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Summary: The first dinitrosyls of niobium and tanta-
lum, cis-[M(NO)2(CNXyl)4]+, have been prepared by
direct nitrosylation of [M(CO)6]- (M ) Nb, Ta) with 2
equiv of [NO]+ in the presence of 2,6-dimethylphenyl
isocyanide, CNXyl. These new complexes have been fully
characterized by IR, 1H, and 13C NMR spectra as well
as X-ray crystallography.

Since Hieber’s original synthesis of V(CO)5(NO),2,3

several mono-,3,4 di-,5 and trinitrosyl6 complexes of
vanadium have been prepared. However, only very
recently have Legzdins and co-workers isolated the first
well-defined nitrosyls of niobium and tantalum, namely,
M(trimpsi)(NO)(CO)2 (trimpsi ) tBuSi(CH2PMe2)3, M )
Nb, Ta).7 The superb π-accepting ability of linear NO8

makes electron-rich metal complexes especially suitable
as precursors to the corresponding stable metal ni-
trosyls. For decades the [M(CO)6]- (M ) Nb, Ta) anions
have been among the most attractive sources of low-
valent niobium and tantalum.1,9,10 In this communica-
tion we wish to report on a facile new route to isolable
nitrosyls of the heavier group 5 metals. These have been
obtained by the first successful direct nitrosylation of
[M(CO)6]- (M ) Nb, Ta) and represent the first dini-
trosyls of niobium and tantalum. They also appear to
be the only structurally characterized octahedral dini-
trosyls.

While investigating the chemistry of the homoleptic
V, Nb, and Ta isonitriles, we appreciated the remark-
able versatility of 2,6-dimethylphenyl isocyanide,
CNXyl, in accommodating a wide range of electronic and

structural environments at the group 5 metal center.11

It occurred to us that this ligand might resist the trans-
labilizing effect4c,8 of NO in hitherto unknown niobium
and tantalum dinitrosyl complexes by adjusting its
(CNXyl) σ-donating/π-accepting ratio12 to an optimum
value. In addition, the thermal stability of [V(NO)2(CNt-
Bu)4]+ 5 and certain group 6 mixed nitrosyl-isocyanide
compounds13 encouraged our attempts to prepare isoni-
trile-stabilized dinitrosyls of niobium and tantalum.

Rapid addition of a cold (-60 °C) yellow-ochre solution
of [Bu4N][Nb(CO)6]1,9d (1.00 g, 1.99 mmol) and CNXyl
(1.43 g, 10.9 mmol) in CH2Cl2 (120 mL) to a cold (-60
°C) colorless suspension of [NO][BF4] (0.467 g, 4.00
mmol) in CH2Cl2 (15 mL) produced a turbid orange
mixture. During stirring at -60 °C for 30 min, a slow
gas evolution was observed, and the reaction mixture
turned deep red. Then the mixture was allowed to warm
to room temperature over a period of ca. 1 h. The
reaction gradually became dark magenta, and the
escape of CO intensified dramatically. By the time the
gas evolution completely ceased, the color of the solution
changed to a clear deep orange. Solvent removal fol-
lowed by trituration of the residue in pentane provided
an orange solid. This was washed thoroughly but quickly
(10-15 min) with 1,2-dimethoxyethane (DME) and
recrystallized from CHCl3/Et2O to afford 0.835 g (55%
yield) of pure [Nb(NO)2(CNXyl)4][BF4] (1) as a free-
flowing orange powder. Analytically pure orange
[Ta(NO)2(CNXyl)4][BF4] (2) was obtained in a 51% yield
by substituting [Bu4N][Ta(CO)6]9d,10 for [Bu4N][Nb-
(CO)6] in the above procedure.14,15 Since both reactants
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Chem. 1998, 37, 6518.
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Inorg. Chem. 1983, 22, 1865. (d) Dewey, C. G.; Ellis, J. E.; Fjare, K.
L.; Pfahl, K. M.; Warnock, G. F. P. Organometallics, 1983, 2. 388.
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Eur. J. 1995, 1, 521.
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Soc. 1998, 120, 429. (b) Barybin, M. V.; Young, V. G., Jr.; Ellis, J. E.
217th ACS National Meeting, Anaheim, CA, 1999, INOR 397. (c)
Barybin, M. V.; Ellis, J. E. Manuscript in preparation.
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261. (b) Wigley, D. E.; Walton, R. A. Organometallics, 1982, 1. 1322.
(c) Herberhold, M.; Haumaier, L. Chem. Ber. 1982, 115, 1399.

