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Summary: The bis(nitrile) complex [MOp(u-SMe}NCCHs),]-
(BF4) (1) reacts with HGECCPh(OH) to give the u-alkyne
product [Mo,Cp(u-SMe}{ HC=CCPh(OH)}](BF4) (2). Se-
quential treatment with triethylamine and tetrafluoroboric acid
corverts 2 almost quantitatiely, via the u-alkynyl dervative

3, into [Mo,Cpx(u-SMe}(u-nt:n?-C=C=CPh)] (BF4) (4), the
first example of a dinuclear-n*:572-allenylidene species without
carbonyl ligands.

Introduction

Recent interestin allenylidene complexes arises from their
importance in several developing areas of organometallic
chemistry. (i) They are involved in the growth of carbon chains
at metal surface¥ (ii) Their unsaturated carbon chains are
possible precursors of molecular wires or polymers which have
novel optical and electronic properti¥s.(iii) They can catalyze
synthetically useful organic reactions: for example, nucleophilic
substitution of propargylic alcohdland alkene metathesighe

vast majority of known allenylidene complexes are mono-
nuclear General methods of synthesis for binuclear or poly-
nuclear derivatives are unavailable, and consequently, there have
been only a few reports of such complexésTwo well-
established bridging modes have been found for allenylidenes
in binuclear complexes, the-y';! (2e) (endonpacedi and
u-ntn? (4e) (side-or¥P4f forms; however, there are also
examples of dinuclear complexes containing nonbridging alle-
nylidene ligands (2% All known dinuclear and polynuclear
complexes containing bridging allenylidene ligands also contain
carbonyl ligand$;®the only possible exception i§CpZrEt} o-
(u-C=C=CMe,)], where one Zr atom appears to interact with
all three chain carbon ator@$Accordingly, in an attempt to
synthesizeu-allenylidene complexes which do not owe their
stability to the presence of carbonyl ligands, we have reacted
the bis(isonitrile) compound [M€p;(«-SMe)s(NCCH;),](BF4)

(1)8 with propargylic alcohols, followed by sequential treatment
with triethylamine and tetrafluoroboric acid. We now report that
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the ultimate product of these reactions contains the desigsed C
ligand bridging two molybdenum atoms in @ntn? (4e)
manner.

Results and Discussion

Treatment ofl with 1 equiv of HGECCPh(OH) in CH,Cl,
gave [MaCp(u-SMe)x{ HC,CPh(OH)} (BF.) (2) as a brownish
green solid in 84% vyield (Scheme 1.is formulated as a
dimolybdenum complex with an alkyne ligand bonded in a
parallelu-nt:p* manner, since its spectra show obvious parallels
with those of the related species [MEP(u-SPHa(u-S)u-n*:
n*-CzPhp)] and [Mo:Cpy(u-SMe)(u-n*n'-HC,COMe)](BFy),

Notes

acetylide derivative [MgCpx(u-SMek{u-1*:5>-C=CCPh-
(OH)}] (3) was isolated in moderate yield (Scheme 1). The
presence of the alkynyl ligand B was established from both
the13C{1H} NMR spectrum and thEH—13C experiment, which
indicate the presence of only one resonance corresponding to
the acetylenic carbon atofist 120.6 ppm and a singlet at 77.4
ppm due to theCPh(OH) carbon atom!H NMR spectra of2

