the above-mentioned groups Z, 6-aryl-substituted de-
rivatives can also be prepared, but cyclization of interme-
diates 116 is carried out with the use of metallic sodium or
sodium hydride.233

In the case of Z = COR, the Claisen—Schmidt reac-
tion affords thienopyrimidines 119. The starting pyrim-
idines 120 are prepared by either substitution of the mer-
captoacetic acid residue for the chlorine atom in 5-acyl-
4-chloropyrimidines 121 23%9:241,248—252 r alkylation of

R1
N
N7 c HSCH,Z
I
Pz B
Rz)\N Cl
R1
117 N
N
I
1 =
. A P,
CN
J\f\\ CICH,Z / 116
B
R2 ” S l
118

R2

115

= H, CO,Et, SMe, Ar, OH (=0); R2 = SMe, NRy, Ph, Cl, OH (=0);
Z = CO,AIK, CONR,, CN, COR, NO,

5-acylpyrimidinethiones 122 with o-halocarbonyl com-
pounds.241,253—260

R1
RS
NI HSCH,Z
| =\
Rz/kN/ cl ®

R1

121 COR3
NT
|
1 =
R A PN

COR?®
l\ll \ CICH,Z / 120
Rz)\N S ® lB
H
122 R1 R3
I
R2 \N S
119

R'=H, Me; R2 = Ar; R3 = Me;
Z = CO,H, CO,Et, CONHR, COR, CN

Both these procedures allow one to isolate intermedi-
ate pyrimidines 120.249:250,253

The Michael reaction of thione 122 with acrylonitrile
affords pyrimidine 123, which, however, does not un-
dergo cyclization. After oxidation of pyrimidine 123 to
sulfone 124, the acidity of the methylene fragment be-
comes sufficiently high for cyclization of the latter to give
thienopyrimidine 125.261,262
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Me
COMe
N A
B F o =
Ar N S
H
122
Me Me
COMe COMe
N [0] NT
— I —_— I —
= =
AN s N/l\N S0,
t\/CN CN
123 124
Me Me
cl
B N”
- A
Ar” N7 TS0,
125

Treatment of aminoisothiazolopyrimidine 126 with
chloroacetone gave rise to an unexpected transformation.
In this reaction, thienopyrimidine is formed, apparently,
through the intermediate opening of the isothiazole ring
and the formation of the corresponding nitrile.263

Alternative approaches to the synthesis of thieno-
pyrimidines by the thiophene ring closure are also docu-
mented. For example, the thio-Claisen rearrangement of
propargyl sulfide 127 (X = S) affords thienopyrimidine-
diones 128; the rearrangement of sulfoxide 127 (X = SO)
gives rise to the corresponding formyl derivative 128
(RZ=CHO).264

(0]

A

(0]
Me XCH,C=CH Me S
L L Lo
DMSO
o] ll\l —_— 0] II\I
Me

127

2
Me R
128

X=8,R'=Me, R?2=H; X =S50, R'=H, R2=CHO

Another approach to the construction of the thiophene
ring based on functionalized pyrimidines involves thiola-
tion of the methyl group in vic-methylpyrimidinecarbo-
nitriles 129 with elemental sulfur followed by cyclization
of intermediate thiols 130 to give thienopyrimidines 131.
The reactions were carried out with pyrimidinethiones263
and pyrimidinediones.266,267

NH,
CN CN
S =
s (O ] — @
=
Me HN:> H
129 130 131
Ethyl 4,5-diamino-2-(dimethylamino)thie-

no[2,3-d]pyrimidine-6-carboxylate (132) was prepared in
93% yield by the reaction of 4-amino-6-chloro-2-(di-
methylamino)pyrimidine-5-carbonitrile (133) with ethyl
2-mercaptoacetate in refluxing EEOH—THF (5 : 1).268

NT K,CO,
+ HSCH,COEt ~——

132

Bromination of 5-allyl-6-methyl-2-methylthio(phe-
nyl)pyrimidine-4-thiols (134) in chloroform afforded
6-bromomethyl-4-methyl-2-methylthio(phenyl)-5,6-di-
hydrothieno[2,3-d]|pyrimidines 135. The latter were trans-
formed into 4,6-dimethyl-2-methylthio(phenyl)thie-
no[2,3-d|pyrimidines 136 by refluxing with ethanolic so-
dium ethoxide.269

Me Me
RN s RN S

134 135

R =SMe, Ph

The thermal [3,3]-sigmatropic rearrangement of
1,3-dimethyl-5-(isopropylthio)uracils gave rise to
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1,3,6-trialkylthieno[2,3-d]pyrimidines in yields of up
to 82%.270

Ethyl ester 137 was synthesized by the reaction of
4,6-dichloro-2-(methylthio)pyrimidine-5-carbonitrile
(138) with o-fluoroaniline followed by treatment of the
intermediate fluoroanilino derivative with ethyl mercapto-
acetate in the presence of NaOH.271

Cl 2-F-CH,NH  NH,
CN
N N7 A\ OEt
A i A
MeS” “NT “ci Mes”~ N7 S o

138 137

First representatives of the previously unknown tri-
cyclic annelated system, viz., ethyl 7-methylthio-4,5-
dihydro-3H-thieno[2,3,4-de]pyrimido[4,5-d]|pyrimi-
dine-2-carboxylates 139, were prepared by the three-step
synthesis from 4,6-dichloro-2-
methylthiopyrimidine-5-carbo-
nitrile.272

Other representatives of
ortho-peri-fused thienopyrimi-
dines, viz., 4,4-dimethyl-4,5-di-
hydro-3 H-thieno|2,3,4-de]pyri-
do[2,3-d]-pyrimidine (140a), 139
4,4,7-trimethyl-4,5-dihydro- R=H, 3-F4CqHa
3H-thieno[2,3,4-de]pyri-
do[2,3-d]pyrimidine (140b), and 4,4-dimethyl-7-phenyl-
4,5-dihydro-3H-thieno|2,3,4-de]pyrido[2,3-d]|pyrimidine
(140c), were synthesized by a cascade heterocyclization
of aminonitrile 141 with formamide, amide 142 with
N-methylacetamide, or amide 143 with ammonium ac-
etate, respectively.2’3

Me Me
Me CN Me CN o
HN, )\ HN, )J\
s NH, s N Me
Me Me Me M H

e

141 \ 142

CO,Et

143

R=H, Me, Ph

The previously unknown polyannelated heterocyclic
system, viz., tetrahydrocycloheptathieno-1,2,4-triazolo-
pyrimidine (144), was constructed starting from 2-amino-

3-cyanotetrahydrocycloheptathiophene (145) in four
steps.274

~N

3. Chemical properties of thienopyrimidines

Knowledge of the behavior of heterocyclic systems
under conditions of the principal reactions is required to
perform the directed synthesis of practically important,
particularly, of biologically active, compounds. As ear-
lier, considerable recent attention has been given to in-
vestigations into modifications of substituents in the pre-
formed thienopyrimidine structure. In addition, many
studies were devoted to the use of various thienopyrimidine
derivatives in the synthesis of linearly and angularly
polyannelated, including previously unknown, heterocy-
clic systems.

3.1. Nucleophilic substitution

In the chemistry of thienopyrimidinones and thieno-
pyrimidinediones, the replacement of the oxygen atom
with the chlorine atom is used rather often. Earlier, it was
found?75:276 that this reaction with thienopyrimidinediones
4 proceeds on heating with either POCI; (an excess of
POCI;, pyridine, or N,N-dimethylaniline is used as the
solvent) or SOCl,. The reaction is accompanied by the
formation of the corresponding dichlorothienopyrimi-
dines.

In recent years, such reactions in the series of thieno-
pyrimidinones 59 were most often carried out with POCl;
in pyridine or N,N-dimethylaniline to prepare chloro-
thienopyrimidines 108.56-122,144,149,158,179,277—285

Thienopyrimidinones 146 react analogously to afford
chlorothienopyrimidines 147.225,286

R R
| N ﬂ, | N
H/KO : NJ\CI
146 147

Compounds containing the thioxo group undergo the
same transformations. Under the action of POCl;, thieno-
pyrimidinethiones 148 are converted into chlorothieno-
pyrimidines 149.200
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R2 R2
N N
\( POCl,, PhNMe, \(
1 / \ NH — = 1 / \ N
R™ g R™ g
S Cl
148 149

Thienopyrimidinones and thienopyrimidinethiones
undergo intramolecular condensation involving the pri-
mary amino group and the oxo- or thioxo group to

form compounds 150 with a five- or six-membered
ring,143.163,204,205

(0] S
N(CH,),Cl S
ek @i

N R

i| ii|

X N—(/CHz)n
N(CH,)NH, | @fl\N
| )\ | N )\R

N R

150
X=0,S
Reagents and conditions: i. NH,OAc, A; ii. NH,(CH,),NH,, A.

The nucleophilic substitution occurs particularly easily
in chlorothienopyrimidines. The chlorine atom can be
replaced with virtually any nucleophilic residue. In the
last 10—15 years, the replacement of the chlorine (or
bromine) atom in the pyrimidine fragment of thieno-
pyrimidines with the amino group has been studied most
extensively.

The nucleophilic substitution reactions of dichloro-
thienopyrimidines 151 with amines and hydrazines pro-
ceed stepwise. Initially, the chlorine atom involved in a
fragment of cyclic imidoyl chloride is replaced to give
aminochlorothienopyrimidines 152, which can be iso-
lated from the reaction mixtures in good yields. Com-
pounds 152 are further transformed into diaminothieno-

Cl NR',
| \)N\ RT,NH | \)N\ .
= =
N Cl N Cl
151 152
NR',
R2,NH | \)N\
N7 NR2,
153

pyrimidines 153 in the presence of an excess of the amine
or by treatment with another amine under more drastic
conditions.151:275:276,287—290

The chlorine atom in aminochlorothienopyrimidines
154, which are readily derived from thienopyrimidinones
155 and POCls, is also replaced with the amino group to
give compounds 153,291,292

0] Cl
NH POCI, N R2,NH
| )\ —_— | —— 153
= Z
N~ ONR', N~ NRT,

155 154

The reactions of chlorothienopyrimidinones 156 with
amines afford aminothienopyrimidinones 157.56:277

0] 0]
NAr R,NH NAr
| — |
= =
N~ ~cl N~ ONR,
156 157

The replacement of the chlorine atom in chloro-
thienopyrimidines 108 with the amino group giving
rise to aminothienopyrimidines 158 was studied in
sufficient detail. This reaction was carried out with

ammonia, primary and secondary amines, and hydr-
azine.122.144,149,158,174,200,230,252,275,279—285,293—298

cl NR2,
| SN R2,NH @ng
—_—
NJ\FF N)\Fﬂ
108 158

Chlorothienopyrimidines 159 isomeric to compounds
108 react with amines under more drastic conditions to
give aminothienopyrimidines 160.225-299

RS R3
R! R!

=N <N
R4, NH

I\ P~ / )\NR42

s~ N s~ N

—
R2
159 160

R2

In turn, the chlorine atom in chlorothienopyrimidines
108 is readily replaced with the alkoxy group in the reac-

tions with sodium alkoxides in alcohols to form alkoxy
derivatives 161.149-174,252,275,276,278,287,288,300,301

Cl OR?2
| N R20Na | SN
Al AL

N R’ N R’
108 161
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Procedures were also developed for the replacement
of the chlorine atom in the pyrimidine fragment with the
alkylthio group. For example, chlorothienopyrimidines

108 react with thiolates to form alkyl(aryl)thiothieno-
pyrimidines 162.149,174—176,252,293,296,297

SR? S
A
N R2SNa (H2N)ZCS NH
| )\ 108 EtOH | )\
N R! N R!
162 163

R'=H, ALk, Ar, Het, NH,

The reactions with thiourea produce the correspond-
ing thiones 163.275 The replacement of the chlorine atom
with the thiocyanate group is also documented.29¢

Earlier, it has been demonstrated?’5 that the halogen
atoms in these compounds can exchange with another
halogen. For example, the reaction of 1-chlorothie-
no[2,3-d]pyrimidine (164) with Nal yielded the corre-
sponding iodothienopyrimidine 165.

ci

<N <N
F\ > = [\ 7
s~ N s” N
164 165

CH-Acids also substitute the chlorine atom in chloro-
thienopyrimidines 166 to give methylidenethienopyrimi-
dines 167.297,302

CN
Cl Z
1 1
" =N NCCH,Z " NH
I\ P~re — I\ P~re
R2 s N R2 S N
166 167

Z=CN, CO,Et

The replacement of the methylthio group in mono-
thiomethylthienopyrimidines 168 with the amino group
to form compounds 169 was studied.242,303

R1 R1
| N R2,NH | N
—
N)\SMe N)\NFF2
168 169

The alkylthio groups in thienopyrimidines are saponi-
fied with alkalis.304,305

Yet another example of the nucleophilic substitution
in the pyrimidine fragment of thienopyrimidines3% is the
replacement of the 1,2,4-triazolyl substituent with a
nucleophile.

