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Synthesis of functionalized 2-salicyloylfurans,
furo[3,2-b]chromen-9-ones and 2-benzoyl-
8H-thieno[2,3-b]indoles by one-pot cyclizations
of 3-halochromones with β-ketoamides and
1,3-dihydroindole-2-thiones†

Iryna Savych,a Tim Gläsel,a Alexander Villinger,a Vyacheslav Ya. Sosnovskikh,b

Viktor O. Iaroshenko*a,c,d and Peter Langer*a,e

Functionalized 2-salicyloylfurans and 2-benzoyl-8H-thieno[2,3-b]indoles were prepared under mild

conditions by reaction of 3-halochromones with β-ketoamides and 1,3-dihydroindole-2-thiones,

correspondently. The subsequent oxidative cyclization of the products resulted in formation of the

corresponding furo[3,2-b]chromen-9-ones. These molecules could also be directly prepared from

3-halochromones using a one-pot protocol. The cyclization reactions reported herein are mechanistically

surprising as they proceed via the oxygen and not via the (more nucleophilic) nitrogen atom of the

β-ketoamide.

Introduction

An important method for the development of new pharmaco-
logically relevant scaffolds in drug discovery is based on the
diversity oriented synthesis of heterocycles related to natural
products.1,2 A great number of molecules containing the furan
and thiophene ring display a wide range of biological activity
and find applications as pharmaceuticals.3,4 Furan derivatives
are present in a variety of natural and synthetic molecules
which exhibit important biological activities.5–8 Structures of
some important bioactive benzofuranes, 2-benzoylfuranes and
furochromones are depicted in Scheme 1. For example, befu-
nolol exhibits antiglaucoma activity,4 the 2-benzoylfuran benz-
iodarone has been reported to possess vasodilation activity.9

Benzbromarone is a uricosuric agent and non-competitive
inhibitor of xanthine oxidase used in the treatment of gout.10

Amiodarone is an antiarrhythmic agent used for various types

of cardiac dysarhythmias. All these compounds are clinically
used nowadays. Phytoestrogen Lupinalbin A, a furochromone,
represents a selective estrogen receptor modulator.11 Brousso-
fluorenones A, B show potent α-glucosidase and anticholines-
terase inhibition.12,13

The indole ring system is one of the most important privi-
leged scaffold in medicinal chemistry.4 Heterocycle-fused thio-
phene systems,14–16 such as thienoindoles, have attracted a
considerable attention, due to their presence in natural pro-
ducts, such as thienodolin,17,18 in phytoalexines, such as
brassilexin19–23 and sinalexin,19,24 and also in synthetic mole-
cules, which exhibit antifungal activity,17,21 anticancer
activity.25,26 In addition, they act in the nervous system and are
used in the treatment of epilepsy and different neurological
diseases, as senile dementia, Parkinson’s disease, pain and
others27 (Scheme 2). On the other hand, thienoindoles are also
used in organic electronics as novel electroluminescence
materials for designing light-emitting devices28,29 and as novel
conducting polymers.30,31 A number of approaches reported
in the literature for the synthesis of thieno[2,3-b]indole
derivatives,32–37 including Pd-catalysed methods of synthesis.38–40

However, most of these methods suffer from some drawbacks
and are limited in scope and generality. Therefore more flex-
ible and efficient general methods for the preparation of
thieno[2,3-b]indole derivatives are still desirable.

