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Abstract An easy to handle high-efficient approach to 5-polyfluoro-
alkyl-1,2,4-triazole-3-thiones (11 examples, up to 91% yield) is report-
ed. The tautomerism of thione and thiol forms for the obtained prod-
ucts is discussed. A one step procedure for 6,6-dimethyl-3-
(trifluoromethyl)-5,6-dihydro[1,3]thiazolo[2,3-c][1,2,4]triazole forma-
tion from trifluoroacetic acid and 4-methallylthiosemicarbazide has
been developed. The structures of the products were unambiguously
determined by complex NMR investigation and by single crystal X-ray
diffraction.

Key words thiosemicarbazide, perfluorocarboxylic acid, 1,2,4-triazol-
3-thione, fluoroalkyl, [1,3]thiazolo[2,3-c][1,2,4]triazole, electrophilic
cyclization

Condensed and functional derivatives of 1,2,4-triazole-
3-thione attract increasing attention owing to their syn-
thetic importance and significant role in the medicinal, ag-
ricultural, and material sciences.! These compounds are
usually associated with immense biological activities: anti-
bacterial and antifungal,?*-¢ anti-inflammatory and analge-
sic,>d antioxidant,® antinociceptive,** and ulcerogenic.3
They are efficient inhibitors of urease* and cationic surfac-
tants.” Therefore, a significant part of current scientific in-
vestigations on triazole chemistry is devoted to the devel-
opment of new approaches to biologically active com-
pounds.
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It is well documented that polyfluoroalkyl groups are
very prospective substituents due to their strong electron-
withdrawing properties and high lipophilicity.® At the same
time, nowadays organofluorine compounds are of particu-
lar interest because of their high potential as biologically
active compounds.” However, to date the number of publi-
cations devoted to the synthesis of corresponding perfluo-
roalkyl-substituted 3-thio-1,2,4-triazole derivatives is quite
limited, especially for reliable data concerning 2,4-unsub-
stituted derivatives of 5-perfluoroalkyl-1,2,4-triazol-3-thi-
ones. Mloston and co-workers® have reported a 6-step ap-

N—NH
total yield: ~30% U
(A) Rp-COOMe ..... 6 steps ..... oeyed r, Rp/< \A\s
Re = CFg, CHF, N
Ph 1
N—N
eld: ~30% I\
(B) CF5-COOH .....5 steps ..., 2@lvield: ~30% _ F3C/<N)\SH
I
CHs 2

total yield: ~35-80%

N—NH ’;I—IQI
FBC/QN/ES ¥ FBC/<S)\N’N

H

CF3-COOH
125°C,8-24 h

|
/ Ar 3
s NH,

total yield: ~58-71%
1) 3 equiv CF3-COOEt
N—NH N—N
U 7\ Me
B S

|
Ar 3 Ar

2) MeONa/MeOH
60°C,8h

S
heating, 6-8 h &8
D) N + CFa -cooH —=22ng. 981 F30/4N)\SH
|

R—NH toluene/xylene
or without solvent

R = H: yield: ~24-32% R = Me: yield: ~24-65%

Scheme 1 Synthetic routes to 5-perfluoroalkyl-1,2,4-triazol-3-thiones
and -thiols
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proach to 5-tri-/difluoromethyl-4-phenyl-1,2,4-triazol-3-
thiones 1 starting from the methyl ester of the correspond-
ing fluoroacetic acid (Scheme 1A). Frackenpohl and co-
workers? have also described multistep synthesis of similar
5-trifluoromethyl-4-methyl-1,2,4-triazol-3-thioles  start-
ing from trifluoroacetic acid (TFA), but the authors believed
that the product 2 was obtained in the isomeric thiol form
(Scheme 1B).

