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Development of Novel Synthetic Organic
Reactions with Palladium Catalysts

O The Heck Reaction in the Presence of Molecular Oxygen[
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Table 1. Pd-catalyzed Arylation of Methyl Acrylate with lodobenzene
and Triethylamine under Different atmosphere®

Yield (%)® (based on Pd)

Entr Atmosphere
y sp 5 3
1 0, 1960 (96)° 2120 (26)°
2 Ar 1960 —

2 Reaction condition: 1 (4 mmol) Phl (1 mmol), NEt; (4 mmol)
and PdCl,(MeCN), (0.05 mmol) were used.
® NMR yield. ¢ Yield based on Phi. 9 Yield based on NEts.
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Pd cat. (5 mol%)
Ph EtoN

0, N

DMF, 75°C, 24h CO,Me CO,Me
2 3

Z>Co,Me + Phl + NEtg
1

Table 2. Pd-catalyzed Arylation of Methyl Acrylate with lodobenzene
and Triethylamine with Various Pd Catalysts under Oxygen®

Yield (%)° (based on Pd)

Entry Pd cat. > 3
1 PACl,(MeCN), 1960 (96)° 2120 (26)°
At Pd(OAC), 1740 1600
3 PACl(MeCN), / NBu,Cl 1860 1460
4 Pd(PPhs), 1960 2220

& Reaction condition: 1 (4 mmol), Phl (1 mmol), NEt; (4 mmol)
and Pd cat. (0.05 mmol) were used.
P NMR yield. © Yield based on Phi. @ Yield based on NEt5. ©48h.
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PdCl,(MeCN
2 2 o Et,N

o)
/\COZMG + Phl + NEt3 2 - > \=\ +
. DMF, 75°C CO,Me CO,Me
2 3

Table 3. Pd-catalyzed Arylation of Methyl Acrylate with lodobenzene and
Triethylamine under Various Conditions®

Yield (%)° (based on Pd)

Entry 1(eq) Phl(eq.) NEt;(eq) Time(h)

2 3
1 2 1 2 26 1820 160
2 4 1 4 24 1960 2120
3 40 1 40 48 60 30

& Reaction condition: Phl (1 mmol) and PdCl,(MeCN), (0.05 mmol) were used.
P NMR yield.
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PdClz(MeCN)Z
o Ph Et,N
A>co,Me + Phl + NEt3 2 > =\ +
Solvent, 48h CO,Me CO,Me
1 2 3

Table 4. Pd-catalyzed Arylation of Methyl Acrylate with |odobenzene
and Triethylaminein Various Solvent under Oxygen®

Yield (%)° (based on Pd)

Entry  Solvent  Temperature (°C)

2 3
1° DMF 75 1960 (96)° 2120 (26)"
2 DME 75 860 280
3 DMSO 75 1400 1060
4 MeCN 75 1700 240
5 CH,Cl, rt. 60 —

& Reaction condition: 1 (4 mmol), Phl (1 mmol), NEt; (4 mmol)
and PdCl,(MeCN), (0.05 mmol) were used.
P NMR yield. ¢ Yield based on Phi. @ Yield based on NEt5. ©24h.
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Figure 1. M easurement of O, Uptakein Pd-catalyzed Arylation of Methyl
Acrylate with lodobenzene and Triethylamine
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General.

1H and 13C-NMR spectra were obtained on a UNITY INOVA400 (400MHz
for 1H and 400MHz for 13C) spectrometer by use of CDCl3z as solvent and
tetramethylsilane(d 0.00) as an internal standard. Splitting patterns are
designated as s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br,
broad. Lnfrared spectra were measured on a JASCO FTIR-610 spectrometer.
GLC for analysis were carried out on a Shimadzu GC-17A by using DB-1
glass capillary column (0.25 mm x 30 m) under the conditions of injection
temperature (20000), column temperature (600 -25000), and nitrogen gas
pressure (0.5 kg/ cm?2). Mass spectrum was obtained on a Shimadzu
GCMS-QP5050 gas chromatograph-mass spectrometer at 0.7 eV by using
DB-1 glass capillary column (0.25 mm x 30 m) under the conditions of
injection temperature (2000 ), column temperature (600 - 2500 ), and
helium gas pressure (0.5kg/ cm?2). Analytical and preparative thin-layer
chromatography (TLC) were performed on Merck silica gel plates with F-254
indicator. PdCIl, was obtained from Nakalai Tesque. PdCIl>(MeCN), was
prepared by using PdClz in MeCN for several hours at reflux temperature
and recrystallyzed from MeCN. Materials without noted were all
commercially available and used without purification.

