CHAPTER II

EXPERIMENTAL SECTION

2.1 Materials
All reagents and solvents were analytical grade quality. The solvents were

obtained from Baker Chemical Com ethylene chloride (CH,Cl,) was refluxed

over calcium hydride (CaH>) distill iately before use. Zinc (II) acetate
dihydrate, nickel (II) acetate rate, s de, triethylenetetramine and o-
luka.

vanillin were obtainw F icylaldehyde, 3-fert-butyl-2-

hydroxybenzaldehyde, 3,5-di-leFi-bu ) l‘dehyde, hexyl isocyanate,
octyl isocyanate, 1,1.3 , etrdmel
isocyanate, 1-naphthyl isg afate/ hexar e, dii cyanate and 4,4'-methylene-
bis(phenyl isocyanatg ‘

further purification.

IR spectra were reCord'@ﬁé'N olet Ir padt 410 using KBr pellet method.
NMR spectra were recordedaiﬁééﬂ(ff:liii PMSO-d; solution on an ACF 200 MHz
s :

Bruker instrumen nent. Chemical shifts are

lio_g_x___(ppm) using tt
Elemental analyses erkin Elmm Elemental Analyzer 2400
CHN. X-ray crystallograplty, was carried outiwsing a Bruker Analytical SMART CCD

e s P18 B8 g kA b b VT s oo

using glycerol‘Us a matrix. Thermal Jproperties were studied using aql.\lftzsch DSC 200

=3
N AN S N Ve Ve YRy g scennie
calorir‘eter. All the samples were heated in DSC cell using a closed aluminium pan

under air with the heating rate of 20°C/min. Thermogravimetric measurements were

idual as internal reference.

given in parts pe

re carried out on a

performed on a Netzsch thermogravimetric analyzer (STA 409C) at the heating rate
20°C/min under air/nitrogen (50/50) atmosphere. Initial decomposition temperature
(IDT) was reported at the temperature where weight loss of the samples were
observed. Inherent viscosities of the polymers were determined at a concentration of

0.5g/100ml in DMSO at 40°C using Cannon-Fenske viscometer. Limiting oxygen
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index (LOI) data were obtained on an apparatus produced in accordance with ASTM-
D2863-70 standard. The solubility of the polymers was tested in various polar and

nonpolar solvents by addition of 10 mg samples to 2 ml of a solvent.
2.3  Synthetic Procedure

2.3.1 Synthesis of hexadentate Schiff base zinc complexes [Zn(Sal),trien
and Zn(XSal),trien]

2.3.1.1 Synthesis of bi “”l inato)triethylenetetramine zinc(II)
complex [Zn(Sal)ztrlen] /
NH; O\Z 2
QL rong e
P 4 BN N N

CHO e

Salicylaldehyde
Icy Y H\__H

Zn(Sal),trien

A cool (0-10° ief hylenetetramine (0.149 mL,

1.0 mmol) was added drop lse > éoo 1ethanol solution (15 mL) of
e

salicylaldehyde (0.244 g, D ‘acetate dihydrate (0.220 g, 1.0

mmol). The solution turned c)h?w_ 7

#
gﬂ‘f;ll "‘ w

precipitatcd from the‘l. lu erature for 10 hours. The

yellow crystals were ﬁltered and dried in vacuo to yield 0.387 g (93%) of
Zn(Sal)atrien ( m{ 2800, 1634(C=N),
1600, 1448, @‘ﬁ)ﬁ n)oﬁ mﬁm(ﬁm) o 8.13 (2H, s,

H= 2H, ¢ J=12fz),7 74 (2H, d,
Ar-H %ﬁﬁlﬁﬁ aimﬂﬁdﬁ ﬂq é‘gll) 3.21-3.48

(4H, m CH,), 2.73-2.92 (2H, m, CH,), 2.35-2.61 (4H, m, CH,). >C NMR (CDCls,
ppm); & 172 (C=N), 168, 135, 133, 133, 124, 119, 112, 56, 47, 43. FAB MS (m/2)
417.3 (C20H24N40,Zn). Anal. Caled. for CyoH2sN40,Zn.H,O: C 55.12; H 6.01; N
12.79; found C 54.65; H 6.59; N 12.79.
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2.3.1.2 Synthesis of bis(3-methoxysalicylaldiminato)triethylenetetramine
zinc(II) complex [Zn(MeOSal)trien]

ocn3 OCH,
OCH, H
oH BN T A _ ;©
2 +  Zn(OAc),.2H,0 i - / \j Y
CHO 0-10°C, MeOH
o-Vanillin \_/:

