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4-Aryl-3-cyano-6-(2'-thienyl)-pyridine-2@)-thiones {a-¢ were reacted with phenacyl bromide, chlbro-
arylacetamides or 2-chloroacetylaminopyridine to furnish 2-functionalized 3-amino-4-aryl-6-(2'-thienyl)-
thieno[2,3-b]pyridineda-cand5a-cor 5d respectively. The compoun8a-dunderwent different sequence of
reactions to produce a variety of thienylpyridothienopyrimidines and, thienylpyridothienotriazines. Some of
the prepared compounds were tegtedtro for their antimicrobial activities.
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Introduction antianaphylacti¢? and antiallergic activity® In view of
these facts and as a continuation of our previous work on
The biological activities of condensed pyrimidines asthieno[2,3-b]pyridines**’ we report herein the synthesis of
sedatives, antibacterials and antimalarials are well documenthe title compounds and their evaluation regarding anti-
ed!? Several thieno[2,3-b]pyridine derivatives are known tomicrobial activities.
possess antibacteriat,antihypertensivieand gonadotropin-

releasing hormone antagonizifigactivity. Pyridothieno- Results and Discussion
pyrimidine derivatives have been found applications as
analgesic$, antipyretics® and anti-inflammatorie. More- Based on the important synthetic utility of many 3-

over, some pyridothienotriazines are known to exhibitcyanopyridine-2(i)-thione derivative$?!’ the 4-aryl-3-
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cyano-6-(2'-thienyl)-pyridine-2@)-thiones a-9 were  thienyl)-pyrido[3',2":4,5]thieno[3,2-d]pyrimidine-43-one
used as starting materials in the synthesis of the targ€p). CompoundlO was synthesized through the reaction of
heterocycles. The reaction d-cwith some halocompounds 8awith phenacyl bromide in the presence of sodium acetate.
namely; phenacyl bromide, chlohphenylacetamide or 2- Heating8awith hydrazine hydrate in pyridine resulted in the
chloroacetylaminopyridine in the presence of sodium acetatlormation of hydrazinopyrimidinone derivativel which
trihydrate gave 2-substituted methylthio-4-aryl-3-cyano-6-underwent a cyclocondensation reaction upon heating with
(2'-thienyl)-pyridines 2a-¢ 3a-cand3d). Upon treatment of  triethyl orthoformate under neat conditions to furnish 4,10-
these compounds with sodium ethoxide in ethanol, thegliphenyl-8-(2'-thienyl)s-triazolo[4",3"-a]pyrido[3',2":4,5]-
underwent intramoleculaiThorpe-Ziegler cyclization to  thieno[2,3-e]pyrimidine-5(4)-one (2) (Scheme 3).
furnish 2-functionalized 3-amino-4-aryl-6-(2'-thienyl)-thieno-  The structural formulas of all newly synthesized compounds
[2,3-b]pyridines #a-¢ 5a-c and 5d). The latter thieno- were established and confirmed on the basis of their
pyridine derivatives were also prepaxéal direct reaction of elemental analyses and spectral dafa Tables 1, 2 and
la-c with the respective halocompounds in the presence ofxperimental part).
sodium ethoxide as a basic catalyst (Scheme 1). Some of the synthesized compounds were evaluated
The cyclocondensation &&-d with triethyl orthoformate  vitro for their antimicrobial activities against three strains of
in the presence of acetic anhydride afforded pyrido[3',2'bacteria and two fungal species (Table 3) using filter paper
4,5]thieno[3,2-d]pyrimidine-4(@)-ones 6a-d. The triazi- disc diffusion method® Tioconazole (Tyrosydd (13
none analogga-d were prepared by diazotisation -d which contains a thiophene moiety in its structure was used
using sodium nitrite and acetic acid-sulfuric acid mixture.as a reference substance. The results indicated that most of
The interaction oba-d with carbon disulfide in hot pyridine the tested compounds exhibited moderate to strong activities
resulted in the formation of thioxopyrimidinone derivatives agaisntStaphylococcus aureuBacillus cerusand Serratia
8a-d (Scheme 2). rhodnii. However, concerning the antifungal activity, all
The reaction oBawith methyl iodide in ethanolic sodium tested compounds showed no effects except for compounds
hydroxide solution gave 3,9-diphenyl-2-methylthio-7-(2'- 3a, 3d, 6a 7d, 9 and 12 which showed cosiderable activity

