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NMR AND OTHER SPECTROSCOPIC STUDIES OF ISONICOTINOYL BASED 
HYDRAZONES AND THEIR TERNARY COMPLEXES 

Vanita Puri and B.V. Agarwala* 
Department of Postgraduate S t ld i e s  and Research i n  Chemistry, 

Rani Dur6avati University,  J a h l p u r  - 482 001 ( India)  

ABSTRACT 

The three l sonlco t inoyl  hydrazone Schiff  bases viz. 

anisaldehyde i sonico t inoyl  hydrazone(A1Mf) , 2-furaldehyde 

i sonico t inoyl  hydrazone(F1NH) , 2-thiophenealdehyde isonicc- 

t i noy l  hydrazone(T1NH) have been synthesized and characterized 

on t h e  bas i s  of t h e i r  elemental ana lys i s ,  magnetic s u s c e p t i b i l i t y ,  

I R ,  e lec t ronic  and nmr spec t r a l  s tud ies .  The t e rna ry  complexes 

of  Ni(I1) and Cu(I1) with these  hydrnzones and neu t r a l  b identa te  

base phen and bipy a r e  octahedral and t h e  presence of ace t a t e  and/ 

or  water molecule is revealed by the  study of t h e i r  I R  

spec t r a ,  Sorce constants and thermal degradation pa t te rn .  

Sui tab le  s t ruc tures  have been assigned t o  these  t e r n a r y  

complexes. 

INTRODUCTION 

Ternary complex formation has received wide spread 

i n t e r e s t  i n  the pas t  few years because of involvement of mixed 

chelation i n  many b io logica l  processes . The Cu(I1) amino acid 

complexes i n  normal human serum is i n  t h e  form of mixed-ligand 

complex containirlg L h i s t i d i n e ,  L-threonine and Cu(I1) i n  t h e  
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1098 PUN AND AGARWALA 

r a t i o  1:l:l. 

bipyridine and phenanthroline compounds has been renewed on 

account of  t h e i r  redox and photo redox properties.  

Cu(I1) compounds of these ligands, several  of them have shown 

antimicrobial effects  . Complexes of this class  of 

of ligands have been reviewed by Mc-whennie and Miller and 

Lindoy and livingstone3. 

During recent years i n t e r e s t  i n  the diimine, 

I n  case of 

2 

The occurance i n  these systems of the 

oc-di-imine group -N = C - C - N -, permits electron delocalization 

i n  the  chelate r ing and as  a result bipy, phen and t h e i r  

der ivat ives  a re  considerably be t t e r  acceptor than a re  simple 

pyridines . 
ruthenium(I1) complexes with heterocycles pyridine,o(-pi.coline, 

4 bipy o r  phen a re  reported t o  form mixed-ligand complexes . The 

reaction products have d i s to r t ed  octahedral s t ructures  as  

revealed by H-nmr, w - v i s  and I R  spectroscopic stulies. Keeping 

i n  view of t h e i r  i n t e re s t ing  s t r u c t u r a l  feature  and biological 

ac t iv i ty ,  ternary complexes of Ni(I1) and Cu(I1) with anisaldehyde 

isonicotinoyl hydrazone(A1NH) , 2-furaldehyde isonicotinoyl 

hydrazone(F1NH) , 2-thiophenealdehyde isonicotinoyl hydrazone 

(TINH) which fuction as  a primary Schiff base ligand. 

complexes a re  analysed microanalytically and 

magnetic da t a  a re  incorporatedto elucidate  t h e i r  s t ruc tu ra l  

character is t ic .  

Substi tution reaction of q5 cyclopentadienyl 

1 

A 1 1  the 

spectroscopic and 

EXPERIMENTAL DETAILS 

Star t ing materials 

2-FuraldehydeI 2-thiophenealdehyde, anisaldehyde, 

isonicot inic  hydrazide ( a l l  Sisco) , Ni(CHfOO)2-.4H20, CU(CH~COO)~. 

