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Abstract  

An improved synthesis of the ligand precursor {[CsH#(SiMe3)](CH2)3N(SiMe3) 2} is described. It has been used to prepare the ansa 
compounds {Ti[r/:o'-CeH4(CHe)3N(SiMe3)]CI2}, {Ti[r/-CsH4(CH2)3(/z-N)]CI)} 2, {Zr[r/:o-CsH4(CH2)3N(SiMe3)]CI2}, {Zr[r/:o'- 
CsH4(CH2)3N(SiMe3)](SMe2)C12} and {Mo[r/:o--CsH4(CH2)3N(SiMe3)](PMe3)C13). Treatment of {Nb[r/:o--CsHa(CH2)3N]CI 2} with 
MeMgBr gives the dimer {MeNb[r/-CsH4(CH2)3(/x-N)(/z-o'(N):r/2-(N,C)-NCH(CH2)2-r/-CsH4)]NbMe2} whose crystal structure has 
been determined. The new compounds {Nb[r/:o--CsH4(CH2)3N](rFCsHs)(o--C5Hs)}, {Nb[rI:o--CsH4(CH2)3N](CH2C6H5) 2} and 
Nb[~7:~r-CsH4(CH2)3N][CH2C(CH3)CH2] 2} have also been prepared. The zirconium compounds together with methylalumi~loxane act 
as catalysts for ethylene and propylene polymerisation. © 1997 Elsevier Science S.A. 
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Recently we reported the synthesis o f  the compound  
{[CsHz(SiMe3)](CH2)3N(SiMe3)  2} and showed that it 
reacted readily with n iobium pentachloride to give the 
ansa-bridged r / - c y c l o p e n t a d i e n y l i m i d o  de r iva t ive  
{Nb[rl: o--CsH4(CH2)3N]C12} [1]. In view of  the current 
interest in ansa-bridged r / -cyclopentadienyl -amido 
compounds  of  the Group IV metals  as homogeneous  
catalysts for a-olef in  polymerisa t ion [2-4]  we have 
explored further the synthetic potential  of  the ligand 
precursor  {[CsH4(SiMe3)](CH2)3N(SiMe3)2},  as de- 
scribed below. 

We have identified an improved  route to the ligand 
precursor  {[C 5 H 4(SiMe3)](CH 2 )3 N(SiMe3)2 } shown in 
Scheme 1. Trea tment  of  [Br(CH2)3NH3]Br  with three 
equivalents  o f  ( M e 3 S i ) S O 3 C F  3 and NEt  3 gave  
Br(CH2)3N(SiMe3)  2 1 which was then reacted with 
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sodium cyclopentadienide giving an isomeric mixture of  
[ (CsHs) (CH2)3N(SiMe3)2]  2. Addit ion of t-butyl  
l i thium to 2 fol lowed by Me3SiCI gives the desired 
compound  {[CsH4(SiMe3)](CH2)3N(SiMe3)  2} 3 as a 
mixture of  isomers.  The overall  yield of  3 f rom 
[Br(CH2)3NH3]Br  was reproducibly 5 0 - 5 5 % ,  on a 2 0 g  
scale. 

Treatment  of  TiC14 in toluene with 3 gave orange 
crystals o f  {Ti[r/:o--CsH4(CH2)3N(SiMe3)]C12} 4. The  
analytical and spectroscopic  data characterising 4, and 
all the other new compounds  described below, are given 

Br ~ NH3 ÷ Br- i Br ~ "  N(SiMe3)2 

1 

Me3Si\ ~ ~ ~ . i i i  H ~ .  . 
v N(StMe3) 2 - -  ~ N(SIMe3)2 

3 2 

Scheme 1. Synthesis of the ligand precursor 3. (i) (Me3Si)SO3CF 3 
(3equiv.) and NEt 3 (3equiv.) in Et20, O°C to r.t., 4h. (ii) Na(CsH 5) 
(l.lequiv.) in THF, -10°C to r.t., 12h. (iii) LiBu t (1equiv.) in 
hexane, -78°C to r.t., 12h, then Me3SiCI (l .5 equiv.) 5h. 
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in the footnotes. 5 The elimination of  SiMe3C1 from 4 
occurs readily in toluene at 60°C to give {Ti[~- 
CsH4(CH2)3(/x-N)]CI} 2 5. The dimeric structure of  5 is 
confirmed by the ~H N M R  spectrum 6 which shows 
diastereotopic signals for the aliphatic chain protons. 

