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Suzuki Cross-Coupling Reactions

Kelvin Chi Yin Lau, Helen Song He, Pauline Chiu,* and Patrick H. Toy*
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Hong Kong, People’s Republic of China

Receied May 17, 2004

Soluble and insoluble polystyrene-bound triphenylarsine reagents have been prepared from 4-styryldiphe-
nylarsine. The utility of these reagents as ligands for palladium in Suzuki cross-coupling reactions is
demonstrated. In these applications, the use of polymeric triphenylarsine simplifies the purification of the
coupled product and allows for the ligand to be recycled. Furthermore, the soluble polymeric arsine reagent
permits the palladium catalyst to be recovered and reused.

Polymer-supported reagents and catalysts have becomé&cheme 2

common tools for organic synthesis in what is known as z
polymer-assisted synthesis, because they can simplify product

purification and have the potential to be easily recyéléd. Asy03 _ac

vast array of such reagents and catalysts have been reported

that use both insolubleand solublé polymers as their Ph"Sph

carriers. In this regard, we have long-standing interests in
the development of new insoluble polymers that can be used

1
as both synthesis and reagent supgatsl in the develop- _ A
ment of both soluble and insoluble amihketone’ sulfide; 1. p Ph — NCPS-ASPhs
and sulfoxidé polymer-supported reagents. In addition, we g o )

P

have recently reported the preparation of non-cross-linked
(soluble) and cross-linked (insoluble) polystyrene-supported
triphenylphosphine reagents that were observed to be useful

in Mitsunobu and alcohol bromination reactions, respec- 2
tively.® Because of the simplicity of the syntheses of these
phosphine reagents, we sought to extend our methodology

3
to the preparation of analogous triphenylarsine functionalized z N
polymers. Z
Similar to triphenylphosphine, triphenylarsifiés a ver- 1+ + f @_Asph3
0_\_/_0 4

4
S ph

Q
NCPS-AsPh;

satile reagent for organic synthesis, and the replacement of

phosphines by arsines has led to improved results in many

synthetic reactions. Triphenylarsine has been determined to JandaJel® cross-linker

be particularly useful in the form of arsonium ylidéand aReaction conditions: (a) PhMgBr, THF, € to room temperature;

as a ligand for palladium in various metal-catalyzed cross- (o) HCI; (c) p-BrMg—CgHsCH=CHz, THF, 0°C to room temperature; (d)

coupling reaction&? Although there have been many ap- :g'g:fghu'\fne'sgcﬂ:’/(fléﬁoéég*':' room temperature; and (f) PhCl:®,

plications of polymer-supported triphenylphosphifisgports ' ' T

regarding supported triphenylarsine are féfand it has For the preparation of the soluble, non-cross-linked

on_ly begn u_sed synthetically in Hegk react&‘f'remg in the polystyrene-supported (NCPS) reagéniyas copolymerized

oxide oxidation state for the preparation of carbodiimite®’ it styrene under free radical conditions in a molar ratio
As in our previous syntheses of functionalized polyntérs, 4 1.g.3 (L:styrene) to affor® (non-cross-linked polystyrene

we chose to use a functional monormiét, for incorporation  Asph, or NCPS-AsPhy) in 48% yield (Scheme 1). The ratio

of the triphenylarsine moieties into both soluble and insoluble ¢ incorporation ofl to styrene in2 was determined by the

polystyrene. Monomed was synthesized via a two-step  oyjdation of2 to 3 with H,O», using the method for arsine

sequence using Gngnarq reagents in 61% yield from arsenicqyigation reported by Sheldon et'8land analyzing it¢H

oxide, according to the literature procedure (Schem&"1). NvR spectra. In3, all of the aromatic proton signals

associated with the triarylarsine oxide moieties (14 in total
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phtoy@hku.hk. signals, allowing for integration and thus quantification.
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Table 1. Synthesis and Loading Levels of Reagedtand4

Reagent Preparation Arsenic Content (%) Loading (mmol/g)

1 (mmolp styrene (mmoh theoretical observed theoretical observed
2 53.9 445.1 6.29 7.45 0.83 0.79
4 15.5 46.5 11.61 10.83 1.55 1.44

a Amount of monomer used for reagent preparatfoDetermined by elemental analystDetermined by'H NMR analysis of3.

