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Summary 

The chlorides hle,hfCl,_,, hl = Nb, Ta, x = 1, 2,3 react with carbodl- 
lmldes RNCNR (R = isopropyl, cyclohexyl, p-tolyl) to givt; products of the 
types MCI,[NR-C(Me)=NR], hIeMCI,[NR-C(hle)=NR], hlC13[NR-C(Me)- 
=NR]z, Me,MC12[NR-C(Rle)=NR], hIeMC12 [NR-C(Me)=NR] ?, which con- 
tain hidentate acetamidine groups arising from msertlon of the carbodlimkde 
into the metaI-carbon bond. The products have been characterised by elemental 
analysis IR and proton NMR spectra. 

introduction 

As part of a study of the reactions of methylniobmm( V) and methyltanta- 
Iurn chlorides their reactions with carbodiimides have been investigated 
[l--3]. Reactions of carbodilmides with early iransrtion metal alkyds have not. 
been previously investigated but their reactions with Grignard reagents [J] and 
other mam group organometallic compounds have been reported [ 51. Carbodi- 
imides also insert into Ti-N and Zr-N bonds [6]. 

Results and discussion 

The reactions of the alkyls Me,MCI,_, (M = Nb, Ta, x = 1-3) with the 
carbodiimides (RNCNR) R = isopropyl (PRCD), tert-butyl (BUCD), cyclohexyl 
(CCD) and p-tolyl (PTCD) have been investigated_ Products. containing disub- 
stituted acetamidjne groups have been characterised in most cases. The carbo- 
diimide inserts into the M-C bonds in a manner analogous to that reported for 
the related reactions with RNCO and RNCS il, 2] _ The complexes prepared 
together with appropriate analytical data are listed in Table 1. 

* heseat address. Department of Chemistry. Universa~y College London ,20 Gordon St.. London 

WClH 0A.l. 
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TABLE I 

CDtqPLEXES PREPARED 4ND 3NALYTICAL DATA 

Complex a COlOur ArtaJrsls found tcalcd.) (Cp) 

Cl nl 

NbCL,[PRl 

NbClJJCY J 

NbCL JPTI 

TaCI_, [PR I 

TaCLj ICY I 

TaCl~lPTJ 

hleNbCIs[PRJ 

nleNbc13[cY1 

tleNbCl3IPTJ 

hleT&l J[PR J 

TdCl3[hJ? 

hleTaC13JCY J 

MeTaCl~lPTJ 

Me? NbCJ2 1 PR 1 

hle~NbCl,JCYJ 

4leKbCl-, [CY J 2 

tle~TaCl2[PRJ 

\leTaCI,IPRl~ 

hlr,TaClz ICY J 

XleT.iCI? ICYI 2 

hW~TaCl~IPT1 

MeTaClz [PTI 2 

Rea 

Violet 

Dark red-brown 

Orange-red 

Bnghr red 

Orange-red 

Iworrn-red 

f’ed-brou n 

Clrange-brorcn 

0 range-red 

Red 

Orange-red 

YeUou-or.mge 

R ?d-broa n 

R1.d 

Rt d 

YE IIOW 

YeUorv-orange 

YeUosr 

YelJow-orsnge 

Ye_loLU 

YeUIX% 

a JPRJ = lN++C(hleJ=F;-I-Prl. JCYI = JN(C6Hi I )-C(hle)=NCOHI r 1. CgHl 1 = cvclohexvl. [PT] = 
[FJh toJyJJ-C(hleJ=Nf~ lOivl)l. 

37.3 
(37.7) 

3O.J 
(31.1) 
30.0 

(30.0) 
30.3 

(30 6) 
26.0 

(26.1) 
25.5 

(25.3) 
59-i 

(29.9) 
a.2 

1114.4 J 
33.8 

(13.5) 
33.6 

(L’4.0) 
18.7 

(18.7) 
20 0 

(20.3) 
19.4 

(19.7) 
30.5 

(‘1.2) 
I G.8 

(17.1) 
! I.6 

(11.4) 
1 m.0 

(11i.8) 
J ‘- 8 r 

(13.9) 
Ii.! 

