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By starting from a diruthenium big¢hydrosulfido) complex [(CPRUCIy(u-SH)] (1; Cp° = #5-Cs-
Me4Et), a series of new mixed-metal sulfur clusters containing both noble metals and group 15 metals
have been synthesized. Thuswas allowed to react with 1 equiv of ME(M = Sb, Bi) to give the
trinuclear RuM clusters [(CBRUCI)(u-SMCL)(«-SH)] (3a, M = Sb;3b, M = Bi) containing bridging
SH and SM(] ligands. Treatment ddawith 1 equiv of [Pd(PP¥),] at room temperature gave a mixture
of the Ru-Pd—Sb clusters [(CiRu)(CPRuCl)(u-SSbChH{ PACI(PPB)} (u3s-S)(u-H)] (4), [(Cp°Ru)(SbCh)-
{Pd(PPB)} 2(u3-Sk(u-Cl)] (5), and [(CFRu)(CFRuUCIY PdCI(PPR)} (SbCl){s-S)] (6). An analogous
reaction carried out at5 °C gave4 as the major product. By contrast, isolation of the Bi analogues
from the reaction oBb and [Pd(PP¥),] was unsuccessful. It was also confirmed that the isoldtes
treated with 1 equiv of [Pd(PBJ] in THF either at 50°C or at room temperature in the presence of
triethylamine to gives, while 4 was converted t6 upon either warming to 50C or dehydrochlorination
by the use of triethylamine in THF. Clustérwas readily transformed int6 by treatment with [Pd-
(PPh)4] in THF at room temperaure. Structures of the new clugar8b, 4, 5, and6 have been determined
by single-crystal X-ray analysis.

Introduction metal chalcogenido clusters containing not only the numerous
d-block transition metals as reported previotidbyit also the

We reported previously the syntheses of hydrosulfido- and main group metals in addition to these noble metals. It is to be

hydroselenido-bridged dinuclear complexes of noble metals L .
having M(«-EH),M' cores such as [(CP*NCI)a(u-EH)] noted that the syntheses and reactivities of chalcogenido clusters

(M' = Ir, Rh: E= S, Se; Cp*= 75-CsMes) and [(CFRSRUCI)- containing both transition metals and the heavier group 15
(u-SH)] (CpRS = Cp*, Cpf (1): Cp° = 5-CsEtMey) together eIement%are.I.ess investigated than those of clusters consisting
with their reactivities toward various transition metal species ©f Only transition metals, although such clusters are attracting
to give the mixed-metal chalcogenido clusters with nuclearities MUch attention not only because of their importance in structural
ranging from 3 to 5.More recently, it has turned out that these chemistry in their own right but also due to their relevance to
u-hydrochalcogenido complexes also react with 2 equiv of group the active sites of certain heterogeneous metal catalysts contain-
15 metal chlorides MGI(M = Sb, Bi), affording a series of ~ ing main group elements as promotérs.
cubane-type bimetallic chalcogenido clusters [(CpEM.- We have found now that treatmentbivith 1 equiv of MC}
(u-EMCl,)7] and [(CEPRuUCI)(u-SMCL),] (2), respectively, results in the incorporation of only one MCragment to the
through dehydrochlorination from theEH ligand and MG RwS; core to afford [(CPRUCI,(u-SMCh)(u-SH)] (3a, M =
Formation of 2 from 1 is shown in eq 1. This finding  Sh:3b, M = Bi). Furthermore, among these bimetallic trinuclear
clusters3 containing onex-SH ligand, 3a has proved to be

. H cl p\R /$\R/Cp converted into the novel trimetallic sulfido clusters withoRu
Cpy S/ MCl3 (2 eq) u<i s\ PdSb$ and RuPa&SbS cores. In this paper, we describe the
RUI—Ru ———> Clf [ ° ,Cl\ (™
/g gy THRRL ,M~|_\
c H C'\.Mx’Cl (3) (a) Lange, A.; Kubicki, M. M.; Wachter, J.; Zabel, Mhorg. Chem.
or e 2005 44, 7328. (b) Brunner, H.; Lange, A.; Wachter, J.; Zabel, M.
1 Organomet. Chem2003 665 214. (c) Hernandez-Molina, R.; Sokolpv,
R 2a:M =Sb M. N.; Sykes, A. G.Acc. Chem. Res2001 34, 223. (d) Sakane, G.;
Cp° = n>-CsMeyEt 2b: M =Bi Hashimoto, K.; Takahashi, M.; Takeda, M.; Shibahara]ribrg. Chem.
1998 37, 4231. (e) Lu, S.-F.; Huang, J.-Q.; Wu, Q.-J.; Huang, X.-Y.; Wu,
demonstrates that these dinuclear Ir, Rh, anguRiydrochal- ~ P-X. Zheng, ¥.; Yu, R.-M Polyhedron1999 18, 281. (f) Zhou, M. S.;

. . Tan, A. L.; Xu, Y.; Lam, C.-F.; Leung, P.-H.; Mok, K. F.; Koh, L.-L,;
cogenido complexes can serve as good precursors to the mixedpo, ' 1s A Polyhedron1997, 16, 2381. (g) Drake, G. W.: Schmek, G.

