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Synthesis and Reactions of Some New Heterocyclic Compounds
Containing Cycloalka[e]thieno[2,3-b]pyridine Moiety

Abdullah G. Al-Sehemi®and Etify A. Bakhite™
®Department of Chemistry, Teachers College at Abha, Abha B. O. Box 249, Saudi Arabia
°Chemistry Department, Faculty of Science, Assiut University, Assiut 71516, Egypt

Hydrolysis of ethyl 3-amino-4-aryl-cycloalka]e]thieno[2,3-b]pyridine-2-carboxylates (3a-d) gave the
corresponding o-aminocarboxylic acids 4a-d. Heating the latter compounds (4a-d) with acetic anhydride fur-
nished the oxazinone derivatives 5a-d which, in turn, underwent recyclization reaction to give the corre-
sponding pyrimidinones 6a-d upon treatment with ammonium acetate in acetic acid. Reaction of 3-amino-4-
aryl-cycloalka[ €] thieno[ 2,3-b] pyridine-2-carboxamides (3f,h) with triethyl orthoformate gave pyrimidinone
derivatives 7a,b. Reaction of 3-amino-4-phenyl-cycloalka[ e]thieno[ 2,3-b] pyridine-2-carboxamides 3e,h
with aromatic aldehydes furnished tetrahydropyridothienopyrimidinones8a-d. Chlorination of 7a,b and 6a-d
by using phosphorous oxychloride produced 4-chlorocycloalka[5',6'pyrido[3',2":4,5] thieno[ 3,2-d] pyrimi-
dine derivatives 9a-f which were used as key intermediates in the synthesis of several new cycloalkapyrido-
thienopyrimidines 10a-f~14a-f. Moreover, some cycloal kapyridothienotriazinones 15a,b-17a,b were syn-

thesized.

Keywords:

INTRODUCTION

Numerous thieno[ 2,3-b] pyridines have been investi-
gated in relation with their biological and pharmacological
activities. Some of them have proved to possess antibaterial
antiviral,® antihypertensive,* and immunostimul ating® activi-
ties. Othersare useful as gonadtropin-releasing hormone an-
tagonists®™ and as lipoxygenases inhibitors.*? Recently,
certain thieno[2,3-b]pyridine derivatives were prepared as
antinflammatory agents, particularly for treating arthritisand
bone resorption inhibiting agents.*® In view of all these bene-
fitsand as a continuation of our interest in thefield of hetero-
cyclic compounds particularly condensed pyrimidines,** %%
we undertook the synthesis of new condensed thieno[2,3-
b] pyridine derivatives with anticipated biological and medic-
inal properties.

RESULTS AND DISCUSSION
Our approach to the synthesis of the target compounds

started from 3-cyano-4-aryl-cycloalka[b]pyridine-2(1H)-
thiones (1a-f) which were reacted with ethyl chloroacetate,

Cycloakathienopyridines; Cycloa kapyridothienooxazinones; Cycloalkapyridothienopyrimi-
dines; Cycloakapyridothienotriazinones.

chloroacetamide or Chloro-N-arylacetamides, in the pres-
ence of sodium acetate as a basic catalyst, to give S-substi-
tuted thiopyridines 2a-j. The latter compounds underwent
intramolecular Thorpe-Ziegler cyclization to give the corre-
sponding 2-functionalized 3-amino-4-aryl-cycloalka[e]thi-
eno[2,3-b]pyridines (3a-j) upon boiling with ethanol con-
taining a catalytic amount of sodium ethoxide. The com-
pounds 3a-j were also syntheisized via direct reaction of 1a-f
with the respective halo compounds in the presence of a
slightly excess amount of sodium ethoxide as a basic catalyst
(Schemel).

Saponification of the o-aminoester 3a-d with an eth-
anolic sodium hydroxide solution followed by acidification
with acetic acid gave the corresponding carboxylic acids 4a-
d. These compounds underwent ring closure reaction upon
treatment with acetic anhydride to afford the oxazinone de-
rivatives5a-d. Recyclization of thelatter compoundsinto the
corresponding pyrimidinone derivatives 6a-d were achieved
upon heating with ammonium acetate in glacial acetic acid
(Scheme ).

Reaction of o-aminoamide derivatives 3f,h with trieth-
yl orthoformate in the presence of acetic anhydride furnished
9-aryl-cycloalka[5',6']pyrido[3',2":4,5] thieno[ 3,2-d] pyrimi-
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dine-4(3H)-ones (7a,b). Reaction of o-aminoamide deriva-
tives 3e,g with aromatic aldehydes in the presence of a cata-
lytic amount of HCI furnished 1,2,3,4-tetrahydro-cycloalka-
[5,6']pyrido[3',2":4,5]thieno[ 3,2-d] pyrimidine-4(3H)-ones
8a-d in excellent yield (Schemelll).

Chlorination of pyrimidinones 7a,b and 6a-d to pro-
duce the corresponding 4-chloropyrimidine derivatives 9a,b
and 9c-f was achieved upon boiling with an excess amount of
phosphorus oxychloride. The reaction of 9a-f with thiourea,
followed by treatment of the resulting adduct with sodium
hydroxide solution and then acidification with acetic acid
gave cycloalka[5',6']pyrido[3',2":4,5]thieno[ 3,2-d] pyrimi-
dine-4(3H)-thione derivatives 10a-f. When 10a-f was al-
lowed to react with methyl iodide or ethyl chloroacetate in
the presence of sodium acetate, the corresponding 4-substi-
tuted thiopyrimidines 11a-g were obtained (Scheme V).

The chloropyrimidine derivatives 9a-f underwent an-
other nucleophilic displacement upon treatment with hydra-
zine hydrate to afford the corresponding 4-hydrazinopyrido-
thienopyrimidines 12a-f. On treatment of 12a-f with benz-
aldehyde in refluxing ethanol, the corresponding 4-benzyli-
denehydrazinopyridothienopyrimidines 13a-f were obtained.
The cyclocondensation of 9a-f with acetylacetone under neat
conditionsfurnished the dimethylpyrazolyl derivatives 14a-f
(Scheme V).