NN
|
\\N/ Nu
=N HN =N
u
I\ /)\R - I\ /)\R
s~ N s~ N

HNu = R',NH, R'SH

3.2. Electrophilic substitution

Both in earlier?430,35.37.33  and  more re-
cent149,208,239,241,307 sty djes on chlorination, bromination,
Vilsmeier formylation, and nitration demonstrated that
the electrophilic substitution in thieno[2,3-d]pyrimidi-
nes 1 and thieno[3,4-d]pyrimidine 3 involves position 6
and equivalent position 7, respectively (in the presence of
an excess of an electrophilic reagent, the latter reaction
leads to disubstitution at positions 5 and 7), which is
typical of thiophene itself and suggests a weak influence
of annelation with the pyrimidine ring. A different
situation is observed for the electrophilic substitution
in thieno[3,2-d|pyrimidine 2, where the influence of
annelation of the pyrimidine ring is stronger than the
effect of orientation of the sulfur atom in the thiophene
ring and, concequently, the attack occurs at position 7.

(/TN \/ " N
s
/ S | N) S | N = N)
1 2 3

Intramolecular acylation of thieno[3,2-d]pyrimidine
derivative 170 afforded tricyclic system 171.307

0
HOZC/\\N\(O N)kNH
R™ g | s
170 R
171

N-Alkylation of thienopyrimidinediones and thieno-
pyrimidinones is often used in the series of thienopyrimi-
dines. It was demonstrated39—312 that thienopyrimidine-
diones 4 (R = H) are alkylated with alkyl halides in the
presence of bases to give N-alkylthienopyrimidinedio-
nes 172. The reactions were carried out with the use of
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NaH or K,COj as the base or under conditions of phase-
transfer catalysis.

(0] (0]
NH Alk'Hal NAIK!
D
N (6] N (0]
H H
4 172
(0]
Alk?Hal NAIK!
Axnal |
B
N (0]
Alk?
173

Compounds 172 can be isolated from the reaction
mixture in good yields. The reactions with an excess of
an alkylating agent or alkylation of mono-/N-alkyl-
thienopyrimidinone 172 produce N,N ’-dialkyl deriva-
tives 173.53,55,306,309,311,313,314 A procedure proposed for
the synthesis of 4-alkylthienopyrimidinediones 174 in-
volves the protection of the nitrogen atom at position 2
with the dimethoxybenzyl group.311

MeO

B
4+ HalCHZOOMe —

OMe OMe

Me (0] OMe

(0] (0]
. @fk N AlkHal | N
B
Ao AL

N 0]
Alk

MeSO,H NH

N o
Alk

174

A method was developed for selective glycosylation of
thienopyrimidines at position 4. Initially, dione 4 is trans-
formed into disilyl derivative 175, which is alkylated with
sugar derivatives in the presence of Lewis acids (most
often, of trimethylsilyl triflate). Glycosylation was carried
out with the use of 1-OH315—317 and 1-OAc derivatives318
and methyl glycosides.319-320

0 0SiMe,
NH (Me,Si),NH SN
| (NH,),SO | )\
N veme N~ ~OSiMe,
175
4
(0]
Me,SiOTf NH
GOR, MeCN | ,J\
. (Ni o

G is the sugar residue; R = H, Ac, Me

The Michael reaction of thienopyrimidinediones 4
bearing a substituent at position 2 with ethyl acrylate and
acrylonitrile affords thienopyrimidinediones 176.54-307

0
[ NR CH,=CH-Z [ NR
N~ o ° N/j\o
_z
: 176
Z = CN, CO,Et

Thienopyrimidinones 177 are smoothly alkylated
with alkyl halides in the presence of bases at the amide

nitrogen atom to form 2-N-alkyl deriva-
tives 178.275,276,309,310,312,321—325
0]
NH AlkHal NAlk
| — |
= B )
N
177 178

These reactions can be carried out with the use of
alkoxides, aqueous alkalis, or NaH as a base.

An intramolecular alkylation of thienopyrimidinones
179 giving rise to tricyclic compounds 180 is also docu-
mented. 181,326

0
| )T B 7 ON—(cHy),
2 B
N” S(CH,) Hal N7
179 180

If the nitrogen atom at position 2 bears a substituent,
alkylation proceeds at the nitrogen atom in position 4 of
the thienopyrimidine system, as exemplified305:327 by the
formation of thiazolothienopyrimidinium salts 181 from
S-allyl derivatives 182.
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0 (0] (0]
R NPh R NPh
Hal NCH,CH,OH  PCl NCH,.CH,CI
N\ p—g e, I\ )/\s | 2CH, PCL | 2CH,
N °N Nio) N~ 0
S H H

2 2
R27Ng R
182 \ Hal™
181 Hal

Under the conditions of the Mannich reaction, thieno-
pyrimidinones underwent 2- N-aminomethylation. 130,328

o

[ TNH - CHO, R [ NCH,NR,

= =

N

Thienopyrimidinethiones react with alkyl halides and
alkyl sulfonates at the sulfur atom to give alkylthio-
thienopyrimidines. In thienopyrimidinedithiones 183, the
distinction between two sulfur atoms is insufficient for the
reaction to proceed selectively. Therefore, the reactions
are conducted to afford di(alkylthio)thienopyrimidi-
nes 184.89

SAlk
| K AlkHal | N
B Z
NS N)\SAlk
184
183

Alkylation of readily accessible thioxothieno-
pyrimidinones 185 has received wide acceptance. The
reaction proceeds selectively at the sulfur atom to give

S-alkyl-substituted thienopyrimidinones 186 in high
yields.61:63,70,72,329—333

0
| NR AlkHal | NR
B P
H/J\s N )\SAlk
186
185

Examples of O-alkylation of thienopyrimidinones are
scarce. However, such an alkylation can be carried out
intramolecularly. For example, treatment of 2-(2-chloro-
ethyl)thienopyrimidine-1,3-dione (187), which was pre-
pared from the corresponding hydroxy compound and
PCl;, with a base led to the closure of the oxazolidine ring
giving rise to tricyclic compound 188.334—336

Analogous reactions of 4-(2-chloroethyl)thienopyri-
midine-1,3-diones were also described.33” In both cases,
alkylation proceeds at the oxygen atom involved in the
fragment of a cyclic urea. This fact can be attributable to

187
Et,N

(0]
B

N)\O EtOH
188

the higher basicity of this oxygen atom compared to the
oxygen atom at position 1.

2-(Carboxymethylthio)thieno[2,3-d]pyrimidin-4-ones
(189) react with acetic anhydride in the presence of pyri-
dine to form mesoionic heterocycles 190.338

0
1 1
R NH o R NH
I\ s L AP
R2 N | Py R2 N S
s CH,CO,H s >/’
189

O]
190

Mesoionic heterocycles 191 were synthesized by the
reaction of aminothienopyrimidinones 192, which were
prepared in the reaction of 2-thioxothieno[2,3-d]|pyri-
midin-4(1H)-one (193) with 2-bromopropionic or
o-bromophenylacetic acid, with acetic anhydride and tri-
ethylamine (1 : 1) (method a), or with N,N’-dicyclo-
hexylcarbodiimide (DDC) in ethanol (method b).33°

(0]
e NNH. BrCH(R)CO,H
It
Me— g~ —NH PhH, Et;N, ~20 °C
193
(0] (0]

Me NNH, Me NNH,
- I\ >~ = T\ N
Me N ] b Me N®S

S RCHCO,H S
R
192 -4
191
R =Me, Ph

Method a. PhH, Ac,0, Et;N, ~20 °C. Method 5. EtOH,
DDC, ~20 °C.

A new approach to 4,5-dihydro-9 H-pyrido[ 1,2-a]thie-
no[3,2-e]pyrimidine-4,9-diones 194 is based on 1,3-di-
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polar cycloaddition of the above-mentioned mesoionic
compounds with dimethyl acetylenedicarboxylate.340

=
Y

R! 7/
N
7\ CO,Me
RZ7Ng” N
// ~—CO,Me
0]
194

Intramolecular cyclization of allylthio derivatives of
thienopyrimidines 195 under the action of concentrated
sulfuric acid and halogens (Br or I) was studied.265,341—345
It was demonstrated that treatment with sulfuric acid af-
forded linearly annelated thiazolothienopyrimidines 196,
whereas the reactions with halogens as cyclizing agents
gave rise to angular isomers 197.

Q
1
R NH
I\ 7—scH,cH=cH,
R2
s
195
HZS(?y Hal,
Me EtOH
0
R R!
N N
e Wa TN
196

CH,Hal

197

Heterocyclization of 2-(allylthio, propargylthio)thie-

no[2,3-d]pyrimidin-4-ones 198 with phenylselenenyl ha-

lides yielded thieno[37,2":5,6]pyrimido[2,1-b][1,4,3]thia-
selenazinium halides 199,346,347

o) 0 x
Rl NR3

I\ P~epe — B\
SN

2 2 ﬁ 5
R R S \
-o€e
198 Ph77
z

199
R# = CH,CH=CH,, CH,C=CH; Z = CH.X; X = Cl, Br

The reactions described for hydrazinothienopyrimi-
dines can also be assigned to electrophilic substitution
reactions. For example, treatment of 1-hydrazinothieno-
pyrimidines 200 with formic acid,?75:276,:348 cetic acid, 276
or orthoesters34? led to the closure of the s-triazole ring to
form compounds 201.348

V. P. Litvinov
NHNH,

N—N NH
Q [ D—n NH,
| )N i | )N ii | )N
=z =z =z
N N N
200 201 202
Reagents: i. RCO,H or RC(OEt);; ii. RC(OE);.

Compounds 201 were prepared also by the reactions
of unstable aminothienopyrimidineimines 202 with ortho-
esters.330 These reactions can also be performed with
acetylacetone, which undergoes acid cleavage under the
reaction conditions.35!

Analogous transformations occur with other acylating
agents, such as diethyl oxalate,20! diethyl malonate,201
chloroformates,?85 guanidine,3%2 and carbon disul-
fide,285,351-353 {¢ give compounds 203—207.

N—N N—NH
[ d—x [ )=z
B B
N) N)
203—205 206, 207

X =CO,Et (203), CH,CO,Et (204), NH, (205);
Z=0(206), S (207)

Nitrosation of 4-hydrazinothieno[2,3-d]pyrimidine
(200) led to the tetrazole ring closure giving rise to
tetrazolothienopyrimidine 208.275:276,285,351 The same
compound can be prepared by cyclization of 4-azido-

/ | SN HNO,

thienopyrimidine 209.349
N—N N3
| N
) T ) m
~Z —Z ~Z
ST N N ST N
8 209

200 20

NHNH,

2-Hydrazinothieno[2,3-d]pyrimidines 210 undergo
cyclization to the corresponding triazolothienopyrimidines

211 under the action of aliphatic acids.354—356
O (0]
1 1
R NR?3 R NR?
) 7\ N/)\ NHNH, — , /\ N)\N
R R |
s s7 N
210 R4
211

In the synthesis of tetracyclic systems 212—214,
hydrazino derivatives of pyrano- and tetrahydropyrido-
thienopyrimidines were used as the starting com-
pounds.357—3%9
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Me 0 Me N‘/\>
Me N/\N Me N
/
o J \ -~ o I\ J—sme
S N S N
212 213
N/NYR
eo,cN__/ )=
N
S
214

Syntheses of other annelated thienopyrimidines,
viz.,  benzothieno[2,3-d]pyrimidines,360:361  pyrj-
do[47,3":4,5]thieno|3,2-d]pyrimidines,362 pyrrolothie-
no[2,3-d]pyrimidines and pyrrolo[1”7,2”:17,6 |pyrazi-
no[2°,3":4,5]thieno[2,3-d]pyrimidines,3¢3 triazolothie-
no[2,3-d]pyrimidines,3%4 isoxazolo[5",4":4,5]thiazo-
lo[3,2-a]thieno[2,3-d]pyrimidines, 35 imidazo[1,2-a]thio-
pyrano[4”,3":4,5]thieno[2,3-d]|pyrimidines,36¢ and quin-
oxalinothienopyrimidines,367 are also documented.

Aroylation of thieno[2,3-d]pyrimidines3®® and com-
plex formation of 2,6-dimethylthieno[2,3-d]pyrimidine-
2,4-dione with Cu!l, Mn!!, and V!V ions3%? were investi-
gated. 2-(Arylideneamino)thieno[2,3-d]pyrimidin-4-ones
were studied by mass spectrometry.370

4. Biological activity and some
aspects of practical use of thienopyrimidines

From the standpoint of biological activity, fused
heteroaromatic systems are often of much greater interest
than the constituent monocyclic compounds. The ap-
pearance of qualitatively new properties of an annelated
molecule, enlargement of the possibility of varying
pharmacophore groups in different positions of the mol-
ecule, and the ability of the latter to interact with a wider
spectrum of receptors adopting various conformations are
apparently of crucial importance. In addition, the struc-
ture of the molecule can be varied due to annelation at
different positions of individual heterocyclic fragments.

Biological activities of thienopyrimidines have been
partially reviewed.25:3% The structure—activity relation-
ships for certain types of derivatives have been dis-
cussed.371=373 Thienopyrimidine derivatives are charac-
terized by a very broad spectrum of biological activities,
which includes several dozens of activities. To analyze
this problem in more detail, it is worthwhile to survey
both recent studies, including patents, and, in part, some
earlier investigations. Since the detailed analysis of bio-
logical activities of this class of compounds is beyond the
scope of the present review, only various activities and the
corresponding references are mentioned below.

Certain thienopyrimidine derivatives exhibit antialler-
gic,135:374=379 antiatherosclerotic,194:380,381 antibacte-
rial,169,247,382—392  antiviral,2’8:393  antihyperten-
sive,36:41,321,394—397  aptidepressant,299:398  depres-
sant, 196,351,399 antidiabetic,400:401 aptihistaminic,402:403
antimicrobial,245:404—409 spasmolytic,195 analgetic, and
antiinflammatory6276:128,168,277,351,373,400,410—428 ;¢ _
tivities.

