Russian Chemical Bulletin, International Edition, Vol. 51, No. 8, pp. 1581— 1587, August, 2002 1581

Formation of cobalt(1ir) cations with semiquinonediimine ligands
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The reactions of polynuclear cobalt(i1) trimethylacetates [Co(OH),(OOCCMes),_, 1,
Cog(n3-OH),(O0CCMes) 1 ((HOOCCMe3),, or Coy(z-OH),(OOCCMes)o(HOEL)¢ with an
excess of N-phenyl-o-phenylenediamine (1) in toluene followed by treatment with at-
mospheric oxygen afforded the diamagnetic complex [Co{n2-(NPh)(NH)C¢H,},{n!-
(NH,)C¢H,4(NPhH)}]*(Me;CCOO...H...00CCMe;)~ (3), whose cation contains the Co!ll
atom. The reaction of Co4(n3-OH),(OOCCMe;)s(HOEt)g with a deficient amount of di-
amine 1 in acetonitrile under an argon atmosphere gave rise to the antiferromagnetic ionic
complex [Co{n2-(NPh)(NH)C¢H,},MeCN]*[Coy(uy,n2-O0CCMes)(1,-O0CCMes),(n%-
OO0CCMejs),]-2MeCN (4), whose cation is an isoelectronic analog of the cation in com-
plex 3. The structures of the new compounds were established by X-ray diffraction analysis.

Key words: N-phenyl-o-phenylenediamine; cobalt(iir), trimethylacetate complexes;
semiquinonediimine, oxidative dehydrogenation, X-ray diffraction analysis.

Previously,!=3 we have demonstrated that aromatic
1,2-diamines coordinated to transition metal atoms of
the nickel subgroup are readily involved in oxidative de-
hydrogenation by atmospheric oxygen to form the stable
[CcH4(NH)(NR)],M fragment (M = Ni, Pd, or Pt) in
which the M!! atoms are in a typical square-planar envi-
ronment. o-Phenylenediamine and its N(R) derivatives
(R = Ph (1), Me, H (2)) underwent oxidative dehydro-
genation by K,[MX,] (M = Pd, Pt; X = CI~, NO;y).
The reactions proceeded via the formation of mono-
nuclear metal(11) tetramine complexes.3

The reaction with trinuclear palladium trimethylacetate
Pd;(u-OOCCMes)q as the starting complex also gave rise
to [C4H4(NH)(NPh)],Pd. However, this reaction afforded
the trinuclear complex anion containing the chelate-bridg-
ing iminoimide groups, viz., {Pd;(O0OCCMe;)4(n-OH)[p-
N,N-n2-N,N -(N)(NPh)(C¢H)],}~, as an intermediate.4

Oxidative dehydrogenation of N-phenyl-o-phe-
nylenediamine (1) in the presence of the
nonanuclear Ni!l cluster, viz., Nig(py-0);(ps-
OH);(HOOCCMe;),(OOCCMey) ,, is a more com-
plicated process. This reaction yielded tetra-
nuclear complexes with the monodentate- and
chelate-coordinated L molecules, viz., L,Nig(ps-
OH),(HOOCCMej;)4(n-O0CCMes)g and LyNig(ps-
OH),(MeCN),(O0OCCMej;),(n-O0CCMes), (L =

1,2-(NPhH)(NH,)CH,), respectively, as intermediates.
The formation of these intermediates is determined by
the reaction conditions and the solvent nature. How-
ever, in the reactions performed under oxidation condi-
tions and a ligand excess, these intermediates readily
generated [CgH4(NH)(NR)],Ni in high yields regardless
of their structures.>® The first step of oxidative de-
hydrogenation of o-phenylenediamine 2 involved the
transformation of the nonanuclear cluster Nig(uy-O)3(p3-
OH);(HOOCCMe;)4,(OOCCMej);, into a trinuclear
complex with two unusual bridging o-phenylenediamine
ligands. The latter complex underwent further trans-
formation into the bis-semiquinonediimine mono-
nuclear complex [C4H4(NH),],Ni under the action of
diamine in air.

