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The synthesis and characterization of amido silyl complexes of tantalum(V) free of z-anionic
ligands are reported. The amido silyl chloride complexes (Me;N);Ta(SiR3)Cl [SiR; = Si(SiMe3);
(1a), SiPh,But (2)] were prepared from (Me;N);TaCl, and the corresponding silyllithium
reagents Li(THF)3Si(SiMe3); and Li(THF);SiPh,But. The amido silyl complexes (Me;N),Ta-
(SiR3) [SiR3 = Si(SiMe3)s (3), SiPh,But (4)] were synthesized by the reactions of (Me;N),-
TaCl with Li(THF);SiR3. Complex 3 was found to react with 1 equiv of O, to give an oxidation
product (Me;N)s;Ta(n?>-ONMe,)[0Si(SiMe3)s] (5), and the structure of 5 was confirmed by
X-ray crystallography. The spectroscopic data and crystal structure determination reveal
that the coordination geometry around Ta metal in 1a and 2—4 is trigonal bipyramid with

silyl ligands in an equatorial position.

Early-transition-metal amido complexes have at-
tracted much attention in recent years in part because
of their important applications as precursors in chemical
vapor deposition of microelectronic metal nitride (MNy)
and M—Si—N ternary films as diffusion barriers in Si-
based microelectronic devices.>2 In particular, M—Si—N
ternary films, which are often amorphous, have shown
better diffusion barrier properties than, e.g., TiN films
that are usually polycrystalline and thus have grain
boundaries for diffusion.1©d2 Although numerous well-
characterized Ta amido complexes® and several Ta silyl
complexes* have been reported, few Ta(V) amido silyl
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complexes are known.4'5 Cp-free early-transition-metal
amido silyl complexes are of interest in part as they are
potential precursors to Ta—Si—N ternary materials. We
report herein preparation and structural characteriza-
tion of a series of Ta(V) amido silyl complexes (Me;N)3-
Ta(SiR3)Cl [SiR3z = Si(SiMe3)s (1),5 SiPh,But (2)] and
(MezN)4Ta(SiR3) [SiRs = Si(SiMes)s (3), SiPh,But (4)],
as well as an oxidation product (Me,;N)sTa(72-ONMey)-
[OSi(SiMe3)s] (5).

Experimental Section

General Procedures. All manipulations were performed
under a dry nitrogen atmosphere with the use of either
standard Schlenk techniques or a glovebox. Solvents were
purified by distillation over potassium/benzophenone ketyl.
Benzene-ds and toluene-ds were dried over activated molecular
sieves and stored under nitrogen. TaCls (Strem) was sublimed
prior to use. LiNMe; (Aldrich) was used as received. (MezN)s-
TaCl,,” (Me;N),TaCl,® and Li(THF);SiBu'Ph,% were prepared
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according to literature procedures. Li(THF)3Si(SiMes); was
prepared from Si(SiMe3)s and MeLi/LiBr and crystallized
before use.®® 'H and 3C NMR spectra were recorded on a
Bruker AC-250 or AMX 400 Fourier transform spectrometer
and referenced to the solvents (residue protons in the *H NMR
spectra). 2°Si NMR data were obtained on an AMX 400 Fourier
transform spectrometer and referenced to SiMe,. *H EXSY
(Exchange Spectroscopy) spectroscopy was conducted on a
Varian INOVA 600 high-resolution NMR spectrometer. El-
emental analyses were performed by E+R Microanalytical
Laboratory (Parsippany, New Jersey).

Preparation of (Me;N);Ta[Si(SiMes)s]CI (1a). To a yel-
low slurry of (Me;N)s;TaCl, (0.50 g, 1.30 mmol) in hexanes (20
mL) was added dropwise 1 equiv of Li(THF);Si(SiMe3); (0.65
g, 1.40 mmol) in hexanes (20 mL) with stirring. The solution
was stirred at room temperature for 3 h. The removal of
volatiles afforded a yellow solid, which was identified to be
la. NMR of 1a: *H NMR (benzene-ds, 250.1 MHz, 23 °C) ¢
3.10 (s, 12H, NMey), 0.50 (s, 27H, SiMejg); (toluene-ds, 400.2
MHz, 23 °C) ¢ 3.14 (s, 12H, NMey), 0.47 (s, 27H, SiMe3); 'H
NMR (THF-dg, 400.2 MHz, 23 °C)  3.48 (s, 12H, NMe;), 0.29
(s, 27H, SiMe3). *C{*H} NMR (benzene-ds, 62.9 MHz, 23 °C)
0 43.45 (NMey), 5.77 (SiMeg). 2°Si{*H} NMR (DEPT, toluene-
ds, 79.5 MHz, —40 °C) 6 4.24 (SiSiMes), —51.34 (SiSiMej).
Extraction of the solid with pentane, followed by filtration and
crystallization at —20 °C yielded yellow crystals (0.38 g).
During the crystallization process, 1a was found to react with
LiBr, which was present in Li(THF)3Si(SiMe3)s, to give (MezN)s-
Ta[Si(SiMe3)3]Br (1b), a bromide analogue of 1a, as a crystal-
line mixture with 1a. NMR of 1b: *H NMR (benzene-ds, 250.1
MHz, 23 °C) ¢ 3.07 (s, 12H, NMey), 0.49—0.50 (s, 27H, SiMej3);
IH NMR (toluene-ds, 400.2 MHz, 23 °C) 4 3.10 (s, 12H, NMey),
0.46—0.47 (s, 27H, SiMes); *H NMR (THF-dg, 400.2 MHz, 23
°C) 3.46 (s, 12H, NMe;,) and 0.30 (s, 27H, SiMes). 1*C{*H} NMR
(benzene-ds, 62.9 MHz, 23 °C) 6 43.45 (NMey), 5.86 (SiMes).
29Si{1H} NMR (DEPT, toluene-ds, 79.5 MHz, —40 °C) ¢ 4.39
(SiSiMes), —51.34 (SiSiMes). The NMR of the yellow crystals
(0.38 g) revealed that they were a 3:2 molar mixture of 1a and
1b (formula C15H4sBro4ClosNsSisTa; fw 610.99; 0.62 mmol, 48%
yield). Anal. Calcd for C1sH4sCIN3SisTa (1a): C, 30.21; H, 7.61.
For a 3:2 molar mixture of 1a and 1b: C, 29.33; H, 7.39. Found
for a 3:2 mixture of 1la and 1b: C, 30.05; H, 7.39.