Diazotization of compounds 3f,h and/or 3i,j in AcCOH-
H,SO,4 mixture by using sodium nitrite solution at low tem-
perature resulted in the formation of 1,2,3-triazinone deriva-
tives 15a,b and 16a,b, respectively. The reaction of com-
pound 15a with ethyl chloroacetate or chloroacetamide in
DMF containing anhydrous K,COs led to the formation of
the N-alkylated triazinone derivatives 17a,b in high yield
(Scheme V1).

The structures of all newly synthesized compounds
were elucidated and confirmed by elemental analyses, IR, *H
NMR and mass spectral data (cf. Tables 1, 2).

EXPERIMENTAL

All melting points are uncorrected and measured on a
Gallen-Kamp apparatus. IR spectra were recorded on a
Shimadzu 470 | R-spectrophotometer using KBr pellets (Vimax
incm™). *H NMR spectrawere obtained on a Varian EM-390,
90 MHz spectrometer using TMS as internal reference
(chemical shiftsin §; ppm) and MS on a Jeol IM S-600 mass
spectrometer. Elemental analyses (C, H, N, S) were carried
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out on an Elemental Analyses System GmbH VARIOEL
V2.3 July 1998 CHNS Mode. Chlorine analyses were deter-
mined using oxygen flask method by the Microanalytical
Unit at Assiut University. The purity of al synthesized com-
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pounds was checked by TLC. The compounds la-c,
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1d-f,*® 2a,e,* 2¢,h,"* 2d,9,"® 3a,e,* 3c,h,** 3d,g,"® 4a,** 4¢,™
4d,*® 5a™ and 5d,%° 6a'*and 6d*° were prepared according to

the reported methods.
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chloroacetamide or chloro-N-arylacetamides: Formation
of S-substituted thiopyridines 2b,f,i,j

To a suspension of compound 1c,e (0.02 mol) and so-
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3,

R lNaNOZI

ACOH-H,S0,

16a, n= 2, R= OCHg, Ar = Ph
16b, n =2, R = OCHg, Ar = CgH4OCH3( p)

dium acetatetrihydrate (3.0 g, 0.022 mol) in ethanol (50 mL),
the respective halo compound (ethyl chloroacetate, chloro-
acetamide or chloro-N-arylacetamide) (0.02 mol) was added.
The resulting mixture was heated under reflux for 2 h. The



Thieno[2,3-b]pyridines

J. Chin. Chem. Soc., Vol. 52, No. 5, 2005

Table 1. Melting points, yields, and analytical data of al new compounds

Compd. Mp (°C)/ Formula Analysis (cal cul ated/found %)
No. Yield (%) (M. Wt.) C H N S al
2b 126-127 C19H17CIN,O,S 61.20 4.60 751 8.60 9.51
88 (372.87) 61.12 4.63 7.46 8.92 9.20
2f 189-190 C17H14CIN3OS 59.39 4.10 12.22 9.32 10.31
87 (343.83) 59.18 3.92 1251 9.00 10.00
2i 186-187 CxsH23N30,S 69.91 5.40 9.78 7.46 -
84 (429.54) 7019 544 9.76 7.71 -
2j 183-184 CasH25N303S 67.95 5.48 9.14 6.98 -
83 (459.55) 68.15 531 9.37 7.10 -
3b 198-199 C19H17CIN,O,S 61.20 4.60 7.51 8.60 9.51
90 (372.87) 61.43 4.48 7.66 8.30 9.45
3f 219-220 C17H14CINZOS 59.39 4.10 12.22 9.32 10.31
91 (343.83) 59.18 4.02 12.45 9.47 10.00
3i 251-252 CxsH23N30,S 69.91 5.40 9.78 7.46 -
93 (429.54) 70.09 5.78 9.64 7.71 -
3j 285-286 CaeH2sN303S 67.95 5.48 9.14 6.98 -
90 (459.55) 67.67 5.50 8.91 7.20 -
4b 192-193 C17H13CIN,O,S 59.22 3.80 8.12 9.30 10.28
82 (344.82) 59.11 3.76 8.29 9.42 10.00
5b 206-207 C19H13CIN,O,S 61.87 3.55 7.60 8.69 9.61
90 (368.84) 62.02 3.49 7.33 9.00 9.48
5¢c 198-199 C21H18N203S 66.65 4.79 7.40 8.47 -
87 (378.45) 66.74 4.82 711 8.29 -
6b 351-352 C1oH14CIN3OS 62.04 3.84 11.42 8.72 9.64
79 (367.85) 62.17 3.87 11.56 8.53 9.40
6¢ 346-347 C,1H19N30,S 66.82 5.07 11.13 8.49 -
84 (377.46) 62.69 511 1151 8.20 -
7a 357-358 C1gH12CIN3;OS 61.10 342 11.88 9.06 10.02
80 (353.83) 61.00 3.26 12.25 9.27 9.80
7b 340-341 CxoH17N30,S 66.10 4.71 11.56 8.82 -
92 (363.43) 65.93 4.76 11.74 9.02 -
8a 320-321 Cy4H19N30S 72.52 4.82 10.57 8.07 -
78 (397.49) 72.55 4.88 10.63 8.04 -
8b 289-290 CasH21N30,S 70.24 4.96 9.83 7.50 -
77 (427.52) 70.31 5.07 9.60 7.29 -
8c 316-317 CasH N3OS 72.97 5.14 10.21 7.79 -
80 (411.52) 72.86 5.05 10.30 7.92 -
8d 288-289 C,6H23N30,S 70.72 5.25 9.52 7.26 -
79 (441.55) 70.89 531 9.54 7.34 -
9a 213-214 C1gH11ClIoNSS 45.78 2.35 8.90 6.79 15.01
80 (472.27) 45.60 2.32 8.78 6.87 15.40
9b 191-192 CxH16CIN3OS 62.90 4.22 11.00 8.40 9.28
83 (381.88) 63.16 4.07 11.15 8.58 9.00
9c 185-186 CoH16CIN3OS 62.90 4.22 11.00 8.40 9.28
81 (381.88) 62.71 4.10 1111 8.69 9.50
9d 200-201 C1oH13ClIoN3S 59.08 3.39 10.88 8.30 18.36
82 (386.30) 59.37 3.62 11.02 8.61 18.10
% 180-181 C,;H15CIN3OS 63.71 4.58 10.61 8.10 8.95
79 (395.91) 63.89 4.68 1054 8.34 9.10
of 197-198 CxoH15ClIoN3S 60.01 3.78 10.50 8.01 17.71
80 (400.33) 60.34 3.89 1041 8.20 17.50
10a 308-309 C1gH12CIN3S, 58.45 3.27 11.36 17.33 9.58
73 (369.89) 58.71 3.01 11.48 17.56 9.35
10b 291-292 CaoH17N30S, 63.30 452 11.07  16.90 -
77 (379.49) 63.07 4.66 10.93 16.97 -
10c 308-309 CoH17N30S; 63.30 452 11.07 16.90 -
75 (379.49) 63.22 4.40 10.96 16.67 -
10d 315-316 C1oH14CIN3S, 59.44 3.68 10.95 16.70 9.23
74 (383.91) 59.54 3.63 11.22 16.55 9.15
10e 312-313 CxH19N30S, 64.10 4.87 10.68 16.29 -
76 (393.52) 64.14 4.87 10.71 16.42 -
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(441.55)
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(441.55)
CH2CINsS
(445.97)
CosHasN-OS
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(460.00)
C17H11C| N4OS
(354.81)
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60.37
60.13
59.44
59.35
64.10
63.89
61.92
61.84
64.10
63.86
61.92
61.96