Treatment o f  [ZrCI4(SMe2) 2 ] with 3 gave white crys- 
t a l s  o f  t he  a m i d o  d e r i v a t i v e  { Z r [ r / : c r -  
CsH4(CH2)3N(SiMe3)](SMe2)C12) 6. The ~H N M R  
spectrum of  this compound  shows a fluxional behaviour 
that can be attributed to the sulphur inversion in the 
SMe 2 group. The reaction o f  3 with ZrC14 in 
d i c h l o r o m e t h a n e  g i v e s  ( Z r [ ~ 7  : o - -  
CsH4(CH2)3N(SiMe3)]CI2)  7. Attempts to induce ther- 
mal elimination o f  SiMe3C1 from 6 and 7 were unsuc- 
cessful. 

Treatment of  molybdenum pentachloride with 3 gave 
r e d - b r o w n  m i c r o c r y s t a l s  o f  {M o [ r / :  o-- 
CsHa(CH2)3N(SiMe3)](C4H80)C13} 8. Treatment of  8 
with tr imethylphosphine causes substitution of  the tetra- 

s Satisfactory microanalysis has been obtained for all the new 
compounds. Selected NMR data (J/Hz,  6/ppm) Cp* = 7 / - C 5 H  4,  

~H NMR at 300MHz and 18°C. For 4; (IH in CD2C1 > 6): 6.57 (t, 
2H, Cp*); 6.19 (t, 2H, Cp*); 3.52 (c, 2H, CHIN); 2.67 (t, 2H, 
Cp*CH~); 2.08 (m, 2H, Cp*CH2CH2); 0.46 (s, 9H, Si(CH3)3). 
For 5; (rH in CD2CI 2, ,8): 6.85 (q, 2H, Cp* ); 6.38 (q, 2H, Cp* ); 
6.08 (q, 2H, Cp* ); 5.62 (q, 2H, Cp* ); 3.71 (m, 2H, Hg); 3.44 (m, 
2H, Hg); 2.97 (m, 2H, H~); 2.70 (m, 2H, H~); 2.55 (m, 2H, Hf); 
1.72 (m, 2H, Hf). For 6; (IH in CD2CI 2, ~): 6.66 (t, 2H, Cp* ); 6.43 
(t, 2H, Cp*); 2.83 (m, 2H, CH2N); 2.71 (t, 2H, Cp* CH2); 2.59 (s, 
br, S(CH3)2); 1.69(m, 2H, Cp*CH2CH2); 0.90 (s, 9H, Si(CH~)a). 
For 7; (lti in C6D 6, ~): 6.18 (t, 2H, Cp* ); 5.58 (t, 2H, Cp* ); 2.~/8 
(m, 2H, CH2N); 2.08 (m, 2H, Cp*CH2); 1.41 (m, 2H, 
Cp* CH~CH,); 0.43 (s, 9H, Si(CHa)~). For 8 and 9; paramagnetic. 
For I t ;  ~(~H ~in ([2H s] toluene, 20~(}, 6): 6.05 (q, IH. H~): 5.99 
(q+q, 2H, JH/4=2.4Hz, Hb+Hb,); 5.52 (q, IH, JHH=2-4Hz, 
H~,); 5.19 (q, IH, H~); 5.10 (s, IH, Hg,); 4.90 (q, IH, JHu = 2.4Hz, 
Hc,); 4,15 (m, IH, Hgl); 4.02 (q, IH, JHH = 2.4Hz, Hd); 3.90 (m, 
1H, Hg2); 3.86 (q, IH, JnH = 2.4Hz, Hd,); 3.12 (m, IH, Hf,2); 2.61 
(m, IH, Hr, i); 2.47 (m, 1H, H~); 2.22 (m, IH, He,); 1.96 (m, IH, 
Hr); 1.72-1.58 (m, 3H, H~, +Hf +H~) 0.65 (br s, 6H, Me b +M%): 
-0.54 (s, 3H, M%). For 12; (IH in [2H s] THF, 20°C 6) r.t 
spectrum with very broad features; (at -40°C 6): 6.24 (v br, 
o--C5H5); 5.99 (q, IH, JHt4 =2.4Hz, Cp*Hd(~)); 5.95 (s, 5H, r I- 
C5H5); 5.58 (q, 1H, JHH = 2.4Hz, Cp* He(b)); 4.92 (q, 1H, JH, = 
2.4Hz, Cp*Hb(~)); 3.71 (m, IH, CHH-N); 3.62 (q, 1H, JH~/= 
2.4 Hz, Cp * H,~d)); 3.42 (m, I H, CH H-N)" 2.53 (m, I H, Cp *C H H); 
2.22 (m, IH, Cp* CHH); 1.80 (m, 2H, Cp* CH2CH2). For 13; (IH 
in [2H 8] toluene 8): 7.00 (m, 2H, Hp,~); 6.98 (m, 4H, H,,,a,,); 6.67 
(m, 4H, Ho~tho); 5.19 (t, 2H, JHH =2.5Hz, Cp*); 4.90 (t, 2H, 
JHH = 2.5 Hz, Cp * ); 2.96 (t, 2H, J,qH = 5.5 Hz, C H 2 -N); 2.00 (m, 
2H, Cp* CH2); 1.69 (d, 2H, 2JHH = 7.8Hz, Nb-CHHPh); 1.44 (m, 
2H, Cp*CH2CH~); 1.41 (d, 2H, 2JHH = 7.8Hz, Nb-CHHPh). For 
14; (IH in [2Hs]~toluene, ~3): (CH2C(Me)CH 2 absent) 5.34 (br t, 
2H, JHM = 2.3 Hz, Cp ~ ), 4.77 (br s, 2H, Cp ~ ), 2.79 (t, 2H, J~/H = 
5.5 Hz, C H 2 -N), 2.24 (m, 2H, CpC H 2), 1.76 (br s, CH 2C( Me)CH 2 ), 
1.60 (m, 2H, CpCH2CHz). 

