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Abstract a-Aryl malonate and a-aryl cyano acetate moieties are found
in the structures of many bioactive compounds. They are also key inter-
mediates for the synthesis of many compounds such as isoflavonoids. In
this work, we synthesized these compounds, with different patterns of
substitution, starting with the palladium-catalyzed reaction of o-alkoxy-
bromoarenes with dimethyl malonate or ethyl cyanoacetate. Under the
conditions applied, moderate to good yields of arylmalonate mono-
esters, phenylacetic esters or acids, and benzylnitrile derivatives were
obtained.

Key words o-aryl malonates, a-aryl-a-cyanoacetates, o-arylation re-
actions, palladium catalysis, decarboxylation

o-Aryl malonates are found as substructures in bioac-
tive compounds such as isoquinoline-1,3-dione, an HIV-1
integrase inhibitor,! and in barbiturates such as alphenal.?
They can also be used as intermediates for the synthesis of
3-hydroxy-2-phenylpropanoic acid derivatives, through the
reduction of one carboxylate group, to obtain tropic acid
derivatives such as the tropane alkaloid scopolamine, an
antiemetic drug.? The decarboxylation reaction of a-aryl di-
carbonyl compounds leads to a-phenylacetic acids, which
are found for example in the structure of ibuprofen (anti-
inflammatory activity),* in UPF523 (active in the CNS),” and
in JSTX-3 (a neurotoxin found in spider venom).® They have
also been used in the total synthesis of isoflavonoids such
as cajanol and daidzein.” Phenylacetonitriles are used in the
synthesis of isoflavonoids,® and reduction of the nitrile

group gives rise to phenylethylamines.® These are found in
pharmaceuticals such as the antiarrithimic verapamil and
the anticancer drug anastrazole.!® The structures of these
compounds are shown in Figure 1.

F
o} N
o [o]
HNJ\NH Q
HO\N N
H o ) 7
(0] \ o i :
0
NO, alphenal .
scopolamine
2-hydroxyisoquinoline-
1,3(2H,4H)-diones
O O
CO,H
OH
OH O
OH
o cajanol
ibuprofen HoN COH HO.
UPF-523
daidzein
OH (0] (o]
H\)I\ JI\/\ H NH
. NS IV eV VL
i H H H
o ~
HO' CONH, JSTX-3
NC
00 SO
N\
NS ~N CN
\0 \N O/ N
| cN
verapamil anastrazole

Figure 1 Bioactive compounds with a-arylmalonate, phenylacetic and
benzylnitrile moieties

Georg Thieme Verlag Stuttgart - New York — SynOpen 2017, 1, 91-96



92

THIEME

SynOpen J. F. Civicos et al.

The alkylation of malonates is a useful approach to pre-
pare intermediates in organic synthesis.!! However, this ap-
proach is limited to primary and secondary alkyl halides
and halobenzenes substituted with electron-withdrawing
groups.!? Our interest lies in the synthesis of oxygenated o-
aryl carbonyl structures, which are used as precursors of
isoflavonoid natural products, and these compounds can-
not be prepared through the SyAr approach.’? In this paper,
we report the synthesis of a-arylmalonates (1; R! = R?
alkyl) and a-arylcyanoacetates 5 by a-arylation of malonates
and cyanoacetates with aryl halides and their transforma-
tions into the desired compounds 2-6, as shown in Figure 2.
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Figure 2 o-Arylmalonates, phenylacetic acid derivatives, and phenyl-
acetonitriles synthesized in this work

The a-arylation reaction of carbonyl compounds has
been studied since the early eighties, and more extensively
and independently studied by Buchwald, Hartwig and
Miura."? Since then, various metal catalysts, ligands, and
conditions have been developed for this reaction.'* Our ap-
proach was based on the a-arylation of malonates and cya-
noacetates catalyzed by palladium. Although these reac-
tions have been well studied, little attention has been given
to the use of the more sterically hindered o-alkoxy-bro-
moarenes as the arylating agents, leading to compounds of
type 1 and 5. In addition, very few oxygenation patterns at
the aromatic ring have been examined using these a-aryla-
tions.

