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3 H-1,2-Dithiolo[3,4- b]pyridine-3-thione (10) reacts with primary alkylamines to give 1,2-dihydro-2-thioxo-3-
pyridinecarbothioamides 11a-g and two minor products. Isothiazolo[5,4-blpyridine-3(2 H}-thiones 12a-g and
3-imino-3H-1,2-dithiolo[3,4-b]pyridines 13a-g were isolated and characterized. Further investigations allowed

the synthesis of 12 and 13 in good yield.

J. Heterocyclic Chem., 30, 1079 (1993).

The chemistry and the bioclogical activity of 2-substi-
tuted 1,2-benzisothiazol-3(2H)-ones 1 [1-3], of 1,2-benziso-
thiazole-3(2H)-thiones 2 [4-6] and of isothiazolo[5,4-b]pyri-
din-3(2H)-ones 3 [7-10] have been largely examined. To the
best of our knowledge, 2-substituted isothiazolo[5,4-b]pyri-
dine-3(2H)-thiones 12 have not been reported in the litera-
ture (Figure 1).
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Compounds of type 2 were prepared by treatment of
3H.1,2-benzodithiole-3-thione 5 with primary alkylamines
(Scheme I, Eq. I) [11] but the same reaction performed on
3H.1,2-benzodithiol-3-one 6 (Scheme I, Eq. II) [12] or
3H-1,2-dithiolo[3,4-b]pyridin-3-one 8 (Scheme I, Eq. III)[9]
gave different results.

According to McClelland and co-workers [11] the substi-
tution of sulphur for oxygen in the ketobenzoisothiazole
system increases the stability of the S-N bond towards re-
ducing agents. Therefore compounds 1 undergo reduction
by hydrogen sulphide liberated during the reaction giving
disulphides 7 whereas compounds 2 were stable under
reaction conditions and could be isolated. As compound 8
reacts with amines to give 9 [9], we supposed that these
compounds were derived from an “‘in situ’’ reduction of
intermediates 3 which however were never isolated. This
may be ascribed to the presence of a pyridine nitrogen ad-
jacent to the isothiazolone ring, resulting in an increased
reactivity of the S-N bond towards the reducing action of
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the hydrogen sulphide. On the basis of these considera-
tions we examined the reaction between 3H-1,2-dithiolo-
[3,4-b]pyridine-3-thione (10) [9] and some primary alkyl
and arylalkyl amines in order to synthetize a series of iso-
thiazolo[5,4-blpyridine-3(2H)-thione derivatives 12, as
potential fungicides and bactericides.

Results and Discussion.

The reactions of 10 with 1.2 equivalents of the appropri-
ate amine gave 1la-g in good yields (75-83%) and traces
of almost equimolar 12a-g and 13a-g (Scheme 1I, Eq. I).
All compounds were isolated by flash chromatography.
Compounds 1la-g were characterized by analytical and
spectral data. The ir spectra showed bands at 3220-3100
cm™! for NH group and at 1595-1590 ¢cm™ for C=S bond.
All compounds 11a-d showed some common signals in 'H
and *C nmr spectra; 'H nmr: 6 3.85 (m, 2H, N-CH,, ] =
5.0 Hz), 6.95 (dd, 1H, 5-H, Js5 = 7.5 Hz, J,5 = 6.0 Haz),
7.67 (dd, 1H, 4-H, J,; = 6.0 Hz, J;, = 1.5 Hz), 9.42 (dd,
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1H, 6-H, J,5; = 7.5 He, J4, = 1.5 Hz), ~ 12 (br s, 2H, NH
and SH); *C nmr: & C-7 (190.4), C-2 (172.0), C-6 (147.1),
C-4 (138.2), C-3 (137.1), C-5 (114.2). The CH-NH coupling
constants of 5.0 Hz and the chemical shifts of protons
which resonate at about 6 12.0 are useful for a ready iden-
tification of 11. Furthermore the large value of J¢5in ‘H
nmr and the values of C-2 and C-6 in the '*C nmr spectra,
indicate the existence of two tautomeric forms 11 I'and 11
II rapidly equilibrating on the nmr time scale.
Scheme II
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The ir, 'H and '*C spectroscopy and mass spectrometry
are helpful for the structural assignment of isomeric com-
pounds 12a-g and 13a-g. The ir spectra of 12 and 13
showed bands at 1250-1280 cm™ (C=S) and at 1605-1600
em™! (C=N) respectively. The 'H nmr of 12a-d showed
typical signals at 6 4.40 (t, 2H, N-CH,), 7.45 (dd, 1H, 5-H,
Jos = 4.5 Hz, J5, = 8.0 Hz), 8,52 (dd, 1H, 4-H, J;, = 1.5
Hz, J;, = 8.0 Hz), 8.78 (dd, 1H, 6-H, J,; = 1.5 Hz, J5, =
4.5 Hz). Corresponding signals for 13a-d were at 6 3.40 (t,
2H, N-CHy), 7.21 (dd, 1H, 5-H, Js5 = 4.5 Hz, J5, = 7.5
Hz), 8.21 (dd, 1H, 4-H, J¢, = 1.5 Hg, J5, = 7.5 Hz), 8.58
(dd, 1H, 6-H, J¢5 = 1.5 Hz, J;, = 4.5 Hz). The **C signals
of 12b were assigned as follows: C-3 (184.0), C-7a (162.4),
C-6 (153.3), C-4 (137.2), C-3a (129.3), C-5 (121.4), CH,-N
(48.7). Differently 13b showed the following **C nmr spec-
tra: C-3 (166.4), C-7a (159.5), C-6 (152.4), C-4 (134.3), C-3a
(126.0), C-5 (119.8), CH,-N (55.8). The chemical shifts of
N-CH, (6 H) and C-3 (6 C) can be used for differentiating

isomeric compounds 12 and 13.

