Bull. Chem. Soc. Jpn., 68, 1353—1359(1995)

1353

Transfer of 2-Aminoethanethiolate (aet) from Nickel(IT)
to Cobalt(IIl) Coordination Sphere.

Synthesis, Crystal Structure, and Some Properties of
an S-Bridged Trinuclear Complex [Ni{Co(aet)z(en)}s]**

Takumi Konno,* Jinsai Hidaka,’ and Ken-ichi Okamoto

Department of Chemistry, University of Tsukuba, Tsukuba, Ibaraki 305

tDepartment of Industrial Chemistry, Faculty of Engineering, Kinki University in Kyushu,

lizuka, Fukuoka 820

(Received January 23, 1995)

The reaction of [CoClz(en)s]™ with [Ni(aet)s] in water gave an S-bridged Co™Ni?Co™ trinuclear com-
plex, [Ni{Co(aet)2(en)}2]** (1), which indicates that the bidentate-N,S ligand aet transfers from the Ni to
the Co™ coordination sphere. 1 formed only the racemic compound of A(Ca-cis(S))A(Ca-cis(S)) and A(Ca-
c1s(S)) A(Ca-cis(S)) isomers, and its crystal structure was analyzed by X-ray diffraction. [Ni{Co(aet)2(en)}2]-
Cls-6H20, chemical formula C12Hs52NgOgS4ClsCosNi, crystallizes in the monoclinic space group C2/c¢ with
a=14.987(4), b=19.480(3), c=12.916(4) A, B=113.67(1)°, V=3454(1) A®, Z=4, and R=0.046. The central
Ni" atom is situated in an environment markedly distorted from a square-planar to a tetrahedral geometry,
coordinated by four thiolato sulfur atoms from two octahedral Ca-cis(S)-[Co(aet)2(en)]t units. The H2O,
oxidation of 1 caused the cleavage of the Ni-S bonds to afford the mononuclear sulfinato complex, [Co-
(NH2CH2CH2S802-N,S)2(en)]* (2), retaining the Ca-cis(S) geometry of 1. 1 and 2 were optically resolved
and their absorption, CD, and NMR spectral behavior are reported.

The binding ability of coordinated thiolato sulfur
atoms to other metal ions has led to the development of
the stereochemistry of S-bridged polynuclear complexes
containing aminothiolate ligands such as 2-aminoeth-
anethiolate (aet=NH,CH>CH,S™) and L-cysteinate (L-
cys=NH,CH(COO~)CH,S™).}~® While a number of
S-bridged polynuclear complexes with aet have been
prepared by reacting octahedral [M(aet);] (M=Coll,
Rh™, Ir'™) with a variety of metal ions,"? the num-
ber of the polynuclear complexes derived from square-
planar [M'(aet);] (M'=Nill, Pd") has been limited.?
In fact, the linear-type S-bridged Ni'NiNil com-
plex, [Ni{Ni(aet)2}2]?", in which the two cis(S)-|Ni-
(aet)z] units bind to one square-planar Ni® ion, has
long been the only S-bridged structure which has been
well characterized.*™ We have found that the cis(S)-
[M’(aet)2] unit can bind to two square-planar P4l
ions to produce a new class of S-bridged hexanu-
clear complexes, [Pda{M’(aet)s }4]**.5 The diversity of
S-bridged polynuclear structures composed of cis(S)-
[M'(aet)2] units encouraged us to investigate the reac-
tion of [Ni(aet)2] with the octahedral [CoClz(en)s]™. To
our surprise, it was found that this reaction does not
give an expected Co™Ni dinuclear complex, [Co{Ni-
(aet)2}(en)2)3t, but a novel Co™ Ni'Co™ trinuclear
complex, [Ni{Co(aet)s(en)}2]** (1), in which the biden-

tate-N,S ligand aet chelates to Co™ ion.

