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Ethylene/Vinyl-fluoride Copolymerization
using Organometallic Catalysts, and
Olefin Insertion into a Pd-F bond for the Catalyst
Reactivation
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Polymerization using organometallic catalysts is a powerful method for precise synthesis of structure controlled
polymers. For example, high molecular weight linear polyethylene, and isotactic and syndiotactic polypropylene
can be synthesized using Ziegler-Natta or metallocene catalysts. However, examples of the synthesis of fluorinated
polymers using organometallic catalysts are rare. Only copolymerization of ethylene with vinyl fluoride or
3.3,3-trifluoropropene has been reported, and this is believed to be difficult for several reasons, including the low
activity of metal-F compounds produced by f-F elimination.

In this work, we attempted to copolymerize ethylene with vinyl fluoride using phosphine-sulfonate Pd catalysts
with several types of ligands, and the relationships between the ligand structure and polymer composition or
molecular weight were evaluated. The obtained polymers were almost identical to those reported in previous
papers on vinyl fluoride polymerization. They contained under 1 mol% vinyl fluoride, and their molecular weights
were below 30,000, and novel terminal structures, -CHoCHFy and -CH3CHoF, which have never previously been
observed, were found. This implied that ethylene and vinyl fluoride could insert into Pd-F bond generated by S-F
elimination. To confirm this hypothesis, a phosphine-sulfonate Pd-F complex was synthesized and reacted with
vinyl fluoride, yielding a Pd-CHoCHF9 complex. The Pd-F complex was also reacted with ethylene to yield
polyethylene with -CHyCHF chain end. Based on these results, it was confirmed that ethylene and vinyl fluoride
could insert into the Pd-F bond generated by f-F elimination, and that the polymerization proceeded. This is the
first report on the insertion of unactivated olefins such as ethylene into a metal fluoride bond, and this insertion
reaction could be applied to new and useful catalytic fluorination reactions.
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Scheme 1. Polymerization of functionalized olefins with
Phosphine-Sulfonate Pd catalysts.
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Fig. 1. Phosphine-Sulfonate Pd catalysts used for the

copolymerization of Ethylene/Vinyl fluoride,
3,3,3-trifluoropropene.
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Fig. 2. Catalysts for the copolymerization of Ethylene/Vinyl
fluoride.
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Scheme 2. Procedure of the copolymerization of Ethylene/
Vinyl fluoride.
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Table 1. Results of the copolymerization of Ethylene/Vinyl
fluoride by 2 and 7-9.

Yield M, VF incorp T,

Catalyst © (10%) PDIE mol %" (° C’)”[c]
2 0.09 15.0 1.85 0.48 131.6
7 0.41 25.0 1.84 0.34 134.1
8 242 14.5 2.44 0.51 132.0
9 0.76 16.9 2.03 0.55 132.0

[a] GPC. [b] 1H NMR. [¢] DSC.
Mw (FEFH57-i), PDL (B 3950w/ 53950 15),
VF incorp (7 vfb¥ =V AR), Tm (RlsT)



Table 2. Microstructures of the Ethylene/Vinyl fluoride
copolymers produced by 2 and 7-9.

VF incorporation mode (%)

Catalyst F F F H F H F H
PXH PXH P P PX
2 13 8 77 2
7 trace 4 95 trace
8 80 4 13 3
9 67 4 27 2

[a] Determined by '°F NMR; Values determined by 'H NMR are similar, P =
polymer chain
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S0 b 0 o -0 -0 ten s 200 20 240 ppm

Fig. 3. "TH NMR (former, & 6.0 to 4.0 region, 120 ‘C) and
{'H} 1°F NMR (latter, 100 C) spectra of the
copolymer produced by catalyst 8. Solvent:
o-dichlorobenzene-d.
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Scheme 3. Synthesis of Phosphine-Sulfonate Pd-F
complex 11.

Pd-FEAILIZCHCLH TR T 5 2 &1L 5 T,
11 - 3CHzCla& W ) TR DM A, XRAs divi o
fERTIC & > THHT L7z (Fig. 4)o

Fig. 4. Molecular structure of 11¢3CH,Cl,. H atoms and
two CH,Cl, molecules are omitted. Selected bond
lengths (A): Pd1-F1 1.9476 (14), Pd1-01 2.0171
(17), Pd1-N1 2.112 (2), Pd1-P1 2.2466 (6),
F---HCHCI, 2.090.
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Fig. 5. 3'P{'HINMR spectrum of Pd-F complex 11 (CD,Cly).
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Fig. 6. 1°F{'H} NMR spectrum of Pd-F complex 11 without
CsF (CD,Cly).
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Fig. 7. "9F{'H} NMR spectrum of Pd-F complex 11 with CsF
(CDyCly).
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Scheme 4. Reaction of Phosphine-Sulfonate Pd-F complex
11 with Ethylene and Vinyl fluoride.
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Fig. 8. "H NMR spectrum of Pd-CH,CHF, complex 12
(CgDsCI, 60 C).
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Fig. 9. "H NMR spectrum of Pd-CH,CHF, complex 12

(CgDsCl, r.t.). The signal around & -140 may be
corresponding to [SiF627].

Fig. 10. Molecular structure of 12. H atoms and a CH,Cl,
molecule are omitted. Selected bond lengths (A):
Pd1-C1 2.045 (2), Pd1-01 2.1277 (15), Pd1-N1
2.1337 (18), Pd1-P1 2.2459 (6).
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Scheme 5. Proposed mechanism of the copolymerization
of Ethylene/Vinyl fluoride by Phosphine-
Sulfonate Pd catalyst.
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