Table 2. Suzuki Cross-Coupling Reactions of Arylboronic

Using this method, a ratio of incorporation of 1.8 was found Acids with 2-lodo-2-cyclohexen-1-one

for 3 and, thus,2. This corresponds to a loading level of

0.79 mmol AsPk(g 2 (Table 1), which is close to the Q 5 mol% Pd(PhCN),Cl, 9
theoretical value of 0.83 mmol Asih. However, elemental @/X + ArB(OH), ;gz%?'ff;oﬁin'ﬁ’a”d @/Ar
analysis indicated a loading level of 0.99 mmol Asgh

The origin of this discrepancy is unclear; however, the lower ;

) : ) temp yield
loading determined by the analysis ®fwas probably not entry ligand X Ar (°C) time (%)
due to incomplete oxida_tion .of thg arsi_ne moietigsZin 1 AsPh | Ph- w® 2h 79
because a control reaction in which triphenylarsine was 2 2 |  Ph- i 2h 85
oxidized to triphenylarsine oxide, using the same conditions, 3 2 I 4-MeO—CeHy- . 2h 85
was complete in a matter of minutes. The different obtained g % :3 %‘r']v'eo_CGHf ré:s 22hd 9226
loading values could be due to errors in elemental analysis ¢ | ' Ph: W 4ad 75
determination or in the recording and analysis of the NMR 7 4 | Ph- 66 18h 86
spectra, or a combination of these factors. Regardless, the 8 J}PPk |  Ph- 66 18h 48
lower loading level obtained frotH NMR analysis was 1?) j : g'mgggﬂr gg igﬂ g%

. X . . - . Ha-
used in reactions witB, because this represents a minimum 1 a4 | 34-(MeOp-CeHs 66 18h 85

value.
; i . 2lsolated yield of product after silica gel chromatography. See
To prepare the insoluble, Cros_s linked polygtyre.ne i Supporting Information for product characterization det&iRoom
phenylarsine reageritwas suspension-copolymerizédith temperature¢ A composition of 45 mol % oft and 20 mol % of

styrene and the flexibldandael cross-linket?° to afford 4 Pd(PhCN)CI, was used.
(Janddel—AsPh) in 82% yield (Scheme 1). We decided to
preparet with less than the maximum possible loading level, by simple filtration. Note tha? can also be precipitated from
because of our previous observation that heavily loaded diethyl ether or hexanes, should methanol prove to be an
Jandalel-PPh shows very little swelling in organic solverfts.  inappropriate solvent for the desired product.
Therefore, using the appropriate amount of styrene to dilute  For the Suzuki coupling reactions of 2-iodo-2-cyclohexen-
1, we attempted to prepadewith a loading level of ca. 1.55  1-one, the procedure of Johnson et al. was used, in which
mmol AsPh/g (see Table 1). Only elemental analysis was Ag.0 is the base and the solvent is tetrahydrofuran (THF)
used to determine the actual loading leveldflL.44 mmol (Table 2)?2 Both electron-rich and unsubstituted arylboronic
AsPhy/qg), because its insolubility and hydrophobicity made acids were studied. It was found that reactions involving the
it seem unlikely that its oxidation would go to completion, soluble polymeR proceeded at approximately the same rate
especially because most of the arsine moieties are buriedand in comparably good yields (see entriesA2n Table 2)
deep within the interior of the beads. The fact that the as the control reaction using AsPisee entry 1 in Table 2).
observed loading level oft is slightly lower than the  An additional control reaction was performed in which the
theoretical value gives us confidence in the NMR-determined polymeric arsine ligand was omitted, and no desired product
loading level of2. Both of these lower-than-expected values was observed. Furthermore, when 2-bromo-2-cyclohexen-
are in agreement with the notion thatand styrene are  1-one was used, the reaction was very sluggish and only 26%
incorporated into the polymers at approximately the same of the desired product was formed after refluxing for 2 days
rate under the two different radical polymerization procedures (see entry 5 in Table 2). When insoluble polymeawas used,
used, as one might expect. Furthermore, it is significant that the reactions were sluggish at room temperature. This was
the observed loading levels @fand4 are similar to their most likely due to the heterogeneity of the reaction. Even
theoretical values, because it should therefore be facile towhen the amount of catalyst and ligand were increased
prepare such polymeric reagents with any theoretically 4-fold, the reaction required 4 days for completion (see entry
possible loading level that is desired, as we have done6 in Table 2). However, when heated to reflux, the reactions
previously with triphenylphosphine reagefits. occurred more efficiently (see entries 7 and1d in Table

