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Electrophilic Mctal Alkyl Chemistry in New Ligand Environments

I. Results From Previous Project Period (1/1/95 - 8/31/98)

A. Introduction and Objectives. Cationic group 4 and actinide Cp;MR* metallocenes (1, Chart 1),
and isolobal neutral group 3 and lanthanide Cp;MR analogues, are exceptionally reactive in insertion and
c-bond metathesis processes, and have been exploited extensively in catalysis and synthesis, most notably
single-site olefin polymerization.! The objectives of this project during the 1995-98 period were to design
new electrophilic metal alkyls based on non-CpaM structures, and to exploit these systems in fundamental
and applicd studies related to olefin polymerization and other catalytic rcactions. We have made significant
progress in three arcas: (i) We investigated new cationic group 4 metal alkyls based on Ng-macrocycle (2,
Chart 1), tetradentate Schiff base (3), bidentate pyridine-alkoxide (4), and bidentate bis-amide ligands (5).
Cations 2-5 exhibit tunable electrophilic reactivity, including alkyne insertion, catalytic olefin
polymerization, pyridine C-H activation, chlorocarbon activation and other reactions. (if) We investigated
the olefin polymerization reactivity of non-metallocene complexes containing bis-arnide, pyridine-alkoxide,
dicarbollide, or tris(pyrazolyl)borate (Tp-) ligands (5-9), using AIR3 and/or methylalumoxane (MAO)
activation approaches. MAO activation of Ti and V complexes 8 and 9 incorporating aryl-substituted Tp-
ligands produces single-site catalysts with activites approaching thosc of metallocene catalysts. (iii) In a
major new thrust, we synthesized novel cationic aluminum alkyls 10-12 which contain bulky amidinate
(or related) ancillary ligands. These main-group cations arc single-site ethylene polymerization catalysts
and are significantly (103) more reactive with this substrate than are neutral A1R3 compounds. This work
opens the door to the development of transition-metal-frce catalysts. The results of (i) - (iii) are discussed

in Section I-C.

B. Key Working Hypothesis. The insertion and ¢-bond metathesis rcactivity of d0 CpoM(R)n+
species results from the combination of (i) the inherent reactivity of the polar M-R bond, (ii) the Lewis
acidity and pdor backbonding properties of the unsaturated dO metal center, and (jii) the bent-metallocene

, structuté which forces substrates to coordinate c¢is to the M-R bond. Additionally, (iv) the steric,
electronic and chirality properties of Cp2M(R)* species can be tuned by modification of the Cp- ligands,
which facilitates fundamental studies and greatly expands the scope of catalytic applications (e.g.
stereoselective a-olefin polymerization).2 The key working hypothesis of this project is that new
electrophilic metal alkyls can be constructed by choosing ligand/metal combinations which allow
incorporation of these key structural and electronic features into L,MR* spccics. We have utilized
chelating ancillary ligands in 2-12 to minimize ligand redistribution reactions, and to avoid ligand
dissociation complications when weak donor ligands are used to enhance the metal electrophilicity.
Additionally, the ancillary ligands in 2-12 can be modified easily by variation of the substituents.

| In this proposal the counterion is B(CgFs)4- unlcss specified otherwise. Space limitations preclude
discussion of cxpén'm’cntal details, but it should be noted that [L,MR][B(C¢Fs)4] salts normally separate
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from aromatic solvents as liquid clathrate phases which can be directly characterized by NMR, and are
normally soluble but may decompose in chlorinated solvents. In some cases these salts may be

crystallized and characterized by X-ray diffraction.
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(i) Discrete ‘Non-metallocene Cationic Group 4 Alkyls

(a) (Ng-macrocycle)MR+ Complexes.3 In our initial approach to non-metallocene
cationic alkyls, we investigated (N4-macrocycle)MR* species (2) which incorporate the tetraaza-
macrocycles Megtaa2- (13) or Megaen?- (14). The binding pockets of these macrocycles arc too small to
accommodate Zr4+ and Hf*+ jons and therefore (N4-macrocycle)MX> compounds adopt "out-of-plane" cis
structures 15. On this basis we anticipated that dO cations 2 would coordinate substrates cis to the M-R
group (e.g. 16), and would be highly reactive. Kcy results are as follows: (i) (Megtaa)MX; compounds
adopt trigonal prismatic (zp) structures with a "saddle” Megtaa?- conformation (15). The structures of
(Megtaen)MX; complexes are more variablc duc to the greater flexibility of Megtaen?- vs Megtaa?-, and are
determined by the electronic properties of the X ligands. Sigma-donor ligands favor fp structures (17) and



