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CHAPTER

III

ELECTROPHILIC SUBSTITUTION REACTIONS OF
METAL COMPLEXES - PART

I

(Nitration Reactions)
1.

Introduction :

Based on the available data of the electrophilic
substitution reactions of coordinated aromatic ligands,
1 “3
there is an overall impression
that (i> the position of
incoming electrophiles remain unchanged; and (ii) the central
metal ion in a complex has a definite effect on the kinetic
aspects of a reaction.

The halogenation reactions of metal
4
complexes are well studied.
It has been reported
that the
bromination of bis-(N“n-butsalim)

nickel

(II) using

N-bromosuccinamide in chloroform affords 5,5'-dibromoderivative when the ratio of the complex to N-bromosuccinimide
was

:2 , and affords 3,3',5,5'-tetrabromoderivative when this
5
ratio was 1:4.
Our preliminary results of these reactions
1

afford always a mixture of 5,5'-dibromo and 3 , 3 ’ ,6 ,5'-tetrabromoderivatives even when the ratio of metal to N-bromosuccinlmide is greater than 1:8.

The results on the nitration

reaction®”^^

of metal complexes are comparatively scanty.
13
direct nitration of salicylaldehyde
using nitric acid -

acetic acid

(1:7 v/v) mixture affords a mixture of 3~nitro-

The

311

salicylaldehyde and 5-nitrosalicylaldehyde in the molar ratio
1:4.

For the synthesis of 3 ,5-dinltrosalicylaldehyde this

mixture of compounds is further nitrated using sulphuric acidnitric acid (2:1 v/v).

It will be profitable to study the

nitration reactions of metal complexes for analysing the effect
of central metal atom on the yields of the various nitration
products.

The present chapter reports the results of the

nitration reaction of the complexes with salicylaldehyde,
2

-hydroxyacetophenone,

2

'-hydroxychalcone and imines of

salicylaldehyde and 2-hydroxyacetophenone.

Since the metal-

-ligand bond is generally acid-labile, dinitrogen tetroxide is
used as a nitrating agent instead of the usual nitrating
mixture.

The feasibility of using other nitrating agents is

also analysed.

2

.

Experimental

(A)

Materials

(i)

bis(salicylaldehydatc)nickel (II)

A

(ii)

bis(salicylaldehydato)copper (II)

C

(iii)

bis( 2 -hydroxyacetophenonato)nickel (II)

E

(iv)

bis( 2 “hydroxyacetophenonato)copper (II)

F

(v)

b i s (2’-hydroxychalconato)nickel

(II)

G

(vi)

b i s (2'-hydroxychalconato)copper (II)

H

(vii)

bis (N-n-butylsalicylaldiminato)nickel (II)

J

(viii)

bis(N-n-butylsalicylaldiminato)copper (II)

K
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(Ix)

bis(2-hydroxyacetophenone-N-n-butylarninato)nickel (II)

L

(x)

bls(2-hydroxyacetophenone-N-n-butylarainato)copper (II)

0

These complexes were synthesised by using the
procedures similar to those given in the literature

14 15
’

The solvents used in the present work were purified by
the literature method^^.

(B)

Role of nitrating agent in the nitration reaction of
N-n-butsallm

(a)

Nitration mixture HNOg t H oSO^ (3;1 v/v) :
Nitration mixture (4 ml) was added to a stirred

solution of N-n-butsalim (0,18 g, 0.001 M) in methanol (15 ml).
A mixture of a ajid b was obtained which was separated by using
a procedure similar to that given in (e,i) yielding a (0,06,
36
(b)

and b (0.05 g, 30 % ) .
Cu(N03)g-3Ho0 ^-(CHgCOjgO

;

N-n-Butsalim (0.18 g, 0,001 M) and (CH3 C 0

) 2 0

(10 ml)

were taken in a conical flask fitted with a CaClg drying tube.
To this stirred mixture in an ice bath was added powdered
Cu(NO )„*3 H 2 0 (0.96 g, 0.004 M) in small portions over a
3 ^
period of 30 min. The ice bath was removed after 4 h and the
stirring was continued for additional 4 h at room temperature
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(30 °).

The resulting green mixture was poured into 150 ml

of ice cold water containing CH 3 C 0 0 Na* 3 H 2 0
mixture was further stirred for 2 h.

(1

. 0 0

g) and the

The chloroform extract

of this mixture yielded pale yellow low melting compound
(0.30 g, 83 5^) which was identified as 3-acetoxysalicylaldehyde
(m.p. 138.0 - 139.0*^) found;
C, 60.0; H, 4.4 J?;

Vmax

•

C, 60.4;

H, 4.0; CgHgO^ requires

^^^O (bm), 3150 (bm), 1760 (s),

1740

(s), 1700 (s), 1670 (w>, 1650 (m),

1600 (w>, 1580 (w),

1490

(w), 1450 (w), 1400 (w), 1370 (m),

1340 (w), 1250 (s),

1215

(s), 1195

(s>, 1160 (m),

1119 (m),

1071 (m), 1040 (w),

1010

(s),

995

(s),

950 (s),

922 (m),

902 (m), 860 (m),

808

(w>,

769

(s),

740 (w),

725 (w),

680 (w), 661 (w),

602

(m),

594

(w),

564 (m),

551 (m)

521 (w ), 500 (m) cm

(c)

igiOg

:

5-1, N-n-Butsalim (0.31 g, 0.001 M) was treated with
KNOg (0.17 g, 0.002 M) in water : 1,4-dioxane ( 1:1
refluxed at 70° for 2 h.

v/v) was

The isolated product was shown to be

the starting material.

(d)

N 2 Q4

:

Nitration of N-n-Butsalim (0.18 g, 0.001 M) by N 2 O 4
using the experimental conditions similar to those given in
<Xf\

(e, i) g a v e ^ntractable oil.
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(e)

Nitration with N oO.^

(i)

A mixture of N 2 O4

Pb(N 0

3

)2 .

and N O 2 was generated by heating

This mixture of gages was passed through a

thermostated trap kept at
NgO^, 15 % NO 2 ).
stirred

N 2 O4

solution

maintained at 20°.

