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Several monohalo-tridentate nickel(U) complexes 

were prepared where the halo group is chloro or bromo 

and the tridentate is a Schiff base adduct of unsymm- 
N,N-dimethyl and N,N-diethyl-ethylenediamine and 
one of the following P-dicarbonyl compounds: a deriva- 
tive of a /3-dicarbonyl compound (RCOCHR’COR”; 
R = CH3, R” = H, R’ = CzH50C0 or CH3CO; R = R” 
= CH3, R’ = Ca5; R = Ca5, R’ = H, R” = CH3 or 

GH3, a derivative of a 2-acylphenol (o-R-C&dH; 
R = H, CH3, or Cd?,), 2-hydroxy-I-naphthaldehyde, 
I-hydroxy-2-acetonaphthone, or 2-propio-1,3-indane- 
dione. Only the acetylacetone derivatives which contain- 
ed electron withdrawing groups (CaH, CH,CO, CJTH,- 
OCO) produced the nickel(iI) chelates. According to 
spectral and magnetic data, the normal structure of the 
complexes is square-planar. Some of the chelates rever- 
sibly formed stable hydrates. 

Introduction 

A question raised by the existence of the halo-triden- 
tate nickel(I1) complexes reported in Part 1’ is the 
structural requirements for the successful isolation of a 
complex. In Part I, variations in the halogen and the 
amine portion of the 2-acetyldimedone Schiff base 
adduct were investigated (dimedone = 5,5-dimethyl- 
1,3-cyclohexanedione), structure I. The ketone portion 
is the object of this study. We wish to learn if the 
tridentates are ubiquitious - practically any combination 
of the /3-diketone and an ethylenediamine will yield the 
halogen containing nickel complex- or if thep-diketones 
yielding the chelates are limited. 

R 
AN1 

R’ 
0 -N, 

@ 

R = H, CHS, CZHS 

’ \ Ni 
’ \R” R’ = CH3, C2H5 

0’ ’ X R” = H, CH3 

(I) X = Cl, Br, NCS 

Previous workersl’* with Schiff base complexes of 
nickel(U) have generally studied two main groups of 
ligands: (1) derivatives of P-diketones (such as acetyl- 
acetone or ethyl acetoacetate), with derivatives of p- 
triketones (studied in Part 1) being an interesting 

subgroup; and (2) derivatives of aromatic hydroxy 
compounds (such as salicylaldehyde or o-hydroxy- 
acetopheone). Following this pattern, we include mem- 
bers of each type in our study. 

Experimental 

PMR Spectra 
These were taken on a Varian HA-100 NMR spec- 

trometer. Tetramethylsilane was used as the internal 
standard and lock signal. Electronic spectra were taken 
on a Cary Model 14 spectrometer. For solutions, cells 
were either 1.00 mm or 1.00 cm in width as required. 

Mass Spectra 
These were recorded with an AEI MS-9 Mass spec- 

trometer using the direct insertion probe for sample 
introduction. 

Chemicals 
All solvents were commercial reagent materials. 

Chloroform, both normal and deuterated, was passed 
through a column of neutral aluminum oxide immedi- 
ately before use. Pyridine was dried over molecular 
sieves. The nickel(I1) bromide. 1,2_dimethoxyethane 
and nickel(I1) chloride. 1,2_dimethoxyethane were ob- 
tained from Alfa Inorganics Inc. 

Magnetic Susceptibilities 
Measurements for solid samples were obtained with 

a Faraday balance. Mercury(I1) tetrathiocyanatocobalt- 
ate(I1) was the calibrant.3 Diamagnetic corrections were 
estimated from Pascal’s constants, and the magnetic 
moments were calculated using the expression, pcff 
= 2.84m.” 

Microanalyses 
Analyses were performed by Galbraith laboratories 

of Knoxville, Tenn. 

Synthesis 
Ligand synthesis 
P-diketones were condensed withunsymm-N,N-disub- 
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stituted ethylenediamines to produce Schiff bases.5 
The P-diketones were all commercial samples except 
two derivatives of acetylacetone which were prepared 
by Claisen’s procedure.6 

C”3 CH3 

General synthesis of nickel chelates 
The procedure was similar to that of reference 1. 

