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The reaction of [Ni{ Co(aet),(pyt)}2]** (aet = 2-aminoethanethiolate, pyt = 2-pyridinethiolate) with [PtCls]>~ gave
an S-bridged Co"Pt'Co" trinuclear complex composed of two [Co(aet),(pyt)] units, [Pt{ Co(aet)a(pyt)}2J*+ ([1]%).
When a 1:1 mixture of [Ni{ Co(aet),(pyt)}2J?* and [Ni{ Co(aet)(en)}o]** was reacted with [PtCl,>~, a mixed-type
S-bridged Co"Pt'Co" complex composed of one [Co(aet),(pyt)] and one [Co(aet),(en)]* units, [Pt{ Co(aet),(en)}-
{ Co(aet)o(pyt)} I** ([2]*Y), was produced, together with [1]2* and [Pt{ Co(aet),(en)},]**. The corresponding Co"Pt'-
Co'" trinuclear complexes containing pymt (2-pyrimidinethiolate), [Pt{ Co(aet)o(pymt)}oJ** ([3]?*) and [Pt{ Co(aet),-
(en)}{ Co(aet),(pymt)} ** ([4]%*), were also obtained by similar reactions, using [Ni{ Co(aet),(pymt)},J?* instead of
[Ni{ Co(aet),(pyt)} 2]**. While [Pt{ Co(aet),(en)}]** formed both the AA (meso) and AA/AA (racemic) forms in a
ratio of ca. 1:1, the preferential formation of the AA/AA form was observed for [1]** (ca. AA:AAIAA = 1:3)
and [2]** (ca. AenAp! AenApt AAIAA = 1:2). Furthermore, [3]2* and [4]** predominantly formed the AA/AA
form. These results indicate that the homochiral selectivity for the S-bridged Co"Pt'Co" trinuclear complexes composed
of two octahedral [Co(aet),(L)]° ™ * units is enhanced in the order L = en < pyt < pymt. The isomers produced
were separated and optically resolved, and the crystal structures of the meso-type AA-[1]Cl,+4H,0 and the
spontaneously resolved AA-[4](ClO,)s*H,0 were determined by X-ray analyses. In AA-[1]**, the A and A
configurational mer(S)-trans(Naer)-[Co(aet)z(pyt)] units are linked by a square-planar Pt ion through four aet S
atoms to form a linear-type S-bridged trinuclear structure. In AA-[4]**, a similar linear-type trinuclear structure is
constructed from the A-mer(S)-trans(Nae)-[Co(aet),(pymt)] and A-C,-cis(S)-[Co(aet),(en)]* units that are bound by
a Pt" ion with a slightly distorted square-planar geometry through four aet S atoms.
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this.subjec't in the field' of goordingtion sterepchemistry, aS- " (2) (a) Olenyuk, B.; Fechterikier, A.; Stang, P. JI. Chem. Soc., Dalton
sociated with the growing interest in the design and creation Trans.1998 1707-1728. (b) Caulder, D. L.; Raymond, K. .. Chem.
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Sulfur-Bridged Cd" Pt'Cd" Trinuclear Complexes

The most basic S-bridged structure of this class involves Scheme 1

p=4

linear-type trinuclear complexes, [Mo(aet)(en};]*t, in o N7 =

which two octahedratis(S)-[Co(aet)(en)]" units are linked Q_QN:CIO»‘S;N( -%C|O~“N)\_Y'

by a square-planar metal ion. Previously, we have found that s” s S\_ | s

for M = Ni'"" and Pd the two ci(S-[Co(aet}(en)]" units N N

are regulated to have the same chiral configuratiyrof l[PtCM]z_

A) to give only theracemic (AA/AA) form?® This is in

contrast to the fact that the related linear-type trinuclear = N N =

complexes composed of twac(S)-[Co(aet)] units, [M{ Co- QN:Clo-:S;Pt: ,S,C‘O‘N/—YX ([1]?*: Y = CH)
(aety}2]3" (M = Cd", Fe"), afford both themeso(AA) and 87 |°S ST IS (81" Y = N)
racemic (AA/AA) forms® On the other hand, recent our N N

study has shown that linkage of the tws(S)-[Co(aet)-

(en)]" units by M= Pt! results in the formation of theeso

form, besides racemic one, which has been ascribed to the o lil’\‘ N ~ N7 N
robustness of the P1S bonds. To find key factors to control VMo SN S |o“‘N>‘—\(' EN'-CIO-“S;N( ‘%Clo‘;‘Nj
the chirality of octahedral complex units aggregated in s7 |87 ST | s N7 |87 7ST TN
polynuclear structures, we further investigated the S-bridged N N N N
Co"Pt'Ca" trinuclear system, introducing aromatic thiolate | |

ligand pyt (2-pyridinethiolate) or pymt (2-pyrimidinethiolate) l[PtCM]z_

in place of en ircis(S-[Co(aet}(en)]". As a result, we found

that the replacement of en &is(S-[Co(aet}(en)]" by pyt o 'I'/\ ("}l (12]%*: Y = CH)
or pymt exerts a significant effect on the chiral behavior of Y«N:CO';‘S;pt: '.S,'CO;“NJ )

the Cd'Pt'Co" trinuclear complexes, although pyt or pymt §” | "™ ST N (413 Y =N)

does not participate in the formation of S-bridged structures

with Pt'. In this paper, we report on the characterization and Cauti .
. . . aution! Perchlorate salts of metal complexes are potentially

stereochemical properties of the isomers fof (Ri(aet)- explosve and should be handled in small quantities.

(pyt}21?* ([11%"), [P Co(aeti(en}{ Co(aety(pyt} 1*" ([2]°*), Preparation, Separation, and Resolution of Complexes. [Pt-

[PH{ Co(aety(pymt)}o]** ([3]*), and [P{Co(aet)(en)}{Co- {Co(aeth(pyt)} 212" ([1]2%). To a solution containing 0.26 g (0.29

(aety(pymt)} 13" ([4]3%), which were newly prepared by using  mmol) of [Ni{ Co(aety(pyt)} 2]Cl2+7H,08 in 30 cn? of water was

[Ni{ Co(aet)(pyt)}2]**, [Ni{ Co(aet)(pymt)} ;]**, and [Ni Co- added 0.12 g (0.29 mmol) of PtCly] in 10 cn? of water. The

(aeth(en}o]*t as the starting materials (Scheme 1). The mixture was stirred at 60C for 1.5 h, during which time the

crystal structures ohA-[1]2* andAA-[4]3" are also reported.  solution color turned from dark brown to dark green. The reaction
solution was filtered and poured onto an SP-Sephadex C-25 column

Experimental Section (Na" form, 4 cm x 90 cm). After the column had been washed
with water, two green ban ntainintg]2" (AA/AA-[1]%) an

All cherr_wi_calg were purchasec_i as reage_nt grade and used without[lltjlz+ ?tAeA,_t[l]oﬂ% \?veerebzluc::dc ci)n E[?lis Ztrfjler \(Nith/a 0. 1[5] mz)?dgw

fu_rther purification. The electronic absorption spectra were recorded aqueous solution of NaCl. Thadl>* band was almost separated

\;V;I)tc?r;/;/\vsitﬁc; LJJR'“;SCE'SSJO; 86 ii%;?g;gg:{;?gg:e;e:‘o i?: ttgri;:e? into two bands at the end of the column, and it was found from the

ature. Thel3C NMR spectra were recorded with a JEOL JNM- CD spectral measuremecrg)ts that theCDearller and the later moving

