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SYNTHESES AND CHARACTERIZATION OF NEW SCHIFF 
BASE POLYMERS AND THEIR COPPER(I1) AND NICKEL(II) 

CHELATES 

M.Y.  Khuhawar and 0.H. Channar 

Institute o f  Chemistry, Unidersity o f  Sindh. 
Jame-horo, Sindh. Pahistan. 

CIESTRCICT 

Four new Schift base polyemrs poly S,"-methyiene- 
bis-salicylaldehyde-tetramethylethylenediimine(PNSATen1, 
poly5,5'-methylenebis-salicy1a1dehyde-meso-st~1bene- 
diimine~meso-PMSAS),po~y5,5'-methylenebis-sal~cylalde- 
hyde-dl-stilbenediimine(d1-PMSAS) and poly5,5'- 
methylenebis-salicylaldehyde Z,b-diimino~yridine(PMSAPI 
and their copperlI1) and nickel(I1) chelates have been 
synthesized. They have been characterized by elemental 
micro-analysis, intra red and ultraviolet/visible 
spectrophotometry. The reduced viscosity of PMSATen, 
meso-PMSAS and dl-PMSAS measured in tetrahydrofuran 
( T H F )  was found in the range  o f  0.135-0.315. 

INTRODUCTION 

A number of Schiff base polymers have been 
reported [I-51 by polycondensation of tereohthaldehvde 
L6.71 glyoxal r 7 1 ,  bissalic~laldeh~de-5.5'-sulfone 
C2.81, S,5'-methylenebis-salicylaldehvde [ l , S , f 3 , 1 1 1 ,  
4,4'-dihydroxy-3,3'-diacetYlbiphenyl [12] ano 3,3'- 
diamino-4,4'-ditormyldiphenylsulfone [131 with different 
diamines. They have attracted attention a 5  solid phase 
in gas chromatography C141 and as catenation ligands. 
where they have been studied as coordination oolymers 
[ll,12]. Thermal stability of Schiff base polymers is 
also reported as comparable to polyamides [ 5 ,  7-81. In 
the present work some new polym@ric Schiff bases and 
their copper(I1) and nickel(11) chelates have been 
prepared and characterized. 
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EXPERIMENThL 

KHUHAWAR AND CHANNAR 

Preparation ot Poly-5.5 -methylenebi~~salicyl- 
~~Jehyde)meso-sti_lbenediimine(mesoPMSA-S) and p o l v - 5 &  
- m ~ t h y l e n e b i s ( s a l ~ ~ ~ - a l d e h y d e J d l - s t i l b e n e d i i r n i n e -  - -- 
(_d 1 -PMSAS) . 

T o  the solution ot 5.5 -methylenebis-salicyl- 
aldehvde \13.521 q )  in tetrahydrofurn (THF) ( 3  mll and 
acetic acid glacial ( 1 ~ 1  mll was added meso- 
sfilbenediamine 1Q.22 q )  or dl-stilbenediamine 10.22 g )  
dissolded in fHF (5 ml) and acetic acid ( 5  rnl I .  The 
m:/ture was rotlured for 2 hrs. The miAture was 
diluted with ~ t n a n o l  t513 ml\. The nrecioitate cbtained 
w c s  tiltered and washed with water. ethanol and cliethvl 
ether. Procipi tate wa5 recr-s,tal lized t rom 
tEtrahydroturn-ethanol (1:1). 

P_reeparation of P o l ~ - 5 . 5 ’ - m e t h y l e n e b i s ( s a l d e h y O e ) -  
tetramethylethylenediimine(PMSATenL 

To a solution of S,5‘-rnethylenebi~-salicylaldehyde 
(‘5.52 g )  in THF ( 5  ml) and acetic acid (10 ml) 
wc,s added tetramethylethylenediamine in diethyl ether 
( 0 mll. The mixture was refluxed for 2 hrs and the 
volume of the solution was decreased to half. The 
rc’maining solution was diluted with ethanol ( 5 0  ml). 
Precipitate formed was filtered and washed with water, 
e hanol and diethyl ether. The product was 
rt~crystalizied trom tetrahydrofurn: ethanol ( 1:l). 

PJeparation of Po1~-5.5’-meth~lenebis(salic~laldeh~de)- 
2.6-diirnino~yridine(PMS~P) 

5,5’-Methylenebis-~alicylaldehyde (1.2 9) 
dissolved in THF ( 5  ml) and acetic acid glacial ( 1 0  ml) 
WJS added freshly recrystal 1 ized 2.6- 
diarninopyridine(O.22 q )  dissolved in tetrahydrofurn ( 5  
ml ) .  The precipitate appeared qccickJy, but the 
mixture was heated on water bath for 30 min. The 
mixture was diluted with ethanol (50 ml ) . Precioi tate 
wcs filtered and washed with water, ethanol, THF and 
diethyl ether. 

