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Summary: Reaction of the complex fac-[Mn(CNtBu)-
(CO)3{(PPh2)2C-H}] (1) with dimethyl acetylenedicar-
boxylate and methyl propiolate affords the compounds
fac-[Mn(CNtBu)(CO)3{(PPh2)2CC(R)dC(R′)-H}] (2a, R
) R′ ) CO2Me; 2b, R ) H, R′ ) CO2Me), as a result of
regio- and stereospecific insertion of the alkynes into the
C-H bond of the diphosphanylmethanide ligand, al-
lowing highly selective metal-assisted synthesis of new
functionalized diphosphane derivatives.

Carbon-carbon bond formation through metal-medi-
ated addition of C-H bonds to unsaturated molecules,
affording new organic compounds, is a subject of major
current interest.1 Thus, addition of aromatic and olefinic
C-H bonds to alkenes and acetylenes involving direct
C-H bond cleavage by various metals is well docu-
mented, in either stoichiometric or catalytic organic
synthesis.2 More rarely, activation of a C-H bond
leading to C-C coupling in complexes occurs without
direct interaction of that bond with the metal, as in the
insertion of tetracyanoethylene and 7,7,8,8-tetracyano-
p-quinodimethane into a C-H bond of the substituted
phenyl ring in the complexes [(η5-C5Me5)MCl(MDMPP-
P,O)] (M ) Rh, Ir; MDMPP-P,O ) PPh2(2-O-6-MeO-
C6H5)).3 In this regard here we describe a rare example
of regio- and stereospecific insertion of alkynes into the
P2C-H bond of the complex fac-[Mn(CNtBu)(CO)3-
{(PPh2)2C-H}] (1),4 which can be applied to the syn-
thesis of new functionalized diphosphane ligands.

Complex 1 reacts with an excess of dimethyl acety-
lenedicarboxylate (DMAD) or methyl propiolate in re-
fluxing toluene to give the new compounds fac-[Mn-
(CNtBu)(CO)3{(PPh2)2CC(R)dC(R′)-H}] (2a, R ) R′
) CO2Me; 2b, R ) H, R′ ) CO2Me), as a result of
insertion of the alkynes into the C-H bond of the central

carbon atom of the diphosphanylmethanide ligand
(Scheme 1).

Coordination of the P2C-H ligand to the metal
through the phosphorus atoms is essential for the
reaction to be chemoselective on the central carbon
atom; in fact, it is known that reaction of DMAD with
free phosphanes5 or diphosphanes6 produces λ5-phosp-
hole or λ5-diphosphole derivatives, owing to the involve-
ment of the phosphorus atoms in the addition process.7
The insertion proved to be stereospecific, affording the
E isomers of the new olefinic compounds 2a,b. In the
case of the terminal alkyne the reaction is also regiospe-
cific, with the central carbon atom of the ligand coupled
exclusively to the unsubstituted carbon atom of the
alkyne. The structures of 2a and 2b were determined
by X-ray crystallography and are depicted in Figure 1
along with selected bond lengths and angles. Both
structures clearly show the olefinic fragment on the
chelating ligand essentially coplanar with the P1-P2-
C9 skeleton, allowing delocalization of the negative
charge of the methanide carbon atom over a π system
through the carbon chain and making the two phospho-
rus atoms inequivalent. Consequently, the 31P{1H}
NMR spectrum of 2a at 293 K and that of 2b below 273
K in CD2Cl2 show two signals. Nevertheless, when the
temperature was raised to 313 K for 2a and to 293 K
for 2b, a single resonance was observed in the spectrum,
which indicates the existence of free rotation around the
P2C-C bond above those temperatures. The slight
difference of free rotation temperature between 2a and
2b can be attributed to the different steric impedances
of one of the substituents on carbon atom C10 (CO2Me
for 2a and H for 2b).

