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ABSTRACT |
The. complexaiion reaciions between CuCly, CoCl, and NICI, with 2, 3-Pyrazinedicarboxylic
acid in methanol (MeOH} ar 313,15 K were studied by conductometric methods. The
association constants, formation constants and Gibbs free energies were calculated from the
conductometric titration curves. On drawing the relation between molar conductance and the
ratio of metal to ligand concentrations, different lines were obtained indicoting
the formation of 1.1 and 2:1 (M:L} stwichiometric complexes. The formation
constants and Gibbs free energies of different complexes in absolure Methanol

at 313.15 K follow the order:)
KA2: D=1 Lifor (ML) and I\ Gg2:1y>4\ GR(E:D) for (M:1)

KEY WORDS: Association constants; formation constants; Gibbs free energies of association;

Gibbs fres energies of complex formation.

RESUMO

A formagdo de complexos entre CuCl, CoCly , NiCly ¢ deide 2, 3-pirazinodicarboxilica em
metanol d 31315 K foi estudads usando métedos de condutividade. As constantes de
associagdo e formagdo ¢ as energias livees de Gibbs foram calculadas a partir de curvas de
titulaglo condutimétrica. A relacdo emtre o conduwidncie molar e a proporgdo das
concentragBes meial-ligonte levow a linhas retps indicando a formagdo de complexos
estequiométricos (M1} 11 e 2:1. As consionies de formacdo e as energias lvees de Gibks

dos vdrios complexos em metanol & 313.15 K seguem a ordenr:

K2:)>Kfl:1) para (M:L) e INGR2:1)> I\ GyI:1) para (M:L)
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INTRODUCTION

The long range ion — ion interactions due to sereened columbic forces are the most important
features of electrolvie in solutions. These act together with shorter — ranged forces between
the solvent molecules and between the solvent molecules and ion. Electrical conductivity
(EC) is a measure measure of solvent {0 conduct electric current and depends om:
concentration of the ions, ligand and temperature in solutions. Current is carried out by both
cations and anions, but to different degree. The conductivity due to divalent cations 1s more
than that of mono-valet cations, it is not true for anions, Metal cations with d° noble gas
electron configuration (atkali and alkaline earth) metal ions together with the inert molecular
ions like tetraalkylammonium,-phosphonium,-arsonium and trialikyisulfonium ions exhibit
properties mainly determined by their charge and size {1].Solvation of such cations ir protic
and polar solvents is due essentially to electrostatic ion-dipole and ion induced dipoie
interactions. Metal cations with filled d - orbitals, the d '? cations, exhibit partially covaient
character in their interactions; their properties depend on the charge and size and partially on
their electro negativity. Cations with incomplete d- orbitals called d"-cations .With these
cations protic and polar solvent molecules are strongly bound in complexes 1o a central cation
through p-d orbital overiap and exchange only stowly with the bulk solvent. The formation
of complexes becomes more important at high concentration of the complex ion and is likely
to be more extensive in non-aqueous solvents, particularly in dipolar aprotic solvents,
whereas the salvation of anions is weaker. leading to stronger complexation. Therefore
conductivity study is vatuable on using transition metal cations [2-7]. This work provides the
analytical analyst and the biological analyst data can help him for deterring the concentration
of CuCl, CoCly and NiCl, in blood and different solutions.

o -Pyrazinedicarboxviic acid

identification
Mame 2. 3-Pyrazinedicarboxylic acid
Synonyms Byrazine-2,3-dicarboxylic acid

£
i
Molecular ﬁ i OH
Structure &y CH
O

mMotecular Formula  CaHaNRO4
Motecuiar Weight 16811

CAS Registry

Malmber 89-07-0
ENECE 201-875-3
Properiies

Melting point 185-188 °C
Water soiubility Soluble

VISIT QUR SITE: http://www.sbjchem.he.com.br
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EXPERIMENTAL

‘The chemicals used 2, 3-pyrazine dicarboxylic acid and methanol were
provided from Merck Co. and used directly without purification.

The experimental procedure to obtain the formation constant of complexes of
2,3-Pyrazinedicarboxylic acid with CuCly, CoCl; and NiCl; by conductometric
procedure was as follows : -

A solution of metal chloride (1x10 ~ M) was piaced in a titration cell, ata
const temperature (313.15) K, and the conductance of the solution was
measured . The ligand (1x107 M) was transferred step-by-step to the titration
cell using a precalibrated micropipette and the conductance of the solution was
measured after each transfer. Addition of the ligand solution was continued
until the total concentration of the (2, 3-Pyrazinedicarboxylic acid) was
approximately four times higher than that of metal ions. The conductance of
the solution was measured after each addition. The complex formation
constant, K, and the molar conductance of the complex, ML, were evaluated

by computer fitting to the molar conductance mole ratio data.
RESULTS AND DISCUSSIOIN

- The stability of a transition metal complex with a polydentate chelate ligand
depends on a range of factors including: number and type of the donor atoms
present, the number and size of the chelate rings formed on complexation. In
addition, the stability and selectivity of complexities strongly depend on the
donor ability and dielectric constant of the solvent and shape and size of the
solvent molecules.

- 2, 3-Pyrazinedicarboxylic acid is a polydentate ligand which tends to be
completely coordinated to a metal ion. This reagent is soluble in water and

soluble in most organic solvents

- The specific conductance values (Ks} of CuCl, CoCly and NiCl, in absolute
{MeOH) were measured experimentally in absence and in the presence of
ligand at 313.15 K.

The molar conductance (/\p} values were calculated [8] using equation (1):
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Figure 1.
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Where K; and Ky are the specific conductance of the solution and the

A

solvent, respectively; Ko is the ceil constant and C is the molar concentration
of the CuCl,, CoCl, and NiCl, solutions.

- The limiting molar conductances (A} at infinite dilutions were estimated
CuCl,, CoCl; and NiCl, in absolute methanc! (MeOH) alone and in the
presence of the ligand by extrapolating the relation between A\, and Cn” to
zete concentration (Fig.1). By drawing the relation between molar
conductance {/\n} and the molar ratio of metal to tigand (M/L) concentrations
, different lines are obtained with sharp breaks indicating the formation of 1:1
and 2:1 (M:L) stoichiometric complexes (Fig.2).

- The experimental data of (A,) and (/\,) were analyzed for the determination

of association and formation constants for each type of the stoichiometric

complexes.
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NiCl; in the presence of HoL in absolute methanol at 312,15 K.

The relation between molar conductance (/) and (\/C— y of Cully, CoCl and
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Figure 2. The relation between molar conductance {/y) and the molar ratio (M/L} of
CuCl, CoCh and NiCly in the presence of Ho.L in absolute methanol at 313,15 K

indicating the formation of 1:1 and 2:1 (M:L) stoichiometric complexes.

- The association comstants of CuCl,, CoCl; and NiCl; in the presence of
ligand in absolute MeOH at 313.15 K for 1:2 asymmetric electrolytes were
calculated [9, 10] by using equation {2):

— Aé(AO-‘Am)
T 4C ) + APS (2) @)

Where (/\n, /\o} are the molar and limiting molar conductance, respectively of
CuCly, CoCl and WNill: , Gy s molar conceniration of CuCl,, CoCl, and
NiCly , S{Z) is Fuoss-Shediovsky factor , equal one for strong electrolytes
[11]. The calculated association constants are shown in Table 1.
- The Gibbs free energies of association (AG,) were calculated from the
association constant [12,13] by applyving equation (3} :

AGu=-RTink, {3)
Where R is the gas constant {8.341 J) and T is the absolute temperature
{313.15 K). The calculated Gibbs free epergies were presented in Table 1.

VISIT OUR SITE: hitp://www .sbjchem.he.com.br
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Table 1. Association constanis and Gibbs free energies of association for
CuCl,, CoCl, and NiCl, in the presence of ligand in absolute
MeOH at 313,15 K .
© Ao A (o) e K iGn
{k Jimol)
Cu | Co Ni Cu | Co Ni Cu | Co Ni Cu ¢ Co | Ni 1+ Cu Co Ni
T s TE T e — T T T R T RV YT N v A e R M L TN A BN 71T R ¥ SRR
VX e e TR oy S SHSTE TETREEEE TR TR EAE TEETTR 76072 930605 4775534 14 5857 AZIIG ITHT4
I o i Ty ST R g - R S T = LTS B - T -3 T B - G L
X e W TTESE TR AL FEE) TR SRR TR SERRT TEREGT EITS & TaT00s TERaars | ALAeT 20752 BRG]
B Rt o B T R AR 157 I R FOCUSTINS B 2 I SO 7[RI o1 S M M T A TS ] A0eaA 1 Ageet | 207

- The association free energies evaluated for CuCl2, CoCi2 and NiCl2 -ligand
complexes are small and spontaneous indicating electrostatic attraction.

- The formation constants {K¢) for CuCl,, CoCl, and NiCl, complexes were
calculated for each type of complexes (1:1) and (2:1) (M:L) by using equation
(4) 114,15}

‘&‘M_ﬁﬂbs
K, = (4)
d gﬁobs M&IM}[I‘}

Where /v, is the molar conductance of the CuCl2, CoCi2 and NiCi2 alone,

e 1s the molar conductance of solution during titration and /Ay is the molar

conductance of the complex.