° to attain an equilibrium

(85

thus generated was bubbled through a

The temperature of reaction medium was
The reaction mixture was reduced to a

small volume in vacuo.

in vacuo.

2 0

of A (0,60 g, 0,002 M) In ethyl acetate

(30 ml) for 2 hours.

chloroform.

:

The residue was extracted with

The chloroform extract was reduced to small volume
The Isolated product (0.450 g) was loaded on a

silica gel

( 1 0 0

-

2 0 0

mesh) packed column using petroleum

ether ( 6 0 - 8 0 ° ) .
The fraction eluted with petroleum ether-benzene
(1

: 1

v/v)

afforded a pale yellow crystalline compound a

(0,125 g, 18 % ) .

The fraction eluted with benzene afforded

a lemon yellow crystalline compound b

(0.25 g, 37 %) •

The chloroform insoluble residue was a yellowish green
crystalline solid, B
Product
N, 8.2 $ .

a.

(0.15 g, 19 %').

m.p, 125.0 ~ 125.5*^.

Found

5

C,

5 0 , 1 5

H,

C ^ g N O ^ requires C, 50.29; H, 2,99; N, 8,38

8 . 2 5

%
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l)max

*

1585

(s),

1525

(m),

1380 (s),

1360 (s), 1236

1190

(m),

1100

(m),

1020 (w),

940 (m),

780

(m),

755

(m),

725 (m),

648 (m)

(m), 1200

(w),

920

(w),

(m),

cm The

%

845

n.m.r.

spectrum (CDClg) showed the resonance at7.12 (1 H,

d),

8,40 (IH, dd), 8.55 (IH, d), 9.94 (IH, s) and 11.51 (IH, s) ppm
with the coupling constants
Product

b.

N, 8.2 %,

J„

9.8 Hz and J.

m.p. 106.0 - 107.0°.
C^gNO^

3.2 Hz.

Found ; C, 50.1; H, 3.2;

requires C, 50.29;

H,

i>max

2.99, N, 8.38 %

1620 Cm), 1600(m) ,1575(m) ,

1520 (s), 1450

(s), 1400 (m), 1350(s), 1315

1270 (m), 1185

(w), 1085 (w), ,950 (s),

865 (m),

825

(m),

810

(w),

795

(w),

679 (^^),

640

(w),

612

(m),

560 (w)

760(m), 720
cm ”^.

The

(w),
^

(m), 1290

(s),

n.m.r, spectrum (CDClg)

showed the resonance at 7.05 (IH, t), 7.97 (IH, dd), 8,20 (IH,
dd), 10.40 (IH, s>, and 11.47 (IH, s), ppm., with the
coupling constants

^4 ^5 ? 8 , 4 H z ;

J 4 ^g? 1.8 Hz and

•^5,6 ’
Product
N, 7.5

B.
%.

m.p. 310 ~ 312® d.c.
C^^HgNgOgNi requires

Found; C, 42.5; H, 2.4;
C, 43.0; H, 2.0; N, 7.2 %.

O

3080 (w), 1657 (s), 1640 (s), 1602 (m), 1544 (m),
max
1523 (s>, 1503 (w), 1420 (w), 1381 (w), 1355 (s>, 1215 (s),
1175 (s),
935

(s),

520 (bw)

1135 (w), 1197
910 (w),
c m ”^.

(s), 1087

(w>, 1005 (w),

840 (s), 780 (bm),

720 (s),

960

(s),

665

(w),
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Ligand separation from product B by HCl (1 M)

Reaction of Product B

(0J150

;

g, 0.0005 M) with

hydrochloric acid (1 M) in an aqueous medium (15 ml) yielded
a yellow solid (0.10 g)

from benzene extract.

It was

purified on silica gel packed column using benzene-petroleum
K

ether (60-80°)

(2 »l v/v) as an eluent affording a dark yel 3 ow

crystalline compound c.
0

Product c.
Cr^^NgOg

m.p. 58.6 .
requires

3090

(s), 1692

1370

(w), 1350 (s),

1175

(w), 1155

925

(s), 825

cm

The ^

Foiind: C, 39,8;

C, 39,6;

(s), 1612

N, 13,3 %.

H, 2,1;

H, 1,9; N, 13,2

% : 3200(bsj

(sj, 1580 (m),

1540 (s), 1442

(s),

1310

^w), 1270 (s),

1225 (m), 1210

(w),

(m),

1100

(s), 1085 (m),

955 (w), 945

(m),

(w),

770

(s),

715 (s), 5 8 0 (s),515(bm)

737 (s),

n.m.r. spectrum (CDCI3 ) showed the resonances

at 8,92 (IH, d), 9,19 (IH , d>, 10.78 (IH, d) and 12.25 (IH, d)
ppm with the coupling constant

(11)

Nitration of C with N ^O^
The

carried out

2

c8 Hz.

t

nitration reaction of C (0,61

g, 0,002 M) was

using a procedure similar to that used

nitration reaction of A using NgO^ (Section

e, i).

forthe
The

isolated product (0,46 g) from the chloroform extract was
loaded on silica gel packed column using petroleum ether.
The fraction eluted with petroleum ether (60-80°)-benzene

45
(1

: 1

v/v) afforded a lemon yellow crystalline compound

(d>

(0.38 g, 5 8 %) and that eluted with benzene afforded a dark
yellow crystalline compound

(e) (0.18 g, 28 % ) .

The chloroform

insoluble residue was yellowish green needle shaped crystalline
solid, D (0.10 g, 12 % ) ,

Product

.

and

n.m.r,

Produc-fe
and \ {

e.

6

spectrum of (d) were similar to that of (b).

The elemental analysis, m.p., infrared spectrum

n.m.r. spectrum of (e) were similar to that of (c).

Product
N,

The elemental analysis, m.p, infrared spectrum,

D.

m.p. 180-190° d.c.

.8 ; Cu, 16.2;

C^^HgN 2 0 gCu

Found

: C, 42.9; H, 2.2;

requires

C, 42.5; H, 2.0;

N, 7.1; Cu, 16.05 %L>niax:

»

1600

(m), 1570

(m), 1525 (m),

1360 (s), 1 3 0 0 (s), 1325

(m),

1200

(w), 1190

(m), 1100 (m),

1020 (w), 940

(w),

845

(m),

780 (m),

755 (m),

725 (m)

(m), 920

cm

Ligand separation from Product D
A procedure similar to that used for the ligand
separation from product B
yellow crystalline solid
infrared spectrum and
to that of (c_).

