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The efficient catalytic introduction of polar and/or reactive
backbone or terminal functional groups into polyolefins via
Ziegler-Natta processes currently represents a major scientific
and technological challenge.'™ In a recent mechanistic study?
of organolanthanide-catalyzed olefin hydrosilylation,® we found
that the principal reaction channel involves a metal hydride-
based cycle in which turnover-limiting Si—H/Ln—C transposi-
tion delivers the completed carbon skeletal fragment to silicon
(egs 1—3; L = cyclopentadienyl-type ligation, Ln = lanthanide).
We also showed that a succession of Ln-mediated bond-forming
steps could be effected within the carbon fragment prior to
transposition (eq 2).° This raises the intriguing question of

L,LnH + olefin =~ L,LnR 1)
(L,LnR = L,LnR") )
L,LnR(R’) + HSi= “"T08 | nH + (RORSi=  (3)

whether eq 2 could be a polymerization process and whether
silanes could be used as chain transfer agents in d%f metal-
locene-catalyzed olefin polymerizations’® (e.g., Scheme 1). At
present, only limited and frequently nonselective in situ chain
transfer means are available for such polymerizations (H,,” 8-H/
alkyl elimination,”® monomer,® ! main group alkyls™'"), and
we report here that PhSiHj; is an efficient and selective chain
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Figure 1. (A) 'H NMR spectrum (400 MHz) of a PhSiH,-terminated
polyethylene sample (M, ~ 3000; catalyst = (Cp’,SmH); in C,D,Cly
at 140 °C). (B) Relationship of polymer number average molecular
weight to silane concentration for constant catalyst and olefin concen-
trations (Table 1, entries 1—35).
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transfer agent'? in lanthanocene-catalyzed a-olefin polymeriza-
tions and copolymerizations.

Polymerizations were carried out in toluene under rigorously
anhydrous/anaerobic high-vacuum line conditions using proce-
dures described previously.®% (Cp’,LnH), (Cp’ = #°-Me;sCs)
and Me,SiCp”,LnCHTMS:; (Cp” = 5°-Me4Cs) were prepared
as described elsewhere.®>¢ Polymerization experiments were
conducted in a mode designed to minimize mass transport effects
(rapid mixing, short reaction times) 9213 with olefin and
PhSiH; concentrations maintained at a pseudo-zero-order level.

Lan—H
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Table 1. Ethylene Polymerization and Ethylene—1-Hexene and Ethylene—Styrene Copolymerization in the Presence of PhSiH;
catalyst/ PhSiH;  comonomer  reactntime yield  comonomer  activity (kg of PE/
entry precatalyst? M) M) (min) (&) incorp (M%) mol of Ln atm h) Mp(x1073) M./Mp
1 (Cp’2SmH), 0.02 3 1.30 897 98.6 1.8
2 (Cp’2SmH), 0.03 4 1.55 776 75.1 2.1
3 (Cp’2SmH), 0.05 2 0.69 713 57.0 2.1
4 (Cp’>SmH), 0.24 2 0.80 827 7.6 4.2
5 (Cp’2SmH), 0.74 2 0.33 342 4.4 4.3
6 (Cp’2LuH)2 0.74 4 0.50¢ 274 2.6¢
7 (Cp’2YH), 0.74 2 0.35 300 4.9 22
8 (Cp'2LaH), 0.74 1.5 0.59 828 4.1 35
9 MeSiCp”,SmR¢ 0.74 25 0.24 2.6 29
10 MeSiCp”,SmR® 0.41 1.5 180 0.60 12 37 2.9
11 MeSiCp”,SmR® 0.41 228 180 0.24 60 0.4 4.9
12 MeSiCp”,NdR® 0.16 0.98¢ 1200 1.70 26 3.3

“Cp’ = 15-MesCs, Cp” = 7°-MesCs, R = CHTMS,; catalyst concentration range = 2.64—2.90 mM. ® By GPC in 1,2,4-trichlorobenzene vs
polystyrene standards unless otherwise indicated. ¢ Contains 33% vinyl terminated polyethylene. ¢ Determined by 'H NMR. ¢ Since the active hydride
is generated in situ, polymerization activities are not strictly comparable. / 1-Hexene. ¢ Styrene.

After MeOH quenching, workup, and drying, polymer and
copolymer samples were characterized by 'H/'*C NMR and
GPC. In accord with end-capped PhSiH,—polyethylene mi-
crostructures and Scheme 1, the '"H NMR (Figure 1A) exhibits
a characteristic PhSiH, resonance®' at 6 4.33 (PhSiH; = &
4.38) coupled to an adjacent CH, group (triplet resolvable in
low molecular weight samples, 3Jip..y = 3.6 Hz). Features
assignable to the Ph, Si—CH, polyethylene backbone,' and
chain end CH;'’ moieties are also visible. As expected, the
SiH,:SiCH,:CHj intensity ratio is 2:2:3 (+8%).'® With one
exception (Lu, vide infra), end group features associable with
conventional (e.g., 8-H elimination) chain transfer processes®!
are not detectable (Figure 1A). In the '3C NMR in C;D,Cly,
both SiCH; (6 9.98, 'Jisc.iy = 118 Hz, triplet)'* and chain end
CH; (6 13.76, \Jisc.iy = 127 Hz, quartet)!> groups are readily
assigned and are present in essentially equal proportions. The
silyl end group presence is further verified by a strong vsi-u
absorption'” in the IR at 2109 ¢cm™'. Dissolution of polymer
samples in hot o-dichlorobenzene followed by MeOH precipita-
tion, washing, and drying yields identical NMR spectra, further
supporting the covalently end-capped formulation.
Polymerization and polymer characterization data are set out
in Table 1. Polymerization activities are relatively high by
metallocene standards,”?® and the rate data parallel Ln* ion
radius—insertion reactivity trends previously established>-#>< in
the absence of silanes. Table 1 also indicates that this chain
transfer process is applicable to ethylene—1-hexene and ethyl-
ene—styrene copolymerizations. Qualitatively, it can be seen
that polymer molecular weights fall as [PhSiH3] increases.
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Assuming constant concentrations of catalyst, olefin, and silane
throughout the course of a polymerization experiment, that
silanolysis (eq 3) is the dominant chain transfer pathway, and
that chain growth reinitiation following chain transfer is rapid,
the number average degree of polymerization, Py, at steady state
should obey eq 4'8 in a series of experiments in which the
concentrations of olefin and catalyst are held constant and that
of PhSiH3 is varied. Here k; is the rate constant for chain
propagation and k; is the rate constant for silane chain transfer.

_ kp[oleﬁn]

" k[PhSiH,] @
In accord with Scheme 1, note that Table 1 entries 1—5 obey
this relationship (Figure 1B) with kp/ks =~ 190."° As noted
above, polymers produced using small Lu*>* contain end groups
derived from B-H elimination (Table 1, entry 6) as well as the
present chain transfer process. In this case, Lu—polyethylene
interception via Si—H/Lu—C transposition is apparently suf-
ficiently slow ((Cp’2LuH); is a sluggish hydrosilylation’ and a
sluggish polymerization®< catalyst) that an alternative chain
transfer process®®~4 competes.

These results demonstrate a new “drop-in” chain transfer
process for metallocene-catalyzed olefin polymerization and an
efficient, selective route to silyl-terminated polyolefins. In due
course, we will report results with group 4 metals, other olefins,
and other chain transfer agents.
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