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Abstract: In order to obtain potent protein-tyrosine kinase inhibitors, a novel and versatile method for synthesis
of heterocyclic compounds 4a—d and 5a—¢ comprising 2-imino-2H-1-benzopyran, tetrahydrobenzo[b]thiophene,
and carboxamide/1 F-benzimidazole fragments has been developed. This method was based on the reactions of 2-
imino-2H-1-benzopyrans 1a,b and 2 with 2-amino-4,5,6,7-tetrahydrobenzo[h]thiophenes 3a~c in glacial acetic
acid. Furthermore, new heterocycles 8a,b with tetrahydrobenzo[4,5]thieno[2,3-/]pyrimidine and coumarin
moieties have been synthesized via a rearrangement of the corresponding 2-(tetrahydrobenzo[b]thien-2-yl)imino-
2H-1-benzopyran-3-carboxamides 4a,b. © 1999 Elsevier Science Lid. All rights reserved.
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Introduction

Within the last years new structural classes of tyrosine kinase inhibitors have been found which exhibit
tremendous improvements in potency and specificity over prior compounds. Most of these newer compounds
are directed against either the epidermal growth factor (EGF) or platelet derived growth factor (PDGF)
receptor tyrosine kinases and have the capacity to effectively suppress their target in cells. Interesting
chemical classes of EGF receptor tyrosine kinase inhibitors are compounds comprising coumarin,'
imidazole,24 benzothienopyrimidine or thiophene3-7 moieties. Recently a series of compounds possessing
imidazole,® thiophene,? and benzopyran!? fragments were synthesized and screened for inhibitory activity
against PDGF receptor tyrosine kinase. There are also several reports of significance with regard to
nonreceptor kinases. For example, 3-carbamoyl-2-imino-2H-1-benzopyran derivatives were synthesized and
their inhibitory effects on tyrosine kinase pp60¢-=src and p56lck were evaluated.!!-13 Another compound having
a thieno-fragment that shows potent activity against p56/¢k tyrosine kinase is methyl 3-(N-isothiazolone)-2-
thiophenecarboxylate.!4.15

As part of our current program on structure-activity relationship (SAR) studies of different heterocycles,
we were especially interested in a short and selective entry into heterocyclic compounds comprising
(imino/oxo)benzopyran, tetrahydrobenzo[b]thiophene, and carboxamide/benzimidazole segments as potential
tyrosine kinase inhibitors. We also required to prepare tetrahydrobenzo[b]thienobenzopyrans 4a,b (cf. Scheme
2) as intermediates for synthesis of new tetrahydrobenzothieno[2,3-d]pyrimidines of type 8 (cf. Scheme 3).16
In this paper we report the successful synthesis of a number of 3-substituted 2-(tetrahydrobenzo[b]thien-2-
yl)imino-2H-1-benzopyrans 4 and § and 2-(coumarin-3-yl)tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-ones
8.
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Results and Discussion

In our approach to synthesis of heterocyclic compounds of type 4 and 5 (cf. Scheme 2), we envisioned
that this class of compounds could be derived from readily available 2-imino-2H-1-benzopyrans 1 and 2 and
3-substituted 2-aminotetrahydrobenzo[b|thiophenes 3a—c.

One of the synthetic routes to 2-arylaminothiophenes!7 is based on reactions of 2-aminothiophenes with
arylamines and their salts in ethanol.!8:19 A similar approach was applied for synthesis of 2-
hydroxyiminocoumarins.20-2! In a recent report from our laboratory?? it was shown that a variety of 2-aryl-
and 2-alkyl-substituted iminocoumarins 4 could be prepared by routes A and B as presented in Scheme 1. The
method for synthesis of these compounds is based on cyclic imido ester aminolysis involving nucleophilic
attack on a C=N carbon and subsequent decomposition of the tetrahedral intermediate. The mechanism of
reactions for simple imidates and amines has been studied by Jencks.2* This type of reaction should be also
similar to acidic hydrolysis of iminocoumarins to coumarins which proceeds through the formation of the
corresponding benzopyrylium salts.24

