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Abstract: From the alternating copolymerization of carbon monoxide and styrene with a
soluble palladium containing catalytic system a product fraction insoluble in boiling
2-butanone was isolated which is highly crystalline. The polymer has been identified
mainly by 'H- and “C-NMR spectroscopy and by X-ray diffraction as syndiotactic
poly(1-oxo-2-phenyltrimethylene). This polymer completely epimerizes to atactic poly(l-
oxo-2-phenyltrimethylene) in the presence of sodium 2-chlorophenolate.

The preparation of linear CO/styrene al-
ternating copolymers has been described in
1986 by Drent . However, under some of
the experimental conditions indicated in
the patent a mixture of polymers is actually
obtained. After extracting such a mixture
with boiling ethyl methyl ketone the poly-
mer which is not dissolved shows an X-ray
powder spectrum with many sharp lines
(Fig. 1) indicative of a fairly high degree of
crystallinity. This is rather unexpected as
the polymer is obtained using a soluble
organometallic Pd catalyst.
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The crystallinity should be associated
with a regular sequence of constitutional
and configurational units at least for suffi-
ciently long stretches of the polymer chain.

The BC-NMR spectrum in hexafluo-
roisopropanol at room temperature
(Fig. 2) shows substantially a single line at
0 = 210.96 indicating the presence of a sin-
gle type of keto groups. Therefore it is con-
sistent with the presence of one single type
of constitutional repeating unit 1 and ex-
cludes substantial amounts of head-to-
head tail-to-tail units 2. The existence of
largely prevailing single resonances at
0 = 42.4 (CH, groups), 54.0 (CH groups),
and 136.9 (phenyl-Cl; cf. Fig. 3a) indicate
that the polymer is substantially stereoreg-
ular.

The NMR spectrum of the polymer
heated at 60°C under nitrogen for 24 h in
o-chlorophenol in the presence of sodium
o-chlorophenolate (0.022 M) shows re-

(e}

H 1 I
—C—CH{CgHg)=CHy—C—CHy~CH[CgH5)—C—CH(CgHg5)—CHa—

2

The polymer fraction investigated by us
has a sharp melting point at 290°C,
M, = 6700 (vapour pressure osmometry in
o-chlorophenol at 80°C). The density mea-
sured at 24°C by flotation on a film cast
from hexafluoroisopropanol solution is
1.252 g/em®. UV spectrum: 4, = 287 nm,
£ =570 L/(mol-cm) (in hexafluoroiso-
propanol at room temperature). Elemental
analysis: C 81.26%, H 6.14% (calc. 81.79,
6.10).

markable changes in the region of 136139
ppm (Fig.3b), as well as in other regions.
New resonances appear in fact also in the
CO, CH,, and CH regions.

However, the 'H-NMR spectrum
(Fig. 4) still shows the ratios 1:2:5 among
the signals of the methine, methylene, and
phenyl groups. The above mentioned
changes may be explained assuming the
occurrence of an epimerization process un-
der the above conditions. In keeping with



FORSCHUNG

52

[86] H.E. Diem, D.J. Harmon, R. A, Kohorski, J. B.
Pausch, R.J. Bertsch, in Ref.[17], p. 65.

[87] K. Dusek, F. Lednicky, S. Lunack, M. Mach, D.
Duskova, in Ref.[17], p.27.

[88) G.K. Hoeschele, US-Par. 3723 568 (1973).

[89] G.K. Hoeschele, W.K. Witsiepe, Angew.
Markromol. Chem. 29/30 (1973) 267.

[90] K. Dusek, F. Lednicky, Polym. Mater. Sci. Eng.
49 (1983) 383.

[91} R. Miilhaupt, Makromol. Chem., in press.

[92) J.S. Riffle, W.P. Steckle jr., K.A. White, R.S.
Ward, Polym. Prepr. Am. Chem. Soc. Div. Polym.
Chem. 26 (1985) 251.

[93] R.S. Ward, J.S. Riffle, WO 86/4072 (1986).

[94] R. Miithaupt, J.H. Powell, C.S. Adderly, W.
Riifenacht, Eur. Pat. 308 664 (1987).

{95] R. Milhaupt, Makromol. Chem., in press.

[96] R. Miilhaupt, Angew. Chem. Adv. Mater., in
press.

[97] D.E. Henton, D.M. Pickelman, C.B. Arends,
WO 87/00188 (1987).