A partial report of the crystal structure of 1 has been
published as a preliminary communication.®) We report
here the complete description of synthesis, optical reso-
lution, structural characterization, and some properties
of this complex. Since the properties of the mononu-
clear [Co(aet)2(en)]™ complex have been little studied
because of its preparative difficulty,>'® detailed inves-
tigations of 1 composed of cis(S)-[Co(aet)z(en)]t units
will contribute significantly to our understanding of the
chemistry of mononuclear thiolato complexes in addi-
tion to that of the S-bridged polynuclear complexes with
aminothiolate ligands.

Experimental

Preparation of [Ni{Co(aet)z(en)}z]*" (1). To
a green suspension containing 1.0 g (4.7 mmol) of [Ni-
(aet)2]*') in 20 cm® of water was added 2.7 g (9.4 mmol)
of tmns—[CoClg(en)g]Cl.12’13) After the mixture had been
stirred at room temperature for 2 h, the resulting red-
brown complex (1Cly) was collected by filtration. Recrys-
tallization of 1Cly from water gave dark red crystals, one of
which was used for X-ray structural analysis. Yield: 0.42
g. Anal. Found: C, 16.93; H, 6.15; N, 12.97; Co, 13.54; Ni,
656% Calcd fOI [Ni{CO(CQHﬁNS)‘z(CQH8N2)}2]CI4'6H20:
C, 16.93; H, 6.16; N, 13.16; Co, 13.85; Ni, 6.89%. NMR (500
MHz, D20, ppm from DSS): 'HNMR 6§=1.78 (td, J=14 and
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5 Hz, -CH,S), 2.50 (dd, /=14 and 4 Hz, -CH,S), 2.54 (d,
J=9 Hz, -CH2N of en), 2.77 (d, J=9 Hz, —CH:2N of en),
3.67 (dd, J=13 and 4 Hz, ~CH2N), 4.31 (td, J=13 and 4
Hz, -CH2N); 3CNMR §=34.76 (~CH.S), 46.65 (—-CH,NH,
of en), and 56.00 (-CH2NH;). 1Cly was also obtained using
cis—[CoCb(en)z]Cllz) instead of trans-[CoCly(en)2]Cl.

Optical Resolution of [Ni{Co(aet)z(en)}2]*t. To
a solution containing 0.5 g (0.6 mmol) of 1Cl4+-6H20 and 0.2
g (0.7 mmol) of Ni(NO3)2-6H,0' in 25 cm® of water was
added 0.8 g (1.2 mmol) of Nag[Sba(R,R-tartrato)s]-5H20
dissolved in a small amount of water. The mixture was
stored in a refrigerator for 1 d and the resulting brown pow-
der ((+)$R diastereomer, 0.31 g), which showed a positive
CD value at 520 nm, was collected by filtration.

To the reddish brown filtrate, which showed a negative
CD value at 520 nm, was added 8 cm® of a saturated NaCl
aqueous solution. When the mixture was left in a refrig-
erator for 1 d, racemic crystals of 1Cly (0.28 g) appeared,
which were removed by filtration. The remaining filtrate
was concentrated to a small volume with a rotary evapo-
rator until dark red microcrystals appeared. After cooling
in a refrigerator for several hours, the resulting microcrys-
tals ((—)$33-1Cly) were collected by filtration. Yield: 0.05
¢. Anal. Found: C, 16.29; H, 5.91; N, 12.40%. Calcd
for [Ni{Co(C2HgNS)2(C2HgN2)}2]Cls-6H20-0.75NaCl:  C,
16.10; H, 5.86; N, 12.52%.

To a solution containing 0.3 g of the (+)$X diastereomer
and 0.1 g of NiCly-6H0 in 20 cm® of water was added
5 cm® of a saturated NaCl aqueous solution. The mix-
ture was stirred at room temperature for several minutes,
followed by storing in a refrigerator for 1 d. The result-
ing racemic crystals of 1Cly (0.08 g) were filtered off and
the remaining filtrate was concentrated to a small volume
until dark red microcrystals appeared. After cooling in a
refrigerator for several hours, the resulting microcrystals
((+)SR-1Cly) were collected by filtration. Yield: 0.08 g.
Anal. Found: C, 16.85; H, 6.07; N, 12.95%. Calcd for
[Ni{CO(CzﬂeNS)Q(CzHgNQ)}Q]CL;ﬁHzOI C, 16.93; H, 6.16;
N, 13.16%.

