
E L S E V I E R  Journal of orge~metallic Chem]s% r33 0997) 87-96 

S y n t h e s i s ,  s tructure ,  and c h e m i s t r y  o f  h y d r i d o  and a l k y l  n i o b o c e n e  

ke tene  and ke ten imine  derivatives.  X-ray  crystal  structure o f  

[Nb( xl5-C 5H 4SiMe3) 2 ( C H  3)(  ' I ] 2 - ( C , O )  O = C  = C P I ' I  2)  ] 

Antonio Antifiolo ", Antonio Otero ~', Mariano Fajardo b ~ l  Gil-Sa~z ~, 
Maria Jos~ Herranz ¢, Carmen L6pez-Mardomingo ~, Avelino Martin ba Pilaf G6n~'z-Sal g~ 
Departamemo de Quhniea Inorg~ica, Orgdnica y Bioqubnica, Facuhad de Qu&~a, Universidad de Cas611a-La Memcha, 13071 C"mda~l Real. 

b Departamemo de Q~nica Inorgdnica, Campus Uni~nfmno, Uni~ersi~l de AIcal~, 28871 ~ de ~ (M,~d), 
Departamento de Qa~nica Orgdnica, Campus Uni~ersitario. Universidad de Alcal~ 28871 AIcalgt de Hea~ares (Madrid), Spain 

Received 6 Angust 1996; x~-vised 4 October 1 ~96 

Ala~a-act 

[Nb(~S-CsH,,SiMe3)2CI( 'q2-(C,Z)-~)I  (la, Z = ~ R = Ph; lb. Z = ~ R = Me; le, Z = ~ R = Et; Id, Z ~ N I ~  
R = H; 2, Z = O. R = Ph) reacts with Li(BEt 3H) and with Grignagd (RMgl) or diall~i W (R2Mg) n ~ e m s  to ~ ~ ~ 
aioboeene complexes [Nb(~s-CsH 4SiMe~h H(~:4C,Z)-ZCCRPh)] ( ~ .  Z = Nl'h, R = Ph; ~ ,  z = N ] ~  R = Me; 3e., Z = ~ R = 1~; 

Z = NPh, R = H; 4, Z = O, R = Wa) and the alkyl nioboce~ complexes [Nb('qs-CsH,,SLMe~)z R(-qZ-(C,Z)-ZL"L~Iq0] (~*, Z = Niq~ 
R=Me,  R '=Ph,  ~b. Z=NPh,  R = R ' = M ~ ;  So, Z =  NPh. R=Me.  R ' = F ~  ~1. Z =  NPh. R=Me.  R ' = I ~  ( ~  Z = O .  R=M~.  
R" = Ph; 6b, Z = O, R = EL R' = Ph) reslpectively. The molecul~ smgtm~ of ¢m w,a~ ~ by single-.c~a~ d~Ta'agleme~. ~ 
shows a typical beat-metallocene geometry mmad the niobium atom with the "qz(c,o) ketene aad m e a l  g r e ~  ma-yed ia the 
be:ween the two eyclopentadienyl rings. Finally, sc~ae hydrido and altyl ~aocene  ketenimiae a~l ketene oomp~tes we~ easily 
pl~ogul~d will] l equiv, of H~F4 - OEt 2 giving rise, in one step. to t ~  r.mmspondi~ ~lZ-imi~nacyl and ~Z-acyl ~ s  []q~s_ 
C~H4SiMe3)~Y('qZ-(C.Z)-ZCCRHPh)]~[BI~] (Ta. Y = I L  Z = NPh. R=Ph;  7b. Y =FL Z=NPh.  R=Me;  ~a. Y=Me,  Z=NPh,  
R=Ph ;  8b, Y=Me,  Z =  NPh, R=EU 9, Y = M e ,  g = o ,  R = Ph). ~H NMR ~ oa several m~ymmelr~d 
cbloro, hy&'ido and methyl nioboo~e oa~aplexes containing E-Z isomeric ~ we~ eaf6~d out. gad it was fotm~ that 
intennolecul~r isomehzafion of the E and g isomers may govern the t~iffe~mt ~ e r v e d  E-Z ratio& The streclm~ of tl~e ~ ~ 
of complexes were determined by ~ methods. 

Keywords: l¢,eg.ee; Alkyl; Niobocene; Ketenimine; Hy&~.do 

1. I n t r u d a e t i ~  

Metal-la'omoted transfonnalions of  ketene, kelen- 
imine and related molecules are important because they 
can sinudat¢ the metal-induced Uansfonnalicq~ ¢~a car- 
bon dioxide, the acfivati(m o f  which is a matter o f  great 
inte~rest (see for example Ref. [1]). ~ ,  ketene 
and ketcnimin¢ complc;~cs are used as versatile syn- 

• C o c r e s ~ n g  amhor. 
' X-ray diffraclk~ studies. 

t h e ~  buildi~ blocks i .  s e v e ~  lxoc~ses in f i .e  ~ -  

In the last few yem's, as pm~ o f  our s w ~ - g y  to 
employ the reacfivlty o f  u n s . ~ , r ~  . ~ r ~  moIeodes  
in the s y m l ~ s  of  niobiu~m m , g a n o m e t a ~  complexes, 
we synthesized several families o f  ~ m d  
h ~  cmap~xes [3,41[N~5-C,n,S~),X(~- 
(C.Z)-ZCCICR')] (Z= NR. O). The ~ cafi~ic 
i m i n o a c y l  and  acy l  c o m p l e x e s  [5] [ N b ( ~  s- 
CsH4SLMe3)2X(.q2-(C,Z)-ZCCR'HR')]  + wet= also 
p~-pmd by sim~ ~a.~aoa at t~ f ~  tm~.s of 
complexed ket~imi~ ~ keam= ~ ~ acids. 
along with caioaic kete,imine comp~xes [6] [Nb(~ s- 

0022o328x/~/$1%00 Copyright © I~Y7 EL~v~r Science S~- All rMm 
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CsH4S~es)2(-Q2-(C,N)-NPhCL'~IRXL)] +, obtained 
by one-electron oxidation of  the coeresponding No(W) 
kee~imlne s]Je~'s using fexmcenium salts as oxidizing 
agents in the presence of an apl~uptiate nitrile or isoni- 
t r ~  t~,aa,t 

Cou "~atmag ou¢ research in this field we have decided 
to explore the preparation of new families of hcterocu- 

containing niobocane complexes where hydride 
and alkyl ligands take the place of  the halide a~ciliary 
ligends. Initial attempts to prepare hydrido derivatives 
by reducing chloro ninbneenes with LiAIH4, Nail, Call 2 
or SnHBu 3 failed, Li(BEt3H), however, proved suc- 
cessful and allowed the synthesis of a number of hy- 
dddo niobocene complexes. Mmeover, alkyl ninlmcene 
complexes could be prepared by the reaction of the halo 
nk~boccnes with C-rignard or dialkylmagnesium reagents 
but nee with the corresponding lithium reagents. This 
paper will focus on the synthesis and stractoral details 
of  new ke~aimine and ketene complexes [Nb(~q 5- 
CsH4SLMe~)2Y('q2-(C,Z)-ZCCRPh)] (Y=H, R) and 
their transfm'mation to iminoacyl and acyl complexes 
[Nb('qS-Cs H 4 SiMe3 )2Y('q2-(C,Z)-ZCCRHPh)] + . 

