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Abstract

For human beings inflammatory diseases and cancer continue to be serious health problems. A number of
anti-inflammatory drugs and a few anticancer drugs are available in the market. At present anti-
inflammatory drugs available have serious side effects such as gastric ulcer, kidney damage & heart failure
etc. Need for safer anti-inflammatory drugs and more anticancer drugs exist. There is an urgent need to
identify new potent anti-inflammatory and anticancer molecules which can be developed as anti-
inflammatory and anticancer drugs. Efforts have been made by us in this direction, which is described in
thisthesis. For the sake of clarity, the work embodied in thesisis divided into five chapters.

First Chapter :

General introduction: In part la of this this chapter recent work on the use of microwave technology in
organic synthesis reported in literature is summarized. In part Ib recent work reported in literature on the
synthesis, anti-inflammatory and anticancer activities of acridine, bisacridine, pyrazole, oxadiazole,

isoindole, pyrrolopyrazine, amidine, azomethine, benzimidazole and piperazine derivatives is
summarized.

All the new compounds synthesized and reported in the following chapters were charaterized by IR, *H
NMR, *C NMR, Mass (GC-MS, APCI-MS) spectroscopy and elemantal analysis.

Second Chapter: In this chapter synthesis of bisacridine derivatives I11a-j and Va-j by following
reaction Scheme 2.1 & 2.2 is discussed.
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Compounds I 11a-j and Va-j were screened for anti-inflammatory activity at 50mg/kg p.o. Compound 111g
exhibited 41% anti-inflammatory activity whereas standard drug ibuprofen exhibited 39% activity at 50
mg/kg p.o. Anticancer activity evaluation against five human cancer cell linesi.e. lung (NCI H-522), ovary
(PA-1), breast (T47D), colon (HCT-15) and liver (HepG2) at a concentration of 1x 10°M, indicate that
compound I11h possess good anticancer activity i.e. 76%, 81%, 86% and 67% against first four cancer cell
lines whereas compound |11a exhibited good anticancer activity i.e. 50% against liver (HepG-2) cancer cell
line,

Third Chapter: In this chapter synthesis of pyrazole derivativesi.e. I1a-j (Scheme 3.1) and oxadiazole
derivativesi.e. IVa-f (Scheme 3.2) using microwave irradiation technique is described.
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Pyrazole and oxadiazole derivatives (I1a-l, I Va-f) were screened for anti-inflammatory activity at 50mg/kg
p.o. and for anticancer activity against five human cancer cell lines (mentioned in chapter-2) at a
concentration of 1x 10°M. Compound I1j and | Vh exhibited 35% anti-inflammatory activity as compared
to ibuprofen which showed 39% activity at 50 mg/kg p.o. Compound 1Vd exhibited 48% and 39%
anticancer activity against lung (NCI H-522) & liver (HepG2) and compound I1j show 41% anticancer
activity against breast (T47D) cancer cell lines.

Fourth Chapter: It is divided into two parts i.e. 4a and 4b. Part 4a: deals with the synthesis of
azomethine (Vlax-cz) and amidine (VIlax-cz) derivatives of isoindole (I11a, b) and pyrrolopyrazine (111c)
by following reaction Scheme 4a.1.
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Scheme 4a.1 Synthesis of azomethine & amidine derivatives of isoindole & pyrrolopyrazine
Illa-c, Vlax-cz & Vllax-cz.

Azomethine derivatives i.e. (Vlax-czZ) and amidine derivatives (VIlax-cz) were screened for anti-
inflammatory activity at 50mg/kg p.o. and for anticancer activity against five human cancer cell linesi.e.
breast (T47D), lung (NCI H-522), colon (HCT-15), ovary (PA-1) and liver (HepG2) at a concentration of
1x 10°M. Compound VIlcx exhibited good anti-inflammatory activity i.e. 35% as compared to standard
drug ibuprofen which showed 39% activity at 50 mg/kg p.o.. Compounds VIbz, Vllcx, VIlicz (breast
T47D), Vlbz, Vicy (lung NCI H-522), VIbx, VIIbz (colon HCT-15), VIbz (ovary PA-1) and VIbx, Vlcz
(liver HepG-2) exhibited good anticancer activity.

Part 4b: deals with the synthesis of isoindole, pyrrolopyrazine, benzimidazoisoindole and
benzimidazopyrrolopyrazine derivatives i.e. 111x-z, 1Vx-z; VIxa-ze and Vllxa-ze by following reaction
Scheme 4b.1.
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Scheme 4b.1 Synthesis of compounds I 11x-z, IVx-z, ViIxa-ze, VlIxa-ze.



Compounds VlIyc and VIlzd exhibited good anti-inflammatory activity i.e. 34% and 37% as compared to
standard drug ibuprofen which showed 39% activity at 50 mg/kg p.o. Compounds VIzc, VIlzd (lung NCI

H-522), Vlye, Vlixd, Vllyd, Vllzc, VIizd (colon HCT-15), Vixc, VIl zc (ovary PA-1), Vixc, Vlyb, Vizc
(liver Hep G-2) exhibited good anticancer activity.

Fifth Chapter: contains microwave assisted synthesis of piperazine-2,6-dione (I11a-1) and 4-(1H-
indole-2 carbonyl)piperazine-2,6-dione (IVa-l) derivatives by following reaction scheme 5.1. It also
contain synthesis of bis piperazine-2,6-dione derivatives (Vlax-jz) by following reaction scheme 5.2.
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Scheme 5.2 Synthesis of heterocyclic compounds Vlax-Vljz



Compounds | I la-1 and IVVa-1 and Vlax-jz were screened for anti-inflammatory activity at 50mg/kg p.o. and
for anticancer activity against five human cancer cell lines i.e. breast (T47D), lung (NCI H-522), colon
(HCT-15), ovary (PA-1) and liver (HepG2) at a concentration of 1x 10°M. Biological evaluation reveals
that compounds VIbx and VIex possess anti-inflammatory activity 43% and 39% respectively, which is
comparable or better than ibuprofen (a standard drug) which exhibited 39% activity at 50 mg/kg p.o.
Compounds Vlax exhibited anticancer activity 28% against breast (T47D); Vlay 39% against lung (NCI
H-522); 111j 49% againgt colon (HCT-15); Ve 42% against ovary (PA-1) and Illh, IVf 46%, 45%
respectively against liver (HepG2) cancer cell lines. All these compounds exhibited moderate to good
anticancer activity against the cell lines mentioned above.

Conclusion: In this thesis synthesis, characterization, anti-inflammatory and anticancer activity evaluation
of more than one hundred forty compounds is reported. Compounds | 11g (Chapter 2), VIbx, Vlex, Vicx,
V1dx, 1Ve (Chapter 5) and VIlzd (Chapter 4b) exhibited anti-inflammatory activity comparable or better
than standard drug ibuprofen. Compounds I11h, I11i (Chapter 2) against lung (NCI H-522); I1If, I11h, I11i,
I11f (Chapter 2) against ovary (PA-1); I11h (Chapter 2) against breast (T47D); I11h (Chapter 2) against
colon (HCT-15) and Illa (Chapter 2), Vixc (Chapter 4b), [I1h, IVf (Chapter 5) against liver (HepG2)
exhibited good anticancer activity against various cancer cell lines mentioned above. One compound I11h
(Chapter 2) exhibited good anticancer activity against al the cancer cell lines screened except onei.e. liver
(HepG2) cancer cell line. Compounds which exhibited good anti-inflammatory and anticancer activities can
be candidate for further studies. From the work reported in this thesis three research papers have been
published and three are under review in various international journals.
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Chapter 1

General Introduction

la Synthesis:

First organic compound urea was synthesized by Friedrich Wohler in 1828 by
evaporating agueous solution of ammonium cyanate. Since then a number of organic
compounds have been synthesized. In modern drug discovery and development, synthesis
of heterocyclic molecules [1-10] continue to be an area of interest to the scientists. For
rapid synthesis of heterocyclic compounds with or without use of solvent and in high
yields, microwave assisted reactions are quite useful. In the following few pages we will
summarize some of the recent work reported in literature.

4-Arylidene-2-phenyl-1H-imidazol-5(4H)-ones | was synthesized in high yield

[11] by following reaction scheme mentioned below. Caceres-Castillo et. al. [12]

Ar (@) Ar ®)
w JCJ)\ MW M [Ar:CGHSV 2'C|C6H4| 4'C|C6H4, 3—BrC6H4,

N Ot H.N" °NH N« _NH 4-BrCgHy, 3-NO,CeHy, 4-NO,CHy,
Y 2 2 glycol Y 2,3-(CH40),CeHs,  34-(CH50),CeHs,
Ph Ph 3,4,5-(CH30)3CgHy, 3,4-OCH,-OCgHs,

|

4-(CH3),NCgH,, Thiophen-2-yl]

synthesized 2-amino-4-arylthiazoles 11 by condensation of p-substituted acetaphenones
with thiourea and iodine under solvent free conditions. Phosphorus trichloride mediated
I, neat N
O S 2y R&YN H2
Y MW, 130-150°C,
R{ >—C—CH3 + \ g

[R=H, CH3, OCH3, OH, NH,, Cl, Br, NO,]

and microwave assisted severa amide derivatives 111, 1V have been synthesized and

reported in literature [13]. A series of 2-hydrazolyl-4-thiazolidinone derivatives V have

R,COOH, PCl N O
R ; * R I [R;=NO,, CF3;
1 U _
= NH,  CHiCN, MW N R Ry=aryl, alkyl, heteroaryl]
150°C, 5 min 11
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Y/j\ PhCOOH, PCl5 || o) [ car
[ = I a X=N, Y=
kx/ NH, CHsCN.MW X H—C—Ph b: X=CH, Y=N]
150°C, 10 min v
been synthesized as mentioned below [14] using p-TSOH as catalyst in 45% to 82% yield.

2-Thiazoline derivatives VI have been synthesized by reaction of aryl ketonitriles with
S @)
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[Ri= H, R= Ph, p-N(Me),-Ph, o-F-Ph, p-OBut-Ph,
p-NO,-Ph, p-ClI-Ph, p-MeO-Ph, CH(Me),, -CH,-CH,-Ph]

cysteamine by using microwave at 210°C temperature in 10 min by following reaction
scheme mentioned below [15]. Sharmaet. al. [16] synthesized 2-oxazoline derivatives

150w, NH
+ Y ( ( X )\ R?
[SH HoCooy 210 )\\ AN CH, S
10 min CN \

R! are various substituents

VII in 70-85% vyields by following reaction scheme mentioned below. 2-Thiazoline

derivatives V111 have been synthesized using Lawesson’s reagent. The role of

R2 Rl R2 Rl MW, 170°C

R ICI: 15 mi !
H N | MQ
I

[R= various substituents; Rt =R? =H; R’ =R? =CHg; R =R? =CH,0H]

Lawesson’s reagent is to transform the 1,2-amino acohol into 1,2-aminothiol and also

activate its[17] reaction with carboxylic acid. Microwave assisted amination of 2-

0 R® R
N H-oN 2 L awesson's reagent R
R-C-OH + IR
HO  "R® MW, 150°C RlA
VIII

[R'= various substituents; R? =R =H; R? =CHj, R® =H; R? =H; R® =Ph]

chloropyridine derivatives to give corresponding amino derivatives I X & X have been
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Ry=R,=H, CN, X=NH,, NMe,

R~ R1 Ro~~R1
Formamide | _ + jl/j:
MWI X N NH, X" "'N” "OH

15 min
X X = NH, Xl

achieved by using amide solvents [18]. A series of bis(3 -indolyl)pyridine derivatives XI |
have been synthesized [19] via a one pot multi-component reaction using microwave

irradiation. Yang et. al. [20] synthesized 2,3-dihydropyrido[ 2,3-d] pyrimidin-4(1H)-ones

Ar
O
CN
5 ~ ] NH,OAc
R/ N ArCHO HOAc/glycol R
H MW, 140 °C

H X1l H

[a-l: R=H; Ar= 4-CIPh; Ph; 2-CIPh; 2-BrPh; 4-CH3Ph; 4-CHOPh; 3-NO,Ph; 4-NO,Ph; 4-HO-Ph; 3,4-OCH,OCgHs; 4-
OH,3-OCH3CgHs5; 2-thienyl; m-p:Ar= 4-CIPh; R=2-Ph; 4-CHg; 5-CHa; 7-CHj]

X111 in good yields by using DBU as catalyst in aqueous medium and microwave

irradiation. A series of 3-substituted imidazo[1,5-a]pyridines XIVa-m have been

R, O
Ry o) DBU/H,O R,
Ry A ON 2 2 (e
~ MW, 100°C A .CR
| — + R4/ R5 R3 N Nc‘: 4
Rs” "N~ "NH, H Rs
X111

[R1, Rz, R Ry & Rsare various substituents)

synthesized by Arvapalli et. al. [21] in two step reaction by following reaction scheme

outlined below. 2-Methyl-3(H)-4-quinazolinone XV and 2-methyl-3-amino-4-

X MWI, POCl;
| OCH RCH,NH, N 1s0°casmn 7 T
7 P Aomn
N 3 14-dioxane ANH R - = N
5 Mw,2000C N R or 180°C, 10min \(R
1-2hr O

X1V

[R=Ph, 4-CF3Ph, 4-CNPh, 4-Cl-Ph, 2-OMePh, 4-F-Ph, 4-OMePh, 4-NMe,Ph, CO,C,Hs, 3,4-methylenedioxy-Ph, 4-
pyridyl,CN, CH(OMe),]
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quinazolinone XVI has been synthesized [22] by reaction of ammonia and hydrazine

hydrate with methyl-2-acetamidobenzoate in 63% & 78% yield respectively. Nagargj et.
O

MW, NH; E:ﬁLNH
o 140W, 120 °C N/)\CH:;
@O,CH oCHa | XV

NH, o)

O CH3 MW, NH,NH, )\
140W, 3 min CH3
XVI
al. [23] synthesized 2,8-diaryl-6-amino-imidazo[1,2-a]pyridine XVI1 by condensation of

N NH2

2-aroyl-4-aryl-1-prop-2-ynyl-1H-imidazoles with secondary amines under microwave
Ar
2 ( l\\l Ar
Z»N Ar R mw,anems N
S_< + HN
“R2 80°C,120W,10min Xy

N,
C CH RZ R? [Where Ar and R? are various substituents]
XVII

irradiation condition. Microwave irradiation technique is being used to synthesize a series

of 4-hetaryl substituted pyrazolo[1,5-a][1,3,5]triazines XV 111 under solvent free conditio-

/I—Let N Ar MW, 100°C )H\et

+ HN 15-20 min N7 N’N

)N|\ O = _EtOH or -EtSH )\ \ Ar [Het=2-furyl; Het=2-thienyl; Ar=4-
Eto SEt H2N -HZO Etx N cl C6H4, 4-CH3C6H4, Ph, X:O, S]

XVIII

ns [24]. N-(1H-imidazoline-2-yl)-1H-benzimidazol-2-amine X1 X have been synthesized

[25] in excellent yield using microwave irradiation technique. Shi et. al. [26] reported a
HI

N H N . MWI N H N
Y=NH, + H,cs—¢ | MW @ S—N—¢ SN~
©i 3 ] N>_ _<Nj NEts, THF N>_ Nj

i HE R H H H H
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chemoselective synthesis of thiazolo[3,2-a]pyridine derivatives XX, XXI by following

reaction scheme mentioned below. Pyrazol o[ 3,4-b] pyridine derivatives XX11, XXI11

CN
o CN
N O//C OH H,O NC N N{:

NH, O
XX XXI

[Ar= 4-FCgH,, 4-BrCgH,, 4-CICgHy,, 2,4-Cl,CeH3,4-CH30CH,, 2-thienyl, Ph, 3,4-OCH,0O-CgH3, CH3CgH,, 4-
NO,CgHy, 3-NO,CgH4,4-OH,3-NO,CeH3)

possessing anti-tumor and antimicrobial activities have been synthesized [27] following

reaction scheme mentioned below. Alen et. al. [28] synthesized pyrazino[1,2-a]

CN
ACOH/EtN
MW, 150°C
15 min :
@ [X=N, R=H, X=CH, R=H,
Cl, CHy, F, NO,|
XX
R, R,
CHO N
AcOH

+ CH3;COCOCOH N
MW, 160°C N

R 20-25 min
' [Ry=OCHs, Ry=H; Ry=R,=H; R=NEL,,
R,=H; R;=0OH, R,=H; R;=Br, Ry=H;

R,=OCHa, R,=OCH3, R;=NMe,, R,=H]

XXI111
benzimidazol-1(2H)ones XXIV in good to moderate yields by using microwave

irradiation techni que Benzimidazole Schiff bases XXV & pyrimido[1,2-a]benzimidazol -

N NH 1 [R'= p-methoxy benzyl,
K2C03 Pd(PPh),, 10% Rt &4\@ Ph; R%=H, Me, Ph; R3=

DMF, 150°C (MW) 2 X H, MeF, Cl; R%=H, CF;,
150W, 25 min CN, Me, OCF, F, H]

XXIV
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3(4H)-ones XXVI possessing cytotoxicity have been synthesized [29] by following

reaction scheme mentioned below. 4-Aza-podophyllotoxin analogs XX V11 possessing

1
MWI, 160°C, 4-10 min N R
Acetic acid
@E[\P_ N\ R2
N
>N
MWI, 250°C, 5-10 min O R!

Acetic acid

R* e XXV

[R'=R%=H; R'=Me, R%=H; R'=H, R>=Meg; R'=OMe, R?=H; R!=H, R>=OMe; R!=Cl, R?=H; R!=Br, R>=H; R'=H, R>=Br; R!, R?>=(-CH=),]

cytotoxicity to three carcinoma cell lines i.e. M14, MCF7, SW1116 have been

synthesized by microwave-assisted multicomponent reactions and reported in lit. [30]

rN%

[Ar = 4-FCgH,, 4-CICgH,, 4-BrCgHy,
ArCHO 1 O HOAC | 3NOCeHa,  CeHs,  4-CHaCaH,
MW, 1200(; N 4-OCH3CgHy, 24-ClyCeHs, 4-OH-

3-NO,CgHz,  3,4,5-(0CH3)3CsHo,
8-10 min H Thien-2-yl]
XXVII

In the above few pages we have summarized some of the recent references

reported in literature regarding use of microwave irradiation technique in the synthesis of
a variety of heterocyclic compounds. Microwave irradiation technique has helped in
synthesizing various heterocyclic compounds [31] in high yields, high purity and in a
short reaction time.

1b. Heterocyclic compounds as anti-inflammatory and anticancer agents:

Inflammatory diseases and cancer continue to be a maor health problem for
mankind. Various drugs [32, 33] i.e. phenylbutazone XXVIII, indomethacin XXIX,

piroxicam XXX, vadecoxib XXXI, ceecoxib XXXII, rofecoxib XXXIII, 6-
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mercaptopurine  XXXIV, 5-fluorouracil XXXV, floxuridine XXXVI, dacarbazine

XXXVII used for the treatment of inflammatory diseases and cancer are heterocyclic

0]

@ OH N@C' (\/]L 7 oH
N N =
N<\><CH2>3~CH3 J@[/g% N HN%
o) MeO Me N>
CH,COOH o0
XXVIII XXIX XXX
Phenylbutazone Indomethacin Piroxicam

H.NO,S

N\ N/ CF3 l O
oy (r%
H,NO,S

XXXI XXX XXX
Valdecoxib Celecoxib Rofecoxib
O
H F
N._O HN% Me
NS S 2N C
NN OH
XXXV XXXV XXXVI XXXVII
6-Mercaptopurine  5-Fluorouracil Floxuridine Dacarbazine

molecules. Use of various drugs for the treatment of above said diseases is associated
with serious side effects and hence cannot be used continuously for long period of time.
One strategy to overcome these health problems is to synthesize new molecules, in search
of potent compounds, which can be developed as safer drugs. For the researchers
interested in the area of drug discovery, synthesis of heterocyclic molecules [34-39] their
identification by modern instrumental techniques [40, 41] and evaluation for biological

activities [42-46] is an interesting area of research.
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Inflammation is a protective attempt by the organism to remove the harmful
responses as well as initiate the healing process for the tissue. Non steroida anti-
inflammatory drugs (NSAIDs) are used to treat a wide variety of diseases, including
inflammation, cancers, cardiovascular diseases, diabetes, Alzheimer’s and Parkinson's
diseases [47]. The anti-inflammatory effect of NSAIDs arise from their interaction with
enzyme COX while other biological effects of these drugs are COX independent [48].
Although NSAIDs-COX interaction has been well characterized, the molecular
mechanisms for their COX-independent activities are still not clear. NSAIDs show their
effect by inhibiting cyclooxygenase (COX) enzyme, existing in two major isoform COX-
1 and COX-2. COX-1is considered to be expressed in most of the tissue where as COX-2
is induced with inflammation. Both COX-1 and COX-2 enzyme catalyzed arachidonic
acid to produce prostaglandin H, (PGH2). A number of enzymes further metabolized this
PGH, into bioactive lipids (prostanoids), including prostacyclin, thromboxane A, and
prostaglandins D,, E; and F, which influence immune, cardiovascular, Gl, renovascular,
pulmonary, central nervous system, and reproductive system [49]. Clear role of COX-
metabolites in fever, pain and inflammation make COX enzyme atarget for the treatment
of these diseases. Traditional NSAIDs such as indomethacin, aspirin, diclofenac,
ibuprofen, and naproxen inhibit both isoform of COX. If these drugs do not inhibit COX-
2, they do not act as anti-inflammatory, antipyretic or analgesic agent. However when
used to inhibit COX-2 these drugs also inhibit COX-1, which is associated with
gastrointestinal side effect [50]. From above observation selective COX-2 inhibitors came
into existence. This selective action provides the benefits of reducing inflammation
without irritating the stomach [51]. Selective COX-2 inhibitor drugs i.e. celecoxib,

8
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valdecoxib and rofecoxib inhibit COX-2 but not COX-1 and thus have anti-inflammatory
properties but no gastrointestinal side effects.

Another aspect of anti-inflammatory drugs which came to the attention of
academic research, biomedical industry and medical professionads is that a close
relationship between infection-inflammation and cancer exist [52]. Various case studies
reported [53, 54] that a regular intake of NSAIDs produced highly significant composite
risk reductions of 43% for colon cancer, 25% for breast cancer, 28% for lung cancer and
27% for prostate cancer. It is aso reported that daily use of selective COX-2 inhibitor,
either rofecoxib or celecoxib significantly reduced the risk for each of these
malignancies. The evidence is compelling that anti-inflammatory agents with selective or
nonselective activity against COX-2 have strong potential for the chemoprevention of
cancers of breast, prostate, colon and lung. In case of COX-2 selective NSAIDs, the
cardiovascular protective effects of non selective NSAIDs are lost [55, 56]. COX-2
selective inhibitor rofecoxib was withdrawn from the market by Merck because of the
concern about increased risk of heart attack and stroke associated with long term high
dose usage [57]. From above discussion it is clear that selective or non selective NSAIDs
cannot be used continuously for long time and hence there is an urgent need to develop
safer anti-inflammatory drugs.

In order to get safer alternative of these drugs wide range of heterocyclic
molecules are synthesized and screened for anti-inflammatory and anticancer activities all
over the world, which is evident from the large number of papers/patents published every
year. We have aso made some efforts in this direction which we will describe in this

thesis.
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In the following pages of this chapter recent literature on the following types of
heterocyclic molecules will be discussed.

1b.1 Acridine and bisacridine derivatives

1b.2 Pyrazole and oxadiazol e derivatives

1b.3 Isoindole and pyrrolopyrazine derivatives

1b.4 Amidine and azomethine derivatives.

1b.5 Benzimidazole and piperazine derivatives.
1b.1 Acridine and bisacridine derivatives

1b.1.1 As anti-inflammatory agents:

9-Phenoxyacridine derivatives XXXVIIl & XXXIX have been synthesized [58]
by following reaction scheme mentioned below. These acridine derivatives have
inhibiting effects on the activation of mast cells, neutrophils and macrophages and hence

showed potent anti-inflammatory activity. Chen et. al. [59] synthesized several

y cocH3
() o-()-oo
COCH3

X N X HO'@'CHO N X
R CO acetone TR
— = 2 3 = K2C03, THF i~ =
N in a sealed bomb | in a sealed bomb N
XXXVIII XXXIX
[a, R=H; b, R=4-OMe; ¢, R=2-OMe [aR=H;b,R=4-OMe;c,R=2-OMe
d, R=2-OMeg,; 6-Cl; e, R=2-Cl] d, R=2-OMeg,; 6-Cl; e, R=2-Cl]

9-anilinoacridines XL and 9-phenoxyacridines XLI by the reaction of 9-chloroacridines
with appropriate anilines and phenols respectively as mentioned below. These acridines
are reported to have the potential to be novel anti-inflammatory agents with no significant
cytotoxicity. Several 9-[[4-(dimethyl amino)benzylidene]hydrazino]-5-nitroacridines
XLI1 which exhibited moderate anti-inflammatory activity have been synthesized and

reported in literature [60]. Usefulness of acridine derivatives XLI11 in the treatment of

10
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HNORl cl OORZ
HOO R?

RN NSNS
X \—R3 N 3 X \—R3
A= NS N
N N N
XL XLI
[R! = MeCO, HON:CMe, MeON:CMe, [R? =MeCO, R® =H, 2-Cl, 2-MeO, 4-MeO;
MeCOCH,0; R® =H] R? =CHO, R®=H; R?=(E)-MeCOCH:CH, R®=H]

autoimmunity, inflammation, alergy, asthma, graft reection, cancer and

immunodeficiency are disclosed in an international patent [61]. 9-Amino-5-nitroacridine

NHN= C
H
jehivees,
/ / EtO = 7 o _Rl
NH,
O2 XLl XL Noz XLIV
[R=H; 1-,2- 4-Mg; 1-,2-,3-,4-OM¢; 2- 4-Br; 2-, 4-Cl; etc.] [Where RL, R? and R3 are various substituents]

derivatives XL 1V have been synthesized and reported in literature [62]. These derivatives
were screened for bacteriostatic, fungicidal, anti-inflammatory and analgesic activities.
Bondinell et. al. [63] synthesized N,N'-bis(6-chloro-2-methoxy-9-acridinyl)-1,2-ethane
diamine bis(trifluoroacetate) XLV by condensing 6,9-dichloro-2-methoxyacridine with

ethylene diamine. Compound XLV showed anti-inflammatory and antiviral activities.
Cl cl Cl

Q EtN, 1-methyl- Q

H,N —(FHz 2-pyrrolidinone

N cl +

N/ HN-CH, ~1arc o N /) NHCHCHANH= N

Y (L zercoon & )
OMe OMe MeO

_ XLV
1b.1.2 As anticancer agents:

9-Aminoacridine-4-carboxamide derivatives L have been synthesized [64] by
following reaction scheme mentioned below. Compounds Lb and L e exhibited anticancer
activity against cervical cancer (HeLa) cell line and lung cancer (A-549) cell line

respectively. Ma achowska-Ugarte et. al. [65] synthesized conjugates of mycophenolic
11
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COOH CH3COONa, Cu COOH H,SO,,
@ A __Cu0,DMF__ E:[ _ AH,0both.
Cl H,N " la0as0°C,

Adh
COOH HOOC XLV XE\C/)I?H
= | SOcl /DMF
R Cl

A Dry CH,CI

NH HO@ /100°C X |sopropylgm|2ne

X + R O / 05°C
L o e

HCI 3 O N
O N CH XLVI ||

La-g H_<CH ; XLIX 3

[R=a, 3-CF3; b, 4-COOH; ¢, 4-OCHg; d, 2-COOH; e, 3-Cl; f, 4-Cl; g, 4-CHg]
acid and 1-nitro acridine derivatives L1a-e and 4-nitroacridone derivatives Lllla-ei.e.

compounds L1la-e and L1Va-e by following reaction sequence mentioned below. These

compounds exhibited good anticancer activity against various leukemiacell linesi.e.

Me
e
N/ DMF, 24h
O HNHz HO 15C 10 RT e

Lla-e Mycophenollc acid |_ lla-e
n=2-6 MPA n=2-6
O,N O NH OzN Me
(- NH, EDCI, HOBT N
HN O + MPA
O DMF 24h

Lilla-e LIVa—
n=2-6 n=2-6

Jurkat, Molt-4, HL-60, CCRF-CEM, L1210. Severa acridine derivatives LVa-h have
been synthesized and screened for antimicrobial and anticancer activities [66].
Compounds L Ve and L Vg exhibited good anticancer activity against cancer cell line HL-

60 with 1Csp values 27.53 & 28.72 pM. A series of 5-acridin-9-ylmethylene-3-benzyl-
12
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Oy

H
HN_(CH2)3_ N_(CH2)3_ NH

cl “
o Yo O N
LVa-h LViad LVII
[a, R=H,R!=H; e R=Cl,R'=H; [a, R=CHg; b, R=Br;
b, R=NO,, R=H; f, R=OH, Rl=H; ¢, R=Cl; d, R=F]

¢, R=CHj, R'=H; g, R=H, R'=Cl;
d, R=H, R'=Me; h, R=H, R'=OH]

thiazolidine-2,4-diones LVla-d have been synthesized [67, 68] and screened for
cytotoxic activity on cancer and norma cells. These compounds exhibited high
cytotoxicity on colon carcinoma and glioblastoma tumor cell lines. Wang et. al. [69]
synthesized linker modified triamine linked acridine dimers and evaluated them for
cytotoxicity in vitro and in vivo. Compound L V11 exhibited potent solid tumor inhibition
(COLO-205) in vivo. Different salts of LVII to increase its solubility have also been
prepared and studied for antitumor activity [70]. Two international patents [71, 72] and

one U.S. patent [ 73] reported synthesis of bis acridine derivativesLVII1, L1X and L X

R/\/ 0 %R
LT O U @
oholoeeIsne

LVIII LIX

[Where R = independently, arnlde, amino, azido,
nitro, hydroxy, hydroxymethyl, carboxy, cyano,
sulfinyl, aryl, heteroaryl, akenyl, alkyl, alkylene,
cycloakyl, cycloalkenyl, heterocycle, spirocycle,
akoxy, halo etc.]

[Z=linear arrangement of > 2 aromatic
rings linked in a 1,4 or 1,3-manner]

respectively. These compounds are reported to be useful in the treatment of cancer.
Synthesis and usefulness of novel polyamine-linked acridine dimers L X1 as potential
anticancer agents is disclosed in a U.S. patent [74]. Thus compound L XI [R=H, n=3,

Z=Cl, Y=MeO, X=0] exhibited ICs, value of 0.04-4.94 ug/mL against HA22T.

13
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[Wheren = 3-6; X =0-5; Z =H, F, Cl, Br, I;
Y =H, OH, OC 1-4 akyl; A = OAc, OCOCF;
0OSO,Me, halo; R = C1-10 hydroxyalkyl, C1-10
polyhydroxyalkyl, C1-10 aminoalky! etc.]

LXI Z
Gamage et. al. [75] synthesized bis(acridine-4-carboxamides) L X11 by following reaction

scheme mentioned bel ow. These compounds are potent topoisomerage inhibitors.

O R
R (i) Al/Hg/NaOH/H,0 R\ N g#g(;\/lg Y
|\ X EtOH/reflux | | e
ZaN (ii) FeClg/H*/40 °C/2-20h ~F >N N
H  Co,H COMH [ncHygnme O N\
THF/20°C/12h \w/
R R
|\ XX 4
NN

[R=H, 1-Me, 1-Cl, 2-Me, 2-Cl, 3-Me, 3-Cl, 5-Me, 5-Et,
O N "NTNTO 5.iPr, 5-Ph, 5-OMe, 5-F, 5-Cl, 5-Br, 5-CF3, 5-NMe2,
H H 6-Me, 6-OMe, 6-F, 6-Cl, 6-Br, 6-CF3, 6-NMe2, 7-Me,
LX) 7-Et, 7-iPr, 7-tBu, 7-Ph, 7-OMe, 7-F, 7-Cl, 7-Br, 7-NMe€2,
8-Me, 8-Cl, 5,7-diMe, 5,8-diMe, 1.5-diMe, 5-Me, 8-Cl,

1-Cl, 5-M¢]

Fifty one aminoacridine derivatives L X111 have been synthesized and reported [76] in an

international patent. Some of these compounds exhibited anticancer activity better

@) o) [Where RY, R? are H, EWG, EDG; X is -CHyaryl,

HN _X-_&_A_ L‘A'—&—X'— NH -CH2-hetero§ryI, aryl_, heterparyl, benzoqui.none,

or polycyclic arom. quinone, which may be substituted

5 "7 AN 1 5 " X by EWG or EDG; X' is aryl or heteroaryl, which may be
R _\ N | /_R R _\ ~ | 7R substituted by EWG or EDG; A, A" are NH or O; L is an
N N (un)substituted alkylene chain that may be non-adjacently

LXI11 interrupted by one or more N atoms or by a phenylene group]

than anticancer drug amsacrine. A Canadian patent [77] describe synthesis of 4,6-big6-
(acridin-9-yl)pyridin-2-yl] pyrimidines LXIV. These compounds are reported to be
useful in the treatment of cancers and related diseases. Lorente et. al. [78] synthesized a
series of bisacridine derivatives L XVa-d containing rigid aromatic linking chains. These

derivatives were studied for their DNA interaction and in vitro cytotoxicity against
14
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Rl
[RYisH, alkyl, aryl, cycloalkyl, etc.; each R? is formula Z or
one R? is formula Z and one R? is 9-acridinyl; RS is alkyl,

N"SN Oy
X l 7 SN R =—( “Wr3x  hydrophilic and hydrophobic substituent; X- is triflate,
| | Q chloride, bromide, iodide, nitrate and sulfate; pharmaceutically
N N~ acceptable salts, solvates, esters, amides, hydrates, and
Z protected forms thereof]
R? R?

LXIV
HT-29 human carcinoma cells. 1Csp values of these compounds were found to be 8.9, 9.7,

17 and 26 PM.

- q 2
| X 2CI | N (@ z= 5@2 2 (b) z:4’§}coow|e
ny Hy, Hp ny & &
HN N H H N NPz gl 6N 2
(© z= , (d) 2= 5,¢ Y
1b.2 Pyrazole and oxadiazole derivatives
1b.2.1 As anti-inflammatory agents:

A series of 5-trifluoromethyl-4,5-dihydro-1H-pyrazole derivatives L XVla-j have

been synthesized using microwave irradiation technique, as mentioned below [79].

NH,NHCONH,HCI R2  R! R R 2 R R R

R> R! MeOH/H,0, Py a Bt H HOf Me Bu H
>:< : FsC \N b Me Me HOg Me t-Bu H

- MW, 100 W, 70°C N’ ¢ Me Et Hih Me Ph H
© C\ OR 2.2 bar, 4 min. HO ‘C d Me Pr HU Me4-Br-PhH
CF3 +~"NH, e Mei-Pr HIj Et H Me

LXVlarj

Compounds LXVIc & LXVIj exhibited good anti-inflammatory activity. Ramesh and

Bhalgat [80] synthesized dihydropyrimidinyl pyrazole derivatives LXVI1 by following
O

S O
- CO4/DMF
HzN'C“NHz K2CO4/EtOH NCJ\)L NH 23h RT NC Me

N
ArCHO + ETTI N/)\SH T A |N/J\S,|v|e
NCCH,COOC,Hs
NH,NH,.H,O (80%)| A ,6h
EtOH
H__ OC,Hs o]
[(@ 4-OMeCgH,4 (b) 2-F-CgHa (€) 2-Furyl | NC Me
(d) 2-Thienyl, (€) 4-N-(Me),-CgHy, (f) 4-Cl-CgH, )\ NC COOEt | N
(9) 2-Cl-CgHy, (h) 2,3-(OMe)-CgHs, (i) 2-OH-CgH, P
(i) 2,3-(OH)-CgH4] EtOH,A,56h  Ar” 'N° NHNH,

H,N
LXVllaj -  COOEt
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reaction scheme mentioned below. These compounds L XVIla-j exhibited moderate to
potent in vitro anti-inflammatory, antioxidant, antibacterial, antifungal and anthelmintic
activity. A series of acetyl/propenyl pyrazolines carrying morpholinophenyl moiety
L X1 Xa-f and L XXa-f have been synthesized and reported in literature [81]. Compounds

L XIXc and L XXd exhibited good anti-inflammatory activity. Benzopyranone bearing

R _R R
O/_\N NH2NH2 /_\ NH2NH2 /_\
/ N -N_o CH4CH,COOH O\ /N O CH,COOH O\ /N \N -N_O
LXXaf  HeCH,C LXVIlIaf LXIXaf .6

[Whefe aR= 2'th|my|, bR= 4'Br-C6H4; cR= 2-(OCH3)'CBH4; dR= 3,4—(OCH3)2'CBH3; eR= 3,5-(OCH3)2'CGH3;

f R =3,4,5-(0OCH3)3-CgH,]
pyrazole derivatives LXXI exhibiting anti-inflammatory, analgesic and antipyretic
activity have been synthesized and reported in literature [82]. Out of several compounds
synthesized compounds L XXlb, e, d, i exhibited significant anti-inflammatory activity.

Amino sulfonyl containing pyrazole derivatives L XXI1 useful for treating fever, pain,

1 J\/
y TN

N
/
=N LXXII
LXXI i R
a-l
C M D [Wherein n = 1-6; R! = (cyclo)alkyl, heterocyclyl, halo,
Ry = Meo@_y c , MZN ) nitro, alkyl, akoxy, (un)substituted Ph, naphthyl, or
R.=H: Q_ OZN-Q— heteroaryl; R?>= H; R®= H or COOH] or pharmaceutically
3= ,
NO, acceptable salts]

inflammation or neoplasm is disclosed in a Chinese patent [83]. El-sayed et. al. [84]

synthesized 1,5-diphenyl pyrazole derivatives by following reaction scheme mentioned
Ph-N-N  _ POCls _ Ph-N-N

@NHNHZ W DMFm
F3C Hz O\Eto“’”zso“ LXXIII
LXXI
Cyclicketone
PN EtiW EZ%'LTR@C CH
\
m

LXXVa-d O LXXVe~f
a, n=0; b, n=1; ¢, n= NCHg; d, n=NC,H5 16 e, R=H: f,R=Cl



Chapter 1

below. Compounds L XXIV, LXXVa and LXXVd exhibited selective COX-2 inhibitory
activity. In a Japanese patent synthesis and usefulness of 4-amino-1-methyl-1H-pyrazole-
3-carboxamide LXXVI for the treatment of inflammatory diseases and autoimmune
disease is described [85]. Usefulness of amidopyrazole compounds LXXVII in the

treatment of cancer, hyperplasia, inflammation, immune disorder and pyrazolylisoxazoles

ll)T o {QY& AP

LXXVH LXXVHI

LXXVI [Where R = aryl, heteroaryl, hetero [Where R*= (un)substituted (hetero)aryl,
cyclyl, etc.R?=aryl, heteroaryl, cyclo cycloalkyl, heterocyclyl,akyl; Ar=(un)sub

11 yrid
gizz—_g/_:';; 2;3)” alkyl, etc.R3=halo, CN, O, OH, etc] sti_tuted (hetero)aryl, cycloalkyl, heterocyclyl;
Z=(un)substituted (hetero)aryl, cycloalkyl,
heterocyclyl; Y=H, halo, (un)substituted halo
akyl, akoxycarbonyl or pharmaceutically
acceptable salts]
LXXVIII in the treatment of autoimmune disorder and inflammation is disclosed in two

international patents [86, 87]. Severa diaryl pyrazole derivatives LXXXI, LXXXIII,
LXXXIV, LXXXV, LXXXVI and triaryl pyrazole derivatives LXXXVII have been

synthesized by following reaction scheme mentioned below [88]. COX-1/COX-2

O CF, O CF,
_AICHO _
@)
O WO NaOH/EtOH MO
Cl “FeCl,/CH,Cl, cl Ar
LXXXI| O T LXXIX LXXX
NHoNH,/EtOH
NH2NH,/EtOH EtOH/HZSO4‘®_NHNH2 ‘ C:2F32t
Ar
N <~ N
N
LXXXIII LXXXIV cl LXXX]af
F>o<:|3/DM»=1v e PhN \
_CHACN), @-NHZ \
N\ ~CF;
DMF/NaOAc EtOH
CN m Cl « /=R
A
N\_7
LXXXVI LXXXV LXXXVlla-d

[Where LXXXla- f. a, Ar= 2-hydroxyphenyl; b, Ar= 4-hydroxyphenyl; c, Ar= 4-methoxyphenyl; d, Ar= 3,4-dimethoxy
phenyl; e, Ar= 3-nitrophenyl; f, Ar= 2-furyl; LXXXla-d: 8, R= 4-Br; b, R = 2-Cl; ¢, R= 4-NO,; d, R= 3,5-diCF3]
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inhibition ability of LXXXla-f, LXXXII1l, LXXXVI and LXXXVIla-d was evauated
using in vitro COX inhibition assay. COX-2 selectivity of LXXXVIId was comparable
with reference drug celecoxib. Emmanuel-Giota et. al. [89] synthesized a series of 3-

(coumarin-4-yl)dihydropyrazoles by following reaction scheme mentioned below.

_N- CeH
HC=N-NHR FC=N-N-R 6 5J¥eo
N, _NeS oG h MeOOC” H
DMF, Et;N +
oo O O
LXXXVlllab
: a, R=CgHs O O
NH,NHR b R=CH, O
CHO [:N-R
N o]
LXXXIXab I}l‘ceHs
O O a,R:C6H5 . /N
b, R=CHj ClH
X
o O
XCI

[XCa: R=R'=CgHs; XCb: R=CgHs, R=CHg; XCc: R=CHj, R'= CgHs; XCd: R=R'=CHj]

All these compounds were screened in vivo as anti-inflammatory agents in the rat
carrageenan paw edema assay. Compound XClla exhibited good anti-inflammatory
activity and this may be lead molecule for further structural modification. Gilani et. al.
[90] synthesized 1,3,4-oxadiazole XCllla-g & XCIV by following reaction scheme
mentioned below. These compounds i.e. XCllla-g & XCIV were screened for anti-
inflammatory activity. Compounds XCllla and XClllc exhibited good anti-
inflammatory activity. 3-[5-(1H-indol-3-yl-methyl)-2-oxo-[ 1,3,4] oxadiazol-3-yl ] propio
I/\I—N CS,/KOH | S _RCOOH )\
NP [fJ POCls C:)/i\ R
N _—

CONHNH, ]
XCIV isoniazid XCllla-g

[(a) R= CGHS; (b) R= 2-C|-C6H4; (C) R= 2,4—C6H3C|2; (d) R= 2-C6H4CH3; (e) R= 2-C6H4OCOCH3,
(f) R= OC6H5, (g) R= 4-C6H4NOZ.|
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nitrile XCV and 3-[5-(1H-indol-3-yl-methyl)-2-thioxo-[ 1,3,4] oxadiazol-3-yl] propionitrile
XCVI have been synthesized [91] and screened for anti-inflammatory activity. At a dose

of 10mg/kg p.o. these compounds exhibited 70% and 57% activity compared to activity

@)
NH,NH,H,O CH,=CH-CN
OEt — NHNH, ———————— NHNH
\ EtOH, A7 h EtOH, A, 18 h
N NC
H CSZIW
A,20h
D ' -
| EtOH/H,SO, A'Oi(g‘?]e\ N,N’-carbony|

A, 2h /\/CN dllmldazole
i W A N
0
Qo Q%
N XCVI N
H H  xcv

shown by indomethacin. Amir et. al. [92], Li et. al. [93] and Koksal et. al. [94]
synthesized oxadiazole derivatives XCVIla,b; XCVllla-n and XCI X and screened them
for anti-inflammatory activity. Compounds XCV1la,b were moderately more active than
ibuprofen, XCVIlla-n were inactive and XCIX exhibited anti-inflammatory activity

comparable to indomethacin at a dose of 100mg/kg p.o. A series of S-Substituted
@7 R

@r , p

N \( 7/ U )\S

Et

XCVI| XCV'”a' XCIX
[R=H, 2-Me, 3-Mg, 4-Me, 4-MeO, 2-Br, 4-Br,
[a R=H; b, R=CI] 4-F, 2-Cl, 3-Cl, 4-Cl, 2-NO,, 3-NO,, 4-NO,|

phenacyl-1,3,4-oxadiazole-2-thiol Ca-h have been synthesized [95] by following reaction
scheme mentioned below. These compounds were screened for anti-inflammatory
activity. Compounds Cb, ¢, e and g exhibited anti-inflammatory activity comparable

standard drug dichlofenac. 2,5-disubstituted 1,3,4-oxadiazole Cl & CI1 exhibiting 89%
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COONa @COOH EtOH @00002%
EtOH/HCI conc. H,SO, NH
cl CI\©/CI

EtOH
N—N H2 Q NH2NH2H20
oy C~

oS % c—(_} CONHNH

NH ClI HsC @(\(ﬂ CSIKOH @ ’

Pyridine “TEOH NH
Cl A 5-8hr. Cl \©/CI
Ca-h
[a, 4-NOy; b, 3-MeO; c, 3,4-diMeO; d, 3,4-diCl; C

e, 4-HO; f, 3-NOy; g, 4-Br; h, 3-HO]

and 86% inhibition of edemainduced by carrageenan have been synthesized and reported

Sy e Ol e

Cll
in literature [96]. Several oxadiazole derivatives have been synthesized [97] by following

Z

reaction scheme mentioned below. Compounds CIV and CVa-g were screened for anti-

/NH

O
1,1-carbonyl RBr/K,CO3
diimidazole OM DMF,85°C OM
OMe E
t N a, R=- (CH2)3COOMe
b, R=- (CH2)4

CI [ OO(CHz)zBr N-(CH,)3Br
DMF 85 c 2(:03
DMF,85°C
(H2C)20 N- N (CH2)3 ;:O (CH2)3NH2

conc. I-/|CI
MeOH RT
OMe™ OM g OMe
E
CVe

CV;
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Inflammatory activity using carrageenan induced paw edema assay. Anti-inflammatory
activity comparable to diclofenac was exhibited by CVa-c. Farooqui et. al. [98]
synthesized 3-(4-acetamido-benzyl)-5-substituted-1,2,4-oxadiazoles CVI, CVlla-n and
screened them for anti-inflammatory activity. Compounds CVI, CVllic, g f,i,1, mand n
exhibited anti-inflammatory activity better than reference drug dichlofenac sodium. In an

international patent [99] usefulness of oxadiazole derivatives CV111 for the treatment of

0 CH,),COR
N,OW/(CHZ)ZCOOH N W/( 2)2
N ;N
ACHN@CHZ ACHN@CHZ
cVI CVlla-n
R= A )N- b @H- ; c)QH— . d) Meo{ )R- e)@“— :HE)N-; 0) F@H- :
MeO OMe F =

— H
by Meo)-N- i ) MeO-Q—H-? ) QH 1) RPN @H— ;m)@“—; n )¢ N-
oM Me =

e

diseases or disorders related to the cholinergic system of the central nervous system

(CNS), the periphera nervous system (PNS), smooth muscle contraction, inflammation,

Arl |>l_(3\ [n= 0, 3 Arlz(un)substituéed monocyclic carbocycle and (un)wbstituted
(Cj N/ Ar2 monocyclic heterocycle; Ar°=(un)substituted arom. monocyclic heterocycle;
and their isomers, mixts. of isomers, N-oxides, prodrugs, and pharmaceutically

n CVIII acceptable salts]

pain etc. is described. Ispikoudi et. al. [100] synthesized 5-amino-substituted 1,2,4-
oxadiazole derivatives CI X, CX and CXI by following reaction sequence mentioned

below. In all thirty four compounds have been synthesized and some selected compounds

R._N

. N-Q H @ H
Y TOH + 2R%N=C=N-R® R A~N-R + REN-C-N-R3
NH, N
CIX R=R?or R®
Ac,O
N-O
N-O /
) AL A
oy AN
[where R & R are various substituents)] COCHjs CX|
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were screened for in vivo anti-inflammatory activity. Compounds CXI exhibited
significant anti-inflanmatory activity. A series of N-[3-(4-substituted-aryl)-1,2,4-
oxadiazol-5-yl carbonyl]-N*-phenyl thiosemicarbazides CX!11 and another series of 5-
[3-(4-substituted-aryl)-1,2,4-oxadiazol-5-yl]-2-(N-phenylamino)-1,3,4-oxadiazoles CXIV
have been synthesized [101] by following reaction scheme mentioned below. Compounds
CXllla-h and CX1Va-h were screened for anti-inflammatory activity using carrageenan
X©_<:\/OS]/NHNH2 ey, x@—«N\O %HW ©_<N\0

H
N//SrNHNH Soc N |,>—N-ph

Dry THF
CXIIah Cxlllah © i CXIVa-h

[a, X=H; b, X=CHg; ¢, X=F; d, X=Cl; e, X=Br; f, X=OCHg; g, X=NO,; h, X=0H]

induced edema assay. Compounds CXllla-h exhibited low level whereas CXIVa-h
exhibited moderate level activity. Synthesis and usefulness of 5-[3-phenyl-4-
(trifluoromethyl)isoxazol-5-yl]-1,2,4-oxadiazole derivatives CXV in the treatment of
autoimmune and chronic inflammatory diseases is disclosed in an international patent

[102].

plo é/\% [W = CH,or O; Q = P- P? or P, wherein R? = C1-6 alkyl,
( R3) n HO g C1-3 fluoroalkyl, C3-7 cycloalkyl, etc.; R* = C3-6 alkyl,
1 \/ R4G R; (un)substituted C3-7 cycloalkyl, (un)substituted Ph, etc.;
RL N N- n=0, 1or 2 R®=independently C1-3 alkyl, F, Cl, etc.;
Q\(/ TN ) ] P= §/V\§ R* = H or CHy G = NRaRa, NH(CRxRx)1-3C(O)ORa,
O-N WT o1 R2 NH(CRxRx)1-40H, etc., wherein Ra = independently H,
CXV po % Nx C1-4 dkyl, or C1-3 hydroxyalkyl, Rx = independently H,

- _Ng\g OH, F, etc.; or apharmacetically acceptable salt thereof]

R2

1b.2.2 As anticancer agents
Fan et. al. [103] synthesized 1-(2'-hydroxy-3'-aroxypropyl)-3-aryl-1H-pyrazole-

5-carbohydrazide derivatives CXVI la-h by following reaction scheme mentioned below.

N- Nﬂ O O
CH30H
\A~Co0CHs + NH,NH,H,0 — A Nﬂ
RY Z C-NHNH,
CXVla-h Rl O

CXVlla-h
[a R!= H, R?= p-Cl; b:R'=H,R?=p-NO,; ¢: R!= H, R%= 0-OCHg; d: R= p-Cl, R%= p-Cl; e Rl=p-Cl, R?= p-NO;
f: R'= p-Cl, R?= 0-OCHg; g: R'= p-OCHg, R?= p-Cl; h: R!= p-OCH3, R%= 0-OCHg]
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All these compounds CXVlla-h inhibit the growth of A549 cells in dosage and time
dependent manners. A series of l-arylmethyl-3-aryl-1H-pyrazole-5-carbohydrazide

hydrazone derivatives CXV1111.,0 have been synthesized [104] and screened for A549

RZ
i TN
Y \ o Xx @)

N ArCHO/EtOH N N
: o/ NHN:C-Ar
N /77 "NHNH, 4 2:14h H 5 o
Ar:a\@c,’; b,—©
¢ < _)-oMe; d, [
Ri R CXVIllyy 0
Rl R?Z X Ar Rl R X Ar Rl RZ X Ar Rl RZ X Ar
1 ¢ H C a 6H C N d11OMeCl N al1l6 H tBucC b
2 C H C d 7Cl CI N al1l20MeCl N b 17 C H C b
3 HC N as8¢cC C N b1130MeC N ¢ 18 Cl tBu C b
4 H Cl N b 9Cl C N c 14 OMeCI N d 19 OMeH C b
5 H Cl N c10C C N di15 H H C b 20 OMetBu C b

lung cancer cells inhibition activity. All the compounds show inhibitory effects on the
growth of A549 cells but compounds CXVIllg & CXVIII1g were found to be most active

with 1Csp value 3.68 & 3.33 uM. Usefulness of pyrazole derivatives CX1 X for the
R3 0 g
\

/N B N\ N /Z(N H [R1 = (un)substituted monocyclic carbocyclyl or akyl;
R2 =N 2 R2, R® = H, (un)substituted heterocyclyl, etc]

R" cxix
treatment of pain, fever, inflammation and cancer have been disclosed in an internationa

patent [105]. A series of 5-phenyl-N-piperidine ethanone-4, 5-dihydropyrazole

derivatives CXXllla-g and CXXVlla-c have been synthesized by following reaction

CH
CHO CHscocH; OH 0] OH < °
NaOEt S NH,NH,H,0 N
20-30°C CH3  EtoH, A, 3h H
> o CXXI
CXX BrCH,COOH
CHj 4050°C,2h | CH,
OH \N o SR OH \N
N (\\ R! N
)\/ N— DMAP )\/ Br
O 60°C, 4h o
CXXllla-g CXXI|

[a R'=4 -OH; b, R'=2-CHg; ¢, R'=2-CH,-CHg; d, R'=4-CHg; e, R'=2-CONH,; f, R'=4-CF5; g, R'=2-NO,]
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sequence mentioned below [106]. Bioassay of these compounds CXXllla-g &

CXXVlla-c demonstrated that compounds CXXI11d&f and CXXVIla& b exhibited high

o o)
CHO Piperazine N _
o CH A
©i + CH3COCH,COOEt 2>%9¢: 1] M i — Mﬁ Ph
OH o O %?geradir{ee O O

CXXIV EtOH, A, 10h
B CXXV | BrcH,cooH
NH,NH,H,0| 4, 2h

[a, R?=2-CH,-CHg; b, R?=4-CHg;
¢, R=4-Br]

CXXVlla-c

antiproliferative activities against SGC-7901, MGC-803 and Bcap-37cell lines. Severa
pyrazole derivatives CXXVIII, CXXIX and CXXX exhibiting potential cytotoxicity
against human cancer cell lines MCF-7(breast), HEPG2(liver) and HCT-116(colorectal)

have been synthesized and reported in literature [107]. Liu et. al. [108] synthesized N-

CXXVIII CXXIX CXXX
X=H, OMe X=H, OMe X=H, OMe

phenyl-acetyl (sulfonyl)-4,5-dihydropyrazole derivatives CXXXlla-g & CXXXIlIh-j and
screened them for antitumor activity against human gastric cell (SGC-7901), liver (Hep-
G2) and prostate (PC-3) cancer cell lines. Compound CXXXlla exhibited high activity
with 1Cso values of 21.23+0.99, 29.43+0.32 and 30.89+1.07 UM respectively. Aryl-2H-
pyrazole derivatives CXXXIVa-u have been synthesized [109] and screened for

telomerase, human gastric cancer cell (SGC-7901) and human melanoma cell B16-F10
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X NHao "e — R'COOH ~ H,C HQ
NN CHG e, | W R tosyl chloride YB_GR
R 98%, EtOH N-N DMAPA,3h. N~ p| \_/
~ OH A2h H cxxxi .
substituted-benzene 0O
sulfonyl  chloride, R
CH3COCH3 CHCl3, A CXXXlla-g
N;g,'é’ E;?]H H.C HO [a, R=H, R'=Ph; b, R=H, R'=4-methylpheny!;
' 3 — R ¢ R=H, RI=2-methylpheny!: d, R=H, Rl=4-
N CHO l\|| \ nitrophenylethyl; e, R=H, R'=chloromethy!;
R—— ‘l\\l f, R=H, R'=2-chlorophenyl; g, R=3-methyl,
= OH SQZRZ R'=phenyl; h, R=H, R?=pheny!; i, R=H, R?*=p-
methylphenyl; j, R=H, R?=4-nitrophenyl]
CXXX1H 1y

inhibition activity. Compound CXXXIV; exhibited potent inhibitory activity against

telomerase with |Csp value of 0.9 uM and high activity against SGC-7901 and B16-F10
O

)

N‘N CH3 n R n R n R n R n R n R
R < alH bilF ¢,1C;d 1Br e 1 CHg f, 1 OCHg;
0O g, 1 NOy h, 2 H; i,2 F j,2¢Cl k 2 Br; I, 2 CHg
O (>) m,2 OCHgn, 2 NOy o,3 H; p 3F q 3 Cl; r, 3 Br
ns 3 CHy t 3 OCHs u, 3 NO,
@]

CXXXlIVa-u
with 1Csp values 18.07 and 5.34 uM. Synthesis of 3-[2-(3,5-diaryl-4,5-dihydropyrazol-1-
yl)-4-oxo0-4,5-dihydro-1,3-thiazol-5-ylidene]-2,3-dihydro-1H-indol-2-ones  CXXXV1.23
and 3-(3,5-diarylpyrazol-1-yl)-2,3-dihydro-1H-indol-2-one CXXXVlz4.30 and their in
vitro anticancer activity screening is reported in literature [110]. Most active compound
was found to be CXXXV9 with mean Glsp and TGI values 0.071 uM & 0.76 uM,

respectively. Compound CXXXV 1o demonstrated the highest antiproliferative influence

1
o % AP o Af
R A )'\\I\ N= RL N
N S N N N Ar2
Art
R? R?
CXXXV 1.3 CXXXV4.39
[where RY, R? and Ar* & Ar? [where RY, R2 and Art & Ar CXXXV;, OMe
are various substituents] are various substituents]
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on the non-small-cell lung cancer cell line HOP-92 (Glsg < 0.01 uM), colon cancer line
HCT-116 (Glsp = 0.018 uM), CNS cancer cell line SNB-75 (Glsp = 0.0159 uM), ovarian
cancer cell line NCI/ADR-RES (Glsp=0.0169 uM), and renal cancer cell line RXF 393
(Glsp = 0.0197 uM). Nishida et. al. [111] synthesized thiazolidine derivatives containing
pyrazole ring i.e. compounds CXXXVI and CXXXVII by following reaction scheme

mentioned below. Compounds CXXXVla-d & CXXXVI la-d were screened for growth
0 Me

H

N O NaH R f N -M
o j + BICHR— }L M RH,e-N T N e

S \AO AcONa />/ S .

o @) Ph

[a, R=COOMpe; b, R=COOEt;
- i _ t

inhibitory activity in A549 lung cancer, B16F10 murine melanoma, and HelL.a human
uterine carcinoma cells. Compound CXXXVIc exhibited inhibitory effect of B16F10
cells with (ICsp = 27 pM). New series of pyrazolo[3,4-d]pyrimidines CXXXVIlla-g,

CXXXIXa-d and pyrazole hydrazones CXL a-d have been synthesized and screened

R* 1
@) R RL
/_/&N N__QRZ i \/Q/RZ d
/ .
N. N/)\ R® N NS s L N=C R
N : A R NH
NN R
SO, /\
cl N\N NHCOCH,
Cl i CXXXIXa-d H
CXXXVllla-e CXLa-d
[a Rl RZ RS H [a Rl RZ RS H [a R1:R2:R3:H
b, R' = H, R>= OCHz, R®*= H b, R' = H, R?%= OCHj, R® = H b, R! = H, R?= OCHj, R® = H
¢, R'= OCH3, R>=OH,R®=H ¢, Rt = OCH3, R?=0OCHj3, R®*=H ¢, R'= OCH3, R2=0CHg, R®=H

d, R'= OCH;, R?=0OCH3 R®=H ¢ Rl=R2= R3 OCH4]

e, R1=R?=R%= OCH
e, R'=R?=R®= OCHj] 3
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[112] for their anticancer activity against human breast adenocarcinoma MCF-7 cell line.
Compound CXXXVIlle exhibited better potency to the reference drug cisplatin with
IC50=7.60 and 13.29 uM respectively. In an international patent usefulness of 1,3,4-

oxadiazole-3-carboxamide CXL 1 as an anticancer agent is disclosed [113]. A series of

N-N Ny [RY = H, (substituted) alkyl; Ar = arom. group meeting specific
/Q »\ 'C\X requirements, X = (substituted) arom. group meeting specifi
Ar O N 1 requirements, Y = (substituted) aryl, arom. hetero cycle,

dioxaborolanyl; X-Y = diaryl group] or a pharmacol. acceptable salt]
CXLI
3,5-disubstituted 1,3,4- oxadiazole derivatives have been synthesized [114] by following
reaction scheme mentioned below. On screening for tumor formation inhibition activity
compounds CXLIla-e showed 60.8, 56.5, 52.2, 73.9 and 56.5% tumor formation
inhibition activity at a dose of 50 mg/kg body weight, whereas standard drug 5-

fluorouracil exhibited 93% inhibition at 20 mg/kg body weight. Ravindraet. al. [115]

RQCOOH CHsOH/H RQCOCMeM RQCONHNHZ

R R csykoH| R
Ho .
R s N-C ‘R formaline 40% R /N NH R /N\E\l
O/gs 2-aminopyridine O/&S OJ\ <H
R Aniline R R
CXLlla-e
aR=NO, R=H, R'= ('N- ; bReNo, R=H, R=()-N- ; crea, r=a, rR=)-R-
H =N H
d R=OH, R=H, R={ /)N~ . ¢Re=CHy R=H, R'= { ) N-

synthesized oxadiazole derivatives CXLIII which are reported to exhibit antitumor

activity. A series of 1,3,4-oxadiazole derivatives based on benzisoselenazolone CXLV

N-N
¢«
(|\|_|)_</N\ |N X [X = A, B (wherein RL, R2 = H, alkyl, alkoxy, etc.), n = 1-3]
: OJ\ J< >R R
/IL\I\/S A:\Q\']R2 B:\/\(\JRZ
O
CXLIII
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have been synthesized [116] by following reaction scheme mentioned below. Compounds

CXLVa-j were screened against three human cancer cell linesi.e. SSMC-7721 (liver

o KBHq Ko,

@COOH NN, COOH Q socl, @COCI
NH, @ Se-Se SeCl

NCI
COOH COOH o
COCl
NH,NHCONH,.HCI leg%OH QSem _<N~ N
RCHO RHC=NNHCONH, 2%, N~ , N |
Sl o
CXLIVaj CXLVaj

[aR=Ph; b, R=2-F-Ph; ¢ R=4-F-Ph; d, R=4-CI-Ph; e, R=4-Br-Ph; f, R=4-CH-Ph; g, R=4-(i-C3H;)-Ph, h, R=4-OCH-Ph;
i, R=3,4,5-(OCH3)-Ph; j, R=4-NO,-Ph]

cancer cell), MCF-7 (breast cancer cell) & A-549 (lung cancer cell). Compounds CXLVd
and CXL Vi showed significant anticancer activities against MCF-7 cell with 1Csy values
of 1.07 & 1.76 pM respectively. Compound CXLVd exhibited 1Csy value 4.46 pM
against SSMC-7721 cells. Kama et. al. [117] synthesized 2,5-diaryloxadiazole—
pyrrolobenzodiazepine conjugates CXLVla-l and screened them against eleven cancer
cell lines i.e. A-549 (lung cancer), Gurav (lung cancer) HOP62 (lung cancer), MCF-7
(breast cancer), Zr-75-1 (breast cancer), A-2780 (ovarian cancer), DWD (oral cancer),
KB (ora cancer), colo205 (colon cancer), PC-3 (prostate cancer) and SiHa (cervix
cancer). Compounds CXLVIa, d, i and | exhibited significant anticancer activity. Several
2-anilinonicotinyl linked 1,3,4-oxadiazole derivatives CXLVII have been synthesized
and reported in literature [118]. On screening for anticancer activity against five human
cancer cell linesi.e. MDA-MB-231 (breast adenocarcinoma), HepG-2 (liver cancer), A-

549 (lung adenocarcinoma), HelLa (cervix cancer) and DU-145 (prostate cancer).

Compound CXLVIIm showed potent antitumor activity against al the cell line tested. A
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X
N-N
I
N-N B O)\N Y
4 H H
o N~ NH 7
OMe MeO
CXLVla-l R3
n=1-3 R? CXLVlla-m
Rl R2 R3 R RZ R® X Y z R R? R X Y z
ac H E H aH F H H cl H hF F F H <d H
4 H cF H bH F H H NO, H i F F F H NO, H
_j OCH.: OCI—T OCH cH F H OCH; OCHz OCHz j OCHs OCHz OCH; H H H
gt 3 3 3 dH C H H H H k OCH; OCH; OCH; H Cl H
o H OCH;  OCH, eH O H H C H | OCH; OCH; OCH; H NO, H
fH C H OCH; OCH; OCH; m OCH; OCH; OCH3OCH; OCH; OCHj
gF F F H H H

number of 1,3,4-oxadiazole base heterocycles have been synthesized for following
reaction scheme mentioned below [119]. All the compounds were screened for potential
antitumor and cyotoxic actives against four human cancer cell lines i.e. HepG2, WI-38,

VERO and MCF-7. Compounds CXLVIIIA, CLIla, CLVIa, CLVIIb and CLXII

N—N\ CN
-N CN I
° 3 W e moon S
C C ——
Ph)LNJJ\N'N\n/\CN PhOCHN~ © N S Ph o
H H PN_xo
HO/EOOH CXLIX Ar— CL
o Ar &, 1,3-diphenylpyrazol-4-yl
Al -H,S CICOCHch fa,b’ antiplyr/)riﬁ?ll pyrazol-4-y
CN ‘N CN
PINCS HCI N
/k )\/CN KOH/DMF )\ LS
PROCHN PhOCHN = PhOCHN)\O s
CXLVIIIA PhHN I
CXLVIII | reochcl TL CLIV
N- Mel N'N CN
AR CN /Q \ CN D
PhOCHN PhOCHN \ .S e
S/\‘( PhHN
PhHN" SMe PhHN
CLV J CLI X RCOCHZCI‘TEA/EIOH
A
N-N
oy L procHN-4 g NN D
/ \ Lo
PhOCHN/kO \\!\l O\ PhOCHN/kO \\ COR
N PN S d
PhHN R >a PhHN
cLVI cun R CLINI
R a=H; b=ph R, &=Me; b=Ph R, &=Me; b=Ph
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- CN H5N
/\
ArCHO PhOCHN’l\D ) NH,NH, j{ >_4§iw
EtOH/TEA Ar Ho pnocHN” O N NH
CLVI CLVIllab Ar=a40CHCH,
b) 1, 3-diphenyl pyrazol-4-yl
NH,NH N_N CN IN-N
— PhOCHN/(N)\/ PhOCHN/QN»j
NHZ N=
cHg_ CLIX NH,
N-N CN J;L_, _dilHal
0
PhOCHN/ko)\/ " | Riperidine
PhOCHN 0 PhOCHN o
CXLVIIIA cLx|l O
CLXI
NOOH
dil HCI N'N N O
Eo iN\ N O e ®
iperidine 0
PhOCHN O PhOCHNCLXIVo
CLXIII
OHNO
_ditHal jj
EtOH
Piperidine
F%OCHN CLXV F%OCHN CLXVI

exhibited promising in vitro antitumor activities. Abdel Rahman D. E. [120] synthesized
2,5-disubstituted-1,3,4-oxadiazole CL XVIla-c, 3-substituted aminomethyl-5-substituted-
1,3,4-oxadiazole-2(3H)-thione CLXIXa-m and 2-substituted thio-5-substituted-1,3,4-
oxadiazole CLXVIlla, b and screened them for anticancer activity against HT-29 and
MCF-7 cancer cell lines. Compounds CLXVIla-c, CLXVIIla, CLXIXf, exhibited
potent cytotoxicity (ICsp 1.3-2.0 uM) and selectivity against HT-29 cancer cell line. A

number of hybrid heterocyclic compounds CL XXa-t have been synthesized [121] by

N-N N-N R

I\ A ,
Cro e (ro

R
NH NH
Ph Ph
[a, R=H; b, R=ClI; ¢, R=OCH3] [a, R=C,Hs; b, -CH,CgHs]
CLXVII CLXVIII
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R
-CeHs (p)
-CeH4CH3 (p)
'C6H4COCH3 (p)
-CeHaF ()
-CgH4Cl (p)
-CgH4Br (p)
-CgH4OCH;3 (p)
-CgH4SO.NH; (p)

CLXIXa-m N
m H ﬁSD

coupling piperazinyl benzothiazole/benzoxazole derivatives with 1,3,4-oxadiazole-2-

SQ o

/ b NRR =-N
¢ NRR =-N_ N-
II\I T\ Kk

Ph d NRR =-N_0O |

IITTTITIIxm

thiol. All these compounds were screened for anticancer activity against five human
cancer cdl lines i.e. MCF-7 (breast), HeLa (cervical), HepG2 (liver), A431 (skin) and

A549 (lung). Compounds CL XXj & CL XXt exhibited 1Cs value 36.9 & 55.9 uM

R R
N-N 7/~ N ak -CeH,OMe(p)  fp  -CeHsBr(p)
L D=S-(CH)s~N N bl -CoHNOJp)  9q  -CeHa(CMe3)(p)
O / X cm  -CgH4CHs(p) h,r -CgH4OH(p)
dn  -CgH4Cl(p) i,s -CeHs
CLXXa-t X=0,S aj X=0
kt X=S e0  -CgHaF(p) jit _EZ_H_(%’@

against A431 cancer cell line. 3,5-Disubstituted-1,2,4-oxadiazole derivatives CL XXl a-p
have been synthesized and reported in literature [122]. These compounds were screened

for various human cancer cell linesi.e. prostate (PC-3, DU145 & LnCaP), breast (MCF-7

R? R? RS R? R? RS
RL N-O a H H 4-FCgH, h OCgHg OCH; Pyridin-4-yl
/ /}_RS b H H Pyridin-4-yl i OCgHg OCH;3; Pyridin-3-yl
2 N c OCHz; OBn Pyridin-4-yl j OCgHg OCH3 (Indol-3-yl)methyl
R d OCsHg OCH; CgHs k OCsHg OCH; CH,COCH4
e OCsHg OCH3 4-FCgH, | OH OCHj3 4-FCgH,
CLXXla-p f OCsHg OCHs 4-CICH,  n OCsHg OCHs  Pyrrolidin-2-yl

g OCSHg OCH3 4-HOC6H4 P OC5H9 OCH3 Plperldln-4—y|

and MDA-231), colon (HCT-116), and pancreas (PaCa2). Compounds CL XXIf, h, j and
k exhibited specificity towards pancreatic and CL XXIn towards prostate cancer cell line.
ICso value of compound CL XXIp against prostate cancer cell lines was found to be 10
HUM. dos Anjos et. al. [123] synthesized glycosyl-triazole linked 1,2,4-oxadiazole deriva-

tives CLXXI11 by following reaction scheme mentioned below. All these compound i.e.
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Propargy! alcohol, R/\/ \ /N\o ,,,CH
R— NOH R/\/ A /N\O H,S0y, 60°C, 12 h C>_<N/ o._C
\ / Succinic anhydride, \— =
NH; 120-130°c, 30 N cooH CLXXllag O )
OAC | Gttt soorbate (15 10196
ium ascorbate mol %),
A&%oﬁ&,Ng) CH,Cl»:H,0, RT, 20 h
OAC OAc O/N\
a, Ar=-CgHs; b, Ar=-CgH,OCH;(0); ACO Q  N=N \N>—Ar
¢, Ar=-CgHsCHz(m); d, Ar=-CgH,4CH3(p); AcO N\/\/O
& Ar=-CeHzBr(p); f, Ar=-CeH,Cl(p); g, Ar=-CeHsNOy(p) OA

©cLxxliag ©
CL XXl lla-g were screened for anticancer activity against two cancer cell linesi.e. NClI-

H292 (lung carcinoma) and HEp-2 (larynx carcinoma). These compounds exhibited weak
cytotoxic activity.
1b.3 Isoindole and pyrrolopyrazine derivatives

1b.3.1 As anti-inflammatory agents:

Usefulness of 3-oxo-2,3-dihydro-1H-isoindole-4-carboxamides CLXXIV and
CLXXV for the treatment of cancer, cardiovascular diseases, central nervous system

injury and different forms of inflammation is described in international patents[124,125].

HNZO - HNO
7~ 7~
R—_ [_ N-R R || N-R
NS NS
CLXXIV Rl R?
[R = alkyl, alkenyl, alkynyl (each group substituted with one CLXXV
or more substituents selected from either NR®R*, Oalkyl, [R = alkyl, akenyl, cycloalkyl,
CO, alkyl and CONR?R®; wherein R2, R? = alkeny!, alkynyl, etc.; RY, R2 = H, alkyl, cycloalkyl,
etc.; or NR3RP = (un)substituted heterocyclyl); R* = H, halo, etc.; R® = H, halo, CN, etc]
CN, NO,, etc.; R®, R* = H, alkenyl, alkynyl, etc.; or NR3R* =
(un)substituted heterocyclyl]

Modzelewska-Banachiewicz et. al. [126] synthesized isoindole derivatives CL XXVla-d
and predicted their biological effects by using predication of activity spectra for

substances (PASS) program. Anti-inflammatory, analgesic, antibacterial and antiviral
0]

Ph

P _
a R= _N=¢_(=_/> C, R= -N:=C-Ph
N-R N
HN P _Phy
v SR o T
a_

32



Chapter 1

activities were also determined experimentally. Anand et. al. [127] synthesized
phthalazine derivatives CLXXVIIl which are JAK-1 inhibitors and hence useful for
treating cancer, inflammatory disorders and autoimmune diseases. In an internationa

patent synthesis of purine derivatives CL XXVI1I1 which are inducers of human interferon

1
W Ar 24
XTSN N
g | =0
HN-Ar2 \{\’}/mﬂ/f@} I,

CLXXVII
[Ar! = (un)substituted Ph, fused to a 5- to 6-membered heterocyclyl, . CL XX\_/I I _
heterocyclyl, or heteroaryl; Ar? = (un)substituted phenyl; Q = C(H) [R"is C1-6alkylamino, or C1-6alkoxy; mis 3-5;

or N; W = C(H) or N; X = C(H) or N; Y =C(H) or N; Z=C(H) or N]  Nis0-3; pis 1 or 2 and salts thereof]

and hence useful in the treatment of allergic diseases, inflammatory conditions,
infectious diseases and cancer are disclosed [128]. 2-Cyclohex-2-enylisoindole-1,3-dione
on oxidation gave rac-2-[(1R,2S,3R)-2,3-dihydroxycyclohexyl]-1H-isoindole-1,3(2H)-
dione CL XXX which is used in the treatment of various diseases such as cancer,

e) @)
sodium metaperiodate, cesium(lIl)
N Q chloride heptahydrate in acetonitrile, N
Et acetate, and water under nitrogen at 0°C
5 in the presence of ruthenium(l11) chloride.