As a result, in spite of the different starting metal-
containing reagents and paths of the transformation of
coordinated aromatic 1,2-diamines, the reactions afforded
bis-semidiimine complexes containing metals of the
nickel triad in a square-planar coordination environ-
ment. Unlike these metals, the Coll atom has one less
electron. This fact allows one to vary the electronic struc-
tures of both the metal center and coordinated diamines.
In the present study, we report the results of the explora-
tion into oxidative dehydrogenation of diamine 1 in the
presence of polynuclear cobalt(i1) trimethylacetates.
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Reagents and conditions: a. atmospheric O,, toluene, 60 °C. b. atmospheric O,, EtOH. c. [Co] : 1 =2:1, MeCN, 60 °C, Ar.

Results and Discussion

We found that the reaction of the polymer
[Co(OH),(O0OCCMej),_, 1, (prepared by fusing
Co(OOCCH3;),* 4H,0 with excess pivalic acid at 165 °C)
with an excess of diamine 1 in toluene under argon
followed by slow oxidation of the reaction solution
with atmospheric oxygen produced the diamag-
netic ionic complex [Co{n2-(NPh)(NH)C¢H,},{n'-
(NH,)C4H4(NPhH)}]* (Me;CCOO...H...0O0CCMe;)~
(3) (Scheme 1).

According to the X-ray diffraction data, the central
Co! atom in the cation of complex 3 (Fig. 1, Table 1)
has a distorted tetragonal-pyramidal environment formed

by five N atoms four of which are involved in two che-
late-coordinated o-semiquinonediimine ligands. The
angle between the planes of the ligands is 153.7(2)°
(Co(1)—N(1), 1.915(4) A; Co(1)—N(2), 1.839(5) A;
Co(1)—N(3), 1.911(4) A; Co(1)—N(4), 1.861(5) A). The
fifth nitrogen atom belongs to the neutral ligand coordi-
nated to the Co atom through the lone pair of the NH,
group (Co(1)—N(5), 2.013(5) A). The N—C and C—C
bond lengths in this ligand have values typical of the
nonoxidized benzoid form (N(5)—C(25), 1.436(6) A;
C(25)—C(30), 1.420(7) A; C(30)—N(6), 1.410(7) A).
The geometry of two planar semiquinonediimine
fragments is characterized by shortened bonds in the
five-membered nitrogen-containing metallocycle

Table 1. Selected bond lengths (d) and bond angles (o) in complex 3

Bond d/A Angle o/deg Angle o/deg
Co()=N(1)  1.915(4)  N@Q@)—Co(1)—=N(#) 172.2(2)  N@B3)—Co(1)—=N(1)  160.05(18)
Co(1)—=N(2)  1.839(5)  N(Q2)—Co(1)=N(3)  97.4(2)  N(Q2)—Co()—N(5)  94.92)
Co(1)—N(4) 1.861(5) N(4)—Co(1)—N(3) 82.1(2) N(4)—Co(1)—N(5) 92.8(2)
Co(1)—N(@3) 1.911(4) N(2)—Co(1)—N(1) 82.0(2) N(3)—Co(1)—N(5) 105.11(18)
Co(1)—N(5) 2.013(5) N(4)—Co(1)—N(1) 95.8(2) N(1)—Co(1)—N(5) 94.79(18)




Co!™l cations with semiquinonediimine ligands

Russ.Chem.Bull., Int.Ed., Vol. 51, No. 8, August, 2002 1583

can C(12)

Fig. 1. Structure of complex 3.

