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ABSTRACT

Two new water-soluble mixed ligand of [Pd(bpy)(L)] Cl, and[Ag(bpy)(L)]NO,
complexes with 2-amino-7-0x0-4,5,6,7-tetrahydrobenzo[ b]thiophene-3-
carbonitrile (L) were synthesised. The composition of theisolated complexes
was discussed on the bases of elemental analysis, spectral studies (IR, UV—
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visible, BC-NMR and MS), as well as conductivity measurement. The
synthesised complexes display a significant anticancer activity against
Ehrlich ascitestumour cells (EACs). The higher activity of these complexes
with their higher conductivity values corresponds to their complete ioniza-

tion in agueous solution.

INTRODUCTION

Inthe pharmaceutical industry, thediscovery of new
drugsrequiresan extensivesafety and efficiency inves-
tigation beforethey arerd eased into themarket™. The
safety and efficiency investigationisusually eva uated
by toxicology data, which providesgood insight into
thedrug’s likely risk or benefit assessment in new drug
gpplication and d so beinterpreted in the assessment of
health risk to peopl€?. A variety of toxicologica tests
and clinical safety eva uations need to be conducted
and evduated by thedrug regulatory authoritiesfor drug
safety assessment!®. The use of computationa meth-
odsisanefficient tool for identifyingandillustratingun-
safedrug candidatesin the early stagesof drug devel -
opment, anditisparticularly useful in predicting toxi-
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cological properties, such asgenotoxicity, mutagenic-
ity, hepatotoxicity, teratogenicity, and carcinogenicity.
Asvivoand vitrotoxicity testing require asubstantial
investment in both time and money, these methods can
reducethecost and work force effectively. To develop
apredictivetoxicity model, thekey stepisto select a
representative dataset that associated with apredomi-
nating toxic mechaniam. Thiophenisasul phur-contain-
ing heterocyclic hydrocarbon that hasbeen detectedin
anumber of environmental sourcesasvariousderiva-
tives*+8, Thiophen derivativesweresdected dueto their
presencein pharmaceuticadsand their potentia, viacy-
tochrome P450 (CY P450) metabolism. Thiophenis
oxidized enzymatically by members of the CY P450
multifunction oxidises, resulting in the formation of
thiophene epoxidesand sulfoxides. Thesespeciesare
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susceptibleto nucleophilic attack by DNA nucleobases
to form DNA adducts. When the damaged DNA is
replicated, mutationsoccur in the newly formed DNA
molecules as aresult of the damaged parent DNA
strand®9, In aword, it will induce permanent gene
mutations and may inducetumoursintheend. Soitis
important to investigate the genotoxicity of thiophen
derivatives using the machinelearning methods. Ma-
chinelearning methods have recently been explored
using severa approachesto predict toxicity of drugs*
14]

The present work aimsto synthesize and charac-
teri ze complexesobtained from thereaction of 2-amino-
7-0x0-4,5,6,7-tetrahydrobenzo[ b]thiophene- 3-
carbonitrile(L) with [Pd(bpy)Cl,] and [Ag(bpy)(H,0),]
NO,. They have been investigated using elemental
anaysis, spectra studies (IR, UV-visible, *C-NMR
and MS), aswell asconductivity measurement. In ad-
dition, theanticancer activity of these complexes.

EXPERIMENTAL

Material and methods

All manipulationswere performed under aerobic
conditions. All metd saltsand other reagentsused were
pure (Merck). [Pd(bpy)Cl.] was synthesized by thelit-
erature method. Thecellsof Ehrlich ascites(EACs)
tumour were obtained from Nationa Cancer Institute
(Cairo, Egypt). After harvesting and preparation of the

cells, their total number and viability weredetermined
by counting using Trypan blug*.

Instrumentation

Electronic spectrawererecorded usingaUnicam
uv, ,, UV-Vis. Spectrometer. IR spectrawere mea-
sured as KBr discs on a Matson 5000 FT-IR spec-
trometer. *C-NMR spectraweremeasured on aVarian
Gemini WM-200 spectrometer. Conduct metric mea-
surementswere carried out at room temperature on an
Y S Modd 32 conductivity bridge. Mass spectrawere
recorded on aMatson M S 5988 spectrometer.