- The 'ﬁ%’tai“ﬂd values (Ko for CuCl,, CoCly and NiClz -ligend stoichiometric

mgiexﬁg are. presented in Table 2, 3. The Gibbs free energies of formation

“foreach stoichiometric complexes were calculated by using the equation :

AGe= R T In K (5}

lculated ALy values are presented in Tables 2, 3.

SITE: http:/fwww.shichem.he.com.br
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Tabile 2. Formation constants and Gibbs free energies of formation for 111
{(M/Ly , CuCl, CoCl and NiCh-H.L in absolute
MeOH at 313.15K .

49

|1t Nabs D (Pl (e -Lrows, Ke AGy
(k Jmol)
v M X T I N
Cu Co i Cu Co Ni Cu Co i Cu Co i Ly Co Ni
Q001525 TSR TO 41452 279.0104 QU3435 0.026712 0.05409% 3B1.4083 A2 3387 05808 11100.35 150072 161,000 24,3298 26259 <1048
0.001379 125 2748 6786132 2707058 0023731 Q020428 2037443 388, 7287 £25.0387 1792942 16296.38 20805.3 EFIEETG -25.3328 -25.9702 221339
TETER 120.082 6456128 2513417 014727 0073208 002837 2519381 429.6942 196.6583 260613.80 3248543 £638.321 -26.614 ~27. 1347 236752
GOHGH 1143784 60875 2521474 Q.00BTE 007413 0002195 397 6208 432.9314 497 8570 50818.62 584034 21547.08 -28.6854 28,6658 -25.0587
§.000604 |08, 2582 5706858 244,303 QT 0.000431 G0008TR 403.7419 4300357 205, 7582 23604385 SUBORG & 33487 ~38.3282 -34 4181 ~33.2094
Table 3. Formation constants and Gibbs free energies of formation for 2:1
M/Ly CulCl, Coll, and NiCh-H,L in absolute
MeGH at 31315 K.
[L] Ao {Aops-lea L] (Porfops) Ke AGy
(i /ol
Cu Co Wi Cu Co i Cu Ce Ni Cu Co i Cu Co R
CD2{8E 152 0003 77.87708 3118038 Q.0393 003G G HEBEE T REGA0ET A12 4221 1381067 G135 26285 58 2347 55 Pt 26481 SRRV
J00208% 148.78Z8 76.53127 V0208 0.025398 00259 0.045430 3643072 ATEAGET 1429795 12TEGET 3288127 AL 808 24 BHo R T R L v R
I
1009935 144,2874 15 43344 2599 5978 L.081 1 QOOTFRY .028704 387 612 AL 5778 18R A0T2 2028759 SAFR0.36 8228 Mk 258087 -28.4515 ~22.4114
1O0C1803 140, 1737 T2.45812 293 5041 D.O0SZTE C.O03675 Q018335 371.828% #17 5318 158 4059 40086.58 112604.8 AG205.02 AT 6EsE 304045 «26, 1903
LO0HEET 1354038 2862205 D000 QORG3 376 5852 185 T790 504456.3 BOGIZBY HTT e

- The associgtion free energies evatuated for CoCl2, CoCl2 and NiCI2 -1 igand

compiexes indicating 2 spontaneous electrostatic attraction.
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- The formation constants and Gibbs free energies of different complexes in
absolute methanol at 313.15 K follow the order: K¢ (2:1) » K¢ (1:1) for (M:L),
and AGe(2:1)» AGe(1:1} for (M:L).

CONCLUSION

This work coneentrated on the behavior of CuCly, CoCl and NiCl, with the
ligand conductometrically .The main target is to discuss the complexation
between the metal and ligand for evaluating different concentrations from the

metal ion in different solutions
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ABEBTRACT

The rsaction of nifrifimines with hydrazones of alkanones and
cycloalkanones led lo the formation of goyclic elecirophilic addition prodiicts,
which upen treatment with C/S/Zn cyclized to 1,6-dihydro-1,2 4, b-tefrazine
derivalives. The structures of the synthesized compounds have been
established by their elemental analyses end speciroscopical data.

KEYWORDS
Nitrilimines, Hydrazones, Cyclization, Synthesis, 1,6-dihydro-1,2,4,5-tetrazine

RESUMO

A reacdo de nitrifiminas com hidrazonas de eicanonas e cicioalcanonas
ievou @ formagdo de produtos aciclicos de adicdo elefroffica. Depdis de
tratamnento com O/5/Zn eles levaram a derivados ciclicos de 1,&6-dihidro-

1,24, 8-tstrazinas. As  estiuluras  dos composios  sinletizados  foram
comprovadas com anglise elementar & dados especrosedpicos.

PALAVRAS CHAVE

Mitritiminas, Hidrazonas, Ciclizacdn, Sintese de 1,6-dihidro-1,2 4, 5-telrazina
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Wik, Ar = 2-Tienyl; IX, Ar = 2-Naphthyl
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1. INTRODUCTION

Previous publications, showed that the simiple hydrazones derived from
aliphatic aldehydes and ketones react with nitrilimines at ambient temperature
o give acyclic addition products, which underge oxidative cyclization upon
refluxing with aclive charcoal to yield the corresponding 1,6-dihydro-s-
telrazines I1] or amidrazones [2,3]. On the other hand, methyl hydrazones of
alkanais and alkanones fummish 1,2,3 4-tetrahydro-s-tetrazines [3,4].

Hecently, we found that nitrilimines react with 1-methyl, 1-phenyl, 1-acelyl,
t-formyl  and  1-ethoxvcarbonyl-1-methylhydrazines at room temperature
afforded acyclic slectrophilic addition products, which cyclized inframotecularly
o the corresponding 1,2,3 4-letrahydro-1,2.4,5-tefrazines by heating them with
aclivated charcoal or lithium hydride in refluxing benzene or toluene [5.]

Quite recently, we cescribed the synthesis of 1,2,34-tetrahydro-1,2,4,5-
tefrazin-3-ones by the reaction of acetylhydrazone pyridinium chioride (Girard-
reagent P} with different nifrilimines {8]. Several methods have been reported
for the synthesis of telrazine derivatives, and the most freguently used method
for the preparation of 1,2,3 4-tetrahydro-1,2,4,5-tetrazines is the cyclization of
alkylformazanes by heating or base freatment [7].

In the present study, the synthesis of a series of new substituted 1,2,4,5-
tetrazines 58 were performed (Scheme 1) and their struciures were
characterized by *H NMR C NMR, IR spectroscopy and elemental analysis.

2, RESULTS AND DISCUSSION

The formazans {acyclic adducts) Ml were synthesized via reaction of
nitrifimines | with alkanones and cycloalkanone hydrazones B as shown in
Scheme 1. Altempts to cyclize the acyclic adducts Wl (Ar = Me or Ole) by
heating in tetrahyarofuran or ethanol were unsuccessful. However, freatment
of solution of later adducts il (Ar = Me or OMe) with palladium-carbon brought
about oxidative cyclization te the 1,6-dihydro-1,2,4,5-tetrazines {11,

On the other hand, cyclization of acyclic compounds 1 (A = Ph, PhNH, 2-
furyl, 2-theinyl, 2-naphthyl) using active charcoal in refluxing toluene give

complicated mixiure of products as indicated by TLC, among which
amidrazones X were separated, rather than the expected 1,6-dihydro-1,2,4,5-
tetrazines {2,3] (Figure 1).

Treatmeant of solution of formazans 1l (Ar = Pﬁ PhiNH, 2-fufy 2-theinyl, 2-
naphthyl) with new catalyst containing (G/8/Zn), ﬁev&i@ped in our faboratory by
our colleague of physical chemistry, at room temperature in benzene or
toluene give directly 1,8-dihydro-1,2,4.5-tetrazines V-1 (Figure 1) in excellent
yields. (Table 1). I is suggested that the conversion of acydlic compounds B
into sdetrazines Y-IX involves the non isolable intermediate formation of the
etrahydro-s-tetrazines IV (Figure 1).
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2.1 Specival data analysis

The assignment of structures of compounds V-IX is based on their
analvtical and spectroscopic data. Physical properties and microanalveis are
presented in Table 1, These compounds gave satlisfactory combustion
analysis for the proposed structures which are confirmed on the basis of their
spectroscopic data.

Ar N ,
\n/\l\i Ar e . N/Ar
O - -N R

! Et,N R }\E NH r _CrsZn 4 ><
T -N R

0*C Ar N“N% Ar /N N\
W - M H

R
HN—N===( m v
=3 lC}'A l
Ar

Totuene

QO Ne—NHA Ie) N——N/ R
4 > </ ><
Ar NH, Ar N=N R
X YK
W, Ar = Py WL A= PhidH; Vil Ar = 2-Furdd;
Witk Ar = 2-Tienyl ¥, Ar = 2-Naphihy!
AP = 4-X-CH -
Entery | & by e & & # G h i i & i
X Gt Ol ! Ci ¢l H M H H H H H

R e X320 XD XD M X X0 X0- X4 XD XD

Figurs 1. Synthetic pathway for the preparation of compounds V-X.

in the IR specira of compounds V-IX, showad the disappearance of NH
signals and the C=0 bond siretching of the carbonyl group at C-3 occurs at
higher frequeﬁcy (1665-1655 om™) than it dose in the acyclic precursors Hi
(1650-1635 cm™). This implies that conjugation of this exocydlic group with the
hetero-ring mm-system is decreased as a consequence of homoaromaticity and
the slighily non-planar arrangement of the N-2, N-4 and C-3 plane with the
substituents at C-3 [8-9] Compounds V-iX revealed strong absorption at about
1620-1600 o™’ assigned to C=N bond stretching.

