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was obtained from the uncatalyzed reaction al-
ready cited, and from eleven runs involving acid
concentrations between 0.0036 and 0.0421 M. The
value of & in the latter case was 0.114 min.—%.

The Reaction Mechanism.,—The complete sol-
volysis of an alkyl borate obviously requires three
steps, in which the alkoxy groups are successively
replaced. We believe the first step to be practically
rate-controlling. The structural studies show that
a secondary borate reacts much more slowly than a
primary one. The interpolation that ethyl di-sec-
butyl borate'* (the first intermediate in the etha-
nolysis of sec-butyl borate) reacts faster than sec-
butyl borate, seems safe enough. Separate evi-
dence was obtained from a mixture of esters pre-
pared by mixing 1.5 moles sec-butyl alcohol with
1.0 niole of ethyl borate and distilling off the ethanol
formed. The expected product would consist of a
preponderance of the two mixed esters (EtO)-
(BuO);B and (EtO),(BuO)B with much smaller
proportions of (EtO);B and (BuO);B. The be-
havior of this mixture in the dilatometer at 0° is
shown in curve B, Fig. 1. The large initial volume
change, prolonged to about 50 minutes, is probably
due to fairly rapid solvolysis of the mixed esters.
The final slope (0.00495 at 0°, 0.0230 at 25°), in
close agreement with the ethanolysis rate of pure
sec-butyl borate, probably represents the solvolysis

(14) Mixed orthoborates of this type have ot yet been isolated;
see 1.. 1. Thomas, J. Chem. Soc., 820 (1946).
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of this compound alone, for the molar volume
change in the period of linearity is only 109} of the
usual change.

The detailed mechanism of a single stage of
ethanolysis was shown by Scattergood and co-
workers? to involve fission of a boron-oxygen
bond, presumably after addition of the solvent to
the boron atom. Some additional evidence for
such a mechanism, as opposed to a separation of a
carbonium ion from the alkyl borate, is provided
by our observation that the acid-catalyzed sol-
volysis of f-butyl borate produced no isobutylene;
nor was ethyl #-butyl ether reported as a by-prod-
uct of the preparation of {-butyl borate in boiling
ethanol.? The mechanism of ethanolysis of the
borates may therefore proceed by addition of
ethanol to the borate molecule followed by loss of
an alkoxide ion, with suitable modification to ac-
commodate acid or base catalysis. Thismechanism
is similar to the mechanisimn of carboxylic ester
hydrolysis, the electron-deficient boron atom tak-
ing the role of the electron-deficient carbon atom
of the carbonyl group
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Complexes of Biacetyldihydrazone and Pyridinalhydrazones with Iron(II), Cobalt(II)
and Nickel(II)
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Iron(II), cobalt(Il) and nickel(II) complexes have been prepared and characterized with biacetyldihydrazone (BdH),

2-pyridinalhydrazone (PAH), 2,6-pyridindialdihydrazone (PdAdH) and 2-pyridinal-p-tolilimine (PAT).

The compounds

liaving a metal-ligand ratio of 1:3 were isolated in all cases and the compounds having a metal-ligand ratio of 1:2 were

isolated in several instances.

The magnetic susceptibilities have been measured and the corrected magnetic moinents of

the metal ions are reported. The iron{Il) complexes which contain three molecules of ligand are diamagnetic; however,

the metal atoms exhibit small residual parainagnetisms.

Tlie remaining complexes are all highly paramagnetic. The colors,

solubilities, magnetic moments and chemical properties indicate that the complexes are closely related to the well-known
complexes with such aromatic heterocyclic diamines as 2,2’-bipyridine.

