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The bis-ester nickel chelates of ethyl thioglycolate, hexadecy! thioglycolate and ethyl thioacetoacetate have been prepared.
The apparent dipole moments of these chelates obtained from measurements in dilute benzene solutions at 25° are 2.4, 2.6
and 4.5 D, respectively. On the basis of these moments and the observed diamagnetism in the thioglycolic acid ester che
lates, the molecules are shown to possess a planar distribution of the codrdinating centers about the nickel atom and rota-

tion of the alkoxy groups with respect to the plane of the chelate ring.

in being able to form a stable dipyridine derivative.

Introduction

As a continuation of a study of sulfur-containing
chelates! the dipole moments of bis-(hexadecylthio-
glycolato)-nickel,  bis-(ethylthioglycolato)-nickel
and bis-(ethylthicacetoacetato)-nickel have been
obtained. Chelatesof nickel were studied because of
their stability, solubility in benzene and the greater
ease of interpreting data for a tetracovalent central
ion than that pertaining to a hexacovalent ion.

Experimental Procedure

Dipole moments were determined with a heterodvne beat
apparatus described elsewhere! and using the same proce-
dure.

The benzene used was E. and A. Tested Purity, crystal-
lized, dried over sodium wire several days, refluxed over
P,0:; for a few hours and then distilled over P,O; through an
all-glass apparatus containing a 90-cm. Vigreux column.

The magnetic measurements were obtained by the Gouy
method. The sample tube was of the double-ended, two-
compartment tvpe, the lower one being evacuated. The
entire tube was 20 cm. long and had an inside diameter of
4 mm. Solid reagent grade ferrous ammonium sulfate was
‘212%(1 as the calibrating agent. Measurements were made at

Solutes.  Bis-(ethylthioglycolato)-nickel. —The original
procedure of Drummond and Gibson? has been modified as
follows. To a solution of 12.11 g. of nickel nitrate and 6.1
g. of sodium acetate in 150 ml. of 109 ethanol is added, with
rapid stirring, 10.00 g. of ethyl thioglvcolate dissolved in 10.0
ml. of ethanol. The dark red brown complex? precipitates
immediately as a viscous mass. The entire mixture is ex-
tracted several times with chloroform, washed thoroughly
with water, dried over sodium sulfate, treated with norite
and evaporated on the steam-bath to just short of dryness,
recrystallized twice from ethanol, dried i# zacuo over sul-
furic acid, to dark red, nearly black, crystals, m.p. 104-
105°. It is soluble in benzene, chloroform, dioxane, ace-
tone, ether, ethyl acetate, carbon tetrachloride and carbon
disulfide, insoluble in both ethanol and amyl alcohol.

Amnal.  Caled. for Ni(SCH,COOC,Hj),: C, 32.3; H, 4.8;
Ni, 19.8. Found: C, 32.6; H, 4.7; Ni, 19.8,

Bis-(hexadecylthioglycolato)-nickel.—4.59 g. of KOH in
25 ml. of 509, ethanol is added to a suspension of 25.32 g.
of hexadecyl thioglvcolate and 11.64 g. of nickel nitrate in
200 ml. of 509% ethanol. The dark brown precipitate is
decanted several times with 509% ethanol, filtered and pressed
dry between filter paper, dissolved in cold chloroform, dried
over sodium sulfate, treated witlt norite and evaporated to
dryness, care being taken that tlie actual drying does not
take place above 65-70°, recrvstallized from absolute ether,
dried in vacwuo over sulfuric acid, giving very small brown red
crystals, m.p. 75.5-76.5°. It is soluble in benzene, chloro-
form, carbon tetrachloride and carbon disulfide, insoluble
in di}f)xlane, acetone, ether, ethvl acetate, ethanol and amyl
alcohol.

Anal. Caled. for Ni(SCH.COOCHz)o: C, 62.7; H,
10.2: Ni, 8.5. Found: C, 62.3; H, 10.1; Ni, 8.5.

(1) C. F. Ferraro, J. J. Draney and M. Cefola, TH1$ JourNaL, 75,
1206 (1953),

(2) A, Drummond and D. Gibson, J. Chem. Soc., 3073 (1928).

(3) No implication regarding structure is attached to the word
“complex,’ used throughout the remainder of this paper.