Chromones are an important class of oxygenated hetero-
cyclic compounds which represent important building blocks
in organic chemistry. In addition, they are very attractive
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targets in their own right because of their biological activities
and occurrence in natural products.41,42 3-Halochromones,
containing an α,β-unsaturated carbonyl moiety and a halide as
a potential leaving group,43 and are highly functionalized
molecules which have been used for the synthesis of various
heterocycles.44–47 Reactions of 3-substituted chromones
usually proceed by initial 1,4-addition.48–54 Reported trans-
formations of 3-halochromones include the synthesis of 3-sub-
stituted chromones,43,47,55,56 2,3-methanochromanones,56

2-substituted chromones,57 and benzofuranone derivatives.47,48

In contrast to simple substitution reactions, cyclization
reactions of 3-halochromones with dinucleophiles have only
scarcely been reported to date.47 The reaction of 3-bromo-
chromone with 1,3-diketones and β-ketoesters has been previously
reported.47,58 The reaction of 3-iodochromone with mercapto-
azoles and also with 2-mercaptobenzimidazoles has already
been reported.16 In the same time, other powerful 1,3-dinu-
cleophiles, such as 1,3-dihydroindole-2-thiones, were explored
in various cyclization reactions under the action of diverse bi-
electrophiles in our59,60 and other scientific groups.61–67 The
reaction of α-halocarbonyl compounds with 1,3-dihydroindole-
2-thione derivatives is also known.34 All these facts have inspir-
ited us to study the reactions of 3-halochromones with 1,3-
dinucleophiles, which were not studied before, such as
β-ketoamides and 1,3-dihydroindole-2-thiones. Herein, we

report, to the best of our knowledge, a new and convenient
one-pot synthesis of 2-salicyloylfurans, containing a 2-amino-
furan substructure, furo[3,2-b]chromen-9-ones and 2-{8H-
thieno[2,3-b]indole-2-carbonyl}phenols by cyclization reactions
of 3-halochromones with β-ketoamides and 1,3-dihydroindole-
2-thiones, correspondently. These products, which are not
readily available by other methods, are structurally related to
clinically relevant drugs and natural products. The cyclization
reactions of 3-halochromones with β-ketoamides reported
herein are mechanistically interesting as they proceed via the
oxygen and not via the (more nucleophilic) nitrogen atom of
the β-ketoamide.

Results and discussion

Our starting point was the synthesis of a series of 3-halo-
chromones, including 3-iodochromones 1a,b, 3-bromochromones
2a–d, and 3-chlorochromones 3a–c (Table 1). The products
were prepared by transformation of 2-hydroxyacetophenones
to 3-dimethylamino-1-(2-hydroxyaryl)prop-2-en-1-ones. The
desired 3-iodo-, 3-bromo-, and 3-chlorochromones were sub-
sequently prepared by halogenation using iodine, bromine,
and iodine monochloride, respectively.47,68–75 Although all
these syntheses are known, the synthesis of 3-iodochromones

Scheme 1 Pharmacologically relevant 2-benzoylfurans and furochromones.

Scheme 2 Pharmacologically relevant thieno-fused heterocycles.
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was optimized by using iodine (2 equiv.) in the presence of
pyridine (2.1 equiv.) in chloroform. All 3-halogenated chro-
mones were purified by recrystallization (system heptane/
isopropanol) or, in the case of 2a and 2d, by silica gel
chromatography. The chromatography was necessary in order
to remove a dibrominated site-product.

The reaction of 3-bromochromone (2a) with equimolar
amounts of β-ketoamide 4a, in the presence of DBU (1.3
equiv.),76 resulted in the formation of 2-salicyloylfuran 5a in
87% yield (Scheme 3, Table 2). The reaction was carried out in
1,4-dioxane at room temperature. The formation of 5a can be
explained by 1,4-addition of the β-ketoamide at position 2 of
the 3-halochromone to give intermediate A. Subsequent attack
of the amide oxygen atom to the carbon atom attached to the
bromide atom resulted in the formation of intermediate B
which underwent cleavage of the carbon–oxygen bond to give
5a. Employment of 3-chlorochromone (3a) instead of 2a
resulted in a slight decrease of the yield of 5a (Table 3). The
use of 3-iodochromone (1a) instead of 2a resulted in a dra-
matic decrease of the yield.