A good mass spectral feature is the presence of an ion
peak at m/z 195 for compounds 12a-d and 12g, this could
be attributed to a loss of the side chain which produced a
five member ring containing nitrogen and sulphur. This
peak was not observed for 12e-f and 13a-g where the for-
mation of tricyclic ion is not possible.
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As compounds 12 are not the main products but are
present in traces, we suspected their sensitivity towards re-
ducing agents. That was confirmed by treatment of an eth-
anolic solution of 12b with hydrogen sulphide which ef-
fected in a few seconds a complete conversion to 11b
(Scheme II, Eq. II). Probably the replacement of the ben-
zene ring with a pyridine in compounds 2 decreases the
stability of S-N bond. The occurrence of compounds 13 as
reaction product, may be attributed to a ‘‘dynamic iso-
merism’’ like that between 1,2-benzisothiazole-3(2H)-thi-
ones and 3-imino-3H-1,2-benzodithioles [13,14]. We have
noted that pure compound 13b rapidly establishes an
equilibrium with 12b upon beirg dissolved in a polar sol-
vent (DMSO, DMF, acetone/water). We have observed the
same behaviour for pure 12b that rapidly interconverted
with 13b (Scheme III). Nevertheless both compounds 13b
and 12b are stable after 1 hour at reflux in xylene so there
is no evidence of isomerism in apolar solvents.
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In order to attempt the synthesis of compounds 12 we
tried ring closure of 11b by iodine in ethanol in presence
of sodium hydrogen carbonate [9]. The reaction gave a
nearly equimolar mixture of 12b and 13b in good yield
(Scheme IV, Eq. I).
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Then the cyclization of 11 was obtained by treatment
with thionyl chloride and pyridine in chloroform at room
temperature [15]. The reaction without any workup gave
compounds 12 and 13 and very polar compounds 14
(Scheme IV, Eq. II). After ammonium hydrate workup the
reaction gave, in addition to 12 and 13, two new series of
compounds, namely 15 and traces of substances having
presumably structure 16, that were isolated by flash chro-
matography. The ir spectra of 15 and 16 showed bands at
1650-1640 cm™ (C=0) and at 3300 cm™ (NH) and 1570

em™ (C=N) respectively. The 'H nmr of 15a-d showed
typical signals at 6 3.92 (1, 2H, N-CH,), 7.35 (dd, 1H, 5-H,
Js6 = 5.0 Hz, J5, = 8.0 Hz), 8.29 (dd, 1H, 4-H, J;, = 1.5
Hz, J;, = 8.0 Hz), 8.78 (dd, 1H, 6-H, J;, = 1.5 Hz, J5¢ =
5.0 Hz). Corresponding signals for 16a-c were at § 3.50 (t,
2H, CH,-N), 5.0 (br s, 1H, NH), 7.26 (dd, 1H, 5-H, J;5 =
5.0 Hz, J5, = 8.0 Hz), 7.97 (dd, 1H, 4-H, J,, = 0.5 Hz, J;,
= 8.0 Hz), 8.68 (dd, 1H, 6-H, J5, = 1.5 Hz, J5, = 5.0 Hz).
The “*C signals were assigned as follows: 15b, C-3 (163.5),
C-7a (162.0), C-6 (152.3), C-4 (134.6), C-5 (120.5), C-3a
(119.5), CH,-N (43.5), 16a, C-3 (172.1), C-7a (157.0), C-6
(150.3), C-4 (129.3), C-3a(119.6), C-5 (118.3), CH,~N (44.4).
The values of N-CH, (6 H) and C-3 (6 C) allow us to dis-
tinguish 15 from 16 and 12.

The identity of polar compounds 14 was assumed con-
sidering that reaction between 3-chloro-2-alkyl-1,2-benz-
isothiazolium chloride and ammonia gave 2-alkyl-3-imino-
1,2-benzisothiazolines [16,17]. We surmise for our not iso-
lated compounds, the structure indicate in Scheme IV, Eq.
IL.

2-Butylisothiazolo[5,4-b]pyridin-3(2H)-one (15b) was
also obtained from the corresponding 3-thione 12b by
reaction with mercuric acetate (Scheme IV, Eq. III). Bio-
logical evaluation of all products synthesised is in pro-
gress.

