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Macrocycle-Supported Titanium Complexes with Chelating Imido Ligands: Analogues of
ansa-Metallocenes
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Reactions of 1,4-dimethyl-1,4,7-triazacyclononan&)(and 1,4-diisopropyl-1,4,7-triazacyclononané®jlto form
1-aminopropyl-4,7-di-R-1,4,7-triazacyclononanesfRvie (H,L3 or Pi (H,L39)] and 1-(2-aminobenzyl)-4,7-di-
R-1,4,7-triazacyclononane [R Me (H,L%9 or P# (H,L5Y)] are reported. Reaction of H32 and HL 52 with [Ti-
(NMe,).Cl,] gives the ansa-linked macrocyelenido complexes [Ti¢*-L33Cl,] (5a) and [Tik*L53Cl,] (6a),
respectively, and NHMe Reaction of HL32 with [Ti(NBuY)Clx(py)s] gives [Ti(NBU)(k3-HoL33Cl,] (7), which
possesses a pendant alkylamine group that does not undergo taenHmetylimido group exchange to givea

and BUNH,. However, reaction of pL3° and HL5P with [Ti(NBuY)Cly(py)s] does give aminéért-butylimido
group exchange to form [Ti(-L3°)Cl,] (5b), [Ti(«x*-L5P)Cl;] (8b), and BUNH,. The compound$ab and6ab

are isolobal analogues of group 4 ansa-metallocene complexes and relatives of titanium cyclopentadigioy |
constrained geometry olefin polymerization catalysts. Reactiobbofith AgOTf affords [Ti(*-L3%)(OTf)CI]

(8) as the major product, the crystal structure of which has been determined. Alkylatimbyf RLi gives the
dialkyl derivatives [Tig*L%)(R);] [R = Me (9) or CH,SiMe; (10)]. The ethylene polymerization capability of
the compound$a,b, 6a,b, and10in the presence of methylaluminoxane has been determined and compared to
that of [Ti(NBU)(x3-L12HCl,] (11a,b); in all instances, low yields of high-molecular-weight polymer are obtained.

Introduction This phenomenon has been referred to as the “ansa effect”. In
all of this chemistry, the key differences between compounds
of typesl andll and their nonbridged analogues can be traced
to the configurational stability and geometric restrictions
imposed by the ansa bridge.

As part of a program in early-transition-metal imido
chemistryl6-22 we recently reported compounds of type23
and their triazacyclohexane analogééBecause both thiac-
coordinating triazacyclononane and the dianionic imide ligands
are valence isoelectronic and isolobal with the cyclopentadienide
*To whom correspondence should be addressed. E-mail: anion?-27 the compounds of typ#l are novel analogues of

ansa-metallocened)( their bridged bis(tetrahydroindenyl)
analogues, and the constrained geometry cyclopentadienyl
amide systems such as those of typeare of immense
importance in the development of well-defined homogeneous
Ziegler—Natta catalyst$.-> More recently, and building upon
Brintzinger’s original observatiorfsit has been found that the
reaction chemistry in general of ansa-metallocenes very often
differs substantially from that of their nonbridged analogtié®.
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preparing ansa-linked, pendant arm derivatives. Such compoundgMez[9]aneNs(CH,CH.CN)), 57.16 (NC(CH):N(CH:CH,N(Me)CH;)»),

will allow important comparisons to be made with both the bis-
(cyclopentadienyl) and cyclopentadienylamidell systems,
and also with the non-ansa-linked homologliesand therefore
contribute to the understanding and wider applicability of the
ansa effect8
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M = Group 4 metal; M=Ti,Zr; M =Ti, Zr:
Y = SiMe,, CR,, C;H, X = halide, alky! X = halide, alkyl

Experimental Section

General Methods and Instrumentation. All manipulations of air-

56.90 (NC(CH).N(CH,CH;N(Me)CH,)), 55.75 (NC(CH),N(CH,CH,N-
(Me)CHy)y), 54.30 (Me[9]aneNy(CH2CH,CN)), 46.70 ((NCCHCH,)-
[9]aneNs(Me),), 16.39 (Me[9]aneNs(CH.CH,CN)). IR (thin film, KBr
plates): 2927 (s), 2840 (s), 2795 (s), 2246 C=N)], 1671 (ms),
1511 (ms), 1452 (s), 1366 (ms), 1318 (m), 1260 (m), 1232 (m), 1109
(s), 1036 (s), 989 (m), 871 (m), 803 (m), 735 (w), 582 (w), 523 (w)
cml. Accurate mass ES-MS for fEH]*. Found (calcd for
CiH2aN4): miz = 211.1943 (211.1923).

1-Cyanoethyl-4,7-diisopropyl-1,4,7-triazacyclononane #; 1b).
1,4-Diisopropyl-1,4,7-triazacyclononane L. 4.3 g, 20 mmol) was
transferred to a multineck flask equipped with a reflux condenser and
dissolved in degassed acrylonitrile. The mixture was brought to reflux
with stirring for 16 h. The volatiles were removed in vacuo, leaving
the cyanoethyl compountb. Yield: 5.25 g (98%).

Data for1b. *H NMR (CDCls, 500.0 MHz, 298 K): 6 2.90 (t, 2H,
J = 7 Hz, Ph[9]aneNs(CH,CH,CN)), 2.89 (sept (signal obscured by
overlapping resonance), 2H, [9langlHMe,),), 2.87 (m, 4H, NCChH
CHy(NCH3CHN(CHMe,)CHy),), 2.67 (M, 4H, NCCHCHy(NCH,CH,N-
(CHMez)CHz)z), 2.56 (S, 4H, NCCIZCHz(NCHchzN(CHMez)CHz)z),

and/or moisture-sensitive compounds were carried out under an2 47 (t, 2H,J = 7 Hz, Pt][9]laneNs(CH,CH,CN)), 0.97 (d, 12H,J =
atmosphere of dinitrogen or argon using standard Schlenk-line or drybox 6.5 Hz, [9]aneN(CHMey),). 13C{*H} NMR (CDCl;, 125.7 MHz, 298
techniques. All protonic solvents and commercially available reagents K): ¢ 119.36 (Ps[9]aneNs(CH,CH,CN)), 55.47 (NCCHCH,(NCH2-
were predried over activated molecular sieves, refluxed over an CH;N(CHMey)CHy),), 54.65 ([9]aneNCHMe,),), 53.58 (Ph[9]-
appropriate drying agent under an atmosphere of dinitrogen, and aneN(CH,CH2CN)), 52.76 (NCCHCH2(NCH2CH,N(CHMe,)CHy)2),

collected by distillation. NMR solvents for air- and/or moisture-sensitive

52.34 (NCCHCH,(NCH,CH,N(CHMe,)CH,);), 18.34 ([9]anel

compounds were dried over freshly ground calcium hydride at room (CHMey),), 16.51 (Ph[9]aneNs(CH,CH.CN)). IR (thin film, KBr

temperature (CECl;) or molten potassium (Dg), distilled under
reduced pressure, and stored underitNJ. Young ampules. NMR

plates): 2962 (s), 2922 (s), 2830 (s), 2247 pC=N)], 1670 (mw),
1510 (s), 1462 (s), 1359 (s), 1307 (ms), 1233 (s), 1170 (s), 1116 (s),

samples of air- and/or moisture-sensitive compounds were prepared in1039 (s), 1006 (m), 889 (w), 828 (m), 735 (m), 576 (w), 521 (wy&m

the drybox in 5 mm Wilmad tubes equipped with a Young Teflon valve.
IH and'3C NMR spectra were recorded on a Varian Unity Plus 500
spectrometer and referenced internally to residual protiosolvet (

Accurate mass electrospray-mass spectrum (ES-MS) férHL'.
Found (calcd for GH3iN4): m/z = 267.2537 (267.2549).
1-Aminopropyl-4,7-dimethyl-1,4,7-triazacyclononane (HL3% 2a).

or solvent {8C) resonances. Chemical shifts are reported relative to 1-Cyanoethyl-4,7-dimethyl-1,4, 7-triazacyclononané(10.61 g, 2.9

tetramethylsilaned = 0 ppm) ind (ppm) and coupling constants in
hertz. *°F NMR spectra were recorded on a Varian Mercury Vx300
and referenced to external €H. *H and**C NMR shift assignments

mmol) was dissolved in BHTHF (1.0 M, 30 cnd) and brought to reflux
for 24 h. The solution was then cooled below@ for quenching with
MeOH (50 cni) before the removal of all solvent under reduced

were supported by DEPT-135 and DEPT-90, homo- and heteronuclear, pressure. The remaining white solid was dissolved in aqueous HCI (6.0
one- and two-dimensional experiments as appropriate. Mass spectrayi, 100 cnf) and refluxed fo 4 h oruntil the solution lost its turbidity.
were recorded on an AEI MS902 or Micomass Autospec 500 mass The mixture was evaporated to dryness and redissolved in deionized
spectrometer. Elemental analyses were carried out by the analysiswater. The solution was basified to pH12 with concentrated aqueous
laboratory of this department. Polymer GPC analyses were performedNaOH (12 M) and then extracted with CHQI5 x 100 cnf). The

under the supervision of Dr. S. Holding at RAPRA Technology Ltd.
Literature Preparations. 1,4-HR;[9]aneN; [R = Me (L' or P¢
(L19)],2930 [Ti(NBUY)Clx(py)s],3* and [Ti(NMe,).Cl,]%? were prepared

extracts were dried over anhydrous MgS@ltered, and reduced to
dryness under reduced pressure to leave the crude product as a pale
yellow oil. The product was purified by distillation on a"gelrchr

according to literature methods. All other reagents were purchased fromapparatus (98C, 0.04 Torr) to give a colorless oil. Yield: 0.36 g (59%).

