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The generation of heterobimetallic complexes with two or three bridging sulfido ligands from mononuclear tris-
(sulfido) complex of tungsten [EtsN][(Me,Tp)WSs] (1; Me,Tp = hydridotris(3,5-dimethylpyrazol-1-yl)borate) and
organometallic precursors is reported. Treatment of 1 with stoichiometric amounts of metal complexes such as
[M(PPhs)s] (M = Pt, Pd), [(PtMe3)a(ees-1)4], [M(cod)(PPhs)][PFe] (M = Ir, Rh; cod = 1,5-cyclooctadiene), [Rh(cod)-
(dppe)][PFs] (dppe = Ph,PCH,CH,PPh,), [Cp*Ir(MeCN)3][PFs], (Cp* = 7°-CsMes), [Cp*Ru(MeCN)s][PFg], and [M(CO);-
(MeCN)s] (M = Mo, W) in MeCN or MeCN—THF at room temperature afforded either the doubly bridged complexes
[ELN][(Me;Tp)W(=S)(u-S):M(PPhs)] (M = Pt (3), Pd (4), [(MeTp)W(=S)(u-S):M(cod)] (M = Ir, Rh (7)), [(Mez-
Tp)W(=S)(u-S).Rh(dppe)], [(Me,Tp)W(=S)(u-S).RuCp*] (10), and [ELN][(Me,Tp)W(=S)(u-S),W(CO)3] (12) or the
triply bridged complexes including [(Me,Tp)W(u-S)sPtMes] (5), [(Me,Tp)W(u-S)sIrCp*][PFq] (9), and [EtN][(Me,-
Tp)W(u-S)sMo(CO)s] (11), depending on the nature of the incorporated metal fragment. The X-ray analyses have
been undertaken to clarify the detailed structures of 3-5, 7, and 9-12.

Introduction In this context, the described Tpomplexes of W and
Mo are noteworthy as potential precursors to heterometallic

In a previous pape‘r,wg reported the synthe_sis qf species. The W complex [B{][(Me,>Tp)WSs] (1) having
mononuclear W or Mo sulfido complexes containing tris- o6 terminal sulfides is of particular interest, siricés

(pyrazoly!)b_orate ligands, [E?I][Tp'xv&] and [EEN][Tp'MoS- available quite readily and it has been well demonstrated
(I84t))] (Tp" = Tp Or_Mﬁszpi dTp_— hyddr!dotrlhs(lpyrazolll- that the thiometalates [MBE~ (M = W, Mo) can serve as
ylgbg:Z:(Si ft/cljﬂr[)ELt_N][Ty'l\r/Il (8g')s](32i\‘;"_'”\;5t h?llo[;yartﬁéosg-l- good starting compounds to synthesize numerous polyme-
y ’ P 3 T : tallic complexes through sulfido ligands bridging to other

Altl?ough th? chemlfttry IOf n?ult!pucltiar t;rar:.snmr:j mettal it metal centeré.Indeed, treatment df with [PtCly(cod)] (cod
sullur complexes attracts significant attention due 1o its _ 1,5-cyclooctadiene) resulted in the facile formation of a

releva}npe to biolpgical and industrial catalysispmplexes sulfido-bridged bimetallic complex [@][(Me,Tp)W(=S)-
containing Tp coligands are still scarce because of, at least (u-SHPICh] (2) as reported alreadyScheme 1)
in part, the paucity of suitable precursors. This is in striking '

contrast to the presence of a number of well-defined
. . . P . . (2) (a) Beinert, H.; Holm, R. H.; Mack, E.Sciencel997, 277, 653. (b)
multimetallic sulfido and thiolato complexes with cyclopen- Transition Metal Sulfur Chemistry, Biological and Industrial Signifi-

tadienyl ligands that are isoelectronic with the’ Tigands. cance Stiefel, E. I., Matsumoto, K., Eds.; ACS Symposium Series
653; American Chemical Society: Washington, DC, 1996. (c) Startsev,
A. N. J. Mol. Catal. 200Q 152 1. (d) Brorson, M.; King, J. D.;
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Stimulated by this finding, further study has been done to

clarify the reactivity ofl toward a range of metal complexes,

which has led to the isolation of a series of new dinuclear

complexes with either two or three bridging sulfido ligands
as summarized in the following text.

The Mo complex reported in the previous paper
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(PPh)4 proceeded in an analogous manner to afford
[ELN][(Me Tp)W(E=S)u-SyPd(PPR)] (4). In contrast, treat-

[TpMoS(S)]~ has been shown to serve as a precursor to ment of1 with a Pt¥ complex [(PtM@)4(u-1) 4] results in the

the cubane-type MoR8; cluster by Holm et at.It is also

to be noted that the cyclopentadienyl complex [Cp*VS
(Cp* = n°-CsMes) closely related tdl has been prepared
and its reactions with certain metal complexes of Cu, Ag,
Au, Mn, Ni, Pd, and Ru forming mixed-metal sulfido cores
have been reported by Tatsumi afal.

Results and Discussion

Reactions of 1 with Pt and Pd ComplexesAs reported
already? WY' complex1 reacts with an equimolar amount
of a Pt complex [PtCj(cod)] in MeCN at room temperature
to give doubly bridged dinuclear compl&xn moderate yield
(Scheme 1). Comple®, which is assignable as a formal

formation of a triply bridged bimetallic complex containing
the formal W' and PV centers, [(MeTp)W(u-SkPtMei]
(5), which is also shown in Scheme 1.

Reactions of 1 with Other Transition Metal Complexes.
It has turned out thafl reacts readily with a series of
transition metal complexes to give a variety of sulfido-
bridged dinuclear complexes, which are summarized in
Scheme 2. Thus, treatmentbivith an I complex [Ir(cod)-
(PPh),][PF¢] (cod = 1,5-cyclooctadiene) in MeCN at room
temperature gives a doubly bridged product with a formal
WV'—Ir! core [(MeTp)W(=S)(u-S)ir(cod)] (6), although the
isolated yield of 15% is not yet satisfactory. The Rh analogue
[Rh(cod)(PPHk),][PF¢] reacts similarly withl to afford a
corresponding W—RHh complex [(MeTp)W(=S)(u-S)Rh-

WYI—Pt! compound, has a distorted square planar Pt center(cod)] (7) in 27% vyield. It has been reported that [M(cod)-

along wih a W atom with a distorted octahedral geometry,
if the Pt=W bond is ignored. Assuming these formal
oxidation states, and therefore &\ center, the metal

(u-SpW(u-SpM(cod)] (M = Ir, Rh) prepared from [WJ>~
and [M(cod)},(u-Cl),] are treated with PRhto give the
products [M(PP§)2(u-SpW(u-SpM(PPh),], resulting from

metal bond should be assigned to be a dative one from Pt tofhe replacement of the cod ligands by BPRowever, in

W.