Pd-catalyzed Arylation of Methyl Acrylate with lodobenzene and
Triethylamine under Various Atmosphere.

In a 25 mL side-armed round-bottomed flask, methyl acrylate (0.38 mL,
4.0 mmol) was added to a mixture of PdCl>(MeCN)2 (0.05 mmol), Phl (101 mg,
1.0 mmol), and NEtz (0.56 mL, 4.0 mmol) in DMF (4.3 mL), and the solution
was stirred at 750 under various atmosphere. The progress of reaction
was monitored by GLC analysis. After 24 hours, the reaction was
completed, and the resulting mixture was diluted with Et.O (40 mL) and
washed with brine (3 x 10 mL). The organic layer was dried over anhydrous
Na>SO4, and the insoluble material was filtered off. Evaporation of the
filtrate gave the crude products 2 and 3 as oil. Which were isolated,
respectively, by preparative TLC (SiOy) (hexane : ACOEt =4 :1).

2 : 'H NMR (400 MHz, CDCl3) & 7.70(d, J = 16.4 Hz, 1 H), 7.52(m, 2 H),
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7.37(m, 3 H), 6.44(d, J = 16.0 Hz, 1 H), 3.80(s, 3 H), 13C NMR (100 MHz,
CDCl3) & 167.4, 144.9, 134.4, 130.3, 128.9, 128.1, 117.8, 51.7, EI-MS m/e
162(M+).

3 :1H NMR (400 MHz, CDCl3) & 3.68(s, 3 H), 2.80(t, J = 6.8 Hz, 2 H),
2.52(q, J = 7.2 Hz, 4 H), 2.46(t, J = 7.6 Hz, 2 H), 1.03(t, J = 7.2 Hz, 6 H), 13C
NMR (100 MHz, CDCI3) & 173.3, 51.6, 47.3, 46.9, 32.1, 11.8, EI-MS m/e
159(M+).

Chemical yields were illustrated in Table 1.

Pd-catalyzed Arylation of Methyl Acrylate with lodobenzene and
Triethylamine with Various Pd Catalysts under Oxygen.

In a 25 mL side-armed round-bottomed flask, methyl acrylate (0.38 mL,
4.0 mmol) was added to a mixture of Pd catalysts (0.05 mmol), Phl (101 mg,
1.0 mmol), and NEtz (0.56 mL, 4.0 mmol) in DMF (4.3 mL), and the solution
was stirred at 7500 under argon atmosphere. The progress of reaction was
monitored by GLC analysis. After 24-48 hours, the reaction was completed,
and the resulting mixture was diluted with Et.O (40 mL) and washed with
brine (3 x 10 mL). The organic layer was dried over anhydrous Na>SO4, and
the insoluble material was filtered off. Evaporation of the filtrate gave the
crude products 2 and 3 as oil. Chemical yields were illustrated in Table 3.

Pd-catalyzed Arylation of Methyl Acrylate with lodobenzene and
Triethylamine in various solvent under Oxygen (except DMF).

In a 25 mL side-armed round-bottomed flask, methyl acrylate (0.38 mL,
4.0 mmol) was added to a mixture of PdCIl>(MeCN)2 (0.05 mmol), Phl (101 mg,
1.0 mmol), and NEts (0.56 mL, 4.0 mmol) in solvent (4.3 mL), and the
solution was stirred at 250 -750 under oxygen atmosphere. The progress
of reaction was monitored by GLC analysis. After 48 hours, the reaction
was completed, and the resulting mixture was diluted with Et>O (40 mL) and
washed with brine (3 x 10 mL). The organic layer was dried over anhydrous
Na>SO4, and the insoluble material was filtered off. Evaporation of the
filtrate gave the crude products 2 and 3 as oil. Chemical yields were
illustrated in Table 4.

