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Sııbstituted - 2 - Hydroxynıethylbenzinıidazole Derivatives and 
Tlıeir Platin um (Il) Cornplexes and Deternıination ofTheir lıı 

Vitro Antitun1or Activities by "Rec-Assay" Test 
Summary: In tlıis study, tlzree 5(6)-non/-chloro/
nıethylsubstituted-2-Jıydroxynıethylbenzirnidazoles (Ll - L3 re
spectively) and their tlıree neu; platinum (lI) conıplexes (Cl
C3) were synthesized. Tlte Iigands were obtained by condensing 
4-non/-chloro/-n-ıetlıylsubstituted-1,2 - plıenylenedianıine witlı 
glycolic acid in tlıe presence of 4.SN HCI. The new trvo conı
plexes of type [Pt (Ll/or L2)2 Cl2] 2H,0 (where L1 and L2 be
haved as a nıonodentat Iigands) and one conıplex of type 
Pt L3 'C/2 (Where L3' deprotone form of L3 behaved as a bi
dentat ligand) were obtained by the reaction of tlıe ligands ıvith 
K2 PtCl4. Tlıe chenıical structure of the Pt (II) conıplexes of tlıe 
benzimidazole derivatives were characterized by t1ıeir elenıental 
analyse.s data and tlıeir lR aııd 1H NMR spectra conıparing 
with tlıose of tize ligands. All tlıe ligands and conıplexes were 
tested far their prelinıinary in vitro aıztitunıor activity zvitlı 
"Rec-Assay" test. lt can be said tlıat in contrast to the Iigands 
(L1-L3) and complex C3, C1 and C2 had promising antitumor 
activity. Furhter work is reqııired ta confirnı their in vitro anti
tumor activities. 
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Introduction 

Cisplatin, cis-diamminedichloroplatinum (il) is a 
commercially available platinum - based drug ef
fective in the treatment of human testicular, ovar
ian, head and neck tumors1, It is widely accepted 

Bazı 5(6) - Sübstitüe - 2 - Hidroksinıetilbenzinıidazol 

Türevleri ve Platin (11) Komplekslerinin, Sentez ve 
Yapılarının Belirlennıesi ve "Rec-Assay 11 Testi ile İn Vitro 

Antitünıör Etkilerinin Saptaunıası 
Özet: Bu çalışnıada, üç adet 5(6)-non/-kloro/-nıetilsübstitiie-2-
hidroksimetilbenzinıidazol (L1-L3) ve bıı türevlerin üç yeni pla
tin (11) konıpleksleri (C1-C3) seııtezlenmiştir. Ligandlar, 4-non 
/ -kloro/-nıetilsübstitüe-1,2-fenilendianıin ile glikolik asilin 4.5 
HCl içinde kondenzasyonıı ile elde edilnıişlerdir. [Pt (Ll/veya 
L2)2 Cl2J 2Hp (Ll ve L2 tekdişli ligand özelliği göstermiştir) 
tipinde iki adet yeni ve Pt L3' CI2 (L3' ikidişli ligand (izelliği 
gösteren L3 ün bir protonunu kaybetmiş şekli) tipindeki bir 
adet yeni konıpleks, ligandların K2PtCl4 ile reaksiyonu ile elde 
edilnıişlerdir. Benzimidazol türevlerinin Pt(ll) konıplekslerinin 
kirnyasal yapıları, elenıentel analiz verileri ve lR ve 1 H NMR 
spektrumlarının, ligandlarınınki ile karşılaştırıltnası yolu ile 
tanınılannııştır. Tiinı ligand ve kornplekslerin in vitro an
titunıor etkileri b"n denenıe niteliğinde olan "Rec-Assay" testi 
i!e denennıiştir. Ligaııdlarııı (L1-L3) ve kompleks C3'iin aksine, 
C1 ve C2 nin ümit verici in vitro antitiirftf:ir aktiviteleriniıı ol
duğu sb"ylenebilir. Bu bileşiklerin in vitrp' aııtitünıb"r etkilerinin 
varlığının desteklenrnesi için daha ileri çalışnıa gereknıektedir. 