Sigma-Aldrich or Strem and used as received.
1-Cyanoethyl-4,7-dimethyl-1,4,7-triazacyclononane #, 1a).1,4-

Dimethyl-1,4,7-triazacyclononane & 0.60 g, 3.8 mmol) was trans-

ferred to a multineck flask equipped with a reflux condenser and

dissolved in degassed acrylonitrile (25%nThe mixture was brought

to reflux with stirring for 16 h. The volatiles were removed in vacuo,

leaving the cyanoethyl compouric. Yield: 0.78 g (97%).

Data forla. 'H NMR (CDClz, 300.13 MHz, 298 K):6 2.93 (t, 2H,
J=7 Hz, Me[9]aneNsCH,CH-CN), 2.74-2.78 (m, 4H, NC(CH).N-
(CH2CH2N(MG)CH2)2), 2.73 (S, 4H, NC(CIZ)ZN(CH2CH2N(MG)O_|2)2),
2.68-2.71 (m, 4H, NC(CH)2N(CH.CH:N(Me)CH,),), 2.47 (t, 2H,J
= 7 Hz, Me[9]aneN;\CH,CH,CN), 2.39 (s, 6H, NC(CH),[9]laneN:-
(Me)). *C{*H} NMR (CDCls, 75.47 MHz, 298 K): 6 119.26

(27) Albright, T. A.; Burdett, J. K.; Whangbo, M.-HOrbital Interactions
in Chemistry Wiley-Interscience: New York, 1985.

(28) Although for ease of representation all titanitimido linkages are
drawn “Ti=NR”, the formal Ti—N bond order in the imido complexes
described herein is generally best thought of as 3 (psetdbtriple
bond) rather than as’8.

(29) Flassbeck, C.; Wieghardt, . Anorg. Allg. Chem1992 608 60.

(30) Mahapatra, S.; Halfen, J. A.; Wilkinson, E. C.; Pan, G.; Wang, X,;
Young, V. G.; Cramer, C. J.; Que, L.; Tolman, W. B.Am. Chem.
Soc.1996 118 11555.

(31) Blake, A. J.; Collier, P. E.; Dunn, S. C.; Li, W.-S.; Mountford, P.;
Shishkin, O. V.J. Chem. So¢Dalton Trans.1997 1549.

(32) Benzing, E.; Kornicker, WChem. Ber1961, 94, 2263.

Data for2a. *H NMR (CsDs, 300.13 MHz, 298 K): 6 2.70 (s, 4H,
(NH2(CHy)3)N(CH,CH,N(Me)CHy),), 2.65-2.67 (2x m, 8H, (NH-
(CH2)3)N(CHchzN(Me)CHz)z and (Nl‘b(CHz)3)N(CH2CH2N(Me)-
CHy)»), 2.60 (t, 2H,J = 6.7 Hz, Me[9]aneN;(CH,CH,CH,NH,)), 2.43
(t, 2H,J = 7 Hz, Me[9]aneNs(CH.CH,CH:NH>)), 2.29 (s, 6H, (NH-
CH,CH,CHy)[9]aneN(Mes),), 1.43 (app. quint, 2H] = 6.9 Hz, Me-
[9]aneN,(CH,CH,CH2NHy)), 0.74 (br s, 2H, Mg9]aneN;(CH,CH.-
CH:NHy)). 3C{*H} NMR (CsDs, 75.47 MHz, 298 K): 6 58.01
(NH2(CHy)sN(CH,CH,N(Me)CHy),), 57.67 (NH(CH,)sN(CH,CH,N-
(Me)CHy)z), 57.07 (Me[9]aneNs(CH.CH,CH2NHy)), 56.43 (NH-
(CH2)sN(CH,CH,N(Me)CHy),), 46.81 (NHCH,CH.CH,[9]aneNMey),
40.93 (Me[9]aneNs(CH2CHCHzNH,)), 32.72 (Me[9]aneNy(CH,CHa-
CH:NHy)). IR (thin film, KBr plates): 3385 [br msy(N—H)], 3275
[br ms, v(N—H)], 2932 (s), 2840 (s), 2790 (s), 1682 (ms), 1559 (w),
1542 (w), 1508 (w), 1456 (s), 1366 (s), 1316 (s), 1273 (ms), 1205 (w),
1109 (s), 1034 (s), 987 (ms), 870 (m), 801 (m), 669 (w), 581 (w)'cm
Accurate mass ES-MS for pH%*H]*. Found (calcd for GH27N,):

m/z = 215.3625 (215.3623).
1-Aminopropyl-4,7-diisopropyl-1,4,7-triazacyclononane (HL3;

2b). 1-Cyanoethyl-4,7-diisopropyl-1,4,7-triazacyclononané’;,(b.25

g, 19.7 mmol) was dissolved in borafélF (1.0 M, 140 cm) and

again brought to reflux for 24 h. The solution was then cooled below

0 °C for quenching with MeOH (150 cfpbefore the removal of all

solvent under reduced pressure. The remaining white solid was

dissolved in aqueous HCI (6.0 M, 200 &mand refluxed fo 4 h or
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until the solution lost its turbidity. The mixture was evaporated to
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(CH2CH2N(Pr)CHy)2), 52.59 (2-NHCsH4CHN(CHCH.N(P)CH>).),

dryness and redissolved in deionized water. The solution was basified 18.38 (CHVe). IR (thin film, KBr plates): 2962 (s), 2922 (s), 2870
to pH > 12 with concentrated aqueous NaOH (12 M) and then extracted (s), 1609 (ms), 1577 (ms), 1559 (ms), 15254 0,)], 1458 (s), 1361

with CHCl; (5 x 200 cn?). The extracts were dried over anhydrous

[s, »(NO)], 1261 (ms), 1159 (s), 1116 (s), 1032 (s), 858 (m), 790 (m),

MgSQ,, filtered, and evaporated to dryness under reduced pressure t0730 (s), 713 (m), 696 (m), 679 (w), 669 (w), 643 (w), 575 (w), 549
leave the crude product as a pale yellow oil. The product was purified (m), 518 (w) cnt’. Accurate mass ES-MS for {e:H]*. Found (calcd

by distillation on a Kigelrthr apparatus (98C, 0.04 Torr) to give a
colorless oail. Yield: 3.45 g (65%).

Data for2b. *H NMR (CgDs, 500.0 MHz, 298 K): 6 2.80 (m, 4H,
(H2N(CH2)3)N(CH2CH2N(Pr‘)CH2)2), 2.79 (sept, 2H,J = 6.5 HZ,
CHMey), 2.66 (t, 2H,J = 8.0 Hz, PE[9]aneNy(CH,CH,CH,NH>)), 2.65
(m, 4H, HN(CH,)3)N(CH,CH,N(PY)CHy)2), 2.52 (s, 4H, HN-
(CHR)sN(CH.CHN(P)CHy),), 2.51 (t, 2H,J = 6.5 Hz, PB[9]aneN(CH,-
CH,CH,NH,)), 1.50 (app. quint, 2H, appl = 6.5 Hz, Pk[9]aneN:-
(CH,CH,CH;NH,)), 0.94 (d, 12H,J = 6.5 Hz, CHVe,), 0.80 (br s,
2H, NHy). 3C{*H} NMR (CgDs, 125.7 MHz, 298 K): 6 56.7 (Pi»[9]-
aneN;(CH2CH2CHzNH2)), 56.5 (l‘bN(CHz)gN(CHzCHgN(P[‘)CHz)z),
54.9 (CHMey), 53.3 (HN(CH;)sN(CHCHoN(Pr)CHy),), 53.1 (HN-
(CH2)3N(CH20H2N(Pfi)CHz)z), 41.2 (P'r2[9]ane|\l;(CH2CHZCH2NHz)),
32.7 (PE[9]aneNy(CH,CH;CH:NHy)), 18.6 (CHVle,). IR (thin film, KBr
plates): 3425 [br ms;(N—H)], 3285 [br msy(N—H)], 2961 (s), 2930

for CigH33N40,): m/z = 349.2603 (349.2604).
1-(2-Aminobenzyl)-4,7-dimethyl-1,4,7-triazacyclononane (W52
4a).1-(2-Nitrobenzyl)-4,7-dimethyl-1,4,7-triazacyclononané2.86
d, 9.8 mmol) was dissolved in absolute EtOH (4C°gand transferred
to an argon-purged flask containing graphite KS-10 (1.80 g) and
equipped with a reflux condenser. Hydrazine monohydrate (10 g, 0.2
mol) was added, and the mixture was heated under an argon atmosphere
to 90 °C for 24 h. The mixture was cooled, and the graphite was
removed by filtration. The solution was evaporated to dryness and the
resultant oil redissolved in CHE(30 cn¥), and MgSQ was added.
The dried solution was filtered and reduced in vacuo to give the product
as a spectroscopically pure yellow oil. Yield: 1.32 g (47%).
Data for4a. 'H NMR (CDCl;, 500.0 MHz, 298 K): 6 7.07 (t, 1H,
J=8Hz, 4-GH,), 6.97 (d, 1HJ = 7.5 Hz, 6-GH,), 6.64 (t, 1HJ =
7.5 Hz, 5-GH4), 6.63 (d, 1HJ = 8 Hz, 3-GHa), 4.87 (br s, 2H, M),

(s), 2870 (s), 1670 (m), 1509 (m), 1462 (s), 1381 (s), 1359 (s), 1306 3.58 (s, 2H, NHCsH,CH;[9]laneNsMey), 2.70 (m, 4H, NHCeH.-
(ms), 1260 (m), 1233 (m), 1169 (s), 1115 (s), 1038 (m), 992 (m), 874 CH,N(CH,CH;N(Me)CH,)2), 2.59 (m, 4H, NHCsH4-CH,N(CH,CH,N-

(m), 851 (m), 717 (w), 669 (W), 577 (w), 520 (w) cf Accurate mass
ES-MS for [HL3*H]*. Found (calcd for GHssN4): miz = 271.2858
(271.2862).