The nickel chelate of ethyl thioacetoacetate is unique

Bis-(ethylthioacetoacetato) -nickel can be obtained by
direct combination of ester and nickel salt as in previous ex-
amples or by loss of pyridine from dipyridine complex. The
latter is accomplished by heating the dipyridine compound
to 75-80° for several hours, recrystallizing from absolute
methanol, and drying ¢z vacue over sulfuric acid to give fine
brown needles, m.p. 110-111.5°.

Anal. Caled. for Ni(CH;CSCHCOOC,:H;)s:
H, 5.2. Found: C, 41.8; H, 5.3.

Bis-(ethylthioacetoacetato)-dipyridine-Nickel.—14.60 g.
of thioacetoacetic ester dissolved in 10 ml. ethanol is poured
into 10 ml. of ethanol containing 5.82 g. of nickel nitrate.
The resulting brown solution is poured into 30 ml. of pyri-
dine, turning apple green, and depositing a dense crop of
fine crystals of this same color. It was filtered, washed
with pyridine and dried in air, vield 8.80 g. It is soluble
in ethanol to give a brown solution. Recrystallization from
ethanol can be accomplished with only a small amount of
the depyridinated solid contaminating the product.

Anal. Caled. for Ni(CH;CSCHCOOC,H;)o(C:H; Nt C,
52.1; H, 5.6; Ni, 11.6; N, 5.5. Found: C, 52.1; H, 5.5;
Ni, 11.7; N, 5.1.

Bis-(methylthiosalicylato) -nickel.—Dissolve 2.91 g. of
nickel nitrate in about 40 ml. of water which contains 1.5 g.
of sodium acetate. This solution was shaken with about 40
ml. of chloroform, containing 3.36 g. of methyl thiosalicylate.
The dark brown chloroform layver was removed, the solution
washed with water, dried over sodium sulfate and treated
with norite. Upon evaporating the solution under vacuum,
fine brown crystals separated; they were filtered and washed
with ether, dried in vacuo over sulfuric acid, m.p. 206°.

Anal. Caled. for Ni(CiH;0,S).: C, 48.9; H,
Found: C, 48.8; H, 3.3.

Results

Treatment of data and use of symbols is the same
as that previously employed.! Data and results
are given in Table I. In order to check the preci-
sion of the moments found, two separate batches
of bis-(hexadecylthioglycolato)-nickel were pre-
pared and solutions prepared from each, using two
different batches of benzene. The moments calcu-
lated from data obtained in the same concentration
range were 2.53 and 2.63 D. All moments, there-
fore, should be regarded as being no more reliable
than £0.1 D,

C, 41.3;

3.6.

TasLeE 1
£y @ V1 8 P Py u, Debyve
Bis-(hexadecylthioglycolato)-nickel
Sample 1
2.270 6.90 1.1448 —1.39 304.1 26.60 2.63
Sample 2
2278 6.37 1.1451 —1.57 292.8 26.72 2.53
Bis-(ethylthioglycolato)-nickel
2.263 7.26 1.1453 —1.83 165.7 26.51 2.38
Bis-(ethylthioacetoacetato)-nickel
2.274 27.95 1.1452 —1.74 489.3 26.66 4.54
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Due to the intense color of the solutions P, was
calculated froin bond refractivities, the refraction of
the metal containing bonds being neglected.

Moments at 25° were calculated, using the rela-
tionship

= 0221 vV P, — Pp

The nickel chelates of ethyl and hexadecyl thio-
glycolate were found to be diamagnetic in the solid
state. The latter compound also was found to be
diamagnetic in benzene,

Solid  bis-(ethylthicacetoacetato)-dipvridine-
nickel is paramagnetic with the following charac-
teristics: gram susceptibility = 4.14 X 10°%
atom molar susceptibility = 2353 X 107%; effec-
tive moment in Bohr magnetons = 2.4,

Discussion

All the complexes except that containing pyri-
dine are some shade of red or brown and, since
these colors have been associated with diamagnetic
nickel,* this might be considered as evidence of a
planar configuration. Although in 1940 there was
only one exception to this rule,® it was concluded a
few years later® that little reliance can be placed
on relation of magnetic type to color.