P r e p a r a t i o n ~ C o o o e r ( I 1 )  and FlicL.el(l1) Chelates 

To the solution ot PMSATen. meso-PrlSAS or dl-PMSAS 
( (  . 5  q )  in THF ( 2 0  ml) w a s  added soluti@n 3 t  nickel( 1 1 )  
acetate (0.5 a 1  or copper(I1) acetatetO.4 g )  dissolved 
ir THF I 2 0  ml I. The mixture was added acetic acid ( 1  
m ) and refluxed for 15 rnin. The mixture was allowed 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



NEW SCHIFF BASE POLYMERS 525 

cc cool at room temperature and was ~tirrec 
continuously for 6 days. lne precipitate was filtered 
and washed with water. ethanol 1HF and diethyl ether. 

5.5 -Methylenebis-salicvlaldehyde was prepared ac- 
reported by Marvel and Tarkov [ l l .  Meso and dl- 
stilbenediamines(l,2-diamino-l.~-diphenylethanei were 
prepared as reported C15.163. meso-Stilbenediamine was 
prepared from hydrobenzamide to amarine. N-benzoy I -  11- 
acetyl-meso-stilbenediamine and meso-stilbenediamine 
1151. dl-Stilbenediamine was prepared t rom 
hydrobenzamide to amarine. isoamarine. N-benioyl-N- 
acetyl-dl-stilbenediamine and dl-stilbenediamine. 
Tetramethylethylenediamine~~,~-Diamino-2,3-dimethyl- 
butane) was prepared by the reduction of 2.3-dimethvl- 
2.3-dinitrobutane with granular tin in hvdrochloric acid 
using reported method C171. 2,6-d1aminopuridine ( E .  
Uerck) was recrystallized from n-herane before use. 

Elemental micro-analyses were carried ou? b\i t iEJ- 
Research Institcite cf Chemistr\,, University of Yarschi. 
Infra red spectra ot the compounds in kBr lilere reccrced 
on Perkin Elmer 1430 IR spectrophotometer 14ithin 4 0 ~ 0 -  
200 cm-'. Spectrophotometric studies in T H F  and 
dimethyl sulfoxide (DMSOI were carried out on Hitachi 
220 Spectrophotometer. The viscosities of meso-PMSAS. 
dl-PMSAS and PMSATen in THF L 1 g in 1Ov ml solvent 6 

were measured at 30°C f ( J . ~ ' C  usina susoended .e.'eI 
viscometer 1 Technic0 ASTMD 445 1 .  Gal !ep.Xamp vic-ccmet~r- 
bath ?IS615 was used to control the temperarure. 
Peduced vasoci ty (-red) w~as calculated b., 3lvldl?c 
specific viscosity Insp) ~ i t h  concentratior q:lW; ml I .  

RESULTS AND DISCUSSION 

In the present work tour polymeric Schift bases 
habe been synthesi:ed by the poly condensation ct 5 . 5  - 
methv lenebis-sal icy la ldehyde with dif feren t diamines. 
LFig.11 The compounds were obtained in good /ield 1 ' 1 ) -  

90% theori tical I. Polymer PllSAP readil. precipiCZted 
from the reaction mijture in T H F .  but reaction mitture 
was heated on water bath to complete the reactlcn. 
pblvmers meso-PMSAS. dl-PMSAS and PMSATen are soluble 
in THF and acetic acid mixture, and the product was 
isolated after the addition of ethanol. Po1,mers 
PMSATen, rnec-o-PMSAS and dl-PMSAS are soluble in 
THF, DMSO, ethyl acetate and N,lU -dimethylformamide 
(DMF). but PMSAP is only slightly soluble in DMSO. l h e  
copper(I1) and nicLel(I11 chelates of P M S A T e n .  meso- 
PMSAS and dl-PMSAP were easily prepared. fol lowino 
qeneral svnthetic procedure. but a i f  ficul ties were 
encountered in the preparation o f  copper( 1 1 )  and 
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KHUHAWAR AND CHANNAR 

L Jn 

[ I v J  PMSAP 

=ig.l S t r u c t u r a l  d iagram o f  S c h i f f  base polymers and 
t h e i r  po l ymeta l  che la tes .  

I i c l r e l ( I 1 )  c h e l a t e s  o f  PMSAP. because o f  i t s  low 
j o l u b i l i t v  i n  most o f  t h e  s o l v e n t s .  The me ta l  c h e l a t e s  
prepared were a l s o  s l i g h t l y  s o l u b l e  i n  DMSO. The 
r e s u l t s  o f  e lemen ta l  m i c r o  a n a l y s i s  { T a b l e  1 )  agree 
reasonably  w i t h  t h e  expected va lues .  