EXPERIMENTAL

Melting points were determined on a Kofler hot-stage appara-
tus and are uncorrected. Elemental analyses were performed on a
Carlo Erba model 1106 Elemental Analyser. The ir spectra were
recorded in nujol on a Perkin Elmer model 257 spectrophotom-
eter. The 300 MHz 'H and 75 MHz '*C spectra were recorded on
a Bruker ACE-300 spectrometer, in deuteriochloroform using

tetramethylsilane as internal standard; chemical shifts are in &
{(ppm) and coupling constants (J) in Hz. Mass spectra were ob-
tained on a Finnigan MAT 8222 spectometer via the direct inlet.
Electron ionisation was performed at 70 eV and 0.5 mA with a
source temperature of 250°. The tlc analyses was run on silica gel
60 F,5, Merck and visualised by uv (\ = 264 or 365 nm); flash col-
umn chromatography on silica gel 60 (60-200 um, Merck) was per-
formed as described in the original paper [18]. No attempt was
made to optimise yields in the reactions described.

General Procedure for 1,2-Dihydro-2-thioxo-3-pyridinecarbothio-
amide Derivatives 1la-g.

A mixture of 16 mmoles of 3H-1,2-dithiolo[3,4-b]pyridine-3-
thione (10) and 19 mmoles of the appropriate amine was refluxed
in 150 ml of ethanol for 30-60 minutes, the optimum reaction
time being determined by tlc monitoring (eluant: n-hexanelethyl
acetate (6:4)). After cooling, the solvent was removed on a rotary
evaporator and the residue was recrystallized from the suitable
solvent,

N-Propyl-1,2-dihydro-2-thioxo-3-pyridinecarbothioamide (11a).

This compound was obtained as yellow crystals (dichlorometh-
ane/petroleum ether), mp 167-169°; ir: » NH 3200, » C=S 1590;
'H nmr: 63.85 (m, 2H, N-CH,, ] = 5.0 Hz), 6.95 (dd, 1H, 5-H, Jos
= 7.5 Hz,J,5 = 6.0 Hz), 7.67 (dd, 1H, 4-H, J,5 = 6.0 Hz, Jo, =
1.5 Hz), 9.42 (dd, 1H, 6-H, J¢5 = 7.5 Hz, Js, = 1.5 Hz), 12.28 and
12.45 (br s, 2H, NH and SH).

Anal. Caled. for C,H,,N,S,: C, 50.91; H, 5.70; N, 13.19. Found:
C, 50.69; H, 5.54; N, 13.07.

N-Butyl-1,2-dihydro-2-thioxo-3-pyridinecarbothioamide (11b).

The compound was obtained as yellow crystals (ethanol/water),
mp 141-143°; 'H nmr: é 3.82 (m, 2H, N-CH,, ] = 5.0 Hz), 6.95
{dd, tH, 5-H, Jo5 = 7.5 Hz, J,5 = 6.0 Hz), 7.67 (dd, 1H, H-4, J, 5
= 6.0 Hz, Jo, = 1.5 Hz), 9.42 (dd, IH, 6-H, J55 = 7.5 Hz, J, =
1.5 Hz), 12.3 (br s, 2H, NH and SH); ms: m/z (% ra) 226 (100), 169
(26), 155 (76), 154 (54), 137 (96), 124 (40), 78 (29), 72 (56).

Anal. Caled. for C (H, N,S.: C, 53.06; H, 6.23; N, 12.38. Found:
C, 52.83; H, 6.15; N, 12.46.

N-Pentyl-1,2-dihydro-2-thioxo-3-pyridinecarbothioamide (11c).

This compound was obtained as yellow crystals (ethyl acetate/-
n-hexane), mp 123-126°; ir: » NH 3120, » C=S 1590; 'H nmr: &
3.9(m, 2H, N-CH,, ] = 5.0 Hz), 6.95 (dd, 1H, 5-H, J55 = 7.5 Hz,
Jus = 6.0 Hz), 7.67 (dd, 1H, 4-H, J,5 = 6.0 Hz, J;, = 1.5 Hz),
9.42(dd, 1H, 6-H, Jo5 = 7.5 Hz, J5, = 1.5 Hz), 12.3 and 12.45 (br
s, 2H, NH and SH).

Anal. Caled. for C ,H N,S,;: C, 54.96; H, 6.71; N, 11.66. Found:
C, 55.13; H, 6.51; N, 11.51.

N-Hexyl-1,2-dihydro-2-thioxo-3-pyridinecarbothioamide (11d).

This compound was obtained as yellow erystals (ethyl acetate/-
n-hexane), mp 122-124°,

Anal. Caled. for C,H ,N,S,;: C, 56.65; H, 7.13; N, 11.01. Found:
C, 56.36; H, 6.84; N, 10.71.

N-Benzyl-1,2-dihydro-2-thioxo-3-pyridinecarbothioamide (11e).

This compound was obtained as yellow crystals (benzene/petro-
leum ether), mp 162-164°; 'H nmr: 8 5.05 (d, 2H, N-CH,), 6.95
(dd, 1H, 5-H, Jo5 = 7.5 Hz, J,5 = 6.0 Hz), 7.65 (dd, 1H, 4-H, J,
= 6.0 Hz, Jg, = 1.5 Hz), 9.45 (dd, 1H, 6H, Jo5 = 7.5 Hz, J44 =
1.5 Hz), 11.6 and 12.85 (br s, 2H, SH and NH).

