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Abstract: A method for the synthesis of heterocyclic ring conjugates containing 1,2,3-thiadiazole and

1,2,3-triazole nuclei was elaborated. The mechanism of rearrangement (effect of substituents and

solvents) was investigated by NMR spectroscopy. A novel domino-type rearrangement involving both
heterocycles was discovered. © 1998 Elsevier Science Lid. All rights reserved.

Polynitrogen and sulfur-containing heterocycles may undergo various ring transformations that are often

accompanied by ring opening and rearrangements.’ The biological activity and the chemical properties of 1,2,3-

]

triazoles and 1,2,3-thiadiazoles are linked to their ring transformations. 23 However, there are so

pt,

ar no data in
the literature about rearrangements where more than one of these heterocyclic rings are invoived at the same
time, probably due to the lack of a suitable way of synthesizing the necessary arrays of 1,2,3~triazole and 1,2,3-

thiadiazole rings.

7~ ") . r=

7) Synthesis and rearrangements of 5-(1,2,3-triazol-4-yi)-1,2,3-thiadiazoles

Retrosynthetically, Scheme 1 can be proposed starting from 1,2,3-thiadiazoles 4.' One of the approaches
involves the generation of diazoacetamides by means of the diazo transfer reaction, which subsequently cyclize

o 5-hydroxy-1,2,3-triazoles.” Examples of these reactions where the methylene grou

n is activated bv a
r

heterocyclic ring are relatively scarce.” Diazo group transfer reactions to hetarylacetamides were not described

so far.
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Scheme 1

Compounds of type 2 were prepared from acid 3 (Scheme 2), which in turn could be synthesized from the

amido-ester 4 by hydrolysis in acid medium (Scheme 3). It should be noted that the presence of two amide
groups together with an ester functionality complicates the reaction course.
_CONHMe 1. PhSO,N3 ,CONHMe
N EtON N'—q
, ArNH, /I wwm: }/J/ N,
pec TN S)\CH2CONHAr 2. HCI \s)\\&\/N
VAN
2a-h HO Ar
la-h
12a Ar=Ph d Ar =4-MeOCqcH, g Ar=2,6-CL,CeH;
b Ar = 4-MeCgH,4 e Ar = 3-CIC¢H4 h Ar = 4-BrC4H,
¢ Ar = 2-MeOCgH, f Ar = 4-CICgHy
Scheme 2

In fact, the treatment of compound 4 with an aqueous sodium hydroxide solution gives the cyclization
product, thiadiazolo[4,5-c]pyrid-4-one 5, instead of the acid 3* (Scheme 3). The desired acid 3 could be formed
in a mixture together with pyrano{4,5-c]1,2,3-thiadiazole 6 after refluxing of compound 4 in 10% HCI . The
structure of 6 was proved by comparison with a authentic sample of this compound prepared by another
method.! The '"H NMR spectrum of 3 shows a singlet for the methylene group at & 4.5 ppm, a quartet for the
NHMe at 6 8.9 ppm and a doublet for the methyl group (NHMe) at 2.8 ppm. The optimal reaction time was
found to be 1.5 h where compounds 6 and 3 were formed in 20 and 60% yields respectively. On further heating

of 4 the products 6 and 3 were accompanied by the diacid 7.
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Acid 3 was converted to anilides 2a-h in high yields by its reaction with anilines in acetone in the

A Qb ™1, Tyy W PN,

presence of dicyclohexylcarbodiimide (Scheme 2). The 'H NMR spectre
expected signals for the aryl ring, as well as singlets for the methylene groups at 6 4.7 ppm.7 The reactions of

the amides 2a-h with benzenesulfonyl azide in the presence of sodium ethoxide in alcohol with subsequent

i R S .

treatment of dilute hydrochloric acid afforded the desired 1,2,3-triazoles 1a-h in higl

Iyy arnan
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y
spectra of the bisheterocycles 1a-h show, besides the signals of aromatic protons at 6.0 - 7.0 ppm, a quartet for

al
the NH protons at 10 ppm and a doublet for the NH-Me group at 2.8 ppm. The *C NMR spectra of compounds

L Amodnis +h
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1a-h contain the Sig t 1 9 {C4 ), 1444 -150 (Cs) ppiii, for the
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thiadiazole ring at 115.5 - 128.8 (C4) and 144.2 - 151.4 (Cs) ppm, for the carbonyl group at 162.1 -162.3 ppm

and for the methyl group at 26.8 - 26.9 ppm, together with the expected signals for the aryl ring at 129 - 140

ppm.
Tl wams alolamnntad o amoizramia atland £ 4 £ 1
1 IIUS WU CldaboldiCUu d CULIYULLICIIU 11ICHIVU 1U1 lllC })ledlallUll U1l 11UVl bUllJ ug
30% overall yield. However, we could not prepare compounds 1 with an alkyl group at the nitrogen atom of the
y

triazole ring because of the very poor yield in preparing alkylamides of type 2 (R! = alkyl).