Thr. S c h i f f  base polymers i n d i c a t e  a s t r o n g  band 
around 1630 cm-l cor respond ing  t o  hydrogen bonded V C=N 
and two bands a t  1590-80 cm-L and 1490 cm-*due t o  vC=C 
v i b r a t i o n s .  The compounds meso-PMSAS, dl-PMSAs and 
PMSAP i n d i c a t e  a week. band around 1660-55 cm-*, may be 
due t o  -C=O presen t  as an end group.  Comparing t h e  
r e l a t i v e  i n t e n s i t y  o f  t h e  bands observed a t  1630 cm-l 
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RESULTS OF ELEMENTAL MICRO ANALYSIS 

N4HE OF COMPOUND cwmi mmn M.P. YIELD EXPECTED t 
‘C THEORITlCRL FWND 1 

x C H N 

1. reso-PHSAS 

2. II-PHSPIS 

3. PHSATen 

4.  PNSAP 

5 .  reco-PHSASCu 

6. reso-PMSAShi 

7 .  dl-PHSIISCu 

B. dl-PHSASEli 

G .  PFSl!enCu 

10 YbATeafii 

80.523 
e0.1~4 

00.513 
79.455 

74.961 
74 a 432 

75.870 
77.521 

70.50 
L’I.Sl 

71.19 
7 1 , N  

?<‘,Xl 
70.85 

71.19 
70.85 

03.57 
L3 .12  

64 .15  
64.50 

5.595 
5.605 

5.w3 
5.57b 

7.193 
7.14b 

4 . 4 3  
4.523 

4.49 
4.49 

4 - 5 2  
4.52 

4.44 
4.62 

4 .52  
4.62 

5.57 
5.13 

5.65 
5.05 

b.401 
5.734 

b.401 
5.419 

8.331 
e.253 

12.322 
12.183 

5.67 
4.67 

5.75 
5.13 

S.b? 
4.84 

5 . 3  
4.H 

7 -04 
7.15 

1.13 
6.50 

and 1660 cm-’, i t  is observed t h a t  weakest band a t  1660 
cm-A is observed i n  PMSOTen f o l l o w e d  by i n  sequence. 
w i t h  i n c r e a s i n g  r e l a t l v e  i n t e n s i t . /  i n  dl-PMSAS. meso- 
PMSAS and PMSAP. The compoud PllSCITen i n d i c a t e s  t w o  
peaks a t  13Bcl and 1370 cm- ’  due t o  C(CHsll groups 
c o n t r i b u t e d  t rom d iamlne .  A s t r o n g  band 1s observed in 
t h e  S c h i f f  base po lvmers  w l t h i n  1275-70 C m - L  due t o  
p h e n o l i c  C-0 bond ~ i b r a t l o n  L q . 1 1 1 .  
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523 KHUHAWAR AND CHANNAR 

The band observed around 1630 cm-1 i n  PMSATen, d l -  
PPSAS and meso-PMSAS s h i f t  -1Qcm-+ i n  c o p p e r ( I 1 )  and 
n i c k e l ( I 1 )  c o o r d i n a t i o n  polymers and i s  observed a t  
lt20 cm-l [lo]. f o l l w o e d  by a shou lde r  around 1605 
cn-l. The n ick .e l  ( T I  1 and copper (  1 1 )  p o l y c h e l a t e s  a l s o  
i r d c i a t e  bands w i t h i n  1533-30 cm-L a n d  1470 crn-l. The 
s t i f t s  i n  band p o s i t i o n  i n  p o l y c h e l a t e s  a s  compared t o  
S c h i f f  base polymers may be a t t r i b u t e d  t o  c o o r d i n a t i o n  
w ~ t h  meta l  i o n s .  A number o f  bands a r e  observed w i t h i n  
9C80-65V c m - "  due t o  o u t  o f  p l a n e  C-H v i b r a t i o n s ?  
c t t a r a c t e r i s t i c s  o f  a d j a c e n t  a romat i c  hydrogen atom.; i n  
a 1 t h e  compounds. Comparina t h e  1R s p e c t r a  o f  t he  
S , : h i f f  base polymers and t h e i r  p o l y c h e l a t e s  a band is 
oliserved i n  copper and n i c k e l  p o l y c h e l a t e s  w i t h i n  46'5- 
5'1 nm, wh ich  c o u l d  be due t o  me ta l  l i g a n d  v i b r a t i o n s  
c 81. 

