]O C‘The Journal of Organic Chemistry

pubs.acs.org/joc

Palladium-Catalyzed Heck-type Domino Cyclization and
Carboxylation to Synthesize Carboxylic Acids by Utilizing
Chloroform as the Carbon Monoxide Source

Xianglei Liu, Bin Li, and Zhenhua Gu*

Department of Chemistry, University of Science and Technology of China, 96 Jinzhai Road, Hefei, Anhui 230026, PR China

© Supporting Information

ABSTRACT: A palladium-catalyzed domino cyclization and carbox-
ylation reaction for synthesis of a variety of carboxylic acids was

Pd(PPh3),Cl,
or Pd(OAc),/TFP
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\]/ + CHCl;

R
B CO,H
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developed, where chloroform was used as “carbon monoxide” source. RT A .z R
The in situ generated neopentylpalladium species by Heck cyclization
was efficiently trapped by dichlorocarbene to form a series of carboxylic X=Br, | yields up to 98%

acids. It was found that in this type of domino reaction CHCl; is a

convenient and safe alternation for CO gas.

B INTRODUCTION

Since being developed by Heck and co-workers in early 1970s,"
the transition metal-catalyzed carbonylation with carbon
monoxide became one of the most powerful methods for the
synthesis of carbonyl compounds. In comparison with the
traditional magnesium- or lithium-mediated reactions, tran-
sition metal-catalyzed carbonylation provides a mild and well-
functional group tolerated method to prepare carbonyl
substances.” Despite that it is cheap and readily available on
large scale, carbon monoxide still has some disadvantages for
laboratory use, such as its high toxicity and explosiveness. Thus,
it has advantages and is desirable to seek alternative, easy to
handle and safe CO sources.> Aromatic aldehydes were found
to be able to serve as efficient CO sources in the rhodium-
catalyzed carbocyclization reactions.* Phenyl formate was an
efficient alternation for CO gas in nickel and palladium-
catalyzed carbonylations.” Lindhardt, Skrydstrup and co-
workers found the release of CO could be realized by a
palladium-catalyzed decarbonylation of tertiary acid chlorides.
It was found that only near stoichiometric amount of carbon
monoxide precursor was needed in the aminocarbonylation and
carbonylative Heck reactions.”” We also developed an efficient
borrowing hydrogen strategy for the synthesis of a series of
linear carboxylic acids by the use of chloroform as CO source,
where CHCI; showed superior performance over CO gas and
phenyl formate in the linear/branched selectivity.®

Besides being used as solvent, chloroform as well as
bromoform have been proven as useful reagents in organic
synthesis. Chloroform was used as a dichlorocarbene precursor
to construct various dichlorocyclopropanes,” which were
further applied in the synthesis of 3-chloropyridine derivatives
via Ciamiciam—Dennstedt rearrangement.'® The formylation of
phenols named as Reimer—Tiemann reaction'' and trichlor-
omethylation of aldehyde'* with chloroform are important one-
carbon elongation methods. In the transition metal-involved
reactions, chloroform was ever used for the synthesis of
metalcarbonyl complexes,13 oxidative reagents14 and trichlor-
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omethylation reagents'> and so on. Herein we report a
palladium-catalyzed Heck-type domino cyclization and carbox-
ylation reaction by utilizing chloroform as the carbonyl
source.'™'® One of our research interests is the reaction
between alkylpalladium species with carbenes. It was
demonstrated by us and other groups that the in situ generated
alkylpalladium B readily reacted with aryl carbene to form E-
alkene derivatives D via migration and f-hydride elimination
processes (Scheme 1a)."” We reasoned that alkylpalladium B
was possibly able to coordinate with dichlorocarbene to form
complex E*®*' Under aqueous basic conditions E would
hydrolyze and deliver carboxylic acid F (Scheme 1b).*

B RESULTS AND DISCUSSION

Our initial studies commenced with readily available acrylamide
la. In the presence of Pd(OAc), (5 mol %) and
trifurylphosphine (TFP, S mol %), the reaction of la with
chloroform in aqueous dioxane afforded the acid 2a in 54% of
isolated yield after acidic workup (Table 1, entry 1). The yields
were significantly improved by increasing the loading of
phosphine ligand (entries 2 and 3). Probably due to the
solubility problem the reaction became inconstant when water
was used as the single solvent in lieu of the mixed dioxane/
H,O, and the isolated yield was varied from moderate to
excellent (entry 4). The amount of chloroform could be
reduced to 4.0 equiv without great decreasing the yields of 2a
(entries S—7). By the use of bromoform instead of chloroform,
the reaction afforded 2a in a relatively lower yield (entry 8).
The generality of this domino cyclization and carboxylation
reaction was demonstrated by subjection of various organic
iodides to the optimized reaction conditions. The reactions of
2-methylacrylamides with either electron-rich group (1b) or
electron-withdrawing groups (lc—1e) at the phenyl ring
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Scheme 1. Domino Heck-type Cyclization and Carbene-Trapping Reactions

(a) Alkenes Synthesis via Alkylpalladium and Aryl Carbenes
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Table 1. Reaction Condition Optimization”

Pd(OAc), (5 mol %), TFP, KOH
dioxane/H,0, 80 °C, 1 h

CL3
NJY + CHCl3

U
Me Me

Me
1a 2a
CHCI dioxane/H,0 TEP yield of 2a
entry (equiv3 (2.0 mL) (mol %) (%)
1 8.0 1:4 S 54
2 8.0 1:4 10 73
3 8.0 1:4 15 96
4 8.0 0:1 15 59-92
S 6.0 1:4 15 96
6 4.0 1:4 15 94
7 3.0 1:4 15 88
8 4.0° 1:4 15 78

“The reaction was conducted on 0.20 mmol scale of 1a, palladium (§
mol %), TFP (5 15 mol %), KOH (8.0 equiv), in solvent (2.0 mL) at
80 °C for 1 h. Y“CHBr, (4.0 equiv) was used instead of CHCl,.

worked as efficiently as the reaction of la, which gave the
desired carboxylic acids in excellent yields (Table 2, entries 1—
4). However, the nitro-substituted iodide 1f only afforded 27%
of desired carboxylic acid (entry 5). The reaction of electron-
rich compound N-(2-iodo-S-methoxyphenyl)-N-methylmetha-
crylamide gave 96% of acid 2g (entry 6). The N-benzylated
amide 1h also smoothly reacted with chloroform to give the
cyclized compound 2h in excellent yield (entry 7). The reaction
proceeded equally efficiently with acetamides 1i, 1j and
sulfonamide 1k, which furnished the five- or six-membered
N-heterocycles in good to excellent yields (entries 8—10).
Other substituted acrylamides, such as 11 and 1m were
competent substrates and they were smoothly converted to
the corresponding acids in 94 and 96%, respectively (entries
11—12). However, only a complex mixture was formed when 2-
phenylacrylamide 1n was used (entry 13). The reaction of lo
gave the carboxylic acid 20 in 68% yield, along with reductive
product 3o being isolated in 27% yield (entry 14). Allylic amide
1p underwent the cyclization to furnish the acid in 58% yield
(entry 15). It was found that the reaction of 1q delivered the
acid 2q in 81% yield as a single isomer (entry 16). The relative
stereochemistry of 2q was unambiguously confirmed by single
crystal X-ray analysis,”> which is consisted with the stereo-
chemistry for the cis-insertion of C=C double bond to
carbon—palladium bond. The reaction of allylic ether 1r only
resulted a complicated mixture (entry 17), and the malonate
derivative 1s decomposed under the standard aqueous basic
conditions (entry 18).
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For the aryl bromides, Pd(PPh;),Cl, was found to be the
optimum palladium catalyst (Table 3). For instance, the
reaction of 1t—w in dioxane/H,0 at 100 °C gave the desired
products in good to excellent yields (entries 1—3). An
incomplete conversion was observed with 2-bromo-1-amino-
naphthalene derivative 1w as the substrate, and the reaction
afforded the 2w in 62% yield along with 28% starting material
being recovered (entry 4).

H CONCLUSION

In summary we disclosed a palladium-catalyzed domino
cyclization and carboxylation reaction for the synthesis of a
variety of carboxylic acids. In these reactions chloroform was
used as CO source, which showed advantages in both safety
and laboratory operation aspects.

B EXPERIMENTAL SECTION

General Information. All reactions were carried out under a
nitrogen atmosphere in flame-dried glassware, unless the reaction
procedure states otherwise. Tetrahydrofuran (THF) was distilled from
sodium-benzophenone in a continuous still under an atmosphere of
N,. Dioxane was distilled from sodium-benzophenone under an
atmosphere of nitrogen. Dichloromethane was distilled from calcium
hydride in a still under an atmosphere of nitrogen. Room temperature
reactions were carried out between 20 and 25 °C. Flash column
chromatography was performed using 40—63 um silica gel as the
stationary phase. 'H, *C and F NMR spectra were referenced by
using solvent residue as an internal reference (‘'H NMR: 7.26 ppm for
CDCly; 2.50 ppm for DMSO-dg; *C NMR: 77.00 ppm for CDCl;
39.52 ppm for DMSO-dg; 30.92 ppm for acetone-dy). Electron spray
ionization (ESI) mass spectrometry data were acquired by using LTQ
analyzer type.

Compounds 1a, 1b, 1¢, 1h, 1i, 1k, 1n, 1t were known compounds
and prepared by following the literature.**

N-(2-lodo-4-(fluorophenyl)-N-methylmethacrylamide (1d).
Methacryloyl chloride (0.35 mL, 3.60 mmol, 1.2 equiv) was added
to a mixture of 4-fluoro-2-iodoaniline (0.71 g, 3.00 mmol, 1.0 equiv),
DMAP (18.3 mg, 0.10 mmol, 5 mol %), Et;N (0.84 mL, 6.00 mmol,
2.0 equiv) in CH,Cl, (10 mL) at —20 °C dropwise. After stirring at
—20 °C for 30 min and room temperature overnight, the mixture was
quenched with saturated NaHCO;, extracted with CH,Cl,, washed
with brine, and dried over Na,SO,. After filtration and concentration,
the obtained crude amide was used in the next step without
purification.