We have discovered that the bisheterocycles 1a-h are prone to rearrange to isomeric products 8a-h on

1 memd ~1<. |

heating in various organic solvents (scheme 4). Thi

1S process was found to evolve VEry SIOW}'y'. Boi}ing 0
in ethanol for 24 hr afforded the rearrangement products 8¢,e-h in 40 - 50 % yields. The separation of

compounds 8c,e-h from 1e,e-h was possible because of the lower solubility of the latter in comparison with the
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aromatic ring making the triazole more stable. The rearranged products were not detected, even after refluxing

of 1a,b,d in ethanol for 40 h. The use of pyridine as the solvent instead of ethanol allowed us to obtain 8b as a
mixture with the ctartine material 1b (ratio 1:3). Finallv. we succeeded to nrenare 8a b .d bv heatino aof 1a.b.d i
mixture with the starting material 1 (ratio [13). Finally, we succeeded {o prepare &a,h,G by hcating of 1a,2,4 1n
DMF at 100°C for 25 h

Compounds 8a-h could easily be distinguished from la-h because of the absence of quartet and doublet
signals of the NHMe group in their 'H NMR spectra. The NHAr protons of products 8 resonate at 11 ppm and
the Me groups at 3.8 ppm, which is typical for a methyl group at the nitrogen of a heteroaromatic ring.® The °C

NMR spectra of compounds 8 are similar to those for bicycles 1.

Thus, this new rearrangement is a synthetic alternative towards compounds of type 1 and now allows one

to prepare derivatives containing an alkyl group at the position 1 of the triazole ring.

ii) Study of the Mechanism of Rearrangement

of 1 to form the di aund @ whic raarranageqe tn t
O1 1 U 1001 Ul O O V iv “o WL

ViRiwL,

=

followed by cyclization to the final product 8 (scheme 5).
In an effort to identify the intermediates we have followed the progress of the reaction of compounds 1 by 'H,

BN and IR

N LINIVILIN Ail FOAN Spc
2095 cm-! which is typical for a diazo group. The 'H NMR spectra during the reaction course show, besides the
signals of the starting materials 1a-h and final products 8a-h, additional signals at 2.86 - 2.89 and 2.79 - 2.81

attrihuted to the nrotone of the NHMe orouns of the diazo com
LMALLLLIUVUVWNY VW WA Pl\-"vllh’ A ViAW L NRAlIVAW blvuyu WAL ViAW WA W

Although in general the concentration of the diazo compounds in the reaction mixtures was too low, in one

m
case, for diazocompounds 9g and 10 g , the *C NMR signals could be detected. These spectra contain besides
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160.63 (CONHMe), 133.95 (C,), 129.86 (CP), 128.65 (Cr), 132.10 (Cy), 144.39 (Cy), 145.87 (Cs), 25.92 ppm
{CH3), a signal at 62.79 ppm, which was assigned to the diazo grc;up.9
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obtained. Heating of ie¢,g in DMSO-d; gave initiaily the diazo compounds 9¢,g. Later, additional signals for the
diazo compounds 10¢,g appeared in the 'H NMR spectra. In agreement with this, heating of the rearrangement

product 8
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heated. The heating of the triazolo-thiadiazoles 1a-h in DMSO in the presence of water at 130° C lead to the
evolution of nitrogen and the formation of the ketones 11a-h and 12a-h. The '"H NMR spectra of 11a-h and
%3 .

12a-h contain the

ID..

a-
oublet signals of the NHMe group at 2.
the aromatic protons at 7.3-7.9 ppm. In the *C NMR spectra, the signals of the carbonyl groups were detected
at 179-180 ppm, together with the signals of the carbamoyl and heteroaromatic groups. It should be noted that

heating of 8¢ under the same conditions lead to the same mixture of ketones 11¢ and 12c.

Based on the data mentioned above, we can conclude t

diazo compounds 9 and 10 and involves three steps: (i) the ring opening of the triazole to form the diazo
compound 9, (ii) rearrangement of 9 to the isomeric 10 with participation of three ring atoms'® and (iii)

of 10 to the final nroducts 8
01 19 10 the ninal progucts &,
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The driving force for the rearrangement of 16 to 17, as shown by L’abbé and co-workers,'! is the
stabilization of the diazo compound 17 by the carbonyl group. The structures of the diazo compounds 9 and 10
are not that different as those of the diazo compounds 16 and 17 (Scheme 6). Therefore a substituent effect on

the equilibrium between diazo compounds 9 and 10 will be small.

Table 1. The 'H chemical shift and multiplicity of compounds 1,8,9,10,11,12 in DMSO-d6.

