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Abstract: A general two-step synthesis of 7-aryl substitltgl5,6-tetrahydro43-1,2,4-triazepine-3-
thiones from 1-aryl-3-isothiocyanatopropan-1-onas been developed. The synthesis involved
reaction of these isothiocyanato ketones with hgidess followed by acid-catalyzed heterocyclization
of the prepared 4-(3-oxopropyl)thiosemicarbazidetheir hydrazones. Triazepine-3-thiones were
converted into their 3-oxo analogs by oxidationwibO, under basic conditions. Conformations of
the obtained triazepine-3-thiones/ones in DMSOt&mitand in solid state were established uskig

NMR spectroscopy and single crystal X-ray diffranti
Keywords:. Isothiocyanato ketones; Thiosemicarbazides; Hyhez; 1,2,4-Triazepine-3-thiones/ones

1. Introduction

1,2,4-Triazepine$ particularly 1,2,4-triazepin-2-ones/thiones am shbject of intensive studies
due to their diverse pharmacological propertie®sehcompounds are effective antagonists of
parathyroid hormone 1 (PTH1Rand holecystokinin hormone 2 (C@Kreceptors. They possess
antioxidant! antipsychotic, and HIV protease inhibitory activiti@sThe reported approaches to 1,2,4-
triazepin-2-one/thione backbone include reactiop-socyanato op-isothiocyanato ketones with
hydrazines;® condensation of (thio)semicarbazides with varib@sdicarbonyl compounds or their
derivatives®® reaction of arylidene ketones withi¥- 2HNCS'? addition of (thio)semicarbazides to
a,B-unsaturated carbonyl compounds or their synthegtidvalents; reaction ofy-hydrazino-
substituted amines with phosgene equival@its?intramolecular cyclization of 4¢
oxoalkyl)(thio)semicarbazides and their derivati{&%"*3

* Corresponding author. Tel.: +7 495 246 0555x9@8; +7 495 246 0555x909.
E-mail address: anatshu@gmail.com, shutalev@ofa.i. Shutalev).
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Various benzo- and hetero-fused 1,2,4-triazepim&sfthiones were prepared using the above
methods. In contrast, only a few specific typesmohocyclic triazepin-2-ones/thiones were described.
Besides, some of the reported results on the friaedormation from acyclic precursors were proved
to be incorrect. For example, it was demonstrdtatthe reaction of 2-substituted thiosemicarbazide
with malony! chlorides provided four-membered instiénstead of triazepin€$,and condensation of
acetylacetone with 2-methylsemicarbazides did fiotany triazepines (ref. 15 vs ref. 9d). Thing t
development of reliable and practical approachesdnocyclic triazepines remains a challenge.

Previously, we showed that aryl substituted 2,4t&t@&hydro-81-1,2,4-triazepin-3-one2 can be
obtained by acid-catalyzed cyclization of hydrazok4-[(1,3-diaryl-3-ox0)prop-1-yl]semicarbazides
1 (Scheme 13?
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3 1 2
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Scheme 1. Synthesis of 2,4,5,6-tetrahydrétdl,2,4-triazepin-3-onea.

We studied this cyclization under various condii@md found that the reaction temperature and
concentration of the starting materiahad a dramatic effect on the yield of triazepieldowever,
under all conditions tested, the yield of the pidulid not exceed 45%. Besides, synthesis of
semicarbazides involved substitution of the ethoxy group in tleresponding ethyl-(3-
oxopropyl)carbamated under the action of refluxing anhydrous hydraZome20—-24 h. Because of the
harsh reaction conditions the starting carbamatesaly decomposed, and therefore semicarbazides
were obtained in only 28—-46% yield. Thus, the loxikability of starting material remained the
principal limitation of 1,2,4-triazepine synthebigthe cyclization of 4-[(1,3-diaryl-3-ox0)prop-1-
yl]semicarbazide hydrazones. We hypothesized tlzagepines could be obtained from thioxo analogs
of 1 whose simple synthesis could be based on theoraitreadily available 1,3-diaryl-3-
isothiocyanatopropan-1-on8svith hydrazines. Here, we report synthesis of anjstituted 2,4,5,6-
tetrahydro-8i-1,2,4-triazepine-3-thiones and their oxidativentfarmation into the corresponding 3-

oxo derivatives starting from 1,3-diaryl-3-isothyanatopropan-1-ones.
2. Resultsand discussion

2.1. Synthesis of 4-(3-aryl-3-oxopropyl)thiosemicarbazides and their hydrazones
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4-(3-Aryl-3-oxopropyl)thiosemicarbazides and theydrazones were obtained from 1,3-diaryl-3-
isothiocyanatopropan-1-onda-i (Scheme 2). Isothiocyanatés-i were synthesized by the addition of

HNCS to the corresponding chalcones following aewvjmusly reported procedut®.
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Scheme 2. Synthesis of 4-(3-aryl-3-oxopropyl)thiosemicarls5a-e and their hydrazone&-k.

The reaction of isothiocyanatéa,g with 1 equivalent of hydrazine hydrate readilyqgegeded in
EtOH at room temperature for 1 h to give 4-(3-oxgyt)thiosemicarbazidesa,b in excellent yields
(Scheme 2, Table 1).

Table 1. Reaction of isothiocyanato ketordesb,g with hydrazine hydrate or methyl hydrazie.
Table 1. Reaction of isothiocyanato ketontsb,g with hydrazine hydrate or methyl hydrazie.

Entry 4 R R R Product(s) 5/6 Yield
raticd (%)Y

1 4a H H H 5a + 6a 89:1F 99
2 49 Me Me H 5b +6b 95:5 98
3 4a H H Me 5¢c - 99
4 4b H Me Me 5d - 98
5 49 Me Me Me 5e - 98

#1:1 molar ratio of reagents, EtOH, rt, 1 h.

® According to'H NMR spectroscopic data for the crude products.
¢ Isolated yields.

9 Diastereomeric ratio fdda was 69:31.

© Diastereomeric ratio fab was 67:33.

It should be noted that preparation of oxo-analufgsa,b, namely 4-(3-oxopropyl)semicarbazides,
by the reaction of ethy-(3-oxopropyl)carbamates with hydrazine (see Schinted not work since
substitution of the ethoxy group by hydrazine peats®l much slower than formation of hydrazone
moiety®

According to'H NMR data, initially formed thiosemicarbazidessb partly cyclized into 1-amino-

6-hydroxypyrimidinesa,b (11 and 5 mol%, respectively). Pyrimidirgsb were obtained as mixtures
4



of two diastereomers (69:31 f6a, 67:33 for6b). The major diastereomer 6&,b had (&*,6R*)-
configuration with equatorial orientations of thglagroups and axial position of the hydroxyl group
Chans = 11.8-12.13In@pm 44 = 0,*I 5,00 = 1.5 HzJ"*®in DMSO-ds solution. The minor
diastereomer had &,6S*)-configuration with equatorial orientations ofetlhydroxyl group and 4-aryl
substituent Yy 415 = 11.6-12.03y@p 14 = 0,%Jn5,0n = 0 Hz). Since the ratios of acyclic and two
cyclic isomers did not change after crystallizaties suppose that these three isomers were formed
under thermodynamic control.

Isothiocyanateda,b,g reacted with methyl hydrazine (EtOH, rt, 1 h) wettmplete regioselectivity
to give 2-methyl-substituted thiosemicarbazi@e® in 98—99% yields (Scheme 2, Table 1).

Hydrazones of 4-(3-aryl-3-oxopropyl)thiosemicarlolezi7a-i were obtained by the reaction of
isothiocyanateda-i with excess hydrazine hydrate (20 equiv.) in pafig EtOH for 3 h in 89-94%
yields (Scheme 2; Table 2, entries 1, 3-10). Thdethiosemicarbazid&a-i were isolated as
mixtures ofE- andZ-isomers with significant predominance of one @nth(83-97%). At room
temperature isothiocyanada reacted with hH,4- HO (20 equiv.) in EtOH for 24 h to give hydrazone

7a as a single isomer (entry 2).

Table 2. Synthesis of 4-(3-aryl-3-oxopropyl)thiosemicarlagezhydrazonega-k by reaction of isothiocyanatds-i or thiosemicarbazidese,d with excess
hydrazin€.

Entry Starting R R R R Product Isomer Yield

compd ratio (%)
1 4a H H H H Ta 87:13 92
24 4a H H H H 7a 100:0 84
3 4b H Me H H 7b 83:17 91
4 4c H OMe H H 7c 84:16 94
5 4d H OMe OMe H 7 84:16 89
6 4e H t-Bu H H Te 90:10 89
7 4f Me H H H 7f 97:3 93
8 49 Me Me H H 79 83:17 89
9 4h Me OMe H H 7h 88:12 89
10 4 Me OMe OMe H 7i 83:17 92
11 5c H H H Me 7j¢ 78:22 94
12 5d H Me H Me 7k 78:22 97

@20 equiv. of NH,4- HO, EtOH, reflux, 3 h.

® According to'H NMR spectra of the crude products.
¢ Isolated yields.

420 equiv. of NH, H,O, EtOH, rt, 24 h.

€ Along with 5 mol% of7a.

f Along with 5 mol% of7b.

Treatment of 2-methyl thiosemicarbazidesd with hydrazine hydrate (20 equiv.) in refluxing
EtOH for 3 h led to formation of hydrazongsk (two geometric isomers, 78:22) along with small
amounts of the corresponding thiosemicarbazrdgs (5%) (entries 11, 12). Crystallization of the
crude products from EtOH afforded puiiek. The formation o7a was not observed whéit reacted
with excess hydrazine hydrate at room temperalwiethis reaction proceeded very slowly to giye

(80% conversion after 24 h according#bNMR spectrum of isolated product).
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The C=N double bond geometries in the major andmsomers of hydrazonda-k were
determined a& andz, respectively. The assignments were basetHemd™*C NMR spectroscopic
data,*H,*"H NOESY experiment fora in DMSO-ds, DFT calculations of hydrogen and carbon
chemical shifts for botE-7a andZ-7a, and comparison dH and**C NMR spectra ofa-k with those
of structurally similar semicarbazid&SFor the major isomer afa, NOE was observed between the
C=NNH, and CH protons, and no NOE correlation was detected letvlecortho-phenyl protons of
the PhC=N fragment and the C=NBMptotons, thus confirming tHe-configuration of the C=N double
bond in this isomel? Comparison of the experimental carbon chemicdl &ithe CH group in7a
(31.5 ppm in DMSGQdg) with that calculated by the GIAO method at thelDB3LY P/6-
311++G(2df,p) level using the DFT B3LYP/6-311++Q@doptimized geometries f@-7a andZ-7a in
the gas phase (33.7 and 54.0 ppm, respectively)pats/ed thde-configuration of the major isomer of
7a. The assignment of the stereochemistry of otheséimicarbazidegb-k followed from similarity
of the'H and*C NMR spectra of the major and minor isomergafvith those of7b-k.

It is noteworthy that théH NMR signal of the C=NNbigroup forE-7a-k (6.45—6.67 ppm) was
downfield shifted compared with that féf7a-k (5.59-5.67 ppm) (see also ref. 13). This significa
shift (about +1 ppm) could be explained by decréastectron density on the Nhiitrogen due to the
strong conjugation in the ArC=NNHmnoiety ofE-7a-k. Indeed, DFT B3LYP/6-311++G(d,p)
calculations showed that the ArC=NRkfagment inE-7a is almost planar while id-7a the planes of
the phenyl ring and C=N bond form an angle of alé&i{ resulting in a sharp decrease in the

conjugation.

2.2. Acid-catalyzed cyclization of 4-(3-aryl-3-oxopropyl)thiosemicarbazides or their hydrazones
into 2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thiones

We found that hydrazones of 4-(3-aryl-3-oxopropydsemicarbazidega-k could be readily
cyclized in the presence of acid (>1 equiv.) teegive corresponding 2,4,5,6-tetrahydi#-B,2,4-

triazepine-3-thione8a-k (Scheme 3).




Scheme 3. Synthesis of 2,4,5,6-tetrahydréidl, 2,4-triazepine-3-thione&a-k from hydrazones of 4-(3-

aryl-3-oxopropyl)thiosemicarbazid@a-k.

According to théH NMR spectroscopic data for isolated crude materiader all studied
conditions some amount of unidentified side prosliadivays formed along with triazepirésk. The
characteristic feature of these spectra was aeaserin the relative integral intensity of the aatim
protons region. The reaction conditions includiatptyst, solvent, temperature, substrate
concentration, and amount of catalyst were optichizeéh hydrazon@a. The experimental data are

summarized in Table 3.

Table 3. Acid-catalyzed cyclization of hydrazones of 4a(34-3-oxopropyl)thiosemicarbazid@a-k into 2,4,5,6-tetrahydrot3-1,2,4-triazepine-3-thiones
8a-k.

Entry 7° R R R? R® Solvent Acid (equiv.) Conc. af  Reaction 8 Purity Yield
(mol/L) conditions o8 (%) (%)
1 Ta H H H H EtOH TsOH (1.05) 0.300 rn,2h 8a 37 -
2 7a H H H H MeCN TsOH (1.03) 0.300 r,2h 8a 35 —
3 Ta H H H H EtOH TsOH (1.05) 0.300 reflux, 1.5 h 8a 61 -
4 Ta H H H H EtOH TsOH (1.10) 0.097 reflux, 1.5 h 8a 79 -
5 7a H H H H EtOH TsOH (1.11) 0.097 reflux, 1.5 h 8a 78 76
6 Ta H H H H EtOH TsOH (1.52) 0.098 reflux, 1.5 h 8a 77 -
7 Ta H H H H EtOH TsOH (1.07) 0.054 reflux, 1.5 h 8a 80 -
8 7a H H H H EtOH HCI (1.05) 0.107 reflux, 1.5 h 8a 72 —
9 Ta H H H H AcOH AcOH 0.100 reflux, 1.67h  8a 68 -
10 7b H Me H H EtOH TsOH (1.10) 0.095 reflux, 1.5 h 8b 80 76
11 7c H OMe H H EtOH TsOH (1.10) 0.098 reflux, 1.5h  8c 75 75
12 7d H OMe OMe H EtOH TsOH (1.15) 0.091 reflux, 1.5h &d 74 73
13 Te H t-Bu H H EtOH TsOH (1.12) 0.096 reflux, 1.5 h 8e 80 78
14 7f Me H H H EtOH TsOH (1.12) 0.098 reflux, 1.5 h 8f 84 81
15 79 Me Me H H EtOH TsOH (1.11) 0.097 reflux, 1.5h  8g 81 76
16 7h Me OMe H H EtOH TsOH (1.12) 0.095 reflux, 1.5h  8h 81 81
17 7i Me OMe OMe H EtOH TsOH (1.11) 0.098 reflux, 1.5h  8i 83 82
18 7] H H H Me MeCN TsOH (1.12) 0.092 reflux, 1.5 h 8j 78 72
19 7 H H H Me  MeOH TSOH (1.11) 0.095 reflux, 1.5h  § 75 -
20 7] H H H Me  EtOH TSOH (1.11) 0.102 reflux, 1.5h  § 72 -
21 7K H Me H Me MeCN TsOH (1.12) 0.092 reflux, 1.5h 8k 71 48

@The crude products obtained by the reactiofieeif or 6¢,d with excess bH, in refluxing EtOH were used. The#/Z ratios are presented in Table 2
(enties 2, 3-12).

® Purity of the isolated crude product was estimatedatio of the expected integral intensity of #tematic protons region (10 H f8a,j, 9 H for
8b,c.efk, 8 Hfor8d,g,h, and 7 H forSi) to the observed integral intensity in this regiorthe’H NMR spectrum of the crude product multiplied ©01
In all cases complete conversion of the startingenal was observed.

¢ Isolated yield (after column chromatography).

4 The crude product obtained by the reactiodeofith excess bH, in EtOH at rt was used (Table 2, entry 2).

At room temperature in the presence of TsOH (1.0&%-&quiv.) the reaction @k completed for 2
h. Both in MeCN and in EtOH, considerable amourgidé products formed along wida (estimated
yields 35-37%) (entries 1 and 2). At reflux thelgief 8a significantly increased (entry 3 vs entry 1).
Decrease in the concentration of the starting natieom 0.300 to 0.097 mol/L led to the increase i
the amount o8a in the crude product from 61 to 78% (entry 3 v8\ed). Further dilution (up to 0.054
mol/L) of the reaction mixture (entry 4 vs entry d}e of higher excess of TsOH or other acidic

catalysts had no effect on the product yield (estfi, 8, and 9). It is noteworthy that the yield of



triazepineBa did not depend on the configuration of the stgriigdrazoné&a since bothe/Z-7a andE-
7a gaveB8a in close estimated yields (column 12 in Tablerfrye4 vs entry 5).

Thus, under optimal reaction conditions hydrazofeescyclized in refluxing EtOH for 1.5 h in the
presence of TsOH (1.10-1.15 equiv.) to give triazegBa-i which were isolated in 73-82% vyields
using column chromatography on aluminium oxider{eat5, 10—17). Purification of triazepiBa by
chromatography on silica gel with various elutiygtems (CHGH-petroleum ether, EtOAc-petroleum
ether, acetone-petroleum ether) failed to give puogluct.

2-Methylthiosemicarbazidg cyclized in the presence of TSOH (1.12 equivgite 2-
methyltriazepingj. In this case the yield of the product was slighigher in refluxing MeCN
compared with that in EtOH or MeOH (entries 18, % 20). Thus, compoun8sand8k were
obtained fronvj and7k (MeCN, reflux, 1.5 h) after purification using aohn chromatography on
aluminium oxide in 71% and 48% yield, respecti@sgtries 18 and 21).

Obviously, acid-catalyzed transformation/atk into 8a-k can proceed via two possible pathways
with participation of the Nklgroup of either thiosemicarbazide or hydrazoneetyoiFormation o8j,k
from 7j k proves that the cyclization @&-k involves nucleophilic attack of the thiosemicaildaz
amino group on the electrophilic carbon of the Giddible bond.

The obtained data clearly show that hydrazones(8faryl-3-oxopropyl)thiosemicarbazides have a
stronger tendency to cyclize into triazepines uraédic conditions compared with analogous
hydrazones of semicarbazides (see ref. 13). Fanpbea thiosemicarbazidéa was converted into
triazepine-2-thionda in 76% isolated yield (Table 3, entry 5), whileden similar conditions 4-[(3-
o0xo0-1,3-diphenyl)prop-1-yl]semicarbazide hydraz{®egave 5,7-diphenyl-2,4,5,6-tetrahydrbl-3
1,2,4-triazepin-3-onel() only in 28% estimated yieftf. At room temperature, traces of triazepinone
10 formed from semicarbazid®under the action of TSOH in EtORiwhile compound’a gave about
37% of the expected produga (entry 1).

