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A series of constrained geometry group 4 metal complexes containinty,tifedimethylaminomethyl)
dicarbollyl ligand DcaBH [nido-7-NHMex(CH,)-8-R-7,8-GBgH1q] (3) was prepared. New types of
constrained geometry titanium complexes with the formula (DJEEI,, [{(7>-RC:BoHg)(CHy) (-
NMey)} TiCl,] (R = H, 4a Me, 4b), were produced by the reaction of the potassium saf® wofith
titanium tetrachloride. The reaction 8fwith Ti(NMe,)4 in toluene afforded (DcaBTi(NMe,)s, [{ (1°-
RCBoHg)(CHy)(71-NMey)} Ti(NMey)2] (5) (R = H, a; Me, b), which readily reacted with M&ICl to
yield the corresponding chloride complexes (D$aiCl, (4). However, the reaction & with Zr(NMey),
in toluene afforded (DcaBZr(NMe,)(HNMe,) [{ (7°-RC:BgHo)(CHy) (7*-NMey)} Zr(NMey)(HNMey)] (6)
(R=H, a; Me, b). The structures of the diamido complexes were established by X-ray diffraction studies
of 5a and 5b, which authenticated an®#,*-bonding mode derived from the dicarbollylamino ligand
functional group. The corresponding bis-chelate complexes, (DgJal(7), were synthesized from the
reaction of4a with an additional dicarbollyl ligan@a. Bis-chelated complexes (DdgbM (M = Ti, 7;

Zr, 8; Hf, 9) were also formed upon the reaction3# with MX4 (M = Ti, Zr, Hf) in a 2:1 molar ratio.

The NMR spectra revealed that intramolecular M coordinations were preserved in solution, resulting
in the formation of bis-chelated complexes (D&ah (7—9). The tetrahedral coordination of the metal
center was proven by single-crystal X-ray determination of the complex ({p2al(8). New types of
titanium alkoxides, (DcadfTi(O'Pr), (10), were synthesized from the reaction 3d with Ti(O'Pr).
Sterically less-demanding phenols such gsl{OH and 2-MeGH,OH replaced the coordinated amido
ligands on (DcabTi(NMey), (5a) to yield the aryloxy-stabilized CGC complexes (D¥gG(OPh), (Ph

= C¢Hs, 11, 2-Me-GeH4, 12). The NMR spectra suggested that an intramolecularNricoordination

was intact in solution, resulting in a stable piano-stool structure whereby two aryloxy ligands resided in
the leg positions. The aryloxy coordinations were further confirmed by single-crystal X-ray diffraction
studies on the complexes (DEabi(OPh) (Ph= CgHs, 11; 2-Me-GsHg4, 12).

Introduction attracted considerable attentibrin fact, diverse reactivities

associated with secondary interactions between metals and
groups with an amino functionality have been observed. Amino
tethers include monoamino dicarbollide systems containing

Much attention has been paid to constrained geometry
catalysts based on the cyclopentadienyl-amido ligand due to their
remarkable activity during the copolymerization of ethylene with "~
a-olefins! The stgricallygopen nF;tL}/re of the catalys{center is either met_hyle.ne-(Dcé_{)t‘* or e;thylene spaecers (Dcah® and
believed to facilitate the incorporation of variousolefins into also the diamino functional ligand (DCA)° (Chart 1).
growing polymer chains. As an extension of the structural ~ The formal replacement of a monoanionic Chpgand in
variationg in the cyclopentadienyl derivatives of the group 4 [CpM(IV)]** with an isolobal analogue, the dianionic ligand
metals, the dicarbollide moietyhas been employed as ah (DcaB¥)2~, in the [(Dca)M(1V)] 2+ fragment (Chart 1) reduces
coordinated group instead of the cyclopentadienyl (Cp) ligand. the overall charge by one unit but leaves the gross structural
The dicarbollide ion is a versatile ligand and an isolobal and metal frontier orbital properties unchanged. Similar dian-
inorganic analogue of the Cpion. To prepare constrained ionic ligands such as aminoborolliderimethylenemethang,
geometry compounds with this dicarbollyl functionality is and dien& have been synthesized and converted into the
challenging because incorporation of dicarbollide fragments into corresponding group 4 metal complexes. Consequently, a
ligand frameworks results in new metal/charge combinations. potential advantage of catalyst designs of this type would be
Therefore, recently developed constrained geometry complexesthe control of secondary metal/ligand interactions. The weaker
containing bothr-dicarbollyl ando-amino components have  z-donating character and the lower steric requirements of the

+ Corresponding author. E-mail: sangok@korea.ac kr. pendant. neutral amino group enhance the metal’s Lewis acidity

t Korea University. by the simultaneous reduction of the formal electron count and
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Chart 1. Various Amino Group-Tethered CGC-Type
Group 4 Metal Complexes

Dcab™ML, Dcab®¥ML, Dcab™MML,

was anticipated that incorporation of the dicarbollyl fragment
into the CGC ligand framework would provide interesting

opportunities for the design of complexes with new metal/charge

combinations and increased metal unsaturation.

As part of our ongoing research into the utility of the
aminoalkyldicarbollyl ligand in group 4 metal chemistry, we
have published preliminary data on CGC complexes (IVGi,)
based on the aminomethyl dicarbollide ligand sysfertere,
we give the full details of the synthesis, characterization, and
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Scheme 1. Synthesis of Group 4 Metal CGC-Type
Complexes Derived from the Aminomethyldicarbollyl Ligand

NMe,

Dcab" 3

CabN1 Dcab™TiCl, 4

a2 Reagents and conditionsi) (a) KOH, EtOH, 78°C; (b) HsPO,,
benzene, 28C, 10 h (R= H, a; CHjs, b). (i) (a) KH, THF, 0°C; (b)
TiCly, toluene,—78 °C (R = H, a; CHgs, b).

polymerization activity of the aminomethyl dicarbollyl group
4 metal complexes, which involvg- and'-bound dicarbollyl-
amino ligand systems (Dcip

Results and Discussion

We prepared a series of CGC-type group 4 metal complexes
of the type {(7]5-R1C289H10)(CH2)n(771-NR22)} ML2] (Rl =H,
Me;n=1, 2; R= Me, Bn; M=Ti, Zr; L = Cl, NMey) {-
(Dcab)ML ,,* (DcalFNML ,,° (Dcab"™™)ML ,)} 6 which involve
n°-dicarbollide and;l-amine moieties. We observed that the
stability of the desired CGC-type complexes increases in these
ligand systems as the amino tether becomes bulkier. An example
of such a bulky tether is the dibenzylamino group in (0¥89b
ML .. When two amino tethers were introduced, however, the
amino pendant groups competed for coordination to the metal
center, resulting in the formation of one-arm tethered CGC
complexes instead of complexes with two-arm coordination.
Study of the diamino-tethered complexes revealed the hemilabile
character of the secondary metamino interaction in the
aminodicarbollyl ligand system. In the present work, we have
therefore focused on the coordination chemistry of less protected
aminomethyl dicarbollyl ligands, in order to elucidate the
thermodynamic driving force behind the formation of the CGC-
type dicarbollide complexes (DCEIML ».