Synthesis of 2-amino-7-0x0-4,5,6,7-tetr ahydro-
benzo[b]thiophene-3-carbonitrile

2-amino-7-ox0-4, 5, 6, 7-tetrahydrobenzo
[b]thio- phene-3-carbonitrile (L) was prepared by
heating amixtureof cyclohexane-1,3-dione(0.01 mal;
1.12 g) with malononitrile (0.01 mol; 0.66 g) and
sulphur (0.01mol; 0.32 g) under reflux in absolute
ethanol for 4 h. On heating, yellow crystals were
formed, filtered off, washed with hot ethanol and di-
ethyl ether, then recrystallized from ethanol (M.p.:
175°C; yield 90%). The purity of the compound was
checked by TLC (Scheme1l).

Synthesis of complexes
(1) Synthesisof[Pd(bpy)L]CI.-H,O

A stirred suspension of [Pd(bpy)Cl.] (0.17g, 0.5
mmol) in methanol-benzene(3: 2, V/V) (15 cm?), was
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added amethanolic solution of KOH (0.055g, Immol)
containing 2-amino-7-oxo-4, 5, 6, 7-tetrahydrobenzo
[b] thiophene-3-carbonitrile(L) (0.096g, 0.5mmoal). The
resulting suspension was stirred for one days and a
brown complex wasobtained. It wasfiltered off, washed
with water and methanol, and then air-dried. Conduc-
tivity data(10°M in DMF): A, , = 89.0 ohm*cm?mol ™.
Elementa Ana. Cdc. for C ,Cl,H,.N,OSPd: C, 43.41;
H, 3.07; N, 10.66; Cl, 13.49; Pd, 20.24. Found C,
43.53; H, 3.11; N, 10.51; Cl, 13.36; Pd, 19.92.
(525.7544).

(2) Synthesisof [Ag(bpy)L]NO,

Silver nitrate (0.087g, 0.5mmol) in water (2cmq)
was added to bpy (0.078g, 0.5mmol) in methanol
(35cmd) to produce acolourless solution, towhich L
(0.096g, 0.5mol) wasadded. Thereaction mixturewas
stirred in dark for 4 hours to produce afaint brown
solid. It wasfiltered off, washed with littleweater, metha
nol, and diethyl ether, then driedin vacuo. Conductivity
data(10° M inDMF): A,, = 68.0 ohmr‘cm?mol . El-
emental Andl. Calc. for C H, .N.O,SAg: C, 44.03; H,

3.11; N, 13.51; Ag, 20.81. Found C, 44.22; H, 3.18;
N, 13.42; Ag, 21.01. (518.3014).

Conductivity measurements

The conductivity values for[Pd(bpy)L]CI,
and[Ag(bpy)L]NO, weredetermined. The compounds
were dissolved in water and the measurements were
doneat concentrations; 1, 0.8, 0.6, 0.4, and 0.2 mM.
Theconductancevalues(A,,) werecalculated and plot-
ted against concentration(9l,

Anticancer activity against ehrlich ascitescarci-
nomain mice

All the compoundswere screened for their anti-
cancer activity by dissolving samplesinminimumamount
of DMSO (L) or water (complexes) and diluting with
phosphate-buffered saline (PBS; pH = 7.2). The anti-
cancer studies using Ehrlich ascites tumour cells
(EACs) werecarried out by incubating 0.2mL of cdls
IP.All thetrestments started 24 hours after inocul ation
for 45 days. Thetumor-bearing miceweredivided into
three groups. Group (1) isthe standard one that re-
ceived the 5-florouracil* (5-fu; 20mg/kg/day of mice)
for comparison. Group (2) received L, [Pd(bpy)L]CL,
and [Ag(bpy)L]NO, complexes (0.01mg/mice/day).