09/11/02 WED 07:45 FAX 7737020805 U CHICAGO CHEMISTRY @oos

4

o,n-donors favor octahedral (Oy) structures (18). Scven-coordinate (Me4-taen)ZrCly(NHMe3) (19)
adopts a face-capped 7p structure with a triangular placement of chloride and amine ligands; this dlffers
from the planar L3 a.xrmgement in CpoMLs;.
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17,X=Cl, R 18, M = 2r; X = NMe,, O'Bu 19 20
M = Hf; X = NMe,,

(ii) (N4-macrocycle)MR* species coordinate Lewis bases (16) and exhibit agostic/distorted hydrocarbyl
structures; e.g. (Megtaen)Zr(CH,SiMe3)(THF)+ has an a-agostic structure at low temperaturc. Dinuclear
{(Megtaa)M }2(u-X)2+ dications form when X is a good bridging ligand (X = OR, CCR; e.g. 20). (iii)
Reactivity studies show that the M-R bonds of (Megtaa)MR; compounds are more polar/ionic than the M-
R bonds of CppMRj species. (iv) Trends in ligand lability and the strengths of agostic and 112-benzyl
interactions in (Megtaa)MR(L),* (n = 0,1) suggest that (Megtaa)MR* cations are harder and weaker Lewis

~ acids than Cp2MR*. In particular, while CpaZr(OCMc,CHCH;CH=CH2)* coordinates the pendant
olefin, (Megtaa)Zr(OCMe;CH,CH,CH=CH3)+ does not, indicating that CpaZr(OR)* is a stronger Lewis
acid for unsaturated hydrocarbons than is (Megtaa)Zr(OR)*.4 (v) (Megtaa)MR* cations insert alkynes and
undergo C-H activation rcactions (é.g. eq 1,2). (vi) [(Megtaa)Zr(CHyPh){B(CgFs)4] polymerizes
ethylene (Mw = 100,000, Mw/Mjp = 2.6; 50 °C, 1.3 atm, toluene), but with low activity (300
g/(mol*h*atm); eq 3). (vii) In general (N4-macrocycle)MR* cations are less reactive for insertion of
unsaturated hydrocarbons than are Cp>MR* cations. This difference Jargely reflects the difference in
Lewis acid properties of the metal centers. |



08/11/02 WED 07:46 FAX 7737020805 U CHICAGO CHEMISTRY @oos

5
MogSi——= ®  SiMe,
I -~ (Megtaa)Hf—(
' 22
(Meataa)g)f-CHs 4 (1)
_ ® C — @
A L__t_. (Megtaa)Hf—§_ —_— +~  (Megtag)Hf {
23
(O OJ ' @
CstlMea E'j/
'n Zr;,
N/ \
-SlMe4 -SuMe4
. ANNNNFA 3)

linear PE

(b) (N202-chelate)MR* Complexes.> One approach to increasing the

electrophilicity of (Ns-macrocycle)MR* species is to replace the N-donors with more electronegative O-

donors. With this goal in mind, we investigated d0 (N20O2-chelate)MX5 and (N;;Oz-chelate)MR*'

complexes. Kcy results are as follows: (i) (Rg-acen)Zr(CH2CMe3), species (25, R = H, F) were

prepared by alkane elimination and protonolyzed to (Rg¢-acen)Zr(R)(NR'2Ph)* (26) or base-free (Rg-

acen)ZrR+* (27) by [HNR'2Ph)[B(CgFs)4) or [HNMePh2] [B(C5F5)4] respectively (eq 4,5). The strong

amine coordination in 26 implics that (X¢-acen)Zr(R)* species are effectively more electrophilic than (Ng-

" macrocycle)ZrR+ cations, which do not coordinate NMe;Ph, and domparab]e to sterically open CpoZiRt
cations which do coordinate this amine. '