Among the best known complexing agents for
iron(IT), cobalt(II) and nickel(II) are the aromatic
heterocyclic diamines and triamines which may be
exemplified by 2,2'-bipyridine (I)

()

SN/ I
and the a-dioximes, of which dimethylglyoxime
(II) is most familar.
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Krumholz! showed that the «-diimines, such as
biacetylbis-(methylimine) (III), form iron(II) com-
(1) P. Krumholz, THa1s JourNar, T8, 2163 (1933).

plexes which are quite similar to those of the aro-
matic heterocyclic diamines.
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Recently,? the preparation of compounds involving
functional groups of both the cyclic amine type
and the imine type have been reported. This
Nm
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(2) W.W. Brandt, F. P, Dwyer and E. C. Gyarfas, Chem. Rers., 64,

980 (1954); D. H. Busch, thesis, University of Illinois, Aug., 1954;
D. H. Busch and J. C. Bailar, Jr., THIs Journar, 78, 1137 (1956).



Dec. 5, 1956

class of ligand is illustrated by 2-pyridinalmethyl-
imine (IV). All of these molecules contain the
group —N=C—C=N— in their structures. It
was the purpose of the work reported here to ex-
plore additional ligand types which might form
complexes similar to either the aromatic hetero-
cyclic diamines or the o«-dioximes, Three new
ligands have been studied. These are biacetyl-
dihydrazone? (V), 2-pyridinalhydrazone (VI) and
2,6-pyridindialdihydrazone (VII). Iron(II), co-
balt(IT) and nickel(IT) complexes with these che-
lating agents have been prepared and characterized,
and their magnetic moments have been measured.

CH; CH; N H
N,/ | J /
NH, c—C  NH, S
NZ N/ N/
N N N
v VI
H N H
VII N ( /
NH, ¢ —C  NH,
N A N/
N N

The magnetic moments of a series of complexes
with 2-pyridinal-p-tolilimine (VIII) are also re-
ported. Several of the latter group of complexes
were first prepared by Bédhr and Thdmlitz.*

m—<H /O—CH;

N/
N VIII

Experimental

Biacetyldihydrazone.—Biacetyldihydrazone was prepared
by the method of Busch and Bailar,? m.p., 158°. Aunal.
Caled. for CH Ny C, 42.08; H, 8.83; N, 49.09. Found:
C, 42.26, 42.22; H, 8.89, 8.97; N, 48.95, 49.03.

Tris-(biacetyldihydrazone)-iron(Il) Iodide 3-Hydrate.—
Two and twelve hundredths grams of iron(II) chloride 4-
hydrate (0.0107 mole) was dissolved in 10 ml. of water.
The solution was filtered, warmed and added to a second
solution containing 4.0 g. (0.035 mole) of biacetyldihydra-
zone dissolved in a minimum amount of hot water. (Al-
ternatively, dry ligand was dissolved in a warm solution of
the metal salt.) The resulting solution was dark red. Ap-
proximately 1 g. of potassium iodide per ml. of solution was
added and the solution cooled in an ice-bath. A dark rust-
colored product crystallized. The crystals were filtered
with suction and washed with a small amount of cold water.
The product was recrystallized after dissolution in warm
water (60°) by adding potassium iodide, as described above.
The purified product was washed with small amounts of
cold water, absolute ethanol and anhydrous ether, in that
order, and dried iz vacuo over P:Os at room temperature;
vield 829%,. Anal. Caled. for [Fe(CHpN,);]I:3H0: C,
20.43; H, 5.14; N, 23.83. Found: C, 20.42; H, 4.92;
N, 24.04.

Bis-(biacetyldihydrazone)—cobalt(II) Chloride.—Two
grams of cobalt(II) chloride 6-hydrate (0.0084 mole) was
dissolved in 30 ml. of ethanol. This solution was warmed
and added to a solution prepared by dissolving 2.0 g. of
biacetyldihydrazone (0.0175 mole) in 150 ml. of boiling
ethanol. The mixing resulted in a brown-red colored solu-
tion from which a maroon-colored crystalline product was
isolated by filtering with suction. The crystals were washed
several times with small portions of cold absolute ethanol
and anhydrous ether, and dried i# vacuo at room tempera-
ture over PyO5; yield 99%,. Anal. Caled. for [Co(CiHyp-
N.):]Cl: C, 26.80; H, 5.61; N, 31.30. Found: C, 26.75,
26.49; H, 5.81, 5.64; N, 30.58, 30.71.