—= Fyll Poper
TABLE 1: Spectral dataof L and itscomplexes

Compound  v(NH,) v(C=0) v(CS) v(CN) v(M-O) v(M-S)
L 3360 1675 1155 2226
[Pd(bpy)(L)]Cl, 3369 1643 1143 2228 553 390
[Ag(bpy)(L)INO; 3374 1649 1140 2231 550 381

TABLE 2: #C-NMR Chemical shift in (ppm) assgnmentsfor
L, [Pd(bpy)L]Cl,and [Ag(bpy)L]NO,in DM SO

Assign- | [Pd(bpy)L] [Ag(bpy)L]

ment Cl, NO3 I N c I N
c' 148 142 144 N/ N/ cd
c? 165 161 160 N &~
c 182 178 176 A
c 60 55 55 A czS~GNH2
C’ 142 149 147 c I

ct Ca
Cs 146 152 151 NN

Group (3) isthecontrol onereceived physiologica sa
line (0.9% sodium chloride).

RESULTSAND DISCUSSION

Synthesis of complexes

Thetwo new complexes of 2-amino-7-0x0-4, 5,
6, 7-tetrahydrobenzo[ b] thiophene-3-carbonitrile (L)
see Scheme 1. Theelemental analyses of theisolated
complexesagreewith theassigned formula. The con-
ductivities(A,,) in DMF at room temperature showed
the el ectrolytic character of these complexes®™. The
complex [Pd(bpy)L]CIl, was prepared from
[Pd(bpy)Cl.] and (L) inmethanol-benzenein presence
of agueous base, while[Ag(bpy)L]NO, was prepared
from aqueousAgNO, with bpy and L in methanol.

The complexesare powder-like, stableinthenor-
mal |aboratory atmosphere, and solubleinwater, DMF
or DM SO. We had hoped to characterizethe structure
of oneof the complexesby single X-ray crystallogra-
phy, but werethwarted on numerousoccas onsby very
smal crysta dimensions. Thus, the characterization of
these complexeswas based on the physical and spec-
troscopictechniques.

Vibration spectra
The characteristic IR bands observed and vibra-
tion assignments of 2-amino-7-oxo-4, 5, 6, 7-

tetrahydrobenzo[ b] thiophene-3-carbonitrile (L) com-
plexesarereported in TABLE 1. Theinfrared spec-
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TABLE 3: Haematological and biochemical parametersof (L) and itscomplexes

Parameters
Compound Hb® RBCs? HCT® wBCs® EAC Count ®
1216 g/dl  4.06x 10°cdlicm®  35.0-50%  4000-11000 x 10° cell/om®  (x 10° cellfem?) M ST/D&Y
L 109 6.4 413 8700 412 130
[Pd(bpy)L]CI2 10.9 6.2 393 12000 25 108
[Ag(bpy)LINO3  10.8 6.4 420 9800 351 109
5-fu 10.2 6 37.7 7600 80 136
Control 78 472 222 2400 220 9.0

®Hb = haemoglobin, ®RBCs = red blood cells count, ®HCT = hemato crate value, YWBCs = white blood cells count values in

normal mice are in parentheses, ®the mean survival time

trum of (L) displaysfour bandsat 3360, 1675, 1155,
and 2226 cm™* assigned to v(NH,)!*8, v(C=0)"7,
v(CS)2¥ and v(CN)2 vibrations, respectively. By
comparison theinfrared spectrum of theligand with
those of itsmetal complexesrevea sthat (L) behaves
asaneutral bidentateligand coordinating viacarbonyl
oxygen (C=0) and thiophen sulphur (CS). Thismode
of complexationissupported by theshift of bothv(C=0)
andv(CS) vibrations to lower wavenumber. Also, the
bands at 3360 and 2226 cm™, arising fromv(NH,) and
v(CN), respectively, are not affected upon complex-
ation. Theinfrared spectraof these complexes show
new bandsat 553, 550 and 390, 381 cm* assignable
tov(M-0) and v(M-S), respectively??. Moreover, the
bands of thefreebpy ligand near 749cm* are shifted to
higher frequenciesin the complexes (776 cm)i3. The
spectrum of [Ag(bpy)(L)]NO, showsnew strong band
near 1373cm* assigned to the ionic uncoordinated
NO, 124,