5 cX
CX3 3
Y = .
\Y
N OH ZrR, N f/“ HNR',Ph I @
2 RH E o, RH E Z’
N oH N \0 R \ NR',Ph.
CXs
CX, CX;
Fe-acenHy, X=F 25 ‘X =F, H; A=CH,CMe, 26 R’ = Me, Et
Hg-acenHs, X=H X=F, ~R=CH,Ph
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(i) (Fe-acen)Zr(CH2CMe3); adopts an elongated 1p structurc (25) in which the R-Zr-R angle (1299) is
larger than in (Ng4-macrocycle)ZrRa (ca. 85°) or Cp2ZrRjy (ca. 95°). The (F¢-
acen)Zr(CH,CMe3)(NMe,Ph)* cation 26 exhibits a wide R-Zr-amine angle (144.7°). (iii) The reaction of
(Fg-acen)Zr(CH,CMe3)(NE1;Ph)*+ with CH2Cla proceeds by nucleophilic attack of NEt;Ph on the
CH,Cl; ligand of the transient solvent adduct 28 (cq 6), ultimately yielding dinuclcar p-Cl cation 29.
Direct chloride abstraction is not observed, and in fact base-free cation 27 (which likely exists as 28 in
CH,Cl,) is very stable in CH2Cl; in the absence of nucleophilic species. We have since found that most
of the LoMR* species discusscd in this proposal exhibit similar properties in chlorinated solvents.

®R  CHC @R
(Fs-acen)Zr\ (Fs-aoen)Zr\ —
NRy NRs CICH,CI
28
(6)
®, R /R
F 27
@R -NRycH e % oz Snr, | FeenZ

(Fs-acen)Zr\ — 3T e (Fs-acen)Zr\ 3. ® /Cl

CI-CH,CI ' cl - NR', (Fe acen)Zr\
\-Nn's | 29 R

: (iV) Amine adducts 26 undergo ligand exchange reactions forming (Fg-acen)Zr(R)(L),* adducts (n = 1,2;
L = PR3, RCN, THF) and inscrt CO and ketones. (v) Surprisingly, base-free cation 27 does not react
with cthylene. However, addition of 1 equiv Al(IBu)z to 27 (cq 7) generales an active catalyst. Control
experiments suggest that Al(iBu); functions by generating a Zr hydride species which is more rcactive
with ethylene than ncopentyl complex 27. The (Fg-acen)ZrR* derived catalyst is much more reactive than
the (Hg-accn)ZrR* derived catalyst, activities being 14,000 and 800 g/(mol*h*atm) respectively (3 atm, SO
°C, C¢HsCl/toluene). |
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(c) Chiral (N202-chelate)M(R)* Complexes. We have prepared several chiral d0
(N202-chclate)MX+ species and demonstrated their utility in stereoselective catalysis. Key results of these
studies, which are as yet only published in thesis form, are as follows.® (i) Zr benzyl complcxes 30-32
containing chiral salen or accn ligands were prepared by alkane elimination reactions of Zr(CHsPh)4 and
the neutral ligands. 30 adopts a C)-symmetric structure in the solid state, with one 1? and one ! benzyl
ligand, but exhibits C; symmeiry in solution on the NMR time scale. '

CX,

, CMe, CMe, __(=< |
N \

N, f/“

N /0,.. nCHzPh /(N\ P «CH,Ph
Ph

N CH,Ph N \O\CHZPh ..,,N/Z{"«.R
CMeg ! CMe, —<_<0
CXs

rac-31 RAR32,X=H,F

(ii)_ 31 (ti;2 <1 h, 23 °C) and 30 (ti/2 < 12 h, 23 °C) rearrange by stereospecific benzyl migration o a
salen® imine carbon (eq 8), while 32 is stable due to the increased crowding at the imine carbon.