OHO OH
CLXXIX CL XXX

inflammation, kidney disease, pain etc. [129]. In a Chinese patent [130] synthesis of
imidazopyridines of formula CLXXXI and their pharmaceutically acceptable salts,

esters, prodrugs or hydrates which can be used for the treatment or prevention of CXCR4

R4 R5 [Ar is C6-12 aryl and five- to twelve-membered heteroaryl; R! is H,
(un)substituted amino, or piperazinyl; R? is H, C1-6 (halo)akyl, C3-10

R2 R3 cycloalkyl, C2-6 akenyl, C2-6 akynyl, C6-10 arylamino, etc.; R3-R®
are independently H, nitro, hydroxy, halo, cyano, trifluoromethyl, (un)

NoN  N—<—R® substituted C1-6 alkyl, (un)substituted C1-6 alkoxy, (un)substituted C2-6

| _ / R? akenyl, (un)substituted C2-6 akynyl, (un)substituted C3-8 cycloalkyl,
N etc.; R® and R are independently H, C1-3 alkyl, or C2-3 alkenyl; R°R®

Rl may be taken together with the atoms attached to form C3-8 akylene; and
CLXXXI their pharmaceutically acceptable salts, esters, prodrugs or hydrates thereof]

receptor activation related diseases such as HIV infection, rheumatoid arthritis,

inflammation or cancer is described. Synthesis of heterocyclic compounds CL XXXI I
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which are selective inhibitors of the p110 delta isoform of PI3K and can be used in the

treatment of inflammation, immune diseases and cancersisreported in a U.S. patent

[Z1=CR', N; Z? =CR?, N; z3 =CR3, N; Z* =CR*, N; none, one or two of Z1* are N; where

1 5 (i) Xt = NRO and X2 = N, (ii) X = Sand X2 = CRY, (iii) X} = O and X? = CR™, or (iv)
Z 1

e X R 1 10 2 11 1 1 NS -

Z I X* =NR™ and X“ = CR™; or Z* and X", wherein X* = N, form an (un)substituted 5-7

IZ% 4 X2 membered heteroaryl or heterocyclyl; R, R® = independently H, (un)substituted alk
II\I_Y (enfyn)yl; or R®CNR® = (un)substituted 5-6 membered heteroaryl or heterocyclyl;

RS R = independently H, F, Cl, CN, NH,, (un)substituted heteroaryl, etc.; Y =(un)

substituted heteroaryl or heterocyclyl; or RENY =(un)substituted 5-6 membered

CLXXXII heteroaryl or heterocyclyl; R = H, (un)substituted aryl, carbocyclyl; R* = H, I, Br,

(un)substituted (hetero)aryl, etc]

[131]. Ali et. al. [132] reported synthesis of indolylmethyl-morpholine derivatives

CLXXXII1 which are kinase inhibitors. These compounds can be used in the treatment

3
S¢ R [X = O, NR®, or acovalent bond; Y = C(0), SO5;
) R R = alkyl, cycloalkyl, aryl, etc.; R? = H, alkyl;
R, R*=H, halo, CN, NO,, etc.; R% = H or alkyl]

|
R® CcLXXXIII
of inflammatory, autoimmune, cardiovascular, neurodegenerative diseases etc. A series of

substituted indoline & indole derivatives have been synthesized and their COX-1 and
COX-2 inhibitory activity determined [133]. Out of 48 compounds screened following

seven compounds are reported to exhibit preferential COX-1 inhibitory activity over

HoN H,N
HoN H,N C 2
N\ Ry N N
N S0, 0
Me i Me Me™ t “Me Me/ilMe Me/QMe
CLXXXIVab CLXXXV CLXXXVI CLXXXVIla-c
R; COX-1/COX-2 COX-1/COX-2 COX-1/COX-2 X COX-1/COX-2
a H 993405 89.5/44.9 72.0/12.3 a CH, 830/225
b, CH; 87.3/14.7 b, CO 88.1/13.8

b, SO, 77.8/34.1
COX-2. These compounds are useful leads for the development of drugs to treat COX

associated diseases  such as inflammatory diseases and cancer.
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Pyrrolizinopyrimidoisoindole derivatives CLXXXIXa-c and isoindolinylpyrrolizine
derivatives CXCa-c have been synthesized [134] by following reaction scheme

mentioned below. These compounds exhibited moderate anti-inflammatory activity.

N O
A~ _NH, Y
| H glacial acetic
N N acid
L

HN
: .
CLXXXIXa-c R CXCa-c R

R=H, CH3, Cl R=H, CHS! Cl
Abu-Hashem & Gouda [135] synthesized severad new 3a4,9,9atetrahydro-4,9-

CLXXXVIlla-c

benzenobenz[f] isoindole-1,3-diones and screened them for anti-inflammatory and

R R

//\ Hy o M\
—O0-(CHpy'N_ N-Ph d -—c “(CHCN_ O
N-R H,

I\ H, 0

b, —c’ (CHz)z "N N-Ph € —C -(CHp,C-N )

c c -(CHy)»C &N Nm

y T ‘Me

CXCIa— 27N

analgesic activities. Compounds CXCla-e exhibited good anti-inflammatory and
analgesic activities. A number of patents [136-144] have disclosed JAK and SYK

inhibition actlvm& of various pyrrolopyrazine derivatives CXCI1-CC respectively.
H'\QAN’RI [R is H; R is lower akoxy and
/7 N\ R

(un)substituted akyl; RR' can be
taken together to form (un)substituted

N heterocycloalkyl; Q is (un)substituted
bicyclic heteroaryl; and pharmaceuti
cally acceptable salts thereof]
CXCIl Q
12\2\ 3 [R is lower akyl, lower haloakyl, lower akoxy, lower hydroxy
zZ 7z alkyl,OH and halo; n is 0 and 1; Z1 is CH, NH and S; Z2 is CH
>=< Q and N; Z® is CR? N and NH and derivs; R! is halo, CN, lower
N N -N akyl, cycloalkyl,heterocycloalkyl, etc.; m is 0 and 1; R? is H,
\__7% HN \/—(R)n lower akyl, cycloalkyl, CN, lower cyanoalkyl, and halo; X and
W Y are independently CH, CR'and N; X' is absent, CH, CR! and
X/ \N N; Q is H, lower akylsulfonyl, lower alkylcarbonyl, lower alkyl,
\ \ etc; V is CH, and CH,CH,; W is absent,CH,, and CH,CH,; dashed
X=Y (Rl)m line is single or double bond, provided that the bonds between Z*
CXClII and 72, and Z? and Z® are both both single bond or both double

bonds at the same time; and pharmaceutically acceptable salts thereof]
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H
N ,C'Q OyR
Q N\ Y \N’RZ 2 N
Ty & 0
N H N7 H
CXCIV CXCV

[Y = C(RY(C(RY)m; m = 0-1; R* =H, lower alkyl, lower akoxy, Ph, benzyl, (R = RLR R! = (un)substituted alkyl, alkoxy,
heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyl, etc.; R>=H, lower alkyl, lower Ph, etc.; R? = (un) substituted NH,; R3 =C(O)R32
haloalkyl, lower alkoxy, lower hydroxyalkyl, cyano lower akyl, cycloakyl, hetero (wherein R3 =alkyl, alkoxy, Ph, etc.); R4=(un)
cycloalkyl, etc.; R® = H, lower alkyl, lower haloalkyl,lower alkoxy, lower hydroxy substituted OH; Q2=(un)substituted cycloalkyl,
alkyl, cyano lower akyl, etc.;Q=H, halogen, hydroxy, cyano, lower akyl, lower alk cycloalkenyl, heterocycloalkyl, heteroaryl]

enyl, lower alkynyl, cycloalkyl, Ph, cycloalkenyl, heterocycloalkyl, heteroaryl, etc]

These compounds are reported to be useful for the treatment of auto-immune and

inflammatory diseases. Hanney et. al. [145] synthesized pyrrolopyrazine and indole

o,
O\\C’ R . ‘c-R
QL N Na
\[ N \ \[ ) .
N N NT N

CXCVI CXCVII
[R=R:-R% R'=(un)substituted alkyl, alkoxy, Ph, etc.; R?=(un) [R=R%-R* R'=(un)substituted alkyl, alkoxy, Ph, etc.;
substituted NH,; R3= C(O)R3 (wherein R%=alkyl, alkoxy, Ph, R?=(un)substituted NH,; R®=C(O)R%? (wherein R3%=
etc.); R*=(un)substituted OH; Q'=(un)substituted Ph, indolyl, alkyl, alkoxy, Ph, etc.); R*=(un)substituted OH; Q*=
benzodioxinyl, etc.] H, OH, CN, halo, akyl, etc.]
1
O. o R
3 R © N 2
QXN QN R
\[ SN \[ SN
~ ~
N~ N N N
H H
CXCVIII CXCIX

[R=R:-R*R=(un)substituted alkyl, alkoxy, Ph, etc.; R%=  [RlisH and OH; R? is (un)substituted Ph, (un)substituted hetero
(un)substituted NH»;R3=C(O)R® (wherein R33=akyl,  cycloalkyl, (un)substituted heteroaryl, etc.; Q is (un)substituted
akoxy, Ph, etc.); R*=(un)substituted OH; Q°=0Q%* SQ%  heterocycloalkyl, (un)substituted cycloalkyl, (un)substituted cyclo

C(0)Q% etc. (wherein Q%= H, alkyl, haloalkyl, etc] alkenyl, etc.; and pharmaceutically acceptable salts thereof]
Q, R
CNHLR?
Q N\ N\ R [RisH, CN, lower alkyl, (un)substituted cycloalky!, (un)substituted heteroaryl, etc.; R?
| _ isH, OH, lower akyl, and lower haloalkyl; R®isH, OH, CN, (un)substituted lower alkyl,
N N (un)substituted lower alkoxy, etc.; Q is (un)substituted heterocycloalkyl, (un)substituted
cc H cycloalkyl, (un)substituted biaryl, etc.; and pharmaceutically acceptable salts thereof]

derivatives CCl & CCII which are tropomyosin-related kinase (Trk) family protein
kinase inhibitors and hence useful in the treatment of inflammation, pain, cancer,
restenosis, atherosclerosis, psoriasis etc. In an international patent [146] synthesis of

sulfonylated tetrahydroazolopyrazines CCl 11 as bradykinin 1 receptor modulators and
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R
2 2 2
X1t | Y\> gOR NgﬁéN OR [X1 =N, N(O), CR% X2 X3 Y =N or CH; R=H, halo,
k\ 2 3 ') >~ _N Y (un)substituted (hetero)aryl; R = H, (CHy)naryl, (CH,),
X \ O heteroary! (aryl and heteroary!| are optionally substituted);
ccl A-RL cCll A-R! R?=H or alkyl; R® = alkyl, alkenyl, O, etc.; n = 0-4]

hence useful in the treatment of pain, respiratory tract and neurol. diseases, inflammatory

bowel diseases, skin inflammations, rheumatic diseases, obesity etc is disclosed.

X=(CR®R®)m; m=1-2; Y=(CR%R%®)n; n=0-2; B=a bond,CR®R®, NR’, O with
[X=(

WiW?2 the proviso that if n=0, then B is not NR’; W'3=independently CR®, N with the
VY- proviso that at least one of W'3is CR%R=(hetero)aryl, CH(aryl),, etc.; R R,

N._ W
ar 9) R R RS2 RS=independently H, F, Cl, OH, cycloalkyl, aryl, etc and/or CR?R®
R r B )j\ V. RIO and/orCR3R3=C:0; R=0-4 substituents independently selected from F, Cl, OH,alkyl,
N XY Z/ i\ etc; and/or two adjacent substituents out of the 0-4 substituents R* form an anellated
o 'S_ Rl R]_]_ aryl or heteroaryl; R%=H, alkyl, halo, CN, CF3; R’=H, (hetero)aryl bound by a alk(en
2 fyn)ylene group, etc.; Z=(NR®)p; V=(CR®R®)qj; p=0-1; g=0-3; Re=H,alky!, heteroaryl,

CClll etc; CR%, R%=jndependently H, F, OH, cycloalkyl, etc; A=N, CH with the proviso that
if p=1 & g=0 then A=CH and if p=0 then g=0 and A=N; AR°R=gpirocyclyl, cyclyl]

Synthesis of pyrrolopyrazine-spirocyclic piperidine amides CCIV which are inhibitors of
ion channels and hence useful in treating or lessening the severity in a subject of acute,

chronic, neuropathic or inflammatory pain, arthritis, migraine etc is reported in literat-

cycloalkyl ring, or a 3- to 7-membered spirocyclic ring; group A=H, C, g akyl, CF3, or a straight chain, bran
R & N._3 ched, or cyclic (Cy.g)-R® (Wherein up to two CH, units may be replaced with O, CO, S, SO, SO, or NR®); R?=
n R group A, halo, Cy.g haloalkyl, cyano, OH, SO,R®, SR8, SOR®, COR®, CO,R8, CON(R®),, SO,N(R®),, CF;, or
( A CHF,; R3=group A, C,4 cycloalkyl, CO,R8, CORE, COH, CON(R®),, CF;, CH,CF3, or CH,CHF,; R*=H, C, g
rR?C
o N

A [R'=group A, Cygcycloalkyl, halo, cyano, NR8SO,RE, SO,RE, SR®, SOR®, NRECORE, NR8CO,R®, CON(R®),,
N PN R m SO,N(R®),, or heterocycloalkyl, or two R? taken together form an oxo group, or a 3- to 7-membered fused
SN

alkyl, halo, C4 ¢ cycloalkyl (wherein up to two CH, units may be replaced by O, CO, S, SO, SO,, or NR8), or 2
R* taken together form afused 3- to 7-membered cycloalky! ring; R®=group A, CF, C4 ¢ cycloalkyl, fluoroalkyl,
aryl, or heteroaryl, or 2 RS taken together with the atoms to which they are attached form aring; R® is H, CFs,
O CO,R, OH, aryl, heteroaryl, C5_g cycloalkyl, heterocycloalkyl, N(R),, NRCOR, CON(R),, cyano, halo, or SO,R;
R=H, Cy.g akyl, aryl, heteroaryl, C;g cycloalkyl, or heterocycloalkyl; A=(un)substituted aryl, heteroaryl or
CClv heterocyclic; m, 0 = 0-4; n = 0-3; o isan integer]

ure [147]. Soth et. al. [148] synthesized 3-amido-5-cyclopropylpyrrolopyrazines CCI X

O cyclopropylboronic acid,
HNTY) () formadenyde, NaOH, g™ pallacium diacetate, i SEMN™ S~ CHO
1,4-dioxane/H,0 H cyclohexyl  phosphine, —

potassium  phosphate,

(i) NaOH, THF/H,0 toluene/water N N
N\ /N (iii) Jones reagent, acetone, N\ /N \\_/Kﬂ
\_< (iv) 2-silylethoxymethyl chloride, \_< sodium hypochlorite,
Br NaOH, DMF, 0°C-RT, Br potassium dihydrogen | CCV | |
ccv 0O CCVI phosphate, sulfamic

acid,1,4-dioxane/H,0

HN™ Y X, COOH
N-R (i)R-NH,, amide coupling reagent, solvent, SEMN
- (i) trifluoroacetic acid, dichloromethane, —
N N/ N (c) ethylene diamine/dichl oromethane N . N
CClXa-t or sodium acetate/ethanol or triethylamine/
3 MeOH/H,0
R is various substituents 2 CCVIII

37



General Introduction

by the following reaction scheme mentioned below. Out of several compounds CCl Xa-t
synthesized and screened for JAK kinase inhibition activity. Compound CCI X
HQ
( R=—C-C- Ni}CEN ) was found to be potent with reasonable kinome selectivity,
C(CHg)3
including selectivity for JAK3 vs JAK 1 and good biopharmaceutical properties.

1b.3.2 As anticancer agents:-

Isoindolinone derivatives CCX useful for the prevention or treatment of
hypertension, cancer, epilepsy or neuropathic pain is disclosed in a US patent [149].

O
L N N [I; R-R® represent independently a hydrogen atom,
R N H a halogen atom, a C1-6 alkoxy, a C1-6 alkyl, a C1-6
haloalkyl, anitro, acyano or a hydroxy; and R® repre
R? R®
3 4

sents a hydrogen atom, a C1-6 akyl, or an aryl] or
pharmaceutically acceptable salts thereof]

Muller et. al. [150] synthesized isoindoline derivatives CCXI which are useful in treating

cancer and other diseases. Usel‘uln&s of 1,3-dihydro-1-oxo-2H- isoindole derivatives

(\4/©\)< ‘{L_): [X=C(0), CH,; Y=0, N(CN), NH; m=0-3;R=H,
r alkyl; R%=H, NO,, alkyl, etc.; R®=H, halo, NO,|

CCXI
CCXII in the treatment of neoplasm metastasis, tumor growth, solid tumor growth,

R3

angiogenesis, retinopathy, macular degeneration, osteoporosis, arthritis, smooth muscle
cell migration and atherosclerosisis reported in literature [151]. Compound CXXI11 at 10

MM exhibited 52.9% inhibition against binding M21 melanoma cancer cellsto
H 0O

N 2
O _Q—COOH

CCXIlI CCXI [
[wherein R1=H, Ph, 2-furyl, 2-thienyl, 3-pyridyl, 4-pyridyl, 3,4-methylenedioxophenyl, 2,3-methylenedioxophenyl, etc.;
R?=H,NC(:NH)NH(CH)n, H,NC(:NH)NHCgH,, etc.; n = 1-3 or pharmaceutically acceptable salts thereof]

COOH

fibronectin. Severa isosteric analogs of lenaidomide and pomalidomide have been

synthesized [152] and screened for antiproliferative activity against the Namawa
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0 Q 0 Q
NH NH
N o) N o)
CH Cl

CCXIV CCXV
lymphoma cell line. Compounds CCXI1V and CCXV exhibited potent inhibition with

ICsp value 0.013 and 0.067 uM. A pathway for synthesis of antitumor agent

0 Q 0 Q
NH  conc NH
@im HzN{ch@iN&o e (L Fo
No, O NH, O

CF3;COOCH3

CCXVI
pomalidomide CCXVI isreported by Tang et. al. [153]. Diana et. al. [154] synthesized a

number of isoindole derivatives by following reaction scheme mentioned below.

O
(1) POX4/DCM OHIED CH3l/K,CO4
2) DMF or DMA N H/EtOH
NH () NH Acetone N Me
R=CH3 X=Cl

CCXVII COCH,
CCXVI I I a-c CCXlIXa-c CCXX
a R=H X=Cl a R=H X=CI
b, R=CH3; X=Cl b, R=CH3; X=Cl
¢, R=H  X=Br ¢, R=H  X=Br
H SAr 4 R=R;=H, Ar=CHs 0. R=CHa, Ry=H; Ar=CgH,-4-CH,
b, R=R;=H, Ar=CgH,-4-OCH h, =CH3 Rl—H Ar= C6H430CH3
_— : 1 614 3
N_Rl ArsH - N‘Rl ¢, R=R;=H, Ar=C¢H,-4-CH5 i, R=R{=CHg, Ar=CgHs
= = d, R=R;=H, Ar=CgH,-3-OCH, j, R=R{=CH3, Ar=CgH,-4-OCHj
e, R=CHa, Ry=H; Ar=C¢Hs k, R=Ry=CHg, Ar=CgH-4-CH
COR COR ¢ R=CH3, Ry;=H; Ar=CgH,-4-OCH5 |, R=R;=CHj, Ar=CgH,-3-OCHs
CCXXI CCXXlla-l

Compound CCXXlla,b,ef,i were screened for a group of 60 cancer cell lines at a dose
conc. of 10° M. Two compounds CCXXIIb and CCXXI1f on further evaluation show
Glsp values from micromolar to submicromolar concentrations against all the cell lines
investigated. Out of several isoindoline derivatives synthesized [155] and screened for

anti-proliferative activity against human colon cancer cell line HCT116, compound
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CCXXII1 exhibited 1Cs 0.042 pM and was found to be most active among al the
compounds synthesized. Usefulness of imidazo[4,5-f]isoindole derivatives CCXXIV as

tyrosine kinase inhibitors and hence useful for treati ng cancer isdisclosed inaUS patent

81 M H‘N—J% @im %Hm J

NH |

HAC-CH R® HC-CHL
CCXXIII R
CCXXIV F Me
[wherein R2is optionally substituted aryl or heteroaryl; R? and R® are each CCXXIVy

independently hydrogen, lower alkyl, lower akoxy, halogen, cyano, lower alkylamino or dilower akylamino;
and R® is hydrogen, lower alkyl, lower alkoxy, halogen, cyano, lower alkylamino or dilower alkylamino]

[156]. Compound CCXXIV, exhibited 1Csy values of 66-95 nM against BaF; cells
expressing anaplastic lymphoma kinase (ALK) mutants that confer resistance to
Crizotinib. Wang et. al. [157] synthesized isoindoline-1,3-dione derivatives CCXXVa-g

which are B-Raf inhibitors and hence useful in the treatment of cancer. B-Raf 1Cxq for

Q H H
N N R4
HN
@ O a R*=Cl; b, R*=Br; ¢, R%=I
O d, R'=CF; e R'=OCFj; f,R*=CN

CCXXVa-g
CCXXVa-g is reported to be 0.117, 0.035, 0.008, 0.010, 0.006 and 0.297 uM

respectively. A number of benzothiopyrano[4,3,2-cd]isoindole amino derivatives
CCXXVI, CCXXVII have been synthesized [158] by following reaction scheme
mentioned below. These compounds are reported to possess good cytotoxicity in a low
MM range against HCT-116, MES-SA and MES-SA/Dx cancer cell line. In a European
patent [159] usefulness of pyrrolo[2,3-b]pyrazines CCXXVIII as kinase inhibitors and
hence useful in the treatment or prevention of neurodegenerative disorders such as

Alzheimer's and Parkinson's disease and proliferative disorders is described. Compound
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CH3S0,0H/ O CHj
COOH CH,  po, 4h 60°C N02 N02
i::8—<:§—N02 H'D “‘D
NBS, benzoyl CCly, 40 min,
5-chloro-2-nitrotoluene, R peroxide, 7Ooé’
KOH, DMSO, 3 h, 110°C \/\ Br
COOH EtOH, O H,C
©: § NO, RCH:CHAH, “NOZ
SH O 0 " s0e0min O O
CCX XVla-d H,SO,/ Cr03 110°C,
CHSCOOH 90 min
EtOH, L ,Br
XN N02 RCHZCHZNHZ NO
a RzN(CHS)z, b, R:N(CH20H3)2 O 2
C, RzN(CH2)4, d, R:N(CH2)5 |

CCXXVIIa—
CCXXIX inhibited CDKl/cyclin B, CDK5/p25 and GSK-3a/p with 1Csy values of 2.30

uM, 1.00 uM and 0.80 uM respectively. Usefulness of pyrrolopyrazines CCXXX and
R’ herein R? and R®=independently H
R2 N [wherein _an =independently N
ST g Or (un)substituted alkyl; R®=(un)sub S\ /TS
\/[ _ R ituted aryl or (aryl)cycloalkyl; R’=H, [ m
REN™ N NT N

alkyl, halo (alkyl), propenyl, cycloalk
ylmethyl, or arylmethyl; Z=H or CH3]

CCXXVIII CCXXIX

pyrazolopyrazines which are inhibitors of protein kinases and hence useful in the
treatment of cancer is reported in literature [160]. Compound CCXXXI inhibit Aurora

protein kinases and its Ki value is less than 200 nM. lbrahim et. al. [161] synthesized

3 H
R\fN | N‘x i
NS /,
R? Nj/\< Ch N N\
Rl |
CCXXX NT N
[X = CH, N; R'=aryl, 5-14 membered
heteroaryl; R?, R3=H, halo, CN, etc] CCXXXI
pyrrolopyrazine derivatives CCXXXII which are Raf kinase modulators and hence

useful in the treatment of diseases and conditions related with activity of Raf protein
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kinases, including ovarian, thyroid and colorecta cancer, melanoma,
cholangiocarcinoma, pain or polycystic kidney disease. Compound CCXXXllla

exhibited I1Cso value less than 10 uM in A-Raf, B-Raf, B-Raf V600E and C- Raf assays

LA
RE_N <
4
RZIN | N "
H
CCXXXII
[wherein Ar=(un)substituted Ph, pyridinyl, pyrimidinyl, etc.;
L1=0, S, CO, etc.; L?=(un)substituted -amino-CO-, -amino-CS-, CCXXXllla, b
-amino-SO,-, etc.; RY = (un)substituted alkyl, alkynyl, aryl, etc.;
R?, R®=independently H, F, (un)substituted alkyl, etc.; R*=H,

halo, (un)substituted alkyl, etc.; and sats, prodrugs, tautomers,
stereoi somers thereof]

L2_Rl

[a R=H,
b, R=1-methylpyrazol-4-yl]

and CCXXXIl1lb exhibited ICsy value less than 10 pM in Kdr and Src assays. In an
international patent synthesis of pyrrolo[2,3-b]pyridines and pyrrolo[2,3-b]pyrazines
CCXXXI1V and their usefulnessin the treatment of cancer is disclosed [162]. Pyrrolo

[wherein X is OH, C1-3 alkyl and C1-3 alkoxy; Y is CH and N; R'%-R™®
are independently H, halo, CN, (un)substituted C1-6 akyl, CF3;, OCFj,
(un)substituted -OCq.g akyl, (un)substituted -SOq.»-C1.g akyl, (un)subs
tituted -SO»(Cog akyl)CO(Cq.g akyl), (un)substituted -N(Cq.g akyl)
CO(Cq.g akyl), etc.; R? isH, halo, CN, CF3, NO,, (un)substituted Cy_g
alkyl, (un)substituted C,_ akenyl, (un)substituted C,.g akynyl, (un)
substituted Cs¢ (hetero)cycloakyl-Cqg akyl, (un)substituted aryl-
Co.6 akyl, etc.; and their pharmaceutically acceptable salts thereof]

CCXXXIV

[1,2-a]pyrazine derivatives CCXXXV capable of enhancing or inhibiting serotonergic
neurotransmission and hence useful for the treatment of headache, anxiety, depression,
post-traumatic stress disorders, neurodegenerative disorders, prostatic cancer, drug

addictions have been synthesized and disclosed in a Japanese patent [ 163]. Cancer

[R'=Ph, naphthyl, benzoxazolonyl, indolyl, indolonyl, benzimidazolinyl,
R2 quinalyl, furyl, benzofuryl, thienyl, benzothienyl, oxazolinyl, benzoxazolyl;
2_ . 3_ T . . g . . . . 4
1 v N/\ R°=H, C1-6 akyl; R°=Ph, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl; R,
R™—(CHy)n-X (CHZ)nAQ\/Ns 3 R®=H, C1-6 alkyl; R™-R® may be substituted with 1-4 F, C, Br, iodo, cyano,
CCXXXV R® NO,, thiocyano, SR* SOR* SO,R? NHSOR? C1-6 akoxy, NR'R®,
NR*COR®, CONR*R®, Ph, COR?, CO,R?, C1-6 (halo)alkyl, C3-6 cycloalkyl,
OCF3; X = 0, S, SO, SO,, NR?, CO, CH(OH), CHR?, OCO, CO,, NR*CO,
CONR* m=0,1;n=0, 1, 2]
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chemopreventive agent oltipraz [164, 165] in animal models and clinical studies get
metabolized to  7-methyl-6,8-bis(methylthio)pyrrolo[1,2-alpyrazine;  7-methyl-8-
(methylsulfinyl)-6-(methylthio)pyrrolo[ 1,2-alpyrazine  and  7-methyl-6,8-bis(methyl
sulfinyl)pyrrolo[1,2-a]pyrazine to a large extent. In view of above 7-ethyl-6,8-
bis(methylthio)pyrrolo[ 1,2-a]pyrazine CCXXXVI is synthesized by following reaction
sequence mentioned below. Compound CCXXXVI have ability to prevent the induction
of hypoxia-inducible factor-1 (HIF-1)a. which may result from inhibition of HIF-1a de

novo synthesis and hence act as antitumor agent.

Me—S Me
CHgl NS
RT [ _ Me

N
CCXXXVI

1b.4 Amidine and azomethine derivatives

1b.4.1 As anti-inflammatory agents:

Azolylamidines derivatives CCXXXVII exhibiting COX-2 inhibition activity and
hence useful in the treatment of inflammation is disclosed in a U.S. patent [166]. Thus

compound CCXXXVII1I inhibited COX-2 by 98% at 10nM concentration. Banner et. al.

. MeO,S
Y NR
X
"9 @
RIAr Z NRR? \
CCXXXVII F\Q\(sv/g BN
[X, Y=C, N; Z=N, O, S; R%, R%=(substituted) ary!, heteroaryl; \ N~ CFs
R3, R*=H, akyl; R®°R*=atoms to form a (substituted) ring; N-N
A = CH,, NR®, O, S; R®=H, alkyl; n =0, 1] CCXXXVIII

[167] synthesized N-(carbamimidoylbenzyl)benzeneacetamides and pyridineacetamides
CCXXXIX which are reported to be useful in the treatment of deep vein thrombosis,
pulmonary embolism, unstable angina pectoris, cardiac infarction, stroke dueto atria
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[X = O, S, NR¥?, SO, Y=N, CRY; R=H, OH, NH,, or (un)substituted (aryl)
alkoxycarbonyl, aryloxycarbamoyl, alkanoyl, arylcarbonyl; R?-R*=independently

R9

R! RY R®
N R2 | N H, halo, OH, carboxyalkylamino, carbamoylakylamino, hydroxycycloalkyloxy,
| RS Yo (hetero)aryl(oxy), (hetero)aryl(alkyl)amino, etc.; R®=(cyclo)alkyl; or if X = O or
H->N R’ NRI2 R®may be H; Re=H, (fluoro)alkyl: R’-RM=independently H, OH, halo, NO,,

2 H
N R6 CHO, or (un)substituted amino, fluoroalkyl, alkoxy, (hetero)aryl(oxy), heterocyclyl
R* O

X-R5®  akyl, carbamoyl, cycloalkyl(alkoxy), etc.; or R® and R® or R® and R’ are bound to
each other to form a ring together with the C's to which they are attached; R™?=H,
CCXXXIX alkyl(carbonyl); and pharmaceutically acceptable salts thereof]

fibrillation, inflammation, arteriosclerosis and/or tumors. Synthesis of cyclic amidine
derivatives CCXL useful as platelet aggregation inhibitors and proliferation inhibitors of
smooth muscle cell and for the treatment of cerebra infarction, heart disease,

hypertension, inflammation, rheumatism, asthma etc is described in an international

[RL-R5, R’=H, cyano, halo, Cy.g akyl, alkylidene, C,.¢ alkenyl, C,.¢ alkynyl, acyl,CO,H, CONH.,
7 o6 C,.¢ dkoxycarbonyl, C,_¢ akylaminocarbonyl, HO, C;_ akoxy,Cs g cycloalkoxy, NH,, Cyg aky
(R )m N-R lamino, Cs g cycloalkylamino, acylamino, sulfonylamino, sulfonyl, sulfamoyl, Cs g cycloalkyl, 5 to
,Yl-yz- Ar 14-membered arom. or nonarom. heterocyclyl, Cg.14 aom. cyclic hydrocarbyl; m = 0,1; or R? and
R N R* are linked to each other to form a5 or 6-membered ring contg. 1-5 atoms selected from C, N, and
R? )n O; or R* and R® together form a single bond; R8=H, C,_¢ alkyl, acyl, CONH,, HO, C,.¢ alkoxy, Cy.6
R4 R3 R5 alkoxycarbonyloxy, Cs g cycloalkyl, optionally acyloxy-substituted C,_g alkoxycarbonyl, (un)substit
XL uted Cg.14 arom. cyclic hydrocarbyl or 5 to 14-membered arom. heterocyclyl; n = 1,2; yl= (CHy),
cC (wherein z=an integer of 1-3), CH,CO, SO, SO,, CO, each (un)substituted CH, CH,, NH, CONH, or
SO,NH; Y?=asingle bond, O, N, (CH,),, SO, SO, SO,, each (un)substituted CH, CH,, or C(:NOH);

Ar = H, (un)substituted Ph or 5 to 14-membered arom. heterocyclyl]

patent [168]. Benzamidine derivatives CCXLI exhibiting anti-inflammatory and immuno
suppressive activity is synthesized and reported in literature [169]. Thus compound

CCXLI1 inhibited NO production in rabbit joint chondrocytes with 1Cs0=6.6 uM. A
Ry~ H R NH
A J;j!—N—<\ Me— H ? H
(RoR3R,C)T H NH HNON—C-N—(CH2)4CH3

CCXLI CCXLII

[A = carboxamide, thiocarboxamide, carbonyl; R;=alkyl, amino, optionally substituted with NO, or Me
Ro,=H, akyl, MeO, EtO, PrO, mono-, bi- or tricyclic cycloalkyl having 5-12 C atoms, adamantyl, aryl,
naphthyl, heterocyclyl optionally substituted with Me, MeO, OH, amino, halo; R;, R4,=H, akyl; Rg=1-2
of H, Me, MeO, OH; n = 0-6; the amidine groups is in the para or meta position relative to the ANH group]

number of amidinobenzisothiazole derivatives CCXLII1 have been synthesized [170]

and evaluated for the prevention of cartilage destruction in articular disease. All these
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compounds in the presence of IL-1p blocked the cartilage breakdown with different

behaviour. The antidegenerative activity is more evident in human cartilage. Makovec et.
R HCl R?
I N= 1 [R=H, Me; R'= H, Me, Ph, -CH=CH,,
N R 2-pyridyl; R?%= NH,, NMe,]
CCXLI1I
al. [171] synthesized heterocyclic amidine derivatives CCXLIV which inhibit nitrogen

oxide (NO) production and hence useful as anti-inflammatory and anal gesic agents.

R3 [G! and G?=H, halogen, OH, C;-C, alkoxy, C;-C, alkyl, and an amidino

Gl W. substituent, provided that only one of the two substituents G* or G2 is an

Y amidino substituent; W, Y and X combine to form 9- or 10- membered bi

2 )\ cyclic heteroarom. derivs. contg. up to 2 hetero atoms in the same ring; Z=

G X Z aryl or heteroaryl group, alinear or branched C,-Cg akyl or akenyl chain,

R4 aC;-C, alkyl-aryl group or a C;-C, alkyl-heteroary! group; and R® and R*=
CCXLIV H, halogen, OH, C;-C, alkoxy, C;-C4 akenyl, or C-C, akyl]

Amidine derivatives of 2-heteroaryl-quinazolines and quinolines CCXLV and CCXLVI
exhibiting analgesic and anti-inflammatory activity have been synthesized and disclosed
in an international patent [172]. These compounds are not acting through inhibition of

H
R - H
A< />/Y
NH N NH N/)—@O

CCXLV CCXLVI
[X=CH or N; Y and Z independently = O, S, SO,, CH,, etc.; Q independently = -CH,-, -CH=,
-CH,CH,-, etc., provided the combination of Y, Z, and Q give rise to benzocondensed hexaat.
or pentaat. heterocycle; R independently = (un)substituted alkyl, cycloalkyl]

COX or NOS enzymes but are effective in inhibiting inflammatory cytokine production
induced by inflammatory stimuli. Glushkov et. al. [173] synthesized amidine derivatives

of 3,4-dihydroisoquinoline CCXLVIla-j by following reaction scheme mentioned below.

Anti-inflammatory activity exhibited by CCXLVIlaand CCXLVIIi is better than

Me
Rl Me RL [a, R=H, Ar=Ph; b, R'=H, Ar=3,4-F,CgHg; ¢, Rt = OCHs,
Me __ANH, Me Ar=24.ci ,CeHs; d, Rt = CHg, Ar = 2-BrCgHy; €, R'=H,
L _N ACOH 1 NH  Ar=p-H,NSO,CHy; f, Ri= OCH3, Ar=p-H,NSO,CeHy;
R | g, R'=0OCH3, Ar=2-thiazolyl; h, R'=CHj, Ar = 2-thiazolyl;

SMe N\Ar i, R'=OCHs, Ar = 4-phenyl-2-thiazolyl; j, R'= H, Ar=1,2,4-
CCXLVllaj triazol-4-yl]
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standard drug diclofenac sodium. A number of amidine derivatives CCXLVIII,

CCXLI1X have been synthesized [174] by following reaction scheme mentioned below.

NH, M ha
R-Z \ N_C,CH3 (EtO)zcif\l::'/fe2 _ Q\OCHS HOOC)\©\ N
— ‘NMe, R . (P)CH(CH3)COOH Nﬁ
CCXLVIII CCXLIX H

[R= & 4-OH, b: 3-OH, ¢: 4-OCHj, d: 4-COOH, € 4-COOC,Hs; f: 4-CH,COOH, g: 4-CH,COOC,Hs,
h: -CH(CH3)COOH, i: 4-CH(CH3)COOC,Hs |

These compounds on screening for anti-inflammatory activity did not show any
advantage over reference drug ibuprofen. A novel target for the treatment of chronic pain
is Acid-Sensing ion Channel-3 (ASIC3). A number of amidine derivatives which are
ASIC-3 inhibitors and hence can be useful in the treatment of chronic pain have been
synthesized and reported in literature [175, 176]. Zhou et. al. [177] synthesized novel
Schiff’s bases CCL by the following reaction scheme mentioned below. These Schiff’s

base exhibit desirable anti-inflammatory activity on xylene-induced ear edema mouse

RYCOOH 2 RYCOOM € glacial AcOH M eOOC)_ New HN
NH; MeOH NH, CHZ[CH(OMe)], R N\ COOMe

R R CCLaq

a —CHj h, —(CH,)4,NHCOOCH,CgH5 R

b —(CH)3NHC(NH)NHNO, i  —CH(CHg3)CH,CHy H,C—

C —CstCH2C6H4—CH3'p J —CH2CH(CH3)2 p A

d —CH,CO,CHj k  —CH,CH,SCHs4 N

e H | —CH2C6H5

f  —CH,CH,CO,CH3 m —CH,OCH,CgHsg q —CH,CgH,~OH-p

—CH2 n —CH(CH3)OCH2C6H5

9 N g 0 —CH(CHa),

N-CH,CgHs

model 20 pumol/kg and hence useful to treat chronic pain from inflammation. A number
of Schiff’s bases have been synthesized [178] by following reaction sequence mentioned
below. Out of several compounds synthesized and screened as FabH inhibitors and as
anti-inflammatory agents, compound CCL111 was able to reduce the ECE-induced IL-8
production in gastric mucosal cells significantly. On the bases of biologica data and

molecular docking compound CCLI11 isapotential FabH inhibitor and anti-

46



Chapter 1

R4

HO
HOOCHZC-@ R4 t@: TiCl/EtsN O
R Ot e

BF4/Et,O/ "BFJ/ELOI80°C R

cel L6 ‘
1. R1=R?=0H, R3=H, R*=Cl R2 R3
2. R'=R%=0H, R%=H, R*=F OH
3. R'=0OH, R%=R3=H, R*=Cl

N, OH 4. R'=OH, RP=R®=H, R'=F CCLIl7.35
Cl 5. R1:R§:H, R2:OH’ Ri:CI whereRY, R R3, R% R® are various substitients
HO oL 1| 6. R'=R?=H, R®%=OH, R*=F
inflammatory agent. A new series of 3-(2-pyridyl)-2-substitued-quinazolin-4(3H)ones

CCLVa-0 have been synthesi zed by following reaction scheme mentioned below [179].

S o)
NH; JJ\* )J\
N i HIN" "SNa (CHg),S04 SCH3 Tol e N OCHg
| _ CS,/ NaOH N A 5-10°C, 2h N AN K2C03,ﬁhan0| N/ N— —NH -
_ | reflux, 21h ('é: ?\I /
(RIRH)CO J\/j l O ~ |
% X
fﬁ* (j\* O\% )z Sy
~
NN NH R N” N7 NHNH, E?e'ﬂ Asch, G NN TSS
CCLVa-0 N=C-g2 CCLIV H

. chZCH3 cg {GHS {H3 "
b= c= e= f=HC g=cH H-No, HC CHs
H,CH,CH3 _O

Rl
=C(RZ = a :{
H,CH3 H,CH3 sHs eHs
O,N

cl HaC.
ii:CH@-OCHa ji=HC-©-C| k:o)’:@ |I=HC-© m':H(;—© n:c@ =<:>
H

Anti-inflammatory activity screening of compounds CCLVa-0 showed that compound
CCL Vb possess anti-inflammatory activity better than standard drug diclofenac at a dose
of 10 or 20 mg/kg p.o.. A number of thiazolylindole and oxazolylindole based Schiff’s

bases CCLVI, CCLVII, CCLVIII, CCLIX have been synthesized [180] and screened

R'issamefor CCLVla-d and CCLVIlla-d

\ N R' R
= ch->7© d:

CCLVIad CCLVIIIad
s N-= C_ /Rn N= C— R and R" aresameforCCLVIIar}l?andCCI;?ll?(ah
\\ll\q NN \r N NO a_)\J@ 40CH; €= csz-%?@ 4-OCHj
‘%.70 ‘\i., b=4 N 4-Cl f= C2H5—>H© 4-cl
c= ch 40CH; ¢= 4-OCHj
CCLVlla-h CCLIXa—h a7 d:ch-)ﬁ\J@ ac b= & cl
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for anti-inflammatory activity. Out of all the compounds screened, compound CCLV1b

exhibited better anti-inflammatory activity and lower ulcerogenic activity than refrence

drug phenylbutazone. Ragab et. al. [181] synthesized several azomethine compounds

CCLXa-l and screened them for anti-inflammatory and analgesic activity. Compound

CCL Xe exhibited anti-inflammatory and analgesic activity better than reference drug

R1

HC=N g

a
7\ b Cl
N‘N c Cl
d cCl
Rz e Cl
f cl

R
CCLXal

Ry
CHs
CHs,
CHs
OCHs

OCH,
OCHs

R, R
H g SOzNHz
OCHj h SO,NH,
cl i SONH,
H i SONH,
OCH3 k SOzNHz
cl | SO,NH,

CH; H
CH; OCHj
CH; <l
OCH; H
OCH; OCH,
OCH; ¢l

phenylbutazone. A number of Schiff’s base analogues of CCL Xla-m of 4-amino-1,5-

dimethyl-2-phenyl pyrazol-3-one have been synthesized [182] by following reaction

scheme mentioned below. Compound CCL XIf significantly reduced NO production and

Chfom w Lo e O
NH 5 3 EtOH

o RP R*
N=C R®

NN)i/ HQ

A CH Rl RZ

+
HC  CH3z OHC R? HC 3
R1 CCLXla-m
R R R R R° Rl R R R R
aH H H H H h H OMe OMe H H
bH H H H i OH H OH H H
cH H NMe H H j OMe H OMe H H
dH H OH H H k OH H OH H OH
eH H OMe H H I H OMe OH OMe H
f H OH OH H H m H Me OMe H H
gH OMe OH H H

inhibited LPS-stimulated iNOS and COX-2 mRNA levels in a dose dependent manner

and exhibited promising anti-inflammatory activity. A number of Schiff's bases

CCLXVla-f and CCLXVIla-n containing ibuprofen moiety have been synthesized [183]
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by following reaction scheme mentioned below. All these compounds were screened for

anti-inflammatory and analgesic activities. Compounds CCL XVle, CCLXVIIb, k, I

J\_©_<COOH CONHNH, e CONHNH s
i) EtOH, H,S0,

CS,/KOH,
CCLXII 3 i) NaHgH,0 EtOH
CCLXI11 CCLXIV
N NoH4H,0
Me N YSH 2H4H> \ ’NYSH
\/4 ) ArCHO Me N
\ N  EoH, H,S0, :
1 NHZ
Me HC-Ar
Me HC Ar Me
CCLXVlaf CCLXV
R-H + HCHO
EtoH | St |_R Ar Ar Ar
a CGHS C Z,G-ClchHg e 4’BrC6H4
b 4CICH,  d 4CHiCeHs f 4-NO,CeH,
WC HC-Ar
CCLXVlla-n
Ar R Ar R Ar R
a CgHs Morpholine f  4-CH3CgH, Morpholine k  4-NO,CgH; Morpholine
b 4-CICgH, Morpholine g 4-CH3CgH, 1-Methylpiperazine | 4-NO,CgH, 1-Methylpiperazine
c 4-CICgH, 1-Methylpiperazine h 4-CH;CgH, Diphenylamine m 4-NO,CgH, Diphenylamine
d 2,6-Cl,CsHz Morpholine i 4-CH3CgH, 1-Phenylpiperazine n  4-NO,CgH, 1-Ethylpiperazine
e 26-Cl,CgHs 1-Phenylpiperazine j 4-BrCgH,  Diphenylamine

exhibited anti-inflammatory activity better then ibuprofen and diclofenac. Chandra et. al.

[184] synthesized Schiff’ s bases containing syndone CCL XV1lla-k and screened them

Me a R=H X=0
~N X b R=H X=CH,
Me N-N ¢ R=H X=NCH,
/ d R=H X=NC,Hs
N)QS e R=H X=NCgHs
ch N f  R=CHj X=0
N R g R:CH3 X:CH2
h R—CH3 X:NCH3
0\2\ + /@/ . _ _
N i R=CHj X=NCgHs
N i R=OCHj X=0
ON k R=OCHj X=CH,
CCLXVllla-k

for anti-inflammatory and analgesic activities. Compounds CCLXVIIIb and CCLXVIIIf
exhibited anti-inflammatory activity comparable to indomethacin. A number of chromone
Schiff’s bases CCL X X123 have been synthesized [185] by following reaction scheme
mentioned below. All these compounds CCL XX.p4 were screened for anti-inflammatory
activity. Compound CCL X X3 exhibited anti-inflammatory activity better than aspirin.
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O
@OH Dry DMF, POCl5 | R-NH; © |
COCH3 -H0 CHO CH=N-R

O cCLXIX O CCLXX3.24
R R R
HO —

2) 2, 4di-Cl,CeHs 10) 3-OCHg,4-CH4CeHs 18 - 8{;\}

ae .2
) o: 11) 3-OCHsCeHg 19)  “N™(CH)sCHs

O 12) CeHs 20) HN-8—CN
4) 2-COOH-CgH,

| 13) 2-OCHg3,5-NO,CgH5 1) g Orno,
5) 2,6-diCH3CgHs 14) 2-OCH3,4-NO,CgH3 o)
6) 3,5-diCH3CgH3 15) 3-OH,pyridine Ho

(0] N
7) 3-CHyCeHa 16) HNE) 23 NS
8) 2-CHa,6-NO,CeHs .2
HN_g CH o N (CH,)7CHs

9) -(CH 17) Hvg o ) H

N-1 and C-3 substituted indole Schiff’s bases CCL XXla-c and CCL XXIla-g have been

synthesized [186] by following reaction sequence mentioned below. These compounds

CHO NH
2 p-toluenesulfonic acid, CH=N X
N\ absolute ethanol,
i reflux A\
H N a X=F
, b) X = CHj
benzy| bromide 25°C X H _
NaH, dry THF | 10.50 min CCLXXlac 9~
CHO NH; p-toluenesulfonic acid, CH= NOX
N\ absolute ethanal,
+ reflux N @ R=cHph X=F
N N b) R=CH,Ph, X =CH,
R1 X Rl o Ri:CHzPh, X = CFs
Rl = CH,Ph _~ d) R=COPh, X=F
Rl = COPh CCLXXlla-c e) R'=COPh, X =CHj

f) R=COPh, X =CF;
g) R=corh, X=Cl

were screened for inhibition activity of COX-1 and COX-2. Compound CCLXXIIf is
selective COX-2 inhibitor in contrast to reference drug indomethacin which is a potent
COX-1inhibitor.
1b.4.2 As anticancer agents:-

A number of amidine derivatives of doxifluridine CCLXXIII have been

synthesized [187] by following reaction scheme mentioned below. Compound
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NH,
HN F i) NH3H,0 (20%), HN F H,co_OCH3; gogngtf;y:]wlfate,
| CHOH,0°C. 51y | |+ e 0, 1
o N ii)NHg, CHzoH O” N 3 R i) CHzONa, H.Cc” "R
60°C, 10 h; pgtroleun gther,
O OAcC o OH 0°C, 30 min
HeCy OAc HC | OH
i) Py, Ac,O 0°C, 20 h;
ii) P,Ss, éy 110°C 10 h; )R\ ‘CHSOH' RT
O HsC >N
HN i N~ F a R= -NMe,
PN | A | b) R= -N(Et),
o N O N ©) R= N((CH5)3CHa),
OH OH d) R= N(CH(CHy)»),
S < e R= -N_J
CCLXXIlla-f

CCLXXI1le exhibited 1Cs, value of 3.2 uM/L against A549 cells and is 16 times more
potent than 5-Fu. A series of N”-(2-benzylthio-4-chlorobenzenesulfonyl)-1H-pyrazole-1-
amidines CCL XXI1Va-n exhibiting antitumor activity against leukemia, non-small cell,

lung cancer, colon cancer, CNS cancer, melanoma, ovarian cancer, rena cancer, prostate

R!= Me, 5-Ph-1,3,4-oxadiazole-2-yl,
5 R3 5-(4-Cl-Ph)-1,3,4-oxadiazole-2-yl,

Cl S R 5-Ph-1,3,4-thiadiazole-2-yl,
Ij ) R2  SCHP)-13athiadiazole 2yl
N

/N ~
R? AT N R?= H, Me, Ph
O NH, R%= H, Me, (CH,),COOEt
CCLXXlIVa-n

cancer, breast cancer cell lines is reported in literature [188]. Usefulness of azole-
amidines CCLXXV, CCLXXVI as modulators of indoleamine 2,3-dioxygenase and

hence useful in the treatment of cancer, viral infection etc is disclosed in an international

ROV;,,
RO""'I\\I {\I
1 UN 1 T
R IR
A/L W=v A/L W~y
CCLXXV CCLXXVI

[T=0, Sor NH; U, V, W=N or CH; L=bond, alkylene, alkenylene, etc.; A=aryl, cycloalkyl, heteroaryl, etc.; R=H
C(O)R?, C(O)OR?, etc.; R'=H or alkyl; R? R®=H, alkyl, aryl, etc.; further detailson T, U, V, and W are given]
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patent [189]. Novel amidine analogs of melphalan are synthesized and reported in

COOCH; CI
HOOG NH- CH
e O e
H,N M

CCLXXVII CCLXXVIII HCl
literature [190]. Amidine analog CCLXXVIII was found to be more cytotoxic than

melphalan CCLXXVII. Starcevic et. al. [191] synthesized 2-substituted-5-amidino-

benzimidazoles CCL XXI Xa-i by following reaction scheme mentioned below. All these

compounds were screened for antiviral and antitumor activities. Compounds CCL XX1Xa

NH., N
@ + R-CHO —Co@9 CE >R
R2 NH X p-bezoquinone R2 N

H
Rl R? R! fzz_ R? RZ  CCLXXIXa-i
NH CI N NH ClI N
N I N \
alo.  Anw, P [”’\ N .
H

N
H H

NHCI [{ NHCI N
d E{NCH3 /‘NHZ e [LNCH; /‘N< f CncH, [”
N
N

QLR NTL EE QL o

N<
and CCLXXIXb exhibited good antitumor activity. Severa amidino substituted

benzimidazole derivatives CCL XXXl a-c and CCL XXXl Ia-c have been synthesized and
reported in literature [192]. Compounds CCLXXXla-c and CCLXXXIlla-c exhibited
antitumor activity against MCF-7 tumor cell lines and CCL XXXIc and CCLXXXIlla-c

exhibited noticeable selectivity in regards to normal fibroblasts (WI 38). A number of

1 NH;
R ¢l H&)ZNYQNH @N H28| Rl
OHC__~ >—NH 2 N

/ p-benzoquinone HN Dand
X abs EtOH A N x /

H _
CCLXXX R? CCLXXXla-c
V |2 02
EtOH

® O
For CCXXXla-c & CCXXXlla-c NH2C|

a: X=0, R=H, R2=COOMe
b: X=0, R!=CN, R*=COOEt;
c: X=S, R!=H, R%=COOMg;

R2
50 CCL XXXlla-c
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bicyclic and tetracyclic amidino derivatives CCLXXXIII and CCLXXXIV have been
synthesized [193]. DNA and RNA binding study and antitumor activity evaluation

revealed that compounds bearing thiophene ring are more active than furan containing

® § = NR'
7\ X =
\ND\WNHRZ 7 N@ NHR?
NS < N
CCLXXXIII NR!
[X=0, S; R1=H,R?=H, Me,CH, cyclohexhy! CCLXXXIV
4-morpholinyl; R'IR?>=CH,CH,] [X=S, O; RIR?= -CH,CH,]

analogous. Severa amidino and bis amidino derivatives have been synthesized [194] by

following reaction scheme mentioned below. All amidino and bis amidino derivatives

NH, o) AcOH,
A g o O S L Cn

CCLXXXVa b CCLXXXVla-b CCLXXXVlla-c
9 Reon 9 Reon 3 heh neo
b) R=NO, b) R,=NO, o Ri_CNZ Ri—NOz
N i) 2-(2-ethoxyethoxy)ethanol
N CN IHCI(g), 57 days, RT >_Q
NC g ii) abs EtOH/NH;3 (g), two HC|
daysRT, 1 h 60°C;
CCLXXXVlla 1) a5 EXOH/NH(CH,),NHy, HC| CCLXXXVllla-b
4 h, reflux

8 Am= Sy, D) Am—f -

N i), ii) and iii) SnCl,/MeOH
@[ @C asabove@E >_@ HOL. 15 min, A@[ @
O,N S HCI HCI

CCLXXXVllb CCLXXXIXa-b CCXCab
N
a) Am= »NH b) Am= f -

N i), ii) andiii) SnCIZ/MeOH
L3O o B o R

NC S
HCI

CCLXXXVllc CCXClab HCI CCXCllab

NH N
8) Am= iy, b) Am=fH"—

screened for antitumor activity against MOLT-4, HCT-116, SW-620, MCF-7 and H 460
cell lines. Except compound CCLXXXVIlla al other compounds exhibited good tumor
cell growth inhibitory activity and cytotoxcity. Compound CCXCa exhibited selectivity

towards MCF-7 and H 460 cells. Jarak et. al. [195] synthesized severa amidine and
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bis amidine derivatives CCXCI11-CCXCVI and screened them against severa human

NH HCl HN NH
BN = i O BN G
o C NHR RHN ¢ O ¢ NHR

o) ¢

CCXClllab . CCXClVab  we
a R=H b) R——( 8@ R=H b) R= —ﬁ
NH
nlalees oyl lintat LAEO4
RHN NHR RHN NHR
CCXCV&b Ve CCXCVlab |
a R=H b) R=-<M a R=H b) R:—{Me

cancer cell lines. Compound CCXCIVb exhibited good antiproliferative activity against
SW620 cell line (ICso 4uM). Bis amidine derivatives CCXCVlIla-k and CCXCVIII
have been synthesized [196] and reported in literature. All these compounds were
screened for MCF-7, SK-BR-3, SW620, MiaPaCa-2, BJ and HelLa cancer cell lines.

Compound CCXCVIIb exhibited ICsy 0.2 and 0.02 uM against SW-620 and BJ fibrobla-

o LI 3400 o

CCXCVlla-k

N
. — [ q — i) = ﬂ  Am= [ >—
a = ,@\ , Am= )N:Hz d)= /lN/)\ , Am= [N>— g) = N(Qi , Am }NHZ ) N H

H

"N [N\)_ S NH B ,Am= [N‘)— k):ﬂ ,Am: [E»_
b= | Am= N g= 0L AMER hy= X - N B

S N i e -
ol WMD\( cl
cexevill

sts cell lines. Bisbenzimidazole amidines CCXCIlXa, b, ¢ were synthesized [197] by
following reaction scheme mentioned below. These compounds exhibited moderate to
strong antiproliferative effect towards a panel of eight carcinoma cell lines. Out of several

polycationic compounds [198] screened for potential antitumor activity by NCI’sin vitro

54



Chapter 1

O O L|A|H4/THF IBX/DMSO

EtOO0C S COOEt HOH,C CH,OH OHC CHO

,4-benzoquinone
H2N©\ tOH
O

Jl
E
O

NH NH
aR= 4NH2 ;i bR= 4 ; C,R= %jF{Q; HN@

CCXClXa, b, c

testing, compounds CCC, CCCI, CCCII and CCCIII exhibited Glsy values of 1.9, 2.4,
1.9 and 15 uM respectively. However compound CCCII1 possessed cytotoxic activity in
nanomolar range against several cancer cell lines: CCRF-CEM, HL-60 (TB), MOLT-4,

NCI-H522, COLO 205 and SF-268. Probable mode of action for anticancer activity is

H3C CHj
HaC. CHg
)N\ CH3
4HCI 3 cecl j 3
CH3
Qm@ N 2HC
cccll CCClll

DNA minor groove binding. Several sulfonamide Schiff’s bases CCClVa-c and
CCCVa-e have been synthesized [199] & some representative compounds were screened
for antitumor activity against MCF-7 and HELA tumor cell lines. Compounds CCCIVb

and CCCVa, CCCVe exhibited ICs values better than standard drug doxorubicin. In a
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QNHSOZQWCHR O—NH%ZON=CH-Ar
N

CCClVa-c CCCVa-e

HO, HQ H5CO
0 ol O oo A= e O 0L o oo,

H3Cl

O
R=(0) Hoﬁ—QOH (d) H3CO‘©_ © m
H

HO' TOH HaCO

Chinese patent Schiff’s base and hydrazone derivatives CCCVI and CCCVII useful as

antitumor, antioxidative and antibacterial agentsis described [200]. A number of
FsC

R2
CCcCVI
R! = schiff base or benzoy! hydrazone
R2=HorCl
R®=H or NO,] CCCVII

hydroxyl substituted Schiff’s bases CCCVIlla-h have been synthesized [201] by

followi ng reecti on scheme mentioned below. Antiproliferative activity of CCCVllla-h

RZ R!
N UG S S S O
CCCVIII

Rl RZ R® R* Rl RZ R R4 Rl RZ R R* Rl RZ R R*
aOH H H H ¢cH H H OH eH H OH OCH; gH OH OH H
bH H OH H dH OCHyOH H f H H OH OH hH OH OH OH

against HepG2 cell was determined and compounds CCCVIlig,h exhibited
antiproliferative activity comparable to that of VP-16 (etoposide). Li et. al. [202]
synthesized chiral 1,2,4-triazole Schiff bases CCCIlXa-l and screened them for in vitro
anticancer activity against HeLa cell line. 1Csp value of CCCI X1 was found to be 1.8 uM
as compared to reference drug cisplatin which exhibited 1Csp value 2.6 UM. A series of 4-

trifluoromethyl-(1,2,3)-thiadiazol o-5-carboxylic acid hydrazide Schiff’s bases CCCX
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Rl
R’ RL R? R R! R?
~N-N N a l-menthyl  CgHs 4-Cl-CgH, g I'menthyl  CHj 4-CI-CH,
R2 =N b 1-menthyl  4-CHz0-CgH, 4-Cl-CgHy h 1-menthyl 4-OH-CgH,; 4-CH30-CgHy
S Br C 1-menthy| C6H5 4-02N-C6H4 i l'menthyl C6H5 4—OH-C6H4
d 1-menthyl  4-CH30-CgH; 4-O,N-CgH, j bornyl CeHs 4-Cl-CgH,
H - o e 1-menthyl  CgHs 2-furanl k bornyl  4-OH-CgH, 4-CHgO-CgHy
- O o f 1-menthyl 4-CHz0-CgH, 2-furanl | bornyl CH3 2-OH-CgHy
CCClXa-l

have been synthesized [203] by following reaction scheme mentioned below. All the
compounds were screened for cytotoxic activity against breast carcinoma cells MDA-MB
231 (aggressive) and MCF-7 (non-aggressive). Doxorubicin was used as reference drug.

None of the compound exhibited cytotoxic activity comparable to doxorubicin. Out of

CF5
M _coocHs eon FiC socl
FsC N A, 6h WIACOOCZH5 60°C. 8h NI/\g7COOEt
— N .COOC,Hg — = ~g
NH;NHCOOE H j hydrazine hydrate
A, 3h
CF3 R Ch3
/S7 0N /\gi
CONHN-= C. EoH N‘S CONHNH,
A, 1-2h
CCCXa—
R R R R R R
a H CgHs g H 4O0H-CgH, m CH3  24-Br2-CeHs
b H 4F-CgH, h H 4-OMeCgH, n CHs Pyridine-2-yl
¢ H 4CI-CgH, i H  Furan-2-yl o CH;  CHs
d H 4Br-CgH, j H  Thiophene-2-yl P (R, R=)-CHy(CH;),CH,-
e H 4-NO,CgHy k CHs CgHs d (R, R'=)-CH,(CHy)3CH,-
f H  4N(Me),-CgHy | CH3 4-NO,-CgH, r (R, R'=)-CHp(CH2)4CH,-

several new Schiff’s bases and Mannich bases synthesized [204] and screened for

cytotoxic activity against HepG2 cell line, compound CCCXI exhibited 1Csy value of
N-NH Cl

ccexl N
0.018 g/l which is comparable to the standard drug doxorubicin. Hranjec et. al. [205]

synthesized benzimidazol e substituted Schiff’s bases CCCXI 11 by following reaction
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scheme mentioned below. All these Schiff’ s bases were screened for cancer cell lines

N ArCHO N
S—NH N -
R/ED;\R_ 2 EoH R/(:E,\R_N C|-|:Ar

H H
CCCXlla-d CCCXllla-n
R R AL" R Ar

a CN a H —<\:N h CN

b CHj3 ﬂ i CH; < > N(Me),

c  NO, b H N i NO

d H CHg k CN HO
¢ CN /R I CHj O
d CHg} /@ m  NO, NED:
e CN n H
f CHS} A
g NG S

HelLa, MCF-7, SW-620, MiaPaCa-2 and normal human fibroblasts W138. Compounds
CCCXIlIlk and CCCXI1II exerted strongest non specific antiproliferative effect on all
the cdll lines but these compounds are highly cytotoxic on human fibroblasts. Usefulness
of Schiff bases CCCXIV for the treatment of tumor, diabetes, mellitus, dermatitis, or
rheumatic arthritis is described in a Chinese patent [206]. Thus compound CCCXV
exhibited 1Cso vaue of 4.5, 3.1, and 7.1 uM against human MDA-MB-435, HT-29 and

BGC-823 cancer cdll lines respectively. A series of pyranothiazole-Schiff’ s bases

R O Rl R? R 0
N-_ X N\(S
e M e
H O R° R4 N O SO,NH,
CCCXIV CCCXV

[RL-R® = independently halo, aminosulfonyl, nitro, H, (un)substituted alkyl, or alkoxy; X = Sor NH,
pharmaceutically acceptable salts, or solvates thereof]

CCCXVlla-k have been synthesized [207] by following reaction scheme mentioned
below. All these compounds were screened against human breast cancer cell line MCF-7.
Compounds CCCXVI and CCCXVIlb-d, g exhibited 1Csp value 27.51, 10.25, 9.55, 9.39

and 9.70 UM respectively as compared to reference drug doxorubicin having 1Csg 32.00
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HsCO
NO,S
ArCHO
S CN
HN— |
N™ 07 "N=C-Ar
CCCXVI CCCXVlla-k
Ar Ar Ar Ar
a CeHs d  3-(CgH,)Br g 4-(CgHyNO, i 4-(CgHyOH
b 2—(C5H4)C| e 4-(C6H4)F h 4‘(C6H4)N(CH3)2 k pi peronyl
c 4_(C6H4)C| f 2,4-(C6H3)C|2 i CH=CH'CGH5

MM. Anthracene derived Schiff’'s bases CCCXVIIlI and CCCXIX exhibited potent

antiproliferative activity against colon carcinomacell line HT-29 and HBL-100 & HT-29

‘ o ‘@

CCCXVIII CCCXIX
tumor cell lines respectively [208]. Several mono and bis Schiff bases CCCXXIVa-h and

CCCXXlla-h have been synthesized [209] and screened for antitumor activity against

CH P9
o 2° oHeL7 R NHN
N2H4H20 3ah | |
N SN
T EoHA A | —R

CCCXX o o CCCXXI CCCXXlla-h

2 N’NHZOHC SR
| H 3ah
O Sacdic

HN\) A EtOH, A HN

CCCXXlIVa-h
CCCXXIlI
R R R R
Rissamefor CCCXXlla-h a H b OH ¢ 4-CH3O d 3,4-OCH,0
& CCCXXIVah e 34,5-(CHy0); f 3-OH-4-CH30 g 4F h 4NO;

CHO (Chinese hamster ovary), HL-60 (human leukemia) and L1210 (murine leukemia)
cells. Both mono & bis Schiff’s bases have I1Csy value with in 25.0 umol. Activity of bis
Schiff bases CCCXXlla-h against L1210 is better than mono Schiff's bases

CCCXXlIVa-h.
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1b.5 Benzimidazole and piperazine derivatives

1b.5.1 As anti-inflammatory agents:

Severa benzimidazole derivatives CCCXXVa-r have been synthesized [210] by
following reaction scheme mentioned below. Anti-inflammatory activity evaluation of

these compounds show that compounds CCCXXVb and CCCXXVk are amost

ArCHO |"|C
NaOH  HOOCH,,CHN-C-CgHg 222 YN
HOOCCH,NH, + CgHsCOCI —=> 2 6Hs S—CeH
i ic aci Anhyd. Sod. 615
Hippuric acid
acetate O
A, 2h
H,N R!| Dioxane 50%
O acetic acid
HaN A, 2h
R R R R R R R—=Z \ H R!
a H H g H -NO, m H -CH, — \ C
b  p-CHg H h  p-CHs -NO, n  p-CHs -CH3 HN N
¢ p-OH H i p-OH -NO, o p-OH -CHy o
d p-OCHs H | pOCHs -NO; p p-OCH; -CHs
e o-Cl H k o-Cl -NO, ¢ o-Cl -CHj
f p-N(CH3)2 H | p'N(CH3)2 'N02 r p-N(CH3)2 -CH3 CCCXXVa-I’

equipotent to refrenence drug indomethacin. Marigppan et. al. [211] synthesized
benzimidazole derivatives CCCXXVla-j by following reaction scheme mentioned below

and screened them for anti-inflammatory activity. All these compounds exhibited

NH2  chycH,coom N, CHs3 ha, Hero N\>_ CH
4N, HCI, A : - 2175
NH; N H“Q_" N'Ry -

H
HC-N

NR;R, NR;R, oC _
a  diethylamino f 3-chiloroanilino 2
b piperidino o] 2,3-dichiloroanilino CCCXXVI a—j
c morpholino h 3,4-dichiloroanilino
d diethanolamino i 4-fluroanilino
e 2-chiloroanilino ] 4-bromoanilino

moderate anti-inflammatory activity. Several benzimidazole derivatives CCCXXVIla-f
have been synthesized [212] and screened for anti-inflammatory activity. Compound
CCCXXVIIf exhibited anti-inflammatory activity comparable to reference drug
dichlofenac. In an international patent [213] synthesis of benzimidazole-3 carboxamide,

2,3- dihydrobenzofuran-7-carboxamide, indazol e-7-carboxamide, and 1,3-benzoxazol e-4-
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NH2 R,;COOH NH N R,H. HCHO N
@ — E:[ >R —— YRy
N N

NH,

H CH,

R; R, Ry Ro 2
A s oonem  f  CCOXXVilaf
b H -@ e  -CH=CH-Ph N
c CHs -“EZ:Z f  -CH=CH-Ph -N_o

carboxamide derivatives CCCXXVIII useful in the treatment of rheumatoid arthritis,
osteoarthritis, low back pain, overactive bladder, malignancy, neurodegenerative disease

etc is described. Synthesis of benzimidazole derivatives CCCXXI1Xa,b possessing potent

0 o : /N R
@ 1 Q= L Q! N —
N-R L N,
H A2 N S O H
-7 N % N-Bu
O NH > H 0O
> [A=Q, QY Q% X'=NH] CCCXXIX
R ccexxvin [aR=2-Cl, b, R=4Cl]

i
Z
/

anti-inflammatory activity is reported in literature [214]. In a US patent synthesis of
benzimidazole derivatives CCCXXX useful for the treatment of inflammatory pain,
inflammatory hyperalgesia, cardiovascular disease etc is disclosed [215]. Calderini

[R!=H, Cl, Me, CF3; n = 0-2; R? = independently at each occurrence F,

R alkyl, alkoxy, etc.; Q = substituted furan-3-yl, isoxazol-5-yl, 2-methyl-6,

\>_Q 6-spirocyclohexyl-2,4,5,6-tetrahydrocyclopentapyrazol-3-yl, 2,6,6-trime
thyl-2,4,5,6-tetrahydrocyclopentapyrazol-3-yl, etc.]

CCCXXX
et. al. [216] synthesized aminopyridine benzimidazole and imidazopyridine derivatives

CCCXXXI which are PDK1 inhibitors and hence useful in the treatment of inflammatory
diseases. 1Csp value of CCCXXXla for PDK-1 inhibitory activity was found to be in the
range of 1nM to 10pM. Benzimidazole derivatives CCCXXXla which are COT Kinase

inhibitors and hence useful in the treatment of inflammation, cancer and other diseasesis
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tw 3
NH, R7

CCCXXXI

[RY is (un)substituted (un)satd. heterocycle; each Y isindependently N and NH
C, provided that no more than two of Y are N; R?, R%, R* and R’ are indepe 2
ndently H, halo, NO,, CN, etc.; and pharmaceutically acceptable salts] CCCXXXla

Z\z
(0]

synthesized and reported in literature [217]. In an international patent synthesis of

piperidinyl benzimidazole derivatives CCCXXXI 11 isdescribed [218]. These

N 1 [A is Cg.g4aryl, 5-14 membered heteroaryl or 3-15 membered

[ R2]7 \>_R heterocyclyl; L isabond, O or C(O); R?is-COOH, (un)sub

m N stituted Cq.14aryl, etc.; R? is hydrogen, halogen, nitro, etc.;

2\ R3, at each occurrence,is independently halogen, cyano, hydr

[ 4 4 \—L@*(R%n oxy, etc.; R% at each occurrence,is independently halogen,

R q g cyano, hydroxy or (un)substituted C,_g-alkyl; n=0-5; q = 0-4
CCCXXXII or pharmaceutically acceptable salts thereof]

derivatives are mPGEs-1 inhibitors and hence are useful for the treatment of
inflammatory diseases, pain auto immune disease, breathing disorders, fever, cancer,

inflammation related anorexia over active bladder etc. A number of benzimidazole

1
R N o o .
\>_ NC>_( o [R! and R? independently = Me and chlorine;
R2 N HN '<; R37 independently = H, fluorine, chlorine, or
)\ alkyl; X =N or CH; Y =N or CH, and their
Y =X R’ pharmaceutically acceptable salts]
\
R3 R6
4
R RS
CCCXXXIII

derivatives have been synthesized [219] and screened for anti-inflammatory activity.
Compounds CCCXXXIV and CCCXXXV exhibited anti-inflammatory activity
comparable to diclofenac. Anti-inflammatory activity of CCCXXXIV and CCCXXXV

IS not only free from any side effects on the gastric mucosa but aso showed significant

Z "N
| H

N N N
co Hscofﬁ“ T
s h CH
OCHs C[ »—CHs OCHs N>_ 3
HO_OH
CCCXXXIV CCOXXXV o]0
OH
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anti ulcerogenic activity. In a US patent synthesis [220] of benzimidazole derivatives
CCCXXXVI as HMOX1 modulator and hence useful for the treatment of inflammatory

diseases is described. Compound CCCXXXVI1 exhibited HMOX1 modulatory activity

R* 0
XN RN N H N N-CH
{ JLAT T e
xZ N STNF n F,CO S N

CCCXXXVI 3~ CCCXXXVII

[one of X is C-L-G and the remaining X are independently N and CRY; G is H, (un)substituted C,_g alkyl, (un)substituted
Cs.q0 cycloalkyl, etc.; L is CONH and derivs., SO,, CO, etc.; RlisH, halo, (un)substituted Ph, etc.; each R?is independen
tly halo, (un)substituted C;.¢ alkyl, (un)substituted Cy.44 cycloalkyl, etc.; R3is H, (un)substituted C;_¢ alkyl and (un)substi
tuted Cy_g alkylene-C, 40 cycloalkyl; R* is (un)substituted Cy_g alkyl and (un)substituted C,.¢ alkylene-Cy 1]

which is 19.37 fold induction at 5 pM. Usefulness of benzimidazole derivatives

CCCXXXVIII for preventing or treating an inflammatory diseasesis disclosed in an

/LA / N [A = phenylene, NHC(O), C(O)NH, etc.; B = (un)substituted
B I | TN R3 alkyl, aryl, heteroaryl, etc.; k = 0-1; | = 0-1; m = 0-3; R! =
~N halo, alkyl, alkoxy, CO,H; R? = H, alkyl; R® = (un)substituted

RZ K NH,, aryl, heteroaryl]

CCCXXXVIII
international patent [221]. Hasan et. al. [222] synthesized 6-piperazino-2-aryl-1-

benzopyran-4-one derivatives CCCXXXIX by the following reaction scheme mentioned

= |
—R
@OH ArCHO/KOH E:QC:/HH /();—R- DMSO, I, O/~
RT Co Xy fl
COCHs G o
O = O 0
——R'  HCl/CH;cO0H| 0°C
A HCHO = B
a, R=4-OCHj 7\ N O
b, R=340CH; HN  N-C -~ |
¢, R=2-Cl ~—— H, O steam bath

CIH,C

CCCXXXIXa-c

below. All these compounds exhibited good anti-inflammatory activity. Several
benzophenone derivatives CCCXLa-d containing piperazine moiety have been
synthesized [223] and screened for inhibition of pro-inflammatory cytokines, TNF-o and
IL-6. Compound CCCXLd exhibited good TNF-a (54%) and IL-6 (97%) inhibition

activity at 10 uM concentration. A number of piperazine containing heterocyclic
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OCH
3 anhydAICI3 eo O HN NH
0°c RT “isopropanol, — R
H3CO OCH3 1048 h OH HCI reflux
b R-30l
R=3-C
o R-2Br HNJ cccxLad

compounds CCCXLI-CCCXLVII possessing good in vivo anti-inflammatory activity

have been synthesized and reported in literature [224]. In a Chinese patent [225]

NH2 NH.,
Cl (0] N*N
AN ICI: N =
N N
cchu b b ~MNie
a, CCCXLIlab CCCXLIII
a R=CHs a R=CHj
b, R=H b, R=H
NH, NH2 NH; e
A N)%N A NJ%N
NN i R NN |
= 7 =
K/N"Me n K/NH NH K/NH
CCCXLIV CCCXLVa-c CCCXLVI CCCXLVII

a, n=1; b, n=0; c, n=2

synthesis of methyl salicylate-piperazine derivatives CCCXLVIII useful as anti-

inflammatory agentsis disclosed, thus compound CCCXLIX exhibited 89.29%
0 O

CrL2 CL
o N/\ N o) N/\
OH N\H/Q R OH bNYF’h
CCCXLVIII o) CCCXLIX  ph

R =H, 2-Cl, 4-Cl, 2-F, 4-F, 3-NO,, 4-NO,, 3,5-dinitro and 4-OMe
inhibition activity. Raghavendra et. al. [226] synthesized N-(benzo[d]thiazol-2-yl)-2-
(piperazin-1-yl)acetamide derivatives CCCL a-l by following reaction scheme mentioned
below. Anti-inflammatory activity screening reveals that compound CCCLa possess
promising activity. Usefulness of biphenyl derivatives CCCLI for the treatment of

dermatitis, allergy and inflammation is described in an international patent [227].
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S Q CI. sub;tituted >_ 1
>—NH CICOCH,CI S piperazine EtsN, C N N-R
G 2 triethylamine />_NH dioxane 100°C />—NH A n

N dioxane R N 2.6h

CCCLal
R R n R Rl n R R n R R n
a H H 1 d H GC#Hs 1 g OCH; H 2 j NO, CphHgs 1
b H CHs 1 e OCH; H 1 h OCHz CgHs 1 k NO, H 2
Cc H H 2 f OCH3 C2H5 1 i N02 H 1 | N02 C6H5 1

Compound CCCLII promote phagocytic action, suppress chemotaxis of macrophages

and have anti-inflammatory activity. Out of several piperazine derivatives synthesized

o) o) nMe
RZJLN MeNLN O\\C’NJ
RL _ Ph
N 3
L R
CCcCLI CCCLII

[R! = Ph or halo-substituted phenyl; R? = alkyl; R® = heteroaryl or -CO-A; A = OH,
akyl or (un)substituted heteroaryl; or pharmaceutically acceptable salts therof]

[228] and screened for anti-inflammatory activity, compounds CCCLIII & CCCLIV

exhibited anti-inflammatory activity comparable to indomethacin. Synthesis of

(-2 & CyaH N/_\N -C e EZ%N\
CiqHog~ N N-C C ‘< &O 14H29
CCCL [ H CCCLIV

phenyl-alkyl-piperazines CCCLV useful for treating joint pain and inflammation is

described in an international patent [229]. 2-(4-Substituted- phenyl)-4-(4-substituted

R—E VN N
\:A , J N\ R2 [RL, R? = independently H, halo, alkyl,
_ R3 haloalkyl, perfluoroalkyl, alkoxy,
CCCLV perfluoroalkoxy; R® = alkyl; A = :CH, :N]

piperazino)-6-substituted quinazoline derivatives CCCLVla-l have been synthesized

[230] by following reaction scheme mentioned below. On screening for anti-

Z
X Z R X Z R
a H H Me g H CI Me
b H H Ph h H CI Ph
c Br H Me i Br ClI Me
d Br H Ph j Br CI Ph
e | H Me k | Cl Me
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inflammatory activity compound CCCLVIb exhibited anti-inflammatory activity
comparable to indomethacin. Synthesis of 1-sinapinoyl-4-benzylpiperazine derivatives

CCCLVII and their usefulness as radical scavengers & anti-inflammatory agents

MeQ Rl R2
Q ,/— H,
MeO H=H-C-N N-C R3 [R'=H, alkyl, alkoxy, or halogen;
ccC / R? = H, alkyl, alkoxy, or halogen;
MeO CCCL VI R3 = H, alkyl, alkoxy, or halogen]

is disclosed in a Chinese patent [231]. Hatnapure et. al. [232] synthesized two series of
piperazine derivatives of flavone by following reaction scheme mentioned below. All
these compound i.e. CCCLVIllla-j and CCCL I Xk-t were screened for pro-

KO'BU, CS,, O._S Etl, K,COs, O, S._CHs
CH3 toluene, _ acetone, reflux_ |
MeO 16 h, =
H,S0, MeO MeO

O
m-CPBA, l o

) DCM, 3h
m NH/:NR O._S<_CHs
T
MeO

25°C
CCCLVIIIaJ (0]
R R R R . R
a NN ¢ 3 N,_\N-(E\‘ W, e SN News g B N_N{)ocHs i “Nern(J
s — — H,
D D0 ¢ aobe 1 G PO HOEO
MeO. O._Me
MeO OH MeO OH glacial AcOH |
NaH, Ethylacetate cat. conc HC|.
3 THF,48h 60°C, 30 min
oMeo ©O OMeO
OMe O Y NBS, CCl, benzoyAI %%roxide,
) :
MeO O| C\N/\ — MeO O._CH,Br
k/N NH  N-R |
R Et;N, DeM
OMeO cecLvixkt 2% OMeO
R R R R
He — Hy /—/ N= 2 M
BOD w0 o B0 0 e s H0D
I HNEY ocHy N $E°N N PR H2 M\ r gEZ.N”‘o t s N
— N 3CN_| - gc-N< N- c@
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inflammatory cytokines (TNF-a and IL-6) activity. Compounds CCCLVIllc, g, h and
CCCLIXI,m,n,r exhibited promising anti-inflammatory activity (up to 65-87% TNF-a
and 70-93% IL-6 inhibitory activity) at 10 uM concentration whereas dexamethasone
(71% TNF-a and 84% IL-6 inhibitory activity) at 1 pM concentration. Several
naphthyridine derivatives with piperazine moiety as substituent CCCL Xa-j have been
synthesized [233] and screened for anti-inflammatory activity. Compounds CCCL Xd,e,i

exhibited moderate anti-inflammatory activity whereas other derivatives were found to be

inactive.
R R X R X R X
N NF\N a H —N:N-Me e CHj -N:N—@ i OCyHs -N_ N-Me
- ( b H N NEt Meo ' )
S | _ : f CHj _N:\N_Me J N(CH3)z -N_ N-Me
CON (C2H5)2 C H  -N_ N-CH)CH,0H —
X = g CHz N Nt
d H N__NCH;Ph —
CCCL Xa'J h CH3 -N,_\N'CHQPh

(

1b.5.2 As anticancer agents:-
A number of benzimidazole derivatives CCCL Xl a-h have been synthesized [234]
by following reaction scheme mentioned below. Compounds CCCL Xla,b,c,d,e,] were

H

R & N N
e M.

