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CHARACTERIZATION OF SEVERAL NEW PYRIDINE 
AND ANNELATED PYRIDINE DERIVATIVES 
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(Received May 8, 1995; in final form July 22. 1995) 

Several new pyridines and annelated pyridines were synthesised via the reactions of some pyridinethiones 
with a variety of activated halogenomethyl containing reagents and hydrazines. Structures were estab- 
lished on the basis of elemental analysis and spectral data. 

Key words: Cyanothioacetamides, chloroacetyl derivatives, chlom-ketones, pyridines, annelated 
pyridines. 

INTRODUCTION 

Cyanothionacetamide (1) and its derivatives (2) are versatile reagents and their utility 
in heterocyclic synthesis has gained considerable recent attention.'-9 The reported 
biological activities of pyridines and annelated pyridines as antimycotic," antide- 
pressant," fungicidal,I2 antiarrhythmi~,'~ and ant i l ipemi~'~ agents stimulated our in- 
terest to synthesize a variety of these heterocycles. The arylidene cyanothioacet- 
amides &,b seemed to be excellent and unique starting materials to fulfill this 
objective. 

RESULTS AND DISCUSSION 

It has been found that the arylidene derivative 3 reacted, base catalysed, with ace- 
tylacetone (3) for 3 h to yield a product of molecular formula C,,H,,N2S,0 and m.p. 
188°C. This formula corresponded to the addition of & to 4 followed by the loss of 
water. The IR (cm-') spectrum of this product showed thepresence of NH (2350), 
CN (2210), acetyl CO (1700), C=S (1540) and saturated CH2, CH3 (2980) groups. 
Its mass spectrum gave m/e = 276. Moreover, its 'H-NMR spectrum (6 ppm) revealed 
among its signals those of pyridine H-4 (d, 4.1) and pyridine H-3 (d, 4.4). Based on 

$On leave to Department of Science, King Khalid Military Academy, P. 0. Box 22140, Riyadh 11495, 
Saudi Arabia. 
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32 F. A. ATTMY er al. 

3a ,b  EtOH 

the above data, this reaction product was formulated as 5-acetyl-3-cyano-6-methyl- 
4-(2'-thienyl)tetrahydro( lH)pyridine-2-thione (z). 

and 4 for 5 h resulted in the formation of 
another reaction product with m.p. 266°C as the sole product. This reaction product 
could, be formulated based on analytical and spectral data as 5-acetyl-3-cyano-6- 
methyl-4-(2'-thienyl)dihydro2(1 H)pyridine-2-thione (h) (cf. Experimental Part). 

The structure of 2 was further confirmed either by boiling its solution in ethanol 
for 2 h in the presence of TEA to yield @ or its independent synthesis via the 
reaction of - 1 with the ylidene derivatives of acetylacetone 2 (cf. Chart 1) as pre- 
viously r ep~r t ed '~  for similar ring systems. In contrast to its behavior towards 2, 
acetylacetone (4) - reacted with the furfurylidene derivative & either for 3 h or 5 h 
to yield the same product in each case which was formulated, based on elemental 
analysis and spectral data, as 5-acetyl-3-cyano-6-methyl-4-(2'-furyl)-tetrahydro- 
2( lH)-pyridine-2-thione 2 (cf. Experimental Part). Attempts to obtain the corre- 
sponding @ were unsuccessful under a variety of reaction conditions. Compounds 
-- 5a,b and 6a were chosen as the starting materials for the product study owing to the 
presence f more than one active site. Thus, each of g , b  and @ reacted with hy- 
drazine hydrate to afford sulfur-free reaction products. The IR spectra of these prod- 
ucts were free from the nitrile absorption bands. Their 'H-NMR spectra revealed the 
presence of NH and NH, signals at about 4.8-5.0 6 ppm. On shaking compounds 
- 10a and with deutrium oxide (D,O) the singlet broad signal at 6 4.8-5.0 pprn 
which corresponds to the 3H of both NH and NH, groups disappeared and two new 
signals appeared: The first is the singlet signal at S 4.5 ppm for 1H of DOH due to 
the exchanging proton at NH with D20 and the second is the singlet signal at S 4.7 
ppm for 2H of H,O due to the exchanging protons at NH, with D,O. 

Conducting the reaction between 

E t 3 N  4 

ICSNHz 
A r - C H = C  CH3 - C -CH2 - C  - CH3 

I 

? 
I 1  I1 

0 0 'CN 
NC-CH? - C  - N H z +  

1 2 a , b  

a ,  Ar = C L H g S - m  

b ,  Ar = C b H 3 0 - W  t 
/COCH3 

'COCH3 

L A r - C H = C  

7a.b 
CHART 1 
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CYANOTHIOACETAMIDE 33 

'2 H51 

These reaction products were formulated as the pyrazolo[3,4-b]pyridines E a , b  and 
- 1 la respectively, most likely formed via the intermediacy of the non-isolated hydra- 
zides -- 8a,b and % respectively. 