(Section e, i) afforded a dark
(f).

The elemental analysis, m.p.,

H n.m.r. spectrum of (f) were similar

4B

(e.iil)

The nitration reaction of E

(0.66 g, 0.002 M) was

carried out using a procedure similar to that used for the
nitration reaction of A using NgO^

(Section e, i).

The

isolated product (0.52 g) from the chloroform extract was
loaded on silica gel packed column using petroleum ether
o
(60-80 ). The fraction eluted with petroleum ether-benzene
(1:1 v/v) afforded a yellow compound

(£) (0.22 g, 30 %) and

that eluted with benzene afforded a dark yellow crystalline
compound (h) (0.36 g, 40 %').
residue could not give i

The chloroform insoluble

reproducible analytical data and

could not be characterised.

Product

g.

Yellow crystalline solid, m.p. 98.5°-99,0°.

Found: C, 53.3; H, 4.1; N, 8.2
H, 3.86; N, 7.73
1700

(m),

max

C g H ^ O ^ requires

C, 53.03;

3350 (bm), 2841 (w) , 2140(w) ,1720 (s) ,

1675 (s>, 1660 (w), 1585 (s), 1530 (w),1430 (w),

1380 (s),

1350 (m), 1210 (w), 1140

970

(w),

840 (w>,

576

(w),

cm“^.

815 (m),
The

(w), 1090

780 (m), 735

n.m.r.

(m),1040 (w),
(m), 648 (m),630(w),

.spectrum (CDClg) showed

the resonances at 7.11 (IH, d), 8.35 (IH, dd), 8.71 (IH, d)
(IH,s) with the coupling constants ^ 2 ^ 4 ^

and 13.22

and J .3.0 Hz.
4 ,b

The high field signal was

obtained at

2.82 ppm (3H , s ) .
Product

h.

Dark yellow needles, m.p. 124.0° - 125.0°.
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Found,

C, 43.2;

C, 42,47;

H, 2.85; N, 13.1 %.
N, 12.38 %.

. r

2920

3200 (bin), 3085 (w),
]/ max
(m), 2141(m), 1740 (m), 1715 (s), 1660 (w), 1575 (m),

1560

(m), 1530 (w),1430

1210

(w), 1140 (m), 1085(m),

840

(w), 815 (m), 780

640

H, 2.65;

CgH^NgOg requires

(m), 630

(w), 1380
1035

(m), 750

(w), 575 (w), cm

(m), 1350 (s),
(w),

960 (w), 930

(m),

(w),

735 (s), 705

(w),

The ^

n.ic.r, spectrum

(CDClg) showed the resonances at 8.98 (lH,d), 9.22 (IH, d)
and 13.92 (IH, d) ppm with the coupling constant

Hz.

The high field signal was observed at 2o68 ppm (3H, s>.

(e, iv)

The nitration reaction of F (0.67 g, 0.002 M) was

carried out using a procedure, similar to that used for the
nitration reaction of A, using N 2 O4
isolated product

(Section

e, i).

The

(0.53 g) from the chloroform extract was

loaded on silica gel-packed column using petroleum ether
(60°-80°).

The fraction eluted with petroleum ether-benzene

(iJl v/v) afforded a yellow compound i

(0.23 g> and that

eluted with benzene afforded a dark yellow compound i (0.37 g)
The chloroform insoluble residue could not give the
reproducible analytical data and could not be characterized.
The elemental analysis, m.po, infrared spectrum and ^

n.m.r.

spectrum of (i) and (2 ) were similar to that of products (£)
and (h) respectively.
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(e, v)

Nitration reaction of G

(0*50 g, 0,001 M) was

carried out using a procedure similar to that used for the
nitration reaction of A using Ng 0
isolated product

4

(Section e, i).

The

(0,16 g) from the chloroform extract was

loaded on silica gel-packed column using petroleum ether
o
o
(60 “80 ). The fraction eluted with benzene afforded a yellow
compound (k)

(0.14 g, 50 /?).

residue could not give

The chloroform insoluble

reproducible analytical data eind was

therefore not characterised.
Product

Found: C, 57.8; H, 3.6; N, 9.1 %.

k.

requires

C, 67.3;

H, 3.2; N, 8.9

y "

C^gH^QN^Og

3200

(bm),

3096 (w), 1680 (s>, 1655 (s),. 1630

(w), 1616 (s), 1580

(s),

1 5 4 0 (bs), 1381 (w), 1340

(bm),1225 (w), 1210

(w),

1175

(m), 1155 (w),

967

(w), 925

(s),

735

(m>, 705

(m),

610

1085

(s), 1260

(s)i, 1010 (w),

995 (s),

980

(w) ,

865

(w>,

827 (s>,

770 (m),

750

(s),

685

(s),

660 (w),

650 (w),

630

(w),

(w), 585 (bm), 510 (bm)

cm

The

^

n.m.r. spectrum

(CDClg) showed the resonances at 8.48 (IH , d) and 8,92 (IH, d)
with a coupling constant

4,0 Hz.

A complex multiplet

(7H) was observed between 7.23 and 7,95 ppm.
13.4

12.2

ppm.

(e, vi).

The nitration reaction of H

(0.51 g, 0.001 M) was

carried out using a procedure similar to that used for the
nitration reaction of A using NgO^ (section

e,i).

The

49
isolated product

1

(0,170 g) from the chloroform extract

was loaded on silica gel packed column using petroleum ether
0
o
(60 -80 ). The fraction eluted with benzene afforded a yellow
compoimd (0.14 g, 50 %) and a compound eluted with chloroform
afforded a pale green compound I (0.07 g,25 %) .
analytical data of

Product

1

were similar to that of product _k.

m.p. 120 - 121,0°

pale green to dark green ).
Cu, 16.25

^15^12^2^7^'^

N, 7.07; Cu, 16.00 %

The

(colour changes at 105° from

Found: C, 46.24; H, 4.1; N, 8.1;
requires

C, 45.51; H, 3.03;

3450 (b), 1689 (s),

1660 (w),

1620

(s), 1610 (s), 1585

(s), 1553

(s), 1510

(w), 1353 (s),

1265

(bs),1230 (w), 1210

(w), 1175

(s), 1155

(w), 1085 (bs),

1030

(w), 1015 (m), 966

(m),

(m),753 (s),

6 8 6

(s)

(e, vii).