W oand C NMR spectra of obtained compounds V-IX provide strong
evidence in support of the proposed structures. Their 'H NMR specira showed
the disappearance of 2NH signals, in addition fo aromatic protons signals, a
charactefistic signal due fo amide NH proton for compounds Vi resonating as
singlet at 9.10-8.80 ppm. For compounds Ya,Via VifiXa tow signals for the
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mathyl groups (2CHs) protons appeared as singlet at 1.41-1.34 ppm and the
signals of the cycloalkane protons in other compounds appeared in the range
of 2.53-1.51 ppm.

The dihydrotetrazines V-IX exhibited a characteristic *C NMR signal at 68-
87 ppm assigned to the C-6. This is similar to reported values of quaternary or
spire carbon flanked by tow nilrogens in sbemembered heterocycles [2,3]. In
the acyclic analogues i, this carbon resonates at 1401568 ppm [2,3]. This
provides a strong evidence in support of ¢yclic structure of compounds V-1X.
The 'H and C NMR spectral data of the synthesized compounds are
presented in the experimental part.

3. EXPERIMENTAL SECTION
3.1, Reagents and Instrumentation

Triethylamine (TEA), tetrahydrofuran (THF), acelons, cyclohexanons, 4-

methylcyciohexanone, 4-t-bulyloyclohexanone, cyclopenianong, cyclohepian-
one, oyclooctanong and toluene were purchased from Avecado Chemical
Company, England, and used as nsurchased. Al melling points were
determined on a Stuart Electrothermal Apparatus and are uncoirected.
The IR specira were obtainad by using Perkin-Elmear 737 infrared spectro-
photometer in potassium bromide peliets. 'H and *C NMR spectra were
recordsd on 2 Bruker spectrometer (400,13 MH2) at room temperature in
DGk and DMSO-ds, using tetramethyisilane (TM3) as an interna! reference.
All chemical shifts were reporied as § values in parts per million (ppm)
downdield from internal TMS.

Electron impact (ED) mass spectra were measured on Shimadzu GOMS-
GP1000 EX Mass spectrometers at 70 eV, Elemental analysis are performed
at Gakro University, Egypt, and the results agreed with the calculaled values
within experimental errors. Nitrilimines 1 and hydrazones 2 used in this study,
were prepared according o described procedures [1,10,111.

3.2. Synthesis of 1,6-dihydro-s-letrazines Y-IX
3.2.1 Reaction of nitrilimines | with hydrazonas i

To a stirred mixture of the appropriate hydrazonoyl halide [nitrilimines [ pre-
cursors] {0.01 mol) and hydrazones B (0.02 mol} in dry THF (100 ml),
friethyiamine (8 mb, 0.05 mol) in THF (20 mL) was dropwise added at -510 0 °C
and the reaction mbdure was controlied by TLE. The reaction femperature was
allowed to rise slowly fo room femperature and slirring was continued untl the
starting substrates were completely consumed {(4-6 hours). The precipitated
triethylammonium chioride salt was filtered off, the solvent was removed under
reduced prassurg. The residue was washsd with water {350 ml), then triturated
with ethanol (10 mi), the crude solid product was ooliected and recrysialiized
from aguecus ethanol to give the desired compounds 81
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Table 1. Physical data and elemental analysis for compounds (V-1X).

Comp.  Molecular Formula  Yield  mp (°C)  Analysis (%) Caloulsted / (Found)

(M) (%) C H N

Va CarHsCINGD 82 173-8 62.48 463 17.14
(328.79) B2.70)  (4.50)  (17.25)

Wi g7 GO B8 166-8 64.68 486 15.88
(352.83) (64.45)  (4.75)  (16.05)

Yo CaohloCINLD 8y 184-8 65.48 5.22 15.27
(365.85) (65.75)  (5.35)  (15.10)

v CaiH CINGD 81 167-4 66.22 5.58 14.71
(380.88) 6195  (570)  (14.80)

Ve CaatnCiND 87 1757 86.81 587 14.18
(394.91) 67.10)  (5.00)  {14.30)

Yia CarHGINGD a1 182-4 G58.74 4.72 20.49
(341.80) (60.00)  (7.55)  20.30)

Wie ngHanﬂNsO B6 181.2 52.91 5.28 18.43
{381.87) (63.15) (5.38) {18.60)

Yie Caphiy  CiNg D a4 187-9 B4 .48 5460 17.08
(402.92) {64.20) {6.05) {16.85)

Wit Coi N0 88 194-5 8543 5.58 22.7%
(307.36) (66.65)  (540)  (22.80)
(333.40) (68.25)  (5.90)  (20.85)

Yih CooHa Ngi2 90 161-3 8914 8.08 20,16
(347.42) (68.90) (595  {20.30)

Y CaibiaaNsO 87 195-8 £8.78 8.41 18.38
(361.45) (80.55)  (8.25)  (19.55)

Wij CaablagNsO 83 1679 71.44 7.24 17.368
(403.53) (71.45)  {7.35)  (17.20)

Wik CoHaNsD 84 177-G 69.78 6.41 18.38
(361.45) (68.85)  (6.5%)  (19.25)

Vi CozblasNs0 a1 183-5 70,38 571 18.65
{375.48) {7010 {6.55) {18.90;

Wikl CpHsCING D, a3 1835 £G.57 4.49 16.34
(342.74) {68.80) {4.30) {16.20)

Wile CraHlr TN O, 80 148-50 50.59 4,80 15.70
(356.81) (60.35)  (4.95)  (15.35)

Vil CairHsOINGDLS B85 183-8 55.90 4.21 16,61
(358.85) (B7.15)  (4.40)  (15.50)

Wilkd CagHligliN 0,5 89 146-8 58.98 4.85 14.48
(386.91) (56.28)  (5.10)  (14.35)

iia Copgbd 70N O 23 190-2 86.92 4,55 14.87
(376.85) (B7.20) (440}  {15.00)

¥h CaaliaeCINGD 1 176-8 68.57 4.75 13.91
(402.89) (88.80)  (4.85)  (14.05)

i¥c CaaHs CiNLO g7 189-91 -B8.14 5.08 13.44
{418.91 (68.90) {455 {13.80}

$ale CasHasGINGD 84 166-70 69.68 5.38 13.00
(430.94) (69.90)  (550)  (12.85)

[Ra LongtlasCIN,LO 82 184-6 7018 5.66 12.59

(444.97) (60.95)  (580)  (i2.45)
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3.2.2 Cyglization of compounds (1H):

Acyclic compounds Bl (0.005 mel) and C/SMZn (0.1 wiw%] in benzens or
toluene were stirad at rcom temperature for 1-2 hours and monitored by TLC.
The reaction mixture was cooled, then fillered and the solvent was minimized
and petroleum ether (bp. 40-60 °C) was slowly added to effect complete
crystallization of the desired cyclic compounds V.

The foliowing compounds wera prepared using this method:

