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CHAPTER-I

A MICRO REVIEW ON MULTICOMPONENT CONDENSATION
REACTIONS AND THEIR USES IN THE SYNTHESIS OF
BIOLOGICALLY ACTIVE COMPOUNDS



INTRODUCTION

In this chapter, a brief introduction to multicomponent reactions is presented.

Multicomponent reactions (MCRs) are the chemical reactions which involve three or
more reactants combine to form a product which retains a majority of the atoms of all the
reactants. The MCRs provide rapid access to molecular diversity by combining several
reactants into functionalized molecules. Hence, they drag greater attention in generating
chemical molecules of drug type of heterocyclic systems. The MCRs have been known for
over 160 years with the Strecker synthesis of a- amino cyanides in 1850 from which a-amino
acids could be derived. During this period, some noteworthy achievements have been taken
into account of the discovery of Biginelli condensation of ethyl acetoacetate, benzaldehyde
and urea. Mannich reaction is an amino alkylation of acidic hydrogen of carbonyl compound
using HCHO, 1° or 2° amine or NHs. Passerine reaction is a reaction between isocyanide,
aldehyde (or ketone) and carboxylic acid to form a-acyloxy amide. The reagents employed
may be different molecules or they may be different functional groups of the same reagent.
Planning of MCRs which results in giving many bonds at once is an important aspect in
recent times to the organic chemists.!@® This methods reduce time and costly purification
process, as well as protection and deprotection steps. They show atom economy and they are
inherently more environmentally benign.?®P Speed, diversity, efficiency and environmental
amiability are the key features of this class of reactions. MCRs follow green chemistry
principles so that these are useful, effective green tools for the synthesis of organic
transformations and complex drug molecules. These are mainly used for the formation of
several bonds in a single step of operation.®* The multicomponent reactions are important
because of their utility in the synthesis of many heterocyclic compounds and new synthetic
methodologies. The multicomponent reactions become more interesting area of research.
Recent Literature of Multi-Component Reactions
Ambethkar et al.®> described the synthesis of 1 by condensation of 4-fluorobenzaldehyde with
malononitrile, hydrazine hydrate and diethyl acetylenedicarboxylate. The reaction mixture

was ground under solvent free condition and in the presence of L-proline.



H__O
HO w-z > EtOOC
COOEt 7/ N
CN 0 H — CN
e =
rinding H
COOEt + 10 min (: NH,
NH,-NH,.H,0

Shaabani et al.’ reported the synthesis of 6-(cyclohexylamino)-1,4-dihydro-3-methyl-1-
phenylpyrano[2,3-c]pyrazole-4,5-dicarboxylate (2) via a multicomponent reaction of phenyl-
1H-pyrazol-5(4H)-one, dimethyl acetylenedicarboxylate and cyclohexyl isocyanide.

CO.R? CO,R?
2
@O : h CH;CN % CO:R
RIN=C + || + N._ )¢ - N ||
N RT,12h NS0 Ng!
CO,R?> Ph Ph , H
Ramagiri et al.’ synthesized 5-(benzofuran-2-yl)-2-(2-(3,4,5-
trimethoxybenzylidine)hydrazinyl)-6H-1,3,4-thiadiazine (3) from 2-(2-

bromoacetyl)benzofuran, thiocarbohydrazide and 3,4,5-trimethoxybenzaldehyde in ethanol

under reflux.

0 B o Jon N
A . EtOH N
W + H,N" N "NHy + ArCHO j\i N A
(o) Br S Reflux SN r
H g
3

Gouvea et al.® synthesized 2-(4-fluorophenyl)-3-(2-morpholinoethyl)thiazolidin-4-one (4)

from the reaction of 2-morpholinoethylamine, 4-fluorobenzaldehyde and mercaptoacetic acid.

O.__H 0]
Toluene E/\S
(\N/\/NHz 110 °C,3 h ﬁN/\/
"o J =0
HSCH,COOH
F 110°C,16 h
4 F



Martin-Acosta et al.® reported the synthesis of 2-amino-4-(4-chlorophenyl)-6-hydroxy-5,8-
dioxo-7-undecyl-5,8-dihydro-4H-chromene-3-carbonitrile (5) by reacting embellin, 4-
chlorobenzaldehyde and malononitrile in ethanol and triethylamine under reflux.

CHO

OH CN  EtN

HO CN EtOH, A

Synthesis  of  3,3'-((3,4,5-trimethoxyphenyl)methylene)bis(5-(4-methoxyphenyl)thiazol-
2(3H)-imine) was achieved by Abraham et al.X°. In this reaction, 4-Methoxy phenyl-2-amino
thiazole and 3,4,5-trimethoxy benzaldehyde were allowed to react in one-pot to afford 6.

~
| O
(o) (o)
0 o

) / 1}\ N /O H Acetic acid \©\/\N N
NH /
“o S 2 >o MeOH, 70 °C, 6 h S~ %X@o

o NH HN” S
> 6

The compound 7 was synthesized by Vaarla et al.!' through condensation of 3-(2-
bromoacetyl)coumarin, hydrazinecarbothioamide and phenyl methyl ketone using Vilsmeier-

Haack reaction.

0.0 JSJ\ ©)J\CH3 DMF/RT stirring 0.0
+ NH, + N
_ Br NN POCIL,, 0-60 °C I NN
0 56h S “~>CHO
7

Moosavi-Zare et al.}? described 4-41-(arylmethylene)-bis(3-methyl-1-phenylpyrazol-5-ols)
(8) via a multicomponent condensation of phenyl hydrazine, ethylacetoacetate and aromatic
aldehyde using 1-(carboxymethyl)pyridinium chloride {[cmpy]CI} as homogenous organic

catalyst under solvent-free condition.



un-VH2 an- V2
O [empy]Cl, 10 mol% ;N OH HO N;
+ + - N N
Ar)LH Solvent-free, 110 °C N\ /
0O O O O
Ar

8

Puligoundla et al.®® synthesized 9 by applying multicomponent reaction of 3-amino-1,2,4-
triazole, benzaldehyde and dimedone with molecular iodine as a catalyst.

CHO l O

(0] (0 . N
-N Iodine 10 mol % ~
HNL S—NH, + + - ¢ i ‘
CH;CN, Reflux NN
10-15 min H
9

Synthesis of 2,4,5-triphenyl-1H-imidazoles (10) by Sun et al.'* via a multicomponent
reaction of 1,2-diphenylacetylene, 2-hydroxyl phenyl acetic acid, primary amine and

ammonium acetate. Pd(I1)/ Ce(1V)/ Bi(lll) catalysts were used.

Ph Ph
OH PdH/ CeIV/ BiIH NA\g\
+ ||| + R:NH, + NH,0AC - /
~A_OH * || 2+ NHy @/%I Ph
|/ = 0] Ph R// R?
R 10
Synthesis of 21-(3,3,-bis(methylthio)acryloyl)-1t,21 5% 6,7, 7al-hexahydro-2H-

spiro[acenaphthalene-1,3!-pyrrolizin]-2-one (11) via a multicomponent reaction of a-
aroylidine ketene dithioacetals, acenaphthalene-1,2-dione and L-proline in acetonitrile under

ultrasound irradiation was described by Thimmarayaperumal et al.*®

0] O

. O SMe U\(O ), 60 °C
+ +
OO S e N' Uy CHsCN




2-Methyl-2,3-dihydrospiro[benzo[f]isoindole-1,3-indoline]-21-4,9-trione (12) was reported
by Bhaskar et al.® through a multicomponent reaction of isatin, sacrosine and 1,4-

naphthoquinone in ethanol under reflux.

(0)
o : U0
R, R
EtOH 2
Lo+ sy eoons () om0 S
N H Reflux N
(0]

R,

12

Pal et al.}’ reported the synthesis of dimethyl 5!-amino-4-chloro-6*-cyano-4*'-methyl-1,4*-
dihydro-[1,1%,4%,1'!-terphenyl]-2*,3!-dicarboxylate (13) via a multicomponent reaction of 4-
chlorobenzaldehyde, malononitrile, 4-methylaniline and dimethyl acetylenedicarboxylate in
the presence of 10% ethanolic sodium hydroxide.
0. Me MeO,C CO,Me
CHO NH; cn > 10 mol% NaOH —
/© O o \ | - H3C©-N cl
HaC EtOH, RT —
3
CO,Me H,N CN
13
Ethyl-3-methyl-5,10-dioxo-1-phenyl-5,10-dihydro-1H-pyrazole[1,2-b]phthalazines-2-

carboxylate (14) was synthesized by Pouramiri et al.’® by condensing ethyl acetoacetate,

aromatic aldehyde, phthalic anhydride and hydrazine hydrate in an ionic liquid.

(0) NHzNHz.Hzo O Ar
Msim]Cl1 O
0 + ArcHo ¢ N
50 °C N ot
(0] 0O O Me
AN 0
H;C OEt 14

Ye et al.’® synthesized 15 with the reaction of 4-diethylamino salicylaldehyde with ethyl

cyanoacetate and 4-substituted 2-amino phenol in n-pentanol and benzoic acid under reflux.

PhCOOH |
CHO
R NH, n-pentanol X 0
Et + CNCH,COOEt + -~
N OH OH 130°C, 10-12h N 0 0



Chaudhry et al.?® synthesized compound 16 from 1-phenyl-3-(2H-1-benzopyran-2-one-3yl)-

4-formylpyrazole, benzil and ammonium acetate in acetic acid.

o O

+ 2CH,COONH, AcOH, Reflux
1-2h

Gondru et al.?! synthesized 17 through condensation of 1-phenyl-3-(2H-1-benzopyran-2-one-

3yl)-4-formylpyrazole, hydrazinecarbothioamide and various a-halo carbonyl compounds

under following given conditions

EtOH, Cat. AcOH
r Reflux, 30-50 min N

Chaudhry et al.? synthesized 4a, 8a-dihydro-2H-chromen-2-ones (18) through a reaction
between substituted 1-phenyl-3-(2H-1-benzopyran-2-one-3yl)-4-formylpyrazole, benzil,

ammonium acetate and 4-chloro aniline in presence of PTSA in ethanol.

0 Benzil, 00 N O

CHO alkyl/arylamine, R! _ N

ammonium acetate 2\
N. > N.
N PTSA, EtOH N
@ Reflux, 2 h @
18

Compounds 19 were synthesized by Ramagiri et al.?® by condensation of 3-(2-

bromoacetyl)coumarin, NH4sSCN and phenacylaniline in CH;COOH.



R3
1 1
O g
0_0 @)&N\Q\ CH;COOH 0.0 N
+ NH,SCN + /
R2 Z Br R3 R* Reflux R? Z S/LN
o) o)
19

R4

Ramagiri et al.?* synthesized 20 in one pot condensation of 3-(2-bromoacetyl)coumarins,

primary amines and phenyl isothiocyanate in presence of DMF.

o
! NH, N=C=S , © Q\R"
0._O pmr R NN
+ + >
R? Z Br R4 Reflux ! SAN
0] R3 R3

R5

Penta et al.? devised a synthesis for compounds 21 starting from bromo dehydro acetic acid,

thicarbohydrazide and carbonyl compounds.

RZ
OH O on NN N/ R!
Br
djv g g o Solvent free /(H/:K/
H,C 00 THNTY NH2+R1J\R2 ", 00
3 S 3
Stlrrlng

Products 22 synthesis was given by Wang et al.?® through a condensatlon of 2-carbethoxy-4-

(2H-1-benzopyran-2-one-3-yl)thiazole, NH2-NH2.H20 and substituted araldehydes.
CHO

0_0 R gon 0_oO
o0 *+ NH,NH,H,0 + o
CLZEN \>’/< R2 R! A = \ N\
S OEt S HN-N_ _H
22

Srimanth et al.?” synthesized compounds 23 by reacting acetyl acetone, thiosemicarbazide

and 3-(2-bromoacetyl)coumarins.



R
stirring
0.0 N S O O 5 min at RT 0.0
Rl 7 HZNJ'J\NNHZ +M R] P N N\
Br H \ \>/N _
23 S

Penta et al.?® synthesized compounds 24 and 25 by condensation of bromo dehydro acetic
acid with purpald and acetyl acetone or ethyl 2-(2-aryl hydrazono)-3-oxo butanoates in
methanol and sodium acetate.

0O O
RIJJ\/[LRZ N-N
Rl /NN/Q »\s
MeOH/ NaoAc L N
0. A OH
OH O
§ Br N-N 2 o~
/\
| " HN/(N)\SH O O CH3
H,C” 0”0 HN  \g, Mom
N-NH R3
4
R o NN
/\
\
MeOH/ NaoAc ” 0 Nx

A H

N
NH o A0
Q\R?’ 0 %
RS 4 CH3
R s

Pavurala et al.?® synthesized 26 by the condensation of 3-(2-bromo acetyl)coumarins, purpald

and acetyl acetone.

R! 1
7]
o__0 N-N O O Absolute EtOH 0.0 4(\1(
+ /4 »\ + N
, P HN N SH H CMCH Reflux, 4-6 h p2 = /N‘N/\<
R Br H,N  \q 3 3 N
lo} 2 26 S/IQNV

Applications in generating drugs through MCRs:

By using MCR approach (S)-Clopidogrel (27) and bicalutamide® (28) were synthesized by
using Ugi and Passerine reactions.3132




0.0
H3C’ ~ / OHH
N )ﬂ(
O O Cﬁ
S
(S)-Clopidogrel Bicalutamide
27 28

Crixivan intermediate (29) synthesis has been described by Rossen et al.® It is a HIV-
protease inhibitor. The heterocyclic ring piperazine was obtained from N-Boc-
ethylenediamine, dichloroacetaldehyde, tert-butyl isocyanide and formic acid.

H,N Boc + HCOOH —<C N )C\l UdCR_ TN
.boc + + = +
PN CI"CHO  EGNKOBa  ~NH
HyNHNH, o

29

XN OH o
@” ™ H
N LN N, H

ralREy

30

Applications in combinatorial chemistry:

Small drug like molecules are synthesized by combinatorial chemistry. Combinatorial
chemistry involves the rapid synthesis of the computer simulation of a large number of
different but simultaneously related molecules. Combinatorial method can give many
molecules at a time.®* Three points of diversity (R1, R, and Rs) of molecules can generate
NR:XNR2XNRs3 possible structures. Where NR1, NR2 and NR3 are the different number of
substituents utilized as shown below.

Diversity of secondary reactions based on the Gewald-MCR:

Q) R S
1 NH
R)K/Rl + NC°X + S j M 2
2




Q

NH,
HzN COOEt \S——;Rs s |NY©\0CH3
/ 4 o N\NHz
EtOOC ©

O%Q ¥
s HN
//
HO NeNn—¢7
HO" Ol S EtOOC N OCH;,
Z~N
OH O
EtOOC O

Chemical diversity, drugs and drug like structures, good pharmaco kinetic properties,

preparative yields, environmentally benign and atom-economic are some features which draw
my attention to exploit MCRs in developing new methodologies and generating a library of

different heterocyclic entities.

PRESENT WORK
From the above mentioned review, it can be understood that MCRs play an important

role in synthesizing heterocyclic compounds.
The research work is intended to develop efficient synthetic methodologies for new
heterocyclic compounds by the application of MCRs.
Objectives of the research:

1. To establish new methods for the synthesis of heterocyclic compounds.

2. ldentification of structures of new compounds by spectral data.
Chapter-I deals with review on multi-component condensation reactions and their use in the
synthesis of biologically active compounds.

Chapter-I1 describes the synthesis of following thiazole derivatives without using solvent.

10



R R R
@*EN\@ isN*gN\O @*EN\
32 33 34

Chapter-I11 reports an efficient multicomponent synthesis of 35 and 36 compounds.

R
SN
R 7\
HN/L )\s 0 ~ NAN)\S
N HN N
% NH, .
Rl

36

Chapter-1V deals with one step multicomponent synthesis of compounds 37 and 38.

HzN/QS\ AN NH /4 N\NH
s;f
37 ~ R

Rl

Chapter-V portrays the one-vessel, five component synthesis of the following new

heterocyclic compounds 39, 40, 41 and 42.

R3

R? o\ N- O 171\ N-NH
NH L

Rl NS N H S N
N7S N7 S
N N
o 40 0
39 0 0

R © R ©

11



Chapter-VI deals with the one-vessel three component synthesis of 43 compounds.
Rl

R? 0 N-N
/N
3 N/AN)\SH
R NH
R4 4
(0] RS
R6
43

Spectral characteristics of the compounds 32 to 43 were given.

12
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CHAPTER-II

A NOVEL ONE-POT EXPEDITIOUS SYNTHESIS OF 2,4-
DISUBSTITUTED THIAZOLES VIA A THREE COMPONENT
REACTION UNDER SOLVENT-FREE CONDITIONS
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R R R
0y ) @ﬁg



INTRODUCTION

Thiazoles are unique structural motifs, which are abundantly found in nature.! Due to
their versatility, they are very important in the organic chemistry as well as in medicinal
chemistry.?

Thiazoles are present in some of the useful antibiotics® and synthetic organic
molecules with biological activities like insecticides,* antibacterial,® florescent dyes,® anti-
oxidant,” antimalarial,® anti HIV® and anti-cancer.®

The literature report indicated that there are various reports on the synthesis of
thiazoles. Thiazole molecules are mainly synthesized from Hantzsch thiazole synthesis, in
which carbonyl compounds and thiourea are starting materials. The various methods of
synthesis of 2,4-disubstituted thiazoles are given.

Houria Bouherrou et al.'! reported the synthesis of substituted thiazole derivatives (1) using

bromo dehydro acetic acid, thiourea and benzaldehydes.

OH O H_O
| + )J\ + d
00 H,N” “NH, R, EtOH/H,0

Ry

Lino et al.'? synthesized 2-hydrazino-4-aryl thiazoles (2) by the condensation of aldehyde or
ketone with thiosemicarbazide and phenacyl bromides. The intermediates are
thiosemicarbazones of carbonyl compounds.

0]

M NH
H,N "N~ 2
i . H R, N JSL s ‘RzﬁN‘NJS\
R;”"R; EtOH,AcOH NTONH,  i-PrOH R, N N
R, R;

2
Cristina Nastasa et al.'® synthesized aryliden-hydrazono thiazoles (3) by stepwise

condensation of cycloalkylidine thiosemicarbazones with a or y- halo carbonyl compounds.

S

H,N

R,

( H Ri Me,co N
@0 - N-NH + j —2.(@N~N/4 \ R
EtOH Cl” "R, B S 2

3
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Moraes Gomes et al.}* reported the 3-(bromo propiophenone)hydrazinyl-1,3-thiazoles (4)
with the reaction of 1-(3-bromophenyl)propan-1-one, thiosemicarbazide and a-haloketones.

i x I
H,N" \”/N‘Rl H H %Ar B N 1\1,;1
N r N
Br o S Br Ny VR, R NTNC \/g/Ar
S S
X =Clor Br 4 R,

EtOH, HC1
2-propanol

Various 2,4-disubstituted thiazoles (5) were synthesized by Maillard et al.’® starting from

thiosemicarbazone and 2-hydroxy-5-methoxy phenacyl chloride.

O OH
Cl
Ry S Ethanol 5 OMe R HN—<\SI OH
ano (S 2 ,
=0 + J__NH, R, HN— -~ >N N
R; H,N" N A )=N  NH, R
H R, Ethanol,A 1 5
MeO

Cardoso et al.'® synthesized thiazoles (6) and (7) by condensation of thiosemicarbazones

derived from pyridine-2-aldehyde or 2-acetyl pyridine with phenacyl bromides.
0

H
N_ _NH
(0] HZN W 2 INI H AT)H/BF R INI
NS
©)LH(Me) S N N'\n/ 2 R ‘|\ N'\WS/R
N Ultra sound N S 2-propanol N N
2-propanol CaCO; 6 Ar
N
H,N’ \[rNHZ
S
2-propanol
Ultra sound
\ o)
Me INI NH A )J\/Br Me g
N 2 r - S
Y N R [ 7 N U )R
2-propanol ” Mr
CaCO;

Oliveira Filho et al.” synthesized 2-[1-(3,4-dichlorophenyl)ethylidenohydrazinyl]-4-methyI-
1,3-thiazoles. Reaction of thiosemicarbazide with 3, 4-dichloroacetophenone in ethanol and
H>SO4 gave the thiosemicarbazone. The thiosemicarbazone was heated with 2-chloro

substituted acetone or acetophenone to yield 2-[1-(3,4-dichlorophenyl)ethylidenohydrazinyl]-
4-methyl-1,3-thiazoles (8).
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0]

. N S
N 2 Cl X N \W\%/RI
cl S EtOH, NaOAc (] N
Cl Reflux, Cl 8 R

Magnetic stirring

Mahmoodi et al.’® described the synthesis of indol-3-ylhydrazinyl thiazoles. In this reaction
thiosemicarbazone intermediate formed from indole-3-carbaldehyde and thiosemicarbazide
was reacted with phenacyl bromides to give final compounds (9) and (10).

S

CHO N4 D
Dry EtOH H N
A\ o) A\
N H p, Cat: AcOH 0 R R3
H + HyN 'NTNH2+ Q)K/ " (2-3 drops)
or [ >
R! S R3 Reflux 5 h or

TZ

70 °C S__N
NARDON 1 12;
— N-
OHC R! =~ N /
N R

HN

N*S 10
R3

Synthesis of new thiazoles (11) was described by Silva et al.!® by interaction of acetyl-2-
pyridine and 4-methyl-3-thiosemicarbazide or 4-phenyl-3-thiosemicarbazide in ethanol and 5
drops of acetic acid leads to the formation of thiosemicarbazone. This upon treatment with
halo substituted acetophenone in isopropanol under ultrasound irradiation yielded thiazole

derivatives (11).

1
? H H EtOH H H Halo substituted N R
| N + NN Negi AcOH (5 dl‘OPS)| X N N\[rN\Rl acetophenone | X N \\T}RZ
N 2 l( RT, 120 min ~N S 2-propanol, _N S
3
ultrasound 11 R
irradiation,
RT, 60 min
Synthesis of N-benzylidene-4-phenylthiazol-2-amines (12) was described by Brito et

al.? starting from acetophenone, thiourea and iodine.
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R = CHOR\/
R 0 N/ N N/
|\\ CH, S MeOH ) 1\\1 N |
S)\NH2

+
% H,N” "NH,

Synthesis of (E)-2-(2-(2-((5-nitrofuran-2-yl)methylene)hydrazinyl)thiazol-4-yl)phenol (13)
by Yurttas et al.?!. Reaction of 5-nitro-2-furaldehyde diacetate and thiosemicarbazide led to
the formation of thiosemicarbazone. This on further cyclization with 2-hydroxy a-
bromoarylethanone gave (E)-2-(2-(2-((5-nitrofuran-2-yl)methylene)hydrazinyl)thiazol-4-
yl)phenol.

OH O HO
H Br

N__NH, S N

ﬂ\(OCOCH;; -t \g ﬂ\//N\N)LNHZ ©/UV NN N/\L;
N
0,N g O,N" ¢ H - 0,N" ¢ H
OCOCH; EtOH
Reflux, 3 h RT 13

Chimenti et al.?? synthesized 1-(4-arylthiazol-2-yl)-2-(3-methylcyclohexylidene)hydrazines
(14) by the condensation of various phenacyl bromides with thiosemicarbazone derived by

cyclohexanone.

&)
<R —
N__NH s $ N
H,N’ 2 X = 1\
0 lr /N‘NJ\NHZ o) /N‘N*S
> H > H
CH;COOH 2-propanol 14
CH; 2-propanol  CHj; CH;

Carbazole based thiazoles (15) were synthesized by Tran Nguyen et al.?® Reaction of 9-ethyl-
9H-carbazole-3-carbaldehyde with thiosemicarbazone in ethanol resulted in the formation of
thiosemicarbazone. The thiosemicarbazone on further cyclocondensation with o-bromo

ketones to yield title compounds
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CURRENT WORK

Based on the importance of hydrazones and thiazoles as physiological active moieties

we would like to synthesize the compounds having these two entities in a single molecular

structure.
o
NH,
HO SN S oy on N
| | H - H | S Ph
0 NN NG “_N_o N N
Y g /A
o ~_H NH BN
HO OH PN Ph S ﬂ
Tiazofurin Ritonavir Fenitizole
(antineoplastic) (antiviral) (anti-inflammatory)
H,N NH,
N_s NN ONA ) PN =N
o \W \/) )|\ _ _ S N=/ . /
N
Sulfathiazole Vitamin-B, OH Ravuconazole
(antibacterial) F (antifungal)

Fig.1. Examples of biologically important molecules having thiazole units.

Hence, in continuation of our research in this direction, we synthesized new hybrid
molecules. A series of novel 2,4-disubstituted thiazole derivatives prepared and synthetic
route for the preparation of target compounds (16, 17, 18) is summarized in a scheme-1.

These compounds were synthesized by using modified Hantzsch thiazole. In this
synthetic method, phenacyl bromides or 3-(2-bromoacetyl)coumarins, thiosemicarbazide and
cyclic ketone were stirred for 5 min at room temperature gave corresponding 2,4-
disubstituted thiazoles with good to excellent yields.

Method-1 is solvent-free synthesis, it is believed that the phenacyl bromides or 3-(2-
bromoacetyl)coumarins react with thiosemicarbazide gave 2-hydrazino-4-substituted

thiazoles as intermediates followed by the reaction with cyclic ketones gave 16, 17 and 18.
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16/17/18a-m

R

Method-2 R
Dry EtOH (s% N @
60°C,2h 16
o 0 o Method-1 R N
(0] S Solvent-free J N<
RANBr HZNJ\l}\Jl NH, * é N ij ‘%1@@ 5 min ZES%E O
1 2 3 R!=H, OCH, 17 R
Sl RTN g
Iy N=
SR
| \ 18a-m
R__N. R__N. R_N 1
Z N ZVN 2N R
ISJ\N@ \[SJ\NQ \[SJ\Nrgj/
21 22 23
Scheme-1. Outline of synthesis of 16, 17 and 18a-m.
Table-1. Different substituents of the products (16, 17 and 18a-m).
Entry  Product R R Time (min)
1 16 Phenacyl - 5
2 17 6,8-Dibromo-3-coumarinyl - 4
3 18a Phenacyl H 4
4 18b 4-Bromo phenacyl H 4
5 18c 4-Chloro phenacyl H 4
6 18d 2,4-Dichloro phenacyl H 3.5
7 18e 4-Nitro phenacyl H 4
8 18f 6-Bromo-3-coumarinyl H 4
9 18¢ 6,8-Dibromo-3-coumarinyl H 4
10 18h 8-Methoxy-3-coumarinyl H 4
11 18i Phenacyl 6-OCHs 5
12 18j 4-Chloro phenacyl 6-OCHs 4
13 18k 4-Nitro phenacyl 6-OCHs 4
14 181 6,8-Dibromo-3-coumarinyl 6-OCHs3 4
15 18m 6-bromo-8-methoxy-3-coumarinyl 6-OCHs 4

We also synthesized compounds 16, 17 and 18 by a one-pot condensation of three
reactants in ethanol (solvent) at 60 °C (Method-2) and also we carried out the synthesis of 16,
17 and 18 by unambiguous method (Method-3). In the method-3 condensation of various
phenacyl bromides or 3-(2-bromoacetyl) coumarins with thiosemicarbazide gave

corresponding 2-hydrazino-4-substituted thiazoles (20). These on treatment with cyclic
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ketones resulted in the formation of 16, 17 and 18 via a two-step process. The compounds
produced in all the three methods were same on the basis of their mixed M.Ps, identical-TLC
and Infrared spectra. In the current study first method was used to synthesize the target
molecules 16, 17 and 18 as it has more advantages such as higher yields, shorter reaction

times, milder reaction conditions, one-pot, solvent-free and easy reaction workup.

Cyclic ketone

R
o S Dry Alcohol ZfN >
R \ _ NH, ~16/17/18
Br ' A NH, =L PN Dry EtOH/ AcOH
ROBT N 80°C,1h > H Y

Scheme-2. Method-3. Synthesis of 2,4-disubstituted thiazoles by an unambiguous method

Reaction  between phenacyl bromide or 3-(2-bromoacetyl) coumarin,
thiosemicarbazide and cyclic ketone is expected to give the compound 16/17/18 or
corresponding N-cyclopentylidine (21), cyclohexylidene (22) and 3,4-dihydronaphthalene-
1(2H)-ylidene-5-substituted-6H-1,3,4-thiadiazines (23) or both depending on the mode of
cyclization and reaction conditions used. In the present investigation the reaction between
phenacyl bromide and thiosemicarbazide proceeds selectively in such a way that the
thioamide of thiosemicarbazide undergoes cyclization gave only 2,4-disubstituted thiazoles.
The reaction conditions played a crucial role in the selective hetero cyclization. The alternate
products 21, 22 and 23 can be rejected on the ground of spectral studies.

Mechanism:

From the mechanism, it is clear that the substitution of the a-bromine atom of the
phenacyl bromide / 3-(2-bromoacetyl)coumarin by the sulphur atom of the thioamide part of
thiosemicarbazide occurs first to give an open chain o-thioketone (19), which under trans
protonation proceeds to yield 4-hydroxy-2-thiazoline derivative. This further loses the water
and proton to give 20. This intermediate undergoes intermolecular condensation reaction with

cyclic ketone gave final compounds (16, 17 and 18).
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R
Z/»N s
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S)\N Q( '
18

R = Ar, 3-coumarinyl

Scheme-3. The plausible reaction mechanism for 2,4-disubstituted thiazoles.
CONCLUSION

We have successfully prepared a new 2,4-disubstituted thiazole derivatives through a
multicomponent approach under solvent free reaction conditions. The method had the
advantages of mild reaction conditions, better to excellent yields, one-pot and operational
simplicity.

EXPERIMENTAL SECTION
Starting materials:

Different 3-acetyl coumarins,?*?® 3-(2-bromoacetyl) coumarins?®® synthesized by
reported method. Various phenacyl bromides, hydrazinecarbothioamide, cyclopentanone,
cyclohexanone, tetralone, 6-methoxy tetralone have been obtained from the source of
commercial.

Preparation of coumarins

Present study involves the preparation of substituted 3-(2-(bromoacetyl)coumarins. By
using them new heterocyclic molecules were constructed. Preparation of 3-(2-(bromoacetyl)
coumarins involves the following methods.
(). Preparation of 2-hydroxy benzaldehyde derivatives

Salicylaldehydes have been prepared by different procedures. Bromination of
salicylaldehyde using bromine in acetic acid gave 5-bromo isomer as a single product.?’
Salicylaldehyde on treatment with two equivalents of bromine gave dibromosalicilaldehyde.?

5-Chloro salicylaldehyde was prepared by treating one equivalent of SO.Cl> with
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salicylaldehyde.  3,5-Dichlorosalicylaldehyde was prepared with the addition of two

equivalents of SO,Cl to salicylaldehyde to give exclusive product.?

S0,Cl, @[OH
Cl CHO
cl
2eq. SO,CI, /C[OH
OH Cl CHO
C :CHO
Br,/CH;COOH /@EOH
Br CHO
Br
2eq. Br,/CH;COOH i OH
Br CHO

Similarly, few of the o-hydroxy aldehydes like o-Vanillin and 2-hydroxy-1-
naphthaldehyde were purchased from commercial sources.

(ii). Preparation of 3-acetl-2H-1-benzopyran-2-ones

Substituted 3-acetyl-2H-1-benzopyran-2-ones were synthesized by condensing
salicylaldehydes with ethylacetoacetate30-32

@[OH o o Piperidine 0.0
+ -
R CHO MOCZHS EtOH, Reflux R/CL;EH/CHQ,

o)
R=H, Br, Cl
R, R,
/@[OH N O O Piperidine _ 0o__0
R; CHO MOCsz EtOH, Reflux g, A CH;
R'=R>=CI ©
R'=R?*=Br

CHO
OH 4 o Piperidine 0_0
+ >

OO MOCZHS EtOH, Reflux O

Z CH;
3
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(iii). Bromination of 3-acetyl-2H-1-benzopyran-2-ones
3-Acetyl coumarins on bromination afforded substituted 3-(2-bromoacetyl)-2H-1-
benzopyran-2-ones?® using Bro/CHCls.

Ry
0_0 Bry/ CHCly.
RZ = CH3
o)

1. R'=R*=H 4. R'=R*>=CI
2. R'=H, R?>=Cl 5.
R'=R?=Br
3. R'=H, R?>=Br

In the same way, 5,6-benzoanalogue of 3-(2-bromoacetyl)coumarin was prepared.

0_0 0_0
cpp. B CHCl O
3 ~ = Br
0

Earlier preparation methods reported that the bromination of 3-acetyl coumarin with

bromine gave the 3-acetyl-4-bromo-2H-chromen-2-one wherein nuclear derivative as the

0__0
%‘3‘“
Br O
The above structure of the bromo-compound was discarded by Koelsch,3* who has

main product.

brominated the 3-acetyl coumarin in alcohol free chloroform with bromine and he had

conducted the degradation experiments, finally he proved that the following structure is

0_0
L .,
(0]

Synthesis of 2,4-disubstituted thiazoles (16, 17, 18a-m):

A mixture of phenacyl bromide (1 mmol) or 3-(2-bromoacetyl)-2H-1-benzopyran-2-

correct.

one (1 mmol), thiosemicarbazide (1 mmol) and cyclopentanone (1 mmol)/cyclohexanone (1
mmol)/ tetralone (1 mmol) was reacted and agitated at ambient temperature for required time
and progress of the reaction checked by the TLC. After completion of the reaction, the

product was cooled, filtered and recrystallized from methanol.
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SPECTRAL DATA
2-(2-Cyclopentylidenehydrazinyl)-4-phenylthiazole (16).

Color: black solid; mp: 142-143 °C; yield: (0.27g, 95%); IR (KBr,
Wave number, cm™): 3437-3053 (NH), 1628 (C=N); PMR (400 N
MHz, CDCls): 6 1.80-1.87 (m, 2H), 1.90-1.96 (m, 2H), 2.5-2.57 (m, 4 S%EN\@
4H), 6.74 (s, 1H), 7.38-7.42 (m, 1H), 7.44-7.48 (m, 2H, ArH), 7.74
(d, 3 = 7.6 Hz, 2H) ppm; CMR (100 MHz, CDCls): ¢ 24.83, 24.95, 29.91, 33.28, 101.67,
125.60, 129.13, 129.33, 129.79, 143.69, 168.90, 169.27 ppm; ESI-MS: m/z 258 [M+H];
Anal. calcd. for C1sHi1sN3S, C, 65.34; H, 5.87; N, 16.33; S, 12.46%. Found: C, 65.30, H,
5.84; N, 16.39; S, 12.42%.

6, 8-Dibromo-3-(2-(2-cyclohexylidenehydrazinyl) thiazol-4-yl)-2H-chromen-2-one (17).
Color: yellow solid; mp: 172-173 °C; yield: (0.523g, 95%); IR Br

(KBr, Wave number, cm™?): 3448-3061 (NH), 1733 (C=0), 1609
(C=N); PMR (400 MHz, DMSO-dg): 6 1.59-1.64 (m, 6H), 2.26
(s, 2H), 2.45 (s, 2H), 7.74 (s, 1H), 8.11 (s, 2H), 8.40 (s, 1H), o 1:1% N
10.98 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): ¢ 22.19, 25.33, s" N O
26.91, 34.86, 110.42, 116.96, 121.98, 122.50, 123.63, 131.29, 136.86, 138.63, 144.95,
147.07, 148.92, 158.23, 175.30 ppm; ESI-MS: m/z 498 [M+H]*; Anal. Calcd. for
Ci1gH15BraNsO2S, C, 43.48; H, 3.04; Br, 32.14; N, 8.45; S, 6.45%. Found: C, 43.53; H, 3.12;
Br, 32.19; N, 8.49; S, 6.41%.

2-(2-(3, 4-Dihydronaphthalen-1(2H)-ylidene)hydrazinyl)-4-phenylthiazole (18a).

Color: black solid; mp: 157-159 °C; yield: (0.332g, 96%); PMR
(400 MHz, CDClg): 6 1.89-1.95 (m, 2H), 2.57 (t, J = 6.8 Hz, 2H),
2.76 (t, J = 6.0 Hz, 2H), 6.92 (s, 1H), 7.15 (d, J = 4.4 Hz, 1H), /SIE\N.N\
7.27-7.29 (m, 3H), 7.33 (d, J = 7.2 Hz, 1H), 7.41 (t, J = 7.6 Hz, H
2H), 7.82 (d, J = 7.6 Hz, 2H), 8.16 (t, J = 4.8 Hz, 1H) ppm; CMR (100 MHz, CDCl): ¢
21.41, 25.68, 29.41, 103.58, 124.62, 125.96, 126.57, 127.96, 128.44, 128.76, 128.92, 132.12,
134.34, 139.32, 147.23, 150.58, 170.17 ppm; Anal. calcd. for C19H17NsS, C, 71.44; H, 5.36;
N, 13.15; S, 10.04. Found: C, 71.49; H, 5.31; N, 13.19; S, 10.14%.
4-(4-Bromophenyl)-2-(2-(3,4-dihydronaphthalen-1(2H)-ylidene)hydrazinyl)thiazole
(18b).

Color: yellow solid; mp: 227-228 °C; yield: (0.437g, 91%); IR (KBr, Wave number, cm™):
3440-3033 (NH), 1608 (C=N); PMR (DMSO-ds, 400 MHz): ¢ 1.85 (t, J = 5.6 Hz, 2H), 2.70
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(t, J=6.8 Hz, 2H), 2.75 (t, = 6.0 Hz, 2H), 7.19 (d, J = 3.6 Hz, [5;
1H), 7.26 (t, J = 4.4 Hz, 2H), 7.42 (s, 1H), 7.60 (d, J = 8.0 Hz,

2H), 7.83 (d, J = 8.4 Hz, 2H), 7.99 (t, J = 4.8 Hz, 1H), 8.33 (s, N

1H) ppm; CMR (DMSO-ds, 100 MHz): ¢ 21.74, 26.51, 29.31, /S»\EN\
105.46, 124.41, 126.79, 128.04, 129.07, 129.87, 130.29, 130.75,

131.55, 131.78, 132.0, 132.61, 139.82, 170.51 ppm; ESI-MS: m/z 398 [M+H]"; Anal. calcd.
for C19H16BrNsS, C, 57.29; H, 4.05; Br, 20.06, N, 10.55; S, 8.05. Found: C, 57.33; H, 4.13;
Br, 20.17, N, 10.51; S, 8.12%.
4-(4-Chlorophenyl)-2-(2-(3,4-dihydronaphthalen-1(2H)-ylidene)hydrazinyl)thiazole
(18c).

Color: off white solid; mp: 220-221 °C; yield: (0.392g, 90%); IR [c1
(KBr, Wave number, cm™): 3450-3030 (NH), 1609 (C=N); PMR

(400 MHz, CDCls): 6 2.04 (t, J = 5.2 Hz, 2H), 2.82 (s, 2H), 2.91 ) 1§\ N\g
(t, J = 6.0 Hz, 2H), 6.77 (s, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.29 (s, S

1H), 7.35 (t, J = 7.2 Hz, 1H), 7.47 (d, J = 7.6 Hz, 2H), 7.69 (d, J = 7.6 Hz, 2H), 8.08 (d, J =
8.0 Hz, 1H), 12.34 (s, 1H) ppm; CMR (100 MHz, DMSO-de): ¢ 21.74, 26.51, 29.32, 105.37,
124.41, 126.79, 127.73, 128.64, 128.87, 129.09, 130.02, 130.47, 132.60, 133.93, 139.73,
147.32, 170.51 ppm; ESI-MS: m/z 354 [M+H]*; Anal. calcd. for C19H16CIN3S, C, 64.49; H,
4.56; Cl, 10.02, N, 11.87; S, 9.06. Found: C, 64.44; H, 4.52; Cl, 10.12, N, 11.83; S, 9.14%.
4-(2,4-Chlorophenyl)-2-(2-(3,4-dihydronaphthalen-1(2H)-ylidene)hydrazinyl)thiazole
(18d).

Color: pale brown solid; mp: 188-189 °C; yield: (0.404g, 96%); IR [ci
(KBr, Wave number, cm™): 3347-3019 (NH), 1628 (C=N); PMR
(400 MHz, CDClg): 6 1.95-2.01 (m, 2H), 2.70 (t, J = 6.4 Hz, 2H), | c1 ) 1}\ N\@
2.79 (t, J = 6.0 Hz, 2H), 7.16 (d, J = 9.6 Hz, 2H), 7.28-7.34 (m, !

4H), 7.49 (s, 1H), 7.73 (d, J = 8.4 Hz, 1H), 8.10 (d, J = 7.2 Hz, 1H) ppm; CMR (100 MHz,
CDCls): ¢ 21.51, 26.40, 29.40, 108.43, 124.85, 126.62, 127.71, 128.63, 128.95, 129.70,
130.54, 131.34, 131.40, 132.62, 134.96, 139.98, 141.75, 150.80, 168.98 ppm; ESI-MS: m/z
388 [M+H]"; Anal. calcd. for C19H1sCIN3S, C, 58.77; H, 3.89; ClI, 18.26; N, 10.82; S, 8.26.
Found: C, 58.70; H, 3.81; ClI, 18.22; N, 10.77; S, 8.67%.
2-(2-(3,4-Dihydronaphthalen-1(2H)-ylidene)hydrazinyl)-4-(4-nitrophenyl)thiazole (18¢).
Color: brown solid; mp: 200-201 °C; yield: (0.383g, 95%); IR (KBr, Wave number, cm™):
3421-3334 (NH), 1598 (C=N); PMR (400 MHz, CDClz): ¢ 2.03 (t, J = 6.0 Hz, 2H), 2.83 (t, J
= 5.6 Hz, 2H), 2.89 (t, J = 6.4 Hz, 2H), 7.20 (d, J = 7.6 Hz, 1H), 7.28 (d, J = 7.6 Hz, 1H),
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7.34 (d, J =7.2 Hz, 1H), 7.49 (s, 1H), 8.01 (d, J = 8.4 Hz, 2H), [oN
8.09 (d, J = 7.6 Hz, 1H), 8.32 (d, J = 8.4 Hz, 2H), 12.07 (s, 1H,

NH) ppm; CMR (100 MHz, CDCl): & 21.73, 26.58, 29.48, Q[& N@
108.60, 123.57, 124.13, 124.46, 124.60, 126.50, 126.61, 128.70, S h
128.93, 132.27, 139.58, 146.72, 147.90, 170.70 ppm; ESI-MS: m/z 365 [M+H]"; Anal. calcd.
for C19H16N4O5S, C, 62.62; H, 4.43; N, 15.37; S, 8.80. Found: C, 62.65; H, 4.48; N, 15.32; S,
8.84%.
6-Bromo-3-(2-(2-(3,4-dihydronaphthalen-1(2H)-ylidene)hydrazinyl)thiazol-4-yl)-2H-
chromen-2-one (18f).

Color: brown solid; mp: 239-240 °C; yield: (0.485g, 96%); IR Br

(KBr, Wave number, cm™): 3440-3450 (NH), 1616 (C=N); PMR
(400 MHz, DMSO-dg): ¢ 1.86 (t, J = 6.0 Hz, 2H), 2.70-2.77 (m, )

4H), 7.19-7.20 (m, 1H), 7.26 (t, J = 4.0 Hz, 2H), 7.43 (d, J = 8.8 | 4 N
Hz, 1H), 7.76 (d, J = 8.8 Hz, 1H), 7.82 (s, 1H), 7.99 (t, J = 5.2 Hz, s»\g‘ =
1H), 8.09 (s, 1H), 8.49 (s, 1H), 11.30 (s, 1H); CMR (100 MHz, DMSO-ds): ¢ 21.73, 26.60,
29.30, 116.84, 118.89, 120.99, 123.30, 124.47, 126.84, 129.08, 131.27, 132.38, 133.95,
135.15, 135.38, 139.90, 142.76, 143.49, 147.86, 152.75, 157.24, 170.20 ppm; ESI-MS: m/z
468 [M+2]"; Anal. calcd. for C21H1sBrN3O.S, C, 55.64; H, 3.34; Br, 17.63; N, 9.27; S, 7.07.
Found: C, 55.61; H, 3.38; Br, 17.68; N, 9.22; S, 7.13%.
6,8-Dibromo-3-(2-(2-(3,4-dihydronaphthalen-1(2H)-ylidene)hydrazinyl)thiazol-4-yl)-
2H-chromen-2-one (18g).

Color: brown solid; mp: 209-210 °C; yield: (0.586g, 93%); IR

Br
(KBr, Wave number, cm™): 3450-3367 (NH), 1734 (C=0), 1636 |Br

(C=N); PMR (400 MHz, DMSO-dg): ¢ 1.86 (s, 2H), 2.74 (t, J = N

7.4 Hz, 4H), 7.20-7.25 (m, 2H), 7.65 (s, 1H), 7.84 (s, 1H), 7.98 0 /S&Npgg
(s, 1H), 8.42 (s, 2H), 8.76 (s, 1H), 11.31 (s, 1H) ppm; CMR (100 i
MHz, DMSO-ds): ¢ 21.73, 26.53, 29.32, 110.18, 111.29, 113.08, 116.79, 122.62, 122.79,
124.31, 126.77, 129.06, 130.69, 132.53, 135.96, 136.21, 136.43, 139.67, 143.99, 148.45,
158.11, 169.89 ppm; Anal. calcd. for C22H1sBraNsO2S, C, 48.46; H, 2.77; Br, 29.31; N, 7.71,
S, 5.88. Found: C, 48.42; H, 2.72; Br, 29.34; N, 7.68; S, 5.82%.
3-(2-(2-(3,4-Dihydronaphthalen-1(2H)-ylidene)hydrazinyl)thiazol-4-yl)-8-methoxy-2H-

chromen-2-one (18h).
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(m, 4H), 3.93 (s, 3H), 7.18-7.20 (m, 1H), 7.25-7.26 (m, 2H),
7.34-7.36 (m, 2H), 7.79 (s, 1H), 7.98 (s, 1H), 8.15 (s, 1H), 8.54 (s, 1H), 11.31 (s, 1H) ppm;
ESI-MS: m/z 418 [M+H]*; Anal. calcd. for C23H19N3OsS, C, 66.17; H, 4.59; N, 10.07; S,
7.68. Found: C, 66.13; H, 4.52; N, 10.13; S, 7.62%.
2-(2-(6-Methoxy-3,4-dihydronaphthalen-1(2H)-ylidene)hydrazinyl)-4-phenylthiazole
(18i).

Color: brown solid; mp: 204-205 °C; yield: (0.359g, 97%); IR ocH,
(KBr, Wave number, cm?): 3400-2900 (NH), 1614 (C=N); Q‘N

PMR (400 MHz, CDCly): & 1.25 (s, 1H), 1.98 (t, J = 6.0 Hz, / skEN\g
2H), 2.77 (d, J = 5.6 Hz, 4H), 3.83 (s, 3H), 6.66 (s, 1H), 6.78
(s, 1H), 6.82 (d, J = 8.8 Hz, 1H), 7.37-7.40 (m, 1H), 7.45 (t, J = 7.6 Hz, 2H), 7.75(d, J = 7.6
Hz, 2H), 8.04 (d, J = 8.8 Hz, 1H) ppm; CMR (100 MHz, CDCl): ¢ 21.63, 26.58, 29.70,
55.28, 102.61, 112.50, 113.41, 124.36, 125.68, 126.60, 128.76, 128.95, 131.57, 141.82,
146.08, 150.85, 160.65, 169.81 ppm; ESI-MS: m/z 350 [M+H]*; Anal. calcd. for
Co0H19N30S, C, 68.74; H, 5.48; N, 12.02; S, 9.18. Found: C, 68.71; H, 5.41; N, 12.14; S,
9.13%.

4-(4-Chlorophenyl)-2-(2-(6-methoxy-3,4-dihydronaphthalen-1(2H)-
ylidene)hydrazinyl)thiazole (18j).

Color: white solid; mp: 225-226 °C; yield: (0.411g, 93%); |CI
IR (KBr, wave number, cm?): 3400-3044 (NH), 1624
(C=N); PMR (400 MHz, CDClz): 6 2.02 (t, J = 6.0 Hz, 2H), )y 1:1% N*g
2.79 (t, J = 5.6 Hz, 2H), 2.90 (t, J = 6.4 Hz, 2H), 3.84 (s, S ﬂ

3H), 6.68 (s, 1H), 6.73 (s, 1H), 6.82 (d, J = 8.4 Hz, 1H), 7.47 (d, J = 8.0 Hz, 2H), 7.68 (d, J =
8.0 Hz, 2H), 8.02 (d, J = 8.8 Hz, 1H), 12.49 (s, 1H); CMR (100 MHz, CDCls): ¢ 21.64,
27.77,29.73, 55.39, 101.14, 112.63, 113.74, 123.26, 125.81, 126.89, 127.15, 129.92, 136.57,
139.62, 143.15, 156.52, 161.67, 169.42 ppm; ESI-MS: m/z 384 [M+H]*; Anal. calcd. for
C20H18CIN3OS, C, 62.57; H, 4.73; Cl, 9.24; N, 10.95; S, 8.35. Found: C, 62.52; H, 4.79; Cl,
9.28; N, 10.90; S, 8.39%.
2-(2-(6-Methoxy-3,4-dihydronaphthalen-1(2H)-ylidene)hydrazinyl)-4-(4-
nitrophenyl)thiazole (18k).

Color: yellow solid; mp: 219-220 °C; yield: (0.453g, 92%); IR

(KB, Wave number, cm): 1733 (C=0), 1616 (C=N): PMR | " 3

(400 MHz, DMSO-dg): & 1.86 (t, J = 5.2 Hz, 2H), 2.69-2.75 P // Y N@
sTN
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Color: brown solid; mp: 220-221 °C; yield: (0.414g, 95%); |O,N
IR (KBr, Wave number, cm?): 3343-3037 (NH), 1625
(C=N):; PMR (400 MHz, DMSO-ds): 6 1.84 (t, J = 6.0 Hz, ) 1}\ N\g
2H), 2.68 (t, J = 6.4 Hz, 2H), 2.73 (t, J = 5.6 Hz, 2H), 3.77 SN

(s, 3H), 6.76 (s, 1H), 6.85 (d, J = 8.8 Hz, 1H), 7.71 (s, 1H), 7.92 (d, J = 8.8 Hz, 1H), 8.13 (d,
J = 8.4 Hz, 2H), 8.28 (d, J = 8.4 Hz, 2H), 11.23 (s, 1H) ppm; CMR (100 MHz, DMSO-de): &
21.82, 26.46, 29.61, 55.61, 109.19, 112.97, 113.81, 124.59, 126.06, 126.77, 141.30, 141.60,
146.58, 147.78, 148.94, 160.14, 170.95 ppm; ESI-MS: m/z 395 [M+H]"; Anal. calcd. for
C20H18N4O3S, C, 60.90; H, 4.60; N, 14.20; S, 8.13. Found: C, 60.95; H, 4.65; N, 14.25; S,
8.18%.
6,8-Dibromo-3-(2-(2-(6-methoxy-3,4-dihydronaphthalen-1(2H)-
ylidene)hydrazinyl)thiazol-4-yl)-2H-chromen-2-one (18l).

Colour: yellow solid; mp: 233-234 °C; yield: (0.625g, Br
92%); IR (KBr, Wave number, cm™): 3431-3152 (NH),
1738 (lactone carbonyl stretching), 1631(-C=N); PMR o OCH,
(400 MHz, DMSO-ds): 6 1.84 (t, J = 5.6 Hz, 2H), 2.68 (t, o /§\ N%&E;X

J = 6.0 Hz, 2H), 2.73 (t, J = 5.6 Hz, 2H), 3.77 (s, 3H), s N

6.75 (s, 1H), 6.83 (d, J = 8.8 Hz, 1H), 7.81 (s, 1H), 7.90 (d, J = 8.8 Hz, 1H), 8.10 (s, 2H),
8.42 (s, 1H), 11.15(s, 1H) ppm; ESI-MS: m/z 576 [M+H]"; Anal. calcd. for C23H17Br2NsOsS,
C, 48.02; H, 2.98; Br, 27.78; N, 7.30; S, 5.57. Found: C, 48.10; H, 2.93; Br, 27.72; N, 7.35;
S, 5.53%.
6-Bromo-8-methoxy-3-(2-(2-(6-methoxy-3,4-dihydronaphthalen-1(2H)-
ylidene)hydrazinyl)thiazol-4-yl)-2H-chromen-2-one (18m).

Color: brown solid; mp: 214-215 °C; vyield: (0.618g, Br
85%); PMR (400 MHz, DMSO-dg): ¢ 1.83 (s, 1H), 2.27 | H;CO

(s, 1H), 2.67-2.72 (m, 2H), 3.77 (s, 2H), 3.94 (s, 6H) /

6.75 (s, 1H), 6.84 (d, J = 9.6 Hz, 1H), 7.42-7.44 (m, o IE\NN\g
2H), 7.79-7.83 (m, 1H), 7.91 (d, J = 8.8 Hz, 1H), 8.43 > H

(s, 1H), 11.53 (s, 1H, NH) ppm; ESI-MS: m/z 528 [M+2]*; Anal. calcd. for C24H20BrNz04S,
C, 54.76; H, 3.83; Br, 15.18; N, 7.98; S, 6.09. Found: C, 54.72; H, 3.87; Br, 15.14; N, 7.94;
S, 6.12%.

Br

OCH,
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Mode: ESI Positive
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CHAPTER-III

EFFICIENT MULTICOMPONENT SYNTHESIS OF NEW (E)-(3-(2-(4-
METHOXYBENZYLIDENE)HYDRAZINYL)-6-(4-METHOXYPHENYL)-
6,7-DIHYDRO-5H-[1,2,4] TRIAZOLO[3,4-b][1,3,4]THIADIAZIN-7-
YL)(PHENYL)METHANONES
AND
A FACILE ONE-POT SYNTHESIS OF 3-(4-CHLOROPHENYL)-1-(6-
PHENYL-7H-[1,2,4]TRIAZOLO[3,4-b][1,3,4] THIADIAZIN-3-YL)-1H-
PYRAZOL-5-AMINES VIA MULTICOMPONENT APPROACH

SECTION-A

EFFICIENT MULTICOMPONENT SYNTHESIS OF NEW (E)-(3-(2-(4-

METHOXYBENZYLIDENE)HYDRAZINYL)-6-(4-METHOXYPHENYL)-

6,7-DIHYDRO-5H-[1,2,4]TRIAZOLO[3,4-b][1,3,4] THIADIAZIN-7-
YL)(PHENYL)METHANONES

HN/L )\S O

éN HN:‘%



INTRODUCTION
. Triazolothiadiazines are fused with 5, 6-membered heterocyclic compounds
containing nitrogen and sulphur heteroatoms. Triazolothiadiazines possess importance in
drugs and related compounds® and exhibit extensively good anti-microbial,? anti-
inflammatory,® antiviral,® anti-leishmanial,® anti-HIV and antitumor,® antibacterial,
antifungal,” analgesic,® anthelmintic® and anticancer activities.°
N-N

Schiff bases possess good biological activity.!* In particular, Schiff bases bearing
heterocyclic molecules show enhanced therapeutic and pharmacological,'? antifungal,®
antibacterial,** antitumor, antiviral,'® antitubercular,!® antioxidant,X” antimicrobial,®
anticancer®® and anti-HIV activities.?

