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Abstract: A new simple and efficient procedure was designed for
the regiospecific preparation of arenesulfonamide derivatives of
3,5-diamino-1,2,4-triazole 1 which are precursors of N-([1,2,4]tria-
zolo[ 1,5-a] pyrimidin-2-yl)arenesul fonamides 2, an important fami-
ly of herbicidal and antibacteria agents. The key feature of this
procedure is the preparation of a wide range of compounds 1 on a
large scale, in pure form and high yield without the need for any
workup or the use of the highly hazardous hydrazine. This was
made possible by a novel tandem reaction promoted by sulfuryl
chloride to effect the formation of the triazole ring.

Key words: triazolering formation, heterocycles, cyclizations, tan-
dem reactions, herbicidal agents

N-(5-Amino-1H-[1,2,4]triazol-3-yl)arenesulfonamides 1
are key intermediates in the synthesis of N-([1,2,4]triazo-
lo[1,5-a]pyrimidin-2-yl)arenesulfonamides 2 (Figure 1),
aclass of compounds displaying important herbicidal and
antibacterial activities.? As part of our ongoing medicinal
chemistry project, we intended to prepare chemical librar-
ies of compounds 2 in array format for lead optimization.
Hence we needed a straightforward and simple approach
to prepare large quantities of building blocks 1. The pro-
cedures described previously in the literature®* both in-
volve a two-step formation of the triazole ring from
commercially or readily available arenesulfonamides 3.
However, both methods exhibit several disadvantages in-
cluding the use of reflux® or high temperature* conditions,
moderate and inconsistent yields*# as well as the use of
two highly hazardous chemicals, hydrazine® or carbon
disulfide.* We reasoned that the first procedure® involving
a two-step construction of the heterocyclic ring starting
from 3 and dimethyl cyanodithioiminocarbonate (4) was
amenable to optimisation in order to avoid the aforemen-
tioned drawbacks. In the original publication, two differ-
ent methods were described for the first step yielding the
intermediate methyl N-(arylsulfonyl)-N’ -cyanoimidothio-
carbamates 5, but both required reflux conditions and
yields were inconsistent and often quite low. The second
step involved hydrazine as a reagent, and was thus unsat-
isfactory on safety grounds.
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The initial objective of our research programme was to
simplify the experimental procedure and increase the
yields in the first step as well as finding aternative and
safer reaction conditions for the second step. In this paper,
we wish to report both improvementsin the preparation of
the building blocks 1, as well as the use of sulfuryl chlo-
ride in a new tandem reaction leading to the construction
of the triazole ring.
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Figurel Chemical structures of arenesulfonamides 1 and 2

To perform the coupling of 3 and 4, we were looking for
asimplified procedure which avoidsreflux conditions and
affords compounds 5 in higher and more consistent yields.
Presumably reflux conditions were desirable in order to
address solubility problems. We decided to use DMF asa
solvent for the coupling in order to circumvent these prob-
lems. This choice consequently allowed us to work with
highly concentrated reaction media. We used potassium
carbonate as a base due to its water solubility which, cou-
pled with the water miscibility of DMF simplified the fi-
nal product isolation procedure. As a matter of fact,
operating with concentrations as high as 3 molar, we were
able to precipitate the pure products 5 in high yields
(Table 1) by simply adding aqueous 2 M hydrochloric
acid to the reaction mixture.

It is noteworthy that the new procedure resulted in adra-
matic increase in isolated yields of products compared
with the previously published results, as shown below.
The high concentration of the reaction medium and the
simplicity of the purification process certainly accounts
for the substantial improvement in chemical yields ob-
served.
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Tablel Compounds5 Synthesized
Compound R Yield?® (%) ﬁ ) :S|_NH2 N
R=—" 0o s/ Vi
5a H 82 (45 3 0O —
(49) i 7N >_N
+ S—NH
5b 4-Me 83 (55) 77-99% R/— (I)I
5¢ 4-Cl 92 NN :
N )
1]
5d 2.Cl 99 (69) SCHa \
5e 3-Cl 95 4 — -
bf 4-Br 88
H 0O
59 2-naphthyl® 87 N ) NH, o=<
] >—N iii HN—N
5h 2,4,6-Pr-i 97 (40) /7 \ " —o N\ _u
FNH 56-72% — 2
. R~/ o N
5i 2-CO,Me 77 o 7 N1 4
: i/ I
5j 4-OMe 88 1 o]
aYields reported in the literature®are given in parenthesis. L 6 _

b 2-Naphthylsulfonamide (3g) was used in place of benzenesulfona-
mide (3a, R=H).