While a related Ptcomplex [PtMe(cod)] was somehow
unreactive toward. under the analogous conditions, it has
been found that the reaction dfwith 1 equiv of zerovalent
Pt complex [Pt(PPj)y] in MeCN—THF at room temperature
gives [E4N][(Me,Tp)W(=S)u-SyPt(PPh)] (3), a doubly
sulfido-bridged W'—P1 complex with a trigonal planar Pt
center (Scheme 1). The reaction with®Rebmplex [Pd-

(4) Fomitchev, D. V.; McLauchlan, C. C.; Holm, R. khorg. Chem2002
41, 958.

(5) (a) Kawaguchi, H.; Yamada, K.; Lang, J.-P.; TatsumiJKAm. Chem.
S0c.1997, 119 10346. (b) Lang, J.-P.; Tatsumi, Kiorg. Chem1998
37, 160. (c) Lang, J.-P.; Kawaguchi, H.; Tatsumi, X.Organomet.
Chem.1998 569, 109. (d) Lang, J.-P.; Tatsumi, khorg. Chem1999
38, 1364. (e) Lang, J.-P.; Kawaguchi, H.; TatsumiGhem. Commun.
1999 2315. (f) Lang, J. P.; Yu, H.; Ji, S.-J.; Tatsumi, likorg. Chim.
Acta 2003 344, 169. (g) Ohki, Y.; Matsuura, N.; Marumoto, T.;
Kawaguchi, H.; Tatsumi, KJ. Am. Chem. So2003 125, 7978.
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the present reactions formiigand7, elimination of the PPh
ligands occurs, and the complexes are isolated as pure
crystals containing only cod ligands at their Ir or Rh site.
Interestingly, the reaction of equimothand [Rh(cod)(dppe)]-
[PFs] (dppe= PhPCH,CH,PPh) gave the doubly bridged
bimetallic complex [(MeTp)W(=S)u-S:Rh(dppe)] 8) in

42% vyield, with concomitant loss of cod rather than the
chelate-stabilized dppe ligand.

With respect to the It complexes, the reactions bfwith
[(Cp*IrX) 2(u-X)2] (X = CI, 1) in MeCN did not proceed
cleanly, and no tractable products were isolated, whereas
treatment ofl with [Cp*Ir(MeCN)3][PFg]2 in MeCN resulted
in the formation of a triply bridged W—Ir"" complex [(Me-
TP)W(u-SklrCp*][PFe] (9) in 62% isolated yield.

(6) Howard, K. E.; Rauchfuss, T. B.; Rheingold, A.L.Am. Chem. Soc.
1986 108 297.
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In the reactions with Ru complexes, a zerovalent Ru
complex [Ru(cod)(cot)] (cot 1,3,5-cyclooctatriene) did not
react with 1 in MeCN even at 55°C. As for the Rl
complexes, the reaction df with [(Cp*Ru)a(us-Cl)4] was
elusive, while that with [Cp*Ru(MeCN)[PF¢] proceeded
cleanly at room temperature, affording a doubly bridged
WVY'—RU' complex [(MeTp)W(=S)u-SyRuCp*] (10) in
26% isolated yield.

Reactions with early transition metal complexes were also

undertaken. Thus, both the reactionslofvith [Mo(CO)s-
(MeCN)] and [Mo(CO)(nbd)] (nbd= norbornadiene) in
MeCN gave a triply bridged W—Mo® complex [EiN][(Me2-
TP)W(u-S):Mo(CO)] (11) in 37% and 16% vyields, respec-
tively. In contrast, the reaction of [WB~ with [Mo(CO),-
(nbd)] gives the doubly bridged complexes [Wi&
SHMo(CO)]?~ " and [Mo(CO)(u-S)yW(u-S)pMo(CO))?.7a8
Interestingly, the W —W° complex [EiN][(Me,Tp)W(=S)-
(u-SpW(CO)] (12), prepared similarly froml and [W(CO}-

(MeCNY)], has been shown by an X-ray analysis to comprise

not a triply bridged but a doubly bridged dinuclear core as
will be described.

In summary, we have found that a series of sulfido-bridged

bimetallic complexes containing the W{S) core can be
prepared readily from the W tris(sulfide) compléxand

certain transition metal complexes. The structure of this core

is either WES)u-SpM or W(u-Sy:M, depending on the

nature and the oxidation state of the metal center M in the

incorporated fragmenr¥l. Thus, the number of the valence
electrons for the fragmer¥ in an uncoordinated form is

12 for all complexes reported here. Nevertheless, the

C@)

Figure 1. ORTEP drawing for the anion & Hydrogen atoms are omitted
for clarity.

C(6")

N(I)  N@)
[l

Figure 2. ORTEP drawing fob. Hydrogen atoms are omitted for clarity.

oxidation state and/or the number of d electrons of the metal coordinate 16-electron®dM center such ad0 and 12 are

center M involved inM differ from each other. When
incorporated into the WsSsite, the fragmenM containing
relatively electron-deficient or high-valent M is presumed
to form the triply bridged core.

Among the complexes with the formaf ¥ center, for
example, (1) the Wcomplex12 has a doubly bridged core,
whereas1l containing M@ in the same triad with less
electrons is a triply bridged complex, and (2) the"Ru
complex 10 has only two bridging sulfides, whereas the
higher valent I complex9 has three bridging sulfides. With
respect to the WPt complexes, for example3 and 2
containing Ptand Pt are doubly bridged, whil& with the
PtV center is triply bridged. It is also to be noted that the
triply bridged structure is observed only for the complexes
with the ¢ M center such a$, 9, and 11, whereas the
complexes with the&or d'® M center obtained in this study,
viz. 2, 3, 4, 6, 7, and8, comprise the doubly bridged cores
exclusively.

Although the doubly bridged bimetallic complexes con-
taining the square planar 16-electrchM centers as well
as the trigonal planar'8lM centers have also been derived
extensively from [Wg?", those consisting of the five-

(7) (a) Rosenhein, L. D.; McDonald, J. Whorg. Chem 1987, 26, 3414.
(b) Zhuang, B.; Yu, P.; Huang, L.; Lu, Jnorg. Chim. Actal989
162 121.

(8) Zhuang, B.; Yu, P.; He, L.; Huang, L.; Pan, Bolyhedron1998 17,
4393.

unprecedented for [WiF~. In 10 and12 with the (MeTp)-

WS; unit, the 16-electron @centers are stabilized by the
significant 7-donation from the two bridging sulfides as
demonstrated by the X-ray analysesdg infra), which is

the feature unobserved for the complexes derived from
[WS4]%". The triply bridged structures found % 9, and11

are unknown with respect to the dinuclear complexes derived
from [WS,)%.

