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The reaction of substituted ethyl 5-aminopyrazole-4-carboxylates with two equivalents of methanesul-
fonyl chloride gave the substituted ethyl 5-[bis(methylsufonyl)amino]-1H-pyrazole-4-carboxylates II.
Removal of one of the methanesulfonyl groups, followed by alkylation of the ethyl
5-[(methylsulfonyl)amino]-1H-pyrazole-4-carboxylates III with methyl iodide produced the substituted
ethyl 5-[methyl(methylsulfonyl)amino]-1H-pyrazole-4-carboxylates IV. Treatment of IV with sodium
hydride gave the 7-substituted 1,7-dihydro-1-methylpyrazolo[3,4-c][1,2]thiazin-4(3H)-one 2,2-dioxides V.

J. Heterocyclic Chem., 34, 1693 (1997).

Our interest in the synthesis of heterocyclic com-
pounds for biological evaluation and the need for
bicyclic heterocycles that contain active methylene
groups led us to ponder the preparation of fused 2H-1,2-
thiazin-5(6 H)-one 1,1-dioxides. A search of the litera-
ture and of commercial data bases indicated that a few
1H-pyrido[2,3-c]){1,2]thiazin-4(3H)-one 2,2-dioxides
[1-3] and 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxides
[4-6] have been prepared, and that Maybridge Chemical
Company Ltd., sells a few 1H-thieno{2,3-c][1,2]thiazin-
4(3H)one 2,2-dioxides and 1H-thieno[3,2-c]-

[(1,2]thiazin-4(3H)-one 2,2-dioxides. The aforemen-
tioned facts led us to prepare examples of the pyra-
zolo[3,4-c][1,2]thiazine ring system from readily avail-
able intermediates.

Our synthesis of the pyrazolo[3,4-c][1,2]thiazin-
4(3H)-one 2,2-dioxides V utilized several substituted
ethyl S-aminopyrazole-4-carboxylates I which were
available commercially or readily prepared by heating
under reflux a solution of ethyl (ethoxymethylene)-
cyanoacetate and the substituted phenylhydrazines
[7,8] in ethanol.