Addition of LiBr and THF to a toluene-dg solution of 1a and
1b was found to increase the intensity of the peaks of 1b in
the *H NMR spectra of the solution, and reduce those of 1a,
thus confirming the identification of this bromide analogue of
la.

Preparation of (Me;N);Ta(SiPh,BubY)Cl (2). A slurry of
(Me;N)sTaCl, (1.00 g, 2.60 mmol) in toluene (20 mL) was
treated with 1 equiv of Li(THF)3;SiPh,But (1.21 g, 2.62 mmol)
in toluene (20 mL) at —20 °C. After the mixture was stirred
for 4 h at room temperature, the volatiles were removed in
vacuo. The yellow solid was extracted with pentane, and the
solution was filtered, concentrated, and cooled to —20 °C to
afford 0.46 g (0.78 mmol, 30% yield) of yellow crystals of 2. 1H
NMR (benzene-ds, 250.1 MHz, 23 °C) 6 7.97—7.14 (m, 10H,
CeHs), 2.87 (s, 18H, NMe), 1.50 (s, 9H, CMe;). *C NMR
(benzene-ds, 62.9 MHz, 23 °C) ¢ 144.9, 137.6, 127.8, 127.7
(CeHs), 42.8 (NMey), 30.5 (CMes), 25.2 (CMe3). °Si{*H} NMR
(DEPT, benzene-ds, 79.5 MHz, 23 °C) 6 64.6 (SiPh,But). Anal.
Calcd for C»2H3;CINsSiTa: C, 44.94; H, 6.34. Found: C, 44.85;
H, 6.35.

Preparation of (Me;N),TaSi(SiMes)s (3). A yellow solu-
tion of (MezN),TaCl (1.00 g, 2.55 mmol) in hexanes (20 mL)
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was treated with 1 equiv of Li(THF)3Si(SiMes)s (1.27 g, 2.70
mmol) in hexanes (20 mL) at room temperature. The reaction
mixture was stirred for 3 h, and the NMR spectrum shows
that the formation of 3 is almost quantitative. The solvent was
then removed in vacuo, and the yellow residue was extracted
with pentane. The solution was filtered, concentrated, and
cooled to —20 °C to afford red-orange crystals of 3 (0.45 g, 0.75
mmol, 30% yield). Repeated attempts to obtain pure 3 were
unsuccessful, and the structural assignment for 3 was thus
made based on the analysis of its spectroscopic data and its
reaction with O; to form 5, which is discussed below. *H NMR
(benzene-dg, 250.1 MHz, 23 °C) ¢ 3.13 (s, 24H, NMey), 0.45 (s,
27H, SiMe3). 3C NMR (benzene-ds, 62.9 MHz, 23 °C) § 45.4
(NMe,), 6.4 (SiMe3). 2°Si{*H} NMR (DEPT, benzene-ds, 79.5
MHz, 23 °C) 6 —4.0 (SiSiMe3), —98.4 (SiSiMes).

Preparation of (Me:N),TaSiPh,But (4). A solution of
Li(THF)3SiPh,But (1.27 g, 2.75 mmol) in Et,O (20 mL) was
added dropwise with stirring to a solution of (Me;N),TaCl (1.08
g, 2.75 mmol) in Et,O (20 mL) at —20 °C. After the mixture
was stirred at room temperature for 2 h, the volatiles were
removed in vacuo. The yellow-orange residue was extracted
with hexanes, and the solution was filtered, concentrated, and
cooled to —20 °C to yield 0.51 g (0.85 mmol, 31% yield) of
yellow-orange crystals of 4. *H NMR (benzene-dg, 250.1 MHz,
23 °C) 6 7.82—7.15 (m, 10H, CgHs), 3.11 (s, 24H, NMey), 1.43
(s, 9H, CMe3). 13C NMR (benzene-dg, 62.9 MHz, 23 °C) 6 147.8,
137.2, 127.3, 127.1 (CeHs), 46.1 (NMey), 31.9 (CMeg), 25.3
(CMe3). 2°Si{*H} NMR (DEPT, benzene-ds, 79.5 MHz, 23 °C)
0 —189.0 (SiPh;BuY). Anal. Calcd for C,4H43N4SiTa: C, 48.31;
H, 7.26. Found: C, 48.41; H, 7.24.

