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ABSTRACT: The unusual alcohol mediated formation of 4-
oxo-2-aryl-4H-chromene-3-carboxylate (flavone-3-carboxylate)
derivatives from 4-hydroxycoumarins and β-nitroalkenes in an
alcoholic medium is described. The transformation occurs via
the in situ formation of a Michael adduct, followed by the
alkoxide ion mediated rearrangement of the intermediate. The
effect of the different alcohol and nonalcohol media on the
reaction was investigated.

■ INTRODUCTION

Flavones are an important class of oxygen heterocycles and are
useful intermediates in the fields of medicinal, pharmaceutical,
and synthetic chemistry (Figure 1).1−4 Several natural products
that contain this heterocyclic framework have antiviral,
anticancer, anti-inflammatory, and antioxidant properties.1

Among the members of the flavone family, 4-oxo-4H-
chromene-3-carboxylate derivatives are very interesting scaf-
folds, since they can act as both a Michael acceptor and a 1,3-
diketone, due to the presence of an ester functionality at C-
3.2−4 However, concerning the polysubstituted counterparts,
the chemistry of 2-alkyl substituted derivatives have been
explored much more extensively than the 2-aryl derivatives.3,4

This may be due to the absence of a convenient protocol for
preparing 2-aryl derivatives. In fact, all of the reported
methodologies for the synthesis of these esters consist of a
multistep process or involve the use of complex mixtures of
reagents.1−4 As a result, a demand exists for a more
straightforward and cost-effective procedure for the synthesis
of 4H-chromen-4-one moieties.
In addition to controlling the efficacy of a reaction, the

medium used also has a significant role in determining the
reaction pathway.5 The polarity of the solvent used in a reaction
is a major determinant of the fate of the reaction. The reaction
pathway is determined by the stability of a particular transition
state that is produced in a specific medium. Thus, the effect of
the medium on a chemical transformation is a very important
issue in the field of chemistry.5

Our long-term goal is directed at exploring the utility of (E)-
(2-nitrovinyl)benzenes in organic synthesis.6 In a continuation
of our research dealing with nitro olefins, we wish to report,
herein, on the unprecedented alcohol mediated synthesis of 4-
oxo-2-aryl-4H-chromene-3-carboxylates from 4-hydroxycou-
marins and β-nitroalkenes.

■ RESULTS AND DISCUSSION

In a recent publication, we reported on the synthesis of a series
of oximes, hydroxyiminodihydrofuroquinolinone derivatives,
from 4-hydroxy-1-methyl quinolin- 2(1H)-one and (E)-(2-
nitrovinyl)benzenes, using methanol as the solvent, in the
presence of a catalytic amount of diisopropylethylamine.6a We
proposed that the conversion occurred via the formation of a
Michael adduct. The Michael adduct underwent base mediated
C−O bond formation to produce an oxime. However, when we
examined the reactions of 4-hydroxycoumarin (a, Scheme 1)
and (E)-(2-nitrovinyl)benzenes (2) under the same conditions,
the reaction was sluggish. From these two experimental
outcomes, it appeared that the nitrogen heterocycle, 4-
hydroxy-1-methylquinolin-2(1H)-one, itself acts as a base and,
because of this, the basicity of the medium appears to be an
important factor in the formation of an oxime derivative.
Taking cues from these observations, we used 2 equiv of
diisopropylethylamine to synthesize an oxime derivative (2a′,
Scheme 1), from 4-hydroxycoumarin (a) and (E)-(2-
nitrovinyl)benzenes derivatives (2). At room temperature,
only the corresponding Michael adduct was observed. At this
point, with the desired oxime in mind, we carried out the
reaction at 70 °C. However, the desired oxime was not formed,
but the result was more exciting and interesting than our
expectation. 1H and 13C NMR, IR, mass, and single crystal X-
ray analysis data (Figure 2 and Supporting Information)
revealed that the product was methyl 4-oxo-2-p-tolyl-4H-
chromene-3-carboxylate (2a), which was formed in 33% yield.
The use of 4 equiv of diisopropylethylamine improved the yield
to 51%. This finding presents a novel and straightforward route

Received: May 21, 2012
Published: July 18, 2012

Article

pubs.acs.org/joc

© 2012 American Chemical Society 6495 dx.doi.org/10.1021/jo301044y | J. Org. Chem. 2012, 77, 6495−6504

pubs.acs.org/joc


for the preparation of a relatively unexplored member of the
flavone family.
In this context, recently, Balalaie and co-workers disclosed

that the treatment of 4-hydroxycoumarin with (E)-(2-
nitrovinyl)benzenes in acetonitrile, in the presence of
ammonium acetate, resulted in the formation of the (3E)-3-
[amino(aryl)methylidene]chromane-2,4-dione derivative
(Scheme 1).7 However, in our case, when methanol was used
as the solvent instead of acetonitrile, a flavone derivative was
produced as the major product. Hence, these results explain the
effect of the media in chemical transformations in a more
comprehensive fashion.
This exciting experimental outcome prompted us to

determine the optimal conditions for the conversion. To
pursue this goal, we first ran the reaction using different bases
(Table 1). No product was obtained with diethylamine (entry
3), piperidine (entry 7) and amberlyst A-25, a basic ion-
exchange resin (entry 8). However, the use of ammonium
acetate (entry 4), DABCO (entry 5), NaHCO3 (entry 6), and

DBU (entry 11) resulted in the formation of an inseparable
mixture. On the other hand, bases such as DIPEA (entry 1),
pyridine (entry 2), TEA (entry 9), KF (entry 10), and N,N-
dimethyl cyclohexyl amine (entry 12) were found to be more
effective. Among them, TEA was found to be superior to the
other bases used. When the reaction was carried out at room
temperature, only the Michael adduct was formed and no
evidence of the desired product was observed. However, at 70
°C the desired product (2a) was obtained in good yield and the
yield was not improved when the reaction was conducted at
higher temperatures. Hence, the substrate scope was explored
by carrying out the reaction at 70 °C with TEA as the base.

Figure 1. Biologically active 4H-chromen-4-one derivatives.

Scheme 1. Reaction of 4-Hydroxycoumarin and (E)-1-Methyl-4-(2-nitrovinyl)benzene

Figure 2. X-ray crystal structure of 2a (ORTEP diagram).