L.; Kolis, J. W.Inorg. Chem1996 35, 4534. See also the references cited

T The University of Tokyo. in ref 2.

* Tokyo University of Science. (4) (@) Whitmire, K. H.Adv. Organomet. Cheni998 42, 1. (b) Wachter,
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Mixed-Metal Sulfido Clusters

Hydrogen atoms are omitted for clarity except for the hydrosulfido
hydrogen H(35). ClusteBb, containing Bi in place of Sb, has the
same atom-connecting scheme.

details of the syntheses and structures of these new bi- and
trimetallic sulfido clusters.

Results and Discussion

Preparation of Clusters 3 Containing Incomplete Cubane-
Type Ru;MS,Cl, Cores.All reactions of [(Cp*MCl)a(u-EH),]
(M"=Ir, Rh; E= S, Se) with 1 equiv of MGI(M = Sb, Bi)
in THF conducted at room temperature or upon cooling resulted
in the formation of 1:1 mixtures of the known tetranuclear
clusters [(Cp*MCI)2(u-EMCIy),] and unreacted [(Cp*NCl)2-
(u-EH)g]. In contrast, when the Rucomplexl was treated with
an equimolar amount of M@in THF at room temperature, the
desired trinuclear clusters containing only one M at8aand
3b, were obtained in 74 and 83% yields, respectively (eq 2).

cy’ Cp°
N LS p
MCls(1eq)  RE—Spi
1 —_— Ts7 @
THF, r.t. Cl \M_I,C|
CI/ H™™~Cl
3a:M=Sb
3b' M = Bi

At present, it is not clear why the mono(pnictogeno) complexes
can be derivatized frorh but not from [(Cp*MCl)2(u-EH)].
Both clusters3a and3b were characterized by X-ray analysis;
an ORTEP drawing o8ais shown in Figure 1, while selected
interatomic distances and angles8mand3b are listed in Table
1.

Clusters3 consist of two CPRuCl fragments connected by
theu-SH andu-SMCl; ligands. The structures 8fare analogous
to those of correspnding except for the presence of the H
atom on S(2) i in place of the MG} moiety in2. The Ru-
Ru distances at 2.8462(5) and 2.8525(5) A3a and 3b,
respectively, are indicative of the presence of a-Rw single
bond, which is consistent with the diamagnetic nature3of
containing two Rl centers. These as well as the-Rs, Ru-
Cl, M—S, and M-CI bond distances listed in Table 1 are
comparable to those iareported previously.Two Cl ligands
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Table 1. Selected Interatomic Distances and Angles in 3

3a(M = Sh) 3b (M = Bi)
(a) Distances (A)
Ru(1)-Ru(2) 2.8462(5) 2.8525(5)
Ru(1)-S(1) 2.318(1) 2.311(1)
Ru(1)-S(2) 2.308(1) 2.311(1)
Ru(2)-S(1) 2.3188(9) 2.312(1)
Ru(2)-S(2) 2.314(1) 2.313(2)
Ru(1)-CI(1) 2.418(1) 2.442(1)
Ru(2)-CI(2) 2.439(1) 2.448(1)
M—S(1) 2.492(1) 2.590(1)
M—CI(3) 2.454(1) 2.582(1)
M—CI(4) 2.445(1) 2.564(2)
M---CI(1) 2.811(1) 2.854(2)
M-+-CI(2) 2.825(1) 2.898(1)
(b) Angles (deg)

S(1-Ru(1)-S(2) 102.80(4) 102.73(5)
S(1)-Ru(1)-CI(1) 87.12(4) 88.87(5)
S(2-Ru(1)-Cl(1) 88.30(4) 88.11(5)
S(1-Ru(2-S(2) 102.58(4) 102.66(4)
S(1)-Ru(2)-Cl(2) 87.64(4) 89.44(5)
S(2-Ru(2)-Cl(2) 90.48(5) 89.09(5)
S(1)-M—CI(3) 89.77(4) 84.61(4)
S(1)-M—CIi(4) 86.68(4) 88.84(6)
Cl(3)-M—CI(4) 92.81(5) 94.16(6)
Ru(1-S(1)-Ru(2) 75.75(4) 76.19(4)
Ru(1)-S(1-M 104.25(4) 103.14(4)
Ru(2)-S(1)-M 104.05(4) 103.60(4)
Ru(1}-S(2-Ru(2) 76.03(3) 76.17(4)

and M--Cl(2) bonds into account, the structures3inay be
considered as the incomplete cubane-type. It is to be noted that
these M--Cl bonds in3 are significantly shorter than the
corresponding M-Cl bonds in the cubane-typ2 (Skr--Cl,
2.944(5)-3.000(4) A; Bt--Cl, 2.934(5%-3.002(5) A).