| : v CMej

\ , qaoast ‘cHzph
/ \~~CHzPh
CMea
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(iii) Rac-30 is converted to a single-sitc isospecific propylene polymerization catalyst by reaction with
[HNMesPh)[B(CgFs)4] and 2 equiv of Al(iBu)z (My, = 17,200, Mw/M,, = 2.48; 40 °C, liquid propylene,
eq 9). The (salen*)Zr(R)*/Al(iBu)3 catalyst polymerizes propylene with high iso-sclectivity (>95%
mmmm) by an enantiomorphic site-control process (}3C NMR pentad analysis). Regioerrors (1,3
insertions; i.c. 2,1 insertion followed by B-H elimination and reinscrtion) occur to a minor extent (13C
NMR) and are reflected in the DSC mp (134.7 °C). The activity is moderate (e.g. 9 g PP produced by
0.15 g catalyst at 40 °C, 45 min, liquid propylene). Based on the chemistry discussed above, our
working hypothesis is that this polymerization procceds by repetitive insertion into (salen*)ZrR* species
(R = growing chain). The Al(iBu)s is believed to scavenge the NMe,Ph and to generate a (salen®)ZtH*
species (cf. eq 7). The main drawback of this approach to stereoselcctive olefin polymerization is that the
chemistry is complicated by (and indeed catalyst deactivation may occur by) ligand alkylation reactions
similar to thatin eq 8.

(salen*)Zr(CH,Ph),
® ]
+ HNMezPh B(C5F5)4

_/ + 2 Al(Bu); e [ 1] I | | ©)

liquid propylene isotactic PP

We have also studied the utility of cbiral (N202-chelate)Zr(OTf); and {(N2O3-chelate)Ti(OTE), }2(u-0)
compounds as catalysts for stereoselective Diels-Alder reactions.

(d) (N,O-chelate);MR+ Complexes.” To circumvent the undesired fcatures of facile
ligand alkylation in (N2O2-chelate)ZrR; compounds and wide R-Zr-L angles (non-optimum for insertion)
in (N202-chelate)Zr(R)(L)* species, we investigated (N,O-chelate)yMR* cations containing bidentate
N,O-chelate- ligands. We first investigated the substituted 8-quinolinolato ligands MeOx- or MeBr,Ox-
(eq 10). Key results: (i) (MeOx)2MX; and (MeBraOx)2MX; compounds adopt C,-symmetric trans-O,
cis-N, cis-X O structures 33 and undergo racemization with barriers in the range AG* = 15-18 kcal/mol.
(MeBryOx);M(R)(L)* cations (L = NR3, PR3) adopt analogous O, structures (34, eq 10).

X
X
]
\ /N“'M'.“N (1 0)
R | R
0
X=H, MeOxH, M =Zr, Hi .
X =Br, MeBr,OxH R'= CH,Ph, CH,CMeg L = NMezPh, PRy, THF

33 - 34
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(i1) Base-free (MeBr;Ox)2MR* cations 35 are generated by protonolysis of 33 with HNMePhyt (eq 11).
Cations 35 adopt square pyramidal (sp) structures with agostic hydrocarbyl ligands in the apical site and a
trans-0, rrans-N ligand arrangement in the basal sites (eq 11; Fig. 1a, p15). In contrast, (MeOx)sMR+
cations 36 adopt sp structures with apical-O, cis-N ligand arrangements (eq 11). Structure 36 is favored
for the electron-donating MeOx- ligand because it allows maximum O-M n-donation. Thus substantial
structural differences may exist between (Ox)2MR* and (Ox)2M(R)(L)* species. (iii) Interestingly, 5-
coordinate cations 35 and 36 (AGracem™ > 20 kcal/mol) are more stereochemically rigid than 6-coordinate
species 33 or 34, probably because racemization requires ligand dissociation. (iv) Ligand binding studics
and analysis of benzy] distortions in (Ox)2M(CH,Ph)* species show that the metal Lewis ac1d1ty varies in
the order MeBryOx- > MeOx-, and Zr > Hf.

®HNMePh2 @HNMePhZ T
Os(c.r e(ceru Z X
( 6Fs)a \ /N 'M"‘N > N\(M@_O (11)
X Br o \

“’d

N

M =Zr, Hf :
as R = CH,Ph, CH,CMe, 36
X=HBr

(v) Thermolysis of (MeBr20Ox)2Zr(CH,Ph), results in rearrangement via benzyl migration to C2 of a
MeBryOx- ligand (eq 12); however, (McOx)2MR; and Hf analogues are resistant to this process.