When an aqueous solution of 1Cly was chromatographed
on a SP-Sephadex C-25 column (Na* form, 4 cm x 120 cm),
two reddish brown bands, which partially overlapped each
other, were eluted with a 0.2 moldm™® aqueous solution
of Nay[Sba(R,R-tartrato)s]-5H20. It was found from the
absorption and CD spectral measurements that the earlier
and later moving bands contained (—)$R-1 and (+)$R-1,
respectively.

Preparation of [Co(NH2;CH2CH2S0:-N,S)2(en)]*t
(2). To a reddish brown solution containing 0.2 g of
1Cl4-6H20 in 10 cm® of water was added 5 cm® of 10%
H202. The mixture was stirred at 50 °C for 1 h, during
which time the solution color turned dark yellow. After
adding 2 cm? of 15% HBr, the dark yellow solution was con-
centrated almost to dryness. The residue was then dissolved
in 8 cm® of water. To this was added a large amount of eth-
anol (ca. 100 cm?), followed by cooling in a refrigerator for 1
d. The resulting brown-yellow microcrystals were collected
by filtration. Yield: 0.10 g. Anal. Found: C, 17.30; H,
4.94; N, 13.32%. Ca]cd for [CO(CQHGNOQS)z(CgHsNz)]BI‘:
C, 17.36; H, 4.86; N, 13.32%. NMR (500 MHz, D0, ppm
from DSS): 'HNMR 6§=2.75 (td, J=13 and 5 Hz, -CH,S),
2.90 (br, -CH2N of en), 2.91 (dt, J=13 and 5 Hz, -CH»S),
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3.00 (br, -CH2N of en), 3.14 (dt, J=12 and 5 Hz, -CH2N),
and 3.78 (td, J=12 and 5 Hz, -CH,N); *CNMR. 6§=41.09
(—-CH2N), 46.74 (~CH2N of en), and 64.15 (-CH>S).

Optical Resolution of [Co(NH;CH;CH:SO;-
N,S)z(en)]*.  An aqueous solution of 2Br was poured
onto a SP-Sephadex C-25 column (Nat form, 2.5 cm x
100 cm). After the column had been swept with water, the
adsorbed band was eluted with a 0.025 moldm™2 aqueous
solution of Naz[Sbz(R,R-tartrato)s]-5H20. When the ad-
sorbed band was circulated in the same column three times,
the band was completely separated into two yellow bands.
After complete separation into two bands, each band was
eluted with a 0.05 mol aqueous solution of NaCl. It was
found from the absorption and CD spectral measurements
that the earlier and later moving bands contained (—)$R-2
and (+)51-2, respectively. The concentration of each iso-
mer was evaluated on the basis of the absorption spectral
datum of the racemic bromide salt.

When the (+)$5 diastereomer of 1 was treated with 10%
H>0; in the manner described above, the resulting solution
showed the same absorption and CD spectral patterns as
those of (+)5R-2.

Measurements. The electronic absorption spectra
were recorded with a JASCO Uvidec-505 or JASCO Ubest-
55 spectrophotometer, and the CD spectra with a JASCO
J-600 spectropolarimeter at room temperature. The 'H
and 3C NMR spectra were recorded with a Bruker-AM-
500 NMR spectrometer at a probe temperature in D20.*®
Sodium 4,4-dimethyl-4-silapentane- 1-sulfonate (DSS) was
used as the internal reference. The elemental analyses (C,
H, N) were done by the Analysis Center of the University
of Tsukuba. The concentrations of Co and Ni in 1Cly were
measured with a Nippon Jarrel-Ash ICPA-575 ICP spec-
trophotometer. The molar conductivity of 1Cly was mea-
sured with a Horiba DS-14 conductivity meter at 23 °C in
water. '