Preparation of (Me;N)sTa(p>ONMe)[OSi(SiMes)s] (5).
To a benzene solution of 3 (1.50 g, 2.48 mmol) was introduced
1 equiv of dry O,. The red-orange solution of 3 gradually turned
yellow-orange at room temperature. After the solution was
stirred overnight at room temperature, NMR spectra showed
that ca. 80% of 3 had been converted to 5. Removal of the
volatiles in vacuo, followed by extraction with pentane and
crystallization at —20 °C afforded yellow crystals of 5 (0.45 g,
0.71 mmol, 28% vyield). *H NMR (benzene-ds, 250.1 MHz, 23
°C) 0 3.30 (s, 18H, Ta—NMey), 2.49 (s, 6H, ONMe,), 0.33 (s,
27H, SiMe3). 13C NMR (benzene-dg, 62.9 MHz, 23 °C) 6 49.6
(ONMey), 47.1 (Ta—NMey), 1.0 (SiMes). 2°Si{*H} NMR (DEPT,
benzene-ds, 79.5 MHz, 23 °C) 6 —13.7 (SiSiMe;), —16.8
(SiSiMegz). Anal. Calcd for C;7Hs1N4O2SisTa: C, 32.06; H, 8.07.
Found: C, 31.87; H, 7.88.

X-ray Crystal Structure Determination of 1a/lb, 2, 4,
and 5. Crystal data and a summary of intensity data collection
parameters for 1a/lb, 2, 4, and 5 are given in Table 1.

Two crystal structures of 1a/lb were determined. 1la and
1b were found to co-crystallize in crystals, and repeated
attempts to obtain the structure of 1a or 1b were unsuccessful.

The first structure of 1la/1b was determined on a Siemens
R3m/V diffractometer equipped with a graphite-monochro-
mated Mo source (Ka radiation, 0.71073 A) and fitted with a
Nicolet LT-2 low-temperature device. Suitable crystals were
coated with Paratone oil (Exxon) and mounted under a stream
of N2 at —100 °C. The unit cell parameters [a = 15.425(5) A,
b =9.814(4) A, ¢ = 18.337(7) A, a = 90°, B = 91.96(3)°, y =
90°] and orientation matrix were determined from a least-
squares fit of the orientation of at least 35 reflections obtained
from a rotation photo and an automatic peak search routine.
The structures were solved by direct methods. Non-hydrogen
atoms were anisotropically refined except for the disordered
Cl (Br) atom. The largest electron density in the final differ-
ence map of 1la is ca. 0.5 A away from the CI atom. All
hydrogen atoms were placed in calculated positions and
introduced into the refinement as fixed contributors with an
isotropic U value of 0.08 A2, All calculations were performed
with use of the Siemens SHELXTL 93 (version 5.0) software
package. An ORTEP view of the structure and the report of
the crystal structure are given in the Supporting Information.
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Table 1. Crystallographic Data for 1a/lb, 2, 4, and 5

la/lb 2 4 5
formula C15H45Bro_231C|0_719N38i4Ta 022H37CIN3SiTa C24H43CIN4SiTa C17H51N4028i4Ta
fw 608.79 588.04 596.66 636.93
color yellow yellow yellow yellow
cryst size (mm3) 0.40 x 0.30 x 0.30 0.40 x 0.20 x 0.15 0.40 x 0.20 x 0.10 0.60 x 0.60 x 0.20
T, °C —100(2) —100(2) —100(2) —100(2)

2 (Mo Ka) (A) 0.71073 0.71073 0.71073 0.71073
cryst syst monoclinic monoclinic monoclinic monoclinic
space group P21/n P2i/c P21/c P2i/c

a(h) 15.4555(19) 14.683(4) 8.929(3) 9.800(5)

b (A) 9.8213(12) 9.858( 3) 18.634(5) 14.866(7)
c(A) 18.299(2) 17.382(5) 16.412(4) 21.352(12)
o (deg) 90 90 90 90

f (deg) 91.889(2) 97.10(4) 94.86(2) 93.46(4)

y (deg) 90 90 90 90

V (A3) 2776.2(6) 2496.7(12) 2720.9(13) 3105(3)

z 4 4 4 4

Dcalcd (9/cm3) 1.618 1.564 1.457 1.362
u(Mo Ka), cm™t 56.74 45.70 41.00 37.11
F(000) 1348 1176 1208 1304

scan type w—260 w—20 w—20 w—20

0 range, deg 1.70—28.29 2.36—22.55 2.19-22.55 1.67—22.54
no. of data [l > 2F(1)] 6653 3287 3583 4088

abs corr semiempirical semiempirical semiempirical semiempirical
no. of variables 212 253 271 253

R1 (wR2)? 0.0277 (0.0716) 0.0577 (0.1331) 0.0499 (0.0996) 0.0462 (0.1188)
goodness of fit 1.047 1.064 1.089 1.357

AR1 = 3 |(IFol = IFel)I/3|Fol, WR2 =(T[W(Fo® — F)?V3[(WFo?)])* .