H20, dimethyl fOrmami.de, 2. 2:bipyridine and 1 ,l&phenanthroline 

( a l l  E. Merck) .were used. 
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Preparation of the complexes 
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The Schiff base ligands anisaldehyde isonicot inoyl  

hydrazone , 2-furaldehyde isonicotinoyl hydrazone and P - t h i e  

phenealdehyde i s  oni cotinoyl hydrazone were prepared5 s6 and 

characterised using TLC, I R ,  W and NMR techniques. A 0.005M 

solut ion of t he  Schiff base ligand ( 1 . 2 %  of AINH/I .075g of 

FINH/1.16g of TINH) was prepared i n  minimum quant i ty  o f  DMF 

and refluxed w h i l e  s t i r r i n g  with 50 cm3 0.005M ethanolic solut ion 

of t he  base (0.7% bipy/O.99g phen) on a magnetic s t i r r e r  

(equipped with heater)  f o r  2h. Subsequently 0.005M aqueous 

solut ion of metal s a l t  ( I  .Og of CU(CH~COO)~.H~O; 1.24g of 

Ni(CH3CO0),.4H2O) w a s  added dropwise with s t i r r i n d  and the 

mixture refluxed for 4h on heating mantle. Bright coloured 

ternary complexes separated out which were S i l t e r ed ,  washed 

with ethanol and e the r  and dr ied in v'acuum over CaC12. 

Physical measurements 

The percentage of C,H,N were determined by microanalytical 

procedures on a Hitachi 2000 microanalyser. The in f r a red  spectra  

o f  ligands were recorded on a Hitachi 270 Spectrophotometer i n  the 

range 400&250 cm-? wing CsI pe l l e t s .  'H 'NMR spectra of t h e  

l isands were recorded on aAMX-400FTMilR spectrometer 

using d6-DMSO as a solvent.  The 

d i f fuse  ref lactance spectra of t he  complex i n  s o l i d  state  were 

recorded employing Varian-Cray 2390 spectrophotometer i n  t h e  range 

20&1000 nm. 

carr ied out by using Faraday's method where , = -1.087 mg and 

H.hH/dZ = 7953.489. 

gravimetrically. 

V2.a 

a nitrogen atmosphere a t  a heating r a t e  o f  10-15°C min- . 

The m a ~ n e t i c  suscep t ib i l i t y  meesurements were 

Metals were estimated in o u r  laboratory 

Thermogravimetric data  Were obtained using a 

W o n t  9900 instrument and the  weight loss was recorded i n  
1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



PUN AND AGARWALA 1100 

RESULTS AND DISCUSSION 

‘H NMR spectral  s tudies  

The IWf? spectra of t h e  ligands dissolved i n  d6-DMS0 were 

recorded (shown i n  Fig.1) and TMS was used as an in t e rna l  

standard. 

assigned. Azomethinic proton H-C=N resonates a t  

8.4-8.7 ppm . 
hydrazide t o  form hvdrazone Schiff base. Protons of pyridine 

ring of isonicotinoyl hydrazones resonates i n  the range 7.7-8.8 p p m  

respectively.  I n  FINH signals  due the furan r ing protons appear 

a t  7.0, 7.9, 6.7 ppm, respectively. 

shown a t  7.5 and 7.2 ppm respectively. 

Chemical s h i f t s  due t o  various protons have been 

7 It confirms the condensation,of aldehyde with 

Thiophene r ing protons a re  

Composition 

The composition of the complexes a re  i n  agreement with 

the  general formula [Cu(L) (B) (OAc) (H20)] where L = LaH = AINH , 
L# - FINH and L$ - TINH i n  case of Ni(I1) complexes one o r  hro 

molecules of l a t t i c e  water i s  a l so  present as  evidenced by I R  

spec t r a l  and thermogravimetric data thus pertaining t o  general 

formula [Ni(L) (B) (OAc) (H20)] .nH20. 

data  colour, melting point and s o l u b i l i t i e s  a r e  given i n  Table I. 

The physical and analyt ical  

Infrared spectral  analysis 

By comparing the I R  spectra of t he  f r e e  Ugands with 

those of ternary complexes the following observations and 

inferences a re  made. 

(1) The strong band due t o v  ( P O )  i n  AINH,  FINH and TINH 

ternary complexes i s  absent which i s  present i n  each of 

the f r ee  Ugand a t  1647, 1629, 1675 ern-I respectively. 

Instead a new band appears due toV(C-0) i n  a l l  the metal 

complexes a t  1 1 7 & 1 1 2 O 8 ~ m ~ s  confirms t he  complexation of the 
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ISONICOTINOYL BASED HYDRAZONES 1103 

l igand v i a  enol ic  form with metal i o n  i n  case of a l l  t h e  t e rna ry  

complexes with AINH,  FINH and TIM.  It is f u r t h e r  supported 

by appearance of new band j(M-0) i n  t he  region 530-500 cm-’ i n  

a l l  t he  complexes9. 

