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New imido-carboranes 1-(GHNCgsH3R2-2,6)-1,2-GB1oH11 (R = Pr (3a), Me (3b)) were successfully
prepared by Schiff base condensation of 1-CHO-1;R:6H;; with R,CeHsNH,. They were readily
converted into the corresponding imido-dicarbollyl ligands 74ENMHC¢H3R,-2,6)-7,8-GBgH11 (R =
Pr (4a), Me (4b)) by refluxing in dry MeOH. Treatment oda with Ti(NMe,)4 in hot toluene gave a
constrained-geometry complex;!{n°>-(PrnCsHsN=CH)C,BoH1¢] Ti(NMe>), (5a). Under the same reaction
conditions, interaction o8b with Ti(NMe,), produced a mixture ofrft:7®-(Me,CsHaN=CH)C,BgH1q]-
Ti(NMey), (5b) and [7:7°-(MeN)CH(NMey)(C,BgH10) Ti(NMey), (8). Reaction of4a with M(NMey)4
in toluene/DME at room temperature affordealand f;:7°-(PrLCsHsN=CH)C;BsH1]M(NMey),(NHMe,)

(M = Zr (6a), Hf (7a)), respectively. Complexdsa, 6a, and7awere active catalysts for the polymerization

of ethylene in the presence of MMAQO with activities of-36 kg/moth-atm. These new complexes

were fully characterized by various spectroscopic techniques and elemental analyses. The molecular
structures of3a, 3b, 4a 5a, 5b, 6a, 7a, and8 were further confirmed by single-crystal X-ray analyses.

Introduction

Constrained-geometry ligands containing both monocyclo-
pentadienyl andr-heteroatom components have attracted con-

siderable attentioh Group 4 metallocenes derived from these

veloped! the imido-dicarbollyl ligands have not been known
yet. These ligands provide interesting opportunities for the
design of metallocenes with new metal/charge aha com-
ponent combinationz.n this connection, and in view of the
role of imine ligands in optimizing catalytic activity of metal

ligands (so-called constrained-geometry catalysts (CGC)) arecomplexes in olefin polymerizatidhwe designed a new type

very active catalysts for the polymerizationa@folefins due to

of constrained-geometry ligands incorporating both imido and

the increased electron deficiency and more open coordinationgicarbollyl components. This article reports the synthesis and

environment of the central metal ioAg\s an extension of the

structure of these new ligands as well as their applications in

structural variations in designing new constrained-geometry group 4 metal chemistry. Ethylene polymerization behavior of

ligands,nido-C,BgH14%~ (dicarbollide ion), an isolobal inorganic
analogue of gHs~,® was introduced to this ligand system,

leading to a carborane version of constrained-geometry ligands.

Although several amido(amino)-dicarbollyl ligands were de-

the resultant metallacarboranes will also be described.

Experimental Section

General Procedures.All manipulations of air- and/or water-
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Constrained-Geometry Group 4 Metallacarboranes

glovebox. Methylene chloride was distilled from Cagptior to use.

All other organic solvents were freshly distilled from sodium
benzophenone ketyl immediately prior to use. Degartin pe-
riodinane oxidant,M(NMe,), (M = Ti, Zr, Hf),® and 1-CHOH-
1,2-GB;oH1,° were prepared according to literature methods.
Polymerization grade ethylene was purified before use. Modified
methylaluminoxane (MMAO) was purchased from Akzo Nobel with
7 wt % Al in toluene. Deuterated solvents were dried using standard
procedures and stored in the glovebox. All other chemicals including
silica—alumina catalyst support (grade 135) (Si-Al-135) were
purchased from either Aldrich or Acros Chemical Co. and used as
received unless otherwise notétl and 13C NMR spectra were
recorded on a Bruker AM300 spectrometer at 300.0 and 75.5 MHz,
respectively’B NMR spectra were recorded on a Varian Inova
400 spectrometer at 128.32 MHz. All chemical shifts were reported
in ¢ units with reference to internal or external TMS (0.00 ppm)

Organometallics, Vol. 25, No. 10, 280®

(0.44 g, 86%)rH NMR (CDCly): 6 9.27 (s, 1H, €10), 4.05 (s,
1H, cage El). 11B{'H} NMR (CDCl): 6 —1.6 (2),—8.4 (2),—12.4
(4), —13.6 (2). IR (KBr, cnml): v 3066 (s), 2590 (vs), 1734 (vs),
1368 (m), 1209 (s), 1124 (s), 1016 (m). MS (El): 1741 MThese
data were consistent with the literature ofes.

Preparation of 1-(CH=NCgH4Pr,-2,6)-1,2-GB1oH11 (3a). A
mixture of Si-Al-135 (1.05 g) ath 4 A molecular sieves powder
(2.10 g) was activated by heating at 280 in vacuo for 9 h. A
toluene solution (35 mL) o2 (1.80 g, 10.5 mmol) was added to
this solid. To the resultant suspension was slowly added 2,6-
diisopropylaniline (2.34 g, 12.1 mmol) at room temperature, and
the mixture was stirred at 9%C for 36 h. After removal of the
solid, the clear solution was concentrated to dryness. Recrystalli-
zation from CHCl,/hexane gave3a as yellow crystals (2.82 g,
81%). Mp: 116-118°C.*H NMR (CDCk): 6 7.57 (s, 1H, EIN),

7.11 (m, 3H, aromati¢d), 4.49 (s, 1H, cage ), 2.66 (sept,) =

or with respect to the residual protons of the deuterated solvents6.9 Hz, 2H, G4(CHs),), 1.14 (d,J = 6.9 Hz, 12H, CH(El5),).