The differences in the reactivity of thiosemicaildazhydrazoneg and their oxo-analogs (e.§),
can be explained by different basicities of thes@pounds. Similar basiciti&sof the semicarbazide
NH, group and nitrogen atom of the C=N double boné lead to protonation of the NHjroup in
considerable extent under strong acidic condifibresulting in decrease in cyclization rate. In
contrast, significant difference in the basicftfesf the corresponding nitrogen atomiprovides a
greater tendency to give triazepines.

A plausible pathway for the acid-catalyzed cycl@atof E-7a into 8a is shown in Scheme 4. We
suppose that this reaction includes initial protmmaof compound’a under the action of acid (HA) to
give one of two possible catioAsor B. The calculations performed at the DFT B3LYP/6-
311++G(d,p) level of theory using the PCM solvatiadel showed that catidhis significantly less
stable than catioA (AG = 8.8 kcal/mol in EtOH, 298 K and 1 atfitherefore its formation can be
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excluded. The initially formed catioh cyclizes into8a via the intermediate triazepia Clearly, the

acid-catalyzed cyclization @b-k into triazepine8b-k proceeds analogously.

HA e
H — H H
S Ph Ph S Ph Ph
7a // A
HAH Ph Ph
NHNH,
oH NHz PhﬁH HA Ph\(_\<N
NNy N HN___NH HN___NH
3 R
© S Ph Ph il NoHs"A m
A S S
B c 8a

Scheme 4. A plausible pathway for the acid-catalyzed (HAgI@ation of E-7a into 8a.

Thus, we showed that 2,4,5,6-tetrahydid-B 2,4-triazepine-3-thioneé&scan be readily prepared
from hydrazones of 4-(1,3-diaryl-3-oxopropyl)thiagearbazided. Obviously, thiosemicarbazides
5a-e could also serve as a precursors for the triaeepynthesis. Reported data indicated that
thiosemicarbazidBa did not cyclize under acidic or basic conditiGhsater, the cyclization of
thiosemicarbazide€sa and5c into triazepinesa (no yield given) an@g (30% yield) by heating in
dioxane or isopropyl alcohol in the presence of Hisktas scarcely described without any experimental
details®

We studied transformation of thiosemicarbazite® into the corresponding triazepingsg,)-|
(Scheme 5) under different conditions varying sotyeatalyst and its amount, additive, substrate

concentration, and reaction time.

Scheme 5. Synthesis of 2,4,5,6-tetrahydrétdl, 2,4-triazepine-3-thioneda,g,j-1 from 4-(3-aryl-3-

oxopropyhthiosemicarbazidém-e.

In initial experiments, we found that triazepBaformed only in 17-23% estimated yields from
thiosemicarbazid®a along with considerable amounts of unidentifietbgproducts in refluxing EtOH
or MeCN in the presence of TsOH (0.10-0.11 eqdior.L h (Table 4, entries 1 and 2). One of the

9



characteristic features 8ff NMR spectra of the isolated crude materials waserease in the relative
integral intensity of the aromatic protons regidhe yield of8a slightly increased when various

TsOH-NH,4 combinations were tested (entries 3-5).

Table 4. Acid-catalyzed cyclization of 4-(3-aryl-3-oxoprdpthiosemicarbazideSa-e into 2,4,5,6-tetrahydro+3-1,2,4-triazepine-3-thioneda,g,j-1.2

Entry 5 R R R® Solvent  Acid (equiv.)  Additive Reaction  Cofv. 8 Purity Yield
(equiv.) time () (%) & (%) (%)
1 5a H H H EtOH TsOH (0.11) — 1 100 8a 17 —
2 5a H H H MeCN TsOH (0.10) — 1 100 8a 23 —
3 5a H H H EtOH TsOH (1.12) BH4- HO (1.01) 1 100 8a 32 -
4 5a  H H H EtOH  TsOH (1.00)  BHsHO (1.01) 1 100 8a 33 -
5 5a  H H H MeCN  TsOH (1.04)  BHsHO (1.04) 1 100 8a 26 -
6 5a H H H EtOH AcOH (4.05) - 1 87 8a 68 -
7 5a H H H EtOH AcOH (4.10) — 3 100 8a 85 83
8 5a H H H MeCN AcOH (4.14) — 3 55 8a 22 —
9 5b Me Me H EtOH AcOH (4.13) - 3 100 89 83 79
10 5c H H Me EtOH TsOH (0.10) - 1 85 8j 31 —
11 5c H H Me MeCN TsOH (0.10) - 1 100 8j 58 —
12 5c H H Me EtOH AcOH (4.01) - 1 39 8j 26 -
13 5c H H Me MeCN AcOH (4.13) — 5 21 8j 10 —
14 5c H H Me EtOH AcOH (10.40) - 8 100 8j 89 89
15 5d H Me Me EtOH AcOH (10.62) - 8 100 8k 89 82
16 5e Me Me Me EtOH AcOH (10.16) - 8 100 8l 88 81

2 The reactions were performed at reflux with comions of the starting material ranging from .86 0.136 mol/L.

® Level of conversion of the starting material adiog to*H NMR of the crude product.

for 81 (0 the bserved integral intensiy i thrs regiherH VIR specirum of the crude product mtipred o1 e
Y Isolated yield (after column chromatography).

The use of AcOH as the catalyst led to a significacrease in the yield &@a. The treatment dba
with AcOH (4.05 equiv.) in refluxing EtOH for 1 lesulted in a 87% conversion of the starting
material Ba/5a = 84:16) and 68% purity &a (entry 6). Under these conditions, the reaction
completed in 3 h and triazepiBa was isolated using column chromatography on sgedan 83%
yield (entry 7). Analogously, triazepir@g was obtained frorbb in 79% isolated yield (entry 9).
Though the yields of triazepin&a,g prepared from thiosemicarbazidgshb are comparable with those
obtained from hydrazon&®a,g (Table 3, entries 5 and 15), the isolation of commuis8a,g when
thiosemicarbazidesa,b were used as starting materials was much more kasyoteworthy that the
cyclization of5a into 8a under the action of AcCOH proceeded significankbyer in refluxing MeCN
compared with that in EtOH (Table 4, entry 7 vae8).

In contrast tha, TSOH-catalyzed cyclization of 2-methylthiosembzzide5c in refluxing MeCN
or EtOH gave the expected triazep8pen higher yields (entry 1 vs entry 10, entry 2evdry 11).
However, the best results were also achieved wit@HA In this case, the rate of cyclization of 2-
methylthiosemicarbazidec decreased compared with 2-unsubstituted compdembgentry 6 vs
entry 12, entry 8 vs entry 13). The use of a 1@-totcess of AcOH and prolongating of the reaction
time (8 h) resulted in the smooth formation of 2dmyésubstituted triazepined-| starting from

thiosemicarbazidesc-e (entries 14-16). Compoun8gs| were isolated in 81-89% vyields by column
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chromatography on silica gel. The obtained datavshat preparation of 2-methyl-substituted
triazepinesj k starting from 4-(3-aryl-3-oxopropyl)thiosemicarbes5c,d is more preferable than
from their hydrazoneg k.

All attempts to convert compouri@ into 8a under basic conditions failed; for example, based
our experienc® we tried to cyclizéa under the action of KOH (3.02 equiv.) in EtOH @m
temperature (2 h). However, a complex mixture ofpicts was obtained containing only 7% of the
expected triazepinga (*H NMR spectroscopic data). Low conversiorbafinto 8a (< 8%) was
observed when compoumd was heated at reflux in pyridine for 2 h or in Et@ the presence of

aniline (0.15 equiv.) for 4 h.
2.3. Synthesis of 5-unsubstituted 2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thione

Next we studied the effect of substituent atdkmosition to nitrogen on the cyclization of 4-(3-
aryl-3-oxopropyl)thiosemicarbazides or their hydnags. Previously, we described regioselective
synthesis off-unsubstituted-isothiocyanatoketones fromp-unsaturated ketones by addition of HN
followed by reaction of the obtain@dazidoketones with GSand PPh® Using this reaction sequence
we prepared isothiocyanatoketdliefrom phenylvinylketone and then reacted it witsHi H,O. The
reaction smoothly proceeded in MeCN (0 °C, 10 norgive thiosemicarbazidE in quantitative
yield (Scheme 6).

(\H/Ph NaoHy Ph
(1 equiv.) N OH
A T W o,

s

1" N2H4 (100%) 13
(10 equiv.)
TsOH (

H N
: warNHZ wr

14 (90%) S 15 (74%)

Scheme 6. Synthesis of 5-unsubstituted triazepibefrom isothiocyanatél.

According to'H NMR spectroscopic data, thiosemicarbaZiflevas formed along with small
amount (2 mol%) of its 6-membered cyclic isomeamno-6-hydroxypyrimidind 3. It is noteworthy
that the isomeric ratio did not change after ciyig&ion from EtOH indicating that these isomers a
in equilibrium.

At room temperature thiosemicarbazit#slowly reacted with bH,- H,O (10.0 equiv.) in EtOH
for 24 h affording a mixture df4 and12 in a ratio 25:75%H NMR data). In refluxing EtOH the

reaction completed in 6 h 20 min to give hydrazohthiosemicarbazidé4 in 90% yield as a mixture
11



of E andZ isomers in a ratio of 92:8, respectively. The siehemical assignments were basedtdn
and™*C NMR spectroscopic data, particularly by compattmese spectra with those &tk (see
above). As fof7a-k, the'H NMR signal of the C=NNbigroup forE-14 (6.84 ppm) was significantly
downfield shifted compared with that fér14 (5.74 ppm).

We studied the cyclization of ketof2 and its hydrazon#&4 under the action of TSOH (1.1 equiv.).
All reactions were performed with concentrationshaf starting material ranging from 0.090-0.150
mol/L which was found to be optimal for the cycliba of 7a-k and5a-e (see Table 3 and Table 4).

At room temperature in EtOH and MeCN in the presarfcTsOH the reaction of hydrazobé
completed for 1 h 45 min. However, besides the ebtgoktriazepind5, considerable amount of side
products formed. According fé1 NMR spectroscopic data, the estimated yiel@5ih isolated crude
materials was 24% (in EtOH) and 55% (in MeCN). émtrast to the TsOH-catalyzed cyclization of
7a-k (Table 3) the estimated yield &% significantly decreased (30%) when hydrazivhevas treated
with TsOH in refluxing MeCN for 2 h.

We found that the cyclization 4R into 15 under the action of TsSOH in EtOH at room temperatu
proceeded quite slowly and gave significant amoahtsde products. In refluxing MeCN or EtOH in
the presence of TsOH (0.1 equiv.) reaction comgl&iel h to afford triazepin&s in low yields (27—
33%,'H NMR estimated). Use of AcOH as the catalyst ftestin significant increase in the yield of
15. Triazepin€el5 was obtained by the reaction of thiosemicarbatie@ith AcOH (4.09 equiv.) in
refluxing EtOH for 3 h in 74% yield after columnromatography on silica gel.

2.4. Synthesis of 2,4,5,6-tetrahydro-3H-1,2,4-triazepin-3-ones

The obtained triazepine-3-thion&s, 15, containing reactive thiosemicarbazone fragmean, c
serve as versatile starting materials for synthetadarge variety of triazepines and related
compounds. As an example we carried out oxidatesestormation of triazepine-3-thion8a-c,ef into

their 3-oxo-analog$6a-e (Scheme 7).

H202
—_—

KOH
EtOH/H,0

16a-e (58-93%)

Scheme 7. Transformation of 2,4,5,6-tetrahydrétd., 2,4-triazepine-3-thione&a-c,ef into their 3-
oxo-analogd6a-e.
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The oxidation oBa-c,ef proceeded at room temperature for 1.5-2.5 h uthe@eaiction of excess of
H20, (10 equiv.) in EtOH-BD solution in the presence of KOH (5 equiv.) toegikie corresponding
triazepinoned6a-e in good yields (Table 5). Compount8a-c,e were isolated with 98% purityH
NMR spectroscopic data). Column chromatographyilamagel was used only for isolation of

compoundléd.

Table 5. Oxidative transformation of triazepine-3-thior8asc,e,f into their 3-oxo-analogtba-e.?

Entry 8 R R Product Yield (%)
1 8a H H 16a 89
2 8b H Me 16b 87
3 8c H OMe 16¢c 88
4 8e H t-Bu 16d 58
5 8f Me H 16e 93

2 Reaction conditions: #0, (10 equiv.), KOH (5 equiv.), EtOHAD, rt, 1.5-2.5 h.
solated yield (forl6d after column chromatography).

Previously, we prepared triazepinord€s,b using carbamate method in overall yields of 11-15%
starting from corresponding ethyt(aryl)(tosyl)methyl]carbamates.All our attempts to prepare
triazepinoned6¢c and16d by the carbamate method failed. The describedeabpproach to 2,4,5,6-
tetrahydro-8i-1,2,4-triazepin-3-ones is significantly more effee and flexible. Indeed, triazepinones

16a,b were obtained in 61-68% overall yields startiragrfrisothiocyanatoketonds,b.
2.5. Structure of 2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thiones/ones

The triazepine structure of compour@sl, 15, 16a-e was established BY4 and**C NMR
spectroscopy. For example, thé NMR spectra o8a-i, 15, 16a-e in DMSO-ds show a long-range
coupling between the N(2)H and N(4)H protofis< 2.0-2.1 Hz) typical for cyclic (thio)ureas,
particularly, 2,3,4,5-tetrahydro- and 2,3-dihydnd-1,3-diazepin-2-one®, hexahydro- and 1,2,3,4-
tetrahydropyrimidine-2-thiones/on&¥?’ 2,4,5,6-tetrahydro43-1,2, 4-triazepine-3-thiones/on&s'3
etc. The proton spin system of the HN(4)-C(5)H-E(@)H(B) fragment in triazepine8a-|, 15, and
16a-eis characterized by a long-range coupling betwtkerN(4)H proton and one of the protons of
CH, group {J = 0.7-1.0 Hz), as well as a high geminal couptingstant between the C(6)H(A) and
C(6)H(B) protons{J = 13.5-14.7 Hz), indicating that these protonsacated at-position to a
double bond?

The structures of compounéb, 8i, and8j were independently confirmed by X-ray single-cayst
analyses (Fig. 1-3Y*°The crystal oBb (monoclinic, noncentrosymmetric space grép) is a

racemic twin. The unit cell contains both enantisn(&ig. 1). Note, the conformations of these
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enantiomers are significantly different; the tripire ring in both isomers adopts a puckered
conformation with a pseudo equatorial positionhaf-tolyl group forR-8b (C8—C5—-C6—C7 torsion
angle is 173.4°) (Fig. 1a) and a pseudo axial tateon of this group fo&-8b (C8-C5-C6—C7 torsion
angle is 53.4°) (Fig. 1b), while the C7, N1, N4d &b atoms ifR-8b are located in one plane
(maximal deviation from the plane is 0.013 A), dnel N2, C3, and C6 atoms deviate from the plane
by 0.618, 0.428, and 0.746 A in the same directiespectively. Therefore, the triazepine rindrigb
has a distorted boat conformation. In contraf®-8b, the seven-membered ring®8b adopts a
distorted envelope conformation where the C6 anatGihs deviate from the mean-square plane
formed by the other ring atoms (maximal deviatimmf the plane is 0.016 A) by 0.943 and 0.395 A,

respectively.

\
c28)
cu3e) B

CUISA) ga
> ci2on

)
C(19B) \)

Figure 1. Views of molecular X-ray structures Bf8b (a) andS-8b (b) with ellipsoids drawn at the
50% probability level.
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Figure 2. A view of molecular X-ray structure &f with ellipsoids drawn at the 50% probability level

Cl19B)

Figure 3. A view of molecular X-ray structure &f with ellipsoids drawn at the 50% probability level

Only R-isomer is represented.

The crystal oR-8i obtained by crystallization of racen8cwas triclinic with the space grodp1.
Conformation ofR-8i is close to that dR-8b (see above), the triazepine ring adopts a distdrbat
conformation where the N2, C3, and C6 atoms deWiate the mean-square plane formed by the other
ring atoms (maximal deviation from the plane isl0.@) by 0.681, 0.504, and 0.709 A, respectively.
The dimethoxyphenyl substituent has a pseudo egaktoientation (C8—-N5—-C6—-C7 dihedral angle is
177.0°) (Fig. 2).

The unit cell of the crystal & (monoclinic, space group2;/c) contains both enantiomers (Fig. 3).
Conformations oR-8j andS-8j are very close. Analogously B8b,i, the seven-membered ringka
8j andS-8] adopts a distorted boat conformation where theN17 N4, and C5 atoms are located in
one plane, and the N2, C3, and C6 atoms deviate tincs plane. However, in contrastReBb,i, the
C5 substituent i8] has a pseudo axial position (C8—C5-C6—C7 toraigtea inR-8] andS-8j are
70.5° and -72.4°, respectively).

