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Phosphorus ylide niobium complexes; synthesis and characterization of
the first a-keto ylide complexes, [{NbCl,( ylide-O,N)},] and
[NbCl,( ylide-O,N)(RC=CR')]

(ylide = [{2-thiazolylcarbonyl} methylene]triphenylphosphorane,
NOSC ,H,CH-PPh,). Molecular structure of
[NbC1,(NOSC ,H,CHPPh,-O,N)(PhC=CPr ] (Ph = phenyl, Pr = propyl
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Abstract

Reactions of [{NbCI (dme)), ) or [NBCI(dmeXRC=CR’)] with a heterocycle containing a-keto stabilized phosphorus ylide, 2-TCMP
= [{2-thiazolylcarbonyl)methyleneriphenylphosphorane, allowed the synthesis of the first a-keto ylide niobium complexes, [{NbC1(2-
TCMP), | and [NBC) (2-TCMPXRC=CR')] respectively. The new complexes were spectroscopically characterized and the X-ray
molecular structure for one of them was also determined. © 1997 Elvevier Science S.A.

Phosphorus ylides constitute an important class of
compound in the field of organometallic chemistry,
mainly due to their interesting applications in metal-pro-
moted organic syntheses [1]. The chemistry of early
transition metals and ylides is mainly limited to cy-
clopentadienyl complexes and ylides of the type R ;P =
CR'R" (for selected examples see Ref. [2]). In this
context there are only a few known examples [3] of
complexes of early transition metals with a-keto stabi-
lized phosphorus ylides R,P = C(R')COR", which may
act as ambidentate ligands (C vs. O coordination) due to
the potential resonance forms A=C (Scheme 1(a)). With
these precedents we initiated a study of the reactivity of
a heterocycle containing a-keto ylide, [(2-thiazolyl-
carbonyl}methylenejtriphenylphosphorane  NOSC,H,-
CHPPh, = 2-TCMP, which can potentially act as a

* Corresponding author.

0022-328X /97 /$17.00 © 1997 Elsevier Science S.A. All rights reserved.

Pl $0022-328X(97)00154-X

chelating ligand towards Nb(III) complexes
[(NbC1,(dme)),] and [NbCI,(dmeXRC=CR')] (dme =
1,2-dimethoxyethane). [To date, only one ylide contain-
ing niobium complex, from the reaction of
CpNb(N'Bu)Cl,, Cp = n*-C4H,, and Ph,P=CH,, has
been described [4]). We report here the synthesis and
structural characterization of the first a-keto ylide nio-
bium complexes and indeed the first example of this
class of ligand acting in a chelating manner, in this case
through N,O-coordination to the metal center (monode-
ntate O-bound transition metal-ylide complexes are
scarce, see Refs. [3,5-7)).

Complexes 1 and 2-8 were formed by reacting the
ligand 2-TCMP (prepared from a modification to a
previously described method [8]; the yield of the proc-
ess was clearly improved and the ylide compound was
spectroscopically fully characterized) with the starting
materials [{NbC],(dme)),] and [NbC1,(dmeXRC=CR))
respectively. The products were isolated in good yields
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Scheme 1.

after appropriate work-up, as air-sensitive green-
brown ' and orange-brown * solids (Eqs. (1) and (2)):
1

= [{NbC1,(dme)},] + 2-TCMP

!
~ 5 [(NBC1y(2-TCMP)};] + dme (N

]
)b - e

[NbCl,(dme) (RC=CR')] + 2.-TCMP

=» [NbC1,(2-TCMP)(RC=CR')] + dme 2)
i Complex | was obtained as a green=brown solid by the reaction

of {(NDCl,(dme)),) (240mg, 0.820mmol) with 2-TCMP (321 mg,
0.820mmol) in THF (20em’) at room temperature for 20h (yield
80%), 'H NMR (CDCI,): 8 5.40 (d, CH), 8.20 (d, H,), 7.60 (4, H,).
e=("H) NMR (CDC1,): 8 71.50 (d, CH), 144.30 (s, CO), 168.30
(3 C,) 142.80 (s, C,) 124.40 G5, C,). "'P-('"H} NMR (CDCl,,
H, PO, as reference): 8 18,88 (s, PPh,). IR (Nujol): 1553 {v(C=0)),
379, 334, 313 and 291em ™' [#{INb=CD). Anal. Found: C, 46.7; H.
320 N, 2.5, C, H, Nb,CI,N,0,P;S, Cale: C, 47.0: H, 3.1: N,
2.3%. Mass spectrum: m /2 173D (M +1).