Anahtar kelimeler : 2-Hidroksimetilbenzinıidazoller, Platin 
(11) Kompleksleri, İn Vitro Antitünıb"r 
Aktivite, Rec-Assay Test. 

that the anticancer drug cisplatin, manifests its ther
apeutic activity by binding directly to ONA, de
activating it as a template far replication and pos
sibly transcription as we112. But its widespread use 
is limited by its major side effects such as neph
rotoxicity, myelosuppression, ototoxicity and a 
nurnber of neurological disorders. 
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The need to develope analogs of cisplatin which are 

less toxic and have a broader spectrum of activity 

has stimulated the synthesis of a large number of 

the platinurn complexes over the past two decades. 

Recently, interest has been directed toward de

veloping cisplatin analogs which have heterocylic 

amine ligands coordinated to the cytotoxic platinum 
(il) moiety 3-B 

The presence of at least one N-H group has been 

with few exceptions a general requirernent of plat

inurn-arnine complexes which display anticancer ac

tivity14a. This conclusion has been supported by 

Broomhead et all, in 1993 by their DNA-binding 

studies on bis (4.4'-dipyrazolylrnethane-N, N')bis 

[dichloroplatinurn (!!)] complexes5. 

And also it has been determined that platinurn (ll) 

complexes containing aromatic ligands coplanar 

with the metal coordination sphere bound inter

calatively to double-stranded DNAs, while non

coplanar-arornatic and planar-non aromatic com

plexes did not IS, . 

ln the light of ali these data; the synthesis and de

termination of the in vitro antitumor activities of 

5(6)-non/-chloro/-methylsubstituted-2-hydroxymet

hylbenzimidazoles and their platinum (il) com

plexes has been chosen as the subject of this study. 

The ligands (L l-L3) and their platinum (!!) complexes 

(Cl-C3) tested in this study have free -NH- and -OH 

groups which could ha ve binding affinities to DNA. 

Benzimidazoles are known to exhibit a wide variety 

of pharmacological properties and some of the com-

mercially available pharmaceuticals such as thi

abendazole, cambendazole, parbendazole and me

bendazole (antihelmintic), bezitramide (analgesic), 

clemizole (antihistaminic), diabazol (vasodilator, 

spasmolytic, hypotensive), benperidol, pimozide 

and droperidol (neuroleptic), fenzaflor (acaricide), 

benomly, fuberidazole and thiabendazole (fun

gicide), imet 3393 (cytostasan) (antincancer) have 

benzimidazole ring in their structure16, And also 

some of the benzimidazolecarbamates have been 

shown to possess antineoplastic activity17-19, Re

cently, it has been determined that the obligatory 

component of vitamin Bl2, 5, 6-dimethylbenzimida

zole accelerated the synthesis of total DNA20. 

it is now generally accepted that platinum (il) anti

tumor agents exert their activity by reacting with the 

nucleobases of cellular DNA and that tumor cells, 

beign defficient in DNA repair capability are more 

sensitive than normal cells to cisplatin 14b. 

Researchs conducted with bacterial systems have 

shown that compounds that cause DNA damage 

and induce DNA repair system could also be prom

ising as antitumoral agents in mamrnals or in man 

as repair deficient persons exhibit defects in their 

ability to repair damaged DNA and thus are prone 

to developing cancer21, 22. 

in !his study, the DNA darnaging characteristic and 

the interaction with the DNA repair system of the 

compounds were determined on E.coli Rec A + (AB 

1157) and E.coli RecA- (AB2463) strains. 

2 

Ll R=H 
L2 R=Cl 

Cl R=H 
C2 R=Cl 

C3 

L3 R=CH3 
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Material and Methods 

Material 

a) Chemistry 

All ehemicals and solvents used were of reagent 
grade (Merek or Aldrich). Thin-layer ehro
matographic (TLC) analyses were perfarmed on 
preeoated aluminum plates (silicagel 60 F-254, 
Merek). TLC spots were visualized with UV light or 
iodine vapor. 

Melting points were determined with a Eleetro
thermal 9200 apparatus and are uneorreeted. In
frared (IR) speetra were recorded in KBr pellets ona 
Perkin Elmer 1330 speetrophotometer in the range 
of 4000-200 em-1. 

Proton magnetie resonanee (1 H NMR) speetra were 
reeorded on a Bruker FT-NMR speetrometer (200 
MHz). Chemieal shifts were reeorded in parts per 
million (o) from an internal tetramethylsilane stan
dard in deuteriodimethylsulfoxide (DMSO-d6). 