Zn(MeOSal),trien

The experiment w; V% to the procedure described in

0- v@xlllrmg, 2.0 mmol) instead of

ried in vacuo to yield 0.289 g

experiment 2.3.1.1 e
salicylaldehyde. The
(61%) of Zn(MeO
2855, 1632(C=N),

; 3428 (NH), 3310, 2906,
853. '"H NMR (400 MHz,

2.3.1.3 Synthes bis(3-et ' _y o)triethylenetetramine

OEt

&~ Ui Iuunitean e
m@aiﬁamﬂmumwmz@

Zn(EtOSal),trien

The experiment was performed according to the procedure described in
experiment 2.3.1.1 employing 3-ethoxysalicylaldehyde (0.332 g, 2.0 mmol) instead of
salicylaldehyde. The yellow crystals were filtered and dried in vacuo to yield 0.468 g
(93%) of Zn(EtOSal)strien. mp 238°C. IR (KBr, cm™); 3446 (NH), 3297, 3048, 2969,
2861, 1642(C=N), 1596, 1442, 1219, 1071, 850. '"H NMR (400 MHz, CDCls, ppm); &
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8.12 (2H, s, CH=N), 6.66 (2H, d, Ar-H, J = 8 Hz), 6.64 (2H, d, Ar-H, J = 8 Hz), 6.21
(2H, t, Ar-H, J = 7.6 Hz), 4.16-4.20 (2H, i, NH), 3.90-3.82 (2H, m, OCH,), 3.74-3.78
(2H, m, OCH,), 3.25-3.27 (4H, m, CH,), 2.82-2.84 (2H, m, CH,), 2.41-2.45 (4H, m,
CHa), 2.17 (2H, m, CHa), 1.18-1.22 (6H, 1, CHs, J = 6.8 Hz). >C NMR (CDCls, ppm);
8 166(C=N), 164, 151, 127, 119, 117, 110, 64, 56, 47, 43, 15. FAB MS (m/z) 505.2
(C24H32N404Zn). Anal. Calced. For C24H3:N404Zn.MeOH: C 55.82; H 6.74; N 10.41;
found C 55.58; H 6.85; N 10.83.

2.3.1.4 Synthesns of 1 ldlmmato)trlethylenetetramme
zinc(II) complex [Zn(Bu

‘Bu ‘Bu

t

Bu \ 0} (o)
. ', -, \Zn _—
[ s"t / \
2 +  Zn(OAC)BH,C =3 \ SCoN/ \ NS
. \ N N
1z ‘ H\—H

3-tert-Butyl-2-hydroxybenzaldghyde

Zn(BuSal),trien
The experiment ‘Was ‘7 med ing to the procedure described in
experiment 2.3.1.1 empla iydroxybenzaldehyde (0.356 g, 2.0
mmol) instead of sallcylaldeh_yw rr', vder were filtered and dried in vacuo
‘{w . _ - S
to yield 0.376 g a,I’.%) of Zn(BuSal rien. R (KBr, cm’™); 3440 (NH),

MHz, CDCls, ppm) }23 (2H, s 15 (2H, dca\r-ﬂ,J=2,7.2 Hz), 6.91
(2H, dd, Ar-H, J = 1.6 ¢ .6 Hz), 6.33 (Hgty Ar-H, J = 7.2 Hz), 4.09-4.16 (2H, m,

w0 6 A AL IS B i o

2.73 (4H, m, CH,), 2.20 (2H, s, CH,), 1.32 (18H, s, c_3) B NMR(CDCl3,p m); &
p

A TN IR

63.03; H 7.57; N 10.59.
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2.3.1.5 Synthesis of bis(3,5-di-fert-butyl-salicylaldiminato)triethylenetetra

mine zinc(Il) complex [Zn(diBuSal);trien]

‘Bu E NH
2 + Zn(OAc).2H,0
‘Bif C"N / \ <CL

CHO 0-10°C, MeOH

3,5-di-tert-Butyl-2-hydroxybenzaldehyde

H\——JH
, / Zn(diBuSal),trien
The experiment wa rfor / to the procedure described in
experiment 2.3.1.1 employi -butqbenzaldehyde (0.469 g, 2.0
mmol) instead of salicylaldchydcaThe wder were filtered and dried in vacuo

(KBr, cm™); 3435 (NH),
259, 899. '"H NMR (400
\r-H, J = 2.2 Hz), 6.84 (2H,
) (4H, m, CH), 2.99-3.01 (2H,
m, CHy), 2.54-2.64 (4F , 1.37 (18H, s, CHs), 1.28
(18H, s, CHs). °C NME l3,+ppm) C=N), 167, 140, 132, 128, 127, 117,
56, 46, 43, 35, 33, 31, 29! FAB'MS (/2) 6414 (C36HsN40:Zn). Anal. Calcd. For
CasHssNsO2Zn: C 67.32; H 8.79: N 872; found €66.90; H 8.76; N 8.72.