For both3a and3b, the H atom in the:-SH ligand was able
to be located unambiguously by the X-ray analysis, the
orientation of which is syn with respect to the MQ@hoiety of
theu-SMClI; ligand. These hydrosulfido protons were observed
in their 'TH NMR spectra as singlets at5.38 and 5.60 foBa
and 3b, respectively. For comparison, compléx which is
present as a 1:1 mixture of syn and anti forms with respect to
two SH ligands in solution, shows the hydrosulfido protons in
its 'H NMR spectrum at) 5.14 and 5.16.The presence of the
S—H ligand was also confirmed by their IR spectra (KBr),
exhibiting characteristie(S—H) bands at 2434 and 2425 cin
for 3a.and3b.

Reactions of 3 with [Pd(PPh)4] Affording Ru ,PdSbS and
Ru,Pd,SbS Clusters. Clusters3 still consist of oneu-SH
ligand, which may be expected to show high reactivity toward
transition metal complexes as demonstrated already in this
laboratory forl as well as related Rh and &rSH complexes.
Hence, reactions 08 with a range of late transition metal
complexes have been attempted, and it has been found that
treatment of3a with 1 equiv of [Pd(PP¥)4] in THF at room
temperature gives a mixture of trimetallic clusters [{Rp)-
(Cp°RUCI)(u-SSbC){ PACI(PPB)} (uz-S)u-H)] (4), [(Cp°Ru)-
(SbCh){ Pd(PPB)} 2o(uz-S)(u-Cl)] (5), and [(CERu)(CFRUCI)-
{PdCI(PPh)} (SbCl){u3-S)] (6), as indicated by théH NMR

bound to Ru are mutually cis, and the separations of these ClIspectra of the evaporated reaction mixture residue (eq 3).

atoms from M (M= Sb, 2.811(1) and 2.825(1) A; M Bi,

Formation of a small amount oRa was also observed.

2.854(2) and 2.898(1) A) are longer than the sum of the covalent Incorporation of ong Pd(PPR)} fragment into3a, accompanied

radii (Sb—Cl, 2.40 A; Bi—Cl, 2.51 A) but apparently shorter
than the sum of the van der Waals radii (Sb, 2.2 A; Bi, 2.4 A;

by the oxidative addition of the-SH bond to the P®center,
affords 4, containing the core assigned formally as'RiRd'-

Cl, 1.8 A), suggesting the presence of secondary bonding SH", while that of two{Pd(PPB)} moieties with concurrent

interactions between M and €ITaking these weak M-CI(1)

loss of HCI leads tdb, consisting of thg Ru,P:Sk} °* core.

(5) Genge, A. R. J.; Hill, N. J.; Reid, G. Chem. Soc., Dalton Trans.
2001, 1007. See also the references cited in ref 2.

(6) Hashizume, K.; Mizobe, Y.; Hidai, MOrganometallics1996 15,
3303.
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[Pd(PPhg)4] (1 eq)

Amitsuka et al.

Table 2. Selected Interatomic Distances and Angles in 4

THF, r.t. ®3) Distances (A)
Ru(1-Ru(2) 2.827(2) Ru(tyPd 2.810(1)
Cp co’  cpe Ru(1)-S(1) 2.318(3) Ru(yS(2) 2.261(3)
\Ru/\?—\Ru/ R — N CR__s. 5P Ru(2)-S(1) 2.316(3) Ru(2}S(2) 2.315(3)
ol TSN Ss- R“\S/‘R\U Ru(2)-CI(1) 2.452(3) Pe-S(2) 2.243(3)
~so\(| H ool | \ /-\Pd—PPhs | \ /_‘Sb Pd—Cl(4) 2.362(4) Pe-P 2.275(3)
Cl P4 C|”Sb'*~p€_ Cl-="\'t/ ) Sb-S(1) 2.442(2) Sk CI(3) 2.428(5)
| Nai ;o C Phgp” | Sb—Cl(4) 2.421(4) Sk-CI(2) 2.798(3)
PhsP PhgP cl
Angles (deg)
4 5 6 Ru(2y-Ru(1)-Pd 80.19(5) PeRu(1)>-S(1) 103.41(8)
Pd—Ru(1)-S(2) 51.12(6)  S(BRu(1)-S(2) 103.6(1)
When the reaction oBa with 1 equiv of [Pd(PP¥)s was S(1-Ru(2)-S(2) ~ 101.9(1)  S(HRu(2)-CI(2) 86.6(1)
cond_ucted under thg_milder conditions, viz.;-8 °C, the yield gg)y—ﬁ(lﬁzg—CI(Z) g%g&)) i(l(zlnggg(l) 18;:38
of 4 increased significantly. - _ _ S(1)-Sb-CI(3) 88.4(1)  S(1}Sb-Ci(4) 96.8(1)
It has been confirmed that isolatédvas treated with 1 equiv CI(3)—Sb—Cl(4) 91.6(1) Ru(1}-S(1-Ru(2) 75.4(2)
of [Pd(PPh)4] in THF to be converted int& gradually at room Eug)):gg)):gb(z) 579(73-;(11(23) Eugg&)ﬁg 1%-%&%)
H i u u . u .
temperature and much faster at®D. This reaction proceeded RU(2)-S(2)-Pd 105.6(1)

more rapidly and cleanly even at room temperature, when

conducted in the presence of triethylamine (Scheme 1). It has Table 3. Selected Interatomic Distances and Angles in 5

