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The iron(II), cobalt(II), nickel(II), and copper(I1) complexes with a series of hydrazones of 2,6-diacetyIpyridine have been 
prepared. The ligands include: 2,6-diacetylpyridinedihydrazone, H ;  2,6-diacetylpyridinebis(methylhydrazone), MH; 
2,6-diacetylpyridinebis(phenylhydrazone), PH; and 2,6-diacetylpyridinebis(dimethylhydrazone), dMH. From the six- 
coordinate nickel(I1) complexes, the spectrochemical series is H (Dq = 1258 cm-I) >> d M H  (Dq = 1119 emT1) = M H  (Dg = 

1117 cm-l) > PH (Dq = 1063 cm-I). The variation reveals the intramolecular steric requirements in these complexes. 
The iron(I1) complexes FeL2+, all of the spin-paired configuration, provide an illustration of the pitfalls associated with 
ferromagnetic impurities. A series of one-to-one complexes may contain examples of five-coordination. 

Introduction 
The trimethine structural unit (I) is responsible for 

the powerful chelating properties of 2,6-di(2'-pyridyl)- 

I 

pyridine (11), more commonly called terpyridine. This 

I11 

molecule behaves as a tridentate ligand (111) and has 
been the subject of numerous papers concerning analyti- 
cal applications,2-* as well as kine ti^,^ 
and infrared studies.18 The terpyridine nucleus, how- 
ever, does not lend itself easily to synthetic procedures 
by which the effective donor ability of the trimethine 
group might be altered. 

Another class of materials, containing the trimethine 
unit, which has been studied consists of derivatives of 
2,B-pyridinedialdehyde. Stoufer and B u ~ c ~ ~ ~ ~ ~ ~  have 
prepared and characterized several divalent metal 
complexes of 2,B-pyridinedialdihydrazone (IV, R = 

(1) (a) C. F. Kettering Fellow, 1960-1964; (b) The Ohio State Univer- 
sity; (c) Olin Mathieson Chemical Co. 

(2) (a) M. L. Moss and M. G. Mellon, Ind .  Eng. Chem., Anal.  Ed . ,  15, 74 
(1943); (b) Ivf. L. Moss  and M .  G. Mellon, ibid., 14 ,  862 (1942). 

( 3 )  R. R. Miller and W. W. Brandt, Anal. Chem., 26, 1968 (1954). 
(4) A. A. Schilt and G. F. Smith, Anal. Chim. Acta, 16, 401 (1957). 
(5) D. H. Wilkins and G. F. Smith, ihid., 9, 338 (1953). 
(6) R. B. Martin and J. A. Lissfelt, J .  A m .  Chem. SOG., 78, 938 (1956). 
(7) R. T. Pflaum and W. W. Brandt, ihid., 76, 6215 (1954). 
(8) F. P. Dwyer and E.  C. Gyarias, i b i d . ,  76, 6320 (1954). 
(9) F. Basolo, H. B. Gray, and R. G. Pearson, ibid., 82, 4200 (1960). 
(10) R. Hoggand R. G. Wilkins, J .  Che?n. Soc., 341 (1962). 
(11) J. A. Broomhead and F. P. Dwyer, AustvaZian J .  Chem.,  14, 250 

(1961). 
(12) G. T. Morgan and F. H. Burstall, J .  Chem. Soc., 1649 (1937). 
(13) D. E. C. Corbridgeand E. G. Cox, ibid., 694 (1956). 
(14) G. J. Sutton, AuslvaZian J .  Sci. Res., A4, 651 (1951). 
(15) G. T. Morgan and F. H. Burstall, J .  Chem. Soc., 20 (1932). 
(16) A. Bergh, P. O'D. Offenhartz, P. George, and G. P. Haight, Jr., ibid., 

(17) I. R. Beattie and G. J. Leigh, J .  Jnor i .  h'ucl. Chem., 23, 55 (1961). 
(18) G. E. Coates and D. Ridley, J .  Chem. Soc., 166 (1964). 
(19) R. C. Stoufer and D. H. Busch, J .  A m .  Chem. Soc., 78, 6016 (1956). 
(20) R. C. Stoufer, D. H. Busch, and W. B. Hadley, ibid., 83, 3732 (1961). 

1533 (1964). 