Different methods of synthesis of [1,2,4]triazolo[3,4-b]thiadizines.
Hussein et al.?! synthesized compound 1 using 3-(4-pyridyl)-4-amino-5-mercapto-1,2,4-
triazole and phenacyl bromide in absolute ethanol. Compound (2) were synthesised by the

reaction of aryl aldehyde with 3-(4-pyridyl)-4-amino-5-mercapto-1,2,4-triazole in dioxane.

N-NH Ar-COCH,Br N-NH Ar-CHO N-NH
/ - / - /
Y N)\S N N NKS Dioxane, TN Nks
N NV = NHZ Reflux = Nﬁ

Zhang et al.?? synthesized compound 3 by condensation of Schiff bases derived from 4-
amino-3-(3,4,5-trimethoxyphenyl)-1H-1,2,4-triazole-5(4H)-thione, phenacyl bromide and
triethylamine in ethanol. The Schiff bases were obtained by the reaction of furan or
thiophene-2-carbaldehyde with 4-amino-3-(3,4,5-trimethoxyphenyl)-1H-1,2,4-triazole-5(4H)-

thione.

I\
) 171—NH OHC/Q _0 N-NH RCOCH,Br,Et;N _0Q N

N
N NS Conc. HCI, EtOH NS E(OH, Reflux ~ NS
o | 0 | 0 \ 0
NH, Ne «
o 0 o X
20 '¢ 3 X

Kaplancikli et al.?® reported the condensation of indole acetic acid with thiocarbohydrazide to

give amino mercapto triazole system. This on further reaction with aryl aldehyde in ethanol



and catalytic amount of H.SO4 afforded 4. Cyclocondensation of triazole with phenacyl

bromide in dry ethyl alcohol gave 5.
OH

Y e oo
H \ NHz \, NH;
N

H Br
(0] (0]
NNH
/ /
@f\C ¢ )
N
R

El-Shehry et al.* described the synthesis of 3-((2,4-dichlorophenoxy)methyl)-6-phenyl-7H-

/z

[1,2,4]triazolo[3,4-b][1,3,4]thiadiazines (6) by the reaction of substituted amino mercapto

triazole with 2-bromo-1-phenylethanones in ethanol.
Cl Cl

N-N PhCOCH,Br N-N
Cl N EtOH, Reflux CI N
A, Ny
6

Synthesis of compounds?® 7 were carried out by reacting 4-amino-5-[(5-methoxy-2-methyl-1-
(4-chlorobenzoyl)-1H-indol-3-yl)methyl]-2,4-dihydro-3H-1,2,4-triazol-3-thione with

phenacyl bromides in ethanol.

N-N NNH 1\\1

COOH N JL NE; N»\SH ><s N
/OO\/Q H N N, _ ArCOCH,Br ~ Ns
N T iamec N EtOH Reflux

o a it o

Z

Compounds? 8 synthesis were carried out from phenacyl halides and 4-am|no 3- aryl 1,2,4-

triazole-5-thione.
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CH;N-NH 0 E(OH CH;N-N
R- c_L )QS + RI—QC CH,-X ~R-c—{ \/\S
Reflux H 1\\I
NH, <
8

Compounds?’ (9) synthesis were done from 4-amino-1,2,4-triazole-3-thiol and phenacyl
bromides. The intermediate 5-aryl-4-amino-3-mercapto triazole was obtained by reacting
thiocarbohydrazide with aromatic acids.

o)
OH heat N-N ArCOCH,Br N-N
RIEC +H,N. H 1 BN : /N
= 2 JJ\ N 2 R+®/(N SH EtOH, Reflux R®/<N)\S
HoH = NH, 7h = Ne

Ar

The compounds?® (10) preparation was carried out from 4-amino-5-(3-fluorophenyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione and phenacyl bromides in two different methods.
The compound (11) was also synthesized from 5-aryl-4-amino-3-mercapto-1,2,4-triazole and

oxalyl chloride.

_CIcoCocl, CoH, 17”ES ArCOCH,Br 17”&
Conventlonal N CM. MWI 1\\1 3
HNW(§ NH, ’ Nﬁ)
F F Ar
Knak et aI.29 synthesized 2,3-diphenyl-1,2,4-triazolo[3,4-b][2H-1,3,4]thiadiazines (12) from

4-amino-5-sulfanyl-1,2,4-triazole and 2-bromo-1,2-diphenylethan-1-one in ethanol.

2

R\//EO EtOH N
/ \

Rl Br R3’L )\SH - R3/4N)\S
-HBr, -H,0 \

NH, Ny\RI

RZ

12

Goveas et al.*® synthesized 13 from the reaction of an equimolar amount of 4-[(4-amino-5-
sulfanyl-4H-1,2,4-triazol-3-yl)methyl]-2H-1,4-benzothiazin-3-(4H)-one  with  phenacyl
bromides and dry alcohol to give 4-[(4-amino-5-{[2-(4-substituted phenyl)-2-
oxoethyl]sulfanyl}-4H-1,2,4-triazol-3-yl)methyl]-2H-1,4-benzothiazin-3(4H)-one, which was

further treated with POCIs under reflux resulted in the formation of title compounds.
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Alghamdi et al.®! synthesized 14 by a multi step method. Condensation of hydrazide derived
from phenyl propionic acid with CS; in alcoholic KOH solution using NH2-NH2.H20 to yield
4-amino-5-(2-phenyleth-1-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione. ~ This on  further
condensation with benzaldehyde in ethanol gave the title compound with good yield

H CHO H
N-N N/NI

/ \RS /
CONHNH, g1oH, KOH, CS, N @ N\R S
NH, > N H
NH,NH,.H,0 EtOH, HCI
14 E )

Sim et al.’? synthesized 15 involving the condensation of 4-amino-3-mercapto-5-(2-

thiomethylpyrimidyl)-1,2,4-triazole with araldehydes utilising (+)-tartaric acid as catalyst.
Compounds 16 were synthesized from reaction of 4-amino-3-mercapto-5-(2-

thiomethylpyrimidyl)-1,2,4-triazole with different phenacyl bromides.
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Pyrazoles are good structural motifs present in various drug molecules. Pyrazole
derivatives are exhibiting good biological and pharmacological activities®® such as anti
tubercular,® anti malarial,®® anti cancer,®® anti microbial,®" anti convulsant,®® anti viral*® and
anti depressant activity.*> Pyrazole in combination with triazolothiadiazine increases their
biological activity and acts as CXCR2 receptor antagonists,*! non-purine xanthine oxidase
inhibitor*? and anti proliferative activity.*3
Compounds** 17 were synthesized from the reaction of 4-amino-3-(1,3-diphenyl-1H-pyrazol-
4-yI)[1,2,4]triazole thione and chloroacetonitrile in ethanol containing fused sodium acetate.
4-Amino-3-(1,3-diphenyl-1H-pyrazol-4-yl)[1,2,4]triazole thione with chloroacetone and a-

bromo acetophenones in alcohol yielded 18.

Ph Ph N Ph
17”:;\ CICH,CN N I\E RCOCH,X N- 1:1\
2 - 7 S > 7
N T NS Naoac/Eton N N NaOAC/ EtOH N)j/QN 3
N NH N

a PH 2 a

La Porte et al.* synthesized 19, 20 by the reaction of 4-amino-5-(2,4,5,6-
tetrahydrocyclopenta[c]pyrazol-3-yl)-4H-1,2,4-triazole-3-thiol or 4-amino-5-(3-phenyl-1H-
pyrazol-5-yl)-4H-1,2,4-triazole-3-thiol with various substituted 2-chloro or 2-bromo-1-
phenylethan-1-ones in ethanol under microwave conditions. Then cooling to room

temperature gave the title compounds.
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Compound 21 synthesis was described by Pavurala et al.*® 3-(2-Bromo acetyl) coumarins,

purpald and acetyl acetone were reacted to yield final compound 21.

R! 1
a
0.0 N-N 0O O Absolute EtOH 0._0O 4(\1\'1/
7\ N-
+ H /4 )\ +
R? = Br § ;J'V N SH H3CMCH3 Reflux, 4-6 h p2 > /N‘N/\<
N Nm, N
21 §~ N

o}
Aychiluhim et al.*” synthesized compounds 22 by using various phenacyl bromides, purpald

and acetyl acetone.

Br /4N»N O O Anhydrous EtOH /E—l\i\
R ) - ) W
0 T HNTON7~SH H CMCH Reflux, 4-6 h 7 NTONTTS
HN iy 3 3 =N
2 g

22
R
Sanjeeva Reddy et al.*® synthesized compounds 23. In this 4-amino-5-(-methyl-1-phenyl-1H-

4-pyrazolyl)-4H-1,2,4-triazol-3yl hydrosulfide were reacted with phenacyl bromide in

absolute ethanol under reflux.

o)
N-N N-N
B Ar)K/Br BN
N7 N7 TSH - N7 NS
N NH EtOH , N
Pk  CH; ? Reflux, 6h Ph'  CH,
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SECTION-A

PRESENT WORK
Based on the importance of triazolothiadiazines we are reporting here with the

synthesis of 27 by using simple starting materials.

N— Né\ N
1 N
rCH3 N’N N
N
| OH |\
N_ N H;C CH; N
TN NC N F F
N CH, CH;
Trapidil Anastrozole Fluconazole
(Antiproliferative ) (Anti breast cancer) (Anti microbial drug)
N-N 07 N-N
/N 7\
s S
N= N Nx
0
~0
OMe 0
Cholinesterase inhibitor PDE4 inhibitor
(Anti alzheimers ) (Anti asthmatic agent)

Fig.1. The triazole, triazolo thiadiazine containing biologically active drug molecules.

As a preliminary experiment, purpald (24) was treated with two equivalents of
aromatic aldehydes (25) and phenacyl bromide (26) at 40 °C in dry ethanol and two
equivalents of EtsN. The reaction was found to be sluggish at room temperature and did not
give any product. However, at an elevated temperature (70 °C), the reaction conditions
yielded product in less time. Initially one equivalent of EtsN was used to carry out the
reaction between 24, 25 and 26 by using anhydrous EtOH as solvent. But the reaction did not
proceed to give the product.

Synthesis of compounds 27a-p were achieved by reacting purpald (24) with two
equivalents of aromatic aldehydes (25) and various phenacyl bromides (26) in absolute

ethanol and two equivalents of EtsN (Scheme-1).
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Scheme 1. Synthesis of triazolo thiadiazine derivatives 27a-p.
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Scheme 2. Synthesis of dianil derivatives (30).



Table-1. Different substituents of the products (27a-p, 29a-b and 30a-b).

Entry  Product R R? R? Time (h)
1 27a OCHzs H H 4
2 270 OCHs Br H 3.5
3 27¢c OCH3 Cl H 4
4 27d OCH3 Cl Cl 4
5 27e OCH3 F H 4
6 27f OCH3 CHs H 4
7 279 OCH3 OCHzs H 4
8 27h OCH3 NO> H 4.5
9 271 CH3 H H 4
10 27] CHs Br H 35
11 27k CH3 Cl H 4
12 271 CH3 Cl Cl 4
13 27m CHs F H 4
14 27n CHs CHa H 4
15 270 CHs OCH; H 4
16 27p CHs NO2 H 4.5
17 29a OCH3 OCHs H 4
18 29b OCH3 F H 4
19 30a OCH3 - - 1
20 30b CHs - - 1

The mechanism for the formation of (27) can be explained readily. Initially, two
equivalents of aldehyde molecules undergo condensation reaction with the 4-amino-5-
hydrazinyl-4H-1,2,4-triazole-3-thiol (24) to give the dianil derivatives. These on further
reaction with phenacyl bromides and triethylamine yield the compound (27). During the
reaction the thiol group of dianil replaces the bromine atom of phenacyl bromide followed by
nucleophile addition of carbanion generated in situ on carbon atom of imino group adjacent
to cyclic nitrogen atom of triazole moiety. The speciality of this reaction is that simultaneous
condensation of two equivalents of aldehydes on hydrazino and amino functional groups of
(24) followed by ring closure reaction in presence of two equivalents of EtsN. When the
reaction is carried out in the absence of phenacyl bromide by using absolute alcohol simple
condensation of 24 with two equivalents of aldehyde, it resulted in the formation of dianil
(30) (Scheme-2) exclusively without formation of any cyclised product (31) involving both
thiol and imine functionalities. The structure of dianil has been confirmed by IR spectra, in
which new stretching bands appeared for —-C=N and disappearance of characteristic peaks for
—NH: stretching frequencies.

The mechanism for the formation of dianils and triazolothiadiazine derivatives (27)

has been established as shown in the following scheme-3.
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Scheme-3. Mechanism for the formation of dianil (30) and triazolothiadiazine derivatives
(27).

On the other hand, when (24) is reacted with two equivalents of the aromatic aldehyde
and one equivalent of phenacyl bromide resulted in the formation of phenacyl thio dianil
compound (29). The condensation between 24 with two equivalents of aldehyde and one
equivalent of phenacyl bromide may result in the formation of different types of products N-
phenacylated compound (28) and/or S-phenacylated compound (29). In our case, only one
product (29) was observed (as evidenced by TLC). The formation of S-phenacylated (29)
product over N-phenacylated (28) product can be explained by more nucleophilicity of thiol
group. The structures of S-phenacylated products were confirmed by their analytical and
spectral data.

Later the same reaction was tried with two equivalents of EtzN in dry ethanol under
reflux that gave the products in good to excellent yields. With these optimized reaction
conditions a series (E)-(3-(2-(4-methoxybenzylidene)hydrazinyl)-6-(4-methoxyphenyl)-6,7-
dihydro-5H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)(phenyl)methanones 27a-p has been
synthesized to investigate the generality of the reaction. The reaction proceeded in such a

way to give the products with high yields with substituted aldehydes and phenacyl bromides.
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CONCLUSION

We have developed a novel pseudo four component condensation method for the
preparation of title compounds in a simple procedure. This proceeds through a four
component condensation reaction and is expected to be a more convenient protocol to
produce compound 27. This can be used for biologically active scaffolds. The speciality of
this reaction is the shorter reaction time, good yields, simple experimental conditions, easy
work, operational simplicity and clean reaction profiles.

EXPERIMENTAL SECTION
Starting materials:

Purpald*® was procured from reported method.
Preparation of compounds 27a-p.

Purpald (1 mmol), aromatic aldehyde (2 mmol) and phenacyl bromide (1 mmol) were
refluxed 4 h in absolute ethanol (5 ml) using EtsN (2 mmol). After completion of reaction
(monitored by TLC), the mass was cooled to room temperature and placed in ice cold water.
Solid product was filtered, dried and purified by recrystallization from ethanol.

SPECTRAL DATA
(E)-(3-(2-(4-Methoxybenzylidene)hydrazinyl)-6-(4-methoxyphenyl)-6,7-dihydro-5H-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)(phenyl)methanone (27a).

Color: colorless solid; mp: 196-198 °C; yield: (0.555g, N-N
I\
90%); IR (KBr, Wave number, cm?): 3280 (NH), 2959 HI}I/LN)\S O
(CH), 1680 (C=0), 1609 (C=N); PMR (400 MHz, N HN
DMSO-ds): ¢ 3.70 (s, 3H,0CHz), 3.78 (s, 3H, OCHy), O O
4.87 (t, J = 7.2 Hz, 1H, CH of thiadiazine), 5.73 (d, J =
o H,CO OCH
6.4 Hz, 1H, CH of thiadiazine), 6.88 (t, J = 8.0 Hz, 3H, 3

ArH), 6.97 (d, J = 8.8 Hz, 2H, Ar H), 7.49 (d, J = 8.4 Hz, 2H, ArH), 7.54-7.59 (m, 4H, ArH),
7.71 (t, J = 7.2 Hz, 1H, ArH), 8.0 (d, J = 7.6 Hz, 2H, ArH), 8.22 (s, 1H, -CH=N proton),
10.38 (s, 1H, NH) ppm; CMR (100 MHz, DMSO-de): ¢ 195.2, 160.4, 159.4, 152.2, 143.3,
134.9, 134.7, 129.6, 129.3, 129.1, 128.1, 114.6, 114.3, 59.1, 55.6, 55.5, 43.8 ppm; ESI-MS:
m/z 501 [M+H]"; Anal. calcd. for Co6H24NsO3S, C, 62.38; H, 4.83; N, 16.79; S, 6.41; Found:
C, 62.15; H, 4.80; N, 16.71; S, 6.45%.
(E)-(4-Bromophenyl)(3-(2-(4-methoxybenzylidene)hydrazinyl)-6-(4-methoxyphenyl)-
6,7-dihydro-5H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)methanone (27b).

Color: colorless solid; mp: 204-206 °C; yield: (0.629g, 92%); IR (KBr, Wave number, cm™):
3277 (NH), 1679 (C=0), 1607 (C=N); PMR (400 MHz, DMSO-de): ¢ 3.715 (s, 3H, OCHa),
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3.79 (s, 3H, OCHs), 4.90 (t, J = 6.8 Hz, 1H), 5.71 (d, J
= 5.6 Hz, 1H), 6.86-6.91 (m, 3H), 6.98 (d, J = 8.0 Hz, HNA )\S o

2H), 7.49 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H), N g\
7.79 (d, J = 8.0 Hz, 2H), 7.95 (d, J = 8.0 Hz, 2H), 8.22
(s, 1H, -CH=N proton), 10.38 (s, 1H, NH) ppm; CMR

(100 MHz, DMSO-ds): & 194.7, 160.4, 159.4, 1435, |H3CO ocH3
134.0, 132.6, 131.1, 130.9, 129.2, 129.1, 128.9, 128.2, 114.6, 114.3, 58.7, 55.6, 55.5, 43.9
ppm; Anal. calcd. for C26H23BrNeOsS, C, 53.89; H, 4.00; Br, 13.79; N, 14.50; S, 5.53; Found:
C, 53.82; H, 3.96; Br, 13.84; N, 14.53, S, 5.57%.
(E)-(4-Chlorophenyl)(3-(2-(4-methoxybenzylidene)hydrazinyl)-6-(4-methoxyphenyl)-
6,7-dihydro-5H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)methanone (27c).

Color: colorless solid; mp: 206-208 °C; yield: (0.557g,

96%); IR (KBr, Wave number, cm™?): 3277 (NH), 1678 HN/4 )\S o
(C=0), 1608 (C=N); PMR (400 MHz, DMSO-ds): ¢ N mN

3.71 (s, 3H, OCHs), 3.79 (s, 3H, OCHa), 4.92 (t, J = 6.0

Hz, 1H), 5.73 (d, J = 5.2 Hz, 1H), 6.82 (d, J = 8.4 Hz,

1H), 6.89 (d, J = 7.6 Hz, 2H), 6.97 (d, J = 7.6 Hz, 2H), |H3CO OCH3

7.49 (d, J = 8.0 Hz, 2H), 7.58 (d, J = 8.0 Hz, 2H), 7.64 (d, J = 8.0 Hz, 2H), 8.03 (d, J = 8.0
Hz, 2H), 8.23 (s, 1H, -CH=N proton), 10.55 (s, 1H, NH) ppm; ESI-MS: m/z 535 [M+H]*;
Anal. calcd. for C26H23CINeOsS, C, 58.37; H, 4.33; Cl, 6.63; N, 15.71; S, 5.99; Found: C,
58.31; H, 4.38; CI, 6.60; N, 15.75; S, 5.87%.
(E)-(2,4-Dichlorophenyl)(3-(2-(4-methoxybenzylidene)hydrazinyl)-6-(4-methoxyphenyl)-
6,7-dihydro-5H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)methanone (27d).

Color: colorless solid; mp: 163-165 'C; yield: (0.639g,

89%); IR (KBr, Wave number, cm?): 3253 (NH), 1684 HN/< )\S o)
(C=0), 1608 (C=N); PMR (400 MHz, DMSO-dg): & N HN

3.34 (s, 3H, OCHs3), 3.79 (s, 3H, OCHz3), 3.86 (s, 1H,

NH), 4.80 (t, J = 7.2 Hz, 1H), 5.51 (t, J = 6.8 Hz, 1H),

6.79 (d, J = 8.4 Hz, 1H), 6.84-6.90 (m, 1H), 6.97-6.99 |H3CO OCH3

(m, 2H), 7.12 (d, J = 8.8 Hz, 1H), 7.36 (d, J = 8.4 Hz,1H), 7.39-7.50 (m, 1H), 7.54-7.59 (m,
2H), 7.74 (d, J = 7.2 Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 8.20-8.31 (m, 1H), 10.36 (s, 1H, NH)
ppm; CMR (100 MHz, DMSO-ds): ¢ 196.7, 163.2, 162.6, 160.4, 159.1, 148.8, 145.3, 133.0,
131.3, 129.2, 128.6, 128.2, 125.2, 114.9, 114.6, 98.7, 59.6, 55.9, 55.6, 55.4 ppm; ESI-MS:
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m/z 569 [M+H]"; Anal. calcd. for C26H22Cl2NsO3S, C, 54.80; H, 3.80; Cl, 12.40; N, 14.70; S,
5.60; Found: C, 53.9; H, 3.84; ClI, 12.46; N, 14.82; S, 5.24%.
(E)-(4-Fluorophenyl)(3-(2-(4-methoxybenzylidene)hydrazinyl)-6-(4-methoxyphenyl)-6,7-
dihydro-5H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)methanone (27e).

Color: colorless solid; mp: 200-202 °C; yield: (0.545g, N-N

95%); IR (KBr, Wave number, cm™): 3278 (NH), 1673 HN/QN»\S o
(C=0), 1596 (C=N); PMR (400 MHz, DMSO-ds): & _N Hn

3.71 (s, 3H, OCH3), 3.78 (s, 3H, OCHs), 4.89 (t, J = 7.2 O
Hz, 1H), 5.72 (d, J = 6.0 Hz, 1H), 6.86-6.91 (m, 3H), O F
6.97 (d, J = 8.8 Hz, 2H), 7.41 (t, J = 8.6 Hz, 2H), 7.49 |H3CO OCH,

(d, J =8.4 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 8.09-8.12 (m, 2H), 8.22 (s, 1H, -CH=N proton),
10.37 (s, 1H, NH) ppm; ESI-MS: m/z 519 [M+H]*; Anal. calcd. for C26H23FNgOsS, C, 60.22;
H, 4.47; N, 16.21; S, 6.18; Found: C, 60.26, H, 4.42, N, 16.26, S, 6.13%.
(E)-(3-(2-(4-Methoxybenzylidene)hydrazinyl)-6-(4-methoxyphenyl)-6,7-dihydro-5H-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)(p-tolyl)methanone (27f).
Color: colorless solid; mp: 215-217 °C; vyield: N-N
. 1. BN
(0.565g, 91%); IR (KBr, Wave number, cm™): 3275 HN">NS O

(NH), 1676 (C=0), 1608 (C=N): PMR (400 MHz, =N n
DMSO-ds): 6 2.39 (s, 3H, CHs), 3.70 (s, 3H, OCHs), O O
3.78 (s, 3H, OCHs), 4.84 (t, J = 7.6 Hz, 1H), 5.69 (d, CH;

J = 6.8 Hz, 1H), 6.84-6.90 (m, 3H), 6.97 (d, J = 8.0 H,CO OCH;
Hz, 2H), 7.38 (d, J = 7.6 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.90 (d,
J = 7.6 Hz, 2H), 8.22 (s, 1H, -CH=N proton) 10.35 (s, 1H, NH) ppm; ESI-MS: m/z 515
[M+H]"; Anal. calcd. for C27H26N6O3S, C, 63.02; H, 5.09; N, 16.33; S, 6.23; Found: C 63.12;
H, 5.14; N, 16.37; S, 6.28%.
(E)-(3-(2-(4-Methoxybenzylidene)hydrazinyl)-6-(4-methoxyphenyl)-6,7-dihydro-5H-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl) (4-methoxy phenyl)methanone (279).

Color: colorless solid; mp: 203-205 °C; vyield: N-N

(0.563g, 94%); IR (KBr, Wave number, cm?): HN/QN»\S o

3275 (NH), 1676 (C=0), 1608 (C=N); PMR (400 N HuN

MHz, DMSO-dg): & 3.70 (s, 3H, OCHs), 3.78 (s, O

3H, OCHs), 3.86 (s, 3H, OCHs), 4.81 (t, J = 7.6 Hz, O OCH,
1H), 5.68 (d, J = 6.8 Hz, 1H), 6.86 (d, J = 8.4 Hz, |H3CO OCH,
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1H), 6.89 (d, J = 8.0 Hz, 2H), 6.97 (d, J = 7.6 Hz, 2H), 7.09 (d, J = 8.8 Hz, 2H), 7.47 (d, J =
8.4 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 7.96 (t, J = 8.8 Hz, 2H), 8.21 (s, 1H, -CH=N proton),
8.26 (d, J = 6.8 Hz, 1H), 10.35 (s, 1H, NH) ppm; CMR (100 MHz, DMSO-ds): § 193.4,
164.5, 160.4, 159.4, 152.1, 143.3, 137.3, 131.6, 129.3, 128.4, 128.1, 128.0, 127.6, 114.8,
114.6, 114.3, 59.5, 56.2, 55.6, 55.5 ppm; ESI-MS: m/z 531 [M+1]*; Anal. calcd. for
Ca7H26N604S, C, 61.12; H, 4.94; N, 15.84; S, 6.04; Found: C, 61.18; H, 4.91; N, 15.79; S,
6.16%.
(E)-(3-(2-(4-Methoxybenzylidene)hydrazinyl)-6-(4-methoxyphenyl)-6,7-dihydro-5H-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl) (4-nitro phenyl)methanone (27h).

Color: light yellow solid; mp: 198-200 °C; yield:

N-N
(0.612g, 89%); IR (KBr, Wave number, cm™): 3282 HN/QN»\S o
(NH), 1683 (C=0), 1602 (C=N); PMR (400 MHz, N N
DMSO-ds): § 3.71 (s, 3H, OCHs), 3.79 (s, 3H, O
OCHs), 4.98 (t, J = 6.0 Hz, 1H), 5.79 (d, J = 4.8 Hz, O NO,
1H), 6.89 (t, J = 8.0 Hz, 3H), 6.98 (d, J = 8.4 Hz, |H3CO OCH,4

2H), 7.51 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 8.0 Hz, 2H), 8.25 (d, J = 9.6 Hz, 3H), 8.36 (d, J =
8.4 Hz, 2H), 10.38 (s, 1H, NH) ppm; ESI-MS: m/z 546 [M+H]"; Anal. calcd. for
Co6H23N70sS, C, 57.24; H, 4.25; N, 17.97; S, 5.88; Found: C, 57.29; H, 4.29; N, 17.92; S,
5.83%.

(E)-3-(2-(4-Methylbenzylidene)hydrazinyl)-6-(p-tolyl)-6,7-dihydro-5H-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl) methanone (27i).

Color: colorless solid; mp: 223-225 °C; vyield: (0.544g, N-N
86%); IR (KBr, Wave number, cm?): 3307 (NH), 1687 a3 s o

(C=0), 1610 (C=N); PMR (400 MHz, DMSO-de): 6 2.25 N m\
(s, 3H, CH3), 2.32 (s, 3H, CHa), 4.92 (t, J = 6.8 Hz, 1H), O
5.75 (d, J = 6.4 Hz, 1H), 6.90 (d, J = 7.6 Hz, 1H), 7.15 (d, O

H,C CH,

J =8.0 Hz, 2H), 7.22 (d, J = 7.6 Hz, 2H), 7.46 (d, J = 8.0
Hz, 2H), 7.51 (d, J = 7.6 Hz, 2H), 7.58 (d, J = 7.6 Hz, 2H), 7.71 (d, J = 7.2 Hz, 1H), 8.02 (d,
J = 7.6 Hz, 2H), 8.25 (s, 1H), 10.47 (s, 1H, NH) ppm; CMR (100 MHz, DMSO-dg): ¢ 195.2,
152.1, 143.4, 139.0, 137.9, 137.1, 134.9, 134.7, 134.4, 132.7, 129.7, 129.5, 129.2, 129.0,
127.9, 127.0, 126.6, 59.1, 43.6, 21.4, 21.1 ppm; ESI-MS: m/z 469 [M+H]"; Anal. calcd. for
Co6H24N6OS, C, 66.64; H, 5.16; N, 17.94; S, 6.84; Found: C, 66.69; H, 5.13; N, 17.91; S,
6.83%.
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(E)-(4-Bromophenyl)(3-(2-(4-methylbenzylidene)hydrazinyl)-6-(p-tolyl)-6,7-dihydro-
5H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)methanone (27j).

Color: colorless solid; mp: 206-208 °C; yield: (0.607g,
90%); IR (KBr, Wave number, cm?): 3277 (NH), 1679 HN/L )\S o

(C=0), 1591 (C=N); PMR (400 MHz, DMSO-ds): & 2.25 N N
(s, 3H, CHs), 2.32 (s, 3H, CH3), 4.95 (t, J = 6.4 Hz, 1H),
5.72 (d, J = 5.6 Hz, 1H), 6.88 (d, J = 7.6 Hz, 1H), 7.15

H,C

(d, J=7.6 Hz, 2H), 7.21 (d, J = 7.6 Hz, 2H), 7.45 (d, J =
7.6 Hz, 2H), 7.51 (d, J = 7.6 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H), 7.96 (d, J = 8.0 Hz, 2H), 8.25
(s, 1H), 10.45 (s, 1H, NH) ppm; CMR (100 MHz, DMSO-ds): 6 194.7, 152.0, 143.5, 139.0,
137.9, 137.0, 134.3, 134.0, 132.6, 131.2, 130.9, 129.7, 129.5, 128.9, 127.8, 127.0, 126.6,
58.7, 43.6, 21.4, 21.0 ppm; ESI-MS: m/z 549 [M+H]"; Anal. calcd. for C2sH23BrNsOS, C,
57.04; H, 4.23; Br, 14.60; N, 15.35; S, 5.86; Found: 57.14; H, 4.28; Br, 14.68; N, 15.39; S,
5.81%.
(E)-(4-Chlorophenyl)(3-(2-(4-methylbenzylidene)hydrazinyl)-6-(p-tolyl)-6,7-dihydro-
5H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl) methanone (27k).

Color: colorless solid; mp: 206-208 °C; yield: (0.529g,
95%); IR (KBr, Wave number, cm?): 3277 (NH), 1673 HN/4 )\S o)

(C=0), 1598 (C=N); PMR (400 MHz, DMSO-ds): J 2.25 N mN
(s, 3H, CHa), 2.32 (s, 3H, CHa), 4.95 (t, J = 6.8 Hz, 1H),
5.72 (d, J = 5.6 Hz, 1H), 6.88 (d, J = 7.6 Hz, 1H), 7.15

(d, J=7.6 HZ, 2H), 7.21 (d, J =8.0 Hz, 2H), 7.46 (d, J =
8.0 Hz, 2H), 7.5 (d, J = 8.0 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H), 8.04 (d, J = 8.4 Hz, 2H), 8.25
(s, 1H,-CH=N proton), 10.45 (s, 1H, NH) ppm; ESI-MS: m/z 503 [M+H]*; Anal. calcd. for
Co6H23CIN6OS, C, 62.08; H, 4.61; Cl, 7.05; N, 16.71; S, 6.37; Found: C, 62.14; H, 4.67; Cl,
7.10; N, 16.67; S, 6.33%.
(E)-(2,4-Dichlorophenyl)(3-(2-(4-methylbenzylidene)hydrazinyl)-6-(p-tolyl)-6,7-dihydro-
5H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl) methanone (271).
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Color: colorless solid; mp: 172-174 °C; yield: (0.553g,
97%); IR (KBr, Wave number, cm™): 3278 (NH), 1698 HN/4 )\S o

(C=0), 1580 (C=N); PMR (400 MHz, DMSO-ds): J 2.17 N N
(s, 3H, CHa), 2.32 (s, 3H, CH3), 4.87 (t, J = 6.8 Hz, 1H),
5.52 (d, J = 6.0 Hz, 1H), 7.04 (d, J = 6.4 Hz, 1H), 7.1 (d,

J =8.0 Hz, 1H), 7.22 (d, J = 6.8 Hz, 2H), 7.33-7.39 (m,
2H), 7.45 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 6.4 Hz, 3H), 7.74 (d, J = 12.4 Hz, 1H), 8.34 (s,
1H), 10.24 (s, 1H) 10.46 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): ¢ 196.6, 152.3, 146.1,
143.3, 138.9, 137.3, 135.4, 133.8, 133.0, 132.8, 131.6, 130.4, 129.7, 129.4, 128.0, 127.8,
127.3, 126.6, 79.6, 59.4, 21.4 ppm; ESI-MS: m/z 537 [M+H]*; Anal. calcd. for
C26H22CIN6OS, C, 58.10; H, 4.13; CI, 13.19; N, 15.64; S, 5.97; Found: C, 58.15; H, 4.16; Cl,
13.25; N, 15.70; S, 5.92%.
(E)-(4-Fluorophenyl)(3-(2-(4-methylbenzylidene)hydrazinyl)-6-(p-tolyl)-6,7-dihydro-5H-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl) methanone (27m).

Color: colorless solid; mp: 202-204 °C; yield: (0.511g,
95%); IR (KBr, Wave number, cm™): 3276 (NH), 1676 HN/4 )\S 0

(C=0), 1594 (C=N); PMR (400 MHz, DMSO-ds): J 2.25 N mN
(s, 3H, CHs), 2.32 (s, 3H, CHs), 4.93 (t, J = 6.8 Hz, 1H),
5.73 (d, J = 5.6 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H), 7.14 (d,

J=17.6 Hz, 2H), 7.21 (d, J = 7.6 Hz, 2H), 7.39 (t, J = 8.4
Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 7.6 Hz, 2H), 8.10-8.13 (m, 2H), 8.25 (s, 1H, -
CH=N proton), 10.44(s, 1H, NH) ppm; CMR (100 MHz, DMSO-de): 6 194.0, 167.3, 164.7,
152.1, 137.9, 134.4, 132.3, 129.7, 129.5, 127.8, 126.6, 116.7, 116.5, 59.0, 43.6, 21.4, 21.0
ppm; ESI-MS: m/z 487 [M+H]"; Anal. calcd. for C2sH23FNsOsS, C, 64.18; H, 4.76; N, 17.27,
S, 6.59; Found: C, 64.22; H, 4.71; N, 17.24; S, 6.55%.
(E)-(3-(2-(4-Methylbenzylidene)hydrazinyl)-6-(p-tolyl)-6,7-dihydro-5H-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)(p-tolyl)methanone (27n).

Color: colorless solid; mp: 200-202 °C; yield: (0.535g,

HN/4 )\S O

90%); IR (KBr, Wave number, cm™): 3275 (NH), 1671 N

HN
(C=0 stretching), 1594 (C=N); PMR (400 MHz, DMSO-
de): 6 2.20 (s, 3H, CH3), 2.32 (s, 3H, CHz3), 2.37 (s, 3H,

CHs), 5.00 (d, J = 8.4 Hz, 1H), 5.70 (d, J = 5.6 Hz, 1H),
6.86-6.96 (m, 1H), 7.0 (d, J = 6.4 Hz, 1H), 7.14 (d, J = 7.6
Hz, 1H), 7.22 (s, 3H), 7.33 (d, J = 6.4 Hz, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.44 (d, J = 6.8 Hz,
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1H), 7.5 (d, J = 7.2 Hz, 1H), 7.5 (d, J = 6.4 Hz, 1H), 7.85-7.91 (m, 2H), 8.26 (d, J = 17.2 Hz,
1H), 10.28 (s, 1H, NH) ppm; ESI-MS: m/z 481 [M+H]"; Anal. calcd. for C27H26NsOS, C,
67.20; H, 5.43; N, 17.41; S, 6.64; Found: C, 67.26; H, 5.48; N, 17.48; S, 6.69%.
(E)-(4-Methoxyphenyl)(3-(2-(4-methylbenzylidene)hydrazinyl)-6-(p-tolyl)-6,7-dihydro-
5H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl) methanone (270).

Color: colorless solid; mp: 214-216 °C; yield:

(0.535g, 93%): IR (KBr, Wave number, cm™): 3280 HN/L XS o

(NH), 1673 (C=0), 1598 (C=N); PMR (400 MHz, _N g\

DMSO-ds): 6 2.24 (s, 3H, CH3), 2.32 (s, 3H, CHa),

3.86 (s, 3H, OCHs), 4.85 (t, J = 7.2 Hz, 1H), 5.69 (d, OCH3
J = 6.8 Hz, 1H), 6.86 (d, J = 8.0 Hz, 1H), 7.09 (d, J H,

= 8.8 Hz, 2H), 7.14 (d, J = 7.6 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 7.44 (d, J = 7.6 Hz, 2H),
7.50 (d, J = 7.6 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H), 8.23 (s, 1H, -CH=N proton), 10.44 (s, 1H,
NH) ppm; CMR (100 MHz, DMSO-ds):  193.5, 164.5, 152.1, 143.4, 134.5, 131.6, 129.7,
129.5, 127.9, 127.6, 126.6, 114.8, 59.6, 56.1, 43.2, 21.4, 21.1 ppm; ESI-MS: m/z 497
[M+H]*; Anal. calcd. for Co7H26NsO2S, C, 65.04; H, 5.26; N, 16.86; S, 6.43; Found: C,
65.14; H, 5.22; N, 16.81; S, 6.49%.
(E)-(3-(2-(4-Methylbenzylidene)hydrazinyl)-6-(p-tolyl)-6,7-dihydro-5H-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl) (4-nitro phenyl)methanone (27p).

Color: light yellow solid; mp: 203-205 °C; yield:
(0.563g, 91%); IR (KBr, Wave number, cm™): 3274 HN/4 )\S o

(NH), 1683 (C=0), 1593 (C=N); PMR (400 MHz, N §N
DMSO-ds): § 2.25 (s, 3H, CHs), 2.32 (s, 3H, CHa),
5.04 (t, J = 5.6 Hz, 1H), 5.80 (d, J = 4.8 Hz, 1H), 6.91

(d, J=6.8 Hz, 1H), 7.16 (d, J = 7.6 Hz, 2H), 7.22 (d, J
= 7.6 Hz, 2H), 7.47-7.53 (m, 4H), 8.27 (d, J = 7.6 Hz,
3H), 8.37 (d, J = 8.0 Hz, 2H), 10.49 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): ¢ 194.7,
150.7, 143.5, 139.8, 139.0, 137.9, 136.8, 134.2, 132.7, 130.7, 129.7, 129.5, 127.7, 127.1,
126.6, 124.4, 58.2, 44.4, 21.4, 21.0 ppm; ESI-MS: m/z 514 [M+H]"; Anal. calcd. for
Co6H23N70sS, C, 60.81; H, 4.51; N, 19.09; S, 6.24; Found: C, 60.87; H, 4.56; N, 19.14; S,
6.20%.
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General procedure for the synthesis of compounds (29a, b).

A mixture of purpald (1 mmol), aromatic aldehyde (2 mmol) and phenacyl bromide (1
mmol) was taken in 5 ml of absolute alcohol and refluxed for 3 h. After completion of the
reaction (monitored by TLC). The solid separated was filtered and purified by
recrystallization from ethanol.
2-((4-((E)-(4-Methoxybenzylidene)amino)-5-((E-2-(4-methoxybenzylidene)hydrazinyl)-
4H-1, 2, 4-triazol-3-yl) thio)-1-(4-methoxyphenyl)ethanone (29a).

Color: colorless solid; mp: 119-121 °C; yield: (0.557g, NN
95%); IR (KBr, Wave number, cm™): 3400 (NH), HN/Q g
2964 (CH), 1673 (C=0), 1599 (C=N); PMR (400 /N/ '
MHz, CDCl3): 6 3.68 (s, 3H, OCHz), 3.82 (s, 3H,

OCHs), 3.85 (s, 3H, OCH3), 4.72 (s, 2H, CH>), 6.77
(d, J = 8.0 Hz, 2H), 6.93 (d, J = 8.0 Hz, 4H), 7.28 (s, |H3CO OCH, OCH;
1H), 7.73 (d, J = 8.0 Hz, 2H), 7.94 (d, J = 8.4 Hz, 2H), 8.03 (d, J = 8.4 Hz, 2H), 8.86 (d, J =
8.4 Hz, 2H) ppm; CMR (100 MHz, DMSO-dg): 6 191.2, 169.5, 164.3, 164.2, 161.8, 149.7,
147.7, 145.8, 132.2, 131.3, 129.7, 128.2, 126.3, 124.0, 115.2, 114.7, 114.5, 56.2, 56.1, 55.8
ppm; ESI-MS: m/z 531 [M+H]*; Anal. calcd. for Co7H26N6s04S, C, 61.12; H, 4.94; N, 15.84;
S, 6.04; Found: C, 61.19; H, 4.98; N, 15.81; S, 6.12%.
1-(4-Fluorophenyl)-2-((4-((E)-(4-methoxybenzylidene) amino)-5-((E-2-(4-
methoxybenzylidene)hydrazinyl)-4H-1, 2, 4-triazol-3-yl) thio) ethanone (29b).

Color: colorless solid; mp: 212-214 °C; yield: (0.556q,

93%); IR (KBr, Wave number, cm™): 3400 (NH), 2945 HN/E 3
(CH), 1691 (C=0), 1599 (C=N); PMR (400 MHz,
DMSO-dg): § 3.47 (s, 3H, OCHs), 3.82 (s, 3H, OCHy),
5.00 (s, 2H, CHy), 6.28 (s, 2H), 7.03 (d, J = 8.4 Hz, 3H),
7.42 (t, J = 8.8 Hz, 3H), 7.79 (d, J = 8.4 Hz, 3H), 8.17 (t, |H3CO OCH,

J =8 Hz, 2H), 8.36 (s, 1H), 12.67 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): 6 191.9, 161.7,
151.3, 150.7, 149.3, 132.0, 132.0, 131.3, 129.7, 126.2, 116.8, 116.5, 116.3, 114.7, 55.8, 23.6
ppm; ESI-MS: m/z 519 [M+H]"; Anal. calcd. for C2sH23FNsO3S, C, 60.22; H, 4.47; N, 16.21;
S, 6.18; Found: C, 60.28; H, 4.42; N, 16.26; S, 6.13%.

General procedure for the synthesis of 4-((E)-(4-methoxybenzylidene) amino)-5-((Z2)-2-
(4-methoxybenzylidene) hydrazinyl)-4H-1, 2, 4-triazole-3-thiol (30).

A mixture of purpald (1 mmol), 4-methoxybenzaldehyde (2 mmol) in 5 ml of absolute

alcohol was refluxed for 1 h (monitored through TLC). The mass produced was cooled to
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room temperature. The solid separated was filtered and washed
with water and recrystallized using methanol. Color: colorless
solid; mp: 241-243 °C; yield: (0.397g, 96%); IR (KBr, Wave
number, cm?): 1636 (C=N), 2610 (SH); PMR (400 MHz,
DMSO-ds): 6 3.79 (s, 3H, OCHs3), 3.86 (s, 3H, OCHs), 6.98 (d, J
= 8.4Hz, 2H), 7.12 (d, J = 8.8 Hz, 2H), 7.58 (d, J = 8.8 Hz, 2H),
7.95 (d, J = 8.8 Hz, 2H), 8.27 (s, 1H), 9.90 (s, 1H), 10.52 (s, 1H),
13.26 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): ¢ 163.1, 162.6,

160.8, 159.8, 148.7, 145.3, 131.3, 128.4, 127.5, 125.2, 114.9, 114.7, 56.0, 55.7 ppm; ESI-
MS: m/z 383 [M+H]"; Anal. calcd. for C1sH1sN6O2S, C, 56.53; H, 4.74; N, 21.97; S, 8.38;

Found: C, 56.59; H, 4.79; N, 21.93; S, 8.32%.
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CHAPTER-III

SECTION-B

A FACILE ONE-POT SYNTHESIS OF 3-(4-CHLOROPHENYL)-1-(6-
PHENYL-7H-[1,2,4] TRIAZOLO[3,4-b][1,3,4] THIADIAZIN-3-YL)-1H-
PYRAZOL-5-AMINES VIA MULTICOMPONENT APPROACH



SECTION-B

PRESENT WORK
Keeping the importance of triazolothiadiazinyl pyrazole amines, an efficient method
has been described for the synthesis of novel heterocyclic systems like 33 and 36.

N N N
I\ =N, M\ I
LN N LN N
CH; O X HO
N\
A - O O /©\)<‘\’
N
cl i NC N a cl
Vorozole Estazolam Letrozole Hexaconazole
(Anti-breast (Anti-sedative) (Anti-breast cancer) (Anti-fungal)
cancer)
o N-N N-N H N-N N=
~ BN 2 NS N <
NTTS N NTS \ ) NS N
N \ 0] _— \ \ N-
(0 Nx~ ~ N~ \ O
=
O \
\ ®
(0 2N 0
Cl
Cl
Anti-proliferative Anti-cancer STAT3 Pathway inhibitor Anti-Tubercular

Fig.1. Biologically active molecules with triazolothiadiazine, pyrazolotriazolothiadiazines

and pyrazolocoumarin scaffolds.

Purpald can be taken as a useful tool in building triazolothiadiazinylpyrazoles. One of
the intermediate purpald is prepared from thiourea with NH2-NH2.H2O under reflux
conditions on water bath. Condensation of purpald, various phenacyl bromides or 3-(2-
bromoacetyl)coumarins and benzoylacetonitriles in absolute alcohol containing trace of
acetic acid resulted in the formation of (33) and (36).

Reaction between purpald, phenacyl bromide or 3-(2-bromoacetyl)coumarin and
phenacyl cyanide is expected to produce compound (34) and (37) depending on the mode of
cyclization. The formation of compound (34) and (37) can be ruled on the basis of spectral
studies. In the present investigation, both NH> and SH of purpald at a time undergoes
condensation with either phenacyl bromide or 3-(2-bromoacetyl)coumarin leading to first
hetero cyclization. Then the hydrazino group of purpald reacts with phenacyl cyanide to give
the compound 33. The desired product was achieved in each case good to excellent yield. The

importance of the synthesis is that different hetero atom connectivities such as 2N=C, C-S
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and N-C (Compounds 33 and 36) are obtained concomitantly in one-vessel resulting in new
hetero cyclization having no other products.

2 R
N-N 0 0
A D Br CN N NN
HN">"SH + " Absolute EtOH Ny i P
H,N \ R! R _ 1\\1 S
NH, Cat. AcOH, N
70°C,3h NH,
24 26 32 33a-m R2
Rl
N-N
R
7\
\Q\QNXN)\S
7 H
Nx
\ﬁ\l R2
34
Rl
Scheme-4. Synthesis of compounds 33a-m.
R* 0 R
N-N 0_0 CN N-N
AN + + Absolute EtOH N AL
HN- N7 SH © _ - NTTS
H,N 1 R Br R Cat. AcOH, Ne
2 NH, o ) NH,
70°C, 3 h 0
24 35 32 s6ad at
R4
R3
N-N
R
BN
N\N/4
> n N8
N
=N 0
7z
37 0
R R

Scheme-5. Synthesis of compounds 36a-d.
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Table-1. Different substitutions of the compounds 33a-m and 36a-d.

Entry compound R R! R? R3 R* Time in
hours
1 33a Cl H H - - 2
2 33b Cl CHs H - - 3
3 33c Cl Cl H - - 2
4 33d Cl F H - - 2
5 33e Cl OCHs H - - 2
6 33f H H H - - 2.5
7 339 H Br H - - 2
8 33h H CHs H - - 2
9 33i H Cl Cl - - 2
10 33] H F H - - 2.5
11 33k H OCHs H - - 2
12 33l Cl Ph H - - 3
13 33m H H CHs - - 2
14 36a H - - H OEt 2
15 36b Cl - - Cl - 2.5
16 36¢C Cl - - H OEt 2
17 36d Cl - - Br OCH;s 2
HNNSH T (B HN" N S/\‘fp T THNTNOSS = HNTRN TS

/
H,N Nsz HN  \n, H,N e\ H HN 1N
) H Ton H
R

o
38 R & H
H,0
D
QH N-N
H N-N ® H N-N N-N N
N/ H N/ N Z R
H-N >\4N)\S Hglill@ \4N)\S S/QN)\NH ©/K/ HI/V/(N)\S
HO-C ¢ N HO-C_ N _N NH, HN  Nog
PhUN PhSN ) H
R R R R
H HN-N H N-N H o NN N-N N-N
HOONT 1 W H PR Ny N H N 4 H
-H go A S Ph 3N L W Ph A S Ph Ny L )
S T e i B N e
TR TR NE NS HoONH NS NH, VS
R R R R

33 or 36
Scheme-6. Mechanism for the formation of 33 or 36.
In the formation of fused thiadiazine ring on triazole, the highly nucleophilic sulphur
atom of mercapto group of purpald attacks on the carbon atom of the (CH2-Br) of phenacyl
bromide or 3-(2-bromoacetyl)-2H-chromen-2-one gave an open chain a-thioketone (38).

Then it undergoes intra molecular cyclization with the elimination of water molecules leading
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to the formation of hydrazino triazolothiadiazine derivative. The hydrazino group of
triazolothiadiazine undergoes cyclocondensation reaction with benzoylacetonitrile resulted in
the formation of title compounds with better yields.

CONCLUSION

In conclusion, we have synthesized 33 and 36 by a three-component condensation and
it involves the usage of readily available starting materials. This synthetic method has more
advantages such as shorter reaction time, without use of harsh reaction conditions, easy work
up procedure and good to excellent yields of the products.

EXPERIMENTAL SECTION
Starting materials:

Purpald and various 3-(2-bromoacetyl)-2H-1-benzopyran-2-ones have been
synthesized by following literature method. Various phenacyl bromides, benzoylacetonitriles
were obtained from market.

General procedure for the synthesis of compounds (33a-m and 36a-d).

An equimolar amount of purpald (1 mmol), phenacyl bromide (1 mmol) or 3-(2-
bromoacetyl)coumarin (1 mmol) in 5 ml of ethanol with two drops of CH;COOH was heated
for 1 hour. Then the reaction mixture was treated with benzoylacetonitrile (1 mmol) and
further refluxed for 1 hour. The reaction mixture was cooled to room temperature. The solid
separated was filtered and recrystallized from methanol to give final product.

SPECRAL DATA
3-(4-Chlorophenyl)-1-(6-phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-1H-
pyrazol-5-amine (33a)

Color: pale yellow solid; mp: 240-241 °C; yield: (0.442g, 92%); al

IR (KBr, Wave number, cm™): 3411 (NH), 1618 (C=N); PMR N /417&
(400 MHz, DMSO-de): 6 4.49 (s, 2H, CHy), 5.90 (s, 1H), 7.46 NONTS
(d, J = 8.4 Hz, 2H), 7.51-7.60 (m, 3H ArH and 2H NH), 7.79 NH,

(d, J = 8.8 Hz, 2H), 7.93 (d, J = 7.2 Hz, 2H) ppm; CMR (100
MHz, DMSO-ds): ¢ 23.5, 84.9, 127.5, 128.0, 129.1, 129.5,
130.7, 132.6, 133.1, 133.6, 142.8, 146.3, 151.9, 152.3, 156.6 ppm; ESI-MS: m/z 408 [M+H]";
Anal. calcd. for C10H14CIN-S: C, 55.95; H, 3.46; Cl, 8.69; N, 24.04; S, 7.86. Found: C, 55.90;
H, 3.41; Cl, 8.62; N, 24.10; S, 7.82%.
3-(4-Chlorophenyl)-1-(6-(p-tolyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-1H-
pyrazol-5-amine (33b)
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Color: white solid; mp: 265-266 C; yield: (0.438g, 96%); IR
(KBr, Wave number, cm?): 3435 (NH), 1614 (-C=N-); PMR
(400 MHz, DMSO-de): & 2.36 (s, 3H, CH3), 4.46 (s, 2H,
CHz), 5.90 (s, 1H), 6.03 (s, 2H, NH>), 7.35 (d, J = 8.0 Hz,
2H), 7.47 (d, J = 8.8 Hz, 2H), 7.78-7.84 (m, 4H) ppm; CMR

(100 MHz, DMSO-ds): 0 21.5, 23.3, 84.9, 127.5, 128.0,

Cl

128.4, 129.1, 130.1, 130.8, 132.2, 133.1, 142.9, 146.4, 151.9, 152.3, 156.4 ppm; ESI-MS:
m/z 422 [M+H]"; Anal. calcd. for C20H16CIN-S: C, 56.94; H, 3.82; CI, 8.40; N, 23.24; S,

7.60. Found: C, 56.90; H, 3.86; Cl, 8.47; N, 23.20; S, 7.67%.

3-(4-Chlorophenyl)-1-(6-(4-chlorophenyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-

yl)-1H-pyrazol-5-amine (33c)

Color: yellow solid; mp: 197-198 °C; yield: (0.491, 90%); IR
(KBr, Wave number, cm?): 3418 (NH,), 1614 (-C=N-); PMR
(400 MHz, DMSO-ds): & 4.50 (s, 2H, CH), 6.18 (s, 1H), 7.51
(d, J = 8.0 Hz, 2H), 7.65 (d, J = 6.4 Hz, 2H), 7.79 (d, J = 8.4
Hz, 2H), 8.02-8.08 (m, 2H ArH and 2H NH,) ppm; CMR (100
MHz, DMSO-ds): ¢ 23.3, 85.0, 127.5, 129.1, 129.6, 129.7,

Cl

N o

N
NH,

Cl

132.1, 132.4, 133.2, 137.5, 142.8, 146.4, 151.9, 152.4, 155.5 ppm; ESI-MS: m/z 442 [M]";
Anal. calcd. for C19H13CELbN+S: C, 51.59; H, 2.96; Cl, 16.03; N, 22.17; S, 7.25. Found: C,

51.54; H, 2.91; Cl, 16.12; N, 21.14; S, 7.29%.