Following the previously described procedure, the second
step required the use of either anhydrous hydrazine or hy-
drazine monohydrate, which are both highly toxic and
dangerous chemicals. Thus we clearly needed to find a
different approach in order to comply with heath and
safety regulations. The most evident choice appeared to
be the utilization of tert-butyl carbazate, a protected hy-
drazine derivative usually used asits equivalent in synthe-
sis, or as away of introducing the Boc protecting group.

We initially envisaged carrying out the coupling of com-
pounds 5 with tert-butyl carbazate followed by addition of
trifluoroacetic acid (TFA) to deprotect the expected inter-
mediate adduct 6 in situ (Scheme 1) and effect the cycliza-
tion leading to the formation of the triazole ring.
Unfortunately, our attempts using this strategy were un-
satisfactory. Reactions with both compounds 5a and 5b
using TFA for deprotection and subsequent cyclization
yielded a mixture of compounds 1a and 1b respectively,
together with 3-amino-5-methylthio-1,2,4-triazole (7)
(Figure 2) asamajor byproduct (over 50% in both cases).
The coupling typically required heating to 60 °C for good
reaction rates. Different solvents (dichloromethane, ace-
tonitrile, 1,4-dioxane) and conditions (adding TFA in the
first place or after theintermediate 6 has formed, isolating
6 and carrying out the second step at room temperature us-
ing diluted hydrochloric acid instead of TFA) were tried
but none gave satisfactory results.

N
/S\(/ “NH
N={_
NH,
7

Figure2 Chemical structure of the byproduct 1,2,4-triazole 7

Scheme 1 Synthesis of triazoles 1 Reagents and conditions: i)
K,CO4/DMF, r.t., then 2 N aq HCI; ii) t-BUNHNH,/MeCN, 60 °C; iii)
a SO,Cl,/CH,Cl,, r.t., b. EtOH-H,0, A

At thisjuncture we were prompted to think about an alter-
native method for the smooth and sel ective tandem depro-
tection-cyclization protocol for accessing our target
compounds 1. The previous experiments reveal ed that un-
der the reaction conditions used, elimination of the arene-
sulfonamide moiety was surprisingly highly competitive
with the elimination of methanethiol during the addition-
elimination process leading to the formation of the triaz-
ole ring. The challenge was for us to find conditions fa-
voring the eimination of the sulfide moiety, possibly by
increasing its tendency to behave asagood leaving group.
At this point our attention turned to sulfuryl chloride.

Itisknown in theliterature that sulfuryl chlorideisapow-
erful chlorinating agent capable of generating chlorinein
situ. Besides this, sulfuryl chloride is also known to cata-
lyze the deprotection of tert-butyl esters. Although sulfu-
ryl chloride is well documented as a carbon chlorinating
agent, its use as a sulfur chlorinating agent is rare.> We
reasoned that chlorine generated in situ from the sulfuryl
chloride-mediated deprotection of the tert-butoxycarbon-
yl (Boc) group might lead to chlorination of the methyl
sulfide moiety to generate a methylchlorosulfonium cat-
ion and subseguent elimination of methylsulfenyl chlo-
ride. Gratifyingly, we found that treatment of the isolated
crudeintermediate 6 in the presence of sulfuryl chloridein
dichloromethane at room temperature mainly gave the ex-
pected arenesulfonamide derivative of triazole 1, which
simply precipitated out of solution. In most cases, the
amount of byproduct 7 was less than 10%. Subsequently
we also found that refluxing a suspension of the crude sol-
id for afew minutesin a 1:1 mixture of ethanol and water
allowed us, after filtration, to obtain compounds 1 in pure
form without dramatically affecting the yield of the two-
step procedure (Table 2).
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Table2 Preparation of 1
Compound R Yield® (%)
¥\ ﬁ/\ P cr /3-‘7
1a H 72 (70) CH5—¢ O%HN y } 0 9>
O ! . AN
1b 4-Me 56 (89) —s )N .
N AR
1c 4-Cl 67 S—NH H
R~/ 1 6
1d 2-Cl 60 (77) © \ e
le 3-Cl 63 HaN—N o
1f 4-Br 62 §_NH \>_NH2 - (04
—N CO, H N—N
1g 2-naphthyl® 68 —j Y >\1¢r
1h 2,4,6-i-Pr 64 (84) cr—cl
aYield over two steps. Yields reported in the literature® are given in
parenthesis.
b Methyl N’ -cyano-N-(2-naphthylsulfonyl)imidothi ocarbamate (5g) VR H
was used in place of methyl N’-cyano-N-(phenylsulfonyl)imidothio- cr H \N/N\ NH,
carbamate (5a, R = H). HNA-N N 7/
%—NH SnNH, — & % N
N i . - -
The only limitation observed with this method was in the —s{ cl
case of compounds 5i and 5j. TLC monitoring of thereac- cl
tion in these cases revealed the formation of a number of -CHsSCl
byproducts, which probably resulted from sensitivity of
the ester® and ether” moieties to sulfuryl chloride. N NH, N _NH,
. . - 7N
In order to account for the modified reactivity of com- o h}_é . o H'\}:N
pounds 6 under the conditions described above, we pro- 7 N\, H 7 N1,
pose the mechanism depicted in Scheme2. In this r<=/ [ rR=/ I

