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the butadiynediyl ligand is effective in conveying electronic
information between the two metal centers in the same
molecule. Work is underway to determine the extent of
this interaction by studying other heterobimetallic com-
plexes containing carbon-carbon triple bonds.
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Summary: The silica-anchored hydrido cluster HOs,-
(C0O)40(0Si <) is easily prepared from physisorbed Os,(C-
0);,. Chemical displacement from the surface with HF
leads to the isolation of pure HOs4(CO),,(OH). This ap-
proach is far simpler and gives much higher yields than
the conventional syntheses in solution.

The surface organometallic chemistry originating from
the interaction of Os;(CO),, with the surface of silica has
been investigated over the last few years.! In particular,
the oxidative addition of a silanol group of the surface into
an osmium-osmium bond of the cluster takes place easily
on thermal treatment in argon or under vacuum at 373 K:

084(CO),; + HO-Si< — HOs;(C0O)1,(0Si<) + 2CO

The surface reaction is stoichiometric;! the surface hydride
is selectively formed and is stable up to 423 K.

Solvent extraction of the surface species with CH,Cl,
or THF was unsuccessful. However, we have found that
dissolution of the silica support with HF leads to de-
struction of the Os—0-Si bonds, and by protonation, pure
HOs3(C0),,(OH) is recovered:

HF/H,0

HOs,(C0),4(0Si <) HOs,(CO),(OH) + H,SiF,

The proposed chemical displacement with HF thus may
provide a general method for the characterization of sili-
ca-supported metal clusters. In addition, a novel
“surface-mediated” route to the high-yield synthesis of
HOs3(CO),,(OH) now is available.

In a typical experiment, the anchored osmium cluster
HOs4(C0),,(0Si€) (2.0 wt % Os) was prepared from
0383(CO),, (160 mg) and SiO, (Aerosil 200 Degussa, 5.0 g)
by following two different procedures: (A) Os3(CO),, was
first physisorbed on silica, and then the mixture was heated
under argon between 373 and 413 K.2 (B) The support
was suspended in a degassed n-octane solution of Os3(CO);,
and refluxed under argon until the solvent was decolor-
ized.® Once dried, HOs,;(C0),,(0Si<) is stable in air and
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Table I. Chemical Extraction Data from Different Samples
of HOs;3(C0O),,(0OSi<)

technique of thermal
impregna- _treatment 1y NMR,

support® tion® T,K ¢th ppm°®
Aerosil 200 A 420 12 -12.60
B 398 20 -12.60

Cab-0-8il M5 A 373 40 -12.65
Akzo F6 B 398 6 -12.58
Carlo Erba GC B 398 6 ~12.60
Porasil 80-100 B 398 14 -12.57
HOs;(C0),o(OH)¢ -12.58

¢ All supports used as received. ®See text. “In CD,Cl, at 300 K.
4 Reference 4.

can be handled without special precautions. It then was
protonated at 195 K with 200 mL of degassed 20% hy-
drofluoric acid. In the process the solid dissolved com-
pletely. After it was warmed to room temperature, the
aqueous solution was extracted three times with 100-mL
portions of CH,Cl,. The yellow organic solution thus ob-
tained was found by thin-layer chromatography to contain
HOs3(CO),4(OH) as the only product.

The 'H NMR spectrum of the solution showed a strong
high-field signal at -12.60 ppm from TMS, in good
agreement with the reported value for HOs4(CO),,(OH).4
In the mass spectrum, the parent ion was observed at m/z
= 868, with several other fragments corresponding to the
successive loss of the 10 carbonyl groups. The FT-IR
spectrum in n-pentane showed six bands in the »(CO)
region, at 2110 vw, 2069 vs, 2062 s, 2023 vs, 2000 s and 1984
m cm™!, The yellow CH,Cl, solution then was evaporated
in vacuo. HOs3(CO),,(OH) was recovered as air-stable
orange crystals after recrystallization from n-pentane at
273 K (85.6 mg, 56% yield based on Osg(CO),,).

Different types of silica were used to prepare the grafted
hydride. In all cases, pure HOs;(CO),,(OH) was obtained
after the chemical displacement with HF (see Table I).
The insensitivity of the “surface-mediated” synthesis to
the nature of the silica surface and/or to the preparation
method is thus demonstrated.

(3) Barth, R,; Gates, B. C.; Knozinger, H.; Hulse, J. J. Catal. 1983, 82,
147

(.4) Eady, C. R.; Johnson, B. F. G.; Lewis, J. J. Chem. Soc., Dalton
Trans. 1976, 838.
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This new, “surface-assisted” route compares favorably
with the conventional homogeneous-phase syntheses.
Reduction of Os4(CO),, with sodium borohydride® leads
to the formation of complex mixtures of hydrido carbonyls;
after purification by preparative TLC and recrystallization,
HOs3(CO),o(OH) was obtained in low yield (27%).
Deeming et al.® reported a new synthetic route via acid-
induced displacement of acetaldehyde from a (u-vinyl-
oxy)triosmium cluster, yielding HOs3(CO),,(OH) (36%)

(5) Johnson, B. F. G.; Lewis, J.; Kilty, P. A. J. Chem. Soc. A 1968,
2859,

(6) Arce, J. A,; Deeming, A. J.; Donovan-Mtunzi, S.; Kabir, S. E. J.
Chem. Soc., Dalton Trans. 1985, 2479.

