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Four different dianionic bis(amidinate) ligands (P'Lpge?~, B“F'Lpgr?™, P'Lxan®~, BFlLyan? ") featuring rigid dibenzofuran
(DBF) and 9,9-dimethylxanthene (Xan) backbones have been used to prepare several new dititanium complexes.
Reaction of the free-base bis(amidines) (LHz) with 2 equiv of Ti(NMe,), forms the hexaamido derivatives
PLpeeTia(NMes)s (1), BUELpge Tio(NMey)s (2), PLxanTi2(NMe2)s (3), and By, Tia(NMep)s (4) in good yields. Compound
4, which features an unsymmetrically substituted bis(amidinate) ligand, was isolated as an 8:1 mixture of rotational
diastereomers with C, and Cs symmetry, respectively. The two diastereomers interconvert upon heating, and at
equilibrium the C, isomer is preferred thermodynamically by 0.2 kcal/mol. Compound 3 reacts with excess Me;SiCl
in toluene to form the mixed amido—chloride derivative 'Ly, Ti2(NMe),Cl, (5) in low-moderate yield. Alternatively,
5 is also prepared by reaction of PLy,,H, with 2 equiv of Ti(NMe,),Cl, in good yield. Compound 3 reacts with CO,
to form the red carbamate derivative P'Lya,Tio(NMe,)4(O.CNMe,); (6) in moderate yield. Infrared data for 6 indicates
bidentate coordination of the carbamate ligands. Metathesis reaction of ®'LanLi, with 2 equiv of CpTiCls affords
PrLyanTi2CP2Cls (7) in moderate yield. Reduction of 7 with 1% Na amalgam in toluene solution affords the paramagnetic
dititanium(lll) complex P'LyanTi.Cp,Clz (8) in good yield. Structural studies reveal that 8 features two bridging chloride
ligands. Reaction of the free-base bis(amidines) with 2 equiv of CpTiMe; forms the red o-alkyl derivatives P'Lpge-
Ti,CpaMey (9), BUELpgeTiCpoMey (10), and PLyanTioCpoMeys (11) in good yields. Structural data are presented for
compounds 4, 5, 8, and 9.

Introduction mentation and oligomerization. Their design is also useful
for tailoring reactivity. In this context, we have been de-

veloping new preorganized binucleating ligands that are
suitable for the preparation of early transition metal bime-

tallics. Binucleating ligands suitable for these relatively large
and Lewis acidic metals are limited. Indeed, the vast majority
of reported group 4 bimetallics have been supported by a
small set of related oligocyclopentadienyl ligaridsThese

Bimetallic complexes play important roles in numerous
areas of chemistry including metalloprotein modeling, su-
pramolecular chemistry, and cataly$iso control the phys-
ical properties and chemical reactivities of this class of
compounds, it is necessary that a broad range of well-defined
binucleating ligands be developé&enerally these ligands

feature multiple donor groups that are linked together with complexes are of interest as olefin polymerization catalyas,

some sort of unreactive spacer. When properly designed, .
. and recently reported complexes have demonstrated promis-
these ligands can prevent unwanted processes such as frag-

(3) We intend “oligocyclopentadienyl ligands” to include all supporting
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ing reactivity> 7 including increased branching in ethene Chart1
homopolymerization and increaseaeblefin incorporation in © RO R
; i ati O R, © N N
ethened-olefin copolymerization when compared to closely JN/ y N—R2 N AN
related mononuclear catalysts. In addition to their use in N R=N Ri R1o
polymerizations, group 4 bimetallics have featured interesting Ri 0 O O
structures and small-molecule reactivity. Notably, Peterséh, Q O
Cuenca®?? and other$ 27 have explored insertion and R, R R R
redox chemistry of fulvalene and bridged bis(cyclopentadi- Py ! i 2 Py T ! i 2
enyl) systems. tBu,Et, oo ‘Pr o tBu,Et e tPr "
One direction for the further development of binuclear “Losr Bu Et “lxan Bu Et
early metal chemistry involves the use of new binucleating g neme 1
ligands containing N- and O-donor atoms. Ligands using Ti(NMe,)s
these donors have been widely used in mononuclear chem- Lo L H
istry, often with dramatic effects on chemical reactivi#y® oer / \fa” 2
However, this approach remains poorly developed in the Ve  NMe;  NMe
context of early metal binuclear systems. Recent examples MeN — Nme, — NMez %2 / __NMe,
include rigid bis(amidoj®-3! bis(phenolate}? and bis(ami- MeZN_Ti/ Me,N—Ti— M€ MezN/T' MeoN—Ti
dinate§33® donors. To further develop this class of com- /\ _Ry \ R, JN/Rz N/Rz
plexes, we are exploring several new preorganized binucle- NJN R N R/N R1/NJ
ating ligands including bis(amidinates) supported by diben- R o ! o
zofuran and 9,9-dimethylxanthene backbones (Chart 1). O O O 0
These bis(amidinate) ligands have many desirable properties
from a synthetic standpoint, including control over key Ri R R; R,
structural features such as intermetal separation and sterics. 1 ipr pr 3 ipr ipr
2 'Bu Et 4 'Bu Et
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Additionally, amidinates are known to form isolable com-

plexes with a wide range of transition and main-group
metals3®37 In this report we describe the preparation and
characterization of several new dititanium complexes sup-
ported by these bis(amidinate) ligands.

Results and Discussion

Shown in Chart 1 are the four amidinate ligands used in
this paper. As shown in Scheme 1, their neutral free-base
forms, the bis(amidines), reacted with 2 equiv of Ti(NMe
at 50 °C to form hexaamido derivatived—4. These
complexes were isolated as orange crystalline solids from
Et,0 solutions in good yields, and they have been character-
ized by a combination of NMR spectroscopy and single-
crystal X-ray diffraction. ThéH NMR spectrum ofL in CsDe
solution reveals a sharp singlet@8.48 ppm (36H) for all
12 methyls of the 6 amido ligands. The bis(amidinate) ligand
also features a characteristic septed & 30 ppm (4H) for
the four methine protons of the isopropyl groups. These data
indicate a highly symmetric structure which we attribute to
rapid fluxionality in solution. Analogous Zr complexes have
likewise displayed fluxional NMR spectra in soluti&hTo
gain additional insight into the solution dynamics of these
compounds we have also examined the NMR spectra of
complexes featuring unsymmetrically substituted amidinate
ligands. As shown in Scheme 2, compouhdan exist as
two diastereomers that are related by the °18flation of
an amidinate groupH NMR spectra of freshly prepared

(36) Edelmann, F. TCoord. Chem. Re 1994 137, 403.