mechanism, the reaction isinitiated by the sulfuryl chlor-
ide-mediated deprotection of the Boc group in which
chlorine is generated. Subsequent chlorination of the me-
thyl sulfide moiety to give the corresponding chlorosulfo-
nium cation is accompanied by concomitant cyclization.
Since sulfuryl chloride is known to generate Cl, in situ, it
is reasonable to envisage an alternative mechanism in-
volving initial chlorination followed by Boc deprotection.

A summary of the overall yields obtained for transforma-
tion 3 — 1 in comparison with those from previously de-
scribed procedures is presented in Table 3. Whereas all
results are at least as good as those previously reported, a
dramatic increase in the yields was observed in some cas-
es. This clearly demonstrates that avoiding the use of hy-
drazine or carbon disulfide does not adversely affect the
efficiency of the preparation of the title compounds.

In conclusion, we have described an efficient and high
yielding route to the preparation of N-(5-amino-1H-
[1,2,4]triazol-3-yl)arenesulfonamides 1 of high purity
from commercially available arenesulfonamides 3. This
new procedure avoids using highly hazardous hydrazine
and also excludes any purification techniques other than
filtration. In this respect, it is perfectly suited for large
scale synthesis as demonstrated here on 5 g batches. The
series of compounds 2 prepared as described in this paper
will be used as scaffolds for the generation of chemical li-
braries of N-([1,2,4]triazolo[1,5-a]pyrimidin-2-yl)arene-
sulfonamides 2. In addition, we have presented an

=

Scheme 2 Proposed mechanism for the sulfuryl chloride initiated
tandem reaction

Table3 Comparison of the Overal Yieldsfor the Transformation 3
-1

Preparation R Yield® (%)
3a—la H 59 (32,3 35%)
3b - 1b 4-Me 46 (49,2 41%)
3c— 1c 4-Cl 62 (35%

3d - 1d 2-Cl 59 (539)

3h - 1h 2,4,6-Pr-i 62 (34%)

aQverall yield. Literature yields are given in parenthesis.

interesting utilization of sulfuryl chloride, a powerful and
versatileinorganic reagent for organic synthesis, in anov-
el tandem reaction for which a plausible mechanism has
been proposed.

All materials were purchased from commercial suppliers and used
without further purification. Dimethyl cyanodithioiminocarbonate
was purchased from Lancaster (99% purity). TLC was performed
on aluminum backed silica gel 60 F,s, plates and visualized by UV
light. Melting points were measured using a Reichert-Jung Ther-
movar hot-stage microscope and are uncorrected. Microanalyses
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were determined using a Fisons EA 1108 CHNS-O instrument.
Mass spectra(El) wererecorded on aV G Micromass 16F spectrom-
eter. All 'H NMR spectra were recorded on a Varian Gemini (300
MH2z) or a Varian Unity Spectrometer (400 MHz), using the resid-
ua proton signal of the deuterated solvent as an internal reference:
for CDCl; (8=7.26), acetone-d; (5=205), and DMSO-d4
(5 = 2.50). All 3C NMR spectra were recorded on the same instru-
ments at 75 MHz or 100 MHz, using the *C signal of the deuterated
solvent asan internal reference: for CDCl, (8 = 77.0, central signal),
acetone-dg (5 = 29.8, central signal, and & = 205.7), and DM SO-dg
(5 =39.6, central signal). For the 'H NMR spectral data, coupling
constants (J) are reported in Hz. Carbon multiplicities were as-
signed by DEPT experiments. Some quaternary carbon atoms have
very slow relaxation times, in which case they do not appear in the
assignment.