Many thieno[2,3-d]pyrimidine derivatives were cov-
ered by patents as phosphodiesterase inhibitors377:429—440
and various receptor antagonists*1—459 (see also Refs. 208
and 460—467). Various thieno[2,3-d]pyrimidine and
thieno[3,2-d]pyrimidine derivatives show pronounced
antitumor434:468—474 and radioprotective4?5:476 activi-
ties. Based on thieno[2,3-d]pyrimidine derivatives,
immunomodulators4”7—481 and compounds used for pro-
phylaxis and therapy of cerebral ischemia,482:483 ma-
laria,391:484—488 yperculosis, 115 Altzheimer's disease,48?
Parkinson's disease,44” and other diseases were de-
signed 292:306,376,381,490—496

Problems of biological activity of isomeric thieno-
pyrimidines were also touched on in patents#7—523 and
publications,84:159:189,360,391,524—536

In addition, promising pesticides (fungicides,337—544
herbicides,42:69:293,545 and insecticides346:547) were found
among these derivatives.

Of other aspects, practical use of 4-[4-(arylazo)phen-
oxy]-5,6,7,8-tetrahydrobenzo[b]thieno|2,3-d]pyrimidines
as disperse dyes™8 and 2,4-dimethylthio-6-phenylthie-
no|[3,2-d]pyrimidine as a material for nonlinear optics34?
is documented.

5. Conclusions

Analysis of the data on the chemistry of isomeric
thienopyrimidines published over the last 10—15 years
shows that this class of heteroaromatic compounds, which
are structural analogs of natural compounds of the purine
class, attract increasing interest of chemists and bio-
chemists.

In the first half of the 21th century, new approaches to
the synthesis of derivatives of these fused heterocyclic
systems will be, undoubtedly, extensively developed.
These derivatives are not only of theoretical interest but
also possess a broad spectrum of practical use, primarily,
due to various biological activities. Of approaches to their
synthesis, multicomponent cascade heterocyclization,
which allows one to construct various functionalized
thienopyrimidines and their fused analogs in one techno-
logically and ecologically safe step, holds the most
promise.

I am grateful to V. A. Artemov for help in collecting
the published data.



508

Russ.Chem.Bull., Int.Ed., Vol. 53, No. 3, March, 2004

V. P. Litvinov

This study was financially supported by the Russian

Foundation for Basic Research (Project Nos. 02-03-32063
and 04-03-07001).

10

12.

13.

14

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

References

.J. Gut, Adv. Heterocycl. Chem., 1963 1, 189.

.J. H. Lister, Fused Pyrimidines, Part 2, Purines, in The
Chemistry of Heterocyclic Compounds, Eds A. Weissnerger
and E. C. Taylor, Wiley-Intersci., New York—London—
Sydney—Toronto, 1971, 24, Pt. 2, 655.

.J. H. Lister, Adv. Heterocycl. Chem., 1979, 24, 215.

. P. Arya, D. T. H. Chou, and M.-G. Becek, Angew. Chem.,
Int. Ed., 2001, 40, 339.

. I. Linchart and 1. Novak, Chem. Listy, 2002, 96, 276.

. C. Parkanyi, C. Boniface, J.-J. Aaron, M. Bulaceanu-

MacNaiar, and N. Dakkouri, Collection, 2002, 67, 1109.

. D. J. Brown, Fused Pyrimidines, Part 3, Pteridine, in The
Chemistry of Heterocyclic Compounds, Ed. E. C. Taylor,
J. Willey and Sons, New York—Chichester—Brisbane—
Toronto—Singapore, 1988, 24, Pt. 3, 730.

. W. L. F. Armarego, Adv. Heterocycl. Chem., 1963, 1, 253.

. W. L. F. Armarego, Fused Pyrimidines, Part 1, Quiunolizines,
in The Chemistry of Heterocyclic Compounds,
Ed. A. Weissberger, 1967, 24, Pt. 1, 539.

. W. L. F. Armarego, Adv. Heterocycl. Chem., 1979, 24, 1.
11.

W. J. Irwin and D. G. Wibberley, Adv. Heterocycl. Chem.,
1969, 10, 149.

1. Hermecz and Z. Meszaros, Adv. Heterocycl. Chem., 1983,
33, 241.

I. Hermecz and L. Vasveri-Debreczy, Adv. Heterocycl.
Chem., 1986, 39, 281.

. I. Hermecz, Adv. Heterocycl. Chem., 1995, 63, 103.
15.
16.

1. Hermecz, Adv. Heterocycl. Chem., 1999, 73, 178.
A. Albert, Adv. Heterocycl. Chem., 1986, 39, 118.

.M. A. E. Shaban and A. E. A. Morgaan, Adv. Heterocycl.

Chem., 1999, 73, 131.

M. A. E. Shaban and A. E. A. Morgaan, Adv. Heterocycl.
Chem., 2000, 75, 243.

M. A. E. Shaban and A. E. A. Morgaan, Adv. Heterocycl.
Chem., 2000, 77, 345.

E. S. H. El Ashry and N. Rashed, Adv. Heterocycl. Chem.,
1998, 71, 57.

E. S. H. El Ashry and N. Rashed, Adv. Heterocycl. Chem.,
1999, 72, 127.

M. H. Elnagdi, G. E. H. Elgemeie, and M. R. H.
Elmoghayar, Adv. Heterocycl. Chem., 1987, 41, 320.

1. Hermecz, Adv. Heterocycl. Chem., 1987, 42, 84.

W. Friedrichsen, in Comprehensive Heterocyclic Chemistry,
Eds A. R. Katritzky and C. W. Ress, Pergamon, Oxford,
1984, 4, 1017.

R. G. Melik-Ogandzhanyan, V. E. Khachatryan, and A. S.
Gapoyan, Usp. Khim., 1985, 54, 450 [Russ. Chem. Rev.,
1985, 54 (Engl. Transl.)].

H. D. Hartough and S. L. Meisel, Compounds with Con-
densed Thiophene Rings, Intersci. Publ., New York—Lon-
don, 1954.

E. C. Taylor and A. McKillop, in Advances in Organic
Chemistry: Methods and Results, Intersci. Publ., Lon-
don—Sydney—Toronto—New York, 1970, 7, 415.

28

29

30.

31

32.

33.

34.

35.

36

37.

38.

39.

40.

41.

4
43

44,

45

46.
47.
48.
49.

50.
S1.

52.
53.

54

55.

56
57

. K. Gewald, Khim. Geterotsikl. Soedin., 1976, 1299 [Chem.
Heterocycl. Compd., 1976 (Engl. Transl.)].

. R. Pech and R. Boehm, Pharmazie, 1984, 39, 4.

J. B. Press, in Thiophene and its Derivatives,
Ed. S. Gronowitz, Wiley Intersci., New York, 1985, pp. 44,
388, 396, 401, 423, 436.

F. S. Babichev, Yu. A. Sharanin, V. P. Litvinov, V. K.
Promonenkov, and Yu. M. Volovenko, Vautrimolekulyarnoe

vzaimodeistvie nitril ‘'noi i CH-, OH- i S—H-grupp | Intramo-

lecular Interactions of the Nitrile Group with the CH, OH, and

SH Groups], Naukova Dumka, Kiev, 1985, 200 pp. (in
Russian).

V. P. Litvinov, Yu. A. Sharanin, and F. S. Babichev, Sulfur

Reports, 1986, 6, 97.

F. S. Babichev, Yu. A. Sharanin, V. K. Promonenkov, V. P.

Litvinov, and Yu. M. Volovenko, Vnutrimolekulyarnoe

vzaimodeistvie nitril ‘noi i aminogrupp | Intramolecular Inter-

actions of the Nitrile and Amino Groups|, Naukova dumka,

Kiev, 1987 (in Russian).

V. P. Litvinov, V. K. Promonenkov, Yu. A. Sharanin, and

A. M. Shestopalov, in ltogi nauki i tekhniki. Ser. Org. khimii
[Advances in Science and Technology. Ser. Organic Chemis-

try], VINITI, Moscow, 1989, 17, p. 72 (in Russian).

V. P. Litvinov, L. A. Rodinovskaya, Yu. A. Sharanin,

A. M. Shestopalov, and A. Senning, Sulfur Reports,
1992, 13, 1.

. K. Unverferth, Pharmazie, 1990, 45, 545.

Y. A. Ibrachim, A. H. M. Elwahy, and A. M. Kadry, Adv.

Heterocycl. Chem., 1966, 65, 235.

G. Varvounis and Th. Giannopoulos, Adv. Heterocycl.

Chem., 1996, 66, 193.

V. A. Artemov, Ph. D. (Chem.) Thesis, N. D. Zelinsky
Institute of Organic Chemistry of the Russian Academy of
Sciences, Moscow, 1995, 183 pp. (in Russian).

V. L. Ivanov, Ph. D. (Chem.) Thesis, N. D. Zelinsky Insti-

tute of Organic Chemistry of the Russian Academy of Sci-

ences, Moscow, 1997, 141 pp. (in Russian).

P. K. Russel, J. B. Press, R. A. Rampulla, J. J. McNally,
R. Falotico, J. A. Keiser, D. A. Brigcht, and A. Tobia,

J. Med. Chem., 1988, 31, 1786.

. Ger. Pat. 3712782; Chem. Abstr., 1989, 110, 154312.

. L. Capuano, M. Welter, and R. Zander, Chem. Ber., 1969,

102, 3698.

US Pat. 4670560; Chem. Abstr., 1987, 107, 115604.

. Eur. Pat. 640606; Chem. Abstr., 1995, 123, 112074.

Belg. Pat. 769843; Chem. Abstr., 1972, 77, 5514.

H. Wamhoff and M. Ertas, Synthesis, 1985, 190.

US Pat. 4835157; Chem. Abstr., 1989, 111, 174121.

J. L. Romine, S. W. Martin, N. A. Nickolas, and J. R.
Epperson, Synthesis, 1994, 846.

T. Takaya, H. Yishimoto, and E. Imoto, Bull. Chem. Soc.

Jpn, 1967, 40, 2636.

H. Wamhoff, Chem. Ber., 1968, 101, 3377.

JP Pat. 63126884; Chem. Abstr., 1989, 110, 154282.

Intern. Pat. 8902432; Chem. Abstr., 1989, 111, 97276.

. P. K. Russel, R. A. Rampulla, C. E. Van Nievelt, and D. H.

Klaubert, J. Heterocycl. Chem., 1990, 27, 1761.
JP Pat. 0253788; Chem. Abstr., 1990, 113, 78415.

. G. Wagner and N. Boehm, Pharmazie, 1993, 48, 95.
. M. I. Al-Ashmawi, E. H. Abdel All, S. A. El Feky, Z. K.

Abdel Samii, and S. M. Sakr, Sulfur Lett., 1991, 13, 57.



Thienopyrimidines

Russ.Chem.Bull., Int.Ed., Vol. 53, No. 3, March, 2004

509

58.

59.
60.

61.

62

63.

64.

65

66.

67.

68.
69.
70.
71.
72.
73.
74.
75.
76.

77.

78.

79.

80.

81.

82.

83.

K. M. Hassan, A. M. K. El-Dean, M. S. K. Youssef, F. M.
Atta, and M. S. Abbady, Phosphorus, Sulfur, Silicon Relat.
Elem., 1990, 47, 181.

B. S. Kim and K. Kim, J. Org. Chem., 2000, 65, 3690.

B. I. Usmanova, U. M. Mardonov, M. Kh. Shodiev, N. A.
Parpiev, Sh. K. Norov, and Kh. M. Shakhidoyatov, Uzb.
Khim. Zh. |Uzb. Chem. J.], 2000, 23 (in Russian).

Ger. (East) Pat. 240892; Chem. Abstr., 1987, 107, 77829.

.A. Cannito, M. Perrissin, C. Luu Duc, F. Huguet,

C. Gaultier, and G. Narcisse, Eur. J. Med. Chem., 1990,
25, 635.

R. Boehm, R. Mueller, and R. Pech, Pharmazie, 1990,
45, 827.

F. Kienzle, A. Kaiser, and R. E. Minder, Helv. Chim. Acta,
1983, 66, 148.

. M. Modica, M. Santagati, F. Russo, L. Parotti, L. De Gioia,

C. Selvaggini, M. Salmona, and T. Mennini, J. Med. Chem.,
1997, 40, 574.

M. Modica, M. Santagati, and A. Santagati, J. Heterocycl.
Chem., 2001, 38, 937.

A. A. Dobosh, S. M. Khripak, and 1. V. Smolyanka, Khim.
Geterotsikl. Soedin., 1974, 486 [Chem. Heterocycl. Compd.,
1974 (Engl. Transl.)].

USSR Inventor's Certificate No. 455105; Chem. Abstr.,
1975, 82, 171034.

V.J. Ram, H. K. Pandey, and A. J. Vlietinek, J. Heterocycl.
Chem., 1981, 18, 1277.

C. G. Dave, P. R. Shah, A. B. Shah, K. C. Dave, and V. J.
Patal, J. Indian Chem. Soc., 1989, 66, 48.

J. Clark and G. Hitiris, J. Chem. Soc., Perkin Trans. 1,
1984, 2005.

Kh. M. Shakhidoyatov, M. Kh. Shodiev, and Z. A. Aminov,
Dokl. Akad. Nauk UzSSR [ Dokl. Acad. Sci. UzbSSR], 1990,
32 (in Russian).