(37) Barker, J.; Kilner, MCoord. Chem. Re 1994 133 219.

(38) Hagadorn, J. R.; McNevin, M. J.; Wiedenfeld, G.; Shoemaker, R.
Organometallic2003 22, 4818-4824.



Dititanium Complexes of Bis(amidinates)

Table 1. Crystallographic Data and Collection Parameters

param 4 5 8 9
formula Q1H76N100Ti2 C33H52NaOC|4Ti2 C39H50C|2N40Ti2 C40H56N40Ti2
fw 820.84 786.35 757.53 704.63
space group P2;/c (No. 14) P1(No. 2) P2:/n (No. 14) Pnma(No. 62)
temp €C) —122 —140 -132 —130
a(A) 17.9840(8) 13.1241(6) 10.9048(3) 24.6997(10)
b (A) 14.0692(6) 17.5798(8) 24.8225(6) 12.1194(5)
c(A) 19.3685(8) 19.5927(8) 13.9014(3) 12.8143(5)
a (deg) 90 74.6940(1) 90 90
B (deg) 101.9340(1) 77.7090(1) 92.7880(10) 90
y (deg) 90 79.2640(1) 90 90
z 4 4 4 4
V (A3) 4794.7(4) 4219.4(3) 3758.4(2) 3835.9(3)
dealc (9/cn®) 1.137 1.299 1.339 1.220
0 range (deg) 2.0225.03 2.09-27.48 2.04-25.03 2.29-25.03
w (mmh) 0.373 0.666 0.603 0.451
cryst size (mm) 0.5¢ 0.4x 0.3 0.5x 0.3x 0.2 0.2x 0.2x 0.15 0.3x 0.3x 0.2
reflens colled 37 384 32 256 21861 29725
data/restraints/params 11 006/0/510 19 132/7/907 6636/0/443 4595/41/437
R1 (for Fo > 40(Fy)) 0.0533 0.0691 0.0403 0.0524
R1, wR2 (all data) 0.0644, 0.1544 0.1079, 0.2004 0.0591, 0.1054 0.0935, 0.1453
GOF 1.066 1.026 1.024 0.954
largest peak, hole (eBh 0.59,—0.44 1.49-0.79 0.54-0.35 0.64-0.44
Scheme 2 The amido complexes—4 are useful precursors to many
Me,N, NMe; NMe; Me,N_ NMe; NMe; other derivatives. For example3 reacts with excess
T MeoN—Ti— Mz Ti MeN—Ti— M€

solutions of4 in C¢De revealed an 8:1 ratio fo€,-4 and
C<+4, respectively. This ratio remained unchanged after
several hours at room temperature. Heating the solution to
68 °C overnight, however, caused the ratio to change to 2:1.
Further heating did not affect the ratio but led to slow
decomposition to unidentified products. Thus, the initial 8:1
ratio is attributed to kinetic factors, and the equilibrium
shown in Scheme 2 is close to thermoneutral with a
calculatedAG of 0.2 kcal/mol.

A sample of4 was dissolved in EO and cooled to OC
to afford crystals suitable for X-ray diffraction studies. These
studies confirmed the general formulation, and a thermal

pd
Me,N /\N/‘Bu/\ _'Bu
N/ N

NJ
&t Et7
I

Cs-4

ellipsoid plot of the solid-state structure is shown in Figure Figure 1. Molecular structures of, 5, 8, and9 drawn with 50% thermal
1. Information related to data collection and refinement is ellipsoids. Hydrogens and cocrystallized solvent are not shown.

shown in Table 1, and selected bond lengths and angles are
found in Table 2. Not surprisingly, the molecule is the
Co-symmetric diastereomer that is preferentially formed
during the synthesis. The molecule, however, does not reside
on a crystallographi€,-axis. The two Ti centers are quite
similar with each featuring an asymmetric bidentate amidi-
nate donor (e.g. TiEN1, 2.261(2), TiEN2, 2.071(2) A)
and three dimethylamido ligands. The geometry at each Ti
center is intermediate to square pyramidal and trigonal
bipyramidal. This is consistent with the calculated values of
7 (Til, 0.57; Ti2, 0.51). The two Ti centers do not interact
with each other, and the intermetal separation is 6.4792(6)
A. Bond lengths are typical when compared to reported

values in related mononuclear complexe¥.

MesSiCl in toluene to form the mixed amidahloride
derivative5, which was isolated as a red solid in moderate
ield (Scheme 3). Compouriican be conveniently prepared
in higher yield by reaction of"'Lya,H2 with 2 equiv of
Ti(NMe,).Cl; in toluene solution. ThéH NMR spectrum

of 5 in CDCl; features a single resonanceB.89 ppm
(12H) for the two equivalent amido groups. There is also a
septet atd 3.35 ppm (4H) for the methine protons of the
four 'Pr groups. These data are consistent \@ithsymmetry

1995 217-225.

Inorganic Chemistry,

(39) Kakaliou, L.; Scanlon, W. J.; Qian, B.; Baek, S. W.; Smith, M. R.,
III; Mortry, D. H. Inorg. Chem.1999 38, 5964-5977.

