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The continuous interest in homoleptic isocyanide complexes
of transition metals has largely been associated with their
similarity to metal carbonyl3The greater versatility of isonitrile
ligands compared to CO makes metal isonitriles potentially
valuable reagents in synthetic chemistry and catafj$iy the
early 80s, binary isocyanide compounds were established for
almost all group 6 and later transition metélsiowever, until
very recently? the dication [V(CNBu)s]?", prepared by Lippard
and co-workers in 1980 has remained the sole example of a
homoleptic group 5 metal isocyanide. Despite the well-docu-
mented propensity of low-valent group 5 metals to promote
various reductive €C coupling processes,syntheses of species
[M(CNR),J? (M = Nb, Ta) have been long overdue. Indeed, the
lack of pure isonitrile complexes of niobium and tantalum has
been emphasized several times throughout four decddesst
year we succeeded in isolating the first mono-, zero-, and su
valent vanadium isonitriles, [V(CNXy)? (z= 1—, 0, 1+; Xyl
= 2,6-dimethylphenyl§. Their existence inspired our syntheses
of the first binary Nb and Ta isocyanides and related novel
compounds, reported herein (Scheme 1).

As in the case of vanadiufattempts to access xylyl isocyanide

b-

complexes of the heavier group 5 metals using procedures that

worked well to prepare [M§~ (M =V, Nb, Ta, L= CO, PR)8

or [Co(CNXyl),] ~ ° resulted only in uncharacterized CNXyl
polymerization products. Since the Nb and Ta compounds, similar
to labile V(z®-naphthaleng)!® are not yet available, we turned
to the long known complexes [M(Cg)) (M = Nb, Tafc!las
sources of low-valent niobium and tantalum. Anions [M(GO)

(M =V, Nb, Ta) do not react directly with xylyl isocyanide under
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. +2Ag", 7CNXyl
M(COEI” —=—2==0 o MCNXyD)"
B0t M = Nb, 81%, 1
M=Ta, 81%, 2
1) I, THE, -78 °C
2) 6 CNXyl, -60 to 20 °C
MICNXy) 1) ex. KCg, THF, -78°C_ IMCNXyDe
Y8 S cryptz2 2y Yl
M = Nb, 66%, 3 M= Ta, 41%, 5
M=Ta, 80%, 4

1) ex. KCg, DME, -55 °C
2) Diazald, 0 °C

» M(NO)(CNXyl)s
M=Ta, 58%, 6

normal conditions. On the other hand, we have recently discovered
that interaction of neutral V(C@)with excess CNXyl at room
temperature affords high yields wansV(CO),(CNXyl)4.2° Given
the above facts, we attempted two-electron oxidation of hexa-
carbonylmetalatesfl) of niobium and tantalum in the presence
of CNXyl in hope of achieving substitution @l CO ligands. In
a typical proceduré? a deep yellow solution of [EN][M(CO)g]
(M = Nb, Ta) (1 equiv) and CNXyl (8 equiv) in THF was added
to solid Ag[BF] (2 equiv) at—60 °C. Subsequent warming of
the reaction mixture produced an extensive CO evolution,
precipitation of [EfN][BF4], and deposition of a silver mirror.
Workup of the resulting deep orange-red solution afforded air-
sensitive, microcrystalline [M(CNXy}}J[BF4] (M = Nb, 1[BF],
dark purple; M= Ta, 2[BF,], dark violet) in high yields? Also,
mango-colored solutions of [f][M (CO)(u-1)s] (M = Nb, Ta}*
were obtained by treating the appropriate;M§iM(CO)g| salts
with 1 equiv of b in THF at—78 °C. These were reacted with a
slight excess of CNXyl (7 equiv) to give neutral MI(CNXyl)
(M = Nb, 3; Ta, 4). Complexes3 and4 were isolated as very
finely divided, air-sensitive, dark maroon solitfsAddition of
[BugN]l to a THF solution of2[BF,] also resulted in the formation
of 4. Reduction of4 by excess potassium graphite, £T(4
equiv), in THF at—78 °C gave a dark umber solution containing
[Ta(CNXyl)s]~ (5). This anion was isolated as an extremely air-
sensitive, iridescent green microcrystalline salt [K(C{2a2.2 )]-
5,12 which was very poorly soluble in THF. Brown &sthe
tantalum version of Cs[V(CNXyg],® was obtained as well by
reducing [Tal(CNXyl}] with CsG® in THF at—78 °C. Isonit-
rilate 5, generated in situ in DME at55 °C, was treated with 1
equiv of Diazald N-methyl-N-nitrosop-toluenesulfonamide) to
produce a blood red mixture. Workup of the latter afforded
Ta(NO)(CNXyl) (6) as very air-sensitive, red-maroon micro-
crystalst®

Unlike their 16-electron vanadium analogue, [V(CNXyt)3
the first homoleptic isocyanides of Nb and Th,and 2, are
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Hz, CN trans to NO), 194.3W,, = 4 Hz, CN cis to NO) ppm.

(14) Calderazzo, F.; Castellani, M.; Pampaloni, G.; Zanazzi, .€hem.
Soc., Dalton Trans1985 1989.

(15) Bergbreiter, D. E.; Killough, J. Ml. Am. Chem. So@978 100, 2126.