Route A: [Alk; Arl-NH3* CI7/ EtOH, A

l O O ¢ O
N | " "NH2__Route B H—-—/ | YT UNHp HoN“Ar @ NH;
e HCI +
O NH (gas) X (6] B NH2 EtOH’ A O \’\I]
1 cl 4 [AK A7
| Route C: Ar—NH, / AcOH, 40-50 °C » rt f

Scheme 1

The principal feature of the methods for synthesis of 2-N-substituted iminobenzopyrans 4 is using either
hydrochloride salts of amines (Scheme 1, route A)20-22 or preparing benzopyrylium salts (Scheme 1, route
B).22 A drawback of the route B is that benzopyrylium salts of this type were particularly difficult to handle as
they are highly lacrymatory and sternutatory. One obstacle to be also overcome is the presence of
benzimidazole fragment in compound 2 possessing another basic nitrogen that makes a preparation of the 3-
benzimidazolyl-benzopyrylium salt problematic. Moreover, the diprotonated form of compound 2 is extremely
prone to hydrolysis to the corresponding oxo derivative.25 However, it was shown that the imino group in
compound 2 is more basic than the benzimidazoly! group and, under mild acidic conditions, formation of the
2-amino-3-(1 H-benzimidazol-2-yl)-1-benzopyrylium salt takes place at first.25 We found that the methods
described above for synthesis of 2- N-substituted iminobenzopyrans were unsuitable for preparation of more
complex structures of type 4 and 5 due to other side reactions and because of the poor solubility of the
reactants.

To solve these problems, we advocate a different methodology, expeditious and safe, based on in situ
formation of the corresponding salts, their reaction and subsequent removal of ammonia released. It is
rationalized by the fact that there usually is a pH optimum for aminolysis of imido esters. However, to achieve
a reaction proceeding optimally at a given pH, it is not always necessary to know the value of this pH. Rather,
one may continuously change the pH., starting at a value at which the rate of disappearance of the starting
material is very low, and proceeding at a rate of change which allows the desired reaction to go to completion
before one has scanned through the useful pH region.

As a result of our extensive studies, we found a method based on using glacial acetic acid. Its function is
3-fold: i) as a solvent which increases the solubility of components; i) as a protonating agent; and ili)as a
reactant which binds the ammonia produced. In the beginning we performed model studies to synthesize
known 2-N-arylsubstituted iminobenzopyrans of type 422 starting from 2-imino-2H-1-benzopyran-3-
carboxamides and arylamines and got excellent results (Scheme 1, route C)2¢ by using glacial acetic acid.



Y. V. Bilokin et al. / Tetrahedron 55 (1999) 13757-13766 13759

1 R2 ]

R S AcOH S
+ /A

o SNH  HNT g 67-92% XN

1a,b/2 3a-c N\y—R?
Nt
1R = NHz 3: aR2=CONH,
afR=H b R2 = CO,CoHs 4a~d
bR=Cl cR%=CN 5a—c
7\
1_ .-
2 R [‘N
R = H H

Scheme 2. Reactions between 2-imino-2H-1-benzopyrans 1 and 2 and different heterocyclic amines 3 in
glacial acetic acid

As shown in Scheme 2, synthesis of the desired thienoiminobenzopyrans 4a-d and Sa—c was finally
achieved by adding equivalent amounts of the corresponding iminobenzopyran derivatives 1 or 2 to a warm
solution of 3-substituted 2-aminothiophenes 3a—c in glacial acetic acid. After stirring the reaction mixture at
room temperature for ca. 12 hours, products were precipitated from the solution and subsequently isolated by
filtration.

