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Introduction

Titanium imido compounds are a topic of current intefest
and have also been postulaté®las transient intermediates in
the conversion of other titaniurmitrogen compounds to
titanium nitride (TiN), a material with a number of important
usest12 A number of titanium imides have been isolated and
tested as single-source CVD (chemical vapor deposition)
precursors to TiN:13-15 There is also continuing interest in the
synthesis and properties of molecular titanium nitride deriva-
tives 161724 driven in part by the insight that such compounds
may give into the chemistry behind the CVD of TiN. Further-
more, transition metal nitrido compounds in general also
represent an area of continuing activiy?>26Terminal transition
metal molecular nitrides (i.e.,,M=N) have been structurally
characterized for V, Cr, Mn, and some second- and third-row
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mid-transition metals, but not for titaniutt?>-28 Further efforts
toward a terminal titanium nitride are potentially worthwhile
and form the subject of this contribution. In this regard we noted
that the octameric titanium imide [Ti(NSIMECI,]s decomposes
via the isomeric polymer [Ti(NSiMgCl;], to TiINCIl and Me-

SiCl at temperatures above 250.2° In related chemistry, the
conversion of a vanadium trimethylsilyl imido complex to a
terminal nitrido derivative was reported by Doherty and co-
workers whereby reaction of [V(NSIMECI3] with 4-NCsH4R

(R = Et, BW) or quinuclidine forms the corresponding mono-
meric nitrides [V(N)CH(L),].%° It therefore seemed possible that
reaction of octameric [Ti(NSiMgCl,]s with suitable, polyden-
tate monoanionic or neutral ligands might give rise to trimeth-
ylsilyl imido complexes that could be converted to well-defined
titanium nitrides. Here, we describe the syntheses and structures
of new trimethylsilyl- andtert-butylimidotitanium complexes
with monopendant arm triazacyclononane ligands, along with
our efforts to prepare molecular titanium nitrides.

Experimental Section

General Methods and Instrumentation. All manipulations of air-
and/or moisture-sensitive compounds were carried out under an
atmosphere of dinitrogen or argon using standard Schlenk-line or drybox
techniques. All protio-solvents and commercially available reagents
were predried over activated molecular sieves and refluxed over an
appropriate drying agent under an atmosphere of dinitrogen and
collected by distillation. NMR solvents for air- and/or moisture-sensitive
compounds were dried over freshly ground calcium hydride at rte{CD
Cl,) or molten potassium (@Ds), distilled under reduced pressure, and
stored under Nin J. Young ampules. NMR samples of air- and
moisture-sensitive compounds were prepared in the drybox in 5 mm
Wilmad tubes equipped with a Young’s Teflon valve.

1H and®3C NMR spectra were recorded on a Varian Unity Plus 500
or Mercry 300 spectrometer and referenced internally to residual protio-
solvent ¢H) or solvent {3C) resonances. Chemical shifts are reported
relative to tetramethylsilaned(= 0 ppm) ind (ppm) and coupling
constants in hert2H and*3C NMR shift assignments were supported
by DEPT-135 and DEPT-90, homo- and heteronuclear, one- and two-
dimensional experiments as appropriate. Infrared samples were recorded
as Nujol mulls using a Perkin-Elmer 1710 spectrophotometer. Mass
spectra were recorded on an AEI MS902, Micromass LC Tof ESI or
Micromass Autospec 500 mass spectrometer. Elemental analyses were
carried out by the analysis laboratory of this department.

Literature Preparations. KL* was prepared from HL®.32 L233[Ti-
(NBW)Clx(py)s],3* and [Ti(NSiMe;)Cl,]g*® were prepared according to
literature methods. All other starting materials were purchased com-
mercially.
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Notes