The negative s h i f t  inV(C=N) as compared t o  the ligarid i n  

t h e  complexes ind ica t e  coordination t h r o q h  azomethinic 

n i t r o ~ e n .  

i n  the  complexes with A I N H  and t o  1565-1560 cm-’ from 1619 

and 1609 cm-’ i n  the  complexes w i t h  FINH and TINH. This 

is fu r the r  evidenced by t he  presence of new bands i n  t h e  

spec t ra  of Complexes a t  1510-1500 cd’ due t o  azomethinic 

moiety i.e. >C= N-N = C: . 
The pos i t ive  s h i f t  i n  theV(N-N) from 1017-1026 cm-’ t o  

10551050 cm” i n  the  complexes f u r t h e r  supports t he  

presence of t h e  coordination through azomethinlc nitrogen. 

I t  is f u r t h e r  confirmed by appearance ofJ(M-N)’’ ,I2 i n  t h e  

region 410-320 cm-’ . 
The appearance of new bands a t  1590 cm-’ and 137+1360 cm-’ 

due t o  vas and us (COO) of a c e t a t e  aion’ 3hL’ = 220 cm-’ . 
The separa t ion  frequency of two bands is grea te r  than 

t h a t  of f r e e  ion  i . e .  144, which i s  for undidenkate 

coordinated ace t a t e  ion. This is in. agreement w i t h  

strdies car r ied  out by o the r  i nves t iga to r s  . 
The bands observed i n  a l l  t h e  complexes a t  3400-3200 cm- , 
1660-1650 cm-’ , 860-820 cm-’, 650-570 cm-I a t t r i b u t a b l e  

t o  antisymmetric and symmetric OH s t r ec t ch ing  , bending, 

rocking and wagging v ibra t ions  respec t ive ly  . This 
confirms the presence of t h e  coordinated water molecules 

i n  a l l  the  complexes. 

This I s  sh i f t ed  t o  1570-1560 cm” from 15% cm-’ 

10  

14 

1 

14 

The band due t o  L1(C-O-CH3) i n  t h e  AINH complexes remain 

unaltered ind ica t ing  i t s  non-participation i n  complex 
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PURI AND AGARWALA 1104 

formation. The methoxy group i s  no t  present i n  t h e  other 

two hydrazone ScNff bases (FINH, TINH). 

of t he  thirphene r ingI5  appear a t  1310 cm” i n  the  complexes 

of TINH and bipy/plen. 

as  i n  the  parent l igand ind ica t ing  i t s  nonparticipation i n  

t h e  coordination. S imi la r ly  -/(C-O-C) a t  1010 cm” of 

t h e  furan r ing  remains unaltered on complexation ind ica t ing  

i t s  non involvement i n  coordination . 

The J(C-S-C) 

It remains a t  t h e  same pos i t ion  

16  

( v i i )  The c h a r a c t e r i s t i c  band confirmine; t he  coordination of 

bipy or phen molecule i s  observed i n  t h e  spec t r a  of a l l  

mixed-ligand complexes. The bands appearing a t  5- 
560 cm”, 760-700 cm” , 1010-109 cm-’, 1470-1400 cm-’ 

confirm t h e  coordination of bipy molecule17. 

due t o  coordinated phen molecule18 appear a t  58G-530 cm-’, 

The bands 

7%6%cm>’ 910-860 cm-’ , 1470-1410 cm-’. However new bands i n  t h e  

region 260-210 cm-I due toy(M-N) of phen and bipy f u r t h e r  

confirm i t s  b identa te  coordination t o  metal i o n  . T h i s  

is i n  addi t ion  t o  above bands confirming t h e  presence of 

diimine i n  te rnary  complexes. 

14 

The foregoing f a c t s  suggest t h e  bonding s i t e s  of t h e  

l igands a r e  azomethine nitrogen, enoUc oxygen and two ring 

nitrogen atoms nf t h e  he te rocycl ic  base. Force constants of 

various bonds [Table 11) f u r t h e r  confirm t h e  coordination. 

In addi t ion  t o  these  ace t a t e  i o n  and water molecule is a l so  

coordinated t o  a t t a i n  octahedral geometry. 

