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Vanadium(IT) alkyls. Synthesis and X-ray crystal structures
of trans-VMe,(dmpe), and cis-V(CH,SiMe,),(dmpe),
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Abstract

Treatment of the vanadium(II) tetrahydroborate complex trans-V(n!-BH,),(dmpe), with (trimethylsily)methyllithium gives the
new vanadium(II} alkyl cis-V(CH,SiMe,),(dmpe),, where dmpe is the chelating diphosphine 1,2-bis(dimethylphosphino)ethane.
Interestingly, this complex could not be prepared from the chloride starting material VCl,(dmpe),. The CH,SiMe, complex has a
magnetic moment of 3.8 wg, and has been characterized by 'H NMR and EPR spectroscopy. The cis geometry of the CH,SiMe,
complex is somewhat unexpected, but in fact the structure can be rationalized on steric grounds. The X-ray crystal structure of
cis-V(CH ,SiMe;),(dmpe), is described along with that of the related vanadium(II) alkyl complex trans-VMe,(dmpe),. Compar-
isons of the bond distances and angles for VMez(dmpe)z, V-C = 2310(5) A, V-P =2.455(5) A, and P-V-P = 83.5(2)° with those
of V(CH,SiMe,),(dmpe),, V-C = 2.253(3) A, V=P =2551(1) A, and P-V-P = 79.37(3) show differences due to the differing
trans influences of alkyl and phosphine ligands, and due to steric crowding in latter molecule. The V-P bond distances also suggest
that metal-phosphorus -back bondmg is important in these early transmon metal systems. Crystal data for VMe (dmpe), at 25°C:
space group P2, /n, with a = 9.041(1) A b =12.815(2) A ¢ =9.905Q2) A B =93.20(1), V= 1145.8(5) A3 Z =2, Rp=0.106, and
R, =0.127 for 74 variables and 728 data for which I > 2.58 (I); crystal data for V(CH,SiMe;)(dmpe), at —75°C: space group
C2/c, with a = 9.652(4) A b =17.958(5) A ¢ = 18.524(4) A B =102.07(3), V = 3140(3) A3 Z=4, Rp=0033, and R, =0.032

for 231 variables and 1946 data for which I> 2.58 o(I).
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1. Introduction

The chemistry of vanadium is of interest in many
respects: for example, vanadium is an important con-
stituent in certain Ziegler-Natta catalysts for the poly-
merization of alkenes [1-3], in catalysts for the selec-
tive oxidation of hydrocarbons [4-7], and in nitrogen-
fixing systems including certain nitrogenase enzymes
{2,8-16]. Much of the inorganic chemistry of vanadium
has centered on the higher oxidation states, V', V1V,
and VV [17]. In contrast, the chemistry of vanadium in
its fower oxidation states has been much less inten-
sively investigated, and in particular, the number of V!
coordination compounds is rather small [18-30).

With the exception of vanadocene and its deriva-
tives, organovanadium(II) compounds are also quite
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rare. The first well-characterized vanadium(II) alkyl,
VMe,(dmpe),, was obtained via addition of methyl-
lithium to the 1,2-bis(dimethylphosphino)ethane (dm-
pe) complex VCl,(dmpe), [18]. Since then, only two
other o-alkyls of V! have been prepared: Teuben has
reported that CpVCl(dmpe) can be treated with alkyl-
lithium reagents to give CpVMe(dmpe) and CpV(n-
PrXdmpe) [31,32]. There is one earlier report of a
vanadium(II) alkyl: treatment of VCI,(thf), with 4 equiv
of benzyllithium has been reported to give the peralkyl
vanadate [Li(thf)],[V(CH,Ph),] [33], although no spec-
troscopic or crystallographic data were obtained to
support this formulation. The stoichiometry of this
product must be viewed with caution, however; for
example, several divalent aryl complexes originally
thought to possess the stoichiometries Li[MAr,] [34]
and Li [MAr,] (where M is V, Nb, or Ta) [34-37] have
more recently been reformulated as benzyne com-
plexes [38].
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We now describe the synthesis and characterization
of the new divalent vanadium alkyl species cis-
V(CH,SiMe,),(dmpe),, and report details of its crystal
structure along with that of trans-VMe,(dmpe),.

