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Examples of group 4 and 5 early-transition metal phosphinidenes Scheme 1. Synthesis of 1 and 2 from a Four-Coordinate
include only a handful of complexes of Tizr2 Nb2 and Tat Vanadium(lV) Alkylidene Complex (Nacnac)v=CHBu(l)

Recently, we reported a four-coordinate titanium complex contain- Oppp,
i i . : , o Ar ty.  AgBPhy Aar H 4
ing a terminal phosphinidene functional#/Ti-phosphinidenes are / CH,'Bu /

Nim. " THF Ny (‘D)‘tBu
expected to be unstable, because of the haodt contrast among & ,v\ > U ""-V
these elements. The recent isolation of the first complex containing N\ CH,Bu -Ag’ _N\ \THF
a Ti=P bond was in part accomplished by stabilizing kinetically Ar -CH;3'Bu Ar

this reactive functionality and by applying arhydrogen migration
strategy using a nucleophilic alkylidene ligatté:Inspired by this
result, we applied an analogous strategy for preparing a family of

R =Trip, 1; R = Mes*, 2

Ar = 2,6-PryCeHs -MgIBPhy| Mgl

four-coordinate complexes with a thus far unknown termirrdR/
functionality. We have also determined that these radical species
are stabilized not only kinetically but also via a pseudo JaFeiler
effect of second order.

To prepare a vanadium phosphinidenesblgydrogen migration,
we first synthesized a four-coordinate vanaditineopentylidene
complex [(Nachac)¥CH'BU(THF)][BPhy]8 from the one-electron
oxidation of (Nacnac)V(CHBu), (Scheme 1¥.° Anion exchange
of BPh, for | leads to a much more stable and neutral four-
coordinate alkylidene complex of vanadium, (Nacnae®H‘Bu-

() (Scheme 1), thus eluding disproportionation reactfowthen a
solution of (Nacnac)¥CH®Bu(I) is treated with a primary lithium
phosphide salt LIPHR (R= Trip, Mes*; Trip = 2,4,61PrCeHo,
Mes* = 2,4,6!BuzCgH,), salt elimination is observed concomitant
with formation of a highly lipophilic dark residue, which contains
a mixture of paramagnetic and diamagnetic products.

However, when an ethereal solution of LiPHR is layered onto a
similarly cold EO solution of (Nacnac)¥CHBu(l), and the
reaction mixture is allowed to reactrfd h at lowtemperatures, a
new product is isolated. The reaction must be rapidly filtered while
cold, and the filtrate must be concentrated and kept at low
temperatures for 5 days to obtain dark blocks of the paramagnetic
material in acceptable yields. Under these conditions, crystals are
obtained reproducibly (68%, R Trip (1); 79%, R= Mes* (2),
Scheme 1}° Crystals ofl and2 decompose over several hours at
room temperature in solution or in the solid state in the odder
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a 16-line pattern resulting from hyperfine coupling of the unpaired
electron to V ([ = /5, 99.6%,Aiso & 70 G) and superhyperfine
coupling to P [ = Y,, 100%,Ais, ~ 40 G)1! respectively (Figure
1)10

To confirm the proposed connectivity for the vanadium-phos-
phinidenes generated from the reaction of (NacnaeNA'Bu(l)
with 1 equiv of LIiPHR, we collected X-ray diffraction data for
single crystals from both reactiodThe molecular structure for
each complex reveals a four-coordinate vanadium center containing
a terminal phosphinidene functionality (Figure 2). In the crystal
structure of both complexelsand?2, there are two crystallographi-
cally independent but chemically equivalent molecules confined
in the asymmetric unft The geometry at vanadium is best described
as distorted tetrahedral, and the short® bond length for each
derivative is consistent with a metdlgand multiple bond1, 2.174-
(@) A; 2, 2.1602(6) A). These values are considerably shorter than
those for the four-coordinate vanadium phosphide (Nacnac)V-
(PHTrip) (3) (V—Ponosphice = 2.383(6) and 2.443(5) A9 or
vanadiuma?-phosphinidene complexé&!? In addition, the hy-
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on the encumbering group on P. We have determined that these -
are crystals of the vanadium phosphinidene complexes (Nacsac)V t
j’:]'i'-?i?.a.? il
M‘lu‘rﬁ.”f j i
fin i
mediate (Nacnacy¥*CHBu(PHR), which then undergoes-H- / "I'u"l |”||'| I|I|“||ﬁ'|-|'.'
LIII IJ| II| II|“| |||”.JI I|,"."-'I '.f‘ “'ﬂ'|
| Vgvvy 1