The ligand was combined with a slight excess of sodium 
ethoxide in ethanol, and then excess nickel(I1) halide 

1,2-dimethoxyethane was added. After the mixture 
had been stirred for about an hour at 6O-8O”C, the 
solvent was removed by rotary evaporation. The product 
was extracted from the remaining solid with hot toluene 
or with dichloromethane for the less soluble chelates, 
and recrystallized from toluene-heptane or dichloro- 
methane-heptane. 

Chelates obtained 

CM3 
0 
\ 

:c=o, ,x 
/-C NI ’ 

R +C_( lN’R 
H u \R’ 

(1) R = OC2Hs, R’ = CH3, X = Br 
(2) R = 0C2H5, R’ = CH3, X = Cl 
(3) R = CH3, R’ = C2H5, X = Br 
(4) R = CH3. R’ = C2H5, X = Cl 

Compounds (1) and (2) were formed in good yield 
(>50%), are stable, and crystallize well. Because the 
R’ = CH3 of (3) and (4) were insoluble. the R’ = CzH5 
analogs were prepared. 

W5 (5) R = CH3 
(6) R = C6H5 

Although complexes, (5) and (6) arc readily formed, 
(5) is less stable as attested by some decomposition on 
repeated recrystallization of (5). 

The ligand from 2-proprio-1,3-indanedione yields 
the corresponding haletridentate (7). the 2-methyl 
analog being too insoluble for study. Compound (7) 
exists in two forms. One is a brown solid, soluble in 
dichloromethane; the second is a bright yellow solid, 
soluble only with difficulty in dichloromethane. The 
yellow material will yield the brown form on subsequent 
crystallization, and the yellow form is obtained by evapo- 
rating down a solution of the brown. 

(7) 

The unsymm-N,N-dimethylethylenediamine adducts 
of I-hydroxy-2-acetonaphthone and of 2-hydroxy-l- 
napththaldehyde yielded the monohal+tridentate 
nickel(I1) complexes. (8) and (9), respectively. The 
bromo analog of (9) occluded solvent giving inconsistent 
melting points. 

3 
H - ‘CH3 

(8) 
(9) 

Chelates derived from salicylaldehyde (lo), aceto- 
phenone (1 I), and benzophenone (12) were also 
prepared. 

Q 0 0, 7 
C=N~N\N~C2H5 

R’ - ‘CA 

(10) R =H. x = Cl 
(11) R=CH3, X=Cl 
(12) R=C6H5, X=Br 

Alternative synthesis 
Compound (I 0) may be prepared by combining the 

bia(tridentate) complex originally reported by Sacconi 
et aL7 with a slight excess of nickel(I1) chloride. 1,2- 
dimethoxyethane. Upon mixing the two materials in 
ethanol, the green of the bis(tridentate) nickel chelate 
is rapidly replaced by the yellow-brown of the halo- 
tridentate nickel(I1) compound. The isolated product 
has properties identical to those of compound (10) 
synthesized by the first general method. 

The analytical data for the twelve monohalo-triden- 
tate nickel(I1) chelates are summarized in Table I. 

Hydrates 
Compounds (l), (2), and (7) form solid hydrates in 

a humid atmosphere. On warming the hydrates under 
reduced pressure, the anhydrous material is recovered, 
compound (7) requiring an appreciable higher temper- 
ature for the conversion compared with (1) and (2). 
Compounds (3) and (4) also yield hydrates, but they 
are semisolids and upon dehydration some decomposi- 
tion is observed. From the weight of water lost, it appears 
that for (I) and (2) the water to nickel(I1) chelate 
ratio is 2 : 1 whereas for (7) it is 3 : 1. 

The five compounds which give hydrates, dissolve in 
water. All the other chelates do not form hydrates, do 
not dissolve in water, and do contain aromatic rings. 
Apparently with the aromatic substituents, the com- 
pounds are not sufficiently poiar to hydrogen bond with 
water. 
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TABLE I. Characterization of some monohalo-tridentate nickel(B) complexes. 
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Compound Dec. P.“C” 
Calcd. 

