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Addition of Me;TaCl, to 2.0 equiv of LINHSi'Bu; in hexanes resulted in CH, and (*Bu;SiNH)Me,Ta==NSitBu;
(1, 63%). Thermolysis of 1 in benzene resulted in disproportionation, but in pyridine and THF, L,MeTa(==NSi*-
Bu;), (L = py, 2(py)2, 68%; THF, 2(THF),, 13%) and MeH were produced. The bis adduct 2(py): is considered
to form via 1,2-MeH-elimination from (‘Bu;SiNH)Me.(py)Ta==NSi‘Bu; (1-py), which is obtained from 1 and
pyridine at 25 °C. 'H and !3C{'H} NMR spectra of 2(py), manifested equivalent pyridines, but an X-ray structure
determination revealed a trigonal bipyramidal, pseudo-C,; stereoisomer with an axial methyl group and equatorial
imides that reflects the steric requirements of the bulky 'Bu;SiN units: orthorhombic, P2,2,2,, a = 12.134 (2) A,
b=13.421 (2) A, c=24.865(4) A, Z =4, V = 4049.3 (11) A3, T = 295 K, R = 6.20%, R, = 6.64%, and GOF
= 1.35 for 3257 (88.9%) reflections with (|F;| > 30{F,|). Rather long Ta==N bond distances (1.810 (13) and 1.819
(13) A) support electronic arguments suggesting the imides donate a maximum of 6 electrons to the metal center.
Addition of TaCls to 4.0 equiv of LINHS{tBu, in Et,0 at —78 °C afforded (‘Bu;SiNH),ClTa==NSitBu; (3-Cl) and
‘Bu;SiNH,. Alkylation of 3-Cl with AlMe; (hexanes), PhLi (Et,O/hexanes), PA\CH;K (toluene), and ‘BuCH,Li
(Et,0) provided (*Bu;SiNH),RTa=NSitBu; (R = Me, 3-Me, 78%; Ph, 3-Ph, 64%; CH,Ph, 3-CH,Ph, 51%; CH,-
tBu, 3-CH,'Bu, 39%). Addition of ‘Bu;SiNH; or 'Bu;SiOH to 1 yielded 3-Me or (*Bu,;SiNH)(*Bu;SiO)MeTa==NSi-
tBu; (8-Me, 52%) and CH,. Thermolysis of 3-R effected 1,2-RH-elimination to form transient (*Bu;SiNH)Ta-
(=NSitBu;); (4), a species capable of adding C-H bonds across one imido linkage. Moderate rates of elimination
from 3-R could be obtained only at 182.8 (4) °C: kwm.u = 8.0 (1) X 10 57!, AG* = 37.7 kcal/mol, kyen/kmep
2 3.4; kpny = 1.67 (4) X 10 571, AG* = 35.0 kcal/mol; kp.y = 1.71 (5) X 10-¢ 57!, AG* = 39.1 kcal/mol.
Ground-state information was obtained via the approach to equilibrium of 3-Ph and CH,, but observation of a
para-ditantalum phenyl derivative, [(*Bu;SiNH),Ta=NSi‘Bu;].(u2:1',7'-1,4-CsH,) ((3):CsH,) complicated the
measurement. Simulation of the approach to equilibrium yielded rate constants consistent with the previously
measured 1,2-RH-elimination rates and showed that 3-Me, 3-Ph, and (3),CsH, possess relatively similar ground-
state free energies. Equilibration of 3-CH,Ph to aryl complexes (‘Bu;SiNH),(CcsHMe) Ta==NSijtBu; (3-CsHMe)
in toluene at 182.8 (4) °C gave similar results. The data portray differing 1,2-RH-elimination rates that result from
significant transition state energy differences, ruling out a late transition state despite a rough correlation of rate
with the C-H bond strength of the eliminated alkane/arene. The implications of these measurements, including
the possibility of d° alkane or arene complexes as intermediates and differences in tantalum—carbon bond strengths,
are discussed in detail.