* Complex 7 was oblained as a brown solid by the reaction of
[NBCI\(dmeXPhC=CPr)) (174 mp, 0.400 mmol) with 2-TCMP
(135mg, 0.400mmol) in THF (20¢m') at room temperature for 20h
(yield B6%). A single crystal suitable for study by X-ray diffraction
was obtained from CH,Cl, /Et,0. 'H NMR (CDCI, ) & 5.10 (d,
CH), 8.57 (d, H,), 7.57 (4, H,). "C-~('H} NMR (CDC1,): § 71.53
{d, CH). 165.20 (s, CO), 171,00 (s, C,), 14280 (5, €1 123.20 G,
C.). "'P={'"H) NMR (CDCl,, H,PO, as reference): & 1895 (s,
PPh,). IR (Nujol:: 1556 [W(C=0)}, 1692 {HC=C)). 378 and
3llem™' [v(ND=-CUL Anal. Found: C. 55.4; H, 47; N, 2.1,
€1, H,,NbC1,NOPS Cale.: C, 55.8: H, 4.2: N, 1.9%,

R=R =Ph(2);R=R =Me (3); R =R =Et (4);
R = Ph, R = Me (5): R = Ph, R = Et (6):
R =Ph, R = Pr (7); R = P, R = SiMe, (8)

Complexes 3, 4 and 6 were obtained from the corre-
sponding reaction as a mixture with compound 1, result-
ing from the loss of the corresponding coordinated
alkyne. They could, however, be isolated as pure com-
pounds by recrystallization. Spectroscopic techniques
proved useful for the characterizition of the different
complexes and allowed us to distinguish between O-co-
ordination and C(methine)-coordiration of the ylide lig-
and. The 'H, "C and "'P NMR spectra indicated that
the 2-TCMP ligand is bound through the carbonyl oxy-
gen, The *JC'P='H) values for the methine proton
interaction with the phosphorus and the 'J("'P-''C)
values for P=C(methine) are smaller in the complexes
than in the free ylide, for example for 2 they are 15.0
and 105.3 Hz while for the free ylide they are 23.0 and
111,0Hz respectively, and are in accordance with the
known coupling constant trend free ylide > O-
coordinated ylide > ylide hydrohalide salt > C-
coordinated ylide [3.6). *'P NMR resonances were ob-
served to occur at a slightly lower field with respect to
the free ylide. IR spectroscopy has previously been
demonstrated to be another reliable indicator of the
bonding mode of a-keto ylides [3.5-7). Bonding through
the carbonyl oxygen (where C in Scheme I(a) is the
major resonance contributor) leads to a decrease in the
carbonyl stretching frequency. However, in complexes
1-8 the »(CO) appears at slightly higher vatues than in
the free ylide. This situation, which is surprising, may
be justified by considering the structure of the com-
plexes. In compounds 1-8, the a-keto ylide ligand
behaves as a chelate through N,O-coordination (vide
infra) to give five-membered metallacycles in which the
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O-atom is proposed to be sp® hybridized, thus probably
favoring effective w-bonding with the C(methine) atom
to give a strong C=O bond. An X-ray crystal study
(vide infra) supports this proposal. The spectroscopic
data indicate also the presence of only one of the two
possible isomers, cisoid and transoid, in each of these
O-coordination, Group 5 ylide complexes (Scheme 1(b)).
The cisoid isomer, which would appear to be favored on
steric arguments in our complexes, has been prop:sed
to be present both in solution and in the solid state (vide
infra). A mass spectrum of 1 showed it to be a binuclear
complex, and from the spectroscopic data a complex in
which each of the niobium atoms has the terminal
chloride ligands trans in an octahedral environment and
the O,N atoms of the ylide ligand occupying equatorial
coordination sites was proposed (Fig. 1) (this structural
geometry has been described in analogous binuclear
complexes with both terminal and bridging halide lig-
ands [9]). The IR spectra of complexes 2-8 show in
addition absorptions at ca. 1680cm ™' which correspond
to the »(C=C) mode of the coordinated alkynes. The

*C NMR spectra show resonances at ce. 240 ppm for
the alkyne carbons indicating that this class of ligand in
complexes 2-8 behaves as a four-electron donor [10).
Variable temperature NMR studies show the alkyne
ligand in these complexes to be static. {This behavior
contrasts with that previously described for other
poly(pyrazol-1-yD)methane containing niobium(11l)
complexes; see Ref. [11]} Assuming a six-coordinate
description of the complexes in which the alkyne occu-
pies a single site, a structure in which this is located
perpendicular to the equatorial plane defined by the N,
O, Cl and Nb atoms is proposed. In order to confirm
this proposal as well as the coordination mode of the
ylide ligand, an X-ruy crystal structure determination
tor 7 was carried out, and an ORTEP drawing is shown in
Fig. 2 .

