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ON THE REACTION OF 2-CHLORONICOTINIC ACID WITH 2-AMINOBENZOTHIAZOLE 
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*bstrect -  he results of the reaction of 2-chloromcotinic acid wlth a serles of 2-am=- - 
nobenzothiazoles are  reported. Under reflux of xylene the major product is the carrespon- 

ding N-(2-benzothiazolyl)-1.2-dlhydro-Z-oxon~cotinaaade. Its structure is confirmed by 

an alternative synthesis and a possible explanat~on for its formation is provided. The 

results of the reaction of 2-ammobenzothiazole with 2-chloronicotinoyl chlorlde and me- 

thyl 2-chloronicotinate are also summarized. 

2-Chloronicotinic acid is an ambident electrophilic reagent, the reactions of whlch with aliphatic 

and aromatl~ amines are well documented and known to yield 2-aminonicotinlc acids.' along with minor 
2 

amounts of the corresponding 2-aminonlcotinamides . 
1t is also known that when 2-chloronicotinoyl chloride is made to react with amines, 2-chlaronicotl- 

narnldes ere obtained3. Thus, the following decreasing order of electraphilicity towards amines can 

be established: -COC1>C2 - Cl>COOH 

In bath cases, when ambldent nucleophillc reagents are  used, fused policyclic compounds may result 

1.4,s. 

One of these dinucleophiles is 2-aminabenzothlazole. and eccordmg to this framework, the reaction 

of 2-chloronicotinoyl chloride 1 vlth 2-aminobenzoth~azole leads to the expected N-(2-benzothiazo- 
ly1)-2-chloronicot inamide6 3 which can be cyclized to the corresponding 5-0x0-SH-pyrido[3',2':5.6] 

6 
pyrlrnido r2.1-b] benzothlazole 4 upon heating in DMF . (Scheme 1). 
Nevertheless, the reaction of 2-chloronlcotinic a c ~ d  wlth 2-aminobenzothiazole proved to be less 

strsightforward since nelthel. of the expected products (2 or E )  could be identified. 

This was in contrast w t h  the previous report4 in whlch the reaction of 2-chloronicotlnic acld wlth 

2-amino-4-arylthiazolea gave 3-aryl-5-oxo-~~-pyrido[2,3-d]thlazolo~3.2-a]pyrimidines, though the 

stated yields were low (12.18%) and no characterizatmn of byproducts was reported. 

Our experience was that when the reaction of 2-chloronicotinic acid 5 with 1 was performed by mel- 
ting the mixture, without any solvent, two mam products resulted (Scheme 2), one of them being the 

angular fused derivative 4. Evolution of ammanla was observed and led us to suspect that 2.2'-mino- 

bis (benzoth~azole)fj might have been formed, since thls type of reaction is not without precedent 

ln the literature7. Its physical and spectral propert~es were identical to those previously descri- 
8 

bed . The reaction was carried out under a variety of conditions but complex mixtures resulted in 

evmy case, and only under reflux of xylene was a major product of unknown structure (labelled 1) 
obtained, along with minor amounts of compounds 3, a and 5 (Scheme 2). 
According to the pattern of reactivity previously stated, two structures could be devised for the 

resulting major product, namely, that of 2-(2-benzothiazoly1~mino)nicotinic acid z, ar that of 5- 

o x o - 5 ~ - p y r i d o [ 2 ' , 3 ' : 4 , 5 ] p y ~ i i i d 0 i 2 , 1 - b ] b t h 1  c. Elemental analysis and molecular ion 

determination ruled out the linear fused structure % and supported that of 2. Nevertheless, neithe 
the '~-nmr spectrum, nor the mass spectral fragmentations seemed to point to structure 2, as no 
fragment 1- at M-18, M-44 or M-45 were observed; instead, successive losses of 28 mass umts from 

molecular and fragment ions. Furthermore, in the '~-nrn= spectrum of the 6 and J values for pyrldi- 
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- Scheme 2 - 

ne 8-proton strongly suggested the presence of a 2-pyrldone ring. 