Sodium hydride (240 mg, 60% in mineral oil, 4.00 mmol, 2.0 equiv)
was added to a solution of the above amide in THF (1S mL) at 0 °C
for portions. After stirring at 0 °C for 20 min Mel (0.56 mL, 9.00
mmol, 3.0 equiv) added dropwise and the reaction mixture was
allowed to stir at room temperature for 3 h. The reaction was
quenched with water and THF was removed by evaporation. The
residue was extracted with ethyl acetate. The organic phase was
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Table 2. Substrate Scope of Organic Iodides”
Pd(OAc), (5 mol %)

R'
R X TFP (15 mol %), KOH X COzH
T z +* CHClz ———— R Z
Y’ dioxane/H,0, 80 °C A=Y
|
1 2
entry halide 1 structure of 2 yield of 2 (%)?
Me
R\Ejil o R\CfgcozH
o
,Iq)k% X
Me Me Me
1 R=Me (1b) 98 (2b)
2 R=Cl (1c) 94 (2c)
3 R=F (1d) 93 (2d)
4 R =CF; (1e) 93 (2¢)
5 R =NO, (1f) 27 (2f)
| Me
COEw | TS
6 (19) o 96 (2g)
MeO N MeO N
Me Me Me
| Me
o CO,H
7 (1h) o 88 (2h)
N N
Bn Me Bn
Me
@i"ef CO,H
) )n
N~ @N
I R R
8 R=Ac,n=1(1i) 93 (2i)
9 R=Ac,n=2(1j) 93 (2j)
10¢ R=Ts,n=2(1k) 82 (2k)
| R
LK e
(o]
’?‘JKT/ N
Me R I\\/Ie
1 R =Bn (11) 94 (21)
12 R = Ph(CHy), (1m) 96 (2m)
13 R =Ph(1n) complex
| MeO MeO
CL o
14 N o + o
! N N
M H,OM: \ \
e CH,OMe Me Me
(10) 68 (20) 27 (30)
| Me, ~CO,H
"Bu
/
15 N o Me (P N~ 58 (2p)
o}
[¢]
| M %
e =
o
16 @[ ) COH 81(2q)
N ~ “Ph o} single isomer
U
Me Me N
Me
Me
Me CO,H
17 (1r) complex
o o
|
Me COH
18 CO,Me  (1s) co,Me decomposition
CO,Me co,Me

“Reaction conditions: 1 (0.20 mmol), CHCl, (0.80 mmol), Pd(OAc),
(5 mol %), TEP (15 mol %), KOH (1.60 mmol) and dioxane/H,0
(1:4, 2.0 mL) at 80 °C for 1 h. “Isolated yields. “CHCI; (1.60 mmol)
at 100 °C for 3 h.

washed with brine, dried over Na,SO, filtered, concentrated, and the
residue was purified by column chromatography on silica gel (10%
ethyl acetate/hexanes) to afford the desired amide 1d (0.73 g, 77%) as
solid: mp 61.2—62.6 °C (PE/EA). 'H NMR (400 MHz, CDCl,) §
7.59 (dd, J = 7.6, 2.8 Hz, 1H), 7.19-7.12 (m, 1H), 7.12—7.04 (m,
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Table 3. Substrate Scope of Organic Bromides®

Br Me
%o N COOH
R R o
AN _

Pd(PPh3),Cl, (5 mol %)
CHCl, (4.0 equiv), KOH

b dioxane/H,0, 100 °C N
Me Me Me
1 2
entry halide 1 yield of 2 (%)
O
1 'T‘J\W/ (1) 87 (2a)
Me Me
Me BrO
2 \©: (1u) 89 (2b)
,ﬂ)k(
Me Me
Me
Br /@fQCOOH
o o
3 /©: (v Me N
Mo e
Me Me
81 (2v)
B Me Me O M& ~cooH
c
4 NTA Aw) O %
N
°© Me
62 (2w)

“Reaction conditions: 1 (0.20 mmol), CHCIl; (0.80 mmol), Pd-
(PPh;),Cl, (S mol %), KOH (1.60 mmol) and dioxane/H,O (1:4, 2.0
mL) at 100 °C for 1-3 h. “Isolated yields. “With 28% starting material
being recovered.

1H), 5.05 (s, 1H), 5.01 (s, 1H), 3.22 (s, 3H), 1.83 (s, 3H); 3C NMR
(100 MHz, CDCl;) § 171.8, 160.8 (d, J = 252.1 Hz), 143.3, 140.0,
129.8 (d, ] = 8.4 Hz), 126.9 (d, ] = 24.4 Hz), 119.0, 116.4 (d, ] = 22.7
Hz), 98.9, 36.9, 20.5. ’F NMR (376 MHz, CDCl;) § —112.1. HRMS
(ESD) caled. for C;;H;;NOFINa* (M + Na)* 3419796, found
341.9769.

N-(2-lodo-4-(trifluoromethyl)phenyl)-N-methylmethacryla-
mide (1e). le (10% ethyl acetate/hexanes) (0.53 g, 48%) was
prepared following the procedure of 1d in 3.00 mmol scale. Solid: mp
72.1-74.9 °C (PE/EA). 'H NMR (400 MHz, CDCl;) § 8.13 (s, 1H),
7.63 (d, ] = 7.6 Hz, 1H), 7.33—7.26 (m, 1H), 5.04 (s, 2H), 3.25 (s,
3H), 1.86 (s, 3H); *C NMR (100 MHz, CDCl;) § 171.5, 150.4 (bs),
139.8, 137.2, 131.1 (q, J = 31.5 Hz), 129.4, 126.5, 122.5 (g, J = 271.1
Hz), 119.8 (bs), 98.9, 36.8, 20.4. '’F NMR (376 MHz, CDCl,) &
—62.6. HRMS (ESI) calcd. for C;,H;;NOF;INa" (M + Na)*
391.973S, found 391.9733.

N-(2-lodo-4-nitrophenyl)-N-methylmethacrylamide (1f).
Methacryloyl chloride (0.35 mL, 3.60 mmol, 1.2 equiv) was added
to a mixture of 2-iodo-4-nitroaniline (0.79 g, 3.00 mmol, 1.0 equiv),
DMAP (18.3 mg, 0.10 mmol, 5 mol %), Et;N (0.84 mL, 6.00 mmol,
2.0 equiv) in CH,Cl, (10 mL) at —20 °C dropwise. After stirring at
—20 °C for 30 min and room temperature overnight, the mixture was
quenched with saturated NaHCO;, extracted with CH,Cl,, washed
with brine, and dried over Na,SO,. After filtration and concentration,
the obtained crude amide was used in the next step without
purification.

Sodium hydride (240 mg, 60% in mineral oil, 4.00 mmol, 2.0 equiv)
was added to a solution of the above amide in THF/DMF (15/5 mL)
at 0 °C for portions. After stirring at 0 °C for 20 min Mel (0.56 mL,
9.00 mmol, 3.0 equiv) added dropwise and the reaction mixture was
allowed to stir at room temperature for 3 h. The reaction was
quenched with water and THF was removed by evaporation and
diluted with 100 mL ethyl acetate. The organic phase was washed with
water and brine, dried over Na,SO, filtered and concentrated afforded
the crude pruduct. After purified by column chromatography on silica
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gel (PE:EA = 10:1 to PE:EA = 5:1) the desired amide 1f (0.73 g, 77%)
was obtained as solid: mp 97.1-101.4 °C (PE/EA). 'H NMR (400
MHz, CDCl;) 8.73 (s, 1H), 8.23 (d, J = 7.6 Hz, 1H), 7.32 (d, ] = 6.8
Hz, 1H), 5.10 (s, 2H), 3.28 (s, 3H), 1.90 (s, 3H), 3C NMR (100
MHz, CDCl;) § 171.2, 152.9 (bs), 146.6, 139.7, 135.3, 129.4, 124.5,
120.1 (bs), 98.6, 36.7 (bs), 20.3 HRMS (ESI) calcd. for
C1H;1N,0;INa* (M + Na)* 368.9712, found 368.9709.
N-(2-lodo-5-methoxyphenyl)-N-methylmethacrylamide
(19). 1g (10% ethyl acetate/hexanes) (0.80 g, 80%) was prepared
following the procedure of 1d in 3.00 mmol scale. Solid: mp 128.9—
132.8 °C (PE/EA). '"H NMR (400 MHz, CDCl;) § 7.71 (d, J = 8.8
Hz, 1H), 6.73 (d, ] = 2.0 Hz, 1H), 6.62 (dd, ] = 8.8, 2.8 Hz, 1H), 5.10
(s, 1H), 5.01 (s, 1H), 3.78 (s, 3H), 3.22 (s, 3H), 1.85 (s, 3H); *C
NMR (100 MHz, CDCl;) § 171.7, 160.6, 147.6, 140.2, 140.0, 119.0,
1154, 115.3, 872, 55.5, 36.7, 20.6. HRMS (ESI) caled. for
C,H;,NO,INa* (M + Na)* 353.9967, found 353.9964.
N-(2-Bromo-4-methylphenyl)-N-methylmethacrylamide
(Tu). 1u (Rf = 0.3, PE:EA = S5:1) (0.48 g, 85%) as oil was prepared
following the procedure of 1d in 2.00 mmol scale. 'H NMR (400
MHz, CDCl,) § 7.43 (s, 1H), 7.09 (d, ] = 8.0 Hz, 1H), 7.05 (d, ] = 8.0
Hz, 1H), 5.01 (s, 1H), 4.96 (s, 1H), 3.22 (s, 3H), 2.33 (s, 3H), 1.80 (s,
3H); *C NMR (100 MHz, CDCl,) § 172.0, 140.8, 140.2, 139.6,
134.1, 129.4, 1292, 122.5, 118.4, 36.4, 20.7, 20.3. HRMS (ESI) calcd.
for C,H;{NO”Br* (M + H)* 268.0332, found 268.0331.
N-(2-Bromo-5-methylphenyl)-N-methylmethacrylamide
(1v). 1v (Rf = 0.3, PE:EA = 5:1) (0.50 g, 94%, as oil) was prepared
following the procedure of 1d in 2.00 mmol scale. 'H NMR (400
MHz, CDCL;) 6 7.47 (d, ] = 8.0 Hz, 1H), 7.03—6.95 (m, 2H), 5.03 (s,
1H), 4.98 (s, 1H), 3.23 (s, 3H), 2.30 (s, 3H), 1.82 (s, 3H); *C NMR
(100 MHz, CDCL,) 5 171.9, 1432, 140.2, 138.8, 133.3, 1304, 130.0,
119.3, 118.5, 36.4, 20.8, 20.3. HRMS (ESI) calcd. for C;,H;;NO”Br*
(M + H)* 268.0332, found 268.03334.
N-(1-Bromonaphthalen-2-yl)-N-methylmethacrylamide
(Tw). 1w (R; = 0.3, PE:EA = 5:1) (049 g, 89%) was prepared
following the procedure of 1d in 1.80 mmol scale. Solid: mp 78.4—
80.8 °C (PE/EA). 'H NMR (400 MHz, CDCL,) & 8.31 (d, ] = 8.8 Hz,
1H), 7.85 (d, ] = 8.0 Hz, 1H), 7.82 (d, ] = 8.8 Hz, 1H), 7.68—7.61 (m,
1H),7.69—7.54 (m, 1H), 7.30 (d, ] = 8.6 Hz, 1H), 5.03 (s, 1H), 4.93
(s, 1H), 3.34 (s, 3H), 1.85 (s, 3H); *C NMR (100 MHz, CDCL,) §
172.1, 141.4, 140.0, 133.2, 132.7, 128.9, 1282, 128.1, 127.7, 1272,
126.8, 123.1, 118.9, 36.4, 20.2. HRMS (ESI) calcd. for C;H;;NO”Br*
(M + H)* 304.0332, found 304.0334.
N-(2-lodophenyl)-N-(3-methylbut-3-enyl)acetamide (1j).°
Potassium hydroxide (0.21 g, 4.00 mmol, 2.0 equiv) and "Bu,NHSO,
(33.9 mg, 0.10 mmol, 0.05 equiv) was added successively to a solution
of N-(2-iodophenyl)acetamide (0.52 g, 2.00 mmol, 1.0 equiv) in
toluene (5 mL) at 20 °C and the mixture was stirred at this
temperature for 1 h before warmed to 80 °C. 3-Methylbut-3-enyl 4-
methylbenzenesulfonate (0.58 g, 2.40 mmol, 1.2 equiv) was added to
the mixture and stirred at 80 °C for 1 h. The resulted solution was
cooled to room temperature, quenched with 10 mL of water, extracted
with EtOAc, dried over Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel (PE:EA = 10:1 to
PE:EA:DCM = 10:1:1) to afford 1j (0.50 g, 1.50 mmol, 75%) as oil.
'"H NMR (400 MHz, CDCl;) 6 7.95 (dd, ] = 8.0, 1.6 Hz, 1H), 7.41
(td, J = 7.6, 1.6 Hz, 1H), 7.24 (dd, ] = 8.0, 1.6 Hz, 1H), 7.08 (td, ] =
8.0, 1.6 Hz, 1H), 4.76 (s, 1H), 4.71 (s, 1H), 4.34 (ddd, J = 13.2, 9.6,
6.4 Hz, 1H), 3.13 (ddd, ] = 13.2, 9.6, 5.6 Hz, 1H), 2.38—2.17 (m, 2H),
1.76 (s, 3H), 1.71 (s, 3H); *C NMR (100 MHz, CDCl;) § 170.0,
145.0, 142.9, 140.3, 1304, 129.8, 129.5, 111.7, 1004, 46.6, 35.5, 23.0,
22.5. HRMS (ESI) calcd. for C;3H;NOI" (M + H)* 330.0349, found
330.0349.
2-Benzyl-N-(2-iodophenyl)-N-methylacrylamide (1l). Sodium
hydride (0.40 g, 60% in mineral oil, 10.0 mmol, 1.0 equiv) was added
to a solution of dimethyl malonate (1.14 mL, 10.0 mmol, 1.0 equiv) in
THF (20 mL) at 0 °C for portions under nitrogen, after stirring for 20
min BnBr (1.20 mL, 10.0 mmol, 1.0 equiv) was added to the mixture
dropwise and the reaction mixture was allowed to warm to room
temperature, and heated to reflux for 24 h. After cooling to room
temperature, NaOH aq. (2 M, 10 mL) and MeOH (10 mL) was added
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to the reaction mixture and stirred at 90 °C for 1 h. After cooling
down, MeOH and THF was removed by evaporation. The residue was
acidized with 2 M HCI, extracted with ethyl acetate, dried over
Na,SO, concentrated, and the resulted mixture was added to a
solution of diethylamine (1.2 mL, 11.5 mmol, 1.15 equiv) in EtOAc
(20 mL) at 0 °C. Then paraformaldehyde (0.42 g, 14.0 mmol, 1.4
equiv) was added in portions. The mixture was warmed to reflux and
maintained for 2 h. After cooled to room temperature, the reaction was
acidized with 2 M HCI, extracted with EtOAc, washed with brine,
dried over Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA = 20:1 to PE:EA =
7:1) to afford 2-benzylacrylic acid (1.08 g, 6.70 mmol, 67%).”°

