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Abstract

The crystal and molecular structure of fac-tris-
(S-methylisopropylidenehydrazinecarbodithioato)co-
balt(IIl) is reported. The dark olive-green Co(NS),
crystallizes in the monoclinic space group P2,/c with
Z=4 in a cell of dimensions a=17.876(2), b=
9.792(2), ¢=14.816(2) A and $=108.63(1)°. The
coordination sphere is relatively undistorted but
the cobalt atom does not lie in the center of this
sphere. Kinetic studies have shown the fazc to mer
isomerization to have a very large (=>100) equilib-
rium constant and to proceed by a trigonal twist
mechanism.

Introduction

Variation of R, and R, in S-methylhydrazine-
carbodithioate Schiff bases, HNS, strongly influences
the manner in which they react with metal salts and
the properties of the complexes formed [1-5].
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— Nickel salts react with an aldehydic ligand (R, =
Ph, R, = H) to form a trans-square planar [6] com-
plex, while the product with R, = R, = CH; is a cis-
complex with a flattened tetrahedral geometry [7].

— The stoichiometries of adducts Ni(NS),*B,, form-
ed with monodentate Lewis bases B are different
(n =2 for aldehydic, n =1 for ketonic ligands) [2].
—Aldehydic ligands react with CuCl, in alcohols
at room temperature to give Cul{(NS), products,
while ketonic ligands give Cu*(HNS),Cl [3].

* Authors to whom correspondence should be addressed.
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—The S-methyl groups of M(NS), complexes are
replaceable with primary or secondary amines only
when NS~ is an aldehydic ligand [5].

— The products of and rate laws for transmetala-
tion [8] of polynuclear copper complexes by M(NS),
reagents depend on the ligand type [9, 10].

Aldehydic ligands allow easy formation of brown
cobalt(II) complexes, Co(NS);, whose spectra are
the same whether in the solid state or in solution.
Proton NMR measurements indicate that they are
mer-isomers [1]. By contrast, ketonic ligands only
permit the formation of Co(NS),, except when R; =
R; = CH;; Co(NS); can form in this case because
of the smaller R groups [1]. However, the isolated
product is olive green instead of brown, though it
does turn brown within a few minutes of dissolu-
tion.

We have found that Co(NS); complexes with
aldehydic ligands are not transmetalating agents for
polynuclear copper complexes whereas I and/or II
are. Since we are interested in the relationship be-
tween fac- and mer-isomers of this type and the
influence of structure on mechanisms of trans-
metalation reactions [9], we report the crystal
and molecular structure of racemic fac-tris(S-methyl-
isopropylidenehydrazinecarbodithioato)cobalt(III), I,
and the kinetics of its isomerization to the mer-
isomer, II, in methylene chloride and nitrobenzene.
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Experimental

Materials

The purification of methylene chloride, nitro-
benzene (Aldrich), methanol (Baker) and diethyl-
ether (Fisher) followed literature procedures [8].
S-Methylisopropylidenehydrazinecarbodithioate,
HNS, was prepared as previously described [11]. The
title complex was prepared by adding a clear solu-
tion of cobalt(IT) acetate tetrahydrate (0.01 mol) in
methanol (30 ml) to a solution of HNS (0.03 mol)
in methanol (30 ml). The reaction mixture was
flushed with dioxygen and refluxed for 30 min. The
olive green cobalt(IIT) complex (I} which precipitat-
ed on cooling was filtered and washed with methanol
and diethylether. Crystallization from methylene
chloride/diethylether gave dark olive-green single
crystals of dimensions suitable for structural
characterization.

Crystal Data
CoCysHy7NgSs, M =542.7, monoclinic, a=
17.876(2), b=9.792(2), c=14.816(2) A, 8=

108.63(1)°, U=2457.5(6) A%, Z=4, D,=1.467 g
em™, F(000)=1128, Cu Ke radiation (A =1.5418
A). Space group P2,/c by systematic absences: 0kO
when k # 2n, hOl when [ # 2n.

Crystallographic Measurements and Structure Solu-
tion

Cell dimensions were obtained by a least-squares
fit of 15 reflections (62 <20 <92°) measured on
a Syntex P2, automated diffractometer. One qua-
drant of data with 20 <130° was collected using
0/26 scans and a variable scanning rate. The data
were corrected for Lorentz and polarization effects.
An empirical absorption correction, determined from
a ¥ scan, was also made. The ¥ scan indicated a maxi-
mum drop in intensity of 60%. The reflections with
IZ20(l) were used in structure solution and refine-
ment.

The structure was solved via Patterson and Fourier
syntheses. Full-matrix least-squares were used to
refine positional and thermal parameters (anisotropic
for non-hydrogen atoms, isotropic for hydrogen
atoms)*. Convergence was reached at R = 0.066 over
2994 reflections.