[TiI(NBut)(LY)CI] (1). To a solution of [Ti(NBUClx(py)s] (0.46 g,
1.07 mmol) in toluene (25 mL) at78 °C was added a solution of
KL?(0.50 g, 1.07 mmol) in toluene dropwise with stirring. An orange
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Data for 3. H NMR (CDCl;, 500.0 MHz, 298 K):6 9.30 (1 H, d,
J =6 Hz, 1-NGHJ), 7.98 (1 H, t,J = 8 Hz, 3-NGHJ), 7.73 (1 H, d,
J =8 Hz, 4-NGHy), 7.48 (1 H, t,J = 7 Hz, 2-NGH,), 5.14 (1 H, d,

solution, which contained a white precipitate, was formed, and the J = 15 Hz, ArCH Hy), 4.95 (1 H, dJ = 15.5 Hz, ArCHHy), 4.49 (1

mixture was allowed to warm slowly to rt. Stirring was continued for

H, m, NCH,CH;), 4.18 (1 H, m, N&I,CHy), 4.05 (1 H, m, NG

a further 2 h. The mixture was filtered, and the volatiles were removed CH,), 3.87 (1 H, m, N®,CH,), 3.60-3.52 (2 H, m, N&,CH,), 3.33
under reduced pressure. The resulting orange oil was dissolved in diethyl(2 H, m, NCH,CH,), 3.06 (1 H, m, NG&1,CH,), 2.68 (1 H, m, N&,-

ether (25 mL) and cooled t630 °C to givel as a yellow solid which
was dried in vacuoYield: 0.15 g, 24%.

Data for 1. *H NMR (CgDg, 500.0 MHz, 298 K): 6 7.64 (1 H, s,
CeH-BU»0), 7.08 (1 H, s, €H,BU,0), 5.24 (1 H, d,J = 14 Hz,
ArCH.Hy), 4.33 (1 H, m, GiMey), 3.72 (1 H, m, GiMey), 3.48 (1 H,

d, J = 14 Hz, ArCHHy), 3.44 (1 H, m, NG&:CH,), 2.78 (1 H, m,
NCH.CH,), 2.43 (1 H, m, N&1,CH;), 2.31 (3 H, m, N&{,CH,), 1.97—
1.85 (2 H, m, N®,CH,), 1.92 (9 H, s, CBY, 1.70 (3 H, dJ = 6.5
Hz, CHVe,), 1.60-0.82 (4 H, m, NG1,CH,), 1.42 (9 H, s, B}, 1.07
(3H,d,J=6.5Hz, CHMe,), 1.04 (O H, s, BY, 0.81 (3H,dJ=16.5
Hz, CHMey), 0.57 (3 H, dJ = 6.0 Hz, CHVley). 3C{H} NMR (CgDs,
125.7 MHz, 298 K): 6 161.8 (2€sH,Bu%0), 137.7 CBU' of CeH,-
Bu,0), 137.3 CBu' of CgH2BU;0), 123.6 (4- or 6CsH.BU0), 122.7

(6- or 4- CeH,Bu0), 121.5 (1€sH,BU0), 69.9 (AICH,), 69.0
(NCMes), 58.9 (NCH.CH,), 57.4 CHMe,), 55.6 (NCH,CH,), 54.4
(CHMey), 530 (NCH,CHy), 44.2 (NCH,CH,), 42.4 (NCH,CH,), 35.8
(CMe3), 34.3 CMe3), 32.2 ((Me;), 32.0 (Mes), 31.7 (Me3), 21.6
(CHMey), 20.7 (CHVley), 16.4 (CHVie,), 15.2 (CHVley). IR (CsBr
plates): 1600 (m), 1498 (w), 1413 (w), 1296 (m), 1231 (s), 1203 (m),
1132 (w), 1109 (w), 1058 (w), 965 (w), 940 (w), 896 (w), 874(s), 843
(s), 768 (w), 752 (w), 615 (w), 603 (w), 585 (w), 546 (s), 512(w), 465
(m) cnl. El-mass spectrumm/z = 584. ([M]*, 100), 569 ([M—
Me]*, 44). Anal. Found (calcd for £Hs/CIN,OTi): C, 63.5 (63.6);

H, 9.5 (9.8); N, 9.3 (9.6).

[Ti(NSiMe3)(LY)CI] (2). To a solution of [Ti(NSiMe)Cl,]s (0.177
g, 0.107 mmol) in toluene (25 mL) at78 °C was added a solution of
KL? (0.400 g, 0.858 mmol) in toluene (20 mL) dropwise with stirring.

