870 Inorg. Chem.2001,40, 870-877
Group 4 Imido Complexes Stabilized by a Tridentate Diamido-Donor Ligand
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Reaction of the lithium amides [(2584N)C(CHs){ CHoN(Li)SiMe3}2]2 (2a) and [(2-GH4N)C(CHs){ CHoN(Li)-
SiMextBu} ;] (2b) with the imidotransition metal complexes [TiBU)Clx(py)s], [Ti(N-2,6-CsHaiPr,)Clx(py)s],

and [Zr(N-2,6-GH3iPr)Cl,(thf),] yielded the five-coordinate imido-titanium and -zirconium complexXasN-
(2-GsH4N)C(CHg)(CH2NSIMeR)2 TI(NR')(py)] (R = Me, R = tBu: 33, R= tBu, R = tBu: 3b, R = Me,

R = 2,6-GHsiPrx: 43, R = Me, R = 2,6-GH3Me,: 4b) and [ «3N-(2-CsH4N)C(CHg)(CHNSiMes),} Zr(N-
2,6-GHsiPr)(py)] (5). The tridentate diamido-pyridine ligand adopts a facial coordination mode in the distorted
trigonal bipyramidal complexes with the imido ligand occupying an equatorial position, as was established by
X-ray diffraction for3aand5. Sublimation of3aand4ayielded the pure four-coordinate imidotitanium complexes

[{ «3N-(2-CsH4N)C(CHg)(CH2NSIMes)2} Ti(NR')] (R' = tBu: 6, 2,6-GHsiPr:  7) which were structurally
characterized by X-ray crystallography. ReactiorBafwith the Lewis acid B(GFs); also led to abstraction of

the axially bound pyridine ligand and the formation of the adduct{B{CsFs)s] and 6. Reaction of6 with thf,

PMe;, and pyridine led to the formation of pentacoordinate complekeNF(2-CsH4N)C(CHz)(CHoNSiMes),} -
Ti(NtBu)(thf)] (8), [{ «®N-(2-CsH4N)C(CHg)(CHaNSIMe3),} Ti(NtBu)(PMey)] (9), and [ «3N-(2-CsH4N)C(CHg)(CH,-
NSiMes)2} Ti(NtBu)(py)] (3a) in which the donor ligands occupy axial positions.

Introduction some senses lagging behifdAn important reason for this
First structurally authenticated just a decade Bgamido- apparent imbalance is the change in reactivity of the imido

titanium and -zirconium complexes have been the objects of ligand on going TFO”‘ the center of the Q'bbCk to the !Ef.t'
intense study during the past few ye#rst While the imido- Whereas the stability and relative chemical inertness of the imido

metal unit is a well-studied and frequently encountered structural ligands coo_rdlnat(_ad to mqubdenum_ an_d tungsten permits their
element in the coordination chemistry of group % metals? use as ancillary ligands in high oxidation state complexes of

the development of group 4 imido complex chemistry is still in these metals] the increased polarity of the M= NR unit in
the compounds of the titanium triad renders the imido ligand
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$ UniversiteLouis Pasteur. saturation and steric shielding almost completely suppressed the
(1) (2 Hill, J. E.; Profilet, R. D.; Fanwick, P. E.; Rothwell, |. Rngew; potential reactivity of the imido ligand. At the same time, it
Chem. Int. Ed. Engl199Q 29, 664. (b) Roesky, H. W.; Voelker, H.; i i _
Witt, M.: Noltemeyer. M.Angew. Chem. Int. Ed. Englooq 29, was well establlsh.ed through thg work by Wolngnsk| gnd co
669. workers that transient, low coordinate group 4 imides display a

(2) Walsh, P. J.; Hollander, F. J.; Bergman, R. 5.Am. Chem. Soc. remarkable reactivity toward hydrocarbo#s.

1988 110, 8729. . . L . .
3) Cun?ming, C. C.; Schaller, C. P.; Van Duyne, G. D.; Wolczanski, P. A key objective of our work on group 4 imidotitanium

T.: Chan, A. W. E.: Hoffmann, Rl. Am. Chem. So2991, 113 2985. complexes has been the combination of an efficient strategy to
(4) g:]%enﬁk,slg.clsg.éilvfl,;.Zéleollander, F. J.; Bergman, R.JGAm. stabili_ze the imido unit while providing sufficient access to th(_e
5) McGréne, P. L.; Jensen, M Livinghouse, T.JJAm. Chem. Soc. .Coordl.natl.on spherfe of the. metal to a”.OW the systematic
1992 114 5459. investigation of their reactivity? One possible approach has
(6) Walsh, P. J.; Hollander, F. J.; Bergman, R @BganometallicsL993 been the protection of the greater part of the coordination sphere
12, 3705. _ of the metal by a polydentate ligand which not only meets the
) 8321%551%@,5358?0"' A. S.; Mountford, &.Chem. Soc., Chem. g6 tronic demand of the highly Lewis acidic early transition
(8) Blake, A. J.; Collier, P.; Dunn, S. C.; Li, W.-S.; Mountford, P.; metal center but ideally allows the generation of low-coordinate
Shishkin, O. V.J. Chem. Soc., Dalton Tran$997, 1549. imido species under controlled conditiolS hese requirements

(9) Lewkebandra, T. S.; Sheridan, P. H.; Heeg, M. J.; Rheingold, A. L.;
Winter, C. H.Inorg. Chem.1994 33, 5879.
(10) Collier, P. E.; Dunn, S.; C.; Mountford, P.; Shishkin, O. V.; Swallow, (13) Mountford, P.Chem. Commurl997 2127.

D. J. Chem. Soc., Dalton Tran&995 3743. (14) Schrock, R. RAcc. Chem. Red.99Q 23, 158.

(11) Polse, J. L.; Andersen, R. A.; Bergman, RJGAM. Chem. S02998 (15) Bennet, J. L.; Wolczanski, P. J. Am. Chem. S0d997, 119, 10696
120, 13405. and references therein.

(12) Wigley, D. E.Prog. Inorg. Chem1994 42, 239. (16) Gade, L. HChem. Commur200Q 173.

10.1021/ic0005644 CCC: $20.00 © 2001 American Chemical Society
Published on Web 01/26/2001



Group 4 Imido Complexes

are in principle met by a potentially tridentate dianionic ligand
in which two amido functions are combined with a neutral
pyridyl unit1”18 In this work we report the synthesis und
structural characterization of several imido-titanium and -zir-
conium complexes bearing such a multifunctional ligand
system® and particular attention will be devoted to the
possibility of generating stable low-coordinate derivatives.

Experimental Section

Inorganic Chemistry, Vol. 40, No. 5, 200B71

[{ k3N-(2-CsH4N)C(CH3)(CHNSiMetBu),} Ti(N tBu)(py)] (3b). A
solution 0f2b (929 mg 1.14 mmol) in 20 mL of benzene was added to
a suspension of [(pyJi(NtBu)Cl;] (978 mg= 2.29 mmol) in benzene
(20 mL) which was cooled at 8C. The reaction mixture was warmed
to ambient temperature and then stirred for another 16 h. The solvent
and liberated pyridine were then removed in vacuo, and the red-brown
residue was extracted twice with 30 mL of toluene. Concentration of
the extract in vacuo giving a volume of 5 mL and storage of the solution
at—35°C for 2 days yielded the reaction prod@ttas a red crystalline
solid, which was isolated by filtration and washed with 5 mL of cold
pentane and then dried in vacuo. Yield: 1.013 g (77#4NMR (300.1

All manipulations were performed under an inert gas atmosphere \;, CeDs, 295 K): & = 0.20 (s, 6 H, SiG:CHs), 0.34 (s, 6 H
of dried argon in standard (Schlenk) glassware which was flame dried SiCI-,bCH3) '0.86 (s, 18 H{Bu) 106 (sl 3 H CClﬂ’ 158 [s’ 9H

prior to use or in an inert atmosphere drybox under$blvents were

NC(CHy)a], 3.45 [d,2J(HH) = 12.6 Hz, 2 H, GiHN], 3.65 (d, 2 H,

dried according to standard procedures and saturated with Ar. The CHHN), 6.61-6.72 (m, 3 H, B und m-CsHsN), 6.85 [d,3J(H3H4) =
deuterated solvents used for the NMR spectroscopic measurements werg o 1, 1 H H], 6.92 (r’n br 1 Hp-CsHaN) 7.08 [td 3J(i-|4H5) -76

degassed by three successive “freeze-pump-thaw” cycles and dried using,, 43(H4HE) = 1.8 Hz, 1 H, H], 9.23 (s, br, 2 Hp-CsHsN), 9.55 [d

standard techniques.