Sa-d
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b | 4-CH,OC(H, | CH
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iii

i CH;1/NaOH; ii: PhRCOCH,B1/AcONa; iii: NoHy. H,O; iv: CH(OEt)3

Scheme 3



Synthesis and Reactions of New Thienopyridines

Table 1 Melting points, yields and analytical data of the Table 1 Continued
synthesized compounds

M.p., °C  Formula

Calculated / Found

Compd'yield,% (M.W)) %C %H %N %S %Cl
2a 170 CxuHieN:0S 69.88 3.91 6.79 15.54
90 (412.54) 69.91 3.85 6.74 15.29
2b 165 CaHigN:0:S, 67.85 4.09 6.33 19.49
91 (442.55) 67.67 4.14 6.51 14.19
2c 160 CuHisCIN,OS 64.49 3.38 6.27 14.35 7.93
90 (446.97) 64.62 3.51 6.34 14.49 7.82
3a 200 CuHiN:OS 67.42 4.01 9.83 14.10
94 (427.55) 67.55 4.08 9.69 14.01
3b 210 CuHiN:O-S, 65.62 4.19 9.18 14.02
95 (457.57) 6559 4.00 9.07 14.32
3c 210 CHieCIN:OS 62.40 3.49 9.09 13.88 7.68
92 (462.00) 62.64 3.62 9.39 14.03 7.90
3d 190 CoHiN.OS 64.47 3.76 13.07 14.96
85 (428.54) 64.65 3.86 13.03 15.01
4a 180 CuHiN-0S 69.88 3.91 6.79 15.54
85 (412.54) 69.50 3.75 6.92 15.74
4b 192 CpsHigN:0:S, 67.85 4.09 6.33 14.49
87 (442.55) 67.79 4.04 6.52 1461
4c 275 CuHisCIN,OS 64.49 3.38 6.27 14.35 7.93
87 (446.97) 64.69 3.53 6.12 14.40 7.95
5a 235 CyuHiN:0S 67.42 4.01 9.83 14.10
88 (427.55) 67.35 4.14 9.90 14.12
5b 220 CasHioN:O:S, 65.62 4.19 9.18 14.02
85 (457.57) 65.86 4.34 9.31 14.00
5¢c 240 CHieCIN:OS 62.40 3.49 9.09 13.88 7.68
84 (462.00) 62.56 3.65 9.03 13.65 7.70
5d 130 CuHiNOS 64.47 3.76 13.07 14.96
80 (428.54) 64.12 3.50 13.00 14.85
6a 330 CxHisN:OS, 68.63 3.46 9.60 14.66
95 (437.55) 68.43 3.34 9.55 14.72
6b 190 CaHiN:0:S, 66.79 3.66 8.99 13.72
90 (467.56) 66.88 3.34 8.90 13.79
6c 270 CpsHiCIN:OS 63.62 2.99 8.90 13.59 7.51
92 (471.98) 63.42 3.01 8.99 13.79 7.70
6d 325 CuHuNOS 65.73 3.22 12.78 14.62
90 (438.53) 65.63 3.14 12.50 14.40
7a 300 CxuHuNOS 65.73 3.22 12.78 14.62
92 (438.53) 65.59 3.13 12.70 14.68
7b 285 CaHigN/O:S, 64.08 3.44 11.96 13.69
90 (468.55) 64.32 3.30 12.02 13.90
7c 270 CHisCIN,OS 60.95 2.77 11.85 13.56 7.50
90 (472.97) 61.02 2.90 11.91 13.15 7.74
7d 280 CuHiNsOS 62.85 2.98 15.93 14.59
90 (439.52) 62.90 2.85 15.75 14.33
8a  >360 CuHisN:0S 63.94 3.22 8.95 20.48
71 (469.61) 63.75 3.18 8.83 20.61
8b 280 CoHiN:0-S 62.50 3.43 8.41 19.25
70 (499.63) 62.75 3.29 8.34 19.11
8c 345 CuH1CIN:OS 59.57 2.80 8.34 19.09 7.03
66 (504.04) 59.41 2.87 8.18 19.02 6.80
8d 315 CuHuNOS 61.25 2.99 11.91 20.44
71 (470.60) 61.12 3.16 11.78 20.63
9 335 CuHiNs0OS 64.57 3.54 8.69 19.89
97 (483.64) 64.65 3.36 8.49 19.71

