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Synthetic and Structural Studies of Titanium Aminotroponiminate Complexes
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The synthesis and characterization of a series of Ti(lll) and Ti(IV) aminotroponiminate complexes are described.
Six-coordinate [TiMg(Me,ATl),] and [TiPh(Me,ATI) 2] were synthesized and structurally characterized, where
Me2ATI is N,N'-dimethylaminotroponiminate. The mono-alkyl complexes [TiCIR{NME),], R = Me, CH,-

SiMe;, were prepared, and treatment of the former, generated in situ, with PhMgCl yielded thesaikydomplex
[TiMePh(MeATI),]. The solid state structures of most of these complexes were determined and reveal slightly
distorted, trigonal-prismatic coordination geometries. Attempts to prepare alkyl complexes contdiyitigogen

atoms resulted instead in the isolation of [Ti(M&1)3] or [Ti2Clo(MezATI) 4], depending on the alkyl reagent

and stoichiometry. Because of the modest steric requirements §Tifde,ATI) 2} 2" fragment, five-coordinate

Ti(IV) complexes were only generated with a buly2z donor ligand, [Ti(N-(2,6)~Pr.CgHz)(Me,ATI) 5] being

a specific example. Attempts to prepare the isoelectronic oxo analogue afforded only dimgi¢NTEATI) 4].
Comparison of the metrical parameters for these complexes with those in the literature containing aryloxide and
benzamidinate ligands indicate that #iE(Me,ATI),}2" fragment is quite electron releasing.

Introduction (CHz)n
Inorganic chemistry continues to be enriched by the introduc-
tion of novel ligand systems. In addition to offering new
compositions, such ligands provide a means for controlling metal
center reactivity. In the case of early transition metals, noncy- CHQ) HRLATI

clopentadienyl compounds have been widely explored in an
attempt to improve upon existing metallocene-based olefin
polymerization catalysts. Various anionic nitrogen and oxygen Figure 1. Drawings of the HTC-(n,m) and HRATI ligands.
donor ligands of different denticity have been examined, with
most of the work having focused on Zr and Hf chemistry. recent efforts have focused on three-component carbonyl
There are only scattered reports of titanium compounds with coupling reactions, with the use of titanium aminotroponiminate
these types of ligands, most of which have attempted to stabilize (ATI) compoundst* The ATI ligand class was attractive since
metat-ligand multiply bonded species or Ti(lll) derivatives? its members are significantly easier to prepare than the tropo-
Our laboratory has had a longstanding interest in the coronand macrocycles, and the steric properties opATR
tropocoronand ligand family $TC-(n,m) as a means of control-  (Figure 1) can be readily manipulated by varying the R groups.
ling metal ion reactivity by varying the length of the linker Investigations of early transition metal chemistry with ami-
chains,n and m (Figure 1)!* Previously we reported the notroponiminate ligands are few, the only reports to our
chemistry of Zr and Hf tropocoronand compleXés3 More knowledge involving [M(RATI) 3] complexes, M=V, Cr, and
(i-PrRpATI complexes with Zr, Hf, and related lanthanide

H,TC-(n,m) R = Me, Et, i-Pr, £Bu, t-Bu
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properties of aminotroponiminate titanium systems. The ultimate minimum amount of toluene, filtered, and carefully layered with
goal is to use this knowledge in order to control the reactivity Pentane. This solution was stored-a80 °C for 24 h during which

of such complexes.

Experimental Section

Materials and Methods. Hexane and benzene were distilled from

time more pentane was added. The deep red crystalline mass was
isolated on a frit, washed with cold pentane, and dried to yield
analytically pure product (471 mg, 61%). Crystals suitable for X-ray
crystallography were obtained in an analogous fasftldiNMR (CsDs,

250 MHz): 6 6.97 (4H, d,J = 10.3 Hz), 6.52 (4H, dJ = 11.2 Hz),

sodium benzophenone ketyl under nitrogen. Toluene was distilled from 42 (2H, t,J = 9.4 Hz), 3.09 (12H, s), 1.45 (6H, SFC{H} (CeDs,
sodium and halogenated solvents were distilled from calcium hydride 550 MHz): 8 164.6, 135.2, 120.7, 111.4, 64.8, 40.1. Anal. Calcd for

under nitrogen. Diethyl ether was passed through a column of activated Tjc,iH,4N,: C, 64.51; H, 7.58: N, 15.05. Found: C, 64.46; H, 7.58;
alumina and pentane was passed through a column of Ridox catalysty 14.89.

and alumina and then collected under vacuugDand CDQCl, were
degassed three times and stored over molecular sieves.;GzGSI

[TiPh2(Me2ATI) 2] (4). A suspension of [TIG{Me,ATI) 2] (204 mg,
0.494 mmol) in diethyl ether was cooled-+t@0 °C. To this suspension,

distilled from KHCQ;, degassed three times, and stored over molecular i gim room light, was added phenylmagnesium bromide (3 M in ether,

sieves. [TIC}(NMe);]?° was prepared by slowly adding a toluene
solution of TiCl, to Ti(NMe,), dissolved in toluene. After stirring for

329 uL, 0.987 mmol), and the color of the resulting homogeneous
solution changed to deep red. After a few minutes, the product began

3 h, the solution was evaporated and washed with cold toluene andyg precipitate and stirring was continued for 15 min. The red solid was

pentane to afford [TIG(NMe,),] as a brown-red powder in 85% yield.
The reagents HMATI, 2 Li(NH-(2,6)-i-Pr.C¢H3),?? and TiCh(THF)s?3

isolated on a frit, washed with pentane, and dried. This solid was then
dissolved in benzene and filtered, and the solvent was removed. The

were prepared as reported in the literature. All Grignard reagents, residue was then collected with pentane, washed, and dried to yield

n-BuLi, and trimethylsilyl triflate were purchased from Aldrich and

the product as a dull red powder (194 mg, 70%). Plates suitable for

used as received. Experiments were either performed in a nitrogen-x_ray crystallography were obtained by vapor diffusion of pentane into
filled glovebox or with conventional Schlenk line techniques under 4 saturated dichloromethane solution-0 °C. 'H NMR (CeDg, 250
argon. Evans method magnetic susceptibility measurements were madeMHz): 8 7.51 (4H, dJ= 7.7 Hz), 7.07 (6H, m), 6.94 (4H, §,= 11.2

as described in the literatuf¢éNMR spectra were recorded on a Bruker

Hz), 6.51 (4H, d) = 11.2 Hz), 6.42 (2H, tJ = 9.3 Hz) 2.88 (12H, s).