(3) A preliminary report on the iron(I1) complex with this ligand
was {ncluded in ref. 2 (Busch and Bailar),
(4) G. Bédhr and H. Thamlitz, Z. anorg. aligem, Chem., 282, 3 (1935).
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Tris-(biacetyldihydrazone)-cobalt(II) Iodide.—Two
grams of cobalt(II) chloride 6-liydrate (0.0084 mole) was
dissolved in a minimun amount of cold water. This was
added to a solution which was prepared by dissolving 2.96 g.
(0.026 mole) of biacetyldihydrazone in a minimun amount
of hot water. The mixing resulted in a dark red-brown
solution. The solution was cooled in an ice-bath and ap-
proximately 1 g. of potassium iodide per ml. of solution was
added. A dark amber, crystalline product separated.
The crystals were filtered with suction and washed with cold
water and absolute ethanol. The product was redissolved
in a small amount of warm water, filtered and again crystal-
lized by the addition of potassium iodide. The purified
product was filtered with suction, washed with cold water,
absolute ethanol and anhydrous ether, in that order, and
dried iz vacuo at room temperature; yield 73.5%. Aunal.
Caled. for [Co(CH1oN):11e: C, 21.99; H, 4.62; N, 25.05.
Found: C, 21.91, 21.83; H, 4.64, 4.70; N, 25.59, 25.42.

Bis-(biacetyldihydrazone)-nickel(II) Chloride.—This
substance was prepared as a light blue powder according to
the method reported for the similar cobalt compound.
Anal. Caled. for [Ni(CHoNy):]Cle: C, 26.85; H, 5.64;
N, 31.40; Ni, 16.40; Cl, 19.80. Found: C, 26.81, 26.76;
H, 5.86, 5.69; N, 31.11, 31.19; Ni, 16.55, 16.63; Cl,
19.59, 19.74.

Tris-(biacetyldihydrazone )-nickel(II) Chloride 2-Hy-
drate.—Two grams of nickel(II) chloride 6-hydrate (0.0086
mole) was dissolved in 50 ml. of ethanol and added with
stirring to a solution of biacetyldihydrazone prepared by
dissolving 3.1 g. of biacetyldihydrazone (0.027 mole) in 150
ml. of boiling ethanol. The color of the resultant solution
was a dark pink. The solution was cooled in an ice-bath
which resulted in the separation of a red-brown, needle-
like crystalline product which was filtered with suction,
washed with absolute ethanol and anhydrous ether, and
dried 47 vacuo at room temperature; yield 68.7%. Anal.
Caled. for [Ni{(CHoNy);]Clo: C, 28.40; H, 6.70; N, 33.15.
Found: C, 28.37, 28.48; H, 6.67, 6.85; N, 33.12, 33.20.