The preparative scope was next studied. The cyclization of
3-halochromones 1–3 with β-ketoamides 4a–f afforded 2-salicyl-
oylfurans 5a–x in good to excellent yields (46–99%) (Table 2).
In most cases, the products could be isolated by simple fil-
tration of the precipitate or by recrystallization from the
solvent system heptane/isopropanol, or by column chromato-
graphy using silica gel. The progress of the reaction was

monitored by TLC. The influence of the leaving group of the
3-halochromone on the yield was studied in case of the synthesis
of products 5a, 5q and 5u. The reaction of β-ketoamide 4a with
3-chlorochromone (3a), 3-bromochromone (2a), and 3-iodo-
chromone (1a) revealed that the yields strongly depend on the
type of halogen atom located at position 3 of the chromone
(Table 3). It was found that 3-chlorochromone (3a) gave the
best yields of products 5q and 5u. However, for some other
products (other than 5a,q,u) the yields were slightly better in
case of employment of 3-bromochromone (2a). In addition,
the type of leaving group had an influence on the reaction
time (3–4 h for 3-chlorochromones 3, 10–12 h in case of
3-iodochromones 1 and 3-bromochromones 2). The structure
of 5e was independently confirmed by X-ray crystal structure
analysis (Fig. 1).

In general, all cyclizations proceeded regioselectively via the
amide oxygen atom of intermediate A and afforded 2-salicyloyl-
furans 5a–x. In contrast, cyclization via the amide nitrogen
atom and formation of isomeric 2-benzoylpyrrols, such as
product 5a′ (Scheme 3), was not observed. However, in some
reactions of 3-bromo and 3-chlorochromones the formation of
a small amount of by-product was observed in TLC. In case of
the synthesis of 5o, the by-product could be isolated and struc-
turally elucidated. The product turned out to be 2-benzoylfuran
6 formed by cyclization via the ketone instead of the amide
oxygen atom. The structure of 6 was independently confirmed
by X-ray crystal structure analysis (Fig. 2).

Our next goal was to transform 2-benzoylfuran 5m to furo
[3,2-b]chromen-9-one 7a (Scheme 4, Table 4). We have studied
the use of various oxidizing agents, such as iodine,45 o-chlora-
nil and DDQ.11 In addition, we investigated the employment of
various bases, including DBU and potassium carbonate, and

Table 1 3-Halochromones 1–3 used in this study (yields refer to iso-
lated yields of product in the halogenation step)

3-Halochromones

Scheme 3 Formation of 2-salicyloylfuran 5a. Reaction conditions: (i)
DBU (1.3 equiv.), 1,4-dioxane, 20 °C.
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Table 2 Synthesis of compounds 5 (yields refer to isolated products)

3-Halochromone β-Ketoamide Product
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Table 2 (Contd.)

3-Halochromone β-Ketoamide Product
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3-Halochromone β-Ketoamide Product
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of various solvents, such as dichloromethane (DCM), aceto-
nitrile (MeCN) and dimethyl formamide (DMF). The best yield
of 7a (up to 32%) was obtained using iodine (2 equiv.) and
DBU (3 equiv.) in MeCN. The rather low yield can be explained
by the instability of the product and decomposition.

The application of a one-pot protocol for the direct prepa-
ration of furo[3,2-b]chromen-9-one from 3-halochromones was
next studied. The reaction of 2a with 4a in the presence of 1.3
equiv. of DBU in 1,4-dioxane and subsequent oxidative cycliza-
tion by addition of iodine afforded product 7b in 37% yield.

Table 2 (Contd.)

3-Halochromone β-Ketoamide Product

a Besides, compound 6 was isolated in 7% yield (structure see below).
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The progress of the reaction was monitored by TLC (com-
pletion of the starting material). Interestingly, the yield was
higher than in the stepwise process and comparison of the
yields show that the main loss in yield takes place in the
second step of the reaction. With regard to the yield and oper-
ational simplicity, the one-pot process is clearly advantageous
with regard to the stepwise synthesis. Therefore, the prepara-
tive scope of our methodology was studied using the one-pot
protocol. For this purpose we used 3-bromo- and 3-chloro-
chromones as they proved to give better yields than 3-iodochro-
mones (vide supra). The reaction of 3-halochromones 2a, 2d,
3a and 3b with β-ketoamide 4a afforded furo[3,2-b]chromen-9-
ones 7a–f, albeit, in moderate or low yields. The lowest yield
was obtained for product 7d derived from chromone 2d, pre-
sumably due to steric hindrance. We have also studied the use
of metal catalysts, such as Cu(OAc)2 in the presence of
Zn(OTf)2.

