
J, Indian Chem. Soe., 
Vol. LX, Jaauar:v 1983, pp. 1·6 

Effect of Extensive Conjugation of Coordinated C = 0 
on the Nature of Bonding and Stereochemistry in Co(Il), 
Ni(II) and Cu(II) 2':Hydroxy-4-X-chalcone Complexes : 

Hammett Correlation and an Evidence for 
Metal-Ligand 11-Bonding 
C. NATARAJAN"' and M. PALANIANDAVAR 

J>epa.rtlllent of Inorganic Chemistry,l\Iadurai Kamaraj University, !lladura.l·6gll 021 

Manuscript recllived 17 Augt,st 1981, accBpted 21J 81ptember 198!J 

Cu(II), Nl(ll) and Co(JI) MHbelatPs of the type ML., where L•l'-hydro:a:y-4-X· 
chalcone (X ~en., CH,O, Cl, Br), have been prepared and investigated. All or them 
are monomeric,lo~t-spin and square-planar. The plot or P(C=O) and •(PbC=C) or 
the ligands against tile Hammett .r-coostant1 is a straight line. On the other baud, 
plots or r(C=O), •(PbC=C) and •CM-0) or the complexes ora metal against the 
IT-parameters yield two straight lines ; the points for tbe electron-releasing substituents 
and the unsubstituted complex lie on one straight line and those for the electron-with
drawing substituents and the uosubstiluted complex on the other. This lndicatu the 
presence of both IT and ll'·interaction betwern metal and ligand. The electron-releasing 
substiluents favour IT-interaction wbile the electron-withdrawing substifueots ""·inter
action and the unsubstituted complexes are more stable than the substllott!d ones. The 
stability or tbe complexes, on the basis or •(M- 0), follows tbe order H > CH, ~ 
CH 1 0 > Br > Cl; theM-LIT-bond helng more important than the M-L ,.. bond. 
For a given substituent, the order of stability of the complexes is Co > Ni < Co as 
expected from crystal field. theory. 

METAL ions like Co(ll), Ni(H), etc. are forced by the 
highly conjugated porphyrin and other related 
systems to assume low-spin configurations. Intro

duction of substituents on the porphyrin nucleus 
also affects further coordination of the metal with 
additional ligands as in hemoproteins1 • Hence it 
may be of importance to know the behaviour of the 
metal ions when they are coordinated to simple 
conjugated organic molecular systems. In order to 
investigate this aspect, we isolated and studied 
metai(II) complexes of some c(,P-unsaturated o· 
bydroxyarylcarbonyl compounds1 ' 8 and their Schiff 
bases•. Simple conjugation ofC=O with C=C in 
o-hydroxycrotonophenone complexes• is found to 
enhance the ligand field strength while extensive 
conjugation in 2'-hydroxy-5'-X·chalcone com
plexes8 forces nickei(Il) and cobalt(II) to achieve a 
low-spin configuration. This has been ascribed to 
extensive d7T -11; interaction. 

the metal-carbonyl interaction will be ostensible in 
the case of 2'-hydroxy-4-X-chalcone complexes. 
The preparation and the results of our investigation 
on Co(ll), Ni(II) and Cu(II) complexes of some 
2'-hydroxy-4-X-chalcones (1) are described in this 
paper. 

Further, the substitueots in the 5' position in 
these complexes affect the nature of the metal
carbonyl interaction indirectly. Actually, l•(M-0) 
is found to be substituent sensitive though v(C= 0) 
is little affected. One would expect the introduc
tion of substituents in the 4-position of 2'-hydroxy
chalcooe to affect the electronic properties of C=- 0 
significantly due to the presence ofCH=CH group 
which can effectively transmit 5 the electronic effects 
of the substituents. Thus the substituent effect on 

" U=Cu(Il), Ni(II). Co(Il) 
X• H. CH., OCH., Cl, Br 

Experimental 

Benzaldehydes used were reagent grade chemi
cals. 4-Bromobenzaldehyde was prepared by the 
Sandmayer reaction 5 ". The metal salts were of 
analytical reagent grade. Element analyses were 
performed by the Central Drug Research Institute, 
Lucknow, India. The metal content of the com
plexes were estimated by EDT A titrations after 
decomposing the complexes with a mixture of cone. 
HN08 and H90 11 , and by thermogravimetric ana
lysis. Thermogravimetric analysis was performed 
on a Stanton recording thermobalance on ca 
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lO!l mg sample in air with a linear heating rate of 5" 
mm-J.. Thermal decomposition studies were also 
carried out on a Perkin-Elmer d itl'erential scanning 
calorimeter. 