Related reactions forming sulfido-bridged bimetallic center
from the Cp* analogue of, [Cp*WS;]~, and noble metal
complexes have been reported: the reaction with [RdCI
(dppe)] gives doubly bridged complex [Cp*¥G)(u-S).Pd-
(dppe)]ClIec while that with [RUCIX(PPE)3] (X = CI, H)
affords triply bridged complex [Cp*W{-SkRuX(PPh),].%¢

Description of the X-ray Structures of the New Di-
nuclear Complexes. New complexes3—12 have been
characterized spectroscopically and by elemental analyses.
The detailed structures have been determined by the X-ray
analyses fol8—5, 7, and9—12. The ORTEP drawings for
3,5, 7, and9—12 are shown in Figures-17, respectively.

For 12, only one of the two crystallographically independent
molecules is shown, since their structures are analogous
except for the slight difference in the torsion anglesn@a—
W—W-—Cgpicar The X-ray structure o#t is essentially the
same as that for the Pt analogBieand the ORTEP plot is
omitted. For6, preliminary X-ray results showed that it has
the doubly bridged core identical to that observed in the Rh

Inorganic Chemistry, Vol. 42, No. 23, 2003 7389
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0(2)

Figure 3. ORTEP drawing foi7. Hydrogen atoms are omitted for clarity. Figure 6. ORTEP drawing for the anion ofl Hydrogen atoms are
omitted for clarity.

O 40

N(Q2) NE©))

> C(17)

Figure 7. ORTEP drawing for the anion in one of the two independent
molecules ofl2. Hydrogen atoms are omitted for clarity.

Figure 4. ORTEP drawing for the cation & Hydrogen atoms are omitted V\J
for clarity.

dative bond from thed Pt atom to the W atom (2.7216-

(4) A). The W center has a distorted octahedral configuration
with three pyrazolyl N atoms and three sulfido ligands. In
3, the W=Seminaibond length (W-S(1)) is 2.172(2) A, which

is comparable to that in pareft(2.192(1), 2.1942(9) A)
and the mean WSemina bond length of 2.15 A reported
recently on the basis of the X-ray results of some 80
complexes. These values are significantly shorter than those
of the formal bond order 2 observed in the 18-electron
complexes [WH=S)(PMey)4] (2.253 A) and [WES),(PMey)-
(CNBUW),] (2.248(2) A)1°which are interpreted in terms of
Figure 5. ORTEP drawing fodl0. Hydrogen atoms are omitted for clarity. ~ the presence of the resonance structure with formal triple

. . bond W=S" in addition to W=S owing to the presence of
analoguer. Selected bond distances and angles in the dOUbI.ythe electron-deficient W center. The-V?t—S bonz distances

bridged complexes are summarized in Table 1, and those in
ged comp zeal ' (W—S(2), 2.302(2) A; W-S(3), 2.289(2) A) are also
the triply bridged complexes are listed in Table 2. The feature . . )

. -~ .~ considerably shorter than the typical¥® single bond length
observed commonly for these clusters is that by coordination (2.39 A due to the contribution of the-bonding of the
of the terminal sulfides and the formation of the dative bond |~ , - 9

lone-pair electrons on the bridging S atom. As for the-M/

from M to the high valent W irl the z-donation of the lone bonds, that trans to the terminal sulfide S(1)-(W(2),

pair electron densities from the sulfide ligands to the W 2.386(6) A) is much elongated from the remaining two-{W

center decreases, which results in the elongation of th&&W ] S
bond lengths by 0.060.11 A and, due to the weaker trans N(4), 2.'302(6) A; W-N(6), 2.319(6) A)’. '“d'ca“T‘g that the
trans influence exerted by the terminal sulfide is much

influence of the sulfide ligands, the shortening of the-W - .
bonds by 0.040.09 A in the bimetallic complexes. stronger than that by the bridging sulfide.
As shown in Figure 1 and Table 1, the complex anion of 5 R — Chom1998 47 1. (b Tk T~ Park
3 has a core consisting of the M@W=S and Pt(PP} ©) g)Poﬁ;Hgaron{gg'z T8 T0a 8 47, 1. (b) Tmka, T.; Parkin,

fragments connected by tweS bridges as well as a formal  (10) Rabinovich, D.; Parkin, Gnorg. Chem.1995 34, 6341.
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Table 1. Pertinent Bonding Parameters (A or deg) in Doubly Bridged Complexes,[((Y&/(=S)(u-S)M]"

3 4 7 10 12 2
M Pt(PPh) Pd(PPH) Rh(cod) RuCp* W(CO) PtCh
n 1- 1- 0 0 1~ 1-
W—M 2.7216(4) 2.7234(5) 2.852(1) 2.7716(5) 2.8988(6), 2.8993(7) 2.7792(6)
W-S(1) 2.172(2) 2.180(2) 2.157(4) 2.167(2) 2.165(3), 2.152(3) 2.148(3)
W-S(2) 2.302(2) 2.284(2) 2.253(3) 2.286(2) 2.304(3), 2.300(3) 2.259(3)
W-S(3) 2.289(2) 2.275(2) 2.262(4) 2.290(2) 2.291(3), 2.294(3) 2.262(3)
M—S(2) 2.307(2) 2.327(2) 2.298(4) 2.269(2) 2.395(3), 2.409(3) 2.290(3)
M—S(3) 2.284(2) 2.306(2) 2.314(4) 2.273(2) 2.421(3), 2.393(3) 2.287(3)
W—N(2) 2.386(6) 2.380(5) 2.33(1) 2.356(5) 2.396(8), 2.428(8) 2.392(8)
W—N(4) 2.302(6) 2.319(4) 2.29(1) 2.268(4) 2.274(9), 2.277(9) 2.262(9)
W—N(6) 2.319(6) 2.324(5) 2.27(1) 2.265(5) 2.263(8), 2.262(9) 2.243(9)
S(1)-W-5S(2) 102.31(8) 102.57(6) 103.3(1) 103.14(7) 101.1(1), 102.6(1) 101.8(1)
S(1L-W-5S(3) 101.84(8) 101.83(6) 103.0(1) 102.99(7) 102.8(1), 102.4(1) 103.4(1)
S(2-W—S(3) 106.49(7) 107.59(5) 102.7(1) 102.86(6) 105.9(1), 105.5(1) 102.7(1)
S(2-M—S(3) 106.49(7) 105.09(5) 99.7(1) 103.97(6) 99.22(10), 99.2(1) 100.9(1)
W—S(2)-M 72.37(6) 72.41(5) 77.6(1) 74.96(5) 76.15(9), 75.96(10 75.30(10)
W—S(3-M 73.03(6) 72.95(4) 77.1(1) 74.81(5) 75.88(9), 76.40(10) 75.32(9)
S(2-W-M-S(3) 168.30(9) 167.11(7) 163.4(5) 162.61(8) 164.1(1), 163.6(1) 157.2(1)

aReference 1° Torsion angle.