The H, 13C, 3P, and?*Si NMR spectra were recorded on Bruker
AC 200, AM 300, or DRX 500 NMR spectrometers equipped with a
B-VT-2000 variable temperature unit with tetramethylsilane anrd H

3J(HOHS) = 4.3 Hz, 1 H, H]. {IH}'3C NMR (75.5 MHz, GDs, 295
K): 6 = —2.8 (SCHsCHs), —2.1 (SICHCHz), 20.8 (CH), 24.8
(CCHg), 27.9 [CCHa)3], 34.6 [NC(CH3)s], 45.4 (CCH;), 64.8 [C(CHa)g],
68.3 [NC(CHz)s], 120.5, 120.6 (&C5), 123.3 (+-CsHsN), 136.7 -

PO, (85%, ext) as references. Infrared spectra were recorded on Perkin-cgHgN), 138.0 (C), 150.1 (), 151.4 p-CsHsN), 160.8 (). IR (Nuijol,

Elmer 1420 and Bruker IRS 25 FT-spectrometers.

CsBr): v = 1638 w, 1598 s, 1443 s, 1406 w, 1364 m, 1348 m, 1282

Elemental analyses were carried out in the microanalytical labora- w, 1245 s, 1228 s, 1208 m, 1201 m, 1158 m, 1148 m, 1137 m, 1111
tories of the chemistry departments at Nottingham, Oxford and m, 1088 m, 1065 s, 1038 m, 1008 w, 936 w, 897 s, 877 s, 824 s, 800

Wirzburg. The ligand precursers (2H4N)C(CHg)(CHNHSIMes),
(1a)!® and (2-GH4N)C(CHs)(CH,NHSiMextBu), (1b),?° and the cor-
responding lithium amides [(2+84N)C(CHs){ CH:N(Li)SiMe3} ]2
(2a),%° and [(2-GH4N)C(CHs){ CHN(Li)SiMetBu),]2 (2b)?° as well
as the imidotransition metal complexes [TiBW)ClL(py)s],”® [Ti(N-
2,6-GsH3iPr)Cla(py)s]® and [Zr(N-2,6-GH3iPr,)Cly(thf);]?t were pre-

s, 776s,768s, 755 s, 736 w, 698 s, 660 m, 628 w, 601 m, 544 w, 518
m, 508 m, 470 w, 447 w, 438 w crh Anal. Calcd for GoHssNsSi,Ti:
C61.1,H9.4,N11.9. Found: C 61.0, H 9.4,N 11.9.

[{ €3N-(2-CsH4N)C(CH3)(CH2NSiMes),} Ti(N-2,6-CgH3i Pro)(py)]
(4a). To a mixture of solid [Ti(N-2,6-GH3'Pr)Clx(py)s] (1.975 g, 3.72
mmol) and solid [(2-GHsN)C(CHs){ CH:N(Li)SiMes} o). (2a) (1.197

pared according to published methods. All other chemicals used asg, 3.72 mmol) was added cold {€) benzene (50 mL). The resulting
starting materials were obtained commercially and used without further brown solution was stirred f@® h atroom temperature, and the volatiles

purification.

1) Preparation of the Compounds. {k3N-(2-CsH4N)C(CHa)-
(CH2NSIMes),} Ti(NtBu)(py)] (3a). To a stirred solution of [Ti(KBu)-
Cly(py)s] (2.827 g, 6.72 mmol) in benzene (80 $nat 5°C was added
a cold solution of [(2-GHsN)C(CHs){ CHzN(Li)SiMes} 2] (2a) (2.156
g, 6.72 mmol) in benzene (40 ém The resulting red solution was

were subsequently removed under reduced pressure. The brown solid
residues were extracted into toluene 325 mL) and filtered. The
solution was reduced in volume to 10 mL under reduced pressure and
placed at 5°C for 60 h. Complex4a formed during this time as a
microcrystalline solid, which absorbed much of the solvent. The solid
was washed at C with pentane (4 3 mL) and dried under reduced

allowed to warm to room temperature, stirred for 18h and filtered. The pressure at 5C. A second crop ofawas obtained from the washings.
volatiles were removed under reduced pressure and the solid wasYield: 1.675 g (74%).!H NMR (200.1 MHz, GDs, 295 K): 6 =

extracted into pentane (25 énSubsequent filtration and cooling to
—26 °C afforded a yellow-brown solid which was washed with cold
pentane (2< 5 cn?) and dried in vacuo. Yield: 1.94 g (57%). Deep
yellow crystals suitable for X-ray diffraction were grown from a
saturated solution of pentane a6 °C. Mp 48 °C (dec).'H NMR
(200.1 MHz, GDs, 295 K): 6 = 0.19 (s, NSi(®l3)s), 1.06 (s, GC),
1.52 (s, C(®l3)3), 3.27 (d, G4HNSI, 2y = 12.5 Hz), 3.56 (d,
CHHNSI), 6.60-6.72 (m, mCsH,N and py-H), 6.86 (d, py-H,
3\]HH = 8.0 HZ), 6.92 (tt,p-C5H4N, 3\]HH =76 HZ,4JHH =1.8 HZ),
7.13 (ddd, py-H, 3\]HH =7.6 HZ,4JHH =1.8 HZ), 9.23 (d,O-C5H4N,
3Jun = 4.7 Hz), 9.60 (d, py-Hl 3Jun = 5.3 Hz).{*H}*3C NMR (50.3
MHz, CsDs, 295 K): 6 = 1.7 (NSiCHs)), 24.3 CHsC), 34.5
(C(CH3)3), 45.1 (CHC), 64.0 CHaNSI), 67.7 C(CHs)3), 120.1 (C),
120.2 (G), 123.4 (-CsH4N), 137.0 p-CsH4N), 137.1 (C), 150.2 (C),
151.6 - CsH4N), 160.8 (C). IR (CsBr plates, Nujol:v = 1600 s,

0.04 (s, 18 H, SiMg), 1.17 (s, 3 H, CH), 1.45 [d,3J(HH) = 6.8 Hz,
12 H CH(TH3)], 3.33 [d,2J(HH) = 12.6 Hz, 2 H, G{1HN] 3.82 (d, 2
H, CHHN), 4.73 [sep, 1 H, B(CHs),], 6.39 [tt, 3J(HH) = 7.33 Hz,
4J(HH) = 1.17 Hz, 1 H, M in CsHsN], 6.56 [d,3J(H3H2) = 4.99 Hz,
2 H, H35in CsHsN), 6.86 [dd,3J(H3H4) = 7.9 Hz, 1 H, H], 6.90 [ddd,
3J(HSH4) = 7.6 Hz,3)(H°H®) = 5.3 Hz,J(H5H3) = 1.46 Hz, 1 H, H],
6.98 [t, 3J(HH) = 7.63 Hz, 1 H, H in 2,64Pr,CeHs], 7.03 [ddd,
3J(H4HS) = 1.76 Hz, 1 H, H], 7.27 (d, 2 H, H5in 2,64iPr,CsHs), 8.96
(m, 2 H, H5in CsHsN), 9.21 [ddd,3J(HeH3) = 0.88 Hz, 1 H, H].
{IH}13C NMR (50.3 MHz, GDg, 295 K): 6 = 0.9 (SiMe), 24.5
(CCHa), 25.5 [CHCHa)s], 27.4 [CH(CHa)3], 47.0 (CCHs), 64.2 (CHN),
119.3 (C in 2,64PrCeHs), 119.5 (), 120.9 (C in CsHsN), 123.4
(C35in 2,64Pr,CeHs), 123.6 (G5 in CsHsN), 138.0 (C), 138.6 (G),
141.6 (G5in 2,64PrCeHs), 150.7 (C), 152.7 (G5in CsHsN), 156.2,
160.9 (G in 2,64PRCsHs, C?). {*H}2°Si NMR (39.8 MHz, GDs, 295

1570 w, 1446 s, 1347 m, 1282 w, 1233 s, 1208 m, 1156 m, 1138 m, K): 0 = —2.1. Anal. Calcd for @Hs:NsSi;Ti: C 63.0, H 8.4, N 11.5.
1114 m, 1089 m, 1063 m, 1010 w, 1001 m, 952 w, 894 s, 868 s, 829 Found: C 62.9, H 8.4, N 11.4.