(40) Gamez, R.; Duchateau, R.; Chernega, A. N.; Meetsma, A.; Edelmann,
F. T.; Teuben, J. H.; Green, M. L. H. Chem. Soc., Dalton Trans.
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Table 2. Selected Bond Distances and Angles

Compound4
Til—N1 2.261(1) Ti2-N8 1.912(2)
Til—N6 1.935(2) Tit-Ti2 6.4792(2)
Ti2—N4 2.258(2) Tit-N5 1.900(2)
Ti2—N10 1.895(2) Ti2-N3 2.076(2)
Til—N2 2.071(2) Ti2-N9 1.934(2)
Til—N7 1.909(2)
N1-Til—N2 61.08(7) N2-Ti1l—N6 96.43(8)
N1-Ti1—N5 94.28(8) N5-Til—N7 110.40(9)
N2—-Ti1—N5 121.79(8) N+Til—N7 95.85(8)
N5—-Til—N6 96.62(9) N2-Til—N7 123.06(9)
N1-Til—N6 157.41(8) N6-Til—N7 98.78(9)
Compoundb
Til—Cl1 2.291(1) Ti2-N3 2.116(4)
Til—N2 2.066(3) Tit-Ti2 6.359(1)
Ti2—Cl4 2.319(1) Tit-N1 2.077(3)
Ti2—N6 1.842(3) Ti2-CI3 2.253(1)
Til—Cl2 2.292(1) Ti2-N4 2.065(3)
Til—N5 1.846(3)
Cl1-Ti1-CI2 95.50(5) Cl2Ti1—N2 92.24(9)
Cl1-Ti1—N1 92.68(9) NETil—N5 107.1(1)
Cl2-Ti1—N1 145.8(1) CIETi1—N5 103.7(1)
N1-Ti1—N2 63.8(1) CI2-Ti1l—N5 103.1(1)
Cl1-Ti1—N2 145.54(9) N2 Til—N5 107.1(2)
Compound
Til—Cl1 2.4966(7) Ti2-N3 2.067(2)
Til—N2 2.125(2) Tit-Ti2 3.7942(2)
Ti2—Cl2 2.4902(8) TitN1 2.086(2)
Ti2—Ccp,ave 2.36 Ti2-Cl1 2.4978(8)
Til—Cl2 2.4886(8) Tiz-N4 2.128(2)
Til—Ccpave 2.37
Cl1-Ti1—CI2 78.19(2) NETil—N2 63.56(8)
Cl1-Til—N1 89.82(6) Cl+Ti2—N4 133.33(6)
Cl2-Ti1—N2 86.66(6) N3-Ti2—N4 63.34(8)
Cl1-Ti2—N3 84.56(6) Cl2-Ti1l—N1 125.09(6)
Cl2—Ti2—N4 91.20(6) CIETi2—CI2 78.14(2)
Til—CI2—-Ti2 99.29(3) CI2-Ti2—N3 122.72(7)
Cl1-Ti1—N2 133.19(6) Tit-Cl1-Ti2 98.87(3)
Compound
Til—N1 2.148(2) NETil—N1A 62.0(1)
Ti2—N2 2.135(2) TitCcpave 2.36
Til—Ti2 6.8658(9) Ti2-Cepave 2.35
Til—C21 2.132(3) N%+Til—-C21 87.10(9)
Ti2—C22 2.129(3)
N1-Til—C21A 130.25(9) N2Ti2—C22A 130.1(1)
N2-Ti2—C22 86.9(1) N2 Ti2—N2A 62.3(1)
C21-Til—C21A 85.1(2) C22Ti2—C22A 84.8(2)
Scheme 3
/
Me;SiCl MeoN—Ti C|—Ti/NMe2
- i i
-Me3SiNMe, N/ N/Pr N/Pr
CO )
2 'Pr/
MezN NMez NMez

Me,NCO,—Ti Me,N—Tj— O2CNMe,

_Pr

\ /iPr )
N Ir‘,rl-XanHZ
-HNMe,

Ti(NMe,),Cl,

in solution on the time scale of the experiment. The coor-
dination geometries at the Ti centerssdfFigure 1) are quite
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Scheme 4

cpTicl Manlz
]
PIs i

different from those off. Compounds features symmetric
amidinate ligands (FiN1, 2.077(3); TiN2, 2.066(3) A)
and distorted square pyramidal geometry at the two Ti cen-
ters, withz values of 0.00 and 0.37 for Til and Ti2, respec-
tively. In d® square pyramidal complexes, the strongest donor
is expected to occupy the apical position, and this is ob-
served in5. Thus, the two amido donors occupy the
pseudoapical positions, and the-Namigo bonds (Tit-N5,
1.846(3), Ti2-N6, 1.842(3) A) are significantly shorter, by
0.07 A on average, than the FNamigo distances in com-
pound4.

Compound3 reacts with CQ (10 psig) in GHe to form
the mixed carbamateamido derivatives, which was isolated
in 36% yield as orange-red crystals. The compositioi6 of
is supported by a combination of NMR and IR spectroscopy
and by combustion analysis. The IR spectrum of a mineral
oil mull of 6 reveals a strong absorption at 1567 émwhich
is consistent with bidentate coordination of the carbamate
group##?It is unclear if the carbamates are each coordinated
to a single Ti center or if they bridge the two metals. Both
structural motifs have been reported.

Mixed Cp—amidinate complexes of Zr have been used to
support reactive hydrido derivativi&42 as well as living
catalysts fora-olefin polymerizatiorf4~4¢ Thus, we chose
to explore the synthesis and reactivity of the related Ti-con-
taining species. Entry to this class of compounds was
achieved by the salt-metathesis reactiofftf,qLi-» with 2
equiv of CpTiC} in toluene (Scheme 4). Dititaniumwas
isolated as a flocculent purple solid in moderate yield
following extraction of the crude product into hot toluene
and precipitation by the addition of hexanes. Sdalid highly
susceptible to hydrolysis, and samples immediately turn
yellow in the presence of water vapor. Unfortunately, we
have been unable to determine the identity of the hydrolysis
product due to its insolubility. ThéH NMR spectrum of7

(41) Chisholm, M. H.; Extine, M. WJ. Am. Chem. S0d.977, 99, 782—
792.