Elemental analyses were perfarmed by TÜBİTAK 
Laboratory (Gebze, TÜRKİYE) 

b) Rec-Assay test 

E.co/i Kl2 strains AB! 157 (RecA +) and AB2463 (Ree 
A-) which were used in in vitro antitumor aetivity 
tests were obtained from Dr. M. Llagostera (De
partrnent de Genetica i Mierobiologia, Universitat 
Autônoma de Barcelona, Barcelona, Spain). Strep
tomycin (Sigma), Bacto-tryptone (Difco), Baeto
Yeast extraet (Difeo), NaCI (Merek), Dim
ethylsulfoxide (Merek), Cisplatin used asa standard 
were all reagent grade. 

Methods 

General proeedure far the synthesis of the ligands 
(Ll-L3) 

5(6)-non/-ehloro /-methylsubstituted - 2 - hydroxy
methylbenzimidazole ligands (Ll-L3, respeetively) 
were prepared aeeording to the Phillips synthesis23. 
0.1 mal of the eorresponding diamine (o
phenylenediamine, l-chloro-3,4-diaminobenzene or 

3,4-diaminotoluene) and 0.1 mol of glyeolie aeid in 
4.5N hydroehlorie acid were refluxed far 2h. The li
gands synthesized had been reported in the lit
erature befare (Ll 23-26, L227, L328,29). 

Synthesis of the complexes (Cl-C3) 

[Dichloro-di(2-hydroxymethylbenzimidazole) Plat
inum (II)], 2H20 ([Pt(L1)2Cl2]ZH20) (Cl) 

To a stirred solution of 2-hydroxymethylbenzimida
zole (Ll; 0.36g, 0.0024 mol) in ethanol/H20 (5 mL/ 
50 mL) was added an aqueous solution of K2PtCI4 
(0.50 g, 0.0012 mal) (employing sufficient water to 
produee a clear solution) dropwise over 30 min. at 
room temperature. A deerease in the pH of the re
aetion mixture was observed. And it was brought to 
pH ~ 8 with 0.1 M aqueous NaHC03 solution. TI1en 
the reaetion mixture was refluxed gently far 6h, after 
whieh time TLC indicated that almost ali of the 
starting material was consurned. The mixture was 
kept in the refrigerator at 4°C far 1211• The resulting 
preeipitate was filtered off, washed several times 
with water, ethanol and diethylether and dried in 
vacuo. The product was obtained as a yellowish
white solid (0.40 g, 56%). 

[Dichloro-di(5(6)-chloro-2-hydroxymethylbenzimi
dazole) Platinum (II)]. 2H20 ([Pt(L2)2 Cl2J 2H20) 

(C2) 

This complex was prepared from 5(6)-chloro- 2 - hy
droxymethylbenzimidazole (L2) aeeording to the 
proeedure deseribed far Cl. The produet was ob
tained asa yellowish-white solid (0.58 g, 73%). 

[Dichloro 5(6) - methyl - 2 - hydroxymethylbenzi
midazole) Platinum (il)]. [Pt(L3)' Cl2] (C3) 

To a stirred solution of 5(6) - metliyi - 2 - hydroxy
methylbenzimidazole (L3; 0.19 g, 0.0012 mal) in 

ethanol / H20 (10 mL/ 40 mL) was added an 
aquaous solution of K2PtC14 (0.50 g, 0.0012 mal) 
dropwise over 30 min at 50°C. And the reaetion mix
ture was brought to pH = 8 with 0.1 M aqueous 
NaHC03 solution and refluxed gently far 2h. The 
mixture was kept at room temperature far 2411• The 
resulting precipitate was filtered off, washed several 
times with water, ethanol and diethylether and 
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dried in vacuo. The product was obtained as a yel

Jowish-white solid (0.46 g, 90%). 

In vitro antituınor activity test: Rec-Assay test3°. 

E.coli cells were grown to exponential phase in LB 

medium (Tryptone 10 g. Yeast extract 5 g, NaCl 

lüg/L) at 37°C far over night with acration. Al

iquots were distributed in the tubes containing dif

ferent concentrations (ranged from 0.5 mM to 4mM 

and was assayed by dublicate) of the compounds 

dissolved in DMSO and the cells were incubated for 

further 2h at 37°C with aeration. Appropriate 

amounts of the samples were then plated on LB 

agar supplemented with streptomycin (75 µg/mL). 

T1le percentage of the survival of the cells were de

termined with respect to the cells that are not treat

ed wi th compounds (The results correspond to 

three independent experiments). 