An unequivocal support for the structure of each of m,b and & was achieved 
via their synthesis by first formation of the corresponding 2-S-ethylpyndinethiones 
-- 12a,b and & respectively by the reaction of each of 3 , b  and respectively with 
ethyl iodide. Compounds -,b and 13a then reacted with hydrazine hydrate with 
the loss of ethyl mercaptan and cyclization under the applied reaction conditions to 
yield the corresponding &,b and & respectively (cf. Chart 2). 

a .  A r  = C 4 H 3 S - d  

b ,  Ar I C L H 3 0 - w  
C2H51 

H. I 

5a,b 

L 
8 a ,  b 

__ H3CN "&'. 
H3C SC2H5 

12a.b 

1' 

6 a  

H 

11 a 

13 a 

? 

1.H. 

Structures of @,b and @ were, in turn, established by elemental analysis and 
spectral data (cf. Experimental Part). Furthermore, the synthetic potential of each of 
_ _  5a,b was demonstrated via their reactions with a variety of chloroacids, esters and 
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34 F. A. AlTABY et al. 

amides - -  14a-d. Thus, it has been found that 3 reacted with chloroacetic acid (14a) 
to afford a product of molecular formula CI5Hl4N2S2O3 corresponding to equimo- 
lecular, addition and a loss of HCl. Its IR spectrum showed OH, two CO and CN 
groups while its ‘H-NMR spectrum revealed signals of two CH3, CH2, pyridine H- 
3 and H-4 in addition to thienyl and OH protons in the expected position (cf. Ex- 
perimental Part). The reaction product was assigned the 2-carboxymethylthiodihy- 
dropyridine structure &. 

Analogously, ethyl chloroacetate @), methyl chloroacetate (E) and chloro- 
acetamide (14d) reacted with 3 to afford the corresponding 2-S-alkyl-thiopyridine 
derivatives 15b-d respectively. Structures assigned for each of m-4 was based on 
correct elemental analysis and spectral data as for previously described (cf. 
Experimental Part). Further proof for the structure of each of 15a-d came from their 
cyclization by the action of boiling ethanolic KOH to yield the same product in each 
case which was formulated as the thieno[2,3-b]pyridine derivative m. The forma- 
tion of in this reaction is assumed to proceed via the initial formation of the 
non-isolable thieno[2,3-b]dihydropyridine derivative 16a which underwent auto- 
oxidation into under the applied reaction conditions (cf. Chart 3). 

0 Ar 

5 a ,  b 
Ct  - CH2 COX , CH3%N 

1 4 a - d  CH3 N S-CH2-COX 

15a.e : X OH 

15c,g : X = OMe 
15b,f : X = OEt 

15d.h : X = NH2 

1 5 a - d ,  A r  = C A H 3 S - d  

15e-h .  A r  C4H30-@ 

EtOH KOH I 
17a.  A r =  C4H3-S-= 
17b, A r =  CAH3-O-M 16a-d 

0 
18a,  A r =  CAH3S-cx 
l a b ,  A T =  C 4 H 3 0 - U  

CHART 3 
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CYANOTHIOACETAMIDE 35 

In support of this idea, the ‘H-NMR spectrum of 17a was found to be free from 
pyridine signals. Furthermore, 17a reacted with acetic anhydride to yield the thi- 
eno[3,2-d]-isoxazino[2’,3‘-b‘]pyridine derivative @ whose IR and 1H-NMR data 
were in good agreement with the assigned structure (cf. Experimental Part). In the 
same manner, 3 reacted with each of E-cj to give the corresponding to 2-S- 
akylpyridines - -  15e-f respectively. Structure of 15e-f was also based on both ele- 
mental analysis and spectra previously reported for 15a-d (cf. Experimental Part). 

Compounds 15e-h could also be cyclized into the same reaction product in each 
case which was formulated as the thieno[2,3-b]pyridine derivatives j7J most likely 
via the intermediate E. The structure of was further established by the reaction 
with acetic anhydride to yield the corresponding thieno[3,2-d]isoxazino[2’,3’- 
b’lpyridine derivative @ which gave correct elemental analysis and expected value 
in its IR and ‘H-NMR spectra (cf. Experimental Part). Work is now in progress to 
investigate the behavior of 5 , b  and @ towards the action of some halogeno ketones, 
esters and active methylene reagents. 

