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For the preparation of 9, the borinate ester 7 (10 mmol)
was dissolved in 15 mL of THF and treated with 3.33 mmol
of LiAlH, in the presence of 1.56 mL (10 mmol) of 1-octene
at 0 °C. The reaction mixture was stirred for 3 h at room
temperature, and the aluminum salts were removed by a
slow addition of 0.65 g of H,SO, (6.66 mmol) and 0.5 mL
of water at 0 °C. The reaction mixture was extracted with
pentane (2 X 20 mL), the combined organic extracts were
dried over anhydrous K,COj, solvents were removed under
vacuum, and the resulting 2 was subjected to the DCME
reaction.'® GC analysis using n-dodecane as an internal
standard showed a 69% yield of 7-pentylpentadecan-7-ol.
Approximately 5% of impurities could be detected.

In summary, the bromine atoms of alkyldibromoboranes
serve as effective and easily replaceable blocking groups
for stepwise hydroboration. They can be sequentially
replaced via the hydridation reaction.® Subsequent step-
wise hydroboration provides the mixed dialkylbromo-
boranes and trialkylboranes. This process represents the
first general synthesis for such hitherto inaccessible de-
rivatives via the stepwise hydridation-hydroboration
processes. Both the mixed organoboranes as well as the
sequential hydridation-hydroboration process possess
great synthetic potential, some of which we are presently
exploring.
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Summary: The product formed by thermally induced loss
of carbon monoxide from Os4(CO),o(u-COXu-CH,) is for-
mulated as H,085(CO)q(15-1,2-7*-CCO). The latter com-
pound readily reacts with methanol to form the carbo-
methoxymethylidyne cluster, H3Os3(CO)g(u4-CCO,Me).

Recently a new triosmium methylene cluster, Oss-
(CO)1o(u-CO)(u-CH,), was prepared by protonation of
[O83(C0O)1;CHO]™ and was proposed to have structure I
based on infrared and '3C and 'H NMR spectroscopy.!
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The methylene cluster may also be obtained by treating
0s,(C0);;NCMe with CH,Ny;? an X-ray crystallographic
study of the trimethylsilyl derivative Os3(CO),o(u-CO)(u-
CHSiMe;) is consistent with structure 1.2 From hydro-
genation of O33(C0);4(u-CO)(u-CH,) in refluxing benzene,
a yellow byproduct having the stoichiometry “Os3(CO),o-
(CH,)” was observed.! The same compound (mass spec-
trum, m/z 870 M* (*20s); IR (»(CO), CgH,,) 2121 mw,
2086 s, 2064 vs, 2055 vs, 2034 mw, 2006 ms, 1994 m, 1984
mw) is prepared in 84% yield by refluxing a nitrogen-
purged toluene solution of Os3(CO),(u-CO)(u-CHs).
Three formulations have been considered for “Os;-
(CO),4(CH,)”. The prospect of HOs3(CO)4(us-CH) (ID),
analogous to the conversion of H,08;(CO),o(u-CH,) into
H;0s3(CO)o(u3-CH),? is eliminated by the absence of a
methylidyne 'H NMR signal. A singlet hydride peak is
seen at 25 °C (7 29.73, CH,Cl,) and down to —80 °C. The
13C{'H} NMR spectrum of “Os3(C0),,(*CH,)” (90% 13C
enriched, from Os3(C0);o(u-CO) (u-13CH,)?) shows a singlet
at § 8.6 (CDCl,, 25 °C); off-resonance decoupling estab-
lishes that the labeled carbon is not hydrogen substituted
(the 7 29.73 signal is now a doublet, 2J(C-H) = 2.9 Hz).
A formula such as H,085(C0O),(C) seems unlikely, since
compounds with either a divalent (IIla) or a trivalent (IIIb)
carbon atom are expected to be quite reactive and hence
unstable. However, formulation of the yellow compound
as a ketenylidene complex, Hy0s;(CO)g(CCO) (IV), is
consistent with all the available data. Thus, the IR
spectrum (Nujol mull) shows a weak band at 1644 cm™
which is assigned to v(CCO) of the ketenylidene moiety.
Furthermore, the *C NMR spectrum of a sample prepared
from Qs3(CO)o(u-CO){(u-CH,) that was ca. 40% *C en-
riched at the carbonyls and 90% 3C enriched at the
methylene shows both the & 8.6 singlet and a superimposed
doublet ((J(C-C) = 86 Hz) of ca. 40% total intensity.
Simultaneously, a doublet with the same coupling constant,
due to the ketenylidene carbonyl, appears at § 160.3.
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Under the same conditions (CDCl;, 25 °C) the osmium
carbonyl carbons appear as broad resonances at 6 165.8 and
175.6 (ratio 2:1). However, at a lower temperature a
2:2:1:2:2 pattern is observed (~60 °C, CD,Cl,, 6 179.6, 173.0,
169.9, 168.0, 158.3). If the hydride ligands in H,0s,(C-
0)4(CCO) are placed unsymmetrically as shown in IV,
which is proposed in analogy with the arrangement es-
tablished for H,0s;(C0O)g(CCH,) (V),? then the low-tem-
perature 'H and C NMR data require rapid hydride
equilibration. Alternatively, the actual hydride positions
in Hy085(C0)y(CCO) may be equivalent.

