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Abstract:

Palladium-catalyzed Mizoroki-Heck reactions were rried out in water using
thermoresponsive polymer micelles. The micellesewgenerated from thermoresponsive
block copolymers consisting of a pdi4sopropylacrylamide) (PNIPAAmM) segment and a
hydrophilic segment such as nonionic poly(ethylegigcol) (PEG) @) and anionic
poly(sodium p-styrenesulfonate) (PSSNad)( These copolymers exhibited lower critical
solution temperature (LCST) behavior at ca. 40-60ahd showed thermal stimuli-induced
formation and dissociation of micelles. The copatysmaformed micelles in aqueous solution
at higher temperature, where catalytic reactionsgeded. At lower temperature, the micelles
dissociated to form a clear solution, enablingcegfit extraction of the products from aqueous
reaction mixture. In the presence of these copotgmealladium complexes catalyzed the
coupling reactions between aryl iodides and alkeampounds inside the hydrophobic
micelle cores in water under relatively milder ciioths. Extraction of the products from the
aqueous solution & or 9 was found to be efficient enough in comparisorhwibnventional
surfactants.

Keywords: thermoresponsive polymer, polymer micgdaladium, Mizoroki-Heck reaction,
N-isopropylacrylamide
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1. Introduction

Applying water as a solvent for organic processés@s chemists since reducing organic
waste is an urgent subject from the point of vidwlobal environment. Palladium-catalyzed
reactions are also studied in water; and conductingh catalytic reactions in water in the
presence of surfactants would provide promisinghodlogy™> Reactions inside the micelle
core bring about not only reduce organic solvenis &lso possess benefits such as
acceleration of reactions due to concentrated mtbst by hydrophobic effectd:®’
Nevertheless, the organic products generated inagueous reaction mixture must be



separated by an extraction process that requiganir solvents. Thus, efficient extraction
system must be developed to realize more pracéigakous reactions. We envisioned that
stimuli-induced turning on/off the formation of reltes in the aqueous reaction mixture
would be able to achieve more efficient extractibar instance, a thermoresponsive micelle
that dissociates at lower temperature might allosverefficient extraction with less organic
solvents. Poly-isopropylacrylamide) (PNIPAAmM) is known as a theresponsive polymer
owing to its lower critical solution temperatureGE&T) of 32 °C in water. Its application for
thermoresponsive materials have received much tatten ®*? Preparation of
thermoresponsive micelles by using copolymers ofFRXm has also been well studi&t®
Their application for organic synthesis seems etitra because of tunable formation and
dissociation of micelles in water.

On the basis of this idea, we previously reportegblaphilic block copolymers that form
thermoresponsive micelles in water depending upomperature (Figure 1J:*® We utilized
block copolymers that consisted of PNIPAAm and fetlyylene glycol) (PEG) blocks. The
PNIPAAmM chain included L-proline groups, that serae organocatalysts, by random
copolymerization of NIPAAm and 4-hydroxyproline acrylate. The copolymers were
dissolved in water at rt to give a clear solutiahjist these formed micelles at 50 °C (Figure
1). Asymmetric cross-aldol reactions were catalyagdhe polymer in water at 50 °C with
excellent yield and enantiomeric excess. The métuas cooled after the reaction, and the
products were taken up by extraction. O’Reilly, M@ro and coworkers reported L-proline
tethered thermoresponsive copolymer that include IPRAM and
poly(N-dimethylacrylamide) based on the same ifea.
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Figure 1. Thermo-responsive micelles switched divptemperature.