to yield 0.540 g (84%
3305, 3034, 2952, 2864

2.3.2 Synthes exader cate , 3 complexes
2.3.2.1 Synthesi
nickel(II) com FTle:n{ [Ni(Me©OSal)trien] o

ato)triethylenetetramine

R L NS
CHRasH TR TN,

Ni(MeOSal),trien

The experiment was performed according to the procedure described in
experiment 2.3.1.1 employing o-vanillin (0.304 g, 2.0 mmol) instead of
salicylaldehyde and nickel (II) acetate tetrahydrate (0.249 g, 1.0 mmol) instead of zinc
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(IT) acetate dihydrate. The brown crystals were filtered and dried in vacuo to yield
0.210 g (45%) of Ni(MeOSal),trien. mp 301°C. IR (KBr, cm’); 3445 (NH), 3301,
3051, 2992, 2904, 2856, 1632, 1595, 1444, 1217, 1079, 977, 855, 740. FAB MS (m/z)
471.2 (CyH2sN4O4Ni). Anal. Caled. For CyH2sN4OsNi.H>O: C 54.01; H 6.18; N
11.45; found C 54.53; H6.31; N 11.57.

2.3.2.2 Synthesis of | bis(3-ethoxysalicylaldiminato)triethylenetetramine

OEt
\Nl/

OH J ; ! . N
2 + Ni(OAc),.4H,Q TR 7N _N N_C
CHO - 7 RN
v V197 0N H\—/H

3-Ethoxysalicylaldehyde

Ni(EtOSal);trien
The experiment W S pe ‘ ‘ ! a ( g 1ie procedure described in
experiment 2.3.1.1 employing 3-éthoxys: 5‘-'_,:;‘"- de (0.332 g, 2.0 mmol) instead of
salicylaldehyde and nickél : ate (0.249 g, 1.0 mmol) instead of zinc
(IT) acetate dihydrate. The bro 4, filtered and dried in vacuo to yield
0.490 g (98%) of N’t_(ftOSal)ztnen "tﬁ'p !'33 C. R - on from reflux methanol

itable for X-ray crystattograp hic-amalysis. IR (KBr, cm™); 3444
(NH), 3277, 3046, 29?3 , 286 ﬁzo, 1086, 1047, 990, 750.
FAB MS (m/z) 499 (C24H32N404N1) Anal. Caled. For CagH3N4O4Ni3H,0: C

5“"““?1‘%“’3 TIENSNEINT

2323 Synthesns of bis(3-tért-butyl-salicylaldiminato)triethylenetetramine

o B GRRRA 113V E ’1 N

‘Bu
‘Bu H O 0.
N NH R
OH HZN/\/ \/\N/\/ 2 /N,\
2 + Ni(OAC),.4H,0 E C=N / \N=C

o
CHO 0-10°C, MeOH H (
3-tert-Butyl-2-hydroxybenzaldehyde N N

Y

Ni(BuSal)trien
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The experiment was performed according to the procedure described in
experiment 2.3.1.1 employing 3-tert-butyl-2-hydroxybenzaldehyde (0.356 g, 2.0
mmol) instead of salicylaldehyde and nickel (II) acetate tetrahydrate (0.249 g, 1.0
mmol) instead of zinc (II) acetate dihydrate. The green crystals were filtered and dried
in vacuo to yield 0.276 g (53%) of Ni(BuSal),trien. Recrystallization from reflux
methanol afforded crystal suitable for X-ray crystallographic analysis. mp 314°C. IR
(KBr, cm™); 3429 (NH), 3293, 2946, 2904, 1633, 1593, 1533, 1457, 1426, 1139, 911,
863, 748. FAB MS (m/z) 523.3 }:Ni). Anal. Caled. For CagHsoN4O;Ni: C
64.26; H 7.70; N 10.71; found

2.3.2.4 Synthesis j -buty diminato)triethylenetetra-

mine nickel(II) comp.

