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Novc l mi:\cd -ligand cya nonitrosy l cOlllp lq,\cs of Mn(O). 
ob tain~d from thc int crac tio n of t ~ tracyanod initn~s)' llll a ngante(O ) 

anion. I Mn(NO ),(C )" I' with 2- h ydrn:\~ Il\~t lpy ll' yridi n~ (2-
li MP). J -hycl ro:\ )' J1\ ct hylpyridin..: (J -ll iv1P). 2-an1 inopyri dilll: (2-
AP). 2-(2' -alll ino..:thyl)p\Tid in ..:(2 -AI:P). quin aldi c acid (Q I) ). 

ni cotin ic aci d (NA) Jnd nK th)'1 nicotinate (MN IC) arc d..:scribecl . 
The prod ucts have th..: gennal forll\ula IMn(NOlc(CNh(L), 1 
(\\hen:: L=2-II MP or 3- II MI' ) il nd IMn(NO), (CNh( L-L )1 (where 
L-I.=QD. NA. 2-AI: I'. 2-AP or MN IC) . Octah<ldra l stru ct ures 
have been suggcst..:d for th ese cOlllpi.::\es. Mn (O) has a lo\\ -,pi n 
r Mn(NO)2: 7 clect ron co nli gura ti onl in these co mplie:\cs. 

Reductive nit rosy lati on of tetraoxo metallates usin g 
hydroxy lamine hydroc hl oride in presence of CN- in 
an aqueous-a lka line medium 2

.
7 and synthes is of the 

correspond in g pent acy non itrosy l meta Ilates are 
repol1ed in literature . Pentacya nonitrosy lm 1111 ganate( I). 
[Mn(NO)(CN)5f -, containing the lMnNOf core had 
been reportedS to be synthesized from K1[I'vln (CN)(,] 
using H 20 11 ·/I C I. and sho\\n to undc r!!o ox idation 
by nitri c ac idx or elec trochemi cal o.\ ida ti~ n () , forming 
[Mn(NO)(CN),f - cont aining the [M nNOf moie ty. 
Bhattacharya e l 0/ 10 have recently re po rt ~ d a single 
step facil e con ersioll of lll anga nate(Y II ) into 
[M n(NOMCN).,)"-, co nta ining [Mn( NO)2f moiety, 
th rough reaction with an excess of H20 II ·IlCI and 
KCN in aq ueous-alka line medium , maintaining the 
pH at 5. 

Fo ll ow in g our observa ti on of pal1ial replacement of 
the cyano groups from an appropriate cyanonitrosy l 
complex by heterocyc I ic nitroge n dC1nors II in 
aqueous-aceti c ac id medium , we have examined the 
li gati onal behaviour of so me potenti a ll y rnono- and 
bidcntate heterocyc li c nit roge n donors L] sing their 
aqueous-acetic ac id so lution towards [Mn(NO)2(CN).1] 2-
obtain ed by Bhattac harya (! t or as indi c<lted above . 
The heterocyc li c nit roge n do nors (I) se lected by us in 
the present in vcsti gation arc: 2-hydroxymethylpyridine 

(2-HMP), 3-hydroxy methylpyridine (3 -HMP), 2-(2'­
aminoethyl)pyridine(2-AEP), quinaldic acid (Q D), 
ni cotini c acid (NA), methyl nicotinate (MNIC) and 2-
am in opyrid i ne (2-A P). 

Experimental 
2-a nd 3-H ydroxymethylpyridine (Kawaken Fine 

Chemicals Co. Ltd ., Japan), 2-(2'-aminoethyl)pyridine 
(F luka Chemi e, AG), 2-aminopyridin e, quinaldi c ac id , 
nicot inic ac id and methyl nicot inate (A ldrich 
Chemi ca l Co, U.S .A.), potass ium perl11anganate 
(B.D. H. Chemi ca ls, England), potassium cyanide 
(B.D.H. chemi ca ls, MUl11bai ) and hydroxy lamine 
hydrochl oride (Wil son Lab ., Bombay) were used as 
supplied. 

