ELSEVIER

www.elsevier.nl/locate/jorganchem

Journal of Organometallic Chemistry 610 (2000) 42-48

ournal
ofOrgang.

metallic

Chemistry

A study of ortho- and para-siloxyanilines for the synthesis of
mono-, bi-, and tetra-nuclear early transition metal—imido
complexes

J.M. Benito, Silvia Arévalo, E. de Jesus *!, F.J. de la Mata, J.C. Flores *2, R. Gomez
Departamento de Quimica Inorganica, Universidad de Alcala, Campus Universitario, ES-28871 Alcala de Henares, Madrid, Spain
Received 17 April 2000; accepted 27 June 2000

Abstract

The siloxyanilines 0-Me;SiOC(H,NH, (1) and p-RMe,SiOC,H,NH, (R = H (2); R = Me (3)), and their N-silylated derivatives
p-Me;SiOC,H,NHSiMe; (4) and p-Me;SiOCH,N(SiMe,), (5) have been prepared from ortho- or para-aminophenol and used in
the synthesis of imido complexes. Thus, binuclear [{Ti(n’-CsHs)Cl}{u-NC¢H,(p-OSiMe;)}], (6) and mononuclear
[TiCL{NC4H,(p-OSiMe;)}(py);] (7) imido complexes have been obtained from the reaction of 3 and [Ti(n*-CsH:)CL] or
[TiCl,(N‘Bu)(py)s], respectively. In contrast, the reaction of 1 with TiCl, and ‘Bupy affords the titanocycle [TiCl,{OC¢H,(o-
NH)-N,O}('Bupy),] (8). Compound 5 has also been used to prepare the niobium imide complex [NbClL;{NCcH,(p-
OSiMe,)}(MeCN),] (9), by its reaction with NbCls in CH;CN. These findings have been applied to the synthesis of polynuclear
systems. Thus, chlorocarbosilane Si{CH,CH,CH,Si(Me),Cl], (CS—Cl) has been functionalized with the ortho- and para-
aminophenoxy groups to give 10 and 11, respectively. The use of 11 has allowed the formation of the tetranuclear compound 12.
Attempts to synthesize terminal imido titanium complexes from 10 and TiCl, in the presence of ‘Bupy and Et;N, give complex

8 and carbosilane CS—Cl. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

Due to the relevance of imido complexes in transition
metal chemistry, a large variety of synthetic methodolo-
gies have been developed [1a,2]. Among the main fea-
tures of the imido ligand are its electronic flexibility,
which allows a chemical behavior ranging from remark-
able stability to extreme reactivity, its variety of coordi-
nation modes, and its capability to stabilize high
oxidation states [1,2]. We are looking for NR com-
plexes of early transition metals in which the R group is
linked to a silyl group. Our interest in such imido
ligands is because their synthesis might be extended to
support transition metal complexes on carbosilane den-
drimers through imido links [3]. For instance, reports
published up to date on titanium dendrimers are limited
to alkoxo or cyclopentadienyl anchoring ligands [4,5].
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Here, we present work carried out on the synthesis of
imido complexes of titanium and niobium containing
siloxy-substituted phenylimido ligands. The siloxyani-
line p-Me;SiIOCH,NH, (3) and its N-silyl substituted
p-Me;SiIOC H,N(SiMe,), (5) have been useful as pre-
cursors for the synthesis of terminal and bridging imido
complexes. In the last part of this article we describe
the synthesis of the tetranuclear titanium complex 12, a
non-branched model of a dendrimer.

2. Results and discussion

NMR and analytical data for 1-12 are given in
Section 4. Only selected data will be presented for this
discussion.

The lithium aminophenoxides Ia—b (Scheme 1) have
been obtained by deprotonation of the hydroxyl group
in ortho- or para-aminophenol with one equivalent of
Li"Bu in THF. They can be isolated as white solids,
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although they have been used in situ through this work.
Reaction of I and one equivalent of SiMe,RCI (R =H,
Me) has allowed the synthesis of the oily siloxyanilines
0-Me;SiOCH,NH, (1), p-HMe,SiOC,H,NH, (2), and
p-Me;SiIOC,H,NH, (3) in good yields ( > 80% relative
to aminophenol).

The regioselectivity of the silylation process on the
oxygen of aminophenols must be understood as a result
of the much higher Bronsted acidity of the hydroxy
compared with the amino group (pK, ~10 and ~ 27
for phenol and aniline, respectively [6]). Thus, any
eventual lithium amide formation during the course of
the deprotonation reaction must shift the proton trans-
fer equilibrium from HOC(H,NHLi to the side of
LiOCH,NH, (K., ~ 10"7). Moreover, in an experiment
carried out in a NMR-tube scale, the mixture of p-
Me;SiOC,H,NHSiMe; (4, vide infra) with p-
HOC(H,NH,, one to one in THF, followed by
replacement of the solvent by CDCl,;, gives 4-
Me;SiOC,H,NH, (3) as the only product detected by
'"H-NMR (Scheme 1)

