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Complex compounds of iron(ZZ,ZZZ) with 2-(2’-pyridyl)- 
benzimidazole (PBZ) of the types: (a) [Fe(PBZ)T]X2. 
nHzO (where X = Cl-, Br-, I-, NOx-, ClOr-, and 
V’SO:ri-); (6) [Fe(PBZ)JXz] .2HzO (X = NCS- or 
CN-); and (c) [Fe(PBZ)z(HzO)JX, (where X = 
SO,“-, &Or’-, and SZO~~-) are reported. The com- 
pound [Fe(PBZ)?(NCS)J has bekn obtained in cis 
and trans form. The complexes show room tempera- 
ture magnetic moments in the range, 4.96-5.46 B.M., 
corr’esponding to 5T2, state. From the electronic reflec- 
tance spectra the crystal field parametersloDq, B and 
fl have been obtained. One binuclear complex, 
C(PBZ)J(SO,)Fe-O-Fe(SO~)(FBZ)~] 17Hz and a tris- 
chelate [Fe(PBZ)3]C13 of iron(ZZZ) with ‘Tz, ground 
state were also obtained. 

introduction 

Complexes of transition elements with 2-(2’-pyri- 
dyl)benzimidazole (PBZ) have been reported bv us.’ 
A detailed study of the complexes of 2-(2’-pyndyl)- 
benzimidazole with iron was thought to be worthwhile 
because of the pharmacological activities of benzimi- 
dazoles and their metal complexes. From the for- 
mation constants and i.r. spectra of some of its metal 
complexes it has been shown*-” that PBZ coordinates 
through the pyridine nitrogen and the tertiary nitrogen 
of the imidazole ring. 

In the present investigation iron(II,III) complexes 
of PBZ have been prepared and their structure have 
been investigated by magnetic, spectral and electri- 
cal conductance studies. 

Zron(ZZ) Complexes. Iron forms three types of 
complexes : 

(i) [Fe(PBZh]X2. nHzO, where X=Clk, Br-, I-, NO,-, 
ClO,- and +-SO+‘-; n = 2 or 3. 

(ii) [Fe(PBZhXz] . nH20, where X = NCS- or NC- and 
n = 0 or 2, and 

(iii) LF;(zyBZh](H20)2]X, where X = SO?-, S201z- or 
2 I . 
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The tris-chelated complex salts of the type (i) are 
obtained from an aqueous-alcoholic solution of iron 
(II) salts and the ligand, followed by concentration 
or by addition of the respective anions as sodium or 
potassium salt in large excess. The complex salts 
are soluble in ethanol and DMF but insoluble in cold 
water. In DMF solution the electrical conductance 
values are in the range expected for bi-univalent elec- 
trolytes? Table I. The complexes slowly lose water 
on heating and become anhydrous at about 130°C. 
The hydrated complex chloride and nitrate, which are 
red-violet in colour, become dull red on dehydration 
but the orange-red perchlorate complex remains un- 
changed. The complexes have magnetic moments in 
the range 4.96-5.19 B.M. at room temperature (301” 
K). The electronic absorption spectra of the com- 
plexes in ethanol or DMF show an intense charge 
transfer band near 490 nm but no d-d transition could 
be observed. The reflectance spectra of the com- 
plexes, however, show a broad but weak band near 
850 nm (Table I), in addition to the charge transfer 
band. 

The dithiocyanato complex [Fe(PBZ)2(NCS)z] .2 - 
HtO, has been obtained in two colour modifications: 
carmine-red and violet-red. The former is obtained 
when the compound is precipitated in the cold, and 
is then transformed into the latter by digestion on a 
steam bath for a few minutes in presence of sodium 
acetate. The two forms differ appreciably in their 
i.r. and reflectance spectra as well as in their magne- 
tic moments at room temperature (violet-red, 5.46 B. 
M. and carmine-red, 5.29 B.M.). Both forms show 
an appreciable electrical conductance in DMF (Table 
I), which is attributed to solvation. 

The reflectance spectra of the two varieties differ 
appreciably in intensity and band position; the char- 
ge transfer band of the carmine-red form occurs at 
515 nm while that of the violet-red form occurs at 
530 nm. In the infrared region, the carmine-red form 
displays a distinct and broad band near 850 nm, while 
the violet-red form does not exhibit such distinct band; 
only a broad shoulder was detected near 860-900 nm. 
The electronic absorption spectra of both forms in 
DMF or in ethanol are, however, similar and show 
only an intense charge transfer band at 495 nm, indi- 
cating that in solution the two forms lose identity and 
the same species exist. 