The a-arylation step was optimized using the reaction
of o-bromoanisole and dimethyl malonate or ethyl cyanoac-
etate (Scheme 1). After 20 h at 70 °C in toluene in the pres-
ence of Pd,(dba);, the corresponding arylmalonate 1a was
obtained in 60% yield."> Aryl-cyano acetate 5a was pre-
pared, under the same conditions (15h), in 66% yield
(Scheme 1).'® Both compounds were purified by flash col-
umn chromatography. Other O-protected bromoarenes
were used under the same conditions and the «-aryl-
malonates 1b-e and a-arylcyanoacetates 5b,c were ob-
tained in yields ranging from 41 to 83% (Scheme 1). By us-
ing this methodology, we were able to prepare derivatives
that were O-benzylated in the ortho-position (41-83%),
which is a protecting group that can be removed under less
drastic conditions than those used to remove methyl
groups.!” This is the first time that compounds 1¢, 1d and
5c have been synthesized.
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Scheme 1 a-Arylation reactions. Reagents and conditions: (i) Pd,(dba);
(2.5% mol), tBusPHBF, (10% mol), KsPO, (3 equiv), toluene, 20 h/70 °C
(for 1a—e); Na5PO, (3 equiv), 15 h/70 °C (for 5a-c).

The monohydrolysis of arylmalonates has been de-
scribed under basic or acidic conditions.'® In our hands, in
the presence of KOH in THF-H,0 at 0°C the aryl-
monomethyl malonate 2a was obtained in low yield as a
mixture with the unreacted arylmalonate and the decar-
boxylation product. The same outcome was observed when
KOH/MeOH at 35 °C was used. However, the desired prod-
uct 2a was obtained in good yield when KOH was used in a
mixture of MeOH/H,0 (10:1, v/v), at 36 °C after 2 h (Scheme
2). Under the same conditions, arylmalonates 1b-e were hy-
drolyzed to the corresponding aryl monomethyl malonates
2b-e in yields ranging from 70 to 89%.

CO,Me COLH
RI . R‘
CoMe _— ' o CO,Me
R2 OR?
1
COH CO-H CO,H
2a (60%) b (87%) c (83%)
CO.H CO,H
COMe

<OI:(\COZMe
o OBn

2e (89%)

BnO OBn

2d (70%)

Scheme 2 Monohydrolysis of arylmalonates. Reagents and conditions:
(i) KOH (2 equiv), MeOH/H,0 (10:1, v/v), 36 °C, 2 h.

The one-pot hydrolysis followed by decarboxylation
was successfully used to obtain, selectively, either arylace-
tate esters or the arylacetic acids, by changing the reaction
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conditions. When the temperature was increased to 80 °C,
methyl esters of arylacetates 3a—e were obtained in moder-
ate to high yields (Scheme 3). By increasing the amount of
base from 2 to 3 equivalents and raising the temperature to
90 °C, under microwave irradiation, arylacetic acids 4a-e
were produced in high yields (80-100%) (Scheme 3).
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Scheme 3 Hydrolysis/decarboxylation reactions. Reagents and condi-
tions: For 3a—e: (i) KOH (2 equiv), MeOH/H,0 (10:1, v/v), 90 °C, 2.5 h;
for 4a-e: (ii) KOH (3 equiv), MeOH/H,0 (10:1, v/v), 90 °C, 150 W, 20
min.

The hydrolysis/decarboxylation of aryl-cyanoacetates 5
was performed under the same conditions and benzyl-
nitriles 6a-b were obtained in high yields (Scheme 4).
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Scheme 4 Hydrolysis/decarboxylation reactions. Reagents and condi-
tions: (i) KOH (3 equiv), MeOH/H,0 (10:1, v/v), 90 °C, 150 W, 20 min.

In conclusion, selected products from palladium-
catalyzed a-arylation reactions of dimethyl malonates and
ethyl cyanoacetates with bromoarenes were obtained in
moderate to good yields. Some of these compounds, with
the benzyl protecting group on the phenol functionality
(1c, 1d, 5c¢),'>%° were obtained for the first time in this
work.

The arylmalonates could be transformed directly into
the phenylacetic acids or the corresponding methyl esters
(3a-e, 4a-e). Arylacetonitriles 6a-b could also be prepared
from arylcyanoacetates 5a-c through one-pot hydrolysis
followed by decarboxylation.