Stepwise reaction of 3 through the sequence (i) one
equivalent of Li"Bu (ii) one equivalent of SiMe;Cl in
THF, has led to mixtures of p-Me;SiOC,H,NHSiMe,
(4) and the starting material 3 (Scheme 1). Instead, 4 is
readily synthesized free of 3 by addition of two equiva-
lents of Li"Bu and SiMe;Cl to p-aminophenol. Simi-
larly, further N-silylation of compound 4 in THF with
only one equivalent of Li"Bu and SiMe;Cl has given
mixtures of p-Me;SIOCH,N(SiMe;), (5) and 4
(Scheme 1). Although both compounds are separated
by fractional distillation, pure compound 5 has been
obtained by reaction of 4 with two equivalents of Li"Bu
and SiMe;Cl. The different results using one or two
equivalents of Li”"Bu/SiMe;Cl for the synthesis of 4 and
5, are most likely due to nucleophilic attack of Li"Bu to
the Si—-O bond competing with deprotonation of the
amino group. Since trimethylsilyl ethers are easily

oLit 0SiMe,R

cleaved by nucleophiles, the effect of two equivalents of
butyllithium on compounds 3 and 4 must be the forma-
tion of p-LiIOC,H,N(H)Li and p-LiOC¢H,N(SiMe;)Li,
respectively. Thereafter, the addition of SiMe;Cl must
proceed with silylation back on the oxygen atom and
silylation on the nitrogen as well, leading to the target
compounds 4 and 5. Both compounds are oils and have
been found to be moisture sensitive, as samples exposed
to air slowly undergo hydrolysis of the N-Si bonds to
produce compound 3 ("H-NMR evidence).

The 'H-NMR spectra of 1-5 show resonances due to
the aromatic ring consistent with the AA'BB’ (para) or
ABCD (ortho) spin systems. In addition, a broad sin-
glet (6 3.2-3.9) is recorded for the NH, protons in 1-4,
and a heptet (0 4.88) for the SiMe,H proton in 2. Also,
a SiMe resonance for 1-3 and two for 4-5 are ob-
served in 'H- and ?°Si-NMR; 'H integration confirms
the progressive proton substitution by SiMe; groups at
the nitrogen atom, on going from 3 to 5.

Many procedures have been described for the synthe-
sis of early transition metal-imido complexes [la,2].
Among them, deprotonation of primary amines and
exchange reactions of alkylimido ligands and aryl-
amines have been found to be straightforward synthetic
methods [7]. Siloxyanilines 1 and 3 have been tested as
potential precursors of TiN compounds using both
methods.

The reaction of 3 with [Ti(n’>-CsHs)Cl;] in CH,Cl,, in
the presence of two equivalents of Et;N as an auxiliary
base, yields the imido binuclear complex [{Ti(n°-
CsH,)Cl} {p-NCH,4(p-OSiMes)}], (6) (Scheme 2). This
compound is obtained as a dark violet solid moderately
moisture stable, although it readily decomposes into
wet solvents. Due to the high oxophilic character of
Ti(IV) species, the high yield of its preparation (ca.
90%) reveals an effective oxygen-protection by the
SiMe, group in compound 3. The NMR data of com-
plex 6 show equivalent cyclopentadienyl, phenyl and
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SiMe, groups, quite in agreement with either a
mononuclear or a symmetric binuclear structure. A
binuclear arrangement with imido bridges is assumed
by comparison with the proposed or determined struc-
tures for other analogues [8], such as [Ti(n’-
C;H,)CI],(u-NPh),] [8a], and accordingly with the
observation of a MS peak corresponding to a dimeric
molecule (see Section 4). On the other hand, cyclopen-
tadienyl mononuclear compounds with terminal imido
groups have only been observed in complexes of gen-
eral formula [TiCp(NR)CIL] (Cp = generic cyclopenta-
dienyl ring, L =py, ‘Bupy; py = pyridine,
‘Bupy = 4-tert-butylpyridine), which contain coordi-
nated pyridine ligands [9]. Our attempts to obtain
mononuclear complexes adding py or ‘Bupy in the
synthetic procedure of complex 6 were unsuccessful as
no other organometallic compound than 6, free of any
L ligand, was detected. This result is in agreement with
the observed tendency of mono- or non-substituted
cyclopentadienyl complexes [TiCp(NR)CIL] to lose the
L ligand affording dimers [9b].

Complex 7 has been obtained as a very moisture
sensitive brownish—yellow solid by exchange of the
tert-butylimido group in [TiCl,(N‘Bu)(py);] by the
siloxyaniline 3 or, alternatively, by deprotonation of 3
with TiCl,, pyridine and two equivalents of Et;N in
CH,CIl, (Scheme 2). Pure 7 can be isolated by simple
removal of the solvent and of the ‘BuNH, byproduct in
the first case, whereas attempts to isolate neat samples
from the deprotonation reaction failed. The pyridine
ligands appear in the 'H-NMR spectrum of 7 as two
groups of resonances in a 2:1 ratio, with those of the
single pyridine ligand occurring at higher fields and
being somewhat broadened. This is the same spectro-
scopic behavior found in other [TiCL(NR)(py);] com-
plexes [7a] and corresponds to a trans arrangement of
the chloride and mer of the pyridine ligands with a
labile py trans to the imido group.