To assess the synthetic utility of polymeric reagehasd 2). Despite the need to heat these reactions and their extended
4, we chose to examine them as ligands for palladium in reaction times, good yields of coupled products were
Suzuki cross-coupling reactichg?of arylboronic acids with obtained. Importantly4 afforded a significantly higher
2-iodo-2-cyclohexen-1-one, iodobenzene, and 2-bromomesi-product yield than the analogous and readily available
tylene. Both polymers were used in these reactions, andinsoluble triphenylphosphine residandael—PPh,° in a
comparisons were made with AsPRolymer2 was removed  side-by-side competition (see entry 8 in Table 2).
at the end of each reaction by precipitation from methanol, For the Suzuki coupling reactions of iodobenzene,
followed by filtration, and polyme# was removed directly =~ CsCO; served as the base in 1,4-dioxane at°@5(Table
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Table 3. Suzuki Cross-Coupling Reactions of Arylboronic Table 5. Recycling of Polymer® and4

Acids with lodobenzene B(OH),
I

| 5 mol% Pd(PhCN),Cly A ?Omn(:gﬁ/Pg(gh“CN)QCIz OMe
H (]
©/ + ArB(OH), 10 mol% Asligand ©/ * Cs,CO3, dioxane Ph

Cs,CO3, dioxane, 75 °C

OMe
entry  Asligand boronic acid time  yield (%) Cycle (% Yieldy
1 AsPhy 4-MeO—CgH.- 2h 84 ;
> 5 Ph- oh 76 entry As ligand 1 2 3 4
3 2 4-MeO—CeHy- 2h 85 1 4 85 84 86 81
4 2 3-MeO—-CgHy- 2h 78 2 2 88 87 84 85
5 4 Ph- 18h 86 3 20 78 83 79 75
6 4 4-MeO-CeHa- 18h 85 a|solated yield of product after silica gel chromatography. The
7 4 3,4-(MeO)—C¢Hsz- 18h 81

polymer was washed and dried between cydidgeactions were
2|solated yield of product after silica gel chromatography. See performed at reflux, with an additional palladium catalyst being

Supporting Information for product characterization details. added for each cyclé.Reaction were performed at 7€, with no

additional palladium catalyst being added for each cycle.

Table 4. Suzuki Cross-Coupling Reactions of Arylboronic
Acids with 2-Bromomesitylene sample (see entry 1 in Table 5). However, these reactions
5 5 mol% Pd(PhCN)Cl N seemed to be accompanied by the precipitation of palladium
"+ AB(OH), 10mol% As ligand ' black, and the recovered polymer was contaminated with this
Cs,CO3, dioxane . . .. .
material and it was necessary to add additional palladium
catalyst to each subsequent reaction. In an attempt to

As temp yield 7 o . L
entry ligand  boronic acid CC) time (%) m|n|rr|1|ze 01 el|m|nat|e pagadlum p:jeC|p|tat|_on anV(;JT;\IIOW the
1 > 4-MeO—CaHr 75 24 38 metal catalyst to also be reused, reactions dthvere
2 2 4-MeO—CgH- 101 18h 49 cond_ucted at 75(_:. Grat|fy|ngly,_ at this temperature, the
3 2 2-Me-GsHa4- 101 2d n.ct reactions were still complete withi2 h and no palladium
4 2 2,6-Me—CeHs- 101 3d 0 black precipitation was observed. In this manner, the mixture
ajsolated yield of product after silica gel chromatography. See Of 2 and palladium could be recovered and reused directly
Supporting Information for product characterization detdiNot for the next cycle without the need for additional catalyst,
determined. and the yields of isolated product remained consistently high