X-Ray Structure Analysis. A dark red
crystal (ca. 0.23x0.20x0.15 mm) of 1Cls was used for
data collection on an Enraf-Nonius CAD4 diffractome-
ter with a graphite- monochromatized Mo Ka radia-
tion (A=0.71073 A). Unit cell dimensions were mea-
sured by least-squares refinement of 25 reflections with
15° < 20 < 21°. Crystal data:  [Ni{Co(aet)z2(en)}2]-
Cly-6H20=C12H52Ng06S4ClaCo2Ni, M=851.2, monoclinic,
space group C2/c (No. 15), a=14.987(4), b=19.480(3), c=
12.916(4) A, 5=113.67(1)°, V=3454(1) A%, Z=4, D,=1.64
gem™3, F(000)=1768, uw(Mo Ka)=20.75 cm™ ", and room
temperature.

The intensity data were collected by the w—26 scan mode
up to 20=50° (—18Sh<18, 0SkS24, 0S1S15) with the
scan width (1.20+0.35 tan 6)° and the scan rate varied from
1 to 5°min~! (on w). The intensities were corrected for
Lorentz and polarization. An empirical absorption correc-
tion based on a series of 1 scans was applied (max. and min.
transmission factors, 1.00 and 0.91). A total of 2875 inde-
pendent reflections with F,>30(F5) of the measured 7129
reflections were considered as ‘observed’ and used for the
structure analysis.

The position of the nickel atom was obtained from
a three-dimensional Patterson function. The remaining
non-hydrogen atoms were found by conventional difference
Fourier techniques to give a trial structure. The structure
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was refined by full-matrix least-squares techniques using
SHELX76.'® The Col, Ni, and Co2 atoms were constrained
to the special positions of point symmetry 2 (0, y, 0.25)
with a site occupancy factor of 0.5. Two of three water
oxygen atoms (Ow2 and Ow3) had positional disorder and
were best modeled with two positions for each atom. All
non-hydrogen atoms were refined anisotropically, and hy-
drogen atoms were not included in the calculations. Neu-
tral atomic scattering factors for cobalt and nickel atoms
were taken from the literature,’” while all others were sup-
plied in SHELX76. The final refinement gave R=0.046 and
Rw=0.065 (w=0.3313/(0(Fo)+0.015673|F,|*). The final
atomic coordinates for non-hydrogen atoms are given in Ta-
ble 1.®

Results and Discussion

Crystal Structure of [Ni{Co(aet)z(en)}2]Cly
(1Cly). X-Ray structural analysis showed the pres-
ence of a discrete complex cation, chloride anions, and
water molecules. The total number of chloride anions
implies that the entire complex cation is tetravalent.
This is compatible with the observed molar conductivity
in water of 507 Q7! cm? mol~!, which is in agreement
with those of the 1:4 electrolytes, [Pd{Ni(aet)s},{Pd-
(aet)o}q4_z]Brs (527540271 cm? mol~!).») A perspec-
tive drawing of the entire complex cation (1) is given
in Fig. 1. The bond distances and angles are listed in
Table 2.

The entire complex cation consists of two c¢is(S)-[Co-
(aet)2(en)]* units and one nickel atom. The two thio-

Table 1.  Final Atomic Coordinates, Equivalent
Isotropic Thermal Parameters (Beq/A?), and Oc-
cupancy Factors (Occ) for 1Cly-6H20
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Fig. 1. A perspective view of the AA isomer of
[Ni{Co(aet)2(en)}2]** (1) with the atomic labeling
scheme. Unlabeled atoms are related to labeled
atoms by the 2-fold axis through the Col, Ni, and
Co2 atoms. Ellipsoids represent 50% probability.

