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Abstract- The reaction between 2-chloronicotinlc acid chloride (I) and l-ben- - 
ryl-2-mercapto-1H-imida~o1e-5-carboxylic acid (IIai or its ethyl ester (I-) 

led to the formation of 5-0x0-5H-imidazor2, I-kj pyrido[3,2-4 111.4 thiazine-3- - 
carboxylic acid (VIIal or its ethyl carboxylate (VIIb) respectively. This new 

ring system undergoes ring-opening reactions by nucleophiles glving 2-(2-imid- 

azo1ylchlo)pyridme derivatives. 

Recently, some imidaealylheteroaryl sulphides have been extensively explored because of the variety 

1-7 
Of uses for thls biologically impo2tant.class of compounds. In the light of these data and in 

connection with our continuing studies on the synthesis of imldazole derrvatives with potentla1 bio- 
8-10 

logical activity, our particular interest has now been focused on the preparation of some 2-12- 

Imidazolylthiolpyridine derivatives. These compounds were prepared by reaction between l-aralkyl- 

2-mercapto-1H-imldazole-5-carbaxylic acids or their ethyl esters and 2-chloropyridine derivatives. 

The present paper deals with the synthesis and properties of the hitherto unknown hqhly reactive 

5-oxo-s~-irn~daear2, - I-b]pyrido[3,2-d[l,;] thiazine ring system, which was formed from the reaction 

between 2-chloronlcotinic acid chloride (I) and l-benzyl-2-mercapto-lB-imida~01e-5-~arboxylic acid 

(IIa) or its ethyl ester (IIbl. Considering the synthesis same remarks may be made. At fflrt, the 

reaction of I with an equimolar amount of 11 in refluxing benzene for two hours afforded a mixture 

of compounds V. VI, and VII (see Scheme 1) . I" these conditions 5-oxo-5~-imldazo[2.1-~ pyridor3, 2-4- 

L1.q thiazine-3-carboxylic acld (VlIal , or the corresponding ethyl carboxylate (VIIb) , were the ma- 

jor products, certainly resulting from a rmg-closure reaction at the nitrogen atam next to the COOR 

group of the debenzylated intermedlate IV. The formation of the acid V as a minor product 1s praba- 

bly due to the partial hydrolysis of the intermediate 111. In fact, the yield of V drastically de- 

creased when the reaction was carried out in anhydrous benzene. An incomplete ring-closure reaction 

after two hours of the intermedlate IV, whxh undergoes hydrolysis during the separation of the re- 

11 
action products, can explain the formation of VI. 



Scheme 1 

It is rnterestrng to note that the formation of VI and VII greatly depends on reactlon tlmes. In 

fact, when the reaction between I and I1 was carried out in the same conditions for eighteen hours, 

the products V and VII only were obtained. On the contrary, it must be emphasized that the yield of 

v is Independent on reactLon times. Moreover, when the reaction was performed with an equimalar a- 

mount of triethylamlne, the sole V was obtained; then the presence of hydrochloric acid in the reac- 

tion mixture accounted for the formation of intermediate IV by debenzylation of 111, When after re- 

fluxing for thirty minutes, gaseous ammonia was bubbled in the mixture of the reaction between I and 

Ilb, only 2-(1-benzyl-5-ethoxycarbonyl-2-~m~dazolylthro)pyridlne-3-carboxamide was produced (mp 175- 

176 OC from acetonitrile/water, y 97%; uv (methanol) : 214(4.32). 290sh(3.70) ; 'H-nmr (DMSO-d ) 6:7.93 

-1 
ls,lH,H-4 imldazole), 7.80lbroad s,2H,NH2), 5.60(s.ZH.N-CH ) ;  ir (KBr): 3320, 3160, 1725, 1675 cm 1 .  

