o
fte

CHAPTER -V

AMINE EXCHANGE REMCTIBONS
SECTION -a

REACTIONS OF MONO AND DIAMINES ON MIXED SCHIFF BASE COMPLEXES,

The replacement of the amine in Schiff base complexes by
another amine ieads to the formation of new Schiff base complexes.
T@is is termed as amine exchange or transamination reaction. The
reaction is not, only of preparative significance1"§ but also has
relation tolthe biological processes of transaminagtion and de -

amination425 The general reaction can be illustrated as under :

R‘-NHQ_\V

R R
C= - R-NH
S NLM———> >C H<M + 2

T-a



IR
Molecular orbital calculations6 show that the carbon atom
of = C = NTH group is more susceptible to nucleophilic attack,
than, that of = C = O0VH. The higher zuitterion constant of proto-
nated salicylidenes, compared to H(Sal), together with the above,
must account to a large extent for the greater reactivities of the

Schiff bases than the original aldehyde or ketone.

The amine exchange reaction appears to be a general reaction
with essentially quantitative yield7. A possible mechanism illus-

trated by Verter and Frosts is as follous ¢

u-NH,

There is a nucleophilic attack by the substituting amine on the
electron deficient carbon at the polarized azomethine link. This is
folloued by the elimination of the existing amine. The nucleophilic

attack is facilitated if the incoming amine is more basic than the
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amine to be replaced in Schiff bases. The reaction has, however,
been observed to bes concentration dependent. M large concentration
of a less basic amine can displace a more basic amine from Schiff

base . '

1 .

Dlszeuski and Martin carried out transamination, in which the
amine introduced was significantly more basic than the amine
liberated. It has, houever, been reported by Verter and Frost8

|

that either high basicity of the amine used or the large excess of

the amine used, is the driving force for the amine exchange reaction.

A number of chelates of the general type 11i-a have been reported

in the literatureq?

C
1
H
om-o

The compounds IIl-a, where R is a simple straight chain hydro-

11,12

. 13
carbon have been prepared in most cases . Charles has also

prepared chelate I-a,uhere R is varied from methyl to n-decyl.

VerterS  Muto ¢ and Martin have studied the amine exchange
reaction of 'coordinated bis salicylaldimine ligands with aliphatic
monoa&ine arid diamine, while Olszewski and Martin2’4 carried out
transaminat{on reactions of bis [&ketoimine metal complexes.

Stabilities, rate of formation and rate of transamination in
aguecus solution of some Zn(I1) Schiff base complexes derived from
salicylaldehyde have been studied by Leach and'LeussingQ? These

workers showed that Zn(II) mediated path is faster in transamination
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than in Schiff base formation. The electronegativity of the imine
carbon atom is increased due to withdrawal of slectrons by the
coordinating metal ilons. Models shouw that protonation of the imine
nitrogen atﬂm should cause Zn{lI) to be forced out of plane of

, . 5
aromatic ring . H R

! 1
C= N-H
oz

In such a position Zn(II) would be suitably located to intéragt
with the nitrogen = 'e! and would thereby tend to induce a still
greater pos%tive charge on the 7th carbon atom. Further, with
coordinatiaﬁ sites still available to accept the entering amine, the
metal ion can also serve to aid the reaction through the promnastic
effect15 i.e., rapidly forming in a pre-equilibrium step a mixed
complex, which contains both reactants, This results in the formation
of Schiff base in two steps, a slow reaction leading to the formation
of gemdiamine complex, analogdus to carbinolamine complex. This under-
goes a rapid deamination to form the complex of Schiff base of the
entering amine. By reducing the overall reaction from a second order
to first or&er, a more favourable entropy of activation would be

2

obtained.

F -0



This section describes the reaction of alkylamine, R-NH,
(uhere R is methyl or ethylamine) and aliphatic diémines namely,
ethylenediamine (en) and propylenediamine (pn), on ternary complexes.
These compodhds have been prepared by using the conventional methodj6
of carrying out amine exchange on Schiff base ternary Cu{IIl) and

Ni{II) complexes, with the appropriate amines R-NH, or aliphatic

diamines.

EAPERIMENTAL @

Aimine exchange reactions have been carried on mixed imine
complexes of Cu{II) or Ni(II)(reported in Chapter-IV). The substi-
tuting amines were en, pn, methylamine and ethylamine {(Fluka). The

solvents,acetone, methenol and chloroform were of Mnalar grade.

MMINE EXCHANGE REACTION OF MIXED IMINE SCHIFF -BASE COMPLLCXES OF
NICKEL (II) AND COPPER (II) WITH ALKYLAMINES AND DIAMINES:

Synthesis of (N-methyl or ethyl salicylaldiminato) (N-methyl
or ethyl-2-hydroxy-1-naphthaldiminato or N-methyl or ethyl-2-acetyl-

1-naphtholdiminato) Ni(I1) or Cu{II).

Synthesis of (N-methyl or ethyl -2-hydroxy-1-naphthaldiminato)

(N-methyl or. ethyl -2-acetyl-k-naphtholdiminate) Ni(II) or Cu(II).

METHOD OF PREPARATION:

Suspension of imine Schiff base complexe. in alcohol was treated
with methyl or ethylamine solution (0.5M) and refluxed gently on a
water bath for 3-4h, Green crysfalline solids were obtained. They
vere washed with water and 50% alcoheol, dried and crystallized from

chloroform and analyzed,



Synthesis of N,N'-ethylene or propylene {salicylaldiminato-
2-hydroxy-1-naphthaldiminato or 2-acetyl-l-naphtholdiminato) Cu(II)

or Ni{II). i
|

Synthesis of N,N'-ethylene or propylene (2-hydroxy-1-naphthal-

diminato-2-acetyl-1-naphtholdiminato) Cu(II) or Ni(II}.