‘Bu ;
i ' i
2 + Ni(OAc), 48,0 AN ,
g1 CHO / \ o Bu
H
3,5-di-tert-Butyl-2-hydroxybenzaldehy: N
I H\_H
NidiBuSal,trien

dried in vacuo, to yield 0451 71% oﬂNn(dlBuS 2tr1en mp 338°C. IR (KBr,
o 08 R 3 TR v A"
FAB MS (m/z"1635.4 (C36Hs56N4O2Ni). Anal. Calc A For C36H56N®N1: C 68.03; H

“RRIAIFIURUATINYIR Y
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2.3.3 Synthesis of hexadentate Schiff base zinc urea derivatives
[Zn(Sal) trien ureas and Zn(XSal)trien ureas| from the reaction between zinc
complexes and isocyanates

R| Rl RI

t : 2 R-N=C=0 0\2n/0
e / \N—C isocyanate Ry C—N/ \\N=C\ R,

RS VAV
| '»i//‘d an(Sal)zuén ure;.s and

H\—/H

Zn(Sal),trien and Zn(XSal),tri

4 Zn(XSal),trien ureas

The isocyanate axyl isoeyanate, phenyl isocyanate, benzyl
isocyanate and 1-naph , . The general synthetic method was as follows:
isocyanate was added dropwi I ‘ solu “ »trien or Zn(XSal),trien in
dried methylene chl -The & ¢ was stirred at room temperature. The
progress of the reaction'W ed t "". sing IR spectroscopy. After stirring for 6
hours, the solution was e ed'tinder @ educed pressure to give Zn(Sal)strien or
Zn(XSal),trien urea as a y sotvder. € si was washed with hexane and
then dried under vacuo for 48 h BFS10 1 e aces of the solvent.

Crude products o Zn(XSal),trien ureas could not be

puriﬁed Since it Ire -A:_:.E-|l-ll-lﬁ. l,:;ll_tnﬁlld-hlij;i' erefore, NMR SPCCtra
i F

of these urea derivatives cc m

ﬂumvmmwmm
qma\mmwwwmaﬂ



Table 2.1 Nomenclature of Zn(Sal),trien ureas and Zn(XSal)trien ureas

22

Metal complexes R R; R; | Metal complexes R R, R,
Zn(Sal),trien urea, Zn(EtO)Sal,trien
-(CH)sCH; H H -(CH;)sCHj; OEt H
urea,
Zn(Sal),trien urea, Zn(EtO)Sal,trien
-(CH,),CH; H H -(CH,);CH; OEt H
urea;
Zn(Sal),trien urea; Zn(EtO)Sal,trien
-C(CH;)ZCHZC(CH3 1 OEt H
Zn(Sal),trien urea, D)Sal,trien
| SO
Zn(Sal),trien ureas
~(CH;)sCH; ‘Bu  ‘Bu
Zn(Sal),trien ureag
~(CH,),CHj3 ‘Bu  ‘Bu
Zn(MeO)Sal,trien n
-C(CH;),CH,C(CH3); ‘Bu ‘Bu
urea;
Zn(MeO)Sal,trien
_Q Bu 'Bu
urea,
Zn(MeO)Sal,trien
—CHTQ ‘Bu  ‘Bu
ureas
Zn(MeO)Salztrien ZadiBuSatLt
urea, OO ‘Bu  ‘Bu

Jjj

ﬂummmwmm
QW?ﬂ\ﬂﬂimﬂm’l’?\WB'}aﬂ
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Table 2.2 Synthesis data of Zn(Sal),trien ureas and Zn(XSal),trien ureas

Weight of starting materials

Metal complexes Zn-complexes Isocyanates Yi/eld
(2) HI(ml) OI(ml) TI (ml) PI (ml) BI (ml) NI (ml) i

Zn(Sal)trien urea;  0.150 g, 0.105 mL,

0.36mmol 0.72mmol ) ) ) ’ 7
Zn(Sal)trien urea,  0.150 g,

0.36 mmol ) ) ) ’ >
Zn(Sal),trien urea;  0.150 g,

0.36m : ' ) ) ‘!
Zn(Sal),trien urea;  0.150 ¢ A 0.079 mL,

0.36 m . 072mmol =
Zn(Sal),trien ureas  0.150 g 0.089 mL,

0.36 //// ﬁh\\\\ © 072mmol -
Zn(Sal),trien ureag  0.150 0.104 mL,

0.36m // “\\\\ ) T 072mmol O
Zn(MeO)Saltrien  0.200'g 2 "
urea, 0.418 m 8 10 v A \ i i i "
Zn(MeO)Salytrien  0.200 g,
urea, ) ) ’ =
Zn(MeO)Sal,trien . A < 0.092 mL,
ureas 118 I - mmol ’ i =
Zn(MeO)Saltrien 0,20 0.120 mL, 55
ureay 0 418mm 0.84 mmol
Zn(EtO)Salytrien 0. 2‘66'g, 0.115 mL,
urea, ) ) “
urea, %! 0.395 mmol 0 79 mmol - - ~
Zn(Etﬁ W 20