(15.8) 
4.8 

(9.9) 
13.9 

(13.7) 
9.7 

(9.6) 

24.2 
(24.7) 

20.5 
(20.1 J 

20.0 
(19.7) 
38.7 

(39.0) 
33.3 

(33.3) 
39.2 

(32.3) 
25.7 

(26.1) 
21.7 

(21 3) 
20.6 

(20.5) 
40.7 

(10.8) 
32.0 

(31.8) 
j-s.2 

(34.6) 
33.4 

(33.5) 
27.g 

(27.7) 
22.6 

(22.4) 
11.7 

(15.0) 
43.1 

(42.8) 
33.1 

(32.9) 
36 1 

(35.3) 
24.8 

(25.1) 
33.6 

(31.9) 
21.8 

(24.4) 

(a). Reactions with IlleMX, 
Solutions of MeNbCI, react rapidly with PRCD, CCD and PTCD at room 

temperature yielding products of the type MC& [NR-C(Me)=NR ] containing 
the acetamidine moiety. The IR and proton NMR spectra show that insertion 
into the metal-carbon bond has taken place. Thus the bands at ca, 2100 cm-’ 
in the spectra of the pure carbodiimides [v~(N=C=N)) are absent and additional 
bands are present in the 1500-1650 cm-’ region attributable to C-2 N stretch- 
ing modes (Tables 2-4) are present. Other complexes containing C-N groups 
show bands in this region [‘i, 81. The complexes show no bands in the 450- 
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TABLE 2 

NMR (7. Ppm) AND IR (cm-t ) SPECTRA OF COMPLEXES DERIVED FROM PRCD 

Complex a 

CH= r.le?c d nlec hIeM rvos) V(C--‘N) 

NbCI?[PRI 5.65 8.41 7.69 1610 m. 1508 \k-Ill 

TaClq[PRI 5.36 8.43 7.75 16-15 w. 1505 ffi 
MeNbCI3IPRI 5.61 8.57 7.68 6.67 479 s 1640 m. 15-?2m 

nleTaCI3IPRl 5.49 8.58 7.73 7.56 -l-I6 s 1646 w-m. 1518 m 

TaC13[PRI 2 5.18 8.59 7.71 164-l m. 1596 w-m. 
1529 m 

hqe?NbClZ[PRI 5.71 8.58 7.75 7.83 485 s. 1640 m. 1580 w 
-I63 (sh) 

hle~TaCI~[PR] 5.-?8 8.65 7.75 8.42 -188 s (br) 16-l1 m. 1505 w 

nleTaCI_, I PR 12 5.55 8.66 7.84 8.89 176 w 1649 m. 1590 w. 
1531 m 

a PR = [N.!-Pr-C(nle)=N-t-h] _ b Dwbloromethane solutmn. The mtegmtcd intenatles were con%stenL wltb 
the formulations. c Septet. d Doublet. 

TABLE 3 

NhlR (r. ppm) XND IR (cm -I ) SPECTR 9 OF COnlPLEy ES DERIVED FROnl CCD 

Complex 0 Proton resonances h 

CH= nkc 

NbCI_I[CYI 6.02 7 69 
T&IJ[CYI 5.85 7.69 
nleNbCl3[CY] 6.20 7.66 
hleTnCI3 (CY 1 5.95 7 55 
hlez NbCIz[CY 1 6.31 7.77 
XleNbCI:! [CY 1 2 6.29 7.88 
nle~TaCl~[CY~ 6.00 7.70 
nleTaCI~[CYI 2 6.11 7.82 

nlehl 1-t hi-c ) t’(CzN j 

6.67 
7.70 
7.82 
d 

d 

d 

1641 w-m. 
1635 m. 

-173 s 16-13 m. 
471 s 1640 m. 
-l95 s (br) 1647 m. 
463 s 1635 m. 
490 s. 450 m 1641 m-s, 
175 m 1646 w. 

1510 N 
150fi w-m 
1575 w. 1518 m-s 
1518 m-s 
1580 w-m 
1548 s (br) 
1580 m 
1624 w. 1560 s. 
1543 5 

= ICYI = INCbH, ,-C(nle)=Nf&Ht t l.CgHt I = c,clohexyl. b Dtchlorometbane solul~on. The Integrated 
It’IteI’LSJlleS Were ConSdent wtlh the formulaltons. AU the romplexes showed a broad group OF WLIIUIBX al 
T 7.9-9.3 ppm allnbutable to the cyclohexyl groups. C Broad resonance. d Obscured bv resonances of 
cyclohexyl group. 

TABLE -? 