1-(2-Nitrobenzyl)-4,7-dimethyl-1,4,7-triazacyclononane (£ 3a).
1,4-Dimethyl-1,4,7-triazacyclononane 1 1.30 g, 8.3 mmol) was
dissolved in dry, degassed toluene (3C°cand stirred for the addition
of 2-nitrobenzyl bromide (1.78 g, 8.2 mmol) followed by powdered
KOH (0.50 g, 9 mmol). The mixture was heated to®for 5 h and

(Me)CHy),), 2.58 (s, 4H, NHCsH4CHN(CH,CH,N(Me)CH,),), 2.30
(s, 6H, NHCsH4CH,[9]aneNMey). 13C{*H} NMR (CDCls, 125.7 MHz,
298 K): 6 148.06 (2€sH4), 131.06 (3€6H.), 128.80 (5€sH.), 124.60
(1-CeHa), 117.86 (4€cH,), 115.90 (6€5Hs), 61.90 (NHCsHLCH;[9]ane-
NsMez), 57.60 (NHCsH4CH,NCH,CH.N), 57.54 (NHCeH4CH,-
NCH,CH;N), 54.69 (MeNCH,CH;NMe), 46.15 (NHCsH.CH,[9]-
aneNMey). IR (thin film, KBr plates): 3318 [br msy(N—H)], 3200
[br ms,»(N—H)], 2932 (s), 2840 (s), 2795 (s), 1662 (s), 1615 (s), 1495

then allowed to cool to room temperature. The mixture was filtered to (s), 1456 (s), 1367 (s), 1321 (s), 1218 (m), 1157 (m), 1125 (m), 1103
remove potassium salts and reduced to dryness, giving the product agm), 1027 (ms), 989 (m), 930 (w), 908 (w), 885 (w), 871 (w), 752 (s),

a spectroscopically pure yellow oil. Yield: 2.36 g (98%).

Data for3a. *H NMR (CDCls, 300.13 MHz, 298 K):6 7.84 (d,J
= 8.0 Hz, 1H, 3-GH4-2-NGO,), 7.58 (t,J = 8.0 Hz, 1H, 4-GHs-2-
NO), 7.53 (d,J = 7.0 Hz, 1H, 6-GH4-2-NG;), 7.40 (dt,J = 7.0, 2.0
Hz, 1H, 5-GHs-2-NO,), 3.97 (s, 2H, 2-N@CsH4CHy), 2.75 (m, 4H,
N02C5H4CH2N(CH2CH2N(Me)CHZ)Z)x 2.68 (S, 4H, NmeH4CH2N(CHz-
CH.N(Me)CHy,),), 2.64, (m, 4H, NGCsHsCH,N(CH,CH,N(Me)CH,),),
2.34 (s, 6H, 2-NGCH,CH;[9]aneNMe). 1*C{*H} NMR (CDCl, 75.47
MHz, 298 K): 6 150.00 (2-NQCsH.), 135.23 (1€5H,), 132.29 (5-
CeHa), 131.43 (4CeH,), 127.84 (6€sH4), 124.51 (3€6H,), 59.87 (2-
NO,CsH4CH,), 56.81 (NQCeH4CH.N(CH,CH.N(Me)CH,),), 56.61
(NO,CsH4CHN(CH2CH:N(Me)CHy)z), 56.17 (NQCsHACHN(CH,-
CH:N(Me)CHy)2), 46.42 (2-NQCsH4CHz[9]aneNMe,). IR (thin film,

665 (W), 650 (w), 540 (w) cm'. Accurate mass ES-MS for f&H]".
Found (calcd for GH27N4): m/z = 263.4056 (263.4063).
1-(2-Aminobenzyl)-4,7-diisopropyl-1,4,7-triazacyclononane (b %;
4b). 1-(2-Nitrobenzyl)-4,7-diisopropyl-1,4,7-triazacyclononane (L
3.20 g, 9.2 mmol) was dissolved in absolute EtOH (60°cand
transferred to a flask containing argon-purged graphite KS-10 (2.4 g).
The solution was stirred for the addition of degassed hydrazine
monohydrate (20 g, 0.4 mol). The mixture was refluxed under argon
at 90°C for 6 h. The mixture was filtered and the residue washed with
CHCI; (3 x 5 cn¥). The combined organic extracts were reduced to
dryness, redissolved in GBI, (50 cn?), and dried over anhydrous
MgSO, and then over Cal After filtration and removal of solvent,
the product was obtained as an analytically pure pale-green oil. Yield:

KBr plates): 3066 (m), 2927 (s), 1669 (s), 1610 (ms), 1578 (ms), 1526 2.33 g (80%).

[s, »(NO,)], 1455 (s), 1360 [sy(NOy)], 1261 (ms), 1205 (m), 1029
(s), 991 (m), 908 (w), 858 (ms), 787 (s), 732 (s), 668 (w), 580 (w),
526 (w) cnTl. Accurate mass ES-MS for {&H]*. Found (calcd for
CisH25N40,): m/z = 293.1960 (293.1978).
1-(2-Nitrobenzyl)-4,7-diisopropyl-1,4,7-triazacyclononane ({2,

3b). 1,4-Diisopropyl-1,4,7-triazacyclononane'f{ 2.51 g, 11.8 mmol)
was dissolved in dry, degassed toluene (5¢)camd stirred for the
addition of 2-nitrobenzyl bromide (2.54 g, 11.8 mmol) followed by
powdered KOH (0.73 g, 13 mmol). The mixture was heated t6@&0

Data for4b. *H NMR (CDCl;, 500.0 MHz, 298 K): 6 7.13 (t, 1H,
J=7.5Hz, 5-GHa), 7.06 (d, 1H,J = 7.5 Hz, 3-GHa), 6.75 (t, 1H,
= 6.5 Hz, 4-GH,), 6.50 (d, 1H,J = 7.5 Hz, 6-GH.), 4.94 (br s, 2H,
NHZ), 3.64 (S, 2H, N|2C6H4CH2), 2.72 (m, 4H, 2-N|£6H4CH2)N(CH2-
CHN(PI)CHy),), 2.70 (sept, 2HJ = 6.5 Hz, GHMey), 2.49 (m, 4H,
2-NH,CeH,CHN(CH,CHN(PF)CHy),), 2.34 (s, 4H, 2-NHCeH.-
CH:N(CH.CH.N(PF)CHy),), 0.86 (d, 12HJ = 6.5 Hz, CHVley). 13C-
{H} NMR (CDCl;, 125.7 MHz, 298 K): 6 148.3 (2€gH,), 130.4 (3-
CoHa), 128.5 (5CeH2), 124.4 (1CsHa), 117.2 (4CeH,), 115.5 (6CsHa),

for 4 h and then stirred at room temperature for a further 16 h. The 62.2 (NHCsH4sCHy), 55.5 (2-NHCsHsCHoN(CH.CHoN(PF)CHy),),
mixture was filtered to remove potassium salts and reduced to dryness 54.7 CHMe,), 54.1 (2-NHCeH4CH,N(CH,CH,N(PF)CH,),), 53.7 (2-

giving the product as an analytically pure yellow oil. Yield: 4.06 g
(99%).

Data for3b. *H NMR (CDCl;, 300.13 MHz, 298 K):0 7.81 (2x
overlapping dJ = 8.0 Hz, 2x 1H, 3-GHs-2-NO, and 6-GH4-2-NO,),
7.54 (t,J = 7.5 Hz, 1H, 4-GH4-2-NO,), 7.35 (t,J = 7.5 Hz, 1H,
5-CeHs-2-NO,), 3.96 (s, 2H, 2-N@CsH4CHy), 2.86 (m, 4H, 2-NGCsH4-
CH,N(CH,CH:N(Pr)CHy),), 2.85 (sept]) = 6.5 Hz, 2H, GiMey), 2.60
(m, 4H, 2-NQCgH4CHN(CH,CHoN(PF)CH),), 2.52 (S, 4H, 2-N@CsH4-
CH,N(CH,CHN(PF)CH,),), 0.95 (d,J = 6.5 Hz, 12H, CH\ey). 13C-
{H} NMR (CDCl;, 75.47 MHz, 298 K): 6 145.16 (2€¢Hs2-NOy),
136.50 (1€6Hs-2-NO,), 132.20 (5€¢H4), 131.24 (4€6H.), 127.31 (6-
CeHa), 124.16 (3€6H.), 58.67 (2-NQCeH4CH,), 55.44 (2-NQCeH
CHzN(CHCHN(P)CH,),), 54.75 CHMey), 52.77 (2-NQCgH4CH;N-

NH2CsH4CHoN(CH,CH,N(P)CH,),), 18.5 (CHVI&y). IR (thin film, KBr

plates): 3300 [br ms;(N—H)], 3198 [br ms,y(N—H)], 2963 (s), 2927

(s), 2870 (s), 1662 (s), 1615 (s), 1516 (ms), 1494 (s), 1462 (s), 1382

(s), 1362 (s), 1324 (s), 1306 (ms), 1261 (s), 1217 (m), 1159 (s), 1116

(s), 1092 (s), 1021 (s), 931 (w), 800 (s), 756 (s), 714 (m), 697 (m),

665 (w), 644 (w), 549 (mw) cmi. Accurate mass ES-MS for b

H]*. Found (calcd for @HzsN4): m/z = 319.2862 (319.2860).
[Ti(k*L3ACly] (5a). [Ti(NMe2).Cly] (0.22 g, 1.05 mmol) was

dissolved in dry CHCI, (30 cn?) and stirred for the addition of a

solution of HL32 (2a; 0.226 g, 1.05 mmol) in CkCl, (10 cn¥). The

solution quickly darkened in color. After the solution was stirred for 2

h at room temperature, it was concentrated in vacuo (to-€a0%n?)

and hexane (12 cihwas added, resulting in precipitation of the product.
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The product was filtered and dried in vacuo to give an orange/brown
solid. Yield: 0.25 g (72%).