ﬁa\ﬂiﬂim WMINGTaY - -

ureas
Zn(EtO) Iotrien 0.200 g, 0.114 mL,
urea, 0.395 mmol ’ i i i i 0.79 mmol =
Zn(diBuSal),trien 0.250 g, 0.114mL, ) ) ) ) ) -

urea,; 0.39 mmol 0.78 mmol




24

Table 2.2 (cont.) Synthesis data of Zn(Sal),trien ureas and Zn(XSal),trien ureas

Weight of starting materials

Metal complexes Zn-complexes Isocyanates Y:Id
(g) HIi(ml) OI(ml) TI(ml) PI(ml) BI(ml) NI(ml) e

Zn(diBuSal),trien 0.250 g, 0.137 mL,

urea, 0.39 mmol ) 0.78 mmol i i i i e

Zn(diBuSal),trien 0.250 g, 0.141 mL,

urea; 0.39 mmol \ .78 mmol i ) i *

Zn(diBuSal),trien 0.085 mL,

ureay ’ i o

Zn(diBuSal),trien 0.096 mL,

ureas 0.78 mmol i =

Zn(diBuSal),trien 0.112 mL,

ureag ’ 0.78 mmol

Zn(Sal)strien urea;: IE 5, 2928, 2850, 1621 (C=N)
1576, 1465, 1342, 1254, 1 l. Calcd. For C34HsoNgO4Zn: C
60.75; H 7.50; N 12.50; foundC;B':’g

Zn(Sal),trien ureazi IR (KBr, cm ), 3/33 854, 1627 (C=N), 1574

62.67; H8.03; N 11. ﬁfo 1C 63. ; JD

Zn(Sal)trien ureaz: IR (KBr, cm™); 3366 (NH), 3075, 2954, 2897, 1634 (C=N),
1555, 1467, 7? %w Anal. Caled. For
e MY, o o
Zn(Sal)strien ureas: IR (KBr, cm™); 3426 (NH);3042, 2934, 1623 (C=N), 1600,
AN AL TR S i o B RBS o
5.22; N112.81; found C 61.93; H 5.27; N 12.85.

Zn(Sal)strien ureas: IR (KBr, cm™); 3319 (NH), 3029, 2920, 2863, 1705 (C=0),
1629 (C=N), 1569, 1451, 1268, 1341, 1268, 1190, 905, 754.

Zn(Sal)trien ureag: IR (KBr, cm™); 3429 (NH), 3273, 3049, 1633 (C=N), 1553,
1503, 1465, 1397, 1343, 1250, 1215, 1151, 769.

Zn(MeOSal)strien urea;: IR (KBr, cm™); 3333 (NH), 3054, 2925, 2853, 1626
(C=N), 1572, 1472, 1445, 1403, 1336, 1216, 1078, 973, 739.
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Zn(MeOSal),trien urea,: IR (KBr, em™); 3333 (NH), 2925, 2853, 1620 (C=N),
1576, 1470, 1336, 1269, 1215, 1078, 973, 737.

Zn(MeOSal),trien ureaz: IR (KBr, cm"); 3294 (NH), 3052, 2931, 2821, 1625
(C=N), 1544, 1445, 1404, 1313, 1240, 1216, 1077, 971, 855, 746.

Zn(MeOSal),trien ureas: IR (KBr, em’); 3312 (NH), 3049, 2906, 1632 (C=N),
1538, 1470, 1445, 1403, 1333, 1215, 1079, 971, 854, 774, 739.

Zn(EtOSal);trien urea;: IR (KBr, cm'ly ,332 (NH), 2928, 2858, 1621 (C=N), 1576,

1464, 1403, 1216, 1074, 895, 739.
Zn(EtOSal)strien ureay: IR (KBi Py , 3044, 2925, 2825, 1633 (C=N),

Zn(EtOSal),trien
1397, 1344, 1248, 1214

(C=0), 1625 (C—N),34O 144 1071379 753,
Zn(diBuSal)trien ureas: | R (KBr, cm’ v325 (NH), 3030, 2922, 2872, 1626