S, 792m, 773 m, 752 m, 694 m, 682 w, 648 w, 628 w, 599 w, 571 w,
544 w, 521 w, 496 w, 436 w cm. Anal. Calcd for G4H4aNsSi,Ti: C
57.0; H9.0; N 13.8. Found: C 56.4; H 9.0; N 13.8.

(17) Friedrich, S.; Gade, L. H.; Edwards, A. J.; McPartlin, 31.Chem.
Soc., Dalton Trans1993 2861.

(18) Friedrich, S.; Schubart, M.; Gade, L. H.; Scowen, |. J.; Edwards, A.
J.; McPartlin, M.Chem. Ber1997 120, 11751.

(19) Blake, A. J.; Collier, P. E.; Gade, L. H.; McPartlin, M.; Mountford,
P.; Schubart, M.; Scowen, |. ©Ghem. Commuril997, 1555.

(20) Galka, C. H.; Trech, D. J. M.; Schubart, M.; Gade, L. H.; Radojevic,
S.; Scowen, I. J.; McPartlin, MEur. J. Inorg. Chem200Q 2577.

(21) Arney, D. J.; Bruck, M. A.; Huber, S. R.; Wigley, D. biorg. Chem.
1992 31, 3749.

[{ k®N-(2-CsH4N)C(CH3)(CH2NSiMes)} Ti(N-2,6-CeHsMez) (py)]
(4b). To a stirred slurry of [Ti(N-2,6-6HsMe2)Cla(py)s] (302 mg, 0.63
mmol) in pentane (30 cfhat —30 °C was added a cold suspension of
[(2-CsH4N)C(CHs){ CHoN(Li)SiMes} 2]» (28) (202 mg, 0.63 mmol) in
pentane (20 cf). The solution was allowed to warm to room
temperature and was stirred for 18 h. The volatiles were removed under
reduced pressure, and the red solid was re-extracted into pentane (30
cm). After filtration the pentane solution was concentrated to 28 cm
Recrystallization at-25 °C yielded the red crystalline produdt«N-
(2-GsH4N)C(CHs)(CHoNSIMes)} Ti(N-2,6-CsHs Mey) (py)] (4b). Yield:
95 mg (27%).H NMR (300.1 MHz, GDs, 298 K): 6 = 0.05 (18 H,
s, SMes), 1.20 (3 H, s, Me of BNy,), 2.81 (6 H, s, GH3Me,), 3.35 (2
H, d,?J = 12.5 Hz,GHHN), 3.84 (2 H, d2J = 12.4 Hz, CHHN), 6.36
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(1 H, m, H), 6.55 (2 H, m,m-NCsHs), 6.83 (1 H, t,3J = 7.6 Hz,
p-CeHsMey), 6.89-6.80 (3 H, m, overlapping-NCsHs, p-CsHsMe, and
H3), 7.00 (1 H, td,3 (H*H5) = 7.5 Hz, H', 3 (H*H3) = 7.5 Hz, 4
(H*H®) = 1.8 Hz), 7.27 (2 H, d3J = 7.4 Hz,m-CsHsMe,), 8.92 (2 H,
d, 3J (0-Hm-H) = 4.6 Hz,0-NCsHs, 4J (0-Hp-H) = 1.5 Hz), 9.15 (1 H,
dd, 3J (HPHS) = 5.3 Hz, H4J (HH4) = 1.8 Hz).{H}%C NMR (50.3
MHz, CsDs, 295 K): 6 = 1.1 [Si(CHy)3], 21.3 [2,6-CHz).CsH3], 24.3
(CCHs), 46.6 (CCH;), 64.4 (CHN), 118.0 (CG), 119.6 (G), 120.9 p-
2,6-GHsMey), 123.7 -NCsHs), 128.4 (-2,6-GsHsMe,), 130.1 6-
2,6-GHsMey), 137.5 (@), 150.4 (), 152.1 p-NCsHs), 160.0 {pso-
2,6-GHsMe;,), 160.8 (C). IR (benzene):v = 3084 w, 3033 w, 2993

Blake et al.

[{ k3N-(2-CsH4N)C(CH3)(CH NSiMes)2} Ti(N-2,6-CeHsiPra)] (7).
[{k®N-(2-CsHaN)C(CHg)(CHNSIiMes)} Ti(N-2,6-CsHsiPrz) (py)] (4b)
was sublimed at 153C and 1x 10°® mbar ove 3 h to provide
analytically pure {«3N-(2-CsHsN)C(CHs)(CH:NSiMes)2} Ti(N-2,6-
CsH3iPr)] (7) as a red solid in quantitative yield. Orange single crystals
suitable for X-ray diffraction formed during sublimatiofd NMR
(500.0 MHz, GDsg, 295 K): 6 = 0.28 (s, 18 H, SiMg), 1.00 (s, 3 H,
CHs), 1.56 [d,3J(HH) = 7.0 Hz, 12 H CH(®13)7], 3.27 [d,2J(HH) =
13.0 Hz, 2 H, ®1HN] 3.80 (d, 2 H, CHHN), 4.25 [sep, 1 H, EI(CH)2],
6.37 [apparent t, appared(HH) = 6.0 Hz, H in CsHsN], 6.82 [d,
3J(H®H*) = 8.0 Hz, H}, 6.91 [dd,3J(H*H®) = 8.0,3J(H*H%) = 8.0 Hz,

w, 2953 s, 2895 w, 1600 s, 1582 s, 1473 m, 1446 s, 1435 vs, 1402 m,1 H, H* in 2,64Pr.CsHz], 6.963 [t,3J(H*H®) = 7.5 Hz, 1 H, H], 7.21
1331s, 1302 s, 1211 w, 1138 w, 1091 w, 1069, 1055 s, 1042, 1007 (d, 2 H, H5in 2,6iPrCeHs), 8.78 (m, 2 H, H5in CsHsN). {IH}13C
vw, 989 v, 949 vw, 909 s, 880 vs, 829 vs, 782 w, 760 w, 742 w, 702 NMR (125.5 MHz, GDg, 295 K): 6 = 1.1 (SiMe), 24.4 [CHCHa)2],

vs, 629 vw cm!. Anal. Calcd for GgHaaNsSi;Ti: C 60.7, H 7.8, N

12.7. Found: C 60.0, H 8.0, N 12.5.
[{K3N-(2-C5H4N)C(CH3)(CH2NSiMe3)2}Zr(N-2,6-CeH3iPr2)-

(py)] (5). To a solution of [Zr(N-2,6-GH3iPr,)Cly(thf),] (435 mg, 0.90

25.4 (QCHs), 28.8 [CH(CHs)2], 46.4 (CCHs), 62.2 (CHN), 118.6 (C
in 2,64PrCeHs), 121.1 (G), 122.2 (€ in CsHsN), 122.5 (G5 in 2,6-
iPrLCeHs), 138.7 (G), 140.6 (G5 in 2,64PrCsHs), 146.9 (), 158.1
(Ctin 2,64Pr,CsH3), 19.8 (C). Anal. Calcd for GHaeN4SipTi: C 61.1,

mmol) in benzene (20 mL) was added pyridine (0.15 mL, 147 mg, H 8.7, N 10.6. Found: C 60.3, H 8.9, N 10.4.