Compound 'H NMR spectra (6, DMSO-dy)

NMe NHMe NHAr ArH ArR
1a 2.98d 10.16 br g 7.85d, 7.60 dd, 7.50 dd
8a 3.77s 1142s 7.82 d, 7.40 dd, 7.22 dd
9a 2.884d 8.42brqg 10.20 s 7.80d,7.56 dd, 7.47 dd
10a 2.80d 8.16brg 10.80 s 7.79d,7.35dd, 7.12 dd
11a 2.84d 8.67brq 1095 s 7.80d,7.374dd,7.17 dd
12a 2.78 d 8.20brg 10.70 s 7.70d,7.37dd, 7.17 dd
1b 2.99d 10.05br g 7.394d,7.01d 2395
8b 3.77s 11.30s 7.56d,7.18 d 2.30s
9b 2.89d 827brq 10.21s 7.44d,7.21d 225s
i0b 2.79d 8.05brg 10.77 s 7.6%d,7.17d 227s
11b 2.84d 878brq 10.70 s 7.69d,7.20d 228s
12b 2.78d 9.05brq 10.50 s 7.71d,7.21d 2.31s
ic 297d i0.i1 brq 7.48 dd, 7.15 ddd, 7.61 ddd, 7.31 dd 381s
8¢ 3695 1092 s 8.12dd, 7.23 ddd, 7.04 ddd, 7.16 dd 391s
9¢ 2.89d 9.01brq 9.97s 8.21 dd, 7.01 ddd, 7.22 ddd, 7.16 dd 3.81s
10c 2.80d 8.53brq 10.89s 8.09 dd, 7.58 ddd, 7.28 ddd, 7.44 dd 3.85s
11c 2.86d 9.08 brgq 11.09s 8.11dd, 7.18 ddd, 7.03 ddd, 7.16 dd 3.84s
12¢ 276 d 9.86 brq 10.95 s 8.22dd, 7.19 ddd, 7.01 ddd, 7.11 dd 3935
1d 2.98d 10.80 brq 7.25d,7.55d 3.88s
8d 3.76s 10.50 s 694d,7.72d 3.75s
9d 2.86d 84brg 10.60 s 692d,7.75d 3765
10d 2.80d 9.07brq 10.51s 6.89d,7.73d 3.76 s
11d 2.83d 8.70 brg 1140s 6.95d,7.78d 3.76 s
i2d 2.77d 9.05brq 10.70 s 6.96d,7.61d 3.77s
le 2.99brs 10.17 brs 8.02 dd, 7.89 ddd, 7.62 ddd, 7.53 ddd
8e 3.77s 1092 s 7.87dd, 7.76 ddd, 7.43 ddd, 7.21 ddd
9e 2.88d 8.83brq 9.97s 7.98 dd, 7.73 ddd, 7.42 ddd, 7.17 ddd
10e 2.81d 842 brq 10.89 s 7.71 dd, 7.78 ddd, 7.42 ddd, 7.22 ddd
1le 2.78d 9.08 brq 11.09s 8.00 dd, 7.58 ddd, 7.42 ddd, 7.22 ddd
12e 2.76d 9.86 brq 10.95s 7.88 dd, 7.58 ddd, 7.43 ddd, 7.24 ddd
if 298brs 9.60 br s 7.96d,7.62 d
8f 3.75s 10.60 s 7.864d,7.38d
9f 2.86d 9.11brgq 10.70 s 7.774d,7.38d
10f 2.80d 850 brq 10.90s 7.844d,7.38d
1if 2.83d 8.07brq 11.70 s 7.704d,7.3¢9d
12f 2.78d 8.80brq 1030 s 7.86d,7.39d
1g 2.98 d 10.25br q 7.82 dd, 7.72 dd
8g 3.72s 1095 s 7.45 dd, 7.64 dd
9g 2.87d 9.01brgq 10.63 s 7.61dd, 7.44 dd
10g 2.79d 853brq 10.89 s 7.43 dd, 7.59 dd
1ig 2.83d 9.08 br q 11.095s 7.59dd,7.41dd
i2g 2.74d 9.86 br q 1095 7.42 dd, 7.60 dd
1h 298brs 10.10br g 7.89d,7.75d
8h 3.75s 11.64 s 7.83d,7.584d
9h 2.86d 8.82brq 8.70s 7.80d,7.53d
10h 2.80d 842brg 10.41s 7.844d,7.53d
11h 2.83d 9.99 br q 11.07s 7.81d,7.58d
12h 2.78d 9.19br g 10.90 s 7.67d,7.584d
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The new rearrangement is analoguous to the rearrangement of 1-Ar-4-(N-methyl)carbamoyl-1,2,3-
triazoles 13 to 1-methyl-4-N-Ar-carbamoyl-1,2 3-triazoles 14, proceeding via diazo compounds 15 , which also
involves ring opening and ring closure to S-hydroxy-1,2,3-triazoles'? (scheme 6). Bakulev and co-workers have
shown that the rearrangement of 1-Ar-4-(N-methyl)carbamoyl-1,2,3-triazoles 13 to 1-methyl-4-N-Ar-
carbamoyl-1,2,3-triazoles 14, is reversible and the equilibrium is shifted to 1-methyltriazoles 14 in polar
solvents and to the open structure 15 in nonpolar solvents.'” As the difference in structure between the two
diazo compounds 9 and 10 is not very large, the position of the equilibrium between 1 and 8 will be governed

by the same factors that influenced the equilibrium between 13 a,b and 14 a,b.