Oxalyl dichloride (0.34 mL, 4.00 mmol, 2.0 equiv) was added to a
solution of 2-benzylacrylic acid (0.32 g, 2.00 mmol, 1.0 equiv) with a
drop of DMF in DCM (10 mL) at room temperature dropwise. The
reaction was maintain at room temperature for 30 min and the excess
oxalyl dichloride and DCM was removed by evaporation.

The above acid chloride in DCM (10 mL) was added to a mixture
of 2-iodoaniline (0.44 g, 2.00 mmol, 1.0 equiv), DMAP (12.2 mg, 0.10
mmol, 0.05 equiv), Et;N (0.56 mL, 4.00 mmol, 2.0 equiv) in CH,Cl,
(10 mL) at —20 °C dropwise. After stirring at —20 °C for 30 min and
room temperature overnight, the mixture was quenched with saturated
NaHCO;, extracted with CH,Cl,, washed with brine, and dried over
Na,SO,. After filtration and concentration, the crude amide was used
in next step without further purification.

Sodium hydride (0.24 g, 60% in mineral oil, 6.00 mmol, 3.0 equiv)
was added to a solution of the above amide in THF (10 mL) at 0 °C
for portions. After stirring for 20 min at 0 °C Mel (0.37 mL, 6.00
mmol, 3.0 equiv) added dropwise and the reaction mixture was stirred
at room temperature for 2 h and 50 °C overnight. The reaction was
quenched by the addition of water, extracted with ethyl acetate,
washed with brine, dried over Na,SO,, filtered and concentrated. The
crude product was purified by column chromatography on silica
(PE:EA = 10:1) to afford 11 (0.31 g, 0.84 mmol, 42%) as oil. Rotamers
(10:1) were observed. The major isomer "H NMR (400 MHz, CDCl,)
5 7.84 (d, ] = 8.0 Hz, 1H), 7.35=7.19 (m, 3H), 7.14 (t, ] = 7.2 Hz,
1H), 7.07 (d, ] = 6.8 Hz, 2H), 6.95 (t, ] = 7.6 Hz, 1H), 6.43 (d, ] = 7.2
Hz, 1H), 5.08 (s, 1H), 4.84 (s, 1H), 3.71 (d, ] = 15.2 Hz, 1H), 3.42 (d,
J =152 Hz, 1H), 3.20 (s, 3H); *C NMR (100 MHz, CDCl,) § 170.9,
146.7, 1437, 140.0, 137.8, 129.6, 129.5, 129.3, 129.1, 1284, 126.4,
118.7, 98.9, 40.3, 36.9. HRMS (ESI) calcd. for C,,H;,NOI* (M + H)*
378.0349, found 378.0346.

N-(2-lodophenyl)-N-methyl-2-methylene-4-phenylbutana-
mide (1m). Sodium hydride (0.37 g, 60% in mineral oil, 9.20 mmol,
1.2 equiv) was added to MeOH (10 mL) at 0 °C for portions under
nitrogen. Then dimethyl malonate (0.89 mL, 7.70 mmol, 1.0 equiv)
was added to the solution and the mixture was warmed to 65 °C.
Followed by this BnCH,I (1.80 g, 7.70 mmol, 1.0 equiv) in MeOH
(10 mL) was added to the above mixture in dropwise. After stirring at
65 °C for 4 h, NaOH (1 M, 40 mL) was added to the reaction mixture
and stirred for 1 h. After cooling down, MeOH was removed by
evaporation. The residue was acidized with 2 M HCI, extracted with
ethyl acetate, dried over Na,SO, concentrated, and the resulted
mixture was added to a solution of diethylamine (0.90 mL, 8.90 mmol,
1.15 equiv) in EtOAc (20 mL) at 0 °C. After stirring at 0 °C for S min,
paraformaldehyde (0.32 g 10.0 mmol, 1.4 equiv) was added in
portions. The mixture was heated to reflux for 2 h. After cooled to
room temperature, the reaction was acidized by 2 M HCI, extracted
with EtOAc, washed with brine, dried over Na,SO, concentrated. The
residue was purified by column chromatography on silica (PE:EA =
5:1) to afford 2-methylene-4-phenylbutanoic acid (0.24 g, 1.35 mmol,
18%).

Oxalyl dichloride (0.23 mL, 2.70 mmol, 2.0 equiv) was added to a
solution of 2-methylene-4-phenylbutanoic acid (0.24 g, 1.35 mmol, 1.0
equiv) with a drop of DMF in DCM (6 mL) at room temperature
dropwise. The reaction maintained at room temperature for 30 min
and the excess oxalyl dichloride and DCM was removed by
evaporation.

The above acid chloride in DCM (6 mL) was added to a mixture of
2-iodoaniline (0.30 g, 1.35 mmol, 1.0 equiv), DMAP (8.2 mg, 0.067
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mmol, 0.05 equiv), Et;N (0.38 mL, 2.70 mmol, 2.0 equiv) in CH,Cl,
(6 mL) at —20 °C dropwise. After stirring at —20 °C for 30 min and
room temperature overnight, the mixture was quenched with saturated
NaHCO;, extracted with CH,Cl,, washed with brine, and dried over
Na,SO,. After filtration and concentration, the crude amide was used
in next step without further purification.

Sodium hydride (0.11 g, 60% in mineral oil, 2.7 mmol, 2.0 equiv)
was added to a solution of the above amide in THF (10 mL) at 0 °C
for portions. After stirring at 0 °C for 20 min Mel (0.25 mL, 4.05
mmol, 3.0 equiv) added dropwise and the reaction mixture was
allowed to stir at room temperature for 3 h. The reaction was
quenched by the addition of water, extracted with ethyl acetate,
washed with brine, dried over Na,SO,, concentrated. The crude
product was purified by column chromatography on silica (PE:EA =
10:1 to PE:EA = S:1) to afford 1Im (0.32 g, 0.82 mmol, 61%) as oil.
Rotamers (8:1) were observed. The major isomer’s '"H NMR (400
MHz, CDCL,) 5 7.88 (d, ] = 8.0 Hz, 1H), 7.37—7.09 (m, 7H), 7.01 (t,
] = 7.6 Hz, 1H), 5.16 (s, 1H), 5.02 (s, 1H), 3.26 (s, 3H), 2.87—2.65
(m, 2H), 2.57—-2.36 (m, 2H); *C NMR (100 MHz, CDCl;) § 171.4,
1467, 143.8, 141.3, 1402, 129.6, 129.3, 1292, 128.3, 12822, 125.9,
1182, 99.1, 369, 35.2, 34.1. HRMS (ESI) caled. for CgH,oNOI* (M +
H)* 392.0506, found 392.0502.