13



Measurement of O, Uptake in Pd-catalyzed Arylation of Methyl Acrylate
with lodobenzene and Triethylamine.

In a 25 mL side-armed round-bottomed flask, methyl acrylate (0.38 mL,
4.0 mmol) was added to a mixture of PdCl>(MeCN)2 (0.05 mmol), Phl (101 mg,
1.0 mmol), and NEtz (0.56 mL, 4.0 mmol) in DMF (4.3 mL), and the solution
was stirred at 750 under oxygen atmosphere. The uptake of oxygen was
measured by gas buret. The resultis given in Figure 1.

14
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Table 1. Pd-catalyzed Arylation of Methyl 2-(Hydr oxymethyl)pr openoate
with lodobenzene and Triethylamine under Various Conditions®

Entry  Pdcat. atmosphere Time(h) Yieldof 5 (%)"°
1 Pd(PPhy), O, 8 34
2 Pd(OAC), 0, 5 51
3 PdCl,(MeCN), 0, 6 57
4 PdCl,(MeCN), Ar 6 _

& Reaction condition: 4 (2.0 mmol), Phl (2.2 mmol), NEt; (4.0 mmol)
and Pd cat. (0.1 mmol) were used.
P NMR yield. ¢ Yield based on 4.
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Table 2. Pd-catalyzed Arylation of Methyl 2-(Hydr oxymethyl)pr openoate
with lodobenzene and Triethylaminein Various Solvent under Oxygen®

Entry Solvent  Pdca.. ~ Temperature(°C) Time Yield of 5 (%)™ °

1 DMF PdCl,(MeCN), 80 6h 57
2 DME Pd(OAc), 80 3 days 26
3 DMSO Pd(OAc), 80 3 days 21
4 CHLCN Pd(OAc), 80 24 h 29
5 CH.CI, Pd(OAC), r.t. 2 days —_

& Reaction condition: 4 (2.0 mmol), Phl (2.2 mmol), NEt; (4.0 mmol) and
Pd cat. (0.1 mmol) were used.
P NMR yield. ¢ Yield based on 4.

guobtogoboobobtooobuobbtitdebobboobboon
gobggoboboooboobboobboobboobbooobboobn
gobggoboboooboobboobboobboobbooobboobn
gobbbbbutooooubbbooooooobobboooooobbn
gobggoboboooboobboobboobboobbooobboobn
goog

oooobbbbgdoooobbogoooobbbouoodlinbd
aoabODOODODOOOOOOOOODOODDODODAIODDMDDbOODDOOOMOo.8
gobbbobbogooooobbbooooobobobboooooobbn

18



goobobobbodooooobbbbbooood el e2%0 0 0don
gog

Pd(OAc), (5 mol%)

0
oH NBu,Cl ,(sro mol%) Ph CHO

= + Phl + NEt3 N > (6)
CO,Me (1.1eq) (0.8eq) DMF, 80°C, 1.5h CO,Me
4 6
62% (NMR vyield)

gobggboboobboobboobboobboobuooobuooon
gobbgooooobbboooobbbuooobbbboosbbooooon
7

Pd(OAc), (5 mol%)

EtoN
PPh5 (10 mol%
Ph  CHO 3(02 %) Ph.
\_< + NEt3 > (7)
CO,Me DMF, 80°C, 5h CO,Me
6 5

42% (NMR vyield)

gobggboboobboobboobboobboobuooobuooon
goobobobbodoooon spugoooooooboobobuod oo
gobggbobooboboobboobboobboobbooobbgoobn
oo 33gouoboobbodoooooboboobbbdooo 2000000
gooobbbotooooouoobbuogooooobbbuoooad

OH Pdozat' Ph.  CHO o 2
— + phi+ NEtg ———| — Y% ®)
CO,Me DMF, 80 C CO,Me CO,Me
4 6 5

oooboo oooooooao

goubggbboobbooboboobboobboobuooobooon

goobobooboboodoooobooobobbooo 1moboooooooobo
gbbggbbbaobbdobboobboobboobnoobobgooon

