Synthesis and Study on Cyclooxygenases Inhibitory Activity of

N-Phenylbenzohydrazide Derivatives

Watcharin Diloknawarit

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Pharmacy in Pharmaceutical Sciences
Prince of Songkla University
2010

Copyright of Prince of Songkla University



Thesis Title Synthesis and study on cyclooxygenases inhibitory activity of N-

phenylbenzohydrazide derivatives

Author Miss Watcharin Diloknawarit

Major Program Pharmaceutical Sciences

Major Advisor: Examining Committee:
.................................................. cereerestetststnssnsensensossnsesnesnnessss CHAITPETSON
(Asst. Prof. Dr. Chalermkiat Songkram) (Assoc. Prof. Dr. Wantana Reanmongkol)

(Asst. Prof. Dr. Chamnan Patarapanich)

(Dr. Luelak Lomlim)

The Graduate School, Prince of Songkla University, has approved this thesis as
partial fulfillment of the requirements for the Degree of Master of Pharmacy in Pharmaceutical

Sciences

(Assoc. Prof. Dr. Krerkchai Thongnoo)

Dean of Graduate School

il



a a

d‘ d (% 4 = o oa.;l A v =
FOINNUHNUD ﬂﬁaqm5wmgazﬁﬂym‘wﬁﬂummu”lwﬂlmiﬂaaaﬂcﬁmuammauwumau-w

a 4
HdawuTs laas laa
Y A [ ) Jd Aa Q‘{
il UNEAIBTUNT AanUIgND
TN ndyenaas

Umsanmn 2552
U \J
unAaLo

[y 3 1 [ A o i< 9 @ A G 1 = A
a15gueee COX-2 fJ‘c’JNLa’E)ﬂm!,WWL‘]JuEJWI”Iuﬂﬁ?Jﬂlﬁﬂﬂ"lilal%ﬁlﬁﬂﬁ’f)ﬂﬂ‘ﬂ

v E4 ]
INAEeTTUUMAUAUDIMNT LAz INMIBNanms IFasnguiluedidwilenne1n1sou

o

1R J @ A A 1 dy = Yy o g o
"l,iJW\TTJﬁSE‘Nﬂ9]i’]'i3‘1_|‘]Jﬂ'Jolﬁ]Llazﬂﬁ@ﬂla@ﬂlﬂﬂqﬂu"luu"lu i]QVI"IslﬁiJﬂ’J"lll’ﬂTL‘]Jucluﬂ15Wﬁl\lu1

] 9
= =2

9 v 9 E4
msdudise COX-2 sdnudoniumziinnulaoadefigeiy  msanInsaligIveing

E1)

saa

[ 4 v J S a 1 9 I ' a
ponuuutazduaszneywuseu-Itawuly laas lednidivveslaseaduilumgwia
o A & J 4 4 A = o ] S Aa
da ldaruduvhiinlaosvesasnlgnine COX-2  VUAWHUIWITIVOINUNIUI]
A o S A Ay 1 I A 9 ' .
waziusze ludsian ludluianuuumun TaseaseamaumIuna1awes celecoxib
A ) a = Y] qs.:’ 1 aa o a
odnlszdiugnilumsduds cox  manquen-itdawulelsasleasiuin 12 wiia
[ o’d? 9 a a 1 [] A [ 9
(1621 uaz 27-32) gnduasiziaulasiifosazvesmananaanaoglugisiisonsula (43-
99%) Auavtianmenazannlasalatlnldwanaoandesiulassadeiihinmsg
Aana 1 a o
ponuuuld  TasegdvesTuanaluawidavesensnguen-idawulsleas led luaniz
<3 Y a a a Jd a 4 -4
VOUHAMATVOIIIYNNATDVAIIMALA 1150 UTUATSTUUNUANS TBIUUTIAZIONFITE
a % = 1 =
asadalans  nwanIINAaeINLINAs 16, 27 tag 30 Tuanzveuradl Iasegilves
AaA o d A a A df a @
Tuanaluawianiuseze ludriaadegiiilunuugs Tunwassiudweansidsznou 16, 19,
= Aaa d [ =%
27, 29 uay 31 §lassgdvesTuanaluawiadununswdluannzvewds  gnilums
v 7 v '
fudls COX vesas 16-21 waz 27-32 (100 M) Hgns lumsduda cox-2 Adnethunans
& A ~ A o A 1 . . A g
(9.5-26.3 %) FIUMATIFUANUADNIUNIENGINI (1.6-77.9) 10 pM indomethacin (1.0) Nl
a a a o a a o
191909 1o’ -1un lwda-4-vgosls-ou-4-uiada Iida)iliayuu Ty laasloq (32) 14
Q‘f [ Qs: { 1 ~ o A dy [~ 1 1
N5 lumsduds CoX-2 gafiga (263 %) Masssianuasnsumzigeiinaasldmuiidgiu
A o Aa a o o o o 3 1 9 dy Y I [
VoI5 -unaga Ildawsas i udmsumsdudine COX-2 MIAUNDHLEAS IHHAUIMLL

] 9
Tassafulndvewen-idanulyleas laderngnianaeiio 19 1ailluasiudiie cox-2

il



1 o o 1 J v o d 1 = [
’i]fJNLﬁ’E)ﬂﬂ"ILW"Igﬂ’JGlﬁNHl@S{SQLLﬁI'Nﬂ'JTJJﬁiJ'W‘Ll‘ﬁizﬁ'JNIﬂﬁﬂﬁ%T\‘]LLﬁZﬂTﬁ@@ﬂi]‘l/l‘ﬁ‘l]’t’)\‘lﬁ'lﬁﬂﬂ

= v [ =< Q' a 1
uli]i]ﬂ’ﬂll%’ﬂl%ulmgEJ\W]’f)\iﬂﬁﬂﬁﬁﬂ'kl'lLWiJW]iJG]’E)ll‘iJGlL!’EJU"I?W]

v



Thesis Title: Synthesis and study on cyclooxygenases inhibitory activity of N-
phenylbenzohydrazide derivatives

Author: Miss Watcharin Diloknawarit

Major Program: Pharmaceutical Sciences

Academic Year: 2009

ABSTRACT

Selective COX-2 inhibitors possess as NSAIDs with fewer GI toxicity and
recently withdrawal some selective COX-2 inhibitors due to their adverse cardiovascular events
clearly delineates the need to develop selective COX-2 inhibitors with improved safety profiles.
In this investigation, we designed, synthesized and evaluated of COX inhibitory activity of N-
phenylbenzohydrazide derivatives containing a COX-2 methylsulfonyl pharmacophore at the
para-position of phenyl ring and possess acyclic amide bond, in place of the central ring template
present in celecoxib. Twelve N-phenylbenzohydrazides (16-21 and 27-32) were able to
synthesize in acceptable yields (43-99%). The physical and spectroscopic properties were in
accordance with assumed structures. The conformation of N-phenylbenzohydrazides in solution
state and solid state were examined by 'H-NMR and X-ray crystallography technique,
respectively. The results showed compound 16, 27 and 30 were existed predominantly in cis-
conformation at tertiary amide in solution state. In contrary, compound 16, 19, 27, 29 and 31
were existed in frans-conformation in solid state. The COX inhibitory results showed compound
16-21 and 27-32 (100 uM) produced a weak to moderate COX-2 inhibition (9.5-26.3 %) with
selectivity index values superior (1.6-77.9) to reference drug, 10 uM indomethacin (1.0). N'-
benzoyl-4-fluoro-N-(4-(methylsulfonyl)phenyl)benzohydrazide (32) gave the highest COX-2
inhibitory activity (26.3%). The higher selectivity index values suggested that the presence of
para-methylsulfonylaryl moiety is obligatory for COX-2 selectivity. This finding suggested the
novel structural motif of N-phenylbenzohydrazides might be further developed to be novel

selective COX-2 inhibitors even if their SARs are still not explicit and require the further study.
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CHAPTER 1

INTRODUCTION

1.1 Background and Rationale

Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most widely
used therapeutics, primarily for the treatment of pain and inflammation, especially arthritis. From
a historical viewpoint, the first NSAID with therapeutic benefits was aspirin, which has now been
used for more than 100 years. In the 1970s, a scientific breakthrough occurred with the
elucidation of the molecular mechanism of aspirin and other NSAIDs. Vane, Samuelson and
Bergstrom succeeded in showing that these anti-inflammatory substances block the biosynthesis
of prostaglandins (PGs) which contribute to a variety of physiological and pathophysiological
functions (Vane and Botting, 1992). According to this discovery, at first, I would like to

introduce the biosynthesis of PGs in brief as followed.

1.1.1 Biosynthesis of prostaglandins and prostanoid substances

Initial step in the biosynthesis of prostanoids is the liberation of arachidonic acid
(AA) from the phospholipids of the cell membrane catalyzed by phospholipase A,. The following
step is the biotransformation of AA by cyclooxygenase (COX). In a bifunctional action, this first
generates the unstable PG endoperoxide in the form of PGG, (a side-chain peroxide), the COX
reaction itself, which is then immediately converted by reduction into PGH, (a side-chain
hydroxyl) by the same enzyme in a peroxidase (POX) reaction (Vane and Botting, 1992). As
shown in figure 1, PGG, and PGH, are unstable intermediates that react with other enzymes to

form a chemically diverse family of prostanoids. It can be isomerized to the various ketol



derivatives; PGD,, PGE,, and PGF,y. The endoperoxide is also transformed into the extremely
unstable and potent thromboxane A, (TXA,). Another and equally important substance produced
from the endoperoxide is prostacyclin (PGL,), which is conversed by prostacyclin synthase. The
ultimate derivatives of PGH, metabolism are determined by the specific subsequent enzymes that
are present in each cell. For example, in platelets nearly all PGH, is converted to the
vasoconstricting TXA, by thromboxane synthase while endothelial cells primarily produce the
vasodilatory PGL,. In the gastrointestinal tract, most PGs are converted to PGE,, PGF,y, and
PGIL,. (Cryer and Dubois, 1998) Moreover, the leukotrienes (LTs), bronchoconstrictors, are
metabolites which synthesized through a shift in the metabolic pathway from the COX pathway to

the 5-lipoxygenase (5-LOX) pathway (figure 1) (Nogrady and Weaver, 2005).

PGs, TXA,, and the LTs are lipids that are collectively called eicosanoids. Over
the past twenty years, the eicosanoids have emerged as important molecules around which to
target drug design and development. The pharmacological effects of the PGs, TXA, and LTs
comprise many different activities. The lack of specificity of their activities implies a number of
side effects, necessitating the development of selective synthetic compounds (Nogrady and

Weaver, 2005). In table 1 summarized the effects of eicosanoids are known.
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Figure 1. COX and 5-LOX pathway (Donge et. al, 2005; Nogrady and Weaver, 2005)



Substance

Observed biologic Activity

PGD

PGE

PGE

PGF,

PGl

PGJ

TXA

LTB

4

LTC/D,

5-or 12-HPETE

Weak inhibitor of platelet aggregation
Bronchodilatation

Inhibitor of fat breakdown

Inhibitor of platelet aggregation

Stimulates contraction of gastrointestinal smooth muscle
Vasodilation

Elevates body temperature set-point in anterior hypothalamus
Protects stomach lining acid degradation
Reduces secretion of stomach acid

Renal vasodilatation in kidneys

Stimulates uterine smooth-muscle contraction
Stimulates uterine smooth-muscle contraction
Potent inhibitor of platelet aggregation

Potent vasodilator

Inhibits cell proliferation

Stimulates osteogenesis (bone formation)
Potent inducer of platelet aggregation

Potent vasoconstrictor

Stimulates release of serotonin from platelets
Increases leukocyte chemotaxis and aggregation
Bronchoconstrictive

Inhibits platelet aggregation

Aggregates leukocytes

Promotes leukocyte chemotaxis

Table 1 Biologic Activities Associated with the Eicosanoids (Nogrady and Weaver, 2005)



PGs are involved in numerous homeostatic biological functions. They are
generated by COX and their biosynthesis and pharmacological actions are inhibited by clinically

relevant NSAIDs. Next, [ would like to review the target of NSAIDs, COX.

1.1.2 Cyclooxygenase (COX); target of NSAIDs

Cyclooxygenase (COX) is the key enzyme in the biosynthesis of prostaglandins
(PGs) from arachidonic acid (Cryer and Dubois. 1998). There are two identified isoforms,
namely cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2). While both enzymes carry
out essentially the same catalytic reaction, they differ in expression, function and structure

(Charlier and Michaux, 2003).

With regard to potential therapeutic applications, the critical COX isoform
distinctions are differences in their tissue distribution and differences in the regulation of their
expression. COX-1 is constitutively expressed in most cells and tissues. Under normal
homeostatic conditions it produces PGs that regulate essential physiologic (housekeeping)
functions such as gastric mucosal protection, maintenance of normal kidney function, and platelet
aggregation (figure 2). Inhibition of COX-1 function is therefore associated with the
development of peptic ulcer and interference of renal and platelet functions. In most instances,
COX-2 is usually barely detectable during normal physiologic conditions. However, in response
to several pro-inflammatory stimuli such as mitogens, cytokines and other growth factors, COX-2
can be rapidly induced to increase PGs production ten-to eighty fold (Cryer and Dubois. 1998).
The PGs produced by COX-2 play a major role in inflammatory reactions and are responsible for
the characteristic inflammatory symptoms (redness, pain, edema, fever and loss of function)
(figure 2). Thus, selective COX-2 inhibitors are clinically useful as anti-inflammatory drugs with
less gastrointestinal and renal toxicity. The inducible isozyme has also been implicated in
pathological processes such as various cancer types (colorectal, breast cancer) and Alzheimer and
Parkinson’s diseases. This opens a new spectrum for therapy with COX-2 inhibitors (Patrignani

et al., 2005).
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Stomach mucosa) l l l
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Figure 2. Role of COX-1 and COX-2 (Steinmeyer et al., 2000)

COX-1 and COX-2 are bifunctional enzymes that carry out two sequential
reactions in spatially distinct but mechanistically coupled active sites: AA oxygenation occurs in
the COX active site, and PGG, reduction occurs in the POX active site. The first reaction is
catalyzed by COX in the presence of O,and heme and the second reaction requires tryptophan
(Try), probably as a source of electrons (figure 3). COX-1 and COX-2 are homodimers of 70
kDa subunits and dimerization is required for structural integrity and catalytic activity. There are
now many COX crystal structures available, including several with bound inhibitors. These
crystal structures prove that each subunit contained a COX and a POX active site, with inhibitor
bound only in the COX active site. Each monomer of COX consists of three structural domains: a
short N-terminal epidermal growth factor domain, a Ol-helical membrane binding domain, and a
large globular C-terminal catalytic domain (figure 4). The COX and POX active sites are located
on opposite sides of the catalytic domain with the heme prosthetic group positioned at the base of

the POX site (Blobaum and Marnett, 2007).
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Figure 3 Reaction mechanism for COX enzymes. The COX reaction is peroxide-dependent

and requires that the heme group at the peroxidase site undergo a two-electron
oxidation. A tyrosyl (Tyr) radical is generated from the POX reaction and initiates
the COX reaction, which then becomes autocatalytic in the presence of substrate,

until radical induced inactivation occurs. (Blobaum and Marnett, 2007)
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Figure 4 Structural representation of the murine COX-2 dimer. The N-terminal epidermal
growth factor domain is designated in pink and leads into the four Ol-helices of the
membrane binding domain (yellow). Helix D projects up into the COX active site,
which is located at the base of the large, globular catalytic domain (cyan). The
heme prosthetic group (red) lies in the POX active site. (Blobaum and Marnett,

2007).



Although COX-1 and COX-2 are closely related, they are unique in several

ways, as shown in table 2.

COX-1 COX-2
Chromosome 9 1
Homology mRNA 60% 60%
messenger RNA Size 2.7kb 4.5 kb
Protein Size * 65 kDa 70 kDa
Intracellular Location Endoplasmic Reticulum Endoplasmic Reticulum (some)
Nuclear Envelope Nuclear Envelope (mostly)
Regulation Constitutive Inducible
Tissue Expression Platelets, Endothelial cells  Most tissues, especially
Stomach, Kidney inflammatory cells
Smooth Muscle Requires stimulation by:
Most tissues Growth Factors, Cytokines

& Hormones

Proposed Role Housekeeping Inflammatory Response

a) The COX and POX enzyme regions are 90% conserved between the two isoforms.

Table 2 Comparisons of COX-1 and COX-2 (Cryer and Dubois, 1998)

Both isoenzymes are somewhat genetically similar, sharing 60% genetic
homology in their coding regions. Despite the genetic differences, both enzymes have a
molecular weight of approximately 70 kDa, have highly conserved active sites, and differ by less

than 10% of amino acids within the AA binding domain (Cryer and Dubois, 1998).

The COX-2 active site is about 20% larger and has a slightly different form than
that of COX-1. The solvent accessible surface in the COX-2 active site is larger than that of

COX-1 (figure 5) (Blobaum and Marnett, 2007). These size and shape differences are caused
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mainly by two changes in the amino acid sequence. Evidently the exchange of a valine (Val) at
position 523 in COX-2 for a relatively bulky isoleucine (Ile) residue in COX-1 at the same
position of the active site of the enzyme causes a structural modification. This modification in the
COX-2 enzyme allows access to an additional side pocket, which is a pre-requsite for COX-2
drug selectivity. Access to this side pocket is restricted in the case of COX-1 (Dannhardt and
Kiefer, 2001; Charlier and Michaux, 2003). These studies of the static 3D structure of the
enzyme have been very helpful in the process of understanding the enzyme inhibition

mechanisms and in the design of selective compounds.

Figure 5 Solvent accessible surfaces in COX-1 and COX-2. The catalytic domains of the
COX proteins are shown as red in a ribbon diagram with the membrane binding
domains (predominantly helix D) shown in green. Residues lining the COX active
site of both proteins are shown in white with the solvent accessible surfaces in the

active site designated as translucent light-blue (Blobaum and Marnett, 2007).
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1.1.3 Non-steroidal anti-inflammatory drugs (NSAIDs)

Anti-inflammatory agents are believed to act by disrupting the AA cascade.
These drugs are widely used for the treatment of minor pain and arthritis. Some of them are
antipyretics (drugs that reduce fever) in addition to having analgesic and anti-inflammatory
actions. Some of these agents are widely available in over-the-counter (OTC) preparations.

Collectively, these are referred to NSAIDs.

1.1.3.1 Mechanism of action

Vane, Samuelson and Bergstrom succeeded in showing that NSAIDs block the
biosynthesis of PGs which contribute to a variety of physiological and pathophysiological
functions (Vane and Botting, 1992). The NSAIDs block the COX enzyme that catalyzes the
conversion of AA to the PGG, and PGH,, as mentioned above. Since these two cyclic
endoperoxides are the precursors of all other PGs, the implications of COX inhibition are
significant. PGE, is known to be a potent pyrogen (fever-causing agent), and PGE, causes pain,
edema, erythema (reddening of the skin), and fever. The PG endoperoxides (PGG, and PGH,)
can also produce pain, and inhibition of their synthesis can thus account for the action of the

NSAIDs (Nogrady and Weaver, 2005).

1.1.3.2 Classification of NSAIDs

As the principal pharmacological effects of NSAIDs arise from their inhibition
of COX enzymes, the available evidence suggests that the anti-inflammatory and analgesic
properties are due to the inhibition of COX-2, whereas the side effects are associated with the
inhibition of COX-1 (Blobaum and Marnett, 2007). Hence, these drugs can be subdivided into

two classes: classical NSAIDs or non-selective COX inhibitors and selective COX-2 inhibitors.



1.1.3.2.1 Classical NSAIDs or Non-selective COX inhibitors

12

It may be classified on the basis of their basic chemical structures as listed in

table 3. This list provides examples for each category. There are other analogs as well, reflecting

the widespread use of these agents. (Nogrady and Weaver, 2005)

Basic chemical structures

Examples drugs

Arylanthranilic acids
Arylbutyric acids
Arylpropionic acids

Indene derivatives

Indole derivatives
Naphthylacetic acid derivatives
Oxicams

Phenylacetic acid derivatives
Phenylalkanoic acid derivatives
Pyrazolone derivatives
Pyrrolealkanoic acid derivatives

Salicylate derivatives

mefenamic acid, meclofenamate

nabumetone

ibuprofen, ketoprofen, fenoprofen, naproxen

sulindac
indomethacin

nabumetone

piroxicam, meloxicam, tenoxicam

diclofenac

flurbiprofen

phenylbutazone, azapropazone
tolmetin

aspirin, diflunisal

Table 3 Non-selective COX inhibitors classify on the basis of their basic chemical

structures and the examples for each category

Most of the NSAIDs are carboxylic acids. This presence of an acidic moiety

structural feature accounts for the formation of a salt bridge between the carboxylic group of the

inhibitors and Arg 120 at the bottom of the COX thus generating COX-1 inhibiting activity

(Dannhardt and Kiefer, 2001).
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Aspirin has been used since the turn of the last century to reduce pain and fever,
but the parent compound, salicylic acid, has been known and used since antiquity, owing to its
common occurrence as a glycoside in willow bark. Acetylation merely decreases its irritating
effect. Among the numerous other salicylates known and used, flufenisal has a longer duration of
activity and fewer side effects than aspirin. Mefenamic acid and flufenamic acid are derivatives
of anthranilic acid, while ibuprofen and naproxen are derivatives of phenylacetic and
naphthylacetic acids, respectively. Among indole derivatives, indomethacin is very widely used
despite side effects. Its indene analog sulindac is a pro-drug, the active form being its —SH
derivative. Piroxicam is a long-lasting anti-rheumatoid agent but can have serious gastrointestinal
side effects. The once widely used phenylbutazone derivatives have too many side effects and

have fallen into disrepute. The example of non-selective COX inhibitors was shown in figure 6.