Introduction

Several apparently disparate systems that activate alkane
carbon-hydrogen bonds!2 involve a critical, initial electrophilic
attack by the metal center. For example, compare the extremely
electropositive early transition metal,’-" lanthanide,’* and ac-
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tinide!? centers (cf. Cp®*,ScR,’ Cp*,LuCH;?) that utilize ¢-bond
metathesis pathways to the softer late transition metal com-
plexes!!-23 (e.g., Cp*ML, M = Rh, Ir; L = PR;, CO, etc.i3-1%)
that exhibit oxidative addition chemistry. In both instances, the

(5) (a) Walsh, P. J.; Hollander, F. J.; Bergman, R. G. J. Am. Chem. Soc.
1988, 110, 8729-8731. (b) Walsh, P. J.; Baranger, A. M.; Bergman,
R. G. Ibid. 1992, 114, 1708-1719.

(6) (a) Jordan, R. F.; Guram, A. S. Organometallics 1990, 9, 2116-2123.
(b) Guram, A. S.; Jordan, R. F.; Taylor, D. F. J. Am. Chem. Soc. 1991,
113, 1833-1835.

(@) (a) Thompson, M. E.; Baxter, S. M.; Bulls, A. R.; Burger, B. J.; Nolan,

M.C; Santamero,B D.; Schaefer, 'W. P; Bemw,J E.J. Am Chem.
Soe. 1987 109, 203—219 (b) Thompson, M. E,; Bercaw, J. E. Pure
Appl. Chem. 1984, 56, 1-11.

(8) (a) Watson,P.J.J. Am. Chem. Soc. 1983, 105,6491-6493. (b) Watson,
P. L.; Parshall, G. W. Acc. Chem. Res. 1988, |8, 51-56.

(9) Evans, W.J; Chamberlain, L. R.; Ulibarri, T. A;; Ziller, J. W. J. Am.
Chem. Soc. 1988, 110, 6423-6432.

(10) (a) Fendrick, C. M.; Marks, T. J. J. Am. Chem. Soc. 1986, 108, 425-
437. (b) Bruno, J. W.; Smith, G. M.; Marks, T. J.; Fair, C. K.; Schultz,
A. J; Williams, J. M. Ibid. 1986, 108, 40-56.

(11) (a) Burk, M. J.; Crabtree, R. H. J. Am. Chem. Soc. 1987, 109, 8025-
8032. (b) Crabtree, R. H.; Demou, P. C.; Eden, D.; Mibhelcic, J. M.;
Parnell, C. A.; Quirk, J. M.; Morris, G. E. /bid. 1982, 104, 6994-7001.
(c) Crabtree, R. H.; Mihelcic, J. M.; Mellea, M. F.; Quirk, J. M. Ibid.
1982, 104, 107-113. (d) Crabtree, R. H.; Hamilton, D. G. Adv.
Organomet. Chem. 1988, 28, 299-338.

