
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

In Situ Synthesis and Spectroscopic Studies of Copper(II) and Nickel(II)
Complexes of 1-Hydroxy-2-Naphthylstyrylketoneimines
C. Natarajana; P. Tharmaraja; R. Murugesana

a School of Chemistry, Madurai Kamaraj University, Madurai-21, India

To cite this Article Natarajan, C. , Tharmaraj, P. and Murugesan, R.(1992) 'In Situ Synthesis and Spectroscopic Studies of
Copper(II) and Nickel(II) Complexes of 1-Hydroxy-2-Naphthylstyrylketoneimines', Journal of Coordination Chemistry,
26: 3, 205 — 213
To link to this Article: DOI: 10.1080/00958979209409214
URL: http://dx.doi.org/10.1080/00958979209409214

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979209409214
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J .  Coord. Chem. 1992. Vol. 26. pp. 205-213 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1992 Gordon and Breach Scienrr Publishers S.A. 
Printed in Great Britain 

IN SZTU SYNTHESIS AND SPECTROSCOPIC 
STUDIES OF COPPER(I1) AND NICKEL(I1) 

COMPLEXES OF 
1-HYDROXY-2-NAPHTHY LSTY RYLKETONEIMINES 

C. NATARAJAN*, P. THARMARAJ and R. MURUGESAN 
School of Clieniistrj, hladurai Kaniaraj Unicersitj, hladurai-21, India 

(Received 20 August 1991; in final form 21 January 1992) 

Bis-chelates of N-R-1-hydroxy-2-naphthylstyrylketoneimines of copper(I1) and nickel(I1) [R = H, Me, Et] 
were synthesised in sifu from the ring opening reaction of 7,l-benzoflavanone with the respective metal(I1) 
chlorides and aliphatic monoamines. Likewise, 1,2-ethanediamine (en) and 1,3-propanediamine (pn) 
afforded N,N’-ethylene-bis(l-hydroxy-2-naphthylstyrylketoneimine) and N,N‘-propylene-bis( l-hydroxy- 
2-naphthylstyrylketoneimine) copper and nickel complexes, respectively. However, 1-hydroxy-2-naphthyl- 
styrylketone reacts with MeNH, and CuCI, .2H,O to give bis(N-methyl-1-hydroxy-2-acetonaphthone- 
imine)copper(II). The complexes were characterised by analytical, IR, electronic and EPR methods and 
magnetic susceptibility measurements. The copper complexes of N-R-1-hydroxy-2-naphthylstyrylketone- 
imines have a distorted trans square planar structure. In nickel complexes, when the substituent R changes 
from H to Et through hle, the geometry changes from trans square planar to tetrahedral through a 
quasi-octahedral structure. The copper complexes of the tetradentate Schiff bases are square planar. The 
nickel complex of the en tetradentate Schiff base is cis square planar whereas that of pn is octahedral. 
EPR study reveals that copper(I1) has a distorted square planar geometry, with a trans configuration in 
the bidentate Schiff base complexes and cis in the tetradentate Schiff base complexes. MO coefficients 
derived from EPR parameters indicate a high degree of covalency in these complexes. 

Keywords: Copper, nickel, naphthylstyrylketoneimines, synthesis, esr. 

INTRODUCTION 

I n  sitir synthesis of metal complexes is a well established procedure where isolation of 
ligands is difficult owing to their In most of these syntheses the reactants 
are open chain compounds. 1-Hydroxy-2-naphthylstyrylketone undergoes cleavage 
at the double bond in the presence of amines to give 1-hydroxya~etonaphthoneimine.~ 
Also, heterocyclic ring cleavage is found to occur with 7,8-benzoflavanone in the 
presence of a base to give l-hydro~y-2-naphthylstyrylketone.~ This observation 
prompted us to use this ring-opening reaction as a route for the irt sitti preparation 
of metal complexes of 3 4  l-hydroxy-2-naphthyl)-5-(4-X-phenyl)pyra~olines.~ In this 
paper we report the in situ synthesis of copper(I1) and nickel(I1) Schiff base complexes 
from 7,8-benzoflavanone and their characterisation. 