65.02
62.61
62.79
58.77
58.64
63.64
63.35
63.64
63.61
59.76
59.72
64.43

60.68
60.99
65.86
66.02
69.66
69.73
69.66
69.56
66.45
66.52
70.12
70.14
67.00
67.11
63.96
63.77
68.00
68.13
68.00
67.88

64.67
68.55
68.34
65.28
65.45
57.55
57.67
62.62
62.39
68.16
68.04
66.37
66.12
57.21
57.00
55.41
55.78

4.05
3.89
3.68

4.87
4.85
4.98
4.89
4.87

4.98
4.73
5.19
5.18
525
553

3.75
5.07
5.08
507
5.00
4.22
417
541
5.36
4.58
4.56
3.98
3.72
4.98
4.79
4.98
4.90
4.29
4.24
525
7.36
4.58
4.56
4.20
421
525
5.16
525
529
4.52
4.45
5.53
5.48
4.82
4.92
3.12
311
4.43
4.56
4.58
4.72
4.71
4.73
3.89
3.87
343
3.46

10.56
10.68
10.95
11.25
10.68
10.82

9.03

9.33
10.68
10.92

9.03

9.11
10.31
10.17

8.76

8.50
19.04
19.21
18.55
18.39
18.55
18.44
18.34
18.52
17.89
17.74
17.69
17.87
15.36
15.49
15.04
15.25
15.04
15.18
14.90
15.17
14.60
14.82
14.47
14.82
16.21
16.12
15.86
15.49
15.86
16.03
15.70
15.92
15.37
1541
15.22
15.16
15.79
15.64
15.37
15.62
12.72
12.95
1191
11.96
12.71
12.90
17.00
16.83

16.11
16.16
16.70
16.59
16.29
16.13
13.77
13.61
16.29
16.19
13.77
13.82
15.73
15.77
13.37
13.51
8.72
8.48
8.49
8.43
8.49
8.56
8.40

8.19
7.90
8.10
1777
7.03
7.26
6.89
6.82
6.89
711
6.82
6.71
6.68
6.50
6.62
6.57
7.42
7.33
7.26
7.19
7.26
7.39
7.19
7.42
7.04
717
6.97
7.10
9.04
8.97
8.80
8.73
7.28
7.18
6.81
6.94
1.27
7.42
7.78
7.49
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8.91
9.10
9.23
9.00

8.00

7.54
7.50

7.32
7.30
821
8.00

7.95
7.80

7.71
7.90
9.99
9.85

8.35
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Table 2. Spectral data of all new compounds

Compd. No.

Spectral Data

2b

2f

2i

2j

3b

3f

3i

3j

4b
5b
5C
6b
6c
Ta

7b

8a

8b

8c

8d

9a
9b

9c

IR: 2200 (C=N), 1730 (C=0). *H NMR (CDCl3): 7.0-7.4 (dd, 4H, ArH’s), 4.2 (q, 2H, OCH,), 3.9 (s,
2H, SCH,), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-5), 2.1 (p, 2H, CH, at C-6), 1.3 (t, 3H, CH3; of
ester group).

IR: 3420-3150 (NH,), 2200 (C=N), 1660 (C=0). *H NMR (CDCl3): 7.0-7.4 (dd, 4H, ArH’s), 6.8 (s,
2H, NH,), 3.8 (s, 2H, SCH,), 3.0 (t, 2H, CH, a C-7), 2.6 (t, 2H, CH, at C-5), 2.1 (p, 2H, CH, at C-6).
IR: 3200 (NH), 2200 (C=N), 1660 (C=0). *H NMR (CDCl3): 9.0 (s, 1H, NH), 6.9-7.5 (m, 9H, ArH’s),
4.0 (s, 3H, OCHs), 3.8 (s, 2H, SCH,), 3.0 (t, 2H, CH, at C-8), 2.6 (t, 2H, CH, at C-5), 1.6-2.1 (m, 4H,
2CH, at C-6,7). MS; m/z = 429 (M*, 100%).

IR: 3200 (NH), 2200 (C=N), 1660 (C=0). *H NMR (CDCl3): 8.9 (s, 1H, NH), 6.9-7.5 (m, 8H, ArH’s),
4.0 (s, 6H, 20CHj5), 3.8 (s, 2H, SCH,), 3.0 (t, 2H, CH, at C-8), 2.6 (t, 2H, CH, at C-5), 1.6-2.1 (m, 4H,
2CH, at C-6,7).