77 However, no products could be isolated using these
reagents. The structure of 7e was independently confirmed by
X-ray crystal structure analysis (Fig. 3).

It is necessary to be noted, that in the case of the reaction
of 3-halochromones with methyl 2-carbamoylacetate (4e) the
unexpected spiro-compounds 8 were formed. This can be
explained by nucleophilic attack of the phenolic OH-group of
the formed 2-salicyloylfuran to the 5-position (instead of
4-position) of the activated double bond using iodine followed
by further additional oxidation at 4-position. The structure of
products 8 were confirmed by NMR-spectra and mass-spectro-
scopy. Typical signals for carbon atoms C-3, C3′, C-4′, C-7a
and for the carbonyl carbon of the carboxylate group (δ =
163–192 ppm) were observed in the low yield region of the 13C
NMR spectra, in contrast to compounds 7, where there was
only one signal observed for the carbonyl group (δ =
185–190 ppm). An X-ray crystal structure analysis of derivative
8b suggested the spirocyclic structure of compounds 8a,b,
which are also in accordance with 2D NMR experiments.
However, due to the relatively low quality of the obtained
crystal data, the X-ray structure cannot be published.

Our last goal in this investigation was to study reaction of
3-halochromones 1–3 with 1,3-dihydroindole-2-thiones 8
(Scheme 5, Table 5), which are electron rich heterocycles and a
powerful 1,3-dinucleophiles. For the carrying out the reaction
we decided to try different bases, such as DBU and potassium
carbonate, in different solvents, such as 1,4-dioxane and DMF.

Fig. 1 ORTEP plot of compound 5e shown with ellipsoids at the 50%
level.

Fig. 2 ORTEP plot of compound 6 shown with ellipsoids at the 50% level.

Table 3 Optimization of the yield by variation of the leaving group of
the 3-halochromones

Chromone β-Ketoamide X Product Yielda (%)

1a 4a I 5a 53
2a 4a Br 87
3a 4a Cl 83
1a 4e I 5q 49
2a 4e Br 79
3a 4e Cl 98
1a 4f I 5u 45
2a 4f Br 63
3a 4f Cl 81

a Isolated yields.

Scheme 4 Synthesis of compounds 7 and 8. Reaction conditions: (i) (1) DBU (1.3 equiv.), 1,4-dioxane, 20 °C; (2) I2 (2 equiv.), DBU (3 equiv.), MeCN or DMF.
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Table 4 Synthesis of products 7 and 8 (yields refer to isolated products)

Starting materials Product
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The reaction of 3-chlorochromone (3a) with equimolar amount
of 3H-indole-2-thione 8a, in the presence of DBU (1.3 equiv.)
in 1,4-dioxane (Method A), resulted in the formation of 2-{8H-
thieno[2,3-b]indole-2-carbonyl}phenol 10a in up to 57% yield
and in the presence of K2CO3 (4 equiv.) in DMF (Method B) in
up to 74% (Scheme 5, Table 5). In both methods reactions
were carried out at the room temperature. The progress of the
reaction was monitored by TLC (completion of the starting
material, the reaction times were about 3–4 hours), the pro-
ducts were isolated by column chromatography using silica
gel. In the case of reactions with DBU, which is a strong base,
we saw more side-products on the TLC and the yields of
obtained products (35–60%) were lower, than by using less
strong base as a K2CO3 (56–78%), see Table 5. The use of
3-iodochromone 1a instead of 3-chlorochromone 3a by the
method B resulted in a dramatic decrease of the yield up to

30% (Table 5). It shows, that the yields strongly depend on the
type of halogen atom located at position 3 of the chromone
(vide supra). For the further study of preparative scope we used
mainly 3-chlorochromones 3 as the most active 3-halo-
chromones.