N-(2-lodophenyl)-2-(methoxymethyl)-N-methylacrylamide
(10). Thionyl chloride (0.87 mL, 12.0 mmol, 1.2 equiv) was added to
acrylic acid (0.90 mL, 13.0 mmol, 1.3 equiv) at 80 °C dropwise. The
reaction was stirred at 80 °C for 30 min. After cooling down, the
excess thionyl chloride was carefully removed by evaporation at about
40 mmHg.

The above acid chloride in DCM (20 mL) was added to a mixture
of 2-iodoaniline (2.2 g, 10.0 mmol, 1.0 equiv), DMAP (60.0 mg, 0.50
mmol, 0.05 equiv), Et;N (2.8 mL, 20.0 mmol, 2.0 equiv) in CH,Cl,
(20 mL) at —20 °C dropwise. After stirring at —20 °C for 30 min and
room temperature overnight, the mixture was quenched with saturated
NaHCO;, extracted with CH,Cl,, washed with brine, and dried over
Na,SO,. After filtration and concentration, the crude amide was used
in next step without further purification.

Sodium hydride (0.80 g, 60% in mineral oil, 20.0 mmol, 2.0 equiv)
was added to a solution of the above amide in THF (10 mL) at 0 °C
for portions. After stirring at 0 °C for 20 min Mel (1.90 mL, 30.0
mmol, 3.0 equiv) added dropwise and the reaction mixture was
allowed to stir at room temperature for 3 h. The reaction was
quenched by the addition of water, extracted with ethyl acetate,
washed with brine, dried over Na,SO,, concentrated. The crude
product was purified by column chromatography on silica gel (PE:EA
= 10:1) to afford N-(2-iodophenyl)-N-methylacrylamide (1.47 g, 5.00
mmol, 50%).>” 'H NMR (400 MHz, CDCL,) § 7.93 (dd, J = 8.0, 1.2
Hz, 1H), 742 (td, ] = 7.6, 1.6 Hz, 1H), 7.29—7.22 (m, 1H), 7.08 (td, J
=7.6, 1.6 Hz, 1H), 6.38 (dd, ] = 164, 1.6 Hz, 1H), 5.83 (dd, ] = 16.8,
10.4 Hz, 1H), 5.51 (dd, J = 10.4, 2.0 Hz, 1H), 3.24 (s, 3H).

N-(2-Iodophenyl)-N-methylacrylamide (1.44 g, 5.00 mmol, 1.0
equiv) was added to a mixture of paraformaldehyde (0.75 g 25.0
mmol, 5.0 equiv), DABCO (0.56 g, 5.00 mmol, 1.0 equiv), BhOH
(130 uL, 1.25 mmol, 0.25 equiv) in +BuOH/H,0 (1:4, 2.0 mL) at S5
°C dropwise. The reaction mixture was stirred at 55 °C for S h. After
cooling down, ‘BuOH was removed by evaporation. The residue was
extracted with CH,Cl,, dried over Na,SO,, filtered and concentrated.
the crude product was purified by column chromatography on silica
gel (PE:EA = 1:1) to afford 2-(hydroxymethyl)-N-(2-iodophenyl)-N-
methylacrylamide 4 (1.23 g 3.90 mmol, 77%).>® Rotamers (13:1)
were observed. The major isomer’s 'H NMR (400 MHz, CDCl,) §
7.87 (d, ] = 7.6 Hz, 1H), 7.36 (t, ] = 7.2 Hz, 1H), 7.24 (d, ] = 6.8 Hz,
1H), 7.01 (t, J = 7.6 Hz, 1H), 5.27 (s, 1H), 5.06 (s, 1H), 4.36 (d, ] =
13.6 Hz, 1H), 4.10 (d, ] = 13.6 Hz, 1H), 3.25 (s, 3H); '*C NMR (100
MHz, CDCL,) § 1702, 146.6, 142.5, 140.2, 129.6, 129.4, 119.9, 98.8,
64.6, 37.0. HRMS (ESI) calcd. for C;;H;3;NO,I* (M + H)* 317.9986,
found 317.9984.

Sodium hydride (0.12 g, 60% in mineral oil, 3.0 mmol, 1.5 equiv)
was added to a solution of the 2-(hydroxymethyl)-N-(2-iodophenyl)-
N-methylacrylamide 4 (0.63 g, 2.00 mmol, 1.0 equiv) in THF (S mL)
at 0 °C for portions. After stirring at 0 °C for 20 min Mel (0.25 mL,
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4.00 mmol, 2.0 equiv) added dropwise and the reaction mixture was
allowed to stir at room temperature for 2 h. The reaction was
quenched by the addition of water, extracted with ethyl acetate,
washed with brine, dried over Na,SO,, filtered and concentrated. The
crude product was purified by column chromatography on silica gel
(PE:EA = 7:1 to PE:EA = 5:1) to afford 1o (0.39 g, 1.17 mmol, 60%)
as viscous oil. '"H NMR (400 MHz, CDCl;) & 7.86 (d, J = 7.6 Hz, 1H),
7.34 (t, ] = 7.6 Hz, 1H), 7.25—7.19 (m, 1H), 7.05-6.95 (m, 1H), 5.22
(s, 1H), 5.17 (s, 1H), 4.16 (d, J = 13.2 Hz, 1H), 3.87 (d, J = 13.2 Hz,
1H), 3.27 (s, 3H), 3.23 (s, 3H); *C NMR (100 MHz, CDCl;) §
169.5, 146.6, 140.7, 140.0, 129.8, 129.4, 129.2, 119.0, 98.9, 72.8, 58.4,
36.9. HRMS (ESI) caled. for C,,H,NO,I* (M + H)* 332.0142, found
332.0139.

N-Butyl-2-iodo-N-(2-methylallyl)benzamide (1p). Sodium hy-
dride (0.26 g, 60% in mineral oil, 6.70 mmol, 1.3 equiv) was added to a
solution of N-butyl-2-iodobenzamide (1.56 g, 5.15 mmol, 1.0 equiv) in
DMF (10 mL) at 0 °C for portions. The reaction mixture was warmed
to 50 °C and stirred for 20 min. Then the mixture was cooled to 35 °C
and 3-chloro-2-methylprop-1-ene (0.71 mL, 7.73 mmol, 1.5 equiv)
added dropwise. After stirring at 35 °C for 1 h the reaction was
quenched by the addition of water and extracted with ethyl acetate,
washed with brine, dried over Na,SO,, filtered and concentrated. The
crude product was purified by column chromatography on silica gel to
afford 1p (R; = 0.7, PE:EA = 3:1) (1.42 g, 3.98 mmol, 77%) as oil.
Rotamers (~1.6:1) were observed. The 'H NMR as follows: major 'H
NMR (400 MHz, CDCl,) § 7.79 (dd, J = 8.0, 0.8 Hz, 1H), 7.33 (td, J
= 7.6, 1.2 Hz, 1H), 721 (d, ] = 1.6 Hz, 1H), 7.09—6.98 (m, 1H),
4.92—4.87 (m, 1H), 4.85 (t, ] = 1.6 Hz, 1H), 3.66 (d, ] = 16.0 Hz, 1H),
3.60 (d, ] = 16.0 Hz, 1H), 3.10—-2.88 (m, 2H), 1.80—1.59 (m, 2H),
1.56 (s, 3H), 1.47—1.31 (m, 2H), 0.96 (t, ] = 7.2 Hz, 3H); minor 'H
NMR (400 MHz, CDCl,) 6 7.83 (dd, ] = 8.0, 1.2 Hz, 1H), 7.37 (td, J
=7.6, 1.2 Hz, 1H), 7.19 (d, ] = 1.6 Hz, 1H), 7.09—6.98 (m, 1H), 5.00
(d,J = 1.6 Hz, 1H), 4.96 (t, ] = 1.6 Hz, 1H), 4.39 (d, ] = 15.2 Hz, 1H),
4.04—3.82 (m, 3H), 1.85 (s, 3H), 1.80—1.59 (m, 1H), 1.47—1.31 (m,
1H), 1.14—1.02 (m, 2H), 0.74 (t, ] = 7.2 Hz, 3H); *C NMR (100
MHz, CDCly), (selected peaks) & 170.7, 170.6, 142.8, 142.3, 140.6,
140.2, 139.3, 139.0, 129.93, 129.90, 128.03, 128.00, 127.3, 127.2,
113.6, 1129, 92.7, 92.5, 54.3, 44.3, 49.2, 47.2, 28.7, 29.9, 20.8, 20.5,
20.1, 19.8, 13.9, 13.5. HRMS (ESI) calcd. for C,H,NOI* (M + H)*
358.0662, found 358.0663.

(E)-N-(2-lodophenyl)-N,2-dimethyl-3-phenylacrylamide (1q).
Oxalyl dichloride (0.51 mL, 6.0 mmol, 2.0 equiv) was added to a
solution of 2-phenylacrylic acid (0.49 g, 3.0 mmol, 1.0 equiv) with a
drop of DMF in DCM (10 mL) at room temperature dropwise. The
reaction maintained at room temperature for 30 min and the excess
oxalyl dichloride and DCM was removed by evaporation.

The above acid chloride in DCM (10 mL) was added to a mixture
of 2-iodoaniline (0.66 g, 3.0 mmol, 1.0 equiv), DMAP (18.3 mg, 0.15
mmol, 0.05 equiv), Et3N (0.84 mL, 6.0 mmol, 2.0 equiv) in CH,Cl,
(10 mL) at —20 °C dropwise. After stirring at —20 °C for 30 min and
room temperature overnight, the mixture was quenched with saturated
NaHCO,, extracted with CH,Cl,, washed with brine, and dried over
Na,SO,. After filtration and concentration, the crude amide was used
in next step without further purification.