Results and Discussion 

in this study, three ligands which 5(6) - substituted -

2 - hydroxymethylbenzimidazole derivatives and 

three new their Pt(II) complexes were synthesized 

and tested for tl1eir in vitro antitumor activity on 
E.coli Rec A + (AB 1157) and E. coli Rec K (AB 2463) 

strains. 

The complexes (Cl-C3) obtained were characterized 

Table 1. Physical and analytical data of the compounds 

Compound m.p. ('C) 

L1 2-hydroxymethylbenzimidazole 169-171 b 

L2 5(6)-<:hloro-2-hydroxymethylbenzimidazole 208' 

L3 5(6)-methyl-2-hydroxymethylbenzimidazole 198d 

c1 [Pt (L1)2 Cl2l- 2H20 > 300 

C2 [Pt (L2)2 Cl2l- 2H20 >300 

C3 Pt (L3') Cl2 >300 

by their elemental analyses and JR and 1 H NMR 

spectra. Although, the ligands synthesized in this 

study were reported previously by other researchers 
and the melting points of the ligands (Ll-L3) are 

agree with the literature, for the characterization of 
the comp!cxçs by comparison with the dala of the li

gands, (L1-L3) JR and 1H NMR dala o_f the ligands 

were also performed. 

Analytical and IR and 1H NMR dala of the com

pounds were presented in tables 1 and 2. 

The complexes were insoluble in most organic sol

vents with the exception of dimethylformamide and 

dimcthylsulfoxide. Elemental analysis suggested a 

1 :2 (metal : ligand) stoichiometry for complexes cı 
ve C2 and 1 : 1 stoichiometry for complcx C3. As ex

pected, the ligand L3 has acted as a bidentat ligand 

since it has an electron donating -CH3 group at posi

tion 5 of the benzimidazole ring. 

The proposed formula of thc Pt(Il) complexes, C1 -

C3, were consistent with elemental analysis bascd 

on C,H,N. From the elemental analysis data it was 

obvious that, in the solid state, complexes Cl and C2 

contain two water molecules. 

IR spectra recorded from the complexes in the 4000-
200 cm-1 range illustrated that ligand vibrations 

were slightly shifted from those of the free ligands 

due to complexation. 

Calc. (%) Found (%) 

o/o Yielda c H N c H N 

34 - nde 

35 - nd 

34 - nd 

56 32.i 1 3.36 9.36 32.20 2.98 9.82 

73 28.80 2.71 8.39 28.40 2.34 7.99 

90 25.30 2.12 6.55 26.16 2.64 6.43 

•No effort was made to optimize the yields, bLit.24: 170 -171 'C, Lit.23-25: 171-172'C. 'Lit.27: 210'C. dLit. 28-29: 

202-203°C. '-<'nd = not determined 
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Table 2. 1H NMR and IR da ta of the compounds 

ı H NMR (200 MHz, DMSO-d& o in ppm, J in (hertz) 

Comp. -CH3 -CH2- -OH -ArH -NH- t}C-Haliph 

Ll - 4.68(s.2H) 5.53(bs, lH) 7.07-7.16(m,H5,H6,2H) 12.17(s,1H) 2900 

7.45-7.47 

(d,)= 1.4.H4,H7,2H) 

L2 - 4.68(s.2H) 5.61(bs,1H) 7.16 - 7.25 12.37(s,1H) 2915 

(dd,)=1.9 and 8.6,H5(6),1H) 

7.35-7.70(m,H4,H7,2H) 

L3 2.38(s,3H) 4.64(s,2H) 5.50(bs,1H) 6.91-6.95 (d,)=7.8,H5(6J,1H) no' 2910 

7.21-7.41(m,H4,H7,2H) 

c1 - 4.69-5.55 6.07 7.08-7.62 (m.Hs,H',H7,6H) 13.20(s,2H) 2920 

(m,4H) (t,)=5.4,2H) 7.92-8.20 (m,H4.2H) 

C2 - 470-5.72 6.10 (bs,2H) 7.17-7.72(m,H5(6J,H7,4H) 13.50(s,2H) 2930 

(m,4H) 7.80-8.55 (m.H4.2H) 

C3 2.38(s,3H) 5.10(bm.2H) - 6.98-8.55 (m,ArH, 3H) noa 2920 

Abbreviations: b: broad, s: singlet, d: doublet, t: triplet, m: multiplet, st: strong, sh: shoulder 
ana= ı1ot observed, 