The atomic scattering factors for the non-hydro-
gen atoms were taken from ref. 13 with Co and S
being corrected for anomalous scattering [14].
Scattering factors for hydrogen were taken from ref.
15. See also ‘Supplementary Material’.

*All crystallographic calculations were carried out on
a VAX 11/780 computer. For the principal programs used
see ref. 12,
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Physical Measurements

Electronic spectral measurements were made with
a Beckman DK-1A spectrophotometer in matched
quartz cells at room temperature. Isomerization
of (1-10) X103 M of the title complex was moni-
tored at 540 nm in methylene chloride or nitroben-
zene in the thermostated cell compartment of the
Beckman DK-1A spectrophotometer. Pseudo-first-
order rate constants, k,ueq, were calculated from
the slopes of linear plots of In(4. — 4;) vs. time,
where A, is the absorbance at time ¢.

Results and Discussion

Crystal and Molecular Structure of (I)

The X-ray diffraction analysis has proved that,
in the solid state, tris-(S-methylisopropylidenehydra-
zinecarbodithioato)cobalt(IIl) occurs as the fac-
isomer (configuration number 22). This is despite
the fact that the equilibrium constant for the isomeri-
zation of the fac- to the mer-isomer is 22100 at room
temperature (see below). A view of this complex is
shown in Fig. 1. The unprimed ligand is labelled A,
the singly primed ligand is labelled B, and the doubly
primed ligand is labelled C. Final atomic positional
parameters are in Table I, bond lengths and angles
are in Table II, and atomic deviations from some
mean planes are in Table III.

cie)

Fig. 1. Molecular structure of fac-tris-(S-methylisopropyli-
denehydrazinecarbodithioato)cobalt(11I), showing the label-
ling scheme. Thermal ellipsoids are drawn at the 50%
probablity level.

The octahedral coordination sphere is distorted
due to the small S—Co—N bite angles of the biden-
tate ligands (mean 85.6°); also trans sulfur and nitro-
gen atoms assume S—Co—N angles of ca. 169° (range
167.9(1)° to 169.6(2)°). The three cis sulfur atoms
define a plane which is nearly parallel to that of the
donor N atoms (1.6° deviation). These planes are
rotated very nearly 60° with respect to one another
from an eclipsed conformation., The $++-S separa-
tions are all ca. 3.01 Aj; the S+++N separations, save
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TABLE 1. Fractional Atomic Coordinates (><104) for the
Non-Hydrogen Atoms in I; Estimated Standard Deviations
in Parentheses

Atom x/a y/b z/e

Co 2317.8(5) 1466(1) 730.5(6)
S(1) 3338(1) 1826(2) 2044(1)
C(2) 3867(3) 2807(7) 1493(5)
N(@3) 3611(3) 3331(6) 656(4)
N@4) 2795(3) 3079(5) 186(3)
S(S5) 4852(1) 3058(3) 2188(2)
C(6) 5189(5) 4244(11) 1481(7)
C(T) 2497(3) 3936(7) —499(4)
C@®) 2978(5) 5034(9) -755(5)
C(9) 1649(4) 3876(8) ~1111(5)
S 1937(1) —70(2) 1563(1)
c2") 2604(3) ~1269(6) 1483(4)
N(3") 3077(3) —1223(5) 980(4)
N@4") 2997(3) -19(5) 420(3)
S(5") 2619(1) ~2731(2) 2194(1)
C(6") 3188(6) —3919(9) 1772(6)
() 3461(3) ~-56(7) -94(4)
C(8") 4026(4) ~1223(8) —28(5)
C(9") 3441(4) 982(8) -829(5)
S(1" 1699(1) 3023(2) 1347(1)
c2" 768(3) 2673(7) 587(5)
N(@3") 584(3) 1861(5) -127(4)
N@4") 1237(3) 1206(5) -294(3)
S(5") 6(1) 3523(2) 870(2)
c(6") —836(4) 3163(10) —144(8)
C(" 988(3) 427(7) —1040(4)
C(@8") 132(4) 275(9) —-1592(5)

c") 1517(5) —375(10) —-1400(6)

TABLE 1II. Interatomic Bond Lengths (A) and Valency

TABLE II. (continued)

S(1)-Co-S(1") 84.8(1) S(1')-Co—N(4") 86.9(1)
S(1)-Co-N(4") 167.9(1) N@')-Co-S(1") 169.6(2)
N@4)-Co-S(1') 169.2(2) N@4')—Co-N(4") 103.4(2)
N(4)—Co—-N(4") 96.0(2) S(1")-Co-N@#4") 85.2(1)
N@4)-Co-S(1")  87.7(1)
Ligands