IV 

NHz). These authors have shown that the 2 : 1 cobalt- 
(11) complex, viz . ,  bis(2,B-pyridinedialdihydrazone) - 
cobalt(I1) iodide, exists a t  room temperature as an 
equilibrium mixture of species exhibiting the doublet and 
quartet spin states.?O 

Various 2,6-pyridinedialbisimine complexes have also 
been studied. Lions and Martin21 have reported com- 
plexes of 2,6-pyridinedialbis(phenylimine) (IV, R = 
CgHj) and 2,6-pyridinedialbis(benzylimine) (IV, R = 

CHzCsHj) with iron(II), cobalt(II), cobalt(III), and 
copper(I1). Figgins and B u ~ c ~ ~ ~ ~ ~ ~  have prepared and 
characterized the iron(II), cobalt(II), and nickel(I1j 
complexes of 2,B-pyridinedialbis(methylimine). The 
lack of a suitable preparative method for the dialde- 
hyde has curtailed these studies. 

In this work we wish to report the synthesis and char- 
acterization of various complexes derived from the re- 
lated tridentate ligands-the 2,B-diacetylpyridinebis- 
hydrazones. Specifically, complexes involving divalent 
iron, cobalt, and copper with 2,B-diacetylpyridinedi- 
hydrazone (V, R = NHz, abbreviated H),  2,B-diacetyl- 
pyridinebis(methy1hydrazone) (V, R = NHCH3, MH) ~ 

v 
2,6-diacetylpyridinebis(phenylhydrazone) (V, R = 
NHCoH6, PH), and 2,B-diacetylpyridinebis(dimethyl- 
hydrazone) (V, R = N(CH3j2, dMH) are reported as 
well as the cobalt(I1) complex of 2,B-diacetylpyridine- 
bis(2'-pyridylhydrazone) (V, R = PU'HCjH4N, PyH) . 
The preparation and characterization of the imine 
complexes derived from 2,6-diacetylpyridine (V, R = 

CH3, CHzCH3, CHzCgHj, CgH5, fi-ClCsH4, p-FCaH4, p -  
(21) F. Lions and K. V. Martin, ihid., 79, 2733 (1957). 
(22) P. E. Figgins and D. H. Busch, ibid., 82, 820 (1960). 
(23) P. E. Figgins and D. H. Busch, J .  Phys .  Chein., 6 5 ,  2236 (1961) 
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Compound 

H 

TABLE I 
ELEMENTAL ANALYSES~ 

_-_ Theory------ 
c, % 
56.52 

31.23 
42.45 
31.09 
40.76 
31.10 
40.10 
39.74 
57.87 
37.21 
37.84 
37.86 
37.35 
38.11 

35.17 
37.94 
35.18 
37.95 
63.12 

41.73 
41.39 
40.45 
39.95 
41.67 
38.67 
40.52 
41.51 
73.44 
51.66 
52.30 

52.78 
53.57 
53.40 
53.41 
66.07 
34.67 

. . .  

H, % 
6.85 

3.79 
5.15 
3.77 
5.32 
3.77 
5.42 
5.38 
7.95 
5.11 
4.91 
4.91 
4.85 
4.94 

4.56 
4.92 
4.56 
4.92 
8.56 

5.66 
5.61 
5.75 
5.68 
5.65 
5.24 
5.76 
5.63 
6.16 
4.75 
4.60 

4.43 
4.50 
4.48 
4.48 
5.54 
2.91 

. . .  

N,  % 
36.63 

20.24 
27.51 
20.15 
26.41 
20.16 
25.98 
25.75 
30.68 
19.73 
20.06 
20.07 
19.80 
20.20 

18.64 
20.11 
18.65 
20.12 
28.32 

18.72 
18.57 
18.15 
17.92 
18,69 
17.35 
18.18 
18.62 
20.39 
14.35 
14.52 

14,66 
14.88 
14.83 
14.83 
28,39 
14.90 

. . .  

Halide, '% 
. . .  

