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Some complexes or nickei(II) derived from the ligand antifuran·2·carboxaldoxime 
have been prepared and ~tudied. Two types of parent complexes such as (NI(FD),FDHJ 
and (NI(FDH>,JCii, wbue FDH and FD refer to the neutral iind anionic forms of Ue 
anti-oxime, have been prepared. A series of ligand replacement reactions on former, 
and both ligand and anion replacement reactions on latter, havr been carried out and 
complexes of the type (NI(FD).(a. .. )1 ),(NI(FD)1 dam),(NI(FDH)(am)1 or dam)CI1 and 
tNI(FDH)1 (X).I where- am-pyridine (py), <·, P· or 'Y·picolrne (pic), dam=ethylene­
diamlne (en), propylene- !liamlne (PO), 2-2'-bipyr1dyl (bipy), 1,10-phenantbrollne (pbrn), 
diethylene triamlne (dlen) and trietbylene tetralnine (trlen) and x ... thiocyanate, cyanide 
and nitrite ions, have been obtained. All these have been assigned octahedral spin free 
stmctures on the basis of analytical, molar conductance, magnetic moment, infrared 
and electronic spectral data. 

A survey of literature indicates that a large amount 
of work has been done on the transition metal 
complexes derived from various aldoximes, 

which act as potential ligands due to the presence 
of a number of donor sites in them. The me of 
heterocyclic oximes in which another donor is 
present ortho to the oxime group is expected to give 
more valuable information regarding the mode of 
bonding and stereochemistry of the oxime 
complexes1 -e. The compound antifuran-2-carbo­
xaldoxime has, therefore, been used and in a pre­
vious communications its complexes with cobalt(II) 
were reported'. In the present paper the com­
plexes of nickei(II) with the oxime in its neutral 
as well anionic forms are reported. By carrying out 
ligand and anion replacement reactions on these, 
many other mixed ligand complexes have been 
prepared which haye been fully characterised by 
analytical, molar conductance, magnetic moment, 
infrared and electronic spectral data. 

in methanol and treated with the ammonium salt of 
the anion or the desired amine ligand in methanol. 
The resulting solution was refluxed for few hr, 
when a clear solution containing the new complex 
w.as obtained. The solid complexes were crystalHzed 
out from this solution by repeated treatments with 
petroleum ether. It was, however, found that in 
case of diethylenetriamine or trietby lenetetramine 
the direct addition of the amine5 made the solution 
viscous and it was very difficult to crystallise out the 
complex from this. The stoichiometric quantity 
of amine was, therefore, dissolved in methanol and 
added dropwise with stirring. The various com­
plexes so obfained are shown below. 

Experimental 

The ligand antifuran-2-carboxaldoxime is pre­
pared as described earlier'. The complex [Ni­
(FD),FDH] bas been obtained by treating calcula· 
ted amount of Ni(Ac) 1 with the oxime and neutra­
lising the solution with ammonia, while the complex 
[Ni(FD H) 8 ]CI 9 was prepared by treating nickel(II) 
chloride wttb. three equivalents of oxime in metha­
nol. A known weight of these was then suspended 

The molecular formulae of the complexes have 
been assigned by the estimation of percentages of 
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metal, C, Hand N. The molar conductance has 
been measured in water or methanol and the data 
are listed in Table 1. The infrared spectra have been 
recorded on a infrared spectrometer model 221, 
while magnetic moments have been obtained by 
Gouy method. The electronic spectra were recorded 
in the range 200-2000 nm on a Cary 14 recording 
instrument in the form of nujal discs and are listed 
in Table 2. 

Results and Discussion 

The ligand furan-2-carboxaldoxime exists in tbe 
syn- and anti-forms as shown below. 

HC-CH 

II I 
HC ) H 

"o '\c/ .. II 
:N 

"OH 
Syn-

These structures show that former can coordinate 
only through oxime nitrogen, but the latter through 
oxygen also. The oxime can also form complexes 
in the neutral as well as ioni~ed state and both such 

T.uu 1-ANALYl'tcAL, lfotu Ooxnucr.urcauro MA.oNBTtc DA2'A 

Complex Formulae Anrllvsis % , Found (Calcd.) '-mboo P..rr 
No. Ni c R ill' - dl B.M. 

1. [Ni(FD),(FDH)] 1M5 46.2~ 8.28 10.1i6 2.40 2.91 
(15.05) (46.19) (S.S59) (10.77) 

• II. [Ni(FD),(py),) 18.81 54-aS 4.118 111.03 11.01 ~.!H 
(l!l.4S) (54.95) (U5) (l'Uil) 

:3. [Ni(FD) 1 (o(·pic}.l 12.82 56.72 4.63 11.96 4.59 3.05 
(12.611) (56.80) (4.761) (111.04) 

4. [Ni(FD)1 (~-pic),J 1ll.23 56.1)0 4.7() ll.'l'l 1;,('1', 2.07 
(12.62) (56.80) (4.76) (12 04) 

5. [Ni(FD) 1 ('Y-pic),] 12.78 56.77 4.70 12.10 3.04 1!.99 
(Hl.62) (56.80) (4.76) (1~l.04) 