A number O T  s o e c t r o ~ h o t o m e t r i c  s t u d i e s  have keen 
rEnor ted  on monomeric S c h i f f  bases and their metal 
d E r i v a t i v e s  r19.203. S ~ i t  a few a r e  a v a i l a b l e  on 
pc.1 ~ymeric S c h i f f  bases and t h e i r  meta l  d e r i v a t i v e s  
C ~ 0 3 .  The s p e c t r o p h o t o m e t r i c  s t u d i e s  o f  PMSAren. d l -  
PPISAS and m e s o - P P I S A S  were c a r r i e d  o u t  i n  THF and PPlSAP 
arid copper and n i c k e l  p o l y c h e l a t e s  were c a r r i e d  o u t  i n  
DrISO ( t a b l e  2). The p o l y m e r i c  S c h i f f  bases i n d i c a t e  
t \ Jo  t o  f o u r  bands w i t h i n  380-240 nm. The compounds d l -  
PllSAS and meso-PMSAs i n d i c a t e  a band a t  241 nm and 
crimpounds dl-PMSAS, mesa-PMSFIS and PMSATen i n d i c a t e  a 
band w i t h i n  254-258 nm. However PMSAP i n d i c a t e  a 
s ~ m i l a r  band a t  260 n m  i n  DMSO. The band cou ld  be 
acssigned t o  H-H* t r a n s i t i o n  i n  benzo id  r i n g s  and C=N 
gB-oups [18, 211. A band i s  observed w i t h i n  329-335 nm 
i l l  a l l  t h e  f o u r  S c h i f f  base polymers. A s i m i l a r  band 
h.35 been ass igned t o  n-n* t r a n s i t i o n  i n  con jugated  
arometh ine C223. The compound PMSAP d l 5 0  i n d i c a t e  
b,nnds a t  288 n m  and 380 n m  i n  DMSO. The former band 
mny be due t o  i n t r a  l i q a n d  n - ~ *  t r a n s i t i o n ,  b u t  t h e  
l a t t e r  is o f  lower  r e l a t i v e  i n t e n s i t y  and may have 
o - i g i n  f rom n-n* t r a n s i t i o n ,  

The c o p p e r ( I I 1  and n i c k e l ( I 1 )  p o l y c h e l a t e s  
i i d i c a t e  f o u r  t o  f i v e  bands w i t h i n  258-365 nm. A l l  t h e  
p ~ l y c h e l a t e s  i n d i c a t e  a band w i t h i n  258-65 nm and 
PISFITenCu, dl-PMSASCu, meso-PMSASCu and dl-PMSASNi 
i i d i c a t e  a l s o  band w i t h i n  278-288 n m .  The band may be 
d i e  t o  R - H *  t r a n s i t i o n s  i n  benzo id  r i n g s .  T h e i r  
p ~ s i t i o n  s l i g h t l y  d i f f e r e n t  t han  S c h i f f  base polymers 
msy be due t o  b e t t e r  c o o r d i n a t i o n  w i t h  meta l  i o n s .  The 
c J p p e r ( I 1 )  p o l y c h e l a t e s  i n d i c a t e  a band w i t h i n  375-80 
nn, b u t  co r respond ing  band i n  n i c k e l  compounds i s  
o3served w i t h i n  330-350 n m  due t o  i n t r a  l i g a n d  H - R *  

t - a n s i t i o n  as f o r  l i g a n d s .  The n i c k e l  compounds 
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NEW SCHIFT BASE FQLYMERS 529 

THF 

THF 

THF 

DNSO 

DllSO 

DnSB 

Dnse 

~ n 5 5  

@)Is@ 

MSO 

0.135 2k1(386l, 28513951 
33111791 

0.153 24113561, 256(4031 
33211543. 

260(8121, 2781 b581 I 

37512521, 5651581 

- 26511621, SSO(231, 
416(12], 4k5l81. 

indicate a band within 416-22 nm, but a corresponding 
band is not visible in copper(I1) compounds. The band 
may be assigned to charge transfer a5 reported for 
nickel(II1 chelates of  monomeric Schiff base5 [29] .  
The copper polychelates indicate a band within 550-65 
nm, but corresponding band in nickel polychelates 
absorb within 445-65 nm. The bands mav be due to d-3 
transitions. 
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5 30 KHUHAWAR AND CHANNAR 

The reduced viscosities o f  PMSATen. dl-PMSAS. and 
meso-PMSAS showed low values (n red Q.135-O.Z.15). gut 
for PMSAP could not be determined because st low 
solubility in THF and DMSO. Similarly low y r e d  
~iscosities have been reported for related Schiff bases 
C91. 
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