In order to avoid leaching out of catalyst, immailg catalyst molecules onto the polymer
chain with a covalent bond is effective for catalyteactions. However, tethering transition
metal catalysts often requires a tedious procedlineis, in this study, we investigated a
palladium-catalyzed reaction in an emulsified agigeanedium by adding palladium



complexes from outside of the micelle. We employ@d thermoresponsive amphiphilic
block copolymers that have nonionic and anioniersags. The former contains a PEG chain,
and the latter a poly(sodiump-styrenesulfonate) (PSSNa) segment. Synthesis of the
block copolymers PNIPAANM-PEG®?* and PNIPAAmMb-PSSN&™* and their
thermoresponsive behavior in agueous solutions Heeen reported. To the best of our
knowledge, reports on palladium-catalyzed reactiossg thermoresponsive micelles are
rare3?*3 |t is therefore interesting to investigate palladicatalyzed reactions in water using
thermoresponsive micelles. We also studied theieffcy in extraction of the products from
the reaction mixture and compared the copolymetis @anventional surfactants.

2. Resultsand Discussion
2. 1 Thermoresoponsive block copolymer with a nonionic PEG segment

o 2 eq. SOCI,
Ho DMF (cat. )
rt, 3 h
10 mmol
Hsc/é Ov24\0H 0
2 mmol H C/QO\/\}OJ\Q\/
3 44
pyridine 10 mmol Cl
CH2C|2 40 mL
rt, 18 h 164%
10.18 mmol fe)
T CuCl 0.72 mmol
_>:O MesTREN 0.72 mmol C/QOV\)\O
HN 3 44 Cl
DMF 2.5 mL/H,0 1.56 mL 56
rt, overnight HN 0
10 mmol /K

2
yield 81%, M, = 8500, M, /M, = 1.03

Scheme 1. Preparation of NIPAAPEG2 with PEGylated ATRP agent.

We first prepared a thermoresponsive amphiphilicklcopolymer2 that has a nonionic PEG
chainvia an atom-transfer radical polymerization (ATRP)hteque (Scheme 1). NIPAAm
was polymerized using the ATRP initiator tethereda PEG chairl to afford the block
copolymer2.?* The molecular weightM,) of 2 was typically observed to be 8,500 with
narrow distribution M,/M, = 1.03). The block copolymeZ was soluble in water at room
temperature, which became opaque when heated. Dyriynt scattering (DLS) analysis
showed that the copolym@rhas LCST at 40—-45 °C (Figure 2a). The particle sistribution
of 2 in aqueous solution at 25 °C and 60 °C are depicteFigure 2b. The hydrodynamic
diameter found to be larger than 70 nm at 60 °dlewhwas 15-20 nm at 25 °C. The DLS
results supported the formation of polymer-aggreganicelles at 60 °C. Larger particles (80
nm) were also found in part and these could be ethuby the aggregation of
polymer-micelles? These results clearly demonstrated that the foomatf polymer micelles
by 2 was stimuli-induced.
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Figure 2. DLS oR in aqueous solution; (a) intensity at various terapures, and (b) particle
size distribution.

We then studied palladium-catalyzed Mizoroki-Heekation in water in the presence2of
lodobenzene3a) andn-butyl acrylate 4a) were suspended in 4 mL of water in the presence
of 2 mol% of Pd catalyst and 4 wt% Bfand the mixture was stirred at 70 °C (Table he T
product was taken up by repeated extraction witthgl ether until the product was not
observed in the organic layer by thin layer chragedphy (TLC). E)-n-Butyl cinnamate
(5aa) was obtained in 96% vyield after 48 h (entry 19 Risomer was detected on the basis
of 'H NMR spectroscopy. The yield at 24 h was 71% ge@); showing that the reaction
requires 48 h. Decreasing the amoun2dflL. wt%) even resulted in good yield 8f(92%,
entry 3), although reaction with 0.5 wt% &fyielded 5aa only in 52% (entry 4). It is
noteworthy that the reaction in the absence afforded5aa in 43% (entry 5), showing that 1
wt% of 2 significantly accelerate the reaction. Conducting reaction at 80 °C resulted in
lower yield of5aa, although the reason is unclear (entry 6). At 60the reaction was slow
even in the presence of 4 mol% of Pd (entry 7)hWitmol% of Pd yield was unsatisfactory



(entry 8).

| O\ PdCI2(PPh3)2 X mol%
©/ + 2 nBu 1.0 mmol NEK(-PY), P
o 2 ywt%

0.5 mmol 1.0 mmol H,O 4 mL 0
3a 4a 5aa

~n-Bu

Table 1. Mizoroki-Heck reaction in water in the ggace oR.