Unprimed Primed Double

primed

Co-S(1)-C(2) 95.3(2) 94.7(2) 95.6(2)
S(1)-C@R)-N(3) 126.7(5) 128.1(5) 127.4(5)
S(1)-C(2)-S(5) 113.5(4) 113.1(3) 114.3(4)
N(3)-C(2)-5(5) 119.8(5) 118.8(5) 118.3(5)
C(2)-N(3)-N(4) 113.6(5) 113.8(5) 114.3(5)
Co—-N#4)-C(3) 15.1(4) 114.4(3) 116.5(4)
Co-N@)—C(7) 132.8(4) 133.9(4) 133.5(4)
N(3)-N#)-C(7) 112.1(5) 110.9(5) 109.5(5)
C(2)-S(5)-C(6) 101.9(4) 102.7(4) 102.4(4)
N(4)-C(7)-C(8) 122.4(6) 121.7(6) 122.6(6)
N#)-C(7)-C(9) 122.4(6) 112.9(6) 122.8(6)
C@B-C(7)-C(9) 115.2(6) 115.2(8) 114.6(6)
(c) Intercomplex separations® < 3.7 A
N(3):--C(6") 3.34 N(4)++-C(6") 3.66

C(2)---C(6") 3.47

3The second atom in each interaction is part of the complex
atx, 1+y,z

TABLE IIl Distances (A) of Atoms from Least Squares
Planes through Various Groups of Atoms; Atoms Defining
the Plane are Italicized

Angles (deg) in I; Estimated Standard Deviations are in Paren- Ligand
theses A B C
(a) Bond lengths Plane 1
Unprimed Primed Double s@) 0.004 —0.003 ~-0.001
primed cQ@) ~0.010 0.006 0.003
. . -0.003
Co-S(1) 22252)  2172Q) 2.225(2) oAl oo o oo oo
Co—N(4) 2.060(5) 2.023(5) 2.052(5) Co 0.560 _0311 ~0246
S(1)-CQ) 1.713(7) 1.692(6) 1.715(6) ' i )
C(2)-N(3) 1.280¢9) 1.286(8) 1.274(9)
C(2)-S(5) 1.745(7) 1.760(6) 1.746(6)
N(3)-N(4) 1.418(7) 1.413(7) 1.411(7)
N@)—-C(7) 1.288(8) 1.285(8) 1.293(8) one, are ca. 2.90 A; and the N+ +N separations, save
S(5)-C(6) 1.780¢10)  1.771(9) 1.786(11) one, are 3.20 A. The S(1")-+-N(4) separation is rela-
C(M-C®) 1.488(11) 1.497(10) 1.490(9) tively long (2.97 &) and the N(4)+++N(4') separation
C(7)-C(9) 1.494(9) 1.473(10) 1.445(11) is relatively short (3.04 A).
(b) Val ‘s The S—C-N-N atoms of each chelate ring are
Coorgiﬁgtci};:x;iheré very nearly planar (Table 1II) and, in each case, the
cobalt lies quite far out of this plane, 0.560 A from
S(1)—Co—N(4) 84.1(1) N(@4)-CO-N@") 102.2(2) hgand A towards N(4 ), 0.311 A from hgand B
S(1)-Co—S(1")  85.9(1) S(1)—Co—N(4") 87.4(1) towlards S(1) and 0.246 A out of ligand C towards
S(1)-Co—N@4')  85.9(1) S(1)-Co-S(1") 87.3(1) S(17). Therefore, while the coordination sphere is

(continued)

relatively undistorted, the cobalt atom does not lie
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in the center of this sphere but is significantly closer
to the coordinating atoms in ligand B.

The angles between these S—C—N-—N planes are
not orthogonal but rather take on values of 91.9,
106.4 and 118.7°. However, when the Co atom is
included in the definition of each plane, the
analogous angles are 74.0°, 98.8° and 89.1°, some-
what closer to orthogonal.

Ligands A and C exhibit similar Co—S and Co-N
bond lengths; in ligand B, these lengths, particularly
the Co—S distance, are significantly shorter. The Co—S
lengths in A and C are, as expected, slightly shorter
than those found in bis-(S-methylisopropylidene-
hydrazinecarbodithiato)cobalt(Il), I [16], reflec-
ing the difference in radii of Co®* and low spin
Co®', In apparent contradiction to this, the Co—N
lengths in A and C are longer than those in IIl. This
lengthening is a result of the structural trans effect
exerted by the sulfur atom [17]. In Co(NS), the
interligand S—Co—N angles are far from 180° (mean
125°) [16] while in Co(NS); the analogous angles
are much closer to 180° (mean 169°).

It is not at all clear why ligand B exhibits such short
Co—S and Co—N lengths, 2.172(2) and 2.023(5) A,
respectively. These shorter distances are also correlat-
ed with a significantly larger bite angle, 87.4(1)° vs.
84.1(1) and 85.2(1)°. Because this distortion occurs
in just one ligand it does not appear to be due to the
lifting of a degeneracy of states. Also, ligand B does
not appear to suffer close intermolecular contacts
which would cause such distortion.