NHMe >U/
CONHM
N~ e o=‘< N ’N\n/ CONH
N —ee 2 /y
O A (
J OH . /N o
ﬁ /R Me
O N
?/ M 14a,b
R 13a;b I 15a,b a,
13-15a R = OMe
bR =Rr

16 17
Scheme 6

To study the mechanism of the rearrangement (effect of substituents and solvent) we have carried out a
kinetic study of 1a-h by 'H NMR spectroscopy in DMSO-dq, pyridine-ds and methanol-d4 at 60° C. The relative
concentrations of 1, 9, 10 and 8 were determined by their relative signal intensity whereby the added
dicyclohexyl urea and TMS were used as reference. All measurements were made at 60° C, since then the
rearrangement of the starting compounds 1 to the final products 8¢,e,f is irreversible. The reactions all reached
completion (less than 0.5 % of 1a-h) so we can conclude that the equilibrium is shifted in favour of the N-

alkyltriazoles 8a-h. The intermediate diazo compounds 9 and 10 were formed already at the initial stage of the
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reaction, but their concentration never reached more than 10 % in the reaction mixture. Notable exceptions are

the ortho-substituted derivatives 1¢,g which upon dissolving in DMSO-dg and deuterated methanol are

Table 2. The 'H chemical shift and multiplicity of compounds 1,8.9.10.11,12 in methanol-d,.

5

________ 3

Fal
vompouna

la
8a
9a
ida
1b
8b
9b
i6b
| [
8c
9¢
10¢
id
8d
Sd
10d
le
8e
9e

10e

10h

W L) LW W)W W W
[ T 7 B N7 7 I 7 7 2

O — 0D — O 0 -
—lomolUonmE R~

LI

T mRTR

NMR spectra (5, methanol-dy)

-

ArH
7.888 d, 7.57 dd, 7.48 dd
7.81d,7.55dd, 7.41 dd
7.82d, 7.46 dd, 7.35 dd
7.71d,7.55dd, 7.21 dd
7.74d,7.36dd
7.69d,7.22d
7.74d,7.35d
7.73d,7.36d
7.13 dd, 7.40 ddd, 7.24 ddd, 7.56 dd
7.18 dd, 7.00 ddd, 7.08 ddd, 8.32 dd
7.18 dd, 6.99 ddd, 7.03 ddd, 8.37 dd
7.16 dd, 6.96 ddd, 7.01 ddd, 8.30 dd
7.76 d,7.06 d
7.76 d,7.06d

<0.5%

<0.5%
8.00 dd, 7.48 ddd, 7.55 ddd, 7.89 ddd
8.00 dd, 7.72 ddd, 7.20 ddd, 7.40 ddd

0 A11
7.91 dd, 7.71 ddd, 7.45 ddd, 7.59 ddd

7.90 dd, 7.71 ddd, 7.52 ddd, 7.33 ddd
7.92d,7.56d

7.08d,6.72d

7.84d,7.324d

7.57d,7.38d

7.64 d, 7.49 dd

7894 7128 A
7.3 4Q, 7.50 aa

7.65d,7.33 dd
7.49d, 7.33 dd
7.89d,7.68 d
7.82d,7.524d
7.89d,7.68d
7.82d,7.52 d7

ArR

W

o

v w

SR

233s
234s
3.925s
3.96s
393s
382s
3.87s

3.87s

Table 4. The half-lifes of 1a-h in different solvents.

Compound The half-lifes (h)
DMSO-dq methanol-d, Pyridine-ds

T T T
1a 18.5 494 .8
1b 28.4 9722 223.8
1c 16.4 1153 375
1d 82.6 1336.8 250.0
le 93 118.8
1f 16.2 325.7 229.0
1g 10.0 81.2 594
1h 16.9 350.0

converted to approximately 40 % of the corresponding diazo compounds 9 and 10. In this way, we have

measured the half-lifes of 1a-h in order to evaluate the solvent and substituent effect on the kinetics of the

reaction (Table 4). Based on the data in Table 4, the following

) vl it

onclusions can be made : i

alf-lifes
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decrease in the following order : DMSO > pyridine > methanol, which can be attributed to a combination of the

effects of polarity and hydrogen bond capacity, ii) a positive correlation is observed for the para-and meta-

a

good accordance with the literature data on the equilibrium of a-diazoimines and 1,2,3-triazoles”’.