© 1993 American Chemical Society



132 Inorganic Chemistry, Vol. 32, No. 2, 1993

capture of a C-H bond by either a hard*-102425 or soft
electrophile!!-23 renders the substrate susceptible to subsequent
events.?2 Although evidence for alkane binding prior to o-bond
metatheses or related C-H bond activations by hard metal centers
has not yet been reported, intramolecular agostic bonds3®-32
manifest the electrophilicity of these species. The intermediacy
of alkane complexes prior to C—H bond oxidative addition has
beenimplicated,'¢similar transients have been observed inrelated
alkyl-hydride reductive eliminations,?*-* and direct spectroscopic
detection of alkane bonding has recently been reported.’6-40
We?# and others® have discovered that certain group 4 imido
complexes (i.e., L,M=N—R) are capable of adding alkane? and
arene*3 C-H bonds to provide amido—alkyl/aryl compounds.4! 3
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early transition metal imido functionalities is quite extent, -8
only a limited number of these species attack C-H bonds. It is
apparent that the imide must reside on a metal center that is a
potent electrophile and that the critical empty molecular orbital
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Table 1. 'H and '3C{'"H] NMR Data for Tantalum Imide Complexes in Benzene-ds
'H (8, mult, J (Hz))? BC{H} (8)
compound tBu;Si(NH,N) HN L other tBu;Si(NH,N)4 L other
(*Bu3SiNH)Me,Ta=NSi'Bu; (1) 1.13 6.01 0.77 (Me) 30.16, 23.00 53.51 (Me)
1.35 30.83, 24.50
(*‘Bu3sSiNH)Me:(py) Ta=NSi'Bu, (1-Py) 1.26 6.11 6.50 (m) 30.43,23.60 123.96 47.13 (Me)
1.42 6.73 (m) 31.07,24.92 136.08
8.67 (m) 150.07
py:MeTa(=NSi'Bus); (2(py)2) 1.51 6.32(m) 0.80 (Me) 31.72,2537 12416 37.44 (Me)
6.58 (m) 138.19
152.21
THF,;MeTa(==NSitBu;); (2(THF),) 1.45 1.18 (m) 1.01 (Me) 31.35,25.43 24,70 33.50 (Me)
3.64 (m) 75.77
(*Bu3SiNH),CITa==NSi'Bu, (3-Cl) 1.22 5.53 30.85, 23.49
1.37 31.42,24.78
(*BusSiNH);MeTa=NSi'Bu; (3-Me) 1.21 4,96 0.98 (Me) 30.78, 23.30 30.20 (Me)
1.38 31.42, 24.62
(*Bu;SiNH),PhTa=NSi'Bu, (3-Ph) 1.25 5.45 7.07 (m) 30.84, 23.40 127.89 (Ph para)
1.36 7.30(t, 7.5) 31.41,24.72 128.73 (meta)
8.28 (dd, 1.3,7.5) 141.31 (ortho)
187.82 (ipso)
(*Bu;SiNH),(PhCH;) Ta==NSi‘Bu; (3-CH,Ph)* 1.17 5.06 3.10 (CHy) 30.80, 23.21 61.50 (CH,)
1.36 6.85-7.28 (m) 31.44, 24.67 123.49 (Ph para)
128.56 (meta)
128.99 (ortho)
147.01 (ipso)
(*Bu3SiNH),(*BuCH;) Ta=NSi'Bu; (3-CH'Bu) 1.27 4.83 1.34 (Mey) 30.93, 23.52 34.81 (CMe;)
1.34 2.05 (CHy) 31.57,24.77 35.69 (Me3)
76.72 (CH3)
(*Bu3SiNH)(‘Bu3SiO)MeTa=NSi'Bu; (5-Me) 1.24 6.20 1.12 (Me) 30.75, 23.55/ 34.95 (Me)
1.37 1.17 (silox) 30.53,23.211
31.37, 24.54

@ Referenced to C¢DsH at  7.15 or TMS at § 0.00. ¢ Referenced to CsDsH at & 128.00. ¢ The first value corresponds to the amide; the second refers
to the imide. 4 The first line refers to the Me and tertiary carbons of the amide; the second refers to the imide. These assignments are tentative. ‘For
spectral assignments of the 3-CsH Me mixture, see the Experimental Section. / Corresponds to either the silox or ‘BusSiNH.

must have some directionality. Transient, three-coordinate
(tBu;SiNH),Zr==NSi'Bu;’ and (*Bu;SiNH)XTi==NSi'Bu; (X
= halide, NSi‘Bu;)* species, whose empty d,:/p, orbitals provide
the electrophilic component,’® and Cp,M=NR derivatives,!42
which possess a similar empty, directional 2a, orbital (“d,."/
p,),% satisfy these constraints and capture C~H bonds. In order
to further investigate alkane activations by imido functionalities
and test the importance of the initial electrophilic interaction, we
initiated a study of related, yet presumably less electrophilic
tantalum derivatives, focusing on the generation of XTa(=NSi-
tBu;);. It was hoped that the smaller covalent radius of tantalum
(1.34 A), relative to zirconium (1.45 A),5! would permit isolation
of the three-coordinate d° complex. Instead, important funda-
mental information pertaining to the activation of methane vs
benzene by transient (‘Bu;SiNH)Ta(==N—Si'Bu,), was obtained.

Resuits

Synthesis of Tantalum Imide Complexes. Me;TaCl,52 proved
to be an attractive starting material for the direct synthesis of
tantalum amide or imide derivatives. Addition of Me;TaCl; to
2.0 equiv of LINHSi'Bu,5%64in hexanes resulted in the generation
of methane and led to the isolation of colorless, crystalline
(‘Bu;SiNH)Me,;Ta==NSi'Bu; (1) in 63% yield (eq 1). 'H and
13C {{H} NMR (Table I) revealed equivalent tantalum-methyl

(59) For discussions of related d' and d2 three-coordinate complexes, see: (a)
Covert, K. J.; Neithamer, D. R.; Zonnevylle, M. C.; LaPointe, R. E.;
Schaller, C. P.; Wolczanski, P. T. Inorg. Chem. 1991, 30, 2494-2508.
(b) Eppley, D. F.; Wolczanski, P. T.; Van Duyne, G. D. Angew. Chem.,
Int. Ed. Engl. 1991, 30, 584-585. (c) Covert, K. J.; Wolczanski, P. T.;
Hill, S. A.; Krusic, P. J. Inorg. Chem. 1992, 31, 66-78.

