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in solution® is most likely increased in comparison to the
gas phase by higher solvation energies for the leaving group
(I') compared to the larger Fp~. Available thermodynamic
data for CH;SO,CF; are inadequate to evaluate thermo-
dynamics for reactions involving that substrate.

Further evaluation of thermochemistry and mechanisms
in these organometallic reactions will be possible when
further data for electron affinities of organometallic rad-
icals and reverse reactions (i.e., X~ + RML,) become
available. Such gas-phase experiments can also provide
data on fundamental quantities such as metal-carbon bond
strengths for comparison to the expanding literature for
solvated reactants.?* Studies directed toward these goals
are underway in our laboratories.
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Summary: The reaction between [(7°-C;H;)Mo(CO),]~
Na* and epibromohydrin (BrCH,CHOCH,) in the presence
of an excess of triphenylphosphine leads to the isolation
of trans «n°-C;Hs)Mo(CO),(PPh,)}-2-furan. In the absence
of phosphine a o— allyl ester complex Iis formed, (n°-

CsHs)Mo(CO),—CO—O0—CH,CH=CH,. The structure
of the furan complex is provided along with a suggested
mechanism of formation.

The chemistry of furans plays a pivotal role in modern
heterocyclic chemistry, and this chemistry, along with the
various modes of synthesis of these compounds have re-
cently been reviewed.!

We wish to report the first example of the use of the
simple molecule carbon monoxide as a reagent in the
one-step synthesis of furans, namely, by coupling a coor-
dinated CO with epibromohydrin. The reaction (eq 1)
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Figure 1. Crystal structure of CosH,30;PMo: space group P1
with @ =9.150 (5) A, b = 12.028 (5) A, ¢ = 12.716 (8) A, « = 112.67
(3)°,8=100.97 (3) °, v = 98.83 (8) °, and Z = 2. The data were
collected on a Nicolet R3M four-circle diffractometer, and re-
finement using SHELXTL gave a final R of 0.0348. Selected bond
lengths (A): MO"CH = 2,233 (4), C]_o"Cu = 1,331 (7), Cg—CS =
1.298 (9), CIO_CQ =1.414 (7).

occurs in the coordination sphere of a molybdenum com-
plex.

5 -+ / \
[{n"-CgsHg)M0(CO)31"Na = + PPhg + BrCHyCH—CH;

\

frans-[(ns-05H5)Mo(CO)z(PPhs)-2 -furanl (1)

In a typical reaction, 1.0 g (3.8 mmol) of Mo(CO)g was
heated at reflux in 100 mL of THF with an equivalent of
NaCzH; for 24 h. After this time period, infrared moni-
toring indicated that a high yield of the molybdenum
carbonylate had formed.2 To this solution at room tem-
perature was added initially 1.4 g (5.3 mmol) of tri-
phenylphosphine (infrared monitoring showed that no
chemical reaction took place at this stage) and then 3.0 g
(17 mmol) of epibromohydrin. The resulting mixture was
stirred for 12 h during which period the solution slowly
changed color from clear yellow to brown-orange. After
removal of the solvent a waxy solid was obtained from
which unreacted Mo(CO); was removed by sublimation at
45°C and 10 mmHg. The residue was dissolved in the
minimum of a 30:70 methylene chloride/hexane mixture
and placed upon a neutral alumina column, 20 X 2.5 cm.
Initial elution with hexane removed any residual phosphine
and Mo(CO),, and subsequent elution with a 70:30 meth-
ylene chloride/hexane mixture led to the slow elution of
a yellow band of the title complex (0.4 g, 0.7 mmol, 20%).
The product was recrystallized from the same solvent
mixture. )

A single crystal X-ray structural determination was
performed, and the resulting structure is illustrated in
Figure 1 together with some of the pertinent bond lengths.
The spectral data of the complex are in accord with the
structure.’

The mechanism of this reaction appears to be related
to the acid-catalyzed transformation of epoxide acetates
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into tetrahydrofurans.* In this process an intramolecular
attack by the C=0 group of the acetate upon the epoxide
ring is the key step, and the mechanism we suggest for the
complex formation is outlined in Scheme Ia. This involves
the initial formation of a s-bonded epoxymethyl complex
A, followed by migratory CO insertion to produce the 16e
coordinatively unsaturated complex B. This may be
trapped by the phosphine to form C which contains a very
nucleophilic acyl group by virtue of the contributing res-
onance structure C,. We suggest this group participates
in an intramolecular attack to yield the ultimately isolated
furan complex. A previous example of an intramolecular
attack by a metal acyl group due to its nucleophilicity is
provided by the isolation of a cyclic cationic carbene
complex upon treatment of (n°-CyH;)Fe(CO),(CH,) Br
with PPh,.5

" Support for the proposed mechanism was obtained from
the reaction of the molybdenum carbonylate and epi-
bromohydrin in the absence of triphenylphosphine (eq 2).
In this reaction no furan ring was formed and a different
intramolecular rearrangement involving CO incorporation
took place.

This result shows the importance of trapping the 16e
complex B by PPh; (Scheme Ia). In the absence of this
ligand, the O atom of the epoxide interacts with the
electron-deficient Mo atom, probably to form a transient
allyloxy complex which upon rapid migratory CO insertion
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1974, 39, 1142.

(5) Curtis, P. J.; Davies, 8. G. J. Chem. Soc., Chem. Commun. 1984,
747.

/
[(7>-CsHsIMX(CO)31"Na" + Br CHzCH-—\CHg

f~ ]
¢f5-(n°-C gHEIMO(CO)z — CO— O —CHCH==CHp (2)

will form the isolated o~ complex (Scheme Ib).6 If tri-
phenylphosphine is added to a reaction mixture of [(»®-
CsH;)Mo(CO);]"Na* and epibromohydrin, only the o-r
complex is isolated. Furthermore, thermal (refluxing THF
solution) or photochemical treatment of the o~r complex
with PPh; leads to the isolation of [(#5-CsH;)sMo,(CO);-
(PPh;)].” These reactions preclude the intermediacy of
the o—r complex in the formation of the furan complex.

Extension of this new chemistry to oxiranes, episulfides,
and related ring systems along with formation of variously
substituted furans is currently in progress.
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Summary: LiC(N,)SiMe, reacts with Rh(PMe,),C! at low
temperature to give Rh{C(N,)SiMez}(PMe,), (1) in high
yield. This complex adds Mel oxidatively in benzene to
give orange Rh{C(N,)SiMe;lMeI(PMe,);-CeH, (2). 2 crys-
tallizes in the space group Pnma, with a = 9.352 (1) A,
b=10.916 (2) A, c = 29.358 (5) A, Z=4,and V =
2997 A3, Controlled thermolysis generates several rho-
dium species, of which RhI(Me),(PMe;); has been isolated
as the final product.
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