2 

An explanation of this result was rapidly found. Evidently the assumed intermediate I11 was indeed 

formed but it readily converted to the correspondmg carbaxamlde. On the other hand, addition of 

thmnyl chlorlde to a mixture during the reaction, resulted in recovery of VIIb only (y 98%). Most 

likely under these condiflons the acid Vb was converted to the acid chloride IIIb which undergoes a 

ring-closure reaction to give VIIb. Thus, all the above products led us to conclude that in the 

synthesle the essential polnt is the nucleophllic attack of the mercapto group of I1 at highly elec- 

tron-deflclent C-2 atom of I. In fact, lt must be noted that several attempts to obtain V, start- 

ing from 11 and 2-chlaronicatinic acid at different conditions, failed. Of course, as expected, in 

no case 2-chloropyridme reacted with 11. Our interest in compound VII was also stimulated by the 

possibility of employmg it a s  potential synthon for novel 2-(2-imidazoly1thio)pyrldine derrvatr- 

ves. In fact compound VIIb readily underqoes a ring-open~ng reaction by nucleophiles in polar 

solvents. For instance, as reported in Scheme 2, the reactmn of VIIb with hot 5% sodium carbonate 
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solution afforded Vlb in good yreld. Moreover when compound VIIb was treated wlth free base hydrox- 

ylarnine in methanol or 30% ammonra, slzable amounts of 2-i5-ethoxycarbonyl-2-1m1ddzolylthlolpyrl- 

dine-3-carbohydroxamic acid (VIIII or the 3-carboxamlde analog (1x1 respectively were obtained. 
12 

Scheme 2 

A very Important behaviour of VI1a.b was discovered during the study of their uv spectra in metha- 

nol solution; both the compounds undergo rmg-opening reaction to give Xa,b, methyl carboxylate of 

~1a,b!~ The degradation rate of VIIb was so high that, also performing the spectrum immedrately, a 

mixture was always revealed; otherwise it was possible to determine the spectrum of VIIa. The maxi- 

ma and the molar absorptivities of the longest wavelength bands of VIIb were obtained examining its 

Stable solutlon in C H C ~  . The rate constants for a pseudo-first order reaction were calculated on 
3 

the bands at 340 nm, uneffected by the absorption of the resulting Xa,b; at 20 OC the rate constant 
- 1 

of VlIb was about 150 times greater than that of VIIa ik = 3.8.10-~ mi,'' and 2.5.108 mi" respec- 

tively). The ldentity of the uv spectra of compounds X ,  and VI, with those of unambiguous compounds 

V provides evldence of an identical structure. Accordingly, it is reasonable to presume the COOR 

group in the fused ring compounds VII be in the position 3. In additLon, the structure of compounds 
1 

VI was determined an the basis of H-nmr studies. The spectra show a broad signal due to the NH 

proton and a sharp singlet due to the H-4 proton of the imidazole nucleus: of course, on exchange 

With D 0, the NH signal disappears whereas the H-4 singlet remains unaltered. Wlth regard to com- 
2 

pounds VII, the presence of some fragment ions in their mass spectra agrees with the assigned struc- 

l l  
ture only. 
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A solution of equimolar amounts of I and I1 in benzene was refluxed for two hours. After cod- 

Ing the solid which separated was filtered and washed wlth cold 5% sodlum carbonate solution 

to glve VII. ~cidification of the alkaline solutmn with d~lute hydrochloric acid l p ~  4) gave 

a precipitate whlch was collected and suspended in boiling acetonitrlle. Compound VI was col- 

lected by flltratlon of the hot suspensmn; the flltrate was cooled and V separated out. 

Va : mp 200-201 from DMF/H 0 (y 10%); ir: 1690, 1620; uv: 207(4.521. 253(4.41), 2'35sh(3.69); 

1 
2 

H-nmr: 7.91(s,IH.H-4 imidazolel, 5.60(s,Z~,~-cH ) .  Vb : mp 208-209 OC from E ~ O H  ly 8%); ir: 
2 

I 
1720; uv: 20614.431, 254(4.321. 295sh(3.611; H-nu: 7.96(5,1H.H-4 imidazolel, 5.60(s,2H.N-CH I. 