Tris-(pyridinalhydrazone)-iron(II) Iodide.—Six and six-
tenths grams of 2-pyridinaldehyde (0.061 mole) was added
dropwise and with stirring to an aqueous solution containing
1.95 g. (0.061 mole) of 95% hydrazine. To this was added
a second solution prepared by dissolving 4 g. of iron(II)
chloride 4-hydrate (0.020 mole) in 20 ml. of water. The
resulting blood-red solution was filtered and allowed to
stand for 5 min. Approximately 0.5 g. of potassium iodide
for each ml. of solution was added, whereupon a red-black
oil-like material separated. Upon prolonged and vigorous
stirring, the oil became more viscous and finally began to
form small red-colored particles. After complete conver-
sion from the oil to the solid, the product was filtered with
suction and washed with water. The red-black product
was redissolved in 70 ml. of water by gently warming to 40°.
Again, upon the addition of potassium iodide an oil-like
product began to deposit on the sides of the beaker. At
this point the solution was stirred vigorously and main-
tained at a constant temperature of 40° until small maroon-
colored crystals began to form. The oil on the sides of the
beaker slowly disappeared as the volume of the crystalline
product increased. The solution was cooled in an ice-batli
and filtered with suction. The crystals were washed thor-
oughly with cold water, ethanol and absolute ether and dried
in vacuo over PyOs; yield 93.5%. Anal. Caled. for [Fe-
(CeHN;)3)L: C, 31.27; H, 3.35; N, 18.24. Found:
C, 31.10, 31.23; H, 3.67,3.77; N, 17.90, 17.76.

Tris-(pyridinalhydrazone)-cobalt(II) Iodide and Tris-
(pyridinalhydrazone )-nickel(II) Iodide.—These complexes
were prepared in a manner analogous to that of the iron
compound as described above (however, no difficulty was
encountered in obtaining the product in a crystalline form);
yield (cobalt complex), 94.0%; (nickel complex), 87.7%.

Anal. Caled. for [Co(CsH:N;)]l: C, 31.97; H, 3.13;
N, 18.64. Found: C, 32.00, 31.87; H, 3.31, 3.32; N,
18.29, 18.32. Amnal. Caled. for [Ni(CeH;N;3)jle: C,

31.98; H, 3.13; N, 18.65.
3.32, 3.38; N, 18.51, 18.45.

2,6-Pyridindialdihydrazone.—Four grams (0.0296 mole)
of 2,6-pyridindialdehyde was dissolved in 70 ml. of warm
absolute ethanol. This solution was added dropwise to a
second solution which had been prepared by adding 2 g. of
95% hydrazine (0.0594 mole) to 20 ml. of absolute ethanol.
A crystalline product, light tan in color, was separated upon
cooling the solution in an ice-bath. This product was

Found: C, 31.69, 31.77; H,
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filtered with suction and washed with cold absolute ethanol.
The crystalline product was redissolved in 70 ml. of warm
absolute ethanol and the product again separated by cooling.
The crystals were filtered with suction, washed with cold
absolute ethanol and anhydrous ether and dried <x vacuo
over P,05 vield 56.7%. Amnal. Caled. for C;HyNs:
C, 51.52; H, 5.56; N, 42.92. Found: C, 51.50, 51.41;
H, 5.54, 5.71; N, 42.67, 42.67.

Bis-(2,6-pyridindialdihydrazone }~iron(II) Iodide.—Four
grams of iron(II) chloride 4-hydrate (0.0201 mole) was dis-
solved in 20 ml. of water and filtered. This was added to a
second solution which was prepared by dissolving 6.56 g.
of 2,6-pyridindialdihydrazine (0.0402 mole) in warm water.
The black-red solution was filtered and to the filtrate was
added approximately 20 g. of potassium iodide whereupon
tlie dark maroon, crystalline product separated. The prod-
uct was filtered with suction and redissolved in 300 1nl. of
warm water. After filtration the solution was cooled and a
black needle-like product crystallized. Tlie crystals were
filtered with suction, washed with cold water, absolute alco-
hol and anhydrous ether and dried iz vacuo over P,Os; yield
89.6%. Anal. Caled. for [Fe(CiHgN3z):]ls: C, 206.43;
1, 2.85; N, 22.02. Found: C, 26.44, 26.56; I, 3.01, 3.02;
N, 21.88, 21.94.