The values of couplings between the N(4)H, C(5)K6)B(A), and C(6)H(B) protonngIN@)H,H.g, =
2.2-2.533 5 1a)6 = 4.4-4.6, andlys ie)s = 9.0-9.3 Hz) ifH NMR spectra of 2-methyl-substituted
triazepinethionesj-l in DMSO-ds prove that they exist predominantly in a puckeredformation
with a pseudo equatorial orientation of the C5 stumnt. It is noteworthy that conformations8pfin
DMSO solution and in solid state (see above) dferéint. According tdH NMR spectroscopic data,
2-unsubstituted triazepinethiones/oBad, 16a-e in DMSO-ds have a pseudo axial position of the C5
substituent Yneay 5 = 3.2-5.0 2315 1(a)6 = 6.2—7.0, andlyis ey = 2.6-3.4 Hz).
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3. Conclusion

A general synthesis of 7-aryl substituted 2,4,86atydro-81-1,2,4-triazepine-3-thiones and their
3-o0xo analogs has been developed. The key stéye &ynthesis includes acid-catalyzed cyclizatidns o
4-(3-oxopropyl)thiosemicarbazides or their hydrazoto give corresponding 1,2,4-triazepine-3-
thiones in high yields. Under optimal reaction atiods 4-(3-oxopropyl)thiosemicarbazide hydrazones
are cyclized in refluxing EtOH for 1.5 h in the peace of TsOH (1.10-1.15 equiv.), and 4-(3-
oxopropyl)thiosemicarbazides are converted intadihget products under reflux in EtOH for 3-8 h
using AcOH (4.10-10.62 equiv.) as a catalyst. Bo#lzepine precursors can be prepared in excellent
yields by reaction of readily available 1-aryl-®isiocyanatopropan-1-ones with hydrazine or methyl
hydrazine in EtOH at room temperature or at refly2,4-Triazepin-3-ones are obtained in good yields
by oxidation of 3-thioxo derivatives with excessHfO, in EtOH—H,0 solution in the presence of
KOH at room temperature (1.5-2.5 h). Conformati@wellysis of the obtained triazepine-3-
thiones/ones in DMSO solution and solid state basgti NMR spectroscopic data and single crystal
X-ray diffraction shows that the triazepine ringppthk a puckered conformation (distorted boat or
distorted envelope) with a pseudo axial or pseup@trial orientation of substituent at the C5 oatb

4. Experimental section

4.1. General

All solvents were distilled before use. 95% EtOHswiaed unless otherwise indicated. The petroleum
ether had a distillation range of 40—60 °C. 100%rhyine hydrate was used. Isothiocyanatoketones
4a-i were prepared as described in ref. 16. Isothicatyketonell was prepared as described in ref.
25. All other reagents were purchased from comraksciurces and used without additional
purification. IR spectra (Nujol) were recorded wsaBrukerVector 22 spectrophotometer. Band
characteristics in the IR spectra are defined agsteong (vs), strong (s), medium (m), weak (wil a
shoulder (sh)*H NMR and proton decouplédC NMR spectra (solutions in DMS@) were acquired
using a Bruker DPX 300 spectrometer at 300.13 MH} &nd 75.48 MHZz*¢C). *H NMR chemical
shifts are referenced to the residual proton signBIMSO-ds (2.50 ppm). IF°C NMR spectra, central
signals of DMSQOd;s (39.50 ppm) were used as references. Multiplgiiee reported as singlet (s),
doublet (d), triplet (t), quartet (g), and some bamations of these, multiplet (m). Selectird—"H
decoupling and DEPT-135 experiments were useditiahe assignment 0H and**C NMR signals.

Elemental analyses (CHN) were performed using arbd-innigan Flash EA1112 apparatus. Thin-
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layer chromatography was carried out on Aldricicaibel 60 F254 aluminum backed plates in CGHCI
and CHC{/MeOH (9:1, v/v) as solvent systems. Spots werealized with UV light or iodine vapors.
Column chromatography was performed with Machereagé\isilica gel 60 (0.063—-0.200 mm) or
Macherey—Nagel aluminium oxide 90 neutral (actidijy X-ray diffraction experiments were carried
out on an automatic four-circle diffractometer wattea detector Bruker KAPPA APEX Il at 100 K,
MoK, radiation, graphite monochromator. Unit cell pagsens were refined over the whole datadkts.
The structures were solved using direct method (SEE97°%) and refined using full-matrix least-
squares method (SHELXL-20%% on F? over the whole dataset in the anisotropic apprasion for

all nonhydrogen atoms. H atoms were introduceceongetrically calculated positions with isotropic
temperature factotdy = 1.8J¢(C) for CH; groups andJy = 1.2J¢(C,N) for CH, NH, CH and N
groups. Suitable single crystals were obtained fstow evaporation of saturated solutions in MeCN
(for 8b,i) and EtOH (foi8j) at room temperature. All yields refer to isolatsplectroscopically and
TLC pure compounds. The color of solid substancas white, if not otherwise mentioned. The
geometry optimizations d®-7a andS-7a, cationsA andB (Scheme 4) were carried out at the B3LYP
level of theory using Gaussian 09 stfitef quantum chemical programs. Pople’s basis set, 6
311++G(d,p), was employed for geometry optimizatibime effect of continuum solvation was
incorporated by using the polarizable continuum eh¢@CM). Enthalpies and Gibbs free energies
were obtained by adding unscaled zero-point vibnai energy corrections (ZPVE) and thermal

contributions to the energies.

4.2. Synthesis of 4-(3-aryl-3-oxopropyl)thiosemicarbazides 5a-e

4.2.1. 4-[ (3-Oxo-1,3-diphenyl)prop-1-yl] thiosemicarbazide (5a). To a stirred suspension of
isothiocyanatoketonda (1.51 g, 5.66 mmol) in EtOH (20 mL) was added latsmn of N,H,- H,O
(0.290 g, 5.80 mmol) in EtOH (5 mL) over 1 min. Tiesulting mixture was stirred at room
temperature for 1 h and the solvent was removeddénum. The obtained solid residue was triturated
with H,O and the suspension was cooled. The precipitasdiltered, washed with ice-cold,B,
petroleum ether, and dried to give product (1.689§6) as a 89:11 mixture of thiosemicarbazde
and 1-amino-6-hydroxy-4,6-diphenylhexahydropyrima2-thione §a) (two diastereomers in a ratio
of 69:31). After crystallization from EtOH the isemnic ratio did not change. Mp 15152 °C (dec,
EtOH) (lit.?* 153 °C); IR (Nujol)v, cnmi’: 3340 (s), 3316 (m), 3293 (br s), 3173 (br s),8B(sh) ¢
NH), 3085 (w), 3061 (w), 3055 (sh), 3030 (W)&Harom), 1662 (s) ¢ C=0), 1632 (m)d NH,), 1597
(m), 1578 (m) ¢ CCaron), 1519 (s) (thioamide-Il), 1494 (m), 1485 (M) Carom), 744 (S), 699 (M)
CHarom); *H NMR of thiosemicarbazidga (300.13 MHz, DMSQdg) 8: 8.80 (1H, br s, NNH,), 8.40
(1H, br d,3J = 9.5 Hz, NHCH), 7.93-7.99 (2H, m, ArH), 7.59-7.66 (1H, m, ArH)47—7.55 (2H, m,
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ArH), 7.16—7.43 (5H, m, ArH), 6.02 (1H, ddtJ,= 9.5,%J = 6.5,] = 6.1 Hz, CHN), 4.55 (2H, br s,
NH,), 3.89 (1H, dd?J = 17.33= 6.1 Hz, H in CH,), 3.61 (1H, dd?J=17.33J = 6.5 Hz, K in
CH,); *H NMR of the major isomer of pyrimidirga (300.13 MHz, DMSQdg) &: 8.71 (1H, br d*J =
2.0 Hz, N3jH), 6.97 (1H, d/J = 1.5 Hz, OH), 4.73 (2H, br s, N[{ 4.72 (1H, dd®) = 11.82) = 4.2 Hz,
H-4), 2.18 (1H, ddd?J = 13.6,3J = 11.83 = 1.5 Hz, H5), 2.08 (1H, dddfJ = 13.631=4.2,1=2.0
Hz, Ho5), signals of aromatic protons overlap with prosignals of the acyclic isomét! NMR of
the minor isomer of pyrimidinéa (300.13 MHz, DMSGQdg) 6: 6.80 (1H, s, OH), 5.14 (2H, br s, NH
3.98 (1H, dd31 = 11.63) = 4.2 Hz, H-4), 2.46 (1H, dd) = 13.83) = 11.6 Hz, H,5, signals partly
overlap with residual proton signals in DMSO), 2(281, ddd,”J = 13.8] = 4.2,%J = 1.8 Hz, H5),
signals of other protons overlap with proton sigraflthe acyclic isomet’C NMR of
thiosemicarbazidéa (75.48 MHz, DMSOds) 5: 198.0 (C=0), 180.6 (C=S), 142.5 (C), 136.6 (C),
133.4 (CH), 128.7 (2CH), 128.1 (2CH), 128.0 (2CHD6.8 (2CH), 126.7 (CH), 52.7 (CHN), 43.6
(CHy). Anal. Calcd for GgH17N3OS: C, 64.19; H, 5.72; N, 14.04. Found: C, 64.385188; N, 14.17.

4.2.2. 4-{[ 1,3-Di(4-methyl phenyl)-3-0x0o] prop-1-yl}thiosemicarbazide (5b). The reaction of
isothiocyanatoketonég (0.989 g, 3.35 mmol) with f#4- H,O (0.172 g, 3.43 mmol) in EtOH (25 mL)
(rt, 1 h) to give product (1.08 g, 98%) as a 95i%tane of thiosemicarbazideb and 1-amino-6-
hydroxy-4,6-[di(4-methylphenyl)|hexahydropyrimidi@esthione b) (two diastereomers in a ratio of
67:33) was performed as described for the syntlué&a. Crystallization of the crude product from
EtOH afforded a 94:6 mixture of thiosemicarbaztleand pyrimidinesb (two isomers, 67:33). Mp
162.5-163.5 °C (dec, EtOH); IR (Nujol), cn™: 3331 (m), 3313 (s), 3249 (br s), 3179 (bns)NH),
3098 (w), 3055 (w), 3024 (Wy CHarom), 1669 (s) ¢ C=0), 1626 (s)d NHy), 1606 (s), 1571 (shy(
CCarom), 1528 (br s) (thioamide-I1), 818 (s), 805 (8)XHarom); “H NMR of thiosemicarbazidsb
(300.13 MHz, DMSQdg) &: 8.77 (1H, br s, NNH>), 8.34 (1H, br d*J = 8.7 Hz, NHHCH), 7.83-7.88
(2H, m, ArH), 7.23-7.34 (4H, m, ArH), 7.05-7.11 (2M, ArH), 5.95 (1H, dddfJ =8.7,21=6.8,3 =
5.8 Hz, CHN), 4.53 (2H, br s, N4 3.81 (1H, dd?J = 17.1,3J = 5.8 Hz, H, in CH,), 3.54 (1H, dd%J
=17.1,)J=6.8 Hz, B in CH,), 2.36 (3H, s, Ch), 2.24 (3H, s, Ch); *H NMR of the major isomer of
pyrimidine6b (300.13 MHz, DMSQdg) 8: 8.59 (1H, br diJ = 2.0 Hz, NgyH), 6.89 (1H, d/J = 1.5 Hz,
OH), 4.70 (2H, br s, NbJ, 4.67 (1H, dd®J = 12.131 = 3.8 Hz, H-4), 2.16 (1H, ddd) = 13.421 =
12.1,%3 = 1.5 Hz, H5), 2.01 (1H, dddiJ = 13.43 = 3.8,"J = 2.0 Hz, H5), 2.27 (6H, s, two C),
signals of aromatic protons overlap with protomaig of the acyclic isomeftd NMR of the minor
isomer of pyrimidinesb (300.13 MHz, DMSQd) 6: 6.71 (1H, s, OH), 5.10 (2H, br s, MK3.94 (1H,
dd,3J=12.031 = 4.0 Hz, H-4), 2.33 (3H, s, GH 2.26 (3H, s, Ch), signals of other protons overlap
with proton signals of the acyclic isom&iC NMR of thiosemicarbazidgb (75.48 MHz, DMSOdg)
d: 197.5 (C=0), 180.5 (C=S), 143.7 (C), 139.4 (3K.8 (C), 134.1 (C), 129.2 (2CH), 128.6 (2CH),
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128.1 (2CH), 126.7 (2CH), 52.6 (CHN), 43.4 (§21.1 (CH), 20.6 (CH). Anal. Calcd for
CisH21N30S: C, 66.03; H, 6.46: N, 12.83. Found: C, 66.076180; N, 12.93.

4.2.3. 2-Methyl-4-[ (3-oxo-1,3-diphenyl)prop-1-yl] thiosemicarbazide (5¢). Compoundbe (1.29 g, 99%)
was prepared from isothiocyanatoketdag1.10 g, 4.13 mmol) and methyl hydrazine (0.194.87
mmol) in EtOH (25 mL) (rt, 1 h) as described Sar Mp 167168 °C (dec, EtOH); IR (Nujol, cnm™
3346 (s), 3245 (s), 3171 (m), 3142 (mNH), 3083 (w), 3062 (w), 3052 (w), 3030 (W) CHaron),
1680 (s) ¢ C=0), 1642 (M) NHy), 1599 (W), 1579 (W)W CCuron), 1523 (S) (thioamide-I1), 1496 (w)
(v CCaron), 744 (M), 697 (M) CHaron); *H NMR (300.13 MHz, DMSQdg) &: 8.76 (1H, br d®J=9.0
Hz, NH), 7.93-7.98 (2H, m, ArH), 7.59-7.66 (1H, AtH), 7.47-7.54 (2H, m, ArH), 7.35-7.41 (2H,
m, ArH), 7.24-7.31 (2H, m, ArH), 7.15-7.22 (1H, AtH), 5.93 (1H, ddd®J=9.0,21=6.53=6.1
Hz, CHN), 4.95 (2H, br s, N§}, 3.88 (1H, dd?J = 17.3,3J= 6.1 Hz, H. in CH,), 3.59 (1H, dd?J =
17.3,3)J= 6.5 Hz, K in CH), 3.44 (3H, s, Ch); *C NMR (75.48 MHz, DMSQdg) &: 198.0 (C=0),
180.2 (C=S), 142.6 (C), 136.6 (C), 133.4 (CH), T28CH), 128.1 (2CH), 128.0 (2CH), 126.8 (2CH),
126.7 (CH), 54.2 (CHN), 43.7 (GH 42.5 (CH). Anal. Calcd for G;H1gN3OS: C, 65.15; H, 6.11; N,
13.41. Found: C, 65.22; H, 6.31; N, 13.46.

4.2.4. 2-Methyl-4-{[ 1-(4-methyl phenyl )-3-oxo-3-phenyl] prop-1-yl }thiosemicarbazide (5d). Compound
5d (0.913 g, 98%) was prepared from isothiocyanatotietb (0.803 g, 2.85 mmol) and methyl
hydrazine (0.139 g, 3.01 mmol) in EtOH (20 mL) {rth) as described f&a. Mp 145-146 °C (dec,
EtOH); IR (Nujol)v, cmi™: 3340 (s), 3287 (m), 3261 (m), 3155 (s), 3127(3YH), 3083 (w), 3051
(W), 3026 (W) ¢ CHarom), 1682 (s) ¢ C=0), 1626 (m)& NHy), 1595 (m), 1579 (WWCCaron), 1512 (br
s) (thioamide-I1), 822 (m), 746 (s), 686 (M)CHarom); *H NMR (300.13 MHz, DMSCds) §: 8.68 (1H,
br d,?J = 8.9 Hz, NH), 7.92-7.98 (2H, m, ArH), 7.59—7.86{( m, ArH), 7.47-7.54 (2H, m, ArH),
7.23-7.29 (2H, m, ArH), 7.05-7.11 (2H, m, ArH), 8@H, ddd>J = 8.9,] = 6.8,31 = 5.9 Hz, CHN),
4.92 (2H, br s, Nb), 3.83 (1H, dd?3=17.13=5.9 Hz, H in CH,), 3.57 (1H, dd?J=17.13)=6.8
Hz, Hs in CHy), 3.44 (3H, s, NCH), 2.24 (3H, s, Ch); **C NMR (75.48 MHz, DMSGdg) §: 198.0
(C=0), 180.1 (C=S), 139.4 (C), 136.6 (C), 135.7, (I3B.2 (CH), 128.62 (2CH), 128.58 (2CH), 127.9
(2CH), 126.6 (2CH), 53.9 (CHN), 43.6 (QH42.4 (NCH), 20.5 (CH). Anal. Calcd for GgH21NzOS:
C, 66.03; H, 6.46; N, 12.83. Found: C, 66.00; H56N, 12.79.

4.2.5. 2-Methyl-4-{[ 1,3-di(4-methyl phenyl)-3-oxo] prop-1-yl } thiosemi carbazide (5e€). Compoundbe

(2.11 g, 98%) was prepared from isothiocyanatokedgn(0.977 g, 3.31 mmol) and methyl hydrazine

(0.157 g, 3.41 mmol) in EtOH (25 mL) (rt, 1 h) assdribed foba. Mp 166-167.5 °C (dec, EtOH); IR

(Nujol) v, cmi™®: 3326 (s), 3294 (s), 3258 (m), 3167 (s), 3131 (gwYH), 3090 (w), 3071 (w), 3050 (W),
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3023 (W) § CHarom), 1669 (s) ¢ C=0), 1630 (s)J NH,), 1605 (s), 1574 (WM(CCaron), 1514 (br s)
(thioamide-I1), 815 (s), 804 (MP CHarom); *H NMR (300.13 MHz, DMSQd) 5: 8.69 (1H, br d3J =
8.9 Hz, NH), 7.82—7.88 (2H, m, ArH), 7.28-7.33 (2h},ArH), 7.22—7.27 (2H, m, ArH), 7.04-7.10
(2H, m, ArH), 5.86 (1H, dddJ = 8.9,%1=6.9,] = 5.8 Hz, CHN), 4.91 (2H, br s, NH 3.79 (1H, dd,
2J=17.0,23=5.8 Hz, H in CH), 3.51 (1H, dd2J = 17.0,2J = 6.9 Hz, K in CH,), 3.44 (3H, s,
NCHs), 2.36 (3H, s, Ch), 2.23 (3H, s, Ch); **C NMR (75.48 MHz, DMSQ4dg) 6: 197.5 (C=0), 180.1
(C=S), 143.6 (C), 139.4 (C), 135.7 (C), 134.1 (9.2 (2CH), 128.6 (2CH), 128.1 (2CH), 126.6
(2CH), 54.0 (CHN), 43.4 (C), 42.4 (NCH), 21.1 (CH), 20.5 (CH). Anal. Calcd for GoH»3Nz0S: C,
66.83; H 6.79; N, 12.31. Found: C, 66.97; H, 700212.39.