Table 1. Effect of Different Bases

Entry Base Yielda,b

1 DIPEA 51
2 Pyridine 55
3c Diethyl Amine 
4d Ammonium Acetate 
5d DABCO 
6d NaHCO3 
7c Piperidine 
8c Amberlyst A-25 Basic 
9 TEA 68
10 KF 46
11d DBU 
12 N, N′-Dimethylcyclohexylamine 53

aAll reactions were performed on a 2 mmol scale. bYield refers to the
isolated yield of the purified compound. cNo product was observed.
dAn inseparable mixture was formed.
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The scope of the methodology was examined, first, by
treating 4-hydroxycoumarin with a series of β-nitroalkene
derivatives. To accomplish this, we used several o-, m-, p- as
well as unsubstituted (E)-(2-nitrovinyl)benzenes, containing
both electron-donating and -withdrawing groups (Table 2). We
also tested a variety of 4-hydroxycoumarin derivatives (Scheme
2) and alcohols (Table 3) to elaborate the chemistry further.
In the case of 4-hydroxycoumarin, the yields of the desired

products were found to be dependent on the electronic nature

of the substituents on the phenyl moiety of (E)-(2-nitrovinyl)-
benzene (Table 2). With the unsubstituted (E)-(2-nitrovinyl)-
benzene the expected product was obtained in 72% yield (entry
1). The desired products were obtained in moderate to good
yields when electron-donating groups were present on the
phenyl ring (entries 2−7). However, the introduction of an
electron-withdrawing group (such as a nitro group) resulted in
a lower product yield (entry 10). Halide substituted (E)-(2-
nitrovinyl)benzenes (entries 8 and 9) also produced lower

Table 2. Reaction of 4-Hydroxycoumarin with Different Nitroalkene Derivatives

aYields refer to isolated and purified compounds. Parentheses indicate the yield calculated by 1H NMR spectroscopy of the crude reaction mixture
using CH2Br2 as an internal standard. bAll reactions were performed on a 2 mmol scale.
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product yields than the (E)-(2-nitrovinyl)benzenes with
methoxy, methyl, ethyl, and amine functionalities; presumably,
the electron-withdrawing inductive effect of the halide
functionality makes the phenyl ring electron deficient. The
effect of steric factors on product yields was quite interesting.
When more sterically hindered (E)-(2-nitrovinyl)benzenes
were used, the yields were improved. The presence of an o-
substituent resulted in good to excellent yields of the desired
products (entries 11 and 12). (E)-(2-Nitrovinyl)benzenes,
derived from 2-napthaldehyde, produced the expected product
in good yield (entry 13). However, a low product yield was
obtained in the case of (E)-2-(2-nitrovinyl)thiophene (entry
14). With other heterocyclic nitroalkenes, such as pyridine,
pyrrole, indole, and furan, we did not observe the desired
product and an inseparable mixture of products were obtained
in all the cases.
Next, to explore the diversity of our protocol further, we

treated halo (1b, Scheme 2) and methyl (1c, Scheme 2)
substituted 4-hydroxycoumarin derivatives with (E)-1-methyl-
4-(2-nitrovinyl)benzene. Presumably, due to the electron-
donating inductive effect of the methyl functionality, the latter
produced a higher product yield (1c) than the former (1b).
The presence of a strong electron-withdrawing group, such as
4-hydroxy-6-nitro-2H-chromen-2-one, the desired product (1d)
was obtained in poor yield. However, with 6-(dimethylamino)-
4-hydroxy-2H-chromen-2-one, the expected flavone derivative
(1e) was obtained in good yield.
After studying the different reactions of (E)-(2-nitrovinyl)-

benzenes and 4-hydroxycoumarins, we focused our attention on
determining the effect of the medium used in the reaction
(Table 3). To pursue this goal, the reaction of (E)-1-methyl-4-
(2-nitrovinyl)benzene and 4-hydroxycoumarin were performed
in different alcoholic media. We observed that the presence of
an sp2 carbon α to the C−O bond resulted in a higher yield of
the flavone derivative than bulkier sp3 counterparts. Hence,
benzyl alcohol (entry 3, Table 3) and allylic alcohol (entry 4)
were more productive than ethanol (entry 1), n-propyl alcohol
(entry 2), and ethylene glycol (entry 5). The low yields of the
desired products with thiophene methanol (entry 6) and
furfuryl alcohol (entry 7) are probably due to the instability of
the sulfur and oxygen heterocycles at the high temperature
used.
To further explore the effect of the medium, we used

methylamine and ethylmercaptan as solvents (Scheme 3). In
these cases, no expected product (2b and 2c) was obtained.
However, compounds 2d and 2e were formed as the primary

Scheme 2. Reaction of Substituted 4-Hydroxycoumarin and
(E)-1-Methyl-4-(2-nitrovinyl) Benzene

aYields refer to isolated and purified compound. Parentheses indicate
the yield calculated by 1H NMR spectroscopy of the crude reaction
mixture using CH2Br2 as the internal standard. bAll reactions were
performed on a 2 mmol scale.

Table 3. Reaction in Different Alcoholic Medium

aYields refer to isolated and purified compounds. Parentheses indicate
the yield calculated by 1H NMR spectroscopy of the crude reaction
mixture using CH2Br2 as the internal standard. bAll reactions were
performed on a 2 mmol scale.

Scheme 3. Reaction in Nonalcoholic Medium
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amine and the thio nucleophiles underwent a faster Michael
addition with (E)-(2-nitrovinyl)benzene than the C-nucleo-
phile, 4-hydroxycoumarin, in the presence of a base. However,
with less activated nitrogen containing nucleophiles, such as
aniline and N-methylaniline, a complex mixture of products was
obtained.
To study the efficacy of other Michael acceptors in this

transformation, we used cinnamylnitrile (i, Scheme 4) and
cinnamyl gemdicarboxylate (ii). However, no Michael adduct
was formed and only the starting materials were recovered.
The phenomenon could be explained by considering the role

of the methoxide ion in the reaction, which is formed from the
solvent methanol in the presence of a base (Scheme 5). The
initially formed Michael adduct (A) either is attacked by a
methoxide ion to form intermediate B via C−O bond cleavage
(Pathway a, Scheme 5) or undergoes elimination of nitro-
methane, resulting in the formation of intermediate M
(Pathway b). Intermediate B (Pathway a) undergoes
tautomerism and C−C bond rotation to form intermediate
D. The base mediated elimination of nitromethane from
intermediate D results in the formation of E. The intermediate
E could also be formed from intermediate M via the
participation of the solvent. E then undergoes cyclization via
an intramolecular Michael addition of the phenolic OH to form
F. The thermal dehydrogenation of F results in the formation