EXPERIMENTAL 

Metal(I1) chlorides used were of AR grade. MeNH, (S. Merck, 40% aqueous solution) 
and EtNH, (SD’s, 70% aqueous solution) were used without further purification. 

* Author for correspondence. 
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206 C. NATARAJAN,  P. THARMARAJ A N D  R. MURUGESAN 

NH,CH,CH,NH, ( S .  Merck) and NH,CH,CH,CH,NH, (Riedel, W. Germany) 
were distilled and dried over NaOH pellets before use. Elemental analyses were 
performed at VHNSN College, Virudhunagar, India. Electronic spectra were recorded 
on a Shimadzu UV-160 spectrophotometer. EPR spectra were recorded on a Varian 
E-112 spectrometer (X-band) with a 100 KHz field modulation and phase sensitive 
detection. EPR spectra of the complexes in toluene were recorded at  300K. The same 
solution was cooled to 77K in an immersion type quartz dewar which fitted into the 
EPR cavity. DPPH was used as internal field marker. Metal contents and other 
measurements were performed as reported elsewhere.6 

Cti L2, NiL2 ( L  = N- R- I -I1ydro.~y-2-iiaph tliy lstyrylketoiieiii I ii ies) , ( N R  HNSKI) 
A mixture of 7,8-benzoflavanone’ (10mmol) in EtOH (50cm’) and the appropriate 
amine (NH,, MeNH,, EtNH,) solution (5cm3) was heated at reflux for an hour. 
To the cooled solution was added metal(I1) salt (5 mmol) (CuCl, .2H,O, NiCI, .6H,O) 
in EtOH (25 cm3). The precipitated complex was suction-filtered, washed with 
aqueous EtOH and dried iit uactio over anhydrous CaCI, (Yield: 42-73%). 

CtiL, NiL ( L  = N,N-ethyleiie-bis (I-ltyciro.~y-2-iinplitl1ylstyrylketoiieiiiiiiie), 
(NNEBNSKI), aid N,N-propyle11e-bis(I-li~ciro~y-2-iinplitl1~~lstyrylketo1~ei1~ti1ie~, 
(NNPBNSKI) 

An ethanolic solution (50 cm’) of 7,8-benzoflavanone (10 mmol) and NH,CH,’ 
CH,NH, or NH,CH,CH,CH,NH, (5cm’) was refluxed for an hour. To the clear 
solution was added metal(I1) salt (5 mmol) (CuC12.2H,0 or NiClz.6H,0) in EtOH 
(2Ocm’) and the mixture was refluxed for a further hour. The complex, which separated 
slowly, was collected on a filter, washed with portions of aqueous EtOH (1:l v/v) 
and dried in uaciio. 

RESULTS AND DISCUSSION 

I n  sitti reaction of en and pn with 7,8-benzoflavanone and metal salts gave tetradentate 
Schiff base complexes whereas RNH, (R = H, Me, Et) gave bis-chelates (Scheme I). 

Attempt to prepare the copper(I1) complex from l-hydroxy-2-naphthylstyrylketone, 
methylamine and copper(I1) chloride directly gave bis(1-hydroxy-2-acetonaphthone- 
imine)copper(II) (Scheme 11). This was confirmed by preparing an authentic 
sample of bis(l-hydroxy-2-acetonaphthoneimine)copper(II)s from l-hydroxy-2- 
acetonaphthone, methylamine and copper(I1) chloride and comparing its IR spectrum 
with that of the product obtained in Scheme 11; they were found to be identical. 

It is interesting to note that the Schiff base complexes of l-hydroxy-2- 
naphthylstyrylketoneimine were obtained in a facile manner by reaction in sitti from 
7,8-benzoflavanone. 