Except for the S(1)—C(2) distances all three
ligands are very similar to one another and to those
in I [16], bis-(S-methylisopropylidenehydrazine-
carbodithioato)zinc(IT), IV [16] and, bis-(S-methyl-
isopropylidenehydrazinecarbodithioato)nickel(I), V
[7]. In all these ligands the double bonds are loca-
lized. In Co(NS);, the S(1)—C(2) bonds in ligands
A and C are very similar (1.713(7), 1.715(6) A)
and slightly longer than that in ligand B (1.692(6)
A). Though they approximate the calculated length
of an S—C(sp?) bond, they are significantly shorter
than those observed in III, IV and V.

Thus, we have observed that, in the solid state, the
fac-isomer is the only one present. We propose that
the stability gained by the packing of this presum-
ably more polar isomer is sufficient to cause this
crystallization,

No other crystal structures have been determined
or isomerization reactions observed in other Co(NS),
systems derived from S-methylhydrazinecarbodithio-
ate Schiff bases, all of which seem to’exist as mer-
isomers according to proton NMR data and solid
state and solution spectra [1].

Spectrum and Kinetics of Isomerization of I
The solid state spectrum of olive green I in silicone
grease exhibits a maximum at 620 nm and a shoulder

K. D. Onan et al.
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Fig. 2. Spectral changes due to isomerization of 1 (1.0 X 1073
M) to 1I in nitrobenzene at 10 °C. Spectra were measured
each 5 min. An isosbestic is observed at 725 nm.

at 590 nm. These same features are observed in
aprotic solvents, but on standing at room tempera-
ture the green color changes to reddish-brown and
the absorbance at 540 nm increases dramatically
(Fig. 2). A single isosbestic point is observed at 725
nm, indicating a I<—>1II process. Proton NMR
measurements have already shown that the product
solution contains the mer-isomer II: three triplets
of magnetically inequivalent protons are observed
[17.

Plots of In(4. — A4,) vs. time at 540 nm were
linear for at least 4 half-lives (Fig. 3) The total
absorbance change on reaction at fixed [I], was inde-
pendent of temperature and proportional to [I], at
fixed temperature, indicating that K in eqgn. (1) is
at least 100 at the lowest experimental temperature.

kg
I=II, K 1)

r

Kinetic data (Table IV) give AHf =16.9%0.3,
18.0 + 0.3 kcal mol™! and AS;™ = —6 + 3, —10 % 3 cal
deg™’ mol™ in methylene chloride and nitroben-
zene, respectively. There is little kinetic solvent
dependence, and the activation parameters are
diagnostic of a ‘twist’ isomerization mechanism
[18,19].
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Fig. 3. First-order plots for isomerization of I to II in nitro-
benzene at the following temperatures: 12.0, o; 20.0, e;
28.0, 2; 36.0, a.

TABLE 1V. Kinetic Data for Isomerization of I in Methylene
Chloride and Nitrobenzene

Methylene chloride Nitrobenzene
Temperature? 102 kfb Temperature 102 kfb
(min~1) CC) (min!)
3.0 23 12.0 3.4
12.0 5.8 20.0 9.3
21.0 15.1 28.0 18.9
29.0 29.3 36.0 30.7

3Given in °C, to £0.1°C.  PMaximum standard deviation is

+5% of measured value.

Characteristics of I and II as Transmetalating Agents
for Polynuclear Copper Complexes

Like M(NS), complexes III [10, 16, 20] IV [10,
16, 20] and V [8-10], cobalt(Ill) complexes I
and/or II stoichiometrically transmetalate poly-
nuclear copper() [21] and copper(Il) complexes
[22]. Unlike Co(NS)3, the brown Fe(NS); complex
that we have recently obtained does not appear to
isomerize in solution but is also a transmetalating
agent [23]. Structural information [6, 7, 16] for
such transmetalating agents is necessary for the
establishment of transmetalation mechanisms [9,
10, 24].

Transmetalation of copper(I) by cobalt(IIl)
reagents involves redox processes: electron transfer
from copper(I) to cobalt(IIl) precedes transmetala-
tion of [(DENC)CuX], complexes (DENC = N,N-
diethylnicotinamide; X =Cl or Br) by I or I [21].
Green solutions of I and reddish-brown solutions
of II both rapidly give blue solutions (of cobalt(II))

on mixing with [(DENC)CuX], complexes at 0 °C,
indicating that electron transfer is faster than isomeri-
zation reaction (1).

Supplementary Material

Tables of anisotropic thermal parameters, hydro-
gen atom parameters, calculated and observed struc-
ture factors and a packing diagram of I are available
from the authors on request.
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