METHOD OF PREPARATION:

The complexes were obtained by refluxing (for about 3h) the
pre-formed mixed imine Schiff base complexes af Cu(II) or Ni(II)
(2g.) with en (2 ml.) or pn (2ml.) in ethanol (25 ml.}. The reaction
mixture was stirred thoroughly to obtain the compounds and water uas
added in order to facilitate the precipitation. It was filtered,

washed, dried and.recrystallized from chloroform and analyzed.

Propylenediamine Schiff base compleX could also be prepared
by refluxing ethylenediamine Schiff base complex with propylene -

diamine,

ANBLYSIS:

The analyses of metal, carbon and hydrogen (in some cases) and
nitrogen Gogtents of the complex compounds have been done as detailed
in Chapter-IV. . The results of the analysés have been presented in

table V-a {1).

TLC ANALYSIS:

TLC analyses have been carried out for mosl of the mixed diamine

and alkylamine Schiff base complexes as described in earlier chapter(IV).
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CONDUCTRANCE MEASUREMENT:

Mixed alkylamine and diamine Schiff base complexes are found
to he soluble in chloroform and their conductance values in

|
chloroform solution show them to be non-slectrolytes.

ELECTRONIC SPECTRAL STUDIES:

The visible absorption spectra of the mixsed alkylamine and
mixed ligand 'diamine Schiff base complexes in chloroform solution
were taken in the range 400 - 1000 nm. The optical density was
plotted against wavelength. The wavelength at which shoulder or

peaks are pbtained,are shown in table V-a(1).

IR SPECTRAL STUDIES:

IR spectra was obtained in nujol medium in the range 4000 -

625 cm-1 and the characteristic bands are shown as under ¢

Complex. Characteristic bands om""1
Y%N—methyl salicylaldiminato) 2900—2880b 2240u 1685U5
M~methyl-2-hydroxy-1-naph- /
thaldiminato)] Ni(I1). 1545 1500, 14604
14408 14DDU 1350m
>
1338m 1h4Dm 11908
11408 ?TOBS 1880u
1DZDU QBOU 93DU
840 820 740
m vs Vs
7DDu'
{(N-ethyl salicylaldiminato) 2900-2880, 2230 1600
(N—ethyl—Z-hyerXy-W_naphu 1520 1465 1430
thaldiminatg) | Ni{II). s vs s
1340 1310 1220
m m m
11808 11&05 10908
1DQGU 985u 85Dm
830 730 710
Vs Vs u

680u’
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g ﬁ’-ethyloneAEallcylaldlmlnato« 2880-2820,, 2240 2100,
Cu2¥?304y l-naphthaldiminatao) 1685 15805 151gu
. 1480u Maﬂm Mmm

13808 13003 12805

11808 1DGUm 18388

BGOU 8208 7758

7008 710m 678m.

N,N'-propylene (salicylaldiminato- 2900-2840, 2200 2100
2. hydroxy- 11naphthalGlmlﬂato) W W

cu (I1). 1600 1580m 1525u
1440 1410 1395

m m s

1300 1250 1185

S m S

1130u 1065m 10288

910, 880, BGDm

: 810 770 750

; S s s
715 680 630

s m m

N,N'-ethylene (2-hydroxy-1.naph- 2500, 2230 1610,

thaldiminato-2- acetyl-1-naphthol- u

diminato) Cu(II). 1540, 1460 1360,
1250 1220 1190

W W m

1160m 1120, 1090u

1020, 970, 920u

200, - 850 830

760, 748m 6390 .

RESULTS AND DISCUSSIONS:

On reaction of mixed imine Schiff base complexes with methyl

or ethyl amine, the transamination reaction takes place as follous:

(B E
\\\\ N=¢

b3 + R'NH,—
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r' R
1 i
o N=C
L{.g + R NH, ——> M
‘ c=N °
| XY “;sl

Y-«

M= Cu(b) o Ni (W)
R = -—Ho*‘cwCHg

\
R= - CHa o4k~ GRg

The above mixed alkylamine complexes are soluble in aorganic
solvents and are non-conducting. This indicates their non-electro-
lytic nature., TLC anpalyses sxhibit only one dot,indicating that the -

complexes are single compound and are free from impurities.

Blkylamines are more basic than ammonia and hence can replace
it easily from the imine Schiff base complexes. The rate of reaction
is dependent upon the basicity of the amine used. This inference
is concluded from the fact that ethylamine compound could be obtained
in 3~4 h., whereas refluxing time had teo be increased to 7 h. in the
case of metHylamine. The rate of reaction is also dependent on the
concéntration of the substituting amine., This aspect, however, cannot

be discussed in detail in the absence of reaction rate data,.

