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Chain growth in the reaction of ethylene with
Cp*CrMe,(PMe;) activated with methylaluminoxane is
restricted by a fast Cr/Al transmetalation process.

A range of metal ligand combinations exists for catalyzing the
polymerization® and oligomerization? of olefins. The varying
structures control the polymerization process to different
extents and provide a means to tailor the polymer structure and
the ensuing physical properties. The ‘single site’ technology is
making a profound impact in the manufacture of thisimportant
class of commodity materials.3

Within this context, we recently reported that boratabenzene
complexes of chromium(ii), such as (CsHsB-Me)Cr-
Mey(PMes) 1, lead to active ethylene polymerization catalysts
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upon activation with methylaluminoxane (MAQ).4 Since the
reactivity of boratabenzene catalysts differs from the perform-
ance of their isoelectronic cyclopentadienyl-based counter-
parts> it was of interest to compare 1/MAO against
Cp*CrMey(PMe3)/MAO (2/MAO). Compound 2 has been
prepared previously and investigated because complexes of this
type exhibit extreme 1H and 2H NMR parameters,é however
littleisknown on itsreactivity potential. In this contribution we
show that the 2/MAO catalysts react with ethylene to produce a
distribution of low molecular weight oligomers with an odd
number of carbon atoms.

Addition of a solution of 2to MAO in toluene (50 umol Cr;
[Cr] = 1 x 10-3 M; Al/Cr = 1000, 23 °C) results in a color
change from dark purpleto red. Fast consumption of ethyleneis
observed when this solution is exposed to 1 am of the
monomer.” An activity of 87 kg[product]/(mol Cr h)—1 was
determined by measuring the amount of ethylene incorporated
into the reaction vessel over a30 min period. No precipitate was
observed under these conditions. Using the same experimental
setup, the CpoZrCl,/MAO catalyst system consumed 85
kg[ethylene]/(mol Zr h)—1 to give high molecular weight
polyethylene. Thus, under these conditions the affinity of
2/IMAO toward ethylene is comparable to those that character-
ize group 4 metallocene catalysts.

The mixture obtained from the 2/MAO reaction was
guenched with water and worked up with aqueous base.
Analysis of the organic product by GCMS [Fig. 1(a)] reveds
that the magjor product (ca. 98%) is a distribution of straight
chain n-alkaneswith an odd number of carbon atoms. The minor
component corresponds to the homologous progression of even
numbered alkanes.

Scheme 1 provides a plausible reaction pathway for the
formation of the main product. In analogy to metallocene-type
catalysts,8 and taking into consideration the known reactivity of
14 and the work of Theopold and coworkers? it islikely that the
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Fig. 1 GCMS analysis of C;3 through to Cp3 products obtained from the
following reactions: (8) 2ZMAO/C,Hy; (b) 2/MAOIC,H, with 415 equiv.
AlMeg; (€) 2ZMAOI/C,H,, after removal of volatiles from MAO in vacuo;
(d) 2ZMAOIC,H,4 with 830 equiv. ‘AlEts’. For al reactions: 50 umol Cr;
[Cr] = 1 X 10—3 M; Al/Cr = 1000; 1 atm CyH,.

reaction between MAO and 2 leads to catalytic species of the
type [Cp* (MesP)Cr-Me]* ([Cr]-Me in Scheme 1). Insertion of
ethylene leads to the propagating chain | in Scheme 1. Transfer
to auminium gives the aluminium alkyl 11 and regenerates
[Cp* (MesP)Cr—Me]*. The reaction sequence shown in Scheme
1 provides odd carbon alkanes upon hydrolysis of I1.

The chemica structure of ‘[Al]l-M¢€ in Scheme 1 is not
precise, in part because of the complex and poorly defined
structure of MAO and because commercialy available MAO
contains varying amounts of trimethylaluminium. To explore
the effect of increasing the concentration of ‘[Al]-M€ an
additional 415 equiv. of Al.Mes were added to the catalyst
solution and the reactivity with ethylene measured. As shown
by the GCM S chromatogram in Fig. 1(b), the additional Al,Mes
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shifts the distribution in favor of the shorter alkanes, however
the overall activity decreases to 34 kg[product]/(mol Cr h)—1.