Methyl N-(Arylsulfonyl)-N’-cyanoimidothiocarbamates 5a—;
General Procedure

A mixture of arenesulfonamide 3a— (6.4 mmol), an equimolar
amount of both dimethyl N-cyanodithioiminocarbonate and finely
ground anhyd K,CO; in DMF (10 mL) were stirred at r.t. for 15 h.
Then an ag solution of 2 N HCI (150 mL) was added to the reaction
mixture and stirred for an additional 8 h. The white precipitate
formed was collected by filtration and washed successively with an
aq solution of 2 N HCI and a small amount of ether. Further drying
under vacuum afforded theimidothiocarbamate 5a— . Theyieldsare
listedin Table 1.

M ethyl N’-Cyano-N-(phenylsulfonyl)imidothiocar bamate (5a)
Scale: 31.8 mmol; white solid; mp 132-134 °C (Lit.% mp 122 °C,
dec.); R; 0.18 (CHCI—EtOH, 8:2).

IH NMR (400 MHz, acetone-dg): & = 2.76 (s, 3 H, SCH.), 7.68 (m,
2 Haromv Hmeta)v .77 (m! 1 Haromv Hpara)v 8.03 (m, 2 Haromv Hortho)'

13C NMR (100 MHz, acetone-dg): 3 = 14.9 (CH,), 128.6 (2 x CH),
129.4 (2 x CH), 134.6 (CH), 170.9 (C).

MS (El): mz (%) = 255 (M*, 1), 208 (M* — SCH,, 10), 141 (PhSO,",
42), 77 (Ph*, 100).

Anal. Caled for CHgN,0,S,: C, 42.34; H, 3.55; N, 16.46; S, 25.11.
Found: C, 42.24; H, 3.30; N, 16.39; S, 25.02.

Methyl N’-Cyano-N-[(4-methylphenyl)sulfonyl]imidothio-car -
bamate (5b)

Scale: 29.2 mmol; white solid; mp 133-134 °C (Lit.> mp 137.5-139
°C); R;0.19 (CHCI,—EtOH, 8:2).

'H NMR (400 MHz, acetone-dg): & = 2.46 (s, 3H, CH,), 2.75 (s, 3
H, SCH,), 749 (d, 2 H, o1y J=84Hz H,.), 791 (d, 2 H oy I =
8.4 Hz, Hyiho)-

13C NMR (100 MHz, acetone-dg): = 14.8 (CHs), 20.9 (CHy), 111.7
(C), 128.8 (2x CH), 129.9 (2x CH), 135.8 (C), 145.9 (C), 170.9
©.

MS (El): m/z(%) =269 (M*, 1), 222 (M* — SCH,, 6), 155
(C4H,CH,S0,", 59), 91 (CH,CH;*, 100).

Anal. Cacd for CioHyN;O,S,: C, 44.59; H, 4.12; N, 15.60; S,
23.81. Found: C, 44.96; H, 3.89; N, 15.93; S, 24.20.

M ethyl N-[(4-Chlorophenyl)sulfonyl]-N’-cyanoimidothio-car -
bamate (5c)

Scale: 20.9 mmol; white solid; mp 133-134 °C; R; 0.15 (CHCl;—
EtOH, 8:2).

IH NMR (400 MHz, acetone-dy): & = 2.77 (s, 3 H, SCH.,), 7.72 (d,
2 Haom J = 8.8 Hz, Hyyera), 8.03 (0, 2 Haom, J = 8.8 HZ, Hopeno)-

13C NMR (75 MHz, acetone-dg): § = 15.7 (CH,), 112.2 (C), 130.5
(2% CH), 131.4 (2 x CH), 138.5 (C), 141.3 (C), 171.9 (C).

MS (El): mz(%) =289 (M*, 1), 242 (M* — SCHs, 9), 175
(C4H,CISO,*, 68), 111 (C;H,CI*, 100).

Anal. Calcd for CgHgCIN;O,S,: C, 37.31; H, 2.78; N, 14.50; S,
22.13. Found: C, 37.18; H, 2.42; N, 14.61; S, 22.31.

M ethyl N-[(2-Chlorophenyl)sulfonyl]-N’-cyanoimidothio-car -
bamate (5d)

Scale: 26.1 mmol; white solid; mp 132-133 °C (Lit.> mp 126.5 °C,
dec.); R;0.14 (CHCI—EtOH, 8:2).

IH NMR (300 MHz, acetone-dg): § = 2.78 (s, 3H, SCH,), 7.61-7.80
(M, 3 Haom 2 Hpga @nd 1 H,. ), 819 (dd, 1 Hyo, J = 8.0 Hz, I =
1.4 HZ, Hypho)-

13C NMR (75 MHz, acetone): & = 16.3 (CH,), 112.0 (C), 129.2
(CH), 133.2 (C), 133.5 (CH), 134.0 (CH), 137.1 (CH), 137.9 (C),
171.7 (C).