Ashton'® and Vasil’eva!! prepared the 4-aryl-5-trifluo-
roalkyl-1,2,4-triazol-3-thiones 3 by directly boiling 4-ar-
ylthiosemicarbazides in trifluoroacetic acid (TFA) or ethyl
trifluoroacetate (Scheme 1C), but later the same authors!"12
reported that the above procedure also gave isomeric thia-
diazoles or methyl thioethers as by-products. Interestingly,
the idea of direct interaction between 4-arylthiosemicarba-
zides and TFA (in a solvent and without it) was transferred
to unsubstituted and 2- or 4-methylthiosemicarbazides,
but all sources'*-1> reported low yields (24-32%) of unsub-
stituted triazoles 4 and moderate yields (34-54%) for meth-
yl-substituted triazoles 4 exclusively in the thiol form
(Scheme 1D); low yields can be explained by simultaneous
formation of isomeric thiadiazoles as by-products (Scheme
1C) - this may also account for the difference in melting
point. Noteworthy, no rigorous proofs for the assumed
structures were given by authors,'#'> and, furthermore,
patent sources'® did not contain (or contain incorrect)
melting points and spectral data of 5-trifluoromethyl-1,2,4-
triazol-3-thiones at all.

Nevertheless, such 5-polyfluoroalkyl-1,2,4-triazole-3-
thiones can be considered as perspective building blocks
that can be incorporated into a wide variety of potentially
biologically active compounds. This requires a thorough
study of the conditions of their synthesis and the elabora-
tion of an overall effective method of production for 5-per-
fluoroalkyl-1,2,4-triazol-3-thiones.

Herein, we examined the reaction of thiosemicarba-
zides 5 with perfluorocarboxylic acid derivatives 6 at differ-
ent conditions, and report the concise, efficient, non-cata-
lytic direct approach to either 4-unsubstituted and 4-sub-
stituted derivatives of 5-polyfluoroalkyl-1,2,4-triazole-3-
thiones 7 (Scheme 2).
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Scheme 2 Synthesis of 5-perfluoroalkyl-1,2,4-triazol-3-thiones 7

Initially we studied the effect of the nature of perfluoro-
containing reagents and the nature of solvents on the yield
of the product 7a in the reaction of unsubstituted thiosemi-
carbazide 5a (R = H) with TFA derivatives (R; = CF;) at differ-

ent reaction conditions (Table 1). We have found that the
most effective Rg-reagent is TFA anhydride (the yield of 7a
was 67%, Table 1, entries 9, 10); the described action of
TFA' gives only 28% (entry 3), and ethyl ester of TFA 32%
(entry 22). We also observed a moderate increase in the
yield of the desired triazole 7a when using an excess of an-
hydride 6a - optimal conditions are 33% excess of anhy-
dride (entry 10); the decrease in yield when using the ac-
tion of anhydride without solvent can be explained by the
complicated isolation of the final product 7a. We also noted
that the reaction time does not significantly affect the
product yield (the optimal time is 4 hours - entry 10) but

Table 1 Optimization of the Reaction Conditions for the Formation of
7a

s o I;I—NH
HaN J\ JH* FsC—< — FgC/QNkS

5a 6 7a

Entry 6:X Solvent Time Temp Yield
(equiv) (h) (0 (%)
1 OH (solvent) TFA 4 72.4 22
2 OH (solvent) TFA 4 0°Ctort notisolated
3 OH (solvent) TFA 6 72.4 28 (244
4 OH (solvent) TFA 10 72.4 30
5 OH (solvent) TFA 24 72.4 24
6 OH (1:1) xylene 10 1385 22
7 OH (1:2) xylene 10 1385 24
8  CR(CO)O(1:1)  TFA 4 724 60
9  CR(CO)O(1:2) TFA 4 724 67
10 CF,(CO)O(3:4) TFA 4 724 67
11 CR(CO)O(3:5)  TFA 4 724 66
12 CFy(CO)O (CF,€0),0 4 40 65
13 CF,(CO)0(3:4)  TFA 4 0°Ctort 21
14 CR(CO)O(3:4)  TFA 2 724 56
15 CR(CO)O(3:4)  TFA 6 724 67
16 CF,(CO)O (3:4)  TFA 10 724 64
17 CFy(CO)O(3:4)  xylene 4 1385 51
18 CFR(CO)O(3:4)  xylene 6 1385 54
19 CF5(CO)O (3:4) toluene 6 110.6 50
20  CR(CO)O(3:4)  14-dioxane 6 101 52
21 CRCOEt(1:1)  TFA 4 724 30
22 CFCOEt(1:2)  TFA 4 724 32
23 CFCO,Et CF,CO,Et 4 61 25
24 CF;CO,Et (1:2) TFA 4 0°Ctort notisolated
25  CFRCOEt(1:2)  TFA 10 724 30
26 CF3CO,Et (1:2) TFA 24 72.4 28
27 CF3CO4Et (1:2) xylene 4 1385 20
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carrying out this reaction without heating leads to a sharp
decrease in yield or makes it impossible to obtain triazole
7a.

