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The title aliphatic thiolato complex, whose trans positions were occupied by two
sulfur atoms, was newly prepared and its crystal structure was determined by the X-ray
diffraction study. The Co-S bond distances in that complex are longer than the ordinary
one. Reaction of the complex at S0 °C in water gave cis(S)-[Co(aet)s(en)]t and

trinuclear complex, [Co{Co(aet)3},]3*.

The peculiar effects of the thiolate-type sulfur-containing ligands on the geometric and electronic
structures in the dithiolato complexes are now well-known, 1) and no more than one isomer has ever been
isolated in all cases. In addition, the reactivities of the dithiolato cobalt(IIl) complexes are extremely high,
whereas those of the chromium(III) analogues are not.2) One of these causes is attributable to the so-called
"structural trans effects" (sulfur trans influence) of the thiolato donor atoms. Therefore, it is difficult to
prepare the trans(S) or mer(S) isomer of the cobalt(III) complexes with two or three aliphatic thiolate ligands.
In the present letter, we deal with the preparation of the trans(S)-type cobalt(III) complex, trans(S)-
[Co(aet),(en)]ClOy, using the aliphatic 2-aminoethanethiolate(aet) bidentate ligands. Further, we report the
magnitude of the sulfur trans influence and also do the rapid isomerization, followed by the formation of the

polynuclear complex from that dithiolato complex.

The complex was prepared by allowing to react 2-aminoethanethiol hydrochloride (HaetHCl ) 5.68 g
in 20 cm3 of water with frans-[CoCly(en),]Cl 7.27 g in 50 cm3 of water under the conditions of pH 8.5, 25
°C, and reaction time 1 h. In this preparation, it is very important to choose the Co(III) complex, not Co(II)

ion as the starting material and to do the careful pH control throughout the reaction. The reaction mixture was
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chromatographed on an SP-Sephadex C-25 column (¢ 4.7 x 90 cm) with an eluent of 0.2 mol dm=3 KCl to
give three bands. The eluate of the first band was transferred into another column (¢ 4.7 x 90 cm) and
circulated two or three times with the same eluent. The band separated into two bands of violet and dark
brown colors. The eluate from the violet band, which contained a desired trans(S) isomer, was concentrated
to a small volume and a large amount of methanol was added to the concentrated solution to deposit KCl.
Then, by the use of a short QAE-Sephadex A-25 column (¢ 2.8 x 45 cm), the Cl salt was converted to the
ClO4 one.3)

X-Ray structural analysis of the violet
complex revealed the presence of two
discrete complex ions (A and A) in the unit
cell®) A perspective drawing of the only A
isomer of the violet complex cation is shown
in Fig. 1. One en and two aet ligands
coordinate to central cobalt atom through the
N and N, and N and S atoms, respectively.
Two sulfur atoms of the aet ligands occupy

trans position to each other. Therefore, the

violet complex is assigned to trans(S)-

[Co(aet)y(en)]*. The Co-S1 and Co-S2 Fig. 1. Perspective view of the

bond distances (2.271(1) and 2.299(1) &) trans(S)-[Co(aet)y(en)]* (A) ion.

are longer than the ordinary Co-S bond

distance, such as 2.226 A of [Co(aet)(en),]2+ 1a) This indicates that the Co-S bonds are lengthened to each
other by the sulfur trans influence due to two thiolato-type sulfur atoms. Further, the Co-N(en) bond
distances (2.004(6) and 2.008(6) A) are ca. 0.05 A longer than the ordinary Co-N bond distance and the Co-
N(aet) bond distances (1.962(5) and 1.955(5) A) are slightly longer than the ordinary one. So far, it has been
thought that the influence of the thiolato donor atoms acts on only trans position of the sulfur atoms.12-C) In
the present complex, however, the influence of the thiolato donor atoms is also observed at the cis positions.
It is thought that this remarkable thing arises from the excess of sulfur trans influence due to two thiolato-type
sulfur atoms which occupy the trans positions across cobalt center. Moreover, the five-membered chelate ring
of the en, N3-C5-C6-N4, takes a § conformation, whereas two aet rings, S1-C1-C2-N1 and S2-C3-C4-N2,

take A conformation. The en chelate ring is almost symmetrical gauche form; the methylene carbon atoms are
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shifted by 0.3532 A (C5) and -0.3533 A (C6) from the plane formed by the cobalt and two ligating nitrogen
atoms. On the contrary, two aet chelate rings are unsymmetrical gauche form; the C1 (C3) and C2 (C4) atoms
are shifted by -0.0936 A (-0.1093 A) and 0.5846 A (0.5947 A), respectively, from the plane formed by the
cobalt and the ligating nitrogen and sulfur atoms.

The absorption spectral pattern of the present trans(S) complex is quite similar to that of the other
trans(S)-[Co(N),(S),(en)]2+-type complexes with a pyt or endet ligand,1¢.5) giving a sharp d-d absorption
band at 17-18 x103 cm! and characteristic sulfur-to-cobalt charge transfer (SMCT) band at 30-31 x103 cm™1.
Over the whole region, the present complex shows a drastic absorption spectral change with time in water at
50 °C (Fig. 2). In the d-d absorption band and the charge transfer band at ca. 280 nm which are characteristic
of the cis(S)-type complexes, the increase of the absorption intensities indicates that the S-bridged polynuclear
complexes are formed from the trans(S) aet complex in an aqueous solution. 1d) This was supported by the
column chromatogram of the reaction solution after 48 h; five bands of violet (trans(S) isomer), dark brown

(cis(S) isomer), light brown (unknown), reddish brown (trinuclear complex; meso- [Co{Co(aet)3}2]3+ 6) ),

and brownish green (trinuclear

complex; rac- [Co{Co(aet)3}2]3+
6) ) were eluted in this order.
These facts suggest that the °
trans(S) isomer tends to isomerize § T T
to the cis(S) isomer, followed by g
the formation of the S-bridged <
polynuclear complex owing to J x1/25
both the double sulfur trans 0 , , '
influence and high nucleophilicity 200 400 600
of the thiolato donor atoms. A /nm
More detailed studies using Fig. 2. Absorption spectral change of trans(S)-[Co(aet),(en)]*
analogous ligands are now in in water at 50 °C; the curves show the spectra measured at 12 h
progress. intervals. Absorbance scale is arbitrary.
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