Table 1
Compound mp (°C) Formula IH NMR Yield
Crystallization Anal. Calcd. (Found) (deuteriochloroform) (%)
solvent C H N 8, J (Hz)
Ila 158-159 C,4H17N30¢S, 1.39(t,J =7.1 Hz, 3H), 3.12 (s, 45
43.40 4.42 10.85 6H), 4.37 (g, J = 7.1 Hz, 2H), 7.53-
1-chlorobutane 43.61 4.28 10.66) 7.71 (m, 5H), 8.15 (s, 1H)
1Ib 152-153 C,3Hy5N306S, 1.35 (s, 9H), 1.39 (t, )= 7.1 Hz, 41
48.74 5.68 9.47 3H), 3.11 (5, 6H), 4.36 (q, ) =
ethyl acetate (49.11 5.64 9.40) 7.1 Hz, 2H), 7.58 (AA'BB'q, Avpp =
AVA'B' =98 Hz, JAB = JA'B' =
9.0 Hz, 4H), 8.14 (1H)
IIc 140-141 Cy5H19N50S, 1.39(t,J =7.1 Hz, 3H), 3.16 (s, 37
43.16 4.59 10.07 6H), 3.87 (s, 3H), 4.36 (q, J =
1-chlorobutane/ (43.31 431 9.99) 7.1 Hz, 2H), 7.04 (d, } =9.0 Hz,
ethyl acetate 2H), 7.59 (d, J = 9.0 Hz, 2H),
2:1) 8.12 (s, 1H)
IId 123-124 C14H5C13N;306S, 1.39 (t, } = 7.1 Hz, 3H), 3.03 (br 45
36.85 3.31 9.21 s, 3H), 3.54 (br s, 3H), 4.38 (g,
1-chlorobutane (37.04 3.18 8.97) J=7.1Hz 2H), 7.46 (dd,] =
2.3,8.6Hz 1H),7.60(d,J=23
Hz, 1H), 7.81 (d, ] = 8.6 Hz,
1H), 8.21 (s, 1H).
Ile 161-162 Cy5H6F3N306S, 1.40 (t, J = 7.0 Hz, 3H), 3.17 (s, 44
39.56 3.54 9.23 6H), 4.38 (q, ] = 7.0 Hz, 2H),
acetonitrile (39.56 3.4 9.09) 7.86 (AABBq, Avpp =Avpg =
6.8 Hz, Jxp = Jo.pr = 9.25 Hz, 4H),
8.19, (s, 1H)
It 145-146 CgH5N306S, 1.36 (t, ] = 7.1 Hz, 3H), 3.51 (s, 35
33.22 4.65 12.92 6H), 3.92 (s, 3H), 4.34 (q,
1-chlorobutane (33.55 4.63 12.83) J=17.1,2H), 7.97 (s, 1H)
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Compound mp (°C)
Crystallization
solvent
1lIa 95-96
1-chlorobutane/
ethyl acetate
¢:D
IIIb oil
IlIc 121-123
1-chlorobutane/
ethyl acetate
2:1)
IId oil
Ille 133-134
1-chlorobutane
111f 121-122
1-chlorobutane
CO,CH
s 2 CH3S0,Cl
N 2 Nall/THF
‘I}I NI,
R
1
CO,C,Hs
NaH/DMF IJl ||
———-
‘1}1 NHSO,CHj;
R
111
C02C2H5
1~JI I| NaH/DMF
‘rf 1}1—-sozcu3
R Ci
v
S I
d
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Table 2
Formula TH NMR Yield
Anal. Calcd. (Found) (deuteriochloroform) (%)
C H N 8,1 (H2)
Cy3H sN304S 1.40 @, J = 7.1 Hz, 3H), 2.78 (s, 71
50.47  4.89  13.58 3H), 4.37 (g, ] = 7.1 Hz, 2H),
(50.44 476 13.22) 7.41-7.71 (s+m, 6H), 8.03 (s, 1H)
C7H23N30,4S 1.35 (s, 9H), 1.39 (¢, J = 7.1 Hz, 88
5587 635 1150 3H), 2.74 (s, 3H), 4.37 (g, I =
(5583 618 11.43) 7.1 Hz, 2H), 7.44 (s, 1H), 7.51
(s, 4H), 8.04 (s, 1H)
C,4H,7N;058 1.39 (¢, J = 7.1 Hz, 3H), 2.78 (s, 86
4955 505 12.38 3H), 3.85 (s, 3H), 4.36 (q, ] =
(49.63 496 12.13) 7.1 Hz, 2H), 6.99 (d, J = 9.0 Hz,
2H), 7.44 (s, 1H), 7.50 (d, J =
9.0 Hz, 2H), 8.00 (s, 1H)
Cy3H;CLN;0,8 1.40 (t, ] = 7.1 Hz, 3H), 2.89 (s, 51
4128 346 1111 3H), 437 (g, ). = 7.1 Hz, 2H),
(41.42 345 10.71) 7.41 (dd, J = 2.3, 8.6 Hz, 1H),
7.44 (s, 1H), 7.49 (d, ] = 8.6 Hz,
1H), 7.55 (d, J = 2.3 Hz, 1H),
8.07 (s, 1H)
C14H4FaN;0,8 1.41 (t, 1 =7.1 Hz, 3H), 2.93 (s 98
4456 374 1114 3H), 4.38 (q, J = 7.1 Hz, 2H),
(4484 383  11.00) 7.53 (s, 1H), 7.80 (AA'BB'q,
AVAB =AVA'B' =123 HZ, JAB =
Jop = 8.6 Hz, 4H), 8.07 (s, 1H)
CgH 3N30,8 1.37 (t, ] =7.1 Hz, 3H), 3.03 (s, 71
3886 530 1699 3H), 3.97 (s, 3H), 4.32 (g, J =7 .1,
(39.11 516 1687) 2H), 7.18 (s, 1H), 7.86 (s, 1H)
As expected, the reaction of equimolar amounts of
CO.CoHs methanesulfonyl chloride, a substituted ethyl
Nl'\ ll 5-aminopyrazole-4-carboxylate I and sodium hydride
N™ “N(SO,CHy) gave a mixture of the unreacted substituted ethyl
R 5-aminopyrazole-4-carboxylate I and the substituted
I ethyl 5-[bis(methylsulfonyl)amino]-1H-pyrazole-4-car-
boxylate II. On the other hand, the reaction of two
K,COyDMF equivalents of methanesulfonyl chloride and of sodium
CHyl hydride with one equivalent of a substituted ethyl
5-aminopyrazole-4-carboxylate I gave a mixture of the
expected substituted ethyl 5-[bis(methylsulfonyl)-
0 aminol-1H-pyrazole-4-carboxylate II and of the substi-
tuted ethyl 5-[(methylsulfonyl)amino]-1H-pyrazole-4-
}}\N | 502 carboxylate III. Treatment of the substituted ethyl
b by 5-[bis(methylsulfonyl)amino]-1H-pyrazole-4-carboxyl-
i ates II with two equivalents of sodium hydride in
v