With optimized reaction conditions in hand (Table 1,
entry 10), different fluorine-containing carboxylic acid an-
hydrides 6a-d were converted into the corresponding 4-
unsubstituted 5-perfluoroalkyl-1,2,4-triazol-3-thiones 7a-
¢ (Scheme 3). Reactions containing a mixture of the
thiosemicarbazide 5a and an excess of anhydrides 6 (3:4) in
the medium of the corresponding perfluorocarboxylic acid
proceeded smoothly in 4 hours in air under reflux.

s . 0 N—NH
" < flux, 6 h
HoN )]\ H + 0 &» RFANKS
RFCOOH A
Re A

o 7a—k

5aR=H 6a Rg = CF3

5b R =Me 6b Rr = CFH

5¢ R=Ph 6¢ Re = CF3CH,

6d Rg = CoFs
N—NH N—NH N—NH
/ 4 4
Fac/AN/&s HFZC/QN)QS FSCHZC/QNkS
I I I
7a (67%) H 7b (72%) H 7c (66%) H
N—NH N—NH N—NH N—NH
4 4 4 4
FSC/QN)QS HFZC/QN/\%S FBCH2C/<N/\§S CgF5/<NAS
| | | |
7d (73%) Me 71 (71%) Me 7h (91%) Me 7j (77%) Me
N—NH N—NH N—NH N—NH
4 4 4 4
FBC/QN/\%S HFZC/LN\/%S FECHZC/QN\A\S CZFS/QN\/%S
| | | I
7e (79%) Ph 79 (87%) Ph 7i (74%) Ph 7k (73%) Ph

Scheme 3 Scope of the reaction between thiosemicarbazides 5a-c
and carboxylic acids anhydrides 6a-d under optimized conditions

The developed approach to 4-hydro-5-polyfluoroalkyl-
1,2,4-triazole-3-thiones 7a-c has also been successfully ap-
plied to 4-substituted 5-polyfluoroalkyl-1,2,4-trizole-3-thi-
ones 7e-k (Scheme 3). In total, we have synthesized 11
samples in good to excellent yields.

Hence our approach is simpler, and applicable for differ-
ent fluorine-containing carboxylic acids and provides high
yields of the desired products 7a-k. Thus, the developed
non-catalytic direct approach to 5-polyfluoroalkyl-1,2,4-
triazole-3-thione derivatives is applicable for both 4-hydro-
, 4-methyl- and 4-phenyl-5-polyfluoroalkyl-1,2,4-triazole-
3-thione derivatives.

A comprehensive spectral study of the structure of the
obtained triazoles 7 allowed us to clearly answer the ques-
tion of the tautomeric form of the synthesized products.
The broad singlet in the region of 8.21-14.82 ppm in 'H
NMR spectra, which corresponds to two protons, indicates
that the compounds 7 contain a thioureidic moiety with
two NH groups; and the carbon signal at 161.6-171.3 ppm
in 13C NMR spectra corresponds to the C=S group (as report-
ed for known 1,2,4-triazol-3-thiones?24>1617) which fully

supports the thionic form of the obtained triazoles 7 (in
contrast to the previously reported data'3-1%),