(60) Lauher, J. W.; Hoffman, R. J. Am. Chem. Soc. 1976, 98, 1729.

(61) Pauling, L. The Nature of the Chemical Bond, 3rd ed.; Cornell University
Press: Ithaca, NY, 1960.

(62) Schrock, R. R.; Sharp, P. R. J. Am. Chem. Soc. 1978, 100, 2389-2399.

(63) For the synthesis of ‘Bu;SiNH,, see: Nowakowski, P. M.; Sommer, L.
H. J. Organomet. Chem. 1979, 178, 95-103.

(64) Cummins, C. C.; Van Duyne, G. D.; Schaller, C. P.; Wolczanski, P. T.
Organometallics 1990, 10, 164-170.

hexanes
Me,TaCl, + 2LiNHSi'Bu, —
25°C, -2LiCl

(‘Bu,SiNH)Me,Ta=NSi'By, + CH, (1)
1

groups and two different 'Bu;Si fragments, consistent with a
pseudotetrahedral geometry. Amido—-imido 1is related to (*Bu;-
SiNH)Cl;V=NSi'Bu; and other complexes prepared by Horton*?
via LINHSI'Bu; treatment of VOCl;. Note that 1 contains a
maximum of 14 valence electrons, yet neither C—H additionacross
the imido functionality nor s-bond metathesis reactivity was
observed, as expected from precedent.*6-52 Although the metal
center isunsaturated, the electrophilicity is not directional, thereby
detering carbon-hydrogen bond-breaking events.

Thermolysis of (‘Bu;SiNH)Me, Ta=NSi'Bu; (1) was expected
togenerate methane and pseudo-trigonal MeTa(==NSitBu;), (2),
a transient capable of adding a C—H bond. When heated at
110°C in C¢Ds for 3—4 d, 1 disproportionated to provide several
unidentified products and (*Bu;SiNH),;MeTa=NSitBu, (3-Me,
40-50% yield), according to 'H NMR spectra (eq 2). Freeamine

CeDs
(‘Bu;SiNH)Me,Ta=NSi'Bu, —
1 110°C, 34d

(‘Bu,SiNH),MeTa=NSi'By, + ... (2)
3-Me

is likely to play a role in the formation of 3-Me, since the complex
and concomitant methane are rapidly generated (<5 min) upon
addition of tBu;SiNHj; to 1, as indicated in eq 3. A 2:1 ratio of

benzene
(‘Bu,SiNH)Me,Ta=NSi'By, + 'Bu,SiNH, —
1 25°C

(‘Bu,SiNH),MeTa==NSi'Bu, + CH, (3)
3-Me
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'Bu,Si resonances and distinct tantalum methyl signals in 'H (3
0.98, CsD;) and '3*C{'H} NMR (& 31.30) spectra characterized
the pseudotetrahedral molecule. Synthesisand isolation of 3-Me
was most conveniently achieved through metathesis of the
corresponding chloride (vide infra).

Donor solvents were utilized to trap the putative bis(imido-
methyl) core (2) upon thermolysis of ({Bu;SiNH)Me,Ta==NSitBu,
(1). When heated for 20 h in pyridine at 95 °C for 20 h, 1
released 1.0 equiv of MeH, according to Toepler pump mea-
surements, and (py);MeTa(=NSi'Bu,); (2(py)z, >90% yield by
'THNMR) was generated as shownin eq 4. Upon scaleup, 2(py);

py or THF
(‘Bu,SiNH)Me, Ta=NSi'Bu, —
1 ~100°C

L,MeTa(=NSi'Bu,), + MeH (4)
L = py, 2(py),; THF, 2(THF),

was isolated as amber crystals in 68% yield. A similar thermolysis
of 1in THF at 105 °C for 68 h proved less satisfactory. Only
0.56 equiv of MeH were released (Toepler) and an oily yellow-
brown residue remained after removal of the THF. Fortunately,
off-white crystals of (THF);MeTa(=NSi'Bu;); (2-THF;) were
obtained upon crystallization from hexanes, although the yield
was low (13%). For both adducts 2(L),, room-temperature 'H
and C{!H} NMR data suggested that the dative ligands occupied
equivalent positions; thus a trigonal bipyramidal configuration
was considered most likely, with the bulky ‘Bu;SiN imido x-donors
residing in equatorial sites.5> An X-ray structural investigation
of 2(py); revealed the expected distorted tbp geometry, but the
py ligands occupy both axial and equatorial positions (vide infra).