Eur. Pat. 43054; Chem. Abstr., 1982, 96, 142889.

U. Urleb, J. Heterocycl. Chem., 1995, 32, 69.

A. Santagati, M. Santagati, and M. Modica, Heterocycles,
1993, 36, 1315.

A. Santagati, M. Modica, M. Santagati, A. Caruso, and
V. Cutuli, Pharmazie, 1994, 49, 64.

J. Garin, M. P. Loscertales, E. Melendez, F. L. Merchan,
R. Rodriguez, and T. Tejero, Heterocycles, 1987, 26, 1303.
A. Sh. Oganisyan and A. S. Noravyan, Khim. Geterotsikl.
Soedin., 1998, 1388 [Chem. Heterocycl. Compd., 1998 (Engl.
Transl.)].

A. Sh. Oganisyan, G. O. Grigoryan, and A. S. Noravyan,
Khim. Geterotsikl. Soedin., 2001, 1116 [Chem. Heterocycl.
Compd., 2001 (Engl. Transl.)].

A. Sh. Oganisyan, G. O. Grigoryan, A. S. Noravyan, 1. A.
Dzhagatspanyan, and G. G. Melikyan, Khim.-farm. Zh.,
2001, 35, No. 3, 6 [ Pharm. Chem. J., 2001, 35, No. 3 (Engl.
Transl.)].

A. Sh. Oganisyan, A. S. Noravyan, I. A. Dzhagatspanyan,
and A. G. Akopyan, Khim.-farm. Zh., 2001, 35, No. 3, 9
[Pharm. Chem. J., 2001, 35, No. 3 (Engl. Transl.)].

A. Sh. Oganisyan, A. S. Noravayan, . A. Dzhagatspanyan,
and A. G. Akopyan, Khim.-farm. Zh., 2001, 35, No. 12, 8
[Pharm. Chem. J., 2001, 35, No. 12 (Engl. Transl.)].

E. Kh. Ahmed, U. Sensfuss, and W. D. Habicher,
J. Heterocycl. Chem., 1999, 36, 1119.

84.
85.
86.
87.
88.
89.

90.

91.

92.

93.

94.

95.
96.
97.
98.
99.
100.
101.
102.
103.
104.

105.
106.

107.

108.

109.

110.

111.

112.

113.

114.
115.

116.

C. G. Dave, A. B. Shah, and H. C. Shah, J. Heterocycl.
Chem., 1997, 34, 937.

M. Gustschow and J. C. Powers, J. Heterocycl. Chem., 2001,
38, 419.

M. Gruner, M. Rehwald, K. Eckert, and K. Gewald, Hetero-
cycles, 2000, 53, 2363.

M. Guetschow, Sulfur Lett., 1993, 16, 71.

A. M. K. El-Dean, Monatsh. Chem., 1998, 129, 523.

H. S. El-Kashef, A. A. Geies, A. M. K. El-Dean, and A. A.
Abdel-Hafez, J. Chem. Technol. Biotechnol., 1993, 57, 15.
I. V. Smolanka, S. M. Khripak, A. A. Zeikan, and A. A.
Dobosh, Khim. Geterotsikl. Soedin., 1977, 753 [Chem.
Heterocycl. Compd., 1977 (Engl. Transl.)].

F. M. Abdelrazek and H. A. Ead, J. Prakt. Chem., 1988,
330, 585.

K. Gewald, T. Jesckke, and M. Gruner, J. Prakt. Chem.,
1991, 333, 229.

M. G. Testa, G. Perrini, U. Chiacchio, and A. Corsaro,
J. Chem. Res., Synop, 1993, 302.

L. I. Ibrahiem, G. H. Tamman, and T. M. S. Abdin,
J. Chem. Soc. Pak., 1989, 11, 227; Chem. Abstr., 1990, 113,
23835.

P. Pazdera, M. Rezka, and E. Novacek, Chem. Pap., 1990,
44, 229.

H. Wambhoff and H. A. Thiemig, Chem. Ber., 1985,
118, 4473.

Ger. (East) Pat. 249023; Chem. Abstr., 1988, 108, 131850.
R. Pech and R. Boehm, Pharmazie, 1993, 48, 347.

Ger. (East) Pat. 249020; Chem. Abstr., 1988, 108, 112495.
Ger. (East) Pat. 249021; Chem. Abstr., 1988, 108, 131851.
Ger. (East) Pat. 249022; Chem. Abstr., 1988, 108, 131853.
R. Neidlein and Z. Sui, Helv. Chim. Acta, 1991, 74, 579.
R. W. Sabnis and D. W. Rangnekar, Indian J. Technol.,
1990, 28, 54; Chem. Abstr., 1990, 113, 134152.

S. Leistner, M. Guetschow, and G. Wagner, Arch. Pharm.,
1989, 322, 227.

Ger. (East) Pat. 287503; Chem. Abstr., 1991, 115, 49718.
F. M. Abdlrazek and A. M. Salah, Phosphorus, Sulfur, Sili-
con Relat. Elem., 1992, 71, 93.

P. Sekumaran and K. N. Rajasekharan, Indian J. Chem.,
1990, 29B, 1070.

C. J. Shishoo, M. B. Devani, G. V. Ullas, S. Ananthan, and
V. S. Bhadti, J. Heterocycl. Chem., 1987, 24, 1125.

C. J. Shishoo and K. S. Jain, J. Heterocycl. Chem., 1993,
30, 435.

K. E. Nielsen and E. B. Pedersen, Chem. Scripta, 1981,
18, 245.

J. Mogensen, A. Jorgensen, and E. B. Pedersen, Chem.
Scripta, 1988, 28, 195.

H. Wamhoff, E. Kroth, and C. Strauch, Synthesis,
1993, 1129.

C. J. Shishoo, M. B. Devani, G. V. Ullas, S. Ananthan, and
V. S. Bnadti, J. Heterocycl. Chem., 1988, 25, 615.

W. Ried and R. Christ, Liebigs Ann. Chem., 1980, 699.

M. V. Kapustina, O. Yu. Omel kin, I. A. Kharizomenova,
V. 1. Shvedov, and L. N. Felitis, Khim.-farm. Zh., 1991,
25, No. 7, 38 [Pharm. Chem. J., 1991, 25, No. 7 (Engl.
Transl.)].

V. P. Litvinov, V. S. Dermugin, V. I. Shvedov, V. E.
Shklover, and Yu. T. Struchkov, Izv. Akad. Nauk SSSR,



510

Russ.Chem.Bull., Int.Ed., Vol. 53, No. 3, March, 2004

V. P. Litvinov

117.

118.
119.
. A. K. Srivastav, H. N. Pandey, A. K. Chaturbedi, and

120

121.

122.

123.

124.

125

129.

130.
131.

132.

133

134.

135

137.

138.

139.
140.

141.

142

144

146.

147.

148

Ser. Khim., 1985, 1858 [Bull. Acad. Sci. USSR, Div. Chem.
Sci., 1985, 34 (Engl. Transl.)].

I. N. Fedorova, R. D. Sybaev, V. 1. Shvedov, L. M.
Alekseeva, G. Ya. Shvarts, and M. D. Mashkovskii,
Khim.-farm. Zh., 1986, 20, No. 1, 39 [Pharm. Chem. J.,
1986, 20, No. 1 (Engl. Transl.)].

W. Ried and G. Beller, Liebigs Ann. Chem., 1988, 633.
Ger. (East) Pat. 272089; Chem. Abstr., 1990, 112, 198413.

S. Singh, Cryst. Res. Technol., 1990, 25, K249; Chem. Abstr.,
1991, 114, 94025.

C. G. Dave, P. R. Shah, and A. B. Shah, Indian J. Chem.,
1992, 31B, 492.

R. Baumgartner, R. Pech, and R. Boehm, Pharmazie, 1993,
48, 192.

C. J. Shishoo, M. B. Devani, U. S. Pathak, S. Ananthan,
V. S. Bhadti, G. V. Ullas, K. S. Jain, I. S. Rathod, D. S.
Talati, and N. H. Doshi, J. Heferocycl. Chem., 1984, 21, 375.
Ger. (East) Pat. 234269; Chem. Abstr., 1986, 105, 208925.

. Ger. (East) Pat. 234268; Chem. Abstr., 1986, 105, 22663 1.
126.
127.
128.

Ger. (East) Pat. 234270; Chem. Abstr., 1987, 106, 33091.
US Pat. 4701528; Chem. Abstr., 1988, 108, 21921.

M. Perrissian, M. Farve, L. D. Cuong, F. Huguet,
C. Gaultier, and G. Narcisse, Eur. J. Med. Chem., 1988,
23, 453.

C. J. Shishoo, M. B. Devani, S. Ananthan, K. S. Jain, V. S.
Bhadti, S. Mohan, and L. J. Patel, Indian J. Chem., 1989,
28B, 1039.

R. Pech and R. Boehm, Pharmazie, 1989, 44, 790.

C. J. Shishoo, M. B. Devani, V. S. Bhadti, K. Jain, 1. S.
Rathod, R. K. Goyal, T. R. Gandhi, R. B. Patel, and S. R.
Naik, Arzneim.-Forsch., 1990, 40, 567.

Ger. (East) Pat. 272087; Chem. Abstr., 1990, 113, 132206.

. G. D. Madding and M. D. Thompson, J. Heterocycl. Chem.,

1987, 24, 581.
C. J. Shishoo, U. S. Pathak, K. S. Jain, I. T. Devani, and
M. T. Chabria, Indian J. Chem., 1994, 33B, 436.

. Eur. Pat. 234557; Chem. Abstr., 1988, 108, 6042.
136.

F. El-Telbany and R. O. Hutchins, J. Heterocycl. Chem.,
1985, 22, 401.

H. K. Gakhar and J. K. Gill, Indian J. Chem., 1985,
24B, 432.

D. Gravier, G. Hou, F. Casadebaig, J. P. Dupin, H. Ber-
nard, and M. Boisseau, Pharmazie, 1990, 47, 754.

S. Tumkevieius, J. Prakt. Chem./Chem.-Ztg., 1994, 336, 160.
N. S. Ibrahim, K. U. Sadek, S. I. Aziz, and M. B. Einagdi,
Z. Naturforsch., Teil B, 1985, 40, 129.

Ger. (East) Pat. 272079; Chem. Abstr., 1990, 112, 216954.

. Eur. Pat. 349239; Chem. Abstr., 1990, 113, 23942.
143.

G. Wagner, H. Vieweg, and S. Leistner, Pharmazie, 1993,
48, 588.

. Ger. (East) Pat. 240891; Chem. Abstr., 1987, 107, 39858.
145.

S. Konno, M. Tsunodo, R. Watanabe, H. Yamanaka,
F. Fujita, N. Otsuka, and S. Asano, Yakugaku Zasshi, 1989,
109, 464; Chem. Abstr., 1990, 112, 118758.

R. Pech, E. Schleiermacher, and R. Boehm, Pharmazie,
1989, 44, 860.

Intern. Pat. 9303040; Chem. Abstr., 1993, 119, 160309.

. Ger. (East) Pat. 272088; Chem. Abstr., 1990, 112, 198412.
149.

C. Peinador, V. Ojea, and J. M. Quintela, J. Heterocycl.
Chem., 1992, 29, 1963.

150
151

152.

153.
154.
155.
156.
157.

158.

159.

160.

161.

162.

163

164.

165.

166.

167.

168.

169.

170.

171.
172.

173

174.

175.

176.

177.

178.

179.

. A.D. Dunn and R. Norrie, J. Heterocycl. Chem., 1987, 24, 85.
. L. A. Rodinovskaya, E. V. Belukhina, A. M. Shestopalov,
and V. P. Litvinov, Izv. Akad. Nauk, Ser. Khim., 1994, 181
[Russ. Chem. Bull., 1994, 43, (Engl. Transl.)].

L. A. Rodinovskaya, E. V. Belukhina, A. M. Shestopalov,
and V. P. Litvinov, Izv. Akad. Nauk, Ser. Khim., 1994, 489
[Russ. Chem. Bull., 1994, 43, (Engl. Transl.)].

K. Gewald, U. Hain, and M. Gruner, Chem. Ber., 1988,
121, 537.

Ger. (East) Pat. 258019; Chem. Abstr., 1989, 110, 75551.
Ger. (East) Pat. 258014; Chem. Abstr., 1989, 110, 95203.
Ger. (East) Pat. 258018; Chem. Abstr., 1989, 110, 95265.
C. J. Shishoo, M. B. Devani, G. V. Ullas, S. Ananthan, and
V. S. Bhadti, J. Heterocycl. Chem., 1985, 22, 825.

J. M. Michael, M. M. Kamel, M. J. El-Zahar, A. El-Masry,
and E. M. Mohi-El-Deen, Al-Azhar Bull. Sci., 1992, 3,
767; Chem. Abstr., 1993, 121, 53745.

F. M. Abdelrazek, Phosphorus, Sulfur, Silicon Relat. Elem.,
1996, 119, 271.

A. P. Mkrtchyan, S. G. Kazaryan, A. S. Noravyan, R. A.
Akopyan, I. A. Dzhagatspanyan, N. E. Akopyan, and A. G.
Akopyan, Khim.-farm. Zh., 1986, 20, No. 11, 1312 [ Pharm.
Chem. J., 1986, 20, No. 11 (Engl. Transl.)].