(42) Chisholm, M. H.; Extine, M. WJ. Am. Chem. S0d.977, 99, 792—
802.

(43) Keaton, R. J.; Sita, L. ROrganometallic2002 21, 4315-4317.

(44) Jayaratne, K. C.; Sita, L. R. Am. Chem. So200Q 122 958-959.

(45) Keaton, R. J.; Jayaratne, K. C.; Fettinger, J. C.; Sita, LJ.FAm.
Chem. Soc200Q 122, 12909-12910.

(46) Keaton, R. J.; Jayaratne, K. C.; Henningsen, D. A.; Koterwas, L. A.;
Sita, L. R.J. Am. Chem. So2001, 123 6197-6198.
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Scheme 5
CpTiMe;

LDBFy YLXanH2
Me

Me Me

Me

_li/CP

iPr
Et

9 pr
10 'Bu

(CDCly) is consistent with overalC,, symmetry for the
complex in solution. Reduction af with an excess of 1%
Na/Hg in toluene solution forms the paramagnetic dititanium-
(111) derivative 8. Filtration of the solution, followed by the
addition of HMDSO and cooling te-40 °C, afforded the
product as orange-brown crystals in good yield. TH&IMR
spectrum of8 (C¢Dg) consists of four broad featureless

spectrum of9 (CgDe) features sharp resonances consistent
with overall C,, symmetry for the bimetallic species. Thus,
a singlet is observed at6.49 ppm for the pair of equivalent
Cp ligands. Another ad 1.27 ppm is assigned to the four
Ti—Me groups.'H NMR data for compound.1 indicate a
similar symmetric structure in solutiodH NMR data for
compoundl0, however, show that it is isolated as a 1:1
mixture of theC,- and Cs-symmetric diastereomers.

In conclusion, we have demonstrated that preorganized
bis(amidinate) ligands based on dibenzofuran and 9,9-di-
methylxanthene backbones are well suited for the forma-
tion of a wide range of Ti bimetallics containing mixed-
ligand systems. Reactivity studies with these complexes are
ongoing.

Experimental Section

General Considerations.Standard Schlenk-line and glovebox
techniques were used unless stated otherwise. Bis(amidines)
iPrLDBFHz, tBu’Eq_DB;:Hz, iPrLXanHz, and tBu’Ethg,mHz and their cor-
responding dilithium amidinate derivatives were prepared as
previously describe#? Ti(NMe,).Cl, was prepared using a pub-

resonances between 0 and 8 ppm, suggesting that thdished method® CpTiMe;>* was prepared from CpTigland
complex is paramagnetic. Using Evans’ method, the solution Me2Mg in EO solution and was sublimed (2€/10°2 mmHg)

magnetic moment was determined to be 2.3EL)Thus, the
pair of d* Ti centers is virtually uncoupled. The solid-state
structure of8 (Figure 1) reveals that the dititanium com-
plex features a symmetric Ji-Cl), core, with the four
Ti—CI bonds having lengths between 2.49 and 2.50 A.
The Ti—CIl-Ti angles are 98.87(3) and 99.2%3)The
CI=Ti—ClI angles are 78.19(2) and 78.142pDverall the

immediately prior to use. Ti(NM#, and CpTiC} were purchased
from commercial sources. Hexanes,&ttoluene, tetrahydrofuran
(THF), and CHCI, were passed through columns of activated
alumina and sparged with,Nprior to use. Hexamethyldisiloxane
(HMDSO) was distilled from Na metal under nitrogensBg and
tolueneds were vacuum transferred from Néenzophenone ketyl.
CDCl; was vacuum transferred from CaHzaseous C©(bone

dry) was purchased from commercial sources and used as received.

structural features of the core are very similar to those Chemical shifts ¢) for H NMR spectra are given relative to

reported for [TiClo(Me,ATI) 4]*” (MeATI = N,N'-dimethyl-
aminotroponiminate) and [GPiCl],.% Other dititanium(lll)
complexes, such ag[(Me3SiNCH,CH,),NSiMes]TiCl},*°
and [Ti(PMe).Cl3],,%° have featured asymmetric{i-Cl),
cores. As shown in Scheme 5, the bis(amidines) react wit
2 equiv of CpTiMg in toluene solution to afford dititanium
o-alkyl derivatives9—11 in moderate-good yields. These

products can also be synthesized by reaction of the bis-

(amidines) with CpTiMeg formed in-situ from CpTiGland
MeLi in Et,O at—30 °C. The advantage of this route is that
the volatile and thermally sensitive CpTiMés never
isolated. The molecular structure ®is shown in Figure 1.

residual protium in the deuterated solvent at 7.16, 7.24, and 2.10
ppm for GDs, CDCls, and tolueneds, respectively. Infrared spectra

were taken as mineral oil mulls between KBr plates unless stated
otherwise. Solution magnetic moments were determined using

h Evans’ method? and diamagnetic corrections were applied using

Pascal’s constant§ Elemental analyses were determined by Desert
Analytics. Analytical data are reported for one representative species
for each series of closely related compounds. Melting points were
determined in a Kfilled drybox.

iPr_ DBFTi 2(NM92)6 (1) iPrLDBFHz (128 g, 3.05 mmol) was
dissolved in toluene (95 mL) to form a clear colorless solution.
This solution was added to a stirring solution of Ti(NM)e(1.37
g, 6.10 mmol) and toluene (5 mL). After 12 h at 8D the volatiles

The molecule rests on a mirror plane of symmetry that passeswere removed under reduced pressure to afford an orange solid.
through both Ti centers and the dibenzofuran backbone. TheThe solid was dissolved in & (40 mL) and filtered. Cooling the

Ti—Me distances (Ti+C21, 2.132(3), Tiz2C22, 2.129(3)
A) are similar to those of related Ti(IV) complexs$!

Noticeably, the molecule features one Cp group directed 1.4 Hz, 2H), 7.25 (dd

inward while the other is directed outward. Despite this
inequivalence of the Cp groups in the solid statelHth&IMR

(47) Steinhuebel, D. P.; Lippard, S. lhorg. Chem.1999 38, 6225-
6233

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

(49) Love, J. B,; Clark, H. C. S.; Cloke, F. G. N.; Green, J. C.; Hitchcock,
P. B.J. Am. Chem. S0d.999 121, 6843-6849.