4.3. Synthesis of hydrazones of 4-(3-aryl-3-oxopropyl)thiosemicar bazides 7a-k

4.3.1. Hydrazone of 4-[ (3-oxo-1,3-diphenyl)prop-1-yl] thiosemicarbazide (7a). A solution of
isothiocyanatoketonda (2.05 g, 7.67 mmol) and:N4-H,O (7.69 g, 153.6 mmol) in EtOH (35 mL)
was stirred under reflux for 3 h, and the liquidsr&wremoved in vacuum (temperature of bath about
50-55 °C). The residue was co-evaporated with tayéd x 15 mL), the resulting oily solid was
triturated with ether until crystallization was cpleted. The suspension was cooled (=15 °C). The
precipitate was filtered, and washed with cold (2C%ether (3 x 10 mL). Ether was removed from
solid by passing the air through the filter, anelnththe solid was washed with ice-colgdH(4 x 10
mL), petroleum ether, and dried to give hydrazéa€2.22 g, 92%) as a 87:13 mixture of geometric
isomers. After crystallization from MeCN the isomeaiatio changed to 98:2, respectively. Mp
172.5-173.5 °C (dec, MeCN); IR (Nujol), cm™ 3433 (m), 3416 (m), 3309 (s), 3258 (sh), 3224 (s)
3192 (br s)¢ NH), 3107 (w), 3084 (w), 3065 (w), 3053 (w), 30@7) (v CHaron), 1629 (S) ¢ C=N,
NH3), 1588 (m) ¥ CCaron), 1529 (br s) (thioamide-I1), 1493 (3) CCaron), 756 (S), 695 (S)(CHaron);
'H NMR of the major isomer (300.13 MHz, DMSQ) &: 8.77 (1H, br s, NNH,), 8.29 (1H, br d3J =
7.9 Hz, \HCH), 7.49—7.55 (2H, m, ArH), 7.31-7.37 (2H, m, Arf)12—7.29 (6H, m, ArH), 6.67 (2H,
br s, NHWN=C), 5.72 (1H, ddd®J = 8.0,°J = 7.9,33 = 7.7 Hz, CHN), 4.49 (2H, br s,H§NH), 3.29
(1H, dd,2J = 14.333= 7.7 Hz, H in CH,), 3.11 (1H, dd?J = 14.331= 8.0 Hz, K in CH,); 'H NMR
of the minor isomer (300.13 MHz, DMS@) &: 8.68 (1H, br s, NNH.), 8.20 (1H, br d°J = 8.3 Hz,
NHCH), 7.39-7.46 (2H, m, ArH), 5.66 (2H, br s, pN#C), 5.49 (1H, ddd®1=8.3,°3=7.5,21=6.9
Hz, CHN), 2.99 (1H, dd’J = 14.6,°J = 7.5 Hz, H. in CH), 2.96 (1H, dd2) = 14.6,3)= 6.9 Hz, K in
CH,), signals of other protons overlap with protomsig of the major isomet’C NMR of the major
isomer (75.48 MHz, DMS@k) 6: 180.6 (C=S), 142.2 (C), 141.7 (C=N), 139.0 (@31 (2CH), 127.8
(2CH), 127.0 (CH), 126.8 (2CH), 126.7 (CH), 122C€H), 54.0 (CHN), 31.5 (CH). Anal. Calcd for
CieH1oNsS: C, 61.32; H, 6.11; N, 22.35. Found: C, 61.306H7; N, 22.35.
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4.3.2. Hydrazone of 4-{[ 1-(4-methyl phenyl)-3-oxo-3-phenyl] prop-1-yl }thiosemicarbazde (7b).
Compoundrb (2.09 g, 91%) as a 83:17 mixture of geometric ismwas prepared from
isothiocyanatoketondb (1.96 g, 6.98 mmol) andzNy4-H,O (7.00 g, 139.8 mmol) in EtOH (30 mL)
(reflux, 3 h) as described f@a. After crystallization from EtOH the isomeric @mthanged to 90:10,
respectively. Mp 163163.5 °C (dec, EtOH); IR (Nujol), cn™: 3432 (m), 3419 (sh), 3380 (w), 3312
(s), 3233 (br s), 3191 (br s) NH), 3102 (w), 3079 (w), 3051 (w), 3021 (W)CHarom), 1626 (S) ¢
C=N, 6 NH,), 1589 (m) { CCqurom), 1530 (br s) (thioamide-Il), 1492 (3) CCarom), 802 (S), 765 (s), 697
(S) 6 CHarom); *H NMR of the major isomer (300.13 MHz, DMSQ) 5: 8.75 (1H, br s, NNH,), 8.22
(1H, br d,*J = 8.5 Hz, NHCH), 7.50-7.57 (2H, m, ArH), 7.03—7.27 (7H, m, Arig)45 (2H, br s,
NH,N=C), 5.66 (1H, ddd®J = 8.5,21=8.2,31 = 7.6 Hz, CHN), 4.48 (2H, br s,H§NH), 3.26 (1H, dd,
2J=14.33)=7.6 Hz, H in CH,), 3.09 (1H, dd?J = 14.3°J = 8.2 Hz, K in CH,), 2.23 (3H, s, Ch);
'H NMR of the minor isomer (300.13 MHz, DMS®)} 8: 8.65 (1H, br s, NNH.), 8.12 (1H, br d*J =
8.5 Hz, NHCH), 7.32—7.47 (3H, m, ArH), 5.64 (2H, br s, pN#C), 5.42 (1H, ddd®J = 8.5,%3 = 7.5,
3J=6.9 Hz, CHN), 4.46 (2H, br s,H§NH), 2.97 (1H, dd?J = 14.6,3 ] = 7.5 Hz, H in CH,), 2.93 (1H,
dd,?J=14.6,J=6.9 Hz, B in CH,), 2.26 (3H, s, Ch), signals of six aromatic protons overlap with
signals of aromatic protons of the major isom&e; NMR of the major isomer (75.48 MHz, DMSQ)
d: 180.5 (C=S), 141.7 (C=N), 139.1 (C), 139.0 (36.0 (C), 128.7 (2CH), 127.8 (2CH), 126.7 (3CH),
125.0 (2CH), 53.8 (CHN), 31.5 (GH 20.7 (CH). Anal. Calcd for GH2:NsS: C, 62.36; H, 6.46; N,
21.39. Found: C, 62.22; H, 6.64; N, 21.44.

4.3.3. Hydrazone of 4-{[ 1-(4-methoxyphenyl)-3-oxo-3-phenyl] prop-1-yl }thiosemicarbazde (7c).
Compoundrc (0.793 g, 94%) as a 84:16 mixture of geometriisis was prepared from
isothiocyanatoketondc (0.730 g, 2.46 mmol) and,N4- H,O (2.48 g, 49.5 mmol) in EtOH (12 mL)
(reflux, 3 h) as described f@a. Crystallization of the crude product from EtOHoafled a 97:3
mixture of isomers, and crystallization from MeCalg the only major isomer. Mp 96%3 °C (dec,
EtOH); mp 9395 °C (dec, MeCN); IR (Nujoly, cnm™ 3388 (br m), 3304 (m), 3258 (m), 3195 (br s),
3171 (sh)¢ NH), 3064 (w), 3050 (w), 3033 (Wy CHarom), 1651 (M), 1638 (shy(C=N, s NH,), 1613
(m), 1586 (W) ¥ CCqurom), 1542 (s) (thioamide-I1), 1516 (s), 1500 (W)ECaron), 1254 (S), 1034 (mw(
C-0), 828 (m), 766 (M), 702 (M) CHarom); *H NMR of the major isomer (300.13 MHz, DMSQ) 5:
8.75 (1H, br s, NNH,), 8.19 (1H, br d%J = 7.9 Hz, NHCH), 7.49-7.55 (2H, m, ArH), 7.12—-7.29 (5H,
m, ArH), 6.77-6.83 (2H, m, ArH), 6.66 (2H, br s, pN#C), 5.64 (1H, ddd®J=8.433=7.931=7.3
Hz, CHN), 4.48 (2H, br s, N;NH), 3.69 (3H, s, OCH), 3.25 (1H, dd?J = 14.231=7.3 Hz, H in
CH,), 3.10 (1H, dd2) = 14.2,°J = 8.4 Hz, H in CH,); *H NMR of the minor isomer (300.13 MHz,
DMSO-dg) &: 8.59 (1H, br s, NNH,), 8.07 (1H, br d%J = 8.5 Hz, \HCH), 7.39-7.46 (2H, m, ArH),
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7.32-7.39 (1H, m, ArH), 5.62 (2H, br s, M¥EC), 5.42 (1H, ddd®J=8.5,3= 7.5, = 7.1 Hz,

CHN), 4.43 (2H, br s, NoNH), 3.72 (3H, s, OCH), 2.99 (1H, dd?J = 14.6,%J = 7.5 Hz, H. in CHy),
2.93 (1H, dd?J = 14.6,3) = 7.1 Hz, K in CH), signals of other protons overlap with protomsig of
the major isomer*3C NMR of the major isomer (75.48 MHz, DMSdg) 5: 180.4 (C=S), 158.3 (C),
141.7 (C=N), 139.0 (C), 134.0 (C), 128.0 (2CH), B22CH), 126.7 (CH), 125.0 (2CH), 113.5 (2CH),
55.0 (OCH), 53.5 (CHN), 31.5 (Ch). Anal. Calcd for GH»:NsOS: C, 59.45; H, 6.16; N, 20.39.
Found: C, 59.27; H, 6.30; N, 20.36.

4.3.4. Hydrazone of 4-{[ 1-(3,4-dimethoxyphenyl)-3-oxo-3-phenyl] prop-1-yl }thiosemicarbazde (7d).
Compoundrd (0.964 g, 89%) as a 84:16 mixture of geometrioisis was prepared from
isothiocyanatoketondd (0.946 g, 2.89 mmol) and,N4-H,O (2.48 g, 57.9 mmol) in EtOH (14 mL)
(reflux, 3 h) as described f@a. After crystallization from MeCN the isomeric @tthanged to 95:5,
respectively. Mp 177:5L78 °C (dec, MeCN); IR (Nujol), cm™ 3326 (s), 3303 (s), 3193 (br s), 3131
(w) (v NH), 3085 (w), 3044 (W) CHarom), 1649 (m) ¢ C=N, 3 NHy), 1593 (m) ¢ CCyrom), 1536 (S)
(thioamide-Il), 1514 (s), 1496 (my CCarom), 1260 (s), 1020 (sy(C-0), 833 (m), 768 (w), 696 (mj (
CHarom); *H NMR of the major isomer (300.13 MHz, DMSgg) &: 8.71 (1H, br s, NNH,), 8.15 (1H,
br d,3J = 7.5 Hz, NHCH), 7.50-7.56 (2H, m, ArH), 7.12—7.26 (3H, m, Arld)94—6.99 (1H, m, ArH),
6.75—6.84 (2H, m, ArH), 6.64 (2H, br s, B¥EC), 5.64 (1H, ddd®J = 8.7,31=7.5,] = 7.1 Hz,
CHN), 4.47 (2H, br s, N,NH), 3.68 (3H, s, OCHJ, 3.67 (3H, s, OCH), 3.24 (1H, dd?J=14.23] =
7.1 Hz, H in CHy), 3.17 (1H, dd?J = 14.2,°3 = 8.7 Hz, H in CH,); *H NMR of the minor isomer
(300.13 MHz, DMSQdg) &: 8.58 (1H, br s, NNH>), 8.07 (1H, br d*J = 8.9 Hz, NHHCH), 7.32-7.46
(3H, m, ArH), 6.82—6.88 (2H, m, ArH), 5.63 (2H, irNH,N=C), 5.42 (1H, ddd®’J=8.9,21=7.43 =
7.0 Hz, CHN), 4.42 (2H, br s,NH), 3.71 (3H, s, OCH), 3.70 (3H, s, OCH}, 3.02 (1H, ddJ =
14.4,%3= 7.4 Hz, H in CHy), 2.94 (1H, dd?J = 14.431 = 7.0 Hz, H in CH,), signals of other
aromatic protons overlap with signals of aromatim@ns of the major isomel*C NMR of the major
isomer (75.48 MHz, DMS@) &: 180.3 (C=S), 148.4 (C), 147.9 (C), 141.8 (C=N89.1 (C), 134.2
(C), 127.8 (2CH), 126.6 (CH), 125.1 (2CH), 119.H{jC111.4 (CH), 110.9 (CH), 55.48 (OGk155.46
(OCHg), 53.8 (CHN), 31.3 (Ch). Anal. Calcd for GgH23NsO,S: C, 57.89; H, 6.21; N, 18.75. Found: C,
57.90; H, 6.42; N, 19.08.

4.3.5. Hydrazone 4-{[ 1-(4-tert-butyl phenyl)-3-oxo-3-phenyl] prop-1-yl }thiosemicarbazide (7e).

Compoundre (1.89 g, 89%) as a 90:10 mixture of geometric ismwas prepared from

isothiocyanatoketonde (1.86 g, 5.75 mmol) andN4-H,O (5.76 g, 115.1 mmol) in EtOH (28 mL)

(reflux, 3 h) as described f@a. After crystallization from EtOH the isomeric mithanged to 95:5,

respectively. Mp 157:5158.5 °C (dec, EtOH); IR (Nujol), cn™: 3378 (m), 3301 (s), 3199 (br s),
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3159 (s) ¢ NH), 3089 (w), 3054 (w), 3027 (Wy CHaron), 1626 (M) ¢ C=N, 5 NH,), 1587 (W) {
CCaron), 1535 (s) (thioamide-I1), 1503 (M) CCaron), 819 (M), 754 (M), 693 (MP CHarom); *H NMR
of the major isomer (300.13 MHz, DMS®} &: 8.70 (1H, br s, NNH,), 8.23 (1H, br d*J = 8.1 Hz,
NHCH), 7.45-7.50 (2H, m, ArH), 7.24-7.31 (4H, m, Arf)10-7.24 (3H, m, ArH), 6.67 (2H, br s,
NH,N=C), 5.67 (1H, ddd®J = 8.1,31=7.8,°J = 7.7 Hz, CHN), 4.45 (2H, br s,H§NH), 3.31 (1H, dd,
2J=14.23)=7.7 Hz, H in CH,), 3.04 (1H, dd?J = 14.2,°J = 7.8 Hz, H in CH,), 1.24 (9H, s, 3xCHl
in t-Bu); *H NMR of the minor isomer (300.13 MHz, DMS@Q) &: 8.61 (1H, br s, NNH,), 8.12 (1H,
br d,3J = 8.6 Hz, NHHCH), 7.31-7.45 (3H, m, ArH), 5.64 (2H, br s, BNC), 5.47 (1H, ddd’J = 8.6,
31=7.6,21=6.7 Hz, CHN), 2.97 (1H, dd) = 14.6,2J = 7.6 Hz, H in CH,), 2.93 (1H, dd%J = 14.6,
3)=6.7 Hz, H in CH,), 1.26 (9H, s, 3xCHlin t-Bu), signals of other protons overlap with proton
signals of the major isomer'C NMR of the major isomer (75.48 MHz, DMSdg) &: 180.6 (C=S),
149.3 (C), 141.9 (C=N), 139.2 (C), 139.0 (C), 1226H), 126.5 (CH), 126.4 (2CH), 125.0 (2CH),
124.8 (2CH), 53.7 (CHN), 34.LMe3), 31.7 (CH), 31.1 (3xCH in t-Bu). Anal. Calcd for GH27NsS:
C, 65.01; H, 7.36; N, 18.95. Found: C, 65.02; M37N, 19.20.

4.3.6. Hydrazone of 4-{[ 3-(4-methyl phenyl)-3-oxo- 1-phenyl] prop-1-yl }thiosemicarbazde (7f).
Compound/f (2.97 g, 93%) as a 97:3 mixture of geometric is@meas prepared from
isothiocyanatoketondf (2.76 g, 9.79 mmol) and,N4- H,O (9.82 g, 196.2 mmol) in EtOH (55 mL)
(reflux, 3 h) as described f@a. After crystallization from EtOH the isomeric mithanged to 98:2,
respectively. Mp 1565157 °C (dec, EtOH); IR (Nujol), cm™: 3402 (m), 3349 (m), 3305 (m), 3276
(m), 3191 (br s)\NH), 3086 (w), 3061 (w), 3032 (Wy CHarom), 1637 (sh), 1608 (my (C=N, 5 NHy),
1583 (w), 1559 (W)W CCqrom), 1523 (s) (thioamide-Il), 1495 (MY CCqrom), 815 (m), 755 (m), 702 (m)
(8 CHarom); *H NMR of the major isomer (300.13 MHz, DMSdg) &: 8.71 (1H, br s, NNH,), 8.27
(1H, br d,%J = 8.4 Hz, NHCH), 7.39-7.45 (2H, m, ArH), 7.31-7.37 (2H, m, Arf)22-7.29 (2H, m,
ArH), 7.15-7.22 (1H, m, ArH), 7.01-7.06 (2H, m, Art6.52 (2H, br s, NeN=C), 5.71 (1H, ddd®J =
8.4,°3=8.1,3=7.6 Hz, CHN), 4.47 (2H, br s,H§NH), 3.26 (1H, dd?J = 14.23J=7.6 Hz, H in
CH,), 3.09 (1H, dd?J = 14.2.33= 8.1 Hz, K in CH,), 2.25 (3H, s, Ch); *H NMR of the minor isomer
(300.13 MHz, DMSQdg) 5: 8.63 (1H, br s, NNH,), 8.17 (1H, br dJ = 8.5 Hz, NHCH), 5.62 (2H, br
s, NHb,N=C), 5.47 (1H, ddd®J = 8.5,°3 = 7.3,°J = 6.8 Hz, CHN), 2.96 (1H, dd) = 14.431 = 7.3 Hz,
Ha in CHy), 2.93 (1H, dd?J = 14.4,33 = 6.8 Hz, K in CH,), 2.32 (3H, s, Ch), signals of other
protons overlap with proton signals of the majonier;**C NMR of the major isomer (75.48 MHz,
DMSO-t) 6: 180.6 (C=S), 142.2 (C), 142.0 (C=N), 136.2 (5B (C), 128.4 (2CH), 128.0 (2CH),
126.9 (CH), 126.7 (2CH), 124.9 (2CH), 54.0 (CHN),3(CH,), 20.6 (CH). Anal. Calcd for
C17H21NsS: C, 62.36; H, 6.46; N, 21.39. Found: C, 62.246186; N, 21.48.
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4.3.7. Hydrazone of 4-{[ 1,3-di(4-methyl phenyl )-3-0x0] prop-1-yl }thiosemicarbazde (7g). Compound

79 (1.30 g, 89%) as a 83:17 mixture of geometric is@mvas prepared from isothiocyanatoketége
(2.26 g, 4.27 mmol) andMNi4- H,O (4.30 g, 85.9 mmol) in EtOH (21 mL) (reflux, 349 described for
7a. After crystallization from EtOH the isomeric m@ithanged to 96:4, respectively. Mp $489.5 °C
(dec, EtOH); IR (Nujoly, cmi™: 3408 (m), 3325 (s), 3195 (br s), 3119 (w\H), 3050 (w), 3027 (w)
(v CHarom), 1628 (s) ¢ C=N, 5 NH,), 1586 (m) ¥ CCqrom), 1543 (s) (thioamide-Il), 1514 (s) CCarom,
818 (s), 797 (S)X CHarom); *H NMR of the major isomer (300.13 MHz, DMSdQ) §: 8.73 (1H, br s,
NHNH,), 8.22 (1H, br d% = 8.5 Hz, HCH), 7.41-7.47 (2H, m, ArH), 7.19-7.24 (2H, m, ArR)02—
7.09 (4H, m, ArH), 6.52 (2H, br s, NN=C), 5.65 (1H, ddd®J = 8.5,23=8.1,%J = 7.6 Hz, CHN), 4.48
(2H, br's, NHoNH), 3.23 (1H, dd2) = 14.23= 7.6 Hz, H in CH,), 3.07 (1H, dd?J=14.23)=18.1
Hz, Hs in CHy), 2.25 (3H, s, Ch), 2.24 (3H, s, Ch); *H NMR of the minor isomer (300.13 MHz,
DMSO-dg) &: 8.65 (1H, br s, NNH,), 8.11 (1H, br d%J = 8.5 Hz, HHCH), 5.61 (2H, br s, NpN=C),
5.39 (1H, ddd®J = 8.5,°3=7.4,3= 7.0 Hz, CHN), 2.95 (1H, dd) = 14.6,3J = 7.4 Hz, H in CH,),
2.91 (1H, dd?J) = 14.6,°J = 7.0 Hz, H in CHy), 2.32 (3H, s, CH), signals of other protons overlap
with proton signals of the major isom&iC NMR of the major isomer (75.48 MHz, DMS®) 5

180.5 (C=S), 142.0 (C=N), 139.2 (C), 136.2 (C),.03€), 135.8 (C), 128.7 (2CH), 128.5 (2CH),
126.7 (2CH), 125.0 (2CH), 53.8 (CHN), 31.5 (§H20.67 (CH), 20.66 (CH). Anal. Calcd for
CisH23NsS: C, 63.31; H, 6.79; N, 20.51. Found: C, 63.077H3; N, 20.45.