The second crystal structure of 1a/1b was determined on a
Bruker AXS Smart 1000 X-ray diffractometer equipped with
a CCD area detector and a graphite-monochromated Mo source
(Ko radiation, 0.71073 A) and fitted with an upgraded Nicolet
LT-2 low-temperature device. A suitable crystal of 1a/1b was
selected from their mixture in Paratone oil and mounted under
a stream of N at —100 °C. The *H NMR spectra of the crystals
showed them to be a mixture of 1a and 1b in 0.719:0.281 molar
ratio. The initial parameters, which were generated from 393
spots from all three matrix runs (20 frames each), were a =
2434 A, b=9.82A ¢=3535A, a=90.04°, 3 =100.14° and
y = 90.00°. No reasonable structure was obtained from the
SHELXTL program by using this set of unit cell parameters.
Preliminary unit cell and orientation matrix parameters were
then obtained from a 5% sampling of the entire sphere of data.
The final unit cell was developed by the program Saint (AXS-
Bruker) from an analysis of the entire data set to give a =
15.4555(19) A, b = 9.8213(12) A, ¢ = 18.299(2) A, 0. = 90°, 3 =
91.889(2)°, and y = 90°.1% This set of parameters led to the
solution of the structure of la/lb. These observations may
suggest a modulated crystal structure. The structure was
solved by direct methods. Non-hydrogen atoms were anisotro-
pically refined. Partial occupancies for CI (0.719) and Br (0.281)
were used in the refinement. All hydrogen atoms were placed
in calculated positions and introduced into the refinement as
fixed contributors with an isotropic U value of 0.08 A2. The
calculations for the structures of 1a/1b were performed with
the SHELXTL (Version 5.1) software package. A search by the
PLATON program finds no void spaces in this structure.
Since this second crystal structure of 1a/1b gave smaller esd
(estimated standard deviations) than the first one, it is
reported in Tables 1 and 2 and Figure 1.

The crystal structures of 2, 4, and 5 were determined on a
Siemens R3m/V diffractometer equipped with a graphite-
monochromated Mo source (Ko radiation, 0.71073 A) and fitted
with a Nicolet LT-2 low-temperature device. Suitable crystals
of 2, 4, and 5 were coated with Paratone oil (Exxon) and
mounted under a stream of N, at —100 °C. The unit cell
parameters and orientation matrix of crystals of 2, 4, and 5

(10) See Supporting Information for details.
(11) Spek, A. L. PLATON: A Multi-Purpose Crystallographic Tool;
Universiteit Utrecht: Utrecht, The Netherlands, 2002.

Figure 1. ORTEP of 1a/1b (second crystal), showing 30%
probability thermal ellipsoids. Both disordered Cl and Br
atoms with partial occupancies are shown.

were determined from a least-squares fit of the orientation of
at least 35 reflections obtained from a rotation photo and an
automatic peak search routine. The structures were solved by
direct methods. Non-hydrogen atoms were anisotropically
refined. All hydrogen atoms were placed in calculated positions
and introduced into the refinement as fixed contributors with
an isotropic U value of 0.08 A2. The calculations for crystal
structures of 2, 4, and 5 were performed with use of the
Siemens SHELXTL 93 (Version 5.0) software package.

Results and Discussion

Synthesis and Spectroscopic Properties of 1la—
5. Monosilyl complexes (MezN);Ta(SiR3)Cl [SiR3 = Si-
(SiMe3); (1a), SiPh,But (2)] were prepared by the
reactions of (Me,;N)sTaCl,” with Li(THF)3Si(SiMe3); and
Li(THF)3SiPh,BUt, respectively (Scheme 1). Reactions
of (MezN),TaCl with 1 equiv of Li(THF)3Si(SiMes); and
Li(THF)3SiPh,But yielded tetraamido silyl complexes
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Scheme 1. Preparation of Ta Monosilyl
Complexes la—42

Cl
+ Li(THF)sSIR MeaNy, |
(Me,N)sTaCl, —— 2272 o Ta—SiR; ()
MEQN
Me,

SiR; = Si(SiMe,); 1a
SiPh,Bu' 2

NMe,
MeN,, |
/Ta—SiR3 ()]
MegN |
NMe,
SiR; = Si(SiMeg); 3
SiPh,Bu' 4

+ Li(THF)3SiR,

(Me,N),TaCl

+ LiNMe,
1a —— 3 + Ta(NMey)s + Ta(NMe,)s[Si(SiMeg)sl, (i)

a Attempts to prepare 3 from the reaction of (MeN;);Ta(Cl)-
[Si(SiMe3)s] (1a) with LiNMe; only gave a mixture (I11).