930

708

(m),

cm
The nitration reaction of J

(0.41 g, OoOOl M) using

a procedure similar to that used for the nitration reaction of
A

using NgO^ (section, e, i).

The isolated product from the

chloroform extract was loaded on silica gel packed column
using petroleum ether (60°-80°).
petroleum ether-benzene (1
coloured compound

(m)

: 1

v/v)

The fraction eluted with
afforded a pale yellow

(0.116 g) and that eluted with benzene

afforded a lemon yellow compound n (0.08 g).

The chloroform

insoluble residue could not give consistent analytical data.

5n

The analytical data of m was similar to that of a
and the analytical data of n was similar to b.

(e, viii).

The nitration reaction of K (0,42 g, 0.001 M) was

carried out using a procedure similar to that used for A using
NgO^

(Section e,i).

The isolated product (0.29 g) from the

chloroform extract was loaded on silica gel packed column
using petroleum ether (60°-80°).
petroleum ether - benzene (1
o (0

. 1 1

g)

: 1

The fraction eluted with

v/v> afforded a yellow compound

and that eluted with benzene afforded a dark yellow

crystalline compound £

(0.23 g).

The chloroform insoluble

residue could not give the reproducible analytical data.

The analytical data of o

were similar to those of a

and the analytical data of £ were similar to those of c.

(e, ix).

The nitration reaction of L

(0.S7 g, 0.002 M)

was

carried out using a procedure similar to that used for A
using NgO^ (section e, i).

The product obtained from benzene

extract (0.61 g) was loaded on silica gel packed column using
o
o
petroleum ether (60 -80 ). The fraction eluted with benzene
afforded a yellow crystalline compound q (0
eluted with benzene-chloroform (1
crystalline compound r (0.16 g).

: 1

v/v)

. 1 1

g) and that

afforded dark yellow

The residue remained after

the benzene extract was extracted with chloroform affording
yellowish green product M (0.06 g).

The residue remained after
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the benzene extract was extracted with chloroform affording
yellowish green product

M

(0.06 g).

The residue remained

after the chloroform extract was extracted with methanol
affording a pale green crystalline compound, N (0

g).

. 1 0

The elemental analysis, infrared spectrum and
nom.r.

spectrum of product qwere comparable with that of ^ and

the analytical data of r was similar to ho
Product

M.

m.p. 104°.

Found; C, 64,1; H, 5.2;

N, 10.6 ^

C ^ H g o N ^ O e N i requires C, 64.6; H, 5.7; N, 10.6 %.

3092 (m)

1692

Cw), 1620 (s)),

1570 (m), 1553

(m), 1453 (s),

1442

(m),

1380

(m), 1350 (s>,

1260 (m), 1230

(w), 1175 (m),

1150

(w),

1090

(s), 1030 (w>,

1010 (w),

995

(m),

930 (s),

825

(m),

770

(m),

735 (m), 705

(s),

680 (s),

540 (m),cm“-^.

745 (w),

Ligand separation from M with HCl
The complex M
extracted with benzene.

(1 M).

was treated with HCl (1 M) and was
The product obtained from benzene

extract was loaded on silica gel packed column using petroleum-ether.

The column was thoroughly washed with benzene and then

eluted with benzene-chloroform (lil

v/v) affording product s.

The elemental analysis, melting point, infrared
spectrum and h i
those of h.

n.m.r.

spectrum of product s

was similar to
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Product

N

:

o
m.p. above 350 .

N, 17.84

Found: C, 32,47; H, 4,37;

requires,

C, 33.35; H, 3.47;

N, 16.24 %.

3375 (bm), 1669 (m), 1620 (s), 1530 (m),

1560

(m), 1380 (m),

1340

1165

(m), 1280

(w>, 1235

(w ), 1210 (w),

(m), 1085 (m),1060

(w), 1015

(w), 995

(w>, 955

935

(m), 885

(s), 807

(s), 785

(m),

715

(sj, 540

(e, x)

(w),

832

(w) ,

750 (w),

(m) c m ”^.

The nitration reaction of g

(0.88 g, 0,002 M) was

carried out using a procedure similar to that used for A
using N 2 O 4

(section e,i).

The product obtained from the benzene

extract

(0.62 g) was loaded on silica gel-packed column using
o
o
petroleum ether (60 -80 ). The fraction eluted with benzene
afforded a yellow crystalline compound t (0

. 1 2

g, 17 %) and that

eluted with benzene-chloroform (1 :1 , v/v) afforded
yellow crystalline compound u

(0,17 g, 20

,

a dark

The residue

remained after the benzene extract could not give consistent
analytical data.
and
of £

3.

The elemental analysis, infrared spectrum

n,m«r. spectrum of product t was comparable with that
and the analytical data of u was similar to h,

Results
Nitration reaction of A with NgO^ afforded three

products a, b gind B,
The elemental analysis of a fitted well with that

53
expected for the mononitro derivative of salicylaldehyde.
Infrared spectrum of a

displayed a broad band at 3350 cm~^

due to the -OH stretching mode of vibration.

A strong

intensity band observed at 1675 cm ^ was associated with
Two strong intensity bands observed at 1585 cm
1380 cm ^ and a medium intensity band observed at 648 cm~^
were associated with the aromatic - NOg group.

A comparison

of the elemental analysis, m.p. and infrared spectra of the
authentic sample of 5-nitrosalicylaldehyde with that of a
suggested that a was 5-nitrosalicylaldehyde (lit. m.p, 126*^).
The ^

n.m.r. spectrum of a

in the aromatic region exhibited

a pattern typical of ABC spin system.

It

displayed a

doublet at 7.12 ppm (J

= 9.8 Hz) due to 3-CH, a doublet
3,4
“
of doublet at 8.40 ppm (J^ ^ = 3.2 Hz) due to 4-CH and a

doublet at 8.55 ppm due to

6

-CH.