The visible spectra of Cu(II) complexes exhibit a band around
w570 nm, as expected for square-~-planar geometry. These complexes are
paramagnetic having Mef’f‘ective betusen 1.8 to 1.9 B.M. indicating

the presznce of ons unpaired 'e',
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Ni(II) square-planar complexes are expected to be diamagnetic.
The Ni(IT) mixed alkylamine complex, houwever, exhibit partial
pgramagnetiﬁm. The complexes are-green in colour in sharp contrast
with diamagnetic Ni{II) complexes, which are usually red—yellouq?
The starting mixed ligand imine Ni(II) complexes are, however,
diamagnetic and red in colour{prepared from template method). They
become partially paramagnetic and green after the amine exchange
reaction, Paramagnetism in tetra-coordinated Ni{II) complexes has

18"?0 21522 has observed

been reported in eariier literature Sacconi
paramagnetism in (N-alkylsalicylideneamine) Ni(II) complexes. This .
has been attributed to association between molecules by bridging of

0 of &chiff ‘base at Fifth and sixth position of other molecules.

fn alternative explanation could be that,the alkyl groups are bulky
and may cause the steric hindrance and this may eventually lead to
distortion from planarity resulting in distorted tetrahedral structur%?
The solution spectra of the present complexes of Ni(II) correspond

to square planar structure, showing a band at 580 nm and absence of
bands at higher wavelength regicn. It can, therefore, be said that
partial polymerisation is due to association in present complexes.

This association prevails in solid state but breaks in solution,

. . 23
Tesulting in sguare-planar structure’ .,

The ir spectra of both Cu(lI) and Ni(II) mixed ligand imine
Schiff base .complexes, show a N-H stretching freguency at 3300 cm-z
The disappearance of 3300 em™ ! band after amine exchange reaction
can be attributed to the replacement of N-H group in the present

mixed ligand imine Schiff base complexes by N-R group.
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The amine exchange reaction could also be carried out by
reacting the mixed ligand imine Schiff base complexes with en or pn,
leading to the formation of new Schiff base complexes with diamines
condensed at one end with one of the ligands and at the other uwith

secondary ligand.

#%{N CH CH,~ NH [::]: \\\\hq,,,,,O
L. ' Y ( )
C_.N CH C\N

!
R

O
Loly + HN- CH=CHpm Ny —— ~ /
C N‘CH CH N= C

R= R
M= CuCit) oa Ni (1)

il

- H Or- CH3

The solid complexes of asymmetric tetra coordinated Schiff -
bases obtained are sufficiently stable at room temperature and
atmospheric conditions. ALl the diamine Schiff base complexes ars
inspluble in water and are soluble in chloroform, but they are non-

conducting, indicating non-electrolytic nature.

The mechanism of transamination reaction on treatment with
diamine is the same as in the case of alkylamine. However, 1in case
of en and pn reactions, there must be a change from trans to cis
form as - C = N groups are on the same side in the resulting tetra-

dentatedSchiff base complexes.
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Most probable structure for all these complexes is square-
planar. The asymmetric tatradentate Schiff base complexss are
paramagnetic having Peffective values in betuesen 1,8 to 1.9 B.M,.
indicating the presence of oneg unpaired 'e'. Their visible spectra
exhibits a band v 560 nm, as expected for square-planar geometry.
The’diamine Schiff base complexes of Ni(II) obtained by amine
exchange from mixed imine &chiff base complexes, exhibit partial
paramagnetism. However, the values of }leffective is very small
indeed (0.956) and indicates a feeble association of these diamine
Schiff base complexes. The visible spectra of Ni(II) complexss

show a band at « 550 nm, indicating their square-planar gesometry.

The extinction coefficient values for these en and pn complexes,
is relatively high, indicating that nitrogens are in cis position
resulting in a structure without centre of symmetry. Dzh symmetry
in trans imine complexes is reduced to £2V in diamine Schiff base

complaxes,

The ir spectra of the tetracoordinated Schiff base complexes
also shou the disappearance of N-H stretching at 3300 Cm“? This
is because after amine exchange reaction, N-H group in the original
amine is replaced by - CHR - CHZ - bridge. In the asymmetric
tetracoordinated Schiff base complexes a band appears at v 1465 o |
due to C~H deformation of ethylene bridge. There is a band at
~ 1600 cf corresponding to - C = N stretching. There is also a
band near 1170 051 due to = C - N stretching. The C-0 stretching

is observed in the region 1310 cﬁ?
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This section of the chapter, thus, described the formation
of a new class of mixed Schiff base complexes. The;Formation of
diamine Schiff bases with tup differsent carbonyl groups containing
moieties condensed at two ends is new. Interesting work is in
progress in our laboratory to knock out the metal ion from such

complexes to isolate the asymmetric tetracoordinated Schiff base.
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CHAPTER - V¥
SECTION - b

REACTIONS OF N-HYDROXY - ALKYLAMINE (OR AMINO ALKANOLS) ON SOME
BIS AND MIXED SCHIFF BASE COMPLEXES OF COPPER(II) AND NICKEL(II).

In the previous section,Schiff base ligands used were bidentate
or, tetradentate. Study of tridentate Schiff base complexes has also
invited the attention of number of workers. Schiff base, N-hydroxy-
ethyl salicylidensamine uas Found to act as tridentate ligand with
Ni(II)1 and Ti{IV) ions’. 1In the case of Ni(II) complex, the alcoholic
hydroxyl group of the ligand was presumed to coordinate through its

‘ : . 7
oxygen atom, but, the hydroxyl proton remained undissociated .

