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Chiral Pd(ll) complexes have recently attracted significant
interest due to their utility for asymmetric catalysisn addition,
chiral and achiral Pd(ll) catalysts have become important for
addition polymerizations of linear and cyclic olefins. Strictly
alternatingoi-olefin/carbon monoxide copolymers with regio-
and stereoregular and -irregular structifgmlyolefins with
functional groups,highly branched amorphous poiyplefins)#
and cycloaliphatic polyolefins based on strained polycyclic
olefins® can be prepared through careful choice of the ligands
and the counterions of Pd(Il) complexes. The latter polyolefins
containing polycyclic repeating units are interesting materials,
since their rigid polymer backbones lead to high heat distortion
temperature§.

We here report the addition polymerization of the 3,3-dialkyl-
substituted cyclopropenebka—c,” which are highly strained
monocyclic olefins (eq 1§.Unsubstituted cyclopropene is

thermally unstable and undergoes spontaneous, uncontrolled

polymerization when kept above78 °C.° Substituted cyclo-
propene derivatives produce cyclic dimers and ring-opened
polymers when reacted with Pd(ll) catalysts without chelating
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Table 1. Poly(3,3-dialkylcyclopropenes) Prepared with Pd
Catalysts2 and 3a,b

entry polymer catalyst [MI[C]  t(h)> vyield (%)

1 poly-la 2 115 32 63
2 poly-1a 3a 90 32 36
3 poly-1a 3b 100 40 32
4 poly-1b 2 34 48 91
5 poly-1b 2 100 32 81
6 poly-1b 3a 115 32 43
7 poly-1c 2 20 32 85
8 poly-1c 3a 90 120 63
9 poly-1c 3b 50 120 0

2 |nitial molar ratio of monomer to Pd catalyst.? Reaction time at
20 °C, the temperature was previously raised frerB0 to 20 °C.
Reactions were carried out under nitrogen; solvent waglGhh entries
1, 4,5, and 79; GHsCl in entries 2, 3, and &.Polymer synthesis on
a scale of 136340 mg.
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ligands!® Oxidative addition with Pd(0) complexes and Pd(0)
intermediates leads to cyclooligomerization with the formation
of cyclic dimers, trimers, and tetraméés.We now describe
high molecular weight cycloaliphatic polyolefirgoly-la—c
composed of saturated triangular repeating units. These addition
polymerswere prepared using{allyl){ (—)-sparteingpalladium-

(1) (2)*22and g3-allyl)(bisoxazoline)palladium(ll) hexafluoro-
antimonate catalysts34,b)12° (eq 1 and Table 1)Poly-la—c

+ +
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3a,b a: R=Ph,
b: R = tert.-Bu

of Table 1 were obtained in 391% yields from molar ratios

of cyclopropene monomer to Pd(ll) catalyst ([M]/[C]) between
20:1 and 115:13 The steric bulk of the chelating ligand of
the Pd catalyst and the size of the monomer substituents affect
the polymerization behavior of the cyclopropene derivatives.
3-n-Pentyl-3-methylcyclopropene undergoes polymerization with
the phenyl-substituted bisoxazoline Pd(ll) complga but
remains unreacted (over a period of 120 h at°®) when
Pd(Il) compoundb with the bulkier bistert-butyl)bisoxazoline
ligand is used as the catalyst (compare entries 8 and 9 of Table
1). On the other hand, 3,3-dimethylcyclopropene is sufficiently
small for the insertion polymerization with compl&b (entry

:3). The relative number and weight average molecular weights
of poly(3-n-pentyl-3-methylcyclopropenepély-1c, entry 7) are
Mn(GPC)= 42 000 andV,(GPC)= 99 000**

(10) Weigert, F. J.; Baird, R. L.; Shapley, J.RAm Chem Soc 1970
92, 6630.

(11) (a) Binger, P.; Schuchardt, @hem Ber. 1981, 114, 1649. (b)
Binger, P.; Bieh, H. M.; Benn, R.; Mynott, RAngew Chem, Int. Ed. Engl.

1982 21, 62. (c) Bich, H. M.; Kriger, C.Acta Crystallogr, SectC: Cryst
Struct Commun 1984 40, 28.

(12) (a) Togni, A.; Rihs, G.; Pregosin, P. S.; AmmannHely. Chim
Acta199Q 73, 723. (b) von Matt, P.; Lloyd-Jones, G. C.; Minidis, A. B.
E.; Pfaltz, A.; Macko, L.; Neuburger, M.; Zehnder, M.;"&ger, H.;
Pregosin, P. SHelv. Chim Acta 1995 78, 265.