Synthesis of the p arent anion, [Mn(NOh(CN)~/ 
The pa rent anion, tetracyanod initrosy lmanga­

nate(O) was prepared by the method reported by 
Bhattac harya el or 10 

In a so lution o f KOH (2g in 20 IllL H20), KMn0 4 
(0.5 g, 3.2 ml11 ol) was di sso lved. The resul tin g 
solution was heated at 80D C and to the stirred 
so lution, KCN (3. lg, 48 ml11 ol) was added. Heatin g 
and stirrin g was co ntinued fo r another few minutes 
and then I H20 HH CI (3 .3g, 48 11111101) was added in 
sl11 a ll port ions. The l11i xture was aga in heated with 
stirrin g for 30 min , when it s co lour became red-purple 
and the p H was 10.5. The so lution ' was treated 
dropwise with dilute ( I :4) HCI so lution till pH was 5. 

@-x 
x = o ·CH,OH (2 - HMP), m-{:H,OH (3 - HMP), 

o CHP~NH2 (2 - AEP), o-COOH (N A), 
m-{:OOCH, (MN1C), 

(QD) 

o 
II 
C -OH 
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Table I - Analytical data and important IR spectral bands (cm I) of the synthesized complexes 

Compo Found (Calc.), % 

(Empir ical formula) C H N 

[Mn(NOh(CNM2-HMPh ] 43.27 3.52 2L57 

(C I4 HI4N60 4Mn) (43.6 1) (3 .63) (21.80) 
[Mn(N0h(CNh(3-HMPh] 43 .42 3.32 21.48 
(C I4 HI4N60 4Mn) (43.61) (3 .63) (21.80) 
[Mn(N0h(CNh(2-AEP)] 37.54 3.28 29.45 
(C9 H ION602Mn) (37.35) (3 .46) (29.05) 
[Mn(NOMCNh(QD)] 42.62 , 20.27 20.37 
(C 12H7N s04Mn) (42.35) (20.06) (20.59) 
[Mn(NOMCNh(NA)] 33.27 1.60 24 .35 
(C9HSNs04M n) (33 .10) (1.72) (24.14) 
[Mn(NOMCNh(MNIC)] 35 .68 2.45 23.30 
(C9H7N.s04Mn) (35.51 ) (2.30) (23 .02) 

I Mn(NOh(CN M2-AP)) 30.37 2.92 30.79 
(C7HRN6O}Mn) (30.11 ) (2.87) (30.11 ) 

• v (C=O) merged with v (C=N). 

Synthesis of mixed-ligand complex 
To a solution of the parent an ion, [Mn(NOMCN)4]2-, 

'obtained as above, an aq ueous-acet ic acid so lution (8 
mL, I: I) of 2-HMP (0.690g, 0.61 Il1L), 3-HMP 
(0.690, 0.61 mL), 2-AEP (0 .388, 0.38 mL), QD 
(0.547g), NA (0.389g), MNIC (0.433g) or 2-AP 
(0.297g) was added with st irring. A pi nk co loured 
so lid was precipitated on refluxing the resulting 
mixt ure at 80°C for the duration given below in each 
case. 
Ilelerocyclic donor 

2-IIMP/3- IIMP 
2-MY 
QD 
NA 
MN IC 

I?ejillxing period (min) 

60 
15 
25 
20 
15 

The co lou red prec ipitate was filtered by suction, 
washed severa l times with di lute acetic acid, finally 
with water and dri ed in vacuo at room temperature to 
a constant weight. The ana lyt ical data of the 
synthes ized complexes are given in Table I. Ca rbon, 
hydrogen and nitrogen were determined 
microanalytically at CDR I, Lucknow. Manganese was 
determined as ammonium manganese phosphate 
monohydrate, Mn H4PO.1·H20 uSlllg the standard l2 

meth od. 
Conductance measurements were performed at 

room temperature in aceton itril e using a Tos hni wal 
conductivity bridge and a dip-type cell with a smooth 
pl atinum e lectrode. Electronic spectra of the 
complexes were recorded in I O-lM DMF so lutions on 
a Shimadzu model, UV - 160 spectrophotometer. FT­
IR spectra of the complexes were recorded in Nujol 

. mull s in the ran ge 4000-450 cm- I at the Nat iona l 
Chemical Laboratory, Pune. Thermograv imetric 

v(NOt v(CN) v(MnNO) v(C=N) Pyridine ring 

Mn breathing mode 

14.05 1789 2 109 660 16 14 1050 
( 14.27) 1711 2140 
14.48 1804 2109 660 1615 1054 