The synthesis of imido derivatives from the ortho
substituted arylamine 1 was unsuccessful under the
same conditions. Thus, the reaction of 1 with TiCl, in
the presence of two equivalents of ‘Bupy and two
equivalents of Et;N in CH,Cl,, gives the titanocycle
[TiCL,{OC¢H4(0-NH)-N,O} (‘Bupy),] (8), obtained as a
moisture sensitive dark violet microcrystalline solid.
The presence of the amido group is confirmed by a low
field resonance (6 11.16) in the 'H-NMR spectrum.
Both ‘Bupy ligands are equivalent suggesting a trans
arrangement in the octahedral titanium environment.
The fairly similar compound [TiCL{OCcH,(o-
NH)-N,O}(py),] is detected by 'H-NMR [10] in the
reaction of 1 and [TiCl,(N‘Bu)(py)s], although attempts
to isolated pure samples failed. During the course of
these reactions, the ortho position of the trimethylsiloxy
group clearly facilitates the Si-O bond cleavage, most
likely assisted by SiMe;Cl elimination. This finding
suggests that reaction of siloxyanilines and TiCl, pro-
ceeds through amido intermediates that evolve to the
imido compound 7 or to the titanocycle 8, depending
on the para or ortho position of the OSiMe; group.

Cleavage of N-Si bond in N-silylamines or N-silyl-
anilines, accompanied by formation of strong Si-halide
bond, has also been reported as an effective synthetic
method for introducing imido ligands in early transition
metal complexes [1b,11]. Accordingly, compound 5 re-
acts with NbCl; in CH;CN at room temperature af-
fording the siloxyarylimide [NbCl;{NCH,(p-OSi-
Me,)}(MeCN),] (9), which is isolated as a moisture
sensitive orange—red solid (Scheme 2). Analytical and
spectroscopic data are consistent with the structure
proposed for 9 and show the presence of two equivalent
CH,;CN ligands coordinated to the metal center in an
octahedral environment, suggesting a frans arrange-
ment of them and therefore mer of the chlorides. When
the 'H-NMR spectrum of 9 is registered in CD,CN,
only free CH;CN is observed, indicating exchange be-
tween free and coordinated acetonitrile.

The reactions described above for the synthesis of
terminal-imido complexes can be useful for the synthe-
sis of periphery-metallated carbosilane structures start-
ing from aniline-functionalized cores as 10 or 11
(Scheme 3). These are easily prepared as yellow oils by
reaction of the chloro terminated derivative CS—Cl [12]
with phenoxides Ia or Ib, respectively. Both compounds
have been characterized by 'H- and "*C{'H}-NMR,
and 11 by %Si{'H}-NMR, elemental analysis and
MALDI-TOF MS as well (see Section 4). Chemical
shifts observed for the —SiMe,OC.H,NH, moieties in
10 and 11 are similar to those for 1 and 3, respectively.

Attemps to synthesize terminal arylimido titanium
complexes from 10 and 11 have yielded comparable
results with those described above for 1 and 3. Thus,
the reaction of 10 with TiCl, in the presence of ‘Bupy
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and Et;N in CH,Cl,, gives complex 8 (Scheme 3),
together with the recovery of the chlorocarbosilane
CS-Cl. Again, the ortho position of the siloxy group
facilitates the Si—O bond cleavage to afford the metallo-
cycle 8. Instead, the tetranuclear titanium compound 12
can be prepared from the para-substituted isomer 11
(Scheme 3). Although complex 12 is obtained from the
reaction of 11 with either, four equivalents of
[TiCL(N‘Bu)(py);] in CH,Cl, at room temperature, or a
mixture of TiCl,, pyridine and Et;N in CH,CIl,, the
former procedure is cleaner, as observed in the related
synthesis of 7 from 3. The product is isolated as a
moisture sensitive dark-brown solid. Interestingly, its
NMR data show free and coordinated pyridine ligands
(ratio 1:2) in solution even after several washings of the
solid in pentane. However, analytical and spectroscopic
data of samples dried in vacuo at 50°C for several
hours are consistent with the presence of only two py
ligands per titanium, cis to the imido group and trans
each other (see Section 4). Five-coordinated titanium
complexes of this type (i.e. [TiCL,(NR)(py),]) have been
reported by Mountford and co-workers [9], and their
formation explained as a consequence of the trans-labi-
lizing ability of the imido group. Therefore, it is most
likely that the crude solid obtained in the preparation
of 12 holds a titanium environment with a loosely
coordinated trans-py, which remains after washings
with pentane. This pyridine ligand must be readily
liberated in solution or removed upon warming under
vacuum due to a marked tranms-labilitation effect in
compound 12.