Anal. Caled. for C,H,,N,S: C, 59.97; H, 4.64; N, 10.76. Found:
C, 59.67; H, 4.30; N, 10.52.

N-Phenethyl-1,2-dihydro-2-thioxo-3-pyridinecarbothioamide
119).

This compound was obtained as yellow crystals (ethanol), mp
144-148°; 'H nmr: 6 3.15 (t, 2H, CH,~Ph), 4.15 (dt, 2H, N-CH,),
6.94(dd, 1H, 5-H, J55 = 7.5 Hz, I, 5 = 6.0 Hz), 7.65 (dd, 1H, 4-H,
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Jus = 6.0 Hz, Js, = 1.5 Hz), 9.35 (dd, 1H, 6-H, Jo5 = 7.5 Hz, Jg4
= 1.5 Hz), 12.45 (br s, LH, NH).

Anal. Caled. for C,,H ,N,S;: C, 61.28; H, 5.14; N, 10.21. Found:
C, 61.54; H, 5.07; N, 10.04.

N-«(3-Phenylpropyl)-1,2-dihydro-2-thioxo-3-pyridinecarbothio-
amide (11g).

This compound was obtained as yellow crystals (ethyl acetate/-
nhexane), mp 133-135% ‘H nmr: § 2.0 (m, 2H, CH,-CH,-CH,),
2.7 (1, 2H, CH,-Ph), 3.65 (dt, 2H, N-CH,), 6.95 (dd, 1H, 5-H, J¢5
= 7.5Hz,J,5 = 6.0 Hz), 7.85 (dd, 1H, 4-H, J,5 = 6.0 Hz, Js4 =
1.5 Hz), 8.40 (dd, 1H, 6-H, Js5 = 7.5 Hz, Jo, = 1.5 Hz), 9.3 (brs,
1H, SH).

Anal. Caled. for C,H,N,S; C, 62.46; H, 5.59; N, 9.71. Found:
C, 62.24; H, 5.65; N, 9.72.

General Procedures for Isothiazolo[5,4-b]pyridine-3(2H)-thiones
12a-g and 3-Imino-3H-1,2-dithiolo[3,4-blpyridines 13a-g.

Method 1 (Scheme IV, Eq. I).

An ethanolic solution of iodine (6%) was added dropwise to a
stirred mixture of 1.36 g (6 mmoles) of N-butyl-1,2-dihydro-2-thi-
oxo-3-pyridinecarbothioamide (11b) and 0.86 g (10 mmoles) of
sodium hydrogen carbonate in 100 ml of ethanol, until a persist-
ent brown colour is noted. A precipitate was removed by filtra-
tion and washed with dichloromethane. Collected organic phases
were evaporated under reduced pressure and the residue was
purified through flash chromatography (n-hexane/ethyl acetate
(9:1)) to give 0.475 g (36%) of pure 12b and 0.455 g (34 %) of pure
13b.

2-Butylisothiazolo[5,4-b]pyridine-3(2 H)-thione (12b).

This compound was obtained as yellow crystals, mp 105-107°;
Rf (n-hexane/ethyl acetate (6:4)) = 0.61; ir: » C=5 1280; 'H nmr:
54.40 (1, 2H, N-CH,), 7.45 (dd, 1H, 5-H, J;5 = 4.5 Hz,J5, = 8.0
Hz), 8.52 (dd, 1H, 4-H, J¢, = 1.5 Hz, J5, = 8.0 Hz), 8.80 (dd, 1H,
6-H, Jo5 = 1.5 Hz, Jg, = 4.5 Hz); ms: m/z (% ra) 224 (55), 195
(36), 191 (46), 181 (37), 168 (100), 154 (28), 136 (11), 104 (36).

Anal. Caled. for C,,H,,N,S; C, 53.53; H, 5.39; N, 12.49. Found:
C, 53.23; H, 5.41; N, 12.19.

N-Butyl-3-Imino-3 H-1,2-dithiolo[3,4-b]pyridine (13b).

This compound was obtained as yellow crystals, mp 42-46°; Rf
(n-hexanelethyl acetate (6:4)) = 0.73; ir: » C=N 1605; 'H nmr: §
3.40 (t, 2H, N-CH,), 7.21 (dd, 1H, 5-H, Js5 = 4.5 Hz, J54 = 7.5
Hz), 8.21 (dd, 1H, 4-H, J¢4 = 1.5 Hz, J5, = 7.5 Hz), 8.58 (dd, 1H,
6-H, Jo5 = 1.5 Hz, Jg4 = 4.5 Hz); ms: m/z (% ra) 224 (25), 191
(56), 181 (19), 168 (100), 137 (12), 104 (75), 77 (15), 57 (37).

Anal. Caled. for C,,H,,N,S; C, 55.53; H, 5.39; N, 12.49. Found:
C, 53.41; H, 5.31; N, 12.26.

Method 2 (Scheme IV, Eq. II).