NnlR (r. pPm) AND IR (cm-t) SPECTRA OF COMPLEXES DERIVED FROM PTCD 

Complex a hoton reionances b 

n7-yl hleC hlenl v(h1-C) V(C”‘N) = 

NbCl_J[PTI 7.5-l 7.9-l 1633 w 
TaCIq[PTI 7.53 7.93 1635 w 
nleNbCI3IPTI 7.58 7.67 6.96 481 m 1637 m 
nleTsCI3IPTl 7.57 7.92 7.81 187 m 1633 m-w 
Me,TaCIz [PTl 7.65 8.00 8.3-l 468 m 1639 w 
nleTaCl? [ PTI 2 7.61 8.21 9.01 484 m 1641 s 

- 

o [PT~ = IN@ tolrlI-c(nle)=N@ tolyl)l. h Dtchloromerhane solutions. The mtegraled mlens~ties were 
conststent wtth the Formttlatrons of the complexes. AU the complexes showed resonances at ca. T 2.8 al- 
t.rtbutabk to the aryl z.roups. 
1500-1600 cm-t retion. 

c Assgnments mcomplele because of absomtlons OF aromatIc rmgs III 
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550 cm-’ region attributable to metal-carbon stretches and moreover the 
resonance in the proton NhIR spectrum attributable to the methyl group (ca. 
7 7.7 ppm) is not in the re@on assocrated with MeNbCI, and MeTaCI, coordina- 
tlon complexes (T 6.5-6.5 and 7 7.2-7.6 ppm respectively) [9, IO] but ciose 
to that found for related complexes such as hlCIj [NR-C(Me)=O] (ca. 7 7.7 
ppm) [2] which IS consistent wth the mode of insertIon proposed above. 

(6). Reactions with Me, MC1, 
Both Me2NbC1, and Me2TaCI, react wth PRCD, CCD and PTCD yielding 

complexes of the type MeMCI, [NR-C(Me)=NR] if an excess of Me, hlCIJ is 
used. The same products are obtained if a l/3 Me2 MCI1/carbodilmlde mole ratio 
and a short (< 1 h) reaction time is used, but the complex TaCI,[N-I-Pr-C(Me)- 
=N-i-Pr], could be obtmned by using excess PRCD and a longer reaction time In 
CH2C12 solution. The analogous reaction with hle,NbCI, did not yield an 
analytically pLlre product but the proton NhlR spectrum lndlcated that reaction 
with the methylmetal group had taken place. The IR and proton NhlR spectra 

of the products dewed from Ale, hlC13 were similar to those diwussed above for 
the 1leIUCI, reactlon mdicating a simJa.r mode of Insertion. The complexes 
which retained a methylmetal group shoned ~(h1-C) In the expected region 
(Tables F-4) [9, lo]. 

(‘cl Reactions with Me,lllCIZ 

The alkyls Me,!LlC12 reacted quite readily with the carbodiimides PRCD, 
CCD and PTCD yelding complexes analogous to those described above. The 
reactlon between the carbo3umtde and an excess of Rle,MCI, yielded com- 
plexes of stolchometry Me!MCl, [r\jR-C(hle)=NR] escept for the reaction 
between hle,NbCII, and PTl2D kvhich gave a I’roduct which was always conram- 
inated with some hleNbCl? 1 NR-C( hle)=NR12 . When the reactions were carried 
out usmg larger cluantitles of the carbodiimlde the behaviour of Rle,NbCl, and 
hIe3TaCI-, differs somewhat. Thus if RIe3TaC12 IS reacted with a small excess of 
PRCD, CCD or PTCD (R.le,TaC12/carbod!imide = l/3) complexes of the type 
Me,TaCI,[NR-C(ILle)=NR]-, are obtained. The reaction between MejNbCI, and 
PRCD, even using a five-fold excess of PRCD. yields only the 1/l product but 
the reaction between MeJNbCl, and CCD (l/6 mole ratio) yields MeNbCI,- 
[NR-C(lMe)=NR]2 (R = cyclohesyl). The analogous tantalum complex can be 
obtalned even when using only a l/S Me3TaC1,/CCD mole ratio of reactants, 
suggesting that despite the greater thermal lability of methyl-niobium as com- 
pared to methyl-tantalum bonds 19, lo], Me3TaC12 is somewhat more reactive 
towards carbodiimides than bleJNbCl,. 

The remaining MeTa bond in the complex MeTaC1, [N+Pr-C(Me)=N-i-PJ, 
did not react with further PRCD even when refluxed with a ten-fold excess of 
PRCD in CH,CI, for 16 h. A similar inertness has been observed in the reactions 
of Me,TaCl, with NO and PhNCO [2, 31. 

The IR and proton NMR spectra of the products derived from hIe,h?C1z 
confirmed that the mode of insertion was analogous to that described for the 
reactions of MeMC14 and Me, MCI, . The complexes Me, MCI, [ NR-C( hle)=NR ] 
showed (Tables 2, 3) a rather broad band in the meta!-carbon stretching region 
suggesting that the methyl soups are in a cis rather than a tram conformation. 
The proton resonance attributable to the methylmetal group in the complexes 
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derived from both Me,MCl, and Me3MCI, is at a higher field than the methyl 
resonance of the parent alkyls [9, lo]. 