Among the non-selective COX inhibitors, there is no clear-cut statistical
evidence for the superiority of one or another of these useful drugs. Individual patients may do
better with some than with others, and there are differences in side effects, primarily gastric
bleeding and renal toxicity, which can be especially serious with the prolonged administration of

high doses—necessary in chronic diseases such as rheumatoid arthritis.
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Sulindac Piroxicam Phenylbutazone

Figure 6 The example of non-selective COX inhibitors

1.1.3.2.2 Selective COX-2 inhibitors

The aspect of enzyme selectivity of NSAIDs becomes important particularly
under the point of view of low risk NSAIDs with reduced side-effects. Therefore, the classic
NSAIDs are being pushed increasingly into the background, whereas selective COX-2 inhibitors

with an attractive pharmacological profile and reduced side-effects are being favored.

Contrary to the classic NSAIDs, this new class of enzyme inhibitors is lacking a
carboxylic group, thus effecting COX-2 affinity by a different orientation within the enzyme
without formation of a salt bridge. The selective COX-2 inhibitors belong to different structural

classes as followed (Dannhardt and Kiefer, 2001).
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1. Modified known NSAIDs to improve COX-2 selectivity:

Modifying well known NSAIDs into selective COX-2 inhibitors represents an
interesting strategy. In principle, the strategy consisted of introducing larger substituents to fit
into the active site volume of COX-2. Indomethacin, zomepirac, aspirin, flurbiprofen and

diclofenac have been successfully elaborated into selective COX-2 inhibitors (figure 7).

Cl Br:
75;0 ?40
N N
CH CH
HSC\.O / Y H3C / 3

O
CH;COOH CH,CH(CH,)COOH
indomathacin L - 761066
COOH @:s\/\/\
o] 0
o)\r:H3 o)\CH3
aspirin APHS

HsC
C(\ COOH \*Q\/\COOH
NH NH
———
cu\ij/c:i CI\©/CI

diclofenac lumiracoxib

Figure 7 The example of modified known NSAIDs to improve COX-2 selectivity
2. Diaryl- or aryl-heteroaryl-ethers (sulfonanilide inhibitors):

The examples of currently drugs used in this class are nimesulide and flosulide
(figure 8). Structurally, nimesulide and flosulide (a diaryl ether and thioether structure,
respectively), which bear a methansulfonanilide moiety. The sulfonamide structure with its NH-

acidity in all these compounds seems to be obligatory. It appears that nimesulide was the first
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member of this class of drugs. Its mechanism of action, pharmacology and clinical results in
rheumatic diseases, osteoarthritis and acute inflammation demonstrated that nimesulide possesses
novel anti-inflammatory qualities. Flosulide is similar to nimesulide. The main difference
between them is the incorporation of the electron-withdrawing substituent into the five-membered

carbocyclic ring.

H4C
Gl 10 o
HsC” “NH
O
O\O E o]
NH, I
nimesulide Flosulide

Figure 8 The example of diaryl- or aryl-heteroaryl-ethers (sulfonanilide inhibitors)

3. Vicinal diaryl heterocycles:

The compounds are characterized by a central carbocyclic or heterocyclic ring
system bearing two vicinal aryl moieties. These compounds represent the most important group
of COX-2 inhibitors. It can be assumed that the heterocycle is responsible for the appropriate
orientation to the aromatic rings in space and finally for the binding to the enzyme. A wide
variety of heterocycles can serve as a template for COX-2 inhibitors, i.e. pyrrole, thiazole,
oxazole, furane, imidazole, isoxazole, pyrimidine and thiophene, but at the moment pyrazole and
cyclopentenone seem to be the most appropriate tools for COX-2 specificity. For optimal
activity, one aromatic ring must be substituted with a methylsulfonyl or a sulfonamide substituent
in para position. Substitution at para position of one of the aromatic systems with a sulfonamide
or a methylsulfonyl group is essential for COX inhibition. Replacement of the methylsulfonyl

group by a sulfonamide group reduces COX-2 selectivity but improves oral bioavailability.

Two heterocycles with the substitution pattern mentioned above were of special

interest: the 1,5 diarylpyrazole derivative celecoxib (figure 9) and 3,4-diarylfuranone derivative
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rofecoxib (figure 9). Celecoxib (Celebrex”) was approved by the FDA for the treatment of
osteoarthritis and chronical polyarthritis in 1998. Rofecoxib (Vioxx®) has been launched in the
USA for the treatment of osteoarthritis, acute pain and primary dysmenorrhea and is meanwhile
also available in Germany, and approved within the EU for the treatment of osteoarthritis.
Valdecoxib and parecoxib sodium (prodrug of valdecoxib) (figure 9) are the latest developments

of COX-2 inhibitors and belong to the same chemical group.

Big: 0
Sa Bl 0
S \\S//
HoN"™
NN CF
~ s | o
(J b
HyC
celecoxib Rofecoxib
O ‘ N
/N\o ~ %
=
~ ®
Na
CH, e CHj
Halt HsC My
PES ¥ O//S**O
o” Yo 8
valdecoxib parecoxib sodium
Figure 9 The example of vicinal diaryl heterocycles inhibitors

1.1.3.3 NSAIDs in therapeutics

As mentioned before, the classical NSAIDs reduce the production of pro-
inflammatory PGs at sites of injury; via COX-2 inhibition, but also the formation of physiological
PGs in the stomach and the kidney; via COX-1 inhibition for GI lesions and renal toxicity,
leading at high doses to erosions, ulcerations, bleedings, and even to death (Dannhardt and Kiefer,

2001; Charlier and Michaux, 2003).
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Six selective COX-2 inhibitors (coxibs) have reached the market, and other
novel candidates are expected to be launched in the near future. Celecoxib and rofecoxib are the
original entries from 1999 and are now widely prescribed for the treatment of the symptoms of
osteoarthritis and rheumatoid arthritis. Valdecoxib and etoricoxib followed three years later,
while parecoxib sodium, an injectable pro-drug of valdecoxib, was launched in 2003.
Lumiracoxib is the newest entry to the field and has already been approved for market in the
United Kingdom. Additionally, deracoxib is now available for the treatment of pain and
inflammation associated with osteoarthritis in dogs. Multiple clinical trials have shown these

drugs to have clinical efficacy comparable to that of NSAIDs (Doherty, 2004).

Recent pharmacological studies have raised questions about the two principal
tenets underlying the design of specific COX-2 inhibitors, namely that PGs responsible for the
gastric mucosal integrity and renal function are produced solely via COX-1 whereas PGs that

mediate inflammatory responses are produced solely via COX-2.

Firstly, COX-2 is constitutively expressed in the kidney and the reproductive
tract. In addition to its implication in the kidney development, this isoform plays an important
part in the regulation of renal function (perfusion, water handling, renin release) in both normal
and paraphysiological conditions (i.e., in patients with liver cirrhosis, renal insufficiency or
congestive heart failure). Moreover, cyclic hormonal induction of COX-2 plays an important role
in ovulation. This enzyme is also expressed in the uterine epithelium at different stages of
pregnancy: in the beginning, it contributes to the ovum implementation and to angiogenesis
essential for placenta establishment, while, at the end, it is important for the onset of the labor
(parturition) (Dannhardt and Kiefer, 2001). As a result, like for classical NSAIDs, the use of
selective COX-2 inhibitors should be avoided in the early stages of pregnancy whereas they

should be useful in delaying premature delivery.

Secondly, COX-2 may be involved in the ‘‘adaptative cytoprotection’’ response

in GI mucosa. When the latter is inflamed or ulcerated, COX-2 is rapidly induced at sites of
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injury where it produces large amounts of PGs involved in the healing process. So, selective
COX-2 inhibitors should be avoided in patients with gastric susceptibility (Blobaum and Marnett
2007). Finally, PGs produced by COX-1 have also been shown to contribute to inflammatory
responses and hyperalgesia. In these cases, the anti-inflammatory efficacy of selective COX-2

inhibitors was only observed at doses that inhibited COX-1 (Charlier and Michaux, 2003).

In addition, several in vitro, in vivo, and clinical studies have demonstrated that
COX-2 selective inhibitors may prevent colorectal cancer. Although the precise molecular
mechanism involved in the chemopreventive action of these inhibitors is not entirely understood,
the COX-2 isoenzyme has proven to play a central role in the development of colorectal cancer
through the promotion of angiogenesis, increased invasiveness, and anti-apoptotic effects
(Patrignani et al., 2005). Additionally, COX-2 expression may be upregulated at certain site, in
the microglia of cognitive centers within the hippocampus and cortex in Alzheimer’s disease
(AD). Enhanced COX-2 expression in the brain may be associated with beta-amyloid protein
deposition in the neuritic plaques of AD. This protein and its peptide precursors are thought to be
elaborated as part of an inflammatory cascade in which microglia, a rich source of prostanoids,
probably participate. Since COX-2 expression in the brain and PGE, content in the cerebrospinal
fluid have been reported to be elevated in AD together with the finding that COX-2 protein levels
in the brain correlate with the severity of amyloidosis and clinical dementia, it has been suggested
that COX-2 inhibition by NSAIDs might be involved in the apparent protection in this setting

(Patrignani et al., 2005).

Moreover, the incidence of the use of these compounds on cardiovascular
diseases still requires vigilance. Indeed, COX-2 has been shown to generate PGI, in endothelial
cells. Therefore, by decreasing vasodilatory and antiaggregatory PGI, production, selective
COX-2 inhibitors may tip the natural balance PGI,/TXA, in favor of prothrombotic TXA, and

may lead to increase cardiovascular thrombotic events (Blobaum and Marnett 2007).
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The long-term cardiovascular safety of COX-2 selective inhibitors was recently
called into question with the results of two trials: the Adenomatous Polyp Prevention on Vioxx
trial (APPROVe, rofecoxib) and the Adenoma Prevention with Celecoxib trial (APC, celecoxib).
Both trials, which were conducted to evaluate the use of COX-2 selective inhibitors for the
prevention of recurrence of colorectal polyps, revealed a higher incidence of cardiovascular
events (death, myocardial infarction, and stroke) in patients taking the drugs for an extended
period of time. Of particular note, the APPROVe trial enrolled only those patients who did not
have a prior history of cardiovascular disease and was halted prematurely because of the 2- to 3-
fold increased risk of cardiovascular events among patients in the group that was taking 25 mg of
rofecoxib compared to placebo. This led to the withdrawal of rofecoxib from the worldwide
market in 2004. It has since been reported that other COX-2 selective inhibitors (celecoxib,
etoricoxib, parecoxib and valdecoxib) and some nonselective classical NSAIDs also might pose a
risk for increased cardiovascular events. Nevertheless, COX-2 remains a very important
pharmaceutical target for the treatment of debilitating diseases like rheumatoid arthritis and
osteoarthritis and as a preventative agent for colon cancer. However, important questions remain
concerning the benefit-risk profiles of traditional NSAIDs and both the diaryl heterocycle class of

COX-2 selective inhibitors (Blobaum and Marnett 2007).

1.2 Review of Literatures

Although, many observations reported that the long-term use of some of
selective COX-2 inhibitors, rofecoxib and valdecoxib, cause significant cardiovascular side
effects (Patricia and Patrice, 2004). Nevertheless, the therapeutic treatment of inflammatory
diseases with fewer side effects and additional efficacy in preventing and delaying the
progression of colon cancer and perhaps also Alzheimer’s disease of selective COX-2 inhibitors,

could be a big step ahead to development of new selective COX-2 inhibitors.

According to structure of selective COX-2 inhibitors, most of them are belong to

structure of sulfonyl-substituted diarylheterocycle (Dannhardt and Kiefer, 2001). The example of
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currently drug used in this group is celecoxib or as known celeblex” in trade name. Celecoxib
was approved by the FDA for the treatment of osteoarthritis and chronical polyarthritis in 1998.
Celecoxib has an optimal in vitro and in vivo profile. The substance shows potent and selective in
vitro activity (COX-1 IC,, = 13 umol, COX-2 IC,, = 0.04 pmol) and marked anti-inflammatory
activity in the rat adjuvant-induced arthritis assay (EDy, = 0.4 mg/kg) (Penning et al., 1997).
Studies showed that the analgesic and antiphlogistic efficacy of 400 mg celecoxib daily is
comparable to a daily dosage of 1,000 mg naproxen or 150 mg diclofenac. Celecoxib is
contraindicated during pregnancy and interestingly in patients with GI ulcers. At this point the
role of COX-2 for wound healing becomes evident, once an ulcerative injury is present, COX-2
expression is elevated in response to this disease and the COX-2 enzyme seems to be essential for
wound healing in the stomach by enhancing gastric blood flow, reducing gastric acid secretion
and allowing epithelial cell proliferation and granulation tissue contraction. Consequently, highly
selective COX-2 inhibitors such as celecoxib lead to delayed wound healing and can aggravate

the injury.

Consideration to structure of celecoxib found that including three main parts;
lipophilic aryl ring or tolyl group, sulfonyl-substituted aryl ring or p-sulfamidophenyl ring and

central ring that fuse two latter parts together (Garg et al., 2003) (figure 10).

HsC
tolyl group ——> 4? central ring
CF,
HaN

o
S %

o p-sulfamidophenyl ring

Figure 10 Three main structural features of celecoxib
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Some studies have demonstrated a development of new selective COX-2
inhibitors by replacing the central ring with heterocyclic analogs, five membering (I and IT)and
six membering (III), (Biava et al., 2005; Puig et al., 2000; Rao et al., 2003) or non-cyclic analogs
(IV-VIII) (Chowdhury, 2008; Zarghi et al., 2006; Zarghi et al., 2008; Tsai et al., 2006; Lin et al.,
2008) could provide efficiency COX-2 inhibitory activity and selectivity (figure 11).

00O Oy O

Ss7 Se?

H,N HiC™

— —
o) CH,COOEt
N/ €

N\<
F4C F4C

COX-11C,,: >100 uM

COX-21C,;:2.0 uM

COX-11C,, : >100 M

COX-21C,,: 0.06 uM

COX-11C,, : >100 uM

COX-21C,:27 uM

Q 0
Hﬁ—SON\ O‘;“s//o HZN—|S| N
I N NH HaC 0 I \
(0] 2 /”\ o) OH
N N
H,CS H H \COOH
v v vi
COX-11C,: 233 uM COX-11C,,: 22.4 uM COX-11C,, : 85.1 uM
COX-2IC,, : 2.04 M COX-21C,: 0.11 pM COX-21C,, : 0.74 uM
HCo N
3 H5;C
<% O O o i
~ HN—8 =
20 \ /
0 N

Figure 11 Compounds were reported as selective COX-2 inhibitors

COX-11C50:>100 uM

COX-21C50:1.0 uM

COX-11C50: 1.3 pM

COX-21C50:0.07 uM
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According to a crystal structure of celecoxib analogue (SC-558) in active site of
murine COX-2, showed the best appropriated conformation of celecoxib analogue which

lipophilic aryl ring and sulfonyl-substituted aryl ring were existed in the same side (figure 12)

(Kurumbiail et al., 1996).

SC-558

Figure 12 Conformation of celecoxib analogue, SC-558, in active site of murine COX-2

Assembly with several studies about conformation of aromatic amides, were
proved that a cis-preference is general in N-methyl aromatic amides; that is, benzanilide (figure
13) exists exclusively in the frans conformation whereas N-methylbenzanilide (figure 13) exists
predominantly in the cis structure both in solution state, crystal state (Itai et al., 1989; Itai et al.,

1992) and ab initio molecular orbital calculation (Saito ef al., 1995).

o O/;r:is
Y oF

trans

benzanilide N-methylbenzanilide

Figure 13 Conformation of benzanilide (cis) and N-methylbenzanilide (¢rans)

According to cis-preference in N-substituted aromatic amides and conformation
of celecoxib analogue in active site of COX-2, lead to an idea; replacement of central ring of

celecoxib by acyclic amide bond should allow the orientation of lipophilic aryl ring and sulfonyl-



24

substituted aryl ring similar to celecoxib. In prior studies (Songkram et al., 2007), they designed
and synthesized compounds which replaced central ring of celecoxib with acyclic amide linkage.
Conformation of synthesized tertiary amides or N-substituted benzanilides is also existed in cis-
preference in solution state. Moreover, some N-substituted benzanilides (IX, X and XI) exhibited
some COX-2 inhibitory activity closely to aspirin which was positive control when compare
quantitative of generated PGE, from knockout cell lines COX-1 and COX-2 using

radioimmunoassay (table 4).

- [
-

OK‘S// N O%S//O
- -
HsC HsC HyC
0] 0]
N/Y\ \/@ ]
o N N\_)-L

Q/KO ©/ O/ "

IX

X Xl

Cpd. Conc. Anti COX-1 Anti COX-2 COX-2

(ng/ml)  %PGE, %inhibition %PGE, %inhibition = COX-1

XI 10 62+9 38 63+2 37 1.0
X 10 83+10 17 54+9 46 2.7
XI 10 140 + 34 -40 62+1 38 -
ASA 0.1 86+ 15 14 87+19 13 0.9
ASA 10 45+20 55 65+9 35 0.6

Table 4 COX inhibitory of N-substituted benzanilides (IX, X and XI) compare quantitative of

generated PGE, from knockout cell lines COX-1 and COX-2 using radioimmunoassay
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1.3 Objective of the thesis

In this investigation I described the design, synthesis and COX inhibitory
activities for the N-phenylbenzohydrazides (figure 14) that possess a non-cyclic, amide bond, in
place of the central ring of pharmacophore present in celecoxib. I do also make it more similar
to celecoxib by replace nitrogen atom with carbon atom at nitrogen atom of amide and expect that
this may be affect selectivity and potency of compounds. I vary substituent group (R, = non-
substituent; H, electron withdrawing group; F and electron donating group; CH,) at para position
of the lipophilic aryl ring and vary at R, to alkyl (CH,) and aryl (C,H,). Moreover, I also alternate
structure in amide bond part; sulfonyl-substituted aryl ring attach at nitrogen of amide to attach at

carbonyl of amide, for structure activity relationship (SAR) studies.

R; =H,F, CH,
R, = CHj, CgHs

H;C~
30//5*0

N-phenylbenzohydrazides

Figure 14 Compare structure of N-phenylbenzohydrazides and celecoxib



CHAPTER 2

EXPERIMENT

2.1 Materials and Equipments

2.1.1 Material and equipments in synthesis and characterization

All chemicals and solvents were purchased locally from Sigma-Aldrich (MO,
U.S.A.), Riedel-de Haen (Germany), Labscan asia, Wako Pure Chemical Industries (Japan), TCI
(Japan), Merck (NJ, U.S.A.) and Fisher Scientific (PA, U.S.A.). The chemicals and solvents used
in the synthesis and characterization were listed in table 5. Column chromatography was
performed using silica gel 60 for column chromatography (40-63 um). TLC was performed on

aluminum backed plates pre-coated with silica (0.1 mm, 60F,.,) from Merck and developed using

254
standard visualizing apparatus: UV fluorescence (254 nm). Melting points were determined with
Melting point apparatus (Mel-Templl, Laboratory devices, USA). FT-IR spectra were recorded
using FT-IR Model Spectrum One Perkin Elmer™, 'H NMR and "C NMR spectra were
recorded in Acetone- d,, CDCl, and DMSO-d, using FT-NMR 500 MHz; Model UNITY INOVA,
Varin and JEOL GSX400 instrument operated at 400 MHz. High resolution mass spectrometrys
(HR-MS) were recorded on a micrOTOF, Burker using ESI technique to generate ion. Elemental
analyses (EA) were carried out in the Microanalytical Laboratory, Faculty of Pharmaceutical

Sciences, University of Tokyo. X-ray crystallography experiment was performed using Bruker

Smart1000 CCD diffractometer with graphite monocromated MoKa (1=0.71073 A).

26
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Chemical

Details

acetic anhydride

aluminium chloride

benzoyl chloride

bromine

calcium chloride

chloroform

deuterated acetone (Acetone- d,)
deuterated chloroform (CDCl,)
deuterated dimethylsulfoxide (DMSO-d,)
dichloroethane

dichloromethane

diethyl ether

Ethanol (absolute)

ethyl acetate
4-fluorophenylhydrazine hydrochloride
4-fluorobenzoyl chloride

hexane

hydrazine monohydrate
hydrochloric acid

methanol

4-methylbenzoyl chloride
4-(methylthio)benzoyl chloride
Oxone® peroxymonosulfate
phenylhydrazine
p-tolylhydrazine hydrochloride

Pyridine

Sigma-Aldrich, (MO, U.S.A.)
Riedel-de Haen, Germany
Wako, Japan

Fluka

Unilab, Ajax Finechem
Anhydrous, Lab scan asia
Cambridge Isotope Laboratories, Inc. (MA, USA)
Acrds Organics, Belgium
Cambridge Isotope Laboratories, Inc. (MA, USA)
Anhydrous, Lab scan asia
Anhydrous, Lab scan asia
Lab scan asia

Merck, Germany

commercial grade

Aldrich

Aldrich

commercial grade

Aldrich and Kanto, Japan
Lab scan asia

analytical grade, Labscan asia
Fluka

Aldrich

Aldrich

Fluka and Kanto, Japan

Fluka

Merck (NJ, U.S.A.)

Table 5 The lists of chemicals and solvents used in synthesis and characterization
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Chemical Details

thioanisole Aldrich

silica gel 60 for column chromatography Merck (NJ, U.S.A.)

sodium hydroxide Lab scan asia
sodium sulfate anhydrous Fisher Scientific (PA, U.S.A.)
Table 5 (continue) The lists of chemicals and solvents used in synthesis and characterization

The synthesis works were performed in Department of Pharmaceutical
Chemistry, Faculty of Pharmaceutical Sciences, Prince of Songkla University, Thailand and also
in Department of Chemistry, Faculty of Science, Ochanomizu University, Japan. '"H-NMR and
“C-NMR determination were conducted by service of Scientific Equipment Center, Prince of
Songkla University, Thailand and also conducted in Department of Chemistry, Faculty of Science,
Ochanomizu University, Japan. Low resolution and HR-MS were determined at School of
Biomedicinal Science, Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental
University, Tokyo, Japan. EA were carried out in the Microanalytical Laboratory, Faculty of
Pharmaceutical Sciences, University of Tokyo. X-ray Crystallography experiment was performed
by Dr. [sao Azumaya, Faculty of Pharmaceutical Sciences at Kagawa Campus, Tokushima Bunri

University, Kagawa, Japan.