(13) See Supporting Information for preparative details and characteriza-
tion. Polymer yields were consistently higher with the sparteine-based
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yields decrease when less bulky and less rigid chelating ligands are used.
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Scheme 1. 1,2-Cis-Linked Repeating Unit of poly-1la
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The 'H NMR spectra show that the three-membered ring
structure of the monomers is retained during the polymerization
(e.g., two broad signals @t= 1.2 and 0.5 ppm correspond to
the methyl and cyclopropy! protons of poly(3,3-dimethylcyclo-
propene) foly-1a)). 13C NMR spectra reveal a polymer
structure with 1,2-cis-linked triangular repeating uAsChar-
acteristic is the substantial chemical shift differenceAdf >
11 ppm for the two methyl groups of the repeating units of
poly-1a, which results from additive’-syn andy-anti effects
imposed by the two neighboring cyclopropy! units on Me(cis)
and Me(trans), respectively (Scheme 1). THE NMR
spectrum consists of four sets of signflsThe presence of
one slightly more pronounced signal within each of these four
sets of signals at 30.2 ppm (Me(trans))p = 24.0 ppm
(cyclopropyl-CH),6 = 18.0 ppm (quaternary cyclopropyl-C),
andd = 16.6 ppm (Me(cis)) indicates that poly(3,3-dimethyl-
cyclopropene) prepared withand3ais partially stereoregular.

Poly-lacan adopt the three different triad structures, rr, mr,
and mm, presented in Scheme 2. The tetramer of 3,3-
dimethylcyclopropene, quater(3,3-dimethylcyclopropg)) (ith
a syndiotactic sequence of three-membered ring units (rrr-

tetrad)!” serves as a model compound to aid assignment of the

moderately predominant stereochemical configuration of poly-
(3,3-dimethylcyclopropene) (entries 1 and 2). The chemical
shifts 6 17.4 and 29.3 corresponding to Me(c) and Me(t)of
are very similar to those of the low-intensity signalspafly-

la but differ by nearly 1 ppm from the dominant Me(cis) and
Me(trans) signals. This result suggests to us that poly(3,3-
dimethylcyclopropene) samples synthesized wittand 3a

(14) GPC calibration with polystyrene standards. The relatively high
Mn(GPC) and the broad molecular weight distribution indicate that initiation
is considerably slower than chain propagatid®oly-1c (entry 8) hasVi,-
(GPC) = 54 000 andM,(GPC) = 104 000. Cationic [(ligand)Pd(Me)-
(NCMe)] compounds are potential catalysts for polymers with lower
polydispersities. Poly-1a,b (entries 1-6) are only partially soluble at 20
°C in chlorobenzene.
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contain a moderate excess of meso uHitsThis excess is
slightly more pronounced ipoly-1a (entry 2) prepared with
the phenyl-substituted bisoxazoline Pd cataBasthan in the
product (entry 1) obtained with the sparteine-based cataffst
The relatively moderate degree of tacticity indicates that both
catalytic site control and chain-end control contribute to the
overall stereocontrol in the polymerization b& catalyzed by
3a. The catalytic site control exerted by the-&mmetric
bisoxazoline ligand is assumed to be partially compensated by
the steric contribution of the structurally rigid polymer chain-
end linked to Pd(Il). This contrasts with (bisoxazoline)Pd(ll)-
catalyzed alternating copolymerizatidhef p-tert-butylstyrene
and CO in which the chain-end control mechanism can be
overridden by the g@symmetric ligand due to the higher
flexibility of the growing polymer chain.
Poly(3-ethyl-3-methylcyclopropene)dgly-1b) can adopt ad-
ditional stereochemical configurations to those presented in
Scheme 2 as the ethyl substituent can be eitherpaly{1b,c
or trans poly-1b,t) to the bonds of the polymer main chain.

;>ﬂcz|.|75<4 CHs

H H H H
CHj CaHs

poly-ib,c poly-1b,t

Trans-linked ethyl group96ly-1b,t) are slightly predominant
due to moderately less hindergecoordination of the methyl-
substituted monomer face during chain propagation. The mole
fraction of poly-1b,t is 0.65 in entry 4 and 0.60 in entry 6, as
determined from the intensity of thel NMR signals av) 1.2—

1.1 (poly-1b,0) and 0.98 foly-1b,t).

In conclusion, polycyclopropenes with molecular weights
above 10 000 were obtained by the addition polymerization of
3,3-dialkyl-substituted cyclopropenes with Pd complexes bearing
nitrogen-containing bidentate ligands.
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1a,b, and thermogravimetric analysis pbly-1b (16 pages). See any
current masthead page for ordering and Internet access instructions.
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(16) Me(trans), Me(cis), cyclopropyl-CH, and quaternary-C each give
rise to one set of3C NMR signals. See Supporting Information for
spectroscopic details.

(17) Tetramer4 (rrr) was obtained via reductive cleavage of a
palladacyclé'® composed of four three-membered ring units with NaBD
See Supporting Information for synthetic and spectroscopic details.

(18) Poly-1aobtained with the achiral catalysyfallyl)(2,2 -bipyridyl)-
Pd'][SbFs] shows less pronouncedC NMR signals atd 30.2 and 16.6
ppm indicating that these signals correspond to meso-units.

(19) Approximately 70% meso-units f@oly-1a prepared witt3a and
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of signals corresponding to the stereoconfigurations of Me(trans)).