IR: 3500, 3340 (NH5), 1660 (C=0). *H NMR (CDCly): 7.0-7.4 (dd, 4H, ArH's), 5.6 (s, 2H, NH,), 4.2
(0, 2H, OCH,), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-5), 2.1 (p, 2H, CH, at C-6), 1.3 (t, 3H, CH;
of ester group).

IR: 3450, 3330, 3150 (2NHj), 1650 (C=0). *H NMR (CDCly): 7.0-7.6 (m, 6H, ArH’'s and CONH,), 5.8
(s, 2H, NH,), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-5), 2.1 (p, 2H, CH, at C-6).

IR: 3500, 3300, 3200 (NH,, NH), 1650 (C=0). *H NMR (CDCl5): 9.2 (s, 1H, NH), 7.0-7.6 (m, 9H,
ArH’s), 5.5 (s, 2H, NH,), 4.0 (s, 3H, OCHy), 3.0 (t, 2H, CH, at C-8), 2.6 (t, 2H, CH, at C-5), 1.6-2.1
(m, 4H, 2CH, at C-6,7).

IR: 3500, 3300, 3200 (NH,, NH), 1650 (C=0). *H NMR (CDCl5): 9.0 (s, 1H, NH), 7.0-7.6 (m, 9H,
ArH’s), 5.5 (s, 2H, NH,), 4.0 (s, 6H, 20CH,), 3.0 (t, 2H, CH, at C-8), 2.6 (t, 2H, CH, at C-5), 1.6-2.1
(m, 4H, 2CH, at C-6,7). MS; m/z = 459 (M", 90%).

IR: 3480, 3320 (NH,), 1640 (C=0). *H NMR (CDCly): 10.1 (s, 1H, CO,H), 7.1-7.5 (dd, 4H, ArH’s),
6.0 (s, 2H, NHy), 3.1 (t, 2H, CH, at C-7), 2.7 (t, 2H, CH, at C-5), 2.1 (p, 2H, CH, at C-6).

IR: 1740 (C=0). *H NMR (CDCl3): 7.0-7.4 (dd, 4H, ArH's), 3.1 (t, 2H, CH, at C-7), 2.8 (t, 2H, CH, at
C-9), 1.9-2.4 (m, 5H, CH3 at C-2 and CH,, at C-8).

IR: 1750 (C=0). *H NMR (CDCl3): 7.0-7.4 (dd, 4H, ArH's), 3.9 (s, 3H, OCHs), 3.0 (t, 2H, CH, at C-
7), 2.5 (t, 2H, CH, at C-10), 2.2 (s, 3H, CH3), 1.5-1.9 (m, 4H, 2CH, at C-8,9).

IR: 3200-3400 (NH), 1650 (C=0). 'H NMR (TFA): 6.9-7.4 (dd, 4H, ArH’s), 3.1 (t, 2H, CH, at C-7),
2.8(t, 2H, CH, at C-9), 2.0-2.5 (m, 5H, CH; at C-2 and CH at C-8).

IR: 3200-3400 (NH), 1660 (C=0). 'H NMR (TFA): 7.1-7.5 (dd, 4H, ArH’s), 4.1 (s, 3H, OCH3), 3.2 (t,
2H, CH, at C-7), 2.7 (t, 2H, CH, at C-10), 2.4 (s, 3H, CHz at C-2), 1.7-2.1 (m, 4H, 2CH, at C-8,9).

IR: 3200-3400 (NH), 1660 (C=0). 'H NMR (TFA): 8.5 (s, 1H, CH pyrimidine), 7.0-7.4 (dd, 4H,
ArH’s), 3.1 (t, 2H, CH, at C-7), 2.8 (t, 2H, CH, at C-9), 2.2 (p, 2H, CH, at C-8).

IR: 3200-3400 (NH), 1650 (C=0). 'H NMR (TFA): 8.6 (s, 1H, CH pyrimidine), 7.1-7.5 (dd, 4H,
ArH’s), 4.0 (s, 3H, OCHj3), 3.2 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-10), 1.7-2.1 (m, 4H, 2CH, at
C-8,9). MS; m/z = 363 (M", 100%).

IR: 3400, 3200 (2NH), 1640 (C=0). 'H NMR (DMSO-ds): 8.5 (d, 1H, CONH), 7.0-7.5 (m, 10H,
ArH’s), 5.8 (t, 1H, CH), 5.4 (d, 1H, NH), 3.1 (t, 2H, CH, at C-7), 2.7 (t, 2H, CH, at C-9), 2.1 (p, 2H,
CH, at C-8).

IR: 3400, 3200 (2NH), 1640 (C=0). 'H NMR (DMSO-dg): 8.4 (d, 1H, CONH), 7.1-7.6 (m, 9H,
ArH’s), 5.9 (t, 1H, CH), 5.4 (d, 1H, NH), 3.9 (s, 3H, OCHj3), 3.1 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at
C-9), 2.1 (p, 2H, CH, at C-8).

IR: 3400, 3200 (2NH), 1640 (C=0). *H NMR (DMSO-ds): 8.4 (d, 1H, CONH), 7.0-7.6 (m, 10H,
ArH’s), 5.8 (t, 1H, CH), 5.3 (d, 1H, NH), 3.1 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-10), 1.5-2.0 (m,
4H, 2CH, at C-8,9).

IR: 3400, 3200 (2NH), 1640 (C=0). 'H NMR (DMSO-dg): 8.5 (d, 1H, CONH), 7.1-7.6 (m, 9H,
ArH’s), 6.0 (t, 1H, CH), 5.4 (d, 1H, NH), 3.9 (s, 3H, OCHj3), 3.2 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at
C-10), 1.5-2.0 (m, 4H, 2CH, at C-8,9).

IR: 1600 (C=N). *H NMR (CDCl3): 85 (s, 1H, CH pyrimidine), 7.0-7.4 (dd, 4H, ArH's), 3.1 (t, 2H,
CH, at C-7), 2.7 (t, 2H, CH, at C-9), 2.1 (p, 2H, CH, at C-8).

