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ABSTRACT: A polymer-bound cation system of the triphenylmethyl type has been synthesized via a
method in which the first step is lithiation of polystyrene. The final step in the synthesis of the
polystyrene-bound triphenylmethyl carbocation system was either conversion of the corresponding
polymer-bound triphenylmethyl chloride with AICI; or the conversion of the polymer-bound triphenyl-
methyl alcohol with perchloric acid. The various functionalized polymer samples were characterized by
solid-state 13C NMR, which showed that, for the polymer-bound triphenylmethyl alcohol system, there
are 0.59 mmol of carbinol moieties per gram of polymer. The polymer-bound carbocation system was
found to be surprisingly stable, even to moisture in air, and can readily be regenerated from its hydrolysis
product. The polymer-bound carbocation system is effective as a catalyst in a Michael addition reaction
and as a hydride acceptor reagent in a Dauben-type hydride transfer reaction.

Introduction

Anchoring a specific chemical functionality to a
polymer such as polystyrene produces an insoluble
reagent or catalyst, in which the functional groups are
presumably randomly distributed and are accessible to
reagents during subsequent reactions. This kind of
technology is a rapidly growing field, involving applica-
tions in chemistry, industry, and biology, and there exist
unlimited R&D possibilities by varying the polymer
backbone and the functional groups bonded on the
polymer. This kind of functionalized polymer is likely
to be especially important in the future as environmen-
tally friendly reagents or catalysts.! An example of a
very toxic reagent that is easier to handle when im-
mobilized on a polymer is HF adsorbed on poly(vinyl-
pyridine), as described by Olah.?

The most common polymer-supported reagents or
catalysts in synthetic chemistry are obtained by the
chemical modification of unfunctionalized cross-linked
polystyrene.® This is presumably because (i) the modi-
fications are easily achieved by aromatic electrophilic
or nucleophilic substitution, (ii) a hydrophobic surface
is effective for adsorbing organic molecules, and (iii) the
polymer is not degraded by moderately reactive chemi-
cal reagents under routine conditions. The use of
functionalized, cross-linked polystyrene has proven to
be successful in an enormous number of cases; examples
include its remarkable use in the field of solid-phase
organic synthesis, especially for peptides,* and its wide
applicability in the form of commercial ion-exchange
resins.® Indeed, great progress in the development of
solid-phase synthetic methods is continually being
made.®

The structural study of polymer-bound chemical
agents by physicochemical techniques has lagged a long
way behind their applications. Although infrared (IR)
spectroscopy has shown its potential as an analytical
technique to study supported reagents,’ attempts to use
IR for characterizing functionalized organic polymers
can sometimes be frustrated by the fact that significant
regions of the IR spectrum may be masked totally by
absorptions due to the polymer backbone itself. Also,
quantitation in IR spectroscopy can be problematic, and
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IR sample preparation techniques, such as the KBr-disk
and self-supporting disk techniques, can lead to damage
of the material. Ultraviolet—visible (UV—vis) spectros-
copy has received little attention as a technique to study
supported reagents, because of broad, often overlapping,
bands in the UV—vis spectral region.? High-resolution
solid-state 13C NMR,® typically based on the techniques
of magic-angle spinning (MAS) and high-power proton
decoupling?® and often combined with cross polarization
(CP),!! has recently figured prominently among the host
of investigative methods used in the study of polymer
systems.!? Such techniques offer the prospect of study-
ing the local environments and active sites of polymer-
bound functionalities, which should improve the fun-
damental understanding of the mode in which a polymer-
bound reagent functions and perhaps how it can be
improved. This prospect is especially attractive in light
of the importance and popularity of combinatorial
chemistry strategies.!3

