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Structure of a Tetrahedral Niobium Oxo Compound [Nb(OC¢H,Ph,-2,6),(0O)]
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Abstract. Tris(2,6-diphenylphenoxy)oxoniobium(V),

[Nb(C;sH;0);0], M, =844.82, orthorhombic,
P2,2,2,, a=10.704(1), 5=19.562(3), c=
19.823(3)A, V=4150(2)A}>, Z=4, D, =

1.35gcm ™3, A(Mo Ka) =0.71073 A, p =322 cm ™!,
F(000) = 1744.0, T=293.15K, R=0.054 for 1680
reflections with 7> 3.00(7). A tetrahedral geometry
is seen to be adopted around the Nb-metal center
with three aryl oxide O atoms and one terminal oxo
group. Nb—O(terminal oxo group) =1.685(9) A;
Nb—O(aryl oxide) = 1.896 A (av.).

Introduction. Recent years have seen a dramatic
increase in the study of the synthesis, structure and
reactivity of transition-metal compounds containing
a terminal oxo group (Nugent & Mayer, 1987). We
report here the isolation and structural character-
ization of a mononuclear aryl oxide compound of
niobium(V) containing a terminal oxo group,
[Nb(OC4H;3Ph,-2,6)5(0)]  (OCe¢HsPh,-2,6 = 2,6-di-
phenylphenoxide).

Experimental. The compound Nb(OC¢H;Ph,-
2,6)5(0) was obtained in low yield during the room-
temperature reduction of toluene solutions of the
dichloride Nb(0C6H3Ph2“2,6)3C12 (Chesnut, Durfee,
Fanwick, Rothwell, Folting & Huffman, 1987) with
sodium amalgam. This oxo compound was either
formed during the reaction, by traces of water, or
else was present in the original sample of the
dichloride.

A yellow crystal
having approximate

of [Nb(OCe¢H;Ph,-2,6),(0)],
dimensions (.28 x 0.25 x
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0.22 mm, was mounted in a glass capillary in a
random orientation. Preliminary examination and
data collection were performed with Mo Ka
radiation on an Enraf-Nonius CAD-4 computer-
controlled «-axis diffractometer equipped with a
graphite-crystal incident-beam monochromator.

Cell constants and an orientation matrix for data
collection were obtained from least-squares
refinement, using the setting angles of 25 reflections
in the range 9 < @ < 15°, measured by the computer-
controlled diagonal-slit method of centering.

The data were collected at a temperature of 293 K
using the w20 scan technique. The scan rate varied
from 2 to 20° min~' (in w). The variable scan rate
allows rapid data collection for intense reflections
(where a fast scan rate is used) and assures good
counting statistics for weak reflections (where a slow
scan rate is used). Data were collected in a 26 range
of 4.00-45.00° with hk/ limits of 0 to 11, 0 to 21 and
0 to 21, respectively. Systematic absences of 400, 4 =
2n; 0k0, k=2n; 00/, /=2n, and subsequent least-
squares refinement, indicated space group P2,2,2,.
The scan range (°) was determined as a function of 6
to correct for the separation of the Ka doublet
(CAD-4 Operations Manual, 1977); the scan width
was calculated as @w-scan width = (0.83+
0.350tan#)°. Moving-crystal moving-counter back-
ground counts were made by scanning an additional
25% above and below this range. Thus the ratio of
peak counting time to background counting time was
2:1. The counter aperture was also adjusted as a
function of 8. The horizontal aperture width ranged
from 2.0 to 2.4 mm; the vertical aperture was set at
4.0 mm. The diameter of the incident-beam colli-
mator was 0.7mm and the crystal to detector
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distance was 21 cm. For intense reflections, an atten-
uator was automatically inserted in front of the
detector; the attenuator factor was 25.7.

A total of 3080 reflections were collected, all of
which were unique and not systematically absent.
Lorentz and polarization corrections were applied to
the data. The linear absorption coefficient is
3.2cm™! for Mo Ka radiation. No absorption cor-
rection was made. Three standard reflections moni-
tored every 5000 s showed no variation in intensity.

The structure was solved using the Patterson
heavy-atom method which revealed the position of
the Nb atom. The remaining atoms were located
using DIRDIF (Beurskens et al., 1984) and in suc-
ceeding difference Fourier syntheses. H atoms were
located and added to the structure-factor calcula-
tions, but their positions were not refined. The struc-
ture was refined in full-matrix least squares where the
function minimized was >w(|F,| —|F|)* and the
weight w was as defined by the Killean & Lawrence
(1969) method with terms of 0.020 and 1.0.

Scattering factors were taken from Cromer &
Waber (1974). Anomalous-dispersion effects were
" included in F, (Ibers & Hamilton, 1964); the values
for f/ and f” were those of Cromer (1974). Only
the 1680 reflections having intensities greater than
3.0 times their standard deviation were used in the
refinements. The final cycle of refinement included
262 variable parameters and converged (largest
parameter shift was 0.02 e.s.d.) with unweighted and
weighted agreement factors of R=0.054 and wR =
0.078. The standard deviation of an observation of
unit weight was 1.20. There were no correlation
coefficients greater than 0.50. The highest peak in the
final difference Fourier map had a height of
043¢ A3 with an estimated error based on AF
(Cruickshank, 1949) of 0.08. The factor for the deter-

Fig. 1. ORTEP (Johnson, 1965) view of [Nb(0C6H3Ph2-2,6)3(0)]
with thermal ellipsoids drawn at the 50% probability level.

