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Abstract: In recent decades, numerous innovative methods for synthesis of
Sulfonylhydrazide Schiff bases (SHSBs) have emerged. SHSBs ligands and their
complexes possess several medical and industrial applications. Historically,
scientists concentrated on preparing poly-dentate SHSBs that incorporate many
electron-donor elements such as oxygen, sulfur, nitrogen, and phosphorus because
of their coordination properties with almost metal ion centers. The coordination
mode verified the structural properties of their desired complexes, which enhanced
in general the antioxidant, anticancer, anti-inflammatory, and antimicrobial
properties for the complexes better than the free SHSBs ligands. Despite the fact
that there have been very few published reviews and articles in SHSBs compared
to the normal Schiff bases. For instance, SHSBs were discussed in a review article
in 2011; nevertheless, for reasons that remain unclear, subsequent reviews on this
interesting topic have been overlooked, prompting us to consider this current
review. Herein, in this work, we have illustrated the main significant synthesis of
SHSBs ligands during the past five years. This contribution aggregated the latest
synthesis methodologies for SHSBs to accelerate and improve researchers'
endeavors in this important field. Moreover, the work has briefly addressed the
biological applications of most of the illustrated SHSB ligands.

Keywords: SHSBs; Sulfonohvdrazide; poly-chelated ligand; NH:NH,, biological.
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1. Introduction

Sulfonohydrazides are gaining popularity as organic reagents; they can be utilized to synthesize
olefins, diazo, aldehydes, and sugars, as well as de-chlorination of the chlorinated hetero-cycles along
with the transformation of "keto to methylene" groups (El-Sayed er al., 2004). Schiff bases are a large
class of substances that are distinguished by the presence of a "double bond" that links nitrogen with
carbon atoms (Raczuk ef al., 2022). The major functional group (C=N-) can be combined with "ketones
or aldehydes" with and without catalysts, like (trimethylamine or pyridine) as alkaline catalysts, or
(sulfuric, hydrochloric, or acetic acids) to serve as acidic catalysts (Warad er al., 2020; Jalal er al., 2020
and AlAli ef al., 2022). Phenyl Schiff base compounds are considerably much more stable compared
to aliphatic ones because of their aromatic-conjugated structure, and the ability to generate azomethine
through free radical polymerization (Warad et al., 2020). Furthermore, Schiff base is one of the most
versatile & effective chelates or poly-chelated ligands for coordinating metal ion centers. This kind of
compounds formed naturally or could be produced in a laboratory (Prakash er al., 2011). The interest
in hydrazones and their transition ion complexes has grown due to their potential applications in
medical and analytical chemistry sectors (Prakash er a/., 2011). For these reasons, their bioactivity,
synthesis, and computational studies have aroused the curiosity of many scientists. (Bernhardt er al.,
2007). For example, miracle drugs, known as functionalized tosylhydrazones; are a category of sulfa
pharmaceuticals discovered in the 1930s, the miracle drugs structure incorporates tosylhydrazones,
sulfonamide, and the Schiff base (RR’C=N-NH-Ts-NH-Ts) groups, which collectively demonstrate
various biological activities, including anticancer (El-Sayed ef al., 2011), antibacterial (Sharaby, 2006),
and antidepressant (De Oliveira ef al., 2011), that are attributed mainly to the existence of sulfonyl-
hydrazones functional group.

Nitrogenous bases that related to SHSBs are considered to be among the most extensive studies in
the life sciences. This is because a significant number of these compounds are synthesized daily due to
their structural simplicity, diversity, and stability. Additionally, they have the ability to form bonds
with metals 1onic centers, which results in the formation of multiple modes of coordination complexes.
These complexes are useful not only for chemists but also for other scientific fields, particularly in
medicine and pharmaceutical area.

To situate our research, it’s suitable to conduct a bibliometric analysis. In fact, researchers use
bibliometric analysis for a variety of reasons, to get idea about the quantity of published papers, to
uncover emerging trends in article and journal performance, collaboration patterns, and research
constituents, and to explore the intellectual structure of a specific field in the existing literature
(Ellegaard ef al., 2018; Sayed ef al., 2011; Bazzi ef al., 2023; Abbasi ef al., 2024; Kachbou er al.,
2024). The Schiff bases keyword was indicated by over than 16,000 Scopus articles; while searching
for sulfonohydrazide Schiff bases, only 620 articles were found, and the majority of them in chemical
and biochemical fields, as shown in Fig.1a. Several nations contributed to this article; nevertheless, the
two nations with the highest rates of scientific publication are India and China, respectively Fig.1b,
with an increase of 100 to 150 articles each year (Fig. 1¢). Fig. 2 provides a Network VOS viewer of
visualization of the 42 most co-authorship countries in six clusters. The most published Taha M. (Saudi
Arabia) and Khan M. (Pakistan) are indicated by celery and red circles (nodes), respectively. The third
green node indicated Fahim whose cluster indicated that his collaboration with Taha and Khan. VOS
viewer tool also indicated the countries contributed in this field. Among the 30 countries shown in Fig.
3, the largest node (celery color) corresponds to China, and followed by India (green node). Saudi
Arabia occupied the third position.
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Fig. 1. Schiff bases Scopus published documents: (a) by subject, (b) by country and (c) by year.
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This article gives a short overview of recent breakthroughs in the synthesis of sulfonohydrazide
Schiff bases (SHSBs) ligands and their biological applications, continuing to our vast study on poly-
chelated ligands and their complexes for structural, anti-corrosion, catalytic, docking, DFT and
medicinal applications (Azam ef al., 2012, Faydy ef al., 2021, Lindner ez al., 2003, Aouad ez al., 2018
and AlAli et al., 2023).

