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THE SYNTHESIS AND Ni(ll), Co(ll), Cu(ll), Zn(ll), AND 
Cd(ll) COMPLEXES OF TWO NOVEL TETRAOXIMES 

Bedrettin Merdmek, Cflzi id, M. A1i Deveci, 

A. Diaqer BedBk, Nursabah slrdravakh and H. bmet U p n  

Selquk University, Faculty of Arts and Sciences, Chemisuy Dtparhat, 
42079 Konya Turkey 

ABSTRACT 

In this study, two novel ktrmximes were synthesized by reacting anri-chlorogly- 
oxime with Apt-biypminophenylpxaniidine and ~ ~ - b i s ~ 4 ' - a m i n o b i p h n y l p ~ d i ~ .  
Polynuclear complexes with Ni(II), Co(II) and Cu(II) and binuclear complexes with Znw) 
and Cd(n) of these tetraOxrnes were isolated. All these complexes are insoluble in 
common solvents; structures are proposed according to elemental analysis, i.r., and 
magnetic susceptibility measurements. 

INTRODUCTION 

Derivatives of polymeric vic-dioximes and their complexes with transition metals 
have been reported('). In OUT previous paper(*), we studied the structures of various 
transition metal complexes of polymeric-dioximes by reacting sym-bis(paminopheny1)- 
oxlimidine and s y m - b i s - 4 - ( 4 ' - r p h e n y l ) o ~ i d i n e  derivatives with dicylm-cii-N- 
oxide. 

The reaction of aromatic mines with cymgen {(m} g e d l y  yields 
oxamidines(3). The reaction of pphenylenedimine reacts with cyanogen to produce sym 

bis(paminophenyl)oxamidine and polymeric substance, wheras 4.4'diaminobiphuyl 
yields cyanoformamidine derivative and then an oxamidind3:'). 
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1200 MERCIMEK ET AL. 

In this article, we reported the synthesis of two novel tetrnoximes substitued with 
oxamidine and their complexes with Ni(II), Cm), Cu(II), Zn(II) and Cd(II) ions. 

EXPERIMENTAL 

sym-Bis@aminophenyl>dine, sym-bi~4i-aminobiphenyl)oxamidine(4) and 
~1-chl0r0gly0ximd~~~~ were prepared according to the procedures reported in 
corresponding literature references. Infrared spectra were recofded on a Pye Unicam SP 
1025 spectrophotometer in KBr pellets. The 'H-n.m.r. spectra were recorded on 8 Bruker 
200 M H z  spectrophotometer. The magnetic moments of the complexes were measured 
according to the Gouy method with a Newport Instruments type D-104 magnet power 
supply (293 K). 

a l H , )  and N.N'-bisl4-(4'-bi~henvl~~midinelaminonl (L2m 

(General Proccdurck 

A solution of anti-chloroglyoxime (2.45 g, 20 mmol) in 50 mL ethanol was added 
dropwise within a period of 2 hours into a solution containing syn-bis(paminopheny1)- 
oxamidine (2.80 g, 10 mmol) or sym-bis-4-(4'-aminobiphenyl)oxamidine (4.20 g, 10 mmol) 
and NdCO3 (3 g) in 50 mL ethanol under constant stirring at r w m  temperature. &r the 
addition of anti-chloroglyoxime, the solution was stirred for an &tional six hours. 50 mL. 
water was then added to the solution to precipitate a red substance. This precipitate was 
filtered and dried in vacuo. Yield of YH, : 75% and L2H2 : 76%. Melting point of ligands 
arc: above 255 OC (decomposition). 

These compounds were soluble in DMF, pyridine and DMSO. (Found LIH2 : C, 
49.09, H, 4.58; N, 31.80. Cdc. for C18H2$i1004 : C, 48.79; H, 4.73; N, 31.62. Found L*H2 
: C, 60.80; H, 4.76; N, 23.64. Calc. for C3&128N1004 : C, 60.63; H, 4.61; N, 23.46 %). IH- 
n.m.r. of L'H,, S : 12.44 (s, 2H, disappears upon deuterium exchange), 11.44 (s, 2H, 
disappears upon deuterium exchange), 8.03 (s, C - W ) ,  7.88 (s, W ,  disappears upon 
deuterium exchange), 7.55 (s, 4H, disappears upon deuterium exchange), 6.86-7.42 (m, 8 ~ ) .  

l€I-n.m.r. of LIH2 S: 12.54 (s, 2H, disappears upon deuterium exchange), 11.47 (s, 2H, 
disappears upon deuterium exchange), 8.12 (s, C-Holdoxim) 7.90 (s, 2H, disappears upon 
deuterium exchange), 7.56 (s, 4H, disappears upon deuterium exchange), 6.90-7.37 (m, 

16H). IR d L'H2 V,, : 3470 (N-H), 3300 (-N-H), 3170 (0-H), 3010 (C-k), 2980 
(C -IHldoxuu), 1670 (C=Noxanuiu), 1640 (C-Nwiu) md 960 (N-0) CW'; IR Of L'II2 V- : 
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TWO NOVEL TETRAOXIMES 1201 

3500 (N-H), 3300 (=N-H), 3200 (0-H), 3010 (C-IIQIom), 2980 ( C - W ) ,  1670 
(C=Nox.rmdire), 1635 (C=No-) and 960 (N-0) CW'. 

