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Summary 

The reactions of Me,MC15-. (M = Nb, Ta, .Y = 1, 2) with a variety of ketones 
have been investigated. Bulky ketones give complexes of the type Me,MC15, - 
RR’CO for R = R’ = cyclohexyl; R = Me, R’ = t-Bu; R = Me, R’ = neopentyl. 
Addition of the methylmetal group to the carbonyl group takes place with less 
bulky ketones and benzaldehyde. Reactions with oxygen and y-picoline-N-oxide 
have also been investigated. 

Introduction 

As part of a study of the reactions of methylmobium( V) and methyltan- 
talum( V) chlorides their reactions with the unsaturated reagents RNC, RNCO, 
RNCS, RNCNR and NO have been investigated [l--4], products resulting from 
insertion of the unsaturated reagent mto the metal-carbon bends being ob- 
tanned. We have extended our studies to reactions with oxygen ‘and oxygen con- 
taining molecules. The reactions of the alkyls Me,MCI,, with the oxygen donor 
ligands, tetrahydrofuran, 1,2-dimethoxyethane, l&dioxan and triphenylphosphme 
oxide have been previously reported [5,6). The reactions yield in each case 
donoracceptor complexes m which the methylmetal groups are retained. The 
reactions of Me, MCI,, with ketones were of particular interest to see if either 
a donolcceptor complex was obtained or If addition of the methylmetal 
groups to the C!=O group took place. Reactions have been carried out with a 
variety of ketones with a view to establishing the factors governing the reactions. 
The reactions of Me2NbC13 have been studied in most detail but in some cases 
analogous reactIons of MeNbC14, MeTaCL and kle,TaC13 have been studied. 

l Present address. Deparlmenr of Chemistry. Umveraty College London. 20 Gordon SL.. London 
WC1 H 0.45. 
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Results and discussion 

(i). Reactions with bulky ketones 
The reactions of some rather bulky ketones RR’CO, R = R’ = cyclohexyl 

(DCK), R = Me, R’ = t-Bu (RIBK) and R = Me, R’ = neopentyl (MNK) with 
hIexMCl+x (M = Nb, Ta, x = 1, 2) have been studied: donoracceptor com- 
plexes of the type Me, i’vlClj_, - RR’CO have been isolated (see Table 1). As 
would be expected in the light of the bulky nature of the ljgands the compleses 
were rather weak; thus Me,iVC1, .hlBK (A4 = Nb, Ta) sublimed in vacua at room 
temperature while complexes of hle,hlCI, with NMK could not be isolated. Care 
was taken always to use less than the stoichiometrw quantity of ketone for the 
preparation of the compiews; larger quantities of the ketones made !solatlon of 
a pure complex diffwult. 

The IR spectra show bands typical of the coordinated ligands, the C=O 
stretch shows the typical shift to lower frequency observed for coordinated 
ketones (Table 2) j7. 81. The RIeXICI, complexes show somewhat larger shifts 
to lower frequency than the h!e2hlC13 compared to kfehlC14. The complexes of 
the type hle,MCI, , RR’CO shxv only single bands attributable to rl(h1-C) 
suggesting that the methyi groups are tram, an arrangement which has been 
previously observed for complexes of this type [5, 6]_ 

AJthough complexes of hlClj with a varrety of ketones have been isolated 
[IO], it is perhaps surprising that compleses of ille,IUClj_x wth compounds 
containing ketonlc groups can be isolated but the nature of the ketone is critical 
for the isolation of a simple donor-acceptor complex. Thus reactions with less 
bulky ketones such as acetone (see later), dlethl.1 ketone, diisopropyl ketone, 
di-n-butyl ketone and methyl isobutyl ketone give products in which addltlon of 

TABLE I 

CO?JPLEXES PREPARED 4ND .~~~JILYTICAL DATA 

COlDPleX COlOur Anal>sis found (ca1cd.J (8) 