Bisadducts L,MeTa(=NSi'Bu,), (2(L);) could be considered
to form via 1,2-elimination of MeH from (:Bu;SiNH)-
Me,Ta==NSi'Bu, (1) to yield MeTa(=NSi'Bus), (2), followed
by trapping with 2 equiv of L. Alternatively, L may form an
adduct with 1, and 1,2-elimination of MeH would then occur via
(*Bu;SiNH)Me,LTa=NSi'Bu; (1-L) to give methane and
LMeTa(=NSi'Bu;); (2-L) which is trapped by another L.
Support for the latter possibility was evidenced when (*Bus-
SiNH)Me,(py)Ta==NSi'Bu; (1-py) formed upon exposure of 1
to pyridine at 25 °C (eq 5), followed by solvent removal and

. pyridine
(‘Bu,SiNH)Me,Ta=NSi'Bu, —
1

25°C, <5 min

(‘Bu,SiNH)Me,(py) Ta=NSi'Bu, (5)
1-py

precipitation from hexanes. In 'H and 1>)C{!H} NMR spectra of
1-py, a single resonance for the TaMe; group was accompanied
by signals attributed to two distinct ‘Bu,Si fragments. Given the
ready formation of 1-py, it is likely that the presumed rate-
determining step in the formation of (py);MeTa(==NSi'Bu,),
(2(py)2), the 1,2-elimination of MeH, occurs from five-coordinate
1-py. This result contrasts with previous eliminations of RH (R
= Me, Cy, Ph) and tBu;SiNH, from (*Bu;SiNH);ZrR? and
(*Bu;SiNH),TiX (X = Cl, Br, ‘Bu;SiNH),* respectively, which
occur directly from a four-coordinate ground state. In addition,
the demonstrably slower degradation of 1 in benzene-d; vs donor
solvents contradicts a 1,2-MeH-elimination from the four-
coordinate dimethyl species (1).

Since the sought-after C—H activation reactivity was not found
in the chemistry of (‘BuiSiNH)Me,Ta=NSi'Bu; (1) and its
thermolysis products, tantalum derivatives directly related to the
aforementioned (*Bu;SiNH);MX (M = Zr, X = alkyl; M = Ti,
X = halide) species were targeted. Addition of TaCls to 4.0
equiv of LINHSI'Bu; in Et;O at -78 °C and subsequent stirring
at 25 °C for 12 h resulted in the formation of (*Bu;SiNH),-

(65) Rossi, A. R.; Hoffmann, R. Inorg. Chem. 1975, 14, 365-374.

Schaller and Wolczanski

CITa==NSi'Bu; (3-Cl) and 'Bu;SiNH; (eq 6).% Colorless,
crystalline 3-Cl was isolated from hexanes in 82% yield and

Et;0,25 °C

TaCl, + 4LiNHSi'Bu; —
~4LiC)

(‘Bu;SiNH),CITa=NSi'Bu, + ‘Bu,SiNH, (6)
3Cl

possessed a 2:1 ratio of 'Bu,Si groups in 'H and *C{!H} NMR
spectra, as expected for a pseudotetrahedral coordination sphere.

Initial efforts to alkylate (‘Bu;SiNH),ClTa==NSitBu, (3-Cl)
proved troublesome. Attempts using MeLi led to some
(*Bu3;SiNH),MeTa=NSi'Bu; (3-Me), but some starting material
remained and a byproduct, tentatively formulated as Li-
[(*Bu;SiNH)MeTa(=NSi'Bu;);] in reference to Horton’s crys-
tallographically characterized Li[(*Bu,SiN=),VMe,],*® was
difficult to avoid. Successful methylation was effected via the
addition of 1.0 equiv of AlMe; (in hexanes) to 3-Cl in hexanes
at -78 °C. Subsequent stirring at 25 °C for ~12 h resulted in
the production of 3-Me (eq 7), which was isolated as colorless