That compound I was not structure - 7a was confirmed by its inability tq undergo cyclodehydration on 
5 

treatment with polyphosphoric acid, dicyclohexylcarbodiimide or thionyl chloride and by an indepen- 
9 

dent synthesis of from % shown in scheme 3. As additional proof, 2 was converted quantitative- 
ly into 2 on heating in DMF. 
Finally, and in accordance with the afwmentioned data, compound I was assigned a structure of N- 

(2-benzothiazolyl)-l,2-dihydro-Z-oxonicot1nam1de, which was confirmed by an independent synthesis 

from compound 3, involving hydroxylation with potassium hydroxide in DMSO'O (Scheme 4 ) .  
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- Scheme 3 - 

- Scheme 4 
One way of accounting for the formation of from 2-chloronicotinic acid and 2-aminobenzothiazole 

implies the existence OF 8 as a reactive intermediate, resulting from the thermic degradation of 
- 

5 (Scheme 5). - 
A slrnilar explanation has been put forward in the case of the reaction of 2-chloronicotlnlc acld 

2 with sterically-hindered anilines . However, steric hindrance cannot be invoked here, but it can be 
supposed that all the factors workmg against the attack of the amino group -such as the weak nu- 

cleophilicity of 2-amlnobenzothiazole- favour the degradation of 5 to yield 8. 
It can therefore be stated that 2-amlnobenzothiazole is not nucleophilic enough to substitute the 

chlorine atom in 2-chloron~cotinic acid; additional support for this affirmation is provided by the 

fact that there is no reaction between 2-aminobenzothiazole and methyl 2-chloronicotinate, a subs- 

trate which shows a similar reactinty at C-2 but which cannot undergo self-condensation to 8. In 
fact starting matermls were recovered nearly unchanged after 40 h at reflux of-xylene. 



- Scheme 5 . 

Similar results were observed with a serles of substituted 2-aminobenzothiazoles 

EXPERIMENTAL 

Meltmg points were determined uslng a B"chi 510 apparatus and are uncorrected. I.R. spectra were 

recorded on a perk="-~lmer 283 instrument. 'H.N.M.R. spectra were obtained on a perkin-rimer R-12-0 

spectrometer with TMS as internal reference. Mass spectra were recorded uslng a Hewlett-Packard 5930 

-A SpectrometeP. 

Preparation of N-(2-Benzoth~azolyl)-1,2-dihyd~o-2-oxon~cotinam~des 

General Method A: 0.01 mol (1.57 g) of 2-chloronicotlnlc acld 5 and 0.01 mol of the correspondi~ 
2-aminobeneathlazole were dissolved in 50 ml of xylene and heated under reflux for 40 h. The mixture 

was the cooled and the precipitate filtered off, washed with benzene and ethanol and recrystallized 

from DMF. 
6 General Method 9: Zmrnal of the corresponding N-(2-benzothiazolyl)-2-chl000n~~0tinamide and 16 mmol 

(0.896 g) of potassium hydroxide were dissolved in 10 ml of DMSO and heated at 15O0C for 3 h.  he 

nlxture was then cooled, poured lnto water (20 ml) and acidified with hydrochloric acid until @5. 

The precipitate thus obtained was filtered off, drled and recrystallized from Dm. 

N-(2-Benzothiazolyl)-1,2-dihydro-z-oxonlcotinamide: mp>300DC; yield 21% (method A), 57% (method B ) ;  

ir ( " ~ ~ 0 1 )  1680, 1635 o-l; '~-nmr(~~so-d ) d  13.7 (s, 1 H). 8.55 (dd, J = 7 Hz, J m =  2 Hz, 1 HI. 
6 

8.1-7.1 (rn, 5 HI, 6.65 (dd, J = 7 Hz, J' = 6,5 Hz, 1 H) ; ms, m/z 271(~+, 89%). 243(21), 150(100), 

122(100), 94130). 66(15): calc. for C H N 0 S : C,57.55% ; H.3.34 ; N,15.49 ; found: C,57.38 : 
1 3 9 3 2  

H.3.56 ; N,15.39 

N - ~ 6 - M e t h o x y - 2 - b e n r o t h i a z o l y 1 ) - 1 . 2 - d ~ h y d - 2 - i t d :  mp>300°C; yield 28% (A); 54% (B); 

r j l  1685 1630 ~ r n - ~ ;  'H-~~(TFA)& 8.85 ldd, J = 7 Hz, J t =  2 Hz, 1 HI; 8.0 ldd, J = 6, 5 Hz, 