for proton and carbon chemical shifts and to externaj-BEbL
(0.00 ppm) for boron chemical shifts. Infrared spectra were obtained

13C{1H} NMR (CDCl): 6 155.2 CHN), 145.3, 137.0, 125.5, 123.1
(aromaticC), 72.2 (cageCCHN), 55.7 (cage&CH), 27.8 CH(CHs),),

from KBr pellets on a Perkin-Elmer 983 spectrometer. Mass spectra23.2 (CHCHSs),). 1*B{'H} NMR (CDCls): 6 —2.0 (1),—3.0 (1),

were obtained using the direct insertion probe method on a

~8.9(2),~11.2 (2),~12.8 (4). IR (KBr, cntl): v 3059 (m), 2962

HP5989A instrument operating at 70 eV. Elemental analyses were(s), 2634 (w), 2584 (vs), 2561 (w), 2553 (w), 1656 (s), 1459 (w),

performed on a Vario EL Ill instrument. The polymer samples for
NMR spectra were prepared by dissolving the polymer in 1,2-
dichlorobenzene at 120135 °C. Molecular weightsNl,, and M)

and polydispersities of polymers were determined by a Waters high-
temperature GPC 2000 at 18C using polystyrene calibration.
1,2,4-Trichlorobenzene was employed as a solvent.

Preparation of 1-CHO-1,2-C,B1gH11 (2). To a suspension of
Dess-Martin periodinane oxidant (1.89 g, 4.5 mmol) in methylene
chloride (7 mL) was slowly added a methylene chloride (4 mL)
solution of 1-CHOH-1,2-GB1¢H11 (1; 0.52 g, 3.0 mmol) at room

1436 (w), 796 (w), 761 (m), 709 (w). Anal. Calcd forEl,B1oN:
C,54.35; H, 8.82; N, 4.23. Found: C, 54.31; H, 8.72; N, 4.14. MS
(EI): 333 (M").

Preparation of 1-(CH=NCgH3Me,-2,6)-1,2-GB1gH11 (3b). This
compound was prepared froh (2.01 g, 11.7 mmol) and 2,6-
dimethylaniline (1.61 g, 13.1 mmol) in toluene (40 mL) in the
presence of Si-Al-135 (1.17 g) dmt A molecular sieves powder
(2.33 g) using the same procedures as thos8#&iThe product
was further purified by column chromatography on silica gel using
petroleum/CHCI, (6:1) as eluent to giv8b as a white solid (2.67

temperature. The mixture was stirred for 2 days, to which was addedg, 83%). X-ray-quality crystals were obtained from recrystallization

40 mL of ethyl ether. The solid was removed by filtration and
washed with ethyl ether (10 mix 3). The combined organic
solutions were washed with a saturated aqueous solution of NaHCO
(20 mL x 4) and deionized water (15 mk 3) and dried over
anhydrous Nz50,. After removal of the solvents under vacuum,
the residue was purified by column chromatography on silica gel
using petroleum/CkCl, (4:1) as eluent to giv@ as a white solid
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in CH,Cl,/hexane. Mp: 104105°C. *H NMR (CDCl): ¢ 7.62
(s, 1H, @HN), 6.99 (m, 3H, aromatitd), 4.52 (s, 1H, cage &),
2.03 (s, 6H, Ei3). 13C{*H} NMR (CDCl): 6 155.9 CHN), 147.1,
128.3, 126.5, 125.1 (aromati), 72.2 (cageCCHN), 55.8 (cage
CH), 17.9 CHa). 'B{*H} NMR (CDCl): 6 —1.6 (1),—2.8 (1),
—8.6 (2),—10.5 (2),—12.4 (4). IR (KBr, cn®): v 3052 (s), 2635
(w), 2625 (w), 2604 (m) 2577 (s), 1658 (s), 1468 (m), 1188 (m),
1121 (w), 1010 (w), 774 (m), 721 (w), 703 (w). Anal. Calcd for
CiiH21B1oN: C, 47.97; H, 7.69; N, 5.09. Found: C, 48.09; H, 7.54;
N, 4.99. MS (El): 277 (M).

Preparation of 7-(CH=NHCgH3Pr,-2,6)-7,8-GBgH11 (4a). A
dry methanol (20 mL) solution of 1-(GHNC¢H3Pr»-2,6)-1,2-
C:BigH11 (33 333 mg, 1.00 mmol) was heated to reflux for 12 h.
After removal of methanol and volatile moleculds,was obtained
as a pale yellow solid (318 mg, 99%). X-ray-quality crystals were
obtained from recrystallization in dry GBI,. 1H NMR (acetone-
dg): 0 11.90 (br, 1H, M), 8.72 (s, 1H, EIN), 7.44 (m, 3H,
aromaticH), 3.01 (sept,J = 6.9 Hz, 2H, G4(CHa),), 2.65 (s, 1H,
cage ®), 1.22 (d,J = 6.9 Hz, 6H, CH(G13),), 1.21 (d,J = 6.9
Hz, 6H, CH(MHa),). 3C{*H} NMR (acetoneds): 6 188.8 CHN),
144.6, 133.6, 131.4, 124.8 (aroma@, 28.8 CH(CHs),), 23.2,
23.1 (CH(CHs3),), the cage carbons were not observE&{'H}
NMR (acetonedg): 6 —4.2 (1), —5.1 (1),—9.9 (1), —11.3 (1),
—16.3 (2),—22.2 (1),—28.5 (1),—31.1 (). IR (KBr, cm?): »
3298 (w), 3194 (m), 3033 (w), 2969 (m), 2952 (m), 2537 (vs),
1626 (vs), 1459 (m), 1289 (s). Anal. Calcd foks830BgN: C,
56.00; H, 9.40; N, 4.35. Found: C, 56.31; H, 9.28; N, 4.25. MS
(El): 323 (M").