2. Results and discussion

2.1. Synthesis of vanadium(II) alkyls

Although treatment of trans-VCl,(dmpe), with 2
equiv of methyllithium gives the red-orange vana-
dium(fI) alkyl frans-VMe,(dmpe), (1) [18] our at-
tempts to prepare other vanadium(II) alkyls from
VCl,(dmpe), have largely been disappointing. This
situation resembles our experience with the titanium
complex TiCl,(dmpe),, which could not be alkylated to
give halide-free products under any conditions [18,39].
Instead, we found that a much better starting material
for the syntheses of titanium(lII) alkyls was the tetrahy-
droborate complex Ti(BH ,),(dmpe),: the BH; ligands
in this complex can be cleanly replaced by addition of
two equivalents of an alkyllithium reagent [39].

Accordingly, we have investigated whether the vana-
dium(II) tetrahydroborate complex trans-V(n!-BH,),-
(dmpe), [19] likewise serves as a better starting mate-
rial than VCl,(dmpe), for the synthesis of vanadium(IT)
alkyls. Encouragingly, treatment of V(BH,),(dmpe),
with methyllithium results in the clean replacement of
the two unidentate BH; groups to give the known
complex trans-VMe,(dmpe), (1) in yields that are com-
parable to those obtained from VCl,(dmpe),.

V(BH,),(dmpe), + 2 LiMe ——
trans-VMe,(dmpe), + 2 LiBH

1

More interestingly, however, this starting material also
provides an entry into the synthesis of new vanadium(II)
alkyls. Interaction of V(BH,),(dmpe), with 2 equiv of
(trimethylsilyDmethyllithium in diethyl ether at —78°C
leads to the green vanadium(II) alkyl cis-
V(CH,SiMe,),(dmpe), (2) in good yield. Although
VCl,(dmpe), reacts with LiCH,SiMe,, the solutions
obtained were red-brown instead of green, and no
crystals of 2 could be obtained. It is not entirely clear
why V(BH ,),(dmpe), is a better starting material; the
fact that the BH; groups in this compound are
unidentate [19] (and thus presumably weakly-bound)
does not necessarily explain the synthetic superiority of
BH as a leaving group in these alkylation reactions

V(BH,),(dmpe), + 2 LiCH,SiMe; ——
cis-V(CH,SiMe,),(dmpe), + 2 LiBH

2

The 'H NMR spectrum of 2 contains only one
readily observable resonance, a broad peak at § — 0.80
(fwhm = 700 Hz), which is probably assignable to the
methyl groups of the (trimethylsilyl)methyl ligands. This
assignment is reasonable since in other vanadium(ID
dmpe compounds such as VCl,(dmpe), [18] and
VMe,(dmpe), [18] the dmpe resonances are shifted
several tens of ppm from their diamagnetic positions.
In the present case, the dmpe resonances are made
more difficult to observe because they are split into
several smaller components as a consequence of the
low symmetry of 2.

The room temperature solution magnetic moment
of this 15-electron species is 3.8 ug, which corresponds
to three unpaired electrons. This conclusion is sup-

! 1 I 1 1

1} 1

100 300 500

700 mT

Fig. 1. X-band EPR spectrum of V{CH ,SiMe,),(dmpe); (2) in a frozen toluene glass at 110 K.
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ported by the details of the EPR spectrum of 2, which
was measured in a toluene glass at liquid nitrogen
temperature (Fig. 1). The spectrum contains a strong
signal at ca. 140 mT and other features that are
consistent with a rhombically distorted species with
three unpaired electrons. The presence of hyperfine
structure due to the I =7/2 vanadium nucleus could
be detected on the feature near 320m T (A, = 0.064
cm™!). The overall appearance of the spectrum is
similar to those reported for the rhombically distorted
S = 3/2 species trans-VCl,(dmpe), and trans-
VMe,(dmpe), [18]. Note that EPR spectroscopy is not
particularly effective in distinguishing cis and trans
isomers when both are rhombically distorted. In the
present case, both cis- and trans-VX,(dmpe), species
are rhombically distorted with symmetry parameters
(A) near 0.1. Solutions of cis-V(CH,SiMe,),-
(dmpe), are green, and thus isomerization of this
species to a trans geometry in solution appears un-
likely.