The Ekaterinburg group (V.A.B.) is grateful to the Russian Foundation for Basic Research (grant
97.03.329412a) for financial support. W.D. also thanks the Ministerie voor Wetensch

of Leuven for their support. I. L. is a Postdoctoral Fellow of the FWO-Vlaanderen

The 'H and ">C NMR spectra were recorded on a Bruker WP-80 and Bruker AMX 400 with TMS as internal
reference. IR spectra were obtained on a Specord UR-20 spectrometer as KBr pellets. Products were analyzed

by TLC on DC-Plastikfolen Kieselgel 60 F 254. The melting points were uncorrected.

2-(4-(N-Methyl)carbamoyl-1,2,3-thiadiazol-5-yl)acetic acid (3):

Compound 4 (ig, 3.67 mmol) was suspended in 10% HCI (30 mL) and boiled during i.5 h. The product 6 was

separated by hot filtration and the filtrate was cooled to 0" C. The precipitate 3 was collected by filtration,
washed with ice-cold water (2x10 mL) and dried in vacuo. Yield 60-65%; mp 210-212°C (from water); 'H

1895884 alvl), 11

ANIR AT

INIVIK

< /17T 2SS A s N o e 4

8, ppm): 12.39 (iH, br s, OH), 8.97 (i

Yy o N ~T T

DMSO-ds, H, q, J/=5.2 Hz, NHMe), 4.53 (2H, s,

r-\
C)
—
S
I
vN
<

CH>), 2.84 (3H, d, J=5.2 Hz, NHCHj3); Anal. caled. for C¢H7N305S, %: C 35.82, H 3.51, N 20.88, S 15.94;
Found, %: C 36.07, H 3.53, N 20.74, S 16.03.

2-(4-Carboxy-1,2,3-thiadiazol-5-yl)acetic acid (7):
Compound 7 was obtained by analogy with 3 (duration 3h) Yield 56%; mp 192°C (from water); '"H NMR

<

ON 172 - QM. A e e e Es Te W ] 1L o NI A 40 /) s M . T O ‘_4__- N, 1IN s\ 10
\OV.10 IViIl4, DIVIOU-Ug, O, PPLLL). 10.47 (4D, UL 5, UT1), 4.40 (&I, 5, LI2), LN {(Vpax, CIN )0 171U (L—U), 10Y

(C=0), 1510, 1320; Anal. calcd. for CsH4N204S, %: C 31.92, H 2.14, N 14.89, S 17.04; Found, % C 31.59, H
5

s ]
3.03,N 15.13,S 17.13
N-Aryl-2-(4-(N-methyljcarbamoyi-1,2,3-thiadiazol-5-yljacetamides (2a-g) (General procedure):

The starting acid 3 (1 g, 4.97 mmol) was suspended in acetone (50 mL), and an equivalent of aniline and

dicyclohexylcarbodiimide (1.03 g, 4.49 mmol) were successively added. The reaction mixture was stirred for 2

precipitate was pure dicyclohexylurea. The mixture was filtrated, the filtrate was evaporated, dried and the
residue was crystallized from ethanol. In the other cases, the precipitate was a mixture of the product and

which was filtered off, treated with DMF (20 mL) and the

14 Q@i uav
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Then water (70 mL) was added to the fiitrate to give product 2 as a solid. This was fiitered off and crystaiiized
twice from ethanol.

2-(4—(N-Methyl)carbamoyl-1,2,3-thiadiazol-5-yl)—N—phenylacetamide (2a).

Yield 89%; mp 233-236°C (from ethanoi), 'H NMR (80.13 MHz, DMSO-dg, 6, ppm): 10.55 (iH, s, NH), 8.85
(1H, g, J=5.2 Hz, NHMe), 7.8-6.8 (5H, m, Ph), 4.70 (2H, s, CH>), 2,87 (3H, d, J=5.2 Hz, NHCH;3); IR (Vinax.
cm™): 3300 (NH), 2940 (CHarom), 2940 (CHaipn), 1660 (C=0), 1650 (C=0), 1590, 1530; Anal. calcd. for
C12i112N4058, %: C 52.16, H 4.38, N 20.28, S 11.60; Found C 52.33, H4.41, N 19.99,5 11.61.
2-(4-(N-Methyl)carbamoyl-1,2,3-thiadiazol-5-yl)-N-(4-methylphenyl)acetamide (2b).

