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SYNTH REACT INORG MET - 0 R G  CHEM , 27(5). 647-660 (1997) 

METAL CYANONITROSE CWLEXES: SYNTHESIS, MAGNETIC, THERMAL AND 
SPECTRAL STUDIES OF SOplE NOVEL MIXED-LICAND CYANONITROSYL 2MnNoj6 
COMPLEXES OF NANANESE(1) YITH POTENTIALLY MONO- AND BIDENTATE 
ANILINE DERIVATIVES 

t 
R .  C. Maurya H. Singh, J.  Dubey and G. P .  Shukla 
Coordination &emistry Laboratory, Department of P. G. Studies  and 
Research i n  Chemistry, R. D. University,  Jaba lpur  482 001 India 

ABSTRACT 

Novel mixed-liganl cyanonitrosyl 4 M n N O  \ 6 complexes of 

manganese(I), formed by t h e  In t e rac t ion  of pentacyanonitrosyl- 

mawanate( I )  anion, [Mn(NO) (CN)5]*, with p o t e n t i a l l y  b identa te  

a n i l i n e  de r iva t ives ,  v i z . ,  pphenylenediamine (pPDA, I ) ,  g- 
phenylenediamine (*PDA, XI) , a& p o t e n t i a l l y  monodentate a n i l i n e  

de r iva t ives ,  F a n l s i d i n e  (CANS, 111) , p a n h i d i n e  (g-WS, IV) , 
p a n i s i d i n e  (PANS, V) , p p h e n e t i d i n e  ( e P D ,  VI) and g-phenetldine 

(FPIJ, VII),  a r e  described. The r e su l t i ng  mixed-ligand complexes, 

which have been characterized by ana ly t i ca l  d a t a ,  e l e c t r i c a l  

conluctances , magnetic measurements, e l ec t ron ic  spec t r a ,  thermo- 

gravimetric analyses and in f r a red  s p e c t r a l  stulies, have 

the compositions [Mn(NO)(CN)2(_o-PDAf(H20)1, (Mn(NO)(CN)2(FPDA)- 

(H20)2] o r  [Mn(NO)(CN)2(L)2(H20)] (where L - 111, I V ,  V ,  V I  or 

VII). 

complexes. 

configuration i n  these  complexes. 

Sui tab le  octahedral s t ruc tu res  have been proposed for t h e  

Manganese(1) has  a low-spin !MnNO16 e lec t ron  

647 

Cripyrighr C 1997 hy Marcel Dekker,  Inc 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sa

sk
at

ch
ew

an
 L

ib
ra

ry
] 

at
 0

2:
59

 2
7 

D
ec

em
be

r 
20

14
 



648 

INTRODUCTION 

M A U R Y A  ET AL 

Aniline and subs t i t u t ed  a n l l i n e s  possess a lone  p a i r  of 

e lec t rons  on the  n i t rogen  of t he  Ni2 group and have an  appreciable 

tendency t o  coordinate with metal ions .  The donor a b i l i t y  of 

an i l i ne  and i t s  de r iva t ives  has been known s ince  

Maurya e t  have reported t h e  syn thes i s ,  s t r u c t u r e  

and bonding of some mixed-ligand cyanonltrosyl complexes of t h e  

{CrNO \ e lec t ron  conf igura t ion  with a n i l i n e  and subs t i t u t ed  

an i l i nes .  The synthes is  and physic-chemical i nves t iga t ion  of 

some mixed-ligand cyanonltrosyl 1 M o ( N ~ ) ~ I  

with some subs t i t u t ed  a n i l i n e s ,  v i z . ,  e a n i s i d i n e ,  t a n i s i d i n e ,  

p-anisidine , -+phenetidine, E p h e n e t i d i n e ,  p p h e n e t i d i n e  , 
N-methylaniline and N,N'-dimethylaniline have been reported 

r ecen t ly  by Maurya ard h i s  co-workers . Although i n  recent years 

t he re  has been a g rea t  i n t e r e s t  i n  t h e  syn thes i s ,  s t r u c t u r e  am3 

bonding of mixed-ligard cyanonitrosyl complexes of manganese with 

he te rocycl ic  n i t rogen  donors6, t h e r e  is no r epor t  on cyanonltrosyl 

{ MnNO ] 

Moreover, t h e  academic importance of 

an addi t iona l  i ncen t ive  f o r  i nves t iga t ions  of such complexes. 