3-(4-Chlorophenyl)-1-(6-(4-fluorophenyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-

yl)-1H-pyrazol-5-amine (33d)

Color: pale yellow solid; mp: 247-248 °C; yield: (0.447g, 95%);
IR (KBr, Wave number, cm?): 3414 (NH,), 1608 (C=N); PMR
(400 MHz, DMSO-dg): ¢ 4.48 (s, 2H, CH>), 5.90 (s, 1H), 6.04
(s, 2H, NH»), 7.41 (t, J = 8.8 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H),
7.79 (d, J = 8.8 Hz, 2H), 7.98 (d, J = 5.2 Hz, 1H), 8.01 (d, J =
5.6 Hz, 1H) ppm; CMR (100 MHz, DMSO-ds): 0 23.4, 84.9,

Cl

N N-N

. /N

R
\

NH, z

F

116.6, 116.8, 127.5, 129.1, 130.6, 130.7, 132.2, 133.1, 142.7, 146.4, 151.9, 152.4, 155.5,
163.5, 166.0 ppm; ESI-MS: m/z 426 [M+H]*; Anal. calcd. for C19H13CIFN-S: C, 53.59; H,
3.08; Cl, 8.32; N, 23.02; S, 7.53. Found: C, 53.55; H, 3.10; ClI, 8.37; N, 23.10; S, 7.58%.

3-(4-Chlorophenyl)-1-(6-(4-methoxyphenyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-

yl)-1H-pyrazol-5-amine (33e)
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Color: white solid; mp: 255-256 °C; yield: (0.46g, 95%); IR [

-1y. = . N-
(KBr, Wave number, cm™): 3372 (NHy), 1610 (C=N); N ) 1:/1\
PMR (400 MHz, DMSO-ds): J 3.82 (s, 3H, OCHz) 4.44 (s, NTNTTS

Nx

2H, CHy), 5.90 (s, 1H), 6.01 (s, 2H, NH,) 7.09 (d, J = 8.8 NH,
Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H),
7.90 (d, J = 8.8 Hz, 2H) ppm; CMR (100 MHz, DMSO-ds):

0 23.2, 56.0, 84.9, 114.9, 125.6, 127.5, 129.1, 129.9, 132.2,

133.1, 142.8, 146.2, 151.9, 152.3, 156.0, 162.8 ppm; ESI-MS: m/z 438 [M+H]"; Anal. calcd.
for C20H16CIN;OS: C, 54.86; H, 3.68; Cl, 8.10; N, 22.39; S, 7.32. Found: C, 54.81; H, 3.62;
Cl, 8.15; N, 22.36; S, 7.38%.
3-Phenyl-1-(6-phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-1H-pyrazol-5-

amine (33f)

Color: white solid; mp: 218-219 °C; yield: (0.401g, 93%); IR

(KBr, Wave number, cm™): 3410 (NH.), 1569 (C=N); PMR (400 _N, /EHE\
MHz, DMSO-de): & 4.49 (s, 2H, CH,), 5.89 (s, 1H), 6.25 (s, 2H, N X S
NH,) 7.33 (t, J = 7.2 Hz, 1H), 7.41 (t, J = 7.2 Hz, 3H), 7.52-7.61 NH,
(m, 3H), 7.77 (d, J = 6.8 Hz, 1H), 7.94 (d, J = 6.8 Hz, 2H) ppm;

CMR (100 MHz, DMSO-ds): 6 C 23.5, 84.9, 125.8, 128.0, 128.7,
129.0, 129.5, 132.5, 133.2, 133.6, 142.8, 146.5, 151.7, 153.5, 156.5 ppm; ESI-MS: m/z 374
[M+H]*; Anal. calcd. for C1gHisN7S: C, 61.11; H, 4.05; N, 26.26; S, 8.59. Found: C, 61.15;
H, 4.11; N, 26.20; S, 8.52%.
1-(6-(4-Bromophenyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-3-phenyl-1H-
pyrazol-5-amine (33g)

Color: pale yellow solid; mp: 215-216 °C; yield: (0.4969, 91%);
IR (KBr, Wave number, cm™?): 3413 (NHy), 1610 (-C=N-); PMR -
(400 MHz, DMSO-ds): 0 4.48 (s, 2H, CH2), 5.89 (s, 1H), 7.41 (t, J = N5

= 7.6 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.77 (d, J = 8.8 Hz, 3H),
7.87 (d, J = 8.4 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H) ppm; CMR (100
MHz, DMSO-de): ¢ 23.3, 85.0, 123.4, 125.8, 126.4, 129.1, 129.4, Br
129.9, 131.5, 132.5, 134.7, 146.5, 151.7, 153.5, 155.6 ppm; ESI-MS: m/z 454 [M+2]*; Anal.
calcd. for C19H14BrN;S: C, 50.45; H, 3.12; Br, 17.66, N, 21.68; S, 7.09. Found: C, 50.49; H,
3.16; N, 21.61; S, 7.13%.
3-Phenyl-1-(6-(p-tolyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-1H-pyrazol-5-
amine (33h)
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Color: white solid; mp: 196-197 °C; vyield: (0.407g, 95%); IR
(KBr, Wave number, cm?): 3435 (NH,), 1615 (-C=N-); PMR NN
(400 MHz, DMSO-dg): ¢ 2.36 (s, 3H, CHs), 4.46 (s, 2H, CH>), = \
5.89 (s, 1H), 6.00 (s, 2H, NH), 7.34 (d, J = 7.6 Hz, 3H), 7.41 (t, J
= 7.6 Hz, 2H), 7.77 (d, J = 7.6 Hz, 2H), 7.84 (d, J = 8.0 Hz, 2H)
ppm; CMR (100 MHz, DMSO-dg): ¢ 21.5, 23.3, 84.9, 125.8, CH,
128.0, 128.6, 129.0, 130.1, 130.8, 133.3, 142.8, 142.8, 146.5, 151.7, 153.4, 156.4 ppm; ESI-
MS: m/z 388 [M+H]"; Anal. calcd. for CxH17N7S: C, 62.00; H, 4.42; N, 25.30; S, 8.28.
Found: C, 62.10; H, 4.47; N, 25.35; S, 8.22%.
1-(6-(2,4-Dichlorophenyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-3-phenyl-1H-
pyrazol-5-amine (33i)

Color: yellow solid; mp: 199-200 °C; yield: (0.496g, 89%); IR

(KBr, Wave number, cm™): 3440 (NH,), 1608 (-C=N-); PMR /N‘N/g—g\s
(400 MHz, DMSO-ds): 6 4.37 (s, 2H, CHz), 5.83 (s, 1H), 7.32- = A

7.41 (m, 3H), 7.61 (d, J = 8.4 Hz, 2H), 7.72-7.77 (m, 2H), 7.86 NH, ci
(s, 2H), 7.94 (d, J = 8.0 Hz, 1H) ppm; CMR (100 MHz, DMSO- 5(
ds): 0 26.3, 85.0, 125.8, 128.4, 128.8, 129.0, 130.2, 132.0, 132.7, Cl

133.1, 136.9, 143.0, 144.2, 146.5, 151.7, 153.5, 156.6 ppm; ESI-MS: m/z 442 [M]*; Anal.
calcd. for C19H13CLN-S: C, 51.59; H, 2.96; Cl, 16.03; N, 22.17; S, 7.25. Found: C, 51.55; H,
2.92; Cl, 16.12; N, 22.12; S, 7.21%.
1-(6-(4-Fluorophenyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-3-phenyl-1H-
pyrazol-5-amin (33j)

Color: white solid; mp: 200-201 °C; yield: (0.403g, 97%); IR N-N
(KBr, Wave number, cm?): 3415 (NH.), 1599 (C=N); PMR (400 /N'N/«N»\
MHz, DMSO-de): 6 3.62 (s, 2H, NH>), 4.06 (s, 2H, CH>), 5.96
(s, 1H), 7.18 (t, J = 8.4 Hz, 2H), 7.33-7.41 (m, 3H), 7.80 (d, J =
8.0 Hz, 2H), 7.99-8.02 (m, 2H) ppm; CMR (100 MHz, DMSO-
de): 6 23.4, 84.9, 116.5, 116.7, 125.8, 128.6, 129.0, 130.2, 130.2, F
130.6, 130.7, 133.3, 142.6, 146.5, 151.7, 153.5, 155.5, 163.5, 166.0 ppm; ESI-MS: m/z 392
[M+H]"; Anal. calcd. for C19H14FN-S: C, 58.30; H, 3.61; N, 25.05; S, 8.19. Found: C, 58.35;
H, 3.67; N, 25.10; S, 8.15%.
1-(6-(4-Methoxyphenyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-3-phenyl-1H-
pyrazol-5-amine (33Kk)

S
— \
N~

NH,
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Color: brown solid; mp: 150-151 °C; yield: (0.438g, 92%); IR
(KBr, Wave number, cm™?): 3432 (NH.), 1606 (-C=N-); PMR
(400 MHz, DMSO-ds, ppm): 0 3.82 (s, 3H, OCH?3), 4.27 (s, 2H,
NH,), 4.45 (s, 2H, CHz), 5.89 (s, 1H), 7.08 (d, J = 8.4 Hz, 2H),
7.34 (t, 3 = 7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.77 (d, J = 7.6
Hz, 2H), 7.91 (d, J = 8.4 Hz, 2H); CMR (100 MHz, DMSO-ds,

ppm): ¢ 23.2, 56.0, 84.9, 114.9, 125.8, 127.6, 128.6, 129.0, 129.9, 133.2, 142.8, 146.3, 151.7,
153.4, 156.0, 162.8; ESI-MS: m/z 404 [M+H]"; Anal. calcd. for CH17N7OS: C, 59.54; H,

4.25; N, 24.30; S, 7.95. Found: C, 59.50; H, 4.29; N, 24.35; S, 7.91%.

1-(6-([1,1*-Biphenyl]-4-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-3-(4-

chlorophenyl)-1H-pyrazol-5-amine (33I)

Color: pale yellow solid; mp: 210-211 °C; yield: (0.498g, 90%); IR
(KBr, Wave number, cm™): 3421 (NH), 1604 (-C=N-); PMR
(400 MHz, DMSO-ds): 6 4.53 (s, 1H), 5.95 (s, 1H), 7.43-7.49 (m,
5H), 7.72-7.88 (m, 6H ArH and 2H NH,), 8.02 (d, J = 7.6 Hz,

1H), 8.13 (d, J = 8.0 Hz, 2H) ppm; CMR (100 MHz, DMSO-ds): &

21.5, 85.1, 127.3, 127.5, 127.8, 129.1, 129.5, 130.6, 132.0, 133.2,
133.4, 139.0, 139.5, 144.4, 146.3, 149.4, 151.0, 151.9, 172.4 ppm;
ESI-MS: m/z 484 [M+H]"; Anal. calcd. for CusH1sCIN7S: C,

N-N

N A

N
N

ubs
9

s
—

62.04; H, 3.75; Cl, 7.33; N, 20.26; S, 6.63. Found: C, 62.12; H, 3.70; Cl, 7.37; N, 20.21; S,

6.68%.

3-Phenyl-1-(6-(o-tolyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-1H-pyrazol-5-

amine (33m)

Color: brown solid; mp: 136-138 °C; yield: (0.455g, 85%); IR
(KBr, Wave number, cm?): 3451 (NH,), 1614 (-C=N-); PMR
(400 MHz, DMSO-ds): 0 2.42 (s, 3H, CHa), 4.33 (s, 2H,
CH2), 5.93 (s, 1H), 7.34-7.47 (m,6H ArH and 2H NH>), 7.56
(d, 3 =8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 2H) ppm; CMR (100

N N-N
N
N
NH,
CH,

MHz, DMSO-dg): ¢ 20.7, 26.3, 85.1, 125.7, 126.6, 128.8, 129.1, 129.3, 131.0, 131.7, 133.0,
134.7, 136.9, 143.1, 146.4, 151.7, 153.6, 159.2 ppm; ESI-MS: m/z 388 [M+H]"; Anal. calcd.
for C20H17N7S: C, 62.00; H, 4.42; N, 25.30; S, 8.28. Found: C, 62.10; H, 4.46; N, 23.25; S,

8.25%.
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3-(3-(5-Amino-3-phenyl-1H-pyrazol-1-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4] thiadiazin-6-
yl)-8-ethoxy-2H-chromen-2-one (36a)

Color: brown solid; mp: 219-220 °C; yield: (0.505g, 96%); IR
(KBr, Wave number, cm?): 3467 (NH), 1722 (lactone C=0),
1614 (C=N); PMR (400 MHz, DMSO-ds, ppm): 6 1.40 (t, J = 6.8
Hz, 3H), 4.19 (d, J = 6.8 Hz, 2H), 4.35 (s, 2H), 5.85 (s, 1H), 6.02
(s, 2H), 7.31-7.35 (m, 3H), 7.39 (t, J = 6.0 Hz, 3H), 7.75 (d, J =
7.2 Hz, 1H), 8.32 (s, 1H), 8.43 (s, 1H); ESI-MS: m/z 486
[M+H]"; Anal. calcd. for CH1gN7OsS: C, 59.37; H, 3.94; N, 20.19; S, 6.60. Found: C,
59.32; H, 3.93; N, 20.15; S, 6.65.
3-(3-(5-Amino-3-(4-chlorophenyl)-1H-pyrazol-1-yl)-7H-[1,2,4]triazolo[3,4-
b][1,3,4]thiadiazin-6-yl)-6-Chloro-2H-chromen-2-one (36b)

Color: yellow solid; mp: 228-229 °C; yield: (0.5549, [q

92%); IR (KBr, Wave number, cm™): 3436 (NH.), 1722 N /g—lg\
(lactone C=0), 1617 (-C=N-); PMR (400 MHz, DMSO- NN
N<
de): 0 4.35 (s, 1H), 5.92 (s, 1H), 6.75 (s, 1H), 7.40-7.55 NH,
O

(m, 3H), 7.65-7.87 (m, 3H), 8.16-8.68 (m, 3H), 9.37 (s,
1H) ppm; CMR (100 MHz, DMSO-ds): 0 24.8, 79.6,
118.7, 120.0, 123.8, 126.1, 127.5, 129.0, 129.7, 130.2,
133.8, 134.2, 134.4, 139.4, 143.9, 150.8, 153.0, 155.9, 158.6, 165.8 ppm; ESI-MS: m/z 510
[M]*; Anal. calcd. for C2H13CLN;O.S: C, 51.77; H, 2.57; Cl, 13.89; N, 19.21; S, 6.28.
Found: C, 51.73; H, 2.53; ClI, 13.84; N, 19.25; S, 6.24%.
3-(3-(5-Amino-3-(4-chlorophenyl)-1H-pyrazol-1-yl)-7H-[1,2,4]triazolo[3,4-
b][1,3,4]thiadiazin-6-yl)-8-ethoxy-2H-chromen-2-one (36¢)
Color: yellow solid; mp: 209-210 °C; yield: (0.535g, 97%); Cl

Cl

IR (KBr, Wave number, cm?): 3454 (NH.), 1725 (lactone N j‘lg\
C=0), 1614 (C=N); PMR (400 MHz, DMSO-ds): § 1.40 (t, J NTONTTS
N
= 6.8 Hz, 3H), 4.19 (g, J = 6.8 Hz, 2H), 4.35 (s, 2H), 5.87 (s, NH,
O

1H), 6.04 (s, 2H), 7.29-7.35 (m, 2H), 7.39 (t, J = 8.0 Hz,
1H), 7.44 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.4 Hz, 2H), 8.42
(s, 1H) ppm; ESI-MS: m/z 520 [M+H]"; Anal. calcd. for H3C-H,CO
C24H18CIN7OsS: C, 55.44; H, 3.49; Cl, 6.82; N, 18.86; S, 6.17. Found: C, 55.40; H, 3.42; Cl,
6.87; N, 18.81; S, 6.20%.

0]
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3-(3-(5-Amino-3-(4-chlorophenyl)-1H-pyrazol-1-yl)-7H-[1,2,4]triazolo[3,4-
b][1,3,4]thiadiazin-6-yl)-6-bromo-8-methoxy-2H-chromen-2-one (36d)

Color: pale yellow solid; mp: 196-197 °C; yield:
(0.627g, 93%); IR (KBr, Wave number, cm™): 3437
(NH2), 1735 (lactone C=0), 1601 (C=N); PMR (400
MHz, DMSO-ds): & 3.97 (s, 3H, OCHs), 4.78 (s, 1H),
5.36 (s, 2H), 5.94 (s, 1H) 7.11 (s, 1H), 7.47-7.81 (m,
4H), 8.39 (s, 1H), 8.74 (s, 1H), 9.39 (s, 1H) ppm; CMR
(100 MHz, DMSO-dg): ¢ 28.8, 57.3, 94.9, 100.3, 102.6,

Cl

H,CO

Br

110.5, 117.0, 120.2, 124.0, 129.1, 133.7, 135.2, 137.9, 142.6, 147.6, 149.8, 150.8, 154.2,
160.1, 160.9, 166.7 ppm; ESI-MS: m/z 584 [M]*; Anal. calcd. for C23HisBrCIN;OsS: C,
47.24; H, 2.59; CI, 6.06; N, 16.76; S, 5.48. Found: C, 47.29; H, 2.52; Cl, 6.12; N, 16.72; S,

5.44%.
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CHAPTER-IV

ONE-POT MULTICOMPONENT SYNTHESIS OF THIAZOLYL
HYDRAZONO THIAZOLAMINES AND 1,3,4-THIADIAZINYL
HYDRAZONO THIAZOLAMINES

N
2
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S Ak



INTRODUCTION
Thiazoles are well known molecules in drug industry. Thiazole structural core nucleus
is present in many natural products, chemical drugs and antibiotics.? They are exhibiting
more biological activities such as anti-tumour,® anti-malarial,* antifungal,® antiviral,®
antibacterial,” anticancer,® antimicrobial,® insecticidal*® and anti-inflammatory.*!
1,3,4-Thiadiazines are nitrogen and sulphur containing six membered heterocyclic
compounds. It contains sulphur and nitrogen at 1 and 3, 4 positions. 1,3,4-Thiadiazines and
its derivatives show various biological and pharmaceutical activities such as antiviral,?
antiHIV,*3 antimicrobial,** anticancer,’® anti-oxidative and antifungal activities.®
Different methods for the synthesis of thiazoles and 1,3,5-thiadiazines.
Borcea et al.!” synthesized ethyl 4-methyl-2-(4-(2-methylthiazol-4-yl)phenyl)thiazole-5-
carboxylate (1) from 4-(2-methylthiazol-4-yl)benzothioamide and ethyl 2-chloroacetoacetate.
The required intermediate 2-methyl-4-(2-methyl thiazol-4-yl) benzonitrile was in turn

obtained by condensation of thiourea with 4-(2-bromo acetyl) benzonitrile.

N,
o €

~~  HC
H,N MO BN
HzN\H/CHs NC )y 1;\ H,S gas 2 )’@{i*ah Cl OJ \>\©\<1YCH3
B —— e ] N i B
S EtOH, Reflux s”CHs gen,RrT S \_$ EtOH, Reflux § \_$
3 1

Compounds®® 2 were synthesized by the condensation of 6-thiazolyl-3-acetyl coumarin,

thiosemicarbazide and phenacyl bromides or 3-(2-bromoacetyl) coumarins.

o) 0 .
EtO EtO Y
=S o) /=S NNH
H,c—~< H,c—~< |
N A CH, N i N (0] EtOH N A CH,
0o HNTN NH; Ar)J\/Br Cat. AcOH 00

Reflux, 2-4 h 2

Kurt et al.’® synthesized compounds 3 and 4 starting from substituted salicylaldehydes and

ethyl 3-oxobutanoate as indicated in the following sequence of reactions.
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R X H <COMe prrolme ‘ I H2N NHZ 0.0
1 + T
N oH COOEt80°C,1h CHCI3 50°C < Br EtOH Reflux = \ N\>/NH2
15 min S
o

NCO
DMF, Et;N THF, EGN

RT,12h Reflux, 12 h

0__0 0o__0
R R,
NS N>/]l;II - % N>/INI -
» N P N
2D S e
R;=R,=H

4-Aryl-41-methyl-21-aryl-2,5-bisthiazoles (5) synthesis was reported by Abhale et al.?
by the reaction of 4-methyl-2-phenylthiazole-5-carbothioamide and phenacyl bromide. The
thioamide intermediates were obtained by the reaction of 4-methyl-2-phenylthiazole-5-
carbonitrile with NaSH. The required 4-methyl-2-phenylthiazole-5-carbonitriles in turn were
obtained by the reaction of 4-methyl-2-phenylthiazol-5-carbaldehyde with NH3/ I in THF.

R\, N ‘K\WH NH3, 1 R\/ ‘i NaSH, MgCly i{
’ / Can DMF, RT

NH,

S + R O)V EtOH 17 W N g
R@/( 1 Reflux R®/<S -z / \ /\Rl

Zaharia et al.?! synthesized hydrazino-bisthiazoles (6) through cyclocondensation of 4-(2-

phenyl-1,3-thiazolo-4-carbonyl)-thiosemicarbazide and o-halogeno carbonyl compounds in

anhydrous dimethylformamide and acetone.
° N g NH, anhydrous DMF ° N-§—</NIR1
/g{H «S +OIR1 yAcetone ,= /E‘g\H S R,
CeHs™ s X R CeHs™ g
6

Turan-Zitouni et al.?? synthesized a novel 3,3!-dimethoxy-N* N*'-bis(4-phenylthiazol-2-yl)-
[1,10-biphenyl]-4,4 -diamine (7). Reaction of 3, 3!-dimethoxybiphenyl-4,4'-diamine with
KSCN, Conc. HCI in water resulted in the formation of 1,1%-(3,3!-dimethoxybiphenyl-4,4!-
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diyl)bis(thiourea). This intermediate on further reaction with substituted phenacyl bromides
gave the title bis-thiazole derivatives.

H;CO OCH; ,co OCH, H;C OCHz R
KSCN H S ArCOCHzBr N
O~ I\H
Conc. HCL, H,N H, EtOH, Reflux,3h S
Water, reflux
3h

Arshad et al.® reported the synthesis of 8 from the condensation of various substituted
aldehydes with thiosemicarbazide to thiosemicarbazone derivatives. These on
cyclocondensation with 3-(2-bromoacetyl)coumarins gave title compounds with good yields.

) i >\
N
R b MBr CHCI, : EtOH (2:1) f
H + NH, *+
ji;\):l HNTNC 0°N0  Reflux, NH,OH (5%)

Shchegol’kov et al.* synthesized fluorinated 2-amio-5-phenyl-1,3,4-thiadiazines from the

reaction of a-bromo acetophenone and thiosemicarbazide in ethanol.

q U
0] HN’N\‘fS Ethanol,A j\@
©KBr \ NH, 34h
R = CF, O
nBu OH j\©
12- 15 h

Kumar et al.?® gave the synthesis of selective N-benzyl-5-(benzo[d]imidazol-2(3H)-one)-6H-

1,3,4-thiadiazin-2-amines. Reaction of 1H-benzo[d]imidazole-2(3H)-one, chloroacetyl
chloride and AICI; in DCE at RT for 12 h gave 5-(2-chloroacetyl)-1H-benzo[d]imidazole-
2(3H)-one. This on further reaction with N-alkyl thiosemicarbazides in DMF/AcOH gave
1,3,4-thiadiazines (11).

R fm
H H : H
N Chloroacetyl chloride N HN \[S]/ N
0= Ij -0= - 0= N
ﬁ AICl;, DCE, E cl DMF/AcOH, 1;11 NN
RT, 12 h 0 RT,24 h SJ\N.R
11
H
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Ramagiri et al.?® outlined the synthesis of 2,5-disubstituted-1,3,4-thiadiazines by the
condensation of 2-(2-bromoacetyl)benzofuran, thiocarbohydrazide and different aldehydes in
ethanol, refluxed for 4 hours gave corresponding thiadiazines (12).

Condensation of 2-(2-bromoacetyl) benzofuran, thiocarbohydrazide and acetyl acetone gave
the compound 13.

Cyclocondensation of 2-(2-bromoacetyl)benzofuran, thiocarbohydrazide and isobenzofuran-

1,3-dione in alcohol having acetic acid upon heating gave corresponding compounds 14.

R! R?
R
ArCHO
N NN N=
EtOH/ Reflux m Y-NH H
O S
12
O 0
H H
o N_N. H3CMCH3 N-N N CHs
\ + H,N" Y UNH, ‘©\/\>_Q>_N\
(0] Br S EtOH/ AcOH, Reflux (0} S =
(0] H;C
13
0 o)
N-N HN
& . [ Ly
EtOH/ AcOH, Reflux o S p
14

Moghimi et al.?” synthesized 15 starting from phenyl hydrazine, a-bromo aryl ketone and ary!l

isothiocyanates in ethanol and catalytic amount of triethylamine.

Cyclocondensation of 3-(2-bromoacetyl) coumarins, thiocarbohydrazide and benzil in ethanol

gave compounds.?8(16)
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O O S 0o__0 EtOH o__0
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o N AL NH, - P . Q! AN
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H

16 o) O

PRESENT WORK

The synthesis of nitrogen and sulphur containing five and six membered heterocyclic

systems play a vital role in drug discovery to identify new chemical entities (NCEs) of

immense therapeutic potential. Thiazoles and 1,3,5-thiadiazines are most privileged structures

that are widely explored for their range of pharmacological properties. As a part of our

continuous search for potential bioactive molecules, a series of compounds having two

thiazoles, one thiadiazine attached to thiazole were synthesized.

H
N
Ry
Mycobacterium tuberculosis Micrococcinic acid
Gyr B inhibitor Antibiotic
NH,
0
F
N N
0 }s 0
N COZMe
N~§¥ H s N N~ NH  cF,
/ / /
N &Y(s N//\ N
K//QO N Hyc- N
Thia-netropsin Wang 354 Anti-malarial
H,N , A
Anti tumor agent Anti Viral agent

Fig.1. Biologically active molecules.
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The pharmacological potency of bithiazoles and thiazole having thiadiazine drew our
attention to synthesize these compounds containing both these heterocyclic units in a single
molecule.

In this chapter, we are reporting the synthesis of bithiazoles by a 4CC reaction of
thiourea, 3-chloroacetyl acetone, thiosemicarbazide and phenacyl bromide or 3-(2-
bromoacetyl)coumarins in acetic acid (Scheme-1, method-1). In this method, the intermediate
formed in the first step 2-amino-4-methyl-5-acetyl thiazole reacts with thiosemicarbazide and

phenacyl bromides or 3-(2-bromoacetyl)-2H-chromen-2-ones gave final products 20.

S O O

JSL L0 AcOH N { ~
" / ~NH
HZNJLNHZ M“L H,N ENHZ RJ\/Br A HZN/QS 4 %N

Cl
S

Scheme-1. Method-1: Synthesis of 20.

Bi-thiazoles were also synthesized by a one-pot multicomponent method (Scheme-2,
method-2) using 2-amino-4-methyl-5-acetylthiazole, thiosemicarbazide, phenacyl bromide or

3-(2-bromoacetyl)coumarins.

The 2-amino-4-methyl-5-acetylthiazole first reacts with thiosemicarbazide to give
corresponding thiosemicarbazone of 2-amino-4-methyl-5-acetylthiazole. The in situ formed
thiosemicarbazones react with phenacyl bromides or 3-(2-bromoacetyl)coumarins to give
final product 20 by Hantzsch thiazole synthesis (Scheme-2). The yields of method-1 are good
(93%) compared to method-2 (80%). The products obtained by both the methods are identical
on examination of spectra of these compounds.

Among the two methods discussed above 1%t method was more useful because of its
less time and easy workup and general acceptability. The important features of the synthesis

was that four hetero atom bonds like 2N-C, C=N and C-S bonds formed at once.

N S 0 AcOH N
1\ O + - /N N-NH
Hszs{\( HZNJLN,NH2 R)JVBr - HzN/QS 2 .
H ~
17 18 19 20a-1 SR

Scheme-2. Method-2: synthesis of bithiazoles

Table-1. Type of substituents and time taken to form 20a-I
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Entry  Product R Time (h) (Method-1)

1 20a Phenacyl 4
2 20b 4-Fluoro phenacyl 4
3 20c 2,4-Dichloro phenacyl 3.5
4 20d 4-Bromo phenacyl 3.5
5 20e 4-Nitro phenacyl 3.5
6 20f 4-Methyl phenacyl 4
7 209 4-Methoxy phenacyl 4
8 20h 3-Coumarinyl 4
9 20i 6-Bromo-3-coumarinyl 4
10 20j 6-Chloro-3-coumarinyl 3.5
11 20k 6,8-Dibromo-3-coumarinyl 4
12 201 8-Methoxy-3-coumarinyl 4

Similarly condensation of thiourea, 3-chloroacetyl acetone, thiocarbohydrazide,

phenacyl bromide or 3-(2-bromoacetyl)coumarins in acetic acid afforded the products 22.

This is a four component condensation reaction (Scheme-3, method-1).

S o O S O AcOH N \ N
+ P EEEE— | ~
HZNJLNHZ M+ N, I NHy R)le X HzNJ\s p NQ
Cl H H N4 S
21 19 22 Nﬁ)

Rl

Scheme-3. Method-1: one-pot multicomponent synthesis of compound 22.

N S 0 AcOH N+

| — > -
HzN/Qs ’ HZN‘HJKHNHz t RN B A HZNJ\S g N>H\s

7

N
N=
R]

17 21 19 22

Scheme-4. Method-2: Synthesis of thiazolothiadiazines by three component condensation.

Table-2. Type of the substituents and reaction time of 22a-k
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Entry Compound R? Time in hours

(Method-1)
1 22a Phenacyl 4
2 22b 4-Nitro phenacyl 3.5
3 22¢ 4-Fluoro phenacyl 3.5
4 22d 2,4-Dichloro phenacyl 3.5
5 22e 4-Bromo phenacyl 4
6 22f 4-Methoxy phenacyl 4
7 229 4-Phenyl phenacyl 4
8 22h 3-Coumarinyl 4
9 22i 6-Bromo-3-coumarinyl 4
10 22j 6,8-Dibromo-3-coumarinyl 4
11 22k 8-Methoxy-6-nitro-3-coumarinyl 4

Compound 22 may also be formed by another method involving condensation of 2-
amino-4-methyl-5-acetylthiazole which on reaction with thiocarbohydrazide gives
thiocarbohydrazone of 2-amino-4-methyl-5-acetylthiazole. The in situ  formed
thiocarbohydrazone of 2-amino-4-methyl-5-acetylthiazole undergoes cyclization with a-halo
ketones such as phenacyl bromides or 3-(2-bromoacetyl)-2H-chromen-2-ones to yield the
target compound 22 as given in scheme-4. Advantage of our reaction is that without isolation
of intermediate thiosemicarbazone of 17 or thiocarbohydrazone of 17, we have synthesized
the final products (20 and 22) in a single step. In addition to this, the reaction involves
concomitant formation of C=N, C-N and C-S bonds. The yields of the products are 92%. The
method-1 involves less time, simple workup and is of more applicability.

The compounds formed in first and second method are same. In the current process
first method was found to be more useful than second method. The structure of 22 was
confirmed by their analytical and spectral data.

CONCLUSION

In conclusion, we have developed a straight forward thiazolyl hydrazono
thiazolamines (20) and 1,3,4-thiadiazinylidene hydrazono thiazolamines (22) synthesis. The
present process involves no harsh conditions, no complex workup, no column
chromatographic purification and good to better yields.

EXPERIMENTAL SECTION

72



Starting materials: 2-Amino-4-methyl-5-acetylthiazole, thiosemicarbazide and phenacyl
bromides were procured from commercial source. Different 3-(2-bromoacetyl)coumarins
were prepared by following reported method.

General procedure for the preparation of 20.

Method-1: Four component reaction:

An equimolar amount of thiourea (1 mmol), 3-chloroacetyl acetone (1 mmol) was
taken in acetic acid (4 ml) and refluxed at 70 °C for 2 hours (conformed by TLC by using
ethyl acetate and n-hexane 40%), then thiosemicarbazide (1 mmol) and phenacyl bromide (1
mmol) or 3-(2-bromoacetyl) coumarin (1 mmol) has been added and reflux was continued for
2 hours. The product separated was subjected to filtration, dried and purified from methanol.
Method-2: Three component reaction:

An equimolar amount of 2-amino-4-methyl-5-acetylthiazole (1  mmol),
hydrazinecarbothioamide (1 mmol) and phenacyl bromide (1 mmol) or 3-(2-
bromoacetyl)coumarin (Immol) were reacted in acetic acid (2 ml) at 70 °C for 2 hours.
(monitored by TLC). Solid formed was filtered, dried and recrystallized from methanol to
yield 20.

SPECTRAL DATA
4-Methyl-5-(1-(2-(4-phenylthiazol-2-yl)hydrazono)ethyl)thiazol-2-amine (20a).

Color: white solid; mp: 195-196 °C; yield: (0.365g, 90%);

IR (KBr, Wave number, cm?): 3448 (NH,), 1619 (C=N), HzN/k{\YN\NH

1578 (C=C); PMR (400 MHz, DMSO-dg): ¢ 2.33 (s, 3H,

CHa), 2.41 (s, 3H, CHs), 7.30-7.33 (m, 2H), 7.42 (t, J = 8.0 \/b
Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H), 9.39 (s, 2H) ppm; CMR

(100 MHz, DMSO-ds): ¢ 14.1, 15.8, 104.4, 119.1, 125.9, 128.1, 129.1, 133.8, 134.5, 141.9,
149.8, 167.8, 169.5 ppm; ESI-MS: m/z 330 [M+H]"; Anal. Calcd. for Ci5H15NsSz: C, 54.69;

H, 4.59; N, 21.26; S, 19.47. Found: C, 54.62; H, 4.63; N, 21.21; S, 19.42%.
5-(1-(2-(4-(4-Fluorophenyl)thiazol-2-yl)hydrazono)ethyl)-4-methylthiazol-2-amine (20b).

Color: white solid; mp: 211-213 °C; yield: (0.428g, 81%);

IR (KBr, Wave number, cm?): 3442 (NH.), 1621 (C=N); J\<§\<N\NH

PMR (400 MHz, DMSO-dg): ¢ 2.33 (s, 3H, CH3), 2.41 (s,

3H, CH3), 7.25 (t, J = 8.8 Hz, 2H), 7.32 (s, 1H), 7.41 (t, J = \/b
8.8 Hz, 1H), 7.87-7.90 (m, 2H), 7.95-7.99(m, 1H), 13.36(s, ¥

1H) ppm; CMR (100 MHz, DMSO-de): ¢ 14.1, 15.8, 115.6, 115.8, 116.0, 116.4, 116.7, 128.0,
130.0, 130.1, 150.8, 164.5, 167.7 ppm; ESI-MS: m/z 348 [M+H]*; Anal. Calcd. for
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CisH14FNsS2: C, 51.85; H, 4.06; N, 20.16; S, 18.46. Found: C, 51.81; H, 4.12; N, 20.20; S,
18.41%.
5-(1-(2-(4-(2,4-Dichlorophenyl)thiazol-2-yl)hydrazono)ethyl)-4-methylthiazol-2-amine
(20c).

Color: white solid; mp: 170-172 °C; yield: (0.457g,

87%); IR (KBr, Wave number, cm™): 3448 (NH,), 1624 /Q‘LYN‘NH

(C=N): PMR (400 MHz, DMSO-ds, ppm): & 2.31 (s, 3H,

CHs), 2.41 (s, 3H, CH3), 7.40 (s, 1H), 7.50-7.53 (m, 1H), Vb
7.70 (s, 1H), 7.89 (d, J = 8.4 Hz, 1H), 9.37 (s, 2H), cl o

11.56(s, 1H); CMR (100 MHz, DMSO-ds, ppm): 6 14.3,
15.8, 110.1, 118.8, 127.9, 130.2, 132.0, 132.4, 132.6, 133.0, 134.6, 141.9, 146.05, 167.7,
168.7; ESI-MS: m/z 416 [M+NH4]*; Anal. Calcd. for C15H13CLNsS2: C, 45.23; H, 3.29; N,
17.58; S, 16.10. Found: C, 45.27; H, 3.23; N, 17.52; S, 16.17%.
5-(1-(2-(4-(4-Bromophenyl)thiazol-2-yl)hydrazono)ethyl)-4-methylthiazol-2-amine
(20d).

Color: white solid; mp: 185-187 °C; yield: (0.443g, 92%);

IR (KBr, Wave number, cm™): 3427 (NH,), 1624 (C=N); /QiYN\NH
PMR (400 MHz, DMSO-ds): d 2.32 (s, 3H, CHs), 2.40 (s,

3H, CHg), 7.41 (s, 1H), 7.61 (d, J = 11.6 Hz, 2H), 7.78- \/b
7.83 (m, 3H), 9.29 (s, 2H) ppm; CMR (100 MHz,

DMSO-dg): ¢ 13.8, 15.3, 104.9, 120.6, 127.5, 128.9,
131.5, 132.0, 133.5, 133.9, 141.4, 164.0, 167.3, 169.1, 171.9 ppm; ESI-MS: m/z 410 [M+2]";
Anal. Calcd. for CisHBrNsS2: C, 44.12; H, 3.46; N, 17.15; S, 15.71. Found: C, 44.16; H,

3.41; N, 17.11; S, 15.76%.
4-Methyl-5-(1-(2-(4-(4-nitrophenyl)thiazol-2-yl)hydrazono)ethyl)thiazol-2-amine (20e).

Br

Color: white solid; mp: 207-209 °C; vyield: (0.415g,

90%); IR (KBr, Wave number, cm™): 3430 (NH>), 1638 /Qﬁ(N\NH

(C=N); PMR (400 MHz, DMSO-ds): 0 2.29 (s, 3H,

CHs), 2.35 (s, 3H, CHs), 7.70 (s, 1H), 8.07-8.15 (m, \b
4H), 8.28 (d, J = 8.8 Hz, 2H), 11.37 (s, 1H) ppm; CMR NO,

(100 MHz, DMSO-ds): o0 16.2, 16.4, 109.3, 118.8,

124.5, 126.7, 141.1, 143.2, 146.6, 155.2, 156.7, 167.4, 170.1 ppm; ESI-MS: m/z 375 [M+1]";
Anal. Calcd. for CisH14aNeO2S2: C, 48.11; H, 3.77; N, 22.44; S, 17.13. Found: C, 48.16; H,
3.71; N, 22.40; S, 17.10%.
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4-Methyl-5-(1-(2-(4-(p-tolyl)thiazol-2-yl)hydrazono)ethyl)thiazol-2-amine (20f).

Color: white solid; mp: 213-215 °C; vyield: (0.403g,

85%); IR (KBr, Wave number, cm?): 3436 (NH.), /({\(N\NH

1622 (C=N); PMR (400 MHz, DMSO-ds): § 2.32 (s,

3H, CHs), 2.41 (s, 3H, CHs), 3.78 (s, 3H, CH3), 6.97 Vb

(d, J = 8.8 Hz, 2H), 7.12 (s, 1H), 7.77 (d, J = 8.8 Hz, c,

2H), 9.38 (s, 2H) ppm; CMR (100 MHz, DMSO-ds):
14.1, 15.8, 21.2, 103.4, 125.9, 129.6, 130.0, 131.8, 133.7, 142.1, 151.7, 167.7, 169.2, 169.8
ppm; ESI-MS: m/z 344 [M+1]"; Anal. Calcd. for C16H17NsSz: C, 55.95; H, 4.99; N, 20.39; S,
18.67. Found: C, 55.91; H, 4.92; N, 20.31; S, 18.64%.
5-(1-(2-(4-(4-Methoxyphenyl)thiazol-2-yl)hydrazono)ethyl)-4-methylthiazol-2-amine
(209).

Color: white solid; mp: 188-190 °C; yield: (0.437g, 82%); IR (KBr, Wave number, cm?):
3420 (NH2), 1615 (C=N); PMR (400 MHz, DMSO-ds, ppm): ¢ 2.32 (s, 3H, CHa), 2.41 (s,
3H, CHa), 3.78 (s, 3H, OCH3), 3.89 (s, 1H, NH), 6.97 (d, J = 8.8 Hz, 2H), 7.12 (s, 1H), 7.77
(d, J = 8.8 Hz, 2H), 9.38 (s, 2H); CMR (100 MHz,

DMSO-ds, ppm): & 14.1, 15.7, 55.6, 1021, 1144, | AiYN\NH
2
115.1, 119.1, 127.2, 1305, 132.4, 133.2, 133.7, 141.9,

159.3, 167.8, 169.5; ESI-MS: m/z 360 [M+1]"; Anal. \/b
Calcd. for C16H17NsOS;: C, 53.46; H, 4.77; N, 19.48; S, OCH,
17.84. Found: C, 53.49; H, 4.71; N, 19.42; S, 17.88%.
3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)thiazol-4-yl)-2H-
chromen-2-one (20h).

Color: white solid; mp: 255-257 °C; yield: (0.4269, 93%);
IR (KBr, Wave number, cm™): 3401 (NH), 1706 (lactone AK\(N\NH
C=0), 1577 (C=N); PMR (400 MHz, DMSO-ds): ¢ 2.32 HaN )\N o
(s, 3H, CHs), 2.40 (s, 3H, CHg), 7.40 (t, J = 7.6 Hz, 1H), =

7.46 (d, J = 8.0 Hz, 1H), 7.64 (t, J = 7.2 Hz, 1H), 7.81 (t,
J = 7.6 Hz, 2H), 8.54 (s, 1H), 9.17 (s, 2H) 11.59 (s, 1H)
ppm; CMR (100 MHz, DMSO-ds): ¢ 14.5, 15.8, 111.6,
116.3, 118.9, 119.5, 120.8, 125.2, 129.2, 132.2, 135.0, 138.5, 152.7, 159.1, 167.7, 168.9 ppm;
ESI-MS: m/z 398 [M+1]"; Anal. Calcd. for C1sH1sNs02S2: C, 54.39; H, 3.80; N, 17.62; S,
16.13. Found: C, 54.33; H, 3.84; N, 17.67; S, 16.17%.
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3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene) hydrazinyl)thiazol-4-yl)-6-bromo-

2H-chromen-2-one (20i).

Color: white solid; mp: 209-211 C; yield: (0.523g, 91%); IR
(KBr, Wave number, cm™): 3400 (NHz), 1718 (lactone
C=0), 1629 (C=N); PMR (400 MHz, DMSO-ds): 6 2.32 (s,
3H, CHs), 2.40 (s, 3H, CHa), 7.42 (d, J = 8.8 Hz, 1H), 7.75-
7.77 (m, 1H), 7.83 (s, 1H), 8.07 (s, 1H), 8.4 (s, 1H), 9.20 (s,
2H) 11.62 (s, 1H) ppm; CMR (100 MHz, DMSO-de): & 14.4,

I
HzN/(S

N-NH
s)§ N o

—

/ (0]

Br

15.9, 112.6, 116.9, 118.5, 121.5, 130.9, 131.2, 134.4, 136.9, 137.4, 144.2, 151.7, 158.6,
167.7, 169.0, 169.8, 172.5 ppm; ESI-MS: m/z 476 [M]"; Anal. Calcd. for C1sH14BrNsO>S>:
C, 45.38; H, 2.96; N, 14.70; S, 13.46. Found: C, 45.41; H, 3.00; N, 14.73; S, 13.41%.
3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)thiazol-4-yl)-6-chloro-

2H-chromen-2-one (20j).

Color: white solid; mp: 203-205 °C; yield: (0.478g, 90%); IR
(KBr, Wave number, cm?): 3397 (NH), 1723 (lactone C=0),
1623 (C=N); PMR (400 MHz, DMSO-de): ¢ 2.32 (s, 3H,
CHa), 2.39 (s, 3H, CHs), 7.49 (d, J = 8.8 Hz, 1H), 7.65 (d, J =
9.2 Hz, 1H), 7.83 (s, 1H), 7.96 (s, 1H), 8.46 (s, 1H), 8.96 (s,
2H), 11.57 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): ¢ 14.6,
16.0, 102.0, 105.9, 109.0, 112.5, 112.7, 118.2, 119.0, 120.9,

I
HzN/QS

N-NH
s)§ N o

—

| (0]

Cl

128.0, 131.6, 135.3, 137.3, 144.4, 151.3, 159.9, 169.1 ppm; ESI-MS: m/z 432 [M+1]*; Anal.
Calcd. for C1gH14CINsO2S,: C, 50.05; H, 3.27; N, 16.21; S, 14.85. Found: C, 50.12; H, 3.24;

N, 16.16; S, 14.88%.

3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)thiazol-4-yl)-6,8-

dibromo-2H-chromen-2-one (20k).

Color: white solid; mp: 238-240 °C; yield: (0.652g, 85%);
IR (KBr, Wave number, cm™): 3392 (NH>), 1723 (lactone
C=0), 1630 (C=N); PMR (400 MHz, DMSO-ds): ¢ 2.31
(s, 3H, CHs), 2.39 (s, 3H, CHg), 7.83 (s, 1H), 8.08-8.11
(m, 2H), 8.38 (s, 1H), 9.07 (s, 2H), 11.58 (s, 1H) ppm;

I

N-
N-NH

s)i N o
0
Br

Br

CMR (100 MHz, DMSO-dg): ¢ 14.6, 15.8, 110.2, 113.2,

116.9, 119.0, 122.4, 130.5, 135.3, 136.1, 136.3, 141.8, 143.9, 148.4, 157.9, 167.7, 168.9,
172.3 ppm; ESI-MS: m/z 555 [M]*; Anal. Calcd. for C1sH13BraNsO-S»: C, 38.93; H, 2.36; Br,
28.78; N, 12.61; S, 11.55. Found: C, 38.97; H, 2.31; N, 12.66; S, 11.50%.
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3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)thiazol-4-yl)-8-
methoxy-2H-chromen-2-one (20I).

Color: white solid; mp: 216-218 °C; yield: (0.496g, j V. Nnm

86%); IR (KBr, Wave number, cm™): 3407 (NH,), 1710 s S)§N o

(lactone C=0), 1624 (C=N); PMR (400 MHz, DMSO- ~ o

de, ppm): & 2.32 (s, 3H, CHs), 2.39 (s, 3H, CHs), 3.93 OCH,
(s, 3H, OCH3), 7.33 (t, J = 7.2Hz, 3H), 7.80 (s, 1H),
8.15 (s, 1H), 851 (s, 1H), 9.14 (s, 2H); ESI-MS: m/z 426 [M-1]*; Anal. Calcd. for
C19H17Ns03S2: C, 53.38; H, 4.01; N, 16.38; S, 15.00. Found: C, 55.32, H, 4.12; N, 16.32; S,
14.96%.

General procedure for the synthesis of compounds (22)

Method-1: Four component reaction:

An equimolar amount of thiourea (1 mmol), 3-chloroacetyl acetone (1 mmol) was
refluxed in acetic acid (4 ml) at 70 °C approximately 2 hours (checked by TLC). Later
thiocarbohydrazide (1 mmol) and phenacyl bromide (1 mmol) or 3-(2-bromoacetyl)coumarin
(2 mmol) addition was done and refluxed at 70 °C for 2 hours. After separation of solid, it
was filtered and recrystallized from methanol to yield 22.

Method-2: Three component reaction:

An equimolar mixture of 2-amino-4-methyl-5-acetylthiazole (1  mmol),
thiocarbohydrazide (1 mmol) and phenacyl bromide (1 mmol) or 3-(2-bromoacetyl)coumarin
(2 mmol) was refluxed in acetic acid (2 ml) at 70 °C approximately 2 hours. (checked by
TLC). Separated solid was subjected to filtration, dried and recrystallized from methanol to
give 22.
4-Methyl-5-(1-(2-(5-phenyl-6H-1,3,4-thiadiazin-2-yl)hydrazono)ethyl)thiazol-2-amine

(KBr, Wave number, cm?): 3400 (NH,), 1605 (C=N); PMR
(400 MHz, DMSO-ds): ¢ 2.35 (s, 3H, CHz), 2.39 (s, 3H, CHs3),
3.94 (s, 2H, CH; of thiadiazine), 7.45-7.46 (m, 3H), 7.79-7.81
(m, 2H), 8.53 (s, 2H), 11.47 (s, 1H) ppm; CMR (100 MHz, DMSO-dg): ¢ 15.9, 18.7, 22.2,
120.4, 126.3, 129.1, 130.0, 135.3, 147.0, 152.3, 160.9, 168.0, 170.9 ppm; ESI-MS: m/z 343
[M-1]%; Anal. Calcd. for C15H16N6S2: C, 52.30; H, 4.68; N, 24.40; S, 18.62. Found: C, 52.34;
H, 4.61; N, 24.45; S, 18.65%.

(22a). N
Color: white solid; mp: 230-232 °C; yield: (0.386g, 89%); IR HZN/(S\i(,N\N;I\
S
N\
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4-Methyl-5-(1-(2-(5-(4-nitrophenyl)-6H-1,3,4-thiadiazin-2-yl)hydrazono)ethyl)thiazol-2-
amine (22b)

Color: white solid; mp: 194-196 °C; yield: (0.422g, 92%); IR if . Nn
H,N S 4 >/\S
N\

(KBr, Wave number, cm™): 3400 (NH.), 1663 (C=N); PMR
(400 MHz, DMSO-de): ¢ 2.32 (s, 3H, CH3), 2.37 (s, 3H, CH3),
4.04 (s, 2H, CH> of thiadiazine), 8.04 (d, J = 9.2 Hz, 2H), 8.30
(d, J = 9.2 Hz, 2H), 8.66 (s, 2H), 11.84 (s, 1H) ppm; CMR NO,
(100 MHz, DMSO-de): ¢ 15.9, 18.6, 29.9, 120.2, 121.7, 124.3, 127.2, 141.5, 143.9, 147.9,
153.1, 157.8, 159.5, 168.1, 170.9 ppm; ESI-MS: m/z 390 [M+1]"; Anal. Calcd. for
C1sH15N702S;: C, 46.26; H, 3.88; N, 25.18; S, 16.47. Found: C, 46.22; H, 3.82; N, 25.14; S,
16.52%.
5-(1-(2-(5-(4-Fluorophenyl)-6H-1,3,4-thiadiazin-2-yl)hydrazono)ethyl)-4-methylthiazol-
2-amine (22c)

Color: white solid; mp: 204-206 °C; yield: (0.402g, 90%); IR

(KBr, Wave number, cm™): 3437 (NH,), 1626 (C=N); PMR r N\ N-Ng
HZN/QS 2
(400 MHz, DMSO-ds): 6 2.37 (s, 3H, CHa), 2.42 (s, 3H, —S
N
CHz3), 3.96 (s, 2H, CH> of thiadiazine), 7.31 (t, J = 8.8 Hz, N=

2H), 7.84-7.87 (m, 2H), 9.17 (s, 2H), 11.58 (s, 1H) ppm;
CMR (100 MHz, DMSO-ds): ¢ 14.6, 15.6, 22.3, 116.0,
116.2, 120.4, 128.6, 128.7, 131.8, 135.8, 146.2, 151.6, L]
161.7, 164.6, 168.1 ppm; ESI-MS: m/z 363 [M+1]*; Anal. Calcd. for C15H1sFNeS2: C, 49.71;
H, 4.17; N, 23.19; S, 17.69. Found: C, 49.67; H, 4.21; N, 23.15; S, 17.73%.
5-(1-(2-(5-(2,4-Dichlorophenyl)-6H-1,3,4-thiadiazin-2-yl)hydrazono)ethyl)-4-
methylthiazol-2-amine (22d)
Color: white solid; mp: 211-213 °C; yield: (0.474g, 87%); IR HZN/Esﬁg\(N\NH

(KBr, Wave number, cm?): 3431 (NH.), 1627 (C=N); PMR 7S
(400 MHz, DMSO-ds): 9 2.33 (s, 3H, CHs), 2.36 (s, 3H, CH3), N=
3.79 (s, 2H, CH: of thiadiazine), 7.48-7.51 (m, 3H), 7.75 (s, Cl

1H), 11.43 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): J 16.4, -
17.5, 25.4, 120.2, 128.1, 129.8, 132.5, 132.8, 135.3, 146.3, 149.6, 153.6, 159.9, 162.8, 168.2
ppm; ESI-MS: m/z 413 [M+1]*; Anal. Calcd. for C1sH14CI2NeS2: C, 43.59; H, 3.41; N, 20.33;
S, 15.51. Found: C, 43.55; H, 3.47; N, 20.37; S, 15.56%.
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5-(1-(2-(5-(4-Bromophenyl)-6H-1,3,4-thiadiazin-2-yl)hydrazono)ethyl)-4-methylthiazol-
2-amine (22e)
Color: white solid; mp: 193-195 °C; yield: (0.497g, 85%); IR
(KBr, Wave number, cm™): 3400 (NH,), 1624 (C=N); PMR HZN/({\YN\NH
(400 MHz, DMSO-de): ¢ 2.34 (s, 3H, CH3), 2.37 (s, 3H, CH3),
3.92 (s, 2H, CH: of thiadiazine), 7.65 (d, J = 8.8 Hz, 2H), 7.74
(d, J = 8.8 Hz, 2H), 8.03 (s, 2H), 11.46 (s, 1H) ppm; CMR
(100 MHz, DMSO-de): ¢ 16.2, 17.0, 21.9, 120.3, 123.3, 128.2, Br
132.0, 134.7, 1435, 145.6, 153.1, 159.8, 167.9 ppm; Anal. Calcd. for CisH15BrNeS2: C,
42.56; H, 3.57; N, 19.85; S, 15.15. Found: C, 42.62; H, 3.52; N, 19.81; S, 15.19%.
5-(1-(2-(5-(4-Methoxyphenyl)-6H-1,3,4-thiadiazin-2-yl)hydrazono)ethyl)-4-
methylthiazol-2-amine (22f)
Color: white solid; mp: 240-242 °C; yield: (0.44g, 85%); IR
(KBr, Wave number, cm™): 3380 (NH.), 1604 (C=N); PMR HZN/QK\YN\NH
(400 MHz, DMSO-dg): 6 2.36 (s, 3H, CHz), 2.41 (s, 3H,
CHz), 3.80 (s, 3H, OCHpa), 3.92 (s, 2H, CH: of thiadiazine),
7.01 (d, J =9.2 Hz, 2H), 7.76 (d, J = 9.2 Hz, 2H), 9.07 (s,
2H), 11.42 (s, 1H) ppm; CMR (100 MHz, DMSO-de): J OCH;
14.3, 15.1, 21.8, 55.3, 114.0, 120.0, 127.1, 127.4, 135.8, 146.8, 150.8, 160.4, 161.6, 167.6
ppm; ESI-MS: m/z 375 [M+1]"; Anal. Calcd. for C16H1sNsOS>: C, 51.32; H, 4.84; N, 22.44;
S, 17.12. Found: C, 51.35; H, 4.80; N, 22.47; S, 17.16%.
5-(1-(2-(5-([1,1*-Biphenyl]-4-yl)-6H-1,3,4-thiadiazin-2-yl)hydrazono)ethyl)-4-
methylthiazol-2-amine (229)
Color: white solid; mp: 236-238 °C; yield: (0.488g, 86%); IR
/QﬁiN‘NH

(KBr, Wave number, cm?): 3434 (NH), 1627 (C=N); PMR
(400 MHz, DMSO-ds): 0 2.34 (s, 3H, CHa), 2.43 (s, 3H, CHa),
4.01 (s, 2H, CH: of thiadiazine), 7.41 (d, J = 6.8 Hz, 2H), 7.49
(t, J = 7.2 Hz, 2H), 7.73-7.79 (m, 4H), 7.91 (d, J = 8.0 Hz, Q
1H), 9.30 (s, 2H), 11.65 (s, 1H) ppm; CMR (100 MHz, Q
DMSO-ds): 0 14.3, 16.7, 29.7, 127.1, 128.3, 129.5, 139.6,
168.2, 169.9, 189.5 ppm; ESI-MS: m/z 421 [M+1]"; Anal. Calcd. for C21H20NeS2: C, 59.97;
H, 4.79; N, 19.98; S, 15.25. Found: C, 60.00; H, 4.13; N, 19.94; S, 15.20%.
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3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-6H-1,3,4-thiadiazin-5-
yl)-2H-chromen-2-one (22h).
Color: white solid; mp: 214-216 °C; vyield: (0.457g, 90%); IR
(KBr, Wave number, cm®): 3392 (NH,), 1710 (lactone C=0), HZN/QiYN\NH
1605 (C=N); PMR (400 MHz, DMSO-ds): ¢ 2.37 (s, 3H, CHj3),
2.40 (s, 3H, CHz3), 2.43 (s, NH), 3.86 (s, 2H, CH: of thiadiazine),
7.30-7.40 (m, 3H, ArH), 7.65- 7.75 (m, 3H, 1 ArH and NH>),
8.45 (s, 1H, coumarin 4™ proton) ppm; CMR (100 MHz, DMSO-
de): 0 16.6, 17.7, 23.5, 116.1, 118.9, 119.9, 123.7, 125.0, 129.4, 132.7, 141.3, 144.3, 146.7,
153.5, 153.6, 159.2, 159.4, 167.6 ppm; ESI-MS: m/z 413 [M+1]"; Anal. Calcd. for
Ci18H16N602S:: C, 52.41; H, 3.91; N, 20.37; S, 15.55. Found: C, 52.45; H, 3.95; N, 20.32; S,
15.51%.
3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-6H-1,3,4-thiadiazin-5-
yl)-6-bromo-2H-chromen-2-one (22i).
Color: white solid; mp: 219-221 °C; yield: (0.545g, 90%); IR

HZN/QK\(N‘NH

(KBr, Wave number, cm?): 3421 (NH,), 1722 (lactone C=0),
1623 (C=N); PMR (400 MHz, DMSO-ds): 0 2.37 (s, 3H, CHj3),
2.40 (s, 3H, CHs), 3.86 (s, 2H, CH2 of thiadiazine), 7.44 (d, J = 8.8 /
Hz, 2H), 8.14 (s, 1H), 8.25 (s, 1H), 8.65 (s, 2H), 11.73 (s, 1H)
ppm; CMR (100 MHz, DMSO-ds): 0 14.7, 15.7, 23.7, 116.9, 11.8, Br
120.3, 121.2, 125.0, 131.6, 135.3, 140.4, 144.4, 149.6, 152.2, 152.9, 159.2, 161.5, 168.2 ppm;
ESI-MS: m/z 490 [M-1]"; Anal. Calcd. for C1sH1sBrNeO2Sz: C, 44.0; H, 3.08; Br, 16.26, N,
17.10; S, 13.05. Found: C, 39.96; H, 3.12; N, 17.15; S, 12.96%.
3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-6H-1,3,4-thiadiazin-5-

yl)-6,8-dibromo-2H-chromen-2-one (22j).