Ia (4 equiv) / THF

Si‘b/\SiMqO)
A

CS-Cl

} Ib (4 equiv) / THF

4TiCly /8 ‘Bupy / 8 Et;N
(10) :

4 TiICL(N'Bu)(py);
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8 TiCly / 12 py / 8 Et3N

(11)

(8)
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Si Si\—o—©vNTiclz(py)z
Me

3. Conclusions

ortho- and para-Siloxyanilines 1 and 3, and the N-
disilylated derivative of the latter (5) have been studied
as potential ligands for the synthesis of early transition
metal-imido complexes. The para compounds are use-
ful in this regard (e.g. compounds 7 and 9), while the
ortho one undergoes desilylation of the oxygen leading
to the formation of the metallocycle 8. Similar results
are observed in attempts toward the synthesis of
polynuclear arylimido—titanium complexes using ani-
line derivatives as anchoring ligands. Thus, the aniline-
functionalized carbosilane 11 has allowed the isolation
of tetranuclear titanium compound 12, in which the
metal moieties are linked to the framework by terminal
imido ligands.

As stated in the introduction, the work initiated here
is directed toward the support of early transition metal
moieties to the periphery of carbosilane dendrimers
through imido ligands. However, several issues must be
worked out first such as poor moisture stability and low
yield found for compound 12. As a future work, a
study comprising para-silylanilines, instead of
siloxyanilines, is underway.

4. Experimental

4.1. General methods

All operations were performed under an argon atmo-
sphere using Schlenk or dry-box techniques. Unless
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Me 4
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N
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H
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Scheme 3.
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otherwise stated, reagents were obtained from commer-
cial sources and used as received. Solvents were previ-
ously dried and purified as described elsewhere [13].
[Ti(n’>-CsHs)Cl,] [14], [TiCl(N‘Bu)(py),] [7a] and car-
bosilane  Si[CH,CH,CH,Si(Me),Cl], (CS-Cl, see
Scheme 3) [12] were prepared according to literature
procedures. NMR spectra were recorded on Varian
Unity 500+, Varian Unity VR-300 or Varian Unity
200 NMR spectrometers. Chemical shifts () are re-
ported in ppm referenced to TMS for 'H, '*C and *°Si.
Elemental analyses were performed by the Microanalyt-
ical Laboratories of the Universidad de Alcala on a
Heraeus CHN-O-Rapid mycroanalyzer, and MALDI-
TOF MS were performed by the Analytical Services of
the Universidad Auténoma de Madrid.

4.2. Preparation of siloxyanilines RMe,SiOC;H ,NH,
1-3)

The synthesis of the siloxyanilines (1-3) and interme-
diates (Ia and Ib) are exemplified by the preparation of
p-Me;SiIOC,H,NH, (3).

Li"Bu (28.7 ml, 1.6 M in hexane, 45.9 mmol) was
slowly added, from a funnel equipped with a bubbler,
to a solution of p-HOC;H,NH, (5.00 g, 45.8 mmol) in
THF (50 ml) at room temperature (r.t.). After the
addition was completed, the reaction mixture was
stirred for 4 h. Then, the solvent was removed under
reduced pressure and the remaining solid washed with
hexane (2 x 30 ml) to afford the lithium phenoxide
derivative Ib as a white powder. SiMe,Cl (5.8 ml, 45.9
mmol) was added to a solution of Ib in THF (50 ml) at
r.t. and the mixture was stirred overnight. The volatile
products were removed in vacuo and the residue ex-
tracted into CH,Cl,. Compound 3 (6.84 g, 82%) was
isolated as an orange oil by evaporation of the filtrates
in vacuo to dryness.

1: Anal. Calc. for C,H,sNOSi: C, 59.62; H, 8.34; N,
7.73. Found: C, 58.81; H, 8.64; N, 7.42%. 'H-NMR
(CDCly): ¢ 6.8-6.6 (m, 4H, CcH,), 3.89 (br s, 2H,
NH,), 0.30 (s, 9H, SiMe,). *C{'H}-NMR (CDCl,): ¢
142.8 (ipso-C¢H,), 138.0 (ipso-CcH,), 121.9 (C,H,),
118.5 (C4¢H,, two resonances overlapping), 115.7
(C¢H,), 0.4 (SiMe;). »°Si{'H}-NMR (CDCl,): § 16.7.

2: 'TH-NMR (CDCl): 6 6.71 and 6.57 (AA’ and BB’
parts of an AA'BB’ spin system, 4H, C,H,), 4.88 (sept,
1H, J =18 Hz, SiH), 3.42 (br s, 2H, NH,), 0.31 (d, 6H,
J=18 Hz, SiMe,). BC{'H}-NMR (CDCl,): § 147.8
(ipso-C¢H,), 140.6 (ipso-CcH,), 119.9 (CcH,), 116.2
(CeHy), — 1.5 (SiMe,).