Some Cu(Il) complexes of the type ML,y whers L is a tridentate

. 1-3 .
Schiff base, are also known . Houwever, in most cases Cu(II) complexes

bm
are of the type ML.X., X being a solvent molecule” ? These are mono-
meric complexes, where the tridentate ligands occupy three positions

! . , s Ly o s s
around the metal ion, the sclvent being at the fourth position.
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Bmino alkanols are alsg knouwn to form tridentate Schiff bases with

aromatic aldehyde or ketone'. A number of salicylaldehyde tridentete

Schiff base complexes of the following type have been isolated19~?o:

| .
X\@( T~ M<-0
| T N-/ \o
R‘/\H <y

They have been specially studied in connectign with vitamin 86

chemiétryq? Conformation of the above chelatlte ring structure has
recently been afforded by X-ray study af {Eu(sal-gly)(Hzﬂ)].% H2O.17
In this casefan approximate square pyramidal coordination sphars
exists, .in which three positions in the basal plane arse occupied by
the aldimine ligand. In [?u(sal—gly)(HZD)].%HZG, the remaining basal
and the apical positions are filled by a water molecule and the

carboxylate oxygen (0') of anadjoining moleCUle?

fs good number of examples of complexes formed by potential
1
tridentate Schiff base: ligands have been summarized by Goodwin ? The
complexes formed from tridentate Schiff basgs derived from salicylal- |
7-10,19-22
dehyde or acetyl acetone and o~aminophenol have been studied extensively
Interest in these systems was stimulated by the initial report of louw
magnetic moments exhibited by their Cu(II) complexes. This is attri-
buted to dimerization in the anhydrous complexes. DBue to the vicinity

of metal ioné, there is d-d interaction Uﬂdns;nlace between them,

resulting in the pairing of the electron and lowering of paramagnetism.
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Cobalt(III) complexes with Schiff bases obtained from
salicylaldehyde derivatives and alkanolamines were synthesizad as
crystals, by  Yamada and Couorkersgg spectroscopic evidences for
diﬁeric Schiff base tridentate ligands were given by Garacia and
GomGZQ? Synthesis of oxovanadium(IV) complexes of Schiff bases
derived from 2-hydroxy-1-naphthaldehydse and ethancl or propsnolamine
was carried qut by 8yama12? He showed that Schiff base coordinates
through 0, N and 0 as tridentate dibasic ligand and these complexes

possess subnormal magnetic moment.

Chakravorty and couorker526 have also observed that mixed
ligand Cu{II) containing salicylaldehyde and N-N diethylethylenedi-
amine Schiff base of salicylaldehyde, reacts with acid to remove the
salicylaldehyde part and results in the complex of tridentate Schiff

base with water at fourth position,

!

It has been studied in our laboratory that Cul, and Cull', where
L = salicylaldehyde and L = 2-hydroxy-aromatic ketone, react with
amino alkanol resulting in the formation of the tridentate Schiff

base of salicylaldehyde and the other is knocked off.

fn attempt was, therefore, made to study the reactions of
amino alkanols with bis (bidentate) Schiff base complexes of Cu(II)
and to confirm the formation of Cu{Il) cmmpleX?s with tridentate
Schiff bases through an amine exchange reaction27. The reactions
were also extended to Ni(II) bis complexes and Cu(II) and Ni(II)

+

mixed Schiff base complexes.



Reactions of monoethanclamine and isopropanolamine uere

carried on?

(1) Bis (salicylaldiminato) Cu(II) or Ni(II),

(2) Bis (2-hydroxy-1-naphthaldiminata) Cu(II) or Ni(II),

(3) Bis (2-acetyl-l-naphtholdiminato} Cu(II) or Ni(II),

(4) (Salicylaldiminato-2-hydroxy-i-naphthaldiminato) Cu(II) or Ni(II),

(5) (Salicylaldiminato-2eacetyl-1-naphtholdiminato) Cu(II) or Ni(II)
and

(6) (2-hydroxy=1-naphthaldiminato-2-acetyl-1-naphtholdiminato)
Cu(II) or Ni(II).

EXPERIMENTAL:

Mixed imine Schiff base complexes were prepared as mentioned
in earlier Chapter (IV). Bis complexes uwere prepared as follous :
To an alcoholic sclution of metal acetate or chloride, twice the
amount of the ligand in question was added., To this excess of
ammonia solution was added and whole mixture was refluxed for about
an hour with intermittent stirring. It was then filtered, dried,

crystallized from chloroform and analysed.

fimino alkanols used were 2-aminoethancl (mea) and 1-amino-2-

propanol {(ipa) of A.R.quality,

REACTION OF ETHANOLAMINE (mea) OR 1-RAMINO-2-PROPANOL (ipa) ON
BIS (SALICYLALDIMINATO) COPPER (IT) OR BIS (2-HYDROXY-1-NAPHTHAL-
DIMINNTD} COPPER (II) OR BIS (2~RCETYL-1-NAPHTHOLDIMINATO) CDPPER(II)

The above bis complex was taken in suspension in ethapol (30 ml)
and to this uas added mea (2 ml) or ipa (2 ml) and the mixture was
refluxed for 3h. The reaction mixture was stirred well, and uater was
added when a solid separated out. It was filtered, washed successivcly

with water and ethanol and air dried.
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REACTION OF mea and ipa ON MIXED IMINE SCHIFF BASE COMPLEXES
OF COPPER (I1)

fhn ethanclic (30 ml.) suspension of mixed imine complexes
(&5, (§) or 66) of Cu(Il) was refluxed for 3h with 2-amino ethanol
(2 m1.) or 1-amino~-2-propanédl (2 ml.). The reaction mixture was
stirred well and water was added to obtain the compounds. The
complex ~ was filtered, washed successively with water and ethanol
and air-dried,

REACTION. OF mea and ipa ON BIS (Sallcylaldlmlnabo) DR BIS (2-hydroxy-
1=naphthaldiminato) Ni(II).

A solution of mea or ipa (3 ml.)‘in 30 ml.of ethanol was added
to a suspension of {1 g) bis (salicylaldiminato) or bis{(2-hydroxy-1-
naphthaldiminato) Ni{II) in 50 mle. of ethanol. The reaction mixture
vas refluxed for about 2h and water was added in order to get the
precipitate. The solid compounds were filtered, washed with water

and ethanol and air-dried,

REACTIONS OF mea or ipa on MIXED IMINE SCHIFF BASE COMPLEXES OF Ni(II).