Z Results D d  d~-ussio¢ 

First of all we investigated the reaction of 
chloroketene and chlorokctenimine complexes [Nb('rl ~- 
CsH4Si]~e3)2(cIX'q2-(C,Z)-ZCCRPh)] (Z=O, NPh) 
with various conventional hydrido transfer reagents, 
such as I.JA~4, Nail, Ca~2, SBHBu 3. With the first 
reagent the only product isolated was [Nb(-r{- 
CsH4SLMe3)2H3], together with a considerable amount 
of intractable products. With the rellt~ining reagents the 
starting materials were recovered even after refluxing in 
THF, with none of the expected hydrido ninhocenes 
being observed. The desired product could be obtained 
however using Li(BEt3H) in toluene (Scheme I). The 
reactions were carried out using a 1:2 molar ratio, as 
starting material was recovered when a smaller molar 
ratio was employed. In some preparations variable 
amounts of the by-product [Nb(IIS-CsH4SiMe3)2H3] 
were formed, the extent of which depended on the 
reaction time. The complexes were isolated as air-stable 
yellow materials. Several hydride ketene niobocenes, 
including 4, were previously prepared [7] by the treat- 
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ment of chloro complexes with N a / H g  ( l :2 molar 
ratio), through the formation of metallaenolate interme- 
diates which were then protonated and reduced to give 
the title compounds. 

T h e  r e a c t i o n  o f  c o m p l e x e s  [Hb(~l  s- 
C~H4SLMe3)2(cIX'q2-(C,Z)-ZCCRPh)]  with a lkyla t ing 
lithium reagents was also concidered. The standard pro- 
cedure which involved the addition of I equiv, of MeLi 
or BuLl to solutions of niobocene complexes failed to 
yield any of the expected alkyl species after s@ring for 
48 h, with only starting material being recovered. How- 
ever, these compounds reacted with MeMgI under the 
appropiate reaction conditions, to give the correspond- 
ing methyl uiobocene complexes (Scheme 1). Aitema- 
lively, 6a  and [NI~q~-CsH4SiMe3)2(EtX'q2-(C,O) - 
O=C=CPh2)]  6b can be obtained by xeacrion of the 
correspond~ing chlomketene derivative with Me2Mg and 
Et2Mg respectively. The reaction with Et2Mg must be 
carried out at 0 °C because a considerable amount of the 
complex  [Nb('qS-C s H 4 SiM e 3)2(H)( 'q2-(C,C) - 
CH 2 =CH2)] was formed at higher tempet~aum through 
loss of the ketene ligand and subsequent I~-elimination 
from the ethyl intermediate (Scheme 2). With the excep- 
tion of 5a which was ¢i'ysta!ii~ed, complexes S were 
isolated as air-stable oily materials while 6a,b were 
obtained as air-sensitive crystalline sofids. 

Unsymmetrical ketene and ketenimiuc conta ining hy- 
drido and alkyl niobocenes were isolated as nuxtures of 
E - Z  isomers, although the E - Z  ratios found by ~H 
NMR spectroscopy were different to those observed in 
the starting chloro complexes. The assignment of  E - Z  
isomers was carded out by nuclear Overhauser enh~mc, e- 
ment (NOE) experiment. With the aid of these data, the 
isomerization processes for the E and Z isomers, which 
were previously considered for hydrido ketene 
niobocenes [7], have been fully analyzed (vide infra). 

The new hydddo and alkyl complexes have been 
spectroscopically characterized. The IR spectra of corn- 

/Y Y 
CFllnr-~Z c p . z a ~  or% 
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Fig. I. Possible N(O)-insi~ and N(O~u~side i ~  for .nsym- 
metrical ketene and kemnimine comahtmg hyd~Io and alkyl 
niobocencs. 
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Fig. 2. owca' dta,.~ng of compound ~ with d~e a~ak: labe4~eg 
~heme. 

plexes 3 show the v (Nb-H)  at ca. 1700cm-Z, in agxee - 
merit with the values reported in other hydi'ido eieb0cene 
complexes [8]; m addition, the [R speclra exhibit the 
u (C=C=N)  or v (C=C=O)  bands of  the ke~,~, ,~e 
and ketene 5gands in the range 1620 to 1580cm -l 
[3,4], The 'H  NMR ~ of  enmplexes 3 ~ a 
resonance at ca. i.45 ppm for the hydxide liga~l, in 

Table I 
Details of the X-ray diffraction study for fm 

~ l e ~ t d ~  foamda C3t H~NbO~i2 
Space group P2~/n 
Unit ceil voim~ " ~3 ) 3034.8(4) 
a(.~) D.9~4(1) 
b(.~) 15.tso(D 
c (.~) 1435--'~1) 
~} (,tag) 9L6"/(I) 
Z 4 
Calcubeed density (gem -3 ) 1.262 
Crystal d~hnemiom (ram ~) 0.40x 0.28 xO25 
Absoq~ c ~ - h ~  (cm -~ ) 4.96 
20 range ((leg) 4-5O 
To'ad no. of zeP, ectioes measecd 5785 
Independent reflections 5318 (Rmt = O.OOZ) 
~ g e ~  [Fo > 4o'(Fe) ] 37~S 
NO. of perameters 316 
Scan type ~o-20 
Rt 0.088 
w R  2 0 2 5 8  
Weigilting scheme ca~ w = 1A ~ 2( F~ ) 

(o.z454P) 2 + ~..~t~]l 
e = (F.: +2F~)/3 

Final residual (e.~- 3) 2.07. --ZI7 
GOF 1-12 

R~ = ~IIF. i -  iF II/:EIFoL 
wr: = {~;.~ ~ -  F ~ ) ' - i / ~ i , ~ r : ) ~  ~ 



Ta~e 2 
Atetmc c ~  (x 10 ~) for 6u 
/ t~m x y 
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+IV ÷iV H 

N,O-~nsule N.O~uts~d~ 
s~D -lt8~2) 39o7(5) 3 ~ 2 )  
SK2) 2821(2) 319(2) 5070(2) 
o(1) ~ ( 3 )  2349(3) 4 4 ~ 3 )  
C(1) 233~4) 2474(,f) 3909(4) 
C~2) 3142{4) 2952(4) 4094(4) 
cO) 5K7) 1~4~(8) 4o72(8) 
C'~11) 379(7) 3018(7) 2752(7) 
C(12) -- 109(9) 2288(9) 2359(9) 

C~14) 1313(9) 2360(7) 1639(6) 
~15) 1275f7) ~0~7(6) 2294(6) 
C06) -43200) 464~9) 2777(10) 
C(17) 7f~(11) 4257(12)  4383(12) 
G|8) - 1179(t3) 3 5 6 ~ 1 3 )  4070(17) 
C(21) 2301(7) 450(5) 38"F~6) 
C(22) 2744(8) 784(6) 3086(7) 
C(23) 21310 i) 585(8) 2266(7) 
C(24) ]35104) 166(7) 2596(9) 
CL25) 142fl(9) 68(6) 3525(8) 
C(~) ~o~w) - 885(6) 523O(8) 
f~27) 396"/(7) 947(7) 5166(7) 
~) 1973(7) 71 I(7) 5948(6) 
C(31) 3231(4) 3515(4) 4930(4) 
C~32) 2"774(5) 3314(5) 5766(5) 
C03) 281~(5) 390~6) 6~1S(5) 
~34) 3322(6) 46~(6) f~54(6) 
C~35) 3767~6) 4892(6) 5@56(6) 
CO6) 3'744(~) 4312(5) 4918(5) 
C(41) 3965(5) 2894(4) .3459(5) 
C(42) 489~5) 2855(5) 3832(7) 
C(43) 5683(8) 274~6) 3264(10) 
C{44) 5536(10) 2678(7) 2313(11) 
(3[45) 4655(12) 2740(7) |94~g) 
C(46) 3845(7) 2847(6) 2492(6) 

accordance with the chemical shift value p~wiously 
found in hydrido niobium(V) complexes [9L while a 
l ~ m m c e  at ca. 0.75ppm ~ g  to the me~_ 1 
ligand is observed for complexes ~ [10]. ~H and ~3C 