Table 2. Bond Distances (A) and Angles (deg) for 1

Col-S1 2.233(1)  S1-Cl11 1.833(5)
Col-N11  1.969(3)  S2-C21 1.806(5)
Col-N12  1.987(3) NI11-C12  1.514(5)
Ni-S1 2.208(1)  NI12-C13  1.474(5)
Ni-S2 2.199(1)  N21-C22  1.485(5)
Co2-82 2.242(1)  N22-C23  1.484(6)
Co2-N21  1.987(3)  Cl1-C12  1.512(7)
Co2-N22  2.003(3)  C21-C22  1.519(7)
S1-Col-N11  87.7(1)  Co2-S2-C21  97.6(1)
S1-Col-N12  94.8(1)  S2-Ni-S2' 86.80(5)
N11-Col-N12 91.5(1)  S2-Co2-S2' 84.74(4)
SI-Ni-S2 94.24(4) Col-N11-C12 116.2(3)
S2-Co2-N21  87.5(1) Col-N12-C13 109.7(3)
S2-Co2-N22  95.0(1) NI12-Col-N12' 85.0(2)
N21-Co2-N22 91.9(1) Co2-N21-C22 115.1(3)
Co1-S1-Ni 93.75(4) Co2-N22-C23 108.8(3)
Col-S1-C11  97.5(1)  N22-Co2-N22' 85.4(2)
Ni-S1-C11  105.1(2) S1-C11-C12  108.3(3)
S1-Col-S1'  85.64(5) N11-C12-C11 107.9(4)
S1-Nj-81’ 86.86(4) S2-C21-C22  108.9(3)
Ni-82-Co2 94.23(4) N21-C22-C21 108.3(3)
Ni-S2-C21  102.9(2)

Atom z Y z Beq®  Occ
Col 0.0 0.07767(4) 0.25 1.84(3) 05
Ni 0.0 0.24404(3) 0.25 1.95(4) 05
Co2 0.0 0.41110(4) 0.25 1.92(3) 05
S1  0.1082(1) 0.1518(1) 0.3247(1) 2.26(4)

S2  0.1098(1) 0.3261(1) 0.2925(1) 2.38(4)

N11  0.0356(3) 0.0792(2) 0.1189(3) 2.70(14)
N12  0.0942(2) 0.0025(2) 0.3219(3) 2.55(13)
N21  0.0173(2) 0.4094(2) 0.4107(3) 2.53(13)
N22  0.0978(2) 0.4867(2) 0.2796(3) 2.52(13)
C1l  0.1719(3) 0.1535(2) 0.2303(5) 3.89(21)
C12  0.0972(4) 0.1393(2) 0.1123(4) 3.92(20)
C13  0.0415(3) —0.0631(2) 0.3077(4) 2.99(17)

C21  0.1534(3) 0.3316(2) 0.4445(4) 2.94(18)
C22  0.0680(3) 0.3478(2) 0.4755(4) 2.98(17)
C23  0.0452(3) 0.5522(2) 0.2374(4) 3.19(18)
CL1 0.1645(1) —0.0490(1) 0.1027(1) 3.49(5)

CL2 0.1703(1) 0.4758(1) 0.0612(1) 4.40(6)

Owl 0.3651(7) 0.2940(3) 0.3341(9) 15.0(7)
Ow2a 0.2237(16) 0.3209(7) 0.0808(15)14.5(11) 0.6
Ow2b 0.1662(24) 0.3098(21)—0.0400(29)17.1(24) 0.4
Ow3a 0.5132(24) 0.2404(10) 0.3162(22)17.4(19) 0.6
Ow3b 0.0951(29) 0.2440(11)—0.0965(27) 14.0(21) 0.4

a) Beq is the arithmetic mean of the principal axes of
the thermal ellipsoid.