Yield 83%; mp 166°C (from ethanol); 'H NMR (80.13 MHz, DMSO-dg, 8, ppm): 9.92 (1H, s, NH), 8.9 (1H, q,
.0 (4H, m, CHyom)» 4.72 (2H, s, CH>), 2,85 (3H, d, J=5.2 Hz, }
CH3); IR (Vimax, cm™): 3300 (NH), 3130 (CHarom), 2940 (CHajiph), 1660 (C=0), 1650 (C=0), 1590, 1530; Anal.
caled. for C13H14N4O,S, %: C 53.78, H 4.86, N 19.30, S 11.04; Found C 53.76, H 4.87, N 19.34, S 11.24.

e b N A MY il I B ___.1 1% 4L N
yphenyi)--(4-(N-methyljcarbamaoyi-1,2,3-thiadiazoi-5-yljacetamide (2¢).

oM T h Y Fof
J T 2.4 L, | o=

Yield 70%; mp 202-203°C. "H NMR (80.13 MHz, DMSO-ds, 8, ppm): 9.84 (1H, s, NH), 8.90 (1H, g, J=5.2 Hz,
NHMe), 7.85 (1H, m, CH°), 7.2-8.8 (3H, m, CH™™™), 4.74 (2H, s, CH>), 3.84 (3H, s, OCHa), 2.87 (31, d,

Yield 75%; mp 205-207°C; 'H NMR (80.13 MHz, DMSO-dg, 8, ppm): 10.41 (1H, s, NH), 8.91 (1H, q, J=5.2
Hz, NHMe), 7.47 (2H, d, J=9.0 Hz, CH%%om). 6.82 (2H, d, J=9.0 Hz, CH"ysom), 4.67 (2H, s, CHy), 3.72 (3H. s,

(C=0), 1645 (C=0), 1550, 1510; Anal. calcd. for C;3H;4N4O38S, %: C 50.97, H 4.61, N 18.29, S 10.47; Found,
%: C 50.73, H4.57, N 18.34, S 10.25.

N CChlnranhanvi ') IA IN mathvae vhomnvl,] Y thiadi
N S=UAerepacny. ;-4 eIy CarSanmiy - ayo-tRiatiazs Y

Yield 90%; mp 234-235°C. 'H NMR (80.13 MHz, DMSO-de, 5, ppm): 10.74 (1H, s, NH), 8.91 (1H, q,J 5.2
Hz, NHMe), 7.9-7.0 (4H, m, CHarom), 4.7

2
Y 120 ((C'H Y 2080 (CH . 1600 (C=M
U .1}, L4V \dlarom), £SOV \\./Lkanpn; AUV (W~ Wy

38, H 3.57,Cl 11.41, N 18.03, S 10.32; Found, %: C 46.43, H3.62,C1 11.67, N 18.17, S 10.28.

e LTI N0 Q 0L
P S

1381j4184 030, 7G.

LA N
=)}
vJ

(2013 MHz DMSO-d. § nom): 1075 (1H ¢ NH)Y R01 (1H
\UV"-} iva o \Lll [} % } Jes 2 \A s

$ § Vi NITG, Uy pApAiRE . VLS

Hz, NHMe), 7.72 (2H, d, J=9.0 Hz, CH 3om), 7.38 (2H, d, J=9.0 Hz, CH"4om), 4.77 (2H, s, CH>), 2.92 (3H, d,
J=5.2 Hz, NHCH;); IR (Vinax, cm™): 3380 (NH), 3120 (CHarom), 2870 (CHajiph), 1670 (CO), 1647 (CO), 1560,
1515; Anal. caled. for CiaHiiCIN4O,S, %: C 46.38, H3.57, C1 1141, N 18.03, S 10.32; Found, %: C 4645, H

3.54, C1 11.53, N 18.21, S 10.42.
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N-(2,6-Dichlorophenyl)-2-(4-(N-methyi)carbamoyi-1,2,3-thiadiazol-5-yl)acetamide (2g).

Yield 16%; mp 229-230°C. 'H NMR (80.13 MHz, DMSO-dg, 8, ppm): 10.57 (1H, s, NH), 8.91 (1H, q, J=5.2
Hz, NHMe), 7.7-7.2 3H, m, CHacom), 4.77 (2H, s, CH,), 2.93 (3H, d, J=5.2 Hz, NHCH3); IR (Vimax, cm™): 3380
(NH), 3000 (CHarom), 2890 ((,H.hph), 1665 (C=0), 1650 (C=0), 1540, 1515; Anal. caicd. for Cy2H;¢CizN40-S,
%: C41.75,H 2.92, C120.54, N 16.23, § 9.29; Found, %: C 41.53, H 3.04, C1 20.18, N 16.21, S 9.55.
N-(4-Bromophenyl)-2-(4-(N-methyl)carbamoyl-1,2,3-thiadiazol-5-yl)acetamide (2h).