A solution of NiCI2.6H2O (0.5 mmol, 119 mg), CoC12.6H20 (0.5 mmol, 119 mg) 
or CuC12.2H20 (0.5 mmol, 170 mg) in 30 mL hot ethanol was added to the solution of LlH2 
(0.5 mmol, 220 mg) or L2H2 (0.5 m o l ,  296 mg) in 20 mL DMSO. The color was changed 
immediately and a sharp decrease in the pH of the solution to 3.5-4.0 was observed. When 
the pH was increased to 5.0-5.5 with 0.5 % NaOH solution in ethanol, precipitation started. 
The mixture was further stirred on a water bath at 60 .C for 1 hour in order to complete 
precipitation. Precipitates were filtered off, washed with hot ethanol and hot water and then 
dried in vacuo. 

A solution of ZnC12.2H20 (1 mmol, 172 mg) or CdC12.2H20 ( I  mmol, 2 19 mg) in 
30 mL hot ethanol was added to a solution of LIH2 (0.5 mmol, 220 mg) or L2H2 (0.5 mmol, 
2% mg) in 20 mL DMSO. The color changed immediately and a sharp decrease in the pH 
of the solution to 4.0-4.5 was observed. When the pH was increased to 5.0-5.5 with 0.5 % 
NaOH solution in cthanol, prccipitation startcd. Thc mixture was further stirred on a water 
bath at 60 C for 1 hour in order to complete precipitation. Precipitates were filtered, 
washed with hot ethanol and hot water and then dried in vacuo. 

The data regarding color, melting point, yield, elemental analyses, lR and magnetic 
moments of the all the complexes are give in Tables 1 and 2. 

RESULTS AND DISCUSSION 

In this work, N,~-bis[(4-phenyl)oxamidinelaminoglyo~~~H2) and N,N-bis[C 
(4'-biphenyl)oxamid]aminoglyoxime (Lad were synlheskl by reacling anti-chlorogly- 
oxime with sym-bis(4-aminophenyI)oxamidine and ~ ~ - b i s - 4 - ( 4 ' - a m i n o b i p h e n y l ~ ~ ~ e  
respectively (Schcma 1 )  and complexes of these vic-dioximes with N i o ,  cu(n), 
Zn(U) and Cd(l1) ions were isolated (Fig. 1 and 2). 
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1202 MERCIMEK ET AL. 

Table 1. Analytical& Physicalb and Magnetic data for the Complexes 

Analysis (%) 

94 

87 

84 

95 

87 

82 

8S 

85 

85 

B5 

- 
1.99 

1.65 

h.rmgrrcic - 
DLu@ 

206 

1.67 - - 

43.49 3.85 28.18 

(43.56) (3.75) (28.31) 

43,47 3.65 28.16 

(43.16) (3.71) (28.20) 

43.07 3.81 27.80 

(43.33) (3.61) (26.11) 

31.98 3.28 20.72 

(31.58) (3.09) (20.57) 

28.07 2.60 10.19 

(28.36) (3.02) (18.08) 

55.50 4.04 21.57 

(SS.6fi) (4.32) (21,711) 

55.48 4.03 21.56 

(55.66) (4.12) (21.78) 

56.08 4.01 21.41 

(54.86) (4.22) (21.48) 

(45.W (3.511) (16.711) 
45.50 3.65 16.91 

39.07 2.28 15.91 

(38.79) (2.32) (15.78) 

11.81 

(11.79) 

11.80 

(11.66) 

12.80 

(12.54) 

19.94 

(19.85) 

28.10 

(29.31) 

9.04 

(9.21) 

9.07 

(9. in) 
9.71 

(9.78) 

15.79 

(15.58) 

24.37 

(24.18) 

10.49 

(10.37) 

9.21 

(9.w 

8.58 

(8.4) 

7.69 

(7.54) 

%+ired values are given in parentheses. %eking points of all the complexes are above 320 “c. 