36.67 

36.51 

36.52 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
10.22 

33.79 

33.80 
. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
9.46 
31.44 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
38.57 

c, % 

{:::XI 
31.07 
42.08 
30.94 
41.06 
30.99 
39.82 
40.03 
57.89 
37.53 
37.47 
37.74 
37.09 

{;:: :: 

(68;: 

34.93 
38.04 
34.97 
37.74 

41.50 
41.59 
41.07 
40.20 
41.58 
38.40 
40.69 
41.36 
73.55 
51.34 
52.69 

53.38 
53.96 
53.38 
53.60 
66.26 
34.60 

. . .  

H, % 
6.89 
7.09 
3.97 
5.35 
3.71 
5.13 
4.00 
5.26 
5.22 
8.66 
4.94 
4.89 
5.28 
5.26 
5.19 
4.90 
4.62 
5.33 
4.78 
4.81 
8.84 
8.52 
5.83 
5.95 
5.74 
5.67 
5.82 
5.13 
5.83 
5.90 
6.41 
4.33 
5.00 

4.85 
5.20 
4.68 
4.70 
5.56 
2.95 

. . .  

IL', % 
36.49 
37.07 
19.76 
27.10 
19.51 
26.09 
20.01 
26.19 
25.50 
29.45 
19.64 
20.43 
19.70 
20.10 
20.07 
20.76 
18.53 
19.60 
18.78 
20.55 
28.12 
28.10 
18.73 
18.51 
17.98 
17.92 
18.72 
17.30 
18.17 
18.68 
20.10 
14.53 
14.53 

14.64 
14.70 
14.75 
14.88 
28.20 
14.91 

. . .  

Halide. % 
. . .  
. . .  
36.35 

36.56 

36.19 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. * .  
10.16 

33.53 

33.68 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
9.52 
31.54 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
38.68 

Abbreviations used in Table I are: H = 2,6-diacetylpyridinedihydrazone, M H  = 2,6-diacetylpyridinebis(methylhydrazone), 
dMH = 2,6-diacetylpyridinebis(dimethylhydrazone), P H  = 2,6-diacetylpyridinebis(phenylhydrazone), pyH = 2,6-diacetylpyridinebis- 
(2'-pyridylhydrazone). Acceptable analyses could not be obtained. 

CH3C6H4, and p-OCH3C6H4) with divalent iron, cobalt, 
and nickel are reported elsewhere. 2 4 3 2 6  

Experimental Section 
2,6-Diacetylpyridine, methylhydrazine, and dimethylhydrazine 

were obtained from the Aldrich Chemical Co., Milwaukee, Wis., 
and were used as received. All other materials were the usual 
reagent chemicals. Analytical results appear in Table I and 
were performed by the Schwarzkopf Microanalytical Labora- 
tories. 
2,6-Diacetylpyridinedihydrazone .-This material is prepared 

in water from the diketone and hydrazine, employing a reaction 
time of 1 hr. Recrystallization is effected from boiling ethanol. 
This white powdery material has been prepared previously by 
Lukes and PergalzB (mp 174-177" (apparent decomposition), lit. 
181'). 

Bis Complexes of 2,6-Diacetylpyridinedihydrazone.-These 
materials may be prepared by combining the ligand and the ap- 
propriate metal chloride hydrate in an ethanol-water mixture 

(24) J. A. Burke, Jr., J. D. Curry, and D. H. Busch, unpublished results. 
(25) J. D. Curry and D. H. Busch, unpublished results. 
(26) R. Lukes and M. Pergal, Chem. Listy, 63, 68 (1958). 

(one to one by volume). Addition of an excess of potassium 
iodide after several minutes of stirring, followed by cooling over- 
night, produces the highly crystalline complex, which is then re- 
crystallized from a warm (45") ethanol-water mixture (1: l), 
collected by filtration, and dried in vacuo over P4010; yields, 30- 
78%. The highly crystalline materials are dark brown (cobalt), 
light brown (nickel), and red-purple (iron). Similarly, the 
complexes may be prepared in methanol as the chloride salts. 
Finally, the metal complexes may be generated from an in situ 
preparation of the ligand from its two components in the presence 
of an aqueous solution of the metal chloride. 
2,6-Diacetylpyridinebis(methylhydrazone).-This yellow oily 

solid is prepared by adding 2 moles of the hydrazine slowly with 
stirring to 1 mole of the diketone in methanol. After the addi- 
tion is complete, the solution is refluxed for 30 min. The metha- 
nol is removed and the product is collected a t  130", 19 mm. 