'H NMR (400 MHz) and '*C NMR (75 MHz) spectra were obtained
with a Varian Gemini-200 with CDCl; as solvent and TMS as internal
standard unless otherwise stated. High-resolution mass spectra were
obtained at 70 eV by electron impact with direct insertion on a Mi-
cromass MM12F. Analytical TLC was performed on Merck aluminum
sheets with silica gel 60 F,s,. For flash chromatography, Merck silica
gel 60 (0.040-0.063 mm) was used. Melting points were determined
with a Fisatom 430 apparatus and are uncorrected.

Arylation of Dimethyl Malonate with Aryl Bromides; General Pro-
cedure

Dimethyl malonate (1 mmol), aryl bromide (1.1 mmol), [HP(tBu);|BF,
(0.10 mmol), Pd,(dba); (0.025 mmol), and K;P0O, (3.0 mmol) were
placed in a 25 mL round-bottomed flask with a magnetic stirrer. The
flask was closed with a septum, the contents were placed under an
argon atmosphere and anhydrous toluene (5.0 mL) was added. The
heterogeneous mixture was stirred at 70 °C and the reaction was
monitored by TLC. Upon complete consumption of the aryl bromide,
the crude reaction mixture was filtered through a plug of Celite®, ex-
tracted with EtOAc (3 x 10 mL), washed with brine, dried with anhy-
drous Na,SO,, filtered, and concentrated in vacuo. The residue was
purified by chromatography on silica gel (1:9, EtOAc/hexanes).

Dimethyl 2-(2-Methoxyphenyl)malonate (1a)?'

Yield: 0.143 g (60%); yellow oil; R-0.16 (1:9, EtOAc/hexanes).

'H NMR (CDCl;, 400 MHz): & = 7.36-7.28 (m, 2 H), 6.97 (td, J = 7.5,
1.0Hz, 1H),6.90(d,J=8.1 Hz, 1 H), 5.16 (s, 1 H), 3.82 (s, 3 H), 3.75 (s,
6 H).

13C NMR (CDCl;, 100 MHz): & = 169.0, 156.8, 129.5, 129.4, 121.5,
120.7,110.7, 55.6, 52.7, 50.7.

Dimethyl 2-(2,4-Dimethoxyphenyl)malonate (1b)

Yield: 0.209 g (78%); brown solid; mp 60-62°C; Ry 0.26 (1:9
EtOAc/hexanes).

'H NMR (CDCl;, 400 MHz): § = 7.25 (d,J = 8.5 Hz, 1 H), 6.50 (dd, J = 8.5,
2.4Hz, 1H),6.46 (d,J = 2.3 Hz, 1 H), 5.07 (s, 1 H), 3.79 (s, 6 H), 3.74 (s,
6 H).

13C NMR (CDCl;, 100 MHz): & = 169.3, 168.9, 160.8, 157.8, 130.1,
113.9,104.5, 98.6, 55.6, 55.3, 52.7, 50.1, 48.9.

HRMS: m/z calcd for C3H,404: 268.0947; found: 268.0946.

Dimethyl 2-(2-(Benzyloxy)-4-methoxyphenyl)malonate (1c)

Yield: 0.285 g (83%); yellow solid; mp 61-63 °C; Ry 0.21 (1:9
EtOAc/hexanes).

H NMR (CDCl,, 400 MHz): & = 7.40-7.32 (m, 4 H), 7.30 (dd, J = 6.0,
2.7Hz, 1H),7.25 (d, J = 8.1 Hz, 1 H), 6.51 (s, 1 H), 6.49 (d, J = 2.4 Hz,
1H),5.12 (s, 1 H),5.02 (s, 2 H), 3.73 (s, 3 H), 3.68 (s, 6 H).

13C NMR (CDCl3, 100 MHz): § = 169.3, 160.8, 157.0, 136.6, 130.2,
128.64,128.0,127.3,114.5, 105.0, 99.9, 70.4, 55.5, 52.8, 50.7.

HRMS: m/z calcd for C,9H,,04: 344.1260; found: 344.1259.

Dimethyl 2-(2,4-Bis(benzyloxy)phenyl)malonate (1d)

Yield: 0.223 g (53%); yellow solid; mp 103-105°C; R, 0.16 (1:9
EtOAc/hexanes).