(12)
‘R Br

R=CH,Ph  Br

We also prepared a series of (pyCR20)2ZrR; and (pyCR20)2ZrR* complexes (37) incorporating
‘bidentate pyridine-alkoxide ligands (eq 13). The structures (e.g. Fig. 1b) and rcactivity of
(pyCR20)2ZR; and (pyCR20)2ZrR* species follow the general trends observed for (Ox);MR* systems.
However, racemization of (pyCR20)2Zr(CH2Ph)2 compounds is facile (AG* = 8-10 kcal/mol) due to the

flexibility of the pyCRO" ligands.
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' -2 CH3Ph %szlr-—CHzPh CgHg or CH,Cl,
R™: CH,Ph '
R

Rz = (CF3)2, Meg, (H)(CFg) 87, A" = B(CgFs)s” or PACH,B(C¢Fs)s

The ethylene polymerization behavior of rcpresentaﬁve (N,O-chelate)sZrR cations was examined.
Key results: (i) (N,O-chelatc);MR+ cations are single-site ethylene polymerization catalysts, and exhibit a
reactivity order which parallels the Lewis acidity order; i.e. (MeBr,Ox)2Zr(CH,Ph)*+ (30 kg/(mol*h*atm);
23 °C, 3 atm) > (MeBr0x),Hf(CH,Ph)* >> (MeOx);M(CH,Ph)*, and (pyC(CF3)2O)2Zr(ﬂ2-CH2Ph)+
(32 kg/(mol*h*atm); 40 °C, 3 atm) > (pyCH(CF3)0)2Zr(n2-CH,Ph)* >> (pyCMe0)2Zr(n2-CHPh)*.
Thus the more electron deficient catalysts are more active, which is opposite to what is observed for
Cpa2MR+ catalysts.! (ii) Polymer analyses rcveal very low molecular weights (My ca. 580 for
(MeBry0x),Z1(CH2Ph)*; 6,000 for {pyC(CF3)20}2Zx(m2-CH,Ph)*), narrow dispersities (Mw/Mj, ca. 2),
and ca. 50% vinyl end groups, consistent with single-site behavior and rapid chain transfer by B-H
climination. Assuming that all cations are active, the activity and M, values imply that
(MeBr;0x)2Zr(CH,Ph)+ and (pyC(CF3)2O)ZZr(T]2-CH2Ph)+ generate 44 and 6 chains per site
respectively, under the conditions studied. (iii) '3C NMR analysis of the polyethylene produced by
(pyC(CF3)20)2Zr(n2-CH2Ph)* reveals the presence of benzyl end groups and significant long chain
branching (ca. one >Cs branch per chain), indicating that ethylene insertion into the Zr-CH2Ph bond
occurs and that insertion of a-olefins released by B-H elimination competes with ethylene insertion. These
results are counsistent with repetitive insertion by intact (N,O-chelate);MR* species (eq (4).

0 H e

B3 l'l-2
; | (14)

(__N;; \CHzPh (_p MCHzPh o m " — P
C‘Z\ . /\M;f
o |

Addition of aluminum cocatalysts to the (N,O-chelate);MR* catalysts or use of MAO as an aclivator
produces multi-site catalysts. Studies with AlMe3 reveal that the N,O-chelate ligands are transferred to Al
via attack of Al at the exposcd oxygen centers.

(e) (N,N-chelate)TiR* Complexes.! We havc studied new cationic Ti alkyls
containing chiral bidentate bis-amide ligands derived from rrans-1,2-diaminocyclohexane (eq 15). Key
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results: (i) An efficient synthesis of {trans-1,2-(NSiR3)2-Cy } TiR2 compounds (38) based on an alkane
elimination/halogenolysis/alkylation sequence was developed. {trans-1,2-(NSiR3)2-Cy}TiXs compounds
have distorted Ty structures (e.g. Fig. 1c).

SiRs SiR, | SiR, SiR,

NH Ti(CH,Ph). N_ .CH:Ph X, NGO X 2 RMgx N, R
O: Ttoluene U SN T /N, ED AN (19)
.NH "'}' CH,Ph "f}l X I"l\'l R'