(14) Satisfactory C, H, and N analyses were obtained for 1 and 2.
Selected spectral data for 1: IR (CH2Cl2) νCN 2169 m br, 2146 s; νNO
1700 vs, 1623 vs; νBF 1060 m br cm-1; 1H NMR (300 MHz, CDCl3, 21
°C) δ 2.46 (s, 6H, o-CH3), 2.50 (s, 6H, o-CH3), 7.21 (d, 3JH-H ) 6.9 Hz,
2H, m-H), 7.23 (d, 3JH-H ) 7.2 Hz, 2H, m-H), 7.34 (t, 3JH-H ) 6.9 Hz,
1H, p-H), 7.35 (t, 3JH-H ) 7.2 Hz, 1H, p-H) ppm; 13C{1H} NMR (75.5
MHz, CDCl3, 21 °C) δ 18.84 (o-CH3), 18.93 (o-CH3), 124.21 (br, i-C),
125.57 (br, i-C), 128.71 (m-C), 128.89 (m-C), 130.95 (p-C), 131.63
(p-C), 135.36 (o-C), 136.10 (o-C) ppm. For 2: IR (CH2Cl2) νCN 2167 m
br, 2139 s; νNO 1686 vs, 1618 vs; νBF 1060 m br cm-1; 1H NMR (300
MHz, CDCl3, 21 °C) δ 2.46 (s, 6H, o-CH3), 2.50 (s, 6H, o-CH3), 7.22 (d,
3JH-H ) 7.8 Hz, 2H, m-H), 7.23 (d, 3JH-H ) 7.6 Hz, 2H, m-H), 7.35 (t,
3JH-H ) 7.6 Hz, 1H, p-H), 7.36 (t, 3JH-H ) 7.7 Hz, 1H, p-H) ppm;
13C{1H} NMR (75.5 MHz, CDCl3, 21 °C) δ 18.65 (o-CH3), 18.77 (o-CH3),
123.91 (br, i-C), 125.49 (br, i-C), 128.62 (m-C), 128.80 (m-C), 130.87
(p-C), 131.64 (p-C), 135.09 (o-C), 136.13 (o-C), 155.98 (t, br 1JC-N ) 17
Hz, CN), 163.66 (t, br 1JC-N ) 18 Hz, CN) ppm.

2744 Organometallics 1999, 18, 2744-2746

10.1021/om990330w CCC: $18.00 © 1999 American Chemical Society
Publication on Web 07/19/1999

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 J

ul
y 

19
, 1

99
9 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

99
03

30
w



and products contain metals in the formal oxidation
state of -1, these reactions are also remarkable in that
they represent the first examples of nonoxidative ther-
mal displacement of all CO ligands from early transition
metal homoleptic carbonylmetalates.16 To our knowl-
edge, the only prior related reaction involved the
thermal conversion of [Rh(CO)4]- to [Rh{P(pyrrolyl)3}4]-

in the presence of excess P(pyrrolyl)3.17 However, pho-
tochemical substitutions of all CO ligands from carbo-
nylmetalates have been known for many years, e.g., the
photolysis of [V(CO)6]- in the presence of excess PF3 to
give [V(PF3)6]-.18,19

Compounds 1 and 2 are thermally stable but quite
air- and moisture-sensitive. They also partially decom-
pose upon prolonged (days) exposure to light. Both
1 and 2 rapidly react with acetonitrile to liberate
CNXyl and to give rather unstable yellow products. The
latter are provisionally formulated as [M(NO)2(CNXyl)2-
(NCMe)2][BF4], where IR spectral data indicate the
presence of cis-nitrosyls and trans-isocyanide groups.20

Complexes 1 and 2 are very poorly soluble in THF and
DME and slowly react with these solvents to produce
unstable species similar to the products of the reactions
of 1 and 2 with CH3CN.

Infrared spectra of 1 and 2 in CH2Cl2 are consistent
with the cis geometry of the [M(NO)2(CNXyl)4]+ cations.
Indeed, the ON-M-NO angle in both cases is about
91°, as calculated21 from the relative intensities of the
bands corresponding to the symmetric (A1) and anti-
symmetric (B1) N-O stretching vibrations. The energies
of these vibrations14 are well below νNO of free nitric
oxide (1860 cm-1), which indicates a significant amount
of dπ(M) f pπ*(NO) back-donation in 1 and 2. On the
other hand, the C-N stretching modes of the coordi-
nated isocyanide ligands occur at higher frequencies14

compared to the value found for free CNXyl (2123 cm-1

in CH2Cl2), implying that the isonitriles in 1 and 2
function primarily as σ-donors.12 This is not surprising
considering the fact that NO is a significantly more
efficient π-acceptor than CNXyl. However, the existence
of [V(CNXyl)6]-,11a another low-spin d6 group 5 xylyl
isonitrile complex, also demonstrates that CNXyl can
be a superb π-acceptor. Indeed, the T1u C-N stretching
frequency of [V(CNXyl)6]- occurs at about 1820 cm-1,
which is more than 300 wavenumbers lower in energy

compared to νCN observed for 1 and 2. This is an
excellent example of the great versatility of CNXyl as a
ligand.