The downfield signals

observed at 9,94 ppm and 11,51 ppm were associated with the
-CHO and -OH

protons respectively.

The elemental analysis of b was comparable with that
expected for the mononitroderivative of salicylaldehyde.
Infrared spectrum of b showed a broad band at 3370 cm ^ due
to the -OH stretching mode of vibration.

A strong band

observed at 1660 cm ^ suggested the presence of -C=0 group.
A medium intensity bajid observed at 1575 cm

, a strong

intensity band at 1350 cm“^ , a weak band at 640 cm"^ were due

5;
to the aromatic -NO 2 group.

A comparison of the elemental

analysis, m.p. and infrared spectrum of the authentic sample
of 3-nitrosalicylaldehyde (lit. m.p. 109-110°) with that of
b

The h i n.m.r.

indicated that b was 3-nitrosalicylaldehyde.

spectrum (CDCl^) of b in the aromatic region exhibited a pattern
typical of AA'B spin system.

It displayed a triplet

overlapped double doublet) at 7.05 ppm due to
of doublet at 7.97 ppm due to

6

g (8.4 Hz) and

-CH, a doublet

-CH and another doublet of

doublet at 8.20 ppm due to 4 -CH.
J4

6

(or

The coupling constants

(7.8 Hz> were quite close.

The down-

field signals observed at 10.40 ppm and 11.47 ppm were
associated with the -CHO and -OH

protons respectively.

Elemental analysis of B suggested that two nitro
groups were substituted in the coordinated-salicylaldehydo.
These two nitro groups would be on the same coordinated ligand
affording dinitrosalicylaldehyde or would be on two different
salicylaldehyde nuclei affording mononitro salicylaldehyde.
Infrared spectrum of B displayed a strong intensity band at
1657 c m “^ due to the -C=0 group.

The strong intensity bands

at 1523 cm ”^ and 1365 cm ”^ were due to the aromatic -NO 2 group.
The absence of a strong band at 3400 cm ^ suggested the
absence of free -OH group.
the ^

Due to the solubility limitations,

n.ir.r. spectrum of B could not be taken.

The complex

B was therefore treated with hydrochloric acid (1 M) and the
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mixture was extracted with benzene.

The ^

n.m.r. spectrum

of the crude organic compound suggested that it was a mixture
of two compounds in the molar ratio Isl.

The elemental

analysis of a dark yellow compound c obtained from purification
on silica gel-packed column suggested that it was dinitrosalicylaldehyde.

Its infra red spectrum displayed a strong

and broad band at 3200 cm ^ due to
1692 cm ^ was due to

.

sind a strong band at

A medium intensity band at

1680 cm ^ and a strong band at 1350 cm ^ were associated with
“KOg groups.

Its ^n.m.r. spectrum (CDCI3 ) displayed a

doublet at 8.92 ppm due to

6

-CH and another doublet at 9.19 ppm

due to 4-CH; the coupling constant J, ^
(2.8 Hz) indicating meta coupling.

had a small value

The downfield signals

observed at 10,78 ppm and 12.25 ppm were associated with ~CHO
and “OH protons respectively.
for compounds b and a.
broad).

(As compared to 5 OH observed

The one observed for compound c

was

These observations suggested that the compound c was

3 ,5-dinitrosalicylaldehyde (lit. m.p. 58-60°).

On the basis

of the characterisation of the separated ligands, the complex B
was therefore shown to be (3,5-dinitrosalicylaldehydato)
(salicylaldehydato) nickel (II).
The nitration reaction of Q. with Ng 0
products d, e and D.

4

afforded three

The analytical data of d and e

that these compounds were b and c respectively.

indicated

The product D

was characterised as (3 ,6 -dinitrosalicylaldehydato)(salicyl-

5fi
aldehydato) copper (II); its reaction with hydrochloric acid
( 1

M) afforded the organic compound f

which was characterised

as 3 ,6 -dinitrosalicylaldehyde.

The nitration reaction of B and F with NgO^ afforded
two organic products, £ and h.

The elemental analysis of £

fitted well with that expected for the mononitro derivative
of

2

-hydroxyacetophenone,infrared spectrum of £ displayed a

broad band at 3350 cm ^ due to the ~0H stretching mode of
vibration,

A strong intensity band observed at 1720 c m ”^ was

associated with
at 1685 cm

The strong intensity bands observed

1380 cm ^ and a medium intensity band observed

at 648 cm ^ were associated with the aromatic -NO

group.

A comparison of the elemental analysis, m.p. and infrared
spectra of the authentic sample of 5-nitro~2-hydroxyaceto“
phenone.

The \

n.m.r. spectrum of £ in the aromatic region

exhibited a pattern typical of ABC spin system.

It displayed

a doublet at 7.11 ppm (J„ . = 9.6 Hz) due to 3-CH a doublet
3 ,4

of doublet at 8.35 ppm (J4 ^g = 3,0 Hz) due to 4-CH and a
doublet at 8.71 ppm

due to

6

-CH.

The signals

observed

at 2.82 ppm and 12.64 ppm were associated with the
and “OH

-CHg

protons respectively.
The elemental analysis of the product h suggested

that it was dinitro- 2 -hydroxyacetophenone.

Its infrared

spectrum displayed a strong and broad band at

3 2 0 0

cm ^ due
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to

and a strong band at 1715 cm ^ was due to
0 “H
C/“0
A medium intensity band at 1575 c m ”^ and a strong band at
1350 cm ^ were associated with ■"NO2 groups.

Its ^

n.m.r.

spectrum (CDCl^) displayed a doublet at 8,98 ppm due to

-CH

6

and another doublet at 9.22 ppm due to 4-CH; the coupling
constant
coupling.

g

had a small value (1,6 Hz) indicating meta

The signals observed at 2,68 ppm and 13.5 ppm were

associated with “CH 3

and -OH

protons respectively.

observations suggested that the compound h

These

was 3,5-dinitro-

-2 -hydroxyacetophenone.

From the nitration reaction of G^the Compound k gave
the reproducible analytical data.
k

The elemental analysis of

fitted well with that expected for dinltroderivative of

2'-hydroxychalcone.