Bis-(2,6-pyridindialdihydrazone)—cobalt(II) Iodide and
Bis-(2,6-pyridindialdihydrazone)-nickel(II) Iodide.—Thesec
complexes were prepared in a manner analogous to tliat of
the bis-(2,6-pyridindialdihydrazone)-iron(II) iodide. The
cobalt complex was isolated in the form of black needle-like
crystals which became brown upon crushing; yield 86.3%.
The nickel complex was separated as a tan-colored powder;
vield 79.6%. Anal. Caled. for [Co(CiHgN;)il;: C,
26.31; H, 2.84; N, 21.92. Found: C, 26.21, 26.43; H,
2.79, 2.88; N, 21.98, 21.83. Anal. Calcd. for [Ni(C/H;-
N;s)kJl: C, 26.32; H, 2.84; N, 21.93. TFound: C, 26.20,
26.47; H, 3.09, 2.99; N, 21.86, 21.75.

2-Pyridinal-p-tolilimine.—This product was prepared es-
sentially in the manner given by G. Bahr and H. Thimlitz*
except that the product was not fractionally distilled but
merely crystallized frowm ligroin; m.p. cited 58.5°; found,
57-58°; vield 63.0%. Amnal. Caled. for C;3HpNz: C,
79.56; H, 6.12; N, 14.28. TFound: C, 79.07, 79.45; II,
6.19, 6.23; N, 14.35, 14.18.

Tris-(2-pyridinal-p-tolilimine)-cobalt(II) Iodide 3-Hy-
drate.—Six and six-tenths grams of 2-pyridinal-p-tolilimine
(0.0336 mole) was added to a solution prepared by dissolv-
ing 2.67 g. of cobalt(II) chloride 6-hydrate (0.0112 mole) in
20 ml. of water. The resultant solution, which was dark
red in color, was filtered to remove excess ligand. This fil-
trate was added with vigorous stirring to a saturated potas-
sium iodide solution (50 ml.) (mixing of the solutions in this
order prevents the formation of a putty-like niass of prod-
uct which is landled withh difficulty). The product sepa-

TABLE I
MotAR SUSCEPTIBILITIES AND MAGNETIC MOMENTS OF
COMPLEXES
Compound# xy X 106 (cornplex) e (metal ion)
[Fe(BdH);]1, —225 3= 5 0.62
[Co(BdH):]Cl, 0740 3= 110 1.91
[Co(BdH)s] I, 7090 %= 170 4.26
[Ni(BdH),]Cl, 3720 3= 30 3.10
[Ni(BdH);] Cl, 30675 &= 15 3.10
[Fe(PAH);]1, —15 x5 0.94
[Co(PAH);]1, 8450 %= 10 4,63
[Ni(PAH);] L, 3720 £ 10 3.15
[Fe(PdAdH),] I, -19 =3 0.86
[Co(PdAdH),] I, 3180 == 60 2.90
[Ni(PAdAdH),] I, 4020 == 30 3.24
[Fe(PAT):]Cl, 11600 == 200 5.34
[Fe(PAT);] I,-211,0 —-30 %= 10 0.80
[Co(PAT);]1,-3H0 10200 == 400 5.06
[NY(PAT)]{ClOysHO 3480 == 40 2.98
[Ni(PAT).]Cly-2H,0 4440 4= 10 3.35
[Ni(PAT);]I:-2H:0 4060 3= 40 3.24

o The following abbreviations are used: biacetyldihydra-
zone, BdH; 2-pyridinalhydrazone, PAII; 2,6-pyridindial-
diliydrazoue, PAdAA; and 2-pyridinal-p-toliliimine, PAT.
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rated as sniall orange particles which were filtered with suc-
tion. The product was washed thoroughly with water and
permitted to dry on the filter. It was then dried ¢n vacuo
over P,0;; yield 72.1%. Anal. Caled. for [Co(CiHye-
N2);]12-3H,0: C, 49.02; H, 4.41; N, 8.80. Found: C,
48.15, 48.28; H, 4.20, 4.12; N, 8.72, 8.50.