1H and 13C{H} NMR spectra of the compounds 1 and
2 exhibit two sets of signals14 corresponding to two
different CNXyl environments. We were able to detect
the 13C resonances of the terminal isocyanide carbons
for 2. These peaks occur at 156.0 ppm (CNXyl ligands
trans to NO) and 163.7 ppm (mutually trans CNXyl
ligands) and appear as broad triplets further split by
poorly resolved 2J(13C-14NO) coupling. The central lines
of both triplets are more intense due to partial collapse
of the 1J(13C-14N) coupling by quadrupolar relaxation.22

The 1J(13C-14NXyl) coupling constants of 17-18 Hz
observed for 1 and 2 are larger than the corresponding
value obtained for the free ligand (6.2 Hz)23 and are
similar in magnitude to those determined for many
other transition metal isonitriles.22,23

Large single crystals of 1 and 2 were grown by
carefully layering pentane over a CH2Cl2 solution of the

(15) Note that use of [Et4N][M(CO)6] (M ) Nb, Ta)1,10 instead of
[Bu4N][M(CO)6] in these reactions does not allow obtaining pure 1 and
2 due to very similar solubility proprerties of [M(NO)2(CNXyl)4][BF4]
and [Et4N][ BF4].

(16) (a) Since [M(CO)6]- (M ) Nb, Ta) are known to be inert to
thermal substitution reactions,16b almost certainly the first step in
these processes involves formal oxidation of [M(CO)6]- by [NO]+,
perhaps, in the same manner as previously proposed for the reaction
of [V(CO)6]- with [NO]+.3 The latter ultimately gave V(CO)5(NO), the
Nb and Ta analogues of which remain unknown. (b) Davison, A.; Ellis,
J. E. J. Organomet. Chem. 1971, 31, 239.

(17) Moloy, K. G.; Peterson, J. L. J. Am. Chem. Soc. 1995, 117, 7696.
(18) Kruck, T.; Hempel, H.-U. Angew. Chem., Int. Ed. Engl. 1974,

13, 201.
(19) Barybin, M. V.; Pomije, M. K.; Ellis, J. E. Inorg. Chim. Acta

1998, 269, 58.
(20) IR (MeCN) for [Nb(NO)2(CNXyl)2(NCMe)2][BF4]: νNC 2314 w,

2284 w; νCN 2155 s; νNO 1681 vs, 1593 vs; νBF 1063 vs cm-1.
(21) θ ) 2 arctan[{I(B1)/I(A1)}1/2], where θ is ON-M-NO angle, I(B1)

and I(A1) are intensities of the antisymmetric and symmetric stretching
vibrations of NO, respectively. See: Crabtree, R. H. The Organometallic
Chemistry of the Transition Metals; Wiley-Interscience: New York,
1988; and ref 8.

(22) Cronin, D. L.; Wilkinson, J. R.; Todd, L. J. J. Magn. Reson.
1975, 17, 353.

(23) Minelli, M.; Maley, W. J. Inorg. Chem. 1989, 28, 2954.