(MezN)4Ta(SiR3) [SiRs = Si(SiMes)s (3), SiPh,But (4)]
(Scheme 1). (MezN),TaCl was prepared either by the
metathesis reaction between (Me;N)sTa and (MezN)s-
TaCl, according to a literature procedure® or directly
from the reaction of TaCls with LiNMe; (4:1 molar ratio)
in reflux toluene. Attempts to prepare 3 by the reaction
of 1 with 1 equiv of LiNMe, only resulted in the
formation of a mixture of Ta(NMey)s, 3, and (MezN)s-
Ta[Si(SiMe3)3]2° (Scheme 1). When exposed to H,0, 3
and 4 were found to decompose rapidly into HNMe;,
HSiR3, and metal oxides.

(Mez2N)3Ta[Si(SiMes)s]Cl (1a) was found to be con-
verted to (Me;N)sTa[Si(SiMe3);]Br (1b) by LiBr that was
present in Li(THF)3Si(SiMe3)s to give a mixture of 1la
and 1b. The addition of anhydrous LiBr and THF to a
toluene-dg solution of such a mixture at 23 °C was found
to yield 1b (and reduce the ratio of 1a:1b). This test
confirmed the identification of 1b. In our preliminary
studies of a mixture of 1a and 1b in ca. 2:1 ratio, the
two —NMe;, resonances of the two complexes were
assigned to an exchange in 1a.® The NMR spectra of
these two complexes are similar. In a 'H EXSY spec-
trum (tmix = 2 s) of a mixture of 1a and 1b at 23 °C,
strong cross-peaks were observed between the —NMe;
peaks of the two complexes,© indicating a chemical
exchange process between these two complexes at this
temperature. Both 1a and 1b are thermally unstable,
and in solution slowly decompose at 23 °C.

Although 3 was clearly identified by NMR spectra,
attempts to isolate a pure product were unsuccessful,
as the complex slowly decomposed at room temperature
to give an oily solid containing HSi(SiMe3); and un-
identified metal-containing species. It was observed that
3 readily reacts with dry oxygen at room temperature.
On exposure to dry oxygen, the orange solution of 3
gradually turned bright-yellow. The bright-yellow crys-
tals of an oxidation product (Me;N)szTa(2-ONMe,)[OSi-
(SiMe3)s] (5) were isolated from the reaction solution
(Scheme 2). 5 was found to be inert to excess O,. The
mechanism of the reaction between 3 and O; is not clear,
although the M—Si bond is known to be prone to
oxidation by oxygen.’2 The Me,NO moiety has been
proposed as a possible intermediate in the reaction of
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Scheme 2
Sl(SIMe3)3
NMe, é
MeoN,, | +0; MeN,, |9
Ta-—Sl(SIMe3)3 > a ~
/ NMe,
MeNY | MeN’ |
NMe, NMe,
3 5

Cr(NRy)3 with O,.13 The direct observation of the forma-
tion of Me;NO ligand in 5 by the oxidation of M—NMe;
bond in this reaction is, to our knowledge, unprec-
edented.!* The metal complexes containing R,NO ligands
usually are prepared from the corresponding hy-
droxyamines.1®

The H and 13C NMR of 5 display two distinct
resonances in 3:1 molar ratio for the —NMe, and
—ONMe; ligands at 3.30 and 2.49 ppm, respectively.
The NMR resonances of the —OSi(SiMes); ligand in 5
are upfield shifted from those in 3.

The 2°Si NMR of the a—Si atom (—51.34 ppm) of the
—Si(SiMe3)s ligand in (MezN)sTa[Si(SiMe3)s]Cl/Br
(1a/1b) is similar to that (—53.47 ppm) in (BU'CHy),-
(BUtCH=)TaSi(SiMe3)3.5d Nevertheless, the chemical
shift of the «a-Si atom (—98.4 ppm) in (MezN);-
TaSi(SiMes)s (3) is upfield-shifted from those in 1a/lb.
This is probably a result of the electronic effect of
—NMe; ligands. There are four —NMe; ligands in 3 vs
three in 1la/l1b. Amido ligands are known to form d—p
m bonds to donate their lone-pair electrons to the
electron-deficient metal centers. This likely enhances
electronic shielding around the metal atoms, and thus
leads to the upfield shifts of «-2°Si NMR resonances. A
similar trend was observed in 2 and 4. The 2°Si NMR
of triamido silyl complex 2 (64.6 ppm) is downfield-
shifted from that in SiMe,4 (0.00 ppm) as in some other
known —SiPh,But containing complexes such as (Me;N)s-
ZrSiPh,Buf(THF)os (19.6 ppm),1%@ (Me,N)3HfSiPh,-
BUY(THF) (46.8 ppm),1%2 (Me,N)sTiSiPh,But (17.8 ppm),162
(Me2N)2[(MesSi),N]ZrSiPh,But (18.1 ppm),1%2 and (Mes-
Si0),ZrCI(SiPh,But)(THF), (49.6 ppm).160 In contrast,
the 2°Si NMR chemical shift of the —SiPh,But ligand
(—189.0 ppm) in tetraamido silyl complex 4 is signifi-
cantly upfield-shifted from that in 2. Such upfield shift
has been recently observed for a sterically crowded
complex [Li(THF)4][(MezN)sZr(SiPh,BuY),] (—113.9 ppm).6

Solid-State Structures of 1a/lb, 2, 4, and 5. 1a and
1b were found to co-crystallize into a crystalline mixture
with disordered halide (CI/Br) in the solid-state struc-
ture of 1a/1b.1° If the halide atom was assigned to be
100% ClI, relatively large R indices [R1 (wR2) = 0.0379

(12) Tilley, T. D. Organometallics 1985, 4, 1452.