Electronic spectra

Theé ectronic spectrum of [ Pd(bpy)L] Cl, complex
(Figure 1) showsbands at 492 and 346 nm dueto 1A1g
— B, and'A, —'E , transitionsinasquare-planar
configurati on[25?. Also, thespectrumof [Ag(bpy)L]NO,
complex (Figure 1) shows bandsat 485, 380, and 286
nm; thelatter two may arisefrom chargetransfer of the
typeligand () — b, (Ag) andligand (o) — b, (Ag’),
respectively, inatypicaly distorted square planar envi-
ronment around the metal ion(?,

Nuclear magneticresonancespectral studies

The BC-NMR spectra of (L) and its Pd(Il) and
Ag(l) complexes(Figure 2) wererecorded in DM SO.
Themost significant features of the *C-NMR spectra
of the complexeswere detected when comparing with

the spectrum of the corresponding freeligand. Asex-
pected, Ct, C?, C®and C*carbons showed an upfield
shift, but, C>and C° carbons showed downfield shift on
complexation?-%, Theother ring carbon atomsdid not
show significant shifts(TABLE 2).

Mass spectra

The mass spectrafor the two complexes and the
molecular ion peaks confirmed the proposed formul ae.
Asatypical example, the mass spectrum (Figure 3) of
[Pd(bpy)L]Cl, shows peaks corresponding to the suc-
cessive degradation of themolecule. Thefirst peak at
m/e526.00 (Cal culate. 525.75) representsthe mol ecu-
lar ion peak of the complex (M*2). The sharp peak
(base peak) with m/e 107 represents the stable and
find residuePd(l1).

Conductivity measurements

Figure 4 showsthe plots of the conductivities of
[Pd(bpy)L]Cl, and[ Ag(bpy)L]NO, agai nst concentra-
tions. Itisclear that asthe concentration increases, the
conductivity increases, indicating the completeioniza-
tion of the complexes species?. Sincethe conductiv-
ity for ClI- and NO; is 76 and 71 ohm cn, respec-
tively™, thissuggeststhat the complexesionized com-
pletely inagueous mediad3Y.

Anticancer ousactivity

Therdiablecriteriafor judging theefficacy of any
anticancer drugare prolongeation of lifespan, improving
theclinica, haematol ogical, and biochemicd profile, as
well as reduction in viable tumour cell count in the
hosti®>34, |t isknown that the anticancer availabledrugs
inhibit the haematol ogica and biochemica parameters
(haemoglobin (Hb), red blood cellscount (RBCs), and
whiteblood cells count (WBCs); blood picture). The
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ultimategoal of thisproject isto develop mixedligand
complexes containing nitrogen bases effective against
cancer without side effects on the haematol ogical and
biochemica parameters,

In order to detect theinfluenceof (L), [Pd(bpy)L]
Cl, and[Ag(bpy)L]NO, onthehaemato- logica status

of EAC-bearing mice, acomparison study was made
among threegroups of mice (each group containsseven
mice) from the second day after inoculation. Group (1)
tumor-bearing micetreated with 5-fu (standard®>=9).
Group (2) tumor-bearing mice treated with (L),
[Pd(bpy)L]Cl., and[Ag(bpy)L]NO,. Group (3) isthe
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Figure3: Massspectraof [Pd(bpy)L]Cl,and [Ag(bpy)L]NO,

control tumor-bearing mice. Theanticancer activity of
L, [Pd(bpy)L]Cl., and [Ag(bpy)L]NO, showsremark-
ableefficacy manifested by survival and activity, aswell

asreductionin thetumour size. The haematol ogical

parametersind uding haemogl obin (Hb), red blood cells
count (RBCs), and white blood cells count (WBCs)
data are reported in TABLE 3. It is clear that the
haematological parameters of tumor-bearing mice
treated with (L), [Pd(bpy)L]Cl,, and [Ag(bpy)L]NO,
exhibitsmuch better significant figureswith the use of
small dosesof (0.01 mg/mice/day) compared with the
standard (5-fu), the market drug (~0.4 mg/mice/day).