(a) Distances (A)

Scheme 1 Ru(1)-Ru(2) 2.8272(7) Ru(HPd(1) 2.7845(7)
[Pd(PPhg) 4/ THF/50 °C Ru(1)-Pd(2) 2.8060(7) Pd(HPd(2) 2.7755(6)
or [Pd(PPhg)4}/NEtg/THF/r.t. Ru(2)-Sb 2.6004(7) Pd(1)Sb 2.8690(6)
4 - 5 Pd(2-Sb 2.8803(7) Ru(1yS(1) 2.226(2)
Ru(1)-S(2) 2.220(1) Ru(2¥s(1) 2.300(2)
\ / Ru(2)-S(2) 2.287(2) PA(BS(1) 2.267(2)
NEta/THF/r 1. Pd(1)-CI(2) 2.443(2) Pd(1P(1) 2.284(2)
or TSHF/50 Ec 6 [PA(PPha)al THF.L Pd(2-S(2) 2.225(2) Pd(2)CI(2) 2.450(2)
Pd(2)-P(2) 2.290(2) Sk Cl(2) 2.484(2)
also been demonstrated that by treatmewdtwith triethylamine Sb=CIE) 2:462(2)
in THF at room temperatur@was obtained in moderate yield. (b) Angles (deg)
By warming the solution oft in THF at 50°C, transformation Eg((f)):sllj((ll))—_sg((zl)) ggég% Eﬂ%gﬁg)):gg(a Si-ggg))
of 4 into 6 also took place, as indicated b_y the NMR Ru(1)-Pd(1)-Pd(2) 60:62(2) Ru(1Pd(1)-Sb 87:14(2)
spectroscopy. Isolate@ was converted further int® upon Pd(2)-Pd(1)-Sb 61.34(2) Ru(BPd(2-Pd(l)  59.85(2)
reaction with 1 equiv of [Pd(PBJa] in THF at room temperature Ru(1>-Pd(2)-Sb 86.52(2) Pd(BHPd(2)-Sb 60.93(2)
(Scheme 1). Ru(2)-Sb—Pd(1) 84.77(2) Ru(®)Sb-Pd(2) 84.07(2)
; ; ; ; Pd(1)-Sb-Pd(2) 57.73(2) S(BHRu(1-S(2) 101.38(6)
In contrast, reactions of the Bi comeleb with 1 equiv _of S(1)-RuU(2)-S(2) 9717(6)  S(EyPd(L)-0l(1) 151.38(6)
[Pd(PPR)4] at room temperature and &6 °C were both elusive, S(1)-Pd(1)-P(1) 106.36(7) CI(HPA(1)-P(1)  102.22(7)
and isolation of the characterizable products from the reaction s(2)-pd(2)-ci(1) 150.46(6) S(2)Pd(2)-P(2) 105.75(6)
mixtures was unsuccessful; although the reaction at room CI(1)—Pd(2)-P(2) 103.67(7)  Cl(2ySb—CI(3) 95.08(7)

temperature once afforded the Bi analogue5pf(Cp°Ru),-

Table 4. Selected Interatomic Distances and Angles in 6

(BiCly){ PA(PPBR)} 2(13-S)(u-Cl)], to be characterized by the
X-ray analysis, we could not reproduce this result again.

(a) Distances (A)

X-ray Structures of 4, 5, and 6.New clusters4, 5, and6 538)):23(2) %?ﬁig Eg(le))Pd g'gggzggg
were isolable as single crystals, and their structures were fully  ry(1)-s(1) 2:339(1) Ru(1yS(2) 2:256(1)
characterized by X-ray diffraction as shown in Figures 2, 3,  Ru(2-S(1) 2.342(1) Ru(2yS(2) 2.310(1)
and 4, while selected bond distances and angles therein are listed ESEZC)T(%'(Z) gﬁ‘l‘% iig(z) gggg((g
in Tables 2-4, respectively. . Sb-S(1) 2.454(1) SbCI(3) 2.506(1)