2.2. Crystallographic studies

Single crystals of trans-VMe,(dmpe), (1) and cis-
V(CH,SiMe,),(dmpe), (2) were grown by cooling satu-
rated pentane solutions to —20°C. Compound 1 almost
invariably crystallizes as thin flakes and on only one
occasion were we able to obtain crystals suitable for

examination by X-ray crystallography. These crystals
were generated according to the original recipe from
VCl,(dmpe), [18]; to date, we have been unable to
isolate single crystals of 1 via alkylation of V(BH,),-
(dmpe),. Crystals of 1 undergo a phase transition be-
low room temperature that results in loss of crys-
tallinity; as a result, the diffraction data were collected
at 25°C.

The structural analyses show that crystals of 1 and 2
are composed of discrete monomers of trans-VMe,-
(dmpe), and cis-V(CH,SiMe,),(dmpe),, respectively;
views of these molecules are presented in Figs. 2 and 3.
Molecules of 1 lie on centers of symmetry, while
molecules of 2 lie on crystallographic C, axes that
bisect the C(7)-V-C(7Y angle. Crystal data are col-
lected in Table 1 atomic coordinates for 1 and 2 are
listed in Tables 2 and 3, and bond distances and angles
for 1 and 2 are presented with estimated standard
deviations in Tables 4 and 5. The molecular structures
of 1 and 2 will be described in turn.

2.2.1. trans-VMe,(dmpe),

In 1, the vanadium center adopts a nearly ideal
trans-octahedral geometry with the methyl groups in
the axial positions and the dmpe ligands occupying the
equatorial plane. The backbone carbon atoms of the
dmpe ligands appear to be disordered in an unusual

TABLE 1. Crystal data for VMe,(dmpe), (1) and V(CH ,SiMe,),(dmpe) (2)

1 2

T,°C 25 -175
space gp P2,/n C2/c

a, A 9.041(1) 9.652(4)
b, A 12.815(2) 17.958(5)
¢, A 9.905(2) 18.524(4)
B,° 93.20(1) 102.07(3)
v, A3 1145.8(5) 3140(3)
z 2 4

d geq €M 3 1.105 1.112
calcds €M~ 6.85 5.87

size, mm 0.2%03x04 02x03%05
diffractometer Enraf-Nonius CAD4

radiation Mo Ka, A =0.71073 A

monochromator graphite crystal, 20 = 12°

scan range, type
scan speed, width

reflcns, total 2046
reflcns, unique 1797
reflens, > 2.580(1) 728
R; 0.020
R, 0.106
R, r 0.127
variables 74
p-factor 0.020

20<20<50°, w/0
2-16°min !, Aw = 1.50 (1.00 + 0.35 tan 9)°

3118
2762
1946
0.018
0.033
0.032
231
0.010
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Fig. 2. Molecular structure of VMe,(dmpe), (1). The 35% probabil-
ity density surfaces are shown.

fashion. The model that gives the lower R factors is
one in which the carbon atoms are disordered in a
paralle] fashion rather than the more common crossed
pattern (see below). These two patterns predict differ-
ent locations for the carbon atoms, and thus they
should be distinguishable crystallographically (even if
the partial occupancies of the carbon atom positions
are near 50% as in the present case).

L£—C SN
P ) P’ / P
\\ //P \\ \ /'
c—C c C
parallel crossed

Fig. 3. Molecular structure of V(CH ,SiMe;),(dmpe), (2). The 35%
probability density surfaces are shown.

TABLE 2. Atomic Coordinates for trans-VMe(dmpe), (1)

x y z

V(1) 0.0 0.0 0.0

P(1) —0.1336(6) 0.1307(4) 0.1286(6)
P(Q2) 0.1413(8) —0.0254(5) 0.2155(7)
C(1A) —0.084(5) 0.106(4) 0.312(2)
o2A) 0.063(5) 0.056(3) 0.352(3)
C(3A) —0.086(5) 0.27%1) 0.129%(5)
C4A) —0.341(1) 0.132(3) 0.120(5)
C(5A) 0.103(6) —0.148(4) 0.311(8)
C(6A) 0.325(3) 0.024(4) 0.287(5)
C(1B) —-0.022(5) 0.172(4) 0.285(3)
C(2B) 0.093(5) 0.090(3) 0.321(4)
C(3B) —-0.282(4) 0.088(3) 0.241(4)
C(4B) -0.143(5) 0.269(2) 0.067(5)
C(5B) 0.142(6) —-0.153(3) 0.308(8)
C(6B) 0.345(2) 0.004(4) 0.231(5)
(e ¢l)] 0.172(2) 0.125(1) —0.053(2)

However, the conclusion that the paraliel pattern rep-
resents the actual situation is only tentative, since the
disordered model could only be refined successfully
with constrained P-C and C-C distances.