lato sulfur atoms in each cis(S)-[Co(aet)2(en)]™ unit
coordinate to the central nickel atom, forming a lin-
ear-type S-bridged Co™Ni'Co™ trinuclear structure.
The crystallographic 2-fold axis passing through the
Col, Ni, and Co2 atoms requires that the three met-
als are arranged to be exactly linear. The central
NiS; sphere is markedly distorted from a square-pla-
nar to a tetrahedral geometry, in which the NiS1S1’
and NiS2S2' planes intersect to form a dihedral angle
of 16.2°. This is inconsistent with the square-planar
geometry of the central NiS, sphere observed in the re-
lated S-bridged trinuclear complex [Ni{Ni(aet)s}o]?*.”
Molecular model examinations showed that in 1 this
distortion allows the C12 and C22 methylene protons
not to be located at the apical position of the cen-
tral nickel atom. The S-Ni-S “bite” angles in 1
(86.86(4)° and 86.80(5)°) are larger than those found in
[Ni{Ni(aet)2}2])>* (81.4(2)°) and closer to the S-Ni-S
“bite” angles of 90°—92° observed in the mononulcear
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[Nil(thiolato)4]?~ complexes.!® The Ni-S bond dis-
tances (2.208(1) and 2.199(1) A) are within the range
of 2.16—2.23 A normally observed for four-coordinated
Ni(I) complexes.>719:20)

The geometry about each terminal cobalt atom is
approximately octahedral, coordinated by two sulfur,
two aet nitrogen, and two en nitrogen atoms. As
shown in Fig. 1, the two sulfur and the two en ni-
trogen atoms lie almost on the same plane, forming
a C, symmetrical cis(S)-[Co(aet)z(en)]™ unit. The
Co01-S1 and Co02-S2 bond distances are 2.233(1) and
2.242(1) A, respectively, which are slightly longer than
the Co-S distance (2.226(2) A) in the mononuclear
[Co(aet)(en)2]>* complex.?” One may assume that the
longer Co—S bonds in 1 are due to the us-thiolato
structure (Co™-S-Ni"'). However, it has been shown
that the Co—S distance (2.247(1) A) in the S-bridged
Co™Ag!Co™ complex, [Ag{Co(SCH,COO)(en)s}2]3F,
is in good agreement with that in the parental mononu-
clear [Co(SCH,COO)(en),]?t complex (2.243(2) A).22
Thus, it is likely that the monocationic environment of
the [Co(aet)2(en)]™ unit is mainly responsible for the
longer Co—S bonds than the Co—S bond in the dication
of [Co(aet)(en)q]?T, since the complex cation that bears
a net charge of 1+ is expected to bind its ligands more
weakly than the complex cation with a net charge of
2+4.2) Consistent with this estimation, the Co—N ()
distances in 1 (1.969(2) and 1.987(3) A) are longer
than the Co—N;(s) ones in [Co(aet)(en)s]** (average
1.955 A).2 On the other hand, the Co-Nygns(s) dis-
tances (1.987(3) and 2.003(3) A) in 1 are comparable to
the Co—Nygns(s) distance in [Co(aet)(en)z]2 (2.001(5)
A).2» As a result, the difference between the averaged
Co—Ntmns( s) distance and the averaged Co—N sy one
in 1 (0.017 A) is much smaller than the correspond-
ing difference in [Co(aet)(en)g]?t (0.046 A). This result
indicates that the structural trans effect?") due to the
coordinated thiolato sulfur atom is decreased on making
a sulfur bridge with the Ni’ atom. A similar trend has
been found in [Ag{Co(SCH2COO)(en)z2}2]**, in which
the structural trans effect is decreased from 0.043 A
observed for [Co(SCH2COO)(en)o)?t to 0.017 A.22

Considering the absolute configurations (A and A)
of the two Cs-cis(S)-[Co(aet)2(en)]™ units, three iso-
mers (AA, AA, and AA) are possible for [Ni{Co-
(aet)a(en)}o]*t. Crystal 1 consists of the AA and A4
isomers, which combine to form the racemic compound
(Fig. 1). This is consistent with the fact that 1 was opti-
cally resolved with use of [Sbo( R, R-tartrato)s)?~ as the
resolving agent. All the aet and en chelate rings have
a distinct gauche form with the A conformation for the
AA isomer and the § one for the A/ isomer, and there-
fore all the four bridging sulfur atoms are fixed to the R
configuration for the AA isomer and the S one for the
AA isomer.