© 1999 American Chemical Society

Published on Web 09/21/1999



9238 J. Am. Chem. Soc., Vol. 121, No. 39, 1999

Figure 1. Molecular structure o2 showing the labeling scheme at 50%
probability ellipsoids; hydrogens are omitted for clarity. Selected bond
lengths (A) and angles (deg): F&(1) 2.193(5); Ta-C(10) 2.163(6);
Ta—C(19) 2.200(5); TaC(28) 2.143(5); TaC(37) 2.103(6); TaC(46)
2.157(6); Ta-C(55) 2.214(6); C(ILyN(1) 1.163(6); C(10}N(2)
1.176(6); C(19y-N(3) 1.164(6); C(28)yN(4) 1.171(6); C(37-N(5)
1.184(6); C(46)N(6) 1.170(6); C(55yN(7) 1.148(6); av N-Xyl
1.401(7); av G-N—C 173(4).

diamagnetic. Infrared spectfaof 1, 2, 3, and 4 in the vcy

stretching region are consistent with their formulation as)(1
isonitriles. Complexes, 2, 3, and4 are fluxional®in solution at
room temperature as judged by th#it and'3C NMR patterns.
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Figure 2. Molecular structure 06 showing the labeling scheme at 50%
probability ellipsoids; hydrogens are omitted for clarity. Selected bond
lengths (A) and angles (deg): F&l(1) 1.897(12); TaC(1) 2.14(2);
Ta—C(10) 2.14(2); TaC(19) 2.23(2); TaC(28) 2.18(2); TaC(37)
2.19(2); N(1)}0O(1) 1.214(14); C(IyN(2) 1.17(2); C(10y-N(3)
1.16(2); C(199-N(4) 1.16(2); C(28yN(5) 1.17(2); C(37yN(6)
1.16(2); av N-Xyl 1.41(2); Ta—N(1)—0O(1) 178.4(13); av EN-C
167(8).
1.897(12) A is very similar to those observed for [Ta(NO)
(CNXyl).]* (1.902(5) and 1.914(5) Abut is dramatically shorter
than that in Ta(trimpsi)(NO)(CQ)2.144(10) A)?* the only other
mononitrosyl of tantalum known to date.

The greater versatility of the CNXyl ligand over CO in
stabilizing various electronic environments at the group 5 metal

None of them undergoes fast (on the NMR time scale) exchangecenter is truly remarkable. For instance, while bdhand

with free CNXyl. Molecular structure of the catid) shown in
Figure 1, reveals seven discrete xylyl isocyanide ligdfids.
Complex2 is very crowded with the shortest MeMe contact
(between C27 and C53) being only 3.593(8}”AQuantitative
analysid® of the interligand and shape-determining dihedral angles
for 2 places the geometry of the TaCore in a position
intermediate between th&s,-capped octahedréh and the
C,,-capped trigonal prisrif.

Spectral characteristitsof [K(Crypt{2.2.2)]5 and C$ are
virtually identical with those of [K(Crydi2.2.2)][V(CNXyl) 3182
and crystallographically characterized Cs[V(CNX};P respec-
tively. The terminal carbo®*C resonance for Gsoccurs at ca.
210 ppmi® which is the most downfield chemical shift ever
observed for the ligating carbon atoms of a diamagnetic homo-
leptic metal isonitrile.

To further confirm the nature & as the first binary isonitrilate
of tantalum, its nitrosyl derivativé was prepared. The very low
vno Stretching frequency of 1542 crh observed fo#, indicates
a high degree of @(Ta)—~ pa*(NO) back-bonding in this
compound. There is a 27 ppm difference betweeri¥dehemical
shifts of two types of the ligating isocyanide carbon$i¥ This
fact nicely demonstrates trans influefioef the NO ligand, which
is a much betterr-acceptor compared to CNXyl. The structure
of 6,2 displayed in Figure 2, features a practically linear-Ta
N—O unit. As anticipated, the FaN bond is significantly shorter
compared to all TaC distances irb. This Ta-N distance of
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n, dark violet block, T = 173(2) K,a = 11.4367(3) Ab = 22.3813(5) Ac
= 22.7631(6) A8 = 91.538(1), V = 5824.5(3) R, Z = 4, Deac = 1.352
Mg/mé, u = 1.944 mnm%, F(000)= 2416,R, = 0.048,WR, = 0.074, GOF=
1.052 onF2.
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[Ta(CO)]~ exist, complexes [Ta(CG))", Tal(CO), Ta(NO)-
(CO), and [Ta(NO)(CO),] ", analogous t@, 4, 6, and [Ta(NO)-
(CNXyl)4] T, respectively, are unknown. Notably, tFf€ NMR
chemical shift of the terminal isocyanide carbon ranges from 156.0
ppn® for cis{Ta(NO)X(CNXyl)4]* 23 to 210.4 ppm foi5. Also,

the CN force constankcy, estimated by the CotterKraihanzel
approximatior?® varies from about 18.0 mdyn A 25 for cis-
[Ta(NOXR(CNXyl)4]* 2to ca. 13.3 mdyn Al for 5.8t is hoped
that the results presented in this communication will stimulate
development of the currently quite limited isocyanide chemistry
of niobium and tantalum.Attempts to isolate the Nb and Ta
analogues of V(CNXy# and extension of this study to the group
4 elements are now in progress in this laboratory.
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(22) Crystal data fol6-THF: CsoHs3NgO-Ta, My, = 938.92, monoclinic,
P2;, dichroic green-maroon blocK; = 173(2) K,a = 10.3019(9) Ab =
15.758(1) A,c = 13.637(1) A, = 92.446(23, V = 2211.7(3) R, z = 2,
Deaic = 1.410 Mg/nd, u = 2.530 mnt?, F(000) = 956, Flack parametet=
0.41(2),R; = 0.067,wR, = 0.107, GOF= 1.062 onF2. Some thermal
ellipsoids in Figure 2 are odd-shaped, which is an artifact of the very small
size (0.08x 0.07 x 0.02 mm) of the crystal used. Nevertheless, all bond
distances and angles observed Saare well within their expected values.
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