All the complexes are amorphous powders, with colours varying from green to 
brown. The metal chelates are insoluble in water while the copper(I1) imines 
(R=Me,Et) and the nickel(I1) imine (R=Et) complex are freely soluble in most. 
organic. solvents. Molar conductance measurements in CH,CN indicate that the 
complexes are non-ionic. Analytical data (Table I)  are consistent with the assigned 
molecular formulae. Purity was checked by TLC experiments. All complexes show 
only a single spot. 
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CU(I1) AND NI(I1) COhlPLEXES 207 

Scheme I 

@MeNH2 I CU C 12.2 H 20 , 

HO 0 

Scheme I1 

Magnetic Properties 
The magnetic moments of all the copper(I1) complexes lie between 1.84-2.08 BM, 
showing the presence of one unpaired electron in a distorted planar geometry. The 
complex bis(N-H-l-hydroxy-Znaphthylstyrylketoneimine)nickel(II) Ni(NHNSKI), 
is diamagnetic with a trans square planar structure. The magnetic moment for 
the N-methyl-l-hydroxy-2-naphthylstyrylketoneimine, Ni(NMeNSKI),, complex is 
2.69 BM, a value which suggests association between planar monomers in solid state 
leading to qrrasi-octahedral coordinationg to nickel(I1). The magnetic moment of 

. .  . -  . . .  ._ . 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1
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TABLE I 
Elemental analyses and colours of copper(I1) and nickel(I1) complexes of N-R-I-hydroxy-2-naphthyl- 

styrylketoneimines. 

Analysis" 

Complex Colour hl C H w 

Cu(NHNSK1) 

Cu(NMeNSKI), 

Cu(NEtNSKI), 
W C 2  1 H 1 *ON), 
Cu(NNEBNSK1) 
Cu(C4oHzsOzNJ 
Cu(NNPBNSK1) 

Ni(NHNSK1) 

Ni(NMeNSK1) 

Ni(NEtNSKI), 

Ni(NNEBNSK1) 

Ni(NNPBNSK1) 

cu(c L gH 1 *ON), 

Cu(C20H160N)2 

Cu(C4iH3002N2) 

Ni(C19Hl4ON)Z 

Ni(C20H160N)2 

Ni(CziHxs0N)z 

Ni(C40H2802N2) 

Ni(C41 H30°2N2) 

Yellow 

Orange red 

Green brown 

Brown 

Brown 

Yellow 

Orange red 

Dark brown 

Green brown 

Yellow brown 

10.57 
(10.46) 
9.35 

(10.00) 
9.76 
(9.58) 
10.22 
(10.03) 
9.98 
(9.81) 
9.12 
(9.74) 
10.11 
(9.31) 
8.92 
(8.91) 
9.44 
(9.34) 
9,75 
(9.13) 

75.53 
(75.06) 
75.25 
(75.53) 
75.20 
(75.96) 
76.25 
(75.76) 
76.11 
(75.98) 
75.14 
(75.66) 
76.77 
(76.10) 
76.12 
(76.51) 
76.11 
(76.35) 
76.94 
(76.55) 

4.72 
(4.61) 
5.25 
(5.03) 
5.21 
(5.43) 
5.12 
(4.74) 
5.51 
(4.94) 
4.77 
(4.65) 
5.43 
(5.07) 
5.44 
(5.47) 
4.92 
(4.77) 
5.23 
(4.98) 

4.67 
(4.61) 
4.81 
(4.41) 
4.74 
(4.22) 
4.13 
(4.42) 
4.47 
(4.32) 
4.42 
(4.65) 
4.32 
(4.44) 
4.12 
(4.25) 
4.47 
(4.45) 
4.51 
(4.36) 

a Calculated values are given in parentheses. 

3.89 BM for the nickel(I1) complex of N-ethyl-1-hydroxy-2-naphthylstyrylketone- 
imine, Ni(NEtNSKI),, is indicative of tetrahedral geometry and this is supported 
by electronic spectroscopic data (oide itfra). N,N'-ethylene-bis( 1-hydroxy-2-naphthyl- 
styrylketoneimine) gives a diamagnetic nickel(I1) complex consistent with a cis square 
planar structure. On the contrary, N,N'-propane-bis(l-hydroxy-2-naphthylstyryl- 
ketoneimine(II), Ni(NNPBNSKI), has a moment of 2.43 BM. This complex may 
possess six-coordinate geometry as proposed for other tetradenate Schiff base 
complexes." 