and 3 show only one Cp signal, which indicates that both
complexes are fluxional at room temperature. Addition of EHIBF
to a solution of3 in dichloromethane afforded exclusively the
u-allenylidene complex [MgCpa(u-SMek(u-ntiy?>=C=C=
CPh)](BF4) (4) (Scheme 1). Mechanistically, the allenylidene-
bridged derivative4 most probably results from spontaneous
dehydration of the:-;1:72—hydroxyvinylidene intermediata
(Scheme 1), generated by electrophilic attack of the proton of
HBF, at the G carbon atom of the alkynyl complek TheH
NMR spectrum o# shows a single cyclopentadienyl resonance
at o 6.00, which is integrated as 10 hydrogens. This is clearly
inconsistent with the solid-state structure established for this
complex (see below) and suggests that the molecule is fluxional
in solution at room temperature. This is in accord with the
observed line broadening of the Cp resonance when a dichlo-
romethaned, solution of4 is cooled from 298 to 174 K. The
13C{1H} NMR spectrum contains a resonance at low field (
302.0) assignable to a carbenoid carbon atog).(This low-
field chemical shift is indicative of an asymmetric side-on
coordination mode of the allenylidene group bridging a bimetal-
lic core ([M]—[M]), for which a 13C, chemical shift range of
302-282 ppm has been observed in knaqwallenylidene (side-
on) dinuclear derivative®%fand it is in contrast with the values

of 206.5-173 ppm reported for related end-on speéig=in
short, these spectroscopic data suggest ¢hags a highly
unsymmetrical structure in solution. Single-crystal X-ray analy-
sis confirms that the cation of displays the unsymmetrical
side-on coordination of the allenylidene group (Figure 1),
bridging the metatmetal bond as a four-electron donor.
However, a typical disorder of the-SMe groups (occupancy

of minor sites 0.076(5)) affects the accuracy of the results. The
length of the Me-Mo single bond ir4 (2.659(9) A) is close to
the average value for [MY (u-SR)] complexes (2.644 A), and
theu-Mo—S distances are also unexceptiot{dhe short Mo2-

C4 distance (1.88(1) A) formally represents a double bond;
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allenylidene derivatives, such as [M2p(CO)(u-nt:n2-C=C=

whose molecular structures have been confirmed by X-ray CMe,)] (1.912(3) AP" and [MaCpy(CO)(u-5t:n2-C=C=
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overall yield of 201 mg (84%) o2. IR (KBr, cm™1): »(OH) 3402
(vs),»(C=C) 1635 (m).!H NMR (CD,Cl,, 25°C): 6 12.52 (s, 1H,
RCCH), 6.90-7.28 (m, 10H, C(@Hs),), 6.42 (s, 10H, GHs), 3.21
(s, 1H, CH), 2,04, 2.02, and 1.99 (s, 3H, 8). 13C{*H} NMR
(CD.Cl,, 25 °C): ¢ 243.4 (HG=C), 136.6 C ipso Ph), 130.2
127.5 CeHs), 106.7 and 98.3¢sHs), 78.2 COH). 30.0 and 15.4
(SCH3). Anal. Calcd for GgH3:BF/M0,0Ss: C, 44.34; H, 4.11.
Found: C, 43.95; H, 4.31.