Also, we have tried to transfer the approach to unsatu-
rated derivatives of thiosemicarbazides. But the analogous
reaction of trifluoroacetic acid anhydride (6a) with 4-me-
thallylthiosemicarbazide (5d) surprisingly proceeds with
direct one-step formation of condensed 6,6-dimethyl-3-
(trifluoromethyl)-5,6-dihydro[1,3]thiazolo[2,3-c][1,2,4]tri-
azole (8) in high yield without isolation of expected the tri-
azole A (Scheme 4). Most likely, the interaction of thiosemi-
carbazide 5d with trifluoroacetic acid forms the 4-methal-
lyl-triazole A, which immediately undergoes the proton-
induced electrophilic cyclization under protonation of the
unsaturated site of the methallyl substituent by trifluoro-
acetic acid with thiazoline ring annulation. The proposed
mechanism in Scheme 4 is in good agreement with the clas-
sical conception electrophilic cyclization'® and is similar to
the protonation of isomeric 3-methallylthio-4-phenyl-
1,2,4-triazoles by hexabromotelluric acid.'® The structure of
thiazolotriazole 8 was confirmed by complex NMR data and
X-ray crystallography.2°
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Scheme 4 Synthesis of 6,6-dimethyl-3-(trifluoromethyl)-5,6-dihy-
dro[1,3]thiazolo[2,3-c][1,2,4]triazole (8)

In conclusion, we have developed an effective non-cata-
lytic direct approach that allows to obtain 4-unsubstituted
5-perfluoroalkyl-1,2,4-triazole-3-thiones from available re-
agents in a one-step procedure in high yields, which was
successfully applied to 4-substituted analogues. For the first
time, the possibility of the one-pot synthesis of 6,6-dimeth-
yl-3-(trifluoromethyl)-5,6-dihydro[1,3]thiazolo[2,3-
c][1,2,4]triazole from trifluoroacetic acid and 4-methall-
ylthiosemicarbazide has been found. All prepared com-
pounds have potential to be used as promising building-
blocks for the design of bio-active compounds.

All reagents and solvents, and the starting compounds 5a-c [CAS Reg.
Nos. 79-19-6 (5a), 6610-29-3 (5b), 5351-69-9 (5¢)], 6a-d [CAS Reg.
Nos. 407-25-0 (6a), 401-67-2 (6b), 2516-99-6 (6¢), 356-42-3 (6d)]
were purchased from commercial sources and used without addition-
al purification. Compound 5d was synthesized according to the de-
scribed procedure.?!
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'H NMR spectra were recorded at 400 MHz with Varian UNITY Plus
400 spectrometer. '9F NMR spectra were recorded on Varian UNITY
Plus 400 spectrometer at 376.5 MHz. Chemical shifts are given in
ppm relative to CCI5F as external standard. The '*C NMR spectra (pro-
ton decoupled) were recorded on a Bruker Avance DRX 500 instru-
ment at 125.7 MHz and on Varian UNITY Plus 400 spectrometer at
101 MHz. Melting points were determined in open capillaries using
an SMP3 instrument (Stuart Scientific). Elemental analyses were car-
ried out on an Elementar Vario MICRO analyzer (Germany). The X-ray
study of C;HgF;N;S was carried out using Xcalibur-3 automated dif-
fractometer (Oxford Diffraction Ltd.) (MoKa-radiation, graphite
monochromator, Sapphire-3 CCD detector). The powder diffraction
study was carried out with Siemens D500 diffractometer (X-ray tube
with Cu anode, Bragg-Brentano geometry, graphite monochromator
on the diffracted beam, 5°<26<60°, A(20) = 0.02°). The structure was
solved with SHELXT/SHELX-2016 program package?? and refined us-
ing full-matrix least squares in the anisotropic approximation. Hydro-
gen atoms were localized from Fourier D-map and refined using the
riding model. The WinGX program?? was used for the analysis of the
structure and preparation of the illustration.

5-Perfluoro-1,2,4-triazol-3-thiones 7; General Procedure
Anhydride of fluorine-containing carboxylic acid 6 (4 mmol) was
slowly added to a solution of thiosemicarbazide 5a-c (3 mmol) in the
corresponding fluorine-containing carboxylic acid (5 mL) at rt under
stirring. After that, the mixture was refluxed for 4 h, and then cooled
to rt. If the product precipitated (in the case of 4-N-phenyl deriva-
tives) it was filtered, washed with aq NaOH (pH 8-9) and dried. When
it is necessary, target product can be recrystallized from 1,4-dioxane.
To the filtrate (or to the reaction mixture when the product is soluble)
aq 2 N NaOH was added in portions (2 mL) until the precipitate was
observed. Then the mixture was stirred for 5 h, and the precipitate
was collected by filtration, washed with H,0, and crystallized from
MeOH and dried.