J'= 2 Hz, 1 HI, 7.8-7.2(m, 3 H), 7.0(dd, J = 7 Hz, J t =  6,s Hz, 1 H), 4.0(s, 3 H). 
N-~6-Methyl-2-benzothlazalyl)-1,2-dihydro-2-axonicotinamide: mp>300°C; yleld 3 W A ) ;  ir lnujol) 

1680, 1630 cm-l; '~-nrnr(TFA)6 9.0(dd, J = 7 Hz, J'= 2 Hz, 1 H), 8.15 (dd, J = 6.5 Hz, J'= 2 Hz,l H), 

8.0-7.6 Im, 3 H), 7.1(dd, J = 7 Hz, :'= 6.5 Hz, 1 H), 2.6 ( s ,  3 HI; ms, m/z 2 8 5 1 ~ ~ .  100%). 257(10), 

1641100), 122(100). 94149). 66126); calc. for Cl4Hl1N3O2S : C, 58.93% ; H. 3.88 ; N, 14.73 ; found: 

C, 59.06 ; H, 3.75 ; N, 14.58. 

N-(4-Chloro-Z-benzothiazolyl)-1.2-dlhydro-2-oxon~cotlnamide: mp> 300°C; yield 49%(B); ir (nujol) 

1680, 1630 cm-I; 1 ~ - n m r l ~ ~ ~ 1 6  6.85(dd, J = 7 Hz, J q =  2 HZ, 1 H), 8.1-7.5 (a, 4 HI, 6.95 (dd, J = 7 

Hz, J'= 6.5 Hz, 1 H). 

N-~5,6-Dlmethyl-2-benzothiazolyll-1.2-dihydro-2-oxon~cot~naa~de: mp>300°C; yleld 5096(8); ~r (nujol) 

1680, 1630 crn-': 'H-~~ITFA) 68.95(dd, J = 7 Hz, J'= 2 Hz, 1 HI, 8.1 (dd, J = 6,5 Hz, J m =  2 Hz. 181, 
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7.8is. 1 H ) ,  7.65(s, 1 HI, 7.1166, J = 7 Hz, S'= 6.5 Hz, 1 HI. 2.5(s, 6 H) 

Preparation of 2-(2-Benzothiazolylamino)nicct inic Aclds (General Method) 
9 1 mmol of the corresponding 5-oxo-~~-pyrid0[2',3' : 4,5]pyrimido[2.1-b]benzothiazole was added to 

a solution of potasslum hydroxidelO.146 g) in 5 ml of 1/1: methanol/vater. The suspension was reflu- 

xed for 2.5 h, then cooled and the solutlon abtalned was acidified with 6N hydrochloric acid until 

pH 4. The vhlte precipitate was recovered by filtration, washed wlth water, dried and recrystallized 

2-(2-Benz0th iaz01~lami io~n1cot in ic  Acld: mp 261-263OC; ywld 98%; ir nujol 1700, 1610 crn-'; '~-nrnr 

iDMSO - d ) 68.55idd, J = 5 Hz, S'= 2 Hz, 1 HI, 8.35 (dd. J = 7.5 Hz, J'= 2 Hz, 1 H), 8.0 - 6.5 ( m ,  
6 

6 H); calc. far C H N 0 S : C, 57.55% ; H, 3.34 ; N, 15.49 ; found: C, 57.70 ; H, 3.41 ; N, 15.30. 
1 3 9 3 2  1 

2-(6-Methyl-2-benzothiazolylamino~ni~0tinic Acid: mp 278-280~~; yield 96%; ir inujol) 1700.1620 cm- 

; l~-nmr (DMSO - d ) 6 8.6idd. S = 5 Hz, J'= 2 Hz, 1 HI, 8.4 (dd, S = 7.5 Hz, J S =  2 Hz, 1 H) , 7.8 - 
6 

7.0 im, 4 H), 2.4 is, 3 H) ; ms, m/z  285(~+, 97%), 267i100). 241(68), 240(59), 239i191, 133.5 

(~-18'++, 32) ; calc. for C14H11N302S : C, 58.93% ; H,  3.88 ; N, 14.73; found C. 58.78 ; H, 3.70 ; 

N, 14.91. 
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