Entry I iol% ly \f/t% Temp/°C Time/h Yield
1 2 4 70 48 96
2 2 4 70 24 71
3 2 1 70 48 92
4 2 0.5 70 48 52
5 2 None 70 48 43
6 2 4 80 48 58
7 4 4 60 48 58
8 1 4 70 48 39

2.2 Thermoresponsive block copolymer with an anionic PSSNa segment
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Scheme 2. Preparation of PNIPAAWPSSN& by RAFT polymerization technique.

Although the copolymer with nonionic segme® showed good performance in
palladium-catalyzed Mizoroki-Heck reaction, theatéan required 2 mol% of palladium load
to achieve good yield. In our previous report oolipe-tethered thermoresponsive block
copolymer, we found that addition of sodium chlerichproved the yield’ It is because of
salting-out effect that is generally observed igamic reactions in micelles; e.g. more organic
solutes move into micelle cores because their dajulm aqueous solution decreases due to
the presence of electrolytes in the aqueous pfiasere, we envisioned that salting-out effect
owing to the ionic sodium sulfonate groups can xgeeted if a copolymer with an anionic
segment is employed. More concentrated substratesidgelles cores would accelerate the
reaction. Thus, we next synthesized a thermoresgonsock copolymer with anionic
polymer chain. The block copolymer was preparedevgrsible addition-fragmentation chain
transfer (RAFT) polymerization (Scheme 2). N-Isopropylacrylamide and sodium
p-styrenesulfonate were polymerized in this ordertha presence of the RAFT ageft
followed by the removal of trithiocarbonate moiatythe end of the polymer-chain to aff&d
The polymerization degree of the PSSNa segmedwwas smaller than that Bion the basis
of 'H NMR analysis. This might be because of depolynagion ofp-styrenesulfonate during
the radical desulfurization process.
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Figure 3. LCST behavior of copolymer with anioni@n 9.

The DLS analysis d® exhibited its LCST behavior at 40-55 °C, althotigg change was not
as steep as that observe@i(Figure 3a). The particle size ®fvas 40-60 nm at 25 °C, while
160-220 nm at 50 °C. The larger particle sizeQo€ompared to2 is probably due to
electrostatic repulsion among the anionic polymieais. Possibility of the formation of
small micelle at 25 °C, however, cannot be ruletl &alladium-catalyzed Mirozoki-Heck
reaction in water in the presence®fvas studied (Table 2). It should be noted thay dnl
wt% of 9 prompted the reaction (entry 1). Moreover, 1 mol®®d gave good yield (entry 2).
Even 0.5% of Pd resulted in moderate yield (enjrw& examined various palladium source
for the reaction. In order to compare the catalgttivity, we fixed the amount of Pd atom as
0.5 mol% (entry 5-9). The combination of Pd(Ofand 3 equiv PRyigave an optimal yield
(entry 7), and that was superior to PgBPh),. It is noteworthy that the reaction using
conventional anionic surfactant sodium dodecyl aalf(SDS) gavéaa in a siginificantly
lower yield compared to entry 1 (entry 10). Thessuits demonstrated that the copolymer



with anionic segmer® was more effective for Mizoroki-Heck reaction irater than? that
contains nonionic polymer chain.

Table 2. Mizoroki-Heck reaction in water in the ggace ob.