Figure 2 shows that i two Ru and one Pd atom comprise Sb--Cl(2) 2.903(1)
an open triangle capped with ope-sulfide, where the RuRu (&) Angles (deg)
and Ru(1)>-Pd edges have single-bond distances of 2.827(2) ngles (deg
and 2.810(1) A, respectively. Two Ru atoms are further bridged EgézR);(Rllﬁls);Pd gi:gg% 23%?3&13);% ;g:;i%
by a SSbd ligand, and this Sh atom is connected weakly to  Ru(1)-Sb-Pd 60.34(1) S(HRu(1)-S(2)  103.35(4)
the Cl atom on Ru(2) with the SBCI distance of 2.798(3) A. S(1-Ru(2)-S(2) 101.45(4)  S(BRu(2)-Cl(2) 87.47(5)
The other Cl atom originally bonded to Ru(1)3a has migrated S(ZVRSF(Z)_C'@) 88.67(5) S(IZ‘}PC‘(;C'(l) 158.39(5)
to the Pd site i In the’H NMR spectrum, the hydride proton gg)tgb_g@) 133‘8’;1((54)) C(tyPd-pP 92.87(5)

was observed ab —15.49 as a doublet witlr—y = 80 Hz,
which is indicative of the geometry around Pd with the hydride (43-S)(uzS)(uzH)] was reported to appear at—11.92 as a

occupying the position nearly trans to the BRigand. As doublet of doublets withl and Joe of 114.7 and
expected, the hydride H(54) was found in the Fourier map to , gqu7 . Wit (ransy-H PlclsyH '
complete the distorted square-planar geometry around Pd Cluster5 consists of a distorted RRd, tetrahedral core, the

together with S(2), P, and CI(1) atoms. This hydride is also len

TN : gths of one R#Ru, one Pe-Pd, and two Ru(tyPd edges
bonded to Ru(1) as the bridging ligand, the-R(54) and ; ; ; ] . ; .
Ru(1)-H(54) distances being 1.7 and 1.5 A, respectively. For of which are in the range of single-bond distances as listed in
comparison, the hydride proton that bridges the-Rd edge
with a Pd-Ru single bond in [(Cp*RY)Pd(PPh).} (CpTiCl)-

(7) Kuwata, S.; Kabashima, S.; Sugiyama, N.; Ishii, Y.; Hidai,livarg.
Chem.2001 40, 2034.
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Figure 2. ORTEP drawing fo# at the 30% probability level. All
hydrogen atoms except for H(54) were omitted for clarity. For the
two disordered Et groups in the €figands, only those with the
larger occupancies are shown.

Table 3. Two RyPd faces of this tetrahedron are capped with
theus-sulfides. The Sb atom is bound directly to one Ru center
with the Sb-Ru(2) bond distance at 2.6004(7) A, which is
considerably shorter than the -SBu bond distances in monoru-
thenium complexes [Cp*(C@RuSb(COPHJ (2.641(2) A) and
[Cp*(CO),RUSb(COPh)(SiMg] (2.677(1) Af as well as the
triruthenium complex having a four-membereds;8oi ring [Ph-
SbRu(COPh)(CO)] (2.6361(6)-2.6473(7) A)® Weaker bond-

ing interactions are also observed between the Sb atom and two
Pd atoms, separations of which are 2.8690(6) and 2.8803(7) A.

The Pd-Pd edge is bridged by the Cl ligand, and two Pd atoms
are each coordinated further by one Ph¢and. Two P atoms
are almost coplanar with the nearly planaP&CI ring. The
hydrosulfido proton irBais lost in5 probably as HCI, whereas
the remaining Cl atom originally bonded to Ru is now bridging
two Pd atoms.

A related, almost symmetrical Rad, core with two capped
u3-S ligands on the Rid faces as well as the-Cl ligand on
the Pd-Pd edge has been reported previously for [(Cp*Ru)
{Pd(PPB)} 2(u3-Sh(u-C]CI (7).1° By incorporation of the
{SbC}} fragment on the Ru(2)RBdface with the Ru(2)Sb
single bond and the weaker P8b interactions, the metrical
parameters with respect to the JRab core in5 differ signifi-
cantly from those irv. Thus, in5 two Ru(2)-Pd bonds of the
Ru(2)Pd face are cleaved and the RRu bond is much
elongated by ca. 0.2 A, while two Ru@Pd bonds are both
shortened by ca. 0.1 A (average), as compared to tho3e in

An ORTEP drawing fob is depicted in Figure 4, and selected

Organometallics, Vol. 25, No. 12, 208837

Figure 3. ORTEP drawing for5 at the 30% probability level.
Hydrogen atoms are omitted for clarity.

Figure 4. ORTEP drawing for6 at the 30% probability level.
Hydrogen atoms are omitted for clarity.

(2.6273(9)-2.8245(10) A} and much longer than those in the
Pd—SbPh complexes such as [RDAC)4(SbPh);] (2.508(4)
and 2.509(4) A) and [PAOAC)Ph(SbPh),] (2.473(4) A)12
The RyPd and RuSb faces are capped with-S ligands. The
Sb—S bond length at 2.454(1) A is shorter than that at 2.492-
(1) A in 3a but comparable to those i (2.442(2) A) and

[{ Cp*Mo(CO)} 2(u-SSb)] (2.436(1) AY3 The Cl atom on Ru-
2) E interacting weakly with the Sb atom (Cl{2)sb, 2.903-

1) A).