. . bands contained the—{3,, and +);,, isomers, respectively,
ASOO. NMR spec_:trometer at probe temperature ODSodium which show CD curves enantiomeric to each other. The formation
2,2-dimethyl-2-silapentane-5-sulfonate (DSS) was used as the

int I ref The el al I C H N ; OIratio of [1b]?*:[1a]2" for this reaction was calculated to be ca. 1:3,
internal reterence. 1he elementa anay§es(  H, N) were PErIormed; ) sed on the volume and absorbance of each eluate. Each eluate
at Osaka University. The concentrations of Co and Pt in the

complexes were determined by plasma emission spectral analyse%?f the two bands was concentrated to a small volume with a rotary
. vaporator and then stood in a refrigerator for 3 days. The resultin
with a SHIMADZU ICP-1000lIl ICP spectrometer. P 9 y 9

green powder was collected by filtration and washed with 80%

) - acetone and then acetone. Yield fag]Cl,-8H,0: 0.09 g. Anal.
4) (a) Konno, T.; Aizawa, S.; Okamoto, K.; HidakaChem. Lett1985
@ :(LO)17—1020. (b) Konno, T.; Nagashio, T.; Okamoto, K.; Hidaka, J. Calcd for [P{ Co(aet)(pyt)} 2|Cl2-8H,0, CigHaeCl.CoNsOsPtSs: C,
Inorg. Chem.1992 31, 1160-1165. (c) Konno, T.; Tokuda, K.; 20.53; H, 4.60; N, 7.98; Co, 11.2; Pt, 18.5. Found: C, 20.42; H,

Suzuki, T.; Okamoto, KBull. Chem. Soc. Jpri99§ 71, 1049-1054. 4.30; N, 8.04; Co, 11.5; Pt, 19.0. Yield fath]Cl,-7H,O: 0.02 g.

(d) Konno, T.; Chikamoto, Y.; Okamoto, K.; Yamaguchi, T.; Ito, T.; .

Hirotsu, M. Angew. Chem., Int. E@00Q 39, 4098-4101. (e) Konno, Anal- Calcd for [P{Co(aet)(pyt)} 2]Clz: 7H;0, CigHaeCl2CoNsO7-

T.; Yoshimura, T.; Aoki, K.; Okamoto, K.; Hirotsu, Mingew. Chem., PtS: C, 20.89; H, 4.48; N, 8.12. Found: C, 20.77; H, 4.17; N,
) I(nt) Ed.ZOO_Jr, 48,k1765—lz<68|-_|_0I v th Chem 1992 31 160- 8.19. Single crystals ofip]Cl,-4H,0 suitable for X-ray analysis

a) Konno, T.; Okamoto, K.; Hidaka, lhorg. Chem , ; ; 24 ;

161. (b) Konno, T.. Hidaka, J.: Okamoto, Bull. Chem. Soc. Jpn were obtained by concen_tratl_ng thk:‘b]_ eluate to an appropriate

1995 68, 1353-1359. (c) Konno, T.; Machida, T.; Okamoto, Bull. volume, followed by storing in a refrigerator.

Chem. Soc. Jpri99§ 71, 175-181. Complete optical resolution oflf]?" was performed by the
(6) (a) Busch, D. H.; Jicha, D. Gnorg. Chem 1962 1, 884-887. (b) column chromatographic method. An aqueous solutionlaf2f

Brubaker, G. R.; Douglas, B. Enorg. Chem 1967, 6, 1562-1566. h t hed SP-Sephadex C-25 coluninf

(c) DeSimone, R. E.; Ontko, T.; Wardman, L.; Blinn, E. Ihorg. was chromatographed on an ->éphadex L-25 colu na,

Chem 1975 14, 1313-1316.
(7) Honda, H.; Yoshimura, T.; Hirotsu, M.; Kawamoto, T. Konno, T. (8) Hirotsu, M.; Endo, R.; Yoshimura, T.; Konno, Bull. Chem. Soc.

Inorg. Chem 2002 41, 2229-2237. Jpn.2003 76, 1215-1221.
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3.2 cmx 42 cm), using a 0.075 mol dm aqueous solution of cm). After the column had been washed with water, two green bands
Na[Shy(R,Rtartrato}]-5H,0 as an eluent. When the developed were eluted with a 0.075 mol drf aqueous solution of NESh,-

band was separated into two bands in the column, the eluent was(R,Rtartrato}]-5H,0 as an eluent. When the developed band was
changed to a 0.3 mol drd aqueous solution of NaBr. It was found  completely separated into two bands in the column, the eluent was
from the CD spectral measurements that the earlier and the laterchanged to a 0.3 mol drdaqueous solution of NaBr. It was found

moving bands contained the- X5 and (+)Se isomers, respective-  from the CD spectral measurements that the earlier and the later
ly, which show CD spectra enantiomeric to each other. FH§} moving bands contained the-J5;, and (+)35s, isomers, respec-
eluate was concentrated to a small volume with a rotary evaporator,tively, which show CD curves enantiomeric to each other. The

and the resulting green powder was collected by filtra- (—)gf0 eluate was concentrated to a small volume with a rotary

tion, washed with cold water, and air-dried. Yield: 0.01 g. Anal. evaporator, and the resulting green powder was collected by

Calcd for [P{Co(aet)(pyt)}2]Bra7H,0, CigHseBroCo,NgO/PLSs: filtration, washed with cold water, and air-dried. Yield: 0.06 g.
C, 19.24; H, 4.13; N, 7.48. Found for—]i%—[la]Brz-YHZO: C, Anal. Calcd for [PfCo(aet)(pymt)} ;|Bro-8H,0, CgH4eBroCoNgOg-
19.11; H, 4.01; N, 7.52. PtS: C, 16.80; H, 4.05; N, 9.80; Co, 10.3; Pt, 17.1. Found for

[Pt{ Co(aeth(en){ Co(aeth(pyt)}]3* ([2]3"). To a solution (—)ssy[3alBr8H0: C, 16.68; H, 3.97; N, 9.80; Co, 10.3; Pt
containing 0.16 g (0.18 mmol) of [{Co(aet)(pyt)} 2]Cly 7H,08 16.9.

and 0.15 g (0.18 mmol) of [NiCo(aet)(en),]Cls 6H,0O% in 40 Attempts to isolate 3b]>" as a solid from the eluate were
cm? of water was added a solution containing 0.15 g (0.36 mmol) unsuccessful because of the coexistence of large quantities of NaBr
of K,[PtCly] in 10 cn?® of water. The mixture was stirred at 6G relative to the complex.