Ligand Synthesis.New (N,N-dimethylaminomethyl)dicar-
bollyl ligands, abbreviated as Dc4b (3), were prepared by
applying a standard deboronation proceédtte dimethylami-
nomethyleo-carboraneclosc1-NMey(CH,)-2-R-1,2-GB1oH10)
(R=H, 1a Me, 1b) (Scheme 1). In this procedure, reaction of
1 with KOH in ethanol at 78C and subsequent protonation
with phosphoric acid led to the formation of deboronated
zwitterionic compounds$. An X-ray structural determination
carried out on crystals produced by the cation exchange reaction
revealed the formulaido-[7-NMey(CH,)-8-R-7,8-GBoH1q] -
[NMe4]™ (24). Figure 1 shows the conformation of the dim-
ethylaminomethyl-tethered open dicarbollide structure of tet-
ramethylammonium salts d?a; the availability of potential
multidentater;®;n*-dicarbollylamino ligand functionalities can
clearly be discerned in this structure.

Spectroscopic characterization of zwitterionic dicarbollyl
ligands3 showed that the dimethylamino group was linked to
thenido cage carborane. The characteristic asymmetric pattern
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(b) Rodriguez, G.; Bazan, G. @. Am. Chem. Sod 995 117, 10155.
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Figure 1. Molecular structure o2a-NC,4H;, with thermal ellipsoids
drawn at the 30% level.

in the 11B{1H} NMR spectrum in the range 12 to —38 ppm
and the presence of an absorption at€&.0 ppm in the'H
NMR spectrum imply a B-H—B interaction on the ¢Bz open
face. Most importantly, théH NMR spectra of these complexes
displayed a singlet pattern for the two methyl protons of the
dimethylamino group at 2.7(G&)/2.50 Bb) ppm. The methylene
protons of the NEl, group are, however, diastereotopic, each
giving rise to an AB spin pattern (2.92, 3.33&§/2.72, 2.80
(3b) ppm). Further deprotonation of this bridge hydrogen with
KH gave the corresponding dianionic ligand [D¥b, [nido-
7-NMey(CHy)-8-R-7,8-GBgHg) %

Reaction of the Ligand with Group 4 Metal Complexes
MX 4. Reaction of the dianionic compounds ®fvith TiCl4 in

Lee et al.

Scheme 2. Alternate Synthetic Route for the Formation of
Group 4 Metal CGC Complexes

Dcab™ 3 DcabTi(NMe,), 5 Dcab™TiCl, 4

aReagents and conditions:i) (Ti(NMey)s, toluene, 25°C; (ii)
MesSiCl, CHCl,, 25°C (R = H, a; Me, b).

as (Dcab)ML, (M = Ti, L = CI;)* M = Fe, Ru, L= Lewis
base!? M = Ni, L = PPh!). In addition, the!’B chemical
shifts were similar to those observed for other dicarbollyl metal
complexes and support the proposgdcoordination®1* The
spectroscopic data for complex¢#ndicated that the dimethy-
lamino group of the side chain was coordinated to the metal
center in all cases. Compoundsre among the first examples
of dicarbollyl group 4 metal complexes with intramolecular
coordination of a dimethylaminomethyl donor function in the
side chain, although Hosmane and co-workers have indepen-
dently reported the synthesis of,B3-metallacarborane ana-
logues and have discussed their reacti¥t®y.Also, Xie and
co-workers recently described the synthesis and olefin polym-
erization activities of group 4 metal complexes containing imido/
amino-tethered B3 dicarbollyl ligand system& The new
dicarbollylamino complexed were prepared from Tigland
an equivalent amount of nucleophBan toluene, as shown in
Scheme 1. The pure products, which ranged from red to dark
red in color, were isolated by recrystallization in toluene.
Typically, the yields of4 were on the order of 3241%.

Due to the low yield of the titanium complexes, we devised
a direct metalation process using the zwitterionic aminometh-
yldicarbollide, DcabH (3). As shown in Scheme 2, reaction of
3 with Ti(NMey)s in toluene produced the desired mono-
(dicarbollide) complexes (Dc&lTi(NMe,), (5) in good yields
(86—88%). The corresponding chlorinated derivatives DT#DI,
(4) were prepared from the amido complexesnd a slight
excess of MgSiCl in CH,ClI; solution. This procedure gave the

toluene gave new types of CGC complexes, formulated as thedesired CGC-type derivativéin much higher yield than was

aminodicarbollyl species (Dc8JTiCl, (4) (Scheme 1).

achieved using the reaction described in Scheme 1. We believe

The precise structures of these compounds are unknown dudhat the metathesis reaction involving the dianionic compounds

to our inability to obtain single crystals for X-ray analysis.
Complexest decomposed slowly in solution or during crystal-

of 3 included a complex redox reaction with TiCl
In contrast to the above reactions, where two amine ligands

lization. Several structural features were established from the are eliminated from Ti(NMgj, in the presence of the multi-

spectral data yielded b4. The deprotonation d3 was evident
from the disappearance of the bridge hydrogen ofB8-B and
N—H (*H NMR: ¢ —3.01, 8.67 8a) and —2.82, 8.33 8b)).
TheH NMR spectra of4 revealed two signals for the methyl

groups at the dimethylamino group of the side chain due to the
asymmetric titanium metal center. The methylene protons of

the NCH, groups in4 were diastereotopic, each giving rise to

dentate ligand DcabfN (3), treatment of Zr(NMg)4 with 3 gave

the untethered complexes (D&§EBr(NMe,)>(HNMey) (6) in
good yields (77#82%). The detachment of the side arm during
the reaction in Scheme 3 was evident from the change in the

(11) Wang, J.; Vyakaranam, K.; Maguire, J. A.; Quintana, W.; Teixidor,
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values of 2.72-3.31 ppm. The signals for the methyl protons
at the dimethylamino group were also shifted downfield (from
1.68 to 2.11 ppm). Corresponding downfield shifts for theHy
adjacent to the nitrogen atom were also observed inliGe
NMR spectra. This observation is consistent with similar

findings for other intramolecularly coordinated metal complexes
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M.; Finn, M. G.; Grimes, R. NJ. Am. Chem. Sod995 117, 1163. (c)
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that contain methylene spacers. Examples are complexes suchs, 2578.
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Scheme 3. Alternate Synthetic Route for the Formation of
Group 4 Metal CGC Complexe$

Scheme 5. Isolation of Intramolecularly Stabilized Titanium
Alkoxy Complexes

U ()
» H —_—
H
+
NHMe, NHMe;
Dcab™ 3 DcabMZr(NMe,),(HNMe2) 6 Deab 3a Deab™Ti(OPr) 10

aReagents and conditionsi) Zr(NMe)s, toluene, 25°C (R = H, aReagents and conditionsi) Ti(O'Pr), toluene, 25°C.

; CH . . -
& Cha b) Scheme 6. Reactivity of Intramolecularly Stabilized

Scheme 4. Synthesis of Bis(aminomethyldicarbollyl) Group 4 Titanium Amido Complexes with Phenol$

Metal Complexe$

- ®
—_—
B (@
—_—

H
I:I‘-HM

02 Dcab™Ti(NMe,), 5 Dcab™Ti(OPh),

(Ph = CgHs, 11; 2-MeCgH,, 12)
DcabM 3a (Dcab™,M aReagents and conditionsi) PhOH, toluene, 80C (Ph= CgHs,

(M =Ti, 7; Zr, 8; Hf, 9)

aReagents and conditionsi) (a) KH, THF, 0°C; (b) MCl,, toluene,
—78°C (M = Ti, Zr, Hf).