In our recent communication?’ we introduced a novel method for synthesis of compounds containing
pyrimidine and coumarin units — 2-(2-0x0-2H-1-benzopyran-3-yl)-3 H-quinazolin-4-ones. It was based on a
rearrangement of 2-imino-2H-1-benzopyran-3-carboxamides 1 by the action of anthranilic acid as N-
nucleophile. In our synthetic approach to required heterocycles of type 8 with benzothienopyrimidine and
coumarin fragments, we applied the same strategy, but varied the methodology. It was found that 2-(N-3-
carbamoyl-4,5,6,7-tetrahydrobenzo[b]thien-2-yl)imino-2 H-1-benzopyran-3-carboxamides 4a,b have the
capability to rearrange on refluxing in appropriate solvents (Method A and B, Scheme 3) to the corresponding
2-(coumarin-3-yl)-5,6,7,8-tetrahydro-3 H-benzo[4,5]thieno[2,3-d]|pyrimidin-4-ones 8a,b.
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Scheme 3. Rearrangement of thienoiminobenzopyrans 4a,b into
tetrahydrobenzo[4.5]thieno[2,3-d]pyrimidines 8a,b
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The best yields (53-67%) of the desired compounds 8 were obtained when glacial acetic acid was utilized as a
solvent (Method B, Scheme 3). A possible mechanism of coumarin and pyrimidine formation via a
rearrangement of 4a,b is shown in Scheme 3. It involves intramolecular nucleophilic attack of NH; on C(2) of
iminolactone ring in compounds 4, iminolactone ring opening (4 - 6), and E/Z thermal isomerization of
intermediates 6 (6 S 7) with subsequent cyclization of 7 to 8. This type of thermal transformation of
thienoiminobenzopyrans 4a,b is a new and efficient pathway to biologically important compounds 8
comprising tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine and coumarin fragments.

The structures of compounds synthesized were assigned by analysis of mass, 'H NMR, and IR spectra,
The structure of compound 8b was additionally corroborated by X-ray diffraction (Figure 1, Table 2).36
Physicochemical data and methods for purification for compounds 4a—d, 5a—c and 8a,b are given in Table 1.

Table 1. Physicochemical data of the synthesized
3-substituted 2-N-(3-R2-4,5,6,7-tetrahydrobenzo[b]thien-2-yl)imino-2H-1-benzopyrans 4a—d, Sa—¢ and
2-(2-ox0-2H-1-benzopyran-3-y!)-5,6,7,8-tetrahydro-3 H-benzo[4,5]thieno[2,3-d)pyrimidin-4-ones 8a,b

Compd R R! R2 Yield (%) Recryst. Mp (°C)
(Method) solvent
4a H CONH, CONH, 83 la] > 300
4b CI CONH, CONH, 92 [a] 273-274
4c H CONH, CO,C,H; 67 DMF/i-PrOH 208-210
4d H CONH, C=N 75 DMF/i-PrOH 286-287

Sa H /E‘Q CONH, 68 DMF/i-PrOH 283-284
N

5b H /Z,“ \ CO,C5Hs 79 DMF/i-PrOH 197-198
N
Sc H /47‘\@ C=N 71 DMF/i-PrOH 280 (dec.)
N
8a H — — 51(A) i-PrOH 267-268
67 (B)
8b cl — — 45 (A) i-PrOH 242-243
53 (B)

[al Compounds 4a.,b in solvents with high boiling points (e.g., BuOH, DMF) undergo a rearrangement with formation of
tetrahydrobenzo{4,5]thieno[2,3-d]pyrimidines 8a,b and they were purified by boiling in ethanol and then in chloroform.