T~le 3 

Nh(~)-O0) 2.0Sg4) Nb(0--C(3) 226~00) 
~(0 - -cO)  2.tst(6) O(D-UD t.30~7) 
C(I)-C(2) 1.355(9) C(2)-C(31 ) 1.474(9) 
CC2)-C'(41 ) 1.49~8) r~b(i)~cp(i ) 2.132 

O( I)-NI~I )--C(3) 75.1(3) 0(I )-N~I)-.-C( 1 ) 35.9(2) 
C(1)-~dl)~'-'(3) H09(3) ~J)-o(t)--c(3) 74.7(3) 
N~I~-L~t)--~I) 69.4(3) Nb(I )--~ I )-C(2) 160.2(5) 
O(1)-~, D--C(2) 130.3{6) C(I)-C(2)-C(31) 121.2($) 
C(! )-C(2)--C(41 ) 119.8(6) C(31 )--C(2)-~41 ) 119.0(6) 
Cp(I )--N~ I )--C(3) 102.2 Cp(I )-Nb~I)-C(1 ) 105.0 
c ~ D - ~ ) - o ( t )  tlo.~ CpO)-we0)-Cp(2) ~32.9 
Cp(2)-Nb(l )-C(3) 101.2 Cp(2)--Nb(! )--C( 1 ) 103.9 
CI~2)-IVv(D-43(I) 114.8 

NMR spectra ind~me that only one of the two possible 
N(O)-i~de or N(O)-omide isom~ is pm~m (Fig. 1), 
and based on dzta l~.Viomly dL-scfibed for halolr, e t ~ e  
and ~ dm~tafives [3,4,6] and ~m the X-ray 
crystal s m ~ - ~  of ~m, the exo isomer is f ~ e d  to be 
preu~ in an comptexes 

The U r m ~  of " -  is ctepk~d in Fig. 2, togemer 
with file atonfic ~ scheme. Tables I and 2 
summffiize the c~stal and m u c n ~  data, while selected 
bond lengths m d  angtes ~pea r  in Table 3. The con~ 
pound crystalrn~ in thv space group P2~/n with four 
molecules of k per unit celL ~ was no intenaolec- 
ula~ ccJ~atact d&~t~ wlhJd~ co~fld ~ coDsidea~g~d m 
i nky  a t m d ~  ~ .  The l~teue Ugmd is c ~ -  
plexed tlnmtgh the C=O bond, Nb( l ) -O( l )  2.088(4)A 
and Nb(I)-C(1) 2.151(6)~, aad Sb(I), O(!) and C(3) 
a~ms and ccmtitute the ~ pla~ in the bent 
metallcce~e~ the Cp cemmkls are at 1.94 ~ 1.98A 
f~ t'nis ~ and the C(I) atc~m ~ 0.113 A l~e.l~ it. 
The ~teae lig~ad a~c~s the above memaRmed O-h~ide 
(e~)  cmr-,.guv~ as cau be o l~ r v~  in Fig. 2, with 
sUectmal femu~.'es shnilar to those found for the com- 
polmd [N~5.4~sB4SiMe3)2(~rX'q2-(C,O)-OOC]~2 )] 
[4]. The distance from the ~fiobium atom to the methyl 
C(3), 2.265(10) A, is in the range observed fm Nb-  
C(sp') b o ~  in nioboc~ a~y~s [111. 

Previously it was fotmd that ketene aad ketenlmine 
copt~ini~ niobocenes wm'e easily ]~3ton~.ed at the 
terminus of the cemdine~ cumulene to give acyl and 
iminaacyl cationic d~vafives respectively [4,5,12]. 
Thus, in ruder to test this w.activity in the new hydrido 

Table 4 
Data on the ¢qmlib~itml rati~ for E--Z is~lers in complexes with 
tmsymme~y sustimted k-emimiaes (C~D6 at 20"C; L~igna~u 
of E-Z i ~ m ~  wse~ catJ~d out by NOE expecimen~) 

X R E:Z 
lb  C1 Me 73"27 
lc CI £t 70:30 
ld CI H 73:27 
3b H Me 50:.50 
3¢ H Et 50:50 
~1 H H > 95:5 ~ 
5b Me Me 35:65 
k Me Et 60:.40 
54 Me H 63:37 

e4~ 1) ~ elR2} a~ t~  c~,vids ~ me c~mad ieny l  tangs. " Z isomer was nm obeyed. 
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Scheme 3. 

and alkyl ninbuce,aes, some of them were treated with 
tetrafluoroboric acid. The st,mdard reaction procedure 
involved the addition of I equiv, of I-IBF 4 -OEt 2 to 
ethereal solutions of [Nb(~-CsH,SiMe3)2Y(~e-(Cl)-  
Z=C=CRPh)]  (Y ffi hydride 0¢ methyl, Scheme I). The 
complexes were isolated, after appropriate work-up, as 
air-stable white solids, with the exception of 7b which 
was obtained as a yellow oil. It is noteworthy that the 
electmphilic proton attack t~kes place exclusively on 
the [3-carbon of the ketene and ketenimlne figands but 
not on the N b - H  or Nb-alkyi bonds. Several examples 
of electmphific attack on N b - H  bonds of  hydrido 
ninbocones are known [13], and pmtonolysis of metal-  
carbon bonds has been described in alkyl zirconocenes 
(see for example Ref. [14]); for our complexes both 
processes would be expected to give the c ~ g  
cationic cumulene niobecenos [6], but such compounds 
were not observed in any case. 

The IR and NMR spectra of these complexes prove 
that they contain M2-acyl and "q2-in'l~oacyl moieties. 
The IR v(C-O)  and v(C-N) absorptions appear at ca. 
1594 and 1670cm -I respectively, and the hydrido 
derivatives exhibit a band at ca. 1750cm - t  which 
ctmesponds to ~(Nb-H). In the l~C NMR the most 
notable characteristic is the position of the wsoeance for 
the ucyl and iminoacyl carbon atoms, which were found 
to resonate at ca. 292.4 and 218.0ppm respectively in 
~:cordauce with data previously reported for 'q2-acyl 
[15] and ~12-iminoacyl (see for example Ref. [16]) com- 
plexes of early Wansition metals. Both the tH and 13C 
NMR data indicated the presence of  only one of  the two 
possible (N,O-inside and N,G-ontside) (Fig. 3) confor- 
matinns in these complexes, and on the basis of  the 
behavior p~viously found in other analogous com- 
plexes [4,5] we propose the sU'ucture to be the O- or 
N-inside isomer. 