2. Preparation of Sulfonohydrazides

Organic sulfonohydrazides, can be generated in excellent purity and yield by reacting "sulfonyl
chloride" with "two molar equivalents of hydrazine hydrate" in a proper solvent, such as dioxan,
benzene, THF, ethanol, or ether, at a temperature between 0" and 25° as in Schemel (El-Sayed e al.,
2004).

RSO,.C1+2 N,H4 . H,0 ——— RSO,.NH-NH, +N,H,.HCI

Scheme 1: Preparation of sulfonohydrazides.

According to (Davies er al., 1931), the successful synthesis of arylsulfono-hydrazides with e-
withdrawing groups at o or p positions of the Ar-ring highly requires conducting the condensation
reaction with hydrazine at considerably low temperatures. For instance, o-nitrobenzene-sulfono-
hydrazide can be obtained at 10°C, whereas performing the reaction at 35-40°C results exclusively in
the formation of the corresponding sulfonic acid as seen in Scheme 2.

o N,H, H,0
\ = 0 + gt N
o1y 35-40 °C Y 2 2
o N02 (9] N02

Scheme 2: Preparation of Arysulfonic acid.
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As reported by (Dann et al., 1929), the stability of nitrobenzenesulfonohydrazides follows the order
m > p > o. In order to separate isomeric nitrosulfonyl chlorides, they are required to be reacted with
hydrazine at a specific temp. While one-isomer forms a sulfono-hydrazide, another yields a sulfonic
acid. For example, treating a mixture of p- and o-nitrobenzenesulfonyl chlorides with the hydrate
hydrazine at 35°C results in the formation of p-nitrobenzenesulfonohydrazide in addition to o-
nitrobenzenesulfonic acid. Upon separation, both ligands can be refunded to their respective sulfonyl-
chlorides via chlorine investigation. Similarly, when 2-chloro-5-nitro-p-toluenesulfonyl-chloride
undergoes cold reaction with NH>NHo, it forms sulfonohydrazide, whereas warming the mixture yields
sulfonic acid predominantly with a 90% yield, along with the expected nitrogen content (Scheme 3).

CH, CH,3 CH;,

O,N O,N O,N
NH>NH3.H20 NH;NH2.H20

Cold Warm (-N2)

SO,NHNH, SO,CI SO,H
Scheme 3: Preparation of sulfonohydrazide sulfonic acid.

N-Substituted sulfono-hydrazides are able to be produced by utilizing N-substituted NH>NHo,
such as N-acyl NH>NH: (Rooney ef al. 1962) Scheme 4.

CsHsN
RS
1 mole

R'CONH.NH, + R?S0,Cl RICONH._\H?[SOZR2

Base (1mol)
CHCl;3 or EtOH

R'NH.NH; + R?S0,Cl » R!N(SO,R*.NH,

Base
R'SO,;NH.NH; + RCzH4CH,Cl——» R'SO;NH.NHCH,;CgH4R + R'SO;N(CH,;CsH4R).NH;,

Scheme 4: Preparation of N-substituted sulfonohydrazides.

A mixture of 1,2-and 1,1-sulfono-hydrazides is able to be separated by applying the solubility value
of 6 in an alkaline solution. N-Aryl-sulfonyl-N-phenyl-hydrazones is able to be generated as following
(Hisao ef al., 1968) Scheme 5.

Tetrahydrofuran

C4HsS0,C1+Ar.NH-N=CR, » Ar.N(SO,CHs)-N=CR,

Pyridine
Scheme 5: Perpetration of N-Arylsulfonyl-N-phenylhydrazones.
3. Sulfonyl hydrazide Schiff base
Current research on Schiff bases have included sulfonyl groups, for example sulfonamide (SO>-NH>),

which called sulfa drug. It functions as an inhibitor of HIV-virus. Reaction of sulfonyl hydrazide & a
carbonyl compound like an aldehyde yields a different kind of Schiff base named "sulfonyl hydrazide
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Schiff base". Reaction of aldehyde and sulfonamide to yield "sulfonylhydrazide Schiff base"(Warad er
al., 2020) which 1s shown in Scheme 6.

R,—S-NH, + —» R;—S-N

Scheme 6: Formation of sulfonylhydrazide Schiff bases.

4. Sulfonohydrazides Schiff bases reactions
4.1. Preparation of "N-aryl 3- & 4-substituted maleimides"

N-aryl 3- and 4-sub. maleimides novel Schiff bases have emerged as promising heterocyclic
materials featuring —-C=0-N-R-C=0- chains (Scheme 7). These maleimides were synthesized through
the condensation of N-aryl-3- and 4-sub. maleimides with p-toluenesulfonyl-hydrazide in EtOH under
acidic conditions at ambient temp. This reaction particularly is notable for being conducted under mild
conditions, such as ambient temperature, compared to alternative pathways. The synthesized

compounds demonstrate high yields and good crystallinity, as shown in Scheme 7 (Bhagare er al.,
2020).

R
O Ry Ry P R R OHC 3 :

Bry, i .