1.85 mmol). The orange solution was stirred at room temperature for

2 h, after which time it was cooled to 2@ and a solution ofa (290

NMR Tube Scale Synthesis of {k3N-(2-CsH4N)C(CH3)(CH2N-
SiMej3)} Ti(NtBu)(thf)] (8), [{ k3N-(2-CsH4N)C(CH3)(CHNSiMes)2} -

mg, 0.90 mmol) in benzene (10 mL) was added. The resulting solution Ti(NtBu)(PMe3)] (9), and [{ k3N-(2-CsH4N)-C(CH3)(CH2NSiMe3),} -
was stirred at room temperature for 18 h and filtered, and the volatiles Ti(NtBu)(py)] (3a). Tetrahydrofuran, PMg or pyridine (0.06 mmol)
were removed under reduced pressure to provide an orange solidwere added via syringe to a solution §ffN-(2-CsH4N)C(CHs)(CH-

residue. The residues were extracted with hexane BmL) and the
extracts reduced to 3 mL and placed-&35 °C for 17 h. f«3N-(2-
CsH4N)C(CHs)(CHoNSIMes)2} Zr(N-2,6-GHs iPR)(py)] (5) was ob-

tained as red-orange microcrystals. Yield: 190 mg (32%). Orange
crystals of 5 suitable for X-ray diffraction were obtained from a

saturated solution d§ in pentane at 5C over a period of 3 week3H

NMR (500.0 MHz, GDs, 295 K): 6 = 0.03 (s, 18 H, SiMg, 1.15
(s, 3 H, CH), 1.48 [d,%J(HH) = 7.0 Hz, 12 H CH(G3),], 3.33 [d,
2)(HH) = 12.5 Hz, 2 H, ®1HN] 3.93 (d, 2 H, CHHN), 4.74 [sep, 1 H,
CH(CHa)], 6.37 [apparent t, appared{HH) = 5.5, H' in CsHsN],

6.48 [broad, H® in CsHsN), 6.79 [broad, 1 H, H, 6.81 [d,
3J(H®H* = 8.0 Hz, H, 6.98 [dd,3J(H*H5) = 8.0,3J(H*H3) = 8.0 Hz,
1 H, Hin 2,64Pr,CeHa], 7.03 [t, 3J(H*H®) = 7.5 Hz, 1 H, H], 7.39
(d, 2 H, H>in 2,64PI’206H3), 9.01 (m, 2 H, H5in C5H5N), 9.34 [d,
3J(H®H®) = 5.0 Hz, 1 H, H]. {*H}'3C NMR (125.1 MHz, GDs, 295
K): 6 =0.5(SiMe), 25.4 [CHCH?3)2], 25.5 (QCH3), 27.6 [CH(CH3)2],

47.7 CCHg), 63.1 (CHN), 116.3 (Cin 2,64iPr,CsHs), 120.0 (G), 121.1
(C8in CsHsN), 123.0 (G®in 2,64Pr,CeHs), 124.1 (min CsHsN), 138.6
(C%, 139.0 (G), 140.2 (C®in 2,64PrCsHs3), 151.1 (C), 152.2 (C5

in CsHsN), 155.0 (G in 2,64PrCeHs), 161.4 (C). Anal. Calcd for

Cs2Hs1NsSipZr: € 58.8, H 7.9, N 10.7. Found: C 58.7, H 8.2, N 10.5.

NMR Tube Reaction of 3a with B(CsFs)s. To a solution of3a (30
mg = 0.059 mmol) in GDs (0.5 mL) was added 31 mg of solid
B(CsFs)s (0.0595 mmol). The resonances of the reaction pro@ede

infra) could be observed after ca. 5 min along with the signals of [py-
B(CsFs)3]. The latter assignment was confirmed by direct synthesis of

the adduct and spectroscopic characterizatith. NMR for [py-
B(CsFs)3] (CeDs, 300.1 MHz, 298 K): 6 = 6.25 (m, 2 H, H9), 6.58
(m, 1 H, HY), 7.95 (m, 2 H, B9. An isolation of pure compouné
was not possible from this reaction.

[{ k3N-(2-CsH4N)C(CH3)(CH2NSiMes)z} Ti(N tBu)] (6). [{«N -(2-
CsH4N)C(CHs)(CHoNSIMes),} Ti(NtBu)(py)] (38) (0.50-1.00 g) was
sublimed at 128C and 9x 107® mbar ove 2 h toprovide analytically
pure solid {«3N-(2-CsHsN)C(CHs)(CHNSiMes)z} Ti(NtBU)] (6) in

guantitative yield. Yellow crystals suitable for X-ray diffraction were
obtained by recrystallization of the compound from pentane solution

at —25 °C over 2 week3H NMR (300.1 MHz, GDg, 298 K): 6 =
0.42[s, 18 H, Si(Ch)s], 0.98 (s, 3 H, CCH), 1.60 [s, 9 H, NC(CH)3],
3.22 [d,2J(HH) = 12.8 Hz, 2 H, GIHN], 3.72 (d, 2 H, CHHN), 6.27
(m, 1 H, H), 6.65 (M, 1 H, H), 6.86 (m, 1 H, H), 8.71 (m, 1 H, H).
{IH}13C NMR (75.5 MHz, GDs, 298 K): 6 = 1.9 [Si(CH)a], 25.5
(CCH3), 34.7 [CCH2)3], 46.5 (CCH3), 62.2 (CHN), 68.4 [C(CHs)3),
120.6 (G), 121.5 (C), 140.2 (), 149.0 (C), 160.3 (). IR (Nujol,

CsBr) 1600 (m), 1586 (m), 1523 (w), 1285 (m), 1244 (s), 1208 (m),
1158 (w), 1141 (w), 1088 (m), 1055 (s), 1026 (s), 836 (s), 778 (s), 721

(m), 684 (w), 630 (w), 584 (m), 504 (w). Anal. Calcd fordB83sN4-
Si;Ti: C 53.5, H 9.0, N 13.1. Found: C 53.3, H 8.9, N 13.0.

NSiMes)2} Ti(NtBu)] (6) (26 mg, 0.06 mmol) in €Ds (0.5 mL),
providing solutions of {x3N-(2-CsH4N)C(CHs)(CH.NSiMes)} Ti-
(NtBu)(thf)] (8), [{«°N-(2-CsHaN)C(CHs)(CH2NSiMe3),} Ti(NtBu)-
(PMe3)] (9), and [ «3N-(2-CsHaN)C(CHs)—(CHNSiMes)z} Ti(NtBU)-
(py)] (3@) in quantitative yield by NMR.

8. H NMR (300.1 MHz, GDg, 298 K): 6 = 0.30 [s, 18 H, Si-
(CHs)4], 1.02 (s, 3 H, CCH), 1.45 (m, 4 H, OCHCH,), 1.55 [s, 9 H,
C(CHg)3], 3.19 [d, 2J(HH) = 12.6 Hz, 2 H, GIHN], 3.62 (d, 2 H,
CHHN), 3.76 (m, 4 H, OGI,CH,), 6.48 (m, 1 H, H), 6.76 [d,
8J(H3H*) = 8.1 Hz, 1 H, H], 7.01 [td,3J(H*H®) = 7.7 Hz,3J(H*H®) =
2.0 Hz, 1 H, H], 9.22 [d,3J(H®H®) = 5.5 Hz, 1 H, H]. 3C{H}-
NMR (75.5 MHz, GDg, 298 K): 6 = 1.6 [s, Si(CH)3], 24.6 (QCHs3),

25.6 (OCHCH,), 34.6 [CCH3)s], 45.8 (CCH3), 62.9 CHN, 67.9
[C(CHg)s), 69.4 (CCH,CH,), 120.1 120.6 (C3,C5), 138.5 {; 149.6
(C9), 160.4 (C).