2 
VIa : mp 264-265 OC from DMF/H 0 (y 15%): ir: 1700; uv: 209(4.27), 254(4.221, 295sh(3.63); 

2 
1 
H-nmr: 13.20-12.90(broad,IH,NH imidazole), 8.03(s,lH,H-4 imidazolel. VIb : mp 213-214 OC from 

1 
EtOH (y 20%); ir: 1730, 1680; uv: 208(4.31). 254(4.281, 295sh(3.61); H-nmr:  13.25-13,00Ibroad, 

~H,NH imidazolel, 8.081s.l~,~-4 im~dazole). vIIa : mp 272-273 "C from Dm/H 0 (y 65%); ir: 

1 
2 

1750, 1720; uv: 20914.291. 229(4.32), 270(3.98), 340(3.30); H-nmr: 9.08-8.75Lm.2H.H-6tH-8). 

8.60(5,1H.H-2). 7.85-7.65(ml1H,H-7); mass spectrum: m/z 246(100%1 /M-H~-, m/z 248(100%) /M+Hli, 

the m/z 338(45%1 and m/z 340(92%) w e r e  assumed to be entirely due to /~+qlycerol-HI- and /M+ 

glycerol+~l+ respectively. V I I ~  : mp 196-197 oc from E~OH IY 60%); ir: 1735. 1705; uv(c~c1 I: 
3 

1 
274(4.151, 35013.52); H-nmr: 8.90-8.82(m,ZH,H-6+H-8). 8.70(s,lH.H-21. 7.70-7.52Lm.lH.H-7). 

4.65-4.35(q,ZH,CH ) ,  1.60-1.38(t,3H,CH I; mass spectrum: m/z 366128%) I~tglycerol-HI-, m/z 380 

+ 3 

(loo%, I~+glycerol+HI , m/z 295(55%) ~P~CONCCO Et+glycerol-HI-, m/z 297(20%1 ~PYCONCM Ettglyc- 
2 2 

erol+H~+, m/z 250(45%) l~yco~cm+~lycerol-~~-, m/z 252(!5%1 ~ y ~ o ~ ~ ~ ~ - g l y c e r o l + ~ l + .  

VIII : mp 182 "C(dec.1from DMF/H 0 (y 96%); ir: 3300, 1695, 1645; uv: 203(4.21), 25414.261. 

1 
2 

290sh(3.671; H-nmr: 13.40-13.00(broad,-~H.NH imidazole), 11.70-11.301broad.1H.NHOH). 9.50-9.30 
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(broad, I H , ~ H ) ,  8.20is,1~,~-4 imidazolel. IX : mp 197-198 OC from E~OH/H 0 !y 96%); ir:3380. 
2 

1 
3280, 1690, 1610; uv: 204i4.26). 254i4.271. 290shi3.66); H-nmr: 13.25-13.00(broad,lH.NH irnld- 

azole), 8.23(s,lH.H-4 imidazalel, 7.90-7.70(broad,2H,NH 1. 
2 

13 xa : during the determ~nation of mp aver 266-267 'C the compound elimmates M ~ O H  to give VIIa.  

1 
1r: 1740, 1710; uv: 210(4.29),255(4.231, 295sh(3.53); H-nmr: 13.20-12.90(broad,lHrNH irnldaz- 

ole), 7.92(5, 1H.H-4 imidazolel, 3,92(s,3~,CU~l. W : the compound behaves as Xa and over 98- 
1 

99 "C gzves nib. Ir: 1720; uv: 209(4.27), 255!4.24), 295sh(3.581; H-nmr: 13.40-13.10(broad, 

1H,NH imidazolel, 8.05!s,lH.H-4 imrdarolel, 4.40-4.25iq.ZH.CH CH I, 3.95(s,3H,CH3), 1.38-1.22 
-2 3 

(t.3H.CH CH I. 
2 -3 
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