of the product, G. The driving force behind this thermal
dehydrogenation is the extensive conjugation, which is achieved
by the product, due to the formation of multiple bonds.
Presumably, the presence of an electron-withdrawing ester
group drives the intermediate, F, toward this dehydrogenation.
The possible alternative route (Pathway c) for this conversion
would involve the SN2 type attack of the phenolic OH at the
benzylic carbon which, upon elimination of nitromethane,
would produce intermediate F. However, it is likely an SN2
attack would be controlled by steric factors.
The proposed mechanism of the reaction (Scheme 5)

indicates that the elimination of nitromethane in an
intermediate step leads to the formation of the final product
and, hence, the likely active reactants are 4-hydroxycoumarin
and benzaldehyde. Based on this assumption, we examined the
reaction of 4-hydroxycoumarin and benzaldehyde in the
presence triethylamine (Scheme 6). However, 3,3′-(phenyl-
methylene) bis(4-hydroxy-2H-chromen-2-one) (1x) was pro-
duced as the sole product. This result can be explained by
considering the formation of intermediate M (Scheme 5) from
4-hydroxycoumarin and benzaldehyde. The attack of the
second molecule of 4-hydroxycoumarin at intermediate M
results in the formation of 1x. On the other hand, the desired
product (1a) was obtained along with traces of an inseparable
mixture of byproducts, when the same reaction was carried out

Scheme 4. Use of Different Michael Acceptors

Scheme 5. Plausible Mechanism for the Formation of Methyl 4-Oxo-2-phenyl-4H-chromene-3-carboxylate Derivatives
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in the presence of nitromethane. The probable explanation for
this outcome is that the nitromethane attacks intermediate M
faster than the second molecule of 4-hydroxycoumarin to form
the Michael adduct A, which was observed during the reaction.
This provides convincing evidence to support that the
elimination of nitromethane actually occurred after cleavage
of the C−O bond (Pathway a, Scheme 5). This finding rules
out the possibility that pathway b is operative. To confirm this,
we examined the reaction between 4-hydroxycoumarin and
(E)-(2-nitrovinyl)benzene in a 2:1 ratio. No biscoumarin
product (1x) was detected. Moreover, to determine whether
the reaction occurs via the intermediate formation of 1x, we
carried out a reaction between biscoumarin (1x) and
nitromethane in the presence of TEA in methanol at 70 °C.
However, the desired product (1a) was not produced, even
after 48 h, and the starting material was recovered.
Besides elaborating the reaction mechanism, this experiment

revealed the possibility that our desired flavone could be
synthesized via a three component reaction (Table 4). Hence,
we focused our attention toward the possibility of such a
multicomponent protocol. This goal was pursued by the
treatment of 4-hydroxycoumarin and nitromethane with
different aldehydes in the presence of TEA in methanol. In
all the cases, the products were obtained in moderate yields
(entries 1, 2, 4, and 5); however, the expected flavone was
obtained in poor yield in the case of 4-chlorobenzaldehyde
(entry 3).
In this context, to determine whether the medium

participates in this step via the in situ generation of alkoxide
ions, we isolated the Michael adduct and carried out the
reaction in methanol in the presence and absence of a base
(Scheme 7). The reaction clearly proceeded more efficiently in
the presence of a base than in the absence of base. Hence, in
the presence of base the alcohol produces alkoxide ions in situ.
The alkoxide ion plays a key role in the formation of the final
product from the Michael adducts.
We next carried out a reaction between 4-hydroxycoumarin

and (E)-1-methyl-4-(2-nitrovinyl)benzene at room temperature
in the presence of sodium methoxide to determine whether the
direct use of sodium methoxide would enhance the efficiency of
the reaction (Scheme 8). Only the Michael adduct was detected
in the reaction mixture, and no expected product was produced
in 48 h. However, the desired product was formed on heating,
but the yield was low. Although, this experiment did not result
in an increase in the yield of the desired product, it explains the

role of temperature and base in a more comprehensive manner.
The former is required to excite the methoxide ion to
participate in a nucleophilic attack at the carbonyl carbon of
the Michael adduct, and the latter mediates the formation of a
Michael adduct by the abstraction of an alcoholic proton of the
4-hydroxycoumarins as well generating a methoxide ion in situ.

■ CONCLUSIONS
In conclusion, we demonstrate, here, a simple and cost-effective
method for the synthesis of a wide variety of 4-oxo-2-aryl-4H-
chromene-3-carboxylate derivatives. The method, which
permits the synthesis of many new 4-oxo-2-aryl-4H-chro-
mene-3-carboxylate derivatives, overcomes many of the
previous limitations and provides a route to producing these
moieties for use in the fields of medicinal and synthetic
chemistry. The reaction occurs through the in situ generation of
a Michael adduct, followed by the C−O bond cleavage of the
coumarin moiety of the Michael adduct via participation by the
alcoholic medium. The most plausible pathway for the

Scheme 6. Reactions in the Presence and Absence of
Nitromethane

Table 4. Multicomponent Protocol for the Synthesis of
Flavone Derivatives

aYields refer to isolated and purified compounds. bThe reaction was
performed on a 2 mmol scale.
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conversion was explored by examining a wide variety of
reaction conditions.

■ EXPERIMENTAL SECTION
General Information. All chemicals were purchased from various

sources and were used directly without further purification. Analytical
thin-layer chromatography was performed using silica gel 60F glass
plates, and silica gel 60 (230−400 mesh) was used in flash
chromatographic separations. NMR spectra were recorded in CDCl3
with tetramethylsilane and Chloroform as the internal standards for 1H
NMR (400 MHz) and CDCl3 solvent as the internal standard for 13C
NMR (100 MHz). Coupling constants were expressed in hertz. HRMS
spectra were recorded using FAB-TOF, ESI, or EI+ mode. Melting
points were recorded using an electrothermal capillary melting point
apparatus and are uncorrected.
General Procedure for Preparation of 4-Oxo-2-aryl-4H-

chromene-3-carboxylate Derivatives (Tables 2 and 3). To a
stirred solution of 4-hydroxycoumarin (0.32 g, 2 mmol) and (E)-1-
methyl-4-(2-nitrovinyl)benzene (0.65 g, 4 mmol) in alcohol (6 mL)
was added triethylamine (1.10 mL, 4 equiv). The reaction mixture was
heated at 70−80 °C, and the progress of the reaction was monitored
by TLC. After completion of the reaction, the solvent was evaporated
in vacuum. The resulting residue was further purified by flash column
chromatography (ethyl acetate/hexane) on silica gel.
General Procedure for the One-Pot Preparation of 4-Oxo-2-