A solution of mea or ipa (3 ml.) in 30 ml of ethanol was added
to a suspension in 30 ml.ethanol (1 g) of (%), (4) or (&) Ni(II)
complexes. The reaction mixture was stirred well and refluxed for
2h, Jater was added to the reaction mixture. The splid compounds
obtained in esach case uefe Filtered, washed successively with water

and ethenol and air-dried.

For the characterization of the complexes, the solids obtained
were analysed for metal, nitrogen, carbon and hydrogen (in some cases)
as described in earlier chapters. The results of the analyses are

given in table V-b(1). Other studies were carried out as follous:



CONDUCTANCE MEASUREMENTS:

Cu(II) and Ni(II) complexes were found to be less soluble in
chloroform aqd ethanol. Hgouever, the conductivity was measured in

chloroform solution.

MAGNETIC MERSUREMENTS:

Magnetig susceptiblities of the above Cu(Il) and Ni(II) complexes
were determined at room temperature (SDGC} using Gouy balance. The

magnetic moment values have besen shoun in table-V~b(1}.

VISIBLE SPECTRAL STUDIES:

The electronic spectra of the complexes in chloroform solution
were taken on a Backman DU-2 spectrophotometer at room temperature,
using 1 cm.quartz cells in the range of 400-1000 nm. The wavelength

at which the peaks are obtained are shouwn in table-V-b (1),

INFRARED SPECTRAL STUDIES:

IR spectra of the compounds were obtained in the form of KBr

discs. The characteristic bands are as follouws:

Complex Characteristic bands en™ !
(N=hydroxy-ethylene-salicylal- 3340 3040 3010,
diminato) Cu{II) H,0 2930, 2920, 2860,

1600 1540, 1480

| 1460 1430 1400

l 1360 1330, 1210,
1180 _ 1130, 1070
1050 1020 975,
950, 930, 890,
870 855, 810
760 750, 640
590_



116

(N=hydrox zethylenesalicylal- 3400—3380b 301UU 2980S
diminato) (N-hydroxy-ethylene-
2_hydroxy-i-naphthaldiminata)] — 2-0s 1600 1520,
Ni{II). 1500 14508 1430
1400 1375 1350
S s s
1250 1210 1180
S mn S
1150 1060 1025
s ) m
980 940 860
m m m
825 775 750
3 m s
640 580 .
m m
(N-hydroxg—propy%ene—salicylal- 3400, 2890 2920
diminato) Cu(II) HZD' 2860, 1630 1580
1540 1470 1450
S 8 S
1400 1380 1350
m W W
1330m 1238m 1208m
1150u 113Dm 11DDU
IUEOH 1830m 970u
920 300 800
W W W
78[]u 760S 7405
710 700 6860
W W u
6DDbJ ' SSDu.
i(N-hydroxyupropylene~2~acetyl—1- 34UGb 2980u 2900u
naphtholdiminato) (N-hydroxy=- 1600 1540 1440
propylene-2-hydroxy-1-naphthal- s s s
dlmlnata)] Ni(I1). 1380 1360 1310
\r
12408 11808 11J0m
1120 1060 875
s 8 S
950m 8608 BBDm
820S 7603 7508
Géﬂu oDDw.

RESULTS AND DISCUSSION:

The analyses of the solid complexes obtained by the reaction

of mea or ipa on bis complexes of Cu(I1), show them to be (Cu.L.HZD).
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Reaction in a representative case can be discussed as under @

The reaétion of mea or ipa on bis (salicylaldiminato) Cu(I1)
shows that tﬁese aminoalkanols react only with one molecule of
(salicylaldiminato) Cu(II), with the replacement of an ammonia
molecule. The other molecule of (salicylaldimine) is displaced
from the complex. The tridentate ligand formed by the reaction of
aminocalkanol with salicylaldimine occupies three positions argund
the metal ion. The fourth position is occupied by water molecule.

The reaction can be shoun as follows @

OH
B Sk g O
™~ Cc=N-H
H H

=N R
H

o
R=-Hoq-CHa T C{OH
+ NH 4

C:N—CH--CHZO
! \
. ‘ H R

The reactions are more interesting in mixed imine Schiff base
complexes. It is observed in the case of (salicylaldiminato-2-
hydroxy-?-naphthaldiminato) Cu(Il), that the reaction of mea or ipa
‘results in the preﬁrential formation of tridentate Schiff base with
2-hydroxy-1=naphthaldimine, where as salicylaldimine is knocked off.

The reaction can be shoun as under:
M= Cu (1)
R= R'=~n o{-CH3

QOHy
\ _—
L4 + HaN- ?H-— CHZOH — % Cu\ +
! L
R H
' ‘FNHB

oH

CaNy
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Similarly the reaction of complex (salicylaldiminato-2-acetyl-
} ,
1-naphtholdiminato) Cu(Il) with mea or ipa,results again in knocking

off salicylaldimine molecule.

Thesse réactions can be explaimﬂby anology with the reaction of
Cu(ll) complexes containing salicylaldehyde and N-N' diethylethylene=
diamine Schiff base of salicylaldehyde with acid, as observed by
Chakravorty and couorkers2§ Rccording to him H* ions attack the
phenolic oxygen of salicylaldehyde reforming - OH and salicylaldehyde
is detached from the complex. Similarly it could be considered that

~-0H of mea or ipa on coordination liberates H™ ion and causes the

rupture of the other salicylaldimine molecule.