Preparation of 7-(CH=NHC¢H:Me,-2,6)-7,8-GBgH11 (4b).
This compound was prepared as a pale yellow solid f8tn({138
mg, 0.50 mmol) in dry methanol (13 mL) using the same procedures

(10) (a) Yang, X.; Hawthorne, M. Anorg. Chem 1993 32, 242. (b) A
single-step preparation & was very recently reported; see: Dozzo, P.;
Kasar, R. A.; Kahl, S. Blnorg. Chem.2005 44, 8053.
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as those foda vyield 132 mg (99%)!H NMR (acetoneds): o
11.66 (br, 1H, NH), 8.66 (s, 1H, EIN), 7.30 (m, 3H, aromati¢l),
2.62 (s, 1H, cage B), 2.30 (s, 6H, El3). *C{H} NMR (acetone-
ds): 6 189.0 CHN), 136.3, 134.2, 130.6, 129.6 (aromaly; 17.6
(CHa3). 1B{H} NMR (acetoneds): 0 —3.9 (1),—4.7 (1), —9.4
(1), —10.9 (1),—-16.0 (2),—21.9 (1),—28.2 (1),—30.6 (). IR
(KBr, cm™1): v 3227 (m), 2535 (vs), 1630 (s), 1588 (w), 1474
(w), 1288 (m), 1163 (m), 784 (m). Anal. Calcd fof£,2.BgN: C,
49.74; H, 8.35; N, 5.27. Found: C, 49.56; H, 8.33; N, 5.06. MS
(ED): 267 (M%),

Preparation of [#%:#5-(Pr,CeH3sN=CH)C,BgH 1] Ti(NMe ,),
(5a). A mixture of 1-(CH=NCgsH3Pr,-2,6)-1,2-GB1oH11 (33 332
mg, 1.00 mmol) and Ti(NMg, (224 mg, 1.00 mmol) in toluene
(20 mL) was heated at 70C for 8 h. After removal of the

precipitate, the resultant clear deep red solution was concentrated‘rD

to about 7 mL. Comple%awas isolated as brick-red cystals after
this solution stood at room temperature for 2 days (263 mg, 58%).
IH NMR (CD.Cly): 6 8.03 (s, 1H, €IN), 7.24 (m, 3H, aromatic
H), 3.68 (s, 6H, N(El3),), 3.38 (s, 6H, N(El3)), 3.25 (s, 1H, cage
CH), 2.89 (m, 1H, Gi(CHj3),), 2.14 (m, 1H, Gi(CHs)y), 1.25 (d,
J=6.7 Hz, 6H, CH(®3),), 1.06 (d,J = 6.7 Hz, 6H, CH(C3),).
13C{1H} NMR (CD,Cly): ¢ 176.1 CHN), 139.5, 128.4, 124.0,
123.8 (aromati€), 53.8, 53.5 (cag€), 49.3, 47.5 (NCH3),), 28.2,
27.4, 26.0, 24.3, 22.7, 21.€H(CH3),). 1'B{H} NMR (CD,Cl,):
08.8(1),11(1),-25(1),-4.4(1),-55(),—15.2 (3),—17.8
(1). IR (KBr, cnrl): » 2962 (m), 2869 (w), 2528 (vs), 1638 (s),
1590 (w), 1461 (m), 1438 (w), 1161 (w), 1019 (m). Anal. Calcd
for C19H4()BgN3Ti: C, 50.08; H, 8.85; N, 9.22. Found: C, 49.58;
H, 8.35; N, 9.13.

This complex was also prepared in 69% yield frde(100 mg,
0.31 mmol) and Ti(NMg),4 (70 mg, 0.31 mmol) at room temperature
in toluene/DME (DME= dimethoxyethane).

Preparation of [5%:75-(Pr,CeHsN=CH)C:BgH1¢)Zr(NMe )--
(NHMe;)-0.5DME (6a-0.5DME). To a DME solution (4 mL) of
7-(CH=NHCgH3Pr,-2,6)-7,8-GBgH11 (4a; 100 mg, 0.31 mmol)
was added a toluene (4 mL) solution of Zr(NMge(83 mg, 0.31
mmol) with stirring at room temperature, and the reaction mixture
was stirred for 10 min. Slow evaporation of the solvent géae
0.5DME as pale yellow crystals (120 mg, 66%Hj NMR (CD,-
Cly): ¢ 8.61 (s, 1H, €IN), 7.39 (m, 3H, aromatitl), 3.64 (s, 2H,
DME), 3.35 (m, 2H, G1(CHa)), 3.25 (s, 3H, DME), 3.01 (s, 12H,
N(CHs3)2), 2.38 (s, 6H, HN(El3)), 1.15 (m, 12H, CH(El3),). 13C-
{H} NMR (CD.Cly): 6 175.6 CH=N), 144.2, 139.3, 127.0, 123.2
(aromaticC), 71.4, 57.9 (DME), 52.5, 50.1 (cad®), 43.9, 41.5
(N(CH3)2), 26.7 (CHCH3)2), 23.9 CH(CHs),). MB{*H} NMR
(CDCly): 6 1.8 (1), —4.5 (1),—7.2 (4),—14.5 (1),—16.8 (1),
—22.1 (). IR (KBr, cn?): v 3257 (m), 2960 (s), 2779 (m), 2534
(vs), 2516 (s), 1633 (s), 1460 (s), 1167 (m), 1015 (m), 928 (s).
Anal. Calcd for GiH47BoN4Zr (63): C, 46.35; H, 8.71; N, 10.30.
Found: C, 46.17; H, 8.47; N, 10.55.