(N(H)—C(1), 1.339(7) A; C(1)—C(6), 1.417(8) A;
C(6)—N(2), 1.354(7) A; N(3)—C(13), 1.338(7) A;
C(13)—C(18), 1.444(8) A; C(18)—N(4), 1.335(7) A)
and the alternation of short and long bonds in the
phenylene ring (C(1)—C(2), 1.431(7) A; C(2)—C(3),
1.358(8) A; C(3)—C(4), 1.431(8) A; C4)—C(5),
1.379(8) A; C(5)—C(6), 1.416(8) A; C(13)—C(14),
1.429(8) A; C(14)—C(15), 1.336(8) A; C(15)—C(16),
1.420(9) A; C(16)—C(17), 1.375(8) A; C(17)—C(18),
1.425(8) A). It should be noted that the phenyl substitu-
ents in cation 3 (like those in the above-mentioned bis-
semidiimine complexes of Ni, Pd, and Pt"2) are in trans
positions. However, the metal atom in the cobalt-con-
taining bis-semiquinonediimine fragment, unlike those
in the square-planar [C4H4(NH)(NR)],M complexes,
substantially deviates (by 0.321(2) A) from the plane
through four N atoms. In the anion of complex 3 occur-
ring as an associate (Me;CCOO...H...O0CCMes)~, the
H atom is located at virtually equal distances from two
acid residues (O(4s)...H(4s), 1.36(1) A; O(2s)...H(4s),
1.23(1) A). Two other O atoms of the carboxylate resi-
due and the acid interact with the H atoms of the coor-
dinated amino group of the neutral ligand through hy-
drogen bonds (O(3s)...H(5na), 2.03(1) A; O(1s)...H(5nb),
1.84(1) A) (see Fig. 1).

It appeared that the composition and structure of
the starting polynuclear cobalt trimethylacetates have
no effect on the character of the final reaction prod-

C(34)

C(35)

C(13) <o)

C(15)

uct obtained by oxidative dehydrogenation of di-
amine. Thus, the reactions with hexa- or tetranuc-
lear cobalt(m1) trimethylacetate hydroxo complexes,
viz., Cog(n3-OH),(O0OCCMes)((HOOCCMe;), or
Coy(n3-OH),(OOCCMes)4(HOELt)4, respectively, also
afforded complex 3 in close yields. We failed to detect
intermediates in all these reactions, unlike the above-
mentioned analogous reactions with nickel trimethyl-
acetate.

We suggested that the solvent and the ratio of reagents
have to be changed for stabilization of the intermediates
formed in the reaction of diamine 1 with polynuclear
cobalt(11) carboxylates. It appeared that the reaction of
Coy(n3-OH),(OOCCMes)s(HOELt)( with o-phenylenedi-
amine 1 taken in a ratio of [Co] : 1 = 2: 1 (with respect
to the Co atom) in MeCN under an atmosphere of argon
gave rise to the antiferromagnetic ionic complex [Co{n?-
(NPh)(NH)CgH,},MeCN]*[Co,(15,n2-00CCMes) (ny-
OOCCMe3)2(n2-OOCCMe3)2]— *2MeCN (4) containing
two solvent molecules (see Scheme 1). According to the
X-ray diffraction data (Fig. 2, Table 2), the coordination
environment about the central Coll atom in the cation
of compound 4 is formed by five N atoms. This coordi-
nation is analogous to that about the metal atom in the
cation of complex 3. Four N atoms in the coordination
sphere of the Co!ll atom (Co(3)—N(3), 1.856(4) A;
Co(3)—N(1), 1.861(4) A; Co(3)—N(4), 1.898(4) A;
Co(3)—N(2), 1.905(4) A) are involved in two o-semi-



1584  Russ.Chem.Bull., Int.Ed., Vol. 51, No. 8, August, 2002 Fomina e al.

C(8)

C(7) Co)

C(10)

"y
C@l  c@42)

Fig. 2. Structure of complex 4.