Bull. Korean Cherd082d/0l. 23, No. 12 1711
M.p., °C  Formula Calculated / Found
Compd.. .
yield, %  (M.W.) %C %H %N %S %Cl
9 335 CuHi7/N3OS 64.57 3.54 8.69 19.89
97 (483.64) 64.65 3.36 8.49 19.71
10 265 Ci33HoiN3OS, 67.44 3.60 7.15 16.37
80 (587.75) 67.65 3.43 7.00 16.02
11 327 CysHigNsOS 64.08 3.87 14.95 13.69
47 (468.58) 64.13 3.68 14.86 13.53
12 285 CyeHisNsOS 65.39 3.17 14.66 13.43
55 (477.57) 65.12 3.01 14.42 13.35

againspenicillium oxalicumand /orAspergillus fumigatus

cl N
CH—CHZ/NJ

Cl CH,

13

Experimental Section

All melting points are uncorrected and measured on a
Gallan-Kamp apparatus. IR spectra: Shimadzu 470 IR-
spectrophotometer (KBmax in cmi®). *H NMR spectra:
Varian EM-390, 90 MHZH NMR spectrometer using TMS
as internal standard (n ppm); MS: Jeol JMS-600; elemental
analyses: Elementar Analysensystem GmbH VARIOEL V2.3
July 1998 CHNS Mode; their results were in good agree-
ment with the calculated values. Melting points, yields and
analytical data of all newly synthesized compounds are
listed in Table 1.

4-Aryl-3-cyano-6-(2'-thienyl)-pyridine-2(1H)-thiones (l1a-
c). These compounds were prepared in analogy to
method described befoté.

Reaction of la-c with phenacyl bromide, chlordN-
phenylacetamide or 2-chloroacetylaminopyridine: For-
mation of S-substituted thiopyridines 2a-c and 3a-c or
3d. To a suspension of compoudé-c (20 mmol) and
sodium acetate trihydrate (3.0 g, 22 mmol) in ethanol (50
mL), the respective halocompound (20 mmol) was added.
The resulting mixture was refluxed for 2 hrs. The precipitate
that formed on cooling was collected and recrystallized from
ethanol as pale yellow needles2#-¢ 3a-c or 3d respec-
tively. (Tables 1, 2)

2-Functionalized 3-amino-4-aryl-6-(2'-thienyl)-thieno-
[2,3-b]pyridines 4a-c and 5a-d

Method A: Compounds2a-c or 3a-d (10 mmol) were
suspended in sodium ethoxide solution (0.12 g sodium in 30
mL abs. ethanol) and heated under reflux for 5 mins. The
solid that formed while hot was collected and recrystallized
from ethanol-chloroform mixture to give canary yellow

the
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Table 2 IR, *H NMR and MS spectral data of compou2as8d

Compd. No. Spectral data

2a IR: U = 2200 (&N), 1670 (C=0) crit. 'H NMR (DMSO-d): 8 = 7.1-8.2 (m, 14H: 10ArH's, 3CH thienyl and CH pyridine), 5.0
(s, 2H, SCH) ppm.

2b IR: v = 2200 (&N), 1670 (C=0) crt.

2c IR: v = 2200 (&GN), 1670 (C=0) crit. '"H NMR (T.F.A): 5 = 7.5-8.5 (m, 13H: 9ArH's, 3CH thienyl and CH pyridine), 5.1 (s,
2H, SCH) ppm.

3a IR: U = 3300 (NH), 2200 (€N), 1660 (C=0) crit. *H NMR (DMSO-d): 6= 10.7 (s, 1H, NH), 8.2 (d, 1H, CH thienyl), 7.0-7.8
(m, 12H: 9ArH's, 2CH thienyl and CH pyridine), 4.3 (s, 2H, S hm.

3b IR: u = 3300 (NH), 2200 (EN), 1660 (C=0) cri.

3c IR: U = 3300 (NH), 2200 (EN), 1660 (C=0) cr.

3d IR: U = 3300 (NH), 2200 (€N), 1660 (C=0) cnt. *H NMR (DMSO-&): 8= 11.2 (s, 1H, NH), 8.5 (m, 1H, CH thienyl), 8.2
(m, 1H, CH thienyl), 7.6-8.0 (m, 10H, aryl and pyridyl protons), 7.2 (m, 1H, CH thienyl), 4.4 (s, 2H) SCH

da IR: U = 3490, 3300 (Nb), 1620 (C=0) cr.

4b IR: U = 3490, 3300 (Nb), 1620 (C=0) crit. *H NMR (DMSO-d): 8 = 8.4 (m, 1H, CH thienyl), 8.1 (d, 1H, CH thienyl), 7.6-
7.9 (m, 10H: 9ArH's and CH pyridine), 7.1-7.3 (m, 1H, CH thienyl), 7.0 (s, 2H),[8t (s, 3H, OCE) ppm.