EXPERIMENTAL 

All melting points are uncorrected. IR spectra in KBr discs were recorded on Perkin-Elmer FT-IR type 
4 and Pye-Unicam SP-1100 spectrophotometer. ‘H-NhfR spectra were recorded on Varian EM 390-90 
MHz, Gemnaii 200 MHz and Brucker WP-80 spectrometers using CDCI,, DMSO-d, and (CD,),CO as 
solvents and TMS as an internal standard. Chemical shifts are expressed as 8 ppm units. Mass spectra 
were recorded on Hewlett-Packard GC-MS type 2988 series A using DIP technique at 70 eV. Micro- 
analyses were performed at the Microanalytical Center of Cairo University using Perkin-Elmer 2400 
CHN Elemental Analyzer. Compounds xqb’6 and 2.b” were prepared following literature procedure. 

Synthesis of &,b and @: (General Procedures) 

A) A solution of acetylacetone (4, 0.01 mole) and each of 2.b (0.01 mole) in ethanol (30 ml) containing 
TEA (0.05 ml) was heated under reflux for 3 h. The product obtained after cooling was filtered off and 
crystallized from ethanol to give 2.i respectively (cf. Tables I and U). 

B) Performing the reaction between 5 (0.01 mole) and each of 2.b (0.01 mole) for 5 h and isolation 
of the products as in (A) gave @ and 

C) Compound @ was also obtained by heating under reflux a solution of 2 in ethanol for 2 h in the 
presence of TEA. 

D) A solution of l ( O . 0 1  mole) in absolute ethanol (20 ml) containing TEA (0.5 ml) was treated with 
each of 3.5 (0.01 mole) and heated under reflux for 5 h. The solid product obtained after cooling was 
crystallized from ethanol to give 2,: respectively (cf. Tables I and U). 

Reactions of Ethyl Iodide with 2.b and @: (General Procedure) 

A solution of each of &,b or & (0.01 mole) in ethanolic sodium ethoxide (0.01 mole) in ethanolic 
sodium ethoxide (0.01 mole), prepared from the equivalent amounts of sodium metal and ethanol, was 
treated with ethyl iodide (0.01 mole) and heated under reflux for 5 h. The solid product obtained on 
pouring onto cold water was filtered off, washed with water then crystallized from ethanol to give @,b 
and & respectively (cf. Tables I and 11). 

Reactions of Hydrarine Hydrate on Each of5a.b. 6a. 12a,b and fi (General Procedure) 

A mixture of 2.5, 6a, 12a.b or 13a (0.01 mole) was treated with an excess of hydrazine hydrate (2-3 
ml) and heated under reflux until the odor of H,S or C2H,SH ceased (4-5 h). The solid product obtained 
after cooling was filtered off and crystallized from ethanol to yield E . 5  and fi respectively (cf. Tables 
I and 11). 

Reactions of 2 .b  with Each of &-4: (General Procedure) 

A solution of 2,b (0.01 mole) in sodium ethoxide (0.01 mole, prepared from the equivalent amounts of 
sodium metal and methanol) and of &-$ (0.01 mole) was heated under reflux for 4-5 h (TLC mon- 

respectively (cf. Tables I and II). 
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36 F. A. A'ITABY et al. 

TABLE I 

* - Solvent of Crystallization is Ethanol 

itered). The reaction products obtained after cooling were poured onto ice-cold water then acidified with 
conc. HCL (5 ml). The solid products obtained were filtered off, washed with water then crystallized 
from ethanol to give +-cJ and 15e-k respectively (cf. Tables I and II). 

Cyclizarion of +-cJ and E - h :  (General Procedure) 

A solution of each of 15a-d or (0.01 mole) in ethanol (30 ml) was treated with KOH (0.01 
mole) and the reaction mixture was heated under reflux for 5 h then poured and rendered acidic using 
conc. HCI. The solid obtained was filtered off, washed with water then crystallized from ethanol to give 
- 17a and 3 respectively (cf. Tables I and II). 
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CYANOTHIOACETAMIDE 37 

TABLE II 
IR and 'H NMR spectral data 

IR (KBr,cm-l) 

3250 (NH), 3090 (CH 
aromatic), 2980 (CH 
sat), 2210 (CN), 1700 
(CO acetyl), 1625 (C=N), 
1600 (C=C), and 1540 
(C=S) 

3281 (NH), 3065 (CH 
aromatic), 2951 (CH 
sat), 2222 (CN), 1699 
(CO acetyl), 1625 (C=N), 
1600 (C=C), and 1545 
(C=S) 

3400, 3330, 3280 (NH2 

and NH), 3100 (CH) 
aromatic), 2985 (CH 
sat ), 1699 (CO acetyl), 
1620 (C=N) and 1600 
JC=C) 

3400, 3330, 3280 (NH2 
and NH), (CH aromatic), 
2970 (CH, sat ), 1699 
(CO acetyl), 1620(C=N), 
1600 (C=C) and 1540 
(C=S) 

3070 (CH, aromatic), 
2975 (CH, sat ), 2210 
(CN), 1699 (CO-acetyl), 
1625 (C=n), 1600 (C=C) 
and 1540 (C=S) 

3080 (CH aromatic), 
2985 (CH, sat ), 2220 
(CN). 1698 (CO-acetyl) 
1625 (C=N), 1600 and 
(C=C) 

I€€-NMR (DMS04CDC13 6ppm) 

1.25 (s, 3H, CH3); 2.5(s, 3H, CH3- 
CO); 4 8 (s, lH, NH); 4.1 (d, IH, 
pyridine H-4); 4.4 (d, lH, pyridine H- 
3); and 6.5-6 7 (m, 3H, thienyl). 