for 1.5 h. The resulting dark brown solution was poured onto an  [Pt{ Co(aeth(en)}{ Co(aeth(pymt)} 13" ([4]3"). To a solution
SP-Sephadex C-25 column (Néorm, 4 cmx 90 cm). After the containing 0.11 g (0.12 mmol) of [{ICo(aet)(pymt)} ]Cl,:8H,08
column had been washed with water, two green bands containingand 0.10 g (0.12 mmol) of [NiCo(aet)(en)} 2]Cl46H,0% in 40
[1a]2" (AAJAA-[1]?") and [Lb]?* (AA-[1]?") were eluted in this cm? of water was added a solution containing 0.10 g (0.24 mmol)
order with a 0.15 mol drm® aqueous solution of NaCl, and then  of K,[PtCl,] in 10 cn® of water. The mixture was stirred at 8C

two brown bands containing2§]3* (AA/AA-[2]3") and Rb]3* for 1.5 h. After filtration, the dark brown solution was poured onto
(AerApyi! AerApy-[2]3T) were eluted in this order with a 0.3 mol  an SP-Sephadex C-25 column (Nform, 4 cm x 90 cm). After
dm~3 aqueous solution of NaCl. Finally, two red-brown bands the column had been washed with water, two green ban®Bf|
containing AA/AA-[P{ Co(aet)(en)},]*" and AA-[PH{ Co(aet)- (AAIAA-[3]?") and Bb]2" (AA-[3]?") were eluted with a 0.15 mol
(en}2]*" were eluted in this order with a 0.5 mol dfaqueous dm2 aqueous solution of NaCl, and then a dark brown band
solution of NaCl. Each of the2g]®* and Pb]3* bands, as well as  containing Ba]3* (AA/AA-[4]3), tailed by a pale brown band
the [1a]?" band, was broadened at the end of the column. It was containing Bb]3* (AenApymi AerApyme[4]13), was eluted with a 0.3
found from the CD spectral measurements that the earlier and themol dnm3 aqueous solution of NaCl. Finally, two red-brown bands
later fractions of each band contained the){}) and ()5 containing AA/AA-[Pt{ Co(aet)(en) ]*" and AA-[P{ Co(aet)-
isomers, respectively, which show CD curves enantiomeric to each (en},]*" were eluted in this order with a 0.5 mol dfhaqueous
other. The formation ratio of2p]3*:[2a]3" for this reaction was solution of NaCl. The formation ratio of4p]3*:[4&]3t for this
calculated to be ca. 1:2, based on the volume and absorbance ofeaction was estimated to be less than 1:10, based on the volume
each eluate. Each of th2d]3" and Pb]®* eluates was concentrated  and absorbance of each eluate. T4a " eluate was concentrated
with a rotary evaporator to deposit a dark brown powder, which to deposit a dark brown powder, which was recrystallized from
was recrystallized from water by adding an appropriate amount of water by adding an appropriate amount of NagIThe resulting

NaClQ,. The resulting brown powder 02§](ClO4)3-H,0 or [2b]- dark brown needle crystals were collected by filtration and washed
(ClO4)3°H,0O was collected by filtration and washed with ethanol. with ethanol. Yield: 0.07 g. Anal. Calcd for [fE€o(aet)(en)}-
Yield for [28](ClO4)3°H20: 0.06 g. Anal. Calcd for [RCo(aet)- {Co(aet)(pymt)}](ClO4)3:H,0, Ci4H3ClsCoNgO13PtSs: C, 15.22;

(en}{ Co(aet)(pyt)}[(ClO4)s'H20, CisHzeClsCoN/O13PtS: C, 16.32; H, 3.37; N, 10.14; Co, 10.7; Pt, 17.7. Found: C, 15.13; H, 3.21;
H, 3.47; N, 8.88; Co, 10.7; Pt, 17.7. Found: C, 16.21; H, 3.36; N, N, 10.10; Co, 10.6; Pt, 17.4. Single crystals 48][ClO4);-H,O
8.82; Co, 10.9; Pt, 17.8. Yield fo2p](ClO4)3-H,0: 0.02 g. Anal. suitable for X-ray analysis, which were spontaneously resolved,

Calcd for [P{Co(aet)(en)}{ Co(aet)(pyt)}](ClO4)3*H20, CisHsgs were obtained by recrystallization of the needle crystals from water

ClsCoN;O13PtSs: C, 16.32; H, 3.47; N, 8.88. Found: C, 16.25; at room temperature. Attempts to isoladd[P™ as a solid from the

H, 3.38; N, 8.86. eluate were unsuccessful because of the coexistence of large
[Pt{ Co(aeth(pymt)},]2t ([3]2*). To a solution containing 0.22  quantities of NaClQrelative to the complex.

g (0.24 mmol) of [N{Co(aet)(pymt)},]Cl»*8H,08 in 30 cn? of X-ray Structure Determination. Single-crystal X-ray diffraction

water was added 0.10 g (0.24 mmol) of[RtCls] in 10 cn? of experiments forAA-[1]Cl,:4H,0O ([1b]Cl»-4H,O) and AA-[4]-
water. The mixture was stirred at 6C for 1.5 h, during which (ClO4)3°H0 ((+)§%—[4](CIO4)3-HZO) were performed on a Rigaku
time the solution color turned from brown to dark green. The AFC-7S diffractometer with graphite-monochromatized Ma. K
reaction solution was poured onto an SP-Sephadex C-25 columnradiation § = 0.710 69 A). Crystallographic data are summarized
(Na" form, 4 cm x 90 cm). After the column had been washed in Table 1. Unit cell parameters were determined by a least-squares

with water, a major dark green band containig]ft (AA/AA- refinement, using the setting angles of 25 reflections &6 <
[3]2"), followed by a minor pale green band containiBg)F™ (AA- 30°). The intensity data were collected by the-26 scan technique
[3]?"), was eluted with a 0.15 mol drhaqueous solution of NaCl. (26 < 55°). During the data collections, the intensities of three

The formation ratio of 3b]2™:[3a]?* for this reaction was estimated  standard reflections were measured after every 150 reflections. No
to be less than 1:10, based on the volume and absorbance of eackignificant reduction was observed fAn-[4](ClO,)s-H,0, while
eluate. The3al?" eluate was concentrated to a small volume with the standards foAA-[1]Cl,*4H,O decreased by 10.4%. Thus, a

a rotary evaporator to deposit a green powder contairSaff],. linear correction factor was applied to the data\@X-[1]Cl,*4H,0.
This powder was dissolved in a small amount of water, and was The intensities were corrected for Lorentz and polarization effects.
poured onto an SP-Sephadex C-25 column*(fam, 4 cmx 42 Empirical absorption corrections based on a serigsg sans were

4408 Inorganic Chemistry, Vol. 43, No. 14, 2004
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Table 1. Crystallographic Data foAA-[1]Cl,-4H,O and

AA-[4](ClO4)3"H0

AA-[1]Cl2»4H,0 AA-[4](Cl04)zH:0

empirical formula  GgH4oCl,Co,NgPtS$0s  C14H37CI3C0NgPtS 013

fw 980.79 1105.12

cryst system monoclinic orthorhombic @

space group P2;/c (No. 14) P2;2:2; (No. 19) &

a A 7.200(2) 14.963(2) - 1480
b, A 9.754(2) 16.662(2)

c, A 14.529(2) 13.979(1)

B, deg 92.05(1) J+40
vV, A3 1659.1(5) 3485.3(6)

z 2 4

T, K 295 293 0 4
Peale § €T3 1.963 2.106

u(Mo Ko), mm? 575 5.53

R 0.036 0.038 —-40
Ri° 0.030 0.028

AR =3 |(|Fol — IFcl)I/Z(IFol). *Rw = [SW(IFol — [Fe)¥ZwW(IFol)3*2 w 41-80
= 1o?(Fo).
1 1 1 L 1 1 1 1 1
. . . . 16 20 24 28 32 36 40 44 48
also applied. The 2787 and 3706 independent reflectionslwith o/ 10° cm’”