The reaction of mea or ipa on the complex (2-hydroxy=-l1-naphthal-
diminato-2-acetyl-l-naphtholdiminato) Cu(II) shows that 2-hydroxy-1-
naphthaldimine forms a tpidentate ligand, where-as 2~acetyl-i-naph-
tholdimine gets knocked aff. This can be shoun as follous @

{

A~
Cu”” ' + Ho N= C H- CH30H ——»
//A\\ bf/‘ \\\\() <:> ‘ |
{
H

H

¢= R
H
O
OHo OH
_—
™~ Cu -+ +NH3
C= hl”’/’ ?:t NH
{ {
L\\//) H CH- Ckfz“cg LE;;Z) CH3
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The aboﬁe reactions shouw that these complexes are mixed-ligand
molecules., If it wouwld have been a mixture of the two bis compounds
a mixture of mea or ipa Schiff base complexes of both the ligands

would have bgen obtained,

The above reactions are of interest because they reflect the
relative tendency of Schiff base formation with the aminocalkanols.
The order is:

2~hydroxy=-1~naphthaldehyds :> 2=acetyl-1=-naphthol t}

salicylaldehyde.

Thissexpected from theoritical considerations also. Schiff base
formation or amine exchange is due to the nucleophilic attack of an
amine on the positively charged carbon atomz? Mttachment of phenyl
group in 2-hydroxy-1l-naphthaldimine has a (-) I effect. This increases
the possibility of nucleophilic attack, by making the carbonyl carbon
atom more positive. Mttachment of CH3 group in 2-acetyl-1-naphthol
lowers the nucleophilic attack, but the presence of phenyl group at
the same time predominates in making the carbonyl carbon atom more
positive than salicylaldimine. Hence again, salicylaldimine gets.
knocked off., Now in the last case both the effects are present i.s.
phenyl group is 'e! withdrawing,uhereas CHZ group is 'e' releasing.
But it sgems from the results obtained that the magnitude of phenyl
group to withdraw the 'e! dominaées over the 'e' releasing nature of
CH, this makes . - 2-hydroxy-1-naphthaldimine more susceptible to
undergeg nucleophilic attack and hence this Torms the tridentate

Schiff base with mea or ipa.

The above reactions with mixed and binary Schiff base complexes
shou that Cu{Il) prefers to form a 1:1 complex with the tridentate

Schiff base. All the Cu(lI) complexes are paramagnetic showing the
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presence of one unpaired 'e'. In majority of Cu(Il) complexes
magnetic moment value corresponds to 1.7 - 1.9 B.il. In some Cu(II)
complexes the magnetic moment is slightly lower than the spin only
value of cne%‘e‘. This may be due toc the fact that the part of the
complex is anhiydrous and dimeric leading to Cu-Cu-interaction and
the paramagnetism value is louaredg. The electronic spectré of
Cu(II) complexes in chloroform solution shows a peak V' 620 nm,

expected for{?u~N~(D)£}type of COmplexes2§

In the case of binary Ni(II) complexes, houever, the solidéd
obtained correspond to the composition Wik, or NilL', (as shoun below).
In mixed Ni{II) complexes both the ligand molccules react with mea

or ipa to form Schiff base. The reaction can be shoun as under
p N

@)
~———

C:—'Mz R
} I
H H

O\

Ni/ + 2 NH
cen— /TN

H CH' CHdz'OH
i

H R [
i ) R

@) =
O o NI/N ) + H

C*N// ~ o 2Hﬁ4*? CH, OR —>

- !
i ] R
H H



The Schiff base acts as a bidentate ligand and the hydroxyl
groups of the Schiff base. remain uncoordinated. This is because
the Schiff base with a double bond cannot occupy two equatorial and
two axial poéitionszg’zg If 0-H groups would have coordinated
losing the proton, the complex would have been ignic. But it is
observed that compounds are insoluble in water and soluble in organic
splvents. Their conductivitiés show them to be non-electrolvtic
in nature, Similar Ni(II) complexes with non-coordinated -0OH have

been reported earlier1’32

The bis (N-hydroxy-ethylene-salicylaldiminato) Ni({II) complex
shows a magnetic moment value 3,13 B.M., indicating that the complex
may have an octahedral geometry. The same complex has been prepared
by Yamada and couorkers1 and Podanetalsq, by direct reaction of metal
salt with N-hydroxy-sthyl-salicylaldeneamine. They have alsc found
the comoound to be paramagnetic., The other bis and mixed imine
Ni{II) compléxes shoyw partial paramagnetism only. Since the tuwo
ligands are bidentate, there should be a tetracoordinated~sguare-
planar geometry. So the magnetic moment values found in the present
Ni(I1) complexes could be due to association or polymerization. The
solution spectra shous absence of bands beyord - 650 nm, indicating

that the polymerization breaks in solution, giving a planar configu-

ration.