4.3.8. Hydrazone of 4-{[ 1-(4-methoxyphenyl)-3-(4-methyl phenyl)-3-oxo] prop-1-yl }thiosemicarbazde
(7h). Compoundrh (0.582 g, 89%) as a 88:12 mixture of geometrimisis was prepared from
isothiocyanatoketonéh (0.571 g, 1.83 mmol) and;N4- H,O (1.84 g, 36.8 mmol) in EtOH (8 mL)
(reflux, 3 h) as described f@a. Two crystallization of the crude product from Et@fforded a 97:3
mixture of isomers, and single crystallization friieCN gave the only major isomer. Mp Hl®3 °C
(dec, EtOH); mp 99:5102.5 °C (dec, MeCN); IR (Nujol), cmi®: 3375 (br m), 3310 (m), 3276 (m),
3197 (br s)¥ NH), 3081 (w), 3065 (W)W CHarom), 1650 (M), 1631 (w)M(C=N, 5 NH,), 1612 (s), 1587
(m) (v CCqrom), 1541 (s) (thioamide-Il), 1514 (s) CCarom), 1254 (s), 1034 (sy(C-0), 824 (s)§
CHarom); *H NMR of the major isomer (300.13 MHz, DMSdg) &: 8.68 (1H, br s, NNH.), 8.18 (1H,
br d,3J = 8.4 Hz, NHCH), 7.40-7.45 (2H, m, ArH), 7.22—-7.28 (2H, m, ArH)01-7.06 (2H, m, ArH),
6.78—6.84 (2H, m, ArH), 6.50 (2H, br s, B¥EC), 5.64 (1H, ddd®J = 8.4,31=8.4,) = 7.3 Hz,
CHN), 4.46 (2H, br s, N,NH), 3.70 (3H, s, OCH), 3.23 (1H, dd?J = 14.23) = 7.3 Hz, H. in CHb),
3.08 (1H, dd?J = 14.231= 8.4 Hz, K in CHy), 2.25 (3H, s, Ch); *H NMR of the minor isomer
(300.13 MHz, DMSQdg) &: 8.58 (1H, br s, NNHy), 8.06 (1H, br d*J = 8.5 Hz, NHCH), 7.14-7.20
(2H, m, ArH), 7.05-7.10 (2H, m, ArH), 5.59 (2H, §rNH,N=C), 5.39 (1H, ddd®’J=8.5,21=7.4,3 =
7.1 Hz, CHN), 3.72 (3H, s, OGH 2.97 (1H, dd?J = 14.53 = 7.4 Hz, H. in CH,), 2.90 (1H, dd?J =
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14.5,%3=7.1 Hz, K in CH,), 2.32 (3H, s, Ch), signals of other protons overlap with protomsig of
the major isomer*C NMR of the major isomer (75.48 MHz, DMSdQ) §: 180.4 (C=S), 158.2 (C),
142.1 (C=N), 136.2 (C), 135.8 (C), 134.0 (C), 128@H), 127.9 (2CH), 125.0 (2CH), 113.4 (2CH),
55.0 (OCH), 53.5 (CHN), 31.6 (CbJ, 20.6 (CH). Anal. Calcd for GgH23NsOS-0.15GHsOH: C,
60.32; H, 6.61; N, 19.22. Found: C, 59.92; H, 6)6719.35>

4.3.9. Hydrazone of 4-{[ 1-(3,4-dimethoxyphenyl)-3-(4-methyl phenyl )-3-oxo] prop-1-
yl}thiosemicarbazide (7i). Compound/i (1.66 g, 92%) as a 83:17 mixture of geometric ismwas
prepared from isothiocyanatoketofig1.59 g, 4.65 mmol) and:N4- H,O (4.69 g, 93.7 mmol) in
EtOH (24 mL) (reflux, 3 h) as described fta. After crystallization from EtOH the isomeric rmati
changed to 88:12, respectively. Mp ¥383 °C (dec, EtOH); IR (Nujol), cnm™: 3332 (s), 3309 (s),
3199 (br s), 3133 (W)(NH), 3024 (W) ¢ CHaron), 1650 (m), 1626 (W)(C=N, 5 NH;), 1604 (w),
1591 (M) ¢ CCarom), 1534 (s) (thioamide-Il), 1513 (s), 1496 (M)ECarom), 1257 (s), 1021 (sy(C-0O),
854 (m), 819 (M) CHaron); *H NMR of the major isomer (300.13 MHz, DMSdQ) 5: 8.76 (1H, br s,
NHNH,), 8.18 (1H, br dJ = 8.5 Hz, NHHCH), 7.41-7.47 (2H, m, ArH), 7.01-7.07 (2H, m, Arid)98—
7.01 (1H, m, ArH), 6.75-6.82 (2H, m, ArH), 6.55 (2bt s, NHN=C), 5.62 (1H, ddd®J = 8.6,%J =
8.5,3) = 7.2 Hz, CHN), 4.49 (2H, br s,H§NH), 3.683 (3H, s, OCH), 3.680 (3H, s, OCH}, 3.21 (1H,
dd,?3=14.233=7.2 Hz, H in CH,), 3.14 (1H, dd?J = 14.231= 8.6 Hz, K in CH,), 2.25 (3H, s,
CHs); *H NMR of the minor isomer (300.13 MHz, DMS®) §: 8.64 (1H, br s, NNH.), 8.09 (1H, br
d, %)= 8.5 Hz, NHCH), 7.21-7.26 (2H, m, ArH), 7.06—7.11 (2H, m, Ari8)85—6.87 (1H, m, ArH),
6.81-6.85 (1H, m, ArH), 6.73-6.77 (1H, m, ArH, saggpartly overlap with signals of aromatic
protons of the major isomer), 5.62 (2H, br s,,NHC), 5.38 (1H, ddd®J = 8.5,%3=7.4,31=7.2 Hz,
CHN), 4.46 (2H, br s, N,NH), 3.71 (3H, s, OCHJ, 3.69 (3H, s, OCH), 2.99 (1H, dd?J = 14.23] =
7.4 Hz, H in CHy), 2.91 (1H, dd?J = 14.2,°J = 7.2 Hz, B in CH,), 2.32 (3H, s, Ch); *C NMR of
the major isomer (75.48 MHz, DMS@®) §: 180.4 (C=S), 148.4 (C), 147.9 (C), 142.1 (C=NB6.B
(C), 135.7 (C), 134.3 (C), 128.4 (2CH), 125.0 (2CH)9.1 (CH), 111.5 (CH), 110.9 (CH), 55.48
(OCHg), 55.46 (OCH), 53.8 (CHN), 31.4 (ChJ, 20.6 (CH). Anal. Calcd for GgH2sNsO,S: C, 58.89;
H, 6.50; N, 18.07. Found: C, 58.78; H, 6.62; N,188.

4.3.10. Hydrazone of 2-methyl-4-[ (3-oxo-1,3-diphenyl)prop-1-yl] thiosemicarbazide (7j). A solution of
thiosemicarbazidéc (0.716 g, 2.28 mmol) and,N4-H,O (2.31 g, 46.2 mmol) in EtOH (18 mL) was
stirred under reflux for 3 h, and the liquids wegenoved in vacuum (temperature of bath about 50-55
°C). The residue was co-evaporated with toluere 18 mL), the resulting oily solid was triturated
upon cooling with HO (10 mL) and petroleum ether (10 mL) until crystakion was completed. The
suspension was cooled. The precipitate was filteaerd washed with ice-cold,B, petroleum ether,
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and dried to give product (0.698 g, 94%) as a @%xdure of hydrazon@ (two geometric isomers in a
ratio of 78:22) and hydrazon@a. Crystallization of the crude product from EtOHoafled practically
pure hydrazondj (two isomers, 98:2) containing only 1 mol% of hgzlonera as an admixture. Mp
142-143.5 °C (dec, EtOH); IR (Nujol), cn™: 3415 (m), 3279 (br s), 3171 (m) XIH), 3086 (w), 3062
(W), 3033 (W) ¢ CHarom), 1626 (s) ¢ C=N, d NH,), 1584 (w), 1561 (W) CCqron), 1528 (S)
(thioamide-11), 1495 (W)Y CCuron), 764 (M), 754 (M), 691 (S) CHarom); *H NMR of the major isomer
(300.13 MHz, DMSQdg) &: 8.66 (1H, br dJ = 8.5 Hz, \HCH), 7.48-7.54 (2H, m, ArH), 7.29-7.35
(2H, m, ArH), 7.12-7.28 (6H, m, ArH), 6.67 (2H, §rNHN=C), 5.62 (1H, ddd®J = 8.5,°J=8.0,%) =
7.7 Hz, CHN), 4.89 (2H, br s, NN), 3.40 (3H, s, NCh), 3.27 (1H, dd?J = 14.32J= 7.7 Hz, H. in
CH,), 3.08 (1H, dd?J = 14.3,3J = 8.0 Hz, K in CH,); *H NMR of the minor isomer (300.13 MHz,
DMSO-dg) 8: 8.57 (1H, br d3J = 8.5 Hz, NHCH), 7.39-7.47 (2H, m, ArH), 5.67 (2H, br s, BN#C),
5.38 (1H, ddd®J = 8.5,21=7.6,3) = 6.8 Hz, CHN), 4.88 (2H, br s, NN), 3.41 (3H, s, NCh), 2.96
(1H, dd,’J = 14.7,°3 = 7.6 Hz, H in CH,), 2.93 (1H, dd?J = 14.7,2) = 6.8 Hz, K in CH,), signals of
other protons overlap with proton signals of théansomer;**C NMR of the major isomer (75.48
MHz, DMSO-ds) 8: 180.1 (C=S), 142.4 (C), 141.7 (C=N), 139.0 (@81 (2CH), 127.8 (2CH), 126.9
(CH), 126.74 (2CH), 126.69 (CH), 125.0 (2CH), 56C3N), 42.4 (NCH), 31.6 (CH). Anal. Calcd

for C17H21NsS: C, 62.36; H, 6.46; N, 21.39. Found: C, 62.566180; N, 21.55.

4.3.11. Hydrazone of 2-methyl-4-{[ 1-(4-methyl phenyl)-3-oxo-3-phenyl] prop-1-yl}thiosemicarbazide
(7k). The reaction of thiosemicarbazifieé (1.10 g, 3.37 mmol) with §H,-H,O (3.41 g, 68.1 mmol) in
EtOH (25 mL) (reflux, 3 h) to give product (1.119¥,%) as a 95:5 mixture of hydrazore (two
geometric isomers in a ratio of 78:22) and hydrazinwas performed as described for the synthesis
of 7j. Crystallization of the crude product from EtOHoafled practically pure hydrazofi& (two
isomers, 99:1) containing only 2 mol% of hydraz@heas an admixture. Mp 14#%49.5 °C (dec,
EtOH); IR (Nujol)v, cn™ 3420 (m), 3284 (br s), 3175 (m), 3131 (w)\H), 3088 (w), 3060 (w),
3021 (W) ¢ CHaron), 1625 (s) ¢ C=N, 8 NHy), 1583 (m), 1560 (W)W(CCarom), 1526 (s) (thioamide-Il),
1496 (W) § CCarom), 826 (M), 762 (S), 694 (s CHarom); *H NMR of the major isomer (300.13 MHz,
DMSO-dg) : 8.59 (1H, br d®J = 8.5 Hz, NHCH), 7.50-7.56 (2H, m, ArH), 7.13-7.27 (5H, m, ArH)
7.02—7.08 (2H, m, ArH), 6.65 (2H, br s, M#EC), 5.57 (1H, ddd®J = 8.5, = 8.2, = 7.6 Hz,
CHN), 4.88 (2H, br s, NpN), 3.40 (3H, s, NCH), 3.25 (1H, dd?J = 14.231 = 7.6 Hz, H. in CHy),
3.07 (1H, dd?) = 14.2,°J = 8.2 Hz, H in CHy), 2.23 (3H, s, Ch); *H NMR of the minor isomer
(300.13 MHz, DMSOdg) 8: 8.48 (1H, br d3J = 8.5 Hz, NHCH), 7.39-7.47 (2H, m, ArH), 7.32-7.39
(1H, m, ArH), 5.64 (2H, br s, N#W=C), 5.32 (1H, ddd®J = 8.5,°J = 7.7,3J = 6.8 Hz, CHN), 4.85 (2H,
br s, NHN), 3.40 (3H, s, NCh), 2.95 (1H, dd?J = 14.6,J = 7.7 Hz, H in CHy), 2.90 (1H, dd?J =
14.6,%3 = 6.8 Hz, K in CH,), 2.25 (3H, s, Ch), signals of other protons overlap with protomsig of
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the major isomer3C NMR of the major isomer (75.48 MHz, DMSdg) 6: 180.1 (C=S), 141.7 (C=N),
139.3 (C), 139.0 (C), 136.0 (C), 128.6 (2CH), 1228H), 126.69 (CH), 126.65 (2CH), 125.0 (2CH),
55.1 (CHN), 42.4 (NCh), 31.5 (CH), 20.7 (CH). Anal. Calcd for GgH23NsS: C, 63.31; H, 6.79; N,
20.51. Found: C, 63.28; H, 7.05; N, 20.80.

4.4. Synthesis of 2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thiones 8a-I

4.4.1. 5,7-Diphenyl-2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thione (8a). Method A: A solution of
hydrazonera (1.18 g, 3.77 mmol) and TsOH,® (0.794 g, 4.17 mmol) in EtOH (39 mL) was stirred
under reflux for 1.5 h, and the solvent was remdwedacuum. The residue was triturated with
saturated aqueous NaHgQ@0 mL) upon cooling until crystallization was cpleted, and the obtained
suspension was cooled. The precipitate was filtesaghed with ice-cold #D, petroleum ether, and
dried. The crude product was purified using coluwwhromatography on aluminium oxide (20.49 Q)
eluting with petroleum ether—CHg(from 3:1 to 1:3). The main fraction was conceteta The residue
was dried in vacuum (water pump) until the stabbai formed. The resulting foam was triturated with
H,0O, the obtained precipitate was filtered, washeti WO, petroleum ether, and dried to give
triazepineBa (0.807 g, 76%) as a very light yellow solid. Artadglly pure sample (white crystals) was
obtained by crystallization from MeCN. Mp 168X0 °C (dec, MeCN) (Iit° 166-168 °C): IR (Nujol)
v, cm™: 3361 (w), 3181 (br vs), 3089 (m) KIH), 3060 (W) ¢ CHaron), 1627 (m) ¢ C=N), 1555 (s)
(thioamide-I1), 1180 (vs)3NH +v CN), 766 (s), 697 (SH(CHarom); *H NMR (300.13 MHz, DMSO-
ds) &: 10.86 (1H, br d}J = 2.0 Hz, NpyH), 9.05 (1H, br dd3J = 4.9,%3 = 2.0 Hz, NgyH), 7.35-7.41 (2H,
m, ArH), 7.12-7.32 (8H, m, ArH), 4.96 (1H, ddd,= 6.2,3 = 4.9,3) = 2.7 Hz, H-5), 3.54 (1H, ddd)
=14.73)=6.2,3= 1.0 Hz, H-6), 3.24 (1H, dd?J = 14.7,3) = 2.7 Hz, H-6); **C NMR (75.48 MHz,
DMSO-0g) 6: 177.1 (C-3), 158.3 (C-7), 142.0 (C), 137.2 (@92 (CH), 128.1 (2CH), 128.0 (2CH),
127.2 (CH), 125.8 (4CH), 59.0 (C-5), 36.8 (C-6).alArCalcd for GgH1sN3S: C, 68.30; H, 5.37; N,
14.93. Found: C, 67.97; H, 5.60; N, 15.08.