The magnetic su~ceptibilitv measurements were 
carried out at 302-304 K and at 8000 G in a Gouy 
balance, HgCo(~CN) 4 being used as calibrant. 
Diamagnetic corrections were made by using 
Pascal's c'?nsta~ts. l~ spectra ( 4000-200 cm-J.) 
were obta1ned 1n NuJol between sojium chloride 
plates and in KBr nhase on a Perkin-Elmer 577 
spectrophotometer. IR spectra (300-650 em-•) 
were also obtained in Nujol on a Beckman JR 12 
dpectrophotometer. Electronic spectral measure
ments were made on chloroform solutions and on 
Nujol mulls adhered to filter paper in a Carl-Zeiss 
DMR 21 spectrophotometer. Molar conductivities 
were obtained on approximately 1 x to-s M di
methylformamide solutions in a conductivity meter. 

Synth~9is of ligands: 2-Hydroxyacetophenone 
was prepared by the Frie'<~ metbod 8 b. 2'-Hydroxy-
4-methylcbalcone. 2' -hvdroxy-4-methoxychalcone 
4-chloro-2'-hydroxychalcone and 4-bromo-2': 
hydroxychalcone were prepared by condensing the 
2-hydro...:yacetophenone with the corresponding 
benzaldehyde in the presence of 50% sodium 
hydroxide solution'. 

Synthesis of complexes : The his·chelates of 
cobalt(Tl), nickei(H) and copper(ll) with 2'
hydroxy-4-X-cbalcones were obtained by using the 
methods employed for the preparation of bis(2'
hydroxychalconato) metal(TI) complexes. 

Results and Discussion 

All the complexes are obtained as amorphous 
compounds. All the nickel complexes are yellow 
while those of copper and cobalt show some shade 
of brown, indicating the presence of very rich 
charge-transfer or ligand transitions in organic 
solvents like chloroform, benzene, etc. Methoxy 
and chloro substituents decrease the solubility of 
the complexes in chloroform. DSC studies and the 
weight loss experiments revealed the absence of 
water of coordination in all the ch lates. On the 
basis of these results and element analysis (Table 1). 
all tho bis-chelates have been assigned the general 
formula ML 11 • _This is supported by conductivity 
measurements m DMF and molecular wt'ight 
measurements in diphenyl. 

Magnetic properties : The magnetic moments 
of all the copper(Il) complexes are close to the 
spin-only value of 1.73 B.M. (Table 1). This reveals 
th_e prese~ce of one unpaired electron in copper(II) 
w1t~ a 8 11 ground state, in a square planar 
environment. The diamagnetic nature of the 
nickei'IT) complexes and the magnetic moments of 
co?alt(Il) complexes (-3.0 B.M:) suggFst a Jow
spm ~quare .Planar geometry for them. Mixing of 
the h1gher h!!and field term, • Au into 11 A ground 
term by spin-orbit coupling raises the ~oment of 
cobalt comoleJtes considerably above the spin-only 
value of 1.73 B.M.e. 

Ligand field spectra : The spectra of all the 
copper(II) complexes display (Table 2) in the solid 

T.UI.B 1-ANAI.Y'l'ICAl. DA'l'A UID :M.t.GNB'l'IC li!OJolll\'tS OP bi3(2'-RYDli.OXY-4-X-
CHAI.CONA'tO)ME'tAI.(Il) 00MPLilXl!!l 

X Colour Formula Analzst~ % • Found/(Reguired) P.orr 
~:1 c H B. 'Ill. 

orr. brown CuL1 11.51 69 82 4.53 1.'19 

Crr,o 
(ll.SO) ('Tl.!lO) (4 60) 

brown Cur,. 11.3-3 68.20 4.63 1.'15 
(11.111) (6'142) (4.57) 

Cl brown CnL, 11.21 61.87 3~2 1.82 

Br brown 
(11.00) (62.20) (3.80) 

CuiJ, 9lfl 54.47 3.29 1.80 
(9 52) (5'3.95) (8 00) 

err. yellow NiL1 ll OS 72.88 4 85 dtaA 
(11.00) (72.10) (4 90) 