Sodium hydride (0.36 g, 60% in mineral oil, 9.0 mmol, 3.0 equiv)
was added to a solution of the above amide in THF (10 mL) at 0 °C
for portions. After stirring at 0 °C for 20 min Mel (0.56 mL, 9.00
mmol, 3.0 equiv) added dropwise and the reaction mixture was
allowed to stir at room temperature for 2 h. After quenched with water
and evaporated THF, the residue was extracted with ethyl acetate,
washed with brine, dried over Na,SO,, filtered, concentrated, and the
crude product was purified by column chromatography on silica gel
(PE:EA = 10:1) to afford 1q (0.59 g, 1.56 mmol, 52%) as solid: mp
114.0—118.0 °C (PE/EA). "H NMR (400 MHz, CDCL,) & 7.90 (dd, J
= 7.6, 1.2 Hz, 1H), 7.35 (t, ] = 7.6 Hz, 1H), 7.29—7.15 (m, 4H), 7.08—
6.95 (m, 3H), 6.69 (s, 1H), 3.31 (s, 3H), 1.90 (s, 3H); *C NMR (100
MHz, CDCL) § 1732, 147.1, 140.3, 136.0, 133.1, 132.9, 129.40,
129.39, 129.1, 128.9, 128.1, 127.3, 99.0, 37.1, 16.2. These data are
identical with the reproted results.”
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2-(1,3-Dimethyl-2-oxoindolin-3-yl)acetic acid (2a). Typical
Procedure A. (Table 1, entry 6): Chloroform (65 uL, 0.80 mmol,
4.0 equiv) was added to a mixture of la (60.2 mg, 0.20 mmol, 1.0
equiv), Pd(OAc), (2.2 mg, 0.01 mmol, S mol %), KOH (89.8 mg, 1.60
mmol, 8.0 equiv) and TFP (7.0 mg, 0.03 mmol, 15 mol %) under
nitrogen, followed by H,O (1.6 mL) was added. After stirring at room
temperature for 0.5 min, dioxane (0.4 mL) was added and the reaction
mixture was stirred at room temperature for additional 0.5 min before
heated to 80 °C for 1 h. The reaction was quenched with 1 M HCI (6
mL) and extracted with EtOAc (3 X 20 mL) and dichloromethane (2
X 10 mL). The organic layer was dried over Na,SO,, filtered and
concentrated. The residue was purified by column chromatography on
silica gel (dichloromethane:ethyl acetate = 20:3 to ethyl acetate:hex-
anes:AcOH = 50:50:1) to afford 2a (41.2 mg, 94%). Solid: mp 172.0—
176.0 °C (PE/EA). 'H NMR (400 MHz, CDCL,) § 7.29 (td, ] = 7.6,
1.2 Hz,1H), 7.19 (dd, J = 7.2, 1.2 Hz, 1H), 7.07 (td, ] = 7.6, 1.2 Hz,
1H), 6.86 (d, ] = 7.6 Hz, 1H), 3.22 (s, 3H), 2.98 (d, ] = 16.4 Hz, 1H),
2.80 (d, ] = 16.4 Hz, 1H), 1.40 (s, 3H); *C NMR (100 MHz, CDCl,)
5 180.5, 173.4, 143.0, 132.7, 128.3, 122.9, 122.3, 108.5, 45.3, 41.3, 26.5,
23.8. HRMS (ESI) calcd. for C,,H;,NO,;~ (M — H)~ 218.0812, found
218.0819. These data are identical with the reproted results.>
2-(1,3,5-Trimethyl-2-oxoindolin-3-yl)acetic acid (2b). Table 1,
entry 1: 2b (45.8 mg, 98%) (dichloromethane:ethyl acetate = 20:3 to
ethyl acetate:hexanes:AcOH 50:50:1) was obtained following
Typical Procedure A at 0.20 mmol scale of 1b (63.0 mg, 0.20
mmol, 1.0 equiv) at 80 °C for 1 h. Solid: mp 162.6 °C (PE/EA). 'H
NMR (400 MHz, CDCl,) § 7.08 (d, J = 7.6 Hz, 1H), 7.00 (s, 1H),
6.74 (d, ] = 7.6 Hz, 1H), 320 (s, 3H), 2.97 (d, ] = 16.8 Hz, 1H), 2.77
(d,J = 16.8 Hz, 1H), 2.33 (s, 3H), 1.38 (s, 3H); *C NMR (100 MHz,
CDCl,) & 180.5, 173.4, 140.6, 132.8, 132.5, 128.6, 123.2, 108.2, 45.3,
41.4,26.5,23.9, 21.1. HRMS (ESI) calcd. for C;;H,NO;™ (M — H)~
232.0968, found 232.0976.
2-(5-Chloro-1,3-dimethyl-2-oxoindolin-3-yl)acetic acid (2c).
2c (47.7 mg, 94%) (dichloromethane:ethyl acetate = 20:3 to ethyl
acetate:hexanes:AcOH = 50:50:1) was obtained following Typical
Procedure A at 0.20 mmol scale of 1c (67.1 mg, 0.20 mmol, 1.0 equiv)
at 80 °C for 1 h. Solid: mp 167.3—171.3 °C (PE/EA). "H NMR (400
MHz, CDCl,) § 7.25 (d, ] = 8.4 Hz, 1H), 7.17 (s, 1H), 6.76 (d, ] = 8.0
Hz, 1H), 3.19 (s, 3H), 3.00 (d, ] = 16.8 Hz, 1H), 2.80 (d, ] = 17.2 Hz,
1H), 1.35 (s, 3H); C NMR (100 MHz, CDCl;) § 179.6, 173.8,
141.9, 134.4, 12822, 128.0, 122.9, 109.3, 45.5, 41.0, 26.6, 24.0. HRMS
(ESI) calcd. for C;,H,;sNO,*CI* (M + H)* 254.0579, found 254.0578.
2-(5-Fluoro-1,3-dimethyl-2-oxoindolin-3-yl)acetic acid (2d).
2d (46.1 mg, 97%) (dichloromethane:ethyl acetate = 20:3 to ethyl
acetate:hexanes:AcOH = 50:50:1) was obtained following Typical
Procedure A at 0.20 mmol scale of 1d (63.8 mg, 0.20 mmol, 1.0
equiv) at 80 °C for 1 h. Solid: mp 202.4—205.6 °C (PE/EA). '"H NMR
(400 MHz, CDCl,) 6 7.03—6.95 (m, 2H), 6.78 (dd, J = 8.4, 4.0 Hz,
1H), 3.22 (s, 3H), 3.00 (d, ] = 16.7 Hz, 1H), 2.81 (d, ] = 16.7 Hz, 1H),
1.40 (s, 3H); *C NMR (100 MHz, Acetone-dy) & 181.2, 172.5, 160.9
(d, J = 235.8 Hz), 142.2 (d, J = 1.5 Hz), 137.5 (d, ] = 8.2 Hz), 115.6
(d, J = 23.4 Hz), 112.4 (d, J = 25.0 Hz), 110.5 (d, ] = 8.1 Hz), 47.5,
42.5,27.7,25.6. YF NMR (376 MHz, CDCl;) § —120.0. HRMS (ESI)
caled. for C;,H;,NO;FNa* (M + Na)* 260.0699, found 260.0699.
2-(1,3-Dimethyl-2-oxo-5-(trifluoromethyl)indolin-3-yl)acetic
acid (2e). 2e (53.1 mg, 93%) (dichloromethane:ethyl acetate = 20:3
to ethyl acetate:hexanes:AcOH = 50:50:1) was obtained following
Typical Procedure A at 0.20 mmol scale of 1e (73.8 mg, 0.20 mmol,
1.0 equiv) at 80 °C for 1 h. Solid: mp 167.8—170.0 °C (PE/EA). 'H
NMR (400 MHz, CDCl;) § 'H NMR (400 MHz, CDCl,) § 7.56 (dd,
J =82, 09 Hz, 1H), 7.41 (s, 1H), 691 (d, ] = 8.2 Hz, 1H), 3.24 (s,
3H), 3.04 (d, ] = 17.0 Hz, 1H), 2.87 (d, ] = 17.0 Hz, 1H), 1.38 (s,
3H); 3C NMR (100 MHz, CDCL,) & 180.0, 173.7, 146.4, 133.3, 126.1
(9, ] =39 Hz), 124.8 (q, ] = 32.5 Hz), 124.3(q, ] = 270.0 Hz), 119.3
(g J = 3.6 Hz), 108.0, 45.2, 40.9, 26.6, 24.0. ’F NMR (376 MHz,
CDCly) 6 —61.4. HRMS (ESI) caled. for C,3H;,NO,F;Na* (M +
Na)* 310.0667, found 310.0661.
2-(1,3-Dimethyl-5-nitro-2-oxoindolin-3-yl)acetic acid (2f). 2f
(14.5 mg, 27%) (dichloromethane:ethyl acetate = 20:3 to ethyl
acetate:hexanes:AcOH = 50:50:1) was obtained following Typical
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Procedure A at 0.20 mmol scale of 1f (69.2 mg, 0.20 mmol, 1.0 equiv)
at 80 °C for 1 h. Solid: mp 168.8—172.5 °C (PE/EA). 'H NMR (400
MHz, CDCL,) & 8.26 (dd, J = 8.6, 1.8 Hz, 1H), 8.07 (d, ] = 1.7 Hz,
1H), 6.92 (d, J = 8.6 Hz, 1H), 3.27 (s, 3H), 3.10 (d, ] = 17.4 Hz, 1H),
2.93 (d, J = 17.3 Hz, 1H), 1.39 (s, 3H); '*C NMR (100 MHz, CDCl,)
5 180.0, 173.5, 149.3, 133.7, 125.7, 118.1, 107.8, 45.2, 40.8, 26.8, 24.1.
HRMS (ESI) caled. for C;,H;;N,O~ (M — H)~ 263.0668, found
263.0673.
2-(6-Methoxy-1,3-dimethyl-2-oxoindolin-3-yl)acetic acid
(29). 2g (48.0 mg, 96%) (dichloromethane:ethyl acetate = 20:3 to
ethyl acetate:hexanes:AcOH 50:50:1) was obtained following
Typical Procedure A at 0.20 mmol scale of 1g (66.2 mg, 0.20
mmol, 1.0 equiv) at 80 °C for 1 h. Solid: mp 165.0—167.2 °C (PE/
EA). 'H NMR (400 MHz, CDCl;) § 7.09 (d, ] = 7.6 Hz, 1H), 6.55 (d,
J = 7.3 Hz, 1H), 6.4 (s, 1H), 3.82 (s, 3H), 3.20 (s, 3H), 2.94 (d, ] =
15.7 Hz, 1H), 2.77 (d, ] = 15.9 Hz, 1H), 1.37 (s, 3H); '*C NMR (100
MHz, CDCl;) & 181.0, 1734, 160.3, 144.3, 124.7, 123.0, 106.5, 96.6,
55.5,44.8, 41.5, 26.5, 24.0. HRMS (ESI) calcd. for C;3H;{NO,Na* (M
+ Na)* 272.0899, found 272.0897.
2-(1-Benzyl-3-methyl-2-oxoindolin-3-yl)acetic acid (2h). 2h
(52.0 mg, 88%) (dichloromethane:ethyl acetate = 20:3 to ethyl
acetate:hexanes:AcOH = 50:50:1) was obtained following Typical
Procedure A at 0.20 mmol scale of 1h (75.4 mg, 0.20 mmol, 1.0
equiv) at 80 °C for 1 h. Solid: mp 159.6—164.5 °C (PE/EA). 'H NMR
(400 MHz, CDCl;) 6 7.32—7.23 (m, SH), 7.19 (d, ] = 7.6 Hz, 1H),
7.15 (td, J = 8.0, 1.2 Hz, 1H), 7.02 (td, ] = 7.6, 0.8 Hz, 1H), 6.70 (d, J
= 8.0 Hz, 1H), 4.98 (d, ] = 16.0 Hz, 1H), 4.88 (d, ] = 15.6 Hz, 1H),
3.09 (d, ] = 16.8 Hz, 1H), 2.89 (d, ] = 16.8 Hz, 1H), 1.44 (s, 3H). *C
NMR (100 MHz, CDCl,) & 180.4, 173.5, 142.2, 135.6, 132.7, 128.8,
1282, 127.6, 127.2, 122.9, 1222, 109.6, 45.3, 44.0, 41.1, 24.6. The
compound was identical with the reported data.®'
2-(N-Acetyl-3-methylindolin-3-yl)acetic acid (2i). 2i (43.5 mg,
93%) (dichloromethane:ethyl acetate = 20:3 to ethyl acetate:hex-
anes:AcOH = 50:50:1) was obtained following Typical Procedure A
at 0.20 mmol scale of 1i (63.0 mg, 0.20 mmol, 1.0 equiv) at 80 °C for
1 h. Solid: mp 168.5-170.4 °C (PE/EA). Rotamers (10:1) were
abserved. '"H NMR (400 MHz, CDCl,) & 8.19 (d, J = 8.0 Hz, 1H),
7.23 (d, J = 7.6 Hz, 1H), 7.14 (d, ] = 7.2 Hz, 1H), 7.07 (, ] = 7.2 Hz,
1H), 4.28 (d, J = 10.8 Hz, 1H), 3.86 (d, J = 10.8 Hz, 1H), 2.73 (d, ] =
15.6 Hz, 1H), 2.67 (d, J = 15.6 Hz, 1H), 2.25 (s, 3H), 1.47 (s, 3H);
3C NMR (100 MHz, CDCly) & 1754, 169.2, 141.5, 138.0, 128.4,
124.1, 122.1, 117.3, 60.9, 44.5, 42.0, 26.3, 24.1. HRMS (ESI) calcd. for
CH,NO,™ (M — H)~ 232.0968, found 232.0976.
2-(N-Acetyl-4-methyl-1,2,3,4-tetrahydroquinolin-4-yl)acetic
acid (2j). 2j (46.1 mg, 93%) (dichloromethane:ethyl acetate = 20:3 to
ethyl acetate:hexanes:AcOH 50:50:1) was obtained following
Typical Procedure A at 0.20 mmol scale of 1j (65.8 mg, 0.20
mmol, 1.0 equiv) at 80 °C for 1 h. Solid: mp 132.2 °C (PE/EA).
Rotamers were observed, and as a result broad peaks were observed in
both 'H and '*C NMR spectroscopies. 'H NMR (400 MHz, CDCLy) &
8.46 (bs, 1H), 7.34—7.24 (m, 1H), 7.22—6.81 (m, 3H), 4.44—4.05
(brs, 1H), 3.44 (brs, 1H), 2.63 (d, ] = 14.8 Hz, 1H), 2.58 (d, ] = 14.8
Hz, 1H), 2.31-2.10 (m, 4H), 1.80—1.62 (m, 1H), 1.41 (s, 3H). C
NMR (100 MHz, CDCL;) § 175.5, 170.8, 138.1(brs), 126.4, 1259,
125.6, 124.8, 44.3(brs), 40.9(brs), 35.8, 35.5, 28.2, 22.8. HRMS (ESI)
caled. for CH gNO,* (M + H) * 248.1281, found 248.1281.
2-(4-Methyl-N-tosyl-1,2,3,4-tetrahydroquinolin-4-yl)acetic
acid (2k). 2k (58.9 mg, 82%, as oil) (dichloromethane:ethyl acetate =
20:3 to ethyl acetate:hexanes:AcOH 50:50:1) was obtained
following Typical Procedure A at 0.20 mmol scale of 1k (88.3 mg,
0.20 mmol, 1.0 equiv) with CHCl; (8.0 equiv) at 100 °C for 3 h. 'H
NMR (400 MHz, CDCL;) § 7.85—7.79 (m, 1H), 7.49 (d, ] = 8.0 Hg,
2H), 7.24—7.16 (m, 4H), 7.16—7.09 (m, 1H), 3.89 (ddd, ] = 14.0, 8.4,
3.6 Hz, 1H), 3.78 (ddd, ] = 14.0, 7.6, 3.6 Hz, 1H), 2.42 (d, ] = 14.4 Hz,
1H), 2.36 (s, 3H), 2.16 (d, ] = 14.4 Hz, 1H), 1.87 (ddd, J = 14.0, 7.6,
3.6 Hz, 1H), 1.49 (ddd, ] = 14.0, 8.4, 3.6 Hz, 1H), 1.20 (s, 3H); *C
NMR (100 MHz, CDCL,) § 176.5, 143.8, 136.7, 136.3, 135.7, 129.6,
127.2, 1269, 126.7, 1252, 124.8, 45.9, 43.3, 34.6, 32.7, 28.5, 21.5.
HRMS (ESI) caled. for C;oH,,NO,S™ (M — H)~ 358.1108, found
358.1114.
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2-(3-Benzyl-N-methyl-2-oxoindolin-3-yl)acetic acid (2I). 21
(562 mg, 94%) (dichloromethane:ethyl acetate 20:3 to ethyl
acetate:hexanes:AcOH = 50:50:1) was obtained following Typical
Procedure A at 0.20 mmol scale of 11 (75.4 mg, 0.20 mmol, 1.0 equiv)
at 80 °C for 1 h. Solid: mp 136.6—142.6 °C (PE/EA). 'H NMR (400
MHz, CDCly) 6 7.19 (td, J = 7.6, 1.2 Hz, 1H), 713—7.00 (m, SH),
6.75 (d, ] = 7.2 Hz, 2H), 6.58 (d, ] = 7.6 Hz, 1H), 3.14 (d, ] = 16.4 Hz,
1H), 3.07 (d, ] = 12.8 Hz, 1H), 3.03 (d, ] = 13.2 Hz, 1H), 2.94 (s, 3H),
291 (d, ] = 164 Hz, 1H); 3C NMR (100 MHz, CDCL,) § 179.0,
173.5, 143.6, 134.4, 129.9, 1284, 127.5, 126.8, 123.2, 122.4, 108.1,
51.0, 43.6, 40.1, 26.1. HRMS (ESI) calcd. for C;gH;{NO;* (M + H)*
296.1281, found 296.1278.