% c 
Found 

1 175-176 36.10 36.08 5.23 5.04 7.66 7.61 
2 209-2 10 41.12 41.26 5.96 6.10 8.71 8.83 
3 172-173 39.60 39.64 5.82 5.89 7.70 7.80 
4 183-184 45.10 45.33 6.62 6.60 8.77 8.62 
5 181-182 45.45 44.81 5.18 5.14 7.57 1.72 
6 239-244 52.82 52.61 4.90 4.79 6.48 6.11 
7 23 1-232d 46.88 46.95 4.67 4.67 6.83 6.97 
8 215-277 48.77 48.65 4.86 4.78 7.11 7.27 
9 242-244 53.71 54.04 5.11 4.94 8.35 8.33 
10 206-207 49.79 49.98 6.11 5.90 8.93 8.74 
11 247-249 51.33 51.41 6.46 6.39 8.56 X.62 
12 22 l-223 52.58 52.10 5.34 4.96 6.45 6.49 

%H %N %X 
Calcd. Found Cal&. Found Calcd. Found 

21.84b 21.70 
1 1.03c 11.23 
21.96” 21.80 
11 .ofF 11.23 
21.60 21.91 
18.49b 18.34 
19.59b 19.66 
20.28b 20.51 
10.57c 11.04 
11.31C 11.62 
10.82c 10.69 
18.41s 18.05 

a Uncorrected, complexes melt with decomposition. ’ % bromine. ’ % chlorine. ‘Brown form of 7. 

TABLE lI.a Optical spectra. 

Compound Medium 

1 CHCla 
2 CHC13 
3 CHCla 
4 CHCIa 
5 CHCl, 
6 CHC13 
7 CH& 
7-brown Nujol 
7-yellow Nujol 
8 CHCla 
9 CHCIa 
10 CHCl3 
11 CH&l> 
11 Nujol 
12 CHC13 

19.000(264) 
19,400(265) 
19,300(262) 
19,300(294) 
19,200(217) 
19,300(293) 
18,500(208) 

22,200(1.00)c; 16,900(0.76) 
23,500(1.00)‘; 16,100(0.28) 

19,600(321)’ 
19,700(380)d 
19,300(294) 
19,200(244) 

1X,900(1.00)c; 13,400(0.83) 
19,200(280) 

15,900(63) 
16,000(80) 
15,400(5 1) 
ll.SOO(O.26) 
11,400(0.17) 
15.700(105) 
16,400(80)d 

16,10U(70)d 
9,740(0.54); 5,090(0.30) 
15,900(70)~ 

‘All data obtained at room temperature. b Molar extinction coefficients (cm-‘M-l). ‘Relative intensities cited for 
Nujol mulls. d Shoulder to band at higher v,,,,. 

Results 

In chloroform solution, all the monohalc+triden- 
tate nickel(H) chelates reported here are square-planar 
as indicated by the absence of any absorption below 
15,000 cm-’ in the optical spectra (Table II). Fur- 
thermore, the pmr spectra of the complexes in deuter- 
ated chloroform show no contact shifts, except in the 
case of (7). The hydrates attain a square-planar con- 
figuration in chloroform, the water molecules being 
dissociated from the nickel(H) in solution. 

In the solid state, the square-planar form is also dis- 
played by the monohal*tridentate nickel(I1) chelates 
except for the hydrates, and compounds (7) and (11). 
Only these exceptions are paramagnetic (Table III), 
the rest having moments less than 0.6 B.M., and only 

these exceptions show absorptions below 15,000 cm-’ 
in the optical spectra of the Nujol mulls (Table II). 

Compound (7) presumably has a pseudo-octahedral 
structure due to intermolecular association. The asso- 
ciation seems to be weaker in the brown form than in 
the yellow. The former has a lower magnetic moment 
than the latter, and the intensity ratio of the 11,000 cm-’ 

TABLE III. Magnetic moments of solid samples. 

Compound Compound 

1 dihydrate 3.10 7 yellow 3.10 
2 dihydrate 3.03 7 brown 1.61 

7 trihydrate 3.10 
11 3.18 
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TABLE IV. Proton chemical shift data.” 

Cpd. 3 

Cpd. 4 

Cpd. 7 
dilute 
cont. 