O~ N R! EoH,AcoH o

N H,C-N 13-15h N R!

R? H,C-N

cCCLXlah R

R  RR? R  RIR? R RIR? R RIR?

a H -N_) ¢ HNND e H - n)ome g H -{:

b H -N_©O d H —N:N—@ f Br -NuN@OMe h H —N:NMe

screened for cytotoxic activity against human breast cancer line MCF-7. All these

compounds exhibited moderate cytotoxic activity. Several new benzimidazole derivatives
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CCCLXII-CCCLXIX synthesized [235] by following reaction scheme mentioned
below. All these compounds were screened for cytotoxic activity against human breast
cancer cell line HeLa and ICsy values were determined. Compounds CCCLXlIc,
CCCLXIIlb,c, CCCLXIV, CCCLXVab exhibited cytotoxic activity better than

doxorubicin. Romero-castro et. al. [236] synthesized six benzimidazole derivatives
HO

N
N Ho-)-cHo ©j %N:N‘Q
[:jiﬁ>_NH2 k CHO
H CcCLXlla
HO

NaNO,, HCI,
| e | e L)
N
N @ | sc H COCH
[::[ﬁ>—Nz CCCLXIl,, 3
N H HzN

H HZN]LI;%\]—Q N
A N nen_? NH
CEH%N'N{;N
cceixiie  © 7::]
H H3C
IN\I—@ N
SO

N
H 4 @
CCCLXIl4
N
s
N

H

abs., ethanol,
gl. CH3COOH,

F

OHC OHC @
N

e e
CF3

Ly iy O e e

H <]
CCCLXllla CCCLXH% cccLXllle N

CF3
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dimedone, barbituric O
or thiobarbituric acids, N H NH
NaOH, -5°C @[ S>—N-N =X
N NH a X=0
H b X=s

dimedone, barbituric

NaOH, -5°C

H NCCH,COOC,Hs,

or thiobarbituric acids,

O
CCCLXVa b g
N H Me
\ —
@EN%N N:§:><Me
H o
CCCLXIV

COOC,Hs CHiCOOH,

Q )X\(CN

CH3COONa, -5°C ©iN\>_H_N=< 30 min
H N CCCL XVIII
CCCLXVI
i R R 8 Q *YCO"“
N COOC,Hs
CCCLXVII CCCLXlX

CCCLXXa-f and screened them for cytotoxic activity against seven human neoplastic
cell lines i.eK562, HL60, MCF7, MDA-231, A549, HT29 and KB. Compound

CCCL XXt exhibited 1Cso of 28nm against the A549 cell line and is most active of al the

R4 R! R? R® R*
a -H -H -H -H
ON N, 3 b -NO, H H H
R c -H -NO, -H -H
H { ) d -H -H -NO, -H
R R e -H -NO, -H -NO,
CCCLXXa-f b H NG, -d

compounds i.e. CCCLXXa-f.

In a Chinese patent [237] disulfide containing

benzimidazole derivatives CCCL XXl a-f useful in the treatment of colon cancer or

R R
RL N S-R a CoHs H
\ { b CzH CH3
\©jN>_S c Csz5 NO,
H d CHs(CHy)s  H
e CH4(CHp)s  CH
CCCLXXla-f f CHj(CHZ)j- No:

lymph cancer is disclosed. Out of several benzimidazole derivatives synthesized [238]
and evaluated for their poly (ADP-ribose) polymerase-1 (PARP-1) inhibition activity
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compounds CCCLXXII and CCCLXII1 exhibited ECsy 3.7 and 7.8 nM respectively.

These compounds also exhibited potent oral in vivo efficacy in potentiating the cytotoxic

CONH, CONH,
O OOk
|
\ oJ N \ 7/
H H
CCCLXXII CCCLXXIII

agent temozolomide in B16F10 murine melanoma model. A large number of
benzimidazole derivatives CCCLXXIVa-x have been synthesized [239] by following
reaction scheme mentioned below. All these compounds were screened for five human

cancer cell linesi.e. A549, HCT116, HepG2, PC-9 and A375. Compound CCCL XXIVd

N S@ K,COs, tert-buty!
©: \>_/ 22brorr3;opropanoate \>_/S@ EtOH, ©i \>_/
N

6h RT NHzNH, H
H CH COOC(CH:) CHZCONHNHZ

K,CO3 and - 2 3/3 Ar-CHO, A
ber?zengthiol, stlrrlgthfngh zr:, EtOH
stirred for 0.5 h

N Cl N s~<:>

Crp- Cr-
H ( =C-
CCCLXXIVa-xH2CONHN=CoAr

Ar Ar Ar Ar Ar

Ar
OH
a H—b—OH e —@-OH i —d"\(/l)ille m—< >‘CH3 q _@ u —< >—CF3
! - NO v @f\{
2 - e N

CH,CO,Bu-t
CN

(9]
Q,
2" 9
® )
@ @
>~ —
<
o}
Z 7
o >
IZ/i
— 17 =
<
o}
m
=

OCH3
Br NG,

exhibited excellent anticancer activity against various cancer cell lines tested (1Cso 4-17
MM), compared with 5-FU and SU11248. Bonham et. al. [240] synthesized aziridinyl
fused pyrrolo[1,2-albenzimidazoles and screened them for anticancer activity against
breast cancer cell lines i.ee. MCF-7 and HCC1937. Usefulness of benzimidazole
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derivatives CCCL XXV in the treatment of cancer is described in an international patent

[241]. Thus compound CCCL XXVI exhibited plCsy value of 7.26 when evaluated for

@)
N)k R3 Q

()j%%\ N
Rl)/ ~ A Y(R4)m QN/ N

CCCLXXV CCCLXXVI
[RYis independently halo, Cy_g alkyl, alkoxy, CN, etc.; R? is (un)substituted aryl and (un)substituted heteroaryl;
R3is amino, akylamino, dialkylamino, etc.; each R*is C,¢ akyl, alkoxy, OH and halo; each Y is independently
CandN; nis0to 4; misOto4; provided that at least two Y are C; and pharmaceutically acceptable salts thereof]

their fatty acid synthase inhibitory activity. Benzimidazole derivatives CCCL XXVIla-h

have been synthesized [242] by following reaction scheme mentioned below. All these

H3C\S/,O
N C ] Cees "0 )
o N

N
A | N Q:NB s N
\ By .NH >N |-
NN | NN N=CcH N
R R R )
i “tert- 4-methyl  d 2,3—d h CCCLXXVlla-h
2 g’-‘(l;h(lj:)(;r(]):oro ; ?—ltert outy! S 4—2;?0%) h 3-chI:)Cro ore

compounds i.e. CCCLXXVIla-h were screened for anticancer activity against H460,
HT-29, MDA-MB-231 cancer cell lines and compounds CCCL XXV, g exhibited good
anticancer activity against al the three cdl lines. 1,3-diarylpyrazino[1,2-a]
benzimidazoles derivatives CCCL XXIXa-o0 have been synthesized [243] by following
reaction sequence mentioned below. Compounds CCCLXVllla-eh-j,m,o;
CCCLXXIXa-f, ] & | were screened for anticancer activity against sixty human tumor
cell lines by NCI. Compounds CCCLXXVIIIc,h exhibited good anticancer activity.

Gellis et.al. [244] synthesized benzimidazole-4,7-diones CCCL XX Xa,b; CCCLXXXla-
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CH3COONH,,
K2CO3, CHZCOCH5 N CH3COOH,
stlrrlngatRT N MW 2min
Iy 9!
Berc O
i) (C2H5)3N, ii) NaOH
pyridine, H.0. A
stirring at RT = R K \
N -
@[ e CCCLXXVIlla-0 CCCLXXIXa-0
H [R& R'issamefor CCCLXXIXa-0& CCCLXXVllla-0]
O R R R R R R R R
a H H e H Cl i OCHz F m Cl  OCHj
b H CHg f OCHg H j OCH; C n C F
C H OCH3 g OCH; CHs k cl H o] Cl Cl
H h OCH; OCH; I Cl CHs3
I

h CCCLXXXII and CCCLXXXI | as bioreductive anticancer agents. All these

compounds were screened for anticancer activity against T47D (breast), A549 (lung) and
D O Me Me

e
N X Me M N
>~ N/ /_<\ONCI

N N Cl N ‘
\ M \ \>_/
O CHs O Me O N

\

CCCLXXXa,b CCCLXXXII CCCLXXXIIl 0O Me
X=Cl
%‘ X=Br Q a -él h
Me N\: X b -SO,Ph fox
¢ -SO,-C4Hg 2
N HC
M \ Me g _XCO,CH,CH;
o) CHg d /(Nge CO,CH,CHs
2 Ph
CCCLXXXla-h e <3 h AKEQLHCHs
02N 2 2 3

HT-29 (colon) cancer cell lines. Compound CCCLXXXIIIl exhibited cytotoxicity
comparable to that of mitomycin C. 1,3,5-Triazinyl-benzimidazole sulphonamides

CCCLXXXIV useful in the treatment of cancer therapy is synthesized and reported in

1

R [R! and R? = independently H, CN, halo, nitro, (cyclo)alkyl, alkenyl,
ol N\ 6 akynyl, (hetero)aryl, aralkyl, heterocyclyl, etc.; R® and R* = indepen
R P >_ R dently H, alkyl, or R® and R?* together = a bond, (hetero)alkylene, or
N (hetero)alkenylene; R% and R® = independently H, halo, (cyclo)alkyl,
R4 2\N O | RS RSC alkenyl, alkynyl, (hetero)aryl, aralkyl, or heterocyclyl; R and R™ = H,
R3 /_l_\ N \)\ —Tl—” CII N/ (cyclo)alkyl, alkenyl, alkynyl, (hetero)aryl, aralkyl, or heterocyclyl; R® =
O'\ N ):N Q 7 “th \ H or akyl; Q = cycloalkylene, arylene, heteroarylene, or heterocyclylene;
R n R5m T = abond or (un)substituted NH; n = 1-5) and their enantiomers, mixt.
of enantiomers and diastereomers, isotopic variants, acceptable salts,

CCCLXXXIV solvates, hydrates, prodrugs, or compns.]
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literature [245]. Synthesis of benzimidazole derivatives CCCL XXXV and

CCCLXXXV CCCLXXXVI CCCLXXXVII
[X to Z independently=CH, C(O), N, O, or S; RI=H, CF3, CCl3, OH, or halo, etc.; R2=(un)substituted alkyl, alkoxy, or cycloakyl, etc.]

CCCLXXXVI for the treatment of tumor is described in a Chinese patent [246].
Compound CCCLXXXVII gave |Cs; value of 2.52x10°® mol/L for inhibition of MCF-7.
Wang et. al. [247] synthesized bis-benzimidazole derivatives CCCLXXXVIIla-h by

following reaction scheme mentioned below. All these bis-benzimidazole derivatives

HNO,/ACOH

_ AcOlEEN 0-50°C, 5h._ O,N @) NO,
H,N NH, AcHN NHAc AcHN NHAC
42% KOH aq,
MeOH, A, 2h

RCHO H,N NH O:N NO
R j©/ \CE D~ R _NeHSO, 2 D/ \©i ?\/IeFédHCRTHZGhZ :©/ \©: ’
“MeoH,

rRT,8h H2N NH,
CCCLXXXVI I Ia-
R R R R
a 4OCHs phenyl b 3,5-OCHg phenyl ¢ 3,4,5-0CHg phenyl ~ d  3-OCHg, 4-OH, phenyl
e phenyl f  4-Br, phenyl g 2 4-Cl, phenyl h  4-F, phenyl

were screened for antitumor activity against HeLa, HL60 and U937 cancer cell lines.
Compound CCCLXXXVIlla exhibited good antitumor activity. Symmetrical bis-
benzimidazole derivatives CCCL XXXIXa-j have been synthesized [248] by following
reaction sequence mentioned below. On screening for cytotoxic activity against SKOV-3,
HeLa and BGC-823 cell lines, compounds CCCLXXXIXa and CCCLXXXIXi
exhibited good cytotoxic activity against SKOV-3 cell line. A number of piperazine

derivatives CCCXCa-d have been synthesized [249] by following reaction scheme
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A O/Et N conc. HNO3
Acetone C

42% KOH| A

athOH
KOH/CS, Pd-C, H,
NN EOH “NHZ MeoH HoN “
/ \
H N N)\
H
R
O/\ a ’é‘fgf a  pyrid-2-yl 3,5-CHas, 4-OCHs
b pyrid-2-yl 3,4-OCHj
¢ pyrid-2-yl  3-CHjz, 4-OCH,CF3
N R d pyrid-2-yl 3-OCHg, 4-Cl
e pyrid-2-yl 3-CH3. 4-OCH;
f  pyrid-2-yl 3-CH3, 4-OCH,CH;
g pyrid-2-yl H
h  pyrid-3-yl H
i i pyrid-4-yl H
CCCLXXXIXaj i pyidayl 6C

mentioned below. These compounds were screened for anticancer activity against Ehrlich

Ascites Carcinoma cells and compound CCCX Cc exhibited good anticancer activity.

0
NH, HN-C-CH,Cl
OH QO g, OH §C? 5 §oH N/< OoH N=
C. ACOH ~~-Br -C S
H,C o Yo  HC O 70 HsC™ "0™ ™0 H,C™ 0™ Y0
R HN:N-R] H
I 2 / \
a = HN-C-C-N N-R
b Dy OH N§<S —

(¢)

S LTS
| ;’: HC | o CCCXCard

Kumar et. al. [250] synthesized 1-benzhydrylpiperazine derivatives CCCXCla-d,
CCCXClla-d and CCCXCllla-h by following reaction sequence mentioned below. All
these compounds were screened for antiproliferative activity against one normal cell (NF-
103 skin fibroblast cells) and four human cancer cell lines MCF-7, HepG-2, HeLa and

HT-29. These compounds did not exhibit potent antiproliferative activity. Synthesis of
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W Nm o, Yol
OM _MpC 2C03 DMF N NH
isothiocyanates

MDC
SO,Cl, (EQsN
MDC RT, 6h RT, 4-5h
(Et)sN
) = 0 )
N R R N ON-&-N-R
O 7/ o) _/ _/
CCCXClad CCCXCllad CCCXCllla-h
R
~ R R R
—2 >-C| Z °
i CHg3 a \g'?{‘ 2 C%)_Me € _C;
b Ao b -\ o b ) f o
¢ O c N c MMe%o-@— '@‘

d = d — d Q— h @_Cl

Cl
piperazine derivatives CCCXCIV useful as antitumor agents is disclosed in a Chinese

patent [251]. A number of piperazine derivatives CCCXCV .29 have been synthesized
[252] and screened for anticancer activity against fourteen human cancer cell lines.

Compound CCCXCV 13 exhibited more potent effect than paclitaxel, doxorubicin,

— e 5 H

{ b [R Moe, CH,CHOH, R Ny N\H/NJ
N\R Ph-C—1 A O

N N" "ome

H
CCCXCIV CCCXCVy.09
R R? Ar R R? Ar Rl R2 Ar
1 F H 35Dimethoxyphenyl ~ 11 H F 3-Methoxyphenyl 21 H F 2-Chlorophenyl
2 F H 3.5-Dimethylphenyl 12 H F 4-Methoxyphenyl
A i 22 H F 3-Chlorophenyl
3 CI H 35Dimethoxyphenyl 13 H F 35-Dimethoxyphenyl
. - 23 H F  4-Chlorophenyl
4 CI H 3.5Dimethylphenyl 14 H F 345-Trimethoxyphenyl ;
. 24 H Cl 3,5-Dimethoxyphenyl
5 Me H 3,5-Dimethoxyphenyl 15 H F 2-Methylphenyl -
. 25 H Cl 35-Dimethylphenyl
6 Me H 3.5-Dimethylphenyl 16 H F 3-Methylphenyl .
. ) 26 H Me 3,5-Dimethoxyphenyl
7 MeO H 3,5-Dimethoxyphenyl 17 H F 2,6-Dimethylphenyl :
8 MeO H 3 5-Dimethvlohenyl ) 27 H Me 3,5-Dimethylphenyl
o i E Phey ylpheny 13 E E 2,5F-|Dlmetrr]1ylprenyl 28 H OMe 3,5-Dimethylphenyl
-riuoropheny 29 H H  35-Dimethylphenyl
10 H F 2-Methoxyphenyl 20 H F 4-Fluorophenyl ’ yipneny
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cisplatin, gemcitabine or 5-fluorouracil in cancer cells. Kamal et. al. synthesized several
piperazine linked derivatives and screened them for antitumor activity against various
cancer cell lines [253,254]. Thus pyrrolobenzodiazepine-naphthalimide conjugates
CCCXCVI have been synthesized [255] by following reaction sequence mentioned

below. Compounds CCCXCVIla,b,c were screened for anticancer activity against seven

H,
Br{C}O NO, CH(SEY),
MeO Na
O
O N
Q. R C0s, CHACN

n=2,3,4 | reflux, 12h

@)
i cignN N0 NO
O ( 2)n C m 2 gH(SEt)Z
@) MeO N@

SNnCl,-2H,0, MeOH\ reflux, 3-5 h O

0

W, v

O. (CH)N-N N{c §n9 NH2 CH(SEY),
@) MeO Na

HgCl,, CaCO3, CHsCN \ H,0, RT, 15h O

o
H
O. (CHz)n—N/\:/\N%CZ}m

) Y
o eey
CCCXCVla-e o)

m n m n m m n
2 3 c 2 4 3

o
w3
~3

human cancer cell lines i.e. Hop62 (lung), SiHa (cervix), MCF7 and ZR-75-1 (breast),
Colo205 (colon), PC-3 (prostate), and A2780 (ovarian). Compound CCCXCVla
exhibited cytotoxicity against A 2780, PC3 and SiHa cell lines with ICsp values 0.5t0 1.0

UM. A number of s-triazine derivatives containing piperazine moiety CCCXCVlla-q
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have been synthesized [256] and some representative molecules i.e
Ccccxcevild,f,l,m,n,o,p,q were screened for anticancer activity against human prostate

cancer cell line DU-145. Compound CCCXCVIIo was found to be markedly active.

R R
~ _ _CH —~ F
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— —~  N= o
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In an international patent [257] synthesis of diketopiperazines derivatives. CCCXCVIII
useful in the treatment of an angiogenic disease or condition, treatment of cancer and
precancerous conditions, treatment of a fibrotic disorder, a viral infection etc is disclosed.
Thus diketopiperazines CCCXCI X inhibited proliferation of STTG astrocytoma and

AU565 cancer cells and inhibited the Akt phosphorylation in AU565 breast cancer and

0
, 9 c ﬁJ\NH o)
R
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HN (
T%Rl émn /émf’]n &Rm ©
O
CCCXCVIII CCCXCIX pn

[R! = aside chain of an amino acid, CH,CH,CH, or CH,CH(OH)CH, and together with the adjacent ring nitrogen forms
proline or hydroxyproline, aderiv. of a side chain of an amino acid wherein the derivatized chain has: (i) an NH,replaced
by NHR3, N(R3),; (ii) an SH replaced by SSCH,CH(NH,)CO,H; (iii) a CH,replaceed by a CH(Me) or CH(OH), etc.;
R3=(un)substituted alkyl, cycloalkyl, heterocycloalkyl, (hetero)aryl, alkylaryl, arylalkyl; R? = A, B, C; R® = independently
(hetero)aryl, alkyl, acyl, halo, etc.; n = 0-5; R = alkyl, lower alkyl], their pharmaceutically-acceptable salts or prodrugs]

WM-266-4 melanoma cells. Diketopiperazines derivatives CCCCa-f have been
synthesized [258] and screened for anticancer activity against three human cancer lines
i.e. HT-29, HeLaand MCF-7. Compound CCCCb caused maximum inhibition in growth

of Hel.a cancer cells and near equivalent activity against HT-29 & MCF-7 cells whereas
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other compounds i.e. CCCCa,c-f were not as effective as CCCCb. Yamazaki et. al.
[259,260] synthesized benzophenone-bearing diketopiperazine  derivatives
CCCCVIllla-o by following reaction scheme mentioned below. All these compounds
were screened for cytotoxic activity against HT-29 cells. Compounds CCCCVIIIi and
CCCCVIlIj exhibited I1Csq value of 0.6 and 0.5 nM.
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In this chapter we have summarized the recent work reported in literature on the
use of microwave technology in organic synthesis; synthesis of acridine & bis acridine;
pyrazole & oxadiazole; isoindole & pyrrolopyrazine; amidine & azomething;
benzimidazole & piperazine derivatives and their evaluation for anti-inflammatory,

anticancer and other biological activities.

78



Chapter 1

References

1

10.

Akama, T.; Virtucio, C.; Dong, C.; Kimura, R.; Zhang, Y.-K.; Nieman, J. A.;
Sharma, R.; Lu, X.; Sales, M.; Singh, R.; Wua, A.; Fan, X.-Q.; Liu, L.; Plattner, J.
J.; Jarnagin, K.; Freund, Y. R. “Structure-activity relationships of 6-
(aminomethylphenoxy)-benzoxaborole derivatives as anti-inflammatory agent.”
Bioorg. Med. Chem. Lett., 23, 1680 (2013).

Ong, C. W,; Liu, M.-C.; Lee, K.-D.; Chang, K. W.; Yang, Y.-T.; Tung, H.-W.; Fox,
K. R. “Synthesis of bisgquinoline-pyrrole oligoamide as G-quadruplex binding
ligand.” Tetrahedron, 68, 5453 (2012).

Edwards, T. G.; Kodller, K. J.; Slomczynska, U.; Fok, K.; Helmus,M.; Bashkin, J.
K.; Fisher, C. “HPV episome levels are potently decreased by pyrrole-imidazole
polyamides.” Antivir. Res., 91, 177 (2011).

Soudy, R.; Wang, L.; Kaur, K. “Synthetic peptides derived from the sequence of a
lasso peptide microcin J25 show antibacterial activity.” Bioorg. Med. Chem., 20,
1794 (2012).

Kaur, R.; Bansal, M.; Kaur, B.; Mishra, T.; Bhatia, A. “Synthesis of 4-aryl-4,5-
dihydro-1H-indeno[1,2-d]pyrimidines by Biginelli condensation and their
antibacterial activities.” J. Chem. Sci., 123, 443 (2011).

Darandale, S. N.; Pansare, D. N.; Mulla, N. A.; Shinde, D. B. “Green synthesis of
tetrahydropyrimidine analogues and evaluation of their antimicrobial activity.”
Bioorg. Med. Chem. Lett., 23, 2632 (2013).

Khurana, J. M.; Magoo, D.; Aggarwal, K.; Aggarwal, N.; Kumar, R.; Srivastava, C.
“Synthesis of novel 12-aryl-8,9,10,12-tetrahydrobenzo|a]xanthene-11-thiones and
evaluation of their biocidal effects.” Eur. J. Med. Chem., 58, 470 (2012).

Prakash, O.; Anga, D. K.; Lohan, P.; Hussain, K.; Arora, S.; Sharma, C.; Anga, K.
R. “Synthesis and antimicrobial activity of 5-((3-aryl-1-phenyl-1H-pyrazol-4-
yl)methylene)thiazolidine-2,4-diones.” Med. Chem. Res., 21, 2961 (2012).

Siddiqui, S. M.; Salahuddin, A.; Azam, A. “Mannich base derivatives of 1,3,4-
oxadiazole: synthesis and screening against entamoeba histolytica.” Med. Chem.
Res., 22, 1313 (2013).

Khan, A. T.; Das, D. K.; Islam, K.; Das, P. “A simple and expedient synthesis of
functionalized pyrido[2,3-c] coumarin derivatives using molecular iodine catalyzed
three-component reaction.” Tetrahedron Lett., 53, 6418 (2012).

79



General Introduction

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Shi, F.; Zeng, X.-N.; Wu, F.-Y.; Yan, S,; Zheng, W.-F.; Tu, S.-J. “Efficient
microwave-assisted synthesis and antioxidant activity of 4-arylidene-2-phenyl-1H-
imidazol-5(4H)-ones.” J. Heterocyclic Chem., 49, 59 (2012).

Caceres-Cadtillo, D.; Carbalo, R. M.; Tzec-Interian, J. A.; MenaRegon, G. J.
“Solvent-free synthesis of 2-amino-4-arylthiazoles under microwave irradiation.”
Tetrahedron Lett., 53, 3934 (2012).

Colombo, M.; Bossolo, S.; Aramini, A. “Phosphorus trichloride-mediated and
microwave-assisted synthesis of a small collection of amides bearing strong
electron-withdrawing group substituted anilines.” J. Comb. Chem., 11, 335
(2009).

Saiz, C.; Pizzo, C.; Manta, E.; Wipf, P.; Mahler, S. G. “Microwave-assisted tandem
reactions for the synthesis of 2-hydrazolyl-4-thiazolidinones.” Tetrahedron Lett.,
50, 901 (2009).

Kamila, S.; Biehl, E. R. “Synthesis of thiazolines by the reaction of aryl ketonitriles
with cysteamine via microwave irradiation.” J. Heterocycl. Chem., 44(2), 407
(2009).

Sharma, R.; Vadivel, S. K.; Duclos Jr.; R. I.; Makriyannis, A. “Open vessel mode
microwave-assisted synthesis of 2-oxazolines from carboxlic acids’ Tetrahedron
lett., 50, 5780 (2009).

Seijas J. A.; Vazquez-Tato, M. P.; Crecente-Campo, J. “ Straightforward microwave
-assisted synthesis of 2- thiazolines using Lawesson’s reagent under solvent-free
conditions’ Tetrahedron, 64, 9280 (2008).

Samadi, A.; Silva, D.; Chioua, M.; Carreiras, M. do C.; Marco-Contelles, J.
“Microwave irradiation-assisted amination of 2-chloropyridine derivatives with
amide solvents” Synth. Commun., 41, 2859 (2011).

Zhu, S-L.; Ji, S-J,; Su, X.-M.; Sun, C.; Liu, Y. “Facile and efficient synthesis of a
new class of bis(3-indolyl)pyridine derivatives via one-pot multicomponent
reactions.” Tetrahedron Lett., 49, 1777 (2008).

Yang, L.; Shi, D.; Chen, S.; Chai, H.; Huang, D.; Zhang, Q.; Li, J. “Microwave-
assisted synthesis of 2,3-dihydropyrido[2,3-d]pyrimidin-4(1H)-ones catalyzed by
DBU in agueous medium” Green Chem., 14, 945 (2012).

Arvapdli, V. S.; Chen, G.; Kosarev, S.; Tan, M. E.; Xie, D.; Yet, L. “Microwave-
assisted organic synthesis of 3-substituted-imidazo[1,5-a]pyridines.” Tetrahedron
L ett., 51(2), 284 (2010).

80



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Chapter 1

Patil, J. P.; Amrutkar, S. V.; Ranawat, M. S. “Microwave assisted synthesis of
quinazolinone using different bases.” J. Pharm. Sci. & Res., 1, 52 (2009).

Nagargj, M.; Boominathan, M.; Muthusubramanian, S.; Bhuvanesh, N.
“Microwave-assisted metal-free synthesis of 2,8-diaryl-6-aminoimidazo[1,2-
alpyridine via amine-triggered benzannulation” Synlett, 23(9), 1353 (2012).

Insuasty, H.; Estrada, S.; Quiroga, J.; Insuasty, B.; Abonia, R.; Nogueras, M.;
Cobo, J “Solvent-Free Microwave-assisted synthesis of novel 4-
hetarylpyrazolo[1,5-a][1,3,5]triazines’ J. Heter ocyclic Chem., 49, 1339 (2012).

Servi, S.; Genc, M. “Microwave-assisted synthesis of N-(1H-imidazoline-2-yl)-1H-
benzimisazol-2-amine and its N-functionalized derivatives’ Synth. Commun., 42,
2797 (2012).

Shi, F.; Li, C.; Xia, M.; Miao, K.; Zhao, Y.; Tu, S.; Zheng, W.; Zhang, G.; Ma, N.
“Green chemoselective synthesis of thiazolo[3,2-a]pyridine derivatives and
evaluation of their antioxidant and cytotoxic activities.” Bioorg. Med. Chem.
L ett., 19, 5565 (2009).

El-borai, M. A.; Rizk, H. F.; Abd-Aa, M. F.; El-Deeb, I. Y. “Synthesis of
pyrazol o[ 3,4-b] pyridines under microwave irradiation in multicomponent reactions
and their antitumor and antimicrobial activities-Part 1" Eur. J. Med. Chem., 48, 92
(2012).

Alen, J.; Robeyns, K.; De Borggraeve, W. M.; Meervelt L. V.; Compernolle, F.
“Synthesis of pyrazino[1,2-albenzimidazol-1(2H)ones via a microwave assisted
Buchwald-Hartwig type reaction.” Tetrahedron, 64, 8128 (2008).

Neochoritis, C. G.; Zarganes-Tzitzikas, T.; Tsoleridis, C. A.; Stephanidou-
Stephanatou, J.; Kontogiorgis, C. A.; Hadjipavlou-Litina, D. J.; Choli-
Papadopoulou, T. “One-pot microwave assisted synthesis under green chemistry
conditions, antioxidant screening, and cytotoxicity assessments of benzimidazole
Schiff bases and pyrimido[1,2-a]benzimidazol-3(4H)-ones’ Eur. J. Med. Chem.,
46, 297 (2011).

Shi, F.; Zeng, X.-N.; Zhang, G.; Ma, N.; Jiang, B.; Tu, S. “Facile synthesis of new
4-aza-podophyllotoxin analogs via microwave-assisted multi-component reactions
and evaluation of their cytotoxic activity” Bioorg. Med. Chem. Lett., 21, 7119
(2011).

Srinivasan, K. V.; Chaskar, P. K.; Dighe, S. N.; Rane, D. S.; Khade, P. V.; Jain, K.
S. “Microwave assisted synthesis of fused heterocyclic compounds’ Heter ocycles,
83, 2451 (2011).

81



General Introduction

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Mcevoy, G. K. (Ed) “AHFS drug Information” American society of Hospital
Pharmacists, Inc. Bethesda, PP. 514, 528, 529, 575, 1114, 1119, 1082, (1992).

Hawkey, C. J. “COX-2 inhibitors” L ancet, 353, 307 (1999).

Liu, M.-C.; Ong, C. W. “Synthesis of pyrrole urea and pyrrole carbonylurea
derivatives’ Tetrahedron 65, 8389 (2009).

Bashkin, J. K.; Aston, K.; Ramos, J. P.; Kodller, K. J.; Nanjunda, R.; He, G,;
Dupureur, C. M.; Wilson, W. D. “Promoter scanning of the human COX-2 gene
with 8-ring polyamides: Unexpected weakening of polyamidee DNA binding and
selectivity by replacing an internal N-Me-pyrrole with B-alanine” Biochimie, 95,
271 (2013)

Puri, S.; Kaur, B.; Parmar, A.; Kumar H. “One-pot solvent-free sonochemical
synthesis of 1-amidoalkyl-2-naphthols” Org. Prep. Proced. Int., 44, 91 (2012).

Khurana, J. M.; Chaudhary, A. “Efficient and green synthesis of 4H-pyrans and
4H-pyrano[2,3-c] pyrazoles catalyzed by task-specific ionic liquid [bmim]OH
under solvent-free conditions’ Green Chem. Lett. Rev., 5, 633 (2012).

Khan, A. T.; Khan, M. M.; Das, D. K.; La, M. “Silica-Supported Perchloric Acid
(HCIO4~SIO,): An efficient catalyst for one-pot synthesis of functionalized
tetrahydropyrimidine derivatives’ J. Heter ocyclic Chem., 49, 1362 (2012).

Prakash, O.; Anga, D. K.; Wadhwa, D.; Kumar, R.; Arora, S. “A facile synthesis of
novel dihydroindeno[1,2-€][1,2,4]triazolo-[3,4-b][1,3,4]thiadiazines using HTIB”
J. Heterocyclic Chem., 49, 566 (2012).

Reepmeyer, J. C.; d’Avignon, D. A. “Structure elucidation of thioketone anal ogues
of sildenafil detected as adulterants in herbal aphrodisiacs’ J. Pharm. Biomed.
Anal., 49, 145 (2009).

Cotter, D. G.; d'Avignon, D. A.; Wentz, A. E.; Weber, M. L.; Crawford, P. A.
“Obligate role for ketone body oxidation in neonatal metabolic homeostasis’ J.
Biol. Chem., 286, 6902 (2011).

Siddiqui, S. M.; Salahuddin, A.; Azam, A. “Synthesis of some 1,3,4-thiadiazole
derivatives as inhibitors of entamoeba histolytica” Med. Chem. Res,, 22, 1305
(2013).

Sangshetti, J. N.; Dharmadhikari, P. P.; Chouthe, R. S.; Fatema, B.; Lad, V.;
Karande, V.; Darandale, S. N.; Shinde, D. B. “Microwave assisted nano (ZnO—
TiO,) catalyzed synthesis of some new 4,5,6,7-tetrahydro-6-((5-substituted-1,3,4-
oxadiazol-2-yl)methyl) thieno[2,3-c]pyridine as antimicrobia agents’ Bioorg.
Med. Chem. Lett., 23, 2250 (2013).

82



45,

46.

47.

48.

49.

50.

ol.

52.

53

Chapter 1

Shahin, M.; Soudy, R.; Aliabadi, H. M.; Kneteman, N.; Kaur, K.; Lavasanifar, A.
“Engineered breast tumor targeting peptide ligand modified liposomal doxorubicin
and the effect of peptide density on anticancer activity” Biomaterials, 34, 4089
(2013).

Koganty, R. R.; Yalamati, D.; Jiang, Z.-H. “Glycopeptide-based cancer vaccines:
the role of synthesis and structural definition.” ACS Symposium Series. C.A., 149,
399837 (2008).

Hernandez, V.; Crepin, T.; Palencia, A.; Cusack, S.; Akama, T.; Baker, S. J.; Bu,
W.; Feng, L.; Freund, Y. R.; Liu, L.; Meewan, M.; Mohan, M.; Mao, W.; Rock, F.
L.; Sexton, H.; Sheoran, A.; Zhang, Y.; Zhang, Y.-K.; Zhou, Y.; Nieman, J. A.;
Anugula, M. R.; Keramane, E. M.; Savarirg), K.; Reddy, D. S.; Sharma, R.; Subedi,
R.; Singh, R.; O’Leary, A.; Simon, N. L.; Marsh, P. L. D.; Mushtag, S.; Warner,
M.; Livermore, D. M.; Alley, M. R. K.; Plattnera, J. J. “Discovery of anovel class
of boron-based antibacterials with activity against gram-negative bacteria’
Antimicrob. Agents Chemother., 57, 1394 (2013).

Soh, J. W.; Weinstein |. B. “Role of COX-independent targets of NSAIDs and
related compounds in cancer prevention and treatment.” Prog. Exp. Tumor Res.,
37, 261 (2005).

Zhou, Y.; Hancock, J. F.; Lichtenberger, L. M. “The nonsteroidal anti-
inflammatory drug indomethacin induces heterogeneity in lipid membranes:
potential implication for its diverse biological action.” PL oS One, 5(1), 1, (2010).

Bennett J. S; Daugherty A.; Herrington D.; Greenland P.; Roberts H.; Taubert K. A.
“The use of nonsteroidal  anti-inflammatory drugs (NSAIDS): a science advisory
from the American heart association.” Circulation, 111(13), 1713 (2005).

Mitchell, J. A.; Warner, T. D. “COX isoforms in the cardiovascular system:
understanding the activities of non-steroidal anti-inflammatory drugs.” Nat. Rev.
Drug Discovery., 5(1), 75 (2006).

Feldman, M.; McMahon, A. T. “Do cyclooxygenase-2 inhibitors provide benefits
similar to those of traditional nonsteroidal anti-inflammatory drugs, with less
gastrointestinal toxicity” Ann. Intern. Med., 132(2), 134 (2000).

Dagleish, A. G.; Burkhard, H (Ed.) “The link between cancer and inflammation.”
Springer, PP (2006).

Harris, R. E.; Beebe-Donk, J.; Alshafie, G. A. “Similar reductions in the risk of
human colon cancer by selective and nonselective cyclooxygenase-2 (COX-2)
inhibitors.” BMC Cancer, 8, 237 (2008).

83



General Introduction

4.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

Harris, R. E. “Cyclooxygenase-2 (cox-2) blockade in the chemoprevention of
cancers of the colon, breast, prostate, and lung.” Inflammophar macology, 17, 55
(2009).

Bertolini, A.; Ottani, A.; Sandrini, M. “Selective COX-2 inhibitors and dual acting
anti-inflammatory drugs: Critical remarks.” Curr. Med. Chem. 9, 1033 (2002).

Simon, L. S. “COX-2 inhibition: An advance or only pharmaceutical “hype’?’
Arthrit. CareRes,, 45, 209 (2001).

Karha J.; Topol E. J. “The sad story of Vioxx and what we should learn from it.”
Clev. Clin. J. Med., 71, 933 (2004).

Chen, Y.-L., Chen, I-L., Lu, C.-M., Tzeng, C.-C., Tsao, L.-T., Wang, J.-P.,
“Synthesis and anti-inflammatory evaluation of 9-phenoxyacridine and 4-
phenoxyfuro[2,3-b]quinoline derivatives. Part 2.” Bioorg. Med. Chem., 11(18),
3921 (2003).

Chen, Y .-L., Lu, C.-M., Chen, I-L., Tsao, L.-T., Wang, J.-P., “Synthesis and anti-
inflammatory evaluation of 9-anilinoacridine and 9-phenoxyacridine derivatives.”
J. Med. Chem., 45(21), 4689 (2002).

Isaev, S.G., Yariomenko, V.D., Rusakova, N.R., “Synthesis, structure and
biological activity of 9-[[4-(dimethylamino)benzylidene] hydrazino]-5-
nitroacridines.” Farmatsevtichnii Zhurnal (Kiev), 1, 72 (2000).

Lipford, G.B., Forsbach, A., Zepp, C.M., “Small molecule toll-like receptor (TLR)
antagonists.” PCT Int. Appl. WO 2005007672, C.A. 142, 170068 (2005).

Yartseva, L.V., Isayev, S.G., Svechnikova, O.M., “Synthesis, physicochemical
properties, and biological activity of 9-acetylamino and arylamino derivatives of 5-
nitroacridine.” Far matsevtichnii Zhurnal (Kiev), 3, 60 (2003).

Bondinell, W. E.; Reader, V. A.; Ku, T. W. F., “ Substituted bisacridines and related
compounds as CCR5 receptor ligands, antiinflammatory agents and antivira
agents’ PCT Int. Appl., WO 9830218, C.A. 129, 122582 (1998).

Kumar, P.; Kumar, R.; Prasad D. N. “Synthesis and biological evaluation of new 9-
aminoacridine-4-carboxamide derivatives as anticancer agents” Arabian J. Chem.,
6, 59 (2013).

Malachowska-Ugarte, M.; Cholewinski, G.; Dzierzbicka, K.; Trzonkowski, P.
“Synthesis and biological activity of novel mycophenolic acid conjugates
containing nitro-acridine/acridone derivatives’ Eur. J. Med. Chem., 54, 197
(2012).



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Chapter 1

Patel, M. M.; Madli, M. D.; Patel, S. K. “Bernthsen synthesis, antimicrobial
activities and cytotoxicity of acridine derivatives’ Bioorg. Med. Chem. Lett., 20,
6324 (2010).

Barros, F. W. A.; Silva, T. G.; daRocha Pitta, M. G.; Bezerra, D. P.; Costa-Lotufo,
L. V.; de Moraes, M. O.; Pessoa, C.; de Moura, M. A. F. B.; de Abreu, F. C.; de
Lima, M. do C. A.; Gddino, S. L.; da Rocha Pitta, 1.; Goulart, M. O. F. “Synthesis
and cytotoxic activity of new acridine-thiazolidine derivatives’ Bioorg. Med.
Chem., 20, 3533 (2012).

Barros, F. W. A.; Bezerra, D. P.; Ferreira, P. M. P.; Cavalcanti, B. C.; Silva, T. G,;
Pitta, M. G. R.; de Lima, M. do C. A.; Galdino, S. L.; Pitta, I. da R.; Costa-Lotufo,
L. V.; Moraes, M. O.; Burbano, R. R.; Guecheva, T. N.; Henriques, J. A. P.;
Pessoa, C. “Inhibition of DNA topoisomerase | activity and induction of apoptosis
by thiazacridine derivatives” Toxicol. Appl. Pharmacol., 268, 37 (2013).

Wang S.-S., Lee, Y.-J,, Hsu, S.C., Chang, H.-O, Yin, W.-K., Chang, L.-S., Chou,
S.-Y., “Linker-modified triamine-linked acridine dimers. synthesis and cytotoxicity
propertiesin vitro and in vivo.” Bioorg. Med. Chem., 15, 735 (2007).

Wang, S.-S.; Lee, Y.-J; Hsu, S-C., Hseh, C.; Chang, L.-S.; Chou, S.Y.
“Increasing antitumor activity in vivo by enhancing acridine dimer solubility with
salt preparations” Med. Chem. Res,, 19, 565 (2010).

Gribble, G. W.; Jaycox, G. D.; Mosher, M. “Preparation of bis(9-aminoacridine)
DNA intercalating agents having antitumor activity” PCT Int. Appl., WO
9857956 C. A. 130, 66397 (1998).

Gribble, G. W.; Androsov, D. A. “Compositions and methods for treating cancer”
PCT Int. Appl., WO 2011016952 C. A. 154, 251076 (2011).

Gribble, G. W.; Lopchuk, J. M. “Compositions and methods for treating cancer”
U.S. Pat. Appl. Publ., US 20120022097 C.A. 156, 222492 (2012).

Chou, S.-Y.; Wang, S.-S.; Lee, C.-F.; Yin, W.-K.; Chen, S.-F. “Preparation of
novel polyamine-linked acridine dimers as as potential anti-cancer agents’ U.S,,
US 5886185 C.A. 130, 267349 (1999).

Gamage, S. A.; Spicer, J. A.; Atwell, G. J; Finlay, G. J.; Baguley, B. C.; Denny,
W. A. “Structure-activity relationships for substituted bis(acridine-4-
carboxamides): A new class of anticancer agents’ J. Med. Chem., 42, 2383 (1999).

Gellerman, G. “Preparation of 9-aminoacridine derivatives’” PCT Int. Appl., WO
2011051950 C.A. 154, 540768 (2011).

85



General Introduction

77.

78.

79.

80.

81.

82.

83.

84.

85.

Teulade-Fichou, M.-P.; Lehn, J-M.; Petitjean, A.; Tchirkov, A.; Verd, P,
Mergny, J-L. “4,6-Big6-(acridin-9-yl)pyridin-2-yl]pyrimidines and their
preparation compositions and methods for treating cancer and other diseases
characterized by abnormal cell proliferation” Can. Pat. Appl., CA 2554737 C.A.
146, 229368 (2007).

Lorente, A.; Vazquez, Y. G.; Fernandez M.-J.; Ferrandez A. “Bisacridines with
aromatic linking chains. Synthesis, DNA interaction, and antitumor activity”
Bioorg. Med. Chem., 12, 4307 (2004).

Sauzem, P. D.; Machado, P.; Rubin, M. A.; Sant’ Anna, G. da S.; Faber, H. B.; de
Souza, A. H.; Mdllo, C. F.; Beck, P.; Burrow, R. A.; Bonacorso, H. G.; Zanatta, N.;
Martins, M. A. P. “Design and microwave-assisted synthesis of 5-trifluoromethyl-
4,5-dihydro-1H-pyrazoles. Novel agents with analgesic and anti-inflammatory
properties’ Eur. J. Med. Chem., 43, 1237 (2008).

Ramesh, B.; Bhagat, C. M. “Nove dihydropyrimidines and its pyrazole
derivatives. Synthesis and pharmacological screening” Eur. J. Med. Chem., 46,
1882 (2011).

Khalil, O. M. “Synthesis and anti-inflammatory activity of 1-acetyl/propanoyl-5-
aryl-3-(4-morpholinophenyl)-4,5-dihydro-1H-pyrazole derivatives’ Med. Chem.
Res., 21, 3240 (2012).

Eissa, A. A. M.; Farag, N. A. H.; Soliman, G. A. H. “Synthesis, biological
evaluation and docking studies of novel benzopyranone congeners for their
expected activity as anti-inflammatory, analgesic and antipyretic agents’ Bioorg.
Med. Chem., 17, 5059 (2009).

Zhang, B.; Zhou, S.; He, W.; Liu, H.; Yuan, X.; Zhu, C.; Shi, X. “Preparation of
aminosulfonyl containing pyrazole derivatives as antipyretics, anagesics,
antiinflammatory, or antitumor agents’ Faming Zhuanli Shenging, CN
101805290 A 20100818, C.A. 153, 359011 (2010).

El-Sayed, M. A.-A.; Abde-Aziz, N. |.; Abdel-Aziz, A. A.-M.; El-Azab, A. S,
Asiri, Y. A.; ElTahir, K. E. H. “Design, synthesis, and biological evaluation of
substituted hydrazone and pyrazole derivatives as selective COX-2 inhibitors:
Molecular docking study” Bioorg. Med. Chem., 19, 3416 (2011).

Inami, H.; Mizutani, T.; Maeda, J.; Usuda, H.; Nagashima, S.; Ito, T.; Aoyama, N.;
Kontani, T.; Hayashida, H.; Terasawa, T.; Seo, R.; Akamatsu, M.; Ishikawa, T.;
Hayashi, K. “Preparation of oxazole-carboxamide compounds as IRAK-4
inhibitors” Jpn. Kokai Tokkyo Koho, JP 2012254939 A 20121227 C.A. 158,
131721 (2012).

86



86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

Chapter 1

Mcelroy, W. T.; Li, G.; Ho, G. D.; Tan, Z.; Paliwal, S.; Seganish, W. M.; Tulshian,
D.; Lampe, J.; Methot, J. L.; Zhou, H.; Altman, M. D.; Zhu, L. “Preparation of
amidopyrazole inhibitors of interleukin receptor-associated kinases’ PCT Int.
Appl., WO 2012129258 A1 20120927 C.A. 157, 548635 (2012).

Leban, J.; Tader, S.; Saeb, W.; Chevrier, C. “Preparation of pyrazolylisoxazoles as
IL-17 and IFN-gamma production inhibitors for treating autoimmune
inflammation” PCT Int. Appl., WO 2012101263 A1 20120802 C.A. 157, 326631
(2012).

El-Sayed, M. A.-A.; Abded-Aziz, N. |.; Abdel-Aziz, A. A.-M.; El-Azab, A. S,
ElTahir, K. E. H. “Synthesis, biological evauation and molecular modeling study
of pyrazole and pyrazoline derivatives as selective COX-2 inhibitors and anti-
inflammatory agents. Part 2" Bioorg. Med. Chem., 20, 3306 (2012).

Emmanuel-Giota, A. A.; Fylaktakidou, K. C.; Hadjipavlou-Litina, D. J.; Litinas, K.
E.; Nicolaides, D. N. “Synthesis and biological evaluation of several 3-(coumarin-
4-yl)tetrahydroisoxazole and 3-(coumarin-4-yl)dihydropyrazole derivatives’ J.
Heterocyclic Chem., 38, 717 (2001).

Gilani, S. J.;; Khan, S. A.; Siddiqui, N. “Synthesis and pharmacological evaluation
of condensed heterocyclic 6-substituted 1,2,4-triazolo-[ 3,4-b]-1,3,4-thiadiazole and
1,3,4-oxadiazole derivatives of isoniazid ” Bioorg. Med. Chem. Lett., 20, 4762
(2010).

Gadegoni, H.; Manda, S. “Synthesis and screening of some novel substituted
indoles contained 1,3,4-oxadiazole and 1,2,4-triazole moiety” Chin. Chem. Lett.,
24(2), 127 (2013).

Amir, M.; Saifullah, K.; Akhter, W. “Design, synthesis and pharmacological
evaluation of novel azole derivatives of aryl acetic acid as anti-inflammatory and
analgesic agents’ J. Enzyme Inhib. Med. Chem., 26, 141 (2011).

Li, Y.; Li, C.; Jin, K,; Sun, S;; Zhou, X. “Synthesis and biological activities of
novel benzoxazolinone/benzothiazolone derivatives containing oxadiazole moiety”
Huaxue Xuebao 70, 151 (2012).

Koksal, M.; Bilge, S. S.; Bozkurt, A.; Sahin, Z. S.; Isik, S.; Erol, D. D. “Synthesis,
characterization and anti-inflammatory activity of new 5-(3,4-dichlorophenyl)-2-
(aroylmethyl)thio-1,3,4-oxadiazoles” Arzneimittel Forschung 58, 510 (2008).

Bhandari, S. V.; Bothara, K. G.; Raut, M. K.; Patil, A. A.; Sarkate, A. P.; Mokale,
V. J. “Design, synthesis and evaluation of antiinflammatory, analgesic and
ulcerogenicity studies of novel S-substituted phenacyl-1,3,4-oxadiazole-2-thiol and

87



General Introduction

96.

97.

98.

99.

100.

101.

102.

103.

104.

Schiff bases of diclofenac acid as nonulcerogenic derivatives’ Bioorg. Med.
Chem.,16, 1822 (2008).

Akhter, M.; Akhter, N.; Alam, M. M.; Zaman, M. S.; Saha, R.; Kumar, A.
“Synthesis and biological evauation of 2,5-disubstituted 1,3,4-oxadiazole
derivatives with both COX and LOX inhibitory activity” J. Enzyme Inhib. Med.
Chem., 26, 767 (2011).

Ramaprasad, G. C.; Kdluraya, B.; Kumar, B. S.; Malya, S. “Synthesis of new
oxadiazole derivatives as anti-inflammatory, analgesic, and antimicrobia agents’
Med. Chem. Res., DOI 10.1007/s00044-012-0298-1 (2013).

Farooqui, M.; Bora, R.; Patil, C. R. “Synthesis, analgesic and anti-inflammatory
activities of novel 3-(4-acetamido-benzyl)-5-substituted-1,2,4-oxadiazoles’ Eur. J.
Med. Chem., 44, 794 (2009).

Dahl, B. H.; Peters, D.; Olsen, G. M.; Timmermann, D. B.; Joergensen, S. “Novel
oxadiazole derivatives as nicotinic acetylcholine receptor modulators and their
preparation, pharmaceutical compositions, and use in the treatment of various
central nervous system and peripheral nervous system diseases’ PCT Int. Appl.,
WO 2006114400 A1 20061102 C.A. 145, 471538 (2006).

Ispikoudi, M.; Amvrazis, M.; Kontogiorgis, C.; Koumbis, A. E.; Litinas, K. E.;
Hadjipavlou-Litina, D.; Fylaktakidou, K. C. “Convenient synthesis and biological
profile of 5-amino-substituted 1,2,4-oxadiazole derivatives’ Eur. J. Med. Chem.,
45, 5635 (2010).

dos Santos Filho, J. M.; de Lima, J. G.; Lete, L. F. C. C. “Synthesis,
characterization, and anti-inflammatory evaluation of 1,2,4-oxadiazoles combined
with thiosemicarbazide and 1,3,4-oxadiazole moieties” J. Heter ocyclic Chem., 46,
722 (2009).

Cherney, R. J.; Wang, Z. “Preparation of 5-[3-phenyl-4-(trifluoromethyl)isoxazol-
5-yl]-1,2,4-oxadiazole derivatives for treatment of autoimmune and chronic
inflammatory diseases” PCT Int. Appl., WO 2012061459 A1 20120510 C.A. 156,
613413 (2012).

Fan, C.-D.; Zhao, B.-X.; We, F.; Zhang, G.-H.; Dong, W.-L.; Miao, J.-Y.
“Synthesis and discovery of autophagy inducers for A549 and H460 lung cancer
cells, novel 1-(2°-hydroxy-3 -aroxypropyl)-3-aryl-1H-pyrazole-5-carbohydrazide
derivatives’ Bioorg. Med. Chem. Lett., 18, 3860 (2008).

Xia, Y.; Fan, C.-D.; Zhao, B.-X.; Zhao, J.; Shin, D.-S.; Miao, J.-Y. “Synthesis and
structureeactivity relationships of novel 1-arylmethyl-3-aryl-1H-pyrazole-5-

88



105.

106.

107.

108.

109.

110.

111.

112.

113.

Chapter 1

carbohydrazide hydrazone derivatives as potential agents against A549 lung cancer
cells’ Eur. J. Med. Chem., 43, 2347 (2008).

Westman, J.; Kull, B.; Stenberg, P. “Hydrazono-5-oxo-4,5-dihydropyrazole-1-
carbothioic acid amide derivatives, and use thereof in the treatment of
prostaglandin E synthase-related diseases’ PCT Int. Appl., WO 2009130242 A1
20091029, C.A. 151, 485350 (2009).

Liu, X.-H.; Li, J;; Shi, J. B.; Song, B.-A.; Qi, X.-B. “Design and synthesis of novel
5-phenyl-N-piperidine ethanone containing 4,5-dihydropyrazole derivatives as
potential antitumor agents’ Eur. J. Med. Chem., 51, 294 (2012).

Mohamed, M. F.; Mohamed, M. S.; Shouman, S. A.; Fathi, M. M.; Abdelhamid, 1.
A. “Synthesis and biological evaluation of a novel series of chalcones incorporated
pyrazole moiety as anticancer and antimicrobial agents’ Appl. Biochem.
Biotechnal., 168, 1153 (2012).

Liu, X.-H.; Ruan, B.-F.; Liu, J-X.; Song, B.-A.; Jing, L.-H.; Li, J.; Yang,Y.; Zhu,
H.-L.; Qi, X.-B. “Design and synthesis of N-phenylacetyl (sulfonyl) 4,5
dihydropyrazole derivatives as potential antitumor agents’ Bioorg. Med. Chem.
Lett., 21, 2916 (2011).

Luo, Y.; Zhang, S.; Qiu, K.-M.; Liu, Z.-J.; Yang, Y .-S.; Fu, J.; Zhong, W.-Q.; Zhu,
H.-L. “Synthesis, biological evauation, 3D-QSAR studies of novel aryl-2H-
pyrazole derivatives as telomerase inhibitors’ Bioorg. Med. Chemi. Lett., 23,
1091 (2013).

Havrylyuk, D.; Zimenkovsky, B.; Vasylenko, O.; Gzella, A.; Lesyk, R. “Synthesis
of new 4-thiazolidinone, pyrazoline and isatin-based conjugates with promising
antitumor activity” J. Med. Chem., 55, 8630 (2012).

Nishida, S.; Maruoka, H.; Yoshimura, Y.; Goto, T.; Tomita, R.; Masumoto, E.;
Okabe, F.; Yamagata, K.; Fujioka, T. “Synthesis and biologica activities of some
new thiazolidine derivatives containing pyrazole ring system” J. Heterocyclic
Chem., 49, 303 (2012).

Hassan, G. S.; Kadry, H. H.; Abou-Seri, S. M.; Ali, M. M.; Mahmoud, A. E. E.-D.
“Synthesis and in vitro cytotoxic activity of novel pyrazolo[3,4-d]pyrimidines and
related pyrazole hydrazones toward breast adenocarcinoma MCF-7 cell ling”
Bioorg. Med. Chem., 19, 6808 (2011).

Asal, A.; Matsuno, K.; Ogo, N.; Takahashi, O.; Masuda, Y.; Muroya, A.; Akiyama,
Y.; Ashizawa, T.; Okawara, T. “Preparation of 1,3,4-oxadiazole-2-carboxamide
compounds having STAT3 inhibitory activity as anticancer agents” PCT Int.
Appl., WO 2011081205 A1 20110707, C.A. 155, 182060 (2011).

89



General Introduction

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Dash, S.; Kumar, B. A.; Singh, J.; Maiti, B. C.; Maity, T. K. “Synthesis of some
novel 3,5-disubstituted 1,3,4-oxadiazole derivatives and anticancer activity on EAC
anima model” Med. Chem. Res,, 20, 1206 (2011).

Ravindra, S. R.; Yashwant, S. P.; Jagannath, K. V. “Preparation of oxadiazole
derivatives as antitumor agents’ From Indian Pat. Appl., IN 2009M U02412 A
20120330, C. A. 156, 613409 (2012).

Luo, Z.-H.; He, S.-Y.; Chen, B.-Q.; Shi, Y.-P,; Liu, Y.-M.; Li, C.-W.; Wang, Q.-S.
“Synthesis and in vitro antitumor activity of 1,3,4-oxadiazole derivatives based on
benzisoselenazolone’” Chem. Phar m. Bull., 60, 887 (2012).

Kamal, A.; Dastagiri, D.; Ramaiah, M. J.; Bharathi, E. V.; Reddy, J. S.; Baakishan,
G.; Sarma, P.; Pushpavadlli, S. N. C. V. L.; Pa-Bhadra, M.; Juvekar, A.; Sen, S,;
Zingde, S. “Synthesis, anticancer activity and mitochondrial mediated apoptosis
inducing ability of 2,5-diaryloxadiazole—pyrrolobenzodiazepine conjugates’
Bioorg. Med. Chem., 18, 6666 (2010).

Kamal, A.; Srikanth, Y. V. V.; Shak, T. B.; Khan, M. N. A.; Ashraf, M.; Reddy,
M. K.; Kumar, K. A.; Kalivendi, S. V. “2-Anilinonicotinyl linked 1,3,4-oxadiazole
derivatives. Synthesis, antitumour activity and inhibition of tubulin
polymerization” Med. Chem. Comm., 2, 819 (2011).

Bondock, S.; Adel, S.; Etman, H. A.; Badria, F. A. “Synthesis and antitumor
evaluation of some new 1,3,4-oxadiazole-based heterocycles’ Eur. J. Med.
Chem., 48, 192 (2012).

Abdd Rahman, D. E. “Synthesis, quantitative structure-activity relationship and
biological evaluation of 1,3,4-oxadiazole derivatives possessing diphenylamine
moiety as potential anticancer agents” Chem. Pharm. Bull., 61, 151 (2013).

Murty, M. S. R.; Rao, B. R.; Katiki, M. R.; Nath, L. R.; Anto, R. J. “Synthesis of
piperazinyl benzothiazole/benzoxazole derivatives coupled with 1,3,4-oxadiazole-
2-thiol: novel hybrid heterocycles as anticancer agents’ Med. Chem. Res. DOI
10.1007/s00044-013-0510-y (2013).

Kumar, D.; Patel, G.; Johnson, E. O.; Shah K. “Synthesis and anticancer activities
of novel 3,5-disubstituted-1,2,4-oxadiazoles’ Bioorg. Med. Chem. Lett., 19, 2739
(2009).

dos Anjos, J. V.; Neves Filho, R. A. W.; do Nascimento, S. C.; Srivastava, R. M ;
de Méelo, S. J.;; Sinou, D. “Synthesis and cytotoxic profile of glycosyl-triazole
linked to 1,2,4-oxadiazole moiety at C-5 through a straight-chain carbon and
oxygen atoms” Eur. J. Med. Chem., 44, 3571 (2009).

90



124,

125.

126.

127.

128.

129.

130.

131.

132.

Chapter 1

Papeo, G. M. E.; Anatolievna Busel, A.; Khvat, A.; Krasavin, M. Y.; Forte, B.;
Zuccotto, F. “Preparation of 3-oxo-2,3-dihydro-1H-isoindole-4-carboxamides as
PARP inhibitors’ PCT Int. Appl., WO 2011006794 A1 20110120, C. A. 154,
182341 (2011).

Papeo, G. M. E.; Anatolievna Busdl, A.; Casdle, E.; Khvat, A.; Krasavin, M. Y .;
Orsini, P.; Posteri, H.; Scolaro, A. “Preparation of 3-oxo-2,3-dihydro-1H-isoindole-
4-carboxamides as selective PARP-1 inhibitors” PCT Int. Appl., WO 2011006803
A120110120, C.A. 154, 182336 (2011).

Modzelewska-Banachiewicz, B.; Ucherek, M.; Zimecki, M.; Kutkowska, J.;
Kaminska, T.; Morak-Mlodawska, B.; Paprocka, R.; Szulc, M.; Lewandowski, G.;
Marciniak, J. Bobkiewicz-Kozlowska, T. “Reactions of N3-substituted
amidrazones with cis-1,2-cyclohexanedicarboxylic anhydride and biologica
activities of the products” Arch. Pharm., 345(6), 486 (2012).

Anand, N. K.; Brown, S. D.; Tesfal, Z.; Zaharia, C. A. “Preparation of phthalazine
derivatives as JAK1 inhibitors’ PCT Int. Appl., WO 2012037132 A1 20120322,
C.A. 156, 421467 (2012).

Campos, S. A.; Coe, D. M.; Trivedi, N. “Preparation of purine derivatives as
interferon inducers for use in the treatment of allergic, inflammatory and infectious
diseases and cancer” PCT Int. Appl., WO 2010018130 A1 20100218, C.A. 152,
262425 (2010).

Mederski, W.; Stoehr, G.; Werner, A. “Preparation of cis-1,2-diols for treatment of
diseases” PCT Int. Appl., WO 2012000598 A1l 20120105, C.A. 156, 122336
(2012).

Long, Y.; Cao, B.; Xie, X.; Wel, W. “Imidazopyridines as CXCR4 antagonists and
their preparation, pharmaceutical compositions and use in the treatment of
diseases’ Faming Zhuanli Shenging, CN 102675305 A 20120919, C.A. 157,
548671 (2012).

Heald, R.; Price, S.; Sdafing, B.; Savy, P. P. A.; Seward, E. M.; Sutherlin, D. P.;
Waszkowycz, B. “Preparation of heterocyclic compounds as selective inhibitors of
the p110 delta isoform of PI3K for treating inflammation, immune diseases and
cancers’ U.S. Pat. Appl. Publ., US 20120202785 A1 20120809, C.A. 157, 356767
(2012).

Ali, M. H.; Brown, J. A.; DeCandole, B. C.; Hutchinson, B. W.; Langham, B. J;
Neuss, J. C.; Quincey, J. R.; Trevitt, G. P. “Preparation of indolylmethyl-
morpholine derivatives as kinase inhibitors” PCT Int. Appl., WO 2010146351 A1
20101223, C.A. 154, 64842 (2010).

91



General Introduction

133.

134.

135.

136.

137.

138.

139.

140.

141.

Sano, H.; Noguchi, T.; Tanatani, A.; Hashimoto, Y.; Miyachi, H. “Design and
synthesis of subtype-selective cyclooxygenase (COX) inhibitors derived from
thalidomide” Bioorg. Med. Chem., 22, 3079 (2005).

Abbas, S. E.; Awaddlah, F. M.; Ibrahim, N. A.; Gouda, A. M. “Novel substituted
and fused pyrrolizine derivatives. Synthesis, anti-inflammatory and ul cerogenecity
studies’ Eur. J. Med. Chem., 45, 482 (2010).

Abu-Hashem, A. A.; Gouda, M. A. “Synthesis, anti-inflammatory and analgesic
evaluation of certain new 3a4,9,9a-tetrahydro-4,9-benzenobenz|f]isoindole-1,3-
diones’ Arch. Pharm., 344, 543 (2011).

Chen, S.; DeVicente F. J.; Hamilton, M. M.; Hermann, J. C.; Kennedy-Smith, J.;
Li, H.; Lovey, A. J.; Lucas, M. C.; Luk, K.-C. T.; Lynch, S. M.; O'Yang, C,
Padilla, F.; Schoenfeld, R. C.; Sidduri, A.; Soth, M.; Wang, C.; Wovkulich, P. M ;
Zhang, X. “Pyrrolopyrazines as kinase inhibitors and their preparation” PCT Int.
Appl., WO 2013030138 A1 20130307, C.A. 158, 418890 (2013).

de Vicente Fidalgo, J.; Hermann, J. C.; Lemoine, R.; Li, H.; Lovey, A. J.; Sogren,
E. B.; Soth, M. “Pyrrolo[2,3-b]pyrazine derivatives as inhibitors of janus kinase
and their preparation and use in the treatment of autoimmune and inflammatory
diseases’ U.S. Pat. Appl. Publ., US 20110059118 A1l 20110310, C.A. 154,
336158 (2011).

Hendricks, R. T.; Hermann, J.; Kondru, R.; Lou, Y.; Lynch, S. M.; Owens, T. D.;
Soth, M. “Pyrrolopyrazines as Janus kinase and Syk kinase inhibitors’ U.S. Pat.
Appl. Publ., US 20110230414 A1 20110922, C.A. 155, 475721 (2011).

Bamberg, J. T.; Bartlett, M.; Dubois, D. J.; Elworthy, T. R.; Hendricks, R. T.;
Hermann, J. C.; Kondru, R. K.; Lemoine, R.; Lou, Y.; Owens, T. D.; Park, J,;
Smith, D. B.; Soth, M.; Yang, H.; Yee, C. W. “Preparation of pyrrolopyrazines as
JAK and SYK inhibitors’ U.S. Pat. Appl. Publ., US 20090215750 A1 20090827,
C.A. 151, 313587 (2009).

Duboais, D. J.; Hendricks, R. T.; Hermann, J. C.; Kondru, R. K.; Lou, Y.; Owens, T.
D.; Yee, C. W. “Preparation of pyrrolopyrazines as JAK and SYK inhibitors’ U.S.
Pat. Appl. Publ., US 20090215724 A1 20090827, C.A. 151, 313586 (2009).

Dubois, D. J.; Elworthy, T. R.; Hendricks, R. T.; Hermann, J. C.; Kondru, R. K;
Lou, Y.; Owens, T. D.; Smith, D. B. “Preparation of pyrrolopyrazines as JAK and
SYK inhibitors’” U.S. Pat. Appl. Publ., US 20090215785 A1 20090827, C.A. 151,
289189 (2009).

92



142.

143.

144,

145.

146.

147.

148.

149.

Chapter 1

Elworthy, T. R.; Hendricks, R. T.; Kondru, R. K.; Lou, Y.; Owens, T. D.; Soth, M;
Yang, H. “Preparation of pyrrolopyrazines as JAK and SYK inhibitors” U.S. Pat.
Appl. Publ., US 20090215788 A1 20090827, C.A. 151, 313588 (2009).

Hendricks, R. T.; Hermann, J. C.; Kondru, R. K.; Lou, Y.; Lynch, S. M.; Owens, T.
D.; Soth, M.; Yee, C. W. “Pyrrolopyrazine derivatives as SYK and JAK inhibitors
and their preparation and use in the treatment of autoimmune and inflammatory
diseases” PCT Int. Appl., WO 2011144584 A1l 20111124, C.A. 155, 683789
(2011).

Hendricks, R. T.; Hermann, J. C.; Jame-Figueroa, S.; Kondru, R. K.; Lou, Y.;
Lynch, S. M.; Owens, T. D.; Soth, M.; Yee, C. W. “Pyrrolo[2,3-b]pyrazine-7-
carboxamide derivatives as JAK and SYK inhibitors and their preparation and use
for the treatment of autoimmune and inflammatory diseases’ PCT Int. Appl., WO
2011144585 A1 20111124, C.A. 155, 683790 (2011).

Hanney, B.; Manley, P.; Rudd, M. T.; Sanders, J. M.; Stachel, S. J.; Henze, D.
“Preparation of substituted pyrrolopyrazines and indoles as TrkA kinase inhibitors”
PCT Int. Appl., WO 2013009582 A1 20130117, C.A. 158, 216022 (2013).

Merla, B.; Oberboersch, S.; Reich, M.; Schunk, S.; Jostock, R.; Hees, S.; Engels,
M.; Gemann, T.; Bijsterveld, E. “Preparation of sulfonylated
tetrahydroazol opyrazines, particularly 1,2,3,4-tetrahydropyrrolo[ 1,2-a] pyrazines, as
bradykinin 1 receptor modulators, especially antagonists and their use in the
treatment of diseases’ PCT Int. Appl., WO 2010099938 A1 20100910, C.A. 153,
382990 (2010).

HadidaRuah, S. S.; Kald, E. A.; Miller, M. T.; Arumugam, V.; McCartney, J.;
Anderson, C.; Grootenhuis, P. D. J.; Jiang, L. “Preparation of pyrrolopyrazine-
spirocyclic piperidine amides as modulators of ion channels” U.S. Pat. Appl.
Publ., US 20120196869 A1 20120802, C.A. 157, 326694 (2012).

Soth, M.; Hermann, J. C.; Yee, C.; Alam, M.; Barnett, J. W.; Berry, P.; Browner,
M. F.; Frank, K.; Frauchiger, S.; Harris, S.; He, Y.; Hekmat-Ngad, M.; Hendricks,
T.; Henningsen, R.; Hilgenkamp, R.; Ho, H.; Hoffman, A.; Hsu, P.-Y.; Hu, D.-Q;
Itano, A.; Jaime-Figueroa, S.; Jahangir, A.; Jin, S.; Kuglstatter, A.; Kutach, A. K;
Liao, C.; Lynch, S.; Menke, J.; Niu, L.; Patel, V.; Railkar, A.; Roy, D.; Shao, A.;
Shaw, D.; Steiner, S.; Sun, Y.; Tan, S-L.; Wang, S.; Vu, M. D. “3-Amido
pyrrolopyrazine JAK Kinase inhibitors. Development of a JAK3 vs JAK1 selective
inhibitor and evaluation in cellular and in vivo models” J. Med. Chem., 56, 345
(2013).

Cho, Y. S,; Pae, A. N.; Choo, H.; Lee, J. K.; Oh, Y. N.; Shin, H. S;; Kim, D. J,

Hahn, H. G.; Choi, K. I.; Nam, G.; Shin, K. J.; Kang, S. B.; Roh, E. J.; Shin, D. Y .;

Seo, S. H.; Rhim, H.; Keum, G. C,; Kim, K.-S.; Cheong, C. S.; Kim, E. E.-K.; Leg,
93



General Introduction

150.

151

152.

153.

154.

155.

156.

157.

158.

C.; Kim, Y.; Choi, K. H.; Nam, K. D.; Park, W. S,; Kang, Y. K.; Chung, H. J.
“Preparation of novel isoindolinone derivatives having inhibitory activity against
T-type calcium channel” U.S. Pat. Appl. Publ., US 20100004286 A1 20100107,
C.A. 152, 119446 (2010).