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

(51) Koterwas, L. A.; Fettinger, J. C.; Sita, L. Rrganometallics1999
18, 4183-4190.

solution to 0°C afforded the product as orange crystals (1.8 g,
77%). Mp: 257°C (dec).*H NMR (CgDg): 6 7.59 (dd,J = 7.7,
J=7.4,1.2 Hz, 2H), 7.13 (t) = 7.6 Hz,
2H), 3.48 (s, 36 H,—NMe,), 3.30 (sept,J = 6.4 Hz, 4H,
—NCMe,H), 1.10 (d,J = 6.4 Hz, 12H,—~NCHMeCHz), 1.04 (d,J
= 6.4 Hz, 12H,—NCHMeCHz). 33C{*H} NMR (CgD¢): 0 172.3
(NCN), 153.1, 127.1, 125.3, 123.6, 121.4, 118.9, 56:MCHMe,),

(52) Clare, B.; Sarker, N.; Shoemaker, R.; Hagadorn, Jn&g. Chem.
2004 43, 1159-1166.

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

(54) Giannini, U.; Cesca, Setrahedron Lett196Q 14, 19-20.

(55) (a) Schubert, E. MJ. Chem. Educl992 69, 62. (b) Evans, D. FJ.
Chem. Soc1959 2003-2005.

(56) Drago, R. S.Physical Methods in ChemistrySaunders College
Publishing: Philadelphia, PA, 1977; p 413.

Inorganic Chemistry, Vol. 43, No. 26, 2004 8551



47.1(—NMe,), 26.0 (NCHMeCHs), 25.5 (-NCHMeCHj). IR:
2922 (s, br), 2853 (s, br), 2759 (vs, br), 1918 (w), 1858 (w), 1799
(w), 1523 (vs, br), 1461 (s, br), 1410 (vs, br), 1375 (s), 1334 (s),
1183 (s), 944 (s), 788 (m), 753 (w), 591 (m), 554 (m, br)ém
Anal. Calcd (found) for GgHzoN10OTi: C, 58.61 (58.62); H, 9.06
(9.36); N, 17.99 (17.84).

BUBL heeTi(NMey)s (2). The product was prepared in 76% yield
from BUEL heeH, and Ti(NMe), using a procedure analogous to
that described for the preparationlof'H NMR spectroscopic data
of the isolated product (Ds solution) indicated a mixture of
rotational diastereomer<{ and Cs symmetry) in an 11:1 ratio.
The kinetic product is likely th&C,-symmetric form since it was
observed in single-crystal X-ray diffraction studie$d NMR
spectroscopic data are given for both fig¢ and Cs-symmetric
forms of compound2, but all other data are reported as ob-
served for the product mixture as isolated. Mp: 286(dec).'H
NMR (C¢Dg) for C,-2: ¢ 7.56 (dd,J = 7.7, 1.4 Hz, 2H), 7.25 (dd,

J =174, 1.2 Hz, 2H), 7.07 (tJ = 7.5 Hz, 2H), 3.47 (s, 36H,
—NMey), 3.14 (m, 2H~NC(H)HMe), 2.96 (m, 2H,—~NC(H)HMe),
1.10 (s, 18H~NC(CHg)3), 0.90 (t,J = 7.0 Hz, 6H,—NCH,CH).

I1H NMR (CgDg) for Cs2: 6 7.54 (dd,J = 7.7, 1.4 Hz, 2H), 7.28
(dd,J = 7.5, 1.4 Hz, 2H), 7.07 (t) = 7.6 Hz, 2H), 3.45 (s, 36H,
—NMe,), 2.96 (m, 2H~NC(H)HMe), 2.86 (m, 2H~NC(H)HMe),
1.18 (s, 18H,~NC(CHg)3), 0.90 (t,J = 7.0 Hz, 6H,—NCH,CH).
13C{1H} NMR (CgDg): 0 172.5 (-NCN), 153.1, 128.3, 124.9,
123.1, 121.5, 120.8, 53.4-NCH Me), 46.5 -NMe), 42.9, 32.7,
19.3. IR: 2955 (s, br), 2926 (vs, br), 2853 (vs, br), 2757 (m, br),
1921 (w), 1865 (w), 1809 (w), 1513 (m), 1458 (m, br), 1411 (m),
1239 (m), 963 (m), 945 (s), 784 (m), 753 (w), 591 (m), 566 (m,
br) cnrL.

PrvanTi2(NMey)s (3). The product was prepared in 50% yield
from PlLy,.H, and Ti(NMe)s using a procedure analogous to
that described for the preparation df Mp: 196 °C (dec).H
NMR (C¢Dg): 6 7.20 (d,J = 7.1 Hz, 2H), 7.14 (d]J = 7.6 Hz,
2H), 6.93 (t,J = 7.5 Hz, 2H), 3.44 (s, 36H;-NMe,), 3.43 (sept,

J = 6.5 Hz, 4H, —NCHMe,), 1.43 (s, 6H,—CMeg,), 1.31 (d,

J = 6.3 Hz, 12H,—NCHMeCHj), 1.03 (d,J = 6.2 Hz, 12H,
—NCHMeCHj). 13C{*H} NMR (C¢Dg): o 172.8, 147.8, 131.2,
128.6,, 127.2, 123.6, 123.2, 50.#NCHMe,), 47.6 (—NMe),
34.7 (CMey), 33.5 (CMg), 26.9 (—NCHMeCH3), 25.3
(—NCHMeCHj3). IR: 2954 (s, br), 2924 (vs, br), 2853 (s), 2756
(m), 1489 (m), 1464 (m), 1422 (m), 1245 (m), 946 (s), 799 (w),
751 (w), 586 (w), 559 (w) cmt.