2-(N-Methyl-2-oxo-3-phenethylindolin-3-yl)acetic acid (2m).
2m (59.7 mg, 96%) (dichloromethane:ethyl acetate = 20:3 to ethyl
acetate:hexanes:AcOH = 50:50:1) was obtained following Typical
Procedure A at 0.20 mmol scale of Im (78.2 mg, 0.20 mmol, 1.0
equiv) at 80 °C for 1 h. Solid: mp 95.4—99.6 °C (PE/EA). '"H NMR
(400 MHz, CDCl,) 6 7.32 (td, J = 7.6, 1.2 Hz, 1H), 7.24—7.17 (m,
3H), 7.16—7.08 (m, 2H), 7.02—6.96 (m, 2H), 6.86 (d, ] = 7.8 Hz,
1H), 3.20 (s, 3H), 3.01 (d, ] = 16.4 Hz, 1H), 2.82 (d, ] = 16.0 Hz, 1H),
2.35—2.16 (m, 2H), 2.06 (m, 2H); *C NMR (100 MHz, CDCl;) §
179.3, 173.6, 144.0, 140.6, 130.5, 128.6, 128.3, 128.2, 126.0, 123.0,
122.6, 108.4, 49.5, 41.1, 39.3, 30.0, 26.4. HRMS (ESI) calcd. for
C1oH;gNO,;~ (M — H)~ 308.1281, found 308.1288.

2-(3-(Methoxymethyl)-N-methyl-2-oxoindolin-3-yl)-
aceticacid (20), and 3-(Methoxymethyl)-1,3-dimethylindolin-2-
one (30). The reaction of chloroform (65 yL, 0.80 mmol, 4.0 equiv)
and 1o (66.2 mg, 0.20 mmol, 1.0 equiv) following Typical Procedure
A at 80 °C for 1 h afforded 20 (31.1 mg, 68% as oil) and 30 (11.2 mg,
27%, as viscous oil), (ethyl acetate:hexanes = 1:5 to dichlorometha-
ne:ethyl acetate = 20:3 to ethyl acetate:hexanes:AcOH = 50:50:1). 'H
NMR (400 MHz, CDCL,) & 7.34—7.24 (m, 2H), 7.05 (t, J = 7.6 Hz,
1H), 6.84 (d, ] = 7.6 Hz, 1H), 3.64 (d, ] = 8.8 Hz, 1H), 3.45 (d,] = 8.8
Hz, 1H), 3.23 (s, 3H), 3.21 (s, 3H), 2.96 (s, 2H); *C NMR (100
MHz, CDCL,) 177.7, 173.6, 144.0, 129.8, 128.6, 123.4, 122.6, 108.2,
76.1, 59.6, 50.5, 37.5, 26.5. HRMS (ESI) calcd. for C;3;H,(NO," (M +
H)* 250.1074, found 250.1069. 30: 'H NMR (400 MHz, CDCL,) &
7.33—7.22 (m, 2H), 7.07 (td, ] = 7.6, 0.8 Hz, 1H), 6.84 (d, J = 7.6 Hz,
1H), 3.63 (d, J = 9.0 Hz, 1H), 3.62 (d, J = 9.0 Hz, 1H), 3.23 (s, 3H),
322 (s, 3H), 1.33 (s, 3H); *C NMR (100 MHz, CDCl;) § 179.1,
143.5, 132.8, 128.0, 122.8, 122.4, 108.0, 77.1, 59.5, 49.3, 26.2, 19.7.
HRMS (ESI) caled. for C,H(NO,* (M + H)* 206.1176, found
206.1173.

2-(N-Butyl-4-methyl-1-ox0-1,2,3,4-tetrahydroisoquinolin-4-
yhacetic acid (2p). 2p (32.0 mg, S58%, as viscous oil)
(dichloromethane:ethyl acetate = 20:3 to ethyl acetate:hexanes:AcOH
= 50:50:1) was obtained following Typical Procedure A at 0.20 mmol
scale of 1p (71.4 mg, 0.20 mmol, 1.0 equiv) at 80 °C for 1 h. '"H NMR
(400 MHz, CDCl,) 6 8.08 (d, J = 7.6 Hz, 1H), 7.47 (t, ] = 7.6 Hz,
1H), 7.35 (t, ] = 7.6 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 3.78—3.61 (m,
2H), 3.55—3.37 (m, 2H), 2.71 (d, ] = 14.4 Hz, 1H), 2.51 (d, ] = 144
Hz, 1H), 1.70—1.54 (m, 2H), 1.50 (s, 3H), 1.43—1.30 (m, 2H), 0.93
(t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl;) § 175.0, 164.2,
144.4, 132.2, 128.7, 1282, 127.4, 123.6, 55.0, 47.4, 42.6, 362, 29.5,
22.5, 20.2, 13.8. HRMS (ESI) calcd. for C;¢H,,NO;~ (M — H)~
274.1438, found 274.1444.