[Nb(OCsH3Ph-2,6)3(0)}

Table 1. Fractional coordinates and isotropic or
equivalent isotropic thermal parameters (A?
C atoms were refined isotropically. Nb and O atoms were refined
anisotropically.

B, = (4/3)[a*B(1,1) + b*B(2,2) + c*B(3,3) + ab(cosy)B(1,2)
+ ac(cosp)B(1,3) + be(cosar)B(2,3)].

x ¥y z Bo/By
Nb 0.1832(1) 0.03505 (6) 0.23772 (6) 2.82 (2)
0(10) 0.182 (1) 0.1023 (4) 0.3053 (4) 332
0(20) 0.3549 (7) 0.0169 (4) 0.2160 (4) 3.1Q)
0(30) 0.1131 (9) 0.0708 (4) 0.1577 (4) 34(2)
0O(40) 0.1109 (8) —0.0361 (5) 0.2655 (4) 42(2)
C(11) 0.144 (1) 0.1311 (7) 0.3635 (6) 32Q3)
c(12) 0.232 (1) 0.1654 (6) 0.4035 (6) 2203)
C(13) 0.191 (2) 0.1949 (6) 0.4635 (6) 3.5(3)
C(14) 0.069 (1) 0.18%4 (7) 0.4849 (7) 39(3)
(15) —-0.016 (1) 0.1557 () 0.4440 (7) 3.5(3)
C(16) 0.017 (1) 0.1272 (6) 0.3829 (6) 2.5(3)
c@21 0.441 (1) —0.0316 (7) 0.1997 (6) 3.003)
C(22) 0.462 (1) —0.0837 (6) 0.2445 (6) 26 (3)
C(23) 0.545 (1) -0.1360 (7) 0.2210 (7) 393)
C(24) 0.598 (1) —0.1334 (7) 0.1576 (7) 39(3)
C(25) 0.575 (1) —-0.0767 (7) 0.1169 (7) 3703)
C(26) 0.499 (1) —-0.0253 (7) 0.1371 (6) 3.0(3)
C(31) 0.026 (1) 0.0754 (6) 0.1106 (6) 2.6 (3)
C(32) —0.022 (1) 0.0141 (6) 0.0831 (6) 24 (3)
C(33) —0.121 (1) 0.0195 (8) 0.0359 (8) 50 (4)
C(34) —0.170 (2) 0.0830 (8) 0.0196 (8) 5.4(4)
C(35) —-0.122 (2) 0.1419 (8) 0.0466 (8) 51@4)
C(36) —-0.024 (1) 0.1385 (7) 0.0917 (7) 34(3)
C(121) 0.366 (1) 0.1686 (7) 0.3844 (7) 3.2(3)
C(122) 0.403 (1) 0.1842 (7) 0.3199 (7) 3.703)
C(123) 0.529 (2) 0.1854 (8) 0.3052 (8) 5.1(4)
C(124) 0.616 (2) 0.1705 (8) 0.3540 (8) 49 (4)
C(125) 0.580 (2) 0.1556 (8) 0.4169 (8) 49 (4)
C(126) 0.453 (2) 0.1543 (8) 0.4342 (7) 43(4)
C(161) -0.075 (1) 0.0891 (7) 0.3410 (7) 3.03)
C(162) ~0.149 (1) 0.0386 (8) 0.3699 (6) 4.1 (3)
C(163) —0.236 (1) 0.0038 (7) 0.3317 (7) 434
C(164) -0.252 (1) 0.0202 (7) 0.2656 (8) 5.2 (4)
C(165) —0.185 (2) 0.0725 (7) 0.2369 (8) 5103)
C(166) -0.093 (1) 0.1075 (7) 0.2748 (7) 3.7 3)
C(221) 0.416 (1) —0.0872 (7) 0.3123 (7) 343
C(222) 0415 (1) —0.0299 (8) 0.3541 (6) 3.703)
C(223) 0.375 (1) —-0.0312 (8) 0.4194 (7) 49 (3)
C(224) 0.330 (2) —0.0915 (8) 0.4452 (8) 58 (4)
C(225) 0.331 (2) —0.14%4 (T) 0.4075 (7) 49 (4)
C(226) 0.370 (1) —0.1474 (7) 0.3407 (7) 4.4 (4)
C(61) 0.488 (1) 0.0369 (8) 0.0944 (6) 38(3)
C(262) 0.469 (1) 0.0289 (9) 0.0252 (7) 438 (3)
C(263) 0.470 (2) 0.0885 (9) —0.0145 (8) 554
C(264) 0.488 (2) 0.1501 (9) 0.0115 (9) 6.5(5
C(265) 0.503 (2) 0.160 (1) 0.0781 (9) 70 (5)
C(266) 0.503 (2) 0.1018 (8) 0.1187 (7) 4.6 (4)
C(321) 0.028 (1) —0.0544 (6) 0.1000 (6) 3.0(3)
C(322) 0.156 (1) ~0.0675 (7) 0.0998 (7) 3.9(3)
C(323) 0.205 (2) —0.1304 (8) 0.1182 (7) 5.0 (@)
C(324) 0.120 (2) —0.1802 (8) 0.1410 (8) 53 (4)
C(325) —0.008 (2) —0.1700 (9) 0.1395 (8) 5.6 (9)
C(326) -0.049 (2) ~0.1066 (8) 0.1213 (D 43 (4)
C(361) 0.030 (1) 0.2020 (7) 0.1221 (7) 42 (8)
C(362) —0.053 (2) 0.2489 (8) 0.1514 (8) 4.7 @)
C(363) -0.002 (2) 0.3100 (9) 0.1789 (9) 6.0 (5)
C(364) 0.119 (2) 0.3229 (9) 0.1763 (9) 6.3 (5)
C(365) 0.202 (2) 0.2783 (9) 0.1471 (9) 1305
C(366) 0.155 (2) 0.2154 (7) 0.1203 (7) 4.7 (4)

