Salytrien are stronger than free form Vangtrien. Table 9 also shows that Vamtrien
and its zinc complex contains two more donor atoms (O3 and 04) compared 1o
Sahtrien and its zinc complex. Due 10 dipole moment of ZnSal;trien (7.232 D) and
ZnVamtrien (5.5562 D), ZnSaljtrien can easier dissolve in polar organic solvent
such as DMSO than ZnVangtrien complex.

B3LYP/6-31G(d) optimized geometrical data of ZnSalytrien and
ZnVanytnen were obtained and compared to X-ray crystallographic data. The
BILYP/6-3 1 G(d) opuimized structure of ZnSal;trien and ZnVangtnen are in good

agreement with the X-ray crystallographic data as listed in Table 10

4. Conclusions

ZnSaljtrien and ZnVamgtrien, have been synthesized and characterized
Structure determination of ZnSaktrien and ZaVamtrien by X-ray analysis show
that both zinc complexes have a bent-shaped conformation with the slope-plane
moieties that contain aromatic rings. The Zn atom is coordinated by two phenolic
oxygen ligands and for amine ligands to form a distorted octahedral geometry
Protonation constants of the ligands Salitrien and Vamtrien and stability constants
with their zinc complexes were determined by potentiometric titration. Structural
optimization of Salstnen, Vanstrien, ZnSahtrien and ZnVanstnen were carried out
and binding energies of ZnSaktrien and ZnVamtrien were obtained by quantum

chemical ealculations

4. Supplementary material
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The crystallographic data (excluding structure factors) of ZnSalstrien and
ZnVan;trien has been deposited with the Cambridge Crystallographic Center as
supplementary publication no. CCDC-203555 and CCDC-##&###_ respectively.
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Fig. 1 An ORTEP diagram of ZnSal;trien. Ellipsoids are drawn at 50% probability
level.
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Fig. 2 An ORTEP diagram of ZnVanytrien. Ellipsoids are drawn at 50% probability

level




Fig. 3 Polymeric chain formed by N-H---O hydrogen bonding (d[N3--02(-x+1, y, -

2+ 1/2)] = 3.149(3)A and d[N4--Ol(-x+ 1/2. -y+ 172, -2)] =3.136(3)A).
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Fig. 4 DSC thermogram of ZnSalstrien.



Fig. 5 Morphology of ZnSal;trien observed by POM at 213°C on heating
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Fig. 6 X-ray diffractograms of ZnSalatrien at (a) room temperature, (b)210°C and (c)
220°C.




100 -

s 8 8

% Sal trien

Fig. 7 Species distribution plot of Saltrien, denoted as L, and ZnSalstrien in 1 00 x
10? M BuyNCFyS0 in methanol at 25°C, Cza, = 7.685 x 10* M.
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x 107 M BusNCF,S0, in methanol at 25°C, Czq = 8325 x 10°M
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Fig. 9 BILYP/6-31G(d)-optimized structures of (a) free form, (b) complex form of

Salytrien, (c) free form and (d) complex form of Vanstrien

&7




=i

B = . c - w”
o B T * 5 il il g

Hezadentate Schill base zinc complexes
(ZaSalytrien, R = H; ZaVanytrien, R = OMe)

Scheme 1 Synthesis of ZnSakirien and ZnVanytrien




Table 1 Crystal data and structure refinement for ZnSakytrien and ZnVanatrien

complexes

ZnSalstnen ZnVaninen
Empincal formmia Cao Hye N, 0, Zn Crz Hs N, O, 20 g
Color/shape pale yellow/needie pale ycllow/prism
Formuls weight 471 8% 477 85
Space group Cle Ce
Temperature 19U K 293K
Cell constants A= 15662400 A, a= IRBISS(N) A,

b= 16.4014(3) A b= 7.551(1)