Tris-(2-pyridinal-p-tolilimine )-nickel(II) Iodide.—This
complex was prepared in the same manner as the cobalt com-
plex. The product was separated as a fine, orange colored
solid (slightly different color from that of the cobalt); yield
90.60%. Anal. Caled. for [Ni(CpHaNs);]1-2H,0: C,
49.97; H, 4.30; N, 8.98. Tound: C, 49.50, 49.30; II,
3.92, 4.15; N, 8.91, 8.86.

Bis-(2-pyridinal-p-tolilimine)-iron(II) Chloride, Tris-(2-
pyridinal-p-tolilimine )-iron(II) Iodide and Bis-(2-pyridinal-
p-tolilimine )-nickel(II) Chloride.—Tliese comiplexes were
prepared after the nianner of Bilr and Thiirilitz,? and their
compositions were confirmed by analysis.

Magnetic Measurements.—All magncetic 1measurcinents
were made on solid sainples by thie Gouy method using
Mohr salt, ferrous aminonium sulfate 6-hydrate, and
water as standards. Diamagnetic corrections were made
for the ligand and anion so that the values reported in
colunn 3 of Table I are the moments attributable to the
mnetal ion. Tlhe values used i correcting for the miolar sus-
ceptibilities of the free ligands are given in Table I1. aloug
with the valites used in correcting for thie anions.

TanpLe I1
MOLAR SUSCEPTIBILITIES OF [LICANDS AND ANIONS
Ligand or anioul xm X 108
Biacetyldihydrazoue — 92 =22
2-Pyridanalhydrazone” - 98 =£=19
2,6-Pyridindialdiliydrazonc —113 =19
2-Pyridinal-p-tolilimine -~ 60 =20
Todide ion® - 50.6 1.6
Chloride ion® - 23.4231.3

Perchlorate ion” — 30.2 (derived)
Water® - 13
2 Value calculated from that of 2,6-pyridindialdihydra-
zone and Pascal's atomic susceptibilities as given by refer-
ence cited below, p. 51. ¢ Values from P. W. Selwood,
““Magneto Chemistry,”” Interscicnce Pablisliers, Inc.,
New York, N. Y., 1943, p. 36.

Discussion

Complexes of Biacetyldihydrazone (Structure
V).—It was pointed out in an earlier article?
that the iron(II) complex of biacetyldihydrazone
does not have the same spectral properties as the
compounds containing 2,2-bipyridine, o-phen-
anthroline, 2-pyridinalmethylimine and biacetylbis-
(methylimine). A single compound, formulated as
[Fe(biacetyldihydrazone);] [FeCli], was reported,
and it was shown that the magnetic moment could
be interpreted on the assumption that the complex
cation was diamagnetic and the complex anion
paramagnetic. The isolation of diamagnetic salts
containing simple anions and the same cation con-
firms this conclusion. The composition of the
complex cation, three molecules of ligand codrdi-
nated to each metal ion, indicates that this donor
molecule more nearly resembles biacetylbis-(meth-
ylimine) (structure IIT) than dimethylglyoxime
(structure II) in its complexing reaction with
iron(IT). In contrast, dimethylglyoxime has been
shown to coérdinate with iron(II) in the ratio of
two to one.’

The similarity of biacetyldihydrazone to the a-
diimines and the aromatic heterocyclic amines is
more striking in the case of nickel(II). Whereas

(5) K. Somne, Bull. Chem. Soc, Japan, 25, 1 (1952); 1. Tschugaefl,
7. avorg. Chem., 46, 160 (1008); [.. Teclingocefl, Ber, 41, 1678 (1908)
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dimethylglyoxime(II) forms the familiar diamag-
netic, water-insoluble red complex containing two
molecules of ligand for each metal ion, nickel(II)
complexes with 2,2’-bipyridine have been prepared
containing both two and three molecules of bi-
pyridine for each metal ion.® In the latter case,
the three to one complex is the more stable despite
the fact that it is paramagnetic’ while the two to
one complex is diamagnetic.® The biacetyldihy-
drazone complexes of nickel(II) follow this pattern
fairly closely; however, both the two to one and
the three to one complexes are paramagnetic,
(Table I). Also, from the color of the solutions,
the two to one complex appears to disproportionate
when dissolved in water, yielding the tris-(biacetyl-
dihydrazone)-nickel(II) 1on. This is analogous to
the behavior of the 2,2’-bipyridine complex.® The
colors of these compounds are similar to the cor-
responding 2,2'-bipyridine compounds. The bis
complexes are blue and green, respectively, and the
tris compounds are copper-colored and pink.