mination of the enantiomorph (Rogers, 1981) refined
to 1.56. Plots of Sw(|F,| — |F.|)* versus |F,|, reflec-
tion order in data collection, sinf/A, and various
classes of indices, showed no unusual trends.

All calculations were performed on a VAX com-
puter using SDP (Frenz, 1978).

Discussion. Fig. 1 presents an ORTEP (Johnson,
1965) view of [Nb(OC¢H;Ph,-2,6);(0)] emphasizing
the central coordination sphere. The molecule can be



JOYCE S. YU, PHILIP E. FANWICK AND JIAN P. ROTHWELL

Table 2. Selected bond distances (A) and angles (°)

Nb—O(10) 1.878 (7) O(10—Nb—O0O(20) 107.3 (4)
Nb—O(20) 1.921 (8) O(10—Nb—O(30) 109.7 (4)
Nb—O(30) 1.890 (9) 0(10)—Nb—O0(40) 110.0 (4)
Nb—O(40) 1.685 (9) 0(20—Nb—O0O(30) 105.1 (4)
O(10—C(11) 1.35(1) O(20—Nb—O0(40) 111.1 (4)
OQ0)—C(21) 1.36 (1) 0(30)—Nb—O(40) 113.4 (4)
0O(30—C(31) 133 (1) Nb—O(10—C(11) 155.0 (9)

Nb—O(20)—C(21) 146.0 (8)

Nb—O(30)—C(31) 153.7 (9)

seen to adopt a tetrahedral geometry about the Nb
atom using three aryl oxide O atoms and one termi-
nal oxo ligand. Fractional coordinates and isotropic
thermal parameters are collected in Table 1, while a
listing of important bond distances and bond angles
is given in Table 2.*

The Nb—O distance to the terminal oxo group,
1.685 (9) A, compares well with the values reported
for Nb monooxo complexes (Nugent & Mayer,
1987). The most common coordination number for
Nb monooxo compounds is found to be six. A
search in the Cambridge Structural Database for
structural data for monomeric Nb monooxo frag-
ments yielded 17 hits. Eleven entries show a distorted
octahedral geometry of the central metal coordina-
tion sphere. It is, therefore, interesting to find that
the complex [Nb(OC¢H;Ph,-2,6)5(0)] has only four-
coordinate Nb atoms with a slightly distorted tetra-
hedral arrangement of ligands around the metal
center. The Nb—O(aryl oxide) distances of
1.878 (7)-1.921 (8) A and large Nb—O—Ar angles

* Lists of structure factors, anisotropic thermal parameters,
bond distances and angles, and H-atom parameters have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 55151 (23 pp.). Copies may
be obtained through The Technical Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
[CIF reference: HU0405]
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of 146.0 (8)-155.0 (7)° are common for niobium(V)
and tantalum(V) aryl oxide compounds (Steffey,
Fanwick & Rothwell, 1990).

We thank the National Science Foundation Grant
No. CHE-8915573 for support of this research.
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Structure of Bis(hexafluoroacetylacetonato)bis(triphenylphosphine oxide)nickel(II)

By JAYAPAL REDDY POLAM AND LEIGH CHRISTOPHER PORTER*
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(Received 19 December 1991; accepted |1 February 1992)

Abstract. [Ni(CsHF¢0,),(CsH,sOP),], M, =1029.4,

triclinic, PI, a=9.266(3), b=11385(3), c=
12.606 3) A, a=11272(2), B=99.90(2), y=
103.24 (2)°, V=11427(5A% Z=1, D,=

* To whom correspondence should be addressed.
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1.496 Mgm~>,  A(Mo Ka)=0.71073A, u=
0.587 mm ™', F(000)=522, T=298 K, R=0.0661
and wR = 0.0480 for 268 variable parameters (S =
1.24) and 3000 reflections with F> 0. The Ni atom
possesses an octahedral geometry and forms bonds
to two equatorial Fgacac ligands [Ni—O(1)=
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