LRMS (El): m/z (%) = 289 (M*, 3), 242 (M* — SCH, 12), 207 (M*
—SCH, —Cl, 10), 175 (C¢H,CISO,", 66), 111 (C4H,CI*, 100).

Anal. Calcd for CgHgCINSO,S,: C, 37.31; H, 2.78; N, 14.50; S,
22.13. Found C, 37.21; H, 2.40; N, 14.55; S, 22.51.

M ethyl N-[(3-Chlorophenyl)sulfonyl]-N’-cyanoimidothio-car -
bamate (5€)

Scale: 26.1 mmol; white solid; mp 129-130 °C; R; 0.11 (CHCl;—
EtOH, 8:2).

'H NMR (300 MHz, acetone-dg): § = 2.77 (s, 3H, CHg), 7.71 (m, 1
Harom: Hreta)s 7.80 (M, 1 Hyom, Hoara), 7.98 (M, 1 Hygm, Hortno), 8.00
(d, 1 Haromv J= 1-51 Hortho)-

13C NMR (75 MHz, acetone-dy): § = 15.2 (CH,), 111.6 (C), 127.5
(CH), 128.5 (CH), 131.6 (CH), 134.8 (CH), 135.0 (C), 1415 (C),
171.5 (C).

Anal. Calcd for CaHeCINSO,S,: C, 37.31; H, 2.78; N, 14.50; S,
22.13. Found C, 37.62; H, 2.36; N, 14.74; S, 22.50.

M ethyl N-[(4-Bromophenyl)sulfonyl]-N’-cyanoimidothio-car -
bamate (5f)

Scale: 21.2 mmol; white solid; mp 132-133 °C; R; 0.11 (CHCl;—
EtOH, 8:2).

IH NMR (400 MHz, acetone-dg): § = 2.77 (s, 3 H, CH.), 7.88 (d, 2
Haom J = 8.8 HZ, Hia), 7.96 (d, 2 Hoom: J = 8.8 HZ, Horno)-

13C NMR (100 MHz, acetone-dy): § = 15.9 (CHs), 112.3 (C), 130.1
(C), 131.6 (CH), 133.7 (CH), 139.2 (C), 171.9 (C).

Methyl N’-Cyano-N-(2-naphthylsulfonyl)imidothiocar bamate
(59)

Scale: 24.1 mmol; white solid; mp 138-140 °C; R; 0.14 (CHCl;—
EtOH, 8:2).

IH NMR (400 MHz, acetone-dg): § = 2.77 (s, 3H, CHy), 7.75 (td, 1
H,J=8.1, 1.6 Hz), 7.78 (td, 1 H, = 8.1, 1.6 Hz), 8.02 (dd, 1 H, J
=8.8,2.0Hz), 808 (d, 1H, J=8.1Hz),8.18(d, 1H, J = 8.8 Hz),
8.20(d, 1H, J = 8.1 Hz), 8.69 (d, 1 H, J = 2.0 Hz).

13C NMR (100 MHz, acetone-dg): & = 16.0 (CH,), 112.5 (C), 124.1
(CH), 129.2 (CH), 129.3 (CH), 130.7 (CH), 130.9 (CH), 131.0
(CH), 131.8 (CH), 133.2 (C), 136.8 (C), 136.9(C), 171.9 (C).

Methyl N’-Cyano-N-[(2,4,6-triisopr opylphenyl)sulfonyl]imido-
thiocarbamate (5h)

Scale: 17.6 mmol; white solid; mp 237-238 °C (dec.) (Lit.3 mp
165-165.5 °C); R; 0.18 (CHCI,—EtOH, 8:2).

IH NMR (400 MHz, acetone-dg): 5 = 1.19 (d, 12 H, J = 6.6 Hz,
CHCHy), 1.23 (d, 6 H, J = 6.6 Hz, CHCH3), 2.33 (s, 3 H, SCHS),
2.90 (septet, 1 H, J = 6.6, CHCH,), 3.40 (br s, 1 H, NH), 4.61 (sep-
tet, 2 H, J= 6.6 Hz, CHCHy), 7.14 (S, 2 Hyom)-
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13C NMR (100 MHz, acetone-dy): § = 15.1 (CHa), 23.4 (2 x CHy),
24.4 (4% CHy), 29.1 (2 x CH), 34.1 (CH), 122.8 (2x CH), 138.0
(C), 149.7 (C), 150.6 (C).