Color: white solid; mp: 226-228 °C; yield: (0.619g, 92%); IR HZNAK\(N‘NH
(KBr, Wave number, cm™): 3394 (NH.), 1730 (lactone C=0),
1623 (C=N); PMR (400 MHz, DMSO-ds): ¢ 2.36 (s, 3H, CH3), )
2.39 (s, 3H, CHs), 3.85 (s, 2H, CH: of thiadiazine), 8.05 (s,
1H), 8.16 (s, 1H), 8.28 (s, 1H), 8.72 (s, 2H), 11.75 (s, 1H) Br
ppm; CMR (100 MHz, DMSO-dg): ¢ 15.3, 16.0, 23.6, 110.5, 116.9, 120.4, 122.2, 125.7,
131.3, 135.3, 137.2, 139.8, 141.5, 143.7, 149.8, 153.0, 158.6, 168.1 ppm; ESI-MS: m/z 571
[M+1]"; Anal. Calcd. for C1gH14BraNeO2S2: C, 37.91; H, 2.47; N, 14.74; S, 11.25. Found: C,
37.96; H, 2.42; N, 14.72; S, 11.29%.

=}
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3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-6H-1,3,4-thiadiazin-5-

yl)-8-methoxy-6-nitro-2H-chromen-2-one (22k).

Color: white solid; mp: 234-236 “C; yield: (0.566g, 86%);
IR (KBr, Wave number, cm™): 3400 (NH,), 1734 (lactone
C=0), 1602 (C=N); PMR (400 MHz, DMSO-ds): 6 2.32
(s, 3H, CHs), 2.40 (s, 3H, CHz3), 3.94 (s, 2H, CH: of
thiadiazine), 4.05 (s, 3H, OCHz), 7.56 (s, 1H), 7.83 (s,
2H), 8.26 (s, 1H), 8.48 (s, 1H), 8.70 (s, 1H) ppm; CMR
(100 MHz, DMSO-ds): 6 16.2, 18.7, 29.8, 56.8, 112.6,

N
1\ N-NH
. N*{\(
2 S >/\S
N
N\ O

7 o

OCH,
O,N

116.7, 119.5, 121.7, 125.7, 139.9, 144.1, 147.3, 148.4, 153.5, 153.9, 158.0, 167.7, 170.9,
188.7 ppm; ESI-MS: m/z 488 [M+1]"; Anal. Calcd. for C19H17N7OsS,: C, 46.81; H, 3.51; N,
20.11; S, 13.15. Found: C, 46.85; H, 3.35; N, 20.15; S, 13.18%.
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CHAPTER-V

ONE-POT, FIVE COMPONENT SYNTHESIS OF (E)-ETHYL 2-(2-((E)-2-
(1-(4-METHYL-2-(PHENYLAMINO)THIAZOL-5YL)ETHYLIDENE)
HYDRAZINYL)-4-OXOTHIAZOL-5(4H)-YLIDENE)ACETATES

AND

ONE POT MULTICOMPONENT SYNTHESIS OF (E)-ETHYL 2-(4-OXO-2-
((E)-2-((3-(2-OX0-2H-CHROMEN-3-YL)-1-PHENYL-1H-PYRAZOL-4-
YL)METHYLENE)HYDRAZINYL)THIAZOL-5(4H)-
YLIDENE)ACETATES

SECTION-A

ONE-POT, FIVE COMPONENT SYNTHESIS OF (E)-ETHYL 2-(2-((E)-2-
(1-(4-METHYL-2-(PHENYLAMINO)THIAZOL-5YL)ETHYLIDENE)
HYDRAZINYL)-4-OXOTHIAZOL-5(4H)-YLIDENE)ACETATES

R3
N
RZQN/Q \ /N‘NH
R!' H S ~
N/

S
N,



INTRODUCTION

Thiazoles and their derivatives are abundantly found in nature.! Thiazole core nucleus
found in many drugs, acts as intermediate in many organic synthetic reactions.2 These possess
a wide range of biological activities® such as antitubercular,® anticancer,® antiviral,
antimalarial,” antibacterial,® antitumor® and anti-inflammatory,’° antidiabetic,!* anti-oxidant
activities.'?

Thiazolidinones are found in many drugs and heterocyclic compounds.
Thiazolidinones show diversified biological activities'® such as antifungal,** antibacterial,®
anticancer,'® anti-HIV,'" anti-oxidant,® anti-inflammatory,’® antiviral,?® antidiabetic,?
antimicrobial activities.?

The following is a brief review of literature on synthetic methods of thiazolidinones.
Barreca et al.? synthesized 2,3-diaryl-1,3-thiazolidin-4-ones (1) by using an equimolar
amount of 2,6-dihalo-substituted benzaldehyde with aromatic amine and excess of mercapto

acetic acid in toluene.

R - (0) arR
HO toluene N
ArNH, + ) SH *u =T >_©
(0] 2h S
0O R! 1 R!

Moreira et al.?* synthesized thiazolidinones by the condensation reaction of aryl ketone with
thiosemicarbazide in presence of acetic acid, ethanol under ultrasound to give
arylthiosemicarbazone. This on further treatment with ethyl-2-chloro-2-phenylacetate in
ethanol and sodium acetate gave the corresponding thiazolidinones (2).

H H
v o, j\ AcOH, EtOH ol N \N'NWNHZ Ethyl-2-chloro-2- phenyl acetateR \N'N\WS
L~ HzNﬁ NH,Ultrasound bath —~ &~ S NaOAC, EtOH N
2 (0]

30 min Reflux, 10 h

Filho et al.® reported the synthesis of 2-[1-(3,4-
dichlorophenyl)ethylidenohydrazone]thiazolidin-4-one (3) by using 3,4-
dichloroacetophenone with thiosemicarbazide in ethanol and presence of H2SO4 or HCI to
give thiosemicarbazone. This on further reaction with ethyl-2-bromoacetate in ethanol and

sodium acetate under reflux gave title compound.
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H H

o H,N' R H H
N ~v.N__N. >N S
S N \[( R ethyl-2-bromoacetate N \\( CH,
S
Cl EtOH, H,SO, or HCI (] NaOAc, EtOH cl R,N(

Cl Ultrasound bath, RT cl A Cl o
1-2h 3

Compounds (4) were synthesized by Kundariya et al.?® using (Z)-N-benzylidene-1H-

pyrazolo[3,4-b]pyridine-3-amine with mercaptoacetic acid in toluene under reflux.

N= 7 N Dean-Stark 0]
XX (0)
| ) \.N IR+ )K/SH Toluene .~
N g HO Reflux, 10-12 h

Batran et al.?’ prepared 2-(2-oxo-4-phenyl-2H-chromen-7-yloxy)-N-(2-(4fluorophenyl)-4-
oxothiazolidin-3-yl)acetamides (5) by the reaction of Schiff bases 2-((2-oxo-4-phenyl-2H-
chromen-7-yl)oxy)acetohydrazides with thioglycolic acid in dry benzene under reflux. The
schiff bases of 2-((2-oxo-4-phenyl-2H-chromen-7-yl)oxy)acetohydrazide were obtained by
condensation ~ of aromatic  aldehyde  with  2-((2-oxo-4-phenyl-2H-chromen-7-

yl)oxy)acetohydrazide in a mixture of ethanol and acetic acid.

O ArCHO O

A
EtOH
SH
H X AcOH A HO)K/ CQ B
HzN‘N\[(\O 0 Yo Reflux NN j]/\o benzene j]/\o 0o
o)

reflux
Z
R/

Patel et al.?® synthesized 3-[4-(2-0x0-2H-chromen-4-ylamino)-phenyl]-2-phenyl-thiazolidin-
4-ones (6). 4-Hydroxycoumarin reacts with POCI; to give 4-chlorocoumarin, which on
further treatment with p-phenylene diamine in ethanol and triethylamine gave 4-[(4-
aminophenyl)amino]-2H-chromen-2-one. This compound reacts with aldehydes in absolute
ethanol, catalytic amount of piperidine under reflux to afford Schiff bases. These on

treatment with thioglycolic acid in dry benzene gave final compounds (6).

Ar.
NH,

S
o oy @Nm)
(0]
OH cl <> HN HN Ar HN
(0) (0] Reflux (0) (0} EtOH (0} 0) EtOH (0} 0) Benzene 0) (0}
1h Reflux Reflux Reflux 6
1h 8-10 h 6h
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(2)-Methyl-2-((2)-3-(cyclopentylideneamino)-4-oxo-2-(phenylimino)thiazolidin-5-
ylidene)acetates (7) were synthesized by Hassan et al.?° they have condensed alkylidene-N-
substituted hydrazinecarbothioamides with dimethyl acetylene dicarboxylate in ethanol under

reflux to yield 7.

N/N:Rl
S COZMC R /</
Abs. EtOH N
R_JU N Lt I - S
Hon X s U
CO,Me 4-8h CO,Me
7

Functionalized thiazolidinones (8) synthesis was reported by Verma et al.®® p-Keto
thioamides and dialkylacetylene dicarboxylates were reacted in presence of DMAP to

produce the compounds 8.

0
O S 2 2
A rt+o 7 OF 2N S{("R
R N’ DCM = N0
H OR? 0=y R
8

Thakare et al.*! described the preparation of 4-thiazolidinones (9) using aliphatic or aromatic

amine, aromatic aldehydes and mercaptoacitic acid in water.

0
Water/RT N

R-NH, + R!-CHO + HS” ~COOH > /QK
R Ng

9

SECTION-A

PRESENT WORK
Thiazoles and thiazolidinones are biologically important compounds and hence large

demand is there for their synthesis.
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Fig. 1. Thiazole and thiazolidinones of biological importance

In this part, we are describing a five component condensation using readily available
starting materials aromatic amines, ammonium thiocyanate, 3-chloropentan-2,4-dione,
thiosemicarbazide and DMAD or DEAD in PEG-400 (Scheme-1, method-1).

3
NH, R
R! N
O O S PEG-400 Rz@ N~
+ + NH,SCN + pgn L + > N/QS\ ,NH
R? 2N N"ONH, Reflux,2-35h  R! H s
R3 cl H \ |
10a-n
NH,
o o PEG-400 O N N
+ H,SCN + - A "NH
M + NH,SC H,N. JLNIIZ Reflux, 3 h ﬁ S ¢ é\g
cl i N J

Scheme-1. Method-1: showing one-pot multicomponent synthesis of 10a-o.

The above reaction is carried out in two methods. The method-1 is more versatile
because it involves less time, no harsh conditions are needed and it can be used readily. In
this synthesis many connectivities such as 2C=N, 2C-N, 3C-S and one cyclic N-C=0 were
obtained concomitantly. The speciality of the reaction is that no side products are formed.

Compound 10 may also be formed by another path wherein aromatic amines,
NHsSCN, 3-chloroacetylacetone were reacted in PEG-400 to give 11 (isolated). Compounds
11 on reaction with thiosemicarbazide and dialkylacetylene dicarboxylate yielded 10 (70-

80% vyield) by a stepwise process as given below.
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During the formation of 10 from 11 it is believed that the intermediate is thiosemicarbazone
of 11 which was not isolated. The compounds 10 obtained by both the methods were found
to be same. This was evidenced from their spectra.

NH, Thiosemicarbazide R3

R! +
NH,SCN R3 Dialkylacetylene dicarboxylate 2@\ N Non
E;Rz . PEG-400 RZQ /EK\TO PEG-400 ‘ R! IIYQSK\( VI\Q\HS
Reflux, 1 h Rl NS Reflux, 2 h oao
O O 1
2
Scheme-2. Method-2: Two step synthesis of 10a-o
Table-1 showing conditions of optimization for the preparation of 10b.
S. No. Reaction Solvent Catalyst Time (h)  Yields (%)
condition (10 mol %) of 10b
1 Reflux DMF - 24 -
2 Reflux DMF + EtOH - 24 40
3 Reflux CH30H - 12 52
4 Reflux Acetone - 12 50
5 Reflux THF - 24 -
6 Reflux H20 - 24 -
7 Reflux EtOH KOH 12 -
8 Reflux EtOH NaOH 12 -
9 Reflux EtOH NaHCOs3 12 -
10 Reflux EtOH NHsOH 12 -
11 Reflux EtOH K2COs 12 -
12 Reflux PEG-400 - 3 96

Among the above conditions tried PEG-400 was best condition for the formation of
product 10.

PEG-400 prevents the environment pollution and hence we have used this greener
solvent. PEG-400 may be recovered and used several times (4 runs) without loss of its
reactivity. First run, percentage of yield was 96, 93 in second run, 91 in third run and in the
last run it showed very little change of the yield 90%.

After separation of the end product, H.O was removed by distillation and polymer of
ethylene glycol-400 was washed with ether (2 times, each time 3 ml). The isolated PEG-400
was used for next 4 runs. There was no much loss of efficacy and with almost no practical
loss of PEG-400.

The substrate scope with amino group in the aromatic ring having both +I and -I

substituents gave the final products. a-Naphthyl amine (bulky) also undergoes this reaction.
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The products obtained are less soluble in common organic solvents. Later on we have
understood that this reaction is invalid with aliphatic amino compounds.
Table-2 indicating substitution pattern and time (10a-0).

S.No. Compound R R? R? R3 Time (h)
1 10a OEt H H H 3
2 10b OEt H H CHs 3
3 10c OEt CHs CHs H 2.5
4 10d OEt H OCHs H 3
5 10e OEt H H OCHs 3.5
6 10f OEt H OH H 3
7 10g OEt H Cl H 2.5
8 10h OEt H H Cl 3
9 10i OEt H NO; H 3.5
10 10j OCHs H H H 2.5
11 10k OCHs H OCHs H 3
12 101 OCHs H OH H 3.5
13 10m OCHs H Cl H 3
14 10n OCHs H H Cl 3
15 100 OCHs - - - 3
S
NHzR HNJ\NHz we 3 ,0' 2 (%I )
! R! 3 R R H;C S0 yR! R}
ﬁ;[; NH,SCN I H ij%a \ N Nj{j HCl e m/\[‘:ji Nj{j
R3 3 H 0 H

H.
' N 2
N H N
R! R 2 1
H3;C o H;C o H;C R %)\H H
R? R? R? o 1
. O OR
(0]
-S-
1S g ,
/( /)\N /( NH2 HNJ\ @ R
2 H CH; R3
o o
RO R2 RO
) R J
] N/Qi(/N‘N)QN
H n S H
10

(0]
R R? | R3 R?
@“‘N S NN
E/«;g\(/N\N/)\NH - - E%;&(/N\ﬁy N
From the above mechanism it is clear that for the formation of 11 from the reactants

Scheme-3. Mechanism for the formation of 10a-o.

takes place by Hantzsch thiazole synthesis. Later on the thiosemicarbazone of 11 formed

reacts with dialkylacetylene dicarboxylate to form final compounds 10.
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CONCLUSION

The above domino reaction takes place in PEG-400

A straight forward preparation of compounds 10 by five component condensation
reaction involving greener solvent has been described. Several specialities of this method are
less time, metal-free, easy work up, no columns chromatography application, utilization of no
hazardous organic solvents, ease of recovery of solvent and its reuse.

EXPERIMENTAL SECTION
Starting materials:

Various aromatic amines, NHsSCN, 3-chloropentan-2,4-dione, thiosemicarbazide,
DMAD and DEAD, polyethylene glycol were purchased from market.

General procedure for the synthesis of (10a-0)

A mixture of aromatic amine (1 mmol), 3-chloropentan-2,4-dione (1 mmol) and
ammonium thiocyanate (1 mmol) in 5 ml of polyethylene glycol-400 was heated for 1h
(monitored by TLC). When the reaction completed, thiosemicarbazide (1 mmol) and diethyl
acetylenedicarboxylate or dimethyl acetylenedicarboxylate (1 mmol) were added and
refluxed for 1-2 h (monitored by TLC). The product formed after filtration was subjected to
alcohol recrystallization.

Synthesis of 1-(4-methyl-2-(phenylamino)thiazol-5-yl)ethanone (11)

In 5 ml of polyethylene glycol-400, aromatic amine (1 mmol), ammonium thiocyanate
(2 mmol) and 3-chloropentan-2,4-dione (1 mmol) were taken and heated for 1 h. The product
formed after filtration was subjected to alcohol recrystallization.

Synthesis of (10) from (11)

In polyethylene glycol-400 (5ml), 11 (1 mmol), thiosemicarbazide (1 mmol) was
placed and heated for 0.5 h (maintained by TLC). Later on DMAD or DEAD (1 mmol) was
added and heated for 1 h. After cooling the reaction mass was placed in crushed ice. The
product formed after filtration was subjected to alcohol recrystallization.

SPECTRAL DATA
(E)-Ethyl 2-(2-((E)-2-(1-(4-methyl-2-(phenylamino)thiazol-5yl)ethylidene)hydrazinyl)-4-
oxothiazol-5(4H)-ylidene)acetates (10a).

Color: orange solid; mp: 307-309 °C: vield: (0.483g, 92%): @ N
g p yield: ( 9, 92%) . /QS«S\YN\NH
H

IR (KBr, Wave number, cm?): 1693 cm™ (C=0), 3199 cm™ Né\s
(NH); PMR (400 MHz, DMSO-dg): ¢ 1.28 (t, J = 8.0 Hz, \
3H), 2.46 (s, 3H, CHs), 2.54 (s, 3H, CHs), 4.25 (g, J = 8.0 Hz, gtO

(0]




2H), 6.62 (s, 1H,), 7.00 (t, J = 8.0 Hz, 1H), 7.34 (t, J = 8.0 Hz, 2H), 7.66 (d, J = 8.0 Hz, 2H),
10.46 (s, 1H), 12.80 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): 6 14.4, 16.9, 19.2, 61.6,
114.4,117.9, 120.7, 122.3, 129.4, 141.0, 143.6, 151.5, 157.7, 159.0, 163.3, 165.9, 166.0 ppm;
ESI-MS: m/z 430 [M+H]"; Anal. calcd. for C19H19sNs03S,: C, 53.13; H, 4.46; N, 16.31; S,
14.93. Found: C, 53.18; H, 4.40; N, 16.38; S, 14.90%.

(E)-Ethyl 2-(2-((E)-2-(1-(4-methyl-2-(p-tolylamino)thiazol-5yl)ethylidene) hydrazinyl)-4-
oxothiazol-5(4H)-ylidene)acetates (10b).

Color: orange solid; mp: 244-246 °C; vyield: (0.478g,

H,C

96%): IR (KBr, Wave number, cm): 1692 (C=0), 3196 @ N
U N N-Nm
(NH); PMR (400 MHz, DMSO-ds): 6 1.26 (t, J = 4.0 Hz, NS
N/
3H), 2.28 (s, 3H, CH3), 2.44 (s, 3H, CHs), 4.23 (q, J = 4.0 {
Hz, 2H), 4.65 (s, 3H), 6.60 (s, 1H,), 7.16 (d, J = 4.0 Hz, 0o

0

2H), 7.51 (d, J = 8.0 Hz, 2H), 10.65 (s, 1H), 12.80 (s, 1H)
ppm; CMR (100 MHz, DMSO-ds): 6 14.5, 16.8, 18.6, 20.9, 61.7, 114.6, 118.9, 120.1, 130.0,
132.2,138.0, 143.5, 149.9, 157.9, 158.8, 164.0, 165.8, 166.0 ppm; ESI-MS: m/z 444 [M+H]*;
Anal. calcd. for C20H21Ns03S2: C, 54.16; H, 4.77; N, 15.79; S, 14.46. Found: C, 54.10; H,
4.72; N, 15.73, S, 14.41%.

(E)-Ethyl 2-(2-((E)-2-(1-(2-((2,3-dimethyl phenyl)amino)-4-methylthiazol-5-
yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetates (10c).

Color: orange solid; mp: 292-294 °C; yield: (0.525g,
90%); IR (KBr, Wave number, cm™?): 1687 (C=0), 3221
(NH); PMR (400 MHz, DMSO-ds): 6 1.25 (t, J = 8.0

N
Hz, 3H), 2.15 (s, 3H, CHs), 2.28 (s, 3H, CHs), 2.41 (s, WA
3H, CHa), 2.45 (s, 3H, CHa), 4.23 (g, J = 4.0 Hz, 2H), E(0,

6.60 (s, 1H,), 7.04 (d, J = 4.0 Hz, 1H), 7.13 (t, J = 8.0 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 9.66
(s, 1H), 12.76 (s, 1H) ppm; CMR (100 MHz, DMSO-de): ¢ 14.3, 14.5, 15.8, 17.0, 19.2, 20.7,
61.7, 102.9, 111.0, 112.7, 114.7, 122.3, 126.3, 127.6, 130.9, 138.2, 143.9, 150.7, 159.4,
162.0, 165.7 ppm; Anal. calcd. for C21H23NsOsSz: C, 54.16; H, 4.77; N, 15.79; S, 14.46.
Found: C, 54.19; H, 4.72; N, 15.73; S, 14.40%.

(E)-Ethyl 2-(2-((E)-2-(1-(2-((3-methoxy phenyl) amino)-4-methylthiazol-5-
yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetates (10d).

Color: orange solid; mp: 287-289 °C; yield: (0.5g,
N
H3C0/(j¥1 /Q;S\(/N\NH

95%); IR (KBr, Wave number, cm™): 1694 (C=0),

N

EtO

Mg

(0)
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3208 (NH); PMR (400 MHz, DMSO-dg): ¢ 1.28 (t, J = 8.0 Hz, 3H), 2.46 (s, 3H, CH3), 2.53
(s, 3H, CHs), 3.77 (s, 3H, OCHBa), 4.25 (q, J = 8.0 Hz, 2H), 6.60 (t, J = 8.0 Hz, 2H), 7.12 (d, J
=8.0 Hz, 1H), 7.24 (t, J = 8.0 Hz, 1H), 7.40 (s, 1H), 10.46 (s, 1H), 12.80 (s, 1H) ppm; CMR
(100 MHz, DMSO-ds): ¢ 14.4, 16.8, 19.2, 55.4, 61.6, 103.9, 107.5, 110.4, 114.4, 120.8,
130.1, 142.1, 143.6, 151.3, 157.9, 158.9, 160.3, 163.2, 165.9, 166.0 ppm; ESI-MS: m/z 460
[M+H]"; Anal. calcd. for CxH21Ns504S2: C, 52.27; H, 4.61; N, 15.24; S, 13.96. Found: C,
52.22; H, 4.65; N, 15.20; S, 13.92%.

(E)-Ethyl 2-(2-((E)-2-(1-(2-((4-methoxy phenyl)amino)-4-methylthiazol-5-
yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetates (10e).

Color: orange solid; mp: 236-238 “C; yield: (0.5g, 95%); [H;CO
-1y — . N
IR (KBr, Wave number, cm™): 1690 (C=0), 3130 (NH); \QN/QS\i(N\NH
H

PMR (400 MHz, DMSO-ds): 6 1.27 (t, J = 8.0 Hz, 3H), s

2.45 (s, 3H, CHs), 2.51 (s, 3H, CHs), 3.75 (s, 3H, OCHs), }//i
()

4.25 (q, J = 8.0 Hz, 2H), 6.61 (s, 1H), 6.94 (d, J = 8.0 EO

(0)

Hz, 2H), 7.55 (d, J = 8.0 Hz, 2H), 10.25 (s, 1H), 12.78 (s,
1H) ppm; CMR (100 MHz, DMSO-ds): ¢ 14.4, 16.8, 19.2, 55.6, 61.6, 114.5, 114.7, 119.9,
134.4, 135.5, 143.7, 151.7, 155.0, 157.4, 159.0, 164.0, 165.9, 166.0 ppm; ESI-MS: m/z 460
[M+H]*; Anal. calcd. for Co0H21Ns04S2: C, 51.22; H, 4.30; N, 15.72; S, 14.39. Found: C,
51.27; H, 4.35; N, 15.78; S, 14.44%.

(E)-Ethyl 2-(2-((E)-2-(1-(2-((3-hydroxy phenyl)amino)-4-methylthiazol-5-
yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetates (10f).

Color: orange solid; mp: 300-302 °C; yield: (0.495g, 93%); /@ N
IR (KBr, Wave number, cm™): 1686 (C=0), 3149 (NH); |HO N/Qszg\g/N
H

“NH
N
PMR (400 MHz, DMSO-dg): 6 1.28 (t, J = 8.0 Hz, 3H), NS
2.46 (s, 3H, CHa), 2.53 (s, 3H, CHa), 4.25 (g, J = 8.0 Hz, o)’i
EtO

2H), 6.41 (d, J = 12.0 Hz, 1H), 6.62 (s, 1H), 7.01 (d, J = 0
12.0 Hz, 1H), 7.11 (t, J = 8.0 Hz, 1H), 7.18 (s, 1H), 9.43 (s, 1H), 10.32 (s, 1H), 12.80 (s, 1H)
ppm; CMR (100 MHz, DMSO-ds): ¢ 14.4, 16.9, 19.2, 61.6, 106.2, 108.9, 109.6, 114.4,
120.5, 130.0, 141.9, 143.6, 151.5, 157.6, 158.3, 159.0, 163.3, 165.9, 166.0 ppm; ESI-MS:
m/z 444 [M-H]"; Anal. calcd. for Ci9H19NsO4S2: C, 51.22; H, 4.30; N, 15.72; S, 14.39.
Found: C, 51.26; H, 4.36; N, 15.75; S, 14.32%.

(E)-Ethyl 2-(2-((E)-2-(1-(2-((3-chloro phenyl)amino)-4-methylthiazol-5-




yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetates (10g).

Color: orange solid; mp: 254-256 'C; yield: (0.526g, 91%); IR (KBr, Wave number, cm?):
1691 (C=0), 3061 (NH); PMR (400 MHz, DMSO-ds): 6 1.27 (t, J = 8.0 Hz, 3H), 2.46 (s, 3H,
CHs), 2.54 (s, 3H, CHa), 4.23 (g, J = 8.0 Hz, 2H), 6.61 (s, 1H), 7.02-7.04 (m, 1H), 7.35 (t, J =
8.0 Hz, 1H), 7.50-7.52 (m, 1H), 7.89 (t, J = 4.0 Hz, 1H), 10.62 (s, 1H), 12.80 (s, 1H) ppm;
CMR (100 MHz, DMSO-de): ¢ 14.5, 16.8, 19.2, 61.7, 114.6, 116.3, 117.1, 121.6, 121.7,
131.0, 133.8, 142.3, 143.6, 151.2, 158.2, 158.9, 162.8, 165.9, 166.0 ppm; ESI-MS: m/z 464
[M+H]"; Anal. calcd. for C19H1sCINsO3S2: C, 49.19; H, 3.91; N, 15.09; S, 13.82. Found: C,
49.15; H, 3.95; N, 15.12; S, 13.88%.

(E)-Ethyl 2-(2-((E)-2-(1-(2-((4-chloro phenyl)amino)-4-methylthiazol-5-
yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetates (10h).

Color: orange solid; mp: 305-307 °C; yield: (0.504g, 95%); IR

cl
(KBr, Wave number, cm?): 1694 (C=0), 3189 (NH); PMR @ /EK\(N\NH
N7>g 4 >\

H N/ S

N

(400 MHz, DMSO-de): 6 1.27 (t, J = 8.0 Hz, 3H), 2.46 (s, 3H,
CHzs), 2.53 (s, 3H, CHs), 4.24 (g, J = 8.0 Hz, 2H), 6.61 (s, d

1H), 7.38 (d, J = 12.0 Hz, 2H), 7.70 (d, J = 8.0 Hz, 2H), Et0OY,
10.57 (s, 1H), 12.81 (s, 1H) ppm; ESI-MS: m/z 464 [M+H]"; Anal. calcd. for
C19H18CINsO3S;: C, 49.19; H, 3.91; N, 15.09; S, 13.82. Found: C, 49.15; H, 3.96; N, 15.14;
S, 13.88%.

(E)-Ethyl 2-(2-((E)-2-(1-(4-methyl-2-((3-nitrophenyl)amino)thiazole-5-
yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetates (10i).

Color: orange solid; mp: 296-298 °C; yield: (0.550g, 89%);
N
IR (KBr, Wave number, cm?): 1694 (C=0), 3253 (NH); OZN/@N /qsﬁg\(N\NH
PMR (400 MHz, DMSO-dg): ¢ 1.27 (t, J = 8.0 Hz, 3H), H Né\S
2.47 (s, 3H, CH3), 2.57 (s, 3H, CH3), 4.24 (q, J = 8.0 Hz, O)/i
EtO
2H), 6.60 (s, 1H), 7.61 (t, J = 8.0 Hz, 1H), 7.82 (d, J = 8.0 o

Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 8.76 (s, 1H), 10.91 (s, 1H), 12.82 (s, 1H) ppm; CMR (100
MHz, DMSO-ds): ¢ 14.4, 16.7, 19.2, 61.6, 114.3, 119.2, 121.3, 125.5, 129.2, 139.9, 143.6,
151.2, 158.0, 158.8, 162.9, 165.8, 166.0 ppm; ESI-MS: m/z 475 (M+H)"; Anal. calcd. for
C19H18N6OsS2: C, 48.09; H, 3.82; N, 17.71; S, 13.51. Found: 48.10; H, 3.88; N, 17.76; S,
13.58%.

(E)-Methyl 2-(2-((E)-2-(1-(4-methyl-2-(phenylamino)thiazol-5-




yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetates (10j).

Color: orange solid; mp: 312-314 °C; yield: (0.427g, 97%); IR (KBr, Wave number, cm?):
1693 (C=0), 3083 (NH); PMR (400 MHz, DMSO-ds): ¢ 2.46 (s, 3H, CH3), 2.53 (s, 3H,
CHa), 3.78 (s, 3H, OCHBa), 6.65 (s, 1H,), 7.00 (t, J = 8.0 Hz, 1H), 7.34 (t, J = 8.0 Hz, 2H),
7.66 (d, J = 8.0 Hz, 2H), 10.44 (s, 1H), 12.81 (s, 1H) ppm; ESI-MS: m/z 414 [M-H]*; Anal.
calcd. for C1sH17Ns03S2: C, 52.03; H, 4.12; N, 16.86; S, 15.43. Found: C, 52.12; H, 4.17; N,
16.82; S, 15.47%.

(E)-Methyl 2-(2-((E)-2-(1-(2-((3-methoxyphenyl)amino)-4-methylthiazol-5-
yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetates (10k).

Color: red solid; mp: 310-312 °C; yield: (0.483g, 92%); /@
N
IR (KBr, Wave number, cm?): 1693 (C=0), 3145 (NH); [HisCO ﬁ/«&ml\f
PMR (400 MHz, DMSO-dg, ppm): 6 2.46 (s, 3H, CHa), N7'S
2.53 (s, 3H, CHa), 3.77 (s, 3H, OCHs), 3.79 (s, 3H, oZ;i
H
OCHs), 6.59 (t, J = 8.0 Hz, 1H), 6.65 (s, 1H), 7.12 (d, J = o

8.0 Hz, 1H), 7.24 (t, J = 8.0 Hz, 1H), 7.41 (s, 1H), 10.45 (s, 1H), 12.82 (s, 1H); CMR (100
MHz, DMSO-ds, ppm): ¢ 16.8, 19.2, 52.6, 55.4, 103.8, 107.7, 110.5, 113.8, 114.1; 120.9,
130.5, 131.7; 132.1; 138.2; 142.0, 158.9, 160.3, 163.3, 166.3; ESI-MS: m/z 446 [M+H]";
Anal. calcd. for C19H19N504S2: C, 51.22; H, 4.30; N, 15.72; S, 14.39. Found: C, 51.27; H,
4.34; N, 15.67; S, 14.35%.

(E)-Methyl 2-(2-((E)-2-(1-(2-((3-hydroxyphenyl)amino)-4-methylthiazol-5-
yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (10l).

Color: red solid; mp: 295-297 °C; yield: (0.478g, 90%); IR
(KBr, Wave number, cm™): 1688 (C=0), 3145 (NH); PMR HO/@N/ESK\(N\NH
(400 MHz, DMSO-ds): ¢ 2.46 (s, 3H, CHzs), 2.53 (s, 3H, H N//\\S
CHs), 3.79 (s, 3H, OCHg), 6.41 (d, J = 8.0 Hz, 1H), 6.65 (s, o)/i
1H), 7.02 (d, J = 8.0 Hz, 1H), 7.11 (t, J = 8.0 Hz, 1H), 7.19 H€0™
(s, 1H), 9.43 (s, 1H), 10.32 (s, 1H), 12.81 (s, 1H) ppm; ESI-MS: m/z 430 (M-H)"; Anal.
calcd. for C18H17Ns04S;: C, 50.10; H, 3.97; N, 16.23; S, 14.86. Found: C, 50.14; H, 3.92; N,
16.28; S, 14.82%.

(E)-Methyl 2-(2-((E)-2-(1-(2-((3-chlorophenyl)amino)-4-methylthiazol-5-
yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (10m).

Color: orange solid; mp: 308-310 C; yield: (0.528g, 85%); /@ N
IR (KBr, Wave number, cm): 1697 (C=0), 3186 (NH); |¢! NASK\(N\NH
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PMR (400 MHz, DMSO-ds): 0 2.47 (s, 3H, CH3), 2.55 (s, 3H, CH3), 3.79 (s, 3H, OCH?3), 6.65
(s, 1H), 7.03 (d, J = 8.0 Hz, 1H), 7.35 (t, J = 8.0 Hz, 1H), 7.51 (d, J = 12.0 Hz, 1H), 7.91 (s,
1H), 10.63 (s, 1H), 12.83 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): ¢ 16.7, 19.2, 52.7,
114.2, 116.2, 117.1, 121.6, 123.3, 131.0, 133.8, 142.3, 143.8, 151.1, 158.1, 158.9, 162.8,
166.0, 166.4 ppm; ESI-MS: m/z 450 [M+H]"; Anal. calcd. for C1sH16CINsO3S,: C, 48.05; H,
3.58; N, 15.57; S, 14.25. Found: C, 48.18; H, 3.52; N, 15.51; S, 14.29%.

(E)-Methyl 2-(2-((E)-2-(1-(2-((4-chlorophenyl) amino)-4-methylthiazol-5-
yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (10n).

Color: orange solid; mp: 307-309 °C; yield: (0.482g, 93%); |C!

IR (KBr, Wave number, cm?): 1693 (C=0), 3189 (NH); \@N /Es’g\(/N\NH
PMR (400 MHz, DMSO-ds): & 2.46 (s, 3H, CHs), 2.53 (s, 3H, H s
CHz3), 3.78 (s, 3H, OCHz3), 6.64 (s, 1H), 7.38 (d, J = 8.0 Hz, 0>]/§
oH), 7.7 (d, J = 8.0 Hz, 2H), 10.57 (s, 1H), 12.82 (s, 1H) 10
ppm; CMR (100 MHz, DMSO-dg): ¢ 16.7, 19.2, 52.7, 114.1, 119.3, 121.3, 125.5, 129.2,
139.9, 143.8, 151.3, 158.0, 158.9, 162.9, 166.0, 166.4 ppm; ESI-MS: m/z 450 [M+H]*; Anal.
calcd. for C1gH16CINsO3S2: C, 48.05; H, 3.58; N, 15.57; S, 14.25. Found: C, 48.19; H, 3.51;
N, 15.61; S, 14.20%.

(E)-Methyl 2-(4-oxo0-2-((E)-2-((3-(2-ox0-2H-benzo[h]chromen-3-yl)-1-phenyl-1H-
pyrazol-4-yl)methylene) hydrazinyl)thiazol-5(4H)-ylidene)acetate (100).

Color: orange solid; mp: 302-304 °C; yield: (0.484g, 96%);
IR (KBr, Wave number, cm™): 1702 (C=0), 3053 (NH); /gﬁ(N\NH
PMR (400 MHz, DMSO-dg): 6 2.45 (s, 3H, CHz3), 2.52 (s, O ﬂ s” 7 )/\S

N

3H, CHs), 3.78 (s, 3H, OCH3), 6.65 (s, 1H), 7.53-7.59 (m, {
3H), 7.74 (d, J = 8.0 Hz, 1H), 7.96-7.98 (m, 1H), 8.12-8.13 Hféo

(o)

(m, 1H), 8.24-8.25 (m, 1H), 10.37 (s, 1H), 12.77 (s, 1H)
ppm; ESI-MS: m/z 464 [M-H]"; anal. calcd. for C29H19NsO0sS: C, 63.38; H, 3.48; N, 12.74; S,
5.83. Found: C, 63.32; H, 3.43; N, 12.70; S, 5.87.

1-(4-Methyl-2-(p-tolylamino)thiazol-5-yl)ethanones (11).

Color: white solid; mp: 189-191 °C; yield: (0.253g, 97%); PMR H,C

(400 MHz, CDCls): 6 2.24 (s, 3H, CHa), 2.35 (s, 3H, CHz), 2.51 (s, @ N,
/
3H, CHs), 7.07 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 9.73 (s, g*s

95



1H) ppm; ESI-MS: m/z 247 [M+H]".

96
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Mass Spectrum of compound 10d
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CHAPTER-V

SECTION-B

ONE POT MULTICOMPONENT SYNTHESIS OF (E)-ETHYL 2-(4-OXO-2-
((E)-2-((3-(2-OX0-2H-CHROMEN-3-YL)-1-PHENYL-1H-PYRAZOL-4-
YL)METHYLENE)HYDRAZINYL)THIAZOL-5(4H)-
YLIDENE)ACETATES
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PRESENT WORK

SECTION-B

This chapter deals with the synthesis of (E)-ethyl-2-(4-oxo-2-((E)-2-((3-(2-ox0-2H-
chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)hydrazinyl)thiazol-5(4H)-ylidene)acetates

(1a-k). 1-phenyl-3-(2H-1-benzopyran-2-one-3yl)-4-formylpyrazole,

thiosemicarbazide and

dialkylacetylene dicarboxylates were condensed in ethanol to afford la-k as shown in the

scheme-1 and Table-1.

Scheme-1. Synthesis of compounds l1a-k.

Table-1. Reaction time and substitution pattern of 1a-k.

EtOH

EtOH

Reflux, 2-3 h

Reflux, 2-3 h

N
HN\(&?%\FO
la-j 'e) O\R
N
HN\§SQ4\/¢0
1k o O.

Entry Product R R! R? Time (h)
1 la OEt H H 3
2 1b OEt H Cl 3
3 1c OEt H Br 2
4 1d OEt OCHs H 2.5
5 le OEt OEt H 3
6 1f OCHs H H 3
7 1g OCHs H cl 2
8 1h OCHs H Br 3
9 1i OCHs OCHz3 H 2.5
10 1] OCHs OEt H 2
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11 1k OCHs Naphthy!I - 3

la-k formation mechanism was given in the scheme-2. Amino group of
thiosemicarbazide attacks on the C=0 functionality of 1-phenyl-3-(2H-1-benzopyran-2-one-3yl)-
4-formylpyrazole to form thiosemicarbazone of 1-phenyl-3-(2H-1-benzopyran-2-one-3yl)-4-
formylpyrazole. In the next step the intermediate on cyclization with dialkylacetylene
dicarboxylate afforded thiazolidinone 1.

O
0._OR
v @ P
N N RO\
N__NH, -H0 N
|/ +H,N L N- ' >&\>\\<
°o n © o m 07 OR 0 w N Nm
O n NH2 \
) OR
N RO N RO \/
N O Rrom Nl’/ =N NH
D Nﬁ{s/‘— ) N«S/
N (N o~ w N N
H Oly

Scheme-2. Mechanism for the formation of 1a-k.
CONCLUSION

In gist, we have developed a new methodology for the synthesis of a series of la-k
through a multicomponent method. The advantages of this reaction are operational simplicity,
green solvent medium, mild reaction condition, easy workup procedure, no columns

chromatography for the purification of compounds good to excellent yields and catalyst-free

conditions.
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EXPERIMENTAL SECTION
Starting materials:

Different 1-phenyl-3-(2H-1-benzopyran-2-one-3yl)-4-formylpyrazoles were prepared by
known methodology. Thiosemicarbazide and dialkylacetylene dicarboxylates were procured
from market.

General procedure for the synthesis of compounds (1a-k).

Equi milli molar amount of 1-phenyl-3-(2H-1-benzopyran-2-one-3yl)-4-formylpyrazole,
thiosemicarbazide and dialkylacetylene dicarboxylate was suspended in absolute ethanol (5 ml)
and refluxed for 2-3 hours. The solid formed was subjected to filtration and compound was
recrystallized from methanol.

SPECTRAL DATA

(E)-Ethyl 2-(4-oxo0-2-((E)-2-((3-(2-0x0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)thiazol-5(4H)-ylidene)acetate (1a).

Color: yellow solid; mp: 290-292 °C; yield: (0.610g, 84%); IR

(KBr, Wave number, cm?): 1692 (C=0 of amide), 1731 (- @
C=0 of ester), 3418 (NH); PMR (400 MHz, DMSO-ds): J « Hzlj

1.27 (t, J = 8.0 Hz, 3H), 4.22 (q, J = 8.0 Hz, 2H), 6.59 (s, o OH;E .

1H,), 7.40-7.45 (m, 2H), 7.50 (d, J = 12 Hz, 1H), 7.59 (t, J =
8.0 Hz, 2H), 7.68 (t, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), (e
7.99 (d, J = 8.0 Hz, 2H), 8.39 (s, 1H), 8.51 (s, 1H), 9.04 (s, 1H), 12.75 (s, 1H) ppm; CMR (100
MHz, DMSO-dg): ¢ 14.5, 61.6, 114.6, 117.0, 118.7, 119.3, 119.4, 121.4, 122.9, 125.1, 127.8,
129.2, 130.1, 132.6, 139.2, 143.2, 143.4, 147.2, 152.0, 154.0, 159.5, 165.6, 166.1, 173.7 ppm;
ESI-MS: m/z 514 [M+H]"; Anal. calcd. for C2sH19NsOsS: C, 60.81; H, 3.73; N, 13.64; S, 6.24.
Found: C, 60.85; H, 3.77; N, 13.60; S, 6.28%.
(E)-Ethyl-2-(2-((E)-2-((3-(6-chloro-2-oxo-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (1b).

Color: yellow solid; mp: 304-306 °C; yield: (0.621g, 88%); IR
(KBr, Wave number, cm™): 1692 (C=0 of amide), 1735 (-C=0 N’I:Q
of ester), 3431 (NH); PMR (400 MHz, DMSO-ds): 6 1.27 (t, J = |C! A
(0] OH;lNI\\I S
T{If;f‘ég
0 "\~




8.0 Hz, 3H), 4.22 (q, J = 8.0 Hz, 2H), 6.56 (s, 1H,), 7.43 (t, J = 8.0 Hz, 1H), 7.53-7.61 (m, 3H),
7.71 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 8.0 Hz, 3H), 8.33 (s, 1H), 8.51 (s, 1H), 9.04 (s, 1H), 12.76
(s, 1H) ppm; CMR (DMSO-ds): 6 14.5, 61.6, 114.5, 116.6, 118.6, 119.0, 119.3, 119.6, 120.7,
121.6, 123.1, 127.7, 128.4, 129.0, 130.2, 132.5, 135.8, 139.3, 142.4, 146.0, 152.5, 159.2, 165.7,
178.1 ppm; ESI-MS: m/z 548 [M+H]"; Anal. calcd. for C2H1sCINsOsS: C, 56.99; H, 3.31; N,
12.78; S, 5.85. Found: C, 56.94; H, 3.35; N, 12.73; S, 5.81%.
(E)-Ethyl-2-(2-((E)-2-((3-(6-bromo-2-o0xo0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (1c).

Color: yellow solid; mp: 297-299 “C; yield: (0.643g, 92%);

IR (KBr, Wave number, cm?): 1692 (C=0 of amide), 1735 (- @

C=0 of ester), 3429 (NH); PMR (400 MHz, DMSO-dg): & | . '

1.27 (t, J = 8.0 Hz, 3H), 4.22 (q, J = 8.0 Hz, 2H), 6.55 (s, mlﬁ

1H,), 7.43 (t, J = 8.0 Hz, 1H), 7.59 (t, J = 8.0 Hz, 2H), 7.90- HN%S%%YO
7.97 (m, 2H), 8.06-8.23 (m, 3H), 8.34 (s, 1H), 8.54 (s, 1H), o o0

9.05 (s, 1H), 12.79 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): ¢ 16.6, 68.9, 110.6, 116.9, 119.1,
119.7, 122.1, 124.0, 127.8, 128.4, 130.2, 131.1, 133.2, 135.8, 137.3, 138.9, 139.2, 141.9, 145.5,
147.0, 149.9, 158.7, 178.1, 186.0 ppm; ESI-MS: m/z 591 [M-H]"; Anal. calcd. for
Ca6H18BrNsOsS: C, 52.71; H, 3.06; N, 11.82; S, 5.41. Found: C, 52.75; H, 3.12; N, 11.86; S,
5.45%.
(E)-Ethyl-2-(2-((E)-2-((3-(8-methoxy-2-0x0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (1d).

Color: yellow solid; mp: 309-311 C; yield: (0.571g, 95%); IR

(KBr, Wave number, cm™?): 1645 (C=0 of amide), 1727 (-C=0 Q

of ester), 3434 (NH); PMR (400 MHz, DMSO-de): 6 1.25 (t, J l\fi

= 8.0 Hz, 3H), 3.94 (s, 3H), 4.19 (q, J = 8.0 Hz, 2H), 6.59 (s, O\ o IS

1H,), 7.33-7.44 (m, 4H), 7.58 (t, J = 8.0 Hz, 2H), 8.0 (d, J = | ocH, HN\«%\/&O
8.0 Hz, 2H), 8.39 (s, 1H), 8.51 (s, 1H), 9.03 (s, 1H), 12.76 (s, N o O

1H) ppm; CMR (100 MHz, DMSO-de): & 14.4, 52.7, 56.5,

115.0, 119.5, 120.5, 121.3, 126.9, 127.8, 130.1, 133.0, 139.2, 140.7, 143.6, 147.1, 147.3, 150.2,
151.8, 152.2, 154.7, 156.8, 159.4, 166.1 ppm: Anal. calcd. for Co7H21NsO6S: C, 59.66; H, 3.89;
N, 12.88; O, 17.66; S, 5.90. Found: C, 59.61; H, 3.85: N, 12.82; S, 5.95%.
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(E)-Ethyl-2-(2-((E)-2-((3-(8-ethoxy-2-0x0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (1e).
Color: yellow solid; mp: 310-312 °C; yield: (0.586g, 95%); IR

(KBr, Wave number, cm?): 1694 (C=0 of amide), 1725 (-C=0 @

of ester), 3430 (NH): PMR (400 MHz, DMSO-de): 6 1.25 (t, J '

= 8.0 Hz, 3H), 1.42 (t, J = 8.0 Hz, 3H), 4.17-4.23 (m, 4H), 6.60 0\ 0 5

(s, 1H,), 7.35-7.43 (m, 4H), 7.58 (t, J = 8.0 Hz, 2H), 8.01 (d, J = OT HN\ﬁZ&\FO
8.0 Hz, 2H), 8.39 (s, 1H), 8.51 (s, 1H), 9.03 (s, 1H), 12.79 (s, o O

1H) ppm; CMR (100 MHz, DMSO-dg): § 14.5, 15.1, 61.5, 64.8, 114.7, 116.0, 118.7, 119.5,
120.0, 120.5, 121.1, 125.1, 126.0, 127.8, 129.5, 130.1, 133.2, 134.9, 139.2, 143.3, 143.6, 143.7,
146.2, 147.4, 159.5, 165.5 ppm; ESI-MS: m/z 558 [M+H]"; Anal. calcd. for CzsH23Ns06S: C,
60.31; H, 4.16; N, 12.56; S, 5.75. Found: C, 60.36; H, 4.19; N, 12.50; S, 5.71%.
(E)-Eethyl-2-(4-ox0-2-((E)-2-((3-(2-0x0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)thiazol-5(4H)-ylidene)acetate (1f).

Color: yellow solid; mp: 310-312 °C; yield: (0.554g, 90%); IR

(KBr, Wave number, cm?): 1646 (C=0 of amide), 1725 (-C=0 N’l\:Q
of ester), 3439 (NH); PMR (400 MHz, DMSO-ds): 0 3.76 (s, @\/\A(”\/ﬁ
3H), 6.62 (s, 1H,), 7.40-7.44 (m, 2H), 7.53 (d, J = 8.0 Hz, 1H), 0730 SN
7.59 (t, J = 8.0 Hz, 2H), 7.69 (t, J = 8.0 Hz, 1H), 7.87 (d, J = 8.0 %_24\/40
Hz, 1H), 8.0 (d, J = 8.0 Hz, 2H), 8.39 (s, 1H), 8.51 (s, 1H), 9.04 0 O
(s, 1H), 12.77 (s, 1H) ppm; CMR (100 MHz, DMSO-de): ¢ 52.7, 114.4, 117.0, 118.7, 119.3,
119.4, 121.4, 123.1, 125.1, 127.8, 129.2, 130.1, 132.7, 136.7, 140.8, 143.3, 145.9, 147.2, 152.0,
154.1, 157.4, 159.5, 166.0 ppm; ESI-MS: m/z 500 (M+H)*; Anal. calcd. for C2sH17Ns0sS: C,
60.11; H, 3.43; N, 14.02; S, 6.42. Found: C, 60.15; H, 3.47; N, 14.10; S, 6.48%.
(E)-Methyl-2-(2-((E)-2-((3-(6-chloro-2-oxo0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (19).

Color: yellow solid; mp: 312-314 °C; yield: (0.567g, 94%); IR
(KBr, Wave number, cm™?): 1649 (C=0 of amide), 1728 (-C=0 erj@
of ester), 3430 (NH); PMR (400 MHz, DMSO-dg): ¢ 3.76 (5, |c1 A
3H), 6.59 (s, 1H,), 7.43 (t, J = 8.0 Hz, 1H), 7.54-7.61 (m, 3H), o OH\HE S
0 "No01




7.72 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 8.0 Hz, 3H), 8.34 (s, 1H), 8.52 (s, 1H), 9.04 (s, 1H), 12.79
(s, 1H) ppm; ESI-MS: m/z 534 [M+H]"; Anal. calcd. for C2sH16CINsOsS: C, 56.24; H, 3.02; N,
13.12; S, 6.01. Found: C, 54.20; H, 3.12; N, 13.16; S, 5.95%.
(E)-Methyl-2-(2-((E)-2-((3-(6-bromo-2-oxo-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (1h)

Color: yellow solid; mp: 312-314 °C; yield: (0.642g, 90%); IR

(KBr, Wave number, cm?): 1686 (C=0 of amide), 1743 (-C=0 @
N-N
of ester), 3432 (NH); PMR (400 MHz, DMSO-de): J 3.74 (s, BrM
3H), 6.58 (s, 1H,), 7.43 (t, J = 8.0 Hz, 1H), 7.59 (t, J = 8.0 Hz, 00 5N
HN__S
2H), 7.96 (d, J = 8.0 Hz, 3H), 8.14 (s, 1H), 8.21 (s, 1H), 8.35 Y&f\FO
o 9

(s, 1H), 8.54 (s, 1H), 9.05 (s, 1H), 12.79 (s, 1H) ppm; Anal.
calcd. for CsH16BrNsOsS: C, 51.91; H, 2.79; N, 12.11; S, 5.54. Found: C, 51.95; H, 2.75; N,
12.15; S, 5.59%.
(E)-Methyl-2-(2-((E)-2-((3-(8-methoxy-2-0x0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (1i)

Yellow solid; mp: 320-322 °C; yield: (0.556g, 95%); IR (KBr,

Wave number, cm™?): 1692 (C=0 of amide), 1718 (-C=0 of ester), Q

3433 (NH); PMR (400 MHz, DMSO-ds): 6 3.73 (s, 3H), 3.94 (s, N ljflj

3H), 6.61 (s, 1H,), 7.35-7.45 (m, 4H), 7.58 (t, J = 8.0 Hz, 2H), 8.0 070 SN

(d, J = 8.0 Hz, 2H), 8.39 (s, 1H), 8.51 (s, 1H), 9.03 (s, 1H), 12.78 | *™ “NY&%\FO
(s, 1H) ppm; Anal. calcd. for C26H19NsOeS: C, 58.97; H, 3.62; N, 0 %
13.23; S, 6.06. Found: C, 58.93; H, 3.64; N, 13.27; S, 5.94%.
(E)-Methyl-2-(2-((E)-2-((3-(8-ethoxy-2-0x0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetate (1))

Color: yellow solid; mp: 305-307 °C; yield: (0.631g, 86%); IR

(KBr, Wave number, cm™): 1646 (C=0 of amide), 1725 (-C=0 of Q

ester), 3431 (NH); PMR (400 MHz, DMSO-dg): 6 1.42 (t, J = 8.0 « 1\@

Hz, 3H), 3.73 (s, 3H), 4.21 (g, J = 8.0 Hz, 2H), 6.62 (s, 1H,), 7.35 0750 SN

(t, J =8.0 Hz, 2H), 7.43 (t, J = 8.0 Hz, 2H), 7.58 (t, J = 8.0 Hz, Oj HN\ﬁZ%Yo
2H), 8.01 (d, J = 8.0 Hz, 2H), 8.39 (s, 1H), 8.51 (s, 1H), 9.03 (s, 0 %

102



1H), 12.81 (s, 1H) ppm; ESI-MS: m/z 544 [M+H]"; Anal. calcd. for C27H21N506S: C, 59.66; H,
3.89; N, 12.88; S, 5.90. Found: C, 59.62; H, 3.85; N, 12.83; S, 5.95%.