Table 2. Pertinent Bonding Parameters (A or deg) in Triply Bridged
Complexes [(METp)W(u-S):M]"

5 9 11
M PtMe; IrCp* Mo(CO)s
n 0 1+ 1-
W—-M 2.6865(5) 2.6415(6) 2.7783(4)
W-S(1) 2.238(2) 2.264(3) 2.247(1)
W-S(2) 2.262(2) 2.250(1)
W-S(3) 2.244(3) 2.240(1)
M—S(1) 2.513(2) 2.414(3) 2.549(1)
M—S(2) 2.395(3) 2.577(1)
M—S(3) 2.402(2) 2.567(1)
W-N(2) 2.248(4) 2.207(8) 2.246(3)
W-—N(4) 2.188(7) 2.270(3)
W—N(6) 2.213(8) 2.270(3)
S(1y-W-S(2) 97.89(5) 93.50(10) 97.57(4)
S(1y-W-S(3) 94.9(1) 97.99(4)
S(2y-W-S(3) 95.7(1) 97.06(4)
S(1-M—-S(2) 84.40(5) 86.56(9) 82.60(4)
S(1-M—-S(3) 87.20(9) 82.88(4)
S(2y-M—S(3) 88.29(9) 81.69(4)
W-S(1)-M 68.60(4) 68.68(7) 70.48(3)
W-S(2-M 69.05(7) 69.91(3)
W-S(3-M 69.21(7) 70.25(3)

The geometry around the Pt atom is trigonal planar, with
the sum of one SPt—S angle (106.49(7) and two S-Pt—P
angles (131.94(7), 121.41¢§)around Pt being 360 The
Pt—u-S bond distances (PS(2), 2.307(2) A; PtS(3),
2.284(2) A) are almost identical with the ¥W:-S bond
lengths already described. Due to the presence of the metal
metal single bond, the WS—Pt angles (72.37(8) 73.03-
(6)°) are significantly acute. The WP1i8ing is puckered
slightly with the dihedral angle of 188round the W-Pt
vector.

As listed in Table 1, the bonding parameters in the Pd
analoguet (W—Pd, 2.7234(5) A; W=S, 2.180(2) A; W-u-
S, 2.284(2) and 2.275(2) A; Pgi-S 2.327(2) and 2.306(2)
A; W—S—Pd, 72.41(5) and 72.95(4) are all in good
agreement with those i8. The structural features demon-
strated previously for the \WXS)(u-S)Pt core in2! contain-
ing a square planar Ptenter are also essentially similar to
those of3, although in2 the W—Pt single bond of 2.7792-
(6) A is slightly longer, whereas the S bonds with the
lengths of 2.148(3), 2.259(3), and 2.262(3) A are all slightly

shorter than the corresponding bond8.iifhe dihedral angle
between two WPtS planes is 15ibr 2. It is noteworthy
that the reactions of [WF~ with Pt' and Pd species
forming bimetallic W'—Pt' and W'—Pd' complexes, e.g.,
[SoW(u-SyPt(PES)2],** [SaW(u-SyPd(dppe)E? etc., have
been reported extensively, whereas those withaitl P?
compounds are unprecedented.

The other new complexes having doubly bridged cates
10, and 12 show the structural features analogou2te4
with respect to the (M8 p)W(=S)(u-S):M chromophore as
shown in Table 1. In particular, the bonding parameters
associated with the W—S and W'—N linkages in these
complexes are in good agreement with thos8& and 4.

If the metal-metal bonds are ignored, the geometries
around M in7 and10 are square planar and two-legged piano
stool, respectively. Forl2, that around W is square
pyramidal in one crystallographically independent molecule
and distorted square pyramidal for the otherlththe Ru-C
distances vary considerably from 2.119(6) A for C(16) to
2.204(6) A for C(18), which may be explained by the
presence of the steric repulsion between the methyl groups
of the MeTp and Cp* ligands. In2, the W(2)-CO bond
length for the apical CO ligand (W(2)C(16), 1.89(1) A) is
much shorter than those for the CO ligands in the basal plane
(W(2)—C(17), 1.98(1) A, W(2C(18), 1.96(2) A). This
feature is also observed in the other crystallographically
independent molecule 2 with the W—Cypicaiand W—-Chasal
bond lengths at 1.91(1) vs 1.99(1) and 1.98(2) A. The WMS
rings in7, 10, and12 are not planar with the dihedral angles
between two WMS planes of 163163, and 164, respec-
tively.

The RA—WVY' complexes related t@ such as [Rh(cod)-
(u-S)W(u-SyRh(cod)f*2 and [(cod)Rhg-S)HW (u-S)WCI-
(NN=CMePh)(dppel} have been structurally characterized,

(11) Siedle, A. R.; Hubbard, C. R.; Mighell, A. D.; Doherty, R. M.; Stewart,
J. M. Inorg. Chim. Actal98Q 38, 197.

(12) Wu, B.; Zhang, W.; Huang, X.; Wu, X.; Yu, 8olyhedron1996 16,
801.

(13) Siedle, A. R.; Gleason, W. Bnorg. Chem.1986 25, 4054.

(14) Seino, H.; Mizobe, Y.; Hidai, MBull. Chem. Soc. Jpr200Q 73,
631.
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whose bonding parameters associated with thg-8}Rh
fragments are similar to those ilisted in Table 1 except
for the W—S distances which are slightly shorter by av
0.060-0.065 A than those if.

A considerable number of the YW-Ru' complexes have
been isolated from the reactions of [WS with RuU'
complexes, which include, for exampleyf{cymene)Ru-
(PPh)(u-S)WS;]*5 and [CpRu(CNMe)-S),W (u-S),RuCp-

(CNMe)].*® As compared to these complexes containing six-

coordinate, electronically saturated Ru centéfswith the

Seino et al.

for the W—S, W—N, and M—S bonding parameters in each
complex are small and might be insignificant. The-W
distance at 2.6415(6) A is much shorter than those (2.85
2.87 A) and the S bond lengths in the range 2.395¢3)
2.414(3) A are analogous to those (23741 A) in the
doubly bridged Cp*I¥ complex [Cp*IrCl{u-SHW(u-S)-
IrCp*Cl].2t

For 11, the W—Mo separation of 2.7783(4) A is much
shorter than those in the related doubly bridged complexes
[NEt4]o[Mo(CO)a(u-S):W (u-S):Mo(CO)] (3.03 AP and

two-legged piano stool Ru atom has the significantly short [NEt,]J[S,W(u-S)Mo(CO)] (3.03 A),® whereas the Wu-S
Ru—S bonds; these differences amounting to ca. 0.1 A and Mo-u-S bond lengths in the range 2.240¢P).250(1)

indicate clearly the presence of theslectron donation from
the u-S ligands to Ru inl0.

