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We report here on how to copolymerize styrene and carbon
monoxide to poly(styrenai-CO) in a nonregiospecific way, thus
disclosing the synthesis of a previously unknown polymeric
material.

The alternating copolymerization of styrene (or of homologues
thereof) with carbon monoxide catalyzed by cationic palladium
complexes modified by dinitrogen ligaridsas attracted much
attention in the past few yeats!* The catalytic systems used
were reported to give regiospecifically syndiotactic poly[1-oxo0-
2-arylpropane-1,3-diyl] ) as a consequence of the secondary
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migratory insertiof of the styrene units into the palladium-acyl
bond. The same regiospecificity of the insertion was observed
when catalytic systems were used, which were modified by hybrid
phosphine or by diphosphine ligands both for the synthesis of
and of ketone$>1°® Model studies also showed regiospecific
secondary insertioh?%?! This type of insertion is also quite
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Table 1. Copolymerization of Styrene and Carbon Monoxide
productivity Ae®[l-

catalyst reaction polymer [mmol/  mol~-  m.p. My

precursor time (h)  (g) (gPah)] cm™ [°C] [gmol™Y
2a 40 5.004 80.9 —9.45 228-235 6000
2b 41 1.791 28.0 —9.09 175-180 9700
2c 43 4.775 71.0 —5.47 127132 20000
2d 138 2.524 11.7 -0.41 80-85 n.d.

a Reaction conditions: styrene (50 mL, 435 mmol); methanol (10
mL); 1,4-benzoquinone (0.216 g, 2.0 mmol); catalyst precu2g0r11
mmol); 320 bar of CO; reaction temperature: BD. ° Measured in
(CR;),CHOH/CHCE 1:10 €= 1.6 mg mL*) at~280 nm.¢ Estimated
from end groups in théH NMR spectra.

common in styrene oligomerizati&it3or polymerizatiof* under
homogeneous conditions. By contrast, results obtained with
heterogeneous ZiegleNatta catalysts were interpreted assuming
a regioselective primary insertion; in fact, the less regular fractions
showed some secondary insertion into the metkiydnium
initiating species® Secondary insertion of styrene is normally
assumed to be driven by some stabilization of the benzylic product
through n3-interaction®?> Therefore, the problem arises as to
whether it would be possible to produce poly(styraftecO)
without regularity of regiochemistry of the olefin insertion, as is
the case for aliphatic 1-alken&’ On the other hand, the nature

of the irregularities in the above styrene copolymers, as recognized
by NMR and particularly by*3C NMR in the carbonyl region,
has never been seriously tackled. It has always been tacitly
assumed that regioirregular tail-to-tail and head-to-head enchain-
ments should be easily recognizable in that region due to relatively
large differences in chemical shift, as in the case of aliphatic
1-alkenes such as propetté® Model compound® as well as
alternating terpolymers containing also eth@rshow that prob-
ably this is not the case.

Pursuing our investigation of the highly enantioselective
styrene-carbon monoxide copolymerization catalyzed by kB-
Pd(H:0),](SOsCFs), complexesy we have synthesized the cor-
responding compounds modified b$){2-[2-(diarylphosphino)-
phenyl]-4-benzyl-4,5-dihydrooxazoa—d3!* and we have used
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2a Ar=CgHs

2b Ar = p-CH30CgHs
2c Ar= 0-CH30CgHs
2d Ar = 0-CH3CgHg

them as catalyst precursors. Table 1 reports the results of the
polymerization experiments. The parallel decrease of the melting
point and of the rotatory strength of the CD band in the-mr*
transition region of the carbonyl chromophore farby changing
ligand in the order phenyt p-anisyl > o-anisyl > o-tolyl is
clear evidence of a loss of regularity. This is confirmed by the

(22) Ascenso, J. R.; Dias, A. R.; Gomes, P. T.; Romao, C. C.; Pham, Q.-
T.; Neibecker, D.; Tkatchenko, Macromolecules1989 22, 998-1000.

