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Abstract

In the compound hexakis(2,6-diisopropylphenoxy)-
di'ﬂ'OXO'diniObium(V), [Nb(C12H170)3(PL'O)]2, a
distorted trigonal bipyramidal geometry is adopted
around each Nb metal center by three terminal
aryloxide O atoms and two non-symmetrically bridg-
ing oxo groups. Nb—O(bridging) = 1.807 (2),
2.117 (3) A; Nb—O(aryloxide) = 1.874 (3), 1.877 (3),
1.880 (3) A.

Comment

The number of studies of Group 5 metal-aryloxide
complexes containing oxo ligands has recently
increased (Yu, Fanwick, & Rothwell, 1992; Kee &
Gibson, 1992). We report here the isolation and
structural characterization of a dimeric aryloxide
compound of niobium(V), [Nb(OC¢H;Pr,-2,6);0].,
(I), which is held together by two non-symmetrical
bridging oxo groups.

Pri,CoH;0 OCgH;Pr,
Pl CH;0n N~ Nl;/ocsﬁgPr'z
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Fig. 1 presents an ORTEP (Johnson, 1965) view of
the title compound emphasizing the central coordi-
nation sphere. The molecule can be seen to adopt a
distorted trigonal bipyramidal geometry about each
Nb atom using three terminal aryloxide O atoms and
two bridging oxo ligands.

The literature contains reports of three directly
related oxo—aryloxide derivatives of Nb. The com-
plex [Nb(OC¢H;Ph,-2,6);0] (Yu, Fanwick & Roth-
well, 1992) was shown to be monomeric in the solid
state with a terminal Nb—O distance of 1.685 (9) A.
The two complexes [Nb(OC¢H;Me>-2,6);0] and
[Nb(OC¢H;'Bu,-2,6);0] have also been isolated (Kee
& Gibson, 1992) and assigned a monomeric structure
on the basis of spectroscopic data. It is, therefore,
surprising that the title compound obtained in this
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Fig. 1. A view of the molecule emphasizing the central coordina-
tion sphere. Displacement ellipsoids are drawn at the 50%
probability level and H atoms are omitted for clarity.

study adopts a dimeric structure in the solid state. It
should also be noted that this compound exhibits
extremely low solubility in hydrocarbon solvents,
frustrating efforts to obtain solution NMR spectra.

The two bridging groups can be seen (Table 2) to
be asymmetrically bound to the two Nb metal
centers. The short Nb—O(B) distance of 1.807 (2) A
is slightly longer than the typical values for terminal
niobium(V) oxo ligands (Nugent & Mayer, 1987)
while the long Nb—O(B) distance of 2.117 (3) A is
close to that found for simple dative bonds between
O-atom donor ligands and Nb" atoms, ¢f. a distance
of 2293(2)A for the Nb—O(thf) bond in
[Nb(OC¢H;Pry-2,6),(OC¢H; Pr-n>-CMe=CH,)(thf)]
(Yu, Fanwick & Rothwell, 1990). The short
Nb—O(B) bond occupies an equatorial position
about the Nb atom. A similar pair of asymmetric
bridging oxo ligands are present in [(TPP)Nb(u-
0);Nb(TPP)] (Johnson & Scheidt, 1978) which also
contains a symmetric oxo bridge.

The Nb—O(aryloxide) distances of 1.874 (3)-
1.880 (3) A and large Nb—O—Ar angles of
165.2 (3)-173.6 (3)° are common for Nb" and Ta*
aryloxide compounds (Steffey, Fanwick & Rothwell,
1990).

Experimental

The title compound was obtained in high yield during the hy-
drogenolysis of the dialkyl compound [Nb(OCeH3 'Pr2-2,6)3R:]
(R = CH,C¢HsMe-4) (Visciglio & Rothwell, 1993) over 24 hin
cyclohexane solvent at 363 K and 8300 kPa of hydrogen. This
sparingly soluble oxo compound was presumably formed during
the reaction by traces of water.
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Crystal data

[Nb,02(C2H,70)6]
M, = 1281.42
T1_'_ic1inic

PI .
a=11.949 (8) A
b=13313(D A
c=13420(1) A
a = 113.614 (5)°
8 = 96.978 (6)°
v = 111101 (5)°
V=1734.6 (6) A®
Z=1

Data collection
Enraf-Nonius CAD-4
diffractometer
w-26 scans
Absorption correction;
empirical
Tin = 0.51, Thax = 1.00
5107 measured reflections
5107 independent reflections

Refinement

Refinement on F

R =0.035

wR = 0.044

S =1.199

4149 reflections

370 parameters

H-atom parameters not
refined
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D, =1227Mgm™>

Cu Ko radiation

A=154184 A

Cell parameters from 25
reflections

0 = 35-41°

g =314 mm™!

