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The chemistry of transition metal containing metallabenzenes
is attracting increasing attention both experimentallyd theoretic-
ally.> Metallabenzenes are interesting because they can display
aromatic properties and they can mediate organometallic reactions.
The isolation and characterization of stable metallabenzenes rep-

resents one of the major issues of metallabenzene chemistry. The

common strategies previously employed to construct stable met-
allabenzene rings include cyclization reactions of alkynes with
metal-thiocarbony## deprotonation of pentadienediyl iridium
species (derived from the reactions of IrCI@PRwith potassium
3,5-dimethylpentadienidé),reactions of LMCI with lithiated
3-vinyl-1-cyclopropened*de6and oxidation of bicyclic iridium
complexes derived from the coupling of alkyrf@During an in-
vestigation of the reactivity of OsgPPh); with terminal alkyneg,

we found a new convenient route to prepare osmabenzenes starting

from readily accessible HECCH(OH)G=CH. The investigation
led us to isolate the first phosphonium salts of metallabenzenes.
Treatment of OsG(PPhy)s 8 (1) with HC=CCH(OH)G=CH? in
dichloromethane produce&tj which can be isolated as a green solid
in 44% yield (Scheme 1). Compourihas been characterized
by solution NMR spectroscopic data and elemental anal§gike
SIP{IH} NMR spectrum in CRCl, showed two singlets at 20.1
and—15.5 ppm assignable toRPh; and O®Ph;, respectively. The
presence of the metallacycle is clearly indicated by'thend3C
NMR data. In particular, theH NMR spectrum in CRCl, showed
the characteristic Od€signal at 23.13 ppm and theCH signal
at 8.57 ppm; thé3C{H} NMR spectrum (in CRCl,) showed the
signals of O€H, CPPh, andy-CH at 239.7, 112.7, and 160.5 ppm,
respectively. The structure & has been confirmed by X-ray
diffraction. As shown in Figure 1, the complex contains an essen-
tially planar six-membered metallacycle with two BBhbstituents.
The maximum deviation from the least-squares plane through
0s(1), C(1), C(2), C(3), C(4), and C(5) is 0.0754 A for C(1). The
Os—C(1) (1.946 (12) A) and OsC(5) (1.971 (12) A) bond
distances are shorter than the-@2H distances in osmabenzenes
Os(C(SMe)CHCHC(X)CH)I(CO)(PRJ» (X = NO,, 2.011(7) A;
X = Br, 2.039(9) A)2 The C-C bond distances of the metallacycle
are longer than typical€€C double bonds and shorter than typical
C—C single bonds. The NMR as well as the X-ray diffraction data
indicate that the six-membered metallacycle of the complex cation
of 2 has a delocalized structure with contribution fr@&hA—2D.
The similarity in P-C(phenyl) and P-C(metallabenzene) bond
distances indicates th&A and 2B are the dominant resonance
structures.
Reaction of2 with PMe; produced osmabenze3€Scheme 1),
which is closely related to Roper’s osmabenzenes Os(C(SMe)-
CHCHC(X)CH)I(CO)(PPH)..2"* The structure oB has also been
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Figure 1. Molecular structure for the complex cation2fThe hydrogens
of phenyls are omitted for clarity. Selected bond distances (A)-Q

1.946(12); C+C2, 1.398(15); C2C3, 1.373(16); C3C4, 1.448(17),
C4—C5, 1.363(15); C50s, 1.971(12).
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confirmed by X-ray diffraction (Figure 2). As expected, slight
short-long bond alternations were observed for the-Gsand C-C
distances of the metallacycle. The solid-state structure is fully
supported by the solution NMR spectroscopic data.

A plausible mechanism for the formation of the cationic complex
2 from the reaction of H&ECCH(OH)G=CH with 1 is proposed
in Scheme 2. Complek can initially react with H&ECCH(OH)-
C=CH to give intermediaté\, which can react with PRho give
4. 4 may then react with additional PPpresent in solution to give
intermediateB, which loses an OH from the y-carbon to give
compound2. Addition reactions of phosphines to coordinated
alkynes are known reactiodsThe dissociation of OHfrom B is
interesting and can be related to the formation of allenylidene
complexes WM=C=C=CR; from the reactions of M with
HC=CC(OH)R..*?

One of the intermediates, complex has been isolated as a
yellow solid from the reaction ofl with HC=CCH(OH)G=CH
carried out in THF. The structure dfcan be readily assigned on

10.1021/ja0486871 CCC: $27.50 © 2004 American Chemical Society
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Figure 2. Molecular structure for the complex cation&fThe hydrogens

of phenyls and methyls are omitted for clarity. Selected bond dis-

tances (A): OsC1, 1.995(3); C+C2, 1.383(5); C2C3, 1.426(5);
C3-C4, 1.382(5), C4C5, 1.429(5); C50s, 1.920(4).
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the basis of its analytical and spectroscopic data. THheNMR
spectrum (in CRCl;) showed Os€@&, CHOH, and G=CH sig-
nals at 12.93, 5.39, and 3.75 ppm, respectively. T{H}
NMR spectrum (in CBCl,, 246 K) showed five signals of the
HC=C(PPh)CH(OH)C=CH chain at 206.5 (G3H), 111.2
(CPPh), 85.0 C=CH), 78.6 (CG=CH), and 77.8 CHOH) ppm. In
the 31P{1H} NMR spectrum (in CRCl,), the signals of ©Phy
appeared at 9.8 ppm and the signals oPPig appeared at-6.9
and—7.9 ppm. Observation of two signals of OsREhexpected
because of the presence of the CH(OEJCH group.

The production oR from 4 has been confirmed experimentally.
Thus, treatment of with PPh quickly produced in good yield.
Similar chemistry was also observed starting from QgB?Ph)s
(5). Thus treatment ofb with HC=CCH(OH)G=CH in THF
produced complexs, which reacted with PRhto give 7 after
metathesis with BANBr (eq 1). Complexe$ and 7 presumably
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have the same structures4sand?2 respectively as judged on the
basis of the spectroscopic data. The new osmabenZigeand

7 appear to be air stable in both solid state and in solution for at

least a week.
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CD,Cl, showed a @Ph; signal at 18.8 and the ®fh; signal at
—27.3 ppm. The chemical shift of theRPh; is similar to those of
complex 2, indicating that the PRhgroups are in a similar
environment. ThéH NMR spectrum in CRCl, showed two Osé&
signals at 20.1 (Od@Cl) and 19.0 (Os€ECPPh) ppm and the
OsCHCI signal at 8.10 ppm. In th&’C NMR spectrum, the
five carbon signals of the HCC(PHBHCICH chain were observed
at 248.2 (O€HCI), 220.9 (O€HCPPh), 152.6 (OsCHCCH),
112.9 (OsCKPPh), and 98.3 (OsCBI) ppm.

In summary, we found a very convenient route for the preparation
of osmabenzenes starting from readily accessible=BCH-
(OH)C=CH. The reactions involve nucleophilic attack of coordi-
nated alkynes by nucleophiles such as P&fd I, followed by
dissociation of OH at y-carbon. The isolation of osmabenzenes
2, 7, and8 is interesting because it demonstrate that metallaben-

zenes, like benzene, can also form phosphonium salts. We are in
the process of extending the chemistry to prepare other metalla-
benzenes and studying the chemistry of our new osmabenzenes.
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