Cl hl 

hleNbCIA-DCK 

hleTaCl4 * DCK 

hfe? NbCl3.DCK 

\le?TaC!j-DCK 

hleNbCld-MBK 

hleTaCb- hlBK 

Me~NbCl~~MBK 

hIe2TaCl3’hlBK 

hleTaC4’MNK o 

Me~NbC13~C6H7NO 

Red 

Yellow 

Pu+pIr-red 

F~UON 

Red 

YeCow 

Red 

orange-5 euorv 

Paz yellow-orange 

Red 

31.5 
(32.0) 
27.0 

(26.7) 
24.8 

(25.1) 
11.3 

(20.8) 
40.4 

(40.5) 
33.0 

(32.1) 
31.3 

(32.3) 
25.6 

(25.5) 
31.1 

(31.4) 
30.4 

(31.1) 

20.7 
(21.0) 
34.3 

(31.0) 
21.0 

(21.9) 
34.9 

(35.4) 
26 7 

(26.6) 
41.1 

(41.3) 
27.8 

(28.2 1 
43.9 

(43.3) 
40.4 

(40.0) 
17.7 

(27.5) 

o 9n analyr~w~y pure complex hleNbC4’hlNK could not be obtaoed. 
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TABLE 2 

IR (cm-‘) AND NhlR (r. ppm) SPECTRA 

Complex r’(C=O) a ~‘(h1-C) r(hleh1) T(Me!) r(t-Bu) 

hlek bCI_, - DCK d 1640 5 465 s 7.17 
hleTafZl~‘DCK d 1638 s 487 ms 7.81 
hle~NbCI~‘DCti d 1645s 482 s 7.49 
hle,TaCI3-DCK d 1645 s 380 s 8.21 
?leNbCIJ . hl BK 16-ll s b 6.94.7.11c ‘i.21. 7.2-l = 8.66.8.7Oc 
\leTsC14’hlBK 1632 s L 7 74.5.93 7.15. 7.35 8.61. 8.69 
hTe2!UbCI,-MBK 1660 s 185 s c r e 
Ve~TaCI3.hlBK 1655 5 509 5 8.20 7.46 8.7-l 

LI Pure DCK shor\s l’(CzO) at 170-l cm-’ and pure hlBK shows u(C=0) at 15 11 cm-l : s = strong, m = me- 
dlum ” l(h1-C) obscured bv llgand bands. C Spectrum at -20q lt Show addltrorul resonances rv~~cal of 
c!clohexkI groups. c The complex decomposed IOO rapIdly to oblaln a reliable spectrum. 

the mckhylmetal groups to the ketone group takes place. This sr.ronply suggests 
that addition is preceded by formatlon of a donoracceptor complex followed 
by formation of a four centred transition state prior to transfer of the methyl 
group. Formation of the tansition state is thus hindered by the bulky hgands. 

The NMR spectra of the dicyclohexyl ketone compleses showed the expected 
methylmetal and lrgand resonances (Table 2); satisfactory proton NhlR spectra 
of the complexes hIeAlCI, -iVNK (IV = Nb, Ta) could not be obtamed because of 
rapid decomposrtron of the complexes In solution. The spectra of the complexes 
MeMCI, * MBK were rather more corn ples aJld have been studied in more detail. 
At room temperature the comples MeTaCl,.t-BuCOMe shows 6 resonances (Table 
2) which can be splat Into 3 palrs of resonances. each pair berng attributable to 
hIeTa, hleC0 and t-BuCO gr;roups. This has been interpreted In terms of the pre- 
sence of CLS and Cram isomers of the complex III solution. The relative intensities 
of the individual resonances of each parr changed on standing at room temperature 
and after 5 mm about 50% of each isomer was present. If further MBK was added 
to the solution of hleTaC1, - RlBK resonances attributable to the two isomers of 
the comple?r were still discernible suggesting that the eschange orocess between 
free and complexed &and at +35’ 1s slow on the NMR time scale. (N.B. The pres- 
ence of the spht resonances cannot be attributed to an equilibrium of the type 
MeMCl,-MBK = MeMCI, + MBK, as the resonances of the tert-butyl groups of 
the complexes are significantly different from that of free MBK.) 

The spectrum of the complex hleNbCIJ - MBK showed at room temperature 
only rather broad resonances but on cooling to 0’ distinct resonances attributable 
to CIS and tram isomers were observed. A similar rsomerism has recently been 
reported for the complexes AJeSbCI, - L (L = pyridine-IV-oxide) on the basis of 
NMR evidence Ill). 