See footnote 5. 

hydrofuran ligand giving orange-brown {Mo[-q:o-- 
C 5 H 4(CH 2)3 N(SiMe3)](PMe3)C13 ] 9. 

We have explored the alkylation o f  the compound  
{Nb[r/:o--CsH4(CH2)3N]C12} 10. Treatme.nt of  10 with 
an excess o f  MeMgBr  in diethyl ether gave orange 
crystals  o f  the b inuclear  c o m p o u n d  {MeNb[~-  
C5 H4(CH 2)3(/x-N)(/x-or (N): r/2 ( N , C ) -  NCH(CH 2)2 - 
r / -CsH4)]NbMe 2} 11. The crystal structure o f  11 has 
been determined 7 and the molecular  structure is shown 
in Fig. 1 together with selected bond lengths and angles. 
The molecule has only three methyl groups and one 
hydrogen has been lost f rom a CH 2 group adjacent to 
an imido nitrogen. A G C / M S  analysis showed that 
methane was the only volatile product evolved from the 
reaction mixture. 

The N b - N b  distance o f  2.929(1),& is consistent with 
a single bond [5]. The almost linear C ( 2 1 ) - N ( 2 ) - N b ( 1 )  
(168.0(7) °) suggests that the lone pair o f  the sp-hy- 
bridised nitrogen is donating to the Nb(l) .  Whilst  the 
- C ( H ) = N  double bond is r/2-coordinated to the Nb(2) 
atom. The ( C = N )  bond length is slightly greater than in 
related systems [6]. The deprotonated chain bond is the 
second structurally characterised example o f  a bridging 
/x-(cr:Tr-C(H)=N) azaalkenylidene system [7]. The 
methyl groups bonded to Nb(2) (containing the atoms 
C(2) and C(3)) lie either side of  the plane containing the 
two Nb atoms and the centroids of  the r/-C 5 rings. 

