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A number of cationic hexacoordinated complexes of coba1t(III) with bi~uanides and
nitric oxide have been isolated and characterized on the basis of elemental analysis, con
ductance, spectral and .ma~netic moment data. The complexes prepared are of the types
[Co(HbgMNO)(H20)]X2 and [Co(Hb~MNO)X']XU(where Hb~ = bi~uanide or its derivative, X =
ClO'4or !SOj::, X' ~ halide or thiocyanate and Xu = Cl-, Br, CNS- or ClOV. The complexes
containing SO~-as anion are stable in air in the solid state while other compounds are stable·
only in an atmosphere of nitrogen. Except the sulphate, all other compounds, even in dry state,
are sensitive to diffused light.

A NUMBER of transition metal mixed ligandcomplexes involving biguanides and donors
like H20, NHa, oxalate, thiosulphate and

N'-amidinoisourea have been reported1,2. In the
majority of mixed ligand nitric oxide complexes
of cobalt, oxidation state +2 of the latter is observed.
However, other oxidation states have also been
reporteda-s. Nitric oxide can coordinate as NO,
NO-f or NO· depending on the nature of the metal
atom and the other ligands attached to it. If the
already present ligand is 7t-acceptor, nitric oxide
coordinates as NO+ and stabilizes the lower oxidation
states. If the ligand present is 7t-donor, nitric oxide
{;oordinates as NO- stabilizing the higher oxidation
state. Since biguanide has filled 7t-orbital, which
can overlap with vacant j>7t or d7t orbitals of metal
atom, delocalization of 7t-electrcns can occur through
the whole of metal ligand ring system favouring
higher oxidation states of the metal atom. This
has been corroborated by the preparation of
a number of higher valent metal biguanide complexes
such as Ag(IIT)6, Pt(TV)? and Ru(TII)8 biguanides.
Therefore, it is of interest to study the mixed ligand
complexes of cobalt with biguanide and nitric oxide.
The oxidation state of cobalt will be helpful in in
dicating the type of coordination exhibited by nitric
oxide giving some ql:alitative information about
the 7t-donor capacity of biguanide.

The general method for the preparation of
complexes of the type [Co(R-Hbg)2(NO)X]X (Hbg
= biguanide, X = Cl-, Br- or CNS-) involved action
of nitric oxide on [Co(R-Hbg)2]X2 in methanol. The
complexes [Co(R-Hbg)2(NO)X]CI04 were isolated
by the treatment of [Co(R-Hbg)2(NO)(HP)](CI04l2
in acetone solution with lithium halide.

Materials and Methods

All experiments were carried out under nitrogen
which was previously passed through alkaline pyro-
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gallol solution to remove oxygen. The compounds
[CoII(Hbg)2]X2 where X = Be CIO;, !SO~-, were
prepared following the methods described in the
literature9• Nitric oxide was prepared and purified
as per standard methods1o• No precaution was
taken to remove the traces of water from the solvents,
since the reaction was not influenced by the presence
or absence of water in the reaction media.

(Nitrosyl) (aquo) bis(bi'guanirle)cobatt(1I I) perchlorate
- Bis(biguanide)cobalt(II) perchlorate (2 g),
prepared in situ from [Co(Hbg)2] (OH)2 and
NH4CI04• was suspended in oxygen-free methanol
(25 ml). The suspension was purged with nitrogen
and pure nitric oxide gas was bubbled through the
suspension at -the rate of 70 bubbles per minute for
2 hr when dark bluish violet crystals were formed.
The passage of nitric oxide was discontinued and
nitrogen was passed through the suspension for
complete removal of unreacted nitric oxide. The
crystals were filtered in a gooch crucible and washed
with small portions of oxygen-free methanol under
nitrogen. These were dried over sodium hydroxide
in a desiccator in nitrogen atmosphere. The com-'
pounds were highly soluble in acetone, methanol
and water. From the elemental analysis, the
compound was characterized as [Co(Hbgh(NO)
(H20)](CI04)·

(Halo) (nittosyl) bis(biguanirle)cobalt(II I) perchlorate
The perchlorate complex, [Co(Hbgh(NO)(H20)]
(CI04)2 in acetone solution, on treatment with lithium
halides gives bluish violet crystals, characterized
as [Co(Hbgl2(NO)X]CI04 where X = Cl-, Br-or 1-.
The compounds were highly soluble in methanol
and water. The chloro compound gave white pre
cipitate of AgCI only on long standing and slight
heating. The iodo complex is quite unstable and
its detailed study was not possible.