CHy), 2.56 (1 H, m, N®1,CH,), 2.47 (1 H, m, N&,CH,), 1.59 (3 H,
d,J=6.5Hz, CHMey), 1.21 (3 H, dJ = 6.5 Hz, CHVe,), 0.79 (3 H,
d,J = 6.5 Hz, CHMe), 0.63 (3 H, dJ = 6 Hz, CHVe,), 0.63 (9 H,
s, BuU). ¥%C{H} NMR (CDCl;, 125.7 MHz, 298 K): 6 157.3
(5-GsHaN), 151.1(1—CsHaN), 140.0(3-CsHaN), 124.2 (4- or 2-GH4N),
123.6 (2- or 4-GH4N), 71.1 (NCMe3), 66.0 (AICH2N), 62.3 CHMe,),
59.3 (NCH2CH,), 55.5 (NCH,CH,), 55.3 (NCH.CH>), 54.8 CHMey),
53.2 (NCH.CHy), 43.3 (NCH2CHy), 41.4 (NCH.CH,), 29.8 ((Mey),
22.2 (CHViey), 21.2 (CHVIey), 15.4 (CHVIe,), 13.6 (CHMe,). IR (KBr
plates): 1608 (m), 1238 (m), 1210 (w), 1124 (w), 1062 (w), 957 (w),
940 (w), 837 (w), 689 (w), 664 (w), 601 (m), 568 (m), 548 (w), 472
(w), 453 (w) cnTt. ES-mass spectrummvz = 458 ([M]*, 100). Anal.
Found [calcd for GH41CIoN4Ti-0.8(CHCIL)]: C, 48.6 (48.7); H, 8.1
(7.6); N, 12.3 (12.5).

[TiI(NSiMe3)(L2)CIICI (4). To a slurry of [Ti(NSiMe)Cl,]s (0.750
g, 0.455 mmol) in toluene (40 mL) at78 °C was added a solution of
L2(1.10 g, 3.64 mmol) in toluene (20 mL) dropwise with stirring. The
initially formed, clear orange solution produced a yellow precipitate
on warming slowly to room temperature and stirring for 2 h. The sandy
yellow precipitate was isolated by filtration, washed with toluene (20
mL) and dried under reduced pressure. Yield: 1.15 g, 62%.

Data for 4. *H NMR (CDCl, 500.0 MHz, 298 K):6 9.26 (1 H, d,
J =7 Hz, 1-NGHj), 8.00 (1 H, t,J = 7 Hz, 3-NGH.), 7.73 (1 H, d,
J =7 Hz, 4NGHj), 7.50 (1 H, tJ = 7 Hz, 2-NGH,), 5.17 (1 H, d,
J=15.5 Hz, ArGH.Hy), 5.01 (1 H, dJ = 15.5 Hz, ArCHHy), 4.52 (1
H, m, NCH.CHy), 4.16 (1 H, m, NG{,CH,), 4.16 (1 H, m, GiMe,),
3.87 (1 H, m, NG1,CHy), 3.59 (1 H, m, NG&1,CHy), 3.52 (1 H, m,

A dark orange solution, which contained a white precipitate, was CHMe), 3.48 2 H, m, NCH,CHy), 3.08-2.39 (5 H, m, NGi.CH,),

formed, and the mixture was allowed to warm slowly to rt. Stirring

1.59 (3 H, d,J = 7 Hz, CHVle,), 1.20 (3 H, d,J = 7 Hz, CHVley),

was continued for further 2 h. The mixture was filtered and the volatiles 1.20-1.07 (1 H, m, NGi.CH), 0.78 (3 H, dJ =7 Hz, CHVe,), 0.60
were removed under reduced pressure. The resulting orange oil was(3 H, d,J =7 Hz, CHVley), 0.80-0.60 (1 H, m, NG&1,CH;,), —0.44 (9

dissolved in diethyl ether (25 mL) and cooled+&0 °C to give2 as
light orange crystals that were dried in vacuo. Yield: 0.21 g, 40%.