3: Anal. Calc. for C4H,sNOSI: C, 59.62; H, 8.34; N,
7.73. Found: C, 60.22; H, 8.16; N, 7.87%. 'H-NMR
(CDCly): 0 6.65 and 6.58 (AA’ and BB’ parts of an
AA’BB’ spin system, 4H, C,H,), 3.77 (br s, 2H, NH,),
0.20 (s, 9H, SiMe;). *C{'H}-NMR (CDCl,): ¢ 147.8
(ipso-CcHy,), 139.9 (ipso-C¢H,), 120.6 (CcH,), 116.5
(CgH,), 0.0 (SiMes). ¥Si{'H}-NMR (CDCl,): 6 15.4.

4.3. Preparation of p-Me;SiOC;H,NHSiMe; (4)

Li"Bu (34.4 ml, 1.6 M in hexane, 55.0 mmol) was
slowly added, from a funnel equipped with a bubbler,
to a solution of 4-HOC,H,NH, (3.00 g, 27.5 mmol).
After stirring for 4 h in THF (50 ml) at r.t., SiMe;Cl
(7.0 ml, 55.3 mmol) in THF (50 ml) was added at
— 78°C, and the reaction mixture was allowed to warm
up to r.t. Then, the solvent was removed under vac-
uum, and the residue extracted into hexane. Compound
4 (5.00 g, 72%) was obtained as a yellow—orange oil by
evaporation of the hexane solution to dryness. Anal.
Calc. for C,,H,;NOSi,: C, 56.86; H, 9.15; N, 5.53.
Found: C, 56.21; H, 9.11; N, 5.78%. '"H-NMR (CDCl,):
0 6.63 and 6.50 (AA’ and BB’ parts of an AA'BB’ spin
system, 4H, C;H,), 3.19 (br s, 1H, NH), 0.23 (s, 9H,
SiMe,), 0.21 (s, 9H, SiMe;). *C{'H}-NMR (CDCl,): §
146.8 (ipso-C¢H,), 141.5 (ipso-CcH,), 120.7 (CcH,),
116.8 (C¢H,), 0.2 (SiMes), 0.1 (SiMe;). #Si{'H}-NMR
(CDClL,): 0 15.0 (OSiMe;), 2.2 (NSiMe;).

4.4. Preparation of p-Me;SiOC;H,N(SiMe;), (5)

Compound 4 was prepared as described above from
p-HOC,H,NH, (3.00 g, 27.5 mmol) and reacted in situ
with two additional equivalents of Li"Bu (34.4 ml, 1.6
M in hexane, 55.0 mmol) in THF for 4 h. Then,
SiMe;Cl (7.0 ml, 55.0 mmol) was syringed to the reac-
tion mixture at 0°C, and the yellow solution with white
precipitate stirred overnight at r.t. The volatile products
were removed under reduced pressure and the residue
extracted into pentane. Compound 5 was obtained
spectroscopically pure as a dark orange oil by evapora-
tion of the solvent. Fractional distillation of this crude
oil (60-65°C, 10-3 mmHg) afforded analytically pure 5
as a pale-yellow oil (7.92 g, 88%). Anal. Calc. for
C,sH;NOSi;: C, 55.32; H, 9.59; N, 4.30. Found: C,
55.16; H, 9.45; N, 4.37%. 'H-NMR (CDCl,): § 6.72
and 6.65 (AA’ and BB’ parts of an AA’BB’ spin system,
4H, C¢H,), 0.23 (s, 9H, OSiMe;), 0.03 (s, 18H,
NSiMe;). *C{'H}-NMR (CDCl,): § 151.3 (ipso-C4H,),
141.3 (ipso-C¢H,), 130.8 (C¢H,), 119.8 (C¢H,), 2.0
(NSiMe;), 0.2 (OSiMe,). #Si{'H}-NMR (CDCl,): ¢
19.4 (OSiMe,), 4.7 (NSiMe;,).

4.5. Preparation of
[{Ti(n>-CsHs)Cl} {-NCsH (p-OSiMes)}], (6)

A solution of 3 (0.50 g, 2.8 mmol) in CH,Cl, (20 ml)
was added dropwise to a mixture of Ti(m’-CsHs)Cl,
(0.60 g, 2.7 mmol), pyridine (py) (0.23 ml, 2.8 mmol)
and Et;N (0.77 ml, 5.5 mmol) in CH,Cl, (20 ml) at r.t.
The solution turned to dark violet and was stirred for
24 h. Then, the volatile products were evaporated under
vacuum and the residue was extracted into toluene
(2 x 20 ml). The solution was filtered to remove the
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Et;NHCI byproduct and evaporated to dryness. The
resulting solid was recrystallized from toluene leading
to complex 6 (0.80 g, 89%) as a microcrystalline dark
violet solid. Anal. Calc. for C,3H;,CLL,N,0,Si,Ti,: C,
51.31; H, 5.54; N, 4.27. Found: C, 50.89; H, 5.44; N,
3.86%. '"H-NMR (CDCl;): § 6.68 and 6.55 (AA’ and
BB’ parts of an AA’BB’ spin system, 4H, C,H,), 6.27 (s,
5H, CsH,), 025 (s, 9H, SiMe;). "*C{'H}-NMR
(CDCl,): ¢ 152.9 (ipso-C¢H,), 149.3 (ipso-C¢H,), 122.8
(C¢Hy), 119.8 (CeH,), 117.6 (CsHs), 0.2 (SiMe;).
PSi{!H}-NMR (CDCl;): § 12.2 (SiMe;). MS (70 eV,
El): m/z: 654 [M*].

