Advances in Basic and Applied Sciences 4 (2025) 65-71

‘R Advances in Basic and Applied Sciences
%“%uw‘j journal homepage: https://abas.journals.ekb.eq/ HELWAN ums"-'

Synthesis of substituted spiro-thiadiazoles via reaction between
cyclo-alkylidenehydrazinecarbothioamides and 2,3-diphenyl-
cycloprop-2-enone

Alaa A. Hassan'« Ashraf A. Aly?, Nasr K. Mohamed?, Stefan Brase?, Olaf Fuhr®4, Ahmed
T. Abdel-Aziz,!

1 Chemistry Department, Faculty of Science, Minia University, Egypt.

2 Institute of Organic Chemistry, Karlsruher Institut Fur Technologie, 76131 Karlsruhe, Germany.

3 Institute of Nanotechnology (INT) and Karlsruhe Nano Micro Facility (KNMFi), 76131 Karlsruhe, Germany.
4 Karlsruhe Institute of Technology (KIT), 76131 Karlsruhe, Germany.

ARTICLE INFO

Article history:

Received 27 April 2025

Accepted 7 May 2025

Available online 11 May 2025

doi: 10.21608/ABAS.2025.379208.1063

Keywords: Cycloalkylidenehydrazinecarbothioamides, 2,3-diphenylcycloprop-2-enone, spiro thiadiazoles.

Abstract

Substituted spiro thiadiazoles, synthesized by reacting cycloalkylidene-hydrazinecarbothioamides with 2,3-
diphenylcycloprop-2-enone in ethanol under stirring and gentle reflux, were thoroughly characterized. Their structures were
elucidated using mass spectrometry, IR, and NMR spectroscopy, alongside elemental analysis. Furthermore, X-ray structure
analysis provided definitive confirmation for certain compounds. The underlying reaction mechanism leading to the formation
of these spiro thiadiazoles was also investigated and discussed.

carbothioamides in glacial acetic acid at room temperature
afforded,2,5,6,7-tetrasubstituted-pyrrolo[2,1-b](1,3,5-
oxadiazolyl)-2-amines in 60-76% yield’. However,
substituted thiazinanes were successfully synthesized. It was
achieved during the reaction of hydrazinecarbothioamide
derivatives with 2,3-diphenylcyclopropenones.®

1. Introduction

Cyclopropenones are commonly employed as electrophilic
trapping agents.! Owing to the high strain> of
cyclopropenones, it easily participates in cycloaddition,® ring
opening,* and ring enlargement® reactions. Hassan et al.

reported that a series of thiadiazoles were obtained via a
catalyst-free  reaction between cyclopropenone and
alkylidenehydrazine-carbothioamides in dry ethanol.® In a
different manner, Aly et al. reported that the reaction mixture
of cyclopropenone with ylidene-N-phenylhydrazine-

Thiadiazole nucleus is a well-known and one of the most
important heterocyclic nuclei, exhibiting various biological
activities, such as anti-microbial®!3, anti-convulsant!*1¢,
anti-cancer'”18, anti-viral'®®, anti-tuberculosis?®®%, anti-
inflammatory and analgesic??-?, diuretic?®, anti-diabetic?%?’,

* Corresponding author E-mail:

Alaahassan2001@mu.edu.eq

© 2025



mailto:Alaahassan2001@mu.edu.eg
https://abas.journals.ekb.eg/

Alaa A. Hassan et al. / Advances in Basic and Applied Sciences 4 (2025) 65-71

anti-depressant?®?®,  anti-ulcer®®, anti-leishmanicidal®"%,
anti-influenza3®34, anti-hypolipidemic, anti-
hyperlipidemia®® and anti-hypertensive®'.