The cobalt(II) complexes of biacetyldihydrazone
bear corresponding resemblances to those of
2,2'-bipyridine. In this case, all the complexes are
highly paramagnetic and no great color change ac-
companies a change in the number of bidentate
chelating agents present.

Complexes of the Pyridinalhydrazones.—The
complexing reactions of 2-pyridinalhydrazone and
2,6-pyridindialdihydrazone are closely related to
those of biacetyldihydrazone. The tris-(2-pyridin-
alhydrazone) and the bis-(2,6-pyridindialdihydra-
zone) complex cations are readily formed with
cobalt(IT), nickel(IT) and iron(II) in aqueous
solutions, and the magnetic moments of the solid
compounds (Table I) and the solubilities of their
salts are comparable to those of the analogous
2,2’-bipyridine derivatives. The chlorides are very
soluble; the iodides, moderately soluble and the

(6) W. W. Brandt, F. P, Dwyer and E, C. Gyarfas, Chem. Revs., 54,
970 (1954).

(7) I, H. Burstall and R. 8. Nyholm, J. Chem. Soc., 3570 (1952).

(8) I.. Cambi and A, Cagnasso, Ai. accad. nazl, Lincei, 19, 458
(1934).
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perchlorates, only slightly soluble. The complex
ions of codrdination number four have not been ob-
tained by the techniques which yielded the corre-
sponding biacetyldihydrazone complexes. The co-
balt(II) complex with 2,6-pyridindialdihydrazone
exhibits a magnetic moment of 2.90 Bohr Magne-
tons. This value is close to that anticipated for
two unpaired electrons (2.83). Since the com-
monly occurring electronic configurations of co-
balt(II) permit either one or three unpaired elec-
trons, this result is quite interesting. The value
has been reproduced for two different samples in
several determinations. It is within the realm of
possibility that this moment might be the result of
a single electron, having associated with it a large
orbital contribution. This explanation has been
applied to other cobalt(II) compounds which have
moments around 2.5 Bohr magnetons. This point
is being investigated further.

Complexes of 2-Pyridinal-p-tolilimine.—The
complexes of this class also bear close resemblance
to the aromatic heterocyclic diamines as is expected
because of the similarity of this ligand to 2-pyri-
dinalmethylimine (IV). The tris complex of iron
(IT) is diamagnetic and the bis complex is para-
magnetic, as are the remaining complexes with this
ligand (Table I). A single anomaly appears in
the case of bis-(2-pyridinal-p-tolilimine)-nickel (1)
chloride, which is paramagnetic. This may be a
consequence of the great steric requirements of the
chelating agent.

The small positive magnetic moments of the six-
codrdinate iron(II) complexes with all of the ligands
probably represent a residual paramagnetism of the
type discussed by Sienko and co-workers,10.11 for
cobalt(ITI) and rhodium(III). This is indicated
by the similar magnitudes of the quantities.

The spectral properties and solution behavior of
these complex compounds are presently under
investigation.

Corumsus 10, Ourio

(9) M. Calvin and C. H. Barkelew, THIS JOURNAL, 68, 2268 (1946),
(10) J. L. Kernahan and M. J. Sienko, #bid., 77, 1978 (1955).
(11) J. Gavis and M. J. Sienko, ¢bid., TT, 4983 (1955).