20(1) of the measured 4106 and 4478 reflections were considered

as “observed” and used for the structure determinatioh/&f[1]- Figure 1. Electronic absorption and CD spectra ef)fr-[1a2 (AA-
Clp4H,0 and AA-[4](ClO4)sH,0, respectively. The positions of ~ [11*9) (7). [1b]** (AA-[1]*) (), and AA-[P{ Co(aety(en}2]*" (- - -)
Pt, S, and some other atoms were determined by direct methods™ Vater:
The remaining non-H atom positions were found by successive . .
difference Fourier techniques. The structures were refined by full- V&Y similar to that of 1b]?* ove;r.the whole reglon.. In
matrix least-squares techniques using anisotropic thermal parameter@articular, LLla]** and [Lb]** exhibit almost overlapping

for non-H atoms. FOAA-[1]Cl+4H,0, H atoms of aet were found ~ Visible bands at ca. 1% 10° cm™, which seems to be
from difference Fourier maps and refined using isotropic thermal assignable as arising from a-d transition for the terminal
parameters, while those of pyt were not included for the model Cd" centers:” Since [La]?" was optically resolved into the
because of its disordered structure. All H atomsAdx-[4](ClO,)3- (—)g‘% and H_);DO isomers, which show CD spectra enan-
Hzo We.re located and added to .Calculations but not refined. A” tlomerlc to each Other’ thls Complex |S aSS|gned to have the
calculations were performed using the teXsan crystallographic AAIAA (racemiQ form of [P{Co(aety(pyt)}2]?. It is
software package. interesting to note thatlf]?* was almost separated into two
Results and Discussion bands of its enantiomers—fSn, and (+)g, in the SP-
Sephadex C-25 column, even when the adsorbed band was
eluted with an aqueous solution of NaCl. Because the resin

. i . of SP-Sephadex comprisimgglucose is chiral! this is not
(PyD}2]*" © with 1 molar equiv of [PtG]* gave a dark green to be unexpected but is quite rare, with examples of optical

; ; i 2+ 2+ i
reaction SO',Ut'OH' from whichijg]*" and [Lb] were |sola'ted _resolution made by the use of an achiral eluting agent being
as the chloride salts after the chromatographic separation with; .4 to a few mononuclear chromium(lll) complexiés
use of an SP-Sephadex C-25 column. The plasma emissionl.he overall CD spectral pattern ofS2-[1a]2" is compa-
spectral analyses indicated that each complex isolated as th Sble with that of theA A isomer of [SS(ECo(aet)(en)}z]2+

chloride salt contains Co and Pt atoms in a 2:1 ratio, and (Figure 1), in which twoA configurationalCy-cis(S)-[Co-

their elemental analyses are consistent with the proposed . : Y
formula for [P{ Co(aet)(pyt)} 2]Cl.. The crystal structure of Ei‘;%igng n;ﬁ;“:;g'éi‘i:ﬁﬁ ﬁ:\)’g' J}Z‘f\ijggﬁjtzzlat
[1b]2*, determined by X-ray analysis, demonstrated the * 730%™ 340

configurations, respectively.

linear-type S-bridged trinuclear structure in {b(aet)-
yp ¢ {Eo(act) In the 13C NMR spectrum in RO, each ofAA/AA-[1]?F

(py1)}2]?" that is composed of two [Co(aglpyt)] units with ) i
amer(S)-trangN,e) configuration (vide infra). Considering ([1a]*") a_md AN ([16]27) ShO_WS_ five pyt aromatic
the chiral configurationsX andA) of eachmex(S)-trang(Nag)- carbon signals at a lower magnetic fieldl 120-180) and
[Co(aet}(pyt)] unit, three isomersAA, AA, andAA) are . _
(10) Each CHPt'Cd" trinuclear complex also possesses the conformational

: 2+ i
poss'b_|e Tor [PECo(aety(pyt)} ] o whereA or A de_SIQHate chirality (0 or 1) due to the aet chelate rings. In this paper only the
the chirality due to the skew pair of three chelate rings around configurational chirality is dealt with, because of its dominant

Synthesis and Characterization of [PfCo(aeth(pyt)}2]?"
([1]%"). Treatment of a dark brown solution of [[MTo(aet)-

each C#' center® X-ray analysis indicated thAA (meso contribution to CD spectra and of the rapid inversion of the chelate
o L . . o ring conformation in solution.
form for [1b]=*, which is compatible with the fact that lf (11) Yoshikawa, Y.; Yamasaki, KCoord. Chem. Re 1979 28, 205

was not optically resolved. As shown in Figure 1 and Table 229. ;
(12) (a) Kanno, H.; Utsuno, S.; Fujita, Bull. Chem. Soc. Jpri986 59,

. . v .
2, the electronic absorption spectrum G&[°" in water is 1293-1295. (b) Kanno, H.; Yamamoto, J.; Murahashi, S.; Utsuno,
S.; Fujita, JBull. Chem. Soc. Jpri991 64, 2936-2941. (c) Kanno,
(9) Crystal Structure Analysis Packagéolecular Structure Corp.: The H.; Yamamoto, J.; Utsuno, S.; Fujita, Bull. Chem. Soc. Jpri996
Woodlands, TX, 1985 and 1992. 69, 665-671.
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Table 2. Absorption and CD Spectral Data farA-[1]27, AA-[1]2F,

AA-[23, AerApye[2)3F, AA-[3]2, and AAAA-[4]3 in H,0

log € for abs Ae for CD
abs max: max/mol? CD extrema: extrema/mot?
o/103 cm™! dm3cm™? o/108 cm™1! dmcm™!
AA-[PY{ Co(aety(pyt)} 12+ ((—)Spr[2b13)
17.11 2.92 17.24 +21.5
25.1 407" 21.57 —-2.0
31.13 457 23.50 +6.0
37.17 4.56 29.63 —86.3
43.63 452 38.17 +60.1
43.10 +64.6
AA-[PH Co(aet)(pyt)} 2|2+ ([1b]2+)

17.24 2.93
24.3 3.95"
30.53 4.52
37.20 4.61
42.48 457

AA-[PY Co(aety(en)}{ Co(aet)(pyt} 13 ((—)sar[2a]3")
17.7 2.65h 19.10 +9.0
20.1 2,790 23.72 +8.4
25.1 3.79h 29.94 —40.3
32.77 4.41 34.97 —15.3
37.34 4.43 38.61 +24.8
43.94 4.44 44.05 +44.5

AerApyr [P Co(aety(en)} { Co(aet)(pyt} 13 (—)sar[2b]%)
17.7 2.64h 16.93 +5.6
20.1 2.78h 23.07 7.4
24.3 3.68" 29.41 —16.4
31.63 4.36 35.40 -0.7
37.74 4.49 38.91 +13.6
42.92 4.49 45.05 —13.6
AA-[PH Co(aety(pymt} 122+ ((-)5pr[3a12)

17.39 2.99 17.53 +24.5
25.1 4.04h 29.11 —85.2
31.21 4.56 34.48 —-18.2
37.74 4.50 38.68 +75.9
42.59 453 44.35 +63.5

AA-[PH{ Co(aety(en)}{ Co(aet)(pymt} 13+ ((—)sar[4a]3")
18.2 2.75h 30.16 +
24.9 3.79" 34.70 +
33.92 4.47 38.91 —
37.68 4.42
43.82 447"

aThe sh label denotes a shoulder.