(E)-Methyl-2-(4-ox0-2-((E)-2-((3-(2-0x0-2H-benzo[h]chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)-thiazol-5(4H)-ylidene)acetate (1k)
Color: yellow solid; mp: 250-252 “C; yield: (0.590g, 93%); IR
(KBr, Wave number, cm?): 1639 (C=0 of amide), 1719 (-C=0
of ester), 3440 (NH); PMR (400 MHz, DMSO-dg): ¢ 3.69 (s,
3H), 6.57 (s, 1H,), 7.44 (s, 1H), 7.60 (t, J = 8.0 Hz, 2H), 7.69-
7.72 (m, 2H), 7.96-8.11 (m, 4H), 8.27 (d, J = 8.0 Hz, 1H), 8.55
(s, 1H), 8.71 (d, J = 8.0 Hz, 1H), 9.07 (s, 1H), 9.16-9.22 (m,
1H),12.76 (s, 1H) ppm; ESI-MS: m/z 550 [M+H]"; Anal. calcd. for C29H19N50sS: C, 63.38; H,
3.48; N, 12.74; S, 5.83. Found: C, 63.34; H, 3.43; N, 12.70; S, 5.88%.
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CHAPTER-VI

ONE-POT MULTICOMPONENT SYNTHESIS OF (E)-2-
(BENZYLIDENEAMINO)-5-MERCAPTO-4H-1,2,4-TRIAZOL-3-YL)-2,3-
DIHYDROPHTHALAZINE-1,4-DIONES



INTRODUCTION

Phthalazines are nitrogen containing heterocyclic compounds. These scaffolds had
significant importance in drug discovery, medicinal, synthetic and material chemistry.!?
Phthalazines bearing triazole show enhanced therapeutic activity® and possess anti-
inflammatory,* anticancer,® antibacterial,® anticonvulsant,” antitumor,® antimicrobial,®
antitrypanosomal,'® vasorelaxant!! and anti-Alzheimer activities.?
The following is short review of related literature.
General methods of synthesis of phthalic anhydrides.
‘Bayoumi et al.!® synthesized 2-phenyl-2,3-dihydrophthalazine-1,4-dione (1) by using
phthalic anhydride with phenyl hydrazine in presence of aqueous ethanolic acid and HCI.

PhNHNH,,
o) H,O0,

0
@[é CH,;COOH, HCI ©¢NH
0) - .
N
0 0 O
1

Poli et al.} synthesized 2-phenyl-2,3-dihydrophthalazine-1,4-dione (1) starting from phenyl

hydrazine and phthalic anhydride.

aN 2 o o
10% HCI
O - XD e w0
N
0 @0
1

2-[4-(4-Methylphenyl)thiazol-2-yl]-2,3-dihydrophthalazine-1,4-diones (2) were synthesized
by Chunduru et al.'® 2-Bromo-1-phenyl ethanone was condensed with thiosemicarbazide and

phthalic anhydride in a mixture of ethanol and small amount of ethanoic acid to give 2.

0
/@)K/Br
NH + 0
R HzN 2 EtOH, 60-65 °
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1,4-Dioxo-3,4-dihydrophthalazine-2(1H)-carbothioamides (3) were synthesized by Cardia et
al.’® by reacting phthalic anhydride with thiosemicarbazide in acetic acid and isopropyl

alcohol under reflux.

S
1 H,N" N 2 1
R o 2 H . R NJ\NHz
R1! Isopropyl alcohol/AcOH  R1! NH
Rt O Reflux, 1.5 h R!11Q
3

Prime et al.}” found phthalic anhydride and phenyl hydrazine are useful for the synthesis of 2-

phenyl-2,3-dihydrophthalazine-1,4-diones (1).

.NH,
0 HN (0]
Crb+ O o
(0] (o) \©
1

Hamad et al'® prepared  (2)-2-(5-(benzylideneamino)-1,3,4-thiadiazol-2yl)-2,3-

dihydrophthalazine-1,4-diones (4). Reaction of thiosemicarbazide with carbon disulfide in
sodium hydroxide, ethanol under reflux gave 2-amino-5-mercapto-1,3,4-thiadiazole, which
on treatment with hydrazine hydrate to afford 2-amino-5-hydrazine-1,3,4-thiadiazole. This on
further reaction with phthalic anhydride gave 2-amino-5-(1,2-dihydro phthalazines-3,6-dione-
1-yI)-1,3,4-thiadiazole. Finally the 2-amino-5-dihydro phthalizines-3,6-dione-1-yl)-1,3,4-

thiadiazole on treatment with aromatic aldehydes gave the title compound.
(0]

oo

S NaOH/EtOH N-N NH,NH,.H,0 N-N o N-N g 0
+CS, —— > A\ > I\ _—_— > 1\
HZN)LN-NH2 > Reflux HZNAS)\SH Reflux HZN/(S)\NH HZN/QS/\N
H NH,
o
o
.
Y
N-N g 0
N/«S»\N
/
o
Y

4
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Gao et al.?® studied the reaction between phenyl hydrazine and phthalic anhydride in micro
droplets and in ethanoic acid to give 2-phenyl-2,3-dihydrophthalazine-1,4-dione (1).

Microdroplets

0]

HN'NH2 [0)
O Cro— —
(0] [6) \©

bulk, acetic acid

Reflux, 125 °C,4 h

PRESENT WORK

In the present work we are reporting a series of (E)-2-(benzylideneamino)-5-
mercapto-4H-1,2,4-triazol-3-yl)-2,3-dihydrophthalazine-1,4-diones (8a-1) as shown in the
scheme-1. The following figure indicates biologically active molecules having triazole and

phthalazines ring systems.

/
o Fe R
oy s LA
N _Asy
0 W,
Cl .
Zorolrestat Azelastine
N
NN N-NH

OCH, Br

Schiff base Anticonvulsant Anti oxidant activity
(Anti microbial)

Fig.1. Biologically active molecules containing phthalazines and triazole moieties.
In the present work, we have condensed 5, 6 and 7 compounds in ethanoic acid to

give final products (8a-1).
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R2 O
i R! 0 CHORS
R AcOH R?
+ 0 + f _
R3 80°C, 8 h R™ 0o S
R4 0) R6 R
5 6 7 8a-1 6

Scheme-1. Synthesis of compounds 8a-I.

Reaction of (5), (6) and (7) in dry alcohol under heating afforded 15% of product.
Additionally, the reaction was tried in methanol, methanol and catalytic amount of acetic
acid, methanol and catalytic amount of HCI respectively. Except in ethanoic acid in
remaining solvents the products are formed in low vyields. Therefore, the favourable
condition for the generation of 8 in ethanoic acid.

Table-1. Different substituents and time to form 8a-I.

Entry  Product R! R? R3 R4 R® R® Time (h)
1 8a H H H H H CHs 8
2 8b H H H H H OCHzs 7.5
3 8c H H H H H OH 8
4 8d H H H H OH OEt 7.5
5 8e H H H H H CN 7.5
6 8f H H H H H F 8
7 89 H H H H Cl H 8
8 8h H H H H H Cl 8
9 8i H H H H Cl Cl 7.5
10 8j H H H H H Br 8
11 8k Br Br Br Br H CHs 8
12 8l Br Br Br Br Cl H 8

Reaction between compound (5), Phthalic anhydride (6) and aldehyde (7) is
expected to give compound (9) and (10) or a mixture of 9 and 10 also based on the way in
which ring closure occurs. But in the present study the reaction occurred in such a manner in
which the —-NH-NH of 5 undergone reaction with 6 accompanied by further reaction of
amino functionality of 5 with aromatic aldehyde. This ultimately produced 8a-1 (single
product by TLC). The significant feature of this scheme is that three new linkages like one
N=C and two —N-C=0 are formed at a time under mild conditions. The yields of the products
were 82-93%. From this it is evident that the nature of the solvent and reaction conditions
played an important role in the selective heterocyclization reaction. The structure (9) and (10)

can be discarded based on the spectra.
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RS /N‘E/QN»\SH
o-_N_o RS
R® R¢ R!
R} R? R®
9 10

Final product (8) formation is proposed below. In the first step, condensation of (5)
with phthalic anhydride (6) resulted in the formation of intermediate (11). This on further
reaction with aromatic aldehyde loses water molecule leading to the formation of final

product (8).
o R

2
N-N R NN R r N-N (HOX Oy
/N 3 o
HS/LN%NH "o R} HS/(N)\NHO R HS/ANXN“)H
Uiy, NH g N (HN
NH, U R NH, p— & R4 NH;
0

Scheme-2. Mechanism for the formation of 8a-l.
CONCLUSION

This work describes a novel (E)-2-(benzylideneamino)-5-mercapto-4H-1,2,4-triazol-
3-yl)-2,3-dihydrophthalazine-1,4-dione derivatives synthesis. This reaction gave good to

excellent yields and all the products were purified by recrystallization.

111



EXPERIMENTAL SECTION
Starting materials:

Purpald was prepared by the procedure discussed in the chapter-111. Various aromatic
aldehydes were procured from commercial source.
General procedure for 8a-1 compounds synthesis
An equi milli molar amount of purpald, phthalic anhydride and aromatic aldehyde was
suspended in ethanoic acid. The reaction mixture was refluxed at 80 °C for about 8 h. The
solid produced was filtered and recrystallized from methanol.
SPECTRAL DATA
(E)-2-(5-Mercapto-4-((4-methylbenzylidene)amino)-4H-1,2,4-triazol-3-yl)-2,3-
dihydrophthalazine-1,4-dione (8a).

Color: white solid; mp: 245-247 °C; yield: (0.441g, 85%); IR 0 NN
(KBr, Wave number, cm™): 1604 (C=N), 1738 (carbonyl), 2550 N /QN»\SH
(SH), 3336 (NH); PMR (400 MHz, DMSO-dg): 6 2.41 (s, 3H, NH
CHa), 7.37 (d, J = 8.0 Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H), 7.96-8.03 o [

(m, 4H), 10.07 (s, 1H), 10.16 (s, 1H), 13.37 (s, 1H) ppm; CMR

(100 MHz, DMSO-de): 6 21.7, 124.4, 127.0, 129.2, 129.62, 129.9, H,C

130.1, 136.0, 143.4, 149.1, 161.0, 162.2, 165.7 ppm; ESI-MS: m/z

379 [M+H]"; Anal. calcd. for C1sH14N6O2S: C, 57.13; H, 3.73; N, 22.21; S, 8.47. Found: C,
57.17; H, 3.78; N, 22.25; S, 8.43%.
(E)-2-(5-Mercapto-4-((4-methoxybenzylidene)amino)-4H-1,2,4-triazol-3-yl)-2,3-
dihydrophthalazine-1,4-dione (8b).

Color: white solid; mp: 237-239 °C; yield: (0.463g, 85%); IR 0 N-N
(KBr, Wave number, cm™): 1626 (C=N), 1736 (carbonyl), 2550 N/QN»\SH
(SH), 3445 (NH); PMR (400 MHz, DMSO-ds): ¢ 3.86 (s, 3H, NH
CHg), 7.09 (d, J = 6.8 Hz, 2H), 7.89 (d, J = 7.2 Hz, 2H), 7.95-8.01 0 g

(m, 4H), 9.99 (s, 1H), 10.04 (s, 1H), 13.33 (s, 1H) ppm; CMR

(100 MHz, DMSO-ds): ¢ 56.0, 115.0, 124.3, 125.0, 129.6, 131.2, H,CO

136.0, 149.1, 161.0, 162.5, 163.3, 165.7 ppm; ESI-MS: m/z 395 [M+H]"; Anal. calcd. for
C18H14N6O3S: C, 54.81; H, 3.58; N, 21.31; S, 8.13. Found: C, 54.85; H, 3.54; N, 21.37; S,
8.00%.

(E)-2-(4-((4-Hydroxybenzylidene)amino)-5-mercapto-4H-1,2,4-triazol-3-yl)-2,3-
dihydrophthalazine-1,4-dione (8c).
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Color: white solid; mp: 245-247 °C; yield: (0.463g, 82%); IR (KBr, 0

Wave number, cm™): 1614 (C=N), 1738 (carbonyl), 2550 (SH), @N/QN»\SH
3247 (NH); PMR (400 MHz, DMSO-ds): § 5.48 (s, 1H), 6.8 (d, J = NH /1‘\1

8.0 Hz, 3H), 7.45 (d, J = 8.0 Hz, 3H), 8.21 (s, 2H), 9.79 (s, 1H), 0

10.36 (s, 1H), 12.89 (s, 1H) ppm: CMR (100 MHz, DMSO-ds): &

116.0, 126.2, 128.5, 145.0, 150.2, 159.1, 164.7 ppm; ESI-MS: m/z HO

381 [M+H]"; Anal. calcd. for C17H12N6O3S: C, 53.68; H, 3.18; N, 22.09; S, 8.43. Found: C,
53.65; H, 3.15; N, 22.10; S, 8.46%.
(E)-2-(4-((3-Ethoxy-2-hydroxybenzylidene)amino)-5-mercapto-4H-1,2,4-triazol-3-yl)-
2,3-dihydrophthalazine-1,4-dione (8d).

Color: white solid; mp: 243-245 “C; yield: (0.493g, 86%); IR (KBr, 0

Wave number, cm™): 1635 (C=N), 1736 (carbonyl), 2540 (SH), @N/QN»\SH

3318 (NH); PMR (400 MHz, DMSO-dg): ¢ 1.40 (t, J = 8.0 Hz, 3H),
4.08 (g, J = 8.0 Hz, 2H), 6.81 (t, J = 8.0 Hz, 1H), 6.99 (d, J = 8.0 OH
Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 4H), 9.25 (s,
1H), 9.84 (s, 1H), 10.49 (s, 1H), 13.11 (s, 1H) ppm; CMR (100 | H;C-H,CO
MHz, DMSO-ds + CDCI3): ¢ 15.0, 64.8, 116.9, 118.9, 119.3, 119.6, 124.3, 129.6, 135.9,
147.7, 148.8, 149.2, 158.3, 160.9, 165.6 ppm; ESI-MS: m/z 425 [M+H]*; Anal. calcd. for
C19H16N6O4S: C, 53.77; H, 3.80; N, 19.80; S, 7.55. Found: C, 053.73; H, 3.84; N, 19.85; S,
7.58%.
(E)-4-(((3-(1,4-Dioxo-3,4-dihydrophthalazin-2(1H)-yl)-5-mercapto-4H-1,2,4-triazol-4-
yl)imino)methyl)benzonitrile (8e).

Color: yellow solid; mp: 250-252 °C; yield: (0.432g, 90%); IR 0 NN
(KBr, Wave number, cm™): 1623 (C=N), 1736 (carbonyl), 2774 N/QN»\SH
(SH), 3355 (NH); PMR (400 MHz, DMSO-dg): & 7.97-8.05 (m, NH /1‘\1

6H), 8.18 (d, J = 8.0 Hz, 2H), 10.23 (s, 1H), 10.56 (s, 1H), 13.48 0

(s, 1H) ppm; CMR (100 MHz, DMSO-de): & 114.7, 118.8, 124.4,

129.6, 129.7, 133.3, 136.0, 137.0, 149.2, 158.3, 161.0, 165.6 ppm; NC

ESI-MS: m/z 390 [M+H]"; Anal. calcd. for C1gH11N7O2S: C, 55.52; H, 2.85; N, 25.18; S,
8.23. Found: C, 55.58; H, 2.81; N, 25.14; S, 8.27%.
(E)-2-(4-((4-Fluorobenzylidene)amino)-5-mercapto-4H-1,2,4-triazol-3-yl)-2,3-
dihydrophthalazine-1,4-dione (8f).

Color: white solid; mp: 260-262 °C; yield: (0.415g, 92%); IR (KBr, Wave number, cm™):
1614 (C=N), 1736 (carbonyl), 2550 (SH), 3430 (NH); PMR (400 MHz, DMSO-ds): 6 7.42 (t,
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J = 8.0 Hz, 2H), 7.96-8.07 (m, 6H), 10.13 (s, 1H), 10.23 (s, 1H), O N-N
13.40 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): 0 116.6, 116.8, N/QNB\SH
124.4, 129.3, 129.6, 131.8, 131.8, 136.0, 149.1, 160.9, 161.0, NH
163.8, 165.7, 166.3 ppm. ESI-MS: m/z 383 [M+H]": Anal. calcd. o [

for C17H11FNeO2S: C, 53.40; H, 2.90; N, 21.98; S, 8.39. Found:

C,53.44; H, 2.87; N, 21.94; S, 8.34%. ¥
(E)-2-(4-((2-Chlorobenzylidene)amino)-5-mercapto-4H-1,2,4-triazol-3-yl)-2,3-
dihydrophthalazine-1,4-dione (8g).

Color: white solid; mp: 258-260 °C; yield: (0.442g, 90%); IR O N-N
(KBr, Wave number, cm™): 1637 (C=N), 1733 (carbonyl), 2550 N/QN»\SH
(SH), 3438 (NH); PMR (400 MHz, DMSO-ds): § 7.54 (t, J = 8.0 NH N

Hz, 1H), 7.62-7.67 (m, 2H), 7.97-8.05 (m, 4H), 8.38 (d, J = 8.0 0 § cl
Hz, 1H), 10.21 (s, 1H), 11.07 (s, 1H), 13.48 (s, 1H) ppm; CMR

(100 MHz, DMSO-de): ¢ 124.4, 128.1, 128.5, 129.6, 130.5,

130.6, 134.4, 135.6, 136.0, 149.3, 155.1, 160.8, 165.6 ppm; ESI-MS: m/z 399 [M+H]*; Anal.
calcd. for C17H11CIN6O,S: C, 51.20; H, 2.78; N, 21.07; S, 8.04. Found: C, 51.23; H, 2.75; N,
21.12; S, 8.12%.
(E)-2-(4-((4-Chlorobenzylidene)amino)-5-mercapto-4H-1,2,4-triazol-3-yl)-2,3-
dihydrophthalazine-1,4-dione (8h).

Color: white solid; mp: 248-250 °C; yield: (0.427g, 93%); IR O N-N
(KBr, Wave number, cm™): 1632 (C=N), 1737 (carbonyl), 2550 N/«N»\SH
(SH), 3445 (NH); PMR (400 MHz, DMSO-de): 6 7.47-7.50 (m, NH y

1H), 7.63 (d, J = 8.0 Hz, 2H), 7.67 (d, J = 8.0 Hz, 1H), 7.96-7.98 O g

(m, 2H), 8.00-8.02 (m, 2H), 10.14 (s, 1H), 10.31 (s, 1H), 13.41

(s, 1H) ppm; CMR (100 MHz, DMSO-de): ¢ 124.4, 128.6, 129.6, ci

129.6, 130.9, 131.6, 136.0, 137.7, 149.1, 160.3, 161.0, 165.6 ppm; ESI-MS: m/z 399 [M+H]";
Anal. calcd. for C17H11CIN6O2S: C, 51.20; H, 2.78; N, 21.07; S, 8.04. Found: C, 51.24; H,
2.74; N, 21.10; S, 8.12%.
(E)-2-(4-((2,4-Dichlorobenzylidene)amino)-5-mercapto-4H-1,2,4-triazol-3-yl)-2,3-
dihydrophthalazine-1,4-dione (8i).

Color: white solid; mp: 261-263 °C; yield: (0.481g, 90%); IR (KBr, Wave number, cm™):
1637 (C=N), 1731 (carbonyl), 2550 (SH), 3448 (NH); PMR (400 MHz, DMSO-ds): ¢ 7.48-
7.51 (m, 1H), 7.65-7.71 (m, 2H), 7.87-8.03 (m, 3H), 8.54 (s, 1H), 11.11 (s, 1H), 11.23 (s,
1H), 13.27 (s, 1H) ppm; CMR (100 MHz, DMSO-ds): 0 124.4, 128.0, 128.4, 129.7, 130.2,
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131.2, 133.5, 134.8, 136.0, 139.3, 149.2, 160.8, 165.5, 169.1
ppm; ESI-MS: 433 [M+H]"; Anal.
C17H10CI2N6O2S: C, 47.13; H, 2.33; N, 19.40; S, 7.40. Found: C,
47.17; H, 2.37; N, 19.44; S, 7.35%.

m/z calcd. for

(E)-2-(4-((4-Bromobenzylidene)amino)-5-mercapto-4H-1,2,4-triazol-3-yl)-2,3-

dihydrophthalazine-1,4-dione (8j).

Color: white solid; mp: 264-266 °C; yield: (0.527g, 84%); IR
(KBr, Wave number, cm™): 1632 (C=N), 1737 (carbonyl), 2670
(SH), 3445 (NH); PMR (400 MHz, DMSO-ds): d 5.52 (s, 1H),
7.56-7.63 (m, 4H), 7.79 (t, J = 8.0 Hz, 1H), 7.91-8.03 (m, 2H),
8.29 (s, 1H), 10.79 (s, 1H), 12.98 (s, 1H) ppm; CMR (100 MHz,
DMSO-de): 0 122.7, 124.4, 128.7, 129.6, 131.0, 132.2, 132.6,

134.4, 136.0, 143.1, 149.9, 165.0 ppm; ESI-MS: m/z 445 [M+2]; Anal. calcd. for
C17H11BrNsO-S: C, 46.06; H, 2.50; N, 18.96; S, 7.23. Found: C, 46.12; H, 2.54; N, 18.92; S,

7.20%.

(E)-5,6,7,8-Tetrabromo-2-(5-mercapto-4-((4-methylbenzylidene)amino)-4H-1,2,4-

triazol-3-yl)-2,3-dihydrophthalazine-1,4-dione (8k).

Color: pale yellow solid; mp: >300 °C; yield: (0.815g, 85%);
IR (KBr, Wave number, cm™): 1639 (C=N), 1748 (carbonyl),
2660 (SH), 3435 (NH); PMR (400 MHz, DMSO-ds): 6 2.41 (s,
3H, CH3), 7.32 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.0 Hz, 2H),
9.88 (s, 1H), 10.32 (s, 1H), 13.47 (s, 1H) ppm; CMR (100
MHz, DMSO-ds): ¢ 21.8, 121.9, 129.0, 129.1, 129.6, 129.9,

H,C

138.1, 143.6, 148.5, 161.0, 161.8, 163.6 ppm; ESI-MS: m/z

694 [M+H]"; Anal. calcd. for C1gH10BrsaNeO3S: C, 31.15; H, 1.45; N, 12.11; S, 4..62. Found:

C, 31.18; H, 1.48; N, 12.14; S, 4.67%.
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(E)-5,6,7,8-Tetrabromo-2-(4-((2-chlorobenzylidene)amino)-5-mercapto-4H-1,2,4-
triazol-3-yl)-2,3-dihydrophthalazine-1,4-dione (8l).

Color: white solid; mp: >300 °C; yield: (0.793g, 90%); IR Br o

(KBr, Wave number, cm™?): 1628 (C=N), 1727 (carbonyl), Br /2”;\
2550 (SH), 3412 (NH); PMR (400 MHz, DMSO-de): 6 7.29 |Br IEIH E SH
(s, 1H), 7.42 (s, 2H), 8.2 (d, J = 8.0 Hz, 1H), 9.61 (s, 1H), Br g -

11.13 (s, 1H), 13.08 (s, 1H) ppm; CMR (100 MHz, DMSO- ¢l

de + CDCl3): ¢ 122.0, 128.0, 128.4, 129.0, 130.3, 130.5,
134.3, 135.6, 138.2, 148.9, 155.6, 160.9, 161.7 ppm; ESI-MS: m/z 714 [M+H]"; Anal. calcd.
for C17H7BrsCINsO.S: C, 28.58; H, 0.99; N, 11.76; S, 4.49. Found: C, 28.52; H, 1.03; N,
11.73; S, 4.45%.
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SUMMARY




The thesis is entitled “Synthesis of New Heterocyclic Compounds using Multicomponent
Approach” and it consists of six chapters, out of which five chapters (11/111/1\VV/VV/V1) deal
with the synthesis of different heterocyclic compounds relying on the use of multicomponent
approach as a common theme. The introduction part (Chapter-1) gives brief overview of
multicomponent reactions, highlighting their applications in organic synthesis and their uses
in the synthesis of biologically active compounds.

CHAPTER-I

A micro review on multicomponent condensation reactions and their uses in the

synthesis of biologically active compounds
INTRODUCTION

A reaction in which three or more reactants! come together in a reaction vessel and
forms a product which contains, portions of all the reactants is called multicomponent
condensation reaction (MCR). The multicomponent reaction strategies offer significant
advantages over conventional linear type of synthesis to provide products with the diversity
needed for the discovery of new lead compounds or lead optimization employing
combinatorial chemistry.?® The multicomponent reaction can be carried out either in solid
phase or in solution phase to achieve the target products in very fast and efficient manner
without the isolation of any intermediate. As a result, it has been recognized as environmental
friendly and acceptable from ‘Green chemistry’ perspective. It is obvious that the
implementation of such strategies allows minimization of both waste production and
expenditure of human labor.*® In recent years, the discovery of novel protocols using
multicomponent strategy has become an increasingly active area of research for generating
new chemical scaffolds for drug discovery program,® bioactive molecules’ and natural
product synthesis.®® Thus, we have selected the development of new methodologies by
applying multicomponent strategy as our research program.

3-Acetyl coumarins,'®* phenacyl bromides,*?'? 3-(2-bromoacetyl)coumarin,* 4-
amino-5-hydrazinyl-4H-1,2,4-triazole-3-thiol,*® thiocarbohydrazide!® and 1-phenyl-3-(2H-1-
benzopyran-2-one-3yl)-4-formylpyrazole!’ are key intermediates in the synthesis of
heterocyclic systems. The reactivity of these key intermediates is also discussed.

In this research program, we have synthesized a number of heterocyclic molecules
through multicomponent strategy and developed novel synthetic methodologies for these

transformations successfully. The total research contribution is formatted into thesis.



Objectives of the present work are mentioned and outlines of the work carried out in
the present investigations are given.
CHAPTER-II
A NOVEL ONE-POT EXPEDITIOUS SYNTHESIS OF 24-DISUBSTITUTED
THIAZOLES VIA A THREE COMPONENT REACTION UNDER SOLVENT-FREE
CONDITIONS

This chapter includes a short review of related literature on the synthesis and

importance of 2,4-disubstituted thiazoles.

A convenient one-pot method for the synthesis of 2,4-disubstituted thiazoles (4/5/6a-
m) gave good to excellent yields. Cyclocondensation reaction of an equimolar amount of
phenacyl bromide or 3-(2-bromoacetyl) coumarin, thiosemicarbazide and cyclic ketone under
solvent-free conditions at room temperature afforded the corresponding 2,4-disubstituted
thiazoles (4/5/6a-m).

In the one step solvent free synthesis (Scheme-1, method-1), it is believed that the
phenacyl bromides or 3-(2-bromoacetyl)coumarin react with thiosemicarbazide to give the
corresponding intermediate 2-hydrazino-4-substituted thiazoles followed by the reaction with

cyclic ketones to afford the target compounds (4, 5 and 6).

Scheme-1:
4/5/6a-m
R
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Dry EtOH s/k N \Q
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R)J\/Br +IIaNJ\NNH3 + () or mR] = i S H O
T H
2 1
1 3 R' = H, OCH, S R
S R
N
L 5 Zf»\NN\
S H
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R\EN.N R\EN.FI R\EN.N R
S)\N: i SAN@ S)\Nrgj
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The alternative possible condensed products (7), (8), (9) from (1), (2), (3) can be rejected on
the basis of the analytical and spectral data.



Entry  Product R R?

1 4 Phenacyl -
2 5 6,8-Dibromo-3-coumarinyl -
3 6a Phenacyl H
4 6b 4-Bromo phenacyl H
5 6c 4-Chloro phenacyl H
6 6d 2,4-Dichloro phenacyl H
7 6e 4-Nitro phenacyl H
8 6f 6-Bromo-3-coumarinyl H
9 69 6,8-Dibromo-3-coumarinyl H
10 6h 8-Methoxy-3-coumarinyl H
11 6i Phenacyl 6-OCHs
12 6] 4-Chloro phenacyl 6-OCHs
13 6k 4-Nitro phenacyl 6-OCHs
14 6l 6,8-Dibromo-3-coumarinyl 6-OCHs
15 6m 6-bromo-8-methoxy-3-coumarinyl 6-OCHs

In conclusion, we have successfully synthesized a novel 2,4-disubstituted thiazoles
via a multicomponent approach involving without solvent. The method had the advantages of
mild reaction conditions, good to excellent yields, one-pot and operational simplicity.
CHAPTER-I11I

EFFICIENT MULTICOMPONENT SYNTHESIS OF NEW (E)-(3-(2-(4-
METHOXYBENZYLIDENE)HYDRAZINYL)-6-(4-METHOXYPHENYL)-6,7-
DIHYDRO-5H-[1,2,4]TRIAZOLO[3,4-B][1,3,4] THIADIAZIN-7-
YL)(PHENYL)METHANONES AND A FACILE ONE-POT SYNTHESIS OF 3-(4-
CHLOROPHENYL)-1-(6-PHENYL-7H-[1,2,4]TRIAZOLO[3,4-B][1,3,4] THIADIAZIN-
3-YL)-1H-PYRAZOL-5-AMINES VIA MULTICOMPONENT APPROACH

This chapter is divided into two sections.

SECTION-A

EFFICIENT MULTICOMPONENT SYNTHESIS OF NEW (E)-(3-(2-(4-
METHOXYBENZYLIDENE)HYDRAZINYL)-6-(4-METHOXYPHENYL)-6,7-
DIHYDRO-5H-[1,2,4]TRIAZOLO[3,4-B][1,3,4] THIADIAZIN-7-
YL)(PHENYL)METHANONES

Condensation of purpald (10) with two equivalents of aromatic aldehydes (11) and

various phenacyl bromides (1) in absolute ethanol and catalytic amount of EtsN at 60 °C gave
[1,2,4]triazolo[3,4]thiadiazines (12a-p) with good to excellent yields (Scheme-2). Similarly
condensation of purpald (10) with two equivalents of aromatic aldehydes (11) and various

phenacyl bromides gave corresponding Schiff bases (14a-b).
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The alternative possible condensation products such as (13) from the reaction between

(10), (11) and (1) can be ruled out on the basis of their analytical and spectral data.

Entry  Product R R! R?
16 12a OCHs H H
17 12b OCHs Br H
18 12c OCHs Cl H
19 12d OCHs Cl Cl
20 12e OCHs F H
21 12f OCHs CHs H
22 129 OCHs OCHzs H
23 12h OCHs NO: H
24 12i CHs H H
25 12] CHs Br H
26 12k CHs Cl H
27 121 CHs Cl Cl
28 12m CHs F H
29 12n CHs CHs H
30 120 CHs OCHz3 H
31 12p CHs NO, H
32 14a OCHzs OCHz3 H
33 14b OCHs F H




In summary, we described an efficient MCR for the synthesis of title compounds in a
simple procedure. The speciality of this reaction is that it involves shorter reaction time, good
yields, simple experimental conditions, easy work, operational simplicity and clean reaction
profiles.

SECTION-B

A FACILE ONE-POT SYNTHESIS OF 3-(4-CHLOROPHENYL)-1-(6-PHENYL-7H-
[1,2,4]TRIAZOLO[3,4-B][1,3,4]THIADIAZIN-3-YL)-1H-PYRAZOL-5-AMINES  VIA
MULTICOMPONENT APPROACH

Condensation of purpald (10) with phenacyl bromides (1) in ethanol, at 70 °C resulted
in the formation of 3-hydrazinyl-6-phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazines (16a-
m). The in situ formed intermediate (16) reacts with phenacyl nitriles and one or two drops
of acetic acid to afford the 3-(4-chlorophenyl)-1-(6-phenyl-7H-[1,2,4]triazolo[3,4-
b][1,3,4]thiadiazin-3-yl)-1H-pyrazol-5-amines (17a-m) (Scheme-3). This reaction involves in
the formation of fused triazolothiadiazine and pyrazole rings simultaneously in one pot
operation.

Scheme-3:
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Entry  Product R R! R?
34 17a Cl H H
35 17b Cl CHs H
36 17¢c Cl Cl H
37 17d Cl F H
38 17e Cl OCHs H
39 17f H H H
40 179 H Br H
41 17h H CHs H
42 17i H Cl Cl
43 17] H F H
44 17k H OCHs H
45 171 Cl Ph H
46 17m H H CHs

3-(4-chlorophenyl)-1-(6-phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-1H-
pyrazol-5-amines (17a-m) are obtained by using readily available starting materials. This
synthetic method has more advantages such as shorter reaction time, no use of harsh reaction
conditions, easy work up procedure and good to excellent yields of the products.
CHAPTER-1V
ONE-POT MULTICOMPONENT SYNTHESIS OF THIAZOLYL HYDRAZONO
THIAZOLAMINES AND 1,3,4-THIADIAZINYL HYDRAZONO THIAZOLAMINES

In this chapter a brief introduction to the synthetic methods of thiazolyl hydrazono

thiazolamines and 1,3,4-thiadiazinyl hydrazono thiazolamines has been given.

The synthesis of thiazolyl hydrazono thiazolamines by a one-pot four component
reaction has been reported by the condensation of thiourea, 3-chloroacetyl acetone,
thiosemicarbazide and phenacyl bromide or 3-(2-bromoacetyl)coumarins in acetic acid
(Scheme-4, method-1). In this method the intermediate formed in the first step 2-amino-4-
methyl-5-acetyl thiazole reacts with thiosemicarbazide and phenacyl bromides or 3-(2-
bromoacetyl)-2H-chromen-2-ones to give final products 20a-I.

Scheme-4. Method-1: One-pot multicomponent synthesis of 20a-l. (Four component

condensation)
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Scheme-5. Method-2: Step wise or unambiguous synthesis of 20a-l. (A three component

condensation)

AcOH N
“NH
HzN/k/i{ HzN N NH2 + )K/Br HzN/Qi(

20a-1

Entry Product R

47 20a Phenacyl

48 20b 4-Fluoro phenacyl

49 20c 2,4-Dichloro phenacyl

50 20d 4-Bromo phenacyl

51 20e 4-Nitro phenacyl

52 20f 4-Methyl phenacyl

53 209 4-Methoxy phenacyl

54 20h 3-Coumarinyl

55 20i 6-Bromo-3-coumarinyl

56 20j 6-Chloro-3-coumarinyl

57 20k 6,8-Dibromo-3-coumarinyl

58 201 8-Methoxy-3-coumariny!l

Reaction of 2-amino-4-methyl-5-acetylthiazole, thiosemicarbazide, phenacyl bromide
or 3-(2-bromoacetyl)-2H-chromen-2-ones in acetic acid under reflux conditions gave the
corresponding cycloproducts thiazolyl hydrazono thiazolamines (Scheme-5, method-2).

The yields of method-1 are good (93%) compared to method-2 (80%). The products
obtained by both the methods are same on the basis of their mixed melting points, identical
TLC and infrared spectra. In the present case first method was more preferable than second
method. This is due to advantages in first method.

In a similar way, the synthesis of 1,3,4-thiadiazinyl hydrazono thiazolamines (23) was
also described. Condensation of thiourea, 3-chloroacetyl acetone, thiocarbohydrazide,
phenacyl bromide or 3-(2-bromoacetyl)-2H-chromen-2-ones in acetic acid resulted in the
formation of products 23 (Scheme-6, method-1).

Scheme-6. Method-1: One-pot multicomponent synthesis of 23a-k (Four component

condensation)
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Condensation of equimolar amounts of 2-amino-4-methyl-5-acetyl thiazole,
thiocarbohydrazide and phenacyl bromide or 3-(2-bromoacetyl)-2H-chromen-2-ones in acetic
acid under reflux conditions gave the target products (23) (Scheme-7, method-2).

Scheme-7. Method-2: Stepwise or unambiguous synthesis of 23a-k (A three component
condensation)

N+ S 0 AcOH N
/ ~
HzN/kS +HN N, + L Br /4 NH

H H
21 22 1 23a-k
R
Entry Product R!
59 23a Phenacyl
60 23b 4-Nitro phenacyl
61 23cC 4-Fluoro phenacyl
62 23d 2,4-Dichloro phenacyl
63 23e 4-Bromo phenacyl
64 23f 4-Methoxy phenacyl
65 239 4-Phenyl phenacyl
66 23h 3-Coumarinyl
67 23i 6-Bromo-3-coumarinyl
68 23] 6,8-Dibromo-3-coumarinyl
69 23k 8-Methoxy-6-nitro-3-coumarinyl

The products formed by both the methods were found to be same on checking melting
points, co-TLC and infrared spectra. In the present study method-1 was preferable over
method-2. This is due to advantages in method-1. The structures of new products were
established based on their spectra.

In gist, we have developed novel thiazolyl hydrazono thiazolamines and 1,3,4-
thiadiazinyl hydrazono thiazolamines via a one pot multi component approach. The method
had the advantages of mild reaction conditions, easy work up, no column chromatographic

purification and good to better yields.
CHAPTER-V

ONE-POT, FIVE COMPONENT SYNTHESIS OF (E)-ETHYL 2-(2-((E)-2-(1-(4-
METHYL-2-(PHENYLAMINO)THIAZOL-5YL)ETHYLIDENE)HYDRAZINYL)-4-
OXOTHIAZOL-5(4H)-YLIDENE)ACETATES AND ONE POT
MULTICOMPONENT SYNTHESIS OF (E)-ETHYL 2-(4-OX0-2-((E)-2-((3-(2-OXO-
2H-CHROMEN-3-YL)-1-PHENYL-1H-PYRAZOL -4-
YL)METHYLENE)HYDRAZINYL)THIAZOL-5(4H)-YLIDENE)ACETATES
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This chapter is divided into two sections.
SECTION-A
ONE-POT, FIVE COMPONENT SYNTHESIS OF (E)-ETHYL2-(2-((E)-2-(1-(4-
METHYL-2-(PHENYLAMINO)THIAZOL-5YL)ETHYLIDENE)HYDRAZINYL)-4-
OXOTHIAZOL-5(4H)-YLIDENE)ACETATES

Reaction of one mole of each aromatic amine, ammonium thiocyanate, 3-
chloroacetylacetone in polyethylene glycol under reflux condition afforded 28 as an
intermediate (not isolated). Later on addition of one mole of each thiosemicarbazide and
dialkylacetylene dicarboxylate under reflux gave target compounds with good vyields
(scheme-8 and 9). This is a five component condensation reaction to produce highly
functionalized thiazolothiazolidinones.
Scheme-8. Method-1: One pot multicomponent synthesis of compounds 27a-0

3
NH, 0 R

R! R N
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270
Condensation of 2-arylamino-4-methyl-5-acetyl thiazoles with thiosemicarbazide and
dialkylacetylene dicarboxylates resulted in the formation of products 27a-n.
Scheme-9: Method-2. Stepwise or unambiguous synthesis of 27a-n (A three component

condensation).
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Entry  Product R R? R? R3
70 27a OEt H H H
71 27b OEt H H CHs
72 27¢c OEt CHs CH3 H
73 27d OEt H OCHs H
74 27e OEt H H OCH3
75 27f OEt H OH H
76 279 OEt H cl H
7 27h OEt H H Cl
78 27i OEt H NO> H
79 27] OCHs H H H
80 27k OCH3 H OCH3 H
81 271 OCH3 H OH H
82 27m OCH3 H Cl H
83 27n OCH3 H H Cl
84 270 OCH;s - - -

We have achieved a straight forward one-pot five component synthesis of 27 using
PEG-400 as a greener solvent with high yields. Several specialities of this domino reaction
are less time, metal-free, easy work up, no columns chromatography application, utilisation
of no hazardous organic solvents, ease of recovery of solvent and its reuse.

SECTION-B

ONE POT MULTICOMPONENT SYNTHESIS OF (E)-ETHYL 2-(4-OXO-2-((E)-2-
((3-(2-OX0O-2H-CHROMEN-3-YL)-1-PHENYL-1H-PYRAZOL-4-
YL)METHYLENE)HYDRAZINYL)THIAZOL-5(4H)-YLIDENE)ACETATES.
Condensation of  1-phenyl-3-(2H-1-benzopyran-2-one-3yl)-4-formylpyrazole  with
thiosemicarbazide and dialkylacetylene dicarboxylates in dry ethanol under reflux led to the

formation of title compounds in good to excellent yields as shown in scheme-10.
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R
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Entry Product R R? R?
85 30a OEt H H
86 30b OEt H Cl
87 30c OEt H Br
88 30d OEt OCHjs H
89 30e OEt OEt H
90 30f OCHs H H
91 30g OCHjs H Cl
92 30h OCHjs H Br
93 30i OCHs OCHs H
94 30j OCHs OEt H

95 30k OCHs;  Naphthyl -

The advantages of the above reactions are operational simplicity, green solvent
medium, mild reaction condition, easy workup procedure, no column chromatography for the
purification of compounds, good to excellent yields and catalyst-free conditions.
CHAPTER-VI
SYNTHESIS OF (E)-2-(BENZYLIDENEAMINO)-5-MERCAPTO-4H-1,2,4-
TRIAZOL-3-YL)-2,3-DIHYDROPHTHALAZINE-1,4-DIONES THROUGH ONE-
VESSEL MULTICOMPONENT METHOD.

Reaction of purpald, phthalic anhydride and aromatic aldehyde in acetic acid gave the

final products (E)-2-(benzylideneamino)-5-mercapto-4H-1,2,4-triazol-3-yl)-2,3-
dihydrophthalazine-1,4-diones (Scheme-11) with good yields.
Scheme-11:
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Entry  Product R? R? R3 R* RS R®
96 34a H H H H H CHs
97 34b H H H H H OCHs3
98 34c H H H H H OH
99 34d H H H H OH OEt
100 34e H H H H H CN
101 34f H H H H H F
102 34¢ H H H H Cl H
103 34h H H H H H Cl
104 34i H H H H Cl Cl
105 34j H H H H H Br
107 34k Br Br Br Br H CHs
108 341 Br Br Br Br Cl H

The reaction gave good to excellent yields and all the products were purified by

recrystallization.
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An expeditious one pot method has been developed for the synthesis Received 6 September 2017

of 2,4-disubstituted thiazoles under solvent free conditions via a

multicomponent approach. Substituted thiazoles were synthesized 2.4-Disubstituted thiazoles;

with high yields by the reaction of cyclic ketones, thiosemicarbazide, cyclic ketones;

and phenacyl bromides or 3-(2-bromoacetyl)-2H-chromen-2-ones in a cyclocondensation;

shorter reaction time with high purity via simple purification multicomponent reactions;

technique. phenacyl bromides;
thiosemicarbazone
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Introduction

Multicomponent reactions are simple efficient,!) convergent, diversity oriented
reactions,'>?! in which three are more reactants come together in a single reaction
operation to form a desired novel product in which all the reactants are incorporated into
the product. One-pot multicomponent approach is the best method of synthesis of
complex heterocyclic molecules,*! it involves minimum number of steps, there is no
isolation of intermediate, without use of noxious solvents, shorter reaction time, easy work
up procedure to give good to excellent yields.

Coumarins are important pharmacophores in medicinal chemistry and have biological
activities,') such as cytotoxic, anti-inflammatory,”’ antituberculosis,'®! antibacterial,'”’
antiviral, ' herbicidal,"""! anti-HIV agent,!*?! and antioxidant."*! Significantly coumarin
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Figure 1. Some of the representative examples of biologically potent compounds bearing thiazole
scaffold.

derivatives are used as luminescent materials,'* inhibition of platelet aggregation,”’

allosteric MEK1 inhibitor*® and also acts as free radical scavengers.!”

In the recent years, thiazole!"®'*! and its derivatives attained considerable interest
due to their wide variety of biological and pharmacological activities,'*), such as
antiproliferative,?"! anticancer,’*? antimalarial,’”® anti-HIV,"** antimicobacterial,'**’
anti-inflammatory!®® and antihypertensive agents. Moreover thiazole and its derivatives
being a structural framework in variety of biologically important natural, semi-synthetic,
and synthetic drugs’®”! (Fig. 1). Besides, actinomycete member’s producing complex
naturally occurring antibiotics which are thiazole embedding secondary metabolites.'**

In view of various physiological activities associated with coumarins and thiazoles,
our current studies are focused on the development of new routes for the synthesis of
thiazoles incorporating both aryl and coumarin moieties. We have developed a one-pot
multicomponent reaction for the synthesis of title compounds assuming that the resulting
compounds may possess good biological activities.

2,4-Disubstituted thiazoles were generally synthesized by various methods. The most
common method involves the Hantzsch thiazole synthesis. This involves condensation
of a -halogeno ketones with thiourea or thioamides.”>*° King and co-workers!*'~**
synthesized 2,4-disubstituted thiazoles by replacing a-halogenoketones with ketone and
halogen. Despite of this modification, the method of King and co-workers is cumbersome
and time taking process (24-25 h).

Results and discussion

By considering the importance of the heterocyclic moieties and in continuation of
our earlier work on the development of biologically important heterocyclic
compounds containing nitrogen and sulfur atoms,”****! we designed synthesis of novel
2,4-disubstituted thiazoles, using a multicomponent approach involving modified
Hantzsch thiazole synthesis at room temperature. An equimolar mixture of phenacyl
bromide or 3-(2-bromoacetyl)-2H-chromen-2-one, thiosemicarbazide and cyclic ketone
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was stirred for 5 min at room temperature to afford the corresponding 2,4-disubstituted
thiazoles (4, 5, and 6a-m) with good to excellent yields (85-95%) (Table 1).

In the one step solvent free synthesis (Scheme 1, method 1), it is believed that the phe-
nacyl bromides or 3-(2-bromoacetyl) coumarins react with thiosemicarbazide to give the
corresponding intermediate 2-hydrazino-4-substituted thiazoles followed by the reaction
with cyclic ketones to afford the target compounds (4, 5, and 6).

We have synthesized compounds 4, 5, and 6 by a one pot condensation of three reac-
tants in ethanol at 60 °C (method 2) and also we have performed the synthesis of 4, 5, and 6
by unambiguous method (Scheme 2, method 3). In the method 3, condensation of various
phenacyl bromides or 3-(2-bromoacetyl) coumarins with thiosemicarbazide to give corre-
sponding 2-hydrazino-4-substituted thiazoles (8). These on treatment with cyclic ketones
resulted in the formation of 4, 5, and 6 through a two-step process. The products obtained
by all the three methods were found to be identical by their mixed melting point measure-
ments, co-TLC, and IR spectra. In the present investigation, method 1 was used as it has
more advantages, such as higher yields, shorter reaction times, milder reaction conditions,
one pot, solvent free and easy reaction workup. In method 2 the overall yields were 75-85%
and this method was not used for the synthesis of title compounds. The intermediates
2-hydrazino-4-aryl thiazoles and 2-hydrazino-4-coumarinyl thiazoles were synthesized
by following the literature procedures.!***”!

Method 3

Reaction between phenacyl bromide or 3-(2-bromoacetyl) coumarin, thiosemicarbazide
and cyclic ketone is expected to give the compound 4/5/6 or corresponding N-cyclopenty-
lidine (9), cyclohexylidene (10), and 3,4-dihydronaphthalene-1(2H)-ylidene-5-substituted-
6H-1,3,4-thiadiazines (11) or both depending on the mode of cyclization and reaction
conditions used. In the present investigation the reaction between 1 and 2 proceeds
selectively in such a way that the thioamide of 2 undergoes cyclization to give only
2,4-disubstituted thiazoles. The reaction conditions played a crucial role in the selective
hetero cyclization. The alternate products 9, 10, and 11 can be rejected on the basis of
spectral studies (IR, NMR, 13C, and Mass).

Table 1. Synthesis of compounds (4, 5, and 6a—m) and their corresponding yields.

Entry R R1 Yields (%) (method 1)
4 Phenacyl — 95
5 6,8-Dibromo-3-coumarinyl — 95
6a Phenacyl H 96
6b 4-Bromo phenacyl H 91
6¢ 4-Chloro phenacyl H 90
6d 2,4-Dichloro phenacyl H 96
6e 4-Nitro phenacyl H 95
6f 6-Bromo-3-coumarinyl H 96
6g 6,8-Dibromo-3-coumarinyl H 93
6h 8-Methoxy-3-coumarinyl H 92
6i Phenacyl 6-OCH3 97
6j 4-Chloro phenacyl 6-0OCH; 93
6k 4-Nitro phenacyl 6-OCH; 95
6l 6,8-Dibromo-3-coumarinyl 6-OCH3 92

6m 6-Bromo-8-methoxy-3-coumarinyl 6-OCH; 85
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Scheme 1. Synthesis of 2,4-disubstituted thiazoles via multicomponent approach.
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Scheme 2. Unambiguous synthesis of 2,4-disubstituted thiazoles.

The formation of the products (4, 5, and 6) can be explained (Scheme 3), by the intra
molecular cyclization of a-thioketone (7) to give 2-hydrazino-4-substituted thiazole (8).
This intermediate undergoes intermolecular condensation reaction with cyclic ketone to
give final compounds (4, 5, and 6).
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Scheme 3. Plausible mechanism for the synthesis of 2,4-disubstituted thiazoles.
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All the structures of newly synthesized compounds have been confirmed by their
spectral data. The IR spectrum of compound 6¢ shows prominent peaks at 3450-
3030 cm ™ (b, m to different NH stretchings), 1609 cm™' (C=N-) stretching vibrations,
respectively. The 'H-NMR spectrum of compound 6c gave prominent peaks for three
CH, protons of tetralone at § 2.04 (t, ] = 5.2 Hz, 2H), 2.82 (s, 2H) and 2.91 (t, ] = 6.0 Hz,
2H), respectively. Thiazole proton appeared as singlet at § 6.77. The NH proton appeared
at § 12.34. The peaks of the remaining aromatic protons were observed in the usual region.
°C NMR spectrum of 6¢ shows three non-equivalent methylene carbons of tetralone ring
at 8 21.74, 26.51, and 29.32 ppm respectively and thiazole carbon appeared at &
105.37 ppm. Whereas the remaining aromatic carbons were observed in the usual region.
The mass spectrum of 6c exhibited [M+H]" peak at m/z 354 as base peak.

Experimental section

All the chemicals which were used in the present study were purchased from commercial
sources and used further without any purification. Melting points were determined in open
capillaries with a Stuart melting point apparatus (Mumbai, India) and were uncorrected.
IR spectra were recorded on Perkin Elmer Spectrum 100S spectrophotometer. "H-NMR
spectra were recorded on Bruker WM-400 spectrometer in § ppm using TMS as the
standard, ESI-MS spectra were recorded on JEOL JMSD-300 spectrometer. Elemental
analyses were performed on a Carlo Erba EA 1108 automatic elemental analyzer,
compounds purity was checked by TLC plates (E Merck, Mumbai, India). The supplemental
materials contain "H and ">C NMR spectra of products 4, 5, and 6.

General procedure for the synthesis of 2,4-disubstituted thiazoles (method 1)

An equimolar amount of phenacyl bromide or 3-(2-bromoacetyl)-2H-chromen-2-one,
thiosemicarbazide and cyclopentanone/cyclohexanone/tetralone were taken in a round
bottom flask and stirred at room temperature for about 5 min. The progress of the reaction
was monitored through TLC using ethyl acetate and n-hexane (40%). After completion of
the reaction, the separated solid was filtered, washed with ether to remove unreacted cyclic
ketone and dried. The product was purified by recrystallization from methanol.

2-(2-Cyclopentylidenehydrazinyl)-4-phenylthiazole (4)

Phenacyl bromide (199 mg, 1mmol), thiosemicarbazide (91 mg, 1mmol), and
cyclopentanone (0.5mL, 4 mmol) were stirred at room temperature for 5min. The
solid separated was filtered and washed with ether to remove unreacted cyclic ketone.
The product was recrystallized from methanol. Black solid; mp 142-143 °C; yield (95%);
IR (KBTI, Via cm Y): 3437-3053 (b, m to different NH stretching), 1628 (-C=N-); 'H
NMR (400 MHz, CDCls): & 1.80-1.87 (m, 2H), 1.90-1.96 (m, 2H), 2.5-2.57 (m, 4H),
6.74 (s, 1H), 7.38-7.42 (m, 1H), 7.44-7.48 (m, 2H, ArH), 7.74 (d, J=7.6 Hz, 2H);
>C NMR (100 MHz, CDCl5): § 24.83, 24.95, 29.91, 33.28, 101.67, 125.60, 129.13, 129.33,
129.79, 143.69, 168.90, 169.27. ESI-MS, m/z (%): 258 (M+H)'; anal. caled for
CH5N5S, C, 65.34; H, 5.87; N, 16.33; S, 12.46%. Found: C, 65.30, H, 5.84; N, 16.39; S,
12.42.
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6,8-Dibromo-3-(2-(2-cyclohexylidenehydrazinyl) thiazol-4-yl)-2h-chromen-
2-one (5)

6,8-Dibromo-3-(2-bromoacetyl)-2H-chromen-2-one (425 mg, 1 mmol), thiosemicarbazide
(91 mg, 1 mmol) and cyclohexanone (0.5 mL, 4 mmol) were stirred at room temperature
for 5 min. The solid separated was filtered and washed with ether to remove unreacted
cyclic ketone. The product was recrystallized from methanol. Yellow solid; mp 172-
173 °C; yield (95%); IR (KBr, Viax cm™'): 3448-3061 (b, m to different NH stretching
vib.), 1733 (C=0O of lactone), 1609 (C=N); '"H NMR (400 MHz, DMSO-d,): 8 1.59-1.64
(m, 6H), 2.26 (s, 2H), 2.45 (s, 2H), 7.74 (s, 1H), 8.11 (s, 2H), 8.40 (s, 1H), 10.98 (s, 1H);
*C NMR (100 MHz, DMSO-dg): 6 22.19, 25.33, 26.91, 34.86, 110.42, 116.96, 121.98,
122.50, 123.63, 131.29, 136.86, 138.63, 144.95, 147.07, 148.92, 158.23, 175.30. ESI- MS,
m/z (%): 498 (M+H)"; anal. calcd for C,gH;5Br,N;0,S, C, 43.48; H, 3.04; Br, 32.14; N,
8.45; S, 6.45%. Found: C, 43.53; H, 3.12; Br, 32.19; N, 8.49; S, 6.41.