Data for 2. *H NMR (C¢Dg, 500.0 MHz, 298 K): 6 7.61 (1 H, s,
CeH2BUL0), 7.06 (1 H, d, @H-Bu0), 5.20 (1 H, d,J = 14 Hz,
ArCH.Hy), 4.43 (1 H, app. sept] = 6.5 Hz, tHMey), 3.66 (1 H, app
sept,J = 6.5 Hz, GHMey), 3.64 (1 H, m, N&i,.CH,), 3.49 (1 H, dJ
= 14 Hz, ArCHHy), 2.78 (1 H, m, N&1,CHy), 2.43-2.32 (4 H, m,
NCH,CH,), 1.92 (2 H, m, N®&,CH,), 1.89 (9 H, s, BY), 1.66 (3 H, d,

J = 6.5 Hz, CHVe;), 1.63-1.42 (3 H, m, NG1,CH,), 1.41 (9 H, s,
Bu), 1.39 (1 H, m, NG{,CH,), 1.04 (3 H, dJ = 6.5 Hz, CHVie),
0.92 (3 H, dJ = 6.5 Hz, CHVey), 0.55 (3 H, dJ = 6.5 Hz, CHVey),
—0.05 (9 H, s, SiMg). 13C{H} NMR (C¢D¢, 125.7 MHz, 298 K): 0
161.0 (2€6H,BU,0), 138.6 CBU! of CsH,BU,0), 137.0 CBuUt of CgH,-
Bu,0), 128.2 (4- or 62gH,BU,0), 128.1 (6- or 4SeH,BU,0), 127.9
(1-CsH,But,0), 70.0 (AICH:N), 58.9 CHMe,), 57.7 (NCH,CH;), 55.7
(NCH2CHy), 54.5 CHMe,), 53.2 (NCH.CH,), 53.1 (NCH;CH,), 44.5
(NCH2CHjy), 42.0 (NCH.CH;), 35.7 CMe3), 34.2 CMe3), 32.0 ((Me3),
31.4 (QVe;), 21.3 (CHVe), 20.4 (CHVe), 16.7 (CHVIe), 15.0
(CHMey), 2.16 (SiMe). IR (CsBr plates): 1238 (m), 1203 (w), 1132
(m), 1097 (s), 966 (w), 941 (w), 833 (s), 751 (m), 730 (m), 584 (w),
551 (w), 465 (w) cmt. El-mass spectrummvz = 600 ([M]*, 100).
Anal. Found (calcd for gHs7CIN,SIiTi): C, 60.1 (60.0); H, 9.4 (9.3);
N, 9.1 (9.3).

[Ti(NBut)(L?CIICI (3). To a solution of [Ti(NBYCl(py)s] (0.644
g, 1.51 mmol) in toluene (20 mL) was added a solution difiLtoluene
dropwise with stirring. Initially a clear orange solution was formed
which on stirring for a further 2 h. produced a yellow precipitate. The

volatiles were removed under reduced pressure, and the resulting sandy

yellow solid was dissolved in dichloromethane (25 mL) and filtered.

The solution was reduced in volume, layered with hexane and cooled (39)

to —30°C to give3 as a sandy yellow solid which was dried in vacuo
Yield: 0.49 g, 66%.

H, s, SiMe). 13C{*H} NMR (CDCls, 125.7 MHz, 298 K): 6 157.6
(5-CsH4N), 151.2 (1€5H4N), 140.3 (3€sH4N), 124.4 (4- or 2E5H4N),
123.7 (2- or 4€sH:N), 66.3 (AICH2N), 63.0 CHMe;), 59.5 (NCH.-
CHy), 55.9 (NCH,CH), 55.3 (NCH,CH), 55.1 CHMey), 53.8 (NCH-
CHy), 43.8 (NCH,CH;), 41.2 (NCH.CH,), 22.1 (CHVe,), 21.3 (CHVIe),
15.6 (CHVley), 13.7 (CHVey), 0.1 (SiMe). IR (KBr plates): 1607 (m),
1340 (m), 1242 (w), 956 (w), 939 (w), 838 (m), 799 (s), 739 (w), 635
(w), 595 (w), 458 (w) cm'. ES-mass spectrummvz = 474 ([M],
100). Anal. Found [calcd for £H41ClLNsSITi + 0.7(CHCL)]: C, 45.4
(45.7); H, 7.7 (7.5); N, 13.0 (12.3).

