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ABSTRACT: Activated primary, secondary, and tertiary amides
were coupled with enolizable esters in the presence of LiHMDS to
obtain good yields of β-ketoesters at room temperature. Notably,
this protocol provides an efficient, mild, and high chemoselectivity
method to synthesis of β-alkylketoesters using the cross-coupling
between aliphatic amides and esters. Meanwhile, gram-scale
secondary and primary amides reacted via in situ generated activated tertiary amides and exhibited good reactivity when coupled
with esters.

The Claisen condensation reaction, which generates a β-
ketoester from the reaction of two esters in the presence

of a strong base, is a quintessential carbon−carbon bond-
forming methodology utilized extensively in organic synthesis.1

In addition, Claisen condensation between an ester and an
amide bearing an α-proton is a classic and indispensible tool
for the synthesis of β-ketoamides.2

To the best of our knowledge, a Claisen-type coupling
between an amide and an enolizable ester has not been
reported, with the exception of Weinreb, acylbenzotriazole,
and acylimidazole-type amides.3 Furthermore, there has been
no account of a coupling reaction between an amide and an
ester, wherein they both contain α-protons, to yield β-
ketoesters, since Claisen condensation was first reported in
1886. One of the reasons for this stems from a practical
rationale, wherein the β-ketoester product can be readily
obtained from classical Claisen condensation between two
different esters. However, one of the drawbacks of Claisen
condensation is the undesired cross-condensation product
formed when both esters possess α-protons (Scheme 1a).
Therefore, the combination of enolizable and nonenolizable
esters has generally been employed to obtain various β-
ketoesters. Another reason for avoiding the use of an amide as
an electrophilic carbonyl species is that C−N bond activation
in amides for further transformation has been a long-standing
challenge.
Transformations via C−N bond cleavage of amides have

received much attention, resulting in the development of
numerous synthetic methods over the past decade.4 For
example, reactions between amides and amine nucleophiles
afford transamidated products via transition-metal catalysis, as
well as under metal-free conditions.5 The use of alcohols as
nucleophiles generates esters.6 Transition-metal-catalyzed
Suzuki, Negishi, and Sonogashira-type reactions entail the
reaction of a carbon nucleophile with amides to form
corresponding ketones (Scheme 1b).7 Recently, we reported
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Scheme 1. Claisen Condensation and C−N Bond Cleavage
of Amides
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the nickel-catalyzed Claisen-type condensation between two
different amides and demonstrated that the enolizable amides
reacted with the nonenolizable amides to provide good yields
of the corresponding β-ketoamides (Scheme 1c).8 In addition,
we have developed a reaction between enolizable ketones and
amides to yield 1,3-diketones under transition-metal-catalyst-
free conditions (Scheme 1d)9

Hartwig and Buchwald independently established that
enolizable carbonyl compounds, such as amides,10 ketones,11

and esters,12 can be coupled with aryl halides to obtain the
corresponding α-arylated carbonyl compounds in the presence
of a palladium catalyst.
On the basis of these studies, we envisaged that a Claisen-

type coupling between an amide and an ester can be achieved
for the generation of the desired β-ketoester without the
formation of undesired cross-coupling products. We conducted
numerous trials to achieve our goal. Herein, we report the
coupling between amides and esters for the synthesis of β-
ketoesters under transition-metal-free conditions (Scheme 1e).
For the optimization of conditions, N-phenyl-N-tosylbenza-

mide (1a) and ethyl acetate (2a) were chosen as standard
substrates and allowed to react under various conditions
(Table 1). When 1a and a 2.5-fold excess of equimolar

amounts of 2a and LiHMDS were reacted in THF at 25 °C,
88% yield of the expected β-ketoester 3aa was obtained (entry
1). When the reactions were conducted in other solvents, such
as Et2O, CH2Cl2, 1,4-dioxane, toluene, DMSO, and DMF,
lower yields were obtained (entries 2−7). The use of
NaHMDS provided trace amounts of the desired product
(entry 8). When KHMDS was employed, a 34% yield of 3aa
was obtained. Among the alkoxide bases tested, only KOtBu
provided a 20% yield of 3aa, while other alkoxides, such as
LiOtBu, NaOtBu, and NaOEt, yielded no product. The

reaction with LDA afforded a 47% yield of 3aa. Decreasing
the amount of LiHMDS to 1.5 equiv and reducing the reaction
time simultaneously to 1 h provided 65% and 62% yields of
3aa, respectively (entries 15 and 16). Based on these results,
the optimized standard conditions were as follows: amide (1.0
equiv), ester (2.5 equiv), and LiHMDS (2.5 equiv) reacted in
THF at 25 °C for 2 h.
With these optimized conditions, various N-phenyl-N-

tosylbenzamide derivatives were evaluated in the reaction
with ethyl acetate (Scheme 2). Alkyl-substituted N-phenyl-N-

tosylbenzamides reacted with ethyl acetate to obtain good
yields of the corresponding ethyl-3-oxo-3-(aryl)- propanates,
3ca, 3da, and 3ea. Due to steric hindrance, ortho-substituted
N-phenyl-N-tosylbenzamides exhibited lower yields; thus, 3ba
and 3ha were obtained in 39% and 46% yields, respectively. 3-
Methoxy- and 3-dimethylamino-substituted benzamides 1f and
1g provided 3fa and 3ga in 81% and 82% yields, respectively.

Table 1. Optimization of Conditions for the Coupling of 1a
with 2aa

entry base solvent yield (%)a

1 LiHMDS THF 88
2 LiHMDS Et2O 46
3 LiHMDS CH2Cl2 71
4 LiHMDS 1,4-dioxane 55
5 LiHMDS toluene 66
6 LiHMDS DMSO 34
7 LiHMDS DMF 67
8 NaHMDS THF trace
9 KHMDS THF 34
10 LiOtBu THF 0
11 NaOtBu THF 0
12 NaOEt THF 0
13 KOtBu THF 20
14 LDA THF 47
15b LiHMDS THF 65
16bc LiHMDS THF 62

aReaction conditions: 1a (0.3 mmol), 2a (0.75 mmol), base (0.75
mmol), solvent, 25 °C, 2 h. Isolated yields. bUsing 2a (0.50 mmol),
base (0.75 mmol). cThe reaction was conducted for 1 h.

Scheme 2. Reaction Scope of Various N-Phenyl-N-
tosylbenzamide Derivatives and Estersa

aReaction conditions: Amide 1 (0.3 mmol), ester 2 (0.75 mmol),
LiHMDS (0.75 mmol), THF, 25 °C, 2 h. Numbers in parentheses are
isolated yields.
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Benzamides bearing fluorine or iodine afforded good yields of
the corresponding ethyl-3-oxo-3-(aryl)-propanates. N-Phenyl-
N-tosylbenzamides bearing a cyano or a nitro group gave 63%
and 49% yields of 3na and 3oa, respectively. N-Phenyl-N-tosyl-
2-naphthamide furnished an 86% yield of 3pa. N-Phenyl-N-
tosylnicotinamide and N-phenyl-N-tosylfuran-3-carboxamide
provided 62% and 91% yields of 3qa and 3ra, respectively.
When n-butyl-, isopropyl-, and t-butyl acetates reacted with N-
phenyl-N-tosylbenzamide instead of ethyl acetate, 3ab, 3ac,
3ad, and 3ae were isolated in 83%, 90%, 92%, and 68% yields,
respectively. When 1a reacted with ethyl propionate and ethyl
butyrate, the corresponding β-ketoesters 3af and 3ag were
obtained in 50% and 63% yields, respectively. The reaction of
1a and t-butyl propionate gave 3ah in 86% yield. However, the
reaction with phenyl acetate did not give the desired product.
Next, we evaluated various enolizable alkyl-substituted

amides in the reaction with ethyl acetate under optimized
conditions (Scheme 3). When N-phenyl-N-tosylpentamide, N-

phenyl-N-tosyloctamide, and N-phenyl-N-tosylnonamide re-
acted with ethyl acetate, the corresponding β-ketoesters 5aa,
5ba, and 5ca were formed in 65%, 74%, and 75% yields,
respectively. N-Phenyl-N-tosyl alkylamides 4d, 4e, and 4f
reacted with ethyl acetate to give 5da, 5ea, and 5fa in 77%,
77%, and 72% yields, respectively. N-Phenyl-N-tosyl acetamide
4g afforded 5ga in 64% yield. Alkyl amide 4e reacted with n-
butyl-, isopropyl-, t-butyl-, and benzyl acetates to afford good
yields of the corresponding β-ketoesters. However, when t-
butylpropionate reacted with 4e, 5eh was obtained in 32%
yield. Notably, undesired cross-coupling products, namely, β-
ketoamides, were not detected in all cases.
To compare this methodology with classical Claisen

condensation, we employed ethyl 4-phenylbutanoate (6)
instead of the corresponding amide 4e in the reaction with
ethyl acetate. As shown in Scheme 4, the desired Claisen
condensation product 5ea was formed in 33% yield, and an
undesired cross-condensation product was detected in the

reaction mixture. This result implies that the cross-coupling
between an amide and ester provided a higher yield (77% yield
in Scheme 3) of the β-ketoester than that obtained via classical
Claisen condensation.
To evaluate the reactivity of tertiary amides in the reaction

with enolizable esters, various tertiary amides were reacted
with t-butyl acetate under standard conditions (Scheme 5). N-