Conclusions

We have presented a facile route for the formation of novel heterocycles comprising 2-imino-2H-1-
benzopyran, tetrahydrobenzo[b]thiophene, and carboxamide/| H-benzimidazole fragments by the reaction of 2-



Y. V. Bilokin et al. / Tetrahedron 55 (1999) 13757-13766 13761

imino-2H-1-benzopyrans with 2-amino-4,5,6,7-tetrahydrobenzo[ b]thiophenes in glacial acetic acid. Moreover,
compounds having benzothienopyrimidine and coumarin moieties have been conveniently prepared by
utilizing the capability of the corresponding benzothienoiminobenzopyrans to rearrange on refluxing in
appropriate solvents. The synthetic approaches thus allowed the efficient and practical preparation of required
heterocycles for further biological studies with minimal synthetic effort and might open a new avenue for the
synthesis a variety of heterocyclic systems of biological significance.

Experimental

Melting points (°C) were measured with a Biichi melting point apparatus and were uncorrected. Thin
layer chromatography (TLC) was performed on aluminum sheets precoated with silica gel (Merck, Kieselgel
60 F-254). 'H NMR spectra were recorded on Varian WXR-400 or Bruker AMX-400 spectrometers in
DMSO-ds or CF3C0O,;D + CDCl; using TMS as an internal standard (chemical shifts in ppm). Mass spectra
were obtained with Finnigan MAT-4615B spectrometer at an ionization potential of 70 eV. Combustion
analyses of all new compounds synthesized gave satisfactory microanalytical data. Infrared spectra were
recorded in KBr pellets on an IBM 486 computer-controlled Specord M-80 spectrometer. 2-Imino-2H-1-
benzopyran derivatives 1a,28:2% 1b,30 and 231:32 were prepared according to reported methods by condensing
2-cyanoacetamide or (1 H-benzimidazol-2-yl)acetonitrile3? with salicylic aldehydes to form the expected imino
compounds 1 and 2 using piperidine as a catalyst in ethanol at room temperature. 2-Amino-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxamide 3a,34 ethyl 2-amino-4,5,6,7-tetrahydrobenzo[b]thiophene-3-
carboxylate 3b,35 and 3-cyano-2-amino-4,5,6,7-tetrahydrobenzo[b]thiophene 3¢3% were synthesized by the
application of Gewald reaction, namely, reactions of cyclohexanone with nitriles having an active methylene
group in the o-position afforded substituted nitriles which undergo a facile cyclization with sulfur in the
presence of diethylamine to give the thiophenes 3a—c.

Synthesis of 3-substituted 2-N-(3-R2-4,5,6,7-tetrahydrobenzo[b]thien-2-yl)imino-2H- 1-benzopyrans 4a—d and
S5a—c

General procedure:

To a well-stirred warm (65-70 °C) solution of 3-substituted 2-amino-4,5,6,7-tetrahydrobenzofb]
thiophenes 3a—c (4 mmol) in 15 mL of glacial acetic acid was added equivalent amount of the corresponding
2-imino-2H-1-benzopyran derivatives 1 or 2. The reaction mixture was stirred at room temperature for ca. 12
h. The products, which precipitated in the course of the reactions, were filtered, washed with isopropanol (5
mL) and ether (2 x 12 mL), and recrystallized from the proper solvents. Yields and physicochemical data of
the 3-substituted 2- N-(3-R2-4,5,6,7-tetrahydrobenzo[b]thien-2-yl)imino-2H-1-benzopyrans 4a—d and Sa—c are
listed in Table 1.