7 X-ray crystal data for {MeNb[r/-CsIt4(CH2)3(/x-N)(/x- 
o-(N):'q2(N,C)-NCH(CH2)2-'q-CsH4)]NbMe2} 11 C19H28N2Nb2, 
M= 470.26, crystal size ca. 0.25×0.40×0.60mm 3, orthorhomic, 
space group Pn21a (non-standard setting of Pnc~2 I, N ° 33), a = 
18.935(5), b=7.354(8), c=  13.374(5)),, V= ]t862.2A 3, Z=4,  D c 
=l.68gcm 3 /z(MoKc~)=ll.79cm ~, F(000)=952, scan type 
w-20 ,  T= 293K, 2 < 20 < 50 ° , total unique: data 1773, no. of 
observations [ l > 3o-(l)] 1572, observations/variables 7.5, Rmerg e = 

0.025, R = 0.032, R w = 0.037, maximum peak in final Fourier dif- 
ference synthesis 0.48e-A -3. Data were collected on an Enraf- 
Nonius CAD4 diffractometer. An empirical absorption correction 
based on azimuthal scan data was applied and the data were corrected 
for Lp effects. Systematically absent reflections were rejected and 
equivalent reflections were merged. The heavy atom positions were 
determined from a Patterson synthesis. Subsequent difference synthe- 
ses revealed the positions of all other non-hydrogen atoms. Hydrogen 
atoms could not be located from difference syntheses and were 
placed in estimated positions (C-H = 0.96A) with isotropic thermal 
parameters 1.3 times that of the UL, q of the attached carbon atom. The 
non-hydrogen atoms were refined using full-matix least squares 
procedures with the hydrogen atoms 'riding' oft their supporting 
carbon atoms. The data were corrected for the effects of anomalous 
dispersion and isotropic extinction in the final stages of refinement. 
Crystallographic calculations were carried out using the CRYSTALS 
program on a MicroVAX 3800 computer in the Chemical Crystallog- 
raphy Laboratory, Oxford. Atomic coordinates, bond lengths and 
angles, and thermal parameters have been deposited at the Cambridge 
Crystallographic Data Centre. See Notice to Authors, Issue No. I. 
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Fig. I. Molecular sm~cture of {MeNb[~-CsH4(CHz)3(~-NX #-o(N):r/2(N,C)-NCH(CH2)z-~7-CsH4)]NbMe2} 11. Hydrogen atoms are omitted 
for clarity. Selected bond lengths (,~) and angles (deg) as follows: Nb(1)-C(1) 2.21(i), Nb(1)-N(1) 1.901(8), Nb(1)-N(2) 1.847(8), Nb(1)-Nb(2) 
2.929(1), Nb(2)-C(2) 2.26(1), Nb(2)-C(3) 2.28(1), Nb(2)-N(1) 2.134(7), Nb(2)-N(2) 2.225(7), N~2)-C(21) 2.32(1), N(2)-C(21) 1.34(1), 
C(21)-C(22) 1.55(2); Nb(1)-N(I)-Nb(2) 92.9(3), Nb(1)-N(2)-Nb(2) 91.5(3), C(21)-N(2)-Nb(1) 168.0(7), C(21)-N(2)-N~2) 76.6(5), C(11)- 
N(1)-Nb(2) 133.0(6), C(I I ) -N(I ) -Nb(I )  133.7(6), C(14)-C(13)-C(12) 114.9(9), C(12) -C( l l ) -N(I )  114.6(9), N(Z)-C(21)-Nb(2) 69.1(5), 
C(22)-C(21)-N(2) 118.0(9), C(22)-C(21)-Nb(2) 116.0(8), C(23)-C(22)-C(21) 107.9(9), C(24)-C(23)-C(22) 107.9(8). 
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According to the solid state structure these groups should 
be chemically inequivalent in the NMR spectra of 11. 
However, variable-temperature J H and ~3C NMR stud- 
ies of 11 show that rapid exchange occurs above 293 K 
when the two methyl groups Me b and Me c become 
equivalent. Detailed NMR studies including a phase- 
sensitive t H-IH dipolar-correlated 2D (PSEXSY) NMR 
study are consistent with the methyl exchange mecha- 
nism shown in the Scheme 3. 