6. [Ni(FD),en].I!H,O 16.4( 39.01 4..99 14.38 ;H!l 
(15.6o'i) (SA.43) (li.37) (14.!J4) 

'i. ! Ni(F D), pn '.~H ,0 l.i.21 40,22 .5.111 14.411 3.24 ~.20 
(15.09) (iO.t!li (5.69) (14.40) 

8. N11 ~D\ • ( dien )1.2H ,0 15.03 40.18 li.9A 16.119 :':.05 
(14.04) (40.21) (1M2) (lfl.71;) 

fl. N1!Ffl\,( trien)'.2H ,O l:l."lR 41.110 11.~:1 1R.J7 3.615 :'I.:Jii 
(i2.7R) (!1.67) (fl.~f•'i) (1A.Il2) 

10 Ni,Fn),lhipy) .2fL,O am .~O.')~ 4.:'10 ll.R!! 2.7fl :'I.Jfi 
(111.46) 1.50.98) (4.27) (11.89) 

11. [:-._i(FD),(pht'n)].2H ,0 11.76 53.29 4.11 11.33 3.13 
(ll.RI\) (53.66) (4.07) (lUll) 

12. (Ni(FDH)s '01, 11.67 3R.AR 3.21! 8.99 111.56 127.111 R251 

(Ni(FDH),(py),]Cl,.I!FJ,O 
(lMA) (98.91) (!1.26) (9.07} (l Ji.RI) 

13. 11.2!! 48.90 4.~ 10.19 14.71 123.11 '2.9!! 
(1D.75) (48.90) (4.48) (10.26) (12.9R) 

14. [Ni(FDH).(t~n)]Cl,.2H ,0 12.11 S2.19 1.87 12.58 111.23 3.17 
(18.10) (!12.17) (4 95) (12.50) (J.'i.83) 

15. i Ni(FDH),(pn)]CI 1 .2H,O 1UIIl SA 71 5.11A 12.19 19.7A 13fl.71 3.17 
(l~UII) (33.79) (5.113) (12.12) (l!'i.84) 

16. (Ni(FDH),(dlen)]CJ,.IIH,O 13.26 !14.90 li.49 14.~0 lll.SS 115.71 3.06 

[Ni(FDH},(trien))Cis.2H,O 
(11.95) (~4.24) (li.54) (14.26) (tM~l 

17. 11.76 3.5.A9 6.12 111.79 li.l9 135.81 3.040 

[Ni(FPH\,(dipy)]Cl,.llH,O 
(10.99) (35.08) (A.OB) (15.79) (19.97) 

lR. 10.17 49.98 "--ii 10.1A 11\.21 llJ5.A1 3.04-!l 

[Ni(FDH),(phen)] l,.IIH ,0 
(10.79) (H.15) (4.01) (10.29) (11!.03) 

19. 11.08 46.49 3.0!1 0.91 13.43 3.40 

[Ni(FDH),(SCN).].4H,O 
(10.38} (46.51) (3.00) (9.Af!) (1'2.48) 

'20. 13.28 30.6A 3}11 1Ul9 4.03 2.99 

[Ni(FDH),(N0.),}.4H,O 
(11!.51) (80.72) (3.86) (IUJ4) 

Ill. 13.40 26.9() 4.10 12.60 2.85 :1.33 

22. [Ni(FDH),C,o. J 
(13.19} (1!6.99) (4.07) (12.59) 
17.32 89.12 2.76 7.52 2.04 3.84 

:.13. {Ni(FDH),(CN),] 
(15.91) (30.06) (2.7!l) (7.59) 
18.11 43.23 8.04 1&.86 ~.65 1!.10 

(11.63) (43.28) (~.02.) (16.82) 
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Complex •,(Oln.) 
No. kK 

1. 

!1. 

8. 

'· 
5. 

6. 

'T. 

8. 

Q. 

10. 

11. 

1\l. 

18. 
14. 

15. 

16. 

17. 

18. 

19. 

20. 
!11. 

'All. 

9.09 

10.31 

10.5!1 

10.64 

10.38 

11.51 

10.99 

11.86 

11.\l!l. 

11.86 

12.85 
10.82 
1o.68 

10.88 
11.09 

11.110 

1U\l 

11.21 

10.97 

10.78 

10.!16 
9.803 

9.6M 

10,78 

~.(r)b3.) 
kK 

15.15 
14.09 
15.38 
14.19 
16.61 
14.18 
16.26 
18.80 
16.18 
18.93 
17.86 
16.26 
lg,04 
16.94 
18.85 
16.41! 
19.40 
16.95 
18.94 
17.14 
1Ml 
15.15 
16.08 
14.60 
16.00 
}8.52 
14.81 
18.17 
15.15 
}g,05 
16.95 
19.25 
16.66 
17.86 
16.45 
1R.12 
15.89 
10.04 
15.80 
18.57 
18.112 
!6.61 
17.86 
111.111 

• 1 (0b~.) 
kK 

28.57 
25.65 
25.97 

26.90 

27.72 
24.40 
27.02 

28.7! 
24.40 
28.17 

26.81 
26.69 
29.4\l 

27.77 

28.56 
25.64 
1!7.79 

26.70 
29.41 
25.65 
27.611 

25.96 

26.02 

26.81 

28.57 
25.64 
25.51 
26.45 

115.51 
24.111 
28.75 
25.64 

909 

1031 

1052 

1064 

lOSS 

1087 

1099 

1099 

1124 

1186 

11M 

1069 

1088 
1109 

llllO 

114.2 

11111 

1097 

1078 

10116 
980.9 

968.4 

1078 

complexes of the antioxime have been prepared in 
the present study. 