9: H NMR (C¢Ds, 200.1 MHz, 298 K): 0 = 0.19 [s, 18 H, Si-
(CHa)g], 1.01 (s, 3 H, CCH), 1.14 [d,2I(HP) = 4.5 Hz, 9 H, P(CH)3],
1.52[s, 9 H, C(CH)3], 3.18 [d,2(HH) = 12.7 Hz, 2 H, GIHN], 3.59
(d, 2 H, CHHN), 6.55 (m, 1 H, H), 6.79 (m, 1 H, H), 7.04 (m, 1 H,

H%), 9.27 (m, 1 H, H). 1*C{*H}-NMR (C¢Ds, 50.3 MHz, 298 K): 6 =

1.9 [Si(CH)3], 15.8 [d,%J(PC)=11.2 Hz, P(CH)3], 24.6 (QCH3), 35.1
[C(CH3)s], 45.5 (CCHs), 63.7 (CHN), 67.8 [C(CHg)s], 120.5, 120.6
(C8, CP), 137.8 (C), 149.4 (C), 160.4 (C). **P{*H}-NMR (CsDs, 81.0
MHz, 298 K): 6 = —31.4. The formation of compounda was
confirmed by comparison of the spectroscopic data with those of an
isolated sample.

Crystal Structure Determination of 3a, 5, 6, and 7.Crystal data
collection and processing parameters are given in Table 1. Crystals
were immersed in a film of perfluoropolyether oil on a glass fiber and
transferred to a Stogtadi-4 four-circle (folBaand6) or Enraf-Nonius
DIP2000 image plate diffractometer (férand7), both equipped with
an Oxford Cryosystems low-temperature devié®ata were collected
at low temperature using Mod<radiation. Equivalent reflections were
merged and (fob and7) the images were processed with the DENZO
and SCALEPACK program®® Absorption and decay corrections were
applied to the data as appropriate. The structures were solved by direct
methods, and subsequent difference Fourier syntheses revealed the
positions of all other non-hydrogen atoms. Hydrogen atoms were placed
geometrically and refined in a riding model. Structures were refined
against F?2 (for 3a) or F using appropriate weighting schemes.
Examination of the refined secondary extinction parameter and of an
agreement analysis suggested that no extinction correction was required
for any of the structures.

(22) (a) Cosier, J.; Glazer, A. M. Appl. Crystallogr.1986 19, 105. (b)
Gewirth, D. The HKL Manual written with the cooperation of the
program authors, Otwinowski, Z., Minor, W., Eds.; Yale University:
New Haven, CT, 1995.
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Table 1. X-ray Data Collection and Processing Parameters for 3a, 5, 6, and 7.

3a 5 6 7
empirical formula Q4H43N55i2Ti C32H51CI2N58iZZr C19H38N4Si3Ti C27H46N4Si2Ti
fw 505.71 653.19 426.61 530.76
tempfC —123(1) —123(1) —53(1) —123(1)
wavelength/A 0.71069 0.71069 0.71069 0.71069
space group P-1 P 2i/c P2:/n P2y/n
alA 9.535(3) 16.6470(8) 11.934(9) 10.7730(4)
b/A 10.125(3) 11.5510(3) 14.011(11) 15.9220(6)
c/A 15.948(3) 19.335(1) 15.255(11) 18.7080(4)
o/deg 90.63(3)
pldeg 106.61(3) 106.248(2) 90.39(6) 103.294(2)
yldeg 105.40(2)
VIA3 1416.1 3569.4 2551 3122.9
A 2 4 4 4
d (calcd)/mgm=3 1.19 1.22 1.11 1.13
abs coeff/mm? 0.41 0.39 0.44 0.36

Rindices$ R1=0.022] > 20(1)],
WR, = 0.101] > 20(1)]
R, = 0.049,

wWR, = 0.108
Ry = 3|Fol — [FI/ZIFol; WRe = V{EW(FS — FOYS(W(Fo2)}; Ru

Rindices (all data -for
refinement or~2 only)

For compound the carbons of the two SiMgroups were disorderd
and were refined in an isotropic model with similarity restraints applied
to the Si~C distances. For compouriithe best available crystal from
a selection of alternatives examined was a weak diffractor with average
I/o(l) = 4.15. Data were collected tb= only 22.5 since a preliminary
examination showed that there were no measurable data at ligher

values. The satisfactory displacement parameters, and bond lengths and

angles, merit publication of this structure. Without doubt the data are
of sufficient quality to establish unambiguously the overall geometry
and connectivity. The relatively higR; of 0.107 for data withl >
20(1) is almost certainly only a consequence of weak diffraction. For
comparisonR; andR, for data withl > 30(l) are 0.082 and 0.076,
respectively.

Crystallographic calculations were performed using SHELXS-96,
SIR92, SHELXL-96, or CRYSTALSPC? A full listing of atomic

R.=0.050] > 30(1)],
Ry = 0.046 | > 30(1)]

R =0.107 ] > 20(1)],
R, =0.085 | > 20(1)]

R =0. 037 | > 30(1)],
Ry =0.040 | > 30(1)]j

VIZW(IFo| — [Fe)ZEW |Fol2}.

Scheme 1. Synthesis of the Five-Coordinate Imidotitanium
Complexes3a and3b

CH,

M’”’] [Ti(NtBu)CI(py)s] H:C
12 NewsiMe,R | —— |
N N ENri=ney
i g ) RMe,Si |
iMe,R RMeZSi/ py
R= Me: 2a R= Me: 3a
Bu: 2b Bu: 3b

(CHs3)(CH2NSiMes),} Ti(CH2SiMes)Cl].18 In contrast the reso-
nance assigned to thefdroton in the “free” ligandla and in
the complex {x2N-(2-CsH4N)C(CHs)(CH,NSIiMes),} Ti(CHo-

coordinates, bond lengths and angles and displacement parameters foBiMes)z], where the bulky dialkyl ligands preclude coordination

3a, 5, 6, and7 have been deposited at the Cambridge Crystallographic
Data Centre. See Notice to Authors, Issue No. 1.

Results and Discussion

Synthesis of [ k3N-(2-CsH4N)C(CH3)(CH.NSiMe;R),} Ti-
(NR)(py)] (3a,b and 4a,b). The previously reportedert-
butylimido complex [Ti(NBu)Cl(py)s]”8 was reacted with 1
equiv of the lithiated ligand [(2-§H4N)C(CHs){ CHN(Li)-
SiMeR}2]2 (R = Me: 23, tBu: 2b)1820in benzene at 3C.
After workup the red-brown complexeg«N-(2-CsH4N)C-
(CH3)(CH:NSiMes3),} Ti(NtBu)(py)] (3a) and [ «3N-(2-CsH4N)-
C(CHg)(CH2NSiMestBu),} Ti(NtBu)(py)] (3b) were isolated in
57% and 77% vyield, respectively (Scheme 1).

The analytical and NMR spectroscopic data of both com-
pounds are consistent with their formulation as five-coordinate,
pseudo-trigonal bipyramidal pyridine adducts containing the
diamido-pyridine ligand bound facially to the metal center. In
particular, the'H NMR resonance of thertho-hydrogen H of
the pyridyl ring at 9.60 ppm is indicative of the pyridyl nitrogen
bound tightly to the titanium center. A similar chemical shift
of the corresponding signald (9.31) was observed in the
structurally characterized alkyl compleX«fN-(2-CsHsN)C-

(23) (a) Sheldrick, G. MActa Crystallogr., Sect. A99Q 46, 467. (b)
Altomare, A.; Cascarano, G.; Giacovazzo, G.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, MJ. Appl. Crystallogr.1994 27, 435.
(c) Sheldrick, G. M. “SHELXL-96"; Institut fu Anorganische Chemie
der Universita Gottingen: Germany, 1996. (d) Watkin, D. J.; Prout,
C. K.; Carruthers, J. R.; Betteridge, P. \ERYSTALS Issue 10
Chemical Crystallography Laboratory: University of Oxford, 1996.

of the pyridyl function, are found significantly further upfield
ato 8.55 and 8.47, respectivel§y.The trans disposition of the
pyridine ligand and pyridyl fragment was established using NOE
NMR difference experiments. THéH} 13C NMR spectrum of

3a confirmed the proposed structure given in Scheme 1. The
spectrum shows the three resonances attributable torthe

(6 151.6),para (6 137.0), andneta(o 123.4) pyridine carbon
atoms. The methyl group carbon resonance ofehtebutylimide
occurs ato 34.5 with the quaternary carbon signaléa67.7.