The structure of 7 is built up of discrete molecules in

" Crystal data for complex 7: C,H NbCI,NOPS, M = 790.93,
wiclinic. space group PI, a = 8.90012), b =12.5022), ¢=
16.178(D A, a = - 8091, B = B1.76(2), 7y = 6985QY, U
1668.6(0)A°, Z=2, pu=7216cm"", FI00) = 744, T = 296K. In-
tensity data (71 14. 20,,“\ = §2°) were collected on an Enraf=Nonius
CADA4 diffractometer with graphite-monochromuated Mo Ko rudia-
tion (A= 0.71073A), r-scan absorption convention applied. 3450
unique reflections with 1> 3 (1) were used in the refinement. The
structure was solved by the analysis of Patterson synthesis and
refined by full-matrix leuslesqlmru on F, 10 R=0045 and R' =
0.047: w=[a (D+0.04F})*]"'72. Computation used the Molen
library [12) with neutral atom scattering factors. The n-Pr substituent
of the alkyne ligand showed a disorder in the positions of CH,
groups. Thus, the corresponding carbon atoms were refined with
occupancies equal w 0.5. The hydrogen atoms were placed in
calculated positions. Atomic coordinates, thermal parameters, best
plunes, and bond lengths and angles have been deposited at the
Cambridge Crystallographic Data Centre.
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Fig. 1. Proposed structure for complex 1.

which the central niobium atom is surrounded by an
(O.N)-chelating ylide ligand, three chlorides and an
n*-coordinated alkyne. The a-keto ylide adopts a cisoid
geometry already observed in other O-bonded keto
phosphorus ylides [3,7]. The entire ligand, Nb, Q, N and
CI2 atoms, are roughly co-planar (within 0.07 A), indi-
cating a large degree of electron densnty delocalization.
Thus, the P-CS5 distance (1.755(5) A) is much longer
than the formally P=C double bond in R,P=CH,
ylides (R = Me, 1.64A, R=Ph, 1.66A) [11, 13] This
distance is intermediate between the values reported for
other O-bonded keto ylides of titanium (1. 754(7) A) [3]
and of palladium (1.732(3) A) [7] and falls in the lower
range of values observed for C-bound phosphorus ylides
(1.76-1.81 A) [3,14]. The C4-O bond Ienglh of
1.289(7) A corresponds well to the values found in Ti
and Pd structures (1.332(8) and 1.275(4) A), indicating
the following increasing strength of the metal-oxygen
bond and of the intraligand (P*~0~) polarization: Pd <
Nb < Ti. The C4-CS5 distance (1.370(7) A) is once more
close to those given for Ti and Pd complexes, all three
being shorter than the corresponding C~C bond lengths
in C-bound ylides.

The Nb-CI2 (trans to oxygen) bond (2. 417(2) A) is
shorter than the Nb=Cll and Nb=Cl3 ones (2.437(2)
and 2.444(3) A). All these distances correspond better to
the Nb~terminal Cl observed in seven-coordinated nio-
bium complexes than in the six-coordinated ones [15].

Fig. 2. ornip view (30% probability level) of 7. A disorder of n-Pr
alkyne substituent is shown. Selected bond distunces (A) and angles
(°): Nb=O 2.148(3), Nb=N 2.344(5), C(24)-C(31) 1.288(9), Nb-
C(24) 2.066(6), Nb-C(31) 2.026(6); und some angles: O-Nb-N
72.3(1). O=-Nb-Ci(2) 159.0(1), CI(1)-Nb-CI(3) 161.28(6), C(24)-
Nb-C(31) 36.7(2), 0-C(4)-C(5) 125.4(5).
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The Nb-O and Nb-N distances fall in the usual range
for these bonds [15).

The dihedral angle between the ylide, Nb, O, N, CI2
best plane and that of the Nb, C24, C31 (alkyne) plane
is close to 43°, suggesting a lack of orbital control of
the conformation of the C24-C31 alkyne bond. An
interesting feature to be emphasized is the co-planarity
of the O, Cl1, CI2, CI3 atoms (within 0.02 A) with the
Nb atom moving away by ~ 0.4 A from this plane.

Studies on the reactivity of these complexes as well
as the preparation and characterization of new com-
plexes of Group 4 metals are now in progress.
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