In spite of its success in characterizing surface species
on inorganic supports (e.g., oxides),'* solid-state NMR
techniques are as yet somewhat less popular for study-
ing the behaviors of functionalities of reagents on
organic supports. There are a few cases!® involving
studies of phosphorus-containing and aluminum-con-
taining functionalities on organic polymers by using 3P
and 2’Al NMR; these studies have taken advantage of
the high NMR sensitivities of 3P and 2’Al nuclei. In
many cases it might be most useful to study 13C nuclei
within the polymer-bound functionality, because the
most crucial element in organic functionalities is typi-
cally carbon. Unfortunately, 13C signals from the
polymer framework will in some cases conceal the 13C
NMR information embodied in dilute functionalities.
Therefore, it would appear that 3C-enriched samples
may often be required for the study of specific organic
functionalities bound to organic polymers. Shea and
Sasakil® showed that 13C CP-MAS NMR can be an
extraordinarily valuable technique in providing molec-
ular-level details of binding interactions in a function-
alized polymer, which in their case was prepared by a
molecular imprinting!” method.

The triphenylmethyl cation, (CgHs)3sCt, in solution
plays a substantial role in synthetic chemistry as a
catalyst!® and as a hydride abstraction reagent.’® In
contrast, a polymer-bound triphenylmethyl cation has
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apparently only once been reported in organic synthesis,
as a catalyst in cross aldol condensation reactions,?° and
has never been characterized by spectroscopic tech-
niques. However, information from spectroscopic probes
is necessary for understanding the detailed identities
of the polymer-attached chemical functionalities and for
the design of second-generation polymer-supported re-
agents with enhanced catalytic activity. In a continu-
ation of our interest in carbocations of the (CeHs)3C™
type,?! the synthesis of polystyrene-attached 13C-labeled
triphenylmethyl carbenium ion, its characterization by
solid-state NMR techniques, and its diagnostic chemical
behavior are presented and discussed in this paper.

Experimental Section

Materials. Polystyrene-1% divinylbenzene copolymer beads,
1 (100—200 mesh), were obtained from Acros Organics,
Pittsburgh, PA. 13C-labeled benzoic acid (99% *3C-carboxyl)
was purchased from Cambridge Isotopes Laboratory. Cyclo-
hexane (from Aldrich) and dichloromethane (from J. T. Baker
Chemical Co.) were first dried over 4 A molecular sieves for
24 h and then refluxed over calcium hydride for another 24 h.
Benzene (from J. T. Baker) was first dried over 4 A molecular
sieves for 24 h and then refluxed over sodium for another 24
h. Tetrahydrofuran (from Fisher Scientific Co.) was pre-dried
over calcium chloride, and then refluxed over sodium pieces
and benzophenone for 24 h. Thionyl chloride (from Fisher
Scientific Co.) was used immediately after distillation. All
other chemicals were purchased from Aldrich and used as
received.

Synthesis of 13C-Labeled Benzophenone (3). Step 1.2
A 3.00 g sample of 13C-labeled benzoic acid (99% *3C-carboxyl)
and 3.65 g of redistilled thionyl chloride in a 15 mL flask were
heated on a boiling water bath (~95 °C) until the evolution of
hydrogen chloride ceased (about 3 h). After the flask was
cooled, the condenser was detached and a distillation head was
fitted to the flask. In the subsequent distillation, 13C-labeled
benzoyl chloride was collected at 189—194 °C (745 Torr). The
yield was 3.08 g (80%) of clear, colorless liquid. Step 2. The
benzoyl chloride product (3.02 g) from the previous step was
added slowly into a stirred mixture of 15 mL of sodium-dried
benzene and 3.50 g of anhydrous aluminum trichloride in a
50 mL flask. The reaction was completed by heating on a
water bath at 50 °C until HCI was no longer evolved. The
contents of the flask were cooled in an ice bath to 0 °C, and a
mixture of 25 mL of cold water and 10 mL of concentrated
HCIl was added. The organic layer was separated and washed
with 5% aqueous NaOH and then with water and dried with
anhydrous magnesium sulfate. After removal of benzene by
a rotary evaporator, the residue was recrystallized from
petroleum ether, and 2.78 g (72%) of 13C-labeled benzophenone
(3) was collected: mp 45—47 °C. 3C NMR (CDClz ): 196.8
ppm (*3C- label). * H NMR (CDCl3 ), 6: 7.81—7.77 (m, 4H),
7.61— 7.55 (m, 2H), 7.50—7.44 (m, 4H).