Muller, G. W.; Ruchelman, A. L. “Preparation of isoindoline compounds for
treating cancer” PCT Int. Appl., WO 2010053732 Al 20100514, C.A. 152,
567998 (2010).

Deng, Y.; Jin, X.; Huang, Z.; Wu, C. “Preparation of 1,3-dihydro-1-oxo-2H-
isoindole compounds for treating aVB3 integrins related diseases” Faming Zhuanli
Shenqging, CN 102603610 A 20120725, C.A. 157, 294917 (2012).

Ruchelman, A. L.; Man, H.-W.; Zhang, W.; Chen, R.; Capone, L.; Kang, J.; Parton,
A.; Corral, L.; Schafer, P. H.; Babusis, D.; Moghaddam, M. F.; Tang, Y.; Shirley,
M. A.; Muller, G. W. “Isosteric analogs of lenalidomide and pomalidomide:
Synthesis and biological activity” Bioorg. Med. Chem. Lett., 23, 360 (2013).

Tang, M.; Wu, H.; Zhang, A.; Liu, Z.; Mao, Z. “Synthesis of antitumor agent
pomalidomide” Zhongguo Yiyao Gongye Zazhi, 40, 721 (2009).

Diana, P.; Martorana, A.; Barrga, P.; Montalbano, A.; Carbone, A.; Cirrincione, G.
“Nucleophilic substitutions in the isoindole series as a valuable tool to synthesize
derivatives with antitumor activity” Tetrahedron, 67, 2072 (2011).

Shultz, M.; Fan, J.; Chen, C.; Cho, Y. S.; Davis, N.; Bickford, S.; Buteau, K.; Cao,
X.; Holmgvist, M.; Hsu, M.; Jiang, L.; Liu, G.; Lu, Q.; Patel, C.; Suresh, J. R,;
Selvarg), M.; Urban, L.; Wang, P.; Yan-Neale,Y .; Whitehead, L.; Zhang, H.; Zhou,
L.; Atadja, P. “The design, synthesis and structure-activity relationships of novel
isoindoline-based histone deacetylase inhibitors’ Bioorg. Med. Chem. Lett., 21,
4909 (2011).

Gregor, V. E.; Levy, N. “Preparation of imidazo[4,5-f]isoindole derivatives as
tyrosine kinase inhibitors for treating cancer” U.S. Pat. Appl. Publ., US
20120065233 A1 20120315, C.A. 156, 390174 (2012).

Wang, X.; Salaski, E. J.; Berger, D. M.; Powdll, D.; Hua, Y.; Wojciechowicz, D.;
Callins, K.; Frommer, E. “Structure-based design of isoindoline-1,3-diones and
2,3-dihydrophthalazine-1,4-diones as novel B-Raf inhibitors’ Bioorg. Med. Chem.
Lett., 21, 6941 (2011).

Christodoulou, A.; Kostakis, I. K.; Kourafalos, V.; Pouli, N.; Marakos, P,;
Trougakos, I. P.; Tsitsilonis, O. E. “Design, synthesis and antiproliferative activity
of novel aminosubstituted benzothiopyranoisoindoles’ Bioorg. Med. Chem. Lett.,
21, 3110 (2011).

94



159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Chapter 1

Meijer, L.; Vierfond, J.-M.; Mettey, Y. “Preparation of pyrrolo[2,3-b]pyrazines as
kinase inhibitors for treatment of neurodegenerative and proliferative disorders’
Eur. Pat. Appl., EP 1388541 A1 20040211, C.A. 140, 163892 (2004).

Binch, H.; Robinson, D.; Miller, A.; Fraysse, D. “Preparation of pyrrolopyrazines
and pyrazolopyrazines as inhibitors of protein kinases” PCT Int. Appl., WO
2006058074 A1 20060601, C.A. 145, 28017 (2006).

Ibrahim, P. N.; Spevak, W.; Cho, H. “Preparation of pyrrolo[2,3-b]pyrazine
derivatives as Raf kinase modulators’ U.S. Pat. Appl. Publ., US 20090306087 A1
20091210, C.A. 152, 37608 (2009).

Chen, X.; Jin, M.; Kleinberg, A.; Li, A.-H.; Mulvihill, M. J.; Steinig, A. G.; Wang,
J. “Substituted pyrrolo[2,3-b]pyridines and pyrrolo[ 2,3-b]pyrazines as inhibitors of
c-Met and RON tyrosine kinase receptor and their preparation, pharmaceutical
compositions and use in the treatment of cance” PCT Int. Appl., WO
2010059771 A1 20100527, C.A. 152, 592066 (2010).

Sannar, M. A. “Drugs containing pyrrolo[1,2-a]pyrazine derivatives as ligands for
5HT1A receptor and imaging of the organs using the derivatives’ Jpn. Kokai
Tokkyo Koho, JP 2000063276 A 20000229, C.A. 132, 175858 (2000).

Petzer, J. P.; Navamal, M.; Johnson, J. K.; Kwak, M.-K.; Kender, T. W.; Fishbein,
J. C. “Phase 2 enzyme induction by the major metabolite of oltipraz” Chem. Res.
Toxicol., 16, 1463 (2003).

Kang, S. G.; Lee, W. H.; Lee, Y. H.; Lee, Y. S.; Kim, S. G. “Hypoxia-inducible
factor-lainhibition by a pyrrolopyrazine metabolite of oltipraz as a consequence of
microRNAs 199a-5p and 20a induction” Car cinogenesis 33, 661 (2012).

Le, V.-D.; Sdlazar, J-F. “Preparation of azolylamidines as selective
cyclooxygenase-2 inhibitors for the treatment of inflammation” U.S., US 6555563
B1 20030429, C.A. 138, 353995 (2003).

Banner, D. W.; Gobbi, L. C.; Groebke, Z. K.; Obst, U.; Stahl, C. M. “Preparation of
N-(carbamimidoylbenzyl)benzeneacetamides and pyridineacetamides as inhibitors
of the formation of coagulation factors Xa, 1Xa, and thrombin induced by factor
Vllaand tissue factor” PCT Int. Appl., WO 2004048335 A2 20040610, C.A. 141,
38441 (2004).

Suzuki, S.; Kotake, M.; Miyamoto, M.; Kawahara, T.; Kgiwara, A.; Hishinuma, |.;
Okano, K.; Miyazawa, S.; Clark, R.; Ozaki, F.; Sato, N.; Shinoda, M.; Kamada, A .;
Tsukada, 1.; Matsuura, F.; Naoe, Y.; Terauchi, T.; Oohashi, Y .; Ito, O.; Tanaka, H.;
Musya, T.; Kogushi, M.; Kawada, T.; Matsuoka, T.; Kobayashi, H.; Chiba, K.;
Kimura, A.; Ono, N. “Preparation of cyclic amidine derivatives as thrombin

95



General Introduction

169.

170.

171

172.

173.

174.

175.

176.

177.

receptor antagonists’ PCT Int. Appl., WO 2002085850 A1 20021031, C.A. 137,
337774 (2002).

Makovec, F.; Zanzola, S.; Artusi, R.; Rovati, L. C. “Preparation of benzamidines
having antiinflammatory and immunosuppressive activity” PCT Int. Appl., WO
2002070468 A2 20020912, C.A. 137, 232452 (2002).

Panico, A.; Vicini, P.; Incerti, M.; Cardile, V.; Gentile, B.; Ronsisvale, G.
“Amidinobenzisothiazole derivatives with antidegenerative activity on cartilage”
Farmaco, 57, 671(2002).

Makovec, F.; Giordani, A.; Artusi, R.; Mandelli, S.; Verpilio, |.; Zanzola, S,;
Rovati, L. C. “Preparation of novel anti-inflammatory and analgesic heterocyclic
amidines that inhibit nitrogen oxide (NO) production” Eur. Pat. Appl., EP
1571142 A1 20050907, C.A. 143, 266921 (2005).

Giordani, A.; Mandelli, S.; Zanzola, S.; Tarchino, F.; Casdlli, G.; Fiorentino, T. S;;
Mazzari, S.; Makovec, F.; Rovati, L. C. “Preparation of amidine derivatives of 2-
heteroaryl-quinazolines and quinolines as analgesics and anti-inflammatory agents’
PCT Int. Appl., WO 2008014815 A1 20080207, C.A. 148, 239229 (2008).

Glushkov, V.A., Anikina, L.V., Vikharev, Y.B., Feshina, E.V., Shklyaev, Y.V.,
“Synthesis and antiinflammatory and analgesic activity of amidines of 3,4-
dihydroisoquinoline series.” Pharm. Chem. J., 39(10), 533 (2005).

Glushkov, R. G.; L'vov, A. |.; Asnina, V. V.; Andreeva, N. |.; Yuzhakov, S. D.
“Synthesis and pharmacological activity of N-arylamidine derivatives.” Pharm.
Chem. J., 39(7), 367 (2005).

Kuduk, S. D.; Chang, R. K.; Wai, J. M.-C.; Marco, C. N. D.; Cofre, V.; DiPardo, R.
M.; Cook, S. P.; Cato, M. J.; Jovanovska, A.; Urban, M. O.; Leitl, M.; Spencer, R.
H.; Kane, S. A.; Hartman, G.D.; Bilodeau, M. T. “Amidine derived inhibitors of
acid-sensing ion channel-3 (ASIC3)” Bioorg. Med. Chem. Lett., 19, 4059 (2009).

Kuduk, S. D.; Marco, C. N. D.; Bodmer-Narkevitch,V.; Cook, S. P.; Cato, M. J,;
Jovanovska, A.; Urban, M. O.; Leitl, M.; Sain, N.; Liang, A.; Spencer, R. H,;
KaneS. A.; Hartman, G. D.; Bilodeau, M. T.; “Synthesis, structure-activity
relationship and pharmacological profile of analogs of the ASIC-3 inhibitor A-
317567 ACS Chem. Neurosci., 1, 19 (2010).

Zhou, Y.; Zhao, M.; Wu, Y .; Li, C.; Wu, J.; Zheng, M.; Peng, L.; Peng, S. “A class
of novel Schiff’s bases. Synthesis, therapeutic action for chronic pain, anti-
inflammation and 3D QSAR analysis’ Bioorg. Med. Chem., 18, 2165 (2010).

96



178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

Chapter 1

Li, H.-Q.; Luo, Y.; Lv, P.-C.; Shi, L.; Liu, C.-H.; Zhu, H.-L. “Design and synthesis
of novel deoxybenzoin derivatives as FabH inhibitors and anti-inflammatory
agents’” Bioorg. Med. Chem. Lett., 20, 2025 (2010).

Alagarsamy, V., Solomon, V. R.; Murugan, M.; Sankaranarayanan, R,
Periyasamy, P.; Deepa, R.; Anandkumar, T. D. “Synthesis of 3-(2-pyridyl)-2-
substituted-quinazolin-4(3H)-ones as new analgesic and anti-inflammatory agents”
Biomedicine & Phar macotherapy, 62(7), 454 (2008).

Singh, N.; Bhati, S. K.; Kumar, A. “Thiazolyl/oxazolyl formazanyl indoles as
potent anti-inflammatory agents’ Eur. J. Med. Chem., 43, 2597 (2008).

Ragab, F. A.; Gawad, N. M. A.; Georgey, H. H.; Said, M. F. “Synthesis of novel
1,3,4-trisubstituted pyrazoles as anti-inflammatory and analgesic agents’ Eur. J.
Med. Chem., 63, 645 (2013).

Alam, M. S,; Chai, J.-H.; Lee, D.-U. “Synthesis of novel Schiff base analogues of
4-amino-1,5-dimethyl-2-phenylpyrazol-3-one and their evaluation for antioxidant
and anti-inflammatory activity” Bioorg. Med. Chem., 20, 4103 (2012).

Syjith, K.V.; Rao, J. N.; Shetty, P.; Kalluraya, B. “Regioselective reaction:
Synthesis and pharmacological study of Mannich bases containing ibuprofen
moiety” Eur. J. Med. Chem., 44, 3697 (2009).

Chandra, N.; Kalluraya, B.; Aamir, S.; Shabaraya A. R. “Regioselective reaction:
Synthesis, characterization and pharmacological activity of some new Mannich and
Schiff bases containing sydnone” Eur. J. Med. Chem., 54, 597 (2012).

Khan, K. M.; Ambreen, N.; Mughdl, U. R.; Jdlil, S.; Perveen, S.; Choudhary, M. 1.
“3-Formylchromones. Potential antiinflammatory agents” Eur. J. Med. Chem., 45,
4058 (2010).

Kaur, J.; Bhardwaj, A.; Huang, Z.; Knaus, E. E. “N-1 and C-3 substituted indole
Schiff bases as selective COX-2 inhibitors: Synthesis and biological evaluation”
Bioorg. Med. Chem. Lett., 22, 2154 (2012).

Feng, J. L.; Sun, H. L.; Geng, D. P,; Li, K. “Design, synthesis and anti-
tumoractivity of novel amidine derivatives of doxifluridineg” Chin. Chem. Lett.,
21, 163 (2010).

Slawinski, J.; Brozewicz, K.; Fruzinski, A.; Glowka, M. L. “Synthesis and
antitumor activity of novel N'-(2-benzylthiobenzenesulfonyl)-1H-pyrazole-1-
amidine derivatives’ Heterocycles, 83, 1093 (2011).

97


javascript:;�
javascript:;�
javascript:;�

General Introduction

189.

190.

191.

192.

193.

194.

195.

196.

197.

Combs, A. P.; Yue, E. W. “Preparation of azole-amidines as modulators of
indoleamine 2,3-dioxygenase” PCT Int. Appl., WO 2008036652 A2 20080327,
C.A. 148, 379637 (2008).

Bielawski, K.; Bielawska, A.; Sosnowska, K.; Miltyk, W.; Winnicka, K.; Palka, J.
“Novel amidine analogue of melphalan as a specific multifunctional inhibitor of
growth and metabolism of human breast cancer cells’ Biochem. Pharmacoal., 72,
320 (2006).

Starcevic, K.; Kraj, M.; Ester, K.; Sabal, I.; Grce, M.; Pavelic, K.; Karminski-
Zamola, G. “Synthesis, antiviral and antitumor activity of 2-substituted-5-amidino-
benzimidazoles’ Bioorg. Med. Chem., 15, 4419 (2007).

Hranjec, M.; Starcevic, K.; Piantanida, 1.; Kralj, M.; Marjanovic, M.; Hasani, M.;
Westman, G.; Karminski-Zamola, G. “Synthesis, antitumor evaluation and DNA
binding studies of novel amidino-benzimidazolyl substituted derivatives of furyl-
phenyl- and thienyl-phenyl-acrylates, naphthofurans and naphthothiophenes’ Eur.
J. Med. Chem., 43, 2877 (2008).

Hranjec, M.; Piantanida, 1.; Kralj, M.; Suman, L.; Pavelic, K.; Karminski-Zamola,
G. “Nove amidino-substituted thienyl- and furylvinylbenzimidazole: derivatives
and their photochemical conversion into corresponding
diazacyclopentg[c]fluorenes. Synthesis, interactions with DNA and RNA, and
antitumor evaluation. 4" J. Med. Chem., 51, 4899 (2008).

Racane, L.; Kralj, M.; Suman, L.; Stojkovic, R.; Traic-Kulenovic, V.; Karminski-
Zamola, G. “Novel amidino substituted 2-phenylbenzothiazoles: Synthesis,
antitumor evaluation in vitro and acute toxicity testing in vivo” Bioorg. Med.
Chem., 18, 1038 (2010).

Jarak, I.; Marjanovic, M.; Piantanida, |.; Kralj, M.; Karminski-Zamola, G. “Novel
pentamidine derivatives. Synthesis, anti-tumor properties and polynucleotide-
binding activities” Eur. J. Med. Chem., 46, 2807 (2011).

Racane, L.; Pavelic, S. K.; Ratka], I.; Stepanic, V.; Pavelic, K.; Tralic-Kulenovic,
V.; Karminski-Zamola, G. “Synthesis and antiproliferative evaluation of some new
amidino-substituted bis-benzothiazolyl-pyridines and pyrazine” Eur. J. Med.
Chem., 55, 108 (2012).

Stalic, I.; Miskovic, K.; Magdaleno, A.; Silber, A. M.; Piantanida, I.; Bgjic, M.;
Glavas-Obrovac, L. “Effect of 3,4-ethylenedioxy-extension of thiophene core on
the DNA/RNA binding properties and biological activity of bisbenzimidazole
amidines’ Bioorg. Med. Chem., 17, 2544 (2009).

98



198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

Chapter 1

Spychala, J. “ Selective cytostatic and cytotoxic anticancer effects of bisfunctional
agents: A strategy for the design of DNA binding agents’ Cancer Lett., 281, 203
(2009).

Kamel, M. M.; Ali, H. I.; Anwar, M. M.; Mohamed, N. A.; Soliman, A. M.
“Synthesis, antitumor activity and molecular docking study of novel sulfonamide-
Schiff's  bases, thiazolidinones, benzothiazinones and their C-nucleoside
derivatives’ Eur.J. Med. Chem., 45(2), 572(2010).

Luo, S.; Long, S.; Xie, M.; Wang, H.; Yu, H.; He, Y.; Zou, P.; Liu, Y.; Zhang, L.;
Wu, J. “Process for preparation of Schiff base and hydrazone derivatives” Faming
Zhuanli Shenqging Gongkai Shuomingshu, CN 101186594 A 20080528, C.A.
149, 53978 (2008).

Cheng, L.-X.; Tang, J.-J.; Luo, H.; Jin, X.-L.; Dal, F.; Yang, J.; Qian, Y .-P.; Li, X.-
Z.; Zhou, B. “Antioxidant and antiproliferative activities of hydroxyl-substituted
Schiff bases” Bioorg. Med. Chem. Lett., 20, 2417 (2010).

Li, X.; Li, X.-Q.; Liu, H.-M.; Zhou, X.-Z.; Shao, Z.-H. “Synthesis and evaluation
of antitumor activities of novel chiral 1,24-triazole Schiff bases bearing v-
butenolide moiety” Org. Med. Chem. Lett., 2, 26 (2012).

Rao, P. S.; Kurumurthy, C; Veeraswamy, B; kumar, G. S.; Narsaiah, B; Kumar, K.
P.; Murthy, U. S. N.; Karnewar, S.; Kotamrgu, S. “Synthesis, antimicrobia and
cytotoxic activities of novel 4-trifluoromethyl-(1,2,3)-thiadiazol o-5-carboxylic acid
hydrazide Schiff’sbases’ Med. Chem. Res,, 22, 1747 (2013).

Sunil, D.; Idoor, A. M.; Shetty, P.; Chandrakantha, B.; Satyamoorthy, K.
“Synthesis, characterization and in vitro cytotoxic properties of some new Schiff
and Mannich basesin Hep G2 cells’ Med. Chem. Res,, 20, 1024 (2011).

Hranjec, M.; Starcevic, K.; Pavdlic, S. K.; Lucin, P.; Pavelic, K.; Zamola, G. K. “
Synthesi's, spectroscopic characterization and antiproliferative evaluation in vitro of
novel Schiff bases related to benzimidazoles’ Eur. J. Med. Chem., 46, 2274
(2011).

Fang, Z.; Zou, B.; Yang, Z.; Wel, P. “Preparation of 3-heterocyclic Schiff base
substituted  5-fluoroindol-2-one  compounds for inhibiting abnorma cell
proliferation and angiogenesis’ Faming Zhuanli Shenging, CN 102295640 A
20111228, C.A. 156, 122505 (2011).

Ghorab, M. M.; Shaaban, M. A.; Refaat, H. M.; Heiba, H. I.; lbrahim, S. S.
“Anticancer and radiosensitizing evaluation of some new pyranothiazole-Schiff
bases bearing the biologically active sulfonamide moiety” Eur. J. Med. Chem.,
53, 403 (2012).

99


javascript:;�
javascript:;�
javascript:;�

General Introduction

208.

209.

210.

211.

212.

213.

214.

215.

216.

Kraicheva, 1.; Tsacheva, 1.; Vodenicharova, E.; Tashev, E.; Tosheva, T.; Kril, A.;
Topashka-Ancheva, M.; lliev, |.; Gerasimova, Ts.; Troev, K. “Synthess,
antiproliferative activity and genotoxicity of novel anthracene-containing
aminophosphonates and a new anthracene-derived Schiff base” Bioorg. Med.
Chem., 20, 117 (2012).

Hu, G. Q.; Wu, X. K.; Wang, G. Q.; Duan, N. N.; Wen, X. Y.; Cao, T. Y.; Jun, Y ;
Wei, W.; Xie, S. Q.; Huang, W. L. “Synthesis and antitumor and antibacterial
evaluation of fluoro-quinolone derivatives (I11): Mono- and bis-Schiff-bases’
Chinese Chemical Letters, 23, 515 (2012).

Kaushik, D.; Khan, S. A.; Chawla, G. “Synthesis of (substituted benzamidostyryl)
IH-benzimidazoles and their screening for anti-inflammatory activity” Med. Chem.
Res., 21, 459 (2012).

Marigppan, G.; Bhuyan, N. R.; Kumar, P.; Kumar, D.; Murdli, K. “Synthesis and
biological evauation of mannich bases of benzimidazole derivatives’ Indian
Journal of Chemistry, Section B: Organic Chemistry Including Medicinal
Chemistry, 50B(9), 1216 (2011).

Jesudason, E. P.; Sridhar, S. K.; Mdar, E. J P.; Shanmugapandiyan, P,
Inayathullah, M.; Arul, V., Selvarg, D.; Jayakumar, R. “Synthesis,
pharmacological screening, quantum chemical and in vitro permeability studies of
N-Mannich bases of benzimidazoles through bovine cornea” Eur. J. Med. Chem.,
44, 2307 (2009).

Otsu, H. “Preparation of benzene-fused 5-membered heterocyclic compounds as
inhibitors of microsomal prostaglandin E synthase-1 (mPGES-1)" PCT Int. Appl.,
WO 2013024898 A1 20130221 C.A. 158, 302140 (2013).

Shaikh, 1. N.; Hosamani, K. M.; Seetharamareddy, H. R.; Hugar, M. H. “Synthesis
and in-vivo evaluation of carbonyl-amide linkage based new benzimidazole
derivatives’ Archiv der Phar mazie (Weinheim, Ger many), 345(1), 65 (2012).

Player, M. R.; Cavo, R.; Chen, J,; lllig, C.; Meegalla, S.; Parks, D.; Parsons, W.
“Preparation of substituted benzimidazole derivatives useful as therapeutic TRPM8
receptor modulators’ U.S. Pat. Appl. Publ., US 20120202856 A1 20120809, C.A.
157, 356729 (2012).

Caderini, M.; Wucherer-Plietker, M.; Graedler, U.; Esdar, C. “(Aminopyridine)
benzimidazole and -imidazopyridine derivatives as PDK1 inhibitors and their
preparation and use in the treatment of and inflammatory diseases’ PCT Int.
Appl., WO 2011006567 A1 20110120, C.A. 154, 133334 (2011).

100



217.

218.

219.

220.

221.

222.

223.

224.

225.

Chapter 1

Das, S.; Thomas, A.; Khairatkar-Joshi, N.; Bajpai, M. “Preparation of substituted
benzimidazole compounds as COT kinase inhibitors for treating inflammation,
cancer, and other diseases’ PCT Int. Appl., WO 2012131501 A1 20121004, C.A.
157, 548642 (2012).

Wannberg, J.; Alterman, M.; Malm, J. “Preparation of piperidinyl benzoimidazole
derivatives as mPGEs-1 inhibitors” PCT Int. Appl., WO 2012117062 A1l
20120907, C.A. 157, 438366 (2012).

El-Nezhawy, A. O. H.; Biuomy, A.R.; Hassan, F. S; Ismaie, A. K.; Omar, H. A.
“Design, synthesis and pharmacological evaluation of omeprazole-like agents with
anti-inflammatory activity” Bioorg. Med. Chem., 21(7), 1661 (2013).

Mjdli, A. M. M.; Polisetti, D. R.; Kassis, J. N.; Kostura, M. J.; Guzel, M.; Attucks,
O. C,; Andrews, R. C.; Victory, S, Gupta, S. “Substituted benzimidazole
derivatives as HMOX1 modulators and their preparation and use for the treatment
of inflammatory diseases’ U.S. Pat. Appl. Publ., US 20110201604 A1 20110818,
C.A. 155, 300943 (2011).

Choi, E. B.; Lee, H. K,; Leg, E. S.; Pak, C. S.; Shin, D. K.; Bang, M. Y.; Ro, S;
Cho, J. M. “Preparation of novel benzimidazole compounds for treating
inflammatory diseases” PCT Int. Appl., WO 2011099832 A2 20110818, C.A.
155, 352541 (2011).

Hasan , S. M.; Alam, M. M.; Husain, A.; Khanna, S.; Akhtar , M.; Zaman, M. S.
“Synthesis of 6-aminomethyl derivatives of benzopyran-4-one with dual biological
properties:. Anti-inflammatory-analgesic and antimicrobial” Eur. J. Med. Chem.,
44, 4896 (2009).

Bandgar , B. P.; Patil, S. A.; Totre, J. V.; Korbad , B. L.; Gacche, R. N.; Hote, B.
S,; Jadde, S. S,; Chavan, H. V. “Synthesis and biological evaluation of nitrogen-
containing benzophenone analogues as TNF-a and IL-6 inhibitors with antioxidant
activity” Bioorg. Med. Chem. Lett., 20, 2292 (2010).

Cowart, M. D.; Altenbach, R.J.; Liu, H.; Hsieh, G. C.; Drizin, I.; Milicic, I.; Miller,
T. R.; Witte, D. G.; Wishart, N.; Fix-Stenzel, S. R.; McPherson, M. J.; Adair, R.
M.; Wetter, J. M.; Bettencourt, B. M.; Marsh, K. C.; Sullivan, J. P.; Honore, P.;
Esbenshade, T.A.; Brioni, J. D. “Rotationally constrained 2,4-diamino-5,6-
disubstituted pyrimidines. A new class of histamine Hy receptor antagonists with
improved druglikeness and in vivo efficacy in pain and inflammation models’ J.
Med. Chem., 51, 6547 (2008).

Wang, L.; Yin, Y.; Sun, Y.; Liang, P.; Jiang, M. “Methyl salicylate-piperazine
derivatives as antiinflammatory agents and their preparation, pharmaceutical

101



General Introduction

226.

227.

228.

229.

230.

231

232.

233.

compositions and use in the treatment of inflammation” Faming Zhuanli
Shenqging (2012), CN 102503910 A 20120620.

Raghavendra, N. M.; Jyothsna, A.; Rao, A. V., Subrahmanyam, C. V. S.
“Synthesis, pharmacologica evaluation and docking studies of N-(benzo[d]thiazol-
2-yl)-2-(piperazin-1-yl)acetamide analogs as COX-2 inhibitors’ Bioorg. Med.
Chem. Lett., 22, 820 (2012).

Lee, C. H.; Lee, K. “Preparation of biphenyl derivatives for the treatment of
inflammatory disease or autoimmune disease” PCT Int. Appl., WO 2013022243
A2 20130214, C.A. 158, 302172 (2013).

Boukli, L.; Touaibia, M.; Meddad-Belhabich, N.; Djimde, A.; Park, C.-H.; Kim, J.-
J.; Yoon, J.-H.; Lamouria, A.; Heymansa, F. “Design of new potent and selective
secretory phospholipase A2 inhibitors. Part 5. Synthesis and biological activity of
1-akyl-4-[4,5-dihydro-1,2,4-[4H]-oxadiazol-5-one-3-ylmethyl benz-40-yl (oyl)]
piperazines’ Bioorg. Med. Chem., 16, 1242 (2008).

Baroni, M.; Ritzeler, O.; Zanchet, M. “Preparation of phenyl-alkyl-piperazines as
TNF modulators for treating joint pain and inflammation and their pharmaceutical
compositions” PCT Int. Appl., WO 2009153514 A1 20091223, C.A. 152, 97502
(2009).

Alafeefy, A. M.; Kadi, A. A.; Al-Deeb, O. A.; El-Tahir, K. E. H.; Al-jaber, N. A.
“Synthesis, analgesic and anti-inflammatory evaluation of some novel quinazoline
derivatives’ Eur. J. Med. Chem., 45, 4947 (2010).

Zheng, J.; Zeng, X.; Pan, Y. “Preparation of 1-sinapinoyl-4-benzylpiperazine
derivatives as free radical scavengers and antiinflammatory agents’ Faming
Zhuanli Shenqging (2010), CN 101787002 A 20100728.

Hatnapure, G. D.; Keche, A. P.; Rodge, A. H.; Birgdar, S. S.; Tale, R. H.; Kamble,
V. M. *“Synthesis and biological evaluation of novel piperazine derivatives of
flavones as potent anti-inflammatory and antimicrobial agent” Bioorg. Med.
Chem. Lett., 22, 6385 (2012).

Roma, G.; Braccio, M. D.; Grossi, G.; Piras, D.; Balabeni, V.; Tognolini, M.;
Bertoni, S.; Barocdlli, E. “1,8-Naphthyridines VIII. Novel 5-aminoimidazo[1,2-a]
[1,8] naphthyridine-6-carboxamide and 5-amino[1,2,4]triazol 0[4,3-d]
[1,8] naphthyridine-6-carboxamide derivatives showing potent analgesic or anti-
inflammatory activity, respectively, and completely devoid of acute gastrolesivity”
Eur. J. Med. Chem.,45, 352 (2010).

102



234.

235.

236.

237.

238.

239.

240.

241.

242.

Chapter 1

Taher, A. T.; Khalil, N. A.; Ahmed, E. M. “Synthesis of novel isatin-thiazoline and
isatin-benzimidazole conjugates as anti-breast cancer agents” Arch. Pharm. Res,,
34, 1615 (2011).

Taher, A. T.; Khalil, N. A.; Ahmed, E. M.; Ragab, Y. M. “Synthesis of certain 2-
substituted-1H-benzimidazole derivatives as antimicrobial and cytotoxic agents”
Chem. Pharm. Bull., 60, 778 (2012).

Romero-Castro, A.; Leon-Rivera, |.; AvilaRojas, L. C.; Navarrete-Vazquez, G.;
Nieto-Rodriguez, A. “Synthesis and preliminary evaluation of selected 2-aryl-5(6)-
nitro-1H-benzimidazole derivatives as potential anticancer agents” Arch. Pharm.
Res., 34, 181 (2011).

Guo, Y.; Li, J; Gong, J.; Sheng, L.; Yao, L.; Zhou, Y. “Preparation of disulfide
containing heteroaryl compounds as antitumor agents” Faming Zhuanli Shenging
(2012), CN 102643247 A 20120822.

Tong, Y.; Bouska, J. J.; Ellis, P. A.; Johnson, E. F.; Leverson, J.; Liu, X.; Marcotte,
P. A.; Olson, A. M.; Osterling, D. J.; Przytulinska, M.; Rodriguez, L. E.; Shi, Y.;
Soni, N.; Stavropoulos, J.; Thomas, S.; Donawho, C. K.; Frost, D. J.; Luo, Y.;
Giranda, V. L.; Penning, T. D. “Synthesis and evaluation of a new generation of
orally efficacious benzimidazole-based poly(ADP-ribose) polymerase-1 (PARP-1)
inhibitors as anticancer agents’ J. Med. Chem., 52, 6803 (2009).

Liu, T.; Sun, C.; Xing, X.; Jing, L.; Tan, R.; Luo, Y.; Huang, W.; Song, H.; Li, Z.;
Zhao, Y. “Synthesis and evaluation of 2-[2-(phenylthiomethyl)-1H-benzo[d]
imidazol-1-yl)acetohydrazide derivatives as antitumor agents’ Bioorg. Med.
Chem. Lett., 22, 3122 (2012).

Bonham, S.; O’'Donovan, L.; Carty, M. P.; Aldabbagh, F. “First synthesis of an
aziridinyl fused pyrrolo[1,2-albenzimidazole and toxicity evaluation towards
normal and breast cancer cell lines” Org. Biomol. Chem., 9, 6700 (2011).

Hallman, J.; Laudeman, C.; Liu, R.; Miller, A.; Moore, M. L.; Dock, S.; Musso, D.;
Parrish, C. “Benzimidazoles as fatty acid synthase inhibitors and their preparation
and use for the treatment of cancer” PCT Int. Appl., WO 2011056635 Al
20110512, C.A. 154, 565253 (2011).

Zhu, W.; Zhai, X.; Fu, Q.; Guo, F.; Bai, M.; Wang, J.; Wang, H.; Gong, P. “Design,
Synthesis and anticancer activity of 4-morpholinothieno[3,2-d]-pyrimidine
derivatives bearing arylmethylene hydrazine moiety” Chem. Pharm. Bull., 60,
1037 (2012).

103



General Introduction

243.

244,

245,

246.

247.

248.

249,

250.

251.

252.

253.

Demirayak, S.; Kayagil, I.; Yurttas, L. “Microwave supported synthesis of some
novel 1,3-diarylpyrazino[1,2-a] benzimidazole derivatives and investigation of their
anticancer activities” Eur. J. Med. Chem., 46, 411 (2011).

Gellis, A.; Kovacic, H.; Boufatah, N.; Vanelle, P. “Synthesis and cytotoxicity
evaluation of some benzimidazole-4,7-diones as bioreductive anticancer agents’
Eur. J. Med. Chem., 43, 1858 (2008).

Rewcastle, G. W.; Giddens, A. C.; Gamage, S. A. “Preparation of 1,3,5-triazinyl-
benzimidazole sulfonamides for use in cancer therapy” PCT Int. Appl., WO
2012044641 A1 20120405, C.A. 156, 477755 (2012).

Xu, B.; Chen, X.; Zhou, J.; Zhang, Y.; Jin, J. “Preparation of benzimidazole
derivatives as antitumor agents’ Faming Zhuanli Shenging (2012), CN
102731488 A 20121017.

Wang, X.-J.; Chu, N.-Y.; Wang, Q.-H.; Liu, C.; Jiang, C.-g.; Wang, X.-Y.; Ikgima,
T.; Cheng, M.-S. “Newly synthesized bis-benzimidazole derivatives exerting anti-
tumor activity through induction of apoptosis and autophagy” Bioorg. Med. Chem.
Lett., 22, 6297 (2012).

Yang, Y.-H.; Cheng, M.-S.; Wang, Q.-H.; Nie, H.; Liao, N.; Wang, J.; Chen, H.
“Design, synthesis, and anti-tumor evaluation of novel symmetrica bis
benzimidazoles’ Eur. J. Med. Chem., 44, 1808 (2009).

Swamy, P. M. G.; Sri, B. R.; Giles, D.; Shashidhar, B. V.; Das, A. K
Agasimundin, Y. S.“Synthesis, anticancer, and molecular docking studies of
pyranone derivatives’ Med Chem Res DOI 10.1007/s00044-013-0478-7.

Kumar, C. S. A.; Prasad, S. B. B.; Vinaya, K.; Chandrappa, S.; Thimmegowda, N.
R.; Kumar, Y. C. S; Swarup, S.; Rangappa, K.S. “Synthesis and in vitro
antiproliferative activity of novel 1-benzhydrylpiperazine derivatives against
human cancer cell lines’ Eur. J. Med. Chem., 44, 1223 (2009).

Zhao, S.; Shao, Z.; Xie, Z. “Preparation of piperazine derivatives as antitumor
agents’ Faming Zhuanli Shenqing (2013), CN 102924437 A 20130213.

Lee, Y. B.; Gong, Y.-D.; Yoon, H.; Ahn, C.-H.; Jeon, M.-K.; Kong, J.-Y.
“Synthesis and anticancer activity of new 1-[(5 or 6-substituted 2-
alkoxyquinoxalin-3-yl)aminocarbonyl]-4-(hetero)aryl piperazine derivatives’
Bioorg. Med. Chem., 18, 7966 (2010).

Kamal, A.; Raender; Kashireddy, M.; Balakishan, G. “Preparation of piperazine
linked pyrrolo[2,1-c][1,4]benzodiazepine dimers as antitumor agents’ PCT Int.
Appl., WO 2009113084 A1 20090917, C.A. 151, 358807 (2009).

104



254.

255.

256.

257.

258.

259.

260.

Chapter 1

Kamal, A.; Ragjendra Prasad, B.; Reddy, A. M. “Benzophenone-piperazine linked
pyrrolo[2,1-c][1,4]benzodiazepine hybrids as potential anticancer agents and
process for their preparation” PCT Int. Appl., WO 2009118749 A1 20091001,
C.A. 151, 425412 (2009).

Kamal, A.; Ramu, R.; Tekumalla, V.; Khanna, G. B. R.; Barkume, M. S.; Juvekar,
A. S; Zingde, S. M. “Remarkable DNA binding affinity and potential anticancer
activity of pyrrolo[2,1-c][1,4] benzodiazepine-naphthalimide conjugates linked
through piperazine side-armed akane spacers’ Bioorg. Med. Chem., 16, 7218
(2008).

Patel, R. V.; Kumari, P.; Rgani, D. P.; Chikhalia, K. H. “Synthesis and studies of
novel 2-(4-cyano-3-trifluoromethyl phenyl amino)-4-(quinoline-4-yloxy)-6-
(piperazinyl/piperidin yl)-s-triazines as potential antimicrobial, antimycobacterial
and anticancer agents” Eur. J. Med. Chem., 46, 4354 (2011).

Bar-Or, D. “Preparation of diketopiperazines as inhibitors of Akt activation and
inhibitors production, release or both of the matrix metalloproteinase-9 for treating
diseases especially cancers and viral infections” PCT Int. Appl., WO 2009146320
A120091203, C.A. 152, 37913 (2009).

van der Merwe, E.; Huang, D.; Peterson, D.; Kilian, G.; Milne, P. J.; Van de
Venter, M.; Frost, C. “The synthesis and anticancer activity of selected
diketopiperazines’ Peptides 29, 1305 (2008).

Yamazaki, Y.; Hayashi, Y. “Preparation of dehydrophenylahistin analogs for
treating vascular proliferation” PCT Int. Appl. (2011), WO 2011084962 Al
20110714.

Yamazaki, Y.; Sumikura, M.; Masuda, Y.; Hayashi, Y.; Yasui, H.; Kiso, Y.
Chinen, T.; Usui, T.; Yakushiji, F.; Potts, B.; Neuteboom, S.; Palladino, M.; Lloyd,
G. K.; Hayashi Y. “Synthesis and structure-activity relationships of benzophenone-
bearing diketopiperazine-type anti-microtubule agents’ Bioorg. Med. Chem., 20,
4279 (2012).

105



Chapter 2

Synthesis anti-inflammatory and anticancer activity
evaluation of bisacridine derivatives




Chapter 2

Synthesis, anti-inflammatory and anticancer activity evaluation of bisacridine derivatives

2.1 Introduction

Acridine and bisacridine derivatives are well known for their broad range of
pharmaceutically relevant properties. Recent work reported in literature on acridine
and bisacridine derivatives exhibiting anti-inflammatory and anticancer activities have
been summarized in chapter-1. Apart from anti-inflammatory and anticancer
activities, these compounds are reported to possess fungicidal [1, 2], antiparasitic [3],
antimicrobial [4, 5], antitubercular [6, 7], antibacterial [8, 9], antimalarial [10, 11],
antiviral [12, 13] and antialzheimer and antiprion [14] activities.

In continuation of our efforts towards [15, 16], in search of potent molecules
possessing anti-inflammatory and anticancer activities, we have synthesized two
series of bis-acridine derivatives in which two bioactive acridine heterocycles are
tethered via a flexible linker. These bis-acridine derivatives have been screened for

anti-inflammatory and anticancer activities, which we will describe in this chapter.
2.2 Resultsand discussion

2.2.1 Chemistry:

9-Chloro-2,4-(un)substituted acridines (la-e; Scheme 2.1) [17, 18] and 9-
isothiocyanato-2,4-(un)substituted acridines (IVa-e; Scheme 2.2) [19] were
synthesized by following reaction procedure reported in literature and used for the
synthesis of bis acridine heterocycles.

9-Chloroacridine (la; Scheme 2.1) and 3-(4-(3-aminopropyl)piperazin-1-
yl)propan-1-amine (l1a; Scheme 2.1) were dissolved in methanol and refluxed for 17
hours and then solvent was removed under reduced pressure. The solid residue left

behind was treated with 10% cold aqueous sodium bicarbonate solution and then
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washed with cold water. Solid so obtained was air dried to give crude condensed
product, which was further purified by column chromatography over silica gel to give
pure  product Illa i.e N-(3-(4-(3-(acridin-9-ylamino)propyl)piperazin-1-
yl)propyl)acridin-9-amine (Scheme 2.1) in 43% vyield. IR spectrum of Illa depicted
absorption signal at 3434 cm™, which is attributed to NH functional group and strong
absorption signals at 1632, 1589, 1530 cm™ correspond to aromatic region of
acridinyl moiety. ("H NMR data is interpreted by following numbering of Il1a and
I11f as mentioned in Figure 2.1) *H NMR (500 MHz, D,0) (Figure 2.2) of compound
I11a exhibited signals at § 2.028-2.057 (t, 4H, J= 7 Hz, 2xCH,, C?, C'), 2.622-2.651
(m, 12H, 6xCH,, C*, C°, C°, C® C° C%), 3.964-3.992 (t, 4H, J= 7 Hz, 2xCH,, C,
Clz), 7.381-7.411 (t, 4H, J= 7.5 Hz, Ar), 7.474-7.491 (d, 4H, J= 9 Hz, Ar), 7.775-
7.806 (m, 4H, Ar), 8.077-8.095 (d, 4H, J= 9 Hz, Ar). °C NMR (125 MHz, DMSO-dg)
(Figure 2.3) data of Illa exhibited signals at 6. 30.855 (2C), 40.562 (4C), 53.089
(2C), 56.373 (4C), 113.418 (4C), 122.041 (4C), 123.767 (4C), 129.143 (4C), 130.360
(4C), 149.279 (2C) and 150.609 (2C). APCI-MS: (Figure 2.4) of I11a exhibited MH"
ion peak at m/z555.40 (100%). Elemental analysis Calculated for C3¢H3gNg: C, 77.98;
H, 6.86; N, 15.16; Found C, 77.63; H, 6.70; N, 15.30. Spectral and analytical data of
[11a fully support the structure assigned to it.

Similarly condensation of 9-chloro-2-methylacridine (Ib), 9-chloro-2-
methoxyacridine (Ic), 9-chloro-4-methylacridine (1d) and 9-chloro-4-methoxyacridine
(I'e) with 3-(4-(3-aminopropyl)piperazin-1-yl)propan-1-amine (I1a; Scheme 2.1) gave
corresponding condensation products I11b-e (Scheme 2.1). All these condensation
products 111b-e were purified by column chromatography over silica gel. Spectral
and analytical data of compounds Illa-e reported in Table 2.1 fully support the

structures assigned to them.
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Condensation of 9-chloroacridine la with diamine IIb i.e. 2,4,8,10-
tetraoxaspiro[5,5]undecane-3,9-dipropane amine on refluxing in methanol for 18 hour
gave condensed product I11f, which was purified by column chromatography over
silica gel to give pure product II1f i.e. acridin-9-yl-[3-(9-{3-[(acridin-9-ylamino)]-
propyl}-2,4,8,10-tetraoxa-spiro[5,5]undec-3-yl)-propyl]-amine(Scheme 2.1) in 42%
yield. IR spectrum of 111f exhibited absorption signal at 3374 cm™ (NH) functional
group and strong absorption signals at 1629, 1560, 1515 cm™ correspond to aromatic
region. Although interpreting *H NMR data of 111f, peak positions were assigned with
the help of *H NMR of starting material, that is I1b and similar compounds reported
in literature [20]. It is considered that dioxane ring starting with C4 is in the plane and
dioxane ring starting with C15 is out of plane. *H NMR (500 MHz, DMSO-dg) data of
I11f depicted signals at § 1.656-1.679 (m, 4H, 2xCH,, C?, C*°), 1.960-1.989 (m, 4H,
2xCH,, C3, C), 3.145-3.165 (t, 2H, J= 5 Hz, C'® C'*), 3.522-3.546 (t, 4H, J= 6 Hz,
2xCH,, C, c*), 3.716-3.739 (d, 1H, J= 11.5 Hz, CH, C%), 4.096 (s ,4H, C° C®),
4.164-4.186 (d, 1H, J= 11 Hz, CH, C'?), 4.482-4.542 (m, 2H, C'®, c'*), 7.530-7.549
(d, 4H, J= 9.5 Hz Ar), 7.904-8.024 (m, 8H, Ar), 8.575-8.708 (bs, 4H, Ar), 9.829 (s,
1H, NH exch), 9.877 (s, 1H, NH exch). *C NMR (125 MHz, DMSO-dg) data of I11f
exhibited signals at ¢: 27.183, 32.151, 32.326, 41.476, 69.423, 69.946, 102.158,
113.705, 122.671, 124.013, 129.574, 131.070, 149.426, and 151.102 which satisfy the
carbon skelton of compound I11f. APCI-MS of I11f exhibited MH" ion peak at m/z
629.53 (100%). Elemental analysis Calculated for C3gHsoN4O4: C, 74.52; H, 6.37; N,
8.92%. Found C, 74.13; H, 6.20; N, 8.81%. Spectral and analytical data of I11f fully

support the structure assigned to it.
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Table 2.1: Physical constants and spectral data of bis-acridine derivatives|lla-j

Comp
no

Solvent of
cryst./elution

m.p.
°C

Yield
%

IR (KBr) cm™, 'H (500MHz) & °C
(125MHz) NMR (D,O, DM SO-d,
CD30D), 6 J(Hz), APCI-MS (m/z, relt
int %)

2

5

H1a

[11b

e

CHCI5;:MeOH
(7:3)

CHCI5:MeOH
(8:2)

CHCl3:MeOH
(8:2)

>300

>300

>300

48

43

IR 3434 (NH), 1632, 1589, 1530 and 1472
(Ar) cm™. 'H NMR (500MHz, D,0) ¢ :
2.028-2.057 (t, 4H, J= 7 Hz, 2xCH,, C?
C'), 2.622-2.651 (m, 12H, 6xCH,, C°, C°,
C® C® C° C!9), 3.964-3.992 (t, 4H, J= 7
Hz, 2xCH,, C!, C'%), 7.381-7.411 (t, 4H,
J= 7.5 Hz, Ar), 7.474-7.491 (d, 4H, J= 9
Hz, Ar), 7.775-7.806 (m, 4H, Ar), 8.077-
8.095 (d, 4H, J= 9 Hz, Ar). *C NMR
(125MHz, DMSO-ds) &: 30.8, 40.5, 53.0,
56.3, 113.4, 122.0, 123.7, 129.1, 130.3,
149.2 and 150.6 APCI-MS: m/z 555.40,
(MH", 100%). Anal. Calcd for CagHsgNe:
C, 77.98; H, 6.86; N, 15.16%. Found C,
77.63; H, 6.70; N, 15.30%.

IR 3412(NH), 1626, 1590, 1531 (Ar) cm™.
'H NMR (500 MHz, CD;0D) §: 2.077-
2.102 (t, 4H, J= 6.5 Hz, 2xCH,, C?, C'),
2.488-2.632 (s+bs, 18H, 2xCHs, 6xCHj,
c? c° c° c® c° c'), 4.238-4.264 {(t,
4H, J= 6.5 Hz, 2xCH,, C!, C%), 7.496-
7.526 (t, 2H, J= 7.5 Hz, Ar), 7.714-7.731
(d, 2H, J= 8.5 Hz, Ar), 7.730-7.803 (t, 4H,
J= 7.5 Hz, Ar), 7.890-7.920 (t, 2H, J= 7.5
Hz, Ar), 8.252 (s, 2H, Ar), 8.463-8.480 (d,
2H, J= 8.5 Hz, Ar). C NMR (125MHz,
DMSO-ds) J: 18.7, 30.7, 40.5, 53.1, 56.3,
113.4, 114.2, 122.0, 123.7, 124.4, 126.1,
127.1, 129.1, 130.3, 134.0, 148.7, 149.1
and 150.6. APCI-MS: nvz 583.40, (MH",
100%). Anal. Calcd for CsgHioNg: C,
78.35; H, 7.22; N, 14.43%. Found C,
78.70; H, 7.34; N, 14.20%.

IR 3414(NH), 1587, 1571, 1529, (Ar)cm™.
'H NMR (500 MHz, D,0O) ¢ : 1.894 (bs,
4H, 2xCH,, C? CY), 2.462 (bs, 12H,
6xCH,, C* C° C° c? c° c'), 3.77 (s,
10H, 2xOCHg3, 2xCH,, C*, C*), 6.874 (s,
2H, Ar), 7.182-7.221 (m, 5H, Ar), 7.273-
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5

Iid

e

CHCI3:MeOH
(8:2)

CHCl3:MeOH
(8.5:1.5)

>300

>300

41

47

7.290 (d, 2H, J= 8.5 Hz, Ar), 7.592-7.652
(m, 3H, Ar), 7.802-7.787 (d, 2H, J= 7.5 Hz,
Ar). ®C NMR (125MHz, DMSO-ds) &
30.7, 40.5, 53.1, 56.2, 57.7, 113.0, 114.2,
121.9, 123.8, 125.1, 126.0, 127.0, 128.8,
131.0, 147.7, 149.1, 150.5 and 154.7.
APCI-MS: m/z 615.47, (MH*, 100%).
Anal. Calcd for C33H42N502: C, 74.26; H,
6.84; N, 13.68%. Found C, 73.92; H, 6.64;
N, 13.41%.

IR 3412(NH), 1590, 1531 (Ar) cm™. *H
NMR (500 MHz, D;0) ¢ : 1.938-1.964 (t,
4H, J= 6.5 Hz, 2xCH,, C? CY), 2.275 (s,
6H, 2xCH3), 2.549-2.574 (m, 12H, 6xCH,,
c? ¢, c® c? c® c'9, 3.779-3.804 (t, 4H,
J= 6.5 Hz, 2xCH,, C*, C'?), 7.146-7.177 (t,
2H, J= 7.5 Hz, Ar), 7.303-7.333 (t, 2H, J=
7.5 Hz, Ar), 7.478-7.492 (d, 2H, J= 7 Hz,
Ar), 7.528-7.545 (d, 2H, J= 8.5 Hz, Ar),
7.660-7.676 (d, 2H, J= 8 Hz, Ar), 7.708-
7.738 (t, 2H, J= 7.5 Hz, Ar), 7.879-7.895
(d, 2H, J= 8 Hz, Ar). *C NMR (125MHz,
DMSO-dg) 6 : 19.1, 31.4, 41.5, 54.1, 57.1,
113.4, 114.2, 122.1, 123.7, 124.5, 126.7,
127.1, 128.9, 130.3, 134.0, 148.7, 149.1
and 150.6. APCI-MS: m/z 583.40, (MH",
100%). Anal. Calcd for CsgHsoNg: C,
78.35; H, 7.22; N, 14.43%. Found C,
78.55; H, 7.12; N, 14.18%.

IR 3384(NH), 1580, 1535, 1478 (Ar) cm™.
'H NMR (500 MHz, D,0) ¢ : 1.967 (bs,
4H, 2xCH,, C? CY), 2.768(bs, 12H,
6xCH,, C*, C°, C°, C® C° C), 3.695 (bs,
4H, 2xCH, ,C! C'), 3.805 (s, 6H,
2xOCHjs), 6.977 (s, 2H, Ar), 7.102 (s, 2H,
Ar), 7.268 (s, 4H, Ar), 7.370-7.390 (d, 2H,
J=10 Hz, Ar), 7.66-7.69 (t, 2H, J= 7.5 Hz,
Ar), 7.771 (s, 2H, Ar). *C NMR (125MHz,
DMSO-dg) 6 : 30.4, 40.5, 53.1, 56.3, 57.7,
112.6, 114.0, 122.2, 123.9, 125.1, 126.1,
127.0, 128.8, 131.1, 147.7, 149.1, 150.7
and 154.5. APCI-MS: mVz 615.40, (MH",
100%). Anal. Calcd for CsgH42NgO,: C,
74.26; H, 6.84; N, 13.68%. Found C,
74.47; H, 6.79; N, 13.82%.
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2

5

[11f

g

IITh

CHCI3:MeOH
(8:2)

CHCI3:MeOH
(8:2)

CHCI5;:MeOH
(8:2)

>300

>300

>300

43

39

IR 3374(NH), 1560, 1515 (Ar) cm™. *H
NMR (500 MHz, DMSO-dg) 6 : 1.656-
1.679 (m, 4H, 2xCH,, C? C), 1.960-
1.989 (m, 4H, 2xCH,, C3 C%¥), 3.145-
3.165 (t, 2H, J= 5 Hz, C*® C'?), 3.522-
3.546 (t, 4H, J= 6 Hz, 2xCH,, C', C'),
3.716-3.739 (d, 1H, J= 11.5 Hz, CH, C*),
4.096 (s ,4H, C°, C%), 4.164-4.186 (d, 1H,
J= 11 Hz CH, C%), 4.482-4.542 (m, 2H,
clo% ¢y 7.53-7.549 (d, 4H, J= 9.5 Hz
Ar), 7.904-8.024 (m, 8H, Ar), 8.575-8.708
(bs, 4H, Ar), 9.829 (s, 1H, NH exch), 9.877
(s, 1H, NH exch). *C NMR (125MHz,
DMSO-dg) 6 : 27.1, 32.1, 32.3, 41.4, 69.4,
69.9, 102.1, 113.7, 122.6, 124.0, 129.5,
131.1, 149.4 and 151.1. APCI-MS: mz
629.53, (MH®, 100%). Anal. Calcd for
C39H40N404: C, 7452, H, 637, N, 8.92%.
Found C, 74.13; H, 6.20; N, 8.81%.

IR 3414 (NH), 1587, 1529, 1463 (Ar) cm™.
'H NMR (500 MHz, DMSO-dg+D,0) ¢ :
1.644-1.684 (m, 4H, 2xCH, C? C%),
1.983-1.919 (m, 4H, 2xCH,, C* Cb),
2.524 (s, 6H, 2xCH3), 3.301-3.324 (d, 2H,
J= 11.5 Hz, C'® CM¥), 3.457-3.502 (m,
4H, 2xCH,, C*, C'), 4.046-4.075 (m, 4H,
2xCH,, C° CP), 4.106-4.128 (t, 2H, J= 5.5
Hz, C* C%), 4.501-4.520 (t, 2H, J= 5 Hz,
clo% ¢y 7.508-7.538 (t, 2H, J= 7.5 Hz,
Ar), 7.877-7.812 (m, 4H, Ar), 7.896-7.969
(m, 4H, Ar), 8.386 (bs, 2H, Ar), 8.517 (bs,
2H, Ar). *C NMR (125MHz, DMSO-ds) &
18.9, 27.1, 32.3, 32.7, 415, 69.5, 69.9,
102.2, 114.0, 114.9, 122.5, 123.9, 124.9,
126.7, 127.7, 129.5, 130.7, 134.2, 148.9,
149.7 and 151.2. APCI-MS: m/z 657.60,
(MH", 100%). Anal. Calcd for C41H4N4O4:
C, 75.00; H, 6.70; N, 8.54%. Found C,
75.39; H, 6.41; N, 8.26%.

IR 3387(NH), 1593, 1539, 1463 (Ar) cm™.
'H NMR (500 MHz, DMSO-dg+D,0) 6 :
1.600-1.639 (m, 4H, 2xCH,, C? C¥),
1.896-1.939 (m, 4H, 2xCH, C3 C®),
3.293-3.316 (d, 2H, J= 11.5 Hz, C'® C'*),
3.447-3.494 (m, 4H, 2xCH, C!, C),

3.925 (s, 6H, 2xOCHj), 4.042-4.070 (m,
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4H, 2xCH,, C°, C°), 4.093-4.118 (t, 2H, J=
6.5 Hz, C* C'%), 4.508-4.528 (t, 2H, J='5
Hz, C*®, C'%)7.486-7.517 (t, 2H, J= 7.5
Hz, Ar), 7.645-7.669 (dd, 2H, J= 2.5 & 9.5
Hz, Ar), 7.792-7.851 (m, 6H, Ar), 7.886-
7.917 (t, 2H, J= 7.5 Hz, Ar), 8.409-8.426
(d, 2H, J= 85 Hz, Ar). ®C NMR
(125MHz, DMSO-ds) 6 : 32.4, 32.7, 41.7,
57.1, 69.6, 70.2, 103.1, 113.4, 114.5, 121.9,
122.3, 124.2, 125.8, 126.6, 127.7, 129.3,
131.8, 147.9, 149.7, 151.3 and 155.5.
APCI-MS: m/z 689.40, (MH*, 100%).
Anal. Calcd for C41H44N4Og: C, 71.51; H,
6.40; N, 8.14%. Found C, 71.89; H, 6.81;
N, 8.60%.

I11i | CHCIs:MeOH | >300 | 36 | IR 3419(NH), 1589, 1533 (Ar) cm™. *H
(8:2) NMR (500 MHz, DMSO-dg+D,0) ¢ :
1.642-1.666 (m, 4H, 2xCH, C? C%),
1.954-1.982 (m, 4H, 2xCH, C? C®),
2.731 (s, 6H, 2xCH3), 3.175-3.184 (d, 2H,
J=4.5 Hz, C'® C'*), 3.515-3.550 (m, 4H,
2xCH,, C*, C'), 4.072 (bs, 4H, 2xCH,, C°,
C®), 4.183-4.204 (t, 2H, J= 5 Hz, C*, C*,
4523-4.542 (t, 2H, J= 5 Hz, C'® C¥b),
7.450-7.481 (t, 2H, J= 7.5 Hz, Ar), 7.558-
7.571 (t, 2H, J= 7.5 Hz, Ar), 7.831-7.844
(d, 2H, J= 6.5 Hz, Ar), 7.963-7.992 (t, 2H,
J= 7.5 Hz, Ar), 8.303-8.320 (d, J= 8.5 Hz,
2H, Ar), 8.471 (s, 2H, Ar), 8.558 (s, 2H,
Ar). *C NMR (125MHz, DMSO-dg) ¢ :
19.1, 27.1, 32.4, 32.7, 41.7, 69.5, 69.8,
102.5, 113.8, 114.5, 122.6, 124.1, 124.8,
126.9, 127.7, 129.4, 130.9, 134.7, 149.1,
149.8 and 151.3. APCI-MS: nvz 657.53,
(MH", 100%). Anal. Calcd for C41H44N4O4:
C, 75.00; H, 6.70; N, 8.54%. Found C,
75.46; H, 6.96; N, 8.79%.

I11j | CHCI3:MeOH | >300 | 38 | IR 3419(NH), 1576, 1536, 1474 (Ar) cm™.
(8:2) 'H NMR (500 MHz, DMSO-dg+D,0) ¢ :
1.609-1.647(m, 4H, 2xCH, C? C%),
1.901-1.959 (m, 4H, 2xCH,, C3 C®),
3.313-3.336 (d, 2H, J= 11.5 Hz, C'®, C'),
3.447-3.494 (m, 4H, 2xCH, C! C'),
4.023-4.051 (m, 4H, 2xCH,, C®, C?), 4.071
(s, 6H, 2xOCHs), 4.130-4.152 (t, 2H, J=5.5
Hz, C* C'%), 4.527-4.546 (t, 2H, J=5
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Hz, C', C'*"), 7.443-7.546 (m, 6H, Ar),
7.910-7.941 (t, 2H, J= 7.5 Hz, Ar), 8.000-
8.015(d, 2H, J= 7.5 Hz, Ar), 8.150-8.187
(d, 2H, J= 8.5 Hz, Ar), 8.441-8.457 (d, 2H,
J= 8 Hz, Ar). °C NMR (125MHz, DMSO-
de) 0 : 27.2, 32.2, 32.6, 41.8, 57.2, 69.4,
69.8, 102.5, 113.6, 114.3, 122.7, 124.3,
125.7, 126.5, 127.7, 129.3, 131.2, 147.9,
149.5, 151.1 and 155.1. APCI-MS: mz
689.53 (MH®, 100%). Anal. Calcd for
Cs1HaN4Og: C, 71.51; H, 6.40; N, 8.14%.
Found C, 71.94; H, 6.14; N, 8.49%.

Similarly condensation of acridines Ib-e with Ilb gave corresponding
condensation products I11g, I11h, I11i and 111j (Scheme 2.1). All these condensation
products i.e. [11g-i were purified by column chromatography over silica gel. Spectral
and analytical data of 111g-i reported in Table 2.1 fully support the structures assigned
to them.

O-Isothiocyanatoacridine  (IVa;  Scheme 2.2) and  3-(4-(3-amino
propyl)piperazin-1-yl)propan-1-amine (I1a; Scheme 2.2) were dissolved in THF (10
ml) separately and mixed together with constant stirring and allowed to stand at room
temperature. After standing for 2 hour solid started separating out which was further
allowed to stand for 6 hours and the reaction contents were filtered. Solid residue so
obtained was purified by column chromatography over silica gel to give pure product
Va i.e 1-(3-(4-(3-(9-acridinylamine)methanethioamido  propyl)piperazin-1-yl)
propyl)-3-(acridin-9-yl)thiourea (Va; Scheme 2.2) in 37% vyield. IR spectrum of Va
give absorption signal at 3425 and 1621 cm™ which are due to NH and C=S
functional groups respectively and strong absorption signals at 1586 cm™ and 1523
cm™ arise due to aromatic region of acridinyl moiety. *H NMR (500MHz, DMSO-

ds+D,0) (Figure 2.5) data of Va exhibited signals at &: 1.454 (bs, 2H, C** C?),
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1.642-1.675 (m, 2H, C*, C1'*), 2.018-2.192 (m, 12H, 6xCH,, C*, C°, C8, C8, C° c),
3.052 (bs, 2H, C* C'%), 3.508-3.519 (d, 2H, J= 5.5 Hz, C*, C'?"), 7.074-7.168 (m,
4H, Ar), 7.343-7.415 (m, 4H, Ar), 7.524-7.623 (m, 4H, Ar), 8.104-8.136 (m, 4H, Ar),
3C NMR (125MHz, DMSO-ds) (Figure 2.6) data of VVa exhibited signals at 6: 30.745,
40.442, 52.749, 56.308, 112.418, 123.551, 124.747, 130.143, 131.161, 149.009,
151.109 and 176.967. APCI-MS: (Figure 2.7) of Va exhibited MH" ion peak at m/z
673.39 (100%). Elemental analysis Calculated for C3gHaoNsgS,: C, 67.86; H, 5.95; N,
16.67; S, 9.52%. Found C, 67.47; H, 6.19; N, 16.89; S, 9.50%. Spectral and analytical
data of Va s in full agreement with the structure assigned to it.

Similarly condensation of 9-isothiocyanatoacridine (1Va), 9-isothiocyanato-2-
methylacridine (1Vb), 9-isothiocyanato-2-methoxyacridine (1Vc), 9-isothiocyanato-4-
methylacridine (IVd) and 9-isothiocyanato-4-methoxyacridine (IVe) with 3-(4-(3-
aminopropyl)piperazin-1-yl)propan-1-amine Ila and 2,4,8,10-tetraoxaspiro[5,5]
undecane-3,9-dipropane amine IIb gave corresponding condensation products Va-
(Scheme 2.2). All these compounds were purified by column chromatography over
silica gel. Spectral and analytical data of Va-j reported in Table 2.2 fully support the
structures assigned to them.

2.2.2 Biological resultsand discussion

Anti-inflammatory activity [21] evaluation of I1la-j and Va-j was carried out
using carrageenan induced paw oedema assay and results are summarized in the
Table 2.3. A look at the Table 2.3 indicates that out of these compounds i.e. I11a-]
and Va-j compound Il1g exhibited interesting i.e. 41% anti-inflammatory activity,
whereas most commonly used standard drug ibuprofen exhibited 39% anti-

inflammatory activity at 50 mg/kg p.o. As mentioned in chapter one [Ref 52-54] a
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Table 2.2: Physical constants and spectral data of acridine derivativesVa-j.

Comp
no

Solvent of
cryst./elution

m.p.
°C

Yield
%

IR (KBr) cm™, 'H (500MHz) & °C
(125MHz) NMR (DM SO-dg,D-0), 6
J(HZz), APCI-MS (m/z relt int %)

1

2

3

4

5

Va

Vb

Vc

CHCI5:MeOH
(8:2)

CHCI3:MeOH
(8:2)

CHCI5;:MeOH
(8:2)

>300

>300

>300

37

39

40

IR 3425 (NH), 1586, 1523, 1462 (Ar)
cm® 'H NMR (500MHz, DMSO-
de+D,0) 6 : 1.454 (bs, 2H, C* C'?),
1.642-1.675 (m, 2H, C*, c'), 2.018-
2.192 (m, 12H, 6xCH,, C*, C°, C° C?,
C®, c9), 3.052 (bs, 2H, C*, clzaz, 3.508-
3519 (d, 2H, J= 55 Hz, C C'),
7.074-7.168 (m, 4H, Ar), 7.343-7.415
(m, 4H, Ar), 7.524-7.623 (m, 4H, Ar),
8.104-8.136 (m, 4H, Ar). ®*C NMR
(125MHz, DMSO-ds) d: 30.7, 40.4, 52.7,
56.3, 112.4, 123.5, 124.7, 130.1, 131.1,
149.0, 151.1 and 176.9. APCI-MS: m/z
673.39, (MH", 100%). Anal. Calcd for
C33H40N382: C, 67.86; H, 5.95; N, 16.67;
S, 9.52%. Found C, 67.47; H, 6.19; N,
16.89; S, 9.50%.

IR 3439 (NH), 1572, 1523, 1460 (Ar)
cm®. 'H NMR (500 MHz, DMSO-
ds+D,0) 6 : 1.622-1.646 (m, 4H, 2xCH,,
C? C'), 2.074-2.175 (m, 12H, 6xCH,,
c3 C° ¢t ¢t c® CY), 2.620 (s, 6H,
2xCHs), 3.313 (bs, 4H, 2xCH,, C*, C?),
7.134 (bs, 2H, Ar), 7.243 (bs, 2H, Ar),
7.474-7.486 (d, 2H, J= 6 Hz, Ar), 7.609-
7.636 (t, 2H, J= 7 Hz, Ar), 7.890-7.901
(d, 2H, J= 5.5 Hz, Ar), 7.938-7.955 (d,
2H, J= 8.5 Hz, Ar), 8.055-8.072 (d, 2H,
J= 85 Hz, Ar). ®°C NMR (125MHz,
DMSO-dg) ¢ : 17.9, 30.5, 41.0, 52.3,
56.0, 113.4, 114.5, 122.0, 123.7, 124.7,
126.1, 127.1, 130.0, 131.1, 135.1, 148.5,
149.3, 151.1 and 177.1. APCI-MS: m/z
701.22, (MH", 47%). Anal. Calcd for
C40H44N382: C, 68.57; H, 6.29; N, 16; S,
9.14%. Found C, 68.84; H, 6.53; N,
15.87; S, 9.49%.

IR 3414 (NH), 1584, 1520, 1465 (Ar)
cm® 'H NMR (500 MHz, DMSO-
ds+D,0) & : 1.606-1.617 (m, 4H, 2xCH,,
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5

vd

Ve

CHCI5;:MeOH
(8:2)

CHCI3:MeOH
(8:2)

>300

>300

41

33

C?, C'), 2.039-2.155 (m, 12H, 6xCHj,
c? c® ¢t ¢t c® ¢, 3.158-3.196 (m,
2H, C' C'%), 3.355-3.517 (m, 2H,
c™ c'?), 3.901 (s, 6H, 2xOCHs), 7.101-
7.181 (m, 6H, Ar), 7.570-7.599 (t, 2H, J=
7.5 Hz, Ar), 7.685-7.702 (d, 2H, J= 8.5
Hz, Ar), 7.828 (bs, 2H, Ar), 8.091-8.108
(d, 2H, J= 85 Hz, Ar), ®C NMR
(125MHz, DMSO-dg) 6 : 31.1, 40.5,
52.1, 56.2, 57.1, 113.1, 114.2, 120.7,
122.8, 125.1, 125.9, 126.8, 128.8, 131.0,
147.3, 149.5, 150.2, 154.7 and 178.0.
APCI-MS: m/z. 733.23, (MH*, 57%).
Anal. Calcd for C4H44NgO,S,: C, 65.57;
H, 6.01; N, 15.3; S, 8.74%. Found C,
65.89; H, 6.47: N, 15.68; S, 8.49%.

IR 3426 (NH), 1586, 1522, 1463 (Ar)
cm® 'H NMR (500 MHz, DMSO-
ds+D,0) J: 1.609-1.633 (M, 4H, 2xCH,,
C? C'"), 2.162 (bs, 12H, 6xCH,, C3, C°,
c® ¢t c° c), 2.607 (s, 6H, 2xCHs),
3.281-3.352 (bs, 4H, 2xCH,, C!, C%),
7.121 (bs, 2H, Ar), 7.229 (bs, 2H, Ar),
7.461-7.473 (d, 2H, J= 6 Hz, Ar), 7.596-
7.623 (t, 2H, J= 7 Hz, Ar), 7.877-7.888
(d, 2H, J= 5.5 Hz, Ar), 7.925-7.942 (d,
2H, J= 8.5 Hz, Ar), 8.059-8.042 (d, 2H,
J= 85 Hz, Ar). *C NMR (125MHz,
DMSO-dg) & : 17.9, 30.6, 40.7, 52.5,
56.5, 113.7, 114.9, 122.4, 124.1, 125.2,
126.5, 126.6, 127.6, 178.2, 130.4, 131.4,
135.7, 149.2, 149.9 and 151.7. APCI-
MS: m/z. 701.26, (MH", 84%). Anal.
Calcd for CaoH44NgS,: C, 68.57; H, 6.29;
N, 16.00; S, 9.14%. Found C, 68.11; H,
6.74; N, 16.00; S, 9.31%.

IR 3432 (NH), 1540, 1505, 1477 (Ar)
cm® 'H NMR (500 MHz, DMSO-
ds+D,0) J: 1.599-1.644 (m, 4H, 2xCH,,
C? CY), 2.074-2.121 (m, 12H, 6xCH,
c? c° cb ¢t c® c), 3.369 (bs, 4H,
2xCH,, C*, C%?), 3.808 (s, 6H, 2xOCHj3),
7.251-7.397 (m, 6H, Ar), 7.702-7.803
(m, 6H, Ar), 8.035-8.051 (d, 2H, J= 8
Hz, Ar). *C NMR (125MHz, DMSO-ds)
0:31.2,40.9, 53.3, 56.1, 56.9, 112.7,
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5

\4i

Vg

CHCI3:MeOH
(8:2)

CHCI3:MeOH
(8:2)

>300

>300

37

39

114.2, 122.3, 123.9, 125.6, 126.7, 127.5,
129.1, 131.5, 148.2, 149.6, 152.0, 155.5
and 179.2. APCI-MS: m/z  733.22,
(MH*, 32%). Anal. Calcd for
CaoHauaNgO,S,: C, 65.57; H, 6.01; N,
15.30; S, 8.74%. Found C, 65.39; H,
6.00; N, 14.98; S, 8.64%.

IR 3421 (NH), 1590, 1525, 1471 (Ar)
cm® 'H NMR (500 MHz, DMSO-
ds+D,0) 6 : 1.615-1.628 (m, 4H, 4xCHy,
C?, C*¥), 1.646-1.673 (m, 4H, 4xCH,, C*,
c®), 3.328-3.351 (m, 6H, C*, C*, c'®
C¥), 3.514-3.563 (m, 4H, 2xCH,, C°,
C%), 4.263-4.284 (t, 2H, J= 5 Hz, C*
c”z, 4.526-4.543 (t, 2H, J= 4.5 Hz, C*®,
C), 7.187-7.217 (t, 4H, J= 7.5 Hz, Ar),
7.582-7.612 (t, 4H, J= 7.5 Hz, Ar),
7.699-7.762 (m, 4H, Ar), 8.052-8.069 (d,
4H, J= 8.5 Hz, Ar). °C NMR (125MHz,
DMSO-dg) d: 27.4, 32.2, 32.4, 41.8, 69.8,
70.1, 103.2, 112.8, 123.7, 125.2, 130.6,
131.7, 149.4, 151.6 and 177.3. APCI-
MS: miz 747.32, (MH', 23%). Anal.
Calcd for CunH4oNgO4S,: C, 65.95; H,
5.63; N, 11.26; S, 8.57%. Found C,
65.87; H, 5.43; N, 11.19; S, 8.43%.

IR 3425 (NH), 1578, 1525, 1464 (Ar)
cm® 'H NMR (500 MHz, DMSO-
ds+D,0) 6 : 1.619-1.629 (m, 4H, 4xCHj,
C?, C*¥), 1.644-1.675 (m, 4H, 4xCH,, C?,
C%), 2.611 (s, 6H, 2xCH3), 3.152-3.357
(m, 6H, 2xCH,, C!', c!, c'® c'®),
3.514-3.579 (m, 4H, 2xCH,, C° C?),
4.261-4.287 (t, 2H, J= 6.5 Hz, C*, C%),
4.531-4.548 (t, 2H, J= 4.5 Hz, C'®, C'),
7.187-7.217 (t, 4H, J= 7.5 Hz, Ar),
7.290-7.762 (m, 4H, Ar), 7.582-7.612 (t,
4H, J= 7.5 Hz, Ar), 8.052-8.069 (d, 4H,
J= 85 Hz, Ar). ®C NMR (125MHz,
DMSO-dg) d: 18.9, 27.3, 32.1, 32.3, 41.6,
69.7, 69.9, 102.5, 113.4, 114.7, 122.1,
123.7, 124.8, 125.4, 126.3, 127.4, 130.1,
135.5, 149.0, 149.7, 151.5 and 178.1.
APCI-MS: m/z 775.43, (MH", 8%). Anal.
Calcd for Cu3HasNgO4So: C, 66.67; H,
5.94; N,10.85; S, 8.27%. Found C, 66.94;
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5

Vh

Vi

Vij

CHCI3:MeOH
(8:2)

CHCI3:MeOH
(8:2)

CHCI3:MeOH
(8:2)

>300

>300

>300

38

37

39

H, 5.62; N, 11.20; S, 8.61%.

IR 3425 (NH), 1573, 1529, 1479 (Ar) cm’
! 'H NMR (500 MHz, DMSO-dg+D,0) 6
: 1.575-1.679 (m, 4H, 2xCH,, C? C),
1.908-1.984 (m, 4H, 2xCH,, C° C¥),
3.499-3.554 (m, 6H, C*, C', c'® c®),
3.908 (s, 6H, 2xOCHs), 4.051-4.081 (m,
4H, 2xCH,, C°, CP), 4.181-4.202 (t, 2H,
J= 5.5 Hz, C* C'), 4.530-4.555 (t, 2H,
J= 65 Hz, C¥®, Cc¥), 7.525-7.551 (m,
4H, Ar), 7.901-7.995 (m, 8H, Ar), 8.321-
8.575 (m, 2H, Ar). *C NMR (125MHz,
DMSO-dg) J: 27.1, 32.0, 32.1, 41.7, 56.5,
69.6, 69.8, 112.7, 114.2, 122.4, 123.9,
125.6, 126.7, 127.5, 129.1, 131.5, 148.2,
149.6, 152.3, 155.5 and 179.2. APCI-
MS: mVz 808.35, (MH™+1, 21%). Anal.
Calcd for Cu3HasNgOsS,: C, 64.00; H,
5.75; N, 10.41; S, 7.95%. Found C,
64.29; H, 5.42; N, 10.97; S, 8.14%.