hexanes
(‘Bu,SiNH),C1Ta=NSi'Bu, + AlMe, —
3.Cl 25°C,12h

(‘Bu,SiNH),MeTa==NSi'Bu, + ClAIMe, (7)
3-Me

crystals from hexanes in 78% yield. Other colorless, crystalline
alkyl complexes were straightforwardly prepared in moderate
yields from 3-Cl and various alkyl anion equivalents, Phenyl-
lithium was added to 3-Cl in Et;O/hexanes to produce
(*Bu;SiNH),PhTa=NSi'Bu; (3-Ph) in 64% yield (eq 8), and a

25°C,12h
(‘Bu,SiNH),CITa=NSi'Bu, + PhLi —
s m

(‘Bu,SiNH),PhTa=NSi'Bu, (8)
3-Ph

25°C,12h
3Cl+PhCHK —

toluene, -KCl

(*Bu,SiNH),(PhCH,)Ta=NSi'Bu, (9)
3-CH,Ph

25°C,12h
3-Cl+'BuCH,Li —
Et,0, -LiCl

(‘Bu,SiNH),('BuCH,)Ta=NSi'Bu, (10)
3-CH,'Bu

similar addition of PhCH;K to 3-Cl in toluene afforded
(*Bu;SiNH),(PhCH,)Ta=NSi'Bu; (3-CH,Ph) in 51% yield (eq
9). Excess 'BuCH,Li (~2 equiv) was nceded to cleanly provide
(*Bu3;SiNH),('BuCH;) Ta=NSi'Bu; (3-CH,'Cu) from a related
metathetical procedure (eq 10), but the yield was somewhat low
(39%). Inthelatterinstances, theisolated yields were significantly
lower than those observed in NMR tube reactions (~95%) due
to the high solubilities of the benzyl (3-CH,Ph) and neopentyl
(3-CH,'Bu) compounds. For each new alkyl derivative, 'H and
13C{'H} NMR spectra displayed a 2:1 ratio of amide~imide ‘Bu,Si
fragments in addition to pertinent Ta-R resonances (Table I).
As expected, 1,2-RH-elimination from 3-R generates three-
coordinate (*Bu;SiNH)Ta(==NSi'Bu,), (4), a species capable of
activating carbon-hydrogen bonds (vide infra).

(66) For the related [('BuNH)(:BuNH;)ClTa==N'Bu];(4-Cl),, see: Jones,
T. C.; Nielson, A. J.; Ricard, C. E. F. J. Chem. Soc., Chem. Commun.
1984, 205-206.



(py).MeTa(=NSi'Bu;),

Figure 1. Molecular view of (py):MeTa(=NSi'Bus)2 (2(py)2).

Table II.  Crystallographic Data for (py):MeTa(=NSi'Bu;),
(2(py)2)

formula; C35H57N4SizTa fw = 781.1
a=12.134(2) A space group: P2,2,2,
b=13.421(2) A T=25°C
c=24.8654) A A=0.71070 A

Paic = 1.281g u=2766 mm-!

¥ =4049.3(11) A3 R =0.062¢

Z=4 R, = 0.066°

R = ZIFd - |Fl/(TIFd). ® R = {Zw(Fd - [Fd)?/EwlIFa?}/2

In order to vary the composition of the ancillary ligands, and
the electrophilicity at tantalum, 'Bu;SiO was considered as a
replacement for ‘Bu;SiNH. As eq 11 indicates, (‘Bu;SiNH)-
Me,;Ta==NSi‘Bu; (1) and 1.0 equiv of *Bu;SiOH were combined
in hexane for ~30 min at 25 °C, yielding CH, and (*Bu;-
SiNH)(*Bu;SiO)MeTa==NSi'Bu; (5-Me), which was isolated in
52% yield from hexane as colorless crystals.

