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Facile Synthesis of 2-Amino-1,2,4-triazolo[5,1-b][1,3]-
benzothiazin-9-one
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Treating 2-mercaptobenzohydrazide (La) with cyanogen bromide gave 3-amino-2-imino-3,4-dihydro-2H-1,3-
benzothiazin-4-one (2a). This compound underwent further cyclocondensation with a second molecule of
cyanogen bromide or S-methylisothiourea sulfate to afford the biologically interesting 2-amino-1,2,4-triazolo-
[5,1-5][1,3]benzothiazin-9-one (3c). Compound 3¢ could also be prepared directly from la by treating with ex-
cess amount of cyanogen bromide in more satisfactory yield.

J. Heterocyclic Chem., 25, 1215 (1988).

In an earlier synthetic study Heindel and coworker [1]
found that some 2-mercaptobenzohydrazides la-c under-
went facile condensation with cyanogen to give the cor-
responding 3-amino-2-imino-3,4-dihydro-2H-1,3-benzo-
thiazin-4-ones 2a-c. In order to confirm the structures, the
authors treated compound 2a with phosgene or benzoyl
chloride and obtained 2-hydroxy- and 2-phenyl-1,2,4-tri-
azolo[5,1-b][1,3]benzothiazin-9-ones 3a,b (Scheme 1). It
thus demonstrated that compounds 2a-c should be useful
precursors for synthesis of numerous condensed 1,3-ben-
zothiazinones of biological interest.
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In our recent publication [2], we reported the cyclocon-
densation of some 3-amino-2-mercaptoquinazolin-43H)-
ones 4a-c with cyanogen bromide. This reaction proceed-
ed via thiocyanates 5a-c as intermediates and produced
3.substituted 2-imino-2,3-dihydro-5H-1,3,4-thiadiazolo-
[2,3-b]quinazolin-5-ones 6a-¢ (Scheme 2).

Since 6a was found, unlike the other derivatives, to exist
solely in the 2-amino tautomeric form and to exhibit pro-
nounced antihypertensive activity by intravenous injec-
tion in anesthetized rats [2], it prompted us to extend the
synthesis to more analogs in this series by modifying the
skeleton structure. In view that the ring systems 3 and 6
show a striking similarity with each other differing only in
the linking direction of the two heteroatoms, S and N to
the bridgehead carbon, these two classes of compounds
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might be considered as bioisosters. We are thus interested
in construction of a bioisosteric molecule of the antihyper-
tensive compound 6a by interchange of the S-1 and N-10
and to synthesize the title compound, 2-amino-1,2,4-tri-
azolo[5,1-b][1,3]benzothiazin-9-one (3¢, R' = NH,).

The starting 2-mercaptobenzohydrazide (la) was
prepared from methyl 2-mercaptobenzoate according to a
known procedure [3] but using 100% hydrazine hydrate in
excess instead of 2-propanol as the reaction medium, After
refluxing at a more elevated temperature ~115° for 4
hours, 1a was produced and the yield increased from 74 to
86%. The subsequent conversion of 1a shown by Heindel
and coworker [1] in Scheme 1 seemed to be inconvenient
because highly toxic cyanogen and hydrogen cyanide
gases were involved and evolved throughout the reaction.
We thus preferred treating la with cyanogen bromide in
sodium hydroxide solution under cooling. After stirring at
0-5° for 8 hours, the product 2a was isolated more conve-
niently and in 87% yield in comparison with 74 reported
in the literature [1].

This product gave consistent melting point and analyti-
cal data, nevertheless spectra were also measured for fur-
ther confirmation. The amino and imino groups were
observed at 3295 and 3235 em™ in the ir region and
recognized as two singlets at § 5.30 and 8.64 ppm beside
the aromatic proton clusters in the nmr spectrum. The
subsequent incorporation of a one-carbon unit carrying an
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amino group into 2a to form the triazole component was
performed via two facile procedures. The first one con-
sisted in applying the above cyanogen bromide condensa-
tion to 2a under the conditions mentioned and the second
one involved refluxing 2a and an equivalent amount of
S-methylisothiourea sulfate [4] in a mixture of dimethyl-
formamide and water. Compound 3¢ was then isolated in
38 and 46% yield, respectively. On the other hand when
compound la was treated with more than two equivalent
amounts of cyanogen bromide in the presence of triethyl-
amine by stirring in tetrahydrofuran at room temperature
for 5 hours, compound 3¢ was produced directly in 81%
yield. The existence of the product in the 2-amino tauto-
meric form 3¢ but not in the 2-imino form 3d was evidenc-
ed by the appearance of an intense absorption band at
3500 cm™* and a two-proton singlet at 6 6.50 ppm due to
NH, in the ir and nmr spectra, respectively.

It is surprising that compound 3¢ was obtained in
rather high yield (81%) from the starting 2-mercapto-
benzohydrazide (1a), but in much lower yield (38%) from
the isolated intermediate, 3-amino-2-imino-3,4-dihydro-
2H-1,3-benzothiazin-4-one (2a) through the same cyclocon-
densation with cyanogen bromide. Different reaction
pathways might be involved in these transformations. Ac-
cording to the suggestion [5,6], the reaction of hetero-
cycles bearing 1,2- or 1,3-dinucleophiles such as amino
and thiol with cyanogen bromide might occur at either
center to give cyanamide and thiocyanate as intermedi-
ates. We thus might assume that the reaction of 1la with 1
equivalent of cyanogen bromide proceeded via the inter-
mediate thiocyanate 1d, while with excess amount of this
reagent both thiocyanate and cyanamide functions were
formed in the same molecule le as a preferable inter-
mediate, which progressed further via 2f to afford 3c.