IR 3425 (NH), 1586, 1523, 1462 (Ar) cm’
! 'H NMR (500 MHz, DMSO-dg+D,0) &
: 1.559-1.616 (m, 4H, 2xCH,, C? C),
1.628-1.655 (m, 4H, 2xCH,, C° Cv),
2.593 (s, 6H, 2xCHs), 3.273-3.497 (m,
10H, C® C8 c', c’, ¢ c'9), 4.246-
4.267 (t, 2H, J= 5.5 Hz, C* C'), 4.487
(bs, 2H, C'® C¥"), 7.139 (bs, 2H, Ar),
7.231 (bs, 2H, Ar), 7.489 (bs, 2H, Ar),
7.628 (bs, 2H, Ar), 7.830-7.942 (d, 2H,
J= 6 Hz, Ar), 8.041-8.057 (d, 2H, J= 8
Hz, Ar). *C NMR (125MHz, DMSO-dg)
J: 18.8, 27.1, 32.0, 32.1, 41.5, 69.6, 69.8,
102.2, 114.1, 114.7, 122.7, 124.0, 125.3,
126.7, 127.5, 130.3, 131.5, 136.3, 149.6,
150.3, 151.9 and 178.4. APCI-MS: m/z
775.42, (MH", 12%). Anal. Calcd for
CasHasNgO4S,: C, 66.67; H, 5.94; N,
10.85; S, 8.27%. Found C, 66.98; H,
5.42; N, 10.97; S, 8.20%.

IR 3425 (NH), 1565, 1538, 1483 (Ar) cm’
! 'H NMR (500 MHz, DMSO-dg+D,0)
5: 1.632-1.681 (m, 4H, 2xCH,, C? C),
1.962-1.991 (m, 4H, 2xCH,, C° C¥),
3.522-3.546 (m, 6H, C*, C'", C'% ),
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3.912 (s, 6H, 2xOCHs), 4.091-4.102 (m,
4H, 2xCH,, C®, CP), 4.168-4.189 (t, 2H,
J= 5 Hz, C* C'%), 4.525-4.545 (t, 2H, J=
5 Hz, C*® C¥), 7.524-7.558 (m, 4H,
Ar), 7.900-7.994 (m, 8H, Ar), 8.322-
8.576 (m, 2H, Ar). *C NMR (125MHz,
DMSO-dg) d: 27.2, 32.0, 32.2, 41.5, 56.2,
69.6, 69.8, 112.7, 114.1, 122.4, 123.9,
125.2, 126.7, 127.5, 129.4, 131.5, 148.1,
149.7, 152.3, 155.5 and 179.0. APCI-MS:
m/z 808.48, (MH*+1, 43%). Anal. Calcd
for C43H46N60582: C, 64.00; H, 5.75; N,
10.41; S, 7.95%. Found C, 64.10; H,
5.81; N, 10.69; S, 8.07%.

close relationship between infection-inflammation and cancer exist, in view of this
information newly synthesized compounds were also screened for anticancer activity.

In vitro anticancer activity [22, 23] evaluation of compounds Il1a-j and Vaj
was carried out against five human cancer cell lines consisting of lung (NCI H-522),
ovary (PA1l), breast (T47D), colon (HCT-15) and liver (HepG2). Percentage (%)
growth inhibition of compounds Il11a-j and Va-j against various cancer cell lines was
determined at a concentration of 10uM and graphical representations of these results
are summarized in Figure 2.8 and Figure 2.9 respectively.

From Figure 2.8, it is evident that bis-acridine derivatives Illa-j are more
effective than standard drugs (ST1= Adriamycin, ST2= Mitomycin C) for ovary
(PA1) and lung (NCI H-522) cancer cell lines which are shown in blue and red
colours in Figure 2.8. For breast cancer cell line only, two compounds Il11b and I11h
exhibited good anticancer activity i.e. 63% and 86% respectively while others showed
moderate anticancer activity. In case of colon cancer cell line compound I11h and for
liver cancer cell line compound I11a showed good anticancer activity while others did

not show significant activity. Out of compounds Il1a-j, compound I11h exhibited
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Figure:-2.8 Graphical representation of anticancer activity of compounds Illa-j and ST1 (adriamycin) & ST2
(mitomycin C) against five human cancer cell lines.

good anticancer activity against four human cancer cell lines i.e. lung (NCI H-522),
ovary (PAL), breast (T47D) and colon (HCT-15). In this series, bis-acridines Il11a-j,
compounds having flexible linker i.e. 2,4,8,10-tetraoxaspiro[5,5]undecane-3,9-
dipropyl (l11f-j) exhibited better anticancer activity than those having 1,4-
dipropylpiperazine as flexible linkage i.e. (I11a-€).

In second series (compounds Va-j), compound Vg exhibited good anticancer
activity against breast cancer cell line while all other compounds exhibited moderate

activity. For liver cancer cell line only two compounds Vc and Ve showed moderate
100
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Figure:-2.9 Graphical representation of anticancer activity of compounds Va-j and ST1 (adriamycin) &
ST2 (mitomycin C) against five human cancer cell lines.
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Table-2.3 Anti-inflammatory** and in vitro anticancer** activity of compounds I1la-

j & Vaj.
Anti- Anticancer activity at a concentration of 1x10™ M
inflammatory
Compd. activity (%) | Lung Ovary Breast Colon Liver
No. at50mg/kg | NCIH-522  PA1 T47D HCT-15 HepG2
p.o.
Ila 16 61 78 26 14 50
b 17 43 61 63 11 00
Ilic 00 53 76 26 20 35
Iid 07 54 78 22 13 28
Ille 13 54 73 26 09 10
Hnif 19 51 81 27 16 36
g 41 66 78 12 26 29
[ITh 24 76 81 86 67 33
I1i 00 75 80 31 26 23
I1j 24 53 80 23 13 44
Va 08 27 05 20 10 00
Vb 34 50 44 27 30 00
Ve 34 30 48 36 27 20
Vd 09 18 27 14 00 00
Ve 09 21 44 25 10 21
\4i 00 32 18 19 16 00
Vg 28 35 15 57 09 00
Vh 10 31 24 26 06 00
Vi 15 21 33 18 18 24
Vj 21 31 32 16 32 02
Ibuprofen 39 - - - - -
Adriamycin - 44 - 48 93 55
Mito-C - 40 48 - 25 58
Paclitaxel - 51 - 65 - 75
5-FU - 00 39 00 29 29

™ We are thankful to Dr. Partha Roy, Department of Biotechnology, Indian Institute of Technology Roorkee,

Roorkee for these results.
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activity while other compounds are inactive. From Figure-2.9 it can be concluded that
compounds Vf-j exhibited better anticancer activity than Va-e. In compounds Vf-j
two acridine moieties are tethered via a flexible linker 2,4,8,10-
tetraoxaspiro[5,5]undecane-3,9-dipropyl and in compounds Va-e two acridine
moieties are tethered via a flexible linker 1,4-dipropylpiperazine. All the data of
anticancer activity against five human cancer cell lines i.e. lung (NCI H-522), ovary
(PA1), breast (T47D), colon (HCT-15) and liver (HepG2) is summarized in Table-
2.3. From the activity data of two series of compounds it can be concluded that
2,4,8,10-tetraoxaspiro[5,5]undecane-3,9-dipropyl is a better flexible linker than 1,4-
dipropylpiperazine.

It is concluded that acridine derivatives Il1a-j exhibited better anticancer and
anti-inflammatory activity as compared to Va-j. This may be due to the fact that in
case of Illa-j both acridine moieties may be able to interact with DNA more
effectively as compared to in case of Va-j where acridine moieties are far apart of
each other and this may hinder their effective interaction with DNA.

2.3 Experimental
2.3.1 General

Melting points (mp) were determined on a JSGW apparatus and are
uncorrected. IR spectra were recorded using a Perkin EImer 1600 FT spectrometer. *H
and *C NMR spectra were recorded on a Bruker WH-500 spectrometer at a ca 5-15%
(w/v) solution in DMSO-ds, CH30D and D,0. APCI mass was recorded using
Finnigan Mat LCQ Mass Spectrometer. Elemental analysis was carried out on a Vario
EL 11 elementor. Thin layer chromatography (TLC) was performed on silica gel G
for TLC (Merck) and spots were visualized by iodine vapour or by irradiation with

ultraviolet light (short wave length, 254nm). Column chromatography was performed
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by using Qualigen’s silica gel for column chromatography (60-120 mesh). Physical
constants, spectral data and elemental analysis of compounds Illa-j and Va-j are
reported in Table-2.1 and Table 2.2 respectively.
2.3.2 Synthesis of 9-chloro-2,4-(un)substituted acridines (la-€):-

These acridines were synthesized by following reaction procedure reported in
literature [17, 18].
2.3.3 Synthesis of 9-isothiocyanato-2,4-(un)substituted acridines (IVa-€):-

These acridines were synthesized by following reaction procedure reported in
literature [19].
234 General procedure for condensation of 9-chloro-2,4-(un)substituted
acridines (la-e) with various amines (l1a,b)
2.3.4.1 N-(3-(4-(3-(acridin-9-ylamino)propyl)piperazin-1-yl)propyl)acridin-9-amine
(111a)

9-Chloroacridine (200 mg, 0.92 mmol) was taken in methanol (20 mL) and to
it was added 3-(4-(3-aminopropyl)piperazin-1-yl) propan-1-amine (90 mg, 0.45
mmol). Reaction contents were heated under reflux for 17 hours. Solvent was
removed under reduced pressure and the residue left behind was treated with 10 %
cold ag sodium bicarbonate solution (5 ml), then washed with cold water to give
crude product, which was purified by column chromatography over silica gel to give
pure product Illa. Solvent of elution: CHCIs: MeOH (7:3, R =0.6); Yield: 238mg
(43%).

Similarly other acridine derivatives i.e. 2-methyl-N-(3-(4-(3-(2-methylacridin-
9-ylamino)propyl)piperazin-1-yl)propyl)acridin-9-amine (I11b), 2-methoxy-N-(3-(4-
(3-(2-methoxyacridin-9-ylamino)propyl)piperazin-1-yl)propyl)acridin-9-amine (I11c),

4-methyl-N-(3-(4-(3-(4-methylacridin-9-ylamino)propyl)piperazin-1-1)propyl)acridin-
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9-amine (111d), 4-methoxy-N-(3-(4-(3-(4-methoxyacridin-9-ylamino)propyl)piperazin
-1-yl) propyl) acridin-9-amine (I11€), (acridin-9-yl)-[3-(9-{3-[(acridin-9-ylamino)]-
propyl}-2,4,8,10-tetraoxa-spiro[5,5]undec-3-yl)-propyl]-amine  (111f),  (2-methyl-
acridin-9-yl)-[3-(9-{3-[(2-methyl-acridin-9-ylamino)]-propyl}-2,4,8,10-tetraoxa-spiro
[5,5]undec-3-yl)-propyl]-amine (I1g), (2-methoxy-acridin-9-yl)-[3-(9-{3-[(2-
methoxy-acridin-9-ylamino)]-propyl}-2,4,8,10-tetraoxa-spiro[5,5]undec-3-yl)-prop
yl]-amine (I111h), (4-methyl-acridin-9-yl)-[3-(9-{3-[(4-methyl-acridin-9-yl
amino)]-propyl}-2,4,8,10-tetraoxa-spiro[5,5]undec-3-yl)-propyl]-amine (111i),  (4-
methoxy-acridin-9-yl)-[3-(9-{3-[(4-methoxy-acridin-9-ylamino)]-propyl}-2,4,8,10-
tetraoxa-spiro[5,5] undec-3-yl)-propyl]-amine (111j) were synthesized and reported in
Table 2.1.
2.3.5 General procedure for condensation of 9-isothiocyanato-2-4-(un)substituted
acridines (IVa-e) with diamines (I1a, b)
2.35.1 1-(3-(4-(3-(9-Acridinylamine)methanethioamidopropyl)piperazin-1-
yl)propyl)-3-(acridin-9-yl)thiourea (Va)
9-Isothiocyanatoacridine (300 mg, 1.27 mmol) and 3-(4-(3-aminopropyl)piperazin-1-
yl)propan-1-amine (127 mg, 0.63 mmol) were dissolved separately in THF (10 mL)
and mixed together with constant stirring and allowed to stand at room temperature
for 6 hours. Solid product separated out was filtered and purified by column
chromatography over silica gel to give pure product Va. Solvent of elution: CHClj:
MeOH (8:2, R¢=0.6); Yield: 248 mg (37%).

Similarly other acridine derivatives Va-j i.e. 1-(3-(4-(3-(9-acridinyl
amine)methanethioamidopropyl)piperazin-1-yl)propyl)-3-(acridin-9-yl) thiourea (Va),
1-(3-(4-(3-(2-methyl-9-acridinylamine)methanethioamidopropyl)piperazin-1-yl)

propyl)-3-(2-methylacridin-9-yl)thiourea  (Vb), 1-(3-(4-(3-(2-methoxy-9-acridinyl
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amine)methanethioamidopropyl)piperazin-1-yl)propyl)-3-(2-methoxyacridin-9-yl)
thiourea  (Vc), 1-(3-(4-(3-(4-methyl-9-acridinylamine)methanethioamidopropyl)
piperazin-1-yl)propyl)-3-(4-methylacridin-9-yl)thiourea (Vd), 1-(3-(4-(3-(4-methoxy-
9-acridinylamine)methanethioamidopropyl)piperazin-1-yl)propyl)-3-(4-methoxy
acridin-9-yDthiourea (Ve), 1-(3-(9-(3-(9-acridinylamine)methanethioamidopropyl)
2,4,8,10-tetraoxa-spiro[5.5]undecane-3-yl)propyl)-3-(acridin-9-yl) thiourea (Vf), 1-(3-
(9-(3-(2-methyl-9-acridinylamine)methanethioamidopropyl)-2,4,8,10-tetraoxa-spiro
[5.5]undecane-3-yl)propyl)-3-(2-methylacridin-9-yl)thiourea  (Vg), 1-(3-(9-(3-(2-
methoxy-9-acridinylamine)methanethioamidopropyl)2,4,8,10-tetraoxa-spiro[5.5]
undecane-3-yl)propyl)-3-(2-methoxyacridin-9-yl)thiourea (Vh), 1-(3-(9-(3-(4-methyl-
9-acridinylamine)methanethioamidopropyl)2,4,8,10-tetraoxa-spiro[5.5] undecane-3-
yhpropyl)-3-(4-methylacridin-9-yl)thiourea (Vi), 1-(3-(9-(3-(4-methoxy-9-acridinyl
amine)methane thioamidopropyl)2,4,8,10-tetraoxa-spiro[5.5]undecane-3-yl)propyl)-
3-(4-methoxyacridin-9-yl)thiourea (Vj) were synthesized and reported in Table 2.2.
2.3.6 Anti-inflammatory activity evaluation [21]

Paw oedema inhibition test was used on albino rats of Charles Foster
by adopting the method of Winter et al. [21]. Groups of five animals of both sexes
(body weight 120-160g), excluding pregnant females, were given a dose of test
compound. Thirty minute later, 0.20 mL of 1% freshly prepared carrageenan
suspension in 0.9% NaCl solution was injected subcutaneously into the planter
aponeurosis of the hind paw and the volume was measured by a water
plethysmometer apparatus and then measured again 1-3h later. The mean increase of
paw volume at each interval was compared with that of control group (five rats treated
with carrageenan but not with test compound) at the same intervals and percent

inhibition value calculated by the formula given below.
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% anti-inflammatory activity = [1-D¢/D¢]*100
D; and D, are paw volumes of oedema in tested and control groups, respectively.
Compounds Il1a-j and Va-j were screened for anti-inflammatory activity and results
are summarized in Table 2.3.
2.3.7 Invitro cytotoxicity against human cancer cell lines[22, 23]

The human cancer cell lines procured from National Cancer Institute,
Frederick, U. S. A. were used in present study. Cells were grown in tissue culture
flasks in complete growth medium (RPMI-1640 medium with 2 mM glutamine, pH
7.4 supplemented with 10% fetal bovine serum, 100 pg/mL streptomycin and 100
units/mL penicillin) in a carbon dioxide incubator (37°C, 5% CO, 90% RH). The
cells at subconfluent stage were harvested from the flask by treatment with trypsin
(0.05% in PBS (pH 7.4) containing 0.02% EDTA). Cells with viability of more than
98%, as determined by trypan blue exclusion, were used for determination of
cytotoxicity. The cell suspension of 1x10° cells/mL was prepared in complete growth
medium.

Stock 4x10 M compound solutions were prepared in DMSO. The stock
solutions were serially diluted with complete growth medium containing 50ug/mL of
gentamycin to obtaine working test solution of required concentrations.

In vitro cytotoxicity against various human cancer cell lines was determined
(Monks et. al.) [22] using 96-well tissue culture plates. The 100 pL of cell suspension
was added to each well of the 96-well tissue culture plates. The cells were allowed to
grow in CO, incubator (37°C, 5% CO, 90% RH) for 24 hours. The test materials in
complete growth medium (100 pL) were added after 24 hours incubation to the wells
containing cell suspension. The plates were further incubated for 48 hours (37 °C in

an atmosphere of 5% CO, and 90% relative humidity) in a carbon dioxide incubator
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after addition of test material and then the cell growth was stopped by gently layering
trichloroacetic acid (50% TCA, 50 pL) on top of the medium in all the wells. The
plates were incubated at 4°C for one hour to fix the cells attached to the bottom of the
wells. The liquid of all the wells was gently pipetted out and discarded. The plates
were washed five times with distilled water to remove TCA, growth medium low
molecular weight metabolites, serum proteins etc. and air dried. Cell growth was
measured by staining with sulfornodamine B dye (Skehan et. al.) [23]. The adsorbed
dye was dissolved in Tris-HCI Buffer (100 pL, 0.01M, pH 10.4) and plates were
gently stirred for 10 minutes on a mechanical stirrer. The optical density (OD) was
recorded on ELISA reader at 540nm.

Compounds Illa-j and Va-j were screened for anticancer activity and results

are summarized in Table 2.3.
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Chapter 3

Synthesis, anti-inflammatory and anticancer activity evaluation of pyrazole and oxadiazole
derivatives

3.1 Introduction

Pyrazole and oxadiazole derivatives form an important class of compounds
possessing wide range of biological activities [1, 2]. Recent work reported in literature on
pyrazole and oxadiazole derivatives exhibiting anti-inflammatory and anticancer
activities have been summarized in chapter-1. Apart from anti-inflammatory and
anticancer activities, these compounds are also reported to exhibit antiviral [3, 4],
antiasthmatic [5, 6], antimalarial [7-10], antimicrobial [11-17] and antibacterial [18, 19]
activities. Motivated by wide range of biological activities exhibited by pyrazole and
oxadiazole derivatives and in continuation of our efforts in search of potent anti-
inflammatory and anticancer agents [20, 21] we have synthesized a number of pyrazole
and oxadiazole derivatives and screened them for anti-inflammatory and anticancer

activities, which we will describe in this chapter.
3.2 Results and discussion

3.2.1 Chemistry:

Chalcone derivatives la-f (Scheme 3.1) were synthesized by condensation of 2-
acetyl pyridine, 3-acetyl pyridine, 4-acetyl pyridine with 2,5-dimethoxybenzaldehyde and
4-(dimethylamino) benzaldehyde as reported in literature [22, 23]. 3-(2,5-
dimethoxyphenyl)-1-(pyridin-2-yl)prop-2-en-1-one (la; Scheme 3.1) on condensation
with hydrazine hydrate under microwave irradiation for 3 minutes and at a power level of

180 Watt gave condensation product I1a (Scheme 3.1). This product was purified by
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crystallization from chloroform to give pure 2-[5-(2,5-dimethoxyphenyl)-4,5-dihydro-
1H-pyrazol-3yl] pyridine (I1a; Scheme 3.1) in good vyield. IR spectrum of Ila shows
absorption signal at 3140 cm™ which is attributed to NH functional group and strong
absorption signals at 1587, 1489 cm™ correspond to aromatic region. *H NMR (500 MHz,
CDCly) (Figure 3.1) of compound Ila exhibited signals at ¢ : 3.121-3.175 (dd, 1H, J= 10
& 17 Hz, one H of CH,), 3.641-3.696 (dd, 1H, J= 10 & 17 Hz, one H of CH,), 3.776 (s,
3H, OCH3), 3.836 (s, 3H, OCHj3), 5.254-5.295 (t, 1H, J= 10 Hz, CH), 6.207 (bs, 1H, NH),
6.789-6.806 (m, 1H, Ar), 6.829-6.847 (d, 1H,J= 9 Hz, Ar), 7.053-7.059 (d, 1H, J= 3 Hz,
Ar), 7.205-7.232 (m, 1H, Ar), 7.676-7.711 (m, 1H, Ar), 7.978-7.994 (d, 1H, J= 8 Hz, Ar),
8.588-8.599 (m, 1H, Ar). *C NMR (125MHz, CDClIs) (Figure 3.2) data of I1a exhibited
signals at ¢ : 43.122, 49.681, 55.593, 55.944, 111.335, 111.776, 113.034, 113.376,
114.300, 120.041, 122.467, 136.708, 148.164, 148.394, 150.945 and 153.438. GC-MS
spectrum (mvz; relt. int. %) (Figure 3.3) of l1a gave M™ ion peak at m/z 283 (3%). In
addition to M™ ion peak GCMS of 11a shows some other prominent ion peaks which can
arise through its fragmentation. The fragmentation pattern of Il1a is outlined in chart 3.1.
Elemental analysis Calculated for C16H17N3O,: C, 67.83; H, 6.05; N, 14.83% Found C,
67.55; H, 6.12; N, 14.78%. Spectral data and elemental analysis of I1a fully support the
structure assigned to it.

Similarly chalcone derivatives I1b-f (Scheme 3.1) on condensation with hydrazine
hydrate gave corresponding products I1b-f (Scheme 3.1). Physical constants, spectral and
analytical data of I1b-f reported in Table-3.1 is in full agreement with structures assigned
to them.

Condensation of 3-(2,5-dimethoxyphenyl)-1-(pyridin-2-yl)prop-2-en-1-one (1 g;
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Fragmentation pattern of I1a

: N-NH
_| + _ / OCH3
X /

N — -
Mz 252 (20%) \_\

m/z 146 (18%)

'y

. Migration -0
-H of H OCH;
+ N-NH
a\‘ |>|‘NH_| OCHj _ / OCH,3
- N -H* I
) N V\Q NN
2t N hgco HsCO
m/z 78 (46%) m'z (283 M+ *, 3%) m/z 282 (20%)
Ila y
H. /b .
N/NH ocH, *+
: N
AN N_l + \ N 1
| H,CO
Z

m/z 281 (100%)

N

Mz 77 (23%)

N-N OCHs _ |
HyCO iz 104 (21%)
m/z 280 (30%)
Chart 3.1
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Scheme 3.1) with phenyl hydrazine in equimolar ratio, under microwave irradiation for 3
minutes (power level 450 Watt) gave condensation product 11g, which was crystallized
from chloroform: MeOH (8:2) to give pure 2-[5-(2,5-dimethoxyphenyl)-1-phenyl-4,5-
dihydro-1H-pyrazol-3yl] pyridine (I1g; Scheme 3.1) in good yield. IR spectrum of Ilg
shows absorption signal at 3382 cm™ which is attributed to NH functional group and
strong absorption at 1601, 1485 cm™ correspond to aromatic region. *H NMR (500 MHz,
CDCl3) of compound I1g exhibited signals at ¢ : 3.200-3.250 (dd, 1H, J=7 & 18 Hz, one
H of CHy), 3.645 (s, 3H, CH3), 3.922 (s, 3H, CH3), 3.979-4.041 (dd, 1H, J= 13 & 18.5
Hz, one H of CH,), 5.630-5.668 (dd, 1H, J= 6.5 & 12.5 Hz, CH), 6.707-6.713 (d, 1H, J=
3 Hz, Ar), 6.744-6.768 (m, 1H, Ar), 6.818-6.847 (t, 1H, J= 9.5 Hz, Ar), 6.878-6.887 (d,
1H, J= 4.5 Hz, Ar), 7.077-7.099 (m, 2H, Ar), 7.148-7.243 (m, 3H, Ar), 7.691-7.725 (m,
1H, Ar), 8.139-8.161 (m, 1H, Ar), 8.550-8.557 (m, 1H, Ar), **C NMR (125MHz, CDCls)
data of I1g exhibited signals at ¢ : 43.681, 49.699, 55.593, 55.944, 111.741, 112.301,
112.780, 112.919, 123.559, 127.118, 128.909, 129.107, 129.928, 133.005, 148.345,
149.307, 152.075, 152.878, 154.304 and 155.455. GC-MS spectrum (nVz relt. int. %) of
I1g gave M™ ion peak at m/z 359 (5%). Elemental analysis Calculated for C»,H,:N30,: C,
73.52; H, 5.89; N, 11.69%. Found C, 73.68; H, 5.76; N, 11.78%. Spectral data and
elemental analysis of I1g fully support the structure assigned to it.

Similarly condensation of Ib-f (Scheme 3.1) with phenyl hydrazine gave
corresponding condensation products I1h-I (Scheme 3.1) respectivaly. Physical constants,
spectral and analytical data of compounds I1g-lI reported in Table-3.1 fully support the
structures assigned to them.

N’-Hydroxypicolinamidine, (I11a, Scheme 3.2), N’-hydroxy-isonicotinamidine
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Table 3.1: Physical constants and spectral data of pyrazole (I11a-1) and oxadiazole
derivatives (1Va-f)

Comp
no

Solvent of
cryst./elution

m.p.
°C

Yield
%

IR (KBr) cm?®, H (500MHz) & ¥C
(125MHz) NMR (CDCl;, DMSO-dg), o
J(HZ), GC-MS (m/z relt int %)

1

2

3

4

5

la

b

CHCI;

CHCl;

114

118

83

84

IR 3140 (NH) 1587, 1489 (Ar) cm™. 'H NMR
(500 MHz, CDCls) ¢ : 3.121-3.175 (dd, 1H, J=
10 & 17 Hz, one H of CH,), 3.641-3.696 (dd,
1H, J= 10 & 17 Hz, one H of CH,), 3.776 (s,
3H, OCHj), 3.836 (s, 3H, OCHs), 5.254-5.295
(t, 1H, J= 10 Hz, CH), 6.207 (bs, 1H, NH),
6.789-6.806 (m, 1H, Ar), 6.829-6.847 (d, 1H,
J=9 Hz, Ar), 7.053-7.059 (d, 1H, J= 3 Hz, Ar),
7.205-7.232 (m, 1H, Ar), 7.676-7.711 (m, 1H,
Ar), 7.978-7.994 (d, 1H, J= 8 Hz, Ar), 8.588-
8599 (m, 1H, Ar). *C NMR (125MHz,
CDCls) 6 : 43.1, 49.6, 55.5, 55.9, 111.3, 111.7,
113.0, 113.3, 114.3, 120.0, 122.4, 136.7, 148.1,
148.3, 150.9 and 153.4. GC-MS: : m/z 283
(M*™, 3%), 282 (M**-H, 20%), 281

N-NH ___ochl* . NNT__ocH,
(G . 100%), 280 ([ :

HyCO N-NH _OCH, HyCO
30%), 252 ( W , 20%), 146 ( N
N +|

N — .
(< R 189%), 104 (C)-on12296), 79 ( [ )
SN Swf
269%), 78 ([ 46%), 77 ( (1} 23%). Anal.

Calcd for Ci6H17N30O,: C, 67.83; H, 6.05; N,
14.83%. Found C, 67.55; H, 6.12; N, 14.78%.

IR 3314(NH), 1587, 1487 (Ar) cm™. *H NMR
(500 MHz, MHz, CDCls) 6: 3.094-3.147 (dd,
1H, J= 9.5 & 16.5 Hz, one H of CH,), 3.613-
3.668 (dd, 1H, J= 10.5 & 16.5 Hz, one H of
CHy), 3.748 (s, 3H, OCHj), 3.809 (s, 3H,
OCHs), 5.226-5.267 (t, 1H, J= 10.5 Hz, CH),
6.179 (bs, 1H, NH), 6.755-6.819 (m, 2H, Ar),
7.025-7.031 (d, 1H, J= 3 Hz, Ar), 7.117-7.214
(m, 1H, Ar), 7.649-7.683 (m, 1H, Ar), 7.950-
7.966 (d, 1H, J= 8 Hz, Ar), 8.560-8.570 (m,
1H, Ar). *C NMR (125MHz, CDCls) 6 : 43.3,
49.8,55.8,56.1, 111.4,111.9, 113.4, 114.4,
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5

Ilc

Ild

CHCl3

CHCl3

115

121

82

81

120.1, 122.6, 136.8, 148.3, 148.5, 151.0 and
153.7. GC-MS: mVz 283, (M™, 20%), 282 (M™"-
IN-NH OCH, +
Z

H, 24%), 281( \/ ] . 1%), 252
N-NH OCH

HyCO
ANA 0 NH o
(C 1) 20%), 146 (% 100%),

138 (rco{_)-ochl} 119), 104 ( { / oI+

T+
, 16%), 79 ( @ 20%), 78 ( \jN,

NS
25%), 77 ( ()", 22%). Anal. Calcd for

C16H17N3021 C, 67.83; H, 6.05; N, 14.83%.
Found C, 67.64; H, 6.09; N, 14.79%.

IR 3412(NH), 1590, 1531 (Ar) cm™. *H NMR
(500 MHz, CDCls) 6 : 3.095-3.148 (dd, 1H, J=
9.5 & 16.5 Hz, one H of CH,), 3.614-3.669
(dd, 1H, J= 10.5 & 17 Hz, one H of CHy),
3.749 (s, 3H, CHs), 3.810 (s, 3H, CHj), 5.228-
5.268 (t, 1H, J= 10 Hz, CH), 6.167 (bs, 1H,
NH), 6.762-6.780 (m, 1H, Ar), 6.803-6.820 (d,
1H, J= 8.5 Hz, Ar), 7.026-7.032 (d, 1H, J= 3
Hz, Ar), 7.658-7.669 (d, 2H, J= 5.5 Hz, Ar),
8.348-8.360 (d, 2H, J= 6 Hz, Ar), *C NMR
(125MHz, CDCls) ¢ : 43.4, 49.9, 55.7, 56.1,
111.4,111.9, 113.1, 113.5, 114.4, 120.2, 122.7,
136.9, 148.3, 149.0, 151.1 and 153.8. GC-MS:
m/z 283 (M, 20%), 282 (M**- H, 22%),
_ NNH OCHj
252 ( (S 20%), 146 (

— N-
NC/>‘<)N+H, 100%), 138 ( cho%;yow3 ,
10%), 104(N3cm,420%), 79 ( @, 199%),
78 ( | O 30%), 77 ( (j 18%). Anal.

Calcd for Ci6H17N3O,: C, 67.83; H, 6.05; N,
14.83%. Found C, 67.77; H, 6.09; N, 14.89%.

IR 3414(NH), 1587, 1490 (Ar) cm™. 'H NMR
(500 MHz, MHz, CDCls) §: 2.900 (s, 6H,
2xCHj), 3.212-3.263 (dd, 1H, J= 8 & 17.5 Hz,
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5

e

CHCl;

119

80

one H of CHj), 3.535-3.591 (dd, 1H, J= 11 &
17 Hz, one H of CH,), 4.876-4.914 (t, 1H, J=
10 Hz, CH), 6.050 (bs, 1H, NH), 6.594-6.612
(d, 3H, J= 9 Hz, Ar), 7.213-7.227 (d, 2H, J=7
Hz, Ar), 7.652-7.691 (m, 1H, Ar), 7.951-7.967
(d, 1H, J= 8 Hz, Ar), 8.560-8.570 (d, 1H, J= 5
Hz, Ar). *C NMR (125MHz, CDCls) & : 40.5,
50.6, 112.8, 112.9, 123.6, 127.1, 128.9, 129.9,
133.0, 147.2, 148.3, 149.3, 150.4 and 154.5.
GC-MS: m/z 266 (M*, 99%), 265 (M*"-
N-NH '+
H, 8796), 264 (L 1) s 12%), 263
N-NF — 1+

T e ). 147 (Q@mm%),

— N- __ N .
146 (<", 90%), 145 (Q&Nﬁ“l 15%),
144 (8, 1296), 121 ()l 62 96),
120 ()N, , 429%), 119 ({_)—md", 15%),

. SNk x
N eN1+210 BT SN
104 (QCN,zm), 79(@,15@), 78(@,
35%), 77 ([ N'* |, 38%). Anal. Calcd for

Z
C16H13N4: C, 7215, H, 681, N, 21.04%.
Found C, 72.29; H, 6.84; N, 21.11%.

IR 3316 (NH), 1591, 1569, 1488 cm™. 'H
NMR (500 MHz, CDCls) J: 2.931 (s, 6H,
2xCHj), 3.214-3.264 (dd, 1H, J= 8 & 17 Hz,
one H of CH,), 3.537-3.592 (dd, 1H, J= 105 &
17 Hz, one H of CH,), 4.877-4.915 (t, 1H, J=
10 Hz, CH), 6.051 (bs, 1H, NH), 6.688-6.712
(m, 2H, Ar), 7.183-7.232 (m, 3H, Ar), 7.658-
7.692 (m, 1H, Ar), 7.952-7.968 (d, 1H, J= 8
Hz, Ar), 8.562-8.571 (d, 1H, J= 4.5 Hz, Ar).
3C NMR (125MHz, CDCls) ¢ : 40.4, 50.5,
111.6, 112.2, 112.7, 123.4, 126.9, 128.8, 129.8,
132.9, 147.1, 148.2, 149.2, 150.3 and 155.4.
GC-MS: m/z 266 (M**, 85%), 265 (M*"-
N-NH1+

H, 70%), 264 ( @/V\@ L T%),
N €2

NM
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5

[1f

CHCl3

CHCI5:MeOH
(8:2)

128

173

81

7

=\ N-nygl+ =\ N-
147 (%“ 100%), 146 (§, <, 90%),
145 (¢ ) Nk 13%) 144(% , 119%),
121 (@NMez ,55%), 120 (+_)~Nme, , 40%),
: +
=\ _T4n0 N T+4 00 X
104 (@mﬁzom, 79 (@ *13%), 78 (@ ,

29%), 77 (I \“ , 43%). Anal. Calcd for

C16H13N4: C, 72.15; H, 6.81; N, 21.04% Found
C, 72.25; H, 6.83; N, 21.08%.

IR 3384(NH), 1639, 1580, 1535, 1478 (Ar) cm’
1 IH NMR (500 MHz, 2.930 (s, 6H, 2xCHs),
3.216-3.266 (dd, 1H, J= 8 & 17 Hz, one H of
CHj,), 3.541-3.596 (dd, 1H, J= 10.5 & 17 Hz,
one H of CH,), 4.879-4.918 (g, 1H,J=7 & 10
Hz, CH), 6.147 (bs, 1H, NH), 6.690-6.715 (d,
2H, J= 12 Hz, Ar), 7.184-7.213 (dd, 2H, J= 1.5
& 8 Hz, Ar), 7.657-7.668 (d, 2H, J= 5.5 Hz,
Ar), 8.349-8.361 (d, 2H, J= 6.5 Hz, Ar). °C
NMR (125MHz, CDCl3) & : 40.2, 50.4, 111.5,
112.5, 123.3, 126.9, 128.6, 129.7, 132.7, 148.1,
149.0, 149.6, 150.1 and 154.2. GC-MS: m/z
266 (M*, 90%), 265 (M*"-H, 81%),

N-NH 1+

264 ( Q/V\@ L 7%), 147

(N )~<"¥,"1009%), 146 ( NQ@H , 929%),

145 (N@Um+12%) 121 (" )-nwilf, 62%),

120 (%_)~NMe; , 41%), 119 (@NMe; , 16%),
104 (N )-on'F19%), 79 ((jf 1596), 78 ((;j
| 29%), 77 ((jfss%). Anal. Calcd for

CiHisNa: C, 72.15; H, 6.81; N, 21.04%.
Found C, 72.31; H, 6.78; N, 21.07%.

IR 3382(NH), 1601, 1485 (Ar) cm™. 'H NMR
(500 MHz, CDCls) 6 : 3.200-3.250 (dd, 1H,
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5

ITh

CHCI3:MeOH
(8:2)

183

81

J=7 & 18 Hz, one H of CH,), 3.645 (s, 3H,
CHs), 3.922 (s, 3H, CHs), 3.979-4.041 (dd, 1H,
J= 13 & 18.5 Hz, one H of CH,), 5.630-5.668
(dd, 1H, J= 6.5 & 12.5 Hz, CH), 6.707-6.713
(d, 1H, J= 3 Hz, Ar), 6.744-6.768 (m, 1H, Ar),
6.818-6.847 (t, 1H, J= 9.5 Hz, Ar), 6.878-6.887
(d, 1H, J= 4.5 Hz, Ar), 7.077-7.099 (m, 2H,
Ar), 7.148-7.243 (m, 3H, Ar), 7.691-7.725 (m,
1H, Ar), 8.139-8.161 (m, 1H, Ar), 8.550-8.557
(m, 1H, Ar). °C NMR (125MHz, CDCl3) § :
43.7, 49.7, 55.6, 56.7, 111.7, 112.3, 112.8,
123.6, 127.1, 128.9, 129.1, 129.9, 133.0, 148.3,
149.3, 152.1, 152.9, 154.3 and 155.5. GC-MS:
m'z359 (M*, 5%), 358 (M*"-H, 6%),
N- N’PT*' OMe

357(@&)@ 22%), 328 (M/z 359-OCHs

, 16%), 326 (m/Z 357-OCHjs, 10%), 280

N-N+ OMe

(m 3%), 222 (@J\) 10%) 79
( N+22%) 78(@ 23%), 77(@ 42%).

Anal. Calcd for CooH»1N3O,: C, 73.52; H, 5.89;
N, 11.69. Found C, 73.68; H, 5.76; N, 11.78%.

IR 3444 (NH), 1625, 1575, 1524, 1497 (Ar)
cm™. 'H NMR (500 MHz, CDCls) 6 : 3.17-
3.22 (dd, 1H, J= 10 & 20 Hz, one H of CH,),
3.61 (s, 3H, CH3), 3.88 (s, 3H, CH3), 3.95-4.01
(dd, 1H, J= 15 & 20 Hz, one H of CHy), 5.58-
5.63 (dd, 1H, J= 10 & 20 Hz, CH), 6.68-6.69
(d, 1H, J= 5 Hz, Ar), 6.72-6.74 (m, 1H, Ar),
6.79-6.82 (t, 1H, J= 7.5 Hz, Ar), 6.84-6.86 (d,
1H, J= 10 Hz, Ar), 7.07-7.09 (m, 2H, Ar),
7.18-7.22 (m, 2H, Ar), 7.66-7.67 (d, 1H, J=5
Hz, Ar), 8.35-8.36 (d, 1H, J= 5 Hz, Ar), 8.53-
8.55 (t, 2H, J= 5 Hz, Ar). *C NMR (125MHz,
CDCls) 6 : 43.8, 49.7, 55.5, 56.8, 111.9, 112.2,
112.9, 115.4, 123.8, 127.5, 129.0, 129.9, 131.1,
133.0, 148.2, 149.3, 152.1, 152.9, 154.3 and
155.4. GC-MS: m/z 359 (M™, 5%), 358 (M*"-
N-N-Ph  qnid+

H, 20%), 357 ({ | , 71%), 328(m/z
359-OCH; N wmeo
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5

1]

CHCI3:MeOH
(8:2)

CHCI3:MeOH
(8:2)

187

183

77

79

529%), 326 (/2 357-OCHj, 35%), 280
N- N OMe

((j’\)@ 13%), 222 ( % PB50%6),

N MeO

79 ()" 51%), 78 ( O 529%), 77 ( @

100%). Anal. Calcd for Cy,H1N3O,: C, 73.52;
H, 5.89; N, 11.69%. Found C, 73.62; H, 5.82;
N, 11.74%.

IR 3429 (NH), 1628, 1585, 1509 (Ar) cm™. *H
NMR (500 MHz, CDCls) § : 3.18-3.22 (dd, 1H,
J=5 & 10 Hz, one H of CH,), 3.61 (s, 3H,
CHa), 3.88 (s, 3H, CH3), 3.95-4.01 (dd, 1H, J=
15 & 20 Hz, one H of CHy), 5.60-5.64 (dd, 1H,
J= 10 & 15 Hz, CH), 6.68-6.69 (d, 1H, J= 5
Hz, Ar), 6.72-6.74 (m, 1H, Ar), 6.79-6.82 (t,
1H, J= 7.5 Hz, Ar), 6.84-6.86 (d, 1H, J= 10 Hz,
Ar), 7.07-7.09 (m, 2H, Ar), 7.18-7.22 (m, 2H,
Ar), 7.66-7.67 (d, 2H, J= 5 Hz, Ar), 8.35-8.36
(d, 2H, J= 5 Hz, Ar). *C NMR (125MHz,
CDCls) d : 44.1, 49.6, 55.3, 56.7, 111.7, 112.3,
112.8,112.9, 123.8, 127.7, 129.0, 129.8, 133.0,
149.3, 152.2, 152.9, 154.4 and 155.4. GC-MS:
m/z 359, (M*, 20%), 358 (M*-H, 5%), 328
(M*- OCHs, 3%),

.
— N-nj—
222 (N )< VP 100%), 78 ( [ ) 21%), 77
+( PeH 6), 78 ( (Nj 0)
( @ , 32%). Anal. Calcd for C,,H21N30;: C,

73.52; H, 5.89; N, 11.69%. Found C, 73.49; H,
5.85; N, 11.62%.

IR 3315 (NH), 1587, 1487, 1442 (Ar) cm™. *H
NMR (500 MHz, CDCls) & : 2.968 (s, 6H,
2xCHj), 3.070-3.118 (dd, 1H, J= 7 & 17 Hz,
one H of CHy), 3.792-3.852 (dd, 1H, J=125 &
17 Hz, one H of CH,), 5.342-5.381 (dd, 1H, J=
7 & 12.5 Hz, CH), 6.826-6.839 (t, 1H, J= 3
Hz, Ar), 6.956-6.973 (d, 2H, J= 8.5 Hz, Ar),
7.062-7.081 (dd, 2H, J= 1 & 7.5 Hz, Ar),
7.165-7.217 (m, 4H, Ar), 7.542-7.569 (m, 1H,
Ar), 8.295-8.323 (m, 1H, Ar), 8.533-8.546
(dd, 1H, J= 1.5 & 5 Hz, Ar), 8.859-8.862
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Ik

CHCI5:MeOH
(8:2)

CHCI5:MeOH
(8:2)

191

197

76

76

(d, 1H, J= 1.5 Hz, Ar). *C NMR (125MHz,
CDCls) ¢ : 40.6, 42.8, 50.5, 111.7, 113.1,
113.4, 119.4, 123.5, 126.6, 128.8, 130.7, 132.8,
143.2, 144.2, 146.2, 148.3, 149.7, 152.1 and
156.3. GC-MS: m/z 342, (M*, 60%), 341

NN )
+e == |
(M*"-H, 26%), 340 ( mwe; 30%),
— N-nr t
222 (<N 179), 78 (), 11%), 77
+
( @ , 45%). Anal. Calcd for CoHzoNy: C,

77.16; H, 6.48; N, 16.36%. Found C, 77.27; H,
6.44; N, 16.41%.

IR 3386 (NH), 1622, 1595, 1495 (Ar) cm™. 'H
NMR (500 MHz, CDCls) 6 : 2.92 (s, 6H,
2xCHs), 3.09-3.13 (dd, 1H, J= 5 & 15 Hz, one
H of CH,), 3.74-3.79 (dd, 1H, J= 5 & 15 Hz,
one H of CH,), 5.24-5.28 (dd, 1H, J=5 & 10
Hz, CH), 6.70-6.72 (m, 2H, Ar), 6.78-6.81 (m,
1H, Ar), 7.09-7.11 (m, 2H, Ar), 7.15-7.20 (m,
4H, Ar), 7.66-7.67 (d, 1H, J= 5 Hz, Ar), 8.35-
8.36 (d, 1H, J= 5 Hz, Ar), 8.53-8.55 (t, 2H, J=
5 Hz, Ar), °C NMR (125MHz, CDCl3) 6 :
40.6, 42.8, 50.5, 113.0, 113.1, 119.4, 123.5,
126.6, 128.8, 129.2, 130.7, 132.8, 143.2, 144.2,
146.2, 148.3, 149.7, 153.2 and 155.3. GC-MS:

m/z 342 (M*, 55%), 341 (M*- H, 32%),
~_Ph

PN+
340 ( f)/v\@ , 35%), 222
_ \NN NMe, .
()P 17%), 78 ( () 11%). 77
+

( © , 44%). Anal. Calcd for CaoHooNy:

C, 77.16; H, 6.48; N, 16.36 Found C, 77.23; H,
6.49; N, 16.44.

IR 3387(NH), 1632, 1593, 1539 (Ar) cm™. 'H
NMR (500 MHz, CDCls) d : 2.92 (s, 6H,
2xCHj), 3.08-3.13 (dd, 1H, J=5 & 20 Hz, one
H of CH,), 3.75-3.79 (dd, 1H, J= 10 & 15 Hz,
one H of CH,), 5.24-5.28 (dd, 1H, J=5 & 10
Hz, CH), 6.70-6.72 (m, 2H, Ar), 6.78-6.81 (t,
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IVa

Vb

MeOH

MeOH

211

237

77

7

1H, J=75 Hz, Ar), 7.09-7.11 (m, 2H, Ar),
7.15-7.20 (m, 4H, Ar), 7.66-7.67 (d, 2H, J= 5
Hz, Ar), 8.35-8.36 (d, 2H, J= 5 Hz, Ar). ©*C
NMR (125MHz, CDCls) & : 40.8, 42.9, 50.6,
112.8, 113.6, 119.6, 123.7, 126.8, 129.9, 130.8,
132.9, 143.4, 146.3, 148.4, 149.8, 152.5 and
155.8. GC-MS: m/'z 342 (M™, 58%), 341 (M*"-
H, 28%), 340

N-N-Ph . _ _..Ph
(T A s 30%), 222 () 18%),

+ +
78 ([ ), 11%), 77 ( [_J, 45%). Anal. Calcd
N

for C22H22N4: C, 77.16; H, 6.48; N, 16.36%.
Found C, 77.11; H, 6.51; N, 16.34%.

IR 1587, 1489, (Ar) cm™. *H NMR (500 MHz,
DMSO-ds) & : 3.748 (s, 3H, OCHj), 3.869 (s,
3H, OCHg), 7.164-7.194 (q, 2H, J= 3.5 & 5.5
Hz, Ar), 7.247-7.272 (dd, 1H, J= 3 & 9 Hz,
Ar), 7.723-7.750 (m, 1H, Ar), 8.015-8.072 (m,
2H, Ar), 8.747-8.758 (dd, 1H, J= 1 & 4.5 Hz,
Ar).*C NMR (125MHz, CDCls) 6 : 55.6, 56.0,
110.3, 113.2, 117.1, 123.3, 124.7, 126.9,128.4,
133.8, 136.9, 150.9, 153.4, 156.4 and 156.5.
GC-MS: m/iz283 (M*", 18%), 253

N-O .
= I S0+ +e
(@N@, 10%), 252 (M*"-OCHj, 17%),

H,CO” N-O .
N AL, = /N\a+
222 (V) 10%), 247 ( (< S
20%), 146 ((_ )., 31%), 136 (co<_)-ocn’
229%),107 (@owg, 5%), 106 ({_)-ocHl*,
. £
14%), 104 ({_)-en'; 29%), 78( (), 100%),

Syt
77 ()" 27%), 76 (107-OCH5,10%). Anal.
Calcd for Ci5H13N303: C, 63.60; H, 4.60; N,
15.19%. Found C, 63.67; H, 4.69; N, 14.89%.

IR 2921 (CHs), 1585, 1462 (Ar) cm™. 'H NMR
(500 MHz, DMSO-dg) 6 : 3.751 (s, 3H, OCHs),
3.873 (s, 3H, OCHs), 7.169-7.203 (g, 2H, J=
3.5 & 8 Hz, Ar), 7.255-7.280 (q, 1H, J=3.5 &
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IVc

Ivd

MeOH

MeOH

196

247

78

79

9.5 Hz, Ar), 7.865-7.876 (d, 2H, J= 6 Hz, Ar),
8.839-8.851 (d, 2H, J= 6 Hz, Ar). *C NMR
(125MHz, CDCl3) 6 : 56.7, 57.0, 111.2, 114.2,
117.2,121.3, 124.3, 125.7, 126.1, 151.6, 154.4,
156.4 and 157.5. GC-MS: m/z 283 (M", 88%),
282 (M**-H, 3%), 252 (M**-OCHjs , 7%),

.
104 (N )—cN'*+ ,8%),78 ([ ) , 36%), 77
(NQCN 0), 78 ( (Nj 0)

( @15%) Anal. Calcd for C15H13N30s3:

N

C, 63.60; H, 4.60; N, 15.19%. Found C, 63.54;
H, 4.67; N, 14.97%.

IR 1575, 1447 (Ar) cm™. *H NMR (500 MHz,
DMSO-ds) & : 3.749 (s, 3H, OCHj), 3.877 (s,
3H, OCHj), 7.165-7.195 (q, 2H, J= 3.5 & 5.5
Hz, Ar), 7.247-7.272 (g, 1H, J= 3 & 9 Hz, Ar),
8.864-8.871 (t, 1H, J= 2 Hz, Ar), 8.970-8.975
(d, 1H, J= 2.5 Hz, Ar), 9.225-9.228 (d, 1H, J=
1.5 Hz, Ar). °C NMR (125MHz, CDCls) 6 :
55.7, 56.0, 110.3, 113.2, 115.2, 123.3, 124.7,
130.9, 145.4, 147.3, 148.2, 153.4, 155.4 and
156.6. GC-MS: m/z 284 (M*, 54%), 283

N-O .
= I S 1+
(M™-H, 5%), 254 (L% ()" 0%),

H;CO

253 (M*-OCHs , 6%6), 148 ( Q%E‘f%?%),

136 ( 1co-{_V-ochl’, 19%), 107 ( ¢ V-ock,

AR
100%), 79 ( @}t 79%). Anal. Calcd for

C14H12N403Z C, 59.15; H, 4.23; N, 19.71%.
Found C, 59.28; H, 4.19; N, 19.67%.

IR 3425 (OH), 1626, 1578, 1525 (Ar) cm™. *H
NMR (500 MHz, DMSO-dg) 6 : 3.843 (s, 3H,
OCHs), 6.954-6.970 (d, 1H, J= 8 Hz, Ar),
7.387-7.415 (t, 1H, J= 12.5 Hz, Ar), 7.428-
7.430 (d, 1H, J= 1 Hz, Ar), 7.723-7.750 (m,
1H, Ar), 8.015-8.072 (m, 2H, Ar), 8.747-8.758
(dd, 1H, J= 1 & 4.5 Hz, Ar), 10.254 (bs, 1H,
OH). **C NMR (125MHz, CDCl3) ¢ : 55.9,
108.7, 114.3,116.9, 126.9, 127.3, 128.4, 129.6,
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Ve

IVf

MeOH

MeOH

253

235

81

77

133.7, 136.9, 147.1, 150.9, 151.7, 156.8. GC-
MS: mVz269 (M™ , 55%), 123

( QoH ,19%), 78 ( Q+ , 20%). Anal,

OCHj
Calcd for C14sH11N3O3: C, 62.45; H, 4.09; N,
15.65%. Found C, 62.41; H, 4.15; N, 15.69%.

IR 3425 (OH), 1578, 1525 (Ar) cm™. *H NMR
(500 MHz, DMSO-ds) ¢ : 3.837 (s, 3H, OCH3),
6.948-6.965 (d, 1H, J= 8.5 Hz, Ar), 7.382-
7.385 (d, 1H, J= 1.5 Hz, Ar), 7.407-7.427 (dd,
1H, J= 2 & 8 Hz, Ar), 7.860-7.872 (dd, 2H, J=
1.5 & 4.5 Hz, Ar), 8.837-8.849 (dd, 2H, J= 1.5
& 4 Hz, Ar), 10.245 (bs, 1H, OH). *C NMR
(125MHz, CDCl;) & : 55.9, 108.7, 114.4,
116.2, 120.4, 125.2, 127.4, 129.6, 147.2, 150.5,
151.8 and 156.8. GC-MS: m/z 269, (M*"

60%), 123 (QOH . 20%), 78 (N )+, 22%),
OCH,

N\ +
77 (ND\ , 10%). Anal. Calcd for C14H11N30O3:

C, 62.45; H, 4.09; N, 15.65%. Found C, 62.48;
H, 4.10; N, 15.67%.

IR 3312 (OH), 1612, 1590, 1532, (Ar) cm™. *H
NMR (500 MHz, DMSO-dg) 6 : 3.840 (s, 3H,
OCHs), 6.953-6.969 (d, 1H, J= 8 Hz, Ar),
7.386 (s, 1H, Ar), 7.411-7.430 (dd, 1H, J= 1.5
& 8 Hz, Ar), 8.864-8.871 (t, 1H, J= 2 Hz, Ar),
8.970-8.975 (d, 1H, J= 2.5 Hz, Ar), 9.225-
9.228 (d, 1H, J= 1.5 Hz, Ar), 10.253 (bs, 1H,
OH). *C NMR (125MHz, CDCls) ¢ : 55.9,
108.7, 114.3, 115.1, 127.3, 129.6, 130.8, 145.3,
147.1, 147.2, 148.1, 151.6 and 156.8. GC-MS:

N-O »
_ I 1+
Mz 270, (M* 10%), 240( N@N*N*@OH ,

6%), 148 ( szjﬂ 53), 123 ( QOH ,
N
OCHs
596), 79 ( {}+ , 11%). Anal. Calcd

for C13H10N403: C,57.78; H, 3.73; N, 20.73%.
Found C, 57.72; H, 3.76; N, 20.67%.
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(I1'1b, Scheme 3.2) and N’-hydroxy-pyrazine-2-carboxamidine (I11c, Scheme 3.2) have
been synthesized by following reaction procedure reported in literature [24]. Equimolar
ratio of N’-hydroxypicolinamidine (I11a, Scheme 3.2) and 2,5-dimethoxybenzaldehyde
were mixed together thoroughly and subjected to microwave irradiation at a power level
of 450 Watt for 3 minutes. TLC of reaction mixture showed the presence of starting
materials, so the reaction contents were further irradiated for 4 minutes and progress of
reaction was monitored by TLC, which showed absence of starting materials. From this
observation it is inferred that irradiation for 3+4 minutes is required for completion of
reaction to give condensation product 1Va. Compound IVa was further purified by
crystallization from methanol to give pure 2-[5-(2,5-dimethoxyphenyl)-[1,2,4] oxadiazol-
3-yl] pyridine (IVa, Scheme 3.2) in good yield.

IR spectrum of 1Va shows absorption signal at 1587, 1489 cm™ correspond to
aromatic region. 'H NMR (500 MHz, DMSO-dg) (Figure 3.4) of compound 1Va
exhibited signals at ¢ : 3.748 (s, 3H, OCHj3), 3.869 (s, 3H, OCH3), 7.164-7.194 (q, 2H, J=
3.5 & 5.5 Hz, Ar), 7.247-7.272 (dd, 1H, J= 3 & 9 Hz, Ar), 7.723-7.750 (m, 1H, Ar),
8.015-8.072 (m, 2H, Ar), 8.747-8.758 (dd, 1H, J= 1 & 4.5 Hz, Ar). *C NMR (125MHz,
CDCl3) (Figure 3.5) data of 1Va exhibited signals at ¢ : 55.640, 56.006, 110.281,
113.219, 117.079, 123.254, 124.676, 126.872, 128.428, 133.767, 136.971, 150.991,
153.376, 156.431 and 156.537. GC-MS spectrum (m/z relt. int. %) (Figure 3.6) of 1Va
gave M™ ion peak at nvVz 283 (18%). In addition to M*" ion peak GCMS of 1Va shows
some other prominent ion peaks which can arise through its fragmentation. The

fragmentation pattern of 1VVa is outlined in chart 3.2. Elemental analysis Calculated for
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7— NH, RCHO 7 N R
; MW 450W : =
Y Y \(
“:2_<NOH 7 min “:;%ﬁ%ro
[I1a-c IVa-f
XU YO ZOoo XUYOZLE R
OCH,
111a0NOCHOICHD D0 IVaNOCHICH  —( )
HsCO~ —_OCHj
11 CHUNLCHO L IVbLCHUINLICH —{:}
HsCO~—_OCHj
cONDOCHOND 0 IVCIINDICHON
HsCO” __OCH,
IVAIINICHIICH OH
OCHs
IVe ICH INLICH OH
OCH,
IVECNCOCHON OH

Scheme-3.2: Synthesis of oxadiazole derivatives
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Fragmentation pattern of IVa

N-Q OCHj
= /N/)\Q/
|
XN +
nvVz 252 (17%) -6CH
3 +
+ ) |
. o N-O ' a
a /
= migration = ! /)\/
cho«}ow3 S I A
H,CO
Mz 136 (22%) IVa
m/z 283 (18%)
i
migration
of H
b c .+
— N\O -H* — i N*//O_l
/ [/
/ — / '_<’/ —
Mz 146 (31%) fission m'z 147 (20%)
along ‘c fission
+ along 'b'
- \ | -
7»—CN
\ N = N
N
m/z 104 (29%)
m/z 78 (100%)
-H*
+
A N—l
S |
mz 77(27%)
Chart 3.2

N-O
SR ab)

m/z 222 (10%) YCHg
+

OCHj N

] :
N-Q OC|—T3|
HCHO N/)\Q/
N 7

m'z 253 (10%)
fission
along 'd' ‘

+
1o

m/z 107 (5%)

-H*
+

ch0©—|

m/z 106 (14%)
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C15H13N303: C, 63.60; H, 4.60; N, 15.19%. Found C, 63.67; H, 4.69; N, 14.89%. Spectral
data and elemental analysis of 1Va is in full agreement with the structure assigned to it.

Similarly condensation of I11b and Illc with 2,5-dimethoxybenzaldehyde and
I11a, b, c with 3-methoxy-4-hydroxy benzaldehyde gave Vb, c and 1Vd-f (Scheme -3.2)
respectively. Physical constants and spectral data of 1Va-f reported in Table-3.1 fully
support the structures assigned to them.

All the compounds were also prepared by using microwave reactor model CEM
DISCOVER No 908010. Reaction temperature for Ila-f, I1g-l and 1Va-f was 85, 110 &
160°C and irradiation time was 3 min, 5 min and 5 min respectively.

3.2.2 Biological resultsand discussion

Anti-inflammatory activity [21; Chapter 2] evaluation of Ila-l and IVa-f was
carried out using carrageenan induced paw oedema assay and results are summarized in
the Table 3.2. A look at the Table 3.2 indicates that compounds Ilj, Ik and IVb
exhibited 35, 34 and 35% anti-inflammatory activity respectively, whereas standard drug
ibuprofen exhibited 39% anti-inflammatory activity at 50mg/kg p.o.

In vitro anticancer activity [22, 23; Chapter 2] evaluation of compounds Ila-l and
IVa-f was carried out against five human cancer cell lines consisting of lung (NCI H-
522), ovary (PA1), breast (T47D), colon (HCT-15) and liver (HepG2). Percentage (%)
growth inhibition of compounds Ila-l and 1Va-f against various cancer cell lines was
determined at a concentration of 10uM and results are summarized in Table-3.2.
Graphical representations of these results are shown in Figure 3.7 and Figure 3.8
respectively. Compounds Ila, c, j exhibited good anticancer activity against four cancer

cell lines i.e. lung (NCI H-522), breast (T47D), colon (HCT-15), liver (HepG2) and 1Vd
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Table-3.2 Anti-inflammatory** and in vitro anticancer activity** of compounds Ila-l and

IVa-f

Anti- Anticancer activity at a concentration of 1x10™ M

inflammatory
Compd. No. | activity (%) | Lung Ovary  Breast Colon Liver

;tOSO mg/kg NCI H-522 PAL T47D HCT-15 HepG2
lla 15 28 25 26 10 23
b 15 40 31 13 04 34
Ilc 13 24 24 19 28 34
Ild 18 34 21 03 05 29
lle 22 25 36 15 06 35
|1 00 28 26 21 03 29
llg 27 16 18 12 09 20
Ilh 24 32 32 22 07 26
I 18 29 31 37 05 32
1] 35 26 16 41 12 24
Ik 34 20 20 33 01 32
L 32 32 24 07 06 35
IVa 28 23 25 37 05 33
Vb 35 10 19 25 02 27
IVc 11 23 26 41 07 17
Ivd 24 48 30 33 03 39
Ve 14 25 32 34 05 13
IVf 26 20 20 35 01 20
Ibuprofen 39 - - - - -
*CYC-PHO - 04 04 18 05 14
*CYC-HEXI - 13 51 09 03 05
*5-FU 24 10 05 08 18

*CYC-PHO Cyclophospamide; *CYC-HEXI Cycloheximide; *5-FU 5-Flurouracil;

" We are thankful to Dr. Partha Roy, Department of Biotechnology, Indian Institute of Technology Roorkee, Roorkee

for these results.
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Figure:-3.7 Graphical representation of anticancer activity of compounds |la-I and S1 (CYC-PHO),
S2 (CYC-HEXI C) & S3 (5-FU) against five human cancer cell lines.
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Figure:-3.8 Graphical representation of anticancer activity of compounds 1Va-j and S1 (CYC-PHO), S2
(CYC-HEXI C) & S3 (5-FU) against five human cancer cell lines.

against three cancer cell lines i.e. lung (NCI H-522), breast (T47D), liver (HepG2).
3.3 Experimental
3.3.1 General

Microwave oven model M197DL (Samsung) and microwave reactor model CEM
DISCOVER model NO 908010 were used for microwave irradiation. Melting points
(mp) were determined on a JSGW apparatus and are uncorrected. IR spectra were
recorded using a Perkin Elmer 1600 FT spectrometer. *H and **C NMR spectra were

recorded on a Bruker WH-500 spectrometer at a ca 5-15% (w/v) solution in DMSO-ds,

164



CDCI; and D,0O. GC-MS was recorded on Perkin Elmer Clarus 500 gas chromatograph
where built in MS detector was used. Elemental analysis was carried out on a Vario EL
111 elementor. Thin layer chromatography (TLC) was performed on silica gel G for TLC
(Merck) and spots were visualized by iodine vapour or by irradiation with ultraviolet
light (short wave length, 254nm). Physical constants, spectral data and elemental analysis
of compounds I la-l and I Va-f are reported in Table-3.1.
3.3.2 Synthesis of chalcone derivatives|a-f.

Chalcone derivatives 3-(2,5-dimethoxyphenyl)-1-(pyridin-2-yl)prop-2-en-1-one
(la), 3-(2,5-dimethoxyphenyl)-1-(pyridin-3-yl)prop-2-en-1-one (Ib), 3-(2,5-dimethoxy
phenyl)-1-(pyridin-4-yl)prop-2-en-1-one (Ic), 3-(4-(dimethylamino)phenyl)-1-(pyridin-2-
yhprop-2-en-1-one (Id), 3-(4-(dimethylamino)phenyl)-1-(pyridin-3-yl)prop-2-en-1-one
(le) and 3-(4-(dimethylamino)phenyl)-1-(pyridin-4-yl)prop-2-en-1-one  (If) were

synthesized by following reaction procedure reported in literature [22, 23].

3.3.3 General procedurefor synthesisof pyrazole derivatives|la-l.

3.33.1 Synthesis of 2-[5-(2,5-dimethoxyphenyl)-4,5-dihydro-1H-pyrazol-3-yl]-
pyridine (l1a)
(1 3-(2,5-Dimethoxyphenyl)-1-(pyridin-2-yl)prop-2-en-1-one (0.269 g; 1

mmol) and hydrazine hydrated (0.060 g;1.2 mmol) were mixed together to make a
homogeneous mixture and then this reaction mixture was subjected to microwave
irradiation for 3 minutes at a power level of 180W. Progress of reaction was monitored
by TLC. TLC of reaction mixture showed formation of a new product and absence of
starting materials. This crude product was crystallized from chloroform to give pure

product I1a. Yield 234 mg (83%).
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(i) 3-(2,5-Dimethoxyphenyl)-1-(pyridin-2-yl)prop-2-en-1-one (0.269 g; 1
mmol) and hydrazine hydrated (0.060 g;1.2 mmol) were mixed together to make a
homogeneous mixture. This homogeneous mixture was subjected to microwave
irradiation at 85°C for 3 minutes. TLC of reaction mixture show absence of starting
materials. Crude product so obtained was purified by crystallization from chloroform to
give pure product Ila. Yield 240 mg (85%).

Similarly other pyrazole derivatives I1b-l i.e. 3-[5-(2,5-dimethoxyphenyl)-4,5-
dihydro-1H-pyrazol-3-yl]-pyridine (11b), 4-[5-(2,5-dimethoxyphenyl)-4,5-dihydro-1H-
pyrazol-3-yl]-pyridine (l1c), N,N-dimethyl-4[3-(pyridin-2-yl)-4,5-dihydro-1H-pyrazol-5-
yl] benzenamine (I1d), N,N-dimethyl-4[3-(pyridin-3-yl)-4,5-dihydro-1H-pyrazol-5-yl]
benzenamine  (lle), N,N-dimethyl-4[3-(pyridin-4-yl)-4,5-dihydro-1H-pyrazol-5-yl]
benzenamine (11f), 2-[5-(2,5-dimethoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl]-
pyridine (11g)*, 3-[5-(2,5-dimethoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl]-
pyridine (11h)*, 4-[5-(2,5-dimethoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl]-
pyridine (111)*, N, N-dimethyl-4[1-phenyl-3-(pyridin-2-yl)-4,5-dihydro-1H-pyrazol-5-yl]
benzenamine (I11j)*, N,N-dimethyl-4[1-phenyl-3-(pyridin-3-yl)-4,5-dihydro-1H-pyrazol-
5-yl] benzenamine (l11k)* and N,N-dimethyl-4[1-phenyl-3-(pyridin-4-yl)-4,5-dihydro-
1H-pyrazol-5-yl] benzenamine (I11)* were synthesized and reported in Table 3.1.

* For compounds I1g-l in method-(i) power level used was 450 watt.
* For compounds I1g-l in method-(ii) temperature used was 110°C.

3.3.4 Synthesisof Illa-c.
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N’-Hydroxypicolinamidine, (I11a), N’-hydroxy-isonicotinamidine (111b) and N'-
hydroxy-pyrazine-2-carboxamidine (I11c) were synthesized by following reaction
procedure reported in literature [24].

3.3.5 General procedurefor synthesisof oxadiazole derivatives (1Va-f)

3.3.5.1 Synthesis of 2-[5-(2,5-dimethoxyphenyl)-[1,2,4]oxadiazol-3-yl]-pyridine (1Va)

() N’-Hydroxypicolinamidine (I11a, Scheme 3.2), (0.269 g; 1 mmol) and 2,5-
dimethoxybenzaldehyde (0.060 g; 1.2 mmol) were mixed together to give a
homogeneous mixture and then this reaction mixture was subjected to microwave
irradiation for 3 minutes at a power level of 450 Watt. TLC of reaction mixture showed
the presence of starting materials so reaction contents were further irradiated for 4
minutes and progress of reaction was monitored by TLC, which showed absence of
starting materials. From this observation it is inferred that irradiation for 3+4 minutes is
required for completion of reaction to give condensation product IVa. Compound 1Va
was further purified by crystallization from methanol to give pure 2-[5-(2,5-
dimethoxyphenyl)-[1,2,4] oxadiazol-3-yl] pyridine (IVa, Scheme 3.2). Yield 218 mg
(77%).

(i) N’-Hydroxypicolinamidine (I11a, Scheme 3.2), (0.269 g; 1 mmol) and
2,5-dimethoxybenzaldehyde (0.060 g¢;1.2 mmol) were mixed together to make a
homogeneous mixture. This homogeneous mixture was subjected to microwave
irradiation at 160°C for 5 min. TLC of reaction mixture show absence of starting
materials. This crude product was crystallized from methanol to give pure product IVa.

Yield 212 mg (75%).
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Similarly other oxadiazole derivatives IVb-f i.e. 4-[5-(2,5-dimethoxyphenyl)-
[1,2,4]oxadiazol-3-yl]-pyridine (1Vb), 2-[5-(2,5-dimethoxyphenyl)-[1,2,4]oxadiazol-3-
yl]-pyrazine (1Vc), 2-methoxy-4-[3-(pyridin-2-yl)-[1,2,4]oxadiazol-5-yl]-phenol (I1Vd),
2-methoxy-4-[3-(pyridin-4-yl)-[1,2,4]oxadiazol-5-yl]-phenol (IVe) and 2-methoxy-4-[3-
(pyrazin-2-yl)-[1,2,4]oxadiazol-5-yl]-phenol (I1Vf) were synthesized and reported in
Table 3.1.

3.3.6 Anti-inflammatory activity [21; Chapter-2]

Anti-inflammatory activity evaluation was carried out by following procedure

described in chapter-2 of this thesis.
3.3.7 Invitro cytotoxicity against human cancer cell lines[22, 23; Chapter-2]
In vitro cytotoxicity against human cancer cell lines was carried out by following

procedure described in chapter-2 of this thesis.
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Chapter 4

4a Synthesis anti-inflammatory and anticancer activity evaluation of azomethine and amidine
derivatives of isoindole and pyrrolopyrazine

4a.1 Introduction

Synthesis of heterocyclic molecules which can be easily prepared and exhibit
good biological activities is an interesting area of research. Recent work reported in
literature on isoindole, pyrrolopyrazine, amidine and azomethine derivatives exhibiting
anti-inflammatory and anticancer activities is summarized in chapter-1. In addition to
anti-inflammatory and anticancer activities, isoindole & pyrrolopyrazine derivatives are
also reported to possess antibacterial [1-3] and HIV-I integrase inhibition activity [4-6].
Isoindole derivatives exhibiting antiasthmatic [7], antimicrobial [8], antimalarial [9],
antiplasmodial [10], anticonvulsant [11], antifungal [12] and pyrrolopyrazine derivatives
exhibiting antiarrhythmic activity [13] is also known in literature. Azomethine and
amidine derivatives possessing antimalarial [14, 15], antiparasitic [16-18], antimicrobial
[19-21], antibacterial [22-24] and antifungal [25, 26] activities are also reported in
literature.

Wide range of biological activities exhibited by isoindole, pyrrolopyrazine,
azomethine and amidine derivatives and our efforts in search of biological active
molecules [27, 28] tempted us to synthesize amidine and azomethine derivatives of
isoindole and pyrrolopyrazine. Some more complex molecules i.e. benzimidazoisoindole
and benzimidazopyrrolopyrazine derivatives have also been synthesized. For the sake of
clarity this chapter is divided into two parts i.e. part-a & part-b. In part-a synthesis, anti-
inflammatory and anticancer activity evaluation of azomethine and amidine derivatives of

isoindole and pyrrolopyrazine will be described.
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Part-a
4a.2 Results and discussion

4a.2.1 Chemistry:

Reported methods for the synthesis of 2-aminohexahydro-2H-isoindole-1,3-dione
(I'1a) [29, 30] and N-aminophthalimide (111b) [29, 31] involve two step synthesis &
refluxing in a solvent. We have synthesized 2-aminohexahydro-2H-isoindole-1,3-dione
(I'1a; Scheme 4a.1l), N-aminophthalimide (I11b; Scheme 4a.1) and 6-amino-6H-
pyrrolo[3,4-b]pyrazine-5,7-dione (I1l1c; Scheme 4a.1) by simple grinding a mixture of
corresponding dicarboxylic acids (la-c; Scheme 4a.1) and hydrazine hydrate (1 : 1.2 mole
ratio) for 30 minutes at room temperature. Crude products so obtained were purified by
crystallization from methanol to give pure products Il11a-c (Scheme 4a.1) in good yields.
Spectral data and elemental analysis of Illa-c reported in experimental section fully
support the structures assigned to them.

Condensation of 2-aminohexahydro-2H-isoindole-1,3-dione I11a with 4-hydroxy-
3-methoxybenzaldehyde I'Vx was carried out by dissolving both of them in 1:1 molar
ratio in methanol and then adding silica gel to this reaction solution & removing the
solvent under vacuum to give both of the reactants adsorbed on silica gel. This silica gel
was irradiated for six minutes at 600 watt. TLC showed that reaction is complete. In
another experiment silica gel adsorbed with both of the reactants was irradiated at 120°C
for six minutes. TLC showed that reaction is complete. Crude products were obtained
from both the reactions by shaking irradiated silica gel with methanol for 10 minutes and

removing the solvent under vacuum. Both the crude products were purified by
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crystallization from methanol to give 83% and 81% yield of pure product 2-(4-hydroxy-
3-methoxybenzylideneamino)-hexahydro-2H-isoindole-1,3-dione (Vlax, Scheme 4a.1).
IR spectrum of Vlax shows absorption bands at 1675 (>C=0), 1657 (>C=N-), 1536,
1506 (Ar) cm™. *H NMR (500 MHz, DMSO-ds) (Figure 4a.1) of Vlax show signals at :
1.372-1.458 (m, 4H, 2xCH,), 1.623-1.679 (m, 2H, CH,), 1.765-1.838 (m, 2H, CH)),
2.658-2.737 (m, 2H, CH+CH), 3.862 (s, 3H, CH3), 6.951-6.969 (d, 1H, J=9Hz, Ar)),
7.389-7.431 (m, 2H, Ar), 8.120 (s, 1H, Ar), 10.255 (bs, 1H, OH, exch). **C NMR (125
MHz, DMSO-ds) (Figure 4a.2) §: 25.139, 26.949, 39.042, 55.907, 102.140, 108.020,
109.141, 131.415, 143.425, 150.021, 151.998, 178.148. GC-MS (m/z relt. int. %) (Figure
4a.3) of Vlax gave M™ ion peak at mVz 302 (M™, 33%). In addition to M™ ion peak
GCMS of Vlax shows some other prominent peaks which can arise through its
fragmentation. The fragmentation pattern of Vlax is outlined in chart 4a.1. Elemental
analysis Calculated for C16H18N204: C, 63.57; H, 5.96; N, 9.27 Found: C, 63.66; H, 6.05;
N, 9.39%. Spectral and analytical data of Vlax fully support the structure assigned to it.

Similarly condensation of 111b,c with 4-hydroxy-3-methoxybenzaldehyde (1Vx)
and Illa-c with 2,5-dimethoxybenzaldehyde (1Vy) & 4-(dimethylamino)benzaldehyde
(I'Vz) gave corresponding azomethine derivatives Vlay-cz (Scheme 4a.1) in good yield.
Physical constants, spectral and analytical data of VIay-cz reported in Table-4a.1 is in
full agreement with structures assigned to them.