AC 250, Varian Unity, or Mercury 300 spectrometer at ambient probe anal. Caled for TiGeHaNs C, 72.57: H, 6.50; N, 11.28. Found: C,

temperature, 283 K, and referenced to the intetHaind*°C solvent

peaks. Infrared spectra were recorded as pressed KBr disks with a

72.59; H, 6.35; N, 10.42.
[TICI(CH 2SiMes)(MezAT]I) ] (5). A suspension of [TIG(Me,ATI) 7]

BioRad FTS-135 FTIR spectrometer. EPR spectra were recorded in(292 mg, 0.707 mmol) in CKCl, was treated with MeSICHMgCI (1
toluene solution on a Bruker model 300 ESP X-band spectrometer \; in £t,0, 707uL, 0.707 mmol) at-30 °C. The red-purple solution

Opefaﬁng at _9-47 G_HZ ar_1d r_unning WInEPR software. Low temperatures s stirred for 2 h, treated with dioxane<2 mL), and filtered. The
were maintained with a liquid He Oxford Instruments EPR 900 cryostat. ¢qvent was removed, and the red-brown solid was washed with pentane

[TICl 2(Me2ATI) 5] (1). To a rapidly stirred slurry of TiG(NMey).

and dried to yield (280 mg, 85%). Vapor diffusion of pentane into a

(2.17 g, 10.49 mmol) in 150 mL of benzene/toluene (3:1) was added gatyrated toluene solution at30 °C yielded red blocks suitable for

a benzene solution of HMATI (3.21 g, 21.7 mmol). The slurry

X-ray work and elemental analysi&d NMR (CsDs, 250 MHz): 6

immediately turned purple and after 30 min it was almost black. The ¢ g1 (4H, d,J = 10.5 Hz), 6.27 (6H, m), 3.20 (12H, s), 2.33 (2H, s),
thick suspension was vigorously stirred for an additional 4 h, and then 0.14 (9H, S).13C{ 1H} (CsDs, 75.4 MHz): 6 164.4, 135.7, 122.4, 112.5,

the fluffy purple product was collected on a frit. The solid was washed g2 4 422 3.5, Anal. Calcd for TigHaNJSICl: C, 56.83; H, 7.15:
with pentane until the washings were colorless and dried under vacuumy 12,05, Found: C, 56.23: H, 6.97: N, 11.54.

to yield the product (4.25 g, 95%). This material was used without

further purification.*H NMR (CsDe, 250 MHz): 6 6.62 (4H, t,J =
9.3 Hz), 6.13 (2H, tJ = 9.4 Hz), 6.0 (4H, dJ = 11.3 Hz), 3.38 (12H,
s). 'H NMR (CDCls, 250 MHz): 6 7.17 (4H, t,J = 10.1 Hz), 6.55
(6H, m), 3.48 (12H, s).

[Ti(OTf) 2(Me2ATI) 2] (2). To a rapidly stirred slurry of [TiG(Me,-
ATI),] (173 mg, 0.419 mmol) in 25 mL of dichloromethane was added
neat trimethylsilyl triflate (176«L, 0.838 mmol). The purple slurry

[TiMePh(Me,ATI) ;] (6). A solution of [TiCIMe(M&ATI),], 0.034
M in 15 mL of CH,Cl,, generated by treatingwith MeMgClI (1 equiv)
in CH,Cl,, was allowed to react with PhMgBr (3 M in £2, 168uL,
0.504 mmol) at-30°C in dim room light. The red solution was stirred
for 30 min and then filtered to yield a red powder (120 mg, 55%) that
was dried. The solid was extracted with &, treated with dioxane
(1—2 mL), and filtered. The solvent was removed and the red residue
washed with pentane. Crystallization by vapor diffusion of pentane into

turned brilliant blue-purple and was stirred for 5 h. The solution was g gluene solution at30°C yielded red blocks suitable for X-ray work.
filtered and the solvent removed. The purple residue was dissolved in 14 NMR (250 MHz, GDe): 0 7.46 (2H, dJ = 7.6 Hz), 7.14 (3H, m),

warm CHCI, and filtered. After cooling, pentane was layered on the
filtrate. Storage at-30 °C yielded purple blocks (190 mg, 70%) suitable
for X-ray crystallography*H NMR (CD.Cl,, 300 MHz): 6 7.55 (4H,
g,J=10.8 Hz), 7.00 (2H, tJ = 10.3 Hz), 6.87 (4H, dJ = 11.2 Hz),
3.49 (12H, s). FTIR (KBr, cm?) 3200, 3000, 2885, 1586, 1458, 1407,

7.00 (4H, 1,3 =11.3 Hz), 6.59 (4H, dJ = 11.2 Hz), 6.46 (2H, tJ =
9.3 Hz), 2.95 (12H, s), 1.49 (3H, s). Anal. Calcd for TdB8s0N4: C,
69.12; H, 6.96; N, 12.90. Found: C, 69.74; H, 7.07; N, 12.75.
[Ti(Me 2ATI) 5] (7). n-Butyllithium (1.6 M in hexanes, 98iL, 1.58
mmol) was added to a stirred solution of HME1 (234 mg, 1.58

1352, 1273, 1241, 1166, 1101, 1032, 916, 885, 843, 758, 744, 714,mmol) in THF. After the orange-yellow solution was stirred for 30

692, 632, 592, 569, 520, 509, 482, 472. Anal. Calcd for
TiCa0H22N406F6S,: C, 37.51; H, 3.46; N, 8.75. Found: C, 37.97; H,
3.38; N, 8.99.