S. R. Rao, K. V. Rao, B. A. Otter, R. S. Klein, and W. J.
Ren, Tetrahedron Lett., 1988, 29, 3537.

Ger. (East) Pat. 295381; Chem. Abstr., 1992, 116, 151787.
. H. Vieweg, S. Leistner, N. Boehm, J. Prantz, and
G. Wagner, Pharmazie, 1993, 48, 26.

D. Briel, T. Maschke, and G. Wagner, Pharmazie, 1992,
47, 577.

J. Mogensen, K. M. H. Himly, and E. B. Pedersen, Chem.
Scripta, 1989, 29, 261.

E. Palitis, E. Gudrines, V. Barkane, and Z. Sproge, Latv.
Kh. Zh. [Latv. Chem. J.], 1992, 356 (in Russian).

H. Maruoka, K. Yamagata, and M. Yamazuki, Liebigs Ann.
Chem., 1994, 993.

JP Pat. 6213284; Chem. Abstr., 1987, 107, 198350.

E. Bousquet, G. Romeo, F. Guerrera, A. Caruso, and
M. Amico-Roxas, Farmaco, Ed. Sci., 1985, 40, 869; Chem.
Abstr., 1986, 104, 14506.

O. M. Aboulwafa, K. A. Ismail, and E. A. Koreish, Farmaco,
1992, 47, 631.

Ger. (East) Pat. 258013; Chem. Abstr., 1989, 110, 75554.
Ger. (East) Pat. 257830; Chem. Abstr., 1989, 110, 95262.

. Ger. (East) Pat. 272086; Chem. Abstr., 1990, 112, 198411.
K. M. Hassan, A. M. K. El-Dean, M. S. K. Youssef, F. M.
Atta, and M. S. Abbady, Phosphorus, Sulfur, Silicon Relat.
Elem., 1990, 47, 283.

S. H. El-Zanfally, M. M. El-Enany, S. M. Roshdy, and
A. A. Moneer, Orient. J. Chem., 1989, 5, 242; Chem. Abstr.,
1991, 114, 122243.

M. Z. A. Badr, S. A. Mahgoub, F. F. Abdel-Latif, and
A. A. A. Abd, Phosphorus, Sulfur, Silicon Relat. Elem., 1991,
55, 175.

H. Wamhoff, S. Herrmann, S. Stoelben, and M. Nieger,
Tetrahedron, 1993, 49, 581.

N. Boehm, U. Krasselt, S. Leistner, and G. Wagner,
Pharmacie, 1992, 47, 897.

V. V. Dabaeva, A. S. Noravyan, and B. D. Enokyan, Khim.
Geterotsikl. Soedin., 1995, 250 [Chem. Heterocycl. Compd.,
1995 (Engl. Transl.)].



Thienopyrimidines

Russ.Chem.Bull., Int.Ed., Vol. 53, No. 3, March, 2004

511

180.

181.

182.

183

184.

185.

186.

187.

188.

189.

190.
191.

192.

193.

194.

195.

196.

197.
198.
199.
200.

201.
202.
203.

204.

205
206

G. Wagner, H. Vieweg, and S. Leistner, Pharmazie, 1993,
48, 667.

S. Leistner, M. Guestschow, and G. Wagner, Pharmazie,
1989, 44, 153.

C. G. Dave and R. D. Shah, Heterocycles, 1998, 48, 529.

. K. Dridi, M. L. El Efrit, and H. Zatour, J. Soc. Chim.

Tunis, 1999, 4, 387; Chem. Abstr., 2000, 132, 222501.

F. E. M. El-Baih, K. M. Khlood, and M. A. Hassan,
J. Saudi Chem. Soc., 2000, 4, 281; Chem. Abstr., 2002, 136,
102346.

M. R. Prasad, A. R. R. Rao, P. Sh. Rao, and K. S. Rajan,
Synthesis, 2001, 2119.

Yu. M. Volovenko, E. V. Resnyanska, and A. V.
Tverdokhlebov, Collection, 2002, 67, 365.

A. P. Mkrtchyan, A. S. Noravyan, and V. M. Petrosyan,
Khim. Geterotsikl. Soedin., 2002, 261 [Chem. Heterocycl.
Compd., 2002 (Engl. Transl.)].

(a) S. A. Ryndina, A. V. Kadushkin, N. P. Solov eva, and
V. G. Granik, Izv. Akad. Nauk, Ser. Khim., 2002, 1730
[Russ. Chem. Bull., Int. Ed., 2002, 51, 1879]; (b) S. A.
Ryndina, A. V. Kadushkin, N. P. Solov’eva, and V. G.
Granik, Izv. Akad. Nauk, Ser. Khim., 2002, 789 [Russ.
Chem. Bull., Int. Ed., 2002, 51, ]; (c) S. A. Ryndina,
A. V. Kadushkin, and V. G. Granik, Abstr. Il Int. Conf.
on the Chemistry and Biological Activity of Oxygen- and
Sulfur-Containing Heterocycles, 1BS Press, Moscow,
2003, 1, 392.

M. Yu. Yakovlev, O. B. Romanova, S. I. Grizik, A. V.
Kadushkin, and V. G. Granik, Khim.-farm. Zh., 1997, 31,
No. 11, 44 [Pharm. Chem. J., 1997, 31, No. 11 (Engl.
Transl.)].

Ger. Pat. 4119767; Chem. Abstr., 1993, 112, 147575.

P. Sukumaran and K. N. Rajasekharan, Indian J. Chem.,
1989, 28B, 642.

H. Maruoka, F. Yamagata, and M. Yamazaki, J. Heterocycl.
Chem., 2001, 38, 269.

C. Peinador, M. J. Moreira, and J. M. Quintela, Tetra-
hedron, 1994, 50, 6705.

A. V. Bol’but and M. V. Vovk, Abstr. of Int. Conf. on the
Chemistry of Nitrogen Containing Heterocycles, CNH-2003,
Kharkiv (Ukraine), 2003, 68.

A. P. Mkrtchyan, S. G. Kazaryan, A. S. Noravyan, 1. A.
Dzhagattsparyan, I. M. Nazaryan, and A. G. Akopyan,
Khim.-farm. Zh., 1998, 32, No. 9, 15 [Pharm. Chem. J.,
1998, 32, No. 9 (Engl. Transl.)].

K. S. Manjunath, S. Mohan, L. V. G. Naragund, and C. J.
Chamanal, Arzneim.-Forsch., 1997, 47, 1005.

Intern. Pat. 9856792; Chem. Abstr., 1999, 130, 66510.

Ger. Pat. 19636769; Chem. Abstr., 1998, 128, 217381.

Eur. Pat. 900799; Chem. Abstr., 1999, 130, 209718.

W. Y. Ren, K. V. B. Rao, and R. S. Klein, J. Heferocycl.
Chem., 1986, 23, 1757.

H. Wamhoff and M. Ertas, Chem.-Ztg., 1983, 107, 344.
Ger. (East) Pat. 234677; Chem. Abstr., 1987, 106, 5073.

S. Leistner, M. Guetschow, and G. Wagner, Pharmazie,
1986, 41, 96.

S. Leistner, N. Boehm, H. Vieweg, and G. Wagner,
Pharmazie, 1992, 47, 333.

. Ger. (East) Pat. 258233; Chem. Abstr., 1989, 110, 114858.
.S. Leistner, M. Guetschow, H. Vieweg, G. Wagner,

T. Strohscheidt, and R. Grupe, Pharmazie, 1988, 43, 756.

207

208

209.

210

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221

222.

223.

224.

225

226.

227
228

229.

230.
231.
232.

233.
234.

235

236.
237.

238.
239.

240.

. S. Vega, J. Alonso, J. A. Diaz, and F. Juquera, J. Heterocycl.
Chem., 1990, 27, 269.

. A. Rosovsky, C. E. Mota, J. E. Wright, J. H. Freisheim,

J.J. Heusner, J. J. McCormak, and S. F. Queener, J. Med.

Chem., 1993, 36, 3103.

R. J. Ife, T. H. Brown, P. Blurton, D. J. Keeling, C. A.

Leach, L. M. Meeson, M. E. Parsons, and C. J. Theobald,

J. Med. Chem., 1995, 38, 2763.

. M. Link, Helv. Chim. Acta, 1990, 73, 797.

C. J. Shishoo, M. B. Devani, V. S. Bhadti, K. S. Jain, and
S. Ababthan, J. Heterocycl. Chem., 1990, 27, 119.

E. C. Taylor and M. Patel, J. Heterocycl. Chem., 1991,

28, 1857.

V. A. Artyomov, L. A. Rodinovskaya, A. M. Shestopalov,

and V. P. Litvinov, Mendeleev Commun., 1993, 149.

V. A. Artemov, L. A. Rodinovskaya, A. M. Shestopalov,

and V. P. Litvinov, Khim. Geterotsikl. Soedin., 1994, 122
[Chem. Heterocycl. Compd., 1994 (Engl. Transl.)].

V. A. Artyomov, L. A. Rodinovskaya, A. M. Shestopalov,

and V. P. Litvinov, Tetrahedron, 1996, 52, 1011.

Indian Pat. 151496; Chem. Abstr., 1984, 100, 209858.

L. A. Rodinovskaya, Yu. A. Sharanin, A. M. Shestopalov,

and V. P. Litvinov, Khim. Geterotsikl. Soedin., 1988, 805
[Chem. Heterocycl. Compd., 1988 (Engl. Transl.)].

S. A. Mahgoub, M. Z. A. Badr, and A. A. A. Abdel-Hafez,

Bull. Fac. Sci. Assiut Univ., 1991, 20, 43; Chem. Abstr.,
1992, 117, 7883.

H. Wamhoff and H. A. Thiemig, Chem. Ber., 1986,
119, 1070.

F. M. Abdelrazek, Z. Naturforsch., Teil B, 1989, 44, 488.

. F. M. Abdelrazek, A. M. Salah, and Z. E. Elbazza, Arch.

Pharm., 1992, 325, 301.

C. J. Shishoo, M. B. Devani, V. S. Bhadti, S. Ananthan,

and G. V. Ullas, Tetrahedron Lett., 1983, 24, 4611.

M. Potacek, R. Pomykal, and H. Maresova, Stud. Org.

Chem., 1988, 35, 484.

M. Potacek and H. Zornova, Chem. Pap., 1992, 46, 34.

. K. Yamagata, Y. Tomioka, M. Yamazaki, and K. Noda,

Chem. Pharm. Bull., 1983, 31, 401.

JP Pat. 6200426; Chem. Abstr., 1987, 107, 59050.

. Ger. (East) Pat. 258015; Chem. Abstr., 1989, 110, 75552.

. Y.-W. Ho, J. Chin. Chem. Soc., 2001, 48, 1163; Chem. Abstr.,

2002, 137, 140490.

M. P. Raghu, R. A. Raghuram, and R. P. Shanthan,

J. Chem. Res., Synop., 2002, 5.

D. Briel, Pharmazie, 1998, 53, 775.

D. Briel, Pharmazie, 1999, 54, 858.

S. Kohra, Y. Tominaga, and A. Hosomi, J. Heterocycl.

Chem., 1988, 25, 959.

Intern. Pat. 13664; Chem. Abstr., 1993, 120, 106972.

Ger. (East) Pat. 258012; Chem. Abstr., 1988, 110, 75556.

. S. El-Bahaie, M. G. Assy, and Y. A. Ibrahim, Sulfur Lett.,
1988, 9, 201.

M. G. Assy, Sulfur Lett., 1990, 11, 75.

S. P. Tumkevichus, Khim. Geterotsikl. Soedin., 1988, 1559
[Chem. Heterocycl. Compd., 1988 (Engl. Transl.)].

V.J. Ram, J. Prakt. Chem., 1989, 331, 957.

K. Hirota, M. Shirahashi, and S. Senda, J. Heferocycl.

Chem., 1990, 27, 717.

S. Tumukevicius and J. Mickiene, Org. Prep. Proced. Int.,
1991, 23, 413.



512

Russ.Chem.Bull., Int.Ed., Vol. 53, No. 3, March, 2004

V. P. Litvinov

241.

242.

243.

244.

245

248.

249.

250.
251.

252.
253.
254.

255.
256.

257

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.
269.

270.

J. Clark and M. S. Shahet, J. Heterocycl. Chem., 1993,
30, 1065.

S. Tumkevichus and R. Matuliauskene, Khim. Geterotsikl.
Soedin., 1987, 1131 [Chem. Heterocycl. Compd., 1987 (Engl.
Transl.)].

Yu. A. Sharanin, A. M. Shestopalov, V. N. Nesterov, V. P.
Litvinov, V. Yu. Mortikov, V. K. Promonenkov, V. E.
Shklover, and Yu. T. Struchkov, Khim. Geterotsikl. Soedin.,
1987, 1377 [Chem. Heterocycl. Compd., 1987 (Engl.
Transl.)].

S. A. Abdel-Hady, M. A. Badavy, and Y. A. Ibrahim, Sul-
fur. Lett., 1988, 9, 101.

. S. El-Bahaie and M. G. Assy, Farmazie, 1990, 45, 216.
246.
247.

Ger. (East) Pat. 273441; Chem. Abstr., 1990, 113, 115332.
Z. H. Khalil and A. A. Geies, Phosphorus, Sulfur, Silicon
Relat. Elem., 1991, 60, 223.

USSR Inventor's Certificate No. 725433; Chem. Abstr.,
1983, 99, 158449.