'H NMR (CDCl;, 400 MHz): § = 7.42-7.29 (m, 8 H), 7.24 (q, ] = 4.5 Hz,
2H),7.14(d,J=8.1Hz, 1 H),6.60 (d,] =2.2 Hz, 1 H), 6.58 (dd, ] = 8.4,
2.3 Hz, 1H),5.12 (s, 1 H), 5.03 (s, 2 H), 5.01 (s, 2 H), 3.71 (s, 6 H).
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13C NMR (CDCl;, 100 MHz): 8 = 169.4, 160.1, 157.1, 139.5, 136.8,
136.6, 128.8, 128.7, 128.2, 128.1, 127.8, 127.7, 127.3, 123.0, 106.0,
100.8, 70.4, 70.3, 52.83, 52.83, 50.8.

HRMS: m/z calcd for C,5H,,06: 420.1573; found: 420.1572.

Dimethyl 2-(6-(Benzyloxy)benzo[d][1,3]dioxol-5-yl)malonate (1e)
Yield: 0.254 g (71%); brown solid; mp 87-89°C; R; 0.10 (1:9
EtOAc/hexanes).

H NMR (CDCl;, 400 MHz): § = 7.39-7.29 (m, 5 H), 6.88 (s, 1 H), 6.57
(s, 1H),5.90 (s, 2 H),5.16 (s, 1 H), 5.00 (s, 2 H), 3.71 (s, 6 H).

13C NMR (CDCl;, 125 MHz): § = 169.0, 151.3, 148.1, 141.7, 136.6,
128.5,128.1, 127.4,127.2, 114.1, 109.2, 109.2, 101.4, 96.4, 96.3, 71.7,
52.8,52.7,50.7, 50.5.

HRMS: m/z calcd for C;gH;30;: 358.1053; found: 358.1052.

Arylation of Ethyl Cyanoacetate with Aryl Bromides; General Pro-
cedure

Ethyl cyanoacetate (1.1 mmol), aryl bromide (1.0 mmol),
[HP(tBu);|BF, (0.10 mmol), Pd,(dba); (0.025 mmol, and Na;PO, (3.0
mmol) were placed in a 25 mL round-bottom flask. The flask was
closed with a septum, the contents were placed under an argon atmo-
sphere and anhydrous toluene (5.0 mL) was added. The heteroge-
neous reaction mixture was stirred at 70 °C and monitored by TLC.
Upon complete consumption of the aryl bromide, the crude reaction
mixture was filtered through a plug of Celite®, extracted with EtOAc
(3 x 10 mL), washed with brine, dried with anhydrous Na,SO,, fil-
tered, and concentrated in vacuo. The residue was purified by chro-
matography on silica gel (1:9 EtOAc/hexanes).

Ethyl 2-Cyano-2-(2-methoxyphenyl)acetate (5a)*

Yield: 0.144 g (66%); yellow oil; R-0.12 (1:9 EtOAc/hexanes).

H NMR (CDCls, 400 MHz): & = 7.36 (dd, J = 12.2, 4.5 Hz, 2 H), 6.99 (t,
J=7.5Hz, 1H),6.93 (d,J = 8.2 Hz, 1 H), 5.03 (s, 1 H), 4.24 (dd, ] = 7.2,
42 Hz,2 H),3.84 (s, 3 H), 1.27 (t,J = 7.1 Hz, 2 H).

13C NMR (CDCl;, 125 MHz): 8§ = 165.1, 156.4, 130.6, 129.3, 120.9,
119.0,115.8,111.0,62.8, 55.6, 38.1, 24.5, 13.8.

Ethyl 2-Cyano-2-(2,4-dimethoxyphenyl)acetate (5b)*

Yield: 0.137 g (55%); red brown oil; R;0.13 (1:9 EtOAc/hexanes).

'H NMR (CDCls, 400 MHz): 6 = 7.39 (ddd, J = 12.3, 6.6, 1.4 Hz, 2 H),
7.01 (td,J=7.6,09 Hz, 1 H), 6.94 (d,J = 8.2 Hz, 1 H), 5.03 (s, 1 H), 4.27
(qd,J=7.1,1.4 Hz, 2 H), 3.87 (s, 3 H), 1.32-1.27 (m, 3 H).

13C NMR (CDCl;, 125 MHz): & = 165.5, 161.7, 157.5, 130.0, 116.2,
111.5,104.9,98.9, 62.9, 55.7, 55.5, 37.6, 14.0.