Table 2. Selected bond lengths (d) and bond angles (o) in complex 4

Bond d/A Angle o/deg Angle o/deg
Co(1)—0(2) 1.984(3) 0(2)—Co(1)—0(3) 115.0(1) 0(2)—Co(1)—0(5) 100.1(1)
Co(1)—0(5) 1.983(3) 0(2)—Co(1)—0(8) 127.9(1) 0(3)—Co(1)—0(5) 104.0(2)
Co(2)—0(4) 2.027(3) 0(3)—Co(1)—0(8) 107.0(1) 0O(5)—Co(1)—0(8) 98.1(1)
Co(2)—0(7) 2216(4)  O(4)—Co(2)—0(6) 95.9(1)  O(4)—Co(2)—O0(7) 158.4(1)
Co(2)—0(9) 2.196(3)  O(4)—Co(2)—O0(8) 98.7(1)  O(4)—Co(2)—0(9) 88.7(1)
Co(3)—N(1) 1.861(4)  O(4)—Co(2)—0(10) 95.2(1)  O(6)—Co(2)—0(7) 88.7(1)
Co(3)—N(3) 1.856(4) 0(6)—Co(2)—0(8) 95.8(1) 0(6)—Co(2)—0(9) 160.1(1)
Co(3)—N(5) 1.964(4) 0(6)—Co(2)—0(10) 98.6(1) 0O(7)—Co(2)—0(8) 59.8(1)
Co(1)—0(3) 1.973(4) 0O(7)—Co(2)—0(9) 94.1(1) 0O(7)—Co(2)—0(10) 105.0(1)
Co(1)—O(8) 2.005(3)  O(8)—Co(2)—O0(9) 102.7(1)  O(8)—Co(2)—0(10)  158.8(1)
Co(2)—0(6) 20193)  0O(9)—Co(2)—O(10) 61.6(1)  N(1)—Co(3)—N(2) 82.1(2)
Co(2)—0(8) 2.153(3)  N(1)—Co(3)—N(3)  155.9(2)  N(1)—Co(3)—N(4) 95.0(2)
Co(2)—0(10) 2.068(3) N(1)—Co(3)—N(5) 101.5(2) N(2)—Co(3)—N(3) 95.0(2)
Co(3)—N(2) 1.905(4) N(2)—Co(3)—N(4) 165.8(2) N(2)—Co(3)—N(5) 95.2(2)
Co(3)—N(4) 1.898(4) N(3)—Co(3)—N(4) 81.9(2) N(3)—Co(3)—N(5) 102.6(2)

N(4)—Co(3)—N(5) 99.0(2) Co(1)—0(8)—Co(2)  102.2(1)
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quinonediimine ligands. The angle between the planes of
the ligands is 153.7°. In the cation of complex 4, the fifth
N atom belongs to the coordinated MeCN molecule
(Co(3)—N(5), 1.964(4) A; N(5)—C(50), 1.146(6) A;
C(50)—C(51), 1.466(6) A). The distribution of the C—N
and C—C bond lengths in the identical symmetrically
arranged five-membered chelate metallocycles with the
o-semiquinonediimine ligands (N(1)—C(26), 1.316(6) A;
N(2)—C(31), 1.341(6) A; C(26)—C(31), 1.440(6) A) and
the ration of short and long bonds in the six-membered
carbon ring (C(26)—C(27), 1.435(7) A; C(27)—C(28),
1.342(8) A; C(28)—C(29), 1.429(7) A; C(29)—C(30),
1.358(7) A; C(30)—C(31), 1.421(7) A; C(32)—C(33),
1.393(6) A; C(32)—C(37), 1.398(7) A) are analogous to
those observed in complex 3. In spite of the difference in
the geometric characteristics of the neutral coordinated
ligands in the cations of compounds 3 and 4 (1 and
MeCN, respectively), the metal atom in these compounds
is characterized by the virtually identical deviation from
the N, plane formed by the N atoms of the semidiimine
ligands (0.305(2) A in complex 4).

Compound 4 contains the binuclear complex anion
in which two cobalt(11) atoms are linked via three bridges,
viz., two carboxylate ligands (Co(1)—O(3), 1.973(4) A;
Co(2)—0(4), 2.027(3) A; 0(3)—C(6), 1.272(6) A;
0(4)—C(6), 1.239(5) A; and Co(1)—O(5), 1.983(3) A;
Co(2)—0(6), 2.019(3) A; O(5)—C(11), 1.263(6) A;
0(6)—C(11), 1.253(6) A) and one bridging O atom
(Co(1)—0(8), 2.005(3) A; Co(2)—0(8), 2.153(3) A) of
the chelate-bridging trimethylacetate ligand. The sec-
ond O atom of the latter ligand is coordinated to the
Co(2) atom (Co(2)—O0(7), 2.216(4) A; O(7)—C(21),
1.235(6) A; O(8)—C(21), 1.305(6) A) to form a che-
late ring. Each Co atom bears the chelate-coordi-
nated trimethylacetate ligand (Co(1)—0(2), 1.984(3) A;
Co(1)—0(1), 1.972(4) A; O(1)—C(1), 1.241(6) A;
0(2)—C(1), 1.272(6) A; and Co(2)—0(10), 2.068(3) A;
Co(2)—0(9), 2.196(3) A; 0(9)—C(16), 1.248(6) A;
0(10)—C(16), 1.274(6) A). Hence, the binuclear anion
contains the nonequivalent 17-electron five-coordinate
and 19-electron six-coordinate Co atoms.