Data for5a. *H NMR (CD.Cl,, 500.0 MHz, 298 K): ¢ 3.96 (ddd,
1H,J = 17.0, 11.5, 5.5 Hz, & Ti=NCH,), 3.69 (app. dt, 1HJ =
13.0, 5.5 Hz, 1x Ti=NCH,CH,CH,), 3.55-3.62 (2 x m, 2H, 2 x
NCH,CH:N), 3.26-3.36 (2x m, 2H, 2x NCH,CH;N), 3.13 (m, 1H,
1 x NCH,CH;N), 3.10 (s, 3H, We), 2.98-3.07 (3 x m, 3H, 3 x
NCH,CHN), 2.78 (m, 1H, 1x NCH,CH.N), 2.66-2.71 (2x m, 2H,

1 x Ti=NCHj 1 x NCHxCH:N), 2.62 (m, 1H, 1x Ti=NCH,-
CH,CHy), 2.52 (s, 3H, Ne), 2.49 (m, 1H, 1x NCH,CH,N), 2.30 (m,
1H, 1 x NCH,CHN), 2.15 (m, 1H, 1x Ti=NCH,CH,CH,), 2.02 (m,
1H, 1 x Ti=NCH,CH,CH,). 3C{*H} NMR (CD,Cl, 125.7 MHz, 298
K): 6 62.95 (NCH,CH.N), 62.06 (NCH,CH.N), 61.31 (TE=NCH),
60.13 (TENCH,CH,CH,), 57.24 (NCH,CH:N), 53.67 (NCH,CH:N),
52.83 (NMe), 52.30 (NCHCH;N), 51.99 (NCH,CH:N), 49.48 (NVe),
28.38 (TiENCH,CH,CHy). IR (Nujol mull, KBr plates): 1497 (w),
1350 (w), 1306 (w), 1291 (w), 1261 (m), 1231 (mw), 1204 (w), 1178
(s), 1101 (ms), 1065 (s), 1041 (ms), 1011 (s), 897 (w), 787 (ms), 659
(w), 555 (w), 474 (w), 441 (w) crmt. EI-MS mvz (%): 330 (100) [MT,
294 (80) [M— H — CI]*, 274 (39) [M — CH,CH,CH,N]*, 259 (18)

[M — CH,CH,CH:N — CHs]*. Anal. Found (calcd for GH24Cl,N4-
Ti-0.3CHCl,): C, 37.9 (38.1); H, 7.3 (7.0); N, 15.6 (15.7).

[Ti(k*L3)Cly] (5b). [Ti(NBUY)Clx(py)s] (1.10 g, 2.5 mmol) was
slurried in benzene (75 cinand stirred for the addition of #3° (2b;
0.68 g, 2.5 mmol). The mixture was heated to°&for 4 h, during
which time an oily red solid was deposited. The supernatant was
decanted, and the solid was dried to gbfe as an orange powder,
which could be recrystallized from GBI, at —25 °C. Yield: 0.74 g
(74%).

Data for5b. *H NMR (CD.Cl,, 500.0 MHz, 298 K): 4 3.98 (ddd,
1H,J=17.0, 11.5, 6.0 Hz, X Ti=NCHy), 3.82 (app. sept, 1H, app.
J = 6.5 Hz, HMey), 3.61 (M, 1H, 1x Ti=NCH,CH,CH>), 3.58 (m,
1H, 1 x NCH.CH;N), 3.48 (m, 1H, 1x NCH,CH;N), 3.37 (app. sept,
1H, app.J = 6.5 Hz, HMe;), 3.06-3.19 (3 x m, 3H, 3 x NCH,-
CH;N), 2.91 (dt, 1HJ = 12.0, 3.0 Hz, Ix Ti=NCH,CH,CH,), 2.71—
2.87 (4 x m, 4H, 4 x NCH,CH.N), 2.56-2.64 (3 x m, 3H, 2 x
NCH>CH:N, 1 x Ti=NCH,), 2.24 (ddd, 1H,J = 13.0, 4.0, 25 Hz, 1
x NCH2CH.N), 2.06 (m, 1H, 1x Ti=NCH,CH,), 1.96 (m, 1H, 1x
Ti=NCH,CH,), 1.81 (d, 3HJ = 6.5 Hz, 1x CHMe,), 1.30 (d, 3HJ
= 6.5 Hz, 1x CHMey), 1.20 (d, 3H,J = 6.5 Hz, 1x CHMe,), 1.04
(d, 3H,J= 6.5 Hz, 1x CHMe,). **C{*H} NMR (CD.Cl,, 125.7 MHz,
298 K): 0 62.7 (TEENCH,CH,CH,), 61.6 (TE=NCH,CH,CH,), 61.4
(CHMey), 60.6 (NCH,CH;N), 57.7 CHMe,), 52.0 (NCH,CH.N), 51.1
(NCH2CH;N), 49.6 (NCH,CH;N), 48.0 (NCH,CH,N), 45.8 (NCH.-
CH;N), 28.0 (TE=NCHCH,CH;,), 21.9 (CHVIe;), 21.6 (CHVIe,), 16.5
(CHMey), 16.4 (CHV&y). IR (Nujol mull, KBr plates): 1499 (w), 1292
(w), 1262 (w), 1234 (m), 1206 (w), 1195 (s), 1163 (m), 1118 (s), 1087
(s), 1041 (s), 963 (m), 937 (w), 801 (w), 772 (w), 653 (w), 604 (w),
565 (w) cnTt. EI-MS m/z (%): 386 (46) [M], 350 (42) [M— H —
CI]™, 343 (100) [M— Pr]*, 307 (62) [M— H — CI — Pr]*, 265 (16)
[M — 2P¥]*. Anal. Found (calcd for GHz.CIoN,Ti): C, 47.1 (46.5);
H, 8.5 (8.3); N, 14.1 (14.5).

NMR Tube Scale Synthesis of [Tig*L3?)Cl;] (5b) from [Ti-
(NMe).Cl;] and H,L3. [Ti(NMe,).Cl;] (10 mg, 0.048 mmol) and
H,L3 (2b; 13 mg, 0.048 mmol) were dissolved in @Cl, (0.4 cnf)
and transferrecbta 5 mm JYoung NMR tube. ThéH NMR spectrum
showed the immediate formation 6b with evolution of MeNH.

[Ti(k*L®Cly] (6a). [Ti(NMey)LCly] (0.24 g, 1.1 mmol) was
dissolved in dry CHCI, (30 cn?) and stirred for the addition of a
solution of HL5? (4a; 0.30 g, 1.1 mmol) in CkCl, (10 cn?). The
solution quickly darkened and was concentrated in vacuo (to-€a05
cnP). After 2 h, hexane (12 cfp was added, resulting in the
precipitation of the product. The product was filtered and dried in vacuo
to give a brown solid. Yield: 0.25 g (58%).

Data for6a. *H NMR (CD,Cl, 500.0 MHz, 298 K):6 7.22 (d, 1H,
J=17.0 Hz, 6-GH4), 7.11 (m, 1H, 4-GH,), 6.80 (dt, 1IHJ=7.5,1.0
Hz, 5-GH.), 5.93 (dd, 1HJ = 7.5, 1.0 Hz, 3-GH.), 4.86 (d, 1HJ =
13.0 Hz, 1x CHzCeHa), 3.87 (app. dt, 1HJ = 13.0, 5.5 Hz, 1x
NCH,CH:N), 3.73 (d, 1HJ = 13.0 Hz, 1x CH,CsH.), 3.49 (app. dt,
1H,J = 13.0, 5.5 Hz, 1x NCH,CH;N), 3.08-3.22 (overlapping 3«
m, 3H, 3x NCH,CH:N), 3.01 (m, 1H, 1x NCH,CH;N), 3.00 (s, 3H,
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NMe), 2.92 (app. dt, 1HJ = 13.0, 6.5 Hz, 1x NCH,CH;N), 2.71—
2.81 (overlapping 2 m, 2H, 2 x NCH,CHN), 2.72 (s, 3H, Me),
2.67 (M, 1H, 1x NCH2CH,N), 2.46 (m, 1H, 1x NCH.CH,N), 2.43
(m, 1H, 1 x NCHCH;,N). *3C{*H} NMR (CD,Cl,, 125.7 MHz, 298
K): 0 156.40 (2-NCgHa), 136.38 (1€6H4), 129.26 (6€¢H4), 129.18
(4-CeHa), 121.52 (5€5H4), 110.28 (3€H,), 66.64 CH,CsH4), 61.33
(NCH3CH,N), 59.12 (NCH,CH;N), 56.79 (NCH,CH:N), 54.04 (NCH,-
CH:N), 52.03 (N\Vle), 51.76 (NCH2CH;N), 51.51 (NCH,CH;N), 49.29
(NMe). IR (Nujol mull, KBr plates): 1584 (w), 1341 (w), 1322 (m),
1301 (s), 1280 (m), 1261 (w), 1156 (w), 1090 (w), 1065 (m), 1026
(w), 1002 (w), 983 (w), 954 (w), 800 (m), 763 (ms), 687 (w), 541 (w)
cm L. EI-MS nVz (%): 378 (100) [M]", 342 (94) [M— H — CI]*, 327
(12) [M — Me — H — CI]*. Anal. Found (calcd for @H24CIoN4Ti+
0.4CHCl,): C, 44.5 (44.8); H, 6.5 (6.1); N, 14.1 (13.6).