dimethylformamide led to the loss of one of the
methanesulfonyl groups and the formation of the
sodium salt of the substituted ethyl 5-[(methylsulfonyl)-
amino}-1H-pyrazole-4-carboxylates HI. Alkylation of
111 with methyl iodide in the presence of potassium car-
bonate produced the substituted ethyl 5-[methyl(methyl-
sulfonyl)amino)-1H-pyrazole-4-carboxylates IV. The
sodium hydride mediated intramolecular cyclization of
IV gave the 7-substituted 1,7-dihydro-1-methylpyra-
zolo[3,4-c][1,2]thiazin-4(3H)-one 2,2-dioxides V.
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Compound

IVa

IVb

Ivd

IVe

Ive

The methylene groups of all the compounds in Table 3 appear as two overlapping quartets, accordingly we reported them as multiplets.

Compound

Va

Ve

vd

Ve

Vi
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mp (°C)
Crystallization

solvent

106-107
1-chlorobutane

145-146

1-chlorobutane

99-100

1-chlorobutane

116-117
1-chlorobutane/
hexane
[¢8))
124-125

acetonitrile

65-66

1-chlorobutane/
hexane

1:1)

mp (°C)
Crystallization
solvent

145-146

1-chlorobutane
154-155

1-chlorobutane
224-225
ethyl acetate
165-166

1-chlorobutane
188-189

1-chlorobutane
150-151

I-chlorobutane

Table 3

Formula
Anal. Calcd (Found)
C H N

C14H19N3048
52.00 5.30 13.00
(52.11 522 12.81)

C13H25N30,8
5697 664  11.07
(5716 658  11.00)

CisH9N;048
50.98 5.42 11.89
(51.02 5.35 11.84)

C14H5CpN30,8
42.87 3.85 10.71
(42.67 3.89 10.57)

CysH sF3N30,S
46.03 4.12 10.74
(4584 409 10.69)

CoH,5N;0,8
4137 579  16.08
(4144 575  16.08)

Table 4

Formula
Anal. Caled. (Found)
C H N

C12H11N;058
51.97 4.00 15.15
(52.08 3.95 14.92)

C16H19N;058
57.64 5.74 12.60
(57.69 5.63 12.75)

Cy3H3N;0,48
50.81 4.26 13.67
(50.99 4.30 13.27)

41.63 2.62 12.14
(42.02 2.70 11.93)
Cy3H oF3N3058
45.22 2.92 12.17
(45.33 284 12.04)

C7HgN4O4S
3906 422 1952
(3931 418 19.32)

1HNMR
(deuteriochloroform)

3, J (Hz)

1.39 (t, ] = 7.1 Hz, 3H), 2.97 (s,
3H), 3.33 (s, 3H), 4.31-4.38 (m,
2H), 7.43-1.55 (m, SH),

8.08 (s, 1H)

1.35 (s, 9H), 1.39 (t, J = 7.1 Hz,
3H), 2.96 (s, 3H), 3.32 (s, 3H),
4.30-4.38 (m, 2H), 7.49 (AA’
BB'q, Avap =Avup = 123 Hz,
Top =Jop = 8.9 Hz, 4H), 8.07 (s,
1H)