!R(cm-1) 

i)C=N i)C=C 

1615 1587 

1618 1583 

1612 1578 

1625 1597 

1620 1593 

1625 1593 

i}Pt- C1 

-

-

-

330 St'316 sh 

3305l'3188h 

34QSt'315sh 

~ 
"" ;,. 
\J 

':--< .,, 

f 
V> 
~n. 
N 
N 

';" 
N 

"' N 

i2 
°' 
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The strong bands at around 1615 cm·1 in the free li
gands assigned to C = N stretchs, were shifted (2-13 
cm·1) towards higher frequencies in the spectra of 
the complexes, suggesting that the tertiary nitrogen 
of the benzimidazole was coordinated to the metal 
ion25, 31, 32. 

The stretching vibration for the Pt-Cl of the com
plexes appeared at 330 cm· 1 (for C1 and C2) at 340 
cm·1 (for C3) as a strong absorption band and a 
weak badat 316, 318 and 315 cm·1 (lor Cl, C2, C3 re
spectively). These absorption bands were a positive 
indication of the cis configuration of the com
plexesl3, 33. 

The ı H NMR of the complexes compared to the ı H 
NMR spectra of the free ligands showed consid
erable differences13. By formation of the platinum 
(il) complexes, ali absorption bands of the ligands 
were shifted to a lower field since the complexation. 
The 1H NMR spectra of the complexes have given 
information about the binding site of the ligands to 
the metal ion. in ali the complexes the aromatic pro
ton resonances were observed in two groups of 
lines. Three or two (for L1 and L2 respectively) pro
tons of phenyl ring were shifted slightly, while one 
proton of the lower field pair was shifted downfield 
considerably. it was assumed that H 4 protons near
est to the tertiary nitrogen of the imidazole ring 
were the more deshielded and would be observed 
at lover field due to coordination of benzimidawle 
ring to platinum throught - N = group. 

Cisplatin which is widely used as cancer chemo
therapeutic drug causes ONA damage and induces 
RecA gene dependent repair system in bacteria30, 34. 

Mutations in many loci of E.coli affect the response 
to agents that damage ONA. Many of these genes 
are likely to code for enzymes that participate in 
ONA repair system. Central enzyme of ONA repair 
in E.coli is the product of recA locus which is about 
40000 daltons. RecA protein catalyzes ONA strand 
exchange and thus promotes recombinational repair 
and initiates SOS induction of repair system. RecA 
mutants are almost completely deficient in genetic 
recombination and in the induction of repair path
ways after ONA clamage35, 36. 

In this study, the survival of E.coli cells treated with 

12 

cisplatin which was used asa control "gent was dra
matically lower in the strains with mutations in their 
recA locus (RecK) (strains with deficent ONA re
pair systems) than in that of non-mutant strains (Rec 
A +) (strains with efficient ONA repair systems) 
(fig.1). 

10CJ 
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50 10C 200 4CJC 

DOSE (}'M) 

Figure 1: Survival of E.Coli cells after treatment \vith ds-platin 

(1111 , 0) Oosed syrnbol refers to RecA + (Ab 1157) and 
open symbol to RecA- (AB2463) 

The ligands that were tested for their ONA damage 
activity and the ability to induce the recA dependent 
repair system, ali showed toxic affects on both E.coli 
RecA + and RecA- cells. Among these compounds L1 
and L3 were not induce the RecA dependent ONA 
repair system; that is there was no noticable differ
ence between the survivals of E.coli (RecA +) and 
E.coli (Rec K) cells as the damage that were caused 
by L1 and L3 did not eliminated by the ONA repair 
system. Although, L2 induced this system, the sur
vival of the cells were too low both in E.coli Rec+ 
and Rec- strains to be taken into consideration (fig.2.). 

İn vitro test results revealed that the repair of ONA 
damage produced by complexes depends on RecA 
protein. Cl and C2 induced RecA dependent ONA 
repair system more potentially then C3 as the sur
vival of the cells treated with Cl and C2 were very 
low in repair deficient E.coli cells (Rec A°} when 

compared to E.coli (Rec A +) cells. These two com-
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Survival cif E.coli cells after treatment with Ll <•, 0) 
L2 (il , 0) and L3 (A. , 6). Oosed symbols refer to 
RecN (AB1157 and open syrnbols lD RecN (AB2463). 
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Figure 3 : 

DOSE (mM) 

Survival of E.coli cells after treatment with Cl (0, 0) 

C2 (111 , D) and Ll (8 , 0). Oosed symbols refer to 
RecA + (ABJ 157 and open syrnbols to RecN (AB2463). 

pounds proved to be more active as antitumoral 
agents between 1-2 mM concentrations (fig 3). Al
though Cl and C2 were not as active as Cisplatin in 
low doses !hey might be considered promising as 
antitumoral agents. 

