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Summary: Novel molybdenum alkylidyne [(F3C)Me2-
CO]2Mo(C-t-Bu)[N(Ar)PdC(H)(CMe2Ph)] (Ar ) 2,6-(i-
Pr)2C6H3; 3b) is formed in the reaction of tert-butylphos-
phaalkyne 2 with molybdenum alkylidene 1b. Alkylidyne
3b, which contains a formal (phosphaalkenyl)amido
ligand, rearranges quantitatively at elevated tempera-
ture to form the alkoxide-shifted phosphamolybdacy-
clobutene 4b. Complexes 3b and 4b have been fully
characterized by spectroscopic and X-ray crystallo-
graphic analysis; cleavage of the PtC-t-Bu triple bond
in complex 3b is confirmed.

Recent attention has turned to the reactivity of
phosphaalkynes1,2 with mononuclear organotransition-
metal complexes, including low-valent metal alkylidenes
and vinylidenes.3 We recently reported the synthesis
and characterization of the first 1-phospha-3-metalla-
cyclobut-2-ene, 4a, as the isolated product in the reac-
tion of PtC-t-Bu (2) with the d0 alkylidene 1a.4 A
distinguishing feature of the unique complex 4a is an
unusual metal-to-phosphorus alkoxide ligand shift ac-
companying the apparent head-to-tail [2+2] alkylidene-
phosphaacetylene cycloadduct formation (an initial step
in the metathesis polymerization of acetylenes).5,6 We
felt that one potential route to intercepting this inter-
mediate was to change the migratory aptitude of the
alkoxide ligands. The increased basicity of the alkoxide
ligands, however, provides a new and entirely unex-
pected result. Instead of isolation of the phosphametal-
lacycle prior to alkoxide migration, the unique molyb-
denum alkylidyne intermediate [(F3C)Me2CO]2Mo(C-t-
Bu)[N(Ar)PdC(H)(CMe2Ph)] (3b) is formed in the
reaction of alkylidene 1b with PtC-t-Bu. Of particular

note is the cleavage of the phosphaacetylene triple bond,
leaving the t-Bu-Ct group of 2 as a molybdenum
neopentylidyne, and the phosphorus terminus is incor-
porated into the amido ligand. Furthermore, we observe
that 3b undergoes a thermal rearrangement in solution
to generate phosphamolybdacyclobutene 4b.
Addition of excess 27 to molybdenum alkylidene 1b8

at room temperature generates a dark yellow solution
within 10 min (Scheme 1) and leads to quantitative
consumption (1H NMR) of 1b within 6 h. Low-temper-
ature recrystallization from pentane affords large, dark
yellow crystals of 3b from an isomeric mixture9 in 72%
yield.
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Figure 1. Molecular structure of complex 3b. For clarity,
50% probability thermal ellipsoids are shown only for
selected atoms. Selected bond lengths (Å), angles (deg),
and dihedral angles (deg): Mo(1)-O(1) ) 1.883(3), Mo(1)-
O(2) ) 1.883(3), Mo(1)-C(1) ) 1.739(6), Mo(1)-N(1) )
1.952(4), C(1)-C(2) ) 1.516(8), N(1)-P(1) ) 1.735(4), N(1)-
C(6) ) 1.434(6), P(1)-C(18) ) 1.663(6), C(18)-C(19) )
1.521(8); O(1)-Mo(1)-O(2) ) 112.6(2), O(1)-Mo(1)-C(1)
) 107.6(2), O(2)-Mo(1)-C(1) ) 109.0(2), O(1)-Mo(1)-N(1)
) 113.2(2), O(2)-Mo(1)-N(1) ) 113.0(2), C(1)-Mo(1)-N(1)
) 100.6(2), Mo(1)-C(1)-C(2) ) 177.4(4), Mo(1)-N(1)-C(6)
) 132.7(3), Mo(1)-N(1)-P(1) ) 108.9(2), C(6)-N(1)-P(1)
) 117.6(3), N(1)-P(1)-C(18) ) 102.9(2), P(1)-C(18)-C(19)
) 125.7(5); Mo(1)-N(1)-P(1)-C(18) ) 51.9, N(1)-P(1)-
C(18)-C(19) ) 173.1.
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Molybdenum alkylidyne 3b is characterized by a 1H
NMR doublet at δ 8.48 (2JP-H ) 14 Hz) and a 13C NMR
resonance at δ 180.0 (1JP-C ) 52 Hz),10 which are
diagnostic for the aminophosphaalkene functionality.11a
A second distinguishing feature in the 13C NMR spec-
trum is a doublet at δ 314 ppm (3JP-C ) 4 Hz),
attributable to the terminal neopentylidyne ligand. The
31P NMR of 3b displays a resonance at δ 260.7 (C7D14,
25 °C), again typical of phosphaalkene σ2,λ3-P nuclei
bearing phosphorus-bound amino substituents.11b-d

