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ABSTRACT

Ten new types of Zn(I1) complexeswere synthesized by template effect by
reaction of 2,6-diaminopyridinewith Zn(CIO,),6H,0, Zn(NO,),6H,0 and
salicylaldehyde derivativesin chloroform-methanol. The complexes have
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been characterized by elemental analysis, IR, 'H NMR, UV-vis spectra,
magnetic susceptibility, conductivity measurements and mass spectra. On
the bases of the spectral studies four coordinated tetrahedral geometry

may be assigned to these complexes.
© 2007 Trade Sciencelnc. - INDIA

INTRODUCTION

The chemistry of macrocyclic complexeshasre-
ceived much attentionin recent years on account of its
various applications in bioinorganic chemistry(*3,
Macrocyclic ligands containing aheteroatom areim-
portant complexing agentsfor cations, anionsand mol-
ecules*, Thestahility of macrocydlic metd complexes
dependsupon anumber of factors, including the num-
ber and type of donor atoms present intheligand and
their rel ative positionswithin themacrocyclic skeleton,
aswd| asthenumber and 9zeof thechdateringsformed
on complexation. For trangtion metd ions, featuressuch
asthenatureand magnitude of crystal-field effectsplay
also animportant rol€®. Synthetic macrocyclesarea
growing classof compoundswith varying chemistry a
widerange of different molecular topologiesand sets
of donor atomg™3, Zincisthe second most abundant

tracemeta in human body and playsanimportant role
inmany biological systemsg', Synthetic 1:1 Zn(ll)
macrocyclic polyaminecomplexesareespecidly inter-
esting because of their importancein modelling the
chemistry of zinc(11) containing enzymes, such ascar-
bonic anhydrases'¢19. TheZn(ll) ion hasavery flex-
ible and adaptabl e coordination sphere, but in most of
thestructurally characterised enzymesisfoundwitha
coordination number of four or five. Because of this
most modelling studies have concentrated on
tetradentate and pentadentate complexes of zinc and
have paid less attention to investigating chel ate com-
plexesinwhich Zn(I1) hasahigher coordination num-
ber. Inthe present work, we have synthesi zed ten mac-
rocyclic Schiff base complexes by reaction of ligands
withZn(ClO,),6H,0 and Zn(NO,), 6H,0. Then spec-
tral, magnetic properties of the new compoundswere
sudiedindetail.
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Figurel: Thestructureof theligands

EXPERIMENTAL
Methods

Elementa analysis was carried out on aLECO
CHNSmode 932 elemental anayzer.*H NMR spec-
trawererecorded usngamode Bruker Avance DPX-
400 NM R spectrometer. IR spectrawererecorded on
aPerkin EImer Spectrum RX1 FTIR spectrophotom-
eter on KBr pelletsin the wave number range of 4000-
400cm'*. Electronic spectra studieswere conducted
onaShimadzu model 160 UV Visi ble spectrophotom-
eter inthewave ength 200-600nm. Molar conductivity
was measured withaWTW LF model 330 conductiv-
ity meter, using prepared solution of the complexesin
DM SO solvent. Mass spectrawere recorded using an
Agilent moddl 1100 M SD mass spectrometer.

Chemical and starting materials

Theligands(Figure 1) used inthe synthesiswere
prepared from salicylaldehyde derivativeswith 2,6-
diaminopyridine by theliterature method®??. All the
chemicalsand sol ventswere of analytical gradeand
used asreceived.

Synthesis of complexes

To a stirred solution of ligands(2mmol) in
chloroform(60mL) was added Zn(ClO,),6H,0 or
Zn(NO,),6H.,0 (2mmol) in methanol (40mL) by
dropwise. After the additionwascompleted, thedtirring
was continued for 2h. Then precipitatewasfiltered and
washedwith chloroform and methanol. Thendriedinair.

