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Palladium-catalyzed copolymerization of alkenes with carbon Figure 1. ORTEP drawing of Rh[-CH(Ar)C{C(=CHAr)-
monoxide attracts considerable attention arising from the CH,C(=CHAr) CH,CH,CH=CHAr} CH;](PPh). (Ar = CsH.OMep)
structure of the produced polymer with a high density of (1) with 30% thermal ellipsoidal levels. Hydrogens are omitted for
carbonyl functions and from potential utility as photodegradable simpilicity.
materialst This reaction has been recently extended to copo-
lymerization of several dienes with carbon monoxide to give Chart1
the corresponding polyketones shown in Chaft A. catalyst ] Q
based on Pd compounds and chelating diamine has been reported M W o
to initiate copolymerization of 1,2-propadiene and CO to give g / .
the corresponding polyketone, (G#(=CH,)),.3 Control of Alkene °
structure and molecular weights in preparation of the polymers
derived from 1,2-dienes and CO is of a significant interest since
it has a unique enone structure in the repeating unit and can be
converted into further functionalized derivatives. Here, we
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1,3-Cyclopentadiene propadiene

report the use of a new-allylic rhodium complex for the first
living copolymerization of 1,2-dienes with carbon monoxide
to give new polyketones with a highly regulated structure.
The polymerization catalyst, Ripf-CH(Ar)C{ C(=CHAr)-
CH,C(=CHAr) CH,CH,CH=CHAr} CH,](PPh), (Ar = C¢Hs-
OMe) (1), is obtained from reactions of RhH(P§hwith (4-
methoxyphenyl)allene in 1:4 and 1:5 molar ratios at room
temperature. Comples is isolated in high yields X80%)
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(Ar = C4H,OMe-p) .

among many possible complexes that could result from the

reaction of (4-methoxyphenyl)allene with RhH(RRBH Figure
1 shows the molecular structure @f which possesses the
mr-allylic ligand formed through consecutive insertion of four
(4-methoxyphenyl)allene molecules into the-Rthbond of the
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(4) Insertion of four (4-methoxyphenyl)allene molecules into the-Rh
bond occurs rapidly at room temperature to divéelectively in the reactions
of RhH(PPh)4 and (4-methoxyphenyl)allene in 1:4 and 1:5 molar ratios.
Once formedl does not react further with additional phenylallene or (4-

starting complex. The NMR (H, 13C, 31P,'H—1H COSY, and
IH-13C COSY) spectra in solution are consistent with the
crystallographic structure of the molecule.

Copolymerization of phenylallene and of (4-methoxyphenyl)-
allene with CO in the presence of a catalytic amountlof
converts the monomers into polyketones [-CO-&H=CHPh)-
1n (2) and [-CO-CH-C(=CHCsH;sOMe-p)-], (3), respectively?
The!H NMR spectrum of shows signals due to the repeating

o
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Ar

2: Ar = CgH4OMe-p, Ar' = Ph;
3: Ar = Ar' = CgH4OMe-p

unit formed through completely alternating insertion of pheny-
lallene and carbon monoxide (Figure”2)Measurement using
ROESY technique has revealedia orientation of the Ar and
carbonyl groups in the repeating unit. The absence of structural
unit from 1,2-polymerization and narrow peak width of the
signals indicate highly regulated structure of the polymer chain.
Small peaks ad 3.6-3.8 are assigned to OMe hydrogens of
the polymer end derived froth The peak area relative to those
of hydrogens in the repeating unit gives riseMq, which is

(5) X-ray data ofl: triclinic, P1(No. 2),a = 14.132(3) Ab = 18.519-

(7 A, c=12.177(5) A,a = 102.13(3}, g = 95.35(3}, y = 95.60(2),V
="3079 A, Z = 2, Dcaca = 1.308 g cnT3, F(000) = 1268,4(Mo Ka) =

3.80 cnt! for monochromated MoK radiation ¢ = 0.710 69 A). The
structure was solved by direct methods and refined by full-matrix least-
squares calculation® (Ry) = 0.062 (0.044) for 7100 reflections with>