19



goobbobbtoebbbbb00oooobbbboooooobo
gooooboobboooboobobooom@booooboobog 0.83 mmol
goooobooboooedorymmolDOIOIDOODDOO 1.28 mmol O
gobooobooboboebd a5 mmolODO0OD2000000000000
gooooboobodboe1imolU0O0DDO0OD0OO0ODOOOODO 1molOO

gooboboobobodooooobobobbbddu ebbbbooooooo
goooobboooogooon

PACI,(MeCN), EtzN
OH o Pho
— + Phl + NEt3 2 >
CO,Me DMF, 80°C CO,Me
4 5

15

Time O, 5 5/0,
(h) (mmol) (mmol)

3 0.83 0.78 1.06

6 1.28 115 111

Reaction condition: 4 (2.0 mmol)
Phl (2.2 mmol), NEt; (4.0 mmol)
and PdCl,(MeCN), (0.1 mmol)
were used.

O, Uptake (mmol)

0 2 4 6
Time (h)

Figure 1. M easurement of O, Uptake in Pd-catalyzed Arylation of Methyl
2-(Hydroxymethyl)pr openoate with 1odobenzene and Triethylamine
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General..

1H and 13C-NMR spectra were obtained on a JEOL JNM GSX-270(270 MHz
for IH and 68 MHz for 13C) spectrometer by use of CDClIs as solvent and
tetramethylsilane(d 0.00) as an internal standard. Splitting patterns are
designated as s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; br,
broad. Lnfrared spectra were measured on a JASCO FTIR-610
spectrometer. GLC for analysis were carried out on a Shimadzu GC-8A flame
ionization chromatography by using a 1 m x 4 mm analytical column packed
with 10% silicone SE-30 on 60-80 mesh Uniport HP under the conditions of
injection temperature (2000 ), column temperature (600 -2500 ), and
nitrogen gas pressure (0.4 kg/ cm2). GLC for analysis were carried out on a
Shimadzu GC-17A by using DB-1 glass capillary column (0.25 mm x 30 m)
under the conditions of injection tempereture (20001 ), column temperature
(6000 -25000 ), and nitrogen gas pressure (1.23 kg/ cm?2). Mass spectrum was
obtained on a JEOL JMS-DX303 mass spectrometer at 80 eV, Shimadzu
GCMS-QP5000 gas chromatograph-mass spectrometer at 70 eV by using
DB-1 glass capillary column (0.25 mm x 30 m) under the conditions of
injection temperature (2000 ), column temperature (600 -25000 ), and helium
gas pressure (0.5kg/ cm?2). Analytical and preparative thin-layer
chromatography (TLC) were performed on Merck silica gel plates with F-254
indicator. PdCIl, was obtained from Nakalai Tesque. PdCIl>(MeCN), was
prepared by using PdClz in MeCN for several hours at reflux temperature
and recrystallyzed from MeCN. Dimethylformamide(DMF) was distilled
from benzophenone ketyl under argon atmosphere. Acetonitrile (MeCN),
dimethoxyethene(DME), triethylamine were distilled over calcium hydride
under argon atmosphere. lodobenzene, were commercially available and
distilled prior to use. Materials without noted were all commercially
available and used without purification.

Preparation of Methyl 2-(Hydroxymethyl)propenate.

In a 200 mL three-neck round-bottomed flask equipped with 50 mL
dropping funnel and thermometer and a magnetic stirring bar, a mixture of
methyl (dimethoxyphosphonyl)acetate (25.0 g, 137 mmol) and 30 % ag.
formaldehyde (41.1 mL, 548 mmol) was stirred at room temperature for 15
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minutes. Sat. K.CO3 in water (13.5 g, 98 mmol) was added dropwise over
1.5 hours. During the addition, the temperature reached 381 . The
temperature was adjusted by water bath(<380 ). After the addition,
stirring was continued for 2 hours. A sat. NH4Cl solution in water (60 ml)
was added, and the mixture was extracted with Et.O (150 mL % 3). The
combined organic layers were dried over MgSO4. Removal of the solvent
gave crude products as oil. Distillation gave methyl 2-(hydroxymethyl)-
propenate (11.1 g, 95.7 mmol, 70%); bp 80-8300 (10 mmHg). Purification
by column chromatography gave methyl 2-(hydroxymethyl)propenate.
(Si0O2 45 g, hexane : AcOEt = 7 :3) (58 %yield): 1H NMR (270 MHz, CDCl3) &
6.26(dt, J = 1.0, 1.0 Hz, 1 H), 5.84(dt, J = 1.5, 1.2 Hz, 1 H), 4.33(s, 2 H), 3.79(s,
3 H), 2.42((br,1 H,),13C N MR (68 MHz, CDCl3) & 166.8,139.4,125.8, 62.4,
51.9, IR (neat) 3885, 3840, 3620, 3520, 3465, 3430, 3405, 2955, 2365, 2340,
1725, 1715, 1635, 1335, 1310, 1275, 1200, 1160, 1055, 505 cm-1, EI-MS m/e
115(M+-1), 99(M+-OH), 87,68, 55, 35.

