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A novel vic-dioxime ligand (LH4) and its tran si tion metal com plexes with
Cu(AcO)2×H2O, Ni(AcO)2×4H2O, Co(AcO)2×4H2O and Cd(AcO)2 metal salts were syn -
the sized. 1,2-Bis(p-aminophenoxy)eth ane re acted with anti-chloroglyoxime to give
N,N¢-[4,4¢-{eth ane-1,2-di-yl-bis(oxy)bis(4,1-phenyl ene)}bis(N¢-hydroxy)-2- (hydro -
xyimino)acetimidamide] (LH4) ligand. Ligand forms binuclear com plexes
[(LH3)2M2(AcO)2]×nH2O with a 2:2 metal to ligand ra tio, where M = Cu(II), Ni(II) and
Cd(II), n = 2, 2 and 1, re spec tively. LH4 forms also binuclear Co(II) com plex 
[(LH4)2Co2(AcO)4(H2O)2]·2H2O with a metal to ligand ra tio of 2:2. The Ni(II) and
Cd(II) com plexes are pro posed to be tet ra he dral while the Cu(II) and Co(II) com plexes
should be oc ta he dral. Struc tural as sign ments are sup ported by a com bi na tion of el e men -
tal anal y ses, UV-Vis, IR and 1H-NMR spec tra, mag netic mea sure ments and TGA and
DTA tech niques.

Key words: vic-oxime, transition metal complexes

vic-Dioximes and their de riv a tives form a very im por tant class of lig ands, which
re act with tran si tion met als to give var i ous com plexes. A large num ber of the amino
vic-dioximes and their com plexes have been stud ied in the past be cause of their in ter -
est ing and im por tant prop er ties and wide ap pli ca tion [1–4]: in med i cine, in dus try,
struc ture isomerism, spec tros copy, model sys tems of bio chem i cal in ter est, cat ion ex -
change and ligand ex change chro ma tog ra phy, an a lyt i cal chem is try, ca tal y sis and
also as sta bi liz ers, poly mers, pig ments, and dyes [5].

In our pre vi ous stud ies, we pre sented the syn the sis and char ac ter iza tion of var i -
ous tran si tion metal com plexes of novel vic-dioxime [6]. In the pres ent pa per, we re -
port the syn the sis and char ac ter iza tion of the new amino vic-dioxime ligand
N,N¢-[4,4¢-{eth ane-1,2-di-yl-bis(oxy)bis(4,1-phenyl ene)}bis(N¢-hydroxy)-2- (hy -
droxyimino)acetimidamide] (LH4) and its binuclear Cu(II), Ni(II), Co(II) and Cd(II)
com plexes.
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EX PER I MEN TAL

The prep a ra tion of anti-chloroglyoxime [7] and 1,2-bis(p-aminophenoxy)eth ane [8] has been de -
scribed pre vi ously. All the re agents used were pur chased from Merck, Across or Labkim Com pany and
were chem i cally pure.

El e men tal anal y ses (C, H, N) were per formed on a LECO-932 CHNS-O el e men tal anal y ses ap pa ra -
tus. IR spec tra were re corded on a Perkin Elmer Pre cisely Spec trum One Spec trom e ter as KBr pel lets.
1H-NMR spec tra were re corded on a Bruker GmbH DPX-300 MHz High Per for mance Dig i tal FT-NMR
spec trom e ter (in DMSO-d6). Elec tronic spec tra were ob tained on a Shimadzu UV-1700 spec trom e ter.
Mag netic sus cep ti bil i ties were de ter mined on a Sherwood Sci en tific Mag netic Sus cep ti bil ity bal ance
(Model MK1) at room tem per a ture us ing Hg[Co(SCN)4] as a calibrant; dia mag netic cor rec tions were cal -
cu lated from Pascal’s con stants [9]. Melt ing points were de ter mined on a Gallenkamp melt ing points ap -
pa ra tus. TGA and DTA curves were re corded on a Shimadzu DTG-60AH and DSC-60A thermobalance,
re spec tively.