I t  was, t he re fo re ,  thought worthwhile t o  synthes ise  ard 

charac te r ize  some mixed-ligand cyanonltrosyl 1 HnNOj 
of manganese( I )  with a n i l i n e  d e r i v a t i v e s ,  v iz . ,  ephenylenediamine 

(pPDA, I ) ,  g-phenylenediamine (FPDA, 11) , F a n i s i d i n e  (p APJS, 

111) , g-anis id ine  (FANS, IV) , p a n i s i d i n e  (PANS, V) , 
- e p h e n e t i d i n e  ( p P D ,  VI), and ipphenet id ine  ( p P D ,  VII). 

l igands  a r e  shown i n  Fig. 1 .  

5 

6 Complexes of Mo(0) 

5 

6 complexes of manganese( I)  with some subs t i t u t ed  an i l i nes .  

MnNO j 6  complexes provides 

6 complexes 

The 

EXPEWAENTAL 

Materials 

potassium cyanide (May ard Baker C o . ,  I nd ia ) ,  hydroxyl- 

ammoniwnchloride (Robert Johnson, Ind ia ) ,  potassium hydroxide 
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CYANONITROSYL COMPLEXES OF MANGANESE(1)  649 

(Cent ra l  Drug House pr iv .  L t d . ,  Bombay), KMn04 (B. D. He Chemical, 

Bombay), cphenylenediamine and ~ p h e n y l e n e d i a m i n e  (E Merck , 
India  L t d . ,  Worli, Bombay) , c=anlsidine, and p a n l s i d i n e  (Fluka 

Chemie A .  G .  Switzerland) p a n i s i d i n e ,  --phenetidine, 

phenetidine (Koch-Light Lab. L t d . ,  England), were used a s  supplied 

The parent compourd , pentacyanonltrosylmanganate( I)  anlon, 

[Mn(NO)(CN)5]s, was prepared by following t h e  procedure of 

Bhattacharya e t  a l .  . 7 

Synthes is  of t he  Complexes 

To a red-purple so lu t ions  of t he  parent anion, Pn(N0)- 

( c s ) 5 ] F  (0.688 g ,  3.2 m o l )  an aqueous a c e t i c  ac id  s o l u t i o n  

( 5 6  m l ,  I : ? )  of pPDA/*PDA ( 0 . 3 5  g ,  3.2 mmol), - 0-ANS/m-ANS/ - 
PANS (0.787 g ,  6.4 mmol) o r  ~PD/IJ-PD (0.876 g ,  6.4 mmol) was 

added with shaking. A coloured s o l i d  was p r e c i p i t a t e d  on heat ing  

the res i i l t ing  mixture f o r  4+60 minutes over a ho t  p l a t e  a t  8o°C. 

I t  was f i l t e r e d  by suc t ion ,  washed seve ra l  times with 5% d i l u t e  

acetic ac id ,  f i n a l l y  with water ard d r i ed  i n  vacuo a t  room 

temperature t o  a constant weight. The a n a l y t i c a l  d a t a  of t he  

r e s u l t i n g  complexes a re  given i n  Table I. 
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CYA2yOIuI I K O S Y L  C O V P L F X t 5  OF M A N G A N t S U l I  

Analyses 

65 I 

Carbon, hydrogen and n i t rogen  were determined by micro- 

Manganese was determined a s  ana lys i s  a t  C. D. R. I.,  Lucknow. 

ammonium manganese phosphate monohydrate, MnNH4W4.H20, using 

t h e  standard procedure . 0 

Physical Methods 

Conductance measurements were performed a t  room temperature 

i n  ethanol and dimethylformamide using a Toshniwal co l r luc t iv i ty  

br idge  and d i p t y p e  c e l l  with a smooth platinum e lec t rode .  Sol id  

s t a t e  i n f r a red  spec t r a  of the l igands  and complexes were recorded 

on a FT-IR spectrophotometer i n  Nujol m u l l s  i n  t he  range 4000-500 

cm . Elec t ronic  spec t ra  of t he  complexes were recorded i n  

loe3 M so lu t ion  i n  I3MF on a Shimadzu, model UV-160, spectrophoto- 

meter. Thermogravimetric curves were recorded on a Perkin-mmer 

instrument a t  a hea t ing  r a t e  of 12OC min-’ i n  the  temperature range 

40-74OoC, a t  Regional Sophis t ica ted  Instrumentation Centre,  Nagpur. 

The magnetic s u s c e p t i b i l i t y  was measured a t  room temperature on 

a Gouy balance using H~[CO(NCS)~] as c a l i b r a n t ,  a t  Central  S a l t  

alrl Marine Chemical Research I n s t i t u t e ,  Bhavnagar. Decomposition 

temperatures of compounls were determined using on e lec t ro thermal  

apparatus having capacity t o  recoP3 temperatures upto %O°C. 