Crystal Structure Determination of [Ti(NSiMe 3)(LY)CI] (2) and
[Ti(NBut)(LACIICI (3). Crystal data collection and processing param-
eters are given in Table 1. Crystals were immersed in a film of
perfluoropolyether oil on a glass fiber and transferred to an Enraf-
Nonius DIP2000 image plate diffractometer equipped with an Oxford
Cryosystems low-temperature devi€éeData were collected at 150 K
using Mo Ko radiation; equivalent reflections were merged and the
images were processed with the DENZO and SCALEPACK progfams.
Corrections for Lorentz-polarization effects and absorption were
performed and the structures were solved by direct methods using
SIR923%8 Subsequent difference Fourier syntheses revealed the positions
of all other non-hydrogen atoms, and hydrogen atoms were placed
geometrically. Crystallographic calculations were performed using
SIR92 and CRYSTALS-P&.

(36) Cosier, J.; Glazer, A. Ml. Appl. Crystallogr.1986 19, 105.

(37) Gewirth, D.The HKL Manual written with the cooperation of the
program authors, Z. Otwinowski and W. Minor, Yale University, 1995.
(38) Altomare, A.; Cascarano, G.; Giacovazzo, G.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, M.J. Appl. Crystallogr.1994 27, 435.
Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W.
CRYSTALS Issue 1CGhemical Crystallography Laboratory: Univer-
sity of Oxford, 1996.
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Table 1. X-ray Data Collection and Processing Parameters for
[Ti(NSiMe3)(LY)CI]-OEt, (2:OEty) and [Ti(NBuU)(L?)CIICI-CH.Cl,
(3-CHCly)

2-OEt, 3-CH.Cl,
emp formula G4H57C|N40gSiTi C25H47C|3N5Ti
fw 675.37 749.21
T/°C —123(1) —-123(1)
wavelength/A 0.71069 0.71069
space group P2,/c P2:/n
alA 11.000(4) 17.034(7)
b/A 14.735(3) 11.534(5)
c/A 24.752(9) 19.534(4)
pl° 103.128(6) 108.49(6)
VIA3 3907.1(5) 36.39.7(5)
A 4 4
d (calcd)/Mg.nT3 1.15 1.37
abs coeff/mm? 0.35 0.85
Rindices [ > 3o(l)]2P R, = 0.0603, R, = 0.0523,

R, = 0.0580 Ry = 0.0539

ARy = Y||Fol — IFell/S|Fol. Ry = V{IW (Fo — F)Z¥ (W(Fo)%.

Results and Discussion

Molecular titanium nitrido chemistry is dominated by the
formation of u-N bridged specie¥2% and so to reduce the

Notes

[Ti(NR)(Me3[9]laneN;)Cl2].49%% A number of other titanium
triazacyclononane complexes have also been described, some
of which feature rings with three pendant arph8253We also
very recently reported the mono-pendant arm comple&[Ti
(NCH,CH,CH,)-4,7-Pi;[9]aneNs} Cly] in which the imido moi-

ety forms part of the pendant afhOctameric [Ti(NSiMg)Cl,]s

was first prepared by reaction of Tigkith N(SiMes)s in sealed
glass tubed? A more convenient preparation of [Ti(NSiMe
Clyls from TiCl; and HN(SiMe), in CH.Cl, was recently
reported by Schnick and co-workéfsIn addition to the
reactions of K and L2 with [Ti(NSiMe3)Cl,]s, we also report
here, for the purposes of comparison, the corresponding
reactions with [Ti(NBYClx(py)s].