[Ti(k*-L3P)Cly] (6b). [TiI(NBuY)Clx(py)s] (0.80 g, 1.9 mmol) was
slurried in benzene (30 cipand stirred for the dropwise addition of
H,L %P (4b; 0.60 g, 1.9 mmol) in benzene (20 &xiThe reaction occurred
rapidly, giving a dark-orange solution and a dark-ocher precipitate. After
the solution was stirred for 5 h, the solid was filtered and dried in
vacuo to givebb as a benzene solvate. Yield: 0.53 g (64%).

Data for6b. 'H NMR (CD,Cl, 500.0 MHz, 298 K): ¢ 7.18 (d, 1H,
J=7.5Hz, 6-GHJ), 7.09 (t, 1H,J = 7.5 Hz, 4-GHJ), 6.80 (t, 1H,J
= 7.5 Hz, 5-GH.), 5.90 (d, 1HJ = 7.5 Hz, 3-GH.), 4.96 (d, 1H,J
= 13.5 Hz, 1x CHCsHa), 3.94 (app. sept, 1H = 6.5 Hz, GHHMey),
3.71 (d, 1HJ = 13.5, 1x CH,CgHa,), 3.68 (app. sept, 1H,= 6.5 Hz,
CHMey), 3.52 (m, 1H, 1x NCH>CH:N), 3.15-3.27 (overlapping 3
m, 3H, 3 x NCH,CHN), 2.99-3.09 (overlapping 2x m, 2H, 2 x
NCH,CHN), 2.75-2.93 (overlapping 4x m, 4H, 4 x NCH,CH;N),
2.45-2.52 (overlapping 2 m, 2H, 2x NCH,CH;N), 1.70 (d, 3H,J
= 6.5 Hz, CHVie;), 1.44 (d, 3HJ = 6.5 Hz, CHMe;), 1.12 (d, 3HJ
= 6.5 Hz, CHVley), 1.11 (d, 3H,J = 6.5 Hz, CHVe,). 13C{*H} NMR
(CD,Cl,, 125.7 MHz, 298 K): 6 137.1 (2-NCgH4), 129.0 (4€6H.),
128.9 (6CsH.,), 121.9 (5C6Ha), 110.6 (3CsH,), 67.9 CH2CeHa), 62.1
(CHMey), 59.3 (NCH2CH:N), 57.7 CHMey), 53.8 (NCH,CH:N), 53.6
(NCH.CH;N), 50.0 (NCH,CH.N), 47.8 (NCH,CH;N), 45.4 (NCH,-
CH:N), 21.58 (CHMey), 21.56 (CHVe), 16.71 (CHMey), 16.27
(CHMey) (note: unobserved, CsHa). IR (Nujol mull, KBr plates):
1490 (w), 1405 (w), 1325 (m), 1306 (s), 1265 (m), 1155 (w), 1118
(m), 1080 (m), 1066 (m), 1040 (w), 1017 (m), 962 (m), 940 (w), 801
(m), 768 (ms), 680 (ms), 602 (w), 560 (w) cf EI-MS mVz (%): 34
(82) [M]*, 399 (100) [M— CI]*, 391 (43) [M— Pr]*, 355 (43) [M—

H — Cl — Pr]*. Anal. Found (calcd for ©H3z,CI,N4Ti-0.75CHCI,):
C, 56.9 (57.2); H, 7.9 (7.5); N, 11.2 (11.3).

NMR Tube Scale Synthesis of [Tig*L%?)Cl;] (6b) from [Ti-
(NMey).Cl;] and HoL5. [Ti(NMe2),Cly] (10 mg, 0.048 mmol) and
H,L%P (4b; 15 mg, 0.048 mmol) were dissolved in @Cl, (0.4 cn¥)
and transferrecbta 5 mm JYoung NMR tube. ThéH NMR spectrum
showed the immediate formation 6b with evolution of MeNH.

[Ti(NBu Y)(k3-H,L 3 Cl;] (7). [Ti(NBuY)Cly(py)s] (0.09 g, 0.2 mmol)
was dissolved in dry CKCl, (20 cn?) and stirred for the addition of
H,L32 (2a; 0.044 g, 0.2 mmol) via a syringe. The solution was stirred
for 2 h atroom temperature and then concentrated in vacuo té&/ca.
of its volume. Hexane (5 chwas added to give an orange precipitate,
which was filtered and dried in vacuo. Yield: 0.05 g (61%).

Data for7. 'H NMR (CD.Cl,, 500.0 MHz, 298 K): 6 5.59 (br t,
1H, 1 x NHy), 4.15 (m, 1H, 1x NCH,CH;N), 3.80 (m, 1H, 1x
NH>CH,CH,CH;N), 3.76 (overlapping 2x m, 2H, 1 x NH,CH-
CH,CH,N and 1x NCH,CH;N), 3.60 (m, 1H, 1x NCH,CH;N), 3.35-
3.50 (overlapping 4x m, 4H, 1 x NH, 1 x NH,CH,CH,CH,N and
2 x NCH>CH:N), 3.26 (s, 3H, Me), 3.15-3.25 (overlapping % m,
2H, 1 x NCH,CH;N and 1 x NH,CH,CH,CH,N), 3.06 (m, 1H, 1x
NCH,CH;N), 2.98 (m, 1H, 1x NCH,CH;N), 2.87 (m, 1H, 1x NCH,-
CHN), 2.56 (s, 3H, Me), 2.50-2.58 (overlapping 2x m, 2H, 2 x
NCH,CH;N), 2.36 (m, 1H, 1x NCH,CH;N), 2.28 (m, 1H, 1x TiNH,-
CH,CH,CHN), 1.96 (m, 1H, 1x TiNH,CH,CH,CH,N), 1.09 (s, 9H,
CMey). °C{*H} NMR (CD,Cl,, 125.7 MHz, 298 K):6 70.17 (N\CMe3),
65.22 (NCH,CH;N), 59.20 (NCH,CH:N), 58.83 (NCH,CH;N), 55.19
(NCH2CH;N), 54.36 (NCH2CH:N), 54.05 (NHCH.CH,CH-N), 53.84
(NMe), 52.36 (NCH,CH:N), 49.36 (\Me), 45.48 (NHCH,CH,CH:N),
31.86 (NQMes), 26.33 (NCHCH,CH;NH,). IR (Nujol mull, KBr
plates): 3176 [wy(N—H)], 1587 (w), 1352 (m), 1297 (w), 1261 (w),
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1238 (s), 1208 (w), 1150 (w), 1064 (s), 1031 (m), 1008 (s), 921 (W), 12.5 Hz, G.HsCeHa), 3.48 (app. sept, 1H, = 6.0 Hz, GHMe,), 3.23

890 (w), 801 (m), 785 (M), 741 (w), 596 (W), 542 (w), 446 (w)Tm
EI-MS m/z (%): 388 (65) [M — Me]*, 330 (100) [M — BuUNH]",
294 (77) [M— BUNH; — H — CI]*. Anal. Found (calcd for GHss-
ClNsTi): C, 44.5 (44.6); H, 7.8 (8.7); N, 14.9 (17.3).
[Ti(k*-L3P)(OTHCI] (8). [Ti(«*-L3P)Cly] (5b; 0.12 g, 0.3 mmol) was

dissolved in CHCI, (20 cn¥) and stirred at room temperature for the

addition of a suspension of AgOTf (0.080 g, 0.3 mmol) inLCH (5

(app. sept, 1HJ = 6.0 Hz, HMey), 2.95 (d, 1H,J = 12.5 Hz,
CHgHuCeHa), 2.55 (ddd, 1H,) = 13.5, 10.5, 6.0 Hz, & NCH,CH:N),
2.29-2.46 (3x m, 3H, 3x NCH.CH:N), 2.15 (dt, 1HJ = 15.0, 10.5
Hz, 1 x NCH,CH;N), 2.00-2.06 (2x m, 2H, 2x NCH,CH.N), 1.84—
1.89 (2x m, 2H, 2x NCH,CH:N), 1.76 (dt, 1HJ = 13.0, 5.0 Hz, 1
x NCH,CH;N), 1.70 (dt, 1H,J = 13.0, 4.0 Hz, 1x NCH,CHN),
1.62 (m, 1H, 1x NCH,CH:N), 1.40 (d, 3H,J = 6.0 Hz, CHMey),

cm?). The mixture was stirred for 16 h with the exclusion of light before  1.24 (d, 3H,J = 6.0 Hz, CHMe,), 0.73 (s, 9H, es), 0.63 (d, 3H,J
filtration. The filtrate was evaporated to dryness under reduced pressure= 6.0 Hz, CHVe;), 0.48 (d, 3H, CHile), 0.39 (s, 9H, Mes), 0.14 (d,
to leave the crude product. Yield: 0.096 g (62%). Recrystallization 1H,J = 11.0 Hz, Ti(tHHsSiMes)), —0.03 (d, 1H,J = 10.5 Hz, Ti-
from CH,Cl, layered with hexane yielded a mixture of red and yellow (CHH:SiMe3)), —0.21 (d, 1H,J = 11.0 Hz, Ti(CHH4SiMes); one Ti-

crystals, from which yellow crystals @fsuitable for single-crystal X-ray
analysis could be selected.