c=173847(4) A, c = 15.38%(1),

B = 102.16%(1) P=91.428(1)
Cell volume () 4365.56(15) 2170.02¢5)
Formula units/unit cell 8 4
F(000) 1984 1000
DoadMg m™) 1.436 1.463
fhote{mum™) 1.164 1168
Diffractometer/scan Bruker SMART CCD Bruker SMART CCD
Radiation used. graphite monochromator Mo Ka (3=0.71073 A) Mo Ka (k=0 71073 A)
Maximum crystal dimension (mm) 0.075x0 025x0.375
Reflections measured 15,969 7,755
Index ranges A9<h<22 -23cks-23-245 <13 -23sh<25 Bsk<10, 21kl
Datw/'parameters 6,2931/387 4.910/380
GOF | D4 1014
RywR. Tor observed reflectuion 0046 110 DRO2 0027400064 |
1P2ath))
R\/MWry for all data 0.0890/0 0948 0.0370/0.0674
Largest resolution peal/hole (e A*) 0,292, 0308 0.220, 0.416
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Table 2 Bond lengths (A) for ZnSalstrien and ZnVan;trien complexes

ZnSahtrien A ZaVangtien A
Za(1-0K1) 2.087(1) Za(} (1) 2.063(%)
Zn(1-0(2) 1.091(1) Zn(1}0Q)  2.055(4)
Zod1)-N(1) 2.125(2) Zn(1RN() 21475
Zna(1)-NE2) 2.14%2) Za(IpN@) 214609
Zo(1)-N(7) 1.224(2) Za(RNG)  22955)
Zn(1)-N(4) 1222(2) ZolIPN4)  2.228(6)
C{1)»011) 1.318(3) Cn-0tl) |.3086)
C(1)-C(2) 1.414¢4) CN-Ce2) 1.455(9)
C(N-Ci6) 1. 415(4) CN-C(6) 1. 492(%)
C2rC3) 1.373(%) C2-04) 1.340(8)
C(3)-C4) 1.380¢6) c@-C) 1.355(3)
C#-C(3) 1.345(6) CEXCHW)  1420012)
C(5)-C(6) 1.407(4) C(4)-C(5) LA1%(11)
CE»C(m 1 440(4) C(5)-C(6) L371%)
C(TEN(1) 1.270(3) Cl6)-C(T) 144 1(8)
C(B)-N(1) | 467(4) CT-N()  1.290(T)
C(8)-C(9) LS17(5) C(8)-C(9) L501(10)
C(9r-N(3) 1 460¢4) CrE-N(1) 1.503(7)
CI0pNG) | 4844) Co-N(Y) 1.485(%)
C10}-C(11) | 500(5) CO0RC(Iy  1L.5114)
C(11)-N(4) 1. 4T3(4) CLI-N) L51N9)
C(12)-N(4) | 469(4) C{IENM) 1458
C(12)-C(13) 1.526(4) CLI12)-N{4) 1.464(10)
C(13)-N(2) 1 467(3) CrIC(13) 1 566{9)
C(14p-N2) 1276(3) COENG)  1L4aME)
C(14)-Ce15) | 44103) ClIaN2) 1.288(7)
C(15)-C(16) 1 406(4) C(14)»-C(15) L4589
C(13-Can 1 426(01) CI5pC2m) 1.367(9)
C6)-LiT) 1.365(4) COSRCLie) 14737
COIN-C(18) 1.376(5) CO6»CHI7) 1.299%(12)
C(18)-C(19) 1.369(4) 1402013

COM-C(Im)
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Table 3 Bond angles (°) for ZnSal;trien and ZnVamtrien complexes

ZnSalicn ™ ZaVantrian "