Although the disorder of the dmpe backbone carbon
atoms prevents a detailed discussion of their associated
distances and angles, the internal core of atoms sur-
rounding the vanadium center is static. The P(1)-V-
P(2) bite angle described by the chelating dmpe ligands
of 83.5(2) is slightly outside the 78.6(2)-81.4(2)° range
found in other structurally characterized vanadium
dmpe complexes [18,19,41,42). The P-V-C angles,
which range from 88.0(5) to 92.0(5)°, describe a fairly
ideal octahedron. The V-C distance of 2.310(5) A is
considerably longer than that of 2.2193) A in
CpVMe(dmpe) [31,32]. This lengthening is best at-
tributed to the trans influence of the two mutually
trans methyl groups in 1. [40*] The average V-P
distance of 2.455(6) A is somewhato shorter than the
average V-P distance of 2.499(5) A in VCl,(dmpe),
[18]. Of the early first-row transition metal complexes
with the stoichiometry MX,(dmpe), (M =Ti, V, Cr,
and Mn, and X = Cl or Me), the present VMe,(dmpe),
complex is the last to be structurally characterized.
Table 6 presents some relevant bond distances for
these divalent compounds.

2.2.2. cis-V(CH,SiMe;),(dmpe),

In 2, the vanadium center adopts a distorted cis-oc-
tahedral geometry. The P(1)-V-P(2) angle of 79.37(3)
described by the dmpe ligands in 2 is somewhat smaller

* Reference number with asterisk indicates a note in the list of
references.
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TABLE 3. Atomic Coordinates for cis-V(CH,SiMe,),(dmpe), (2)

X y z

v 0.0 0.33086(4) 0.25

P(1) 0.14262(8) 0.31986(4) 0.14911(4)
P(2) 0.18165(8) 0.23258(4) 0.30625(4)
Si 0.19115(9) 0.47556(4) 0.37828(4)
1) 0.3105(3) 0.2745(2) 0.1914(2)
a2 0.2860(4) 0.2083(2) 0.2373(2)
«3) 0.0861(5) 0.2608(3) 0.0676(2)
(4) 0.2118(5) 0.4009(2) 0.1082(2)
6()) 0.1465(5) 0.1385(2) 0.3364(3)
(6) 0.3210(4) 0.2586(2) 0.3845(2)
(6¢)] 0.1640(3) 0.4178(2) 0.2946(2)
(8) 0.3666(5) 0.5247(3) 0.3959(3)
«Q9) 0.0539(5) 0.5509(2) 0.3706(2)
(10 0.1926(5) 0.4240(3) 0.4667(2)
H(1A) 0.365(3) 0.311(1) 0.224(1)
H(1B) 0.362(3) 0.260(1) 0.155(2)
H(2A) 0.369(3) 0.189(2) 0.262(2)
H(2B) 0.226(4) 0.170(2) 0.203(2)
HGA) —-0.000(3) 0.277(2) 0.039(2)
H(3B) 0.152(4) 0.25%2) 0.042(2)
H(3C) 0.079(5) 0.208(2) 0.084(2)
H(4A) 0.138(3) 0.427(2) 0.076(2)
H(4B) 0.256(4) 0.436(2) 0.147(2)
H@4C) 0.277(3) 0.384(2) 0.084(2)
H(5A) 0.228(4) 0.110(2) 0.346(2)
H(5B) 0.104(4) 0.144(2) 0.377(2)
H(50) 0.079%(4) 0.117(2) 0.300(2)
H(6A) 0.367(3) 0.303(2) 0.375(2)
H(6B) 0.391(3) 0.222(2) 0.394(2)
H(6C) 0.283(3) 0.267(2) 0.425(2)
H(7A) 0.137(3) 0.455(2) 0.256(2)
H(7B) 0.260(3) 0.400(1) 0.294(1)
H(8A) 0.445(4) 0.488(2) 0.403(2)
H(8B) 0.380(4) 0.556(2) 0.432(2)
H(8C) 0.380(4) 0.551(2) 0.356(2)
H(9A) —0.036(4) 0.534(2) 0.363(2)
H(9B) 0.055(4) 0.581(2) 0.334(2)
H{(90) 0.06%(4) 0.581(2) 0.412(2)
H(10A) 0.128(4) 0.390(2) 0.464(2)
H@10B) 0.208(4) 0.452(2) 0.500(2)
H(100) 0.282(4) 0.393(2) 0.479(2)

