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The olefination of aldehydes and ketones is a very important  To elucidate the mechanism, spectroscopic studies were per-
transformation in organic synthesilthough the Wittig reaction formed using in sit#'P, 170, 13C, and'H NMR spectroscopy (see
as well as its modified versions provide a highly effective and Supporting Information). Compouridwas selected as the catalyst
general method, they still have several drawba&ckseful orga- for these tests. For the NMR measurements, the amounts of catalyst
nometallic stoichiometric reagents based on titanium and zinc are, used were higher than those used in the catalytic runs, to enable
however, expensive, difficult to handle, and not completely devoid the observation of the changes of the catalytic active species during
of unwanted side reactiodsThe search for reagents that carry out the course of the reaction. Because the catalytic reaction involves
the olefination reaction in a catalytic manner has produced somefour different reagents1( PPh, eda, 4-nba), we considered it

promising results with Ré Rh2¢ Fe? Mo,> and Re complexéss necessary to identify possible initial reactions between sets of two
catalysts (eq 1). In the Re case, both complexes RgPRh), and three of the reagents involved.
and CHReG; (MTO) show a remarkable catalytic activity, but the As mentioned above, the olefination reaction requires bhathd

reaction mechanism remains speculafiva.the MTO-catalyzed PPh. In the absence df, no olefin is formed, but a slow reaction
reaction, it was proposed that the first step is oxygen atom takes place under formation of azine and OPgly 2).
abstraction by PRfto form “CHz;ReQ,” (MDO). This then reacts

with eda (ethyldiazoacetate) to form a carbene complex;-CH 4-O,NC¢;H,CHO + PPh +

ReQ,(CHCG;EL), which reacts further with the aldehyde, forming N,CHCQEt— 4-O,NC,H,CH=N—N=CHCQEt +

the olefin and regenerating MTO. Accordingly, Re(V) MDO O=PPh (2)
derivatives should be suitable precursors for catalytic aldehyde

olefination. This reaction is already known to take place when $Rimn

]! H . aldehyde, and eda are reacted in benzene under reflux conditions.
;(>N2 +0=C___+ P(CeHs)s [°_aﬂ R =C;H +Ny +O=P(CgHs)3 (1) Most important, however, is the fact that this azine does not react
R R® R R® with 1. Addition of 1 to a mixture of eda, 4-nba, and PPtwhich
was previously allowed to react for some hours, does not change
' the NMR spectra of the organic product compounds (azine and
OPPHh) and does not lead to evolution of.N'herefore, the reaction
presented in eq 2 can be envisaged as a side reaction with respect
to the catalytic reaction in eq 1. It consumes aldehyde ang PPh
but does not lead to olefination products and does not invblve
Aldehyde (4-nba) and PRUo not react, and no OPPis formed

This is indeed the case for adducts of MDO with acetylenes
CH3;ReOQ(R=R) (R = CgHs (1), R = C;Hs (2), R = CHs (3)).
Spectroscopic studies clarifying the mechanism and the nature of
the active species as well as a new mechanism for oxygen
abstraction by PRhare presented.

The catalytic activity of the Re(V) compoundls-3%2was tested,
using 4-nitrobenzaldehyde (4-nba), gda, andlgPH’he reacltions (3P NMR). Catalystl also does not react with PP, 70 NMR
were conducted at room temperature in THF with the reaction ratios evidence). Catalyst furthermore does not react with edad, 'H,

of PPh:eda:4-nba:catalyst 1.1:1.2:1.0:085 he reaction is clearly 170 NMR evidence). This is a surprising observation because the

catalytic because no olefination products are formed in the absence, . -
. L formation of carbene complexes has been postulated upon similar
of 1—3. Moreover, PPhis also necessary, and no olefination

S o . . reactions between MTO and eda in olefination catal&isn fact,
products are formed in its absence even wlith3 being present. ysi

Additional catalviic runs. with new char f substrate. lead t the13C, H, and’O NMR spectra of a 1:1 mixture of eda afdh
onal cataly C. u s,_ . _e charges ot su S ate, lead to CDCl; showed no indication of any reaction. Most notably,}#©
the same product yields, indicating that the catalyst is stable under

. " 2 . peak was observed arounq*3C) = 300 ppm (Re=C carbene
_catalyt|c conqmons. .Complexds—s shgw avery S|m|lqr behavior signal)1° Furthermore, no evidence was found for a metallacyclo-
in the catalytic runs: afte2 h of reaction time, there is no more

. - ) . propene oxide species postulated as an alternative possible inter-
formation of olefin, and the yields are around 75%, the cis/trans . S . .