(C=N), 1573?14%1&]5 ’3%@ W‘j‘ w S ’] ﬂ j

Zn(diBuSal)frien ureaq: IR (KBr, cm h; 3426 (NH), 3278, 3050, 2954, 2901, 2865,

RN AN Y
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2.3.4 Synthesis of metal-containing polyureas
2.3.4.1 Synthesis of zinc-containing polyureas from the reaction between

zinc complexes and diisocyanates

] R,

/(ij ]ii'\ + O=C=N—R—N=C=0
=N / \N—C Diisocyanates
HDI; R = —(CHy)¢—

H\—/H
Zn(Sal),trien

Diisocyanates emplo ed_were ylene diisocyanate (HDI) and 4,4'-

ocyanate (MDI). The general polynierization reaction was as

-
[ %ol

diphenylmethane diis
follows: diisocyan tion of ZnSalstrien or
Zn(XSal),trien in d methylene oride (30 mL) & T'? room temperature. The

rogress of the reactio s followed by sng IR spectroscopy. The precipitated
prog Ty Qs

oY H“VI INYINT
A ANNIURIINAE



Table 2.3 Nomenclature of zinc-containing polyureas

Polyureas R R, R,
Zn(Sal),trien-HDI -(CHy)s~ H H
Zn(MeOSal),trien-HDI -(CHy)e- OMe H
Zn(EtOSal),trien-HDI -(CHy)6- OEt H
Zn(diBuSal),trien-HDI -(CHy)e- ‘Bu ‘Bu
Zn(Sal),trien-MDI pu 3 H H
Zn(MeOSal),trien OMe H
Zn(EtOSal),tri J OEt H
Zn(diBuSal),tri ) ‘Bu ‘Bu

HDI = hex e
2 ___et :
Table 2.4 Synthesis ic-€on
;i i
i ild
& S Weigl ¢ materials
- Reaction Yield
Polymer in¢ com 08 ocyanate (ml)
—— Time (hr) (%)
@);.:{ s el DI MDI
ien- 2 l 1.50 1 -
Zn(Sal),trien-HDI 0.628 E’.:"?GEZ"_}" DF mmo 6 61
Zn(MeOSal);trien-HDi, 0717 g, 1.50 mmol  0.242 ol - 6 75
1 "
Zn(EtOSal),trien- Hi" - 6 55
Zn(diBuSal);trien- Hﬁr'_10 g, 0.75 mi - 6 86
Zn(Sal),trien-MDI - 1.160 g, 2.78 mmo - 0.695 g, 2.78 mmol 4 80
Zn(MeOSal),trien-MDI Eg 1.50 mmol Qo - 0.375 g, 1.50 mmol 4 75
Zn(EtOSal),t 0.759 g, 1. ogxf m g 5 g, 1.50 mmol 4 49
‘ . " 0.124 g,049mmol 4 85

Zn(diBuSal)ztx’iqi- 318'g,0.2 9‘fﬁ'moT

a8 052 BN RLA R .

(C=0).11629 (C=N), 1544, 1467, 1341, 1150, 930, 759. "H NMR (400 MHz, DMSO-
ds, ppm); 8 8.25 (2H, s, CH=N), 7.03 (2H, d, Ar-H, J = 7.6 Hz), 6.95 2H, 1, Ar-H, J =
8.0 Hz), 6.32 2H, d, Ar-H, J = 8 Hz), 6.23 (H, , Ar-H, J = 7.6 Hz), 5.81 2H, m,
NH), 1.36 (4H, br, CHy), 1.24 (4H, br, CH,). Anal. Calcd. For CasH3eNeOsZn: C

57.39; H 6.19; N 14.34; found C 54.37; H 6.53; N 14.48.

Zn(MeOSal),trien-HDI; IR (KBr, cm™); 3312 (NH), 3044, 2928, 2856, 1632 (C=N),
1565, 1473, 1446, 1335, 1217, 1078, 972, 854, 741. '"H NMR (400 MHz, DMSO-d;,
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ppm); & 8.25 (2H, s, CH=N), 6.69 (2H, dd, Ar-H, J = 1.6, 8.0 Hz), 6.61 (2H, dd, Ar-
H, J=1.2, 7.6 Hz) 6.13 (2H, ¢, Ar-H, J = 7.6 Hz) 5.80 (2H, m, NH), 3.59 (6H, s,
OCHs), 1.37 (4H, br, CH,), 1.24 (4H, br, CH,). Anal. Calcd. For C30H4N¢OgZn: C
55.77; H 6.24; N 13.01; found C 55.60; H 6.36; N 13.04.

Zn(EtOSal) trien-HDI; IR (KBr, cm™); 3346 (NH), 3039, 2927, 2859, 1719 (C=0),
1634 (C=N), 1550, 1463, 1398, 1214, 1071, 850, 741. '"H NMR (400 MHz, DMSO-
ds, ppm); o 8.25 (2H, s, CH=N), 6.7 dd, Ar-H, J = 1.6, 8.0 Hz), 6.61(2H, dd,
Ar-H, J = 1.6, 8.0 Hz), 609(2&,\\@l 6 Hz), 5.82 (2H, m, NH), 3.74-3.89
(4H, m, OCH»), 1.35 (4H, bﬁ@)‘f 24 1.10 (6H, ¢, CHs, J = 6.8 Hz).