Synthesis of Polymer-Bound 3C-Labeled Triphenyl-
methanol (4). Step 1. A 5.0 g sample of polystyrene—1%
divinylbenzene copolymer (1) was suspended in 50 mL of CaH,-
dried cyclohexane under Nx(g). To this mixture was added 10
mL of n-butyllithium (10 mmol, 1.0 M in cyclohexane), followed
by 1.5 mL of N,N,N’,N'-tetramethylethylenediamine (TMEDA)
(20 mmol), by a syringe. The slurry was heated to 60 °C in
an oil bath and stirring continued at this temperature for 12
h. The resulting lithiated polymer (2) was filtered under N-
(9), washed with three 50 mL portions of dried cyclohexane,
and used immediately for the next reaction step. Step 2. To
a suspension of polymer 2 (from step 1) in 50 mL of dried
cyclohexane under nitrogen protection was added a total of
1.0 g of 99% *3C-labeled benzophenone, 3 (or a 1:1 mixture of
13C-labeled and natural-abundance benzophenone), in 10 mL
of dry cyclohexane, in small portions over a 1 h period at room
temperature. The mixture was stirred for three additional
hours in a 60 °C oil bath. The mixture was then treated with
25 mL of a 1:1 (vol:vol) THF—water solution and filtered,
washed with three 20 mL portions of water, three 20 mL
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Figure 1. 8C CP-MAS spectra of polymer-bound materials
(peaks marked with asterisks correspond to spinning side-
bands): 'H 90° pulse, 5.7 us; CP contact time, 2 ms; H
decoupling, 43 kHz. Key: (A) polystyrene (1), obtained with a
2 s repetition delay and 20 000 scans; (B) polymer-bound
triphenylmethanol (4), obtained with a 5 s repetition delay and
1000 scans; (C) polymer-bound triphenylmethyl chloride (5),
obtained with a 5 s repetition delay and 1000 scans.

portions of ethanol, and three 20 mL portions of diethyl ether,
and then dried under vacuum (10~2 Torr) at room temperature
for about 12 h. A 5.8 g yield of polymer-bound 3C-labeled
triphenylmethanol (4), a white powder, was obtained.

Synthesis of Polymer-Bound 3C-Labeled Triphenyl-
methyl Chloride (5). A mixture of 1.0 g of polymer 4, 10
mL of dried tetrahydrofuran and 1.0 mL of redistilled thionyl
chloride was stirred at 60 °C in an oil bath for 10 h under
N2(g) protection. The polymer was rapidly filtered, washed
with two 25 mL portions of sodium-dried benzene, and dried
under vacuum (1072 Torr) at room temperature for about 12
h. A 1.0 gyield of polymer-bound *3C-labeled triphenylmethyl
chloride (5), a white powder, was obtained.

Synthesis of Polymer-Bound *C-Labeled Triphenyl-
methylium Tetrachloroaluminate (6a). To a suspension
of 0.45 g of polymer 5 in 10 mL of dried cyclohexane was added
0.15 g of AIClI5(s), and the mixture was stirred for 10 h under
N2(g) at room temperature. After removal of cyclohexane at
25 °C under vacuum (1073 Torr), 0.58 g of polymer-bound 3C-
labeled triphenylmethylium tetrachloroaluminate (6a), a purple
powder, was collected.

Synthesis of Polymer-Bound 3C-Labeled Triphenyl-
methylium Perchlorate (6b). A mixture of 1.0 g of polymer-
bound triphenylmethanol (4) with 0.30 mL of 70% HCIO, and
8.0 mL of acetic anhydride was stirred at room temperature
under Nx(g) for 5 h. The resulting purple reaction mixture
was filtered under Nx(g). The resulting solid residue was dried
at room temperature under vacuum (1072 Torr), and 1.0 g of
polymer-bound 3C-labeled triphenylmethylium perchlorate
(6b), a purple powder, was obtained.

The FT-IR (DR) and solid-state **C NMR spectra of all the
polymer-bound samples, 4, 5, 6a, and 6b, are shown in Figures
1-3.