A SO == JO
N Ry R;

Br R¢ 0
o (2a-1) (3a-)

a) R, =R, = Ry = H; R, = Piperidyl g—NH N
b) R; =R; = H; Ry= Cl; Ry = Piperidyl TR

2
¢) R; = Ry = H; R;= Br; R, = Piperidyl

d) R, = R; = H; Ry=F; R, = Piperidyl @)
e) R, = R3 = H; Ry= CHj;; R, = Piperidyl

f) R, = R; = H; Ry= NOy; R, = Piperidyl Q H 0 Ry R
2) Ry =R; =R;=H; Ry =N(Me), S, N7 o
h) R; =R; = H; Ry= Cl; Ry = N(Me), /O/ 0 l N 1
i) R, =R3 = H; R{=Br; Ry = N(Me), R4

i) R =Ry = H; R;=F; Ry = N(Me), 0

k) R; = R3 = H; Ry= CH3; Ry = N(Me), (5a-)
D) R; = R; = H; R;=NO,; Ry =N(Me),

Scheme 7: Preparation of "N-aryl 3-& 4-substituted maleimides".

4.2. Preparation of (E)-N’-((S5-nitrofuran-2-yl)methylene)quinoline-8-sulfonohydrazide (QNF)
A novel "(E)-N’-((5-nitrofuran-2-yl)methylene)quinoline-8-sulfonohydrazide (QNF)" was

developed using molecular hybridization method through condensation quinoline & 5-nitro-furan

cycles with a sulfonyl-hydrazone bridge within a similar compound to produce quinoline-8-

Omar et al., Mor. J. Chem., 2025, 13(3), pp. 1012-1037 1017



sulfonohydrazide. Sulfonyl chloride and excess hydrazine hydrate were combined in tetrahydrofuran
as seen in Scheme 8. "Sulfonyl hydrazine" derivatives were produced by condensing aldehyde with
arylsulfonohydrazide by employing different techniques and circumstances. These methods mostly
employed include heating in pure ethanol or by using acetic acid as a catalyst (Dogan ef al., 2023).

SN [ N
| \\ L \\ N £\>7N02 i \f )\[),
\\

(E)-QNF
Scheme 8: Preparation of QNF: 1) hydrazine hydrate, 0°C and 11) ROH, 4h reflux.

4.3. Synthesis of functionalized naphthalene-SHSBs ligand

The condensation of [1:1] naphthalene-2-sulfonyl-hydrazide and /H-indole-2-carbaldehyde in
EtOH and under reflux for five hours, the desired formed [N'-((1H-indol-2-yl)-methylene)-
naphthalene-2-sulfono-hydrazide] in significant yield as shown in Scheme 9. The mixture was stirred
for 4h and left for 24h in order to ensure the complete evaporation of the solvent and resulting desired
product, which was thoroughly washed with ether and cold-water to ensure its purity (Abu-Rayyan ez
al., 2023).

1

ﬁ —NH + )__@ _BOH ./
NH; Reflux for Sh

Scheme 9: Synthesis of functionalized SHSBs ligand.

4.4. Preparation of benzene-sulfonohydrazide Schiff base "ECMMBSH"

Reflux dehydration of 4-methyl-benzene-sulfono-hydrazide and 9-ethyl-9H-carbazole-3-
carbaldehyde in ethanol produced benzene-sulfonohydrazide "ECMMBSH" Schiff base in
large yield. ECMMBSH ligand exhibited excellent stability & decomposed within two steps
(AlObaid er al., 2021) Scheme 10.

NH, N(
o |
L 0
Q ) \ 4h reflux in EtOH o 0

B 1y

4-methylbenzenesulfonohydrazide

=4

9-ethyl-9H-carbazole-3-carbaldehyde
(E)-N'-((9-ethyl-9H-carbazol-3-yl)methylene)-4-
methylbenzenesulfonohydrazide

Scheme 10: Preparation of ECMMBSH.

4.5. Preparation of "N'-(Pyridin-3-ylmethylene)-benzenesulfono hydrazide"

"N'-(pyridin-3-ylmethylene)benzene sulfonohydrazide", was produced by mixing "3-
pyridinecarboxaldehyde" with "benzene sulfonohydrazide" in methanol. Following 3 hours reflux,
the mixture was cooled to produce a white product, that was subsequently filtered, dried, and re-
crystallized from methanol (Ozochukwu er al., 2021) Scheme 11.
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CH30H

9 \ 11 + H2
Reflux

Scheme 11: Preparation of N'-(Pyndm—3-yhnethylene)benzenesulfonohydraz1de.

4.6. Preparation of alkyl-[(phenylsulfonyl)-hydrazono]-butanoate derivatives.

Schiff bases of "Ethyl (3E)-3-[(phenylsulfonyl)hydrazono]butanoate" were yielded. Ethyl
acetoacetate and sulfonyl hydrazides which was prepared previously were dissolved in ethanol. After
four hours reflux at 78°C of the reaction components, the solvent was eliminated under low pressure.
The produced white crystalline product was subsequently cleaned with distilled water and re-
crystallized (Murtaza er al., 2016) Scheme 12.

% OLll CH,
“NH-N/>_>/—0/—
0

0 0 e
SNH- NH2 M
H,C 0" cH,
R
Scheme 12: Preparation of ethyl (3E)-3-[(phenylsulfonyl)hydrazono |butanoate.

h—

R=H, R=CH;, R=Br

4.7. Preparation of N’-(3,4-dimethoxybenzylidene)-4-methylbenzenesulfonohydrazide derivatives
(DMSH)

DMSH was synthesized through a condensation reaction between 4-methylbenzenesulfono-
hydrazide and 3,4-dimethoxybenzaldehyde. To produce the aryl acid hydrazone, the reactants were
dissolved in hot EtOH mixed with few drops of concentrated sulfuric acid as a catalyst. The resulting
mixture was treated with ice water, to enhance the precipitate formation, which was filtered and dried.
The crude synthetic sample underwent repeated recrystallization from ethanol to achieve purification
(Lorin ef al., 2023) Scheme 13.