2-N-(3-Carbamoyl-4,5,6, 7-tetrahydrobenzo[b]thien-2-yl)imino-2H-1 -benzopyran-3-carboxamide (4a): 'H
NMR (400 MHz, DMSO-ds): 5 8.96 (br s, 1H, CONH)); 8.33 (s, 1H, H-4); 7.87 (br s, 1H, CONH,); 7.84 (br
s, IH, CONH,); 7.79 (dd, 1H,J = 7.8, 1.4 Hz, H-5); 7.64 (ddd, 1H,J= 8.6, 8.2, 1.4 Hz, H-7); 7.48(d, 1H,J=
8.2 Hz, H-8); 7.36 (dd, 1H, J = 8.6, 7.8 Hz, H-6); 7.31 (br s, 1H, CONH3); 2.74 (br t, 2H,J = 5.0 Hz, CH});
2.66 (brt, 2H, J= 5.0 Hz, CH;); 1.76 (m, 4H, CH,-CH>). MS m/z 367 (M*). IR (KBr), cm-i: v 3343s, 3163m,
2936m, 2927m, 2917m, 2843w, 1656vs, 1628s, 1605s, 1590s, 1564m, 1547m, 1468m, 1454m, 1435m. Anal.
Calcd. for CoH7N3038 (367.43): C, 62.11; H, 4.66; N, 11.44; S, 8.73. Found: C, 62.29; H, 447, N, 11.67; S,
8.49.
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2-N-(3-Carbamoyl-4,5,6, 7-tetrahydrobenzo[b Jthien-2-yl)imino-6-chloro-2H-1 -benzopyran-3-carboxamide
(4b): 'H NMR (400 MHz, DMSO-ds): 8 8.91 (br s, 1H, CONH,); 8.27 (s, 1H, H-4); 7.88 (d, 1H,J = 1.4 Hz,
H-5); 7.81 (br s, 1H, CONH,); 7.79 (br s, 1H, CONH,); 7.61 (dd, 1H, J = 8.0, 1.4 Hz, H-7); 7.44 (d, 1H,J=
8.0 Hz, H-8); 7.26 (br s, 1H, CONH,); 2.74 (br t, 2H, J = 5.8 Hz, CH;); 2.66 (br t, 2H, J = 5.0 Hz, CH); 1.76
(m, 4H, CH>-CH3). MS m/z 403, 401 (M*). IR (KBr), cm-!: v 3371s, 3184s, 3050w, 2930m, 2882w, 2839w,
1715w, 1657s, 1640ws, 1632s, 1586ws, 1562s, 1540m, 1239. Anal. Caled. for C19H5CIN303S (401.87): C,
56.79; H, 4.01; N, 10.46; S, 7.98. Found: C, 56.29; H, 4.07; N, 10.68; S, 7.79.

2-N-(3-Ethoxycarbonyl-4,5,6,7-tetrahydrobenzo[b Jthien-2-yl)imino-2H-1 -benzopyran-3-carboxamide (4¢):
1H NMR (400 MHz, DMSO-dg): 8 9.56 (br s, 1H, CONH>); 8.50 (s, 1H, H-4); 7.54 (dd,1H, J= 7.8, 1.6 Hz,
H-5); 7.52 (br s, 1H, CONH,); 7.51 (ddd,1H, J = 8.3, 7.3, 1.6 Hz, H-7); 7.28 (d, 1H, J = 8.3 Hz, H-8); 7.26
(dd, 1H, J = 7.8, 7.3 Hz, H-6); 4.26 (q, 2H, J = 7.0 Hz, CO,CH,CH3); 2.52 (m, 4H, CH; & CH3); 1.76 (m, 4H,
CH,-CH,); 1.27 (t, 3H, J = 7.0 Hz, CO,CH,CHj3). MS m/z 396 (M*). IR (KBr), cm"!: v 3250s, 3135m,
3120m, 3106m, 2975m, 2936m, 2920m, 2840m, 1704w, 1682vs, 1628w, 1591s, 1576s, 1562m, 1544m,
1456m, 1440m. Anal. Caled. for Co1HogN204S (396.47): C, 63.62; H, 5.08; N, 7.07; S, 8.09. Found: C, 63.47;
H, 5.17; N, 6.92; S, 8.22.