Anal. Calcd. For C32H44W 57 d H @47; found C 54.48; H 7.61; N
14.44. / \
Zn(diBuSal),trien- '), 3337 3034, 2951, 2863, 1624(C=N),
1531, 1457, 1437, | : R (400 MHz, DMSO-dj,
ppm); & 8.21 (2H, s, 8 Hz), 6.76 (2H, d, Ar-H, J =
2.4 Hz), 5.81 (2H, m, .
CHs). Anal. Calcd. For W g 5.21; H 8.46; N 10.37; found C 63.63; H

8.76; N 10.23. A
Zn(Sal)trien-MDI; Be. @N 3027, 2914, 1703(C=0),
1632(C=N), 1514, 1466, 1233,)*,51}#9(53/WNMR (400 MHz, DMSO-dg, ppm);
8 8.25 (2H, s, CH=N) OH, m, Ar-H), 7.03 (2H, 4,
Ar-H, J = 7.2 Hz), 695 2H. 88°(2H, m, Ar-H), 6.48-6.50
(2H, m, Ar-H), 6.32 (2 = 8.8 Hz), 6.23 (2}&, Ar-H, J = 6.4 Hz). Anal.

Calcd. For C3sH3aNgO4#ZnaC 62.92; H 5.13; N 12.58; found C 61.13; H 5.23; N

e PUBINYNINYING

Zn(MeOSal),ftien-MDI; IR (KBr om’); 3310 (NH), 3039, 2982, 2906, 2823, 1630

b MCR L b 1012

Ar-H), 6.81-6.87 (2H, m, Ar-H), 6.69 (2H, dd, Ar-H, J = 1.6, 7.6 Hz), 6.61 (2H, dd,
Ar-H, J = 1.6, 7.2 Hz), 6.48-6.50 (2H, m, Ar-H), 6.14 (2H, ¢, Ar-H, J = 7.6 Hz), 3.59
(6H, s, OCHj3). Anal. Calcd. For C37H3sN¢Og¢Zn: C 61.03; H 5.26; N 11.54; found C
59.32; H537; N 11.11.

Zn(EtOSal) trien-MDI; IR (KBr, cm™); 3308 (NH), 3042, 2924, 2854, 1631 (C=N),
1536, 1446, 1316, 1219, 1072, 970, 853, 739. '"H NMR (400 MHz, DMSO-dj, ppm);
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8 8.25 (2H, s, CH=N), 7.32-7.36 (2H, m, Ar-H), 7.06-7.12 (2H, m, Ar-H), 6.79-6.86
(2H, m, Ar-H), 6.71 (2H, dd, Ar-H, J = 1.6, 8.0 Hz), 6.61 (2H, dd, Ar-H, J = 1.6, 6.8
Hz), 6.48-6.50 (2H, m, Ar-H), 6.09 (2H, ¢, Ar-H, J = 7.6 Hz), 3.74-3.89 (4H, m,
OCHb,), 1.10 (6H, t, CHs, J = 6.8 Hz). Anal. Calcd. For C3sH42NgO¢Zn: C 61.95; H
5.60; N 11.11; found C 58.07; H 5.61; N 11.03.

Zn(diBuSal),trien-MDI; IR (KBr, cm™); 3362 (NH), 3027, 2953, 2895, 2853, 1617
(C=N), 1518, 1464, 1414, 1311, 125 765, 831. 'H NMR (400 MHz, DMSO-d;,

ppm); & 8.43 (1H, s, CH=N), ' , 6.70-7.46 (10H, m, Ar-H), 6.50-
s, Calcd. For CsiHggNgO4Zn: C

6; I¥/.5 ey

-

2.3.4.2 Synthesis 1ieke . ta g polyureas from the reaction between

. ¥ ) ﬁ\ =0
Ry - N T Diisocyanates

—(CHy)s—

N T > 8
Ni(Sal),trien — = . =OCO
gndNi(X al)striom =4 ot Ly

-

JHIE e
MRS TABATE

Disocyanate was added dropwise to the stirred solution of Ni(Sal),trien or

Ni(XSal),trien in dried methylene chloride (30 mL) at reflux under N, atmosphere.
The progress of the reaction was followed by using IR spectroscopy. The precipitated

product was filtered and dried in vacuo.