2-MeCeHy).

in 10 were shifted upfield compared to signals from the Ti-
NMe; complexesa. The Ti-OPrH NMR resonance was at
signal corresponding to the bridgehead methylene unit of the 1.24 and 1.26 forfCHMe;] and 6 4.49 for [-CHMey).
NCH; in the *H NMR spectrum from AB to a broad singlet The reaction of (DcahTi(NMey), (5a) with 2 equiv of phenol
pattern. Compound3a and6b were readily identified from their  §arivatives in toluene gave complexEsand12. In fact, when
spectroscopic properties (see Supporting Information). The 55 yeacted with less hindered phenols such as phenol and
dimethylamine HWe, moieties of6 were recognized from 5 nethyiphenol, the expected aryloxy substitution was observed
features in théH NMR spectra at the characteristic positions . generate the corresponding bis-aryloxy-stabilized complexes
of 4 2.69 6a) and 2.55 gb). (Dcab) Ti(OPh), (Ph= CgHs, 11; 2-Me-CeHg, 12) in high yield
At the outset of these studies we expected to synthesize the(Scheme 6). Both the phenoxy-substitutddand 2-methylphen-
dichloro-zirconium and dichloro-hafnium complexes via a route oxy-substitutedl2 complexes yieldedH NMR signals very
analogous to that described for the corresponding titanium similar to those of the alkoxy complek0. The signals from
complex4. However, reaction of the dianion 8& with MCl4 the methy! proton of the dimethylamino group and the methylene
(M = Zr, Hf) in toluene resulted in (DcapM (M = Zr, 8; Hf, protons of the NEl, in 11 and 12 were shifted upfield in
9) (Scheme 4). The first evidence for the formation of the 1:2 comparison to signals from the starting matera The
complexes8 and9 came from'H NMR spectra. In contrastto  (Dcab¥)Ti(OPh), complex11 showed two Ti-®h H NMR
the 1:1 compleXta, the methylene protons of the Mz in 8 signals atd 6.90-7.37, and the!H NMR resonance of the
and9 showed different chemical shifts at aroudi@®.68-2.89 methyl proton of the Ti-O(2VlePh) 12 was observed at 2.72
(doublet, J4—y = 14 Hz) in benzenek solution at room and 2.74.
temperature. Similarly, the reaction of TiQNith 2 equiv of X-ray Crystal Structure Analyses. X-ray structural deter-
the dianionic form of3a in toluene gave complex (DcdjaTi minations confirmed the expected constrained geometry struc-
(7) (Scheme 4). tures illustrated in Figures—=7. Six of the (Dcab)M(IV) (M
Complexes (Dcdf),M (7—9) are very air- and moisture- = Ti, Zr) complexes prepared in the course of this study were
sensitive, show good solubility in aromatic solvents, but are characterized by X-ray diffraction. These included mono-
poorly soluble in aliphatic hydrocarbons. These complexes were chelated %a and 5b) and bis-chelated8j complexes and the
completely characterized by elemental analysis and NMR corresponding aryloxy-substituted mono-chelated compleixes (
spectroscopy. Consistent with the proposed structurettthe  and12). Some general structural features are compared in Table
NMR spectra of (Dcat).M (7—9) at room temperature showed 3, where selected data on the Dow-CGC systems are also
two signals for the methyl protons of the dimethylamino groups presented. Detailed information on structural determinations and
and two signals for the €H moieties on the dicarbollyl groups.  the structural features of all six compounds discussed here are

The two protons in each of the methylene NClinks are
diastereotopic and gave rise to an AB coupling pattern.

The reaction of the ligan@a with 1 equiv of Ti(OPr) in

provided in the Supporting Information.
Important evidence supporting the intramolecular coordination
of the dimethylamino group to the titanium metal in compex

toluene yielded the alkoxide-stabilized CGC-type complexes is provided by X-ray crystal structure analysis. As shown in
(DcaMTi(O'Pr), (10) (Scheme 5). As was seen in the amine- Figure 2, complex5a possesses a crystallographic disorder
elimination reactions of Scheme 2, twéRDligands were easily ~ imposed by mirror symmetry. Thus, cage atoms Ti(1), C(1),
eliminated from Ti(CPr), in the presence of the multidentate B(1), and B(4), and the N(1) and C(3) of the dimethylamino
ligand DcabHN (33). The signals for the methyl protons of the  group, lie on the crystallographic mirror plane. As a conse-
dimethylamino group and the methylene protons of theHNC  quence, the untethered carboranyl carbon atom C(2) is disor-
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Figure 2. Molecular structure ofawith thermal ellipsoids drawn Figure 4. Molecular structure ofawith thermal ellipsoids drawn
at the 30% level. at the 30% level.

C106 C1o1

c102

Figure 3. Molecular structure obb with thermal ellipsoids drawn c105 C103

at the 30% level.
C104

Figure 5. Molecular structure oB-C;Hg with thermal ellipsoids

dered with respect to this plane so that the atomic positions drawn at the 30% level.

designated by C(2*) and B(6*) are 50% occupied by C and
50% occupied by B. The molecule is a Ti(NMgunit that is pounds. The central titanium atom35i is pseudotetrahedrally
bonded to a pentahapto dicarbollyl ligand. The dimethylamino coordinated to a pair of dimethylamido ligands (TiN(2)/
fragment coordinates to the titanium in the remaining basal site (N3) 1.900(2)/1.901(2) A), the NMeside arm, and the B3
of the overall three-legged “piano-stool” conformation, giving plane of the dicarbollyl ligand. Observation of a THIN(1)
a five-membered ring. The titanium metal is centered ap- distance of 2.255(2) A, which is consistent with a"N(sp’)
proximately over the ring, giving rise to a Ti(ZL-B3 face single bond (2.225(2) AY confirms that the N-donor atom is
(centroid) distance of 1.931 A. Selected bond lengths and anglescoordinated to the metal in a strain-free manner. Ts&sGgand
for 5aare listed in Table 3 and in the Supporting Information. s #5-coordinated to titanium, but rather unsymmetrically,
The Ti(1)-N(1) bond length is 2.220(7) A, a value that lies probably because of the strain imposed on the system by the
within the usual range for a dative bond between titanium and short C(1) bridge. The Ti(BC(1) (2.385(2) A) linkage is
nitrogen atomg817 markedly shorter than the Ti(C(2) (2.484(2) A) linkage. The
As shown in Figure 3, comple3b serves as an example to  Ti(1)—B(11) (2.359(3) A) linkage obb is, however, shorter
outline the general characteristics of this new class of com- than the Ti(1)-C(1) linkage, and these linkages are in turn
shorter than the Ti(BB(9)/B(10) (2.456(3)/2.426(3) A) linkage.
(16) (a) Kotov, V. V.; Avtomonov, E. V.; Sundermeyer, J.; Harms, K.;  The corresponding £Bs(centroid)-C(1)—C(3) angle is 146.99
Lemenovskii, D. A.Eur. J. Inorg. Chem2002 678. (b) Cheung, M.-S.; The endocyclic C(LyC(3)—N(1) bond angle is 106.57(19)
Chan, H.-S.; Xie, ZOrganometallic2005 24, 3037. (c) Cheung, M.-S.. \yhjch deviates from the tetrahedral®sp value. The “con-
Chan, H.-S.; Bi, S.; Lin, Z.; Xie, ZOrganometallic2005 24, 4333. . . . .
(17) Kwong, W.-C.; Chan, H.-S.; Tang, Y.; Xie, Drganometallics strained geometry” character in a series of related compounds
2004 23, 4301. is probably best characterized by theBg(centroid}-metat
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distance and 2.360(3) A for the Zamino distance, respectively.

As expected, the Zramino distance is much longer than the
Zr—amido distanc&18-21 and N(4) adopts a pyramidal geom-
etry.