The spectrum of the complex hIe,TaCI, l MBK shows only singIe ligand and 
methylmetal group resonances as would be expected and moreover when the 
spectrum was recorded at ca. -40” no splitting of the resonances could be 
detected. This is consistent with the complexes Me,MCIJ.MBK having a truns 
arrangement of methyl groups (see above and ref. 6) and hence no isomerism of 
the type discussed above for MeMC14 -MBK is possible. 
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(ii). Reactron of Me2NbC13 with PhCHO 
MezNbCIJ reacts readily with PhCHO in pentane at 0” yielding a non-stoi- 

chlometnc orange solid [v(Nb-O-Nb) = 750 cm-’ ] and a solution from which 
1-phenyl-1-chloroethane was isolated. It thus appears that the reaction proceeds 
by way of addition of a methyl-metal group to the carbonyl group prior to 
elimination of the alkylchlonde as shown below: 

2PhCH0 + Me,NbCIJ --c (PhCHRIeO)2NbC13 
(PhCHMeO)? NbC13 + “( PhCHO)NbOCI? ” -t PhCHMeCI 

Thermal decomposition of a var-lety of early transition metal alkoxides have been 
shown to involve elimination of alkylchlondes [ 12-151. 

(irr). Reactions of Me,NbCl, with acetone 
When a solution of acetone rn pentane was mLued with a solution of 

Me2NbCi3 m pentane a purple-red solution formed which faded after a few mmu- 
tes and a white solid precipitated from the solution. The composition of the solid 
product approached 2[ ( t-BuO)NbOClz ] - Me, CO. The IR and proton NMR spectra 
(see experimental) showed that the product wan not a simple donor-acceptor 
complex of hle2NbCI,, thus the IR spectrum showed a strong, very broad band 
at S50 cm-’ [V(Nb-O-Nb)], bands typtcal of coordinated acetone [9], and 
additionally bands typical of metal-tert-butoxide groups were present at 1245 and 
1159 cm-’ [lS]_ The proton NhlR spectrum showed the resonances expected 
for coordinated acetone (7 7.27) and the butoxide group (7 8.30 ppm). The 
transient purple-red colour observed in the inltlal stages of the reactlon (see above) 
is typical of donoracceptor complexes of Me,NbCIX [5] which is presumably 
formed prior to transfer of the methyl group giving a tert-butoxide which then 
elirmnates a molecule of alk.y! chloride as discussed above for the reaction with 
PhCHO. 

(iu). Reactions with oxygen 
It has been previously reported that hIe,NbCI, reacts explosively with pure 

oxygen [5] _ However, if pertane solutions of the alkyls Me,NbCI, and Me,MCI_. 
(M = Nb, Ta) are treated with a 50/50 mixture of N, and 0, at -80” a smooth 
reaction takes place giving solId products whose IR spectra show that insertion of 
oxygen into the metal-carbon bonds has taken place. Thus bands attributable to 
C-O and M-OMe stretches are present at ca. 1100, 950 and 500-600 cm-’ 
respectively. Insertion of oxygen into metal-carbon bonds m this way has been 
reported for MeTiCIS [17, IS] and a wide range of other compounds contammg 
aetal-carbon bonds [ 191. Unfortunately, although the analytical data for the 
complexes approached (MeO)zNbCIJ and (MeO)~MC12 the M/Cl ratio was always 
low, and the IR spectra showed bands of moderate intensity at ca. 800 cm-’ at- 
tributable to the presence of M-O-M species. 