Spectral characterization of[ZnL*(CIO,),]H,O
Yield: 0.239(18.4%). Anal Calcd. for ZnC,,
Macromolecules « —

H,,N.,O, Cl,H,0: C, 40.32,H, 3.04, N, 6.72. Found:
C, 40.62, H, 3.34, N, 6.78. 'H-NMR(DMSO-d,,
dppm): 3.41(H,0), 4.34(s, 4H, -OCH,), 7.00-8.02(m,
11H, Ar-H), 10.38(s, 2H, HC=N). Selected IR
data(KBr, v .cm™): 3369 v(H,0) 3136 v(Ar-CH),
2965, 2886 v(Alph.-CH), 1661 v(C=N), 1598
v[(C=N)(pyridine)], 1455, 1450 v(Ar-C=C), 1117,
626 v(CIO,), 1274, 1242 v(Ar-0), 1141, 1038 v(R-
O), 755 v(Subdtituted benzene), 515 v(Zn-N). A, =18
W-LmolL.cm?(in DM SO-DMF(1:1)). UV-vis(Amax,
nm) in DMSO-DMF(1:1): 274, 325, 377. Mass
spectra(m/z): 625[[ZnLY(CIO,),] H,O]*.

Spectral characterization of [ZnL*CIO,),] 3H,0

Yield: 0.359(25.9%). Anal Calcd. for ZnC_H,,
N,O,,Cl,.3H,0: C, 42.24, H, 3.70, N, 6.22. Found
C, 42.35, H 3.77, N, 6.18. '"H NMR(DMSO-d,,
dppm): 6=2.32(t, 2H, J=5.9Hz)(CH,), 8:3.41(H20),
6=4.36(t, 4H, J=6.2Hz)(OCH,), 56=6.96-8.05(m, 11H,
Ar-H), 6=10.41(s, 2H, HC=N). Sdlected IR data(K Br,
vem'?): 3376 v(H,0), 3074 v(Ar-CH), 2959, 2883
v(Alph.-CH), 1655 v(C=N), 1598 v[(C=N)(pyridine)],
1491, 1456 v(Ar-C=C), 1119, 624 v(CIO,), 1294,
1243 v(Ar-0), 1161, 1043, v(R-0), 755 v(Substituted
benzene), 519 v(Zn-N). AM=26W-1.mol*.cm?(in
DMSO-DMF(1:1)). UV-vis(Amax, nm) in DM SO-
DMF(1:1): 278, 323, 374. Mass spectra(m/z): 622
[ZnL*(CIO,),+H]".

Spectral characterization of [ZnL¥CIO,),] 2H,0
Yield: 0.21g(15.6%). Anal Calcd. for ZnC,H

23 21

N,O,,Cl,2H,0: C, 41.13, H, 3.26, N, 6.26. Found:
C, 41.24, H, 3.46, N, 6.19.'H NMR(DMSO-d,,
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oppm): 6=1,34(t, 4H, J=7.2Hz)(CH,), 5=3,42(H,0),
0=4,22(t, 4H, 3=5.8Hz, OCH,), 5=7,02-8,04(m, 11H,
Ar-H), 8=10,39(s, 2H, HC=N). Selected IR data(K Br,
vem'?): 3381 v(H,0), 3067 v(Ar-CH), 2942 v(Aliph..-
CH), 1659 v(C=N), 1598 v[(C=N)(pyridine)], 1486,
1453 v(Ar-C=C), 1281, 1242 v(Ar-0), 1162 v(R-
0O), 754 v(Substitue benzene), 522 v(Zn-N). AM
=24W-1.molt.cm?(in DMSO-DMF(1:1)). UV-vis
(Amax, nm) in DMSO-DMF: 274, 326, 376. Mass
spectra(m/z): 634[[ZnL3(CIO,),]-H]".

Spectral characterization of [ZnL*(CIO,),]H,O
Yield: 0.449(32.9%). Ana Calcd. for ZnC_H

N,O,,ClH.0: C, 41.26, H, 3.44, N, 6.28. Found: C,
41.44,H,3.48,N, 6.42."H NMR(DM SO-d,, 5ppm):
6=3.5(H,0), 6=3.86(t, 4H, J=4.5Hz)(OCH,),
8=4.34(t, 4H, J=4.4Hz)(CH,OPh), 5=6.98-8.11(m,
11H, Ar-H), $=10.39(s, 2H, HC=N). Selected IR
data(KBr, vem®): 3379 v(H,0), 3066 v(Ar-CH), 2937
v(Aliph.-CH), 1657 v(C=N), 1598 v[(C=N) (pyri-
ding)], 1485, 1453 v(Ar-C=C), 1285, 1243 v(Ar-0O),
1161 v(R-O), 755 v(Subgtitue benzene), 511 v(Zn-N).
A=29 W.molt.cm¥in DMSO-DMF(1:1)). UV-vis
(Amax, nm)(DMF-DMS0(1:1)): 273,324, 376. Mass
spectra(m/z): 552 [ZnL*(CIO,)]".