2-(2-(3,4-Dihydronaphthalen-1(2h)-ylidene)hydrazinyl)-4-phenylthiazole (6a)

Phenacyl bromide (199 mg, 1 mmol), thiosemicarbazide (91 mg, 1 mmol) and tetralone
(0.5 mL, 4 mmol) were stirred at room temperature for 5 min. The solid separated was
filtered and washed with ether to remove unreacted cyclic ketone. The product was
recrystallized from methanol. Black solid; mp 157-159 °C; yield (96%); "H NMR (400 MHz,
CDCly): § 1.89-1.95 (m, 2H), 2.57 (t, J = 6.8 Hz, 2H), 2.76 (t, ] = 6.0 Hz, 2H), 6.92 (s, 1H),
715 (d, J= 4.4 Hz, 1H), 7.27-7.29 (m, 3H), 7.33 (d, ] = 7.2 Hz, 1H), 7.41 (t, ] = 7.6 Hz,
2H), 7.82 (d, J=7.6 Hz, 2H), 8.16 (t, J=4.8 Hz, 1H); >C NMR (100 MHz, CDCl;):
0 2141, 25.68, 29.41, 103.58, 124.62, 125.96, 126.57, 127.96, 128.44, 128.76, 128.92,
132.12, 134.34, 139.32, 147.23, 150.58, 170.17. Anal. calcd for C;gH;,N,S, C, 71.44; H,
5.36; N, 13.15; S, 10.04%. Found: C, 71.49; H, 5.31; N, 13.19; S, 10.14.

Conclusion

In conclusion, we have successfully synthesized a novel 2,4-disubstituted thiazole
derivatives through a multi component approach under solvent free reaction conditions.
The method had the advantages of mild reaction conditions, better to excellent yields,
one pot operational simplicity.
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ABSTRACT ARTICLE HISTORY
An efficient synthesis of 3-phenyl-1-(6-phenyl-7H-[1,2,4] triazolo[3,4- Received 17 July 2018
bl[1,3,4]thiadiazin-3-yl)-1H-pyrazol-5-amines was accomplished by a
simple, atom-economical, and multicomponent approach. Reaction
of 4-amino-5-hydrazinyl-4H-1,2,4-triazole-3-thiol with various phe-
nacyl bromide; an<;| benzoylaceton?triles in ethanol and catalytic phenacyl bromide; 3-(2-
amount of acetic acid afforded the titled compounds. The structures bromoacetyl)-2H-chromen-
of newly synthesized compounds were confirmed by their analytical 2-0ne: triazolothiadiazine
and spectral (IR, "H-NMR, ">*C-NMR, and Mass) data. '
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Introduction

Triazoles are important class of heterocyclic compounds for organic chemists on
account of their implications in the biological, pharmacological, medicinal, agricultural,
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Figure 1. Design strategy of synthesized molecules.

and industry.?! When triazole ring is fused with a 5-membered or with a 6-membered
heterocyclic ring its enhance the biological activity of the lead molecule’**! and triazolo-
thiadiazines were associated with different biological activities such as anti-cancer,>°!
anti-tubercular,!”’ anti-candidal,’®! and anti-microbial activity.”) Triazolothiadiazines
having substituent’s such as substituted aryl, coumarin moieties are reported with better
biological activity.!'®!"!

Pyrazoles are also important heterocyclic molecules."*"*! Pyrazoles and their deriva-
tives are having predominant biological and pharmacological activities,!"*”"”! such as
anti-hyperglycaemic,!'® anticonvulsant, anti-depressant,'®! anti-tubercular, anti-bacter-
ial,*°! anti-viral,***?! anti-fungal,?*** anti-histaminic,’””’ anti-inflammatory,®®! anti-
diabetic’®”! and anti-leukaemia agent.!”® The existing literature revealed that pyrazole
ring directly linked to the 1,2,4-triazolo-[3,4-b]thiadiazines showed human (h) A;
adenosine receptor'*” and better anti-proliferative activity (Figure 1).3%*!]

Multicomponent reactions are widely used in organic synthesis due to advantages
such as high efficiency, atom economy, high yields, clear reactions, and simple proce-

dures resulting in the formation of new structures.*”

N N N N
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Anti-proliferative Anti-cancer STAT3 Pathway inhibitor Anti-Tubercular
Some of the reported biologically active molecules with triazolothiadiazine, pyrazolo-
triazolothiadiazines, and pyrazolocoumarin scaffolds.
Keeping the importance of triazoles, pyrazoles, and triazolothiadiazines, our present
study is focused on the development of new methodologies for the synthesis of thiadia-
zine fused to triazole and having pyrazole.
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Scheme 1. Synthesis of compounds 4a—4m.

In continuation of our earlier work on MCR,"**** we have developed a one-pot mul-
ticomponent reaction for the synthesis of title compounds intending that these com-
pounds may have good biological activities (Schemes 1 and 2).

Results and discussion

4-Amino-5-hydrazinyl-4H-1,2,4-triazole-3-thiol can be taken as useful tool in building
triazolothiadiazinylpyrazoles. It is prepared by reaction of thiourea with hydrazine
hydrate under reflux conditions on water bath.**! Condensation of 4-amino-5-hydra-
zinyl-4H-1,2,4-triazole-3-thiol (1), various phenacyl bromides or 3-(2-bromoacetyl)-2H-
chromen-2-ones (2), and benzoylacetonitriles (3) resulted in the formation of 4 and 6.

Reaction between compound 1, phenacyl bromide or 3-(2-bromoacetyl)-2H-chromen-
2-one and phenacyl cyanide is expected to produce compound 7 and 8 depending on
the mode of cyclization. The formation of compound 7 and 8 can be ruled on the basis
of spectral studies. In the present investigation, both NH, and SH of 1 at a time under-
goes condensation with either 2 or 5 leading to first hetero cyclization. Then, the hydra-
zino group of 1 reacts with phenacyl cyanide to give the title compound. The desired
product was achieved in each case good to excellent yield. The work may trigger an
interesting chemistry involving new methodology. The very noticeable feature of the
synthesis is that different hetero atom bonds like C-S, 2N = C, and N-C (compounds 4
and 6) are formed concomitantly in one pot leading to selective new hetero cyclization
without formation of any other products (Table 1).

In the formation of fused thiadiazine ring on triazole, the highly nucleophilic sulfur
atom of mercapto group of 1 attacks on the carbon atom of the (CH,-Br) of phenacyl
bromide or 3-(2-bromoacetyl)-2H-chromen-2-one to give an open chain a-thioketone.
Then, it undergoes intra molecular cyclization, leading to the formation of thiadiazine
ring. The hydrazino group of triazolothiadiazine undergoes cyclocondensation reaction
with benzoylacetonitrile leading to the formation of title compounds with better yields.

The structures of all the newly synthesized compounds were confirmed by their ana-
Iytical and spectral data and are summarized in supporting information. The IR spec-
trum of Compound 4a shows prominent peaks at 3411 cm™' (NH, Stretching), 1618

cm™' (-C = N- stretching). The '"H-NMR spectrum of the compound 4a showed a
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Scheme 2. Synthesis of compounds 6a—6d.

characteristic peak at & 4.49 ppm corresponds to CH, of thiadiazine and § 5.90 ppm
corresponds to pyrazole proton. The 13C NMR of the 4a exhibits a characteristic peak
at § 23.5 ppm. This is due to carbon atom of CH, of thiadiazine. The compound 4a
exhibited the molecular ion peak at m/z 407.

Experimental

All the chemicals which were used in the present study were purchased from commer-
cial sources and used further without any purification. Melting points were determined
in open capillaries with a Stuart melting point apparatus Mumbai, India and were
uncorrected. IR spectra were recorded on Perkin Elmer Spectrum 100 s. 'H-NMR spec-
tra were recorded on Bruker WM-400 spectrometer in § ppm using TMS as the stand-
ard, ESI-MS spectra were recorded on Jeol JMSD-300 spectrometer. Elemental analyses
were performed on a Carlo Erba EA 1108 automatic elemental analyzer, compounds
purity was checked by TLC plates (E Merck, Mumbai, India). The Supplemental
Materials contain 'H and >C NMR spectra of products 4, 6.

General procedure for the synthesis of compounds (4a-m and 6a-d)

An equimolar amount of 4-amino-5-hydrazinyl-4H-1,2,4-triazole-3-thiol (1 mmol) and
phenacyl bromide (1 mmol) or 3-(2-bromoacetyl)-2H-chromen-2-one (1 mmol) in etha-
nol (5 ml) and catalytic amount of acetic acid (2 drops) was refluxed for 1 h. Then, the
reaction mixture was treated with benzoylacetonitrile (1 mmol) and further refluxed for
1 h. The reaction mixture was cooled to room temperature. The solid separated was fil-
tered and recrystallized from methanol to give final product.
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Table1. Different substitutions of the compounds 4a—4m and 6a-6d.

Entry Product R R' R R? R* Yields (%)
1 4a q H H - - 92
2 4b al CH; H - - %
3 4c al q H - - 90
4 4d al F H - - 95
5 4e al OCH; H - - 95
6 af H H H - - 93
7 49 H Br H - - 91
8 4h H CH; H - - 95
9 4i H q al - - 89

10 4j H F H - - 97
11 4k H OCH; H - - 92
12 4 al Ph H - - 90
13 4m H H CHs - - 85
14 6a H - - H OFt %
15 6b al - - al - 92
16 6c a - - H OFt 97
17 6d q - - Br OCH; 93

3 -(4-Chlorophenyl)-1-(6-phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)- TH-
pyrazol-5-amine (4a)

Pale yellow solid; mp 240-241 °C; Yield (92%); IR (KBr, Vimax cm™'): 3411 (NH,
Stretching), 1618 (-C = N- stretching); "H NMR (400 MHz, DMSO-d,, ppm): & 4.49 (s,
2 H, CH,), 5.90 (s, 1H), 7.46 (d, J] = 8.4 Hz, 2H), 7.51-7.60 (m, 3 H ArH and 2 H
NH,), 7.79 (d, ] = 8.8 Hz, 2H), 7.93 (d, J = 7.2 Hz, 2H); 13C NMR (100 MHz, DMSO-
de, ppm): § 23.5, 84.9, 127.5, 128.0, 129.1, 129.5, 130.7, 132.6, 133.1, 133.6, 142.8, 146.3,
151.9, 152.3, 156.6. ESI-MS, m/z (%): 408 (M + H)*; anal. calcd. for C,oH;4CIN,S: C,
55.95; H, 3.46; Cl, 8.69; N, 24.04; S, 7.86. Found: C, 55.90; H, 3.41; Cl, 8.62; N, 24.10;
S, 7.82.

3 -(3-(5-Amino-3-phenyl-1H-pyrazol-1-yl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-
6-yl)-8-ethoxy-2H-chromen-2-one (6a)

Brown solid; mp 219-220 °C; Yield (96%); IR (KBr, vy cm™): 3467 (NH, Stretching),
1722 (lactone C = O stretching), 1614 (-C = N- stretching); 'H NMR (400 MHz,
DMSO-dg, ppm): § 1.40 (t, ] = 6.8 Hz, 3H), 4.19 (d, ] = 6.8 Hz, 2H), 4.35 (s, 2H), 5.85
(s, 1H), 6.02 (s, 2H), 7.31-7.35 (m, 3H), 7.39 (t, J = 6.0 Hz, 3H), 7.75 (d, ] = 7.2 Hz,
1H), 8.32 (s, 1H), 8.43 (s, 1H). ESI-MS, m/z (%): 486 (M + H)"; anal. calcd. for
C,4HoN,05S: C, 59.37; H, 3.94; N, 20.19; S, 6.60. Found: C, 59.32; H, 3.93; N, 20.15;
S, 6.65.

Conclusion

In conclusion, we report a novel one-pot multicomponent synthesis of some 3-phenyl-
1-(6-phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-3-yl)-1 H-pyrazol-5-amines by
using readily available starting materials. This synthetic method has more advantages
such as shorter reaction time, no use of harsh reaction conditions, easy work-up pro-
cedure, and good to excellent yields of the products.
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A series of novel triazolo thiadiazines were synthesized by a simple, highly efficient, one-pot pseudo four
component approach involving the condensation of 4-amino-5-hydrazinyl-4H-1,2,4-triazole-3-thiol (1), aro-
matic aldehydes (2), and various phenacyl bromides (3) with good yields. The structures of compounds were
confirmed by analytical and spectral (IR, 'H NMR, '*C NMR) data.

J. Heterocyclic Chem., 56, 832 (2019).

INTRODUCTION

Multicomponent reactions are the reactions in which
sequential assembling of two or more starting materials
in a single reaction vessel forms the final product.
Multicomponent reactions are the useful platform for the
synthesis of simple to complex heterocyclic molecules
in minimum number of steps to get diversity-oriented
products and having much important in chemical as
well as biological aspects [1-5]. The advantages of
MCRs are atom economy, simplicity, and time-saving
process [6].

1,2,4-Triazole derivatives are very good structural entity
present in many of the drugs and had been paid much
attention in the fields of pharmaceutical and medicinal
chemistry. They show good biological activities such as
antifungal [7],  antitrypanosomal  activity [8],
benzodiazepine receptor agonist [9], and also antiviral
[10]. In the other hand, thiadiazines are also important
structural motif. Compounds having thiadiazines exhibit
antidepressant [11]. Compounds containing 1,2,4-
triazoles are widely used as drug molecules [12] and are
shown in Figure 1.

1,2,4-Triazole ring fused with the 6-membered ring
enhances their antimicrobial activity [13,14]. Fused
triazolo thiadiazines show anti-HIV-1, molluscicidal
[15], anti-inflammatory [16], antitumor [17], antibacterial
[18], cholinesterase inhibitory activity [19], PDE4
inhibitors [20], and anti-diabetic activity [21]. Several
triazole ring bearing Schiff bases showed good
antimicrobial activity [22].

Generally fused triazolo thiadiazines were synthesized
by condensation of 4-amino-5-substituted-4H-1,2,4-

triazole-3-thiols with a-halogeno ketones [23]. In
continuation of our earlier research work on nitrogen
and sulfur heterocyclic systems involving MCRs
[24,25], herein, we report a new method for synthesis of
novel fused triazolo thiadiazines by a multicomponent
approach.

RESULTS AND DISCUSSION

The compounds 4a—4p were synthesized by reaction of
4-amino-5-hydrazinyl-4H-1,2,4-triazole-3-thiol (1) with
two equivalents of aromatic aldehydes (2) and various
phenacyl bromides (3) in absolute ethanol and catalytic
amount of EtzN. These compounds were formed in good
to excellent yields (Scheme 1; Table 1).

The mechanism for the formation of 4 can be explained
readily. Initially, two equivalents of aldehyde molecules
undergo condensation reaction with the 4-amino-5-
hydrazinyl-4H-1,2,4-triazole-3-thiol (1) to give the dianil
derivatives. These on further reaction with phenacyl
bromides and triethylamine yield the compound (4).
During the reaction, the thiol group of dianil replaces the
bromine atom of phenacyl bromide followed nucleophile
addition of carbanion generated in situ on carbon atom of
imino group adjacent to cyclic nitrogen atom of triazole
moiety. The speciality of this reaction is the simultaneous
condensation of two equivalents of aldehydes on
hydrazino and amino functional groups of 1, followed by
ring closure reaction in presence of 2 equivalents of
Et;N. When the reaction is carried out in the absence of
phenacyl bromide by using absolute alcohol, simple
condensation of 1 with two equivalents of aldehyde

© 2019 Wiley Periodicals, Inc.
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Figure 1. The triazole, triazolothiadiazine containing biologically active drug molecules. [Color figure can be viewed at wileyonlinelibrary.com]

Scheme 1. Synthesis of triazolo thiadiazine derivatives 4a—4p. [Color figure can be viewed at wileyonlinelibrary.com]
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resulted in the formation of dianil (7) (Scheme 2) On the other hand, when 1 is reacted with two

exclusively without formation of any cyclized product (8)
involving both thiol and imine functionalities. The
structure of dianil has been confirmed by IR spectra, in
which new stretching bands are appeared for —C=N and
disappearance of characteristic peaks for —NH,
stretching frequencies.

The mechanism for the formation of dianils and triazolo
thiadiazine derivatives (4) has been established as shown in
Scheme 3.

Journal of Heterocyclic Chemistry

equivalents of the aromatic aldehyde and 1 equivalent of
phenacyl bromide resulted in the formation of phenacyl
thio dianil compound 6. The condensation between 1
with two equivalents of aldehyde and 1 equivalent of
phenacyl bromide may result in the formation of different
types of products N-phenacylated compound (5) and/or
S-phenacylated compound (6). In our case, only one
product (6) was observed (as evidenced by TLC). The
formation of S-phenacylated (6) product over

DOI 10.1002/jhet
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Table 1

Yields of the products (4a—4p, 6a—6b, and 7a—7b).
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N-phenacylated (5) product can be explained by the fact
that the more nucleophilicity of thiol group. The

1

2 structures of S-phenacylated products were confirmed by

Entr Product R R R Yields (% . .

Y ) their analytical and spectral data.
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Scheme 2. Synthe:

sis of dianil derivatives (7). [Color figure can be viewed at wileyonlinelibrary.com]
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CONCLUSION

We have developed an efficient MCR for the synthesis
of title compounds in a simple procedure. The speciality
of this reaction is the shorter reaction time, good yields,
simple experimental conditions, easy work, operational
simplicity, and clean reaction profiles.

EXPERIMENTAL

The starting material 4-amino-5-hydrazinyl-4H-1,2,4-
triazole-3-thiol was prepared by literature procedure [26].
All the chemicals were purchased from commercial
sources. Melting points were determined in open
capillaries with a Stuart melting point apparatus (Mumbai,
India) and were uncorrected. IR spectra were recorded on
Perkin Elmer Spectrum 100 s. '"H NMR spectra were re-
corded on a Bruker WM-400 spectrometer in 6 ppm using
TMS as the standard. ESI-MS spectra were recorded on
Jeol IMSD-300 spectrometer, and the elemental analyses
were done by Carlo Erba EA 1108 automatic elemental an-
alyzer; compounds purity were checked by TLC plates (E.
Merck, Mumbai, India). The Supporting Information con-
tains sample 'H and '>C NMR spectra of products 4a—4p.

General procedure for the synthesis of compounds 4a—
4p. 4-Amino-5-hydrazinyl-4H-1,2,4-triazole-3-thiol
(1 mmol), aromatic aldehyde (2 mmol), and phenacyl
bromide (I mmol) were taken in a round bottom flask
and treated with 5 mL of absolute ethanol, EN
(2 mmol), and refluxed for 4 h. After completion of
reaction (monitored by TLC), the reaction mixture was
cooled to room temperature and poured onto crushed ice.
The resulting solid was filtered, dried, and purified by
recrystallization from ethanol.

(E)-(3-(2-(4-Methoxybenzylidene) hydrazinyl)-6-(4-
methoxyphenyl)-6,7-dihydro-5H-[1,2,4]triazolo[3,4-b][1,3,4]
thiadiazin-7-yl)(pheny)methanone (4a). Colorless solid;
mp 196-198°C; IR (KBr) vpa (cm™'): 3280 (NH
stretching), 2959 (CH stretching), 1680 (C=O stretching),
1609 (C=N stretching); 'H NMR (400 MHz, DMSO-dy):
& 3.70 (s, 3H, OCHs), 3.78 (s, 3H, OCH3), 4.87 (t,
J =7.2 Hz, 1H, CH of thiadiazine), 5.73 (d, J = 6.4 Hz,
1H, CH of thiadiazine), 6.88 (t, J = 8.0 Hz, 3H, ArH),
6.97 (d, J = 8.8 Hz, 2H, ArH), 7.49 (d, J = 8.4 Hz, 2H,
ArH), 7.54-7.59 (m, 4H, ArH), 7.71 (t, J = 7.2 Hz, 1H,
ArH), 8.0 (d, J = 7.6 Hz, 2H, ArH), 822 (s, 1H,
—CH=N proton), 10.38 (s, 1H, NH); '*C NMR
(100 MHz, DMSO-de): & 195.2, 160.4, 159.4, 152.2,
143.3, 134.9, 134.7, 129.6, 129.3, 129.1, 128.1, 114.6,
114.3, 59.1, 55.6, 55.5, 43.8; ESI-MS, m/z (%): 501
M + H)*; Anal. Caled for CygH,4NgO5S: C, 62.38; H,
4.83; N, 16.79; S, 6.41; found: C, 62.15; H, 4.80; N,
16.71; S, 6.45.
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(E)-(4-Bromophenyl)(3-(2-(4-methoxybenzylidene)
hydrazinyl)-6-(4-methoxyphenyl)-6,7-dihydro-SH-[1,2,4]
triazolo[3,4-b[[1,3,4[thiadiazin-7-yl)methanone (4b).
Colorless solid; mp 204-206°C; IR (KBr) vy (cm™):
3277 (NH stretching), 1679 (C=O stretching), 1607
(C=N stretching); '"H NMR (400 MHz, DMSO-d): &
3.715 (s, 3H, OCHjy), 3.79 (s, 3H, OCHs3), 4.90 (t,
J=6.8 Hz, 1H), 5.71 (d, J = 5.6 Hz, 1H), 6.86-6.91 (m,
3H), 6.98 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H),
7.56 (d, J = 8.4 Hz, 2H), 7.79 (d, J = 8.0 Hz, 2H), 7.95
(d, J = 8.0 Hz, 2H), 8.22 (s, 1H, —CH=N proton), 10.38
(s, 1H, NH); '3C NMR (100 MHz, DMSO-dq): & 194.7,
160.4, 159.4, 143.5, 134.0, 132.6, 131.1, 130.9, 129.2,
129.1, 128.9, 128.2, 114.6, 114.3, 58.7, 55.6, 55.5, 43.9;
Anal. Caled for Co6H,3BrNgOsS: C, 53.89; H, 4.00; Br,
13.79; N, 14.50; S, 5.53; found: C, 53.82; H, 3.96; Br,
13.84; N, 14.53, S, 5.57.

(E)-(4-Chlorophenyl)(3-(2-(4-methoxybenzylidene)
hydrazinyl)-6-(4-methoxyphenyl)-6,7-dihydro-SH-[1,2,4]
triazolo[3,4-b][1,3,4[thiadiazin-7-yl)methanone (4c).
Colorless solid; mp 206-208°C; IR (KBr) vy (cm™):
3277 (NH stretching), 1678 (C=0 stretching), 1608 (C=N
stretching); '"H NMR (400 MHz, DMSO-dg): & 3.71 (s,
3H, OCHj), 3.79 (s, 3H, OCHs3), 4.92 (t, J = 6.0 Hz, 1H),
5.73 (d, J = 5.2 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H), 6.89
(d, J = 7.6 Hz, 2H), 6.97 (d, J = 7.6 Hz, 2H), 7.49 (d,
J = 8.0 Hz, 2H), 758 (d, J = 8.0 Hz, 2H), 7.64
(d, J = 8.0 Hz, 2H), 8.03 (d, J = 8.0 Hz, 2H), 8.23 (s, 1H,
—CH=N proton), 10.55 (s, 1H, NH); ESI-MS, m/z (%):
535 M + H)*; Anal. Calcd for C,4H,3CINgO5S: C, 58.37;
H, 4.33; Cl, 6.63; N, 15.71; S, 5.99; found: C, 58.31; H,
4.38; Cl, 6.60; N, 15.75; S, 5.87.

(E)-(2,4-Dichlorophenyl)(3-(2-(4-methoxybenzylidene)
hydrazinyl)-6-(4-methoxyphenyl)-6,7-dihydro-5SH-[1,2,4]
triazolo[3,4-b][1,3,4[thiadiazin-7-yl)methanone (4d).
Colorless solid; mp 163-165°C; IR (KBr) vyax (cm™Y):
3253 (NH stretching), 1684 (—C=0 stretching), 1608
(C=N stretching); 'H NMR (400 MHz, DMSO-dy): &
3.34 (s, 3H, OCH3), 3.79 (s, 3H, OCH;), 3.86 (s, 1H,
NH), 4.80 (t, J = 7.2 Hz, 1H), 5.51 (t, J = 6.8 Hz, 1H),
6.79 (d, J = 8.4 Hz, 1H), 6.84-6.90 (m, 1H), 6.97-6.99
(m, 2H), 7.12 d, J = 88 Hz, 1H), 7.36 (d,
J = 8.4 Hz,1H), 7.39-7.50 (m, 1H), 7.54-7.59 (m, 2H),
7.74 (d, J = 7.2 Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 8.20-
8.31 (m, 1H), 10.36 (s, 1H, NH); '>*C NMR (100 MHz,
DMSO-dg): 6 196.7, 163.2, 162.6, 160.4, 159.1, 148.8,
145.3, 133.0, 131.3, 129.2, 128.6, 128.2, 125.2, 114.9,
114.6, 98.7, 59.6, 55.9, 55.6, 55.4; ESI-MS, m/z (%): 569
(M + H)*; Anal. Calcd for CrcH,ClLNgO5S: C, 54.80;
H, 3.80; Cl, 12.40; N, 14.70; S, 5.60; found: C, 53.9; H,
3.84; Cl, 12.46; N, 14.82; S, 5.24.

(E)-(4-Fluorophenyl)(3-(2-(4-methoxybenzylidene)
hydrazinyl)-6-(4-methoxyphenyl)-6,7-dihydro-5SH-[1,2,4]
triazolo[3,4-b][1,3,4[thiadiazin-7-yl)methanone (de).
Colorless solid; mp 200-202°C; IR (KBr) vpax (cm™1):
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3278 (NH stretching), 1673 (C=0 stretching), 1596 (C=N
stretching); '"H NMR (400 MHz, DMSO-dg): 6 3.71 (s, 3H,
OCHy), 3.78 (s, 3H, OCH3), 4.89 (t, J = 7.2 Hz, 1H), 5.72
(d,J=6.0 Hz, 1H), 6.86-6.91 (m, 3H), 6.97 (d, /= 8.8 Hz,
2H), 7.41 (t,J = 8.6 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.55
(d, J = 8.4 Hz, 2H), 8.09-8.12 (m, 2H), 8.22 (s, 1H,
—CH=N proton), 10.37 (s, 1H, NH); ESI-MS, m/z (%):
519 M + H)*; Anal. Calcd for C,H,3FNgO5S: C, 60.22;
H, 4.47; N, 16.21; S, 6.18; found: C, 60.26, H, 4.42, N,
16.26, S, 6.13.

(E)-(3-(2-(4-Methoxybenzylidene) hydrazinyl)-6-(4-
methoxyphenyl)-6,7-dihydro-5H-[1,2,4]triazolo[3,4-b][1,3,4]
thiadiazin-7-yl)(p-tolyl)methanone (4f).  Colorless solid; mp
215-217°C; IR (KBr) vpay (cm™'): 3275 (NH stretching),
1676 (C=O0 stretching), 1608 (C=N stretching); "H NMR
(400 MHz, DMSO-dg): 6 2.39 (s, 3H, CH3), 3.70 (s, 3H,
OCH3), 3.78 (s, 3H, OCHs3), 4.84 (t, J = 7.6 Hz, 1H),
5.69 (d, J = 6.8 Hz, 1H), 6.84-6.90 (m, 3H), 6.97 (d,
J = 8.0 Hz, 2H), 7.38 (d, J = 7.6 Hz, 2H), 7.48 (d,
J = 8.4 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.90 (d,
J =1.6 Hz, 2H), 8.22 (s, 1H, —CH=N proton), 10.35 (s,
IH, NH); ESI-MS, m/z (%): 515 M + H)*; Anal. Calcd
for C,7H,6NgO5S: C, 63.02; H, 5.09; N, 16.33; S, 6.23;
found: C, 63.12; H, 5.14; N, 16.37; S, 6.28.

(E)-(3-(2-(4-Methoxybenzylidene) hydrazinyl)-6-(4-
methoxyphenyl)-6,7-dihydro-5H-[1,2,4]triazolo[3,4-b][1,3,4]
thiadiazin-7-yl)(4-methoxyphenyl)methanone 4g).
Colorless solid; mp 203-205°C; IR (KBr) vpa, (cm™'):
3275 (NH stretching), 1676 (C=O stretching), 1608
(C=N stretching); 'H NMR (400 MHz, DMSO-dc): &
3.70 (s, 3H, OCHs), 3.78 (s, 3H, OCH;), 3.86 (s, 3H,
OCH;), 4.81 (t, J = 7.6 Hz, 1H), 5.68 (d, J = 6.8 Hz,
1H), 6.86 (d, J = 8.4 Hz, 1H), 6.89 (d, J = 8.0 Hz, 2H),
6.97 (d, J = 7.6 Hz, 2H), 7.09 (d, J = 8.8 Hz, 2H), 7.47
(d, J = 8.4 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 7.96 (t,
J = 8.8 Hz, 2H), 8.21 (s, 1H, —CH=N proton), 8.26 (d,
J = 6.8 Hz, 1H), 1035 (s, 1H, NH); '*C NMR
(100 MHz, DMSO-dg): 6 193.4, 164.5, 160.4, 159.4,
152.1, 143.3, 137.3, 131.6, 129.3, 128.4, 128.1, 128.0,
127.6, 114.8, 114.6, 114.3, 59.5, 56.2, 55.6, 55.5; ESI-
MS, m/z (%): 531 (M + 1)*; Anal. Calcd for
Cy7Hy6NgO4S: C, 61.12; H, 4.94; N, 15.84; S, 6.04;
found: C, 61.18; H, 4.91; N, 15.79; S, 6.16.

(E)-(3-(2-(4-Methoxybenzylidene) hydrazinyl)-6-(4-
methoxyphenyl)-6,7-dihydro-5H-[1,2,4]triazolo[3,4-b][1,3,4]
thiadiazin-7-yl)(4-nitrophenyl)methanone (4h). Light
yellow solid; mp 198-200°C; IR (KBr) vp.c (cm™'):
3282 (NH stretching), 1683 (C=O stretching), 1602
(C=N stretching); '"H NMR (400 MHz, DMSO-dy): &
3.71 (s, 3H, OCH;), 3.79 (s, 3H, OCHs3), 498 (t,
J = 6.0 Hz, 1H), 5.79 (d, J = 4.8 Hz, 1H), 6.89 (t,
J = 8.0 Hz, 3H), 6.98 (d, J = 8.4 Hz, 2H), 7.51 (d,
J = 8.0 Hz, 2H), 7.56 (d, J = 8.0 Hz, 2H), 8.25 (d,
J =9.6 Hz, 3H), 8.36 (d, J = 8.4 Hz, 2H), 10.38 (s, 1H,
NH); ESI-MS, m/z (%): 546 M + H)*; Anal. Calcd for

Journal of Heterocyclic Chemistry

Vol 56

C,6H23N-05S: C, 57.24; H, 4.25; N, 17.97; S, 5.88;
found: C, 57.29; H, 4.29; N, 17.92; S, 5.83.
(E)-3-(2-(4-Methylbenzylidene) hydrazinyl)-6-(p-tolyl)-6,7-
dihydro-5H[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)
methanone (4i). Colorless solid; mp 223-225°C; IR
(KBr) vmax (cm™'): 3307 (NH stretching), 1687 (C=0
stretching), 1610 (C=N stretching); 'H NMR (400 MHz,
DMSO-dg): & 2.25 (s, 3H, CH3), 2.32 (s, 3H, CH3), 4.92
(t, J = 6.8 Hz, 1H), 5.75 (d, J = 6.4 Hz, 1H), 6.90
(d, J =76 Hz, 1H), 7.15 (d, J = 8.0 Hz, 2H), 7.22 (d,
J = 76 Hz, 2H), 746 (d, J = 8.0 Hz, 2H), 7.51
(d, J = 7.6 Hz, 2H), 7.58 (d, J = 7.6 Hz, 2H), 7.71 (d,
J =7.2 Hz, 1H), 8.02 (d, J = 7.6 Hz, 2H), 8.25 (s, 1H),
10.47 (s, 1H, NH); '*C NMR (100 MHz, DMSO-d,): &
195.2, 152.1, 143.4, 139.0, 137.9, 137.1, 134.9, 134.7,
134.4, 132.7, 129.7, 129.5, 129.2, 129.0, 127.9, 127.0,
126.6, 59.1, 43.6, 21.4, 21.1; ESI-MS, m/z (%): 469
(M + H)*; Anal. Caled for CocHauNgOS: C, 66.64; H,
5.16; N, 17.94; S, 6.84; found: C, 66.69; H, 5.13; N,
17.91; S, 6.83.
(E)-(4-Bromophenyl)(3-(2-(4-methylbenzylidene) hydrazinyl)-
6-(p-tolyl)-6,7-dihydro-SH-[1,2,4]triazolo[3,4-b][1,3,4]
thiadiazin-7-yl)methanone (4j).  Colorless solid; mp 206—
208°C; IR (KBr) Vyax (cm™1): 3277 (NH stretching), 1679
(C=0 stretching), 1591 (C=N stretching); 'H NMR
(400 MHz, DMSO-dg): 6 2.25 (s, 3H, CH3), 2.32 (s, 3H,
CHj3), 495 (t, J = 6.4 Hz, 1H), 5.72 (d, J = 5.6 Hz, 1H),
6.88 (d, J = 7.6 Hz, 1H), 7.15 (d, J = 7.6 Hz, 2H), 7.21
(d, J = 7.6 Hz, 2H), 7.45 (d, J = 7.6 Hz, 2H), 7.51 (d,
J =7.6 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H), 7.96 (d,
J = 8.0 Hz, 2H), 8.25 (s, 1H), 10.45 (s, 1H, NH); "°C
NMR (100 MHz, DMSO-dg): 6 194.7, 152.0, 143.5,
139.0, 137.9, 137.0, 134.3, 134.0, 132.6, 131.2, 130.9,
129.7, 129.5, 128.9, 127.8, 127.0, 126.6, 58.7, 43.6, 21.4,
21.0; ESI-MS, m/z (%): 549 M + H)"; Anal. Caled for
Co6H23BINgOS: C, 57.04; H, 4.23; Br, 14.60; N, 15.35;
S, 5.86; found: 57.14; H, 4.28; Br, 14.68; N, 15.39; S, 5.81.
(E)-(4-Chlorophenyl)(3-(2-(4-methylbenzylidene)
hydrazinyl)-6-(p-tolyl)-6, 7-dihydro-5H-[1,2,4]triazolo[3,4-b]
[1,3,4]thiadiazin-7-yl)methanone (4k).  Colorless solid; mp
206-208°C; IR (KBr) vy (cm™1): 3277 (NH stretching),
1673 (C=0 stretching), 1598 (C=N stretching); '"H NMR
(400 MHz, DMSO-dg): & 2.25 (s, 3H, CH3), 2.32 (s, 3H,
CH,), 495 (t, J = 6.8 Hz, 1H), 5.72 (d, J = 5.6 Hz, 1H),
6.88 (d, J = 7.6 Hz, 1H), 7.15 (d, J = 7.6HZ, 2H), 7.21
(d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.5 (d,
J = 80 Hz, 2H), 765 (d, J = 8.4 Hz, 2H), 8.04
(d, J = 8.4 Hz, 2H), 8.25 (s, 1H, —CH=N proton), 10.45
(s, 1H, NH); ESI-MS, m/z (%): 503 (M + H)*; Anal. Calcd
for C,cH»3CINgOS: C, 62.08; H, 4.61; Cl, 7.05; N, 16.71;
S, 6.37; found: C, 62.14; H,4.67;Cl1,7.10; N, 16.67; S, 6.33.
(E)-(2,4-Dichlorophenyl)(3-(2-(4-methylbenzylidene)
hydrazinyl)-6-(p-tolyl)-6,7-dihydro-5H-[1,2,4[triazolo[3,4-b]
[1,3,4]thiadiazin-7-yl)methanone (41).  Colorless solid; mp
172-174°C; IR (KBr) vinax (cm™'): 3278 (NH stretching),
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1698 (C=0 stretching), 1580 (C=N stretching); '"H NMR
(400 MHz, DMSO-de): 6 2.17 (s, 3H, CH3), 2.32 (s, 3H,
CH,), 4.87 (t, J = 6.8 Hz, 1H), 5.52 (d, J = 6.0Hz, 1H),
7.04 (d, J =64 Hz, 1H), 7.1 (d, J = 8.0 Hz, 1H), 7.22 (d,
J = 6.8 Hz, 2H), 7.33-7.39 (m, 2H), 7.45 (d, J = 8.0 Hz,
1H), 7.52 (d, J = 6.4 Hz, 3H), 7.74 (d, J = 12.4 Hz, 1H),
8.34 (s, 1H), 10.24 (s, 1H), 10.46 (s, 1H); '°C NMR
(100 MHz, DMSO-de): 6 196.6, 152.3, 146.1, 143.3,
138.9, 137.3, 135.4, 133.8, 133.0, 132.8, 131.6, 1304,
129.7, 129.4, 128.0, 127.8, 127.3, 126.6, 79.6, 59.4, 21.4;
ESI-MS, m/z (%): 537 M + H)"; Anal. Calcd for
C,6H2,CILNgOS: C, 58.10; H, 4.13; Cl, 13.19; N, 15.64; S,
5.97; found: C, 58.15; H, 4.16; Cl, 13.25; N, 15.70; S, 5.92.

(E)-(4-Fluorophenyl)(3-(2-(4-methylbenzylidene)
hydrazinyl)-6-(p-tolyl)-6, 7-dihydro-5H-[1,2,4]triazolo[3,4-b]
[1,3,4]thiadiazin-7-y))methanone (4m). ~ Colorless solid; mp
202-204°C; IR (KBr) vpax (cm™'): 3276 (NH stretching),
1676 (C=O0 stretching), 1594 (C=N stretching); "H NMR
(400 MHz, DMSO-dg): 6 2.25 (s, 3H, CH3), 2.32 (s, 3H,
CH,), 493 (t, J = 6.8 Hz, 1H), 5.73 (d, J = 5.6 Hz, 1H),
6.89 (d, J =17.6 Hz, 1H), 7.14 (d, J = 7.6 Hz, 2H), 7.21
(d, J =17.6 Hz, 2H), 7.39 (t, J = 8.4 Hz, 2H), 7.46 (d,
J =28.0 Hz, 2H), 7.51 (d, J = 7.6 Hz, 2H), 8.10-8.13 (m,
2H), 8.25 (s, 1H, —CH=N proton), 10.44 (s, 1H, NH);
13C NMR (100 MHz, DMSO-d,): § 194.0, 167.3, 164.7,
152.1, 137.9, 134.4, 132.3, 129.7, 129.5, 127.8, 126.6,
116.7, 116.5, 59.0, 43.6, 21.4, 21.0; ESI-MS, m/z (%):
487 (M + H)+, Anal. Calcd for C26H23FN606S: C, 6418,
H, 4.76; N, 17.27; S, 6.59; found: C, 64.22; H, 4.71; N,
17.24; S, 6.55.

(E)-(3-(2-(4-Methylbenzylidene) hydrazinyl)-6-(p-tolyl)-6, 7-
dihydro-5H-[1,2,4[triazolo[3,4-b][1,3,4]thiadiazin-7-yl)(p-tolyl)
methanone (4n). Colorless solid; mp 200-202°C; IR
(KBr) vpax (cm™Y): 3275 (NH stretching), 1671 (C=0
stretching), 1594 (C=N); '"H NMR (400 MHz, DMSO-ds):
6 2.20 (s, 3H, CHj), 2.32 (s, 3H, CH3), 2.37 (s, 3H, CH3),
5.00 (d, J = 8.4 Hz, 1H), 5.70 (d, J = 5.6 Hz, 1H), 6.86—
6.96 (m, 1H), 7.0 (d, J = 6.4 Hz, 1H), 7.14 (d, J = 7.6 Hz,
1H), 7.22 (s, 3H), 7.33 (d, J = 6.4 Hz, 1H), 7.38 (d,
J =176 Hz, 1H), 744 (d, J = 6.8 Hz, 1H), 7.5 (d,
J =172 Hz, 1H), 7.5 (d, J = 6.4 Hz, 1H), 7.85-7.91 (m,
2H), 8.26 (d, J = 17.2 Hz, 1H), 10.28 (s, 1H, NH); ESI-
MS, m/z (%): 481 M + H)*; Anal. Calcd for
Cy7H¢NgOS: C, 67.20; H, 5.43; N, 17.41; S, 6.64; found:
C, 67.26; H, 548; N, 17.48; S, 6.69.

(E)-(4-Methoxyphenyl)(3-(2-(4-methylbenzylidene)
hydrazinyl)-6-(p-tolyl)-6,7-dihydro-5H-[1,2,4]triazolo[3,4-b]
[1,3,4]thiadiazin-7-yl)methanone (40).  Colorless solid; mp
214-216°C; IR (KBI) vpax (cm™1): 3280 (NH stretching),
1673 (C=0 stretching), 1598 (C=N stretching); '"H NMR
(400 MHz, DMSO-dg): 6 2.24 (s, 3H, CH3), 2.32 (s, 3H,
CH,), 3.86 (s, 3H, OCH3), 4.85 (t, J = 7.2 Hz, 1H), 5.69
(d, J = 6.8 Hz, 1H), 6.86 (d, J = 8.0 Hz, 1H), 7.09
(d, J = 8.8 Hz, 2H), 7.14 (d, J = 7.6 Hz, 2H), 7.21 (d,
J = 8.0 Hz, 2H), 7.44 (d, J = 7.6 Hz, 2H), 7.50 (d,
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J =17.6 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H), 8.23 (s, 1H,
—CH=N proton), 10.44 (s, 1H, NH); '*C NMR
(100 MHz, DMSO-de): 6 193.5, 164.5, 152.1, 143.4,
134.5, 131.6, 129.7, 129.5, 127.9, 127.6, 126.6, 114.8,
59.6, 56.1, 43.2, 21.4, 21.1; ESI-MS, m/z (%). 497
(M + H)*; Anal. Caled for Cy7Ho6NgO,S: C, 65.04; H,
5.26; N, 16.86; S, 6.43; found: C, 65.14; H, 5.22; N,
16.81; S, 6.49.

(E)-(3-(2-(4-Methylbenzylidene) hydrazinyl)-6-(p-tolyl)-6,7-
dihydro-5H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl)(4-
nitrophenyl)methanone (4p).  Light yellow solid; mp 203—
205°C; IR (KBr) vinay (cm™1): 3274 (NH stretching), 1683
(C=0 stretching), 1593 (C=N stretching); 'H NMR
(400 MHz, DMSO-dg): 6 2.25 (s, 3H, CH3), 2.32 (s, 3H,
CH;), 5.04 (t, J = 5.6 Hz, 1H), 5.80 (d, J = 4.8 Hz, 1H),
6.91 (d, J = 6.8 Hz, 1H), 7.16 (d, J = 7.6 Hz, 2H), 7.22
(d, J = 7.6 Hz, 2H), 7.47-7.53 (m, 4H), 8.27 (d,
J =17.6 Hz, 3H), 8.37 (d, J = 8.0 Hz, 2H), 10.49 (s, 1H);
13C NMR (100 MHz, DMSO-de): & 194.7, 150.7, 143.5,
139.8, 139.0, 137.9, 136.8, 134.2, 132.7, 130.7, 129.7,
129.5, 127.7, 127.1, 126.6, 124.4, 58.2, 44.4, 21.4, 21.0;
ESI-MS, m/z (%): 514 M + H)*; Anal. Calcd for
Cr6H23N5,05S: C, 60.81; H, 4.51; N, 19.09; S, 6.24;
found: C, 60.87; H, 4.56; N, 19.14; S, 6.20.

General procedure for the synthesis of compounds (6a,
b). 4-Amino-5-hydrazinyl-4H-1,2,4-triazole-3-thiol
(1 mmol), aromatic aldehyde (2 mmol), and phenacyl
bromide (1 mmol) were taken in a round bottom flask
containing 5 mL of absolute alcohol and refluxed for 3 h.
The progress of the reaction was monitored through TLC
using ethyl acetate and n-hexane (40%). After completion
of the reaction, the reaction mixture was cooled to room
temperature, and the solid separated was filtered and
purified by recrystallization from ethanol.

2-((4-((E)-(4-Methoxybenzylidene)amino)-5-((E-2-(4-
methoxybenzylidene)hydrazinyl)-4H-1,2,4-triazol-3-yl)thio)-1-
(4-methoxyphenyl)ethanone (6a).  Colorless solid; mp 119—
121°C; IR (KBr) vpnax (cm™1): 3400 (NH stretching), 2964
(CH stretching), 1673 (C=O stretching), 1599 (C=N
stretching); '"H NMR (400 MHz, CDCl5): & 3.68 (s, 3H,
OCHs;), 3.82 (s, 3H, OCHy), 3.85 (s, 3H, OCHs3), 4.72 (s,
2H, CH,), 6.77 (d, J = 8.0 Hz, 2H), 6.93 (d, J = 8.0 Hz,
4H), 7.28 (s, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.94 (d,
J = 8.4 Hz, 2H), 8.03 (d, J = 8.4 Hz, 2H), 8.86 (d,
J = 8.4 Hz, 2H); '>*C NMR (100 MHz, DMSO-d;): &
191.2, 169.5, 164.3, 164.2, 161.8, 149.7, 147.7, 145.8,
132.2, 131.3, 129.7, 128.2, 126.3, 124.0, 115.2, 114.7,
114.5, 56.2, 56.1, 55.8; ESI-MS, m/z (%): 531 M + H)";
Anal. Calcd for Co7Ho6NgO4S: C, 61.12; H, 4.94; N,
15.84; S, 6.04; found: C, 61.19; H, 4.98; N, 15.81; S, 6.12.

1-(4-Fluorophenyl)-2-((4-((E)-(4-methoxybenzylidene)
amino)-5-((E-2-(4-methoxybenzylidene)hydrazinyl)-4H-1,2,4-
triazol-3-yl)thio)ethanone (6b).  Colorless solid; mp 212—
214°C; IR (KBr) vmax (cm™'): 3400 (NH stretching),
2945 (CH stretching), 1691 (C=O stretching), 1599

DOI 10.1002/jhet
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(C=N stretching); "H NMR (400 MHz, DMSO-d,): 5 3.47
(s, 3H, OCH3), 3.82 (s, 3H, OCH3;), 5.00 (s, 2H, CH,), 6.28
(s, 2H), 7.03 (d, J = 8.4 Hz, 3H), 7.42 (t, J = 8.8 Hz, 3H),
7.79 (d, J = 8.4 Hz, 3H), 8.17 (t, J = 8 Hz, 2H), 8.36 (s,
1H), 12.67 (s, 1H); '*C NMR (100 MHz, DMSO-dq): 3
191.9, 161.7, 151.3, 150.7, 149.3, 132.0, 132.0, 131.3,
129.7, 126.2, 116.8, 116.5, 116.3, 114.7, 55.8, 23.6; ESI-
MS, m/z (%): 519 M + H)*; Anal. Caled for
CogHasFNgO3S: C, 60.22; H, 4.47; N, 16.21; S, 6.18;
found: C, 60.28; H, 4.42; N, 16.26; S, 6.13.

General procedure for the synthesis of 4-((E)-(4-
methoxybenzylidene)amino)-5-((Z)-2-(4-methoxybenzylidene)
hydrazinyl)-4H-1,2,4-triazole-3-thiol (7). 4-Amino-5-
hydrazinyl-4H-1,2 4-triazole-3-thiol (1 mmol) and 4-
methoxybenzaldehyde (2 mmol) were taken in a round
bottom flask containing 5 mL of absolute alcohol and
refluxed for about 1 h. The progress of the reaction was
monitored through TLC using ethyl acetate and n-hexane
(40%). After completion of the reaction, the reaction
mixture was cooled to room temperature. The solid
separated was filtered and washed with water. The crude
product was recrystallized from methanol. Colorless
solid; mp 241-243°C; IR (KBr) viax (cm™Y): 1636 (C=N
stretching), 2610 (SH stretching); '"H NMR (400 MHz,
DMSO-dg): 6 3.79 (s, 3H, OCH3;), 3.86 (s, 3H, OCH3),
6.98 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.8 Hz, 2H), 7.58
(d, J = 8.8 Hz, 2H), 7.95 (d, J = 8.8 Hz, 2H), 8.27 (s,
1H), 9.90 (s, 1H), 10.52 (s, 1H), 13.26 (s, 1H); '*C NMR
(100 MHz, DMSO-de): & 163.1, 162.6, 160.8, 159.8,
148.7, 145.3, 131.3, 128.4, 127.5, 125.2, 114.9, 114.7,
56.0, 55.7; ESI-MS, m/z (%): 383 M + H)"; Anal. Calcd
for CigHgNgO,S: C, 56.53; H, 4.74; N, 21.97; S, 8.38;
found: C, 56.59; H, 4.79; N, 21.93; S, 8.32.
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Abstract

A facile, inexpensive and eco-friendly synthesis of functionalised (E)-ethyl2-(2-((E)-2-(1-(4-methyl-2-(phenylamino)thiazol-
SyDethylidene)hydrazinyl) 14-oxothiazol-5(4H)-ylidene)acetates has been developed via one-pot five-component approach.
The title compounds were synthesized by the reaction of anilines, 3-chloropentane-2,4-dione, ammoniumthiocyanate, thio-
semicarbazide and dialkylacetylene dicarboxylate using polyethylene glycol as green and recyclable solvent. The domino

reaction proceeded smoothly in good-to-excellent yields.
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Introduction

Thiazoles are versatile precursors for the synthesis of biolog-
ically active heterocyclic molecules. Thiazoles and their ana-
logues represent an important class of heterocycles, which is
abundant in various natural products [1]. Thiazoles exhibit
diverse range of biological activities like anticancer [2],
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anti-inflammatory [3], antifungal [4], antiviral [5], antitu-
bercular [6], antimalarial activity [7] and anticandida activ-
ity [8]. The striking drug activity of these compounds not
only attracted chemists to synthesize heterocyclic nucleus
but also became an active research area of continuing inter-
est [9].

Meanwhile, thiazolidinones are good structural motif
found in many biologically active compounds [10]. Thia-
zolidinones and their derivatives also exhibit anti-inflam-
matory [11], antifungal, antibacterial [12], antiviral [13],
antioxidant, antibacterial [14] and antimalarial activity [15]
(Fig. 1).

Inspired by biological profile of thiazoles, thiazolidi-
nones and their increasing importance in pharmaceutical

@ Springer
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Fig. 1 Biologically active molecules on thiazole and thiazolidinones

and biological fields [16, 17], we would like to synthesize
the title compounds.

Notably, synthesis of diversified heterocyclic molecules
from simple and readily available starting materials in a
low-cost and time-effective manner is durable challenge for
organic chemists [18]. MCRs, where three or more reactants
are combined together in a single reaction vessel to generate
a product incorporating most of the atoms contained in the
reactants, are considered as an effective tool for this chal-
lenge [19, 20]. These reactions are applicable both green
chemistry and economic point of view. They are useful for
generating combinatorial libraries of complex organic mol-
ecules in a very short time. MCRs have acquired great inter-
est in recent time [21].

Polyethylene glycol has gained much importance as a
powerful green solvent for many organic reactions [22].
Most importantly, it is an inexpensive, nontoxic, thermally
stable, easy to handle and recyclable medium. Due to these
qualities, we were inspired to examine the usefulness of
PEG-400 in multicomponent reactions for the synthesis of
title compounds.

In continuation of our ongoing research to develop new
synthetic methodologies for the synthesis of diverse het-
erocycles using multicomponent reactions [23-25] and in
order to enhance the biological activity of both thiazole and
thiazolidinones, it was thought of interest to accommodate
thiazole and thiazolidinones moieties in a single framework
to obtain a new class of compounds with potential biologi-
cal activity.
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Results and discussion

In this article firstly, we wish to report the synthesis of
highly substituted thiazolyl thiazolidinones via the five-
component reaction of aromatic amines, ammoniumthio-
cyanate, 3-chloroacetylacetone, thiosemicarbazide and
dialkylacetylene dicarboxylates in polyethylene glycol
(Scheme 1, method-1).

Reaction of equimolar mixture of aromatic amine,
ammoniumthiocyanate and 3-chloroacetylacetone in poly-
ethylene glycol under reflux condition afforded an interme-
diate 7 (not isolated). To this on further addition of equi-
molar amount of thiosemicarbazide and dialkylacetylene,
dicarboxylate under reflux gave compound 6.

The method-1 is less time-consuming, and it involves
a simple workup procedure and is of general applicabil-
ity. The reaction takes place under mild conditions. This
work may trigger on interesting chemistry involving new
methodology. The main feature of the synthesis is that
eight heteroatom bonds like 3C-S, 2C=N, 2C-N bond and
one cyclic N-C=0 are formed simultaneously in one pot
leading to selective novel heterocyclization without forma-
tion of any side products.