2-N-(3-Cyano-4,5,6, 7-tetrahydrobenzo[b Jthien-2-yl)imino-2H-1-benzopyran-3-carboxamide (4d):

'H NMR (400 MHz, CF3CO,D + CDCls): 8 8.65 (s, 1H, H-4); 7.62 (m, 2H, H-5 & H-7); 7.42 (d, I1H,J= 8.0
Hz, H-8); 7.32 (dd, 1H, J = 7.8, 7.3 Hz, H-6); 2.68 (m, 2H, CH)); 2.58 (m, 2H, CH); 1.80 (m, 4H, CH,-CH));
CONH, exchanged with solvent deuterium. MS m/z 349 (M*). IR (KBr), cm-t: v 3407s, 3392s, 3271m,
3152m, 3286m, 3055m, 2937m, 2871w, 2840w, 2215m, 1733m, 1716m, 1676vs, 1651m, 1624m, 1590vs,
1578vs, 1560s, 1454m. Anal. Caled. for CyoH sN30,S (349.41): C, 65.31; H, 4.33; N, 12.03; S, 9.18. Found:
C, 65.37; H,4.19; N, 11.91; S, 9.04.

3-(1H-Benzimidazol-2-yl)-2-N-(3-carbamoyl-4,5,6, 7-tetrahydrobenzo[b Jthien-2-yl)imino-2H-1-

benzopyran (5a): "H NMR (400 MHz, CF3CO,D + CDCly): 8 8.65 (s, 1H, H-4); 7.74 (m, 2H, ArH); 7.60 (m,
2H, ArH); 7.50 (m, 2H, ArH); 7.40 (d, 1H, J = 8.3 Hz, H-8); 7.31 (dd, 1H,J="7.8, 7.3 Hz, H-6); 2.70 (m, 2H,
CH,): 2.65 (m, 2H, CH>); 1.80 (m, 4H, CH,-CH,); NH & CONH, exchanged with solvent deuterium. MS m/z
440 (M*). IR (KBr), cm!: v 3350m, 3319s, 3261m, 3193m, 3176m ,3056m, 2931m, 2855w, 1639s, 1626s,
1608s, 1583m, 1564s, 1452w, 1419w. Anal. Caled. for CasHagN4O,S (440.53): C, 68.16; H, 4.58; N, 12.72; S,
7.28. Found: C, 67.81; H, 4.69; N, 12.32; S, 7.06.

3-(1H-Benzimidazol-2-yl)-2-N-(3-ethoxycarbonyl-4,5,6, 7-tetrahydrobenzo[bJthien-2-yl)imino-2H-1 -
benzopyran (5b): 'H NMR (400 MHz, DMSO-ds): 8 13.66 (br s, 1H, NH); 7.76 (dd, 1H, J = 7.8,1.6 Hz, H-
5): 7.64 (m, 2H, ArH); 7.55 (ddd, 1H, J=7.8,7.3,1.6 Hz, H-7); 7.46 (d, 1H, J = 8.3 Hz, H-8), 7.34 (dd, 1H,J
=17.8, 7.3 Hz, H-6); 7.20 (m, 2H, ArH); 4.4 (q, 2H, J= 7.0 Hz, CO,CH,CHj3); 1.84 (br m, 4H, CH; & CH,),
1.42 (1, 3H, J = 7.0 Hz, CO,CH,CHj); 1.41 (m, 4H, CH,-CH3). MS m/z 469 (M*). IR (KBr), cm!: v 3168vs,
3136m, 2976w, 2935m, 2877w, 2863w, 1704w, 1686m, 1658w, 1632m, 1591m, 1577w, 1540w, 1455w. Anal.
Caled. for C27H23N303S (469.57): C, 69.06; H, 4.94; N, 8.95; S, 6.83. Found: C, 68.90; H, 4.66; N, 8.88; S,
6.77.