M1-CECO) 10892)  CO-C@ero) 12285)
N(3)-C(9)-C(8) 110.903) NOD-CTCL8) 126.8(5)
NE3)-CO0RCO11) 110303) COR-CE) M) HLIS)
N(41-C(111C10) 109.303) N()-O9)-008) 110.7(6)
N{4)-C(12)-C(13) 110.6(3) ullmm 110.46)
N(2)-C(13)-C(12) 108 6(2) N{4)-C(11)C(10) 105.646)
NICOI41C(15) 126.142) N(4)-C(12)-C(17) 108.7(6)
COI6)-C(15)-C(20) 119.42) N(2)-C(13)-C(12) 108 8(5)
C{16)-C(15)-C(14) 116.7(2) N(2)-C(14)-C(15) 127.1(6)
C(20)-C(15)-C(14) 123.9(2) CRON-C(15)-Cr14) 123.2(5)
CUT-C(16)-C(15) 122.3(3) C(20)-C(15)-C(16) 121.8(6)
C(16)-C(17)-C(18) 118.503) C{14)-C15)-C(16) 114 9(6)
C(19)-C(18)-C(17) 121.603) COM-COB-CI1S) 119.57)
C(18)-C(19)-C(20) 121 803) C(16)-COM-C(18) 121 5¢6)
O(2)-C0-C(1Y) 120.2(2) CO9N-COIBR-C(IT) 8%
O(2)-C{20)-C(15) 123,4(2) C(18)-C(19)-00) 123.0(7)
CU9MCR01C(15) 116.342) mmm 122.107)
COi-O(1)-Zn( 1) 12047014 OO)RC(19-C(20) 114.8(5)
C0)-0(2)-Zn( 1) 121,67(14) mmm 126.5(5)
O(1-Zn( 14002y 96.08(6) O(2)-C0)-C(19) 118.0(6)
O 1-Zn(1)-N( 1) BAOHT) mi}-cc:*n-q 19) 115.4(5)
O -Zn( 1)=N(1) K9 BO(T) mlm 119.2(¢%)
OC1-Zn(1)-N(2) K7.94(7) TN Z0(1) 126.1¢4)
O(2)-Znt 1)-N2) B3 94(7) CO8)-N(I »Zon(1) 114.1(4)
N(1-Znl 1E-N(2) 170.0X8) Cl14)p-N2-0(13) 11K 1(6)
O(1)-Zad13-Ni4) 94.73(7) C(14)-N(2)-Za(1) 123.5(4)
O(2)-Zn{ 1)-N(4) 15K 440%) C[II)-N(’.I‘}MH 117 4(4)
N2l | 3=Ni4) 10y T4%) COORNGRC(I0) H6.7(5)
N2l 1)-Ni4) TIENY) COOMNGHZn(1) 104 3(4)
O 1)-Zni 1)-N{3) 159.02(8) Ctlﬂ-ﬂi}-h{l} 104 4(4)
O(2)-Znd 1)-N(3) 96.27(7) CONENE-C(12) 115.4(5)
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Table 3 (cont.)

ZnSal:nen ") ZaVaniricn ™
N(-Zn(1)-NG) T8.14(9) T Za() 111.7(3)
N(2)-Zn( 1)3-N(3) 110.21(9) C(12)-N(4)-Za(1) 106.6(4)
N4 Zof 1-N(Y) T9.57(9) C(1)-0(1)<Zn(1) 129.7(4)
C(T)-N(1)-C(8) 119.2(3) CuMO2)-2n(1) 128.4(4)
CT)N(1)-Zn( 1) 121.8819)  C21-O0)C19) 117.2(6)
Ci8)-N(1)-Zn( 1) 115400 caroMHcRn 116.4(6)
CUI4)-N@2)-C(13) 117.5(2) mmll}qn 108,21(5)
C(14)N(2)-Zd 1) 12167(16)  O@)-Za(1)}-N(1) 91.11(18)
C(13)-N(2)}-Zn( 1) 1154%(18)  O(1):Zn(1)-N(1) 86 21(18)
CE9)-N(3)-C(10) 133 O Zn 11-N2) 86.0417)
C(9)-N(3)-Zn(1) 107.46(19)  O(1)-Za(1)-N(2) 90.92(17)
CO10)-NG)»Zn(1) 107.11(19)  N{1)-Za(1)-N(2) 175.12(6)
C(12)-NE»-C(11) 13.70) O(2)-Zn(1)-N(4) 154.33017)
ClI12)-N(4)-Zn(1) 10742(17)  O(1)-Za(1)-N(4) 90.9(2)
C(1 1)-N(4)-Zn(1) 107.92(19)  N(1)-Zn(})-N(4) 107.52(19)
N(2)-Za(1)-N(4) 76.43(18)
OQ)-Za(D-NG) 89.54(18)
Of1)-Zn{ 1)-N(3) 156.63(16)
N(T)-Za( [)-N(3) 75.17(19)
N(2}-Za( 1)-NE) 105.74(18)
77.59(8)