BuEl nTio(NMey)s (4). The product was prepared in 80% yield
from BuEL . H, and Ti(NMe), using a procedure analogous to
that described for the preparationlof'H NMR spectroscopic data
of the isolated product (De solution) indicated a mixture of
rotational diastereomers in an 8:1 ratio for e andCs-symmetric
forms, respectivelyH NMR spectroscopic data are given for both
the C,- andCs-symmetric forms of compourd, but all other data

are reported as observed for the product mixture as isolated. Mp:

195-197°C. H NMR (C¢Dg) C-4: 6 7.18 (dd,J = 7.3, 1.4 Hz,
2H), 7.12 (dd,J = 7.7, 1.6 Hz, 2H), 6.86 (] = 7.5 Hz, 2H),
3.42 (s, 36H~NMe), 3.46 (M, 2H,~NC(H)HMe), 3.05 (m, 2H,
—NC(H)HMe), 1.43 (s, 6H~CMe), 1.21 (s, 18H,~NC(CHy)s),
0.92 (t,J = 6.9 Hz, 6H, ~NCH,CHs). 'H NMR (C¢De) for
Ced: 0 7.24 (dd,J = 7.5, 1.6 Hz, 2H), 7.15 (ddJ = 7.5,
1.6 Hz, 2H), 6.89 (tJ = 7.6 Hz, 2H), 3.42 (s, 36H-NMe,), 3.38
(m, 2H, ~NC(H)HMe), 2.88 (m, 2H,~NC(H)HMe), 1.51 (s, 3H,
—C(MeMe), 1.51 (s, 3H~C(Me)Me), 1.27 (s, 18H,~NC(CHa)s),
0.87 (t,J = 7.2 Hz, 6H,—NCH,CHs). 3C{1H} NMR (CeDs): 6
172.5,147.1, 130.5, 129.8, 127.7, 124.8, 122.9, 54CIMBk), 47.0
(NMey), 43.7 (NCH,Me), 34.6, 34.4, 32.8 (NKles), 18.6 (NCHMe).
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IR: 2921 (vs, br), 2854 (vs, br), 2806 (m), 2759 (m), 1499 (w),
1456 (s, br), 1424 (s), 1413 (m), 1378 (m), 1249 (m), 964 (w), 948
(s), 750 (w), 588 (w) cmt.

Pri_yanTi2(NMey),Cl, (5). Method A. Toluene (20 mL) was
added ta3 (0.208 g, 0.254 mmol) to form a clear orange solution.
MesSiCl (0.592 mL, 4.68 mmol) was added, and the mixture was
heated to 85C to form a clear red solution. After 6 h, the volatiles
were removed under reduced pressure, and the resulting red solid
was washed with hexanes 10 mL) and E£O (2 x 10 mL) to
give 5 (0.071 g, 36%).

Method B. PlLy,H2 (2.78 g, 6.60 mmol) was dissolved in
toluene (30 mL) to form a clear colorless solution. This solution
was added to a stirring solution of Ti(NMeCl, (2.73 g, 13.2
mmol) in toluene (50 mL). Afte2 h the volatiles were removed
under reduced pressure to give a red solid. The solid was washed
with Et,O (2 x 40 mL) and then dissolved in warm benzene (30
mL). Cooling the solution to 8C yielded the product as red crystals
(3.83 g, 78%). An analytically pure sample was obtained by
recrystallization from BOD. Mp: 223-224°C.'H NMR (CDCly):

0 7.61 (dd,J = 7.9, 1.7 Hz, 2H), 7.26 (1) = 7.7 Hz, 2H), 7.09
(dd, J = 7.4, 1.7 Hz, 2H), 3.89 (s, 12H-NMe,), 3.35 (sept,

J = 6.5 Hz, 4H, —NCMe,H), 1.71 (s, 6H,—CMe,), 1.37 (d,

J = 6.6 Hz, 12H,—NCHMeCHj), 1.17 (d,J = 6.5 Hz, 12H,
—NCHMeCHj). 3C{*H} NMR (CDCl): o 173.8, 146.3, 131.0,
128.8,128.5, 123.9, 118.0, 52.6, 49.9, 34GMe;), 33.4 (-CMey),
25.0 —NCHMeCHj3), 23.8 (-NCHMeCHj3). IR: 2956 (vs), 2925
(vs), 2869 (vs), 2854 (vs), 2778 (w), 1617 (w), 1593 (w), 1453 (s),
1422 (vs), 1380 (m), 1342 (m), 1245 (m), 1210 (m), 1134 (m),
1042 (m), 940 (s), 878 (w), 801 (s), 753 (w), 687 (s), 596 (M)
cmL. Anal. Calcd (found) for gHeClaNgO, Ti, (5*ELO): C, 51.65
(51.80); H, 7.26 (7.30); N, 9.77 (9.51).

P yan Ti2(NMe2)4(O.CNMey), (6). Compound3 (0.698 g, 0.850
mmol) was dissolved in benzene (10 mL) to form a
clear orange solution. The flask was briefly evacuated and back-
filled with CO, (10 psig). Withih 5 h a redsolution had formed.
The volatiles were removed under reduced pressure, and the
crude product was dissolved in warm HMDSO (20 mL) and fil-
tered. Concentration to 5 mL followed by cooling tel5 °C
afforded the product as a red solid (0.28 g, 36%). Mp: 161
(dec).tH NMR (Cg¢D¢): O 7.44 (dd,J = 7.4, 1.7 Hz, 2H), 7.12
(dd,J = 7.8, 1.8 Hz, 2H), 6.97 (tJ = 7.6 Hz, 2H), 3.69 (s, 24H,
—NMey), 3.49 (br, 4H,—NCMe;H), 2.75 (s, 12H, @CNMe,), 1.39
(s, 6H, —CMey), 1.38 (br, 12H,—NCHMeCHj), 1.16 (br, 12H,
—NCHMeCHy). BC{*H} NMR (CgD¢): o 170.1, 166.7, 146.9,
130.0, 129.3, 126.1, 122.5, 121.8, 50.3, 48.0, 34.0, 33.6, 32.3, 23.6.
IR: 2950 (vs), 2928 (vs), 2918 (vs), 2914 (vs), 2850 (vs) 2804
(W), 1567 (s,vsu(O2CN)), 1461 (s), 1410 (m), 1377 (s), 1274 (w),
1238 (w), 956 (m), 796 (w), 653 (m) crh Anal. Calcd (found)
for CsgHgeaN1006SiTiz (6:HMDSO): C, 54.94 (54.64); H, 8.84
(8.73); N, 13.08 (13.37).