The complexes MCI, [NR-C(Me)=NR], MeMCI, [NR-C(Me)=NR] and 
MezMCIz[NR-C(Me)=NR] are presumably six-coordinate while the complexes 
TaCI,[N-i-PrC(Me)=N-l-E%-], and MeTaCI~[NC,H,,-C(Rle)=NC6H,,], (C,H,,= 
cyclohexyl) have been shown by smglc crystai X-ray studies to be seven-coordmate 
monomers containing bidentate acetnmidine groups [ 111 ; the other complexes 
MeMCI-, [ NR-C(Me)=NR] 2\ are thus presumably also seven-coordinate. The C-N 
bond distances in the chelate rmgs show that each C-N bond has appreciable 
double bond character. The 1R spectra of the complexes (Tables 2-4) as dis- 
cussed earlier are consistent with the partial double bond character of the C-N 
bonds. The complexes containing two acetamldme groups show three or four 
bands in the C-s * _N stretching region while those contaming only one poup, in 
general show only two bands. Bands attributable to metal-nitrogen stretching 
modes could not be located with certainty but all the complexes showed rather 
complex metal-chlorme stretching modes in the 300-400 cm-’ region. 

The reactlvlty of the carbodllmldes PRCD, CCD and PTCD towards a 
particular alkyl were very srmilar but the analogous reactions between BUCD and 
Me,TaCII and Me, NbC13 gave only traces of products after several days reaction 
at room temperature. tert-Butyl isothiocyanate and isopropyl lsothiocyanate 
have been found to be much less reactive than MeNCS towards MezNbC13 [ll], 
confirming that the bulk of the unsaturated reagent plays a considerable part in 
determinmg the relative ease of the InsertIon reactlon. 

The reactivities of the alkyls t awards a particular carbocliimide followed the 
sequence, MehlCI, > Me,MCI, > n&MCI,, whrch IS the same as has been ob- 
served for related reactions with RNCO and RNCS [ 1, 21 which is again consistent 
with the InsertIon reaction proceeding vra initial formation of a donor--acceptor 
complex. The slmllar reactivites of CCD and PTCD noted above suggests that the 
different reactivities of PhNCX and hleNCX (S = 0, S) [l, 21 arises from sterlc 
rather than electronic effects as the bulk of the cyclohexyl and p-tolyl groups 
are similar. 

As the heterocumulenes RNCO, RNCS and RNCNR readily insert into 
Nb-C and Ta-C bonds it was of interest to see If these reactions could be 
extended to other related unsaturated reagents. Reactions of diphenylketene, 
allene, azobenzene and an imine have been investigated. Although dlphenylke:ene 
reacted with MeNbC1, and MeTaCI, at room temperature pure products were not 
obtained; oxygen abstraction, which is a common feature of niobium and tanta- 
lum chemistry [ 121, probably taking place. Xllene does not react with Me>NbCl, 
or Me3TaClz at room temperature while the Imine PhCH=NPh brings about re- 
duction of MeNbCl,. Reaction of RleNbC14 or MeTaCI~ with azobenzene leads 
to the formation of a weak comple?c; azobenzene could be recovered unchanged 
after hydrolysis of the complex indicating that Insertion had not taken place. 

Experimental 

Analyses were carried out as previously described [9]. Proton NMR spectra 
were measured using a Perkin- Elmer Rl2B instrument, IR spectra (4000-250 
cm-’ ) were recorded using Perkin-Elmer 257,457 or 577 instruments as Nujol 
or hexachlorobutadiene mulls supported between KBr or polythene plates. 
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A11 mampularrons rvere carried out in vacua or in an atmosphere of dry 
oxygen Free nitrogen. Solvents lvere dried by standard procedures. N,N’-di-tert- 
butylcarbodlimide was prepared from fV.N’-dl-tert-butylthiourea by the published 
procedure [13--151. The other carbodiimides were obtained from commercial 
sources (iso-propyl from -Aldrich, cyclohexyi from Koch-Light, and p-tolyf 
from Ralph Emanuel) and dried by prolonged pumping or with molecular sieves 

(4A). 
Solutions of the alkyls hle,hlC1j_l (IV = Nb, Ta, x = l-3) were prepared 

by publlshed methods [9, IO, 16]_ Solutions of hlehlCI, , hl = Nb, Ta in CH,CI? 
were prepared by the foflo\vin, 0 method. .A mlvture of hIClj (0.01 mol), Rle,Zn 
(0.0045 mol) and CH,Cl? (30 ml) rvas shaken for 4 h at room temperature. Un- 
reacted hlClj and ZnCi, were removed by filt.ratlon and the resultrng solution 
reacted immediately lvith the appropriate carbodiimide. The solution contalnsd 
only hleh?CfJ and lvas not contaminated with significant quantities of other 
alkyls. The quantltles used m the reactions described below are based on the 
quantity of MCI, used In the preparation. 