The infrared spectrum of k displayed a

broad band at 3200 cm ^ due to “OH stretching mode of
vibration, and the strong intensity bands were observed at
1680 cm “^ and 1655 cm ^

due to

' 0 c=C respectively,

c=0

Two strong intensity bands were observed at 1580 cm

-1

ajad

1340 cm“^ due to nitro-groups containing hjd roxy group.
^

n.m.r, spectrum (CDCI3 )

of

2

'-hydroxychalcone.

The

of k was compared with that

The pattern displayed by compound k

8,45 - 9,00 ppm was typical of AB system;
did not show any signal in this region.

2

'-hydroxychalcone

This observation

suggested that both the nitro groups were on the same aromatic

5S
nucleus, and was further substantised from the ^
spectrum observation in the region 7.2 to

8 . 0

n.m.r.

ppm.

It was

a complex multlplet corresponding to 7 H associated with 5H
on the aromatic nucleus and 2H of the HC=CH group in
substituted chalcone
red spectrum and ^

(k).

Thus the elemental analysis, infra

n.m.r. spectrum of compound k

indicated

that- it was 2 •-hydroxy-3 ' ,5 *-dinitrochalcone (1).

From the nitration reaction of H , an organic compound 1
was separated.

The elemental analysis, melting point,

infrared spectrum and ^

n.m.r. spectrum of compound

similar to that of k indicating that
-dinitrochalcone.
reaction.

1

was

2

1

was

'-hydroxy-3,5’-

The complex I was separated from this

The elemental analysis indicated that each molecule

of the complex contained metal and ligajid in the molar ratio
1:1, Sind it also contained two nitro groups.

The ligand

separated from complex I was characterised as 2 » -hydroxy

s ’ -nitrochalcone .

The infrared spectrum of complex I displayed

a broad band at 3450 cm

which was associated with the

coordinated water aolecule.

A colour change observed at 105°

during the determination of melting point was probably due to
the thermal removal of water molecule from the coordinated
sphere.
The nitration reaction of the imine complex J
afforded two organic compounds m and n which were characterised

51)
respectively as a and b

from the elemental analysis, melting

point, infrared spectrum and ^

n.m.r. spectrum.

Similarly

the organic compounds o and £ obtained from the nitration
reaction of imine complex K

were characterised respectively

as a and c from the analytical data.

The compounds containing

metal atoms from these reactions could not give reproducible
analytical data, and could not be therefore characterised.

The organic compounds £ and r obtained from the
nitration reaction of L were characterised respectively as
2-hydroxy-5-nitroacetophenone ( g )
acetophenone (h),
were separated.

and 2-hydroxy-3,5-dinitro-

From this reaction two complexes M and N

The elemental analysis of these complexes

suggested that these were nitro imine complexes.
spectrum of complex M
due to
and 1380 cm"^

The infrared

displayed a strong band at 1620 cm

The medium intensity bands observed at 1570 cm
were associated with aromatic N O 2 group.

treatment of complex M with HCl
“dinitroacetophenone (£).

The

afforded 2 -hydroxy-3,5-

Thus the elemental analysis and

infrared spectrum of the complex M and the characterisation
of the organic compound s ^ h) separated from the HCl treatment
of the complex M

suggested that the complex M was the mixed

ligand complex containing 2-hydroxy-3,5-dinitroacetophenonen-butylimine and 2 -hydroxyacetophenone-n-butylimine.

The

elemental analysis of complex N suggested that there were four
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nitro groups present in one molecule of the complex and there
was only one coordinated imine group.

These observations

suggested that the coordinated ligand was dinitroimine, and
two nitro groups were directly coordinated to nickel.
Infrared spectrum of complex N displayed a strong band at
3375 cm ^ due to

a strong band at 1620 cm ^ due to

C=N, and bands at 1380 cm

-1

and 1560 cm

-1

due to the aromatic

NOg group; a strong band was observed at 1340 cm

and a weak

band was observed at 1280 c m ”^ were tentatively assigned to
M-NOg groups.

The infrared spectra of complexes M and N

displayed an additional band at 540 cm

it was tentatively

assigned to

A decomposition of complex K with HCl
the organic compound s.
spectrum and \
to that of h.
N

was

nickel

(1 M) afforded

The elemental analysis, infrared

n.ro.r. spectrum of compound ^ were similar
These observations suggested that the complex

(3,5-dinitroacetophenone N-n-butylaminato) (dinitro)
(II).

The organic compounds t and u obtained from the
nitration reaction of
as £ and h.

0

were characterised respectively

The residue remained after the benzene extract

could not give consistent analytical data aind was not
characterised.
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Discussion

:

The usual nitration mixture

(HNO3

+ HgSO^) used for

the organic compounds could not be used for the nitration of
most of the metal complexes due to their acid lability.
CHgCOONOg (generated by the reaction of cupric nitrate with
acetic anhydride) was used as a nitrating agent for
17
18J9
30
20
M(ptdn)j^, M(sal ) 2
M(N-R-hapim)g and M(N ,N 'enCsalim)^).

The

use of CH 2 COONO 2 as an acetoxylating agent was also recognised,
For example, the reaction of xylene and olefins with CH 2 COONO 2
resulted in the formation of the corresponding acetoxy

21-^3

derivatives.

It was therefore necessary to develop another

nitrating agent to avoid the acetoxylation.

There was a report of the use of N 2 O4 as a nitrating
17
agent for M(ptdn)g.
This chapter analyses the use of NgO^
as a nitrating agent for complexes containing the related ligands
such as salicylaldehyde,

2

-hydroxyacetophenone,

chalcone and imines of salicylaldehyde and

2

2

*-hydroxy-

-hydroxyacetophenone

In literature benzene was used as a solvent for nitration of
24
M(ptdn)g with NgO^. For the complexes we selected, the nitratio]
reaction was negligible in benzene; instead the reaction was
smooth in ethyl acetate.
The reaction of bis(salicylaldehydato)nickel (II), (A),
with

afforded the benzene soluble product which was
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characterised as a mixture of 3-nltrosalicylaldehyde
5-nitrosalicylaldehyde a

in the mole ratio 2;1,

b

and

The

chloroform insoluble product obtained from this reaction was
with the chemical composition

C^_^HgNgOgNi

(B).