Lack of sufficient examples prohibits any general-
izations being made concerning the relationship be-
tween configuration and nature of the coodrdinated
groups, but if chelate rings do exist in these mole-
cules, nickel will be surrounded by two oxygen and
two sulfur atoms. Bis-(ethylene-bis-thioglycolato)-
nickel, in which the same condition exists, is para-
magnetic and presumably tetrahedral.?

Magnetic susceptibilitv measurements in them-
selves do not establish the presence of a chelate
ring of the type in Fig. 1a in these compounds, since
even the simple mercaptides Ni(SR), have been
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(4) R.S. Nyholm, Quari. Rev. (London), 8, 321 (1947).

(5) D. P, Mellor and D. P. Craig, J. Proc. Roy. Soc. N. S. W., 74,
475 (1940).

(6) H. A. McRenzie, 2. P. Mellor, J. K, Mills and L. W, Short. ibid.,
78, 70 (1944,
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found to be diamagnetic,” and therefore polynuclear

(Fig. 2 top).
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The diamagnetism of the solid ethyl and hexade-
cvl thioglycolate chelates demonstrates the planar
configuration about the nickel atom. To eliminate
the possibility of a transformation to a tetrahedral
configuration upon dissolution, the benzene solution
of the hexadecyl chelate was examined and this
too found to be diamagnetic, Unfortunately, suf-
ficient material was not available for magnetic
studies of the ethyl thioacetoacetato complex.

Attempts were made to prepare pyridine deriva-
tives of all these compounds, and it was found that
although under none of the conditions employed
could pyridinated compounds of the thioglycolates
be obtained, it was simple to prepare a stable dipy-
ridine compound of bis-(ethylthioacetoacetato)-
nickel. In this connection, it should be noted that
Willis and Mellor® have reported difficulty in pre-
paring pvyridine derivatives of diamagnetic com-
pounds of nickel, including the xanthate,

The tendencv to acquire additional donor groups
has been observed for tetrahedral nickel com-
pounds? and in the case of bis-(ethylthioacetoacet-
ato)-nickel might in itself be taken as some indica-
tion of this configuration.

Bis - (ethylthicacetoacetato) - dipyridine-nickel
was found to he paramagnetic (Xy = +2353 X
107%) and therefore indicative of the octahedral
configuration one would expect. The fact that the
magnetic moment of this compound (2.4 B.M.) is
much less than the theoretical value (2.83) is dif-
ficult to explain. However, Willis and Mellor®
found that a number of chelates of nickel which are
diamagnetic in the solid state are paramagnetic in
pyridine and some other organic solvents, the mo-
ments ranging from 0.8 to 3.32 B.M. and several
having moments of 2.2 to 2.5 B.M.

Finn, Hampson and Sutton!'® have shown that
several of the metal chelates of acetylacetone have

(7) K. A. Jensen, Z. anorg. Chem., 282, 227 (1044).

(8) J. B. Willis and D. P. Mellor, THis JOURNAL, 69, 1237 (1347),

(9) F. P. Dwyer and D. P. Mellor, bid., 63, 81 (1941).

(10) H. K. Finn. (3. C, Hampson and 1., 15, Sutton, J. Chem. Soc.,
1259 (1938,
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unusually large atompnlarizations, reaching a value
as high as 609, of the electron polarization. In
like manner, the observed apparent moments of
bis-(8-hydroxyquinolino)-lead and bis-(disalicyli-
denemethylamino)-copper have also been attrib-
uted by Charles and Freiser!! to an ahnormally
large atom polarization.

Duie to this uncertainty in atom polarization, it is
usually impossible to say whether compounds of the
tvpe now under consideration are either polar or
non-polar when the moments are small. In the
case of the chelates of ethy! and hexadecyl thiogly-
colate, it is safe to conclude that the molecules
have a real moment. Thus, with bis-(ethylthiogly-
colato)-nickel, even when the atom polarization is
taken to be 1009 of the electron polarization, the
moment does not become negligible, showing the
molecule to possess a real moment.

