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Stable compounds containing multiple bonding environments
highlight important new directions in the diversification of
phosphorus chemistry. While numerous examples of compounds
containing1, 2, and3 have been identified,1 other environments
such as4 have proven elusive. Salts of anions assigned as

iminophosphides4b2 (also referred to as iminophosphoranides)3

have solid-state structures best described as the corresponding
phosphinoamides4a,4 the relative stability of which has been
theoretically modeled.5 We have now exploited the coordination
chemistry of unsaturated phosphorus(III) to prepare neutral
systems represented by4c, involving a pyramidal tricoordinate
phosphorus center with a lone pair and a distinctive NdP double
bond. The new complexes involve the now routinely available
carbenes,6 which engage in substantially stronger donor-acceptor
interactions with phosphorus6c than those observed with amines,7,8

arenes,9 or phosphines.7,10

31P NMR spectroscopic studies of reaction mixtures containing
equimolar amounts of imidazol-2-ylidene (carb,5) with Mes*NPCl
6a (136 ppm) or Mes*NPOSO2CF3 6b (50 ppm) (Mes*) 2,4,6-
tri-tert-butylphenyl) show almost quantitative (>85%) formation
of the corresponding adducts7a (156 ppm) and7b (350 ppm),
respectively. The complexes have been isolated and comprehen-
sively characterized,11a,band their structures are shown in Figure
1. Structural parameters are presented in Table 1, in comparison
with those of the closely related complexes7c (31P NMR 71
ppm)11c and7d,10c as well as lithium phosphinoamide derivatives.4

The N-P bond lengths for derivatives of7 are in the range
observed for iminophosphine and iminophosphorane derivatives
(1.46-1.62 Å),1d,14 and are substantially shorter than those
observed for derivatives of phosphinoamides (1.66-1.67 Å).4 The
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379w.1H and13C NMR details are consistent with other derivatives of Mes*NP
and pyridine: 31P NMR (CD2Cl2) 71 ppm;19F NMR (CD2Cl2) -78.9 ppm
(1JFC ) 320 Hz); crystal data, C24H34F3N2O3PS,M ) 518.56, triclinic,P1h, a
) 10.298(3) Å,b ) 16.842(4) Å,c ) 8.835(2) Å,R ) 95.69(2)°, â ) 112.24-
(2)°, γ ) 80.66(2)°, V ) 1398.4(6) Å3, T ) 296(2)K, Z ) 2, µ(Cu KR) )
19.72 cm-1, 3143 measured reflections, 2932 independent reflections, 1354
reflections withI > 3σ(I), 228 refined parameters,R ) 0.057,Rw ) 0.060,
S ) 1.95.
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CNP bond angles and P-E bond lengths (E) Cl or O) correlate
with the basicity trends of both the neutral ligands (PPh3 < pyr
< carb15) and the anionic ligands (OSO2CF3

- < Cl-). In this
context, the increasing O-P bond length trend in6b, 7d, 7c, and
7b can be viewed in terms of the complexes demonstrating
incipient anionic ligand displacement (cf. sum of the van der
Waals radii for O-P, 3.3 Å).16 The 13C NMR chemical shifts of
the methylene centers in7a (158 ppm) and7b (147 ppm) are in

the range observed for other main-group derivatives of5 (e.g.,
126 [(carb)S(O)Cl2]17 to 181 ppm [(carb)SnCl2]18).

Imidazol-2-ylidenes6,19have been previously exploited to obtain
new phosphoranes,20 cationic phosphines,21 and phosphaalkenes,22

which are now complemented by the new complexes7a and7b.
More importantly, 7a represents a definitive example of the
iminophosphide bonding environment8b (4b), the relative
stability of which (with respect to the phosphinoamide8a (4a))
was theoretically predicted5 in terms of the presence of an
electronegative substituent (Cl) at phosphorus. The interesting
isomeric relationship of8b with the methylene(imino)phosphorane
bonding arrangement9, which has been observed with substituents

other than imidazole,23 implies that theπ-interaction between the
nitrogen centers and the methylene center is favored over that
between a planar phosphorus center and methylene center.
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Table 1. Structural Parameters for Mes*NPCl and Mes*NPOSO2CF3, and Their Complexes with5, Pyridine, and Triphenylphosphine (E and
D are the donor atoms of the anionic and neutral ligands, respectively) and Lithium Phosphinoamide Derivatives

compd N-P (Å) P-E (Å) P-D (Å) C-N-P (deg) ref

Mes*NPCl (6a) 1.509(2) (E) Cl) 2.127(1) 146.4(2) 12
Mes*NP(carb)Cl (7a) 1.585(5) (E) Cl) 2.471(2) (D) C) 1.886(5) 120.2(4) this work
Mes*NPOSO2CF3 (6b) 1.467(4) (E) O) 1.923(3) 176.4(3) 13
Mes*NP(PPh3)OSO2CF3 (7d) 1.486(4) (E) O) 2.298(4) (D) P) 2.625(2) 169.5(4) 10c
Mes*NP(pyr)OSO2CF3 (7c) 1.472(8) (E) O) 2.712(7) (D) N) 1.958(8) 161.7(7) this work
Mes*NP(carb)OSO2CF3 (7b) 1.574(4) (E) O) 2.951(5) (D) C) 1.852(5) 116.2(3) this work
[Li(RNPPh2)(OEt2)]2 (R ) Ph, Np,iPr, Mes*) 1.659(4)-1.672(2) 116.3(2)-121.7(1) 4

Figure 1. Crystal structures of7a and7b drawn with 30% probability
displacement ellipsoids. Hydrogen atoms have been omitted for clarity.
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