In order to gain more insight into the E - Z  iso- 
merism, ~H NMR studies were carried out on some 
complexes bearing ~msymmetri~al ket~nimine, s. Data on 
the equilibrium ratios for E - Z  isomers are shown in 
Table 4. The E - Z  ratio for all these complexes was 
found to be the same regardless of  whether the complex 
was derived fIum COOl'Ch~lafiO0 of the free ~ i m i n e  
with the [Nb(M~-CsH4SiMe~)2CI]2, or from d~fotoaa-  
tion of the corresponding iminoacyl complex [5]. From 
the data in Table 4 we can establish that the E isomer is 
the major, more stable isomer, probably because of  the 
smaller steric volume of the R group located near the 
Nb('q~-CsH4SiMe3)2 moiety, and thus, in the case of 
3d, the E isom~ is the only one l~esent. However, this 
must be i n ~  with cave because complex ~b 

contains the E isomer as the minor p m d e ~  We 
that in addition to the steric ©lemem other f a c ~  m l t  
be comider,:d rnpoesible for the eqnilibdmn tmim. In 
order  to con f i rm  the exl._s~nce o f m  eqnih' in~m~ be-  
tween isome~ and establish ~e ~ in the E-Z 
ratio, a I H NMR variable tempermme ~ (firom 20 to 
80°C) on Sb was cm'rled out. The value for the E - Z  
ratio changed from 35:65 (20eC) to 48-52 (S0~E~). 
When the solution was cooled the inil~ E-Z re4~ was 
re-established. We thus demonstrated the enisteace of  
the proposed equtUb~m, a ~ u g h  ~ e  o b ~ t ~ d  vw, a- 
tions are small and do not allow numm'kal cakulasiom. 
We pmposc that the cqm~'minm coukl t a k  place 
dneugh labilizatinn of the ligand, and in o n k r  to lead 
support to this proposal the complex [Wo(~t ~- 
CsH4SiMe3)2CI(M2-(C,N)-PhNCCEtPh)] 1¢ was 
treated with free PhN=C=CPh~.  Af t~  4 8 h  ~ at 
room tomigrmu~ ( e x ~  n m u ~  by ~H N ] ~ )  
an .m,mciame amount of me comOm ~ [N~(,~- 
CsH4SiMe3)2C~'q2-(C,N)-PhNCCI~2)] (80".20) wits 
detected, and after 4 days tbe mixtm~ coataim~ the two 
compounds in the ratio 45:55 tegether with flee 
PhN=C=CEtPh. Tlus result agrees with the mbstim- 
tinn pmcess of  Sebeme 3. 

In addition, complex [N~IS-CsH,SiMe3)2C[(~o 
(C,N)-PhNCCPh2)]  l a  was t~ated with flee 
PhN=C=CEtPh but a f t~  stining for sever~ days com- 
plex [ N b ( ~ s - C s H 4 S i M e 3 ) 2 C I ( ~ 4 C , N ) - ~ ]  k 
was not detected in ~ with tbe great~ ~ 
of  the former complex. We can conclude that the keten- 
imine niobocene complexes undergo a facile E - Z  iso- 
merizafion to give an e ~ u m  ratio which is c ~  
dent in each case on the relmive stahility of  the isomms. 
and altbough a mechanism thmugh the iahilizasiea e f  
tbe ketcm~,~c ligand ceuld be Wopesed. an a l tmmive 
internal mcchani~un cannot definitively be excluded. 
Thus. the hydride and alkyl nioboceaes wine isolated in 
E - Z  ratios which differed fi'om the t , , ~ -  chlmo com- 
plexes. Although a ~ coatml must be 
considered in the E - Z  i ~  wccess,  noverthe- 
less the presence of  a kinetic cc~rol lxior to this 
Wocess camaot be mled ont. 

X F . x p e r ~ m ~  _st.~_'__ 

3.1. General procedswes 

All olgmions were perfmmed uuder m iaen amo.  
sphe~ using sUadmi vacuum fine (Scb tm~ tech- 
niques. Solvents were purified by ~ n s t i o n  from ap- 
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t~olJdale &ying agents before use. NMR spectra were 
olm~ed on Varian Unity FT3O0 and FT-500.PLUS 
h~nuueats. 1R spectra wea~ recorded as Nujol mulls 
~ Csl p~es  (in tbe rag/on becweea 4000 aad 
200cm-~) on a Pettin-Elmer PE 883 IR ~ .  
Ekneeet~ analyses weae performed on a Perkin-Elmer 
240B nficmanalyzet. Mass spectral analyses were per- 

oll a aewI~JR-Packard 5890, m / z  50-1000  
~ itmiT.zcicm tedmiques. The following 

c ¢ ~ i m e ~  were ~ as d~a-it~l earll~. [(lWd ~i s- 
CsH4SiMe3)2CI} 2] [17,18], Ph2CCO [19], 
PhNC'~RXPh) (n = P  h, Me, EL H) and [Nb(~q 5- 
CsH4SiMe3)z(CIX'q2-(C,N)-PhNXR)(Ph)] (R = Ph, 
Me, Et) [3], [Nb(IqS-CsH4SiMe3)2(CIX~q2-(C,O)-OC - 
CPh2)] [7] end other reagents were used as purchased. 

3 . 2 .  [Nb(T1  5 -C  s H 4 S i M e  3 ) 2 C 1 ( ~  2 - ( C , N ) -  
PhNCC(I tXPh)H l d  

To a brown solution of [{Nb(lqs-CsH~SiMea)2CI}2] 
(0.92g, 0.57nnnol) in 50mi of hexane was added a 
solution of PhNCC(I-I)(Ph). The mixture was stirred for 
12h at room mmperalm'e whereon the solution became 
an increasingly deeper red eolonr. It was then concen- 

to ca. 5 ml, and after cooling a brown precipitate 
was obtained which was filtered off and identified as 
impurities. The filtrate was concentrated to give a red 
oil which on freezing gave a microerystalline sofid that 
was ide~ified as [Nb('qs-CsH4SiMe3)2CI('q2-(C.N)- 
P'aNC-'C(HXPh))] ld; yield 0.84g (61%). 

IR (Nujol) v(N=C=C) 1641, 1586cm -~. 
iH N'MR (C~D6) 8 ppm (E isomer): 0.13 (s, 18H, 

SiMe3); 5.31 (2H), 5.69 (2H), 5.79 (2H), 6.36 (2H) (m, 
CsH4SiMe3); 7.14--7.81 (m, iOH, C6H~). (Z isomer): 
0.14 (s, 18H, SiMe3); 5.17 (2H), 5.39 (2H), 5.59 (2H), 
5.89 (2H) (m, C5 H4SiMe3); 7.14-7.81 (m, 10H, C6H5). 

13C{IH} NMP, (C6D 6) ~ ppm (E isomer): -0 .2  
($LMe3); 96.0, 104.2, 107.5, i 17.0, 121.5 (C5H~SiMe3); 
116.2 (C =C=N); 151.5 (C = C =N); 147.7, 142.5 (Cip~o 
of phenyl groups). (Z isomer): 0.1 (SiMe3); 97.5, 105.0, 
109.Z, 117.5, 122.2 (CsHaSiMe3); i16.5 (C=C=N);  
152.5 (C=C=N);  145.7, 140.5 (Ci~o of phenyl 
groeps). 

Anal. Found: C, 60.93; H, 6.10; N, 2.39. 
C~Ha7CINNbSi 2 Calc.: C, 60.43; H, 6.27; N, 2.35%. 