4-Methoxyphenyl-, N-4-fluorophenyl-, N-benzyl-, N-methyl-,
and N-tosylbenzamides, 1a−a, 1a−b, 1a−c, and 1a−d,
respectively, provided 3ab in good yields. N-Phenylbenzamides
bearing N-protecting groups, such as triflate and Boc, furnished
3ab in excellent yields. However, N-phenyl-N-mesitylbenza-
mide (1a−g), N-benzoyl-saccharin (1a−h), N-benzoylsuccini-
mide (1a−i), and N-benzoyl-glutarimide (1a−j) provided low
yields in the formation of 3ab. N,N-Di-Boc-protected
benzamides 1a−k gave a good product yield. However,
unactivated tertiary amides, such as 1a−l and 1a−m, afforded
a trace amount of 3ab. It is noteworthy that the reaction with
unactivated alkyl amide such as N,N-dimethylacetamide and 2a
did not provide the desired product.
To study the reactivity of activated amides, several control

experiments were conducted. The competitive reaction
between 1d and 1a−d afforded 3da and 3aa in 52% and
48% yields, respectively (Scheme 6a). This result suggested

Scheme 3. Reaction Scope of Various Alkyl-Substituted N-
Phenyl-N-tosylbenzamide Derivatives and Estersa

aReaction conditions: Amide 4 (0.3 mmol), ester 2 (0.75 mmol),
LiHMDS (0.75 mmol), THF, 25 °C, 2 h. Numbers in parentheses are
isolated yields. bDetermined by GC with an internal standard (2-
methoxynaphthalene).

Scheme 4. Classical Claisen Condensation between 6 and 2a

Scheme 5. Reaction Scope of a Variety of Amides and t-
Butyl Acetatea

aReaction conditions: amide 1 (0.3 mmol), ester 2b (0.75 mmol),
LiHMDS (0.75 mmol), THF, 25 °C, 2 h. Isolated yield. Numbers in
parentheses are isolated yields. bDetermined by 1H NMR with an
internal standard.
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that N-phenyl- and N-methyl substituents showed similar
reactivity. It was found that 1d and 1a−e also showed very
similar reactivity (Scheme 6b). However, when the competitive
reaction between 1d and 1a−h was conducted, 1d showed
higher reactivity than 1a−h (Scheme 6c). In addition,
arylamide such as 1d showed higher reactivity than alkylamide
such as 4f (Scheme 6d).
Having successfully coupled activated tertiary amides and

esters, we then focused on secondary and primary amides. In
situ generation of activated amides from secondary and
primary amides was conducted prior to reaction with esters
under standard conditions. The reactions were all conducted
on a gram scale, and the results are summarized in Scheme 7.
When N-phenylbenzamide (7) was treated with TsCl and
LiHMDS and then reacted with tert-butyl acetate in the
presence of additional LiHMDS, the desired β-ketoester 3ad
was obtained in 62% yield. The in situ generated Boc-
protected secondary benzamide reacted with ethyl acetate in

the presence of LiHMDS to give 3fa in a quantitative yield.
Primary amide, benzamide, was treated with Boc2O and
DMAP, and the resulting mixture was reacted with tert-butyl
acetate to furnish 3ad in an 88% yield.
In summary, activated tertiary amides reacted with

enolizable esters in the presence of LiHMDS at room
temperature to provide the corresponding β-ketoesters. The
reaction proceeds via a nucleophilic attack by the ester enolate
on the amide, resulting in C−N bond cleavage to form the β-
ketoester and producing a secondary amine. To the best of our
knowledge, this is the first example of a Claisen-type reaction
between activated secondary amides and esters, although the
classical Claisen condensation reaction between esters and
amides has been well established. Various substituted tertiary
benzamides reacted with enolizable esters to give the desired
products in good yields. Enolizable aliphatic amides likewise
reacted with esters to give expected β-ketoesters in good yields
without the formation of undesired cross-coupling products,
providing a better alternative to the analogous condensation
reaction between two different enolizable esters. Secondary
and primary amides reacted with esters to provide the coupling
products via in situ generated activated amides.

■ EXPERIMENTAL SECTION
General Information. All reagents were purchased and used

without further purification. 1H spectra were recorded in CDCl3 on
500 MHz NMR spectrometers, and data are reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m =
multiplet), coupling constants (Hz), and integration. 13C spectra were
recorded in CDCl3 on 126 MHz NMR spectrometers, and resonances
(δ) are given in ppm. High-resolution mass spectra was recorded on a
time-of-flight (TOF) mass spectrometer. 1H NMR and 13C NMR
were recorded on an Agilent Technologics (USA) NMR spectrometer
(500 MHz for 1H).

General Procedure for the Synthesis of Starting Materials.
All starting materials of esters were commercially available and used
without other purification. Some starting materials of amides were
synthesized according to corresponding literature.13 Citations to the
references containing characterization data for these compounds are
given: 1a,13 1b,13 1c,14 1d,13 1f,14 1i,17 1k,13 1n,13 1o,13 1p,15 1a−a,16
1a−c,14 1a−d,17 1a−e,18 1a−f,17 1a−g,191a−h,20 1a−i,14 1a−j,17
1a−k,14 1a−l,21 1a−m,22 4a,23 4d,13 4c,24 4f,13 and 4g.23

General Procedure for the Synthesis of β-Ketoester. Amide
(0.3 mmol, 1.0 equiv), ester (0.75 mmol, 2.5 equiv), and anhydrous
THF (3 mL) were placed in a 20 mL vial, and following flushing with
argon gas, LiHMDS (0.75 mL, 2.5 equiv, 1 M in THF) was added
using a syringe. The resulting solution was stirred for 2 h. The
reaction was then quenched with saturated NH4Cl (5 mL) and
extracted with dichloromethane (25 mL × 2). The combined organic
layers were washed with brine (10 mL), dried with anhydrous MgSO4,
filtered, and concentrated under a vacuum. The crude product was
purified by silica gel column chromatography (eluent: n-hexane/
EtOAc = 9:1)

Procedure for the Gram-scale Synthesis of tert-Butyl 3-oxo-
3-phenylpropanoate (3ad) using N-Phenylbenzamide (7). For
the procedure for the gram-scale synthesis of tert-butyl 3-oxo-3-
phenylpropanoate (3ad) using N-phenylbenzamide (7), to the
solution of N-phenylbenzamide (7) (1.0 g, 5.07 mmol, 1.0 equiv)
in anhydrous THF (15 mL) was added LiHMDS (7.6 mL, 7.6 mmol,
1.5 equiv, 1 M in THF) under argon protection. After the mixture
stirred for 1 h at room temperature, TsCl (1.16 g, 6.09 mmol, 1.2
equiv) was added. The resulting solution was stirred for 4 h at room
temperature. To the mixture was added tert-butyl acetate (1.48 g, 12.7
mmol, 2.5 equiv), anhydrous THF (5 mL), and LiHMDS (12.7 mL,
12.7 mmol, 2.5 equiv, 1 M in THF). The resulting solution was stirred
for 2 h under argon protection. The reaction was quenched with
saturated NH4Cl (20 mL) and extracted with dichloromethane (50

Scheme 6. Control Experimentsa

aStandard conditions: LiHMDS (2.5 equiv), THF, 25 °C, 2 h.

Scheme 7. Gram-Scale One-Pot Synthesis of β-Ketoesters
Using Secondary and Primary Amides
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mL × 2). The combined organic layers were washed with brine (20
mL), dried with anhydrous MgSO4, filtered, and concentrated under a
vacuum. The crude product was purified by silica gel column
chromatography with ethyl acetate in hexane (0−10%) to afford tert-
butyl 3-oxo-3-phenylpropanoate (3ad) (694.4 mg, 3.2 mmol, 62%
yield) as a light yellow liquid.
Procedure for the Gram-Scale Synthesis of Ethyl 3-(3-

Methoxyphenyl)-3-oxopropanoate (3fa) Using 3-Methoxy-N-phe-
nylbenzamide (8). To the solution of 3-methoxy-N-phenylbenzamide
(8) (1.0 g, 4.4 mmol, 1.0 equiv) in CH2Cl2 (10 mL) were added di-
tert-butyl dicarbonate (1.44 g, 6.6 mmol, 1.5 equiv) and DMAP (53.8
mg, 0.44 mmol, 0.1 equiv). The resulting solution was stirred for 16 h
at room temperature. The dichloromethane was evaporated under a
vacuum, and then ethyl acetate (0.97 g, 11.0 mmol, 2.5 equiv),
anhydrous THF (20 mL), and LiHMDS (11.0 mL, 11.0 mmol, 2.5
equiv, 1 M in THF) were added. The resulting solution was stirred for
2 h under argon protection. The reaction was quenched with
saturated NH4Cl (20 mL) and extracted with dichloromethane (50
mL × 2). The combined organic layers were washed with brine (20
mL), dried with anhydrous MgSO4, filtered, and concentrated under a
vacuum. The crude product was purified by silica gel column
chromatography with ethyl acetate in hexane (0−15%) to afford ethyl
3-(3-methoxyphenyl)-3-oxopropanoate as a colorless oil.
Procedure for the Gram-Scale Synthesis of tert-Butyl 3-Oxo-3-

phenylpropanoate (3ad) Using benzamide (9). To the solution of
benzamide (9) (1.0 g, 8.3 mmol, 1.0 equiv) in CH2Cl2 (10 mL) were
added di-tert-butyl dicarbonate (4.5 g, 20.6 mmol, 2.5 equiv) and
DMAP (101 mg, 0.83 mmol, 0.1 equiv). The resulting solution was
stirred for 16 h at room temperature. The dichloromethane was
evaporated under a vacuum, and then tert-butyl acetate (2.42 g, 20.6
mmol, 2.5 equiv), anhydrous THF (40 mL), and LiHMDS (20.6 mL,
20.6 mmol, 2.5 equiv, 1 M in THF) were added. The resulting
solution was stirred for 2 h under argon protection. The reaction was
quenched with saturated NH4Cl (20 mL) and extracted with
dichloromethane (50 mL × 2). The combined organic layers were
washed with brine (20 mL), dried with anhydrous MgSO4, filtered,
and concentrated under a vacuum. The crude product was purified by
silica gel column chromatography with ethyl acetate in hexane (0−
10%) to afford tert-butyl 3-oxo-3-phenylpropanoate (3ad) (1.61 g, 7.3
mmol, 88% yield) as a light yellow liquid.
Experiment Data. 4-(tert-Butyl)-N-phenyl-N-tosylbenzamide