than that of 83.5(2)° in 1 and is near the lower limit
observed for such angles in other VX (dmpe), com-
plexes; the closing of this angle may be a consequence
of the steric crowding in this molecule. Although the
C(N-V-C(7Y angle of 92.3(1)F is only slightly larger
than the ideal angle of 90°, the crowding of the steri-
cally demanding CH,SiMe; groups is shown by the
large P(1)-V-C(7Y angie of 103.34(8)°; the P(1)-V-
P(1Y angle of 171.11(4)° is also consistent with the
presence of steric repulsions between the dmpe ligands
and the bulky alky] groups. .

The V-C distance of 2.253(3) A is slightly longer
than the V'-C o-bond distance of 2.219(3) A in
CpVMe(dmpe) [31,32]). This lengthening is probably a

TABLE 4. Selected Bond Distances and Angles for trans-
VMe,(dmpe),, (1)

Distances (A)

V(1)-CQ10) 2.31(5) P(1)-C(3A) 1.87(2)
V(1)-P(1) 2.462(5) P(1)-C@4A) 1.87(1)
V(1)-P(2) 2.448(7)  P(2)-C(5A) 1.88(6)
P(1)-C(1A) 1.87(2) P(2)-C(6A) i.87(3)
PQ2)-C(2A) 1.88(4) C(1A)-C(2A) 1.50(6)
Angles (deg)

C10)-v()-C(10y  180.0°

P(1)-V(1)-C(10) 90.2(5)
P(1)-V(1)-C10Y 89.8(5)
P(Q2)-v(1)-C(10) 88.0(5)
P(2)-V(1)-C(10Y 92.0(5)

? Crystallographically imposed.

P(D)-V(D-P1Y 180.0 2
P(1)-V(1)-P(2) 83.5(2)
P()-V(1)-P2Y 96.5(2)
PQ2)-V()-PQ2y  180.0°

result of the steric demands of the (trimethylsilyl)methyl
groups. The average V-P distance of 2.551(1) A is
significantly longer than those in VCl,(dmpe), of
2.495(5) to 2.501(5) A. Most likely, this lengthening is
also the result of the steric crowding around the vana-
dium center. Furthermore, the V-P distances in 2 are
essentially identical even though P(1) is trans to a
phosphine and P(2) is trans to an alkyl. Normally, M—P
distances trans to an alkyl group should be longer than
M-P distances trans to phosphine ligands; evidently,
the metal-phosphorus distances in 2 do not follow this
general pattern because of the steric crowding.

The locations of the methylene hydrogen atoms of
the CH,SiMe; groups are of interest, since such hy-
drogen atoms often exhibit agostic [43] M- H-C
interactions in molecules with low electron counts (the
electron count of 2 is 15). All of the hydrogen atoms
were located in the Fourier difference maps and their
locations were refined without constraints. Interest-

TABLE 5. Selected Bond Distances and Angles for cis-
V(CH,SiMe;),(dmpe), (2)

Distances (A)

vV-7) 2.253(3) P(2)-C(2) 1.836(3)
V-P(1) 2.550(1) P(2)-C(5) 1.833(4)
V-P(2) 2.552(1) P(2)-C(6) 1.820(4)
C(7)-Si 1.838(2) C(1)-C(2) 1.508(5)
P()-C(1) 1.836(3)  C(M-H(TA) 0.97(3)
P(1)-C(3) 1.8334)  C(7)-H(7B) 0.99(3)
P(1)-C(4) 1.830(4)

Angles (deg)