3.3. INb(~5-C~H4SiMeflzH(~12-(C,Z)-ZCCRPh)] (Z  = 
NPh, R = Ph, 3a; Z = NPh, R = Me, 3b; Z = NPh, R = 
E~ 3¢; Z = NPh, R = H, Jd; Z =  O, R = Ph, 4)  

To a solution of [Nb('q~-C~H~SiMe3),CI(~I2-(C,Z) - 
ZCCRI~)] in toluene was added Li(BEt3)H (1M sohi- 

in THF) in a 1:2 ratio and the mixture was stirred 
for 12h at room ~ .  The solvent was then 
removed under vacuum to give a yellow-green oil. The 
addition of bexane precipitated a solid which after 

recrystallization from hexane was identified as the hy- 
drido-ketenimine or -ketene product 3a-4. 

3u. From 0.5 g (0.74 mmol) of [Nb(~l 5- 
CsH4SiMe3)2CI(xle-(C,N)-PhNCCPh2)] la  and 1.48 ml 
(l.48mmol) of Li(BEt3)H (1M solution), 0.32g of 3a 
was obtained (yield 68%). 

IR (Nujol) v(Nb-H) 1718; v(N=C=C) 1633, 
1565 cm -1 . 

IH NMR (C6D 6) ~ ppm: 0.18 (s, 18H, SiMe3); 1.45 
(s, IH, Nb-H); 4.51 (2H), 4.54 (2H), 4.83 (2H), 5.79 
(2H) (In, CsH4SiMe3); 6.63-7.77 (m, 15H, phenyl 

gro~C{!'H} NMR (C6D 6) ~ ppm: 0.1 (SiMe3); 110.0 
(Cip,o C5H4SiMes); 98.7, 100.5, 102.6, 110.8 
(CsH4Sil~e3); 150.4 ( C = C = N ) ;  110.5 ( C = C = N ) ;  
144.4, 146.1, 147.8 (C~p,o of phenyl groups); i19.9, 
122.5, 123.8, 124.2, 127.8, 128.1, 129.8 (C of phonyl 
groups). 

Anal. Found: C, 67.78; H, 6.55; N, 2.57. 
C~H42NNbSi2 Calc.: C, 67.87; H, 6.41; N, 2.61%. 

M/S: m / e  (relative intensity): 638 (100) [base peak, 
{Nb(-qS-C ~ H4SiMe3 )z H(lq2-C,N)Ph2C =C = Nt~}]; 367 
(10) [{Nb(lqS-CsH4SiMe3)2H}]; 270 (69) 
[Ph2C=C=r~'h]. 

3b. From 0 .5g  (0.80retool) of [Nb(~q s- 
CsH4SiMe3)2CI('q2-(C,N)-PhNCCMePh)] lb  and 
1.6Oml (1.60 retool) of Li(BEt3)H (1 M solution), 0.29g 
of 3b was obtained (as a 50:50 mixture of E-Z isomers) 
(yield 62%). 

IR (Nujol) v(Nb-H) 1737; v(N=C=C) 1612, 
1576cm l 

IH NMR (C6D6) 8 ppm: 0.11 (18H), 0.21 (18H) (s, 
SiMe3); 1.15 (IH), 1.29 (IH) (s, Nb-H); 2.29 (s, 3H, 
C=CI~CH 3 Z isomer); 2.64 (s, 3H, C=CPhCHa E 
isomer); 4.27 (2H), 4.62 (2H), 4.67 (2H), 4.77 (2H), 
4.88 (2H), 4.99 (2n), 5.79 (2H), 5.91 (2H) (m, 
C~H4SiMe3); 6.69-7.96 (m, 10H, phenyl groups). 

13C(IH} NMR (C6D 6) 8 ppm: -0.2,  0.1 (SilVle3); 
22.7, 23.1 (CH3PhC=C=N); 96.3, 97.6, 98.3, 99.9, 
100.3, 102.5, 102.8, 108.7, 109.6, 109.8 (CsH4SLMe3); 
111.6 (C=C=N);  151.6, 155.5 (C=C=N);  142.8, 
143.2, 145.6 (Cip,o of phenyl groups). 

Anal. Found: C, 64.56; H, 6.98; N, 2.48. 
C3~H4oNNbSi 2 Calc.: C, 64.66; H, 7.01; N, 2.43%. 

3e. From 0.4 g (0.65 mmol) of [Nb(-q 5- 
CsH4SiMe3)2CI('q2-(C,N)-PhNCCEtPh)] le  and 
1.30ml (1.30 mmol) of Li(BEt3)H (1 M solution), 0.22g 
of 3¢ was obtained (as a 50:50 mixture of E-Z isomers) 
(yield 59%). 

IR (Nujol) v(Nb-H) 1735; v(N=C=C) 1616, 
1575cm -I . 

~H NMR (C6D6) 8 ppm: 0.18 (18H), 0.II (18H) (s, 
SiMe3): 1.38 (IH), 1.17 (IH) (s, N'b-H); 1.48 (t, 3H, 
C = C P h C H 2 C H  3 E isomer); 1.18 (t, 3H, 
C=CPhCH2CH 3 Z isomer); 3.06 (2H), 2.81 (2H) (q, 
2H, C = ~ H 2 C H 3 ) ;  4.33 (2H), 4.53 (2H), 4.64 (2H), 
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4.76 (2H), 4.82 (2H), 4.86 (2H), 5.84 (2H), 5.97 (2H) 
(m. CsH4SiMes); 6.52-7.84. (,-'~ 10~ p ~ y l  gronps). 

~C{tH} NMR (C~D6) 8 ppm: -0.1, 0.1 (SiMe~); 
13.6, 15.5 (C=CPhCH2CH3) ;  28.1, 29.9 
(C=C-1ahCH2CH3); 97.3, 98.2, 98.4, 99.6. 101.7, 103.1, 
106.5, 108.9, 109.4, 110.2 (CsH~SiMe3); 113.6, !14.1 
(C=C=NPh); 151.6, 155.6(C=C=NPh); 141.7, 141.9, 
i42.2, 144.6 (C~p~o of phenyl groups). 

,Anal. Found: C, 65.66; H, 7.08; N, 2.32. 
C3zH42NNbSi2 Calc.: C, 65.72; H, 7.19; N, 2.37%. 

3d. From 0.23 g (0.38 retool) of [Nb(vl ~- 
CsH4SiMe~)2CI(q2-(C,N)-PhNCCHPh)] ld and 
0.77 nd (0.77 retool) of Li(BEt3)H (I M solution), 0.11 g 
of 3d was obtained (yield 52%). 

IR (NujoD r(Nb-H) 1718; v(N=C=C) 1628, 
1575 cm -~ . 

tH NMR(C6D~) 8 ppm: 0.05 (s, 18H, SiMe3); 1.37 
(s, IH, Nb-H); 4.80 (2H), 4.92 (2I-I), 5.00 (2H), 5.75 
(2H) (m, CsH4SiMe~); %00-7,80 (m, 10H, phenyl 
grog_ps). 

13C{tH} NMR (C6D6) 8 ppm: -0 .2  (SiMe3); 97-?., 
100.5, 103.0, 108.0, 113.1 (CsH4SiMe3); 111.4 
(C=C=NPh); 148.6 (C=C=NPh); 145.0, 145.2 (Cie,o 
of phenyl groups). 

Anal. Found: C, 63.56; H, 7.45; N, 2.45. 
C~HasNNbSi2 C, al¢.: C, 63.69; H, 7.48; N, 2.47%. 