Therearereportsthat complexes containing pyri-
dinering (cydicnitrogen) display sgnificant anticancer
activity®, Thus, the presence of the pyrimidinering
increasestheanti cancer activity and activatesthebind-
ing of meta ion to thetumour DNA asit containstwo
cyclicnitrogen atomg®4.

The haematological parameters show that
[Pd(bpy)L]Cland [Ag(bpy)L]NO, aremoreeffective
than (L) itself, asthe presence of both bpy and (L) in
the complexes possessamultiring planar areawith ni-
trogen bases and hence higher hydrophobicity, which
would lead theintercal ation more deeply into the tu-
mour DNA,

In order toinvestigate the action of Pd(I1) and Ag(l)
complexesinthetumour DNA, theintercal ated com-
plexesaffectingthestructure of theDNA prevent poly-

meraseand other DNA binding proteinsfrom function-
ing properly. Asthe complexes covantely bindto DNA
with preferentia binding to the N-7 position of guanine
and adenine, they are ableto bind two different siteson
DNA, producing cross-linksthat causeincreaseinthe
viscosity in comparisonto thenormal unbound DNA.
Theresultsareprevention of DNA synthesis, inhibition
of transcription, andinduction of mutationg™.
Regarding thetumour sizeand EAC count, inthe
control group was (220x10° cells/cm?), reduced in us-
ing 5-futo (80 x 10° cells'cm?®) whilethe strong reduc-
tion to 41.2x108, 32.5x108, and 35.1x10° cells per
cm?® was observed in using (L), [Pd(bpy)L]Cl., and
[Ag(bpy)L] NO,, respectively. Thestrong reductionin
EAC count and tumour size may be dueto thereduc-
tive nature of many tumoursthat contain significant re-
gionsat low oxygentension. Thus, they initiateacata
lytic auto-oxidation processinvol ving generation of re-
active oxygen species. The coordinated (L) and bpy
may reducetoxic effects caused by xenaobiotic core of
the complexes, contributeto their anticancer action, and
facilitatetheir transport through cell membrane®. Our
investigations have shown that glutathione content, in
liver and kidney, and glutathione-S-transferase activity
were decreased, suggesting that the partial reduction
products of oxygen, inthe presence of the complexes,
yield very reactive species, which could start cataytic
oxidation of substratesand show antitumor action*?.
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In order to detect theinfluence of the solvent inthe
cytotoxicity of (L), [Pd(bpy)L]Cl., and [Ag(bpy)L]NO,
,As expected, the water-soluble [Pd(bpy)L]Cl, and
[Ag(bpy)L]NO, arelesskidney toxic.

Effect of survival time

Themean surviva time (M ST) of groups1and 2
was compared with that of the control group usingthe
following calculationg*Y. Percentage (%) increasein
lifespan over control =[(M ST of treated group x 100/
MST of control group) -100]; MST = days of each
miceinthegroup/total number of mice. Percentage (%)
increasein lifespan over control showedto behighin
mice treated with (L), [Pd(bpy)L]CI,, and
[Ag(bpy)L]NO, (TABLE 3).

Thesideeffectsand toxicity

Thesideeffectsandtoxicity of (L), [Pd(bpy)L]Cl,
and [Ag(bpy)L]NO, have been detected. After thefirst
week of the treatment, the mice show flu-like attack
and inthethird week show spot dropping on the hair
(alopecia). Fortunately, the solid organshavenot been
affected.

—= Fyll Poper
CONCLUSION

Therearereportsthat complexes containing pyri-
dinering (cyclicnitrogen) display significant anticancer
activity. Theanticancer activity of thenew water-soluble
complexes, [Pd(bpy)L]Cl,and[Ag(bpy)L]NO,, shows
remarkableefficacy against Ehrlich ascitestumour cdlls
(EACs) manifested by surviva and activity, aswell as
reductioninthetumour size.
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