Synthesis of 1,3,5-Triphenyl-1,5-Pentanedione (7). A
mixture of 0.050 g of the polymer 6b (0.029 mmol triphenyl-
methyl cation), 0.091 g of trans-1,3-diphenyl-2-propen-1-one,
CsHsCH=CHCOC¢Hs (0.43 mmol), and 0.12 g of 1-phenyl-1-
(trimethylsiyloxy)ethylene, CH,=C(CsHs)OSi(CHz)s (0.62 mmol),
in dry dichloromethane (4.0 mL), was stirred at —78 °C under
dry Nz(g) protection. After the reaction was complete (about
30 min, checked by thin layer chromatography), the polymer-
bound catalyst 6b was separated from the organic layer by
filtration. Then, the organic layer was washed with 3.0 mL
of 10% aqueous NaHCO; and dried over anhydrous NazSO,.
Finally, the solvent was removed with a rotary evaporator,
and the residue was separated by silica gel column chroma-
tography, using a 1:10 (vol:vol) ethyl acetate—hexane solution
as eluting solvent. The product, 1,3,5-triphenyl-1,5-pentanedi-
one, was obtained in 86% yield (0.12 g, 0.37 mmol), mp 80.5—
81.5 °C. 'H NMR (CDClg), 6 (ppm): 7.95 (d, 4H), 7.55 {t,
2H), 7.44 (t,4H), 7.28—7.18 (m, 5H), 4.07 (quintet, 1H),
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Figure 2. 3C CP-MAS spectra of polymer-bound materials
(peaks marked with asterisks correspond to spinning side-
bands): 'H 90° pulse, 5.7 us; CP contact time, 2 ms; H
decoupling, 43 kHz; 5 s repetition delay and 1000 scans. Key:
(A) product of reaction of polymer 5 with AICl; (6a); (B) product
of reaction of polymer 4 with HCIO, (6b); (C) sample 6b
exposed to 80% humidity for 1 day; (D) product of reaction of
polymer 6b with 50/50 (vol/vol) THF/H,O; (E) product of
reaction of the polymer of Figure 2D with HCIO,.

3.49 (d, d, 2H), 3.36 (d, d, 2H). C NMR (CDClg), 6 (ppm):
37.1,44.9,126.7,127.4,128.1, 128.5, 128.6, 133.1, 136.8, 143.8,
198.6.

Synthesis of Cycloheptatrienylium (Tropylium) Per-
chlorate (8). To a mixture of 0.25 g of polymer 6b and 4.0
mL of acetonitrile was added 15 mg of cycloheptatriene
(Aldrich) dropwise by a syringe at room temperature under a
N2(g) atmosphere. The resulting mixture was stirred under
dry Ny(g) protection for 20 min. The organic layer was
separated from the polymer by filtration, and the acetonitrile
was removed at 25 °C under vacuum (1072 Torr). A 32 mg
(98%) yield of cycloheptatrienylium perchlorate, a light brown
solid, was obtained, mp 92.0-93.5 °C. *H NMR (CD3;CN), &
(ppm): 7.56. 3C NMR (CD3CN), 6 (ppm): 156.3.

Spectroscopy. All 3C MAS NMR spectra shown were
obtained at 22.71 MHz on a Chemagnetics M-90s spectrometer.
Kel-F rotors were used at a spinning speed of about 2.5 kHz.
For cross polarization (CP) experiments: 'H 90° pulse, 5.7 us;
CP contact time, 2 ms; repetition time, 2—5 s; *H decoupling,
43 kHz. For direct polarization (DP) experiments (no cross
polarization): a 3C 90° pulse of 5.5 us, with 50 kHz H
decoupling; repetition time, 200 s. 'H and *3C liquid-solution
NMR spectra were recorded on a Bruker AC 300 FT NMR
spectrometer. IR spectra were taken on a Perkin-Elmer 1600
Series FTIR spectrometer, using a diffuse reflectance (DR)
adapter.