In the ‘H-Nh4R spectra, two peaks are present for the OH protons of the oxime 
groups. These two deuterium exchangeable singlets correspond to two inequivalent OH 
probns thal also indicak he &- COnIiguration of the OH groups relative to each other 
(Schema 1). When the chemical shift values of the two OH groups are compared in two 
different ligands, the one at lower field quite closely resemble each other (L*H2; S = 12.44 
s, 2H and L2H2; S = 12.54 s, 2H ) while a considerable difference is observed for the one at 
the higher field (L’H2; 6 = 11.44 s, 2H and L2H2; S = 11.47 s, 2H,)(Rs9). Consequently, the 
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TWO NOVEL TETRAOXIMES 1203 

Table 2. Cliaractwistic I.R. Bands (cm-1) ofThc Complexes (mr pellets) 

u U V 6 U v Y 

Compound (N-Ij) (C-H) (O-H.-.O) (O-H...O) (GN) (eN) (N-0) 
OXanIidinc O X k  

[L' WNiI,, 3470 3015 2220 1710 I670 I620 ybo 

[L' W o J n  3470 3010 2230 1710 1670 1610 960 

[(L'H)cuIn 3470 3010 22GO-2360 1710 1670 1610 960 

rcL'wIflZO)2znd 3500 3010 1670 1610 960 

1670 1610 YM) [(L'H)CIZ(H$)$dJ 3470 - 

L(L2H)Niln 3470 3010 ZW-L300 1710 1ti70 1605 960 

l(L2Woln 3470 3010 3260-2360 1710 1070 1605 960 

[(L:HKul" 3470 3010 3260-2360 1710 1670 I605 964 

[(L2H)ci@i$)2zn?] 3470 3010 1670 1605 960 

[(L2WJ2(H$9$dd 3470 5010 1670 1605 960 

H-0 
I 

/"'.YH 

n 

Fig. 1 Polymeric [(L'H)M], and [(L*H)M], Complexes {(M=Ni(II), Co(I1) or Cu(I1)). 
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1204 MERCIMEK ET AL. 

QH 

Fig. 2 Binuclear Complexes of L’H, and L2H, {M=Zn(II), or Cd(I1)). 

Schema 1 

first one is assigned to the OH proton on the phenyl side and the latter to OH proton of the 
anidoxime since the effect of various substituents is expected to be higher on the 
ammidoximc. The N-H protons were observed at 7.40-7.91 ppm and those of aromatic C-H 
protons at 6.86-7.42 ppm respectively. The IR spectrum of ligmds exhibited r(0-H) as 
a broad absorption at 3170 cm-1 and 3200 cml , Band due to (C=N) oxamidined’o), 
(C=N) oximes and (NO) stretches were at 1670, 1640-1630 and 960-955 cml, 
respectively( 1 2,s- 17). 

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



TWO NOVEL TETRAOXIMES 1205 

Elemental analyses, TR spe&mmpy and magnetic .msc@bility were employed in 
order to determine the structural charactersties of the complexes (Table 1 and 2). The 
reaction of ligands with sahs of Ni@), co@) sad cu(n) gave products with metal-ligand 
ralio of 1:l. In the case of Ni@), Co@) and Cu@) only polynuclear complexes were 
obtained even when the metal ions were used in excess (Table 1). Since a distinct lowering 
in the pH of the solution was observed during thc complex formation of the ligands with 
subsequent N,N- chelation with the mdioxime groups probably occurs. The usual 
structure for an atmdioxime complex is based on the formalion or lwo 0-He-0 bridges for 
each complex molecule. The weak stretchingWJJ9) and deformation(1JJ-17) bends of these 
hyQogen bridges were observed at around 2220-2360 cm-1 and 1710 cm-1 for all the 
complexes. The aromatic C-H , C=N and N-O stretch& vibration8 am very close for 
ligands as well as the N i ( Q  co(n) and Cu@) complexes(1.2.*-17) (Fig. 2), (Table 2). 

L1H2 and L2H2 reads with zn@) and cd@) dts to give 2:1 mecnl-li@ ratio 
complexes with two of four coordination sita on the per metal are occupied by the N atom 
ofthe oxime pups and the 0 atom ofthe other. A chloride ion and a water molecule are 
also coordinated to the metal ion {[(LW)(H20hCl&12], [(LW)(H20~Cl&ld), (Fig. 2), the 
physical data and IR spectra are consistent with such a s t r ~ c t u r d ~ ~ ~ ~ ~ ~ 5 )  (Tables 1 end 2). 

The common featrrre of the complexes of ligands were their insolubihty that also 
hindered spectral investigations. Magnetic susceptibility measurements provide sufficient 
data to c h a r a c e  thc strucaues (Table 1). The mononuclear complexes of Ni@) are 
dmmagnetic as expected for dn metal ion in o square-planer field1.2.R1'? When the 
magnetic momem of the mononuclear complexes of Co@) and Cu@) are about 1.99-2.06 
B.M. and 1.65-1.67 B.M., comparable with values reported for slightly distorted square- 
p b r  cobalt@) and coppcr(II) complcxcs of vidioximcs(l1J6). 
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