M ethyl 2-({[(Cyanocimino)(methylsulfanyl)methyl]amino}sul-
fonyl)benzoate (5i)

Scale: 23.2 mmol; white solid; mp 133 °C; R; 0.29 (CHCI,—EtOH,
8:2).

H NMR (400 MHz,acetone-dy): § = 2.75 (s, 3 H, SCH5), 3.98 (s, 3
H, CO,CHs), 7.84-7.92 (M, 3 Horomm, 2 Hoera and 1 Hygy), 8.23 (dl, 1
Haom 9= 7.2 Hz, Hono)-

13C NMR (100 MHz, acetone-dg): § = 14.6 (CH,), 53.2 (CH5), 111.1
(C), 130.7 (CH), 131.7 (2 x CH), 132.3 (C), 134.8 (CH), 136.6 (C),
167.2 (C), 170.6 (C).

LRMS (El): mz(%) =314 (M*, 0.1), 199 [CeH,(CO,CH)SO,",
100], 135 (CgH,CO,CH,*, 41), 120 (C;H,CO,", 7), 77 (Ph*, 43).

Anal. Cacd for CyHuN;O,S,: C, 42.16; H, 3.54; N, 13.41; S,
20.46. Found: C, 42.10; H, 3.29; N, 13.43; S, 20.44.

Methyl N’-Cyano-N-[(4-methoxyphenyl)sulfonyl]imidothio-
carbamate (5))

Scae: 26.7 mmol; white solid; mp 135-136 °C; R; 0.18 (CHCl;—
EtOH, 8:2).

IH NMR (300 MHz, acetone-dg): 8 = 2.75 (s, 3H, SCH,), 3.94 (s, 3
H, OCHy), 7.16 (dt, 2 Haom J = 9.0, 25 Hz, H,ers), 7.96 (dlt, 2 Haroms
J=9.0, 2.5 Hz, Horno)-

13C NMR (75 MHz, acetone-d;): 8 = 16.1 (CHy), 24.9 (C), 57.0
(CH.), 1135 (C), 115.8 (2 x CH), 131.2 (C), 132.6 (2 x CH), 166.0
©.

LRMS (El): mz(%) =285 (M*, 7), 238 (M* — SCH,, 2), 171
[CeH.(OCH,)SO,", 100], 107 (C;H,OCH,", 67), 77 (Ph*, 52).

Anal. Calcd for CioHyNsO,S,: C, 42.09; H, 3.89; N, 14.73; S,
22.47. Found: C, 41.98; H, 3.74; N, 14.82; S, 22.59.

N-(5-Amino-1H-[1,2,4]triazol-3-yl)ar enesulfonamides 1a—h;
General Procedure

A mixture of 5a- (15.0 mmol), and tert-butyl carbazate (1.98 g,
15.0 mmol) in MeCN (50 mL) was stirred and heated to 60 °C for
16 h. Then the mixture was evaporated to drynessto yield the crude
intermediate 6a— asawhite or paleyellow foam. SO,Cl, (1.45 mL,
18.0 mmol) was added to a stirred solution of this crude intermedi-
ate in CH,Cl, (250 mL). The pale yellow precipitate formed after
overnight stirring at r.t. was collected by filtration and washed with
CH,Cl,. The solid residue was suspended in 50% aq EtOH (100
mL) and the mixture was refluxed for 15 min, then allowed to cool
tor.t. The solid was collected by filtration and washed successively
with H,O and asmall amount of Et,O. Further drying under vacuum
afforded 1a—h. Theyields over 2 steps arelisted in Table 2.

Intermediate 6a
White foam; R; 0.75 (CHCI—EtOH, 8:2).

IH NMR (400 MHz, CDCl.): = 1.44 (s, 9 H, t-C,Ho), 2.31 (s, 3 H,
SCH,), 7.23 (br s, 1 H, NH), 7.44 (M, 2 Hyom Hyee), 7.50 (M, 1
Heroms Hpara)s 7-75 (br S, L H, NH), 7.92 (M, 2 Hyrorns Hortro)-

13C NMR (100 MHz, CDCl.): § = 16.1 (CH,), 28.1 (3% CH,), 82.8

(C), 127.1 (2 x CH), 128.5 (2 x CH), 131.9 (CH), 141.9 (C), 155.2
(C), 1585 (C), 175.4 (C).

LRMS (FAB+): m'z= 410 (MNa"), 388 (MH*), 332 (M* —t-Bu).
N-(5-Amino-1H-[1,2,4]triazol-3-yl)benzenesulfonamide (1a)

White solid; mp 293-294 °C (dec.) (Lit.* mp 289 °C); R; 0.18
(CHCI;—EtOH, 8:2).