I N Pd source
©/ . A( n-Bu 1.0 mmol NEt(i-Pr), ©\/\NO\
O 9 x wt% B

0.5 mmol 1.0 mmol H29 4mL 0
70°C, 48 h
3a 4a b5aa
Entry 9 Pd source Pd yield
/X Wt% /mol%

1 1 PdC}(PPh), 2 99

2 1 PAC}(PPh), 1 92

3 1 PdCJ(PPh), 0.5 58

4 0.5 PdCGI(PPh), 2 67

5 1 PdC)+ 2 PPh 0.5 40

6 1 Pd(OAc)+ 2 PPh 0.5 19

7 1 Pd(OAc)+ 3 PPh 0.5 71

8 1 Pd(OAc)+ 5 PPh 0.5 42

9 1 Pd(OAc)+ 3 PCy 0.5 18

107 SDS PdGI(PPh), 2 47

a) SDS (1 wt%) was added instead®of

2.3. Mizoroki-Heck reactions in water in the presence of 2 or 9 with various substrates.

To study the scope of substrates, we carried atré¢hctions with various aryl halide and
alkenes in water in the presence2obr 9 (Table 3). The aqueous reaction mixtures were
extracted with diethyl ether or ethyl acetate régeist until the products were not observed in
the organic layer by TLC. Besidesbutyl acrylate 4a), a few acrylatedg-h andN-isopropyl
acrylamide 4b) gave the corresponding cinnamabeg, 5ah and cinnamamid&ab in good
yields (entries 2,12, 13). Styrerdc) and 2-vinylnaphthaleneld) afforded E)-stilbene Hac)
andb5ad in good yields (entries 3,4, 14). 2-Phenylprop@le, however, resulted in low yield
probably because of a steric reason (entries 5,Q®)er substituted styrends| afforded
5ai-5al in moderate to good yields (entries 15-18).

Linear alkene such as 1-hexed® (however, furnishe8af in low yields (entries 6, 20).
1-lodonaphthalene 3b) and other substituted iodobenzene&k, (3e-g) also gave the
corresponding productsdb-ac, 5ae-eg) in good yields (entries 7-8, 21-23). Whagmand4d,
both are solid at ambient temperature, were empld®gel was given in 14%.

Bromo- and chlorobenzene afforded no desired ptsdumder the standard reaction
conditions, although bromobenzer8gl) gave5aa in low yield when PdG(dtbpf) [dtbpf =



1,1-bis(ditert-butylphosphino)ferrocene] was used as a catahgsiipsor (entry 10).

Table 3. Mizoroki-Heck reactions with various anglides and alkenes in water

X R3 P;jglz(PszE t2 .nllol%
.0 mmo i-Pr 3
£y X, TR 2
copolymer x wt% ZSpRe
H,O 4 mL
0.5 mmol 1.0 mmol 70 °C, 48 h
3 4 5
. Copoly Polymer i
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| O.
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5ga

a) isolated yield

b) determined by gas chromatography.
c) PdCh(dtbpf) was used as catalyst

d) 2-ethylhexyl acrylate

2.4 Efficiency of extraction of the product

When reactions are conducted in water, the separafi products from the reaction mixture
usually requires an extraction process with orgaulvents. Therefore, it is important to
reduce the amount of extraction solvents to acha&venvironmentally benign system. We
examined the extraction efficiency in extractinge tMizoroki-Heck product5aa from
agqueous model suspension of various surfactantsioarg the block copolymerd or 9, as
well as a few conventional low-molecular surfacsasuch as SDS and Triton X-100®.

The model mixture was prepared by adding surfastéinivt%) andbaa to water and stirred
at 70 °C. This aqueous mixture was cooled and etetlzaonce with 3 mL of ethyl acetate. The
extraction was conducted at O °C for 15 min or 30 with moderate shaking using a shaking
apparatus at 120 rpm, and the amounts of extrabtedinto the organic layer were
determined by gas chromatography. The experimengse wepeated to ensure the
reproducibility.