aryl-4H-chromene-3-carboxylate Derivatives via a Three
Component Reaction (Table 4). To a stirred solution of 4-
hydroxycoumarin (0.32 g, 2 mmol), benzaldehyde (0.42 g, 4 mmol),
and nitromethane (0.42 mL, 8 mmol) in alcohol (6 mL) was added
triethylamine (1.10 mL, 4 equiv). The reaction mixture was heated at
70 °C, and the progress of the reaction was monitored by TLC. After
completion of the reaction, the solvent was evaporated in vacuum. The
resulting residue was further purified by flash column chromatography
(ethyl acetate/hexane) on silica gel.
Procedure for Preparation of 3,3′-(Phenylmethylene)bis(4-

hydroxy-2H-chromen- 2-one) (Scheme 6). To a stirred solution of
4-hydroxycoumarin (0.32 g, 2 mmol) and benzaldehyde (0.42 g, 4
mmol) in alcohol (6 mL) was added triethylamine (1.10 mL, 4 equiv).
The reaction mixture was heated at 70 °C, and the progress of the
reaction was monitored by TLC. After the completion of the reaction,
the solvent was evaporated in vacuum. The resulting residue was
further purified by flash column chromatography (ethyl acetate/
hexane) on silica gel.

■ SPECTRAL DATA
Methyl 4-Oxo-2-phenyl-4H-chromene-3-carboxylate (1a).

Compound 1a was eluted with 15% EtOAc/Hex as an off-white
solid (407 mg, 72%); m.p.: 100−102 °C; FT-IR (KBr) ν/cm−1 1736,
1643, 1569, 1466, 1384, 1092, 760; 1H NMR (400 MHz, CDCl3) δ

(ppm) 8.27 (d, J = 8.0 Hz, 1H), 7.76−7.70 (m, 3H), 7.57−7.50 (m,
4H), 7.45 (t, J = 7.6 Hz, 1H), 3.80 (s, 3H) ; 13C NMR (100 MHz,
CDCl3) δ 175.2, 165.8, 163.3, 156.0, 134.5, 132.2, 131.9, 129, 128.2,
126.4, 125.9, 123.4, 118.3, 118.3, 52.9; LRMS (FAB) (m/z) (relative
intensity) 281 (M+ + 1, 88), 273 (9); HRMS (FAB) calcd for
C17H13O4 (M + H)+: 281.0814, found 281.0810.

Methyl 4-Oxo-2-p-tolyl-4H-chromene-3-carboxylate (2a).
Compound 2a was eluted with 15% EtOAc/Hex as a brown solid
(402 mg, 68%); mp: 126−128 °C; FT-IR (KBr) ν/cm−1 1737, 1644,
1619, 1564, 1466, 1383, 1091, 762; 1H NMR (400 MHz, CDCl3) δ
(ppm) 8.24 (dd, J = 8.0, 1.5 Hz, 1H), 7.72−7.68 (m, 1H), 7.63 (d, J =
8.2 Hz, 2H), 7.51 (d, J = 8.3 Hz, 1H), 7.45−7.41 (m, 1H), 7.30 (d, J =
8.0 Hz, 2H), 3.81 (s, 3H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3)
δ 175.2, 166.0, 163.4, 156.0, 142.6, 134.4, 129.8, 129.3, 128.1, 126.3,
125.8, 123.3, 118.2, 117.9, 52.9, 21.8; LRMS (EI) (m/z) (relative
intensity) 294 (M+, 100), 279 (30), 276 (20); HRMS (EI) calcd for
C18H14O4 (M

+): 294.0892, found 294.0893.
Methyl 2-(4-Methoxyphenyl)-4-oxo-4H-chromene-3-carbox-

ylate (3a). Compound 3a was eluted with 15% EtOAc/Hex as a
brown solid (411 mg, 66%); mp: 103−105 °C; FT-IR (KBr) ν/cm−1

1735, 1638, 1606, 1560, 1466, 1382, 1091, 760; 1H NMR (400 MHz,
CDCl3) δ (ppm) 8.23 (dd, J = 7.9, 1.6 Hz, 1H), 7.71−7.66 (m, 3H),
7.50 (d, J = 8.4 Hz, 1H), 7.43−7.39 (m, 1H), 7.01−6.97 (m, 2H), 3.87
(s, 3H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.2, 166.2,
163.0, 162.5, 155.9, 134.3, 130.0, 126.2, 125.7, 124.2, 123.2, 118.1,
117.3, 114.5, 55.7, 52.9; LRMS (FAB) (m/z) (relative intensity) 311
(M+ + 1, 100), 289 (28), 279 (75), 273 (6); HRMS (FAB) calcd for
C18H15O5 (M + H)+: 311.0919, found 311.0919.

Methyl 2-(3-Methoxy-4-methylphenyl)-4-oxo-4H-chromene-
3-carboxylate (4a). Compound 4a was eluted with 20% EtOAc/Hex
as a brown solid (415 mg, 64%); mp: 106−108 °C; FT-IR (KBr) ν/
cm−1 1733, 1638, 1517, 1466, 1379, 1091, 760; 1H NMR (400 MHz,
CDCl3) δ (ppm) 8.25 (dd, J = 7.9, 1.6 Hz, 1H), 7.73−7.69 (m, 1H),
7.53 (d, J = 8.4 Hz, 1H), 7.46−7.42 (m, 1H), 7.38 (dd, J = 8.4, 2.2 Hz,
1H), 7.27 (d, J = 2.1 Hz, 1H), 6.96 (d, J = 8.5 Hz, 1H), 3.96 (s, 3H),
3.94 (s, 3H), 3.83 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.2,
166.3, 162.9, 156.0, 152.2, 149.3, 134.4, 126.3, 125.8, 124.4, 123.3,
122.0, 118.2, 117.6, 111.2, 111.0, 56.3, 56.3, 53.0; LRMS (FAB) (m/z)
(relative intensity) 324 (M+, 13), 309 (100), 307 (20), 289 (12), 281
(6), 279 (5); HRMS (FAB) calcd for C19H16O5 (M+): 324.0998,
found 324.0994.