2-(1,3-Dimethyl-2-oxoindolin-3-yl)-2-phenylacetic acid (2q).
2q (47.7 mg, 81%) (dichloromethane:ethyl acetate = 20:3 to ethyl
acetate:hexanes:AcOH = 50:50:1) was obtained following Typical
Procedure A at 0.20 mmol scale of 1q (75.4 mg, 0.20 mmol, 1.0
equiv) at 80 °C for 1 h. Solid: mp 163.8—168.6 °C (PE/EA). '"H NMR
(400 MHz, CDCl,) 6 7.26—7.21 (m, 2H), 7.19—7.05 (m, 4H), 7.01—
6.95 (m, 2H), 6.71—6.66 (m, 1H), 4.27 (s, 1H), 3.06 (s, 3H), 1.68 (s,
3H); ®C NMR (100 MHz, CDCL,) § 181.3, 172.1, 142.2, 1332,
131.7, 128.7, 128.5, 128.1, 128.0, 123.6, 123.2, 108.8, 59.9, 50.7, 26.4,
22.8. HRMS (ESI) calcd. for C;gH;iNO;™ (M + H)* 296.1279, found
296.1281.

Typical Procedure B. The reaction of chloroform (65 uL, 0.80
mmol, 4.0 equiv), 1t (50.8 mg, 0.20 mmol, 1.0 equiv), Pd(PPh;),Cl,
(7.0 mg, 0.01 mmol, 5 mol %), KOH (89.8 mg, 1.60 mmol, 8.0 equiv)
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in H,O (1.6 mL)/dioxane (0.4 mL) at 100 °C for 1 h afforded 2a
(38.3 mg, 87%) (dichloromethane:ethyl acetate 20:3 to ethyl
acetate:hexanes:AcOH = 50:50:1).

2-(1,3,6-Trimethyl-2-oxoindolin-3-yl)acetic acid (2v). 2v (37.8
mg, 81%) (dichloromethane:ethyl acetate = 20:3 to ethyl acetate:hex-
anes:AcOH = 50:50:1) was obtained following Typical Procedure B
at 0.20 mmol scale of 1v (53.6 mg, 0.20 mmol, 1.0 equiv) at 100 °C for
1 h. Solid: mp 168.6—170.5 °C (PE/EA). 'H NMR (400 MHz,
CDCL,) 6 7.07 (d, ] = 7.2 Hz, 1H), 6.87 (d, ] = 7.6 Hz, 1H), 6.69 (s,
1H), 3.21 (s, 3H), 2.96 (d, ] = 16.4 Hz, 1H), 2.77 (d, ] = 16.4 Hz, 1H),
2.38 (s, 3H), 1.37 (s, 3H); *C NMR (100 MHz, CDCl;) § 180.8,
173.5, 143.1, 138.5, 129.8, 123.4, 122.1, 109.5, 45.0, 41.4, 26.4, 23.9,
21.8. HRMS (ESI) calcd. for C;3H,,NO,~ (M — H)~ 232.0968, found
232.0977.

2-(1,3-Dimethyl-2-oxo0-2,3-dihydro-1H-benzo[glindol-3-yl)-
acetic acid (2w). The reaction of chloroform (65 L, 0.80 mmol, 4.0
equiv) and 1w (60.8 mg 0.20 mmol, 1.0 equiv) following Typical
Procedure B at 100 °C for 3 h afforded 1w (169 mg, 28%)
(dichloromethane:ethyl acetate 200:5 to dichloromethane:ethyl
acetate = 20:3 to ethyl acetate:AcOH = 100:1) and 2w (33.2 mg,
62%). Solid: mp 259.3—261.9 °C (PE/EA). 'H NMR (400 MHz,
DMSO-dg) § 11.87 (bs, 1H), 7.98 (d, ] = 8.4 Hz, 1H), 7.93 (dd, ] =
8.4, 3.2 Hz, 2H), 7.50 (t, J = 7.6 Hz, 1H), 7.43 (d, ] = 8.4 Hz, 1H),
7.34 (t, ] = 7.2 Hz, 1H), 3.24 (s, 3H), 3.03 (d, ] = 16.6 Hz, 1H), 1.43
(s, 3H); 3C NMR (100 MHz, DMSO-d): 180.5, 170.9, 141.4, 129.9,
129.5, 129.0, 128.6, 127.0, 124.0, 123.1, 121.8, 110.3, 46.5, 41.4, 264,
23.9. HRMS (ESI) calcd. for C;sH;(NO," (M + H)* 270.1125, found
270.1122.

B ASSOCIATED CONTENT

© Supporting Information

CIF file for compound 2q, copies of 'H, *C and 'F NMR
spectra for all new compounds. The Supporting Information is
available free of charge on the ACS Publications website at
DOI: 10.1021/acs.joc.5b01126.

B AUTHOR INFORMATION

Corresponding Author
*E-mail: zhgu@ustc.edu.cn.

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was supported by the “973” project from the MOST
of China (2015CB856600), NSFC (21272221, 21472179), the
Recruitment Program of Global Experts, and the Fundamental
Research Funds for the Central Universities (WK 2060190028,
2060190026 and 3430000001), the Fundamental Research
Funds for Central Universities and Cross-disciplinary Collab-
orative Teams Program for Science, Technology and
Innovation (2014-2016) from Chinese Academy of Sciences.

B REFERENCES

(1) For Mizoroki—Heck reaction, see: (a) Heck, R. F. J. Am. Chem.
Soc. 1968, 90, 5538. (b) Mizoroki, T.; Mori, K.; Ozaki, A. Bull. Chem.
Soc. Jpn. 1971, 44, S81. (c) Heck, R. F.; Nolley, J. P, Jr. J. Org. Chem.
1972, 37, 2320. For carbonylation reaction, see: (d) Schoenberg, A.;
Bartoletti, I; Heck, R. F. J. Org. Chem. 1974, 39, 3318.

(2) (a) Negishi, E. Handbook of Organopalladium Chemistry for
Organic Synthesis; Wiley: New York, 2000; pp 2505—2517. (b) Tsuji, J.
Palladium Reagents and Catalysts, New Perspectives for the 21st Century,
Ist ed.; Wiley: Chichester, 2004. (c) Evans, P. A. Modern Rhodium-
Catalyzed Organic Reactions; Wiley: Weinheim, 200S. (d) Murahashi,
S.-L. Ruthenium in Organic Synthesis; Wiley: Weinheim, 2004.

DOI: 10.1021/acs.joc.5b01126
J. Org. Chem. 2015, 80, 7547—7554


http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.joc.5b01126
mailto:zhgu@ustc.edu.cn
http://dx.doi.org/10.1021/ja01022a038
http://dx.doi.org/10.1246/bcsj.44.581
http://dx.doi.org/10.1021/jo00979a024
http://dx.doi.org/10.1021/jo00937a003
http://dx.doi.org/10.1021/acs.joc.5b01126

The Journal of Organic Chemistry

(3) (a) Morimoto, T.; Kakiuchi, K. Angew. Chem., Int. Ed. 2004, 43,
5580. (b) Wu, L; Liu, Q;; Jackstell, R.; Beller, M. Angew. Chem., Int.
Ed. 2014, 53, 6310.

(4) (a) Morimoto, T.; Fuji, K; Tsutsumi, K; Kakiuchi, K. J. Am.
Chem. Soc. 2002, 124, 3806. (b) Shibata, T.; Toshida, N.; Takagi, K.
Org. Lett. 2002, 4, 1619. (c) Shibata, T.; Toshida, N.; Takagi, K. J. Org.
Chem. 2002, 67, 7446.

(5) (a) Wang, Y.; Ren, W,; Li, J.; Wang, H.; Shi, Y. Org. Lett. 2014,
16, 5960. (b) Hoshimoto, Y.; Ohata, T.; Sasaoka, Y.; Ohashi, M,;
Ogoshi, S. J. Am. Chem. Soc. 2014, 136, 15877. For sodium formate as
CO source, see: (c) Kim, D.-S.; Park, W.-],; Lee, C.-H.; Jun, C.-H. J.
Org. Chem. 2014, 79, 12191. For the combination of formate anions
and acetic anhydride as CO source, see: (d) Cacchi, S.; Fabrizi, G.;
Goggiamani, A. Org. Lett. 2003, S, 4269.

(6) (a) Hermange, P.; Lindhardt, A. T.; Taaning, R. H.; Bjerglund,
K; Lupp, D.; Skrydstrup, T. J. Am. Chem. Soc. 2011, 133, 6061.
(b) Hermange, P.; Gogsig, T. M.; Lindhardt, A. T.; Taaning, R. H;
Skrydstrup, T. Org. Lett. 2011, 13, 2444.

(7) For other reagents working as CO sources, see: (a) Mlekuz, M.;
Joo, E.; Apler, H. Organometallics 1987, 6, 1591. (b) Hosoi, K.; Nozaki,
K.; Hiyama, T. Org. Lett. 2002, 4, 2849. (c) Wan, Y.; Alterman, M,;
Larhed, M.; Hallberg, A. J. Org. Chem. 2002, 67, 6232. (d) Schareina,
T.; Zapf, A.; Cotté, A,; Gotta, M.; Beller, M. Adv. Synth. Catal. 2010,
352, 120S. (e) Sawant, D. N.; Wagh, Y. S.; Bhatte, K. D.; Bhanage, B.
M. J. Org. Chem. 2011, 76, 5489. (f) Rao, M. L. N.; Venkatesh, V.;
Dasgupta, P. Tetrahedron Lett. 2010, 51, 4975. (g) Konishi, H.; Ueda,
T.; Muto, T.; Manabe, K. Org. Lett. 2012, 14, 4722.

(8) Liu, X;; Gu, Z. Org. Chem. Front. 20185, 2, 778.

(9) Fedorynski, M. Chem. Rev. 2003, 103, 1099.

(10) (a) Ciamician, G. L.; Dennsted, M. Ber. Dtsch. Chem. Ges. 1881,
14, 1153. (b) Kermack, W. O.; Perkin, W. H.; Robinson, R. J. Chem.
Soc,, Trans. 1922, 122, 1896.

(11) (a) Reimer, K. Ber. Dtsch. Chem. Ges. 1876, 9, 423. (b) Reimer,
K.; Tiemann, F. Ber. Dtsch. Chem. Ges. 1876, 9, 824.