OCH;

(o]
|
(o]

Con. H;804 | gthanol

Reflux
OCH,

@ o=

Scheme 13: Preparation of N’-(3,4-dimethoxybenzylidene)-4-methylbenzenesulfonohydrazide
derivatives.

oO—w—O0
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4.8. Synthesis of carbazol-methylene-naphthalene SHBS

The new SHBS was synthesized in a successful way through the dehydration of 9-ethyl-9H-
carbazole-1-carbaldehyde with naphthalene-2-sulfonyl-hydrazide in MeOH for five hours vigorous
reflux technique (Scheme 14). The mixture was left at room temperature until complete evaporation of
methanol. The yellow remarkable yield formed was washed thoroughly using »-hexane and water

(Abu-Rayyan ef al., 2024).

»

o 0 - —S=
\\s/,-f 0\\? NH, H H-IV I 0
~al THF S-NH MeOH \I =N O

+ NHNH,H;,0 JBF _ y, . N
0°C +
3 b reflux X AN

—

Scheme 14: Preparation of carbazol-methylene-naphthalene SHSBs.

4.9. Preparation of SHSBs Schiff base and its complexes

New Schiff base was produced using "2-hydroxy-6-methylquinolin-3-carbaldehyde and 4-methyl-
benzenesulfonohydrazide", also its complexes "Cu(II), Ni(II), Co(II), and Cd(II)" have been
produced successfully (Scheme 15). The metal to SHSBs stoichiometric ratio "Cu(II), Ni(II), Co(II),
and Cd(II) complexes" 1s 1:2, respectively, as well as the ligand has tri-dentate characteristics as a
donor system with N, O, & O atoms (Baliram ez al., 2021).

Scheme 15: Novel quinoline based-metal complexes structure.
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4.10. Synthesis of novel sulfonyl hydrazones

The synthesis of new sulfonyl-hydrazones Schiff base (Scheme 16) like p-toluenesulfonyl hydrazide
was prepared through reacting tosyl chloride with hydrazine in THF. In the subsequent step, the mixing
of p-toluenesulfonyl-hydrazide with several aldehydes resulted in the formation of 4-methyl-N'-
(arylmethylidene)benzenesulfonyl hydrazides SHSBs (Senkardes ef al., 2020).

O THF T
'5-Cl 4 H,N—NH, - —(¢ \ S—NH
e S
Ar-CHO
EtOH
2
~©—§—N\H Ar
R R
2.2-difluoro-1,3-benzodioxol-5-yl 5-bromo-2-methoxyphenyl
4-bromothiophen-2-yl 4 -fluoro-2-(trifluoromethyl)phenyl
4-phenylthiophen-2-yl 2-chloro-3-methoxyphenyl
4-fluoro-3-phenoxyphenyl 2-chloro-6-methylphenyl
2-chloro-3-(trifluoromethyl)phenyl 6-bromopyridin-2-yl
4-fluoro-3-methoxyphenyl I-methyl-1H-pyrrol-2-yl
4-methoxy-3-nitrophenyl 2-(trifluoromethoxy)phenyl

Scheme 16: Novel sulfonyl hydrazones synthesis.

4.11. Synthesis of new 2-acetylpyridine SHSBs derivative and its Cu(II)/Fe(II) complexes

The Fe(II) and Cu(II) metal complexes were prepared using a 1:2 ratio of M:LH centers. LH was
first dissolved in methanol, then an ethanolic solution of FeSOs-7H20 or Cu(CHsCOO).-H:0 was
added. The complexes further purified through recrystallization from a mixture of MeOH/CH3CN. SC-
XRD structural analysis confirmed the coordination of (SO>) Oxygen and the metal center as proposed
in Scheme 17 (Cinarli ez al., 2025).

%N/N\ NN

O'::Cﬂ--.._

Scheme 17: SC-XRD complexes structures (M: Cu’ or Fe*").
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4.12. Synthesis of SHSBs endowed via sulfonamide hydrazone derivatives

The synthesis of new sulfonamide SHSBs derivatives reactions are outlined in Scheme 18. In order
to produce the dimethyl or diethyl-2-(2-(4-substituted sulfamoyl-phenyl)-hydrazinylidene) malonate
products, the method started by treating sulfonamides with a cooled solution of NaNOs in HCIL. These
salts were reacted with methylene, such as dimethyl or diethyl malonate, in ethanol under basic
conditions, producing quantitative yields (Sayed ef al., 2021).

,COOCH, COOCH;,
HN—N=C _—
COOCH, =N
CH,(COOCH;,), H COOCH;
EtOH/AcONa
(? ® room temporature
c
NH, N=N SO,NHR SO,NHR
HCI / NaNO,
—,.. —
59C _COOCH,CH, COOCHCH,
HN—N=C_ N=N-C_
SO,NHR SO,NHR COOCH,CH, { COOCH,CH,
CH,(COOC;Hs), —_—
EtOH / AcONa
room ternperaturo
SO,NHR SO,NHR
a; R= b; R= c; R=
- N—
H N 44 )
N-D N

Scheme 18: Synthetic of sulfonamide hydrazone SHSBs derivatives.

4.13 Synthesis of novel Indole-Based SHSBs

Scheme 19 describes the synthesis of new indole-hydrazones with a sulfonamide functional group.
3-Phenyl-5-sulfonamido-1H-indole-2-carbohydrazide ~was made available beginning with
sulfanilamide moiety. Ethyl 2-benzylacetoacetate was used to condense the diazonium salt that formed
from diazotization of sulfanilamide, creating an intermediate. The ethyl ester derivative was then
created by cyclizing this intermediate in an acidic environment. After that, hydrazine treatment
transformed the ethyl ester into the matching hydrazide. Lastly, the hydrazone derivatives were
produced by further reacting the hydrazide with a suitable carbonyl compound (either an aldehyde or
a ketone) (Demir-Yazici ef al., 2019).