Preparation of [5:5°%(Pr,CeHsN=CH)C,BgH 1o Hf(NMe »)»-
(NHMe;)-0.5DME (7a-0.5DME). This complex was prepared as
pale yellow crystals frorda (100 mg, 0.31 mmol) and Hf(NMg,
(110 mg, 0.31 mmol) in a mixed solvent of DME (4 mL) and
toluene (4 mL) using the same procedures as thosédolyield
160 mg (76%)*H NMR (CD,Cl,): 6 8.84 (s, 1H, €IN), 7.35 (m,

3 H, aromaticH), 3.64 (s, 2H, DME), 3.41 (m, 2H, @(CHzy),),
3.25 (s, 3H, DME), 2.91 (s, 12H, NMg 2.38 (s, 6H, HN(E13),),

1.20 (m, 12H, CH(El3),). 13C{H} NMR (CD.Cl,): 6 175.5 CH=

N), 144.2, 139.5, 127.2, 123.2 (aroma@y, 71.4, 57.9 (DME),
52.1, 49.5 (cag€), 43.3, 41.7 (NCH3),), 26.7 (CHCH3),), 23.9
(CH(CHg),). MB{H} NMR (CD.Cl,): ¢ 1.4 (1),—5.3 (1),—7.1
(4),—15.2 (1),—17.1 (1),—22.9 (1). IR (KBr, cn1Y): » 3250 (m),
2962 (s), 2780 (m), 2532 (vs), 1639 (s), 1623 (s), 1461 (s), 1116
(m), 1023 (m), 931 (m). Anal. Calcd for,@14/HfBoN,4 (7a): C,
39.95; H, 7.50; N, 8.87. Found: C, 39.66; H, 7.54; N, 8.69.

Gao et al.

Table 1. Crystal Data and Summary of Data Collection and
Refinement Details for 3a, 3b, and 4a

3a

3b

4a

formula
cryst size (mm)

GisHa9B1oN

C11H21B10N

CisHz0BgN

0.56 0.40x 0.30 0.50x 0.50x 0.40 0.25x 0.15x 0.15

fw 3315 275.4 321.7
cryst syst triclinic monoclinic monoclinic
space group P1 P2i/c P2:/c
a, 10.235(2) 7.775(2) 7.081(2)
b, A 10.932(2) 18.751(3) 10.503(2)
c, A 11.000(2) 11.870(2) 27.287(5)
o, deg 114.94(1) 90 90
B, deg 100.51(1) 96.70(1) 96.51(1)
y, deg 103.88(1) 90 90
v, A3 1025.7(2) 1718.7(5) 2016.3(6)
Zz 2 4 4

calcs Mg/m?3 1.073 1.064 1.060
adiation ¢), A Mo Ka (0.71073) Mo kx (0.71073) Mo Ku (0.71073)
260 range, deg 4.3t050.0 4.1t050.0 4.21048.0
w, mnmrt 0.054 0.052 0.054
F(000) 352 576 688
no. of obsd reflns 3557 3022 2642
no. of 239 202 230

params refnd

goodness of fit  0.982 0.826 0.983
R1 0.067 0.058 0.091
wR2 0.171 0.124 0.219

Preparation of [771:775-(M62C6H3N=CH)C289H10]Ti(NMe 2)2’
0.5GH;g (5b-0.5CHg) and [7t:7°5-(MeN)CH(NMe,)(C2BoH10)]-
Ti(NMe2)2-0.507H3 (8‘0.5C7H3). A mixture of 1-(CH=NCQH3M92-
2,6)-1,2-GB1oH11 (3b; 275 mg, 1.00 mmol) and Ti(NM, (224
mg, 1.00 mmol) in toluene (20 mL) was heated at°@0for 24 h.
After removal of the precipitate, the clear solution was concentrated
to about 7 mL. A red crystalline solid together with some red
crystals were obtained after this solution stood at room temperature
for a week. BothtH and B NMR spectra indicated that it was a
mixture of products. Many attempts to separate them by fractional
recrystallization failed. There were two slightly different shapes
of crystals under the microscope. The block ones were identified
as5b-0.5GH;g and the prism ones @&0.5GHg by single-crystal
X-ray diffraction studies. The spectroscopic data could not be taken.

Ethylene Polymerization. A flame-dried Schlenk flask was
charge with the catalyst (Xdmol) together with MMAO (20 mmol)
and toluene (25 mL) under nitrogen atmosphere. The mixture was
stirred at 50°C for 1 h. Ethylene gas was then introduced to the
flask, and its pressure was maintained continuously at 1 atm by
means of bubbling. The polymerization was terminated by addition
of acidic ethanol. The white precipitate was filtered off, washed
with ethanol, and then dried at 3¢ under vacuum until constant
weight.

X-ray Structure Determination. All single crystals were sealed
under N in thin-walled glass capillaries. Data were collected at
293 K on a Bruker SMART 1000 CCD diffractometer using Mo
Ka radiation. An empirical absorption correction was applied using
the SADABS prograni! All structures were solved by direct
methods and subsequent Fourier difference techniques and refined
anisotropically for all non-hydrogen atoms by full-matrix least
squares calculations d¥ using the SHELXTL program package
(PC version)? The solvated toluene molecule $0.5GHg was
seriously disordered, and only its arene plane was well defined by
using rigid body refinement procedures, leading to a relatively high
R index. All hydrogen atoms were geometrically fixed using the
riding model. Crystal data and details of data collection and structure
refinements are given in Tables 1 and 2. Selected bond distances
and angles are compiled in Tables 3 and 4. Further details are
included in the Supporting Information.