Bis Complexes of 2,6-Diacetylpyridinebis(methylhydrazone). 
-These materials may be isolated as either the purple perchlo- 
rate salt (iron) or the brown iodide salts (nickel and cobalt) by 
direct combination of the diketone, hydrazine, and metal chlo- 
ride in water. Addition of potassium iodide led to the isolation 
of the iodide salts. I n  the case of iron(I1) the isolated iodide 
complex was then converted to the less soluble perchlorate salt. 
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Recrystallization is from warm methanol; yields, 19-45%. The 
complexes were also made by reaction of the metal perchlorates 
with the ligand. 

2,6-Diacetylpyridinebis(dimethylhydrazone).--This viscous 
yellow oil may be prepared in nearly quantitative yields from the 
diketone and hydrazine by refluxing the components in ethanol 
under nitrogen for 48 hr. After removal of the solvent the 
yellow residue is distilled using a modified Hickman still. 

Bis Complexes of 2,6-Diacetylpyridinebis(dimethylhydrazone). 
-.411 three complexes may be prepared by addition of the metal 
perchlorate to  the ligand in water. Alternatively, the iron(I1) 
and cobalt(I1) complexes were prepared from the ligand coni- 
ponents in water and isolated as the perchlorate and iodide salts, 
respectively. The purple iron(I1) material was recrystallized 
four times from ethanol-water solvent ( 1 : l  by volume) and 
washed once with warm methanol. The black-brown cobalt(I1) 
derivative was recrystallized once from methanol. The nickel- 
(11) complex must be prepared under nitrogen as it is unstable; 
yields, 6-77 %, . 

2,6-Diacetylpyridinebis(phenylhydrazone).--This material is 
prepared in a manner similar to that just described for 2,6-di- 
acetylpyridinedihydrazone in 957c ethanol. Recrystallization is 
carried out using hot benzene or boiling ethanol. The phenyl- 
hydrazone is an off-white microcrystalline material (mp 216- 

Bis Complexes of 2,6-Diacetylpyridinebis(phenylhydrazone) .- 
These complexes are prepared in acetone from the metal per- 
chlorate and the ligand using stoichiometric amounts. Cooling 
produces the crystalline materials. The physical descriptions 
of the nickel(I1) and cobalt(I1) complexes are as before while the 
iron(I1) complex is a bright red color; yields, 83-857,. 

Mono Complexes of the 2,6-Diacetylpyridinebis(hydrazones). 
-These materials may be prepared as follows: The metal 
chloride and ligand are dissolved in separate methanol solutions 
and the ligand solution is added rapidly to the solution 
of metal salt with stirring. -4fter 1 hr of stirring the solution is 
cooled overnight. The solid which separates is collected by 
filtration, washed with ether, and dried over P ~ O L ~  in vacuo 

2,6-Diacetylpyridinebis(2 '-pyridylhydrazone) .-This yellow 
solid is prepared from the diketone and the hydrazinez7 in ethanol. 
After stirring for 30 min, the solvent is removed and the residue 
is recrystallized from ethanol; mp 194-195'. 

Iodo (2,6-Diacetylpyridinebis (2 '-pyridylhydrazone) )cobalt (11) 
Iodide.-This brown material is prepared by reaction of the 
metal chloride with the ligand in warm acetone. After adding a 
tenfold excess of water the solution is heated and filtered. 
Adding potassium iodide, concentrating the solution, and cooling 
produces the desired product. Recrystallization is carried out in 
methanol; yield, 6170. 

Magnetic Measurements .-Magnetic measurements were 
made by the Gouy method using mercury(I1) tetrathiocyanato- 
cobaltate(I1) as standard. 

Infrared Spectra.-Infrared spectra were obtained using the 
potassium bromide pressed disk method (solids) and sodium 
chloride smear plates (liquids) with a Perkin-Elmer 337 double- 
beam grating spectrophotometer. The spectra were calibrated 
with polystyrene. 

Electronic Spectra.-Solution spectra were obtained by means 
of a Cary Model 14 recording spectrophotometer using matched 
fused quartz cells. 

Conductivities .-Conductivities were measured in doubly dis- 
tilled water or methanol using precisely determined concentra- 
tions near 10-1 M .  