IR: 1600 (C=N). *H NMR (CDCl3): 8.6 (s, 1H, CH pyrimidine), 7.1-7.5 (dd, 4H, ArH’s), 4.0 (s, 3H,
OCHjy), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-10), 1.6-2.1 (m, 4H, 2CH, at C-8,9).

IR: 1600 (C=N). *H NMR (CDCl3): 6.9-7.3 (dd, 4H, ArH’s), 3.9 (s, 3H, OCH3), 3.0 (t, 2H, CH, at C-
7), 2.6 (t, 2H, CH, at C-9), 2.3 (s, 3H, CH; at C-2), 1.9-2.1 (p, 2H, CH, at C-8).
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IR: 1600 (C=N). H NMR (CDClj): 7.0-7.4 (dd, 4H, ArH'’s), 3.1 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at
C-9), 2.3 (s, 3H, CHz at C-2), 1.9-2.1 (p, 2H, CH, at C-8). MS; m/z = 386 (M, 100%).

IR: 1600 (C=N). *H NMR (CDCl3): 7.0-7.4 (dd, 4H, ArH’s), 3.9 (s, 3H, OCHs), 3.1 (t, 2H, CH, at C-
7), 2.7 (t, 2H, CH, at C-10), 2.2 (s, 3H, CH3 at C-2), 1.5-2.0 (m, 4H, 2CH, at C-8,9).

IR: 1600 (C=N). *H NMR (CDCl3): 7.0-7.4 (dd, 4H, ArH’s), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at
C-10), 2.2 (s, 3H, CHz at C-2), 1.5-2.0 (m, 4H, 2CH, at C-8,9).

IR: 3200 (NH). *H NMR (TFA): 8.6 (s, 1H, CH pyrimidine), 7.0-7.4 (dd, 4H, ArH’s), 3.1 (t, 2H, CH,
a C-7), 2.7 (t, 2H, CH, at C-9), 2.2 (p, 2H, CH, at C-8).

IR: 3200 (NH). *H NMR (TFA): 8.6 (s, 1H, CH pyrimidine), 7.0-7.4 (dd, 4H, ArH’s), 4.0 (s, 3H,
OCHj), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-10), 1.6-2.1 (m, 4H, 2CH, at C-8,9).

IR: 3200 (NH). *H NMR (TFA): 7.1-7.5 (dd, 4H, ArH’s), 4.0 (s, 3H, OCH,), 3.1 (t, 2H, CH, at C-7),
2.7 (t, 2H, CH, at C-9), 2.4 (s, 3H, CHz a C-2), 2.2 (p, 2H, CH, at C-8).

IR: 3200 (NH). *H NMR (TFA): 7.0-7.4 (dd, 4H, ArH’s), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-
9), 2.3 (3H, CHs at C-2), 2.1 (p, 2H, CH, at C-8). MS; m/z = 384 (M*, 67%).

IR: 3200 (NH). *H NMR (TFA): 7.0-7.4 (dd, 4H, ArH’s), 3.9 (s, 3H, OCH3), 3.1 (t, 2H, CH, at C-7),
2.7 (t, 2H, CH, at C-10), 2.2 (s, 3H, CH3 at C-2), 1.5-2.0 (m, 4H, 2CH; at C-8,9).

IR: 3200 (NH). *H NMR (TFA): 7.0-7.4 (dd, 4H, ArH's), 3.1 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-
10), 2.2 (s, 3H, CH3 at C-2), 1.5-2.0 (m, 4H, 2CH, at C-8,9).

IR: 1600 (C=N). *H NMR (CDCl3): 85 (s, 1H, CH pyrimidine), 7.0-7.4 (dd, 4H, ArH's), 3.1 (t, 2H,
CH, at C-7), 2.8 (s, 3H, SCH5), 2.6 (t, 2H, CH, at C-9), 2.2 (p, 2H, CH, at C-8).

IR: 1600 (C=N). *H NMR (CDCls): 8.6 (s, 1H, CH pyrimidine), 7.0-7.4 (dd, 4H, ArH’s), 4.0 (s, 3H,
OCHj), 3.0 (t, 2H, CH, at C-7), 2.8 (s, 3H, SCH3), 2.6 (t, 2H, CH, at C-10), 1.6-2.1 (m, 4H, 2CH, at C-
8,9). MS; m/z = 393 (M*, 100%).

IR: 1730 (C=0). 'H NMR (CDCls): 8.6 (s, 1H, CH pyrimidine), 7.0-7.4 (dd, 4H, ArH’s), 4.2 (g, 2H,
OCH,), 3.9 (s, 2H, SCH,), 3.7 (s, 3H, OCHs3), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-10), 1.5-2.0
(m, 4H, 2CH, at C-8,9), 1.2 (t, 3H, CHj of ester).

IR: 1600 (C=N). *H NMR (CDCl3): 7.0-7.4 (dd, 4H, ArH’s), 4.0 (s, 3H, OCHs), 3.0 (t, 2H, CH, at C-
7), 2.8 (s, 3H, SCH5), 2.6 (t, 2H, CH, at C-9), 2.2 (s, 3H, CH3 at C-2), 2.1 (p, 2H, CH, at C-8).

IR: 1730 (C=0). *H NMR (CDCl3): 7.0-7.4 (dd, 4H, ArH's), 4.2 (g, 2H, OCH,), 3.9 (s, 2H, SCH,), 3.7
(s, 3H, OCHj3), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-9), 2.3 (3H, CHz at C-2), 2.1 (p, 2H, CH,
at C-8), 1.2 (t, 3H, CHs of ester).