(11) Sheldrick, G. M.SADABS Program for Empirical Absorption
Correction of Area Detector DataUniversity of Gdtingen: Gitingen,
Germany, 1996.

(12) SHELXTL V 5.03Program Package; Siemens Analytical X-ray
Instruments, Inc.: Madison, WI, 1995.
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Table 2. Crystal Data and Summary of Data Collection and Refinement Details for 5a, 5b, 6a, 7a, and 8

5a 5b0.5CGHs 6a-0.5DME 7a-0.5DME 8:0.5GHs
formula GigHa0BoN3Ti C1g850136BoN3Ti Ca3Hs2BgN4OZr CosHs2BgHINLO Ci4.50H39BoN4Ti
cryst size (mm) 0.5k 0.35x 0.20 0.50x 0.50x 0.45 0.50x 0.40x 0.40 0.40x 0.40x 0.30 0.50x 0.30x 0.20
fw 455.7 4457 589.2 676.5 414.7
cryst syst monoclinic triclinic monoclinic monoclinic monoclinic
space group P2,/c P1 P2,/c P2;/c C2lc
a, A 16.128(2) 10.219(2) 10.004(2) 10.165(2) 29.625(3)
b, A 13.205(2) 10.679(2) 17.188(3) 17.424(4) 10.671(1)
c, A 12.639(2) 12.657(2) 18.834(4) 20.250(4) 18.426(2)
o, deg 90 106.78(1) 90 90 90
p, deg 91.33(1) 91.44(1) 98.64(3) 111.00(3) 125.60(1)
y, deg 90 103.30(1) 90 90 90
v, A3 2691.1(5) 1280.6(3) 3202(1) 3349(1) 4735.8(7)
z 4 2 4 4 2
Dcalcs Mg/m? 1.125 1.155 1.222 1.342 0.291
radiation ¢), A Mo Ka (0.71073) Mo ku (0.71073) Mo kx (0.71073) Mo Ku (0.71073) Mo ku (0.71073)
26 range, deg 2.5t050.0 3.41048.0 4.4t050.0 4.7t0 50 3.41048.0
u, mmt 0.330 0.346 0.367 3.138 0.092
F(000) 968 470 1244 1372 442
no. of obsd reflns 4731 3329 5633 5284 3716
no. of params refnd 297 296 343 343 246
goodness of fit 0.982 1.436 1.035 1.137 1.013
R1 0.053 0.117 0.052 0.055 0.069
wR2 0.120 0.328 0.136 0.149 0.201
Table 3. Selected Bond Lengths (A) and Angles (deg) for 3a, Scheme 1
3b, and 4a H
3a 3b 4a @CHZOH Dess-Martin Oxidant @C ©
rt.
C(1)-C(2) 1.606(3) 1.617(3) 1.580(8) H H
C(1)-C(3) 1.496(3) 1.488(3) 1.496(8) 1 2
C(3)—N(1) 1.247(3) 1.242(3) 1.248(2) NH
N(1)—C(4) 1.435(2) 1.433(3) 1.526(7) 2 R
C(4)-N(1)—-C(3) 117.8(2) 118.6(2) 126.5(7) R
N(1)—C(3)-C(1) 121.3(2) 123.5(2) 118.1(7)

Si-Al-135/4A MS

Table 4. Selected Bond Lengths (A) and Angles (deg) for 5a, 50.90 °C

5b, 6a, 7a, and 8

5a(Ti) 5b(Ti) 6a(zr) 7a(Hf)  8(Ti) R " R
C(1)-C(@) 1.480(4) 1.521(10) 1.469(6) 1.511(11) 1.534(6) H o H ® X
C(3)-N(1) 1.261(3) 1.301(11) 1.273(6) 1.275(11) 1.555(5) SN MeOH N
M—N(1) 2.196(2) 2.128(4) 2.538(3) 2.535(6) 2.202(3) H reflux H R
M—N(2) 1.894(3) 1.920(4) 2.036(4) 2.057(7) 1.887(4) R
M—N(3 1.878(2) 1.901(4) 2.043(4) 2.060(7) 1.902(4 ; A
M_NE‘& ) @) 2_461(4())2_462(7()) “) R = 'Pr (4a), Me (4b) R =Pr (3a), Me (3b)
M—C(1) 2.365(3) 2.361(7) 2.625(4) 2.648(7) 2.368(4) , ) o
M—C(2) 2.393(3) 2.392(8) 2.650(4) 2.667(8) 2.362(4) 2,6)-7,8-GBgH11 (R ='Pr (4a), Me (4b)) just by refluxing in
M—B(3) 2.410(3) 2.421(10) 2.599(5) 2.622(10) 2.390(5) dry MeOH. These transformations are outlined in Scheme 1.
m:gégg gg?gg ggggg?) gggg((g)) %-ggé((gg 5-2(5)3((2)) Compounds3a and 3b were stable in air and moisture and
avM-cage atom 2.395(3) 2.389(10) 2.601(5) 2.629(10) 2.396(5) Were soluble in common organic solvents such as,{j
M—Cent 1.925 1.918 2.188 197 920 CHCI;, and THF. The zwitterionic saltda and 4b were,
N(1)-C(3)-C(1) 112.6(3) 112.4(6) 115.3(4) 114.1(7) 102.8(3) however, sensitive to moisture, resulting in the formation of
ﬁg;—wﬂ(l)g('\g/l) 11%2-‘;((22)) é%oé%é‘)l) ﬂgﬁfﬁ ﬁég((g)) 225(32()2) the corresponding aldehyde and anilines. They were soluble only
N(1)—M—Cent 95.8 100.6 847 819 99.9 in highly polar organic solvents such as MeOH, acetone, and

pyridine.