CH3 ethyl CHzN CHJ Keto CH3CO 
1.92(@ 2.24(t) 2.29(s) 

CH3 ethyl CH,N CH3 Keto CHZCO 
1.93(t) 2.23(t) 2.30(s) 

CH, ethyl CH, ethyl CH2N (CH,),N 
1.32(t) 3.15(q) 3.76(b) 5.16(s) 
1.66(t) 3.24(q) 6.30(b) 9.35(s) 

G. 0. Dudek and E. P. Dudek 

CH, ethyl CH2 ethyl NCHZ CH 
2.64(m) 3.36(m) 3.J l(t) 7.60(s) 

CH, ethyl CH, ethyl NCH, CH 
3.55(m) 3.24(m) 3.41(t) 7.50(s) 

NCHz C6H4 
5.60(b) 7.2-7.9 

9.70(h) 7 .o-8 .o 

a Chemical shifts of solution5 measured in ppm from an internal standard. tetramethylailane; the solvent is CD03 
‘Abbreviations: b = broad; m = multiplet; q = quartet; 5 = singlet; t = triplet. 

band to the 16.000 cm-’ band in their optical spectra, 
is smaller for the former than for the latter. This evi- 
dence for greater association in the yellow, form is in 
keeping with the lower solubility of the yellow species 
as compared with the brown and with the fact that the 
yellow) is produced on evaporating off the solvent where- 
as the brown crystallizes from solution. Of all the com- 
pounds studied here, only compound (7) was sufficicntl\ 
soluble and associated in solution to show a maI-ked 
change of chemical shift with concentration (Table IV), 
the (CH3)2N resonance shifting upfield more than 
4 ppm upon dilution. Concentration-dependent chemi- 
cal shifts for monahaltrtridentate nickel(l1) cotnplexes 
were reported in Part 1.’ Apparently the @-diketone 
moiety of the indane ring in compound (7) is conduci1.e 
to association as is the /j-dikctone group of the dimc- 
dones studied in Part I. 

The structure of compound (1 I) in the solid state 
is not obvious. The low frequencies of the three absorp- 
tiona in the spectrum of the Nujol mull arc more indica- 
tive of a tetrahedral than an octahedral geometry. 
According to tetrahedral symmetry, the bands may be 
assigned 3T,(F)+‘Tz(F). 5,090 cm-’ and 9,740 cm-‘; 
‘T,(F)+‘AI(F), 13,400 cm-‘; ‘T1(F)+“T,(P), 
18.900 cm-l. For tetrahedral nickel(I1) compounds of 
low symmetry. the ‘T1(F)+‘TZ(F) transition is often 
split but the bands generally occur below 9,000 cm-‘. 
Also the ‘TI(F)+‘A2(F) transition usually lies between 
10,000 and 12,000 cm-1.8 On the other hand, the low 
solubility, high melting point, and magnetic moment of 
3.18 B.M. are suggestive of an octahedral configuration. 
The magnetic moment of tetrahedral nickel(I1) com- 
plexes usually exceed 3.2 B.M.’ Why the acetophenone 
compound (1 I) is more associated than the correspond- 
ing salicylaldehyde compound (10) or why compound 
(I 1) is distorted towards 21 tetrahedron while the naph- 
thalene (8) is not remains an unsolved question. 

For the three hydrates of (1). (2) and (7). the 
magnetic moments and spectra of the Nujol mulls sup- 
port a pseudo-octahedral configuration. The spectra 
are similar to those reported for powdered samples of 

the six-coordinate. dihydrates of bis(salicylaldehydato)- 
and bis(acetylacetonato)nickel(II), although at some- 
what higher frequencies than noted for the latter two 
hydrates.“’ In the trihydrate of compound (7), one of 
the water molecules is presumably hydrogen bonded to 
a l&and Gte. 

With t-egard to the optical trpectra (Table II) the 
introduction of phenyl gt-oups has two effects. First the 
dcgenet-acy of the l&and field transitions is reduced in 
that besides an absorption near 19,000 cm-‘, a second. 
less intense band is found at about 16,000 cm-l for all 
compounds containing a phenvl group. except com- 
pound (IO). Second. the intensities of the absorptions 
are increased, compare (5) with (6). (1 1) with (12). 
and the naphthalenc deri\;ativcs (8) and (9) with the 
benzene analogs ( 11) and (12). 