Condensation of 2-cyanopyridine (Vx), 4-cyanopyridine (Vy), 2-cyanopyrazine
(Vz) with Il1a-c to give amidine derivatives VIlax-cz (Scheme 4a.1), was carried out in a
similar way as mentioned above. Silica gel adsorbed with both the reactants in 1:1 molar

ratio was irradiated for 6 minutes at 850 watt or alternatively at 135°C for 6 minutes.
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Fragmentation pattern of Vlax

0
+
H3CO CE:EN-N:CH
+
HOOEZN o
m/z 150 (15%) m/z 179 (32%)
a
a —| Wlth
OCH—| W'th (I H  OCH; mlgratlon
migration : E N-N-= CH
Cron - Ni'N:&@o
miz 122 (15%) o . 2 180 (5%)
m/z302 (M*", 33%)
Vlax
-HCN
P 0
. +
-H .
( jilém NH |
o o)
m/z 152 (100%)
m/z 153 (6%)
Chart 4a.1
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Table4a.1l: Physical constants and spectral data of compounds Vlax-cz and VIlax-

CZ.

Comp
no

Solvent of
cryst./elutio
n

m.p.

°C

Yield
%

IR (KBr) cm™, 'H (500MHz) & *C (125MH2)
NMR (DM SO-d), 6 J(Hz), GC-M S (m/z; relt
int %)

1

2

3

4

5

Vlax

Viay

MeOH

MeOH

161

174

81

77

IR 1675 (>C=0), 1657 (>C=N-), 1536, 1506
(Ar) cm™. 'H NMR (500 MHz, DMSO-ds) :
1.372-1.458 (m, 4H, 2xCH,), 1.623-1.679 (m,
2H, CH,), 1.765-1.838 (m, 2H, CH,), 2.658-
2.737 (m, 2H, CH+CH), 3.862 (s, 3H, CHs),
6.951-6.969 (d, 1H, J=9 Hz, Ar), 7.389-7.431
(m, 2H, Ar), 8.120 (s, 1H, Ar), 10.255 (bs, 1H,
OH, exch). *C NMR (125 MHz, DMSO-dg) &:
25.1, 26.9, 39.0, 55.9, 102.1, 108.0, 109.1, 131.4,
143.4, 150.0, 151.9 and 178.1. GC-MS: m/z
303(M*+1, 2%),

302 (M", 33%), 180(Cféw N=cH;*, 59%), 179

(CQN N=CH , 32%), 153( é[‘éNm"'G%) 152
(Ho@c v+, 100%), 150 ( C[ém 15%), 122

H,CO

("CO N1+ 150). Anal. Calcd for
ne

C16H13N204Z C, 63.57; H, 5.96; N, 9.27%.

Found: C, 63.66; H, 6.05; N, 9.39%.

IR 1688 (>C=0), 1635 (>C=N-), 1594, 1497
(Ar) cm™. 'H NMR (500 MHz, DMSO-dg) &:
1.355-1.444 (m, 4H, 2xCH,), 1.622-1.688 (m,
2H, CH,), 1.761-1.837 (m, 2H, CH,), 2.645-
2.752 (m, 2H, CH+CH), 3.743 (s, 3H, OCHj),
3.872 (s, 3H, OCHj3), 7.163-7.195 (m, 2H, Ar),
7.245-7.276 (m, 1H, Ar), 8.135 (s, 1H, Ar). °C
NMR (125 MHz, DMSO-dg) &: 25.1, 26.7, 39.0,
55.0, 55.9, 114.0, 115.1, 117.1, 117.7, 143.3,
152.1, 153.8 and 178.1. GC-MS: miz 317
(M*'+1, 1%), 316 (M*'

26%), 180 (C[éN N-CHLY | 496), 179 (Cféw N=CH
, 20%), 164 (Hacoro:Hs 13%), 153 ( C[é

HC=N*
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5

Viaz

V1bx

MeOH

MeOH

146

234

83

88

(0]
, 3%), 152 ( CQN +, 100%), 136 (cho@ocm;

Ko}
, 25%), 82 ( @7,+30%). Anal. Calcd for

C17H20N204Z C, 6455, H, 6.32; N, 8.86%.
Found: C, 64.63; H, 6.41; N, 8.97%.

IR 1679 (>C=0), 1657 (>C=N-), 1533, 1476,
1453 cm™. 'H NMR (500 MHz, DMSO-ds) &:
1.374-1.446 (m, 4H, 2xCH,), 1.625-1.681 (m,
2H, CH,), 1.765-1.842 (m, 2H, CH,), 2.640-
2.737 (m, 2H, CH+CH), 2.972 (s, 6H, 2xCHj),
6.686-6.704 (d, 2H, J=9 Hz, Ar), 7.355-7.373 (d,
2H, J= 9Hz, Ar), 8.123 (s, 1H, Ar). *C NMR
(125 MHz, DMSO-ds) 8: 25.1, 26.6, 39.0, 40.9,
114.7, 123.5, 130.2, 143.3, 151.5 and 178.0. GC-
MS: Mz 300(M*"+1, 1%),

o)

299 (M*, 44%),180 ( N-N-CH]* | 8%), 179

(6] o) 0]
(C[éNNéH, 25%), 153 ( C[éw, 9%), 152 (
Po o)
C[ém, 100%), 147 (W~ )-c-ii , 11%), 119

O 1+ ;
(O~ 13%),82( (], 17%). Anal. Calcd

for C17H21N3O,: C, 68.22; H, 7.02; N, 14.04%.
Found: C, 68.29; H, 7.11; N, 14.09%.

IR 3377 (OH), 1683 (>C=0), 1664 (>C=N-),
1612, 1477 (Ar) cm™ 'H NMR (500 MHz,
DMSO-dg) &: 3.802 (s, 3H, OCHs), 6.953-6.969
(d, 1H, J=8 Hz, Ar), 7.386-7.430 (m, 2H, Ar),
7.586-7.612 (m, 2H, Ar), 7.659-7.692 (m, 2H,
Ar), 8.122 (s, 1H, Ar), 10.253 (bs, 1H, OH,
exch). *C NMR (125 MHz, DMSO-dg) &: 55.9,
102.8, 108.1, 109.2, 127.6, 132.0, 132.8, 143.0,
153.0, 154.3, 156.7 and 168.7. GC-MS: m/z
297(M*"+1, 1%),

o)

296 (M*", 22%), 174 (T T N-N=cH,*, 29%), 173 (
(6]

(@]
@NNSH . 10%), 150 (HoOg:w , 9%),

O H3CO
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5

Viby

Vlibz

MeOH

MeOH

276

224

82

83

0O 0O

147 (T N+, 13%), 146(@[@+ , 100%),
o . .0
122 (0T 19%), 76 (), 12%). Ana.

HO
Calcd for CisH12N,O4: C, 64.86; H, 4.05; N,
9.46%. Found: C, 64.95; H, 4.12; N, 9.57%.

IR 1682 (>C=0), 1665 (>C=N-), 1610, 1510,
1476 (Ar) cm™. 'H NMR (500 MHz, DMSO-dg)
8: 3.749 (s, 3H, OCHs), 3.877 (s, 3H, OCHy),
7.166-7.197 (m, 2H, Ar), 7.246-7.277 (m, 1H,
Ar), 7.588-7.615 (m, 2H, Ar), 7.656-7.689 (m,
2H, Ar), 8.138 (s, 1H, Ar). *C NMR (125 MHz,
DMSO-dg) &: 55.0, 55.8, 114.2, 115.3, 117.1,
117.9, 127.6, 132.0, 132.8, 143.1, 152.5, 153.2
and 168.3. GC-MS: mvz 311 (M*+1, 1%), 310
(M™, 35%), 174
6] (0]
(C I nen=er)*, 39%), 173 (L T N-N=CH | 23%),
o) HC=N+ o) 0
164 (rico-{ Srook, , 119%), 147 ([ I ~r'F 119),
O .0
146 (U N+, 100%), 136 ( n,co-{ -ocr,, 10%),
-0

76 (@]‘—’+ , 18%) Anal. Calcd for C17H14N204:
C, 65.81; H, 4.52; N, 9.03%. Found: C, 65.96; H,
4.58; N, 9.15%.

IR 1684 (>C=0), 1669 (>C=N-), 1611, 1576,
1543, 1508, 1478 (Ar) cm™. *H NMR (500 MHz,
DMSO-ds) 5: 2.974 (s, 6H, <CH 3), 6.686-6.704
(d, 2H, J=9 Hz, Ar), 7.355-7.373 (d, 2H, J=9 Hz,
Ar), 7.585-7.610 (m, 2H, Ar), 7.655-7.686 (m,
2H, Ar), 8.121 (s, 1H, Ar). *C NMR (125 MHz,
DMSO-dg) &: 40.9, 114.2, 124.1, 127.3, 130.0,
132.0, 132.9, 143.0, 151.5 and 167.8. GC-MS:
m'z 294 (M*'+1, 1%),

(0]
293 (M™, 53%), 249 ([ T_nnc )+ , 6%), 248
(6] . 0 (0]

(g ), 28%), 174 (C I wn-chl?, 206),
o] 0 o 0

173( [ N-N=CH |, 220%), 147 (T T nAl+, 3%),
(0] (0]




5

Vicx

Vicy

MeOH

MeOH

256

273

85

81

(0]

146 (C L+, 100%), 119 (-, 6%), 76(C )V

0O

15%). Anal. Calcd for C17H15N30,: C, 69.62; H,
5.12; N, 14.33%. Found: C, 69.73; H, 5.19; N,
14.47%.

IR 1687 (>C=0), 1672 (>C=N-), 1608, 1593,
1498 (Ar) cm™. *H NMR (500 MHz, DMSO-dg)
8: 3.840 (s, 3H, OCHs), 6.953-6.969 (d, 1H, J=8
Hz, Ar), 7.386-7.430 (m, 2H, Ar), 8.122 (s, 1H,
Ar), 8.864 (s, 2H, Ar), 10.253 (bs, 1H, OH,
exch). *C NMR (125 MHz, DMSO-dg) &: 55.9,
102.1, 108.3, 109.0, 131.0, 142.4, 143.7, 145.9,
153.0, 155.9 and 168.0. GC-MS: m/z 299(M*"+1,
1%),298 (M*",

53%), 176( [ ﬁw N=cH)* 10%), 175

(C ﬁw N=CH | 229%), 150 ( “OOC:W 2%),
CO
149 (' ﬁ”w 10%), 148 ( ('] ﬁM , 100%),

122 ( MO N1+13%). Anal. Calcd for
o0
CuH1N4O4: C, 56.37; H, 3.35; N, 18.79%.
Found: C, 56.49; H, 3.44; N, 18.73%.

IR 1698 (>C=0), 1668 (>C=N-), 1536, 1506
(Ar) cm™. 'H NMR (500 MHz, DMSO-dg) &:
3.749 (s, 3H, OCHs), 3.877 (s, 3H, OCHs),
7.263-7.295 (m, 2H, Ar), 7.345-7.376 (m, 1H,
Ar), 8.125 (s, 1H, Ar), 8.867 (s, 2H, Ar). *C
NMR (125 MHz, DMSO-dg) &: 55.1, 55.9,
114.3, 115.1, 117.0, 117.8, 143.1, 143.8, 145.7,
152.5, 153.3 and 167.8. GC-MS: m/z 313
(M*+1, 1%) 312 (M* . 32%),

OCH,'*

280 (C 1 ﬁN N- CO 13%), 176 (C I ﬁw N-cHy |

5%), 175 ([ ﬁN NG, 329%), 164 (mco@ocm

HC=N*
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5

Vicz

Vilax

MeOH

MeOH

243

104

86

73

,18%), 149 (L T ﬁwmw%) 148 (C j;im 100%),

o
136 ( Hzco@ocm, 119). Anal. Calcd for
CisHiNsO4: C, 57.69; H, 3.85; N, 17.95%.
Found: C, 57.57; H, 3.83; N, 17.89%.

IR 1678 (>C=0), 1660 (>C=N-), 1537, 1506
(Ar) cm™. 'H NMR (500 MHz, DMSO-dg) &:
2.966 (s, 6H, 2xCHs), 6.688-6.706 (d, 2H, J=9
Hz, Ar), 7.365-7.383 (d, 2H, J=9 Hz, Ar), 8.123
(s, 1H, Ar), 8.870 (s, 2H, Ar). **C NMR (125
MHz, DMSO-ds) &: 40.8, 114.1, 123.3, 130.0,
143.0, 143.9, 145.0, 151.4 and 167.9. GC-MS:
m'z296(M*"+1, 1%) 295 (M™, 53%),

251( ﬁN N ) 2%) 250 (
[ﬁwwc@,s/o) 176 ( [\QNNCHZ , 9%),

175( C ) ﬁN n-h, 30%), 149 (¢ ﬁ  10%),
148 (] ﬁ.w 100%), 147( N@c N, 3%). 119
@N\ , 6%). Anal. Calcd for Cy5H13N502: C,

61.01; H, 4.41; N, 23.73%. Found: C, 61.12; H,
4.49; N, 23.81%.

IR 3403 (NH,), 1684 (>C=0), 1647 (>C=N-),
1565, 1476 (Ar) cm™ 'H NMR (500 MHz,
DMSO-dg) &: 1.374-1.446 (m, 4H, 2xCHy),
1.626-1.679 (m, 2H, CHy), 1.764-1.830 (m, 2H,
CH,), 2.666-2.739 (m, 2H, CH+CH), 6.762 (bs,
2H, NH,, exch), 7.726-7.736 (m, 1H, Ar), 8.013-
8.074 (m, 2H, Ar,), 8.745-8.756 (d, 1H, J= 5.5
Hz, Ar). *C NMR (125 MHz, DMSO-dg) &:
25.0, 26.9, 39.0, 120.0, 125.1, 136.4, 149.4,
154.0, 1559 and 178.2. GC-MS: m/z 273
(M™+1, 1%) 272 (M**, 19%),

256((:[‘;“ N= CO 72%), 179 (CQ\' N=CH |

12%), 152 (Cféw, 100%), 104 (" y—cn'¥ 22%),

[0)
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5

Vllay

Vllaz

MeOH

MeOH

195

109

73

72

82 (@7,413%), 78 () 30%), 77 (Q@fz:g%),

Anal. Calcd for C14H1sN4O,: C, 61.76; H, 5.88;
N, 20.59%. Found: C, 61.81; H, 5.96; N,
20.72%.

IR 3288 (NH,), 1697 (>C=0), 1663 (>C=N-),
1599, 1545, 1502 (Ar) cm™. *H NMR (500 MHz,
DMSO-dg) &: 1.370-1.442 (m, 4H, 2xCHy),
1.623-1.675 (m, 2H, CH,), 1.765-1.832 (m, 2H,
CH,), 2.657-2.766 (m, 2H, CH+CH), 6.758 (bs,
2H, NH,, exch), 7.977-7.995 (d, 2H, J= 9Hz,
Ar), 8.555-8.573 (d, 2H, J= 9Hz, Ar). *C NMR
(125 MHz, DMSO-dg) 8: 25.0, 26.9, 39.0, 121.4,
133.6, 149.1, 162.0 and 178.1. GC-MS: vz 273
(M*™+1, 1%) 272 (M™, 8%),

256 (C[é“‘ - cCN 31%), 179 (C[é“‘ NG |

8%), 152 (C[im 100%), 104 ( )-cn'714%),
82 (@7,*19%), 78 (N )+, 23%), 77 (¢ W

9%) Anal. Calcd for C14H16N402: C, 61.76; H,
5.88; N, 20.59%. Found: C, 61.84; H, 5.97; N,
20.63%.

IR 3264 (NH,), 1684 (>C=0), 1644 (>C=N-),
1513, 1484 (Ar) cm™ 'H NMR (500 MHz,
DMSO-dg) &: 1.369-1.448 (m, 4H, 2xCHy),
1.625-1.680 (m, 2H, CHy), 1.765-1.831 (m, 2H,
CHy), 2.666-2.719 (m, 2H, CH+CH), 6.680 (bs,
2H, NH,, exch), 8.862-8.870 (t, 1H, J= 2Hz, Ar),
8.973-8.977 (d, 1H, J= 2Hz, Ar), 9.221-9.225 (d,
1H, J= 2Hz, Ar). *C NMR (125 MHz, DMSO-
de) 8: 25.1, 26.8, 39.0, 141.2, 143.3, 144.4,
1455, 1555 and 178.1. GC-MS: m/z 274
(|v|+'+1 1%), 273 (M™, 13%), 257

(C[iN L), 6196), 170 (CQN NG, 18%),

152(C[§N+ 100%), 105 ( { jc +1206), 82

() 106, 79(( Dt 22%), 78 ( (//le%)
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5

VI1bx

Vilby

Vlilbz

MeOH

MeOH

MeOH

227

263

226

78

80

76

Anal. Calcd for Ci13H15Ns505: C, 57.14; H, 5.49;
N, 25.64%. Found: C, 57.25; H, 558; N,
25.69%.

IR 3424 (NH,), 1685 (>C=0), 1645 (>C=N-),
1522, 1492 (Ar) cm™. 'H NMR (500 MHz,
DMSO-dg) &: 6.676 (bs, 2H, NH,, exch), 7.586-
7.612 (m, 2H, Ar), 7.659-7.692 (m, 2H, Ar),
7.723-7.750 (m, 1H, Ar), 8.015-8.072 (m, 2H,
Ar), 8.747-8.758 (q, 1H, J=1 & 4.5 Hz, Ar). 3C
NMR (125 MHz, DMSO-dg) &: 120.9, 125.7,
127.2, 131.7, 132.0, 136.1, 149.0, 154.2, 155.9
and 167.3. GC-MS: m/z 267 (M™+1, 1%), 266
(M*, 12%) 250

(C T N cQ, 69%), 173 (C[iN N=CH , 6%),
146(@ ,100%), 104 ((_)-cn'+10%), 78
(¢ "16%), 77 () +, 25%). Anal. Calcd

for C14H10N4O2: C, 63.15; H, 3.76; N, 21.05%.
Found: C, 63.28; H, 3.86; N, 21.12%.

IR 3283 (NH,), 1686 (>C=0), 1656 (>C=N-),
1519, 1456 (Ar) cm™ 'H NMR (500 MHz,
DMSO-ds) &: 6.689 (bs, 2H, NH,, exch), 7.589-
7.612 (m, 2H, Ar), 7.657-7.692 (m, 2H, Ar),
7.976-7.994 (d, 2H, J= 9Hz, Ar), 8.556-8.574 (d,
2H, J= 9Hz, Ar). *C NMR (125 MHz, DMSO-
de) &: 121.1, 127.6, 131.9, 132.9, 136.7, 149.5,
162.8 and 168.0. GC-MS: m/z 267 (M*"+1, 1%),
266 (M*, 12%), 250
(0] 6]
C T n-n=d< v, 60%), 173 (T T n-n=cH , 17%),
o 6]

o .
146 ( Ciém 1 100%), 104 (N )-on'$ 10%), 78
] .
(N, )+ +15%), 77 ({_n'* 24%). Anal. Calcd for

C14H10N4021 C, 63.15; H, 3.76; N, 21.05%.
Found: C, 63.27; H, 3.83; N, 21.16%.

IR 3368 (NH,), 1688 (>C=0), 1643 (>C=N-),
1584, 1554, 1497 (Ar) cm™. *H NMR (500 MHz,
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5

VIlcx

Vilcy

MeOH

MeOH

219

249

77

80

DMSO-dg) &: 6.688 (bs, 2H, NH,, exch), 7.586-
7.613 (m, 2H, Ar), 7.655-7.693 (m, 2H, Ar),
8.864-8.872 (t, 1H, J= 2Hz, Ar), 8.970-8.975 (d,
1H, J= 2.5Hz, Ar), 9.225-9.228 (d, 1H, J= 1.5Hz,
Ar). *C NMR (125 MHz, DMSO-ds) &: 127.2,
132.0, 132.8, 141.2, 143.1, 144.1, 145.2, 155.9
and 168.0. GC-MS: m/z 268 (M"+1, 1%),
267(|v|+' 10%), 251(

C[im nd( J 69%), 173 ( C[iN N-CH , 15%),

146( "+, 100%), 105(( fc@+14%) 79
=N 0 7 0
(§J+,23A>),78(<:J , 34%). Anal. Calcd for

C13H9N502: C, 58.43; H, 3.37; N, 26.21%.
Found: C, 58.59; H, 3.43; N, 26.35%.

IR 3267 (NH,), 1684 (>C=0), 1647 (>C=N-),
1519, 1449 (Ar) cm™ 'H NMR (500 MHz,
DMSO-dg) &: 6.669 (bs, 2H, NH,, exch), 7.722-
7.752 (m, 1H, Ar), 8.012-8.077 (m, 2H, Ar),
8.747-8.758 (q, 1H, J= 1 & 4.5 Hz, Ar), 8.866 (S,
2H, Ar). B°C NMR (125 MHz, DMSO-ds) &:
120.7, 125.2, 136.7, 143.3, 145.7, 149.4, 154.2,
155.8 and 167.6. GC-MS: m/z 269 (M*"+1, 1%),
268 (M*' 10%), 252 (

C ﬁNNcQ, 55%), 175 ([ I ﬁNNCH 9%),

148 ( [ ﬁm 100%), 104 ( + | 22%),
78 (@+ , 16%), 77 (@, 12%). Anal. Calcd for

CoHgNeO2: C, 53.73; H, 2.98; N, 31.34%.
Found: C, 53.64; H, 3.05; N, 31.41%.

IR 3241 (NH,), 1678 (>C=0), 1644 (>C=N-),
1582, 1512, 1474 (Ar) cm™. *H NMR (500 MHz,
DMSO-dg) : 6.699 (bs, 2H, NH,, exch), 7.977-
7.995 (d, 2H, J= 9Hz, Ar), 8.552-8.570 (d, 2H,
J= 9Hz, Ar), 8.883 (s, 2H, Ar). *C NMR (125
MHz, DMSO-dg) &: 121.2, 136.7, 143.8, 145.6,
149.2, 162.3 and 167.9. GC-MS: m/z 269
(M*'+1, 1%), 268 (M™, 15%), 252 (
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5

Vlilcz

MeOH

224

76

I ﬁw N- c@w, 67%), 175 (C ﬁN N-CH | 8%),
148([ ﬁm 100%), 104(NQ N1¥3206), 78
(N )+, 30%) 77 ({ ", 12%). Anal. Calcd

for C1oHgNgO,: C, 53.73; H, 2.98; N, 31.34%.
Found: C, 53.81; H, 3.04; N, 31.39%.

IR 3361 (NH,), 1688 (>C=0), 1649 (>C=N-),
1572, 1512 (Ar) cm™ 'H NMR (500 MHz,
DMSO-dg) &: 6.687 (bs, 2H, NH,, exch), 8.864-
8.872 (t, 3H, J= 2Hz, Ar,), 8.972-8.976 (d, 1H,
J= 2Hz, Ar), 9.232-9.237 (d, 1H, J= 2.5Hz, Ar).
13C NMR (125 MHz, DMSO-dg) &: 141.2, 143.0,
143.8, 144.5, 145.7, 146.0, 155.0 and 168.0. GC-
MS: Mz 270(M™"+1, 1%),

(6]
269 (M*™, 9%), 253 (( ﬁN n=d<( () T3%), 175

0]

(C ﬁ” N-CH |, 17%), 148( C ﬁm 100%),
105((fcr\7+37%) 79 ((J+ 29%) 78(/)
, 24%). Anal. Calcd for C;;H;N;O,: C, 49.07; H,

2.60; N, 36.43%. Found: C, 49.16; H, 2.66; N,
36.39%

TLC in both the cases showed that reaction is complete. Microwave irradiated silica gel

was shaken with methanol for 10 minutes and then filtered. Removal of the solvent from

the filtrate gave crude amidine derivative, which was purified by crystallization from

methanol. Yields from both the experiments are comparable. IR spectrum of Vllax

shows absorption signals at 3403 (NH,), 1684 (>C=0), 1647 (>C=N-), 1565, 1476 (Ar)

cm™. 'H NMR (500 MHz, DMSO-de) (Figure 4a.4) of Vllax exhibited signals at &:

1.374-1.446 (m, 4H, 2xCH,), 1.626-1.679 (m, 2H, CHy), 1.764-1.830 (m, 2H, CH,),

2.666-2.739 (M, 2H, CH+CH), 6.762 (bs, 2H, NH,, exch), 7.726-7.753 (m, 1H, Ar),
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8.013-8.074 (m, 2H, Ar,), 8.745-8.756 (d, 1H, J= 5.5Hz, Ar). *C NMR (125 MHz,
DMSO-de) (Figure 4a.5) : 25.039, 26.959, 39.002, 120.020, 125.141, 136.415, 149.425,
154.021, 155.998, 178.242. GC-MS spectrum (m/z; relt. int. %) (Figure 4a.6) of Vllax
gave M™+1 and M™ ion peaks at m/z 273 (M™'+1, 1%), 272 (M™, 19%). In addition to
M™ ion peak GCMS of VIlax shows some other prominent ion peaks which can arise
through its fragmentation. The fragmentation pattern of VIlax is outlined in chart 4a.2.
Elemental analysis Calculated for C14H16N4O2: C, 61.76; H, 5.88; N, 20.59%. Found: C,
61.81; H, 5.96; N, 20.72%. Spectral data and elemental analysis of VIlax fully support
the structure assigned to it. Physical constants, spectral and analytical data of VIlax-cz
reported in Table-4a.1 is in agreement with structures assigned to them.
4a.2.2 Biological results and discussion

Compounds Vlax-cz and Vllax-cz (Scheme 4a.l) were screened for anti-
inflammatory activity [21; Chapter 2] using carrageenan induced paw oedema assay and
results are summarized in Table 4a.2. Compound VIlcx exhibited good anti-
inflammatory activity i.e. 35% at 50 mg/kg p.o. as compared to ibuprofen which showed
39% activity at 50 mg/kg p.o..

Compounds Vlax-cz and VIlax-cz were screened in vitro for anticancer activity
[32] against five human cancer cell lines i.e. breast (T47D), lung (NCI H-522), colon
(HCT-15), ovary (PA-1) and liver (HepG-2) at a concentration of 1x10° M and results
are summarized in Table 4a.2. Compounds Vlbz, VIicx, VlIicz (breast T47D), Vibz,
Vicy (lung NCI H-522), VIbx, VIIbz (colon HCT-15), VIbz (ovary PA-1) and VIbx,
Vlcz (liver HepG-2) exhibited good anticancer activity against various cancer cell lines

mentioned above. Compounds VIbx, VIbz, Vicy, Vicz, VIlbz, Vilcx and VIicz which
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Fragmentation pattern of VIlax

ok
m/'z 82 (13%)

a

aob

e ’.“H.ZN—_H
O; NiN=C- ; \

:\\é .
Mz 272 (M*", 19%)
Vilax
C
~NH,
od v ©
e I

(sl —— L
e

)+

m'z 78 (30%) o) H O
" Mz 256 (72%) m/z 152 (100%)
migration
-H° of H € \ d
migration
of H
. O .
7N\ T + =N +
QN N-N=CH \ 4/ CN
m/z 77 (23%) 5 m/z 104 (22%)
m/z 179 (12%)
Chart 4a.2
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Table-4a.2 Anti-inflammatory** and in vitro anticancer activity** of azomethine &

amidine derivatives of isoindole & pyrrolopyrazine i.e. Vlax-cz and Vllax-cz.

Anti- *Anticancer activity at a concentration of 1x10> M

inflammatory
Compd. No. | activity (%) | Breast Lung  Colon Ovary Liver

;t050 mg/kg T47D NCI H-522 HCT-15 PA1 HepG2
Vlax 09 22 16 19 18 21
Vlay 06 14 12 19 21 23
Viaz 32 15 14 10 09 17
V1bx 22 34 25 38 31 35
Vlby 24 24 05 04 19 14
Vlibz 18 35 40 25 36 24
Viex 26 13 10 05 11 19
Vicy 14 25 37 16 29 25
Vicz 29 11 28 18 16 39
Vlilax 17 13 28 23 11 19
Vilay 20 14 25 05 21 17
Vlilaz 17 15 20 01 25 20
VIIbx 17 17 16 29 19 24
Vlilby 23 13 11 24 18 32
Vlilbz 20 27 22 36 14 30
Vilex 35 37 33 05 30 13
Vlilcy 12 25 10 12 19 27
Vlilcz 14 41 23 07 26 17
Ibuprofen 39 - - - - -
*5-FU - 18 24 20 21 18
*CYC-PHO - 16 15 13 30 26
*CYC-HEXI 26 11 12 15 18

*Compounds tested in triplicate, data expressed as mean value of three independent experiments.

-FU 5-Fluorouracil; "CYC-PHO Cyclophosphamide; ‘CYC-HEXI Cycloheximide;

Bold values represent compounds showing good anti-inflammatory and good anticancer activity.
“We are thankful to Dr. Partha Roy, Department of Biotechnology, Indian Institute of Technology-

Roorkee, Roorkee for this data.

194




exhibited good anticancer activity were further studied and their 1Csq values for various
cancer cell lines and normal cell (COS-1) was determined and reported in Table 4a.3.

Compound VIlcx showed good anti-inflammatory activity whereas other
compounds showed moderate to low anti-inflammatory activity, it may be due to the fact
that structure of compound VIlcx can effectively interact with the targets both from
electronic and stereochemical point of view and hence exhibited good anti-inflammatory
activity.

Compounds derived from Illa i.e. Vlax-az and Vllax-az did not show good
anticancer activity whereas compounds derived from I11b (VIbx, Vibz, VIlbz) and Ilic
(Vlcy, Vicz, Vilcex, VIlcz) exhibited good anticancer activity. From this observation it
may be concluded that aromatic (I11b) or heteroaromatic (ll1lc) ring in place of
cyclohexyl (I111a) ring made the structures of these molecules suitable for interaction with
the cancerous cell both from stereochemical and electronic point of view and hence
exhibited good anticancer activity.
4a.3 Experimental
4a.3.1 General

Microwave reactor Anton Paar (monowave 300) and microwave oven model
M197DL (Samsung) were used for microwave irradiation. Melting points (mp) were
determined on a JSGW apparatus and are uncorrected. IR spectra were recorded using a
Perkin Elmer 1600 FT spectrometer. *H and **C NMR spectra were recorded on a Bruker
WH-500 spectrometer at a ca 5-15% (w/v) solution in deuterated solvent (TMS as
internal standard). GC-MS was recorded on Perkin Elmer Clarus 500 gas chromatograph

where built in MS detector was used. Elemental analysis was carried out on a Vario EL
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Table 4a.3 ICso values®™* of in vitro anticancer** active compounds.
1Cs0 (LM)
Comp
No Breast Lung Colon Ovary Liver Normal cell
T47D NCIH-522  HCT-15 PA-1 HepG-2 C0s-1

Vibx 1355+2.54  22.43+1.84 12.78+3.13  18.02+2.71  14.06+3.39  123.76+3.98
Vibz 15.3242.78  11.33+3.11  23.32+4.03 15674235  24.64+2.74  117.97+2.56
Vicy 21.13+4.31  16.11#2.65 34.73+1.93 21.07+#427  23.78+1.46  109.77+1.99
Vicz 38.92+3.91  19.13+3.14  26.32+2.34 31.26+1.74  12.33+2.07  132.44+4.11
Vilbz 20.21+2.08  28.34+256  14.07+254 37.66+3.31  15.46x4.04  128.46+2.18
Vilex 1322+1.74  1516+191  67.63+3.75 16.88+4.13  38.39+2.78  116.51+2.37
Vilez 1123+2.98  25.08+3.41  65.47+2.44 23.68+2.66  28.77+3.33  110.25+3.25
b5-FU 51.8+2.34 56.763.4 45.01+1.45 39.5+4.32 20.87+1.82  110+8.98

‘CYC-PHO  70.1%+2.32 67.9+3.09  74.32+4.98 64.124543  55.3+3.59 125.43+9.24

ICYC-HEX| 65.13+7.31  60.1#534  54.13+4.65 40.6+2.09 57.12+4.65  128.31+7.89

50% growth inhibition as determined by MTT assay (24hr drug exposure)
*Compounds tested in triplicate, data expressed as mean value + SD of three independent experiments.
’5-FU  5-Fluorouracil; “°CYC-PHO Cyclophosphamide; CYC-HEXI Cycloheximide;
“We are thankful to Dr. Partha Roy, Department of Biotechnology, Indian Institute of Technology-

Roorkee, Roorkee for this data.
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111 elementor. Thin layer chromatography (TLC) was performed on silica gel G for TLC
(Merck) and spots were visualized by iodine vapors or by irradiation with ultraviolet light
(254nm). Compounds Vlax-cz and Vllax-cz were purified by crystallization from
methanol. Physical constants, spectral data and elemental analysis of VIax-cz and VIIax-
cz are reported in Table-4a.1.
4a.3.2 General procedurefor synthesis of isoindole and pyrazine derivatives (I11a-c)
4a.3.2.1 Synthesis of 2-amino-hexahydro-2H-isoindole-1,3-dione (I11a)
Cis-cyclohexane-1,2-dicarboxylic acid (0.344 g; 2.0 mmol) and hydrazine hydrate
(0.22 ml; 2.4 mmol) were grinded together in a small mortar with a pestle for 30 minutes.
TLC of the reaction mixture on silica gel using ethyl acetate: methanol (7:3) as mobile
phase exhibited that the reaction is complete. The crude product so obtained was purified
by crystallization from methanol to give pure product 2-amino-hexahydro-2H-isoindole-
1,3-dione (Il11a; scheme 4a.l). Yield 272 mg (82%). mp: 63-65°C (lit [29, 30] mp 60-
62°C). IR (KBr) vimmx: 3288 (NH,), 1687 (>C=0) cm™. *H NMR (500 MHz, DMSO-dg) &:
1.362-1.444 (m, 4H, 2xCH,), 1.622-1.679 (m, 2H, CH,), 1.765-1.828 (m, 2H, CHy),
2.666-2.751 (m, 2H, CH+CH), 6.008 (bs, 2H, NH,, exch). **C NMR (125 MHz, DMSO-
de) 5: 25.008, 26.789, 38.949, 178.148. GC-MS: m/z 169 (M*'+1, 1%), 168 (M™", 15%),
152 (M+'-NH2, 100%). Elemental analysis Calculated for CgH1,N,O,: C 57.14, H 7.14, N
16.67%. Found: C 57.29, H 7.23. N 16.78%.
Similarly, compounds I11b and I11c were synthesized.
4a.3.2.2 2-Aminoisoindoline-1,3-dione (I11b)
Yield: 77%. mp: 202-205°C (lit [29, 31] mp 200-205°C). IR (KBr) vmax 3377

(NH,), 1669 (>C=0), 1476 (Ar) cm™. *H NMR (500 MHz, DMSO-dg) &: 6.093 (s, 2H,
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NH,, exch), 7.582-7.616 (m, 2H, Ar), 7.653-7.689 (m, 2H, Ar). *C NMR (125 MHz,
DMSO-dg) &: 127.277, 132.703, 160.139, 167.666. GC-MS: mVz 163 (M +1, 1%), 162
(M™, 38%), 146 (M™"-NH,; 100%), 76 ( @W* 14%). Elemental analysis Calculated for
CgHgN20,: C 59.26, H 3.70, N 17.28%. Found: C 59.41, H 3.81, N 17.42%.
4a.3.2.3 6-Amino-6H-pyrrolo[3,4-b]pyrazine-5,7-dione (111c)

Yield: 77%. mp: 218°C. IR (KBr) vmex: 3315 (NH,), 1679 (>C=0), 1536, 1507
(Ar) cm™. *H NMR (500 MHz, DMSO-dg) 8: 6.044 (s, 2H, NH,, exch), 8.868 (s, 2H, Ar).
13C NMR (125 MHz, DMSO-dg) §: 143.482, 145.941, 168.007. GC-MS: m/z 165 (M"*+1,
1%), 164 (M™, 46%), 148 (M™-NH,; 100%). Elemental analysis Calculated for
CsHiN4O5: C 43.90, H 2.44, N 34.14%. Found: C 43.99, H 2.40, N 34.02%.
4a.3.3 General procedurefor synthesis of azomethine derivatives (Vlax-cz)
4a.3.3.1 Synthesis of 2-(4-hydroxy-3-methoxybenzylideneamino)-hexahydro-2H-
isoindole-1,3-dione (Vlax)
M 2-Amino-hexahydro-2H-isoindole-1,3-dione (0.168 g, 1 mmol) (I11a; Scheme
4a.1) and 4-hydroxy-3-methoxybenzaldehyde (0.152 g; 1 mmol) were dissolved in
methanol (5ml). To this solution silica gel (5g, 60-120 mesh) was added and then solvent
was removed under vacuum to give dry silica gel adsorbed with the above said reactants.
This silica gel was subjected to microwave irradiation at 600 W for 6 minutes. A small
portion of above silica gel was shaken with methanol (5ml) and filtered. Filtrate was
reduced to one milliliter (1 ml) and was checked for progress of the reaction. TLC of this
reaction solution over silica gel using ethyl acetate: methanol (4:1) as mobile phase
showed absence of starting materials and hence completion of reaction. Total amount of

microwave irradiated silica gel was shaken with methanol (20ml) for 10 minutes and then
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filtered. Silica gel on filter paper was further washed with methanol (2x10ml). Solvent
from the combined filtrate was removed under vacuum to give crude product Vlax. This
crude product was purified by crystallization from methanol to give pure 2-(4-hydroxy-3-
methoxybenzylideneamino)-hexahydro-2H-isoindole-1,3-dione (Vlax). Yield 0.250 ¢
(83%).

(i) Alternatively reactant adsorbed silica gel was irradiated at 120°C for 6 min and
work up was done as mentioned above to give pure condensed product Vlax. Yield 0.244
g (81%). Yield of condensed product Vlax by both the methods is comparable.

Similarly other azomethine derivatives Vlay-cz i.e. 2-(2,5-dimethoxy
benzylideneamino)-hexahydro-2H-isoindole-1,3-dione  (Vlay), 2-(4-(dimethylamino)
benzylideneamino)-hexahydro-2H-isoindole-1,3-dione  (Vlaz) [33], 2-(4-hydroxy-3-
methoxybenzylideneamino)isoindoline-1,3-dione (VIbx), 2-(2,5-dimethoxybenzylidene
amino)isoindoline-1,3-dione (VIby), 2-(4-(dimethylamino)benzylideneamino)isoindoline
-1,3-dione (VIbz) [34], 6-(4-hydroxy-3-methoxybenzylideneamino)-6H-pyrrolo[3,4-b]
pyrazine-5,7-dione  (VIcx),  6-(2,5-dimethoxybenzylideneamino)-6H-pyrrolo[3,4-b]
pyrazine-5,7-dione (Vlcy) and 6-(4-(dimethylamino)benzylideneamino)-6H-pyrrolo[3,4-
b] pyrazine-5,7-dione (VIcz) were synthesized and reported in Table 4a.1.
4a.3.4 General procedurefor synthesisof amidine derivatives (VIlax-cz)

4a.3.4.1 Synthesis  of  N'-(1,3-dioxo-hexahydro-1H-isoindol-2(3H)-yl)picolin
amidine (VIlax)

Q) 2-Amino-hexahydro-2H-isoindole-1,3-dione (I11a; Scheme 4a.1) (0.168 g, 1
mmol) and 2-cyanopyridine (Va; Scheme 4a.1) (0.104 g; 1 mmol) were dissolved in
methanol (5ml). To this solution silica gel (5g, 60-120 mesh) was added and then solvent

was removed under reduced pressure to give reactant adsorbed silica gel. This silica gel
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was subjected to microwave irradiation at 850 W for 6 minutes. A small portion of
microwave irradiated silica gel was shaken with methanol (5ml) for 10 minutes and then
filtered. Solvent of reaction mixture was reduced to one milliliter. TLC of this reaction
mixture on silica gel using ethyl acetate: methanol (3:2) as mobile phase showed absence
of starting materials and hence reaction is complete. Total amount of microwave
irradiated silica gel was shaken with methanol (20ml) for 10 minutes and then filtered.
Silica gel on the filter paper was washed with methanol (2x10ml). Solvent from the total
filtrate was removed under reduced pressure to give crude product VIlax (Scheme 4a.1).
Crude product so obtained was purified by crystallization from methanol to give pure
product N'-(1,3-dioxo-hexahydro-1H-isoindol-2(3H)-yl)picolinamidine (VIlax) Yield
0.198 g (73%).

(i) Alternatively above reactant adsorbed silica gel was irradiated at 135°C for 6
minutes and work up of reaction mixture as mentioned above gave crude product VIlax,
which was purified by crystallization from methanol to give pure N'-(1,3-dioxo-
hexahydro-1H-isoindol-2(3H)-yl)picolinamidine (VIlax) Yield 0.210 g (74%). Yield of
condensed product VIlax by both the methods is comparable.

Similarly other amidine derivatives Vllay-cz i.e. N'-(1,3-dioxo-hexahydro-1H-
isoindol-2(3H)-yl)isonicotinamidine  (Vllay), N'-(1,3-dioxo-hexahydro-1H-isoindol-
2(3H)-yl)pyrazine-2-carboxamidine (VIlaz), N'-(1,3-dioxoisoindolin-2-yl)picolinamidine
(VIIbx), N'-(1,3-dioxoisoindolin-2-yl)isonicotinamidine  (VIlby), N'-(1,3-dioxoiso
indolin-2-yl)pyrazine-2-carboxamidine (VI1bz), N'-(5,7-dioxo-5H-pyrrolo[3,4-b]pyrazin-

6(7H)-yl)picolinamidine  (VIlcx), N'-(5,7-dioxo-5H-pyrrolo[3,4-b]pyrazin-6(7H)-yl)
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isonicotin  amidine  (Vllcy) and N'-(5,7-dioxo-5H-pyrrolo[3,4-b]pyrazin-6(7H)-
ylpyrazine-2-carbox amidine (V11cz) were synthesized and reported in Table 4a.1.
4a.3.5 Anti-inflammatory activity [21; Chapter-2]

Anti-inflammatory activity evaluation was carried out by following procedure
described in chapter-2 of this thesis.
4a.3.6 In vitro cytotoxicity against human cancer cell lines[32]

Human breast (T47D), colon (HCT-15), lung (NCI-H522), liver (HepG-2) and
ovary (PA-1) cancer cell lines were obtained from National Center for Cell Science
(NCCS), Pune, India. Cells were grown in tissue culture flask in complete growth
medium (RPMI-1640 medium with 2 mM glutamine, pH 7.4 supplemented with 10%
fetal bovine serum, 100pg/ml streptomycin and 100 units/ml penicillin) in a carbon
dioxide incubator (37°C, 5% CO,, 90% RH). All cell culture reagents were from GIBCO
(Invitrogen, USA). Penicillin, streptomycin, MTT (3-(4,5-dimethyl-2-
thiazolyl)2,5diphenyl-2H tetrazoliumbromide), cell culture grade DMSO, 5 Fluorouracil
(5-FU), Cyclophosphamide and Actidione (cycloheximide) were from Himedia (Mumbai,
India).

MTT assay was carried out as described previously [32]. In brief, 5 x 10° cells in
200 pl of medium were seeded in 96-well plates (Griener, Germany). Serial dilutions of
compound initially ranging from 0-100 uM in DMSO were added to the monolayer. The
final DMSO concentration for all dilutions was 0.1% which was used as vehicle control.
The cultures were assayed after 24 h by the addition of 50 pl of 5 mg/ml MTT and
incubating for another 4 h at 37°C. The MTT-containing medium was aspirated and 200

pl of DMSO (Himedia, Mumbai, India) and 25 pl of Sorensen glycine buffer (0.1 M

201



glycine and 0.1 M NaCl, pH 10.5) were added to lyse the cells and solubilize the water
insoluble formazone. Absorbance of the lysates was determined on a Fluostar optima
(BMG Labtech, Germany) microplate reader at 570 nm.

The percentage inhibition was calculated as:

Mean OD of vehicle treated cells (negative control) — Mean OD of treated cells X100

Mean OD of vehicle treated cells (negative control)

The 1Cso values were calculated using graph pad prism, version 5.02

software (Graph Pad Software Inc., CA, USA).

*hkkkikkkikk
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4b  Synthesis anti-inflammatory and anticancer activity evaluation of isoindole, pyrrolopyrazine,
benz midazo-isoindole and benzimidazopyrrolopyrazine derivatives

Part-b

4b.1 Introduction

Recent work reported in literature on benzimidazole derivatives exhibiting anti-
inflammatory and anticancer activities is summarized in chapter-1 of this thesis.
Benzimidazole derivatives exhibiting antimalarial [35], antibacterial [36], antimicrobial
[37, 38], antifungal [39], antitubercular [40], antiparasitic [41] and antiviral [42-44]
activities are also known in literature. Various biological activities shown by isoindole
and pyrrolopyrazine derivatives is already mentioned in part-a of this chapter. In
continuation of our efforts in search of biologically active molecules [45, 46] we have
synthesized some more complex derivatives of isoindole and pyrrolopyrazine and also
tetracyclic heterocyclic molecules e benzimidazoisoindole and
benzimidazopyrrolopyrazine derivatives and screened them for anti-inflammatory and

anticancer activities which we will describe in this chapter of the thesis.
4b.2 Results and discussion

4b.2.1 Chemistry:

Cis-1,2-cyclohexane dicarboxylic acid (Ix; Scheme 4b.1) and 3, 4-
diaminobenzoic acid (I1; Scheme 4b.1) were mixed in 1:1 molar ratio and this reaction
mixture was subjected to microwave irradiation [47] at 600 Watt for 3 minutes and
progress of reaction was monitored by TLC on silica gel. TLC of reaction mixture
showed presence of starting materials; hence this reaction mixture was further irradiated
at 600 Watt for 2 minutes. TLC of the reaction mixture showed absence of starting

materials and hence reaction is complete. Crude product so obtained was purified by
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crystallization from methanol to give pure product 4-amino-3-(1, 3-dioxo-hexahydro-1H-
isoindol-2(3H)-yl) benzoic acid (I11x; Scheme 4b.1) in 86% yield.

Alternatively above reaction mixture was subjected to microwave irradiation at
90°C for 5 minutes and TLC of the reaction mixture showed completion of reaction.
Crude product so obtained was purified by crystallization from methanol to give pure
product 111x (Scheme 4b.1) in 84% vyield. *H NMR (500 MHz, DMSO-dg) (Figure 4b.1)
of I11x show signals at &: 1.377-1.442 (m, 4H, 2xCHy), 1.622-1.677 (m, 2H, CH,), 1.766-
1.829 (m, 2H, CH,), 2.659-2.716 (m, 2H, CH+CH), 5.051 (bs, 2H, NH,, exch), 6.486-
6.501 (d, 1H, J= 7.5 Hz, Ar), 7.059-7.079 (dd, 1H, J= 2.5 & 7.5 Hz, Ar), 7.134-7.138 (d,
1H, J = 2 Hz, Ar), 12.548 (bs, 1H, COOH, exch). In 3, 4-diaminobenzoic acid there are
two amino groups on aromatic ring, one —-NH, is meta to —COOH group and other is para
to —COOH group. Amino group meta to —COOH group is more nucleophilic than amino
group para to —COOH group and hence will undergo condensation reaction first to give
product 111x (Scheme 4b.1). Our results are in agreement with the observations of Cul et.
al. [48] and our own results reported earlier [49].

In order to further support the structure assigned to Il1x, NOE (Nuclear
Overhauser Effect) experiments were carried out. Irradiation of -NH, at 6 5.051 showed
correlation with aromatic proton at & 6.486-6.501 (d, 1H, J= 7.5 Hz, Ar) (Figure 4b.2),
whereas irradiation of aromatic proton at 6 6.486-6.501 showed correlation with one
aromatic proton & 7.059-7.079 (dd, 1H, J= 2.5 & 7.5 Hz, Ar) and one —NH; group at
5.051 (bs, 2H, —-NH,, exch) (Figure 4b.3). From these NOE experiments it is clear that —
NH_ group meta to -COOH group react first to give product I11x (Scheme 4b.1).

IR spectrum of I11x shows absorption bands at 3293 (NH,), 1680 (>C=0), 1621
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( —('(?:-N-g— ), 1529, 1426 (Ar) cm™. 3C NMR (125 MHz, DMSO-ds) (Figure 4b.4) §:
24.265, 26.653, 37.942, 44.390, 116.127, 120.128, 121.941, 126.109, 129.141, 145.207,
169.143 and 175.109. APCI-MS (Figure 4b.5) show the MH" ion peak at nvz 289.20
(100%). Elemental analysis Calculated for C;sH1gN2O4: C, 62.50; H, 5.55; N, 9.72%.
Found: C, 62.58; H, 5.64; N, 9.81%. Spectral and analytical data of I11x fully support the
structure assigned to it.

Similarly condensation of phthalic acid (ly), pyrazine-2, 3-dicarboxylic acid (12)
with 3, 4-diaminobenzoic acid (I1) gave corresponding condensation products 111y and
111z (Scheme 4b.1) respectively in good yields. Spectral (IR, *H NMR, NOE, *C NMR,
APCI-MS) & analytical data of 111y and 111z reported in Table 4b.1 fully support the
structures assigned to them.

4-Amino-3-(1, 3-dioxo-hexahydro-1H-isoindol-2(3H)-yl) benzoic acid (I11x;
Scheme 4b.1) was irradiated at 850 Watt for 5 minutes. TLC of reaction contents over
silica gel showed absence of starting material. Crude product so obtained was purified by
crystallization from methanol to give pure tetracyclic product 1Vx in 82% vyield.
Alternatively compound I11x was irradiated for 5 minutes at 130°C. TLC of reaction
contents showed absence of starting material. Crude product so obtained was crystallized
from methanol to give pure tetracyclic compound i.e. 8-(1, 2, 3, 4, 4a, 11a hexahydro-11-
oxobenzimidazo [2, 1-a]isoindol)-oicacid (1Vx; Scheme 4b.1) in 81% yield.

IR spectrum of 1Vx shows absorption bands at 1684 (>C=0), 1624 ( —('é-N_ ),
1513 (Ar) cm™. *H NMR (500 MHz, DMSO-ds) (Figure 4b.6) &: 1.372-1.458 (m, 4H,

2xCHy), 1.623-1.679 (m, 2H, CH,), 1.765-1.838 (m, 2H, CH>), 2.649-2.737 (m, 2H,
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Table4b.1: Physical constants and spectral data of compounds|1lix-z and VIxa-ze.

Comp
no

Solvent  of
cryst./elution

m.p.
°C

Yield
%

IR (KBr) cm™, 'H (500MHz) & °C (125MH2)
NMR (DMSO-dg), 6 J(Hz), APCI-MS (m/z
reltint %)

1

2

3

4

5

[1x

Iy

MeOH

MeOH

234

187

84

86

0O O
IR 3293 (NH,), 1680 (>C=0), 1621 ( —C-N-C—),
1529, 1426 (Ar) cm™ 'H NMR (500 MHz,
DMSO-dg) &: 1.377-1.442 (m, 4H, 2xCH,),
1.622-1.677 (m, 2H, CHy), 1.766-1.829 (m, 2H,
CHy), 2.659-2.716 (m, 2H, CH+CH), 5.051 (bs,
2H, NH,, exch), 6.486-6.501 (d, 1H, J= 7.5 Hz
Ar), 7.059-7.079 (dd, 1H, J= 2.5 & 7.5 Hz, Ar),
7.134-7.138 (d, 1H, J = 2 Hz, Ar), 12.548 (bs,
1H, COOH, exch). NOE (500 MHz, DMSO-ds)
Irradiation of -NH; at & 5.051 showed
correlation with aromatic proton at 6 6.486-6.501
(d, 1H, J= 7.5 Hz, Ar), whereas irradiation of
aromatic proton at o 6.486-6.501 showed
correlation with one aromatic proton 6 7.059-
7.079 (dd, 1H, J= 2.5 & 7.5 Hz, Ar) and one —
NH, group at & 5.051 (bs, 2H, —NH,, exch). *C
NMR (125 MHz, DMSO-dg) &: 24.2, 26.6, 37.9,
44,3, 116.1, 120.1, 121.9, 126.1, 129.1, 145.2,
169.1 and 175.1. APCI-MS: m/z 289.20 (MH",
100%), 243.57

(C[fw@, 1506), 225.58 (Cﬂ:“@f 11%),

O H,N
Anal. Calcd for Ci5H1gN2>O4: C, 62.50; H, 5.55;
N, 9.72%. Found: C, 62.58; H, 5.64; N, 9.81%.

0O o0
IR 3377 (NH,), 1682 (>C=0), 1669 ( —C¢-N-C-),
1612, 1477 (Ar) cm™ 'H NMR (500 MHz,
DMSO-dg) &: 5.198 (bs, 2H, NH;, exch), 6.485-
6.501 (d, 1H, J = 8 Hz, Ar), 7.059-7.079 (dd, 1H,
J=2 & 8 Hz, Ar), 7.132-7.135 (d, 1H, J = 1.5
Hz, Ar), 7.586-7.612 (m, 2H, Ar), 7.659-7.692
(m, 2H, Ar), 12.676 (bs, 1H, COOH, exch). NOE
(500 MHz, DMSO-dg) Irradiation of -NH, at 6
5.198 showed correlation with aromatic proton at
d 6.485-6.501 (d, 1H, J = 8 Hz, Ar), whereas
irradiation of aromatic proton at ¢ 6.485-6.501
showed correlation with one aromatic proton o
7.059-7.079 (dd, 1H, J=2 & 8 Hz, Ar) and one
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-NH, group at & 5.198 (bs, 2H, —NH,, exch). *°C
NMR (125 MHz, DMSO-dg) &: 116.7, 120.6,
121.8, 125.1, 126.4, 127.1, 132.0, 133.2, 147.6,
167.2 and 170.1. APCI-MS: m/z 283.33 (MH",
100%), 237.19

o] + O
(), 14%), 219.23 @iﬁw ., T%),
(CLp40), 1090, 21923 (g . 7%)

O H,N

Anal. Calcd for Cy5H10N2O4: C, 63.83; H, 3.57;
N, 9.92 %. Found: C, 63.77; H, 3.53; N, 9.87%.
IR 3215 (NH,), 1698 (>C=0), 1619 (_('c?-N-@_),
1536 (Ar) cm™. *H NMR (500 MHz, DMSO-dg)
8: 5.198 (bs, 2H, NH,, exch), 6.486-6.501 (d,
1H, J = 7.5 Hz, Ar), 7.059-7.079 (dd, 1H, J =2
& 8 Hz, Ar), 7.132-7.136 (d, 1H, J = 2 Hz, Ar),
8.726 (s, 2H, Ar), 12.635 (bs, 1H, COOH, exch).
NOE (500 MHz, DMSO-dg) Irradiation of —NH,
at 6 5.198 showed correlation with aromatic
proton at ¢ 6.486-6.501 (d, 1H, J= 7.5 Hz, Ar),
whereas irradiation of aromatic proton at o
6.486-6.501 showed correlation with one
aromatic proton 6 7.059-7.079 (dd, 1H, J=25 &
7.5 Hz, Ar) and one —-NH, group at & 5.198 (bs,
2H, -NH,, exch). *C NMR (125 MHz, DMSO-
ds) 0: 116.0, 120.5, 122.3, 126.3, 129.6, 143.0,
146.2, 147.8, 163.4 and 169.1. APCI-MS: m/z
285.74 (MH",

6]
N +
0 > 0
100%), 239.27 ( [N/)vw«”@ , 19%), 221.12

O H,N

N\
([ /jiN +8 %) Anal. Calcd for C13HgN4O4:
<10

C, 54.93; H, 2.84; N, 19.71%. Found: C, 54.84;
H, 2.88; N, 19.77%.

IR 3218 (NHy), 1695, 1676, 1612 (>C=0), 1478
(Ar) cm™. 'H NMR (500 MHz, DMSO-dg) &:
1.377-1.445 (m, 4H, 2xCH,), 1.623-1.679 (m,
2H, CH,), 1.763-1.829 (m, 2H, CH,), 2.657-
2.718 (m, 2H, CH+CH), 4.089 (s, 2H, CH,),
5.051 (bs, 2H, NH,, exch), 6.486-6.500 (d, 1H,
J= 7.0 Hz, Ar), 7.059-7.079 (dd, 1H, J= 25 & 8
Hz, Ar), 7.134-7.138 (d, 1H, J = 2.0 Hz, Ar),
7.279-7.341 (m, 5H, Ar), 8.136 (s, 1H, NH,
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exch). *C NMR (125 MHz, DMSO-dg) &: 24.2,
26.6, 37.9, 44.3, 116.2, 118.4, 123.6, 124.7,
126.1, 127.9, 128.1, 129.1, 141.1, 145.2, 167.1
and 174.7. APCI-MS: m/z 378.65 (MH*, 100%),

[¢) +

286.20 ( N , 20%), 243.50

+ OHyN

(C[f@ | 11%), 225.58 ( C&N@t 7 %).

O H,N

Anal. Calcd for C22H23N303: C, 70.02; H, 6.10;
N, 11.14%. Found: C, 70.32; H, 6.29; N,
11.34%.

IR 3399 (NH,), 1678, 1623 (>C=0), 1530, 1426
(Ar) cm™. 'H NMR (500 MHz, DMSO-de) &: :
1.378-1.446 (m, 4H, 2xCH,), 1.622-1.678 (m,
2H, CH,), 1.764-1.830 (m, 2H, CH,), 2.661-
2.716 (m, 2H, CH+CH), 4.086 (s, 2H, CH,),
5.051 (bs, 2H, NH,, exch), 6.484-6.500 (d, 1H, J
= 8 Hz, Ar), 7.059-7.079 (dd, 1H, J = 2.5 & 8.5
Hz, Ar), 7.134-7.138 (d, 1H, J = 2 Hz, Ar),
7.225-7.261 (q, 1H, J = 8 & 10 Hz, Ar), 7.388-
7.415 (d, 1H, Ar), 7.752-7.802 (dt, 1H, J = 2.5 &
9.5 Hz, Ar), 8.132 (s, 1H, NH, exch), 8.452-
8.468 (d, 1H, J = 8 Hz, Ar,). *C NMR (125
MHz, DMSO-dg) &: 24.1, 26.1, 37.6, 49.3, 116.2,
118.7, 120.6, 123.2, 124.2, 125.5, 129.1, 136.1,
145.1, 148.6, 156.2, 167.2 and 174.4. APCI-MS:
m/z379.77

0 Q +
NH

(MH"*, 100%), 286.52 (C[EN , 19%), 243.28
6]

+ OHN @
0 . 0
(CQN@, 15%), 225.22 (Cd:jg , 12 %).

O H,N
Anal. Calcd for C,1H»»N4O3: C, 66.66; H, 5.82;
N, 14.81%. Found: C, 66.53; H, 5.97; N,
14.99%.

IR 3317 (NH,), 1680, 1615 (>C=0), 1533 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) &: 1.378-
1.446 (m, 4H, 2xCH,), 1.622-1.678 (m, 2H,
CH,), 1.763-1.828 (m, 2H, CH,), 2.659-2.739
(m, 2H, CH+CH), 4.072 (s, 2H, CH,), 5.051 (bs,
2H, NH,, exch), 6.488-6.504 (d, 1H, J = 8 Hz,
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Ar), 7.068-7.084 (dd, 1H, J=2 & 6 Hz, Ar),
7.134-7.139 (d, 1H, J = 2.5 Hz, Ar), 7.236-7.268
(dt, 1H, J = 2 & 6 Hz, Ar), 7.843-7.859 (d, 1H,
J= 8Hz, Ar), 8.125 (s, 1H, NH, exch), 8.325-
8.414 (m, 2H, Ar). °C NMR (125 MHz, DMSO-
de) 8: 24.1, 26.2, 37.7, 46.4, 116.2, 118.7, 123.6,
124.2, 125.2, 130.5, 134.1, 135.1, 145.1, 147.6,
150.2, 167.5 and 174.4. APCI-MS: m/z 379.65
(MH", 100%),

0 Q +

286.36 ( C[ﬁ@ , 28%), 243.78

O H,N

0 . o}
N , 13%), 225.17 1 8%).
(01390, 22507 ( v 890

OH,

Anal. Calcd for C,H»N4O5: C, 66.66; H, 5.82;
N, 14.81%. Found: C, 66.74; H, 5.75; N,
14.64%.

IR 3388 (NHy), 1668, 1654 (>C=0), 1593, 1495
(Ar) cm™. 'H NMR (500 MHz, DMSO-dg) &:
1.374-1.446 (m, 4H, 2xCH,), 1.625-1.681 (m,
2H, CH,), 1.765-1.828 (m, 2H, CH,), 2.640-
2.737 (m, 2H, CH+CH), 4.085 (s, 2H, CH,),
5.055 (bs, 2H, NH,, exch), 6.486-6.502 (d, 1H, J
= 8 Hz, Ar), 7.059-7.079 (dd, 1H, J=2 & 8 Hz,
Ar), 7.133-7.136 (d, 1H, J = 1.5 Hz, Ar), 7.327-
7.343 (d, 2H, J= 8Hz, Ar), 8.135 (s, 1H, NH,
exch), 8.357-8.373 (d, 2H, J=8 Hz, Ar)."*C NMR
(125 MHz, DMSO-dg) &: 24.6, 26.2, 37.9, 44.4,
116.1, 118.6, 123.6, 124.0, 124.9, 125.4, 129.1,
145.9, 147.6, 149.7, 167.9 and 174.4. APCI-MS:
m/z379.39 (MH", 100%),
o] Q +
286.34 ( C[é{ﬁL , 27%), 243.66

0 H,N

? + o)
( (ﬁ@ 13%), 225.15 ( C[f:O 9

%). Anal. Calcd for C,1H22N4O3: C, 66.66; H,
5.82; N, 14.81%. Found: C, 66.55; H, 5.99; N,
14.92%.

IR 3313 (NH,), 1679, 1617 (>C=0), 1533 (Ar)
cm™. 'H NMR (500 MHz, DMSO-dg) &: 1.381-
1.448 (m, 4H, 2xCH,), 1.623-1.678 (m, 2H,
CHy), 1.763-1.842 (m, 2H, CH5), 2.639-2.736
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(m, 2H, CH+CH), 4.083 (s, 2H, CHy), 5.053 (bs,
2H, NH,, exch), 6.181-6.211 (t, 1H, J = 7.5 Hz,
Ar), 6.485-6.501 (d, 1H, J = 8 Hz, Ar), 6.726-
6.742 (d, 1H, J = 8 Hz, Ar), 7.044-7.060 (d, 1H,
J= 8 Hz, Ar), 7.133-7.138 (d, 1H, J = 2.5 Hz,
Ar), 7.330-7.346 (d, 1H, J= 8Hz, Ar), 8.142 (s,
1H, NH, exch). *C NMR (125 MHz, DMSO-ds)
8: 24.6, 26.2, 37.9, 389, 106.9, 110.1, 116.9,
118.4, 123.9, 125.5, 129.1, 142.9, 145.6, 148.6,
167.6 and 174.0. APCI-MS: mvz 368.88 (MH",
100%), 268.29

[e] Q + o)
NH +
( C[E{}L 19%), 243.61 ( C{i{>
O H,N o) 0O H,N

11%), 225.40 (Cﬂ\th 7 %). Anal. Calcd for
N

CooH2uN:O4 C, 65.39; H, 5.72; N, 11.44%.

Found: C, 65.29; H, 5.60; N, 11.63%.

IR 3380 (NH,), 1680, 1667 (>C=0), 1611 (Ar)
cm™. 'H NMR (500 MHz, DMSO-dg) &: 4.089
(s, 2H, CHy), 5.169 (bs, 2H, NH;, exch), 6.485-
6.502 (d, 1H, J = 8.5 Hz, Ar), 7.058-7.079 (dd,
1H,J = 2.5 & 8.5 Hz, Ar), 7.134-7.138 (d, 1H, J
= 2 Hz, Ar), 7.232-7.397 (m, 5H, Ar), 7.587-
7.614 (m, 2H, Ar), 7.658-7.693 (m, 2H, Ar),
8.127 (s, 1H, NH, exch). *C NMR (125 MHz,
DMSO-dg) &: 46.9, 118.4, 119.7, 121.8, 123.1,
124.9, 125.1, 126.4, 127.1, 128.7, 132.0, 133.2,
144.4, 146.6, 166.2 and 168.0. APCI-MS: m/z
372.33 (MH*, 100%), 280.33

(CEp 3199, 23713 ( CT ),
; A

O H,N O H,

219.20 ( N]@+ , 4 %). Anal. Calcd for
N

Cx»H17N3O3: C, 71.15; H, 4.58; N, 11.32%.
Found: C, 71.28; H, 4.65; N, 11.59%.

IR 3424 (NH,), 1685 (>C=0), 1594, 1492 (Ar)
cm™ 'H NMR (500 MHz, DMSO-dg) &: 4.089
(s, 2H, CHy), 5.189 (bs, 2H, NH;, exch), 6.486-
6.502 (d, 1H, J = 8 Hz, Ar), 7.059-7.079 (dd, 1H,
J =2 & 8 Hz, Ar), 7.135-7.138 (d, 1H, J = 1.5
Hz, Ar), 7.228-7.308 (q, 1H, J= 6 & 8 Hz, Ar),

216




5

Viyc

Viyd

MeOH

MeOH

274

>300

96

96

7.387-7.413 (d, 1H, J= 13Hz, Ar), 7.588-7.616
(m, 2H, Ar), 7.659-7.685 (m, 2H, Ar), 7.687-
7.799 (dt, 1H, J = 2 & 8 Hz, Ar), 8.127 (s, 1H,
NH, exch), 8.452-8.462 (d, 1H, J = 5 Hz, Ar).
3C NMR (125 MHz, DMSO-dg) 8: 47.3, 118.5,
119.9, 120.8, 123.1, 123.9, 125.5, 126.2, 127.2,
131.7, 132.0, 134.5, 144.8, 148.6, 156.7, 166.0
and 168.3. APCI-MS: m/'z373.22 (MH",
[o] Q +
100%), 280.33 ( @Q@ " 220),
[e]

+ O H,N

237.13 ( @[ﬁ , 12%), 219.20

0 O H,N
( C]:i'\'@* , 3%) Anal. Calcd for C21H1sN4O3:
N

C, 67.74; H, 4.30; N, 15.05%. Found: C, 67.45;
H, 4.37; N, 15.16%.

IR 3318 (NH.), 1680, 1619 (>C=0), 1538 (Ar)
cm™. *H NMR (500 MHz, DMSO-ds) &: 4.074
(s, 2H, CHy), 5.181 (bs, 2H, NH, exch), 6.484-
6.500 (d, 1H, J = 8 Hz, Ar), 7.058-7.078 (dd, 1H,
J =2 &8 Hz, Ar), 7.133-7.137 (d, 1H, J = 2Hz,
Ar), 7.328-7.364 (dt, 1H, J = 2 & 8 Hz, Ar),
7.587-7.614 (m, 2H, Ar), 7.659-7.687 (m, 2H,
Ar), 7.840-7.856 (d, 1H, J = 8 Hz, Ar), 8.127 (s,
1H, NH, exch), 8.325-8.412 (m, 2H, Ar). **C
NMR (125 MHz, DMSO-dg) &: 47.3, 116.5,
119.9, 123.1, 123.9, 124.5, 126.2, 127.2, 131.7,
132.0, 134.5, 135.5, 144.8, 148.6, 150.7, 166.0
and 167.3. APCI-MS: vz 373.28 (MH*, 100%),
280.55

(@ig - 20%), 237.17 ( @@ . 8%),

O HyN o O H,N

219.52( CdNO 3 %). Anal. Calcd for
N

C21H16N403: C, 67.74; H, 430, N, 15.05%.
Found: C, 67.81; H, 4.36; N, 15.23%.

IR 3375 (NH,), 1698, 1619 (>C=0), 1536 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) &: 4.089
(s, 2H, CH,), 5.099 (bs, 2H, NH,, exch), 6.485-
6.501 (d, 1H, J = 8 Hz, Ar), 7.060-7.080 (dd, 1H,
J=2 &8 Hz, Ar), 7.133-7.137 (d, 1H, J = 2Hz,
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Ar), 7.323-7.340 (d, 2H, J = 8.5 Hz, Ar), 7.588-
7.606 (m, 2H, Ar), 7.616-7.687 (m, 2H, Ar),
8.162 (s, 1H, NH, exch), 8.457-8.474 (d, 2H, J =
8.5 Hz, Ar). °C NMR (125 MHz, DMSO-ds) &:
46.4, 116.5, 118.7, 123.9, 124.9, 127.5, 128.1,
129.2, 131.5, 132.1, 145.1, 147.3, 148.9, 166.0
and 167.4. APCI-MS: m/z 373.85 (MH", 100%),
280.46

(@[é @ 1506), 237.53 ( @Eé 19%),

O HN OHN

219.37(@ @ , 3%). Anal. Calcd for

C21H16N403: C, 67.74; H, 430, N, 15.05%.
Found: C, 67.63; H, 4.29; N, 15.11%.

IR 3378 (NH,), 1682, 1619 (>C=0), 1535 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) &: 4.074
(s, 2H, CH,), 5.193 (bs, 2H, NH,, exch), 6.182-
6.212 (t, 1H, J = 8 Hz, Ar), 6.486-6.501 (d, 1H,
J = 7.5 Hz, Ar), 6.731-6.748 (d, 1H, J = 8.5 Hz,
Ar), 7.060-7.076 (d, 1H, J = 8 Hz, Ar), 7.134-
7.137 (d, 1H, J = 1.5 Hz, Ar), 7.333-7.349 (d,
1H, J = 8 Hz, Ar), 7.588-7.605 (m, 2H, Ar),
7.615-7.687 (m, 2H, Ar), 8.115 (s, 1H, NH,
exch). *C NMR (125 MHz, DMSO-ds) &: 38.0,
106.2, 110.5, 116.7, 118.7, 123.2, 124.9, 126.0,
127.5, 131.5, 132.3, 142.4, 145.3, 148.9, 166.2
and 167.3. APCI-MS: m/z 362.22 (MH*, 100%),
280.33

( @[é@ 15%), 23713 @[i@

O H,N O H,N

6%), 219.20 ( L1, 3 %). Anal. Caled
N

for C20H15N304: C, 66.48; H, 4.15; N, 11.63%.
Found: C, 66.59; H, 4.21; N, 11.89%.

IR 3317 (NH,), 1692, 1619 (>C=0), 1536 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) &: 4.092
(s, 2H, CH,), 5.051 (bs, 2H, NH,, exch), 6.486-
6.501 (d, 1H, J = 7.5 Hz, Ar), 7.059-7.079 (dd,
1H,J = 2.5 & 8 Hz, Ar), 7.134-7.138 (d, 1H, J =
2Hz, Ar), 7.279-7.340 (m, 5H, Ar), 8.130 (s, 1H,
NH, exch), 8.704 (s, 2H, Ar). **C NMR (125
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MHz, DMSO-dg) &: 44.3, 116.0, 118.1, 123.5,
124.3, 125.1, 126.3, 127.8, 128.0, 141.8, 143.0,
145.7, 146.7, 164.2 and 168.0. APCI-MS: m/z
374.53 (MH", 100%),

282.13 ( [ ]i {ﬁL 31%), 239.20

O H,N

([ji@ 13%), 221.19 ( [ﬁ]@ 1 8%).

Anal. Calcd for C20H15N503. C, 64.34; H, 4.02;
N, 18.76%. Found: C, 64.23; H, 4.19; N,
18.88%.

IR 3363 (NH,), 1689, 1612 (>C=0), 1520, 1487
(Ar) cm™. 'H NMR (500 MHz, DMSO-dg) &:
4.085 (s, 2H, CHy), 5.193 (bs, 2H, NH,, exch),
6.486-6.502 (d, 1H, J = 8 Hz, Ar), 7.058-7.078
(dd, 1H, J=2 & 8 Hz, Ar), 7.134-7.138 (d, 1H, J
= 2 Hz, Ar), 7.266-7.302 (q, 1H, J=8 & 10 Hz,
Ar), 7.388-7.415 (d, 1H, J = 13.5 Hz, Ar), 7.752-
7.801 (dt, 1H, J = 2 & 8.5 Hz, Ar), 8.122 (s, 1H,
NH, exch), 8.453-8.469 (d, 1H, J=8 Hz, Ar),
8.776 (s, 2H, Ar). *C NMR (125 MHz, DMSO-
de) &: 49.1, 116.7, 118.3, 120.5, 123.3, 124.1,
125.1, 127.3, 136.8, 143.7, 145.0, 145.8, 148.1,
156.3, 164.2 and 167.7. APCI-MS: m/z 375.43
(MH", 100%), 282.23

( C \Q @ 26%), 239.21

O H,N

(Eﬁ@ 15%), 22112([ﬁ© 9 %).

Anal. Calcd for C19H14NgO5: C, 60.96; H, 3.74;
N, 22.45%. Found: C, 60.84; H, 3.92: N,
22.53%.

IR 3283 (NH,), 1666, 1616 (>C=0), 1519 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) &: 4.097
(s, 2H, CH,), 5.183 (bs, 2H, NH,, exch), 6.483-
6.499 (d, 1H, J = 8 Hz, Ar), 7.060-7.080 (dd, 1H,
J=2 & 8.5 Hz, Ar), 7.135-7.139 (d, 1H, J = 2 Hz,
Ar), 7.329-7.365 (dt, 1H, J = 2 & 8 Hz, Ar),
7.843-7.859 (d, 1H, J= 8Hz, Ar), 8.125 (s, 1H,
NH, exch), 8.325-8.414 (m, 2H, Ar), 8.778 (s,
2H, Ar). *C NMR (125 MHz, DMSO-dg) &:
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46.9, 116.1, 118.2, 123.1, 124.3, 125.1, 127.2,
134.3, 135.8, 143.4, 145.3, 146.3, 147.4, 150.3,
163.9 and 167.3. APCI-MS: m/z 375.65 (MH",
100%), 282. 70

( Eﬁg 33%) 239.22 ( [ﬁ@

O HN 0 H,N

15%), 221.78 ( [ ﬂ L %). Anal. Calcd

for C19H14NeO3: C, 60.96; H, 3.74; N, 22.45%.
Found: C, 60.83; H, 3.81; N, 22.33%.

IR 3368 (NHy), 1688, 1653 (>C=0), 1594, 1497
(Ar) cm™. 'H NMR (500 MHz, DMSO-dg) &:
4.075 (s, 2H, CHy), 5.099 (bs, 2H, NH,, exch),
6.487-6.503 (d, 1H, J = 8 Hz, Ar), 7.060-7.080
(dd, 1H, J=2.5 & 8.5 Hz, Ar), 7.134-7.138 (d,
1H, J = 2 Hz, Ar), 7.327-7.343 (d, 2H, J= 8Hz,
Ar), 8.134 (s, 1H, NH, exch), 8.458-8.474 (d,
2H, J=8 Hz, Ar), 8.788 (s, 2H, Ar). *C NMR
(125 MHz, DMSO-dg) &: 44.6, 116.5, 118.3,
123.1, 124.3, 125.1, 126.8, 144.7, 145.1, 146.3,
147.3, 149.1, 163.8 and 167.4. APCI-MS: m/z
375.65 (MH", 100%), 282.70

o) O+

( [ji {ﬁL 33%), 239.20

([ﬁ@ 16%), 22178([ﬁ© 11 %),

O H,N

Anal. Calcd for C19H14N503: C, 60.96; H, 3.74;
N, 22.45%. Found: C, 60.86; H, 3.73; N,
22.37%.