The results are summarized in Table 4. The extmadfficiency was estimated on the basis of
the amount of the recoveré&ada within a given period of extraction time. In thiesance of
any surfactants, 84+6% &ha was recovered within 15 minutes (entry 1). Lowsiraction
(61+8%) at 30 min in entry 1 is due to a technalblem in pure water suspension, where
considerable amounts of dispersed organic partatexhed on the wall of the vessel. The
extraction efficiency from the suspension of SDSswamparable to that from the water
(entry 5), although palladium-catalyzed reactioth bt proceed in SDS suspension under the
present reaction conditions. Extraction from th&utson of the nonionic copolyme2 was
efficient enough that it was slightly lower tham tsolution of SDS (entry 2). The study on the
anionic block copolyme®, on the other hand, encountered poor reprodutsibAinyhow the
product was obtained in moderate recovery in ae(agtry 3). Extraction from the actual
reaction mixture also gave a similar result (edtyyOnly 6% of5aa was extracted in 30 min
when Triton X-100 was added (entry 6).

Table 4. Extraction study with ethyl acetate frogu@ous solutiofi

Entry Surfactant Description Recoverysaia/%

15 min 30 min
1 None Only water 84(x6) 61(8)
2 2 PNIAAmM-b-PEG - 58(£3)
3 9 PNIPAAMb-PSSNa  38(x2f)  40(x23f
4 g° PNIPAAM-b-PSSNa - 45
5 SDS Anionic surfactant 61(x7) 75(z0)
6 Triton X-100 Nonionic surfactant - 6(x2)
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SDS: sodium dodecyl sulfate, Triton X-100®: octy¢plol ethoxylate

a) conditions5aa (0.5 mmol), surfactant 0.042 g, water 4mL, exedacit O °C.
b) an average value with sample standard deviatiparenthesis

c) 5aa was extracted from the reaction mixture vath

Extraction study using diethyl ether as an extm@as also performed (Table 5). In general,
the extraction with diethyl ether was less effitidran that with ethyl acetate. A significantly
less amount obaa was recovered, in general, compared to the reatién ethyl acetate was
used. The results showed similar tendency to thaemwed ethyl acetate. The polyntgr
however, was more efficient th&(entries 2, 3), although the amount of recovdiam was
one half to that from pure water (entry 1).

Table 5. Extraction study with diethyl ether frogquaous solution a

Entry Surfactant Description Recoverysaia/%
1 None Only water 49
2 2 PNIAAM-b-PEG 17
3 9 PNIPAAM-b-PSSNa 25
4 SDS Anionic surfactant 33
5 Triton X-100 Nonionic surfactant 3

a) conditions5aa (0.5 mmol), surfactant 0.042 g, water 4mL, extdcit O °C for 30 min.

These results indicate that the thermoresponsivekbtopolymers PNIPAAnD-PEG 2 and
PNIPAAM-b-PSSNa 9 were effective not only for palladium-catalyzed rékoki-Heck
reaction in water but also for efficient extractioom the aqueous reaction mixture.

3. Experimental

3.1. General

The preparation of copolymers was conducted undeargon atmosphere by using either
standard Schlenk techniques, unless otherwise amaatiN-Isopropyl acrylamide (NIPAAmM)
was purchased from Kanto Chemical Co., Inc. and/s¢allized from hexane/toluene prior to
use. 2,2'-Azobis(isobutyronitrile) (AIBN), copper@hloride and dimethylacetamide (DMA)
were purchased from Kanto Chemical Co., Inc. amdl wathout further purification. Sodium
dodecyl sulfate (SDS) and 4,4-azobis(4-cyanowvalagid) (V-501) were purchased from
FUJIFILM Wako Pure Chemical Corporation and usedreaived. lodobenzene, sodium
p-styrenesulfonaten-butyl acrylate, tris[2-(dimethylamino)ethyllamirad a-methylstyrene
were purchased from Tokyo Chemical Industry Cod. land used as received. Styrene and
1-hexene were purchased from Tokyo Chemical InguStr., Ltd., distilled and kept under
argon. Other aryl halides, alkenes and palladiutalgsts were purchased and used as
received. Triton X-100 was purchased from SigmarghdCo. LLC. and used without further
purification. The PEGylated ATRP agehtvas synthesized from 4-chloromethylbenzoic acid
poly(ethylene glycol) monomethyl ether accordingtte literature€® The RAFT agen6 was
prepared according to the reported method in therature®® Triethylammonium