Pd-catalyzed Arylation of Methyl 2-(Hydroxymethyl)propenoate with
lodobenzene and Triethylamine under Oxygen.

In a 50 mL side-armed round-bottomed flask, methyl 2-(hydroxymethyl)-
propenoate (232 mg, 2.0 mmol) was added to a mixture of Pd catalyst (0.1
mmol), Phl (0.25 mL, 2.2 mmol), and NEtz (0.56 mL, 4.0 mmol) in DMF (10
mL), and the solution was stirred at 801 under oxygen atmosphere. The
progress of reaction was monitored by GLC analysis. After 6-8 hours, the
reaction was completed, and the resulting mixture was diluted with Et.O
(100 mL) and washed with brine (3 x 60 mL). The organic layer was dried
over anhydrous Na»SOs, and the insoluble material was filtered off.
Evaporation of the filtrate gave the crude product 5 as oil. It was purified
by column chromatography (Al-Os (neutral) (hexane : AcOEt = 9 : 1): 1H
NMR (270 MHz, CDClz) & 7.62(s, 1 H), 7.19(m, 5 H), 3.78(s, 2 H), 3.65(s, 3
H), 3.18(q, J = 7.2 Hz, 4 H), 1.12(t, J = 7.2 Hz, 6 H), 3C NMR (68 MHz,
CDCIls) 6171.6, 148.3, 142.6, 128.2, 127.5, 125.5, 93.0, 51.0, 47.0, 30.9, 14.8,
IR (neat) 2975, 2945, 1680, 1615, 1495, 1430, 1380, 1360, 1345, 1315, 1260,
1135, 1085, 735, 700, 480 cm1, EI-MS m/e 247(M*), 232(M*-Me), 218(M+*-Et),
186, 156(M+-PhCH?2), 131, 115, 121, 91. Chemical yields were illustrated in
Table 1.
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Pd-catalyzed Arylation of Methyl 2-(Hydroxymethyl)propenoate with
lodobenzene and Triethylamine under Argon.

In a 50 mL side-armed round-bottomed flask, methyl 2-(hydroxymethyl)-
propenoate (232 mg, 2.0 mmol) was added to a mixture of PdCIl>(MeCN) (0.1
mmol), Phl (0.25 mL, 2.2 mmol), and NEtz (0.56 mL, 4.0 mmol) in DMF (10
mL), and the solution was stirred at 801 under argon atmosphere. The
progress of reaction was monitored by GLC analysis. After 6 hours, the
reaction was completed, and the resulting mixture was diluted with Et.O
(100 mL) and washed with brine (3 x 60 mL). The organic layer was dried
over anhydrous Na>SO4, and the insoluble material was filtered off.
Evaporation of the filtrate gave the crude product 5 as oil. No enamin
compound was obtained in this experiment.

Pd-catalyzed Arylation of Methyl 2-(Hydroxymethyl)propenoate with
lodobenzene and Triethylamine in Various Solvent under Oxygen (except
DMF).