The X-ray crystal structure @& (Figure 5) revealed that the
Zr atom essentially adopts agP-bonding posture with the
dicarbollyl rings and am!-bonding posture with the dimethy-
lamino side groups. OveralB adopts the distorted-tetrahedral
coordination geometry of [Zr(Dcaly], with 2-fold rotational
symmetry. The Zr(1)3N(1) distance of 2.462.49 A confirms
that the N-donor atom is coordinated to the metal in a strain-
free manner and the bond distance is consistent with-a Zr
N(sp’) single bond®?! The noticeable shortening, compared
to 6a, of the Zr(1)-C,Ba(centroid) distance (2.079 A) [where
C.B3(centroid) is the centroid of the dicarbollyl ring] and the
expansion of the Bz(centroid)-Zr(1)—C,Bs(centroid) (138.09
and N(1)-Zr(1)—N(2) (103.40(1)) angles ir8 can be explained

c1o by the chelating effect introduced by the aminomethyldicarbollyl
csa cs1+ G52 & Cs ligand. The preferred formation of a bis(dicarbollyl) over a
=\ Co mono(dicarbollyl) complex can be ascribed to the greater ionic
./ Csa3 radii of zirconium and hafnium compared to that of titaniéfiz2

C52 et The molecular structure dfl, determined by X-ray diffrac-
Figure 6. Molecular structure o11-CgHg with thermal ellipsoids ~ tion, is shown in Figure 6. The structure has a strong

drawn at the 30% level. resemblance to that &a. As expected, compleXl possesses
a crystallographic disorder imposed by mirror symmetry. Cage
103 atoms Ti(1), C(1), B(1), and B(4), and the aminomethyl atoms

N(1) and C(3), lie on the crystallographic mirror plane. As a
consequence, the untethered carboranyl carbon atom is disor-
dered with respect to this plane such that the atomic positions
designated by C(2*) and B(6*) are 50% occupied by C and
50% occupied by B. Structural analysis 1f showed that the
dimethylamino group was intramolecularly coordinated to the
titanium atom. Therefore, the complex adopts an essentially
“piano-stool” structure with the titanium atowP-coordinated

on one side by a dicarbollyl group and the other by the
dimethylamino group and two phenoxy ligands. TheB&
(centroid)-Ti(1) bond length inl1is 1.881 A. The Ti(1)}-N(1)
bonds are shorter (2.177(3) A) than those in the (DyEb
(NMey), analoguesa (2.220 (7) A).

The geometry and the metric parameters of comgdé@x
(Figure 7) are similar to those of the related complek
However, atoms C(8), C(9), C(10), and C(11) in the phenol
ring are disordered over two positions. Therefore, the site-
occupancies were refined by using PART instruction in SHELXL-
97, and finally they reached 0.28(2) and 0.72(2), respectively.
Figure 7. Molecular structure o12-CgHg with thermal ellipsoids The GBs(centroid)-Ti(1) bond length in12 is 1.870 A. The
drawn at the 30% level. Ti(1)—N(1) bonds are shorter (2.190(4) A) i2 compared to
those in the (Dcd$Ti(NMe,), analogue$a. The Ti(1)-O(1)/
0O(2) bond lengths 1.782(3)/1.783(4) are shorter than the typical
range found in other aryloxo complexes of the type CgTliX
(1.790(18)-1.828(1) A)2® Again, the C(1}C(3) vector is

nitrogen angle, which responds sensitively to steric and elec-
tronic geometry changes. Bb, this angle is 98.22
The X-ray crystal structure d@a (Figure 4) revealed that the

Zr atom essentially adopts a half-metallocene-type geometry, \ ™ - .
having am;5-bonding mode with the dicarbollyl ligand and an oriented out of the &Bs plane. The C(1)C(3)~N(1) angle is

n*-bonding mode with the two dimethylamido ligands and with 105'2(_4)’ and the_ GB.g(centrmd_)—Tl(l)—N(l_) gngle_|s 99'$5

the dimethylamine ligand. In particular, structural studies _ ©Olefin Polymerization Experiments. Preliminary investiga-
revealed that the dimethylamine freed from Zr(Njjewas  tions were carried out to study the behavior of the (Dgab
recoordinated to the zirconium atom 64 in one of the leg  11Cl2and (Dcab)Ti(OR), (R = 'Pr, GeHs, 2-Me-GsHa) catalyst
positions of the piano-stool geometry. The formation6af
presumably results from attachment of a liberated amine ligand ~ (18) Zi, G.; Li, H.-W.; Xie, Z. Organometallics2002, 21, 3850.

and concomitant detachment of a dimethylamine unit of the side Zo(ﬁ)l\évang' H.; Wang, Y.; Li, H.-W.; Xie, ZOrganometallics2001,

arm by a ligand substitution reaction. @&, the Zr(1)-N(2)/ (20) (@) Wang, Y.; Wang, H.; Li, H.-W.; Xie, ZDrganometallic2002
N(3) distance is 2.054(2)/2.033(2) A and the ZrN(4) 21, 3311. (b) Xie, ZAcc. Chem. Reg003 36, 1. (c) Lee, M. H.; Hwang,

distance is 2.450(2) A. These values correlate well with those J._\(lgi)iggqr’pzlrieljt?nl')Y\};\/P(}){Igp;ger?\gﬂ?g“itéliclﬁggq J19T, 'S?Z’ﬁérsen L
found in similar complexesnf-C;BgH11)Zr(NEL)(HNEL,), 3 Organometallics1996 15, 1572. Y T T

which have values of 2.047(3)/2.029(3) A for the—Zmido (22) Shannon, R. DActa Crystallogr 1976 A32, 751.
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Table 1. Comparison of the NMR Spectroscopic Data for Compounds 2a, 3a, 3b, 4a, 4b, 5a, 5b, 6a, 6b, 7, 8, 9, 10, 11, and 12

compound Here Hn(cH3)2 Hm-n(cH3)2 BCer2 BCicHay2 BCy-n(cH3)2
288 2.38,2.43 211 69.57 45.74
3a8 2.92,3.31 2.70 54.96 43.48, 44.63
3b2 2.72,2.80 2.50 57.53 43.01, 47.79
4e° 2.70, 3.43 1.68, 1.74 69.76 54.36, 58.63
4he 3.20, 3.36 2.09,2.11 69.85 53.25,57.86
5aP 2.81,3.59 2.34,2.42 3.57,3.61 57.89 46.91, 48.67 49.73,51.52
5pp 2.78,3.71 2.50, 2.85 3.51, 3.63 59.63 47.66, 49.01 50.66, 52.39
6aP 3.20, 3.45 2.71,2.85 3.24,3.36 60.03 42.53, 44.27 49.27,50.50
6h° 3.43,3.55 2.54,2.73 3.14, 3.26 58.57 39.82,41.61 45,18, 46.38
7° 2.70, 3.02 1.39,1.75 72.88 55.04, 56.33
8¢ 2.74,2.89 1.81, 2.07 72.99 52.65, 56.01
9 2.68, 2.89 1.79,2.19 74.10 54.86, 57.07
100 3.05, 3.15 1.35 49,50, 52.90 27.15
11¢ 2.87,3.10 1.62,1.89 55.82, 62.55 21.27, 21.60
1x 3.61,3.73 2.05,2.18 56.45, 60.57 37.50, 40.95

a(CD3),SO was used as the solvent, and the chemical shifts are reported relative to the residual H of the’€@M&ntvas used as the solvent, and
the chemical shifts are reported relative to the residual H of the sol¥@dswas used as the solvent, and the chemical shifts are reported relative to the
residual H of the solvent.