PrL xanTi2Cp2Cly (7). Toluene (100 mL) was added to CpTiCl
(3.40 g, 15.5 mmol) an#"Lyx,Li, (3.68 g, 7.74 mmol) to form a
dark orange-brown solution. After being stirred overnight, the
volatile materials were removed under reduced pressure to afford
a dark solid which was washed with hexanes(80 mL) to afford
a lavender solid. The solid was extracted with hot toluene (300
mL) and filtered through a pad of diatomaceous earth on a fritted
disk. To the purple filtrate was added hexanes (300 mL) to cause
the formation of flocculent lavender microcrystals. The solid
was isolated and dried under reduced pressure (4.00 g, 5748%).
NMR spectroscopy and elemental analysis indicate that the
product cocrystallizes with ca. 0.75 equiv of toluene. Mp: 280
(dec).'H NMR (CDCly): 6 7.57 (d, 2H,J = 7.6 Hz), 7.26-7.22
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(m, 5H), 7.17-7.12 (m, 4H), 6.93 (br s, 10HCp), 3.49 (sept,
4H, J = 6.4 Hz, NCH)Me,), 2.34 (s, 3H,tolueng, 1.66 (s,
6H, —CMey-), 1.23 (d, 12H,J = 6.4 Hz, NC(H)Me(Es)),
1.09 (br, 12H, NC(H)Me(El3)). **C{*H} NMR (CgDe): 0 146.3,

(150 mL) and filtered through diatomaceous earth on a glass frit.
Concentration of the solution to 50 mL and cooling-t@0 °C

afforded the product as a deep red solid (1.6 g, 60%). An
analytically pure sample was prepared by recrystallization from

137.9, 129.0, 128.2, 128.0, 125.3, 123.7, 121.0 (br), 119.1, 52.9, hexanes. Mp: 146149 °C (dec).'H NMR (CgDg): 0 7.17 (m,

34.3, 32.8, 24.4 (br), 23.2, 21.5. Anal. Calcd (found) for
Cu4.2H56ClaN4OTi, (7-0.75toluene): C, 59.22 (58.91); H, 6.29
(6.20); N, 6.24 (6.06).

PryanTi2Cp2Cly (8). Toluene (40 mL) was added #(0.35 g,
0.38 mmol) and 1% Na/Hg amalgam (0.12 g Na, 5.1 mmol) to
form a burgundy colored solution over the amalgam. After being
stirred overnight, the solution was filtered through a pad of

2H), 7.13 (ddJ = 7.9, 1.6 Hz, 2H), 6.92 (i = 7.5 Hz, 2H), 6.42
(s, 10H,Cp), 3.42 (sept) = 6.5 Hz, 4H,—~NCMe,H), 1.37 (s, 6H,
—CMe,—), 1.21 (s, 12H, TiMe), 1.20 (d,J = 6.5 Hz, 12H,
—NCHMe(CHg)), 0.92 (d,J = 6.3 Hz, 12H,—NCHMe(CH3)).
13C{1H} NMR (CsDe): 6 168.6 (NCN), 147.2, 130.8, 128.9,
127.1, 123.6, 121.8, 115.€Cf), 68.0 (Ti-Me), 50.8 (NCHMe,),
34.3 (CMe,—), 32.8 (CMe,—), 26.1 (NCHMele)), 24.5

diatomaceous earth on a fritted disk to afford a clear orange solution. (NCHMe(Me)). Anal. Calcd (found) for GsHg:N4OTip: C, 69.16

The solution was concentrated to 15 mL and HMDSO (20 mL)
was added. Cooling te-40 °C yielded the product as orange-brown

(68.65); H, 8.37 (8.26); N, 7.50 (7.37).
X-ray Crystallography. Table 1 lists a summary of crystal data

crystals, which were isolated and dried under reduced pressureand collection parameters for all crystallographically characterized

(0.20 g, 69%) uer (298 K, GDg): 2.3(1)us. *H NMR (CeDg): O
6.75 (br,a)l/z =90 HZ), 6.09 (brﬂ)l/z =35 HZ), 1.97 (bl’ﬂ)l/z =
280 Hz), 1.63 (br,wi, = 32 Hz). Anal. Calcd (found) for
CsgHs0CloN4OTiy: C, 61.84 (61.47); H, 6.65 (6.46); N, 7.40 (7.21).

Prl_peeTiCpoMey (9). The product was prepared in 60% vyield
from CpTiCk, MeLi, and®'LpgeH, by a procedure analogous to
method B for the synthesis dfl. Mp: 136 °C (dec).'H NMR
(CeDg): 0 7.57 (dd,J = 7.7, 1.2 Hz, 2H), 7.27 (dJ = 7.1 Hz,
2H), 7.13 (t,J = 7.6 Hz, 2H), 6.49 (s, 10HCp), 3.18 (sept]) =
6.6 Hz, 4H,—NCMeH), 1.27 (s, 12H, TiMe), 1.02 (d,J = 6.5
Hz, 12H,—NCHMe(CH3)), 0.98 (d,J = 6.6 Hz, 12H,—NCHMe-
(CHa3)). 13C{*H} NMR (CgDg): 6 169.3 (\CN), 152.6, 127.5, 125.2,
123.9,121.7,117.5, 115.6, 69.5 {IVie), 51.1(NCHMey). IR (KBr,
mineral oil): 2920 (vs, br), 2925 (vs, br), 2929 (vs, br, mineral
oil), 2866 (vs, br), 2728 (w), 1646 (w), 1627 (w), 1464 (vs, br,
mineral oil), 1419 (m), 1376 (s, mineral oil), 1344 (m), 1186 (m),
1169 (w), 810 (s), 789 (m) cm.