Method B: A solution of thiosemicarbazids (0.594 g, 1.98 mmol) and AcOH (0.47 mL, 8.12
mmol) in EtOH (20 mL) was stirred under reflux oh, and the solvent was removed in vacuum. The
residue was triturated with saturated aqueous NaHE@L) upon cooling until crystallization was
completed, and the obtained suspension was cobhedprecipitate was filtered, washed with ice-cold
H,0O, petroleum ether, and dried. The crude produstpuaified using column chromatography on
silica gel (17.06 g) eluting with petroleum etheH@; (from 3:2 to 2:3). The main fraction was
concentrated. The residue was dried in vacuum (vpat@p) until the stable foam formed. The
resulting foam was triturated with ether, the ateai suspension was cooled (—15 °C), the precipitate
was filtered on cold (—15 °C) filter , washed waihld (—15 °C) ether (3 x 5 mL), and dried to give
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triazepineBa (0.461 g, 83%) as a very light yellow solid. Artadglly pure sample (white crystals) was

obtained by crystallization from MeCN.

4.4.2. 5-(4-Methyl phenyl)-7-phenyl-2,4,5,6-tetr ahydr o-3H- 1,2,4-triazepi ne-3-thione (8b). Compound

8b (0.837 g, 76%, very light yellow solid) was ob&ihfrom hydrazonéb (1.22 g, 3.72 mmol) and
TsOH-HO (0.781 g, 4.11 mmol) in EtOH (39 mL) (reflux, hpas described f@a in Method A. The
crude product was purified using column chromatplgyaon aluminium oxide (20.03 g) eluting with
petroleum ether—CHg([from 3:1 to 1:4). The main fraction was concetetia The residue was dried in
vacuum (water pump) until the stable foam formeuke Tesulting foam was triturated with®| the
obtained precipitate was filtered, washed witi©Hpetroleum ether, and dried to give triazef@dbe
The analytically pure sample (very light yellowiddlwas obtained by crystallization from MeCN. Mp
200.5-202 °C (dec, MeCN): IR (Nujol), cni™: 3195 (br vs), 3104 (my(NH), 3057 (w), 3022 (W)
CHarom), 1619 (M) ¢ C=N), 1573 (m)¥{ CCyron), 1548 (s) (thioamide-Il), 1513 (my CCuron), 1178

(vs) 8 NH +v CN), 816 (m), 766 (s), 702 (my CHarom); *H NMR (300.13 MHz, DMSQdg) 3: 10.87
(1H, br d,"J = 2.0 Hz, NyH), 9.06 (1H, br dd®J = 5.0,3 = 2.0 Hz, NyH), 7.37-7.44 (2H, m, ArH),
7.22—7.34 (3H, m, ArH), 7.03—7.13 (4H, m, ArH), @@H, ddd>J = 6.2,°3=5.0,2J = 2.6 Hz, H-5),
3.53 (1H, ddd?J = 14.8,) = 6.2,"J = 0.9 Hz, H-6), 3.20 (1H, dd?J = 14.8,3J = 2.6 Hz, K-6), 2.19
(3H, s, CH); **C NMR (75.48 MHz, DMSQ4dg) &: 177.0 (C-3), 158.0 (C-7), 139.1 (C), 137.3 (C),
136.3 (C), 129.3 (CH), 128.7 (2CH), 128.2 (2CH)532(2CH), 125.8 (2CH), 58.7 (C-5), 36.9 (C-6),
20.6 (CH). Anal. Calcd for G;H17N3S: C, 69.12; H, 5.80; N, 14.22. Found: C, 69.206H3; N,

14.52.

4.4.3. 5-(4-Methoxyphenyl)-7-phenyl-2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thione (8c). Compound
8c (0.855 g, 75%, very light yellow solid) was obtihfrom hydrazon&b (1.26 g, 3.67 mmol) and
TsOH-HO (0.770 g, 4.05 mmol) in EtOH (37 mL) (reflux, hpas described f@a in Method A. The
crude product was purified using column chromatplgyaon aluminium oxide (33.26 g) eluting with
petroleum ether—CHg([from 3:1 to 1:3). The main fraction was conceteria The residue was dried in
vacuum (water pump) until the stable foam formeuke Tesulting foam was triturated with®| the
obtained precipitate was filtered, washed witi©Hpetroleum ether, and dried to give triazefdoe
The analytically pure sample (white solid) was oled by crystallization from EtOAc. Mp 16667
°C (dec, AcOEY); IR (Nujoly, cn™ 3183 (br vs), 3101 (my(\NH), 1613 (m)¢ C=N), 1578 (s)
(thioamide-Il), 1511 (s), 1487 (Mmy CCarom), 1254 (s) ¢ C-0), 1177 (s)d NH +v CN), 1034 (m)¥
C-0), 828 (m), 768 (s), 699 (M) CHarom); *H NMR (300.13 MHz, DMSQdg) &: 10.87 (1H, br dJ =
2.0 Hz, NoH), 9.04 (1H, br dd?J = 5.0,%3 = 2.0 Hz, NyH), 7.38-7.44 (2H, m, ArH), 7.22-7.34 (3H,
m, ArH), 7.10-7.16 (2H, m, ArH), 6.78-6.85 (2H, AtH), 4.89 (1H, ddd®1=6.3,J=5.0,J=2.6
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Hz, H-5), 3.66 (3H, s, OC#), 3.50 (1H, ddd?J = 14.7,2J = 6.3, = 0.9 Hz, H-6), 3.20 (1H, dd?J =
14.7,3) = 2.6 Hz, H-6); °C NMR (75.48 MHz, DMSQds) &: 176.9 (C-3), 158.4 (C), 158.2 (C-7),
137.3 (C), 134.2 (C), 129.3 (CH), 128.2 (2CH), 122CH), 126.0 (2CH), 113.6 (2CH), 58.5 (C-5),
55.0 (OCH), 37.0 (C-6). Anal. Calcd for H1/N30S: C, 65.57; H, 5.50; N, 13.49. Found: C, 65.58;
H, 5.77; N, 13.43.

4.4.4. 5-(3,4-Dimethoxyphenyl)-7-phenyl-2,4,5,6-tetrahydr o-3H-1,2,4-triazepine-3-thione (8d).
Compoundd (0.455 g, 73%, very light yellow solid) was obanfrom hydrazon&d (0.689 g, 1.82
mmol) and TsOH- kD (0.399 g, 2.10 mmol) in EtOH (20 mL) (reflux, hpas described f@a in
Method A. The crude product was purified using oohuchromatography on aluminium oxide (20.38
g) eluting with petroleum ether—-CHQFrom 3:1 to 1:2). The main fraction was conceteitia The
residue was dried in vacuum (water pump) untildfadle foam formed. The resulting foam was
triturated with HO, the obtained precipitate was filtered, washdt WO, petroleum ether, and dried
to give triazepin&d. The analytically pure sample (white solid) asrargy solvate with benzene
(8d/CeHs = 2:1) was obtained after crystallization fronHg.>® To remove benzene the solid was co-
evaporated with CHGI(3 x 5 mL), the obtained foam was triturated WilD, the obtained precipitate
was filtered, washed with 4@, petroleum ether, and dried in high vacuum. Mp05 °C; IR (Nujol)
v, cmi’: 3182 (br vs)¥ NH), 3084 (w), 3061 (W)W CHaron), 1624 (m) ¢ C=N), 1594 (m) (CGon),

1550 (s) (thioamide-Il), 1516 (s)y CCarom), 1263 (s) ¢ C-0), 1178 (s)d NH +v CN), 1024 (s){ C—
0), 807 (m), 764 (s), 694 () CHaron); *H NMR (300.13 MHz, DMSGdg) &: 10.86 (1H, br d?J = 2.0
Hz, NH), 9.04 (1H, br dd3J = 5.0,% = 2.0 Hz, NyH), 7.43-7.50 (2H, m, ArH), 7.24-7.35 (3H, m,
ArH), 6.81-6.87 (2H, m, ArH), 6.65-6.70 (1H, m, Ar4.87 (1H, ddd®J = 6.4,°J=5.0,%) = 2.6 Hz,
H-5), 3.65 (3H, s, OCH), 3.61 (3H, s, OCH), 3.61 (1H, dd?J = 14.7,°J = 6.4 Hz, H-6, signals partly
overlap with signals of the OGHjroups), 3.18 (1H, dd) = 14.7,3) = 2.6 Hz, H-6); "*C NMR (75.48
MHz, DMSO-d) 6: 177.0 (C-3), 158.2 (C-7), 148.4 (C), 147.9 (@378 (C), 134.4 (C), 129.3 (CH),
128.1 (2CH), 125.9 (2CH), 118.1 (CH), 111.5 (CH)Q2 (CH), 58.6 (C-5), 55.5 (OGH 55.4

(OCHg), 36.6 (C-6). Anal. Calcd for gH19N30,S-0.05CHG: C, 62.41; H, 5.53; N, 12.10. Found: C,
62.18; H, 5.74; N, 12.2%.

4.4.5. 5-(4-tert-Butyl phenyl)-7-phenyl-2,4,5,6-tetr ahydr o-3H-1,2,4-triazepine-3-thione (8e). Compound
8e (0.882 g, 78%) was obtained from hydraz@e¢l.24 g, 3.35 mmol) and TsOH,®I (0.711 g, 3.74
mmol) in EtOH (35 mL) (reflux, 1.5 h) as descrilded8a in Method A. The crude product was
purified using column chromatography on aluminiuxide (34.85 g) eluting with petroleum ether—
CHCI; (from 3:1 to 0:1). The main fraction was concetettla The residue was dried in vacuum (water
pump), triturated with kD, the obtained precipitate was filtered, washeti WO, petroleum ether,
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and dried to give triazepir@e. Mp 224-225 °C (dec, MeCN): IR (Nujol, cm™ 3331 (s), 3206 (br s),
3062 (m) ¢ NH), 1625 (m)¢ C=N), 1596 (w), 1575 (WWV(CCaron), 1552 (s) (thioamide-I1), 1511 (w)

(v CCarom), 1182 (vs) § NH +v CN), 832 (m), 763 (m), 693 (S) CHarom); *H NMR (300.13 MHz,
DMSO-ds) &: 10.86 (1H, br diJ = 2.0 Hz, NyyH), 9.00 (1H, br dd®J = 4.8,%J = 2.0 Hz, NyH), 7.20—
7.38 (7TH, m, ArH), 7.10-7.16 (2H, m, ArH), 4.90 (1dtid,) = 6.4,31 = 4.8,%J = 2.7 Hz, H-5), 3.45
(1H, ddd, 23 = 14.7,31= 6.4,°3= 0.9 Hz, H-6), 3.23 (1H, dd?J = 14.7,3 = 2.7 Hz, H-6), 1.19 (9H,

s, 3xCH in t-Bu); **C NMR (75.48 MHz, DMSQ4dg) &: 177.1 (C-3), 158.8 (C-7), 149.8 (C), 139.2 (C),
137.3 (C), 129.3 (CH), 128.1 (2CH), 126.0 (2CH)5.82(2CH), 124.9 (2CH), 58.9 (C-5), 37.1 (C-6),
34.1 CMej3), 31.0 (3xCH in t-Bu). Anal. Calcd for @H23N3S: C, 71.18; H, 6.87; N, 12.45. Found: C,
71.12; H, 6.92; N, 12.61.

4.4.6. 7-(4-Methyl phenyl)-5-phenyl-2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thione (8f). Compoundf
(0.994 g, 81%, very light yellow solid) was obtadrfeom hydrazoné&f (1.36 g, 4.16 mmol) and
TsOH-HO (0.884 g,4.65 mmol) in EtOH (42 mL) (reflux, hpas described f@a in Method A. The
crude product was purified using column chromatplgyeon aluminium oxide (42.86 g) eluting with
petroleum ether—CHg([from 3:1 to 1:5). The main fraction was concetetia The residue was dried in
vacuum (water pump) until the stable foam formduk Tesulting foam was triturated with®, the
obtained precipitate was filtered, washed witi©Hpetroleum ether, and dried to give triaze@de
Analytically pure sample (very light yellow solidjas obtained by crystallization from MeCN. Mp
189.5-191 °C (MeCN); IR (Nujoly, cn™ 3407 (s), 3178 (br s), 3103 (br 8)NH), 3053 (W) ¢
CHarom), 1622 (W) ¢ C=N), 1604 (m)¥ CCquron), 1571 (s) (thioamide-I1), 1507 (Wy CCqron), 1179
(vs) 8 NH +v CN), 817 (s), 759 (s), 697 ($) CHarom); *H NMR (300.13 MHz, DMSQds) &: 10.84
(1H, br d,"J = 2.0 Hz, NyyH), 9.02 (1H, br dd®J = 4.9,3 = 2.0 Hz, NyH), 7.12-7.31 (7H, m, ArH),
7.01-7.07 (2H, m, ArH), 4.94 (1H, ddtJ,= 6.3, = 4.9,3 = 2.7 Hz, H-5), 3.51 (1H, ddd) = 14.6,
31=6.3,3=1.0 Hz, H-6), 3.21 (1H, dd’J = 14.6,31 = 2.7 Hz, K-6), 2.23 (3H, s, CH); **C NMR
(75.48 MHz, DMSOdg) 8: 177.0 (C-3), 158.5 (C-7), 142.1 (C), 139.0 (34 B (C), 128.7 (2CH),
128.2 (2CH), 127.2 (CH), 125.9 (2CH), 125.8 (2C%9,2 (C-5), 36.6 (C-6), 20.7 (GH Anal. Calcd
for C;7H17N3S: C, 69.12; H, 5.80; N, 14.22. Found: C, 69.016H42; N, 14.46.

4.4.7.5,7-Di(4-methylphenyl)-2,4,5,6-tetrahydrid3l, 2,4-triazepine-3-thionég). Method A:
Compoundg (0.885 g, 76%, light yellow solid) was obtainedrnfr hydrazon&g (1.29 g, 3.77 mmol)
and TsOH-HO (0.794 g, 4.17 mmol) in EtOH (39 mL) (reflux, hbas described f@a in Method A.
The crude product was purified using column chragphy on aluminium oxide (30.66 g) eluting
with petroleum ether—CHg(from 3:1 to 1:3). The main fraction was concetetla The residue was

dried in vacuum (water pump) until the stable fdanmed. The resulting foam was triturated with
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H,0, the obtained precipitate was filtered, washetl WO, petroleum ether, and dried to give
triazepineBg. Analytically pure sample (very light yellow sojidias obtained by crystallization from
MeCN. Mp 192.5194 °C (dec, MeCN); IR (Nujol), cni™: 3388 (s), 3185 (br s), 3097 (br m)NH),
3045 (W) ¢ CHarony), 1618 (W) ¢ C=N), 1604 (m)¥ CCaron), 1570 (s) (thioamide-I1), 1512 (my (
CCaron), 1173 (vs) § NH +v CN), 816 (S) § CHaron); *H NMR (300.13 MHz, DMSGdg) &: 10.81 (1H,
br d,*J = 2.0 Hz, NpH), 9.00 (1H, br dd%J = 5.0,%3 = 2.0 Hz, NyH), 7.29-7.34 (2H, m, ArH), 7.03—
7.12 (6H, m, ArH), 4.88 (1H, ddd) = 6.3, =5.0,%J = 2.7 Hz, H-5), 3.50 (1H, ddd) = 14.7,3) =
6.3,%3= 0.9 Hz, H-6), 3.17 (1H, dd® = 14.7,°J = 2.7 Hz, H-6), 2.24 (3H, s, Ch), 2.19 (3H, s,
CHs); °C NMR (75.48 MHz, DMSGdg) &: 176.9 (C-3), 158.1 (C-7), 139.2 (C), 139.0 (36 B (C),
134.5 (C), 128.8 (2CH), 128.7 (2CH), 125.9 (2CH25.B (2CH), 58.8 (C-5), 36.6 (C-6), 20.7 (&€
7-Ar), 20.6 (CH in 5-Ar). Anal. Calcd for GgH19N3S: C, 69.87; H, 6.19; N, 13.58. Found: C, 69.75; H,
6.25; N, 13.78.

Method B: CompoundBg (0.619 g, 79%, very light yellow solid) was ob&dfrom semicarbazide
5b (0.830 g, 2.54 mmol) and AcOH (0.60 mL, 10.48 mmolEtOH (35 mL) (reflux, 3 h) as described
for 8a in Method B. The crude product was purified ustotumn chromatography on silica gel (30.29
g) eluting with petroleum ether—CHGfrom 3:1 to 1:2). The main fraction was concetettla The
residue was dried in vacuum (water pump) untilstadle foam formed. The resulting foam was
triturated with ether, the obtained suspension eeated (—15 °C), the precipitate was filtered oldco
(=15 °C) filter , washed with cold (—15 °C) eth@rq 5 mL), and dried to give triazepiBg.

4.4.8. 7-(4-Methyl phenyl)-5-(4-methoxyphenyl )-2,4,5,6-tetr ahydr o-3H-1,2,4-triazepine-3-thione (8h).
Compoundh (0.851 g, 81%, very light yellow solid) was obtihfrom hydrazon&h (1.16 g, 3.23
mmol) and TsOH- kD (0.687 g, 3.61 mmol) in EtOH (34 mL) (reflux, hbas described f@a in
Method A. The crude product was purified using aohuchromatography on aluminium oxide (43.21
g) eluting with petroleum ether—CHQFrom 3:1 to 1:4). The main fraction was conceteitia The
residue was dried in vacuum (water pump) untilstadle foam formed. The resulting foam was
triturated with HO, the obtained precipitate was filtered, washeat WO, petroleum ether, and dried
to give triazepingh.*® Mp 88-91 °C: IR (Nujol)v, cm™ 3354 (w), 3178 (br sy(NH), 3082 (w), 3067
(W) (v CHgrom), 1609 (s) ¢ C=N), 1566 (w), 1549 (s) (thioamide-I1), 1512 (¢)CCqron), 1251 (S) ¢ C—
0), 1176 (vs)§ NH +v CN), 1034 (s)¥ C-0), 822 (5)J CHaron); *H NMR (300.13 MHz, DMSCd)

5: 10.81 (1H, br d¥J = 2.0 Hz, NyH), 8.97 (1H, br dd?) = 4.8, = 2.0 Hz, NyH), 7.29-7.35 (2H, m,
ArH), 7.04—7.16 (4H, m, ArH), 6.78-6.85 (2H, m, ArH4.87 (1H, ddd®J = 6.3,°J = 4.8,J = 2.6 Hz,
H-5), 3.66 (3H, s, OCH), 3.47 (1H, ddd?J = 14.7.33=6.3,3= 0.9 Hz, H-6), 3.16 (1H, dd2J =
14.7,3) = 2.6 Hz, H-6), 2.24 (3H, s, CJ; 1°C NMR (75.48 MHz, DMSGCdg) 5: 176.8 (C-3), 158.3

(C), 158.3 (C-7), 139.0 (C), 134.4 (C), 134.2 (28.8 (2CH), 127.1 (2CH), 125.9 (2CH), 113.6
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(2CH), 58.6 (C-5), 55.0 (OCH 36.8 (C-6), 20.7 (CH). Anal. Calcd for GeH1gNsOS: C, 66.43; H,
5.88: N, 12.91. Found: C, 66.29; H, 5.93: N, 12.83.