Syn the sis of N,N¢-[4,4¢-{eth ane-1,2-di-yl-bis(oxy)bis(4,1-phenyl ene)}bis(N¢-hydroxy)-2- (hy -
droxyimino)acetimidamide] (LH4): A so lu tion of 1,2-bis(p-aminophenoxy)eth ane (2.44 g, 0.01 mol)
was added to a so lu tion of anti-chloroglyoxime (2.46 g, 0.02 mol) in eth a nol (50 mL). Then a so lu tion of
Na2CO3 (2.65 g, 0.03 mol) in eth a nol (50 mL) was added dropwise to this mix ture at 60°C over 12 h. The
mix ture was fil tered, and eth a nol was re moved by evap o ra tion. The solid prod uct was fil tered off, washed
with H2O sev eral times, dried in vac uum, and crys tal lized from aque ous di ethyl ether (1:3). The com -
pound was found to be sol u ble in DMF and DMSO and in sol u ble in chlo ro form, ac e tone, ethyl ac e tate, di -
ethyl ether, and wa ter. Char ac ter is tic 1H-NMR peaks (DMSO-d6; d, ppm; 300 MHz): 4.62–4.08 (m, 4H,
O-CH2), 8.75, 8.31 (s, 2H, H-C=N), 10.75, 10.50, 10.38, 10.25 (s, 4H, N-OH), 5.75, 5.44 (s, 2H, N-H),
7.12–6.50 (m, 8H, C-H(Ar.)) [4,10,11].

Syn the sis of the com plexes [Cu2(LH3)2(AcO)2]·2H2O, [Ni3(LH2)2(AcO)2]·2H2O,
[Co2(LH4)2(AcO)4(H2O)2]·2H2O and [Cd2(LH3)2(AcO)2]·H2O: The ligand LH4 (0.35 g, 0.40 mmol)
was dis solved in ab so lute eth a nol (5 ml). So lu tions of metal salts Cu(AcO)2×H2O (0.08 g, 0.40 mmol),
Ni(AcO)2×4H2O (0.09 g, 0.40 mmol), Co(AcO)2×4H2O (0.09 g, 0.40 mmol) and Cd(AcO)2 (0.09 g, 0.40
mmol) in ab so lute eth a nol (5 mL) were added dropwise to the ligand so lu tion with con tin u ous stir ring at
50°C. The color of the so lu tions im me di ately changed. The re ac tion mix ture was stirred at this tem per a -
ture for 2 h and fil tered. The pre cip i tate was washed with wa ter, eth a nol and di ethyl ether and dried in vac -
uum at 60°C. Char ac ter is tic 1H-NMR peaks (DMSO-d6; d, ppm; 300 MHz) for [Cd2(LH3)2(AcO)2]·H2O:
4.30–4.08 (m, 8H, O-CH2), 8.50, 8.14, 7.94, 7.66 (s, 4H, H-C=N), 10.66, 10.33, 10.02, 9.50 (s, 4H,
N-OH), 6.66, 6.50 (d, J = 4.8 Hz, 4H, N-H), 7.14–6.77 (m, 16H, C-H(Ar.)), 15.11 (s, 2H, O-H···O) [4,10].
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Fig ure 1. Struc ture of the N,N¢-[4,4¢-{eth ane-1,2-di-yl-bis(oxy)bis(4,1-phenyl ene)}bis(N¢- hy dro xy)-

 2-(hyroxyimino)acetimidamide] (LH4).
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Fig ure 2. Struc ture of the oc ta he dral Cu(II) com plex with the ligand LH4.
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Fig ure 3. Struc ture of the tet ra he dral Ni(II) and Cd(II) com plexes with the ligand LH4.

