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Abstract - The results of the reaction of 2-chloronicotinic acid with a series of 2-ami-
nobenzothiazoles are reported. Under reflux of xylene the major preduct is the correspon-
ding N-{2-benzothiazolyl)-1,2-dihydro-2-oxonicotinamide. Its structure 1s confirmed by
an alternative synthesis and a possible explanation for 1ts formation is provided. The
results of the reaction of 2-amincbenzothiazole with 2-chleoronicotinoyl chleride and me-

thyl 2-chlorcnicotinate are also summarized.

2~Chloreonicotinic acid is an ambident electrophilic reagent, the reactions of which with aliphatic
and arcmatic amines are well documented and known to yield 2-amincnicotinic acicls,l along with minor
amcunts of the corresponding E—aminonlcotinamidesz.

It is also known that when 2-chloronicotinoyl chleride is made to react with amines, 2-chloronicoti-
namides are obtaineda. Thus, the following decreasing order of electrophilicity towards amines can
be established: —COCl>02 - Cl>COO0H

In both cases, when ambident nucleophilic reagents are used, fused pelicyclic compounds may result
1,4,5,

One of these dinucleophiles is Z2-amincbenzothiazole, and according to this framework, the reaction
of 2~-chleronicotinoyl chleride 1 with 2-aminobenzothiazole 2 leads to the expected N-{(2-benzothiazo-
lyl)—2—chloronicatinamide6 3 which can be cyclized to the corresponding 5-oxo»5H«-pyrido[3',2':5,6]
pyrimide [2,1—b] benzothiazole 4 upon heating in DMFE. (Scheme 1).

Nevertheless, the reacticn of 2-chleronicotinie acid with 2-aminobenzothiazole proved to be less
straightforward since neither of the expected products (7a or 7b) could be identified.

This was in contrast with the previous reportd in which the reacticn of 2-chlorenicetinic acid with
2-amino-4-arylthiazoles gave 3-aryl-5-oxo-5H-pyrido[2,3-d]thiszole{3,2-a)pyrimidines, though the
stated yields were low {12-18%) and no characterization of byproducts was reported.

Our experience was that when the reaction of 2-chleronicotinic acid 5 with 2 was performed by mel-
ting the mixture, without any solvent, two main products resulted (Scheme 2), one of them being the
angular fused derivative 4. Evelution of ammcnia was observed and led us to suspect that 2,2'-imino-
bis (benzothiazole)6 might have been formed, since this type of reaction is not without precedent
in the liter‘ature'?. Its physical and spectral properties were identical to those previcusly descri-
beda. The reacticon was carried out under a variety of conditions but complex mixtures resulted an
every case, and only under refiux of xylene was a major product of unknown structure (labelled 7)
obtained, along with minor amounts of compounds 3, 4 and 6 {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-benzothiazolylaminc)nicotinic acid 7a, or that of 5-
oxc-SH-pyrido [2' 3 :4,5] pyrimideo [2,1—b]benzothiazole 7b. Elemental analysis and molecular ion
determination ruled out the linear fused structure 7b and supported that of 7a. Nevertheless, neitha
the 1H—nmr‘ spectrum, nor the mass spectral fragmentations seemed to point to structure 7a, as no
fragment ios at M-18, M-44 or M-45 were observed; instead, successive losses of 28 mass units from

melecular and fragment ions. Furthermore, in the lH—nmr spectrum of 7 the & and J values for pyradi-
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ne B-proten strongly suggested the presence of a 2-pyridone ring.

That compound 7 was not structure 7a was confirmed by its inability to undergo cyclodehydration on
treatrment with polyphosphoric acid, dicyclohexylcarbediimide or thionyl chlor‘ide5 and by an indepen-
dent synthesis of 7a from &9 shown in scheme 3. As additional proof, 7a was converted quantitative-
ly inte 7b on heating in DMF.

Finally, and in accordance with the afaementioned data, compound 7 was assigned a structure of N-
{2-benzothiazolyl)-1,2-dihydro-2-oxonicotinamide, which was confirmed by an independent synthesis

from compound 3, involving hydroxylation with potassium hydroxide in DMSOlO (Scheme 4).
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One way of accounting for the formation of 7 from Z-chloronicotinic acid and Z2-aminobenzothiazole
implies the existence of 8 as a reactive intermediate, resulting from the thermic degradation of
5 (Scheme 5).

A similar explanation has been put forward in the case of the reaction of 2-chloronicotinic acid

with sterically-hindered anilines2 However, steric hindrance cannot be invoked here, but it can be

supposed that all the factors working against the attack of the amino group -such as the weak nu-
cleophilicity of 2-aminobenzothiazole- favour the degradation of 5 to yiela 8.

It can therefore be stated that Z-aminobenzothiazole is not nucleophilic enough to substitute the
chlorine atom in 2-chloronicotinic acid; additional suppert 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 reactivity at C-2 but which cannct underge self-condensation to 8. In

fact starting materials were recovered nearly unchanged after 40 h at reflux of-xylene.
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Similar results were observed with a series of substituted Z-aminobenzothiazoles.

EXPERIMENTAL

Melting points were determined using a Buchi 510 apparatus and are uncorrected. I.R. spectra were
recorded on a Perkin-Elmer 283 instrument. 1H—N.M.R. spectra were obtained on a Perkin-Elmer R-12-B
spectrometer with TMS as internal reference, Mass spectra were recorded using a Hewlett-Packard 5930
-A spectrometer.

Preparation of N-{2-Benzothiazolyl)-~l,2-dihydro-2-oxonicotinamides

General Method A: 0,01 mol (1.57 g) of 2-chlorcnicotinic acid 5 and 0.01 mol of the corresponding
2-amincbenzothiazole were dissoclved 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.