S. El-Bahaie, E. E. Bayoumy, and S. Yoursif, J. Indian
Chem. Soc., 1988, 65, 695.

S. El-Bahaie, Pharmazie, 1989, 44, 492.

S. El-Bahaie, M. G. Assy, and A. F. Heikal, J. Indian
Chem. Soc., 1990, 67, 327.

S. El-Bahaie, B. E. Bayoumy, M. G. Assy, and S. Yousif,
Pol. J. Chem., 1991, 65, 1059.

S. El-Bahaie, A. M. Kadry, M. G. Assay, and Y. A. Ibrahim,
Pharmazie, 1988, 43, 537.

S. El-Bahaie and M. G. Assy, Sulfur Lett., 1988, 9, 193.

S. El-Bahaie and M. G. Assy, Pharmazie, 1989, 44, 348.
S. El-Bahaie, Sulfur. Lett., 1989, 10, 25.

. S. El-Bahaie and M. G. Assy, J. Chin. Chem. Soc. (Taipei),

1990, 37, 497; Chem. Abstr., 1991, 114, 101903.

M. G. Assy, M. M. Hassanien, and S. A. Rahman,
Pharmazie, 1990, 45, 792.

A. F. El-Farargy, M. G. Assy, M. M. Hassanien, and
S. El-Bahaie, Pak. J. Sci. Ind. Res., 1991, 34, 4; Chem.
Abstr., 1991, 115, 232168.

S. El-Bahaie, B. Bayoumy, and S. Yourssif, Egypt. J. Chem.,
1989, 32, 521; Chem. Abstr., 1992, 117, 191804.

S. El-Bahaie, M. G. Assy, and A. Kadry, Collect. Czech.
Chem. Commun., 1990, 55, 1049.

S. El-Bahaie, A. El-Deeb, and M. G. Assy, Pharmazie,
1991, 46, 26.

J. M. C. Golec and R. M. Scrowston, J. Chem. Res., Synop.,
1988, 46.

M. R. Spada, R. S. Klein, and B. A. Otter, J. Heterocycl.
Chem., 1989, 26, 1851.

M. H. Elnagdi and A. W. Erian, Liebigs Ann. Chem.,
1990, 1215.

L. Yu, L. Wang, and J. Huang, Zhongguo Yaoke Daxue
Xuebao, 1990, 21, 193; Chem. Abstr., 1991, 114, 164141.
L. Wang, L. Yu, H. Huang, Q. Geng, J. Liu, D. Dai, and
D. Chen, Zhongguo Yaoke Daxue Xuebao, 1991, 22, 142;
Chem. Abstr., 1992, 116, 59305.

Z.Wang, R. Neidlein, and C. Krieger, Synthesis, 2000, 255.
V. E. Khachatryan, S. G. Israclyan, H. S. Gapoyan, and
R. G. Melik-Ohanianyan, Khim. Zh. Arm. |Chem. J. Arm.],
1999, 52, 60; Chem. Abstr., 2000, 132, 265164.

K. C. Majumdar and N. K. Jana, Synth. Commun., 2000,
30, 4183.

271.

272.

273.

274.

275.

276.

2717.

278.

279.

280

284

285.

286.
287.

288

291.
292.
293.
294.

295.
296.
297.

298.

299.

300

301.

302

303.
304.

305

306
307

S. Tumkevicius and A. Kaminskas, Chemija, 1999, 10, 140;
Chem. Abstr., 2000, 132, 194355.

S. Tumkevicius, Z. Sarakuskaite, and A. Urbonas, Chemija,
2000, 11, 127; Chem. Abstr., 2001, 135, 137463.

U. Sensfuss and W.-D. Habicher, Heterocycles, 2001,
55, 171.

A. B. A. El-Gazzar, M. 1. Hegab, S. A. Swelam, and A. S.
Aly, Phosphorus, Sulfur, Silicon Relat. Elem., 2002, 177, 123.
M. Robba, J. M. Lecomte, and M. C. DeSevricourt, C. R.
Acad. Sci., Ser. C, 1968, 266, 128.

M. Robba, M. P. Touzot, and R. Riquelme, C. R. Acad.
Sci., Ser. C, 1973, 276, 93.

U. S. Pathak and S. J. Singh, Indian J. Chem., 1991,
30B, 618.

N. V. Kaplina, A. N. Grinev, G. A. Bogdanova, L. N.
Alekseeva, T. V. Pushkina, and A. N. Fomina,
Khim.-farm. Zh., 1987, 21, No. 2, 197 [Pharm. Chem. J.,
1987, 21 (Engl. Transl.)].

Ger. (East) Pat. 237663; Chem. Abstr., 1987, 106, 84634.

. Ger. (East) Pat. 245666; Chem. Abstr., 1988, 108, 6044.
281.
282.
283.

Ger. (East) Pat. 248593; Chem. Abstr., 1988, 108, 131852.
Eur. Pat. 276057; Chem. Abstr., 1988, 109, 211088.
Pat. RF 1383752; Chem. Abstr., 1995, 123, 228206.

.R. Pech, T. Eisenaecher, and R. Boehm, Pharmazie,

1992, 47, 20.

M. S. Youssef, F. M. Atte, K. M. Hassan, A. M. El-Dean,
and M. S. Abbday, Bull. Fac. Sci., Assuit Univ., 1991, 20,
31; Chem. Abstr., 1993, 114, 7882.

Eur. Pat. 150469; Chem. Abstr., 1986, 104, 19606.

Ger. (East) Pat. 226893; Chem. Abstr., 1986, 104, 186437.

. Intern. Pat. 18887; Chem. Abstr., 1992, 116, 128961.
289.
290.

Intern. Pat. 17021; Chem. Abstr., 1993, 120, 134508.

R. Boehm, R. Pech, G. Haubold, and E. Hanning,
Pharmazie, 1986, 41, 23.

US Pat. 3318883; Chem. Abstr., 1968, 68, 2913.

Eur. Pat. 404356; Chem. Abstr., 1991, 115, 8821.

Eur. Pat. 447891; Chem. Abstr., 1991, 115, 256224.

J. 1. Ogonor, Acta Pol. Pharm., 1986, 43, 97; Chem. Abstr.,
1987, 106, 196385.

Ger. (East) Pat. 245667; Chem. Abstr., 1988, 108, 21920.
JP Pat. 01313480; Chem. Abstr., 1990, 112, 216955.

R. Mueller, L. Gebert, R. Pech, and R. Boehm, Pharmazie,
1993, 48, 585.

S. Yu. Ryabova, Yu. I. Trofimkin, N. Z. Tugusheva, A. V.
Kadushkin, I. S. Nikolaeva, T. A. Guskova, N. 1. Fadeeva,
I. A. Leneva, and V. G. Granik, Khim.-farm. Zh., 1993, 27,
32 [Pharm. Chem. J., 1993, 27 (Engl. Transl.)].

JP Pat. 0616557; Chem. Abstr., 1994, 120, 290120.

. A. N. Grinev and N. V. Kaplina, Khim. Geterotsikl. Soedin.,

1985, 925 [Chem. Heterocycl. Compd., 1985 (Engl. Transl.)].
Eur. Pat. 534341; Chem. Abstr., 1993, 120, 245136.

. K. Yamagata, Y. Tomioka, and M. Yamazaki, Chem. Pharm.

Bull., 1986, 34, 516.
S. Tumkevicius, J. Prakt. Chem./Chem.-Ztg., 1994, 336, 160.
Ger. (East) Pat. 258017; Chem. Abstr., 1989, 110, 75552.

. S. M. Khripak, V. I. Yakubets, Yu. V. Migalina, A. S.

Koz 'min, and N. S. Zefirov, Khim. Geterotsikl. Soedin.,
1989, 413 [Chem. Heterocycl. Compd., 1989 (Engl. Transl.)].

. Eur. Pat. 452002; Chem. Abstr., 1992, 116, 21069.
. US Pat. 4939137; Chem. Abstr., 1990, 113, 212008.



Thienopyrimidines

Russ.Chem.Bull., Int.Ed., Vol. 53, No. 3, March, 2004

513

308.

309.
310.
311.
312.
313.
314.
315.
316.
317.

318.

319.

320.

321

325.

326.

327.

328.

329.

330.

331.

332

334.

335.

336.

337.

M. Shodiev, B. A. Urakov, and M. I. Mukaramov, Khim.
Geterotsikl. Soedin., 1990, 717 [Chem. Heterocycl. Compd.,
1990 (Engl. Transl.)].

R. Boehm, R. Pech, and E. Schneider, Pharmazie, 1983,
38, 135.

R. Boehm, R. Mueller, and R. Pech, Pharmazie, 1986,
41, 661.

R. K. Russel, C. E. Van Nievelt, R. A. Rampulla, and
D. H. Klaubert, Synth. Commun., 1992, 22, 3221.

Eur. Pat. 329168; Chem. Abstr., 1990, 112, 77225.

Eur. Pat. 443568; Chem. Abstr., 1991, 115, 232279.

Eur. Pat. 640606; Chem. Abstr., 1995, 123, 112074.

C. Fossey, H. Landelle, D. Laduree, and M. Robba, Nucleo-
sides Nucleotides, 1993, 12, 937; Chem. Abstr., 1994, 120,
135054.

C. Fossey, D. Laduree, and M. Robba, Nucleosides Nucleo-
tides, 1994, 13, 883; Chem. Abstr., 1994, 121, 109553.

J. Renault, D. Laduree, and M. Robba, Nucleosides Nucleo-
tides, 1994, 13, 1135; Chem. Abstr., 1994, 121, 158069.

H. Wamhoff, W. Wambach, S. Herrmann, M. Jansen, and
B. Bruehne, J. Prakt. Chem./Chem.-Ztg., 1994, 336, 129.
A. A. El-Barbary, N. R. El-Brollosy, H. M. Abdel-Bary,
E. B. Pedersen, P. Stein, and C. Nielsen, Liebigs Ann.
Chem., 1995, 1371.

A. A. El-Barbary, N. R. El-Brollosy, E. B. Pedersen, and
C. Nielsen, Monatsh. Chem., 1995, 126, 593.

. Eur. Pat. 502725; Chem. Abstr., 1993, 118, 22249.
322.
323.
324.

Intern. Pat. 9303040; Chem. Abstr., 1993, 119, 160309.

US Pat. 4725599; Chem. Abstr., 1989, 110, 231654.

J. S. New, W. L. Chriatopher, and P. A. Jass, J. Org. Chem.,
1989, 54, 990.

M. M. Chorab and S. G. A. Hamide, Indian J. Heterocycl.
Chem., 1994, 4, 103; Chem. Abstr., 1995, 122, 314510.

M. Sugiyama, T. Sakamoto, K. Tabata, K. Ebdo, K. Ito,
M. Kobayashi, and H. Fukumi, Chem. Pharm. Bull., 1989,
37, 2122.

K. A. Potekhin, A. V. Maleev, Yu. T. Struchkov, S. M.
Khripak, V. I. Yakubets, Yu. V. Migalina, A. S. Koz 'min,
and N. S. Zefirov, Dokl. Akad. Nauk SSSR, 1988, 300,
1135 [Dokl. Chem., 1988 (Engl. Transl.)].

M. M. El-Enany and F. S. El-Shafie, Orient. J. Chem.,
1988, 5, 114; Chem. Abstr., 1991, 114, 81761.

S. Leistner, G. Wagner, M. Guetschow, and E. Glusa,
Pharmazie, 1986, 41, 54.

F. Russo, N. A. Santagati, R. Venturini, and S. Spampinato,
Pharmazie, 1990, 45, 493.

S. A. El-Feky, Z. K. Abd El-Sami, and M. 1. Jaeda, Zhoghua
Yaoxue Zazhi, 1993, 45, 15; Chem. Abstr., 1993, 119, 95462.

. A. Zekany and S. Makleit, Pharmazie, 1987, 42, 160.
333.

A. Santagati, M. Modica, and M. Santagati, J. Heterocycl.
Chem., 1994, 31, 1141.

H. Fukumi, M. Sugiyama, and T. Sakamoto, Chem. Pharm.
Bull., 1989, 37, 1197.

M. Sugiyama, T. Sakamoto, K. Tabata, K. Endo, K. Ito,
and M. Kobayashi, Chem. Pharm. Bull., 1989, 37, 2096.
M. Sugiyama, T. Sakamoto, K. Tabata, and H. Fukumi,
Chem. Pharm. Bull., 1989, 37, 2717.

M. Sugiyama, T. Sakamoto, and H. Fukumi, Heterocycles,
1989, 29, 985.

338

339

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359
360

361.

362.

363.

.A. K. Srivastav, H. N. Pandey, A. K. Chaturbedi, and
S. Singh, Cryst. Res. Technol., 1990, 25, K249; Chem. Abstr.,
1991, 114, 94025.

. A. Santagati, M. Modica, and M. Santagati, J. Heterocycl.

Chem., 2000, 37, 1161.

A. Santagati, G. Granata, and M. Santagati, J. Chem. Res.,

Synop., 2001, 304.

R. I. Vas’kevich, S. M. Khripak, V. 1. Staninets, Yu. L.

Zborovskii, and A. N. Chernega, Zh. Org. Khim., 2000, 36,
1091 [Russ. J. Org. Chem., 2000, 36 (Engl. Transl.)].

R. I. Vas’kevich, S. M. Khripak, V. I. Staninets, Yu. L.

Zborovskii, A. M. Nesterenko, and V. V. Pirozhenko, Ukr.

Kh. Zh. [Ukr. Chem. J.], 2000, 66, 47.

P. Wippich, M. Gutschow, and S. Leistner, Synthesis,

2000, 714.

