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METAL CYANONITROSYL COMPLEXES: SYNTHESIS, MAGNETIC, THERMAL AND
SPECTRAL STUDIES OF SOME NOVEL MIXED-LIGAND CYANONITROSYL éMnNo}s
COMPLEXES OF MANGANESE(I) WITH POTENTIALLY MONO- AND BIDENTATE
ANILINE DERIVATIVES

*
R. C. Maurya , H. Singh, J. Dubey and G. P. Shukla
Coordination Chemistry Laboratory, Department of P. G. Studies and
Research in Chemistry, R. D. University, Jabalpur 482 001 Indie

ABSTRACT

Novel mixed-ligand cyanonitrosyl {MnNO 56 complexes of
manganese(I), formed by the interaction of pentacyanonitrosyl-
manganate(I) anion, [Mn(NO)(CN).j]}., with potentially bidentate
aniline derivatives, viz,, o-phenylenediamine (o-PDA, ), -
phenylenedfamine (m-PDA, II), and potentially monodentate aniline
derivatives, o-anisidine (o-ANS, III), m-anisidine (m-ANS, IV),
p-anisidine (p-ANS, V), o-phenetidine (o-PD, VI) and m-phenetidine
(p~PD, VII), are described. The resulting mixed-ligand complexes,
which have been characterized by analytical data, electrical
conductances , magnetic measurements, electronic spectra, thermo-
gravimetric analyses and infrered spectral studies, have
the compositions [Mn(NO)(CN),(o-PDA)(H,0)], [Mn(NO)(CN),(m-PDA)-
(520)2] or [Mn(NO)(CN)Z(L)Z(HZO)] (where L = III, IV, V, VI or
VII). Suitable octahedral structures have been proposed for the
complexes, Manganese(I) has a low-spin {l"h'xNO}6 electron

configuration in these complexes.
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INTRODUCTION

Aniline and substituted anilines possess a lone pair of
electrons on the nitrogen of the DHZ group and have an appreciable
terdency to coordinate with metal ions. The donor ability of

aniline and its derivatives has been known since long1'3.

Maurya et al.h have reported the synthesis, structure
and bornding of some mixed-ligamd cyanonitrosyl complexes of the
{CrNO&5 electron configuration with aniline and substituted
anilines. The synthesis and physico-chemical investigation of
some mixed-ligarmd cyanonitrosyl i Mo(NO)z}6 complexes of Mo(0)
with some substituted anilines, viz., o-anisidine, m-anisidine,
p-anisidine, o~phenetidine, m-phenetidine, p-phenetidine,
N-methylaniline and N,N'-dimethylaniline have been reported
recently by Maurya and his co-workers5. Although in recent years
there has been a great interest in the synthesis, structure and
bonding of mixed-ligand cyanonitrosyl complexes of manganese with
heterocyclic nitrogen donorss, there is no report on cyanonitrosyl

{MnNO}6 complexes of manganese(I) with some substituted anilines.

Moreover, the academic importance of {MnNO}s

complexes provides
an additional incentive for investigations of such complexes.

It was, therefore, thought worthwhile to synthesise and
characterize some mixed-ligand cyanonitrosyl {MnNO}6 complexes

of manganese(I) with aniline derivatives, viz., o-phenylenediamine
{(o~-PDA, 1), m-phenylenediamine (m-PDA, II), o-anisidine (o-ANS,
I11), m-anisidine (grANS, vy, p~anisidine (E-ANS, V),
o-phenetidine (o-PD, VI), and m-phenetidine (m-PD, VII). The

ligands are shown in Fig. 1.
EXPERIMENTAL
Materials

Potassium cyanide (May ard Baker Co,, India), hydroxyl-

ammoniumchloride (Robert Johnson, India), potassium hydroxide
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M,
X
(o-PDA, I) 3 X = M, (o)
(m-PDA, II) 3 X = Ni,(m)
(o-ANS, III) 3 X = ocna(g)
(p-ANS, IV) : X = OCHB(Q)
(p-ANS, V) : X = OCH3(E)
(o-PD, VI) D G oc2H5(_o)
(p-PD, VII}) : X = ocaus(g)

Fig. 1. Structures of the Ligands,

(Central Drug House Priv. Ltd., Bombay), KMnO,, (B, D. H. Chemical,
Bombay), o-phenylenediamine and m-phenylenediamine (E. Merck,
India Ltd., Worli, Bombay), o-anisidine, and p-anisidine (Fluka
Chemie A. G., Switzerland), m-anisidine, o-phenetidine, m-
phenetidine (Koch-Light Lab. Ltd., England), were used as supplied
The parent compound, pentacyanonitrosylmanganate(I) anion,

[Mn(NO) (CN) 5]}', was prepared by following the procedure of

Bhattacharya et a1.7.