12



hypophosphite was prepared from triethylamine aygbphosphinic acid in toluene. Dialysis
was performed using Spectra/Por® RC tubing (MWCGEkDB). Deionized water was
obtained on WE-200 (Yamato Scientific Co., Ltd.MR spectra were recorded on JEOL
ECX 300, ECA 500 and Bruker Avance Ill HD400 spenteters. Gel permeation
chromatography (GPC) was measured on HLC-8320 GBsbh Corporation) equipped with
Shodex GPC LF-804 columns (Showa Denko K.K.) usig-dimethylformamide (DMF)
(0.1 wt% LIiBr) as eluent; the molecular weight betpolymers was determined based on
monodispersed poly(ethylene oxide) as standard. abyn light scattering (DLS)
measurements were made with DLS-8000 (Otsuka Blacs Co., Ltd.).

3.2. Preparation of the thermoresponsive amphiphilic block copolymer with nonionic PEG
segment 2.%’

In a dried 100 mL Schlenk tub#,(0.39 g, 0.18 mmol), NIPAAm (1.14 g, 10 mmol), DMF
(2.51 mL) and deionized water (1.56 mL) were adddte mixture was degassed in three
freeze-pump-thaw cycles, and the flask was filleth\argon. Meanwhile, CuCl (1.17 g, 0.72
mmol) and tris[2-(dimethylamino)ethyllamine (0.1668.72 mmol) were dissolved in
degassed water (0.48 mL) to form a blue solutidre $chlenk tube was immersed in a water
bath and the blue solution (0.12 mL) was added. ifindure was stirred overnight and
tetrahydrofuran (1.2 mL) was added. The mixture wasfied with column chromatograph
(alumina, methanol/chloroform = 1/1) and the vdéstivere removed in vacuo to leave blue
oil. The crude product was dissolved in water andfied by dialysis affordin@ as a white
solid (1.354 g, 81%). The molecular weight was debeed by'H NMR (M, = 8,500) and
polydispersity was evaluated by GP@(M, = 1.03).

'H NMR (D,0, 500 MHz):5 1.15 (CH(QH3)), 1.4-1.7 (® in the NIPAAm chain), 2.0-2.1
(CH in the NIPAAmM chain), 3.38 (s, 3H, ®f), 3.67-3.71 (br, OH,), 3.81-3.96 (br,
CH(CHz)2), 4.50 (br, ®1,0(CO)GHy-), 7.37 (dJ = 7.4 Hz, 2H) 7.99 (d] =7.4 Hz, 2H).

3.3. Preparation of the amphiphilic block copolymer with anionic PSSNa segment 8.

A Schlenk tube (25 mL) was thoroughly dried by hegtunder vacuum and the tube was
filled with argon. In this tube, RAFT ageft(97 mg, 0.38 mmol), NIPAAm (829 mg, 7.3
mmol), AIBN (18 mg, 0.11 mmol) were dissolved in BM6 mL) and degassed in three
freeze-pump-thaw cycles. The mixture was stirre@0atC for 20 h, and the reaction mixture
was poured into hexane/diethyl ether (150/150 nd_)ptecipitate yellow solid. After the
solvent was decanted, the yellow solid was dissblire chloroform, the solution was
collected and dried in vacuo to leave the intermiedi as yellow solid (549 mg, 61%). The
molecular weight was determined By NMR spectroscopy. DP (degree of polymerization) =
30, M, = 3,650 by*H NMR.