To a stirred solution of 1 g (4.4 mmoles) of N-butyl-1,2-dihydro-
2-thioxo-3-pyridinecarbothioamide (11b) in 10 ml of chloroform
and 6.5 ml of pyridine, at room temperature, 6 ml of thionyl chlo-
ride was added dropwise. After being stirred for 10 minutes, sol-
vent and excess reagent were removed in vacuum. The residue
was treated with toluene and solvent removed. This operation
was repeated until thionyl chloride was no more present. Then
solid was treated with dilute ammonium hydroxide, and organic
products were extracted with ethyl acetate (3 x 30 ml). Collected
organic phases were dried over anhydrous sodium sulphate, sol-
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vent was removed under reduced pressure and the residue was
flash-chromatographed (n-hexane/ethyl acetate (6:4)) to afford in
order of elution a mixture of 13b and 12b (468 mg, 47% yield),
pure 16b (12 mg, 1.3% yield) and pure 15b (38 mg, 4% yield).
The mixture of 12b and 13b was then flash chromatographed
(n-hexane/ethyl acetate (9:1)) to give pure products.

2-Propylisothiazolo[5,4-b]pyridine-3(2 H}-thione (12a).

This compound was obtained as yellow crystals, mp 125-127°;
Rf (n-hexanelethyl acetate (7:3)) = 0.58; 'H nmr: 6 4.39 (t, 2H,
N-CH,), 7.45 (dd, 1H, 5-H, Js5 = 4.5 Hz, J5, = 8.0 Hz), 8.50 (dd,
1H, 4-H,Js 4 = 1.5 Hz, J5, = 8.0 He), 8.78(dd, 1H, 6-H,J¢5 = 1.5
Hz, Js, = 4.5 Hz); ms: m/z (% ra) 210 (92), 195 (24), 181 (67), 168
(100), 154 (28), 141 (9), 137 (9), 104 (35).

Anal. Caled. for C,H,,N,S,: C, 51.40; H, 4.79; N, 13.32. Found:
C, 51.28; H, 4.52; N, 12.98.

2.-Pentylisothiazolo[5,4-b]pyridine-3(2 H}-thione (12¢).

This compound was obtained as yellow crystals, mp 73-75°; Rf
(n-hexanelethyl acetate (8:2)) = 0.47; 'H nmr: & 4.39 (1, 2H,
N-CH2), 7.42 (dd, 1H, 5-H, Js5 = 4.5 Hz, J5, = 8.0 Hz), 8.52 (dd,
1H,4-H,Js, = 1.5Hz,J5, = 8.0 Hz),8.78(dd, IH, 6-H, Js5 = 1.5
Hz, J¢, = 4.5 Hz); ms: m/z (% ra) 238 (20), 205 (73), 195 (18), 181
(25), 168 (100), 154 (16), 104 (42), 43 (81).

Anal. Caled. for C,,H,,N,S;: C, 55.43; H, 5.92; N, 11.75. Found:
C, 55.36; H, 5.80; N, 11.41.

2-Hexylisothiazolo[5,4-b]pyridine-3(2 H}-thione (12d).

This compound was obtained as yellow crystals, mp 55-60°; Rf
(n-hexane/ethyl acetate (92:8)) = 0.23; 'H nmr: 6 4.41 (, 2H,
N-CH,), 7.42 (dd, 1H, 5-H, Js5 = 4.5 Hz, J5, = 8.0 Hz), 8.53 (dd,
1H,4-H, Js, = 1.5 Hz, J5, = 8.0 Hz),8.78(dd, 1H, 6-H,J¢5 = 1.5
Hz, Js, = 4.5 Hz); ms: m/z (% ra) 252 (17), 219 (77), 218 (23), 195
(13), 181 (22), 168 (100), 137 (11), 104 (34).

Anal. Caled. for C,H,,N,S,: C, 56.65; H, 7.13; N, 11.01. Found:
C, 56.36; H, 6.84; N, 10.71.

2-Benzylisothiazolo[5,4-b]pyridine-3(2 H} thione (12e).

This compound was obtained as yellow crystals, mp 162-164°;
Rf (n-hexane/ethyl acetate (85:15)) = 0.26; 'H nmr: 6 5.60 (s, 2H,
N-CH,), 7.42 (m, 6H, 5-H and phenyl), 8.55 (dd, 1H, 4-H, Js, =
1.5 Hz, J5, = 8.0 Hz), 8.78 (dd, 1H, 6-H, Jg5 = 1.5 Hz, Jg4 = 4.5
Hz); ms: m/z (% ra) 258 (40), 225 (12), 224 (12), 154 (15), 136 (6),
121 (6), 91 (100), 65 (17).

Anal. Caled. for C,,;H,N,S;: C, 60.43; H, 3.90; N, 10.85. Found:
C, 60.17; H, 3.93; N, 10.63.

2-Phenethylisothiazolo[5,4-blpyridine-3(2 H)-thione (12).

This compound was obtained as yellow crystals, mp 111-115°%;
Rf (n-hexane/ethyl acetate (65:35)) = 0.70; *H nmr: § 3.20 (t, 2H,
CH,-Ph), 4.62 (1, 2H, N-CHy), 7.32 (m, 5H, phenyl), 7.49 (dd, 1H,
5-H,Jss = 4.5 Hz, J5, = 8.0 Hz), 8.55 (dd, 1H,4-H, Js, = 1.5 Hz,
Js4 = 8.0 Hz), 8.80(dd, 1H, 6-H, J;5 = 1.5 Hz, J54 = 4.5 Hz}; ms:
m/z (% ra) 272 (13), 239 (19), 181 (21), 168 (27), 154 (7), 105 (29),
104 (100), 77 (17).