( 14.27) 1710 2141 
19.35 1840 2 109 666· 1607 1078 

( 19.02) 1766 2143 
16.45 1765 2 123 637 1600* 1078 

( 16.18) 1650 2159 
18.61 1842 2108 666 1608* 1075 

(18.96) 1788 2145 
18.45 1800 2103 642 1602* 1047 

( 18.08) 1728 2 140 
19.20 1786 2143 666 1610 

(19.71) 1667 2106 

Table 2 - Some physical properties of the complexes 

No . Compo Decom. , ~dT 

°C 8M 

I. [Mn(NOhCCNh(2-HMPhl 230 1.89 
2. [Mn(NOh(CNhC3 -HM Ph] 220 1.90 
3. [M n(NOhCC hC2-AEP)] 290 1. 89 
4. { Mn(NOh(CNhCQ D)l 300 1.90 
5. [Mn(NOhCCNMNA)] 240 1.92 
6. [Mn(NOh(CNhC MN IC) 260 1.92 
7. I Mn(NOh(CN)z(2-AP) 220 1.79 

analysis of the samp les were done in the temperature 
range 50-800°C usin g a thermal ana lyser at the 
Uni versity of Poona, Pune. Magnetic susceptibi lities 
of the com plexes were measured at room temperature 
on a Gouy balance using Hg[Co(NCS)~] as cal ibrant. 
E.S. R. spectra of the complexes were recorded on a 
Bruker ES R X-band EPR spectrometer at room 
temperature using powdered samples. Decomposition 
temperatures of the complexes were determined us ing 
an electrothermal apparatus. 

Results and discussion 
The Jlli xed-liga nd co mplexes under the present 

in vestigat ion were prepared according to the 
fo ll ow ing eq uati ons: 

lMn(NOh(CN)4f-+2L C II ,COOII. II ,O ) 
reflux 

[Mn(NOHC )2(L)2]+HCN(g)+C HJCOO-+ H20 
where L=2-HMP or 3-HMP 
and 

[M n(NOMCN)4]2-+L-L C I-I ,COO H, 11 ,0 ~ 
rcnux 

[Mn(NOh(CNh(L-L)+HCN(g)+C HJCOO-+H20 
where L- L=2-AP, 2-AEP, QD, NA or MNIC 
The partia l replacement of the cyano groups in 
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[Mn(NOMCN)4]2- by one molecule of the ligand L-L 
or two molecules of the ligand L, is in agreement with 

'

13 the results reported by Maurya et a . 
All the compounds synthesized during this 

investigation are non-hygroscopic and air-stable, 
coloured solids (Table 2) . They are thermally stable 
and their decomposition temperatures are recorded in 
Table 2. All the complexes after decomposition with 
KOH followed by acidification with acetic acid give , . 14 
a pink colour with a few drops of GrIess reagent . 
The appearance of a pink colour is probably due to 
NO+ group of the compounds, which after 

decomposition with KOH changes to NO ; and form s 

a pink dye with the Griess reagent. The resulting 
complexes are characterized on the basis of various 
physicochemical studies. 

The molar conductances of the .\ 0-3 M aceton itri Ie 
solutions of the complexes were found to be in the 
range 10-\5 ohm- I cm2 mor l indicating that they are 

IS non-electrolytes 

Infrared 5pectra 
In the IR spectra, two strong bands in the region 

1765-1842 cm- I and 1650-1 788 cm- I, a very strong 
band in the region 2103-2 123 cm- I with a shoulder at 
2140-2 159 cm- I and a weak band at 63 7-666 cm- I are 
observed which are ass igned to v(NOf, v(CN) and 
v(MnNO) respecti vely. These results are in 

, . 10.16.17 TI agreement With the data reported elsewhere . 1e 
appearance of two v(NO), bands in the spectra of all 
the synthesized complexes suggests the presence of a 
cis [Mn(NOh]2+ moiety'°·18 in them. 

The heterocyc lic donors 2-HMP and 3-HMP 
possess only the pyridine ring nitrogen as a donor site. 
The other li gands, viz. , 2-AP, 2-AEP, MNIC, QO and 
NA have two potential donor sites: (i) pyridine rin g 
nitrogen and (ii ) carbonyloxygen of the ester group in 
case of MNIC, or carbonyl oxygen of ac id group in 
QO and NA , or amino group in case of 2-AP and 2-
AE P. 