P. Wippich, C. Hendrerich, M. Gutschow, and S. Leistner,

Synthesis, 2000, 741.

E. Kh. Ahmed, Phosphorus, Sulfur, Silicon Relat. Elem.,

2002, 177, 889.

V. G. Lendel, A. A. Krivovyaz, Ya. L. Zborovskii, V. 1.
Staninets, and A. V. Turov, Ukr. Kh. Zh. [Ukr. Chem. J.],

2002, 68, 43.

V. G. Lendel, A. A. Krivovyaz, Ya. L. Zborovskii, and V. 1.
Staninets, Ukr. Kh. Zh. |Ukr. Chem. J.], 2002, 68, 111.

C. J. Shishoo, M. B. Devani, G. V. Ullas, S. Ananthan, and

V. S. Bhadti, J. Heterocycl. Chem., 1985, 22, 831.

G. Wagner, U. Krasselt, and S. Leistner, Pharmazie, 1991,

46, 409.

G. Wagner, N. Boehm, and S. Leistner, Pharmazie,
1993, 48, 20.

U. S. Pathak, N. V. Gandhi, S. Singh, R. P. Warde, and
K. S. Jain, Indian J. Chem., 1992, 31B, 223.

K. A. Ismail and O. M. Aboul Wafa, Sulfur Lett., 1992,
15, 111.

G. Wagner and U. Krasselt, Pharmazie, 1992, 47, 943.

S. M. Khripak, R. I. Vasil kevich, Yu. L. Zborovskii, and

V. 1. Staninets, Zh. Org. Khim., 2000, 36, 448 [ Russ. J. Org.

Chem.,2000, 36 (Engl. Transl.)].

A. B. A. El-Gazzer and N. A. Hassan, Molecules,
2000, 5, 835.

A. A. Hamed, H. F. Bader, and H. El-Ashry, Z. Natur-

forsch., Teil B: Chem. Sci., 2001, 56, 826.

A. Sh. Oganisyan, A. S. Noravyan, A. A. Karapetyan, M. S.

Aleksanyan, and Yu. T. Struchkov, Khim. Geterotsikl.

Soedin., 2001, 681 [Chem. Heterocycl. Compd., 2001 (Engl.

Transl.)].

A. Sh. Oganisyan, A. S. Noravyan, 1. A. Dzhagatspanyan,

and G. G. Melikyan, Khim.-farm. Zh., 2003, 37, No. 1, 15
[Pharm. Chem. J., 2003, 37, No. 1 (Engl. Transl.)].

. E. Kh. Ahmed, Heteroatom Chem., 2002, 13, 280.

.J. M. Desai and V. H. Shah, Indian J. Chem., 1997,

36B, 668.

M. M. F. Ismail, M. A. Zahran, M. S. A. El-Gaby, and

Y. A. Ammar, Al-Zahar Bull. Sci., 1999, 10, 41; Chem.

Abstr., 2002, 137, 102343.

E. Kh. Ahmed, Phosphorus, Sulfur, Silicon Relat. Elem.,

2002, 177, 1323.

E. A. Bakhite, A. A. Geises, and H. S. El-Kashef, Phospho-

rus, Sulfur, Silicon Relat. Elem., 2002, 177, 303.



514

Russ.Chem.Bull., Int.Ed., Vol. 53, No. 3, March, 2004

V. P. Litvinov

364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.
376.

377

379.

380.
381.

382

385
386

390.

391.

392.

393.

394.
395.
396.

A. M. Abdel-Fattah, A. S. Aly, F. A. Gad, N. A. Hassan,
and A. B. A. El-Gazzar, Phosphorus, Sulfur, Silicon Relat.
Elem., 2000, 136, 1.

A. M. Abdel-Fattah, A. S. Aly, F. A. Gad, M. E. A. Zaki,
and A. B. A. El-Gazzar, Phosphorus, Sulfur, Silicon Relat.
Elem., 1988, 141, 263.

A.Z. M. Shaifullah Chowdhury, M. M. Rahman Khandker,
M. M. H. Bhuiyan, and M. K. Hossain, Pakistan J. Sci.
Indust. Res., 2001, 44, 63; Chem. Abstr., 2002, 136, 134726.
0. S. Moustafa, M. Z. A. Badr, and T. 1. El-Emary, Bull.
Korean Chem. Soc., 2002, 23, 567.

A. Miyashita, K. Obae, Y. Suzuki, E. Oishi, K.-I. Iwamoto,
and T. Higashimo, Heterocycles, 1997, 45, 2159.

U. M. Mardonov, B. I. Usmanova, Kh. M. Shakhadoyanov,
M. Kh. Shodiev, N. A. Parpiev, and Sh. K. Norov, Uzb.
Kh. Zh. |Uzb. Chem. J.], 2000, 18 (in Russian).

F. S. Gonsalves, R. C. De Oliveria, A. C. C. Freitas, and
J. G. De Lima, An. Assoc. Bras. Quim., 2000, 49, 1; Chem.
Abstr., 2001, 134, 115911.

S. Guccione, A. M. Doweyko, H. Cheni, G. U. Barretta,
and F. Balzano, J. Comput.-Aided. Mol. Des., 2000, 14,
647; Chem. Abstr., 2000, 133, 344185.

M. Modica, M. Santagati, F. Russo, C. Selvaggini,
A. Cagnato, and T. Mennini, Eur. J. Med. Chem., 2000,
35, 677.

A. Santagati, G. Granata, M. Santagati, V. Gutuli, N. G.
Mangano, and A. Caruso, Arzheim.-Forsch., 2002, 52, 448.
US Pat. 4054656; Chem. Abstr., 1978, 88, 37830.

Belg. Pat. 859818; Chem. Abstr., 1979, 90, 38952.

Eur. Pat. 144101; Chem. Abstr., 1986, 104, 68856.

. Ger. Offen. DE 10063223; Chem. Abstr., 2002, 137, 47209.
378.

E. Gillespie, K. W. Dungan, A. W. Gomol, and R. J.
Seidehamel, Int. J. Immunopharmacol., 1985, 7, 655.

A. W. Gomol and D. L. Temple, Drug Dev. Res.,
1987, 10, 57.

Belg. Pat. 769844; Chem. Abstr., 1972, 77, 5512.

Ger. Offen. 10058663; Chem. Abstr., 2002, 136, 401779.

. US Pat. 3470183; Chem. Abstr., 1970, 72, 21706.
383.
384.

Ger. Pat. 1959402; Chem. Abstr., 1971, 75, 76842.
Ger. Pat. 1959403; Chem. Abstr., 1971, 75, 110332.

. Ger. Pat. 2039662; Chem. Abstr., 1972, 76, 140856.
. US Pat. 3644357; Chem. Abstr., 1972, 76, 140867.

387.
388.
389.

Ger. Pat. 2117658; Chem. Abstr., 1973, 78, 16214.
Eur. Pat. 225182; Chem. Abstr., 1998, 109, 92660.
PCT Int. Appl. WO 0071524; Chem. Abstr.,
134, 17496.

E. F. Elslager, P. Jacob, and L. M. Werbel, J. Heterocycl.
Chem., 1972, 9, 775.

Z. A. Hozien, A. A. Abdel-Wahab, K. M. Hassan, F. M.
Atta, and S. A. Ahmed, Pharmazie, 1997, 52, 753.

J. D. Allan, G. M. Rliopoulos, E. Reiszner, and R. C.
Moellering, Antimicrob. Agents Chemother., 1987, 31, 1997.
I. A. Kharizomenova, A. N. Grinev, N. V. Samsonova,
E. K. Panisheva, N. V. Kaplina, 1. S. Nikolaeva, T. V.
Pushkina, and G. N. Pershin, Khim.-farm. Zh., 1981, 15,
No. 9, 40 [ Pharm. Chem. J., 1981 (Engl. Transl.)].

Ger. Pat. 231103; Chem. Abstr., 1983, 98, 204410.

US Pat. 4670560; Chem. Abstr., 1987, 107, 115604.

U. S. Pathak and V. Alagarsamy, Acta Pharm. Turc., 1999,
41, 37; Chem. Abstr., 1999, 131, 73625.

2001,

397

398.
399.

400

401.
402.

403.

404.

405.

406.

407.

408.

409.

410

411.
412.
413.

414

415.
416.

417

418.
419.

420.

421.

422.

423.

424

425.

426.

427.

. C.J. Shishoo, M. B. Devani, V. S. Bhadti, K. S. Tain, I. S.
Rathod, R. K. Goyal, T. P. Gandhi, R. B. Patel, and D. R.
Naik, Arzneim.-Forsch., 1990, 55, 1049.

US Pat. 835157; Chem. Abstr., 1989, 111, 174121.

JP Pat. 7342271; Chem. Abstr., 1973, 78, 29795.

. JP Pat. 7746095; Chem. Abstr., 1977, 87, 117896.

JP Pat. 2°00038350; Chem. Abstr., 2000, 132, 146643.

V. Darias, M. P. Fernandez-Tome, R. Mardonero,
J. Del-Rio, and G. Villa-Coro, Chim. Theor., 1972, 4, 224.
C. J. Shishoo, V. S. Shirsath, I. S. Rathod, and V. D.
Yande, Eur. J. Med. Chem., 2000, 35, 351.

C. D. Patil, G. S. Sadana, and K. D. Deadhar, J. Indian
Chem. Soc., 1991, 68, 169.

A. A. Moneer, Bull. Fac. Pharm. (Cairo Univ.), 2001, 39,
27; Chem. Abstr., 2002, 137, 216713.

A. E. Abdel-Rahman, E. A. Bakhite, and E. A. Al-Taifi,
J. Chin. Chem. Soc., 2002, 49, 223; Chem. Abstr., 2002, 137,
294919.

M. Shah, P. Patel, and H. Parekh, Orient. J. Chem., 2002,
18, 159; Chem. Abstr., 2002, 137, 310886.

Y. A. Ammar, M. M. Ismail, M. S. A. EI-Gaby, and M. A.
Zahran, Indian J. Chem., 2002, 41B, 1486; Chem. Abstr.,
2003, 138, 24692.

R. V. Chambhare, A. S. Bobade, and B. G. Khadse, Indian
J. Heterocycl. Chem., 2002, 12, 67; Chem. Abstr., 2003, 138,
170176.

. Belg. Pat. 663693; Chem. Abstr., 1966, 64, 19635.

US Pat. 3272811; Chem. Abstr., 1967, 66, 2581.

Brit. Pat. 1057612; Chem. Abstr., 1967, 67, 100149.

Brit. Pat. 1048986; Chem. Abstr., 1967, 66, 65500.

. Fr. Pat. 2035768; Chem. Abstr., 1971, 75, 129830.

Ger. Pat. 2104435; Chem. Abstr., 1971, 75, 140883.

JP Pat. 7511398; Chem. Abstr., 1975, 83, 193369.

. Ger. Pat. 2264222; Chem. Abstr., 1973, 79, 78837.

JP Pat. 75140487; Chem. Abstr., 1975, 85, 21428.

M. B. Devani, C. J. Shishoo, U. S. Pathak, G. F. Shah, and
A. C. Padjya, J. Pharm. Sci., 1976, 65, 660.

M. Perrissin, M. Favre, C. Luu-Duc, F. Bakri-Logeais,
F. Huguit, and G. Narcisse, Eur. J. Med. Chem., 1984,
19, 420.

F. Russo, A. Santagati, M. Santagati, A. Caruso, M. G.
Leone, A. Felice, and M. Amico-Roxas, Fur. J. Med. Chem.,
1989, 24, 91.

M. R. Prasad, U. S. Pathak, and A. R. R. Rao,
Arzneim.-Forsch., 2000, 50, 904.

I. S. Rathod, A. S. Pillei, and V. S. Shirsath, Indian
J. Heterocycl. Chem., 2000, 10, 93; Chem. Abstr., 2001, 134,
280803.

. US Pat. 6232320; Chem. Abstr., 2001, 134, 3532971.

PCT Int. Appl. WO 9962908; Chem. Abstr., 2000, 132,
22956.

PCT Int. Appl. WO 0075145; Chem. Abstr., 2001, 134,
42120.

A. O. Stewart, P. A. Bhatia, C. M. McCarty, M. V.
Meena, M. A. Staeger, D. L. Arendsen, I. W. Gunawardana,
L. M. Melcher, G.-D. Zhu, S. A. Boyd, D. G. Fry,
B. L. Cool, L. Kifle, K. Lartey, K. S. Marsh, A. J.
Kempf-Grote, P. Kilgannon, W. Wisdom, J. Meyer, W. M.
Gallatin, and G. F. Okasinski, J. Med. Chem., 2001,
44, 988.



Thienopyrimidines

Russ.Chem.Bull., Int.Ed., Vol. 53, No. 3, March, 2004

515

428

429.
430.
431.

432

433.

434.

435.

436.
437.

438

439.
440.

441.

442.

443,

444,

445.

446.

447.

448.

449.
450.

451.

452.

453.

454

455.
456.
457.
458.
459.
460.
461.

462.

. A. K. El-Ansary and A. H. Omar, Bull. Fac. Pharm. (Cairo
Univ.), 2001, 39, 17; Chem. Abstr., 2002, 136, 216712.
PCT Int. Appl. WO 08113; Chem. Abstr., 1990, 112, 98553.
PCT Int. Appl. WO 03040; Chem. Abstr., 1993, 119, 160309.
JP Pat. 225485; Chem. Abstr., 1991, 114, 102035.

. PCT Int. Appl. WO 9806722; Chem. Abstr., 1998, 128,
192662.