4.4.9. 7-(4-Methyl phenyl)-5-(3,4-dimethoxyphenyl)-2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thione

(8i). CompoundBi (1.01 g, 82%, very light yellow solid) was obtainfeom hydrazon&i (1.34 g, 3.45
mmol) and TsOH- kD (0.729 g, 3.83 mmol) in EtOH (35 mL) (reflux, hbas described f@a in
Method A. The crude product was purified using oohuchromatography on aluminium oxide (43.03
g) eluting with petroleum ether—CHGfrom 3:1 to 1:4). The main fraction was concetettla The
residue was dried in vacuum (water pump) untildfadle foam formed. The resulting foam was
triturated with HO, the obtained precipitate was filtered, washet WO, petroleum ether, and dried
to give triazepindi. Analytically pure sample (white crystals) wasalbed by crystallization from
petroleum ether—EtOAc (1:3, v/v). Mp 15850.5 °C (dec, AcOEt—petroleum ether, 3:1); IR (uy,
cmi ™ 3306 (br vs)¥ NH), 3061 (w), 3022 (W)W CHaron), 1600 (M) ¢ C=N,v CCaron), 1564 (W) ¢
CCarom), 1531 (sh), 1518 (s) (thioamide-¥| CCyrom), 1256 (s) ¢ C-0O), 1173 (vs)d NH +v CN), 1022
(s) v C—0), 848 (s), 814 (Sp CHaron); *H NMR (300.13 MHz, DMSGdg) &: 10.80 (1H, br d?J = 2.0
Hz, NoyH), 8.98 (1H, br dd®J = 4.9,%3 = 2.0 Hz, NyH), 7.35-7.41 (2H, m, ArH), 7.06-7.11 (2H, m,
ArH), 6.86-6.88 (1H, m, ArH), 6.80-6.85 (1H, m, Art6.64—6.70 (1H, m, ArH), 4.85 (1H, ddd,=
6.3,31=4.9,%1=2.6 Hz, H-5), 3.65 (3H, s, OGH 3.62 (3H, s, OCH), 3.58 (1H, dd?J = 14.731 =

6.3 Hz, H-6), 3.15 (1H, dd% = 14.7,3 = 2.6 Hz, K-6), 2.25 (3H, s, CH; **C NMR (75.48 MHz,
DMSO-d) 6: 176.9 (C-3), 158.3 (C-7), 148.3 (C), 147.9 (391 (C), 134.5 (C), 134.4 (C), 128.8
(2CH), 125.9 (2CH), 118.1 (CH), 111.3 (CH), 110CHj(, 58.7 (C-5), 55.43 (OCHi 55.41 (OCH),
36.4 (C-6), 20.8 (CH. Anal. Calcd for GoH21N30,S: C, 64.20; H, 5.96; N, 11.82. Found: C, 64.12; H,
6.10; N, 11.89.

4.4.11. 2-Methyl-5,7-diphenyl-2,4,5,6-tetrahydr o-3H- 1,2,4-triazepine-3-thione (8j). Method A:
Compoundj (0.690 g, 72%, very light yellow solid) was ob&difrom hydrazongj (1.07 g, 3.28
mmol) and TsOH- kD (0.693 g, 3.65 mmol) in MeCN (33 mL) (reflux, hpas described fafa in
Method A. The crude product was purified using aotuchromatography on aluminium oxide (44.40
g) eluting with petroleum ether—-CHQfrom 12:1 to 4:1). The main fraction was concated. The
residue was dried in vacuum (water pump), andr&ieid with ether. The obtained suspension was
cooled (-15 °C), the precipitate was filtered oldd¢e 15 °C) filter, washed with cold (—15 °C) etl{dr
x 5 mL), and dried to give triazepi@g Analytically pure sample (white crystals) wasaibed by
crystallization from EtOH. Mp 176:877.5 °C (EtOH); IR (Nujoly, cnmi™ 3216 (br vs)¥{ NH), 3083
(w), 3060 (w), 3047 (W) CHarom), 1604 (W) ¢ C=N), 1572 (W) ¢ CCqrom), 1516 (s) (thioamide-II),
1493 (W) ¢ CCarom), 1274 (s)§ NH +v CN), 760 (s), 698 (SH(CHaron); *H NMR (300.13 MHz,
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DMSO-dg) &: 8.18 (1H, br d®J = 2.5 Hz, NH), 7.66—7.72 (2H, m, ArH), 7.28-7.48{( m, ArH),
7.20=7.27 (1H, m, ArH), 4.94 (1H, ddt),= 9.0, = 4.4,3J = 2.5 Hz, H-5), 3.64 (3H, s, NG} 3.33
(1H, ddd,2) = 13.6,31= 4.4,°3= 0.9 Hz, H-6), 3.25 (1H, dd?J = 13.6,21 = 9.0 Hz, H-6); :°C NMR
(75.48 MHz, DMSO¢) 6: 179.9 (C-3), 165.3 (C-7), 143.3 (C), 135.0 (3305 (CH), 128.5 (2CH),
128.3 (2CH), 127.5 (CH), 126.6 (2CH), 126.1 (2C88.6 (C-5), 45.2 (Chj, 35.1 (C-6). Anal. Calcd
for C;7H17N3S: C, 69.12; H, 5.80; N, 14.22. Found: C, 68.985191; N, 13.93.

Method B: Compoundj (0.486 g, 89%, white solid) was obtained from sleimicarbazidéc
(0.606 g, 1.93 mmol) and AcOH (1.15 mL, 20.09 mmoliEtOH (21 mL) (reflux, 8 h) as described for
8a in Method B. The crude product was purified ustoumn chromatography on silica gel (20.12 g)
eluting with petroleum ether—CHg(from 3:1 to 2:1). The main fraction was concetetia The residue
was dried in vacuum (water pump), and trituratethwether. The obtained suspension was cooled (-15
°C), the precipitate was filtered on cold (—15 fii¢r, washed with cold (15 °C) ether (3 x 5 mL),
and dried to give triazepirg}.

4.4.12. 2-Methyl-5-(4-methyl phenyl)-7-phenyl-2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thione (8k).
Method A: Compoundk (0.342 g, 48%, light yellow solid) was obtainedrfr hydrazongk (0.785 g,
2.30 mmol) and TsOH-4#® (0.489 g, 2.57 mmol) in MeCN (25 mL) (reflux, hpas described f@a

in Method A. The crude product was purified usiotuonn chromatography on silica gel (20.41 g)
eluting with petroleum ether—CHg(from 3:2 to 2:1). The main fraction was concetetia The residue
was dried in vacuum (water pump) ) until the stdbdan formed. The foam was dissolved in EtOAc (3
mL) upon heating, then petroleum ether (9 mL) wdded. The solution was cooled (5 °C),
crystallization was caused by triturating with spat and the obtained suspension was left overmright
5 °C. The precipitated was filtered, washed witll qeetroleum ether—-EtOAc (3:1, v/v) (3 x 3 mL),
and dried to give triazepiri#h. The analytically pure sample (very light yelloalid) was obtained by
crystallization from EtOH. Mp 115116 °C (EtOH); IR (Nujol), cni™ 3368 (s) ¢ NH), 3048 (w),
3029 (W) ¢ CHarom), 1609 (m) ¥ C=N), 1571 (m), 1509 (WM(CCarom), 1488 (s) (thioamide-Il), 1249
(s) @ NH +v CN), 819 (s), 764 (s), 693 (M) CHarom); *H NMR (300.13 MHz, DMSQdg) &: 8.11

(1H, br d,33 = 2.4 Hz, NH), 7.68-7.74 (2H, m, ArH), 7.35-7.8%( m, ArH), 7.24-7.30 (2H, m,
ArH), 7.10-7.16 (2H, m, ArH), 4.88 (1H, dd,= 9.0,°J = 4.6,%) = 2.4 Hz, H-5), 3.63 (3H, s, NGN
3.28 (1H, ddd?J = 13.6,33 = 4.6,"J = 1.0 Hz, H-6), 3.23 (1H, dd?J = 13.6,2J = 9.0 Hz, H-6), 2.25
(3H, s, CH); **C NMR (75.48 MHz, DMSQ4dg) 6: 179.9 (C-3), 165.1 (C-7), 140.4 (C), 136.6 (C),
135.0 (C), 130.6 (CH), 128.8 (2CH), 128.5 (2CH)6 B2(2CH), 126.0 (2CH), 63.4 (C-5), 45.2
(NCHg), 35.2 (C-6), 20.7 (CkJ. Anal. Calcd for GgH19N3S: C, 69.87; H, 6.19; N, 13.58. Found: C,
69.91; H, 6.23; N, 13.38.
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Method B: CompoundBk (0.501 g, 82%, very light yellow solid) was ob&ahfrom
thiosemicarbazidéd (0.647 g, 1.98 mmol) and AcOH (1.20 mL, 20.97 mmolEtOH (22 mL)
(reflux, 8 h) as described f8a in Method B. The crude product was purified ustogumn
chromatography on silica gel (20.12 g) eluting va#troleum ether—CHg([from 60:25 to 60:30). The
main fraction was concentrated. The residue wasldn vacuum (water pump) until the stable foam
formed. The obtained foam was dissolved in EtOlch[3 upon heating. The solution was cooled to
room temperature, crystallization was caused lyr&iing with spatula, and the solvent was removed
in vacuum. The residual solid was dried in vacuwatér pump), and triturated with petroleum ether.
The precipitate was filtered, washed with petroleathrer (4 x 3 mL), and dried to give triazep8ke

4.4.13. 2-Methyl-5,7-di (4-methyl phenyl)-2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thione (8I).
Compoundl (0.679 g, 81%, very light yellow solid) was obanfrom semicarbazidse (0.881 g,
2.58 mmol) and AcOH (1.50 mL, 26.21 mmol) in EtG5 (mL) (reflux, 8 h) as described 18a in
Method B. The crude product was purified using ooluichromatography on silica gel (32.41 g) eluting
with petroleum ether—CHg(from 60:25 to 60:30). The main fraction was concated. The residue
was dried in vacuum (water pump) until the stabkni formed. The obtained foam was dissolved in
EtOH (3 mL) upon heating. The solution was cootedobm temperature, crystallization was caused
by triturating with spatula, and the solvent wamoged in vacuum. The residual solid was dried in
vacuum (water pump), and triturated with petrolezthrer. The precipitate was filtered, washed with
petroleum ether (4 x 3 mL), and dried to give ®j@ine8l. The analytically pure sample (white
crystals) was obtained by crystallization from EtQ#p 140.5-141.5 °C (EtOH); IR (Nujoly, cm™
3381 (w), 3357 (s)M(NH), 1611 (sh)¥ C=N), 1601 (m), 1558 (w), 1509 (shk) CCqurom), 1492 (S)
(thioamide-I1), 1256 (s)§ NH +v CN), 817 (s) § CHaron); *H NMR (300.13 MHz, DMSGdg) &: 8.01
(1H, br d,3J = 2.2 Hz, NH), 7.59-7.64 (2H, m, ArH), 7.25-7.284( m, ArH), 7.18-7.23 (2H, m,
ArH), 7.11-7.17 (2H, m, ArH), 4.84 (1H, ddt,= 9.3,°J = 4.6,%J = 2.2 Hz, H-5), 3.62 (3H, s, NGN
3.25 (1H, ddd?J = 13.5,°) = 4.6,*J = 1.0 Hz, H-6), 3.19 (1H, dd?J = 13.5,J = 9.3 Hz, K-6), 2.32
(3H, s, CH), 2.26 (3H, s, Ch); **C NMR (75.48 MHz, DMSQdg) &: 179.9 (C-3), 165.1 (C-7), 140.52
(C), 140.50 (C), 136.6 (C), 132.1 (C), 129.1 (2CHD8.8 (2CH), 126.5 (2CH), 126.0 (2CH), 63.5 (C-
5), 45.1 (NCH), 35.0 (C-6), 20.9 (C¥}, 20.6 (CH). Anal. Calcd for GH21N3S: C, 70.55; H, 6.54; N,
12.99. Found: C, 70.29; H, 6.83; N, 13.09.

4.5. Synthesis of 5-unsubstituted 2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thione 15
4.5.1. 4-[ (3-Oxo-3-phenyl)prop-1-yl] thiosemicarbazide (12). To a cooled in an ice-bath, stirred solution

of isothiocyanatoketon#l® (2.22 g, 79 mol% mixture with BRS, 8.24 mmol) in MeCN (9 mL) was
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added a solution of M- H,O (0.522 g, 10.42 mmol) in MeCN (3 mL) and the t&3g suspension
was stirred in ice-bath for 10 min. The reactioxtonie was cooled (-15 °C), the precipitate was
filtered, washed with cold (—15 °C) MeCN (3 x 5 mepld (—15 °C) ether (2 x 5 mL), and dried to
give product (1.84 g, 100%) as a 98:2 mixture aidbmicarbazidé2 and 1-amino-6-hydroxy-6-
phenylhexahydropyrimidine-2-thion&3). After crystallization from MeCN the isomeric cposition
of the product did not change. Mp 38%9 °C (dec, MeCN); IR (Nujol), cmi™: 3326 (s), 3279 (s),
3174 (sh), 3155 (br sy (NH), 3084 (w), 3065 (w), 3057 (Wy CHarom), 1682 (s) ¢ C=0), 1640 (s)J
NH>), 1594 (m), 1578 (shy (CCaron), 1562 (s) (thioamide-II), 1505 (my CCarom), 763 (S), 688 (s}(
CHarom); *H NMR of thiosemicarbazid&2 (300.13 MHz, DMSQdg) &: 8.71 (1H, br s, NNH,), 7.96—
8.02 (2H, m, ArH)~7.96 (1H, br unresolved t,HNiCH,), 7.61-7.68 (2H, m, ArH), 7.49-7.57 (2H, m,
ArH), 4.46 (2H, br s, Nb), 3.81 (2H, dt3J = 6.7,°J = 6.0 Hz, NCH), 3.32 (2H, t3J = 6.7 Hz,
CH,C=0);'H NMR of pyrimidine13 (300.13 MHz, DMSQd) &: 8.44 (1H, br s, W)H), 7.25-7.39
(5H, m, ArH), 6.70 (1H, s, OH), 4.73 (2H, br s, NHsignals of other protons overlap with proton
signals of the acyclic isomefiC NMR of thiosemicarbazid#2 (75.48 MHz, DMSOdg) &: 199.2
(C=0), 181.0 (C=S), 136.4 (C), 133.4 (CH), 128.8KR, 127.9 (2CH), 38.4, 38.3 (GBH,). Anal.
Calcd for GoH13N30S: C, 53.79; H, 5.87; N, 18.82. Found: C, 53.72511; N, 18.94.

4.5.2. Hydrazone of 4-[ (3-oxo-3-phenyl)prop-1-yl] thiosemicarbazide (14). Compoundl4 (0.529 g,
90%) as a 92:8 mixture of geometric isomers wapared from thiosemicarbazid@ (0.553 g, 2.48
mmol) and NH4- H,O (1.23 g, 24.5 mmol) in EtOH (17 mL) (reflux, @8 min) as described faj.
After crystallization from MeCN the isomeric ratthanged to 97:3, respectively. Mp 131182.5 °C
(dec, MeCN); IR (Nujoly, cm™: 3393 (m), 3281 (sh), 3214 (br s), 3195 (brvaXH), 3079 (w), 3060
(w), 3037 (w), 3017 (W) CHarom), 1627 (s) ¢ C=N,d NHy), 1591 (w) { CCqurom), 1557 (br s)
(thioamide-I1), 1500 (S){ CCarom), 758 (S), 690 (S)5(CHarom); *H NMR of the major isomer (300.13
MHz, DMSO-dg) 8: 8.77 (1H, br s, NNHy), 8.21 (1H, br unresolvedl] = 6.2 Hz, NHCH), 7.72-7.78
(2H, m, ArH), 7.28-7.35 (2H, m, ArH), 7.19-7.26 (I, ArH), 6.84 (2H, br s, N{iN=C), 4.51 (2H,
br s, NHoNH), 3.49-3.59 (2H, m, CH\), 2.76—2.85 (2H, m, C}€=N); *H NMR of the minor isomer
(300.13 MHz, DMSQdg) &: 8.60 (1H, br s, NNHy), 7.43—7.50 (2H, m, ArH), 5.74 (2H, br s,
NH,N=C), 4.42 (2H, br s, No,NH), 3.62 (2H, dt3J = 7.0,3J = 6.1 Hz, CHN), 2.63 (2H, t3J = 7.0 Hz,
CH,C=N), signals of other protons overlap with sigraflanalogous protons of the major isontag,
NMR of the major isomer (75.48 MHz, DMS@) 5: 180.9 (C=S), 141.2 (C=N), 138.9 (C), 128.1
(2CH), 126.9 (CH), 124.5 (2CH), 38.5 (@MW), 26.0 CH>C=N). Anal. Calcd for gH1sNsS: C, 50.61;
H, 6.37; N, 29.51. Found: C, 50.61; H, 6.57; N629.
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4.5.3. 7-Phenyl-2,4,5,6-tetrahydro-3H-1,2,4-triazepine-3-thione (15). Compoundl5 (0.616 g, 74%,

very light yellow solid) was obtained from semicazitle12 (0.906 g, 4.06 mmol) and AcOH (0.95
mL, 16.60 mmol) in EtOH (40 mL) (reflux, 3 h) assdebed for8a in Method B. The crude product
was purified using column chromatography on sified(31.24 g) eluting with petroleum ether—CHkICI
(from 1:1 to 1:3). The main fraction was concemdafThe residue was dried in vacuum (water pump),
the resulting solid was triturated with ether, thained suspension was cooled (—15 °C), the
precipitate was filtered on cold (—15 °C) filteraghed with cold (=15 °C) ether (3 x 5 mL), anddirie
to give triazepind5. Analytically pure sample (white crystals) wasaibed by crystallization from
MeCN. Mp 152.5153.5 °C (MeCN); IR (Nujoly, cm™: 3374 (s), 3168 (br s), 3115 (m), 3081 (m) (
NH), 3060 (W) { CHarom), 1625 (m) ¢ C=N), 1577 (s) (thioamide-I1), 1504 (m), 1486 (n)CCarom),
1175 (vs) § NH +v CN), 768 (s), 695 (SB(CHarom); *H NMR (300.13 MHz, DMSQdg) &: 10.63 (1H,
br d,*J = 2.3 Hz, NyH), 8.95 (1H, br dt?J = 4.3, = 2.3 Hz, NyH), 7.64-7.72 (2H, m, ArH), 7.35—
7.45 (3H, m, ArH), 3.36-3.42 (2H, m, H-5), 3.04-8(@H, m, H-6);*C NMR (75.48 MHz, DMSO-

ds) 8: 178.3 (C-3), 156.6 (C-7), 137.7 (C), 129.3 (CHD8.3 (2CH), 126.0 (2CH), 43.1 (C-5), 31.6 (C-
6). Anal. Calcd for GH11N3S: C, 58.51; H, 5.40; N, 20.47. Found: C, 58.485132; N, 20.54.