4-Hydro-5-trifluoromethyl-1,2,4-triazole-3-thione (7a)
White crystals; yield: 0.43 g (67%); mp 180-182 °C (Lit."* mp 218 °C).
H NMR (400 MHz, DMSO-d;): 6 = 8.04 (br s, NH).

13C NMR (126 MHz, DMSO-dg): & = 120.2 (q, Ycr = 270.9 Hz, CF3),
144.1 (q, JJcz = 365 Hz, N=CCF3), 172.2 (s, C=S).

19F{H} NMR (376 MHz, DMSO-d;): & = -59.01 (s, 3 F, CF;).

Anal. Calcd for C3H,F;N;S: C, 21.30; H, 1.18; N, 28.85; S, 18.93. Found:
C, 21.27; H, 1.20; N, 28.87; S, 18.91.

4-Hydro-5-difluoromethyl-1,2,4-triazole-3-thione (7b)

White crystals; yield: 0.40 g (72%); mp 168-170 °C.

TH NMR (400 MHz, DMSO-dg): & = 7.22 (t, Jyr = 53.2 Hz, 1 H, CF,H),
7.76 (s, 1 H, NH).

13C NMR (126 MHz, DMSO-dg): & = 111.4 (t, YJcr = 235.6 Hz, CF,H),
150.7 (t, ?Jcr = 28 Hz, N=CCF,H), 171.2 (s, C=S). 8 = 110.2 (t, Y =
250.7Hz, CF,H), 165.5 (t, ?J; = 23.9 Hz, C-CF,H), 171.2 (s, C=S).

19F{H} NMR (376 MHz, DMSO-d;): 6 = -108.50 (s, 2 F, CF,H).

Anal. Calcd for C3H;F,N;S: C, 23.80; H, 1.99; N, 27.81; S, 21.19. Found:
C, 23.83; H, 2.01; N, 27.84; S, 21.17.

4-Hydro-5-trifluoroethyl-1,2,4-triazole-3-thione (7c)
White crystals; yield: 0.44 g (66%); mp 176-178 °C.

TH NMR (400 MHz, DMSO-dg): 8 = 3.41 (g, Ju = 10.1 Hz, 2 H, CF;CH,),
10.22 (s, 1 H, NH).

13C NMR (126 MHz, DMSO-dg): 8 = 38.1 (q, ?Jcf = 25 Hz, CH,CF;), 124.2
(a, Yer = 273.2 Hz, CF3), 150.1 (s, N=CCH,CF5), 161.6 (s, C=S).

19F(H} NMR (376 MHz, DMSO-d;): & = =61.96 (s, CF;CH,).

Anal. Calcd for C4H,4F;N5S: C, 26.23; H, 2.18; N, 22.95; S,17.49. Found:
C,26.22; H,2.14; N, 22.93; S, 17.52.

4-Methyl-5-trifluoromethyl-1,2,4-triazole-3-thione (7d)

White crystals; yield: 0.40 g (73%); mp 176-178 °C (Lit.1*¢ mp 115 °C).
TH NMR (400 MHz, DMSO-dg): & = 3.61 (s, 3 H, CHs), 14.43 (brs, 1 H,
NH).

13C NMR (126 MHz, DMSO-dg): & = 31.3 (s, CHs), 117.4 (q, Yc = 270.9
Hz, CF3), 140.9 (q, ¥ = 40.32 Hz, N=CCF;), 170.1 (s, C=S).

19F(H} NMR (376 MHz, DMSO-dg): & = -65.07 (s, 3 F, CF;).

Anal. Calcd for C;H4F3N5S: C,26.23; H, 2.18; N, 22.95; S, 17.49. Found:
C,26.21; H, 2.14; N, 22.92; S, 17.51.

4-Phenyl-5-trifluoromethyl-1,2,4-triazole-3-thione (7e)

White crystals; yield: 0.56 g (79%); mp 138-140 °C (Lit.® mp 170-172
°0)

TH NMR (400 MHz, DMSO-dg): & = 7.55 (m, 5 H, CgHs), 14.74 (s, 1 H,
NH).

13C NMR (101 MHz, DMSO-dg): & = 117.1 (q, Ycr = 338.9 Hz, CF;),
128.9 (s, CgHs), 129.9 (s, CgHs), 130.8 (s, CeHs), 132.9 (s, CgHs), 140.7
(q, Yer = 50.4Hz, N=CCF;), 171.3 (s, C=S).