Methyl 2-(4-Ethyl-2,5-dimethoxyphenyl)-4-oxo-4H-chro-
mene-3-carboxylate (5a). Compound 5a was eluted with 20%
EtOAc/Hex as an off-white solid (463 mg, 63%); mp: 156−158 °C;
FT-IR (KBr) ν/cm−1 1739, 1647, 1506, 1466, 1376, 1086, 760; 1H
NMR (400 MHz, CDCl3) δ (ppm) 8.26 (dd, J = 8.0, 1.6 Hz, 1H),
7.70−7.65 (m, 1H), 7.48−7.40 (m, 2H), 7.01 (s, 1H), 6.81 (s, 1H),
3.83 (s, 3H), 3.78 (s, 3H), 3.75 (s, 3H), 2.69 (q, J = 7.5 Hz, 2H), 1.23
(t, J = 7.5 Hz, 3H) ; 13C NMR (100 MHz, CDCl3) δ 174.9, 165.5,
163.4, 156.2, 151.5, 151.3, 138.2, 134.2, 126.4, 125.7, 123.8, 119.3,

Scheme 7. Role of Base in the Formation of Flavone Derivatives from a Michael Adduct

Scheme 8. Reaction in the Presence of Methoxide Ion
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118.9, 118.2, 113.1, 111.9, 77.5, 77.2, 76.9, 24.0, 14.1; LRMS (FAB)
(m/z) (relative intensity) 369 (M+ + 1, 100), 368 (M+, 67), 337 (87),
322 (7), 307 (10); HRMS (FAB) calcd for C21H21O6 (M+H)+:
369.1338, found 369.1335.
Methyl 2-(4-(Diethylamino)phenyl)-4-oxo-4H-chromene-3-

carboxylate (6a). Compound 6a was eluted with 20% EtOAc/Hex
as a green solid (466 mg, 66%); mp: 147−149 °C; FT-IR (KBr) ν/
cm−1 1735, 1654, 1601, 1560, 1474, 1376, 1086; 1H NMR (400 MHz,
CDCl3) δ (ppm) 8.22 (d, J = 7.9 Hz, 1H), 7.67−7.61 (m, 3H), 7.48
(d, J = 8.4 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H), 6.68 (d, J = 9.1 Hz, 2H),
3.87 (s, 3H), 3.42 (q, J = 7.0 Hz, 4H), 1.21 (t, J = 7.0 Hz, 6H); 13C
NMR (100 MHz, CDCl3) δ 175.1, 166.9, 163.4, 155.7, 150.3, 133.7,
129.8, 126.0, 125.1, 123.2, 117.8, 117.2, 115.0, 110.9, 52.7, 44.5, 12.5;
LRMS (FAB) (m/z) (relative intensity) 352 (M+ + 1, 100), 351 (M+,
82), 320 (66), 307 (45); HRMS (FAB) calcd for C21H22O4N (M +
H)+: 352.1549, found 352.1552.
Methyl 2-(Benzo[d][1,3]dioxol-5-yl)-4-oxo-4H-chromene-3-

carboxylate (7a). Compound 7a was eluted with 15% EtOAc/Hex
as a red solid (406 mg, 62%); mp: 161−163 °C; FT-IR (KBr) ν/cm−1

1730, 1641, 1448, 1383, 1082, 760; 1H NMR (400 MHz, CDCl3) δ
(ppm) 8.22 (dd, J = 8.0, 1.5 Hz, 1H), 7.71−7.67 (m, 1H), 7.49 (d, J =
8.2 Hz, 1H), 7.43−7.39 (m, 1H), 7.27 (dd, J = 8.2, 1.8 Hz, 1H), 7.19
(d, J = 1.7 Hz, 1H), 6.89 (d, J = 8.2 Hz, 1H), 6.06 (s, 2H), 3.82 (s,
3H); 13C NMR (100 MHz, CDCl3) δ 175.1, 166.0, 162.6, 155.9,
150.8, 148.4, 134.4, 126.2, 125.8, 125.7, 123.5, 123.2, 118.1, 117.6,
108.8, 108.2, 102.2, 53.0; LRMS (FAB) (m/z) (relative intensity) 325
(M+ + 1, 100), 324 (M+, 37), 293 (70), 289 (12); HRMS (FAB) calcd
for C18H13O6 (M + H)+: 325.0712, found 325.0719.
Methyl 2-(4-Fluorophenyl)-4-oxo-4H-chromene-3-carboxy-

late (8a). Compound 8a was eluted with 20% EtOAc/Hex as a
brown solid (320 mg, 53%); mp: 111−113 °C; FT-IR (KBr) ν/cm−1

1737, 1647, 1621, 1605, 1570, 1466, 1383, 1092, 761; 1H NMR (400
MHz, CDCl3) δ (ppm) 8.25 (dd, J = 7.9, 1.5 Hz, 1H), 7.77−7.69 (m,
3H), 7.51 (d, J = 8.3 Hz, 1H), 7.46−7.42 (m, 1H), 7.22−7.17 (m,
2H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.0, 164.8 (J =
252.0 Hz), 165.7, 162.2, 156.0, 134.6, 130.5 (J = 9.0 Hz), 128.3 (J =
4.0 Hz), 126.3, 126.0, 123.3, 118.3, 118.2, 116.3 (J = 22.0 Hz), 53.0 ;
LRMS (FAB) (m/z) (relative intensity) 299 (M+ + 1, 100), 273 (4);
HRMS (FAB) calcd for C17H12O4F (M + H)+: 299.0720, found
299.072.
Methyl 2-(4-Chlorophenyl)-4-oxo-4H-chromene-3-carboxy-

late (9a). Compound 9a was eluted with 15% EtOAc/Hex as a
white solid (320 mg, 51%); mp: 134−136 °C; FT-IR (KBr) ν/cm−1

1735, 1647, 1618, 1560, 1466, 1380, 1088, 759; 1H NMR (400 MHz,
CDCl3) δ (ppm) 8.25 (dd, J = 7.9, 1.4 Hz, 1H), 7.75−7.67 (m, 3H),
7.53−7.43 (m, 4H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl3) δ
175.0, 165.6, 162.0, 156.0, 138.3, 134.7, 130.6, 129.6, 129.4, 126.4,
126.0, 123.3, 118.4, 118.2, 53.1; LRMS (FAB) (m/z) (relative
intensity) 315 (M+ + 1, 100), 307 (26), 285 (19), 283 (55); HRMS
(FAB) calcd for C17H12O4 Cl (M + H)+: 315.0424, found 315.0423.
Methyl 2-(3-Nitrophenyl)-4-oxo-4H-chromene-3-carboxy-

late (10a). Compound 10a was eluted with 20% EtOAc/Hex as a
yellow solid (140 mg, 21%); mp: 170−172 °C; FT-IR (KBr) ν/cm−1