Preparation of 11fCt~ f~VR--C(Me)=NR j (hi = Nb. To. R = I-Pr, cyclolzexyl, p-tolyl) 
A solution of the carbodiimide 10.01 mol) in CH2CI, (20 ml) was added 

to a solutron of hIehIC1~ (0.01 mol) in CHzClz (20 ml). The solvent was removed 
from the reaction mlsture, the solid product \vas!,ed w1t.h pentane and pumped 
dry. 

Preparation of MeNbCl, fNR-C(Me)=NR] (R = r-Pr, cyclohexyl, p-to/y/) 
A so!utlon of the carbodiimide (0.01 mol) in pentane (40 ml) was added to 

a solution of hIe,NbCl, (0.01 mol) In pentaKe (20 ml) at 0”. The mixture was 
stirred for 1 h at room temperature and the solid Isolated by filtration, washed 

with pentane and pumped clry. 

Preparatiorz of MeTuCI, [IV~‘-C(M~)=NR] (R = i-Pr, cyclohe_vyI. p-folyl) 
As above. but using 0.005 mol of the cxbodiimide. 

Preparation of TaCix [A?-r-Pr-C(lUe)=N-i-h] 2 
RIeTaCl, [N-i-Pt-C(hle)=N-i-Pr] (0.01 mof) was allowed to react with PRCD 

(0.06 mol) In CH,Clr, (30 ml) for 12 h at-room temperature. The solvent and ex- 
cess &and were removed at the pump and the residual solid extracted ivith pen- 
tane to remove final traces of the carbodiimide. 

Preparation of Me?iVbCIz fN-I-prC(I~Se)==IV-I-Pr] 
A solution of PRCD (0.005 mo!) In pentane (20 ml) was added to a solu- 

tlon of hIe,NbCIz (0.01 mol) in pentane at 0”. The mixture was stirred at 0” 
and the solid product, isolated by filtration, washed with pentane and pumped 
at 0”. 

Preparation of Jle,NbC12 [NCbHI 1 -CfMeJ=~UC6HII / 
ii solution of NJ’-dicyclohexylcarbodiimide (0.006 moi) In pentane (30 

ml) was added to a solution of ILIe,NbCI1_ (0.02 mol) in pentane (20 ml) at 0”. 
The mixture was stirred for 3 h at 0” and the solid product isolated as above. 
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Preparation of AlezTaCl, [NR-C(Me)=NR / (R = i-Pr, cyclohexyl, p-tolyl) 
A solution of the carbodllmide (0.005 mol) in pentane (40 ml) was added 

to a solution of hle,TaCl, (0.01 moi) in pentane (20 ml) at 0” and the mixture 
stirred at room temperature for 2 h. 

Preparatio,z ofAleNhC1, [NC6H,,-C(rlle)=NCbH,,/z 
X solution of N,N’-dicyclohesyicarbodllmlde (0.06 mol) in pentane (80 ml) 

was added to a solution of hle,NbCI, (0.01 mol) in pentane at 0”. The mlsture 
was left to stand overnight. The solid product isolated by filtration and traces of 
unreacted carbodiimide removed by estractlon with pentane. 

Freparatiorl of ~IleTaCI~ [hT-l-PrC(~le)=N-i-Pr/2 
A mixture of PRCD (0.05 mol) and hie,TaCl, (0.01 mol) In CH,CI, (20 

ml) was allowed to react for 3 h at room temperature. The solvent was removed 
from the mixture and pentnne (30 ml) added. The solid was isolated by filtration 
and estracted with pentane to remove the f!nal traces of the carbodiimide. 

i’reparatiorl of IlleTaCiz [NR-C(i\ie)=NR / z (R = c)~clohes~l, p-tolyl) 
A solution of the czbodlimide (0.03 mol) III pentane (40 ml) was added to 

a solution of hIe,TaCIz (0.01 mol) in pentane (20 ml) at room temperature 
and stlrred for 2 11. The soled product was isolated by flltratlon, washed with 
pentane and pumped dry. 
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