Compounds3a,b and 4ab were characterized biH, 1°C,
and*B NMR spectroscopy and elemental analyses. The unique
Ligands. Imines were generally prepared from the reactions proton chemical shift9cn—n Were observed at 7.57 and 7.62

of aldehydes (ketones) with amines. The aldehyde 1-CHO-1,2- ppm in 3a,b, which were downfield shifted to 8.72 and 8.66

Results and Discussion

(CoB1oH11) (2) was synthesized in 86% yield from 1-QBIH-
1,2-GBjgH11 by a modified method using Des#artin peri-
odinane oxidant. The easy workup and high-yielding procedure 4a,b. A broad singlet at = 11.90 ppm irdaand 11.66 ppm
were the advantage of this rodf&. Treatment of2 with a
slightly excess amount of disubstituted aniline at-80 °C in

the presence of silicaalumina catalyst support (grade 135) (Si-

Me (3b)) in ~80% vyield. It was noteworthy that Si-Al-135 was
crucial to this reaction. Other reaction conditions proceeded with C(3) double bond distances of 1.247(3) A3a and 1.242(3)

very poor yields. They were quantitatively converted into the A in 3b (Table 3). The four atoms C(4), N(1), C(3), and C(1)
corresponding zwitterionic dicarbollide salt 7-(ENIHCsH3R,-

ppm in4a)b, respectively. Accordingly, the#C chemical shifts

were also moved from ca. 155 ppm3a,b to ca. 189 ppm in

in 4b assignable to the N proton was observed. TR&B NMR
spectra exhibited a 1:1:2:2:4 splitting pattern 8atb and 1:1:
1:1:2:1:1:1 for4ab, respectively. Therefore, the deboration
Al-135) ard 4 A molecular sieves powder gave the correspond- reactions were closely monitored BJB NMR spectroscopy.
ing imines 1-(CH=NCgH3R2-2,6)-1,2-GB1gH11 (R = 'Pr (3a),

The molecular structures 8g,b are shown in Figures 1 and
2. These imines adopt tlians configuration with typical N(1)

are coplanar with the angles CE&)(1)—C(3) and N(1)-C(3)—
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Figure 1. Molecular structure of 1-(CHNCgH5Pr-2,6)-1,2-
CzBloHll (3&)

Figure 2. Molecular structure of 1-(CHNCsHzMe,-2,6)-1,2-
Csz_on_l (Sb)

Figure 3. Molecular structure of 7-(CHNHCsH3Pr»-2,6)-7,8-
C,BgH1; (4a).

C(2), being 117.8(2)and 121.3(2) in 3a and 118.6(2) and
123.5(2} in 3b.

Single-crystal X-ray analyses reveal tHatis a zwitterionic
salt, shown in Figure 3. The N(#)C(3) distance of 1.248(2) A

Gao et al.
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L = HNMey, M = Zr (6a), Hf (7a)
L=0, M= Ti (5a)

[ﬂl:U-(R2C6H3N=CH)CzBloHlo]MX3 (X = NMe,, Cl) for
comparison with#t:%:0-(PhPCGHaN=CH(Bu,)CsH,0)]TiCl3
in olefin polymerizatiorf' The latter was an extremely active
catalyst recently developed in our laboratory for the polymer-
ization/copolymerization of ethylene witirolefins upon activa-
tion with MMAQ.®

Reaction of3a with 1 equiv of Ti(NMe), in toluene at 70
°C gave an unexpected titanacarborang;;f-(PrCeHaN=
CH)C,BgH 1] Ti(NMe ), (5a), in 58% isolated yield (Scheme

is almost identical with that of 1.247(3) A observed in its parent 2). The!!B NMR indicated that this reaction did not proceed
compound3a. On the other hand, protonation of N(1) results at room temperature at all, and both deprotonation and debo-
in the disappearance of the lone-pair electrons, which leads toration reactions occurred as the reaction temperature was

a much longer N(1)C(4) distance and a larger CN(1)—
C(4) angle than those observed3a (Table 3). The B-B and
C—B distances ir8a,b and4aare normal and very comparable
to the literature data.

Group 4 Metal Complexes. Amine elimination reactions

increased. After heating at 7€ for 8 h,5a became the major
product. The in situ-generated MdH might act as a deborating
agent for the formation oba.l® A similar deboration reaction
was previously observed in the reaction '®rLNB(CgH7)-
(C2B1gH11) with Ti(NMey)4.15 On the other hand, treatment of

have been proved to be an efficient method for the preparation3awith 1 equiv of M(NMe&)s (M = Zr, Hf) under the same or
of group 4 metal amides supported by various ancillary ligands forced reaction conditions always afforded a mixture of products

including functional carborané$:13 1t has been documented

according to thé'B NMR analyses. Many attempts to isolate

that the carborane cage CH proton can be deprotonated bythe pure product from this mixture failed. Salt metathesis

M(NMe,)4.1*15For example, treatment of ME(CsHs)(C2B1oH11)
with M(NM82)4 gave E?SZO'-MEQC(CsH4)(CzBloH10)]M(NM82)2
(M = group 4 metals) in good yield8¢We attempted to prepare

(13) (a) Hughes, A. K.; Meetsma, A.; Teuben, J. ®kganometallics

1993 12, 1936. (b) Carpenetti, D. W.; Kloppenburg, L.; Kupec, J. T.;

Petersen, J. LOrganometallics1996 15, 1572. (c) Diamond, G. M.;
Rodewald, S.; Jordan, R. Brganometallicsl995 14, 5. (d) Chandra, G.;
Lappert, M. F.J. Chem. Soc. A968 1940.