(13) Chien, J. C. W.; Kruse, W.; Bradley, D. C.; Newing, C. W. Chem.
Commun. 1970, 1177.

(14) (a) Ruppa, K. B. P.; Feghali, K.; Kovacs, l.; Aparna, K,;
Gambarotta, S.; Yap, G. P. A.; Bensimon, C. J. Chem. Soc., Dalton
Trans. 1998, 1595. (b) Odom, A. L.; Mindiola, D. J.; Cummins, C. C.
Inorg. Chem. 1999, 38, 3290.

(15) Mehrotra, R. C.; Rai, A. K.; Singh, A.; Bohra, R. Inorg. Chim.
Acta 1975, 13, 91.

(16) (a) Wu, Z.-Z.; Diminnie, J. B.; Xue, Z.-L. Inorg. Chem. 1998,
37, 6366. (b) Wu, Z.-Z.; Diminnie, J. B.; Xue, Z.-L. Organometallics
1998, 17, 2917. See also other related silyl complexes: (c) McAlexander,
L. H.; Hung, M.; Li, L.; Diminnie, J. B.; Xue, Z.-L.; Yap, G. P. A;;
Rheingold, A. L. Organometallics 1996, 15, 5231. (d) Chen, T.-N.; Wu,
Z.-Z.; Li, L.-T.; Sorasaenee, K. R.; Diminnie, J. B.; Pan, H.-J.; Guzei,
1. A.; Rheingold, A. L.; Xue, Z.-L. 3. Am. Chem. Soc. 1998, 120, 13519.
(e) Choi, S.-H.; Lin, Z.-Y.; Xue, Z.-L. Organometallics 1999, 18, 5488.
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(0.1115)] were observed with the largest residual elec-
tron density 0.452 and 2.382 A (2.683 e-A—3) away from
the Cl and Ta atoms, respectively.1? Partial occupancies
with Cl and Br in the refinement (for a crystal of 1a/1b
in 0.719:0.281 molar ratio) led to a reduction in the R
indices [R1 (wR2) = 0.0277 (0.0716)], and the largest
residual electron density (1.430 e-A~3) was 4.750, 4.627,
3.972, and 1.017 A away from the CI, Br, Ta, and Si(4)
atoms, respectively. This structure with ClI and Br
partial occupancies is thus reported in Tables 1 and 2
and Figure 1.9 In an ORTEP view of 1a/1b (Figure 1),
both the disordered Cl and Br atoms are shown. In the
structure of 1a/lb, the geometry around the Ta center
can be described as a trigonal bipyramid with a silyl
and two amido ligands in the equatorial and one amido
and the chloride/bromide ligand on the axial positions.
Such geometry is consistent with the structural assign-
ment by NMR spectroscopy. A similar structure has
been reported by Chisholm and co-workers for (MezN)s-
Ta(p-tolyl)Bré in which one NMe; and the bromide
ligands occupy the axial positions.

The trans angles of N(1)-Ta—Cl [178.1(2)°] and
N(1)—Ta—Br [174.6(2)°] in 1a/1b and are close to that
[173.1(2)°] in (Me2N)s;Ta(p-tolyl)Br.8 All equatorial ligands
are slightly bent toward the chloride/bromide. The
angles of the chloride and bromide in 1la/lb to Si(1),
N(2), and N(3) range from 87.3(2) to 89.7(2)° and
84.16(19) to 93.5(2)°. The angles of N(1) on the axial
NMe; ligand to Si(1), N(2), and N(3), in comparison,
range from 90.06(11) to 92.95(8)°.

The Ta—Si bond distance of 2.7167(8) A in 1la/lb is
comparable to those in Cp*;(ArN=)TazH2(u-ArNSiHPh)
[2.709(1) A; Ar = 2,6-Pri,CsH3]*9 and [(MesSi).N]-
(MezN)(MesSiN=)Ta(SiPh,But) [2.704(2) A],4 and is
slightly longer than those in Cp*;Ta;Ha(u-ArNSiHPh),
[2.695(3) A],%9 (RCH,),(RCH=)TaSi(SiMes)s [R = BuU,
2.680(15) A:4d SiMes, 2.611(7) A%], (CsMes)Ta(SiMes)-
Cl [2.669(4) A],% (MesSiCH,),Ta(u-CSiMes),Ta(CH,-
SiMes)[Si(SiMes)s] [2.666(3) Al,¥ Cp,Ta(H),SiPh,Me
[2.651(4) A]%2 Cp,Ta(H)(SiMezH), [2.624(2)—2.633(2)
Al,% and CpTa(SiMe,Cl)(H)(PMe3z)[=N(2,6-PriCsHs3)]
[2.574(1) A].%h The Ta—N bond distances in 1a/1b range
from 1.927(3) to 1.984(4) A, and are comparable to those
in, e.g., [(Me3Si),N](MezN)(Me3SiN=)Ta(SiPh,But).4

