CHAPTER 4

FORMATION OF MIXED KETO IMINE COMPLEXES AND

THEIR REACTIONS WITH HYDROXYLAMINE

Mixed ligand complexes containing two different
ketones have been reported earlieri’z. In the present
chapter an attempt was, therefore, made to synthesize
complexes containing two different aromatic ketones. A
series of mixed ligand complexes of the type MLL' where
M= Cu(II) or Ni(Il); L = Z—hydroxyacetophenoﬁiﬁfne and
L' = 2-hydroxybenzophenonimine; L = 2-hydroxybenzopheno-
nimine and L' = 2—hydroxy—4-methylbenzophenonimine or
2~hydroxy—5;ﬁethylbenzophenonimine; L= 2—hy&roxy—4-methy1—,
benzophenonimine and L', = 2-hydr0xy-é—methy1benzoPhenonimine

have been prepared. These complexes have been treated



with hydroxylamine to get the mixed oxime complexes.

Experimental

Material used

2~Hydroxybenzophenone and its methyl derivatives
Were$prépared as described in Chapter 2. 2-Hydroxy-
acetophenone wasfprepared by carrying out Fries migration
of phenylacetate as repbrted earlierB. Niekel nitrate,
copper nitrate and hydroxylamine hydrochloride were of

BDH make.

Preparation of the complexes

(1) (2~hydroxyacetophenoniminato,2—hydroxybenzophenoni-

minato)Cu( II} or Ni(II}

An alcoholic solution of 2-hydroxyacetophenone (1.20 mi)
and 2-hydroxybenzophenone (1.98 g) was added to copper(II}
amine complex (1.%0 g + excess of ammonia} or nickel(II}
amine complex (2.90 g + excess of ammonia). The reaction
mixture was refluxed (5 hr} with stirring; The solid separated

was filtered, washed and dried.
(2) (2—hydroxybenzophenonlmlnato 2-hydroxy-4~methyl=-
benzephenonlmlnato}Cu(II) or Nl(II}

This complex was prepared by reflux1ng (5 hr) the

copper{ I1} amine complex (1.70 g + excess of ammonia) or
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nickel(II) amine complex (2.90 g + excess of ammonia) with
an alcoholic solution of 2-hydroxybenzophenone (1.98 g) and
2-hydroxy-4-methylbenzophenone (2.12 g). It was filtered,

washed and dried.

(2~hydroxybenzophenoniminato,2-hydroxy—5~methy1—\
benzophenoniminato)Cu(II) or Ni(II} complexes can also be

prepared in a similar way as detailed above.

(3) (2~ hydroxy-4—methy1benzophenonlmlnato 2-hydroxy-5-

methylbenzophenonlmlnato)Cu(II) or N1(II)

To the copper(II) ammine complex &1970_g + excess of
ammonia) or the nickei{II}’ammine complex (2.90 g + excess
of amﬁohia) was added an alcoholic solution of 2-hydroxy-4-
methylbenzéphenone (2.12 g} and zuhydraxy—S-methyibenzoPhenone
(2.12 g). The reaction mixture was refluxed (5 hr) with

étirring. it was filtered, washed and dried.

(4) (2-hydroxyacetophenonoximato,2-hydroxybenzophenonaximato)

Cu(I1) -

This complex was prepared by ték@ng { 2~hydroxyacetopheno-
niminato,Z—hydroxybenzophenoniminato)Cu(Ii) (1 g) in suspension
in alcohol and to this was added hydféx&iéﬁine h&drochloride
(2 g) and sodium acetate (4 g} and refluxed (8 hr). The
reaction mixture was stiried well to get the compdund. It was

filtered, washed and dried.
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(5} (2-hydroxyacetophenonoximato,2-hydroxybenzophenonoxi-

" mato)Ni(II)
) An alcoholic suspension of (2-hydroxyacetophenoniminato,
Z-hydroxybenzophenoﬁiminato)Ni(II) (1 g} was taken and to this
was added hydroxylamine hydrochloride (2 g) and sodium acetate
(4 g). The reaction mixture was refluxed (8 hr) with stirring

to obtain the compound., It was filtered, washed and dried.

(6} (z-hydroxybenzophenonoximato,2—hydraxy-4—meth§1benzo~

phenonoximato)Cu(II) or Ni(II)~

This complex was also prepared in avsimilar way. Hydroxyl-
amine hydrochloride (2 -g) and sodium acetate (4 g) were added
to an alcoholic suspension of (2-hydroxybenzophenoniminato,
2-hydroxy-4-methylbenzophenoniminato)Cu(II) or Ni(II) (1 g).
The reaction mixture was refluxed (8;hr)‘with stiinng‘wheh

solid separated out. It was filte}ed, washed and dried.