(14) Lee, M. H.; Hwang, J.-W.; Kim, Y.; Han, Y.; Do, YOrganome-
tallics 200Q 19, 5514.

(15) (a) Wang, H.; Chan, H.-S.; Okuda, J.; Xie @trganometallic005
24, 3118. (b) Zi, G.; Li, H.; Xie, Z.Organometallics2002 21, 3850. (c)
Wang, H.; Wang, Y.; Li, H.-W.; Xie, ZOrganometallic2001, 20, 5110.

reaction of [(RCeH3sN=CH)C;B10H10]K with MCl 4 in THF also
generated a mixture of inseparable products.

The substituents on the aromatic ring played a role in the
reaction of Ti(NMe), with imine ligands. Interaction &b with
1 equiv of Ti(NMe)4 in toluene gave, after recrystallization, a
mixture of fi7L:775-(MexCgHasN=CH)C,BgH1d] Ti(NMe)»+0.5GHg
(5b'05C7H8) and [I]l:ﬂs-(MEZN)CH(NMQ)(CngH]_o)Ti(NMEZ)z‘
0.5GHg (8:0.5GHg) on the basis ofH NMR spectroscopy
(Scheme 3). Many attempts to separaleand8 by fractional
crystallization failed. They always crystallized out together as
red crystals in slightly different shapes: block fir-0.5GH;g
and prism for8-0.5GHs. The spectroscopic data for pure
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Figure 4. Molecular structure ofift:75-(Pr,CsHaN=CH)C,BgH (]
Ti(NMez)z (5a)

complexes were not obtainable. They were identified by single-
crystal X-ray analyses (vide infra).

Comparing the results obtained from the reactions of Ti-
(NMey)4 with 3ab, it was reasonable to suggest tidt may
serve as an intermediate for the formation80fThe MeNH
generated in situ attacked the less protectedN®ond in5b,1”
followed by an amine exchange reaction to prod@cend
anilinel8 Other possibilities cannot be ruled out at this stage.
The two bulky isopropyl groups at the 2,6-positions of the
phenyl ring may prevent the=€N double bond irba from the
nucleophilic attack of Mg\NH.

Complex5awas also directly prepared frodavia an amine
elimination reaction. Treatment of M(NMjg with 1 equiv of
4ain toluene/DME at room temperature produced, after workup,
the metallacarboran&s and fL:17°-(PrRCeHaN=CH)C,BoH ;M-
(NMe2)2(NHMey) (M = Zr (6a), Hf (7d) in good yields. It
was noted that reactions of M(NM)e with 1 equiv of4b gave
a mixture of inseparable products under similar or forced
reaction conditions.

TheH NMR spectrum oba exhibited a singlet at 8.03 ppm
assignable to thélC=N proton and two singlets at 3.68 and
3.38 ppm attributable to the two NM@roups in addition to
the 'Pr,CsH3 protons. The'H NMR spectra of6a and 7a were
very similar, showing the presence of DME and HNMe a

molar ratio of 0.5:1 besides the common spectroscopic features

of 5a. No proton exchange between the coordinated HhNMe
and two amido groups was observed. The unigbde=N carbon
shift atoc ~ 176 ppm was also found in tHéC NMR spectra
of three complexes. ThEB NMR spectra showed a 1:1:1:1:
1:3:1 splitting pattern fobaand a 1:1:4:1:1:1 splitting pattern
for 6aand7a

Single-crystal X-ray analyses revealed that the Ti atoms in
5ab and 8 adopt a characteristic three-legged piano stool
arrangement by an>-dicarbollyl group, two amido units, and
one nitrogen from the sidearm, shown in Figures64respec-
tively. The structures of botBb and8 show a half toluene of
solvation. The overall geometry is similar to that found i: |
ns-(MEZNCHz)QCQBgHg]Ti(NM82)25f and @71:775-{ (CGH5CH2)2-
N(CH2CHy)C,BgH 10} ITi(NMe2),.%¢ As shown in Table 4, the
average T+cage atom, the FiCent (Cent: the centroid of the
open GBj bonding face), and FN distances irbab and 8

(16) Davidson, M. G.; Fox, M. A,; Hibbert, T. G.; Howard, J. A. K.;
Mackinnon, A.; Neretin, I. S.; Wade, KChem. Commuril999 1649.

(17) MeNH reacted reversibly with the Schiff base; see: Nimitsiriwat,
N.; Marshall, E. L.; Gibson, V. C.; Elsegood, M. R. J.; Dale, SJHAmM
Chem Soc 2004 126, 13598.

(18) (a) Katritzky, A. R.; Yannakopoulou, K.; Lang, H. Chem Soc,
Perkin Trans2 1994 1867. (b) Shankar, B. B.; Kirkup, M. P.; McCombie,
S. W.; Ganguly, A. K.-Tetrahedron Lett1993 34, 7171.
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Figure 5. Molecular structure ofift:5-(Me;CsH3sN=CH)C,BgH -
Ti(NMey), (5b).