Compound 6 can also be synthesized by an alterna-
tive method involving condensation of aromatic amines,
NH,SCN and 3-chloroacetylacetone in polyethylene gly-
col to yield the corresponding substituted 1-(4-methyl-
2-(p-tolylamino)thiazol-5-yl)ethanones 7 (isolated).
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These on reaction with thiosemicarbazide and dialkyla-
cetylene dicarboxylate resulted in the formation of cyclo-
condensation products (yield 70-80%) 6 via a two-step
process (Scheme 2, method-2) of the cyclocondensa-
tion that proceeds in such a way that the intermediate

NH,
1
R" 0o o S
+ + NH,SCN + +
R2 M 4 HZN‘NJ\NHZ
R3 1 H

1 2 3 4

NH,
I i
+ + NH,SCN + +
M 4 HZN‘NJLNHZ
al H

1 2 3 4

thiosemicarbazone of 7 reacts with dialkylacetylene
dicarboxylate to give the final products 6. The products
obtained by both the methods were found to be identi-
cal by their mixed melting point measurements, co-TLC
and IR spectra. In the present investigation, method-1

R3
N
PEG-400 R2 /4 \ N\VH
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R H N7 75
\

Reflux, 2-3.5h

5 6a-6n

N
PEG-400 O J(K\(N\VH
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\
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Scheme 1 Method-1, one-pot multicomponent synthesis of compounds 6a—60
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R3 + PEG-400 RZQN/« \ (0] l{2 N/(S\ /N\NH
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O O
M 7 6a-o0
Cl
2

Scheme 2 Method-2, stepwise or unambiguous synthesis of compounds 6a—60 from intermediate 7

Tablg 1 Optir.nlization of Entry Reaction condition Solvent Catalyst (10 mol%) Time (h) Yields

reaction conditions for the (%) of

synthesis of 6b 6b
1 Reflux DMF - 24 -
2 Reflux DMF + EtOH - 24 40
3 Reflux CH;0H - 12 52
4 Reflux Acetone - 12 50
5 Reflux THF - 24 -
6 Reflux H,O - 24 -
7 Reflux EtOH KOH 12 -
8 Reflux EtOH NaOH 12 -
9 Reflux EtOH NaHCO; 12 -
10 Reflux EtOH NH,OH 12 -
11 Reflux EtOH K,CO;4 12 -
12 Reflux PEG-400 - 3 96
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was preferred over method-2 because of advantages in
method-1. The structures of 6 and 7 were confirmed by
their analytical and spectral data such as IR, NMR, '°C
and MS spectra (Table 1).

Initially, the reaction of 4-methyl aniline (1.0 equiva-
lent), NH,SCN (1.0 equivalent), 3-chloroacetylacetone (1.0
equivalent), thiosemicarbazide (1.0 equivalent) and dialkyla-
cetylene dicarboxylate was tested in the presence of DMF at
reflux condition. The reaction did not proceed. The reaction
was tried in various solvents such as DMF + EtOH, CH;0H,
acetone, THF and water. The reaction did not proceed for
completion. Different base catalysts such as KOH, NaOH,
NaHCO;, NH,OH and K,CO; were screened (10 mol%) in
ethanol under reflux to find out the optimum condition. The
reaction did not yield any product. Ultimately, we investi-
gated that the reaction in polyethylene glycol under reflux
gave the desired product. Thus, among all the solvents,
polyethylene glycol was found to be the best solvent for this
MCR.

Thus, to avoid the environmental pollution, we have
used the greener reaction medium. Among various solvents
tried, PEG-400 was found to be an efficient reaction medium
in terms of reaction time as well as yield. In addition, the
recyclability of the PEG-400 was investigated and revealed
the important observation that PEG-400 was recovered
and reused for four times without loss of its activity. We
observed that in the first run percentage of yield was 96, in
the second run 93%, in the third run 91% and in the fourth
run a very slight change of 90%.

After isolation of the product, water was removed through
direct distillation and PEG-400 was washed with diethyl
ether (two times, every time 3 ml). The recovered PEG-400
was used in consecutive runs (four times) without much loss
of efficiency and with a negligible loss of PEG-400.

Under the optimized reaction conditions, a study on the
substrate scope was carried out and the results are sum-
marized. It can be found from the results that a wide range
of aromatic amines are suitable for this multicomponent
reaction. Aromatic amines tethered with both electron
donating and electron withdrawing substituents afforded
the desired products in good yields. Bulky amine such
as a-naphthyl amine also underwent this five-component
reaction smoothly to provide the final product. But these
compounds are practically sparingly soluble in routine sol-
vents. Next we realized that this protocol is not so useful
for aliphatic amines (Table 2).

We believe the mechanism of the reaction goes via
the Hantzsch thiazole condensation of aromatic amines,
ammoniumthiocyanate and 3-chloroacetylacetone to give
intermediate 7. Simultaneously, thiosemicarbazide reacts
with 7 to give corresponding thiosemicarbazone of 7.
The next step is the cyclocondensation of added dialky-
lacetylene dicarboxylate to yield the final compounds 6
(Scheme 3).

The structures of all the newly synthesized title com-
pounds were confirmed by their spectral data. The IR
spectrum of compound 6a showing prominent peaks at
1693 cm™! is due to C=O stretching vibration. The peak
3199 cm™! is due to —-NH- stretching vibration frequency.
The 'H NMR spectrum of compound 6a showed charac-
teristic singlet for CH; at 6 1.28, quartet for OCH, at 4.25,
and NH at § 12.80 ppm and '*C NMR spectrum of com-
pound 6a showed characteristic CH, carbon at 6 14.4 ppm.
The other carbon atoms appear at the expected region. The
compound 6a exhibited the [M + H]" peak at m/z 430.

Table 2 Different substitutions

X Entry Product R R! R? R3 Time (h) Yields (%)
of the compounds (6a—60)
1 6a OEt H H H 3 94
2 6b OEt H H CH; 3 96
3 6¢ OEt CH; CH; H 2.5 90
4 6d OEt H OCH; H 3 95
5 6e OEt H H OCH;4 35 95
6 6f OEt H OH H 3 93
7 6g OEt H Cl H 2.5 91
8 6h OEt H H Cl 3 95
9 6i OEt H NO, H 35 89
10 6j OCH; H H H 2.5 97
11 6k OCH; H OCH; H 3 92
12 6l OCH; H OH H 35 90
13 6m OCH;, H Cl H 3 85
14 6n OCH;,4 H H Cl 3 93
15 60 OCH; - - - 3 96
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Scheme 3 Plausible mechanism for the synthesis of 6a—60

Conclusion

In conclusion, we have developed a facile and efficient one-
pot five-component protocol for the synthesis of highly sub-
stituted thiazolo thiazolidinones using PEG-400 as a green
reaction medium with high yields. This domino reaction pro-
ceeded smoothly in good-to-excellent yields and afforded
several advantages such as short reaction time, metal free,
simple experimental procedure, easy workup, simple purifi-
cation and greener aspects such as lack of hazardous organic
solvent, ease of recovery and reuse of reaction medium.

Experimental section

All the reagents and chemicals which were used in the pre-
sent study were purchased from commercial sources and
used further without any purification. Melting points were
determined in open capillaries with a Stuart melting point
apparatus, Mumbai, India, and were uncorrected. IR spectra
were recorded on PerkinElmer Spectrum 100 s. "H-NMR
spectra were recorded on Bruker WM-400 spectrometer
in 6 ppm using TMS as the standard, and ESI-MS spectra
were recorded on Jeol JMSD-300 spectrometer. Elemental

analyses were performed on a Carlo Erba EA 1108 automatic
elemental analyzer, and compounds purity was checked by
TLC plates (E Merck, Mumbai, India). Supplemental Mate-
rials contain 'H and '>C NMR spectra of products 6a—60.

General procedure for compounds (6a-60) Amixture of sub-
stituted aniline (1 mmol), 3-chloroacetylacetone (1 mmol)
and ammoniumthiocyanate (1 mmol) was taken in 5 ml of
polyethylene glycol-400 and refluxed for 1 h by monitor-
ing TLC (ethyl acetate and n-hexane 2:8). After completion
of the reaction, to the reaction mixture thiosemicarbazide
(1 mmol) and dialkylacetylene dicarboxylate (1 mmol)
were added. The reaction mixture was refluxed for another
1-2 h by monitoring TLC. The mixture was cooled to room
temperature and poured into ice-cold water. The precipitate
formed was filtered off and washed with water, and the crude
product was purified by recrystallization from methanol to
get the pure product 6a—60.

General procedure for the synthesis of substituted
1-(4-methyl-2-(p-tolylamino)thiazol-5-yl)ethanone (7) Amix-
ture of aromatic amine (1 mmol), ammoniumthiocyanate
(1 mmol) and 3-chloroacetylacetone (1 mmol) was taken
5 ml of polyethylene glycol and refluxed for 1 h. The solid

@ Springer
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separated was collected by filtration and recrystallized from
ethanol. White solid; mp 189-191 °C (lit [26] 190-192 °C).

General procedure for the synthesis of (6) from (7) Amixture
of compound 7 (1 mmol) and thiosemicarbazide (1 mmol)
was taken in 5 ml of polyethylene glycol and refluxed for
half an hour (by monitoring TLC) and to this dialkylacety-
lene dicarboxylate (1 mmol) was added and refluxed for 1 h.
The mixture was cooled to room temperature and poured
into ice-cold water. The precipitate formed was filtered off
and washed with water, and the crude product was purified
by recrystallization from methanol to get the pure products
6a—60.

(E)-ethyl2-(2-((E)-2-(1-(4-methyl-2-(phenylamino)thiazol-5yl)
ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)acetates
(6a) Orange solid; mp 307-309 °C; Yield (92%); IR (KBr,
Vs €M 1):1693 cm™! (C=0 stretching), 3199 cm~! (NH
stretching); 'H NMR (400 MHz, DMSO-dg, ppm): 6 1.28 (t,
J=28.0 Hz, 3H), 2.46 (s, 3H, CH,), 2.54 (s, 3H, CH,), 4.25
(q, J=8.0 Hz, 2H), 6.62 (s, 1H,), 7.00 (t, J=8.0 Hz, 1H),
7.34 (t, J=8.0 Hz, 2H), 7.66 (d, J=8.0 Hz, 2H), 10.46 (s,
1H), 12.80 (s, 1H); '>*C NMR (100 MHz, DMSO-dg4, ppm):
614.4,1609,19.2,61.6, 114.4, 117.9, 120.7, 122.3, 129.4,
141.0, 143.6, 151.5, 157.7, 159.0, 163.3, 165.9, 166.0; ESI-
MS, m/z (%): 430 M +H)*; Anal. caled. for C,gH;gN5O5S,:
C, 53.13; H, 4.46; N, 16.31; S, 14.93. Found: C, 53.18; H,
4.40; N, 16.38; S, 14.90.

(E)-ethyl2-(2-((E)-2-(1-(4-methyl-2-(p-tolylamino)thiazol-5yl)
ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)ace-
tates (6b) Orange solid; mp 244-246 °C; Yield (96%);
IR (KBr, v, ecm™): 1692 (C=0 stretching), 3196 (NH
stretching); 'H NMR (400 MHz, DMSO-dg¢, ppm): 6 1.26
(t, J=4.0 Hz, 3H), 2.28 (s, 3H, CHj;), 2.44 (s, 3H, CH,),
4.23 (q, J=4.0 Hz, 2H), 4.65 (s, 3H), 6.60 (s, 1H,), 7.16
(d, J=4.0 Hz, 2H), 7.51 (d, J=28.0 Hz, 2H), 10.65 (s, 1H),
12.80 (s, 1H); '*C NMR (100 MHz, DMSO-dy, ppm): § 14.5,
16.8, 18.6, 20.9, 61.7, 114.6, 118.9, 120.1, 130.0, 132.2,
138.0, 143.5, 149.9, 157.9, 158.8, 164.0, 165.8, 166.0; ESI-
MS, m/z (%): 444 M +H)*; Anal. caled. for C,yH,;N5O5S,:
C,54.16; H, 4.77; N, 15.79; S, 14.46. Found: C, 54.10; H,
4.72; N, 15.73, S, 14.41.

(E)-ethyl2-(2-((E)-2-(1-(2-((2,3-dimethyl phenyl)
amino)-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-4-oxo-
thiazol-5(4H)-ylidene)acetates (6¢) Orange solid; mp 292—
294 °C; Yield (90%); IR (KBr, v,,,,, cm™!): 1687 (C=0
stretching), 3221 (NH stretching); '"H NMR (400 MHz,
DMSO-dg, ppm): 6 1.25 (t, J=38.0 Hz, 3H), 2.15 (s, 3H,
CH,), 2.28 (s, 3H, CH;), 2.41 (s, 3H, CH;), 2.45 (s, 3H,
CH,), 4.23 (q, /=4.0 Hz, 2H), 6.60 (s, 1H,), 7.04 (d,
J=4.0Hz, 1H), 7.13 (t, /=8.0 Hz, 1H), 7.43 (d, /J=8.0 Hz,
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1H), 9.66 (s, 1H), 12.76 (s, 1H); '*C NMR (100 MHz,
DMSO-d, ppm): 6 14.3, 14.5, 15.8, 17.0, 19.2, 20.7, 61.7,
102.9, 111.0, 112.7, 114.7, 122.3, 126.3, 127.6, 130.9,
138.2, 143.9, 150.7, 159.4, 162.0, 165.7; Anal. calcd. for
C,Hy3N505S,: C, 54.16; H, 4.77; N, 15.79; S, 14.46. Found:
C, 54.19; H, 4.72; N, 15.73; S, 14.40.

(E)-ethyl2-(2-((E)-2-(1-(2-((3-methoxy phenyl)
amino)-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-4-oxo-
thiazol-5(4H)-ylidene)acetates (6d) Orange solid; mp 287—
289 °C; Yield (95%); IR (KBr, v,,,,, cm™!): 1694 (C=0
stretching), 3208 (NH stretching); '"H NMR (400 MHz,
DMSO-dg, ppm): 6 1.28 (t, J=8.0 Hz, 3H), 2.46 (s, 3H,
CH;), 2.53 (s, 3H, CH;), 3.77 (s, 3H, OCHs;), 4.25 (q,
J=28.0 Hz, 2H), 6.60 (t, J=8.0 Hz, 2H), 7.12 (d, /=8.0 Hz,
1H), 7.24 (t, J=8.0 Hz, 1H), 7.40 (s, 1H), 10.46 (s, 1H),
12.80 (s, 1H); '*C NMR (100 MHz, DMSO-d,, ppm): §14.4,
16.8, 19.2, 55.4, 61.6, 103.9, 107.5, 110.4, 114.4, 120.8,
130.1, 142.1, 143.6, 151.3, 157.9, 158.9, 160.3, 163.2,
165.9, 166.0; ESI-MS, m/z (%): 460 M +H)*; Anal. calcd.
for C,,H,;N5sO,S,: C, 52.27; H, 4.61; N, 15.24; S, 13.96.
Found: C, 52.22; H, 4.65; N, 15.20; S, 13.92.

(E)-ethyl2-(2-((E)-2-(1-(2-((4-methoxy phenyl)
amino)-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-4-oxo-
thiazol-5(4H)-ylidene)acetates (6e) Orange solid; mp 236—
238 °C; Yield (95%); IR (KBr, v, cm_l): 1690 (C=0
stretching), 3130 (NH stretching); '"H NMR (400 MHz,
DMSO-dg4, ppm): 6 1.27 (t, J=8.0 Hz, 3H), 2.45 (s, 3H,
CH;), 2.51 (s, 3H, CHj;), 3.75 (s, 3H, OCHj;), 4.25 (q,
J=8.0 Hz, 2H), 6.61 (s, 1H), 6.94 (d, J=8.0 Hz, 2H), 7.55
(d, J=8.0 Hz, 2H), 10.25 (s, 1H), 12.78 (s, 1H); '*C NMR
(100 MHz, DMSO-d, ppm): 6 14.4, 16.8, 19.2, 55.6, 61.6,
114.5, 114.7, 119.9, 134.4, 135.5, 143.7, 151.7, 155.0,
157.4, 159.0, 164.0, 165.9, 166.0; ESI-MS, m/z (%): 460
(M+H)*; Anal. caled. for C,0H,,N50O,S,: C, 51.22; H, 4.30;
N, 15.72; S, 14.39. Found: C, 51.27; H, 4.35; N, 15.78; S,
14.44.

(E)-ethyl2-(2-((E)-2-(1-(2-((3-hydroxy phenyl)amino)-4-meth-
ylthiazol-5-yl)ethylidene)hydrazinyl)-4-oxothia-
zol-5(4H)-ylidene)acetates (6f) Orange solid; mp 300-
302 °C; Yield (93%); IR (KBr, v,,,., cm™}): 1686 (C=0
stretching), 3149 (NH stretching); '"H NMR (400 MHz,
DMSO-dg, ppm): 6 1.28 (t, J=8.0 Hz, 3H), 2.46 (s, 3H,
CH,;), 2.53 (s, 3H, CHj;), 4.25 (q, J=8.0 Hz, 2H), 6.41 (d,
J=12.0 Hz, 1H), 6.62 (s, 1H), 7.01 (d, J=12.0 Hz, 1H),
7.11 (t, J=8.0 Hz, 1H), 7.18 (s, 1H), 9.43 (s, 1H), 10.32 (s,
1H), 12.80 (s, 1H); '3C NMR (100 MHz, DMSO-d,, ppm):
614.4,169,19.2, 61.6, 106.2, 108.9, 109.6, 114.4, 120.5,
130.0, 141.9, 143.6, 151.5, 157.6, 158.3, 159.0, 163.3,
165.9, 166.0; ESI-MS, m/z (%): 444 (M —H)"; Anal. calcd.
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for C;H,oN50,S,: C, 51.22; H, 4.30; N, 15.72; S, 14.39.
Found: C, 51.26; H, 4.36; N, 15.75; S, 14.32.

(E)-ethyl2-(2-((E)-2-(1-(2-((3-Chloro phenyl)amino)-4-meth-
ylthiazol-5-yl)ethylidene)hydrazinyl)-4-oxothia-
zol-5(4H)-ylidene)acetates (6g) Orange solid; mp 254-
256 °C; Yield (91%); IR (KBr, v,,,., cm™}): 1691 (C=0
stretching), 3061 (NH stretching); '"H NMR (400 MHz,
DMSO-dg, ppm): 6 1.27 (t, J=8.0 Hz, 3H), 2.46 (s, 3H,
CH,;), 2.54 (s, 3H, CH;), 4.23 (q, /=8.0 Hz, 2H), 6.61 (s,
1H), 7.02-7.04 (m, 1H), 7.35 (t, J=8.0 Hz, 1H), 7.50-7.52
(m, 1H), 7.89 (t, J=4.0 Hz, 1H), 10.62 (s, 1H), 12.80
(s, 1H); 3C NMR (100 MHz, DMSO-d,, ppm): & 14.5,
16.8,19.2, 61.7, 114.6, 116.3, 117.1, 121.6, 121.7, 131.0,
133.8, 142.3, 143.6, 151.2, 158.2, 158.9, 162.8, 165.9,
166.0; ESI-MS, m/z (%): 464 (M +H)*; Anal. calcd. for
C,oHsCINsO;5S,: C, 49.19; H, 3.91; N, 15.09; S, 13.82.
Found: C, 49.15; H, 3.95; N, 15.12; S, 13.88.

(E)-ethyl2-(2-((E)-2-(1-(2-((4-Chloro phenyl)amino)-4-meth-
ylthiazol-5-yl)ethylidene)hydrazinyl)-4-oxothia-
zol-5(4H)-ylidene)acetates (6h) Orange solid; mp 305-
307 °C; Yield (95%); IR (KBr, v,,,,, cm™!): 1694 (C=0
stretching), 3189 (NH stretching); 'H NMR (400 MHz,
DMSO-dg, ppm): 6 1.27 (t, J=8.0 Hz, 3H), 2.46 (s, 3H,
CH,;), 2.53 (s, 3H, CH,), 4.24 (q, J=8.0 Hz, 2H), 6.61 (s,
1H), 7.38 (d, J=12.0 Hz, 2H), 7.70 (d, J=8.0 Hz, 2H),
10.57 (s, 1H), 12.81 (s, 1H); '*C NMR (100 MHz, DMSO-
de, ppm): 6 14.4,16.8,19.2,61.6, 114.4, 119.3, 121.3, 125.5,
129..2, 139.9, 143.6, 151.2, 158.0, 158.8, 162.9, 165.9,
166.0; ESI-MS, m/z (%): 464 (M +H)*; Anal. calcd. for
C,oHsCINSO;S,: C, 49.19; H, 3.91; N, 15.09; S, 13.82.
Found: C, 49.15; H, 3.96; N, 15.14; S, 13.88.

(E)-ethyl2-(2-((E)-2-(1-(4-methyl-2-((3-nitrophenyl)amino)thi-
azole-5-yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)
acetates (6i) Orange solid; mp 296-298 °C; Yield (89%);
IR (KBTI, vy,,, cm™"): 1694 (C=0 stretching), 3253 (NH
stretching); 'H NMR (400 MHz, DMSO-d, ppm): & 1.27
(t, J=8.0 Hz, 3H), 2.47 (s, 3H, CH;), 2.57 (s, 3H, CH;),
4.24 (q, J=8.0 Hz, 2H), 6.60 (s, 1H), 7.61 (t, J=8.0 Hz,
1H), 7.82 (d, J=8.0 Hz, 1H), 7.95 (d, J=8.0 Hz, 1H), 8.76
(s, 1H), 10.91 (s, 1H), 12.82 (s, 1H); *C NMR (100 MHz,
DMSO-d,, ppm): 6 14.4, 16.7, 19.2, 61.6, 114.3, 119.2,
121.3, 125.5, 129.2, 139.9, 143.6, 151.2, 158.0, 158.8,
162.9, 165.8, 166.0; ESI-MS, m/z (%): 475 M +H)*; Anal.
caled. for C;gH gN¢OsS,: C, 48.09; H, 3.82; N, 17.71; S,
13.51. Found: 48.10; H, 3.88; N, 17.76; S, 13.58.

(E)-methyl 2-(2-((E)-2-(1-(4-methyl-2-(phenylamino)thia-
zol-5-yl)ethylidene)hydrazinyl)-4-oxothiazol-5(4H)-ylidene)
acetates (6j) Orange solid; mp 312-314 °C; Yield (97%);
IR (KBr, v,,,, cm™): 1693 (C=O0 stretching), 3083 (NH

max?

stretching); "H NMR (400 MHz, DMSO-dg, ppm): 6 2.46 (s,
3H, CH,), 2.53 (s, 3H, CH;), 3.78 (s, 3H, OCHj;), 6.65 (s,
1H,), 7.00 (t, J=8.0 Hz, 1H), 7.34 (t, J=8.0 Hz, 2H), 7.66
(d, J=8.0 Hz, 2H), 10.44 (s, 1H), 12.81 (s, 1H); ESI-MS,
m/z (%): 414 (M —H)*; Anal. calcd. for C;gH;,N50,S,: C,
52.03; H,4.12; N, 16.86; S, 15.43. Found: C, 52.12; H, 4.17;
N, 16.82; S, 15.47.

(E)-Methyl 2-(2-((E)-2-(1-(2-((3-methoxyphenyl)
amino)-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-4-oxothi-
azol-5(4H)-ylidene)acetates (6k) Red solid; mp 310-312 °C;
Yield (92%); IR (KBr, v,,,,, cm™!): 1693 (C=0 stretch-
ing), 3145 (NH stretching); '"H NMR (400 MHz, DMSO-
de, ppm): 6 2.46 (s, 3H, CHs), 2.53 (s, 3H, CH,), 3.77 (s,
3H, OCH,), 3.79 (s, 3H, OCH,), 6.59 (t, J=8.0 Hz, 1H),
6.65 (s, 1H), 7.12 (d, J=8.0 Hz, 1H), 7.24 (t, J=8.0 Hz,
1H), 7.41 (s, 1H), 10.45 (s, 1H), 12.82 (s, 1H); '3*C NMR
(100 MHz, DMSO-d,, ppm): 16.8, 19.2, 52.6, 55.4, 103.8,
107.7, 110.5, 113.8, 114.1; 120.9, 130.5, 131.7; 132.1;
138.2; 142.0, 158.9, 160.3, 163.3, 166.3; ESI-MS, m/z (%):
446 (M +H)*; Anal. caled. for CgH,(N50,S,: C, 51.22; H,
4.30; N, 15.72; S, 14.39. Found: C, 51.27; H, 4.34; N, 15.67;
S, 14.35.

(E)-methyl 2-(2-((E)-2-(1-(2-((3-hydroxyphenyl)
amino)-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-4-oxothi-
azol-5(4H)-ylidene)acetate (6) Red solid; mp 295-297 °C;
Yield (90%); IR (KBr, v,,,., cm™!): 1688 (C=0 stretch-
ing), 3145 (NH stretching); '"H NMR (400 MHz, DMSO-
dg, ppm): 6 2.46 (s, 3H, CHj), 2.53 (s, 3H, CH3), 3.79 (s,
3H, OCH,), 6.41 (d, /J=8.0 Hz, 1H), 6.65 (s, 1H), 7.02 (d,
J=8.0 Hz, 1H), 7.11 (t, J=8.0 Hz, 1H), 7.19 (s, 1H), 9.43
(s, 1H), 10.32 (s, 1H), 12.81 (s, 1H); ESI-MS, m/z (%): 430
(M—H)*; Anal. caled. for C,¢H,,N50,S,: C, 50.10; H, 3.97;
N, 16.23; S, 14.86. Found: C, 50.14; H, 3.92; N, 16.28; S,
14.82.

(E)-methyl 2-(2-((E)-2-(1-(2-((3-chlorophenyl) amino)-4-meth-
ylthiazol-5-yl)ethylidene)hydrazinyl)-4-oxothia-
zol-5(4H)-ylidene)acetate (6m) Orange solid; mp 308-
310 °C; Yield (85%); IR (KBr, v, cm™Y): 1697 (C=0
stretching), 3186 (NH stretching); '"H NMR (400 MHz,
DMSO-dg, ppm): 6§ 2.47 (s, 3H, CHj), 2.55 (s, 3H, CHj),
3.79 (s, 3H, OCHs), 6.65 (s, 1H), 7.03 (d, /J=8.0 Hz, 1H),
7.35 (t, J=8.0 Hz, 1H), 7.51 (d, /=12.0 Hz, 1H), 7.91 (s,
1H), 10.63 (s, 1H), 12.83 (s, 1H); '>*C NMR (100 MHz,
DMSO-dg4, ppm): 616.7, 19.2, 52.7, 114.2, 116.2, 117.1,
121.6, 123.3, 131.0, 133.8, 142.3, 143.8, 151.1, 158.1, 158.9,
162.8, 166.0, 166.4; ESI-MS, m/z (%): 450 (M+H)*; Anal.
calcd. for CgH,(CIN5O5S,: C, 48.05; H, 3.58; N, 15.57; S,
14.25. Found: C, 48.18; H, 3.52; N, 15.51; S, 14.29.
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(E)-methyl 2-(2-((E)-2-(1-(2-((4-chlorophenyl) amino)-4-meth-
ylthiazol-5-yl)ethylidene)hydrazinyl)-4-oxothia-
zol-5(4H)-ylidene)acetate (6n) Orange solid; mp 307-
309 °C; Yield (93%); IR (KBr, v,,,,, cm™!): 1693 (C=0
stretching), 3189 (NH stretching); '"H NMR (400 MHz,
DMSO-d,, ppm): 6§ 2.46 (s, 3H, CHj;), 2.53 (s, 3H, CHj),
3.78 (s, 3H, OCHj;), 6.64 (s, 1H), 7.38 (d, J=8.0 Hz, 2H),
7.7 (d, J=8.0 Hz, 2H), 10.57 (s, 1H), 12.82 (s, 1H); '*C
NMR (100 MHz, DMSO-d,, ppm): 616.7, 19.2,52.7, 114.1,
119.3, 121.3, 125.5, 129.2, 139.9, 143.8, 151.3, 158.0, 158.9,
162.9, 166.0, 166.4; ESI-MS, m/z (%): 450 M+ H)*; Anal.
caled. for C3gH,,CINsO,S,: C, 48.05; H, 3.58; N, 15.57; S,
14.25. Found: C, 48.19; H, 3.51; N, 15.61; S, 14.20.

(E)-methyl 2-(4-oxo-2-((E)-2-((3-(2-oxo-2H-benzo[h]
chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)methylene) hydrazi-
nyl)thiazol-5(4H)-ylidene)acetate (60) Orange solid; mp
302-304 °C; Yield (96%); IR (KBr, v,,,,, cm™}): 1702 (C=0
stretching), 3053 (NH stretching); '"H NMR (400 MHz,
DMSO-dg, ppm): 6 2.45 (s, 3H, CHj;), 2.52 (s, 3H, CH,),
3.78 (s, 3H, OCH,), 6.65 (s, 1H), 7.53-7.59 (m, 3H), 7.74
(d, J=8.0 Hz, 1H), 7.96-7.98 (m, 1H), 8.12-8.13 (m, 1H),
8.24-8.25 (m, 1H), 10.37 (s, 1H), 12.77 (s, 1H); ESI-MS,
m/z (%): 464 (M —H)™; Anal. calcd. for C,oH;oN5O5S: C,
63.38; H, 3.48; N, 12.74; S, 5.83. Found: C, 63.32; H, 3.43;
N, 12.70; S, 5.87.

1-(4-methyl-2-(p-tolylamino)thiazol-5-yl)ethanones (7) White
solid; mp 189-191 °C; Yield (97%); '"H NMR (400 MHz,
CDCl,, ppm): 6 2.24 (s, 3H, CH;), 2.35 (s, 3H, CH,), 2.51
(s, 3H, CH;), 7.07 (d, J=8.0 Hz, 2H), 7.29 (d, /=8.0 Hz,
2H), 9.73 (s, 1H); ESI-MS, m/z (%): 247 M +H)*.
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One pot multicoponent synthesis of 4-hydroxy-6-methyl-3-(3-phenylthiazolo
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Bade Thirupaiah, Kodam Sujatha & Vedula Rajeswar Rao*

Department of Chemistry, National Institute of Technology, Warangal 506 004, India
E-mail: vrajesw@yahoo.com

Received 27 March 2017; accepted (revised) 5 September 2017

An efficient one pot multicomponent reaction for the synthesis of 4-hydroxy-6-methyl-3-(3-phenylthiazolo[2,3-
c][1,2,4]triazol-5-yl)-2H-pyran-2-ones with good to excellent yields has been described. Reaction of 3-(2-bromoacetyl)-4-
hydroxy-6-methyl-2H-pyran-2-one (1), thiosemicarbazide (2) and various aromatic carboxylic acids (3a-) in dry toluene
and POCI; affords 4-hydroxy-6-methyl-3-(3-phenylthiazolo[2,3-C][1,2,4]triazol-5-yl)-2H-pyran-2-ones. All the synthesized
compounds have been characterized by their analytical and spectral data.

Keywor ds: Dehydroacetic acid, benzoic acid, thiosemicarbazide, thiazole, thiazolo triazole, multicomponent reaction

Multi component reactions are the reactions in which
two or more starting materials sequentially combine
to form the final compound in a single reaction vessel.
MCRs are efficient, atom economic and selective
reactions because of lesser number of steps, shorter
reaction time, good yields, and therefore, play an
important role in modern organic chemistry'™.

The thiazole ring system is an important structural
moiety found in a number of biologically active
molecules. In recent years thiazoles have received
much attention in the field of medicinal chemistry
because of their pharmacological activities like
antifungal4, anti microbial’, anti bacterial®, anti
inflammatory’, anticancer® and anti-HIV®. On the
other hand synthesis of 3-(2-bromoacetyl)-4-hydroxy-6-
methyl-2H-pyran-2-one and its derivatives has
attracted considerable attention from organic and
medicinal chemists'® for many year due to their wide
range of applications in the medical field in the form
of fungicidal'', complexing agent'?, anti microbial >,
good cosmetic'®, herbicidal”” and insecticidal
activities'®. Thiazolo triazoles are an important class
of heterocyclic molecules in which two fused rings
of thiazole and triazole exist in isomeric forms and
possess good biological activities'’™'.

In view of the pharmacological significance of
thiazolotriazolyl pyrans and in continuation of our
carlier research work’>” in the field of multi
component synthesis of biologically active hetero
cyclic compounds, herein we report the synthesis of

4-hydroxy-6-methyl-3-(3-phenylthiazolo[2,3-C][1,2,4]
triazol-5-yl)-2H-pyran-2-ones (4) via a multi component
approach.

Results and Discussion

A few years ago triazolo-thiazoles were synthesized
by Rao et al.*’ by two methods. These methods have
limitations like harsh reaction conditions, multiple
step synthesis, has longer reaction times, application
of expensive metal catalyst and gave low yields. In
the present method we have developed a new
synthesis of title compounds via a multi component
approach .This method gives greater yield of the
products, a single step process with shorter duration,
and does not require any metal catalyst.

Two methods of synthesis of 4-hydroxy-6-methyl-
3-(3-phenylthiazolo[2,3-C][1,2,4]triazol-5-y1)-2H-
pyran-2-one derivatives (4) are given. Method I is a
one-pot multi component synthesis. Reaction of 3-(2-
bromoacetyl)-4-hydroxy-6-methyl-2H-pyran-2-one
(1), thiosemicarbazide (2) and various aromatic
carboxylic acids (3) in dry toluene and POCI; under
reflux gave a fused system 4-hydroxy-6-methyl-3-(3-
phenyl-thiazolo[2,3-C|[1,2,4]triazol-5-yl)-2H-pyran-2-
one (4) (Scheme I).

Method II is a two-step procedure. Reaction of
bromodehydroacetic acid (1) with thiosemicarbazide
(2) in acetic acid under reflux gave the corresponding
3-(2-hydrazinylthiazol-4-yl)-4-hydroxy-6-methyl-2H-
pyran- 2-one (5). This intermediate, on reactions with
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substituted benzoic acids (3a-j) in the presence POCl;
gave 4-hydroxy-6-methyl-3-(3-phenylthiazolo[2,3-C]
[1,2,4] triazol-5-yl)-2H-pyran-2-one derivatives (4a-j)
(Scheme II). The products obtained by both methods
were found to be identical by mixed melting point
measurements, co-TLC and their analytical and
spectral data.

A plausible mechanism for the formation of title
compounds 4 is proposed in Scheme III. The initial
step is the formation of 3-(2-hydrazinylthiazol-4-yl)-
4-hydroxy-6-methyl-2H-pyran-2-one 5 from 3-(2-
bromoacetyl)-4-hydroxy-6-methyl-2H-pyran-2-one 1
and thiosemicarbazide 2. Intermediate 5 reacts with
various aromatic acids 3 to give corresponding title
compounds 4.

In the IR spectrum of 4a, the OH functional group
appeared at 3389 cm', lactone —C=O group at
1724 cm™ and —C=N at 1599 cm™' respectively.
'HNMR spectrum of compound 3a exhibited
characteristic peaks for -CHj of pyran as singlet at &
2.22, pyran proton as singlet at 6 6.15, thiazole proton
as singlet at & 7.27, aromatic protons appears as
multiplets in the region & 7.46-7.50, 7.90-7.98 and -
OH proton appeared as singlet at 5 12.68 respectively.
BCNMR spectrum exhibited characteristic lactone
carbonyl carbon at 6 193.5. The mass spectrum of the
compound 4a shows [M+H] " ion peak at m/z 326.
From the spectral data we assigned the structure 4 for
the synthesized molecules.
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Experimental Section

General procedurefor preparation of compounds (4a-j)

A  mixture of substituted 3-(2-bromoacetyl)
-4-hydroxy-6-methyl-2H-pyran-2-one (1 mmol),
thiosemicarbazide (I mmol) and aromatic carboxylic
acid (I mmol) was taken in a round bottom flask
containing 15 mL of dry toluene and 5 mL of POCI;,
refluxed for about 3-4 h. After completion of reaction
(monitored by TLC), the reaction mixture was cooled
to RT and poured onto crushed ice. The resulting
solid product was filtered, washed with NaHCO;
solution (5%), followed by cold water. It was dried
and purified by recrystalization from ethanol.

4-Hydroxy-6-methyl-3-(3-phenylthiazol o[ 2,3-C]
[1,2,4] triazol-5-yl)-2H-pyran-2-one, 4a: Yellow
solid. Yield 89%. m.p.173-75°C. IR (KBr): 3389
(OH), 1724 (lactone —C=0), 1599 cm ' (—C=N);
'HNMR (400 MHz, DMSO-0): & 2.22 (s, 3H, CH; of
pyran), 6.15 (s, 1H, pyran), 7.27 (s, 1H, CH of thiazole),
7.46-7.50 (m, 2H, ArH), 7.90-7.98 (m, 3H, ArH), 12.68
(s, 1H, OH); "CNMR (100MHz, DMSO-d): & 22.2,
98.6, 103.3, 121.1, 127.9, 129.1, 131.8, 133.2, 136.2,
146.6, 151.9, 153.5, 163.1, 193.5; ESI-MS: m/z (%) 326
(M+H)+. Anal. Caled for C16H11N303SZ C, 5907,
H, 3.41;N, 12.92. Found: C, 59.00; H, 3.37; N, 12.87%.

3-(3-(2-Chlorophenyl)thiazolo[2,3-c|[1,2,4]triazol -
5-yl)-4-hydr oxy-6-methyl-2H-pyr an-2-one, 4b: Yellow
solid. Yield 89%. m.p. 203-205°C. IR (KBr): 3398

Ar—¢ N
OH O OrH\<N j
Br S S
X Dry Toulene ~
| + HZN"NJ\NHz +  ArCOOH - [
H;C™ 0" ™0 H POCl;, A Hy,C” 07 Y0
1 2 3(a-j) 4(a-j)

Scheme I — One pot synthesis of 3-(2-hydrazinylthiazol-4-yl)-4-hydroxy-6-methyl-2H-pyran-2-ones

NH, -
HN Ar—< |
ArCOOH
OH O S OH N§< r3a-j HO N:k S
Br AcOH = ~
| N i HZNJ\N'NHz \ Dry Tozlene, | o
H,C” 070 H Hy,C” 070 POCL,A "0
1 2 5 4a-j

Scheme II — Two step synthesis of 3-(2-hydrazinylthiazol-4-yl)-4-hydroxy-6-methyl-2H-pyran-2-ones
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Scheme I — Generation of the target molecule 3-(2-hydrazinylthiazol-4-yl)-4-hydroxy-6-methyl-2H-pyran-2-one

(OH), 1717 (lactone C=0), 1599 cm™' (C=N); 'H NMR
(400 MHz, DMSO-dg): 6 2.23 (s, 3H, CH; of pyran),
6.17 (s, 1H, pyran), 7.32-7.56 (m, 1H thiazole, 4H
ArH), 12.72 (s, 1H, OH); “"CNMR (100 MHz,
DMSO-dg): & 22.3, 98.9, 103.5, 119.2, 127.3, 128.4,
129.3, 130.7, 133.5, 134.2, 138.6, 146.0, 151.7, 155 .4,
163.2, 192.3; ESI-MS: m/z (%) 360 (M+H)". Anal.
Caled for Ci¢H;oCIN;O5S: C, 53.41; H, 2.80; N,
11.68. Found: C, 53.37; H, 2.73; N, 11.63%.

4-Hydr oxy-6-methyl-3-(3-(p-tolyl)thiazolo[ 2,3-]
[1,24]triazol-5-yl)-2H-pyran-2-one, 4c: Yellow solid.
Yield 85%. m.p.151-153°C. IR (KBr): 3406 (OH),
1727 (lactone C=0), 1599 cm ' (C=N); "H NMR (400
MHz, DMSO-d): & 2.21 (s, 3H, CHs), 2.36 (s, 3H,
CH; of pyran), 6.15 (s, 1H, pyran), 7.31 (s, 1H, CH of
thiazole), 7.66 (d, J = 8.8Hz, 2H, ArH), 8.36 (d,
J=9.2, 3H, ArH), 12.74 (s, 1H, OH); “CNMR
(100MHz, DMSO-ds): 6 22.2, 23.1, 98.8, 104.1,
119.6, 125.5, 128.5, 130.7, 133.1, 135.2, 144.9, 152.1,
154.8, 162.9, 193.0; ESI-MS: mz (%) 340 (M+H)".
Anal. Calcd for C7H;3N305S: C, 60.17; H, 3.86; N,
12.38. Found: C, 60.11; H, 3.80; N, 12.30%.

3-(3-(3,5-Dinitrophenyl)thiazolo[2,3-c|[1,2,4]triazol
-5-yl)-4-hydroxy-6-methyl-2H-pyran-2-one, 4d: Yellow
solid. Yield 88%. m.p.147-149°C. IR (KBr): 3434
(OH), 1720 (lactone C=0), 1600 cm ' (C=N);
"H NMR (400 MHz, DMSO-d): & 2.22 (s, 3H, CH; of
pyran), 6.13 (s, 1H, pyran), 7.28 (s, 1H, CH of
thiazole), 8.60-8.75 (m, 3H, ArH), 12.83 (s, 1H, OH);
C NMR (100MHz, DMSO-d): § 22.2, 100.4, 105.5,
118.2, 119.7, 128.6, 129.5, 132.5, 144.1, 149.3, 152.5,
155.1, 163.5, 192.5. Anal. Calcd for C;sHyNsO,S: C,
46.27; H, 2.18; N, 16.86. Found: C, 46.19; H, 2.13; N,
16.81%.

3-(3-(2-Aminophenyhthiazolo[2,3-c][1,24]triazol -
5-yl)-4-hydr oxy-6-methyl-2H-pyran-2-one, 4e: Yellow
solid. Yield 82%. m.p.216-218°C. IR (KBr): 3417
(OH), 1722 (lactone C=0), 1612 cm ' (C=N); '"H NMR
(400 MHz, DMSO-dg): 6 2.21 (s, 3H, CHj; of pyran),
3.82 (s, 2H, NH,), 6.18 (s, 1H, pyran), 6.72-6.80 (m,
2H, ArH), 7.29-7.34 (m, 1H thiazole, 2H ArH), 12.61
(s, 1H, OH); C NMR (100MHz, DMSO-d,): & 22.2,
99.1, 105.4, 110.5, 117.1, 119.8, 121.6, 128.0, 131.2,
132.9, 144.7, 147.2, 152.4, 155.1, 164.3, 192.8. Anal.
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Caled for CH1,N4OsS: C, 56.46; H, 3.55; N, 16.46.
Found: C, 56.50; H, 3.49; N, 16.40%.

4-Hydr oxy-3-(3-(4-hydr oxyphenyl)thiazolo[ 2,3-c]
[1,24]triazol-5-yl)-6-methyl-2H-pyran-2-one,  A4f:
Yellow solid. Yield 80%. m.p.188-190°C. IR (KBr):
3413 (OH), 1727 (lactone C=0), 1602 cm™' (C=N);
'H NMR (400 MHz, DMSO-dy): & 2.23 (s, 3H, CH;),
6.17 (s, 1H, pyran), 7.19 (s, 1H thiazole), 7.49 (d,
J=8.0, 2H ArH), 8.03 (d, 2H, ArH); “C NMR
(100MHz, DMSO-dy): & 22.0, 99.4, 103.4, 117.3,
121.6, 127.8, 129.4, 133.7, 146.5, 152.8, 155.3, 159.7,
164.3, 193.1. Anal. Calcd for CsH{1N30,4S: C, 56.30;
H, 3.25; N, 12.31. Found: C, 56.25; H, 3.19; N,
12.26%.

3-(3-(4-Bromophenyl)thiazolo[2,3-c][ 1,2 4]triazol -
5-yl)-4-hydr oxy-6-methyl-2H-pyran-2-one, 4g: Yellow
solid. Yield 85%. m.p.177-179°C. IR (KBr): 3400
(OH), 1719 (lactone C=0), 1605 cm™' (C=N); '"H NMR
(400 MHz, DMSO-dg): 8 2.21 (s, 3H, CHj3), 6.20 (s,
1H, pyran), 7.26 (s, 1H, CH of thiazole), 7.84 (d,
J=8.8Hz, 2H, ArH), 8.23 (d, J=8.0,2H, ArH), 12.82
(s, 1H, OH); C NMR (100MHz, DMSO-d): & 22.2,
99.3, 105.1, 119.9, 123.1, 130.0, 132.7, 133.5, 135.4,
145.5, 152.8, 155.5, 162.6, 193.1. Anal. Calcd for
CisH1oBrN;O;S: C, 47.54; H, 2.49; N, 10.39. Found:
C,47.47;H,2.42; N, 10.31%.

3-(3-(3,5-Dichlorophenyl)thiazolo[2,3-c][1,2,4]triazol
-5-yl)-4-hydroxy-6-methyl-2H-pyran-2-one,  4h:
Yellow solid. Yield 85%. m.p.161-163°C. IR (KBr):
3412 (OH), 1711 (lactone C=0), 1609 cm ' (C=N);
"H NMR (400 MHz, DMSO-0g): 6 2.23 (s, 3H, CH; of
pyran), 6.18 (s, 1H, pyran), 7.30 (s, 1H, CH of
thiazole), 7.83-7.96 (m, 3H, ArH), 12.90 (s, 1H, OH);
C NMR (100MHz, DMSO-dg): & 21.8, 100.6, 105.2,
118.9, 126.4, 130.3, 132.2, 134.9, 136.1, 147.0, 151.3,
155.4, 164.2, 192.9. Anal. Calcd for C;sHoCI,N;05S:
C, 48.75; H, 2.30; N, 10.66. Found: C, 48.69; H, 2.25;
N, 10.61%.

4-Hydr oxy-3-(3-(3-methoxyphenyl)thiazol o[ 2,3-]
[1,2,4]triazol-5-yl)-6-methyl-2H-pyran-2-one,  4i:
Yellow solid. Yield 86%. m.p.139-142°C. IR (KBr):
3406 (OH), 1724 (lactone C=0), 1601 cm ' (C=N);
'H NMR (400 MHz, DMSO-d): & 2.21 (s, 3H, CH3),
3.78 (s, 3H, OCH3), 6.12 (s, 1H, pyran), 6.90-6.99 (m,
2H, ArH), 7.28-7.32 (m, 1H thiazole, 2H ArH), 12.71
(S, IH, OH) Anal. Calcd for C17H13N304SZ C, 5746,
H, 3.69; N, 11.82. Found: C, 57.41; H, 3.62; N,
11.77%.

4-Hydr oxy-6-methyl-3-(3-(3-nitrophenyl)thiazolo
[2,3-C][1,24]triazol-5-yI)-2H-pyran-2-one, 4j: Yellow
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solid. Yield 82%. m.p.201-203°C. IR (KBr): 3414
(OH), 1728 (lactone C=0), 1606 cm ' (C=N);
"H NMR (400 MHz, DMSO-dg): & 2.23 (s, 3H, CH; of
pyran), 6.11 (s, 1H, pyran), 7.32 (s, 1H thiazole),
8.34-8.44 (m, 4H ArH), 12.82 (s, 1H, OH). Anal.
Calcd for C;sH(N4OsS: C, 51.89; H, 2.72; N, 15.13.
Found: C, 51.83; H, 2.65; N, 15.07%.

General procedurefor synthesis of compound 5
3-(2-Hydrazinylthiazol-4-yl)-4-hydr oxy-6-methyl-
2H-pyran-2-one

A  mixture of 3-(2-bromoacetyl)-4-hydroxy-6-
methyl-2H-pyran-2-one (Immol) and thiosemicarbazide
was refluxed with 5 mL of acetic acid for about
lhour. The reaction mixture was cooled, the solid
product separated was filtered and washed with water.
It was dried and purified from acetic acid.

General procedure for synthesis of compound 4a-
from 5

A mixture compound (5) (Immol) and 3 (Immol)
was refluxed with 5 mL of POCI; for 4hours, the
reaction mixture was cooled and the excess of POCl;
was distilled off and the remaining mass poured onto
crushed ice. The resulting solid product was filtered,
washed with NaHCO; solution (5%) followed by cold
water. It was dried and purified by recrystallisation
from ethanol. The products were identified to be the
same as those prepared by three component reaction.

3-(2-Hydrazinylthiazol-4-yl)-4-hydr oxy-6-
methyl-2H-pyran-2-one: Yellow solid. Yield 90%.
m.p.135-137°C. IR (KBr): 3434 (OH), 3298 (NH,),
3179 (NH), 1717 (lactone C=0), 1610 cm ' (C=N);
"H NMR (400 MHz, DMSO-d): & 2.22 (s, 3H, CH; of
pyran), 6.19 (s, 1H, pyran), 7.33 (s, 1H thiazole),
10.01 (s, 2H, NH,), 10.34 (s, 1H, NH), 14.62 (s, 1H,
OH). Anal. Calcd for CoHgN;O3S: C, 45.17; H, 3.79;
N, 17.56. Found: C, 45.11; H, 3.73; N, 17.49%.

Conclusion

In conclusion, we have described the synthesis of
thiazolo-triazolyl derivatives. The reaction proceeded
by two methods. The first method is a multi-
component reaction and second method is a two-step
reaction. The advantages of this synthetic protocol are
mild reaction conditions, shorter reaction times, easy
work-up and excellent yields.
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1 | INTRODUCTION

Abstract

Novel thiazolyl hydrazonothiazolamines and 1,3,4-thiadiazinyl hydrazonothiazola-
mines were synthesized by a facile one-pot multicomponent approach by the reaction
of 2-amino-4-methyl-5-acetylthiazole, thiosemicarbazide or thiocarbohydrazide and
phenacyl bromides or 3-(2-bromoacetyl)-2H-chromen-2-ones in acetic acid with good
to excellent yields. These new compounds were screened in vitro for their
antimalarial activity; among them, four compounds, 4h, 4i, 4k, 41, showed moderate
activity with half-maximal inhibitory concentration (ICso) values of 3.2, 2.7, 2.7, and
2.8 and 3.2, 3.2, 3.1, and 3.5 uM against chloroquine-sensitive and -resistant strains of
Plasmodium falciparum, respectively. Compound 4l inhibited the ring stage growth of
P. falciparum 3D7 at an ICgg concentration of 12.5uM in a stage-specific assay
method, where the culture is incubated with specific stages of P. falciparum for 12 hr,
and no activity was found against the trophozoite and schizont stages, confirming

that 4l may have potent action against the ring stage of P. falciparum.

KEYWORDS
2-amino-4-methyl-5-acetylthiazole, antimalarial activity, bithiazoles, multicomponent reactions,

thiazolothiadiazines

modern organic synthesis. MCRs are good synthetic approaches for

functionalized heterocyclic compounds without any side products.’>#

Malaria is a parasitic disease transmitted to humans by the female
Anopheles mosquito and continues to remain a lethal infectious
disease. According to WHO 2017 report,[*! an estimated 216 million
cases of malaria occurred worldwide in 2016, and India accounts for
6% of it. Plasmodium falciparum, the most virulent species of this
parasite has developed resistance to most available antimalarial
drugs. This has been a constant challenge to malaria control
initiatives necessitating the search for novel and structurally diverse
antimalarial drugs as a viable strategy to combat this issue.
Multicomponent reactions (MCRs) are modern methods for the

synthesis of drug molecules.!? The advantages of MCRs are

Thiazole scaffolds (Figure 1) are found in many natural products®™
and possess diverse medicinal and pharmaceutical applications such as
antitubercular,/®”? anticonvulsant,® anticancer,””? antiviral,X® antimi-
crobial,*¥ antimalarial®® and anti-inflammatory activity.!*?!

Coumarin is an important pharmacophore having many applica-
tions in the fields of medicinal chemistry as well as pharmaceuticals
like antifungal,** anti-HIV agents,!**! anti-Alzheimers*¢land also acts
as a luminescent material.!'*”) When the coumarin ring is attached with
the thiazole ring, it exhibits improved biological activities like being an
anti-inflammatory and anti-analgesic agent.“g] On the other hand, thia-

diazines are also versatile biologically important heterocyclic mole-
[19] [20]

convergent, one pot and sequential assembling of starting materials cules'*” with proven applications as antidepressant,'“ antihyperten-
to get the final product in a short time. MCRs play a vital role in sive?! and antiproliferative agents.m]
Arch Pharm Chem Life Sci. 2019;e1900079. wileyonlinelibrary.com/journal/ardp © 2019 Deutsche Pharmazeutische Gesellschaft | 1of 13
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FIGURE 1 Biologically active molecules

Furthermore, thiazoles attached to coumarins, thiadiazine, and
thiosemicarbazones are documented to exhibit an enhanced spec-
trum of biological activities.!?®?# To the best of our knowledge,
coumarinyl hydrazino thiazole and coumarinyl hydrazino thiadiazine
moieties and their antiplasmodial activity are hitherto unreported.

In continuation of our earlier work on nitrogen and sulphur

heterocycles,!2>:2¢]

we are now reporting the synthesis of thiazolyl
hydrazonothiazolamines and 1,3,4-thiadiazinyl hydrazonothiazola-
mines having aryl/3-coumarinyl moieties via a one-pot multi-
component method and their antimalarial activity against P.

falciparum in vitro.

2 | RESULTS AND DISCUSSION

2.1 | Chemistry

Thiazolyl hydrazonothiazolamines were synthesized by a one-pot
multicomponent method using 2-amino-4-methyl-5-acetylthiazole,

N
0
HZN/Q;S\{

A NH,

SCHEME 1 Synthesis of thiazolyl hydrazonothiazolamines

Antiviral agent

thiosemicarbazide, phenacyl bromide, or 3-(2-bromoacetyl)-2H-
chromen-2-ones in good yields.

This is a three-component condensation reaction. In this reaction,
the 2-amino-4-methyl-5-acetylthiazole first reacts with thiosemicar-
bazide to give the corresponding thiosemicarbazone of 2-amino-
4-methyl-5-acetylthiazole. The in-situ formed thiosemicarbazones
react with phenacyl bromides or 3-(2-bromoacetyl)-2H-chromen-2-
ones to give final product 4 by Hantzsch thiazole synthesis (Scheme 1).

In contrast, 2-amino-4-methyl-5-acetylthiazole on reaction with
thiocarbohydrazide gave the thiocarbohydrazone of 2-amino-4-
methyl-5-acetylthiazole. This undergoes cyclization with a-halo
ketones such as phenacyl bromides or 3-(2-bromoacetyl) coumarins
to yield the target compound 6, as given in Scheme 2. The advantage
of our reaction is that without isolation of intermediate thiosemi-
carbazone of 1 or thiocarbohydrazone of 1, we have synthesized the
final products (4 and 6) in a single step. In addition to this, the
reaction involves concomitant formation of C=N, C-N, and C-S
bonds.

AcOH

N
N-
— 2 HzN/QSTg\Y/ \
N
4

R = Aryl/Substituted aryl/
2H-1-benzopyran-2-one-3-
yl or substituted 2H-1-
benzopyran-2-one-3-yl
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SCHEME 2 Synthesis of 1,3,4-thiadiazinyl hydrazonothiazolamines

The structures of all the newly synthesized compounds were
confirmed by their spectral data and are summarized in the
Supporting Information. The infrared (IR) spectrum of compound 4f
showed peaks at 3,436 and 1,622 cm™! due to amino and -C=N-
groups, respectively. The H NMR spectrum of the compound 4f
showed a characteristic singlet peak at § 7.12 ppm corresponding to
the newly formed thiazole CH proton and the remaining protons
were observed in the usual expected region. ¥*C NMR of compound
4f gave a characteristic peak at 103.4, which further confirms the
newly formed thiazole carbon. The compound 4f exhibited the
molecular ion peak at m/z 344 (M+1)".

The IR spectrum of compound 6a showed prominent peaks at
3,400 and 1,605 cm™* for amino and -C=N- groups, respectively.
The *H NMR spectrum of the compound 6a showed a characteristic
singlet peak at & 3.94ppm, corresponding to newly formed
thiadiazine CH, protons, and the remaining protons were observed
in the usual expected region. **C NMR of compound 6a gave a
characteristic peak at 22.2, corresponding to newly formed thiadia-
zine CH,, carbon. Compound 6a exhibited a molecular ion peak at m/z
343 (M-1)".