The plausible mechanism of formation of 10a can be
explained by 1,4-addition of the 1,3-dihydroindole-2-thiones 8a
at position 2 of the 3-halochromone to give intermediate A.
Subsequent attack of the sulfur atom to the carbon attached to
the chlorine resulted in the formation of intermediate B which
underwent cleavage of the carbon-sulfur bond to give 10a
(Scheme 5). The structure of 10i was independently confirmed
by X-ray crystal structure analysis (Fig. 4). We have also tried to
carry out oxidative cyclization of obtained 2-benzoyl-8H-thieno
[2,3-b]indoles 10 using iodine, unfortunately, it was unsuccess-
ful, and we did not see any product on the TLC, only the start-
ing materials.

Conclusion

In conclusion, we have developed an efficient and convenient
method for the synthesis of functionalized 2-salicyloylfurans
and 2-benzoyl-8H-thieno[2,3-b]indoles by the reaction of
3-halochromones with β-ketoamides and 1,3-dihydroindole-
2-thiones, correspondently. The oxidative cyclization of the
obtained 2-salicyloylfurans afforded furo[3,2-b]thromen-
9-ones. These products could also be directly prepared from
3-halochromones in a one-pot reaction. The formation of the
2-salicyloylfurans proceeds by a new type of cyclization reaction
which includes an initial conjugate addition, regioselective
cyclization and cleavage of the chromone moiety. The regio-
selectivity of cyclization is surprising, since the oxygen and not
the more nucleophilic nitrogen atom is involved. The products
are of pharmacological relevance, as their core fragment
occurs in natural products and clinically used drugs.

Experimental section
General information

NMR spectra were recorded on a Brucker AV 300 instruments.
IR spectra were recorded on a Perkin Elmer FT IR 1600 spectro-
meter (ATR). Mass spectra were obtained on a Hewlett Packard
HPGC/MS 5890/5972 instrument (EI, 70 eV) by GC inlet or on a
MX-1321 instrument (EI, 70 eV) by direct inlet. Column chromato-
graphy was performed on silica gel (63–200 mesh, Merck),
silica gel Merck 60F254 plates were used for TLC. All solvents
were purified and dried by standard methods. The starting
3-iodochromones 1,73–75 3-bromochromones 2 70,71 and 3-chloro-
chromones 3 69 were prepared according to described pro-
cedures by transformation of 2-hydroxyacetophenones to
3-dimethylamino-1-(2-hydroxyaryl)prop-2-en-1-ones and then
their halogenation using iodine, bromine and iodine
monochloride, respectively.47,68 1,3-Dihydroindole-2-thiones 8

Fig. 3 ORTEP plot of compound 7e shown with ellipsoids at the 50%
level.

Scheme 5 Formation of 2-{8H-thieno[2,3-b]indole-2-carbonyl}phenol
10a. Reaction conditions: (i) K2CO3 (4 equiv.), DMF, 20 °C.
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Table 5 Synthesis of compounds 10 (yields refer to isolated products)

3-Halochromone 3H-Indole-2-thione Product
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were synthesized from corresponding commercial available
oxindoles.19

General procedure for the synthesis of compounds 5a–x

To a stirred reaction mixture of the corresponding 3-halochro-
mone (1.0 mmol) and β-ketoamide (1.1 mmol) in dioxane
(6–7 mL), DBU (1.3 mmol) was slowly added by syringe at
room temperature. Stirring was continued until the chromone
was consumed (approximately 3–4 h for 3-chlorochromones 3
and 10–12 h in case of 3-iodochromones 1 and 3-bromochro-
mones 2, TLC control). The solvent was distilled off under
reduced pressure, and the resulting residue was washed with a
diluted aqueous solution of HCl. The formed precipitate was

filtered off. In some cases, it was necessary to purify the
obtained product by washing with a mixture of isopropanol
and heptane (1 : 10) or by chromatography (silica gel, heptane–
ethyl acetate).