An X-ray crystallographic analysis of 3b12 confirms
Cs symmetry and the remarkable connectivity in the
mononuclear complex (Figure 1). Cleavage of the phos-
phaalkyne triple bond is reflected by the separate Mo-
neopentylidyne (Mo(1)-C(1) ) 1.739(6) Å, Mo(1)-C(1)-
C(2) ) 177.4(4)°) and (phosphaalkenyl)amido ligands
bound to the pseudotetrahedral molybdenum center.
The complete dissociation of the (initially) triply bound
phosphaacetylene nuclei can be viewed as another
example of metal alkylidyne mediated triple-bond cleav-
age. Important examples of these are the recent
discovery of dinitrogen reductive cleavage13 and both
alkyne and nitrile metathesis.14,15 Under the reaction
conditions which lead to 3b, alkylidene complex 1b does
not react with pivalonitrile, as determined by 1H NMR.
Coordination of the planar nitrogen (bond angle

summation at N(1) 359.2(1)°) to molybdenum is consis-

tent with the bonding parameters of other amido ligands
bound to low-valent metal centers through a formal
double bond (Mo(1)-N(1) ) 1.952(4) Å)16 and suggests
strong interaction of the nitrogen lone electron pair with
the zerovalent molybdenum center.
Structural features of the N-phosphaalkenyl moiety

complement an amido ligand bonding interpretation. A
qualitative indication of the intimate molybdenum-
nitrogen double bonding (at the expense of nitrogen lone
electron pair interaction with the phosphaalkene func-
tionality) is the observation that the usual PdC double-
bond shortening typical of P-amino-substituted phos-
phaalkenes11d,17 is not evident in complex 3b. A formal
double bond exists between P(1) and C(18) (1.663(6)
Å).11a Approximate sp2 hybridization at C(18) is re-
flected in the P(1)-C(18)-C(19) bond angle of 125.7-
(5)°. Only a slight deviation from planarity of the
P-amino and C-neophyl substituents exists about the
phosphaalkene double bond (N(1)-P(1)-C(18)-C(19) )
173.1°). Twisting of the N(1)-P(1)-C(18) plane from the
Mo(1)-N(1)-P(1) plane (51°) establishes a phosphaalkene
π-system electronically isolated from the molybdenum-
amido bond.
Upon heating of 3b (sealed tube, C6H6, 80 °C, 8 h)

quantitative conversion to the cycloadduct [ArN][(F3C)-

Me2CO]ModC(t-Bu)P(OCMe2(CF3))C(H)(CMe2Ph) (4b)
is observed by 1H NMR. The reaction rate is indepen-
dent of concentration, suggesting that the reaction is
intramolecular. Isolation of 4b as orange crystals is
achieved by recrystallization from pentane at -40 °C.
As with its bis-hexafluoro-tert-butoxy analogue 4a,4 4b
is characterized by a 1H NMR doublet at δ 4.88 (2JP-H
) 7 Hz) and six distinct methyl singlets, assignable to
three diastereotopic pairs of methyl groups. Distin-
guishing 13C NMR features include resonances at δ
247.9 (1JP-C ) 80 Hz) and δ 119.3 (1JP-C ) 65 Hz)
assigned respectively to the carbene CR and sp3-hybrid-

