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Abstract 

Reactions of [{NbCl,~(dme)},,] or [NbCI ~(dmeXRC~CR')] with a heterocycle ¢onlaining aokcto stabilized pllosphorus ylide, 2oTCMP 
[{2olhia~olylcarhonyl)methylene]triphenylphosphorane, allowed the synthesis of tile first t~oketo y lide niobium complexes, [(NhCI ~(2o 

TCMP)}~I ~!~d [NbCI~(2oTCMPXRC~CR')! respectively, The new ~:omplexes were spectroscopically characterized and the Xoray 
illolecular slnleture fi~l ° ol|e of Iht~m was also delcrlllined, © 1997 Elsevier Science S,A 

Phosphorus ylides constitute an important class of 
compound in the field of organometailic chemistry, 
mainly due to their interesting applications in metal-pro- 
moted organic syntheses [I]. 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 R3P = C(R')COR", which may 
act as ambidentate ligands (C vs. O coordination) due to 
the potential resonance forms A-C (Scheme l(a)). With 
these precedents we initiated a study of the reactivity of 
a heterocycle containing oL-keto ylide, [{2-thiazolyl- 
carbonyl}methylene]triphenylphosphorane NOSC4 H :- 
CHPPh 3 = 2-TCMP, which can potentially act as a 
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chelating ligand towards Nb(lll) complexes 
[{NbCl~(dme)},,] and [NbCl~(dmeXRC~CR')] (dine 
1,2-dimethoxyethane). [To date, only one ylide contain° 
ing niobium complex, from the reaction of 
CpNb(NtBu)CI~. Cp ~ ~Is-CsH~. and Ph~P~CH:. has 
been described [4]]. We report here the synthesis and 
structural characterization of the first ct-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 Ret's. [3,5=7]). 

Complexes 1 and 2-8 were tbrmed by reacting the 
ligand 2-TCMP (prepared from a modification to a 
previously described method [8]; lhe yi¢!d of the pr(~co 
ess was clearly improved and the ylide competing3 w~ 
spectroscopically fully characterized) with the starting 
materials [{NbCi ~(dme)},,] and [NbCI 3(dmeXRC~CR')] 
respectively. The products were isolated in good yields 
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after appropriate work-up, as air-sensitive green- 
I 2 brown and orange=brown solids (Eqs. (I) and (2)): 

l[{NbCl~(dme)}.] + 2-TCMP 

I [ {NbCI~(2-TCMP)}: ]  + dine ( I )  

I 

[N~t :~ (dme) (RC~CR' ) ]  + 2oTCMP 

[NbCI~(~,,TCMP)(RC~CR')]  + dine (:) 

~ l e ~  I w~s ~ta i f~ l  as a 8 ~ b m w n  ,,~)lid by the re~zti,on 
of ((Hl~l~(dme)),,] (240m8~ 0,#~mmol) with 2oTCMP (321 rag. 
0,1t20mmol) in I~IF (20~m) at room ~ l u r e  for 20h (yield 
80~)~ ~H NMR (CI~I ~): ~ ~,40 (d, CH), 8,~0 (d, H~,), 7,00 (d, H~), 

H~PO~ a~ reference): ~ 18,88 (s, PPh~), IR (NuJol): 1553 {v(C~O)l, 
379, 3M, 313 ~ ~ lcm ~ [¢(Nh~CI)], Anal. Found: C, 463: H, 
].2: N, 2,$. C~H~.~:CI~N~O:P:S~ Calc.: C, 4"/,0: H, 3,1: N, 
2,3%, M~s ~ t rum:  m/,~ II?$D (M+ I), 

Complex ? was o~la|ned a~ a brown ~olid by th~ ~cti~m o[ 
[NbCI~(deilp~X~CPO] (l?4mg, 0A00m~i) w~th 2o~MP 
( l ~ ,  OAOO~cno|) i .  ~¢IF (~¢m ~) at ~ m  temperetup~ ['or 20h 
(~i~$d ~%), A sing~ c~tal  suitable for study by X-~y ditTr~tt(~ 
wa~ o b t ~  ~ CH~CI~/EI~O, ~H NMR (CI~I~): 6 ~,10 (d, 
CH), 8,$? (d, H O, 7,$7 (d, H~),~ ~C-( ~ H} NMR (CI~I  ~): ~ 71,~,~ 

3tlem ~ [~(NI~CI)L AMI, Found: C, 5~,4; H, 4,7: N, 2.1, 
C~H~Nt~I~I~)PS C~k,: 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 -- Ph, R' - SiMe~ (8) 