Cunha and Rocha reported that 1,6-diisopropyl-2,7-
diphenyl-4-oxaspiro-[2,4]hepta-1,6-dien-5-one was
synthesized via refluxing 2-isopropyl-3-phenyl-cycloprop-2-
en-1-one in dioxane in the presence of copper chloride
(CuCl).®® Spiro heterocyclic compounds were reported
during the reaction between substituted cyclopropenones and
tri-substituted cyclopropanes in dichloromethane catalyzed
by scandium trifluoromethanesulfonate Sc(OTf)3.* 1,2-
Bis(2-methoxy-5-methylphenyl)-6,7-diphenyl-4-
oxaspiro[2,4]hepta-1,6-dien-5-one was obtained via the
reaction of two derivatives of cyclopropenones together with
methyl-p-tolylether in the presence of CuBr as a catalyst.*°
Previously, it was also reported that thiazinanones, 2-
oxoacenaphthylen-1(2H)-ylidene)hydrazineylidene)-5,6-
diphenyl-1,3-thiazinan-4-ones were synthesized via the
reaction of oxoacenaphthylen-hydrazine-carbothioamide
derivatives with 2,3-diphenylcycloprop-2-enone in ethanol
and catalyzed by triethyl amine®!.

In an attempt to develop effective and safe antibacterial
agents, Aly et al. synthesized a series of thiazinanones by
combining the quinolone scaffold and the 1,3-thiazinan-4-
one group by the reaction between ((4-hydroxy-2-oxo-1,2-
dihydroquinolin-3-yl)methylene)hydrazine-carbothioamides
and 2,3-diphenylcycloprop-2-enone in refluxing ethanol in
the presence of triethylamine as a catalyst*2.

On the basis of the aforementioned, we encourage
carrying out the reaction between
cycloalkylidenehydrazinecarbothioamides and 2,3-
diphenylcycloprop-2-enone in order to investigate the
mechanism and the reactivity of the two starting materials
and the type of heterocycles that might be obtained.

2. Results and discussion

In this article, we reported the reaction of
cycloalkylidenehydrazinecarbothioamides la-i with 2,3-
diphenylcyclopropenones (2) in refluxing absolute ethanol
for 6-10 h (Scheme 1). From the structural investigation, the
IR spectrum of 3a-e showed the stretching frequency
between v = 3335-3212 cm* due to NHy, v=2994-2873 cmr
! for ali-CH,. The IR spectra did not reveal any absorptions
due to C=S or OH groups. The elemental analysis clearly
showed that the products were formed by adding one
molecule of 1 to one molecule of 2 without any elimination.
The 3C NMR supported the 'H NMR spectroscopic data in
elucidation of the structure of compounds 3a-e (see the
experimental section). The 'H NMR spectra of 3a-e revealed
the NH, protons together with the aromatic ones. For
example, the IR spectrum of compound 3a showed four
characteristic groups NH», Ali-CH, carbonyl, and aromatic-
CH at v = 3317, 2958-2876, 1712 (CO), and 1578,
respectively. The 1*C NMR spectrum showed five distinctive
carbon signals of cyclic-CHy, spiro-C, C=N, and CO at 6 =

25.0, 39.4, 88.9,144.9 and 168.0, respectively. The IR
spectrum of compound 3e showed absorptions at v = 3335
(NHy), 1708 (CO), and 1594 (Ar-CH). The benzylic-CH
appeared in the *H NMR spectrum as a singlet at § = 5.23,
whereas the NH; resonted as a broad singlet at 6 = 7.60. The
13C NMR spectrum revealed the spiro-C and C=0 carbon
signals at 0 = 89.7 and 164.6 (see the experimental). Mass
spectroscopy revealed the molecular ion peak at m/z = 460.
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Scheme 1.

Reaction of cycloalkylidenehydrazinecarbothioamides la-i
with  2,3-diphenyl-cyclopropenone (2); synthesis of
substituted spiro thiadiazoles 3a-i

Moreover, the structure of 3e and 3f has been confirmed
by a single-crystal X-ray diffraction. Structure analysis
(Figures 1, 2 and supplementary data) confirms the cissoid
geometry concerning the central C14-C15 double bond (note
that the crystallographic numbering does not correspond to
the systematic IUPAC numbering rules).

Figure 1. Molecular structure of compound 3e (ORTEP plot
with 50% probability).
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Figure 2. Molecular structure of compound 3f (ORTEP plot
with 50% probability).