[TiMe 5(MezATI) 2] (3). A suspension of [TIG{Me,ATI) ] (862 mg,
2.09 mmol) in 100 mL of diethyl ether was cooled te30 °C.
Methylmagnesium chloride (3 M in THF, 1.46 mL, 4.38 mmol) was

min, it was added dropwise to a slurry of T¥CTHF); (195 mg, 0.526
mmol) in THF. The dark brown solution was stirred overnight and
then filtered. The solvent was removed and the brown solid dissolved
in hot benzene (1615 mL), filtered, and layered with pentane to yield
large, dark brown blocks (180 mg, 70%) suitable for X-ray crystal-
lography. UV-vis (THF) nm (M~* cm™3): 822 (1399), 565 (1049),

added dropwise to the solution which immediately turned reddish 4gq (9860), 462 (10070), 432 (8180). EPR (toluene, 14.4 )=

purple. After complete addition, the solution was a brilliant red color.

1.95, 1.99. Anal. Calcd for TigH33Ne: C, 66.25; H, 6.80; N, 17.17.

The slurry was stirred for 30 min and then filtered through Celite. The gqng: C, 65.92: H, 6.12: N, 17.14.

solvent was evaporated to yield a red solid, which was dissolved in a

(20) Benzing, E.; Kornicker, WChem. Ber1961, 94, 2263-2267.

(21) Dias, H. V. R.; Jin, WInorg. Chem.1996 35, 6546-6551.

(22) Berreau, L. M.; Young, V. G., Jr.; Woo, L. Knorg. Chem.1995
34, 527-529.

(23) Manzer, L. Elnorg. Synth.1982 21, 135-140.

(24) Sur, S. KJ. Magn. Reson1989 82, 169-173.

[Ti2Cl(Me2ATI) 4] (8). A suspension of [TiIG(Me;ATI) 2] (75 mg,
0.182 mmol) in diethyl ether was cooled+®0 °C. Isobutylmagnesium
chloride (2 M in diethyl ether, 9LkL, 0.182 mmol) was added, and
the red-brown solution was stirred for 5 min and then recooled30
°C for 15 min. The solution was quickly filtered and then stored at
—30 °C to yield brown blocks (25 mg, 36%) suitable for X-ray
crystallography. The sample for elemental analysis was crystallized by
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vapor diffusion of pentane into a toluene solution-&0 °C. UV—vis N %%%A%A% o
(THF) nm (M* cm™): 461 (10600), 432 (8385). Evans method: w|EF D ModlNL S <] 229
TIgR S92%20200 o abgd Baw
(CeDe, 293 K) et = 2.5us. EPR (toluene, rt),g = 1.937. Anal. Calcd S Q XY o‘_o| s S 2] & S S AN w "'O’_ a cl>
for Ti,CseHaaNsCl: C, 57.23; H, 5.87; N, 14.83. Found: C, 57.37; H, g Zg o - o m o g— £ o o Loog
5.80; N, 14.86. S = 9 8 R 53_
[Ti(N-(2,6)-(i-Pr),CeHz)(Me2ATI) 5] (9). Solid Li(NH-(2,6)- o oo ©
(i-Pr)xCsH3) (208 mg, 1.13 mmol) was added to a benzene suspension a8 o ©
of_ [TiCIz(MezATI)z] (23_4 mg, 0.57 mmol). The dark red solution was © @’\gg E)’ S © I~ NN CE
stirred overnight and filtered, and then the solvent was removed. The = 2 — :r! s © g g nad o ® oo
resulting solid was washed thoroughly with pentane and dried. The |®|Z 5 S3< S & & ®i89@8X §°~| SSk
residue was dissolved in hot toluene and, after cooling, the solution T < - 0 e % 0 by
was layered with pentane and stored-80 °C to yield 200 mg (68%) S & DI o
of dark red blocks after washing with cold pentane and drying. Crystals .
suitable for X-ray crystallography were obtained in a similar manner. w 538 < s o
IH NMR (CsDs, 250 MHz): 6 7.06 (2H, d,J = 7.5 Hz), 6.88 (5H, m), ';o o i%‘;% PR Q o owd
6.39 (4H, dJ = 11.3 Hz), 6.29 (2H, tJ = 9.2 Hz), 4.05 (2H, sept] © _N; i~ ; Sglo ¥ R Qs < o g <
= 6.9 Hz), 3.18 (12H, s), 1.30 (12H, d,= 6.9 Hz).13C{1H} (CeDs, QB YYERSFE » © LEARS Y i S
75.4 MHz): ¢ 165.4, 158.5, 141.9, 135.5, 122.4, 121.2, 119.8, 113.1, Ig - 9 3 - 8 e < o T}
38.9, 29.4, 24.3. Anal. Calcd for TigHsoNs: C, 69.62; H, 7.60; N, o T e
13.53. Found: C, 69.67; H, 7.77; N, 13.68.
[Ti,02(Me,ATI) 4] (10). A benzene solution of [TIMgMe,ATI) ;] @%% S% © %
(86 mg, 0.231 mmol) was treated with degassed wateL (9.3 mmol). Ee Saw o 08 Vs
: : . : A ~[ Y amo S P YJoow ™M o
The light red solution was stirred for 12 h during which time a dull Zg 2 = 9 N 8w B9 2doca ,_'n
red powder precipitated from the solution. This material was collected, s é - - 0 o i qNoo f\'!
washed with pentane, and dried (22 mg, 26%). Vapor diffusion of O o 5 0¥ o
pentane into a saturated benzene solution at room temperature yielded
long red-orange needles suitable for X-ray crystallograpHyNMR 5T & & @
(CDCl, 250 MHz): 6 6.94 (8H, m), 6.36 (8H, dJ = 11.1 Hz), 6.27 Ew @:{R’A:«’@a_’ S o~ g.
(4H, t,J = 9.3 Hz), 3.29 (12H, s), 2.88 (12H, SFC{'H} (CDCl, © Z;':fr. § 8 5_ %2’, EE S 9 g' AR u¥3Tm
75.4 MHz): ¢ 165.4, 163.3, 135.2, 134.9, 118.7, 112.1, 109.9, 43.9, £2 ©9 NS850 N T & ETRZ3S o
38.6. FTIR (KBr, cnm®) 3200, 3000, 2868, 1592, 1517, 1451, 1432, 3 g S S W7%°%H ™ S
1339, 1384, 1346, 1268, 1228, 1146, 1100, 1042, 981, 888, 871, 823,
719, 638, 598, 500, 484. Anal. Calcd forTigHa4NgO,: C, 60.34; H, _
6.19; N, 15.64. Found: C, 60.68; H, 6.23; N, 15.49. U':) o 4 B 3
Collection and Reduction of X-ray Data.All crystals were covered - Z o %%§ 5559 i o< S
with Paratone-N (Exxon) and then removed from the drybox for 0o ISBsITN ¥ o8RRI
L ) . . 8 Rogodod N Ne&ual3sdI3Y
examination. Suitable single crystals were attached to the tips of quartz 19 o “ogaoy : 9 g NNwo®mS S P
fibers and transferred to a Bruker CCD X-ray diffraction system with o 'R g & w7 @ o
graphite-monochromatized Ma,adiation ¢ = 0.71073 A) controlled
by a pentium-based PC running the SMART software package. The < Q
temperature of the crystal was maintained with a Bruker LT-2A nitrogen = ,\,\@ S’ . Q [}
cryostat. Procedures for data collection and reduction have been |4 (S 9 %%g N © 8o o~ T
i 5 i ini 3P FHe ¥ 8 9 AV pmmsbar
previously reported Space groups were determined by examining PO oola 9 8 Q,8b5wIT 8325
systematic absences and confirmed by the successful solution and 0% g 8 mo= I o o °|° o g e 8 Yoo 2
refinement of the structures. The structures were solved by using either
the direct methods program SIR-82XS or Patterson methods and <
then refined by full matrix least squares and Fourier techniques with _ NI . =]
SHELXTL-PLUS?” In general all non-hydrogen atoms were refined = ~5n 2 g, 3 ~ o
anisotropically; hydrogen atoms were either located from the difference « Z;-g 8 - g § Er: S < w % x SR ® % § 'l‘
maps and refined isotropically or, for compouidassigned idealized g SN NN S § Jes623L83834
positions and given a thermal parameter 1.2 times the thermal paramete|S oMk o s Irem m oo
of the carbon atom to which each was attached. Absorption corrections o
were performed with the SADABS prografhCompound10 crystal- s =
lizes with two lattice benzene molecules, the carbon atoms of which % ({5‘0 ©
were refined anisotropically and hydrogen atoms were added. A 2 Q = 3 ?7)_
summary of X-ray crystallographic data far-10 is shown in Table gl E@ T2 o S <
1. Labeled ORTEP plots of all structures representing 50% thermal £ S 00 S f o o £ NG o o BR o
. . R L ) LTsoQoo N SN STORNO A
ellipsoids are shown in Figures 2 and 3. Full crystallographic informa- 2 §SSmaoo ©_©Couw2ImsNo—n
tion and bond distances and angles can be found in TableS$a. o ©o == Ned o N eoeoe
x
ks S
(25) Feig, A. L.; Bautista, M. T.; Lippard, S. Inorg. Chem.1996 35, > S o o
6892-6898. S T 8858 ¢
(26) Burla, M. C.; Camalli, M.; Cascarano, G.; Giacovazzo, C.; Polidori, g iﬁ a = o8 o % g s
G.; Spagna, R.; Viterbo, Dl. Appl. Crystallogr1989 22, 389-393. 5|2 2 &= -3 5 30 & a
(27) SHELXTL: Structure Analysis Program. 5.1; Bruker Analytical X-ray @ | § s > S B45-.c38 £
Systems; Madison, WI, 1997. "9 o oo S X = g2z2 _E
(28) Program written by Professor George Sheldrick at University of E SwwwcoS3x 3P2=5°9%° o 3
Guttingen which corrects data collected on Bruker CCD and multiwire -2 S22 Fdosdus>SNe-TRce28 2k n;: g
detectors for absorption and decay. =