2.1.2 Materials and equipments in determination of biological activity

The in vitro COX inhibitory activity determination were conducted with the
facility of laboratory of organic and medicinal chemistry, School of biomedical Science, Institute
of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Japan. Screening
inhibitory activity both in COX-1 and COX-2 of the compounds was assessed with a colorimetric
COX (ovine) inhibitory screening assay kit (Cayman Chemical; catalog No. 760111), purchased
from Cayman Chemical Company. Additional items required in this assay kit were a plate reader

capable of measuring absorbance at 560 nm (Beckman Coulter DTX 880 Multimode Detector,
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CA, USA), adjustable pipettors and a repeat pipettors (Gilson Inc., France), micromixer (Taitec:

micromixer E-36, Japan), and HPLC-grade water.

2.2 Method

2.2.1 Synthesis and characterization

Two sets of  N-phenylbenzohydrazide derivatives ~ which  4-
methanesulfonylphenyl substituent is attached either to the carbonyl, N'-acyl-N-(4-
substitutedphenyl)-4-(methylsulfonyl)benzohydrazides (16-21), or to the nitrogen, N'-acyl-4-
substituted-N-[4-(methylsulfonyl)phenyl]benzohydrazides (27-32), of amide, were synthesized.

The structures of designed compounds were showed in figure 15.

O #° Ox¢”°
HiC™ HsC”
H
o o N/N\H/R?
v 5
H
N'-acyl-N-(4-substituted phenyl)- N'-acyl-4-substituted-
4-(methylsulfonyl)benzohydrazides N-{4-(methylsulfonyl)phenyl)benzohydrazides
16;Ry=H, R,=CH; 27,R;=H, R;=CH;
17; R1 = CH3. R2 . CH3 28, R1 = CHS. R2 = CH3
18;R,=F, R;=CH; 29;Ry=F, R;=CH,3
19,Ry=H, R;=CgHs 30;Ry=H, R;=CgHs
20; Ry = CHs, Ry = CgHs, 31; Ry = CH3, Ry = CgHs,
21, Ry =F, R;=CgHs 32;Ry=F, R;=CgHs

Figure 15 Structure of targeted N-phenylbenzohydrazide derivatives.

Physical and spectroscopy properties of synthesized compounds were examined.
Melting points were measured using melting point apparatus. Infrared (IR) spectra were recorded
using FT-IR model spectrum one Perkin Elmer™, '"H- and "C-NMR were recorded on the
aforementioned instruments. The samples were dissolved in proper solvent, acetone- d,, CDCI,

or DMSO-d,. Chemical shifts values (8) were expressed in ppm and coupling constants (J) in
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hertz (Hz). The elemental comparisons of all target compounds were confirmed either by HR-MS
spectra or EA. The HR-MS experimental data were less than 3 ppm difference from theoretical

data and the EA experimental values were within plus or minus 0.4 % of theoretical values.

2.2.1.1 Synthesis of N'-acyl-N-(4-substituted phenyl)-4-(methylsulfonyl)benzo-

hydrazides (16-21)

In this part of investigation composed of three-step synthetic pathway. Initially,
N'-phenylacetohydrazides (4), p-substituted N'-phenylacetohydrazide (5 and 6), N'-
phenylbenzohydrazide (7) and N'-(p-substituted) benzohydrazide (8 and 9) were synthesized
through acetylation reaction and benzoylation reaction of their corresponding phenylhydrazine,
respectively. Secondly, the pyridine catalyzed cross-coupling reaction between N'-
phenylacetohydrazides (4-6) or N'-phenylbenzohydrazides (7-9) and 4-(methylthio) benzoyl
chloride under reflux in dry dichloroethane afforded the respective N'-acetyl-4-(methylthio)-N-
phenylbenzohydrazides (10-12) and N'-benzoyl-4-(methylthio)-N-phenylbenzohydrazides (13-15).
Finally, subsequent oxidation of 10-15 using Oxone® furnished the target N'-acetyl-4-
(methylsulfonyl)-N-phenylbenzohydrazides (16-18) and N'- benzoyl-4-(methylsulfonyl)-N-
phenylbenzohydrazides (19-21). All of synthesized compound were purified by suitable method

such as solvent extraction, silica gel column chromatography and recrystallization.

Their syntheses were concluded in scheme 1, and the synthesis of each

compounds in detail were described as follows.



31

4 Ry=H (88.93%)
5. Ry =CHj3 (quantitative)
6;R,=F (68.48%)

ZT
/
Z>:

|

Ry
“NH,
R 0
1
R - 7.Ry=H (quantitative)
1 " H 8 Ry =CHs (92.12%)
=H - = 9, R =F (quantitative)
2=CH, Ry

3=F

=T

ZT

o
pda o}
F
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L o
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!
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=
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I= (o]
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~N

4;R;=H, R,;=CH; 10;R;=H, R,=CH; (79.90%) 16;R;=H, R,=CH; (93.50%)
5;R,;=CH;, R;=CH,4 11, Ry =CHs, R, =CH3  (78.34%) 17, Ry =CHs, R, = CH3  (quantitative)
6;R;=F, R, = CHs 12;Ry=F, R;=CH; (96.40%) 18;R;=F, R;=CH; (quantitative)
7:Ry=H, R,=CgHs 13;R;=H, R,=CgHs (87.04%) 19;Ry=H, R,=CgHs (77.53%)
8;R;=CH;, R,=CgHs, 14; Ry = CH3, Ry = CgHg, (94.17%) 20; Ry = CHj3, Ry = CgHs, (87.31%)
9:R;=F, R,=CgHs 15,R;=F, R,=CgH; (86.20%) 21;R,=F, Ry=CgH; (75.35%)

Schemel Synthesis of N'-acyl-N-(4-substituted phenyl)-4-(methylsulfonyl)benzohydrazides
(16-21). Reagent: (a) acetic anhydride, diethyl ether; (b) benzoyl chloride,
pyridine, diethyl ether; (¢) 4-(methylthio)benzoyl chloride, pyridine, reflux; (d)

Oxone®, MeOH, H,0.

N'-phenylacetohydrazide (4)

H
N

o]
o 0 s: diethyl ether H JL
~ N
O/ i : )k )’k N H ok

H,¢” ~07 “CH;  0°C, 10-15min
rt, 10 min

1 acetic anhydride 4
(88.9%)

Diluted acetic anhydride (3.77 ml, 40 mmol, 4.00 equiv) in diethyl ether (20 ml)
was slowly dropped into a solution of phenylhydrazine (1) (1,946 mg, 10 mmol) in diethyl ether
(2.5 ml) with ice cooling. The mixture was stirred for 10-15 min. After that ice baht was

removed and continuely stirred for 10 min. The insoluble products were filtered and washed well
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with cooled diethyl ether. The precipitated product was then redissolved in ethyl acetate and
wash with 2N sodium hydroxide, water and brine. The obtained solution was dried over
anhydrous sodium sulfate and then concentrated to give 4 as white solid (2.4039 g, 88.9%).
Recrystallized with ethyl acetate/n-hexane gave white needles; mp. 126-129°C.

IR (KBr), Vmax, cm’ (Figure 16): 3286, 3235, (1

monohydrazide), 3030 ( V., aromatic),

-H? -H?

2939, 2857 ( V., aliphatic), 1643 (V,._,,, amide), 1596, 1495 (V,_., aromatic)

'H-NMR (500MHz, DMSO-d,), 6, ppm (Figure 17): 1.89 (s, 3H), 6.67 (t,J= 5.9 Hz, 1H), 6.68 (d,
J=8.5Hz,2H),7.11(¢t,J=7.9 Hz,2H), 7.63 (d, J=2.7 Hz, 1H), 9.58 (d, J= 2.7 Hz, 1H)

N'-p-tolylacetohydrazide (5)

N
/O/ ‘\NHZ —h-ZN HEoH \NHz
* HCI
HaC HyC

=
ZT

H 0
 di H
N o o s: diethyl ether H )J\
NHy )L )L - N CH,
H,c~ ~07 TCH;  0°C, 10-15min H
HiC rt, 10 min HsC
2 acetic anhydride 5

(quantitative)

p-Tolylhydrazine hydrochloride (634 mg, 4.00 mmol) was neutralized into free
base by stirred with 2N sodium hydroxide (2 ml). Then the free base (2) was extracted with
diethyl ether (10 ml for 3 times), and dried over anhydrous sodium sulfate. The solution was then
transfer into 50 ml reaction flask in ice bath. A diluted acetic anhydride (1.6 ml, 16 mmol, 4.00
equiv) in diethyl ether (15 ml) was added dropwise into a previous solution of p-tolylhydrazine.
The mixture was stirred for 10-15 min. After that ice baht was removed and continuely stirred for
10 min. The insoluble products were filtered and washed well with cooled diethyl ether. The
precipitated product was then redissolved in ethyl acetate and wash with 2N sodium hydroxide,

water and brine. The obtained solution was dried over anhydrous sodium sulfate and then
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concentrated. Purification by silica gel column chromatography (eluent: ethyl acetate/n-hexane,
3:2) gave 5 (680 mg, quantitative). Recrystallized with ethyl acetate/n-hexane gave white solid;
mp. 124-128°C.

IR (KBr), Vmax, cm’ (Figure 18): 3297 (V,,, monohydrazide), 3029 (V. ,, aromatic), 2919,

-H?

2864 (V,.,,, aliphatic), 1675 (V,_, amide), 1595 (V,._., aromatic).

'H-NMR (500MHz, DMSO-d,), 8, ppm (Figure 19): 1.86 (s, 3H), 2.16 (s, 3H), 6.59 (d, J = 8.3
Hz,2H),6.92 (d,J=8.3 Hz,2H), 745 (d,J=3.2 Hz, 1H), 9.56 (d,J=3.1 Hz, 1H).

N'-(4-fluorophenyl)acetohydrazide (6)

H
N ~
/O/ ‘-\NHZ 2N NaOH NHZ
« HCI
£ F

H o]
N o] o] s: diethyl ether H )j\
W w )J\ )]\ N CH;,
H,c~ 07 TCH;  0°C,10-15min H
F rt, 10 min E
3 acetic anhydride 6

4-Fluorophenylhydrazine hydrochloride (1,626 mg, 10.00 mmol) was neutralized
into free base by stirred with 2N sodium hydroxide (5.5 ml). Then free base (3) was extracted
with diethyl ether (10 ml for 3 times), and dried over anhydrous sodium sulfate. The solution was
then transfer into 50 ml reaction flask in ice bath. A diluted acetic anhydride (4 ml, 10 mmol,
4.00 equiv) in diethyl ether (15 ml) was added dropwise into a previous solution of 4-
fluorophenylhydrazine. The mixture was stirred for 10-15 min. After that ice baht was removed
and continuely stirred for 10 min. The insoluble products were filtered and washed well with
cooled diethyl ether. The precipitated product was then redissolved in ethyl acetate and wash
with 2N sodium hydroxide, water and brine. The obtained solution was dried over anhydrous

sodium sulfate and then concentrated. Purification by silica gel column chromatography (eluent:
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ethyl acetate/n-hexane, 3:2) gave 6 (1,151 mg, 68.5%). Recrystallized with ethyl acetate/n-

hexane gave light yellow solid; mp. 143-145°C.

IR (KBr), Vmax, cm (Flgure 20): 3276 (V,,,, monohydrazide), 3099 (V,,, aromatic), 2882,

2815 (V,.,,, aliphatic), 1664 (V,_, amide), 1576 (V,._., aromatic), 1224 (V,.,, aromatic C-F).

C-H> Cc=C> C-F?

'H-NMR (500MHz, DMSO-d,), 8, ppm (Figure 21): 1.87 (s, 3H), 6.68 (dd, J=4.7,9.0 Hz, 2H),
6.95 (dd,J=8.9, 8.9 Hz,2H), 7.57 (d, J=3.0 Hz, 1H), 9.59 (d, J= 3.0 Hz, 1H).

N'-phenylbenzohydrazide (7)

(0]

H
N s: diethyl ether
TNH . g e sl
pyndlne
0 °C, 10-15 min
rt, 10 min
1 benzoyl chloride

(quant:tatlve}

Diluted benzoyl chloride (1.52 g, 10.8 mmol, 1.08 equiv) in diethyl ether (2 ml)
was slowly dropped into a mixture solution of phenylhydrazine (1) (1.08 mg, 10.00 mmol) and
pyridine (800 mg, 10.11 mmol, 1.01 equiv) in diethyl ether (10 ml) with ice cooling. The mixture
was stirred for 10-15 min. After that ice baht was removed and continuely stirred for 10 min.
The insoluble products were filtered and washed well with cooled diethyl ether. The precipitated
product was then redissolved in ethyl acetate and wash with 2N sodium hydroxide, water and
brine. The obtained solution was dried over anhydrous sodium sulfate and then concentrated to
give 7 (2.29 g, quantitative). Recrystallized with dichloromethane/n-hexane gave white solid; mp.
165-167°C.

IR (KBr), Vmax, cm_ (Figure 22): 3246 (V,,,, monohydrazide), 3054 (V,, aromatic), 1647

C-H?

(Vo amide), 1578, 1496 (V_., aromatic).
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'H-NMR (500MHz, CDCl,), 8, ppm (Figure 23): 4.34 (s, 1H), 6.71 (¢, J="7.6 Hz, 1H), 6.92 (d, J
=73 Hz, 2H),7.22(t,J=8.1 Hz,2H),7.45 (t,J=7.6 Hz, 2H), 7.54 (t, J=7.3 Hz, 1H), 7.82 (d, J
=6.8 Hz, 2H), 8.04 (s, 1H).

N'-p-tolylbenzohydrazide (8)

N
N
+ HCI
HyC HsC
o]
H
s dlethyl ether N\‘N
F'Yl'idlne /O/ H
0°C, 5 min H5C

rt, 30 min

2 benzoyl chloride 8
(92.1%)

p-Tolylhydrazine hydrochloride (1.0 g, 6.30 mmol) was neutralized into free
base by stirred with 2N sodium hydroxide (3.2 ml). Then free base (2) was extracted with diethyl
ether (10 ml for 3 times), and dried over anhydrous sodium sulfate. The solution was then
transfer into 100 ml reaction flask that contained pyridine (560 mg, 7.08 mmol, 1.12 equiv) in ice
cooling. A diluted benzoyl chloride (905 mg, 6.44 mmol, 1.02 equiv) in diethyl ether (2 ml) was
added dropwise into a previous mixture solution of p-tolylhydrazine and pyridine. The mixture
was stirred for 5 min. After that ice baht was removed and continuely stirred for 30 min. The
mixture reaction was diluted in ethyl acetate and wash with, 2N hydrochloric acid, 2N sodium
hydroxide, water and brine. The obtained solution was dried over anhydrous sodium sulfate and
then concentrated. Purification by silica gel column chromatography (eluent: dichloromethane/n-
hexane/ethyl acetate, 2:2:0.5) gave 8 (1.31 g, 92.1%). Recrystallized with ethyl acetate/n-hexane
gave white solid; mp. 136-140"C.
aromatic), 2918,

IR (KBr), Vmax, cm (Figure 24): 3251 (V,,,, monohydrazide), 3027 (V

N-H> C-H?>

2862 (V. aliphatic), 1647 (V__, amide), 1597, 1512(V ., aromatic).
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'H-NMR (500MHz, CDCl,), 8, ppm (Figure 25): 2.24 (s, 3H), 4.28 (br, s, 1H), 6.83 (d, J = 8.8
Hz, 2H),7.02(d,J=8.3 Hz,2H), 744 (t, J=7.6 Hz, 2H), 7.54 (t,J=7.3 Hz, 1H), 7.81 (d,J="7.3
Hz, 2H), 8.04 (br, s, 1H).

N'-(4-fluorophenyl)benzohydrazide (9)

N
« HCI
F F
o}
H
s dlelhyl ether N\N
P)’I‘Idme Q/ H
0°C, 5 min F

rt,2h

2 benzoyl chioride 9
(quantitative)

4-Fluorophenylhydrazine hydrochloride (1.0 g, 6.15 mmol) was neutralized into
free base by stirred with 2N sodium hydroxide (3 ml). Then free base (3) was extracted with
diethyl ether (10 ml, for 3 times), and dried over anhydrous sodium sulfate. The solution was
transfer into 100 ml reaction flask that contained pyridine (1.03 g, 13.03 mmol, 2.12 equiv) in ice
cooling. A diluted benzoyl chloride (970 mg, 6.90 mmol, 1.12 equiv) in diethyl ether (2 ml) was
added dropwise into a previous mixture solution of p-tolylhydrazine and pyridine. The mixture
was stirred for 5 min. After that ice baht was removed and continuely stirred for 2 h. The
mixture reaction was diluted in dichloromethane and wash with, 2N hydrochloric acid, 2N
sodium hydroxide, water and brine. The obtained solution was dried over anhydrous sodium
sulfate and then concentrated. Purification by silica gel column chromatography (eluent:
dichloromethane/n-hexane/ethyl acetate, 2:2:0.5) gave 9 (1.50 g, quantitative). Recrystallized
with ethyl acetate/n-hexane gave light yellow solid; mp. 140-144 °C.

IR (KBr), Vmax, cm’ (Figure 26): 3255 (V,,,, monohydrazide), 3004 (V,, aromatic), 1649

N-H»

(V o, amide), 1579, 1507(V,._., aromatic).

c=C>
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"H-NMR (500MHz, CDCL,), O, ppm (Figure 27): 4.18 (br, s, 1H), 6.79 (dd, J = 4.6, 9.0 Hz, 2H),
6.98 (dd, J=8.5, 8.5 Hz, 2H), .45 (t, J = 7.6 Hz, 2H), 7.55 (t, J= 1.3 Hz, 1H), 7.81 (d, J= 7.8 Hz,

2H), 8.04 (br, s, 1H).

N'-acetyl-4-(methylthio)-N-phenylbenzohydrazide (10)

S
HyG™
2 HyG™
H JJ\ 3 s: dichloroethane 0 0
S
N CH; * cl — )k
H pyridine, reflux 3-4 h O/N\N CH,
0 H

4 4-(methylthio)benzoyl chloride 10
(79.9%)

To a solution of 4-(methylthio)benzoyl chloride (203 mg, 1.09 mmol, 1.08
equiv) in dichloroethane (5 ml) was added dropwise a mixture solution of N'™-
phenylacetohydrazide (4) (151 mg, 1.01 mmol) and pyridine (370 mg, 4.68 mmol, 4.29 equiv) in
dichloroethane (5 ml). The mixture reaction was stirred and refluxed at 120 °C for 4 h. After
cooling to room temperature, the excess solvent was removed using rotary evaporator. The crude
mixture was extracted with dichloromethane (20 ml, twice times), washed well with 2N
hydrochloric acid, 2N sodium hydroxide, water and brine, respectively. The collected organic
phase was dried over anhydrous sodium sulfate and concentrated. Purification by silica gel
column chromatography (eluent: dichloromethane/ethyl acetate, 3:1) gave 10 (240 mg, 79.9%).

Recrystallized with ethyl acetate/diethyl ether gave white solid; mp. 126-129 °C.

IR (KBr), Vmax, cm’ (Figure 28): 3258 (V,,,, monohydrazide), 2993 (V_,,, aliphatic), 1681

(Vo» 2° amide), 1660 (V ., 3° amide), 1593, 1492 (V_, aromatic).

Cc=0° c=C>

'H-NMR (500MHz, CDCl,), 6, ppm (Figure 29): 2.20 (s, 3H), 2.40 (s, 3H), 7.02 (d, J = 8.5 Hz,
2H),7.16 (t,J=6.8 Hz,2H),7.17 (t,J=6.9 Hz, 1H), 7.21 (d,J="7.5 Hz, 2H), 7.35 (d, J= 8.7 Hz,
2H), 8.38 (s, 1H).
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N'-acetyl-4-(methylthio)-/N-p-tolylbenzohydrazide (11)

S
H,C™
? H (:’S
H JJ\ 3 s: dichloroethane o o
S
N TCHy ¢ o —  » [ )L
pyridine, reflux 3-5 h ~N CH,
H4C 0 b
H,C

3

5 4-(methylthio)benzoyl chloride 11
(78.3%)

To a solution of 4-(methylthio)benzoyl chloride (273 mg, 1.46 mmol, 1.20
equiv) in dichloroethane (10 ml) was added dropwise a mixture solution of N'-p-
tolylacetohydrazide (5) (200 mg, 1.22 mmol) and pyridine (380 mg, 4.68 mmol, 4.80 equiv) in
dichloroethane (10 ml). The mixture reaction was stirred and refluxed at 120 °C for 5 h. After
cooling to room temperature, the excess solvent was removed using rotary evaporator. The crude
mixture was extracted with dichloromethane (50 ml, three times), washed well with 2N
hydrochloric acid, 2N sodium hydroxide, water and brine, respectively. The collected organic
phase was dried over anhydrous sodium sulfate and concentrated. Purification by silica gel
column chromatography (eluent: ethyl acetate/n-hexane, 1:1) gave 11 (300 mg, 78.3%).
Recrystallized with ethyl acetate/n-hexane gave white solid; mp. 151-153 °C.

IR (KBr), Vmax, cm’ (Figure 30): 3277 (V;, monohydrazide), 3009 (V,.,, aromatic), 2923 (V..

C-H>

. aliphatic), 1683 (V_, 2" amide), 1671 (V__,, 3° amide), 1593, 1508 (V_, aromatic).

'"H-NMR (400MHz, Acetone-d,), 8, ppm (Figure 31): 1.86 (s, 3H), 2.28 (s, 3H), 2.48 (s, 3H),
7.11 (d, J=17.8 Hz, 2H), 7.19 (d, J = 8.8 Hz, 2H), 7.21 (d, J = 9.8 Hz, 2H), 7.45 (d, J = 8.3 Hz,

2H), 9.80 (s, 1H).
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N'-acetyl-N-(4-fluorophenyl)-4-(methylthio)benzohydrazide (12)

S
5 A HaC”
-
H )L HiC s: dichloroethane 0 o
N7 TCHy * O ————— 5 J\
H pyridine, reflux 5 h N*-.N CH,
F o) H
F

6 4-(methylthio)benzoyl chloride 12
(96.4%)

To a solution of 4-(methylthio)benzoyl chloride (494 mg, 2.64 mmol, 1.11
equiv) in dichloroethane (10 ml) was added dropwise a mixture solution of N-(4-
fluorophenyl)acetohydrazide (6) (400 mg, 2.38 mmol) and pyridine (752 mg, 9.51 mmol, 4.00
equiv) in dichloroethane (20 ml). The mixture reaction was stirred and refluxed at 120 °C for 5 h.
After cooling to room temperature, the excess solvent was removed using rotary evaporator. The
crude mixture was extracted with dichloromethane (50 ml, three times), washed well with 2N
hydrochloric acid, 2N sodium hydroxide, water and brine, respectively. The collected organic
phase was dried over anhydrous sodium sulfate and concentrated. Purification by silica gel
column chromatography (eluent: ethyl acetate/n-hexane, 1:2) gave 12 (730 mg, 96.4%).