Synthesis of the Complexes

To a red-purple solutions of the parent anion, [Mn(NO)-
(cw) 5]3- {(0.688 g, 3.2 mmol) an aqueous acetic acid solution
(56 ml, 1:1) of o~PDA/m-PDA (0.345 g, 3.2 mmol), o-ANS/m-ANS/
p~ANS (0.787 g, 6.4 mmol) or o~-PD/m~PD (0.876 g, 6.4 mmol) was
added with shaking. A coloured solid was precipitated on heating
the resulting mixture for 40-60 minutes over a hot plate at 80°C.
It was filtered by suction, washed several times with 5% dilute
acetic acid, finally with water and dried in vacuo at room
temperature to a constant weight. The analytical data of the

resulting complexes are given in Table I.
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Analyses

Carbon, hydrogen and nitrogen were determined by micro-
analysis at C. D. R. I., Lucknow. Manganese was determined as
ammonium manganese phosphate monchydraste, MnNi, PO, .H,0, using
the standard proced uree.

Physical Methods

Conductance measurements were performed at room temperature
in ethanol and dimethylformamide using a Toshniwal conductivity
bridge and dip~-type cell with a smooth platinum electrode. Solid
state infrared spectra of the ligands and complexes were recorded
on a FT-IR spectrophotometer in Nujol mulls in the range 4000-500
cm_1 . Electronic spectra of the complexes were recorded in
10> M solution in DMF on a Shimadzu, model UV-160, spectrophoto-
meter., Thermogravimetric curves were recorded on a Perkin-Elmer
instrument at a heating rate of 12% mi.n"‘I in the temperature range
hO—7bO°C, at Regional Sophisticated Instrumentation Centre, Nagpur.
The magnetic susceptibility was measured at room temperature on
a Gouy balance using Hg[Co(NCS)“] as calibrant, at Central Salt
and Marine Chemical Research Institute, Bhavnagar. Decomposition

temperatures of compounds were determined using on electrothermal

apparatus having capacity to record temperatures upto 360°C.

RESULTS AND DISCUSSION

The mixed-ligand complexes, [Mn(NO)(CN)Z(L)Z(HZO)],
[Mn(NO)(CN)Z(g-PDA)(HZO)] and [Mn(NO)(CN)Z(E-PDA)(HZO)Z], were

prepared according to the following equations:

CH ,COOH
[Mn(uo)(CN)5]3' + 2L -—}ET_) [Mn(NO)(CN),(L),(H,0)] + 3HCN +

2 -
HZO + CH3C00

where L = o-ANS, m-ANS, p-ANS, o-PD, or m-PFD,
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CH ,COOH
[Mn(NO)(CN)s]B' + o-PDA —-H?-a—-a (Mn(No) (CN) ,(o~PDA) (H,0)] +

2 -
FON + CH,C00” + H,0
and
CH ,COOH
[n(No)(CN) 5] % + m-PDA -——}1{-—0——» [Mn(NO) (CN), (m-PDA) (H,0),] +
2 BHCN + CH,CO0™ + H,0

The partial replacement of the cyano groups in the parent
anton, Mn(N0)(CN);]>, by two molecules of o-ANS/m-ANS/p-ANS/
o-PL/m-FD or one molecule of o~-PDA/m-PDA is facilitated due to
the trans-directing effect of the nitrosyl group, as observed by
Maurya et al.9 in the interaction of pentacyanonitrosylchromate(I)
anion with different biologically active organic donors.

The resulting compounds synthesised in this investigation
are non~hygroscopic and air-stable coloured solids (see Table I
for calour). They are thermally stable and their thermal
decomposition temperatures are recorded in Table I, The
solubility of these complexes in different solvents is given
in Table III. All compounds, after decomposition with KOH
followed by acidifying with acetic acid, give a pink colour

with a few drops of Griess reagent10. This test shows the

presence of the No* grouping9

in these complexes. The resulting
complexes were characterized on the basis of the following

physical studies.

Conductance Measurements

The molar corductances of all the complexes in 10-3 M
ethanol solutions (except complexes, 1 and 4, for which 1073 M
DMF solutions were used) are given in Table I. These values

are indicative of the non-electrolytic nature11 of these complexes.
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Magnetic Measurements

The magnetic susceptibility measurements of these complexes
indicate that they are diamagnetic and, hence, they should have a
ground state with a molecular orbital conriguration12 (2e)“(1b2)2.
This result is consistent with a low-spin il"lnNO}6 electron
configuration of menganese(I) in all these complexes. The
diamagnetic and non-electrolytic nature of these complexes also

support the presence of the no* grouping in the complexes.