Although the apparent moments of the ethyl and
hexadecyl thioglycolate chelates are 2.4 = 0.1 D
and 2.6 £ 0.1 D, respectively, their real moments
are more probahly assigned the lower value of 2.2 =
0.1 D, The presence of a moment in each case defi-
nitely excludes a frans coplanar configuration, a
structure which had been anticipated as being highly
probable. A frans planar configuration is possible
for these two compounds onlv if rotation occurs
about the C-O (alkyl) avis (Fig. 1a), there heing
no other method by which the moment could arise.
In the free esters, to the contrary, evidence supports
the view that no (restricted) rotation occurs!'? about
the C-O axis containing the carbonyl carbon.

If a trans planar configuration is assumed for
the chelates, their alkoxy groups would be in the
same relative position (to each other) as those of
hydroquinone dimethyl ether. The latter com-
pound has a moment of 1.7 D' and is regarded as a
“free-rotation’’ value. The moments of all the
chelates are larger than this by amounts greater
than any probable experimental error. The dif-
ference between these moments cannot be attrib-
uted to restricted rotation arising from steric in-
teraction in hydroquinone dimethv] ether, since
4,4’-dimethoxydibenzene in which the alkoxy
groups are further separated has nearly the same
moment.!* On this basis alone it was at first con-
cluded that the larger moments of the chelates were
only compatible with a tetrahedral configuration.
In coming to this conclusion no allowance was made
for any possible change in the C-O alkvl bond an-
gle or in the O-alkyl bond moment. We are now
of the opinion that it is not entirely valid to com-
pare the moments of hvdroquinone dimethyl ether
and the ester chelates since those portions of the
molecules separating the alkoxy groups are so dif-
erent. A better comparison is probably made
with the nickel xanthate complexes (Fig, 1b) which
are diamagnetic and presumably planar.® The
alkoxy groups in these compounds are in the same
relative position as in the mercapto ester chelates
and in addition a greater similarity exists between
these molecules.

(11} R. G. Charles and H. Freiser. Turs JorrrNavr, 73, 5223 (1941,

(12) J. M. O'Gorman, W, Shand, Jr., and V. Schomaker, sbid., T2,
4222 (1950),

(13) R. J. W. T.eFevre, ""Dipale Moments,” Methuen & Co., Lon-
don, 1948, p. 92,
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The dipole moments of bis-(isobutylxanthato)-
nickel and bis-(isopropylxanthato)-nickel in ben-
zene are 2.33 D at 22° and 2.60 D at 30°, respec-
tively.!* These values are in good agreement with
those of the mercapto ester chelates.

The large increase in moment in passing from the
nickel thioglycolate ester chelates to that of bis-
(ethylthicacetoacetato)-nickel reflects a significant
structural difference. If the molecule is planar,
this increase can be attributed to: a change in the
C—O-alkyl bond angle, a change in the O-alkyl
bond moment and a change in the degree of freedom
of rotation of the alkoxy groups about the C-O
(alkyl) axis. These variations in turn can in part
be attributed to that required upon passing from a
five-membered saturated ring to a six-membered
unsaturated ring and to resonance forms in the
latter of the type

not possible in the former, which alters the double
bond character of the C-O (alkyl) bond and there-
fore of rotation about this axis. If bis-(ethylthio-
acetoacetato)-nickel is tetrahedral, the only evi-
dence supporting this being its ability to form a di-
pvridine compound, its moment would differ from
the planar configuration but the actual value is dif-
ficult to predict.

The least probable structures for the compounds
containing tte thioglycolates, involving no chela-
tion, would have moments of about 2,4-2.5 D corre-
sponding to the dicarboxylic acid esters,!® if one as-
sumes a linear S—Ni-S grouping with all sulfur bonds
coplanar and in the {rans position. For complete
freedom of rotation the moment was calculated to be
3.0 D, using the following equation and constants
2?2 = 2m? + 2me? — 4dmyms cos o cos B sin2y — 2m? cos? &

cos? B cos? v — 2m.? cos? v
m, = p (COOR) 1.9D 8 = <4 SCC = 110°
my = p (C-8) 1.2D vy = <« NiSC = 105°
a = angle between resultant of ester group and carbon at-
tached = 107°

Although both the open chain values are in
good agreement with those observed, this struc-
ture is dismissed on the basis of chemical proper-
ties. The complexes can be shaken with strong
alkali without effecting hydrolysis of the ester
groups, which is contrary to what would occur if
they were open to attack.
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