1735, 1648, 1534, 1466, 1380, 1094, 761; 1H NMR (400 MHz,
CDCl3) δ (ppm) 8.64−8.63 (m, 1H), 8.42−8.39 (m, 1H), 8.26 (dd, J
= 7.9, 1.3 Hz, 1H), 8.06 (d, J = 7.4 Hz, 1H), 7.78−7.70 (m, 2H), 7.56
(d, J = 8.4 Hz, 1H), 7.48 (t, J = 7.6 Hz, 1H), 3.85 (s, 3H); 13C NMR
(100 MHz, CDCl3) δ 174.8, 165.2, 160.3, 155.9, 148.6, 135.0, 133.9,
133.7, 130.3, 126.4, 126.4, 126.3, 123.4, 123.3, 119.2, 118.3, 53.3;
LRMS (FAB) (m/z) (relative intensity) 326 (M+ + 1, 100), 310 (8),
294 (46), 289 (17), 278 (6); HRMS (FAB) calcd for C17H12O6N (M
+H)+: 326.0665, found 326.0664.
Methyl 2-(2-Methoxyphenyl)-4-oxo-4H-chromene-3-carbox-

ylate (11a). Compound 11a was eluted with 15% EtOAc/Hex as a
brown solid (498 mg, 80%); mp: 130−132 °C; FT-IR (KBr) ν/cm−1

1740, 1647,1618, 1466, 1382, 1088, 759; 1H NMR (400 MHz, CDCl3)
δ (ppm) 8.26 (dd, J = 8.0, 1.5 Hz, 1H), 7.70−7.66 (m, 1H), 7.54−7.40
(m, 4H), 7.09−7.05 (m, 1H), 6.98 (d, J = 8.4 Hz, 1H), 3.82 (s, 3H),
3.71 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 174.9, 165.2, 163.6,
157.1, 156.2, 134.2, 132.9, 130.2, 126.4, 125.7, 123.8, 121.8, 120.8,

119.4, 118.3, 111.4, 55.7, 52.3; LRMS (FAB) (m/z) (relative intensity)
311 (M+ + 1, 95), 307 (12), 280 (19), 279 (100); HRMS (FAB) calcd
for C18H15O5 (M + H)+: 311.0919, found 311.0923.

Methyl 2-(2-Bromophenyl)-4-oxo-4H-chromene-3-carboxy-
late (12a). Compound 12a was eluted with 15% EtOAc/Hex as a
white solid (614 mg, 85%); mp: 103−105 °C; FT-IR (KBr) ν/cm−1

1736, 1648, 1462, 1384, 1096, 760; 1H NMR (400 MHz, CDCl3) δ
(ppm) 8.29−8.28 (m, 1H), 7.74−7.70 (m, 2H), 7.49−7.37 (m, 5H),
3.65 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 174.7, 164.4, 164.4,
156.0, 134.7, 133.6, 133.4, 132.3, 130.6, 127.5, 126.4, 126.1, 123.8,
122.3, 119.6, 118.4, 52.7; LRMS (FAB) (m/z) (relative intensity) 359
(M+ + 1, 100), 327 (46), 307 (58); HRMS (FAB) calcd for
C17H12O4Br (M + H)+: 358.9919, found 358.9926.

Methyl 2-(Naphthalen-1-yl)-4-oxo-4H-chromene-3-carboxy-
late (13a). Compound 13a was eluted with 20% EtOAc/Hex as a
yellow solid (537 mg, 81%); mp: 184−186 °C; FT-IR (KBr) ν/cm−1

1736, 1648, 1458; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.34 (dd, J =
8.0, 1.6 Hz, 1H), 8.02 (d, J = 8.3 Hz, 1H), 7.95−7.93 (m, 1H), 7.88−
7.85 (m, 1H), 7.75−7.68 (m, 2H), 7.57−7.46 (m, 5H), 3.53 (s, 3H);
13C NMR (100 MHz, CDCl3) δ 174.7, 164.9, 164.8, 156.0, 134.5,
133.5, 131.6, 130.6, 129.6, 128.6, 127.8, 127.5, 126.7, 126.3, 125.9,
124.8, 124.8, 123.6, 120.7, 118.2, 52.5; LRMS (FAB) (m/z) (relative
intensity) 331 (M+ + 1, 100), 307 (16), 300 (18); HRMS (FAB) calcd
for C21H15O4 (M + H)+: 331.0970, found 331.0976.

Methyl 4-Oxo-2-(thiophen-2-yl)-4H-chromene-3-carboxy-
late (14a). Compound 14a was eluted with 15% EtOAc/Hex as a
brown solid (157 mg, 27%); mp: 99−101 °C; FT-IR (KBr) ν/cm−1

1735, 1637,1569, 1466, 1387, 1091, 759; 1H NMR (400 MHz, CDCl3)
δ (ppm) 8.21 (dd, J = 7.6, 1.6 Hz, 1H), 7.72−7.68 (m, 1H), 7.66−7.65
(m, 2H), 7.51 (d, J = 8.4 Hz, 1H), 7.44−7.40 (m, 1H), 7.18−7.16 (m,
1H), 3.96 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.1, 165.8,
156.3, 155.7, 134.6, 133.4, 131.8, 131.0, 128.6, 126.2, 125.9, 123.2,
118.1, 116.0, 53.3; LRMS (FAB) (m/z) (relative intensity) 287 (M+ +
1, 100), 271 (9); HRMS (FAB) calcd for C15H11O4S (M + H)+:
287.0378, found 287.0382.

Methyl 5-Chloro-4-oxo-2-p-tolyl-4H-chromene-3-carboxy-
late (1b). Compound 1b was eluted with 20% EtOAc/Hex as a
yellow solid (313 mg, 48%); mp: 160−162 °C; FT-IR (KBr) ν/cm−1

1738, 1644, 1557, 1436, 1368, 1090; 1H NMR (400 MHz, CDCl3) δ
(ppm) 8.20 (d, J = 2.3 Hz, 1H), 7.76−7.61 (m, 3H), 7.48 (d, J = 8.8
Hz, 1H), 7.31 (d, J = 8.0 Hz, 2H), 3.81 (s, 3H), 2.44 (s, 3H); 13C
NMR (100 MHz, CDCl3) δ 174.0, 165.7, 163.7, 154.3, 142.9, 134.7,
131.8, 129.8, 128.9, 128.1, 125.6, 124.3, 120.0, 117.8, 53.0, 21.8; LRMS
(FAB) (m/z) (relative intensity) 329 (M+ + 1, 100), 307 (27); HRMS
(FAB) calcd for C18H14O4Cl (M + H)+: 329.0581, found 329.0581.