In conclusion, a convenient route to synthesize mixed-metal
sulfido-hydrosulfido cluster8 containing both the noble metals
and group 15 metals has been demonstrated by using the
diruthenium bisg¢-hydrosulfido) complex, and further treatment
of the Sb clusteBa with [Pd(PPh),4] has proved to give three

bond distances and angles therein are summarized in Table 4New trimetallic sulfido clusters.

Cluster6 has a RuPdSb core with metalmetal bonds between

two Ru atoms (2.8453(5) A), between Ru(1l) and Pd (2.7997-
(6) A), between Ru(1) and Sb (2.7414(5) A), and between Pd

and Sb (2.8274(4) A). This core may result from the elimination

Experimental Section

General Considerations.All manipulations were carried out
under N using standard Schlenk techniques. Solvents were dried

of the bridging hydride and one Cl atom bonded to the Sb atom by common methods and distilled undes before use. Complex

in 4, followed by the binding of the Sb atom to the Rid
edge in place of the hydride. The P8b distance i as well

1 was prepared in the same manner as that described for its Cp*
analogué, while [Pd(PPk);] was obtained by the literature

as that in5 shown above are somewhat longer than those in method!4 Other chemicals were obtained commercially and used

the PdShy cubane cluster {Pd(PPhMe).} 4Shy][Ph.SbCh],

as received.

(8) Weber, L.; Mast, C. A.; Scheffer, M. H.; Schumann, H.; Uthmann,
S.; Boese, R.; Blger, D.; Stammler, H.-G.; Stammler, Z. Anorg. Allg.
Chem.200Q 626, 421.

(9) Shawkataly, O. B.; Ramalingam, K.; Fun, H. K.; Abdul Rahaman,
A.; Razak, |. A.J. Cluster Sci2004 15, 387.
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Table 5. Crystal Data for 3a, 3b, 4, 5, and 6€.5THF

Amitsuka et al.

3a 3b 4 5 6:0.5THF

formula ngH35C|4SQRU2$b Cg2H35BiC|4SQRU2 C4oH5oC|4PPd$RUQSb C58H64C|3P2PChSQ- C42H53C|300_5P-
RuwSh PdSRWwSh

fw 829.34 916.57 1198.03 1530.26 ~1197.62
space group P2;/a (No. 14) P2;/n (No. 14) Pna2; (No. 33) C2/c (No. 15) P1(No. 2)
a, 17.805(4) 10.454(2) 24.475(9) 25.40(3) 9.739(4)
b, A 8.603(2) 23.873(4) 9.905(3) 12.198(12) 11.704(4)
c, A 19.694(4) 11.819(2) 18.476(7) 38.82(4) 21.644(8)
o, deg 90 90 90 0 89.36(2)
B, deg 108.0696(7) 97.8019(7) 90 106.638(3) 89.00(2)
y, deg 90 90 920 90 66.400(11)
vV, A3 2868(1) 2922.4(9) 4479(3) 11522(20) 2261(2)
4 4 4 4 8 2
u,cmt 25.02 75.35 20.48 18.91 19.72
Pcalca g CNT3 1.921 2.083 1.777 1.764 1.759
cryst size, mrh 0.70x 0.40x 0.05 0.50x 0.30x 0.10 0.30x 0.15x 0.03 0.40x 0.30x 0.20 0.40x 0.30x 0.10
no. of unique reflns 6809 6940 9989 12 406 10577
no. of data obsd 4778 & 20(1)) 5005 ( > 20(1)) 4662 ( > 20(1)) 8593 ( > 20(l)) 7262 ( > 20(1))
no. of variables 318 318 527 695 589
transmn factor 0.5270.882 0.226-0.471 0.6570.940 0.464-0.685 0.6270.821
Ri2 0.032 0.028 0.043 0.050 0.035
WRP 0.108 0.098 0.140 0.159 0.113
GOF 1.000 1.000 1.010 1.004 1.006

aRy = Y ||Fol — Fell/3|Fo| (I > 20(1)). PWRx = [T (W(Fo2 — FAAITW(FeA)F Y2 (all data).c GOF = [SW(|Fo| — |F¢|)%{(no. observed)- (no. variables)] /2.

NMR and IR spectra were measured on a JEOL alpha-400 or apresence of compounds 5, 6, 3a, and2ain the molar ratio 74:
JASCO FT/IR-420 spectrometer at room temperature. Elemental 11:5:5:5. The residue was first extracted with ether (25 mL). The

analyses were done with a Perkin-Elmer 2400 series Il CHN
analyzer.