-1 

RESULTS AND DISCUSSION 

The mixed-ligand complexes, [Mn(NO)(CN)2(L)Z(H20)], 

[Mn(NO) (CN)2(pPDA)(H20)] and [Mn(NO)(CN)2(~PDA)(H20)2], were 

prepared according t o  t h e  following equations: 
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652 

CH COOH 
[Mn( NO) (CN) 5]  3- + 2PDA 

H2O 

and 

CH COOH 
[Mn( NO) (CN)  + FPDA b 

H2° 

The p a r t i a l  replacement of 

M A U R Y A  ET A L  

the cyano groups i n  the parent 

anion, PntNO) (CN)5]5, by two molecules of  pANS/m-ANS/pANS/ - 
- o-Pl)/pPD o r  one molecule of pPDA/pPDA is f a c i l i t a t e d  due t o  

t h e  trans-directing e f f e c t  of t he  n i t r o s y l  group, a s  observed by 

Maurya e t  a l  .9 i n  t h e  i n t e r a c t i o n  of pentacyanonitrosylchromate( I )  

anion with d i f f e r e n t  b io log ica l ly  a c t i v e  organic donors. 

The r e s u l t i n g  compounds synthesised i n  t h i s  i nves t iga t ion  

a r e  non-hygroscopic and a i - s tab le  coloured s o l i d s  (see Table I 

f o r  colour) . 
decomposition temperatures a r e  recorded i n  Table I. The 

s o l u b i l i t y  of these  complexes i n  d i f f e r e n t  so lvents  i s  given 

i n  Table 111. All compounds, a f t e r  decomposition wi th  KOH 

followed b y  ac id i fy ing  with a c e t i c  ac id ,  give a pink colour 

with a few drops of Criess reagent”. 

presence of the  NO+ grouping’ i n  these complexes. 

complexes were charac te r ized  on the  bas i s  of t h e  following 

physical s tud ie s .  

They a re  thermally s t a b l e  and t h e i r  thermal 

This t e s t  shows t h e  

The r e s u l t i n g  

Conductance Measurements 

The molar conductances of a l l  t h e  complexes i n  M 

ethanol so lu t ions  (except complexes, 1 and 4, f o r  whfch M 

D i e  so lu t ions  were used) a r e  given i n  Table I. These values 

a r e  ind ica t ive  of the non-e l ec t ro ly t i c  nature’’ of these complexes. 
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CYANONITROSYL COMPLEXES OF MANGANESE(]) 65 3 

Magnetic Measurements 

The magnetic s u s c e p t i b i l i t y  measurements of t hese  complexes 

i n d i c a t e  t h a t  they a re  diamagnetic and, hence, they should have a 

ground s t a t e  w i t h  a molecular o r b i t a l  configuration" (2e) (lb2)*. 

T h i s  r e s u l t  is cons is ten t  with a l o r s p i n  j M n N 0 3  

conf igura t ion  of manganese(1) i n  a l l  these  complexes. 

diamagnetic and non-electrolytic nature of these  complexes a l s o  

support  the  presence of  t h e  No+ grouping I n  the complexes. 

4 

6 e lec t ron  

The 

Elec t ronic  Spectra 

The e l ec t ron ic  spectrum of one of t h e  representa t ive  

compourds, ~ n ( N O ) ( C N ) 2 ( 2 - A N S ) 2 ( H 2 0 ) ~ ,  was recorded i n  DMF. 

It shows th ree  c h a r a c t e r i s t i c  absorption peaks a t  388, 576 

and 705 nm. The e l ec t ron ic  t r a n s i t i o n s  responsible for these  

c h a r a c t e r i s t i c  UV-Vis peaks i n  the  compound a r e  l i k e l y  t o  be 

Ib2 
an M .  0. picture" applicable t o  hexa-coordinated mononitrosyl 

complexes of CkV symet ry .  

t h e  results reported elsewhere . 

4a l ,  I b  + Ib l  ard Ib2 + 3e, respec t ive ly ,  considering 2 

These observations a r e  comparable t o  
7 

Inf ra red  Spectra 

The important i n f r a red  s p e c t r a l  bands for t h e  synthesized 

complexes a r e  presented i n  Table XI. The very s t rong  t o  s t rong  

band a t  1771-1800 cm-I, a strong band a t  2125-2144 c h '  with 

a shoulder a t  2107-2120 cn-' and a veak band a t  568649  cm'l a r e  

assigned t o  O(NO)+, 3(CN) and d(MnNO), r e spec t ive ly ,  I n  agreement 

w i t h  r e s u l t s  reported elsewhere7*' 3p14. 