IR: 1600 (C=N). *H NMR (CDCl,): 7.0-7.4 (dd, 4H, ArH’s), 3.9 (s, 3H, OCH3), 3.1 (t, 2H, CH, at C-
7), 2.9 (s, 3H, SCH3), 2.6 (t, 2H, CH, at C-10), 2.2 (s, 3H, CHg at C-2), 1.5-2.0 (m, 4H, 2CH, at C-8,9).
IR: 1730 (C=0). 'H NMR (CDCl,): 7.0-7.4 (dd, 4H, ArH’s), 4.2 (q, 2H, OCH)), 3.9 (s, 2H, SCH,), 3.7
(s, 3H, OCHy), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-10), 2.3 (3H, CHgat C-2), 2.1-1.5 (m, 4H,
2CH, at C-8,9), 1.2 (t, 3H, CH; of ester).

IR: 3460, 3320, 3180 (NHNH,), 1640 (C=N). *H NMR (DM SO-dg): 8.5 (s, 1H, CH pyrimidine), 8.1
(br, 1H, NH), 7.0-7.4 (dd, 4H, ArH’s), 4.2 (br, 2H, NH,), 3.1 (t, 2H, CH, at C-7), 2.7 (t, 2H, CH, at C-
9), 2.1 (p, 2H, CH, at C-8).

IR: 3460, 3320, 3180 (NHNH,), 1640 (C=N). *H NMR (DM SO-dj): 8.6 (s, 1H, CH pyrimidine), 8.0
(br, 1H, NH), 7.1-7.5 (dd, 4H, ArH’s), 4.3 (br, 2H, NH,), 4.0 (s, 3H, OCHj), 3.0 (t, 2H, CH, at C-7),
2.6 (t, 2H, CH, at C-10), 1.6-2.1 (m, 4H, 2CH, at C-8,9).

IR: 3460, 3320, 3180 (NHNH,), 1640 (C=N). *H NMR (DMSO-dg): 8.0 (br, 1H, NH), 6.9-7.3 (dd, 4H,
ArH'’s), 4.3 (br, 2H, NH,), 3.9 (s, 3H, OCHs), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-9), 2.3 (s,
3H, CHy at C-2), 1.9-2.1 (p, 2H, CH;, at C-8).

IR: 3460, 3320, 3180 (NHNH,), 1640 (C=N). *H NMR (DM SO-d): 8.1 (br, 1H, NH), 7.0-7.4 (dd, 4H,
ArH'’s), 4.3 (br, 2H, NH,), 3.1 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-9), 2.3 (s, 3H, CHg at C-2), 1.9-
2.1 (p, 2H, CH, at C-8).

IR: 3460, 3320, 3180 (NHNH,), 1640 (C=N). *H NMR (DM SO-dg): 8.0 (br, 1H, NH), 7.0-7.4 (dd, 4H,
ArH’s), 4.3 (br, 2H, NH,), 3.9 (s, 3H, OCHs), 3.1 (t, 2H, CH, at C-7), 2.7 (t, 2H, CH, at C-10), 2.2 (s,
3H, CH3 at C-2), 1.5-2.0 (m, 4H, 2CH, at C-8,9).

IR: 3460, 3320, 3180 (NHNH,), 1640 (C=N). *H NMR (DM SO-d): 8.0 (br, 1H, NH), 7.0-7.4 (dd, 4H,
ArH’s), 4.2 (br, 2H, NH,), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-10), 2.2 (s, 3H, CH3 at C-2),
1.5-2.0 (m, 4H, 2CH, at C-8,9).

IR: 3200 (NH). *H NMR (TFA): 8.5 (s, 1H, CH pyrimidine), 7.0-7.4 (m, 10H, ArH’s and N=CH), 3.1
(t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-9), 2.1 (p, 2H, CH, at C-8).
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IR: 3200 (NH). *H NMR (TFA): 8.6 (s, 1H, CH pyrimidine), 7.1-7.5 (m, 10H, ArH’s and N=CH), 4.0
(s, 3H, OCHsy), 3.0 (t, 2H, CH, at C-7), 2.6 (t, 2H, CH, at C-10), 1.6-2.1 (m, 4H, 2CH, at C-8,9).

IR: 3200 (NH). *H NMR (TFA): 6.9-7.3 (m, 10H, ArH’sand N=CH), 3.9 (s, 3H, OCHa), 3.0 (t, 2H,
CH, at C-7), 2.6 (t, 2H, CH, at C-9), 2.3 (s, 3H, CHz at C-2), 1.9-2.1 (p, 2H, CH, at C-8).

IR: 3200 (NH). *H NMR (TFA): 7.0-7.4 (m, 10H, ArH’s and N=CH), 3.1 (t, 2H, CH, at C-7), 2.6 (t,
2H, CH; at C-9), 2.3 (s, 3H, CH3 at C-2), 1.9-2.1 (p, 2H, CH, at C-8).

IR: 3200 (NH). *H NMR (TFA): 7.0-7.4 (m, 10H, ArH’s and N=CH), 3.9 (s, 3H, OCH3), 3.1 (t, 2H,
CH, at C-7), 2.6 (t, 2H, CH, at C-10), 2.2 (s, 3H, CHz at C-2), 1.5-2.0 (m, 4H, 2CH, at C-8,9).

IR: 3200 (NH). *H NMR (TFA): 7.0-7.4 (m, 10H, ArH’sand N=CH), 3.0 (t, 2H, CH, at C-7), 2.6 (t,
2H, CH, at C-10), 2.2 (s, 3H, CHz at C-2), 1.5-2.0 (m, 4H, 2CH, at C-8,9).

IR: 1600 (C=N). *H NMR (DMSO-d): 8.5 (s, 1H, CH pyrimid-ine), 7.0-7.4 (dd, 4H, ArH's), 6.0 (s,
1H, CH pyrazole), 3.1 (t, 2H, CH, at C-7), 2.8 (s, 3H, CH; attached to pyrazole ring), 2.6 (t, 2H, CH, at
C-9), 2.3 (s, 3H, CHj3 attached to pyrazolering), 2.1 (p, 2H, CH, at C-8).