IH NMR (400 MHz, DMSO-dy): 3 =5.82 (br s, 2 H, NH,), 7.46—
7.53 (M, 3 Haoms 2 Hipea ad 1 Hyro), 7.78 (dd, 2 Hypo, 3= 8.0, 1.6
Hz, Horo), 11.40-11.90 (br s, 2 H, 2 NH).

13C NMR (100 MHz, DMSO-dy): 8 = 113.9 (C), 117.7 (C), 125.7
(2 x CH), 128.7 (2 x CH), 1315 (CH), 148.7 (C).

HRMS (El): m/zcaled for CgHgN:;O,S (M*) 239.0480, found
230.0477; 175 (M* = SO,, 7), 141 (M* — C,H,Ns, 7), 98 (C,H,N5",
100), 77 (Ph*, 69).

N-(5-Amino-1H-[1,2,4]triazol-3-yl)-4-methylbenzenesulfon-
amide (1b)
White solid; mp 312 °C (Lit.® mp 314-315 °C (Lit.* mp 306 °C).

IH NMR (300 MHz, DMSO-dy): 8 = 2.34 (s, 3 H, CHs), 5.83 (br s,
2 H, NH,), 7.30 (d, 2 Hoory J = 7.9 HZ, Hygio), 7.69 (0, 2 Hopory J =
7.9 Hz, Hyo), 11.40 (br s, 1 H, NH), 11.68 (br s, 1 H, NH).

13C NMR (75 MHz, DMSO-d;): & = 20.8 (CHy), 125.7 (2 x CH),
129.1 (2% CH), 141.3 (C).

LRMS (El): m/z (%) = 253 (M*, 36), 189 (M* — SO,, 12), 155 (M*
—C,H,N5, 11), 98 (C,H,N5", 83), 91 (C4H,CH5", 100).

Anal. Calcd for CgH;N;O,S: C, 42.7; H, 4.4; N, 27.65; S, 12.7.
Found: C, 42.3; H, 4.1; N, 27.5; S, 12.0.

N-(5-Amino-1H-[1,2,4]triazol-3-yl)-4-chlor obenzenesulfon-
amide (1c)
White solid; mp 311-312 °C (dec.) (Lit.* mp 299 °C).

H NMR (300 MHz, DMSO-d,): 3 = 5.87 (br s, 2 H, NHy), 7.57 (d,
2 Haom J = 8.8, Higea), 7.80 (d, 2 Haomy J = 8.8, Hyrgno), 11.57 (br s,
1H, NH), 11.78 (br s, 1 H, NH).

13C NMR (75 MHz, DMSO-d): 3 = 1275 (C), 128.8 (4 x CH),
136.0 (C).

LRMS (El): miz(%) =273 (M*, 12), 111 (CH,CI*, 36), 98
(CHANS", 84).

Ana. Calcd for CgHgCIN:O,S: C, 35.1; H, 3.0; N, 25.6; S, 11.7.
Found: C, 35.2; H, 2.8; N, 25.8; S, 11.3.

N-(5-Amino-1H-[1,2,4]triazol-3-yl)-2-chlor obenzenesulfon-
amide (1d)
White solid, mp 315-316 °C (Lit.® mp 307-309 °C).

H NMR (400 MHz, DMSO-d;): = 5.85 (br s, 2 H, NH,), 7.44 (td,
1 Hgom J=7.6, 1.6 HZ, Hoyr), 7.51 (td, L Hyopn, I= 7.6, LE HZ, Hye
), 7.55 (dd, 1 Hyom 3 = 7.6, 1.6 HZ, Hyp), 8.02 (dd, 1 Hyom, J =
7.6, 1.6 Hz, Hyo), 1149 (br s, 1 H, NH), 11.92 (br s, 1 H, NH).

13C NMR (100 MHz, DMSO-dy): § = 127.8 (CH), 129.9 (CH),
131.3(C), 132.1 (CH), 133.3 (CH), 142.1 (C), 149.3 (C), 150.9 (C).

LRMS (El): mz (%) = 273 (M*, 29), 238 (M* — Cl, 4), 209 (M* —
SO, 3), 174 (M* — C,H,Ns, 8), 111 (C4H,CI*, 32), 98 (C,H,NS",
100).

Anal. Calcd for CgHgCIN;O,S: C, 35.1; H, 3.0; N, 25.6; S, 11.7.
Found: C, 35.5; H, 2.7; N, 25.2; S, 11.4.