4.6. Preparation of [TiClLL{NCsH (p-OSiMes)}(py)s] (7)

A solution of 3 (1.37 g, 7.56 mmol) in CH,Cl, (25 ml)
was added to another solution of [TiCl,(N‘Bu)(py);]
(3.22 g, 7.56 mmol) in CH,Cl, (25 ml) at r.t. The
solution turned to a darker red color and was stirred
overnight. After removal of the volatile products, the
resulting solid was washed with hexane (2 x 25 ml) and
dried in vacuo. Complex 7 (3.12 g, 77%) was thus
obtained as a brown-yellow powder. Anal. Calc. for
C,,H,¢N,OSiCLTi: C, 53.84; H, 5.27; N, 10.46. Found:
C, 53.46; H, 5.32; N, 10.52%. 'H-NMR (CDCl,): 6 9.07
(d, 4H, ortho-H of cis-py), 8.75 (br s, 2H, ortho-H of
trans-py), 7.76 (t, 2H, para-H of cis-py), 7.65 (br t, 1H,
para-H of trans-py), 7.31 (t, 4H, meta-H of cis-py),
7.19 (br t, 2H, meta-H of trans-py), 6.80 and 6.45 (AA’
and BB’ parts of an AA’BB’ spin system, 4H, C;H,),
0.15 (s, 9H, SiMe;). *C{'H}-NMR (CDCl,): J§ 1514
(ortho-C of cis-py), 150.6 (ortho-C of trans-py), 138.6
(para-C of cis-py), 136.8 (para-C of -trans-py), 124.7
(C¢Hy), 124.2 (meta-C of cis-py), 123.7 (meta-C of
trans-py), 119.2 (CsH,), 0.2 (SiMe,). ?°Si{'H}-NMR
(CDCl,): SiMe; not observed after 72 h at 99 Hz.

4.7. Preparation of
[TiCl,{OCsH y(0-NH)-N,O }("Bupy).] (8)

TiCl, (0.6 ml, 5.5 mmol) was added to a mixture of 1
(1.00 g, 5.5 mmol), Et;N (1.6 ml, 11.5 mmol), and
4-tert-butylpyridine (‘Bupy) (1.7 ml, 11.5 mmol) in
CH,Cl, (30 ml) at r.t. With the addition, the solution
warmed and changed to a dark violet color. Then, the
stirring was kept 48 h, the volatile products were re-
moved under reduced pressure and the residue was
washed with diethyl ether (20 ml) and extracted into
toluene. After partial solvent evaporation, complex 8
(2.05 g, 75%) precipitated at —20°C as a shiny dark
violet microcrystalline solid. Anal. Calc. for
C,,H; N;OCL,Ti: C, 58.08; H, 6.30; N, 8.47. Found: C,
57.45; H, 6.43; N, 7.97%. 'H-NMR (CDCly): § 11.16
(br s, 1H, NH), 9.15 (d, 4H, ‘Bupy), 7.50 (d, 4H,
‘Bupy), 6.60, 6.50, 6.17, and 5.78 (ABCD system, 4 H,
C¢H,), 1.35 (s, 18 H, ‘Bupy). *C{'H}-NMR (CDCl,): &

164.4 (ipso-'Bupy), 156.4 (ipso-CcH,), 149.1 (‘Bupy),
147.6 (ipso-CsH,), 123.9 (CsH,), 123.8 (C¢H,), 121.7
(‘Bupy), 111.7 (C;H,), 111.4 (C,H,) , 35.3 (‘Bupy-qua-
ternary), 30.3 (‘Bupy), ipso-C¢H, not observed.