Complex 12 incorporating a 8 W center with three
electron-withdrawing CO ligands has a relatively long

and 2.549(1)-2.577(1) A, respectively, irl1 are almost
comparable to those of 2.2@2.23 and 2.532.56 A in the
latter. It is to be noted that the M5 bond distances ihl
are much longer than the 5 bond lengths of the other

metal-metal bond (2.8988(6), 2.8993(7) A) among the new complexes reported here. The MG bond distances from
complexes reported here. This complex has two types of 1.952(5) to 1.967(5) A are comparable to the-® bond

W—u-S bonds, where the W u-S bonds (2.393(3)2.421-

(3) A) are significantly longer than the W-u4-S bonds in
the range 2.291(3)2.304(3) A, indicating clearly the
strongerr-donation of the lone-pair electron densities of the
bridging S atoms toward the higher valent W. It is notewor-
thy that the mononuclediac-W° tricarbonyl complexes with
three thioether ligands{ RE(CH.SMe)} W(CO)] (RE =
Bu"Sn}!” MeSit®) have more elongated %S bonds (2.55
2.61 A) compared to those ih2.

lengths of the basal CO ligands ir2.

Spectroscopic Data for the New Dinuclear Complexes.
TheH NMR spectrum of the doubly bridge®irecorded at
room temperature shows two singlet®dt.31 and 2.15 each
integrating for three protons and the two singlet® &.50
and 3.58 each integrating for six protons due to the methyl
protons in the Mglp ligand. This as well as the appearance
of the pyrazolyl methine protons at5.13 and 6.12 in an
intensity ratio of 1:2 is consistent with the octahedral

Table 2 shows the bonding parameters in the triply bridged structure of W occupying one terminal sulfide and two

complexes. In these complexes, the- WS bonds are 0.04
0.07 A longer and the WN bonds are 0.060.14 A shorter
than those in the paretit The former W-x-S bond lengths
are intermediate between the Y&emina and W—Syrigging

bridging sulfides trans to the pyrazolyl N atoms. This feature
was also observed previously farHowever, in the spectra

of all other doubly bridged complexes, the pyrazolyl methyl
protons are recorded at room temperature as only two signals

bond distances in the doubly bridged complexes shown here with the same intensities each corresponding to nine protons.
The S-W-S and W-S—M angles are all smaller in these This finding indicates that the structures of these complexes
triply bridged complexes than those in the doubly bridged with two bridging sulfides are fluxional at room temperature,

ones.
Complex5 containing high valent, octahedral\and PY
centers has a considerably shorter metagtal bond (2.6865-

where rapid interconversion between the terminal and
bridging sulfides is taking place by the facile dissociation
and formation of the M-S bonds with respect to all three

(5) A) as compared to the doubly bridged complexes. This sulfides. As expected, the spectradah acetoneds and6—8

W-—Pt bond coincides with th€s, axis of the molecule. The

in THF-dg recorded at-80 °C are consistent with the rigid

Pt—S bond distance at 2.513(2) A is almost comparable to doubly bridged structure clarified by the X-ray analysis. Line

those in [(PtMe)4(uz-SR)] (R = Phl® Me2° 2.46-2.54
A) and is much longer than those B1and 2 (2.284(2)-
2.307(2) A) owing to the strong trans influence by the methyl
ligands.

Both 9 with a three-legged piano stool Ir center ahtl
with an octahedral Mo center have the (Np)W(u-S):M
cores with a pseud@s, symmetry; the deviations observed

(15) Howard, K. E.; Lockemeyer, J. R.; Massa, M. A.; Rauchfuss, T. B.;
Wilson, S. R.; Yang, Xlnorg. Chem.199Q 29, 4385.

(16) Howard, K. E.; Rauchfuss, T. B.; Wilson, S. Rorg. Chem.1988
27, 1710.

(17) Morales, D.; Pez, J.; Riera, L.; Riera, V.; Miguel, rganometallics
2001, 20, 4517.

(18) Yim, H. W.; Tran, L. M.; Dobbin, E. D.; Rabinovich, D.; Liable-
Sands, L. M.; Incarvito, C. D.; Lam, K.-C.; Rheingold, A. Inorg.
Chem.1999 38, 2211.

(19) Craig, D. C.; Dance, |. GRolyhedron1987, 6, 1157.

(20) Ebert, K. H.; Donath, H.; Lorberth, J.; Seo, B.-S.; Herdtweck].E.
Organomet. Cheml998 559 203.
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shape analyses of the pyrazolyl methyl signals4dn the
range—60 to+40 °C and for6—8 in the range-40 to+40
°C have given the activation energies for this interconversion
(AG* to be 47, 53, 47, and 53 #dol™%, respectively.
Meanwhile, in the spectra fdrO and12 the resonances due
to the MeTp protons are still quite broad even-aB0 °C
and were unresolvable. For the triply bridged complexes,
the 3-methyl and 5-methyl groups are each equivalent, and
the 'H NMR spectra showed two singlets with the same
intensities assignable to the pyrazolyl methyl protons.

The IR spectra of the doubly bridged complexes are
featured by the appearance of the characten$té—=Sermina)
and v(W—Syriaging bands in the range 459178 and 405
440 cm’l, respectively, along with the/(B—H) bands

(21) Wanner, M.; Hartenbach, 1.; Fiedler, J.; Schleid, T.; Kaim, XV.
Naturforsch.2001, 56hb, 940.
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varying from 2540 to 2552 cm. Among these, assignments  Me,Tp), 5.20 (s, 1H, CH in MgTp), 6.05 (s, 2H, CH in Mglp).
of the ¥(W—Suriaging bands are somewhat tentative, since *P{'H} NMR (CD:CN) 6 68.3 (s). IR (KBr): 2541 (B-H), 459
these are generally so weak. For the triply bridged complexes,(W=S) cnm*. Anal. Calcd for GHedNsBPSWPd: C, 46.23; H,

the bands at 420 cm for 5, 409 cnt? for 9, and 405 cm?
for 11 might be assignable to thgW—S) bands.

The spectra ofil1 and 12 showed they(C=0) bands at
1923 (s), 1852 (m), and 1814 (s) chand at 1932 (s), 1867
(s), and 1794 (s) cm, respectively, as the additional
characteristic bands. For comparison, #(@=0) values for
the M(CO} fragments with three thioether coligandag¢-
[{MeSi(CH:SMe)} M(CO)4],*8 are 1918 and 1785 crhfor
M = Mo and 1910 and 1770 crhfor M = W, while those
for the parent complexes are 1913 and 1776 cfar fac-
[Mo(CO)3(MeCN)] and 1904 and 1786 cm for fac-
[W(CO)s(MeCN)g], respectively.