The syntheses and proposed structures of the new compounds
are summarized in Scheme 1. We will first consider the reactions
of [Ti(NBuY)Clx(py)s] and [Ti(NSiMes)Cl,]s with KL 1. Reaction
of KL with either imido complex in toluene at78 °C affords
the macrocycle-supported complexes [Ti(NBL)CI] (1) and
[Ti(NSiMe3)(LY)CI] (2) in 24—40% yield after crystallization
from EtO. It is probably the high solubility of these products
that accounts for the relatively poor isolated yields since the
corresponding NMR tube scale reactions igbDgare quantita-
tive. The moderately air- and moisture-sensitive, yellow-orange

likelihood of forming such compounds we used the pendant compounds and2 are highly soluble in hydrocarbon solvents.
arm 1,4,7-triazacyclononane ligands shown below. The synthe- Diffraction-quality crystals of [Ti(NSiMg)(L)CI]-Et,O (2-Et,0)

ses of H! and L? have been reported by Tolman and
co-workers??33 and the conversion of the phenol Hto its
potassium salt KLis straightforwardly achieved with potassium
hydride3! Ligand L typically acts as a tetradentate, monoan-
ionic donor, and Eis potentially a tetradentate, neutral donor.
In general, £ and its homologues have been used mainly with
the later transition metaf&;*-4>and the coordination chemistry
of L2 has been limitted to coppé¥*6 Such pendant armtriaza-
cyclononane ligands in general form kinetically and thermo-

dynamically stable complexes through the benefits of the so-

called chelate- and macrocyclic-effeéts'8

Pri\ Pri\
N/\ oM N/\
Buf
v
N- N\/
Pri/ Bu' pri’

M =H (HLY or K (KL') L?

We have recently reported that 1,4,7-trimethyl-1,4,7-triaza-
cyclononane (Mg9]aneN;) reacts smoothly with [Ti(NR)GH
(py)s] (R = But or aryl)®** to form titanium imido derivatives

(40) Sokolowski, A.; Mlier, J.; Weyherniller, T.; Schnepf, R.; Hilde-
brandt, P.; Hildenbrand, K.; Bothe, E.; Wieghardt, K.Am. Chem.
Soc.1997 119, 8889.

(41) Schneider, J. L.; Halfen, J. A.; Young, V. G.; Tolman, W.New J.
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of this ligand?”-2The T=Nimigo distance of 1.718(2) A is within
the range expected for a triple boqmséudos?7*) and the T+=
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Table 2. Selected Bond Lengths (A) and Angles (Deg) for
[Ti(NSiMes)(LY)CI] (2)

Ti(1)—CI(1) 2.3872(7) Ti(1-N(1) 2.246(2)
Ti(1)—N(6) 2.376(2) Ti(1FN(21) 1.718(2)
Ti(1)—0(18) 1.9067(17) Ti(N(3) 2.552(2)
N(21)-Si(1) 1.714(2)

C(1)-Ti(1)-N(1)  157.73(6) CI(1)Ti(1)-N(6)  103.39(6)
N(1)—Ti(1)—N(6) 77.07(7) CI(1)¥Ti(1)-N(21) 104.90(8)
N(1)-Ti(1)-N(21)  97.4(1) N(B}Ti(1)-N(21)  88.68(9)
Cl(1)-Ti(1)-O(18)  93.84(6) N(1}Ti(1)-O(18)  81.59(7)
N(6)-Ti(1)—-O(18) 157.64(8) N(2BTi(1)—O(18) 100.70(9)
C(1)-Ti(1)-N@3)  84.86(5) N(21¥Ti(1)-N(3) 162.22(9)
N@3)-Ti(1)-0(18)  93.31(7) N(3YTi(1)—N(1) 73.73(7)
N(3)—Ti(1)—N(6) 74.45(7) Ti(1FN(21)-Si(1) 168.9(1)
Ti(1)-O(18)-C(17) 129.6(2)

Cli64)

The solution'H and*3C NMR data for [Ti(NBU)(LY)CI] (1)

; : 1 f ; cie2)
and [Ti(NSiMe)(L)CI] (2) are fully consistent with the Figure 1. Displacement ellipsoid plot (40% probability) of [Ti-

structure of2 found in the solid state. The sets of spectra for (\sjme,)(L1)CI] (2). Hydrogen atoms and B molecule of crystal-
the two compounds only differ substantially in the signals |ization are omitted.