It can be assumed that it is the binuclear anion con-
taining the high-spin Co!! atoms (S = 3/2) that is re-
sponsible for the magnetic properties of complex 4. As
can be seen from Fig. 3, the effective magnetic moment
of the complex (for the overall molecule) is decreased
from 6.45 to 4.34 pp in the temperature range of 300—2 K.

Oxidative dehydrogenation of diamine 2 with atmo-
spheric oxygen in the presence of Co(Cl0,),, Co(OAc),,
and CoCl, has been studied previously.8 The bis-semi-
quinonediimine complex [CcH4(NH),],Co containing
the Co!l atom in a square-planar ligand environment
was prepared only with the use of cobalt acetate. In spite
of the presence of the unpaired electron on the metal
atom, this complex remains mononuclear as distinct from
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Fig. 3. Effective magnetic moment (p.g) (a) and static mag-
netic susceptibility (y,,) (b) vs. the temperature for complex 4.

the Pt!''-containing isoelectronic cation of composition
[CcH4(NH),],Pt, which occurs as a dimer both in the
crystal and in a solution in CDCl;.2 At the same time,
the Co!l-containing mononuclear cations with the co-
balt—bis-semiquinonediimine fragment, which are iso-
electronic analogs of the cations in complexes 3 and 4,
were synthesized by the reactions of Co(ClO,), and
CoCl,, respectively, with diamine 2. However, the latter
reactions always required an oxidizing agent. The com-
position of the reaction products depends substantially
on both the nature of the oxidizing agent and the synthe-
sis conditions. The mechanism of formation of com-
plex 4, which contains the cation with the oxidized di-
amine ligands and the cobalt(111) atom, in an inert atmo-
sphere remains to be elucidated. It can only be noted
that the carbonyl groups of the trimethylacetate frag-
ment are formally the only oxidizing agent present in the
system. However, our attempts to isolate the products of
reduction of the trimethylacetate ligands failed.

Experimental

Complex 3 was synthesized in an inert atmosphere fol-
lowed by slow bubbling of air through the reaction mixture.
Complex 4 was prepared in the absence of O, under argon. In
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both cases, anhydrous solvents were used. The starting cobalt
complexes were synthesized according to known procedures.?
New compounds were synthesized with the use of N-phenyl-o-
phenylenediamine (Fluka). The IR spectra were recorded on a
Specord M-80 instrument in KBr pellets. The static magnetic
susceptibility y, was measured on a SQUID MPMS-5S
Quantuim Design magnetometer in the temperature range of
300—2 K. The effective magnetic moment p. was calculated
according to the equation

Hefr = (8 xm 7).

Complex [Co{n2-(NPh)(NH)C¢H },{n!-
(NH,)C4H4(NPhH)}]*(Me;CCOO...H...O0CCMe;3)~ (3).
The polymeric complex (0.40 g, 1.5 mmol based on the
Co(OOCCMej3), formula unit), which was prepared by fusing
Co(OOCMe),-4H,0 with excess pivalic acid, and N-phenyl-
o-phenylenediamine (0.85 g, 4.6 mmol) were dissolved in tolu-
ene (60 mL) under argon upon heating to 60 °C. The resulting
blue solution was kept at 5 °C for 2—3 days with a slow supply
of atmospheric oxygen to the reaction vessel. The black-
blue crystals that precipitated were washed with hexane
and dried in air. The yield was 0.86 g (70%). Complex 3
was prepared according to an analogous procedure starting
from Cog(p3-OH),(O0OCCMej3)((HOOCCMes), or Coy(ps-
OH),(O0CCMe;)4(HOEt)4 in yields of 82 and 77%, respec-
tively. Found (%): C, 67.01; H, 6.80; N, 10.86. C4sHs;CoN¢O,.
Calculated (%): C, 68.13; H, 6.29; N, 10.40. IR, v/cm™
2980 w, 2965 w, 1670 m, 1645 s, 1590 s, 1545w, 1520's, 1475 s,
1460 m, 1440 s, 1400 m, 1355 m, 1340 s, 1305 m, 1270 m,
1220 w, 1185 m, 1170 w, 1145 w, 1125 w, 1100 w, 1075 w,
1025 w, 990 w, 960 w, 925 w, 885 w, 850 m, 830 m, 750 w,
690 s, 640 s, 580 m, 530 w, 510 w, 460 w.