3-Benzoyl-i-{4-chiorophenyi)-6,6-dimethyl-1,6-dihydro-1,2.4,5-tetra-
zine (Vah: "H NMR (CDCl) 8 7.92-7.03 (m, 9H, Ar-CH), 1.39 (5, 3H, CHy ), 1.37
(s, 3H, CHs ). C NMR (CDCl) & 187.4 (C=0), 171.6 (COOH), 143.7 (C=N),
144.3-126.6 (Ar-C), 88.6 (quaternary carbon), 22.5 (CHs). IR (KBr) vicra™: 1880
(C=0), 159.2 (C=N).
g-Benzoyl-6-{4-chiorophenyi)-8,7,9,10-tetraazaspirof4.5)dec-7,9-diene
{¥h): 'H NMR (CDCh) &: 8.02-7.11 (m, 9H, Ar-CH), 1.80-1.68 (m, 8H, cyclo-
pentane profons). °C NMR (CDCl) 8: 185.7 (C=0), 143.9 (C=N)}, 144.9-126.1
{Ar-C), 86.7 (spiro carbon), 32.1, 23.7 (cyclopentane carbons). IR (KBr) viem™:
1655 (C=(), 1584 (C=N).
3-Benzoyi-1-{4-chiorophenyl)-1,2,4,5-letraazaspiro]5.5lundec-2,4-di-
ena (Ve): 'H NMR (DMSO-dg) 8 7.97-7.06 (m, 9H, Ar-CH), 1.86-1.66 {m, 10H,
cyclohexane protons).’C NMR (DMSO-ds) §: 185.5 (C=0), 143.9 {C=N), 144 .4-
126.2 {(Ar-C), 84.3 (spiro carbon), 32.1, 24.7, 234 (cyclohexane carbons). IR
(KBr) viom™: 1885 (C=0), 1593 (C=N).
3-Benzoyl-i{d-chlorophenyll-1,2,4,5-tetraazaspire{s.6ldodec-2,4-di-
ene (Vd): 'H NMR (CDCL) & 8.27-7.00 (m, 9H, ArCH), 2.53-1.58 (m, 12H,
cycloheptane protons). C NMR {CDCL) & 185.8 (C=0), 143.4 {C=N), 142.7-
119.6 (Ar-(3), 87.5 (spiro carbon), 29.5, 28.7, 22.3 {cycioheptane carbons), IR
(KB vicm™: 1660 (C=0), 1587 (C=N).
3-Benzoyl-1-{4-chiorophenyl}-1,2,4,5-tetraazaspire]s. Titridec-2 4-diene
(Ve): "M NMR (CDCL) & 7.99-6.98 (m, 9H, ACH), 246-1.38 {m, 14H,
cyclooctane protons).*C NMR (CDCly) & 185.6 (C=0), 143.8 (C=N), 145.0-
114.8 (A-C), B6.6 (spiro carbon), 34.4, 27.2, 25.2, 23.1 (cyclooctane carbons).
IR (KBr) viem™: 1850 (C=0), 1594 (C=M).
1-{4-Chiorophenyl)-3-phenylaminocarbonyl-6,6-dimethyl-1,8-dihydro-
1,2,4,5-tetrazine (Via): 'H NMR (DMBO0-de) & 9.12 (s, 1H, NH), 7.61-7.18 (m,
10H, Ar-CH), 1.41 (8, 3H, CH3 ), 1.38 (s, 3H, CHy 1.0 NMR (DMSO-de) 5 159.2
{C=0 amida), 136.7 (C=N), 142.4-126.6 (Ar-C), 88.7 (spiro carbon), 22.5 (CHa).
iR (KBr) viern™ 1850 (C=0), 1584 (C=N). '
1-{4-Chiorophenyi)-3-phenylaminocarbonyl-1,2,4,8-tetrazzaspiro[5.5]-
undec-2,4-diene (Vic): 'H NMR (DMSO-dg) & 9.10 (s, 1H, NH), 7.83-7.20 (m,
10H, Ar-CH), 1.86-1.60 (m, 10H, cyclohexane protons). "G NMR (DMSO-dg) 5
158.3 (C=0 amide), 138.9 (C=N;), 141.8-128.8 (Ar-C), B4A.B {spiro carbon), 31.4,
25.7, 22.6 (cyciohsxane carbons). IR (KBr) viom ™ 1855 (C=0), 1598 (C=h).
1-{4-Chiorophenyl)-3-phenylaminocarbonyl-1,2,4, 5-tetraazas piro]5.7)-
tridec-2,4-ciens (Vie): 'H NMR (DMSO-dg) 3 9.12 (s, 1H, NH), 7.60-7.20 {m,
14H, Ar-CH), 2.53-1.44 (m, 10H, cyclooctane protons). °C NMR (DMSO-ds) &:
1589.4 (C=0 amide), 136.8 (C=N), 141.7-126.0 (Ar-0), 86.5 {spira carbon), 34.5,
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30.7, 28.4, 232 (cycioociane carbons). IR (KBr} viem™!: 1685 (C=0), 1586
{C=n).
1-Phenyi-3-schenylaminccarbony!-8,6-dimethyl-1,6-dihydro-1,2,4,5-
tetrazine (Vif): 'H NMR (DMSG-dg) & 8.00 gs, 1M, NH), 7.63-7.23 (m, 10H, Ar-
CH), 1.37 (s, 3H, CH3 ), 1.34 (s, 3H, CHy). BC NMR (DMSO-dg) 8 158.8 (C=0
amide), 136.7 {C=N), 143.7-124.4 (Ar-C), 88.7 (spiro carbon), 22.7 (CHy). IR
(KBr) viem™: 1850 (C=0), 1598 (C=N).
ﬁnphenyiwaaphenyﬂamin@carbmy&»ﬁ,?,ﬁ,’é@»teimazaspémm.ﬁj@e@m?,@-diw
ene {Vig): 'H NMR (DMSO-de) & 2.10 (s, 1H, NH), 7.680-7.19 (m, 10H, Ar-CH),
1.95-1.70 (m, 8H, cyclopentane protons). °C NMR (DMSO-de) 5: 158.8 (C=0),
138.4 (C=N), 142.3-126.2 (Ar-C), BB.6 {spiro carbon), 32.3, 23.4 (cyclopentane
carbons). IR (KBr) viem™: 1855 (C=0), 1506 (C=N).
1-Phenyl-3-phenylaminocarbonyi-1,2,4,5-tetraazaspiro[d.5jundec-2,4-
diene (VIh): 'H NMR (DMSO-dg) &: 2.00 (s, 1H, NH), 7.58-7.16 (m, 10H, Ar-CH),
1.85-1.63 (m, 10H, cyciohexane protons). “C NMR (DMSO-dg) 8: 158.5 (C=0
amide), 1368.7 (C=N), 141.7-124.6 (Ar-C), B0.§ (spiro carbon), 32.0, 24.8, 23.1
{cyclohexane carbons). IR (KBr} viem™': 1655 (C=0), 1585 (C=N).
9-Bsthyl-1-phenyl-3-phenylaminocarbonyi-1,2,4,5-tetraazaspire5.5]-
undes-2,4-diens (VH: 'H NMR (DMSO-ds) & 8.05 (s, 1H, NH), 7.62-7.17 {m,
10H, Ar-CH), 2.05-1.22 (m, BH, cyciohexane protons), (.94 (s, 34, CHy at
cyclohexane). °C NMR (DMSO-ds) 8: 158.6 (C=0 amide), 136.6 (C=N), 141.5-
125.0 (Ar-C), B4.5 (spiro carbon), 33.8, 314, 284, 22.7 {methyi-cycichexane
carbons). IR (KBr) vicm™: 1855 (C=0), 1598 (C=N).
9-tert-Butyl-1 »phany%«sgwgshewyﬁam§mmmmy§-’§ 2,4, 5-telraazaspiro-
15.5lundec-2,4-diene {(Vij): 'H NMR (DMSO-dg) & 8.10 (s, 1M, NH), 7.66-7.21
(m, 10H, Ar-CH), 2.05-1.40 {m, 9H, cyclohexane protons), 0.88 (s, 9H, tert-butyl
group) . °C NMR (DMSO-dg) 8. 158.7 (C=0 amide), 136.5 (C=N), 141.6-124.3
(Ar-C), 84.9 (spiro carbon), 47.1, 35.8, 324, 27.6, 24.1 (tert-bulvi-cyciohexane
carbons). IR (KB viem™™: 1650 (C=0)), 1594 (C=N).
1-Phenyl-3-phenylaminocarbonyl-1,2,4,5-tetraazaspiro[5.8jdodec-2,4-
diene (Vik): 'H NMR (DMSO-de) &: 8.95 (s, 1H, NH), 7.85-7.20 {m, 10H, Ar-CH),
2.45.1.62 (m, 12H, cycloheptane protons). “C NMR (DMSO-ds) & 158.5 (C=0
amide), 136.7 (C=N), 141.7-124.6 (Ar-C), 87.7 (spire carbon), 38.6, 284, 22.3
{(cycloheptane carbons). 1R (KBr) vicrn™: 1655 (C=0), 1588 (C=N).
1-Phenyi-3-phenylaminocarbonyl-1,2,4,5-tetraazaspirof5.7]tridec-2,4-
diene (VIl): 'H NMR (DMSO-dg) 5: 9.10 (s, 1H, NH), 7.60-7.20 (m, 10H, Ar-CH),
2.52-1.43 {m, 14H, cyclooctane protons). °C NMR (DMSO-dg) &: 158.4 (C=0
amide), 138.5 (C=N), 139.7-126.6 (Ar-C), 86.9 (spiro carbon), 34.8, 31.1, 28.7,
23.2 (cyclooctane carbons). IR (KBr) vicrr ' 16885 (C=0), 1593 (C=N).
8-{4-Chiorophenyl)-8-{2-furoyl)-8,7.9,10-tetraazas pirof4.8ldec-7,9-di-
ene (Viiby: " NMR (CDCly) & 7.87-7.28 {m, TH, Ar-CH), 1.95-1.70 (m, 8H,
cyclopentane protons). 3o NMR (DMSO-dg) B: 174.7 (C=0), 143.3 (C=N), 136.8-
115.9 (Ar-C), B6.6 {(spirc carbon), 34.5 32.2, 23.2 (cyclopeniane carbons). IR
(KBr) viem™: 1665 (C=0), 1584 (C=N).
1-{4-Chiorophenyl)-3-(2-furoyl}-1,2,4,5-letraazaspiro[5.5jundec-2,4-di-
ens {Viic): 'H NMR (CDCly) & 8.26-7.21 {m, 7TH, Ar-CH), 1.84-1.61 (m, 10H,
cyclohexane protons). PC NMR (DMSO-dg) 5: 174.6 (C=0), 143.1 (C=N), 136.7-
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116.1 (Ar-C), 80.8 (spiro carbon), 32.8, 24.8, 23.3 (cyclohexans carbons). IR
(KB vicrn™: 1660 (C=0), 1505 (C=N).
8-{4-Chlorophenyl}-8-(2-thenoyi}-8,7,9,10-tetraazaspiro[4.8]dec-7,9-di-
ena (Vilib): 'H NMR (CDCly) & 8.23-7.18 (m, 7H, Ar-CH), 1.92-1.67 (m, 8H,
cyclopentane protons). °C NMR (DMSG-dg) &: 174.6 (C=0), 143.4 (C=N), 136.7-
115.0 (Ar-C), 86.8 (spiro carbon), 32.4 23.7 {cyclopentane carbons). IR (KBr)
viem™": 1685 (C=0), 15988 (C=N).
1-{4-Chiorophenyl)-3-(2-thenoyl)-1,2,4,5-tetraazaspiro[5.6}dodec-2,4-
diene (Viitd): "H NMR (CDCly) 5: 8.21-7.16 (m, 7H, Ar-CH), 2.42-1.60 (m, 12H,
cycicheptans protans). °C NMR (DMSO-dg) 5: 174.6 (C=0), 143.2 (C=N}, 136.6-
114.6 (Ar-C), 87.5 (spiro carbon), 39.5 28.2, 22.5 (cycloheptane carbons). IR
(KBr) viery: 1665 (C=0), 1586 (C=N).
1-{4-Chlorophenyl)-6,6-dimethyl-3-{2-naphthoyl}-1,6-dihydro-1,2,4,5-
tetrazine (IXa): 'H NMR (CDCly) & 8.58-7.16 {m, 11H, ArCH), 1.41 (s, 3H,
CHa), 1.39 (s, 3H, CHs ). *C NMR (DMSO-de) 8. 187.5 (C=0), 135.5 (C=N),
144.2-125.9 (Ar-C), 68.6 {spiro carbon), 22.6 (CHa). IR {(KBr) viem™: 1645 (C=0),
1595 (C=N).
§-{4-Chiorophenyl)-8-{2-napthoyl}-6,7.9,10-tetraazaspiro{4.5]dec-7,9-
diene {(IXb): 'H NMR QCDC!:;) &: 8.57-7.12 (m, 11H, Ar-CH), 2.10-1.67 (m, 8H,
cyclopentane protons). 3¢ NMR (DMISO-dg) 8 187 4 (C=0), 135.4 (C=N}), 144.0-
115.3 (Ar-C), 80.7 (spiro carbon), 31.9, 23.5 {cyclopentane carbons). IR (KBr)
vicn™: 1646 (C=0), 1598 {C=N). _
1-{(4-Chiorophenyl}-3-(2-naphthoyl}-1,2,4,5-tetraazaspiro[5.5jundec-
2, 4-ttiene (IXc): 'H NMR (CDCly) & 8.56-7.13 {(m, 11H, Ar-CH), 2.15-1.58 (m,
10H, cyclohexane protons). °C NMR (CDCL) & 187.5 (C=0), 1356.5 (C=N),
143.9-126.0 (Ar-C), 70.9 {spiro carbon), 30.8, 25.8, 22.6 (cyclohexane carbons;.
IR (KBr) viern™: 1648 (C=0), 1597 (C=N).
1-{4-Chlorophenyi}-3-(Z-naphthoyl)-1,2,4,5-tetraazaspire]b.6]dodec-
2.4-diene ({d): "H NMR (CDCly) 8: 8.58-7.24 (m, 11H, Ar-CH), 2.35-1.65 (m,
12H, cvcloheptane protons). °C NMR (CDClg) 8: 187.1 (C=0), 135.8 (C=N),
144.5-119.6 (Ar-C), 85.3 (spiro carbony, 39.4, 31.2, 28.3, 226 (cyciohepians
carbons). IR (KB viem™: 1645 (C=0), 1593 (C=N).
1-{4-Chlorophenyl)-3-(Z-naphthoyl}-1,2,4,8-tetraazaspirofd.Tjiridec-2,4-
diene {IXe): 'H NMR (CDCI) 8: 8.56-6.98 (m, 11H, Ar-CH), 2.48-1.37 (m, 14H,
cycicootane profons). "G NMR (CDCly) & 187.2 (C=0), 135.7 (C=N), 142.1-
114.7 (Ar-C), 84.9 (spiro carbon), 34.8, 30.8, 28.7, 23.4 (cyclooctane carbons).
IR (KB viom™: 1845 (C=0), 1584 (C=N).
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4, COMCLUSION