4c IR: U = 3490, 3300 (Nbp), 1620 (C=0) cmt. 'H NMR (DMSO-d): & = 7.5-8.5 (m, 13H: 9ArH's, 3CH thienyl and CH
pyridine), 7.1 (s, 2H, Nk ppm.

5a IR: L = 3490-3350 (NH), 3150 (NH), 1620 (C=0) cth *H NMR (DMSO-d): 8 = 9.7 (s, 1H, NH), 8.1 (d, 1H, CH thienyl),
7.2-7.9 (m, 13H, 10ArH's, 2CH thienyl, CH pyridine), 6.0 (br, 2HNsbm.

5b IR: U = 3490, 3350 (Nb), 3150 (NH), 1620 (C=0) cth

5c IR: U = 3490, 3350 (Nb), 3150 (NH), 1620 (C=0) cth

5d IR: v = 3490, 3350 (Nb), 3150 (NH), 1620 (C=0) cth *H NMR (DMSO-d): 8 = 10.2 (s, 1H, NH), 8.5 (m, 1H, CH thienyl),
8.2 (m, 1H, CH thienyl), 7.6-8.0 (m, 10H, aryl and pyridyl protons), 7.2 (m, 1H, CH thienyl), 6.2 (s, 2Hpthl MS: 428
(M*, 100%), 412 (M-NH_, 6%), 335 (M-NH pyridyl, 57%), 308 (M-CONH pyridyl, 61%).

6a IR: v = 1680 (C=0) crit.*H NMR (CDCk): = 8.6 (s, 1H, CH pyrimidine), 8.2 (d, 1H, CH thienyl), 8.0 (s, 1H, CH pyridine),
7.9 (m, 1H, CH thienyl), 7.5-7.8 (m, 9H, ArH's), 7.4 (m, 1H, CH thienyl) ppm.

6b IR: U =1680 (C=0) crt. *H NMR (T.F.A):5= 9.0 (s, 1H, CH pyrimidine), 8.1-8.3 (m, 3H, 2CH thienyl and CH pyridine), 7.3-
8.0 (m, 9H, 8ArH's and CH thienyl), 4.2 (s, 3H, OfLppm

6c IR: v = 1680 (C=0) crt.

6d IR: v = 1680 (C=0) crt.

7a IR: U = 1670 (C=0) crit. *H NMR (T.F.A):5= 8.2 (d, 1H, CH thienyl), 8.0 (s, 1H, CH pyridine), 7.9 (m, 1H, CH thienyl), 7.5-
7.8 (m, 9H, ArH's), 7.4 (m, 1H, CH thienyl) ppm.

7b IR: U = 1670 (C=0) crit. 'H NMR (T.F.A): 8 = 7.2-8.3 (m, 12H: 8ArH's, 3CH thienyl and CH pyridine), 4.0 (s, 3H, §CH

ppm.
7c IR: v = 1670 (C=0) crt.
7d IR: v = 1670 (C=0) crt.

8a IR: u = 3350 (NH), 1680 (C=0) cth *H NMR (CDCk): & = 8.3 (d, 1H, CH thienyl), 8.0 (s, 1H, CH pyridine), 7.9 (m, 1H, CH
thienyl), 7.5-7.8 (m, 9H, ArH's), 7.4 (m, 1H, CH thienyl) ppm.
8b IR: U = 3300 (NH), 1680 (C=0) cth *H NMR (T.F.A): 5= 7.2-8.3 (m, 12H: 8ArH's, 3CH thienyl and CH pyridine), 4.0 (s, 3H,

OCH) ppm.

8c IR: v = 3300 (NH), 1680 (C=0) cfh

ad IR: u = 3350 (NH), 1690 (C=0) cth
crystals of4a-cand7a-drespectively (Tables 1, 2). collected and recrystallized from ethanol-chloroform mix-