4.14 Synthesis of heteroatom- SHSBs derivatives

These compounds were produced from the condensation of butane sulfonyl-hydrazine and
heteroatom-containing aldehydes. The resulting 5-membered hetero-aromatic Bur-sulfonyl-hydrazone
moieties include 2-acetyl furan carboxaldehyde butane sulfonyl hydrazone, indole-3-carboxaldehyde
as in Scheme 20, (Celebioglu er al., 2021).

4.15 Synthesis of SHSBs including heteroatom-sulfonyl-hydrazone derivatives

Furanonyl sulfonyl-hydrazides were synthesized in high yields using substituted-3,4-
furanones and sulfonyl-hydrazides as starting materials. This reaction was conducted at RT for 30 min
with two equivalents of 4-dimethylaminopyridine (DMAP) present as a catalyst. Using 3,4-dibromo-
5-methoxy-2(5H)-furanone, p-toluenesulfonyl hydrazide, and benzaldehyde as substrates. The reaction
model was used to investigate the ideal conditions. This resulted in the one-pot, two-step reaction that
produced the furanonyl sulfonyl-hydrazone moieties, as illustrated in scheme 21 (Yang er al., 2021).

Omar et al., Mor. J. Chem., 2025, 13(3), pp. 1012-1037 1022



iv

Scheme 19: Synthesis of the target SHSBs: (i)HCL, NaNO», 0°C; (ii) KOH, 0°C; (iii)HCI, 4h reflux;
(iv)EtOH, HoNNH3, 2h reflux; (v)5-12h reflux.

N

|
\\ HN_ O
s,

N
H
. HEHZ 0 ’
I\ \34 /S\
0 0\/\/
| 0 |
/ \\ HuN_ o / \\ HN_ O
1] 1]
@ o\~ ° ) 0"\

S
(4) 8\/\/

Scheme 20: SHSBs including heteroatom- sulfonyl hydrazone derivatives.
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(1) 2 eq. DMAP R

R3
XA SO,NHNH, oy 1
R10"Ng” S0 R2 (2) 37% HCI os-N x X=c
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Scheme 21: Synthesis of furanonyl sulfonyl hydrazone derivatives.

4.16. Synthesis of novel arylsulfonylhydrazones

As given in Scheme 22, the aryl-sulfonyl-hydrazones were made available by a dehydration reaction
of the several aldehydes with either 4-methylbenzenesulfonohydrazide or benzenesulfono-hydrazide
for one to three hours, the reaction was conducted in absolute ethanol at a molar ratio of 1:1, (Angelova
et al.,2023).

abs. EtOH A 1—§—NH AP
O NHy -H,0 O N
Scheme 22: Synthesis of arylsulfonylhydrazones.

2 n
Ar 1 a_
o= ; + Ar ﬁ N\H

4.17. Synthesis of sulfonyl hydrazone derivatives containing acetonaphtone

Alkyl sulfonyl-chlorides in EtOH at 0°C were mixed with cold EtOH solution of hydrazine to
prepare the desired alkyl sulfonyl hydrazone compounds as a result of a dehydration reaction, catalyzed
by triethylamine and stirred at RT for 1 hr. In the second step, solutions of various 2-hydroxy-1-
acetonaphthone in EtOH were added to the alkyl-sulfonyl-hydrazone in the HCI catalysis medium to
create new sulfonyl-hydrazone derivatives, the reaction was subjected for 12 hrs. vigorous stirring
reflux at 55-60 °C, as indicated in Scheme 23, (Ozmen et al., 2024).

0\\C/CH3

OH ™Moy 0

N,H,.H,0 H

0\\//0 Hydrazine mono Hydrate O\\//O C=N—N—ﬁ—R

o]

S _ _ S 2'-Hydroxy-1'-acetonaphthone OH

CI/ \R F‘:c,m’ Et:N HoN. 77\ >
0°C -r.t., 1 h. H R E{OH, HCI
Alkyl Sulfonyl Chlorides 60°C, 12 h.

R: Czl'ls, C3H7, C4H9
Sulfonyl Hydrazone Compounds

Scheme 23: Synthesis of sulfonyl hydrazone compounds.

4.18. Synthesis of heterocyclic chalcones, benzoyl/sulfonyl hydrazones

Acetonitrile was used to dissolve 44’-Morpholineacetophenone, functionalized phenyl-benzoyl-
hydrazides, or phenyl-sulfonyl-hydrazides. The prepared mixture was refluxed 6hr as seen in Scheme
25. After the reaction completion, the solution was allowed to cool, forming the product as a precipitate
(Aktar et al., 2020).
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Scheme 24: Synthetic pathway of sulfonyl hydrazones.
4.19. Synthesis of dimethoxy-benzalidene-naphthalene-sulfono-hydrazide

Scheme 25 illustracted the ligand (E)-N'-(2,5-dimethoxy-benzalidene)-naphthalene-2-sulfono-
hydrazide preparation in high yield by a reaction of naphthalene-2-Sulfonylhydrazide with 2,5-
dimethoxy benzaldehyde in which served as the starting material for the new SHSBs synthesis that
carried under alcoholic reflux condensation reaction (Amereih er al., 2020).