In the i.r. spectrum of the carmine-red form the 
CN stretching absorption is split into two components 
at 2080 and 2005 cm-‘. The i.r. spectrum of violet- 
red form, however, gives only one CN stretching 
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ed by the method of Leko and Vlajinats.2l 

Tris]2-(2-pyridyl)benzimidazole{irun(ZZ) sulphate. 
An aqueous solution of ferrous sulphate (0.56 g in 
10 ml water and 2-3 drops of dil. H$04) was treated 
with an ethanolic solution of the ligand (1.2 g in 40 
ml) and the resulting deep red solution was concen- 
trated in vacuum to about one fourth of its bulk. On 
cooling, deep red crystals of the complex sulphate se- 
parated, which was filtered, washed with cold water 
and dried. 

The chloride, bromide and nitrate of the above 
complex were prepared similarly to the complex sulph- 
ate, using an aqueous solution of freshly prepared iron 
(II) chloride, bromide and nitrate respectively. 

Trisj2-(Zpyridyl)benzimidazole~iron(ZZ) perchlorate 
and iodide. The resulting deep red solution was 
treated with an aqueous solution of NaC104, when 
an orange-red crystalline precipitate of the complex 
separated. The complex was filtered, washed with 
aqueous ethanol and dried. 

The complex iodide was prepared similarly to the 
complex perchlorate using KI instead of NaC104. 

Diaquobisj2-(2-pyridyl)benzimidazole~iron(ZZ) sul- 
phate. A solution of ferrous ammonium sulphate 
(1.5 g in 5-7 ml water and 3-4 drops dil. HS04) was 
treated with hot ethanolic solution of the ligand (1.5 
g in 60 ml) with stirring. From the resulting red 
solution, a vermillion-red precipitate separated. The 
precipitate was filtered, washed with aqueous-ethanol, 
and dried. 

The diaquo bis-chelated complex oxalate/thiosulph- 
ate was obtained as a brick-red precipitate when an 
aqueous ferrous chloride solution containing excess 
of Na&04/Na&03 was treated with ethanolic solu- 
tion of the ligand. 

Cis-Diisothiocyanatobisj2-(2-pyridyl)benzimidazole~- 
iron( The aqueous solution of ferrous ammonium 
sulphate (0.72 g in 20 ml) was treated with an ethan- 
olic solution of the ligand (0.72 g in 40 ml). The re- 
sulting deep red solution was treated with an ice- 
cold solution of KCNS (2 g in 5 ml). On cooling 
carmine-red crystals of cis-form separated. The com- 
pound was filtered, washed and dried. 

Trans-Diisothiocyanatobisj2c(2-Wridyl)benzimidazo- 
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leliron(ZZ) dihydrate. The deep-red solution of cis- 
diisothiocyanato complex was treated with CH&OO- 
Na (3 g in 5 ml) and digested on a steam bath for a 
few minutes when a violet-red compound separated. 

Dicyanobisj2-(2-pyridyl)benzimidazole[iron(ZZ) di- 
hydrate. The deep-red solution obtained on mixing 
an aqueous solution of ferrous ammonium sulphate 
and the ethanolic solution of the ligand was treated 
with a cold aqueous solution of KCN buffered with 
sodium acetate and acetic acid. A violet-red precipi- 
tate separated immediately, which was filtered quic- 
kly, washed with cold water, and dried. 

Disulphat~yox~tetrakisj2-(2-pyridyl)benzimidazo- 
lejdiferrate. A hot aqueous solution of ferric ammo- 
nium sulphate (2 g in 10 ml) was added to a hot etha- 
nolic solution of the ligand (2 g in 60 ml) with stir- 
ring. A yellowish-brown precipitate separated imme- 
diately, which was filtered and washed thoroughly 
with aqueous ethanol and dried. 

The compound was found to contain: C, 40.82; H, 
5.01; N, 11.98 and Fe, 8.05% and required fbr Fez- 
(PBZ),O(SO,), . 17H20: C, 40.96; H, 4.98; N, 12.01 
and Fe, 7.94O/. 

The magnetic susceptibilities of the complexes were 
determined on Gouy balance at room temperature. 
bff was calculated making diamagnetic corrections 
Pascals’s constant.= 

Reflectance and absorption spectra. The electronic 
absorption spectra of the solutions were measured 
on a Hilger and Watts Uvispek Spectrophotometer 
model No. H700 with silica prism. A Hilger-Uvi- 
spek standard reflectance attachment was used to 
measure the reflectance spectra, with MgCOl as the 
standard. 

Conductivity measurements. The electric conduc- 
tivities of the solutions were measured at room tem- 
perature in DMF. 

Iron(I1) and iron(II1) salts, solvents and chemicals 
used were E. Merk’s extra pure or B.D.H. A.R. qua- 
lity. 
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