N(4)-Zn(1)-N@3)




I
. Table 4 Atomic coordinates and equivalent isotfopic displacément parameters with
. e s.d's in parentheses for ZnSal;trien and ZINIILOI"- complexes.
e
fl AR ;
Zn(1) 15(1) 1300l B1}1) mli
. N(1) 6510)  11S)6)  2130(3)  38(1)
NG) 4200)  12056) -505()  370))
' NEY) I800)  J6AE)  1465(4)  IN(1)
N(4) 620) 36K 1TIM)  44(1)
l (1) 925(2)  -3OKS)  47NR) Htf)
042) ©97(2) 295 1129 420))
. O3) -l47203)  -2515(6)  195203) '
O(4) 1708(3)  -2501(6) -325(3)
. c) 534) 314N 2398(4)
Cl10) 75(4) S125(8)  1274(6)
' can 176(4)  S244(8) 316(5)
' C(12) $4(4) 313 -T4R(9)
. C(iy) -181(4)  2405(9) -1128(4)
' C(14) 858(3)  -I5(8)  -794)
C(15) -120203)  -1315(7)  -276(4)
. C(16) -1681(3) -23BO(T) -79N(5)
C(in 2021(5)  -3765(10) -392(6)
. cas 2001(4)  -3T65(8)  522(6)
Ci{19) “154643)  -25THR(B)  1018(4)
' Cao) LLIS3)  -130%7T)  6G20(4)
ce21) 2155(4)  -3597(10) -769(6)
l C(22) 1939(5)  -3610(11) 23TH(6)
ZnVan;tricn
. Zm1) T IS 1414
N(1) VIBS(1)  4266(1)  750())
l N(2) ISTAL) 213401)  207%1)
i
f
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Table 4 (cont) 1£
X y 2 2]
N(3) ATH6(2)  3544(2)  1247(1) S8(D)
N{4) 84 2178 6N 5%
o) 21201)  2998(1) 1I54(1) 4D
x2) 35131 3BI6(N)  2430(1) 44(1)
C(1) IS87(1)  3603(2) 1221{1) 1)
C2) BI7(2)  3449(2) 1500(2) 6%(1)
Ce3) N 40533 152703 9%(1)
Cid) 31 4833(3)  128103)  108@)
C(3) 1089(3) 5009Q2) 10352) 8X(1)
C(6) I731(2)  4416(2) 1006(2) SH(1)
&) 2508(2) 4687(2)  T6A(2) SN
C(8) I934(2)  4636(2) S16(2)  TU1)
(9 476102)  420102) 10992y (1)
Ci10) 497102) 3057(3) SE2(2) (1)
(1 4685(2) 2190(2) 639%(2) (D)
C(12) J451(2)  MI0Q2) 93Ny 63(1)
C(13) 1764(2)  1357(2)  18312)  63(1)
Clay JIBN2)  2103(2)  2730(2) 47(1)
C(1%) 2893(2)  2796(2) 3M42(1)  44())
C(16) 142MT)  2624(2) 3TB2)  6X(N)
Cum 092y  32242) A2y M)
C(1%) 2225(2)  4024Q2) 3INIQ2)  68(1)
C(19) 2693(2)  4226(2) IIK(2)  S4(1)
cq20) W) 3623(1)  2961(1) 4N
O(IW) 134142y 1458(2)  133%2)  BAD)
002w) 1834(2)  55E3(2) 2261(2) 9ND)
OOw) A2 138N 253D lmrr
Vol
i)
il
H |