4.8. Preparation of
[NbCL{NC;H ,(p-OSiMes)}(MeCN),] (9)

A solution of NbCl; (1.012 g, 3.75 mmol) in acetoni-
trile (20 ml) was added to 5 (1.22 g, 3.75 mmol) in
acetonitrile (20 ml) at r.t. The solution quickly changed
to a red color and was stirred for 24 h. Evaporation of
the solvent afforded crude material as a foamy red
solid, which was washed with hexane (2 x 20 ml), and
dried under vacuum to give 9 (1.51 g, 87%). Anal. Calc.
for C;;H,y CI3N;NDOSI: C, 33.90; H, 4.16; N, 9.12
Found: C, 33.80; H, 4.04; N, 8.71%. 'H-NMR (CDCl,):
0 7.26 and 6.71 (AA’ and BB’ parts of an AA’BB’ spin
system, 4H, C;H,), 2.15 (br s, 6H, MeCN), 0.23 (s, 9H,
SiMe;). *C{'H}-NMR (CD;CN): ¢ 155.4 (ipso-C¢H,,
other C-ipso not observed), 127.5 (C¢H,), 120.8 (CcH,),
1.6 (CH4CN, signal for quaternary carbon of coordi-
nated CH;CN obscured by CD;CN at 118.20 ppm), 0.0
(SiMey).

4.9. Preparation of
[Si{CH,CH,CH,SiMe,OCzH ,(0-NH>)},] (10)

The same procedure described below for 11 was
followed to synthesize the ortho-substituted 10, starting
from Ia (13.7 mmol) and CS-Cl (1.96 g, 3.43 mmol).
Compound 10 (1.90 g, 64%) was obtained as a spectro-
scopically pure yellow oil, but satisfactory microanaly-
sis failed likely due to residual LiCl. '"H-NMR (CDCl;):
0 6.8-6.5 (m, 4H, C,H,), 3.62 (br s, 2H, NH,), 1.40 (m,
2H, CH,CH,CH,), 0.81 (m, 2H, outermost SiCH,),
0.56 (m, 2H, innermost SiCH,), 0.23 (s, 6H, SiMe,).
BC{'H}-NMR (CDCl,): & 142.7 (ipso-C¢H,), 138.1
(ipso-C¢H,), 121.9 (C,H,), 118.4 (CcH,), 118.3 (C¢H,),
115.6 (C¢H,), 21.7 (CH,), 17.8 (CH,), 17.0 (CH,), — 1.1
(SiMe,).

4.10. Preparation of
[Si{CH,CH,CH,SiMe,OC.H ,(p-NH>)},] (11)

Lithium phenoxide derivative Ib (16.8 mmol) was
prepared as described above and reacted in situ with
chlorocarbosilane CS—CI (2.40 g, 4.20 mmol) in THF
(50 ml) at r.t. The resulting yellow solution was stirred
overnight, the solvent removed under vacuum, and the
residue extracted into CH,Cl, (2 x 25 ml). Compound
11 (3.28 g, 91%) was obtained as a pale yellow oil by
evaporation of the solvent in vacuo to dryness. Anal.
Calc. for C,,H,,N,O,Sis: C, 61.34; H, 8.42; N, 6.50.
Found: C, 60.98; H, 8.88; N, 5.90%. MS (MADI-TOF):
m/z 883.3, Calc. [MNa™]: 883.4. 'TH-NMR (CDCl,): ¢
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6.64 and 6.55 (AA’ and BB’ parts of an AA’'BB’ spin
system, 4H, C,H,), 3.42 (br s, 2H, NH,), 1.39 (m, 2H,
CH,CH,CH,), 0.76 (m, 2H, outermost SiCH,), 0.59 (m,
2H, innermost SiCH,), 0.19 (s, 6H, SiMe,). 3C{'H}-
NMR (CDCly): ¢ 147.2 (ipso-C¢H,), 140.3 (ipso-C¢H,),
120.3 (C4H,), 116.0 (C¢H,), 21.1 (CH,), 17.5 (CH,),
16.7 (CH,), — 1.5 (SiMe,). #Si{'H}-NMR (CDCL,): ¢
14.9 (SiMe,), 1.0 (Si-core).

4.11. Preparation of
[Si{CH,CH,CH,SiMe,OCH [p-NTiCl,(py)-]}4] (12)

A solution of 11 (0.82 g, 0.95 mmol) in CH,Cl, (15
ml) was added to another solution of TiClL(N‘Bu)(py);
(1.62 g, 3.80 mmol) in CH,Cl, (15 ml) at r.t. The
solution turned to a darker red color and was stirred
overnight. After removal of the volatile products, the
resulting solid was washed with pentane (2 x 15 ml),
dried in vacuo at 50°C, and extracted into toluene.
After partial solvent evaporation, compound 12 (1.07 g,
51%) precipitated at —20°C as a dark brown solid.
Anal. Calc. for Cg4H,(4N,,0,S1;ClTi,: C, 51.44; H,
5.34; N, 8.57. Found: C, 50.97; H, 5.68; N, 8.93%.
'"H-NMR (CDCly): § 9.07 (br s, 2H, ortho-py), 7.65 (t,
2H, para-py), 7.31 (m, 1H, meta-py), 6.79 and 6.44
(AA’ and BB’ parts of an AA'BB’ spin system, 4H,
C¢H,), 1.38 (m, 2H, CH,CH,CH,), 0.70 (m, 2H,
SiCH,), 0.54 (m, 2H, SiCH,), 0.11 (s, 6H, SiMe,).
BC{'H}-NMR (CDCly): 6 151.3 (ortho-py), 138.8
(para-py), 124.7 (CiH,), 124.2 (meta-py), 119.3 (C¢Hy),
21.4 (CH,), 17.7 (CH,), 17.0 (CH,), —1.3 (SiMe,),
ipso-C¢H, not observed.