Spectral characterization of [ZnL>(CIO,),]H,O
Yield: 0.769(53.3%). Anal Calcd. for ZnC,H,N

0,,Cl, H,0: C, 42.08, H, 3.79, N, 5.89. Found: C,
42,04, H, 3.86, N, 5.95. "H NMR(DMSO-d, & ppm):
§=3.36(t, 4H, J=5.1Hz, H1), 5=3.46(H,0), 5=3.83(,
4H, JE42HZ)(H2), 5=4.27(t, 4H, J=4,25 Hz)(H3),
5=7.02-8.00(m, 11H, Ar-H), 5=10.40(s, 2H, HC=N).
Selected IR data(KBr, v am): 3371 v(H,0), 3068 v(Ar-
CH), 2938 v(Aliph.-CH), 1656 v(C=N), 1598
V[(C=N)(pyridine)], 1487, 1452 v(Ar-C=C), 1286,
1243 v(Ar-0), 1161 v(R-O), 755 v(Substitue benzene),
514 v(Zn-N). A=31 W-1.molt.cm?(in DMSO-
DMF(L:1)). UV-vis(umax, nm) in DMSO-DMF(L:1):
274,325, 377. Massspectra(m/z): 595 [ZnL5(CIO)]

9. Spectral characterization of [ZnL*(NO,).] 2H,0

Yield: 0.659(57.2%). Ana Cdcd. for ZnC, H,,
N.O,2H.0O: C, 44.37, H, 3.70, N, 12.32. Found: C,
44.47,H,3.74,N, 12.28."H NMR(DM SO-d,, 5ppm):
3.40(H,0), 4.35(s, 4H, -OCH,), 6.99-8.01(m, 11H,
Ar-H), 10.39(s, 2H, HC=N). Selected IR data(K Br,
vem?): 3372 v(H,0) 3071 v(Ar-CH), 2967, 2882
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v(Alph.-CH), 1655 v(C=N), 1598 v[(C=N)(pyridine)],
1454, 1452 v(Ar-C=C), 1164, 655 v(NO,), 1276,
1242 v(Ar-0), 1140, 1039 v(R-0O), 752 v(Substituted
benzene), 519 v(Zn-N). A,,=28 W--.mol™*.cm*(in
DMSO-DMF(1:1)). UV-vis(Amax, nm) in DM SO-
DMF(1:1): 276, 326, 374. Mass spectra(m/z): 533
[ZnLY(NO,) +H]".

Spectral characterization of [ZnL*NO,),] H,O

Yield: 0.699(61.2%). Anal Calcd. for ZnC,,
H,N,O,H,0: C,46.81,H,3.72,N, 12.41. Found: C,
47.04,H,3.81,N, 12.32."H NMR(DM SO-d,, 5ppm):
0=2.33(t, 2H, J=5.7 Hz)(CH,), 5=3.41(H,0), 5=4.36(t,
4H, J=6.1Hz)(OCH,), 5=6.97-8.03(m, 11H, Ar-H),
§=10.40(s, 2H, HC=N). Selected IR data(K Br, ven?):
3374 v(H,0), 3076 v(Ar-CH), 2966, 2887 v(Alph.-
CH), 1654 v(C=N), 1598 v[(C=N)(pyridine)], 1488,
1452 v(Ar-C=C), 1161, 654 v(NO;), 1292, 1242
v(Ar-0), 1162, 1046, v(R-0O), 752 v(Substituted ben-
zene), 526 v(Zn-N). A=29 W-1.molt.cm?(in DM SO-
DMF(1:1)). UV-vis(hmax, nm) in DMSO-DMF(1:1):
277,325, 376. Mass spectra(m/z): 546 [ZnLA(NO,),]*.

