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Figure 1. Top: ESR spectrum of 3* in a CF,CICFCl, matrix at 115 K
(g = 2.0026 % 0.0002). The dashed curve was obtained by deducing an
absorption from the y-irradiated quartz tube. The simulation made use
of the coupling constants, in mT: 1.50 (2 H), 1.405 (3 H), 0.315 (3 H),
0.197 (3 H), and 0.056 (3 H); line shape Gaussian; line width 0.2 mT.
Bottom: corresponding proton ENDOR spectrum. The low-frequency
A signal, marked by an asterisk, overlaps with a ®/F ENDOR absorption
from the matrix.

CF,CCl, at the same temperature. It can reasonably be assigned
to the primary radical cation 1**. Conversion of 1** into 2°* was
also detected at elevated temperatures, this rearrangement oc-
curring less readily in a CF;CCl, than in a CFCly matrix.

However, with CF,CICFCl, as the matrix, our analysis and
interpretation of the ESR spectrum are at variance with those
given previously.” The multiplet with an average spacing of 1.44
mT is clearly a five-proton sextet and not a six-proton septet,
as revealed by the ESR spectrum in Figure 1. (The broad, weak
signal at low field in Figure 1 of ref 3 does not belong to this
multiplet, but stems from an unknown impurity.) As the five
protons giving rise to the major hyperfine splitting of 1.4-1.5 mT
must be located in one CH; and one CH, group, the obvious
structure of the paramagnetic species in question is the neutral
cycloallyl radical 3¢, which has been formed from 1** by the loss
of a proton,
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The structure 3* has been corroborated by the corresponding
ENDOR spectrum also displayed in Figure 1. The two outer pairs
of ENDOR signals (D and E), centered at ag/2 = 19.68 and a,,/2
= 21.01 MHz, are separated by twice the free proton frequency,
vy = 14.56 MHz* In a unit of magnetic field (B), the two
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coupling constants amount to ag = 1.405 % 0.005 and a, = 1.50
£ 0.10 mT. The smaller value (1.405 mT), associated with the
narrow signals D, arises from the three equivalent 3-protons in
the freely rotating methyl substituent of the allyl w-system, whereas
the larger one (1.50 mT), represented by the broad signals E, is
appropriate for the two nonequivalent a-protons of the allyl
methylene group. These assignments are fully compatible with
the hyperfine data for structurally related allyl radicals. The
broadening of the E signals is attributed to the hyperfine anisotropy
of the a-protons and to the unresolved difference in the coupling
constants for the endo and exo positions. The three inner pairs
of ENDOR signals (A, B, and C), centered at vy = 14.56 MHz,
are separated by the coupling constants of 1.58, 5.52, and 8.84
MHz or, in a unit of the magnetic field, by 0.056 % 0.002, 0.197
%+ 0.002, and 0.315 £ 0.002 mT. They belong to the protons of
three methyl substituents further removed from the allyl =-system
of 3°; the coupling constant of the protons in one methyl group
evidently fails to be observed or the associated ENDOR signals
coincide with A or B or C. Assignments of the three values to
methyl substituents in individual positions are difficult.6 Nev-
ertheless, their nonequivalence accords with the low symmetry
(Cy) of 3.

Additional evidence favoring the structure of a neutral allyl
radical is the persistence, unusual for radical cations in freon
matrices. Thus, the ESR spectrum of 3* could still be observed
at 150 K, well above the softening point of CF,CICFCl,.

As stated in a paper by Williams et al.,? conversion of 1** to
3* in the CFCI,CF,Cl matrix occurs when the concentration of
1 exceeds ca. | mol %. This finding indicates that the reaction
is bimolecular, i.e., the neutral 1 acts as the proton acceptor. Such
ion-molecule reactions have often been observed in the relatively
mobile CF,CICFCl, matrix.!
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Rhodes recently reported'? that the electronic state of the
hexamethyl(Dewar benzene) (HMDB) radical cation generated
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Figure 1. First-derivative ESR spectra of the radical products obtained
by v irradiation (dose, 0.25 Mrad) at 77 K of solid solutions of hexa-
methyl(Dewar benzene) (HMDB) in CF,CICFCl,, showing the effects
of HMDB concentration and annealing. Spectra a and b were obtained
from 0.1 and 1 mol % HMDB solutions, respectively, and recorded at
85-90 K before sample annealing. Spectrum c was obtained after an-
nealing of the 1 mol % sample to 105 K and was similarly recorded at
90 K. The feature marked by the asterisk in ¢ is discussed in the text.
The stick diagrams represent the line components of the 2B, HMDB
radical cation (upper) and of the neutral allylic radical (lower) described
in the text.
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Figure 2. First-derivative ESR spectra obtained from 0.1 mol % (a) and
1.0 mol % (b) solutions of HMDB in CF,CICFCl, after v irradiation
(dose, 0.25 Mrad) at 77 K. The spectra were recorded at 90 K after
annealing of the samples to 125 K. The stick diagram represents the line
components of the neutral allylic radical described in the text. The
feature marked by the asterisk in b is also discussed in the text.
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by the radiolytic oxidation of the parent compound in Freon solid
solutions? differs according to the matrix in which the cation is
prepared, the 2A, and 2B, states being the dominant species formed
in CF,CICFCl,! and CFCl,,? respectively. Since it is well-known
that the nature of the Freon matrix can affect the course of
secondary processes involving unimolecular rearrangements* and
bimolecular reactions® of the radical cation, we decided to repeat
Rhodes’s experiments to see if such effects could have any bearing
on the validity of his unusual finding.