Ethyl 2-(2-(Benzyloxy)-4-methoxyphenyl)-2-cyanoacetate (5¢)
Yield: 0.139 g (41%); yellow oil; R-0.14 (1:9 EtOAc/hexanes).

H NMR (CDCl;, 500 MHz): 8 = 7.44-7.37 (m, 4H), 7.33 (dd, J = 13.5,
7.8 Hz, 2 H), 6.54 (d, ] = 6.9 Hz, 2 H), 5.08 (q, J = 11.5 Hz, 2 H), 4.95 (s,
1H),4.15(q,] = 7.0 Hz, 2 H), 3.80 (s, 3 H), 1.19 (t, J = 7.1 Hz, 3 H).

13C NMR (CDCl;, 125 MHz): 8§ = 165.5, 161.7, 156.6, 136.1, 130.3,
128.8, 128.8, 128.7, 128.7, 128.2, 127.4, 116.2, 111.8, 105.2, 100.1,
70.5, 62.9, 55.5, 38.0, 13.9.

HRMS: m/z calcd for C;gH;oNO,: 325.1314; found: 325.1314.

Selective Monohydrolysis of Dimethyl Arylmalonates; General
Procedure

Dimethyl arylmalonate (1.0 mmol) and KOH (2.0 mmol), followed by
MeOH (1.0 mL) and H,0 (0.1 mL) were placed in a 25 mL round-
bottom flask with a magnetic stirrer. The mixture was stirred at 36 °C
for 2 h, then the reaction was quenched by the addition of water (5
mL). Unreacted ester was removed by EtOAc extraction (2 x 5 mL) and
the carboxylic acid was obtained by acidification of the aqueous
phase to pH 2 with 10% HCI, extracted with EtOAc (3 x 5 mL), washed
with brine, dried over anhydrous Na,SO,, filtered, and concentrated
on a rotary evaporator.

3-Methoxy-2-(2-methoxyphenyl)-3-oxopropanoic Acid (2a)

Yield: 0.134 g (60%); brown oil.

TH NMR (CDCl;, 500 MHz): & = 7.22 (d, J = 7.5 Hz, 1 H), 7.20-7.15 (m,
1H),6.81(t,J=7.4Hz,1H),6.77 (d,] =8.2 Hz, 1 H), 6.40 (s, 1 H), 4.90
(s, 1H),3.67 (s,3H),3.57 (s, 3 H).

13C NMR (CDCl;, 100 MHz): & = 173.1, 169.6, 156.8, 129.8, 129.8,
121.4,120.8,110.9, 55.7, 53.0, 50.9.

HRMS: m/z calcd for C;1H,,05: 224.0685; found: 224.0684.

2-(2,4-Dimethoxyphenyl)-3-methoxy-3-oxopropanoic Acid (2b)*
Yield: 0.221 g (87%); pale-brown solid; mp 108-110 °C.

H NMR (CDCls, 500 MHz): 8 =7.26 (d,J = 3.4 Hz, 1 H), 6.51 (dd, J = 8.5,
2.4Hz,1H),6.47 (d,J=23Hz,1H),4.92 (s, 1 H),3.81 (s, 3 H),3.80 (s,
3 H),3.76 (s, 3 H).

13C NMR (CDCl;, 100 MHz): 8 = 173.8, 169.7, 160.9, 157.8, 130.4,
113.6,104.7,98.7, 55.7, 55.4, 52.9, 50.3.

2-(2-(Benzyloxy)-4-methoxyphenyl)-3-methoxy-3-oxopropanoic
Acid (2c)

Yield: 0.274 g (83%); pale-brown solid; mp 165-167 °C.

'H NMR (CDCl;, 500 MHz): § = 8.98 (s, 1 H), 7.35 (q, J = 7.9 Hz, 4 H),
7.31-7.23 (m, 2 H), 6.62-6.38 (m, 2 H), 5.04 (s, 1 H), 5.03 (s, 2 H), 3.76
(s,3H),3.69 (s,3 H).

13C NMR (CDCl;, 100 MHz): & = 171.5, 171.0, 161.1, 156.9, 136.3,
131.0,128.7,128.2,127.4,114.4,105.2,100.2, 70.6, 55.5, 53.2, 50.7.