Figure 1. Molecular structure of (1) showing the labeling
scheme; 50% thermal ellipsoids; hydrogens and [BF4]- are
omitted for clarity. Selected bond lengths (Å) and angles
(deg): Nb-N(1), 1.887(2); Nb-N(2), 1.889(2); Nb-C(1),
2.249(3); Nb-C(19), 2.258(3); Nb-C(10), 2.312(3); Nb-
C(28), 2.309(3); N(1)-O(1), 1.183(3); N(2)-O(2), 1.186(3);
C(1)-N(3), 1.155(3); C(19)-N(5), 1.150(3); C(10)-N(4),
1.153(3); C(28)-N(6), 1.152(3); N(1)-Nb-N(2), 89.78(10);
Nb-N(1)-O(1), 177.7(2); Nb-N(2)-O(2), 179.3(2); C(1)-
N(3)-C(2), 178.6(2); C(19)-N(5)-C(20), 177.0(3); C(10)-
N(4)-C(11), 177.8(3); C(28)-N(6)-C(29), 175.6(3).
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appropriate dinitrosyl complex. The structures of 1 and
2 proved to be isomorphous and are virtually superim-
posable.24,25 The [M(NO)2(CNXyl)4]+ cations are es-
sentially octahedral with cis arrangement of the prac-
tically linear NO groups (Figure 1). The only significant
distortion from a regular octahedron is bending of the
mutually trans CNXyl ligands away from the nitrosyls
resulting in C1-M-C19 angles of 170°. Such distortion
is typical for complexes cis-[M(unidentate L)2(unidentate
L′)4]z containing two short M-L and four long M-L′
bonds.26 Thus, the solution and solid-state geometries
of [M(NO)2(CNXyl)4]+ are very similar. The average
Nb-N and Ta-N distances are shorter than the average
Nb-C and Ta-C bonds by 0.39 and 0.36 Å, respectively.
This may be taken as evidence that back-bonding
primarily involves the M(NO)2 fragments. The nearly
linear C-N-Xyl units with rather short C-N distances,
compared to those in highly reduced homoleptic com-
plexes, such as [V(CNXyl)6]z (z ) 1-, 0, 1+),11a nicely
support this conclusion. Elongations of the M-C10 and
M-C28 bonds with respect to the M-C1 and M-C19
distances are due to the so-called trans-effect8 of the NO
ligands. Interestingly, the mean M-N bond lengths in
1 and 2 (1.888(2) Å for M ) Nb, 1.908(6) Å for M ) Ta)
are dramatically shorter than the M-N distances in the
only other known nitrosyls of niobium and tantalum,
M(trimpsi)(NO)(CO)2 (2.094(5) Å for M ) Nb, 2.144(10)
Å for M ) Ta).7

Last year Legzdins et al. attributed7 the scarcity of
early transition metal nitrosyls to the customary use of
unselective strong oxidants as nitrosylating agents and
the lack of suitable coligand sets capable of stabilizing
the [M(NO)x]z fragments. Our present study suggests
that the former factor is, perhaps, of lesser significance
provided the appropriate experimental conditions are
met. Indeed, nitrosonium tetrafluoroborate, successfully
employed in this work to nitrosylate [M(CO)6]- (M )
Nb, Ta), is widely utilized as a powerful one-electron
oxidant in organic and inorganic chemistry.27 Use of less
reactive N-methyl-N-nitroso-p-toluenesulfonamide, or
Diazald,7,8 instead of [NO][BF4] only resulted in partial
decomposition of the starting materials. We have es-
tablished that nitrosonium salts can be useful reagents
in the preparation of hitherto unknown nitrosyl com-
plexes of highly oxophilic niobium and tantalum. This
result emphasizes the importance of exploring new ways
of introducing the stabilizing coligand set before an
irreversible oxidation and/or decomposition of the in-
termediate(s) can occur. Syntheses of group 4 nitrosyls
by similar routes are currently under way in this
laboratory.
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(24) Crystal data for 1: C36H36BF4N6NbO2, Mw ) 764.43, monoclinic,
P21/c, red-ochre block, T ) 173(2) K, a ) 15.8513(1) Å, b ) 18.4832(3)
Å, c ) 12.5908(2) Å, â ) 92.681(1)°, V ) 3684.85(9) Å3, Z ) 4, Dcalc )
1.378 Mg/m3, µ ) 0.387 mm-1, F(000) ) 1568, R1 ) 0.0352, wR2 )
0.0761, GOF ) 1.113 on F2.

(25) Crystal data for 2: C36H36BF4N6O2Ta, Mw ) 852.47, monoclinic,
P21/c, irregular orange block, T ) 173(2) K, a ) 15.8829(3) Å, b )
18.6094(2) Å, c ) 12.7125(2) Å, â ) 92.556(1)°, V ) 3753.7(1) Å3, Z )
4, Dcalc ) 1.508 Mg/m3, µ ) 2.987 mm-1, F(000) ) 1696, R1 ) 0.0340,
wR2 ) 0.0788, GOF ) 1.057 on F2.

(26) Keppert, D. L. In Comprehensive Coordination Chemistry,
Volume 1; Wilkinson, G., Ed.; Pergamon Press: New York, 1987; pp
49-53. (27) Connelly, N. G.; Geiger, W. E. Chem. Rev. 1996, 96, 877.
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