o
|

S—2ClI
g + excess NH2NH:2 T“P “
o |
\\3/"“\"/” o
S
H \\O O/

4-5hr's

m:o

——NH;

o

reflux | THF
H H
A |
N = o]
\0
o
(E)-N'<(2,5-dimethoxybenzylidene)naphthalene-2-sulfonohydrazide

Scheme 25: Synthetic pathway of naphthalene-2-sulfono-hydrazide.
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4.20. Synthesis of N',N"'-((1E,1'E)-(10-ethyl-10H-phenothiazine-3,7-diyl)bis
(methaneylylidene))bis(4-methylbenzenesulfonohydrazide)

4-methylbenzenesulfonohydrazide and 10-ethyl-10H-phenothiazine-3,7-dicarbaldehyde was
introduced into a round-bottom flask in ethanol. After the reactant were fully dissolved, a small amount
of H,SO4 was added as a catalyst, the reaction was sustained for one hour, resulting an orange
precipitate (Scheme 26). The desired product was filtered and washed well three times with cold

ethanol (Tamizhselvi er al., 2025).
S
o~ ~0
/\C[ :©/\ + \G\.«P EtOH; H,S0, /@’ ,\(:[ D/\ \@\
N NH

S., .NH,
’y N
k O H RT, 1h
10=ethyl-10H-phenothiazine- 4-methylbenzene- N NMS((1E,1°E)- [1U-ethyl-10H-phenothnazme-3 7=
3,7=dicarbaldehyde sulfonohydrazide diyl)bis(methaneylylidene))bis(4-

methylbenzenesulfonohydrazide)

Scheme 26: Synthetic pathway of desired Schiff base.

4.21. Synthesis of aryl alkyl sulfones

The optimized reaction conditions was performed using tosylhydrazone as the substrate, as
illustrated in Scheme 27. After several trials, the photoirradiation of a mixture of DMF, PLY(N,O),
K>:HPO4, for 12h under blue-LED irradiation provided alkyl aryl sulfone in significant yield (Kumar
et al., 2024).
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Scheme 27: Synthetic pathway of aryl alkyl sulfones.
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4.22. Synthesis of Sulfonamide-Based Azaheterocyclic Schiff Base Derivatives

Aromatic sulfonyl chlorides were stirred with hydrazine for 1 hr (Scheme 28). Upon completion,
the mixture was combined with cold water, and the aromatic sulfonyl hydrazides precipitate were
collected and dried. Aromatic sulfonyl hydrazides and p-substituted benzaldehydes were combined in
10 mL of anhydrous ethanol, the mixture was refluxed for 12 hr. After the reaction finished, the mixture
was dropped in ice-cool water. The deired precipitates of Schiff bases were collected, dried, and
crystallized from aqueous ethanol. The title compounds were synthesized with certain modifications
as shown in scheme 28 (Abas et al., 2020).

]{4©7 SOCl+NH, 5 R—@—SUENHNHz

1(a-d
R= (- 2(a-d)

la=H, 1b=CH,, R is same as in 1(a-d)
lc¢ = OCHj;, 1d=NHCOCH;

SO,NHNH, 0

H
+ — R@—sogﬂﬂﬂ“
3(a-)
R Q R= Q

a = 3-pyridyl, J3a H 3-pyridyl 3t CH;4 4-pyridyl
b = 4-pyridyl, 3b 24,6-CH;  3-pyridyl 3g CH;4 4-pyridyl
¢ =2-pyrrole, 3¢ CH;4 3-pyridyl 3h H 2-pyrrole
3d NHCOCH; 3-pyridyl 3i OCH,4 2-pyrrole
3e  24,6-CH, 3-pyridyl 3j OCH, 2-pyrrole

Scheme 28: Synthetic pathway of Synthesis of azaheterocyclic Schiff base sulfonamide derivatives.

4.23. Synthesis of SHSBs and their complexes

A solution of M(CH3COO),;-xH>0 (M= Zn(II) and Ni(II)) in methanol was added to a hot solution
contains SHSBs in methanol. The mixture was refluxed 2-3 h, then left to cool, and high yields were
collected for both metal centers as seen in Scheme 29. The SC-XRD 3D-structure for the two
complexes were solved to octahedral geometery (Cinarli ez al., 2019).

M: NiZ*, Zn*'

Scheme 29: Synthetic pathway of SHSBs complexes.
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4.24. Synthesis of Novel sulfonyl hydrazide based p-carboline derivatives

In Scheme 30, the synthetic route of sulfonyl hydrazide based f-carboline derivatives is shown. The
intermediate S4 underwent substitution reaction with benzenesulfonyl chlorides in presence of pyridine
to yield the required compounds. Several SHSBs drivatives were prepared and isolated in asignificant
yields. (Sun ef al., 2025).

NH2 "&>

o HN O
? substituted ? NH
benzenesulfonyl
N chloride, pyridine.
@f@ & Cg {
N = &
H _‘> N >

S4 SX] ~SX32
Scheme 30: Synthetic pathway of Novel sulfonyl hydrazide based B-carboline derivatives.

4.25. Synthesis of quinoline Schiff base ligand and its metal complexes

2-Chloro-7-methylquinoline-3-carbaldehyde was mixed with acetic acid and refluxed for 4 hours in
water. The prepared compound, 2-hydroxy-7-methylquinoline-3-carbaldehyde, was rinsed with
distilled water and recrystallized from pure ethanol. A mixture of 2-hydroxy-7-methylquinoline-3-
carbaldehyde, 4-methylbenzenesulfonohydrazide, and acetic acid in ethanol was placed in a round-
bottom flask to synthesize the final ligand. The contents was refluxed for 4h at 75 °C as in Scheme 31.