YIIFol = IFcll/XIFol. *WRe = {F[W(Fo* — F)/ S [W(Fo)T} >

aQbservation criterion:l > 20(1). °R
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Figure 2. ORTEP diagrams of [Ti(OT§{MezATI) ;] (2), [TiMea(MeATI) ] (3), [TiPh(MeATI) 7] (4), [TICI(CH2SiMes)(Me,ATI) 7] (5), [Ti(Me)-
(Ph)(MeATI) 7] (6), and [Ti(MeATI)3] (7) showing 50% thermal ellipsoids and selected atom labels.

; ; CeH
Results and Discussion TiCl,(NMe,), + 2 HMeATI Y TiCl(Me,ATI), (1)
1

Preparation and Characterization of [TiCly(MeATI) 7]
and [Ti(OTf) o(MeATI) o). A convenient entry into titanium
aminotroponiminate chemistry was obtained through the reactionprevented its full characterization. A more tractable derivative
of HMe,ATI with TiCl 2(NMey), (eq 1). This chemistry afforded  was obtained by treatment @fwith 2 equiv of MgSIiOTf in
[TiCly(MezATI) 2] (1) as a purple powder in nearly quantitative  CH,ClI, to yield purple, crystalline [Ti(OTHMeATI) 7] (2) in
yield on a -2 g scale. ThéH NMR spectrum of this complex ~ 80% yield (Figure 4). Compound is also C,-symmetric in
is consistent withC, symmetry. The poor solubility of has solution and contains strong bands in the infrared spectrum at
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Figure 3. ORTEP diagrams of [ECI:(Me;ATI) 4] (8), [Ti(N-(2,6)-i-Pr.CeHs)(MeATI) 5] (9), and [TkO(MezATI) 4] (10) showing 50% thermal
ellipsoids and selected atom labels.