after chromatographic separation on silica. Our reported
synthesis shows the effectiveness of the silica surface in
providing a more efficient synthetic route to the prepa-
ration of organometallic complexes. This new field of
“surface-mediated” reactions’® should have promising
applications in preparative organometallic chemistry.
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Summary: The isolation and the structural characteriza-
tion of [cp(CO)PPh,)Fe(COCH,C(Ph)OTi(cp),Ch] (2), de-
rived from the aldol reaction of [cp(COXPPh,)Fe(C(CH,)-
OTi(cp),Cl)] (1) with PhCHO, was achieved. When the ClI-
ligand was removed from 2 with use of BPh,", the di-

metallacycle [cp(COXPPh,)Fe(COCH,C(Ph)OTi(cp),)]* (3)
was obtained. Its structure very closely mimics the
structure of the cyclic transition state suggested for the
aldol reaction.

The chiral auxiliary [(n*-C;H;)Fe(CO)(PPhg)] (= [Fe])
has been extensively developed by Liebeskind? and Davies®
in the form {{Fe]-COCH,} (A) for the stereoselective de-
livery of the acyl fragment to organic electrophiles. Be-
cause of the important role played by the countercation
M* in controlling reactivity and stereoselectivity,?* our
attention was focused on (i) the preparation of transi-
tion-metal derivatives of the anion A in either its keto or
enolato form® and (ii) the elementary steps of the aldol
reaction of A, in its dimetallic enolato form, first probed
with PhCHO.

(1) (a) Université de Lausanne. (b) Universitd di Parma.

(2) Liebeskind, L. S.; Welker, M. E.; Fengl. R. W. J. Am. Chem. Soc.
1986, 108, 6328.
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(4) Some leading references, in addition to those cited in ref 2 and 3,
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Academic: New York 1984; Vol. 3, p 111. (b) Evans, D. A,; Nelson, J.
V.; Taber, T.R. In Topics in Stereochemistry; Allinger, N. L., Elich, E.
L., Wilen, S. H,, Eds.; Wiley: New York, 1982; Vol. 13, p 1. Reetz, M
T. Organotitanium Reagents in Organic Synthesis; Springer-Verlag:
Berlin, 1986; Chapter 5.3. Weidmann, B.; Seebach, D. Angew. Chem., Int.
Ed. Engl. 1983, 22, 31; Angew. Chem. 1983, 95, 31. (c) Davies, S. G,;
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nomet. Chem. 1985, 285, 213. (d) Brown, S. L.; Davies, S. G.; Warner,
P.; Jones, R. H.; Prout, K. J. Chem. Soc., Chem. Commun. 1985, 1446.
(e) Slough, G. A,; Bergman, R. G.; Heathcock, C. H. J. Am. Chem. Soc.
1989, 111, 938.

(5) Weinstock, L.; Floriani, C.; Chiesi-Villa, A.; Guastini, C. J. Am.
Chem. Soc. 1986, 108, 8298,
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In a simplified scheme the aldol reaction is believed to
proceed through some key steps: the cyclic transition state
C and the adduct D, which has never been isolated but is
hydrolyzed in the usual workup to the final 8-hydroxy
carbonylic derivative,2%6

In order to gain information on the intermediates
sketched in Scheme I, we ran the reaction of benzaldehyde
with the dimetallic version of the iron enolate A, as re-
ported in Scheme II.

Complex 17 was synthesized by following the procedure

(6) (a) Brown, S. L.; Davies, S. G.; Foster, D. F.; Seeman, J. I.; Warner,
P. Tetrahedron Lett. 1986, 623. (b) Davies, S. G.; Walker, J. C. J. Chem.
Soc., Chem. Commun. 1986, 495. (c) Davies, S. G.; Seeman, J. L. Tetra-
hedron Lett. 1984, 25, 1845, (d) Davies, S. G.; Dordor-Hedgecock, I. M.;
Sutton, K. H.; Whittaker, M. J. Am. Chem. Soc. 1987, 109, 5711. (e)
Seeman, J. 1; Davies, S. G. J. Am. Chem. Soc. 1985, 107, 6522, (f) Davies,
S. G.; Seeman, J. I.; Williams, I. H. Tetrahedron Lett. 1986, 27, 619.

(7) The procedure for 1 is the same as that reported for the zirconium
analogue.® The yield is ca. 60%. The solid was recrystallized from
THF-Et,0 to give a red-brown crystalline solid. »(CO) (Nujol): 1918
eml, TH NMR (200 MHz, C¢Dg): 5 3.91 (dd, 1 H, Jy.p = 3.70 Hz, J,
= 1.90 Hz), 418(pseudot 1H, Juyp=150Hz, J,,, = 190!-11),453?m
5H, cp-Fe,Jyp = 100Hz),571 (s,5H) 6.20 (s,5H) 7.04-7.63 (m, 15
H). Anal. Calcd for CoeHgClFeO,PTi: C, 64.84; H, 4.84; Cl, 5.32; P, 4.64.
Found: C, 64.76; H, 4.82; C], 5.22; P, 4.54. The structure of 1 has been
determined by an X-ray analysis.
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