The Structure of

98] R. Miilhaupt, Angew. Makromol. Chem., in
press.
[99] D.K. Hoffmann, G.C. Kolb, C.B. Arends,

Polym. Prepr. Am. Chem. Soc. Div. Polym. Chem.
26 (1985) 232.

[100] H. Block, M. Pyrlik, Kunststoffe 78 (1988) 12.

[101] K. [Itoh, T. Shiobara, K. Futatsumori, K.
Tomiyoshi, Eur. Pat. 218228 (1986).

[102] B. Hayes, P. Mitra, Ger. Offen. 1 720438 (1967).

[103] R.H.Schaufelberger, Ger. Offen. 1 645541 (1964).

[104] J. King, R.F. Sellers, Eur. Pat. 99338 (1982).

[105] C.B. Bucknall, I. K. Partridge, Polymer 24 (1983)
639.

[106] C.A. Cobuzzi, ). J. King, R.N. Castonguay, Nat.
SAMPE Symp. Exhib. Proc. 28 (1983) 359.

[107] R.S. Raghava, Nar. SAMPE Symp. Exhib. Proc.
28 (1983) 367.

[108] J.Diamant, R.J. Moulton, Nat. SAMPE Symp.
Exhib. Proc. 29 (1984) 422,

[109] J.L. Hedrick, 1. Yilgor, G.L. Wilkes, J.E. Mc-
Grath, Polym. Bull. 13 (1985) 201.

Chimia 44 (1990) 52-54
© Schweizerischer Chemiker -Verband; ISSN 00094293

Poly(1-oxo0-2-phenyltrimethylene):
A Crystalline Alternating
Styrene-Carbon Monoxide Copolymer

Paolo Corradini*, Claudio De Rosa, Achille Panunzi, Giorgio Petrucci*,

and Piero Pino 1 *

Abstract: From the alternating copolymerization of carbon monoxide and styrene with a
soluble palladium containing catalytic system a product fraction insoluble in boiling
2-butanone was isolated which is highly crystalline. The polymer has been identified
mainly by 'H- and “C-NMR spectroscopy and by X-ray diffraction as syndiotactic
poly(1-oxo-2-phenyltrimethylene). This polymer completely epimerizes to atactic poly(l-
oxo-2-phenyltrimethylene) in the presence of sodium 2-chlorophenolate.

The preparation of linear CO/styrene al-
ternating copolymers has been described in
1986 by Drent . However, under some of
the experimental conditions indicated in
the patent a mixture of polymers is actually
obtained. After extracting such a mixture
with boiling ethyl methyl ketone the poly-
mer which is not dissolved shows an X-ray
powder spectrum with many sharp lines
(Fig. 1) indicative of a fairly high degree of
crystallinity. This is rather unexpected as
the polymer is obtained using a soluble
organometallic Pd catalyst.

* Correspondence: Prof. Dr. P. Corradini
Dipartimento di Chimica, Universita di Napoli
Via Mezzocannone 4, 1-80134 Napoli

(Italia)

* Institut fiir Polymere der ETH Ziirich.

)
~C-G-CHp~ 1
CeHs

o} (o}

CHIMIA 44 (1990) Nr.3 (Mérz)

[110) H.C. Gardner, M.J. Michno jr., G.L. Brode,
R.J. Cotter, US-Pat. 4661 559 (1987).

[111] Z. Fu, Y. Sun, Polym. Prepr. Am. Chem. Soc.
Div. Polym. Chem. 29 (1988) 177.

[112] J.A. Cerere, J.E. McGrath, Polym. Prepr. Am.
Chem. Soc. Div. Polym. Chem. 27 (1986) 299.

[113] C.B. Bucknall, A.H. Gilbert, Polymer 30 (1989)
213.

(114] H. Jabloner, B.J. Swetlin, S.G. Chu, US-Pat.
4656207 (1987).

[115] S.G. Chu, H. Jabloner, B.J. Swetlin, US-Pat.
4656208 (1987).

[116] J.K. Bard, Eur. Pat. 259 100 (1987).

[117] Y. Nakamura, H. Tabata, H. Suzuki, K. lko, M.
Okubo, T. Matsumoto, J. Appl. Polym. Sci. 32
(1986) 4865.

[118] Y. Nakamura, H. Tabata, H. Suzuki, K. lko, M.
Okubo, T. Matsumoto, J. Appl. Polym. Sci. 33
(1987) 885.

The crystallinity should be associated
with a regular sequence of constitutional
and configurational units at least for suffi-
ciently long stretches of the polymer chain.