Synthesis and Properties. In water, [Ni-
(aet)q] reacts with [CoCla(en)2]* at room temperature
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to yield the S-bridged Co™ Nif'Co™ complex, [Ni{Co-
(aet)a(en)}2]** (1), of which the formulation agrees
with the elemental and plasma emission analytical re-
sults. The formation of the expected Co™Ni com-
plex, [Co{Ni(aet)s}(en)2]3>*, was not detected by the
SP-Sephadex column chromatography of the reaction
solution. This result obviously implies that the biden-
tate- NV,S ligand aet readily transfers from the Ni(II)
to the Co(Ill) coordination sphere, probably because
of the lower stability of the Ni—N,.; bonds. Con-
sidering two absolute configurations (A and A) and
two geometries (Ci-cis(S) and Cs-cis(S)) for the two
cis(S)-[Co(aet)2(en)]™ units, ten isomers are possible
for 1.24 However, it was found from the X-ray analysis
and the SP-Sephadex column chromatography that 1
gives only two isomers, A(Csq-cis(S))A(Cz-cis(S)) and
A(Ca-cis(S)) A(Ca-cis(S)). Model examinations point
out that significant non-bonding interactions exist in
the other isomers. That is, in the isomers having the
Cj-cis(S) geometry one of the amino groups is placed
at the apical position of the central Nill atom, and in
the isomers having the AA configuration the cross-plane
interaction between the aet chelate rings of the two
cis(S)-[Co(aet)2(en)]™ units are serious, as illustrated
in Fig. 2.

The 3CNMR spectrum of 1 in DO gives only two
signals due to methylene carbons of the four aet li-
gands and one signal due to methylene carbons of the
two en ligands. In the 'HNMR spectrum, methyl-
ene protons of the four aet ligands appear as two sets
of double—doublet and two sets of triple—doublet and

(a) (b) N
N
ons l/-w =,

N N
N S, .
N/Clo\S/NI\ N CO(S- ..... \ e
N N \< /NI\

(d) N/w (\
CN.... Cl S - )
N \S | \
b
Fig. 2. Model structures of the isomers for [Ni{Co-

(aet)z(en)}2]*t; Co-cis(S) (a) and Ci-cis(S) (b) ge-
ometries and AA (c) and AA (d) configurations.
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those of the two en ligands appear as two sets of dou-
blet. These NMR spectral behavior suggests that the
D, symmetrical structure of 1 observed in crystal is re-
tained in relatively concentrated solution (complex con-
centration=ca. 0.05 moldm™3).

As shown in Fig. 3 and Table 3, the electronic absorp-
tion spectrum of 1 in water is characterized by the three
intense absorption bands at 27.70, 37.04, and 41.67x10?
cm~!. When 1 is treated with HyO, in water, the so-
lution color changed from red-brown to yellow, from
which the yellow complex (2) was isolated in a rea-
sonable yield. The absorption spectrum of 2 is quite
similar to those of cis(S)-[Co(sulfinato-S)s(amine)y]™
type complexes over the whole region,?*?® showing the
first d—d absorption band at 23.20x10% cm~! and the
intense sulfur-to-cobalt charge transfer band, which is
composed of two absorption components at 32.89 and
34.70x10% cm™! (Fig. 3). In the 3 CNMR spectrum
2 gives only three sharp signals at 6=41.09, 46.74,
and 64.15. From these facts and elemental analy-
sis, it is confidently assigned that 2 is Cs-cis(.S)-[Co-
(NHchQCHQSOQ-N,S)Q(en)]+, that iS, the H202 Ooxi-
dation of 1 effectively causes the cleavage of Ni-S bonds
to form the mononuclear sulfinato Co(IIl) complex, re-
taining the Co-cis(S) geometry of the [Co(aet)s(en)]t
unit.