Figure 6. Molecular structure ofif::7>-(NMe;) CH(NMe,)(CBgH10)-
Ti(NM62)2 (8)

Figure 7. Molecular structure ofift:°-(PrLCsHsN=CH)C,BgH1]-
Zr(NMez)z(NHMez) (6&)

are very close to the literature ddt2&"15The Ti—N(imine)
distances (2.196(2), 2.128(4) A) &a,b are marginally shorter
than the T-N(amine) distances of 2.202(3) A 8;2.225(2) A
in [UZ-(CGH5CH2)2C2BgH9]Ti(NEtz)z(NHEtz),lg and 2240(3) A
in [%7°-(MeaNCH,),CoBoHo  Ti(NMe»),,% suggesting that the
tethered N atom is coordinated to the Ti center in a strained
manner. The C(3)N(1) double bond distances Bab are
longer than those observed3a,b, but are significantly shorter
than the corresponding-€N single bond distance found B
X-ray diffraction studies indicated thafa and 7a are
isomorphous and isostructural, each with a half DME of
solvation. Figure 7 shows the representative structu@aoft
has a four-legged piano stool geometry, with the coordinated
amine and the imine unit in @ans position, which is different

(19) Kwong, W.-C.; Chan, H.-S.; Tang, Y.; Xie, Drganometallics
2004 23, 4301.
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Table 5. Ethylene Polymerization Result$ GPC were between 1.63 and 2.27. & NMR analyses of
activity M,/10* the polymer generated bya revealed that it was the highly
catalyst (kg/mokh-atm) (g/mol) Muw/MpP linear polyethylene with no detectable branches. These results
5a(Ti) 9.2 1.57 227 showed that complexés, 6a, and7ahad activities in ethylene
6a(zr) 15.8 13.10 1.63 polymerization comparable to those of amine-tethered analogues
7a(Hf) 3.0 2.27 1.69 [7%:375-{ R'2N(CHg)n} RC:BgH]MCl 51 (n = 1, M = Ti, R' =

aConditions: toluene (25 mL), 1 atm of ethylerie= 50 °C, catalyst Me, R=H, Me;n=2, M=Ti, Zr, R = CeHsCH, R=H,
(10.0umol), MMAO (20.0 mmol), Al/M= 2000, aging time= 1 h, reaction Me). The low activities of this type of constrained-geometry
time = 30 min." Measured by GPC relative to polystyrene standard. complexes might be ascribed to the instability of the active

species®

from that of5a, most likely resulting from the larger size of Zr P
and Hf atoms. It was noted that the N atom of the sidearm in Conclusion
[7]5-{ (C6H5CH2)2N(CHQCHz)CngHlo}]ZI’(NMeg)z(NHMeg) did
not coordinate to the ¢ The average Zr/Hf—cage atom
distances (2.601(5)/2.629(10) A) are much longer than the
corresponding values of 2.546(5) A in°H{ (CsHsCHz)2N(CHa-
CH,)C2BgH10} 1Zr(NMey)(NHMey) 58 2.568(4) A in jlins-
{ (CsHsCHo)NH(CH,CH,)CoBgHg(Me)} ]ZrCly(THF) 5¢ 2.564(5)
Alin (WS-CZBngl)ZI’(NEtz)z(NHEtg),zo and 2.505(7) Ain ﬁS_
CBgH11)(Cp*)Hf(u:7?-CoBgH11)HfMe,(Cp*)?! probably owing
to the higher coordination number and steric congestion of the
central metal ion. Consequently, the-ZHf—N distances are
longer than the corresponding values reported in the litera-
tures#1920 The Zr—/Hf—N(imine) distances (2.538(3)/2.535-
(6) A) are significantly longer than the Z/Hf—N(amine)
distances (2.461(4)/2.462(7) A), indicative of weak interactions
between the tethered imine and the metal center.

Ethylene Polymerization. Complexesba, 6a, and 7a un-

derwent_ prgliminary testin_g_ for catalytic ac_:tivity in ethylene Acknowledgment. This work was supported by grants from
polymerization, using modified methylaluminoxane (MMAQ)  the National Natural Science Foundation of China through the
as cocatalyst (Al/M= 2000) in toluene at 50C under 1 atm  Qutstanding Young Investigator Award Fund (Project No.
of ethylene. The results are compiled in Table 5. They were 20129002), and the Research Grants Council of The Hong Kong
active catalysts with an activity of 3-@5.8 kg/moih-atm, and ~ Special Administration Region (Project No. CUHK 403103).
the following trend in activity was observed: 2r Ti > Hf. We thank Mr. Jie Sun and Ms. Hoi-Shan Chan for the
The molecular weightaWw) of the polymers ranged from 1.57  determination of crystal structures.

x 10*to 13.10x 10% and the polydispersities determined by

New imine-carboranyl compounds were successfully prepared
by Schiff base condensation of carboranyl aldehyde with anilines
in the presence of Si-Al-135 d4 A molecular sieves. They
were readily converted into the corresponding imido-dicarbollyl
ligands by simply refluxing in dry methanol solution. Several
constrained-geometry group 4 metallacarborane amide com-
plexes were prepared via amine elimination reactions of 7<¢CH
NHCgH3Pr-2,6)-7,8-GBgH11 with M(NMey)4 in toluene/DME.

A sterically bulky imine sidearm was necessary to prevent the
C=N double bond from the nucleophilic attack of the in situ-
generated amine.

In the presence of MMAO, these group 4 metal complexes
were active catalysts for the polymerization of ethylene to
produce highly linear polymers with narrow polydispersities,
but the activities were low.
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