4. From 0.22 g (0.37 retool) of [Nb(~q ~- 
C5H4SiMe3)2CI(qz-(C,O)-O=C=CPh2)] 2 and 
0.74 ml (0.74retool) of LKBEt3)H (1M solution), 0.15g 
of 4 was obtained (yield 68%). 

3.4. [Nb(~I~*C~H4SiMe~)2(CH~)(~2-(C,N)-PhNC - 
CRPh)] (R = Ph, Sa; R = Me, 5b: R = Et, 5c; R = H, 
5d) 

To a solution of the correspunding CldOgoke~nhnin~ 
complex in diethyl ether a solution of CH3Mgl (1.44M 
in diethyi ether) was added in an equimolar la~portion 
at O°C and the mixture was stirred for ca. I.Sh. The 
solvent was then removed under vacuum and the residue 
extracted with hexane. The filwate was cmcenUated 
und~ vacuum to give an orange-red pmd~t that was 
identified as the con'esponding 5a-Sd compound. 

$a. From 0.45 g (0.67retool) of [Nb(q 5- 
C 5 H 4 Si~[e3 )2 ~nl( lq2-(C,N )-PhNCCPh2 )] la  alld 0.46 ml 
(0.67retool) of CH3Mgl, 0.27g of ~ was obtained 
(yield 63%). 

IR (Nujol) p(C=C=N) 1600cm -~. 
tH NMR (CoD 6) 8 ppm: 0.25 (s, 1814, SiMe3); 0.85 

(s, 3H, Nb--CH3); 5.05 (2H), 5.25 (2H), 5.55 (4H) (m, 
CsH, SiMe3); 6.65-7.70 (m, 15EL phenyl groups). 

t3c(tH} NMR (C~D 6) 8 ppm: -0 .2  (SiMe3); !1.6 
(Nb-CH3); 102.6, 104.8, 112.1, 117.2, 123.0 
(CsH4SiM¢3); 113.6 (C=C=N); 121.1, 123.6, 124.2, 
127.5, 129.5, 129.7 (C of phenyl groups); 143.3, 147.1, 
147.8 (Cip,o of phenyi groups); 150.6 (C=C=N). 

Anal. Found: C, 68-52; H, 6.68; N, 2.17. 
C~H44NN~i2 Calc.: C, 68.21; H, 6.75; N, 2.15%. 

b~b. From 0.20g (0.33 retool) of [Nb(~ ~- 
CsH4SiMe3)zCI(q2-(C,N)-PhNCCMePh)] lb  mad 
0.27ml (0.33unnol) of CH3Mgl, 0.12g of 5b was 
obtained (as a 35:65 mixtme of E-Z isomers) (yieht 
63%). 

IR (Nujol) =,(C=C=N) 1610cm -I. 
tH NMR (C6D ~) 8 ppm (7- isomer):. 0.03 (s, 18H, 

SiMe3); 0.67 (s, 3EL Nb-CH3Y, ~ (.% 3EL 
c H3PhC=C=hg; 4.83 (2n), 5.46 (2n). 5.61 (2n), 5.65 
(2H) (m, CsH4SiMe3); 6.65-7.80 (m, 10H, pheayi 
gnmps). (E isomerS. 0.07 (s, tSH, Sa, le3); 0.77 (s, 31t, 
Nb-CH3); 2_51 (s, 3EL CH3PhC=C=N);, 4.75 (2H), 
5_7.2 (2H), 5.46 (2H), 5.51 (2H) (m, C,H, Su31e~,, 
6.65-7.80 (in, lOlL phenyl ~ ) .  

t3C|lH} NMR (C6D 6) 8 Epm (Z isomer'g --0.6 
(SiMe3); 11.4 (Nb-CH3);, 22.1 (CHjI~C=C=N);, 
101.4, 104.4, 111.6, 118.0, 1229 (¢sH4SiMe3);, 113.3 
(C=C=N); 141.9, 145.0 (C~pso of 10tcayl gt~ps~, 
150.4 (C=C=N). (E ~ .  -0 .2  (SiMe3);, 10~4 
(Nb-CH3); 22.9 (CH3PhC=C=N); 1043, 110.8, 
117.1, 120.9, 122.1 (C, H4SiMeq); 112.2 (C=C=t*ff, 
150.1 (C=C=N); 147.8, 14&2 (Cip~ ldaeayl gnalp). 

Anal. Found: C, 65.22; H, 7.33; N, 2.29. 
C32H42NNbSi2 CaIC.: C, 65.15; H, 7.19;, N, 2.38%. 

~:. From 0.30g (0.48 retool) of  [Nb(q 5- 
C 5 H 4 SiMe 3 )2C1( "q2-(C,N)-]~alNCCr~Ph)] | c  
0.33ml (0.48mmsol) of CH3MgI, 0.17g of 5¢ was 
obtained (as a 60:.40 mixtu~ of E-Z isem=s) (yield 
59%). 

IR (Nujol) p(C=C=N) 1620cm-L 
~H NMR (C6Ds) B ppm (E iscm~): 0.09 (s. 1814, 

Si.Me:~); 0.76 (.% 3H, Nb.--CH3); 1.49 (t, 3]Fl, CH3CH2~, 
2.95 (q, 2 ~  CH3CH2); 4.78 (2H), 5-24 (21"i), 5.51 
(2H), 5-~6 (2H) (m, CsH4SiMe3); 6.65-7.8O (m, 1014, 
phenyl gmeps). (Z isomerS. O.O4 (X ISH, SiMeon. ~65 
(s, 3I-I, Nb-CH3); 1.21 (t, 3FL CH3CH2); 2.73 (q, 21t, 
CH3CH2); 4.88 (2H), 5.40 (2H), 5.56 (214), 5.64 (211) 
(m, CsH.tSiMe3); 6.65-7.80 (m, 1014, l~aenyl I~maps). 

13C(IH} NMR (C6D s) 8 ~ (E homer): --0.1 
(SiMe3); 10.5 (Nb=CH3); 15.0 (CI'I~Cllz~ 29.3 
(CH3CHz); 101.6, 104.7, 110.8, 116.2, 120.6 
(CsH4SiMe3); ll2.1 (C=C=N}; 147.9 (C=C=N); 
123.1, 123.7, 127.2. 127.4, 127-5 (C of l~henyl gm~p0; 
140.8, 146.6 (C~r,, of pheayl gmeps). (Z isomer):. 
--0.5 (SiMe3); 11.5 (Nb-CH3); 13.2 (CH3CH2); 27.3 
(CH3CH2); 101.7, 104.4, 111.4, 117.8, 121.1 
(csn4SiMc3~ 113.3 (CmC=N); 150.7 (C=C=N); 
122.7, 125.1, 127.8, 128.1, 128_2 (C of phelyl gtmups)', 
144.4, 148.8 (C~e=o phenyl gnmps). 

Anal. Found: C, 65.32; EL 7.3~, N, 2.35. 
C33H44NNbSi2 Calg.: C_, 65.63; EL 7.36; N, 2.32~. 

~1. From 0.24g (0.40mmoi) of  [Nb(~l s- 
C $ H 4 SiM¢ 3 )2 CI( "qZ-(C,~)-P~INCCH]Ph)] 14 
0.28ml (0.40retool) of CH3Mgl, 0.13g of 511 was 
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obtained (as a 63:37 mixture of E-Z isomers) (yield 
55%). 