The reaction mechanism could be explained as due to an
initially internal cyclization by the sulfur lone pair
accompanied by amidine-like reaction via nucleophilic attack
of the NH-N= group to the electrophilic carbon in compound
2, and then the intermediate 4a-i would then be formed
(Scheme 2). Subsequently, neutralization would occur to
form the corresponding thiadiazoles 3a-i (Scheme 2).
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Scheme 2. Mechanism describes the formation of spiro-
diathiazole compounds 3a-i

3. Experimental

All melting points were determined by using open
capillaries on a Gallen Kamp melting point apparatus.
Infrared spectra (IR) were performed with Alpha, Bruker
instruments with a wavelength from 4000 to 600 cm™ as KBr
disks. NMR spectra were recorded on a Bruker AM 400 MHz
spectrometer using CDCl; as a solvent with TMS as the
internal standard (3 = 0). The data were reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t =
triplet, m = multiplet, and q = quartet). 3C NMR, TMS (5=0)
was used as an internal solvent, and spectra were observed
with complete proton decoupling. Mass spectrometers were
recorded on a Finnigan MAT instrument (70 ev, EI mode).
Elemental analyses for C, H, N, and S were obtained using
Elmyer 306.

Starting materials:

substituted cycloalkylidenehydrazinecarbothioamides la-i
were prepared according to reported methods.!**® The
solvent of the reaction was changed to CH3;CN or CH.ClIy,
CH3OH, ethyl acetate and tetrahydrofuran. The yields of 3a-
i decreased, and in some cases, such as tetrahydrofuran, only
traces of 3a-i were detected by TLC. On the other hand,
increasing one of the reaction partners, such as compound 1
or 2, led to a significant decrease in the yields.