1.39 (1, J =7.1 Hz, 3H), 2.98 (s,
3H), 3.29 (s, 3H), 3.85 (s, 3H),
4.31-4.37 (m, 2H), 6.99 (d,
J=9.0Hz 2H), 744 (d,} =9.0
Hz, 2H), 8.05 (s, 1H)

1.40 (1, J = 7.1 Hz, 3H), 3.02 (s,
3H), 3.31 (s, 3H), 4.31-4.35 (m,
2H), 7.40 (dd, ) =2.3,8.6

Hz, 1H), 7.54 (s, 1H), 7.55 (d,
J=8.6 Hz, 1H), 8.13 (s, 1H)
1.40 (t, J = 7.1 Hz, 3H), 3.04 (s,
3H), 3.38 (s, 3H), 4.32-4.39 (m,
2H), 7.75 (AA'BB'q, Avp =
AVA'B' =16.72 HZ, JAB = JA'B' =8.6
Hz, 4H), 8.11 (s, 1H)

1.37 (¢, ] =7.1 Hz, 3H), 3.06 (s,
3H), 3.35 (s, 3H), 3.89 (s, 3H),
4.26-4.33 (m, 2H), 7.90 (s, 1H)

1H NMR
(deuteriochloroform)

3,1 (Hz)

3.02 (s, 3H), 4.10 (s, 2H), 7.47-
7.73 (m, 5H), 8.14 (s, 1H)

1.37 (s, 9H), 3.03 (s, 3H), 4.09
(s, 2H), 7.58 (AABB'q, Av,p =
AVAB' = 14.9 Hz, o = Jop = 9.0
Hz, 4H), 8.12 (s, 1H)

3.01 (s, 3H), 3.89 (s, 3H), 4.08

(s, 2H), 7.05 (d, J = 9.0 Hz, 2H),
7.59 (d, J =9.0 Hz, 2H), 8.11 (s,
1H)

3.00 (s, 3H), 4.11 (s, 2H), 7.47

(m, 2H), 7.66 (1, ] = 1.1 Hz,

1H), 8.16 (s, 1H)

3.07 (s, 3H), 4.12 (s, 2H), 7.88
(AABB'q, Avyp = AV = 226
Hz, Jap =Jop = 8.9 Hz, 4H),

8.18 (s, 1H)

3.35 (s, 3H), 3.91 (s, 3H), 4.05

(s, 2H), 7.96 (s, 1H)
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Yield
(%)

85

76

92

78

76

70

Yield
(%)

72

49

27

69

62

44
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EXPERIMENTAL

Melting points were determined with a Thomas Hoover capil-
lary melting point apparatus and are reported uncorrected. The
IH nmr spectra were recorded using a Varian Unity Plus 300 or
Varian VXRS 400. Chemical shift values are reported in parts
per million on the & scale. The nmr spin multiplicities are indi-
cated by the symbols: s (singlet), d (doublet), t (triplet), g (quar-
tet) and m (multiplet). Elemental analyses were performed by
Quantitative Technologies Inc., Whitehouse, New Jersey, U.S.A.
The ethyl 5-amino-1-methylpyrazole-4-carboxylate used in this
investigation was purchased from Maybridge Chemical
Company Ltd., and the ethyl 5-amino-1-phenylpyrazole-4-car-
boxylate was purchased from Aldrich Chemical Company. We
used a 60% suspension of sodium hydride in mineral oil in this
investigation.

Synthesis of Substituted Ethyl S-aminopyrazole-4-carboxylates
I. General Procedure.

Under a nitrogen atmosphere, ethyl (ethoxymethylene)cyano-
acetate (0.08 mole) was added to the substituted phenyl-
hydrazine (0.08 mole) or to the hydrochloride salt of the substi-
tuted phenylhydrazine (0.08 mole) and triethylamine (0.09
mole) in 125 ml of ethanol. The reaction mixture was stirred and
heated under reflux for seven hours and then cooled to ambient
temperature. Most of the ethanol was removed under vacuum
and then water (150 ml) was added to the residue. The solid
product was removed by filtration, washed with water and crys-
tallized from a suitable solvent.