ized methine carbon of the MdCPC core. Chemically
distinct Mo- and P-bound alkoxides give rise to two
fluorine-coupled quartets at δ 79.0 and 77.1 (respec-
tively), attributed to their quaternary carbon nuclei; the
latter displays coupling to the phosphorus nucleus as
well (2JP-C ) 7 Hz). 31P NMR of 4b shows a high-field
singlet at δ -110.3.
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Crystallographic characterization of 4b18 shows a
puckered phosphametallacyclobutene core in which the
phosphorus and pseudotetrahedral molybdenum nuclei
each bear one alkoxide group and are situated at the 1-
and 3-positions, respectively (Figure 2). A Mo-CR
double bond (Mo(1)-C(1) ) 1.889(7) Å)19 and molybde-
num-alkyl single bond (Mo(1)-C(10) ) 2.110(7) Å)
comprise the heterocyclobutene ring. Restoration of the
arylimido ligand is evident (Mo(1)-N(1) ) 1.767(6) Å,

Mo(1)-N(1)-C(20) ) 166.8(5)°),19,20 as is bonding be-
tween the phosphorus and carbon nuclei of phos-
phaalkyne reagent 2.
It is interesting to note that while molybdenum

alkylidyne 3b is the sole isolated product from the
addition of 2 to 1b, we are able to identify the formation
of a transient species (δ 212.6 in C7D14) by low-
temperature 31P NMR experiments.21 It is attractive
to speculate that the observed transient may be a [2 +
2] cycloadduct between the alkylidene and phos-
phaalkyne (proposed in the cycloaddition reactions of
phosphaalkynes with mononuclear metal alkylidynes
and -vinylidenes)5 from which ligand rearrangement can
proceed to form 3b or, per low-temperature 31P NMR
studies in the reaction of 1a with 2,21 to generate 4b
directly.22 Studies are underway to elucidate the nature
of the transient species, to identify the relative influence
of the alkylidene substituent and alkoxide ligands in
determining the reaction course and kinetics, to deter-
mine the nature of alkylidyne isomers 3b,9 and to
provide mechanistic details of the rearrangement of 3b
to 4b.
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(21) Neither an analogous transient nor 3a is observed in the
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Figure 2. Molecular structure of complex 4b; 50% prob-
ability thermal ellipsoids are shown. Selected bond lengths
(Å), angles (deg), and dihedral angles (deg): Mo(1)-O(1)
) 1.906(5), Mo(1)-N(1) ) 1.767(6), Mo(1)-C(1) ) 1.889-
(7), Mo(1)-C(10) ) 2.110(7), P(1)-C(1) ) 1.804(7), P(1)-
C(10) ) 1.854(8), C(1)-C(2) ) 1.52(1), P(1)-O(2) ) 1.662-
(5), C(10)-C(11) ) 1.55(1); N(1)-Mo(1)-O(1) ) 115.2(2),
O(1)-Mo(1)-C(1) ) 111.2(3), O(1)-Mo(1)-C(10) ) 109.7-
(3), N(1)-Mo(1)-C(1) ) 110.5(3), N(1)-Mo(1)-C(10) )
119.7(3), C(1)-Mo(1)-C(10) ) 87.2(3), Mo(1)-C(1)-P(1) )
89.4(3), C(1)-P(1)-C(10) ) 98.0(3), Mo(1)-C(10)-P(1) )
81.7(3), Mo(1)-C(1)-C(2) ) 149.0(5), P(1)-C(1)-C(2) )
120.3(5), C(1)-P(1)-O(2) ) 105.5(3), C(10)-P(1)-O(2) )
106.8(3); Mo(1)-C(1)-P(1)-C(10) ) 19.9.
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