IMagnetic da t a  and d i f f u s e  re f lec tance  spec t r a l  a n a l p i s  

The experimental magnetic moment values (Table 111) f o r  

mixed-ligand Ni(I1) complexes formed w i t h  bipy, and AINH is 3.62 

B.N. The correspondin5 values a r e  3.51 B.M. and 3.44 B.M. f o r  

F11C-i and TIMI te rnary  complexes. 

complexes, n icke l ( I1)  has a pseldoctahedral stereochemistry w i t h  

I n  almost a l l  fits s i x  coordinate 
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ISONICOTINOYL BASED HYDRAZONES 1105 

T a b l e 1 1  : Force constants of various bonds 

C omplex Bond Wave number Force Constant 
( cmi’ K(N~-’ 1 

NI-AIM & biw Ni - 0 
Ni - N 
N i  - N(bipY) 

Cu-AIPM & bipy cu- 0 
CU - N 
CU- N(bipy) 
Ni - 0 
Ni - N Ni-AINH & phen 

Ni - N(phen) 

cu - 0 
Cu - N 
Cu - N(phen) 

N i  - 0 
N i  - N 
N i  - N(bipy) 

Cu-FINH & phen 

Ni-TINH & bipy 

520 
400 
260 

510 
385 
229 

51 0 
400 
21 0 

5% 
390 
240 

540 
320 
230 

200 -42 
106.60 
45.06 

195 095 
100.29 

32 -74 
264 -30 
106.60 
29.40 

211.60 
102.90 

38 97 

296.39 
68.27 
35 -26 

a sp in  t r i p l e t  as  ground s t a t e  s ince  the  ground s t a t e  i n  Oh symmetry 

i s  AZg and t h e  next excited state3TZg i s  genera l ly  well  seFarated 

i n  energy. I n  te rnary  Ni(I1) complexes formed with A I N H  and 

phen/bipy exhib i t  t h ree  bands a t  10,240 cm-l, 16,667 cm” and 

24, 390 cm-’ and assigned t o  be Jl , g2 and V3, respec t ive ly .  

The bands a re  observed a t  same pos i t ions  f o r  Ni(I1) complex with 

FINH and bipy. Although s imi l a r  spec t r a  a r e  obtained i n  case of 

N i ( I 1 )  complexes formed with TINH, bipy/phen, but t w o  bands a re  

observed a t  10, 204 cm- , 24, 390 cm-l assigned t o  be J1 and V3 

respectively.  

spectra.  

1 

The band due t o  P2 i s  not observed i n  t h e i r  

The spec t r a l  da t a  together with magnetic da t a  revea l  an 

octahedral geometry f o r  Ni(I1) complexes19. 

parameter B(796 cm-l) i s  less than f r e e  i o n  value (1030 cm-’) 

The value of Racah 
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ISONICOTINOYL BASED HYDRAZONES 1107 

and nephlauxetic r a t i o  $ (0.77) and po(29%). 

l e s s  than t h a t  for f r e e  ion suggesting a considerable o rb i t a l  

overlap and delocalisation of electron i n  t h e  metal ligand bond 

J2/y value of 1.63 is close t o  those (1.64-1.8) expected“ f o r  

octahedral geometry. 

ternary complexes of Ni(I1) with Gpyr idy l  anthrani l ic  acid and 

2-picolinic acid and 2-furoic acid2’. 

The value of B i s  

Similar conclusion is drawn f o r  octahedral 

CU(II) complexes 

Copper( 11) ternary complexes formed with FINH/AIhW and 

phen exhibit  magnetic moment 2.12 and 2.08 B.M. respectively. 

The theoret ical  spin-only magnetic moment value (eq0) of the  

individual separated copper(I1) ion is 1.73 B.N. This higher 

value is obtained because of mixing of some o rb i t a l  angular 

momentum from the excited s t a t e s  i n  an octahedral f i e l d .  

The bivalent oopper has Z8D ground s t a t e  which s p l i t s  i n t o  

two terms under the influence of an Octahedral f ield22. I n  an 

octahedral CU(II) complex, only one band is expectec! due t o  +2g c 
2E transition23. Undistorted octahedral cU(I1) complexes a re  

r a the r  uncommon due t o  John Teller  d i s to r t ion ,  giving r i s e  t o  one 

band or a broad envelopeof bands24. 