Experimental Section

General. All manipulations were carried out under an atmosphere
of N,. IR and NMR spectra were recorded on a JASCO FT/IR 420
spectrometer at room temperature and a JEOL alpha-400 spec
trometer at 20°C except for those stated otherwise. Elemental
analyses were done with a Perkin-Elmer 2400 series 1l CHN

analyzer. Complexes! [M(PPhs)4] (M = Pt22 Pc?d), [PtMesl] 4,24
[M(cod)(PPR)][BF4] (M = Ir, Rh)?> [Rh(cod)(dppe)][PH,*®
[Cp*Ir(MeCN)3][PFd]2* [CP*Ru(MeCNY][PF], 2 [M(CO)x(MeCN)]
(M = Mo, W),2° and [Mo(CO)(nbd)F° were prepared according
to the literature methods.

[EtaN][(Me . Tp)W(=S)u-S),Pt(PPhg)] (3). A mixture of 1.
MeCN (75 mg, 0.10 mmol) and [Pt(PRH (125 mg, 0.100 mmol)
in MeCN—THF (5 mL/3 mL) was stirred overnight at room

temperature. The resulting dark red mixture was filtered, and the
filtrate was concentrated to ca. half its volume. Addition of ether

gave3-MeCN as black crystals (82 mg, 68% yielthi NMR (CDs-
CN) 6 1.20 (t,dy-n = 7.2 Hz, 12H, NCHCHg), 1.31, 2.15 (s, 3H
each, Me in MgTp), 1.95 (s, 3H, MeCN), 2.50, 3.58 (s, 6H each,
Me in Me;Tp), 3.15 (q,Ju-n = 7.2 Hz, 8H, NCH), 5.13 (s, 1H,
CH in Me;Tp), 6.12 (s, 2H, CH in MgTp), 7.3-7.5 (m, 9H,m-
andp-H of Ph), 7.89 (ddJ = 10.8 and 6.8 Hz, 6Ho-H of Ph).
31p{1H} NMR (CDsCN) 6 70.5 (s with19Pt satellites,) = 6268
Hz). IR (KBr): 2540 (B-H), 460 (W=S) cnt . Anal. Calcd for
CuHsoNsBPSWPt: C, 42.83; H, 5.01; N, 9.29. Found: C, 42.39;
H, 5.02; N, 9.07.

[EtsN][(Me . Tp)W(=S)(u-S)Pd(PPhs)] (4). This complex was
obtained as black crystals 4fMeCN from equimolar amounts of
1-MeCN (75 mg, 0.10 mmol) and [Pd(PBJ (117 mg, 0.101
mmol) in 77% yield (86 mg) by the same procedure as thaBfor
IH NMR (CD3CN) ¢ 1.20 (t,Jy—n = 7.2 Hz, 12H, NCHCHj),
1.95 (s, 3H, MeCN), 2.38 (s, 9H, Me in MEp), 2.88 (br, 9H, Me
in Me,Tp), 3.15 (q,J4-n = 7.2 Hz, 8H, NCH), 5.78 (s, 3H, CH
in Me,Tp), 7.3-7.5 (m, 9H,m- andp-H of Ph), 7.85 (dd,J) = 10.8
and 6.8 Hz, 6Hp-H of Ph).'H NMR ((CD3),CO, —90°C) 6 1.58,
2.12 (s, 3H each, Me in M&p), 2.41, 3.54 (s, 6H each, Me in

(22) Ugo, R.; Cariati, F.; La Monica, Gnorg. Synth.1968 11, 105.

(23) Coulson, D. Rlnorg. Synth.1972 13, 121.

(24) Baldwin, J. C.; Kaska, W. @norg. Chem.1975 14, 2020.

(25) Schrock, R. R.; Osborn, J. 8. Am. Chem. S0d.971, 93, 2397.

(26) Fordyce, W. A.; Crosby, G. Anorg. Chem.1982 21, 1455.

(27) White, C.; Yates, A.; Maitlis, P. Minorg. Synth.1992 29, 228.

(28) Steinmetz, B.; Shenk, W. AOrganometallics1999 18, 943.

(29) Tate, P.; Knipple, W. R.; Augl, J. Mnorg. Chem.1962 1, 433.

(30) Darensbourg, M. Y.; Pala, M.; Houlistou, S. A.; Kidwell, K. P;
Spencer, D.; Chojnacki, S. S.; Reibenspies, Jndrg. Chem 1992
31, 1487.

5.41; N, 10.03. Found: C, 45.44; H, 5.15; N, 10.03.

[(Me,Tp)W(u-SyPtMes] (5). A mixture of 1-MeCN (83 mg,
0.11 mmol) and [PtMg]4 (41 mg, 0.028 mmol) in MeCN (5 mL)
was stirred overnight at room temperature. A black solid precipi-
tated, which was filtered off and crystallized from THRexane,
yielding 5 as dark purple crystals (30 mg, 33% yield NMR
(CsDg) 0 1.90, 2.86 (s, 9H each, Me in MEp), 2.43 (s with'%Pt
satellites,J = 73.0 Hz, 9H, PtMe), 5.37 (s, 3H, CH in MEp). IR
(KBr): 2552 (B—H), 420 (W=S) cnt 1. Anal. Calcd for GgH31Ne-
BSWPt: C, 26.45; H, 3.82; N, 10.28. Found: C, 26.40; H, 3.79;
N, 10.18.

[(Me,Tp)W(=S)(u-S)ir(cod)] (6). A mixture of 1-MeCN (78
mg, 0.10 mmol) and [Ir(cod)(PRRB][PFs] (98 mg, 0.10 mmol) in
MeCN (5 mL) was stirred overnight at room temperature. The
resultant red-brown mixture was filtered off, and the remained solid
was washed with MeCN and ether. The residue was crystallized
from benzene-hexane. The yield 06 as black microcrystals was
14 mg (15%).*H NMR (THF-dg): ¢ 2.3—2.5 (m, 17H, 3Me in