(Nitrosyl) (aquo)bis(biguanirle)cobatt(III) sulphate
It was prepared by following the same method
as for the corresponding perchlorate compound using
bis (biguanide) coba1t(II) sulphate in place of per
chlorate.
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(Hy roxo) (nitrosyl)bis(biguanide)cobalt(III) hydro
xide [Co(Hbgh] (OH)2 (0'5 g) was suspended
in 1 ml of dry oxygen-free methanol. The
suspe sion was purged with nitrogen for the
compl te removal of oxygen. Through this sus
pensi n, nitric oxide was bubbled for 3 hr when the
colou of the contents turned bluish-violet. The
exces. nitric oxide was removed by purging with
nitrog n. The bluish voilet precipitate was filtered
and ried over sodium hydroxide in nitrogen at
mosp ere. The compound was also prepared by
react' n of [Co(BigHMNO)(H20)JS04 with barium
hydrxide solution under N2·

(C oro)(nitrosyl)bis(biguanide)cobalt(III) chloride
It w s prepared by following the same method
as fo the perchlorate complex using ammonium
chlor de solution in place of ammonium perchlorate.

(T iocyanato) (nitrosyl) bis(biguanide) cobalt(III) thio
cyan te - The compound was prepared in the same
way as the corresponding (chloro)(nitrosyl)bis
(bigu nide)cobalt(III) chloride compound except
that ammonium thiocyanate was used in place of
amm nium chloride. The thiocyanato compound
rese bles the chloro compound in physical and
che ical properties.

T e chloro, bromo and thiocyanato compounds
were also prepared from the (nitrosyl) (aquo)bis
(big nide)coba1t(III) sulphate,[Co(Hbg)2(NO) (H20)]
504, by double displacement reactions with BaCl2,
BaB 2 and Ba(CNS)2 respectively.

Si ilar complexes with substituted biguanides
such as methyl-, diethyl- and phenyl-biguanides
hav been prepared by following similar methods
of eparation as those for the simple biguanide
com ounds. All the compounds along with their
anal tical data are listed in Table 1..

A. the compounds of this series are light, air and
heat sensitive. They were preserved and studied
in . rk at room temperature in an atmosphere of
nitrgen.

The conductances were measured in methanolic
solution of the compounds. The magnetic suscep
tibilities of the compounds were measured using
a Guoy balance. The infrared spectra were recorded
on a Beckman-IR 12 spectrophotometer.

Results and Discussion

(Nitrosyl) (aquo)bis(biguanide )cobalt(III) sulphate
is fairly stable towards aerial oxidation. It is sparing
ly soluble in methanol and water. In the compounds
of the type [Co(HbgMNO)X]Cl04 (where X = Cl,
Br, CNS), the presence of halide ions in the coor-
dination sphere is indicated by the fact that the
freshly prepared solution does not give any preci
pitate of silver halide with AgNOa solution. The
aerial oxidation of nitrosyl group to N02 depends
largely on the nature of the ligand in the trans
position. [Co(Hbgh(NO) (H20 )J504 remains un
changed for several weeks in the presence of
diffused sunlight, while [Co(Hbg12(NO)Br]Br gets
oxidized within a few seconds on exposure to dry
air. This trend is attributed to the strong electro
negative character as well as lone pair participation
of the halide ion trans to the nitrosyl group in the
complex.

All the present complexes are diamagnetic in
nature ([J.eff = +0·3 to -0·5 BM). The diamagnetic
nature of the compounds shows that all the
complexes have central metal atom in the +3 oxida
tion state and probably the complexes have a bent
Co-N-O group.

Compounds of the type [Co(Hbg)2(NO)X]X' behave
as 1:1 electrolytes in methanol. This indicates
the molecular formula as [Co(BigHh(NO)X]X'. The
perchlorate compound behaves as a 1:2 electrolyte
and hence it may be represented as [Co(Hbg)2(NO)
(H20)](ClO~)2'

The infrared spectra (Table 2) of several of
these complexes have been studied. A strong
absorption at 1600 cm-1 indicates the presence

TABLE 1 - ANALYTICALAND CONDUCTANCEDATA

Compounds

Found (%)Calc. (%)AM---'M
NSO.XMNSO.X

[Co( bg).(NO)Cl]CI.4H.O

13-8135,67-16·0213·3035,63-16·33

[Co( gb).(NO)(CNS)JCNS

14'4244·42--14·2544,71--85·21a

[Co( bg).(NO)(H.o)]SO.