Compound 1 did not react with nonactivated alkynes
such as phenylacetylene and diphenylacetylene, show-
ing that enhancement of electrophilicity of the alkyne
by electron-withdrawing substituents is essential for the
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reaction to take place. These results suggest a mecha-
nism for the insertion involving nucleophilic attack of
the central carbon atom of the chelating ligand to the
alkyne (HOMO-LUMO interaction)8,9 and subsequent
proton migration. This mechanism also accounts for the
regiospecific formation of 2b, as the LUMO orbital of
methyl propiolate is centered on the unsubstituted
carbon atom of the alkyne.10 Furthermore, the ste-
reospecific obtention of the E isomers of 2a,b suggests
that the intramolecular proton transfer proceeds through
a four-centered transition state (Chart 1), which ad-
ditionally allows the formation of the less impeded
product.

Compounds 2a,b readily react with HBF4 to give the
cationic complexes fac-[Mn(CNtBu)(CO)3{(PPh2)2Cd

C(R)(CH2R′)}]+ (3a,b) (Scheme 2). Protonation occurs
on the â-carbon atom of the alkenyl substituent of the
diphosphanylmethanide ligand, instead of on the P2C
carbon atom,11 leading to the formation of new diphos-
phane ligands of the1,1-bis(diphenylphosphino)ethene
type, bearing carboxylic ester functionalities.12,13 The
spectroscopic data of 3a,b support this proposition (see
the Supporting Information), especially the presence of
the CH2 resonance both in the 1H NMR (3.25 ppm for
3a and 3.02 ppm for 3b) and in the 13C NMR spectra
(39.2 ppm for 3a and 38.1 ppm for 3b). Interestingly,
compounds 3a,b can be viewed as derived from the
parent dppm complex fac-[Mn(CNtBu)(CO)3{(PPh2)2-
CH2)}]+ (4), in which the acetylene molecule has been
inserted into the two methylenic C-H bonds of the
dppm ligand. However, direct reaction of 4 with dim-
ethyl acetylenedicarboxylate or methyl propiolate, which
could afford 3a,b as a result of insertion of the alkyne
into a C-H bond followed by 1,3-proton migration, does
not take place even under forcing conditions. Thus,
deprotonation of 4 to give 1 is mandatory for obtaining
3a,b as described above (Scheme 2).

This result can definitively clarify the mechanism of
the previously reported formal insertion of acetylide into
a C-H bond of dppm occurring in the reaction of the
trinuclear platinum clusters [Pt3(µ3-CO)(µ-dppm)3]2+

with NaCCH, in which a process involving deprotona-
tion of a µ-dppm ligand was considered likely but never
proved.14

In conclusion, we present here the first example of
insertion reactions of alkynes into the C-H bond of
diphosphanylmethanide ligands. This reaction, which
is chemo-, regio-, and stereospecific, has been shown to
be a useful tool for the synthesis of functionalized
diphosphanylmethanide and diphosphane derivatives.
Further studies to extend this reactivity to alkenes and
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Scheme 1

Figure 1. ORTEP drawings of 2a (left) and 2b (right). For
2b only one of the two conformations adopted by the
positionally disordered CC(H)dC(H)CO2Me group is shown.
Selected bond distances (Å) and angles (deg) are as follows.
2a: P1-C9 ) 1.7592(19), P2-C9 ) 1.7588(18), C9-C10
) 1.429(2), C10-C11 ) 1.358(3); P1-C9-P2 ) 99.33(9),
C9-C10-C11 ) 125.71(17), C9-C10-C14 ) 115.55(16),
C11-C10-C14 ) 118.74(16). 2b: P1-C9 ) 1.765(2), P2-
C9 ) 1.760(2), C9-C10 ) 1.409(3), C10-C11 ) 1.229(3);
P1-C9-P2 ) 98.34(10), C9-C10-C11 ) 138.1(3).

Chart 1

Scheme 2
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heterocumulenes, as well as to metal complexes elec-
tronically richer than those of Mn(I) described herein
that could eventually react with nonactivated unsatur-
ated molecules, are currently in progress.
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