19F{H} NMR (376 MHz, DMSO-dg): 8 = -63.21 (s, 3 F, CF;).

Anal. Calcd for CgHgF;N;S: C, 44.08; H, 2.45; N, 17.14; S, 13.02; found:
C,44.06; H, 2.47; N, 17.16; S, 12.97.

4-Methyl-5-difluoromethyl-1,2,4-triazole-3-thione (7f)

White crystals; yield: 0.35 g (71%); mp 170-172 °C (Lit."*d mp 165 °C).
H NMR (400 MHz, DMSO-dg): 8 = 3.52 (s, 3 H, CH3), 7.25 (t, Jy s = 53.4
Hz, 1 H, CF,H), 14.37 (brs, 1 H, NH).

13C NMR (126 MHz, DMSO-dg): 8 = 30.9 (s, CHs), 108.2 (t, Y = 236.9
Hz, CF,H), 145.1 (t, = 27.7 Hz, N=CCF,H), 169.3 (s, C=S).

19F{H} NMR (376 MHz, DMSO-d): & = -121.05 (d, Jry = 51.7 Hz, 2 F,
CF,H).

Anal. Calcd for C4,H5F,N;S: C, 29.09; H, 3.03; N, 25.45; S, 19.39. Found:
C,29.11; H, 3.01; N, 25.43; S, 19.42.

4-Phenyl-5-difluoromethyl-1,2,4-triazole-3-thione (7g)

White crystals; yield: 0.46 g (87%); mp 137-139 °C (Lit.® mp 187-189
°0)

H NMR (400 MHz, DMSO-dg): 8 = 7.03 (t, Jy; = 53.2 Hz, 1 H, CE,H),
7.49 (m, 5 H, CgHs), 14.45 (br s, 1 H, NH).

13C NMR (126 MHz, DMSO-dg): & = 107.9 (t, Y = 238.1 Hz, CF,H),
128.7 (s, CgHs), 129.9 (s, CgHs), 130.5 (s, CgHs), 144.9 (t, ?Jcp = 27.7 Hz,
N=CCF,H), 169.3 (s, C=S).

19F{H} NMR (376 MHz, DMSO-dg): & = -119.73 (s, 2 F, CF,H).

Anal. Calcd for CgHgF,N;S: C, 47.37; H, 3.51; N, 18.42; S, 14.03. Found:
C,47.35; H, 3.52; N, 18.41; S, 13.99.

4-Methyl-5-trifluoroethyl-1,2,4-triazole-3-thione (7h)
White crystals; yield: 0.38 g (91%); mp 108-110 °C.

Synthesis 2023, 55, A-F
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'H NMR (400 MHz, DMSO-dg): & = 3.32 (s, 3 H, CH;), 3.41 (q, Jy = 10.1
Hz, 2 H, CF;CH,), 10.51 (s, 1 H, NH).

13C NMR (126 MHz, DMSO-dg): & = 37.2 (s, CHs), 38.2 (q, ¥ = 28.1 Hz,
CH,CF,), 124.2 (q, Ycr = 273.2 Hz, CF3), 144.3 (s, N=CCH,CF;), 167.9 (s,
C=S).

19F(H} NMR (376 MHz, DMSO-d;): 6 = -61.98 (s, 2 F, CF;CH,).

Anal. Calcd for CsHgF;N;S: C, 30.46; H, 3.04; N, 21.32; S, 16.24. Found:
C,30.44; H, 3.07; N, 21.29; S, 16.27.

4-Phenyl-5-trifluoroethyl-1,2,4-triazole-3-thione (7i)

White crystals; yield: 0.57 g (74%); mp 192-194 °C.

THNMR (400 MHz, CD;0D): & = 3.33 (q, Jys = 12.2 Hz, 2 H, CF;CH,),
7.31 (m, 5 H, CgHs).

13CNMR (101 MHz, CD;0D): 8 = 39.3 (q, 3Jcf = 29.2 Hz, CH,CF;), 119.6
(s, CeHs), 123.7 (s, CgHs), 125.5 (q, YJcr = 273.3 Hz, CF3), 130.8 (s, CgHs),
141.3 (s, CgHs), 165.2 (s, N=CCH,CF;), 185.0 (s, C=S).