[+] [s)

R o lux _DME.POCL

+
)J\ H; mu C, 14h

[*)
NHz
o
H o
E) [ } HzN

CH;COOH, C;HsOH
Reflux, 4 h N OH

U € wnpgay
OFH "HOOD HD

N\ /
N &
\z

B

/

\

N_5
” "\N ~ = =
o H
M= Cu, Co, Ni and Cd

Scheme 31: Synthetic pathway of Schiff base and its metal complexes.
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The solvent was evaporated under vacum to and yield SHSBs crude product, which was purified using
ethanol. Metal(II) chloride ethanolic hot solutions were introduced to a hot ethanolic solution of the
ligand in a round-bottom flask. The reaction mixture was stirred for 30 minutes, and few drops of a 5%
NaOH solution were introduced to sustain the alkalinity of the reaction, then it was refluxed for 4 hours
to assure the metal(II) complexes production. The coloured metal(II) complexes were washed with
distilled water and ethanol, respectively (Vibhute er al., 2022).

4.26. Synthesis of Schiff bases and 4-methylbenzenesulfonohydrazide derivatives.

Refluxing 3a,b compounds with 3,4-dihydroxybenzaldehyde and /or 4-chlorobenzaldehyde in
ethanol for 2 h in presence of a catalytic amount of piperidine gave the corresponding Schiff bases (6a-
d). After cooling, the formed precipitate was filtered, dried, and crystallized from acetic acid. Morover,
in another a proach compounds 3a,b and p-toluensulfonyl chloride were refluxed in ethanol for 3h as
seen in Scheme 32. The solid products7a,b were filtred, washed with water several times, and dried
as pure compounds (Elhady er al., 2024).

~ . Ar | = N | i N
| ) = = Ts

7~ N/ CN - /

CN ArCHO = Ts-Cl N /

N [ «—— . — >

| NH EtOH/Pip. | z /\(NHNH' EtOH | P /\’(NH
R N 0 R N 0
0 Ta, b 0

=
R N o/ﬁ(
3a, b

6a-d 0

Where:
6a R = Thiophen-2-yl, Ar=3-0H, 4-OH-C.H,
6b R =Thiophen-2-yl, Ar=4-C|-C;H,
6c R =Pyridin-4-yl, Ar=3-0H, 4-0H-C;H;
6d R =Pyridin-4-yl, Ar=4-CI-CiH,
Ta R =Thiophen-2-yl
7b R =Pyridin-4-yl

Scheme 32: Synthetic pathway of Schiff bases and 4-methylbenzenesulfonohydrazide derivatives.

4.27. Synthesis of 4-methyl-benzene Sulfonohydrazide derivatives

The novel SHSBs may typically form stable complexes with transition metals and are ligands
with bi- or tri-dentate groups. Their complexes are flexible synthetically and biologically active against
a wide range of disorders. Scheme 33 showed the progression of the new SB compounds that were

made available, beginning with 4-methyl-1-benzene sulfonyl chloride.
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ydrazine hydrate = 5
CH" I tetra h)r'dmfuran (H"OH_NHNHZ ’ (o]
I N
(e] Q H
(8]
(J[I_‘O%—NH —N=—¢
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Scheme 33: Synthetic pathway of 4-Methyl-benzene Sulfonohydrazide derivatives

The antibacterial activity of these compounds was examined. The new ligands are formed through the
condensation of carbonyl compounds with the Sulfonohydrazide group in a chemical process. The
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synthesis of all five complexes was accomplished with great success, and a number of the free ligand
and their complexes exhibited promising antimicrobial, anti-inflammatory, antifungal, and analgesic
characteristics (Yang er al., 2023).

S. Biological Activity:

Various investigations have demonstrated the promising biological activities of Sulfonohydrazide
Schiff bases. Below are several significant discoveries about their antidiabetic, anti-inflammatory,
antitumor, analgesic, and anticancer traits:

5.1. Anti-Inflammatory and Antibacterial Activities

Sulfonohydrazide Schiff bases exhibit significant anti-inflammatory and antibacterial effects. A
study emphasizes the distinctive features of Schiff base-bridged multi-component sulfonamide
imidazole hybrids, which selectively target DNA and have membrane-active capabilities. These
hybrids are particularly effective against methicillin-resistant Staphylococcus aureus (MRSA). The
great effectiveness 1s due to the structural combination of sulfonamide and imidazole, which improves
the ability to penetrate bacterial cell membranes and interact with DNA (Hu ef al., 2021 and AlAli et
al., 2025). Moreover, benzenesulfonyl hydrazones exhibit significant analgesic effects by inhibiting
cyclooxygenase enzymes, hence lowering inflammation and pain perception (Popiotek er al., 2021).
Furthermore, it has been observed that the hydrazide and sulfonamide derivatives containing camphor
have analgesic properties, which may be attributed to their interaction with opioid receptors or their
ability to block inflammatory pathways (Yang et al., 2022 and Yang er al., 2023). Additionally, the
antibacterial activities of the benzene sulfonyl hydrazones were emphasized, providing further
evidence for their possible application in the treatment of infections (Popiotek er al., 2021).

Additional research indicates that the hydrazide and sulfonamide derivatives containing camphor
demonstrate potent antibacterial properties against plant infections. The capacity of the camphor
moiety to interact with microbial enzymes is responsible for interrupting metabolic processes. The
combination of a quinoline ring and a 5-nitrofuran moiety, connected by a sulfonyl hydrazone bridge,
strengthens the antibacterial and antifungal effects by increasing the ability to bind to microbial DNA
and enzymes. This was proved through Density Functional Theory investigations and in vitro
experiments (Dogan er al., 2023). Furthermore, the (E)-B-trifluoromethyl vinylsulfonohydrazides
produced during photocatalysis exhibited heightened antibacterial efficacy as a result of the electron-
withdrawing trifluoromethyl group. This group enhanced the stability and reactivity of the compound
toward bacterial targets (Wang ef al., 2023).