In the crystalline state, 2 is composed of discrete
(Me;N)sTa(SiPh,But)Cl molecules. An ORTEP view of
the molecule giving the atom numbering scheme is
shown in Figure 2. Bond distances and angles are given
in Table 3. The molecule adopts a distorted trigonal
bipyramidal geometry in the solid state. The structure
of 2 is similar to that of 1a/1b with the silyl ligand in
the equatorial and chloride in the axial positions. The
trans angle of 174.5(4)° and the Ta—Si bond distance
of 2.726(4) A in 2 are close to those in 1a/1b. The Ta—N
bond (axial) [1.989(11) A] is longer than the equatorial
Ta—N bonds [1.946(11) and 1.926(11) A]. The Ta—Cl
bond distance of 2.454(3) A is comparable to the
terminal Ta—Cl bond distances in (Me;N)2(Me;NH)-
TaCl3 [2.391(2)—2.450(2) A],” [(MezN)2(Me,NH)TaCl,],0
[2.417(2) and 2.505(2) A],” [(Me2N)sTaCly], [2.463(1) A],”
and [(MesSi)N],TaCls [2.351(2)—2.362(2) A].17

An ORTEP view of 4 is shown in Figure 3. Selected
bond distances and angles are listed in Table 4. The
structure of 4 is similar to those of 1a/lb and 2 and
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Figure 2. ORTEP of 2, showing 35% probability thermal
ellipsoids.

Table 2. Selected Bond Distances (A) and Angles
(deg) in 1a/lb

Ta(1)—Si(1) 2.7167(8) Ta(l)-Cl(1) 2.512(7)
Ta(1)-Br(1) 2.575(6)  Ta(l)—-N(1) 1.984(3)
Si(1)-Si(2) 2.3609(10) Ta(1)—N(2) 1.927(3)
Si(1)—Si(3) 2.3725(10) Ta(1)—N(3) 1.967(3)
Si(1)—Si(4) 2.3689(11)

CI(1)-Ta(l)-N() 178.1(2) Br(1)-Ta(l)-N(1) 174.6(2)

Cl(1)-Ta(1)-N@2) 89.7(2) Br(1)-Ta(1)-N(2) 93.5(2)
CI(1)-Ta(1l)-N(@3) 88.2(2) Br(1)-Ta(1)-N(3) 87.6(2)
CI(1)-Ta(1)-Si(l) 87.3(2) Br(1)-Ta(1)—Si(1) 84.16(19)
Cl(1)-Ta(l)-Br(l)  4.2(4) N(1)-Ta(l)-N(2) 91.84(11)
Si(1)-Ta(l)-N(1) 92.95(8)  N(1)-Ta(1l)-N(3) 90.06(11)
Si(1)-Ta(l)-N(2) 118.41(10) N(2)-Ta(1)-N(3) 119.00(14)

Ta(1)-Si(1)-Si(2) 114.77(3)
Ta(1)-Si(1)-Si(4) 113.72(4)
Si(2)-Si(1)-Si(4) 104.57(4)

Ta(1)-Si(1)-Si(3) 114.06(3)
Si(2)-Si(1)-Si(3) 103.75(4)
Si(3)-Si(1)-Si(4) 104.81(4)

Table 3. Selected Bond Distances (A) and Angles

(deg) in 2

Ta—Si 2.726(4) Ta—Cl 2.454(4)
Ta—N(1) 1.989(11) Si—C(7) 1.937(13)
Ta—N(2) 1.946(11) Si—C(11) 1.887(12)
Ta—N(3) 1.926(11) Si—C(17) 1.917(13)
Cl-Ta—N(1) 174.5(4) Si—Ta—N(1) 87.4(3)
Cl-Ta—N(2) 88.6(4) Si—Ta—N(2) 120.9(3)
Cl-Ta—N(@3) 93.9(3) Si—Ta—N(3) 118.6(4)
Cl-Ta-Si 88.10(12) N(1)—-Ta—N(2) 91.0(5)
N(1)-Ta—N(3)  91.1(5) N(2)-Ta—N(3) 120.5(5)

adopts a trigonal bipyramidal geometry with the silyl
ligands in the equatorial positions. However, a related
alkyl amido complex (Me;N),;TaBut adopts a square-
pyramidal structure with tert-butyl ligand in the axial
position.8 Compared to la/lb and 2, the trans angle
[170.4(4)°] in 4 is smaller. Interestingly, both axial
—NMe; ligands are slightly bent toward the —SiPh,But
ligand. This suggests that the steric repulsion between
amido ligands is perhaps greater than that between
amido and silyl ligands as the Ta—Si bond is longer than
Ta—N bonds.

The Ta—Si bond distance of 2.754(3) A in 4 is longer
than those in 1a/lb, 2, and other known Ta(V) silyl
complexes. To our knowledge, it is the longest Ta—Si
bond among reported Ta(V) silyl complexes. The long
Ta—Si bond in 4 is probably a result of the steric effect,
although the electronic influence of the NMe; ligand

(17) Bradley, D. C.; Hursthouse, M. B.; Abdul Malik, K. M.; Vuru,
G. B. C. Inorg. Chim. Acta 1980, 44, L5.