3).24 Again, a control reaction was performed in which the for all reactions (see entry 2 in Table 5). The ability to
polymeric arsine ligand was omitted, and no desired product recover and reuse the mixture Bfwith palladium in this
was observed. As in the previous set of reactions, the solublemanner may be related to the process of microencapsulation,
reagent? allowed the reactions to proceed similarly (see as reported by Kobayashi and others, in which the metal is
entries 2-4 in Table 3) as with AsPf(see entry 1 in Table  physically enveloped by the polym&mote that, during each
3), whereas reactions with insolubferequired extended — cycle,~5—10% of2 was lost, because of the difficulties in
reaction times (see entries-3 in Table 3). handling such small quantities of polymer, and the scale of
Having established the utility ¢ in the Suzuki coupling  the subsequent reaction was scaled accordingly. With re-
reactions of reactive iodobenzene, we then performed anfluxing 1,4-dioxane? afforded slightly lower yields and, as
examination to determine if it is useful with less-reactive done previously, it was necessary to add additional palladium
and more sterically hindered 2-bromomesitylene. As might for each cycle (see entry 3 in Table 5). The final test that
be expected, reactions with this aryl halide were, by was performed regarding the recyclability of the mixture of
comparison, quite sluggish and only low yields of the desired 2 and palladium was to first use it in the reaction represented
products were obtained after extended reaction times inby entry 3 in Table 3, recover it, and then use it in the
refluxing solvent (Table 4). The coupling reaction with reaction represented by entry 4 in Table 3. In this experiment,
2-methylphenylboronic acid afforded ony40% vyield (by we found no evidence of contamination of the second product
mass) of an inseparable mixture of what appeared to beby the first product. This indicates that product microencap-
the desired product and the homo-coupling product-2,2 sulation is not a significant process and that only the
dimethylbiphenyl (see entry 3 in Table 4), whereas the Ppalladium participates in this type of entrapment.

attempted synthesis of a biphergitho-methyl substituent In summary, we have prepared non-cross-linked and cross-

failed to produce any detectable desired product, even afterlinked polystyrene-supported triphenylarsine reag@rasd

3 days (see entry 4 in Table 4). 4, using a functional monomer that allows for the direct
Finally, the possibility for the recycling a2 and 4 was incorporation of the arsine groups during the polymerization

examined to determine if these polymers are more environ- process. These polymeric reagents have been demonstrated
mentally friendly alternatives to AsRhFor this study, we  to be useful in Suzuki cross-coupling reactions as a ligand
used the reactions of entries 3 and 6 in Table 3 and performedfor palladium, where they facilitate product purification.
four cycles, using the same polymer sample that was Reactions involving2 proceed in a manner similar to
recovered at the end of each reaction. WHemas used in reactions using triphenylarsine, whereas reactions ith
refluxing 1,4-dioxane, isolated yields of the product were require elevated temperatures and prolonged reaction times.
essentially identical through three reuses of the same polymerFinally, these polymers can readily be recovered and reused
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with no decrease in effectiveness and the use of solubleto a loading level of 0.99 mmol AsRlg for 2. IR (KBr,
polymer2 even allows for the recovery and recycling of the cm™): 3059, 3026, 2922, 2849, 1951, 1877, 1808, 1601,
palladium catalyst. We are currently examining the applica- 1582, 1493, 1452, 1434, 1370, 1185, 1074, 1025, 907, 823,
tion of these reagents in arsonium ylide chemistry. 757, 738, 697, 541.

Non-cross-linked Polystyrene-Bound Triphenylarsine
Oxide (3).A solution of2 (0.5 g, 0.4 mmol) in THF (4 mL)

4-Styrylidiphenylarsine (1). Arsenic oxide (8.9 g, 44.9  Was added to b0, (0.5 mL, 50 wt %, 8.6 mmol) and stirred
mmol) was added into a solution of the Grignard reagent at room temperature for 4 h. The solution was then
prepared from bromobenzene (28.0 g, 180 mmol) and concentrated in vacuo, and the resulting residue was dis-
magnesium (4.4 g, 180 mmol) in dry THF (200 mL) &® solved in 2 mL of THF. This solution was added slowly to
under N. The mixture was stirred at room temperature for Vigorously stirred cold hexane (60 mL). The resulting
4 h. At this time, the reaction mixture was acidified with 1 suspension was filtered, and the precipitate was dried in

Experimental Section

N HCI and then extracted with diethyl ether £3150 mL).

vacuo to afford3 (0.55 g).*H NMR (400 MHz, CDC}): ¢

The organic layers were combined and washed sequentiallyl-43-1.84 (bm, 28H), 6.577.05 (bm, 39H), 7.537.66 (bm,

with saturated aqueous NaHEg@ x 100 mL) and brine (3

x 100 mL), dried over MgS@ filtered, and concentrated
in vacuo. The crude product was purified by silica gel
chromatography to afford a pale yellow solid (10.5 g). This

14H). IR (KBr, cm): 3414, 3152, 2828, 2178, 1991, 1917,
1682, 1578, 1483, 1439, 1315, 1184, 1162, 1087, 1026, 998,
932, 874, 759, 743, 691.