In the pmr spectra (Table IV). all the chelates con- 
taining the -NCH2CH2N(C2H,)2 moiety exhibit four 
methylene resonances. For some compounds, the two 
low field bands 01 et-lapped, but addition of about 10% 
by volume of deuterio-benzene to the deuterio-chloro- 
form solutions separated the two resonances. In the 
spectra with sufficient resolution to clearly detect the 
multiplet structure of the hands, the two intermediary 
methylene resonances appear as I : 3 :-I : 1: 3 : 1 hextets 
and the lowest and highest methylene resonances appear 
a5 1 : 2 : 1 triplets. The triplet\ are attributed to the 
bridging methylene groups of the ethylenediamine 
moiety. The hextet structure indicates that the protons 
of a methylene gt-oup in each ethyl substituent are not 
equivalent but rather exhibit a gem coupling of about 
14 Hz and a vicinal coupling to the neighboring methyl 
group of about 7 Hz. with a chemical shift difference 
between the hextets of more than 0.7 ppm. Similar 
nonequivalence of tnethylcne protons has been noted 
for other ethyl det-ivatives such as diethyl sulfite.” In 
the monohaltrtridentate nickel(I1) complexes. the 
nonequivalent environment of the methylene protons 
may rise from the puckered structure of the ethylenc- 
d&mine ring. This nonequivalence was also reported in 
Part I. 
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Conclusion 

The nickel(II) complexes prepared here, as in Part I, 
are unusual in that they contain nickel(I1) bonded to 
one halo ligand and one uninegative tridentate ligand. 
Several nickel(U) compounds are known in which the 
tridentate ligand is neutral giving rise to the five-coor- 
dinate NiLXz species’*-15 and in a few cases the four- 
coordinate ionic [NiLX]X.16 If the tridentate ligand has 
a -1 charge, the isolated nickel(I1) complexes usually 
contain two tridentate ligands per nickel ion, NiL2.7,17-19 
When sulfur is one of the coordinating atoms in a 
uninegative tridentate ligand, dimerization, (NiL)2, 
with the sulfur acting to bridge the two nickel atoms is 
possible.” 

Sacconi and Speroni did prepare a monoiodo-triden- 
tate nickel(I1) complex by combining the adduct of 
o-methylthiobenzaldehyde and N,N-diethylethylene- 
diamine with nickel(I1) iodide and demethylizing the 
sulfur atom of the Schiff base in the reaction.” In their 
studies of tridentate ligands formed from salicylaldehyde 
and N,N-disubstituted ethylenediamine, however, Sac- 
coni and his collaborators reported isolating only the 
bis(tridentate)nickel(lI) complexes.7 They did prepare 
monohalo-tridentate complexes of copper( These 
copper(H) chelates were synthesized by either reacting 
a copper(I1) halide with the tridentate Schiff base ligand 
in alcohol or by refluxing the bis(tridentate) copper(I1) 
compounds in a chlorine-containing solvent such as 
chloroform and carbon tetrachloride. We find that the 
bis(tridentate) nickel(I1) compounds do not undergo 
such a dehalogenation of solvents but that some will 
react with nickel(I1) halide to form the monohal<+ 
tridentate nickel(I1) compounds, such as compound 
(10). In the future we will investigate the applicability 
of this synthetic procedure. 

Apparently Schiff bases of aromatic hydroxy com- 
pounds (both aldehydic and ketonic) yield monohalcr 
tridentate nickel(H) chelates (Y)-( 12). However the 
situation with the other important group of Schiff Base 
ligands - the P-diketones - is far more complex. 

We could not prepare chelates from the two of the 
more commonly used P-diketones - acetylacetone or 
ethyl acetoacetate. The failure of the latter is likely due 

to the poor coordinating ability of the acetotacetate 
group. 

The ketones, 3-phenylacetylacetone and 3-phenyl- 
thioacetylacetone, did give monohaletridentate nick- 
el(I1) complexes as evidenced by mass spectra and the 
characteristic purple color, but the materials decomposed 
upon crystallization. 