Me,Tp and CH in cod), 2.5-3.3 (v br, 9H, 3Me in MgTp), 5.19
(br s, 4H, CH in cod), 5.86.0 (br, 3H, CH in MeTp). *H NMR
(THF-dg, —80°C): 6 1.86, 2.22 (s, 3H each, Me in MEp), 2.2—
2.3 (m, 2H, CH in cod), 2.35-2.45 (m, 6H, CH in cod), 2.50,
3.26 (s, 6H each, Me in M&p), 4.95-5.05, 5.35-5.45 (m, 2H
each, CH in cod), 5.44 (s, 1H, CH in MEp), 6.24 (s, 2H, CH in
Me,Tp). IR (KBr): 2551 (B—H), 478 (W=S), 426 (W-S) cntL.
Anal. Calcd for GsHzNeBS:WIr: C, 31.48; H, 3.90; N, 9.58.
Found: C, 31.93; H, 3.92; N, 9.39.
[(Me,Tp)W(=S)E-S)Rh(cod)] (7). This complex was prepared
by the same procedure as that fbusing1-MeCN (75 mg, 0.10
mmol) and [Rh(cod)(PRu][PFe] (89 mg, 0.10 mmol) except that
the product was finally crystallized from THfhexane as pale
brown microcrystals. Yield: 21 mg (27%)% NMR (THF-dg): 6
2.38 (s, 9H, Me in MgTp), 2.4-2.5, 2.5-2.6 (m, 4H each, Ckin
cod), 2.86 (br s, 9H, Me in Md&p), 5.52 (br, 4H, CH in cod), 5.86
(s, 3H, CH in MeTp). *H NMR (THF-dg, —80 °C): ¢ 2.01, 2.24
(s, 3H each, Me in MdTp), 2.3-2.4 (m, 2H, CH in cod), 2.47 (s,
6H, Me in MeTp), 2.4-2.6 (m, 4H, CH in cod), 2.6-2.7 (m,
2H, CH, in cod), 3.24 (s, 6H, Me in Mdp), 5.35-5.45 (m, 2H,
CH in cod), 5.48 (s, 1H, CH in M&p), 5.6-5.7 (m, 2H, CH in
cod), 6.19 (s, 2H, CH in M&p). IR (KBr): 2551 (B—H), 477
(W=S), 424 (W-S) cn1 ™. Anal. Calcd for GaHzsN¢BS;RhW: C,
35.04; H, 4.35; N, 10.66. Found: C, 34.99; H, 4.48; N, 10.20.
[(Me,Tp)W(=S)u-S):Rh(dppe)] (8). A mixture of 1-MeCN (43
mg, 0.057 mmol) and [Rh(cod)(dppe)][]F42 mg, 0.055 mmol)
was stirred in MeCN at room temperature for 16 h. The resulting
deep purple solution was dried up, and the residue was extracted
with benzene. Addition of hexane to the concentrated extract gave
purple crystals 08-CgHg (25 mg, 40% yield)H NMR (THF-dg):
0 2.34 (br s, 9H, Me in MgTp), 2.5-2.9 (v br, 13H, PCH and
3Me in Me&Tp), 5.5-6.0 (br, 3H, CH in M@Tp), 7.3-7.4 (m, 18H,
m- andp-H of Ph and GHe), 7.8-7.9 (m, 8H,0-H of Ph).1H NMR
(THF-dg, —80°C): ¢ 1.17, 2.15 (s, 3H each, Me in MEp), 2.25-
2.4 (m, 2H, CH in dppe), 2.46 (s, 6H, Me in Mé&p), 3.05-3.2
(m, 2H, CH in dppe), 3.36 (s, 6H, Me in M&p), 5.15 (s, 1H, CH
in Me,Tp), 6.14 (s, 2H, CH in Mgl'p), 7.3-7.4 (m, 18H,m and
p-H of Ph and GHg), 7.75-7.85, 7.95-8.05 (m, 4H eachg-H of
Ph).31P{1H} NMR (C¢Dg): 6 79.8 (d,Jrn—p = 163 Hz). IR (KBr):
2546 (B—H), 466 (W=S), 419 (W-S) cnt!. Anal. Calcd for
C41H45NeBP233RhW: C, 48.80; H, 4.53; N, 7.27. Found: C, 48.38;
H, 4.49; N, 7.34.
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Table 3. Crystallographic Data foB-MeCN, 4:-MeCN, 5, 7, 9, 10, 11-MeCN, and12

3-MeCN 4-MeCN 5 7 9 10 1iMeCN 12
formula CiaHeoNs- Cy3HeoNgB- CigH31N6- Ca3H34NeB- CosH37NeB- CasH37NeB- CogHasNgOz-  CoeHaoN7-
BPSWPt PSPdW BSsWPt SsRhW FePSWIr SSRuwW BSsMoW O3BSW2
fw 1205.90 1117.21 817.41 788.31 1049.63 813.52 ~928.50 975.35
space group  P2j/c (No.14) P2/c(No.14) R3(No.148) Pna2;(No.33) P2j/c(No.14) P2/n(No.14) P1(No.2) P2;/n (No. 14)
a(A) 10.940(1) 10.938(2) 13.057(2) 17.508(2) 8.461(2) 11.927(3) 10.756(2) 11.625(3)
b (A) 17.208(3) 17.197(2) 13.057(2) 10.773(3) 13.966(1) 19.502(4) 11.684(2) 48.571(6)
c(d) 25.248(1) 25.315(1) 24.950(4) 14.569(2) 29.489(2) 13.047(2) 15.757(4) 12.644(2)
o (deg) 90.00 90.00 90.00 90.00 90.00 90.00 81.06(1) 90.00
B (deg) 97.449(8) 97.181(8) 90.00 90.00 92.27(1) 92.18(1) 77.86(1) 105.03(2)
y (deg) 90.00 90.00 120.00 90.00 90.00 90.00 78.12(1) 90.00
V (A3 4713.0(10) 4724.5(8) 3683(1) 2747.9(9) 3481.7(8) 3032.6(9) 1881.5(6) 6894(2)
z 4 4 6 4 4 4 2 8
Pealcd (g cMT3)  1.699 1.571 2.211 1.905 2.002 1.782 1.639 1.879
Ucaled (CM™1) 56.01 30.22 106.26 50.40 74.19 45.25 35.97 68.96
cryst size 0.35x 0.35x 0.50x 0.30x 0.25x 0.20x 0.15x 0.10x 0.45x 0.10x 0.15x 0.15x 0.40x 0.40x 0.40x 0.20x
(mm?) 0.15 0.20 0.15 0.10 0.10 0.15 0.30 0.15
no. data 61061(> 7479 ( > 1504 ( > 3701 ( > 5185( > 4631 ( > 7069 ( > 8277 ( >
3.00(1)) 3.005(1)) 3.00(1)) 3.005(1)) 3.00(1)) 3.000(1)) 3.00(1)) 3.005(1))
no. variables 528 524 92 354 452 335 445 758
transm factor  0.491.00 0.54-1.00 0.61+1.00 0.771.00 0.19-1.00 0.92-1.00 0.73-1.00 0.59-1.00
R 0.037 0.038 0.026 0.036 0.043 0.032 0.026 0.042
R.? or WRZE 0.037 0.04% 0.02¢ 0.098 0.044 0.032 0.02& 0.04%
GOH 1.30 1.61 1.39 1.00 1.70 1.20 1.59 1.24

residual peaks 1.23,-1.29 2.39,-0.75 0.81,-0.82 1.44-1.14 2.34-1.79 0.56,-0.62 0.79,-0.59 1.78-1.21
A5

AR = ||Fo| — |Fdll/SIFol- ® Ry = [SW(Fo| — |Fe)ZTWFAY2 (W = [{0(Fo)}2 + (p74)F 2] 2. cWR2 = [SW(Fo2 — FAZIW(FAF L2 4 GOF = [TW(|F|
— |Fe){(no. observed)- (no. variables)]V2.