SiR, SiR, SiR, SiR,
R3=Meg, Mo,Ph, MePh, X =Br, | 38; R' = Me, Ph

(ii) Protonolysis of 38 with [HNMe,Ph)[B(CgFs)4] yields {trans-1,2-(NSiR3)2-Cy } Ti(R)(NMcyPh)*
cations which have been characterized by multinuclear NMR and are single-site ethylene and
ethylene/hexene polymerization catalysts. Actjvities are moderatc and molecular weights are low due to
rapid B-H elimination. (iii) Activation of {trans-1,2-(NSiR3),-Cy}TiX; compounds with MAO produces
active multi-site catalysts. GPC analyses suggest that the sites produced using cationic activators and
MAO are different. (iv) The oligomerization of 1-hexene by {trans-1,2-(NSiMej)s-
Cy}Ti(Ph)(NMe,Ph)*+ was studied in detail by GC-MS analysis of the oligohexenes. This work shows
that repetitive 1,2 insertions and rcpetitive 2,1 insertions into Ti-Ph, Ti-R and Ti-H bonds occur, but 1-
2/2-1 and 2-1/1-2 insertion sequences do not occur. The hydride resulting from B-H elimination is
sufficiently long-lived (o initiate a new chain. Deactivation occurs by metallation of NMe,Ph following p-
H elimination (eq 16). These results contrast with the living hexene polymerization observed by
McConville for { ArN(CH3)3NAr) TiR»/B(CgFs)3 (Ar = 2,6-IPra-CgH3).9 Currently we are investigating
the generation and olefin reactivity of basc-free {trans-1,2-(NSiMes)2-Cy} TiR* species using B(CgFs)3
and [CPh3](B(CgFs)a] activators to probe if the amine plays a role in chain transfer. (v) The {rrans-1,2-
(NSiR3)2-Cy} Ti(R)(NMeaPh)* cations are resistant to reduction to Ti*ll species, which is in direct contrast
to CpaTiR* or CpTiR2* species which reduce readily.

. - SiMe
SiMes ‘ SiMes Bu T Bu

N @ .NMe,Ph NG o —/ ANCIR Bu s
T . —— Tl;\ /Me B s 2ol Ti v r— NR (1 6)
ey N/ \H 'Hz 'l,N/ N "AN / \
) ) o \ , NJ :
SiMe, SiMe;  Ph MesS| llh Me

(ii) Activation of Non-Metallocene Compounds with MAO.10:l11 Section I-C-i above
summarizes our studies of discrete, d% non-metallocene LyMR* cations. In addition to these fundamental
studies we have investigated the ethylene polymerization performance of a wide range of non-metallocene
complexes containing macrocyélc, pyridine-alkoxide, dicarbollide, bis-amide or Tp- ligands, using AIR3
and/or methylalumoxane (MAO) activation approaches. The objective of these exploratory studies was to
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identify Highly active catalysts from which new classes of reactive discrete LoMR* cations might be
developed. Our most interesting discovery in this area is that MAO activation of Ti and V complexes 8
and 9 which incorporate aryl-substituted tris(pyrazolyl)borate ligands (Chart 2 and Fig. 1d), produces
single-~site catalysts whose activities approach those of metallocenc catalysts, under conditions designed to

- minimize mass transport limitations. Analogous compounds lacking the R3 = aryl substituents are >100
times less active.l2 One of our goals in the next project period is to identify the active species in these
systems and to generate these species using simpler activators.

Chart 2
{ RS R¥ R® R® Catalyst Activity®®
W \@/ 10f g/(mol*h*atm)?
N
H-B"v ----T c H-B--\“ '--V\-\—'Cl Cp,ZrCly 15
Cl n—-N’  N'Bu {TpMes")TiCl 9.1
Mes
O s O s {TpMesyTicl, 1.7
/k)\ R RS/K)\ R {TpMez}TiC|3 004
8 g {Tpmcl; 0.03
{"BUTp]TiCY . 003
TpMes” Ra R%=Mes; R®= RS= (TpV**Jv(NBu)CL 2.2°
TpMes = R% Mes: R°= RS=H {"BUTp}V(N'BU)CI, 0.07°
TpMe2 R3 =R¥= R%= R%= Me o
T R®=R¥=RS=RS=H 2 Average of 3 runs, reproduclbility +10%

b
70 mL toluene, 1 pmol catalyst, AI/M = 900,
:ggs N 2;14‘6-M93-CGH2 T=60°C,4.4 artrr’;l ethylene,ysn
Tp = "BuB(pz)3 € 0.5 pmol catalyst, 25 °C

In many other cases we have found that AIR3/MAO activation produces multi-site catalysts,
presumably by abstraction of the N- or O-based ancillary ligand. For example, while treatment of chiral
ansa-CpaZr(NMej); compounds (easily accessible in rac form by amine elimination) with AIR3/MAO