Conclusion 

From the above discussion of the IR and lH NMR 
spectral data and the elemental analysis of the com
plexes, we conclude !hat the ligands L 1 and L2 be
have as monodentates, being bound to the platinum 
via the tertiary nitrogen of the benzimidazole ring. 
While ligand L3 behave as bidentate via the tertiary 
nitrogen of the benzimidazole ring and hydroxyl 
group. The interaction with the DNA and the ability 
to induce ONA repair system of the three ligands 
and their three new platinum (II) complexes were 
also deterrnined on E.coli Rec A + and RecA- strains 
as a preliminary indication of their antitumor activ
ity. Based on the data presented in this study Plat
inum (II) complexes Cl and C2 might be taken into 
consideration as an antiturnor agents. Further stud
ies are now being carried out with Cl and C2 in or
der to confirm these preliminary results. 

References 
1. Krakoff, I.H., in Platinum and Other Metal Co

ordination Compounds in Cancer Chen1otlıerapy: Clinical 

Application of Platinum Complexes, Nicali, M. (Ed), 

Boston, Martinus Nijhoff Publishing, p. 351, 1988. 

2. Sherman, S.E., Lippard, S.J., "Structural kpects of 

Platin.um Anticancer Drug Interactions with DNA", 

Chenı. Rev., 87, 1153-1181, 1987. 

3. Hoeschele, J.D., Showa!ter, H.D.H., Kraker, A.J., El

liott, W.L., Roberts, B.J., Kampf, J. W., "Synthesis, 

Structural Characterization, and Antitumor Prop
erties of a Novel Class of Large - Ring Platinum OD 

Chelate Complexes Incorporating the cis-1,4-
Diaminocyclohexane Ligand in a Unique Locked 
Boat Conformation", J.Med.Chenı., 37, 17, 2630-2636, 

1994. 

4. Garelli, N., Vierling, P., Fischel, J.L., Milano, G., "Cy
totoxic Activity of New Amphphilic Per
fluoroalkylated Bipyridine Platinum and Palladium 
Complexes Incorporated into Liposomes", Eur. ]. 

Med. Cheın., 28, 235-242, 1993. 

5. Broomhead, J.A., Rendina, L.M., Webster L.K., "Di

nuclear Complexes of Platinum Having Anticancer 
Properties .. DNA-Binding Studies and Biological Ac

tivity of Bis (4,4'-<lipyrazolylmethane-N,N')-bis 

[dichloroplatinum (il)] and Related Complexes", 
f.lnorg.Bioclıern., 49, 221-234, 1993. 

6. Paul, A.K., Mansuri-Torshizi, H., Srivastava, T.S., 

13 



Günıüş, Izgü, Algül. 

• 

Chavan, S.j., Chitnis, M.P., '"Some Potential Anti
tumor 2,2'-Dipyridylamine Pt(ll)/Pd(ll) Complexes 
with Amino Acids: Their Synthesis, Spectroscopy, 

DNA Binding, and Cytotoxic Studies", 

J.Inorg.Bioclıem., 50, 9-23, 1993. 
7. Mansuri - Torshizi, H., Srivastava, T.S., Parekh, 

H.K., Chitnis, M.P., '"Synthesis, Spectroscopic, Cy
totoxic and D_NA Binding Studies of Binuclear 2,2'

Bidyridine-Platinum (ll) and - Palladium OD Com
plexes of Meso-a, a' Diaminoadipic and Meso-a, a' -

Diaminosuber.ic Acids", J.Inorg. Biochen1., 45, 135-148, 

1992. 
8. Vickery, K., Banin, A.N ., Fen ton, R.R., O'mara, S., 

Russell, P., Webster, L.K., Hambley, T.W., "Prepara

tion, Characterization, Cytotoxicity, and Mutagenic

ity of a Pair of Enantiomeric Platinum (II) Con1-

plexes with the Potential to Bind Enantioselectively 

to DNA'", J.Med.clıenı., 36, 23, 3663-3668, 1993. 