The marginal stability offered by these two 3-sub- 
stituents may be attributed to the electron withdrawing 
effect of the two moieties. Presumably the electron 
withdrawing of the 3-phenyl group is via induction rather 
than conjugation, for in bis(3-phenyl-2,4-pentane- 
dionato) copper( the phenyl group is twisted through 
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a torsional angle of 70” from the mean plane of the 
chelate ring which, according to Carmichael et al., 
reduces the resonance interaction by about ?~4%.*~ 

It can be concluded from our study, that the two 
methyl groups of acetylacetone destabilize the mono-’ 
halo-tridentate nickel(H) chelates. Substitution of one 
methyl moiety by a phenyl group does yield such a 
chelate (5), and with both methyl substituents replaced 
by phenyl groups, complex (6) is obtained, which is 
more stable than (5). Similarly, substituting a hydrogen 
for a methyl group leads to stability, for although 
3-carbethoxy- and 3-acetyl-acetylacetone did not yield 
monohalo-tridentate nickel(I1) chelates, the analogous 
acetylacetaldehyde compounds did. Presumably the 
destabilizing effect of the methyl substituents is a result 
of the electron donating property of these groups. It is 
interesting that the influence of a methyl group is also 
noted in the aromatic systems, with compound (11) 
having magnetic and spectral properties differing from 
those of (10) and (12). 

In addition to providing the first neutral monohale 
tridentate nickel(I1) chelates, these compounds are of 
interest because the halogen can be exchanged by a 

variety of moities. In part 1 of this series, the replace- 
ment of the halogen by the pseudo halogen SNC was 
mentioned. We are currently investigating the more 
interesting cases of exchanging the halogen by anions 
of /?-diketones to generate S-coordinated nickel(I1) 
complexes and of the dephenylation of boron occurring 
when the anion is tetraphenylborate. 

References 

1 

2 

3 
4 

5 
6 
7 

8 
9 

10 
11 

12 

13 
14 

15 

7.1. Benzer, L. Dann, C. R. Schwitzgebel, M.D. Tamburro 
and E.P. Dudek, Inorg. Chem., 10, 2204 (1971). 
R.H. Holm, G.W. Everett, Jr., and A. Chakravorty, in 
“Progress in Inorganic Chemistry.” Vol. 7, F.A. Cotton, 
Ed.. Interscience, New York. 1966. pg. 83ff. 
R.N. Figgis and R.S. Nyholm,J. Chem. Sot., 190 (1958). 
P.W. Selwood, “Magnetochemistry”, Interscience, 
New York, N. Y., 1943, pp. 51-53. 
G. 0. Dudek and G.P. Vo1pp.J. Org. Chem. 30, SO (1965). 
L. Claisen,Ann., 297, 1 (1897). 
L. Sacconi, P. Nannelli. N. Nardi and U. Campigli, Inorg. 
Chrm., 4, 943 ( 1965). 
L. Sacconi, Transition Metal Chem., 4, 199 (1966). 
B.N. Figgis, J. Lewis and G.A. Webb, .I. Chem. Sot. (A), 
1411 (1966). 
G. Maki,J. Chrm. Phys., 29, 162 (1958). 
F. Kaplan and J.D. Roberts, .I. Am. Chem. Sot., 83, 4666 
(1961). 
L. Sacconi, G.P. Speroni, and R. Morassi. Znorg. Chem., 7, 
1521 (1968). 
L. Sacconi and I. Bertini, Ibid., 7, 1178 (1968). 
P. Barnfield. R. Price and R.G.J. Miller, .l. Chem. Sot., 
1437 (1969). 
I. Bertini, D. L. Johnston, and W. D. Horrocks Jr., Inorg. 
Chem., 9, 69X (1970). 



224 G. 0. Dudek and E. P. Dudek 

16a) W.S. J. Kelly, G.H. Ford and S. M. Nelson, J. Chem. 
Sot. (A), 388 (1971); b) W.V. Dahlhoff and S.M. Nel- 
son, Ibid., 2184 (1971). 

17 I. Bertini and F. Mani, Inorg. Chem., 9, 248 (1970). 
18 N.F. Curtis,J. Chem. Sot. (A), 13.57 (1972). 
19 C. A Root, B.A. Rising, M. C. Vanderveer and C. F. Hcll- 

muth, Inorg. Chem., 11, 1489 (1973). 

20 G.R. Brubaker, J.C. Latta and D.C. Aquino. Ibid., 9, 
2608 (1970). 

2 1 L. Sacconi and G. P. Speroni, Ibid., 7, 295 (196X). 
22 L. Sacconi ar,d 1. Bertini, ibid., 5, 1520 (1966). 
23 J. W. Carmichael Jr., L.K. Steinrauf. and R.L. Belford, 

.I. Chem. Phy.s., 43, 3959 (1965). 