General procedure for preparation of (E)-1-[3-amino-4-
thion-1,2-diaza-spiro-2,3-diphenylprop-2-en-1-ones 3a-i
A solution of 1a-i (1.0 mmol) and cycloprop-2-en-1-one (2,
0.21 g, 1.0 mmol) in 30 ml of ethanol as solvent. The reaction
mixture was stirred with refluxing for 6-10 h or until the
starting material was fully consumed (the reaction was
monitored by TLC analyses). The isolated product mixture
was filtered, and the precipitate was washed several times
with ethanol. The isolated products obtained 3a-i were
recrystallized from suitable solvents.
(E)-1-(3-Amino-4-thia-1,2-diazaspiro[4.4]non-2-en-1-yl)-
2,3-diphenylprop-2-en-1-one (3a). Colorless crystals
(ethanol), m.p. = 178-180°C; IR (KBr): v = 3317 (NHy),
2958-2876 (Ali-CH), 1712 (CO), 1578 (Ar-CH). 'H NMR
(400 MHz, CDCl3): ¢ = 1.52-1.55 (m, 4H, cyclic CH,), 1.98-
2.09 (m, 4H, cyclic-CHy), 5.93 (s, 1H, benzylic-CH), 6.90-
6.93 (m, 2H, Ar-H), 7.00-7.48 (m, 10H, Ar-H and NH,); °C
NMR (101 MHz, CDCls) ¢ = 25.0, 39.4 (cyclic-CHy), 88.9
(spiro-C), 118.0, 122.6, 127.6, 128.1, 128.4, 129.0, 129.2,
129.6, 131.7 (Ar-CH), 135.9, 136.1 (Ar-C), 144.9 (C=N),
168.0 (CO). Anal. Calcd. For C21H21N30S: C, 69.39; H, 5.82;
N, 11.56; S, 8.82. Found C, 69.44; H, 5.88; N, 11.49; S, 8.76.
(E)-1-(3-Amino-4-thia-1,2-diazaspiro[4.5]dec-2-en-1-yl)-
2,3-diphenylprop-2-en-1-one  (3b). Colorless crystals
(methanol), m.p. = 182-184°C; IR (KBr): v = 3298 (NH>),
2994-2982 (Ali-CH), 1710 (CO), 1569 (Ar-CH); 'H NMR
(400 MHz, CDCls): 6 = 1.53-1.59 (m, 4H, Cyclic CH,), 1.84-
2.09 (m, 6H, cyclic CHy), 5.23 (s, 1H, benzylic-CH), 6.79-
6.93 (m, 2H, Ar-H), 7.01-7.45 (m, 8H, Ar-H), 7.47-7.49 (br,
2H, NHy); **C NMR (101 MHz, CDCls) § = 24.5, 25.6, 35.8
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(cyclic-CHy), 91.0 (spiro-C), 127.3, 127.6, 127.9, 128.3,
129.1, 129.7, 131.2 (Ar-CH), 136.8, 139.8 (Ar-C), 148.2
(C=N), 168.2 (CO); MS (70 eV, %): m/z = 377 (M*, 61), 207
(100), 179 (92), 154 (24), 136 (18). Anal. Calcd. For
C22H23N30S: C, 70.00; H, 6.14; N, 11.13; S, 8.49. Found C,
70.08; H, 6.22; N, 11.06; S, 8.41.
(E)-1-(3-Amino-4-thia-1,2-diazaspiro[4.4]dodec-2-en-1-
yl)-2,3-diphenylprop-2-en-1-one (3c). Colorless crystals
(DMF/ethanol), m.p. = 172-174°C; IR (KBr): v = 3275
(NH,), 2936-2853 (Ali-CH), 1696 (CO), 1582 (Ar-CH), *H
NMR (400 MHz, CDCls): 6 =1.36-1.41 (m, 2H, cyclic-CHy)
1.62-1.87 (m, 4H, cyclic CHy), 1.93-2.69 (m, 8H, cyclic
CHy), 5.86 (s, 1H, benzylic-CH), 6.66-6.97 (m, 2H, Ar-H),
7.50-7.56 (m, 3H, Ar-H), 7.62-7.66 (m, 5H, Ar-H), 7.68-7.70
(br, 2H, NH,), C NMR (101.0 MHz, CDCl3) § =21.3,27.2,
28.8, 39.8 (cyclic-CHy), 82.6 (spiro-C), 127.2, 128.4, 128.8,
129.3, 129.7, 130.7, 131.4 (Ar-CH), 134.9, 136.2 (Ar-C),
145.5 (C=N), 167.4 (CO). Anal. Calcd. For C24H27N30S: C,
71.08; H, 6.71; N, 10.36; S, 7.91. Found C, 71.14; H, 6.78;
N, 10.30; S, 7.96.
(E)-1-(5"-Amino-3,4-dihydro-2H,3'H-spiro[naphthalene-
1,2'-[1,3,4]thiadiazol]-3'-yl)-2,3-diphenylprop-2-en-1-one
(3d).

Colorless crystals (ethanol), mp. = 190-192°C; IR (KBr): v =
3212 (NHy), 2987-2920 (Ali-CH), 1718 (CO), 1598 (Ar-
CH); 'H NMR (400 MHz, CDCl3): 6 = 1.56-1.65 (m, 2H,
cyclic CHy), 1.95-2.08 (m, 2H, cyclic CHy), 2.52-2.56 (m,
2H, cyclic-CHy), 5.56 (s, 1H, benzylic-CH), 6.13-6.30 (m,
4H, Ar-H), 6.76-7.01 (m, 2H, Ar-H), 7.15-7.21 (m, 3H, Ar-
H), 7.27-7.41 (m, 5H, Ar-H), 7.92 (br, s, 2H, NH,); °C NMR
(100.1 MHz, CDCls) ¢ = 21.4, 25.3, 29.3 (cyclic-CHy), 86.5
(spiro-C), 124.5, 126.6, 128.1, 128.2, 128.8, 128.9, 129.0,
129.4,129.6, 129.7, 130.0, (Ar-CH), 130.6, 131.3, 140.1 (Ar-
C), 147.8 (C=N), 164.8 (CO). Anal. Calcd. For C2sH23N30S:
C, 73.38; H, 5.45; N, 9.87; S, 7.53. Found C, 73.44; H, 5.53;
N, 9.81; S, 7.62.