(12) (a) Howard, J. W. J. Am. Chem. Soc. 1925, 47, 455. (b) Vitnik, V.
D.; Ivanovi¢, M. D.; Vitnik, z. J.; Pordevié, J. B.; Zizak, z. S.; Jurani¢, Z.
D.; Jurani¢, L. O. Synth. Commun. 2009, 39, 1457. (c) Gupta, M. K; Lj,
Z.; Snowden, T. S. Org. Lett. 2014, 16, 1602.

(13) (a) Clark, G. R;; Mareden, K.; Roper, W. R.; Wright, L. J. J. Am.
Chem. Soc. 1980, 102, 1206. (b) Roper, W. R; Wright, A. H. J.
Organomet. Chem. 1982, 233, C69. (c) Clark, G. R;; Roper, W. R;
Wright, A. H. . Organomet. Chem. 1982, 236, C7. (d) Boyar, E. B;
Robinson, S. D. J. Chem. Soc,, Dalton Trans. 1985, 2113. (e) Roper, W.
R. J. Organomet. Chem. 1986, 300, 167. (f) Grushin, V. V.; Alper, H.
Organometallics 1993, 12, 3846. (g) Chin, C. S.; Kim, M,; Lee, H.
Organometallics 2002, 21, 1679. (h) Park, J. H.; Koh, J. H; Park, J.
Organometallics 2001, 20, 1892. (i) Solé, D.; Vallverdd, L.; Solans, X.;
Font-Bardia, M.; Bonjoch, J. Organometallics 2004, 23, 1438.

(14) (a) Jung, H. M,; Choi, J. H; Lee, S. O; Kim, Y. H.; Park, J. H;
Park, J. Organometallics 2002, 21, 5674. (b) Yamamoto, T.; Ohta, T.;
Ito, Y. Org. Lett. 2005, 7, 4153.

(15) Nakamura, H.; Saito, H.; Nanjo, M. Tetrahedron Lett. 2008, 49,
2697.

(16) For the carbonylation reactions with stoichiometric metal-
carbonyl complexes, see: (a) Odell, L. R; Russo, F.; Larhed, M. Synlett
2012, 23, 685S. (b) Schore, N. E. Org. React. 1991, 40, 1.

(17) (a) Xia, M; Chen, Z.-C. J. Chem. Res, Synop. 1999, 328.
(b) Garcia, I. A. C.; Sevim, A. M.; Escosura, A.; Torres, T. Org. Biomol.
Chem. 2013, 11, 2237.

(18) For related domino Heck aza Michael reactions, see: (a) Stewart,
S. G.; Heath, C. H.; Ghisalberti, E. L. Eur. J. Org. Chem. 2009, 2009,
1934. (b) Priebbenow, D. L.; Henderson, L. C.; Pfeffer, F. M.; Stewart,
S. G. J. Org. Chem. 2010, 75, 1787. (c) Rixson, ]J. E; Chaloner, T.;
Heath, C. H,; Tietze, L. F.; Stewart, S. G. Eur. J. Org. Chem. 2012,
2012, 544. (d) Priebbenow, D. L.; Stewart, S. G.; Pfeffer, F. M.
Tetrahedron Lett. 2012, 53, 1468.

(19) (a) Liu, X;; Ma, X.; Huang, Y.; Gu, Z. Org. Lett. 2013, 15, 4814.
(b) Liu, Z-X; Xia, Y,; Zhou, S.-Y,; Wang, L.; Zhang, Y.; Wang, ].-B.
Org. Lett. 2013, 15, 5032. (c) Kudirka, R;; Van Vranken, D. L. J. Org.

7554

Chem. 2008, 73, 3585. For a most recent review, see: (d) Xia, Y,;
Zhang, Y.; Wang, J.-B. ACS Catal. 2013, 3, 2586.

(20) (a) Mansuy, D.; Lange, M; Chottard, J.-C.; Guerin, P;
Morliere, P.; Brault, D.; Rougee, M. J. Chem. Soc, Chem. Commun.
1977, 648. (b) Mansuy, D.; Lange, M.; Chottard, J.-C.; Bartoli, J. F.;
Chevrier, B.; Weiss, R. Angew. Chem., Int. Ed. Engl. 1978, 17, 781.
(c) Clark, G. R;; Marsden, K.; Roper, W. R.; Wright, L. J. J. Am. Chem.
Soc. 1980, 102, 6570. (d) Jones, T. K; McPherson, C.; Chen, H.-L.;
Kendrick, M. J. Inorg. Chim. Acta 1993, 206, S.

(21) An alternative mechanism that dichlorocarbene decomposed to
CO before coordinating to palladium centre could not be ruled out;
see: Hine, J. J. Am. Chem. Soc. 1950, 72, 2438.

(22) For the related domino cyclization and carbonylation by the use
of CO gas, see: Seashore-Ludlow, B.; Somfai, P. Org. Lett. 2010, 12,
3732.

(23) CCDC 1015878 contains the supplementary crystallographic
data for compound 2q. These data can be obtained free of charge from
the Cambridge Crystallographic Data Centre.

(24) Liu, X;; Ma, X;; Huang, Y,; Gu, Z. Org. Lett. 2013, 1S, 4814.

(25) Madelaine, C.; Ouhamou, N.; Chiaroni, A,; Vedrenne, E.;
Grimaud, L.; Six, Y. Tetrahedron 2008, 64, 8878.

(26) Orrling, K. M.; Marzahn, M. R.; Gutiérrez-de-Teran, H.; Aqvist,
J; Dunn, B. M,; Larhed, M. Bioorg. Med. Chem. 2009, 17, 5933.

(27) Ho, T. C. T.; Jones, K. Tetrahedron 1997, 53, 8287.

(28) Dai, Q; Yu, J.-T.; Jiang, Y,; Guo, S.-J; Yang, H.-T.; Cheng, J.
Chem. Commun. 2014, 50, 3865.

(29) Seashore-Ludlow, B.; Somfai, P. Org. Lett. 2012, 14, 38S8.

(30) Akai, S.; Tsujino, T.; Akiyama, E.; Tanimoto, K; Naka, T.; Kita,
Y. J. Org. Chem. 2004, 69, 2478.

(31) Suéarez-Castillo, O. R; Meléndez-Rodriguez, M.; Castelan-
Duarte, L. E.; Sinchez-Zavala, M.; Rivera-Becerril, E.; Morales-Rios,
M. S.; Joseph-Nathan, P. Tetrahedron: Asymmetry 2009, 20, 2374.

DOI: 10.1021/acs.joc.5b01126
J. Org. Chem. 2015, 80, 7547—7554


http://dx.doi.org/10.1002/anie.200301736
http://dx.doi.org/10.1002/anie.201400793
http://dx.doi.org/10.1021/ja0126881
http://dx.doi.org/10.1021/ol025836g
http://dx.doi.org/10.1021/jo0262661
http://dx.doi.org/10.1021/ol502987f
http://dx.doi.org/10.1021/ja509171a
http://dx.doi.org/10.1021/ja509171a
http://dx.doi.org/10.1021/jo501828j
http://dx.doi.org/10.1021/jo501828j
http://dx.doi.org/10.1021/ol0354371
http://dx.doi.org/10.1021/ja200818w
http://dx.doi.org/10.1021/ja200818w
http://dx.doi.org/10.1021/ol200686h
http://dx.doi.org/10.1021/om00150a041
http://dx.doi.org/10.1021/ol026236k
http://dx.doi.org/10.1021/jo025965a
http://dx.doi.org/10.1021/jo025965a
http://dx.doi.org/10.1002/adsc.201000047
http://dx.doi.org/10.1021/jo200754v
http://dx.doi.org/10.1016/j.tetlet.2010.07.074
http://dx.doi.org/10.1021/ol301850y
http://dx.doi.org/10.1039/C5QO00091B
http://dx.doi.org/10.1021/cr0100087
http://dx.doi.org/10.1002/cber.188101401240
http://dx.doi.org/10.1039/ct9222101872
http://dx.doi.org/10.1002/cber.187600901134
http://dx.doi.org/10.1002/cber.187600901247
http://dx.doi.org/10.1021/ja01679a028
http://dx.doi.org/10.1021/ja01679a028
http://dx.doi.org/10.1080/00397910802531955
http://dx.doi.org/10.1021/ol500200n
http://dx.doi.org/10.1021/ja00523a070
http://dx.doi.org/10.1016/S0022-328X(00)85588-6
http://dx.doi.org/10.1016/S0022-328X(00)86760-1
http://dx.doi.org/10.1039/dt9850002113
http://dx.doi.org/10.1016/0022-328X(86)84061-X
http://dx.doi.org/10.1021/om00034a016
http://dx.doi.org/10.1021/om010999e
http://dx.doi.org/10.1021/om001003n
http://dx.doi.org/10.1021/om034270c
http://dx.doi.org/10.1021/om020516m
http://dx.doi.org/10.1021/ol051501y
http://dx.doi.org/10.1016/j.tetlet.2008.02.156
http://dx.doi.org/10.1002/0471264180.or040.01
http://dx.doi.org/10.1039/a900126c
http://dx.doi.org/10.1039/a900126c
http://dx.doi.org/10.1039/c3ob27468c
http://dx.doi.org/10.1002/ejoc.200900028
http://dx.doi.org/10.1021/jo902652h
http://dx.doi.org/10.1021/jo902652h
http://dx.doi.org/10.1002/ejoc.201101305
http://dx.doi.org/10.1016/j.tetlet.2012.01.037
http://dx.doi.org/10.1021/ol402210a
http://dx.doi.org/10.1021/ol402210a
http://dx.doi.org/10.1021/ol402368h
http://dx.doi.org/10.1021/jo800109d
http://dx.doi.org/10.1021/cs4006666
http://dx.doi.org/10.1039/c39770000648
http://dx.doi.org/10.1002/anie.197807811
http://dx.doi.org/10.1002/anie.197807811
http://dx.doi.org/10.1021/ja00541a038
http://dx.doi.org/10.1016/S0020-1693(00)89252-X
http://dx.doi.org/10.1021/ja01162a024
http://dx.doi.org/10.1021/ol1009703
http://dx.doi.org/10.1021/ol402210a
http://dx.doi.org/10.1016/j.tet.2008.06.067
http://dx.doi.org/10.1016/j.bmc.2009.06.065
http://dx.doi.org/10.1016/S0040-4020(97)00495-X
http://dx.doi.org/10.1039/c4cc01053a
http://dx.doi.org/10.1021/ol301539p
http://dx.doi.org/10.1021/jo035749h
http://dx.doi.org/10.1016/j.tetasy.2009.09.017
http://dx.doi.org/10.1021/acs.joc.5b01126