Because

of its little solubility in the usual organic solvents, its
%

n.m.r. spectrum could not be obtained

.

The coordinated

ligand from this complex was therefore separated by treating
the complex with HCl and the organic compound was extracted
in benzene.

The ^

n.m.r, spectrum of the crude organic

product suggested that it was a mixture of 3,6-dinitrosalicylaldehyde c
mole ratio 1:1.

and unsubstituted salicylaldehyde

in the

These two compounds were separated from the

mixture on the silica-packed column using petroleum ether
o
o
(60 -80 ); benzene mixture (1 : 1 v/v) as an eluent for c
and using methanol as an eluent for salicylaldehyde.

The

analytical data of the organic compound thus separated were
comparable with those of the corresponding authentic compounds.
These observations suggested that the complex (B) was a
mixed-ligand complex; one of the coordinated ligand was

c

and the other was salicylaldehyde.
The direct reaction of salicylaldehyde with N 2 0 ^ did
give an intractable oily mass, while the reaction of the metal
complex was smooth, yielding compounds with definite
composition.
N O 2 radicals;

N^o^ can be dissociated homolytically into two
this process is favoured by heat. The heterolytic
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dissociation of

into

and NOg

ions can be made

possible by a reagent capable of combining readily with either
N O 2 *^ or NOg

ions.

For example N 2 O4

with BFg with the formula (F3 B

4—

readily forms a complex
N O g ) ” (NOg)"*" and it has

been successfully used as a nitrating reagent for aromatic
compounds and olefins such as benzene, naphthalene, cyclohexene
and nB thylacrylate.

Thus during the reaction of NgO^ with a

metal complex the metal ion has probably played a key role in
these reactions.
During the reaction of a metal complex with the dipolar
molecule NgO^, the negative end of the dipole presumably formed
a bond with the metal ion.

The consequence of such a bond

formation was the close proximity of the positive end of NgO^
with the nucleophillic site on the aromatic ring.

The

molecular model of the intermediate dipolar complex suggested
that both these positions were sterically favoured.

(While

making the model it was assumed that the chelate ring
including the aromatic ring was planar).

The stereoelectronic

interactions initiated the rupture of the N-N bond in NgO^,
which held the two dipoles.
nitrous acid was produced.

In this process one mole of
When the metal-ligajid bond was

acid labile, the ligand would be separated from the coordina
tion sphere

(Fig. 1).

Since free salicylaldehyde was not detected in the

6;

F ig .

1

.'Mechanism of n i t r a t i o n react i on of saticylaldim in at o m e t a l complex by d in it rog en tetroxide.

65
final reaction product, the product obtained in the first
stage of nitration reaction would react with a second mole
of NgO^ before acid hydrolysis.

The reaction of the second

mole of NgO^ might involve a ligand not containing NOg group
or a ligand in which NOg was substituted at 3 or 5 position.
The first reaction would afford mono-substituted ligands,
while the second reaction would afford

3 ,5-dinitrosubstituted

ligand•

We separated a complex containing

3,5-dinitro-

salicylaldehyde (B), and a complex containing 3-nitrosalicylaldehyde and 5-nitrosalicylaldehyde could not be obtained.
This observation suggested that the metal-ligand bond in a
complex containing mononitrosalicylaldehyde was more acid
labile than that in a complex containing 3 ,5-dinitrosalicylaldehyde.
The nitration reaction of bis(salicylaldehydato)
copper

(II)

(C) with NgO^ using the experimental conditions

similar to those used for nitration of complex A, afforded
3-nitrosalicylaldehyde and 3 ,5-dinitrosalicylaldehyde in the
molar ratio 2:1 from benzene extract.

It should be noted

here that a nitration reaction of complex A, afforded 3-nitro
salicylaldehyde and 5-nitrosalicylaldehyde in the molar ratio
2:1, and 3 ,5-dinitrosalicylaldehyde was obtained as a
nickel (II) complex.

The copper (II) complex obtained from

6B
the nitration reaction was found to have the formula (D)
similar to that for nickel

(II) complex (B).

In this

reaction 5-nitrosalicylaldehyde was not obtained.
The effective quantitative aspects of these nitration
reactions were as follows s

(i)

With complex

A,

3-nitrosalicylaldehyde, 46

5-nitrosalicylaldehyde, 25 %•,

3,5-dinitro-

salicylaldehyde,15 %.
(ii)

With complex

C,

3-nitrosalicylaldehyde, 58

3,5-dinitrosalicylaldehyde, 28

(5-NOg salicyl-

aldehyde was not obtained).
(iii)

The nitration of salicylaldehydato complex using
afi'orded the formation of 3,5-dinitrosalicylaldehyde.

These observations suggested that during the nitration
of complex

A

using NgO^, the substitution of NOg group could

take place independently at 3 or 5 position; the nitration of
complex

C_,

using similar experimental conditions the

substitution first took place at position 3 followed by the
substitution at position 5.
and C

If the geometries of complex

A

were very similar, the polarizing effects of metal ion

on ligand would be of similar nature, and there would be no
appreciable variations in the reaction products.

The

observed results suggested that the expected difference in

G7
the geometries of nickel

(II) and copper

(II) complexes played

an important role in controlling the relative yields of nitrosalicylaldehydes.

These interesting results regarding the role of metal
ion in the electrophilic substitution reaction of coordinated
aromatic ligand prompted us to carry out the nitration reaction
using other related coordinated aromatic ligands.

The nitration of bis(2-hydroxyacetophenonato) metal (II)
[metal

(II) = N i ( I I ) , Cu(II) } yielded 2-hydroxy-5-nitro-

acetophenone; and 2-hydroxy-3,5-dinitroacetophenone; 2-hydroxy-3-nitroacetophenone

was not obtained.

The mole ratio of the

nitro derivatives with the change of metal ion was as follows

Metal complex

-hydroxy-5-nitro
acetophenone

2

2-hydroxy-3,5-dinitro
acetophenone

Ni(II)

1.5

loO

Cu(II)

1 . 0

1.5

Thus the direct formation of 2-hydroxy-3,5-dinitroacetophenone was possible using a metal complex for nitration
and the yield of 2-hydroxy-3,5-dinitroacetophenone was higher
using C u ( n ) complex.