1.3 (s, 3H, CH3); 2.5(s, 3H, CH3- 
CO); 4.9 (s, lH, NH) and 6.4-6.8 (m, 
3H, thienyl). 

~ 

1 2 (s, 3H, CH3), 2 4(s, 3H, CH3- 
CO), 4 9 (br, 3H, NHz and NH), 4 2 
(d, IH, pyndine H-4), 4 4  (IH, 
pyndine H-3), and 6 3-6 6 (m, 3H, 
thienyl) 

1 4 (s, 3H, CH3), 2 5 (s, 3H, CH3- 
CO), 4 8 (br, 3H, NH2 and MI) and 
6 5-6 8 (m, 3H, thjenyl) 

1 2  (s, 3H, CH3), 25(s,3H,CH3- 
CO), 1 5 (t, CH2-CH3), 2 2 (q, 2H, 
CH2-CH3), 4 2 (d, lH, pyndine H- 

3), 4 5 (d, IH, pyndine H-4), 6 6-6 9 
(m, 3H, fwl) 
1 2  (s, 3H, CH3), 2 5 (s, 3H, CH3- 
CO), 1 5 (t, CH2-CH3), 2 5 (2H, 
CH2-CH3) and 6 5-6 7 (m, 3H, 
thienyl) 

Reaction of Acetic Anhydride with I,:: (General Procedure) 

A mixture of each of fi,! (0.01 mole) and acetic anhydride (20 ml) was heated under reflux for 5 h. 
The product obtained after cooling was filtered off and crystallized from ethanol to give 18a.k respec- 
tively (cf. Tables I and 11). 
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38 F. A. A'ITABY ef al. 

TABLE II (Continued) - 
-amp. 

- 5a 

IR (KBr,cm-I) 

3400-2400 (OH 
acid),3090 (CH 
aromatic), 2980 (CH, sat 

acid), 1696 (CO acetyl), 
1620 (C=N), and 1600 

), 2210 (CN), I730 (CO- 

(C=C) 

3070 (CH aromatic), 
2950 (CH, sat ), 2222 
(CN), 1728 (CO,ester), 
1699 (CO acetyl), 1625 
[CyN), and 1600 (C=C) 1 

3080 (CH aromatic), 
2975 (CH, sat ), 2210 
(CN), 1730 (CO,ester), 
1700 (CO acetyl), 1620 
(C=N), and 1600 (C=C) 

3496-3369(NH2) 3300- 

2400 (OH acid),3090 (CH 

aromatic), 2975 

(CH,sat ), 1697(COacetyl) 

,1647 (CO-acid hydrogen 

bonding), 1620 (C=N), 

and 1600 (C=C) 

3100 ( CH aromatic), 
2980(CH sat ),I757 (CO 
oxazinone), 1697(CO 
acetyl),1620(C=N) and 
(C=C) 

IH-NMR (DMSO~,CDCI~ G ppm) 

1 .1  (s, 3H, CH3); 2 5 (s, 3H, CH3- 
CO), (d, IH, pyridine H-4), 4.4 (d, 
IH, pyridine H-3), 6.4-6.7 (m, 3H, 
thienyl) and 10.7 (s, IH, acid) 

1 2  (s, 3H, CH3), 2 1 ( s ,  3H, CH3- 
CO), 3 1 ( s ,  3H, CH3- 0-CO), 3 3 
( s ,  2H, S- CH2-C0),4 1 (d, IH, 
pyridine H-4), 4 4 (d, IH, pyridine H- 
3) and 6 6-6 8 (m. 3H. thienvl) 

1 I (s, 3H, CH3), 2 5 (s, 3H, CH3- 

CH2-CH3), 4 1 (d, IH, pyridine H- 
3), 6 6-6 8 (m, 3H, furyl) 

CO),l 5(t,CH2-CH3), 2 5-(q,2H 

1 2 (s, 3H, CH3at pyridine), 2 2 (s 

6 6-6 8 (m, 3H, thienyl) and 10 6 (s 
lH, acid) 

3H, CH3- CO), 5 1 ( s ,  2H, NH2) 

1 l(s,3H,CH3 at pyridine), 1 5 (s, 
3H, CH3 oxazinone), 2 2(s,3H,CH3. 
CO) and 6 5-6 B(rn,3H,hryl) 
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