In a 50 mL side-armed round-bottomed flask, methyl 2-(hydroxymethyl)-
propenoate (232 mg, 2.0 mmol) was added to a mixture of Pd catalyst (0.1
mmol), Phl (0.25 mL, 2.2 mmol), and NEtz (0.56 mL, 4.0 mmol) in solvent (10
mL), and the solution was stirred at 80 under oxygen atmosphere. The
progress of reaction was monitored by GLC analysis. After 1-3 days, the
reaction was completed, and the resulting mixture was diluted with Et.O
(100 mL) and washed with brine (3 x 60 mL). The organic layer was dried
over anhydrous Na»SOs, and the insoluble material was filtered off.
Evaporation of the filtrate gave the crude product 5 as oil. Chemical yields
were illustrated in Table 2.

Preparation of Methyl 3-Phenyl-2-formylpropenoate.

In a 50 mL side-armed round-bottomed flask, methyl 2-(hydroxymethyl)-
propenoate (696 mg, 6.0 mmol) was added to a mixture of Pd (OAc)2 (67.3 mg,
0.3 mmol), BusNCI (500 mg, 1.8 mmol), Phl (0.74 mL, 6.6 mmol), and NEts
(0.67 mL, 4.8 mmol) in DMF (30 mL), and the solution was stirred at 800
for 1.5 hours under argon atmosphere. The progress of reaction was
monitored by GLC analysis. After cooling, the mixture was diluted with
Et>O (300 mL) and washed with brine (3 x 180 mL). The organic layer was
dried over anhydrous Na>SO4, and the insoluble material was filtered off.
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Evaporation of the filtrate gave the crude product as oil (1316 mg, 62% NMR
yield). It was purified by column chromatography (SiO. : 40 g, hexane :
AcOEt =9 :1) (462 mg, 40% yield).

1H NMR (270 MHz, CDCl3) & 9.74(d, J = 1.9 Hz, 1 H), 7.23(m, 5 H), 3.72(s,
3 H), 3.65(ddd, J =7.8, 6.7, 1.9 Hz, 1 H), 3.22(d, J = 6.7 Hz, 1 H), 3.20(d, J =
7.8 Hz, 1 H), 13C NMR (68 MHz, CDCls) 6 196.1, 172.5, 161.9, 140.0, 128.8,
128.7, 128.4, 128.3, 126.9, 126.2, 104.4, 60.2, 52.4, 51.5, 33.1, 32,2.

Pd-catalyzed Arylation of Methyl 3-Phenyl-2-formylpropenoate with
Triethylamine under Oxygen.

In a 50 mL side-armed round-bottomed flask, methyl 3-phenyl-2-formyl-
propenoate (1 eq.) was added to a mixture of PdClI> (0.05 eq.), PPhs (0.1 eq.),
and NEtz (2.0 eq.) in MeCN, and the solution was stirred at 80[] under
oxygen atmosphere. The progress of reaction was monitored by GLC
analysis. After 5 hours, the reaction was completed, and the resulting
mixture was diluted with Et.O and washed with brine. The organic layer
was dried over anhydrous Na>SO4, and the insoluble material was filtered off.
Evaporation of the filtrate gave the crude product 5 as oil (73% NMR yield).

Measurement of O Uptake in Pd-catalyzed Arylation of Methyl
2-(Hydroxymethyl)propenoate with lodobenzene and Triethylamine.

In a 50 mL side-armed round-bottomed flask, methyl 2-(hydroxymethyl)-
propenoate (232 mg, 2.0 mmol) was added to a mixture of PdCIl>(MeCN) (0.1
mmol), Phl (0.25 mL, 2.2 mmol), and NEtz (0.56 mL, 4.0 mmol) in DMF (10
mL), and the solution was stirred at 801 under oxygen atmosphere. The
uptake of oxygen was measured by gas buret. The result is given in Figure
1.
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Table 1. The Effects of Water in Pd-catalyzed Arylation of Methyl
Acrylatewith odobenzene and Triethylamine under Oxygen?

Yield (%)° (based on Pd)

Entry adduct
2 3
1 H,0 (1.0 mmol) 1960 2380
2 DMF - H,0° 1800 196
3 MS4A 1600 940
4 none 1960 (96)° 2120 (26)°

& Reaction condition: 1 (4 mmol), Phl (1 mmol), NEt; (4 mmol)
and PdCl,(MeCN), (0.05 mmol) were used.
® NMR yield. ¢ Yield based on Phi. ¢ Yield based on NEts.