 M = Ni(II) and Cd(II)
 n = 2 and 1



RE SULTS AND DIS CUS SION

The data on the ligand and com plexes are sum ma rized in Ta bles 1–5. At tempts to
crys tal lize the ligand com plexes from dif fer ent sol vents failed.

In the IR spec trum of the ligand, the most char ac ter is tic peaks  ap pear around
1067 cm–1 (n(N–O)), 3208 cm–1 (n(N–H)) and 3400 cm–1 (n(O–H)), as ex pected for
sub sti tuted vic-dioxime [12–18]. These facts con firm the for ma tion of the ex pected
com pound (LH4), which is also in agree ment with its el e men tal anal y ses re sults. In
the 1H-NMR spec trum of the ligand, since the (-OH) pro tons of this oxime are non -
equiv a lent in the (E,E)-form, four peaks were ob served for the pro tons [19–22]. In
this ligand, chem i cal shifts of (=N–OH) pro tons were ob served around 10.75, 10.50,
10.38, 10.25 ppm as singlets. The singlets, which be long to OH, dis ap pear af ter the
ad di tion of D2O. A sin gle chem i cal shift for the OH pro ton in di cates that the oxime
groups pre vail in the anti form [23]. The (-CH2) pro tons ad ja cent to the oxime groups
were ob served around 4.62–1.12 ppm. Also chem i cal shifts of (H–C=N) pro tons
were ob served around 8.75, 8.31 ppm. These val ues are in good agree ment with the
lit er a ture [17–22,24].

The ex per i men tal re sults of the el e men tal anal y ses of the ligand and com plexes
are in agree ment with the o ret i cal ex pec ta tions. The an a lyt i cal data show that the
vic-dioxime ligand, LH4, forms binuclear com plexes with Cu(II), Ni(II), Co(II) and
Cd(II) ions with a metal to ligand ra tio of 2:2. All com plexes have two ac e tate mol e -
cules and crys tallization wa ter mol e cule (in ad di tion to two ligand mol e cules). But
Co(II) com plex has four ac e tate mol e cules and two crys tallization wa ter mol e cules.
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Fig ure 4. Struc ture of the oc ta he dral Co(II) com plex with the ligand LH4.



The IR spec tra of the com plexes sup port the struc tures by the weak bond ing vi bra -
tion of the (O–H···O) bridges around 1709–1737 cm–1 and the shift of the C=N vi bra -
tion to lower fre quen cies 1607–1661 cm–1 due to N,N-metal co or di na tion [12–18].
The IR spec tra of Cu(II), Ni(II) and Cd(II) com plexes ex hibit very sim i lar fea tures.
Al though there are two bind ing modes of ac e tate groups, namely ter mi nal bridged
bidentate, in the com plexes, IR spec tra show only one set of carboxylate
nas(COO–) vi bra tions at 1536, 1554 and 1538 cm–1, and ns(COO–) at 1354, 1365 and
1351 cm–1 for com plexes Cu(II), Ni(II) and Cd(II), re spec tively. The Dn = nas (COO–)
– ns(COO–) =  182–189 cm–1, where M is Cu(II), Ni(II) and Cd(II), can be taken as ev i -
dence for the ex is tence of a bridg ing bidentate ac e tate groups in these com plexes
[25–28]. But, the IR spec tra of Co(II) com plex dis play bands at 1541 and 1299 cm–1