3o(l) among 10709 unique reflections.
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remove Rh and PRrand are free from the metal and ligand.
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than1 and RhH(PP¥)4 is not noted in the reaction mixture.
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Figure 2. *H NMR spectrum of (CiC(=CHPh)-CO)-I (2, n = 50)
where | denotes the polymer end group derived fronbecrease in
the relative intensity of OCkhydrogens of | caused by increase in
the monomer/catalyst ratios is shown in inset.
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Table 1. Results of Copolymerization of Phenylallene and CO
Initiated by 1

condition$ produck
[CH=C=CHPh}[1] 10-3M,(GPC} M./M.¢ 103M, (NMR)
50 7.9 1.08  7.2(7.8)
100 17.1 1.09  14.6 (15.0)
150 25.6 114 23.0(22.2)
200 35.0 1.10 e(29.4)

a Polymerization was carried out under CO (1 atm) in THF using
0.050 mmol ofl at room temperaturé.Polyketone2 is obtained
quantitatively in each reactiofiDetermined by GPC using polystyrene
standards? Determined from*H NMR peak area ratio between the
OCH; and CH hydrogens, based on the molecular formula H-[¢CH
(=CHPh))-CO}-CH,C{=CH(Ar)}-C(=CHAr)CH,C(=CHAr)-
CH,CH,CH=CHAr (Ar = CsH,OMe-p). Calculated molecular weights
assuming quantitative efficiency of the initiatdr are shown in
parentheses$.Not determined due to small peak intensity of the QCH
hydrogens.
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Figure 3. Change inM, and M,/M, of growing polymer during
polymerization of phenylallene (55 ma)/and CO initiated byl. A
small portion of the solution obtained by a syringe is quenched by
MeOH and analyzed by GPC (polystyrene standards) for each plot.
The final molecular weight of the product is consistent with the initial
molar ratio of phenylallene ant

close to that from GPC using polystyrene standards. Molecular
weights of1 increase with increase in the monomer/catalyst
ratio without significant change of polydispersitil(/Mn
1.08-1.14) as summarized in Table 1. Figure 3 depicts change
in molecular weight of the growing polymer during the reaction.
Molecular weight of the polymer increases with narrow mo-
lecular weight distributionNl,/M, < 1.11) until consumption
of phenylallene. The above results imply that the copolymer-
ization proceeds without any chain transfer reaction.
Copolymerization of phenylallene with carbon monoxide
catalyzed byl and ensuing addition of (4-methoxyphenyl)allene
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Figure 4. H NMR spectra of block copolyketoné and random

copolyketoneb. Positions of the vinylic hydrogen signals are shown
with arrows.
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to the resulting mixture afford block copolyketode whose
structure is shown in Chart 2. An equimolar mixture of
phenylallene and (4-methoxyphenyl)allene reacts with carbon
monoxide to giveb containing units A and B randomly. Figure

4 compares théH NMR spectra of4 and5. Copolymer4
shows two sharp peaks due to vinyl hydrogens of the blocks
AAA---A (6 7.82) and BBB--B (6 7.80). The corresponding
vinylic hydrogen of5 appears ab 7.7—7.9 as three peaks, which
are resulted from random sequence of the structural units A
and B?

All of the above results, including narrow molecular weight
distribution of2 during the polymerization reaction and forma-
tion of the block copolymed, indicate thatl catalyzes living
copolymerization of the arylallenes with carbon monoxide to
afford new polyketones under mild conditions.
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(8) GPC analyses of the reaction mixture in preparation of the block
copolyketone show unimodal patterns with narrow molecular weights
distribution (Mw/M;,, = 1.09-1.10) before addition of the second monomer
((4-methoxyphenyl)allene) and after consumption of both monomers.

(9) The threelH NMR peaks ofs atd 7.7—7.9 in a 1:2:1 area ratio can
be assigned to the triads ABA (and BAB), ABB (AAB, BAA, and BBA),
and AAA (and BBB), respectively. ABB and BBA as well as AAB and
BAA are equal to each other.