Table 2. Ethylene Polymerization Examples Employing 4a, 4b, 10, 11, and 42

initiation

entry catalyst cocatalyst scavenger temp €C) activity? My x 1074¢ Mw/Mp®
1 4a PheCB(CsFs)4 mMAO 60 2.9 0.8 3.0
2 4b PhCB(CsFs)4 mMAO 60 2.4 0.6 2.6
3 10 PheCB(CsFs)a mMAO 60 14 0.3 3.3
4 11 PheCB(CsFs)4 mMAO 60 0.3 0.1 3.2
5 12 PheCB(CsFs)4 mMAO 60 0.3 0.1 2.9
6 Dow-CGC @A) PhsCB(CeFs)4 mMAO 60 26.0 36.7 3.6

a polymerization condition: semibatch type 500 mL autoclave reactor, solveyclohexane, ethylene pressure30 kg/cn#, total solution volume=
300 mL, catalyst concentratios 3.3 uM, [catalyst]:[cocatalyst]:[scavenged 1:1.5:100, reaction time= 10 min.Px10® kg of polymer/(mol of Tih).
“Weight average molecular weight (g/mol) and molecular weight distribution measured by PL210 GPC’&t 135

Table 3. Characteristic Structural Parameters of 5a, 5b, 6a, 87Hg, 11:C¢Hg, and 12C¢Hg

5a 5b 6a 8C7Hs 11-CeHs 12-CeHe cGee
M—C1 2.349(7) 2.385(2) 2.617(2) 2.467(3), 2.469(3) 2.332(3) 2.327(5)
M—C2 2.386(7) 2.359(3) 2.655(3) 2.473(4), 2.497(4) 2.353(3) 2.343(6)
M—B9 2.434(8) 2.426(3) 2.609(3) 2.573(5), 2.592(5) 2.388(3) 2.362(6)
M—B10 2.434(8) 2.456(3) 2.577(3) 2.593(5), 2.580(4) 2.388(3) 2.395(6)
M—B11 2.386(7) 2.484(2) 2.567(3) 2.504(3), 2.489(4) 2.353(3) 2.344(6)
M—DCalcenty 1.931 1.950 2.180 2.077,2.081 1.881 1.870 2.030
M—N1 2.220(7) 2.255(2) 2.579(2) 2.488(3), 2.460(3) 2.178(3) 2.190(4) 1.907(3)
M—N2 1.893(5) 1.900(2) 2.054(2) 2.264(1)
M—N3 1.893(5) 1.901(2) 2.033(2) 2.264(1)
M—N4 2.450(2)
DCalcenty~C1-C3 147.27 146.99 151.02 151.37, 151.95 146.23 146.03
N1—M—DCalcent) 99.39 98.22 86.85 93.47,93.43 99.97 99.85 107.6
C1-C3-N1 106.9(7) 106.57(19) 109.9(2) 108.3(3), 108.1(3) 104.9(3) 105.2(4)
N2—-M—N3 102.5(3) 99.77(9) 116.39(9) 102.97(7)
M—-01 1.779(2) 1.782(3)
M—02 1.779(2) 1.783(4)
01-M—-02 102.4(1) 103.3(2)

aBond lengths in A, angles in deBvalue from two independent molecules in the unit c#(CsMes)—(CoHe)Si—NBUTICl.

systems in olefin polymerization. Some representative data from [B(CgFs)4] (Table 3, entry 6). The introduction of a methyl group
ethylene polymerization reactions are listed in Table 3. The dataat the 2-position of the dicarbollyl ligand resulted in no
show that most of the (Dc&TiX, systems exhibited rather  significant improvement in catalytic performance and, indeed,
low activities as ethylene polymerization catalysts under the somewhat lowered polymerization activity. The product mo-
chosen experimental conditions (when activated with excesslecular weight distributions obtained from complexesvere
[PhsC][B(CsFs)4] in cyclohexane at 60C and with 30 atm of 2.6 and 3.0, respectively (Table 3). We also investigated the
ethylene). The activities od/[PhsC][B(CsFs)4] catalysts were  efficacy with which the bis-aryloxy titanium(IV) complex&&—
highest (entries 1 and 2 in Table 3), but even these systems12 catalyzed ethylene polymerizations. The polymerization of
were much less active than the Dow-CGC-type catalyfRhsC]- ethylene at 60C in the presence of catalytic precursdB—

12 with [PhsC][B(CgFs)4] as a cocatalyst and mMAO-7 as a
scavenger was investigated. As shown in Table 3, these
complexes showed very low catalytic performance in the
polymerization of ethylene. The present results thus show that
the dicarbollylamino-chelated CGC-type group 4 metal com-
plexes have very low catalytic activities in polymerization of
olefins.

(23) (@) Nomura, K.; Naga, N.; Miki, M.; Yanagi, K.; Imai, A.
Organometallics1998 17, 2152. (b) Firth, A. V.; Stewart, J. C.; Hoskin,
A. J.; Stephan, D. WJ. Organomet. Chenl999 591, 185. (c) Sturla, S.
J.; Buchwald, S. LOrganometallics2002 21, 739. (d) Fenwick, A. E;
Phomphrai, K.; Thorn, M. G.; Vilardo, J. S.; Trefun, C. A.; Hanna, B.;
Fanwick, P. E.; Rothwell, 1. POrganometallics2004 23, 2146. (e)
Esteruelas, M. A.; Lpez, A. M.; Mateo, A. C.; Oate, E.Organometallics
2006 25, 1448.
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Conclusion

In summary, we prepared new types of mono-dicarbollyl-

Organometallics, Vol. 26, No. 14, 2381

(1B), —22.31 (1B),—33.12 (1B),—36.66 (1B). IR spectrum (KBr
pellet, cnt1): »(B—H) 2537,v(C—H) 3033.
Preparation of [nido-7-HNMe,CH,-7,8-RC,BgH 4], 3a. Com-

amino and bis-dicarbollylamino group 4 metal complexes. These pound1a (0.6 g, 3.0 mmol) and KOH (0.22 g, 4.0 mmol) were

complexes were fully characterized by NM®4( 1B, 13C) and
X-ray crystallography. Structural analyses of the complexes
showed that the dimethylamino group was intramolecularly
coordinated to the titanium atom. All complexes therefore had
a “constrained-geometry” structure. With intramolecular coor-
dination by a dicarbollylamino ligand at the titanium metal
center, complexs was found to undergo ligand substitution
toward nucleophiles such as chloride and alkoxide. In addition,

dissolved in degassed EtOH (20 mL) and then refluxed under N
for 12 h. EtOH was removed under reduced pressure, and the
residue was suspended in benzene (60 mL). Azeotropic distillation
was then performed to remove® and EtOH, and the remaining
white solid was dried under vacuum overnight. The solid was mixed
with benzene (30 mL) underNo form a slurry, and then PO,

was added; the resulting two-phase mixture was stirred vigorously
for 15 h. The volatiles were removed by rotary evaporation under

we studied the use of these complexes as catalysts for ethylengeduced pressure, and the residue was washed withtél yield

polymerization. Unfortunately, in contrast to the DOW CGC
catalyst, the titanium complexds 10, 11, and12 showed low
ethylene polymerization activities in the presence ofs{Fh
[B(CeFs)4]. The derivatization of dicarbollyl ligands for the

synthesis of new types of organometallic complexes is under

active investigation.

Experimental Section

General Procedures All manipulations were performed under

a dry, oxygen-free nitrogen or argon atmosphere using standard

Schlenk techniques or in a Vacuum Atmosphere HE-493 drybox.