Molecular Weights.-Molecular weights were obtained in 
nitromethane using a Mechrolab Model 301A osmometer. 

2170). 

(1000). 

Results and Discussion 
The synthesis and characterization of a series of di- 

valent iron, cobalt, and nickel complexes with N-sub- 

(27) J. F. Geldard and F. Lions, liior6.. Choin., 2, 270 (1963) 

stituted hydrazones of 2,B-diacetylpyridine have been 
carried out. Molecular models reveal that these 
hydrazones (VI) will function as planar tridentate 

R, 
VI 

ligands in much the same fashion as does terpyridine. 
These materials involve a further analogy to terpyridine 
in that both ligands contain the trimethine structural 
unit. 

Thc analytical data in Table I indicate that these 
hydrazones may form two types of complexes with di- 
valent iron, cobalt, copper, and nickel-;.e., one-to-one 
and two-to-one species. The materials exhibiting a 
one-to-one ligand to metal ratio are generally formed by 
addition of equivalent amounts of metal chloride to the 
appropriate ligand in methanol. This procedure, while 
working in the case of the methylhydrazone, phenyl- 
hydrazone, and dimethylhydrazone, does not work in 
the case of the unsubstituted hydrazone ; the two-to- 
one product being preferred. The two-to-one com- 
plexes are highly crystalline materials and are red-purple 
(iron), brown-black (cobalt), and brown (nickel). 

A marked decrease in donor strength accompanies 
the substitution of groups for hydrogens on the amino 
nitrogen (Table 11). The relative positions of H, MH, 
and PH in the spectrochemical series for nickel(II), as 
revealed by Table I1 (H > MH > PH), are completely 

TABLE I1 
ABSORPTION BANDS OF OCTAHEDRAL NICKEL(II) COMPLEXES 

WITH HYDRAZOSES OF THE TRIMETHINE  TYPE^ 
3 h z g  -t 3T4F) 

(31?6 + 3rZ-6) 
Y ,  cm-1 c 

[Ni(PH)zlz+ * 10,630 31.5 
[Ki(MH)2]2' c 11,170 2 2 . 3  
[Ni(dMH)p]2t 11,190 48.2 
[hTi(PdAdH)2Iz+ 12,200 11.4 
[Ni(H)zI2+ 12,580 35.1 

3Azg - 1Eg(U) 
( a n  -. 11'~) Dq, 

Y ,  cm-1 d cm-1 

11,380 30.4 1063 
. . .  , , , 1117 
. . .  , . , 1119 
. . .  , , . 1220 

-14,494 27.3 1258 
Q The double group notation is given as well as the more familiar 

Mulliken notation. Abbreviations used are: P H  = 2,6-di- 
acetylpyridinebis(phenylhydrazone), M H  = 2,6-diacetylpyridine- 
bis(methylhydrazone), d M H  = 2,6-diacetylpyridinebis(dimethyl- 
hydrazone), PdAdH = 2,6-pyridinedialdihydrazone, H = 2,6- 
diacetylpyridinedihydrazone. * Spectrum determined in DMF. 
c Spectra determined in methanol. Spectrum determined in 
water , 

consistent with expectations derived from studies with 
2-pyridinalhydrazones. 2g Increased steric requirement 
of the amino function substituents decreases the ligand 
field strength of the ligand molecule. Assuming that 
complete ligand planarity exists, the preferred con- 
figuration of the ligand molecule in the case of PH and 
MH is VII. 

(28) M. A. liobinson, J. D. Curry,  and 13. H. Busch, i b i d . ,  2,  1178 (1OG3). 
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TABLE I11 
MAGNETIC SUSCEPTIBILITIES AND MOMENTS OF METAL 