Method B: To a suspension of compouthd-c(10 mmol)  ture to give white crystals 6fa-d (Tables 1, 2).
in sodium ethoxide solution (0.35 g sodium in 40 mL abs. Pyrido[3',2":4,5]thieno[3,2-d][1,2,3]triazine-4(3H)-one
ethanol), the respective halocompound (10 mmol) waslerivatives 7a-d Sodium nitrite solution 10% (5 mL) was
added. The resulting mixture was refluxed for 20 mins. Theadded to a solution of compourish-d (2 mmol) in
formed yellow precipitate was collected and recrystallizedconcentrated sulphuric acid (5 mL) and glacial acetic acid (5
from ethanol-chloroform mixture to give compounés-c mL) at O °C during 5 mins. with stirring. The mixture was
andb5a-din 76-82%yield. These products were identical in allowed to stand at room temperature for 30 mins. The solid
all aspects to those described in method A. that precipitated on dilution with water was collected and
Pyrido[3',2":4,5]thieno[3,2-d]pyrimidne-4(3H)-one deriva-  recrystallized from ethanol as white needlegaf (Tables
tives 6a-d A mixture of 5a-d (5 mmol) and triethyl 1, 2).
orthoformate (2 mL) in acetic anhydride (20 mL) was 4-Oxo-1,2,3,4-tetrahydro-2-thioxopyrido[3',2":4,5]thieno-
refluxed for 4 hrs. The solid thus formed while hot was[3,2-d]pyrimidine-4(3H)-one derivatives 8a-d A mixture
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Table 3. The antimicrobial activities of some representative compounds

Compd. Staphylococcus Bacillus Serratia rhodenii Penic_illium Aspe_zrgillus

No. aureus cerus oxalicum fumigatus
2c + - - - -
3a - ++ + - +
3d + - ++ + +
4c ++ ++ - - -
5a + + + - -
5d - + + - -
6a + _ - + +
6¢c ++ + + - -
7b - ++ ++ - -
7d + - - ++ -
8a ++ + - - -
8b + ++ ++ - -
9 ++ + ++ + +
10 ++ + - - -
12 + ++ + ++ +

Tyrosydé + + + ++ +++

—: No activity; +: moderate activity (inhibition zone: 5-10 mm); ++: strong activity (inhibition zone:11-15 mm); +++: very attovity (inhibition
zone: 16-20 mm).

of 5a-d (3 mmol) and carbon disulphide (3 mL) in dry CS, 38%), 304 (MPhN-CS-CO, 45%), 77 (5", 90%).
pyridine (25 mL) was refluxed on a water bath for 48 hrs. 4,10-Diphenyl-8-(2'-thienyl)-s-triazolo[4",3"-a]pyrido-
During reaction time hydrogen sulphide evolved. The[3',2":4,5]thieno[3,2-e] pyrimidine-5 (4H)-one (12) A
solvent was removed by distillation under reduced pressurmixture of hydrazino compoundll (0.4 g, 1 mmol) and
and the residue was crystallized from acetic acid as yellowriethyl orthoformate (7 mL) was heated under reflux for 4
crystals of8a-d (Tables 1, 2). hrs. The precipitate that formed while hot was filtered off
2-Methylthio-3,9-diphenyl-7-(2'-thienyl)-pyrido[3',2": and recrytallized from DMF to give pale yellow crystals of
4,5]thieno[3,2-d]pyrimidne-4(3H)-one (9) Compound8a 12 IR: v = 1670 (C=0) crit. *H NMR (TFA): 6 = 9.3 (s,
(0.93 g, 2 mmol) was dissolved in 4% (10 mL, 10 mmol)1H, CH triazole), 7.4-8.5 (m, 14H: 10 ArH's, 3CH thienyl
ethanolic sodium hydroxide solution. To this solution methyland CH pyridine). MS: 477 (1 5%).
iodide (0.2 mL, 3 mmol) was added. The reaction mixture Biological screening The filter paper disc method was
was refluxed for 2 hrs. The precipitate was filtered off andperformed in Nutrient agar for bacteria and Dox agar for
recrsytallized from ethanol as white needleQdR: v = fungi. These agar media were inoculated with 0.5 mL of the
1670 (C=0) crit. *H NMR (TFA.): d = 8.0-8.3 (m, 3H, 24 h. liquid cultures. Filter paper discs (5 mm diameter)
2CH thienyl and CH pyridine), 7.3-7.8 (m, 11H: 10 ArH's saturated with each compound solution (10 mg/mL of
and CH thienyl), 2.0 (s, 3H, SGHopm. DMSO) were placed on the indicated agar media. The
3,9-Diphenyl-2-phenacylthio-7-(2'-thienyl)-pyrido[3',2": incubation time was 48 h (at 37 °C for bacteria and at 28 °C
4,5]thieno[3,2-d]pyrimidine-4(3H)-one (10) To a suspen- for fungi). Discs saturated with DMSO were used as control.
sion of compounda (0.94 g, 2 mmol) and sodium acetate The diameter of inhibition zones (mm) were measured and
trinydrate (0.54 g, 4 mmol) in ethanol (20 mL), phenacylrecorded.
bromide (0.4 g, 2 mmol) was added. The resulting mixture

was refluxed for 2 hrs. The precipitate that formed while hot References
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