Recrystallized with ethyl acetate/n-hexane gave white solid; mp. 139-140°C.

IR (KBr), Vmax, cm’ (Figure 32): 3270 (V,,,, monohydrazide), 3060 (V,,, aromatic), 3003

(V. aliphatic), 1672 (V_, 2° and 3° amide), 1596, 1509 (V. aromatic).

'H-NMR (400MHz, CDCl,), 8, ppm (Figure 33): 2.03 (s, 3H), 2.42 (s, 3H), 6.91 (dd, J= 8.5, 8.5
Hz, 2H),7.04 (d,J=8.3 Hz,2H), 7.19 (dd, J=4.9,9.3 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 8.19 (s,
1H).
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N'-benzoyl-4-(methylthio)-N-phenylbenzohydrazide (13)

S
[ Nogl
s: dll:throelharle 0 o
O/ Pynclme reflux 3-4 h @N\NJ\O
H

7 4-(methylthio)benzoyl chloride 13
(87.0%)

To a solution of 4-(methylthio)benzoyl chloride (210 mg, 1.12 mmol, 1.08
equiv) in dichloroethane (5 ml) was added dropwise a mixture solution of N*-
phenylbenzohydrazide (7) (220 mg, 1.04 mmol) and pyridine (345 mg, 4.36 mmol, 4.21 equiv) in
dichloroethane (5 ml). The mixture reaction was stirred and refluxed at 120 °C for 4 h. After
cooling to room temperature, the excess solvent was removed using rotary evaporator. The crude
mixture was extracted with dichloromethane (20 ml, twice times), washed well with 2N
hydrochloric acid, 2N sodium hydroxide, water and brine, respectively. The organic extract
was dried over anhydrous sodium sulphate and concentrated. Purification by silica gel column
chromatography (eluent: dichloromethane/n-hexane/ethyl acetate, 2:2:0.5) gave 13 (327 mg,
87.0%). Recrystallized with ethyl acetate/n-hexane/diethyl ether gave white solid; mp. 179-181

o

C.

IR (KBr), Vmax, cm’ (Figure 34): 3276 (V,,, monohydrazide), 3062 (V. aromatic), 2921

C-H>

(V. aliphatic), 1679 (V_, 2° amide), 1655 (V__, 3" amide), 1591, 1489 (V._., aromatic).

'H-NMR (400MHz, Acetone-d,), 6, ppm (Figure 35): 2.46 (s, 3H), 7.19 (d, J = 8.3 Hz, 2H), 7.21
(t,J=71.3 Hz, 1H), 7.35 (¢, J= 7.8 Hz, 2H), 7.44 (d, J = 10.2 Hz, 2H), 7.46 (¢, J = 8.1 Hz, 2H),

7.55(d,J=8.3 Hz, 2H), 7.56 (¢, J= 8.1 Hz, 1H), 7.83 (d,J= 7.3 Hz, 2H), 10.57 (s, 1H).
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N'-benzoyl-4-(methylthio)-N-p-tolylbenzohydrazide (14)

]
HsC”
s: dichloroethane 2.
/©/ pyridine, reflux 21h N\N
H
H,C

3

8 4-{methylthio)benzoyl chloride 14
(94.2%)

To a solution of 4-(methylthio)benzoyl chloride (210 mg, 1.12 mmol, 1.11
equiv) in dichloroecthane (5 ml) was added dropwise a mixture solution of N'-p-
tolylbenzohydrazide (8) (230 mg, 1.02 mmol) and pyridine (340 mg, 4.30 mmol, 4.23 equiv) in
dichloroethane (5 ml). The mixture reaction was stirred and refluxed at 120 °C for 5 h. After
cooling to room temperature, the excess solvent was removed using rotary evaporator. The crude
mixture was extracted with dichloromethane (30 ml, three times), washed well with 2N
hydrochloric acid, 2N sodium hydroxide, water and brine, respectively. The organic extract
was dried over anhydrous sodium sulphate and concentrated. Purification by silica gel column
chromatography (eluent: dichloromethane) gave 14 (360 mg, 94.2%). Recrystallized with ethyl
acetate/n-hexane/diethyl ether gave white solid; mp. 183-186°C.
IR (KBr), Vmax, cm (Figure 36): 3268 (V

monohydrazide), 3030 (V,.,,, aromatic), 2989,

N-H> C-H>

2920 (V,,,, aliphatic), 1686 (V__, 2° amide), 1623 (V ., 3" amide), 1594, 1508 (V._., aromatic).

'H-NMR (400MHz, CDCl,), 6, ppm (Figure 37): 2.24 (s, 3H), 2.42 (s, 3H), 7.03 (d, J = 7.8 Hz,
2H),7.04 (d,J=8.3 Hz,2H),7.15(d,J=8.3 Hz,2H), 7.37 (¢, J= 7.6 Hz, 2H), 7.41 (d, J= 8.3 Hz,
2H),7.47 (t,J="7.6 Hz, 1H), 7.80 (d, J= 7.3 Hz, 2H), 8.94 (s, 1H).
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N'-benzoyl-N-(4-fluorophenyl)-4-(methylthio)benzohydrazide (15)

S
HaC”
o}
s: dichloroethane o
/O/ pyridine, reflux 21h N\N
H
F

9 4-(methylthio)benzoyl chloride 15
(86.2%)

To a solution of 4-(methylthio)benzoyl chloride (210 mg, 1.12 mmol, 1.10
equiv) in dichloroethane (5 ml) was added dropwise a mixture solution of N'-(4-
fluorophenyl)benzohydrazide (9) (235 mg, 1.02 mmol) and pyridine (345 mg, 4.36 mmol, 4.27
equiv) in dichloroethane (5 ml). The mixture reaction was stirred and refluxed at 120 °C for 5 h.
After cooling to room temperature, the excess solvent was removed using rotary evaporator. The
crude mixture was extracted with dichloromethane (30 ml, three times), washed with 2N
hydrochloric acid, 2N sodium hydroxide, water and brine, respectively. The organic extract
was dried over anhydrous sodium sulphate and concentrated. Purification by silica gel column
chromatography (eluent: dichloromethane/n-hexane/ethyl acetate, 2:2:1) gave 15 (335 mg,
86.2%). Recrystallized with ethyl acetate/diethyl ether gave white solid; mp. 168-171°C.

IR (KBr), Vmax, cm’ (Figure 38): 3263 (V,;, monohydrazide), 3030 (V.,, aromatic), 2989,

N-H>

2920 (V.. aliphatic), 1687 (V.._,, 2° amide), 1626 (V,._, 3° amide), 1599, 1506 (V_., aromatic).

Cc=0°
'H-NMR (400MHz, CDCL,), O, ppm (Figure 39): 2.42 (s, 3H), 6.92 (dd, J= 8.5, 8.5 Hz, 2H), 7.27
(dd, J=4.6,9.0 Hz, 2H), 7.05 (d, J = 8.3 Hz, 2H), 7.37 (t, J = 7.8 Hz, 2H), 7.38 (d, J = 8.8 Hz,

2H),7.49 (t,J="1.6 Hz, 1H), 7.78 (d, J= 7.3 Hz, 2H), 8.96 (s, 1H).
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N'-acetyl-4-(methylsulfonyl)-/V-phenylbenzohydrazide (16)

S T
HyC” H3(3>5/
2 o s: MeOH/H,0 o
+ Oxone — g 0
N )l\ rt. 1h N )J\
SaR Saa

10 16
(93.5%)

To a solution of N'-acetyl-4-(methylthio)-N-phenylbenzohydrazide (10) (87 mg,
0.29 mmol) in methanol (3 ml) was added a solution of oxone. (390 mg, 0.63 mmol, 2.19 equiv)
in water (3 ml). The mixture reaction was stirred at room temperature for 1 h. Then, the solvent
was removed. The crude mixture was extracted with ethyl acetate (20 ml, three times), washed
well with water and brine, respectively. The ethyl acetate extract was dried with anhydrous
sodium sulfate and concentrated to give 16 (90 mg, 93.5%). Recrystallized with ethyl acetate

gave white solid; mp. 209 —210.5 °C.

IR (KBr), Vmax, cm’ (Figure 40): 3235 (V,,,, monohydrazide), 3017 (V,,, aromatic), 2920

(V. aliphatic), 1674 (V_,, 2° amide), 1664 (Vo 3° amide), 1526, 1493 (V aromatic),

c=C>

1314, 1155 (V_, sulfone).
'H-NMR (400MHz, DMSO-d,, 90 °C), O, ppm (Figure 41): 1.74 (s, 3H), 3.19 (s, 3H), 7.24 (¢, J =
6.6 Hz, 1H), 7.35 (d, J = 8.3 Hz, 2H), 7.38 (1, J = 7.3 Hz, 2H), 7.72 (d, J = 8.3 Hz, 2H), 7.93 (d, J

=8.3 Hz, 2H), 10.7 (br, s, 1H).

“C-NMR (400MHz, DMSO-d,, 90 °C), O, ppm (Figure 42): 19.66, 43.06, 123.95, 126.00, 126.16,
127.68, 128.25, 140.07, 141.24, 141.80, 167.93, 168.23.

HR-MS (ESI) (Figure 43): Caled. For C,.H,N,0,S + Na: 355.072299. Found: 355.072618.
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Anal. Calcd. for C,H,\N,O,S: C 57.82; H 4.85; N 8.43. Found: C 57.64; H 4.88; N 8.37.

N'-acetyl-4-(methylsulfonyl)-N-p-tolylbenzohydrazide (17)

S ‘-\5//
-
H4C H,iC
0 - s: MeOH/H,0 o
+ Oxone — g 0
N )l\ rt. 1h N
HsC HaC
1 17
(quantitative)

To a solution of N-acetyl-4-(methylthio)-N-p-tolylbenzohydrazide (11) (150 mg,
0.48 mmol) in methanol (2 ml) was added a solution of oxone" (650 mg, 1.06 mmol, 2.22 equiv)
in water (5 ml). The mixture reaction was stirred at room temperature for 1 h. Then, the solvent
was removed. The crude mixture was extracted with ethyl acetate (20 ml, three times), washed
well with water and brine, respectively. The ethyl acetate extract was dried with anhydrous
sodium sulfate and concentrated to give 17 (180 mg, quantitative). Recrystallized with ethyl
acetate/n-hexane gave white solid; mp. 184 -185°C.

IR (KBr), Vmax, cm’ (Figure 44): 3259 (V,,,, monohydrazide), 3013 (V aromatic), 2927

C-H>

(V. aliphatic), 1681 (V__, 2° and 3" amide), 1508 (V._., aromatic), 1316, 1153 (V_, sulfone).
'H-NMR (400MHz, CDCL,, 52 °C), O, ppm (Figure 45): 2.02 (s, 3H), 2.28 (s, 3H), 2.98 (s, 3H),
7.04 (d, J = 7.8 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 7.63 (d, J = 7.8 Hz, 2H), 7.80 (d, J = 8.3 Hz,

2H), 9.91 (br, s, 1H).

“C-NMR (400MHz, CDCL,, 52 °C), O, ppm (Figure 46): 20.79, 21.00, 44.31, 126.17, 127.13,
129.41, 129.97, 138.18, 139.39, 139.96, 142.20, 168.30, 169.42.

HR-MS (ESI) (Figure 47): Caled. For C,.H,N,0,S + Na: 369.087949. Found: 369.087992.
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Anal. Calcd. for C;H,\N,O,S + 0.5H,0: C 57.45; H 5.39; N 7.88. Found: C 57.84; H 5.19; N

7.75.

N'-acetyl-N-(4-fluorophenyl)-4-(methylsulfonyl)benzohydrazide (18)

s Sg?
-~
H3C Hic”
2 o s: MeOH/H,0 0
+ Oxone — m 0
N )I\ rt. 30 min N )J\
F
F

12 18
(guantitative)

To a solution of N-acetyl-N-(4-fluorophenyl)-4-(methylthio)benzohydrazide (12)
(318 mg, 1.00 mmol) in methanol (5 ml) was added a solution of oxone (1,300 mg, 2.11 mmol,
2.11 equiv) in water (10 ml). The mixture reaction was stirred at room temperature for 1 h. Then,
the solvent was removed. The crude mixture was extracted with ethyl acetate (40 ml, twice
times), washed well with water and brine, respectively. The ethyl acetate extract
was dried with anhydrous sodium sulfate and concentrated to give 18 (350 mg, quantitative).
Recrystallized with ethyl acetate/n-hexane gave white solid; mp. 150 -153 °C.

IR (KBr), Vmax, cm’ (Figure 48): 3231 (V,,, monohydrazide), 3017 (V_,, aromatic), 2920

C-H»

(V. aliphatic), 1685 (V__,, 2° amide), 1664 (V__,, 3" amide), 1508 (V__., aromatic), 1320,

Cc=0° c=C>

1157 (V_,, sulfone).

'H-NMR (400MHz, DMSO-d,, 90 °C), O, ppm (Figure 49): 1.72 (s, 3H), 3.20 (s, 3H), 7.18 (dd, J
= 8.8, 8.8 Hz,2H), 7.43 (dd, J= 5.4, 7.8 Hz, 2H), 7.72 (d, J = 8.3 Hz, 2H), 7.94 (d, J = 7.8 Hz,
2H), 10.73 (br, s, 1H).
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BC-NMR (400MHz, DMSO-d,, 90 °0), 8, ppm (Figure 50): 19.70, 43.05, 114.82-115.05 (d, J,,

-C-C

=23.2 Hz), 125.94, 126.24-126.33 (d, =8.3 Hz), 127.57, 137.44, 139.66, 141.74, 158.57-

JF-C-C-C

161.04 (d, J,.. = 247.9 Hz), 167.89.

HR-MS (ESI) (Figure 51): Calcd. For C, .H,;FN,O,S + Na: 373.062877. Found: 373.062123.

167715

Anal. Calcd. for C, H ,FN,O,S : C 54.85; H 4.32; N 8.00. Found: C 54.84; H4.37; N 7.75.

N'-benzoyl-4-(methylsulfonyl)-N-phenylbenzohydrazide (19)

o] (0]
s Sg#
-
HaC HaC™
o o s: MeOH/H,0 o]
+ Oxong — o
N
N . 1h Ny
“ (T
13 19

(77.5%)

To a solution of N'-benzoyl-4-(methylthio)-N-phenylbenzohydrazide (13) (187
mg, 0.52 mmol) in methanol (15 ml) was added a solution of oxone (700 mg, 1.14 mmol, 2.20
equiv) in water (3 ml). The mixture reaction was stirred at room temperature for 1 h. Then,
solvent was removed. The crude mixture was extracted with ethyl acetate (20 ml, three times),
washed well with water and brine, respectively. The ethyl acetate extract
was dried with anhydrous sodium sulfate and concentrated. Purification by silica gel column
chromatography (eluent: dichloromethane/ethyl acetate, 8:1) gave 19 (158 mg, 77.5%).

Recrystallized with ethyl acetate/n-hexane gave white solid; mp. 133 137 °C.

IR (KBr), Vmax, cm’ (Figure 52): 3547, 3392 (V,.,, monohydrazide), 2998, 2918 (V
N-H

C-H»

aliphatic), 1683 (V.._,, 2° amide), 1661 (V__, 3" amide), 1595, 1491 (V__., aromatic), 1307, 1149

(V4_o» sulfone).
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'H-NMR (400MHz, DMSO-d,, 90 °0), 8, ppm (Figure 53): 3.14 (s, 3H), 7.26 (¢, J = 7.3 Hz, 1 H),
740 (t,J=7.8 Hz,2H), 7.43 (t, J=7.8 Hz,2H), 749 (d, J= 7.8 Hz, 2H), 7.54 (¢, J="7.3 Hz, 1H),
7.65(d,J="7.8Hz,2H),7.80 (d,J=8.3 Hz,2H), 7.92 (d,J=8.3 Hz, 2H), 11.39 (br, s, 1H).

“C-NMR (400MHz, DMSO-d,, 90 °C), O, ppm (Figure 54): 43.03, 125.96, 126.16, 126.69,

127.64, 127.98, 128.25, 131.38, 131.60, 139.97, 141.04, 141.71, 165.19.
HR-MS (ESD) (Figure 55): Calcd. For C, H,(N,0,S + Na: 417.087949. Found: 417.087161.
Anal. Calcd. for C, H,(N,O,S + 1H,0: C 61.15; H4.89; N 6.79. Found: C 61.26; H 4.93; N 6.85.

N'-benzoyl-4-(methylsulfonyl)-/V-p-tolylbenzohydrazide (20)

S g
HiC™ HyC™
2 o s: MeOH/H,0 o
+ Oxong — o
N
/O/ \NL‘O rt. 1h N\N
H H
H4C H,4C
14 20

(87.3%)

To a solution of N'-benzoyl-4-(methylthio)-N-p-tolylbenzohydrazide (14) (190
mg, 0.50 mmol) in methanol (15 ml) was added a solution of oxone (680 mg, 1.11 mmol, 2.20
equiv) in water (3 ml). The mixture reaction was stirred at room temperature for 1 h. Then,
solvent was removed. The crude mixture was extracted with ethyl acetate (20 ml, three times),
washed well with water and brine, respectively. The ethyl acetate extract
was dried with anhydrous sodium sulfate and concentrated. Purification by silica gel column
chromatography (eluent: dichloromethane/ethyl acetate, 8:1) gave 20 (180 mg, 87.3%).

Recrystallized with ethyl acetate/n-hexane gave white solid; mp. 202 —204 °C.
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IR (KBr), Vmax, cm’ (Figure 56): 3225 (V,,,, monohydrazide), 3005 (V. aromatic), 2925
(V. aliphatic), 1686 (V__,, 2° amide), 1654 (V__,, 3° amide), 1509, 1489 (V ., aromatic),

1314, 1153 (V_,, sulfone).

'H-NMR (400MHz, CDCl,, 50 °0), 8, ppm (Figure 57): 2.29 (s, 3H), 2.97 (s, 3H), 7.06 (d, J =
83 Hz,2H),7.19(d,J=83 Hz,2H), 7.40 (t,J=7.8 Hz, 2H), 7.52 (¢, J=7.3Hz, 1H), 7.69 (d, J =
83 Hz,2H),7.76 (d,J="7.3 Hz,2H), 7.80 (d, J= 8.8 Hz, 2H), 8.62 (s, 1 H).

“C-NMR (400MHz, CDCL,, 50 °C), O, ppm (Figure 58): 20.99, 44.30, 126.12, 127.13, 127.43,

128.81, 129.42,129.97, 131.80, 132.59, 138.13, 139.34, 140.04, 142.18, 167.00, 168.53.
HR-MS (ESD) (Figure 59): Calcd. For C,,H,)N,0,S + Na: 431.103599. Found: 431.102863.

Anal. Calcd. for C,,H,)N,O,S: C 64.69; H 4.94; N 6.86. Found: C 64.45; H 5.01; N 6.87.

227720 72

N'-benzoyl-N-(4-fluorophenyl)-4-(methylsulfonyl)benzohydrazide (21)

S g
-
HaC HaC™
2 o s: MeOH/H,0 o
+ Oxong — o
N
N rt. 1h N..\N
H H
F
F
15 21

(75.3%)

To a solution of N'-benzoyl-N-(4-fluorophenyl)-4-(methylthio)benzohydrazide
(15) (190 mg, 0.50 mmol) in methanol (15 ml) was added a solution of oxone" (675 mg, 1.10
mmol, 2.19 equiv) in water (3 ml). The mixture reaction was stirred at room temperature for 1 h.
Then, solvent was removed. The crude mixture was extracted with ethyl acetate (20 ml, three

times), washed with water and brine, respectively. The ethyl acetate extract
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was dried with anhydrous sodium sulfate and concentrated to give 21 (155 mg, 75.3%).

Recrystallized with ethyl acetate/n-hexane gave white solid; mp. 171 —174 °C.

IR (KBr), Vmax, cm’ (Figure 60): 3344 (V,,,, monohydrazide), 3036 (V_,, aromatic), 2936

(V. aliphatic), 1677 (V 2° and 3° amide), 1507 (V.._., aromatic), 1308, 1153 (V. sulfone).

Cc=0 Cc=C> S=0°

'H-NMR (400MHz, CDCl,, 50 °0), 5, ppm (Figure 61): 2.98 (s, 3H), 6.97 (dd, J = 8.5, 8.5 Hz,
2H), 7.34 (dd, J= 4.6, 8.5 Hz, 2H), 7.41 (t, J=7.8 Hz, 2H), 7.53 (t,J=7.6 Hz, 1H), 7.69 (d, J =
83 Hz,2H),7.73 (d,J="7.3 Hz,2H), 7.83 (d, J= 8.8 Hz, 2H), 8.63 (s, 1 H).

“C-NMR (400MHz, CDCL,, 50 °C), O, ppm (Figure 62): 44.31, 116.21-116.43 (d, J... = 22.3

c-C

Hz), 127.28, 127.37, 128.23, 128.90, 129.25, 131.56, 132.83, 137.86, 139.76, 142.44, 160.52-
163.00 (d, J, .= 249.0 Hz), 167.12.

HR-MS (ESD) (Figure 63): Calcd. For C, H,,FN,O,S + Na: 435.078527. Found: 435.078186.

Anal. Calcd. for C,H,,FN,O,S + 1H,O : C 58.60; H 4.45; N 6.51. Found: C 58.58; H 4.55; N
6.62.