Methyl 5-Methyl-4-oxo-2-p-tolyl-4H-chromene-3-carboxy-
late (1c). Compound 1c was eluted with 20% EtOAc/Hex as a
pink solid (401 mg, 65%); mp: 129−131 °C; FT-IR (KBr) ν/cm−1

1738, 1645, 1486, 1368, 1091; 1H NMR (400 MHz, CDCl3) δ (ppm)
8.02 (d, J = 0.9 Hz, 1H), 7.62 (d, J = 8.2 Hz, 2H), 7.50 (dd, J = 8.5, 2.1
Hz, 1H), 7.40 (d, J = 8.5 Hz, 1H), 7.29 (d, J = 8.1 Hz, 2H), 3.8 (s,
3H), 2.46 (s, 3H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) δ
175.3, 166.2, 163.3, 154.3, 142.4, 135.9, 135.7, 129.7, 129.4, 128.1,
125.6, 123.0, 118.0, 117.7, 52.9, 21.7, 21.2; LRMS (EI) (m/z) (relative
intensity) 308 (M+, 74), 293 (15), 277 (100); HRMS (EI) calcd for
C19H16O4 (M

+): 308.1049, found 308.1050.
Methyl 6-Nitro-4-oxo-2-(p-tolyl)-4H-chromene-3-carboxy-

late (1d). Compound 1d was eluted with 15% EtOAc/Hex as an
off-white solid (178 mg, 26%); mp: 158−160 °C; FT-IR (KBr) ν/
cm−1 1737, 1650, 1623, 1533, 1499, 1344, 1090; 1H NMR (400 MHz,
CDCl3) δ (ppm) 9.10 (d, J = 2.5 Hz, 1H), 8.55−8.52 (m, 1H), 7.68
(d, J = 9.2 Hz, 1H), 7.64 (d, J = 7.8 Hz, 2H), 7.33 (d, J = 7.9 Hz, 2H),
3.82 (s, 3H), 2.45 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 173.7,
165.0, 164.0, 158.7, 145.3, 143.5, 130.0, 128.8, 128.3, 128.2, 123.5,
123.0, 120.1, 118.2, 53.2, 21.8; LRMS (ESI) (m/z) (relative intensity)
341 (M+ + 1, 100), 295 (23); HRMS (ESI) calcd for C18H14NO6 (M +
H)+: 340.0821, found 340.0814.

Methyl 6-(Dimethylamino)-4-oxo-2-(p-tolyl)-4H-chromene-
3-carboxylate (1e). Compound 1e was eluted with 15% EtOAc/
Hex as a yellow solid (567 mg, 84%); mp: 187−189 °C; FT-IR (KBr)
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ν/cm−1 1730, 1612, 1502, 1435, 1373, 1233, 1185, 1093, 901; 1H
NMR (400 MHz, CDCl3) δ (ppm) 7.61 (d, J = 8.0 Hz, 2H), 7.40 (d, J
= 9.1 Hz, 1H), 7.34 (d, J = 3.0 Hz, 1H), 7.28 (d, J = 8.0 Hz, 2H), 7.13
(dd, J = 9.2, 3.1 Hz, 1H), 3.79 (s, 3H), 3.03 (s, 6H), 2.42 (s, 3H); 13C
NMR (100 MHz, CDCl3) δ 175.4, 166.6, 162.7, 148.6, 148.6, 142.0,
129.8, 129.6, 128.0, 123.9, 120.1, 118.8, 116.9, 105.4, 52.8, 40.9, 21.7;
LRMS (ESI) (m/z) (relative intensity) 338 (M+ + 1, 100); HRMS
(ESI) calcd for C20H20NO4 (M + H)+: 338.1392, found 338.1385.
Ethyl 4-Oxo-2-p-tolyl-4H-chromene-3-carboxylate (1f). Com-

pound 1f was eluted with 15% EtOAc/Hex as a white solid (210 mg,
34%); mp: 106−108 °C; FT-IR (KBr) ν/cm−1 1733, 1645, 1465,
1380, 1088; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.25 (dd, J = 8.0,
1.5 Hz, 1H), 7.72−7.64 (m, 3H), 7.50 (d, J = 8.3 Hz, 1H), 7.44−7.40
(m, 1H), 7.29 (d, J = 8.0 Hz, 2H), 4.29 (q, J = 7.2 Hz, 2H), 2.43 (s,
3H), 1.20 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 175.2,
165.4, 163.2, 156.0, 142.4, 134.3, 129.6, 129.7, 128.2, 126.2, 125.7,
123.3, 118.2, 118.1, 62.0, 21.7, 14.0; LRMS (FAB) (m/z) (relative
intensity) 309 (M+ + 1, 100), 308 (M+, 6), 279 (4); HRMS (FAB)
calcd for C19H17O4 (M + H)+: 309.1127, found 309.1122.
Propyl 4-Oxo-2-p-tolyl-4H-chromene-3-carboxylate (1g).

Compound 1g was eluted with 15% EtOAc/Hex as a brown gummy
solid (221 mg, 34%); FT-IR (KBr) ν/cm−1 1732, 1645, 1619, 1465,
1379, 1088, 759; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.25 (dd, J =
8.0, 1.6 Hz, 1H), 7.72−7.64 (m, 3H), 7.51 (d, J = 8.4 Hz, 1H), 7.45−
7.41 (m, 1H), 7.29 (d, J = 8.0 Hz, 2H), 4.17 (t, J = 6.6 Hz, 2H), 2.43
(s, 3H), 1.63−1.55 (m, 2H), 0.79 (t, J = 7.4 Hz, 3H); 13C NMR (100
MHz, CDCl3) δ 175.2, 165.6, 163.3, 156.0, 142.4, 134.4, 129.7, 129.4,
128.2, 126.3, 125.8, 123.4, 118.3, 118.2, 67.7, 21.9, 21.7, 10.4; LRMS
(FAB) (m/z) (relative intensity) 323 (M+ + 1, 100), 322 (M+, 6), 279
(5); HRMS (FAB) calcd for C20H19O4 (M + H)+: 323.1283, found
323.1281.
Benzyl 4-Oxo-2-p-tolyl-4H-chromene-3-carboxylate (1h).