The v(C=O) in uncoordinated QO, NA and MNIC 
occurring at approx imately 1675 em- I unde rgoes a 
signi fican t negati ve shi ft20 and appears at 1600, 1608 
and 1602 em- I, respec ti ve ly, in the spectra of the ir 
respecti ve complexes. Thi s indicates coordin ati on or 
carbonyl oxygen of th e acid group in these li gands to 
manganese. The appea rance of a hroad band centered 
at 3 166 CI11 -

1 may be assigned to v(NH) of 
coordin ated 2-AEP21. The coordinat ion of amino 
nitrogen in 2-A P is inferred by the shift of v"s(NI-I) 

11 

and vs(NH) to lower wavenumbers which appear at 
3350 and 3240 cm- I, respective ly, in the complex. A 
weak band at 1050-1078 cm- I in 2-HMP, 3-I-IMP, 
QO, NA and MNIC, 2-A EP complexes, ass ignable to 
pyridine ring breathing mode suggests the 
coordination of ring nitrogen to manganese in these 
complexes. The appearance of a prominent band for 
ring v(C=N) at 1607-1615 cm- I in the complexes 
1,2,3 and 7 may also be considered as diagnostic of 
the coordinated pyridine nitrogen. The v(C=N) mode 
of coordinated ring nitrogen of the li gands, QO, NA 
and MNIC seems to be merged with v(C=O) band of 
these li gands. 

Thermogravimetric analyses 
Thermograv imetri c curves of three representat ive 

compounds 1,3 and 5, were recorded from room 
temperature to 800°C. First stage of mass loss in all 
these compounds, occurring 3 10, 275 and 220°C, 
respective ly, corresponds to the elimination of two 
cyano groups from these complexes. The second mass 
loss in complexes 1 and 5, occurring at 375°C and 
330°C, respecti ve ly, corresponds to decomposition of 
two NO groups from each cqmpound . In compound 3, 
the second' mass loss recorded at 325°C corresponds 
to the elimination of one NO group only. It shows 
further mass loss with remova l of another NO group 
at 370°C. f urth er mass losses, howcver, cou ldnot be 
interpreted in all the three complexes. These results 
corroborate the analyti ca l and IR da ta of the 
complexes along with monodentate coordi nat ion of 2-
I-IMP and bidentate coordin ation of2-AEP and NA. 

Magnet ic measurements 
The observed magnet ic moments (/-lcrF 1.89-1.92 

8M, see Ta ble 2) of these de ri vatives suggest that 
they are paramagneti c 'with one unpaired elec tron. 
I fence they should have a grou nd state with a 
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molec ul ar orbita l con fi gurati on (I a2)\ I al )2( I b2)2 
(2al)1 based on the M.O. diagram reported 
elsevvhere22

. This result is consistent with low-spin 
{M n(NOh} 7 electron confi guration 22 of Mn(O) in all 
these complexes. 

Electronic spectra 
Electroni c spectra of two representative 

compounds 2 and 5 (record ed in DMF) exhibited 
three characterist ic absorpti on peaks at 365, 425 -430 
and 510-540 nm, ass ignable22 to 2(f1~3([1' 201~2h 2 
and 2([ 1 ~ I h i. respecti ve ly. These res ults are 
comparab le to the electron ic spectral data reported by 
Bhattacharya et al. 10 

ESR spectra 
The X-band room temperature ES R spectrum of 

one o f the compound [Mn(NOMCNh(NA)] was 
recorded using powdered sa mple, both para llel and 
perpendicul ar featmes of 55 Mn have been reso lved. 
Nuc lear hyperfine coupling is observed in tite g il 
region with fou r com ponents clearly reso lved. It 
appears, th erefore, that two other components are 

7' 
obscu red by the g~ component-·' . The hyperfine 
coupling in the pres~lt case seems to ari se from 
couplin g of the unpaired electron to S5 Mn (/=5/2). 
Thi s complex has g~ =2.02 1, g ll=2.094 and gav=2.045. 
The g il and g~ va lues in the complex dev iate 
considerably from the free ion va lue of 2.0023, and 
thi s positive dev iati on indicates that the resulting 

. bl I 74 complexes are apprecla y cava ent- . 
The analytical data and the phys icochemi ca l results 

presented above indicate that these complexes are of 
the compos itions [Mn(NOMCNMLhL where L=2-
HMP or 3-HMP and [Mn(NO)iCNML-L)], where 
L-L=2-AEP, 2-AP QD, NA or MN IC. Si nce a ll the 
complexes exhibit two v(NO), and two v(CN) va lues, 
it is reasonable to propose octahedra l structures for 
these complexes, wherei n both the nitrosy l and cyano 
groups are cis to each other lO (I I). 
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