To examine the effect of reduced Al,Meg concentration, the
commercialy available MAO solution was placed under
vacuum for 16 h.10 The resulting MAO solids were redissolved
in toluene and the reaction with 2 and ethylene was carried out
as before. Under these conditions, the activity was measured at
133 kg[product]/(mol Cr h)—1 and polyethylene precipitates out
of solution, accounting for ca. 85% of the product. The
distribution of soluble alkanes gives a greater proportion of the
heavier products [Fig. 1(c)]. Also relevant in this context is that
only polyethylene is produced when 2 is activated by
B(CeFs)2.4

The overall trends illustrated in Fig. 1(a)—(c) are consistent
with the mechanism proposed in Scheme 1. Additional Al.Meg
increases the rate of chain transfer to aluminium and givesrise
to a distribution of shorter chain alkanes. The slower rate of
ethylene consumption with the additional Al,Mes may be dueto
the formation of bridging species such as |11. It is anticipated
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that the coordination of AIMes to [Cr]-Mein |11 decreases the
concentration of the active species thereby decreasing overall
ethylene uptake. Removing free trimethylaluminium from
MAO has the opposite effects—longer chains are obtained and
more ethylene is consumed. Finally, we propose that the small
fraction of even alkanes observed in the product results from a
small fraction of ethyl and/or hydride found in the MAO.11
When triethylaluminium is added (830 equiv. of ‘AlEt3’) to
2/IMAO (50 umoal Cr; [Cr] = 1 X 10—3 M; Al/Cr = 1000,
23 °C) the product is a homologous distribution of n-alkanes
with an even number of carbon atoms [Fig. 1(d), activity = 97
kg[product]/(mol Cr h)—1].

In summary, the 2/MAQO combination is an active catalyst for
the oligomerization of olefins. Chain growth is limited by
efficient Cr/Al transmetalation reactions.l2 After agueous
workup the product is a distribution of linear alkanes. The
overall cycle shown in Scheme 1 reduces to the Cr-catalyzed
insertion of ethyleneinto the AI-C bond.13 It is al so noteworthy
that the isoel ectronic boratabenzene—cyclopentadienyl substitu-
tion for the chromium catalysts (1 vs. 2), has a different effect
than in zirconium catalysts. Under similar reaction conditions,
the combination Cp* ,ZrCl,/MAO gives high molecular weight
polyethylene, while [ CsHsB—OEt] .ZrCl,/M AO2b produces |ow
molecular weight 1-alkenes. In the zirconium case differences
in reactivity stem from faster rates of $-hydride elimination for
the boratabenzene complexes. For chromium, boratabenzene
complexes exhibit slower rates of transmetal ation with alumin-
ium functionalitiesin MAO, leading to higher molecular weight
polymer.

We are grateful to the Department of Energy for financia
assistance.

1210 Chem. Commun., 2000, 1209-1210

Notes and references

1 Transition Metals and Organometallics as Catalysts for Olefin
Polymerization, ed. W. Kaminsky and H. Sinn, Springer-Verlag, Berlin,
1988; Ziegler Catalysts, ed. G. Fink, R. Mulhaupt and H. H. Brintzinger,
Springer-Verlag, Berlin, 1995; G. J. P. Britovsek, V. C. Gibson and
D. F. Wass, Angew. Chem,, Int. Ed., 1999, 429; M. Bochmann, J. Chem.
Soc., Dalton Trans., 1996, 3, 255.

2 (a) C. M. Killian, L. K. Johnson and M. Brookhart, Organometallics,
1997, 16, 2005; (b) J. S. Rogers, G. C. Bazan and C. K. Sperry, J. Am.
Chem. Soc., 1997, 119, 9305; (c) B. L. Small and M. Brookhart, J. Am.
Chem. Soc., 1998, 120, 7134; (d) G. J. P. Britovsek, V. C. Gibson, B. S.
Kimberley, P. J. Maddox, S. J. McTavish, G. A. Solan, A. J. P. White
and D. J. Williams, Chem. Commun., 1998, 849.