Poly(styrene<o-4-styryldiphenylarsine-co-1,4-bis(4-

reaction was performed twice, and the combined products vinylphenoxy)butane) (Jandalel—AsPhg, 4). A solution of

were used for the next step.

acacia gum (6.0 g) and NaCl (3.8 g) in warm deionized water

The solid (21.0 g) was dissolved in THF (70 mL) and (45 °C, 150 mL) was placed in a 150-mL flanged reaction
added slowly at 0C to a solution of the Grignard reagent Vvessel that was equipped with a mechanical stirrer and
prepared from 4-bromostyrene (10.0 g, 54.6 mmol) and deoxygenated by purging with,Nor 2 h A solution of 1
magnesium (1.57 g, 65.4 mmol) in dry THF (150 mL). The (5.15 g, 15.5 mmol), styrene (4.84 g, 46.5 mmol), 1,4-bis-
mixture was stirred at room temperature for 3 h. At this time, (4-vinylphenoxy)butane (0.37 g, 1.2 mmol), and AIBN (0.2
the reaction mixture was diluted with diethyl ether (400 mL) 9) in chlorobenzene (10 mL) was injected into the rapidly
and then washed sequentially with water{@.00 mL), 10% stirred aqueous solution. The resulting suspension was heated
aqueous HCI (3« 100 mL), saturated aqueous NaHE@ at 85°C for 20 h. The crude polymer was collected and
x 100 mL), and brine (3 100 mL). The organic layer was Washed with hot water (& 100 mL) and then placed in a
dried over MgSQ filtered, and concentrated in vacuo. The Soxhlet extractor and washed with THF for 24 h. The beads
crude product was puriﬁed by silica ge| Chromatography were then washed sequentially with methanol, diethyl ether,
(100% hexane) to afford as a light yellow liquid (10.9 g,  and hexanes, and dried in vacuo to affér@8.2 g, 82%).
33.1 mmol, 61% based on 4-bromostyrerie) NMR (400 Elemental analysis indicated thatontained 10.83% arsenic.
MHz, CDCL): ¢ 5.25 (dd, 1H,J = 10.9, 0.9), 5.76 (dd,  This corresponds to a loading level of 1.44 mmol Aggh
1H,J=17.6, 0.9), 6.666.70 (M, 1H), 7.287.37 (m, 14H).  for 4. IR (KBr, cm™?): 3069, 3027, 2904, 2853, 1948, 1877,
13C NMR (75 MHz, CDC}): 6 114.4, 126.4 (2C), 128.5 1809, 1601, 1581, 1510, 1452, 1403, 1238, 1184, 1156, 1074,
(2C), 128.7 (4C), 133.7 (4C), 134.0 (2C), 136.5 (2C), 137.7, 999, 905, 821, 759, 736, 695, 538.

139.3, 139.6. IR (cmb): 3069-2861, 1973, 1958, 1900, Pd(PhCN)Cl,-Catalyzed Cross-Coupling Reactions of
1881, 1824, 1627, 1579, 1550, 1492, 1481, 1433, 1391, 1302 2-lodo-2-cyclohexen-1-one with Arylboronic Acids Using
1184, 1074, 1023, 999, 989, 910, 831, 736, 695, 591. 2. A 10-mL round-bottomed flask that was equipped with a
HR EI-MS Anal. Calcd for GgH:7As: 332.0546. Found:  magnetic stirring bar was charged with 2-iodo-2-cyclohexen-
332.0543. 1-one (0.200 g, 0.903 mmol), arylboronic acid (1.406 mmol),