(1e): white solid; mp 156−158 °C; 1H NMR (500 MHz, CDCl3) δ
7.82 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 8.8 Hz, 2H), 7.34−7.28 (m,
5H), 7.22−7.16 (m, 4H), 2.45 (s, 3H), 1.21 (s, 9H); 13C{1H} NMR
(126 MHz, CDCl3) δ 169.7, 155.6, 144.6, 137.6, 135.4, 130.5, 130.3,
129.7, 129.4, 129.2, 129.1, 128.9, 125.0, 34.9, 30.9, 21.7; HRMS (FD-
TOF) m/z [M]+ calcd for C24H25NO3S 407.1550, found 407.1549.
3-(Dimethylamino)-N-phenyl-N-tosylbenzamide (1g): light yel-

low solid; mp 182−184 °C; 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J
= 8.3 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.29−7.26 (m, 3H), 7.22−
7.15 (m, 2H), 7.01 (t, J = 8.2 Hz, 1H), 6.85−6.57 (m, 3H), 2.81 (s,
6H), 2.45 (s, 3H); 13C{1H} NMR (126 MHz, CDCl3) δ 170.4, 149.6,
144.7, 137.7, 135.4, 134.1, 130.3, 129.4, 129.2, 129.0, 128.9, 128.6,
118.1, 115.9, 113.6, 40.5, 21.7; HRMS (FD-TOF) m/z [M]+ calcd for
C22H22N2O3S 394.1346, found 394.1344.
2-Chloro-N-phenyl-N-tosylbenzamide (1h): white solid; mp 165−

166 °C; 1H NMR (500 MHz, CDCl3) δ 7.96 (d, J = 8.4 Hz, 2H), 7.38
(d, J = 8.0 Hz, 2H), 7.28−7.24 (m, 5H), 7.16−7.09 (m, 3H), 7.07−
7.02 (m, 1H), 2.49 (s, 3H); 13C{1H} NMR (126 MHz, CDCl3) δ
166.9, 145.2, 135.8, 135.4, 134.8, 130.8, 130.5, 130.0, 129.6, 129.5,
129.4, 129.3, 129.1, 128.4, 126.2, 21.8; HRMS (FD-TOF) m/z [M]+

calcd for C20H16ClNO3S 385.0534, found 385.0516.
3-Fluoro-N-phenyl-N-tosylbenzamide (1j): white solid; mp 158−

161 °C; 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz, 2H),
7.35−7.28 (m, 5H), 7.22−7.19 (m, 1H), 7.18−7.11 (m, 4H), 7.01−
6.96 (m, 1H), 2.47 (s, 3H); 13C{1H} NMR (126 MHz, CDCl3) δ
168.5 (C−F, 4J = 2.7 Hz), 162.0 (C−F, 1J = 249.5 Hz), 145.0, 137.0,
135.8 (C−F, 3J = 7.2 Hz), 135.0, 130.3, 129.7 (C−F, 3J = 8.8 Hz),
129.5, 129.30, 129.26, 125.1 (C−F, 4J = 3.2 Hz), 118.8 (C−F, 2J =

21.4 Hz), 116.4 (C−F, 2J = 23.9 Hz), 116.3, 21.7; HRMS (FD-TOF)
m/z [M]+ calcd for C20H16FNO3S 369.0829, found 369.0826.

3-Iodo-N-phenyl-N-tosylbenzamide (1l): white solid; mp 169−
172 °C; 1H NMR (500 MHz, CDCl3) δ 8.00 (d, J = 8.4 Hz, 2H), 7.60
(dd, J = 8.0, 0.7 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.35−7.30 (m,
2H), 7.29−7.24 (m, 3H), 7.13−7.04 (m, 2H), 6.87−6.83 (m, 1H),
2.48 (s, 3H); 13C{1H} NMR (126 MHz, CDCl3) δ 168.6, 145.2,
140.3, 139.3, 136.1, 135.3, 130.7, 130.2, 129.6, 129.5, 129.4, 129.1,
128.2, 127.2, 92.5, 21.8; HRMS (FD-TOF) m/z [M]+ calcd for
C20H16INO3S 476.9890, found 476.9892.

4-Iodo-N-phenyl-N-tosylbenzamide (1m): white solid; mp 143−
145 °C; 1H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 8.4 Hz, 2H), 7.53
(d, J = 8.6 Hz, 2H), 7.34−7.28 (m, 5H), 7.18−7.13 (m, 4H), 2.46 (s,
3H); 13C{1H} NMR (126 MHz, CDCl3) δ 169.1, 145.0, 138.4, 137.3,
137.1, 135.0, 133.1, 131.7, 130.9, 130.3, 129.5, 129.3, 99.3, 21.7;
HRMS (FD-TOF) m/z [M]+ calcd for C20H16INO3S 476.9890,
found 476.9884.

N-Phenyl-N-tosylnicotinamide (1q): white solid; mp 173−175 °C;
1H NMR (500 MHz, CDCl3) δ 8.64 (d, J = 1.4 Hz, 1H), 8.49 (d, J =
3.8 Hz, 1H), 7.84 (d, J = 8.3 Hz, 2H), 7.72 (d, J = 8.0 Hz, 1H), 7.36−
7.28 (m, 5H), 7.19−7.12 (m, 3H), 2.46 (s, 3H); 13C{1H} NMR (126
MHz, CDCl3) δ 167.5, 151.4, 149.6, 145.3, 137.0, 136.6, 134.8, 130.4,
130.1, 129.7, 129.53, 129.48, 129.4, 123.0, 21.7; HRMS (FD-TOF)
m/z [M]+ calcd for C19H16N2O3S 352.0876, found 352.0877.

N-Phenyl-N-tosylfuran-3-carboxamide (1r): white solid; mp 131−
132 °C; 1H NMR (500 MHz, CDCl3) δ 7.95 (d, J = 8.4 Hz, 2H),
7.57−7.47 (m, 3H), 7.38−7.32 (m, 4H), 7.16−7.13 (m, 1H), 6.66
(dd, J = 1.3, 0.8 Hz, 1H), 6.21 (dd, J = 1.9, 0.7 Hz, 1H), 2.46 (s, 3H);
13C{1H} NMR (126 MHz, CDCl3) δ 162.3, 147.4, 145.0, 142.6,
136.4, 136.0, 130.8, 130.3, 129.7, 129.38, 129.36, 121.3, 110.9, 21.7;
HRMS (FD-TOF) m/z [M]+ calcd for C18H15NO4S 341.0716, found
341.0724.

N-(4-Fluorophenyl)-N-tosylbenzamide (1a−b): white solid; mp
154−156 °C; 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz,
2H), 7.45−7.41 (m, 2H), 7.36−7.29 (m, 3H), 7.20 (t, J = 7.7 Hz,
2H), 7.1−7.11 (m, 2H), 7.00−6.94 (m, 2H), 2.46 (s, 3H); 13C{1H}
NMR (126 MHz, CDCl3) δ 169.7, 162.5 (C−F, 1J = 250.7 Hz),
145.0, 134.9, 133.5, 133.4 (C−F, 4J = 3.8 Hz), 132.11 (C−F, 3J = 8.8
Hz), 131.9, 129.5, 129.4, 129.3, 128.1, 116.2 (C−F, 2J = 23.9 Hz),
21.7; HRMS (FD-TOF) m/z [M]+ calcd for C20H16FNO3S 369.0829,
found 369.0824.

Ethyl 3-Oxo-3-phenylpropanoate (3aa).25 According to the
general procedure, N-phenyl-N-tosylbenzamide (105.4 mg, 0.3
mmol) afforded ethyl 3-oxo-3-phenylpropanoate (3aa) (50.7 mg,
0.26 mmol, 88% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 18% enol tautomer) δ [12.59 (s, 0.18H), 5.76
(s, 0.18 H), 4.00 (s, 1.64H)], [7.95 (d, J = 7.3 Hz, 1.64H), 7.78 (d, J
= 7.3 Hz, 0.36H)], 7.63−7.38 (m, 3H), [4.27 (q, J = 7.1 Hz, 0.36H),
4.21 (q, J = 7.1 Hz, 1.64H)], [1.34 (t, J = 7.1 Hz, 0.54H), 1.25 (t, J =
7.1 Hz, 2.46H)]; 13C{1H} NMR (126 MHz, CDCl3, including 18%
enol tautomer) δ 192.5, 173.2enol, 171.4enol, 167.5, 136.0, 133.7,
133.4enol, 131.2enol, 128.8, 128.52enol,128.49, 126.0enol, 87.4enol, 61.5,
60.3enol, 46.0, 14.3enol, 14.1.