Spectral characterization of [ZnL3*NO,) ] 2H,0
Yield: 0.729(60.4%). And.Calcd.for ZnC,H,, N.O;

2H,0: C, 46.31, H, 4.19, N, 11.74. Found: C, 46.41,
H, 4.26, N, 11.56. 'H NMR(DMSO-d,, Sppm):
8=1,36(t, 4H, J=6.2H2)(CH,), 5=3,43(H,0), 5=4,26(t,
4H, J=5.6Hz, OCH,), 8=7,01-8,01(m, 11H, Ar-H),
8=10,39(s, 2H, HC=N). Selected IR data(KBr, vem'):
3380 (H,0), 3073 v(Ar-CH), 2946 v(Aliph..-CH),
1652 v(C=N), 1598 v[(C=N) (pyridine)], 1482, 1452
v(Ar-C=C), 1282, 1241 v(Ar-0), 1161 v(R-0), 754
v(Substitue benzene), 526 v(Zn-N). A=29 W-1.mol-
L.em?(in DMSO-DMF(1:1)). UV-vis(Amax, nm) in
DMSO-DMF: 276, 324, 377. Mass spectra(m/z):
561[[ZnL3(NO,) ] +H]".

Spectral characterization of [ZnL*(NO,),] 2H.,O
Yield: 0.709(57.2%). Anal Calcd. for ZnC,H, N.Oy

2H,0: C, 45.10, H, 4.08, N, 11.44. Found: C, 45.04,
H,4.18, N, 11.52. "H NMR(DMSO-d., 5ppm): =35
(H.0), 5=3.83(t, 4H, J=4.6 Hz)(OCH,), 5=4.36(t, 4H,
J=4.4Hz)(CH,OPh), 5=6.95-8.07(m, 11H, Ar-H), 5=
10.41(s, 2H, HC=N). Selected IR data(KBr, vem?):
3373 v(H,0), 3067 v(Ar-CH), 2936 v(Aliph.-CH),
1656 v(C=N), 1598 v[(C=N)(pyriciine)], 1487, 1451
V(Ar-C=C), 1286, 1242 v(Ar-O), 1159 v(R-0), 752
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v(Substitue benzene), 511 v(Zn-N). A=29 W1.mol-
Lamin DMSO-DMF(1:1)). UV-vig’Amax, nm)(DMF-
DMSO(1:1)): 273, 325, 377. Mass spectra(m/z): 515
[ZnLA(NO,)+H]".

Spectral characterization of [ZnL>*(NO,),] H,O
Yield: 0.45 g(35.3%). Anal Calcd. for ZnC_H

N,O,H,O: C, 47.02, H, 4.23, N, 10.97. Found: C,
47.04,H,4.31,N, 10.85."H NMR(DM SO-d,, 3ppm):
0=3.36(t, 4H, J=5.2Hz, H1), 6=3.43(H,0), 5=3.84(t,
4H, J=4.2HZ)(H2), 5=4.25(t, 4H, J=4,3Hz)(H3),
§=7.00-8.02(m, 11H, Ar-H), 5=10.41(s, 2H, HC=N).
Sdlected IR data(KBr,vem™): 3376 v(H,0), 3069 v(Ar-
CH), 2936 v(Aliph.-CH), 1656 v(C=N), 1598 v
[(C=N)(pyridine)], 1487, 1451 v(Ar-C=C), 1288, 1242
v(Ar-0), 1161 v(R-0), 755 v(Substitue benzene), 520
v(Zn-N). A=33W-Lmolt.cm*inDMSO-DMF(1:1)).
UV-vis(hmax, nm) in DMSO-DMF(1:1): 275, 325, 375.
Mass spectra(m/z): 496[ ZnL°]*.

RESULT AND DISCUSSION

Macr ocyclic schiff base complexes

In thiswork, we have found that in the reaction
between schiff base macrocyclic ligands(dissolvedin
chloroform) with zinc(Il) perchlorate or zinc(Il)
nitrate(dissolved in methanal), the[ 1+1] macrocycle
Schiff-base complexesareformed asthemajor prod-
uct. Themacrocyclic complexeswere characterized by
elementd andysis, mass, IR and UV-Visspectrometry.
Themassspectrum of complexesplaysanimportant role
inconfirmingthemonomeric[1+1](ligandsand metd Alt)
nature of complexes. On the bases of the spectral stud-
iesfour coordinated tetrahedral geometry may be as-
sgnedtothesecomplexes(Figure2). Theligandissoluble

~

+Zn(X),.6H,0 in Chloroform-Methanol

in DMSO, DMF, CHCI,, CH,Cl, and CH,CN but in-
solubleH, O, EtOH and MeOH. Thecomplexesareair
stable, partly solublein DMF, DM SO and insoluble
CHCI,, CH,CI, and CH.CN. Asthecrystalswereun-
suitablefor sngle-crysta X-ray structuredetermination
and areinsolublein most common solvents, including
water, ethanol, ethyl acetate, and acetonitrile.