Table 5 Hydrogen bond lengths (A) and bond angles (®) for ZnSalytrien complex

DH. A ADH) aLA) &D.A) <DHA)
O(TW)-H(IW)..O(1) 0.83(5) 205 28%00) 175
NORFHON). O 0.86(3) 241(3) 14%7) 146(2)
N(4)-HAN)_O1)#2 080(3) 2373 3I383) 1590
ORWRHRW)..OQ) 10S(6)  1LBA(6) 2B86() 172(5)
O(IWERHAW) OQWW3  097(8)  1B6(8) 2805(3) 164(6)
ORW)-H(12ZW), OOWM4  092(3)  264(3) 2B4KS) 93(2)

Symmetry tmnsformations used 10 gencrate equivalent atoms:
N2 -x* 12,y ) -2 O -x+l2y-122v\2

Bl -x+).y. -2+ 12

W =x+ 12 5+ | [ 241}
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Table 6 Protonation constants of Sahtrien, Vamtrien and their stability constant with

zinc cations, in terms of log K, in 1.00 x 10* M BuNCF,S0, in methanol at 25°C.

|
Reactions ; LogK
Sﬁ;*h Vamstrien
B> H == LH 1274008 1114 £ 005
LH H = LH 12.12£009 861003
LH; H #=—= LH 9.10£0.09 550 + 005
LH, H @ =—= LH" 679010 3.81 40,05
L* 20" —= LZn 425+016 430011
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complexes
Species HFi6-11G{dV/AM1 *
ZnSal-trien 291641720003 -2916 4% . 291649951 104 -2925.25929533
Saljanen 1138358835144 ~1138.60758524 <1 13863144083 <1145 86961 558
Sal-urenifioe) L IIB6ETIR444 =1138. 71911150 =1 13876244570 -1 14594932741
IZnVannen <3144 15257814 3144 20392947 1442511110 31542940937y
Vansinen -13663251 1534 -uu.mnm =1 366 39966510 <1374 MIRE221
Vantrien(free) 1366 441 50424 -1366 50437957 1366395155383 <1374 53792408
i
- |
* in hanree. . -



Table 8 Preorganization energies of Saltrien and Valitnen, binding and

complexation energies of their zinc complexes, derived from different energy levels.

Systemvmethod [\ Se— AE " .Y H—
Zn Saltnen
HF/A6-31G(d, py/HF/6-310{d) -T05.M 69,66 «175.60
HF#6-3 | GIdV/HF6-3 1G{d) 70763 6998 77 62
HF/6-3 1G(dVIAM] -761.54 62.14 S OTRD
B3LYP/6-31Cid) 74232 62 57 H04 88
Zn:Vandnen
HF 163 1G(d, p¥/MF/6-31G(d) £48).13 9%.57 I N
HF %6-31GIdVHFI6-) 1G(d) 682 40 9.99 71919
HF /-3 1G(d)IAMI -689.63 7308 76267
BILYP/6-31G(d) -ns6 | 7087 -806.49
* inkcal/mol. * method of calculations. '1
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Table 9 Atomic charges of binding atoms in free forms of Sak;trien and Vanstrien and
their complexing forms with Zn®* ions.