IR 3231 (NH,), 1678, 1624 (>C=0), 1512 (Ar)
cm™ 'H NMR (500 MHz, DMSO-dg) &: 4.085
(s, 2H, CH,), 5.195 (bs, 2H, NH,, exch), 6.182-
6.212 (t, 1H, J = 7.5 Hz, Ar), 6.485-6.501 (d, 1H,
J =8 Hz, Ar), 6.730-6.746 (d, 1H, J = 8 Hz, Ar),
7.064-7.080 (dd, 1H, J= 8 Hz, Ar), 7.135-7.138
(d, 1H, J = 1.5 Hz, Ar), 7.330-7.346 (d, 1H, J=
8Hz, Ar), 8.128 (s, 1H, NH, exch), 8.782 (s, 2H,
Ar). °C NMR (125 MHz, DMSO-dg) &: 38.5,
106.4, 110.3, 116.2, 118.3, 123.1, 124.1, 126.1,
142.7, 144.1, 145.1, 146.3, 148.1, 163.8 and
167.4. APCI-MS:
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M2 364.48 (MH", 100%), 282.30 ( [ﬁ@ §

0 H,N

33%), 239.07 ( Eﬁ@ , 15%), 221.27

O H,N

([N\]i?N +, 12 %). Anal. Calcd for
7 N@ , 0). .

C13H13N504Z C, 59.50; H, 3.58; N, 19.28%.
Found: C, 59.63; H, 3.67; N, 19.37%.

CH+CH), 6.489-6.503 (d, 1H, J= 7 Hz, Ar), 6.864-6.884 (dd, 1H, J =2 & 8 Hz, Ar),
7.134-7.138 (d, 1H, J= 2 Hz, Ar), 12.516 (bs, 1H, COOH, exch). *C NMR (125 MHz,
DMSO-dg) (Figure 4b.7) 6: 24.105, 25.074, 26.644, 30.303, 30.826, 41.279, 115.777,
119.221, 125.274, 126.619, 130.125, 141.133, 144.949, 169.988, 198.274. APCI-MS
(Figure 4b.8) shows MH" ion peak at m/z 271.36 (100%). Elemental analysis Calculated
for C15H14N203: C, 66.66; H, 5.18; N, 10.37%. Found: C, 66.75; H, 5.27; N, 10.43%.
Spectral and analytical data of 1'Vx is in full agreement with the structure assigned to it.

Similarly compounds I11y and 111z (Scheme 4b.1) were converted to IVy & IVz
respectively in quantitative yields. Spectral & analytical data of IVy & 1Vz reported in
Table 4b.2 fully support the structures assigned to them.

Condensation of 4-amino-3-(1,3-dioxo-hexahydro-1H-isoindol-2(3H)-yl)benzoic
acid (111x) with benzyl amine (Va; Scheme 4b.1) was carried out by grinding [50] both
of them in equimolar ratio in a small mortar with a pestle for 20 minutes. Thin layer
chromatography (TLC) of reaction mixture showed completion of reaction. Crude
product so obtained was crystallized from methanol to give pure product 4-amino-N-
benzyl-3-(1, 3-dioxo-hexahydro-1H-isoindol-2(3H)-yl) benzamide (VIxa; Scheme 4b.1)

in 86% vyield. IR spectrum of VIxa shows absorption bands at IR 3218 (NH,), 1695,
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Table 4b.2: Physical constants and spectral data of compounds | Vx-z and VIlIxa-ze.

Comp
no

Solvent of
cryst./elution

m.p.
°C

Yield
%

IR (KBr) cm™, *H (500MHz) & °C (125MHz)
NMR (DMSO-dg), 6 J(Hz), APCI-MS (m/z;
reltint %)

1

2

3

4

5

VX

IVy

1Vz

MeOH

MeOH

MeOH

>300

>300

>300

81

85

82

O

IR 1684(>C=0), 1624(—&-N—), 1513 (Ar) cm™.
'H NMR (500 MHz, DMSO-dg) &: 1.372-1.458
(m, 4H, 2xCH,), 1.623-1.679 (m, 2H, CH,),
1.765-1.838 (m, 2H, CH,), 2.649-2.737 (m, 2H,
CH+CH), 6.489-6.503 (d, 1H, J= 7 Hz, Ar),
6.864-6.884 (dd, 1H, J =2 & 8 Hz, Ar), 7.134-
7.138 (d, 1H, J= 2 Hz, Ar), 12.516 (bs, 1H,
COOH, exch). **C NMR (125 MHz, DMSO-dg)
§: 24.1, 25.0, 26.6, 30.3, 30.8, 41.2, 115.7,
119.2, 125.2, 126.6, 130.1, 141.1, 144.9, 169.9
and 198.2. APCI-MS: m/z 271.36 (MH", 100%),
225.80

(6]
(C[iN]@ﬁ 21%), Anal. Calcd for C15H14N2O3:
N

C, 66.66; H, 5.18; N, 10.37%. Found: C, 66.75;
H, 5.27; N, 10.43%.

(0]

IR 1686 (>C=0), 1616 ( —C-N— ), 1519 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) &: 6.485-
6.500 (d, 1H J = 7.5 Hz, Ar), 6.854-6.874 (dd,
1H J = 2 & 8 Hz, Ar), 7.134-7.139 (d, 1H, J =
2.5 Hz, Ar), 7.578-7.619 (m, 1H, Ar), 7.658-
7.695 (m, 2H, Ar), 7.840-7.856 (d, 1H, J = 8 Hz,
Ar), 12.586 (bs, 1H, COOH, exch). **C NMR
(125 MHz, DMSO-dg) &: 115.2, 119.1, 125.2,
126.8, 128.9, 129.2, 130.2, 131.7, 135.0, 135.9,
137.0, 141.3, 144.1, 169.5 and 190.2. APCI-
MS: vz 265.86 (MH", 100%), 219.21

(6]
( @QN@+ | 21%). Anal. Calcd
N

for C15H3N203: C, 68.18; H, 3.05; N, 10.60%.
Found: C, 68.35; H, 3.43; N, 10.80%.

0]
IR 1683 (>C=0), 1612 (—&-N—), 1534 (Ar) cm’
! 1H NMR (500 MHz, DMSO-dg) &: 6.485-
6.500 (d, 1H, J= 7.5 Hz, Ar), 6.854-6.874 (dd,
1H,J =2 & 8 Hz, Ar), 7.134-7.139 (d, 1H, J= 2.5
Hz, Ar), 8.734 (s, 2H, Ar), 12.548 (bs, 1H,
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5

Viixa

Vl1lIxb

MeOH

MeOH

>300

>300

89

93

COOH, exch). **C NMR (125 MHz, DMSO-ds)
8 115.3, 119.1, 125.3, 126.5, 131.8, 141.0,
142.2, 144.0, 147.7, 148.4, 149.2, 169.9 and
190.0. APCI-MS: m/z

(6]
N\
267.63 (MH*, 100%), 221.13 (ENL«\N@t 13%)
N

. Anal. Calcd for C13HgN4O3: C, 58.65; H, 2.27;
N, 21.05%. Found: C, 5854; H, 2.31; N,
21.14%.

IR 3288 (NH), 1697, 1635 (>C=0), 1515 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) &: 1.374-
1.455 (m, 4H, 2xCH,), 1.623-1.678 (m, 2H,
CH,), 1.764-1.823 (m, 2H, CH,), 2.658-2.738
(m, 2H, CH+CH), 4.089 (s, 2H, CH,), 6.489-
6.503 (d, 1H, J = 7 Hz, Ar), 6.864-6.884 (dd,
1H, J=2 & 8 Hz, Ar), 7.134-7.138 (d, 1H, J = 2
Hz, Ar), 7.287-7.354 (m, 5H, Ar), 8.135 (s, 1H,
NH, exch). *C NMR (125 MHz, DMSO-dg) &:
24.2, 25.0, 26.6, 30.0, 30.8, 41.3, 44.4, 115.2,
116.4, 122.6, 126.7, 127.1, 127.9, 128.2, 130.9,
141.1, 142.1, 143.2, 167.8 and 198.7. APCI-MS:
m/z 360.87 (MH", 100%),

o} 9 4
NH
268.24( d}ﬁ ' 19%),
0 N
225.69 ( N—~+ , 11%), Anal. Calcd
Sl

for C22H21N302: C, 73.52; H, 5.89; N, 11.69%.
Found: C, 73.64; H, 5.83; N, 11.78%.

IR 3289 (NH), 1668, 1636 (>C=0), 1515 (Ar)
cm™. 'H NMR (500 MHz, DMSO-dg) &: 1.374-
1.446 (m, 4H, 2xCH,), 1.626-1.679 (m, 2H,
CH,), 1.765-1.823 (m, 2H, CH,), 2.643-2.739
(m, 2H, CH+CH), 4.089 (s, 2H, CH,), 6.497-
6.513 (d, 1H, J = 8 Hz, Ar), 6.854-6.874 (dd,
1H, J=2 & 8 Hz, Ar), 7.133-7.139 (d, 1H, J = 3
Hz, Ar), 7.233-7.418 (m, 2H, Ar), 7.743-7.779
(m, 1H, Ar), 8.138 (s, 1H, NH, exch), 8.450-
8.466 (d, 1H, J = 8 Hz, Ar). ®C NMR (125
MHz, DMSO-dg) &: 24.2, 25.0, 26.6, 30.0, 30.8,
41.3, 49.0, 115.2, 116.1, 120.1, 122.4, 124.3,
128.0, 130.2, 136.0, 141.6, 142.3, 149.2,
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5

ViIxc

Vliixd

MeOH

MeOH

>300

>300

87

95

156.5, 167.8 and 198.9. APCI-MS: m/z 361.69
(MH", 100%),268.29

n NH ?
N 0, + 0,
(@\N 22%), 225.69 ( Cd:@ , 14%).

Anal. Calcd for C,1HyN4O,: C, 70.00; H, 5.55;
N, 15.55%. Found: C, 69.87; H, 5.50; N,
15.64%.

IR 3268 (NH), 1682, 1622 (>C=0), 1532, 1422
(Ar) cm™. *H NMR (500 MHz, DMSO-ds) §:
1.355-1.444 (m, 4H, 2xCH,), 1.622-1.688 (m,
2H, CH,), 1.761-1.837 (m, 2H, CH,), 2.645-
2.752 (m, 2H, CH+CH), 4.082 (s, 2H, CH,),
6.493-6.509 (d, 1H, J = 8 Hz, Ar), 6.849-6.869
(dd, 1H, J=2 & 8 Hz, Ar), 7.134-7.138 (d, 1H, J
= 2 Hz, Ar), 7.333-7.369 (dt, 1H, J=2 & 8 Hz,
Ar), 7.842-7.858 (d, 1H, J = 8 Hz, Ar), 8.140 (s,
1H, NH, exch), 8.321-8.414 (m, 2H, Ar). C
NMR (125 MHz, DMSO-dg) &: 24.1, 25.1, 26.7,
30.1, 30.8, 41.3, 44.3, 1151, 1165, 122.1,
124.5, 127.3, 130.5, 134.1, 135.8, 141.7, 142.1,
147.2, 150.7, 167.3 and 198.7. APCI-MS:

0 Q +
NH
m/z 361.55 (MH+, 100%), 268.45 (dﬁh‘ﬁf
o

18%), 225.62( Cd“@ 14%). Anal. Calcd
N

for Cy1H2oN4O,: C, 70.00; H, 5.55; N, 15.55%.
Found: C, 69.86; H, 5.64; N, 15.67%.

IR 3296 (NH), 1680, 1623 (>C=0), 1532, 1425
(Ar) cm™. *H NMR (500 MHz, DMSO-ds) &:
1.374-1.446 (m, 4H, 2xCH,), 1.625-1.681 (m,
2H, CH,), 1.765-1.842 (m, 2H, CH,), 2.640-
2.737 (m, 2H, CH+CH), 4.099 (s, 2H, CH,),
6.487-6.503 (d, 1H, J = 8 Hz, Ar), 6.844-6.864
(dd, 1H, J=2 & 8 Hz, Ar), 7.134-7.137 (d, 1H, J
= 1.5 Hz, Ar), 7.327-7.343 (d, 2H, J = 8 Hz, Ar),
8.122 (s, 1H, NH, exch), 8.435-8.451 (d, 2H, J =
8 Hz, Ar). °C NMR (125 MHz, DMSO-dg) §:
24.2, 25.1, 26.1, 30.0, 30.9, 41.3, 44.7, 1155,
116.1, 122.1, 124.3, 127.3, 130.5, 140.7,
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5

Vliixe

Vilya

MeOH

MeOH

>300

>300

88

93

142.4,147.1, 149.7, 167.2 and 198.7. APCI-MS:
m/z 361.35 SMH 100%), 268.45

(ﬁiﬁ 15%), 225.72 ( Cﬁ ' y10%)

Anal. Calcd for C,1H»oN4O5: C, 70.00; H, 5.55;
N, 15.55%. Found: C, 69.87; H, 5.63; N,
15.44%.

IR 3201 (NH), 1688, 1670 (>C=0), 1612, 1478
(Ar) cm™. *H NMR (500 MHz, DMSO-ds) §:
1.374-1.446 (m, 4H, 2xCH,), 1.626-1.679 (m,
2H, CH,), 1.764-1.830 (m, 2H, CH,), 2.661-
2.716 (m, 2H, CH+CH), 4.082 (s, 2H, CH)),
6.182-6.212 (t, 1H, J = 7.5 Hz, Ar), 6.484-6.500
(d, 1H, J = 8 Hz, Ar), 6.730-6.747 (d, 1H, J= 8.5
Hz, Ar), 6.863-6.879 (d, 1H, J = 8 Hz, Ar),
7.134-7.138 (d, 1H, J = 2 Hz, Ar), 7.330-7.346
(d, 1H, J = 8 Hz, Ar), 8.129 (s, 1H, NH, exch).
13C NMR (125 MHz, DMSO-dg) §: 24.2, 25.3,
26.0, 30.0, 30.9, 38.2, 41.3, 106.5, 110.1, 115.5,
116.1, 122.3, 128.3, 130.8, 141.8, 142.4, 143.1,
148.7, 167.1 and 199.0. APCI-MS:

m/z 350.69 (MH", 100%), 268.33 (&4@L

22%), 225.02 ( Ci@ , 11%), Anal. Calcd
N

for CxoH19N3O3: C, 68.76; H, 5.48; N, 12.03%.
Found: C, 68.87; H, 5.53; N, 12.15%.

IR 3267 (NH), 1684, 1623 (>C=0), 1519 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) §: 4.089
(s, 2H, CHy), 6.486-6.501 (d, 1H, J = 7.5 Hz,
Ar), 6.854-6.874 (dd, 1H, J = 2 & 8 Hz, Ar),
7.134-7.138 (d, 1H, J = 2 Hz, Ar), 7.279-7.340
(m, 5H, Ar), 7.579-7.619 (m, 1H, Ar), 7.659-
7.695 (m, 2H, Ar), 7.842-7.858 (d, 1H, J = 8 Hz,
Ar), 8.136 (s, 1H, NH, exch). *C NMR (125
MHz, DMSO-dg) &: 44.7, 115.1, 116.1, 122.2,
126.1, 127.0, 127.9, 128.1, 128.9, 129.2, 130.8,
131.7,135.1, 135.9, 137.0, 141.4, 142.1, 142.9,
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5

VIlyb

Vilyc

MeOH

MeOH

>300

>300

94

91

167.5 and 190.1. APCI-MS:Om/Z 354.82 (MH",
(0] +
NH

100%) , 262.63 ( @i@N . 11%), 219.23

O
( ©¢N©+ , 14%). Anal. Calcd for
N

C»H1sN3O2: C, 74.78; H, 4.25; N, 11.89%.
Found: C, 74.71; H, 4.31; N, 11.96%.

IR 3241 (NH), 1678, 1644 (>C=0), 1582, 1512,
1474 (Ar) cm™. *H NMR (500 MHz, DMSO-ds)
8: 4.087 (s, 2H, CH,), 6.484-6.500 (d, 1H, J = 8
Hz, Ar), 6.829-6.865 (m, 1H, Ar), 7.134-7.138
(d, 1H, J = 2 Hz, Ar), 7.266-7.413 (m, 2H, Ar),
7.587-7.605 (m, 1H, Ar), 7.614-7.685 (m, 2H,
Ar), 7.733-7.749 (d, 1H, J = 8 Hz, Ar), 7.755-
7.798 (dt, 1H, J=1.5 & 8 Hz, Ar), 8.122 (s, 1H,
NH, exch), 8.451-8.467 (d, 1H, J = 8 Hz, Ar).
13C NMR (125 MHz, DMSO-ds) 8: 49.0, 115.2,
116.8, 120.2, 122.1, 124.0, 128.0, 128.9, 129.2,
130.2, 131.0, 135.0, 135.7, 136.1, 138.0, 141.4,
142.1, 148.2, 156.0, 167.5 and 190.1. APCI-MS:
m/z 355.35 (MH", 100%), 262.15

o] Q + o]
NH
N@L, 9%), 219.27 N, 16%).
(T o), 21027 ( Loy, 16%)

Anal. Calcd for C,1H14N4O5: C, 71.18; H, 3.98;
N, 15.81%. Found: C, 71.29; H, 3.94; N,
15.90%.

IR 3369 (NH), 1680, 1613 (>C=0), 1512 (Ar)
cm™. 'H NMR (500 MHz, DMSO-dg) &: 4.089
(s, 2H, CH,), 6.488-6.503 (d, 1H, J = 7.5 Hz,
Ar), 6.848-6.868 (dd, 1H, J= 2 & 8 Hz, Ar),
7.134-7.137 (d, 1H, J = 1.5 Hz, Ar), 7.347-7.387
(dt, 1H, J= 2 & 9 Hz, Ar), 7.587-7.605 (m, 1H,
Ar), 7.614-7.677 (m, 2H, Ar), 7.759-7.775 (d,
1H, J = 8 Hz, Ar), 7.840-7.856 (d, 1H, J= 8 Hz,
Ar), 8.127 (s, 1H, NH, exch), 8.324-8.413 (m,
2H, Ar). *C NMR (125 MHz, DMSO-dg) §:
44.2, 115.0, 116.8, 122.2, 124.1, 127.1, 128.0,
129.2, 130.2, 131.1, 134.0, 135.1, 135.8, 136.1,
137.0, 141.1, 142.3, 147.0, 150.1, 167.9 and
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5

Vilyd

Vilye

MeOH

MeOH

>300

>300

96

93

190.4. APCI-MS: m/Z 355.12 (MH", 100%),

262.15 (@iﬁ 13%), 219.16 ( CE?N@

10%), Anal. Calcd for C,;H14N4O,: C, 71.18; H,
3.98; N, 15.81%. Found: C, 71.28; H, 3.95; N,
15.93%.

IR 3361 (NH), 1678, 1615 (>C=0), 1512 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) §: 4.094
(s, 2H, CHy), 6.487-6.503 (d, 1H, J = 8 Hz, Ar),
6.847-6.867 (dd, 1H, J= 1.5 & 8 Hz, Ar), 7.134-
7.137 (d, 1H, J = 1.5 Hz, Ar), 7.323-7.340 (d,
2H, J = 8.5 Hz, Ar), 7.589- 7.616 (m, 1H, Ar),
7.659-7.685 (m, 2H, Ar), 7.818-7.836 (d, 1H, J=
9 Hz, Ar), 8.118 (s, 1H, NH, exch), 8.457-8.473
(d, 2H, J = 8 Hz, Ar). *C NMR (125 MHz,
DMSO-dg) &: 44.0, 115.6, 116.5, 122.2, 124.1,
127.5, 128.3, 129.2, 130.0, 131.1, 135.0, 135.9,
137.0, 141.1, 142.9, 147.4, 150.0, 167.5 and
190.4. APCI-MS: /2 355.18 (MH*, 100%),

262.30 (@@L 21%), 219.46 ( @[ﬁ by

8%) Anal. Calcd for Cy1H1sN4O,: C, 71.18; H,
3.98; N, 15.81%. Found: C, 71.31; H, 3.94; N,
15.76%.

IR 3312 (NH), 1697, 1653 (>C=0), 1594, 1497
(Ar) cm™. 'H NMR (500 MHz, DMSO-ds) §:
4.086 (s, 2H, CH,), 6.181-6.212 (t, 1H, J = 7.5
Hz, Ar), 6.484-6.500 (d, 1H, J = 8 Hz, Ar),
6.730-6.747 (d, 1H, J = 8.5 Hz, Ar), 6.863-6.879
(d, 1H, J= 8 Hz, Ar), 7.134-7.137 (d, 1H,J = 1.5
Hz, Ar), 7.330-7.347 (d, 1H, J = 8.5 Hz, Ar),
7.587-7.614 (m, 1H, Ar), 7.659-7.685 (m, 2H,
Ar), 7.801-7.817 (d, 1H, J= 8 Hz, Ar), 8.124 (s,
1H, NH, exch). **C NMR (125 MHz, DMSO-ds)
§:38.3,105.9, 110.6, 115.5, 116.7, 122.8, 127.5,
128.9, 129.1, 130.0, 131.4, 135.8, 136.3, 137.0,
142.7, 143.4, 145.4, 148.8, 168.0 and 190.2.
APCI-MS: m/z344.84 (MH", 100%),262.70
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5

Vlilza

Vlilzb

MeOH

MeOH

>300

>300

91

90

o) O + o
NH

@i@ 11%), 219.67 NN 1 8%).

(2 0119), 21967 ( 3890

Anal. Calcd for CyoH13N303: C, 69.97; H, 3.78;
N, 12.24%. Found: C, 69.87; H, 3.87; N,
12.32%.

IR 3309 (NH), 1683, 1612 (>C=0), 1544, 1513
(Ar) cm™. 'H NMR (500 MHz, DMSO-ds) &:
4.086 (s, 2H, CH,), 6.486-6.501 (d, 1H, J = 7.5
Hz, Ar), 6.855-6.875 (dd, 1H, J=2.5 & 8 Hz, Ar),
7.135-7.139 (d, 1H, J = 2 Hz, Ar), 7.279-7.342
(m, 5H, Ar), 8.222 (s, 1H, NH, exch), 8.840 (s,
2H, Ar). C NMR (125 MHz, DMSO-ds) &:
44.3, 115.1, 116.0, 122.1, 126.5, 127.3, 127.9,
128.3, 130.8, 140.0, 141.8, 142.4, 143.0, 147.7,
148.7, 149.2, 168.0 and 191.0. APCI-MS: m/z

o Q +
NH
356.53 (MH", 100%), 264.28 ( &N’\ﬂlﬁ :
0

31%), 221.13 ([zjfi’\‘@t 8%), Anal. Calcd for
N

C20H13NsO2: C, 67.60; H, 3.66; N, 19.71%.
Found: C, 67.49; H, 3.64; N, 19.79%.

IR 3404 (NH), 1664, 1614 (>C=0), 1476 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) &: 4.099
(s, 2H, CH,), 6.484-6.499 (d, 1H, J = 7.5 Hz,
Ar), 7.060-7.078 (dd, 1H, J=2.5 & 7 Hz, Ar),
7.134-7.139 (d, 1H, J = 2.5 Hz, Ar), 7.225-7.261
(q, 1H, J=8 & 10 Hz, Ar), 7.388-7.413 (d, 1H,
J=12.5 Ar), 7.749-7.799 (dt, 1H, J=15 & 8.5
Hz, Ar), 8.120 (s, 1H, NH, exch), 8.450-8.466
(d, 1H, J = 8 Hz, Ar), 8.846 (s, 2H, Ar). °C
NMR (125 MHz, DMSO-dg) &: 49.2, 115.1,
116.0, 121,3, 123.1, 124.5, 128.3, 130.1, 136.3,
140.8, 141.0, 142.8, 147.4, 148.0, 148.7, 150.7,
156.2, 168.0 and 191.0. APCI-MS: m/z 357.83
(MH", 100%), 264.24

0 Q.+ {
NH NS
(Lo Vo, 208 (L.

8%), Anal. Calcd for C19H12N602: C, 64.04; H,
3.37; N, 23.59%. Found: C, 64.15; H, 3.43; N,
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Vilzc

Vlilzd

Vlilze

MeOH

MeOH

MeOH

>300

>300

>300

88

96

91

23.67%.

IR 3293 (NH), 1666, 1613 (>C=0), 1474 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) &: 4.082
(s, 2H, CHy), 6.486-6.503 (d, 1H, J = 8.5 Hz,
Ar), 6.849-6.869 (dd, 1H, J=2 & 8 Hz, Ar),
7.132-7.137 (d, 1H, J = 2.5 Hz, Ar), 7.339-7.375
(dt, 1H, J=2 & 8 Hz, Ar), 7.842-7.858 (d, 1H, J =
8 Hz, Ar), 8.128 (s, 1H, NH, exch), 8.324-
8.413(m, 2H, Ar), 8.875 (s, 2H, Ar). *C NMR
(125 MHz, DMSO-dg) &: 44.7, 115.1, 116.0,
122.3, 123.1, 127.5, 131.3, 134.1, 135.3, 140.8,
141.0, 142.8, 147.0, 147.9, 148.7, 149.5, 150.2,
167.0 and 190.4. APCI-MS; . M2 357.60 (MH",

100%), 26458 ( ﬁ ﬁ 200%), 221,53

( [Nﬁ\N]@ , 11%). Anal. Calcd for C1gH12NeOy:

C, 64.04; H, 3.37; N, 23.59%. Found: C, 64.35;
H, 3.54; N, 23.72%.

IR 3288 (NH), 1670 (>C=0), 1596, 1532, 1422,
(Ar) cm™. 'H NMR (500 MHz, DMSO-ds) :
4.103 (s, 2H, CHy), 6.487-6.503 (d, 1H, J = 8 Hz,
Ar), 6.847-6.867 (dd, 1H, J=2 & 8 Hz, Ar),
7.133-7.137 (d, 1H, J = 2 Hz, Ar), 7.334-7.350
(d, 2H, J = 8 Hz, Ar), 8.122 (s, 1H, NH, exch),
8.431-8.447 (d, 2H, J = 8 Hz, Ar), 8.912 (s, 2H,
Ar). BC NMR (125 MHz, DMSO-dg) &: 44.1,
115.1, 116.0, 122.9, 124.1, 128.9, 131.9, 141.8,
142.0, 142.8, 147.0, 147.9, 148.7, 149.4, 150.1,
167.4 and 190.1. APCI-MS: m/z 357.29 (MH",
100%),

0 Q +
26429 ( (T a( " 18%), 221.09
( oy )
N
( [NjfiNQ+ , 8%), Anal. Calcd for
N

CigH1sNgO2: C, 64.04; H, 3.37; N, 23.59%.
Found: C, 64.41; H, 3.12; N, 23.73%.

IR 3317 (NH), 1682, 1619 (>C=0), 1536 (Ar)
cm™. *H NMR (500 MHz, DMSO-dg) &: 4.101

232




1 2 3 4 5

(s, 2H, CH,), 6.182-6.213 (t, 1H, J = 7.5 Hz, Ar),
6.484-6.500 (d, 1H, J = 8 Hz, Ar), 6.731-6.746
(d, 1H, J= 7.5 Hz, Ar), 6.862-6.878 (d, 1H, J =8
Hz, Ar), 7.134-7.139 (d, 1H, J = 2.5 Hz, Ar),
7.330-7.346 (d, 1H, J = 8 Hz, Ar), 8.133 (s, 1H,
NH, exch), 8.888 (s, 2H, Ar). *C NMR (125
MHz, DMSO-ds) &: 38.7, 106.2, 110.1, 115.0,
116.9, 123.1, 128.9, 130.9, 141.8, 142.0, 142.8,
143.9, 147.0, 148.4, 149.1, 150.0, 167.4 and
190.1. APCI-MS: mvz 346.80 (MH*, 100%),
264.35

o Q+ 0
NH N
(@N\ﬁgNﬁL 114%), 221.59 ( [Nﬁy]@n 7%).
N

Anal. Calcd for C15H;1Ns05: C, 62.61; H, 3.18;
N, 20.29%. Found: C, 62.72; H, 3.26; N,
20.37%.

1676, 1612 (>C=0), 1478 (Ar) cm™. *H NMR (500 MHz, DMSO-de) (Figure 4b.9) :
1.377-1.445 (m, 4H, 2xCH,), 1.623-1.679 (m, 2H, CH,), 1.763-1.829 (m, 2H, CH,),
2.657-2.718 (m, 2H, CH+CH), 4.089 (s, 2H, CH,), 5.051 (bs, 2H, NH,, exch), 6.486-
6.500 (d, 1H, J= 7.0 Hz, Ar), 7.059-7.079 (dd, 1H, J= 2.5 & 8 Hz, Ar), 7.134-7.138 (d,
1H, J = 2.0 Hz, Ar), 7.279-7.341 (m, 5H, Ar), 8.136 (s, 1H, NH, exch). *C NMR (125
MHz, DMSO-dg) (Figure 4b.10) &: 24.265, 26.653, 37.942, 44.390, 116.208, 118.442,
123.608, 124.775, 126.109, 127.941, 128.141, 129.109, 141.108, 145.207, 167.143,
174.749. APCI-MS (Fig 4b.11) show MH" ion peak at myz 378.65 (100%). Elemental
analysis Calculated for C,;H23N303: C, 70.02; H, 6.10; N, 11.14%. Found: C, 70.32; H,
6.29; N, 11.34%. Spectral and analytical data of VIxa fully support the structure assigned
to it.

Similarly condensation of I11x, 11y and 11z with benzyl amine (Va), pyridin-2-
ylmethanamine (Vb), pyridin-3-ylmethanamine (Vc¢), pyridin-4-ylmethanamine (Vd) and

furan-2-ylmethanamine (VVe) gave corresponding condensation products VIxa-ze
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(Scheme 4b.1) in excellent vyields. Physical constants, spectral data and elemental
analysis of Vlxa-ze reported in Table 4b.1 are in full agreement with the structures
assigned to them.

Condensation of 8-(1, 2, 3, 4, 4a, 1la hexahydro-11-oxobenzimidazo [2, 1-a]
isoindol)-oic acid (IVx; Scheme 4b.1) with benzyl amine (Va) was carried out by
grinding both of them in equimolar ratio in a small mortar with a pestle for 20 minutes.
Thin layer chromatography of the reaction mixture indicated completion of reaction.
Crude product so obtained was purified by crystallization from methanol to give pure
product N-benzyl-8-(1, 2, 3, 4, 4a, 11a hexahydro-11-oxobenzimidazo [2, 1-a] isoindol)-
amide (Vllxa) in 89% vyield. IR spectrum of VIlxa shows absorption bands at 3288
(NH), 1697, 1635 (>C=0), 1515 (Ar) cm™. *H NMR (500 MHz, DMSO-de) (Figure
4b.12) §: 1.374-1.455 (m, 4H, 2xCH,), 1.623-1.678 (m, 2H, CH,), 1.764-1.823 (m, 2H,
CH,), 2.658-2.738 (m, 2H, CH+CH), 4.089 (s, 2H, CH,), 6.489-6.503 (d, 1H, J = 7 Hz,
Ar), 6.864-6.884 (dd, 1H, J=2 & 8 Hz, Ar), 7.134-7.138 (d, 1H, J = 2 Hz, Ar), 7.287-
7.354 (m, 5H, Ar), 8.135 (s, 1H, NH, exch). **C NMR (125 MHz, DMSO-de) (Figure
4b.13) 6: 24.215, 25.080, 26.657, 30.052, 30.804, 41.390, 44.424, 115.208, 116.442,
122.608, 126.775, 127.109, 127.941, 128.274, 130.941, 141.109, 142.108, 143.227,
167.898 and 198.749. APCI-MS (Figure 4b.14) show MH" ion peak at m/z 360.87
(100%). Elemental analysis Calculated for C,,H21N3O,: C, 73.52; H, 5.89; N, 11.69%.
Found: C, 73.64; H, 5.83; N, 11.78%. Spectral and analytical data of VIIxa fully support
the structure assigned to it.

Similarly condensation of 1Vx, 1Vy and IVz with benzyl amine (Va), pyridin-2-

ylmethanamine (Vb), pyridin-3-ylmethanamine (Vc), pyridin-4-ylmethanamine (Vd) and
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furan-2-ylmethanamine (Ve) gave the corresponding condensation products Vllxa-ze
(Scheme 4b.1) in excellent yields. Physical constants, spectral data and elemental
analysis reported in Table 4b.2 fully support the structures assigned to them.

4bh.2.2 Biological results and discussion

Fully characterized and purified compounds I11x-z, IVx-z, VIxa-ze and Vllxa-ze
were screened for anti-inflammatory activity [21; Chapter 2] using carrageenan induced
paw oedema assay and results are summarized in Table 4b.3. A look at Table 4b.3
indicates that compounds VIyc and VIIzd exhibited good anti-inflammatory activity i.e.
34% and 37% respectively at 50 mg/kg p.o. as compared to ibuprofen which showed 39%
activity at 50 mg/kg p.o.

Compounds I11x-z, 1Vx-z, Vixa-ze and VllIxa-ze were screened in vitro for
anticancer activity [32] against five human cancer cell lines i.e. breast (T47D), lung (NCI
H-522), colon (HCT-15), ovary (PA-1) and liver (HepG-2) in concentration of 1x10™° M
and results are summarized in Table 4b.3. A look at Table 4b.3 indicates that compounds
Vlizc, Vilzd (lung NCI H-522), Vlye, Vlixd, Vllyd, Vllzc, Vllzd (colon HCT-15),
Vixc, Vlzc (ovary PA-1), Vixc, Vlyb, Vlizc (liver Hep G-2) exhibited good anticancer
activity against various cancer cell lines mentioned above. Compounds Vixc, VIyb,
Vlye, Vizc, VIixd, Vllyd, VIlzc and VIlzd which showed good anticancer activity
were further studied and their 1Csy values for various cancer cell lines and normal cell
lines (COS-1) was determined and reported in Table 4b.4.

Anti-inflammatory activity of isoindole and pyrrolopyrazine derivatives reported
in literature are comparable to ibuprofen [51, 52] whereas isoindole derivatives reported

in this thesis are also comparable to ibuprofen but pyrrolopyrazine derivatives are less
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Table-4b.3 Anti-inflammatory** and in vitro anticancer** activity of compounds
[11x-z, IVX-z, VIxa-ze, VIl xa-ze

Anti- ®Anticancer activity at a concentration of 1x10> M
Compd. inflammatory
No. activity (%) at | Breast Lung Colon Ovary Liver

50 mg/kg p.o. T47D NCI H-522 HCT-15 PAL HepG2
1 2 3 4 5 6 7
111X 12 09 16 16 06 29
[y 18 20 30 27 15 25
11z 18 24 04 18 10 03
VX 18 11 18 15 19 13
IVy 18 NT NT NT NT NT
IVz 15 29 13 23 27 08
Vixa 21 32 29 18 23 07
Vixb 27 14 10 09 05 07
ViIxc 24 04 23 19 32 47
Vixd 22 22 14 23 08 20
Vixe 18 08 16 21 14 20
Viya 27 11 21 18 25 32
Viyb 28 09 29 06 17 37
Viyc 34 07 25 23 13 12
Viyd 30 02 16 20 12 19
Viye 21 08 18 41 27 23
Viza 21 15 22 24 08 31
Vlizb 23 15 16 01 17 26
Vizc 24 02 32 03 11 33
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1 2 3 4 5 6 7
Vizd 26 19 28 22 01 27
Vize 21 14 25 09 09 19
Vllixa 15 06 14 10 24 20
Viixb 21 19 15 28 25 19
VIlIxc 24 13 05 20 06 03
Viixd 24 17 20 37 26 30
Viixe 18 22 18 20 08 27
Vilya 31 22 07 27 20 07
Vilyb 24 13 19 24 10 26
Vilyc 29 19 13 06 08 11
Vilyd 32 11 04 35 25 03
Vilye 21 18 21 27 11 30
Vilza 22 09 28 23 13 19
Vilizb 23 23 18 10 12 15
Vilzc 33 04 25 35 33 27
Vilzd 37 09 33 30 13 25
Vilze 27 21 08 20 09 11
Ibuprofen | 39 - - - - -

"5-FU - 18 28 26 25 31
"CYC-PHO | - 29 11 11 22 31
‘CYC-HEXI | - 21 17 09 36 32

2 Compounds tested in triplicate, data expressed as mean value of three independent experiments.

b5 Fu 5-Fluorouracil;  °CYC-PHO Cyclophosphamide; dCYC-HEXI Cycloheximide.

Bold values represent compounds showing good anticancer activity. ~ NT Not Tested.

** We are thankful to Dr. Partha Roy, Department of Biotechnology, Indian Institute of Technology-Roorkee, Roorkee
for these results.
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Tabledb.4 ICs, values® of in vitro anticancer activity** of active compounds.

1Cs0 (M)

Comp
No Breast Lung Colon Ovary Liver Normal cell

T47D NCI H-522 HCT-15 PA-1 HepG-2 CO0S-1
Vixc 93.15+4.78  24.44+3.61 24.29+2.81  17.83+2.39 09.11+1.77  117.53%3.66
Viyb 47.78+3.72  17.24+2.45 84.78+£3.23  28.33%+3.04 12+1.67 119.67+3.37
Vliye 57.32+4.51  31.33%+3.75 11.17+2.05  17.35+2.34 20.14+3.49  105.81+3.08
Vizc 89.97+4.98 16.43+2.32  103.8+4.14 43.66+3.73 4.56+1.95 129.67+4.67
VIixd 31.774£3.25  29.21+2.24 13.17+1.87  18.22+1.72 14.33+2.09  130.7645.07
Vilyd 39.21+1.46  89.54+2.11 13.02+2.32  19.08+2.76 97+3.12 121.29+2.28
Vilzc 86.58+2.33  23.27+1.59 16.16+1.98  17.01+2.09 19.64+2.22  122.48+1.98
Vilzd 51.33+2.58 16.66+1.34 19.11+3.79  41.88+2.62 24.51+2.66  125.59+2.34
°5-FU 51.8+2.34 56.76+3.4 45.01+1.45  39.5%4.32 20.87+1.82  110+8.98
dCYC-PHO 70.1+2.32 67.9+3.09 74.32£4.98  64.12+5.43 55.3+3.59 125.43+9.24
*CYC-HEXI 65.13+7.31  60.1+5.34 54.13+4.65  40.6+2.09 57.12+4.65 128.31+7.89

#50% growth inhibition as determined by MTT assay (24hr drug exposure).

Compounds tested in triplicate, data expressed as mean value + SD of three independent experiments.
°5-FU 5-Fluorouracil.
dCYC-PHO Cyclophosphamide.
*CYC-HEXI Cycloheximide.

** We are thankful to Dr. Partha Roy, Department of Biotechnology, Indian Institute of Technology-Roorkee, Roorkee
for these results.
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active than ibuprofen. A comparison between bicyclic and tetracyclic systems reported in
this thesis show compounds 111z, Vixa, VIxb, Vlyb, Vlyc, Vlyd showed better anti-
inflammatory activity than corresponding tertacyclic systems whereas in case of I11x,
Vlya, Vlzc, Vlzd, Vize corresponding tetracyclic systems are more active.

Anticancer activity of isoindole derivatives against HepG-2 cancer cell line
reported in this thesis is better than reported in literature [53] but in case of NCI-H522,
HCT-15 and T47D cancer cell lines anticancer activity reported in literature [54] is better
than reported in this thesis. Anticancer activity of pyrrolopyrazine against NCI-H522
reported in this thesis is better than reported in literature [55]. A comparison between
bicyclic and tetracyclic systems reported in this thesis show that compounds VIxc, Vlyb,
Vlye exhibit better anticancer activity than corresponding tetracyclic systems whereas
compounds VIIxd, VIlyd and VIlzd exhibit better anticancer activity than
corresponding bicyclic systems. In case of VIzc and VIIzc both bicyclic and tetracyclic
compounds were found to be active.

Cyclization of I11x-z to 1Vx-z (Scheme 4b.1) did not make much difference in
their anti-inflammatory or anticancer activity (Table 4b.3). However coupling of Illy
with pyridin-3-ylmethanamine and [Vz with pyridin-4-ylmethanamine to give
corresponding coupled products Vlyc & VIlzd (Scheme 4b.1) proved beneficial for anti-
inflammatory activity (Table 4b.3). Although other compounds reported in Table 4b.3 are
also similar with number of heteroatom present in them for interaction with the target but
above mentioned molecules i.e. Vlyc & VIlzd are having structures which can
effectively interact with the targets both from electronic & stereochemical point of view

and hence showed good anti-inflammatory activity.
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Coupling of 111x, 111z, 1Vz with pyridin-3-ylmethanamine; VX, 1Vy, IVz with
pyridin-4-ylmethanamine and [I11y with pyridin-2-ylmethanamine & furan-2-ylmethan
amine to give VIxc, Vlzc, Vllze, Vlixd, Vllyd, Vllzd, Viyb & Vlye (Scheme 4b.1)
proved beneficial for anticancer activity (Table 4b.3, Table 4b.4).
4b.3 Experimental
4b.3.1 General

Microwave reactor model CEM DISCOVER model NO 908010 and microwave
oven model M197DL (Samsung) were used for microwave irradiation. Melting points
(mp) were determined on a JSGW apparatus and are uncorrected. IR spectra were
recorded using a Perkin Elmer 1600 FT spectrometer. *H and *C NMR spectra were
recorded on a Bruker WH-500 spectrometer at a ca 5-15% (w/v) solution in deuterated
solvent (TMS as internal standard). APCI mass was recorded using Finnigan Mat LCQ
Mass Spectrometer. Elemental analysis was carried out on a Vario EL 11l elementor. Thin
layer chromatography (TLC) was performed on silica gel G for TLC (Merck) and spots
were visualized by iodine vapor or by irradiation with ultraviolet light (254nm).
Compounds were purified by crystallization from methanol. Physical constants, spectral
data and elemental analysis of I11x-z, VIxa-ze and 1Vx-z, Vllxa-ze are reported in
Table-4b.1 and 4b.2 respectively.
4bh.3.2 General procedurefor synthesisof isoindole, pyrrolopyrazine derivatives
(111x-2)
4b.3.2.1 Synthesis of 4-amino-3-(1, 3-dioxo-hexahydro-1H-isoindol-2(3H)-yl)

benzoic acid (111x)
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Cis-1,2-cyclohexane dicarboxylic acid (0.172 g; 1.0 mmol) (I1x; Scheme 4b.1) and
3,4-diaminobenzoic acid (0.152 g; 1.0 mmol) (I11; Scheme 4b.1) were mixed thoroughly
and this reaction mixture was subjected to microwave irradiation at 600 Watt for 3
minutes and then progress of reaction was monitored by TLC on silica gel using ethyl
acetate: methanol (2:3) as mobile phase. TLC indicated presence of starting materials.
This reaction mixture was again irradiated for 2 minutes (600 watt) and TLC was
performed which showed absence of starting materials and hence reaction is complete.
Crude product so obtained was purified by crystallization from methanol to give pure 4-
amino-3-(1, 3-dioxo-hexahydro-1H-isoindol-2(3H)-yl) benzoic acid (111x). Yield 0.248 g
(86%).

Alternatively a mixture of Cis-1,2-cyclohexane dicarboxylic acid (0.172 g; 1.0
mmol) (Ix; Scheme 4b.1) and 3, 4-diaminobenzoic acid (0.152 g; 1.0 mmol) (I1; Scheme
4b.1) were mixed thoroughly and this reaction mixture was subjected to microwave
irradiation at 90°C for 5 min. TLC of this reaction mixture on silica gel using ethyl
acetate: methanol (2:3) as mobile phase showed absence of starting materials, hence the
reaction is complete. This crude product was crystallized from methanol to give pure
condensed product 4-amino-3-(1, 3-dioxo-hexahydro-1H-isoindol-2(3H)-yl) benzoic acid
(I11x). Yield 0.241 g (84%). Similarly other derivatives i.e. 4-amino-3-(1, 3-
dioxoisoindolin-2-yl) benzoic acid (I11y) and 4-amino-3-(5, 7-dioxo-5H-pyrrolo [3, 4-b]
pyrazin-6(7H)-yl) benzoic acid (I11z) were synthesized and reported in Table 4b.1.
4h.3.3 General procedure for synthesis of benzimidazoisoindole and

benzimidazopyrrolopyrazine derivatives (1Vx-z)
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4b.3.3.1 Synthesis of 8-(1, 2, 3, 4, 4a, 11a hexahydro-11-oxobenzimidazo [2, 1-a]
isoindol)-oicacid (1Vx)

4-Amino-3-(1,3-dioxo-hexahydro-1H-isoindol-2(3H)-yl)benzoic acid (0.288 g;
1.0 mmol) (I11x; Scheme 4b.1) was irradiated at 850 Watt for 5 minutes and then
progress of reaction was monitored by TLC on silica gel using ethyl acetate: methanol
(2:3) as mobile phase. TLC indicated absence of starting material and hence reaction is
complete. Crude product so obtained was purified by crystallization from methanol to
give pure cyclized product i.e. 8-(1, 2, 3, 4, 4a, 11a hexahydro-11-oxobenzimidazo [2, 1-
a] isoindol)-oicacid (I Vx; Scheme 4b.1). Yield 0.221 g (82%).

Alternatively the above compound was subjected to microwave irradiation at
130°C for 5 min. TLC of this reaction mixture on silica gel using ethyl acetate: methanol
(2:3) as mobile phase showed absence of starting material. Crude product so obtained
was crystallized from methanol to give pure cyclized product 1Vx (Scheme 4b.1). Yield
0.218 g (81%). Similarly other derivatives i.e. 8-(11H, 11-oxobenzimidazo [2, 1-a]
isoindol)-oicacid (IVy) and 8-(11H,11-oxobenz[4',5"limidazo[1',2:1,2] pyrrolo[3,4-b]pyr
azin)-oicacid (1'Vz) were synthesized and reported in Table 4b.2.
4b.34 General procedurefor synthesisof isoindole and pyrrolopyrazine
derivatives (Vlxa-ze)
4b.3.4.1 Synthesis of 4-amino-N-benzyl-3-(1, 3-dioxo-hexahydro-1H-isoindol-
2(3H)-yl) benzamide (VIxa)

4-Amino-3-(1, 3-dioxo-hexahydro-1H-isoindol-2(3H)-yl) benzoic acid (0.288 g;
1.0 mmol) (I111x; Scheme 4b.1) and benzyl amine (0.107 g; 1.0 mmol) (Va; Scheme 4b.1)

were grinded together in a small mortar with a pestle for 20 minutes. TLC of the reaction
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mixture on silica gel using ethyl acetate: methanol (2:3) mobile phase exhibited that the
reaction is complete. The crude product so obtained was purified by crystallization from
methanol to give pure product 4-amino-N-benzyl-3-(1, 3-dioxo-hexahydro-1H-isoindol-
2(3H)-yl) benzamide (VIxa; Scheme 4b.1). Yield 0.324 g (86%). Similarly other
derivatives (VIxb-ze) i.e. 4-amino-3-(1, 3-dioxo-hexahydro-1H-isoindol-2(3H)-yl)-N-
(pyridin-2-ylmethyl) benzamide (VIxb), 4-amino-3-(1, 3-dioxo-hexahydro-1H-isoindol-
2(3H)-yl)-N-(pyridin-3-ylmethyl) benzamide (VIxc), 4-amino-3-(1, 3-dioxo-hexahydro-
1H-isoindol-2(3H)-yl)-N-(pyridin-4-ylmethyl) benzamide (VIxd), 4-amino-3-(1,3-dioxo-
hexahydro-1H-isoindol-2(3H)-yl)-N-(furan-2-ylmethyl) benzamide (VIxe), 4-amino-N-
benzyl-3-(1, 3-dioxoisoindolin-2-yl) benzamide (Vlya), 4-amino-3-(1, 3-dioxoisoindolin-
2-yl)-N-(pyridin-2-ylmethyl) benzamide (VIyb), 4-amino-3-(1, 3-dioxoisoindolin -2-yl)-
N-(pyridin-3-ylmethyl) benzamide (VIyc), 4-amino-3-(1,3-dioxoisoin  dolin-2-yl)-N-
(pyridin-4-ylmethyl) benzamide (V1yd), 4-amino-3-(1, 3-dioxoisoindolin-2-yl)-N-(furan-
2-ylmethyl) benzamide (VIye), 4-amino-N-benzyl-3-(5, 7-dioxo-5H-pyrrolo [3, 4-b]
pyrazin-6(7H)-yl) benzamide (VIza), 4-amino-3-(5, 7-dioxo-5H-pyrrolo [3, 4-b] pyrazin-
6(7H)-yl)-N-(pyridin-2-ylmethyl) benzamide (VI1zb), 4-amino-3-(5, 7-dioxo-5H-pyrrolo
[3, 4-b] pyrazin-6(7H)-yl)-N-(pyridin-3-ylmethyl) benzamide (VIzc), 4-amino-3-(5, 7-
dioxo-5H-pyrrolo [3, 4-b] pyrazin-6(7H)-yl)-N-(pyridin-4-ylmethyl) benzamide (V1zd)
and 4-amino-3-(5, 7-dioxo-5H-pyrrolo [3, 4-b] pyrazin-6(7H)-yl)-N-(furan-2-ylmethyl)
benzamide (V1ze) were synthesized and reported in Table 4b.1.

4b.3.5 General procedurefor synthesis of benzimidazoisoindole and

benzimidazopyrrolopyrazine derivatives (V11 xa-ze)
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4b.35.1 Synthesis of N-benzyl-8-(1, 2, 3, 4, 4a, 1lla hexahydro-11-oxobenz
imidazo [2, 1-a] isoindol)-amide (VIIxa)

8-(1, 2, 3, 4, 4a, 11a Hexahydrobenzimidazo [2, 1-a] isoindol-11-one)-oicacid
(0.270 g; 1.0 mmol) (I1Vx; Scheme 4b.1) and benzyl amine (0.107 g; 1.0 mmol) (Va;
Scheme 4b.1) were grinded together in a small mortar with a pestle for 20 minutes. TLC
of the reaction mixture on silica gel using ethyl acetate: methanol (2:3) mobile phase
indicated completion of the reaction. The crude product so obtained was purified by
crystallization from methanol to give pure product N-benzyl-8-(1, 2, 3, 4, 4a, lla
hexahydro-11-oxobenzimidazo [2, 1-a] isoindol)-amide (VIIxa; Scheme 4b.1). Yield
0.319 g (89%). Similarly other derivatives (VIIxb-ze) i.e. N-pyridin-2-ylmethyl-8-(1, 2,
3, 4, 4a, 11a hexahydro-11-oxobenzimidazo [2, 1-a] isoindol)-amide (VII1xb), N-pyridin-
3-ylmethyl-8-(1, 2, 3, 4, 4a, 11a hexahydro-11-oxobenzimidazo [2, 1-a] isoindol)-amide
(V1Ixc), N-pyridin-4-ylmethyl-8-(1, 2, 3, 4, 4a, 11a hexahydro-11-oxobenzimidazo [2, 1-
a] isoindol)-amide (VI1xd), N-furan-2-ylmethyl-8-(1, 2, 3, 4, 4a, 11a hexahydro-11-
oxobenzimidazo  [2, 1l-a] isoindol)-amide  (VIIxe),  N-benzyl-8-(11H,11-
oxobenzimidazo[2,1-a]isoindol)-amide  (Vllya), N-pyridin-2-ylmethyl-8-(11H,11-
oxobenzimid azo[2, 1-a] isoindol)-amide (VIlyb), N-pyridin-3-ylmethyl-8-(11H,11-
oxobenzimidazo[2,1-a]isoindol)-amide  (VIlyc), N-pyridin-4-ylmethyl-8-(11H,11-
oxobenzimidazo[2, 1-a] isoindol)-amide (VIlyd), N-furan-2-ylmethyl-8-(11H,11-
oxobenz imidazo [2, 1-a] isoindol)-amide (VIlye), N-benzyl-8-(11H,11-
oxobenz[4'5"limidazo [1',2:1,2]pyrrolo[3,4-b]pyrazin)-amide (VIlza), N-pyridin-2-
ylmethyl-8-(11H,11-oxobenz [4',5']imidazo[1',2:1,2]pyrrolo[3,4-b]pyrazin)-amide

(VIizb), N-pyridin-3-ylmethyl-8-(11H,11-oxobenz[4',5imidazo[1',2:1,2]pyrrolo[3,4-
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b]pyrazin)-amide (VI1zc),  N-pyridin-4-ylmethyl-8-(11H,11-oxobenzo[4',5"]imidazo
[1',2:1,2] pyrrolo[3,4-b]pyrazin)-amide (VIlzd) and N-furan-2-ylmethyl-8-(11H,11-
oxobenzo[4',5']imidazo [1',2:1,2]pyrrolo[3,4-b]pyrazin)-amide (VI11ze) were synthesized
and reported in Table 4b.2.
4b.3.6 Anti-inflammatory activity [21; Chapter-2]

Anti-inflammatory activity evaluation was carried out by following procedure
described in chapter-2 of this thesis.
4b.3.7 In vitro cytotoxicity against human cancer cell lines[32; Chapter-4a]

In vitro cytotoxicity against human cancer cell lines was carried out by following

procedure described in chapter-4a of this thesis.
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Chapter 5

Synthesis anti-inflammatory and anticancer activity evaluation of piperazine-2,6-dione, 4-(1H-
indole-2-carbonyl)piperazine-2,6-dione and bis piperazinedione derivatives

5.1 Introduction

Piperazine derivatives form an important class of heterocyclic compounds due to
their biological activities and have attracted attention of the researchers working in the
area of medicinal chemistry [1-5]. Recent work reported in literature on piperazine
derivatives exhibiting anti-inflammatory and anticancer activity is summarized in
chapter-1 of this thesis. Piperazine derivatives exhibiting antiviral [6], antifungal [7-9],
antibacterial [10, 11], antiaggregatory [12], antileishmanial [13, 14], antimalarial [15],
antiplasmodial [16], antidepressant [17] and antimicrobial [18] activities are reported in
literature. Apart from above mentioned activities piperazine derivatives also act as
plasminogen activator inhibitor-1 (PAI-1) [19], thrombin inhibitor [20] and
topoisomerase-11 inhibitors [21].

Wide range of biological activities exhibited by piperazine derivatives and our
efforts in search of biological active molecules [22, 23] tempted us to synthesize new
piperazine derivatives. Several new piperazine derivatives have been synthesized and
screened for anti-inflammatory and anticancer activity, which will be described in this

chapter.
5.2 Results and discussion
5.2.1 Chemistry:
Iminodiacetic acid (I; Scheme 5.1) and cyclohexanamine (I1a; Scheme 5.1) were

mixed in equimolar proportion and then subjected to microwave irradiation at 85°C for 3

min. TLC of reaction mixture showed completion of reaction. Crude product, so
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Scheme 5.1 Synthesis of piperazine-2,6-dione (I11a-1) and 4-(1H-indole-2-carbonyl)
piperazine-2,6-dione (IVa-1) derivatives.
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obtained, was purified by crystallization from methanol to get 1-cyclohexyl-piperazine-
2,6-dione (I11a; Scheme 5.1) in 89% vyield.

In another experiment the above reaction mixture was subjected to microwave
irradiation for 3 min at a power level of 300 W. TLC of reaction mixture showed that the
reaction is complete. Crude product, so obtained, was crystallized from methanol to get
pure product Illa in 87% vyield. Yields of product Illa obtained by the above two
methods are comparable. IR spectrum of Il11a exhibit absorption bands at 3146 (NH),
1669 (>C=0) cm™. *H NMR (500 MHz, D,0) (Figure 5.1) &: 1.039-1.070 (m, 1H, one H
of CHy), 1.194-1.270 (m, 4H, 2xCH), 1.520-1.546 (d, 1H, J= 13 Hz, one H of CH,),
1.679-1.693 (t, 2H, J= 7 Hz, CHy), 1.859-1.873 (d, 2H, J=7 Hz, CH,), 3.024-3.031 (m,
1H, >CH-N-), 3.529 (s, 4H, 2xCH,). **C NMR (125MHz, D,0) (Figure 5.2) &: 23.649,
24.139, 30.165, 48.790, 50.153 and 171.090. GC-MS spectrum (nvz; relt. int. %) (Figure
5.3) of Illa gave M™ ion peak at mVz 196 (53%). Elemental analysis Calculated for
C10H16N20,: C 61.20, H 8.22, N 14.27%. Found C 61.47, H 8.18, N 14.35%. Spectral
and analytical data of 111a fully support the structure assigned to it.

Similarly, condensation of 1-(3-aminopropyl)imidazole (I1b), pyridin-2-
ylmethanamine (l1c), pyridin-3-ylmethanamine (11d), pyridin-4-ylmethanamine (l1e),
thiophen-2-ylmethanamine (11f), furan-2-ylmethanamine (I1g), benzylamine (I11h), 1-(3-
aminopropyl)  pyrrolidin-2-one  (111),  2-(pyrrolidin-1-yl)ethanamine  (I1j), 2-
morpholinoethanamine (11k) and 2-(thiophen-2-yl)ethanamine (111) (l1b-I; Scheme 5.1)
with iminodiacetic acid (I; Scheme 5.1) gave the corresponding piperazine-2,6-dione
derivatives I11b-I (Scheme 5.1) in quantitative yields. Physical constants, spectral and

analytical data of compounds I11b-I reported in Table 5.1 are in agreement with the
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Table5.1: Physical constants and spectral data of piperazine-2,6-dione derivatives

I1a-l.

Comp
no

Solvent of
cryst./elution

m.p.

°C

Yield
%

IR (KBr) cm?, 'H (500MHz) & *=C
(125MHz) NMR (D;0), 6 J(Hz), GC-MS
(m/z reltint %)

1

2

3

4

5

[1a

b

e

MeOH

MeOH

MeOH

118

114

142

85

91

94

IR 3146 (NH), 1669 (>C=0) cm™. 'H NMR
(500 MHz, D,0) ¢: 1.039-1.070 (m, 1H, one H
of CHy), 1.194-1.270 (m, 4H, 2xCH,), 1.520-
1.546 (d, 1H, J= 13 Hz, one H of CHj), 1.679-
1.693 (t, 2H, J= 7 Hz, CH,), 1.859-1.873 (d,
2H, J=7 Hz, CH,), 3.024-3.031 (m, 1H, >CH-
N-), 3.529 (s, 4H, 2xCH,), **C NMR (125MHz,
D,0) §: 23.6, 24.1, 30.2, 48.8, 50.1 and 171.1.
GC-MS: mz197 (M™+1, 103/0),

196 (M*", 53%), 113 ( e , 30%), 83

e
( <:>+, 22%), 18 (H,0!*100%). Anal. Calcd
for C1oH1sN2O,: C 61.20, H 8.22, N 14.27%.
Found C 61.47, H 8.18, N 14.35%.

IR 3470 (NH), 1674 (>C=0) cm™. 'H NMR
(500 MHz, D;0) 6: 2.011-2.140 (m, 2H, CHy),
2.781-2.813 (t, 2H, J=7.5Hz, CH,), 3.461 (s,
4H, 2xCH,), 3.983-4.010 (t, 2H, J=6.5Hz,
CH,,), 6.909 (s, 1H, Ar), 7.050 (s, 1H, Ar),
7.628 (s, 1H, Ar), **C NMR (125MHz, D,0) ¢:
28.0, 36.5, 43.9, 48.9, 120.0, 127.3, 137.5 and
171.3. GC-MS: m/z 223 (M™+1, 5%), 222 (M**
, 30%). Anal. Calcd for C1oH14N4O,: C 54.04,
H 6.35, N 25.21%. Found C 54.13, H 6.30, N
25.27%.

IR 3500 (NH), 1673 (>C=0), 1473(Ar) cm™.
'H NMR (500 MHz, D,0) &: 3.524 (s, 4H, 2x
CHy), 4.215 (s, 2H, CH,), 7.329-7.354 (q, 1H,
J= 5 Hz & 7 Hz, Ar), 7.377-7.393 (d, 1H, J=
8Hz, Ar), 7.779-7.798 (m, 1H, Ar), 8.450-8.460
(d, 1H, J= 5 Hz, Ar). *C NMR (125MHz, D,0)
5. 43.2, 48,9, 123.2, 124.1, 138.5, 149.1, 151.4
and 171.2. GC-MS: m/iz 206 (M*+1, 5%),
O>\_\ _

205 (M, 509%),113 ( K}J NH22%), 78( Q+

0]
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5

Iid

e

[f

MeOH

MeOH

MeOH

128

133

130

92

90

87

, 25%). Anal. Calcd for CyoH;1N30,: C
58.53,H 5.40, N 20.48%. Found C 58.69, H
5.47, N 20.54%.

IR 3500 (NH), 1682 (>C=0), 1474 (Ar) cm™
'H NMR (500 MHz, D,0) d: 3.502 (s, 4H, 2x
CH,), 4.092 (s, 2H, CH,), 7.382-7.406 (t, 1H,
Ar), 7.812-7.827 (d, 1H, J= 7.5 Hz, Ar), 8.425-
8.432 (d, 1H, J=3.5 Hz, Ar), 8.457 (s, 1H, Ar),
3C NMR (125MHz, D,0) &: 43.0, 48.1, 123.2,
134.1, 135.5, 149.9, 151.2 and 171.2. GC-MS:
m/z 206 (M*+1, 6%), 205 (M**, 65%), 127
L 3

H,C-N.  NH, 4%), 113(+N  NH , 24%),78 (& )+
( o ), 113( y® )78 (¢, )
, 25%). Anal. Calcd for C10H11N30O5: C 58.53,
H 5.40, N 20.48%. Found C 58.71, H 5.45, N
20.55%.

IR 3500 (NH), 1662(>C=0), 1474 (Ar) cm™.
'H NMR (500 MHz, D,0) &: 3.533 (s, 4H, 2x
CH,), 4.116 (s, 2H, CH,), 7.370 (s, 2H, Ar),
8.464 (s, 2H, Ar), **C NMR (125MHz, D,0) J:
43.0, 48.1, 123.2, 143.3, 149.9 and 171.2. GC-
MS: Mz 206 (M™"+1, 6%), 205 (M*", 53%),

(0] (0]

127 ( H;C-I*Ny—\NH ,5%), 113 (+N>_\NH , 22%),
O)—/ O)_/
78 ( @ , 20%). Anal. Calcd for

C1oH11N3O2: C 58.53, H 5.40, N 20.48%.
Found C 58.69, H 5.44, N 20.57%.

IR 3427(NH), 1651(>C=0), 1464 (Ar) cm™. *H
NMR (500 MHz, D,0) &: 3.454-3.468 (q, 4H,
J= 4Hz & 5Hz, 2x CHj,), 4.230-4.236 (d, 2H,
J= 3Hz, CH,), 6.934-6.954(q, 1H, J=2Hz &
5Hz, Ar), 7.076 (s, 1H, Ar), 7.348-7.361 (t, 1H,
J= 3Hz, Ar). *C NMR (125MHz, D,0) 6: 37.3,
48.9, 127.6, 127.7, 129.3, 134.0 and 171.3. GC-
MS: mz 211 (M*+1, 6%), 210 (M**, 35%),

b s
113 (+N}JNH ,25%), 83 ({_)*, 20%). Anal.

@)
Calcd for CgH19N20,S: C51.41, H4.79, N
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5

g

[1Th

1]

MeOH

MeOH

MeOH

MeOH

122

122

109

117

96

86

94

89

13.32, S 15.25%. Found C 51.47, H 4.82, N
13.38, S 15.31%.

IR 3420 (NH), 1652 (>C=0), 1593 (Ar) cm™. 'H
NMR (500 MHz, D,0) ¢: 3.478 (s, 4H, 2x CHy),
4.070 (s, 2H, CH,), 6.331-6.337 (t, 1H, Ar),
6.403-6.409 (d, 1H, J= 3Hz, Ar), 7.424-7.425 (d,
1H, J= 0.5 Hz, Ar). **C NMR (125MHz, D,0) :
35.5, 48.9, 110.7, 110.8, 144.2, 146.1 and 171.0.
GC-MS: m/'z195 (M*+1, 8%), 194 (M*, 50%),

(0]
113 ( + N>X_\NH, 25%). Anal. Calcd for

0)4
CgH1oN203: C 55.67, H 5.19, N 14.43%. Found C
55.75, H 5.23, N 14.37%.

IR 3461 (NH), 1669 (>C=0), 1591, 1506 (Ar)
cm™. *H NMR (500 MHz, D,0) & : 3.446 (s, 4H,
2x CH,), 4.009 (s, 2H, CH,), 7.295-7.305 (d, 5H,
J=5 Hz, Ar). ¥C NMR (125MHz, D,0) ¢ (ppm):
42.9, 48.8, 128.7, 129.0, 132.5 and 171.2. GC-
MS: mVz 205 (M*"+1, 1%), 204 (M™, 49%). Anal.
Calcd for CyiHioNoOy: C 64.69; H 5.92; N
13.72%. Found: C 64.49; H 5.72; N 13.82%.

IR 3432 (NH), 1668, 1626 (>C=0) cm™. 'H
NMR (500 MHz, D,0) ¢&: 1.806-1.835 (t, 2H,
J=75Hz, CH,), 1.928-1.958 (t, 2H, J=7.5Hz,
CH,), 2.316-2.349 (t, 2H, J=8.5Hz, CH,), 2.854-
2.884 (t, 2H, J=7.5Hz, CH,), 3.246-3.273 (t, 2H,
J=6.5Hz, CH,), 3.384-3.413 (t, 2H, J= 7Hz, 2x
CH,), 3550 (s, 4H, 2x CH,). “C NMR
(125MHz, D,0) ¢: 18.2, 24.4, 30.8, 36.8, 39.4,
47.9, 48.8,171.1 and 178.7. GC-MS: m/z 240
QO

(M**+1, 5%), 239 (M™, 35%), 113 ( +N;NH ,

o 2. d
25%), 99 (¢ N-CHS 17%), 85 ( ( NH | 17%).

Anal. Calcd for C11H17N3O3: C 55.22, H 7.16, N
17.56%. Found C 55.29, H 7.11, N 17.63%.

IR 3440 (NH), 1678 (>C=0) cm™. 'H NMR
(500MHz, D,0) d: 1.859(s, 4H, 2x CH,), 3.003-
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5

1k MeOH 123

L MeOH 136

93

87

3.072 (m, 8H, 4x CHy), 3.493 (s, 4H, 2x CH,).

3C NMR (125MHz, D,0) &: 22.5, 36.5, 48.9,

53.7,55.9 and 171.4. GC-MS: m/z 212 (M*'+1,
3

5%), 211 (M*", 30%), 113 (+N_ NH , 25%). Anal.
OW

Calcd for CioH17N3O,: C 56.85, H 8.11, N

19.89%. Found C 56.96, H 8.14, N 19.76%.

IR 3500 (NH), 1686 (>C=0) cm™. *H NMR (500
MHz, D,0) &: 2.509 (s, 4H, 2x CH,), 2.624 (t,
2H, J= 5 Hz, CH,), 3.052 (t, 2H, J= 5 Hz, CH),),
3.522 (s, 4H, 2xCH,), 3.641-3.659 (t, 4H, J= 4.5
Hz, 2xCH,). **C NMR (125MHz, D,0) &: 35.5,
48.9,52.4,54.1, 66.0 and 171.3. GC-MS: m/z 228

.+
(M*'+1, 8%), 227 (M™, 45%), 18 ( H,0 , 100%).
Anal. Calcd for C10H17N303: C 52.85, H7.54, N
18.49%. Found C 52.78, H 7.59, N 18.60%.

IR 3450 (NH), 1669, 1647 (>C=0), 1,613 (Ar)
cm™. *H NMR (500 MHz, D,0) 6: 3.113-3.139 (t,
2H, J= 6.5Hz, CH,), 3.180-3.206 (t, 2H, J= 6.5
Hz, CH,), 3.521(s, 4H, 2x CH,), 6.916-6.946 (m,
2H, Ar), 7.257-7.267 (d, 1H, J= 5Hz, Ar). **C
NMR (125MHz, D,0) &: 26.9, 40.7, 48.9, 125.3,
126.6, 127.5, 138.5 and 171.5. GC-MS: m/z 225
(M+'+1,O9%), 224 (M**, 50%),

113 N%NH 30%), 83 S+ 20%). Anal
* . Anal.
( pati 0), 83(( )t .20%). Ana
Calcd for C10H12N,O,S: C 5355, H 5.39,N
12.49, S 14.30%. Found C 53.51, H 5.41, N
12.54, S 14.36%.

structures assigned to them.

1-Cyclohexyl-piperazine-2,6-dione (l11a; Scheme 5.1) and 1H-indole-2-

carboxylic acid were mixed in equimolar proportion and subjected to microwave

irradiation at 150°C for 7 min. TLC of the reaction mixture showed absence of the

starting materials. Crude product so obtained was purified by crystallization from
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methanol to get pure product 1-cyclohexyl-4-(1H-indole-2-carbonyl)-piperazine-2,6-
dione (IVa; Scheme 5.1) in 86% vyield.

In another experiment the above reaction mixture was subjected to microwave
irradiation at a power level of 850 W for 4 min. TLC of the reaction mixture showed
absence of the starting materials. Crude product so obtained was purified by
crystallization from methanol to get pure product IVa in 82% vyield. Yields of product
I Va obtained from the above two methods are comparable. IR spectrum of IVa shows
absorption bands at 3403 (NH), 1702 (>C=0), 1519 (Ar) cm™. 'H NMR (500 MHz,
CD3;0D) (Figure 5.4) ¢: 1.221-1.246 (q, 1H, J=3.5Hz & 9 Hz, one H of CH,), 1.312-
1.404 (m, 4H, 2xCH,), 1.677-1.706 (dd, 1H, J=1.5Hz & 13.5 Hz, one H of CH,), 1.798-
1.845 (m, 2H, CH,), 2.003-2.018 (m, 2H, CH,), 3.031-3.074 (m, 1H, CH), 3.575 (s, 4H,
2xCHy,), 7.046-7.077 (m, 1H, Ar), 7.108 (s, 1H, Ar), 7.216-7.249 (dt, 1H, J= 1 & 8 Hz,
Ar), 7.441-7.459 (d, 1H, J= 8.5 Hz, Ar), 7.614-7.631 (d, 1H, J= 8.5 Hz, Ar). *C NMR
(125MHz, CD30D) (Figure 5.5) J: 25.376, 25.916, 31.970, 50.424, 51.488, 108.052,
113.089, 120.961, 122.889, 125.180, 128.993, 131.673, 138.618, 166.923 and 171.161.
GC-MS (mVz relt. int. %) (Figure 5.6) of 1Va gave M™ ion peak at nVz 339 (M™, 26%).
Elemental analysis Calculated for CigH21N3O3: C 67.24, H 6.24, N 12.38%. Found C
67.11, H 6.31, N 12.44%. Spectral and analytical data of |Va fully support the structure
assigned to it. Similarly condensation of piperazine-2,6-dione derivatives I11b-I (Scheme
5.1) with 1H-indole-2-carboxylic acid gave the corresponding 4-(1H-indole-2-
carbonyl)piperazine-2,6-dione derivatives IVb-lI (Scheme 5.1) in quantitative yields.
Physical constants, spectral and analytical data of IVa-l reported in the Table 5.2 fully

support the structures assigned to them.
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Table5.2: Physical constants and spectral data of 4-(1H-indole-2-carbonyl)

piperazine-2,6-dione derivatives | Va-l.

Comp
no

Solvent of
cryst./elution

m.p.
°C

Yield
%

IR (KBr) cm?, 'H (500MHz) & **C
(125MHz) NMR (CDs;OD, DM SO-ds,
D,0), 6 J(Hz), GC-MS (m/z; relt int %)

1

2

3

4

5

IVa

Vb

MeOH

MeOH

280

>300

80

86

IR 3403 (NH), 1702 (>C=0), 1519 (Ar) cm’
! 'H NMR (500 MHz, CD;0D) &: 1.221-
1.246 (q, 1H, J=3.5Hz & 9 Hz, one H of
CHy), 1.312-1.404 (m, 4H, 2xCH,), 1.677-
1.706 (dd, 1H, J=1.5Hz & 13.5 Hz, one H of
CH,), 1.798-1.845 (m, 2H, CH,), 2.003-
2.018 (m, 2H, CH,), 3.031-3.074 (m, 1H,
CH), 3.575 (s, 4H, 2xCH,), 7.046-7.077 (m,
1H, Ar), 7.108 (s, 1H, Ar), 7.216-7.249 (dt,
1H, J= 1 & 8 Hz, Ar), 7.441-7.459 (d, 1H,
J= 8.5 Hz, Ar), 7.614-7.631 (d, 1H, J= 8.5
Hz, Ar). *C NMR (125MHz, CDs0OD) &:
25.4, 25.9, 31.9, 50.4, 51.5, 108.0, 113.1,
120.9, 122.9, 125.2, 128.9, 131.7, 138.6,
166.9 and 171.2. GC-MS: m/z340 (M™'+1,

Q o) 1+

>_\ I
1%), 339 (M*", 26%), 257 ( HNwac%/Nj@

0, e} H

, 229%), 113( HN;M, 35%), 83 ({_ )+, 29%)
4 O
, 82 ( Q , 100%). Anal. Calcd for

C19H21N303: C 6724, H 624, N 12.38%.
Found C 67.11, H 6.31, N 12.44%.

IR 3470 (NH), 1694, 1635 (>C=0), 1515
(Ar) cm™. *H NMR (500 MHz, CD30D) o:
2.130-2.188 (m, 2H, CH,), 2.900-2.930 (t,
2H, J= 7.5Hz, CH,), 3.582 (s, 4H, 2x CHy),
4.079-4.159 (t, 2H, J=7Hz, CH,), 7.040-
7.085 (m, 3H, Ar), 7.188-7.235 (m, 2H, Ar),
7.434-7.450 (d, 1H, J= 8Hz, Ar), 7.593-
7.609 (d, 1H, J= 8Hz, Ar), 7.813 (s, 1H, Ar).
3C NMR (125MHz, CD30D) §: 30.0, 37.9,
45.2,50.4, 106.9, 113.0, 120.7, 120.8, 122.7,
124.7, 128.6, 129.2, 133.8, 138.3, 138.3,
168.6 and 171.4. GC-MS: m/z366 (M™"+1,
o]

)
59%), 365 (M*, 20%), 284( @EQNEZJHZ

0]
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IVc

Ivd

MeOH

MeOH

>300

276

88

82

5
o% 0 T+
, 101%),72;71 ( HBCZWNC@ ,8%), 255%
(0 WElTY) ,200), 221 (NN N e
o/>J 0»_\ o>_/
0 + 200 HN= g0
,6%0), 1i3 (.HN/>_/N ,20%), 85 (04\/N+' 6%),

N T+ o =\ T+
84 (o], 32%), 82( \_n-ch, ,12%), 70

Iz

(o=Cnms | 40%), 69 ( 0=_N'*57%). Anal.
Calcd for C1oH19Ns0O3: C 62.46, H 5.24, N
19.17%. Found C 62.62, H 5.19, N 19.35%.