General Method B: 2mmpl of the corresponding N-(Z-benzothiazolyl) -2—<:hlcn"onlcc>‘o:inamide6 and 16 mmol
(0.896 g) of potassium hydroxide were dissolved in 10 ml of DMS) and heated at 150°C for 3 h. The
mixture was then cocled, poured ainto water (20 ml} and acidified with hydrochloric acid until pH5.
The precipitate thus obtained was filtered off, dried and recrystallized from DHF.
N-{2-Benzothiazolyl)-1,2-dihydro-2-oxonicotinamide: mp > 300°C; yield 21% (method A), 57% (methcd B);
ir {nujol) 1880, 1635 cm_l; 1H-nmr‘{DMSO—d6)6 13.7 (s, 1 H), B.55 {dd, J = 7 Hz, J'= 2 Hz, 1 H),
8.1-7.1 (m, & H), 6.65 {(dd, J = 7 Bz, J' = 6,5 Hz, 1 H) ; ms, m/z 271(M", 89%), 243(21}, 150(1C0),
122(100), 94(30), 66(15); calc. for C gHgH 0,8 ¢ C,57.88% ; H,3.34 ; N,15.49 ; found: C,57.38 ;
H,3.56 ; N,15.,39

N-(6-Methoxy-2-benzothiazolyl)-1,2-dihydro-2-oxonicotinamide: mp> 300°C; yield 28% {A&); 54% (B);
ir {nujol) 1685, 1630 cm_l: lH—nml"(T]"A){i 8.85 {(dd, J = 7 Bz, J'= 2 Hz, 1 H); 8.0 (dd, J = 6, 5 Hz,
J'= 2 Hz, 1 H), 7.8-7.2(m, 3 H), 7.0(dd, J = 7 Hz, J'= 6,5 Hz, 1 H), 4.0(s, 3 H).
N-(6-Methyl-2-benzothiazolyl)-1,2-dihydro-2-oxonicotinamide: mp»300°C; yield 32%{a); ir (aujol)
1680, 1630 en™*; ‘Honmr(TFA)S 9.0{dd, J = 7 Hz, 3'= 2 Hz, 1 H), 8.15 (dd, J = 5,5 Hz, J'= 2 Hz,1 H),
8.0-7.6 (m, 3 H), 7.1(dd, J = 7 Hz, J'= 6,5 Hz, 1 H), 2.6 (s, 3 H); ms, m/z 285(M", 100%), 257(10),
164{100), 122{100), 94{49), 66{26); calc. for C) H;,N;0,5 : C, 58.93% ; H, 3.88 ; N, 14.73 ; found:
C, 59.06 ; H, 3.75 ; N, 14.58.

N-{4-Chloro-2-benzothiazolyl)-1,2-drthydro-2-cxonicotinamide: mp>» 300°C; yield 49 %(B}; ir (nujol)
1680, 1630 cm 1; lHonmr(TFA)s 8.85({ad, J = 7 Hz, J'= 2 Hz, 1 H), 8.1-7.5 (m, 4 H), 6.95 (dd, J = 7
Hz, J'= 6,5 Hz, 1 H).

N-{5,6-Dimethyl-2-benzothiazolyl)-1,2-dihydro-2-oxonicotinamide: mp>300°C; yield 50%(B); 1r {(nujol)

1680, 1630 cm_l; 1H—m'rL):‘(TFA] $8,95(dd, J = 7 Hz, J'= 2 Hz, 1 H), 8.1 {dd, J = 6,5 Hz, J'= 2 Hz, 1H),
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7.8(s, 1 H}, 7.65(s, 1 H), 7.1(ad, J = 7 Hz, J'= 6,5 Hz, 1 H), 2.5(s, 6 H}.

Preparation of 2-(2-Benzothiazolylamino)nicotinic Acids (General Method)

1 mmol of the corresponding 5—oxo—5H—pyrido[2',3': A,S]pyrimidofz,l—b]benzothiazoleg was added to
a solution of potassium hydroxide (0.146 g) in 5 ml of 1/1: methanol/water. The suspension was reflu-
xed for 2.5 h, then cocled and the solution obtained was acidified with 6N hydrochleoric acid until
pH 4. The white precipitate was recovered by filtration, washed with water, dried and recrystallized

from n-butancl.

2-(2-Benzothiazolylamino)nicotinic Acid: mp 261-263°C; yield 928%; ir nujol 1700, 1610 cm_l; 1H-nmr
(DMSD - dﬁ) §8.55{ad, J = 5 Hz, J'= 2 Hz, 1 H), B.35 (dd, J = 7.5 Hz, J'= 2 Hz, 1 H), 8.0 - 6.5 (m,
6 B); calc, for 013H9N3025 : C, 57.55% ; H, 3.34 ; N, 15.49 ; found: C, 57.70 ; H, 3.41 ; K, 15.310;1
2-~(6-Methyl-2-benzothiazolylaminolnicotinic Acid: mp 278-280°C; yield 96%; ir (nujol) 1700,1620 cm

H IH—nmr (DMSO - d6)6 8.6{(dd, J = 5 Hz, J'= 2 Hz, 1 H), 8.4 (d4, J = 7,5 Hz, J'= 2 Hz, 1 H}, 7.8 -
7.0 (m, 4 H), 2.4 (s, 3 H) ; ms, m/z 285(M+, 97%), 267{100), 241(68), 240(59), 239(19), 133.5
(M—181++. 32} ; cale. for ¢, H .N_O_S ; G, 58.93% ; H, 3.BB ; N, 14.73; found C, 5B8.78 ; H, 3.70 ;

1411372
N, i4.91.
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