C(NH-V-C(7Y 92.3(1) P(1)-V-P(2) 79.37(3)
P(1)-V-C(7) 82.92(8) P(1)-V-PQ2Y 94.43(3)
P(1)-V-X7Y 103.34(8) P(2)-V-PQ2Y 92.47(3)
PQ)-V-C(P) 87.6%(8) V-C(N-Si 131.7Q2)
PQ)-V-C(7Y 177.27(8) V-C(7)-H(7A) 98(2)
PQ1)-V-PQY 171.11(4) V-C(7)-H(7B) 111(2)
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ingly, the V-C-H angles to the two methylene hydro-
gen atoms are significantly different: 98(2)° and 111Q2);
the former hydrogen atom lies 2.44(3) A from the
vanadium center. Although these distances and angles
are suggestive of an incipient agostic interaction, we do
not believe that such an interaction is present. In
support of this view, the V-C-Si angle of 131.7(2)°,
although somewhat larger than the ca. 120° angles
typically seen [44], is much smaller than the ca. 150°
value characteristic of authentic agostic complexes that
contain CH ,SiMe, ligands [45-48]. Instead, the V-C-
Si angle is large owing to the steric crowding, and
correspondingly the methylene hydrogen atoms must
“swing in” toward the vanadium atom to maintain the
best tetrahedral geometry about the a-carbon center.
The cis configuration of 2 is somewhat surprising at
first glance. The bulky alkyl groups would normally be
expected to occupy mutually trans coordination sites to
reduce the steric crowding around the vanadium cen-
ter. In fact, of all first-row transition metal species with
the stoichiometry MX ,(dmpe),, only the d® complexes
cis-Cr(CO),(dmpe), [49] and cis-FeX,(dmpe), (X =
hydride, alkyl, aryl) adopt cis structures [18,50,51]. The
cis geometry of 2 can be rationalized in terms of
interligand repulsive forces [52]. In the trans geometry,
any attempt to minimize repulsions between the alkyl
and phosphine ligands by movement of the dmpe lig-
ands away from one (trimethylsilyl)methyl group would
only increase the steric interaction of the phosphines
with the other alkyl group. In contrast, in the cis
geometry the dmpe ligands are able to bend away from
the large alkyl groups and minimize both alkyl-alkyl
and alkyl-phosphine repulsions. Furthermore, the cis
geometry allows the two alkyl ligands to adopt a type of
“cog-wheel” arrangement: the SiMe, substituents (one
of which is located above the C-V-C plane and one
below) complement each other in filling the available

TABLE 6. Selected Bond Distances for MX ,(dmpe), (M =Ti, V,
Cr, and Mn)

M M-Pin M-~Pin AM-P)®  Ref.
MCl,(dmpe), = MMe,(dmpe),

Ti 2.586(5) 2.514(1) 0.072(5) 18,39

\Y 2.49%(5) 2.455(6) 0.044(6) 18, ¢

Cr 2.369(3) 2.345(1) 0.024(3) 18

Mn  2.655(4) ¢ 2.246(5) 0.409(5) 18,64

3 Average M—P bond lengths are given in A.

® Difference between M—P distance in MCl,(dmpe), and M-P dis-
tance in MMe(dmpe),.

¢ This work.

9 This distance is for the bromide complex MnBr,(dmpe),. The large
difference between the Mn-P distance in this complex and that in
MnMe,(dmpe), reflects the fact that these complexes have different
spin states.

space. Other six coordinate complexes with two steri-
cally demanding ligands are known that adopt struc-
tures in which the bulky ligands are mutually cis; one
example is the uranium complex UCIIN(SiMe,),],-
(dme) (dme = 1,2-dimethoxyethane) [53].

2.2.3. Role of metal-phosphine m-back-bonding in early
transition metal complexes

The structural data presented in Table 6 for the
series of complexes MX ,(dmpe),, where M is Ti, V,
Cr, and Mn, indicate that in all cases, the M-P dis-
tance in a MMe,(dmpe), complex is shorter than the
M-P distance in the MCl,(dmpe), complex of the
same metal. If M-P sr-bonding were unimportant in
these complexes, one would expect that the increased
shielding (and corresponding reduced values of the
effective nuclear charge Z ) induced by the methyl
groups would expand the d-orbitals and would lead to
longer M-P bond distances. Instead, the shielding of
the nuclear charge by the inductive effect of the M—-Me
ligands raises the energies of the d-orbitals, which then
more effectively m-back-bond with the dmpe ligands
and shorten the M-P bonds. This view of the bonding
is also consistent with the fact that the parameter
A(M-P) as defined in Table 6 decreases from Ti to V
to Cr. Therefore, it is not the number of d-electrons
that is most important (as sometimes thought), but
rather the energy of the d-electrons that dictates the
amount of #-back-bonding. These results add strength
to the view that early transition metals in their lower
oxidation states are strong m-donors [54-59], and can
engage in w-back-bonding even with normally poor
m-acceptors such as trialkylphosphines [60*].