Data for8. *H NMR (CD.Cl,, 500.0 MHz, 298 K): 6 3.79-3.85
(overlapping 2x m, 2H, 1 x Ti=NCH; and 1x CHMe;), 3.55-3.65
(overlapping 2<x m, 2H, 1x NCH,CH_N and 1x Ti=NCH,CH,CH,),
3.28-3.35 (overlapping 2x m, 2H, 2 x NCH,CH.N), 3.09-3.17
(overlapping 3x m, 3H, 3 x NCH,CH;N), 3.05 (app. dt, 1H,) =
12.0, 3.0 Hz, 1x Ti=NCH,CH,CH), 3.01 (app. sept, 1H] = 6.5
Hz, CHMe,), 2.60-2.90 (overlapping 6x m, 6H, 5 x NCHCH:N
and 1x Ti=NCH,), 2.21 (m, 1H, 1x NCH,CH.N), 2.12 (m, 1H, 1x
Ti=NCH,CH,CH;), 2.07 (m, 1H, 1x Ti=NCH,CH,CH,), 1.82 (d,
3H,J = 6.5 Hz, CHVey), 1.23 (d, 3HJ = 6.5 Hz, CHVe,), 1.16 (d,
3H,J = 6.5 Hz, CHV&,), 1.04 (d, 3H,J = 6.5 Hz, CHMe,). 3C{H}
NMR (CD.Cl,, 125.7 MHz, 298 K): 0 62.5 (CHMe,), 61.8 (TE=ENCH,-
CH,CHy), 60.7 (TF=NCH), 60.3 (1 x NCH,CH:N), 57.5 CHMey),
51.6 (1 x NCH2CH;N), 50.9 (1 x NCH,CH;N), 50.5 (1 x NCHy-
CH:N), 46.7 (1 x NCH,CH:N), 46.6 (1 x NCH,CH;N), 27.6 (T
NCH,CH,CH,), 21.7 (CHVley), 20.7 (CHMVe), 17.1 (CHVIey), 16.6
(CHMe,). F{1H} NMR (CD,Cl,, 282.2 MHz, 298 K): 6 —78.54
(OSOCFs3). IR (Nujol mull, KBr plates): 1500 (w), 1333 (w), 1260

(CHeH;SiMes) was not observed due to overlapping signaf{H}
NMR (CeDs, 125.7 MHz, 298 K): 6 158.23 (2-NCgH4), 136.20 (1-
CsHa), 129.68 (4€6H,), 128.28 (6€5H,), 117.54 (5€6H.), 111.33 (3-
CeH.), 67.36 CH2CsH.), 60.92 (TCH,SiMe;), 57.17 CHMe,), 56.69
(CHMey), 55.70 (NCH2CH,N), 54.70 (NCH2CH;N), 54.19 (NCH.-
CH:N), 52.01 (NCH,CH;N), 48.37 (TCH;SiMes), 44.21 (NCH,CH;,N),
43.71 (NCH,CHN), 21.85 (CHVey), 21.81 (CHMey), 15.04 (CHVIey),
14.21 (CHVey), 4.60 (SiMg), 3.51 (SiMeg). Anal. Found (calcd for
CoHsaN4SiTi): C, 59.7 (60.1); H, 9.9 (10.1); N, 11.0 (10.4).

[Ti(NBuY)(k3-L1Cly] (11a). [Ti(NBuY)Clx(py)s] (0.37 g, 0.86 mmol)
was slurried in dry benzene (25 &rand stirred for the addition of
1,4-dimethyl-1,4,7-triazacyclononane!{L0.136 g, 0.86 mmol). The
solution quickly turned yellow, and a precipitate began to form. After
the solution was stirred for 6 h, the product was filtered off and dried
in vacuo. Yield: 0.22 g (73%).

Data forlla The compoundlaexists as a mixture of cis (major)
and trans isomers (cis and trans refer to the position of the macrocycle
N—H group with respect to NBuin a ca. 4:1 ratio (by*H NMR
integration).*H NMR for cis (major) isomer (CBCl,, 500.0 MHz, 298
K): 6 4.70 (br s, 1H, M), 4.01 (m, 1H, 1x NCH,CH.N), 3.61 (m,

(s), 1240 (m), 1200 (m), 1150 (m), 1090 (w), 1060 (w), 1030 (s), 955 1H, 1 x NCH,CH,N), 3.42 (m, 1H, 1x NCH,CH.N), 3.20 (s, 3H,

(w), 805 (w), 772 (w), 640 (m), 575 (w), 520 (w) cth Anal. Found
(calcd for GeHs:CIFsN4OsSTi): C, 37.5 (38.4); H, 8.2 (6.4); N, 10.3
(11.2).

[Ti(k*L5*)Me;] (9). [Ti(«*L3)Cly] (6b; 0.44 g, 1.0 mmol) was
slurried in benzene (30 cinand stirred for the addition of MeLi (1.4

cm?, 1.6 M solution in E4O, 2.2 mmol). The reaction was stirred with

NMe), 3.13 (m, 1H, 1x NCH,CH;,N), 3.03 (m, 1H, 1x NCH,CH,N),
2.92-2.97 (2x m, 2H, 2 x NCH,CH;N), 2.85 (m, 1H, 1x NCH,-
CHN), 2.75 (m, 1H, 1x NCH,CH;N), 2.67 (m, 1H, 1x NCH,CH:N),
2.45-2.56 (overlapping 2< m, 2H, 2 x NCH,CH;N), 2.43 (s, 3H,
NMe), 1.09 (s, 9H, ®es). *H NMR for trans (minor) isomer (CECly,
500.0 MHz, 298 K): 6 3.25 (s, 6H, N\Me), 1.92 (br s, 1H, M), 1.10

the exclusion of light for 12 h. The mixture was filtered and the filtrate (s, 9H, BUj), all macrocyclic CH groups obscured by major isomer.

concentrated in vacuo to céz of its volume. Hexane (8 cfpwas

3C{H} NMR for cis (major) isomer only (CECl,, 125.7 MHz, 298

added, resulting in precipitation of a brown solid product which was K): ¢ 57.58 (NCH2CH:N), 56.96 (NCH,CH;N), 54.69 (NCH,CH,N),

filtered and dried in vacuo. Yield: 0.21 g (53%).

Data for9. *H NMR (CD,Cl, 500.0 MHz, 298 K): ¢ 7.08 (t, 1H,
J=7.5Hz, 4-GH,), 7.04 (d, 1H,J = 7.0 Hz, 6-GH.), 6.54 (dt, 1H,
J=75, 1.5 Hz, 5-GH), 6.02 (d, 1H,J = 6.5 Hz, 3-GH.), 4.42 (d,
1H, J = 13.0 Hz, GH.H,CsH4), 3.73 (app. sept, 1H) = 6.5 Hz,
CHMe;), 3.37 (m, 1H, 1x NCHCHN), 3.33 (d, 1H,J = 13.0 Hz,
CHaHyCsHs), 3.04-3.16 (3x m, 3H, 3x NCH,CH;,N), 2.83-2.95 (3
x m, 3H, 3x NCH,CHN), 2.69-2.75 (2x m, 2H, 2x NCH,CH:N),
2.58 (app. sept, 1H] = 6.5 Hz, GHMey), 2.47 (m, 1H, 1x NCH,-
CH;N), 2.22-2.32 (2x m, 2H, 2 x NCH,CH.N), 1.54 (d, 3H,J =
6.5 Hz, CHMe,), 1.43 (d, 3H,J = 6.5 Hz, CHVle), 1.19 (d, 3H,J =
6.5 Hz, CHMe,), 0.92 (d, 3H,J = 6.5 Hz, CHVle;), 0.08 (s, 3HJ =
6.5 Hz, TMe), —0.03 (s, 3HJ = 6.5 Hz, TMe). *3C{*H} NMR (CD,-
Cl, 125.7 MHz, 298 K):0 157.70 (2-NCsHa), 135.79 (1€6Hs), 129.02
(4-CgHy), 128.53 (6€sH.), 116.64 (5€6H.), 110.18 (3€6H4), 66.66
(CH,CeHa), 57.82 CHMe,), 57.60 CHMe,), 56.56 (NCH,CH:N), 53.70
(NCH2CH:N), 53.26 (NCH,CH;N), 51.78 (NCH,CH;,N), 45.60 (NCH,-
CH:N), 45.45 (NCH,CH,N), 34.52 (TCHs), 33.86 (TCHs), 21.66
(CHMegy), 21.06 (CHVey), 15.58 (CHVIe,), 14.99 (CHMe;). Anal. Found
(calcd for GiH3gN4Ti): C, 62.6 (63.9); H, 9.8 (9.7); N, 14.1 (14.2).

[Ti( k*L5)(CH2SiMes);] (10). [Ti(x*-LP)Cl] (6b; 0.20 g, 0.45
mmol) was slurried in benzene (20 &nand stirred for the addition of
LiCH.SiMe; (0.9 g, 1 mmol) as a solution in benzene (10%criThe

54.52 (NCH,CH:N), 53.26 (NMe), 48.06 (NCH,CH:N), 47.97 (NCH.-
CHN), 47.34 (N\Ve), 31.15 (NQVie;), the NCMe; resonance was not
observed. IR (Nujol mull, KBr plates): 3249 [mw(N—H)], 1494
(w), 1351 (w), 1300 (w), 1287 (w), 1247 (s), 1208 (w), 1153 (w), 1122
(w), 1095 (m), 1067 (w), 1049 (w), 1032 (ms), 1009 (m), 994 (w),
901 (w), 877 (w), 856 (w), 823 (m), 804 (w), 759 (w), 602 (w), 580
(w), 528 (w), 425 (w) cm. EI-MS m/z (%): 331 (100) [M— Me]*,
295 (6) [M— Me — H — CI]*, 274 (67) [M— NCMe; — H]*, 239 (7)

[M — NCMe; — 2H — CI]*, 204 (17). Anal. Found (calcd for:@Hoe-
CIbNgTi): C, 42.0 (41.5); H, 7.9 (8.1); N, 15.8 (16.1).