Results and Discussion

As shown in Scheme 1, direct lithiation of cross-linked
polystyrene (1) was achieved using n-butyllithium and
tetramethylethylenediamine (TMEDA) in cyclohexane,
as reported previously.?® The lithiated polystyrene (2)
produced was subsequently reacted with 3C-labeled
benzophenone (3) to give polymer-bound triphenyl-
methanol (4). The benzophenone was carbonyl-13C-
labeled at 99% (in some experiments, 50%) for ease of
13C NMR detection in the presence of background
signals from the polymer network. The resulting poly-
mer-immobilized triphenylmethanol was converted to
the carbocation product (6) either by direct reaction with
perchloric acid (pathway a), or by Lewis acid-base
reaction with AICI; via the polymer-bound triphenyl-
methyl chloride (5), prepared with thionyl chloride
(pathway b).
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Scheme 1. Preparation of the Polymer-Bound
Triphenylmethyl Cation from Polystyrene
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Figure 1A shows the 13C CP-MAS spectrum of the
unaltered polystyrene (1), showing the expected peaks
due to aromatic and aliphatic carbons. After lithiation
of polystyrene—1% divinylbenzene copolymer 1 and
subsequent reaction with 13C-labeled benzophenone 3,
the resulting modified polymer 4 shows a major 13C
NMR peak at 82 ppm (Figure 1B), which confirms the
presence of the triphenylmethanol functionality. The
corresponding chloride derivative 5, prepared by reflux-
ing polymer 4 with thionyl chloride in dry tetrahydro-
furan, yields the spectrum of Figure 1C, which is very
similar to that of polymer 4, except for some broadening
of the peak at 82 ppm. This broadening might result
from incomplete MAS averaging of dipolar interactions
due to the proximity to quadrupolar chlorine nuclei. The
13C chemical shifts of triphenylmethanol and triphenyl-
methyl chloride are both about 82 ppm.?* The IR
spectrum shows a strong O—H stretch absorption at
3560 cm~ for polymer 4 (Figure 3A), while no absorp-
tion in that region is seen for polymer 5 (Figure 3B).

Preparation of the sample corresponding to Figure 2A
was based on analogy to our previous report 2! that
reaction of the Lewis acid AICI; with the Lewis base
(CsHs)313CCl yielded the triphenylmethyl cation. In-
deed, the reaction between AICIl; and P-(CeH4)3C(CgHs)2-
Cl (where P represents the polymer framework) in dry
cyclohexane to form P-(CgH4)13C*(CeHs), (6a) is at least
partially successful, as shown in Figure 2A, where there
is a substantial P-(CgH4)13C*(CeHs), peak at 209 ppm.
Unfortunately, this reaction did not proceed to comple-
tion, as evidenced by the remaining carbocation-precur-
sor signal (82 ppm) in Figure 2A. This situation may
result simply from a lack of intimate, efficient access of
the polymer’s cation-precursor sites by the essential
AICIl; species, especially for interior active sites of the
polymer. Such interior active sites may be in less
mobile regions of the polymer network, reducing the



Macromolecules, Vol. 30, No. 26, 1997

Polymer-Bound Triphenylmethyl Cations 8229

|

B

80 1

%T

M

80 1

%T

80 -

%T

|

|H

%T

20 . .
4000 3000 2000

T T T

1500 1000 400

cm

Figure 3. FT-IR (diffuse reflectance) spectra: (A) polymer-bound triphenylmethanol (4); (B) polymer-bound triphenylmethyl
chloride (5); (C) polymer-bound triphenylmethyl cation (6a); (D) polymer-bound triphenylmethyl cation (6b).

accessibility to P-(CgH4)3C(CeHs)2Cl sites by AICI3
species. It has been reported that the mobility of species
bound to polymer chains and the motion of reactants
located within their solvent-swollen pores are directly
related to the degree of swelling of a solvent.?> Provid-
ing a more efficient pathway for the direct transforma-
tion of polymer 4 to polymer 6b, perchloric acid was
found to be an excellent Bronsted acid reagent for
producing the polymer bound carbocation (Figure 2B)
via pathway a in Scheme 1; the only 3C signal in Figure
2B that is not present in the spectrum (Figure 1A) of
the unaltered polystyrene (i.e., arising from 13C labeling)
is that of P-(CgH4)13CT(CeHs), at 209 ppm; i.e., the
polymer-bound alcohol functionality can all be converted
by HCIO, to the corresponding carbocation form.