in conclusion, the results demonstraie that the nitrilimines react with
hydrazone of gliphatic alkanones and cycloatkanone io give an acyclic addition
product, which upon treatment with new catalyst (C/S5/4n) vielded the spiro
heterocyclic compounds containing tetrazine moiety.

5. REFERENCES

{11 A. Q. Hussein, J. Chem. Res. (8), 1996, 174-5; J. Chem. Res. (M), 1998,
979-94,

2] E. A El-Sawi, A, M. Awadallah, A. R. Ferwanah, M. M. Dalloul, Asian J.
Chem. 2002, 14, 1225-6.

(31 . M. Dailloul, P. H. Boyle, Heterocyel, Commun. 2003, 9, 507-14.

4] H. M. Dalloul, H. M. Abu-Shawish, Org. Commun. 2008, 1, 1-8.

5] H. M. Dalloul, Tetrahedron 2008, 65, 8722-6.

8] H. M. Dalloul, South. Braz. J. Chem. 201G, 18, 19-27.

[71 G. McConnachie, F. A, Neugebauer, Telrahedron, 1975, 31, 555-60.

8] A D, Counotte-Polman, H. C. Van Der Plas, B. Van Veidhuizen, J. Org.
Chem. 1981, 46, 2138-

9] C. H. Stam, A. D. Counotte-Potman, H. C. Van Der Plas, J. Org. Chem.
1982, 47, 2856-

(101 H. M. Dalioul, Ph.D. Thesis, Faculiy of Applied Science, Alagsa
University, 2002

1] A 8. Shawali, H. M. Hassaneen, A. A, Fahmi, N. M. Abunada,
Phosphorous, Suifur, and Silicon, 1980, 53, 259-,

VISIT OUR SITE: http://www.sbjchem.he.com.br



SOUTHERN BRAZILIAN, JOURNAL OF CHEMISTRY
SOUTH. BRAZ. J. CHEM., Vol. 20, Ne. 29, 2012

SYNTHESIS AND ANTIMICROBIAL PROFULE OF SOME NEWER
HETEROCYCLES BEARING THIAZOLE MOIETY

Rajul Gupta'*, Neeraj Kumar Fuloria’, Shivkanya Fuloria® 61

}‘Bepm*ﬁmmﬁ of Pharmacy, CMJ University
Modrina Mansion, Laitamichrab, Shillong
Meghalaya-793 §63, INDIA
Email: rajulguptabl@yaboo.co.in
*Department of Pharmaceutical Chemistry
Anuaradha College of Pharmacy, Chikhli, Dist. Buldana,
Maharaghtra, INDIA,

Author’s correspondence address:

Rajul Gupta, A-1/A-8, Shalimer Garden Extension-2, Ghaziabad-201005, U.P,, India
Phone No.: +91-9266132514

Exmail: rajulguptall @yaboo.co.in, rajulguptatl @gmail.com

ABSTRACT

Various substituted acetophienones on treataent with iodine and thiowrea vielded 2-
amino-4-(substituted-phenyl)-thiazols, which on further treatment with acetic anbydride
generated  N-(4-{substitutedphenyljthiazol-2-yDacetamide (1-8). All the synthesized
compounds were characterized by their respective FTIR, 'H NMR and mass data
Synthesized compounds (I, 2, 3, 4, 5) when subjected io investigation for their
antimicrobial activities i¢. sotibacterial and antifungal studies against Staphviococcus
avrens, Escherichia coli, Pseudomonas aeruginosa, Candida albicans, Asperigiiius flovus
and Asperigillus fumigatus by disk diffusion method, revealed that compound 2 deemed to
be most potent with largest zone of inbibition.

REYWORDS: Thiazole, Acetophenones, Antimicrobial, Substituted Aldehydes.

RESUMO

Tratamento de acetofenonss substitnidas com iodo ¢ tiouréia levou a formaco de vérios
Z-amine Hazois ~4- (fenilsubstituidos) . O tratamento destes com anihidrido acético geron
N-(4-fenilsubstitvido}tiazol-2-i1} acetamidas (1-8). Todos os composios sintetizados Foram
caracterizados com féonicas de indfravermelho corm transformadas de Fourier, RMN de 'He
espectrometiia ge massa, As propriedades frmacéuticas dosg
compostos 1,234 e § foram avaliadas com Staphyviococcus aureus, Hschericin coli,
Fseudomonas seruginosg, Chngida olbicans. Aspergillys flavas e Aspergilius fumigatus.

O composto 2 foi o mais potente,

PALAVEAS CHAVE: Tiazol, Aceiolenonas, Aldeldos Substituidos, Atividade
Antimicroblana.

Croative Commons Attribution License, which pormits unrestricted usa, 4 istribution,
and roproduction in any medivm provided tha original work is proparly cited.
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INTRODUCTION

'Fhla,zole derivatives have attrasted a great deal of mtf,req‘i owing to their am‘lcancer
actmty antibacteria] dﬂtwﬁy , antifungal actzmty anti-inflammatory actlvﬁy )
amlmbemular activity”, cardictonic actavatyé antidegenerative activity on s.,amiage etc.
Thiazoles are known to be allosteric enhancer of Ay adenosine recepé:ersg whereas other
analogs are known to be inhibitors of protein phosphatases’. Heterocycle-bearing
substrates are particularly desirable structures for screening and are prevalent in drugs that
have reached the market place.

The development of simple and general synthetic routes for widely used organic
compounds from readily available reagents is one of the major challenges in organic
chemistry. Therefore to meet the facile results of these tough challenges thiazole nucleus
was being considered. Among the wide variety of heterocycles that bave been explored for
developing pharmaceutically molecules, thiazole derivaiives have played a vital role in the
medicinal chemistry. There are large numbers of synthetic compounds with thigzole
nucleus used for anticancer activities when properly substituted at 2-position. In view of
these observations and in continuation to develop betier and potent anticancer agents, some
newer thizzole derivatives were synthesized.