Preparation of 3a. A THF solution (50 mL) ofl (1.89 g, 2.95
mmol) and SbGl (0.672 g, 2.95 mmol) was stirred at room

extract was dried again and crystallized from THiexane (1 mL/

10 mL), affording5. The evaporated reaction mixture residue was
extracted again with THF (8 mL), and the addition of hexane (16
mL) to the concentrated extract (3 mL) gave a mixture @ind6

temperature overnight, and the resultant red-brown suspension wag$83:17; total 150 mg, 62% yield) together with an additional amount

dried in vacuo. The residue was washed with THF (5 mL) and
then extracted twice with C}&l, (10 mL). Addition of hexane (200
mL) to the combined extract afford@a as red-brown crystals (1.83
g, 74% yield).!H NMR (CDCk): ¢ 1.12 (t,J = 7.6 Hz, 6H,
CH,CH3), 1.68, 1.69 1.71, 1.74 (s, 6H each, Cg§H.08 (q,J =
7.6 Hz, 4H, G1,CHg), 5.38 (s, 1H, SH). IR (KBr):v(S—H), 2434
cml Anal. Caled for GoH3sS,ClI,RW,Sh: C, 31.86; H, 4.25.
Found: C, 32.01; H, 4.18.
Preparation of 3b. This complex was prepared similarly from
1 (331 mg, 0.519 mmol) and Big(163 mg, 0.517 mmol). The
yield of 3b as red-brown crystals was 394 mg (83%). NMR
(CDCly): ¢ 1.13 (t,J = 7.6 Hz, 6H, CHCHj3), 1.66, 1.67, 1.70,
1.74 (s, 6H each, CC#j 2.08 (q,J = 7.6 Hz, 4H, G4,CHg), 5.60
(s, 1H, SH). IR (KBr): »(S—H), 2425 cm®. Anal. Calcd for
CoH3sS,Cl,RWBI: C, 28.83; H, 3.85. Found: C, 28.90; H, 3.87.
Reaction of 3a with [Pd(PPh),]. (1) A mixture of 3a (41 mg,
0.049 mmol) and [Pd(PRh] (57 mg, 0.049 mmol) in THF (3 mL)
was stirred overnight at room temperature in the dark for 23 h.
The resultant dark red solution was dried in vacuo, antHtsIMR
spectrum showed the presence of compouh&s6, 3a and2ain
the molar ratio 41:21:12:21:5. The residue was first extracted with

of 5. The combined yield 06 was 33 mg (11% yield). The yield
of 6 suggests that the amount of this product presumably increased
during workup of the reaction mixture. Crystallization of a mixture
of 4 and6 from CH,Cl,—hexane at-20 °C gave red-brown single
crystals of4 for the X-ray diffraction study4: *H NMR (CDCly):
0 —15.49 (d,Jp- = 80 Hz, RuHPd), 0.96, 1.04 (8 = 7.6 Hz,
3H each, CHCHj3), 1.37, 1.40, 1.41, 1.46, 2.00, 2.03, 2.06, 2.12
(s, 3H each, CCBJ, 1.65-1.75 (m, 2H, Gi,CHg), 2.40, 2.51 (dq,
J=15and 7.6 Hz, 1H each,HzCH,), 7.3—7.4, 7.6-7.7 (m, total
15H, Ph).3P{1H} NMR (CDCl): ¢ 23.1 (s). Anal. Calcd for
CuyoHsPSClRWPASh: C, 40.10; H, 4.21. Found: C, 39.94; H,
4.26.

Reaction of 4 with [Pd(PPh),] to Give 5. (1) Reaction of4
(22 mg, 0.018 mmol) with [Pd(PRBRa] (23 mg, 0.020 mmol) in
THF was monitored by tht#H NMR spectra of the reaction mixture
residues, which showed that the reaction at room temperature for
25 h gave5 together with the unreactetland uncharacterizable
byproducts %:4 = 2), while that at 50°C converted almost al
into 5 together with a small amount of one uncharacterized
byproduct.

(2) Into a THF solution (3 mL) o# (30 mg, 0.025 mmol) and

ether (17.5 mL). The extract was dried again and the residue was[Pd(PPh)4] (28 mg, 0.024 mmol) was added triethylamineu4,

crystallized from THFhexane (1 mL/12 mL), affording as red-
brown crystals (5 mg, 7% yield). The reaction mixture residue

0.03 mmol), and the solution was stirred at room temperature. After
3 h, the NMR spectrum showed the absencé @i the reaction

extracted by ether was extracted again by THF (3 mL) and the mixture. The mixture was dried in vacuo and the residue was

extract was dried. The residue was crystallized from,Clg+
hexane (2 mL/12 mL), yielding a mixture @ and6 in a molar
ratio 78:22 as determined B4 NMR (14 mg, 24% combined
yield). 5 *H NMR (CDCl): ¢ 0.91, 0.93 (tJ = 7.6 Hz, 3H each,
CH,CHs), 1.75, 1.81, 1.91, 1.92 (s, 6H each, C{J2.24, 2.32 (q,
J = 7.6 Hz, 2H each, 8,CHy), 7.3-7.4, 7.6-7.7 (m, total 30H,
Ph).31P{1H} NMR (CDCl): 6 7.3 (s). Anal. Calcd for 6gHgsP,S,-
ClRwPASh: C, 45.52; H, 4.22. Found: C, 45.14; H, 4.25.