5.2. Anticancer and Antitumor Activities

Sulfonohydrazide Schiff bases have demonstrated promising anticancer and antitumor activities
through a diverse pathways. The aromatic heterocyclic sulfonyl hydrazone compounds that have been
substituted demonstrate anti-hepatoma activity by disrupting the process of DNA synthesis and
repairing the cancer cells, leading to death specifically in liver cancer cells (Wei ef al., 2018). The
psoralen derivatives, which include sulfonohydrazide or acylthiourea moieties, exhibit fungicidal
qualities. These properties can be utilized in cancer therapy since these derivatives have the potential
to intercalate with DNA and inhibit crucial enzymes that are involved in the proliferation of cancer
cells (Dong et al., 2023). The sulfonohydrazide derivatives novelty derived from camphor, exhibited
inhibitory actions against plant pathogenic fungi and oomycetes. This suggests that these compounds
have the potential to be used as anticancer drugs (Hu er al., 2021 and Popiotek ef al., 2021).
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The comparative examination of the practical synthesis and biological screening of sulfonyl
hydrazides reveals their notable anticancer effects, that can be associated with their capacity of
producing oxidative stress and death in cancer cells (Macara er al., 2023). The incorporation of the
fragment 1,2,3,4-tetrahydroisoquinoline improves the compound effectiveness by interfering with
crucial cellular signaling pathways that are necessary for the survival and rapid growth of cancer cells
(Huan ef al., 2023). Furthermore, the nitrofuranyl sulfonohydrazides shown strong efficacy as anti-
Leishmania and anticancer drugs. The exceptional effectiveness is ascribed to the production of
reactive oxygen species by the nitrofuran group, which triggers oxidative stress and apoptosis in
parasites and cancer cells. The presence of the sulfonohydrazide moiety improves stability and enzyme
inhibition, leading to selective toxicity and the possibility of future therapeutic development
(Kannigadu ef al., 2022).

5.3. Antidiabetic Activity, Enzyme Inhibition, and Other Activities

Sulfonohydrazide Schiff bases offer anti-diabetic properties. Hayat Ullah et al. developed and tested
hybrid thiazole-sulfonohydrazide analogs for their ability to block a-glucosidase and a-amylase
enzymes, since both are important in treatment diabetes, and molecular docking experiments revealed
that these chemicals attach effectively to the active sites of both enzymes. As a result, the compounds
demonstrated more promising efficacy than the conventional medication acarbose, indicating potential
as antidiabetic medicines (Ullah er al., 2023). The enzyme inhibitory actions of sulfonohydrazide
Schiff bases have been extensively studied. Hydroxy-quinoline-based sulfonohydrazide derivatives are
powerful acetylcholinesterase and butyrylcholinesterase inhibitors, which are critical for treating
neurodegenerative disorders such as Alzheimer's (Alzahrani er al., 2024). The molecular docking
investigations demonstrate significant binding affinities to active sites of these enzymes', confirming
their inhibitory activity. Hydrazide-sulfonamide hybrids containing 4-methylsalicyl- and acyl-
substituted hydrazides significantly inhibit Carbonic Anhydrase II, IX, and XII, which are involved in
pH regulation and ion transport (Khushal er al., 2022). These findings are critical for future therapies
of glaucoma, epilepsy, and certain malignancies. Camphor sulfonohydrazide and sulfonamide
derivatives have potential as succinate dehydrogenase inhibitors, which are necessary for disrupting
the Krebs cycle in phytopathogenic fungi and oomycetes (Yang er al., 2023). Comparative tests with
known inhibitors show that these novel drugs have superior efficacy and specificity. Aktar et al. created
a new class of sulfonyl hydrazones with antioxidant capabilities backed by their ability to scavenge
free radicals and inhibit important enzymes, as demonstrated by molecular docking simulations (Aktar
etal.,2022).

Finally, the unique chemical structures of sulfonohydrazide Schiff bases and methods of action
account for their various biological actions, which include anti-inflammatory, antibacterial, anticancer,
antitumor, analgesic, antidiabetic, and enzyme inhibition. Comparative investigations demonstrate
their superiority and potential for development as multifunctional therapeutics.

Conclusion

Among the several poly-chelate ligands available, SHSBs stand out due to their versatility in
structure. They have specific biological and chemical characteristics, can create stable complexes with
metal ions, and have medicinal uses. In addition to their significant roles in catalysis and sensing
technologies, particularly when coupled with transition metal centers, SHSBs possess antioxidant,
anticancer, and antibacterial characteristics. The synthesis of functionalized SHSBs retains untapped
potential; nonetheless, the development of SHSBs synthesis requires innovative approaches, such as
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the application of new synthesis methodologies. We have updated the SHSBs with the most recent
findings from the last five years of research, so that it remains relevant to current scientific
understanding. Finally, this review research concludes that the optimal method for preparing SHSBs
ligands was to first make the sulfonohydrazide by combining sulfonyl-chloride and hydrazine at a low-
temperature then dehydrating with aldehyde or ketone. The diversity in the 3D structure of SHSBs,
coupled with the presence of numerous electron-rich atoms, particularly nitrogen, and their stability in
both acidic and basic environments, has resulted in significant biological activity.
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