2 was optically resolved into the (+)$8 and (-)$R
isomers, which show CD spectra enantiomeric to each
other, by the SP-Sephadex C-25 column chromatog-
raphy. The CD spectrum of (+){R-2 gives a pos-

4
3

s

L2
1 1+10
0 0 4

‘\J\ " ™
36 a8
0/103cm
Fig. 3. Electronic absorptmn and CD spectra of AA-

[Ni{Co(aet)z(en)}2]** ((+)5zo-1) (—) and A- [CO-
(NH,;CH>CH>S0,- N,S)2(en)]™ ((++ )ii-2) (---) i

water.
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Table 3.  Absorption and CD Spectral Data of Com-
plexes in Water

Absorption maxima CD extrema
Complex ¢/10° cm™! 0/10° em™!
(log e/mol™! dm® cm™!) (Ae/mol™! dm® cm™1)

AA- (+)520 [Ni{Co(aet)2(en) }2]4+

21.3 (3.3 sh) 19.34(+13.84)
24.6 (3.8 sh) 21.55 (—6.58)
27.70 (4.30) 24.21 (+13.47)
37.04 (4.31) 26.53 (—1.29)
41.67 (4.50) 28.57 (+9.69)
33.11 (—30.34)
35.0 (—25.6 sh)
38.02 (+24.92)
43.48 (+27.09)
48.08 (—7.36)
A-(+)$R-[Co(NH,CH,CH,802-N, S)s (en)]
23.30 (2.45) 22.78 (+1.73)
32.89 (4.17) 32.47 (—3.99)
34.72 (4.19) 36.10 (—4.10)
46.7 (4.0 sh) 43.86 (+4.67)
48.31 (=5.67)

The sh label denotes a shoulder.

itive CD band in the first d—d transition band re-
gion (Fig. 3). This CD spectral pattern is con-
sistent with that of the corresponding [Co(sulfinato-
S)2 (amine)4]t type complex having the A con-
ﬁguration, A- [CO{(OQSC(CH3)20H2NHCH2—)2}(R,R—
chxn)]*.?®) Taking this fact and the empirical relation-
ship between the absolute configuration and the CD
spectral sign in the first d—d region,?” the (+)$R and
(—)$R isomers are assignable to have the A and A con-
figurations, respectively. 1 was partially resolved by
the SP-Sephadex column chromatography and the opti-
cal resolution was effectively achieved by the fractional
crystallization of the diastereomeric salt of [Sby(R,R-
tartrato);]?~. As shown in Fig. 3, the CD spectrum of
(+)S$R-1 gives several negative and positive CD bands
in the visible region, from which the absolute configura-
tion can not be identified. When the (+)520 isomer of 1
was oxidized with HoOg, the A-(+)$f isomer of 2 was
formed. This result suggests that the (+)520—1 isomer
of 1 has the AA configuration, while (—)$3-1 has the
AA one. The similarity of the CD patterns of (+)5x-1
and A-(+)$R-2 in the energy region higher than 30x103
cm~! may support this assignment.

2 is fairly stable in water at room temperature; no
significant absorption and CD spectral changes were
noticed for several hours. On the other hand, 1 un-
dergoes drastic and complicated absorption and CD
spectral changes with time in dilute aqueous solution.
As shown in Fig. 4, at a complex concentration of
5.3x107° moldm ™3 the characteristic intense absorp-
tion bands at 361 and 240 nm decreased with time, and
the spectrum after 24 h is very similar to that observed
for the mononuclear cis(S)-[Co(thiolato-3)2(amine)s]™
type complexes,??®) giving one intense absorption band
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Fig. 4.
with time for AA-(4+)SR-1 in water at 23 °C; Curves
1—6 were measured at 0, 1, 3, 5, 10, and 24 h, re-
spectively.

Absorption (a) and CD (b) spectral changes

composed of two component at around 275 nm. In
the CD spectrum, AA-(+)$53-1 has little CD over the
whole region after 24 h (Fig. 4). These spectral changes
suggest that in dilute aqueous solution the cleavage of
the Ni—-S bonds occurs for 1 to afford the mononuclear
cis(S)-[Co(aet)2(en)] Tspecies, followed by the racem-
ization at the Co™ chiral center. Since 1 is substan-
tially stable in concentrated solution, as shown by the
NMR spectra, it is reasonable to assume that the cleav-
age of the Ni—S bonds is promoted by the contact of
water molecules with the vacant apical positions of the
central NiTl atom.
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