The chemical shift of the SiMemethyl group carbon atoms is
upfield atdé 1.7 with the other methyl group of the diamido-
pyridine ligand appearing at 24.3 ppm. The two quaternary
carbon environments corresponding to the atorhgdC45.1)

and C (0 160.8) are also observed. The remaining signals (
120.2, 137.1, 120.1, and 150.2) are from the methine carbon
atoms of the ligand pyridyl fragment3CC/ C5 and C
respectively.

The NMR spectra of comple3b are very similar to those of
compound3a. The only differences are théd NMR signals
associated with the diastereotopéct-butyldimethylsilyl group;
namely those for thetert-butyl group ¢ 0.86) and two
inequivalent methyl groups)(0.20 and 0.34). Theert-butyl
imido methyl resonance occurs at 1.58 ppm and tife H
resonance of the pyridyl unit shows the pyridyl function also
to be coordinated (9.55 ppm).

To further vary the coordination environment in the imido-
titanium complexes, the arylimido compounds the arylimido
complexes [Ti(N-2,6-gHsR2)Clx(py)s] (R = Me, iPr) 8 were
reacted with 1 equiv of the lithium amid®a yielding the
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Scheme 2. Synthesis of the Arylimido Complexets,
4b, and5
AIr

CH, Clu,,, 1 PY
N py/ \CI
i \ i |
<None giMm
12 P r\ N \\ iMe,
Li g Li l
iMe, 2 MeSSi/ py
M | Ar |
Ti | 26-CeHyPr, | 4a
Ti | 26-CgH,Me, | 4b
Zr | 2,6-CgHyiPr, 5

corresponding imido complexe§dN-(2-CsH4N)C(CHg)(CHy-
NSiMe3)2} Ti(N-2,6-CsHsR2)(py)] (R = iPr: 4a, Me: 4b)
(Scheme 2). The coordination of the pyridyl group, and thus
the coordination number of five, can again be inferred from
the chemical shifts of the Horotons in théH NMR spectra of
both complexes4a: d(H®) = 9.21,4b 9.15).

In view of the previously established successful synthetic
methodology to prepare the arylimido complexes teat-
butylimido—arylamine exchange reactiohithe complex3dawas
reacted with 1 equiv of 2,6-dimethylaniline in an NMR tube.
After 30 min theH NMR spectrum showed thata had
undergone 20% conversion to the 2,6-dimethylphenylimido
complex4b. A scale-up reaction was not successful in isolating
a sample of4b by this method. An analogous NMR tube
reaction of3ausing the norortho-disubstituted 4-methylaniline
resulted in degradation of the complex.

Synthesis of {k3N-(2-CsH4N)C(CHa3)(CH2NSiMes),} Zr-
(N-2,6-GsH3iPr2)(py)] (5). In view of the results for titanium
discussed above, it was reasoned that a similar method migh
also be used to obtain such derivatives of the heavier, secon
row transition element zirconium. The properties of zirconium
differ somewhat from those of titanium, and unlike that of its
lighter counterpart the preparation of a zirconium imido
dichloride complex analogous to the titanium complexes referred
to above is not straightforward. Zirconium is not, for example,
known to undergo facile imide-amine metathesis reactions suc
as are known for titaniurh The preparation of one particularly
useful precursor has, however, been published by Wigley an
co-workers?! Here, the reaction of [ZrG{thf),] with LiHN-
2,6-GsH3iPr; in thf yields the imido-diamido complex [Zr(N-
2,6-GsHa3iPr)(HN-2,6-GsHai Pr),(thf),], which may be converted
to the dichloride [Zr(N-2,6-6H3iPry)Cly(thf),] by reaction with
MesSiCl. However, reaction of this starting material wizia
did not lead to a pure isolable complex, and it was only in the
presence of pyridine that a zirconium analoguesaf [{ x3N-
(2-GsHaN)C(CH)(CH2NSIMe;)2} Zr(N-2,6-CGHsi Pro) (py)] (5)
was isolated (Scheme 2). Its identity was confirmed by NMR
and IR spectroscopy and by satisfactory elemental analysis.

Given the success of the tridentate diamido-pyridine ligand
in forming Group 4 imido complexes, it was interesting to

Blake et al.

Me,Si

Figure 1. Tridentate diamido-pyridine and bidentate/monodentate
diamide/pyridine ligand sets.

ci3 @

Ci55)

[MEX)]
CiS4}

Figure 2. Displacement ellipsoid plot o8a. Hydrogen atoms are
omitted, and displacement ellipsoids are drawn at the 35% probability
level.

3—5: both have bulky trimethylsilyl amide substituents, a three-
carbon alkane backbone between the amide groups, and should
orm six-membered chelate rings (Figure 1)

Reactions of Li{CH,(CH,NSiMes);] with [Ti(N tBu)Ch(py)s]
or [Zr(N-2,6-GH3iPr)Cly(thf),] on an NMR tube scale in¢Ds,
or with [Ti(NtBu)Ch(py)s] on a larger scale in benzene, resulted
in rapid decomposition and an unidentifiable mixture of
products, as evidenced By NMR spectroscopy. It would

htherefore seem that the tethered pyridyl arm of the diamido-

pyridine ligand does indeed play an important role in providing

OIstability to its complexes. In complexes containing the diamide/

pyridine ligand set, dissociation of the pyridine donor is
unhindered and may result in total loss of the pyridine into the
bulk solution. The resulting metal complex, now containing an
unprotected face on the metal center, is consequently exposed
to attack and is therefore far more likely to undergo side
reactions leading to decomposition.
X-ray Structure Analyses of 3a and 5.To firmly establish
the structures of the new five-coordinate imido complexes an
X-ray crystallographic study of compoun8aand5 was carried
out. The molecular structure &a is shown in Figure 2 and
selected bond distances and angles are presented in Table 2.
The geometry around the five-coordinate titanium(lV) atom

attempt to prepare complexes containing the related bidentate/of 32 is best described as approximately trigonal bipyramidal
monodentate diamide/pyridine ligand set which contains no With the pyridyl fragment of the polydentate ligand and the
tether between the diamide fragment and pyridyl group. The Pyridine molecule in the axial positions. The equatorial sites
by us in the chemistry of early-late heterodimetallic com- — -
plexes?*~2" was chosen because the amido ligand emulates (25) I':ft'eggd:é SI f;ggélg qégsscowen, 1. J.; McPartlin, Ahgew. Chem.,
L . . 2 . . nt. Ed. Engl. , .

closely the diamide section of the diamido-pyridine ligand in (26) Friedrich, S.. Trech, D. J. M.; Gade, L. H.; Scowen, 1. J.; McPartlin,
M. Inorg. Chem.1999 38, 5295.

(27) Hellmann, K. W.; Bergner, A.; Gade, L. H.; Scowen, I. J.; McPartlin,

M. J. Organomet. Chen1999 573 156.

(24) Friedrich, S.; Gade, L. H.; Scowen, I. J.; McPartdrganometallics
1995 14, 5344.
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Figure 3. Displacement ellipsoid plot ob. Hydrogen atoms are
omitted, and displacement ellipsoids are drawn at the 25% probability
level.