Hirotsu et al.
Chart 1

Y87 S | °S
\‘N
I @)
\ N'u _.-‘S\ @ \S
(b) {__Co_ Pt \ L Co
S/ | \S/ \S<_| \NQ
N N =

for AA-[1]?" suggested the presence of both #ym and
anti forms in crystal (vide infra), it is considered that each
of AAAA-[1]?t and AA-[1]?" exists as a mixture of the
synand anti forms. Attempts to separate tisynand anti
forms for each of AA/AA-[1]?" and AA-[1]*" by SP-
Sephadex C-25 column chromatography were unsuccessful,
which is understood by their chemical similarities as shown
by the NMR spectral behavior. The splitting of several SCH
and aromatic carbon signals has also been recognized for
the °C NMR spectra of [M Co(aet)(pyt)} 2]+ (M = Ni",
Pd'), and the presence of treynandanti forms has been
proposed to explain this NMR spectral characteristic.
Synthesis and Characterization of [P{Co(aet)(en)}-
{Co(aeth(pyt)}13* ([2]*"). The reaction of a 1:1 mixture of
[Ni{Co(aet)(pyt)}2]?* & and [N Co(aet)(en),]*" > with
[PtCly)> in water gave a dark brown solution containing
[2a]3* and Rb]®", besidesAA/AA- andAA-[1]? andAA/
AA- and AA-[PH{ Co(aet)(en} 5]**,” which were separated
by SP-Sephadex C-25 column chromatography. The plasma
emission spectral and elemental analyse@dff and Rb]**
isolated as the perchlorate salts are in agreement with the
formula for [P{ Co(aet)(en}{ Co(aet)(pyt)}1(ClO4)s. In the
3C NMR spectrum in RO, each of 2a]** and Rb]*" shows
en methylene and pyt aromatic carbon signals, besides aet
methylene carbon signals, and these signals are located at
almost the same magnetic fields as the corresponding signals
observed for [RtCo(aet)(en},]*" 7 and [P{Co(aet)-
(pyt)} 2%t ([1]?1) (Table 3). Moreover, the overall absorption
spectral features o2p]*" and Rb]*" are just between those

four aet methylene carbon signals at a higher magnetic field of [P{ Co(aet)(en} ;]** and [1]?>* (Figures 1 and 2), showing
(6 35—60), which is compatible with th€,-symmetrical
structure in [PtCo(aet)(pyt)},]*" (Table 3). However, it is
noticed that each of one or two Sgldnd one aromatic
carbon signals splits into two fohA/AA-[1]?" and AA-
[1]?*, indicative of the presence of two isomers. In addition
to the mese-racemic (AA—AA/AA) isomerism, another
isomerism of syn—anti, which arises from the relative
configuration of the two nonbridging pyt S atoms, is possible
for [P{ Co(aet)(pyt)}2]>" (Chart 1). Since the X-ray analysis

Table 3. 13C NMR Spectral Data for ChP#!Co" Trinuclear Complexes in fD (Chemical Shift/ppm from DSS)

a d—d transition band with two components at ca.X180°
and 20x 10° cm™*. Accordingly, it is assigned thaR§]3*
and Rb]®* are the isomers for a mixed-type S-bridged'€o
Pt'Co" trinuclear complex, [RtCo(aet)(en){Co(aet)-
(pyt)}1%", in which two types of octahedral ®ounits,
men(S)-tranyNae)-[Co(aet}(pyt)] and C,-cis(S)-[Co(aet)-
(en)]", are linked by a Ption.

Like AA/AA-[1]?", each of Ra]®*" and PRb]*" was
optically resolved by the SP-Sephadex C-25 column chro-

complex CHS,S (aet) CHN (en) CHN (aet) pyt or pymt

[1a)2" 35.67 36.88 54.69 56.21 121.50 130.47 140.65 149.65 178.23
35.92 37.16 149.68

[1b]2* 36.88 38.09 54.47 55.79 121.48 130.50 140.67 149.50 178.13

38.21 149.55

[2a]3* 35.89 36.14 36.41 37.14 46.53 54.77 54.93 56.18 121.56 130.50 140.71 149.72 178.24

[2b]3* 36.99 37.20 37.29 38.29 46.50 54.45 54.61 55.80 121.53 130.53 140.71 149.53 178.17

[34]2+ 35.91 37.29 54.77 56.21 118.73 159.05 161.63 185.35
36.18 37.60 159.09

[4a)3* 36.00 36.14 36.44 37.45 46.50 54.68 54.96 56.00 118.74 159.07 161.64 185.27
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Figure 2. Electronic absorption and CD spectra ef)fo:[2a]3t (AA- Figure 4. Electronic absorption and CD spectra ef)@o [3a2t (AA-
[2*%) (-) and )55 [2b1% (AenApye[2]**) () in water. [3124) (- * ), (Dsagl4al® (AA- [4]3+)( ), and E)ger[ 283 (AA-[2]%)

(—) in water. The CD intensity for)Sg-[4al3* is arbitrary.

+80 [
other, the CD spectral features of the optically resolved
isomers of Pb]*" are differ markedly from those oAA-
and AA-[2]3" (Figure 2), exhibiting lower CD intensities
over the whole region. Figure 3 also illustrates the CD curve
calculated from the equationf{ AA-[PH{ Co(aet)(pyt)} 2127}

— Ae{ AA-[Pt{ Co(aet)(en)2]*"}1/2, which would represent
the CD spectrum of the quasiesetype AenApyt iSOmer of
[P{ Co(aet)(en)}{ Co(aet)(pyt)}]®", assuming that the CD

+40|

Ae
(=)

40}

S0t 3 38 3 35 40 29 % contributions from the two terminal Gounits are additive.
o/ 10% cm’! Since this calculated curve is in agreement with the observed
Figure 3. Calculated CD curves forAe{ AA-[PH Co(aety(en)} J]*} + CD curve of (_)340 [2b]**, it is assigned that—()340 [2b]3*
Ae{ AA-[PH{ Co(aety(pyt)} 2] 2*}}42 (—) and [Ae{ AA-[Pt{ Co(aet)(pyt)} 2|2} is AerApyr [P Co(aet)(en){ Co(aety(pyt)} 13 (AerApyr[2]*1)
— A AAPY Co(aetyen]* /2 (). composed ofA-C-cis(9-[Co(aety(en)]’ and A-merS)-

. . CD
matography, eluting with an aqueous solution of NaCl; the FanS(Nae)-[Co(@ety(pyt)] units, while &)§40'[22]+3+_ that
earlier and later fractions for each of t}‘@a13+ and Rb]3* shows CD spectrum ena;Ttlomenc to)fur[20]°" is the
eluates contained the—f5,5 and )5y, isomers, respec- AegA%yttlﬁ:Zomeraer?énAFg;[:gac)tér' ation of [P¢Cofasth
tively. Since the CD spectral feature of-)Sor[24]3" yninesis za -
resembles that oA A-[Pt{ Co(aet)(en)} ]** (Figutrgs land (PYMD} ER aqd [Pt{Co(aet)z(en)}{Co(aet)g(pymt)}]3+
2), (-)¥9[24%* is assigned to th\A isomer of [P{Co- ([41%%). The reaction of [NjCo(aetj(pymt)},]>" 8 with

o . -
(aeth(en)}{ Co(aety(pyt} > (AA-[2]3*) having A-Co-cis- [PtCly)>~ in water gave a dark green solution containing

3a]?t and Bb]?", which were separated by SP-Sephadex
Co(aet)}(en)]t andA-men(S)-trangNae)-[Co(aet}(pyt [ . .
Ejsn)n[s vE/h|I§( 6‘));0 [2a%+ th;(tS)showss( Ca% [spe(ctru)irgp):azgan C-25 column chromatography. The formation ratio2i]p+:

tiomeric to ()S0-[2%* is the AA isomer AA-[2]*) [3a].2+'was estimated to bg Ie;ss than 1:10. The plasma
340 . . ’ emission spectral analyses indicated that each of3ajgf

Assuming that this assignment is correct and that the CD d BblZ* el ins C qp 1221 rati

contributions from the two terminal o units in the and Bb]*" eluates contains Co and Pt atoms in a 2:1 ratio.