N-(5-Amino-1H-[1,2,4]triazol-3-yl)-3-chlor obenzenesulfon-
amide (1e)

White solid; mp 306308 °C.

H NMR (300 MHz, DMSO-dg): 6 =5.89 (br s, 2 H, NH,), 7.51—
7.62 (M, 2 Hyrom Hiyeta @1d Hpgrp), 7.74 (dt, 1 Hyg, J= 7.8, 1.8 Hz,
HOrlhO)l 781 (t! 1 H, ‘] = 181 Horlho): 1167 (br S, 2 H, 2 X NH)

13C NMR (75 MHz, DMSO-dy): § = 124.3 (CH), 125.3 (CH), 130.9
(2x CH), 131.2 (C), 133.3 (C).

LRMS (El): m/iz=273 (M*, 26), 209 (M* — SO,, 5), 174 (M* —
C,H,Ng, 3), 111 (C,H,CI*, 34), 98 (C,H,Nz*, 100).
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Anal. Calcd for CgHgCINSO,S: C, 35.1; H, 3.0; N, 25.6; S, 11.7.
Found: C, 35.3; H, 2.7; N, 25.9; S, 11.5.

N-(5-Amino-1H-[1,2,4]triazol-3-yl)-4-br omobenzenesulfon-
amide (1f)
White solid; mp 320321 °C.

IH NMR (400 MHz, DMSO-d;): 8 = 5.85 (br s, 2 H, NH,), 7.70 (s,
4H,,,), 1155 (br s, 1 H, NH), 11.82 (br s, 1 H, NH).

13C NMR (100 MHz, DMSO-dy): § = 125.6 (C), 128.4 (C), 132.5
(4 x CH).

LRMS (El): miz (%) = 318 (M*, 14), 254 (M* — SO,, 5), 156
(CeH,Br*, 30), 98 (C,H,N", 100).

Anal. Calcd for CgHgBIN:O,S: C, 30.2; H, 2.5; N, 22.0; S, 10.1.
Found: C, 30.45; H, 2.2; N, 22.3; S, 10.3.

N-(5-Amino-1H-[1,2,4]triazol-3-yl)naphthalene-2-sulfonamide

(19)

Pale yellow solid; mp 308-309 °C.

!H NMR (300 MHz, DMSO-dg): § =5.86 (br s, 2 H, NH,), 7.58—
7.67 (M, 3 Haom), 7.83(dd, 1 H,m, J = 8.4, 1.6 Hz), 7.96-8.08 (m,
3 Haom), 845 (s, 1 H, H-1), 11.64 (br s, 2 H, 2 x NH).

13C NMR (75 MHz, DMSO-dj): § = 122.4 (CH), 125.6 (CH), 127.2
(CH), 127.7 (CH), 128.0 (C), 128.7 (CH), 128.9 (CH), 131.7 (C),
133.7 (C).

LRMS (El): m/z (%) = 289 (M*, 26), 225 (M* — SO,, 18), 191 (M*
— C,H,N;, 6), 127 (C,,H,*, 100), 98 (C,H,Ns*, 40).

Anal. Calcd for C;,H;N:O,S: C, 49.8; H, 3.8; N, 24.2; S, 11.1.
Found: C, 49.5; H, 3.7; N, 24.3; S, 10.5.130

N-(5-Amino-1H-[1,2,4]triazol-3-yl)-2,4,6-triisopr opylbenzene-
sulfonamide (1h)
White solid; mp 312-314 °C (dec.) [Lit.5 mp 314 °C (dec.)].

IH NMR (400 MHz, DMSO-dy): § =1.14 [d, 12 H, J = 6.8 Hz,
2 x CH(CHy),], 1.17[d, 6 H, J = 7.0 Hz, CH(CH,),], 2.85 [septet, 1

H, J = 7.0, CH(CHy),], 4.38 [br m, 2 H, 2 x CH(CH,),], 5.79 (br s,
2H, NH,), 7.11 (5, 2 Hyop), 11.22 (br s, 1 H, NH), 11.65 (br s, 1 H,
NH).

13C NMR (100 MHz, DMSO-dy): $=242 (2xCHJ), 25.4
(4x CHy), 29.1 (2x CH), 34.0 (CH), 123.5 (2x CH), 148.7 (C),
151.0 (C).

LRMS (El): m/z (%) = 365 (M*, 21), 322 (M* —i-Pr, 5), 301 (M* —
S0, 1), 267 (M* — C,H,Ns, 43), 203 (M* — C,H,N; — SO,, 14), 98
(CH.Ns", 12).
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