Toluene, hexane, and pentane were distilled under nitrogen from

sodium/benzophenone. Dichloromethane was dried with ;,CaH
Benzeneds was distilled under nitrogen from sodium and stored
in a Schlenk storage flask until needed. CB®as predried under
CaH, and vacuum-transferrea-BuLi (2.5 M in hexanes), KH,
MCl4 (M = Ti, Zr, Hf), and Ti(OPr), were used as received from
Aldrich and Strem Chemicalb-Carborane was purchased from
KatChem and used after sublimation. The starting materials
M(NMey)s (M = Ti, Zr) were either purchased from Strem
Chemical or prepared by literature methé#iall *H (300.1 MHz,
measured in CDG), 1B (96.3 MHz, measured in CDg)| and3C
(75.4 MHz, measured in CDINMR spectra were recorded on a
Varian Mercury-300BB spectrometer unless otherwise statéd.
and 13C NMR chemical shifts were measured relative to internal
residual peaks from the lock solvent (99.5% SO, 99.9%
CDCl;, 99.5% GDg) and then referenced to M@ (0.00 ppm).
All 11B NMR chemical shifts were referenced to 86(CHs), (0.0
ppm) with a negative sign, indicating an upfield shift. Elemental

analyses were performed with a Carlo Erba Instruments CHNS-O

EA1108 analyzer. All melting points were uncorrected. High-

an off-white solid. The product was purified by recrystallization
from acetone to yiel@a (0.50 g, 2.6 mmol) as a colorless crystalline
solid in 87% yield. Mp: 143-145 °C (dec). Anal. Calcd for
CsBgH20N: C, 31.36; H, 10.53; N, 7.31. Found: C, 31.46; H, 10.50;
N, 7.29.1B NMR (96.3 MHz, DMSO#p): 6 —12.52 (2B),—15.40
(2B), —21.47 (3B),—33.99 (1B),—38.23 (1B). IR spectrum (KBr
pellet, cnm?): v(B—H) 2492, 2540p(C—H) 2901, 2991, 3032;-
(N—H) 3167.

3b: Yield: 90% (0.55 g, 2.7 mmol). Mp: 146149 °C (dec).
Anal. Calcd for GBgH»oN: C, 35.06; H, 10.79; N, 6.81. Found:
C, 34.94; H, 10.75; N, 6.79!B NMR (96.3 MHz, DMSO¢g): ¢
—11.54 (3B),—16.29 (2B),—20.90 (2B),—34.85 (1B),—37.85
(1B). IR spectrum (KBr pellet, crmt): v(B—H) 2461, 2509, 2542,
v(C—H) 2876, 2937, 2964, 3032(N—H) 3186.

Preparation of (DcabV)TiCl, (R = H, a; CH3, b), 4a.To a
stirred 20 mL of THF solution containinga (0.57 g, 3.0 mmol)
was added slowly KH (0.29 g, 7.2 mmol) by side arm 400 The
mixture was stirred fo3 h atroom temperature, and the resulting
clear yellow supernatant was decanted via syringe. Removal of the
solventin vacuoand washing with light petroleum afforded a yellow
powder of the dianion a8a (0.51 g, 2.7 mmol, 90%). The dianion
of 3a (0.38 g, 2.0 mmol) was slurried in toluene and cooled to
—78°C, after which TiC} (0.38 g, 2.0 mmol) was slowly added.
The mixture was then warmed slowly to room temperature and
stirred for 2 h. The formation ofawas demonstrated 44 NMR
spectroscopy. Removal of the volatiles under vacuum provided the
final crude product. Extraction of the residue with toluene (20 mL)
followed by concentration to approximately half its volume and
cooling to —10 °C resulted in crystallization of puréa (0.20 g,
0.65 mmol, 32% vyield). Anal. Calcd forsBgH1gN1 Ti;Clo: C, 19.48;

H, 5.89; N, 4.54. Found: C, 19.33; H, 5.75; N, 4.388 NMR
(96.3 MHz, CDC}): ¢ —9.63 (1B),—3.34 (1B),—1.63 (1B), 0.83

resolution mass spectra were measured at the Korea Basic SciencélB), 2.63 (1B), 4.78 (1B), 6.39 (1B), 8.32 (1B), 26.33 (1B). IR

Institute.

Preparation of [NMeg][nido-7-NMe,CH»-7,8-C,BgH (], 2a.
Compoundla (0.60 g, 3.0 mmol) was dissolved in degassed EtOH
(20 mL), KOH (0.22 g, 4.0 mmol) was added, and the reaction
mixture was heated to reflux for 12 h. G@vas bubbled through
the cooled solution, and the resulting precipitate eCRs; was
filtered off to afford a clear yellow solution. The ethanol was
removedin vacug and the residue dissolved in® (40 mL). An
aqueous solution of NM€I (0.35 g, 3.2 mmol) was then added,
resulting in the formation of a sticky white precipitate. The solution
was extracted three times with acetone X330 mL), and the
combined extract dried over anhydrous MgSO afford 0.74 g
(2.8 mmol, 93%) of NMg"[nido-7-NMe,CH,-7,8-GBgH1] ~ (24).
Recrystallization from an acetone/THF mixture gave a colorless
crystalline solid. Mp: 136133 °C (dec). Anal. Calcd for
CoBgHziNo: C, 40.85; H, 11.81; N, 10.59. Found: C, 40.89; H,
11.92; N, 10.54!1B NMR (96.3 MHz, DMSO¢l): 6 —9.65 (1B),
—10.32 (1B),—13.54 (1B),—16.71 (1B),—17.70 (1B),—19.32

(24) Diamond, G. M.; Jordan, R. F.; Peterson, JJLAm. Chem. Soc
1996 118 8024.

spectrum (KBr pellet, cm): »(B—H) 2532,»(C—H) 2876, 2910,
2974,

4b: A procedure analogous to that used to pregaeas used,
but starting from the dianion a8b (0.41 g, 2.0 mmol) in THF.
Yield: 41% (0.26 g, 0.81 mmol). Anal. Calcd forsBgHooN ;1 Tis-

Cl;: C, 22.36; H, 6.25; N, 4.35. Found: C, 22.22; H, 6.25; N,
4.35.11B NMR (96.3 MHz, CDC}): 6 —8.43 (1B),—2.37 (1B),
—0.67 (1B), 1.93 (1B), 4.44 (1B), 7.89 (1B), 10.17 (1B), 11.22
(1B), 28.14 (1B). IR spectrum (KBr pellet, cy: »(B—H) 2532,
v(C—H) 2872, 2930, 2960.

Preparation of (DcabV)Ti(NMe), (R = H, a; CH3, b), 5a.A
representative procedure is as follows: over a period of 30 min, a
20 mL toluene solution of Ti(NMg, (0.22 g, 1 mmol) was added
to a stirred solution 08a (0.19 g, 1 mmol) in toluene (20 mL) at
0 °C. After addition was complete, the solution was removed from
the cold bath and then stirred at room temperature for 1 h. The
solvent was then removed under vacuum and the residue purified
by recrystallization with a CLCl,/toluene mixture at-35 °C. 5a:
Yield: 86% (0.28 g, 0.86 mmol). Anal. Calcd forgBsH30N3Ti1:

C, 33.21; H, 9.29; N, 12.91. Found: C, 32.95; H, 9.16; N, 12.69.
1B NMR (96.3 MHz, CDC}): 6 —25.19 (1B),—18.57 (2B),
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—13.97 (1B),—9.19 (2B),—3.89 (1B), 1.71 (1B), 12.13 (1B). IR
spectrum (KBr pellet, cmt): v(B—H) 2532,»(C—H) 2947, 2965,
3011.