PCT Int. Appl. WO 9817668; Chem. Abstr., 1998, 128,
321652.

PCT Int. Appl. WO 2002049649; Chem. Abstr., 2002, 137,
47217.

PCT Int. Appl. WO 2002049650; Chem. Abstr., 2002, 137,
47218.

Ger. Offen. DE 10104802; Chem. Abstr., 2002, 137, 154940.
Ger. Offen. DE 10104097; Chem. Abstr., 2002, 137, 125173.
. Ger. Offen. DE 10063221; Chem. Abstr., 2002, 137, 33315.
JP Pat. 2002105082; Chem. Abstr., 2002, 136, 294847.
PCT Int. Appl. WO 2002000664; Chem. Abstr., 2002, 136,
85819.

PCT Int. Appl. WO 2002018389; Chem. Abstr., 2002, 136,
216766.
PCT Int. Appl. WO 9707119; Chem. Abstr., 1997, 126,
238392.
PCT Int. Appl. WO 0004027; Chem. Abstr., 2000, 132,
107962.
PCT Int. Appl. WO 0005234; Chem. Abstr., 2000, 132,
137399.
PCT Int. Appl. WO 0056738; Chem. Abstr., 2000, 133,
252455.
PCT Int. Appl. WO 0164683; Chem. Abstr., 2001, 135,
227012.
PCT Int. Appl. WO 2002062803; Chem. Abstr., 2002, 137,

169542.

PCT Int. Appl. WO 2002055524; Chem. Abstr., 2002, 137,
109287.

PCT Int. Appl. WO 0056739; Chem. Abstr., 2001, 134, 4946.
PCT Int. Appl. WO 9856792; Chem. Abstr., 1999, 130,
66510.

PCT Int. Appl. WO 2003020727; Chem. Abstr., 2003, 138,
238195.

PCT Int. Appl. WO 2003027726; Chem. Abstr., 2003, 138,
238194.

PCT Int. Appl. WO 2002024703; Chem. Abstr., 2002, 137,
279442.

. Ger. Offen. DE 19636769; Chem. Abstr., 1998, 128, 217381.
US Pat. 5679683; Chem. Abstr., 1997, 127, 358871.

US Pat. 6166019; Chem. Abstr., 2001, 134, 56691.

PCT Int. Appl. WO 0102409; Chem. Abstr., 2001, 134,
100882.

PCT Int. Appl. WO 0061586; Chem. Abstr., 2000, 133,
309903.

PCT Int. Appl. WO 20020002568; Chem. Abstr., 2002, 136,
102403.

PCT Int. Appl. WO 2003022852; Chem. Abstr., 2003, 138,
238197.

P. F. Kador, N. E. Sharples, and J. D. Goosey, Prog. Clin.
Biol. Res., 1982, 114, 243; Chem. Abstr., 1983, 98, 172563.
K. Ogawa, T. Yamawaki, Y. I. Matsusita, N. Nomura,
F. R. Kador, and J. H. Kinoshita, Fur. J. Med. Chem.,
1993, 28, 769.

463

464

465.

466.

467.

468.

469.

470.

471.
472.

473.

474.

475.

476.

477.

478.

479.

480.

481.
482.

483

484.

485.

486

487.
488.
489.
490.
491.

492.
493.

.J. B. Press, R. K. Russell, J. J. McNally, R. A. Rampulla,
R. Falotico, C. Scott, J. B. Moore, S. J. Offort, and J. Tobia,
Eur. J. Med. Chem., 1991, 26, 807.

. H. D. H. Showalter, A. J. Bridges, H. Zhou, A. D. Sercel,

A. McMichael, and D. W. Fry, J. Med. Chem., 1999,

42, 5464.

M. Modica, M. Santagati, S. Guccione, F. Russo,

A. Cagnotto, M. Goegan, and T. Mernnini, Eur. J. Med.

Chem., 2000, 35, 1065.

Y.-L. Wu, M. Yoshida, H. Emoto, H. Ishii, K. Koga, and

M. Tanaka, Jpn. J. Pharmacol., 2000, 83, 31; Chem. Abstr.,

2000, 133, 99471.

W. A. Carroll, K. B. Sippy, T. A. Esbenshade, S. A. Buckner,

A. A. Hancock, and M. D. Meyer, Bioorg. Med. Chem.

Lett., 2001, 11, 1119; Chem. Abstr., 2001, 135, 137465.

S. Sasaki, N. Cho, Y. Nara, M. Harada, S. Endo, N. Suzuki,
Sh. Furuya, and M. Fujino, J. Med. Chem., 2003, 46, 113.

K. M. Youssef, Al-Azhar Bull. Sci., 1999, 10, 89; Chem.

Abstr., 2002, 136, 102344.

V. D. Patil, D. S. Vise, L. L. Worting, R. C. Bloomer, and

L. B. Townsed, J. Med. Chem., 1985, 28, 423.

US Pat. 6133271; Chem. Abstr., 2000, 133, 296444,

PCT Int. Appl. WO 0183489; Chem. Abstr., 2001, 135,

357940.

PCT Int. Appl. WO 0183456; Chem. Abstr., 2001, 135,

344500.

PCT Int. Appl. WO 2002051849; Chem. Abstr., 2002, 137,

63255.

PCT Int. Appl. WO 2003000194; Chem. Abstr., 2003,
138, 7362.

O. M. Nassan, A. Y. Hassan, H. I. Heiba, and M. M.

Ghorb, Al-Azhar Bull. Sci., 1997, 8, 435; Chem. Abstr.,
1999, 130, 110174.

J. 1. Heiba, M. M. Ghorab, N. E. Amin, and L. Ramadan,

Egypt. J. Biotechnol., 1998, 4, 16; Chem. Abstr., 2000, 132,

49937.

PCT Int. Appl. WO 0012514; Chem. Abstr., 2000, 132,
194389.

PCT Int. Appl. WO 2003008422; Chem. Abstr., 2002, 138,
122656.

PCT Int. Appl. WO 2003011868; Chem. Abstr., 2003, 138,
153549.

Ger. (East) Pat. 293824; Chem. Abstr., 1992, 117, 48589.

Intern. Pat. 8908113; Chem. Abstr., 1990, 112, 98553.

. Ger. Offen. DE 19900545; Chem. Abstr., 2000, 133, 89541.

PCT Int. Appl. WO 2002002569; Chem. Abstr., 2002, 136,

85831.

Ger. Pat. 1937459; Chem. Abstr., 1970, 72, 100743.

. A. Rosowsky, M. Chaykovsky, K. K. N. Chen, M. Lin, and

E. J. Modest, J. Med. Chem., 1973, 16, 185.

M. Chaykovsky, M. Lin, A. Rosowsky, and E. J. Modest,

J. Med. Chem., 1973, 16, 188.

A. Rosowsky, K. N. N. Chen, and M. Lin, J. Med. Chem.,
1973, 16, 191.

PCT Int. Appl. WO 0178780; Chem. Abstr., 2001, 135,

313627.

JP Pat. 77687; Chem. Abstr., 1982, 97, 163007.

Eur. Pat. 82023; Chem. Abstr., 1983, 99, 158453.

Ger. Pat. 226893; Chem. Abstr., 1986, 104, 186437.

US Pat. 725599; Chem. Abstr., 1989, 110, 231654.



516

Russ.Chem.Bull., Int.Ed., Vol. 53, No. 3, March, 2004

V. P. Litvinov

494.

495.

496.

497.
498.
499.
500.
501.
502.
503.
504.
505.
506.
507.
508.

509.
510.
511.
512.

513.

514.

515.

516.
517.
S18.
519.
520.
521.
522.
523.
524.

525.

PCT Int. Appl. WO 2002054598; Chem. Abstr., 2002, 137,
185504.

PCT Int. Appl. WO 2002094249; Chem. Abstr., 2002, 137,
380039.

L. Wang, J. Reng, B. Liu, J. Li, and J. Yuan, Zhongguo
Yoake Daxue Xuebao, 1998, 29, 331; Chem. Abstr., 1999,
130, 139309.

Belg. Pat. 649347; Chem. Abstr., 1966, 64, 8203.

US Pat. 3318881; Chem. Abstr., 1968, 68, 2912.

Ger. Pat. 1940572; Chem. Abstr., 1971, 74, 125725.

Ger. Pat. 2210503; Chem. Abstr., 1972, 77, 164752.

Ger. Pat. 2003714; Chem. Abstr., 1971, 75, 110329.

Ger. Pat. 2149249; Chem. Abstr., 1972, 77, 48506.

Ger. Pat. 2200764; Chem. Abstr., 1973, 79, 92270.

Ger. Pat. 2310016; Chem. Abstr., 1973, 79, 137191.

Ger. Pat. 2323149; Chem. Abstr., 1974, 80, 708215.

JP Pat. 7411895; Chem. Abstr., 1974, 80, 108567.

JP Pat. 7413198; Chem. Abstr., 1974, 80, 108565.

USSR Inventor's Certificate No. 745160 CCCP; Chem.
Abstr., 1983, 99, 82509.

Eur. Pat. 253507; Chem. Abstr., 1988, 109, 6318.

Aust. Pat. 584989; Chem. Abstr., 1990, 112, 20851.

Eur. Pat. 370704; Chem. Abstr., 1990, 113, 212005.

PCT Int. Appl. WO 9824791; Chem. Abstr., 1998, 129,
67797.

PCT Int. Appl. WO 9851311; Chem. Abstr., 1999, 130,
25077.

PCT Int. Appl. WO 9854190; Chem. Abstr., 1999, 130,
38396.

Ger. Offen. DE 19943815; Chem. Abstr., 2001, 134,
242642.

Ger. Offen. DE 10107261; Chem. Abstr., 2002, 137, 206584.
Intern. Pat. 9707119; Chem. Abstr., 1997, 126, 238392.
Intern. Pat. 9806722; Chem. Abstr., 1998, 128, 192662.
Intern. Pat. 9817668; Chem. Abstr., 1998, 128, 321652.
Intern. Pat. 9824791; Chem. Abstr., 1998, 129, 67797.
Intern. Pat. 985311; Chem. Abstr., 1999, 130, 25077.
Intern. Pat. 9854190; Chem. Abstr., 1999, 130, 38396.

US Pat. 5679683; Chem. Abstr., 1997, 127, 358871.

T. Sakamoto, Y. Kondo, R. Watanabe, and H. Yamabaka,
Chem. Pharm. Bull., 1986, 34, 2719.

M. G. Assy and H. Y. Moustafa, Pol. J. Chem., 1997,
71, 1232.

526.

527.

528.

529.

530.

531.

532.

533.

534.

535.

536.

537.
538.
539.
540.
541.
542.
543.

544.
545.
546.
547.
548.

549.

M. J. Kulshreshatha, S. Bhatt, M. Pardasani, and N. M.
Khanna, J. Indian Chem. Soc., 1981, 58, 982.

J. J. Marr, R. L. Berens, N. K. Cohn, D. J. Nelson, and
R. S. Klein, Antimicrob. Agents. Chemother., 1984, 25, 292.
S. W. Lafon, D. J. Nelson, R. L. Berens, and J. J. Mar,
J. Biol. Chem., 1985, 260, 9660.

K. V. B. Rao and W. Y. Ren, Nucleosides Nucleotides,
1986, 5, 539.

J. D. Stoeckler, J. B. Ryden, R. E. Parks, M. Y. Chen,
M. I. Lim, W. Y. Ren, and R. S. Klein, Cancer Res., 1986,
46, 1774.

M. H. El-Kouni and S. Cha, Biochem. Pharmacol., 1987,
36, 1089.

M. S. Malamas and J. Millan, J. Med. Chem., 1991,
34, 1492.

S. A. Patil, B. A. Otter, and R. S. Klein, J. Heterocycl.
Chem., 1993, 30, 509.

M. A. Raslan, S. M. Sayed, M. A. Khalil, and A. M. Farag,
Heteroatom. Chem., 2000, 11, 94; Chem. Abstr., 2000, 132,
321814.

H. A. Hosmi, W. M. Basyouni, and H. A. El-Nahas,
J. Chem. Res., Synop., 1999, 646; Chem. Abstr., 2000, 132,
107928.

H. M. Hosmi, Egypt. J. Chem., 1999, 42, 469; Chem. Abstr.,
2000, 132, 151768.

JP Pat. 8389; Chem. Abstr., 1981, 95, 81010.

JP Pat. 53681; Chem. Abstr., 1981, 95, 115522.

Ger. Pat. 293824; Chem. Abstr., 1992, 117, 48589.

Eur. Pat. 452002; Chem. Abstr., 1992, 116, 21069.

Ger. Pat. 2465090; Chem. Abstr., 1977, 87, 128906.

S. Afr. Pat. 8000822; Chem. Abstr., 1981, 95, 169206.

PCT Int. Appl. WO 0027200; Chem. Abstr., 2000, 132,
330856.

PCT Int. Appl. WO 0031082; Chem. Abstr., 2000,
133, 17471.

Eur. Pat. 195346; Chem. Abstr., 1987, 106, 50241.

Eur. Pat. 356158; Chem. Abstr., 1990, 113, 59210.

Eur. Pat. 103114; Chem. Abstr., 1984, 101, 23494.

A. Z. Sayed, Adv. Colour Sci. Technol., 2002, 5, 24; Chem.
Abstr., 2002, 137, 141818.

JP Pat. 305630; Chem. Abstr., 1993, 119, 37226.

Received November 19, 2003