Ethyl 5-Amino-1-(4-tert-butylphenyl)pyrazole-4-carboxylate Ib.

This compound was prepared from 4-tert-butylphenylhy-
drazine hydrochloride, triethylamine and ethyl (ethoxymethyl-
ene)cyanoacetate, yield 87% with crystallization from
1-chlorobutane, mp 159-160°; 'H nmr (deuteriochloroform):
1.35 (s, 9H), 1.36 (t, J = 7.1 Hz, 3H), 4.30 (q, J = 7.1 Hz, 2H),
5.27 (br s, 2H), 7.48 (AABB'q, Avpap = Avpg = 21.2, Hz, Jog =
Jop = 8.6 Hz, 4H), 7.72 (s, 1H).

Anal. Caled. for CigH, N3O, C, 66.87; H, 7.37; N, 14.62.
Found: C, 67.18; H, 7.16; N, 14.60.

Ethyl 5-Amino-1-[(4-trifluoromethyl)phenyl}pyrazole-4-car-
boxylate Ie.

This compound was prepared from 4-(trifluoromethyl)phenyl-
hydrazine and ethyl (ethoxymethylene)cyanoacetate, yield 70%
with crystallization from 1-chlorobutane, mp 124-125° !H nmr
(deuteriochloroform): 1.37 (t, J = 7.1 Hz, 3H), 432 (q, ] = 7.1
Hz, 2H), 5.39 (brs, 2H), 7.76 (AA'BB'q, Avpg = Avpp = 159
Hz, Jaog = Jaop = 8.6 Hz, 4H), 7.82 (s, 1H).

Anal. Caled. for C{3H ,F3N30,: C, 52.17; H, 4.04; N, 14.04.
Found: C, 52.21; H, 3.96; N, 14.04.

Ethyl 5-Amino-1-(4-methoxyphenyl)pyrazole-4-carboxylate
Ic and Ethyl 5-Amino-1-(2,4-dichlorophenyl)pyrazole-4-car-
boxylate Id are known compounds [7,8] and were prepared as
described above.

Synthesis of Substituted Ethyl 5-[bis(methylsulfonyl)amino]-
1H-pyrazole-4-carboxylates II. General Procedure.

Under a nitrogen atmosphere, the substituted ethyl
5-aminopyrazole-4-carboxylate (0.48 mole) was added in small
portions over 20 minutes to a stirred suspension of sodium
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hydride (4.2 g, 0.105 mole) in 150-200 ml of tetrahydrofuran.
The temperature was kept at ca. 10° during the addition and then
allowed to rise to room temperature. After 2 hours at ambient
temperature, the reaction mixture was cooled to 0° and methane-
sulfonyl chloride (11.5 g, 0.1 mole) was added dropwise over 20
minutes to the sodium salt of I. The temperature was kept below
10° during the addition and then the reaction mixture was stirred
at ambient temperature overnight. A few milliliters of ethanol
(to quench excess sodium hydride) were added, most of the sol-
vent was removed under vacuum and 0.2 N hydrochloric acid
was added until the reaction mixture was acidic. If the product
crystallized out, it was removed by filtration, washed with water,
dried and crystallized from a suitable solvent. In the cases where
the product did not crystallize out from the aqueous medium, the
reaction mixture was extracted with ethyl acetate, and the com-
bined ethyl acetate extracts were washed with water and dried
over magnesium sulfate. Removal of the magnesium sulfate by
filtration and concentration of the filtrate gave the crude prod-
ucts which were purified by column chromatography eluting
with 2/1 hexane:ethyl acetate. The isolated oils solidified and
were crystallized from a suitable solvent. Compounds Ile and
IIf were isolated by filtration.

Compounds Ila, IIb, IIc and IId were isolated by extraction.
Data for the compounds prepared are listed in Table 1.

Synthesis of Substituted Ethyl 5-[(methylsulfonyl)amino]-1H-
pyrazole-4-carboxylates III. General Procedure.