2.2.1.2 Synthesis of N'-Acyl-4-substituted-N-[4-(methylsulfonyl)phenyl]benzo-

hydrazides (27-32)

In order to synthesize the designed N'-acyl-4-substituted-N-[4-(methylsulfonyl)
phenyl]benzohydrazides (27-32), 4-(methylsulfonyl)phenylhydrazine (24) was first prepared from
a three-step synthesis. Bromonation of thioanisole, subsequent peroxymonosulfate oxidation of
the obtained 4-bromothioanisole (22) and finally treating 4-bromomethylsulfone (23) with
hydrazine under refluxed gave 4-(methylsulfonyl)phenylhydrazine (24) as starting material for
next step in 90.7%. 4-(Methylsulfonyl)phenylhydrazine (24) was then allowed to react with

acetic anhydride to prepare N'-(4-(methylsulfonyl)phenyl)acetohydrazide (25). Whereas N'-(4-
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(methylsulfonyl)  phenyl)benzohydrazide  (26) was  obtained by  reacting  4-
(methylsulfonyl)phenylhydrazine (24) benzoylation with benzoyl chloride. Finally, amidation of
25 or 26 with benzoyl chloride or p-substituted benzoyl chloride (R, = CH, and F), using same
condition as previously described in the synthesis of N'-acetyl/benzoyl-4-(methylthio)-N-
phenylbenzohydrazides (10-15), gave six target N'-acyl-4-substituted-N-[4-
(methylsulfonyl)phenyl]benzohydrazides (27-32). All of synthesized compound were purified by
suitable method such as solvent extraction, silica gel column chromatography and
recrystallization. Their syntheses were concluded in scheme 2 and scheme 3. The synthesis of

each compounds in detail were described as follows.

Br H
" Br " . M\NH2
HsC = T HC —
3 \,S HSC‘\S ;/S-.\\ Hac.\
(0] (0]
22 23

0% o
24
(94.88%) (95.59%) (quantitative)

Scheme 2 Synthesis of 4-(methylsulfonyl)phenylhydrazine (24). Reagent: (a) Br,, AICL;; (b)

Oxone", MeOH/H,0; (¢) 95% EtOH, NH,NH,* H,0, reflux.

Ry
=" “NH o]
. | 4 (78.67%) f j}\
HiC P |
(o]
24 . “H HiC
e H‘Jc\.s — O//s‘\‘:‘o
oo 26

27;Ry=H, R,;=CHy (54.94%)
28, Ry =CHj R;=CH; (90.06%)
(99.68%) 29;R,=F, R,;=CH,; (69.50%)
30;Ry=H, Ry;=CgHs (87.10%)
31, Ry = CH3, R; = CgHs, (quantitative)
32,R,=F, R;=CgHs; (93.65%)

Scheme 3 Synthesis of N'-Acyl-4-substituted-N-[4-(methylsulfonyl)phenyl]benzo- hydrazide
(27-32). Reagent: (a) acetic anhydride, CH,Cl,/MeOH; (b) benzoyl chloride,
pyridine, CH,CL; (¢) p-(substituted)benzoyl chloride (R, = H, CH, and F),

pyridine, dichloroethane, reflux.
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4-bromothioanisole (22)

s: chloroform Br
—
HSC\\S Bry, AICl5 HSC‘“S
ice bath, 4 h

thioanisole 22
(94.9%)

Bromine (10 ml, 199.60 mmol, 1.17 equiv) was added dropwise into a mixture
solution of thioanisole (20 ml, 170.20 mmol) and aluminium chloride (20mg, 0.15 mmol) in dry
chloroform (20 ml) in ice bath. The mixture reaction was covered with guard tube that contained
calcium chloride and stirred for 4 h. After the reaction was completed, saturated sodium
metabisulfite (Na,S,0,) was added to remove excess bromine until the mixture reaction became
to light orange color. Then allowed the crude mixture to extract with chloroform (20 ml, twice
times). Organic layer was washed well with 2N sodium hydroxide, water and brine, respectively.
The collected organic extract was dried over anhydrous sodium sulfate and concentrated to give
crude product as yellow semi-solid. 60% methanol was then added into crude product and the
mixture was kept at -20 "C for 1 h. Filtered the precipitated products and subsequently washed
the precipitate with cooled water gave 4-bromothioanisole, 22 as light yellow solid (32.8 g,

94.9%), mp. 38 °C.

IR (KBr), Vmax, cm’ (Figure 64): 3036 (V., aromatic), 2917 (V,,, aliphatic), 1473, 1428,

1385 (V..., aromatic), 750-570 (weak, V., methylthio), 480 (V. , aromatic bromine).

Cc-C C-S°

'H-NMR (500MHz, CDCl,), 6, ppm (Figure 65): 2.43 (s, 3H), 7.09 (d, J= 8.5 Hz, 2H), 7.37 (d, J
=8.5 Hz, 2H).
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4-bromomethylsulfone (23)

Br
Br s: MeOH/H,0
+ Oxone —_— H-C
H.C <A
3 ~g rt. 24 h O//S\

T

(0]

22 23
(95.6%)

To a solution of 4-bromothioanisole (22) (5.2 g, 25.60 mmol) in methanol (35
ml) was added dropwise a solution of oxone (60.95 g, 99.14 mmol, 3.87 equiv) in water (250 ml).
The mixture reaction was stirred at room temperature for 24 h. When the reaction was completed,
the solvent was removed using rotary evaporator. Filtered the precipitated producted and washed
well with water to remove unwanted inorganic salt gave 23 (5.81 g, 95.6%). Recrystallized with
ethyl acetate/n-hexane gave white solid; mp. 101-103 °C.
IR (KBr), Vmax, cm ' (Figure 66): 3092, 3014 (V

aromatic), 2919 (V_._,, aliphatic), 1573,

C-H° C-H?

1465 (V... aromatic), 1308, 1147 (V_, sulfone), 555 (V,, aromatic bromine).

'H-NMR (500MHz, CDCL), O, ppm (Figure 67): 3.02 (s, 3H), 7.69 (d, J = 8.5 Hz, 2H), 7.78 (d, J

=8.6 Hz, 2H).

(4-(methylsulfonyl)phenyl)hydrazine (24)

Br i
N
s:95% EtOH \NHQ
i3 +  NH,NH,H,0 -
s reflux 24 h HiC
07 o .
23 24
(quantitative)

Hydrazine monohydrate (3.5 ml, 72.15 mmol, 17.0 equiv) was added dropwise
into a solution of 4-bromomethylsulfone (23) (1.0 g, 4.25 mmol) in 95% ethanol (20 ml). The
mixture reaction was stirred and reflux for 24 h. When the reaction was completed, allowed it to

room temperature and then the solvent was removed using rotary evaporator. The crude mixture
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was extracted with ethyl acetate (20 ml, twice times). Organic layer was washed well with water
and brine, respectively. The collected organic extract was dried over anhydrous sodium sulfate
and concentrated gave 24 (890 mg, quantitative). Recrystallized with ethyl acetate/n-hexane gave

white solid; mp. 124-127 °C. .

IR (KBr), Vmax, cm’ (Figure 68): 3324 (V,, monohydrazide), 3017, 3002 (V. aromatic),

2921 (V. aliphatic), 1596 (V__., aromatic), 1322, 1137 (V_,, sulfone), 1269 (V ., aromatic

hydrazine).

'H-NMR (500MHz, DMSO-d,), 8, ppm (Figure 69): 4.21 (s, 2H), 3.02 (s, 3H), 6.83 (d, J = 8.7
Hz,2H), 7.55(d, J=28.7 Hz, 2H), 7.67 (s, 1H).

N'-(4-(methylsulfonyl)phenyl)acetohydrazide (25)

(o]

H
H
/O/N\NHZ )OL )Oj\ s: CH,Cly/ MeOH N“‘N)LCH
+ R 3
H
H3C:S% H,C 0 CHsz  0°C,10-15min H3C._ /O/
-~ i
O 0 rt, 30 min 0% =g

24 acetic anhydride 25

(78.7%)

Acetic anhydride (2.00 ml, 21.14 mmol, 3.51 equiv) was slowly dropped into a
solution of 24 (1,120 mg, 6.01 mmol) in dichloromethane (22 ml) and methanol (3 ml). The
mixture was stirred for 10-15 min. After that ice baht was removed and continuely stirred for 30
min. When the reaction was completed, added the water to dilute some acid. The insoluble
products were filtered and washed well with cooled diethyl ether. The filtrate was extracted with
dichloromethane (20 ml, twice times). The organic layer was allowed to wash well with water
and brine. The dichloromethane extract was dried over anhydrous sodium sulfate and
concentrated. Collected the obtained products together with previous precipitated products total
gained 25 (1,080 mg, 78.7%). Recrystallized with ethyl acetate/methanol/n-hexane gave white

solid; mp. 175-178°C.
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IR (KBr), Vmax, cm’ (Figure 70): 3327, 3216, (V,,, monohydrazide), 3019 (V_,,, aromatic),

C-H?>

2929 (V. aliphatic), 1664 (V._,, amide), 1605, 1563, 1499 (V. ., aromatic), 1283, 1133 (V

Cc-C S=0°

sulfone).

'"H-NMR (500MHz, DMSO-d,), 6, ppm (Figure 71): 1.91 (s, 3H), 3.06 (s, 3H), 6.78 (d, J = 8.8
Hz,2H), 7.63 (d,J=8.8 Hz,2H), 8.49 (d,J=1.5 Hz, 1H),9.77 (d,J= 1.6 Hz, 1H).

N'-(4-(methylsulfonyl)phenyl)benzohydrazide (26)

0]

H o]
N s: CH,Cl, H
NH, g
ol = H
HiC pyridine, H3C_
0”0 0°C20min, 2SS,
rt. 1h
24 benzoyl chloride 26

(99.7%)

Diluted benzoyl chloride (595 mg, 4.23 mmol, 1.06 equiv) in dichloromethane (2
ml) was slowly dropped into a mixture solution of 24 (740 mg, 3.97 mmol) and pyridine (340 mg,
4.30 mmol, 1.08 equiv) in dichloromethane (5 ml). The mixture was stirred for 20 min. After
that ice baht was removed and continuely stirred for 1 h. Then, the insoluble products were
filtered to collect and washed well with n-hexane. The filtrate was extracted with
dichloromethane (20 ml, twice times). The organic layer was allowed to wash well with water
and brine. The dichloromethane extract was dried over anhydrous sodium sulfate and
concentrated. Collected the obtained products and previous precipitated products together gained
total 26 (1,150 mg, 99.7%). Recrystallized with dichloromethane/methanol/n-hexane gave white

solid; mp. 206-208.5°C.

IR (KBr), Vmax, cm’ (Figure 72): 3302 (V, monohydrazide), 2996, 2917 (V. aliphatic),

1668 (V._,, amide), 1596 (V_., aromatic), 1279, 1142 (V_,, sulfone).
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'H-NMR (500MHz, DMSO-d,), 8, ppm (Figure 73): 3.07 (s, 3H), 6.88 (d, J= 8.8 Hz, 2H), 7.52 (1,
J=77Hz,2H),7.59 (t,J=7.4 Hz, 1H), 7.67 (d, J= 8.8 Hz, 2H), 7.92 (d, J=7.2 Hz, 2H), 8.75 (s,
1H), 10.51 (s, 1H).

N'-acetyl-N-(4-(methylsulfonyl)phenyl)benzohydrazide (27)

0]
s: dichloroethane : T o
N A
Pan:Ime reflux 22 h /O/ H CH;
25 benzoyl chloride 27

To a solution of benzoyl chloride (205 mg, 1.46 mmol, 1.11 equiv) in
dichloroethane (2 ml) was added dropwise a mixture solution of 25 (300 mg, 1.31 mmol) and
pyridine (420 mg, 5.31 mmol, 4.04 equiv) in dichloroethane (20 ml). The mixture reaction was
stirred and refluxed for 22 h. When the reaction was completed, allowed it to room temperature.
Then solvent was removed using rotary evaporator. The crude mixture was extracted with
dichloromethane (20 ml, twice times) and washed well with 2N hydrochloric acid, 2N sodium
hydroxide, water and brine, respectively. The organic extract was dried over anhydrous sodium
sulfate and concentrated. Purification by silica gel column chromatography (eluent: ethyl
acetate/n-hexane, 2:1) gave 27 (240 mg, 54.9%). Recrystallized with ethyl acetate/n-hexane gave

white solid; mp. 181-184°C.

IR (KBr), Vmax, cm’ (Figure 74): 3320 (V,,, monohydrazide), 3069, 3017, 3000 (V

C-H»

aromatic), 2921 (V_,, aliphatic), 1707 (V__, 2° amide), 1682 (V_, 3" amide), 1588, 1491 (V.

aromatic), 1298, 1147 (V_,, sulfone).

'H-NMR (400MHz, CDCL,), 8, ppm (Figure75): 1.92 (s, 3H), 3.00 (s, 3H), 7.32 (¢, J = 7.6 Hz,
2H),7.36(d,J=8.8 Hz,2H),7.42 (¢t,J=7.6 Hz, 1H), 7.51 (d, J= 7.3 Hz, 2H), 7.69 (d, J = 8.8 Hz,
2H), 8.59 (s, 1H).
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“C-NMR (400MHz, CDCL,), O, ppm (Figure76): 20.67, 44.60, 124.11, 128.00, 128.06, 128.26,
131.23, 133.77, 136.98, 146.61, 169.43, 170.50.

HR-MS (ESI) (Figure 77): Calcd. For C, .H,\N,0,S + Na: 355.072299. Found: 355.072134.

167716

Anal. Calcd. for C, H,(N,O,S: C 57.82; H 4.85; N 8.43. Found: C 57.60; H 4.97; N 8.46.

167716

N'-acetyl-4-methyl-/V-(4-(methylsulfonyl)phenyl)benzohydrazide (28)

H4C
0]
\ )J\ s: dichloroethane o
v A
yrldlne reflux 22 h /O/ H CHj

25 4-methylbenzoyl chloride 28
(90.1%)

To a solution of 4-methylbenzoyl chloride (230 mg, 1.49 mmol, 1.13 equiv) in
dichloroethane (2 ml) was added dropwise a mixture solution of 25 (300 mg, 1.31 mmol) and
pyridine (420 mg, 5.31 mmol, 4.04 equiv) in dichloroethane (20 ml). The mixture reaction was
stirred and refluxed for 22 h. When the reaction was completed, allowed it to room temperature.
Then solvent was removed using rotary evaporator. The crude mixture was extracted with
dichloromethane (20 ml, twice times) and washed well with 2N hydrochloric acid, 2N sodium
hydroxide, water and brine, respectively. The organic extract was dried over anhydrous sodium
sulfate and concentrated. Purification by silica gel column chromatography (eluent: ethyl
acetate/n-hexane, 2:1) gave 28 (410 mg, 90.1%). Recrystallized with ethyl acetate/n-hexane gave
white solid, melting point 180-183 °C.

IR (KBr), Vmax, cm’ (Figure 78): 3297 (V,, monohydrazide), 3003 (V_,, aromatic), 2926

C-H»

(V. aliphatic), 1701 (V__,, 2° amide), 1654 (V__,, 3° amide), 1589, 1490 (V ., aromatic),

Cc=C>

1307, 1149 (V_,, sulfone)
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'H-NMR (400MHz, CDC,), 8, ppm (Figure 79): 1.61 (s, 3H), 2.33 (s, 3H), 3.00 (s, 3H), 7.10 (d,
J=78 Hz,2H), 7.33 (d, J= 8.8 Hz, 2H), 7.39 (d, J = 8.3 Hz, 2H), 7.71 (d, J = 8.8 Hz, 2H), 8.44
(s, 1H).

“C-NMR (400MHz, CDCL,), 8, ppm (Figure 80): 20.79, 21.61, 44.59, 124.48, 128.07, 128.45,
128.98, 130.52, 137.16, 141.98, 147.07, 169.63, 170.22.

HR-MS (ESD) (Figure 81): Calcd. For C,;H,(N,0,S + Na: 369.087949. Found: 369.088721.
Anal. Calcd. for C;H,\N,O,S : C 58.94; H 5.24; N 8.09. Found: C 57.97; H 5.15; N 7.93.

N'-acetyl-4-fluoro-N-(4-(methylsulfonyl)phenyl)benzohydrazide (29)

F.
o
\ )L s dlchlcroethane o)
N"-. )l\
Dyrldlne reflux 22 h /O/ ﬁ CH;

25 4-fluorobenzoyl chloride 29
(69.5%)

To a solution of 4-fluorobenzoyl chloride (230 mg, 1.45 mmol, 1.10 equiv) in
dichloroethane (2 ml) was added dropwise a mixture solution of 25 (300 mg, 1.31 mmol) and
pyridine (420 mg, 5.31 mmol, 4.04 equiv) in dichloroethane (20 ml). The mixture reaction was
stirred and refluxed for 22 h. When the reaction was completed, allowed it to room temperature.
Then solvent was removed using rotary evaporator. The crude mixture was extracted with
dichloromethane (20 ml, twice times) and washed well with 2N hydrochloric acid, 2N sodium
hydroxide, water and brine, respectively. The organic extract was dried over anhydrous sodium
sulfate and concentrated. Purification by silica gel column chromatography (eluent: ethyl
acetate/n-hexane, 2:1) gave 29 (320 mg, 69.5%). Recrystallized with ethyl acetate/n-hexane gave

white solid, melting point 175-180 °C.
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IR (KBr), Vmax, cm’ (Figure 82): 3358 (V,.,, monohydrazide), 3075, 3010 (V_,,, aromatic),

N-H> C-H>

2917 (V.. aliphatic), 1698 (V.._,, 2° amide), 1681 (V,._, 3° amide), 1510, 1489 (V.._., aromatic),

Cc=0? C=C>

1300, 1148 (V_,., sulfone).

$=0°
'H-NMR (400MHz, CDCL,), 8, ppm (Figure 83): 1.98 (s, 3H), 3.01 (s, 3H), 7.02 (dd, J= 8.5, 8.5
Hz, 2H),7.34 (d,J= 8.8 Hz, 2H), 7.56 (dd, J= 5.4, 8.8 Hz, 2H), 7.71 (d, J= 9.3 Hz, 2H), 8.41 (s,
1H).

“C-NMR (400MHz, CDCl,), 8 ppm (Figure 84): 20.69, 44.61, 115.41-115.63 (d, J, .. = 22.0

C-C

Hz), 124.04, 128.06, 130.63, 130.72, 137.04, 146.55, 162.92-165.46 (d, J,.. = 255.0 Hz), 169.38,
169.48.

HR-MS (ESI) (Figure 85): Calcd. For C, H,;FN,O,S + Na: 373.062877. Found: 373.062530.

167715

Anal. Calcd. for C,(H,;FN,0,S : C 54.85; H 4.32; N 8.00. Found: C 54.66; H 4.39; N 8.01.

167715

N'-benzoyl-N-(4-(methylsulfonyl)phenyl)benzohydrazide (30)

(0]
s: dichloroethane : T o]
N‘“\
P)"rldme reflux 3 h /©/ hl

“\
// o
HiC

26 benzoyl chloride 30
(87.1%)

To a solution of benzoyl chloride (160 mg, 1.34 mmol, 1.10 equiv) in
dichloroethane (2 ml) was added dropwise a mixture solution of 26 (300 mg, 1.03 mmol) and
pyridine (330 mg, 4.17 mmol, 4.04 equiv) in dichloroethane (12 ml). The mixture reaction was
stirred and refluxed for 3 h. When the reaction was completed, allowed it to room temperature.
Then solvent was removed using rotary evaporator. The crude mixture was extracted with

dichloromethane (20 ml, twice times) and washed well with 2N hydrochloric acid, 2N sodium
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hydroxide, water and brine, respectively. The organic extract was dried over anhydrous sodium
sulfate and concentrated.  Purification by silica gel column chromatography (eluent:
dichloromethane/ethyl acetate, 6:1) gave 30 (355 mg, 87.1%). Recrystallized with ethyl

acetate/n-hexane gave white solid; mp. 199-202 °C.

IR (KBr), Vmax, cm’ (Figure 86): 3262 (V,, monohydrazide), 3004 (V.,, aromatic), 2924 (V.

. aliphatic), 1690 (V.._,, 2° amide), 1657 (V__, 3" amide), 1592, 1488 (V_, aromatic), 1291,

Cc=0°

1147 (V_,, sulfone).

S=0°

'H-NMR (400MHz, CDCl,), 8, ppm (Figure 87): 3.00 (s, 3H), 7.30 (z, J= 7.6 Hz, 2H), 7.38 (m,
1H), 7.40 (¢, J= 7.8 Hz, 2H), 7.43 (d, J = 8.8 Hz, 2H), 7.52 (t, J = 7.3 Hz, 1H), 7.57 (d, J = 6.8 Hz,

2H),7.70 (d,J=8.3 Hz, 2H), 7.71 (d, J = 8.8 Hz, 2H), 9.13 (s, 1 H).

“C-NMR (400MHz, CDCL,), O, ppm (Figure 88): 44.62, 124.13, 127.29, 128.08, 128.13, 128.28,
128.79, 131.05, 131.25, 132.73, 133.81, 137.02, 146.63, 166.74, 170.66.

HR-MS (ESI) (Figure 89): Calcd. For C, H,(N,0O,S + Na: 417.087949. Found: 417.088171.
Anal. Calcd. for C,,H,N,O,S : C 63.94; H 4.60; N 7.10. Found: C 63.75; H 4.72; N 7.09.
N'-benzoyl-4-methyl-N-(4-(methylsulfonyl)phenyl)benzohydrazide (31)
~N s: dichloroethane \Q\f
/©/ pyndlne reflux 3h
H3C

O

26 4-methylbenzoyl chloride 31
(quantitative)
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To a solution of 4-methylbenzoyl chloride (175 mg, 1.13 mmol, 1.10 equiv) in
dichloroethane (4 ml) was added dropwise a mixture solution of 26 (300 mg, 1.03 mmol) and
pyridine (330 mg, 4.17 mmol, 4.04 equiv) in dichloroethane (12 ml). The mixture reaction was
stirred and refluxed for 3 h. When the reaction was completed, allowed it to room temperature.
Then solvent was removed using rotary evaporator. The crude mixture was extracted with
dichloromethane (20 ml, twice times) and washed well with 2N hydrochloric acid, 2N sodium
hydroxide, water and brine, respectively. The organic extract was dried over anhydrous sodium
sulfate and concentrated.  Purification by silica gel column chromatography (eluent:
dichloromethane/ethyl acetate, 6:1) gave 31 (423 mg, quantitative). Recrystallized with ethyl
acetate/n-hexane gave white solid, melting point 211-213°C.