The ir spectra of 1:1 Cu(II) Schiff base complexes and 1:2 Ni(II)
Schiff base complexes shouw a bropad band in the region 3600-3350 cm—j
corresponding to 0O~H stretching frequency, indicating the presence of
coordinated vater molecule in Cu(Il) complexes and undissociated
hydrogen of O=H group in Ni{II) complexes. In the case of N-hydroxy-
oropylene (salicylaldiminato) Cu(II) C=N frequency is observed at

1630 cm™', while in all other Cu(I1) and Ni(II) complexeslis observed



at 1600 cm'q, The -NH stretching frequency observed in the original
imine Schiff base complexes disappears on reaction uwuith the amino-
alkanols. This confirms the amine eXchange reaction. The (-0 stret-

w~ching a phendlic group is observed in the region 1310 Cm~j
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CHAPTER - V

SECTION - ¢

STUDY OF TERNARY COPPER(II). AND NICKEL(II) COMPLEXES CONTAINING
‘ BROMATIC MLDIMINES

Extensive studies on coordinatiﬁn complexes with salicylidene-
amine ligands have revealed a diversity of stereochemical arrange-
mentg arising from stericz and electroni03 gffects within molecules.
Sgcooni andbcouorkers4 reported complexes with N-aryl-salicylidene-
iminates., Yamada and Kuge5 have reported the oxovanadium (IV)
cgmplexes of Schiff bases obtained from salicylaldehyde derivatives
aﬁd arylamiﬁes; and showed that the tendency towards the distortion
in the solid state is louerwith R = aryl thanuifh R =K ~branched alkyl
groups. Singh and Tandon6 discussed the antimony(III) complexes of
Schiff bases derived from salicyllaldehyde and aniline. Joshi and
Patel? prepared O-hydroxy ketoanils and their metdcheldtes.

.. 8 . .
Garnovskii and coworkers prepared the metal chelates of aromatic
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aldehyde O-hydroxy-ketoanils with metals as Cu(II), Co(II),
Ni(II) and discussed the chelate structure on the basis of ir,
magnetic me%surements and dipole moments, PAhuja9 discussed the
preparationiand structure of aniline complexes of Cd(II). Physico-
chemical properties and structure of vanadyl chelates with salicyl-
idene arylamines have been discussed by Kogan, Lempart and couarkergg
Transition metal ion compdexes with the ligands p-nitroso aniline
and N~methyf—p~nitroso aniline have been prepared and studied by
Popp and couorker313 Fe(III) complexes of salicylideneaniline and
salicylidene 0, m  and p~ toluidines have been reported by Shori
and Gar91? Recently Tokii, Emori and Nuto13 prepared and character-
ized binuclear Copper(Il) propionate complexes with N-arylsalicyl-
idene amines and stressed that the propicnates posses a carboxylate
bridge&binuclear structure., ' The magnetic moment of N-substituted
bis-salicylaldimine nickel complexes in benzene and chloroform have
been shoun to vary from 0 to 2.6 B.M., as the bulk of substituent
is-increased in the alkyl series and depends critically on the
nature of the substituent when it is aromatic1? Partial paramagnet-
ism has been gttributed to varying degree of polymerization leading
to distorted octahedral structure or square—planar«tetrahedral}
e'quilibriumT5.’I]6

Prompted by our success in isolating and characterizing the
Schiff base complexes obtained from the reaction of aliphatic mono
and diamines, an attempt has been made to carry out amine exchange
by the reactions of arylamines on the mixed imineybomplexes of the
type MLL' where M = Cu(II) or Ni(II), L = salicylaldimine and

L' = 2-hydroxy=-1-naphthaldimineg.



130

The present chapter describes the preparation of mixed

3chiff base complexes of the type :

s I
N O
‘ A . H
punng O N=¢

O N =—=c P

\M/ QhGl \V[
- N/ ~— o c= N/ ™~ o
;{ H

X 5¢- L 5¢-2

{
H X = -Hon 204 30 4-cHg
5c- > Mz Cu(u) and Ni ()

These complexes were prepared by two methods. First is the
reaction of aromatic amine namely aniline, o, m or p toluidines
on mixed imine Cu(II) or Ni(II) complexes. The reaction was carried-

out as in the case of exchange brought by primary amines as detailed

in Section-a.

SECOND METHOD:

The above complexes were prepared alsp by treating the metal
salt with preformed Schiff base of amiline or o , p- or p~ toluidine

with salicylaldehyde or 2-hydroxy-l-naphthaldehyde,
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EXPERIMENTAL:

Aniline, o°y m or p toluidines (Fluka), were uscd. Acetone

methanol and chloroform were of Analar grade.

!

!

¥

PREPARATION OF SCHIFF BASES:

Schiff base of salicylaldehyde or 2-hydroxy-l1-naphthaldehyde
with aniline or with p~ toluidines was prepared by taking the
alcoholic sélution of thealdehyde and refluxing (2h) it with
alcoholic excess of aromatic amine. The reaction mixture was then
cooled by adding ice when yellow solid separated out. This uas
recrystallized several times with methylhalcohol and analysed for

the nitrogen content. WNitrogen analyses is found to be in excellent
agreement with the expected composition.

PREPARATION OF (N-phenyl-salicylaldiminato){(N-phenyl-2-hydroxy-1-
naphthaldiminatc) Cu{II) or NI(II).

About 0.2 g. of preformed mixed imine complex was dissolved
in 50 c.c.alcohol and warmed on water bath. To this an excess of
alcoholic solution of aniline or o , m or p toluidine was added.

The whole regaction mixture was refluxed for about 2h. It was then

filtered, washed with 50% alcohol, dried and analysead.

Klternatively the above complexes could be prepared by taking
the metal salt solution and mixing it with equimolar alcoholic
solutions of the two ligands. The reaction mixture was stirred
vigorously and refluxed for about two hours. The compounds obtained
were washed with alcohol, dried, crystallized and apalyzed. Ni(II)
complexes, by this method could be obtained by raising the pH, by
adding sodium acetete solution to the beaker containing metal salt

and equimolar alcoholic solution of the two ligands,
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t
PREPARMTION OF (N-phenyl-saljcylaldiminato or 2-hydroxy-1-
naphthaldiminato) (4'-methyl-Nl-phenyl-salicylaldiminato or
2-hydroxy-1-naphthaldiminato) Cu(II) or Ni(II):

These complexes could be‘prepared by the second method i.e.
taking equimolar ratio of Schiff base of salicylaldehyde (or
2-hydroxy-naphthaldehyde) with aniline and Schiff base of p toluidine,
with salicylaldehyde (or 2-hydroxy-1-naphthaldehyde) and refluxing

the reaction mixture (2h).