Ethyl 3-Oxo-3-(o-tolyl)propanoate (3ba).26 According to the
general procedure, 2-methyl-N-phenyl-N-tosylbenzamide (109.6 mg,
0.3 mmol) afforded ethyl 3-oxo-3-(o-tolyl)propanoate (3ba) (24.1
mg, 0.12 mmol, 39% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 18% enol tautomer) δ [12.49 (s, 0.18H), 5.29
(s, 0.18H), 3.95 (s, 1.64H)], 7.69−7.19 (m, 4H), [4.27 (q, J = 7.1 Hz,
0.36H), 4.20 (q, J = 7.1 Hz, 1.64H)], [2.55 (s, 2.46H), 2.47 (s,
0.54H)], [1.34 (t, J = 7.1 Hz, 0.54H), 1.24 (t, J = 7.1 Hz, 2.46H)];
13C{1H} NMR (126 MHz, including 18% enol tautomer) δ 195.6,
174.9enol, 172.9enol, 167.6, 139.4, 136.5enol, 136.2, 134.5enol, 132.2,
132.1, 131.0enol, 130.0enol, 129.1, 128.4enol, 125.78, 125.72enol, 91.6enol,
61.4, 60.3enol, 48.3, 21.5, 20.5enol, 14.3enol, 14.0.

Ethyl 3-Oxo-3-(m-tolyl)propanoate (3ca).27 According to the
general procedure, 3-methyl-N-phenyl-N-tosylbenzamide (109.6 mg,
0.3 mmol) afforded ethyl 3-oxo-3-(m-tolyl)propanoate (3ca) (52.6
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mg, 0.25 mmol, 85% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 18% enol tautomer) δ [12.57 (s, 0.18H), 5.66
(s, 0.18H), 3.98 (s, 1.64H)], [7.81−7.69 (m, 1.64H), 7.62−7.55 (m,
0.36H)], 7.46−7.28 (m, 2H), 4.30−4.25 (m, 2H), [2.42 (s, 2.46H),
2.39 (s, 0.54H)], [1.34 (t, J = 7.1 Hz, 0.54H), 1.26 (t, J = 7.1 Hz,
0.46H)]; 13C{1H} NMR (126 MHz, including 18% enol tautomer)δ
192.7, 173.2enol, 171.6enol, 167.6, 138.6, 138.2enol, 136.0, 134.5,
133.4enol, 132.0enol, 128.9, 128.6, 128.4enol, 126.6enol, 125.8, 123.2enol,
87.3enol, 61.4, 60.3enol, 46.0, 21.4enol, 21.3, 14.3enol, 14.1.
Ethyl 3-Oxo-3-(p-tolyl)propanoate (3da).25 According to the

general procedure, 4-methyl-N-phenyl-N-tosylbenzamide (109.6 mg,
0.3 mmol) afforded ethyl 3-oxo-3-(p-tolyl)propanoate (3ca) (50.7
mg, 0.25 mmol, 82% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1); 1H NMR (500
MHz, CDCl3, including 16% enol tautomer) δ [12.59 (s, 0.16H), 5.63
(s, 0.16H), 3.96 (s, 1.68H)], [7.84 (d, J = 8.2 Hz, 1.68H), 7.67 (d, J =
8.2 Hz, 0.32H)], [7.27 (d, J = 8.2 Hz, 1.68H), 7.22 (d, J = 8.2 Hz,
0.32H)], 4.28−4.17 (m, 2H), [2.42 (s, 2.52H), 2.39 (s, 0.48H)],
[1.33 (t, J = 7.1 Hz, 0.48H), 1.25 (t, J = 7.1 Hz, 2.52H)]; 13C{1H}
NMR (126 MHz, including 16% enol tautomer)δ 192.1, 173.3enol,
171.6enol, 167.7, 144.7, 141.7enol, 133.5enol, 130.6enol, 129.4, 129.2,
128.6, 126.0enol, 86.6enol, 61.4, 60.2enol, 45.9, 21.7, 21.5enol, 14.3enol,
14.1;
Ethyl 3-(4-(tert-Butyl)phenyl)-3-oxopropanoate (3ea).28 Accord-

ing to the general procedure, 4-(tert-butyl)-N-phenyl-N-tosylbenza-
mide (122.3 mg, 0.3 mmol) afforded ethyl 3-(4-(tert-butyl)phenyl)-3-
oxopropanoate (3ea) (61.1 mg, 0.25 mmol, 82%) as a colorless liquid
by silica gel column chromatography (eluent: n-hexane/EtOAc =
9:1): 1H NMR (500 MHz, CDCl3, including 15% enol tautomer) δ
[12.58 (s, 0.15H), 5.64 (s, 0.15H), 3.97 (s, 1.7H)], [7.89 (d, J = 8.6
Hz, 1.7H), 7.71 (d, J = 8.6 Hz, 0.3H)], [7.49 (d, J = 8.6 Hz, 1.7H),
7.44 (d, J = 8.6 Hz, 0.3H)], 4.29−4.18 (m, 2H), 1.38−1.23 (m, 12H);
13C{1H} NMR (126 MHz, including 15% enol tautomer) δ 192.13,
173.3enol, 171.6enol, 167.7, 157.6, 154.8enol, 133.5, 130.6enol, 128.5,
125.8enol, 125.7, 125.5enol, 86.7enol, 61.4, 60.2enol, 45.9, 35.2, 34.9 enol,

31.1enol, 31.0, 14.32enol, 14.1.
Ethyl 3-(3-Methoxyphenyl)-3-oxopropanoate (3fa).28 According

to the general procedure, 3-methoxy-N-phenyl-N-tosylbenzamide
(114.4 mg, 0.3 mmol) afforded ethyl 3-(3-methoxyphenyl)-3-
oxopropanoate (3fa) (54.0 mg, 0.24 mmol, 81%) as a colorless
liquid by silica gel column chromatography (eluent: n-hexane/EtOAc
= 9:1): 1H NMR (500 MHz, CDCl3, including 17% enol tautomer) δ
[12.58 (s, 0.17H), 5.65 (s, 0.17H), 3.97 (s, 1.66H)], 7.54−7.29 (m,
3H), [7.16−7.11 (m, 0.83H), 7.02−6.98 (m, 0.17H)], 4.29−4.17 (m,
2H), [3.85 (s, 2.49H), 3.84 (s, 0.51H)], [1.33 (t, J = 7.1 Hz, 0.51H),
1.25 (t, J = 7.1 Hz, 2.49H)]; 13C{1H} NMR (126 MHz, CDCl3,
including 17% enol tautomer) δ 192.4, 173.2enol, 171.2enol, 167.5,
159.9, 159.7enol, 137.3, 134.8enol, 129.7, 129.5enol, 121.2, 120.3,
118.4enol, 117.2enol, 112.5, 111.1enol, 87.6enol, 61.5, 60.4enol, 55.4,
55.3enol, 46.1, 14.3enol, 14.1.
Ethyl 3-(3-(Dimethylamino)phenyl)-3-oxopropanoate (3ga).29

According to the general procedure, 3-(dimethylamino)-N-phenyl-
N-tosylbenzamide (118.4 mg, 0.3 mmol) afforded ethyl 3-(3-
(dimethylamino)phenyl)-3-oxopropanoate (3ga) (57.9 mg, 0.25
mmol, 82%) as yellow liquid by silica gel column chromatography
(eluent: n-hexane/EtOAc = 9:1): 1H NMR (500 MHz, CDCl3,
including 17% enol tautomer) δ [12.60 (s, 0.17H), 5.65 (s, 0.17H),
3.97 (s, 1.66H)], 7.37−7.09 (m, 3H), 6.98−6.84 (m, 1H), [4.26 (q, J
= 7.1 Hz, 0.34H), 4.21 (q, J = 7.1 Hz, 1.66H)], 2.99 (s, 6H), [1.33 (t,
J = 7.1 Hz, 0.51H), 1.26 (t, J = 7.1 Hz, 2.49H)]; 13C{1H} NMR (126
MHz, CDCl3, including 17% enol tautomer) δ 193.2, 173.2enol, 167.7,
150.6, 136.8, 129.3, 129.2enol, 117.6, 116.8, 111.4, 87.3enol, 61.3,
60.2enol, 46.2, 40.5, 14.3enol, 14.1.
Ethyl 3-(2-Chlorophenyl)-3-oxopropanoate (3ha).25 According to

the general procedure, 2-chloro-N-phenyl-N-tosylbenzamide (115.8
mg, 0.3 mmol) afforded ethyl 3-(2-chlorophenyl)-3-oxopropanoate
(3ha) (31.3 mg, 0.14 mmol, 46%) as a colorless liquid by silica gel
column chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR
(500 MHz, CDCl3, including 30% enol tautomer) δ [12.49 (s, 0.3H),

5.56 (s, 0.3H), 4.04 (s, 1.4H)], 7.64−7.56 (m, 1H), 7.47−7.28 (m,
3H), [4.28 (q, J = 7.1 Hz, 0.6H), 4.19 (q, J = 7.1 Hz, 1.4H)], [1.34 (t,
J = 7.1 Hz, 0.9H), 1.24 (t, J = 7.1 Hz, 2.1H)]; 13C{1H} NMR (126
MHz, CDCl3, including 30% enol tautomer) δ 194.7, 172.7enol,
170.4enol, 166.9, 137.6, 133.5enol, 132.6, 132.1enol, 131.5enol, 131.0,
130.7, 130.6enol, 130.1enol, 130.0, 127.0, 126.8enol, 93.3enol, 61.5,
60.5enol, 49.2, 14.3enol, 14.0.