TINH and b iwexh ib i t s  a high in t ens i ty  band at (23255 cm-’). 

complex w i t h  bipy and A I N H  exhibit  band a t  (23255 cm”). 

be assigned t o  charge t r ans fe r  or  i n t r a  ligand t ransi t ion.  

g 

The copper(I1) complex with 

Its 

This may 

2 The band 2T2g + E appears as a shoulder i n  a l l  the 

complexes i n  the region 18518-15151’cm-1. 

has been reported f o r  other dis tor ted octahedral CU( 11) complexes” . 
g 

“his is the same as i t  

Thermogravimetric analysis 

The presence of one molecule of coordinated water has been 

confirmed in case of ternary complexes of N i ( I I ) ,  Cu(I1) w i t h  
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H C = N  I /N\c 0 
0 II \ -c - 0- M -0 

/ \  '" 
N'-N 

FIG. II STRUCTURE OF COMPLEX 
]MII.c](OAc] [HI IH 2 0 1 1 . ~ ~ t ~ 2 0  

LcH TINH 
hi = Ni[ll].Cu[ll] 

n = 0.1 
N--N = bipy/phen 

AIM, FINH, TINH and bipy. One add i t iona l  molecule of l a t t i c e  

water i s  present i n  t h e  t e rna ry  complexes of Nickel(II1a).  I n  

i t s  complex with FINH and bipy two molecules of l a t t i c e  water a r e  

present.  I n  t h e  copper complexes ( I I a ,  I I c ,  IVa, IVb) no l a t t i c e  

water i s  present as no water molecLile is  l o s t  upto 1 2 0 ~ ~ .  

ace ta t e  i on  i s  coordinated i n  a l l  t hese  t e rna ry  complexes and is 

ind ica ted  by t h e  weight loss. 

The 

Simi la r  degradation pa t t e rn  (Teblc IV) is observed i n  case 

of all these  complexes. F i r s t  t h e  complexes loose  l a t t i c e  water 

upto 12OoC, then coordinated water i s  l o s t  depending upon t h e  

s t a b i l i t y  of t h e  complex, i t  is followed by t h e  l o s s  of a c e t a t e  

molecule upto %O°C and bipy and phenanthroline a t  s t i l l  h igher  

temperatures. Probably t h e  res idue  can be impure metal oxide. 

The degradation pa t t e rn  along with temperature of each complex 

i s  given i n  t a b l e  (IV ). The values of weight loss ca lcu la ted  

f o r  H20, ace ta t e  and bipy a re  very  c lose  t o  values of weight l o s s  

obtained experimentally. 
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1110 PUN AND AGARWALA 

FIG. IV STRUCTURE OF'COMPLEX 
IM[I.n](OAc] (n] [ I l ~ ) ~ . n 1 1 2 0  
M = Ni(llJ,Cu[ll] 
L , H  =AINH 
II = 0.1 

N-N= Iiiliy /phen 
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CriCical study of a l l  t h e  phydtTtchemical da t a  along wi th  

t h e i r  a e p a d a t i o n  pa t t e rn  an6 colour  of t h e  t e rna ry  ComplexPS Kive 

,:nough evidence of t h e i r  s t ruc tu re  shown i n  Fig. (11-IV) . 'i'he 

te r t ia ry  complexes of Cu(I1) and IJi(I1) forned with AIIRI ,  FIIuH, 

i'I!rZi and a he te rocycl ic  base (bipy/phen) a r e  Six coordinate. 

The bonding s i t e  of t he  hydrazone Schi f f  base l igands a r e  azomethine 

nitrogen and enol ic  oxygen ind ica t ing  t o  be monobasic and b identa te  

che lz t ing  species.  The th'o n i t rogen  atoms of t he  b identa te  

he te rocycl ic  base bipy/phen take  p a r t  i n  coordination f o r  which 

ex t r a  evidences a r e  alreadyelaborated. Additional coordination 

sites a re  occupied by OAc/H20 l a t t i c e  o r  coordinated i n  t h e  case 

of Cu(I1) and Ni(I1) complexes. 

The authors thank Prof. C .L. Khetrapal , Rangalore f o r  

providing W f a c i l i t i e s  and t o  t h e  University Grants Commission, 

New Delhi for the f i n a n c i a l  assistance. 
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