3 D. Rotman, Chem. Week, 1996, 158(36), 37; M. M. Paige, Chem. Eng.
News, 1998, 76(49), 25.

4 J. S. Rogers, X. Bu and G. C. Bazan, J. Am. Chem. Soc., 2000, 122,
730.

5 G. C. Bazan, G. Rodriguez, A. J. Ashe, Il S. Al-Ahmad and J. W.
Kampf, Organometallics, 1997, 16, 2492; J. S. Rogers, R. J. Lachicotte
and G. C. Bazan, J. Am. Chem. Soc., 1999, 121, 1288; G. C. Bazan, G.
Rodriguez, A. J. Ashe, 1ll, S. Al-Ahmad and C. Milller, J. Am. Chem.
Soc., 1996, 118, 2291.

6 A. Grohmann, F. H. Kohler, G. Muller and H. Zeh, Chem. Ber., 1989,
122, 897.

7 General polymerization procedure: in a nitrogen filled glovebox, 50
umol of 2 was weighed to the nearest 0.1 mg and dissolved in toluene.
This solution was combined with the appropriate amount of MAO (10.3
wit% Al, 1.000 Al/Cr) and placed inside a 100 mL round bottom flask
with amagnetic stir bar. Sufficient toluene was added to bring the total
volumeto 50 mL. The flask wasfitted with aneedle valve assembly and
removed from the glovebox. The apparatus was weighed to the nearest
0.001 g and attached on avacuum line. Vacuum was applied for 5 sand
the flask was immersed in a water bath at room temperature. The flask
was then exposed to an ethylene source which was vented to a mercury
bubbler. After 30 min, the ethylene feed was stopped, the flask was
cleaned, and weighed again to the nearest 0.001 g for activity
determinations. The reaction was quenched using 3 mL of water and
alumina salts were dissolved in aqueous base. The toluene layer was
extracted to give the product.

8 R. F. Jordan, C. S. Bgjgur, R. Willet and B. Scott, J. Am. Chem. Soc.,
1986, 108, 7410; G. G. Hlatky, H. W. Turner and R. R. Eckman, J. Am.
Chem. Soc., 1989, 111, 2728; X. Yang, C. L. Stern and T. J. Marks,
J. Am. Chem. Soc., 1991, 113, 3623; R. F. Jordan, Adv. Organomet.
Chem., 1991, 32, 325; X. Yang, C. L. Stern and T. J. Marks, J. Am.
Chem. Soc., 1994, 116, 10015.

9 B. J. Thomas, S. N. Noh, G. K. Schulte, S. C. Sendlinger and K. H.
Theopold, J. Am. Chem. Soc., 1991, 113, 893; K. H. Theopold, Acc.
Chem. Res., 1990, 23, 263; K. H. Theopold, Chemtech, 1997, 26 and
references cited therein.

10 For leading references on the removal of trimethylaluminium from
MAO, see: L. Resconi, S. Bosssi and L. Abis, Macromolecules, 1990,
23, 4489; 1. Tritto, M. C. Sacchi, P. Locatelli and S. X. Li, Macromol.
Chem. Phys., 1996, 197, 1537; A. R. Barron, Organometallics, 1995,
14, 3581.

11 Thehydrolysis product of MAO is known to contain ca. 98% methane,
as well as hydrogen and lighter hydrocarbons: D. B. Malpass,
Aluminoxanes from Akzo Nobel, Akzo Nobel Chemicals Inc., Chicago,
1999.

12 Chain transfer to aluminium also occurs with iron-based catalysts, see:
G. J. P. Britovsek, M. Bruce, V. C. Gibson, B. S. Kimberley, P. J.
Maddox, S. Mastroianni, S. J. McTavish, C.Redshaw, G. A. Solan, S.
Stromberg, A. J. P. White and D. J. Williams, J. Am. Chem. Soc., 1999,
121, 8728.

13 Analogous reactivity can be found in samarium mediated ethylene
insertion into Mg—C bonds, see: J.-F. Pelletier, A. Mortreux, X. Olonde
and K. Bujadoux, Angew. Chem.,, Int. Ed. Engl., 1996, 35, 1854.