These complexes were characterized as detailed in chapter-V-a

and V-b. The results ars presented in table V-c (1).

TLC analysis was carried out usimg a mixture of chlorofeorm and
acetone as solvent. Magnetic, conductance and electronic spectral
studies uwere carried out as detailed in earlier sections. The wave-

length and Meffective are presented in table V-c(1).

IR SPECTRAL STUDIES:

IR spectra was recorded in nujol in the range 400-625 051 on

the model Beckman ir 20. The characteristic bands are appended

below 3
Complex Characteristic bands cm” !
|(81-phenyl-salicylaldiminato) 2950 2720 2600
(N'-phenyl-2-hydroxy-1- 214DVS 1600m 145Du
naphthaldiminato)]Cu{II). Y s vs
. 1365 1190 830
VE W W
7608 7008.
{(4'-methyl-N'wphenyl-salicylal- 2980-2920, 25680 1600
diminato) (4 '-methyl-N' phényl- b W ®
2-hydrmxy-1-naphthaldiminatol} 15808 15388 . 1450vs
Ni{II). 1360 1200 4 1160,
TTUDw QUDU BBDVS
780 750, 700,.



{(N1-phenyl-salicylaldiminato)

(N'-phenyl-2-hydroxy=-1-
naphthald%minato)] Ni{II).
i

&N'-phenyl~salicylaldiminato)
(4'-methyl-N'-phenyl-salicylal-
diminato)] cu(11).

H
}
¥

[(N'~phenyl—2~hydroxy-?—naphthal~
diminato) (4 '-methyl~-N'-phenyls=
2—hydroxy—1~naphthaldiminato)J )

Cu(In). |

RESULTS AND DISCUGSION:

2980

s
147UVS
TZDGM

710 .
s

2970-2520
1528u
1380
v
11508
7088.

b

S

2980—291Db

16808

1450US
BGDU
7008.

27DDU
1410

S

SEDu

2280u
1465m

1320
Y

750
Y

S

S

2650U
1560
s
1460
Y
830
S

S

133

1600
v

1360
\Y

770

S

S

1600

v
1450
1180
720 _

8

2250
1520
1180

760

n £ v <

On the reaction of mixed imine Schiff base complexes with

aniline or o , m Or P

place as under 3

M= Cu(n) ox Ni ()

X= -H o4 2 on 3 o4 L\‘CHg

toludine the transamination reaction takes
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These new mixed Schiff base complexes could alsp be prepared

by second method. This can be shown :

OH OH
2+
+ + NM—> 5C-1
c= N c=N
b A
X A

The complexes of the type 5 c-2 and 5 c-3 could be prepared

by the second method,

The above mixed arylamine Schiff base complexes are soluble
in organic solvents and are non~conducting. This indicates their
non-electrolytic nature. TLC analyses exhibit only one spot,
indicating that the comple%es are single and'Ffee from impurities.
The mechanism of these reactions, is same, as that of alkylamine

reaction.

Mll of the Cu(II) complexes are square-planar and paramagnetic,
showing the presence of one unpaired electron. Visible spectra
reflects a square-planar geometry. The absorbance of the present
imine aromatic Schiff base complexes is found to be in higher region,
than the corresponding imine Schiff base complexes (Chapter-IV).
5hift of absorbance to higher wavelength in the present Schiff base
complexes, shouws a weak M-N bonding in the Schiff base complexes of
aromatic amines. This can be attributed to the presence of p%enyl
group, which produces a {(~-) inductive effect conseqguently the
electrons from nitrogen are withdrawn, rendering it less basic and
hence a weak field is created. This eventually results in shifting

of the band to higher wavelength. The spectrum of mixed ligand
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complexes show a peak falling between the two MLy, a@nd MLS

complexes. This observation also, supports the mixed nature of

the complexes.

ARll of the Ni(II) complexes show some paramagnetism. The
-magnetic moment for the o substituted complexes are found to be
the least in compariscn to m and p substituted derivatives.
Similar obsérvetions have been made earlier 81801? A reverse
order should have been expected, if the structure of Ni(II)
complexes would have been tetrahedral, This firmly suggests that
paramagnetism is due to molecular associlation, which may bring
digtortion from the square-planar geometry. Since the association
breaks in solution, ue~obserue shoulders v 590 nm, and there is
no absorbance beyond 600 nm, as expected for square-planar

4.

structure.

In the ir spectra of the aromatic amine Schiff base complexes,
obtained by mixing the metal salt solution with eqguimolar solution
of the two ligands, there 1s absence of a band in the range SQDDcm—j
indicating that the O0O-H hydrogen of Schiff base gets dissociated
after compléxation. In the case of aromatic amine Schiff bases
obtained by the first method (i.e.direct reaction), the band at »32000H
corresponding to N-H frequency (of the original mixed imine Schiff base
complex) is found to be absent. This clearly indicates that in the
first method of preparation ammonia is displaced from Schiff bases by
the aromatic amines. In all the complexes of Cu(II) and Ni(IT) there
is a band at 1600 cm_1 corresponding to C=N stretch, The [~0 stretching
band of phenolic group is observed in the region'w131Dcm—? M-0 and

l-N=bands pccur at lower freguency and hence could not be obtained,.
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