due to nas(COO–) and ns(COO–), re spec tively, of the ac e tate ligand. The wave num -
ber sep a ra tion value be tween these two bands Dn = nas(COO–) – ns(COO–) = 242
cm–1  is  char ac ter is tic of  a monodentate ac e tate ligand in this com plex [25–28]. In
ad di tion, a broad  band cen tered at 2240 cm–1 was  ob served in IR  spec tra of Co(II)
com plex, and is  at trib uted  to  the   unsymmetric O–H  stretch ing   of   the  bridg ing 
wa ter [29]. IR band at 838 cm–1 n(M–H2O)  shows  that  the  wa ter  mol e cules are con -
nected  with  the Co(II) metal ions. The [Co2(LH4)2(AcO)4(H2O)2]·2H2O com plex 
has  two  wa ter  and four ac e tate mol e cules, which keeps its in ten sity even af ter
heat ing at 110°C  for  24 h,  whereas,  ac cord ing to  elemen tal  anal y ses,
[Cu2(LH3)2(AcO)2]·2H2O, [Ni2(LH3)2(AcO)2]·2H2O and Cd2(LH3)2(AcO)2]·H2O
com plexes have one or two crystallization wa ter mol e cules, which are iden ti fied by a
broad n(O–H) ab sorp tion around 3412–3439 cm–1. New bands are found in the spec -
tra of the com plexes in the re gions 458–463 cm–1, which are as signed to n(M–O)
stretch ing vi bra tions. The bands at 515–521 cm–1 have been as signed to n(M–N)
mode [30,31].

In the ligand spec trum, the band at 1670 cm–1 was as signed to the C=N group;
this was shifted af ter complexation for all metal com plexes to lower fre quen cies
(10–66 cm–1), in di cat ing the par tic i pa tion of the C=N–OH group in metal co or di na -
tion. Also the band ob served around 1067 cm–1 in the free ligand, which is as signed
to the n(N–O), is shifted to lower fre quen cies af ter complexation (Ta ble 2). The ab -
sorp tions in di cate that oxime groups take part in complexation. In ad di tion, the IR
spec tra of Cu(II) com plex, but not of the other com plexes showed two strong n
(C=N) bands at 1606–1661 cm–1. This phe nom e non ap pears to be due to the co or di -
na tion with only two of the four oxime ni tro gens to metal ions [10–16]. But, the
C=N stretch ing fre quency for Cu(II) com plex is also ob served at 1659 cm–1 in
agree ment with the as sign ments re ported for this band, due to the co or di nated of all
oxime ni tro gens to Cu(II) metal ions.

In or der to iden tify struc tures of the amino vic-dioxime ligand and com plexes in
so lu tion, the 1H-NMR spec tra was re corded in DMSO-d6. The 1H-NMR as sign ments
are also given in the Ex per i men tal part. The spec tra of the Cd(II) com plex are pres ent
in com par i son with those of the par ent vic-dioxime. Four peaks are pres ent in these
com plexes for the OH pro tons of the oxime groups. These four singlets cor re spond to
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four non equiv a lent OH pro tons which also in di cate the anti-con fig u ra tion of the OH
groups rel a tive to each other [32,33]. When the chem i cal shifts of four oxime OH
groups in the Cd(II) com plex are com pared, the two at lower field quite closely re -
sem ble each other (10.66 and 10.33 ppm), whereas a con sid er able dif fer ence is ob -
served for the shift at the higher field (10.02 and 9.50 ppm) [34,35]. This com plex
shows a shift at 15.11 ppm [11,35] and in di cates O–H···O bridge for ma tion by the
strong shift of the OH pro ton to lower field com pared to the free ligand. The lower
fre quency for Cd(II) com plex sug gests that the hy dro gen is not sym met ri cally
bonded and is thus deshielded to a lesser ex tent. 1H-NMR spec tra of the Cu(II), Ni(II)
and Co(II) com plexes could not be taken be cause of their para mag netic char ac ter.