The polymer-bound triphenylmethyl carbenium per-
chlorate (6b) is very stable when stored at room tem-
perature under a dry N»(g) atmosphere; the spectrum
taken from a sample that was stored in a MAS rotor in
a N2(g) glovebox for 1 month at room temperature is
almost identical to the spectrum of Figure 2B. More
surprisingly, even when sample 6b was exposed to 80%
humidity (in a closed humidifier containing saturated
NH4CIl aqueous solution at 25 °C) for 24 h, the carbe-
nium ion sites were still stable on the polymer, as shown
in Figure 2C. When sample 6b was stirred at room
temperature with THF/H,O (50/50 vol) for 4 h, washed
with ethanol and diethyl ether and dried at 25 °C under
vacuum (1072 Torr), the cation was converted back to
triphenylmethyl alcohol; the 13C CP-MAS spectrum
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Figure 4. 13C T, data analysis for sample 4. The experimental
data are shown with the symbol B. The curve was obtained
from a least-squares fit of the experimental intensity data
(integrated) to eq 1.
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Figure 5. °C T, data analysis for [**C-carboxyl]glycine. The
experimental data are shown with the symbol a. The curve
was obtained from a least-squares fit of the experimental
intensity data (integrated) to eq 1.

(Figure 2D) from the hydrolyzed polymer shows that the
209 ppm peak is missing and the 82 ppm peak has
reappeared. By treating the hydrolysis sample shown
in Figure 2D with HCIO4, the polymer-bound triphenyl-
methylium functionality can be regenerated, as evi-
denced by the spectrum in Figure 2E.

13C spin counting experiments on the amount of
polymer-bound triphenylmethanol functionality in sample
4 were carried out in order to determine the loading
level of the immobilized functionality on the polymer.
For implementation of this quantitative analysis, the
13C CP-MAS inversion—recovery method 26 was used to
measure the 3C spin—lattice relaxation times, T,¢, of
sample 4 and a reference compound, [*3C-carboxyl]-
glycine. In plots of the signal intensity vs. the delay ©
between the two pulses in the inversion—recovery
sequence, a single exponential fit was displayed for each
of the two compounds, according to eq 1. In this

M(z) = [Mcp(0) — Mgl exp(—a/T,%) + My (1)

equation, M(z) is the longitudinal 13C magnetization
corresponding to the 13C signal intensity for a given
delay 7, Mcp(0) is its initial value, My is its equilibrium
value, and T;€ is the 13C spin—Iattice relaxation time.
The computer fit yields a T.C value for the labeled
carbon in sample 4 of 29 s (Figure 4), and for an
intensity reference compound ([13C-carboxyl]glycine) a
value of 6.1 s was obtained (Figure 5). Then, from the
intensity ratio obtained in a 13C DP-MAS experiment
(direct polarization, no CP) carried out with a 200 s
repetition delay (~7 x T;C of sample 4) on a mixture of
4 (0.8626 g) and glycine (0.0709 g) (Figure 6), it was
readily determined that the loading level of the bound
triphenylmethanol on the polymer is 0.59 mmol/g of
polymer. This corresponds to (n — m)/m = 13 in Scheme
1.

To begin exploring the synthetic utility of the polymer-
bound triphenylmethyl carbocation 6b, we employed it
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Figure 6. 13C DP-MAS spectrum of a mixture of polymer 4
(0.8626 g) and [**C-carboxyl]glycine (0.0709 g), obtained with
a 90° pulse of 5.5 us, 50 kHz *H decoupling, a repetition delay
of 200 s, and 96 scans.

in the 50% 13C-labeled form as a catalyst in the Michael
addition reaction shown in eq 2.