5b: A procedure analogous to that used to prefmre/as used,
but starting from3b (1.0 mmol, 0.21 g).Yield: 88% (0.30 g, 0.88
mmol). Anal. Calcd for GBoH3:N3Tiy: C, 35.37; H, 9.50; N, 12.38.
Found: C, 35.02; H, 9.40; N, 12.13B NMR (96.3 MHz,
CDCl): 6 —26.26 (1B),—14.18 (2B),—10.49 (3B),—7.01 (2B),
0.43 (1B). IR spectrum (KBr pellet, ci¥): v(B—H) 2494, 2540,
v(C—H) 2944, 2993.

6a: A procedure analogous to that used to prefare/as used,
but starting from3a (1.0 mmol, 0.19 g). Yellow crystalline solid.
Yield: 77% (0.32 g, 0.77 mmol). Anal. Calcd fon {BgH3/N4Zr;:

C, 31.92; H, 9.00; N, 13.53. Found: C, 32.17; H, 8.87; N, 13.67.
1B NMR (96.3 MHz, CDC}): 6 —26.06 (1B),—16.94 (2B),
—12.66 (3B),—9.13 (1B),—7.58 (1B),—1.21 (1B). IR spectrum
(KBr pellet, cnmt): »(B—H) 2538,v(C—H) 2845, 2963y(N—H)
3167.

6b: A procedure analogous to that used to prefre/as used,
but starting from3b (1.0 mmol, 0.21 g). Yield: 82% (0.35 g, 0.82
mmol). Anal. Calcd for @BoH3gN4Zry: C, 33.68; H, 9.18; N, 13.09.
Found: C, 33.48; H, 8.89; N, 12.721B NMR (96.3 MHz,
CDCly): 6 —31.03 (1B),—31.03 (1B),—26.62 (1B),—18.06 (1B),
—13.07 (2B),—11.60 (2B),—7.91 (1B),—2.61 (1B). IR spectrum
(KBr pellet, cmr?): »(B—H) 2527,v(C—H) 2775, 2874, 2961y-
(N—H) 3182.

Preparation of Compound 3 from Compound 5.Complex5a
(0.33 g, 1.0 mmol) was dissolved in GEl, (15 mL), and then an
excess amount of M8ICl (3.3 equiv) was added. The resulting
mixture was stirred for 1 h, after which all volatiles were removed

under vacuum and the residue was washed with pentane three times.

Removal of the volatiles under vacuum provided the final crude
product. Extraction of the residue with toluene (20 mL) followed
by concentration to approximately half its volume and cooling to
—10°C provided pure complefaas a red solid. Yield: 75% (0.23
g, 0.75 mmol). Fodb, a procedure similar to that described f&
was employed, but with the following quantities: compolsid
(0.34 g, 1.0 mmol). Yield: 71% (0.23 g, 0.71 mmol).

Preparation of (DcabV),M (M = Ti, 7; Zr, 8; Hf, 9). To a
slurry solution of the dianion o8a (0.38 g, 2.0 mmol) in 20 mL
of toluene, precooled te-78 °C, was added TiGI(0.19 g, 1.0
mmol) at—78°C, and the resulting mixture was stirred for 30 min.
The resultant red mixture was allowed to warm to’5and stirred
for 2 h. 'H NMR spectroscopy demonstrated ti¥atvas formed
after 5 min at room temperature. The mixture was concentrated to
ca. 5 mL and cooled te-10°C, giving a red precipitate of, which
was filtered and dried under vacuum. Yield: 47% (0.20 g, 0.47
mmol). Anal. Calcd for GB1gH3eN2Ti1: C, 28.14; H, 8.50; N, 6.56.
Found: C, 28.01, H, 8.33, N, 6.44B NMR (96.3 MHz, CDC}):

0 —10.70 (1B),—7.59 (1B),—5.74 (1B),—4.37 (1B),—2.03 (1B),
3.53 (1B), 6.24 (1B), 9.06 (1B), 28.47 (1B). IR spectrum (KBr
pellet, cn1): »(B—H) 2537,»(C—H) 2850, 2919, 2958.

8: A procedure analogous to that used to prepareas used,
but starting from ZrCJ} (0.27 g, 1.0 mmol) in toluene. Crystals
suitable for X-ray diffraction analysis were obtained from a
saturated toluene solution at10 °C. Yield: 55% (0.26 g, 0.55
mmol). Anal. Calcd for @B1gHzeN2Zr: C, 25.54, H, 7.72, N, 5.96.
Found: C, 25.42; H, 7.59; N, 5.888B NMR (96.3 MHz, CDC}):

0 —13.23 (1B),—10.03 (1B),—7.84 (1B),—4.81 (1B),—3.35 (1B),
—0.25 (2B), 2.84 (1B), 12.11 (1B). IR spectrum (KBr pellet, jn
v(B—H) 2526,v(C—H) 2932, 2995, 3024.

9: A procedure analogous to that used to prepamas used,
but starting from HfCJ (0.35 g, 1.0 mmol) in toluene. Complé&x
was recrystallized from toluene at10 °C. Yield: 41% (0.23 g,
0.41 mmol). Anal. Calcd for @B1gHzeN-Hf;: C, 21.55; H, 6.51;

N, 5.03. Found: C, 21.40; H, 6.38; N, 4.89B NMR (96.3 MHz,
CDCly): 6 —23.17 (1B),—15.51 (1B),—12.83 (1B),—11.13 (1B),

Table 4. X-ray Crystallographic Data and Processing Parameters for Compounds 2a, 5a, 5b, 6a(3Hg, 11:CsHg, and 12CeHg

12-CgHs
C25BgH3gNO,Ti

11-CeHs
C23BgH3aNO,Ti

8C7Hsg

C17B1gHa4NoZr

6a
C11BgH37N4Zr

5b
339.55

ba
CoBgH3oN3Ti
325.52

2a
GBoHa1N2
264.65

529.75
monoclinic

501.69
4, P21/C

562.34

413.96

formula

monoclinic

2,P2;/m

monoclinic

4, P21/C

triclinic

2,P1

monclinic

4, P21/I’1

orthorhombic

4,Pnma

orthorhombic
AP212121

cryst syst

Z, space group

alA
b/A
c/A
VIA3

11.7288(7)
11.7786(7)
22.3691(1)
3088.5(3)

0.300
0.2x 0.17x 0.09

7.6576(3)

18.0299(1)
10.4035(6)
16.090(2)
2998.3(5)

9.2199(8)
9.2777(8)

9.4288(1)

17.510(2)

10.5791(7)
11.3215(2)
14.9539(9)
1791.0(3)

20.2081(9)
9.4735(4)
1361.8(1)

14.8273(1)
13.6057(1)

1901.2(3)

13.1509(2)
8.0442(1)
1852.3(4)

13.8417(1)
1078.3(2)

w/mm1

0.25x 0.15x 0.1 0.25x 0.15x 0.1 0.3x 0.15x 0.15 0.5x 0.4x 0.4 0.18x 0.16x 0.14

0.5 0.5x 0.4

cryst size/mm

31249/7664

18 785/3476

6093/5868

3853

8012/5315

4116

13 684/4727

2920

12 979/2400

943

2006/2006

756

no. of refins collected/unique
no. of reflns obsdI[> 20(1)]

R(int)