HRMS: m/z calcd for C;gH;30¢: 330.1103; found: 330.1103.

2-(2,4-Bis(benzyloxy)phenyl)-3-methoxy-3-oxopropanoic Acid
(2d)

Yield: 0.284 g (70%); pale-brown solid; mp 90-92 °C.

'H NMR (CDCl;, 500 MHz): § = 7.50-7.24 (m, 11 H), 6.69-6.54 (m,
2 H), 5.08-4.96 (m, 4 H), 4.87 (s, 1 H), 3.71 (s, 3 H).

13C NMR (CDCl5, 125 MHz): & = 171.5, 170.3, 160.5, 156.8, 136.7,
136.3, 128.8, 128.7, 128.3, 128.2, 128.2, 127.8, 127.7, 127.5, 1274,
114.8,106.1, 100.9, 70.6, 70.4, 53.2, 50.6.

HRMS: m/z calcd for C,,H,,04: 406.1416; found: 406.1416.

2-(6-(Benzyloxy)benzo[d][1,3]dioxol-5-yl)-3-methoxy-3-o0xo-
propanoic Acid (2e)

Yield: 0.306 g (89%); yellow oil.

H NMR (CDCl;, 400 MHz): § = 8.51 (s, 1 H), 7.43-7.23 (m, 5 H), 6.88
(s, 1H), 6.57 (s, 1 H), 5.91 (s, 2 H), 5.09 (s, 1 H), 5.00 (s, 2 H), 3.72 (s,
3 H).
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13C NMR (CDCl;, 125 MHz): § = 172.5, 170.1, 151.4, 148.5, 141.8,
136.5, 128.8, 128.74, 128.68, 127.5, 127.4, 113.8, 109.8, 101.7, 96.4,
71.8,53.1, 50.8.

HRMS: m/z calcd for C;gH;¢0;: 344.0896; found: 344.0896.

Synthesis of a-Arylacetates; General Procedure

Dimethyl arylmalonate (1.0 mmol) and KOH (2.0 mmol), followed by
MeOH (1.0 mL) and H,0 (0.1 mL) were placed in a 25 mL round-bot-
tom flask with a magnetic stirrer. The mixture was stirred at 80 °C for
2.5 h, then the reaction was quenched by the addition of water (5 mL).
The a-arylacetate was removed by EtOAc extraction (3 x 5 mL) and
the carboxylic acid was obtained by acidification of the aqueous
phase to pH 2 with 10% HCl, extracted with EtOAc (3 x 5 mL), washed
with brine, dried over anhydrous Na,SO,, filtered, and concentrated
on a rotary evaporator.

Methyl 2-(2-Methoxyphenyl)acetate (3a)*®

Yield: 0.135 g (75%); yellow oil.

'H NMR (CDCl;, 400 MHz): & = 7.27-7.22 (m, 1 H), 7.16 (d, ] = 7.4 Hz,
1H),6.90(t,J=7.2 Hz, 1 H), 6.86 (d, ] = 8.2 Hz, 1 H), 3.80 (s, 3 H), 3.67
(s,3 H),3.62 (s, 2 H).

13C NMR (CDCl;, 100 MHz): & = 172.41, 157.55, 130.92, 128.65,
123.03, 120.56, 110.52, 55.50, 51.98, 35.83.

Methyl 2-(2,4-Dimethoxyphenyl)acetate (3b)S.

Yield: 0.162 g (77%); yellow oil.

H NMR (CDCl,, 400 MHz): & = 7.08 (d, ] = 8.6 Hz, 1 H), 6.48-6.41 (m,
2 H), 3.80 (s, 3 H),3.79 (s, 3 H), 3.68 (s, 3 H), 3.56 (s, 2 H).

13C NMR (CDCl;, 125 MHz): & = 172.7, 160.3, 158.5, 131.2, 115.5,
104.1,98.6, 55.5, 55.4,51.9, 35.1.

Methyl 2-(2-(Benzyloxy)-4-methoxyphenyl)acetate (3c)?’

Yield: 0.217 g (76%); brown oil.

1H NMR (CDCls, 400 MHz): § = 7.45-7.28 (m, 5 H), 7.11 (d, ] = 8.2 Hz,
1H), 6.52 (d, ] = 2.2 Hz, 1 H), 6.47 (dd, J = 8.2, 2.3 Hz, 1H), 5.05 (s,
2 H),3.78 (s, 3 H), 3.63 (s, 3 H), 3.61 (s, 2 H).