Ethyl 3-(2-Fluorophenyl)-3-oxopropanoate (3ia).25 According to
the general procedure, 2-fluoro-N-phenyl-N-tosylbenzamide (110.8
mg, 0.3 mmol) afforded ethyl 3-(2-fluorophenyl)-3-oxopropanoate
(3ia) (58.0 mg, 0.28 mmol, 92%) as a colorless liquid by silica gel
column chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR
(500 MHz, CDCl3, including 20% enol tautomer) δ [12.68 (s, 0.2H),
5.84 (s, 0.2H), 3.98 (d, J = 3.5 Hz, 1.6H)], 7.99−7.83 (m, 1H),
[7.59−7.52 (m, 0.8H), 7.44−7.38 (m, 0.2H)], 7.30−7.07 (m, 2H),
[4.27 (q, J = 7.1 Hz, 0.4H), 4.21 (q, J = 7.1 Hz, 1.6H)], 1.33 (t, J =
7.1 Hz, 0.6H), 1.25 (t, J = 7.1 Hz, 2.4H); 13C{1H} NMR (126 MHz,
CDCl3, including 20% enol tautomer) δ 190.3 (C−F, 3JC−F = 3.3 Hz),
173.3enol, 167.4 (C−F, 5JC−F = 2.5 Hz), 166.3 (C−F, 5JC−F = 3.8 Hz),
162.1 (C−F, 1JC−F = 255.8 Hz), 160.7 (C−F, 1JC−F = 255.8 Hz)enol,
135.4 (C−F, 3JC−F = 9.3 Hz), 132.3 (C−F, 3JC−F = 9.2 Hz)enol, 130.9
(C−F, 4JC−F = 2.1 Hz), 129.2 (C−F, 4JC−F = 1.9 Hz)enol, 124.6 (C−F,
3JC−F = 3.8 Hz), 124.5 (C−F, 2JC−F = 12.6 Hz), 124.3 (C−F, 3JC−F 3.8
Hz)enol, 121.6 (C−F, 2JC−F = 9.6 Hz)enol, 116.6 (C−F, 2JC−F = 23.9
Hz), 116.4 (C−F, 2JC−F = 22.7 Hz)enol, 92.58 (C−F, 4JC−F = 14.3
Hz)enol, 61.3, 60.5enol, 49.87 (C−F, 4JC−F = 7.9 Hz), 14.2enol, 14.0.

Ethyl 3-(3-Fluorophenyl)-3-oxopropanoate (3ja).29 According to
the general procedure, 3-fluoro-N-phenyl-N-tosylbenzamide (110.8
mg, 0.3 mmol) afforded ethyl 3-(3-fluorophenyl)-3-oxopropanoate
(3ja) (55.5 mg, 0.26 mmol, 88%) as a colorless liquid by silica gel
column chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR
(500 MHz, CDCl3, including 25% enol tautomer) δ [12.55 (s,
0.25H), 5.65 (s, 0.25H), 3.97 (s, 1.5H),], 7.74−7.34 (m, 3H), [7.32−
7.26 (m, 0.75H), 7.17−7.12 (m, 0.25H)], [4.27 (q, J = 7.1 Hz, 0.5H),
4.21 (q, J = 7.1 Hz, 1.5H)], [1.33 (t, J = 7.1 Hz, 0.75H), 1.25 (t, J =
7.1 Hz, 2.25H)]; 13C{1H} NMR (126 MHz, CDCl3, including 25%
enol tautomer) δ 191.3 (C−F, 4JC−F = 2.2 Hz), 173.0enol, 169.8 (C−F,
6JC−F = 2.6 Hz)enol, 167.1, 162.8 (C−F, 1JC−F = 248.2 Hz), 162.8 (C−
F, 1JC−F = 247.0 Hz)enol, 138.0 (C−F, 3JC−F = 6.3 Hz), 135.7 (C−F,
3JC−F = 7.9 Hz)enol, 130.5 (C−F, 3JC−F = 7.6 Hz), 130.1 (C−F, 3JC−F =
8.1 Hz)enol, 124.3 (C−F, 4JC−F = 3.0 Hz), 121.6 (C−F, 4JC−F = 3.0
Hz)enol, 120.8 (C−F, 2JC−F = 21.4 Hz), 118.0 (C−F, 2JC−F = 21.4
Hz)enol, 115.2 (C−F, 2JC−F = 22.7 Hz), 113.1 (C−F, 2JC−F = 23.9
Hz)enol, 88.2enol, 61.6, 60.5enol, 46.0, 14.2enol, 14.02.

Ethyl 3-(4-Fluorophenyl)-3-oxopropanoate (3ka).25 According to
the general procedure, 4-fluoro-N-phenyl-N-tosylbenzamide (110.8
mg, 0.3 mmol) afforded ethyl 3-(4-fluorophenyl)-3-oxopropanoate
(3ka) (55.5 mg, 0.26 mmol, 88%) as a colorless liquid by silica gel
column chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR
(500 MHz, CDCl3, including 16% enol tautomer) δ [12.61 (s,
0.16H), 5.60 (s, 0.16H), 3.96 (s, 1.68H)], [7.97 (dd, J = 8.8, 5.4 Hz,
1.68H), 7.76 (dd, J = 8.8, 5.4 Hz, 0.32H)], [7.14 (t, J = 8.6 Hz,
1.68H), 7.09 (t, J = 8.6 Hz, 0.32H)], [4.26 (q, J = 7.1 Hz, 0.32H),
4.20 (q, J = 7.1 Hz, 1.68H)], [1.32 (t, J = 7.1 Hz, 0.48H), 1.24 (t, J =
7.1 Hz, 2.52H)]; 13C{1H} NMR (126 MHz, CDCl3, including 16%
enol tautomer) δ 190.9, 173.1enol, 170.3enol, 167.3, 166.0 (C−F, 1JC−F
= 255.8 Hz), 164.0 (C−F, 1JC−F = 252.0 Hz)enol, 132.5 (C−F, 4JC−F, J
= 3.0 Hz), 131.2 (C−F, 2JC−F = 9.5 Hz), 129.6 (C−F, 4JC−F = 3.1
Hz)enol, 128.2 (C−F, 3JC−F = 8.8 Hz)enol, 115.9 (C−F, 2JC−F = 22.7
Hz), 115.6 (C−F, 2JC−F = 21.4 Hz)enol, 87.1enol, 61.5, 60.4enol, 45.9,
14.3enol, 14.0.

Ethyl 3-(3-Iodophenyl)-3-oxopropanoate (3la).30 According to
the general procedure, 3-iodo-N-phenyl-N-tosylbenzamide (143.2 mg,
0.3 mmol) afforded ethyl 3-(3-iodophenyl)-3-oxopropanoate (3la)
(79.2 mg, 0.25 mmol, 83%) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 26% enol tautomer) δ [12.52 (s, 0.26H), 5.62
(s, 0.26H), 3.94 (s, 1.48H),], [8.26 (s, 0.74H), 8.10 (s, 0.26H)],
[7.93−7.85 (m, 1.48H), 7.79−7.69 (m, 0.52H)], [7.22 (t, J = 7.8 Hz,
0.74H), 7.14 (t, J = 7.9 Hz, 0.26H)], [4.26 (q, J = 7.1 Hz, 0.52H),
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4.21 (q, J = 7.1 Hz, 1.48H)], [1.33 (t, J = 7.1 Hz, 0.78H), 1.25 (t, J =
7.1 Hz, 1.22H)]; 13C{1H} NMR (126 MHz, CDCl3, including 26%
enol tautomer) δ 191.1, 172.9enol, 169.5enol, 167.0, 142.4, 139.9enol,
137.7enol, 137.4, 135.4enol, 135.0, 130.4, 130.2enol, 127.6, 125.2enol, 94.5,
94.2enol, 88.2enol, 61.6, 60.5enol, 45.8, 14.3enol, 14.1.
Ethyl 3-(4-Iodophenyl)-3-oxopropanoate (3ma).29 According to

the general procedure, 4-iodo-N-phenyl-N-tosylbenzamide (143.2 mg,
0.3 mmol) afforded ethyl 3-(4-iodophenyl)-3-oxopropanoate (3ma)
(77.3 mg, 0.24 mmol, 81%) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 24% enol tautomer) δ [12.54 (s, 0.24H), 5.64
(s, 0.24H), 3.94 (s, 1.52H)], [7.84 (d, J = 8.6 Hz, 1.52H), 7.75 (d, J =
8.6 Hz, 0.48H)], [7.64 (d, J = 8.6 Hz, 1.52H), 7.48 (d, J = 8.6 Hz,
0.48H)], [4.26 (q, J = 7.1 Hz, 0.48H), 4.20 (q, J = 7.1 Hz, 1.52H)],
[1.33 (t, J = 7.1 Hz, 0.72H), 1.25 (t, J = 7.1 Hz, 2.28H)]; 13C{1H}
NMR (126 MHz, including 24% enol tautomer) δ 191.8, 173.0enol,
170.3enol, 167.1, 138.1, 137.7enol, 135.2, 132.9enol, 129.8, 127.5enol,
102.0, 97.9enol, 87.7enol, 61.6, 60.5enol, 45.8, 14.3enol, 14.1.
Ethyl 3-(4-Cyanophenyl)-3-oxopropanoate (3na).29 According to