Addition of sodium cyclopentadienide to 10 gives the 
yellow tris-cyclopentadienyl derivative {Nb[r/:o-- 
CsH4(CH2)3N)](r/-CsHs)(o'-CsH5)} 12 in 80% yield. 
This compound undergoes a complex fluxional be- 
haviour similar to that for the n o n - a n s a  analogue [Nb(r/- 
CsHs)z(o--CsHs)(NBff)] [8], namely: rotation of the 

Scheme 2. Reactions of the ligand precursor 3. (i) In toluene at 60°C 
for 12h or in CH2CI 2 at r.t. for 12h. (ii) TiC14 (1 equiv.) in toluene, 
at - 78°C  then warm to 60°C for 12h. (iii) ZrCI4(SMe2) 2 (1 equiv.) 
in CH2CI 2, at - 10°C, warm to r.t. for 10h. (iv) TiCI~ (1 equiv.) in 
toluene, at -78°C,  warm to r.t. for 12h. (v) ZrCI 4 (lequiv.) in 
toluene at r.t. for 2days. (vi) MoC15 (1 equiv.) in CH2CI 2 at -78°C,  
warm to r.t. for 12 h, then THF. (vii) PMe 3 (1.5 equiv.) in THF, at r.t. 
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Scheme 3. Reactions of compound 10. (i) Proposed mechanism for interchange of Me a and Me b. (ii) MgBrMe (excess) in Et,O at r.t. for 12h; 
(iii) Na(CsH 5) (2equiv.) in Et20-THF (1:1) at r.t. for 12h. (iv) MgCl(2-methylallyl) (2equiv.) in Et20, -78°C,  warm to r.t. for 12h. (v) 
PhCHzMgCI (2equiv.) in Et20, - 40°C  warm to r.t. for 4h. 

o--CsH 5 ligand about the Nb-C i bond; 1,2-migration of 
the niobium centre between the carbon atoms of the 
o--CsH 5 ligand; interchange between the r/- and o--CsH 5 
ligands. 

Treatment of 10 with PhCH2MgC1 gave the pale 
y e l l o w  d i b e n z y l  d e r i v a t i v e  { N b [ r / : o - -  
CsH4(CHz)3N)](CH2Ph)2) 13, in 92% yield. The NMR 
data show the IH ortho (6 6.67) and 13C CH2Ph 
(640.7; JcH = 135Hz) resonances are shifted upfield 
and exhibit a small geminal coupling constant indicative 
of a diastereotopic C H2Ph (6HH = 7.8 Hz) and the data 
suggest that either one or both benzyl ligands are r/2- 
bonded [3,9]. In contrast, the NMR data of the non-ansa 
analogue {Nb[r/-C 5 M%)(N-2,6-iPr2C 6 H 3)(CH 2 Ph)2} 
indicate that both benzyl ligands coordinate in an "171 
fashion [10]. Addition of (2-methylallyl)MgCl to 10 
gave {Nb[~7:(r-CsH4(CH2)3N][CH2C(CH3)CH2] 2} 14 
in which the two allylic ligands are undergoing a slow 
exchange process at room temperature and, at 100°C, 
near the fast-exchange-limit region, only one resonance 
is observed for the anti- and syn-CH 2 protons (6 3.13) 
and one resonance for the methyl group (6 1.71). 

The reactions and structures proposed for the new 
compounds are shown in Schemes 2 z, nd 3. A prelimi- 
nary study shows that the zirconium anaido compound 6 
in the presence of methylaluminoxane (with the A1/Zr 
ratio ca. 1000) polymerises ethylene (9 × 104 g of poly- 
ethylene (molofZr) -1 h - j  atm-I; N t---: 1.8s -1) and 
oligomerises propylene (660g of polypropylene 
(molofZr) -1 h -1 atm-t;  N t = 0.5 rain-- I). 

In conclusion, the ansa-~?-CsH4(CHz)3-N moiety is 
a versatile ligand system likely to lead to an extensive 
chemistry of compounds with the potential for catalytic 
activity. 
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