The metal and nitrogen contents in the complexes were

deterﬁined and are presented in the Table 4.1.

TLC analysis
- TLe analysis of all the complexes was carried out on
silica gel G (Sichem) using a mixture of chloroform + ether

(5:3) as the solvent.



Conductance measurements

The conductivities of the compounds in chloroform
were measured using Toshniwal Conductivity Bridge of the

Type C101/01A.

Magnetic measurements

Magnetic susceptibilities were determined at room
temperature (»n‘30°0) using Gouy method. The values

obtained have been tabulated in the Table 4.1.

Visible spectral studies

The visible spectra of the complexes were obtained
in CH013 on a Du~2 Beckman Spectrophotometer at room tempera-—
turé‘in the range 460 - 1000 nm. The optical density was
plotted against wavelength. The spectra have been presented

in the Fig. 4.1 to 4.4.

NMR spectral studies

NMR spectrum of the complex (Table 4.1, No.12} was
recorded on a Perkin-Elmer R-32 NME Spectrophotomeier with
CDClg as a solvant and tetramethyl silane as internal
éééndard. The proton chemical shifts are shown below. Such
studies weré, however, not possible with other eomplexeé

because of their low solubility in chloroform.



Compound Solvent
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The IR spectra of some complexes were obtained in

Nujol phase in the range 4000 - 600 cm L.

the absorption bands have been shown below.

. Complexes

(2-nydroxyacetophenonimi-
nato ,2-hydroxybenzophenoni-
minato )Cul II)

(2-bydroxyacetophenonimi-
nato,2-hydroxybenzophenoni-
minatoyNi( I1)

The positions of

Characteristic bands (cmfi)

3300( m})
1560( w)
1380(s)
1270( m)
1160{w)
1030( m}
900(w)
830(w)

3300( m)
1540( m}
1390(s)
1200( s}
1210(w)
1080( w}
950( m}
860(w)
760(m)

~—

29bo(m)
1525( m)
1360( m)
1200( m}
1130( m)
980(w)
870( m}y
740( m)
2900( m)
1520(w)
1350( m})
1260(w)
1170(w)
1040( m)
910{w)
g840(w)
730 w)

1600( m})
1460( m)
13208 w)
1180(w)
1100(w)
940( w)
850(w)

1610( m)
1460(s)
1320( w)
1230( m})
11408s)
1000( w)

890( m}

780( w)



(2-hydroxybenzophenoni-
minato,2-hydroxy-4-methyl-
benzophenoniminato}Ni(II})

(2-hydroxy-4~methylbenzo-

phenoniminato ,2-hydroxy-5-
methylbenzophenoniminato}

Ni(II)

( 2-hydroxyacetophenonoxi-
mato ,2-hydroxybenzopheno-
noximato)Cu( I}

3200( m)
2860( m)
1520( m)
1450(m)
1350( m})
1240( s)
1140(s)
1030( m})
940(m)
850( m})
780( m)
700( m)

3300( m)
2860( m)
1580( m)
1460(s)
1375( m)
1260(m)
1175(m)
1070(w)
970( m)

900(w) -

830(s)
760( m}

3200( b}
1650( m)y
1530( w)
1350 w)
1180( m)
1050( m})
940(m)

3060( w)

1590(s)

1490( w)
1400( m})
1310(w)
1180( m)
1120{ m)
1010( w)
900( s)
830( m)
760( s)
670( w)

3040(w)
1610(m)
1520(m)
1420(w)
1340( m})
1240( m)
1145( m)
1030( m)
960( w)
890( w)
800(my
720( m)

2900( b}
161.0( m)
1470( m}
1330( m)
1150( m)
1020{w)
920( m})

2940( m)
1560(w)
1480(w)
1375( m)
1270( m)
1170( m)
1070(w)
970( m)
870( m})
800( w)
720( m}
620( w)

2920( m})
1590( 5}
1490( w})
1390( m)
1270{ m}
1210(w)
1120( m})
1000( w)
930( m)
870( m)
780( m)
700( m})

2700( w)
1570(m})
1380(s)
1280(m})
1110( w)
980( w)
870( m)
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860(w) 840(w) 780(w)
750( m) 720( m} 670(w)

650(m})

Results and Discussion

The analysis of the compounds agree with the expected
composition. All the complexes are stable and insoluble in
water. They are soluble in chloroform. The molar conducti-

vities show them to be non-electrolytes.