13C NMR (CDCl3, 100 MHz): & = 172.75, 160.22, 157.54, 137.00,

131.36, 128.61, 127.93, 127.19, 115.92, 104.54, 99.91, 70.04, 55.50,
51.95, 35.55.

Methyl 2-(2,4-Bis(benzyloxy)phenyl)acetate (3d)*®

Yield: 0192 g (53%); yellow solid; mp 78-80 °C (lit. 74.5-75 °C).

'H NMR (CDCl;, 400 MHz): § = 7.44-7.28 (m, 10 H), 7.10 (d, J = 8.3 Hz,
1H), 6.60 (d,J =22 Hz, 1 H), 6.54 (dd, ] = 8.2, 2.3 Hz, 1 H), 5.02 (d, ] =
4.0 Hz, 4 H), 3.62 (s, 3 H), 3.61 (s, 2 H).

13C NMR (CDCl;, 100 MHz): 8§ = 172.7, 159.4, 157.5, 136.9, 136.9,
131.3, 128.7, 128.5, 128.1, 127.9, 127.6, 127.1, 116.1, 105.5, 100.6,
70.2,69.9,51.9, 35.5.

Methyl 2-(6-(Benzyloxy)benzo[d][1,3]dioxol-5-yl)acetate (3e)
Yield: 0.210 g (70%); white solid; mp 105-107 °C.

H NMR (CDCl,, 500 MHz): § = 7.47-7.23 (m, 5 H), 6.70 (s, 1 H), 6.56
(s,1H),5.89 (s, 2 H), 4.99 (s, 2 H), 3.63 (s, 3 H), 3.58 (s, 2 H).

13C NMR (CDCl;, 100 MHz): & = 172.5, 151.6, 147.4, 141.3, 137.0,
128.6,128.0,127.2,115.6,110.7, 101.3, 96.3, 71.3, 52.0, 35.8.

HRMS: m/z calcd for C;7H;505: 300.0998; found: 300.0997.

Synthesis of a-Arylacetic Acids; General Procedure

A 10-mL MW vessel was charged with dimethyl arylmalonate (0.20
mmol) and KOH (0.60 mmol), followed by MeOH (2.0 mL) and H,0
(0.2 mL). The vessel was sealed with a pressure lock, and the mixture
was heated under microwave irradiation (150 W) at 90 °C for 20 min
in a CEM Discover MW reactor. After cooling to r.t., the reaction mix-
ture was extracted with EtOAc (3 x 10 mL), and the a-arylacetic acid
was obtained by acidification of the aqueous phase to pH 2 with 10%
HCl, extracted with EtOAc (3 x 5 mL), washed with brine, dried over
anhydrous Na,S0,, filtered, and concentrated on a rotary evaporator.

2-(2-Methoxyphenyl)acetic Acid (4a)*°

Yield: 0.026 g (80%); pale-brown solid; mp 115-117 °C (lit. 119-
121°C).

H NMR (CDCls, 500 MHz): & = 7.29-7.24 (m, 1 H), 7.18 (d, ] = 7.3 Hz,
1H),6.92(t,J=7.4Hz,1H),6.88(d,J=8.2Hz,1H),3.82(s,3 H),3.66
(s,2 H).

13C NMR (CDCl;, 100 MHz): & = 178.2, 157.6, 131.1, 129.0, 122.4,
120.7,110.6, 55.6, 35.9.

2-(2,4-Dimethoxyphenyl)acetic Acid (4b)*°

Yield: 0.034 g (87%); white solid; mp 90-92 °C (lit. 99-102 °C).

H NMR (CDCls, 400 MHz): & = 7.08 (d, ] = 7.8 Hz, 1 H), 6.51-6.40 (m,
2 H),3.80(s,6 H),3.59 (s,2 H).

13C NMR (CDCl;, 100 MHz): & = 177.9, 160.5, 158.5, 131.4, 114.9,
104.3, 98.8, 55.6, 55.5, 35.2.

2-(2-(Benzyloxy)-4-methoxyphenyl)acetic Acid (4c)3'

Yield: 0.046 g (84%); pale-yellow solid; mp 115-117 °C.