(v) Reacrions with p yridine-IV-oxides 
As amine-iv-oxides have been found to convert trialkylboranes to trialkosy- 

boranes in almost quantitative yield [ZO], it was of interest to see if the reaction 
between Me,NbC13 and -y-picoline-N-oxide yielded (MeO)lNbCI, or a donor- 
acceptor complex of Me, NbC13 . 
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If an excess of hle,NbCI, was al!owed to react with y-picoline-N-oxide at 0” 
2 solid complex hle: NW1 3 - C6H7N0 was obtained which tended to decompose 
explosively at tern peratures above 0”. A satisfactory IR spectrum could not be 
obtained but an NhlR spectrum showed 2 resonance at 7 6.73 ppm (CHzClz solu- 
tlon) attributable to the methyl-metal group 5. Prolonged reaction of 7 -picolme- 
N-oxide or pyrldine-/V-oxide Ltith Mel NbCl, under a vmety of conditions yielded 
products showing bands attributable to niobium oxy complexes presumably arising 
from decomposition of the initially formed methoxides. 

Esperimental 

Analyses were can-led out as described previously [5]. Proton NMR spectni 
were recorded using Perkln-Elmer R12B, Varion .A-60 or T-60 Instruments; IR 
spectra (4000-250 cm-’ ) were recorded with Perkin-Elmer 257. 457 or 577 
instruments as nujol or hexachlorobutadiene mulls. 

.\I1 manipulations were carried out in vacua or in an atmosphere of dry 
osygen-free nitrogen. Solutions of the alkyls hle, hlCi5-, (hI = Nb, Ta, .Y = 1, 2) 
in pentane were prepared Immediately prior to use as reported previously 15, 61. 
Quantrties used in the reactions described below are based OII the quantrty of 
hlClj used to prepare the alkyl. .Although the solutions of MehlCI, and hle,TaCI, 
prepared by these methods were contaminated with small quantities of other alkyls 
(see refs. 5 and 6) pure fmal products 2s judged by their analysis and proton NhlR 
spectra were obtained. 

Solvents were dried by standard procedures. The ketones (B.D.H.. Koch- 
Light, Aldrich or Columbia) were dried with molecular sieves (4.4). y-Picoline-fJ- 
oxide (Aldrxh) was dried by prolonged pumping in vacua. Gases were dried with 
molecular sieves. 

Freparatlotl of complexes 
AleMCI, -DCK and hle,hlCl,-DCK, 111 = Nb, Ta. A solution of DCK (0.005 

mol) in pentane (20 ml) was added to a solution of the alkyl (0.01 mol) in 
pentane (20 ml) at 0”. The solution was concentrated to induce precipitation if 
necessary; the solid product was isolated by filtration, washed with pentane and 
pumped dry at 0”. 

AlehICl, l hIBK, hIe,hfCl, l hlBK atld hleTaC1, -JlNK. The complexes were 
prepared as above except that the complexes were isolated at ca. -25”. Because of 
the high solubillty of the complexes Me,MCI, - MBK they were only washed with 
a small quantit.y of pentane. 

Reaction of i#le,NbC13 with PhCffO 
A solution of PhCHO (0.02 mol) in pentane (30 ml) was added to a solution 

of hIe2NbC13 (0.01 mol) in pentane (30 ml) at 0” over a period of 15 min and 
then stirred at room temperature for 15 min. The orange solid was removed by 
fiItration and the solvent removed from the filtrates leaving l-phenyl-l-chloro- 
ethane as a pale yellow liquid which was identified by comparison (!R, NklR 
spectra) with an authentic sample prepared from D,L-1-phenylethanol and thionyl 
chloride. 
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Reactions of Me,NbCl, with acetone 

Acetone (0.02 mol) in pentane (20 ml) was added to a solution of ~felNbCIS 
(0.01 mol) m pentane (30 ml) over a period of 5 min. A transient purple-red colour 
formed initially which was followed by precipitation of a white solid which after 
the mixture had been stirred for 30 mm was isolated by filtration, washed with 
pentane and pumped dry. (Found: Cl, 23.7; Nb, 30.9. ,3[NbOCf2(O-t-Bu)I -Me,CO 
c&d.: Cl, 22.5: Nb, 29.9%) 

Preparatron of Me#ibCI,-CJf,NO (CJi,iVO = y-plcoluze-I%oxide) 
_4 solution of C,H,NO (0.005 mole) in CH,Ci, (20 ml) was added to a solu- 

tion of Me,NbCIx (0.01 mol) in pentane (40 ml) at 0”. The solid product was 
isolated by filtration, washed with pentane and pumped dry at 0”. 
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