3. Experimental section

All operations were carried out in vacuum or under
argon. Pentane and diethyl ether were distilled under
nitrogen from sodium-benzophenone immediately be-
fore use. Halide-free methyllithium was obtained from
Aldrich, while (trimethylsily)Dmethyllithium [61] and
V(BH,),(dmpe), [19] were prepared by literature pro-
cedures. Microanalyses were performed by Mr. Thomas
McCarthy of the University of Illinois Microanalytical
Laboratory. The IR spectra were recorded on a
Perkin-Elmer 599B infrared spectrometer as Nujol
mulls between KBr plates. The 'H NMR data were
obtained on a Nicolet 360 MHz spectrometer or a
General Electric 300 MHz spectrometer. The X-band
EPR measurements were performed on a Bruker ESP-
300 spectrometer. Magnetic moments were determined
by a modification of Evans’s method [62]. Melting
points were measured on a Thomas-Hoover Unimelt
apparatus in sealed capillaries under argon.
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3.1. trans-Dimethylbis[1,2-bis(dimethylphosphino)eth-
aneJvanadium(1I) (1)

Methyllithium (4.6 ml of a 0.61 M solution, 2.8
mmol) was added to a —78°C solution of V(BH,),-
(dmpe), (0.52 g, 1.4 mmol) in diethyl ether (100 ml).
The solution was stirred for 30 min at — 78°C and then
for 1.5 h at 0°C. The solvent was removed under
vacuum and the residue extracted with pentane (50
ml). The red extract was filtered, concentrated to ca.
15 ml, and cooled to —20°C to give dark yellow crystals
of the complex. Subsequent crops were obtained by
concentration and cooling of the supernatant. Yield:
0.16 g (30%). Mp: 153°C (dec). This material was
identified by a comparison of its infrared spectrum
with that reported in the literature [18], IR (cm™!):
2758m, 1420s, 1290s, 1275s, 1125m, 1100m, 1074m,
983m, 940s, 878s, 851m, 822s, 786w, 720s, 690s, 632s,
544m br, 435w, 412m, 338w.

3.2, cis-Bis{(trimethylsilyl)methyl) ] bis{ 1, 2-bis(dimethyl-
phosphino)ethane]vanadium(1I) (2)

To a cold (—78°C) suspension of trans-V(BH,),-
(dmpe), (0.41 g, 1.1 mmol) in diethyl ether (40 ml) was
added LiCH,SiMe; (3.6 ml of a 0.62 M solution in
hexane, 2.3 mmol). The reaction mixture was warmed
to 0°C and the green solution was stirred for 3 h. The
solvent was removed in vacuum at 0°C and the green
solid was extracted with cold (0°C) pentane (3 X 50 ml).
The filtered extracts were combined, concentrated to
ca. 100 ml and cooled to —20°C to give dark green
prisms of the product; additional crops of crystals were
obtained from the supernatant. Yield: 0.23 g (50%).
Mp: 117°C. Anal. Calcd. for C, H,,P,Si,V: C, 45.7; H,
10.4; V, 9.69. Found: C, 42.8; H, 10.0; V, 10.6%. The
low carbon analysis may be the result of carbide forma-
tion during combustion. IR (cm™1): 2845s, 2832s, 2795s,
1422s, 1417s, 1296w sh, 1290m, 1275m, 1270m, 1250w,
1232s, 1223s, 1220s, 1128w, 1078w, 994w, 929vs, 918s,
sh, 877s, 850vs, 812s, 805s, 727s, 710s, 678s, 659m, 647s,
628m, 477w, 447w, 432w, 378m.

3.3. Crystallographic studies

Details are given elsewhere [63]. Single crystals of
VMe,(dmpe), (1) which were synthesized from the
chloride complex VCl,(dmpe), and crystallized from
pentane, were mounted in glass capillaries and a suit-
able crystal transferred to the diffractometer. [Single
crystals of V(CH,SiMe,),(dmpe), (2) also grown from
pentane, were mounted on glass fibers with Paratone-N
oil (Exxon) and immediately cooled to —75°C in a cold
nitrogen gas stream on the diffractometer. Subsequent
comments in brackets will refer to 2]. Standard peak
search and indexing procedures gave rough cell dimen-
sions, and the diffraction symmetry was confirmed by

inspection of the axial photographs. Least squares re-
finement using 25 reflections yielded the cell dimen-
sions given in Table 1.