; ' diate for aldehyde olefinat th MTO-d d catalysts.
selectivity is ca. 5/95, and the TOFs are up to 150 mol/(smdl). mediate for aidenyde o'etination wi erived cataly

The aldehyde conversion is in all cases 100%. The azine (4-NO PPl and eda react rapidly to form the phosphazine according to

CeH,CH=N—N=CH(CG;Et)) is the only significant byproduct. eq 3.
Excess alkyne in the catalytic reaction mixture leads to less than
one-half of the usual olefin yield. The reaction proceeds quickly,
and, in all cases, the yield after the first 5 min is over 25% of the

H
H 3)
P(CeHs)3 +N,=C ——(CgHs)3P=N-N=C{ (
i Z_C\COZEt N
total yield after 2 h.

CO,Et

T Universidade Nova de Lisboa. . When PPh is reacted'wﬁh eda at.room temperature, the
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Scheme 1 formed at the beginning of the reaction and reacts with the metal
P(CeHe)s + N%C‘/F\ﬂ dioxide complex. Ther-carbon atom attacks the electron-deficient
R2 metal center, presumably setting free tffealkyne ligand. As the
R a-carbon atom of the phosphazine interacts with the Re atom, the
(CeHg)sP=N-N=CcZ_, electron-deficient phosphorus atom interacts with one of the terminal
H R R oxygen atoms of the catalyst, forming a six-membered metallacycle
\)C=C< fH?’ + -R! intermediateA. This process leads to an abstraction of one of the
R3 R? (C6H5)3P_N=N_C\R terminal oxygen atoms of the Re complex and in due course to the

liberation of both OPPhand N. (Using?’O-labeledl leads to the
formation of’O-labeled OPP}) Control experiments have shown

O;Oﬁvcna,_\< 2

CR Hs that 1 does not exchange oxygen with any reaction partner. The
Q f (fR intramolecular rearrangement is very fast (vigorous liberation of
?H3 ?/R‘{ * (l:IR N). 170 NMR experiments show that the intermediate compound
O=—R . & . B has one terminal ReO bond §(*’O) = 676 ppm). In the absence
0/\ e\fiRz (CSH5)3KN=N R§ A) of aldehyde,B decomposes quickly. The carbene carbor-Re
R

atom is observed at(*3C) = 323 ppm. However, in the presence
of aldehydeB recaptures oxygen (forming an oxo-metallacyclobu-

(C) 3 N> tane specie€) and then liberates the olefin add*H, 7O NMR
fHS evidence), thus completing the catalytic cycle. The generality of
R (c?sHs)sP-' this mechanism for other rhenium-oxo catalysts is currently being
R3 o= & Rt investigated.
\
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phosphazin&13 is observed. This strongly suggests that the

formation of phosphazine precedes and triggers the catalytic Supporting Information Available: Selected NMR spectra (PDF).
olefination reaction because this is the only fast reaction that ensuesThis material is available free of charge via the Internet at http:/
between the reagents in the beginning of the olefination reaction. pubs.acs.org.

In accordance with this hypothesis, addition of a substoichiometric
amount ofl to a mixture of PPhand eda (phosphazine) results in
immediate, vigorous liberation of Nvith a significant temperature
rise and the formation of OPRHt can be concluded that OPh

is formed by the reaction of phosphazine (not pRtith 1. This
was confirmed by separatéO NMR experiments with’O labeled

1in a stoichiometry of phosphazide= 1.2:1. A Re intermediate
with 21’0 NMR signal at 676 ppm is formed. This chemical shift
indicates a compound with a terminal, not a bridging, oxygen
ligand!* The 170 NMR signal of1 (0 = 731 ppm) disappears
completely. After one of the terminal oxygens is abstracted from
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