Atom
0l
o _ :
ot . - 0335 ) 4885
o* ; a £D535% £ 4885
NI 03668 D487 | 03672 £ 4838
N2 03668 04873 D367 ) 4858
N} 40,5929 4,607 0.5956 L 6122
N4 45929 0,607 05956 06122
Dipole moment, D 1.4968 72320 2229 3.5562
* in hartres based on the BILYP/6-31G(d) level. * methoxy oxygen
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' Table 10 Geometrical data for the structure of ZnSalstrien and ZnVanytnen
ZnSahinen ZnVangtrien
l BILYP/6-31G{d) Exp. BILYP/6-11G(d) Exp.
[T—
I crer 1530 1.509 | L43%6 191
C1NY 1.460 | 4o 10 14353
b 5 1470 I as I 4™ 1 463
C1.Ca 1430 I 540 ‘ 1 4% 1864
l CaMl | a%e | 0 | 1 4% 1,413
NICY 1.9 1260 I 3% (T
CLCe 10 1430 1430 ) 4ol
' Cilei7 | 410 1410 142 1473
C1Ox | 30 1410 LN 1.300
e T 1410 | 340 410 .42
cacio 1380 1300 . L1380 1398
l Cclocil 1.430 1410 L0 | 434
c1i-03 1.190 1318 1 1790 |28y
Cl1o-04 - - : 1360 1432
. o4C12 - . 1410 1430
NiZa 11 2118 1% 2 |40
NMIN 100 2200 2390 1329
l Ol-In 2,000 2080 2010 2058
Bond angles (*)
[SFCET: 109910 110340 109 690 10 RN
l (XS 117080 112560 1174% 115,50
NLCVCA 110,490 111 %0 110 %90 (" T3
ChCa-N] 1103 168950 140 160 104 657
l CaNI1CS 118700 1®.2m (AL K21 11ED3
N1CVCh 117 480 126.T0 VX740 | 26 KT
CALeCl ) 112410 124,060 Y 17 00 11as™
' Ce-C11-02 124,000 12).060 e 171.3% 18T
Ni-ZaN3 76,360 7% 450 0% 7357
XA Znd 6. 400 k1% T R 03X
Ni-Em-MA (LR R ] o 310 1S 69
' LIS R i™Mmim 169 470 ITsm 173 1R
Dhhedral angles (%)
. NLCIC LN 14130 (PR 31,100 16249}
CI-C1-N3-0) =L VR, TOG ~§60.330 155.110 | e 11
CINRCALY T1 100 Ti 0l | 71,590 74333
l NACICAN] #6320 waw | 4990 45018
Crla-m] 08 1 %1 300 (RAES (AR B rd 4]
CaNI L3506 1M AT 480 | | A0 7L
l CICIDONC1E . . ' 17090 172994
*- .--:'T
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Abstract

Hexadentate Schiff base metal complexes were synthesized and used in the
preparation of metal-containing polyureas Polycondensation reactions of
hexadentate Schiff base metal complexes with diisocyanates, namely
hexamethylene diisocyanate (HDI) and 4,4'-diphenylmethane diisocyanate (MDI1)
were performed in dichloromethane without use of catalyst The reaction proceeded
with good yield and the polymers could be isolated by precipitation from the
reaction mixture Thepd)rmeuwtrecl'nm:tﬂiﬁdhym NMR, elemental

analysis, solubility and viscosity. Thermal stability and flame retardant property of
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the polymers were investigated by thermogravimetric analysis in air and by

I“J ®
" 1': 'L

Polyureas are very tough materials with high hardness and good chemical

measuring limiting oxygen index values.

I. Introduction

resistance.  They can be tailor-made to obtain the properties which leads to versatile
applications such as coating systems for waterproof and corrosion protection

Attempts to synthesized new types of thermally stable polyureas such as
phosphorus-containing polyureas and heterocyclic polyureas to obtain different
properties have been reported [1-4]. The synthesis of metal-comtaining polyureas
has also received interest since it is known that the introduction of metal into a
polymer chain can increase thermal stability of the materials Metal-containing
polyureas having ionic link in the main chain were synthesized by the
polymerization of 2 4-tolylene diisocyanate with mixtures of 4.4"-
diaminodiphenylmethane and divalent metal salts of p-aminobenzoic acid [5] and
p-amline sulfonic acid [6]. It was found that polyureas containing salts of p-aniline
sulfomic acid showed an increase thermal stability.

In our previous study, metal-containing epoxy polymers containing
hexadentate Schifl base metal complexes in the polymer chain have been studied
[7.8] Polymerization of these metal complexes with DGEBA epoxy resin gave
polymers with good thermal stability. Therefore, we became interested in the
apphication of Schiff base metal complexes in the preparation of metal-containing
polyureas. In this papers, we describe the synthesis and charactenization of metal-

containing polyureas from the polycondensation between the metal complexes and

dnsocyanates