Complexes 3, 4 and 6 were obtained from the corre- 
sponding reaction as a mixture with compound I, res~Jlt- 
ing from the loss of the corresponding coordinated 
alkyne. They could, however, be isolated as pure com- 
pounds by recrystallization. Spectroscopic techniques 
proved u~ful for the characteriz;~tion of the differen! 
complexes and allowed us to disti,8~i~h b~twee, O~co~ 
ordination and C(methin~)ocoordi~aflon of the ylide li8- 
and. The *H, *:~C and ~*P NMR s~ctra indicaied that 
the 2oTCMP ligand is bou,d through the carbonyl oxyo 
gen. The °J('rp=*H) values for the methin¢ proton 
interaction with the phosphorus and the I J('~IP-I~C) 
values for P-C(me|hin~) a~ 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 
I I 1.0H~ respectively,,, and arc in accordance with the 
known coupling constant trend free ylide > O- 
coordinated ylide > ylide hydmhalide salt > C- 
coordinated ylide [3.6]. ~ P NMR resonances were oh- 
sewed 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 m~le of ~x-keto ylides [3..~-7]. Bonding zhrougil 
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 
I -8  the ~CO) appears at slightly higher values 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 ¢x-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 a hybridized, thus probably 
favoring effective "a-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 l(b)). 
The cisoid isomer, which would appear to be favored on 
steric arguments in our complexes, has been pro~sed 
to be present both in solution and in the solid state (vide 
infra). A mass spectrum of I 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. I) (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. 1680 cm-|  which correspond 
to the ~,(C--C) mode of the coordinated alkynes. The 
t3C NMR spectra show resonances at ca. 240ppm 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-l-yl)methane containing niobium(Ill) 
complexes: see Ref. t! I].} Assuming a six-coordinate 
description of the complexes in which the alkyne occtt~ 
pies a single site, a structure in which this is located 
I~r~ndicular to the equatorial plane defined by the N, 
O, CI and Nb atoms is proposed. In order to confirm 
this pt~posal as well as the coordination mode o1' the 
ylidc ligand, tin Xoray cly. tal s t ru t |o re  detcrmination 
ibr ? was curried out, and an oRY~P drawing is shown in 
Fig. 2 '~. 

The structure of 7 is btiilt tip of discrete molecules in 

Crystal data fi)r complex 7: C~4H~,NbCI~NOPS, M = 790.93, 
triclinic, space group P I, a ~  8.900(2). b ~ 12.502(2). c =  
16.178(3),~, ot ~ 80.91(I), /3 = 87.76(2), 7 ~ 69.85(2) °. U 
1668.6(6)/~ ~, Z ~ 2, tt ~ 7.216cm °: ~, F((X)O) ~ 744, T ~ 296K. in- 
tensity data (7134, 21~,,,, ~ 52 °) were collected on an Enraf~Nonms 
CAD4 diffractometer with graplfite-monochromated Me K or radia- 
tion (a  ~ 0.71073A). ~l~-scan absorption convention applied. 3450 
unique reflections with ~ > 3~r(I) were used in the rel'inen)enl. The 
stnicture was solved hy the analysis of Patterson synthesis and 
refined by full-matrix least-squ.'n'es on F,, to R ~ 0.(N5 and R '~  
0,047; . [~r"(I)+(OoO4F,;) ~] ~, Comptitatton used the Molen 
library [I 2] with neutral atom scaueriug flitters. The nopr snbslituent 
of the alkyne li~and showed a disorder in the positions of CIoI~ 
groups. Thus, the conesponding carbon atoms were refined witl} 
occupancies equal to 0..5, The hydrogen atoms were placed in 
calculated positions. Atomic coordinates, thermal parameters, best 
planes, and bond lengths and angles have been deposited at the 
Cambridge Crystallographic Data Centre. 

Ph~P~ Ci C| P~h; 
(. I e t " 

c| ci ~ s  

Fig. i. Proposed structure for complex I. 

which the central niobium atom is surrounded by an 
(O,N)-chelating ylide ligand, three chlorides and an 
q2-coordinated alkyne. The ot-keto ylide adopts a cisoid 
geometry already observed in other O-bonded keto 
phosphorus ylides [3,7]. The entire ligand, Nb, O, N and 
C12 atoms, are roughly co-planar (within 0.07 A), indi- 
cating a large degree of electron density delocalization. 
Thus, the P-C5 distance (!.755(5)A) is much longer 
than the formally P=C double bond in R3P=CH, 
ylides (R--Me, 1.64,~, R=Ph,  1.66 A) [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),~) [7] and falls in the lower 
range of values observed for C-bound phosphorus ylides 
(I.76-1.81,~) [3,14]. The C4-O bond length of 
1.289(7),~ corresponds well to the values found in Ti 
and Pd structures (I.332(8) and 1.275(4),~), indicating 
the following increasing strength of the metal-oxygen 
bond and of the intraligand (P+-O°) polarization: Pd < 
Nb < Ti. The C4-C5 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(,)A)is 
shorter than the Nh=CII and Nb=CI3 ones (2.437(2) 
and 2.444(3) ,~). All these distances correspond better to 
the Nb~terminal CI observed in sevenocoordinated nioo 
bium complexes than in the sixocoordinated ones [15]. 

C 1 0 ~  c7 

P ~ C  16 

\_+,+ ,,p'-'c+++ 

C27 

Fip. 2, ()R'i'l+l, view (30% pmbahilily level) of 7. A dimorder o1' n+l+r 
alkyne substituent is ~hown. Selected t~ond distances (/~) and an[~l¢~ 
(°): Nb-O 2.148(3), Nb-N 2.344(5). O(24)-(7(31) 1.28g(9). Nb= 
C(24) 2.066(6), Nb-C(31) 2.026(6): and .~ome angle.~: O=Nb~N 
72.3(I), O-Nb-CI(2) 159.(XI), CI(I)~Nb=CI(3) 161.28(6), C(24)~ 
Nb-C(31 ) 36.7(2), O-C(4)-C(5) 125.4(5). 
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~ - O  and Nb-N distances fall in the usual range 
for ~ ~ [15]. 

The dihedral angle between the ylide. Nb, O, N, C12 
best ~ 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 ~ O. CII. CI2. CI3 atoms (within 0.02 A) with the 

atom moving away by ~ 0.4 ~, from this plane. 
Studies on the ~ v i t y  of these complexes as well 

as ~ ~ i o n  and characterization of new com- 
plexes of Group 4 metals are now in progress. 
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