(0] <OSiMe3 Polymer 6b Ph O
+ = _— >
PN\Ph Ph CHaCly, -780C  p Ph

@

The Michael adduct, 1,3,5-triphenyl-1,5-pentanedione
(7), was obtained in good yield (86%) by the reaction of
the silyl enol ether of acetophenone with an o,8-
unsaturated ketone (1,3-diphenyl-2-propen-1-one, or
trans-chalcone) in the presence of polymer 6b. The
same overall reaction has been carried out by Kobayashi
et al.’® with a 92% yield by using triphenylmethylium
perchlorate as a catalyst in solution.

Compared to the conventional route using solid
inorganic Lewis acids (e.g., TiCls)? or trityl perchlorate
in solution?® as catalysts in aldol and Michael reactions,
the advantage of this polymer-immobilized catalyst is
its potential for ready recoverability and hence its
potential as an environmentally friendly alternative to
corrosive, toxic, and wasteful reagents. However, 13C
CP-MAS spectra taken before (Figure 7A) and after
(Figure 7B) catalysis of the Michael addition reaction
show that the polymer-supported triphenylmethyl cat-
ion catalyst (peak at 209 ppm) was partially deactivated
by hydrolysis (peak at 82 ppm) and hydride abstraction
(peak at 57 ppm). The hydrolyzed sites might be easily
regenerated by repeating pathway a in Scheme 1, while
hydride-poisoned sites remain a challenge for recycling,
for which one would have to find a suitable oxidation
pathway to convert P-(CgH;)13CH(CgHs), back to P-(Cs-
H4)3C*(CeHs)a.

The functionalized polymer 6b was also examined as
a hydride abstraction reagent in a Dauben-type hydride-
transfer reaction,1@ i.e., hydride transfer from cyclo-
heptatriene to the polymer-attached carbocation (eq 3).

€ CH—CHy 3t CH—CHy 1

CH3CN

+CH—CH, }—¢ CH—CH, -

© 3o F
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Figure 7. 3C CP-MAS spectra of 50% **C-labeled polymer-
bound triphenylmethyl cation (6b) (*H 90° pulse, 5.7 us; CP
contact time, 2 ms; *H decoupling, 43 kHz; 5 s repetition delay;
1000 scans): (A) before functioning as a catalyst; (B) after
functioning as a catalyst in the Michael addition reaction (eq
2); (C) after acting as a hydride abstraction reagent in the
Dauben reaction (eq 3).

The method is successful, with nearly quantitative
yield (98%) of tropylium perchlorate (8), which is easily
separated from the polymer-bound reagent and product.
The 13C CP-MAS spectrum of the polymer reagent after
hydride transfer reaction shows that all carbocations
were converted to polymer-bound triphenylmethane
(peak at 57 ppm), i.e., P-(CgH4)*CH(CgHs),, as shown
in Figure 7C. The corresponding process carried out
using triphenylmethylium tetrafluoroborate in solution
provided a 90% yield.1%d

Conclusions

The present work has shown directly that a function-
alized, cross-linked polymer with attached carbenium
ions of the triphenylmethyl type can be synthesized
efficiently by the chemical modification of polystyrene
and that the polymer-immobilized (bound) carbocation
is quite stable, compared to the analogous carbocation
formed on (in) zeolite HY, as described previously.2

Solid-state 13C NMR techniques provide a very direct
approach for characterizing a polymer-supported re-
agent, and its entire preparation process. Although IR
might be an alternative tool, the limitation of its
application in this field is quite obvious due to overlap-
ping signals from the polymer backbone. For example,
IR spectra shown in parts B—D of Figure 3 provide little
information for distinguishing polymers 5, 6a, and 6b,
while NMR can readily tell the difference between these
differently functionalized polymers.

The polymer-bound triphenylmethyl carbenium sys-
tem was found to be effective in catalyzing the Michael
addition reaction of an a,$-unsaturated ketone with a
silyl enol ether, and as a hydride abstraction reagent
in converting cycloheptatriene to tropylium cation. This
kind of polymer-bound carbocation might have further
potential implications in chemical research as a reagent
in solid phase synthesis, and in industry as a catalyst
in continuous-flow processes.?® Also, this polymer-
attachment method could provide a useful strategy for
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studying a variety of carbocations or other reactive
species in solid phases.
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