In the case involving the condensation of 2a with
cyanogen bromide and methylisothiourea sulfate, the in-
termediates formed might bear a cyanimino, 2d, or
guanidino function, 2e. These intermediates, 2d-f, were
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cyclized to give the target molecule 3¢ in alkaline medium
as expected. However because of the different electronic
influences on each reaction center, 3¢ was obtained in dif-
ferent yields.

The compound 2a, containing a partially fused thio-
semicarbazide moiety with two adjacent nucleophiles
might act as well as 3-amino-2-iminonaphtho[l,2-d]thiazole
[7], a useful synthon prepared in our laboratory, to
undergo similar cyclocondensation with a number of car-
boxylic acid derivatives. The preparation of other analogs
of 3¢ from 2a by this reaction has been undertaken and
the results will be reported in the second part of this
series.

EXPERIMENTAL

All melting points were determined with Fisher Johns 5193-K 328 ap-
paratus and uncorrected. The ultraviolet and infrared spectra were
measured with Shimadzu 210A and Perkin Elmer 938G spectrophotom-
eter, respectively. The 'H nuclear magnetic resonance spectra were
recorded on JEOL FX 100 or Bruker AM-300 WB spectrometer. The
elemental analyses were performed in the Instrument Center at National
Taiwan University, Taipei and National Chengkung University, Tainan,
Republic of China.

2-Mercaptobenzohydrazide (l1a).

A mixture of 33.4 g (0.2 mole) of methyl 2-mercaptobenzoate and 50.1
g (1.0 mole) of 100% hydrazine hydrate was heated under reflux for 4
hours and then concentrated under reduced pressure to about 30 ml. The
residue was diluted with 250 ml of ice-water and acidified to pH 4-5 with
hydrochloric acid. The precipitate was collected, washed with a small
amount of cold water and recrystallized from water to give 31.4 g (86%)
of yellow crystals, mp 112-113°, literature, yield 74%, mp 115-116° [3].

3-Amino-2-imino-3,4-dihydro-2H-1,3-benzothiazin-4-one (2a).

A solution of 16.8 g (0.1 mole) of 1a in 240 ml of 0.5 N sodium hydrox-
ide was kept at 0° and treated in portions with 11.7 g {0.11 mole) of
cyanogen bromide under stirring. After further stirring at 0-5° for 8
hours, the precipitate was collected, washed with water and recrystallized
from benzene to provide 16.7 g (87%) of white fine crystals, mp
141-142°, literature, yield 74%, mp 141.5-142.5° [1], Rf 0.25, silica gel G,
ethyl acetate/n-hexane (4:3); uv {ethanol): A\ max (log €) 239 (4.46) nm; ir
(potassium bromide): 3295, 3235 (N-H), 3065 (= C-H), 1658 (C = 0), 1640,
1580 (C=N/C=C(), 1130 (C-N) cm™*; 'H nmr (DMSO-d,): & (ppm) 5.30 (s,
2H, NH,), 7.32-7.72 (m, 3H, ArH), 8.08-8.18 (m, H-5), 8.64 (s, 1H, =NH);
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ms: (70 eV) m/z 193 (M, 100), 164 (M-N,H, 79), 136 (C,H,COS, 79), 108
(C.H.,S, 59).

Anal. Caled. for C,H,N,0S: C, 49.73; H, 3.65; N, 21.75. Found: C,
49.76; H, 3.61; N, 21.63.

2-Amino-1,2 4-triazolo[5,1-b]1,3]benzothiazin-9-one (3c).
Procedure A.

A solution of 3.9 g (0.02 mole) of 2a in 100 ml of 0.5 N sodium hydrox-
ide was kept at 0° and treated with 5.8 g (0.05 mole) of cyanogen bromide
with stirring. After further stirring at room temperature for 12 hours, the
precipitate was collected, washed with water and recrystallized from a
mixture of dimethylformamide and ethanol to yield 1.7 g (38 %) of yellow
crystals, mp >300°, Rf 0.22, silica gel G, ethyl acetate/n-hexane (4:3); uv
(ethanol): X max (log €) 227 (4.31), 252 (4.45), 324 (3.74) nm; A min (log €)
236 (4.20), 279 (3.47) nm; ir (potassium bromide): 3500 (N-H), 3025
(=C-H), 1705 (C=0), 1590, 1485 (C=N/C=C), 1377 (C-N) em™"; ‘H nmr
(DMSO-d,): 5 (ppm) 6.50 (s, 2H, NH,), 7.51-7.90 (m, 3H, ArH), 8.37 (m,
H-8); ms: (70 eV) m/z 218 (M*, 100), 198 (M-CNH,, 27), 162 (15), 136 (76).

Anal, Caled. for C,H,N,0S: C, 49.53; H, 2.77; N, 25.67. Found: C,
49.38; H, 2.82; N, 25.33.

Procedure B.

A solution of 3.9 g (0.02 mole) of 2a and 2.8 g (0.01 mole) of S-methyl-
isothiourea sulfate in 30 ml of a mixture of dimethylformamide and
water (2:1) was heated under reflux for 6 hours. After cooling, the precip-
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itate was collected, washed with water and recrystallized from a mixture
of dimethylformamide and ethanol to give 2.0 g (46%) of yellow crystals,
mp > 300°.

Procedure C.

A solution of 3.4 g (0.02 mole) of 1a and 6.0 g of triethylamine in 40 ml
of tetrahydrofuran was kept at 0° and treated with 8.4 g (0.06 mole) of
cyanogen bromide in portions with stirring. After further stirring at
room temperature for 5 hours, the reaction mixture was poured into 400
ml of ice-water. The precipitate was collected, washed with water and
recrystallized from a mixture of dimethylformamide and water (2:1) to
yield 3.5 g (81%) of yellow crystals, mp >300°.
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