IR (Nujot) u(C=C=N) 1610cra -I. 
tH NMR (C6D6) 8 ppm (E isomer): -0.01 (s, 18H, 

SiMe3); 0.86 (s, 3H, Nb-CH3); 4.96 (214), 5.62 (2H), 
5.63 (2H), 5.84 (2]-1) (m, CsH4SiMe3); 6.80-7.60 (m, 
I1H, phe~yl groups and CHPh) (Z isomer); 0.17 (s, 
18I, L ShMcs); 0.86 (s, 3H, Nb-CH3); 5.08 (2H), 5.62 
(2H), 6.15 (2H), 6.76 (2H) (m, C5 H4SLM¢3); 6.80-7.60 
(In, llH, phenyl groups and CHPh). 

~3CpH} NMR (C6D 6) 8 plan (E isomer): -0.5 
(SiMe3); 8.5 (Nb-CH3); 97.6, 101.8, 104.2, 113.6, 
117.2 (CsH4SLMe3); 112.7 (C=C=N);  151.5 
(C=C=N). (Z isomer): -0.1 (SiMe3); 8.5 (Nb-CH3); 
95.2, 103.0, 106.1, 118.8, 121.2 (CsH4SiMe3); 112.3 
(C=C=N); 149.4 (C=C=N). 

Anal. Found: C, 64.82; H, 6.93; N, 2.45. 
C3tH4oNNbSi2 tale.: C, 64.93; I-I, 6.98; N, 2.44%. 

3.5. [NMvlS-CsH, S iMe3)2R(~lz - (C,O)O=C=CPh2)]  
(R = Me, 6m; R = Et, 6b) 

To a solution of the corresponding chloroketene 
comp~x in diethyi ether, a solution of RzMg (0.15 M in 
d/ethyl ethex) was added in an equimolar propot'don at 
O°C al~ the mixtlp.~ was stim~ for ca. 30min. The 
solvent was then removed under vacuum and the residue 
extracted with hexane. The filtrate was concentrated 
under vacuum to give a yellow product that was identi- 
fied as the con~sponding 6g or 6b compound. 

6a. From 0.2g (0.33 retool) of [Nb(~q s- 
CsH4Si~/Ie3)2(CIX~I2-(C,O)-OCCPh2 )] 2 and 2.20ml 
(0.33retool) of (CH3)2Mg, 0.13g of 6a was obtained 
(69%). 

Al~matively, 6a was obtained from 0.3 g (0.50 retool) 
of [Nb('qS-CsH4SiMe3)z(C1X'q2-(C,O)-OCCPh2 )] 2 in 
2oral of diethyl ether and 0.35ml (0.50retool) of 
CH3MgI (1.43M solution in diethyl ether) at O°C. The 
mixtmre was stirred for ca. 3 h, followed by concentra- 
tion of the solvent under vacuum to give a yellow 
residue which was recrystalllzed from pentane, yielding 
0.20g of ~ (69%). 

IR (Nujol) v(C=C=O) 1581 cm- t. 
tH NMR (C6D 6) 8 pprm 0.08 (s, 18H, SiMe3); 0.85 

(s, 3H, Nb--CH3); 4.62 (2H), 4.75 (2H), 5.50 (2H), 
6.10 (2H) (m, C5 H4SiMe3); 7.00-8.10 (m, 10H, phenyl 

s). 
gglt3C{1H} NMR (C6D6) 8 ppm: -0.6 (SiMe3); 11.7 
(Nb-CH3): 99.0, 99.7, 113.0, 115.8, 118.6 
(CsH4SiMes); 106.5 ( C = C = O ) :  176.4 ( C = C = O ) ;  
123.4, 124.6, 127.4, 128.2, 128.5, 129.9 (C of phenyl 
groups); 143.1, 144.8 (C,,~o of phenyi groups). 

AnaL Found: C, 64.77; H, 6.79. C3tH39ONbSi 2 
Calc.: C, 64.32; FL 6.81%. 

6b.  From 0.2g (0.33retool) of [Nb('q s- 
CsH4SiMe3)z(C1X~q2-(C,O)-OCCPh2 )] 2 and 2.20ml 
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(0.33mmol) of (CH3CH2)2Mg, 0.17 8 of 6b was ob- 
U~ned (86%). 

IR (Nujol) v(C=C=O) 1579cm - | .  
tH NMR (C6D 6) 8 ppm: 0.02 (s, 18H, SiMe3); !.62 

(t, 3H, Nb-CH2-CH3); 1.83 (q, 2H, Nb-CH2-CH3); 
4.55 (2H), 4.81 (2H), 5.83 (2H), 6.23 (2H) (m, 
CsH_4SiMe3); 6.95-8.00 (m, 10H, phenyl groups). 

t3C{~H} NMR (C6D 6) 8 ppm: -0.8 (SiMe3); 19.7 
(Nb-CH2-CH3); 23.1 (Nb-CH2-CH3); 97.8, 99.1, 
111.5, 117.9, 119.6 (CsH4SLMe3); 106.9 (C=C=O), 
176.9 (C=C=O); 123.5, 124.5, 127.6, 128.1, 128.5, 
129.5 (C of phenyl groups); 143.2, 144.6 (Cipso of 
phenyl groups). 

Anal. Found. C, 66.50; H, 6.99. C32H41ONbSi 2 
~alc.: C, 66.40; H, 6.96%. 

3 . 6 .  [ N b ( 7 1 5 - C ~ H 4 S i M e j ) 2 Y ( 7 1 2 - ( C , Z ) -  
Z=CCRHPh)]+[BF4 - ]  (Ta, Y = H ,  Z = N P h ,  R = P h ;  
To, Y = 1"1, Z = NPh, R = Me; 8a, Y = Me, Z = NPh, 
R = Ph; 8b, Y = Me, Z = NPtg R = Et; 9, Y = Me, Z= 
0,  R = e h )  

To a solution of [Nb(~qs-CsH4SiMea)2Y(lq2-(C,Z)- 
ZCCRPh)] (Y = H, Z = NPh, R = Ph, 3a; Y = H, Z = 
NPh, R = Me, 3b; Y = Me, Z = NPh, R = Ph, 5a; Y = 
Me, Z = NPh, R = Et, Sc; Y = Me, Z = O, R = Ph, 6a) 
in diethyl ether a diethyl ether solution containing 
lequiv, of HBF4-OEt 2 was added dropwise at 0°C 
until the corresponding iminoacyl or acyl compound 
was completely lzrecipitated as a white product. 

7a. From 0.1g (0.16mmol) of3a, 0.11g of 7a was 
obtained (100%). 

IR (Nujol) v(Nb-H) 1759; v(C=N) 1664cm -l. 
IH NMR (CDCI3) 8 ppm: 0.18 (s, 18H, SLMe3); 

1.72 (s, IH, Nb-H); 4.47 (21-I), 5.24 (21-1), 5.94 (2H), 
6.04 (2H) (m, CsH4SiMe3); 6.31 (s, IH, CHPh2); 
7.23-7.44 (m, 15H, phenyl groups). 

t3C{IH} NMR (CDCI~) 8 ppm: -0 . I  (SiMe3); 57.3 
(CHPh2); 101.3, 103.4, 104.4, 108.6, 114.7 
(CsH4SiMe3); 124.0, 128.4, 128.5, 129.5, 129.6 (C of 
phenyl groups); 137.3, 140.5 (Cipso of phenyl groups); 
217.1 (¢~N). 