S-bridged C§Pt'Cd" trinuclear structure are additive, the The absorption spectra of the two eluates, which are quite

. similar to each other, correspond well with those/ok/
CD curve calculated from the equatiohef AA-[P{ Co(aet)- AA- and AA-[PY Co(aet)(pyt)[})z]” ([1]%") (Table 2 and
(en}2]*} + Ae{ AA-[PH{ Co(aet)(pyt)}2]?"}1/2 would rep-

: : . 2
resent he CD spectrum dA-{PY Cofact(en) (Colaets 1% e e C actve. while no CD was recognized fo each
(pyD} 2" (AA-[2]31). As shown in Figure 3, the CD curve '

. . 2 . fraction of the Bb]?" eluate. From these facts, together with
calculated from this equation coincides well with the the elemental analysis foB§Br», it is reasonable to assign
observed CD curve ofAA-[2]3". This implies that the Y » g

additivity on CD, which has been recognized mainly for the (13 (a) Hawkins, C. JAbsolute Configuration of Metal Complexdshn

mononuclear Ct systemi2is valid for the present S-bridged \é\{iley & aona ,btdk-: l\\l]gvr\]/ Yorl|<_, %?17;3 éb%é(;rén% T(.;)oKkamoto,T K.;

ol - : 3+ 3t inaga, H.; Hidaka, em. Lett. . (¢) Konno, T.;
Cd'Pt'Co mn_uqear systgm. WhileZ] .(AA/.A.A'[Z] ) Okamoto, K.; Einaga, H.; Hidaka, Bull. Chem. Soc. Jpr1985 58,
and Rb]3" exhibit absorption spectra quite similar to each 1119-1124.
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that [3a]>" and Bb]?* are theAA/AA andAA forms of [Pt-
{Co(aet)(pymt)},]?*, respectively. CompledA/AA-[3]?"
was completely resolved into the enantiomers)g o and
(H)ss, by SP-Sephadex C-25 column chromatography,
using [Sb(R, Rtartrato)]z‘ as an eluent. Since the CD
spectrum of £)5ns[3]2" is quite similar to that o\ A-[1]2*
over the whole region (Figures 1 and 4)_)§40 and Figure 5. Perspective view ofib]2" (AA-[1]?") with the atomic labeling
(—i—)340 [3]?" are assignable to thAA and AA isomers of scheme. Ellipsoids represent 50% probability. Hydrogen atoms are omitted
[Pt{ Co(aet)(pymt)} ]2, respectively. Thé3C NMR spec-  for clarity.

trum of AA/AA-[3]?* ([3a]*%) in DO exhibits four pymt Table 4. Selected Bond Distances (A) and Angles (deg) for
aromatic carbon signals at a lower magnetic field, besides AA-[1]Cl>-4H;0

two SCH, and two NH aet methylene carbon signals at a Distances
higher magnetic field (Table 3), which supports tBe- Pt1-S1 2.327(2) CotS4 2.346(8)
symmetrical S-bridged CtPt!Co" structure in [FtCo(aet)- Pt1-S2 2.328(2) CoxN1 1.973(6)
ot o . : Col-S1 2.253(2) Co:N2 1.971(6)
(pymt)} ]**. The splitting of two SCHisignals, besides one Col-S2 2.258(2) ColN3 1.93(2)
aromatic carbon signal, is observed foA/AA-[3]?", as in Co1-S3 2.383(7) CotN4 1.92(2)
the case oAA/AA-[1]?*. This suggests thaxA/AA-[3]?" Angles
also exists as a mixture of tteynand anti forms. S1-Pt1—S2 84.13(6) S3Co1—-N3 71.0(8)
i i i 2+ 8 S1-Col-S2 87.46(7) S4Col-N4 73.4(8)
The reaction of 3 +rr;|;<tqre of [NCgqut)(pymt)} J* Pand S1-Col-N1 87.5(2) P+S1-Col 94.28(7)
[Ni{ Co(aet)(en);o]*" °° with [PtCL]*" in water produced a S2-Col-N2 87.6(2) Pt S2-Col 94.12(8)

dark brown solution containingdf]®t and @b]3*, besides
AA/AA- andAA-[3]2F andAA/AA- andAA-[PH Co(aet)- Chart 2

(en}2]*t, which were separated by SP-Sephadex C-25 (@) (b) ©
column chromatography. The formation ratio 4b[**:[4a]®" f N l'\
in this reaction was estimated to be less than 1:10. Complex /(-CO :> Pt S o Pt Co
[44]®*t was isolated as the perchlorate salt, and its elemental \S/ N_\ d \s )
and plasma emission spectral analyses were consistent with \

the formula for [P{Co(aet}(en)}{ Co(aet)(pymt)} ](ClO,)s.

In the **C NMR spectrum in BO, [48]%*" exhibits en  of crystallization. The number of the Chnion implies that
methylene and pymt aromatic carbon signals, besides aethe entire complex catiorilp]?* is divalent. The structure
methylene carbon signals (Table 3). These results indicateof the entire complex cation is shown in Figure 5, and its

that [4a]** has the mixed-type S-bridged €Bt'Co" tri- selected bond distances and angles are listed in Table 4. The
nuclear structure in [PCo(aety(en}{ Co(aet)(pymt)}]** complex cation b]2* consists of two approximately octa-
composed oC;-cis(S)-[Co(aety(en)]” andmer(S)-trans(Nae)- hedral [Co(aet{pyt)] units and one Pt atom. The two aet S

[Co(aety(pymt)] units, taking account of its absorption atoms of each [Co(agfpyt)] units are bound to the central
spectrum quite similar to [PCo(aety(en}{ Co(aet)(pyt)}]** Pt atom to form a linear-type S-bridged '¢t'Ca" tri-
([2]**) over the whole region (Figures 2 and 4). Since X-ray nuclear structure in [P€o(aet)(pyt)}]?t. The crystal-
analysis for the spontaneously resolvet)fys[4a)*" es- lographic center of inversion located at the Pt atom requires
tablished theAA configurational S-bridged structure in [Pt-  that the three metal atoms are arranged to be exactly linear
{Co(aet)(en}{Co(aet)(pymt)}]*" (vide infra), Bal*" is  with the identical PtCo distances (3.3579(9) A). Three
confidently assigned to have thracemicform (AA/AA- geometrical configurationsrer(S)-trans(Nag), meS)-cis(Nae),
[4]3"). The absorption spectral feature db[3" is essentially and fac(S)-cis(Nae)) are possible for [Co(aefpyt)] that
the same as that oftf]*", suggesting that4b]** has the  chelates to Pt atom through two aet S atoms (Chart 2). In
quasimesetype form of [P{Co(aet)(en}{ Co(aety(pymt)}]** [1b]2*, each [Co(aeifpyt)] unit adopts thener(S)-transNae)
(AerApymi AerApyme[4]"). Figure 4 comprises the CD spectral  configuration with two aet S atoms in the equatorial positions
curve of the single crystal oAA-[4]*" used for X-ray  and two aet N atoms at the apical positions. The arrangement
analysis, together with the CD curve of)g5[2a]3* thatis  of two aet ligands in thener(S)-trangNae)-[Co(aety(pyt)]
assigned to the\A isomer of [P{Co(aet)(en}{Co(aet)- unit is the same as that in th@-cis(S)-[Co(aet)(en)] unit,
(pyt)}]*" based on the CD curve analysis. Since the two which are commonly observed for the related S-bridged
curves are almost enantiomeric to each other, it is seen thatrinuclear structures in [{Co(aet)(en} ;4" (M = Ni", Pd',
this configurational assignment of-Jgu[2a]* is correct  P{1)57 The two units in 1b]2+ have theA andA configura-
and that the alternation of the terminal chelating ligands in tions to give themesoform, as indicated by the inversion
the S-bridged CPt'Co" trinuclear structure does not affect center at the central Pt atom. It is worth to note that each
CD so much. pyt ligand appears to be disordered in its molecular plane.
Crystal Structure of [1b]Cl 2*4H,0 (AA-[1]Cl»4H,0). This disorder can be rationalized by coexistence ofsyre
X-ray analysis of 1b]Cl,-4H,0 revealed the presence of a andanti forms rather than the disorder of the sole complex
discrete complex cation, two Chnions, and water molecules  cation with either thesynor anti form.
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Figure 6. Perspective view of)5-[4a3t (AA-[4]3%) with the atomic
labeling scheme. Ellipsoids represent 50% probability. Hydrogen atoms are
omitted for clarity.