LigaitdJieM spectra 
The poor solubilities of most of the complexes in common, non-coordinating solvents 
prevent the determination of intensity and ligand field parameters. All the copper(I1) 
chelates in CHCl, exhibit ligand field bands in the 15380-16130cm-' range. In 
Cu(NNEBNSK1) an additional feature appears at 18 650cm-'. All the low energy 
bands arising from a combination of ' B , ,  + 'AlB. and 'El, + 'B,, transitions and 
the higher energy band, ' B , ,  + 'E, ,  are characteristic of D,, symmetry. In pyridine 
solution, all complexes but Cu(NHNSKI), and Cu(NEtNSK1)' show a negative shift 
(5OO-8OO cm- l), indicative of adduct formation. Since the shifts are not large, no 
efforts were made to quantify these data. 
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CU(I1)AND NI(1I)COhiPLEXES 209 

TABLE I1 
Electronic spectral data (cm- l )  and magnetic moments for copper(I1) and nickel(I1) complexes of 

N-R-l-hydroxy-2-naphthylstyrylketoneimine. 

Solvent k r  

Complex CHCl, PY C B W  

Cu(NHNSKI), 
Cu(NMeNSKI), 
Cu(NEtNSKI), 
Cu(NNEBNSK1) 
Cu(NNPBNSK1) 
Ni(NHNSKI), 
Ni(NhleNSKI), 
Ni(NEtNSKI), 
Ni(NNEBNSK1) 
Ni(NNPBNSK1) 

16 130 
15 870 
15 380 

15380, 18650 
15380 
18250 
13420 

13420, 14810, 16130 
17 700 
15 780 

16 130 
15380 
15380 
17860 
15380 
17090 
13 330 
12 500 
19230 

16390, 19610 

1.87 
2.00 
1.87 
2.08 
1.84 
dia 
2.69 
3.89 
dia 
2.43 

Ni(NHNSKI), in CHCl, displays a band at 18520cm-' which may be assigned 
to the 'Alg -+ ' A z g  (v2) transition,consistent with a transsquare planar environment," 
while Ni(NEtNSKI), exhibits strong multicomponent absorptions as a triplet at 
13 420, 14 820 and 16 130 cm- '. These may be assigned to a 3T1 -, ,TI ( P )  (v,) 
transition, consistent with tetrahedral coordination.' ' The tetradentate en Schiff base 
complex shows a band at 17700cm-' due to the 'Alg-, ' A 2 , ( v 2 )  transition, as is 
consistent with square planar geometry. 

In pyridine, Ni(NHNSKI), shows an appreciable shift of the main feature, thus 
indicating adduct formation. In Ni(NEtNSKI),, a new band at 12 500 cm- ' suggests 
a change from tetrahdral to octahedral geometry; the band may be assigned to a 
,A2, 3&g transition. In the square planar Ni(NNEBNSK1) complex, v2 is shifted 
to higher frequency (19 230 cm- ') in pyridine, indicating adduct formation. 
Ni(NNPBNSK1) shows not only a positive shift for v2 to 16390cm-', but the high 
energy P, band occurs at 19 610cm-', indicating a change from pseudo-octahedral 
to nearly octahedral structure due to bispyridine adduct formation. For the nickel 
complexes the low energy band could not be recorded in our spectrophotometer. 