the general procedure, 4-cyano-N-phenyl-N-tosylbenzamide (112.9
mg, 0.3 mmol) afforded ethyl 3-(4-cyanophenyl)-3-oxopropanoate
(3na) (41.1 mg, 0.19 mmol, 63%) as a white solid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): mp 65−66 °C; 1H
NMR (500 MHz, CDCl3, including 46% enol tautomer) δ [12.55 (s,
0.46H), 5.72 (s, 0.46H), 4.00 (s, 1.08H)], [8.04 (d, J = 8.6 Hz,
1.08H), 7.86 (d, J = 8.7 Hz, 0.92H)], [7.79 (d, J = 8.6 Hz, 1.08H),
7.71 (d, J = 8.6 Hz, 0.92H)], [4.28 (q, J = 7.1 Hz, 0.92H), 4.21 (q, J =
7.1 Hz, 1.08H)], [1.34 (t, J = 7.1 Hz, 1.38H), 1.25 (t, J = 7.1 Hz,
1.62H)]; 13C NMR (126 MHz, including 46% enol tautomer) δ
13C{1H} NMR (126 MHz, CDCl3, including 46% enol tautomer) δ
191.3, 172.7enol, 168.6enol, 166.7, 138.9, 137.6enol, 132.6, 132.3enol,
128.9, 126.5enol, 118.2enol, 117.7, 117.0, 114.4enol, 89.7enol, 61.8,
60.8enol, 46.0, 14.2enol, 14.0.
Ethyl 3-(4-Nitrophenyl)-3-oxopropanoate (3oa).31 According to

the general procedure, 4-nitro-N-phenyl-N-tosylbenzamide (118.9
mg, 0.3 mmol) afforded ethyl 3-(4-nitrophenyl)-3-oxopropanoate
(3oa) (34.9 mg, 0.15 mmol, 49%) as a yellow solid by silica gel
column chromatography (eluent: n-hexane/EtOAc = 9:1): mp 69−70
°C; 1H NMR (500 MHz, CDCl3, including 53% enol tautomer) δ
[12.56 (s, 0.53H), 5.76 (s, 0.53H), 4.04 (s, 0.94H)], [8.33 (d, J = 8.9
Hz, 0.94H), 8.27 (d, J = 8.9 Hz, 1.06H)], [8.11 (d, J = 8.9 Hz,
0.94H), 7.93 (d, J = 9.0 Hz, 1.06H)], [4.30 (q, J = 7.1 Hz, 1.06H),
4.22 (q, J = 7.1 Hz, 0.94H)], [1.35 (t, J = 7.1 Hz, 1.59H), 1.26 (t, J =
7.1 Hz, 1.41H)]; 13C{1H} NMR (126 MHz, including 53% enol
tautomer) δ 191.1, 172.6enol, 168.3enol, 166.7, 150.6, 149.2enol, 140.3,
139.3enol, 129.6, 126.9enol, 124.0, 123.7enol, 90.2enol, 61.8, 60.9enol, 46.2,
14.2enol, 14.0.
Ethyl 3-(Naphthalen-2-yl)-3-oxopropanoate (3pa).32 According

to the general procedure, N-phenyl-N-tosyl-2-naphthamide (120.5
mg, 0.3 mmol) afforded ethyl 3-(naphthalen-2-yl)-3-oxopropanoate
(3pa) (62.5 mg, 0.26 mmol, 86%) as a colorless liquid by silica gel
column chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR
(500 MHz, CDCl3, including 20% enol tautomer) δ [12.71 (s, 0.2H),
5.81 (s, 0.2H), 4.12 (s, 1.6H)], [8.45 (s, 0.8H), 8.36 (s, 0.2H)],
8.05−7.75 (m, 4H), 7.64−7.49 (m, 2H), 5.81 (s, 1H), [4.30 (q, J =
7.1 Hz, 0.4H), 4.24 (q, J = 7.1 Hz, 1.6H)], [1.36 (t, J = 7.1 Hz, 0.6H),
1.27 (t, J = 7.1 Hz, 2.4H)]; 13C{1H} NMR (126 MHz, CDCl3,
including 20% enol tautomer) δ 192.5, 173.2enol, 171.2enol, 167.6,
135.8, 134.6enol, 133.4, 132.8enol, 132.4, 130.6, 129.7, 129.0enol, 128.9,
128.7, 128.2enol, 127.8, 127.7enol, 127.6enol, 127.0, 126.69enol, 126.66enol,
123.8, 122.5enol, 87.9enol, 61.5, 60.4enol, 46.1, 14.3enol, 14.1.
Ethyl 3-Oxo-3-(pyridin-3-yl)propanoate (3qa).28 According to the

general procedure, N-phenyl-N-tosylnicotinamide (105.7 mg, 0.3
mmol) afforded ethyl 3-(naphthalen-2-yl)-3-oxopropanoate (3qa)
(35.9 mg, 0.19 mmol, 62%) as a yellow liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 34% enol tautomer) δ [12.54 (s, 0.34H), 5.68
(s, 0.34H), 3.99 (s, 1.32H)], [9.13 (d, J = 1.5 Hz, 0.66H), 8.97 (d, J =
1.4 Hz, 0.34H)], [8.79 (dd, J = 4.8, 1.5 Hz, 0.66H), 8.66 (dd, J = 4.8,
1.4 Hz, 0.34H)], [8.25−8.19 (m, 0.66H), 8.06−8.01 (m, 0.34H)],

[7.46−7.40 (m, 0.66H), 7.38−7.32 (m, 0.34H)], [4.26 (q, J = 7.1 Hz,
0.68H), 4.20 (q, J = 7.1 Hz, 1.32H)], [1.32 (t, J = 7.1 Hz, 1.02H),
1.24 (t, J = 7.1 Hz, 1.98H)]; 13C{1H} NMR (126 MHz, including
34% enol tautomer) δ 191.4, 172.7enol, 168.7enol, 166.8, 154.0,
151.8enol, 149.9, 147.4enol, 135.8, 133.4enol, 131.4, 129.3enol, 123.7,
123.3enol, 88.6enol, 61.7, 60.6enol, 46.0, 14.2enol, 14.0.

Ethyl 3-(Furan-3-yl)-3-oxopropanoate (3ra).30 According to the
general procedure, N-phenyl-N-tosylfuran-3-carboxamide (102.4 mg,
0.3 mmol) afforded ethyl 3-(furan-3-yl)-3-oxopropanoate (3ra) (49.7
mg, 0.27 mmol, 91%) as a brown liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 12% enol tautomer) δ [12.20 (s, 0.12H), 5.35
(s, 0.12H), 3.75 (s, 1.76H)], [8.10−8.06 (m, 0.88H), 7.90−7.87 (m,
0.12H)], [7.47−7.44 (m, 0.88H), 7.43−7.41 (m, 0.12H)], [6.80−
6.76 (m, 0.88H), 6.56−6.55 (m, 0.8 Hz, 0.12H)], 4.26−4.16 (m, 2H),
[1.31 (t, J = 7.1 Hz, 0.36H), 1.25 (t, J = 7.1 Hz, 2.64H)]; 13C{1H}
NMR (126 MHz, including 12% enol tautomer) δ 186.4, 172.8enol,
166.9enol, 166.2, 148.1, 144.5, 143.9enol, 143.5enol, 127.2, 121.8enol,
108.7, 107.4enol, 87.4enol, 61.6, 60.2enol, 47.6, 14.3enol, 14.0.

Butyl 3-Oxo-3-phenylpropanoate (3ab).33 According to the
general procedure, N-phenyl-N-tosylbenzamide (105.4 mg, 0.3
mmol) afforded butyl 3-oxo-3-phenylpropanoate (3ab) (54.9 mg,
0.25 mmol, 83% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 19% enol tautomer) δ [12.59 (s, 0.19H), 5.67
(s, 0.19H), 3.99 (s, 1.62H)], [7.94 (d, J = 7.4 Hz, 1.62H), 7.78 (d, J =
7.2 Hz, 0.38H)], 7.63−7.39 (m, 3H), [4.21 (t, J = 6.7 Hz, 0.38H),
4.15 (t, J = 6.7 Hz, 1.62H)], 1.72−1.55 (m, 2H), 1.47−1.27 (m, 2H),
[0.96 (t, J = 7.4 Hz, 0.57H), 0.88 (t, J = 7.4 Hz, 2.43H)]; 13C{1H}
NMR (126 MHz, including 19% enol tautomer) δ 192.5, 173.3enol,
171.4enol, 167.6, 136.0, 133.7, 133.4enol, 131.2enol, 128.7, 128.50enol,
128.48, 126.0enol, 87.4enol, 65.3, 64.2enol, 46.0, 30.7enol, 30.5, 19.1enol,
19.0, 13.7enol, 13.6.