Yield 67%; mp 234-235°C; 'H NMR (80.13 MHz, DMSO-dg, d, ppm): 10.68 (iH, s, NH), 8.92 (iH, q, J=5.2
Hz, NHMe), 7.65 (2H, d, J=9.1 Hz, CHom), 7.54 (2H, d, J=9.1 Hz, CH";;om), 4.71 (2H, s, CHy), 2.96 (3H, d,
J=5.2 Hz, NHCH3); IR (Vimax, cm’™'): 3320 (NH), 3010 (CHarom), 2910 (CHajipn), 1660 (CO), 1635 (CO), 1540,
1480; Anal. caicd. for CjoH 1 BrN4O,S, %: C 40.58, H 3.12, Br 22.50, N 15.77, § 9.03; Found, %: C 40.35, H
3.24,Br22.06, N 15.37, S 9.31.
5-(1-Aryl-5-hydroxy-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-methyl)carboxamide (1a-h) (General

procedure):

1_

AL VAR B
iniaaiazoie

1 /AN r\ﬂ

2 (5 mmol) was suspended in ethanoi (20 mL) and 0.34 g (5 mmotl) of sodium ethoxide and 0.915 g
(5 mmol) of benzenesulfonyl azide were added at 0°C. The reaction mixture was stirred for 3 h. The sodium salt
1 was collected by filtration and suspended in water. Then a solution of 1 N HCI was added to neutralize the

sdrnes bv rxizier wmzearliind 30 oo o oAl T aans | Py
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-

5-(5-Hydroxy-1-phenyl-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-methyl)carboxamide (1a):

Yield 67%; mp 195°C; IR (Vmax, cm™): 3360 (NH), 3060 (CHarom), 2930 (CHaiipn), 1635 (C=0), 1590, 1550;
Anal. caled. for C;2HoNgO,8S, %: C 47.68, H 3.33, N 27.80, S 10.61; Found, %: C 47.57, H 3.53, N 27.98, S
10.43.

5-(5-Hydroxy-1-(4-methylphenyl)-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-methyl)carboxamide (1b):
Yield 79%; mp 208-209°C; IR (Vimax, cm™): 3300 (NH), 2930 (CHaipn), 1640 (C=0), 1580, 1500; Anal. calcd.
for C3H2N6O,8, %: C 49.36, H 3.82, N 26.57, S 10.14; Found, %: C 49.27, H 3.58, N 26.42, S 10.14.
(5-Hydroxy-1-(2-methoxyphenyl)-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-methyl)carboxamide (1¢):

Yield 70%; mp 171-173°C; IR (Vmax, cm™'): 3370 (NH), 2940 (CHarom), 1640 (C=0), 1580, 1560; Anal. calcd.
for C13H2N60;3S, %: C 46.98, H 3.64, N 25.29, S 9.65; Found, %: C 47.12, H 3.47, N 25.28, S 10.03.
5-(5-Hydroxy-1-(4-methoxyphenyl)-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-methyl)carboxamide (1d):
Yield 73%; mp 226-228°C; IR (Vimax, cm™): 3330 (NH), 3050 (CHarom), 2840 (CHgiph), 1650 (C=0), 1630,
1530, 1510; Anal. caled. for C3H2N6O3S, %: C 46.98, H 3.64, N 25.29, S 9.65; Found, %: C 46.87, H 3.55, N
25.44, S 9.93.
5-(1-(3-Chlorophenyl)-5-hydroxy-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-methyl)carboxamide (1e):
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Yield 71%; mp 180-181°C; IR (Vmax, cm™): 3367 (NH), 3107 (CHgrom), 2927 (CHuipn), 1644 (C=0), 1588,
1555; Anal. calcd. for C2HyCINGgO;S, %: C 42.80, H 2.69, C1 10.53, N 24.96, S 9.52; Found, %: C 42.67, H
2.72,C110.71,N 25.14, S 9.72.
5-(1-(4-Chilorophenyi)-5-hydroxy-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-methyl)carboxamide (if):

Yield 58%; mp 200-201°C; IR (Vmax, cm™): 3360 (NH), 3150 (CHaom)> 2930 (CHuipn), 1650 (C=0), 1580,
1540; Anal. calcd. for C2HoCINgO,S, %: C 42.80, H 2.69, C1 10.53, N 24.96, S 9.52; Found, %: C 42.75, H
3.01,C110.76, N 25.18, S 9.83.
5-(1-(2,6-Dichlorophenyl)-5-hydroxy-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-methyl)carboxamide (1g):
Yield 70%; mp 166-167°C; IR (Vmax, cm™): 3330 (NH), 3020 (CHaom), 2870 (CHaiiph), 1680 (C=0), 1580,
1550; Anal. calcd. for C;HgCINgO,S, %: C 39.83, H 2.17, C1 19.10, N 22.64, S 8.64; Found, %: C 39.79,

2.21,C119.23,N22.97, S 8.81.

