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Chemistry of transition-metal complexes containing the terminal
phosphinidenkfunctionality is exceedingly underdeveloped when
compared to the lighter nitrogen congefén contrast to imide-
group transfer reactions, the concept of phosphinidene-group
transfer has received far less attention, presumably due to the lack
of stable systems having this functionality. Examples of early-
transition metal phosphinidenes include only a handful of complexes
composed of Z5 and Taé’ Other isolable phosphinidenes of the
early-metal series include some in group 6 (e.g., Mo andW).

Akin to early-transition metals, the mid- to late-transition metal

phosphinidenes are also infrequent, yet of great interest, because
these systems can demonstrate a direct contrast between electron- 1b
deficient and -rich complexes possessing this common functionality. Figure 1. Molecular structures afb and3c with thermal ellipsoids at the

; ; IRy 12,13 50% probability level. Ethyl groups on O54 aiRr groups on the P-Trip
Rare examples of the latter family of elements includé ' in 1b (C25, C27, C29) have been omitted. Aryl groupslimand3c with

13 Col4 Rh14 |p 14,15 16 : ; . .
Os;® Co* Rh* Ir,*%%>and Nii® In most of these compounds,  the exception of thépso-carbons on the nitrogens have been also omitted
encumbering substituents on P are required, unless otherwisefor clarity.

stabilized electronically with electron-rich groups.Hitherto, the

only isolable group 4 terminal phosphinidenes reported to date are
the bis-cyclopentadienyl derivatives described by Steplzand N
Protasiewic?. Ar H - \

Our recent report of the synthesis of four-coordinate titanium @’,,,“T,)*‘Bu ;:(K){’R_WC tB“CHZ_P\,\Y\/
alkylidené® and imidd®1°complexes stimulated the pursuit of an =N\ - _TinnINAr
analogous titanium phosphinidene. Titanium phosphinidenes are AaN?
unknown3d presumably due to haresoft mismatch of these
elements. Herein, we report the first titanium complex containing
a terminal phosphinidene ligand. Judicious choice of substituent multiple bond2 Both P2 and C3 are bound to Til (2.572(3) and
on P can influence the kinetic stability of the reactivefPR] 2.123(8) A, respectively), while the prior neopentylidenearbon
fragment. C19 has acquired an additional proton and is now attached to the

A strategy for preparing a low-coordinate and terminal titanium phosphorus as an alkyl grodpBecause of the low-coordination
phosphinidene complex involved treatment of the nucleophilic and environment on Ti, close interactions between the titanium center
four-coordinate titanium alkylidene (NacnacATH!Bu(OTf)!8 and the olefinic carbons of the chelate ligand are also noted in the
(Nacnac = [Ar]NC(Me)CHC(Me)NIAr], Ar = 2,61Pr,CeH3) with structure oflb (Til—C4, 2.420(8) A; Tit-C5, 2.456(9) A).
the corresponding primary lithium phosphide. When 1 equiv of  Formation ofl is proposed to occur via transmetalation of LIPHR
LIiPHR (R~ = Cy, Trip; Cy = CgHyy, Trip = 2,4,6iPCeHy) is with (Nacnac)T=CH!Bu(OTf) to furnish putative neopentylidene-
added to a cold ether solution of (NacnaefOHBu(OTT), the color phosphide (Nacnac)FHCHBuU(PHR) @) (R = Cy (2a); R = Trip
rapidly changes from red-brown to orange-brown. After workup, (2b)), which subsequently undergoesH-migration to give phos-
complex (JArINC(Me)CHC(Me)P[R][CHBU]) Ti=NAr(OEY) (1) phinidene (Nacnac)®PR(CH'Bu) (3) (R = Cy (3a); R = Trip
(R~ = Cy, 1a, 76% yield; R= Trip, 1b, 89% yield) is isolated as  (3b)) (Scheme 2). Considered quite reactive, intermediate

Scheme 1. Synthesis of 1a and 1b

\ OTf
Ar OEt,

R =Cy, 1a; R = Trip, 1b

a dark-brown powder (Scheme 2)As an example, théH NMR rearranges through a “phospha-Staudinger” reaction to generate the
spectrum ofLb is consistent with these species havtigsymmetry, titanium-imide complex supported by the NP hybrid ligand
while the 3P NMR shows only one diastereomer presentd ([ArINC(Me)CHC(Me)P[R]) TE=NAr(CH2Bu) (4) (R = Cy (4a);
ppm)2° R = Trip (4b)). Precedent for “Wittig or Staudinger-type” reactions

Large dark-orange blocks df were grown from a saturated  at the imine functionality of the Nacnadigand has been reported
pentane solution, and their connectivity was determined from single- previously by our group? Consequently, complek would then
crystal X-ray diffraction method®.Both complexes are isostructural ~ form from 4 by phosphaalkene insertion into the-TCH,'Bu bond
and reveal a five-coordinate titanium complex in a highly congested (Scheme 2). The latter reaction would be consistent with traditional
and distorted square pyramidal environment where the labile OEt phosphaalkene chemistry because there is positive charge at the P
ligand occupies an axial si#8 Upon inspection of the structure of  atom resulting from polarization in the bondd
1b (Figure 1), it is evident that the [PTrip] fragment has undergone  Evidence for the intermediates generated during the formation
migration to the3-carbon of the former Nacnadigand. The short of 1b is substantiated by monitoring the reaction mixture at low
Ti1—N41 distance (1.732(6) A) is clearly indicative of aTNimige temperature usingtP NMR spectroscop$? Upon thawing of the

10170 = J. AM. CHEM. SOC. 2003, 125, 10170—10171 10.1021/ja036559r CCC: $25.00 © 2003 American Chemical Society



COMMUNICATIONS

Scheme 2. Proposed Intermediates along the Reaction Pathway
To Generate 1a and 1b
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reagents in RO to —20 °C, a resonance assignedab (19 ppm,
Jp-n = 556 Hz, purple solutiord} is observed. From-18 to —5
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