Anal. Caled. for C,,H,,N,S;: C, 61.73; H, 4.44; N, 10.28. Found:
C, 61.86; H, 4.69; N, 9.95.

2{3-Phenylpropyl)isothiazolo[5,4-b]pyridine-3(2 Hy-thione (12g).

This compound was obtained as yellow crystals, mp 88-90°; Rf
(n-hexane/ethyl acetate (8:2)) = 0.38; 'H nmr: 6 2.18 (m, 2H, CH,-
CH,-CH,), 2.75 (t, 2H, CHy-Ph), 4.42 (1, 2H, N-CH,), 7.65 (dd,
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1H, 5-H,J¢5 = 4.5 Hz, J5, = 8.0 Hz), 8.45(dd, 1H, 4-H, J,, = 1.5
Hz,J5, = 8.0 Hz), 8.85 (dd, 1H, 6-H, J5 = 1.5 Hz, ], = 4.5 Hz);
ms: m/z (% ra) 286 (9), 253 (100), 252 (38), 195 (17), 182 (19), 168
(26), 117 (32), 91 (76).

Anal. Caled. for C,;H,,N,S,: C, 62.90; H, 4.93; N, 9.78. Found:
C, 62.67; H, 4.93; N, 9.52.

N-Propyl-3-Imino-3 H-1,2-dithiolo[3,4- blpyridine (13a).

This compound was obtained as an oil; Rf (n-hexane/ethyl ace-
tate (7:3)) = 0.75; 'H nmr: 8 3.40 (1, 2H, N~CH,), 7.21 (dd, 1H,
5-H,Jgs = 4.5 Hz,J54 = 7.5 Hz), 8.21 (dd, 1H, 4-H, J,, = 1.5 Hz,
Js4 = 7.5 Hz), 8.58 (dd, 1H, 6-H, Js 5 = 1.5 Hz, J¢ 4 = 4.5 Hz); ms:
miz (% ra) 210 (61), 181 (49), 177 (15), 168 (100), 137 (11), 104 (82),
77 (11), 43 (22).

N-Pentyl-3-imino-3H-1,2-dithiolo[3,4-blpyridine (13c).

This compound was obtained as yellow crystals, mp 50-52°; Rf
(n-hexanelethyl acetate (8:2)) = 0.60; 'H nmr: § 3.40 (t, 2H,
N-CHy), 7.21 (dd, 1H, 5-H, J¢5 = 4.5 Hz, J54 = 7.5 Hz), 8.21 (dd,
1H,4-H,Js, = 1.5 Hz, J5, = 7.5 Hz), 8.55 (dd, 1H, 6-H, Js5 = 1.5
Hz, J¢4 = 4.5 Hz); ms: m/z (% ra) 238 (6), 205 (52), 204 (35), 181
(13), 168 (75), 137 (13), 104 (47), 43 (100).

Anal. Caled. for C, H ,N,S: C, 55.43; H, 5.92; N, 11.75. Found:
C, 55.11; H, 6.01; N, 11.75.

N-Hexyl-3-imino-3 H-1,2-dithiolo[3,4-b]pyridine (13d).

This compound was obtained as yellow crystals, mp 60-61°; Rf
(n-hexanelethyl acetate (9:1) = 0.36; 'H nmr: & 3.40 (1, 2H,
N-CH,), 7.22 (dd, 1H, 5-H, J5 = 4.5 Hz, J5, = 7.5 Hz), 8.22 (dd,
1H,4-H, Js, = 1.5 Hz,J5, = 7.5 Hz),8.58 (dd, 1H, 6-H, J¢5 = 1.5
Hz, Js4 = 4.5 Hz); ms: m/z (% ra) 252 (11), 219 (71), 218 (27), 181
(18), 168 (90), 137 (11), 104 (35), 43 (100).

Anal. Calced. for C,H,\N,S: C, 57.10; H, 6.39; N, 11.09. Found:
C, 57.09; H, 6.10; N, 10.82.

N-Benzyl-3-imino-3 H-1,2-dithiolo[3,4-b]pyridine (13e).

This compound was obtained as yellow crystals, mp 61-62°; Rf
(n-hexanelethyl acetate (85:15)) = 0.35; *H nmr: & 4.60 (s, 2H,
N-CH,), 7.22(dd, 1H, 5-H, J¢5 = 4.5 Hz, J5, = 7.5 Hz), 7.30-7.45
(m, SH, phenyl), 8.32 (dd, 1H, 4-H, J5, = 1.5 Hg, Js4 = 7.5 Haz),
8.61 (dd, 1H, 6-H, J5 = 1.5 Hz, Js4, = 4.5 Hz); ms: m/z (% ra) 258
(12), 136 (12), 91 (100), 65 (10).

Anal. Caled. for C,,H (N,S: C, 60.43; H, 3.90; N, 10.85. Found:
C, 60.33; H, 3.89; N, 10.74.

N-Phenethyl-3-imino-3 H-1,2-dithiolo[3,4-b]pyridine (13f).