Acknowledgements

We gratefully acknowledge financial support from
the Direccion General de Ensefianza Superior e Inves-
tigacion Cientifica del Ministerio de Educacion y Cul-
tura (ref. PB97-0765), the University of Alcala (ref. no.
E020/98 and E040/99) and The Royal Society of Chem-
istry of UK (ref. SSL/vca).

References

[1] (a) D.E. Wigley, Prog. Inorg. Chem. 42 (1994) 239. (b) D.N.
Williams, J.P. Mitchell, A.D. Poole, U. Siemeling, W. Clegg,
D.C.R. Hockless, P.A. O’Neil, V.C. Gibson, J. Chem. Soc.
Dalton Trans. (1992) 739. (¢) D.S. Glueck, J.C. Green, R.I.
Michelman, I.N. Wright, Organometallics 11 (1992) 4221.

[2] W.A. Nugent, B.L. Haymore, Coord. Chem. Rev. 31 (1980)
123.

[3] For recent reviews on metallodendrimers see: (a) G.R.
Newkome, E. He, C.N. Moorefield, Chem. Rev. 99 (1999)
1689. (b) F.J. Stoddart, T. Welton, Polyhedron 18 (1999) 3575.

[4] (a) H. Sellner, D. Seebach, Angew. Chem. Int. Ed. Engl. 38
(1999) 1918. (b) P.B. Rheiner, D. Seebach, Chem. Eur. J. 5
(1999) 3221. (c¢) K. Briining, H. Lang, J. Organomet. Chem.
575 (1999) 153. (d) D. Seyferth, R. Wryrwa, U.W. Franz, S.
Becke, PCT Int. Appl. WO 97/32908, 1997; D. Seyferth, R.
Wryrwa, PCT Int. Appl. WO 97/32918, 1997.

[5] S. Arévalo, J.M. Benito, E.D. Jesus, F.J.D. Mata, J.C. Flores,
R. Gémez, J. Organomet. Chem. 602 (2000) 208.

[6] For pK, values, see for instance: H.O. House, Modern Syn-
thetic Reactions, second ed., W.A. Benjamin, 1972, p. 494.

[7] (a) A.J. Blake, P.E. Collier, S.C. Dunn, W.S. Li, P. Mountford,
0O.V. Shishkin, J. Chem. Soc. Dalton Trans. (1997) 1549. (b)
P.E. Collier, S.C. Dunn, P. Mountford, O.V. Shishkin, D.
Swallow, J. Chem. Soc. Dalton Trans. (1995) 3743.

[8] (a) C.T. Vroegop, J.H. Teuben, F.V. Bolhuis, J.G.M.V. Linden,
J. Chem. Soc. Chem. Commun. (1983) 550. (b) C.T. Jekel-
Vroegop, J.H. Teuben, J. Organomet. Chem. 286 (1985) 309.

[9] (a) P. Mountford, Chem. Commun. (1997) 2127. (b) S.C.
Dunn, P. Mountford, D.A. Robson, J. Chem. Soc. Dalton
Trans. (1997) 293. (c¢) S.C. Dunn, A.S. Batsanov, P. Mount-
ford, J. Chem. Soc. Chem. Commun. (1994) 2007.

[10] [TiCL,{OC4¢H,(2-NH)-N,O}(py),] 'H-NMR (CDCly): 6 11.22
(br s, 1 H, NH), 9.29 (d, 4H, ortho-H of py), 7.94 (t, 2H,
para-H of py), 7.54 (t, 4H, meta-H of py), 6.53 (2 t overlap-
ping, 2H, C,H,), 6.15 (d, 1 H, C(H,), 5.76 (d, 1 H, C¢H,).

[11] (a) I. Dorado, A. Garcés, C. Lopez-Mardomingo, M. Fajardo,
A. Rodriguez, A. Antifolo, A. Otero, J. Chem. Soc. Dalton
Trans., in press. (b) M. Jolly, J.P. Mitchell, V.C. Gibson, J.
Chem. Soc. Dalton Trans. (1992) 1331.

[12] (a) A.W.V. Made, PW.N.M. van Leeuwen, J. Chem. Soc.
Chem. Commun. (1992) 1400. (b) B. Alonso, I. Cuadrado, M.
Moran, J. Losada, J. Chem. Soc. Chem. Commun. (1994) 2575.

[13] D.P. Perrin, W.L.F Armarego, Purification of Laboratory
Chemicals, third ed., Pergamon, Oxford, 1988.

[14] A.M. Cardoso, R.J.H. Clark, S.J. Moorhouse, J. Chem. Soc.
Dalton Trans. (1980) 1156.