T=293K

Block

0.25 x 0.22 x 0.13 mm

Yellow

4149 observed reflections
[F > 30(F)]

emax

h=-13-13

k=-14 - 13

1=0-15

3 standard reflections
frequency: 83.33 min
intensity variation: <3%

w = 1f[0*F + (0.02F)
+1 - F]

(A/0)max = 0.01

Apmax =041 e A73

Apmin = —050 ¢ A3

Atomic scattering factors
from Cromer & Waber
(1974)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Boq = (4/3)2,'2jﬂ,ja;.aj.

x y z Beq

Nb 0.07220 (3) 0.08388 (2) 0.12716 (2) 3.141 (6)
o(1) 0.1974 (2) 0.1053 (2) 0.2434 (2) 4.11 (6)
0(2) 0.1641 (2) 0.2364 (2) 0.1351(2) 4.49 (7)
0Q3) —0.0551 (2) 0.0511 (2) 0.1951(2) 4.59 (7)
0o(B) —~0.0679 (2) 0.0493 (2) —0.0116 2) 3.70 (6)
C(11) 0.2920 (3) 0.1490 (3) 0.3404 (3) 3.96 (9)
C(12) 0.3147 (4) 0.2560 (3) 0.4366 (3) 4.6 (1)
C(13) 0.4159 (4) 0.3001 (4) 0.5318 (4) 59 ()
C(14) 0.4878 (4) 0.2403 (4) 0.5303 (4) 6.2 (1)
C(15) 0.4610 (4) 0.1326 (3) 0.4353 (4) 5.5(1)
C(16) 0.3614 (4) 0.0827 (3) 0.3377 (3) 4.4(1)
c@n 02382 (3) 0.3411 (3) 0.1345 (3) 3.95(9)
C(22) 0.3598 (4) 0.3617 (3) 0.1274 (3) 4.8(1)
C(23) 0.4325 (4) 0.4704 (4) 0.1280 (4) 6.4(1)
C4) 0.3889 (5) 0.5532 (4) 0.1357 (4) 7.6(2)
c@s) 0.2707 (5) 0.5315 (3) 0.1438 (4) 6.8 (1)
C(26) 0.1923 (4) 0.4250 (3) 0.1432 (3) 49 (1)
C(31) —0.1229 (3) 0.0339 (3) 0.2669 (3) 44(1)
Cc(32) —0.1486 (4) —0.0697 (4) 0.2809 (3) 5.4.(1)
C(33) —0.2183 (5) —0.0823 (5) 0.3551 (4) 78 (2)
C(34) —0.2575 (5) 0.0033 (5) 0.4110 (4) 8.9(2)
C(35) —0.2323 (4) 0.1021 (5) 0.3946 (4) 74 (Q2)
C(36) —0.1638 (4) 0.1213 (4) 0.3208 (3) 5.4 (1)
C(121) 0.3025 (6) 0.4431 4) 0.4459 (4) 83(2)
C(122) 02333 (4) 0.3211 3) 0.4400 (3) 5.4(1)
C(123) 0.1742 (5) 0.3334 (4) 0.5357 (4) 750)
C(161) 0.4006 (6) —0.0156 (5) 0.1529 (5) 92(2)
C(162) 0.3273 (4) —0.0364 (3) 0.2317 (4) 53()

901
C(163) 0.3433(6)  —0.1304 (4) 0.2601 (6) 9.8(2)
c@2n 0.4076 (7) 0.1981 (5) 0.0017(5)  122(2)
C(222) 0.4097 (4) 0.2698 (4) 0.1184 (3) 53(1)
c(223) 0.5345 (6) 0.3262 (6) 020218)  17.0(3)
c@esl)  —0.0313 (5) 0.3444 (5) 0.0312 (5) 8.8(2)
C(262) 0.0605 (4) 0.4015 (3) 0.1499 (4) 6.2 (1)
C(263) 0.0520 (5) 05130 (5) 02337 (6) 99(2)
c(321)  —0.1987(6)  —0.2939 (5) 0.1747 (4) 8.7Q2)
C(322)  -0.1008(5)  —0.1613(4) 02229 (3) 63(1)
C(323) 00183(5)  —0.1351(5) 0.3045 (5) 89(2)
c36l)  —02250 (4) 0.1817 (4) 0.1793 (4) 7.1Q1)
C(362)  —0.1407 (4) 0.2259 (4) 0.2965 (4) 59(1)
C(363)  —0.1544 (5) 0.3324 (5) 0.3852 (6) 9.8(2)
Table 2. Selected geometric parameters (A, °)

Nb—Nb 3.0498(7) Nb—O(B) 1.807 (2)
Nb—O(1) 18773  O(—C(11) 1368 (4)
Nb—0(2) 1880(3)  O()—C(1) 1.360 (4)
Nb—0(3) 1874(3)  0(3)—C(31) 1368 (4)
Nb—O(B) 2.117 3)