3-(1H-Benzimidazol-2-yl)-2-N-(3-cyano-4,5,6, 7-tetrahydrobenzo[b Jthien-2-yl)imino-2H-1-benzopyran (5¢).
1H NMR (400 MHz, CF;CO,D + CDCly): § 8.67 (s, 1H, H-4); 7.72 (m, 2H, ArH); 7.60 (m, 2H, H-5 & H-7),
7.52 (m, 2H, ArH); 7.40 (d, 1H, J = 8.0 Hz, H-8); 7.29 (dd, 1H,J=7.7, 7.3 Hz, H-6); 2.70 (m, 2H, CHy); 2.65
(m, 2H, CH}); 1.80 (m, 4H, CH;-CH,;); NH & CONH exchanged with solvent deuterium. MS m/z 422 (M*').
IR (KBr), cm-!: v3331s, 3312s, 2941s, 2871m, 2207m, 1631s, 1608w, 1589vs, 1576, 1555m, 1516w. Anal.
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Caled. for CosHgN4OS (422.51): C, 71.07; H, 4.29; N, 13.26; S, 7.59. Found: C, 70.89; H, 4.07; N, 13.44; S,
7.78.

Synthesis of 2-(2-ox0-2H-1-benzopyran-3-yl)-3,6,7,8-tetrahydro-3H-benzo[4,5 Jthieno[2, 3-d pyrimidin-4-ones
8a,b .

General procedures:

Method A: A solution of the corresponding benzothienobenzopyrans 8a,b (1.5 mmol) in 10 mL of dry
and degassed nitrobenzene was refluxed for 2.5 h. During the course of reaction, release of ammonia was
observed. After reaction was completed (monitoring by TLC), the mixture was cooled and a precipitate was
filtered, washed with cold isopropanol (2 x 5 mL) and recrystallized from the proper solvents.

Method B: A solution of the corresponding benzothienobenzopyrans 8a,b (1.5 mmol) in 10 mL of
glacial (99.8%) acetic acid was refluxed for 4 h. After reaction was completed (monitoring by TLC), the
mixture was cooled and a precipitate was filtered, washed with cold isopropanol (2 x 5 mL) and recrystallized
from the proper solvents.

Yields and physicochemical data of the synthesized 2-(2-o0x0-2 H-1-benzopyran-3-yl)-5,6,7,8-tetrahydro-
3H-benzo[4,5]thieno[2,3-d]pyrimidin-4-ones 8a,b are listed in Table 1.

2-(2-Oxo0-2H-1-benzopyran-3-yl)-5,6,7,8-tetrahydro-3H-benzo[4,5 Jthieno|[ 2, 3-dpyrimidin-4-one (8a):
'H NMR (400 MHz, DMSO-ds): § 12.03 (br s, 1H, NH); 9.00 (s, 1H, H-4); 8.04 (dd, 1H, /= 7.8, 1.6 Hz, H-
5); 7.78 (ddd, 1H,J= 8.3, 7.3, 1.6 Hz, H-7); 7.56 (d, H, J= 8.3 Hz, H-8); 7.48 (dd, 1H, J= 7.8, 7.3 Hz, H-6),
291 (brt, 2H, J = 5.9 Hz, 8-CH,); 2.78 (br t, 2H, J = 5.9 Hz, 5-CH,); 1.81 (m, 4H, CH,-CH3). MS m/z 350
(M*). Anal. Caled. for C;9H4N,038S (350.39): C, 65.13; H, 4.03; N, 7.99; S, 9.15. Found: C, 65.42; H, 3.99;
N, 8.14; S, 8.91.

2-(6-Chloro-2-oxo0-2H-1-benzopyran-3-yl)-5,6,7,8-tetrahydro-3H-benzo[4, 5 Jthieno[ 2, 3-d]pyrimidin-4-
one (8b): 'H NMR (400 MHz, DMSO-ds): 8 11.51 (br s, 1H, NH); 8.98 (s, 1H, H-4); 7.58 (d, 1H, J= 1.5 Hz,
H-5); 7.50 (dd, 1H, J = 8.2, 1.5 Hz, H-7); 7.56 (d, 1H, J = 8.2 Hz, H-8); 2.91 (br t, 2H, J = 6.0 Hz, 8-CH);
2.68 (br t, 2H, J = 6.0 Hz, 5-CH;); 1.77 (m, 4H, CH,-CH};). MS m/z 386, 384 (M*). Anal. Calcd. for
CyoH 3CIN; O3S (384.84): C, 59.30; H, 3.40 N, 7.28; S, 8.33. Found: C, 59.59; H, 3.61 N, 7.43; S, 8.61.