The characterigticinfrared spectrum dataare given
intheexperimental section. Infrared spectraof Zn(11)
complexeswererecorded in KBr pellet from 4000 to
400cm. ThelR spectraof al complexesshowsv(C=N)
bands at 1650-1665cm 2! and it is found that the
v(C=N)bandsin the complexesare shifted by about
ca. 35cn to lower energy regionscompared tothatin
thefreeligands(L). Thisphenomenon appearsto be
dueto the coordinated of azomethine nitrogen to the
metal ion'?d. The broad bands within therange 3380-
3360cm* for al Zn(I1) complexes can beattributed to
stretching vibrations of water molecule v(H,0) . In
the spectraof al theZn(l1) metal complexesare domi-
nated by bands between 2960-2890 cm?* due to
v(Alph.-CH) groups?. Theabsorptionsof thenitrate
counterions, at ca. 1460-1452(v,), 1300(v,) and 1040
(v,)em suggest the presence of bidentate nitrate
groups. Anintense band at 1384cmt is attributed to
the precence of theionic nitrate?. The IR spectraof
the complexesclearly demonstrated that the COC and
CCO stretching vibrations are altered compared to
ligands dueto conformational changes. Thefact that
the C-O-C absorptions of the complexesare shifted to
lower wave numbers compared to that of theligand
also confirmsthe complex formation?®. Conclusive
evidence of thebonding isaso shown by the observa
tion that new bandsin the IR spectraof theZn(ll) com-
plexes appear at 510-530cm™ assigned to v(Zn-N)

Je)

X= C|O4 or N03

sape
\_/

R= -, CH20CH2, CHzoCHzoCHz,

-mH 20 'nH20

N
CLA

(@] O

N

R = ---, CH,OCH,, CH,OCH,OCH,,
CHzand CH2CH2
X =ClO4 0r NO3

Figure2: Synthesisand suggested structur eof the complexes
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stretching vibrationg?”,

El ectroni c absorption spectral dataof Zn(11) com-
plexesindimethyl sulfoxide-dimethylformamide(DM SO
-DMF) at room temperature that are presented in ex-
perimental section. The electronic spectraof Zn(l1)
complexesin DM SO-DMF show three peaksin the
visible-ultraviol et region. Theabsorption bandsbe ow
300nmare practically identica and can beattributed to
n—1 transitionsin the benzenering and azomethine
(-C=N) groups. Theabsorption bands observed within
the 320-380nm range are most probably due to the
transitionsof n—n" of imine groups(?.

'HNMRNMR of thethe complexesin DMSO-d,
solution show that they areNMR active. The'H NMR
spectrum of thefreeligand showed asinglet at 10.4
ppm dueto theimine protons, multiplet in therange
7.1-8.0ppm dueto thearomatic protons, and H,O pro-
ton at 3.4ppm. The'H NMR spectraof the complexes
exhibited dmost thesameva ueswith that of theligand.
Although we expected ashift ontheposition of CH=N
signa for the NM R spectraof thecomplexes, no sig-
nificant shift could not be observed(. 232428,

The molar conductivities of the compoundsin
DMSO-DMF(1:1) are range 27-44Q*mol-*cm? re-
ported for non electrol yteg? 2324281,

Themassspectrum of Zn(I) with LY, L2 L3, L4 L5
play animportant rolein conformingthemonomeric[1+1]
(dicarbonyl and diamine) nature of thecomplexes. The
mass pectraof thecomplexesof zinc peskséttributable
to the molecular ions 625[[ZnL*(CIO,),] H,QO]*, 622
[ZnL*(CIO,),+H]*, 634[[ZnL*ClIO,),]-H]*, 552
[ZnL*(CIO,)]*, 595 [ZnL>(CIO,)]*, 533[ZnL(NO,),
+H]*, 546 [ZnLA(NQ,),|*, 561 [[ZnL3(NO,) ] +H]*, 515
[ZnL*(NO,)+H]*, 496 [ZnL°]*[29, 30].
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