1352, 1032, and 632 cm, consistent with the presence of a ether solution, evaporation, and crystallization from toluene.
triflate group. The structure df determined by X-ray crystal- Compound4 can be obtained as a crude, thermally sensitive
lography reveals nearly octahedral coordination geometry with powder in reasonable yield. Recrystallizatiora$ challenging
two monodentate triflate ligands (Figure 2). The three trans- due to its moderate solubility and instability in solution. These
angles, N(1layTi—O(1a), N(2)-Ti—N(2a), and N(1) Ti—O(1) factors account for the modest isolated yield 0f-30%. Both
are 163.9(2), 176.7(2}, and 163.9(1), respectively. The FO 3 and 4 display NMR spectra consistent witB,-symmetric
bond distance of 2.046(2) A is in the range of other structurally molecules. The structure & has been determined by X-ray
characterized titanium triflate complexs. crystallography and displays cis stereochemistry. The complex
Preparation and Characterization of [TiMe(MeATI) 7] can be described as distorted trigonal prismatic (Figur® 2).
and [TiPhy(Me,ATIl) ;). The chloride ligands ofl can be Complex3 contains T+C bond distances of 2.145(2) and 2.166-
substituted by either methyl or phenyl groups. Reaction with (2) A, and the C-Ti—C angle is 86.29(7) The solid-state
the appropriate Grignard reagent gave dark red, crystalline structure of4 is very similar to that of3 and the T+-C bond
[TiMex(MeoATI) ;] (3) or [TiP(MeATI) ;] (4) after workup distances of 2.170(3) and 2.185(3) A are longer than those
(Figure 4). Compoun@ is best isolated after filtration of the  observed ir8 (Figure 2). The sterically more demanding phenyl
group has also increased the-Ti—C angle to 96.7(F) The

(29) Donkervoort, J. G.; Jastrzebski, J. T. B. H.; Deelman, B.-J.; Kooijman,
H.; Veldman, N.; Spek, A. L.; van Koten, @rganometallics1997, (30) Kepert, D. L.Progress in Inorganic Chemistry.ippard, S. J., Eds.;
16, 4174-4184. John Wiley & Sons: New York, 1975; Vol. 23, pp-B5.



6230 Inorganic Chemistry, Vol. 38, No. 26, 1999

w/@\‘/ (;JFa
/ N 0=5.

Steinhuebel and Lippard

c"‘s”o /
70 0~°S\ M Me
N, 1l / [} \ / CF3 N., /
=N, L /
@ N /T'\* N N Q\N @ N /T\‘ N
AN AN
/ / /
9 2 3
2 Me3SiOTf

L|NH(I~PI’)QCGH3
\ CeHe

CHoCl,

2 MeMgClI
EtZV

N_ ) / Ph
/N\!ri\/N\ 2 n-BulLi ) 2 PhMgCI @/N, .}/Ph/
/A Et,0 TiCla(MezATI), Et,0 N= VN
N - N AN
NN™ | N
1 /
7 4
(1) MeMgCl
-BuMgCl (2) PhMgCl
Et,0 . Et,0
Me3zSiCH,MgCl
ﬂ CH,Cly
N —
Z \\ l' ~ ol SiMes N/ Me
N AR 53 s

/%

Figure 4. Summary of the reaction chemistry of [TUWeATI) ).

Ti—C bond distance is 2.122(2) A for the titanium trimethylsilyl
substituted benzamidinate complex [TidIEhC(NSiMe),} 7],3!
and the average FC bond lengths of the aryloxide titanium
phenyl complex [TiPHOAr),] is 2.088 A32 both shorter than
the Ti—C bond lengths ir8 and4. The Ti—C bond length of
2.15(1) A for the salen complex [TiMésalen)] is very close to
the average FiC bond distance of 2.155 A f@&33 These data
suggest that thETi(Me,ATI) 2} 2+ fragment is more electron rich

==

N
\N% AN \N\
/ %

5 6

tadienyl diphenyl complexes has been reported previously,
although this reaction typically proceeds under photochemical
conditions36-37In contrast to the solution chemistry of [Tile
(salen)],3 and4 display no propensity for the methyl group to
migrate to the imine carbon ato##.

Preparation and Characterization of [TiCI(CH ,SiMe3)-
(MeLATI) 5] and [TiMePh(Me,ATI),]. A titanium alkyl-
chloride complex would be a versatile starting material for the

than the corresponding aryloxide and benzamidinate fragmentssynthesis of mixed alkyl complexes. The reaction of [Hille,-

and comparable to the salen complex. Ttg,Ti} > fragment

ATI),] with 1 equiv of MgSiCH,MgCI allows isolation of

is even more electron releasing, consistent with its formally [TiCI(CH,SiMes)(MeATI) 2] (5), which has been fully charac-

higher electron courit35

terized, including an X-ray structural determination (Figure 2).

Compound3 is thermally robust in the solid state but less so The important features in tHél NMR spectrum of are a 2H

in solution; it is best stored as a solid-a80 °C. Compound4,
however, is significantly less thermally stable ttfgespecially
in solution. Storage of §Dg solutions of4 for greater than 45

singlet at 2.33 ppm, a 9H singlet at 0.14 ppm, and a 12H singlet
at 3.2 ppm corresponding to the two signals for the trimethylsilyl
methyl and aliphatic signals of the MiTI ligand, respectively.

min at room temperature, even in the dark, results in decom- Compounds is probably fluxional in solution at room temper-
position. This decomposition is characterized by a decrease inature since it display€,-symmetric'H and*3C NMR spectra.

intensity of all the resonances in thel NMR spectrum of4

The X-ray structure ob has been determined and confirms

and the appearance of peaks most likely corresponding tonearly octahedral coordination geometry characterized by the

biphenyl. Production of biphenyl from early metal cyclopen- three trans angles N(3)Ti

(31) Thiele, K.-H.; Windisch, H.; Windisch, H.; Edelmann, F. T.; Kilimann,
U.; Noltemeyer, M.Z. Anorg. Allg. Chem1996 622 713-716.

(32) Chesnut, R. W.; Durfee, L. D.; Fanwick, P. E.; Rothwell, I. P.; Folting,

K.; Huffman, J. C.Polyhedron1987, 6, 2019-2026.

(33) Floriani, C.; Solari, E.; Corazza, F.; Chiesi-Villa, A.; Guastini, C.
Angew. Chem., Int. Ed. Engl989 28, 64—66.

(34) Thewalt, U.; Warle, T.J. Organomet. Chenl994 464, C17-C19.

(35) Kocman, V.; Rucklidge, J. C.; O'Brien, R. J.; Santo, W.Chem.
Soc., Chem. Commut971, 1340.