(E)-1-(5'-Amino-3'H-spiro[fluorene-9,2'-
[1,3,4]thiadiazol]-3'-yl)-2,3-diphenylprop-2-en-1-one
(3e). Colorless crystals (DMF/ethanol), mp. = 202-204°C; IR
(KBr): v = 3335 (NH>), 1708 (CO), 1594 (Ar-CH); *H NMR
(400 MHz, CDCls): 6 =5.23 (s, 1H, benzylic-CH), 6.93-6.96
(m, 2H, Ar-H), 7.09-7.12 (m, 3H, Ar-H), 7.19-7.23 (m, 2H,
Ar-H), 7.27-7.32 (m, 3H, Ar-H), 7.34-7.45 (m, 4H, Ar-H),
7.48-7.58 (m, 4H, Ar-H), 7.60-7.62 (br, 2H, NH,), *C NMR
(101 MHz, CDCls): J = 89.7 (spiro-C), 127.3, 128.0, 128.6,
129.6, 129.7, 130.0 (Ar-CH), 136.5, 139.1, 140.1 (Ar-C),
148.8 (C=N), 164.6 (CO); MS (70 eV, %): m/z = 460 (M+1,
92), 459 (M*, 22), 307 (20), 279 (31), 179 (47), 154 (100),
136 (71). Anal. Calcd. For Ca9H,1N30S: C, 75.79; H, 4.61;
N, 9.14; S, 6.98. Found C, 75.88; H, 4.69; N, 9.23; S, 6.92.
(E)-2,3-Diphenyl-1-(3-(phenylamino)-4-thia-1,2-
diazaspiro[4.4]non-2-en-1-yl)prop-2-en-1-one (31).
Colorless crystals (DMF/ethanol), mp. = 184-186°C; IR
(KBr): v = 3318 (NH), 2962-2873 (Ali-CH), 1715 (CO),
1584 (Ar-CH); 'H NMR (400 MHz, CDCl3): § = 1.56-1.88
(m, 4H, cyclic CHy), 1.96-2.24 (m, 4H, cyclic CHy), 5.95 (s,
1H, benzylic-CH), 6.66-6.90 (m, 2H, Ar-H), 6.96-7.20 (m,

3H, Ar-H), 7.22-7.42 (m, 5H, Ar-H), 7.45-7.52 (m, 5H, Ar-
H), 9.12-9.14 (br, 2H, NH,); *C NMR (101 MHz, CDClz) §
= 25.8, 28.0 (cyclic-CHy), 86.9 (spiro-C), 127.3, 127.9,
128.4, 129.2, 129.8, 131.0, 131.7 (Ar-CH), 135.2, 137.2,
139.5 (Ar-C), 146.4 (C=N), 164.9 (CO); MS (70 eV, %): m/z
=440 (M+1, 26), 439 (M*, 21), 307 (34), 179 (22), 154 (100),
136 (65). Anal. Calcd. For C7H25N30S: C, 73.77; H, 5.73;
N, 9.56; S, 7.29. Found C, 73.88; H, 5.79; N, 9.51; S, 7.21.
(E)-2,3-Diphenyl-1-(3-(phenylamino)-4-thia-1,2-
diazaspiro[4.5]dec-2-en-1-yl)prop-2-en-1-one (39).
Colorless crystals (ethanol), m.p. = 208-210°C; IR (KBr): v
= 3263 (NHy), 2956-2935 (Ali-CH), 1712 (CO), 1614 (Ar-
CH), *H NMR (400 MHz, CDCls): § = 1.58-1.74 (m, 2H,
cyclic CHy), 1.76-1.90 (m, 4H, cyclic CH,),1.92-2.34 (m, 4H,
cyclic CHy) 5.85 (s, 1H, benzylic-CH), 6.74-6.84 (m, 2H, Ar-
H), 6.94-7.20 (m, 3H, Ar-H), 7.22-7.31 (m, 5H, Ar-H), 7.32-
7.54 (m, 5H, Ar-H), 9.21-9.23 (br, 1H, NH); 13C NMR (101
MHz, CDCls) ¢ = 25.2, 27.2, 42.2 (cyclic-CHy), 87.7 (spiro-
C), 127.0, 128.0, 128.6, 129.3, 130.0, 130.2, 131.9 (Ar-CH),
134.9, 137.8, 139.7 (Ar-C), 144.7 (C=N), 164.6 (CO); MS
(70 eV, %): m/iz = 454 (M+1, 10), 377 (50), 207 (96), 179
(100), 154 (35), Anal. Calcd. For C2sH27N30S: C, 74.14; H,
6.00; N, 9.26; S, 7.07. Found C, 74.22; H, 6.08; N, 9.18; S,
7.16.