IR (KBr), Vmax, cm (Figure 90): 3380 (V

monohydrazide), 3082, 3017 (V_,,, aromatic),

N-H? C-H?

2925 (V. aliphatic), 1690 (V__,, 2° amide), 1674 (V ., 3" amide), 1592, 1473 (V_., aromatic),

1282, 1145 (V_,., sulfone).

$=0?
'H-NMR (400MHz, CDCl,), 6, ppm (Figure 91): 2.31 (s, 3H), 3.00 (s, 3H), 7.09 (d, J = 7.8 Hz,
2H),7.40(d,J=6.8 Hz,2H), 741 (d,J=8.3 Hz,2H), 744 (d,J=7.8 Hz,2H), 7.52 (t,J = 7.6 Hz,
1H), 7.73 (t,J=8.3 Hz,2H), 7.72 (d, J = 8.3 Hz, 2H), 9.08 (s, 1H).

“C-NMR (400MHz, CDCL,), O, ppm (Figure 92): 21.60, 44.60, 124.45, 127.35, 128.12, 128.50,

128.78, 128.99, 130.57, 131.13, 132.71, 137.09, 141.99, 147.04, 166.86, 170.45.

HR-MS (ESI) (Figure 93): Calcd. For C,,H, N

2277200 72

O,S + Na: 431.103599. Found: 431.103479.

Anal. Calcd. for C,,H,)N,O,S: C 64.69; H 4.94; N 6.86. Found: C 64.46; H 5.23; N 6.79.

227720 72
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N'-benzoyl-4-fluoro-N-(4-(methylsulfonyl)phenyl)benzohydrazide (32)

~N s: dichloroethane \Q\r
/O/ pyndlne refiux 3h
HSC

O

26 4-fluorobenzoyl chloride 32
(93.7%)

To a solution of 4-fluorobenzoyl chloride (360 mg, 2.26 mmol, 2.20 equiv) in
dichloroethane (4 ml) was added dropwise a mixture solution of 26 (300 mg, 1.03 mmol) and
pyridine (330 mg, 4.17 mmol, 4.04 equiv) in dichloroethane (12 ml). The mixture reaction was
stirred and refluxed for 3 h. When the reaction was completed, allowed it to room temperature.
Then solvent was removed using rotary evaporator. The crude mixture was extracted with
dichloromethane (20 ml, twice times) and washed well with 2N hydrochloric acid, 2N sodium
hydroxide, water and brine, respectively. The organic extract was dried over anhydrous sodium
sulfate and concentrated.  Purification by silica gel column chromatography (eluent:
dichloromethane/ethyl acetate, 6:1) gave 32 (399 mg, 93.7%). Recrystallized with ethyl
acetate/n-hexane gave white solid; mp.141-143 °C.

IR (KBr), Vmax, cm ' (Figure 94): 3244 (V

monohydrazide), 2988 (V aliphatic), 1692

N-H> C-H?>

(Vo» 2° amide), 1654 (V._,, 3° amide), 1600, 1508 (V._, aromatic), 1295, 1146 (V_, sulfone).

'H-NMR (400MHz, CDCl,), 6, ppm (Figure 95): 3.01 (s, 3H), 7.01 (dd, J= 8.5, 8.5 Hz, 2H), 7.43
(d,J=8.8 Hz,2H),7.44 (¢t,J=8.1 Hz,2H), 7.56 (t,J="1.3 Hz, 1H), 7.63 (dd, J=4.9, 8.8 Hz, 2H),
7.74 (d,J=6.3 Hz,2H), 7.74 (d, J= 8.8 Hz, 2H), 8.97 (s, 1H).

PC-NMR (400MHz, CDCl,), 8 ppm (Figure 96): 44.61, 115.44-115.65 (d, J. = 21.5 Hz),

F-C-C

123.85, 127.37, 128.12, 128.95, 130.11, 130.75, 130.96, 132.96, 136.90, 146.57, 166.69, 169.98.
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HR-MS (ESD) (Figure 97): Calcd. For C, H,.FN,O,S - H: 411.080932. Found: 411.081620.

Anal. Calcd. for C, H,,FN,0,S + 0.5H,0: C 59.85; H 4.30; N 6.65. Found: C 59.99; H 4.28; N

6.67.

2.2.2 Determination of molecular orientation

According to the molecular structure of N-phenylbenzohydrazide (16-21 and 27-
32) in this investigation, they exhibit the probability to orientate in the one of geometric isomer,
cis or trans isomer. The determination of their orientation was conducted using '"H-NMR and X-
ray crysatalloghaphic technique to evaluate the conformational changes in solution and solid

states, respectively.

2.2.2.1 '"H-NMR

The determination of compound orientation in solution state was conducted
using 'H NMR technique. 'H NMR spectra were recorded using FT-NMR 500 MHz; Model
UNITY INOVA, Varin and JEOL GSX400 instrument operated at 400 MHz. A solvent used for
the measurement was acetone-d, (25 ‘C-(-)20°C, acetone-d, as 2.05 ppm) and DMSO-d, (30 °C
-90°C, DMSO-d, as 2.50 ppm). All measurements were started at room temperature (25 °C) and
done by increasing or decreasing the temperature in steps of 10 °C. "H-NMR determination was
conducted by service of Scientific Equipment Center, Prince of Songkla University, Thailand and

also conducted in Department of Chemistry, Faculty of Science, Ochanomizu University, Japan.
2.2.2.2 X-ray crysatalloghaphy
The determination of compound orientation in solid state was conducted using

X-ray crysatalloghaphic technique. All of N-phenylbenzohydrazide derivatives (16-21 and 27-

32) were recystallized in suitable solvent as described in the details of synthesis. Then the cystals
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were determined their shape, clearness and surface by microscope. The X-ray crystal structure
analyses were performed on crystals of compounds 16, 19, 27, 29 and 31. Intensity data were
collected with a Bruker Smart1000 CCD diffractometer using graphite monocromated MoKa (1 =
0.71073 A). This experiment was performed by Dr. Isao Azumaya, Faculty of Pharmaceutical
Sciences at Kagawa Campus, Tokushima Bunri University, Kagawa, Japan. Structures were
solved by using the freeware Mercury Program version 2.3 (crystal structure visualization

program).

2.2.3 The evaluation of biological activities

All of synthesized N-phenylbenzohydrazide derivatives would be subject for the
evaluation of their biological activities. For this investigation, in vitro model was selected. All of
targeted compounds (16-21 and 27-32) were tested COX inhibitory activity via both on COX-1
and COX-2. A colorimetric COX (ovine) inhibitory screening assay kit (Cayman Chemical,
catalog no. 760111) was selected for assay which measured the peroxidase activity of COX. The

assay principle and protocol were described in brief below.

Colorimetric COX (ovine) inhibitory screening assay

The colorimetric COX (ovine) inhibitor screening assay measures the peroxidase
component of COX. The peroxidase activity is assayed colorimetrically by monitoring the
appearance of oxidized N,N,N’ N -tetramethyl-p-phenylenediamine (TMPD) at 560 nm using
arachidonate as the substrate. (Ann, 2008) The oxidation of TMPD which generate a

chromophore in colorimetric determination was shown in figure 98.
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Figure 98 The oxidation of TMPD in colorimetric determination of peroxidase component in

COXs.

Each experiment was initially performed at 100 uM of the test compounds as in
the procedure of Kakuta and coworker (Kakuta, ef al, 2008) and 10 uM of indomethacin which
was positive control both in COX-1 and COX-2 inhibitory activity test. The assay was performed
in triplicate. The assay protocol was followed with the supplier’s protocol (Ann. 2008) which was

described in brief below.
Reagent preparation

1. Assay Buffer: 3 ml of provided assay buffer concentrate was diluted with 27 ml of
HPLC-grade water to obtain 0.1 M Tris-HCI, pH 8 then stored at 4 °C. It should be use
for dilution of heme and COX enzyme prior to assay.

2. Heme: 88 pl of provided heme solution in dimethyl sulfoxide was diluted with 1.912 ml
of diluted assay buffer prior to be used.

3. COX-1 and COX-2: the vial contained a solution of COX-1 or COX-2 was kept on ice
when thawed. Then, 350 pl of enzyme was diluted with 700 pl of diluted assay buffer
and store on ice.

4. Arachidonic Acid: 110 pl of a solution of provided arachidonic acid in ethanol was
tranfered into 5 ml eppendof and 110 ul of provided KOH was added, then vortex, and
diluted with 1.98 ml of HPLC-grade water to achieve a final concentration of 1.1 mM.

This prepared arachidonic acid solution should be used within 30 minutes.
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5. Inhibitors or positive control solution: inhibitors and selected positive control were

dissolved in dimrthyl sulfoxide and were added to the assay in a final volume of 10 pl.

Plate set up

The sample plate setting up 96-wells plate was shown in figure 99. Plate was

separated into 2 sides, column 1 to column 6 were used for COX-1 screening and others columns

were used for COX-2 screening. It had three wells designated as non-enzymatic or background

wells (BW) and three wells designated as 100% initial activity wells (A) both in COX-1 and

COX-2. Each experiment was performed as triplicate, and the mean value was calculated. The

absorbance of BW must be subtracted from the absorbance measured in the COX well, inhibitors

well (16-21, 27-32) or positive control well (indomethacin, IM).

COX-1 screening

COX-2 screening

- —" Y — "~ N

1 2 3 4 5 6 7 8 9 10 11 12
A BW BW BW 21 21 21 BW BW BW | 21 21 21
B A A A 27 27 27 A A A 27 27 27
C M M M 28 28 28 ™M M M 28 28 28
D 16 16 16 29 29 29 16 16 16 29 29 29
E 17 17 17 30 30 30 17 17 17 30 30 30
F 18 18 18 31 31 31 18 18 18 31 31 31
G 19 19 19 32 32 32 19 19 19 32 32 32
H 20 20 20 20 20 20

Figure 99 The sample plate setting up 96-wells plate
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1" 0

AO/J&
AR = H) 5R = GH &R = F)

C 0P LHHY ° onP 0 Hz® © P 3 HHD

ppn ppm ppr
2 666 d 85 H 659 d 83 H 6.6¢dd 4.7, ¢ H
3 711t 79 H 692d 83 I 6.9t dd 89, € H
4 661t 59 H - - - - - - - -
e - - - - 216s - B - - - -
lcc18 s - H 18 s - B 18 s - H
lec 765 d 27 H 745d 32 H 75id 30 H
2c 95¢ d 27 H 956d 31 H 95¢d 30 H

a) Multiplicity
b) Number of proton

Table 8 The comparidadMR (FRODM ISP datasb
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ZI =

- 5
2 L2
3 1 ~N T 3
Hoo
o &
R =
1

7(R =H) gR =¢gH IR =F)

G m? J, H HY N md J, Hz ® G m® J, H: HY

ppr ppm pp
2 692 d 73 H 683d 88 R 6.7¢ dd 4.6,¢ H
3 72: t 81 H 702d 83 H 6.9 dd 85,¢& H
4 671t 76 H - - - - - - - -
2c 78 d 68 H 781d 73 R 781 d 78 H
c 745 t 76 H 744t 7.6 2 7.4f t 7.6 H
4 754 t 73 H 754t 7.3 H 7.5t t 7.3 MH
lec - - - - 224 s - B - - - -
lcc43¢ s - H 428s(br) - H 41s( - H
2cc 804 s - ®H 804s(br) - H 80ss(bh - H

a) Multiplicity

b) Number of proton

Table 9 The comparidedMR (F0O0DLHataGo
N-acyl-4-(methpihe)ylbenzohydrazides (10-15)

In this st@pléould be synthesized by amidatiod-&)seconda
with 4-(methylthio)benzoyl chkomiden of hleemmeahtion was described ir
6. It was similar to the case déstbebeeVienstyylation by benzoyl chlo
pyridine was also used to catalyze the reaction by formation of |
pyridinium ion (Denmark and Beutoely d0@8knce was heating to fo
reaction. Because of in this case,4Hgcsmtdingwoatéressdndary nitrog
the weak nucleophilic amine and the very weak nucleophilic amide
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amine could attack to the carbonyl of the electrophilic acyl pyridiniun
very weak nucleophilic amide. The reaction did not occur when it
temperature in dichloromethang.thAftemperaage of reaction by refl
chloroform (bfx)6t2 reaction still did Nidieoceactexh occurred within 4
when the reaction was refluxed in dithloroethane (bp. 83.5

O Cp 00
e /LJ X o

=
® Jor) N
H Z

R

HiC

Scheme Bhe reaction mechanismildf-afidation of

The stoichiometric amount of all entities and % yield was ¢
The rate of reaction was ndtesagificandenliacetamide substituted c
(10-12nd benzamide substitut8d}&ompounds (
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amount of entities
(equivalent by mole) time :
R 0
compound - Re correspondifigmethylthio) idinéhours)/0 yield
2 amine benzoyl chldjr}ge

10 H CH 1.0 1.1 4.3 4 79.9
11 CH CH 1.0 1.2 4.8 5 78.3
12 F CH 1.0 1.1 4.0 5 96.4
13 H ¢ 1.0 1.1 4.2 4 87.0
14 CH G 1.0 1.1 4.2 5 94.2
15 F & 1.0 1.1 4.3 5 86.2

Table 10The stoichiometric amount of all &h@tiEs and % vyield

After compbividsere finally purified by recrystallization, the
characteristic and spectroscopiaprogeliigsmeasuring a melting poin
'H-NMR.

CompoutdBere synthesized and purified successfully res
amorphous solid. Their melting points were summarized in table 11.
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s
H,C™
o]
o]
N AL
R

compound Rec cﬁ?gzc::sn ADOQ) (recrystallized solvent)
10 H CH white solid26-129 (ethyl acetate/diethyl ether)
11 CH CH white solid51-15&thyl acetst®Ane)
12 F CH white solid39-140 (ethyhhexiate)
13 H @& whitesolid 179-181 (elledaacdtigthyl ether)
14 CH @ white solid 183-186 (ekliepaacsthethyl ether)
15 F @& whitesolid 168-171 (ethyl acetate/diethyl eth

Table 11Physical characteristics and.@éking point of

The spectroscopicNemtatyibenzoyl-4-(Mptieritilmnzo
hydrazid@s)&vere obtained Byl-NRvihd IR spectra oflGetbpwands
showed their characteristic signals of important functional groups :
structure. To ilNitratestching of monohydrazid@2@@staedined
stretching of aromatic andaafijgmect averpper wavenumbers (>3000)
wavenumbers (<3000), respecyvatarp Tpealsirof C=0C simeftéhing of
amide were found at 1680-C82Gretching of aromatiy WEE2&8lskb75 cr
found as band with medilrma odenstyson of IR spectra dl@ta%f comp
was showed in table 12.
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@ax (3m
R R Qe Qu Quw Qo Qo Qo

monohydraardenatediphati2 amid& amiderromatic

10 H CH 3258 = 2993 1681 1660 1593

11 CH CH 3277 3009 2923 1683 1671 1593
12 F CH 32/0 3060 3003 1672 1672 1596
13 H @& 3276 3062 2921 1679 1655 15¢
14 CH &H 3268 3030 2989 1686 1623 15¢
15 F @& 3263 3030 2989 1687 1626 15

Table 12The comparison of IR (KBthdata of

'H-NMR spedfracetyl/benzoyl-4-(Mptieitimnzohydrazides
(10-15vere interpreted on the basis of the chemical shifts, multiplicity
The samples were dissolved andlGiei<lareit iandRCedriand
13 at room temperature. FantiBmipdialy usegh€BGblventbut its
NMR spectra exhibited unclear mtitiNldRy spheteasshowed distir
multiplicity when we udiag scktemenstead.

'H-NMR spedipalslearly corresponded to the relative abur
connectivity of each hydrogen tyheitburedeBactispectrum was separ
two main signals; aliphatic protons and aromatic protons. At aliphati
14), the singlet signal of 3H at 2.40, 2.48, 2.42, 2.46, 2.42 and 2.42
sighal oH® ompdngibespectively. The singlet signal of 3H at 2.20,

ppm were assignable to H isigeataohi@e of divdbesyuectively.
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Moreover, methyl substitutehni¥drgioameld gignal of methyl at 2.28 ar
ppm as singlet signal of 3H, respectively.

The aromatic protohGsityiale different, based on the substit
aromatic of each compound. From QekirbitddcnmpaticdH signals in
sets. Three of them (7.02, 7.16 assighalzlepoiHveé@niline ring. The re

and 7.21 ppm) were assignablehemy ohgl- SCdigoailekhibited
aromatic H signals in four sets. Tywa.tB(@md {20016 (912 (ppm)

were assignable to H of aniline g .7. B3¥aegt {124 % .01 (ppm)
were assignable to;ideEMAS@E. From table1Béxbdnedwardmatic H

signals in eight sets. Thre@.86 thein/(21.9pm) were assignable to F
ring. Three signals at 7.55, 7.44 and 7.83 ppm ypbengksnmaliedo
rest (7.46 and 7.56 ppm) were assignable to H bidrdireamiiedng. C
aromatic H signals in seven sets1J] wQBi(ainen &390 (ppm)

were assignable to H of aniline ring 1] wEBgpuadts /AR 7d1DH(

ppm were assignable jphtoyl4i8GHThe 1@s7 (/B3O 31 7.37

(1% and 74i7 7.4%ppm) were assignable to H of benzamide ring.

Moreover, the fluorine substitti@ah@drajsousdewed AA'XX’
system for the aromatic protons (6.91-7R-amhasplittingackiiphal
N (4-fluorophenyl)-4-(methylthid)@esdubytdchiingat, Hsignals as a
pseudo-triplet at 8 9B 5pHE] and as a doublet of dduble!d HizY,.19 pr
whil®-benzbiy#-fluorophenyl)-4-(methylthiolijeszoheadl ghie dd(
H., signals as a pseudo-triplet 8t%192) gmu &s a doublet of doublets a
(J= 4.6 Hm)addition, the weak singleipfigasds aiBa,dB19, 10.57, 8.94
and 8.96 ppm were assifjoabvipdi6rkbespectively (table 13 and table 1
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s. & 1
HaC”™
g ' 5
fo)
N )L 1"
"\ e
o
R a7 2

3

16(R = H) 1R = QgH 12(R=F)

G mf J,H H G nf J,Hz ¢ G nf J,H H

ppn ppm ppn
2 702 ¢ 85 H 711 ¢ 78 R 71¢d 49 ¢ H
3 7.1¢ t 68 H 719 ¢ 88 R 691 da 85 & H
4 710t 69 H - - - - - - - -
2c 73t ¢ 87 H 745 ¢ 83 R 73:c 88 AH
3c 721 ¢ 75 H 721 ¢ 98 R 70/ ¢ 83 AH
lcc 22 s - H 186 s - B 20: s - H
lccc 24C s - 3H 248 s - B 24: s - H
lccc - - - - 228 s - B - - - -
2cc 83t s - H 980 s - H 8.1¢ s - H

a: The samples were dissolved gnd measured in CDCI
bThe samples were dissolved andimeasured in acetone-
c: multiplicity

d: number of proton

Table 13The comparidedMR (Fapdhtaldl-12
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3

S 4 i
Hye” \O’\f

g i
N"w-.
/O(
2
R™ 4
qrom 3

2

O
0}
1 - 2 : "
N 3
H
4"

13(R = H) 14R = ¢H 18(R = F)

G nf J, H H G nf J,Hz ¢ G nf J,H H

ppn ppm ppn
2 71¢ ¢ 83 H 703 c 78 R 72 & 46,¢H
3 738 t 78 H 704 ¢ 83 R 692 85 & H
4 721 t 73 H - - - - = - - -
2c (5t ¢ 83 H 741 ¢ 83 R 7.3t ¢ 88 H
3c (4 ¢ 10zH 715 ¢ 83 R 70t ¢ 83 H
2cc (8. ¢ 73 H 780 c¢c 73 R 7./¢&c 7.3 H
3cc 74 t 81 H 737t 76 R /731t 7.8 H
4cc 75€ t 81 H 747t 76 H 74t 76 H
lccc24¢ s - H 242 s - B 24:s - H
lccc - - - - 224 s - B - - - -
2ccc10.5 s - 1H 894 s - H 8.9¢ s - H

a: The samples were dissolved andj measured in acetone-
bThe samples were dissolved and measured in CDCI

c: multiplicity

d: number of proton

Table 14The comparidedMR (F0pdAtald-15
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N-acyl-4-(methylMibidveyiydbenzohydrazides (16-21)

This step is the final pathway to Nbacidhit(e eédingeteldonyl)-
Nphenylbenzohytléa2idehé thioether intd@nEsiates axidized using
oxonas oxidizing agent.

The composition of the oxidiziisg24J¢RESKISE The

active component potassium manppaasaitate q&idsanonosulfate) is
from the Caro;S@cRledently, hamattracted considerable interest bec
versatility as an oxidant: it oxidizes aldehydes to carboxylic acids; ir
solvents, the esters may be obtained. Internal alkenes may be cles
while terminal alkenes may be epoxidized. Moreover, thioethers
sulfones and tertiary amines could be oxidizecdt@gi063Imifeeoxstes
of Oxonteas increased rapidly because following reasons: the stabili
the non-toxic nature and the low costs.