Non-cross-linked Polystyrene-Bound Triphenylarsine ~ Ag20 (0.334 g, 1.443 mmol)2 (0.106 g, 0.090 mmol),
(2). AIBN (0.7 g, 4.1 mmol) was added to a solution of Pd(PhCN)CI, (0.017 g, 0.045 mmol), THF (4 mL), and
styrene (46.4 g, 445.1 mmol) ald(17.9 g, 53.9 mmol) in water (0.5 mL). The reaction mixture was stirred for 2 h
toluene (300 mL). The mixture was purged at room tem- under argon and then filtered through a pad of Celite and
perature with N for 30 min and then stirred at a temperature concentrated under reduced pressure. A minimum amount
of 85 °C for 24 h. The solution was then concentrated in 0f boiling THF (<1.5 mL) was used to redissolve the residue,
vacuo and the resulting residue was dissolved in 45 mL of and this solution was added slowly to methanol (35 mL).
THF. This solution was added slowly to vigorously stirred The precipitated polymer was separated from the reaction
cold methanol (O°C, 1 L). The resulting suspension was Mixture by suction filtration. The filtrate was concentrated,
heated at 50C for 4 h and then cooled to room temperature and the residue was purified by silica gel column chroma-
and filtered to afford as a white powder (30.7 g, 48%H tography (26-30% ethyl acetate in hexane) and character-
NMR (400 MHz, CDC}): 6 1.42-1.83 (bm, 28H) and ized.
6.45-7.38 (bm, 54H). The ratio of monom#ito styrene in Pd(PhCN)Cl,-Catalyzed Cross-Coupling Reactions of
2 was determined to be 1:8, by integration of theNMR 2-lodo-2-cyclohexen-1-one with Arylboronic Acids Using
of the oxidized polymeB. This corresponds to a loading 4. A 10-mL round-bottomed flask that was equipped with a
level of 0.79 mmol AsP¥g for 2. Elemental analysis  magnetic stirring bar was charged with 2-iodo-2-cyclohexen-
indicated tha® contained 7.45% arsenic. This corresponds 1-one (0.200 g, 0.903 mmol), arylboronic acid (1.406 mmol),
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Ag,0 (0.334 g, 1.443 mmol)4 (0.060 g, 0.090 mmol),
Pd(PhCN)CI, (0.017 g, 0.045 mmol), THF (4 mL), and
water (0.5 mL). The reaction mixture was refluxed for 18 h
under argon and then allowed to cool to room temperature. References and Notes

The polymer was separated from the reaction mixture by (1) (a) Ley, S. v.; Baxendale, I. R.; Bream, R. N.; Jackson, P.
suction filtration. The filtrate was concentrated, and the S.; Leach, A. G.; Longbottom, D. A.; Nesi, M.; Scott, J. S.;

material is available free of charge via the Internet at http://
pubs.acs.org.

resulting crude product was purified by silica gel column Storer, R. I; Taylor, S. 3J. Chem. Soc., Perkin Trans. 1
chromatography (2030% ethyl acetate in hexane) and
characterized.

Pd(PhCN)CI,-Catalyzed Cross-Coupling Reactions of
lodobenzene and 2-Bromomesitylene with Arylboronic
Acids Using 2. A 10-mL round-bottomed flask that was
equipped with a magnetic stirring bar was charged with
arylboronic acid (1.406 mmol), @0; (0.530 g, 1.625
mmol), 2 (0.106 g, 0.090 mmol), Pd(PhC}DI, (0.017 g,
0.045 mmol), iodobenzene or 2-bromomesitylene (0.90
mmol), and 1,4-dioxane (4 mL). The reaction mixture was
heated at 78C for the indicated period of time under argon
and then allowed to cool to room temperature, filtered
through a pad of Celite, and concentrated under reduced
pressure. A minimum amount of boiling THE{L.5 mL)
was used to redissolve the residue, and this solution was
added slowly to methanol (35 mL). The precipitated polymer
was separated from the reaction mixture by suction filtration.
The filtrate was concentrated and the resulting crude product
was purified by silica gel column chromatography (4% ethyl
acetate in hexane) and characterized. For the recycling
experiments, the separated polymer was washed with water
(2 x 15 mL) and methanol (% 15 mL) and dried before
reuse. The second set of recycling experiments was per-
formed at reflux and required additional palladium catalyst
for each cycle.

Pd(PhCN)CI,-Catalyzed Cross-Coupling Reactions of
lodobenzene with Arylboronic Acids Using 4.A 10-mL
round-bottomed flask that was equipped with a magnetic
stirring bar was charged with arylboronic acid (1.406 mmol),
CsCO; (0.530 g, 1.625 mmol)4 (0.060 g, 0.090 mmol),
Pd(PhCN)CI, (0.017 g, 0.045 mmol), 1,4-dioxane (4 mL),
and iodobenzene (0.10 mL, 0.91 mmol). The reaction mixture
was refluxed for 18 h under argon and then allowed to cool
to room temperature. The polymer was separated from the
reaction mixture by suction filtration. The filtrate was
concentrated, and the resulting crude product was purified
by silica gel column chromatography (4% ethyl acetate in
hexane) and characterized. For the recycling experiments,
the separated polymer was washed with watex (25 mL)
and methanol (2 15 mL) and dried before reuse.
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