(2) Complex3a (167 mg, 0.201 mmol) was added to a solution
of [Pd(PPh)4] (232 mg, 0.201 mmol) in THF (10 mL), and the
mixture was stirred at-5 °C in the dark for 17 h. The resultant
mixture was dried in vacuo, and itsl NMR spectrum showed the

extracted with benzene (5 mL). The extract was dried again and
the residue was crystallized from THRexane, affordings as
crystals (21 mg, 55% yield).

Reaction of 4 with Triethylamine to Give 6. (1)Into a THF
(12.5 mL) solution of4 (54 mg, 0.045 mmol) was added
triethylamine (7.8.L, 0.055 mmol), and the mixture was stirred at
room tempearture overnight. The resultant mixture was dried in
vacuo and the residue was extracted with benzene (10<na).

The extract was concentrated to ca. 4 mL and thepGQIH2 mL)
was added. After stirring this mixture, hexane (30 mL) was added
slowly to give6 as red-brown crystals (39 mg, 74% yielth. NMR
(CDCly): 6 0.97, 1.00 (tJ = 7.2 Hz, 3H each, CKCHjg), 1.40,
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1.41, 1.42, 1.43, 2.04, 2.08, 2.13, 2.17 (s, 3H each, §CH69 techniques. Hydrosulfido protons H(35)3a and H(35) in3b were
(brq,J=7.2 Hz, 2H, G4,CH3), 2.54, 2.66 (dgJ) = 15.2 and 7.2 found in the Fourier maps and refined isotropically, whereas the
Hz, 1H each, €l,CHy), 7.3-7.4, 7.6-7.7 (m, total 15H, Ph)3P- hydride H(54) in4 found in the Fourier map was not refined but
{*H} NMR (CDCl): ¢ 22.4 (s). Single crystals for the X-ray included with fixed parameters in the refinements. All other
diffraction were obtained by recrystallization from THRexane hydrogen atoms were placed at the calculated positions and included
as6:0.5THF. Anal. Calcd for G3Hs5300 sPSClsRWw,PdSh: C, 42.12; in the refinements. Two Cpligands in4 are both occupying two
H, 4.46. Found: C, 42.35; H, 4.57. disordered positions with respect to the orientations of the Et groups
(2) A THF solution (2 mL) of4 (9 mg, 0.008 mmol) was stirred in the ratios 55:45 and 60:40. Only one C atom of the Et group in
at 50°C for 10 h. The NMR spectrum of the reaction mixture the Cgf ligand with less occupancy was refined isotropically. The
showed about 50% conversion 4finto 6. absolute structure of was determined by refinement of the Flack
Reaction of 6 with [Pd(PPhy)s]. A THF solution (2 mL) of parameter = 0.42(4)).
6-:0.5THF (6.7 mg, 0.0056 mmol) and [Pd(R§R(6.5 mg, 0.0056 Acknowledgment. This work was supported by a Grant-

meﬁl) was tstlrred_att rooT]tem%e:ﬁtl:relfor 1?@t‘u'vThe NMR ;sp;(t:trum in-Aid for Scientific Research on Priority Areas (No. 14078206,
g € reaction mixture showed that aimostiaivas converted 10— «peaction Control of Dynamic Complexes”) from the Ministry
: of Education, Culture, Sports, Science and Technology, Japan,

X-ray Crystallography. Single crystals of3a, 3b, 4, 5, and and by CREST of JST (Japan Science and Technology Agency).
6-0.5THF were sealed in glass capillaries under argon and mounted

on a Rigaku Mercury-CCD diffractometer equipped with a graphite-  Supporting Information Available: Detailed crystallographic
monochromatized Mo & source. All diffraction studies were done  data and extensive interatomic distances and angle3af@b, 4,
at 23°C, the details of which are listed in Table 5. 5, and6:0.5THF in CIF format. This material is available free of

Structure solution and refinements were carried out by using the charge via the Internet at http://pubs.acs.org.
CrystalStructure program packaeThe positions of the non- OM060071S
hydrogen atoms were determined by Patterson methods (PATTY)
and subsequent Fourier synthesis (DIRDIF d9)hese were refined (16) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.;

; ; ; _ ; ~ Garcia-Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykall,RATTY
with anisotropic thermal parameters by full-matrix least-squares The DIRDIF program systenechnical Report of the Crystallography
Laboratory: University of Nijmegen: Nijmegen, The Netherlands, 1992.

(15) CrystalStructure 3.00Crystal Structure Analysis Packagrigaku (17) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; de
and Rigaku/MSC, 20062002. Watkin, D. J.; Prout, C. K.; Carruthers, J.  Gelder, R.; Israel, R.; Smits, J. M. MIRDIF99: The DIRDIF-99 program
R.; Betteridge, P. WCRYSTALS Issue 1@hemical Crystallography systemTechnical Report of the Crystallography Laboratory; University of
Laboratory: Oxford, UK. Nijmegen: Nijmegen, The Netherlands, 1999.