Two equivalent of dibizes a thioether to a sulfone. W
equivalent the reaction convertsisutidiehttastdforatke than that of sulfo
sulfone, so the reaction can quree @ietiibt stage if so desiggd (McCal
1998). In this investigation, the reaction was operated in methanol/
The reaction was completed in high yield within 1 h. The stoichiom
and % yield was concluded in table 15.
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amount of entities
(equivalent by mole)time

compound - R l?Eorresponding ; (hours) Y yield
thioether oxone
16 H CH 1.0 2.2 1 93.5
17 CH CH 1.0 2.2 1 guantitative
18 F CH 1.0 2.1 1 guantitative
19 H ¢ 1.0 2.2 1 77.5
20 CH & 1.0 2.2 1 87.3
21 F &l 1.0 2.2 1 75.3

Table 15The stoichiometric amount of all&hétes and % vyield

After comph6Gritiere finally purified by recrystallization, the
characteristic and spectroscopic properties were examined. The phy:
by measuring a melting points and analyzing for C, H and N elen
spectroscopic properties weid-diERad\bR Hhd HRI® B sults and
discussions concerning the pbgspial datd speeich compound are de:
detail as follows.

N-acyl-4-(methylsiyptomyyibenzohydiaAdesodqucts were
successfully synthesized and finally purified by recistadbizetion with
acetatbexamhé-QIesulting in white solid. Their melting points were su

16.



84

hysical :
compound R Iﬁo . .mp: recrystallized solvent
P ¢ C aracterlstlcspo(c) ( y )

16 H CH white solid209 — 210 (ethyl acetate)
17 CH CH white solid184 - 18%ethyl aceketedne)
18 F CH white solid150 - 153ethyl aceleedne)
19 H @& white solid 133 (el aceletedne)
20 CH @ white solid 202 {efdd acelmeane)
21 F @& white solid 171 (ett¥d acetad®ane)

Table 16Physical characteristics andL.68lting point of

IR spectra of cobépdias showed their characteristic Sig
Important functional groups according to the assumedI€irdéture. Stri
differing from correspondih@-¢@maddiidsal sulfone functional group.
the IR spectra of ddiviiflainielsl7) showed similar peak to IR spectra «
10-1&nd had one more gulitdrallisine inAdpgotetra werdNshowed
stretching of monoh@2@Gitenat C-H stretching of aromatic and alipha
wavenumbers (>3000) and lower waspaoindys (R8002)jong sharp pe
C=0 stretchamgf@mides) were found at*1880adiezdetwo strong sha
peaks of S=0 stretching of sulfone were fourcunt SLIFAAGEL 03570-12C
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@ax (@m

R R R Qu  Qu Q-0
monohydraaidenatadiphati@, 3amide

Q-oSulfone

16 H CH 3235 3017 2920 1674664 1314, 1155
17 CH CH 3259 3013 2927 1681 1316, 1153
18 F CH 3231 3017 2920 168%664 1320, 1157
19 H & 3547 - 2998 1683, 1661 1307, 11
20 CH @& 3225 3005 2925 1686, 1654 1314, 1
21 F @& 3344 3036 2936 1677 1308, 115

Table 17The comparison of IR (B2l data of

'H-NMR spedtéa2afere also interpreted on the basis of the
shifts, multiplicity and intergral intensity. The samples weje dissolve
(17, 2h@)and DMII®18antl). Because cofrfii@andSare hardly
dissolved in, OM3was selected for used as solvent for them. Broad
aromatic proton region was found in the spectra of compound perfc
When temperature was in€@eastll ifrean3ples usdddDddE@nt and
from 3Dto D in samples usasl SOVENt, resulting in sharpening of aromn
This phenomenon was occurred agtcddancdecawtiorkeny, study in a dy
NMR investigation of the condoisnationabvsbrit, 3, 4, 5-tetrahydro.
benzoxazepines. The NMR foinedancepemitand$ an unusual degre
broadening was attributable toNPslamdatatioongf-Ph processes. Be
these bonds rotation, relativelR simesoaléhéeditihg to the broadening
Elevation of the temperature resutiedts) fomallearamatic resonances &
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of rapidimideadimnsharmesignal.vEIG00 svamveheélustratixeargle of
sharpengmpbatatic regiter incrggisie teatpeeldf

90 °C J\MJUMMMDAL ORA®

L T T T T T T T T T T T T T T T T 1
8.8 g4 6.3 8.2 8.1 8.0 749 78 77 76 7.8 7.4 73 7.2 71 7.0 69 6.8 B.7 BE B.5

1 (ppm)
Q
ne MW%
T T T T T T T T T T T T T T T T T T T
84 8.4 83 82 8.1 8.0 7a 78 77 76 f1€5 ) 74 73 72 71 7.0 B9 6.8 6.7 35} 6.5
ppm

T T T T T T T T T T T 1
84 84 83 82 8.1 80 79 78 77 7B 74 73 72 71 7D B9 6.8 BE7 EB E5

'''''''''''''''''''''''''''''''''''''''

f1 {ppm)

Figure 10he cansonBNVIR (40@MDM 31D spectwimen opbet30
C, 50,0C andO(fronoheto tdmponpalind

HNVR data #21(tabli® and tal9¢ cleadyrespbrd the
relativerdbnce aadnegtioit eachdrbgenetigamin teir struetu Each
spectrusm separnatedwonsats ofeds) alighatiton amnatdopras in
compold.5 Tarwern ghatic pnotbe sirgjtgials AB83.19823.20,
3.14, 2972298 were ambig toidghal of,8Dofl62, respeistiv The
singlet dsgof 3H. a4 ,12.G1ar? pmre assigrialH dighkg inrecetamide
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of16-18espectively. Moreover, methyl subn@@®rehoovegdosigdal(of
methyl at 2.28 and 2.29 ppm as singlet signal of 3H, respectively.

The aromatic protohGiyirale different, based on the substit
aromatic of each compound. Froni@eaklebii®dde@oandhtic H signal
five sets. Two of them (7.72 and 7.93 ppm) wekiphesignaime {ohd of
rest (7.35, 7.38 and 7.24) were assignable to H of aniline ring.

From table 19, di#extwbridd the aromatic H signals in eight
of them (7.80 and 7.92 ppm) were &Ssipgabld tmél of Hr&Oof them (7.
7.40 and 7.26 ppm) were asdigaalnhg.toTHeofest (7.65, 7.43 and 7.t
were assignable to H of benzamitamiigxtmeddhedaromatic H sign
in seven sets. Two d@hérm3){and (/280 1.88)(ppm) were assingable tc
H of 4.SBphenyl ring. Two of e FZA)ENd 7240 6.9Z)(ppm)
were assignable to H of aniline ray.7 . 6BK re4dj/ B4 (and 7.52
20, 7.58)(ppm) were assignable to H of benzamide ring.

Likewise with cdrppadifiidhe fluorine substitueritS8aohpounds,
2] also showed AA'XX’ system for the aromatic protons3]8.97-7.43
andll,-splitting. Corh@exhibited thanid, Hsignals as a pseudo-triplet at
ppnd € 8.8 Hz) and as a doublet of daubléid &z, 4 per@fnpound
showed ghardl, Fsignals as a pseudo-triplet 8t%197) o &s a doublet
doublets at 7.3%=p@rG Hh). addition, the weak broadening singlet :
exchangable pyaibodiMpbéHidere showed in the range of 8.62-11.39 |
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N
RS2 2

16(R = H) 17R = QH 18R = F)

¢ nf J’Hd ¢ mCJ,szIS

nf J, H: H
ppn Hz ppm n

2 77 d 83XH 763d 78 H 7.7 d 83 H
3 790 d 83XH 780 d 83 R 79 d 78 H
2c 73 d 83H 704d 7.8 H 7.4: dd 54,7 H
3 73 t 73H 709d 83 H 7.1¢ dd 88,¢ H
e T7.2¢ t 6.6 H - - - - - - - -
lcc 3.1¢ s - H 298 s - B 3.2(C s - H
lcccl7¢ s - H 202 s - B 1.7z s - H
lccc - - - - 228s - B - - - -
2cc 10s(1 - H 991s(r) - H 107s(nh - H

a: The samples were disshareti nmeBSIGED at 90
bThe samples were disgalvedneaSx&H at 52
c: multiplicity

d: number of proton

Table 18The comparidedMR (40pdAtald-18
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Dl =0

70 2
HSC/ 1 3
™ 4 o

o)
| o
A e \E
I Jr u
R 2 ~ 4
g B

19R =H) 20R = gH 2YR=F)

G nf J,H H G nf J, Hz 9 G nf J,H H

ppI ppm ppI
2 78 d 83 H 776d 73 R 77:d 73 H
3 792 d 83 H 780d 88 H 78:d 88 H
2c 74¢ d 78 H 706d 83 H 7.3¢2dd 4.6,& H
3c 74C t 78 H 719d 83 2 6.9:dd 85,¢& H
4c 726t 73 H - - - - - - - -
2cc 76t d 78 H 769d 83 H 76¢d 83 H
3cc 745t 78 H 740t 78 R 741t 7.8 H
4eec 75¢ t 73 H 752t 73 H 75:t 7.6 H
lccc 314 s - H 297 s - B 29% s - H
lccc - - - - 229 s - B - - - -
2ccc11l.3s(bi - IH 862 s - ®H 86is - H

a: The samples were dissolved in DMSO and measured at 90
bThe samples were dissalvedneaSHEH at 50

c: multiplicity

d: number of proton

Table 19The comparidedMR (400dAtals-21
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The number of sigAdMRIspectra also confirmed the struct
final prodli6t2 FC-NMR observation for each compound was perfort
condition as is&MR experimeit-NMRirspectra (table 20 and table 2
separated into 3 main parts: canbanyhedibcan@gi region and aliphat
region which show in accordance to the assumed structures. The
produtt2dere assignable to thaupf ohatleyitigysulfone in range 43.0:
ppm, methyl group of acetafGeEds.H60AXTO and 19.70 ppm, respe
and methyl group at qpdsptiodd€enad0(21.00 and 20.99 ppm, respectiy
Signals of aromatic carbons appeared in the region of 114.93-161.
carbons were observed in the region of 165.19-169812qn@h. Howev
exhibited only one carbonyl carbon. This could be assumed that the
carbons of these compounds migatdaenappeamadaatshift. In additio
spectra&@in2lshowed signals of the fluorine-substituted carbon atoms
159.80 ppm247.9 Hz), and 16EZ8PPnHE), respectively. They wer
identified as a doublet. The fluorine substituent alsdHeadsahto the :
signal into doubletluwethof 23.3 $lat(1d4.93 ppm and2)2a8 HEH (B&
ppm corresporfdifaptpling. A coupling constant of about B33 Hz was
which was characfegstipliog constant.
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o
2
). oo 3

O"\
HaC™
1" 4 o
n jQ
N
I 1" H o
RN 2

1R = gH

16(R = H) 18R = F)
Gppm Gppm Gppm
1 141.80 142.20 141.74
2 126.16 127.13 125.94
3 127.68 129.41 127.57
4 141.24 139.96 139.66
1 140.07 139.39 137.44
2 123.95 126.17 126.281..= 8i3¥
3’ 128.25 129.97 114.98N.= 231
4 126.00 138.18  159.80K = 24HP
1” 43.06 44.31 43.05
1 19.66 20.79 19.70
2" 167.93 168.30 167.89
2 168.23 169.42 167.89
1 i 21.00 i

a: The samples were dissharei nmeBSIGED at 90

bThe samples were disgalvedneaSOx&H at 52

Table 20The compariEoNMIR (400dAtald-18
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o] 0

BVt L

o™ U

b 4 o
P T T VS
|
R 2 ~ 4
o T3

19(R = H) 20R = GH 28R = F)
Gppm Gppm Gppm
1 141.71 142.18 142.44
2 126.69 127.13 127.37
3 127.98 128.81 128.90
4 141.04 140.04 139.76
1 131.60 131.80 131.56
2 125.96 126.12 127.28
3 131.38 129.97 116.3RN.= 2243
4 126.16 139.34 161.761(= 2491p
1” 139.97 138.13 137.86
2" 127.64 127.43 128.23
3" 128.25 129.42 129.25
4 131.60 132.59 132.83
1 43.03 44.30 44.31
2 165.19 167.00 167.12
2" 165.19 168.53 167.12
1" . 20.99 -

a: The samples were dissolved in DMSO and measured at 90
bThe samples were disgaivedneaSHEH at 50

Table 21The compariSoNpiR (400dAtals-21
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Furthermore, HR-MS wamubkedeternentiratios of each mol
HR-MS is one of method to delkemmeim@lacamguosition by determinatior
mass of an/iohhe mass spectrometit inatremmentdisierimination of < 0
could provide important information that is not available at lower re
compositions of most organic cadooeteddsexhatenasses that differ fr
another in the third or fourth decimal place or not more than 3 ppm ¢
the same nominal mass (Smith, 2004). So, this technique can |
determination of synthesized compounds by the comparison of the ¢
determined exact mass. The exact mass of compounds were dete
calculated theoretical data. The structlée2@daltifivalcorddontsl, for the
accuracy of their assumed structure because the mass difference wa
limit of 3 ppm. The HRMKR}Alesealtkeaionstrated in table 22.

compound Calcd. for Thedtzpeaindatdal plata different
(m/z) (m/z)
16 CHNQS + Na 355.0723 355.0726 0.23
17 CHNQS + Na 369.0879 369.0880 0.66
18 CHFMNS + Na 373.0629 373.0621 1.28
19 GHNQS + Na 417.0879 417.0872 1.77
20 CGHNQS + Na 431.1036 431.1029 2.64
21 GHFMS + Na 435.0785 435.0782 0.77

Table 22The high resolution mass spediBe?ietric results of

In addition, the elemental analysis is one of method to
elemental composition by determination the percentage of each
molecule. In this investigation, the percentage of carbon, hydrog
molecule were determined and compared to the calculated theore
analysis results of is@inductd were in all case within plus or minus
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calculated values, were consistent with the structure assigned of all «
some compbuand@n@lwhich there were molecule of water share in
difference ratio. Two molecdlésesbcsimapadimdth one molecule of wate
compod®an@] there was one molecule of water share in molecule
elemental analysis let to the conclusion that all of compounds should
the same of elemental component to the compound | intended to ©
elemental analysit6e#dte adiemonstrated and compared to their calct
table 23.

compound Calcd. for C H N
Calcd. 57.82 4.85 8.43
16 GHNOS Fjucnd 57.64 4.88 8.37
Calcd. 57.45 5.39 7.88
17 GHNOS + 0.4 Fjucnd 57.84 5.19 7.75
Calcd. 54.85 4.32 8.00
18 GHENOS Fjucnd 54.84 4.37 7.75
Calcd. 61.15 4.89 6.79
19 GHNOS+ 1B Fcé:ucnd 61.26 4.93 6.85
Calcd. 64.69 4.94 6.86
20 GHNOS Fc?ucnd 64.45 5.01 6.87
Calcd. 58.60 4.45 6.51
21 GRFNOS + 30 F;lucnd 58.58 4.55 6.62

Table 23The elemental analy&ildata of
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3.1.2 SynthEsicgf-4-substit{te@nethylsulfonyl)phenyl]benzohydraz
(27-32)

4-bromothioanisole (22)

Bromination of thioanisole was performed in order t
bromothioaBB@&@eoMmination of thioanisaéetrapyple aGdromatic substitut
Substituent, activator or deactivator, on aromatic ring is important fa
electrophilic aromatic substitution. In this case of thioanisole, there
which donates electron to theesmelatitroimgycolild delocalize into ring
and increased reaction sensitivity to the aromatic ring. According
substituent prefersparatieitk@dsitionrireposition.

Ratio of bromine to thioanisole is, moreover, also affect f
substitution on aromatic ring. If the amount of bromine is too much,
be performed: monosubstituiorgndisiissiisiitution product. Henc
equivalence of bromine is necessary aspect to consider. In this inve
bromine was added to the reaction afford to provigar®mnly one
bromothioanisole.

By the way, for typical benzene derivatives with less reacti
acid catalyst is required. Typical Lewis agifre@iedEtandZinde AlC
These work by forming a highly electrophilic complex which attacks
investigatiopwadCelected to use as \&wis Headmatdlanism of thioan
bromination usjngs Al€lis acid catalysts was described in this m:
an electrophile was generated. In this reactionothgesledtedHle thvas
reaction of bromine molgcgieevbtiorAidilimnaond A8l Secondly, the
electrophile attaSkézttimn system of the thioanisole at thgamost react
position an@rbpuesition, to form a nonaromatic carbocation. The pos
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formed carbocation was delocalmektthfeughoatattoenaticity was restc
the loss of a proton from the atom to which the bromine atom (the
Finally, the proton reacte@Bwiahrelgensi@le iteta€ll and formed the
product HBr @m@2005). The mechanism of this reaction could be co
7. The reaction was operated e poohigydoretuce excessive of rea
was completed in high yield, 94.9% within 4 h.

7N I~

Br—Br + ACl; — Br—Br—AICl, —> Br * AICIBr

et -
QO —. 00— FP—
HaC._ HsC._ = HiC .~
HiC. = 3~ ~
_s__) g S =) S =S
- Br Br
e + By —» -— (/;‘@/ -— /O
s o
g H3C\S Hscxs Hacxs ®
@ Br Br
H - /©/ ) &
HiCw. HC s

HY + AICI3Br e AlCl; + HBr

Scheme The reaction mechanism of bromination of thioanisole.

4-bromomethylsulfone (23)

4-Bromomethyl2Blfeas grepared by oxidation of 4-bromott
(22 with oXorkhe reaction mechanism was the same as sbime as pre
acyl-4-(methyldifaephtoenzohytléa2 idgatlijesis.rafitheof all entities
used in this investigatiorguisaldris By mole of 4-bréthaikdremisole (
The reaction was performed in methanol/water for 24 hours in order t
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(4-(methylsulfonyl)phenyl)hydrazine (24)

(4-(methylsulfonyl) pher4) gk a&xinth € size da reaaionS

or back side attack which is a type of nucleophilic aromatitsubstituti
was generated from a reaction of hydrazine \2fh Z4eoraacteihylsL
mechanism was considered following the well known adgition-elimi
nucleophilic aromatic subsital®®O&rowne reaction mechanism was
scheme 8. A lone pair from a neclattpbided lardedectron deficient elec
center, fobmdl to it and expelled a leaving group. The incoming grou
group (Br) in one step. The formation of the addition intermediate w
in this reaction. Finally, brorokde éspelNad tuicomplete substitution
because this addition intermediate was not stable.

2 Br s -
f 1 “NHzNH,
.W'ﬂ”z“"'z — He B _J e
Ha*il: g @ - i
o

5, o @

| \T J I [ jﬁ/NHNH?

+ Hah—NH; - - + HBr
HsC. . z 2 H3C
O o\/ (fast) :O: P

o

N Br N

. F _Br
NH;NH, I‘NH;NH?
H_c)/\j -— chxs{f\/p‘ ®

0% S 0% Co_

Scheme §2 mechanism nucleophilic aromatic substituti@$.of 4-broma

In a similar manner, it was observed that the electron v
facilitated the substitution reacteneral h@rsewat®ons suggested that
withdrawing groups lower theocenkygstalbibzingathe negative charge d
as the nucleophile adds to aretrg200b)y (Beogin, the methylsulfone g
4-bromomethy@@lfoas €lectron withdrawing group clearly influences
reaction. A series of resonatitng stycbeesdeenyl anion generated
addition of the nucleophile to the aromatic system is also shown in sc
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On the other hand, basicity of the leaving group is alsc
affecting re&dimparing the relatizereattaof 8f compounds with atoms
halides in periodic table, results show that the abilit asacteaving gt
depends on its basicity. In general, the weaker basicity of a group, tl
Weak bases do not share their electrons well because their electror
nucleus, making it easier for their bonds to be broken. Looking at
basicity decreases dowICé Brolgedpectively. As the result, the iodide
very weak base so it is the most reactive. In contrast, the fluoride io
other halides and, therefore, the least reactive. In fact, the fluoride i
compounds involving them essentiglyrekctian. urktfergotiss fact, can
concluded that brompaegadsitnoat of 4-bromométhidsgtiodeldaving
group forghee&ction.

In this observation, the €ktéseqmalents by mole) of hydr
monohydrate was used. The reaction was operated in polar protic
refluxed for 24 h to complete the reaction in quantitative yield.

After compa@ritikere finally purified by recrystallization, the
characteristic and spectroscopic properties were examined. The phy
by measuring a melting point while the spectroscopic pfeperties we
NMRThe results and discussions ysinakarndg fgeatrpbcopic data are di
in detail as follows.

The 4-bromothi@d@miske fuccessfully synthesized and final
by recrystallization with 60% methanol resulting in light y€lJow solid.
was correlated with literature' CéWetied, 838 39anzlik, 1991). For tt
bromomethyl ffand4¢(methylsulfonyl)phengZBhyaraziseccessfully
synthesized and finally purified by recrystatimataore wibudtihgl aic etdics
solid. Their melting points were correlated withHdi{(Reddteateported,
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1989) aAd-1€FTakamizvehl965), respectively. The physical charac
melting pa2-&buld be summarized in table 24.

_ meltin t
physical J pf’m) (
compound structur . (recrystallized solvent)
characteristies — o+

= light yellow 38
22 / 38-39
Hac\s/©/ solid (60% methanol)

o : . 101-103
23 e, ,@/ white solid 101-103

5 (ethylaceta¢gine
124-127
24 "= white solid 132-133
“ﬁ;s\(p/ (ethylaceta¢xgne

a*: melting point from this investigation
b*: melting point from literature reported: 1; Welleetagldi 38@2nAid 1991
3; Takameziala 965

Table 24Physical characteristics an@&2ding point of

The IR spe2zePdiso showed the similar spectrum to literati
(Weller and Hanzlik, 1%1;1B@ddyakaetiz\i965). IR sp&tra of
showed characteristic signalsoolingpouiasmaftcurtianing to the assume
It showed peak diaB03BdMaseignable to C-H stretching of aromatic al
respectively. ArC-C streaticingasfasonfound at 1473, £428 and 13€
addition, C-S stretching of methylthio and C-Br stretching of aromai
750-570acmh 480, eespectively. The IR3spevted afimilar peak with I
spectr@dE-H stretching of aromatic and atipda@IBrégeectnely,
ArC-C stretching of aromatic atdri¥ 3 @risl sa@Sotnmy &t S8Hitam,
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two strong sharp peaks of S=0 stretching of sulfone MRssfmotchat 13
of24was similar to &#satia @$, C-H stretching of aromatic and aliphatic
at 3017 and 2924 reispectively, ArC-C stretching of aromatic was fol
and two strong sharp peaks of S=0 stretching of sulfodeneasdound &
there were two peaks, N-H stretching of Hamhyhdzatet(3824 ofn
aromatic hydrazing,(@@é8ccm spectraridtve abiRpdata ofavpound
could be summarized in table 25.