9. Webster, L.K., Deacon, G.B., Buxton, D.P., Hillcoat, 
B.L., james, A.M., Roos, l.A.G., Thomson, R.j., Wak
elin, l..P.G., Williams, T.L., '"cis-Bis (Pyridine) Plat

inum (il) Organoamides with U nexpected Growth 

lnhibition Properties and Antitumor Activity", 

J.Med.Cheın., 35, 18, 3349-3353, 1992. 
10. 1.ee, H.H., Palmer, B.D., Baguley, B.C., Chin, M., Mc 

Fadyen, W.D., Wickham, G., Thorsbourne - Palmer, 

D., Wakelin, L.P.G., Denny, W.A., "'DNA-Directed 
Alkylating Agents. 5. Acridinecarboxamide De

rivatives of ~1,2-Diaminoethane) dichloroplatinum 

(il)", J.Med.C/ıem., 35, 16, 2983-2987, 1992. 
11. Palmer, B.D., Lee, H.H., johnson, P., Baguley, B.C., 

Wickham, G.; Wakelin, L.P.G., Mc Fadyen, W.D., 

Denny, W.A., '"DNA-Directed Alkylating Agents. 

2.Synthesis and Biological Activity of Platinum Com

plexes Linked to 9-Anilinoacridine'", JMed.Cheın., 33, 

11, 3008-3014, 1990. 
12. Mital, R., Srivastava, T .S., "Synthesis, Character

ization and DNA Binding Studies of Some Mixed

Ligand Platinum (!!) Complexes of 1,10 - Phe
nanthroline and Amino Acids", ].Iııorg. Bioclıenı., 40, 

111-120, 1990. 
13. Mylonas, S., Valavanidis, A., Dimitropoulos, K., Po

lissiov, M., Tsiftsoglov, A.S., Vizirianakis, I.S., "Syn

thesis, Molecular Structure Determination and Anti

tumor Activity of Platinum (ll) and Palladium (il) 

Complexes of 2-substituted Benzimidazole", J.Inorg. 

Bioclıem., 34, 265-275, 1988. 
14. Farrell, N.P., Transition Metal Complexes as Drııgs and 

CJıenıotlıerapev_tic Agents, Dordrecht, Kluwer Ac

ademic Publishers, 1989(a) Ref.: Ref.5 (in !his article), 

14 

(b) Ref.: Roat, R.M., Reedjik, )., '"Reaction of mer

Trichloro (diethylenetriamine)-platinum (N) Chlo
ride, (mer-[Pt(dien) Cl3]Cl), with Purine Nucleosides 

and Nucleotides Results in Formation of Platinum 

(ll) as well as Platinum (iV) Complexes'", J.Inorg. Bio

c/ıenı., 52, 263-274, 1993. 
15. Lippard, S.S., Ac. Clıem. Res. 11, 211, 1978. Ref.: 

Howe-Grand, M., Lippard, S.j., '"Binding of Platinum 
(11) Intercalation Reagents to Deoxyribonucleic Acid. 

Dependence on Base-Pair Composition. Nature of 

the Intercalator and IonicStrength, Bioclıen1istry, 18, 

26, 5762-5769, 1979. 
16. Preston, P.N., "Synthesis, Reactions and Spectro

scopic Properties of Benzimidazoles", Clıenı, Rev., 74, 

3, 279-314, 1974. 
17. DeBrabanden, M., Geuens, G., Van de Veire, R., 

Thone, F., Aerts, F., Desplenter, L., DeCree, J., Borg

ers, M., '"The Effects of R-17934 a New Anti

microtubular Substance, on the Ultrastructure of Ne

oplastic Cells In Vivo'', Eıır. ]. Cancer, 13, 511,-528, 

1977. 
18. Lacey, E., Watson, T.R., '"Structure-Activity Re

lationships, of Benzimidazole Carbamates as In
hibitors of Mammalian Tubulin, In Vitro", BiocJıenı. 

Pharmacol. 34, 1073-1077, 1985. 
19. Ram, S., v.rise, D.S., Wotring, L.L., McCall, J.W., 

Townsend, L.B., "Synthesis and Biological Activity of 

Certain Alkyl 5-(Alkoxycarbonyl)-lH-benzimidazole 

- 2 - carbamates and Related Derivatives : A New 

Class of Potential Antineoplastic and Antifilarial 

Agents'", J.Med.Chem., 35, 3, 539-547, 1992. 
20. lordan, E.P., Prynosihnikova, N.I., '"Effect of 5, 6-

Dimethylbenzimidazole on DNA Synthesis'", Prikl. 