The l i g a a l s  -*PAD and EPAD used i n  t h e  present s t d i e s  

possess two amino groups a s  two po ten t i a l  donor s i t e s ,  w h i l e  t h e  

remaining l i gands  -+ANS, -wN,  PANS, FPD and -wPD possess only  
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CYANONITROSYL COMPLEXES OF MANGANESE(1)  655 

one amino group a s  the  donor s i t e .  

a r o d  350 ard 3350 cm” i n  a l l  the a n i l i n e  de r iva t ives  undergo 

a l o r e n e r g y  s h i f t  ( see  Table 11) a f t e r  complexation. T h i s  suggests 

t h e  coordination of the  amino n I . t r ~ g e n ( s ) ~  t o  manganes i n  a l l  

t he  complexes. 

f r e e  3(NH) i nd ica t e s  t h a t  one of t he  NH2 groups of *PDA is reluo- 

t a n t  towards coordination i n  the  compourrl 2. T h i s  is f u r t h e r  subs t r  

an t ia ted  by the  appearance of two S P  I)(C-N) bands15, one arolurl t he  

same frequency a s  t h a t  of f r e e  l igand (1300 6 ’ )  a d  o ther  a t  a 

lower frequency (1270 cm-’) i n  t h i s  compound. 

suggest t h e  unidentate coordination of -mPDA t o  manganese. 

r e s u l t  is expected because of  the  r i g i d i t y  of  the  aromatic l igand  

and the  presence of two amino groups f a r  a p a r t  i n  -mPDA. T h i s  i s  

cons i s t en t  with t h e  T. C. A .  da ta  (v ide  i n f r a )  of compound 2, indica- 

t i n g  i t s  monmuclear composition. All t h e  complexes exh ib i t  a broad/ 

sharp  O(0H) s t r e t ch ing  bard ( see  Table 111) f o r  coordinated water. 

The 3(NH) bands which occur a t  

An addi t iona l  band observed a t  3450 cm-’ f o r  the  

2 

These observations 

Such a 

Thermogravimetrical Analysis 

Thermogravimetrlc curves of two representa t ive  compounds, 

2 and 4 ,  a r e  given i n  Figures 2a and 2b, respec t ive ly .  These 

curves i n d i c a t e t h a t  these compounds a r e  s t a b l e  up t o  25Ooc. 

The weight loss observed for compound 2 a t  a temperature around 

338OC corresponds t o  the  e l imina t ion  of two molecules of water 

along with two cyano groups, per molecule of the complex of t h e  

comppsition [Mn(NO)(CN)2(cPDA)(H20)2]. 

4 ,  the weight loss a t  a temperature of 2 3 1 O C  corresponds t o  t h e  

e l imina t ion  of only one molecule of water and two cyano groups, 

per  molecule of the  complex 

weight loss of this compound observed a t  a t e m p e r a t u r e  of 27Ooc 

suggests t h e  elimination of ha l f  a molecule of FANS. 

compounds decompose f u r t h e r  and, u l t imate ly ,  change t o  s t a b l e  

forms a t  440 and 400°c, respec t ive ly .  

t h e  monomeric nature of both the  complexes. 

I n  the  case of compound 

[Pln(NO)(CN)2(m-ANS)2(H20) 1.  Further 

Both 

These r e s u l t s  suggest 
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656 M A U R Y A  ET A L  
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(b) S t N C t U r e  of [ M n ( N O ) ( C N ) , ( ~ P D A ( H 2 0 ) 3 ]  

0 

Fig -4.  Proposed Octahedral Structure of Manganese( I) Complexea . 

Conclusions 

The sa t i s fac tory  analyt ica l  data and physical studies 

presented above suggest that  the complexes are of the compositions 

~M~(NO)(CN)~(~PI)A)(H~~)], [Mn(NO) (CN)z(g-PDA)(H20)2] or  

[Mn(NO)(CN)2(L)2(H20)] (where L = 111, IV, V, "I or V I I ) .  

Considering the structures ( I )  and (il) shown i n  Fig. 3 of the 
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first a d  third aquated spec ies  of [Cr(  NO) (CN) 5] 

t o  (Mn(NO)(CN)5]5j reported by Raynor and c-workers16, i t  i s  

reasonable t o  propose for the analogous Mn complexes, the octahedra l  

s t r u c t u r e s  shown i n  Fig. 4. 
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