X-ray Structure Analysis of 8b:36 red needles were obtained from isopropanol, C;oH;3CIN,O3S, FW =
384.84, triclinic, a = 14.378(5), b = 13.640(4), ¢ = 8.701(3) A, P = 98.07(3)°, V = 1689.4(10) A3, space group
P2,/c, Z =4, D, = 1.513 Mg m-3, F(000) = 792, u = 0.373 mm-!. Data were measured using a Siemens P3/PC
diffractometer, Mo-Ka. radiation (A = 0.71073 A, graphite monochromator), and 26/6-scans, with 5° <26 <
55°. Reflections collected: 1815, independent reflections: 1693 (R = 3.38%), and observed reflections with I
» 30(I): 1000. Lorentz and polarization corrections were applied to the data-set. The structure was solved by
direct method using SHELXL-8637 and was refined by full-matrix least squares (based on F2) using SHELXL-
93.38 The weighting scheme was ® = [02 (F) + 0.0000F!]-!. Final R indices (obs. data): R; = 0. 0593, @R, =
0.1066 and R indices (all data): Ry = 0.1237, @R, = 0.1263. Non-H atoms refined with anisotropic
displacement parameters, H-atoms with isotropic displacement parameters. Fractional atomic coordinates with
standard deviations (in parentheses) and equivalent isotropic temperature factors U(eq) are shown in Table 2.
ORTEP drawing of 8b is shown in Figure 1.
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Figure 1. ORTEP drawing of the terahydrobenzothienopyrimidine 8b

Table 2. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (A2 x 103) for
C9H3CIN;03S. U(eq) is defined as one third of the trace of the orthogonalized Ujj tensor.

Atom X y z U(eq)
Cl 7748(1) 8436(2) 5675(3) 83(1)
S 2186(1) 9373(1) 10937(2) 62(1)
o(1) 5171(4) 5544(3) 7716(6) 71(2)
0(2) 4031(4) 5075(4) 8976(6) 83(2)
0(3) 1846(4) 5786(3) 11595(7) 83(2)
N(1) 3334(4) 8028(4) 9965(6) 45(2)
N(2) 3028(4) 6357(3) 10345(6) 46(2)
C) 4488(5) 5749(5) 8576(8) 61(2)
C(2) 4308(4) 6811(4) 8920(7) 42(2)
C@3) 4887(4) 7483(5) 8438(7) 51(2)
C4) 5650(5) 7217(4) 7584(8) 47(2)
C(5) 6285(5) 7889(5) 7141(7) 49(2)
C(6) 6997(4) 7606(5) 6321(8) 48(2)
C() 7093(5) 6599(5) 6020(8) 60(2)
C(8) 6476(5) 5918(5) 6519(8) 59(2)
(&) 5752(5) 6241(5) 7245(8) 57(2)
C(10) 3530(4) 7104(5) 9764(7) 38(2)
C(11) 2247(5) 6483(5) 11127(8) 57(2)
C(12) 2019(4 7525(5) 11278(7) 49(2)
C(13) 2588(4) 8190(4) 10696(7) 34(2)
C(14) 1259(5) 7947(5) 11954(8) 51(2)
C(15) 475(4) 7431(5) 12615(7) 53(2)
C(16) —-349(14) 8067(15) 12850(4) 66(8)
ca7 —144(18) 9123(15) 13260(3) 94(10)
C(16A)  -96(16) 8150(19) 13400(3) 66(8)
C(17A)  -329(15) 8991(16) 12300(3) 94(10)
C(18) 535(5) 9617(5) 12342(8) 63(2)

C(19) 1242(4) 8949(4) 11798(7) 38(2)
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