BUB herTi,CpoMe, (10). The product was prepared in 40%
yield from ®BU.El_z-H, and CpTiMe by a procedure analogous to
method A for the synthesis dfl. 'H NMR spectroscopic data of
the isolated product D solution) indicated a mixture of rotational
diastereomers@, and Cs symmetry) in a 1:1 ratio’H NMR
(CeDg): 0 7.55 (dd,J = 7.7, 1.2 Hz, 2H), 7.54 (dd, 7.6, 1.2 Hz,
2H), 7.44 (br, 4H), 7.09 (t) = 7.5 Hz, 2H), 7.08 (tJ = 7.5 Hz,
2H), 6.48 (s, 20H,Cp), 2.80 (m, 8H, NG&i;,Me), 1.13 (s, 6H,
Ti—Me), 1.12 (s, 6H, TiMe), 1.10 (s, 6H, Ti-Me), 1.09 (s, 6H,
Ti—Me), 1.04 (s, 18H, N®le3), 1.02 (s, 18H, NMes), 0.75 (t,J
= 7.2 Hz, 6H, NCHMe), 0.72 (t,J = 7.2 Hz, 6H, NCHMe).
13C{1H} NMR (C¢Dg): 0 167.3,167.1, 152.6, 152.5, 124.4, 124.4,

compounds. Table 2 lists selected bond lengths and angles.

General Procedure.A crystal of appropriate size was mounted
on a glass fiber using Paratone-N oil, transferred to a Siemens
SMART diffractometer/CCD area detector, centered in the beam
(Mo Ka; 4 = 0.710 73 A; graphite monochromator), and cooled
to by a nitrogen low-temperature apparatus. Preliminary orientation
matrix and cell constants were determined by collection of 60 10-s
frames, followed by spot integration and least-squares refinement.
A minimum of a hemisphere of data was collected using @3
scans. The raw data were integrated and the unit cell parameters
refined using SAINT. Data analysis was performed using XPREP.
Absorption correction was applied using SADABS. The data were
corrected for Lorentz and polarization effects, but no correction
for crystal decay was applied. Structure solutions and refinements
were performed (SHELXTL-Plus V5.0) df?.5”

Structure of BUEL v, Tio(NMey)s (4). Crystals suitable for X-ray
diffraction studies were grown from 2 at 0°C. Preliminary data
indicated a primitive monoclinic cell. Systematic absences indicated
space grou2;/c (No. 14) which was confirmed by the successful
solution and refinement of the structure. All non-H atoms were
refined anisotropically. Hydrogens were placed in idealized posi-
tions and were included in structure factor calculations but were
not refined.

Structure of PrLy,,Tio(NMe,).Cls (5). Crystals suitable for
X-ray diffraction studies were grown fromgBgs at 5°C. Preliminary
data indicated a primitive triclinic cell. The choice of the centric
space group was confirmed by the successful solution and refine-
ment of the structure. Carbon atoms associated with a disordered
iPr group were refined isotropically. All other non-H atoms were

123.1, 123.0, 121.3, 121.3, 120.0, 120.0, 115.3, 115.3, 66.7, 66.3,/¢fined anisotropically. Hydrogens were placed in idealized posi-
54.6,54.6,43.1,43.0,32.4,32.3,17.3, 17.2. IR: 2953 (s, br), 2924 (ions and were included in structure factor calculations but were

(vs, br), 2854 (s, br), 1466 (m), 1456 (s, br), 1420 (w), 1190 (w),
807 (m), 784 (w), 755 (w) cmt.

PryanTioCpoMey (11). Method A. Toluene (80 mL) was added
to CpTiMe; (2.88 g, 18.2 mmol) anfi'Lx,H> (4.22 g, 9.12 mmol)

to form an orange-red solution with noticeable gas evolution. After

being stirred overnight at 4, the volatile materials were removed

under reduced pressure. The resulting solid was extracted into warm

hexanes (200 mL) and filtered. Cooling t&40 °C afforded the
product as red crystals (5.0 g, 73%).

Method B. CpTiCl; (1.56 g, 7.12 mmol) was dissolved in,Bx
(80 mL) and cooled t6-30 °C. An EO solution of MeLi (13.2
mL, 21.4 mmol) was added dropwise to form a clear yellow

not refined.

Structure of PrLpgeTi2Cp.Cl, (8). Crystals suitable for X-ray
diffraction studies were grown from toluene-hexanes at°@5
Preliminary data indicated a primitive monoclinic cell. Systematic
absences indicated space grd@fi/n (No. 14). All non-H atoms
were refined anisotropically. Hydrogens were placed in idealized
positions and were included in structure factor calculations but were
not refined.

Structure of PrLpgeTi,CpoMey (9). Crystals suitable for X-ray
diffraction studies were grown from benzene £#G& Preliminary
data indicated a primitive orthorhombic cell. Analysis of all data
indicated systematic absences consistent with space gRiupa

solution. To this solution was added a toluene solution (30 mL) of
Pr_yanH2 (1.65 g, 3.56 mmol), and the mixture was heated to 40
°C. After 12 h the volatiles were removed under reduced pressure
to afford a red solid. This solid was dissolved in warm hexanes

(57) Sheldrick, G. M.SHELXTL: A Program for Crystal Structure
Determination version 5.03; Siemens Analytical X-ray Instruments:
Madison, WI, 1995.
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and Pna2;. The choice ofPnma(No. 62) was confirmed by the  support. NMR instrumentation used in this work was sup-

successful solution and refinement of the structure. All non-H atoms ported in part by the National Science Foundation CRIF
were refined anisotropically. Hydrogens were placed in idealized program, award No. CHE-0131003.
positions and were included in structure factor calculations but were '

not refined. It was ne_cessary_to restrain the 1,2- and 1,3-bond lengths Supporting Information Available: Crystallographic informa-
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