2, suggesting that these systems are stabilized kinetically depending’ridization of the former alkylidene carbon is now changed, which
PR(CH!Bu). A reasonable proposal is that the formation of J‘ ¥
complexesl and 2 occurs through the putative phosphide inter- ' h i
|| il

migration to furnish the ¥PR bond. oy

Solution magnetic measurements of compoutidsnd 2 are v
consistent with a H V(IV) paramagnetic speci€8. At room
temperature, complexdsand2 exhibit a magnetic moment of 2.09 ‘ _
and 2.14ug, respectively, which is in close agreement with the Figure 1. X-band EPR_SPET"a of Cgmp'?’@ﬂeﬁl) andz (right) recgrdedd )

: . at room temperature in toluene. Experimental spectrum is red, and the

calculated values obtained by applying the aveggealues from simulated spectrum is blue. For the line widthipiie, = 16.5— 0.5m +
the EPR spectra. In fact, the room-temperature X-band EPR spectrasmz2, and for2, Wis, = 20 — 5m + 6m2. For1, giso = 1.960, and fo2, giso
for 1 and2 not only support the present oxidation state but display = 1.963.

3200 3400 230

Field (G)

2400 200 200 =00

Field (G)

3700

1924 wm J. AM. CHEM. SOC. 2004, 126, 1924—1925 10.1021/ja0392216 CCC: $27.50 © 2004 American Chemical Society



COMMUNICATIONS

Figure 2. Molecular structures of and?2 with thermal ellipsoids at the
50% probability level. One of two crystallographically independent
molecules found in the asymmetric unit, H-atoms, and aryl groups with
the exception of the ipso-carbons on thaitrogens have been omitted for
clarity. One solvent moleculethexane) found in the asymmetric unit for
the structure oR has also been omitted for simplicity.
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Figure 3. Molecular orbital diagram for the model (Nacnaey?Mes-
(CH2'Bu). The orbital representations for the LUMO, SOMO, and R/
bonding orbitals (#148151) are depicted.

is indicated partially by the acute-MC,—Cgs angle (, 130.8(3},

2, 132.5(5)) as well as the elongated\C, bond length {, 2.034-

(4) A; 2, 2.053(2) A) relative to that of the former alkylidene
precursor (V-C,—Cg, 158.7(3); V=C, 1.787(3) A®® The very
short V=P bond length could arise from formation of a pseudo
triple bond-cbut the radical nature of complexésind2, coupled
with the variable \*-P—Cj,s, angles, could suggest otherwisk (
136.6(5); 2, 153.28(6)).

To address the factors governing structure and bonding in (11

complexesl and?2, we carried out theoretical calculations on the
vanadium phosphinidene model complex (NacnaePKes(CH!'-
Bu) (Mes = 2,4,6-MegC¢H,) using high level density functional
theory (DFT)!® The optimized geometry reproduced the key
features of the solid-state structureloéxpectedly well. Although
the singly occupied molecular orbital (SOMO) has ¢t character

and energy change of the SOMO (#150) and lowest unoccupied
molecular orbital (LUMO, #151, Figure 3). The core distortion can
be rationalized intuitively by realizing that thé-donfiguration of

the V(IV) center would give rise to a second-order Jafeller
distortion in a homogeneous ligand fieldn addition, the bond
order was calculated to be 1.724 from the computed wave function,
confirming the double bond character of the-F interaction.

In summary, a strategy for preparing a low-coordinate and
terminal titanium phosphinidene complex derived framH-
abstraction can be expanded to the lighter congener of group 5
transition metals, vanadium. The theoretical and experimental results
suggest tantalizingly that complexéand2 are surprisingly stable,
which is in part due to distortion from a tetrahedral environment,
consequently stabilizing the v multiple bond and the orbital
housing the unpaired electron. We are currently exploring the
reactivity offered by these one-electron metallaradicals containing
metat-ligand multiple bonds.
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