Biokhim. Mikrobiol., 30, l, 137-142, 1994. Ref.: C.A.: 

Vol. 120, 293819v, 1994. 
21. Sawicka, J., Youyou, N., Swiatek, J., Decock, P., Koz

lowski, H., Blondeau, D., Lenormand, I., "Synthesis 

and Coordination Ability of Substituted Imidazo

Pyridines, Structural Analogues of Oxine. Influence 

of Copper (il) and Nickel (il) !ons on Toxicity of the 

Organic Ligands'",J.lnorg. Bioclıem., 44, 117-125, 1991. 
22. Goodenough, U ., Genetics, Japan, Sounders pub

lishing, 1984. 
23. Phillips, M.A., "The Formation of 2-Substituted Ben

zimidazoles'", J.Clıem Sac., 2393-2399, 1928. 
24. Campbell, M.j.M., Grzeskowiak, R., juneja, G.S., 

"Some Iron Complexes of 2-Substituted Ben

zimidazoles and Benzothiazoles", J. Iuorg. Nucl. 

Clıem., 40, 1507-1511, 1978. 



FABAD ]. Plıarm. Sci., 21, 7-15, 1996 

25. Boucher, L.j., Bailor, j.C., 'The Preparation and Prop

erties of Sodium dinitro-Bis-Acctylacetonato - Cob

altate (III) and some Complexcs of the Type Nitro

An1ine - Bis- Acetylacetonato - Cobalt (III)". J. Iııorg. 
Nııcl. Clıenı., 27, 1093-1099, 1965. 

26. Jones, J.B., Taylor, K.E., "Hydroxymethylbenzimida

zole Carboxylic Acid Model of the Asp - His - Ser 

Charge Relay System of Serine Proteases", Can. f. 
Clıenı., 55, 10, 1653-1657, 1977. 

27. Bahner, C.T., Rutter, H.A., Tives, L.M., "Substituted 

Benzimidazoles", f. Anı. Clıenı. Sac., 74, 3689-3690, 
1952. 

28. Mamalis, P., _Petrow, V., Sturgeo, B., "Some Ben

zimidazolylalanines", ]. Chenı. Sac., 1600-1603, 1950. 

29. Siegart, R., Day, A.R., "Metabolite Analogs VII. The 

Preparation of Soıne Benzinüdazolyl Analogs of 

Ethyl Pteroylglutamate", f. Anı. Clıenı. Soc., 79, 4391-

4394, 1957. 

30. Sampedro, F., Molins-Pujol, A.M., Banal,)., Barbe, )., 

Garrido, S., Pueyo, M., Llagostera, M., Sanchez - Fer

rando, F., "Sulfide and Phosphine Ligands in Car

boplatin Analogs", Eıir. f. Med. Clıem. 26, 539-543, 
1991. 

31. Lane, T.j., Nakagawa, !., Walter, j.L., Kandathil, A.J., 
"Infrared In:vestigation of Certain Imidazole De

rivatives arid Their Metal Chelates", Iı-ıorg. Clıenz., 1, 
2, 267-276, 1962. 

32. Dutta, R.L., Satapathi, S.K., "Somc Novel Mono

nuclear and Binuclear Phenylmercury (II) Corn

pounds with Benzimidazole and 2-Substituted Ben

zimidazoles", f. lnorg. Nııcl. Clıenı., 43, 1533-1539, 
1981. 

33. Callaghan. V., Goodgaıne, D.M.L., Tooze, R.P., "Plat
inum and Other Metal Complexes of 2-Methyl - 5 -

Nitrobenzimidazole and Metronidazole", Inorg. 
Clıim. Acta., 78, 1, Ll-14, 1983. 

34. Khokhar, A.R., Deng, Y., "Synthesis and Antitumor 

Activity of Ammine/ Amine Platinum (II) and (N) 
complexes", J.Inorg. Biochenı., 51, 667-687, 1993. 

35. Glass, R.E., E.Coli aııd its lıeritable elen1ents. Croom 

Helm publishing, Landon, 1983. 

36. Lewin, B., Genes, V, Oxford University press, New
york, 1994. 

Acknowledgement : We thank Dr. M. Llagostera for a 

generous gift of E.coli RecA+ (AB1157) and E.coli RecA~ 

(AB2463) strains. 

15 