Ittfrared spectra 
All the Schiff base complexes show a medium intensity band between 1600 and 
1625cm-' (Table 111), which has been assignedg to v(C=N). In l-hydroxy-2- 
acetonaphthoneimine complexes" v(C=N) occurs in the same region, a fact which 
implies that C=N is not conjugated with C=C. The v(C=C) mode appears as a 
band of low intensity around 1620cm-'. The intense band in the 1375- 1410cm-' 
range is assigned to a phenolic v(C-0) stretch, by reference to the parent chalcone 
complexes. The intense v(Ph-C=C) band observed in the 1540-1575 cm-' region 
in l-hydroxy-2-naphthyl~tyrylketone~ is shifted to higher frequency in Schiff base 
complexes, indicating mesomeric interaction of the phenyl group with the metal is 
decreased and hence the basic nature of nitrogen is not much altered. This suggests 
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TABLE I11 
1.r. data (cm- I )  for copper(I1) and nickel(I1) complexes of N-R-1-hydroxy-2-naphthylstyrylketoneimines. 

Complex v(C=N) v(Ph-C=C) v(C-0) 

Cu(NHNSKI), 
Ni(NHNSKI), 
Cu(NMeNSKI), 
Ni(NMeNSKI), 
Cu(NEtNSKI), 
Ni(NEtNSKI), 
Cu(NNEBNSK1) 
Ni(NNEBNSK1) 
Cu(NNPBNSK1) 
Ni(NNPBNSK1) 

1600 
1602 
1600 
1605 
1604 
1608 
1610 
1625 
1607 
1620 

1567 
1570 
1570 
1575 
1560 
1564 
1575 
1583 
1570 
1580 

1388 
1395 
1398 
1380 
1410 
1394 
1404 
1398 
1397 
1375 

that the ligand field strength of N-R-1-hydroxy-2-naphthylstyrylketoneimine is 
comparable to that of N-R-1-hydroxy-2-acetonaphthoneimines. 

Compared with nickel complexes, the copper complexes register lower r(C=N) 
(2-15 cm- ') and v(Ph-C=C) (3-10cm-I) modes. This shows increased interaction 
of copper ion with the Schiff base. The higher stability of copper complexes is simply 
due to the electron-rich d9 configuration of the copper(I1) ion.13 

EPR spectra 
The solution spectra of all Cu complexes show four well-resolved hyperfine features 
due to copper. The high-field line of this quartet is further split into a five line 
multiplet with intensity ratio 1 :2:3:2:1, arising from super-hyperfine interaction of 
the two nitrogens of the N,O, chromophore. Typical spectra are shown in Figures 
1 and 2. Frozen solution spectra at  77K consist of four well-resolved parallel features. 
Perpendicular features were resolved only in the case of Cu(NMeNSKI),. Hence, g, 
and A, values were calculated from the following e q ~ a t i 0 n s . I ~  

giso= 1/3g11+2/3g, 
Aiso= 1J3AII +2/3A, 

EPR parameters are collected in Table IV. For tetragonally elongated copper(I1) 
complexes, the unpaired electron is present in dx2-y2 orbitals15 and hence gll  >g,. 
For a tetragonally compressed system dz2 will be the ground state with g, > gll ~2.0023.  
All complexes show axially symmetric spectra with gll > g, indicating the presence 
of the unpaired electron in the dxJdX~-,,2 orbital. Further, the Al l  values observed for 
the complexes are characteristic of square planar geometry. For Cu(NNEBNSK1) 
there is a large reduction in the A,, value, indicating a lower site symmetry for the 
copper ion, since the ground state i s  admixture of d,, and d , ~  orbital.16 This can be 
rationalized by the fact that in Cu(NNEBNSK1) the two nitrogens can be only cis 
(Scheme I), whereas in the other complexes the two nitrogens can be rraiis (LIZ,,). 
EPR data can be used to investigate the covalency of metal-ligand In 
the complexes studied an effective Dzh symmetry is assumed, as suggested by Gersmann 
and Swalen" for copper(I1) acetylacetonate. The molecular orbitals involved and 
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f 2 0 0  

giso 

FIGURE 1 X-band EPR spectrum of Cu(NhleNSKI), in toluene, (a) at 300K; (b) at 77K. 