attributed to the imiddert-butyl group inl and the trimethylsilyl with 4-NSiMe; group&”28 and terminal NSiBl and NSi(G-

iggr?u\f) |r;2a -i[;]hti é'a_? ?\IelacF;ee of atr: y tr)n o:‘e(;ulfrriyrlnn;etrry deleglwetnts Ph)Me groups have recently been structurally characterdzéd.
s deteae t sept tspfec tﬁ 3{ or exal .p?’ ZEJ ou Ie S No imido complexes at all of Lor its homologues have been
and two apparent septets for the two inequivalensdpropy reported previously.

groups, and by a pair of mutually coupled doublets for the In NMR tube scale experiments (not illustrated in Scheme

) . ) . 1
diastereotopic benzylic CHlinker of the L' ligand. Both 1) we examined the reactions of [Ti(NSIMEI,]s with 4-sub-

(écl)mpounds sthO\'/vtrt]he exp;ectedz mﬂ oleculflrrl]on enveLopes n :he'rstituted pyridines and also with M@]aneN;. With the pyridines
mass spectra, the spectru O€s not show any ragments e e \as evidence of formation of NiCI but on scale-up

corresponding to loss of M8ICl. The compound$ and?2 are no single product could be isolated. With MRJaneN; alone

the firs]:t r epcr)]rted anmpleﬁ_r(])f an);]Grokl)Jp 4 complex &fok ¢ no reaction occurred even on heating, in contrast to the reaction
any of its homologues. ere has been one report of a ¢ [TiI(NBUY)Cly(py)s] with this macrocycle to form [Ti(NBY-

structurally related vanadium oxo derivative of the N- and aryl \1a r91aneN)CI,1.3 Reaction of [Ti(NSiMe)Cl ith ov-
ring-unsubstituted ligand 1-(2-oxybenzyl)-4,7-triazacyclonoriane. (Mes[S]aneny)Cl. ! [Ti(NSiMe)Clzls with py

Compound?2 is the first structurally authenticated terminal (56) Putzer, M. A.; Neumuller, B.; Dehnicke, K. Anorg. Allg. Chem.
trimethylsilyl imido derivative of titanium, although compounds 1998 624, 57.
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Table 3. Selected Bond Lengths (A) and Angles (Deg) for
[Ti(NBuY)(LACIICI (3)

Ti(1)—CI(1) 2.3669(12) Ti(LFN(L) 2.234(3)
Ti(1)—N(4) 2.266(3) Ti(Ly-N(7) 2.505(3)
Ti(1)—N(17) 2.195(3) Ti(1)>N(18) 1.699(3)

CI(1)-Ti(1)-N(1)  153.82(9) CI(1}Ti(1)-N(@4) 113.90(9)

N(1)-Ti(1)-N@4)  78.59(11) CI(1)}Ti(1)-N(7)  85.97(9)

N()-Ti(1)-N(7)  73.97(12) N@Ti(1)-N(7)  77.73(11)

CI(1)-Ti(1)-N(17) 94.63(9) N(1)Ti(1)-N(17)  73.24(12)

N@4)-Ti(1)-N(17) 151.03(12) N(ATi(1)-N(17) 100.43(11)

CI(1)-Ti(1)-N(18)  98.81(11) N(L)Ti(1)~N(18) 103.50(14)

N(4)-Ti(1)-N(18)  93.15(13) N(7}Ti(1)-N(18) 170.83(13)

N(17)-Ti(1)~N(18) 87.05(13) Ti(1}N(18)-C(19) 168.7(3)

Ci72)

c22)

Figure 2. Displacement ellipsoid plot (35% probability) of [Ti(NBu
(LA)CIICI (3). Hydrogen atoms, chloride counteranion, and,CH
molecule of crystallization are omitted.

ridines in the presence of M®JaneN; led to ill-defined
products. It was hoped, however, that use of thiigand (which
combines chelating pyridyl and triazacyclononane functional
groups) would allow for isolation of a single product.
Scheme 1 shows the reactions of [Ti(NBZlx(py)s]and [Ti-
(NSiMe3)Cly]g with the neutral donor & These afford the ionic
macrocycle-supported complexes [Ti(NRu?)CI|CI (3) and
[Ti(NSiMe3)(LACIICI (4) in 62—66% crystallized yield. The
sandy-yellow colored products are soluble only in polar, aprotic
solvents. As forl and2, NMR tube scale reactions (in GD
Cly) showed that the reactions were quantitative and clean.
Diffraction-quality crystals of{[Ti(NBu?)(L?CI|CI}-CH,Cl,
(3-:CH.Cl,) were grown at—30 °C from a CHCI, solution

Notes

(Meg[9]aneNs)Cly]. The greatest shortening is found for the-Ti

Cl values, consistent with the formal positive charge on titanium
in 3 and the greater anticipated ionic contribution to the Ci
bonds compared to the FNamine OF Ti=Nimige in cOMplexes

of this type.