—C(19), N(1-Ti—N(4), and N(2)-
—CI of 160.57(9), 160.49(8j, and 165.67(6) (Figure 2,
Table 2). The T+-C bond length is 2.154(3) A, whereas the
Ti—Cl distance is 2.3287(7) A. Apparently, one trimethylsilyl
methyl group is the steric maximum for th&i(MeATI) 2} 2+
fragment, since the reaction of 2 equiv of 3&€CH,MgCl with

(36) Erker, G.J. Organomet. Chenl977, 134, 189-202.
(37) Rausch, M. D.; Boon, W. H.; Mintz, E. A. Organomet. Cheni978
160, 81-92.
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Table 2. Selected Bond Distances and Angles spectra to that ob, with 3H singlets at 1.59 or 1.55 ppm,
complex distances (A) angles (deg) ) ] CeDs
2 Ti-N(1)  2006(3) N(lajTi-O(la) 163.9(1) TiX(MeATI), + TiMe,(Me,ATI), —
Ti-N(2)  2.045(3) N(2}Ti—N(2a)  176.7(2) X =Cl, OTf
Ti—0(1) 2.046(2) N(1yTi—O(1) 163.9(1) 2TiXMe(Me,ATI), (2)
. O(1)-Ti—O(1a) 83.7(2) X =Cl, OTf
3 Ti-N(@1)  2.125(1) N@-Ti—N(3) 72.36(4) :
Ti—=N(2) 2.095(1)  C(19yTi—N(1) 83.12(6) respectively, for the methyl groups. Generation of [TiMeClI-
Ti—=N(3)  2.120(1) C(20yTi—N(2) 79.68(6) (Me,ATI) ] in CH.Cl, provides a convenient starting material

Ti—N(4 2.114(1 C(19)Ti—C(20 86.29(7 . .
T:—CEZ%)) > 166((2)) N((3?:I'iI—C(£O)) 1478 4((63 for the preparation of [TiMeRMe,ATI) ;] complexes. Treatment

Ti—C(19) 2.145(2) N(2}Ti—N(4) 123.25(5) of [TiMeCl(Me,ATI) 2], formed in situ, with PhMgCl in diethyl
4 Ti—N(1) 2.104(3)  N(4}-Ti—N(3) 72.77(10) ether provides [TiMePh(M&TI),] (6) after crystallization.

Ti—N(2) 2.082(3) N(1)-Ti—C(19) 80.86(11) Although the yield of crudé is good (65%), recrystallization

Ti—N(3) 2.116(3)  N(2)-Ti—C(25) 78.39(11) is difficult and the isolated yield is therefore modest. The

P_'(\I:(lll)g %-2%25(%) ﬁ(llng_T' _NC§25) 13?-;£1)10 NMR spectrum o6 is consistent with £,-symmetric molecule
T:—ngsg 221708 Cglz}lTi—l\(l(z)l) 119:82§11§ and comprises a singlet at 1.49 ppm for the methyl group in
5  Ti—N(1) 2.087(2) N(3}Ti—-C(19)  160.57(9) addition to aromatic resonances. The X-ray crystal structure of
Ti—N(2) 2.091(2) N(L)}Ti—N(4) 160.49(8) 6 has been determined and is very similar to the solid-state
Ti—N(3) 2.117(2) N(2Ti—CI(1) 165.67(6) structures of3 and4 (Figure 2, Table 2). The FHC(methyl)
Ti—N(4) 2.098(2)  CI(1)yTi—C(19) 92.04(8) and Ti-C(phenyl) bond distances are 2.148(3) and 2.171(2) A,
Ti—CI(1)  2.3287(7) whereas the E€Ti—C angle is 93.3(F) comparable to the

Ti=C(19)  2.154(3) values of 86.29(7)in 3and 96.7(1) in 4. Compoundb displays

° E—“% ﬁ‘f;g% N&;E_gg%) 77%.%2((71)1) thermal stability between that & and 4; it is best stored at
Ti-N(@3)  2.116(2) N(3)}Ti—C(19) 81.45(8) —35°C as a solid. Interestingl, cannot be prepared by mixing
Ti—N(4) 2.102(2) C(19)yTi—C(25) 93.30(12) 3 and4 in CgDg, as revealed byH NMR spectroscopy.
Ti—C(19)  2.171(2) N(3)Ti—N(2) 154.32(7) Preparation and Characterization of [Ti(Me,ATI) 3] and
Ti-C(25)  2.148(3) C(19Ti—N(1)  119.66(9) [Ti 2Clo(Me,ATI) 4. Certain aminotroponiminate ligands afford

! E:“% gégég; “Eg;g:mggg ig;ggggg Ti(IV) dialkyl complexes that contaifi-hydrogen atom%f? For
Ti-N(3)  2.110(1) N(}Ti—N(3a)  167.26(6) this reason, reaction of with other Grignard and lithium

8 Ti(1)-N(5) 2.092(3) N(8)Ti(1)-N(5) 165.4(1) reagents was investigated. Treatmert wfith 2 equiv ofn-BulLi
Ti(1)—N(6) 2.088(3) CI(2)Ti(1)—N(7) 161.26(9) in ether resulted in an immediate color change to brown-black,
Ti(1)—N(7) 2.081(3) CI(1)Ti(1)—N(6) 164.75(9) and no resonances were observed intheNMR spectrum of
EEB:QI(S)) géégg; “g;ggg:g:gg 122-%2&83 the reaction mixture. A few brown-black crystals of [Ti(Me
Ti(D)~CI(2) 2:526(1) N(2)-Ti(2)-N(2) 161:51(11) ATI) 3] (7) could be |solat§d, gnd the X-ray structure revealed
Ti(2)-N(L) 2.086(3) Ti(2}-Cl(2)-Ti(l) 98.29(5) nearly octahedral coordination geometry with three trans
Ti(2)-N(2) 2.116(3) CI(2}Ti(2)—Cl(1) 82.12(5) N—Ti—N angles (N(2a) Ti—N(2), N(3a)-Ti—N(1), and N(3)-
Ti(2)—N(3) 2.094(3) CI(2)-Ti(1)—Cl(1) 80.70(5) Ti—N(l1a)) of 163.87(8), 167.26(6), 167.26(6) and TN
Ti(2)-N@4) 2.107(3) Ti(2}-CI(1)-Ti(1) 97.97(5) bond distances of 2.099(2), 2.110(1), and 2.121(1) A (Figure
Ti(2)=Cl(1) 2.496(1)  Ti(2)-Cl(2)-Ti(1) 98.29(5) 2, Table 2). The overall structure is similar to that of othersTiL
E%:ﬂ(%) g'gggg)) (L = bidentate ligand) complexé%#°but it differs slightly from