The Co-Ss(average 2.256(2) A) and Cd\,e (average
1.972(6) A) bond distances iNA-[1]2* ([1b]2*) are similar
to the corresponding distancesAm\-[Pt{ Co(aet)(en) ,]*"
(average CeS = 2.244(5) A, Co-N = 1.98(2) A)’
Furthermore, the PtS distances (average 2.328(2) ANr-
[1]?" is in agreement with those INA-[PH{ Co(aet)(en)} 2]**
(average 2.318(5) A). Thus, the introduction of bidentate-
N,S pyt ligand in place of bidentatl;N en ligand little
affects the coordinating ability of aet S atoms not only toward
the terminal Ct atom but also toward the central' Rttom.
On the other hand, the €&,y bond distances ihA-[1]?"
(average 2.365(8) A) are larger than those founthay(S)-
[Co(pyt)] (average 2.298(1) A¥2 while the Co-Npy
distances iMA-[1]2* (average 1.93(2) A) ancher(S)-[Co-
(pyt)s] (average 1.917(3) A) are comparable to each other.
This suggests that the pyt S atom in ther(S)-trangNae)-
[Co(aet}(pyt)] unit is weakly bound to the Cb center,
compared with the S atoms menS)-[Co(pyt)], although
the disordered structure of pyt iNA-[1]?" precludes the
precise comparison.

Crystal Structure of (+)5ar[4a](Cl04)s*H,0 (AA-[4]-
(ClOy4)3H20). X-ray structural analysis of%()gﬂ)—[4a]3+

Table 5. Selected Bond Distances (A) and Angles (deg) for
AA-[4](ClO4)3-H20

Distances
Pt1-S1 2.311(3) Co%N5 1.987(9)
Pt1-S2 2.319(3) Co%tN6 1.969(9)
Pt1-S3 2.315(3) Co2S3 2.269(3)
Pt1-S4 2.326(3) Co2S4 2.252(3)
Col-S1 2.244(3) Co2S5 2.310(3)
Col-S2 2.257(3) Co2N3 1.927(10)
Col-N1 1.976(8) Coz2N4 1.966(9)
Col-N2 1.982(8) Coz2N7 1.950(9)
Angles
S1-Pt1-S2 84.36(10) S3Co2-N4 86.7(3)
S3-Pt1-S4 84.70(10) S4Co02—-N3 87.3(3)
S1-Col-S2 87.4(1) S5Co02-N7 72.1(3)
S1-Col-N1 87.2(3) P+S1-Col 94.4(1)
S2-Col1-N2 87.0(3) P+S2-Col 93.8(1)
N5—Col-N6 84.5(4) P+S3-Co2 93.6(1)
S3-Co2-5S4 87.5(1) Pt+S4-Co2 93.7(1)

crystal of ()5mr[48](ClOs)sH,O used for X-ray analysis

consists of only one enantiomer: the absolute configuration
was determined to b& for both theC,-cis(S)-[Co(aet)(en)]"
and mer(S)-trangNae)-[Co(aet}(pymt)] units, based on the
Flack parameter (0.0099(1.

The overall structure oAA-[4]3* ((+)s0-[4a]3") is simi-
lar to that of AA/AA-[Pt{ Co(aet)(en)},]*", except that one
terminal en ligand is replaced by pymt. In particular, the
bond distances and angles concerningdheis(S-[Co(aet)-
(en)]" unit in AA-[4]3*, as well as the conformation of three
chelate rings, are quite similar to thoseAm\/AA-[Pt{ Co-
(aety(en)},]*".” No significant difference in the CeS.etbond
distances is observed between ther(S)-trangNye)-[Co-
(aety(pymt)] andC,-cis(S-[Co(aety(en)]" units inAA-[4]3+.
Moreover, the four PtS bond distances ihA-[4]3" fall
within a small range (2.311(3)2.326(3) A), which are in
good agreement with those A/AA-[PH{ Co(aet)(en) o]**

showed the presence of a discrete complex cation, three(@verage 2.314(2) X)? Thus, it is seen that the introduction

perchlorate anions, and one water molecule of crystallization.
The number of the perchlorate anion confirms that the
complex cation is trivalent. The structure of the complex
cation (+)Sky[4a]3" is shown in Figure 6, and its selected

of pymt ligand in place of en little affects the €E&..:and
Pt—Saetbonds. INAA-[4]3*, the Co-Syyme (2.310(3) A) and
Co—Npyme (1.950(9) A) distances are slightly larger than the
corresponding distances imeS)-[Co(pymt)] (Co—S =

bond distances and angles are listed in Table 5. The complex2-289(5) A, Ce-N = 1.90(2) A)}**which seems to indicate

cation (+)Sh-[4a]®* consists of [Co(aeffpymt)] and [Co-
(aetp(en)]" octahedral units, which are bound to a Pt atom

that the pymt ligand in themerS)-trangNae)-[Co(aet)-
(pymt)] unit chelates to the CCocenter more weakly than

through aet S atoms to give a linear-type S-bridged trinuclear does the pymt ligand in [Co(pyna})

structure in [RtCo(aet)(en}{ Co(aet)(pymt)}]*" (Pt1-Col
= 3.343(1) A, Pt+Co2 = 3.341(1) A, CotPtl-Co2 =
173.45(43). The central PtSsphere in ¢)snr[4a3t is
slightly distorted from square planar to tetrahedral geometry
with the dihedral angle between SPt1-S2 and S3-Ptl—
S3 planes being 1224A similar distortion of the PtSsphere
has been observed for [f@o(aet)(en)},]*", in which the
dihedral angle is 137 In (+)Sh[4a]3", the [Co(aety
(pymt)] unit adopts thener(S)-trangN,e) configuration, as
does the [Co(aefjpyt)] unit in AA-[1]?>*, while the [Co-
(aety(en)" unit has the normaC,-cis(S) configuration. The
noncentrosymmetric space gro®2;2,2; implies that the