General Procedure for Ethylene Polymerization Studies.A
Fisher—Porter bottle with a pressure gauge and a seal was taken into
an inert atmosphere glovebox and charged with a catalystifid)
and a magnetic stir bar. The vessel was sealed and attached to a Schlenk
line with a combined Mand GH, gas manifold. Dry toluene (50 cin
was added followed by methylaluminoxane (MAO; 10%wf a 10%

w/w solution in toluene, 15 mmol) in further toluene (503 ntethylene

was then added to 7 bar pressure and the reaction vigorously stirred
for 1 h. The reaction was then quenched with acidified MeOH (300
cm?, 10% v/v HCI, 1 M) and the polymer filtered at the pump, washed
with water and MeOH, and oven-dried (8CQ) to constant weight.

Crystal Structure Determination of [Ti( k*-L®)(OTf)CI] (8).
Crystal data collection and processing parameters are given in Table

mixture was stirred for 12 h, filtered, and dried in vacuo to give the 1. A crystal of8 was immersed in a film of perfluoropolyether oil on
crude product as an orange/yellow powder, which could not be a glass fiber and transferred to an Enraf-Nonius DIP2000 image plate

recrystallized without significant decomposition. Yield: 0.11 g (45%).

Data for10. *H NMR (CeDs, 500.0 MHz, 298 K): 6 7.21 (t, 1H,J
= 7.0 Hz, 4-GH,), 7.04 (d, 1HJ = 7.0 Hz, 6-GH,), 6.72 (t, 1H,J =
7.5 Hz, 5-GHa), 6.54 (d, 1H,J = 8.0 Hz, 3-GH,), 4.55 (d, 1H,J =

diffractometer equipped with an Oxford Cryosystems low-temperature
device®® Data were collected at-103 °C using Mo Ko radiation;

(33) Cosier, J.; Glazer, A. Ml. Appl. Crystallogr.1986 19, 105.
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Table 1. X-ray Data Collection and Processing Parameters for Scheme %
[Ti(«*-L30)(OTHCI] (8) R .
.. R N N
empirical formula GeH32CIF3N4OsSITi N ) N
fw 500.86 ™ ® N SN
NH —_— N
temprC —103(2) \/
wavelength/A 0.710 69 N N\/
space group P2i/n R R
alA 92840(6) LY R=Me L¥® R =Me (la)
b/A 19.097(2) L' Repr L* R=Pf (1b)
c/lA 12.7810(7)
pldeg 99.091(4)
VIA3 2237.6 (i (i)
z 4
d(calcd)/(mg n3) 1.49 R ' R
abs coeff/mm? 0.64 N NO N
Rindices | > 30(1)]2 R=0.0526 Y : ™
Ry = 0.0359 \/VAG NN,
AR = J[|Fol — [Fell/XIFol. Ry = {3W(|Fo| — Fel)23w|Fo|2 Y2 N N

L* R=Me (3a)
equivalent reflections were merged, and the images were processed L* R=Pr(3b)
with the DENZO and SCALEPACK prograni$.Corrections for
Lorentz polarization effects and absorption were performed, and the
structures were solved by direct methods using SIR®ubsequent
difference Fourier syntheses revealed the positions of all other non- J (iv)
hydrogen atoms. Hydrogen atoms were placed geometrically and their
positions allowed to vary using a riding model. Examination of the R
refined extinction parameters and agreement analyses suggested that

H,L® R=Me(2a)
HL® R=Pr(2b)

NH.
no extinction correction was required. All crystallographic calculations /\ :
were performed using SIR92 and CRYSTALS-FC. N

N
R

Results and Discussion

We found previously that the reaction of [Ti(NBGIx(py)z]3*
with R3[9]aneN; (R3[9]aneNs = 1,4,7-tri-R-1,4,7-triazacyclo-
nonane; R= H or Me) affords the corresponding macrocyclic

HL® R=Meda)
H,L® R =P (4b)

a2 Reagents and conditions: (i) GEBHCN, reflux, 16 h,>95%; (ii)
BH3 THF, reflux, 24 h, 59%2a) or 65%; (iii) 2-nitrobenzyl bromide,

derivatives [Ti(NBU)(R:[9]aneN;)Cl;] of type Il .2 This general KOH, toluene, 60°C, 4-5 h, >98%; (iv) hydrazine monohydrate,
approach therefore appeared suitable for the synthesis of ansagraphite KS-10, EtOH, 96C, 6-24 h, 47% 4a) or 80%.

linked analogues by using appropriately functionalized triaza-

cyclononane ligands that would allow for the simultaneous Reduction of3a,bwith an excess of hydrazine monohydrate in
incorporation of the new macrocyclic and imido functionalities the presence of graphite KS-10 catalyst in hot EtOH afforded
into the titanium coordination sphere. Analogous protocols are 4a,bin 47—80% yield. The compounda,b and4a,b are all
generally used for the synthesis of cyclopentadienyl ansa pale-colored or colorless oils and were fully characterized by
compounds andll .* Scheme 1 shows the syntheses of the new 'H and 3C{*H} NMR, IR spectroscopy, and accurate mass

ligands HL32b(2a,b) and HL52b(4a,b), which were prepared

spectrometry. They are precursors to ansa-linked macroeycle

using methodologies based on those previously described forimido complexes as shown in Scheme 2.

functionalized triazacyclononan&s3°

The compounds 1,4-dimethyl-1,4,7-triazacyclononan€) (L
and 1,4-diisopropyl-1,4,7-triazacyclononanélwere prepared
according to literature method%3° Refluxing of L'20in neat
acrylonitrile gives the cyano compounds,b via a Michael
addition in>95% vyield. Subsequent reduction with BAHF
forms the 1-aminopropyl-4,7-di-R-1,4,7-triazacyclononane com-
pounds2a (R = Me) and2b (R = Pr) in 59—65% yield after
Kugelrthr distillation. The aniline-based analogues 2#,b,
namely, 1-(2-aminobenzyl)-4,7-di-R-1,4,7-triazacyclononéae
(R = Me) and4b (R = Pr), were prepared via the nitrobenzyl
intermediates3a,b, which were obtained in>98% vyield.

(34) Gewirth, D.The HKL Manual written with the cooperation of the
program authors, Z. Otwinowski and W. Minor; Yale University: New
Haven, CT, 1995.

(35) Altomare, A.; Cascarano, G.; Giacovazzo, G.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, MJ. Appl. Crystallogr.1994 27, 435.

(36) Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W.
CRYSTALS Chemical Crystallography Laboratory, University of
Oxford: Oxford, U.K., 1996; issue 10.

(37) Fortier, D. G.; McAuley, AJ. Chem. So¢Dalton Trans.1991, 101.

(38) Wieghardt, K.; Grondey, H.; Rufinska, A.; Nuber, Borg. Chem.
1995 34, 6440.

(39) For a review of pendant arm functionalized macrocycles, see:
Wainwright, K. P.Coord. Chem. Re 1997, 166, 35.

Protonolysis reactions between amines and metal alkyls,
amides, or imides are well-established general routes to transi-
tion-metal imido complexe¥.4%-42 Thus, reaction of k.32 (2a)
and HL52(44a) with [Ti(NMe,).Cl,] in CH,Cl, gave good yields
of the ringN-methyl-substituted imido complexes [F#L33)-

Cly] (5@ and [Ti*-L53Cl,] (6a), respectively, and HNMeas
summarized in Scheme 2. NMR tube scale reactions showed
that the ringN-isopropyl-substituted analogues [#{L3P)Cl;]

(5b) and [Tig*-L39)Cl,] (6b) could be prepared from the reaction

of HoL30 (2b) and HL®P (4b), respectively, with [Ti(NMe),-

Cl,]. However, these compounds are more conveniently prepared
by aminetert-butylimide exchange reactions betweesl B or
H,L%® and [Ti(NBU)Clx(py)s] in benzene. We have shown
previously that [Ti(NBYClx(py)s] readily undergoes such
exchange reactior®.Interestingly, attempts to prepare [#H

L33 Cly] (5a) via an analogous amine/imide exchange route gave
only [Ti(NBub)(x3-H,L33Cl,] (7), which possesses a pendant
alkylamine group. The compounfddoes not eliminate BNH;

even on prolonged heating ing0s. There was no NMR

(40) Nugent, W. A.; Mayer, J. MMetal-Ligand Multiple BondsWiley-
Interscience: New York, 1988.

(41) Wigley, D. E.Prog. Inorg. Chem1994 42, 239.

(42) Nugent, W. A.; Haymore, B. LCoord. Chem. Re 198Q 31, 123.
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H,L? R =Me da)
H,L® R =Pr (4b)

R = Me (6a) or Pr' (6b)

R = Me (9) or CH,SiMe; (10)

a Reagents and conditions: (i) (f68) [Ti(NMe3).Clz], CH:Cl,, 2 h, rt, 72%; (for5b) [Ti(NBu')Clx(py)s], benzene, 65C, 4 h, 74%; (ii) AgOTHf,
CH.Cly, rt, 16 h, 62% (crude); (iii) [Ti(NBYClx(py)s], CHCly, 2 h, rt, 61%; (iv) (for6a) [Ti(NMe2)Cly], CHCly, rt, 2 h, 58%; (for6b)
[TiI(NBuY)Clx(py)s], benzene, rt, 5 h, 64%; (v) (f@) MeLi/Et,O, benzene, rt (dark), 12 h, 53%; (faf) LiCH,SiMe;, benzene, rt, 12 h, 45%.

spectroscopic evidence for the other possible isomé&r, diat

is, with the propylamino-substituted nitrogen trans to the imido
group. Indeed, it is possible that the isomer shown in Scheme
2 is favored by formation of an intramolecular N(aminé)-
--N(imide) hydrogen bond, because th¢ NMR spectrum of

7 confirms that the two H atoms of the amino Ngroup are
inequivalent. The compounds-7 were fully characterized by
NMR, IR spectroscopy, EI-MS, and elemental analysis. The data
given in the Experimental Section fully support the structures
proposed in Scheme 2. For example, tHeNMR spectrum of
[Ti(x*-L3)Cly] (6b) shows four doublets for the diastereotopic
isopropyl groups of the macrocycle, as well as individual signals
for the hydrogens of the diastereotopic methylene of the benzyl
ansa link, as required b§; symmetry.