9 Ti-N(@) = 2.089(1) N(4rTi—N(1) 162.10(5) the solid-state structure of [Sc(trgp)which has a coordination
Ti—N(2) 2.098(1) N(2}Ti—N(3) 121.93(5) geometry between octahedral and trigonal prisnféfimluene
Ti—N(3) 2.105(1) N(3»Ti—N(5) 118.37(6) solutions of7 at room temperature display an isotropic EPR
p-“gg i-ggg&; #{(ﬁ(g-gg)g) 11%39;-51%()3) signal atg = 1.96, which resolves into an axial spectrum with

i— . +=N(5)— . = = i
10 TIW)-NG) 2113(3) NETL-NG) 156.7(1) \?\l/lith t1h.29 ?ensi gce i.anSSat 14.4tK. These spelctra _Iz::l.rﬁlconsstlent
Ti(1)-N(6) 2.129(2) O(2)Ti(1)-N(6) 158.8(1) presence ymmetric, mononuclear Ti(ll) complex
Ti(1)-N(7) 2.098(3) O(LFTi(1)-N(8) 163.0(1) and are very similar to _thoge reported in the literature forsTlL
Ti(1)—-N(8) 2.154(3) N(3)Ti(2)-0(2) 163.2(1) complexes, where L is either a monodentate or bidentate
Ti(1)—0O(1) 1.876(2) N(2)}Ti(2)—0O(1) 159.4(1) monoanionic ligand?4942-45 A more efficient, higher yielding
Ti(1)=O(2) 1.835(2) N(4yTi(2)—N(1) 157.8(1) route to7 is the reaction of [TiGTHF)s] with 3 equiv of LiMe,-

Ti(2)—-N(1) 2.118(3) O(1yTi(2)~0O(2)  83.18(9) ATl in THF (eq 3). The preparation of [Ti(M&TI) 3] completes

E%:m% %ﬁgg; %Egg((ll)):%g)) gg:gé((g)) the series of MgATI tris-chelate complexes from titanium

Ti2)-N(4) 2.091(3) Ti(LrO@2)-Ti(2) 96.71(9) through cobalt?

Ti(2)—0O(1) 1.841(2)

Ti(2)—0(2) 1.878(2) (38) Steinhuebel, D. P.; Lippard, S.Organometallics1999 18, 3959
Ti(1)—Ti(2) 2.775(1) 3961.

(39) Cotton, F. A.; Wojtczak, W. APolyhedron1994 13, 1337-1341.
aNumbers in parentheses are estimated standard deviations of thg40) Spannenberg, A.; Tillack, A.; Arndt, P.; Kirmse, R.; Kempe, R.
last significant figure. Atoms are labeled as indicated in Figures 2 and Polyhedron1998§ 17, 845-850.

3. (41) Anderson, T. J.; Neuman, M. A.; Melson, G. laorg. Chem.1974
13, 158-163.
1yiel<_1|s mostlys vv_hereas reactio_n of lithium reagents or excess (42) ,hﬁtﬁe;g i‘ é;l‘ngfgédénhgé%ﬁi;éé'\gz"vlgu;g'io%f” Rothwell, 1. P
MesSiCH,MgCl with 1 affords Ti(lll) complexes. (43) Bradley, D. C.; Copperthwaite, R. G.; Cotton, S. A.; Sales, K. D.;
Mixing either 1 or 2 with equimolar amounts d produces Gibson, J. FJ. Chem. Soc., Dalton Tran$973 191-194.
solutions of either [TiMeCI(MgATI)5] or [TiMe(OTf)(Me,- (44) Covert, K. J.; Wolczanski, P. T.; Hill, S. A.; Krusic, Pldorg. Chem.

S 1992 31, 66-78.
ATI)2), judging by *H NMR spectroscopy (eq 2). These tWo  (45) Lukens, W. W., Jr.; Smith, M. R., IIl.; Andersen, R. A.Am. Chem.
complexes areC,-symmetric in solution and display similar Soc.1996 118 1719-1728.
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TiCly(THF), + 3 LiMe,ATI — Ti(Me,ATI)

7

®)

A different Grignard reagentj-BuMgCl gives another
paramagnetic product in low yield. This material was identified
by X-ray crystallography as [ICl,(Me2ATI) 4] (8) (Figure 3).
The X-ray structure o8 reveals two nearly octahedral Ti(lll)
centers with long TCl distances of 2.496(1), 2.508(1), 2.526-
(1), and 2.550(2) A and a FiTi separation of 3.808(2) A (Table
2). Thei-BuMgCl reagent acts as a single electron reductant in
this reaction, and the resultingTiCl(Me,ATI),} complex
dimerizes. The{Ti,Clp}*" motif is common in titanium

chemistry and has been supported by several different classe

of ligands?6-50 The Ti--Ti distance can vary in these complexes
from almos 4 A in [Ti»Cl.Cpy] to 2.9 A in either [ThCly(OAr),]
or a dinuclear cyclohexyl substituted formamidinate complex
[TioClo{ HC(NCy)} 4].4647:50 Formation of [TpClo(MexATI) 4]
fulfills the coordinative unsaturation of tHeTiClI(Me,ATI) 2}

fragment. The unsaturated character must not be of great

Steinhuebel and Lippard

1.734(1) A; the T-N—C angle is 167.1(1) (Figure 3). The
remaining TN bond distances are in the usual range. Titanium
aryl imido complexes are common in complexes having multiple
nitrogen ligands and many five-coordinate titanium aryl imido
analogues have been structurally charactertZ8&* 56 Of this
group, [Ti(NPh)Ci(tmeda)] has the shortest-¥N bond length,
1.702(6) A, whereas the salen complex [TiNAr(salen)] has the
longest one, 1.725(2) A58 Compound9 is distinguished in
this class by having one of the longer-IN bond distances
and the smallest FiIN—C angle. These data reflect the electron-
releasing character of tHeTi(Me,ATI) 2} 2+ fragment.
Preparation and Characterization of [TioOx(Me2ATI) 4].
The steric influence of the isopropyl groups in the imido ligand