Table 2.5 Nomenclature of nickel-containing polyureas
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Polyureas R R, R,
Ni(Sal),trien-HDI -(CHy)s- H H
Ni(MeOSal),trien-HDI -(CHy)s- OMe H
Ni(EtOSal),trien-HDI -(CH,)s- OEt H
Ni(diBuSal),trien-HDI -(CHy)¢- ‘Bu ‘Bu
Ni(Sal)trien-MDI A H H
Ni(MeOSal),trien-M OMe H
Ni(EtOSal),trien- OEt H
Ni(diBuSal)trie Ok ‘Bu ‘Bu

HDI = hexam e
Table 2.6 Synthesis ofini
& fé_'-'e erials
= Reaction Yield
Polymer GIET cyanate (ml)
Nickel'compiexes (g)—— Time (hr) (%)
‘ o adbnetd o LA 1 MDI
st s
Ni(Sal),trien-HDI 2.156 g,. -;j:‘_}mr}q_l: ; : 4.98 mmol - 6 70
Ni(MeOSal)trien-HDI+,  0:354 g, 0.75 mmol  0.121 m ol - 6 61
Ni(EtOSal),trien-HD 1 - 6 70
Ni(diBuSal),trien-HDI .:1) 0.75 n - 8 57
[ 1)
Ni(Sal),trien-MDI ~.2.156 g, 4.98 mmo = %1.246 g, 498 mmol 4 72
Ni(MeOSal),trien-MDI 0‘3&, 0.885 mmol QS - 0.221 g, 0.88 mmol 4 70
i(EtOSal),tri i TR S T 2 .
Ni(EtOSal),tri wp gl 22 @To ‘j g ﬂﬁ,zn mmol 4 79
Ni(diBuSal)ztn'qﬂM 477g,0.75 mmol =~ - 0.187g,0.75 mmol 4 64

wAH AR IR UBIINHA Y 7 e

1258, ﬂ158, 1079, 912, 761, 731, 644. Anal. Calcd. For Cy3H3sNsO4Ni: C 58.05; H
6.26; N 14.51; found C 56.49; H 6.42; N 14.42.
Ni(MeOSal),trien-HDI; IR (KBr, cm™); 3423 (NH), 2930, 2847, 1632 (C=N), 1564,
1473, 1442, 1337, 1216, 1079, 976, 853, 740, 643. Anal. Calcd. For C30H4NgOgNi: C
56.36; H 6.31; N 13.14; found C 57.35; H 5.81; N 9.65.
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Ni(EtOSal),trien-HDI; IR (KBr, cm™); 3337 (NH), 3044, 2930, 2853, 1701 (C=0),
1628 (C=N), 1570, 1465, 1324, 1217, 1078, 894, 740. Anal. Calcd. For
C3H44NgOgNi: C 57.59; H 6.64; N 12.59; found C 53.68; H 7.34; N 12.65.

Ni(diBuSal)trien-HDI; IR (KBr, cm™); 3310 (NH), 2949, 2862, 1687 (C=0), 1630
(C=N), 1530, 1462, 1436, 1259, 1160, 1090, 877, 793, 739. Anal. Calcd. For
Ca4aHegNgO4Ni: C 65.75; H 8.53; N 10.46; found C 64.31; H 10.41; N 9.09.

Ni(Sal);trien-MDI; IR (KBr, cm™); 3309 (NH), 3019, 2903, 1693 (C=0), 1639
(C=N), 1598, 1536, 1511, 1449 {‘ W, 1188, 1149, 1121, 907, 813, 757.
Anal. Calcd. For C35H34NgO :,Mn_k_':\"'v . 12.71; found C 61.32; H 5.9¢; N
Ni(MeOSal);trien-M
1512, 1442, 1411,

T ——
1 3417 (NI1);2901, 1633 (C=N), 1601, 1544,
9/

%:ﬁ Salcd. For Ca7HigNsOgNi: C
61.60; HS.31;N 11 18 F ~;§\‘~§

Ni(EtOSal)trien-MD 23308 (NH), 3034, 2962, 2902, 1709 (C=0),
(1407.4° 171,903, 741. Anal. Calcd.
60.20; H 6.60; N 10.50.

H), 3029, 2952, 2904, 2867,
4, 1234, 1158, 1072, 909, 791. Anal.

149; found C 65.38; H 8.05; N 8.78.

1640 (C=N), 1599, 154
For C39HaNgOgNi:
Ni(diBuSal);trien-MD ™)
1707 (C=0), 1631(C=N), 1528; 1461,
Caled. For CsiHgNsONi: C 69155 H

Y X

y g
AUEINENINGINS
RIANTUNRINYINY
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