Reaction of 2 with EtzN: Synthesis of 3.To a dark green
solution of2 (201 mg, 0.26 mmol) in CkCl, (20 mL) was added
an excess of triethylamine (2 equiv, 74). The solution turned
readily to pale green. After the mixture was stirred for a few minutes
at ambient temperature, the solvent was evaporated3awds
extracted with diethyl ether (% 15 mL). The solvent was then
removed in vacuo from the pooled extracts. When the residue was
washed with cold pentan8,was obtained as a green powder (84
mg, 47% yield). IR (KBr, cm?): »(OH) 3412 (vs, br)y(C=C)
1959 (m).'H NMR (CDCl;, 25 °C): ¢ 7.82-6.98 (m, 10H,
Figure 1. View of the [Mo,Cp,(u-SMe)(u-nL:n2-(C=C=CPh)]* C(CeHs)2), 5.16 (s, 10H, €Hs), 2.57 (sbr, 1H, ®), 1.64, 1.61,
cation in crystals ofi-CH,Cl,. Each S atom is disordered over two  and 1.49 (s, 3H, SBs). 13C{1H} NMR (Cg¢Ds, 25°C): 0 147.2 C
sites; only the major sites with occupancy 0.924(5) are shown here.ipso Ph), 130.2126.8 CgHs), 120.6 (G=CCPh), 90.9 CsHs), 77.4
Ellipsoids at the 20% probability level are shown, except for (C(OH)Ph), 17.0, 11.8, and 10.9 (31s3). Anal. Calcd for GgHse-
hydrogen atoms, which are represented by spheres of arbitrarypmo,0S;: C, 50.15; H, 4.51. Found: C, 50.21; H, 4.50.
ES;{Iul\jl'osle_lg(zfe(;g?tﬁ;‘;ceMso(lA_)cagd;Zgl&i (ﬁg&gﬁfdgi 4262???) Synthesis of 4.0ne_ equi_vqlent of H[Bﬂ-_EtZO in diethyl ether
Mol-S2, 2482(3), Mo%S3, 2456(3), Mo2 C4, 188(1), Mo2- (5 mL) was added with stlrrlng to a solution 6f(84 mg, 0.125
S1, 2.480(3); M02 S2, 2.497(3); Mo2 S3, 2.439(3); C4C5, 1.31- mmol) in dichloromethane (10 mL) at room temperature. A purple
(2); C5-C6, 1.36(1); C6-C31, 1.51(1); C6C41, 1.50(1); Mot solid readily precipitated from the solution and was collected by
C4—Mo2, 79.0 (4); C5-C4—Mo2, 160.1(9); C5C4—Mol, 81.3(7); filtration and washed with pentane {15 mL). Compound} was

C6—C5—C4, 144.0(1); C6C5—Mo1l, 149.3(8); C4C5-Mo1l, obtained as a purple powder (78 mg, 75.5% yield). Crystal of
66.6(7); C31:-C6-C5, 121.9(9); C3+C6-C41, 118.2(9); C4t suitable for X-ray analysis, were formed by crystallization at room
C6-C5, 119.8(9). temperature from a Ci€l, solution layered with diethyl ether. IR

(KBr, cm-%): »(C=C=C) 1653 (m).XH NMR (CD,Cl,, 25°C): ¢

7.48-7.24 (m, 10H, C(GHs)2), 6.00 (s, 10H, GHs), 2.01, 1.78,
four-stage pathway was previously proposed by Sefégoe and 1.46 (s, 3H, SB5). 3C{'H} NMR (CD.Cl,, 25 °C): 6 302.0
mononuclear transition-metal derivatives. Remarkable features(mo,C=C=CPhy), 170.2 (MaC=C=CPh), 140.2, 130.3, 130.2,
of this work are that two of the three intermediates involved in and 129.14C(CeHs),), 135.7 (MaC=C=CPhy), 98.3 CsHs), 25.6,
the formation of4 have been isolated and that, finally, a non- 13.1, and 9.3 (SHs). Anal. Calcd for GgH2oBF4sM0,S;:CH,Cly:
carbonylu-allenylidene dinuclear complex has been prepared C, 42.20; H, 3.79. Found: C, 42.28; H, 3.92.
and structurally characterized. Further experiments are now in Crystallographic Data. X-ray crystal data fod-CH,Cl,: CogHaz-
progress: they extend the scope of the reactivity of these Side'BC|2F4M0283 fw = 825.31, monoclinic, space grole/c, a =
on allenylidene species and should give a better understandinglo_487o(7) ,B,\,b _ 17.028(:131) A c—= 19.660(35) A B = 105.853-

of the factors which govern their behavior. (8), V= 13274.1(4) B, T = 293 K,Z = 4, d(calcd)= 1.674 g/crA.
) ) 4888 unique, absorption-corrected intensities wifMo Ka) <

Experimental Section 25.0°. R(F) = 0.079 for 3201 reflections with > 20(1), andR,-

(F?, all data)= 0.200 after refinement of 345 parametersp| <

General Procedures.All reactions were routinely carried out 3
under a nitrogen atmosphere using standard Schlenk techniquesp'59 e A=,
Solvents were distilled immediately before use under nitrogen from
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