Table 2. Selected Bond Lengths (A) and Angles (deg) Sar

Ti(1)—N(1) 1.724(2) Ti(1)}-N(51) 2.278(2)

Ti(1)-N(2) 2.025(2) N(1)-C(10) 1.457(3)

Ti(1)—N(6) 1.983(2) N(2)-Si(1) 1.709(2)

Ti(1)—N(41) 2.203(2) N(6)-Si(2) 1.722(2)
N(1)-Ti-N@2)  130.09(9)  N(2)}Ti-N(51) 87.19(7)
N(1)-Ti—-N(6)  115.84(9)  N(6)Ti-N(41) 83.79(8)
N(1)-Ti-N(41)  96.73(8)  N(6) Ti-N(51) 95.12(8)
N(1)-Ti—-N(51)  96.45(8)  N(41)}Ti-N(51  165.83(7)
N(@2)-Ti-N(6)  113.33(8) TFN(1)-C(10)  175.10(17)
N(2)-Ti-N(41)  80.34(7)

Table 3. Selected Bond Lengths (A) and Angles (deg) Sor

Zr(1)-N(1) 1.916(4) Zr(1N(5) 2.390(4)

Zr(1)-N(2) 2.073(3) N(1)}-C(1) 1.377(6)

Zr(1)-N(3) 2.106(4) N(2)-Si(1) 1.717(4)

Zr(1)—N(4) 2.348(4) N(3)-Si(2) 1.719(4)
N(1)-Zr(1)-N@2)  123.4(1)  N@Yzr1)-N@4)  81.3(1)
N(1)-2zr(1)-N@B)  131.7(2)  N@}zr(1)-N(5B)  89.7(1)
N(1)-Zr(1)-N(4)  98.8(2)  N@Yzr(1)-N(5G)  90.2(1)
N(1)-2Zr(1)-N(5)  94.8(1)  N@yzr(1)-N(G)  166.4(2)
N(2)-zr(1)-N(3)  104.6(2)  Zr(1yN(1)-C1)  172.3(3)
N(2)-zr(1)-N@4)  82.3(1)

butylimido group. The F=Nimido bond length [at 1.724(2) A]

is somewhat longer than in the starting material [TBN)Cl-
(py)3] [1.705(3) AP but is still within the range of known
titanium tert-butylimido bond length$® The near linear T
Nimido—C bond angle [175.10(17)implies thetert-butylimido
group is acting as a four-electron donor to the metal center (vide

infra). Interestingly, the pyridine nitrogen atom is substantially !

less tightly bound to the metal center than the nitrogen atom of
the pyridyl fragment, as reflected in the longer bond length-[Ti
N(41) 2.203(2) A compared to FiN(51) 2.278(2) A].

The molecular geometry of the zirconium compglosely
resembles that of the titaniurtert-butylimido analogue3a

discussed above and is displayed in Figure 3. The principal bond
lengths and angles are listed in Table 3. The complex possesse

the expected distorted trigonal bipyramidal geometry, with the
pyridyl and pyridine donors occupying the axial sites. The=Zr
N(imigey bONd length of 1.916(4) A is longer than in most other
structurally characterized terminal zirconium aryl or alkyl

Inorganic Chemistry, Vol. 40, No. 5, 200B75
Chart 1

‘ﬁ \ ~PMe, ‘ ! ~PMe,
o Z W
r\\\~ %r\\e + -
N P N P
\( ~ar Y Sar
Ph Ph

A Ar =2,4,6-CgH,fBu; B

imides; the majority lie in the range 1.84.88 A28 The only
reported zirconium aryl- or alkylimido bond length longer than
this belongs to the complex [Zr(NC(Ph)PAy¥CsHs)2(PMes)]

(A) (Zr=Nmigey= 1.93(2) A), reported by Breen and StepR&n.
This is perhaps not surprising as not only does the imide
compete with the cyclopentadienyl groups fodonation to the
metal d-orbitals, but it may be viewed as existing in two
resonance forms as proposed by the authors (Chapt 1).

This requires lone-pair donation from the imido nitrogen atom
to form an N=C double bond and will substantially weaken
the ability of the nitrogen tor-donate to the metal, reducing
the M=N bond order and lengthening the bond. Nonetheless,
the fact that the bond length i resembles that oA more
than it does the typically reported values of=Mjmise) Mmay
suggest that the bond order inmay be lower than in other
systems, and that nitrogendonation to the metal is proportion-
ally weaker. No consequence of this can apparently be inferred
from the Zr—Ngmidzey—C bond angle, however, which at 172.3-
(3)° is within the range of a linear imido linkage (155
M=N-—R < 180). As in the structure 08a, the pyridine ligand
in 5is somewhat less tightly bound to the metal center than the
pyrigyl fragment{ Zr—N(5) = 2.390(4) A; Zr-N(4) = 2.348-

(4) A}.

The sum of the bond angles subtended at the amido nitrogen
atoms are, in both complexé&&a and 5 close to 360. The
trigonal planar nature of these nitrogen atoms implies that they
are capable of acting as three-electron donors to the metal center
via 2p,-d,, m-bonding interactions and therefore that the valence
electron count in this complex could conceivably be 18. When
orbital symmetry is considered, however, the situation is
somewhat less straightforward (Figure 4).

Assuming an orientation of Cartesian axes as in Figure 3,
the (0 + 1)s, three (n+ 1)p, and rd2 orbitals are involved in
the o-bonding framework, and thedg, orbital is of the correct
symmetry to overlap only with the imido in-plang@.2orbital
forming one of the imidor-bonds (Figure 3l1). Although this
leaves three metadl-orbitals and three nitrogenp2 donor
orbitals, the d-y2 orbital (1) does not have the appropriate
orientation to overlap with any of these. This leaves ordy, n
and rdy, acceptor orbitals, which, although they may interact
with the imide and/or amidef? z--donor orbitals, are capable
of accepting only four bonding electrons in total. Of these two
remaining m orbitals, the y, interacts fully with the out of
phase combination of amidep2 orbitals (Il') while the
in-phase combination of amidep2orbitals competes with the
imide for the mly, (IV). Due to the comparitively long bond
lengths of the metal-amides relative to the metal-imide bond
{M=Nmigey = 1.724(2) A for titanium and 1.916(4) A for
zirconium; M—N(amideyaverage= 2.004(2) A for titanium and
2.090(5) A for zirconiun, this situation is likely to result in a
greater contribution to the metdligand z-bonding from the
Imide than from the amides. The remaining pair of ligand-based

(28) The United Kingdom Chemical Database Service: Fletcher, D. A.;
McMeeking, R. F.; Parkin, DChem. Inf. Compu. Sc1996 36, 74.
(29) Breen, T. L.; Stephan, D. W. Am. Chem. Sod.995 117, 11914.
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Scheme 3. Synthesis of the Four-Coordinate Imidotitanium
Complexess and7

B(CeFs)s BG.E
+ py-B(CsFs)
R=1Bu 81 5/3
H,C. By
N, 1.
¢ TE=N-R
Me,Si N’l
7/
Me,Si
® Py \ 471056 mbar H:C
R= t-Bu © 3a Me,SI"N7 \N
2,6-CeHyiPr, . 4da MeySi” R
R= t-Bu .6

26-CeHaiPry . 7

Scheme 4. Reaction of6 with Donor Ligands

dyf non-bonding

v v

Figure 4. Metal d-orbital orientation, showingdy—2p, (n = 3, 4)
bonding interactions and nonbonding orbitals.

electrons is therefore thought to reside in a nonbonding orbital
combination based mainly on the amide groug$. All three
lone pairs cannot, therefore, be donated simultaneously, and thugomplex (vide infra), the separation of both products and thus
the electron count is symmetry restricted to 16. Similar the complete characterization 6fwas not possible.

conclusions were drawn by Rothwell and co-workers concerning  The isolation of the pure complef(3N-(2-CsH4N)C(CHg)-

to their related structurally characterized bis(pyridine) bis(amide) (CH,NSiMes),} Ti(NtBu)] (6) was achieved upon high vacuum
zirconium imide [Zr(N-2,6-GHsiPr)(NH-2,6-GH3iPr,)2(py')2] sublimation of3aat 125°C and 105 mbar giving the pyridine-
{py = 4-CsHaN(NC4H4)},*° and are not uncommon in other  free compound as an orange crystalline solid. Similar heating
systems; for example, in the apparently 20-electron osmium of 4ato 155°C under a dynamic vacuum of 1®mbar provided
imido complex [Os(N-2,6-6H3iPr)s] 31 symmetry consider- [{ k®N-(2-CsH4N)C(CHg)(CHaNSIMe3),} Ti(N-2,6-CsHiPr)] (7).