Compound 1h was eluted with 4% EtOAc/Hex as a white solid
(506 mg, 68%); mp: 158−160 °C; FT-IR (KBr) ν/cm−1 1731, 1645,
1386, 1089; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.26 (dd, J = 7.9,
1.4 Hz, 1H), 7.72−7.67 (m, 1H), 7.56−7.49 (m, 3H), 7.43 (t, J = 7.6
Hz, 1H), 7.29−7.27 (m, 3H), 7.20−7.14 (m, 4H), 5.25 (s, 2H), 2.40
(s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.1, 165.2, 163.8, 156.0,
142.4, 135.3, 134.4, 129.6, 129.2, 128.9, 128.6, 128.4, 128.2, 126.3,
125.8, 123.4, 118.2, 117.9, 67.7, 21.7; LRMS (FAB) (m/z) (relative
intensity) 371 (M+ + 1, 100), 370 (M+, 4), 307 (7); HRMS (FAB)
calcd for C24H19O4 (M + H)+: 371.1283, found 371.1285.
Allyl 4-Oxo-2-p-tolyl-4H-chromene-3-carboxylate (1i). Com-

pound 1i was eluted with 20% EtOAc/Hex as a brown gummy solid
(370 mg, 58%); FT-IR (KBr) ν/cm−1 1732, 1644, 1620, 1464, 1385,
1088, 760; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.25 (dd, J = 8.0,
1.6 Hz, 1H), 7.73−7.66 (m, 1H), 7.64 (d, J = 6.5 Hz, 2H), 7.52 (d, J =
8.1 Hz, 1H), 7.46−7.42 (m, 1H), 7.29 (d, J = 8.0 Hz, 2H), 5.87−5.79
(m, 1H), 5.30−5.18 (m, 2H), 4.73−4.71 (m, 2H), 2.37 (s, 3H); 13C
NMR (100 MHz, CDCl3) δ 175.2, 165.2, 163.5, 156.0, 142.5, 134.4,
131.6, 129.7, 129.3, 128.3, 126.3, 125.8, 123.4, 119.2, 118.2, 118.0,
66.6, 21.8; LRMS (FAB) (m/z) (relative intensity) 321 (M+ + 1, 100),
320 (M+, 3), 279 (8); HRMS (FAB) calcd for C20H17O4 (M + H)+:
321.1127, found 321.1125.
2-Hydroxyethyl 4-Oxo-2-p-tolyl-4H-chromene-3-carboxy-

late (1j). Compound 1j was eluted with 15% EtOAc/Hex as a
brown solid (210 mg, 32%); mp: 119−121 °C; FT-IR (KBr) ν/cm−1

1731, 1621, 1466, 1388, 1091, 761; 1H NMR (400 MHz, CDCl3) δ
(ppm) 8.25 (dd, J = 8.0, 1.5 Hz, 1H), 7.75−7.71 (m, 1H), 7.67 (d, J =
8.2 Hz, 2H), 7.54 (d, J = 8.4 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H), 7.32 (d,
J = 8.0 Hz, 2H), 4.48 (t, J = 4.5 Hz, 2H), 3.84 (m, 2H), 3.59 (t, J = 6.3
Hz, 1H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 174.9, 165.5,
164.3, 156.1, 142.9, 134.7, 129.9, 128.9, 128.4, 126.3, 126.0, 123.2,
118.3, 117.6, 67.7, 60.7, 21.8; LRMS (FAB) (m/z) (relative intensity)
325 (M+ + 1, 100), 289 (43), 273 (8); HRMS (FAB) calcd for
C19H17O5 (M + H)+: 325.1076, found 325.1076.
(Thiophen-2-yl)methyl 4-Oxo-2-p-tolyl-4H-chromene-3-car-

boxylate (1k). Compound 1k was eluted with 15% EtOAc/Hex as a
brown solid (179 mg, 24%); mp: 136−138 °C; FT-IR (KBr) ν/cm−1

1730, 1642, 1386, 1082; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.25

(dd, J = 8.0, 1.5 Hz, 1H), 7.71−7.67 (m, 1H), 7.52−7.48 (m, 3H),
7.43 (t, J = 7.6 Hz, 1H), 7.30 (dd, J = 5.0, 0.7 Hz, 1H), 7.14 (d, J = 8.0
Hz, 2H), 7.04 (d, J = 3.3 Hz, 1H), 6.96 (dd, J = 5.0, 3.4 Hz, 1H), 5.41
(s, 2H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.1, 165.0,
163.9, 156.0, 142.4, 137.0, 134.4, 129.6, 129.2, 129.0, 128.1, 127.3,
127.0, 126.3, 125.8, 123.4, 118.2, 117.6, 61.6, 21.8; LRMS (FAB) (m/
z) (relative intensity) 377 (M+ + 1, 100), 376 (M+, 4); HRMS (FAB)
calcd for C22H17O4S (M + H)+: 377.0848, found 377.0840.

(Furan-2-yl)methyl 4-Oxo-2-p-tolyl-4H-chromene-3-carbox-
ylate (1l). Compound 1l was eluted with 15% EtOAc/Hex as an off-
white solid (211 mg, 29%); mp: 148−150 °C; FT-IR (KBr) ν/cm−1

1731, 1643, 1385, 1085; 1H NMR (400 MHz, CDCl3) δ (ppm) 8.24
(dd, J = 8.0, 1.4 Hz, 1H), 7.71−7.67 (m, 1H), 7.54−7.48 (m, 3H),
7.43 (t, J = 7.6 Hz, 1H), 7.36 (d, J = 0.7 Hz, 1H), 7.18 (d, J = 8.0 Hz,
2H), 6.39 (d, J = 3.2 Hz, 1H), 6.35−6.34 (m, 1H), 5.24 (s, 2H), 2.41
(s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.1, 165.0, 163.7, 156.0,
149.0, 143.4, 142.3, 134.4, 129.6, 129.0, 128.1, 126.3, 125.8, 123.3,
118.2, 117.6, 111.5, 110.7, 59.2, 21.8; LRMS (FAB) (m/z) (relative
intensity) 361 (M+ + 1, 100), 360 (M+, 5), 307 (3); HRMS (FAB)
calcd for C22H17O5 (M + H)+: 361.1076, found 361.1074.
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