TLC analysis of all the complexes was done using a
mixture of chloroform + ether (5:3) as the solvent. This
solvent was selected after tryiné several solvents in the
TLC analysis of a 1:1 mixture of bis(2-hydroxyacetopheno-
niminato)M(II} and bis(2-hydroxybenzophenoniminato}M(II} or
bis(2-hydroxybenzophenoniminato)M(II} and bis(2-hydroxy-4
or 5—methy1benzophenoniminato)M(II).complexes. It was found
that for the mixture two spoté were obtained indicating that
the two components have distinet Rf values. The mixed ligand
complexes, however, showed only one spot with'the same solvent.,
This shows that the mixed complexes are pure and a single

éompound rather thah a mixture of two bis complexes.

The TLC analysis, as an evidence of mixed ligand nature
of the compiex can be relied upon in cases of mixed ligand

complexes containing 2-hydroxyacetophenonimine and 2-hydroxy-
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benzophenonimine or 2-hydroxybenzophenonimine and methyl
substituted 2-hydroxybenzophenonimine, where the two ligands
have a difference in melecular weight. In case of complexes
containing 2-hydroxybenzophenonimine with methyl substitution
at two different positions (both ligands have same molecular
weight), it is difficult to confirm the mixed ligand nature
by TLCManalysis. By analogy with (zehydpoxyacetophenonimia
nat6;z-hydroxybenzophenoniminato}M(II) or { 2-hydrexybenzopheno~
niminato,2-hydroxy-~4 or 5-methylﬁeﬁébphenoniminato)M(II), the
existence of mixed ligand complexes of 2-hydroxybenzophenoni-
mine with methyl substitution at two different positions can

be expected. This has been further confirmed by NMR studies,

Mixed imine Schiffbase complexes were formed by treating
solution of Cu{II) or Ni(II) in excess of ammonia with one
equivalent each’éf 2-hydroxy acetophenone and another of
2-hydroxybenzophenone (4-I) or one equivalent each of 2-hydroxy-
benzophenone and z-hydfoxy;4 or 5-methylbenzophenone (4-II})
or one equivalent each of 2—hydr0xy»4—methy1benzophenone‘and
2-hydroxy~-5-methylbenzophenone (4-IIX)}. The reaction can be

shown as follows.



OH OH
L+
NH -+ “+ e
[M( 3)6;’ ]
o
CHy Cy Mg
CEHS
I
O\ }N:C
™M._. + QH,0
/N
jC:NH O
CHs
4T
Cylig
o ol o HN=&
N/
lC:()>< !C:o Clj:{\(” (o) g
“Uhs CgHs CyHg
+ ——
17:3 4-1
.._,_',._’\
&)
o
fs”s
MJC OH O” %C\ O\ ”/N:C CHJ
= - /
lC~0 %C (;.'..o C;=NH \a
Mg CeHs CoHs
o
- e'\’Hd
M= Cu{II) or Ni(II}

X = 4—033’ or 5-—CH:‘,"



In the mixed imine Schiffbase complexes the ligand
molecﬁles are disposed in a square planar way around the
central metal ion. This is supported by the magnetic
moment values of copper{II} complexes (/u eff. v 1.9 B.M.)
corresponding to spin onl& value of one unpaired electron.
Slightly higher value than expected from one electron spin
can be because of spin orbit coupling4. The spectra of all
the Cu{II) imine complexes are similar and show a band
around ~ 550 nm (€~ 110} indicating the square planar

structure.,

The Ni(II) mixed keto imine Schiffbase complexes are
weakly paramaghetic. As explained earlier, the paramagnetism
observed here may be due to polymerization (p.39 ). The
visible spectra of the above complexes in chloroform show a
band at “~545 nm (€ «— 120}. From spectra and magnetic studies

it is inferred that these complexes have a square planar

structure.

The mixed keto imine complexes {(4-I) or (4-II) on
treatﬁent with hydroxylamine lead to the formation of the
mixed oxime complexes (4-IV) and (4-V). The reaction can

be shown as follows.