hexane
(‘Bu,SiNH)Me,Ta=NSi'Bu, + 'Bu,SiOH  —
1

25 °C, ~30 min

(‘Bu,SiNH)(‘Bu,SiO)MeTa==NSi'Bu, + CH, (11)
5-Me

Molecular Structure of (py);MeTa(=NSi'Bu,); (2(py)2). A
single-crystal X-ray structure determination (orthorhombic,
P2,2,2,, 3257 reflections (F > 3.00(F)), R = 6.2%, R\ = 6.6%)
of (py);MeTa(==NSi'Bu,); (2(py);) confirmed its molecular
formula and trigonal bipyramidal geometry, but revealed an
unanticipated pseudo-C; stereoisomer. As the molecular view in
Figure 1 illustrates (crystallographic data given in Table II), the
methyl group of 2(py), occupies an axial position, in contrast to
'H and *C{'H} NMR evidence that points to a more symmetric
Cy structure with diaxial pyridines. Since the bulky, »-donating
‘Bu;SiN==ligands are relegated to the least sterically demanding
equatorial sites,53 the pyridines reside in the remaining axial and
equatorial positions, although significant distortions from a true
tbp framework are observed. Curiously, the configuration of
2(py). is distinct from that of a related bis(arylimido) derivative,
(py);ClITa(==NAr), (Ar = 2,6-Pr,C¢H;), prepared by Wigley
etal., which displays the expected C,, conformation. Electronic
arguments suggest that chloride should prefer an equatorial rather
than an axial site because the former is marginally better for a
x-donor. Similar arguments also suggest that a good o-donor
will occupy an equatorial site in preference to an axial one;®*
hence 2(py); should also be Cy, because CH;is a stronger o-donor
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Figure 2. Skeletal view of (py)2MeTa(=NSi'Bus); (2(py)2).

than py. The disparity between the two structures is probably
due to the more pronounced steric influences of the conical
tBu,;SiN= ligands as compared with the more wedgelike shape
of the arylimido groups.6’ In the (py),ClTa(==NAr); complex,
the ring of one arylimido moiety is virtually in the N,TaCl
equatorial plane, while the other is perpendicular to it, thus
permitting some steric relief for the axially disposed pyridines,
which are rotated to minimize interactions with the latter.
Distortions from ideal tbp geometry reflect the steric demands
of the silimido ligands (Figure 2, Table III). Theaxial substituents
lean away from the imides as indicated by the C,,~Ta-N(py)e,
and N(py)..~Ta-N(py)., angles of 76.7 (7) and 75.2 (5)°,
respectively; the C,,—Ta—N(py).x angle of 151.9 (7)° is ~10°
less than the corresponding angle in (py).ClTa(=NAr),, cor-
roborating the greater steric influence by the ‘Bu;SiN== groups.
The premise that the deviation from an ideal 180° is due to the
presence of the bulky imides is borne out by the nearly equivalent
set of N1;;~Ta—C,, (99.0 (7)°) and N2,,,—-Ta-C,, (98.9 (7)°)
angles, in addition tosimilar N 1;,—Ta-py.x (94.0 (6)°) and N2~
Ta-C,y (97.8 (5)°) angles. Somewhat surprisingly, the steric
influence of the imides is not manifested by the N1;,~Ta~N2n
angle of 115.3(7)°; the analogous angle in (py);ClTa(=NAr),
is also less than the ideal 120° (113.2 (3)°). The imides and
equatorial pyridine ligand are virtually coplanar, as evidenced by
the 120.4 (6) and 124.2 (6)° angles pertaining to N1;n—Ta—pyeq
and N2;,-Ta—Py,, respectively. The deviation of the N1;,—
Ta-N2;, angle from the 120° ideal value is attributed to both
o- and x-electronic components of the bonding. First, assuming
the imides form better o-bonds than the pyridine, a closing of the
N1;5-Ta—N2;, angle permits better overlap with the d,2_,2/p,
andd,,/p, (aligning z axially) hybrid orbitals. Second, x-donation
from the imides into the lower lying d,.,d,, orbitals is similarly
maximized when N1;,~Ta~-N2;, approaches 90°, since py., is
nota competitive x-donor. Third, only the symmetriccombination
of the two in-plane (equatorial) pr-orbitals of the N1;,—Ta—
N2;, unit is significant, overlapping with the d,2 ,2/p, hybrid;
this interaction is also maximized as N1;,~Ta~N2;, nears 90°.
As a consequence of their disposition, the two imides contribute
roughly 6 rather than the maximum 8 ¢~ to the metal center, not
unlike the bonding in certain bis(acetylene) adducts;®8 hence, the
complex is probably best considered a 16 ¢~ species. Related
arguments apply to Wigley’s (py),ClTa(==NAr), compound.4
In corroboration with the above contention regarding imido
bondi