€4 : 1 mixture of DMF - H,0 was used as the solvent.

OO0 1mmolO00000O00O0DO0O0O0OOO0OODO0O 200000 300
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Table 2. The Effects of Water in Pd-catalyzed Arylation of

Methyl 2-(Hydroxymethyl)propenoate with | odobenzene
and Triethylamine under Oxygen®

Entry adduct Yield of 5 (%)™ ¢
1 MS4A 22
2 H,O (2.0 mmol) 31
3 none 73

& Reaction condition: 6 (2.0 mmol), NEt; (4.0 mmol)
and Pd cat. (0.1 mmol) were used.

® NMR yield. ¢ Yield based on 6.
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Pd-catalyzed Arylation of Methyl Acrylate with lodobenzene and
Triethylamine under various conditions.

(@) : In a 25 mL side-armed round-bottomed flask, methyl acrylate (0.38
mL, 4.0 mmol) was added to a mixture of PdCIl>(MeCN). (0.05 mmol), Phl
(101 mg, 1.0 mmol), NEts (0.56 mL, 4.0 mmol) and various amount of waer in
DMF (4.3 mL), and the solution was stirred at 750 under various
atmosphere. The progress of reaction was monitored by GLC analysis.
After 24 hours, the reaction was completed and the resulting mixture was
diluted with Et,O (40 mL) and washed with brine (3 x 10 mL). The organic
layer was dried over anhydrous Na SO4, and the insoluble material was
filtered off. Evaporation of the filtrate gave the crude product 2 and 3 as oil.
Chemical yields were illustrated in Table 1.

(b) : In a 25 mL side-armed round-bottomed flask, methyl acrylate (0.38
mL, 4.0 mmol) was added to a mixture of PdCIl>(MeCN). (0.05 mmol), Phl
(101 mg, 1.0 mmol), NEts (0.56 mL, 4.0 mmol) and MS4A in DMF (4.3 mL),
and the solution was stirred at 750 under various atmosphere. The
progress of reaction was monitored by GLC analysis. After 24 hours, the
reaction was completed and the resulting mixture was diluted with Et.O (40
mL) and washed with brine (3 x 10 mL). The organic layer was dried over
anhydrous Na>SO4, and the insoluble material was filtered off. Evaporation
of the filtrate gave the crude product 2 and 3 as oil. Chemical yields were
illustrated in Table 1.

Pd-catalyzed Arylation of Methyl 2-(Hydroxymethyl)propenoate with
lodobenzene and Triethylamine under various conditions.

(@ : In a 50 mL side-armed round-bottomed flask, methyl
2-(hydroxymethyl)propenoate (232 mg, 2.0 mmol) was added to a mixture of
Pd catalyst (0.1 mmol), Phl (0.25 mL, 2.2 mmol), NEtz (0.56 mL, 4.0 mmol)
and water (2.0 mmol) in DMF (10 mL), and the solution was stirred at 800
under oxygen atmosphere. The progress of reaction was monitored by GLC
analysis. After 8 hours, the reaction was completed and the resulting
mixture was diluted with Et2O (100 mL) and washed with brine (3 x 60 mL).
The organic layer was dried over anhydrous Na»>SOs4, and the insoluble
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material was filtered off. Evaporation of the filtrate gave the crude product
5asoil. Chemical yields were illustrated in Table 2.

(b) : In a 50 mL side-armed round-bottomed flask, mehtyl
2-(hydroxymethyl)propenoate (232 mg, 2.0 mmol) was added to a mixture of
Pd catalyst (0.1 mmol), Phl (0.25 mL, 2.2 mmol), NEt3z (0.56 mL, 4.0 mmol)
and MS4A in DMF (10 mL), and the solution was stirred at 80[] under
oxygen atmosphere. The progress of reaction was monitored by GLC
analysis. After 8 hours, the reaction was completed and the resulting
mixture was diluted with Et,O (100 mL) and washed with brine (3 x 60 mL).
The organic layer was dried over anhydrous Na»>SOs4, and the insoluble
material was filtered off. Evaporation of the filtrate gave the crude product
5as oil. Chemical yields were illustrated in Table 2.
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