IR: 1600 (C=N). *H NMR (DMSO-d): 8.6 (s, 1H, CH pyrimid-ine), 7.1-7.5 (dd, 4H, ArH's), 6.1 (s,
1H, CH pyrazole), 4.0 (s, 3H, OCHy), 3.0 (t, 2H, CH, at C-7), 2.8 (s, 3H, CH; attached to pyrazole
ring), 2.6 (t, 2H, CH, at C-10), 2.4 (s, 3H, CHj; attached to pyrazolering), 1.6-2.1 (m, 4H, 2CH, at C-
8,9).

IR: 1600 (C=N). *H NMR (DMSO-dg): 6.9-7.3 (dd, 4H, ArH’s), 5.9 (s, 1H, CH pyrazole), 3.9 (s, 3H,
OCHy), 3.0 (t, 2H, CH, at C-7), 2.8 (s, 3H, CH3; attached to pyrazolering), 2.6 (t, 2H, CH, at C-9), 2.4
(s, 3H, CHj3 attached to pyrazolering), 2.2 (s, 3H, CHzat C-2), 1.9-2.1 (p, 2H, CH, at C-8).

IR: 1600 (C=N). *H NMR (DMSO-d): 7.0-7.4 (dd, 4H, ArH’s), 6.0 (s, 1H, CH pyrazole), 3.1 (t, 2H,
CH, at C-7), 2.8 (s, 3H, CH; attached to pyrazolering), 2.6 (t, 2H, CH, at C-9), 2.4 (s, 3H, CHs
attached to pyrazolering), 2.2 (s, 3H, CHz at C-2), 1.9-2.1 (p, 2H, CH, at C-8).

IR: 1600 (C=N). *H NMR (DMSO-d): 7.0-7.4 (dd, 4H, ArH’s), 6.1 (s, 1H, CH pyrazole), 3.9 (s, 3H,
OCHjy), 3.1 (t, 2H, CH, at C-7), 2.8 (s, 3H, CH5), 2.6 (t, 2H, CH, at C-10), 2.4 (s, 3H, CH5), 2.2 (s, 3H,
CHy), 1.5-2.0 (m, 4H, 2CH, at C-8,9).

IR: 1600 (C=N). *H NMR (DMSO-dg): 7.0-7.4 (dd, 4H, ArH’s), 6.0 (s, 1H, CH pyrazole), 3.0 (t, 2H,
CH, at C-7), 2.8 (s, 3H, CH; attached to pyrazolering), 2.6 (t, 2H, CH, at C-10), 2.4 (s, 3H, CH3
attached to pyrazolering), 2.2 (s, 3H, CHz at C-2), 1.5-2.0 (m, 4H, 2CH, at C-8,9).

IR: 3200-3400 (NH), 1660 (C=0). 'H NMR (TFA): 7.0-7.4 (dd, 4H, ArH’s), 3.1 (t, 2H, CH, at C-7),
2.8(t, 2H, CH, at C-9), 2.2 (p, 2H, CH, at C-8).

IR: 3200-3400 (NH), 1650 (C=0). 'H NMR (TFA): 7.1-7.5 (dd, 4H, ArH’s), 4.0 (s, 3H, OCH3), 3.2 (t,
2H, CH, at C-7), 2.6 (t, 2H, CH, at C-10), 1.7-2.1 (m, 4H, 2CH, at C-8,9).

IR: 1670 (C=0). *H NMR (CDCl3): 7.0-7.6 (m, 9H, ArH’s), 4.0 (s, 3H, OCH3), 3.2 (t, 2H, CH, at C-7),
2.6 (t, 2H, CH, at C-10), 1.7-2.1 (m, 4H, 2CH, at C-8,9).

IR: 1670 (C=0). *H NMR (CDCl3): 7.0-7.6 (m, 8H, ArH's), 4.0 (s, 6H, 20CHj), 3.2 (t, 2H, CH, at C-
7), 2.6 (t, 2H, CH, at C-10), 1.7-2.1 (m, 4H, 2CH, at C-8,9).

IR: 1740 (C=0, ester), 1680 (C=0, triazinone). *H NMR (CDCls): 7.1-7.5 (dd, 4H, ArH'’s), 5.2 (s, 2H,
NCHy), 4.2 (g, 2H, OCH,), 3.1 (t, 2H, CH, at C-7), 2.8 (t, 2H, CH, at C-9), 2.2 (p, 2H, CH, at C-8), 1.2
(t, 3H,CH; of ester).

IR: 3350, 3150 (NH,), 1680 (2C=0). 'H NMR (CDCly): 7.1-7.5 (dd, 4H, ArH’s), 6.8 (s, 2H, CONH,),
5.2 (s, 2H, NCH,), 3.1 (t, 2H, CH, at C-7), 2.8 (t, 2H, CH, at C-9), 2.2 (p, 2H, CH, at C-8).

precipitate that formed on cooling was collected by filtration
and recrystallized from ethanol as white needles of 2b,f,i,j.

2-Functionalized 3-amino-4-aryl-cycloalka[e]thieno[2,3-
b]pyridines (3b,f,i,j)
Method A

Compounds 2b,f,i,j (0.01 mol) were suspended in so-
dium ethoxide solution (0.12 g sodiumin 30 mL abs. ethanol)
and heated under reflux for 5 min. The solid that formed
while hot was collected and recrystallized from ethanol-

chloroform to give canary yellow crystals of 3b,f,i,j.
Method B

To asuspension of compound 1c,e (0.01 mol) in sodium
ethoxide solution (0.35 g sodium in 40 mL abs. ethanol),
ethyl chloroacetate, chloroacetamide or chloro-N-arylacet-
amides (0.01 mol) was added. The resulting mixture was
refluxed for 20 min. and then | eft to cool. The formed yellow
precipitate was collected and recrystallized from ethanol -
chloroform to give compounds 3b,f,i,j (yield; 76-83%).
These products were identical in all aspects to those de-
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scribed in method A.

3-Amino-4-(4-chlorophenyl)-cyclopenta[e]thieno[2,3-b]-
pyridine-2-carboxylic acid (4b)

A suspension of 3b (0.03 mol) in an ethanolic sodium
hydroxide solution 7% (70 mL) was heated under reflux for 4
h and then allowed to cool. The reaction mixture was diluted
with 50 mL water, filtered and then the clear filtrate was acid-
ified with dilute acetic acid. The precipitate was collected
and crystallized from ethanol to give yellow crystals of 4b.