@ax (dm
Cpg. @ Q@ Qi Qe Qv Qo Qa

mono aromatadiphatiaromatiaromatic sulfone aromatic

hydrazide hydrazine bromine
22 - 3036 2917 1428 - - 480
23 - 3092 2919 1573 - 1308, 1147 5¢

24 3324 3017 2921 1596 1269 1322, 1137

Table 25The comparison of IR (KBrpgp@ttra data of

FoH-NMR determiraiggahples was dissolved and meas
CDgR2an?y and DM¥3-at 5. Their spectrum also showed the simile
to literature reported (Weller and HargdL98D0 I Kaetizgha65).

For comppdindpectrum showed one of aliphatic proton at 2.43 ppm &
which was assigable to methyl proton of thiomethyl and two of arome
with good correlatation of vicinal coupling constant, 8.5 Hz, at 7.09
assignable to proton at position 2 and 3, r@§piesctpebtruRoslcowgo one
of aliphatic proton at 3.02 pprofé&singleh sigizsaaissigable to methyl p
methylthiosulfonyl and two of aromatic proton as doublet signals wi
vicinal coupling constant, 8.5-8.6 Hz, at 7.69 and 7.78 ppm which w
position 2 and 3, respectively24 Rerspatipoomeédlso showed one of a
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proton at 3.02 ppm as singlevisoimnavasf édigable to methyl prot
methylthiosulfonyl and two of aromatic proton as doublet signals w
vicinal coupling constant, 8.7765 ap®88haridwere assignable to p
position 2 and 3, respectivelyielth agdélarf, mtaslary amine, proton at
2", was found as singlet signal ah@Hiedhe2d gigmal of exchangeable
(NH proton at position 1”) was a¢citmaldbdisiagl7.67 ppm. The con
ofH-NMR data of capduidibe summarized in table 26.

22 23 24

G m J,H H G m J, Hz %t G M J,H H

ppn ppm ppn
2 700 d 85 H 769d 85 H 6.8 d 87 H
3 73 d 85 H 778d 86 R 75 d 87 H
lce 24 s - H 302s - B 30 s - H
lcc - - - - - - - -/76. s - MH
2cc - - - - - - - -42. s - AH

a: The samples were dissolved gnd measured in CDCI
bThe samples were dissolved and measured in DMSO.
c: multiplicity

d: number of proton

Table 26The comparidedMR (FOpdhtazH-24
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N-(4-(methylsulfonyl)phenyl)acetohedratidet(B4g idfmhyl)
phenyl)benzohydrazide (26)

N-(4-(methylsulfonyl)phenyl)&jetahifit (dzichetiiylsulfonyl)
phenyl)benzohyBfaxides Erepatdadstylation Ndrashzoylation of (4-
(methylsulfonyl)pheny@ydsgmanbvely. The reaction mechanisms wel

same as previous nmegitemgtacetohydiaidplienylbenzohydrazides
(7-Dsynthesis.

In the synthBs(4-Ghethylsulfonyl)phenyl)adetbbyaiEaide (
ratio of (4-(methylsulfonyl)prZhyddetdramhgdride entities was 1.0: 3
reaction was performed in dichlofong@haneimetidanab give desired [
In acceptable yield, 78.7%.

Furthermore, symMkds(snethylsulfonyl) phenyl)l2@nzohydraz
the ratio of (4-(methylsulfonyl)2de bgilzggtazhiaife: pyridine used wi:
1.1: 1.1 by mole. The reaction was performed in digibromethar
(methylsulfonyl) phenyl)b@gzuudriaeidenthesized in high yield, 99.7%

AfterN-(4-(methylsulfonyl)phenyl)aZ®tamdréiaethyl
sulfonyl)phenyl)benzafydrezitieally purifiegtallizaton, their physical
characteristic and spectroscopic properties were examined. The phy
by measuring a melting point while the spectroscopic pfeperties we
NMRThe results and discussions ysinakardg featrpbcopic data are di
in detail as follows.

CompoRban@6were successfully synthesized and finally
recrystallization with ethylacbataiaethdndichlorometireenethanol/
respectively, resulting in white solid29hasi&iiay Bdomieahe melting
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point 2dwas 206-208.5 which correlated to liteétatmendfzoriger 209-21
2000). The physical characteristic2an@@milohdpesummnoharized in tab
27.

physical melting p&t (

Cpd. structure (recrystalllzed solvent)
characterist > -

o 175-178
25 D/ "y ew white solid (ethylacetate/  N/A
o methamb#xane)

206-208.5
26 k@ white solid(dichloromethar(9-210

Hac\

o”*o methamb#xane)

a*: melting point from this investigation
b*: melting point from literatbwandfzmte2D A0

Table 27Physical characteristics an@&elking point of

The IR spectdhshoived characteristic signals of important
groups according to the assumedibtrsicaiohing eshavamohydrazide at
crmtand C-H stretching of aromatic andaalih 2229 ms@tdivvety. One
strong sharp peak of C=0 stretching of amidé&: waraddgmiuknCaE 16
stretching of aromatic was foand @td S68raysharp peaks of S=0O str
sulfone (RR3@ere found at 4283 £33 The IR speRbimasfsimilar to
spectr28fuch dsH stretching of monohydrazide watsafmli@itat 330
stretching aliphatic was fowamdi atr294frosrg sharp peak of C=0 stretch
was also found at 1668Idition, ArC-C stretching of aromatic was fou
and two strong sharp peaks of S=0 stieR)hiregeofauiid akaR¥S@m
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1142 tas wélhe comparison of IR dat2SeR@alddmisdmmarized in tab
28.

@nax (9m
Cpd. QL Qn Qw Qo Qe Qo

monohydraardenatialiphaticamidearomatic sulfone

25 3216 3019 2929 1664 1563 1283, 1133
26 3302 - 2917 1668 1596 1279, 1142

Table 28The comparison of IR goB2phdata of

ForH-NMR spe&@Band6 samples were dissohdghih DMSO
measured@it2hMR specpithetpectrum showed two of aliphatic prc
and 3.06 ppm as singlet signals of 3H which were assigable to metl
methyl proton of methylthiosulfonyl, respectively. Moreover, two o
showed as doublet signals with a good correlatation of vicinal coupli
and 6.78 ppm, were assignable to proton at position 2 and 3, respe
signal of exchangeablatrosiioadti;avere found as doublet signals c
with a good correlatation of vicinal coupling constant, 1.5-1.6 Hz, a
respectiveBNMR spectithebpectrum showed one of aliphatic protor
as singlet signals of 3H whicnety/ lassig@ilef tmethylthiosulfonyl. Mc
the aromatic proton signalsealeradondd6add-7.92 ppm in good corr
coupling codstame( Hz)Jvaldes of vicinal coupling between H at posi
and vicinal coupling betweeahtis#quesitii8B Hz and 7.7-8.8 Hz, resy:
The aromatic H signals were found in five sets. Two of them (7.
assignable to HCafahi®@® ring. The rBatgidb7,58 ppm) were assignal
H of benzamide ring. In addition, deshield sighktgiesitbasigeable pr
2¢cwere found as singlet signals of 1H at 8.75 ppm and 10.51 p
comparisthMMR data of cam@éuldibe summarized in table 29.
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HZ;S\%OO/ A :'3;: :o| P 4
25 26

Gppr nf J,Hz H Gppm nf J,Hz P°H
2 7.63 d 88 4AH 792 d 7.2 H
3 6.78 d 88 &H 6.88 d 8.8 H
2c - - - - 7.67 d 8.8 H2
3c - - - - 752 t 7.7 H
Ac - - - - 759 t 7.4 HL
lcc 3.06 s H 3.07 s - B
lccc 849 d 15 N 875 s - H
2cc 9.77 d 16 H 10.51 s - H
lccce 191 s - H - - - -

a: multiplicity
b: numberof proton

Table 29The comparidedMR (FRODM ISP data2-26

30.

N-acWH(4-(methylsulfonyl)phenyl)benzohydrazides (27-32)

In this deaci4-(methylsulfonyl)phenyl)b2nAtyalchzides (
be synthesized by amidation ofSmu@i6iiatly tmineafresponding benz
chloride: benzoyl chloride, 4-methylbenzoyl chloride and 4-fluoroben:
mechanism and reaction’s condition could be discussed as same &
synthesidld he stoichiometric amount of all entities and % yield wa
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R
0]
OY i
N
194 E
H
HaCl
/S\

o” o

amount of entities
compound Re —R (quivalent by rpole) time %
correspondicgyresponding. . éhours)neld
. dﬁ)}%ldln
2 amine benzoyl chloride

27 H CH 1.0 1.1 4.022 54.9

28 CH CH 1.0 1.1 4.0 22 90.1

29 F CH 1.0 1.1 4,022 69.5

30 H ¢ 1.0 1.1 4.0 3 87.1

31 CH GH 1.0 1.1 40 3 quant*

32 F &l 1.0 2.2 4.0 3 93.7
*quantitative

Table 30The stoichiometric amount of all eR#ti&é2 and % yield of

After com@bisB@ere finally purified by recrystallization, the
characteristic and spectroscopic properties were examined. The phy
by measuring a melting points and analyzing for C, H and N elen
spectroscopic properties wetd-diEDadNR Bd HR-MS. The results
discussions concerning the pbyspial datd speaich compound are de
detail as follows.

N-acy{4-(methylsulfonyl)phenyl) bé&tvz3Rpdodrickss were
successfully synthesized att finadlgrystaflization withletkghacetate,
resulting in white solid. Their melting points were summarized in tabl
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R
0]
OY i
N
194 E
H
HiC.
/S\

o” o

hysical :
compound R ﬁo . .mp. recrystallized solvent
P ¢ C aractensﬂcspo(o ( y )

27 H CH white solid 181-184(ethyl acets®ine)
28 CH CH white solid 180-183(ethyl aceleteane)
29 F CH white solid 175-180(ethyl aceta®ane)
30 H ¢ white solid 199{202y| acehsteane)
31 CH @ white solid 211-213  (elelacstate/
32 F @& white solid 141 {431 aceheteane)

Table 31Physical characteristics an@m8Ring point of

IR spectra of catip@@inoiged their characteristic signals of i
functional groups accordingrtetine adSvendabsigh, struct@ie3# compol
was different to casy3aunmissition of their 4-methanesulfonyl phenyl
Compoutidg24-methanesulfonyl phenyl was attached to nitrogen c
methanesulfonyl phenyl was attached to carbdffd2dfBamithieiin com
functional groups were alike. Bérgghootongoartie IR spectra similar
spectra of conig@ndall spectra (table 32) e stietetag of
monohydrazifB2Ca ‘tmnd C-H stretchindicofamdomlgphatic at upper
wavenumbers (>3000) and lower waspaoindys (R800)jong sharp pe
C=0 stretchfrandf&nide were also found at 1I68adtiRihctwo strong
sharp peaks of S=0 stretchingR)fwatoheu(® 80subranglriB70-129C
1170-111asmell.
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R
0]
T}%o
N
194 E
H
HiC.
/S\

@ax (§m
R R Q. Qn Q. Q-0
monohydraaidenataliphati@, 3amide

Q-oSulfone

27 H CH 3320 3069 2921 1701682 1298, 1147
28 CH CH 3297 3003 2926 1701654 1307, 1149
29 F CH 3358 3075 2917 1698681 1300, 1148
30 H & 3262 30042924 1690, 1657 1291, 1147
31 CH @& 3380 3082 2925 1690, 1674 1282, 1
32 F @& 3244 - 2988 1692, 1654 1295, 11.

Table 32The comparison of IR B8R data of

'H-NMR spe@va3@fere also interpreted on the basis of the
shifts, multiplicity and interdjrabimigdesityera dissolved and ateasured
25C. Compound in these series did not show the broadening signa
when measured at room tempealadye nAghthleeréendicated that the ro
amide bond were not affected to compound in this group.

ThéH-NMR d£2@-8@able 33 and table 34) clearly correspor
relative abundance and connectivity of each hydrogen type founded
compolifeR Bach spectrum was separased aftsigwwalsnaliphatic proton
aromatic proton. At aliphatic proton region, the singlet signals of 3
assignable to H sigkhl d®h8Qinglet signals of 3H at p/) vérke and 1
assignable to H signaladt@nide of 2dr®espdctively. Moreover, metl
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substituent con2@anfdssfiowed signal of methgl| ZB#B38s singlet
signal of 3H, respectively.

The aromatic protoRsigle different, based on the substit
aromatic of each compound. Fron27ekitb@addcammpaticdH signals in
sets. Two of them (7.69 and 7.36 ppm) wgtetasbignahlp td e obdtS
(7.51, 7.32 and 7.42 ppm) were assignable to H of @8a@yl-phenyl
exhibited aromatic Hugiggetks ifWwo of tABNT (AYEid 7233 .34
(29 ppm) were assignabl€aRlliolRdHEQ The B3s7(B2BPa0d 7.10
(28, 7.029(ppm) were assignable to H of carbonyl-phenyl r8ty. From f
exhibited aromatic H signals in eight sets. Two of them (7.71 and 7.
H of 4,S@hniline ring. Three of them (7.70, 7.40 and 7.52 ppm) wel
carbonyl-phenyl ring. The res3gppim) Azdeandsignable to H of benza
Composiah@2xhibited aromatic H signals in seven s&ls7.T4vo of the
32 and 730 7.4X2(ppm) were assignablgtgahilioedHi8Q Two of them
(7.4BY), 7.6 (and 7339 1.032(ppm) were assignable to H of carbonyl-p
The rest @)44.732( 7.73)( 7.432(@and 732 1.5&82(ppm) were assignable

to H of benzamide ring.

Moreover, the fluorine substifamBe@aigoosimolsdd AA’XX’
system for the aromatic protons (7.01-7.63 @pth) spiitticg@litional

exhibited thartd, tsignals as a pseudo-triplit 85 182)@ord s a double
of doublets at 756 fgniiz), 3Tshewed thard, Hsignals as a pseudo-
triplet at 7.01pBmb Hz) and as a doublet of ddacdsHn)ZdBtiopmMm (

the weak broadening singlet signals af) excloamgbaiRderetshd@ivn
in range 8.41-9.13 ppm.
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LN
21{R =H) 28R = gH 29R = F)

G nt J HP G mt J,Hz °| G mf  J, H: HP°

ppm Hz ppm ppn
2 76¢ d 88 H 771d 88 771 d 93 H
3 73¢ d 88 H 733d 88 R 73 d 88 H
2c 751 d 73H 739d 83 H 7.5¢ dd 54,¢&¢ H
3 732t 76XH 710d 7.8 H 7.0z dd 85,¢ H
4 (4: t 76 H - - - - - - -
lecc 30 s - H 300s - B 3.01 s - &H
leccc 192 s - H 161 s - B 1.9 s - &H
Iccc - - - - 233s - B - - - -
2cc 85¢ s - 1H 844 s - H 841 s - M
a: multiplicity

b: number of proton

Table 33The comparidedMR (4000DLHatazif-29
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3R =H) 3IR=¢gH 34R =F)

G nt J H° G mt J, Hz °| G mt  J, H: H°

ppn Hz ppm ppI
2 777 d 88H 772d 83 RR7.74 d 63 H
3 74: d 88 H 740d 68 R 74: d 88 H
2c 770 d 83XH 741 d 83 H 7.6% dd 4.9,& H
3 74t 78H 709d 7.8 H 7.0] dd 8.5,¢ H
4 75z t 73 MH - - - - - - - -
2cc 757 d 68XH 744d 78 774 d 88 H
e 730t 76 H 773t 83 HR 74/ t 81 AH
dec 738 m - MH 752t 76 H 75 t 7.3 H
lccc30C s - H 300s - B 301 s - H
lccc - - - - 231s - B - - - -
2ccc 9.1 s - ®H 908s - H 89 s - MW
a: multiplicity b: number of proton

Table 34The comparidedMR (4000DLtHata3fi-32

The number of sthé&IMBnspectra also confirmed the stru
produé®;32able 35 and table 36). Lik&@42eheiDapiddiRdsoectra were
separated into 3 main parts: canbanyhedibcan@gi region and aliphat
region. The aliphatic carbon signalshaed asstigylaigrioup of menthysu
range 44.59-44.62 ppm, methyl group &7/7az2@autitje20f /{9 @ohactz0.69
ppm, respectively) and methyl giafypredfgsi@it{@1.61 and 21.60 ppm,
respectively). Signals of aromatic carbons appeared in the region ¢



112

the carbonyl carbons were observed in the region of 166.32-170.66
exhibited only one carbonyl carbon. This indicated that two carbony
might be appeared at the same chemical shiBshowaddismmeaiscospleet
fluorine-substituted carbon atoms which were foudd 25583 H2)ppm
The fluorine substituent also leadsoibhibe lsphitsignal iato dbublet witl
values of 22.(2Bat(fbt5.52 ppm and3ah HS(Ee ppm corresponding
“}-coupling. A couplindlcorsstaritafppearz@hhgizh in

) 4“*~szJ)>cL:
21R = H) =QgH 29R = F)

Gppm Gppm Gppm
1 136.98 137.16 137.04
2 128.26 128.45 128.06
3 124.11 124.48 124.04
4 146.61 141.98 146.55
1c 133.77 130.52 130.72
2c 128.00 128.07 130.63
3c 131.23 128.98 115.%R) .= 2Z1x
Ac 128.06 147.07 164.XD1 = 2551p
lcc 44.60 44,59 44.61
lccc 20.67 20.79 20.69
2cc 169.43 169.63 169.38
2ccc 170.50 170.22 169.48
lccc - 21.61 -

Table 35The compariEsNEIiR (4000DLHatazif-29



113

'S ”

R ‘|"/ 2
N le o
9
] 2"
N 1 3"
N
HaC._ 4
o//s‘\‘-é 2 3

3R =H) 3IR=¢gH 34R =F)

Gppm Gppm Gppm
1 131.05 130.57 130.75
2 128.13 128.50 128.12
3 124.13 124.45 123.85
4 146.63 141.99 146.57
lc 137.02 131.13 130.96
2c 128.08 127.35 128.95
3c 128.28 128.99 115.%4) .z 21
Ac 132.73 147.04 166.69
lcc 131.25 137.09 136.90
2cc 127.29 128.12 127.37
3cc 128.79 128.78 130.11
dcc 133.81 132.71 132.96
lccce 44.62 44.60 44.61
2ccc 166.74 166.86 169.98
2cccce 170.66 170.45 169.98
lcccc - 21.60 -

Table 36The compariEsNEIiR (4000DLtata3ii-32

HR-MS was also used to confirm the element ratios of eac
mass of compounds were deterntndioleacal cohabgpardaboretical data.
structure of all final@r8@pcisl, be confirmed for the accuracy of the
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structure because the mass difference was not more than the accep
MS resull3-@Rere demonstrated and compared to their calculated ex

compound Calcd. for Thedfzpeaindartdal plata different

(m/z) (m/2)
27  GHNQS +Na  355.0723 355.0721 1.65
28 GHNQOS+Na  369.0879 369.0887 0.77
29 GHEMOS +Na  373.0629 373.0625 1.12
30 GHNOS+Na  417.0879 417.0882 0.06
31 GHNQS+Na  431.1036 431.1035 0.81
32 GHFM)S-H  411.0809 411.0816 1.23

Table 37The high resolution mass spe@red2etric results of

In addition, the elementallsmglgsisrmas in order to confirn
characteristic of synthesized d¢snpasidmtiom the percentage of ¢
hydrogen and nitrogen atom in molecule were determined and cc
theoretical data. The elemental analysis3#@bidts weoempalloase withi
plus or minus 0.3% of the calculatesistehiegitiwire structure assigne
compounds. However, therevats sitdeeufernblecule3@haatmpounds
0.5:1. The results of elemental analysis let to the conclusion that all
compounds that have the same of elemental component to the com
and synthesize. The element@/aB@dysisledsotistadted and compared
calculated values in table 38.



115

compound Calcd. for C H N
Calcd. 57.82 4.85 8.43
21 GHNOS F(ilucnd 57.60 4.97 8.46
Calcd. 58.94 5.24 8.09
28 GHNGS F(?ucnd 57.97 5.15 7.93
Calcd. 54.85 4.32 8.00
29 GHENOS F(?ucnd 54.66 4.39 8.01
Calcd. 63.94 4.60 7.10
30 GHNOS Fslucnd 63.75 4.72 7.09
Calcd. 64.69 4.94 6.86
31 GHNGS F(ilucnd 64.46 5.23 6.79
Calcd. 59.85 4.30 6.65
32 C%J_H:u:ﬁ+0"’6|_|F(€)iucnd 59.99 4.28 6.67

Table 38The elemental anaBsi32ata of
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The total yielés2ahd®7-3Brough two-step or three-step syr
pathway started from their corresponding phenylhydrazines were sur

L
JJ

Compound R ¢ I; Rcc  Synthesis Pathway Total Yield (%
16 -S@H -CH -H Three-step Synthesis* 66.4
17 -S@H -CH -CH Three-step Synthesis* 78.3
18 -S@H -CH -F  Three-step Synthesis* 66.0
19 -S@H -GH -H  Three-step Synthesis* 67.5
20 -S@H -(H -CH Three-step Synthesis* 75.7
21 -S@H -GH -F  Three-step Synthesis* 65.0
27 -H -GH -S@H Two-step Synthesis** 43.2
28 -CHH -CH -S@K Two-step Synthesis** 70.9
29 -F -GH -S@H Two-step Synthesis** 54.7
30 -H H -S@H Two-step Synthesis** 86.8
31 -CH -@G4 -S@H Two-step Synthesis** 93.4
32 -F H -S@H Two-step Synthesis** 99.7

* through three-step synthesis pla¢iwvenyretspatiingphenylhydrazines
** through two-step synthesidrpathi@aynsttnyésulfonyl) ptiEhyl)hydrazin

Table 39Total yield of tweliNptesytabnzohylbezio@Z-B2

As 