IR 3470 (NH), 1692 (>C=0), 1528 (Ar) cm’
! IH NMR (500 MHz, CDs;0D) &: 3.511(s,
4H,2xCH,), 4.289 (s, 2H, CH,), 7.067-7.083
(m, 1H, Ar), 7.118-7.120 (d, 1H, J=1Hz ),
7.223-7.256 (m, 1H, Ar), 7.375-7.400 (m,
1H, Ar), 7.440-7.458 (dd, 2H, J= 1Hz &
8.5Hz, Ar), 7.617-7.634 (d, 1H, J= 8.5 Hz,
Ar), 7.827-7.862 (m, 1H, Ar), 8.622-8.632
(d, 1H, J= 5Hz, Ar). **C NMR (125MHz,
CD;0D) §: 44.1, 50.4, 108.4, 113.1, 121.0,
122.9, 123.5, 124.7, 125.3, 128.9, 130.9,
138.6, 138.7, 150.5, 153.8, 166.4 and 171.1.
GC- MS: m/z349(M™+1, 7%), 348 (M™",

. O N
35%), 204 ( (Nj\/T\I/T\]) , 50%). Anal.
0

Calcd for C1oH16N4O3: C 65.51, H 4.63, N
16.08%. Found C 65.69, H 4.70, N 16.31%.

IR 3444 (NH), 1691, 1624 (>C=0), 1511
(Ar) cm® H NMR (500 MHz,
DMSO+D,0) &: 3.590 (s, 4H, 2xCH,),
3.917 (s, 2H, CHy), 6.358 (s, 1H, Ar), 6.589-
6.619 (t, 1H, J= 7.5 Hz, Ar), 6.719-6.749 (t,
1H, J= 7.5 Hz, Ar), 7.021-7.041 (m, 2H, Ar),
7.166-7.182 (d, 1H, J= 8.0Hz, Ar), 7.507-
7.522 (d, 1H, J=7.5 Hz, Ar), 8.133-8.140 (d,
1H, J= 3.5 Hz, Ar), 8.267-8.270 (d, 1H, J=
1.5Hz, Ar). ®C NMR (125MHz, DMSO
+D,0) d: 40.7, 48.9, 103.2, 111.9, 118.9,
120.9, 122.2, 123.7, 127.5, 133.4, 135.6,
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5

Ve

IV§

MeOH

MeOH

>300

>300

86

85

136.3, 136.5, 148.5, 149.1, 166.4, and 172.1.
GC-MS: miz 349 (M*+1, 6%), 348 (M,

-~ O +
30%), 204 ( (| TQ)‘ 1 30%). Anal.

(0]
Calcd for C19H16N4O3: C 65.51, H 4.63, N
16.08%. Found C 65.72, H 4.57, N 16.27%.

IR 3452 (NH), 1684, 1624 (>C=0), 1515
(Ar) cm® M NMR (500 MHz,
DMSO+D,0) §: 3.505 (s, 4H, 2xCH,), 3.982
(s, 2H, CH,), 6.750 (s, 1H, Ar), 6.955-6.985
(t, 1H, J= 7.5 Hz, Ar), 7.090-7.120 (t, 1H, J=
7.5 Hz, Ar), 7.549-7.372 (m, 4H, Ar), 8.534-
8545 (d, 2H, J= 5Hz, Ar). “C NMR
(125MHz, DMSO+D,0) &: 41.7, 48.1,
103.5, 111.9, 119.1, 121.1, 122.4, 123.1,
127.4, 135.6, 135.8, 145.6, 149.2, 166.7 and
171.9, GC-MS: mVz 349 (M**+1, 5%), 348
0. +
(M*, 50%), 204 ( ] TQ)N | 40%). Anal.
(0]

Calcd for C1oH16N4O3: C 65.51, H 4.63, N
16.08%. Found C 65.69, H 4.69, N 16.01%.

IR 3390 (NH), 1683(>C=0), 1476 (Ar) cm™.
'H NMR (500 MHz, D,0) &: 3.524 (s, 4H,
2xCH,), 4.182 (s, 2H, CHy), 6.918-6.988 (m,
2H, Ar), 7.046-7.077 (t, 1H, J=7.5Hz, Ar),
7.108 (s, 1H, Ar), 7.217-7.248 (dt, 1H,
J=1Hz & 7.5 Hz, Ar), 7.257-7.267 (d, 1H,
J= 5Hz, Ar), 7.443-7.460 (d, 1H, J= 8.5Hz,
Ar), 7.615-7.632 (d, 1H, J= 8.5Hz, Ar). °C
NMR (125MHz, CDs;OD) ¢&: 40.9, 48.1,
108.2, 113.1, 120.9, 122.9, 125.2, 127.6,
127.7, 128.9, 129.3, 131.3, 134.1, 138.7,
166.7 and 171.2. GC-MS: mVz 354 (M™"+1,
10%), 353 (M*™, 78%), 257

Nc@ 25%), 209 ( Qc N N+’

O o]

%), 145 (@CHO 10%), 113 (- QNH

(e]
25%), 85 ( QNQM , 7%), 84(0%$+ ’
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IVh

MeOH

MeOH

281

290

87

87

1+
32%), 70 ( [, 40%), 69 ( [\ 100%),
O%‘ Op

Anal. Calcd for C13H15N3038; C 61.18, H
4.28, N 11.89%. Found C 61.39, H 4.21, N
12.07%.

IR 3450 (NH), 1692 (>C=0), 1536 (Ar) cm’
! 'H NMR (500 MHz, CD30D) §: 3.568 (s,
4H, 2xCH,), 4.183 (s, 2H, CH,), 6.468-
6.479 (q, 1H, J= 2 & 3.5 Hz, Ar), 6.554-
6.561 (d, 1H, J= 3.5 Hz, Ar), 7.048-7.080
(m, 1H, Ar), 7.109-7.110 (d, 1H, J= 0.5Hz,
Ar), 7.221-7.252 (m, 1H, Ar), 7.439-7.458
(dd, 1H, J= 1Hz & 8.5Hz, Ar), 7.596-7.632
(m, 2H, Ar). °C NMR (125MHz, CD;0D)
9 36.8, 50.4, 108.2, 111.7, 111.9, 113.1,
120.9, 122.9, 125.2, 128.9, 131.3, 138.7,
145.3, 148.3, 166.7 and 171.2. GC-MS: m/z
338 (M*™"+1, 8%), 337(|v|+' 30%), 257

O
@ 16%6), 193 ([ p-c'n N+,

% HN
0%) 113 ( iy N+, 18%), 85( )\
/>_/ oA UN+
6%), 84( Q:“75%) 70 ( Q‘ 589%),
69(); 70%) Anal. Calcd for

C1gH1sN3O4: C 64.09, H 4.48, N 12.46%.
Found C 64.34, H 4.55, N 12.34%.

IR 3408 (NH), 1706, 1666 (>C=0), 1616 &
1532 (Ar) cm™. *H NMR (500 MHz, D,0)
d: 3.440 (s, 4H, 2xCH,), 4.007 (s, 2H, CHy),
7.044-7.088 (m, 1H, Ar), 7.108 (s, 1H, Ar),
7.218-7.255 (m, 1H, Ar), 7.295-7.324 (m,
5H, Ar), 7.442-7.460 (dd, 1H, J= 05 &
8.5Hz, Ar), 7.615-7.630 (d, 1H, J= 7.5Hz,
Ar). °C NMR (125MHz, D,0) &: 40.9, 50.0,
108.9, 112.1, 120.0, 122.3, 123.8, 124.8,
125.9, 128.3, 131.0, 138.6, 141.7, 147.6,
165.7 and 170.2. GC-MS: m/z 348 (M™"+1
1%), 347 (M*, 23%),
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a1

Vi

MeOH

MeOH

>300

276

83

83

9] +
270 ( @c rQNCHz | 22%), 203

@ , 34%), 77 ( @100%)

76 (@ *, 24%). Anal. Calcd for
CaoH1sNsOs: C 69.16, H 4.89, N, 12.10%.
Found 69.64, H 4.81, N, 12.21%.

IR 3426 (NH), 1702 (>C=0), 1591 & 1532
(Ar) cm™. *H NMR (500 MHz, CD30D) 6:
1.888-1.917 (m, 2H, CHy), 2.057-2.072 (m,
2H, CH,), 2.387-2.419 (t, 2H, J= 8Hz, CHy),
2.911-2.941 (t, 2H, J= 7.5Hz, CH,), 3.369-
3.396 (t, 2H, J= 7Hz, CH,), 3.448-3.477 (t,
2H, 7.5Hz, Ar), 3.583 (s, 4H, 2x CHy),
7.056-7.086 (m, 1H, Ar), 7.127 (s, 1H, Ar),
7.229-7.261 (dt, 1H, J= 0.5Hz & 7.0Hz Ar),
7.447-7.465 (dd, 1H, J= 1Hz & 8.5Hz, Ar),
7.624-7.640 (d, 1H, J= 8Hz, Ar). *C NMR
(125MHz, CDs0OD) §: 18.8, 26.2, 31.8, 38.0,
40.4, 50.3, 54.6, 108.4, 113.1, 121.1, 122.9,
125.4, 128.9, 138.7, 171.2, 178.6 and 209.8.
GC-MS: m/z383 (|v|+'+1 7%), 382 (|v|+'

25%), 299 (| HsCH,CH,C- N @ 5%),

, 9 0
284( me-t2N WL 10% 271
( ﬂ@ )

(o]
(HscNich 4 10%) 257( »C h(w

(o}

, 22%), 126 ( N- CHzCHzCHz , 5%), 113
(0]

Iz

—
(4 N, 18%),85 (ool v, 5%), 84
OH . ar
N N+ =N
1% 60%), 70 58%), 69
(oL 60%), (O%’ 0), 69 ( o;‘

,70%). Anal. Calcd for CyH»2N404: C
62.82, H 5.80, N 14.65%. Found C 62.98, H
5.87, N 14.49%.

IR 3450 (NH), 1691, 1624 (>C=0), 1541
(Ar) cm™. *H NMR (500 MHz, CD30D) 6:
2.528 (s, 4H, 2x CHj), 2.628-2.652 (t, 2H,
J= 6Hz, CH,), 3.064-3.088 (q, 2H, J= 6Hz &
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5

VK

MeOH

>300

81

7Hz, CH,), 3.601 (s, 4H, 2x CH,), 3.711-
3.730 (t, 4H, J= 5 Hz, 2x CH,), 7.058-7.090
(dt, 1H, 1Hz & 8.5Hz, Ar), 7.138-7.139 (d,
1H, J= 0.5Hz, Ar), 7.233-7.266 (m, 1H, Ar),
7.449-7.467 (dd, 1H, J= 1Hz & 8.5Hz, Ar),
7.626-7.643 (d, 1H, J= 8.5Hz, Ar). °C NMR
(125MHz, CD;0D) &: 36.9, 50.3, 54.4, 56.0,
67.7, 108.6, 113.2, 121.1, 123.0, 12525,
128.9, 130.5, 138.8, 166.1 and 171.2. GC-
MS: Mz 355 (M*™"+1, 7%), 354 (M*", 25%),

0]

o < 4
\
284 ( o ©fN\rc N NCH.CH, , 10%), 256

H

*“m) T 12%), 210(CNx>\; ,
50%), 84 (T N, 100%6), 71 ( QNH +,
25%), 70 ( {_N*, 55%), 69 ({ N'T87%).

Anal. Calcd for Ci9H,)N4O3: C 64.39, H
6.26, N 15.81%. Found C 64.51, H 6.32, N
15.97%.

IR 3426 (NH), 1706 (>C=0), 1594 & 1523
(Ar) cm™. *H NMR (500 MHz, CD30D) 6:
2.509 (s, 4H, 2xCH,), 2.610-2.638 (t, 2H, J=
7Hz, CH,), 3.038-3.066 (t, 2H, J= 7Hz,
CHy,), 3.522 (s, 4H, 2xCH,), 3.641-3.659 (t,
4H, J= 4.5 Hz, 2xCH,), 7.045-7.076 (t, 1H,
J= 75 Hz, Ar), 7.107 (s, 1H, Ar), 7.217-
7.250 (dt, 1H, J= 1 & 7.5 Hz, Ar), 7.442-
7.460 (d, 1H, J= 9Hz, Ar), 7.615-7.632 (d,
1H, J= 85Hz, Ar). ®C NMR (125MHz,
DMSO+D,0) 6: 24.1, 37.4, 50.3, 53.2, 55.1,
108.0, 113.1, 121.0, 122.9, 125.2, 128.9,
131.7, 138.6, 167.3, and 171.7. GC-MS: m/z
371 (|v|+°+1,10%) 370 (M*, 50%),

284 ( HZCHZCN @@ 11%) 271
<

>>—\
> 5, 119 257 /
(@ NCH,, o) ( HZ}_/N C(Hjij
, 16%), 85 ( ﬁ,“ 5%), 84 (_N", 35%).

Anal. Calcd for C19H22N404: c6161,H
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1 2 3 4 5
5.99, N, 15.13%. Found C 61.79, H 5.88, N
15.32%.

VI MeOH |>300| 83 |IR 3403 (NH), 1701 (>C=0), 1615 (Ar) cm’

! 'H NMR (500 MHz, CDs;0D) &: 3.114-
3.140 (t, 2H, J= 6.5 Hz, CH,), 3.181-3.207
(t, 2H, J= 6.5Hz, CH,), 3.522 (s, 4H,
2xCH,), 6.917-6.947 (m, 2H, Ar), 7.046-
7.077 (t, 1H, J= 7.5 Hz, Ar), 7.108 (s, 1H,
Ar), 7.216-7.249 (dt, 1H, J= 1Hz & 8 Hz,
Ar), 7.257-7.267 (d, 1H, J= 5Hz, Ar), 7.441-
7.459 (d, 1H, J= 8.5Hz, Ar), 7.614-7.631 (d,
1H, J= 85Hz, Ar). “C NMR (125MHz,
DMSO+D,0) J: 26.9, 40.7, 48.1, 108.2,
113.1, 120.9, 122.9, 125.2, 127.6, 127.7,
128.9, 129.3, 131.3, 134.1, 138.7, 166.7 and
171.2. GC-MS: m/z 368 (M+'+1 10%), 367

(M™, 55%), 284( @ch NCHZCHZ, 129)

H

j+
271 ( HSCN (TQ 119%), 257

Q ooj+

( HN;:/\N c@ , 16%), 223

Q H o)

>X—\ >
(Qc ~H,C-N , 5%), 113 (#N. ~+,18%),
2 o)_/

84 ( @_‘ + 3206). Anal. Calcd for

C19H17N30sS: C 62.11,H 4.66, N 11.44%.
Found C 62.28, H 4.71, N 11.35%.

Various piperazine-2,6-diones (I11a-j; Scheme 5.2) were condensed with 2,6-pyridine
dicarboxylic acid (Vx), 3,5-pyridine dicarboxylic acid (Vy) and 2,5-thiophene
dicarboxylic acid (Vz) under microwave irradiation to give corresponding condensation
products (Vlax-jz; Scheme 5.2) in good vyields. Thus 1-cyclohexylpiperazine-2,6-dione
(I'1a; Scheme 5.2) and 2,6-pyridine dicarboxylic acid (Vx; Scheme 5.2) were mixed

together thoroughly in a molar ratio of 2:1 respectively. This reaction mixture was

subjected to microwave irradiation at 850 W for three min and then progress of the
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Scheme 5.2 Synthesis of heterocyclic compounds Vlax-jz
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reaction was monitored by TLC on silica gel using ethyl acetate: methanol (2:3) as
solvent of elution. TLC indicated presence of starting materials. This reaction mixture
was again irradiated for three min (850 W) and TLC was performed, which indicated
presence of starting materials. This reaction mixture was again irradiated for five min and
TLC was performed. This time TLC indicated absence of starting materials and hence
reaction was complete. The crude product so obtained was purified by crystallization
from methanol to give pure product 2,6-bis-(1-cyclohexyl-2,6-dioxopiperazine-4-
carbonyl) pyridine (Vlax; Scheme 5.2) in 81% vyield.

Alternatively a mixture of 1-cyclohexylpiperazine-2,6-dione (I11a; Scheme 5.2)
and 2,6-pyridine dicarboxylic acid (Vx; Scheme 5.2) in a molar ratio of 2:1 were mixed
thoroughly and subjected to microwave irradiation at 150°C for 12 min. TLC of this
reaction mixture on silica gel using ethyl acetate: methanol (2:3) as mobile phase showed
absence of starting materials. This crude product was crystallized from methanol to give
pure condensed product VIax (Scheme 5.2) in 83% yield.

Reaction products obtained from both the methods was found to be same as
monitored by TLC and co-TLC. Both the methods gave quantitative yield of the
condensed product. IR spectrum of VIax show absorption bands at 1682 & 1669 (>C=0),
1612 & 1477 (Ar) cm™. *H NMR (500 MHz, D,0) (Figure 5.7) &: 1.036-1.078 (m, 2H),
1.160-1.246 (m, 8H), 1.527-1.551 (d, 2H, J = 12 Hz), 1.669 (s, 4H), 1.846 (s, 4H), 2.922
(s, 2H), 3.413 (s, 8H, 4xCH,), 8.103-8.134 (q, 1H, J = 6.5 & 9.0 Hz, Ar), 8.168-8.185 (d,
2H, J = 8.5 Hz, Ar). 3C NMR (125 MHz, D,0) (Figure 5.8) &: 23.581, 24.244, 30.015,
48.054, 49.182, 126.760, 139.464, 148.681, 166.293 and 168.039. GC-MS (m/z relt. int.

%) (Figure 5.9) of Vlax gave M™ ion peak at mVz 523 (76%). In addition to M™" ion peak
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GCMS of Vlax shows some other prominent peaks, which can arise through its
fragmentation. The fragmentation pattern of Vlax is outlined in chart 5.1. Elemental
analysis Calculated for Cy;H33NsOg: C 61.95; H 6.30; N, 13.38%. Found: C 62.07; H
6.41; N, 13.32%. Spectral and analytical data of Vlax fully support the structure assigned
to it.

Similarly by following both the methods, compounds Vlay-jz (Scheme 5.2) were
synthesized. All these compounds were purified by crystallization from methanol.
Spectral (IR, *H NMR, **C NMR, GC-MS or APCI-MS) and analytical data of Vlay-jz
(Scheme 5.2) reported in Table 5.3 is in agreement with the structures assigned to them.
5.2.2 Biological resultsand discussion

Fully characterized and purified compounds Il1a-l, IVa-I (Scheme 5.1) and Vlax-
jz (Scheme 5.2) were screened for anti-inflammatory activity [21, Chapter-2] using
carrageenan induced paw oedema assay and results are summarized in Table 5.4 and 5.5.
A look at Table 5.4 and 5.5 indicates that compounds 1Ve, VIbx, Vicx, VIdx and VIex
exhibited good anti-inflammatory activity i.e. 37%, 43%, 38%, 38% and 39%
respectively at 50 mg/kg p.o. as compared to ibuprofen which showed 39% activity at 50
mg/kg p.o..

Compounds Ve, Vibx, Vicx, VIdx and Vlex which are heterocyclic molecules
derived from Ille, Illb, Ill1c and I11d exhibited good anti-inflammatory activity as
compared to their parent molecules and thus coupling with 1H-indole-2-carboxylic acid
in case of Ve and with 2,6-pyridine dicarboxylic acid in case of VIbx, VIcx, VIdx and

Viex with [11e I11b, I1lc, I11d and I11erespectively proved beneficial.
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Fragmentation pattern of Vlax

b a
Q !

0 U+

! )
>—\ Q 01~
N- CUC N O
/ I 'H o
o m/'z523 (M**, 76%)
> 9 N Q ;
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} =

fH
g ° migration Mz 105 (13%)
mz328(18%) | of H
C
0 o 9.
{ >N N-C DL -C-! _
\ 7/ — %\ Y, .
0 o) H Mz 78 (53%)
Mz 300 (28%) Viax
d m/z 301 (18%)
migration “H*
o) _ c
; —\ +
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— 0 | +
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m/z 195 (23%) m/z 194 (10%) m/z 193 (14%) m/z 165 (20%)
Chart 5.1
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Table5.3: Physical constants and spectral data of heterocyclic compounds Vlax-jz.

Comp
no

Solvent  of
cryst./elution

m.p.
°C

Yield
%

IR (KBr) cm™, 'H (500MHz) & *C (125MHz)
NMR (D20), é J(Hz), GC-MSAPCI-MS (m/z,
reltint %)

1

2

3

4

5

Viax

Viay

MeOH

MeOH

>300

>300

81

78

IR 1682, 1669 (>C=0), 1612, 1477 (Ar) cm™.
'H NMR (500 MHz, D,0) & : 1.036-1.078 (m,
2H), 1.160-1.246 (m, 8H), 1.527-1.551 (d, 2H, J
= 12 Hz), 1.669 (s, 4H), 1.846 (s, 4H), 2.922 (s,
2H), 3.413 (s, 8H, 4xCH,), 8.103-8.134 (g, 1H, J
= 6.5 & 9.0 Hz, Ar), 8.168-8.185 (d, 2H, J = 8.5
Hz, Ar). *C NMR (125 MHz, D,0) &: 23.5,
24.2,30.0, 48.0, 49.1, 126.7, 139.4, 148.6, 166.2
and 168.0. GC-MS : m/z

523 (M*" 76%) 328 ( QN NcUch)
301 (QN NCQ, 18%), 3oo (QN @
28%), 223 (QN N2, 496), 196 ( Q VWA
| 27%), 195(@ N+23%) 194 ( Qh“

, 10%), 193 ( Q ,N, 14 %),165 ( O
, 20%), 105 (o- c@ "13%), 78(@ 53%) 77
(i 7* , 100%). Anal. Calcd for Cy7H33N5Os:

C 61.95; H 6.30; N 13.38%. Found: C 62.07; H
6.41; N 13.32%.

IR 1694 (>C=0), 1590, 1497 (Ar) cm™ 'H
NMR (500 MHz, D,0) & : 1.032-1.081 (m, 2H),
1.162-1.248 (m, 8H, 4xCH,), 1.525-1.550 (d, J =
12.5 Hz, 2H), 1.742 (s, 4H, 2xCH,), 1.849 (s,
4H, 2xCHy), 2.925 (s, 2H, CH+CH), 3.415 (s,
8H, 4xCH,), 8.604 (s, 1H, Ar), 9.242 (s, 2H,
Ar). *C NMR (125 MHz, D,0) & : 23.5, 24.2,
30.0, 48.0, 49.0, 126.5, 144.2, 152.0, 166.5 and
168.2. GC- MS: m/z523 (M*, 50%),

Q,
9 Q
328 ( ()N Nerrer, 16%),
( ) T )
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5

Viaz

V1bx

MeOH

MeOH

>300

>300

81

76

301 ( QN N- c@ 12A)) 300
(QN Nc@ 23%), 223(QN N0+ 5%),
196(QN NH 26%) 195 ( QN N#23%),
194 (quﬁ“ 10%), 193 ( Q(&ON 13%),
165 (" N@ 20%), 105 (o- C(j " 13%), 78
(fNj : 100%). Anal. Calcd for Cy7H33N506:

C 61.94; H 6.35; N 13.38%. Found: C 61.82; H
6.39; N 13.43%.

IR 1680, 1667 (>C=0), 1611 (Ar) cm™ *H
NMR (500 MHz, D,0) & : 1.030-1.079 (m, 2H),
1.162-1.248 (m, 8H), 1.526-1.551 (d, 2H, J =
12.5 Hz), 1.738 (s, 4H), 1.848 (s, 4H), 2.923 (s,
2H), 3.415 (s, 8H, 4xCH,), 7.568 (s, 2H, Ar).
3C NMR (125 MHz, D,0) & : 23.5, 24.2, 29.9,
48.0, 49.0, 131.9, 141.8, 163.4 and 168.1. GC-
MS: m/'z528 (M*' 49%),

306 ( QN N1 26%)
305(QN Nc@ 6%) 223(QN N ey

(0] 0
, 5%), 196( Q ", 29%), 195@

OO Q, O

23%), 194 (QN N 9%) 193 (QN%/N,+14/0)

165(NN{> 20%) 83(DFo 5%) 82 (@

52%), 81 ( { )+ 100%). Anal. Calcd for
C26H32N4OGSZ C 59.09; H 6.06; N 10.60; S
6.06%. Found: C 59.19; H 6.15; N 10.53; S
6.11%.

IR 1692 (>C=0), 1619, 1536 (Ar) cm™. *H
NMR (500 MHz, D,0) & : 1.985-2.043 (m, 4H,
2xCH,), 2.781-2.813 (t, 4H, J = 8.0 Hz, 2xCH)),
3.461 (s, 8H, 4xCH,), 3.983-4.010 (t, 4H, J =
6.5 Hz, 2xCHy), 6.909 (s, 2H, Ar), 7.050
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5

Viby

MeOH

>300

74

(s, 2H, Ar), 7.628 (s, 2H, Ar), 8.103-8.183 (m,
3H, Ar). °C NMR (125 MHz, D;0) & : 27.1,
35.7, 46.6, 48.7, 119.8, 121.3, 130.8, 134.3,
139.3, 144.0, 165.9 and 168.7. GC-MS: m/z 575
(M*™*, 18%),

o .
467( (\N (HC)5~N NCUCN T , 10%),

327(@ (HC)e- wN &) "16%), 326 (

(o]
0N N CQ 33%), 222 ( [N tHO ;j
o oo
22%), 218 (+ Z}JSC@ , 15%), 155(HN\_§(I\)ICHZCHZCT-|Z
, 5%), 154 (HNCiN CH,CH-CH) * ; 38%), 82 ( \On chi*
0]

46%), 78 ( (1, 100%), 67 ( '2%,35%). Anal.

i;

Calcd for C,7HgNgOg: C 56.34; H 5.04; N
21.91%. Found C 56.45; H5.11; N 21.82%.

IR 1698 (>C=0), 1610, 1536 (Ar) cm™. *H
NMR (500 MHz, D;0) & : 2.004-2.067 (m, 4H,
2xCHy), 2.782-2.814 (t, 4H, J = 8 Hz, 2xCH,),
3.782 (s, 8H, 4xCHy), 3.983-4.011 (t, 4H, J = 7
Hz, 2xCHj,), 6.909 (s, 2H, Ar), 7.050 (s, 2H,
Ar), 7.628(s, 2H, Ar), 8.658 (s, 1H, Ar), 9.209
(s, 2H, Ar). *C NMR (125 MHz, D,0) & : 28.1,
35.4, 46.5, 49.0, 119.8, 121.9, 131.0, 134.9,
140.3, 144.0, 165.5 and 168.7. GC-MS n/z 575
(M*™*, 38%),
(0] (0]

>_\ 0 /_<T+
€ N-(H0)5— N 0
467 (v y Ot NH% , 10%),

O, 16%), 326 (

327 ( Onton
N=/ J
% o%ﬂ
(N~ w” c@ 40%), 222 (| [N tRON N
0 o 0O
| 23%), 218 (%)N &Y, 15%), 155(HrQCN)cHZcH A
, 5%), 154 (HN%NCHZCH cHF31%), 78@ 100%),
e]
67 (Y~ + 35%). Anal. Calcd for C7H2gNgOs: C
56.34; H 5.04; N 21.91%. Found C 56.47; H
5.13; N 21.78%.
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IR 1693 (>C=0), 1619, 1538 (Ar) cm™. *H
NMR (500 MHz, D;0) & : 1.986-2.041 (m, 4H,
2xCHy), 2.782-2.814 (t, 4H, J = 8.0 Hz, 2xCHy),
3.472 (s, 8H, 4xCH,), 3.983-4.010 (t, 4H, J =
6.5 Hz, 2xCH,), 6.909 (s, 2H, Ar), 7.050 (s, 2H,
Ar), 7.478 (s, 2H, Ar), 7.628 (s, 2H, Ar). **C
NMR (125 MHz, D;0) & : 27.1, 35.3, 46.6, 48.1,
119.3, 120.9, 130.9, 134.2, 144.2, 165.4 and
168.6. GC-MS: m/z580 (M™",

O

3.9
21%), 471 ( [Nt NCQCN Nt 6%),

Q O O

%
332 ([N tOsN Nc@ , 9%), 331
Q o Q
( (\N (H,C)s"N >_\N CO+ 30%), 238 ( ¢ Z;\:/\N c@’f
, 8%), 222 (Nt ?“ , 27%), 155
ﬁ{o g ﬁ{o
( HN\_<\(I\)I*CH2CH2CH3 4%), 154 (HN\_<\(I\)I*CHZCH:CH] ;'“37%),

82 ( Y“w-onl*, 100%), 67 ( YO+, 35%). Anal.

Calcd for CysH2sNgOgS: C 53.78; H 4.86; N
19.31%. Found C 53.93; H 4.91; N 19.39%.

IR 1695, 1636 (>C=0), 1514 (Ar) cm™. H
NMR (500 MHz, D,0) &: 3.348 (s, 8H, 4xCH ),
4.168 (s, 4H, 2xCH,), 7.363-7.388 (t, 2H, J = 6
Hz, Ar), 7.433-7.448 (d, 2H, J = 7.5 Hz, Ar),
7.803-7.834 (t, 2 H, J = 7.5 Hz, Ar), 8.041-8.072
(t, 1H, J = 7.5 Hz, Ar), 8.111-8.126 (d, 2H, J =
7.5 Hz, Ar), 8.558-8.566 (d, 2H, J = 4 Hz, Ar).
3C NMR (125 MHz, D,0) &: 42.4, 48.3, 122.4,
123.4, 126.1, 137.3, 138.8, 148.8, 149.9, 152.7,
167.0 and 168.3. GC-MS: m/z 541 (M*, 25%),
310

O, . (0]
(@F?NW@@E%L 309 (C\rngh@ 9
28%), 281( Qc N 19%) 218
o 175
(+ Nw” c@,l?%) 205 ({_%-¢ N W 8%) 204

Qc e, 21%), 203(@“2 >“*5%) 105
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((rco, 13%), 78 ()", 100%). Anal. Calcd

for Co7H23N;Og6: C 59.89; H 4.28; N 18.11%.
Found C 59.76; H 4.32; N 18.17%.

IR 1696 (>C=0), 1513 (Ar) cm™. *H NMR (500
MHz; D,0) & : 3.348 (s, 8H, 4xCH,), 4.177 (s,
4H, 2xCH,), 7.364-7.389 (t, 2H, J = 6 Hz, Ar),
7.433-7.448 (d, 2H, J = 7.5 Hz, Ar), 7.800-7.831
(t, 2H, J = 7.5 Hz, Ar), 8.111-8.126 (d, 2H, J =
7.5 Hz, Ar), 8.666 (s, 1H, Ar), 9.208 (s, 2H, Ar).
3C NMR (125 MHz, D,0) § : 42.2, 48.3, 122.4,
123.4, 126.1, 137.0, 138.0, 147.9, 149.0,
153.1, 167.2 and 168.3. GC-MS m/z 541

(M*™, 33%), 310( Qc o Nc@*z/o)

309(QCN O 22m),

Q

. Y~ 9 -
281 (e v & G , 18%), 218 @NWNch
, 16%), 205( e J %), 204

(8 ne 20%) 203 (&0 5%)
105 ( @c:o, 13%), 78 ([Nj ,100%).Ana|.

Calcd for C,7H3N7Og: C 59.89; H 4.28; N
18.11%. Found C 59.97; H 4.31; N 18.16%.

IR 1697, 1635 (>C=0), 1515 (Ar) cm™. H
NMR (500 MHz, D,0) &: 3.357 (s, 8H, 4xCH ),
4.005 (s, 4H, 2xCH,), 7.363-7.387 (t, 2H, J =
5.5 Hz, Ar), 7.400-7.415 (d, 2H, J = 7.5 Hz, Ar),
7.542 (s, 2H, Ar), 7.799-7.828 (t, 2H, J = 7.5
Hz, Ar), 8.546-8.555 (d, 2H, J = 4.5 Hz, Ar).
3C NMR (125 MHz, D,0) &: 42.6, 48.1, 122.4,
123.5, 131.9, 137.4, 142.0, 148.9, 152.1, 163.9
and 168.5. GC- MS: m/z546 (M*, 19%),

0]

O,
, > 0 o ;
455 (O NEN NES e 't 3%),
( e cN} A WAL )

0]
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78

342 ( @E'zz;ng 24 10%), 14

Qc g Nc@+9%) 313(Qc N NCU/;
24%), 205 (@2 N . 79%), 204 ( QC N
| 23%), 203 (Q”Z %“

Anal. Calcd for CzengNaOaS: C 57.14; H 4.03;
N 15.38%. Found C 57.26; H 4.11; N 15.32%.

. 5%), 78 ([j 100%)

IR 1698 (>C=0), 1514 (Ar) cm™. *H NMR (500
MHz, D;0) &: 3.502 (s, 8H, 4xCH,), 4.092 (s,
4H, 2xCH,), 7.382-7.406 (t, 2H, Ar), 7.812-
7.827 (d, 2H, J = 7.5 Hz, Ar), 8.103-8.183 (m,
3H, Ar), 8.425-8.457 (t, 4H, Ar). **C NMR (125
MHz, D,0) &: 40.8, 48.0, 122.4, 123.3, 126.3,
132.6, 139.1, 142.9, 149.0, 149.2, 166.9 and
168.3. GC- MS: mz 541

(0] .
(M™, 3296), 310 ( Qf; %),

309( My N;j L 25%), 261

(QC;QM@,M/O) 218(+N NcQ,zz/o)

205 (¢ )-cin ;@ 7%), 2o4(<}c2N N+, 27%),

203 ( Q“z L s%) 105(@c:o , 13%),
78 (N/\:/> , 100%) Anal. Calcd for C,7H23N;Og: C

59.89; H 4.25; N 18.11%. Found C 59.97; H
4.25; N 18.17%.

IR 1699 (>C=0), 1514 (Ar) cm™. *H NMR (500
MHz; D,0) & : 3.292 (s, 8H, 4xCH,), 4.636 (s,
4H, 2xCH,), 7.382-7.406 (t, 2H, Ar), 7.812-
7.827 (d, 2H, J = 7.5 Hz, Ar), 8.425-8.457 (t,
4H, Ar), 8.625 (s, 1H, Ar), 9.202 (s, 2H, Ar). °C
NMR (125 MHz, D,O) &: 41.3, 48.7, 122.4,
123.7, 126.5, 132.6, 139.3, 142.9, 149.1, 150.2,
167.0 and 168.7. GC-MS m/z 541 (M**,23%),
310
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81

0, ‘H— (o] .
@ ?f—h 80 49%), 309 ({8 wE ] 20),
O (0]
281(/ ) chNc@,zo%) 218(+N>j —Q{”),
O
29%), 205 (¢ )t NQT +79%), 204 ( ch o
27%), 203 ({" - ;T 49%),105 ( | ()c o13%), 78
(0]

(CJ", 100%). Anal. Calcd for CorHasN:Os: C
59.89; H 4.28; N 18.11%. Found C 60.02; H
4.23; N 18.19%.

IR 1695, 1637 (>C=0), 1514 (Ar) cm™. H
NMR (500 MHz, D,0) &: 3.502 (s, 8H, 4<CH »),
4.092 (s, 4H, 2xCH,), 7.381-7.407 (t, 2H, Ar),
7.568 (s, 2H, Ar), 7.813-7.828 (d, 2H, J = 7.5
Hz, Ar), 8.425-8.457 (t, 4H, Ar). *C NMR (125
MHz, D,0) &: 40.8, 48.5, 122.4, 123.9, 126.3,
132.0, 139.5, 142.9, 149.0, 166.2 and 168.3. GC-
MS: Mz 546 (M™, 27%),

O
] o

(0]
N He ) G O 4 4
455 (e wegea '™ 39), 342
O}—\ OO 0o © O}—\ 0
N H, - ® N H, -
(O Mgy, 10%), 314 (e ier
(0] .
9%), 313 ( ¢ c”:zwipwc@ﬂrao%), 205
N H O%w; ° N Hy
(()-c*n 7%) 204 ( ¢ c%Nwm 29%),

(0]

203 (<} N " 59%), 78 ( NQ 100%).

Anal. Calcd fOI’ CzengNaOaS: C 57.14; H 4.03;
N 15.38%. Found C 57.27; H 4.09; N 15.32%.

IR 1698, 1643 (>C=0), 1514 (Ar) cm™. H
NMR (500 MHz, D,0) &: 3.533 (s, 8H, 4XCH ,),
4.116 (s, 4H, 2xCH,), 7.370 (s, 4H, Ar), 8.103-
8.183 (m, 3H, Ar), 8.432 (s, 4H, Ar). *C NMR
(125 MHz, D,0) &: 39.6, 48.1, 123.9, 126.4,
129.6, 137.5, 139.1, 149.3, 167.0 and 168.4. GC-
MS: m/z541 (M*", 37%), 310

(N/\CN NCO,Q%) 309 (N )Y gzN;:\O\Ni/'

O o

292




5

Viey

Viez

MeOH

MeOH

>300

>300

76

76

24%), 281(N/ i Pt 2L ,24@

218(+(r;1/>_/ ) /, 4%) 205 (V' />_/NH 9%)

204 (V-4 :279%), 203 ( 505,
" bl
105( L“;fcio, 14%), 78 ( N )*, 100%). Anal.

Calcd for Co7H3N;Og: C 59.89;: H 4.28; N
18.11%. Found C 59.79; H 4.21; N 18.17%.

IR 1696, 1645 (>C=0), 1515 (Ar) cm™. H
NMR (500 MHz; D;0) & : 3.533 (s, 8H, 4xCHy),
4.116 (s, 4H, 2xCHy), 7.370 (s, 4H, Ar), 8.214
(s, 1H, Ar), 8.464 (s, 4H, Ar), 9.599 (s, 2H, Ar).
13C NMR (125 MHz, D,0) &: 39.1, 48.1, 123.7,
126.4, 129.6, 137.5, 139.1, 151.0, 167.6 and
168.4. GC-MS: m/z541 (M*, 30%),
3~ o
-C

463 ( V) EZNW

(N/\cw O 99%), 309(Oc~ 2]

| 29%), 281( N )¢ pas c@,24/o) 218

2 6%) 310
NrC-N  N-CH,
Q \_ﬁo

O (o]

“”M’g{N)’ 17%), 205 (v cZ—NQHT %), 204
d o SR

() E%Nﬁw, 32%), 203 ( W )4 o/>J )

(o}
105 (o< J,13%), 78( )", 100%). Anal.

Calcd for Cy,7H»3N;Og: C 59.89; H 4.28; N
18.11%. Found C 59.73; H 4.23: N 18.02%.

IR 1698, 1641 (>C=0), 1513 (Ar) cm™. *H
NMR (500 MHz, D,0) &: 3.533 (s, 8H, 4XCH ,),
4.116 (s, 4H, 2xCHy), 7.370 (s, 4H, Ar), 7.542
(s, 2H, Ar), 8.464 (s, 4H, Ar). *C NMR (125
MHz, D;0) &: 39.7, 48.4, 126.3, 129.4, 137.4,
139.1, 149.4, 163.7 and 168.3. GC-MS: m/z 546
(M*™*, 26%), 455

Q. &
( N/\CN NCUCN NH 3%) 342

O O
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73

3 9 ¢ o0 % o
(N/i\ gz(l}_/NC \S/ C+ 8%) 314 (N/ 3 EZZWN{?T
8%),313 (  N_)cn NCU/ , 17%), 205

0] O
(¥ ngQNH 79%), 204 () O;:N | 32%),
203( N - N;T 596), 78 (\ -, 100%).
(0]

Anal. Calcd for CzeszNeOeS: C 57.14; H 4.03;
N 15.38%. Found C 57.28; H 4.10; N 15.43%.

IR 1700 (>C=0), 1615, 1478 (Ar) cm™. 'H
NMR (500 MHz, D;0) &: 3.625 (s, 8H, 4xCHy),
4.319 (s, 4H, 2xCH,), 6.544-6.653 (g, 2H, J =
1.5 & 3.0 Hz, Ar), 6.617-6.623 (d, 2H, J = 3 Hz,
Ar), 7.153-7.157 (d, 2H, J = 2.5 Hz, Ar), 8.289-
8.304 (d, 2H, J = 7.5 Hz, Ar), 8.545-8.580 (t,
1H, J = 8.5 Hz, Ar). *C NMR (125 MHz, D,0)
8: 34.1, 48.5, 122.4, 122.9, 126.5, 139.4, 143.6,
146.6, 148.6, 166.6 and 168.4. GC-MS: m/z 551
(M*™, 22%) 454

(Qc -N NCUCQN+ 10%), 342

. 109 H, }—\ O NS+
Qc N NCUCO 10%), 315([} O}ﬂ W2
17%) 314 ( Q&N}ﬂwé@, 33%) 210

(0]

O
(e NH L 7%), 209 ( ()< NWN+ 13%), 208

%o
( QHZ H T7%), 181 ( [5-x ., 36%), 180

N *?
(O NVN "6%), 98 ([-cn*, 36%), 82 (NH“

46%), 78 ( L)' . 100%). Anal. Calcd for
C25H21N506821 C 54.44; H 3.81; N 12.70%.
Found C 54.61; H 3.89; N 12.63%.

IR 1697, 1653 (>C=0), 1594, 1497 (Ar) cm™.
'H NMR (500 MHz; D,0) & : 3.563 (s, 8H,
4xCH,), 4.304 (s, 4H, 2xCH,), 6.545-6.654 (q,
2H,J=1.5 & 3.0 Hz, Ar), 6.617-6.623 (d, 2H, J
= 3 Hz, Ar), 7.160-7.165 (d, 2H, J = 2.5 Hz,
Ar), 8.599 (s, 1H, Ar), 9.289 (s, 2H, Ar).
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°C NMR (125 MHz, D,0) &: 34.2, 48.1, 122.5,
122.9, 126.4, 139.6, 143.5, 146.1, 148.6, 167.6
and 168.4. GC MS: m/z551 (M*, 30%),

0]

454 ( Qc N N- cf\jcq Nt 11%),
342 ( Qc N m(jc* 0%) 315

(Qc -N NC@ 5/0) 314( Qc -N NCQ

O,
21%), 210 (5 HNH " 7%), 209 ( Qc Nipm
[ele}

&
18%), 208 ({5 & ;j 4%), 181 (T2 7.

1 36%), 180 ([)-¢" oxt "6%), 98 ([)-cr 36%),

N ?

83 ((NT, 46%), 78 ( {),"100%). Anal. Calcd

for C25H21N506S;,: C 54.44; H 3.81; N 12.70%.
Found C 54.31; H 3.79; N 12.82%.

IR 1702 (>C=0), 1612, 1519 (Ar) cm™. 'H
NMR (500 MHz, D,0) &: 3.458 (s, 8H
4%CH,), 4.236 (s, 4H, 2xCHy), 6.934-6.965 (m,
2H, Ar), 7.349-7.362 (t, 2H, J= 3.0 Hz, Ar),
7.366 (s, 2H, Ar), 7.523 (s, 2H, Ar). *C NMR
(125 MHz, D,0) &: 34.8, 48.5, 120.9, 121.5,
122.4, 122.9, 126.5, 130.4, 166.6 and 168.4.
GC- |v|s- m/z556 (M*, 30%), 459

0
(QCN NC\/CQ 10%)320

OO
(- NcO“M%) 319 (5 Ncﬁ

O O >_\
29%), 238(H30N Nc@ 8%) 210 ()< “w“”m
7%), 209(Qc N N+17%) 208 (154 h“
79), 181 (55, . 36%), 180 ( Qc N’WT
7%), 111 (5, 6%), 110 (S e’ 17%),
98 ( [cnl* 36%), 83 ( ©)° , 100%). Anal.

Calcd for CosHxoN4O6S3: C 51.79; H 3.59; N
10.07%. Found C 51.89; H 3.57; N 10.18%.
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IR 1701 (>C=0), 1613, 1476 (Ar) cm™. 'H
NMR (500 MHz, D,O) &: 3.620 (s, 8H
4%xCHy), 4.305 (s, 4H, 2xCHy), 6.343-6.353 (q,
2H, J = 2 & 3.5 Hz, Ar), 6.417-6.423 (d, 2H, J
= 3 Hz, Ar), 7.433-7.438 (d, 2H, J = 2.5 Hz,
Ar), 8.289-8.304 (d, 2H, J = 7.5 Hz, Ar), 8.545-
8.580 (t, 1H, J = 8.5 Hz, Ar). *C NMR (125
MHz, D,0) &: 34.8, 48.1, 110.4, 110.9, 126.5,
139.4, 143.6, 146.6, 149.0, 166.8 and 168.4.
GC-MS: mVz519 (M*, 55%), 299

(e /,9%) 298 ([ -c N}HNCO\/
28%), 194(Qc N)_/NH g%) 193( Qc N N +

Hz>—\0 Hz>_\

, 14%), 165 (+NQ ”2@ , 20%), 105c(:c@
. J+
13%), 81 (@amz 46%), 78 (), 52%), 77 ([ ),

100%), 67 ( €J* , 37%). Anal. Calcd for
CosH2NsOg: C 57.80; H 4.05; N 13.48%.
Found: C 57.71; H 4.11; N 13.41%.

IR 1700 (>C=0), 1614, 1476 (Ar) cm™.'H
NMR (500 MHz; D,0) § : 3.618 (s, 8H,
4%CHj), 4.495 (s, 4H, 2xCH),), 6.343-6.353 (q,
2H, J = 1.5 & 3.0 Hz, Ar), 6.418-6.424 (d, 2H, J
= 3 Hz, Ar), 7.434-7.439 (d, 2H, J = 2.5 Hz,
Ar), 8.604 (s, 1H, Ar), 9.242 (s, 2H, Ar). B*C
NMR (125 MHz, D,O) &: 34.8, 48.1, 110.4,
110.9, 126.5, 140.1, 144.2, 146.1, 150.0, 166.8
and 168.4. GC MS m/z519 (M**, 33%),

299 ( QCZ N/>_/N C \ / 4A))

298 ( Qc N \f | 24%), 193
O

192 (Qc W' 14%), 165(+N“N (T, 20%),
105 (o ,13%) 78(@ 100%) 67 (1),
35%). Anal. Calcd for CzsH21Ns0g: C 57.80; H

4.07; N 13.48%. Found: C 57.93; H 4.12; N
13.55%.
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IR 1700 (>C=0), 1613, 1475, (Ar) cm™. 'H
NMR (500 MHz, D,0) &: 3.478 (s, SH
4%CHy), 4.070 (s, 4H, 2xCHy,), 6.331-6.337 {t,
1H, J = 1.5 Hz, Ar), 6.403-6.409 (d, 1H, J = 3
Hz, Ar), 7.424-7.429 (d, 2H, J = 2.5 Hz, Ar),
7.554 (s, 4H, Ar). *C NMR (125 MHz, D,0) &:
34.8, 47.9, 110.6, 110.9, 132.3, 141.6, 143.7,
146.2, 164.1 and 168.6. GC- MS: m/z 524

(M, 41%), 304 ( @2{3% T,
38%) 303 ([ < (N;JN c@ 48%), 223

(+N Nc@ 5%) 195 ( 10w &1 19%).
14 (O%Nfc@ ' 5%), 193 ( OQN*@@ 39%),
82 (Ogjmf52%), 81 ( [F-&,100%), 67 ( )+

60%) Anal. Calcd for Co4HyoN4OgS: C 54.96;
H 3.81; N 10.68%. Found: C 54.87; H 3.87; N
10.62%.

IR 1653 (>C=0), 1594, 1497 (Ar) cm™. 'H
NMR (500 MHz, D,O) &: 3.446 (s, 8H,
4%CH,), 4.009 (s, 4H, 2xCH,), 7.295-7.305 (d,
10H, J = 5 Hz, Ar), 8.100-8.134 (m, 1H, Ar),
8.169-8.184 (d, 2H, J = 7.5 Hz, Ar). *C NMR
(125 MHz, D,0) &: 43.3, 49.0, 123.1, 124.1,
133.3, 138.4, 144.2, 149.2, 151.5, 167.0 and
171.3. GC-MS: m/z539 (M*, 40%),

09( cwipo I 9%). 308
(Q NCQ,28%) 281 ({ <"y o c@*

18%), 204 (VE0 N»ﬂN” 19%) 203 ()& Ni/:/\',"

(¢] O
, 26%), 202 (Qc W* 506), 105 (oc@
13%), 78 ( @ , 52%), 77 (), 100%). Anal.

Calcd for CogHsNs506: C 64.56; H 4.67; N
12.98%. Found C 64.67; H 4.64; N 12.91%.
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IR 1655 (>C=0), 1594, 1497 (Ar) cm™. 'H
NMR (500 MHz, D,O) &: 3.556 (s, 8H,
4%CHy), 4.009 (s, 4H, 2xCH,), 7.295-7.305 (d,
10H, J = 5 Hz, Ar), 8.625 (s, 1H, Ar), 9.202 (s,
2H, Ar). *C NMR (125 MHz, D,0) &: 43.9,
49.2, 123.1, 124.1, 133.2, 137.4, 144.2, 150.0,
151.8, 168.0 and 170.6. GC- MS: m/z539

i‘H

(M*", 31%), 309 ( QCN O

,9%), 308 ({_)-c"n Nc@ 39/0) 281

i7+ O
(T CQ, 19%), 204 ({ &) Nw 9%),

203 (Qc NN+ 399%), 202 ( Q %“
5%), 105(oc© '13%),78 ( (I 100%)

Anal. Calcd for Cy9Ho5Ns504: C 64.56; H 4.67;
N 12.98%. Found C 64.48; H 4.72; N 12.88%.

IR 1685 (>C=0), 1594, 1492 (Ar) cm™. *H
NMR (500 MHz, D,O) & 3.447 (s, 8H,
4%xCHy), 4.008 (s, 4H, 2xCHy), 7.296-7.306 (d,
10H, J = 5 Hz, Ar), 7.698 (s, 2H, Ar). **C NMR
(125 MHz, D,0) &: 42.1, 48.1, 127.1, 132.0,
133.2, 138.2, 141.8, 147.8, 163.6 and 168.2.
GC- |v|s- m/z544 (M, 24%), 314

@CN ch+ 9%), 313(©c -N NCO

O O
>\ﬂ+
28%), 223(+N Ncg 16%), 204 ( / Ve
J 5 O Ow

, 7%), 203 ( @c L0 et , 17%), 202
s h“4<y) 77( 1", 100%). Anal.

Calcd for C28H24N4O6S: C 61.75; H 4.44; N
10.29%. Found C 61.66; H 4.47; N 10.32%.

IR 1700 (>C=0), 1596, 1532, (Ar) cm™. 'H
NMR (500 MHz, D,0) &: 1.874-1.933 (m, 4H,
2xCH,), 2.042-2.073 (t, 4H, J = 7.5 Hz,
2xCHy), 2.386-2.418 (t, 4H, J = 8 Hz, 2xCH,),
2.910-2.940 (t, 4H, J = 7.5 Hz, 2xCH,), 3.369-
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3.396 (t, 4H, J = 6.5 Hz, 2xCH,), 3.449-3-478
(t, 4H, J = 7.5 Hz, 2xCH,), 3.586 (s, 8H,
4xCH,), 8.103-8.185 (m, 3H, Ar). *C NMR
(125 MHz, D,0) &: 18.8, 26.2, 31.1, 38.0, 40.4,
48.1, 130.9, 134.2, 144.2, 165.4, 168.6 and
173.1. APCI-MS: m/z610.53 (MH", 100%),

0 SN o P
484.63 ( dN(HzC)a(I}JNCj/\’\IJCN%EJf 14%),

o .
359.23 ( HCN;NS(NJSQSN, 11%). Anal.
Calcd for CogHzsN;Og: C 57.13; H 5.79; N
16.08%. Found C 57.28; H 5.74; N 16.21%.

IR 1689 (>C=0), 1612, 1487 (Ar) cm™. *H
NMR (500 MHz; D,0) ¢ : 1.874-1.931 (m, 4H,
2xCH,), 2.043-2.073 (t, 4H, J = 7.5 Hz,
2xCH,), 2.386-2.418 (t, 4H, J = 8 Hz, 2xCH,),
2.911-2.941 (t, 4H, J = 7.5 Hz, 2xCHy), 3.369-
3.396 (t, 4H, J = 6.5 Hz, 2xCH,), 3.449-3.478
(t, 4H, J = 7.5 Hz, 2xCH,), 3.599 (s, 8H,
4xCH,), 8.605 (s, 1H, Ar), 9.124 (s, 2H, Ar).
3C NMR (125 MHz, D,0) §: 18.4, 26.2, 31.2,
38.0, 40.8, 48.9, 130.2, 134.4, 148.7, 165.7,
168.2 and 174.1. APCI-MS: m/z 610.83 (MH",
100%), 484.14

(0] O>_\ 9 : (0]

N-(H,C)s~N  N-C17NC-
( O ey
359.25 ( HSWNCQCN%EJi 19%). Anal.
Calcd for CygH3sN;Og: C 57.13; H 5.74; N
16.08%. Found C 57.26; H 5.83; N 16.19%.

IR 1702 (>C=0), 1591, 1532 (Ar) cm™. *H
NMR (500 MHz, D,0) &: 1.790-1.851 (m, 4H,
2xCH,), 1.928-1.958 (t, 4H, J = 7.5 Hz,
2xCH,), 2.316-2.349 (t, 4H, J = 8 Hz, 2xCH,),
2.854-2.884 (t, 4H, J = 7.5 Hz, 2xCHy), 3.246-
3.273 (t, 4H, J = 6.5 Hz, 2xCH,), 3.384-3.413
(t, 4H, J = 7 Hz, 2xCHy,), 3.550 (s, 8H, 4xCHy),
7.568 (s, 2H, Ar). *C NMR (125 MHz, D,0) &:
18.1, 26.2, 31.1, 38.0, 40.9, 49.0, 130.2, 134.1,
165.4, 168.2 and 173.4. APCI-MS: m/z 615.76
(MH", 100%),
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MeOH
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(0] o .
489.64 ( dN (H,C)s— NE:/\N gﬁgNCiNHﬁflll%),

o] 0] O
0]

364.70 ( w NE- S 2 !t 11%). Anal,
= =

O

o}
Calcd for CogH3asNgOgS: C 54.72; H 5.54; N
13.68%. Found C 54.86; H 5.63; N 13.75%.

IR 1683, 1671 (>C=0), 1612, 1478, (Ar) cm™.
'H NMR (500 MHz, D,0) &: 8.103-8.186 (m,
3H, Ar), 3.493 (s, 8H, 4xCHy), 3.003-3.072 (m,
16H, 8xCH,), 1.859 (s, 8H, 4xCH,). *C NMR
(125 MHz, D,0) &: 171.4, 168.6, 164.4, 144.2,
134.2, 130.9, 53.9, 53.5, 48.9, 36.2 and 22.4.
GC-MS: m/z553 (M*, 27%)

469 (NN U CUC o , 8%),

455 (N0 % CUC o , 10%),

315( (N0 )ﬂ ) ,11/0) 238

(T N0 N ijwc +,8%)O 210( (N-HC) N ;3
]

19%), 209 ( QN*(Hzc»f WN 4%) 181

(0]

36%), 110 ( H,c-HC-N
0

98 ({ w-oncrar, 36%), 83 (+n ], , 100%). Anal.

(N0 N H

N1

17%),

\/N’

Calcd for Cy7H3sN,Og: C 58.58; H 6.37; N
17.71%. Found C 58.69; H 6.31; N 17.79%.

IR 1695, 1676 (>C=0), 1621, 1478 (Ar) cm™.
'H NMR (500 MHz; D,0) & : 1.799 (s, 8H,
4%CH,), 3.005-3.074 (m, 16H, 8xCH,), 3.594
(s, 8H, 4xCH,), 8.635(s, 1H, Ar), 9.268 (s, 2H,
Ar). C NMR (125 MHz, D,0) §: 23.0, 36.6,
49.2, 53.6, 54.1, 131.2, 134.2, 144.7, 164.4,
168.4 and 171.5. GC-MS mvz 553 (M™, 36%),
469

O

Q
> 9 9 < +
( N-(HC=N N-C—"SC-N_ N-CH, , 7%), 455
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Vljz

MeOH

>300

73

( CN (HZC)Z N Cﬁc N N+, 9%), 315
(T NN N c@ 21%), 238 (TNt N N ?c+

8%), 210( Q—mzc)z— f;M 19%), 209

O,

(C/N (H2C)— )_/N 4%) 181 (CN (HzC)~N >\\W 36%)

110 ( HycHC- N>\\\T * 17%), 98 ( CN—CHZCH2+, 36%),

N !
o]

83 (+ 1, , 100%). Anal. Calcd for CorHasN-Og:

C 58.58;: H 6.33; N 17.71%. Found C 58.44;: H
6.43; N 17.65%.

IR 1691 (>C=0), 1624, 1512 (Ar) cm™. *H
NMR (500 MHz, D,O) & 1.872 (s, 8H
4%xCHj), 3.005-3.092 (m, 16H, 8xCH,), 3.493
(s, 8H, 4xCH,), 7.572 (s, 2H, Ar). *C NMR
(125 MHz, D,0) &: 22.5, 36.2, 48.9, 53.6, 53.9,
130.2, 134.1, 164.4, 168.2 and 171.4. GC-MS:
m/z 558 (M*™*, 30%),
(0] o]
474 ( CN(HZQQN;NE)@gNCiNSHZ , 8%), 460
0 (6] 0 (0]
( C/N (H,C)— ;:/\N CUS N/\:iN+ , 2%), 320o
N-(H,C >_\NC 0/ 2%8 C/N(HC) %o
C(z)zo)_/ 0,14 O) ( 220/>_/
>\a
8%), 210(QN7<H2c>27 {_ N, 13%), 209

fo] (o]
H T+
(NN L N , 4%), 181 (N0 N \>j\1 , 36%)
110 (Hc-He- N%j , 17%), 98 (" n-cHecrz+, 36%),
83 (+N\>\/\”N, 100%). Anal. Calcd for C26H34NgO6S:

C 55.91; H 6.09; N 15.05%. Found C 55.77; H
6.19; N 15.13%.
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Table-5.4 Anti-inflammatory** and in vitro anticancer** activity of compounds |1l a-|

and IVa-l
Anti- Anticancer activity? at a concentration of 1x10° M
Compd. inflammatory
No. activity (%) at | Breast Lung Colon Ovary Liver
50 mg/kg p.o. | TA7D NCI H-522 HCT-15 PAl HepG2
1 2 3 4 5 6 7
la 12 15 11 07 24 38
b 18 08 08 32 23 13
Illc 25 16 08 01 17 31
Iid 24 08 04 20 20 21
e 27 04 08 33 27 25
Lf 16 08 15 04 18 29
g 07 04 07 30 26 21
[Th 10 15 16 03 22 46
LI 07 21 21 19 25 40
L11] 21 01 00 49 26 18
1k 11 01 09 04 37 38
L 10 16 21 25 15 24
IVa 16 07 06 30 40 25
Vb 24 00 00 07 17 34
IVc 34 20 19 02 23 34
Ivd 30 12 04 14 13 17
Ve 37 21 05 38 42 20
IVf 15 06 00 15 24 45
Vg 21 21 15 24 23 36
IVh 15 10 14 12 16 11
302 Contd...




1 2 3 4 5 6 7

Vi 21 14 08 27 08 11
V] 19 16 31 17 29 30
IVk 27 16 08 07 18 03
VI 36 09 14 04 11 19

Ibuprofen | 39 - - - - -

bFyY - 15 13 19 22 32
"CYC-PHO | . 09 11 04 12 18
"CYC-HEXI | _ 11 09 16 34 18

2 Compounds tested in triplicate, data expressed as mean value of three independent experiments.
P5.FU 5-Fluorouracil.
“CYC-PHO Cyclophosphamide.

4CYC-HEXI Cycloheximide.
Bold values represent compounds showing good anticancer activity.
We are thankful to Dr. Partha Roy, Department of Biotechnology, Indian Institute of Technology-Roorkee,

Roorkee for these results.

303




Table-5.5 Anti-inflammatory** and in vitro anticancer** activity of compounds

Vlax-jz

Anti- Anticancer activity at a concentration of 1x10™° M
Compd. inflammatory
No. activity (%) at | Breast Lung Colon Ovary Liver

50 mg/kg p.o. T47D NCI H-522 HCT-15 PA1 HepG2
1 2 3 4 5 6 7
VlIax 17 28 25 04 21 07
Viay 13 02 39 08 28 36
Vlaz 16 19 26 33 25 36
VI1bx 43 17 15 26 34 11
Viby 19 19 14 12 16 03
Vibz 13 06 29 31 10 01
Vicx 38 20 15 10 21 13
Vicy 32 16 28 18 15 25
Vicz 33 27 24 27 13 35
VIdx 38 06 32 35 17 19
Vidy 31 14 32 24 20 16
Vidz 34 15 13 24 18 07
Viex 39 11 20 40 20 13
Viey 14 11 19 26 13 07
Viez 34 17 29 30 02 33
VIfx 07 10 31 36 05 31
Vify 15 19 15 26 12 17
Vifz 06 NT NT NT NT NT
VIgx 17 14 26 12 20 35

304 Contd...




1 2 3 4 5 6 7
Vigy 30 01 18 16 16 29
Vigz 14 01 09 21 13 13
VIhx 00 09 16 16 06 29
Vihy 32 11 23 12 08 17
Vihz 06 06 15 33 01 32
Vlix 20 11 23 07 11 10
Vliy 27 09 06 12 03 10
Vliz 08 05 15 16 19 07
VIjx 05 12 07 12 11 11
Vijy 35 11 05 03 10 06
Vljz 00 06 01 02 10 12
Ibuprofen | 39 - - - - -
*5-FU - 18 24 20 21 18
"CYC-PHO | 16 15 13 30 26
CYC-HEXI | 26 11 12 15 18

2 Compounds tested in triplicate, data expressed as mean value of three independent experiments.
b5—FU 5-Fluorouracil.
‘CYC-PHO Cyclophosphamide.

dCYC-HEXI Cycloheximide.
Bold values represent compounds showing good anticancer activity.
NT Not Tested.

" We are thankful to Dr. Partha Roy, Department of Biotechnology, Indian Institute of Technology-Roorkee,
Roorkee for these results.
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Piperazine-2,6-dione derivatives Illa-I (Scheme 5.1), 4-(1H-indole-2-carbonyl)-
piperazine-2,6-dione derivatives 1Va-l (Scheme 5.1) and heterocyclic molecules derived
from 2,6-dioxopiperazine derivatives i.e. Vlax-jz (Scheme 5.2) were screened in vitro for
anticancer activity [32, Chapter 4a] against five human cancer cell lines i.e. breast
(T47D), lung (NCI H-522), colon (HCT-15), ovary (PA-1) and liver (HepG-2) at a
concentration of 1x10° M and results are summarized in Table 5.4 and 5.5. A look at
Table 5.4 and 5.5 indicate that the compounds Vlax breast (T47D), Vlay lung (NCI H-
522), I11j colon (HCT-15), 1Ve ovary (PA-1) and IlIh, IV liver (HepG-2) exhibited
good anticancer activities against various cancer cell lines mentioned above.

5.3 Experimental
5.3.1 General

Microwave reactor model CEM DISCOVER model NO 908010 and microwave
oven model M197DL (Samsung) were used for microwave irradiation. Melting points
(mp) were determined on a JSGW apparatus and are uncorrected. IR spectra were
recorded using a Perkin Elmer 1600 FT spectrometer. *H and **C NMR spectra were
recorded on a Bruker WH-500 spectrometer at a ca 5-15% (w/v) solution in deuterated
solvent (TMS as internal standard). GCMS was recorded on Perkin Elmer Clarus 500 gas
chromatograph where built in MS detector was used. APCI mass was recorded using
Finnigan Mat LCQ Mass Spectrometer. Elemental analysis was carried out on a Vario EL
111 elementor. Thin layer chromatography (TLC) was performed on silica gel G for TLC
(Merck) and spots were visualized by iodine vapors or by irradiation with ultraviolet light

(254nm). Compounds Illa-l, IVa-l and Vlax-jz were purified by crystallization from

306



methanol. Physical constants, spectral data and elemental analysis of Illa-l, IVa-l and
Vlax-jz are reported in Table 5.1, 5.2 and 5.3 respectively.
5.3.2 General procedurefor synthesis of piperazine-2,6-dione derivatives||la-|
5.3.2.1  Synthesis of 1-cyclohexylpiperazine-2,6-dione (I11a)
Q) Iminodiacetic acid I (0.133 g; 1 mmol) and cyclohexanamine (0.100 g; 1 mmol)
were mixed thoroughly to form a homogeneous mixture. This mixture was subjected to
microwave irradiation at 85°C for 3 min. TLC of the reaction mixture on silica gel using
ethyl acetate/methanol (1:1) as mobile phase showed absence of starting materials. Crude
product so obtained was purified by crystallization from methanol to get pure product
[I1ain quantitative yield (84%).
(i) Above experiment was also performed by irradiating homogeneous mixture at a
power level of 300W for 3 min. Completion of the reaction was checked by TLC on
silica gel using ethyl acetate/methanol (1:1) as mobile phase. Crude product so obtained
was purified by crystallization from methanol to get pure product Illa in quantitative
yield (85%). Yields of product I 11a obtained by method (i) and (ii) are comparable.
Similarly other piperazine derivatives (I11b-1) i.e. 1-(3-imidazol-1-yl-propyl)-
piperazine-2,6-dione (I11b), 1-(pyridin-2-ylmethyl)piperazine-2,6-dione (lllc), 1-
(pyridin-3-ylmethyl)piperazine-2,6-dione (I11d), 1-(pyridin-4-ylmethyl)piperazine-2,6-
dione (Ille), 1-thiophen-2-ylmethyl-piperazine-2,6-dione (l11f), 1-furan-2-ylmethyl-
piperazine-2,6-dione (I11g), 1-benzylpiperazine 2,6-dione (I11h), 1-[3-(2-oxo-pyrrolidin-
1-yl)-propyl]-piperazine-2,6-dione (I111), 1-(2-pyrrolidin-1-yl-ethyl)-piperazine-2,6-dione
(I11j), 1-(2-morpholino ethyl)piperazine-2,6-dione (I11k) and 1-(2-thiophen-2-yl-ethyl)-

piperazine-2,6-dione (I111) were synthesized and reported in Table 5.1.
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5.3.3 General procedure for synthesis of 4-(1H-indole-2-carbonyl)piperazine-2,6-

dionederivatives|Va-|

5331 Synthesis of 1-cyclohexyl-4-(1H-indole-2-carbonyl)piperazine-2,6-dione
(IVa)
Q) Cyclohexylpiperazine-2,6-dione Ill1a (0.196 g; 1mmol) and 1H-indole-2-

carboxylic acid (0.161 g;1mmol) were mixed thoroughly to form a homogeneous
mixture. This reaction mixture was subjected to microwave irradiation at 150°C for 7
min. TLC of the reaction mixture on silica gel using ethyl acetate/methanol (1:1) as
mobile phase showed absence of starting materials. Crude product so obtained was
crystallized from methanol to get pure product I Va in quantitative yield (82%).

(i) The above experiment was also performed by irradiating the homogeneous
mixture for 4 min at a power level of 850 W. Completion of the reaction was checked by
TLC on silica gel using ethyl acetate/methanol (1:1) as mobile phase. Crude product so
obtained was crystallized from methanol to get pure product 1Va in quantitative yield
(80%). Yields of product I Va obtained by method (i) and (ii) are comparable.

Similarly other piperazine derivatives (1Vb-I) i.e. 1-(3-(1H-imidazol-1-yl)propyl)-
4-(1H-indole-2-carbonyl)-piperazine-2,6-dione  (1Vb),  4-(1H-indole-2-carbonyl)-1-
pyridin-2-ylmethyl piperazine-2,6-dione (IVc), 4-(1H-indole-2-carbonyl)-1-pyridin-3-
ylmethyl piperazine-2,6-dione (1vd), 4-(1H-indole-2-carbonyl)-1-pyridin-4-
ylmethylpiperazine-2,6-dione (IVe), 4-(1H-indole-2-carbonyl)-1-(thiophen-2-
ylmethyl)piperazine -2,6-dione (1Vf), 1-(furan-2-ylmethyl)-4-(1H-indole-2-carbonyl)-
piperazine-2,6-dione (1Vg), 1-benzyl-4-(1H-indol-2-yl)piperazine-2,6-dione (IVh), 4-

(1H-indole-2-carbonyl)-1-[3-(2-oxo pyrrolidin-1-yl)-propyl]-piperazine-2,6-dione (1Vi),
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4-(1H-indole-2-carbonyl)-1-(2-pyrrolidin-1-yl-ethyl)-piperazine-2,6-dione (1Vj), 4-(1H-
indole-2-carbonyl)-1-2-morpholinoethylpiperazine-2,6-dione (1Vk) and 4-(1H-indole-2-
carbonyl)-1-(2-(thiophen-2-yl)ethyl)piperazine-2,6-dione (IVI) were synthesized and
reported in Table 5.2.

5.34 Synthesis of heterocyclic molecules derived from 2,6-dioxopiperazine
derivatives (Vlax-jz)

534.1 Synthesis  of  2,6-bis-(1-cyclohexyl-2,6-dioxopiperazine-4-carbonyl)-
pyridine (Vlax)

M 1-Cyclohexylpiperazine-2,6-dione (0.206 g; 1.0 mmol) (I11a; Scheme 5.2) and
2,6-pyridine dicarboxylic acid (0.084 g; 0.50 mmol) (Vx; Scheme 5.2) were mixed
together thoroughly in a molar ratio of 2:1 respectively. This reaction mixture was
subjected to microwave irradiation at 850 Watt for three min and then progress of
reaction was monitored by TLC on silica gel using ethyl acetate: methanol (2:3) as
solvent of elution. TLC indicated presence of starting materials. This reaction mixture
was again irradiated for three min (850 W) and TLC was performed, which indicated
presence of starting materials. This reaction mixture was again irradiated for five min and
TLC was performed. This time TLC indicated absence of starting materials and hence
reaction was complete. The crude product so obtained was purified by crystallization
from methanol to give pure product 2,6-bis-(1-cyclohexyl-2,6-dioxopiperazine-4-
carbonyl)-pyridine (Vlax; Scheme 5.2) in 83% vyield (218 mg).

(i)  Alternatively a mixture of 1-cyclohexylpiperazine-2,6-dione (0.206 g; 1.0 mmol)
(I'1a; Scheme 5.2) and 2,6-pyridine dicarboxylic acid (0.084 g; 0.50 mmol) (Vx; Scheme

5.2) in a molar ratio of 2:1 were mixed thoroughly and subjected to microwave
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irradiation at 150°C for 12 min. TLC of this reaction mixture on silica gel using ethyl
acetate: methanol (2:3) as mobile phase showed absence of starting materials. This crude
product was crystallized from methanol to give pure condensed product Vlax in 81%
yield (212 mg). Yields of product VIax obtained by method (i) & (ii) are comparable.
Similarly other piperazine derivatives (Vlay-jz) i.e. 3,5-bis-(1-cyclohexyl-2,6-
dioxopiperazine-4-carbonyl)-pyridine (Vlay), 2,5-bis-(1-cyclo hexyl-2,6-
dioxopiperazine-4-carbonyl)-thiophene (Vlaz), 2,6-bis-(1-(3-(1-1H-imidazolyl) propyl)-
2,6-dioxopiperazine-4-carbonyl)-pyridine  (VIbx),  3,5-bis-(1-(3-(1-1H-imidazolyl)-
propyl)-2,6-dioxopiperazine-4-carbonyl)-pyridine (VIby), 2,5-bis-(1-(3-(1-1H-imidazol
yD)-propyl)-2,6-dioxopiperazine-4-carbonyl)-thiophene  (VIbz), 2,6-bis-(1-(2-pyridyl
methyl)-2,6-dioxopiperazine-4-carbonyl)-pyridine (VIcx), 3,5-bis-(1-(2-pyridylmethyl)-
2,6-dioxopiperazine-4-carbonyl)-pyridine  (Vlcy),  2,5-bis-(1-(2-pyridylmethyl)-2,6-
dioxopiperazine-4-carbonyl)-thiophene (VIcz), 2,6-bis-(1-(3-pyridylmethyl)-2,6-dioxo
piperazine-4-carbonyl)-pyridine (V1dx), 3,5-bis-(1-(3-pyridylmethyl)-2,6-dioxopipera-
zine-4-carbonyl)-pyridine (VIdy), 2,5-bis-(1-(3-pyridyl methyl)-2,6-dioxopiperazine-4-
carbonyl)-thiophene (VIdz), 2,6-bis-(1-(4-pyridylmethyl)-2,6-dioxopiperazine-4-
carbonyl)-pyridine (Vlex), 3,5-bis-(1-(4-pyridylmethyl)-2,6-dioxopiperazine-4-
carbonyl)-pyridine (Vley), 2,5-bis-(1-(4-pyridylmethyl)-2,6-dioxopiperazine-4-
carbonyl)-thiophene (Vlez), 2,6-bis-(1-(2-thienylmethyl)-2,6-dioxopiperazine-4-
carbonyl)-pyridine (VIfx), 3,5-bis-(1-(2-thienylmethyl)-2,6-dioxopiperazine-4-carbonyl)-
pyridine (VIfy), 2,5-bis-(1-(2-thienylmethyl)-2,6-dioxopiperazine-4-carbonyl)-thiophene
(VIf2), 2,6-bis-(1-(2-furylmethyl)-2,6-dioxopiperazine-4-carbonyl)-pyridine (VI1gx), 3,5-

bis-(1-(2-furylmethyl)-2,6-dioxopiperazine-4-carbonyl)-pyridine  (VIgy), 2,5-bis-(1-(2-
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furylmethyl)-2,6-dioxopiperazine-4-carbonyl)-thiophene (VIgz), 2,6-bis-(1-benzyl-2,6-
dioxopiperazine-4-carbonyl)-pyridine (V1hx), 3,5-bis-(1-benzyl-2,6-dioxopiperazine-4-
carbonyl)-pyridine (VIhy), 2,5-bis-(1-benzyl-2,6-dioxopiperazine-4-carbonyl)-thiophene
(VIhz), 2,6-bis-(1-(3-(2-oxopyrrolidin-1-yl)-propyl)-2,6-dioxo piperazine-4-carbonyl)-
pyridine  (VIix), 3,5-bis-(1-(3-(2-oxopyrrolidin-1-yl)-propyl)-2,6-dioxopiperazine-4-
carbonyl)-pyridine (Vliy), 2,5-bis-(1-(3-(2-oxopyrrolidin-1-yl)-propyl)-2,6-
dioxopiperazine-4-carbonyl)-thiophene (VIiz), 2,6-bis-(1-(2-(pyrrolidin-1-yl)-ethyl)-2,6-
dioxopiperazine-4-carbonyl)-pyridine (VIjx), 3,5-bis-(1-(2-(pyrrolidin-1-yl)-ethyl)-2,6-
dioxopiperazine-4-carbonyl)-pyridine (VIjy), 2,5-bis-(1-(2-(pyrrolidin-1-yl)-ethyl)-2,6-
dioxopiperazine-4-carbonyl)-thiophene (V1jz) were synthesized and reported in Table
5.3.
3.3.5 Anti-inflammatory activity [21; Chapter-2]

Anti-inflammatory activity evaluation was carried out by following procedure
described in chapter-2 of this thesis.
3.3.6 Invitro cytotoxicity against human cancer cell lines[32; Chapter-4a]

In vitro cytotoxicity against human cancer cell lines was carried out by following

procedure described in chapter 4a of this thesis.

*hkkkikkkikk
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