22 |

2.2.1 | Invitro antimalarial activity and cytotoxicity
of compounds

Biological evaluation

The antimalarial property of all derivatives were evaluated in vitro
against the chloroquine (CQ)-resistant (Dd2) and CQ-sensitive (3D7)
strains of P. falciparum parasite. Thirteen compounds exhibited half-
maximal inhibitory concentration (ICso) values below 6.30 uM against
both sensitive and resistant 3D7 and Dd2 strains. All IC5o values
against CQ-sensitive and -resistant strains are tabulated in Table 1.
Compound 6g showed an ICsy value of 12.5+0.12uM and the
remaining nine compounds showed no activity (>24 uM) in the 3D7
strain. Four compounds 4h, 4i, 4k, 4l showed reasonable activity with
an ICsg value of 3.2, 2.7, 2.7, and 2.8 uM against the CQ-sensitive
strain of P. falciparum. These compounds also showed inhibition of
the CQ-resistant strain with an ICsq value of 3.25, 3.25, 3.13, and
3.5uM (Table 1). Furthermore, lactate dehydrogenase (LDH) assay
was conducted to measure the cytotoxicity of 4h, 4i, 4k, and 4l

against synchronized P. falciparum 3D7 culture in vitro. These four
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N
AcOH 25 N
A HNT™g7
)—s
6 N
N

R!= Aryl/Substituted aryl/
2H-1-benzopyran-2-one-3-yl
or substituted 2H-1-
benzopyran-2-one-3-yl

compounds showed ICso at 3.12uM concentration against P.
falciparum 3D7 culture (Sl data). In general, the thiazolyl hydrazo-
nothiazolamine series having halogenated and electron-rich coumarin
substituents showed good activity compared with simple phenyl
substituted thiazolyl hydrazonothiazolamines. Presence of electron-
withdrawing -NO, group on the benzene ring in 4e compound
caused a complete loss of antimalarial activity in the 3D7 strain
compared with analogs having halogen atoms and electron-donating
groups. In contrast, the simple phenyl or coumarin substituted 1,3,4-
thiadiazinyl hydrazonothiazolamine series showed no activity. Only
three compounds from this series (6b, 6c, and 6e) showed activity
around 6.15-6.25 uM against the CQ-sensitive strain of P. falciparum.
Hence, in both series, the active compounds were 4h, 4i, 4k, and 4l.
The ICsq of chloroquine against 3D7 is 26 + 2.5 nM and that of Dd2 is
184+ 10.6 nM; whereas the antimalarial activity of these four
compounds cannot be compared to that of chloroquine, the
functional group modifications at thiazole or coumarin moiety have
tremendous prospects in further development and this work is in
progress in this laboratory.

To check the toxicity of the compounds against normal
cell cytotoxicity, tests were carried out against mice macrophage
J774.2 cells using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) colorimetric method. Compounds 4i and 4k
had a cytotoxic concentration 50 (CCsp) of 500 uM, whereas 4h and
4] showed a CCsq of 250 uM, respectively (Table 2).

2.2.2 | Inhibition of g-hematin crystallization

Hemozoin formation is unique to Plasmodium. P. falciparum is an
intraerythrocytic parasite that grows and multiplies by converting
the toxic by-product heme (ferriprotoporphyrin IX) released from
hemoglobin degradation into nontoxic hemozoin. This occurs in the
digestive food vacuole of the parasite, and inhibition of hemozoin
formation proves fatal for the parasite, and thus forms an attractive
antimalarial drug target. The inhibition of g-hematin formation was
evaluated for active compounds. Results showed that compound 4h
inhibited g-hematin formation with an ICsg value of 62.5 uM similar
to that of chloroquine, whereas the other compounds did not show
any activity against 8-hematin crystallization like the negative control

of pyrimethamine (Figure 2).
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TABLE 1 Compound structures (4a-I, 6a-k) and half-maximal inhibitory concentration (ICso) values with 3D7 strain and Dd2 strain

Compound code

4a

4b

4c

4d

4e

4f

4g

Compound structure

H,N e K\YN‘NH
HZN/(iYN\NH

HzN S
s N
N
;o\ N~
sN
N
r N __N-NH
HZN/(S )\N

N
N-
HZN/QSﬁ(/ T
s~N

IC50 (M)
3D7 strain

6.37 £0.87

5.375+0.37

5.7917 +0.39

5.375+0.37

>50

4.166 +0.83

4.166+0.83

1C50 (M)
Dd2 strain

6.783+0.21

6.23+0.15

5.85+0.83

6.25+041

nd

5.23+0.35

5.12+0.20

(Continues)
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TABLE 1 (Continued)

Compound code Compound structure I1C50 (UM) IC50 (UM)
3D7 strain Dd2 strain
4h N 3.208 +0.43 3.25+0.88
N\ N-
N o
| (0]
4i N 2.706 £0.20 3.251+042
7\ N-
HzN/(S NH
N o
\=— /
/ i
N/
Br
4j N 5.375+0.37 6.12+0.20
7\ N-
HZN/(S DL

Cl
4k 2.708 £0.20 3.138+0.42

4 2.85+0.20 3.521+0.31

6a 25 nd

(Continues)



¢ | ARCH DPhG

SUJATHA ET AL

Archiv der Pharmazie

TABLE 1 (Continued)

Compound code Compound structure

6b
N \ N
| ~
H2N/ks 4 N>H\
NG
N
6c N
HzN/QSK\(N‘NH
N>/\S
N
6d /E <§\(N
“NH
H,N 4
2 S N>/\S
N
6e N { .
HzN/QS ,V"NH
N>/\S
N
6f N
T\ N-
HZN/QS 4 N>H\
N
N

6g
/Egg\(N‘NH
H,N 4
2 S Ys
N
N

ICs0 (M)
3D7 strain

6.15+0.28

6.15+0.10

26 £0.44

6.25+0.78

25.8+0.26

12.5+0.12

IC50 (M)
Dd2 strain

7.32+0.43

6.534+0.22

nd

nd

nd

nd

(Continues)
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TABLE 1 (Continued)

Compound code Compound structure

éh N
I N N-NH
HzN/QSK\(/ S
N/
N
6i .
N\ N-
HzN/QS{\(/ N>H\S
N/
N
6 N
N N-NH
H2NAS{\</ S
N/
N

“NH
H,N @
) S >/\S
N
N
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ICs50 (UM) IC50 (UM)
3D7 strain Dd2 strain
26.2+0.40 nd
24+0.36 nd
252+0.24 nd
24+0.13 nd

Note: 1Csq of chloroquine against 3D7 is 26 + 2.5nM and Dd2 is 184 + 10.6 nM.

Abbreviation: nd, not determined.

2.2.3 | Effect of compound 4l on the growth of P.
falciparum 3D7 culture

To check the growth inhibition activity of compound 4l against P.
falciparum, the parasite culture was treated with an 1Cyq concentration
of 12.5 uM at their corresponding stages, that is, ring (R), trophozoite
(T), and schizont (S) stages for 12 hr. The compound was removed after
12 hr by several washes and supplemented with complete Roswell
Park Memorial Institute (RPMI) media for further growth of the
parasite. The parasitemia was estimated from Giemsa stained smears.
Figure 3a shows that there is no increase of parasitemia at 48 hr in the
ring stage treated culture (R+4l) similar to unremoved culture

(UR+4l) when compared to control. The survived parasites of ring
stage treated and unremoved cultures were further grown and
infected fresh red blood cell (RBC) forming rings at 48hr after
removal of the compound (Figure 3b), but we found they could not
grow further, and the morphology remained at the ring stage even
after 60 and 72hr when compared with the control. The control
attained the trophozoite stage at a similar cycle time. Trophozoite
(T+4l) and schizont (S+4l) stage treated parasites have more
parasitemia than the ring stage treated culture and their growth
morphology is similar to control at 60 and 72 hr. The compounds 4h
and 4k have shown ring stage growth inhibition of the parasite in
unremoved culture (S.I) and because of their highest 1Cqo
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TABLE 2 Antimalarial activities of active compounds against
blood-stage parasites and in vitro cytotoxicity

ICs0 (WM)* CCso (UM)®
Compound pf3D7 pfDd2 J774.2
4h 3.208 +0.43 3.25+0.88 250
4 2.706 £0.20 3.251+0.42 500
4k 2.708 £0.20 3.138+0.42 500
4 2.85+0.20 3.521+0.31 250

Abbreviations: CCsq, cytotoxic concentration 50; 1Csq, half-maximal
inhibitory concentration.

?Blood-stage antiplasmodial activity was determined against the CQ-
sensitive strain 3D7 and CQ-resistant strain Dd2 of P. falciparum.
bCytotoxicity was determined against a mouse macrophage (J774.2) cell
line; data are expressed as the CCsg, which is the concentration required
to reduce cell viability by 50%.

concentration they did not show growth inhibition in transiently
treated cultures at the specific stage of the parasite with 12.5uM
concentration. These results show that the compound 4l is more active
in inhibiting the growth of the ring stage of the P. falciparum 3D7.

3 | CONCLUSIONS

In conclusion, we have developed novel thiazolyl hydrazonothia-
zolamines and 1,3,4-thiadiazinyl hydrazonothiazolamine deriva-
tives via a one pot multicomponent approach and evaluated their
antimalarial activity. Four compounds showed good antimalarial
potency with low cytotoxicity as observed in macrophage cell
lines. The method had the advantages of mild reaction conditions,
easy workup, no column chromatographic purification and good

to better yields.

B-Hematin crystallization assay
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£
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FIGURE 2 fB-Hematin crystallization assay. NP-40 polymerizes
free synthetic hemin into $-hematin, which was dissolved in 0.36 M
NaOH, 2% (wt/vol) sodium dodecyl sulfate and has absorbance at
400 nm. Increasing the concentration of 4h inhibits the
polymerization reactions, which have shown less absorbance and are
plotted against the respective concentration

4 | EXPERIMENTAL

41 |
411 |

Chemistry
General

3-(2-Bromoacetyl) coumarins were prepared by bromination of
different 3-acetyl coumarins in dry chloroform. The remaining
chemicals used in the present work were purchased from
commercial sources and used without any purification. Melting
points were determined in open capillaries with a Stuart melting
point apparatus (Mumbai, India) and were uncorrected. IR
spectra were recorded on a PerkinElmer Spectrum 100s (Perkin
Elmer corporate office Waltham, MA). *H NMR spectra were
recorded on a Bruker WM-400 spectrometer in § ppm using TMS
as the standard (Switzerland), ESI-MS spectra were recorded on
a Jeol JMSD-300 spectrometer (Tokyo, Japan). Elemental ana-
lyses were performed on a Carlo Erba EA 1108 automatic
elemental analyzer (France), compound purity was checked
with TLC plates (E. Merck, Mumbai, India).

The InChl codes of the investigated compounds together with

some biological activity data are provided as Supporting Information.

41.2 | General procedure for the synthesis of
compounds 4

An equimolar amount of 2-amino-4-methyl-5-acetylthiazole (1 mmol),
thiosemicarbazide (1 mmol), and phenacyl bromide (1 mmol) or 3-(2-
bromoacetyl)-2H-chromen-2-one (1 mmol) was taken in a round
bottom flask and refluxed in acetic acid (2 ml) at 70°C for about 2 hr.
The progress of the reaction was monitored through TLC using ethyl
acetate and n-hexane (40%). After completion of the reaction, the solid

separated was filtered, dried and recrystalized from methanol to give 4.

(E)-4-Methyl-5-(1-(2-(4-phenylthiazol-2-yl)hydrazono)ethyl)thiazol-
2-amine (4a)

Yield 90%. White solid, mp: 195-196°C; IR (KBr, ¥max, cm™2): 3,448
(NH, stretching), 1,619 (-C=N- stretching), 1,578 (C=C); *H NMR
(400 MHz, DMSO-dg¢, ppm): § 2.33 (s, 3H, CH3), 2.41 (s, 3H, CHj),
7.30-7.33 (m, 2H), 7.42 (t, J=8.0Hz, 2H), 7.85 (d, J=8.0Hz, 2H),
9.39 (s, 2H); *3C NMR (100 MHz, DMSO-dg, ppm): 6 14.1, 15.8, 104.4,
119.1, 125.9, 128.1, 129.1, 133.8, 134.5, 141.9, 149.8, 167.8, 169.5;
MS (ESI) m/z: 330 (M+H)™; Anal. calcd. for C15H15N5S,: C, 54.69; H,
4.59; N, 21.26; S, 19.47. Found: C, 54.62; H, 4.63; N, 21.21; S, 19.42.

(E)-5-(1-(2-(4-(4-Fluorophenyl)thiazol-2-yl)hydrazono)ethyl)-4-
methylthiazol-2-amine (4b)

Yield 81%. White solid, mp: 211-213°C; IR (KB, vy, cm™L): 3,442
(NH, stretching), 1,621 (-C=N- stretching); *H NMR (400 MHz,
DMSO-dg, ppm): & 2.33 (s, 3H, CHa), 241 (s, 3H, CHj), 7.25 (t,
J=8.8Hz, 2H), 7.32 (s, 1H), 7.41 (t, J = 8.8 Hz, 1H), 7.87-7.90 (m, 2H),
7.95-7.99 (m, 1H), 13.36 (s, 1H); *C NMR (100 MHz, DMSO-d,
ppm): § 14.1, 15.8, 115.6, 115.8, 116.0, 116.4, 116.7, 128.0, 130.0,
130.1, 150.8, 164.5, 167.7; MS (ESI) m/z: 348 (M+H)"; Anal. calcd. for
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FIGURE 3 Effect of short term treatment of compound 4l at various plasmodial stages. (a) Growth of parasitemia after treatment with
compound 4l at various Plasmodium falciparum 3D7 growth stages; 12 hr postinfection cultures were treated with compound 4l at various stages
corresponding to ring (R + 4l), trophozoite (T + 4l) and schizont (S + 4l) stages. After that, the compound was removed and the parasitemia was
monitored for up to 72 hr postinfection. Results are represented as the mean of three individual experiments + standard error. (b) Giemsa
stained images represent the morphology of the parasite at the corresponding stages. Representation used is R + 4l (closed circles), T + 4l (open
circles), S + 4l (open square), unremoved 4l (open diamond), control (closed diamond)

Ci5H14FNsS,: C, 51.85; H, 4.06; N, 20.16; S, 18.46. Found: C, 51.81;
H, 4.12; N, 20.20; S, 18.41.

(E)-5-(1-(2-(4-(2,4-Dichlorophenyl)thiazol-2-yl)hydrazono)ethyl)-4-
methylthiazol-2-amine (4c)

Yield 87%. White solid, mp: 170-172°C; IR (KBF, ¥max, cm™1): 3,448
(NH, stretching), 1,624 (-C=N- stretching); 'H NMR (400 MHz,

DMSO-dg, ppm): § 2.31 (s, 3H, CHj3), 2.41 (s, 3H, CH3), 7.40 (s, 1H),
7.50-7.53 (m, 1H), 7.70 (s, 1H), 7.89 (d, J = 8.4 Hz, 1H), 9.37 (s, 2H),
11.56 (s, 1H); °C NMR (100 MHz, DMSO-d,, ppm): § 14.3, 15.8,
110.1, 118.8, 127.9, 130.2, 132.0, 132.4, 132.6, 133.0, 134.6, 141.9,
146.05, 167.7, 168.7; MS (ESI) m/z: 416 (M+NH,)*; Anal. calcd. for
C45H413CIoNsS,: C,45.23; H, 3.29; N, 17.58; S, 16.10. Found: C, 45.27;
H, 3.23; N, 17.52; S, 16.17.
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(E)-5-(1-(2-(4-(4-Bromophenyl)thiazol-2-yl)hydrazono)ethyl)-4-
methylthiazol-2-amine (4d)

Yield 92%. White solid, mp: 185-187°C; IR (KBF, Vmax, cm™1): 3,427
(NH, stretching), 1,624 (-C=N- stretching); 'H NMR (400 MHz,
DMSO-dg, ppm): § 2.32 (s, 3H, CH3), 2.40 (s, 3H, CH3), 7.41 (s, 1H),
7.61 (d, J=11.6 Hz, 2H), 7.78-7.83 (m, 3H), 9.29 (s, 2H); °C NMR
(100 MHz, DMSO-dg, ppm): § 13.8, 15.3, 104.9, 120.6, 127.5, 128.9,
131.5, 132.0, 133.5, 133.9, 1414, 164.0, 167.3, 169.1, 171.9; MS
(ESI) m/z: 410 (M+2)*; Anal. calcd. for C15H14BrNsS,: C, 44.12; H,
3.46; N, 17.15; S, 15.71. Found: C, 44.16; H, 3.41; N, 17.11; S, 15.76.

(E)-4-Methyl-5-(1-(2-(4-(4-nitrophenyl)thiazol-2-yl)hydrazono)ethyl)-
thiazol-2-amine (4e)

Yield 90%. White solid, mp: 207-209°C; IR (KB, ¥max, cm™%): 3,430
(NH, stretching), 1,638 (-C=N- stretching); ‘H NMR (400 MHz,
DMSO-dg, ppm): 6 2.29 (s, 3H, CH3), 2.35 (s, 3H, CH3), 7.70 (s, 1H),
8.07-8.15 (m, 4H), 8.28 (d, J=8.8 Hz, 2H), 11.37 (s, 1H); °C NMR
(100 MHz, DMSO-dg, ppm): § 16.2, 16.4, 109.3, 118.8, 124.5, 126.7,
141.1, 143.2, 146.6, 155.2, 156.7, 167.4, 170.1; MS (ESI) m/z: 375
(M+1)*; Anal. calcd. for C15H14N40,S,: C, 48.11; H, 3.77; N, 22.44; S,
17.13. Found: C, 48.16; H, 3.71; N, 22.40; S, 17.10.

(E)-4-Methyl-5-(1-(2-(4-(p-tolyl)thiazol-2-yl)hydrazono)ethyl)thiazol-
2-amine (4f)

Yield 85%. White solid, mp: 213-215°C; IR (KBF, ¥max cm™1): 3,436
(NH, stretching), 1,622 (-C=N- stretching); 'H NMR (400 MHz,
DMSO-dy, ppm): § 2.32 (s, 3H, CHg), 2.41 (s, 3H, CHa), 3.78 (s, 3H,
CHs), 6.97 (d, J=8.8 Hz, 2H), 7.12 (s, 1H), 7.77 (d, J = 8.8 Hz, 2H), 9.38
(s, 2H); 3C NMR (100 MHz, DMSO-d¢, ppm): § 14.1, 15.8, 21.2,
1034, 125.9, 129.6, 130.0, 131.8, 133.7, 142.1, 151.7, 167.7, 169.2,
169.8; MS (ESI) m/z: 344 (M+1)*; Anal. calcd. for C14H17N5S,: C,
55.95; H, 4.99; N, 20.39; S, 18.67. Found: C, 55.91; H, 4.92; N, 20.31;
S, 18.64.

(E)-5-(1-(2-(4-(4-Methoxyphenyl)thiazol-2-yl)hydrazono)ethyl)-4-
methylthiazol-2-amine (4g)

Yield 82%. White solid, mp: 188-190°C; IR (KBr, ¥max, cm™1): 3,420
(NH, stretching), 1,615 (-C=N- stretching); 'H NMR (400 MHz,
DMSO-dg, ppm): § 2.32 (s, 3H, CH3), 2.41 (s, 3H, CH3), 3.78 (s, 3H,
OCHa3), 3.89 (s, 1H, NH), 6.97 (d, J = 8.8 Hz, 2H), 7.12 (s, 1H), 7.77 (d,
J=8.8Hz, 2H), 9.38 (s, 2H); *C NMR (100 MHz, DMSO-dq, ppm): §
14.1, 15.7, 55.6, 102.1, 1144, 115.1, 119.1, 127.2, 130.5, 1324,
133.2, 133.7, 141.9, 159.3, 167.8, 169.5; MS (ESI) m/z: 360
(M+1)*; Anal. calcd. for C14H17N50S,: C, 53.46; H, 4.77; N, 19.48;
S, 17.84. Found: C, 53.49; H, 4.71; N, 19.42; S, 17.88.

(E)-3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-
thiazol-4-yl)-2H-chromen-2-one (4h)

Yield 93%. White solid, mp: 255-257°C; IR (KB, vyay, cm™Y): 3,401
(NH5 stretching), 1,706 (lactone C=0 stretching), 1,577 (-C=N-
stretching); 1H NMR (400 MHz, DMSO-dg, ppm): 6§ 2.32 (s, 3H, CH3),
2.40 (s, 3H, CH3), 7.40 (t, J= 7.6 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.64
(t, J=7.2Hz, 1H), 7.81 (t, J=7.6 Hz, 2H), 8.54 (s, 1H), 9.17 (s, 2H),

11.59 (s, 1H); *C NMR (100 MHz, DMSO-d,, ppm): § 14.5, 15.8,
111.6, 116.3, 118.9, 119.5, 120.8, 125.2, 129.2, 132.2, 135.0, 138.5,
152.7,159.1, 167.7, 168.9; MS (ESI) m/z: 398 (M+1)*; Anal. calcd. for
C4gH15N505S,: C, 54.39; H, 3.80; N, 17.62; S, 16.13. Found: C, 54.33;
H, 3.84; N, 17.67; S, 16.17.

(E)-3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-
thiazol-4-yl)-6-bromo-2H-chromen-2-one (4i)

Yield 91%. White solid, mp: 209-211°C; IR (KBr, ¥max cm™3): 3,400
(NH, stretching), 1,718 (lactone C=0 stretching), 1,629 (-C=N-
stretching); *H NMR (400 MHz, DMSO-d,, ppm): & 2.32 (s, 3H, CH3),
2.40 (s, 3H, CH3), 7.42 (d, J=8.8 Hz, 1H), 7.75-7.77 (m, 1H), 7.83 (s,
1H), 8.07 (s, 1H), 8.44 (s, 1H), 9.20 (s, 2H), 11.62 (s, 1H); °C NMR
(100 MHz, DMSO-dg¢, ppm): 6 14.4, 15.9, 112.6, 116.9, 118.5, 121.5,
130.9, 131.2, 134.4, 136.9, 137.4, 144.2, 151.7, 158.6, 167.7, 169.0,
169.8, 172.5; MS (ESl) m/zz 476 (M)"; Anal. calcd. for
C1gH14BrNsO,S,: C, 45.38; H, 2.96; N, 14.70; S, 13.46. Found: C,
45.41; H, 3.00; N, 14.73; S, 13.41.

(E)-3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-
thiazol-4-yl)-6-chloro-2H-chromen-2-one (4j)

Yield 90%. White solid, mp: 203-205°C; IR (KB, vmay, cm™2): 3,397
(NH, stretching), 1,723 (lactone C=O stretching), 1,623 (-C=N-
stretching); *H NMR (400 MHz, DMSO-dg, ppm): 6 2.32 (s, 3H, CH3),
2.39 (s, 3H, CH3), 7.49 (d, J = 8.8 Hz, 1H), 7.65 (d, J = 9.2 Hz, 1H), 7.83
(s, 1H), 7.96 (s, 1H), 8.46 (s, 1H), 8.96 (s, 2H), 11.57 (s, 1H); 1°C NMR
(100 MHz, DMSO-dg, ppm): § 14.6, 16.0, 102.0, 105.9, 109.0, 112.5,
112.7, 118.2, 119.0, 120.9, 128.0, 131.6, 135.3, 137.3, 144.4, 151.3,
159.9, 169.1; MS (ESI) m/zz 432 (M+1)"; Anal. calcd. for
C18H14CIN5sO5S,: C, 50.05; H, 3.27; N, 16.21; S, 14.85. Found: C,
50.12; H, 3.24; N, 16.16; S, 14.88.

(E)-3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-
thiazol-4-yl)-6,8-dibromo-2H-chromen-2-one (4k)

Yield 85%. White solid, mp: 238-240°C; IR (KBr, ¥max, cm™): 3,392
(NH, stretching), 1,723 (lactone C=O stretching), 1,630 (-C=N-
stretching); *H NMR (400 MHz, DMSO-dg, ppm): 6 2.31 (s, 3H, CH3),
2.39 (s, 3H, CH3), 7.83 (s, 1H), 8.08-8.11 (m, 2H), 8.38 (s, 1H), 9.07 (s,
2H), 11.58 (s, 1H); 3C NMR (100 MHz, DMSO-d,, ppm): § 14.6, 15.8,
110.2, 113.2, 116.9, 119.0, 122.4, 130.5, 135.3, 136.1, 136.3, 141.8,
143.9, 148.4, 157.9, 167.7, 168.9, 172.3; MS (ESI) m/z: 555 (M)";
Anal. calcd. for C1gH13BroNsO5S,: C, 38.93; H, 2.36; Br, 28.78; N,
12.61; S, 11.55. Found: C, 38.97; H, 2.31; N, 12.66; S, 11.50.

(E)-3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-
thiazol-4-yl)-8-methoxy-2H-chromen-2-one (4l)

Yield 86%. White solid, mp: 216-218°C; IR (KB, vay, cm-1): 3,407
(NH, stretching), 1,710 (lactone C=0 stretching), 1,624 (-C=N-
stretching); 1H NMR (400 MHz, DMSO-dg, ppm): 6§ 2.32 (s, 3H, CHj),
2.39 (s, 3H, CH3), 3.93 (s, 3H, OCH3), 7.33 (t, J= 7.2 Hz, 3H), 7.80 (s,
1H), 8.15 (s, 1H), 8.51 (s, 1H), 9.14 (s, 2H); MS (ESI) m/z: 426 (M-1);
Anal. calcd. for C1oH17N503S,: C, 53.38; H, 4.01; N, 16.38; S, 15.00.
Found: C, 55.32, H, 4.12; N, 16.32; S, 14.96.
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4.1.3 | General procedure for the synthesis of
compounds 6

Equimolar amounts of 2-amino-4-methyl-5-acetylthiazole (1 mmol),
thiocarbohydrazide (1 mmol) and phenacyl bromide (1 mmol) or 3-(2-
bromoacetyl)-2H-chromen-2-one (1 mmol) were taken in a round
bottom flask and refluxed in acetic acid (2 ml) at 70°C for about 2 hr.
The progress of the reaction was monitored through TLC using ethyl
acetate and n-hexane (40%). After completion of the reaction, the
solid separated was filtered, dried and recrystalized from methanol
to give 6.

(E)-4-Methyl-5-(1-(2-(5-phenyl)-6H-1,3,4-thiadiazin-2-yl)hydrazono)-
ethyl)thiazol-2-amine (6a)

Yield 89%. White solid, mp: 230-232°C; IR (KBr, vmax cm™Y): 3,400
(NH, stretching), 1,605 (-C=N- stretching); 'H NMR (400 MHz,
DMSO-dy, ppm): § 2.35 (s, 3H, CHg), 2.39 (s, 3H, CHa), 3.94 (s, 2H,
CH, of thiadiazine), 7.45-7.46 (m, 3H), 7.79-7.81 (m, 2H), 8.53 (s,
2H), 11.47 (s, 1H); 3C NMR (100 MHz, DMSO-d,, ppm): & 15.9, 18.7,
22.2, 120.4, 126.3, 129.1, 130.0, 135.3, 147.0, 152.3, 160.9, 168.0,
170.9; MS (ESI) m/z: 343 (M-1)"; Anal. calcd. for Cy5H1¢NgS2: C,
52.30; H, 4.68; N, 24.40; S, 18.62. Found: C, 52.34; H, 4.61; N, 24.45;
S, 18.65.

(E)-4-Methyl-5-(1-(2-(5-(4-nitrophenyl)-6H-1,3,4-thiadiazin-2-yl)hy-
drazono)ethyl)thiazol-2-amine (6b)

Yield 92%. White solid, mp: 194-196°C; IR (KBF, ¥max, cm™1): 3,400
(NH, stretching), 1,663 (-C=N- stretching); ‘*H NMR (400 MHz,
DMSO-dg, ppm): § 2.32 (s, 3H, CH3), 2.37 (s, 3H, CH3), 4.04 (s, 2H,
CH,, of thiadiazine), 8.04 (d, J=9.2Hz, 2H), 8.30 (d, J = 9.2 Hz, 2H),
8.66 (s, 2H), 11.84 (s, 1H); *C NMR (100 MHz, DMSO-d,, ppm): &
15.9, 18.6, 29.9, 120.2, 121.7, 124.3, 127.2, 141.5, 143.9, 147.9,
153.1, 157.8, 1595, 168.1, 1709; MS (ESI) m/zz 390
(M+1)*; Anal. calcd. for C15H1sN;0,S,: C, 46.26; H, 3.88; N, 25.18;
S, 16.47. Found: C, 46.22; H, 3.82; N, 25.14; S, 16.52.

(E)-5-(1-(2-(5-(4-Fluorophenyl)-6H-1,3,4-thiadiazin-2-yl)hydrazono)-
ethyl)-4-methylthiazol-2-amine (6c)

Yield 90%. White solid, mp: 204-206°C; IR (KBr, ¥max, cm™1): 3,437
(NH, stretching), 1,626 (-C=N- stretching); 'H NMR (400 MHz,
DMSO-dg, ppm): § 2.37 (s, 3H, CH3), 2.42 (s, 3H, CH3), 3.96 (s, 2H,
CH, of thiadiazine), 7.31 (t, J = 8.8 Hz, 2H), 7.84-7.87 (m, 2H), 9.17 (s,
2H), 11.58 (s, 1H); 3C NMR (100 MHz, DMSO-d, ppm): & 14.6, 15.6,
22.3, 1160, 116.2, 120.4, 128.6, 128.7, 131.8, 135.8, 146.2, 151.6,
161.7, 164.6, 168.1; MS (ESI) m/z: 363 (M+1)*; Anal. calcd. for
C15H1sFNgS,: C, 49.71; H, 4.17; N, 23.19; S, 17.69. Found: C, 49.67;
H, 4.21; N, 23.15; S, 17.73.

(E)-5-(1-(2-(5-(2,4-Dichlorophenyl)-6H-1,3,4-thiadiazin-2-yl)hydra-
zono)ethyl)-4-methylthiazol-2-amine (6d)

Yield 87%. White solid, mp: 211-213°C; IR (KB, vyay, cm™Y): 3,431
(NH, stretching), 1,627 (-C=N- stretching); ‘H NMR (400 MHz,
DMSO-dg, ppm): 8 2.33 (s, 3H, CHa), 2.36 (s, 3H, CHa), 3.79 (s, 2H,
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CH,, of thiadiazine), 7.48-7.51 (m, 3H), 7.75 (s, 1H), 11.43 (s, 1H); 13C
NMR (100 MHz, DMSO-dg, ppm): § 16.4, 17.5, 25.4, 120.2, 128.1,
129.8, 132.5, 132.8, 135.3, 146.3, 149.6, 153.6, 159.9, 162.8, 168.2;
MS (ESI) m/z: 413 (M+1)"; Anal. calcd. for C15H14CIoNgS,: C, 43.59;
H, 3.41; N, 20.33; S, 15.51. Found: C, 43.55; H, 3.47; N, 20.37; S,
15.56.

(E)-5-(1-(2-(5-(4-Bromophenyl)-6H-1,3,4-thiadiazin-2-yl)hydrazono)-
ethyl)-4-methylthiazol-2-amine (6e)

Yield 85%. White solid, mp: 193-195°C; IR (KBr, ¥max, cm™3): 3,400
(NH, stretching), 1,624 (-C=N- stretching); *H NMR (400 MHz,
DMSO-dg, ppm): § 2.34 (s, 3H, CH3), 2.37 (s, 3H, CH3), 3.92 (s, 2H,
CH, of thiadiazine), 7.65 (d, J=8.8 Hz, 2H), 7.74 (d, J = 8.8 Hz, 2H),
8.03 (s, 2H), 11.46 (s, 1H); °C NMR (100 MHz, DMSO-d,, ppm): &
16.2, 17.0, 21.9, 120.3, 123.3, 128.2, 132.0, 134.7, 143.5, 145.6,
153.1, 159.8, 167.9; Anal. calcd. for C45H15BrNgS,: C, 42.56; H, 3.57;
N, 19.85; S, 15.15. Found: C, 42.62; H, 3.52; N, 19.81; S, 15.19.

(E)-5-(1-(2-(5-(4-Methoxyphenyl)-6H-1,3,4-thiadiazin-2-yl)hydrazo-
no)ethyl)-4-methylthiazol-2-amine (6f)

Yield 85%. White solid, mp: 240-242°C; IR (KB, vy, cm™2): 3,380
(NH, stretching), 1,604 (-C=N- stretching); 1H NMR (400 MHz,
DMSO-d,, ppm): § 2.36 (s, 3H, CHa), 2.41 (s, 3H, CH5), 3.80 (s, 3H,
OCHy), 3.92 (s, 2H, CH, of thiadiazine), 7.01 (d, J= 9.2 Hz, 2H), 7.76
(d, J=9.2Hz, 2H), 9.07 (s, 2H), 11.42 (s, 1H); 3C NMR (100 MHz,
DMSO-dg¢, ppm): 6§ 14.3, 15.1, 21.8, 55.3, 114.0, 120.0, 127.1, 127.4,
135.8, 146.8, 150.8, 160.4, 161.6, 167.6; MS (ESI) m/z: 375 (M+1)";
Anal. calcd. for C1¢H1gNgOS,: C, 51.32; H, 4.84; N, 22.44; S, 17.12.
Found: C, 51.35; H, 4.80; N, 22.47; S, 17.16.

(E)-5-(1-(2-(5-([1,11-Biphenyl]-4-yl)-6H-1,3 4-thiadiazin-2-yl)hydra-
zono)ethyl)-4-methylthiazol-2-amine (6g)

Yield 86%. White solid, mp: 236-238°C; IR (KB, vy, cm™Y): 3,434
(NH, stretching), 1,627 (-C=N- stretching); *H NMR (400 MHz,
DMSO-dg, ppm): 8 2.34 (s, 3H, CHa), 2.43 (s, 3H, CHy), 4.01 (s, 2H,
CH, of thiadiazine), 7.41 (d, J=6.8 Hz, 2H), 7.49 (t, J=7.2 Hz, 2H),
7.73-7.79 (m, 4H), 7.91 (d, J = 8.0 Hz, 1H), 9.30 (s, 2H), 11.65 (s, 1H);
13C NMR (100 MHz, DMSO-d,, ppm): § 14.3, 16.7, 29.7, 127.1, 128.3,
129.5, 139.6, 168.2, 169.9, 189.5; MS (ESI) m/zz. 421
(M+1)*; Anal. calcd. for Co1HooNgS,: C, 59.97; H, 4.79; N, 19.98; S,
15.25. Found: C, 60.00; H, 4.13; N, 19.94; S, 15.20.

(E)-3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-
6H-1,3,4-thiadiazin-5-yl)-2H-chromen-2-one (6h)

Yield 90%. White solid, mp: 214-216°C; IR (KBr, ¥max, cm™3): 3,392
(NH, stretching), 1,710 (lactone C=0 stretching), 1,605 (-C=N-
stretching); 1H NMR (400 MHz, DMSO-dg, ppm):6; 2.37 (s, 3H, CH3),
2.40 (s, 3H, CHj), 2.43 (s, NH), 3.86 (s, 2H, CH, of thiadiazine),
7.30-7.40 (m, 3H, ArH), 7.65-7.75 (m, 3H, 1 ArH and NH>), 8.45 (s,
1H, coumarin 4th proton); 3C NMR (100 MHz, DMSO-d,, ppm): &
16.6, 17.7, 23.5, 116.1, 118.9, 119.9, 123.7, 125.0, 129.4, 132.7,
141.3, 144.3, 146.7, 153.5, 153.6, 159.2, 159.4, 167.6; MS (ESI) m/z:
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413 (M+1)*; Anal. calcd. for C1gH16NgO5So: C, 52.41; H, 3.91; N,
20.37; S, 15.55. Found: C, 52.45; H, 3.95; N, 20.32; S, 15.51.

(E)-3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-
6H-1,3,4-thiadiazin-5-yl)-6-bromo-2H-chromen-2-one (6i)

Yield 90%. White solid, mp: 219-221°C; IR (KBF, Vmax cm™Y): 3,421
(NH, stretching), 1,722 (lactone C=O stretching), 1,623 (-C=N-
stretching); *H NMR (400 MHz, DMSO-dg, ppm): 6 2.37 (s, 3H, CHa),
2.40 (s, 3H, CHy), 3.86 (s, 2H, CH, of thiadiazine), 7.44 (d, J = 8.8 Hz,
2H), 8.14 (s, 1H), 8.25 (s, 1H), 8.65 (s, 2H), 11.73 (s, 1H); *°C NMR
(100 MHz, DMSO-d¢, ppm): § 14.7, 15.7, 23.7, 116.9, 11.8, 120.3,
121.2, 125.0, 131.6, 135.3, 140.4, 144.4, 149.6, 152.2, 152.9, 159.2,
161.5, 168.2; MS (ESI) m/zz 490 (M-1)"; Anal. caled. for
C1gH15BrNgO,S,: C, 44.0; H, 3.08; Br, 16.26, N, 17.10; S, 13.05.
Found: C, 39.96; H, 3.12; N, 17.15; S, 12.96.

(E)-3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-
6H-1,3,4-thiadiazin-5-yl)-6,8-dibromo-2H-chromen-2-one (6j)

Yield 92%. White solid, mp: 226-228°C; IR (KB, vy, cm™L): 3,394
(NH, stretching), 1,730 (lactone C=0 stretching), 1,623 (-C=N-
stretching); *H NMR (400 MHz, DMSO-dg, ppm): § 2.36 (s, 3H, CH3),
2.39 (s, 3H, CH3), 3.85 (s, 2H, CH,, of thiadiazine), 8.05 (s, 1H), 8.16 (s,
1H), 8.28 (s, 1H), 8.72 (s, 2H), 11.75 (s, 1H); **C NMR (100 MHz,
DMSO-dg, ppm): § 15.3, 16.0, 23.6, 110.5, 116.9, 120.4, 122.2, 125.7,
131.3, 135.3, 137.2, 139.8, 141.5, 143.7, 149.8, 153.0, 158.6, 168.1;
MS (ESI) m/z: 571 (M+1)"; Anal. calcd. for CigH14BroNgO5So: C,
37.91; H, 2.47; N, 14.74; S, 11.25. Found: C, 37.96; H, 2.42; N, 14.72;
S, 11.29.

(E)-3-(2-(2-(1-(2-Amino-4-methylthiazol-5-yl)ethylidene)hydrazinyl)-
6H-1,3,4-thiadiazin-5-yl)-8-methoxy-6-nitro-2H-chromen-2-one (6k)
Yield 86%. White solid, mp: 234-236°C; IR (KBr, vmax, cm™1):
3,400 (NH, stretching), 1,734 (lactone C=0 stretching), 1,602
(-C=N- stretching); *H NMR (400 MHz, DMSO-d,, ppm): § 2.32
(s, 3H, CH3), 2.40 (s, 3H, CH3), 3.94 (s, 2H, CH, of thiadiazine),
4.05 (s, 3H, OCH3), 7.56 (s, 1H), 7.83 (s, 2H), 8.26 (s, 1H), 8.48 (s,
1H), 8.70 (s, 1H); **C NMR (100 MHz, DMSO-d,, ppm): § 16.2,
18.7, 29.8, 56.8, 112.6, 116.7, 119.5, 121.7, 125.7, 139.9, 144.1,
147.3, 148.4, 153.5, 153.9, 158.0, 167.7, 170.9, 188.7; MS (ESI)
m/z: 488 (M+1)*; Anal. calcd. for C19H17N;05S,: C, 46.81; H,
3.51; N, 20.11; S, 13.15. Found: C, 46.85; H, 3.35; N, 20.15; S,
13.18.

4.2 | Biology

4.2.1 | Antiplasmodial activity against P. falciparum
3D7 and Dd2 strains

P. falciparum 3D7 and Dd2, chloroquine-sensitive and -resistant
strains, respectively, were maintained at 37°C by the bell jar
candle method in RPMI 1640 medium supplemented with HEPES
25 mM, AlbumAX | 0.5% (wt/vol), hypoxanthine 100 uM, genta-
micin 12.5 ug/ml and sodium bicarbonate 1.77 mM. ICsq of the

compounds against P. falciparum strains was determined using the

SYBR Green fluorescence-based method.?”! Briefly, parasite
culture was synchronized with 5% sorbitol at the ring stage and
further transferred to complete RPMI media till it reached the
mature trophozoites. In 96-well plates, compounds were incu-
bated with mature trophozoite culture in a proportion of 2%
hematocrit and 1% parasitemia in a total volume of 200 ul for
48 hr in triplicate. After incubation, 100 ul of resuspended culture
was transferred to 96-well flat-bottom plates already containing
100 pl of SYBR Green | lysis buffer (2XSYBR Green, 20 mM Tris
base pH 7.5, 20 mM EDTA, 0.008% w/v saponin, 0.08% wt/vol
Triton X-100). The plates were incubated for 1hr at 37°C,
fluorescence associated with SYBR Green |-intercalated parasitic
DNA was measured at 490 nm excitation and 540 nm emission
using a TECAN Infinite F-200 spectrophotometer (Tecan Trading
AG, Switzerland) and ICso of compounds was calculated from

three independent experiments.

4.2.2 | Cytotoxicity assays (MTT)

Cytotoxicity of compounds was determined by using MTT.[28] The
compounds were seeded at 1x 10* cells in each well of 96-well
plates. After 24 hr, the cells were treated with different concentra-
tions of compounds (0.48-500uM) in twofold serial dilution or
vehicle (0.25% DMSO) for 24 hr. After 24 hr of treatment, 200 pl of
medium containing MTT (0.5 mg/ml) was added to each well of a 96-
well plate and incubated for 4 hr in a CO, chamber at 37°C. Reduced
formazan crystals were dissolved in 100 pl of DMSO and absorbance

was measured at 570 nm on a multiplate reader (Tecan infinite-200).

423 |
assay

NP-40 mediated p-hematin crystallization

Compounds were incubated with 100 uM hematin, 1M acetate
buffer of pH-4.8 and 30.55 uM NP-40 in a 96-well plate at 37°C and
shaken at 55 rpm for 4 hr, the incubation plate was centrifuged at
1,100g for 1hr at 25°C1??! and after discarding the supernatant,
200 ul of 0.15 M sodium bicarbonate containing 2% sodium dodecyl
sulfate (SDS) was added to each well and centrifugation was
repeated, and the supernatant containing free heme was discarded.
Then, 200 pyl 0.36 M sodium hydroxide and 2% SDS was added to
dissolve the synthesized -hematin. The absorbance was measured at
400 nm using a multiplate reader (Tecan infinite-200). B-Hematin
crystallization inhibition 1Cso concentrations of active compounds
were measured by comparing their absorbance values with chlor-
oquine absorbance, a positive control of the g-hematin crystallization
inhibitor.

424 | LDH assay

LDH assay was conducted to measure the cytotoxicity of compounds
4h, 4i, 4k, and 4l against synchronized P. falciparum 3D7 culture in
vitro. The culture was adjusted to 1-1.5% parasitemia and 2%

hematocrit in a 96-well plate containing serially diluted compounds
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and grown for 48 hr. Later, the percentage of cytotoxicity was
estimated using a Cayman’s LDH cytotoxicity assay kit, where the
LDH released from the P. falciparum due the action compounds
reduces NAD" to NADH and H* by oxidation of lactate to pyruvate.
Using NADH and H*, diaphorase reduces a tetrazolium salt (INT) to
colored formazan, which has maximum absorbance at 490-520 nM.

42,5 | Stage-specific growth inhibition assay

Tightly synchronous ring (12 hr), trophozoite (24 hr and schizont
(36 hr) stage Plasmodium-infected erythrocytes were incubated for
12 hrl®! at every individual stage with an 1Coo concentration of the
compound from the same synchronized culture, after that, the
compound was removed by various washes and supplemented with
complete RPMI media for further growth. Being untreated and
presence of the compound with culture until the completion of the
experiment (unremoved) were taken as controls. The experiment was
continued up to 72 hr from postinfection of the RBC by a parasite.
The smear was prepared for every 12 hr, stained with Giemsa and
examined around 1,000 parasite-infected RBC to assess the stage-

specific growth of the parasite and the percentage of parasitemia.
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ABSTRACT ARTICLE HISTORY
An expeditious, one-pot multicomponent reaction has been developed Received 12 March 2019
for the synthesis of (E)-2-(benzylideneamino)-5-mercapto-4H-1,2,4-tria-
zol-3-yl)-2,3-dihydrophthalazine-1,4-dione derivatives. Condensation of
4-amino-5-hydrazino-4H-1,2,4-triazole-3-thiol with phthalic anhydride h )

: - . 4-Amino-5-hydrazino-4H-
and aromatic aldehyde afforded the (E)-2-(benzylideneamino)-5-mer- ) L

X R X X X X 1,2,4-triazole-3-thiol; 2,3-

capto-4H-1,2,4-triazol-3-yl)-2,3-dihydrophthalazine-1,4-diones in acetic dihydrophthalazine-1,4-
acid medium with excellent yields. All the synthesized compounds dione; aromatic aldehyde;
were characterized by their analytical and spectral data. Schiff base
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Introduction

Multicomponent reactions are important strategies to reach ecofriendly and sustainable
transformations in modern chemistry. These reactions have several advantages when
compared to stepwise linear synthesis such as atom economy, less waste production
time and energy saving, easy purification and high convergence among others.!!)

Triazoles are important heterocyclic molecules in current organic synthesis,>™ the
core nucleus of triazole is found in many drugs and it exhibits numerous pharmaco-
logical and biological activities such as anti-inflammatory,"”! antifungal,'’ antioxidant,"”’
anti tubercular and microbial agent'®! and anticancer activity.”’

Nitrogen containing heterocyclic molecules such as phthalazines possess good pharma-
ceutical activities such as anti—analgesic,[w] anti—inﬂammatory,[u] anti-diabetic,!'?! anti-

CONTACT Rajeswar Rao Vedula @ rajeswarnitw@gmail.com @ Department of Chemistry, National Institute of
Technology, Warangal, Telangana 506004, India.
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/Isyc.

@ Supplemental data for this article can be accessed on the publisher’s website.
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Figure 1. Biologically active molecules containing phthalazines and triazole moieties.

[15] ] 18]

14 insecticidal”! antifungal,!

[22]

antineoplastic,'®
anti-bacterial,!"®! anticonvulsant,?* anti-proliferative®!! and vasorelaxant activities.
Triazolo phthalazines were also good heterocyclic molecules in organic synthesis and

also exhibit good biological activities such as anti-tubercular,**! anti-inflammatory,****!
[27 [28,29]

. . 13 . . .
microbial,**anti-vira anti-tumor,

antimicrobial,**! anticancer?”! and anticonvulsant properties.

Schiff bases are important class of organic compounds.**! Schiff bases are known to
exhibit good biological activities like anti-fungal,’*! antioxidant and antimicrobial,’**!
antibacterial (Fig. 1).53

Keeping in view of numerous biological activities associated with triazoles, phthala-
zines and Schiff’s bases, our present study is focused on the development of new meth-
odologies for the synthesis of phthalazines having triazole and Schiff bases.

In continuation of our earlier work,***® we had developed a one-pot MCR for the
synthesis of title compounds expecting that these compounds may possess good bio-
logical activities.

Results and discussion

Reaction of an equimolar amount of 4-amino-5-hydrazino-4H-1,2,4-triazole-3-thiol,
phthalic anhydride and aromatic aldehyde in acetic acid gave the final products (E)-2-
(benzylideneamino)-5-mercapto-4H-1,2,4-triazol-3-yl)-2,3-dihydrophthalazine-1,4-diones
(Scheme 1) with good yields.

Reaction of 1, 2 and 3 in absolute ethanol under reflux gave only 15% of expected
product. Additionally, when the same reaction is examined by the various other solvents
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Scheme 1. Synthesis of compounds 4a-I.
Table 1. Different substitutions of the compounds 4a-I.
Entry Product R' R R® R* R® RS Yields (%)
1 4a H H H H H CHs 85
2 4b H H H H H OCH; 85
3 4c H H H H H OH 82
4 4d H H H H OH OEt 86
5 4e H H H H H CN 20
6 4f H H H H H F 92
7 4g H H H H c H 90
8 4h H H H H H a 93
9 4i H H H H a a 20
10 4j H H H H H Br 84
11 4k Br Br Br Br H CHs 85
12 4 Br Br Br Br a H 920

such as methanol, methanol and catalytic amount of acetic acid, methanol and catalytic
amount of HCl produced low yields of the products when compared to acetic acid.
Therefore, the optimized condition for the heterocyclization and condensation is the
acetic acid under reflux condition (Table 1).

Reaction between compound 1, phthalic anhydride and aldehyde is expected to give
compounds 5 and 6 or both depending on the process of cyclization. In the present
investigation, the reaction takes place in such a way that only hydrazino part of com-
pound 1 underwent cyclocondensation with 2 followed by further condensation of N-
amino group of compound 1 with aromatic aldehyde leading to the formation of final
products (E)-2-(benzylideneamino)-5-mercapto-4H-1,2,4-triazol-3-yl)-2,3-dihydrophtha-
lazine-1,4-diones (4) (only one product based on TLC). The significant feature of this
scheme is that three new hetero atom bonds like one N=C and two -N-C=O are
formed at a time under mild conditions. The yields of the products were 82-93%. From
the above, it is apparent that the solvent and reaction conditions have played an import-
ant role in the selective heterocyclization reaction. During multicomponent reaction, we
have condensed compound-1 first with phthalic anhydride, and then, we have added
aldehyde in a sequential manner. Hence, there is no possibility of formation of com-
pound-5. Compound-5 structure can be rejected on the basis of spectral evidence. The
nucleophilicity of Cs hydrazino group of 1 is more compared to the ring N-amino
group. 5-Hydrazino group of 1 readily attacks on electrophilic carbon atom of carbonyl
group of phthalic anhydride. Under mild acidic conditions phthalazines are formed as
shown in the mechanism. This is supported by authors earlier work.>” " Later on the
N-NH, attacks on the Carbon atom of electrophilic aldehyde followed by loss of water
to give final compound 4. The reaction stops at the stage of Schiff base 4. This is



4 K. SUJATHA AND R. R. VEDULA

2
N-N R NN pr. R NN (HOX Oy
I : 3 -
HS/( )\NH + O HS/ANXNHO R HS/ANXN?H Q2
4

R? N

NH NH, NH, N 4 NuiN
R *H O R g 3
R4 R’

Scheme 2. Mechanism for the formation of 4a-l.

supported by spectral evidence. There is a free SH group in the final compound 4. The
compound 5 might be formed on reversal addition of reactants like aldehyde followed
by phthalic anhydride on 1, not the conditions which we have applied. We have tried
for growing single crystal to the compound 4 but we could not succeed. We have tried
to cyclize the compound 4 into 6 using PTSA/DMF and also by using SiO,/DMF. But
the reaction did not proceed at all. The compound after work up gave only 4. The alter-
native products 5 and 6 can be rejected on the basis of spectral studies.

=N. H/(Nx R?
\é OiENEiO NH N , RS
RS

5 6

A plausible mechanism for the formation of final product 4 is proposed in Scheme 2.
In the first step, condensation of 1 with phthalic anhydride resulted in the formation of
intermediate 7. This on further reaction with aromatic aldehyde loses water molecule
leading to the formation of final product 4.

All the structures of newly synthesized compounds were confirmed by their spectral data.
The IR spectrum of compound 4a shows prominent peaks at 1604cm ™' (C=N), 1738 cm ™'
(carbonyl stretching), 2550 cm” }(SH stretching), 3336 cm~ ! (NH stretching), whereas the
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"H NMR spectrum of compound 4a showed characteristic singlet for CH; of aldehyde at &
2.41, NH at J 10.07 and SH at ¢ 13.37 ppm and 13C NMR spectrum of compound 4a
showed characteristic CH; carbon at ¢ 21.7 ppm. The other carbon atoms appear at the
expected region. The compound 4a exhibited the molecular ion peak at m/z 379.

Experimental

All the reagents and chemicals which were used in the present study were purchased
from commercial sources and used further without any purification. 4-Amino-5-hydra-
zinyl 4 H-1,2,4 triazole-3-thiol is a starting compound, it is prepared by the literature
procedure.!*”! Melting points were determined in open capillaries with a Stuart melting
point apparatus Mumbai, India and were uncorrected. IR spectra were recorded on
Perkin Elmer Spectrum 100s. "H-NMR spectra were recorded on Bruker WM-400 spec-
trometer in 6 ppm using TMS as the standard, ESI-MS spectra were recorded on Jeol
JMSD-300 spectrometer. Elemental analyses were performed on a Carlo Erba EA 1108
automatic elemental analyzer, compounds purity was checked by TLC plates (E Merck,
Mumbai, India). The Supplemental Materials contain "H and '>C NMR spectra of prod-
ucts 4a-1.

General procedure for the synthesis of compounds (4a-l)

An equimolar amount of 4-amino-5-hydrazino-4H-1,2,4-triazole-3-thiol (1 mmol),
phthalic anhydride (1 mmol) and aromatic aldehyde (1 mmol) was taken in glacial acetic
acid. The reaction mixture was heated at 80 °C for about 8h and cooled to room tem-
perature. The solid obtained was filtered and recrystallized from methanol to give
final product.

(E)-2-(5-mercapto-4-((4-methylbenzylidene)amino)-4H-1,2,4-triazol-3-yl)-2, 3-
dihydrophthalazine-1,4-dione (4a)

White solid; mp 245-247°C; Yield (85%); IR (KBr, vpa cm '): 1604 (C=N), 1738
(carbonyl stretching), 2550 (SH stretching), 3336 (NH stretching); 'H NMR (400 MHz,
DMSO-dg, ppm): 6 2.41 (s, 3H, CH3), 7.37 (d, J=8.0 Hz, 2H), 7.85 (d, J=8.0 Hz, 2H),
7.96-8.03 (m, 4H), 10.07 (s, 1H), 10.16 (s, 1H), 13.37 (s, 1H); °C NMR (100 MHz,
DMSO-dg, ppm): 6 21.7, 124.4, 127.0, 129.2, 129.62, 129.9, 130.1, 136.0, 143.4, 149.1,
161.0, 162.2, 165.7. ESI-MS, m/z (%): 379 (M +H)™; anal. caled. for C,gH4N¢O,S: C,
57.13; H, 3.73; N, 22.21; S, 8.47. Found: C, 57.17; H, 3.78; N, 22.25; S, 8.43.

Conclusion

In conclusion, we have developed a novel one-pot multicomponent method for the syn-
thesis of (E)-2-(benzylideneamino)-5-mercapto-4H-1,2,4-triazol-3-yl)-2,3-dihydrophtha-
lazine-1,4-dione derivatives. This reaction gave good to excellent yields and all the
products were purified by recrystallization.
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