MATERIALS AND METHODS

Melting points were taken in open capiliaries and are uncorrected. IR spectrum of
compounds in KBr pellets were recorded on a FTIR-8400% specirophotometer
(SHIMADZU). '"HNMR spectra of the mmpmmds were recorded on Bruker DRX 300
NMR spectrophotometer in DMSO-dg using TMS as internal standard. Mass specira of the
compounds were recorded on MSN-9629 mass spectrometer. Elemental analysis was
cartied out on Elemental Vario EL Il Carlo Erba 1108, The purity of compounds was
monitored by thin layer chromatography. Thin layer chromatographic analysis of the
compounds were performed on silica gel G coasted glass plates uwsing Chloroform:
Methanol: Pet.Ether (9:1:0.5) as mobile phase. The spots were visvalized by exposure to
iodine vapours.

General method for the synthesis of Z-aming-4-{substituted-phenyli-thizzole

Varicus substituted acetophenones (0.01mol) were refluxed with fodine {0.01mol)
and thiowrea (0.02mol) for 9 bes 1o get 2-amino-4-(substiiuted-phenyi ythiazole. The solid
obizined was washed with diethyl ether, afler which it was washed with sodium
thiosulfate. Finally, it was washed with water and the residue was {iltered, dried and
recrystaliized from distilled water.

Genoral method for the synthesis of (1-5

Then, Z-amino-4-{substituied-phenylithiazole (0.G1mol) was refluxed with scetic
anbydrde (0.0bmol} for Zhrs. This led to the formafion of N-{4-(substifuied-
phenyhithiazol-2-yDacetamide {1-8). The final products were purified by recrystaliization
from ethanol. Physical data of compounds synthesized are summarized in Table-1.
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Table-1. Physical data of compounds {1-5)

Componnd R - Molecular Mel. Yield m.p. (°C)
Formuis Wi. {%}
1 H CutoNOS | 218.27 51 98-99
2 p-chloro CuHoCINoGS | 252.72 69 209-210
3 p-bromo | CyHeBrN,O8 | 297,17 65 202-203
4 p-hydroxy | CpHygN0,8 | 234.27 65 141-142
5 o-hydroxy | CpHpMNoO,8 | 23427 70 115-116

Nefd-phenyithiazol-2-yhacetamide (1): UV Apa (Methanoly: 232 nm. FTIR (KBr):
3392.55 (N-H stretching), 2977.89 {aromatic C-H stretching), 2931.6 {C-H stretching of
methyl), 1622.02 ((w() siretching), 156995 (C=N sweiching), 1498.59 (aromatic C-C
stretching), 690.47 cm™ (C-8 stretching of thiazole). "HNMR (DMSO-dg) 8: 2.142 (s, 3H,
(CHs), 7.117 (s, 1H, =C-H of thiazole), 7.273-7.854 (m, SH, Ar-H}, 8.854 ppm (s, 1H, NH,
D0 exchangeable). BSI-MS: mv/z (Y6) 219 (8) [M+177, 218 (43) [MT7, 203 (40), 175 (106),
134 {43y, 133 (23). Elemental Apalysis: Caled for CiyeMhO8 @ C, 60.53; H, 4.62; N,
12.83; 8, 14.69. Found: C, 60.50; H, 4.63; N, 12.81; §, 14.68 %.
Ne{d-{4-chlorephenyijthiazol-2-yDacetamide (2 UV Ayp (Methanol): 224 om. FTIR
{KBr): 3394.48 (N-H stretching), 2981.74 (sromatic C-H stretching), 2947.03 (C-H
siretching of methyl), 162395 (C=0 stretching), 1564.16. ({;“N strefching), 1492.8
(aromatic C-C stretching), 746.4 (C-Cl stretching), 651.03 cw” (C-8 stretching of
thiazole). "HINMR (DMSO-de) &1 2466 (s, 3H, CHs), 6.545 (s, 1H, =C-H of thiazole),
7.116-7.625 (m, 41, Ar-H), 9.154 ppm (s, 1H, NH, 1,0 exchangeable). ESE-MS: oz (%)
254 (17) [MA2T, 253 (6) IM+1T7, 252 (46) [MT", 237 (32), 209 (100}, 168 (42), 167 (22).
Elemental Analysis: Caled for CodlCINOS - €, 5228, H, 3.59; CL, 14,03 N, 11.08; 8,
12.69, Found: C, 52.27, H, 3.57; C1, 14.02: N, 11.06; 8, 12.71 %.
N-{4-(4-bromophenyl)thiazol-Z-vhacetamide {3 UY dpe (Methanoly: 225 nm. FTIR
(EBr)y: 3417.63 (N-H stretching), 3029.33 (sromatic C-H %@creigh}?n?} 299332 {(C-H
stretching of methyl), 1672.17 (C=0 stretching), 1598.88 (C=N siretching), MBS 94
{aromatic Cwﬁ steetching), 69326 (C-S stretching of thizzole), 370.89 o’ (C-Br
stretching). 'HNMR (DMSO-de) 8 2.763 (s, 3H, CHa), 6.967 (s, 1H, =C-H of thiazole),
7.317-7.825 (m, 4H, Ar-H), 8.778 ppm (s, 1H, NH, D,0 exchangeable). ESL-MS: m/z (%)
299 (43) [MH217, 298 (B) [M+1T, 297 (42) [MT, 282 (40), 254 (100), 213 (3%, 212 (2.
Blemental Aﬁaﬁyﬂng Caled for Oy HBN0S8 - €, 44.46; H, 3.05; Br, 26.8% N, 943 §,
10,79, Found: C, 44.45; H, 3.01; Br, 26.87; 1, 0.446; &, 10.80 %.
Nm%me{@«»%ayqﬁmxygﬁzmﬁ}ﬁmmﬁ% yhacetamide (4 UY Apa (Methanoly: 242 nm. FTTR
(KBry: 3558 42 (@wH %ﬂ*@?(‘hiﬂg} 3406, ﬁf}*? {Nwﬁ Sé@“@g@%ﬁg} %@zgg 39 amm@ﬁcé@* {J r:a
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stretching), 1526.93 (aromatic C-C stretching), 675.04 cm” (C-8 stretching of thiazole).
HINMR (DMSO-dg) §: 2.228 (s, 3H, CHa), 4.955 (s, 1H, OH, D;0 exchangeable), 6.369
(s, 1H, =C-H of thiazole), 7.296-7.658 (m, 4H, Ar-H), 8.564 ppm (s, 1H, NH, D)0
exchangeable). ESI-MS: miz (%) 235 (6) [M+17, 234 (28) [MY', 219 (22), 191 (100, 150
(20), 149 (14). Elemental Analysis: Caled for CHoMN2OsS : €, 56.39; H, 4.30; N, 11.96;
8, 13.69. Found: C, 56.40; H, 4.33; N, 11.98; &, 13.65 %.
N-{4-{2-hydroxyphenylithiazol-2-vlacetamide (8): UV Apax (Methanol): 267 nm. FTIR
(XBry: 35556 (O-H streiching), 340842 (N-H streiching), 3046.05 {(aromatic C-H
stretching), 2926.05 (C-H streiching of methyl), 1633.88 (C=0 stretching), 1554.07 (C=N
streiching), 1523.96 (aromatic C-C stretching), 1291.67 (C-O stretching), 673.68 cm’ (C-8
stretching of thiazole). "HNMR (DMSO-de) 61 2.156 (s, 3H, CIh), 4.702 (s, 1H, OH, D)0
exchangeable), 6.911 (s, 1H, =C-H of thiazole), 7.316-7.625 (i, 44, Ar-H), 8778 ppm (5,
1H, NH, D,0 exchangeable). ESI-MS: m/z (%) 235 (6) [M+1T, 234 (28) MY, 219 (22),
191 (1003, 150 (20), 149 (14). Caled for CHMN20nS - C, 56.39; H, 4.30; N, 11.96; §,
13.69. Found: C, 56,37, K, 4.33; N, 11.98; §, 13.67 %.

Antimicrobial activity

The synthesized compounds 1-5 were screened for antibactenial (8. awreus, £ coli, P.
aeruginosa) and anitfangal (C. afbicans, 4. flavus, A. fumigatus) sctivities by disk
diffusion method at a concentration of 2 mg/mi using DMF as a solvent. The results were
recorded in duplicate using Ciproflozacin and Fluconazele as standards and are given in
Table 2 & 3.

Table-2: Antibacterial Activity of compounds {1-5)

Zone of inhibition (mm)
Compounds
&, aurens E. coli F. geruginosa

B 15.5 % 0.00 17 £0.33 16 + 0.00

2. 215+ 0,33 20.5 £ 0.00 193 + 0.00

3, 1972 0.67 203 4033 204 +0.33

4, 16.4 % 0.00 15+ 0.00 155+ 0.00

2 173 £ 0.00 174033 17+ 0.67
Ciprofloxacin 27+ 0.00 284000 27T £5.00

DMF .
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Table 3. Antifungal Activity of Compeunds (i-5)

Zone of Inhibition (mm)
Compounds -
. albicans A. flavus A. furnigains
i 5.4+ 0.00 5.0 % 0.00 6.5+ 0.00
2. 113033 12.5 % 0.00 114 0.00
2. 10,7+ 0.67 93033 8.3 % 0.33
4. 8.2 + 0.00 7.4+ 0.00 8.0+ 0.00
3. 8.3 +0.00 7.8 0.00 8.7+ 0.67
Fluconazole 17 0.00 164 0.00 {74+ 0.00
DMF : u .