The BC-NMR spectrum in hexafluo-
roisopropanol at room temperature
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sistent with the presence of one single type
of constitutional repeating unit 1 and ex-
cludes substantial amounts of head-to-
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largely prevailing single resonances at
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CO, CH,, and CH regions.
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the above assumptions the recovered poly-
mer does not crystallize, is soluble in chlo-
roform, and shows a glass transition (DSC
determined) at about 100°C. For the ste-

[

W IS W

reoregular chain of poly(1-oxo-2-phenyl-
trimethylene) the most simple conceivable
steric structures are the isotactic 3 and the
syndiotactic 4 ones.

Loy aa b ey ba e ) iaeel gy

5° 10° 15°

20°

25° 30° 35° 40° ,4

Fig. 1. X-ray powder diffraction pattern of poly( 1-oxo0-2-phenyltrimethylene) as a function

of 20 (Cuy,).

|
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ppM

Fig.2. "C-NMR spectrum of a solution of

poly(1-oxo0-2-phenyltrimethylene) in hexa-

Sluoroisopropanol (- solvent).

200 160

a
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Fig.3. a) Expanded "C-NMR spectrum of
the solution of the polymer in hexafluoroiso-
propanol in the region of 136—139 ppm; b)
same as in a) for the solution of the polymer
in o-chlorophenol in the presence of sodium
o-chlorophenolate heated at 60°C under ni-
trogen for 24 h.

The NMR spectrum of Fig. 3a appears
to be consistent with a prevailingly isotac-
tic or with a prevailingly syndiotactic struc-
ture with less than 10% steric irregulari-
ties, most probably of the kind expected
for a chain-end ¥ sterically controlled poly-
merization.
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Though oriented material was not avail-
able to us to get X-ray fiber spectra, we
could arrive at a reasonable interpretation
of the X-ray powder spectra indicating a
syndiotactic structure for the polymer. In
analogy with the case of the crystalline al-
ternating copolymer COfethylene, i.e.
poly(1-oxotrimethylene)™, let us make the
hypothesis that the identity period ¢ is near
to 7.5-7.6 A. With this assumption the ob-
served X-ray Bragg distances and intensi-
ties of the reflections may be interpreted
with a unit cell having a = 15.5 £ 0.1 A",
b=6.15+£006 A, f=105+2° space
group P2/c and containing two chains
(pcnlc. = 127 g/cm", pohs, = ]252 g/Cm").

40 30 20
ppm

it el ] L P TR |

70 60 50

ppm

Fig. 4. '"H-NMR spectrum of a solution of the poly(1-oxo-2-phenylirimethylene) in di-
methylsulfoxide before (above) and after (below) the epimerization treatment.
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Further consideration of the intensities
gives compelling indications for a trial
structure in which the chain is crossed by
the crystallographic glide-plane of symme-
try and successive benzene rings along the
chains are on the same side of the back-
bone.

Trial syndiotactic chain models were
built with bond lengths and bond angles as
in the published structure of poly(1-oxo-
trimethylene)¥. We varied the internal
rotation angles of the chain 5 under the

CeHs

0
i

simplifying assumption that 6,= —6;
moreover 0, =f(6,, 6,) as required by a
glide-plane tc repetition!. A preliminary
model of the structure, which provided
good accordance between observed and
calculated intensities (taking B = 8 A? and
the atomic scattering factors as in Ref.¥),
is shown in Fig. 5. The baricenter of the
carbon chain atoms A is x/a = 0.11, while
the relative height for the facing benzene
rings B and C is 4z = 1.9 A. The as yet
optimized internal rotation angles of the
chain assumed for this preliminary
accordance (Fig.6) are: 6, =167.5°,
f, = —167.5° 6,=—153.9°, giving a unit
height¥h =3.78 A, ¢ =2h =7.56 A.

In conclusion, the X-ray data show that
the fraction insoluble in ethyl methyl ke-
tone of the polymer obtained with ho-
mogenous Pd catalysts consists of an alter-
nated crystalline head-to-tail copolymer of
CO and styrene, poly(l-oxo-2-phenyl-
trimethylene), which has a substantially
syndiotactic structure. Furthermore, the
NMR data indicate that stereoregularity
is prevailingly chain-end controlled, as it is
in the case of the new syndiotactic
polystyrene.
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Fig. 5. Model of packing in the crystalline state of syndiotactic poly(1-0xo-2-phenyliri-
methylene).

Fig.6. Chain conformation in the crystalline state of poly( 1-0xo0-2-phenyltrimethylene) ; the
hydrogen atoms are indicated only for the methine groups in order to show the syndiotacti-
city.