0 

lgisO 

911 \I t 
V I  

DPPH 

FIGURE 2 X-band EPR spectrum of Cu(NNEBNSK1) in CHCI,, (a) at 300K; (b) at 77K. 
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TABLE IV 
EPR parameters for the copper complexes. 

(63,,A-tensor) x IO'cm-' "N E,z-,z 

Compound Solvent B,, el g1 A m  A, A, Axso EJcm-') 

Cu(NHNSKI), Benzene 
Cu(NhfeNSKI), Toluene 
Cu(NEtNSKI), Toluene 
Cu(NNEBNSK1) Chloroform 

Cu(NHSALI),' Crystal 
Cu(NhleSALI),' Chloroform/ 

toluene 
CU(NNBESALI)~ Dopped 

ponder 

2.1280 2.3030 2.0106 79.5 198.6 27.52 12.52 16130 
2.1112 2.2319 2.044 76.9 200.6 15.07 12.57 15870 
2.1126 2.2209 2.0177 72.7 179.1 22.66 12.33 15385 
2.0831 2.3617 2.0580 89.2 147.0 19.22 13.24 15870, 

18650 
2 . 2 W  2.0150 185.0 16 300 

2.1110 2.222 1820 16700 

2.110 2.190 208.0 18000 

a Reference 20. Reference 8. 

TABLE V 
h 1 0  Coefficients for the copper complexes. 

~ 

From From From ligand 
anisotropic data isotropic data hyperfine coupling 

Complex a P a P a a' 

Cu(NHNSKI), 0.969 0.921 0.899 0.993 0.839 0.543 

Cu(NEtNSKI), 0.876 0.813 0.852 0.836 0.842 0.539 
Cu(NNEBNSK1) 0.875 0.834 0.829 0.559 
Cu(NHSALI)," 0.999 0.999 
Cu(NhleSALI),b 0.890 0.86 
CU(NNEBSALI)~ 0.9 I0 0.80 

Cu(NMeNSKI), 0.932 0.8 18 0.866 0.880 0.838 0.544 

~ 

Reference 20. Reference 8. 

the expressions connecting EPR parameters with MO coefficients are taken from the 
l i t e r a t ~ r e . ' ~ * ' ~  In this calculation, average values of 0.0845 and 0.275 are used for S 
and T(n). Molecular orbital coefficients were computed using both the anisotropic 
and isotropic data starting with the following 

aaZniso=7/4CAII/P-Aiso/P + (2/5)gII -(5/21)g, -6171 
a:, = Ais0/PK - (giso- 2.0023)/K 

Here, the free ion dipole term P=0.036cm-' and the Fermi contact term K=0.43; 
2 is the spin-orbit coupling constant for the free Cuz+ ion and is equal to -828 cm-'. 
The computed MO coefficients are collected in Table V along with those of related 
compounds. Values of a (a measure of in-plane a-bonding) and a (a measure of 
in-plane x-bonding) reveal that both in-plane a-bonding and x-bonding increase in 
the order Et>Me>H.  A similar trend is also noticed for in-plane a-bonding of 
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salicylaldimine complexes. Further, it is also seen that these complexes are more 
covalent than the salicylaldimine complexes. Swett et 01.' have also noticed that 
Schiff bases of naphthaldehyde derivatives are more covalent than the corresponding 
benzaldehyde compounds. The a values derived from isotropic data show more 
covalency than those obtained fron anisotropic data. In order to verify this we have 
also computed a' directly from the nitrogen hyperfine coupling using the following 
expression.20 

w= - (4n/%'DoP~(a')'8b) 
Values of u and a' (Table V) indicate more covalent metal-ligand bonding than 

the data obtained from copper hyperfine features. MO coefficients of Cu(NNEBNSK1) 
indicate that the cis tetradentate Schiff base is more covalent than the trans bidentate 
Schiff base. However, more weight can not be given to this observation since the 
coefficients are also derived with the assumption of a d,, ground state and D Z h  
symmetry for the tetradentate Schiff base complex. 
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