CH,O yellow brown Ni-L1 10.'11 69.10 4.41 diaA 
(10.40) (6800) (4.60) 

Cl yellow brown NiL1 10.'10 61.98 diaA 
"(10.20) 

3.92 
(62.80) (3.80) A 

Br yellow NtL0 9.01 54.91 3.21 d1a 

err, deep brown cor,. 
(8.86) (54.34) (8.02) 
11.52 72.32 4.8'1 2.90 

CH1 0 pink brown CoL, 
(11.10) ('12.10) ( 1.90) 
10.51 

(lo.4S) 
68.35 4.72 2.85 

Cl pink brown CoL, 
(67.99) (4.60) 

10.03 64.54 3.86 3.ol 

Br pink brown CoL, 
(10.\!0) (62.'10) (8.80) 

8.94 55.20 3.17 8.00 
(8.89) (54.83) (3.02) 

"""Diamagnetie _____ ,. __ 
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Fig. 1. Ligand :fleld spectra of 2'-hydrox:y-4-methylohalcona complaxea in Nujol. 1. CuL1 ; 2. NIL1 ; 3. CoL1 • 

TABI.IS 2-EI.IICTRONIC SP.KCTRAX. DATA 011 Oul'P.KR(ll) 
2 1-HYDROXY-4-X·CHAX.CON.K 00MPX.BXI$S; 

Complex 

Cur~. 
CuL 1 

CuL1 

CuL 1 

Pmu: IN CM- 1 AND e IN PARJ$NTHJ$SJS 

X Nujol Chloroform 

cu. 15500 15890 (24) 
CHaO !MOO 15410.(61) 
Cl 15500 15410'(86) 
Br ll'i500 15410 (38) 

state (Fig. I) and in chloroform solution, a broad 
shoulder around 15500 cm-1 on the intense hgand 
band. fhis sugge~ts that the metal ion is in an 
essentially square planar geometry and the ligand 
field band arises due to a combination of the tran
sitions0, 8B11-+1A11, 1B11-+'B11 and '~B11-+ 8E1• 
The similarity of the spectra in the solid state and 
in chloroform solution indicates that the solid com
plexes dissolve in chloroform without any structural 
change. The absorption bands of the chloro and 
methox:y compounds are highly intense. This may 
be because of the electron-releasing polar effect of 
the methox:y group which enhances the electron 
density on metal. In the case of chloro substituted 
complex, this is due to the electron withdrawing 
effect of this substituent, which enhances 7T-bonding 
(cf. discussion on ir spectra) and mixes10 the metal 
and ligand orbitals thereby removing the centre of 
symmetry of the square complex. 

All the nickel(II) complexes in Nujol (Fig. 1) 
show invariably a shoulder around 20000 cm-1 on 
the intense ligand band and no other absorption 
below this. This is char!lcteristic of a trans-square 

planar environment for nickel and the observed 
feature is due to 1 A11-+1 A11 (v 1 ) transition~u. It 
was difficult to discern this band in chloroform 
solution. 

All the cobalt complexes in Nujol (Fig. I) exhi
bit a broad band around StOO cm-1 and a shoulder 
near 19800 cm- 1 on the high intensity ligand band. 
This is consistent with a trans-~quare environment 
for low-spin cobalt(ll). The low frequency band 
may be assigned tentatively to a transition from the 
lower filled orbitals (1 A11, e'1 b:, a}1) to the a11 

(d.') orbttal and the other transition from these 
orbttals to the empty b11 (d._s-y•) a-antibonding 
orbital11b, 

Infrared spectra : The assignment of the in· 
frared bands observed in the present complexes is 
similar to that in metal(ll) 2'-hydroxy-5'-X
chalcone complexes8 • Thus, tbe tntense band in 
the 1622-1640 cm-1 region (I able 3) is assigned to 
v(C=O) [+v(C=C)] and the other mtense band in 
the 1550-1575 cm-1 to v(PhC=C). The metal 
sensitive band below 600 cm-1 is assigned tenta
tively to coupled v(M-0). The asstgnment of 
these bands is supported by their sensitivity to 
metal and phenyl substitution. No complt:x dis
plays a band charactenstic of coordinated water 
around 3300 cm-1, 

Effect of coordination and metal ion substitution : 
In metal complexes, the observed lowering of 
v(C=O) and v(PhC=C) of the ligands shows the 
involvement of tbe conjugated C = 0 group in a and 