Decisive evidence on this question comes from an ESR study
of the effect of HMDB concentration on the radiolytic oxidation
product in CF,CICFCl, (Figure 1). First, spectrum a generated
from a low-concentration (=0.1 mol %) sample clearly includes
a set of hyperfine (hf) components defined by a 9.1-G spacing
that corresponds closely to the hyperfine splitting (hfs) reported
by Rhodes for the B, radical cation in the CFCly matrix.? At
a 10-fold higher concentration of HMDB, however, the resulting
spectrum (b) shows no clearly defined signals from the 2B, radical
cation. Interestingly, this spectrum changed slightly on annealing
of the sample to reveal a pattern (c) that closely resembles the
spectrum previously assigned to the 2A, radical cation in this
matrix.! This assignment is erroneous since the spectrum was
assumed to consist of seven lines,! but as Figures 1 and 2 make
clear, the relative intensity of the outermost line at low field varies
considerably with annealing and HMDB concentration, and
therefore this feature does not belong to the remaining six-line
binomial pattern. Confirmation of this revised analysis implicating
a different radical (vide infra) is provided by the proper intensity
balance between the undistorted M; = *°/, and %3/, pairs of
components in the sextet spectra® indicated by the stick diagrams
in Figures 1 and 2. Also, the derived g factor of 2.0026 (5) is
more reasonable for a hydrocarbon radical than the much higher
value of 2.0063 (5), which would apply for the seven-line inter-
pretation.’

Scheme [

The above results are readily interpreted by Scheme I since the
bimolecular process of proton transfer would be expected to
generate increasing amounts of the neutral radical 3 at the expense
of the B, radical cation (2) as the concentration of the neutral
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HMDB (1) is raised in the sample. A propensity for ion-molecule
reactions of this kind in the relatively mobile CF,CICFCI, matrix
has been amply documented.® The closing argument is that the
six-line spectrum can be assigned to radical 3. This is straight-
forward since the average 'H hfs of 14.4 G is typical of a- and
B-hydrogen splittings for allylic radicals’®® and coupling to five
nearly equivalent hydrogens (H?,,,, H% 40, and 3H?,,4,) is pre-
dicted in this case.®

We conclude that there is no credible evidence for the formation
of the 2A, state of the HMDB radical cation in CF,CICFCl,,!
the 2B, state being produced as in CFCl;.2 The different results
obtained previously in these two matrices™? originate from the
greater proclivity for loss of the 2B, radical cation by ion-molecule
reactions in the more mobile CF,CICFCl, solid, especially at high
HMDB concentrations. Consequently, the 2B, and not the 2A,
radical cation! is the ground state in these Freon matrices.*!°
Trifunac and co-workers have similarly observed only the 2B, state
from measurements of time-resolved fluorescence detected mag-
netic resonance in liquid cyclopentane and n-pentane solutions,!!
and so there is no evidence for a solvent effect on the nature of
the ground state as was suggested earlier.!?
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ansa-Metallocene compounds have been discovered that po-
lymerize propylene with either isospecificity>® or syndiospecificity*
to predominantly isotactic or syndiotactic polymers, respectively.
In this contribution, we describe the formation of a new ansa-
metallocene system, rac-[ethylidene(]-n’-tetramethylcyclo-
pentadienyl)(1-n3-indenyl)ldichlorotitanium (1), which produces
homopolypropylene having the attributes of a thermoplastic
elastomeric (TPE) material.

A reaction® between 1,2,3,4,6-pentamethylfulvene® and inde-
nyllithium in THF solution, followed by hydrolysis and distillation,
afforded 1-(1-indenyl)-1-(2,3,4,5-tetramethylcyclopentadienyl)-
ethane (2) (bp 130-140 °C/0.1 Torr) in 54% yield [anal. (calcd):
C, 90.63 (90.85); H, 9.25 (9.15)]. The golden orange oil 2 is an
isomeric mixture according to 'H and '*C NMR. A solution of
2 (13 mmol) in 150 mL of THF was cooled to 0 °C, n-butyllithium
(26 mmol) was added dropwise, and the mixture was stirred for
several hours at 40 °C to from a deep red solution. It was cooled
to -78 °C, and 13 mmol of TiCl,(THF),” in THF was added
dropwise. Subsequent refluxing for 18 h gave a green solution.
Removal of the solvent, extraction with CH,Cl,, filtration, and
removal of the CH,Cl, gave 4.7 g of 1in 95% crude yield. The
product was purified by crystallization from CH,Cl,/n-hexane,
MS m/e 381 for M™; [anal. (calcd): C, 61.41 (63.02); H, 5.70
(5.82)]. The 'H and 3C NMR?® spectra indicate that only one
of the two possible diasteromeric pairs is isolated, with the probable
structure shown based on steric considerations.
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Polymerization of propylene® at 1.5 atm and 50 °C with 27 uM
1 and 54 mM methylaluminoxane (MAQ)?® based on Al for 1
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