2-Methyl-cycloalka[5’,6']pyrido[3',2":4,5]thieno[3,2-d]-
oxazine-4-ones 5b,c

Compound 4b,c (0.01 mol) in redistilled acetic anhy-
dride (40 mL) was heated under reflux for 4 h. The reaction
mixture was then concentrated by normal distillation and al-
lowed to cool. The solid that separated was collected by filtra-
tionand dried in air to give yellowish white needles of 5b,c.

2-Methyl-cycloalka[5’,6']pyrido[3',2":4,5]thieno[3,2-d]pyri-
midine-4(3H)-ones 6b,c

A mixture of 5b,c (0.001 mol) and anmonium acetate
(0.3 g, 0.004 mol) inglacial acetic acid (25 mL) wasrefluxed
for 3 h and then left to cool. The product was collected by fil-
tration and recrystallized from ethanol to give white needles
of 6b,c.

Cycloalka[5',6"]pyrido[3',2":4,5]thieno[3,2-d]pyrimidine-
4(3H)-ones 7a,b

A mixture of compound 3f,h (0.005 mol) and triethyl
orthoformate (5 mL) in acetic anhydride (20 mL) was re-
fluxed for 4 h. The solid that formed on cooling was collected
and recrystallized from an ethanol-chloroform mixture to
givewhite crystals of 7a,b.

4-0Oxo0-1,2,3,4-tetrahydro-cycloalka[5',6']pyrido[3’,2":4,5]-
thieno[3,2-d]pyrimidines 8a-d

A mixture of compound 3e,g (0.002 mol) and the re-
spective aldehyde (0.002 mal) in ethanol (20 mL) containing
afew drops of HCI was heated under reflux for 3 h. The prod-
uct that formed while hot was collected and recrystallized
from acetic acid to give 8a-d in the form of yellow needles.

4-Chloro-cyloalka[5’,6'pyrido[3',2":4,5]thieno[3,2-d]pyri-
midine 9a-f

Compound 7a,b or 6a-d (0.01 mol) in an excess amount
of phosphorus oxychloride (25 mL) was gently refluxed for 4
h. The cooled reaction mixture was poured with vigorousstir-
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ring into ice-water (100 mL). The separated solid was col-
lected and crystallized from ethanol aswhite needles of 9a-f.

Cycloalka[5',6']pyrido[3',2":4,5]thieno[3,2-d]pyrimidine-
4(3H)-thiones 10a-f

A mixture of chloro compound 9a-f (0.005 mol) and
thiourea (0.76 g, 0.01 mol) in DMF (20 mL) was gently
refluxed for 3 h. The precipitate that formed on cooling was
collected, dissolved in warm 10% sodium hydroxide solution
and then filtered off. The clear filtrate was acidified with di-
lute aceitc acid whereby ayellow precipitate separated. It
was collected and crystallized from an ethanol-chloroform
mixture as yellow needles of 10a-f.

4-(S-Substituted)methylthio-cycloalka[5',6']pyrido-
[3',2":4,5]thieno[3,2-d]pyrimidines 1la-g

To amixture of 10a-c or 10e (0.004 mol) and sodium
acetate trihydrate (1.36 g, 0.01 mol) in ethanol (30 mL),
methyl iodide or ethyl chloroacetate (0.005 mol) was added.
The reaction mixture was refluxed for 2 h. The precipitate
that formed on cooling was collected and recrystallized from
ethanol aswhite crystals of 11a-g.

4-Hydrazino-cycloalka[5',6']pyrido[3',2':4,5]thieno[3,2-d]-
pyrimidines 12a-f

A mixture of 9a-f (0.005 mol) and hydrazine hydrate
99% (1.0 mL, 0.02 mol) in ethanol (20 mL) wasrefluxed for 2
h. The product that formed was collected and recrystallized
from dioxaneto give pale yellow needles of 12a-f.

4-Benzylidenehydrazino-cycloaka[5',6']pyrido[3',2':4,5]-
thieno[3,2-d]pyrimidines 13a-f

A mixture of 12a-f (0.004 mol) and benzaldehyde
(0.005 mol) in ethanol (30 mL) was refluxed for 3 h. The
product that precipitated on cooling was collected and recrys-
tallized from dioxane as white needles of 13a-f.

4-(3,5-Dimethylpyrazol-1-yl)-cycloaka[5’,6']pyrido-
[3',2":4,5]thieno[3,2-d]pyrimidines 14a-f

A mixture of 12a-f (0.004 mol) and acetylacetone (10
mL) was gently refluxed for 4 h. The reaction mixture was
then triturated with ethanol (15 mL) and left to cool. The pre-
cipitated product was collected and recrystallized from etha-
nol to give white needles of 14a-f.

Cycloalka[5',6"]pyrido[3',2":4,5]thieno[3,2-d][1,2,3]tri-
azines 15a,b and 16a,b
Sodium nitrate solution 10% (12 mL, 0.015 mol) was
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added to a solution of 3f,h and/or 3i,j (0.01 mol) in conc. sul-
furicacid (5 mL) and glacial aceticacid (5mL) at 0°C during
5 min. with stirring. The solid that precipitated on dilution
with cold water was collected and crystallized from ethanol
aswhite crystals of 15a,b and 16a,b, respectively.

3-Substituted 10-(4-chlorophenyl)cyclopenta[5’,6']pyrido-
[3',2":4,5]thieno[3,2-d][1,2,3]triazines 17a,b

A solution of triazinone 15a (0.002 mol) in DMF (15
mL) was stirred for a while with anhydrous potassium car-
bonate (0.8 g), and then the respective halo compound (ethyl
chloroacetate or chloroacetamide) (0.002 mol) was added.
Themixturewasstirred at 80 °C for 2 h. and then diluted with
water (25 mL). The precipitated solid was collected and crys-
tallized from ethanol to give white needles of 17a,b.

Received November 9, 2004.
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