The solution NMR data for [Ti(NBY)(L?)CI|CI (3) and [Ti-
(NSiMes)(LACIICI (4) are consistent with the solid-state
structure of3. The spectra show many of the features described
above for the L analogued and?2. Evidence for coordination
of the pyridyl group of I in solution comes from th&H shift
of 6 ca. 9.3 for the NgH, moiety ortho H atom; this shift is
ca. 0.8 ppm downfield of that found in fre€?lin the same
solvent. The positive ion electrospray mass spectra afid4
in MeCN solution both show the expected parent ion envelopes
for [Ti(NR)(L9CI]* (R = Bu! or SiMe;) cations. The com-
pounds3 and4 are the first early transition metal complexes of
the L2 ligand, and3 is the first structurally characterized cationic
Group 4 imido complex. No imido complexes of have been
reported previously. The formation of [Ti(NRKICI]" (R =
But or SiMe) cations, rather than analogues of neutral [Ti(NR)-
(Mes3[9]aneNs)Cl,] with «3-coordinated B ligands, is attributed
to the chelate effect since the chloride ligands in [Ti(NR)¢Me
[9]aneNs)Cly] are not displaced by pyridin:°The L2 ligand
could, in principle, adopt @3-coordination as found recently
for a Cu derivative!1:46

The original purpose of this work was to explore possible
MesSiCl-elimination routes to triazacyclononane-supported
titanium nitrido complexes. The potential precursors [Ti-
(NSiMes)(LYCI] (2) and [Ti(NSiMe&)(LA)CIICI (4) clearly do
not eliminate MgSiCl under ambient conditions and a wide
number of attempts have been made to promote this process.
These include attempted sublimation of the compounds (yielding
ill-defined titanium products and free ligand-% and heating
samples in the presence of pyridine (no reaction). Ammonolysis
of nitrogen precursors has been widely used as an entry point
to titanium nitrides, but none of complexes studied here undergo
reaction with NH. Given the high affinity of silicon for fluorine,

a number of reactions @&and4 with fluoride sources (including
CsF, MaNF, EgN-3HF, tris(dimethylamino)sulfur (trimethyl-
silyl)difluoride were attempted). Although in some instances
there was NMR evidence for elimination of M&F, we were
unable to isolate any single titanium complex.

Concluding Remarks

layered with hexanes. Data collection and processing parameters ) )
are given in Table 1, selected bond lengths and angles are listed We have described the first examples of complexes of the

in Table 3, and a displacement ellipsoid plot3fs given in
Figure 2.

The structure of8 comprises well-separated [Ti(NB(L?)-
CI]* cations and CI anions, with no close contacts between
them. The titanium is approximately octahedrally coordinated
by ax*-L?ligand, atert-butyl imido group and a chloride ligand.
The distances and angles within théllgand are comparable
to the previous examples. The=FNimige bond length of 1.699-
(3) A and TiE=Nimige-But angle of 168.7(3) are within the
expected ranges and consistent with a titanium-nitrogen triple
bond. The Ti(1}N(7) distance of 2.505(3) A still implies a
substantial trans influence of NBwWut the TiNmacrocycle
distances for the nitrogens trans to Cl and pyridyl nitrogen are
very similar to each other. The titanium-ligand bond lengths in
3 mostly show a general decrease with respect to the comparabl
values for2 above or the nonpendant arm relative [Ti(NBu

e

ligand L* (or its homologues) or4for Group 4, or of any imido
complex at all. Neither of the trimethylsilyl imido complex2s
or 4 are entry points to isolable titanium nitrido products.
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