(E)-2,3-Diphenyl-1-(3-(phenylamino)-4-thia-1,2-
diazaspiro[4.6]undec-2-en-1-yl)prop-2-en-1-one (3h).
Colorless crystals (ethanol), m.p. = 198-200°C; IR (KBr): v
= 3271 (NH), 2976-2928 (Ali-CH,), 1718 (CO), 1590 (Ar-
CH), 'H NMR (400 MHz, CDCl3): § = 1.58-1.81 (m, 4H,
cyclic CHp), 1.98-2.19 (m, 4H, cyclic CHy), 2.33-2.55 (m,
4H, cyclic-CHy), 5.93 (s, 1H, benzylic-CH), 6.65-6.84 (m,
2H, Ar-H), 6.94-7.21 (m, 3H, Ar-H), 7.24-7.38 (m, 5H, Ar-
H), 7.64-7.83 (m, 5H, Ar-H), 9.68 (s, 1H, NH); 3C NMR
(101 MHz, CDCls) ¢ = 24.9, 27.9, 32.4 (cyclic-CH,), 86.4
(spiro-C), 118.2, 122.7, 125.7, 128.3, 128.6, 129.3, 131.3
(Ar-CH), 136.8, 137.1, 136.5, 140.1 (Ar-C), 147.3 (C=N),
164.4 (CO); MS (70 eV, %): m/z = 468 (M+1, 12), 307 (30),
179 (8), 154 (100), 136 (63). Anal. Calcd. For Cz9H29N3OS:
C, 74.49; H, 6.25; N, 8.99; S, 6.86. Found C, 74.54; H, 6.32;
N, 8.90; S, 6.78.
(E)-2,3-Diphenyl-1-(5'-(phenylamino)-3,4-dihydro-
2H,3'H-spiro[naphthalene-1,2'-[1,3,4]thiadiazol]-3'-
yhprop-2-en-1-one (3i). Colorless crystals (DMF/ethanol),
m.p. = 222-224°C; IR (KBr): v = 3265 (NH), 2986-2921
(Ali-CHy), 1710 (CO), 1585 (Ar-CH), *H NMR (400 MHz,
CDCls): 6 =1.58-1.87 (m, 2H, cyclic CHy), 1.91-2.17 (m, 2H,
cyclic CHp), 2.52-2.55 (m, 2H, cyclic-CHy), 5.96 (s, 1H,
benzylic-CH), 7.03-7.14 (m, 4H, Ar-H), 7.15-7.19 (m, 5H,
Ar-H), 7.20-7.28 (m, 5H, Ar-H), 7.29-7.38 (m, 5H, Ar-H),
10.05 (s, 1H, NH); 3C NMR (101 MHz, CDCl3) 6 = 21.7,
28.9, 36.0 (cyclic-CHy), 85.1 (spiro-C), 118.1, 122.7, 126.6,
127.6, 128.0, 128.3, 128.9, 129.0, 129.3, 129.7, 132.2 (Ar-
CH), 135.9, 136.2, 136.5, 138.7, 139.4 (Ar-C), 143.9 (C=N),
167.0 (CO); MS (70 eV, %): m/z = 500 (M*, 18), 307 (31),
207 (47), 179 (69), 154 (100), 136 (66). Anal. Calcd. For
Cs2H27N3OS: C, 76.62; H, 5.43; N, 8.38; S, 6.39. Found C,
76.68; H, 5.52; N, 8.30; S, 6.46.
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