COMPLEXES WITH HYDRAZONES OF THE 
TRIMETHINE  TYPE^ 

Complex xm X 106 Temp, O K  peff 

-177.6 302 (0.63) 
301 2.24 
304 2.19 

[Ni(H 121 IZ 3552 305 3.09 
[C~(H)z]Clz.1.5HzO 953.2 295 1.73 
[Fe(MH)zI (clod2 -213.7 301 (0.58) 
[Co(MH)z] I z  9044 301 4.80 
[Ni(MH)zIIz 3779 299 3.17 
[Fe(dMH)21 (ClO4)z -90.6 301 (0.87) 
[Co(dMH)zl Iz 3729 302 3.18 
[Ni(dMH 121 (ClOdz 3973 306 3.28 
[ Fe(PH)z1 (ClO4)z 0 . 0  304 (1.07) 
[ CO (PH 121 (C1O4 )z 8587 299 4.67 
[Ni(PH)zI (C104)z 3986 299 3.28 
CO(PYH )I2 7892 302 4.47 

a Molar susceptibilities for ligands and anions (-xm X 10”: 
H, 120.3; MH, 144.0; dMH, 167.7; PH, 202.4; PyH, 216.0; 
I-, 50.6; C1-, 23.4; ClOh-, 32.0; and HzO, 13.0; from J. Lewis 
and B. N.  Figgis, “Modern Coordination Chemistry,” J. Lewis 
and R. G. Wilkins, Ed., Interscience Publishers, Inc., New York, 
N. Y., 1960. 

first substituent on the acetyl derivative causes a de- 
crease similar to that of the second substituent added 
to the amino function of the monoaldehyde derivative. 
Further, inspection of Table I1 shows an apparent 
anomaly-dMH. Its position in the spectrochemical 
series is equivalent to that of the methylhydrazone. 
This position of unexpected high Dq may be explained 
by assuming that with the incorporation of the second 
methyl group the hydrazone function twists slightly 
(indeed molecular models reveal that a planar dimethyl- 
hydrazone ligand would be highly strained). Thus the 
steric requirement of the twisted dimethylhydrazone 
is equivalent to that of the rigid methylhydrazone. 
That the weakening of the ligand field strength of the 
hydrazones concomitant with amino function substitu- 
tion is not a bulk effect is shown by the fact that  the 
bulk equivalent of the methylhydrazones and phenyl- 
hydrazones, ie., the ethylimine and benzylimine, ex- 
hibit Dq values much greater than the corresponding 
hydrazones, being 1244 and 1233 cm-l, respectively. 

The results of the magnetic measurements on the 
series of hydrazone complexes appear in Table 111. 

TABLE IV 
ASSIGNMENTS OF INFRARED BANDS FOR TRIMETHINE LIGANDS AND THEIR METAL COMPLEXES~ 

C==N str 

H 1600 mw . . .  1460 s, x 1440 sh 1570 s, x 
11510 s 
11560 x [Fe(H)zI IZ 1600 vs . . .  1470 m 1450 x 

[Co(H)zI Iz 1600 vs . . .  1480 s 1440 ms, vx 1530 s, x 
[Ni(H)zI Iz 1600 vs . . .  1470 s, x 1450 m 1540 s 

P H  1590 sh . . .  1490 s 1430 s? 1560 s 

py band I V  Species py band I py band I1 py band I11 

[Fe(PH)z] (C104)z 1600 s . . .  . . .  1430 m 

. .  
1470 w . .  
1490 m 1430 s 

1570 w ?  
1540 ms 
1520 m, x 
1550 sh 
1540 m 

i 
1560 w 
1520 ms 
1550 sh 

‘i 1520 s, x 

[ W M H  )21 (clod2 1600 s . . .  1480 sh . . .  

[Co(MH)zIIz 1600 vs . . .  1470 s 1460 sh 

1590 s 1585 sh 1470 s 1460 sh 1540 sh 
1520 vs 

dMH 1610 mw 1560 sh? 1470 s 1430 sh 1570 vs 
1550 sh { 1570 s [Fe(dMH)z] (c104)~ 1600 w ... 1460 sh . . .  

1450 s 1440 s 

[Ni(dMH)z] (C104)z 1600 ms 1580 sh 1450 s, vx 1450 s 

1540 sh 
1560 s 
1540 sh I 1560 m 

a Abbreviations used include: w, weak; m, medium; s, strong; x,  wide; sh, shoulder; v, very; ?, questionable assignments; and 
py, pyridine. 