The elec tronic spec tra of the com plexes were taken in DMSO-DMF mix ture (Ta ble 3).
In the elec tronic spec tra of the ligand and the com plexes the bands at around 300–371
nm were as signed to n®p* tran si tions. The elec tronic spec tra of the Cu(II) com plex
showed a broad band at 560 nm, which can be as signed to a 2Eg®2T2g tran si tion. This 
to gether with the mea sured meff value sug gests oc ta he dral ge om e try [36]. The elec -
tronic spec tra of the Ni(II) com plex show a less in tense shoul der at 872 nm, which is
as signed to d-d tran si tion of the metal ion. The for mer band is prob a bly due to the
3T1(3F)®3T2(3F) tran si tion of tet ra he dral ge om e try [37,38]. The spec tra of the
Co(II) com plex ex hibit two bands at 525 nm and 654 nm as sign able to
4T1g(F)®4T1g(P) and 4T1g(F)®4A2g(F) tran si tions, re spec tively, sup port ing a oc ta -
he dral ge om e try [39–41]. The elec tronic spec tra of Cd(II) com plex show an ab sorp -
tion band at 400–465 nm, which is at trib uted to the charge trans fer tran si tion, which
is con sis tent with a tet ra he dral struc ture [35,42].

Mag netic sus cep ti bil ity mea sure ments pro vide suf fi cient data to char ac ter ize the
struc ture of the com plexes (Ta ble 3). The Ni(II) and Co(II) com plexes are para mag -
netic and their mag netic mo ments are 1.73 and 2.85 B.M., re spec tively, which is char -
ac ter is tic for binuclear, tet ra he dral Ni(II) [37] and oc ta he dral Co(II) [40] com plexes.
This lower value of Ni(II) com plex may be the re sult of dimerization and strong in ter -
ac tion with the neigh bor ing mol e cule [37]. The mag netic mo ment value for the
Cu(II) com plex is 0.31 B.M. This low value of Cu(II) com plex may be the re sult of
dimerization and strong in ter ac tion with the neigh bor ing mol e cule or sub se quent
antiferromagnetic ex change be tween the Cu(II) ions [43–46]. The Cd(II) com plex is
dia mag netic. The mag netic mo ment value of the Cd(II) com plex is con sis tent with a
tet ra he dral ge om e try [35,42].

Ta ble 3. Mag netic mo ment, and elec tronic spec tral data (in DMSO-DMF) of the com plexes.

Com pounds                                  meff /atom, B.M. lmax, nm (e)

[Cu2(LH3)2(AcO)2]·2H2O 0.31 560 (1154), 300 (16154)
[Ni2(LH3)2(AcO)2]·2H2O 1.73 572 (6923), 371 (16667)
[Co2(LH4)2(AcO)4(H2O)2]·2H2O 2.85 654 (4167), 525 (12500), 311 (10000)
[Cd2(LH3)2(AcO)2]·H2O dia 425 (2185), 370 (13386), 314 (18846)

e: mo lar ex tinc tion co ef fi cient (L mol–1 cm–1)
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Ther mal stud ies: The ther mal be hav iour of the com plexes was stud ied at a heat -
ing rate of 10 K/min in a ni tro gen at mo sphere over a tem per a ture range of
20.00–1000.00°C. The TGA and DTA curves show that all these com plexes are ther -
mally un sta ble.

The de com po si tion tem per a ture and weight losses of the com plexes were cal cu -
lated from the TGA data (Ta ble 4). It may be seen from the TGA data that all the
com plexes de com pose in three steps at dif fer ent tem per a ture ranges. The DTA data
(Ta ble 5) show that [Cu2(LH3)2(AcO)2]·2H2O com plex has two exo ther mic peaks,
[Ni2 (LH 3 ) 2 (AcO) 2 ] ·2H 2 O com p lex  ex  h ib  i t s  four  exo  the r  mic  peaks ,
[Co2(LH4)2(AcO)4(H2O)2]·2H2O com plex has three exo ther mic peaks and
[Cd2(LH3)2(AcO)2]·H2O com plex shows four exo ther mic peaks. The com plexes ex -
hibit also en do ther mic peaks (Ta ble 5). In the TGA curves of Cu(II), Ni(II), Co(II)
and Cd(II) com plexes, 3.25%, 3.38%, 2.95% and 1.52% weight losses were ob served
at 152.17, 169.57, 108.69 and 113.03°C, re spec tively. This shows that these com -
plexes have 2, 2, 2 and 1 mole of crystallization wa ter per mol e cule, re spec tively. The
IR spec tra of the com plexes are char ac ter ized by the ap pear ance of a broad band in
the re gion of 3428–3492 cm–1 due to the n(OH) of crys tal li za tion wa ter [46]. This wa -
ter con tent was also iden ti fied by the el e men tal anal y ses. The weight losses have
been found to ap prox i mate the per cent ages es ti mated from their chem i cal for mu las
given in Ta ble 1. The fi nal prod ucts of ther mal de com po si tion were es ti mated as
Cu2C12H18N12O12, Ni2C12H14N8O12, Co2C12H28N12O16 and Cd2H6O8 [4,10]. The
TGA and DTA spec tra of the com plexes are shown in Fig ures 5–8.

