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Abstract

The compound [Nb(7:o-CsH (CH,);N)Cl,] is formed in a one-pot reaction between NbCl and
CsH,(SiMe;XCH ;);N(SiMe;),: the crystal structure of the compound [Nb(7n:e-CsH,(CH,);N)
(PMe;)Cl,] has been determined.

The imido ligand =NR can act as a 4-electron donor and yet it subtends a very
small angle to the metal centre. Further, the imido ligand although unsaturated is
often relatively inert and can behave as a ‘spectator ligand’ during reactions at the
metal centre [1]. The 7n-cyclopentadienyl ligand is also normally inert during the
reactions at the metal centre of n-cyclopentadienyl-metal derivatives. There is a
very extensive chemistry of bent bis-n-cyclopentadienyltransition metal compounds
in the general class [M(n-CsR;),L,;X ] where L is a 2 electron donor ligand and
X is a one electron ligand, and / or x may be 0-3. We have been interested in
exploring the chemistry of n-cyclopentadienylimidometal compounds [i.e. contain-
ing the moiety M(n-CsR )=NR)]. In this fragment the ligands contribute nine
electrons to the metal centre yet occupy a relatively small part of the metal
surface. It is anticipated that such compounds will have an extensive chemistry but
with substantially differing reactivities from the analogous bent-bis-n-cyclopenta-
dienyimetal compounds. In particular, the metal centre in the group M(n-
C,R X=NR) will have greater positive charge and should be sterically less crowded
than for the fragment M(7-CsRs),. For example, it would be of interest to
compare the chemistry of the compounds [M(7-CsRXNR)X,], M=V, Nb, Ta,
Mo, W, and Re with their corresponding isoelectronic counterparts [M(7-
CsR;),X,], where M = Ti, Zr, Hf, Nb, Ta, and W, respectively.
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Already there have been reports of n-cyclopentadienylimidometal compounds
of Ti [2], V [3], Nb [4], Ta [5], Cr [6], Mo [7], W [8], Re [9] and Ir [10]). Here we
describe the synthesis of a new class of compounds containing the moiety M(n-
CsR X=NR), namely derivatives of the ansa-bridged 7-4-cyclopentadienylidene-
4-imidopropyl ligand, (1 : o-CsH ,(CH,);N) in which the imido moiety is tethered
to the Cp group by an n-propyl chain.

Treatment of the commercially available N-(3-bromopropyl)phthalimide (1)
with sodium cyclopentadienide gives N-(3-cyclopentadienylpropyl)phthalimide (2).
This reacts with hydrazine to give the amine 3-cyclopentadienylpropylamine (3).
The yield of this step was variable. Treatment of 3 with CF;S0O,SiMe; and NEt,
gives N, N-bis-trimethylsilyl-3-cyclopentadienyl propylamine (4) from which the
ligand precursor N,N-bis-trimethylsilyl-3-(trimethylsilylcyclopentadienyl)propyla-
mine (5) was prepared by treatment with lithiumbistrimethylsilyl followed by
Me,SiCl. Typically, 5 could be prepared on a 5-20 gram scale.

In a simple one-pot reaction, treatment of niobium pentachloride with 5 in
dichloromethane gave light yellow crystals of [Nb(7 : 0-CsH ,(CH,);N)Cl,] (6) in
38% yield on a scale of ca. 2.0 gram. Treatment of 6 with PMe; gave white crystals
of the mono phosphine adduct [Nb(7 : o-CsH ,(CH,);NXPMe,)CL,] (7). This was
recrystallised from hot toluene.

The compounds 2-7 have been characterised by their 'H NMR spectra and by
microanalysis (for 4-7) [11*]. The crystal structure of 7 has been determined [12*]
and two views of the molecular structure are shown in Fig. 1 together with selected
bond lengths and angles.

The structure of 7 is largely similar to that of the non-ansa bridged analogue
[Nb(n-CsH XNMeXPMe,;)Cl,] (2 crystallographically independent molecules in
the asymmetric unit) [5a). The Nb atom in 7 is in a pseudo-square-based pyramidal
environment with the PMe; ligand lying cis to a Cl ligand [CI(1)] and the imido
nitrogen atom [N(1)] and trans to a second chloride ligand [CI(2)]. The angle for
the Nb(1)-N(1)-C(1) linkage [150.6(6)°] deviates substantially from 180° (the
value expected for a rigorously linear imido ligand) but this bending does not
appear to adversely influence the metal-nitrogen bond length. Thus the corre-
sponding Nb-N bond distances and Nb-N-Me angles for tpe two molecules of
[Nb(n-C;H XNMeXPMe,)Cl,] are 1.772(4) and 1.782(4) A and 170.1(4) and
167.9(4)° respectively [5a). Moreover, the Cp,,,—Nb(1)-N(1) angle (111.0°) in 7 is
substantially more acute than the corresponding angle for [Nb(n-CH;XNMe)-
(PMe,)Cl1,] (119.2 and 118.9°), presumably reflecting restraints imposed by the
closed (CH,); linkage. The angles subtended at the three carbons of the (CH,),
linkage (see Fig. 1) are all larger than those anticipated for formally sp> hybridised
C atoms, an observation also indicative of some strain in the (CH,), linkage of the
Nb(n : 0-CsH,(CH,);N) fragment. The value for Cs(centroid)-metal-C;Entroid)
angle in ansa-metallocenes is typically in the range 119-130° [13] and is therefore
larger than the corresponding angle [Cp_.,,.—Nb(1)-N(1)] in 7.

The new chemistry is shown in Scheme 1. We anticipate that the ligand
precursor 5 will give rise to an extensive chemistry of the ansa-bridged 7-cyclo-
pentadienylidene-4-imidopropylmetal compounds [M(7 : 6-C;H (CH,);N)L, X 1.

* Reference number with asterisk indicates a note in the list of references.
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Fig. 1. Molecular structure of [Nb(n:0-CsH (CH;);NXPMe;)Cl,] (7). (a) General view. (b) Viewed
poerpendicular to the CsH, plane [11*]. Hydrogen atoms are omitted for clarity. Selected bond lengths
(A) and angles (°) as follows: Nb(1)-N(1) 1.75%5), Nb(1)--P(1) 2.627(2), Nb(1)-CI(1), 2.487(2), Nb(1)-
CI(2) 2.495(2), NB(1)~Cp ., 2.11, NB(1)-N(1)-C(1) 150.6(6), N(1)-C(1)-C(2) 111.2(7), C(1)-C(2)-C(3)
119.3(10), C(2)-C(3)-C(4) 117.1(8), N(1)-Nb(1)-P(1) 85.0(2), N(1)-Nb(1)-CI(1) 92.%2), N(1)-Nb(1)-
CI(2) 123.7(2), P(1)-Nb(1)-CI(1) 148.35(6), P(1)-Nb(1)-Cl(2) 74.62(6), Cl(1)~-Nb(1)-Cl(2) 80.40(7),
N(Q)-Nb(1)-Cp,.,, 111.0 where Cp,,, refers to the computed CsH, ring centroid.
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Scheme 1. (i) In THF at 0°C for 1 h then 14 h at r.t., 71%. (ii) Hydrazine mono-hydrate in MeOH at
65°C for 15 h, 20-44%. (iii) CF;S0,SiMe; and NEts, in Et,O for 3.5 h, 83%. (iv) L{N(TMS),] in THF
at —78°C for 15 min, the TMSCI for 15 h at r.t., 84%. (b) NbCl; in CH,Cl, at —78°C for 5 h, then r.t.,
for 48 h, 38%. (vi) Excess of PMe; in CH,Cl,, 77%.
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