H NMR (CDCls, 500 MHz): & = 7.41-7.28 (m, 5 H), 7.11 (d, / = 8.3 Hz,
1H), 6.52 (d, J = 2.0Hz, 1H), 6.48 (dd, J = 8.2, 2.2 Hz, 1 H), 5.05 (s,
2 H),3.78 (s,3 H), 3.64 (s, 2 H).

13C NMR (CDCl;, 125 MHz): 8§ = 177.7, 160.3, 157.5, 136.9, 131.5,
128.7,128.6,127.9,127.1,127.1,115.7, 104.6, 99.9, 70.1, 55.5, 35.7.

2-(2,4-Bis(benzyloxy)phenyl)acetic Acid (4d)*?

Yield: 0.070 g (100%); pale-brown solid; mp 134-136 °C (lit. 137~
137.5°C).

H NMR (CDCls, 400 MHz): & = 7.28-7.04 (m, 1 H), 6.92 (d, J = 7.2 Hz,
1H),639 (s, 1H),6.28(d,J = 7.4 Hz, 1 H), 477 (s, 1 H), 4.71 (s, 1 H),
3.38 (s, 1 H).

13C NMR (CDCl;, 100 MHz): & = 177.4, 158.6, 157.2, 137.1, 1314,
128.6,128.5,127.9,127.8,127.7,127.2,118.9, 105.7, 101.2, 70.1, 69.9,
29.8.

2-(6-(Benzyloxy)benzo[d][1,3]dioxol-5-yl)acetic acid (4e)*>

Yield: 0.049 g (86%); brown solid; mp 119-122 °C.

'H NMR (400 MHz, acetone-dg): 6 =7.42 (d,J=7.4 Hz,2 H), 7.34 (t, ] =
7.4Hz,2H),7.29(d,J=7.3 Hz, 1 H), 6.71 (s, 1 H), 6.66 (s, 1 H), 5.86 (s,
2 H),5.00 (s, 2 H),3.54 (s, 2 H).

13C NMR (CDCl;, 125 MHz): & = 172.9, 152.6, 148.0, 142.0, 138.5,

129.5,128.9,128.8,128.2,127.9,117.2,111.5,111.4,102.0,97.1, 71.7,
35.7.

Synthesis of a-Arylacetonitriles; General Procedure

A 10-mL MW vessel was charged with ethyl arylcyanoacetate (0.20
mmol) and KOH (0.60 mmol), followed by MeOH (2.0 mL) and H,0
(0.2 mL). The vessel was sealed with a pressure lock, and the mixture
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was heated under microwave irradiation (150 W) at 90 °C for 20 min
in a CEM Discover MW reactor. After cooling to r.t., the reaction mix-
ture was extracted with EtOAc (3 x 10 mL), and the a-arylacetonitrile
was obtained by acidification of the aqueous phase to pH 2 with 10%
HCl, extracted with EtOAc (3 x 5 mL), washed with brine, dried over
anhydrous Na,S0O,, filtered, and concentrated on a rotary evaporator.

2-(2-Methoxyphenyl)acetonitrile (6a)3*
Yield: 0.029 g (100%); yellow oil.

H NMR (CDCls, 400 MHz): § = 7.30 (dd, J = 15.9, 7.9 Hz, 2 H), 6.94 (t,
J=7.4Hz,1H),6.86(d,]=8.2 Hz, 1 H), 3.82 (s, 3 H), 3.64 (s, 2 H).

13C NMR (CDCl;, 100 MHz): 8§ = 156.6, 129.4, 129.1, 120.6, 118.5,
118.0,110.4, 55.3, 18.5.

2-(2,4-Dimethoxyphenyl)acetonitrile (6b)>*
Yield: 0.032 g (90%); white solid; mp 70-72 °C (lit. 76 °C).

H NMR (CDCl;, 400 MHz): & = 7.23 (d, J = 8.0 Hz, 1 H), 6.48 (d, ] =
8.4 Hz, 2 H),3.84 (s, 2 H), 3.81 (s, 2 H), 3.61 (s, 2 H).

13C NMR (CDCl;, 125 MHz): § = 161.0, 157.8, 129.7, 118.5, 110.9,
104.3,98.7, 55.6, 55.5, 18.2.
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