Complex [Co{nZ-(NPh)(NH)C¢H,},MeCN]*[Co,(115,n2-
00CCMe3)(1,-O0CCMe3),(12-O0CCMe;),]~ - 2MeCN (4).
The Coyu(pn3-OH),(O0OCCMes)s(HOEt)s complex (0.2 g,
0.19 mmol) and N-phenyl-o-phenylenediamine (1) (0.068 g,
0.37 mmol) were dissolved in MeCN (50 mL) under argon
upon heating to 60 °C. The resulting black-blue solution was
kept at —5 °C for 12 h. The black-blue crystals that precipitated
were washed with hexane and dried under argon. Compound 4
was obtained in a yield of 0.054 g (80% calculated for N-phenyl-
o-phenylenediamine). Found (%): C, 56.89; H, 6.81; N, 7.79.
Cs55H7,Co3N;0,,. Calculated (%): C, 56.49; H, 6.33; N, 8.38.
IR, v/cm™!: 3440 s, 2956 w, 1688 w, 1668 w, 1616 s, 1552 s,
1516's, 1484 m, 1460's, 1416s, 1360 m, 1224 m, 1152 w, 952 w,
796 w, 696 w, 648 w, 624 m, 458 w, 424 w, 408 w.

X-ray diffraction study. The X-ray diffraction data for com-
plex 3 were collected on a four-circle automatic Siemens R3/PC
diffractometer (A\(Mo-Ko) radiation, A =0.71074 A, T=22 °C).
The unit cell parameters were determined and refined using
24 equivalent reflections with 20 < 24—28°. Three strong stan-
dard reflections with 0 < y < 65° were monitored after each
100 reflections. The intensities of the standard reflections showed
no decrease in the course of data collection, and therefore, the
corresponding corrections were ignored. The experimental data
for complex 4 were collected on a Bruker AXS SMART-1000
diffractometer equipped with a CCD detector (A(Mo), graph-
ite monochromator, 110 K, o scanning technique, scan step
was 0.3°, frames were exposed for 30 s, 20,,,, = 60°) using a
standard procedure.1?

Table 3. Crystallographic parameters of complexes 3 and 4

Parameter Complex
3 4

Formula C46H51CON604 C55H74C03N7010
Space group P2(1)/c Pl
a/A 11.798(4) 12.457(2)
b/A 18.041(6) 15.686(4)
c/A 19.574(7) 17.477(3)
o/deg 90 110.15(2)
B/deg 96.36(3) 90.77(1)
y/deg 90 111.13(1)
V/A3 4141(2) 2953.1(2)
V4 4 2
p/mm=! 0.465 0.891
dype/g cm™3 1.301 1.316
0/20 scan range/deg 2—54 2—56
Number of measured 6660 8066

reflections
Number of reflections 3012 6533

with /> 4c

The structures of complexes 3 and 4 were solved by direct
methods and refined by the full-matrix least-squares method
with anisotropic thermal parameters for all nonhydrogen at-
oms. The positions of the hydrogen atoms of the amino groups
and imine fragments and the position of the proton in the
RCOO...H...OOCR anion (in compound 3) were located from
difference Fourier syntheses and refined isotropically. All cal-
culations were carried out with the use of the SHELX97 pro-
gram package.!! The main geometric parameters of complexes
3 and 4 are given in Tables 1 and 2, respectively. The crystallo-
graphic parameters and details of the structure refinement are
listed in Table 3.

X-ray diffraction analysis was performed in the Cen-
ter of X-ray Diffraction Studies (A. N. Nesmeyanov In-
stitute of Organoeclement Compounds, Russian Acad-
emy of Sciences).

This study was financially supported by the Russian
Foundation for Basic Research (Project Nos. 02-03-32453
and 02-03-32454).
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