[(Me,Tp)W(u-SkIrCp*][PF ¢ (9). A mixture of 1-MeCN (75 Ju-n = 7.2 Hz, 12H, NCHCHj3), 1.95 (s, 3H, MeCN), 2.34, 2.58
mg, 0.10 mmol) and [Cp*Ir(MeCN)[PFg], (75 mg, 0.10 mmol) (s, 9H each, Me in Mgp), 3.15 (q,Ju-n = 7.2 Hz, 8H, NCH),
in MeCN (5 mL) was stirred overnight at room temperature. The 5.91 (s, 3H, CH in Mglp). IR (KBr): 2549 (B—H), 1923(s), 1852-
resultant red mixture was dried up and washed successively with (m), 1814(s) (&0), 405 (W—S) cntL. Anal. Calcd for GgHssNgOs-
ethanol and ether. The residue was extracted with MeCN, and theBS;MoW: C, 36.22; H, 4.88; N, 12.07. Found: C, 35.66; H, 4.83;

extract was concentrated to ca. 1 mL. Addition of ether ghas N, 11.92.

red crystals in 62% yield (65 mg)H NMR (CDsCN): 6 2.17 (s, [Et4N][(Me , Tp)W(=S)u-S)W(CO)3] (12). This complex was

15H, Cp*), 2.39, 2.55 (s, 9H each, Me in M), 6.08 (s, 3H, CH obtained froml-MeCN (90 mg, 0.12 mmol) and [W(C{MeCN)]

in Me,;Tp). IR (KBr): 2575 (B-H), 841 (P-F), 409 (W-S) cnT1. (49 mg, 0.12 mmol) in 76% yield (90 mg) as dark green crystals

Anal. Calcd for GsHz/NgBFsPSWIr: C, 28.61; H, 3.55; N, 8.01. by the procedure analogous to that foMeCN and [Mo(CO3-

Found: C, 28.46; H, 3.59; N, 7.78. (MeCN)]. *H NMR (CDsCN): 6 1.20 (t,Jy—n = 7.2 Hz, 12H,
[(Me,;Tp)W(=S)u-S)RuCp*] (10). A mixture of 1-MeCN (67 NCH,CH3), 2.36, 2.47 (s, 9H each, Me in MEp), 3.15 (q,J4-n

mg, 0.090 mmol) and [Cp*Ru(MeCR]JPF¢] (45 mg, 0.089 mmol) = 7.2 Hz, 8H, NCH)), 5.91 (s, 3H, CH in Mgl'p). The spectrum

in MeCN (5 mL) was stirred overnight at room temperature. A recorded at-90 °C in (CDs).,CO showed the broadened but still
green solid precipitated, which was filtered off and washed with unresolvable Mgl'p resonances. IR (KBr): 2550 {BH), 1932(s),
MeCN and then with ether. The residue was crystallized from 1867(s), 1794(s) (€0), 472 (W=S), 405 (W-S) cntl. Anal.
benzenehexane. The title compound was obtained as dark green Calcd for GgHiN;OsBS:W,: C, 32.02; H, 4.34; N, 10.05.
crystals in 26% vyield (19 mg}H NMR (CgD¢): 6 1.78 (s, 15H, Found: C, 31.91; H, 4.30; N, 10.01.

Cp*), 2.06, 2.91 (s, 9H each, Me in MEp), 5.55 (s, 3H, CH in X-ray Crystallography. Single crystals o8-MeCN, 4-MeCN,
Me,Tp). In the spectrum recorded-aB0 °C in THF-dg, broadening 5,7, 9, 10, 11:-MeCN, and12 were sealed in glass capillaries under
of the MeTp signals was observed, but these were not resolved. argon and mounted on a Rigaku AFC7R diffractometer equipped

IR (KBr): 2553 (B—H), 465 (W=S), 440 (W-S) cnrl. Anal. with a graphite monochromatized MooKsource. All diffraction
Calcd for GsHa/NeBS;RUW: C, 36.91; H, 4.58; N, 10.33. Found:  studies were done at room temperature. Intensity data were corrected
C, 36.78; H, 4.62; N, 10.38. for Lorentz-polarization effect and for absorption. Decay correction

[EtaN][(Me 2 Tp)W(u-S)Mo(CO)3] (11). A mixture of 1-MeCN was also applied t8-MeCN (linear decay by 16%). Details are
(79 mg, 0.11 mmol) and [Mo(C@MeCN)] (32 mg, 0.11 mmol) listed in Table 3.
in MeCN (5 mL) was stirred overnight at room temperature. The  Strycture solution and refinements were carried out by using the
resultant mixture was filtered, and ether was added to the fiItrate, program packages of teXs&rfor 3,4,5, 9 10, 11, and12 and
affording red-brown crystals df1-MeCN (38 mg, 39%). CrystalStructur for 7. The positions of non-hydrogen atoms were

As for the mixture of1-MeCN (75 mg, 0.10 mmol) with [Mo-  determined by Patterson methods (PAT®Yand subsequent
(CO)(nbd)] (30 mg, 0.10 mmol) in MeCN (5 mL) after overnight  Fourier synthesis (DIRDIF 94 or 99}, which were refined with
stirring at room temperature, the NMR spectrum showed that all
[Mo(CO)4(nbd)] was consumed, whereas ca. 25% of charjed  (31) texsan: Crystal Structure Analysis Packaddolecular Structure
remained unreacted in the resultant mixture. Hence, 12 mg (0.040 Corporation: The Woodlands, TX, 1985 and 1992.

; ; (32) CrystalStructure 3.00: Crystal Structure Analysis Packagieaku
mmol) of [Mo(CO)(nbd)] was added, and the mixture was stirred and Rigaku/MSC. 20062002, Watkin, D. J.- Prout, C. K... Cartuthers,

further at room temperature overnight. The analogous workup gave J. R.: Betteridge, P. WCRYSTALSssue 10; Chemical Crystallography
11-MeCN in 16% yield (15 mg)!H NMR (CDsCN): ¢ 1.20 (t, Laboratory: Oxford, U.K.
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anisotropic thermal parameters by full-matrix least-squares tech- Because of the poor quality of the crystal, refinements of the
niques. The BH hydrogens were also located in the Fourier maps structure foré were not successful to a satisfactory level, although
but were not refined except for that f8rwhich was isotropically the atom connecting scheme has been demonstrated unambiguously.
refined. All other hydrogen atoms were placed at the calculated Crystal data fo6: Cy3H3/NeBS;WIr, M = 877.62,Pna2; (No. 33),
positions and included in the final stages of the refinements with a3 = 17.520(2) Ab = 10.745(2) Ac = 14.549(3) AV = 2738.9-

fixed parameters. Disordered models were applied for the refine- (7) A3, Z = 4, pcaca= 2.128 g cm?, Ucalcd = 93.22 cnrl.

ments of the Pganion in9 and the NE4 cation in11 The absolute
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