The magnetic behavior of the nickel(I1) complexes is 
typical, falling in the range normally expected for octa- 
hedral nickel(I1). The temperature dependence of the 

H\N/N N\pJ/H susceptibility for all of the two-to-one cobalt(I1) com- 
plexes has been measured and discussed elsewhere.24 

The magnetic behavior of the iron(I1) complexes is 
interesting. All of the bis complexes areldiamagnetic ; 
however, these divalent iron complexes were character- 
ized by their ability to retain trace amounts of ferro- 

CH3\C 

I 

II II 

I 
R R 

VI1 

The presence of the acetyl methyl group seems steri- 
cally equivalent to an amino methyl group. Thus, the 
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magnetic impurities. Thus, moments of 7.49, 7.63, 
2.51, 5.22 ,  5.31, 1.7, 5.65, 2.90, and 3.51 BM were ob- 
served for highly crystalline analytically acceptable 
“diamagnetic” samples. The method used to obtain 
magnetic purity with these complexes was to keep 
recrystallizing until a constant moment was observed 
and then either to form another salt by a metathesis 
reaction or to switch to a different recrystallizing me- 
dium and continue. These materials are, in general, 
not thermally stable in solution above 4 5 O ,  so care must 
be taken when recrystallizing them. 

Since the occurrence of impurities might lead to er- 
roneous moments among other iron(I1) compounds, 
the preparation of bis(Z-acetylpyridine-2’-pyridylhy- 
drazone)iron(II) perchlorate was undertaken. This 
material has been reported to have a moment of 1.90 
BM.27 Our results show, however, a value after ex- 
tensive purification of peff = 0.68 BM (300OK). 

The assignmentof pyridine bands23j29-31 and thatof the 
methine absorptions32~3~ in the infrared spectra is con- 
sistent with other work on similar systems (see Table 

The results of conductivity measurements on the 
two-to-one complexes appear in Table V. The values, 
while scattered, support the formulation as ternary 
electrolytes. The conductivity of Co(PhH)Iz sug- 
gests a two-to-one formulation ; however, the dis- 
placement of a coordinated halide by methanol com- 
monly occurs.32 The compound is formulated as con- 
taining a six-coordinate cobalt atom (VIII). 

IV). 

VIII 

(29) C. H. Kline, Jr.,  and J. Turkevich, J .  Chein. Phys. ,  12, 300 (1944). 
(30 )  L. Corrsin, R. J. Fax, and K. C. Lord, ibid., 21, 1170 (1953). 
(31) F. A. Andersen, B. Bak, S. Frodersen, and J. Iiastrup-Andersen, 

(32) M. A. Kobinson and D. H. Busch, I n o i g .  Chew., 2 ,  1171 (1963). 
(33) €2. C. Stoufer, Thesis, Ohio State University, 1959. 

ibid., 23, 1047 (1955). 

TABLE V 
MOLAR CONDUCTAXES OF METAL COMPLEXES 
WITH HYDRAZOXES OF THE TRIMETHIKE T Y p E a  

A, cm2 mole-’ ohm-1 

[Fe(H)2lCls 204 163 
Compound Hs0 CHaOH 

[Co(H)?] CL. H20 217 180 
[-Vi(H)e] CL. 1 . 5H20 22 7 151 
[CU(H)~]  C12. 1.5H20 227 144 

208 181 
196 188 
212 194 

The remarkable fact that spin pairing occurs for all 
the iron(I1) complexes while Dq toward nickel(I1) 
spans the broad range from 1063 to 1258 cm-l requires 
consideration. Though no direct evidence is a t  hand, 
it is suggested that this paradox is traceable to the be- 
havior of the uncoordinated amino functions of the 
hydrazone. illthough the relative planarity of this 
group must be assumed to account for the properties of 
the nickel complexes, it  seems likely that the iron(I1) 
ion serves to uncouple the amino group-pyridine ring 
resonance, thereby permitting the folding of the amino 
group into the sterically less demanding pyramidal 
structure. 

The structure of the one-to-one complexes poses an 
interesting problem. Molecular weight studies, in all 
cases studied except two, proved inconclusive. These 
two materials, which show negligible conductance in 
nitromethane, are Cu(dMH)Clz (mol wt 382) and Co- 
(d1fH)Clz (mol wt 377). The observed values of 327 
and 386, respectively, militate against the formulation 
of these materials as halide-bridged polymers. The con- 
ductance values indicate that a species of the type 
[MLz] [MCli] is not present. A five-coordinate metal 
atom is indicated. 