O -
- \\WJ/ +aANH;
— — :

CHs

O\HO—N:C'
4T + aNg-0H —> M/ +QNH
b N 3

/
§:N“0H O

CelHs

4V
X = 4-CHg Or 5-CHg

The Cu(II) oxime complexes are paramagnetic with
/u eff,~ 2.00 B.M. The visible spectra show a band around
650 nm (€~ 65) indicating a square planar structure for

the complexes,

The Ni{II) oxime complexes are weakly paramagnetic
(/u eff,~ 0,98 B.M.). This may be due to polymerization
as explained earlier (p.39 }. The visible absorption spectra

of these complexes in chloroform show a band around



~600 nm ( € -~ 95) indicating a square planar structure.

As observed earlier (Chapter 2, p.4f), there is a shift
of bands to higher wavelength in the case of oxime complexes.,
This is because oxime group creates a weak field compared to

imine group.

In the imine complexes (4-I, 4-II & 4-III} the band
in the range 3400 cm =~ is absent indicating that the -OH
hydrogen is lost on co-ordination. The band at w1610 em
corresponds to the C=N stretching mode and indicates the
formation of the Schiffbase complexes. The band at —3300 em L

corresponds to N«~{{ stretching frequency.

In the oxime complexes the band at -« 3200 cm-1 corres—

ponds to O-H stretching frequency. The band at 1640 cat is

assigned to C=N stretching Irequencykand the band at — 13380 cm—1
is due to C=N stretching coupled with O-H deformation, The
band at “~ 1250 and - 950 cm.-1 have been assigned to N-O stretch-

ing vibrations,

i

The NMR spectrum of (2-hydroxy-4-methylbenzophenoni-
minato,2~hydr0xy—5-methy15enzophenoniminato)Ni(II) has been
obtained in €DCly. The NMR spectrum of bis(2—ﬁf&roxy—4—methy1~
benzophenoniminato)Ni(II) or bis(2-hydroxy-5-methylbenzopheno-

niminato)}Ni{II) coﬁid not be obtained for comparison because
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of their low solubility in CDCl3 or chloroform. There are
two signals, one at 7.9 T and another at 8.07 , which
corresponds to the two different methyl protons. The two
signals for methyl protons may be attributed to the fact
that the two methyl groups are chemically non-equivalent,
Since it is not a mixture, the presence of two different
ﬁethyl gignals shows the presence of 2-h§droxybenzopheno~
nimine ligand in the complex with methyl substitution at
two different positions. The ring proton signals in the
range 2.,7% to 3.9T are also split due to the difference
in the substitution on the benzene rings in the two

Schi ffbases. The N-H proton signal is not distinct because

of fast exchange,
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. Visible spectra of

(a) (2-hydroxyaeetophenoniminato,2-hydroxybenzopheno-
nimiaato)Cu( 1)

. r
(b) (2-hydroxybenzophenoniininato ,2-hydroxy-4-methyl-

benzophenoniminato)Cu(ll),

(c) (2-hydroxybenzophenoniminato,2-hydroxy-5-methyl
benzophenoniminato)Cu(ll) & o

(d) (2-*hydroxy-4-methylbenzophenoniminato,2-hydroxy-5-
methylbenzophenoniminato)Cu( 11)

in chloroform.

500 550 600
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IFig . Visible spectra of

(a) (™-hydroXyacetophenonoximato,2-hydrexybeBz®©-
phenonoximate)Cu(ll) &

(b) (2-hydroxybenzophenonoximato,2-hydroxy-4-methyl-
I benzopbeBOBoximato)Cu(lt#

in chloroform.
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___ Fig. 4.3 : Visible spectra of
jj [iJi_i- jii(a);(2-hydroxyacetophenonimielato,2-Jiydroxybenzopheno-
niminato)Ni( 11),
(b) (2-hydroxybenzophenoniminato,2-hydroxy-4-methyl-
benzophenoniminato)Ni( 11),
(c) (2-hydroxybenzophenoniminato,2-hydroxy-5-methyl-
i [i4d benzophenoniiainato)Ni( 1'l) & ;;:M;j;LI~T
4 2-hydroxy-4-methylbenzophenoniminato,2-hydroxy-5-
( ) ?neth%ﬂben%/ophenon)l/minato Ni( 1) ’ y y
in chloroform.
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Fig. 4.4 : Visible spectra of

(a) (2-hydroxyacetophenonoximato ,2-hydroxybenzo-
phenonoximato)Ni( Il) &

(b) (2-hydroxybenzophenonoximato>2-hydroxy-4-methyl-
benzophenonoximato)Ni(l11)

in chloroform.
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