2102

2568

0.1214

0.0573

0.0336

0.08

0.0643

0.1718

0.0000

0.0811, 0.2134
0.2357,0.3167

0.0492, 0.1142
0.1027,0.1472

0.0377,0.1017
0.0726, 0.1150

0.0388, 0.0855
0.0556, 0.0894

0.0495, 0.1064
0.1013, 0.1247

0.0843, 0.2190
0.2196, 0.3081

0.1164,0.2728
0.2925, 0.3492

R[l > 20(1)], wR.
R (all data) wR.
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Table 5. Selected Interatomic Distances (A) for Compounds 5a, 5b, 6a;@&Hg, 11:C¢He, and 12CgHg

5a 5b 6a 8C7/Hs 11-CeHs 12-:CeHs cGe
M—-C1 2.349(7) 2.385(2) 2.617(2) 2.467(3), 2.469(3) 2.332(3) 2.327(5)
M—C2 2.386(7) 2.359(3) 2.655(3) 2.473(4), 2.497(4) 2.353(3) 2.343(6)
M—B9 2.434(8) 2.426(3) 2.609(3) 2.573(5), 2.592(5) 2.388(3) 2.362(6)
M-B10 2.434(8) 2.456(3) 2.577(3) 2.593(5), 2.580(4) 2.388(3) 2.395(6)
M—-B11 2.386(7) 2.484(2) 2.567(3) 2.504(3), 2.489(4) 2.353(3) 2.344(6)
M—DCalcentr) 1.931 1.950 2.180 2.077,2.081 1.881 1.870 2.030
M—N1 2.220(7) 2.255(2) 2.579(2) 2.488(3), 2.460(3) 2.178(3) 2.190(4) 1.907(3)
M—N2 1.893(5) 1.900(2) 2.054(2)
M—N3 1.893(5) 1.901(2) 2.033(2)
M—N4 2.450(2)
M-01 1.779(2) 1.782(3)
M—-02 1.779(2) 1.783(4)

M—Cl1 2.2635(11)
M—CI2 2.2635(11)
Table 6. Selected Interatomic Angles (deg) for Compounds 5a, 5b, 6a:GBHsg, 11:CgHe, and 12CgHsg

5a 5b 6a 8C7Hs 11:CeHe 12-CgHs CGC
DCaljeent—C1-C3 147.27 146.99 151.02 151.37, 151.95 146.23 146.03
N1—-M—DCalcentr 99.39 98.22 86.85 93.47,93.43 99.97 99.85 107.6
C1-C3-N1 106.9(7) 106.57(19) 109.9(2) 108.3(3), 108.1(3) 104.9(3) 105.2(4)
N2—M—N3 102.5(3) 99.77(9) 116.39(9)
01-M—-02 102.4(1) 103.3(2)
Cl1-M—CI2 102.97(7)

—9.26 (1B), —4.50 (1B),—1.75 (1B) 1.87 (1B) 9.18 (1B). IR
spectrum (KBr pellet, cmb): »(B—H) 2539,v(C—H) 2920, 2992,
3036.

Preparation of (DcabM)Ti(O'Pr),, 10.To a stirred solution of
3a (0.19 g, 1 mmol) in toluene (20 mL) was added 0.28 g of
Ti(O'Pr), (1 mmol). The mixture was heated at reflux for 12 h.

a set of 45 narrow-frame (0.2 w) scans. The double-pass method
of scanning was used to exclude any noise. The collected frames
were integrated using an orientation matrix determined from the
narrow-frame scans. The SMART software package was used for
data collection, and SAINT was used for frame integratfdfrinal

cell constants were determined by a global refinemeniyof

The solvent was then removed under vacuum, and the residue wasentroids of reflections harvested from the entire data set. Structure
washed with hexane three times. Removal of the volatiles provided solution and refinement were carried out using the SHELXTL-

the final crude product, which was further purified from toluene at
—35°C to provide pure complek0as an orange solid. Yield: 70%
(0.25 g, 0.7 mmol). Anal. Calcd for (BoH3,N1O,Tiy: C, 37.16;
H, 9.07; N, 3.94. Found: C, 37.12; H, 9.09; N, 3.98 NMR
(96.3 MHz, CDC}): 6 —43.48 (1B),—25.81 (2B),—17.06 (3B),
—11.05 (2B),—0.835 (1B). IR spectrum (KBr pellet, ctf): v-
(B—H) 2532,v(C—H) 2853, 2922.

Preparation of (DcalV)Ti(OC¢Hs),, 11. A representative pro-
cedure is as follows. Compoungla (0.33 g, 1.0 mmol) was
dissolved in toluene (15 mL), and then an excess amoungla§-C

PLUS software packagé&® The R factors for2a and12 are rather
high. 2ais presumably responsible for the poor crystal quality and
the large thermal vibrations of B3, B8, C4, and C7 because the
X-ray intensity data were collected at room temperature. Rhe
factor was slightly large ii2, and the C8, C9, C10, and C11 atoms
in the phenyl ring were disordered over two positions. When the
unprimed and primed atoms in the phenyl ring shown in Figure 7
were refined anisotropically with a respective identical occupancy,
the C8, C9, C10, and C11 atoms were disordered again over two
positions. Therefore, they were refined isotropically in order to avoid

OH (2.1 equiv) was added. The reaction mixture was maintained unusual displacement parameters. The site-occupancies were refined

at 80°C for 30 min. Removal of the volatiles provided the final
crude product. Extraction of the residue with benzene (10 mL),
followed by concentration to approximately half its volume, resulted
in crystallization of a pure orange solid. Yield: 85% (0.36 g, 0.85
mmol). Anal. Calcd for GBgH2gN10,Ti;: C, 48.20; H, 6.66; N,
3.31. Found: C, 48.09; H, 6.68; N, 3.32B NMR (96.3 MHz,
CDCly): 6 —2.74 (1B),—14.77 (2B),—8.30 (2B), —4.56 (3B),
9.14 (1B). IR spectrum (KBr pellet, ci¥): »(B—H) 2536,»(C—

H) 2961, 3030, 3055.

Preparation of (DcabV)Ti[O-(2-MeCgHy)]2, 12. A procedure
similar to that described above ftfi was employed, but with the
following quantities: compound 2-Me8,OH (2.1 equiv). Yield:
80% (0.36 g, 0.80 mmol). Anal. Calcd for;§BoH3N;O,Tiy: C,
50.53; H, 7.14; N, 3.10. Found: C, 50.44; H, 7.13; N, 3.08.
NMR (96.3 MHz, CDC}): 6 —20.78 (2B),—14.37 (2B),—6.20
(3B), 9.50 (2B). IR spectrum (KBr pellet, ci¥): »(B—H) 2540,
v(C—H) 2913, 2955.

Crystal Structure Determination. Crystals of2a, 5a, 5b, 63,
8:C;Hg, 11:C¢Hg, and12-CgHg were obtained from toluene, sealed

by using PART instruction in SHELXL-97, and finally they reached
0.28(2) and 0.72(2), respectively. Some of bond lengths and angles
in the two rings differ considerably from the normal values owing
to the disordering. Detailed information is listed in Tables 5 and 6.
Ethylene Homopolymerization. Cyclohexane (300 mL) and
mMAO-7 were introduced to a thoroughly dried 500 mL autoclave
reactor, and the reactor was heated to 1@0Specific amounts of
catalyst and [P{C][B(CsFs)4] toluene solution were added through
a catalyst injector, and the reactor was pressurized with ethylene
up to 30 kg/cm to start polymerization. During polymerization,
the reactor pressure stayed constant by continuously feeding
ethylene. After 10 min, the reactor was cooled to 85 and
degassed, and 5 mL of acidic ethanol was added to stop poly-
merization. The solution was then poured into 1500 mL of ethanol,
and the resultant polymer was recovered by filtration and dried
vacuoat 70°C for 12 h.
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