(23) Jiang, Z.; Sen, AJ. Am. Chem. S0d.99Q 112 9655-9657.

(24) Pellecchia, C.; Longo, P.; Grassi, A.; Ammendola, P.; Zambelli, A.
Makromol. Chem. Rapid Commut987, 8, 277—-279.

(25) Ammendola, P.; Tancredi, T.; Zambelli, Macromoleculesl986
19, 307310.

(26) Batistini, A.; Consiglio, G.; Suter, U. WAngew. Chem1992 104
306-307.

(27) Abu-Surrah, A. S.; Eckert, G.; Pechhold, W.; Wilke, W.; Rieger, B.
Macromol. Rapid Commuri996 17, 559—565.

(28) Jiang, Z.; Dahlen, G. M.; Houseknecht, K.; SenMacromolecules
1992 25, 2999-3001.

(29) Sperrle, M. Dissertation No. 11895, ETH, 1996.

(30) Aeby, A.; Consiglio, GHelv. Chim. Actal1998 81, 35—39.

© 1998 American Chemical Society

Published on Web 10/07/1998



Communications to the Editor

%WMJM J

ww} M MJL
WWW'“’M W‘Mwmww MUVJ\\A\»

I e e A e a A R R R TR
10 EOBPPM 137.0 136.0 135.0 PPM

Figure 1. 13C NMR (HFIP-d,/CDCl; 1:1, 125 MHz) of the poly(styrene-
alt-CO) copolymers prepared witta—d catalyst precursors (carbonyl-
andipso-C-regions).
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Figure 2. 13C NMR (HFIP-d,/CDCl; 1:1, 125 MHz,ipso-C-region) of
the poly(styrenelt-CO) copolymers prepared wita (after epimeriza-
tion), with 2c (native and after epimerization), and wiftd catalyst
precursors.

13C NMR spectrum of the carbonyl region and of ipso-carbon
atom region (Figure 1) of the polymeric materials produced.
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Lower Ae values for the products having lower regioregularity
are in keeping with a change of enantioface associated with a
change in regioselectivif§?. Unfortunately a quantification of the
content of regioirregular head-to-head and tail-to-tail diads, as in
the case of the copolymers of aliphatic olefft§27:3%is at the
moment very difficult. Nevertheless, the question arises about
the factors causing increasing primary insertion for the catalyst
precursora—d. Electronic factors for regioselectivity control
appear to be of minor importance (compartevs. 2¢, Figure 1)
with respect to steric factors. Model as well as catalysis
studie$®?!suggesB as the propagating species for the regiospe-
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cific enantioselective copolymerization. It seems reasonable to
assume that high regioselectivity associated with high enantioface
discrimination should be observed if the site for olefin cordination
(trans to P) would be maintained independently from the ligands
used?® On the other hand, change (trans to N) of the olefin
coordination site, which might be sterically forced by the
interaction between the phosphorus substituents and the growing
polymer chain, should not cause a change of regiochemistry of
the insertion as a consequence of the changed electronic situa-
tion. #1516 Maintaining regiochemistry, however, would imply a
steric repulsion of the phenyl substituent of the double bond with
the aryl substituent on the phosphorus. Of course, this interaction
would increase by increasing the steric requirements of the
phosphorus ligand. Site-selective coordination of the olefin
substrate forced by interactions of the growing chain with the
ancillary ligands has also been proposed for propene polymeri-
zation with homogeneous;-symmetric metallocene catalysts.

Supporting Information Available: Experimental procedure for the
epimerization of polymers obtained wi#ta andc and XRD profiles of
the copolymers prepared wigta, c andd (2 pages, print/PDF). See any
current masthead page for ordering information and Web access
instructions.
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shows in the latter region four bands (associated with the presenc

of the four possible triad, ul, and/orlu, anduuwithin 1.6 ppm,
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in the former regioh3? it is clear that, particularly with ligands

2c andd, the regiospecificity of the copolymerization process is

lost. Specifically for2d regioregularity seems quite low.
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