Downloaded by CARLI CONSORTIUM on June 29, 2009
Published on August 21, 2002 on http://pubs.acs.org | doi: 10.1021/om020537g

3978 Organometallics, Vol. 21, No. 19, 2002

Figure 3. ORTEP of 4, showing 35% probability thermal
ellipsoids.

Figure 4. ORTEP of 5, showing 35% probability thermal
ellipsoids.

Table 4. Selected Bond Distances (A) and Angles

(deg) in 4
Ta(1)-Si(1) 2.754(3) Ta(1)-N(4) 1.979(11)
Ta(1)—N(1) 2.009(9)  Si(1)—C(9) 1.955(13)
Ta(1)—N(2) 2.029(10) Si(1)—C(13) 1.929(12)
Ta(1)—N(3) 1.979(10) Si(1)—C(19) 1.893(12)
N(1)-Ta(1)-N(2) 170.4(4) Si(1)-Ta(1)-N(1) 84.3(3)
N(1)-Ta(1)-N(3) 92.7(4) Si(1)-Ta(1)-N(2) 86.8(3)
N(1)—-Ta(1)—N(4) 90.2(4) Si(1)-Ta(1)-N(3) 117.8(3)
N(2)-Ta(1)-N(3) 94.8(5) Si(1)—-Ta(1)—N(4) 123.4(3)
N(2)-Ta(1)-N(4) 91.5(5) N(3)-Ta(1)—N(4) 118.8(5)

cannot be ruled out. Steric effect perhaps also made the
Ta—N bond distances [1.979(11)—2.029(10) A] longer
than those in 1a/l1b and 2.

An ORTEP view of 5 is shown in Figure 4. Selected
bond distances and angles are listed in Table 5. The
geometry around the Ta center can be best described
as a pseudo-trigonal bipyramid with the #2-ON unit
occupying a single coordination site. The trans angle of
O(1)—Ta—N(4) [176.0(4)°] is close to those found in 1a/
1b, 2, and 4. The angles within the Ta(y2-ON) unit are
unexceptional and close to those in other dialkylhy-
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Table 5. Selected Bond Distances (A) and Angles
(deg) in 5

Ta—0(1) 1.991(8)  Si(1)—0(1) 1.633(8)
Ta—0(2) 1.991(8) Si(1)-Si(2) 2.353(5)
Ta—N(1) 2.006(10)  Si(1)-Si(3) 2.363(5)
Ta—N(2) 2.254(9)  Si(1)-Si(4) 2.360(5)
Ta—N(3) 1.999(10) N(2)—0(2) 1.466(13)
Ta—N(4) 2.037(10)
O(1)-Ta—N(2) 89.4(3) N(1)-Ta—N(2) 151.0(4)
O(1)-Ta—N(2) 89.4(3) N(1)-Ta—N(3) 113.3(4)
O(1)-Ta-N(3)  95.9(4) N(1)-Ta—N(4)  88.9(4)
O(1)-Ta—N(4) 176.0(4) N(2)—Ta—N(3) 95.6(4)
0(1)-Ta—0(2) 88.9(3) N(2)-Ta—N(4)  90.2(4)
O(2)-Ta—N(1) 111.2(4) N(3)—Ta—N(4) 88.1(4)
O(2)-Ta—N(3) 135.2(4) 0(2)—Ta—N(4) 88.3(4)
Si(1)-0(1)-Ta  169.1(5) N(2)—-O(2)—-Ta  79.8(5)
0O(2)—-N(2)-Ta 60.4(4)

droxylamino complexes such as MoO,(ONEt3),,8 V,0,-
(ONETty)4,'® and Ti(ONEt,)4.1° The O—N bond distance
of 1.466(13) A is close to those in MoO,(ONEL,),
[1.427(3) A],*® V,0,(ONEty), [1.402(2) A],® and
Ti(ONEt,)4 [1.402(7) ALY The Ta—N(2) bond [2.254(9)
A] is significantly longer than other Ta—NMe, bonds
in 5[1.999(10)—2.037(10) A]. This is perhaps indicative
of the dative bonding nature of the Ta—N(2) bond in 5
(Scheme 2). Two Ta—0O bonds [1.991(8) A] are close to
those in Ta(CH,SiMe3)(O,CNMe,)2 and [(MezN),-
(MezNH)TaCl,],0.”

We have reported synthesis and characterization of
Ta(V) alkyl alkylidene silyl complexes (RCH;),-
Ta(=CHR)SiR'3 [R = CM63, SiMe;;; R's = (SiM63)3, th-
But].4de  Attempts to prepare tetra(alkyl) silyl
Ta(V) complexes by using -hydogen free alkyl ligands
have been unsuccessful; a-hydrogen abstraction by the
silyl reagents was observed. Using strong s-donor ligand
NMe,, we were able in the current work to prepare a
series of Ta(V) silyl complexes with o-bonded ligands
through direct substitution reactions.
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