Formation Ratios of Homochiral to Heterochiral Forms.
Both the AA (mes9 and AA/AA (racemig forms were
produced for the present S-bridged'"@4'Cd" trinuclear
complexes, [RtCo(aet)(pyt)}2]>" ([1]?") and [P{ Co(aet)-
(en)}{Co(aet)(pyt)}1®" ([2]3"), which is in contrast to the
selective formation of thAA/AA form for the corresponding
Ca"Pd'Cd" trinuclear complexes, [R€o(aet)(pyt)}2]>"
and [Pd Co(aet)(en)}{ Co(aet)(pyt)}]3*.2 A similar differ-
ence in the formation of thAA andAA/AA forms has been
recognized between the analogous S-bridgetif@«¢o" and
Co"Pd'Cd" trinuclear complexes composed of twiy-
cis(9-[Co(aet)(en)]" units, [M{ Co(aet)(en},]*" (M = Pd',

(14) (a) Constable, E. C.; Palmer, C. A,; Tocher, D.Idorg. Chim. Acta
199Q 176, 57-60. (b) Jung, O.-S.; Kim, Y. T.; Kim, Y. J.; Chon,
J.-K.; Chae, H. KBull. Korean Chem. Sod999 20, 648-652.

(15) (a) Flack, H. D.Acta Crystallogr., Sect. A983 39, 876-881. (b)
Flack, H. D.; Bernandinello, GActa Crystallogr., Sect. A985 41,
500-511.
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Pt"), which has been explained by a combination of
thermodynamic stability oAA/AA form vs AA form and
kinetic lability of Pd—S bond vs PtS bond’ That is, the
thermodynamically unstablAA form created at the first
stage converts to th&RA/AA form for M = Pd' because of
the kinetic lability of the PeS bond, while the inertness of
Pt=S bond prevents thAA form from converting to the
AAIAA form for M = Pt' to afford both theAA and AA/
AA forms. It is noticed that, however, the formation ratio
of AA:AAIAA for [1]?" was ca. 1:3, which is different from
a ca. 1:1 ratio observed for fREo(aet)(en)},]**. Further-
more, the formation ratio AhenApy AerApy: AA/AA for [2]3*

Hirotsu et al.

band forAA/AA-[PY{ Co(aet)(en)},]** (Figure 1 and Table
2). Furthermore, the introduction of pymt, which is assumed
to have a binding ability weaker than that of pyt (because
of the presence of uncoordinated, electron-withdrawing
nitrogen atom), would much facilitate the isomerization of
the octahedral units, leading to the predominant formation
of the AA/AA form. It has been recognized that {Nio-
(aety(pymt)},]*" shows an absorption spectral change with
time in water much faster than does {€io(aet)(pyt)} 2]?+.2
This may support the lower stability of the [Co(agbymt)]
unit, compared with the [Co(agfpyt)] unit, along with the
fact that AA/AA-[Pt{ Co(aet)(pymt)} o]t (AA/AA-[3]?)

was ca. 1:2, which is intermediate between the ca. 1:3 ratio exhibits the dd absorption band at lower energy than the

of AA:AAIAA for [1)?" and the ca. 1:1 ratio oAA:AA/
AA for [P{Co(aet)(en),]*". These results point out that

the introduction of pyt in place of en induces the preferential

formation of theAA/AA form. When pymt is introduced in
place of en in [RtCo(aet)(en)},]*", a remarkable predomi-
nant formation of theAA/AA form was recognized; the
formation ratio ofAA to AA/AA for [P{ Co(aet)(pymt)} o]+

([3]%") was evaluated to be less than 1:10. Notably, the

predominant formation of thAA/AA form was also found
for [Pt Co(aet)(en)}{ Co(aet)(pymt)}]3+ ([4]°"), in which
only one of two terminal en ligand in [PEo(aet)(en)} )"

is replaced by pymt. Thus, the preferential formation of the

AAIAA form is dramatically increased by the introduction
of pymt at the terminal of the S-bridged €Bt'Cao"
trinuclear structure.

One may assume that the-f& bonds in the trinuclear

structure are weakened by the replacement of the terminal

en ligands by pyt or pymt ligands, which allows the
intermolecular exchange of the [Co(agbyt or pymt)] units

to form the more stablAA/AA form. However, the PtS
bond distances iIAA/AA- and AA-[P{ Co(aet)(en)} o]*",
AA-[PH{ Co(aet)(pyt)} 2] (AA-[1]?"), andAA-[Pt{ Co(aet)-
(en}{Co(aet)(pymt)}]3" (AA-[4]3") are quite similar to one

another. Furthermore, the reactions of a 1:1 mixture of [Ni-

{Co(aet)(pyt or pymt} ]t and [N Co(aet)(en)},]*" with
Pt' followed an almost statistical distribution to give [Pt-
{Co(aet)(pyt or pymt}]?*, [P{ Co(aet)(en}{ Co(aet)(pyt

or pymt}]3t, and [P{Co(aet)(en},]*" in a ratio of ca. 1:2:

1. These facts suggest that the binding ability of aet thiolato

groups in [Co(aetfpyt)], [Co(aet)(pymt)], and [Co(aek)
(en)]t toward PY ion are comparable to each other. Thus,
the remarkable variation of the formation ratio for the
S-bridged CHPt'Cd" complexes seems to be ascribed to
the difference in the stability of [Co(aefl)]" ° ° (L = en,
pyt, pymt) toward isomerization, which is affected by the
choice of the terminal bidentate ligand L. That is, in the
course of the metal replacement reaction, the [Cofast)]

d—d band forAA/AA-[Pt{ Co(aet)(pyt)} J]*" (AA/AA-[1]?)
(Table 2).

Concluding Remarks

In this study, a series of S-bridged 'T®t'Co"" trinuclear
complexes, [RtCo(aet)(pyt)} ]2 ([1]%1), [P{ Co(aet)(en)} -
{Co(aet)(pyt)}1*" ([2]°"), [P{ Co(aety(pymt)}2]*" ([3]*"),
and [P{ Co(aet)(en}{ Co(aet)(pymt} 13t ([4]°*"), were newly
prepared by the use of [NCo(aet)(L)}]*" o 2" (L = en,
pyt, pymt) as sources of the octahedral [Co(d#E})* ° °
units, and the homochirahA/AA) and heterochiral AA)
forms produced were successfully separated and optically
resolved. While theAA/AA and AA forms are almost
equally generated for [PCo(aet)(en)} ,]*", the preferential
formation of theAA/AA form was recognized forl]>" and
[2]®" containing the [Co(aetpyt)] unit. Furthermore, it was
found that the introduction of the [Co(agpymt)] unit in
the trinuclear structure results in the remarkable predominant
formation of theAA/AA form for [3]?* and B]3", although
the spectroscopic and structural properties3pf{and §]3"
are similar to those of1]?* and R]3*. These results first
show that the homochiral vs heterochiral linkages of tris-
(chelate)-type complex units could be controlled by the
choice of appropriate coligand, which does not bridge two
metal centers. It should be noted that the additivity on CD
was successfully applied to assign the chiral configuration
for the present S-bridged @®t'Co" trinuclear system.
Thus, the configurational assignment of optically active
isomers of other coordination systems, such as discrete
polynuclear complexes and dimensional coordination poly-
mers, could be made by the CD curve analysis, based on
the assumption that the CD contributions from several chiral
centers are additive. Finally, the present results obtained from
the relatively simple trinuclear system would provide basic
and significant information that contributes to the develop-
ment of chiral selective construction of polynuclear systems.
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