Unfortunately, repeated attempts to obtain diffraction-quality
crystals of any of the ansa-linked dichloride complexag or
6a,bwere unsuccessful. We therefore prepared the mono(triflate)
derivative [Tig*-L30)(OTf)CI] (8) (Scheme 2) in order to

establish unambiguously the mononuclear, ansa-linked geom-

etry. In the bulk,8 cannot be completely freed from impurities
tentatively assigned as the bis(triflate) analogue «f*Fi(3?)-
(OTf),], as previously found for other titanium mono(triflate)
complexes? Nonetheless, careful selection yielded a diffraction-
quality crystal of8. The molecular structure is shown in Figure

1. Table 1 summarizes data collection and processing param-

eters, and Table 2 lists selected bond lengths and angles.
[Ti(«*-L30)(OTR)CI] (8) is mononuclear in the solid state and

contains six-coordinate Ti(IV) facially coordinated to a triaza-

cyclic ring, which is itself linked via a 1,3-propanediy} hker

to the imido group also bound to titanium. The coordination

sphere at Ti(IV) is completed by mutually cis chloride and

triflate ligands. The F=Nimige bond length of 1.699(3) A is

(43) Donkervoort, J. G.; Jastrzebski, J. T. B. H.; Deelman, B.-J.; Kooijman,
H.; Veldman, N.; Spek, A. L.; van Koten, @rganometallics1997,
16, 4174.

Figure 1. Displacement ellipsoid (25% probability) plot for [Tit)-
CI(OTf)] (8) with H atoms omitted.

typical of a “normal” imidotitanium linkage (i.e., a pseudéz*

triple bond)*® and indeed the FCl, Ti=Nimiges and Ti~
Nmacrocycledistances are not significantly different from those
of the non-ansa-linked complex [Ti(NB(Mes[9]laneN;)Cl,].23

In contrast, the propanediyl ansa link has a substantial
constraining effect on thangularmetric parameters @&. The
150.5(2) angle subtended at the imido nitrogen, N(63), is at
the low end of the range of values for which an imide may still
be considered a four-electron dotfoand is considerably less
than that for [Ti(NBWY)(Rs[9]aneN;)Cl;] [Ti=N-Bu
164.3(2Y (R = H) or 171.0(2) (R = Me)].2® Nevertheless,
despite the flexibility of the € Nimige=Ti unit, the ansa link in
8 clearly “ties back” the [9]aneffing and imido groups, leading
to a more “open” reaction center as evidenced by (i) a substantial
decreasdn the angle between theife—Ti bond vector and
the normal to the macrocycle nitrogens [N{(6)—N(9)]
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Scheme 3
5 1
Bu'
Me\ | e —I\:J/\\N . —\Y\:ﬁN
N — | ~—H o | ~Me
/\ + Clm/ﬂi_ﬂ\-"py C " \:Il"l/ + ; Ti
\/NH Py l cl Y al N/ a
N py B a Bu” el
Me
trans-1l1a cis-11a
{Minor product) {Major product)
Table 2. Selected Bond Distances (A) and Angles (deg) for Table 3. Summary of Ethylene Polymerization Data
[Ti(x*L=)(OTHCI] (8) yield/ activity/
Ti(1)—N(1) 1.699(3) Ti(1¥N(9) 2.449(3) procatalyst mg 10°M,, 10°M, Mu/M, g(mmol bar hy*
Ti(1)—N(3) 2.278(2) Ti(1)-0O(1) 2.070(2)
Ti(1)—N(6) 2.259(3) Ti(1)}-CI(1) 2.3817(9) 22 180 ° 0 b 29
N(1)—C(63) 1.430(4) 6a 265 b b b 38
N(1)-Ti(1)—N(3) 100.1(1) N(6)-Ti(1)—O(1) 90.50(9) 6b 54 8.8 0.13 70 0.8
N(1)-Ti(1)—N(6) 84.1(1) N(9)-Ti(1)—0O(1) 79.85(8) ge 48 b b b 0.7
N(3)-Ti(1)—N(6)  79.11(9) N(1yTi(1)—CI(1) 104.26(9) 1lla 280 33 0.067 50 4.0
N(1)-Ti(1)—N(9) 159.6(1) N(3)Ti(1)—-CI(1)  91.10(7) 11b 140 7.5 0.15 50 2.0
N(3)—Ti(1)—N(9 79.29(9 N(6)-Ti(1)—CI(1 168.19(7
NEG;—nglg—NEQg 75'7159; Nggg:-r:glg_célg 96.12((6)) a Conditions: ambient temperature in toluene over 60 miryrhol
N(1)-Ti(1)-O(1) 97.5(1) O(1yTi(1)—CI(1)  96.51(6) of procatalyst, MAO cocatalyst with Al:Ti ratio of ca. 1500, 7 baHa
N(3)-Ti(1)—O(1) 158.44(9) Ti(1}N(1)—C(63) 150.5(2) b Samples are of very higM, and only partly soluble under GPC
Ti(1)-O(1)-S(1) 138.9(1) conditions used. Reliable measurements could not be obtéihEd.

activity was observed with B(s)s activator.

least-squares plane (116.5 8 compared with 1237in non- L
ansa-bridged [Ti(NB)(Mes[9]aneNs)Cl,]) and (ii) anincrease have been groups 5 and 6 mono- and bisimido compl&xés.

in the angle between theie—Ti bond vector and the [Ti- Triazacyclononane complexes of Sc, Y, and Rh have also been
(1)-CI(1)—O(1)] plane (104.2in 8 compared with 98°Lfor studied in this contex&* ¢ Group 4 imides have only recently
the corresponding value in [Ti(NB(Me[9]aneNs)Cl]). been studied in this regaffiand so it was of interest to assess
The X-ray structure of [Ti*-L3)(OTf)CI] (8) supports those the polymerization capability_ of the_new ansa—linl_<ed compounds.
proposed for [Tik*-L32DCl,] (5a,b) and [Ti*-L52YCl,] (6a,b) For the purposes of comparison with non-ansa-linked analogues,

and establishes these compounds as the first ansa-linked"e also3pr?pared the rinkg-metlhyl-subst.ituted complex [Ti-
macrocycle-imido complexes. The dianionic ligand$3°and (NBU)(*L19Cl7] (118 from L' and [Ti(NBU)Clx(py)y] in
L5ab are isoelectronic analogues of the dianionic ansa-bis- 73% isolated y_|eld (Scheme 3). The riNgisopropyl-substituted
(cyclopentadienyl) ligand set. In addition, the compouBids, homologue [Ti(NB§(«*-L**)Cl5] (11b) was also prepared for
and8 are the first examples of any pendant-arm macrocyclic the purposes of comparison with the corr5e73pond|ng rnng
complex bearing an imido donor group, although other types |sopro;1)yl-subls;|tu§ed ansa compouritsand 6b. o
of compounds with chelating imido linkages have been de-  'he'H and*C{*H} NMR spectra ofl 1ashow that it exists
scribed recently4—47 as a mixture of isomersjs-11a(major product, 80%) andlans-
Attempts to prepare dialkyl derivatives of the new compounds 11a (minor product, 20%), where cis and trans refer to the
5a,b and 6a,b were complicated by side reactions and low relative coordlnat!on sites of the macrocycIeN a_nd _|m|do
compound stability. This is in contrast to the fairly well-behaved N groups. On statistical grounds, the product distribution would

alkylation chemistry of non-ansa-linkedB]aneN; and R[6]- becis-ll.a.transllaz 2:1. The nonstatistipal preferenceldf .
aneN-supported species [Ti(NB(Rs[n]JaneN;)Cl] (n = 9 or for the cis isomer presumably reflects steric effects of alternative
6).24480f the ansa compounds studied, only [F#(.5)Cl;] (6b) neighboring groups.

afforded tractable dialkyl derivatives, namely, [FHL5?)(R),] The polymerization results fdsa,b, 6a,b, 9, and1la,bare
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indices Mw/M;), suggesting multiple types of active sites. compounds have been identified, namely, via [Ti(NMEI,]
Attempts to obtain better-defined catalyst formulations by using and [Ti(NBU)Clx(py)s]. The X-ray structure of [Ti¢*-L39)(OTf)-
B(CsFs)3 as an activat§f with either of the dialkyl complexes  Cl] (8) confirmed the presence of the ansa linkage and revealed
9 or 10 gave no polymerization activity at all. The magnitude significant angular constraints at the metal center when com-
of the activities in Table 3 make more than a very qualitative pared with those of related non-ansa-linked analogues. However,
interpretation inappropriate. Briefly, it appears that compounds no significant ethylene polymerization activity gain was ob-
with ring N-methyl substituents (iBa, 6a, and11g) afford better served in comparison with that of the non-ansa-linked systems
activities than those with-isopropyl groupsgb, 6b, and11b). 1la,h
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