Isopropyl 3-Oxo-3-phenylpropanoate (3ac).34 According to the
general procedure, N-phenyl-N-tosylbenzamide (105.4 mg, 0.3 mmol)
afforded isopropyl 3-oxo-3-phenylpropanoate (3ac) (55.7 mg, 0.27
mmol, 90% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 17% enol tautomer) δ [12.66 (s, 0.17H), 5.63
(s, 0.17H), 3.95 (s, 1.66H)], [7.94 (d, J = 7.2 Hz, 1.66H), 7.77 (d, J =
7.0 Hz, 0.34H)], 7.62−7.37 (m, 3H), 5.18−5.03 (m, 1H), [1.31 (d, J
= 6.3 Hz, 1.02H), 1.22 (d, J = 6.3 Hz, 4.98H); 13C{1H} NMR (126
MHz, including 17% enol tautomer) δ 192.6, 172.8enol, 171.3enol,
167.0, 136.1, 133.6, 133.5enol, 131.1enol, 128.7, 128.5enol, 128.4,
126.0enol, 87.8enol, 69.0, 67.8enol, 46.3, 21.9enol, 21.6.

tert-Butyl 3-Oxo-3-phenylpropanoate (3ad).34 According to the
general procedure, N-phenyl-N-tosylbenzamide (105.4 mg, 0.3 mmol)
afforded tert-butyl 3-oxo-3-phenylpropanoate (3ad) (60.8 mg, 0.28
mmol, 92% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 13% enol tautomer) δ [12.73 (s, 0.13H), 5.58
(s, 0.13H), 3.89 (s, 1.74H)], [7.94 (d, J = 7.4 Hz, 1.74H), 7.75 (d, J =
7.1 Hz, 0.26H)], 7.61−7.37 (m, 3H), [1.54 (s, 1.17H), 1.43 (s,
7.83H)]; 13C{1H} NMR (126 MHz, CDCl3, including 13% enol
tautomer) δ 193.0, 173.1enol, 170.8enol, 166.7, 136.2, 133.7enol, 133.5,
130.9enol, 128.7, 128.4, 125.9enol, 88.9, 82.0enol, 81.1enol, 47.4, 28.3enol,
27.9.

Benzyl 3-Oxo-3-phenylpropanoate (3ae).33 According to the
general procedure, N-phenyl-N-tosylbenzamide (105.4 mg, 0.3 mmol)
afforded benzyl 3-oxo-3-phenylpropanoate (3ae) (51.9 mg, 0.20
mmol, 68% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 20% enol tautomer) δ [12.53 (s, 0.2H), 5.76
(s, 0.2H), 4.06 (s, 1.6H)], [7.94 (d, J = 7.2 Hz, 1.6H), 7.80 (d, J = 7.2
Hz, 0.4H)], 7.63−7.30 (m, 8H), [5.27 (s, 0.4H), 5.21 (s, 1.6H)];
13C{1H} NMR (126 MHz, CDCl3, including 20% enol tautomer) δ
192.3, 172.9enol, 171.8enol, 167.3, 136.0, 135.8enol, 135.4, 133.8,
133.3enol, 131.4enol, 128.8, 128.64enol, 128.56, 128.50, 128.4, 128.3,
128.2enol, 126.1enol, 87.2enol, 67.2, 66.1enol, 45.9.
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Ethyl 2-Methyl-3-oxo-3-phenylpropanoate (3af).35 According to
the general procedure, N-phenyl-N-tosylbenzamide (105.4 mg, 0.3
mmol) afforded ethyl 2-methyl-3-oxo-3-phenylpropanoate (3af) (30.9
mg, 0.15 mmol, 50% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3) δ 7.98 (d, J = 7.3 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H),
7.48 (q, J = 7.5 Hz, 2H), 4.38 (q, J = 7.1 Hz, 1H), 4.15 (q, J = 7.1 Hz,
2H), 1.50 (d, J = 7.1 Hz, 3H), 1.17 (t, J = 7.1 Hz, 3H); 13C{1H}
NMR (126 MHz, CDCl3) δ 195.9, 170.9, 135.9, 133.4, 128.7, 128.6,
61.4, 48.4, 13.9, 13.7.
Ethyl 2-Benzoylbutanoate (3ag).35 According to the general

procedure, N-phenyl-N-tosylbenzamide (105.4 mg, 0.3 mmol)
afforded ethyl 2-benzoylbutanoate (3ag) (41.6 mg, 0.19 mmol, 63%
yield) as a colorless liquid by silica gel column chromatography
(eluent: n-hexane/EtOAc = 9:1): 1H NMR (500 MHz, CDCl3) δ
7.99 (d, J = 7.3 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.3 Hz,
2H), 4.22 (t, J = 7.2 Hz, 1H), 4.18−4.12 (m, 2H), 2.09−2.00 (m,
2H), 1.17 (t, J = 7.1 Hz, 3H), 1.00 (t, J = 7.4 Hz, 3H); 13C{1H} NMR
(126 MHz, CDCl3) δ 195.2, 170.0, 136.4, 133.4, 128.7, 128.5, 61.3,
55.9, 22.4, 14.0, 12.1.
tert-Butyl 2-Methyl-3-oxo-3-phenylpropanoate (3ah).39 Accord-

ing to the general procedure, N-phenyl-N-tosylbenzamide (105.4 mg,
0.3 mmol) afforded tert-butyl 2-methyl-3-oxo-3-phenylpropanoate
(3ah) (60.4 mg, 0.26 mmol, 86% yield) as a colorless liquid by silica
gel column chromatography (eluent: n-hexane/EtOAc = 9:1): 1H
NMR (500 MHz, CDCl3) δ 7.96 (d, J = 7.2 Hz, 2H), 7.56 (t, J = 7.4
Hz, 1H), 7.46 (t, J = 7.7 Hz, 2H), 4.25 (q, J = 7.0 Hz, 1H), 1.44 (d, J
= 7.1 Hz, 3H), 1.33 (s, 9H); 13C{1H} NMR (126 MHz, CDCl3) δ
196.1, 170.0, 136.2, 133.2, 128.6, 128.5, 81.7, 49.5, 27.7, 13.4.
Ethyl 3-Oxoheptanoate (5aa).36 According to the general

procedure, N-phenyl-N-tosylpentanamide (99.4 mg, 0.3 mmol)
afforded ethyl 3-oxoheptanoate (5aa) (33.6 mg, 0.20 mmol, 65%
yield) as a colorless liquid by silica gel column chromatography
(eluent: n-hexane/EtOAc = 9:1): 1H NMR (500 MHz, CDCl3,
including 12% enol tautomer) δ [12.09 (s, 0.12H), 4.96 (s, 0.12H),
3.42 (s, 1.76H)], 4.22−4.15 (m, 2H), [2.53 (t, J = 7.4 Hz, 1.76H),
2.19 (t, J = 7.4 Hz, 0.24H)], 1.63−1.52 (m, 2H), 1.39−1.22 (m, 5H),
0.96−0.85 (m, 3H); 13C{1H} NMR (126 MHz, CDCl3, including
12% enol tautomer) δ 202.9, 191.8enol, 179.0enol, 167.2, 88.9enol, 61.3,
59.9enol, 49.3, 42.7, 34.7enol, 28.3enol, 25.5, 22.13enol, 22.10, 14.2enol,
14.1, 13.8, 13.7enol.
Ethyl 3-Oxodecanoate (5ba).36 According to the general

procedure, N-phenyl-N-tosyloctanamide (112.1 mg, 0.3 mmol)
afforded ethyl 3-oxodecanoate (5ba) (47.6 mg, 0.22 mmol, 74%
yield) as a colorless liquid by silica gel column chromatography
(eluent: n-hexane/EtOAc = 9:1): 1H NMR (500 MHz, CDCl3,
including 10% enol tautomer) δ [12.09 (s, 0.1H), 4.96 (s, 0.1H), 3.42
(s, 1.8H)], 4.19 (q, J = 7.1 Hz, 2H), [2.52 (t, J = 7.4 Hz, 1.8H), 2.18
(t, J = 7.4 Hz, 0.2H), 1.66−1.50 (m, 2H), 1.34−1.18 (m, 11H), 0.87
(t, J = 6.9 Hz, 3H); 13C{1H} NMR (126 MHz, CDCl3) δ 203.0,
167.2, 61.3, 49.3, 43.0, 31.6, 29.0, 28.9, 23.4, 22.6, 14.1, 14.0.
Ethyl 3-Oxoundecanoate (5ca).36 According to the general

procedure, N-phenyl-N-tosylnonanamide (116.3 mg, 0.3 mmol)
afforded ethyl 3-oxoundecanoate (5ca) (56.5 mg, 0.25 mmol, 75%
yield) as a colorless liquid by silica gel column chromatography
(eluent: n-hexane/EtOAc = 9:1): 1H NMR (500 MHz, CDCl3,
including 10% enol tautomer) δ [12.09 (s, 0.1H), 4.96 (s, 0.1H), 3.42
(s, 1.8H)], 4.19 (q, J = 7.1 Hz, 2H), [2.52 (t, J = 7.4 Hz, 1.8H), 2.18
(t, J = 7.4 Hz, 0.2H)], 1.64−1.51 (m, 2H), 1.40−1.14 (m, 13H), 0.87
(t, J = 7.0 Hz, 3H); 13C{1H} NMR (126 MHz, CDCl3, including 10%
enol tautomer) δ 203.0, 179.0enol,172.7enol, 167.2, 88.9enol, 61.3,
59.9enol, 49.3, 43.0, 35.0enol, 31.8, 29.3, 29.2enol, 29.11enol, 29.07,
29.03enol, 28.99, 26.2enol, 23.4, 22.6, 14.2enol, 14.1, 14.0.
Ethyl 3-Oxo-5-phenylpentanoate (5da).31 According to the

general procedure, N,3-diphenyl-N-tosylpropanamide (113.9 mg, 0.3
mmol) afforded ethyl 3-oxo-5-phenylpentanoate (5da) (50.9 mg, 0.23
mmol, 77% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 10% enol tautomer) δ [12.17 (s, 0.1H), 4.98
(s, 0.1H), 3.43 (s, 1.8H)], 7.32−7.27 (m, J = 7.4 Hz, 2H), 7.24−7.16

(m, 3H), 4.19 (q, J = 7.1 Hz, 2H), 2.99−2.84 (m, 4H), 1.27 (t, J = 7.1
Hz, 3H); 13C{1H} NMR (126 MHz, CDCl3,) δ 201.8, 167.1, 140.5,
128.5, 128.3, 126.2, 61.4, 49.4, 44.5, 29.4, 14.1.