This compound was obtained as yellow crystals, mp 111-113°;
Rf (n-hexane/ethyl acetate (65:35)) = 0.82; 'H nmr: 5 3.12 (t, 2H,
CH,-Ph), 3.60 (t, 2H, N-CHy), 7.22 (dd, 1H, 5-H, J¢5 = 4.5 Hz,
Js4 = 7.5 Hz), 7.40 (m, SH, phenyl), 8.25 (dd, 1H, 4-H, J, = 1.5
Hz,J5, = 7.5 Hz), 8.55(dd, 1H, 6-H, Js 5 = 1.5 Hz, J¢, = 4.5 Hz);
ms: m/z (% ra) 272 (13), 181 (100), 137 (16), 105 (88), 103 (20), 91
6), 79 (27), 77 (28).

Anal. Caled. for C ,H,,N,S: C, 61.73; H, 4.44; N, 10.28. Found:
C, 61.81; H, 4.68; N, 9.98.

N{3-Phenylpropyl}-3-imino-3H-1,2-dithiolof3,4-b]pyridine (13g).
This compound was obtained as an oil; Rf (n-hexane/ethyl
acetate (8:2)) = 0.48; 'H nmr: 6 2.15 (m, 2H, CH,-CH,-CH,), 2.85
(t, 2H, CH,-Ph), 3.50 (t, 2H, N-CHy), 7.22 (dd, 1H, 5-H, J55 = 4.5
Hz, J5, = 7.5 Hz), 7.30-7.42 (m, 5H, phenyl), 8.23 (dd, 1H, 4-H,

Jo4 = 1.5 Hz, J5, = 7.5 Hz), 8.55 (dd, 1H, 6-H, Jo5 = 1.5 Hz, Jg,
= 4.5 Hz); ms: m/z (% ra) 286 (5), 253 (20), 252 (54), 182 (14), 137
(4), 104 (5), 91 (100), 65 (10).

Anal. Caled. for C,;H,,N,S,: C, 62.90; H, 4.93; N, 9.78. Found:
C, 62.76; H, 4.77; N, 9.85.

Compounds 15a-g and 16a-c were isolated as by-products in
small quantity.

2-Propylisothiazolo[5,4-blpyridin-3(2 H-one (15a).

This compound had Rf (n-hexane/ethyl acetate (7:3)) = 0.26;
‘H nmr: 6 3.91 (t, 2H, N-CH,), 7.38 (dd, 1H, 5-H, J56 = 5.0 Hz,
Js4 = 8.0 Hz), 8.29 (dd, 1H, 4-H, J;, = 1.5 Hz, J5, = 8.0 Hz),
8.78(dd, 1H, 6-H, Js, = 1.5 Hz, J55 = 5.0 Hz); ms: m/z (% ra) 194
(32), 177 (5), 165 (52), 152 (100), 138 (20), 137 (14), 110 (12), 82
(10).

2-Butylisothiazolo[5,4-blpyridin-3(2 Hy-one (15b).

This compound had Rf (n-hexane/ethyl acetate (6:4)) = 0.44;
'H nmr: 6 3.95 (t, 2H, N-CH,), 7.35 (dd, 1H, 5-H, J;5 = 5.0 Hz,
Js4 = 8.0 Hz), 8.29 (dd, 1H, 4-H, Js, = 1.5 Hz, J;, = 8.0 Hz),
8.78(dd, 1H, 6-H, Js, = 1.5 Hz, J5 s = 5.0 Hz); ms: m/z (% ra) 208
(29), 191 (17), 165 (48), 152 (100), 138 (24), 137 (23), 110 (12), 82
9).
2-Pentylisothiazolo[5,4-b]pyridine-3(2 H)-thione (15¢).

This compound had Rf (n-hexane/ethyl acetate (8:2)) = 0.17;
'H nmr: § 3.92 (t, 2H, N-CH,), 7.35 (dd, 1H, 5-H, J;5 = 5.0 Hz,
Jsa = 8.0 Hz), 8.29 (dd, 1H, 4-H, J;, = 1.5 Hz, J;, = 8.0 Hz),
8.78(dd, 1H, 6-H, Js, = 1.5 Hz, J55 = 5.0 Hz); ms: m/z (% ra) 222
(26), 205 (14), 166 (20), 165 (57), 152 (100), 137 (22), 110 (11), 84
(26).

2-Hexylisothiazolo[5,4-b]pyridin-3(2 H)-one (15d).

This compound had Rf (n-hexane/ethyl acetate (7:3)) = 0.33;
'H nmr:  3.92 (t, 2H, N-CH,), 7.47 (dd, 1H, 5-H, J5x = 5.0 Hg,
Js4 = 8.0 Hz), 8.30 (dd, 1H, 4-H, J;4 = 1.5 Hz, J;, = 8.0 Hz),
8.78(dd, 1H,6-H, J¢ 4, = 1.5 Hz, J55 = 5.0 Hz); ms: m/z (% ra) 236
(25), 219 (10), 166 (25), 165 (83), 152 (100), 137 (21), 111 (12), 98
(16).

2-Benzylisothiazolo[5,4-b]pyridin-3(2 H)-one (15€).