‘cleanly generates ansa-CpaZrR* catalysts via alkylation by AIR3 and subsequent alkyl abstraction by
MAO, 13 analogous activation of {pyCAry0}2M(NMe3); yields multi-site catalysts. '

(iif) Cationic Aluminum Alkyl Cmnpoimds.’4 Our work on cationic non-metallocene d0
metal alkyls shows that the key active site “design rcqﬁirements“ which have been identified for
metallocene catalysts may be generalized to a wide variety of transition metal systems. Do these concepts
apply to main group systems? To probe this possibility we investigated the chemistry of 3-coordinate {L-
X}AIR* species containing bidentate mono-anionic ancillary L-X- ligands.!>16 Key results from our
initial studies with nitrogen-based ligands arc as follows: (i) Geuneral syntheses of {RC(NR')JAIR"y
amidinate compounds have been developed (e.g. 39, 40; eq 17, 18). Bulky R and R' substituents
enforce mononuclear structures in these systems (e.g. Fig. le). (ii) The reaction of {RC(NR")2}AlMe;
compounds containing modcrately bulky amidinates with cationic activators yields
{RC(NR")2}Al(Me)(L')* cations by methyl abstraction (eq 17,18). In thcse species, the
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{RC(NR")2}AlMe* cation is stabilized by an additional donor group (L' = {RC(NR')2} AlMe; (41,42),
NMc,Ph, PMe3 or MeB(CgFs)3°) (43), the precisc product depending on the coordinating ability of
potential ligands. Low temperaturc NMR studies establish that acetamidinate complex 41 has a dinuclear
j-Me structure. Pivamidinate cation 42 is more labile due to the increased steric crowding of the
{*BuC(NR")2Al unit and a low temperature structure could not be frozen out in this case. Neither 41 nor
42 do not react with excess activator under mild conditions. The McB(CgFs)3- adducts (e.g. 43)
decompose rapidly to {RC(NR')2}Al(Me)(C¢Fs).

@
pr 17 05B(CFas R R
-<CN e - '
Me—~<_ Al N 0.5 CPh,* Me HNMePh* N® Me

e e & L

Pr N \

i ; n‘ R

41, A= MeB(Cst)a' or B(CGFS)A. 39 R'= 'Pr Cy
R' ' Fi' R' R'

N CPh B(CeF.
‘Bu—<( AI—Me Me,Al N)>—‘Bu _.‘O_i__’_’_a 8 _<C AI‘Me (Cefsls_ "—<C AT nMe (18)

r;l | MeB(CsF5)3
R , R : R . R
42 40,R'='Pr, Cy 43

(iii) To disfavor the formation of dinuclear species by coordination of {L-X}AIR3 to {L-X}AIR*, we
investigated the use of L-X- ligands with larger bite angles (vs amidinates) and the use of higher alkyl
groups which are less likcly to bridge (vs Me). The reaction of N,N-iPr,-aminotroponiminate complexes
{iPro-ATI)AIR; (44, R = H, Me)7 with [PhaC]1B(CgFs)4] yields dinuclear [{iPro-ATI}AI(R)]a(1-R)*
cations 45 (eq 19). An X-ray crystallographic analysis of [{{Pr2-ATI}AlMe]a(n-Me)][B(CeFs)4) (Fig.
1f) confirmed the structure shown in eq 19 (< Al-Me-Al = 167.8°) and established that the anion is non-
coordinating. In contrast, the reaction of {iPra-ATI}AIEt; and {iPr,-ATI}AliBuy yields isolable base-
free, non-agostic {{Pro-ATI) AIR* species 46 by P-hydride abstraction (eq 20)!
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AN Rr 0.5 CPh,* N\ wR HNMePh* N® R g
N, \R"u. ,N e E—— Al‘ R —_— ’ ,All (19)
‘ o R"'A'\N N’ N “NMesPh
Pr " 'PI’ in
45 Pr 44, R = Me, H
B r R TN
1.0 cpna HNMezPh“ ND .
Al “ Al 20
1 - hc=cR, N” Y NMePh =2
Nl
‘Pr
R=H, Me