The reactivity of H,0s3(CO)o(CCO) is consistent with
its formulation (see Scheme I). Heating the ketenylidene
complex in methanol affords the carbomethoxy-
methylidyne cluster, H30s3(CO)g(u3-CCO;Me). The same
alkylidyne cluster may be prepared from H,0s;(CO)4(C-
CO) by an alternative procedure. Treatment of a CH,Cl,
solution of H;0s,(C0)s(CCO) with HBF-OEt; at -80 °C
gives an off-white precipitate (presumably [H30s3(CO),-
(CCO)]* or [Hy0s5(CO)g(CCOH)]*) which reacts with
methanol at -80 °C to afford H30s5(CO)g(ug-CCO,Me)
(mass spectrum, m/z 902 M* (1*20s); 'H NMR (CDCl,, 35
°C) 7 6.17 (s, 3 H), 29.38 (s, 3 H); IR (»(CO), C¢H,,) 2116
vw, 2089 vs, 2081 w, sh, 2030 ms, 2025 vs, 2015 mw, 1688
vw) in high yield. H3Os;3(CO)y(us-CCO,Me) can also be
prepared by treating H;0s3(CO)o(us-CBr)® with AICl, in
CH,Cl; under CO followed by addition of methanol. An
analogous procedure was used by Seyferth to prepare
Co3(C0O)g(1s-CCO,Me)¢ and by Keister to prepare
H;Rug(CO)g(e3-CCO,Me).5

The sequence of C-H bond cleavage and C-C bond
formation in the conversion of Os3(CO),,(u-CO){u-CH,) to
H,;0s3(CO)o(CCO) is not yet clear. Possible intermediates
include IIIa or IIIb, II, or a complex of ketene. Transfer
of an alkylidene ligand to coordinated CO is known in
mononuclear transition-metal chemistry.” Transfer of CO
to alkylidyne ligands has also been observed.? The mi-
gration of coordinated CO to a carbon center has been
proposed to account for the formation of [Co3(CO),CCO]*
from Cog(CO)y(us-CCl) and AICL® and for the formation
of [Fe,(CO)4(u-CCO,Me)}™ from the oxidation of [FegC-
(CO)]?* by tropylium bromide in methanol.%10
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Summary: Reduction of [M(CO);(NMe,)] (M = Cr, Mo, W)
in THF with alkali naphthalides gives high purity solutions
of the corresponding [M(CO);]?- dianions. Stable crys-
taliine salts of the [M(CO)s]" dianions (M = Mo, W) were
prepared by complexing the sodium counterions with’a
cryptand. Reduction of [W(CO),(NH,){P(i-Pr)s}] with so-
dium naphthalide gives [W(CO),{P(i-Pr);}]?-, as demon-
strated by reaction with Ph;SnCl and counterion exchange
to give [NEt,] [W(CO),{P(i-Pr);}SnPh,].

The development of the chemistry of the pentacarbonyl
dianions of molybdenum and tungsten has been severely
restricted by the lack of a convenient preparation of so-
lutions of the complexes in an innocuous solvent such as
an ether.! We wish to report new syntheses of these
dianions using an alkali naphthalide as the reductant®
which provide direct excess to high purity solutions of the

(1) As noted by others,? Behrens® procedures are technically difficult
and only suitable for preparing small quantities of the dianions®* or give
samples contaminated with other salts.® The cesium salts Cs;[M(CO)4]
(M = Cr, Mo, W), prepared by Cs/Hg reduction of the corresponding
hexacarbonyls, are msoluble in ethereal solvents and are usually con-
taminated with Hg.® In our hands, the reduction of [W(CO)g] with
Na/Ng in dimethoxyethane’ invariably resulted in mixtures of Na,-
[W3(CO)yo) and Nag[W(CO);), an observation which is consistent with the
published spectra of such reactions and with the rather low yields re-
ported for some of the reactions carried out by using material prepared
in this way.” Only reduction of the hexacarbonyls with Na in hexa-
methylphosphoramide? gives pure samples of the dianions in a convenient
reaction, but the reactivity and high boiling pomt of this solvent con-
siderably restrict the utility of this approach.®
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