Ethyl 3-Oxo-6-phenylhexanoate (5ea).37 According to the general
procedure, N,4-Diphenyl-N-tosylbutanamide (118.1 mg, 0.3 mmol)
afforded ethyl 3-oxo-6-phenylhexanoate (5ea) (54.1 mg, 0.23 mmol,
77% yield) as a colorless liquid by silica gel column chromatography
(eluent: n-hexane/EtOAc = 9:1); ethyl 4-phenylbutanoate (57.7 mg,
0.30 mmol) afforded 5ea (23.4 mg, 0.10 mmol, 33% yield) as a
colorless liquid: 1H NMR (500 MHz, CDCl3, including 10% enol
tautomer) δ [12.15 (s, 0.1H), 5.00 (s, 0.1H), 3.41 (s, 1.8H)], 7.34−
7.25 (m, 2H), 7.23−7.13 (m, 3H), 4.19 (q, J = 7.1 Hz, 2H), 2.64 (t, J
= 7.6 Hz, 2H), [2.56 (t, J = 7.3 Hz, 1.8H), 2.23 (t, J = 7.3 Hz, 0.2H)],
2.00−1.88 (m, 2H), 1.33−1.23 (m, 3H); 13C{1H} NMR (126 MHz,
CDCl3) δ 202.5, 167.2, 141.3, 128.44, 128.41, 126.0, 61.3, 49.3, 42.1,
34.8, 24.9, 14.1.

Ethyl 3-Cyclohexyl-3-oxopropanoate (5fa).31 According to the
general procedure, N-phenyl-N-tosylcyclohexanecarboxamide (107.3
mg, 0.3 mmol) afforded ethyl 3-cyclohexyl-3-oxopropanoate (5fa)
(42.8 mg, 0.22 mmol, 72% yield) as a colorless liquid by silica gel
column chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR
(500 MHz, CDCl3, including 13% enol tautomer) δ [12.13 (s,
0.13H), 4.94 (s, 0.13H), 3.46 (s, 1.74H)], 4.18 (q, J = 7.1 Hz, 2H),
2.50−2.40 (m, 1H), 1.92−1.61 (m, 5H), 1.41−1.13 (m, 8H);
13C{1H} NMR (126 MHz, CDCl3, including 13% enol tautomer) δ
205.9, 182.7enol, 173.1enol, 167.4, 86.9enol, 61.2, 59.9enol, 50.9, 47.3,
43.5enol, 29.9enol, 28.2, 25.9enol, 25.7, 25.5, 14.3enol, 14.1.

Butyl 3-Oxo-6-phenylhexanoate (5eb). According to the general
procedure, N,4-diphenyl-N-tosylbutanamide (118.1 mg, 0.3 mmol)
afforded butyl 3-oxo-6-phenylhexanoate (5eb) (55.9 mg, 0.21 mmol,
71% yield) as a colorless liquid by silica gel column chromatography
(eluent: n-hexane/EtOAc = 9:1): 1H NMR (500 MHz, CDCl3,
including 9% enol tautomer) δ [12.15 (s, 0.09H), 5.00 (s, 0.09H),
3.42 (s, 1.82H)], 7.33−7.27 (m, 2H), 7.23−7.15 (m, 3H), 4.14 (t, J =
6.7 Hz, 2H), 2.65 (t, J = 7.6 Hz, 2H), [2.56 (t, J = 7.3 Hz, 1.82H),
2.24 (t, J = 7.3 Hz, 0.18H)], 1.99−1.90 (m, 2H), 1.68−1.59 (m, 2H),
1.44−1.33 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (126
MHz, CDCl3) δ 202.5, 167.3, 141.3, 128.45, 128.41, 126.0, 65.2, 49.3,
42.1, 34.8, 30.5, 24.9, 19.0, 13.7; HRMS (FD-TOF) m/z [M]+ calcd
for C16H22O3 262.1563, found 262.1563.

Isopropyl 3-Oxo-6-phenylhexanoate (5ec). According to the
general procedure, N,4-diphenyl-N-tosylbutanamide (118.1 mg, 0.3
mmol) afforded isopropyl 3-oxo-6-phenylhexanoate (5ec) (52.1 mg,
0.21 mmol, 70% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 9% enol tautomer) δ [12.22 (s, 0.09H), 4.96
(s, 0.09H), 3.38 (s, 1.82H)], 7.32−7.26 (m, 2H), 7.23−7.15 (m, 3H),
5.11−5.00 (m, 1H), 2.64 (t, J = 7.6 Hz, 2H), [2.55 (t, J = 7.3 Hz,
1.82H), 2.23 (t, 0.18H)], 2.00−1.89 (m, 2H), 1.31−1.20 (m, 6H);
13C{1H} NMR (126 MHz, CDCl3) δ 202.7, 166.7, 141.4, 128.44,
128.40, 126.0, 69.0, 49.7, 42.1, 34.8, 24.8, 21.7; HRMS (FD-TOF) m/
z [M]+ calcd for C15H20O3 248.1407, found 248.1399.

tert-Butyl 3-Oxo-6-phenylhexanoate (5ed).38 According to the
general procedure, N,4-diphenyl-N-tosylbutanamide (118.1 mg, 0.3
mmol) afforded tert-butyl 3-oxo-6-phenylhexanoate (5ed) (60.6 mg,
0.23 mmol, 77% yield) as a colorless liquid by silica gel column
chromatography (eluent: n-hexane/EtOAc = 9:1): 1H NMR (500
MHz, CDCl3, including 6% enol tautomer) δ [12.28 (s, 0.06H), 4.91
(s, 0.06H), 3.32 (s, 1.88H)], 7.29 (t, J = 7.5 Hz, 2H), 7.22−7.16 (m,
3H), 2.64 (t, J = 7.6 Hz, 2H), 2.54 (t, J = 7.3 Hz, 2H), 1.98−1.90 (m,
2H), 1.46 (s, 9H); 13C{1H} NMR (126 MHz, CDCl3) δ 203.0, 166.4,
141.4, 128.45, 128.40, 126.0, 81.9, 50.7, 42.0, 34.9, 27.9, 24.9.

Benzyl 3-Oxo-6-phenylhexanoate (5ee). According to the general
procedure, N,4-diphenyl-N-tosylbutanamide (118.1 mg, 0.3 mmol)
afforded benzyl 3-oxo-6-phenylhexanoate (5ee) (64.0 mg, 0.22 mmol,
72% yield) as a colorless liquid by silica gel column chromatography
(eluent: n-hexane/EtOAc = 9:1): 1H NMR (500 MHz, CDCl3,
including 9% enol tautomer) δ [12.08 (s, 0.09H), 5.08 (s, 0.09H),
3.48 (s, 1.82H)], 7.42−7.33 (m, 5H), 7.32−7.26 (m, 2H), 7.24−7.15
(m, 3H), [2.19 (s, 0.18H), 5.20 (s, 1.82H), [2.68 (t, J = 7.6 Hz,
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0.18H)2.62 (t, J = 7.6 Hz, 1.82H), [2.54 (t, J = 7.3 Hz, 1.82H), 2.27−
2.23 (t, J = 7.3 Hz, 0.18H)], 1.99−1.89 (m, 2H); 13C{1H} NMR (126
MHz, CDCl3) δ 202.3, 167.0, 141.3, 135.3, 128.6, 128.5, 128.45,
128.42, 128.40, 126.0, 67.1, 49.3, 42.2, 34.8, 24.8; HRMS (FD-TOF)
m/z [M]+ calcd for C19H20O3 296.1407, found 296.1407.
tert-Butyl 2-Methyl-3-oxo-6-phenylhexanoate (5eh). According

to the general procedure, N,4-diphenyl-N-tosylbutanamide (118.1 mg,
0.3 mmol) afforded tert-butyl 2-methyl-3-oxo-6-phenylhexanoate
(5eh) (26.5 mg, 0.10 mmol, 32% yield) as a colorless liquid by
silica gel column chromatography (eluent: n-hexane/EtOAc = 9:1):
1H NMR (500 MHz, CDCl3) δ 7.34−7.27 (m, 2H), 7.22−7.15 (m,
3H), 3.40 (q, J = 7.1 Hz, 1H), 2.67−2.45 (m, 4H), 1.98−1.90 (m,
2H), 1.43 (s, 9H), 1.28 (d, J = 7.1 Hz, 3H); 13C{1H} NMR (126
MHz, CDCl3) δ 206.0, 169.7, 141.4, 128.4, 128.3, 125.9, 81.6, 53.9,
40.4, 34.9, 27.8, 25.0, 12.6; HRMS (FD-TOF) m/z [M]+ calcd for
C17H24O3 276.1720, found 276.1723.
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