5-(1-(4-Bromophenyl)-5-hydroxy-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-methyl)carboxamide (1h)

Yield 67%; mp 205-206°C; IR (Vmax, cm’): 3360 (NH), 3096 (CHarom), 2940 (CHaiiph), 1670 (C=0), 1630,
1560, 1530; Anal. caled. for C;;HoBrNgO,S, %: C 37.81, H 2.98, Br 26.98, N 22.05, S 8.41; Found, %: C
37.68,H 3.21, Br27.16, N 22.35, S 8.71
S5-(5-Hydroxy-1-methyl-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-aryl)carboxamides = (8a-h)  (General
procedure):

Procedure A (8¢,e,g,h): 0.1 g starting material 1 in 20 mL ethanol was heated at 78°C for 24 h. The product 8
was collected by filtration, washed with ethanol (5 mL) and dried

5-(5-Hydroxy-1-methyl-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-phenyl)carboxamide (8a):

Yield 47%; mp 183-185°C; IR (Viyax, cm']): 3570 (NH), 3060 (CHgrom), 2920 (CHaiiph), 1650 (C=0), 1600,
1550; Anal. caled. for C;2Hi1oNgO5S, %: C 47.68, H 3.33, N 27.80, S 10.61; Found, %: C 47.75, H 3.24, N
27.83, 8 10.51.

[

5-(5-Hydroxy-1-methyl-1,2,3-triazol-4-yl)- 1,2,3-thiadiazol-4-(N-(4-methyl)phenyl)carboxamide (8b):

Yield 25%; mp 205-207°C; IR (Viax, cm™): 3500 (NH), 2920 (CHaiipn), 1650 (C=0), 1580, 1530; Anal. calcd.
for C13H12N6O38S, %: C 49.36, H3.82, N 26.57, S 10.14; Found, %: C 49.41, H 3.58, N 26.67, S 10.21.

: (: “vrlruvvglemni‘h\ﬂ,‘ 2 2=!_ _afln! A.v ) 1 ) "-f}}l 7n!-4 (N.(?-mothn }
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Yield 65%; mp 230-232°C; MS: m/z 332 [M]; IR (Vmax, cm’ "): 3340 (NH), 2940 (CHarom), 1650 (C=0), 1600,
1560; Anal. caled. for C13H2N6OsS, %: C 46.98, H 3.64, N 25.29, § 9.65; Found, %: C 47.21, H 3.76, N 25.18,
<943

5-(5-Hydroxy-1-methyl-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-(4-methoxy)phenyl)carboxamide e (8d):
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Yield 42%; mp 204-205°C; IR (v,,:.x, em™): 3570 (NH), 3120 (CHaom), 2955 (CHaipn), 1655 (C=0), 1555,
1515; Anal. calcd. for C;3H2N6O38, %: C 46.98, H 3.64, N 25.29, S 9.65; Found, %: C 46.74, H 3.59, N 25.24,
$9.87.

5-(5-Hydroxy-1-methyl-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-(3-chloro)phenyl)carboxamide (8e):
Yield 64%; mp 175°C; IR (Viax, cm™): 3360 (NH), 3250 (CHarom), 2950 (CHaipn), 1650 (C=0), 1600, 1540;
Anal. calcd. for C2HsCINO,S, %: C 42.80, H 2.69, C1 10.53, N 24.96, S 9.52; Found, %: C 42.76, H 2.62, Cl
10.66, N 25.24, S 9.42.
5-(5-Hydroxy-1-methyl-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-(4-chloro)phenyl)carboxamide (8f):

Yield 68%; mp 234-236°C; IR (Viax, cm™): 3250 (NH), 3100 (CHarom), 2930 (CHayiph), 1650 (C=0), 1580,
1530; Anal. caled. for CjoHgCINGO,S, %: C 42.80, H 2.69, Cl 10.53, N 24.96, S 9.52; Found, %: C 42.88, H
3.12,C110.46, N 24.87, S 9.63.
5-(5-Hydroxy-1-methyl-1,2,3-triazol-4-yl)-1,2,3-thiadiazol-4-(N-(2,6-dichloro)phenyl)carboxamide (8g):

Yield 62%; mp 243-245°C; IR (Vmao cm™): 3350 (NH), 3050 (CHarom), 2970 (CHalipn), 1650 (C=0), 1

59
1540; Anal. caled. for Cj2HgCLNGO,S, %: C 39.83, H 2.17, C1 19.10, N 22.64, S 8.64; Found, %: C 39.66,
2.11,C119.32,N 22.77, S 8.51.

0,
H
5-(5-Hydroxy-1i-methyi-i,2,3-triazoi-4-yi)-i,2,3-thiadiazoi-4-(N-(d-bromo)phenyi)carboxamide (8h):

Yield 23%; mp 238-240°C; IR (Vimax, cm™): 3260 (NH), 3100 (CHarom), 2940 (CHaiipn), 1650 (C=0), 1590,
1530; Anal. caled. for C;;HoBrN¢O,S, %: C 37.81, H 2.98, Br 26.98, N 22.05, S 8.41; Found, %: C 37.65 ,H

3.23, Br26.86, N 22.25, S 8.51.
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