4.6. Synthesis of 2,4,5,6-tetrahydro-3H-1,2,4-triazepin-3-ones 16a-e

4.6.1. 5,7-Diphenyl-2,4,5,6-tetrahydro-3H-1,2,4-triazepin-3-one (16a). To a stirred solution of KOH
(0.195 g, 3.48 mmol) in $#D (0.7 mL) were added triazepinethid3ee(0.193 g, 0.69 mmol) and EtOH
(3.5 mL). The resulting suspension was cooled (50, cold water), kD, (0.49 mL, 7.11 mmol; d =
1.175 g/mL, 43%) was added over 1 min and cooliag removed. The reaction mixture was stirred at
room temperature for 1.5 h, AcOH (0.18 mL, 3.06 mfyma@s added, and the solvent was removed
under vacuum (temperature of bath below 35 °C)theaesidue was added saturated aqueous
NaHCG; (3 mL), and the obtained suspension was cooled pfécipitate was filtered, washed with ice
cold HO, petroleum ether, and dried to give triazepintéee(0.162 g, 89%). Mp 204-205 °C (EtOH).
'H and’*C NMR spectra ol6a were identical to those in the literatdfe.

4.6.2. 5-(4-Methyl phenyl)-7-phenyl-2,4,5,6-tetrahydro-3H-1,2,4-triazepin-3-one (16b). Compoundl6éb
(0.232 g, 87%) was obtained from triazepinethi8n€0.264 g, 0.89 mmol), KOH (0.247 g, 4.40
mmol) and HO, (0.64 mL, 9.19 mmol; d = 1.175 g/mL, 43%) in EtQ@H5 mL) and HO (1 mL) (rt, 2
h), then AcOH (0.23 mL, 4.02 mmol) as describedlfa. Mp 189-191 °C (EtOH)H and**C NMR

spectra ofl6b were identical to those in the literatdre.
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4.6.3. 5-(4-Methoxyphenyl)-7-phenyl-2,4,5,6-tetrahydro-3H-1,2,4-triazepin-3-one (16¢). Compound
16¢ (0.258 g, 88%) was obtained from triazepinethidn€).310 g, 0.99 mmol), KOH (0.284 g, 5.05
mmol) and HO, (0.70 mL, 10.05 mmol; d = 1.175 g/mL, 43%) in Et@@mL) and HO (1 mL) (rt, 2
h), then AcOH (0.22 mL, 3.84 mmol) as describedlia. Mp 188.5189.5 °C (dec, MeCN); IR
(Nujol) v, cni™’: 3346 (w), 3240 (br s), 3226 (br s), 3100 (brva)NH), 3054 (w), 3029 (w), 3000 (wy (
CHarom), 1685 (s) (amide-l), 1642 (my C=N), 1613 (m), 1585 (m), 1511 (s) CCuron), 1251 (s), 1035
(m) (v C-0), 823 (s), 766 (s), 707 (M) CHarom); *H NMR (300.13 MHz, DMSQdg) &: 9.54 (1H, br d,
*J = 2.0 Hz, NpH), 7.19-7.47 (8H, m, ArH and\H), 6.81-6.87 (2H, m, ArH), 4.74 (1H, ddd,=
7.0, =4.0,3= 3.1 Hz, H-5), 3.31 (1H, dd) = 14.4,°) = 7.0 Hz, H-6), 3.14 (1H, dd?J = 14.43) =
3.1 Hz, H:-6); 1*C NMR (75.48 MHz, DMSQdg) §: 158.3 (C), 155.5, 155.1 (C-3, C-7), 137.7 (C),
135.2 (C), 128.7 (CH), 128.1 (2CH), 127.0 (2CH)582(2CH), 113.6 (2CH), 55.2 (C-5), 55.0
(OCHg), 36.3 (C-6). Anal. Calcd for H17N30.: C, 69.14; H, 5.80; N, 14.23. Found: C, 69.09; H,
5.76; N, 14.42.

4.6.4. 5-(4-tert-Butyl phenyl)-7-phenyl-2,4,5,6-tetr ahydr o-3H-1,2,4-triazepin-3-one (16d). Compound
16d (0.331 g, 58%) was obtained from triazepinethid@€.594 g, 1.76 mmol), KOH (0.492 g, 8.77
mmol) and HO, (1.27 mL, 18.24 mmol; d = 1.175 g/mL, 43%) in EtQH) mL) and HO (2 mL) (rt,
2.5 h), then AcOH (0.39 mL, 6.81 mmol) as descrifeed6a. The crude product was purified using
column chromatography on silica gel (10.24 g) eyitvith CHCE. Mp 232-233 °C (dec, EtOH); IR
(Nujol) v, cm™: 3347 (w), 3229 (br s), 3098 (br s)NH), 3060 (w), 3030 (W)M(CHaron), 1686 (S)
(amide-1), 1637 (M) C=N), 1574 (w), 1511 (M¥(CCaron), 823 (S), 758 (M), 699 (MY CHaron); *H
NMR (300.13 MHz, DMSQde) &: 9.56 (1H, br diJ = 2.1 Hz, NyH), 7.20-7.41 (10H, m, ArH and
N@H), 4.75 (1H, ddd3J = 7.0,%) = 3.6,°J = 3.4 Hz, H-5), 3.26 (1H, ddd) = 14.4°J=7.0,"=0.7
Hz, Ha-6), 3.17 (1H, dd?J = 14.4,3J = 3.4 Hz, H-6), 1.22 (9H, s, 3xCkiin t-Bu); *C NMR (75.48
MHz, DMSO-t) 6: 155.8, 155.6 (C-3, C-7), 149.7 (C), 140.3 (C)7.83C), 128.8 (CH), 128.1 (2CH),
125.74 (2CH), 125.7 (2CH), 125.0 (2CH), 55.8 (C3®.4 (C-6), 34.2GMe3), 31.1 (3xCH in t-Bu).
Anal. Calcd for GoH23N30: C, 74.74; H, 7.21; N, 13.07. Found: C, 74.837H0; N, 13.10.

4.6.5. 7-(4-Methyl phenyl)-5-phenyl-2,4,5,6-tetrahydro-3H-1,2,4-triazepin-3-one (16e). Compoundl6e
(0.289 g, 93%) was obtained from triazepinethigh.331 g, 1.12 mmol), KOH (0.315 g, 5.61
mmol) and HO, (0.78 mL, 11.20 mmol; d = 1.175 g/mL, 43%) in Et@&mL) and HO (1 mL) (rt, 2
h), then AcOH (0.25 mL, 4.37 mmol) as describedl&a. Mp 208-209 °C (dec, EtOH); IR (Nujoh),
cmi ™ 3369 (s), 3325 (m), 3223 (br s), 3109 (bnsNH), 3069 (W), 3032 (WM CHarom), 1674 (vS)
(amide-I), 1615 (m)y C=N), 1509 (W) ¢ CCarom), 814 (S), 752 (M), 706 (MJ CHaron); 'H NMR

(300.13 MHz, DMSQd) &: 9.49 (1H, br d*J = 2.0 Hz, NpH), 7.15-7.33 (8H, m, ArH and@H),
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7.02—7.08 (2H, m, ArH), 4.79 (1H, ddt), = 6.9,%) = 3.2,) = 3.0 Hz, H-5), 3.31 (1H, ddd) = 14.3,
31=6.9,7=1.0 Hz, H-6), 3.16 (1H, dd?J = 14.331 = 3.2 Hz, K-6), 2.24 (3H, s, CH; **C NMR
(75.48 MHz, DMSOdg) 5: 155.6, 155.5 (C-3, C-7), 143.2 (C), 138.3 (C}¥.B3C), 128.6 (2CH),
128.1 (2CH), 127.1 (CH), 125.9 (2CH), 125.5 (2C5§,0 (C-5), 35.9 (C-6), 20.6 (GH Anal. Calcd
for C17H17N30: C, 73.10; H, 6.13; N, 15.04. Found: C, 73.04617; N, 15.09.
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Tables

Table 1. Reaction of isothiocyanato ketordssb,g with hydrazine hydrate or methyl hydrazie.

Entry 4 R R R® Product(s) 5/6 Yield
ratid (%)Y

1 4a H H H 5a+6a 89:1F 99
2 49  Me Me H 5b+6b 95:5 98
3 4a H H Me  5c - 99
4 4 H Me Me  5d - 98
5 49 Me Me Me 5e - 98

21:1 molar ratio of reagents, EtOH, rt, 1 h.

® According to'H NMR spectroscopic data for the crude products.
¢ Isolated yields.

9 Diastereomeric ratio fdéa was 69:31.

¢ Diastereomeric ratio fdb was 67:33.

Table 2. Synthesis of 4-(3-aryl-3-oxopropyl)thiosemicarlagezhydrazonega-k by reaction of isothiocyanatds-i or thiosemicarbazidese,d with excess
hydrazin€.

Entry Starting R R R R Product Isomer Yield

compd ratid (%)
1 4a H H H H Ta 87:13 92
2 4a H H H H Ta 100:.0 84
3 4b H Me H H 7b 83:17 91
4 4c H OMe H H 7c 84:16 94
5 4d H OMe OMe H 7d 84:16 89
6 4e H t-Bu H H 7e 90:10 89
7 Af Me H H H 7f 97:3 93
8 49 Me Me H H 79 83:17 89
9 4h Me OMe H H 7h 88:12 89
10 4 Me OMe OMe H 7i 83:17 92
11 5c H H H Me 7j°¢ 78:22 94
12 5d H Me H Me 7k 78:22 97

220 equiv. of NH,4- H0, EtOH, reflux, 3 h.

® According to'H NMR spectra of the crude products.
¢ Isolated yields.

420 equiv. of NH, H,0, EtOH, rt, 24 h.

¢ Along with 5 mol% of7a.

f Along with 5 mol% of7b.
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Table 3. Acid-catalyzed cyclization of hydrazones of 4&(34-3-oxopropyl)thiosemicarbazid@a-k into 2,4,5,6-tetrahydro¥3-1,2,4-triazepine-3-thiones
8a-k.

Entry 7° R R R? R® Solvent Acid (equiv.) Conc. af  Reaction 8 Purity Yield
(mol/L) conditions o8’ (%) (%)
1 Ta H H H H EtOH TsOH (1.05) 0.300 rn,2h 8a 37 -
2 7a H H H H MeCN TsOH (1.03) 0.300 r,2h 8a 35 —
3 7a H H H H EtOH TsOH (1.05) 0.300 reflux, 1.5 h 8a 61 —
4 Ta H H H H EtOH TsOH (1.10) 0.097 reflux, 1.5 h 8a 79 -
5 7a H H H H EtOH TsOH (1.11) 0.097 reflux, 1.5 h 8a 78 76
6 7a H H H H EtOH TsOH (1.52) 0.098 reflux, 1.5 h 8a 77 —
7 Ta H H H H EtOH TsOH (1.07) 0.054 reflux, 1.5 h 8a 80 -
8 Ta H H H H EtOH HCI (1.05) 0.107 reflux, 1.5 h 8a 72 -
9 7a H H H H AcOH AcOH 0.100 reflux, 1.67 h  8a 68 —
10 7b H Me H H EtOH TsOH (1.10) 0.095 reflux, 1.5 h 8b 80 76
11 7c H OMe H H EtOH TsOH (1.10) 0.098 reflux, 1.5 h 8c 75 75
12 7d H OMe OMe H EtOH TsOH (1.15) 0.091 reflux, 1.5h &d 74 73
13 Te H t-Bu H H EtOH TsOH (1.12) 0.096 reflux, 1.5 h 8e 80 78
14 7f Me H H H EtOH TsOH (1.12) 0.098 reflux, 1.5 h 8f 84 81
15 79 Me Me H H EtOH TsOH (1.11) 0.097 reflux, 1.5h  8g 81 76
16 7h Me OMe H H EtOH TsOH (1.12) 0.095 reflux, 1.5h  8h 81 81
17 7i Me OMe OMe H EtOH TsOH (1.11) 0.098 reflux, 1L.5h  8i 83 82
18 7j H H H Me MeCN TsOH (1.12) 0.092 reflux, 1.5 h 8 78 72
19 7 H H H Me  MeOH TSOH (1.11) 0.095 reflux, 1.5h  § 75 -
20 7] H H H Me  EtOH TSOH (1.11) 0.102 reflux, 1.5h  § 72 -
21 7K H Me H Me MeCN TsOH (1.12) 0.092 reflux, 1.5h 8k 71 48

#The crude products obtained by the reactiofiaeif or 6¢,d with excess bH, in refluxing EtOH were used. Thedi/Z ratios are presented in Table 2
(enties 2, 3-12).

® Purity of the isolated crude product was estimatedatio of the expected integral intensity of #tematic protons region (10 H f8a,j, 9 H for
8b,c,efk, 8 Hfor8d,g,h, and 7 H foi8i) to the observed integral intensity in this regiothe®H NMR spectrum of the crude product multiplied 01
In all cases complete conversion of the startingenal was observed.

¢ Isolated yield (after column chromatography).

9 The crude product obtained by the reactiodaofvith excess BH, in EtOH at rt was used (Table 2, entry 2).

Table 4. Acid-catalyzed cyclization of 4-(3-aryl-3-oxoprdjthiosemicarbazideSa-e into 2,4,5,6-tetrahydrot3-1,2,4-triazepine-3-thionega,g,j -1.2

Entry 5 R R R Solvent  Acid (equiv.)  Additive Reaction  Cohv. 8 Purity Yield!
(equiv.) time (h) (%) & (%) (%)
1 b5a H H H EtOH TsOH (0.11) - 1 100 8a 17 -
2 b5a H H H MeCN TsOH (0.10) - 1 100 8a 23 -
3 52 H H H EtOH  TsOH (1.12)  MHsH,0 (1.01) 1 100 8a 32 -
4 b5a H H H EtOH TsOH (1.00) BMH4- HO (1.01) 1 100 8a 33 -
5 b5a H H H MeCN TsOH (1.04) BMH4- HO (1.04) 1 100 8a 26 -
6 5a H H H EtOH AcOH (4.05) — 1 87 8a 68 —
7 b5a H H H EtOH AcOH (4.10) - 3 100 8a 85 83
8 b5a H H H MeCN AcOH (4.14) - 3 55 8a 22 -
9 5b Me Me H EtOH AcOH (4.13) — 3 100 89 83 79
10 5c H H Me EtOH TsOH (0.10) - 1 85 8j 31 -
11 5c H H Me MeCN TsOH (0.10) - 1 100 8j 58 -
12 5c H H Me EtOH AcOH (4.01) — 1 39 8 26 —
13 5c H H Me MeCN AcOH (4.13) - 5 21 8j 10 -
14 5c H H Me EtOH AcOH (10.40) - 8 100 8j 89 89
15 5d H Me Me EtOH AcOH (10.62) - 8 100 8k 89 82
16 5e Me Me Me EtOH AcOH (10.16) - 8 100 8l 88 81

@The reactions were performed at reflux with comcions of the starting material ranging from @.@6 0.136 mol/L.

® Level of conversion of the starting material adiog to*H NMR of the crude product.

¢ Purity of the isolated crude product was estimatedatio of the expected integral intensity ofdhematic protons region (10 H f8a,j, 9 H for8k, 8 H
for 8g,1) to the observed integral intensity in this regiothe®H NMR spectrum of the crude product multiplied §01

4 Isolated yield (after column chromatography).
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Table 5. Oxidative transformation of triazepine-3-thior8asc,e,f into their 3-oxo-analogt6a-e.*

Entry 8 R R Product Yield (%)
1 8a H H 16a 89
2 8b H Me 16b 87
3 8c H OMe 16¢ 88
4 8e H t-Bu 16d 58
5 8f Me H 16e 93

@ Reaction conditions: 4D, (10 equiv.), KOH (5 equiv.), EtOHAD, rt, 1.5-2.5 h.
® Isolated yield (forl6d after column chromatography).
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L egendsfor Schemes and Figures

Scheme 1. Synthesis of 2,4,5,6-tetrahydrétdl,2,4-triazepin-3-onea.

Scheme 2. Synthesis of 4-(3-aryl-3-oxopropyl)thiosemicarlaEzaba-e and their hydrazoné&-k.

Scheme 3. Synthesis of 2,4,5,6-tetrahydrétdl,2,4-triazepine-3-thione&a-k from hydrazones of 4-(3-
aryl-3-oxopropyl)thiosemicarbazid@a-k.

Scheme 4. A plausible pathway for the acid-catalyzed (HAgI@ation of E-7a into 8a.

Scheme 5. Synthesis of 2,4,5,6-tetrahydrétdl, 2,4-triazepine-3-thioneda,g,j-1 from 4-(3-aryl-3-
oxopropyhthiosemicarbazidém-e.

Scheme 6. Synthesis of 5-unsubstituted triazepiefrom isothiocyanatél.

Scheme 7. Transformation of 2,4,5,6-tetrahydrétd., 2,4-triazepine-3-thione&a-c,ef into their 3-

oxo-analogd6a-e.

Figure 1. Views of molecular X-ray structures Bf8b (a) andS-8b (b) with ellipsoids drawn at the
50% probability level.

Figure 2. A view of molecular X-ray structure &f with ellipsoids drawn at the 50% probability level

Figure 3. A view of molecular X-ray structure &f with ellipsoids drawn at the 50% probability level

Only R-isomer is represented.
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