RESULTS AND DISCUSSION

YVarious substituted acetophencnes reacted with lodine and thicures to get 2-
Araino-4-{substituted-phenyi-thiazole'®, Nextly, the 2-amirno group of 2-Amino-4-
(substituted-phenyl}-thiazole was acetylated with acetic anhvdride, which led to the
formation of N-(4-(substituiedphenyijthiazol-2-yDacetamide (I-8) in moderate to good
yields (Scheme-1). The FTIR spectra of compounds 1-5 exhibited bands in the region of
3344.12-3417.23 om” due to N-H stretching and in the region 1622.62-1672.46 cm™ due
to C=0 stretching of amide. In 'H NMR specira of compounds 18, one proton singlet
appeared between 8 B.85-9.15 ppm was assigned to N-H profon which disappeared on L0
exchange.

The structures of the synthesized compounds were assigned on the basis of
elemental apalysis, 'H NMR, FTIR and mass speciral data and physical data. The
synthesized compounds 1-5 were screened for antibacterial (8 cuwrens, £ coli P
aeruginosa) and antifungal (C. albicams, A flovus, A flmigotus) activities by disk
diffusion method at & concentration of 2 mg/ml using DMF as a solvent. This revealed
that compound 2 deemed to be most potent with the largest zone of inhibition for both ie.
antibacterial activity and antifungal Activity,

VISIT OUR SITE: http://www.sbjchem.he.com. br
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SCHEME 1.
/ \ NH,CSNH,
R/M I,, Reflux for 9 hrs
R=H (1}
p-chloro (2}
p-bromo (3}

p-hydroxy (4)
o~hydroxy (5)

Refigx for 2 hirs (CHLCO),

NHCOCH;

(1-5)

Where R = H, p-chloro, p-bromo, p-hydroxy and o-hyedroxy- group
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ABSTRACT ‘

Biologically active phenyl indole and chloro phenyl indole derivatives were
efficiently synthesized. The reaction of 2-phenyl-1H-indole A and 5-chloro-2-phenyl-
tH-indole B, with chloroacetylchloride vyielded 2-chioro-1+(2-phenyi-iH-indol-
Iyhethanone 1 and 2-chloro-1-(5-chloro-2-phenyl-1H-indol-1-ylethanone 4
respectively. Compound 1 and 4 on Friedal Crafis cyclization in presence of
aluminium chloride and nitrobenzene yielded indolof2,1-ajisoquinolin-6{5H)-one 2
and 10-chioroindole [2,1-alisoquinolin-6(3H)-one 5 respectively, which upon
hydrolysis afforded 2-(2-(1H-indol-2-ylphenyDacetic acid 3 and 2-(2-(5-chloro-1H-
indol-2-yl) phenyl) acetic acid § respectively. The newly designed compounds were
characterized on the basis of spectral studies and screened for anti-inflammatory and
anti-microbial activities,

KEYWORDS: Z-phenyl-indole, 5-chloro-2-phenyl-indole, Friedal Crafts cyclization.

RESUMO

Derivados de fenil indol e clorofeni! indol, biclogicamente ativos, foram sintetizados
de maneira eficiente. A reaglio de 2-fenil- 1H-indol e 5-cloro-2-fenil-1H-indole com
cloreto de cloroacetila seguida por ciclizaglio Friedel Crafis levou aos compostos 2 e
5, respectivamnete, os quais depois de hidrdlise formaram 2-(2-(1H-indol-2-iDécido
fenilacético,3, e 2-(2-(5-cloro-1H-indol-2-il) acido fenilacético, 6. Os compostos
foram caracterizados e 2 atividade antiinflamatSria e entimicrobial foram avaliadas.
FALAVRAS CHAVE: 2-Fenil indol, 5-Cloro-2-fenil indol, Ciclizaclo Friedel Crafis
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INTRODUCTION

The statistical data provided that the global pharmaceutical market grew to 712 billion
US dollars in 2007 at a rate of 10.7% and is expected to grow to 929 billion US
dollars by 2012, which consists of 25.5 billion dollars of NSAIDS market. The global
anti-infective market is currently valued at 66.5 billion US dollars with antibacterial
agents accounting for over 50% of sales. Indole and phenyl acetic acid derivatives are
known 1o have potent anti —inflammatory (1}, anti-microbial (2) and analgesic (3)
activities. As per prospects of NSAIDS in global pharmaceutical market and literary
evidences for activities associated with indoles, an attempt was made to generate
novel potent anti-inflammatory and anti-microbial drugs by converting a 2-phenyl
indole moiety A and 5-chloro-2- phenyl indole moiety B into some novel 2-(2-(1H-
indol-2-yl)phenyljacetic acid 3 and 2-(2-(5-chloro-1H-indol-2-y1} phenyl) acetic acid
6. During this pathway of synthesis of 2-chloro-1-{2-phenyi-1H-indoi-1y})ethanone 1,
indolo{2,1-gjisoquinolin-6(5H}-one 2,  2-chloro-1-(5-chloro-2-phenyl-1H-indol-
Iyhethanone 4 andl0-chloroindolo [2,1-a}isoguinolin-6(5H)-one 5 were obtained as
key intermediates. All the newly designed compounds were further characterized and
evaluated for anti-inflammatory and anti-microbial activities.

EXPERIMENTAL

Melting points of newly designed compounds were determined in open capillary
tubes. IR spectra were recorded (in KBr) on Perkin Elmer and 1HNMR spectra on
Bruker, SF 300 instruments. Purity of designed compounds was checked by TLC on
aluminium sheets with silica gel 60 F254 (0.2 mm).

2-chloro-1-(2-phenyl-1H-indel-1ylethanone (1)

To a solution of 2-phenyl-1H-indole A (0.01 mol) in methyl ethyl ketone, a solution
of chloro acetyl chioride (in methyl ethyl ketone) was added dropwise on a magnetic
stirrer. During the reaction to maintain the pH 8-9 a solution of sodium carbonate (in
distilled water) was also added dropwise. The stirring was continued for further 75
min. From the resultant mixture the organic layer was separated and subjected for
distillation under reduced pressure. The obtained crude product was recrystallized
from methanol to yield compound 1.

IR (KBr, om™): 2916 (C-H of CHy), 3020 (C-H of aromatic ring), 1662 (C=0 of
amide)

'HNMR (CDCI3, ppm): 4.88 (2H; s; CHo), 6.53 (1H; s; Ha), 7.05-7.29 (3H; m; Hs, He
& Hy™), 7.31-7.46 (SH; m; Hy, Hp, Hs , H5*, He'), 7.6 (1H; m; Hy)

MS (m/z): 269 (M), 233, 76, 51

indolo]2, ! -alisoquinolin-6{SH)-one (2)

To a solution of 2-chloro-1~(2-phenyl-1H-indol-1yDethanone 1 in nitrobenzene, 1g of
powdered ahkmminium chloride was added in small portions with simultaneous stirring
for 15 min. The reaction mixture was further stirred continuously for ! hr. The
resultant mixture was transferred onto crushed ice to form a semisolid mass, which
was subjected to distillation to remove nitrobenzene to get a solid product. The
obtained crude product was recrystallized from methanol to yield compound 2
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IR (KBr, cm-1): 2922 (C-H of CHy), 3045 (C-H of aromatic ring), 1668 (C=0 of
amide})

'HNMR (CDCI3, ppm): 3.66 (2H, s, CHy), 6.61 (1H; s; M), 6.8-7.24 (SH; m; Hs, He
Hy’, Hy', & Hs™), 7.29-7.67 (3H; m; Hy, Hs, Hy')

MS (m/z): 233 (M), 76, 51

2-(2-(1H-indol-2-yl)phenyiacetic acid (3)

A mixture of indolo{2, 1-a]isoquinolin-6(5H)-one 2 in ethanoi and sodium hydroxide
solution was refluxed for 6 hrs. The resultant reaction mixture was filiered and to the
filtrate HCI was added drop wise to yield a solid mass. The crude product so obtained
was filtered and recrystallized from methanol to vyield 2-(2-(1H-indol-2-
yhphenylacetic acid 3.

IR (KBr, cm-1}: 3447 (O-H of COOH), 3021 (C-H of aromatic ring), 2930 (C-H of
methylene), 1721 {C=0 of COOH),

"HNMR (CDCI3, ppm): 8.52 (1H, s, N-H), 3.42 (2H, s, CHy), 6.51 (1H, s, Hy), 6.82-
7.19 (5H; m; Hs, He, Hy', Ho', Hy"), 7.29-7.64 3H, m; Hy', Hy, Hy), 11.2 (1H, 5, O-H)
MS (m/z): 251 (M), 234, 233, 224, 206, 91, 76, 51, 45

2-chloro-I1-(5-chloro-2-phenyl-i H-indol-1yl)ethanone (4)

To a solution of 5-chloro-2-phenyl-1H-indole A {0.01 mol} in methyl ethyl ketone, a
solution of chloro acetyl chloride (in methy! ethyl ketone) was added dropwise on a
magnetic stirrer. During the reaction to maintain the pH 8-9 a solution of sodium
carbonate (in distilled water) was also added drop wise. The stirring was continued for
further 75 min. From the resultant mixture the organic layer was separated and
subjected for distiflation under reduced pressure. The obtained crude product was
recrystallized from methanof to yield compound 4.