This compound had Rf (n-hexane/ethyl acetate (6:4)) = 0.48;
'H nmr: & 5.10 (s, 2H, N-CHy), 7.35-7.45 (m, 6H, 5-H, J55 = 5.0
Hz, J5, = 8.0 Hz and phenyl), 8.36 (dd, 1H, 4-H, J5, = 1.5 Hz,
Js4 = 8.0 Hz), 8.78 (dd, 1H, 6-H, J5, = 1.5 Hz, J55 = 5.0 Hz); ms:
m/z (% ra) 242 (23), 184 (1), 165 (2), 138 (4), 111 (5), 91 (100), 77
(5), 65 (11).

2-Phenethylisothiazolo[5,4-b]pyridine-3(2 H)-thione (15f).

This compound had Rf (n-hexane/ethyl acetate (65:35)) = 0.27;
'H nmr: 6 3.05 (t, 2H, CHy-Ph), 4.18 (t, 2H, N-CH,), 7.35-7.40 (m,
6H, 5-H, J;5 = 5.0 Hz, J;, = 8.0 Hz and phenyl), 8.28 (dd, 1H,
4-H,Je4 = 1.5 Hz, J5, = 8.0 Hz),8.71 (dd, 1H, 6-H,Js, = 1.5 Hz,
Js6 = 5.0 Hz); ms: m/z (% ra) 256 (10), 165 (53), 152 (16), 138 (14),
110 (10), 104 (100), 91 (19), 77 (11).

23-Phenylpropyl)isothiazolo[5,4-blpyridin-3(2 H}-one (15g).

This compound had Rf (n-hexanelethyl acetate (8:2)) = 0.48;
‘H nmr: 62.10 (m, 2H, CH,;-CH,-CH,), 2.70 (t, 2H, CH,-Ph), 3.92
(t, 2H, N-CH,), 7.35-7.40 (m, 6H, 5-H, J55 = 5.0 Hz, J5, = 8.0 Hz
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and phenyl), 8.28 (dd, H-4, IH, J¢, = 1.5 Hz, J54, = 8.0 Hz), 8.78
(dd, H-6, 1H, Js5 = 1.5 Hz, J5, = 4.5 Hz); ms: m/z (% ra) 270 (66),
166 (65), 165 (28), 152 (25), 138 (33), 137 (50), 118 (100), 91 (50).

2.Propyl-3-imino-3 H-isothiazolo[5,4- blpyridine (16a).

This compound had Rf (n-hexanelethyl acetate (7:3)) = 0.41;
H nmr: & 3.50 (t, 2H, CH,-N), 5.0 (br s, 1H, NH), 7.26 (dd, 1H,
5-H,J56 = 5.0 Hz, J5, = 8.0 Hz), 7.97 (dd, 1H, 4-H, J5, = 0.5 Hz,
Js4 = 8.0 Hz),8.68(dd, 1H, 6-H, J5, = 1.5 Hz, J56 = 5.0 Hz); ms:
m/z (% ra) 193 (62), 177 (16), 164 (100), 151 (87), 136 (41), 110 (4),
108 (5), 92 (11).

2-Butyl-3-imino-3 H-isothiazolo[5,4-b]pyridine (16b).

This compound had Rf (n-hexane/ethyl acetate (6:4)) = 0.30;
‘H nmr: 6 3.55 (t, 2H, CH,-N), 4.9 (br s, 1H, NH), 7.25 (dd, 1H,
5-H,Js6 = 5.0 Hz,J5, = 8.0 Hz), 7.95 (dd, 1H, 4-H, J5 4, = 0.5 Hz,
Js4 = 8.0 Hz), 870 (dd, 1H, 6-H, Js, = 1.5 Hz, J¢ = 5.0 Hz); ms:
m/z (% ra) 207 (36), 191 (83), 164 (100), 151 (61), 137 (16), 136 (35),
104 (6), 92 (10).

2-Pentyl-3-imino-3 H-isothiazolo[5,4-bJpyridine (16¢c).

This compound had Rf (n-hexane/ethyl acetate (8:2)) = 0.17;
ms: m/z (% ra) 221 (29), 205 (78), 165 (22), 1641100), 151 (69), 137
(19), 136 (38), 92 (13).

Synthesis of Isothiazolo[5,4-blpyridin-3(2H)-one (15b) from Iso-
thiazolo[5,4-blpyridine-3(2 H)-thione (12b).

A solution of 0.135 g of isothiazolo[5,4-b]pyridine-3(2 H}-thione
(12b) (0.6 mmole) in 2 m] of chloroform was added to a stirred
suspension of mercuric acetate (0.41 g, 1.3 mmoles) in glacial ace-
tic acid (5 ml). Stirring was continued at room temperature for 30
minutes then a solution of sodium hydrogen carbonate was added
and organic products were extracted with ethyl acetate (3 x 20
ml). The combined organic phases were dried (anhydrous sodium
sulphate) and evaporated under reduced pressure. The residue
was purified through flash chromatography (n-hexanel/ethyl ace-
tate (6:4)) to give 32 mg (26%) of pure 15b, mp 68-69°; ir: » C=0
1640.

Anal. Caled. for C,H,,N,0S: C, 57.68; H, 5.81; N, 13.45.
Found: C, 57.55; H, 5.75; N, 13.17.
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