iplr 'I,’r iPIr
N,N-PrzATI" = N@ = N | No
) rg = o -
- N N , =N
ipr 'I;r ‘ iF',,

(iv) These novel cationic Al alkyls are ethylene polymerization catalysts, producing high molecular weight
linear polyethylene under mild conditions. Activities for 42 and 46 are in the 1-5 x 103 g/(mol*h*atm)
range at 85 °C (1-3 atm) while 41, 43 and 45 arc less active. For comparison, neutril aluminum alkyls
oligomerize ethylene to Cg-Cag t-olefins at high ethylene pressurcs and lemperaturés above 120 °C.18
Howecver this process is quite slow; for example AJEl3 is reported to oligomerize ethylene with an activity
of <10 g/(mol Al*h*atm) at >36 atm and 140 °C.12 Our working hypothesis is that {L-X} AIR* cations
arc the active species in these polymerizations and that activity is influenced by cation stability, anion
degradation and competitive ligand/ethylene binding. The cationic charge promotes ethylene inscrtion by
disfavoring dimerization and by increasing the clectrophilic character of the Al ccater, which favors
ethylene coordination and alkyl migration. The charge may also disfavor B-H elimination by selectively
strengthening the Al-R bond.20 These results suggest that it may be possible to develop novel catalysts for
olefin polymerization and other reactions by proper choice of ligand/metal combinations in cationic main
group alkyls. A major objective of this program during the next project period will test these ideas.
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Figure 1. Molecular structures of (2) (MeBrsz)sz(ﬂz-CHzPh)+ (the B(CgFs)4™ anion is not shown),
(b) {pyCMe;0}2Zr(CH2Ph)3, (¢) {trans-1,2-(NSiMe3);-Cy )} Til2, (d) {TpMes}V(N'Bu)Cly, (e)
{tBuC(NCy)2}AlMe2 and (f) [{iPr2-ATI}AlMe]2(n-Me)* (the B(C6Fs)4 anion is not shown).
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8125-8126.
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I.; Nishihara, Y.; Jordan, R. F:; Rogers, R. D.; Rheingold, A. L.; Yap, G.P.A. Orqanometallzcs
1997, 16, 3314-3323.

(6) "Neutral and Cationic Zirconium Benzyl Complexes Containing Bidentate Pyridine-Alkoxide Ligands.
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Organometallics 1997, 16, 3303-3313.




09/11/02 WED 07:50 FAX 7737020805 U CHICAGO CHEMISTRY @o1s

&
¢ =

: 17

(5) "Structural Trends in Group 4 Metal Tetraaza Macrocycle Complexes. Molecular Structures of
(Me,taen)Zr(O'Bu)z and (Meytaen)Hf(NMe3)2." Black, D. G.; Jordan, R. F.; Rogers, R. D. Inorg.
Chem. 1997, 36, 103-108.

(4) "Group 4 Metal Mono-Dicarbollide Piano Stool Complexes. Synthesis, Structure, and Reactivity of
(M3-C2BoH11)M(NR2)2(NHR3) (M = Zr; R = Et; M = Ti, R = Me, Et)." Bowen, D. E.; Jordan, R.
F.; Rogers, R. D. Organomerallics 1995, 14, 3630-3635.

(3) "Tetraaza Macrocycles as Ancillary Ligands in Early Metal Alkyl Chemistry. Synthesis and
Characterization of Out-of-Planc (Megtaen)ZrX; (X = alkyl, benzyl, NMey, Cl) and
(Megstaen)ZrX;(NHMey) (X = Cl, CCPh) Complexes." Black, D. G.; Swenson, D. C.; Jordan, R.
F.; Rogers, R. D. Organometallics 1995, 14, 3539-3550.

(2) "New Cationic Group 4 Mctal Alkyl Complexes." Tjaden, E. B.; Jordan, R. F. Makromol. Chem.,

~ Macromol. Symp. 1995, 89, 231-235.

( 1) "Synthesis, Structures, and Reactivity of (Rg-acen)ZsR'; and (Rs-dcen)Zr(R ) Complcxcs (R=H,
F; R' = CH2CMes3, CH,Ph)." Tjaden, E. B.; Swenson, D. C.; Jordan, R. F. Organometallzcs 199§,
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‘E. Estimate of Unobligated Balance. All remaining funds will bc spent by the end of the current

. project period.