14·4438·0023·55-14·5438·0223·65-111·3b

[Co( bg).(NO) (H.o)] (Cl04).

11·7330·32--11'6130·34--152·78b

[Co( bg).(NO)Cl]ClO.

13'9438·42-8·3213-8036·20-8·2469'345a

[Co( bg).(NO)Br]ClO.

12·6132·61-17·0012·5232·73-16·98-
[Co( eHbg).(NO)C1]C1.4H.o

12·8333,34-15·312·7833,92-15·1785'71a

[Co( eHbg).(NO)(H.O)] (ClO.).

11'4730·00--11·2229'30--80'76a

[Co( 'leHbg).(NO)(H.o)]S04

13-6735,0022·00-13·6035,5622·13

[Co( leHbg).(NO)Cl]ClO4

13·2335·62--13·0035,56

[Co( leHbg).(NO)CNS]CNS

11·2133,72--10'9933,96

[Co( ietHbg).(NO)Cl]C1.4H.O

11·0228·11-12·910·8128·25-12-82

[Co( ietHbg).(NO)CNS]CNS

11·4534·81-22·4311·3535,08-22'33

[Cor ietHbg).(NO)(H.O)] SO.

11·3929·5418·67-11·3729'7818·53-
[Cor ietHbg).(NO)(H.O)] (Cl04).

9·6124·81--9,5725·00--171'25b

[Co( ietHbg).(NO)C1]ClO.

10·9328·45-6·6210·9628·64-6,60-
(Co{ hHbg)z(NO)C1]C1

12·1431·54-14·3312·1331·69-14·4888·25a

[Co( hHbg).(NO)CNS]CNS

12·9439,43--12'8239'63--83·01a

rCo( hHbg).(NO)(H.o)]SO.

12·9233,5320'81-12·8833,6520'99--
fCo{ hHbg).(NO)(H.O)]CIO.).

10·5627'32--10·5327·54--167·03b

-1

X = C1, Br or CNS, a = in methanol, b = in water.
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TABLE 2 - INFRARED SPECTRALDATA AND ASSIGNMENTSOF BANDS

(Hbg)2S04

[Co(Hbg)2(NO)[Co(Hbg)2(NO)C1][Co(Hbg)2(NO)[Co(Hbgh(NO)C1]Assignments
(CNS)]CNS

C1(H2O)]S04C104

3540 vs

3490 VS, 3400 vs3500 VS, 3430 vs3460 vs, 3340 vs3450 VS, 3425 vsvN-H
3170 vs

3200 VS, 3020 vs3250 vs3230 vs3230 vs
2065 VS, 2050 vs

---vCNS (coordinated)

1650 S
1685 s 1680 s1650 S1675 S~N--C-N

1610 S
1605 S1625 s1615 SvNO

1560 s
1545 S 1555 S1540 S1535 SvN-:.c-=N

1230 S
1280 s 1280 S-1360 S

1135 S
- ---vS04

760 S
775 s 780 S770s775sNH bending

720 s
725s 720s725 S720sNH wagging

s = strong, vs = very strong.

of NO- coordination in the complex since a band
in the region 1500-1700 cm-1 is expected for
the coordinated NO- groupll. The oxidation
product of the compound [Co(Hbg)2(NO)CI]CI
gives a compound similar in all respects to
trans-[Co(HbgMN02)CI]Cl. The nitrosyl biguanide
compounds have been assigned trans configura
tions.

The thiocyanate complex [Co(Hbg)2(NO)]CNS]
shows a strong band at 2065 cm-1due to coordinated
CNS- group. This indicates that the thiocyanate
complex has similar configuration as the halide
complexes.

From all these studies it appears that the nitrosyl
group is coordinated as NO- in the biguanide com
plexes of cobalt. It can be concluded that ligand
(biguanide) to metal 7t-donor capacity (L-+M) is
strong enough to push the electron density from

the metal to the antibonding molecular orbital of
nitric oxide which in turn coordinates as NO- and
Co-N-O bond becomes bent.
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