Nb—Nb—O(1) 140.70(8)  O(2)—Nb—O(B) 86.5(1)
Nb—Nb—O(2) 10309(9)  O(2)—Nb—O(B) 116.9(1)
Nb—Nb—0(3) 10239(9)  O(3)—Nb—O(B) 86.8 (1)
Nb—Nb—O(B) 3545(6)  O(3)—Nb—O(B) 1153 (1)
Nb—Nb—O(B) 4283(8)  O(B)—Nb—O(B) 783 (1)
O(1)—Nb—0(2) 953(1)  Nb—O(B)—Nb 101.7 (1)
0(1)—Nb—0(3) 948(1)  Nb—O(1)—C(11) 1663 (2)
0(1)—Nb—O(B) 176.1 (1)  Nb—O(2)—C(21) 173.6 (3)
0(1)—Nb—O(B) 979(1)  Nb—O(3)—C(31) 165.2 (3)
0(2)—Nb—0(3) 124.6 (1)

The structure was solved using the Patterson heavy-atom
method which revealed the position of one Nb atom. The re-
maining atoms were located using DIRDIF (Beurskens et al.,
1983) and in succeeding difference Fourier syntheses. H atoms
were located and added to the structure-factor calculations, but
their positions were not refined. The structure was refined by
full-matrix least squares where the function minimized was
Ew(|F,|—|F:|)* and the weight, w, was as defined by the Kil-
lean & Lawrence (1969) method with terms of 0.020 and 1.0.
Anomalous-dispersion effects were included in F, (Ibers &
Hamilton, 1964); the values for f’ and f'’ were those of Cromer
(1974). There were 262 correlation coefficients greater than
0.50. The highest peak in the final difference Fourier map had an
estimated error based on AF (Cruickshank, 1949) of 0.06. Plots
of Zw(|F,|—|Fc|)* versus |F,|, reflection order in data collec-
tion, sin 6/ and various classes of indices showed no unusual
trends. All calculations were performed on a VAX computer. Re-
finement was performed using MolEN (Fair, 1990).

We thank the National Science Foundation (grant No.
CHE-8915573) for support of this research.

Lists of structure factors, anisotropic displacement parameters and H-
atom coordinates have been deposited with the British Library Doc-
ument Supply Centre as Supplementary Publication No. SUP 71772
(34 pp.). Copies may be obtained through The Technical Editor, Inter-
national Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England. [CIF reference: ST1066]
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Abstract

The compound bis(2,6-diphenylphenoxy)bis(trime-
thylsilylmethane)bis(u -trimethylsilylmethylidyne)di-
niobium has a crystallographic center of inversion
with tetrahedral geometry adopted around each Nb
metal center. Nb—Nb=29082 (8), Nb—O=
1.909 (3), Nb—C(terminal alkyl) =2.146 (5), Nb—
C(bridging) = 1.979 (4) A (average).

Comment

Recently, it has been shown that the Group 5 metal-
alkylidyne bridged compounds [(Me;SiCH,),M-
(u-CSiMey)], (N =Nb, Ta) (Mowat & Wilkinson,
1973) supported on silica will catalyze the exhaustive
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hydrogenation of a variety of aromatic substances
(Profilet, Rothwell & Rothwell, 1993). Previously,
our group had also shown that treatment of the
tantalum compound with phenolic reagents led to a
range of substitution products in which the central
alkylidyne core was maintained (Fanwick, Ogilvy &
Rothwell, 1987). We report here the isolation and
structural characterization of a related dinuclear com-
pound of niobium, [Nb(CH,SiMe;)(OCsH;Ph,-2,6)-
(u-CSiMe3)l,, (I).

SiMe,
Ph,CeH;0., A CH,SMe;
{@) Nb
Me,SiCHZ/ \( OCgH;Ph,
SiMe,
®

A view of the molecule is shown in Fig. 1. Earlier
work has shown that all three of the possible substi-
tutional isomers are formed when [Me;SiCH,),Ta(u-
CSiMe;)], is reacted with two equivalents of
2,6-diphenylphenol (Fanwick, Ogilvy & Rothwell,
1987). The solid-state structure of the title niobium
compound (Fig. 1) shows it to contain the anti-1,2-
substituted isomer with a crystallographically
imposed center of inversion. The Nb—Nb distance
of 2.9082(8) A is only slightly longer than the
distance of 2.897(2)A in [(Me;SiCH,),Nb(u-
CSiMe;)],. The Nb—O distance of 1.909 (3) A and
large Nb—O—C angle of 167.4 (3)° are typical for
aryloxide ligands bound to niobium(V) metal centers
(Steftey, Fanwick & Rothwell, 1990).

Fig. 1. A view of the molecule emphasizing the central coordina-
tion sphere. Displacement ellipsoids are drawn at the 50%
probability level and H atoms are omitted for clarity.

Experimental

The title compound was prepared, in moderate yield, by addi-
tion of two equivalents of 2,6-diphenylphenol to a toluene sol-
ution of [Nb(CH>SiMes)2(u-CSiMes)), and heating at 373 K
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