-7T·interaction with metal. The order of magnitude 
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TABLB 3-lNPRARBD VIBRATIONAL F.RI!QUBNCIKS {CIIC1 ) 

OP 11'-HYDROXY-!l-X-ChALCO!I;BS AND THJUR 
i\IKTAL(II) 00MPLKXBS 

X Ha.mmett M: r(O=O) r(PhC=O) r(M-0) 

OH1 -0.17 HA 1688 1562 

OH,O -0.27 HA 1635 155!1 

Ol 0.23 HA 1644 1567 

Br 0.23 HA 16!l3 1556 
CH, -0.17 On 1627 1546 585 
OH 0 0 -0.27 On 1622 1043 582 
Ol 0.23 On 1626 15!l6 578 
Br 0.23 On 16'30 1550 575 
OH 1 -0.17 Ni 1632 1562 574 
OH.O -0.27 Ni 16'30 1056 570 
01 0.23 Ni 1633 1557 567 
Br 0.23 Ni 1634 156!l 568 
CH 1 -0.17 Co 1630 1560 576 
CH,O -0.27 Co 1626 1564 572 
Ol 0.23 Co 1631 1556 569 
Br 0.23 Co 1634 15G!l 571 

ALiga.nds 

of interaction of C=O with metal, as shown by 
these frequencies, is Co) Ni (Cu. This is consistent 
with the order of stability of the complexes expected 
on the basis of crystal field theory 8 •18• v(M-0) 
also shows the same order. The small change in 
v(M-0) and :v(C=O) with change in metal is due 
to the delocalisation effects operating strongly in 
the conjugated systems8 •18. 
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EtJecl of phenyl substitution : Introduction o f 
substituents into the 4-position of 2'-hydroxycha l
eone and its metal complexes is expected to affect 
:v(C=O), 'J/(M-0) and other vibrations if the con
jugated system is effective in transmitting the elec· 
tronic effects of the substituents to the carbonyl 
oxygen atom. The Hammett equation relating the 
infrared frequencies to the substituent constants is 
'J/= vo+Pa where v0 is the statistical quantity corres· 
ponding to the frequency for the parent member of 
the serie~14 • This has been shown to be applicable 
for v(C=O) of the substituted acetophenone and 
other compounds. v(C=O) and J•(PhC~C) values 
of the ligands and complexes are plotted against 
Hammett a-parameters. A straight line is obtained 
for the ligands ; the electron releasing substituents 
decrease v(C=O) and v(PhC=C) (2) while the elec· 
tron withdrawing substituents tend to increase these 
frequencies (3). On the other hand, two different 

3 

0 0·10 0·20 0·30 

Hammett ,.. constants 

4 

F1g. \!. Hammett plot for ,(C = 0) of 11'-bydroxy-!I.~X-che.lcones and their meta.l(II) aOIIlple-xes. 
0 - ligand ; (!) -nickel ; EB - coba.lt ; () - copper, 
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straight lines are obtained for the complexes 
(Fig. 2). Points for the electron donor subs~ituents 
lie on one of these lines (P==25-79) and pomts for 
the electron acceptor substituents lie on the other 
(P=-26 to -74). The correlation coefficients 
(Table 4) are very close to un1ty in atmc:ht all the 
cases showing a surprisingly good correlation of the 
frequencies with a-values. 

The occurrence of two branches of Hammett line 
is probably due to two different mech~n1sms in
volved in the interaction of the meta) With C-0 
group. The positive slope of v(C=-0) and 
v{PhC=C) for CH 8 , CH 8 0 and H subst1tuents 
indicates the reduction m bond order of C=O. 
This implies that a-interaction (4) is facil1ta.ted by 
the electron releasing eiTect of these subst1tuents. 
On the other hand, the negative slopes for Cl, Br 
and H substituents show reduction in bond order 
of C=O. This shows that 1T interaction (5) is 
encouraged by the electron withdrawing polar 
effect of the substituent&. 

..,,a~c,:;;~1'o-'::: 
4. .--interaction. 

590 -

........ ... 
I 

E 
'-' 

0 
I 

2 

-:. 

570 

S. "'-interactiOn. 

In other words, the electron sink: property of 
the phenyl is decreased or increased by the electron 
donating or withdrawing substituents, respectively. 