Anal. Found: C, 59.78; H, 5.65; N, !.91. 
C36H43BF4NNbSi 2 Calc,: C, 59.58; H, 5.98; N, 1.93%. 

7b. From 0.25g (0.43 mmol) of 3b, 0.28g of Tb was 
obtained as a yellow oil (100%), 

IR (Nujol) u(Nb-H) 1730; v(C=N) 1669cm -~. 
*H NMR (CDCI 3) 8 ppm: 0.10 (s, 9H, SiMe3); 0.18 

(s, 9H, SLMe3); 1.19 (s, IH, Nb-H); 1.88 (d, 3H, 
CH3CHPh); 4.92 (q, IH, CH3CHPh); 4.32 (IH), 4.63 
(1H), 5.19 (IH), 5.24 (IH), 5.39 (IH), 5.99 (114), 6.16 
(IH), 6.79 (IH) (m, CsH4SiMe3); 7.11-7.50 (m, 10H, 
phenyl groups). 

Anal. Found: C, 56.30; H, 6.09; N, 2.09. 
C31H41BF4NNbSi 2 Calc.: C, 56.11; H, 6.23; N, 2.11%. 

ga. From 0.1 g (0.15mmol) of fro, O.12g of 8a was 
obtained (100%). 
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m (Nujol) ~C=N) 1687cm - t  
nH NMR (CDC13) B ppm: 0.18 (s, 181t, SiMe3); 

0.71 (s, 3H, Nb-CH~); 5.52 (214), 5.74 (2H), 5.89 
(2I-I), 6.03 (21.1) (n~ CsH,,SiMe3); 6.47 (s, IFL CHPh2~, 
6.64-7.37 (m, 1514, phenyl groups). 

t~C{ZH} NMR ( ~ 3 )  B ppm: - 0 . 2  (SiM%); 9.6 
(Nb-CH3); 58.5 (CI-I~2); 105.3, 110.2, 117.6, !18.4, 
122.5 (CsH4SiM~3); 127.9, 128.4, 129.4, 129.5, 129.6 
(C of phenyl groups); 136.3, 137.6 (C~p,o of phenyl 
groups); 218.0 (C=N). 

Anal. Found: C, 60.23; H, 6.12; N, 1.91. 
C3~H4sBF4NNbSi2 Calc.: C, 60.07; H, 6.04; N, 1.89%. 

8b. From 0.30g (0.5 m, ,~ )  of ~ 0.35 g of 8b was 
(100~). 

IR (Nujol) u(C=N) 168Oan-'. 
tH NMR (CDCI~) B ppm: 0.22 (,5, 91-I, SiM%); 0.23 

(s, 914, SiMe~); 0.68 (s, 314, Nb-CH~); 0.92 (t, 3H, 
CH+CH2); 2.16 (IH), 2.18 (IH) (m, -CHA-CH a -  
CH3); 4.77 (dd, I lL CH3-CHA--CHR-CH ~ J =  
4.40 Hz, Y = 10.62 Hz); 5.40 (IH), 5.61 (114), 5.68 (IH), 
5.80 (IH), 5.91 (IH), 5.98 (IH), 6.15 (114) (m,  
Cs__H~SiMe~); 6.80-7.45 (m, 10H, pbeayl groups). 

I3C{IH) NMR (L--'~C]3)B ~ --0.5 (SiMs3); 11.6 
(Nb-CH3); 14.9 (CHs-CI ' I2-CHI~;  26.5 (CH 3- 
CH2--CH]Ph); 55.0 (CH3-CHz--CHI~; 104.3, 105.2, 
109.4, 109.6, !10.1, 110.8, 116.9, 117.3, 122.0 
(CsH,,SiMe~);, 127.7, 128.1, 128.7, 129.2, 129.3 (C of 
pheayl groups); 134.3, 135.9 (C~,,, of phenyl groups); 
219.2 ( C = N ) .  

AnaL Found: C, 57.01; H, 6.62; N, 2.09. 
C~H4sBF4NNbSi2 Calg.: C, 57.22; H, 6.57; N, 2.02~. 

9. From 0.1g (O.17mmoi) of fro, O . l lg  of 9 was 
obeu=a  (100%). 

IR (Nujol)  ~ C = O )  1594cm -n. 
~H NMR (CDC33) ~ ppm: O.IO (s, 18H, SiMe3~, 

0.99 (s, 3H, Nb-CH~); 5.8o (2H), 5.97 (2H), 6.o7 
(21-I). 6.13 (2I-I) (m, C~H4SiM%): 7.56 (s. ILL CHPh~); 
7.20-7.80 (m, 101.L l d~y l  grm~) .  

]3C{tH} ~ (CIX~)  ~ ppm: --0.9 (SiMe~); 13.1 
(Nb-CH3); 64.7 (CI-]BPh2);, 103.4, 107.4, 117.2 (2C), 
118.9 (CsH+SiMe3); 128.7, 128.9, 129.6 (C of idaeayl 
groups); 135.9 (C+p,o of Idaenyi gmeps); 29?-4 (C=O). 

Anal. Found: C, 55.23; H, 6.11. Cm H4oBF4ONbSi 2 
Calc.: C, 55.93; 1t, 6.01%. 

3.7. X-my  smscmre determimatimt o f  ~a 

Data collect]k= was ix:='f~¢d at 2 0 ~  -,~,.-. aa 
~ - N o n i a s  CAD4 (5~actome=r. Tb= sm,¢ta~ was 
solved by a coaddamioa of direct methods aad Fomier 
symUe~  md  n : f u ~  u s ~  fuU-mm~ k==-squmas 
, . . . - , . . .n~ ==..~-..t =a ==~== d m  m ~ , ~ . ~  
wcu: cankd  out oa a 1~486 c~apae r  using d= 
saa,xs-86 [201 = d  s~ua . -93  [21] t a e p m s .  ~ U,~ 
for a m m a ~  rtag atems aad Si(l), C(16)-C(18) w=e 
feaad, lint all , a t , . ~  to n:solve the lmssible d i s o n ~  
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were ~ .  ltowev~, the co~  a~m ~ 
w~e wefl-deto=;,,ed and serve to c~f i rm d~e tmpesed 
suuotm~. All the ~ am~s ~,~'e gefmed 
~ u d  a~ the la~n" s t a ~  of n ~ e m e m  
H-atoms wexe iachutut in c.atctdated positions with 
fixed thermal ~ u s i ~  a tidiag model A 
w i ~ i n g  scheme, ~ W c  ~ 
~ was ~ in ~he fma~ c, jc~ a~ . , ~ , -  
mm~ The ~mal com,eq~ed aoeemem facs~s ~ R~ = 
O.0~8 ~ WR 2 = 0.258 fro" 3738 nd]eotiom wilh F o > 
4o ' (~ ) ,  = d  GOt= = 1.125. A ~ u g h  a semi-empid~ 
a b s m p n  com~--uon,_ ~ - s c ~  was , c = ~  o=, a a m i -  
mmm of 2.0"/cA -3 wu found at 0.88 A f~ma !N~( I ) and 
it could net be dismissed. Addiaimud matedal available 
f~em the Camb,kt~ C ~ ~  Data Cenue com- 
prises H-atom c,x~u,~s, emmaal paramete~ aad ~e- 
mamag b~d ~agths =d =gt~ 
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