ations restrict the valence electron count to 18. The formulation of both compoundsand? (Scheme 4) as the
Synthesis and Structural Characterization of the Four- pyridine-free complexes was established by elemental analysis

coordinate Imidotitanium Complexes [ «3N-(2-CsH4N)C- and NMR spectroscopy. The most notable difference in the

(CH3)(CH2NSIMes)2} Ti(NR)] (R = tBu:6, 2,6-CGeH3iPra: 7). spectra with respect to the starting materiddsand 4a, apart

As stated above, the main objective for the use of the tripodal from the absence of the resonances of the pyridine ligand, is
diamido-pyridine ligands in the synthesis of imido complexes the shift of the'H NMR resonances of the®%hydrogen nuclei

of the group 4 metal is the possibility of generating low- to higher field ¢ 8.71 and 8.78 ir6 and 7, respectively, in
coordinate complexes under controlled conditions. The systemscomparison t@ 9.60 and 9.21 irBaand4a). This clearly shows
were originally conceived as four-coordinate compounds which that coordination or noncoordination of a donor function can
might undergo thermal decoordination of the pyridyl unit of only be inferred from the Fchemical shift in complexes of
the tripodal ligand, thus generating the desired three-coordinateequal coordination number and geometry.

analogues of Wolczanski's highly reactive imidésAs de- To establish the detailed molecular structures ehd7 and
scribed above, all the complexes obtained by reaction of theto establish their 4-fold coordination single-crystal X-ray
precursor materials with the polyfunctional amides were found structure analyses of both compounds were carried out. Their
to possess 5-fold coordination with one of the pyridine ligands molecular structures are shown in Figures 5 and 6 while the
present in the starting materials bound in an axial position. It principal bond lengths and interbond angles are given in Tables
was therefore of interest to investigate whether this additional 4 and 5.

pyridine ligand was essential for the stability of the compounds  The result of the X-ray diffraction study confirmed the
and if they might be converted to the targeted four-coordinate monomeric four-coordinate molecular structure6ofits most
species on a preparative scale. remarkable feature is the fact that, rather than adopting a

Initially, it was attempted to abstract the axial pyridine ligand tetrahedral geometry, compouBighossesses what is nearer to
in 3a by reaction with a Lewis acid which should serve as an @ trigonal monopyramidal geometry, the remaining ligands
acceptor to the pyridine. Reaction & with B(CsFs)s resulted having shifted very little to protect the face of the metal from
in the immediate and selective conversion of the complex giving Which the pyridine was lost. A similar structure has been
the adduct [(py)-B(@Fs)s] and a new imido specied(Scheme reported recently by Cloke and co-workers in the diamido-amine
3). While the NMR spectroscopic data férin this mixture  Ti(lll) complex [{MesSiN(CH,CH,NSiMes)2} Ti{ CH(SiMey)2}].%2

where consistent with its formulation of the pyridine-free At 350.6", the sum of the bond angl¢si(1)—Ti—N(2), N(1)—
Ti—N(3), and N(2)-Ti—N(3)} about titanium are consistent

with this atom being located only around 0.6(1) A out of the

(30) Zambrano, C. H.; Profilet, R. D.; Hill, J. E.; Fanwick, P. E.; Rothwell,
I. P. Polyhedron1993 12, 689.

(31) Anhaus, J. T.; Kee, T. P.; Schofield, M. H.; Schrock, RJRAm. (32) Love, J. B.; Clark, H. C. S.; Cloke, F. G. N.; Green, J. C.; Hitchcock,
Chem. Soc199Q 112, 1642. P. B.J. Am. Chem. S0d.999 121, 6843.
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Figure 5. Displacement ellipsoid plot o6. Hydrogen atoms are
omitted, and displacement ellipsoids are drawn at the 25% probability
level.

Figure 6. Displacement ellipsoid plot of. Hydrogen atoms are
omitted, and displacement ellipsoids are drawn at the 25% probability
level.

Table 4. Selected Bond Lengths (A) and Angles (deg) Gor

Ti(1)—N(1) 1.701(9) N(1)-C(1) 1.49(1)
Ti(1)—N(2) 1.936(8) N(2)-Si(1) 1.719(9)
Ti(1)-N(3) 1.934(9) N(3)-Si(2) 1.730(9)
Ti(1)—N(4) 2.14(1)
N(L)-Ti(1)-N@) 119.7(4) N Ti(1)-N@)  94.9(4)
N(1)-Ti(1)-N(3)  121.7(4)  N(3}Ti(1)-N(4)  93.2(4)
N@2)-Ti(1)-N(3)  109.2(4)  Ti(1}N(1)-C(1)  174.3(8)
N(L)-Ti(1)-N(4)  111.1(4)

N(1), N(2), and N(3) plane. For comparison, the sum of the
expected angles in a tetrahedral complex is 3284&s a
consequence of the lower coordination number in comparison
to 3a all the metat-ligand bonds ir6 are significantly shorter
than in the five coordinate pyridine adductfiNimige 3 1.724-
(2),6: 1.701(9); T-Namide@av)3& 2.004(2),6: 1.935(9); Ti-

Npy 3& 2.203(2),6: 2.14(1) A].

Inorganic Chemistry, Vol. 40, No. 5, 200B77

Table 5. Selected Bond Lengths (A) and Angles (deg) Tor

Ti(1)—N(1) 1.750(1) N(L)-C(1) 1.374(2)
Ti(1)—N(2) 1.915(1) N(2)-Si(1) 1.728(2)
Ti(1)—N(3) 1.927(1) N(3)-Si(2) 1.734(1)
Ti(1)—N(4) 2.126(1)
N(L)-Ti(1)-N(@2) 117.82(7) N@}Ti(1)-N@)  92.94(6)
N(1)-Ti(1)-N(3) 122.40(6) N(3YTi(1)-N(4)  90.44(6)
N@2)-Ti(1)-N(3) 111.17(6) Ti(1FN(1)-C(1)  169.5(1)
N(1)-Ti(1)-N(4)  114.46(6)

The structure of closely resembles that of thert-butylimido
analogueb. Again, the titanium environment is best described
as distorted trigonal monopyramidal, with the pyridyl donor
occupying the apical position. The titanium atom is displaced
from the N(1)/N(2)/N(3) plane by just 0.317 A, the sum of
angles{N(1)—Ti—N(2), N(1-Ti—N(3), and N(2)}-Ti—N(3)}
in this case being 352°0The Ti=Nmide) bond length is 0.049-
(9) A longer than that i, consistent with observations made
of other alkyl- and arylimides and attributed to a partial
delocalization of nitrogem-electron density onto the aryl rirf§.
The Ti—Ngmidey—C bond angle of 169.5(1)s well within the
range of a linear imido group. Both and 7 have an electron
count of 14 at titanium.

Upon reaction of6 with donor ligands such as thf, Pe
and pyridine the five-coordinate complexdsIN-(2-CsHsN)-
C(CHg)(CH,NSiMes),} Ti(NtBu)(thf)] (8), [{ x3N-(2-CsH4N)C-
(CH3)(CHzNSIMes3)} Ti(NtBu)(PMey)] (9), and [ «3N-(2-CsHy-
N)C(CHs)(CH:NSiMes),} Ti(NtBu)(py)] (3a) were obtained
(Scheme 4). Of thes8 and 9 were only characterized spec-
troscopically since they slowly decomposed upon attempts to
isolate them. In the case & coordination of the phosphine
ligand to the tetravalent titanium center is inferred from the
coordination shift of ca. 30 ppm observed in th® NMR
spectrum §(3P) = —31.4 in comparison te-62.0 for the free
phosphine].

Conclusions

The diamido-pyridine ligands employed in this study provided
the key to the preparation and structural characterization of a
new class of imido complexes of the group 4 metals. In these,
the metal center is protected by the tripodal ligand while leaving
significant space around the potentially reactive imido unit. This
provides promising opportunities for their use as chemical
reagents. Preliminary studies have already in part supported this
view, including C-H bond activation in reactions with meth-
ylacetylene¥ and C-N coupling reactions with allenes and
various polar unsaturared substra®®. Further systematic
studies into their reactivity are underway in our laboratories.
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