The obtained PNIPAAM7) (549 mg, 0.15 mmol) was added to a dried Schieble, and
sodium p-styrenesulfonate (367 mg, 1.78 mmol) and AIBN 18, 0.08 mmol) werer
dissolved in DMSO (7 mL) in the tube. The mixturasndegassed in three freeze-pump-thaw
cycles. The tube was stirred at 65 °C for 23 h, thedyellow mixture was purified by dialysis
for 3 days. The dialyzed yellow solution was driedracuo to afford the product polym@r
as yellow solid (660 mg, 72%). The molecular weighas determined byH NMR
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spectroscopy. DP of the PSSNa segment wabi18, 7,600 by'H NMR.
'H NMR (D,0O, 400 MHz):3: 1.1 (br, CH(®3),), 1.4-1.7 (br, - in the main chain), 2.0—
2.2 ((H in the main chain), 3.9 (br,H{CHzs),), 4.5 (s, ph-El,-CHy), 6.6—7.7 (br, Ar).

3.4 Removal of the trithiocarbonate terminus in the PNIPAAM-b-PSSNa 8: Preparation of 9.3
The PNIAAMbHb-PSSNa&8 (506 mg, 0.067 mmol), triethylammonium hypophospki0l1l mg,
0.5 mmol) and V-501 (17 mg, 0.06 mmol) were disedlin DMSO (6 mL) and degassed by
the freeze-pump-thaw method. The mixture was stiate80 °C for 3 h, and additional V-501
(17 mg, 0.06 mmol) was added to the solution. Ahermixture was stirred at 70 °C for 21 h,
the yellow solution was dialyzed. The resultaniodelss solution with white precipitate was
dried in vacuo to obtain the product as white s(@4d8 mg, 70%). The molecular weight was
determined byH NMR spectroscopy. DP of the PNIPAAM segment w@svéhile PSSNa
segment was 13/, = 6,000 by'H NMR.

'H NMR (D0, 400 MHz):3 1.1 (br, CH(®s),), 1.4-1.7 (br, €l, in the main chain), 2.0-2.2
(CH in the main chain), 3.9 (br,HECHy),), 4.5 (s, ph-El>-CH,), 6.6—7.7 (br, Ar).

3.5 Mizoroki-Heck reactions in water in the presence of thermoresponsive block copolymer.
Typically, in a test tube with a screw c8g42 mg) was dissolved in water (4 mL) and the
mixture was stirred at rt for 0.5 h. To this mid@uodobenzene3q, 102 mg, 0.5 mmol), butyl
acrylate 4a, 128 mg, 1.0 mmol), Pd&PPh), (7 mg, 0.01 mmol) and diisopropylethylamine
(129 mg, 1.0 mmol) were added and stirred at 760f@8 h. The gray mixture was cooled in
an ice bath, and diethyl ether (3 mL) was added stirded for 1 h to extract organic
compounds. After stirring the organic layer waslestied, and the extraction was repeated.
The organic layers were combined and tetradeca®@® (9g, 0.5 mmol) was added as an
internal standard when yield was determined bydmematography (99%). Purification by
column chromatograph gawebutyl cinnamateHaa).

3.6 Evaluation of extraction efficiencies

Typically, in a test tube with screw cap, the blazkpolymer9 (42 mg) was dissolved in
deionized water (4 mL) and the solution was stificad0.5 h at rt. To this solutiom-butyl
cinnamate %aa, 102 mg, 0.5 mmol) was added and the mixture wiagdtat 70 °C for 1 h.
Ethyl acetate was added to this mixture, and thigure was shaken at 120 rpm in a shaking
apparatus at 0 °C for 0.5 h. The mixture was altbwe stand still for 0.5 h at ambient
temperature, and then the organic layer was taleand analyzed by gas chromatograph
using tetradecane as an internal standard.

Conclusion

In summary, palladium-catalyzed Mizoroki-Heck reéaws were studied in water in the
presence of thermoresponsive amphiphilic block topers. The reactions were examined
using two kinds of copolymers; one consisted of ®PMm and a nonionic PEG segmeht
and the other PNIPAAmM and an anionic PSSNa segfente study demonstrated that the
copolymer9 with anionic chain was more effective tharior catalytic reactions. Extraction
study indicated that extractingtbutyl cinnamate form aqueous suspensior? afr 9 was
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considerably efficient.
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