In the complex [Ni(FD)1 (FDH)], two uninega­
tive oxime ions and one neutral oxime group is 
attached to nickel(II), while in the complex 
[Ni(FDH) 8]CI 1 only three neutral oximes are 
attached and the charge of nickel(II) is neutralised 
by two chloride ions. These formulae are suppor­
ted by the conductivity data of the complexes 
(Table 1). The above chart shows that in the 
former complex only ligand replacement reactions 
but in latter both ligand and anion replacement 
reactions have been possible and the formulae of 
the products so obtained have also been assigned 
on the basis of analytical and conductance data. 
The evidence for the coordination of ligands and 
the existence of oxime in the anti form is obtained 
by the infrared data, as discussed below. 

In the ir spectra of free ligand [antifuran-2· 
carboxaldoxime) two bands appear at 3160 and 

JIC~l 

914 

923.8 

1040 

1017 

1009 

1066 

1190 

1148 

1187 

1128 

1068 

957 

999 
1158 

104.2 

1125 

1180 

1071 

11811 

1001 
984.2 

1102 

1116 

Dq(Calcd.) r,(Calcd.) r 1 (C"Icd.) 
em-' kK kK 

916.1l 

955 

1020 

998.40 

998.11 

1159 

1066 

1124 

1115 

1105 

1046 

928.9 

989 
11M 

1020 

1108 

1091.4 

1050 

1110 

981 
96U 

1077 

1094 

16.87 

16.28 

18.95 

19.16 

18.60 

5lD.70 

19.80 

!10.46 

20.25 

5lD.45 

510.87 

17.118 

17.64 
19.95 

20.67 

20.54 

20.17 

19.78 

19.40 

18.47 
17.65 

17.86 

19.82 

27.90 

27.86 

29.63 

29.77 

29.01 

80.80 

80.20 

80.64 

80.49 

80.68 

80.61 

28.50 

518.75 
80.30 

80.80 

80.70 

80.46 

80.16 

29.98 

519.81 
28.76 

28./56 

29.87 

0.90S· 

0.918 

1.02 

1.00 

0.999 

1.02 

1.17 

0.882 

1.00 

1.01 

1.02 

0.946 

0.874 

1.01 

0.900 

0.98 

0.9.14 

1.12 

0.989 
0.972 

1.08 

1.108 

3040 cm-1 which are assigned to the intramole­
cularly bonded -OH group as reported for other 
similar complexes. In the complexes no. I and 
14-23, which contain neutral FDH, both these 
merge together and either one or two peaks 
appear at 33f0 and 3280 cm-1 showing that the 
hydrogen bonding has broken down as a result of 
coordination. In the complexes no. 2-13 only 
ionized Ol(ime ions are coordinated in which the 
-OH group has been deprotonated and hence 
peaks in this region are absent 8 ·"'· No band is 
seen in the spectra of free ligand below 600 cm- 1 , 

while two distinct bands appear in all the com­
plexes at fJ70 cm-1 and 510 cm-1 which are 
assigned to M-0 (oxime) and M-0 (furan ring 
stretches), respectively. The oxime appears to 
be bidentatc in nature coordinating through oxime 
oxygen and furan ring oxygen10 " 11 • One very 
important consequence of the coordination of oxime 
oxygen is an increase in the electron density of the 
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nitrogen atom ofthe )C=N- group, wbieh- shifts 
by 20 cm-1 of that of free ligand (1640 cm-1 ) and 
is observed in all the complexes at t6t.O cm-11 M'. 

The coordination through oxygen is probably 
favoured from the above structures according to 
which the stereochemical arrangement of bond and 
lone pair of electrons around nitrogen is such that 
it is somewhat hindered from approaching tbe 
metal ion. The coordination of other ligands is 
also indicated by the shifts in the position of the 
relevant infrared bands18 - 111 • 

The fJorr values of the complexes fall in the 
range 2.92-3.49 B.M. (Table 2} indicating octa· 
hedral high spin structures. The same structure 
is confirmed by the electronic spectra where three 
characteristic transitions :v 1 , :v, and 11 8 are seen 
at 11.00, 16.50 25.00 kK. respectively. The 
weak band at 13.50 kK in some complexes is 
assigned to the spin forbidden transition 
•A11(F)....,. 1 E1{D) which becomes partially allowed in 
these complexes due to the lowering of symmetry 
as different groups are present in the coordination 
sphere110•11, The values of Dq. B and (J have been 
calculated {Table 2) and these justify the assign· 
ment of octahedral structure to complexes11-u. 
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