R (KBr, cm-1): 2619 (C-H of CHy), 3028 (C-H of aromatic ring), 1664 (C=0 of
amide)

'HNMR (CDCI3, ppm): 4.92 (2H; s; CHa), 6.59 (1H; s; Hs), 7.14-7.34 (3H; m; Hs, He
& Hy"), 7.39-7.49 (5H; m; Hy, Ha, M5, Hy', Hg"), 7.54 (1H: d: /=2.7, H,)

MS (m/z): 303 (M), 267, 76, 51

19-chloroindelo {2,1-ulisoquinolin-6(5H)-one (5)

To a solution of 2-chloro-1-(5-chloro-2-phenyl-1H-indol-1ylethanone 4 in
nitrobenzene, 1g of powdered aluminium chioride was added in small portions with
simultaneous stirring for 15 min. The reaction mixture was further stirred
continuously for 1 hr. The resultant mixture was transferred onto crushed ice to form
a semisolid mass, which was subjected to distillation to remove nitrobenzene to get a
solid product. The obtained crude product was recrystallized from methanol to yield
compound 5,

IR (KBr, em-1): 2930 (C-H of CHy), 3049 (C-H of aromatic ring), 1674 (C=0 of
amide)

"HNMR (CDCI3, ppm): 3.72 (2H, 5, CHy), 6.68 (1H; s; H3), 6.94-7.28 (5H; m; Hs, Hy
Hy*, Hy', & H5), 7.36-7.48 (2H; m; Hs, Hy"), 7.56 (1H; d; j=2.6, Ha)

MBS (m/z): 267 (M), 231, 91, 76, 51

2~(2~(5-chlore-1H-indel-2-y1) phenyl) acetic scid (%)
A mixture of 10-chloroindolo {2,1-elisoguinolin-6(5H)-one 5 in ethano! and sodium
nydroxide solution was refluxed for 6 hrs. The resuliant reaction mixiure was filtered
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and to the filtrate HCl was added drop wise to vield a solid mass. The crude product
so obtained was filtered and recrystallized from methanol to yieid 2-(2-(5-chloro-1H-
indol-2-y1) phenyl) acetic acid 6.

IR (KBr, cm-1); 3458 (O-H of COOH), 3028 (C-H of aromatic ring), 2942 (C-H of
methylene), 1716 {C=0 of COOH)

"HNMR (CDCI3, ppm): 8.65 (1H, s, N-H), 3.52 (2H, 5, CHy), 6.47 (1H, s, H3), 6.93-
7.14 (4H; m; He, Hy’, Hy', Hs’) 7.32-7.38 H; m; Hy, Hy) 7.62 (1H; d; J = 2.8, Hy).
11.35 (1H; s, O-H)

MS {m/z): 285 (M), 268, 267, 258, 249, 240, 91, 76, 51, 45

Biological activity

The designed compounds 1, 2, 3, 4, 5, 6 were screened for anti-inflammatory activity
by carageenan induced paw oedema method using distilled water as solvent. The
results were recorded using indomethacin as standard drug and are given in table-Il
The designed compounds ¥-6 were also were screened for antibacterial and antifungal
activity using disk diffusion method. The results were recorded using amoxicillin and
egriseofulvin as standard drugs respectively and are given in Table-HI and Table-1V.

RESULTS AND DISCUSSION

2-chioro-1-(2-phenyl-1H-indol-lyhethanone 1 and 2-chloro-1-{5-chloro-2-phenyl-
iH-indol-1-yl)ethanone 4, prepared from 2-phenyl-1H-indole A and 5-chloro-2-
phenyi-1H-indole B respectively. The obtained compounds 1 and 4 when cyclized
with aluminium chiloride yielded indolo[2,1-a}isoquinolin-6(5H)-one 2 and 10-
chloroindelo [2,1-a}isoquinolin-6(5H)-one 5 respectively, which on hydrolysis lead
to potent anti-inflammatory 2-(2-(1H-indol-2-yDphenylacetic acid 3 and 2-(2-(1H-
indol-2-yl)phenylacetic acid 6 respectively. The synthetic procedure for conversion
of compound A te 3 and B to 6 is suggested in Scheme 1 and 2. Physical data of 1-6
are given in Table 1. The assigned structure, molecular formulae and the anomeric
configuration of the newly designed compounds 1-3 and 4- & were further confirmed
and supported by mass, 1H-NMR and IR spectral data, based on occurrence of
molecular ion peak of the assigned structures, downfield shifting of protons and
different stretching bands of the compounds. The resultant compounds 1, 2, 3, 4, 5
and 6 after characterizations were further screened for anti-inflammatory and anti-
microbial activity {data given in Table-Ii, Ill and IV).
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Table L. Physical data of compounds

Compound | Physical Yield | Molecular Mol. M.P. | Ry
No. characteristics | (%) formula Wi, (°C) | Value
i White crystals 82 CioHCINO | 269.73 | 205- | 0.56
206
2 White crystals 76 Ci6HINO 23326 | 212- | 042
213
3 White crystals 73 Ci16H1NO? 25128 | 228- 1 0.38
229
4 White crystals 74 CHiiChNG | 304,17 | 217- | 0.52
218
5 White crystals 68 CisH1oCING | 267.71 | 223- | 0.46
224
6 White crystals 64 | CisHppCING, | 28572 | 231- | 0.34
232

TABLE II- Anti-inflammatory activity of 2-phenyl indole and 5-chlore-2-phenyl
indole derivatives on carrageenan-induced paw oedema in rats.

Compd | Paw volume in ml, mean +8D(% inhibition of paw edema)

20mg/p | After 1hr After Zhr After 3hr Afier 4hr

0

Control | 0.880:£0.017% | 0.886=0.0163 (.897+0.0151 0.885:0.0242

Indome | 0.368+0.0197 | 0.32620.0163 0.290+0.0219 0.265+0.6350

thacin | (58.18%)* (63.2%)* (67.67)% (70.05%)*

1 0.847+0.0242 | 0.833+£0.0273 0.803£0.029 0.7904:0.0452
(3.75%) (5.98%) {10.47%) (10.73%)

2 0.840+0.0219 | 0.817+0.0151 0.787+0.0350 0.757+0.0234
(4.45%) (7.78%) (12.26%) {14.46%)

3 0.58320.0408 | 0.557+0.0197 0.527+0.0350 $.503+0.067
(33.75%)* (37.13%)* {41.24%)* (43.16%)*

4 0.817+0.0388 | 0.793+0.0273 0.773+0.0350 0.737+0.0151
(7.15%) (10.4%) (13.8%) {16.7%)

5 0.663:0.0344 | 0.647x0.0266 0.615+0.0253 0.595+0.0179
(25.79%)* {27.2%)* (31.43%)* (32.95%)*

6 0.540:0.057%% | 06.515+0.0210%* | 0.395%0.0283** | 0.325+£0.0266**
(38.63%) (41.8%) (55.96%) {63.27%)

*p<0.05 vs control, *¥p<0.01 vs contro! (1=6)
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Table: 111 — Antibacterial-sensitivity testing of 1-6.

Antibacterial Activity
Compd.
No. Zone of Inhibition (mm)
§. aureus E. coli FP. aeruginosa

1 14.3£0.33 18.3 0,33 14.3 £ 0.33
y/ 20.7 +£0.67 12+ 0.00 16,7 +0.33
3 21.7+0.67 16 + 0.00 17.7+£0.33
4 16.7 + 0.67 18+ 0.00 14.7 + 0.67
S 22.3+0.67 17.7 4 0.33 12 +0.00
6 23 £ 0,00 18.3+0.33 20.7 £ 0.33

Amoxicillin | 26+ 0.54 25+ 0.68 26+ 2.4

DMF - - -

= All the values are expressed as mean + SEM of triplicates

Table: IV~ Antifongal-sensitivity testing of 1-6.

Antifungal Activity
Compd.
No. Zone of Inhibition (mm)
. albicans A. flavus A. fumigates
i 16.3+033 §+£0.00 9+0.00
2z 9 4 0.00 112000 10+ 0.00
3 10£0.00 11 +0.00 8+ 0.00
4 84+ 0.00 11.7 £ 0.67 9+0.00
s 103 +£0.33 12 = 0.00 93£0.33
& 14+ 0.00 13 & 6.00 9+ 0.00
Griseofulvin 24+ 0.60 25 4 0.00 23 0,00
DRE - - -

s Al the values are expressed as mean + SEM of wiplicates
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CONCLUSIONS

After screening the designed compounds for anti-inflammatory and anti-microbial
(anti-bacterial and anti-fungal) studies it was found that each compound 1-3 and 4-6
possesses anti-inflammatory activity and anti-microbial activity to certain extent.
Among the newly synthesized derivatives, compound 6 have shown significant
(p<0.01) anti-inflammatory activity and was found to be almost equipotent to
indomethacin when tested on rats, The compounds 3 and 5 have alsc shown
significant (p<0.05) results. The other tested compounds 1, 2 and 4 have also shown
anti-inflammatory activity to ceriain extent. Anti-microbial (anti-bacterial and anti-
fungal) screening revealed that among the newly synthesized derivatives, compound &
have shown the most significant anti-microbial activity when compared to standard
drugs. Compound 5, 3 and 2 were found to have moderate activity while compound 1
and 4 were found to have mild activity among the tested compounds. After
comparing the anti-inflammatory activity, anti-microbial activity and structural
configuration of compounds 1-3 and 4-6, it was concluded that the incorporation of
chiorine in derived compounds enhances their activity.
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