Under a nitrogen atmosphere, a substituted ethyl
5-[bis(methylsulfonyl)amino]-1H-pyrazole-4-carboxylate II
(0.039 mole) was added in small portions to a stirred suspension
of sodium hydride (3.2 g, 0.078 mole) in 15 ml of dimethyl-
formamide. The temperature was kept at 10° during the addition,
and then the reaction mixture was stirred at ambient temperature
overnight. A few milliliters of ethanol were added, followed by
0.2 N hydrochloric acid until the reaction mixture was acidic. If
a solid formed, it was removed by filtration, washed with water,
dried and crystallized. In the cases where the product did not
crystallize out from the aqueous medium, the same product iso-
lation procedure described under the method for the preparation
of substituted ethyl 5-[bis(methylsulfonyl)amino]-1H-pyrazole-
4-carboxylates II was used to obtain the products. Compounds
IIIc and Ille were isolated by filtration. Compounds Illa, IIIb,
IIId and IIIf were isolated by extraction. Data for the com-
pounds prepared are listed in Table 2.

Synthesis of Substituted Ethyl 5-[methyl(methylsulfonyl)-
amino]-1H-pyrazole-4-carboxylate IV. General Procedure.

Under a nitrogen atmosphere, methyl iodide (4.46 g, 0.032
mole) was added to a stirred solution of a substituted ethyl
5-[(methylsulfonyl)amino]-1 H-pyrazole-4-carboxylate III
(0.026 mole) in 15 ml of dimethylformamide in the presence of
potassium carbonate (7.0 g, 0.051 mole). The reaction mixture
was stirred at room temperature overnight, and then water
(approximately 50 ml) was added. The precipitated solid was
removed by filtration, washed with water, dried and crystallized
from a suitable solvent. If the product did not precipitate when
the reaction mixture was diluted with water, the reaction mixture
was extracted with ethyl acetate (3 x 50 ml), and the ethyl
acetate extracts were combined, washed with water, and dried
over magnesium sulfate. Removal of the magnesium sulfate by
filtration and concentration of the filtrate gave the crude product
which was purified by column chromatography eluting with 2/1
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hexane:ethyl acetate. The isolated products solidified and were
crystallized from a suitable solvent. Compounds I'Va, IVb, IVc
and IVe were isolated by filtration. Compounds IVd and IVf
were isolated by extraction. Data for the compounds prepared
are listed in Table 3.

Synthesis of 7-Substituted 1,7-Dihydro-1-methylpyrazolo[3,4-c]-
1,2-thiazin-4(3H)-one 2, 2- Dioxides V. General Procedure.

Under a nitrogen atmosphere, sodium hydride (1.5 g, 0.0375
mole) was added to a cold (5°) solution of the substituted ethyl
5-[methyl(methylsulfonyl)amino}-1H-pyrazole-4-carboxylate
IV (0.0186 mole) in 15 ml of dimethylformamide. The reaction
mixture was stirred and the temperature was allowed to rise
slowly to ambient temperature. After five hours at ambient tem-
perature, approximately 1 ml of ethanol was added (to quench
the excess sodium hydride), and then 1 N hydrochloric acid was
added until the reaction mixture was acidic. The precipitated
solid was removed by filtration, washed with water, dried and
crystallized from a suitable solvent. In the cases where the prod-
uct did not crystallize out from the acidic medium, the reaction
mixture was extracted with ethyl acetate, and the combined ethyl
acetate extracts were washed with water, and dried over magne-
sium sulfate. Removal of the magnesium sulfate by filtration and
concentration of the filtrate gave the crude products which were
purified by column chromatography eluting with 1/1
hexane:ethyl acetate. The isolated products solidified and were

Synthesis of Pyrazolo[3,4-c][1,2]thiazin-4(3H)-one 2,2-Dioxides, New Heterocycles
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crystallized from a suitable solvent. Compounds Va and Ve were
isolated by filtration. Compounds Vb, Ve, Vd and Vf were iso-
lated by extraction. Data for the compounds prepared are listed
in Table 4.
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