Thus the 4-substituents increase either a or 1T
Interaction. It then must follow that the 4-subs
tiluted chalcoue complexes be more stable than the 
unsub~tituted 2'-hydroxycbalcone complexes. But 
it should be noted that the p-methoxy substituent, 
wh1le facilitating a-interaction, decreases 1T-interac
tion as inferred from decreased C=O bond order. 
On the other hand the 4-chloro substituent dis
courages a-interaction while favouring 7T·interaction. 
Then the order of over-all interaction and hence 
the stability of the 4-substituted metal complexes 
should not follow from 11(C-=O) or v(PhC::;C) but 
from J•(M- 0) only as the latter is determined by 
crystal field etrects8 • 

The effect of subl>tituents on v(M- 0) is summa
rised in Fig. 3. It is seen that both electron with
drawing and electron donating substituents decrease 

Hammett •- constants 

Fill. s. Hammett plot for r{!:tl-0) of bia(!.l'-hydroxy-1.-X-chalconato) metal(U) comJ.lluxes. 
$ - copper ;0 - nickel ; (D - cobalt. 
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H\ 

H-1. 

On 
Ou 
Cu 
Otl 
(.Ju 

Cu 

Ni 
Ni 
Ni 
Ni 
Ni 
Ni 

Co 
Co 
Co 
Co 
Co 
Co 

TABLB 4- R&SUL'rS OP 00RRBLATJON ANALYSIS OF 
hiPR.ut:BD F&KQUBNCJBS AND HAliU4BT'l' 

SusSTITUIUi'l' CoNSTANTS 

Snbstitnent~ 

CH1 0, OH,, H 
Br, Cl, H 

CH10,CH,, H 
Br, Cl, H 
CH,O,CH1 , H 
Br, Cl, H 

CH,O, CH., H 
Br, Cl, H 
CH 10,0H,,H 
Br, Cl, H. 
CH,O, CH 1 , H 
Br, Ol, H 
OH,O, CH,, H 
Br,Cl,H 
CH,O,CH,, H 
Br,Cl, H 
CH,O,OH,, H 
Br, 01, H 
CH,O, OR,, H 
Br, Cl, H 
CH10, CH,, H 
Br, Cl, H 

A Ligand 

IR vibration Reaction Correlation 
const&n t coefficient 

r 

•(C=O) 15.9 0.98'>7 

•(Ph-0=0) 66.1 0.9670 

r(C~O) 44.1 0.9986 
r(C=O) 26.1 0.8GGO 
•(Ph C=C) 25.7 0.9978 
r(Ph -C=C) 8.7 0.5000 
r(~I -0) 33.5 0.9991 
•(~I 0) 73.9 0.9948 
•(0=0) 3G.2 0.9800 
•(0=0) 28.3 Q.9912 
o(Ph-0=0) 71.0 0.99G2 
r(Ph-C:C) 63.0 0.9226 
•(ll- 0) 36.9 0.9994 
•(ll-0) 54.3 0.9976 
r(C=O) 52'6 09956 
r(C=-0) 32.5 0.9449 
r(Ph-C=C) 78.9 0 9956 
r(Ph-C=C) 65.2 0.9078 
r(.H-0) 32.9 0.9964 
r(i\I-0) 47.8 0:9878 

v(M- 0) and hence metal-carbonyl interaction in 
comparison with the parent 2'-hydroxychalcone 
complexes. It then follows that the 4-substitt ted 
chalcone complexes are less stable than the no
substituted ones. It is interesting to note that 
copper(ll) 2'-hydroxy-4-methoxychalcone complex 
as shown by the formation constants is less stable 
than the copper(II) 2'-hydroxychalcone complex16• 

Further, the order of stability on the basis of 
:v(M -0) is H)CH8 )CH8 0)Br)CI. This shows 
that a-bonding m 4-methoxy complexes is more 
important than tb.e 71'-bonding in 4-cbloro com· 
plexes in determining the stability. 

In this connection it may be mentioned that a 
plot of equilibrium constant for the displacement 
of 1-dodecane coordinated to platinum(ll) by subs· 
tituted styrenes against a-constants furnished a 
concave plot18 • Both the electron releasing and 
electron withdrawing substituents increase the 
stability of the complex relative to styrene com· 
plexes by strengthening a and 7T·bonds respectively 
of olefinic linkage with metal. 
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