Ta ble 4. TGA data of Cu(II), Ni(II), Co(II) and Cd(II) com plexes of LH4.

Com plexes                        Step 1 Step 2 Step 3 Weight
loss, %

Res i due, %

[Cu2(LH3)2(AcO)2]×2H2O 43.48–152.17 152.17–286.96 286.96–765.22 41.48 Cu2C12H18N12O12

58.52

[Ni2(LH3)2(AcO)2]×2H2O 56.52–169.57 169.57–295.65 295.65–452.17 41.42 Ni2C12H14N8O12

52.58

[Co2(LH4)2(AcO)4(H2O)2]×2H2O 30.43–108.69 108.69–286.96 286.96–460.87 40.42 Co2C12H28N12O16

59.58

[Cd2(LH3)2(AcO)2]×H2O 65.22–113.04 113.04–239.13 239.13–430.43 70.04 Cd2H6O8

29.96

Ta ble 5. DTA data of Cu(II), Ni(II), Co(II) and Cd(II) com plexes of LH4.

Com plexes                                   Endo peaks (°C) Exo peaks (°C)

[Cu2(LH3)2(AcO)2]×2H2O 79.17, 170.85, 325.02 262.51, 400.00

[Ni2(LH3)2(AcO)2]×2H2O 70.85, 169.57, 362.51, 608.34 112.51, 254.17, 320.85, 433.36

[Co2(LH4)2(AcO)4(H2O)2]×2H2O 208.34, 495.87 137.78, 252.51, 716.68

[Cd2(LH3)2(AcO)2]×H2O 104.17, 162.51, 312.51 70.85, 140.77, 216.68, 412.51
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CON CLU SIONS

A novel, vic-dioxime ligand, N,N¢-[4,4¢-{eth ane-1,2-di-yl- bis(oxy)bis(4,1-
 phenyl ene)}bis(N¢-hydroxy)-2- (hydroxy imino)acetimidamide] (LH4) (Fig ure 1) de -
rived from 1,2-bis(p-aminophenoxy)eth ane with anti-chloroglyoxime and its some
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Fig ure 5. TGA-DTA curves of the Cu(II) com plex.

Fig ure 6. TGA-DTA curves of the Ni(II) com plex.



tran si tion  metal  com plexes  have  been  pre pared.  The  an a lyt i cal  data  and  spec tro -
scopic stud ies sug gest that the com plexes were of the gen eral for mula:
[M2(LH3)2(AcO)2]·nH2O where M is Cu(II), Ni(II) and Cd(II) and n is equal to 2, 2 and
1, re spec tively, while Co(II) com plex for mula is [Co2(LH4)2(AcO)4(H2O)2]·2H2O. Ac -
cord ing to the UV-Vis and IR data on the vic- dioxime ligand, (LH4), Cu(II) is co or di -
nated with all of oxime ni tro gens, whereas Ni(II), Co(II) and Cd(II) ions are
co or di nated through only two hydroxyimino ni tro gens of four oxime ni tro gens.

1912 S. Duman and M. ªekerci

Fig ure 7. TGA-DTA curves of the Co(II) com plex.

Fig ure 8. TGA-DTA curves of the Cd(II) com plex.
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