Electronic Spectra

The electronic spectrum of one of the representative
compounds , [Mn(NO)(CN)Z(g-ANS)Z(HZO)], was recorded in DMF.
It shows three characteristic absorption peaks at 388, 576
and 705 nm. The electronic transitions responsible for these
characteristic UV-Vis peaks in the compound are likely to be
1b2 —_ Qa1 R 1b2 — 1b, and 1b2 — e, respectively, considering
an M. 0, picture12 applicable to hexa-coordinated mononitrosyl
complexes of Czw symmetry. These observations are comparable to

the results reported elsewhere7.

Infrared Spectra

The important infrared spectral bands for the synthesized
complexes are presented in Table II. The very strong to strong
band at 1771-1800 cu ' !

, a strong band at 2125-2144 cm ' with

a shoulder at 2107-2120 cm ' and a weak band at 56 8-649 cw ! are
assigned to D(NO)+, V(CN) and Y(MnNO), respectively, in agreement

with results reported elsewhere7’13'1b'.

The ligands o-PAD and p~PAD used in the present stulies
possess two amino groups as two potential donor sites, while the

remaining ligands o-ANS, m~ANS, p-ANS, o-PD and m-PD possess only
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one amino group as the donor site. The Y(NH) bands which occur at

arourd 3450 ard 3350 e

in all the aniline derivatives undergo

a low-energy shift (see Table II) after complexation., This suggests
the coordination of the amino nitrogen(s)a to manganes in all

the complexes. An additional band observed at 3450 cm"1 for the
free V(NH) indicates that one of the NH2 groups of m-PDA is reluc-
tant towards coordination in the compourd 2. This is further subst-
antiated by the appearance of two SP?3(C-N) bands'?, one around the
same frequency as that of free ligand (1300 cm"1) and other at a
lower frequency (1270 co™') in this compound. These observations
suggest the unidentate coordination of m~PDA to manganese. Such a
result is expected because of the rigidity of the aromatic ligand
and the presence of two amino groups far apart in m-PDA. This is
consistent with the T. G. A. data (vide infra) of compound 2, indica-
ting its mononuclear composition. All the complexes exhibit a broad/

sharp V(OH) stretching band (see Table III) for coordinated water.,

Thermogravimetrical Analysis

Thermogravimetric curves of two representative compounds,
2 and 4, are given in Figures 2a and 2b, respectively. These
curves indicate that these compounds are stable up to 250°C.
The weight loss observed for compound 2 at a temperature around
338°C corresponds to the elimination of two molecules of water
along with two cyano groups, per molecule of the complex of the
comppsition [Mn(NO)(CN)Z(E-PDA)(HZO)z]. In the case of compound
4, the weight loss at a temperature of 231 °c corresponds to the
elimination of only one molecule of water and two cyano groups,
per molecule of the complex [Mn(NO)(CN)Z(_@-ANS)Z(HZO) ]+ Further
weight 1oss of this compound observed at a temperature of 270°C
suggests the elimination of half a molecule of m~ANS. Both
compourds decompose further and, ultimately, change to stable
forms at 440 and tooo°C, respectively. These results suggest

the monomeric nature of both the complexes.
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[¢)
N
//////’ \\\\\\\\H
e w2
NC N
///Hz (a) [Ma(NO)(CN),(o-PDA)(H,0)]

Structure of [M(NO)(CN)Z(B-PDA(HZO)?]

(e) structure of [Mn{NO)(CN),(L)~
(Hy0}]
where L= o,m,p-ANS,o0~PD or m-PD, and
A= OCH3(2—,E,2-ANS)
= OC,H (o,m-PD)

Fig.4, Proposed Octahedral Structure of Manganese(I) Complexes,

Conclusions

The satisfactory analytical data and physical studies
presented above suggest that the complexes are of the compositions
Dvin(uo)(czv)z(_g-pm)(nzo)], [Mn(NO)(CN)Z(Q-PDA)(HZO)Z] or
[Mn(NO)(CN)Z(L)Z(HZO)] (where L = III, IV, V, VI or VII).

Considering the structures (i) and (ii) shown in Fig. 3 of the
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first snd third aquated species of [Cr(NO)(CN)b.]}' (similar
to [Mn(NO)(CN)5]3') reported by Raynor and co—workers16 , 1t is
reasonable to propose for the analogous Mn complexes, the octahedral

structures shown in Fig. 4.
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