Data were collected in one quadrant of reciprocal
space (+h, +k, +1) using the measurement parame-
ters listed in Table 1. [For 2, data were collected in one
quadrant (+h, +k, +1) for h+k=2n+1 over the
range 2.0 < 20 <12.0°and (+h, —k, +Dforh+ k=2n
over the range 2.0 < 20 < 50°]. Systematic absences for
hOl (h + 1+ 2n) and 0k0 (k + 2n) were consistent only
with space group P2,/n. [For 2, the systematic ab-
sences hkl (h + k # 2n) and hOl (1 # 2n) were consistent
with space groups Cc and C2/c. The average values of
the normalized structure factors and the successful
refinement of the proposed model established that the
correct choice of space group was the centric group
C2/c]. The measured intensitiecs were reduced to
structure factor amplitudes and their esd’s by correc-
tion for background, scan speed, Lorentz and polariza-
tion effects. While corrections for crystal decay were
unnecessary, absorption corrections were applied, the
maximum and minimum factors being (0.886 and 0.860
(0.808 and 0.728). Systematically absent reflections were
deleted and symmetry equivalent reflections were aver-
aged to yield the set of unique data. Only those data
with 7> 2.58 (1) were used in the least squares refine-
ment.

The structure was solved using Patterson (SHELxs-86)
and unweighted difference Fourier methods. The cor-
rect position for the vanadium atom was deduced from
a vector map, and partial structure expansion gave
positions for the vanadium-bound phosphorus and car-
bon atoms. Subsequent least-squares refinement and
difference Fourier calculations revealed the positions
of the remaining disordered non-hydrogen atoms. [For
2, the structure was solved by direct methods
(sHELXS-86) and correct positions for the vanadium,
phosphorus, and silicon atoms were deduced from a
vector map. Subsequent least-squares refinement and
difference Fourier calculations revealed positions for
all the remaining atoms]. The quantity minimized by
the least-squares program was Iw(|F,|—|F.|)?
where w =3.11/(c(F,)* + pF?) [for 2, w=0.79/
(o(F,)* + pF?)]. The analytical approximations to the
scattering factors were used, and all structure factors
were corrected for both real and imaginary compo-
nents of anomalous dispersion. In the final cycle of
least squares, anisotropic thermal coefficients were re-
fined for the vanadium, phosphorus, and C(10) atoms,
and a common group isotropic thermal parameter was
refined for the remaining carbon atoms. The carbon
atoms of the dmpe ligands were disordered, and a
two-site model best fit the data. The P-C and C(1)-
C(2) distances were constrained to common variables,
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which converged to 1.88(1) and 1.50(3) A, respectively,
and the disordered “A” positions converged with an
occupancy factor of 0.51(2). [For 2, anisotropic thermal
coefficients were refined for the nonhydrogen atoms;
hydrogen atoms were located in the difference Fourier
maps and their locations were independently refined
with individual isotropic thermal parameters). Success-
ful convergence was indicated by the maximum shift /
error of 0.009 [0.004] for the last cycle. Final refine-
ment parameters are given in Table 1. The largest
peaks in tohe final difference Fourier difference map
(-0.85 ¢ A~?) were located in the vicinity of the dmpe
ligand and possibly indicate that additional disorder is
present. A final analysis of variance between observed
and calculated structure factors showed an inverse
dependence on sin 8. [For 2, the final difference
Fourier map had no significant features (the largest
peak in the final difference Fourier difference map was
—0.39 e A73), and a final analysis of variance between
observed and calculated structure factors showed no
apparent systematic errors).

Although the room temperature disorder model for
1 was not satisfactory in all respects, it was the best of
several models tested. Attempts to collect data from a
crystal mounted with Paratone-N oil under a nitrogen
cold stream at —50°C to —100°C were unsuccessful,
and there was some evidence to suggest that the crys-
tals undergo a phase transition in this temperature
range.

Tables of thermal parameters, and bond distances
and angles, and final observed and calculated structure
factors for VMe,(dmpe), and V(CH,SiMe,),(dmpe),
are available from G.S.G. and will be deposited in the
Cambridge Crystallographic Data Center.
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