This observation was similar to that

obtained with bis-salicylaldehydato metal

(II) complexesc.

:

6S
The metal containing compound

separated from

these reactions was found to be a mixture of different
complexes from the elemental analysis.

The

\

n.m.r. spectrum

was determined of the organic compound separated from the
complex mixture hy treating with HCl,

It indicated that the

organic compound was a mixture of 2-hydroxy-5-nitroacetophenone, 2-*hydroxy-3,5-dinitroacetophenone and unsuhstituted
2

-hydroxyacetophenone.

Since 2-hydroxy-3-nitroacetophenone was not obtained
as a coordinated ligand or as a free organic compound the
nitration of the coordinated ligand took place first at
5~position and then at 3-position.
To analyse further the role of the coordinating site
on a nitration reaction of the neighbouring aromatic ring, a
ligand containing an aromatic ring away from the coordinating
site, 2 '-hydroxy chalcone, was used.

The experimental

observations were as follows

The organic ligand

;

(i)

separated from these reactions was characterised as
-3',5'-dinitrochalcone.

2

'~hydroxy-

(ii) The nitration took place in an

aromatic ring close to the coordinating centres; the other
aromatic ring remained unsubstituted. (iii)

The complex (I)

separated from the nitration reactions of complex H contained
one molecule of coordinated

2

’-hydroxy-3',5'-dinitrochalcone

and one coordinated NOg group.
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These observations clearly showed that the coordinated
metal ion decided the site of the NOg substitution.

The complexes used in the above experiments contained
metal ions coordinated through oxygen of the ligand.

The

nucleophilicity of the coordinated ligand could be modified by
chajiging the coordinated centres.

The change in the nature of

coordinating centre would have a direct influence on the
polarisation of aromatic ring; the polarisation through metal
atom would have also a different contribution when the nature
of the coordination site was changed.

The coordination site

might be changed from oxygen to nitrogen by using the imines
of salicylaldehyde and

2

-hydroxy-acetophenone.

In a nitration reaction of bis(N-n-butsalim)metal (II)
^ metal

(II) = Ni(II), Cu(II) j using NgO^ a complex containing

substituted imine could not be separated indicating the acid
labile nature of the imine complexes.

Here we assumed

that the

mechanism of nitration reaction was similar to that of

the

salicylaldehydato complexes given in Fig, 1

to

according

which HNOg was a side product during the reaction.

It

was also

observed that the organic compound separated from the nitration
reaction was the substituted salicylaldehyde and not the
substituted imine.

These observations suggested that the acid

formed in the reaction hydrolysed the imine
the complex

J

[ M(II )= N i ( I I )]

*;;.C=N-bond.

With

the organic product was shown

0
to be a mixture of 3-nitrosalicylaldehyde and
aldehyde in the mole ratio

6

-nitrosalicyl-

1:1.5, while with the complex K

[M(II) - Cu(II) 3 , the organic product was

shown to be a

mixture of 5-nitrosalicylaldehyde and 3 ,6 -dinitrosalicylaldehyde in the mole ratio ls2.
quantitative.

The yields were practically

The comparison of these results with those

obtained from the nitration of the salicylaldehydato complexes
gave the following observations :

(i)

The nickel (II) complex A

the yield of 3-nitrosalicylaldehyde was higher than that of
5-nitro-salicylaldehyde.

With complex J, the yield of 5-nitro

salicylaldehyde was higher than that of 3-nitrosalicylaldehyde.
(ii)

With the copper

was not obtained.
not obtained.

(II)

complex

C, 5-nitrosalicylaldehyde

With complex K , 3-nitrosalicylaldehyde was

With complex

C_,

the yield of 3-nitrosalicyl

aldehyde was higher than that of 3,6-dinitro-salicylaldehyde;
with complex K, the yield of 3 ,5-dinitrosalicylaldehyde was
higher than that of

6

-nitro salicylaldehyde.

(iii)

The

observation (ii) suggested that with complex C, the nitro group
first entered at 3- and then at 5-position, while with complex K
the nitro group entered first at 5-position and then at
3-position,

(iv)

For the synthesis of 3 ,5-dinitrosalicyl- ^

aldehyde in good yield

complex K was a suitable starting

material; for the synthesis of 5-nitrosalicylaldehyde, the
complex J

was a suitable starting material; and for the
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synthesis of 3-nitro-salicylaldehyde in good yield, the complex A,
was a suitable starting material.

A nitration reaction of the complexes of b i s (2-hydroxyaxietophenone N-n-butyliminato with nickel (II),
different results.

From the benzene washings of reaction mixture,

2-hydroxy-6-nitroacetophenone £
acetophenone

L , gave

(h) were separated.

was characterised as the complex

and 2 -hydroxy-3,5-dinitroThe chloroform soluble product
M.

Both the chelated ligands

contained NO^ group at position 3 and 5,

The decomposition of

complex _M with HCl afforded 2-hydroxy-3 ,5-dinitroacetophenone.
The chloroform insoluble product was characterised as complex N.
Its infrared spectrum displayed a strong and broad band at
3375 cm ^ associated with
associated with ^5 “N 0
.

-The

2

;

the bands due to

^NOg

were observed at 1280 cm ^ and 1340 cm

n.m.r. spectrum of the organic compound separated

from the complex N on treatment with KCl, indicated that the
coordinated ligand in the complex
“dinitroacetophenone imine.

N

Thus the

infrared spectrum of the complex and \

was 2~hydroxy~3,5elemental analysis and
n.m.r. spectrum of the

separated ligand suggested that it was the nickel-nitrite
adduct with the imine of 2-hydroxy-3,5-dinitroacetophenone.
The separation of complex N

suggested that the intermediate

of the type b, shown in Fig.

1, rearranged to d, instead of

the complex of the type C.
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Fyoyti

^ similar nitration reaction of copper

only organic compound was separated;
be separated in pure form.

(II) complex 0,

no metal complex could

The organic product was characterised

as 2-hydroxy-5-nitroacetophenone and 2-hydroxy-3,5-dinitroacetophenone.
of complexes of
were the same.

The organic compound obtained from the treatment
2

-hydroxyacetophenone and its n~butylamine
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