?ust discussed is further manifest by attempts to prepare the

isoelectronic oxo analogue, TiO(M&TI),, which instead
resulted in isolation of dimeric [FO2(Me2ATI),4] (10). Com-
pound10is best prepared by treatirgywith 1 equiv of water
in benzene solution (eq 4), although it can also be obtained in

consequence since, by increasing the size of the R substituent

from Me toi-Pr, we were able to isolate monomeric [TiG((
PrpATI),].5! Similar results, especially with amidinate and
cyclopentadienyl ligands, have been reported in the liter&ffe.
Reaction of [TiCH{(Me,ATI),] with allyl, vinyl, neopentyl
Grignard, or lithium phenyl acetylide under a variety of

conditions resulted in paramagnetic reaction mixtures. In some

cases6 or 7 could be isolated depending on the number of
equivalents of Grignard reagent that were used. Reactidn of

with 2 equiv of neopentyl Grignard in the presence of excess
PMe; also gave a paramagnetic reaction mixture. These synthetic

studies show thal is especially susceptible to reduction by
alkylating reagents and that the steric constraints of{ffie
(MeATI) 232+ fragment only allow formation of monoalkyl
complexes, such as [TiICI(GSiMes)(Me2ATI) 2], having a bulky
group.

Preparation and Characterization of [Ti(N-(2,6)-i-Pr,CgH3)-
(Me2ATl) 7]. Since the putative five-coordinatETiCl(Me,-

ATI)2} species readily dimerizes, we were interested to test

whether a five-coordinate Ti(IV) complex might be prepared
by using a bulkyo-27 ligand such as a 2,6Pr-substituted
imide. Reaction of 2 equiv of Li(NH(2,6)Pr,CsH3z) with 1

/M N
Y WL e S
-l I—N [} y 1
" N Cele /1 0" N\
_ NN NN
10

lower yield by the air oxidation o7 in toluene solution. The

IH NMR spectrum of7 in CDCl; comprises two equal intensity
singlets for the methyl groups of M&T]I, consistent with two
distinct methyl environments for the ATI ligand. The X-ray
crystal structure ofl0 was determined and revealed both
titanium centers to have nearly octahedral coordination geometry
(Figure 3, Table 2). The FHO distances are short, 1.835(2),
1.876(2), 1.841(2), 1.878(2) A, whereas the-Ni distances are

in their normal range (2.1 A). ThgTi,0.}4* core has also been
previously described, and several examples have been structur-
ally characterize%%2 The direct comparison of the results to
those for10 is not straightforward because of differences in
coordination number and charge. The-0 bond distances in

afforded a new titanium complex and 1 equiv of ayylamine 10, at least when compared to those of{¥i(acac)], 1.831-
(Figure 4). ThéH NMR spectrum of the new complex displayed (3) A, 1.824(4) A, support the idea that the p4g1 ligand is
a 12H doublet at 1.30 ppm and a 2H septet at 4.05 ppm, 3 strong donator of electron denstiys2

consistent with a singlé-Pr group environment. ThéH and
13C signals corresponding to M&T| were also consistent with
Co-symmetry. The structure 0® was determined by X-ray
crystallography, revealing that the bulky aryl-imido ligand had
indeed stabilized a five-coordinate complex. The imido ligand
occupies the equatorial position of a trigonal bipyramidal
coordination polyhedron and the-fiN bond distance is short,

(46) Jungst, R.; Sekutowski, D.; Davis, J.; Luly, M.; Stucky, I8org.
Chem.1977, 16, 1645-1655.

(47) Hill, J. E.; Nash, J. M.; Fanwick, P. E.; Rothwell, |. Polyhedron
1990 9, 1617+1619.

(48) Hermes, A. R.; Girolami, G. Snorg. Chem.199Q 29, 313-317.

(49) Cotton, F. A.; Wojtczak, W. AGazz. Chim. 1tal1993 123 499-
507.

(50) Hao, S.; Feghali, K.; Gambarotta, I8org. Chem.1997, 36, 1745~
1748.

(51) Steinhuebel, D. P.; Lippard, S.1998 unpublished results.

(52) Dick, D. G.; Duchateau, R.; Edema, J. J. H.; Gambarotténdg.
Chem.1993 32, 1959-1962.

(53) Luinstra, G. A.; ten Cate, L. C.; Heeres, H. J.; Pattiasina, J. W.;
Meetsma, A.; Teuben, J. Drganometallics1991, 10, 3227-3237.
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(54) Mountford, P.; Swallow, DJ. Chem. Soc., Chem. Commu®95
2357-2359.

(55) Hill, J. E.; Profilet, R. D.; Fanwick, P. E.; Rothwell, I. Angew.
Chem., Int. Ed. Engl199Q 29, 664—665.

(56) Hill, J. E.; Fanwick, P. E.; Rothwell, I. Rnorg. Chem.1991, 30,
1143-1144.

(57) Duchateau, R.; Williams, A. J.; Gambarotta, S.; Chiang, Mn¥rg.
Chem.1991, 30, 4863-4866.
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1998 37, 5970-5977.

(59) Borgias, B. A.; Cooper, S. R.; Koh, Y. B.; Raymond, K. INorg.
Chem.1984 23, 1009-1016.

(60) Hagadorn, J. R.; Arnold, Drganometallics1998 17, 1355-1368.

(61) Belokon, Y. N.; Caveda-Cepas, S.; Green, B.; Ikonnikov, N. S.;
Khrustalev, V. N.; Larichev, V. S.; Moscalenko, M. A.; North, M.;
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as ancillary ligands for the preparation of titanium complexes ligands are good donors of electron density;{thigMe,ATI)} 2+

has been demonstrated. A series of dialkyl derivatives and anfragment is electron rich.
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