19F NMR (376 MHz, CD;0D): & = -64.54 (t, ¢ = 12 Hz, 3 F, CF;CH,).

Anal. Caled for CyoHgFsN,S: C, 46.33; H, 3.09; N, 16.22; S, 12.35.
Found: C, 46.35; H, 3.11; N, 16.25; S, 12.34.

4-Methyl-5-pentafluoroethyl-1,2,4-triazole-3-thione (7j)

White crystals; yield: 0.48 g (77%); mp 107-109 °C (Lit.’3*d mp 77 °C).
TH NMR (400 MHz, DMSO-dg): & = 3.58 (s, 3 H, CHs), 14.72 (br s, 1 H,
NH).

13C NMR (126 MHz, DMSO-dg): & = 31.8 (s, CH;), 108.0 (tq, Jcr = 232.1,
38.4 Hz, CF,), 118.0 (qt, Jcr = 286.5, 36.3 Hz, CF;),139,7 (t, Jcr = 28.9
Hz, N=CC,Fs), 170.4 (s, C=S).

19F{H} NMR (376 MHz, DMSO-dy): & = -82.45 (s, 3 F, CF;), -113.70 (s, 2
F, CF,).

Anal. Calcd for CsH4F5NsS: C, 25.75; H, 1.72; N, 18.03; S, 13.73. Found:
C, 25.73; H,1.71; N, 18.06; S, 13.77.

4-Phenyl-5-pentafluoroethyl-1,2,4-triazole-3-thione (7k)

White crystals; yield: 0.64 g (73%); mp 165-167 °C.

'H NMR (400 MHz, DMSO-dg): 8 = 7.51 (m, 5 H, C¢H;), 14.86 (brs, 1 H,
NH).

13C NMR (101 MHz, DMSO-dg): 8 = 107.5 (tq, Jc = 256.4, 36.5 Hz, CF,),
117.5 (qt, Jor = 267.3, 36.1 Hz, CF;), 128.7 (s, CgHs), , 129.3 (s, CgHs),
1304 (s, CgHs), 132.8 (s, CgHs), 139.0 (t, *Jcx=29.2 Hz, N=CCF,CF;),
171.0 (s, C=S).

19F{H} NMR (376 MHz, DMSO-d;): 8 = -81.64 (s, 3 F, CF;), -110.31 (s, 2
F, CF,).

Anal. Caled for C4H,FsN5S: C,21.92; H, 0.91; N, 19.18; S, 14.61. Found:
G, 21.93; H, 0.88; N, 19.21; S, 14.64.

6,6-Dimethyl-3-(trifluoromethyl)-5,6-dihydro[1,3]thiazolo[2,3-
c](1,2,4]triazole (8)

Trifluoroacetic anhydride (6a; 4 mmol) was slowly added to a solu-
tion of thiosemicarbazide 5d (3 mmol) in TFA (5 mL) at rt under stir-
ring. After that, the reaction mixture was heated at 72 °C for 4 h, and
then cooled to rt. To the reaction mixture was added aq 2 NaOH in
portions (2 mL) until a precipitate was observed. Then the mixture
was stirred for 5 h, the precipitate was filtered, washed with H,0, and
purified by crystallization from MeOH; white crystals; yield: 0.49 g
(74%); mp 105-107 °C.

'H NMR (400 MHz, DMSO-dg): 8 = 1.67 (s, 6 H, CH;), 4.31 (s, 2 H, CH,).

13C (126 MHz, DMSO-dg): & = 28.88 (s, CH,), 57.63 (s), 6632 (s),
117.36 (q, Vs = 2709 Hz, CFy), 140.89 (q, Jcx = 36.5 Hz, N=CCF,),
161.15 (s, C=S).

19F NMR (376 MHz, DMSO-d;): & = -62.78 (s, 3 F, CF;).

Anal. Calcd for C;HgF;N;S: C, 38.01; H, 2.71; N, 19.00; S, 14.21. Found:
C,37.99; H, 2.74; N, 19.03; S, 14.24.
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