Procedure for the synthesis of 7a

To a solution of 2-benzoylfuran 5m (1.0 mmol) in dichloro-
methane (10 mL) was added I2 (2.0 mmol) in solid form. Sub-
sequently, DBU (3.0 mmol) was slowly added by syringe and
the mixture was stirred vigorously at room temperature. The
progress of the reaction was monitored by TLC. When the
starting 2-benzoylfuran 5m was consumed, an aqueous solu-
tion of K2S2O3 (2 mmol) and K2CO3 (2.0 mmol) was added and
the solution was extracted with CHCl3 (3 × 15 ml). The com-
bined organic layers were concentrated in vacuo and the
residue was purified by column chromatography (silica gel,
heptane–ethylacetate = 3 : 1).

General procedures for the synthesis of compounds 7b–h

To a stirred mixture of 3-halochromone 2 or 3 (1.0 mmol) and
β-ketoamide 4 (1.1 mmol) in dioxane (6–7 mL) DBU
(1.3 mmol) was added slowly by syringe at room temperature.
Stirring was continued until the chromone was completely
consumed (TLC control). Dichloromethane (10 mL), solid I2
(2.0 mmol) and DBU (3.0 mmol) were added and the mixture
was stirred vigorously for 2–3 hours at room temperature. The
progress of the reactions was monitored by TLC. An aqueous
solution of K2S2O3 (2 mmol) and K2CO3 (2.0 mmol) was added
and the solution was extracted with CHCl3 (3 × 15 ml). The

Fig. 4 ORTEP plot of compound 10i shown with ellipsoids at the 50%
level.

Table 5 (Contd.)

3-Halochromone 3H-Indole-2-thione Product

a Reaction conditions (Method A): DBU (1.3 equiv.), 1,4-dioxane, 20 °C. b Reaction conditions (Method B): K2CO3 (4 equiv.), DMF, 20 °C.
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combined organic layers were concentrated in vacuo and the
residue was purified by column chromatography (silica gel,
heptane–ethylacetate = 3 : 1). In the case of the reaction of
3-bromochromone 2d, the second step of the reaction was
carried out in refluxing DMF instead of dichloromethane.

General procedures for the synthesis of compounds 10

Method A. To a stirred reaction mixture of the corresponding
3-halochromone (1.0 mmol) and 3H-indole-2-thione (1.1 mmol)
in 1,4-dioxane (12 mL), DBU (1.3 mmol) was slowly added by
syringe at room temperature. Stirring was continued until the
starting 3-halochromone was consumed (TLC control). The
solvent was distilled off under reduced pressure, the resulting
residue was purified by column chromatography (silica gel,
heptane–ethyl acetate).

Method B. To a stirred reaction mixture of the corres-
ponding 3-halochromone (1.0 mmol) and 3H-indole-2-thione
(1.1 mmol) in DMF (12 mL), K2CO3 (4 mmol) was slowly added
by syringe at room temperature. Stirring was continued until
the chromone was consumed (TLC control). The solvent was
distilled off under reduced pressure, the resulting residue was
purified by column chromatography (silica gel, heptane–ethyl
acetate).

1-{5-[(2-Hydroxyphenyl)carbonyl]-2-(phenylamino)furan-3-yl}-
ethan-1-one (5a). Yield 87%, yellow solid, mp: 141–143 °C; 1H
NMR (300 MHz, CDCl3): δ = 2.39 (s, 3H, CH3), 6.87 (t, 3J = 7.6
Hz, 1H, HAr), 6.98 (t, 3J = 8.0 Hz, 1H, HAr), 7.12 (t, 3J = 7.3 Hz,
1H, HAr), 7.33–7.47 (m, 5H, HAr), 7.55 (s, 1H, HAr), 7.98 (dd, 1J
= 1.4 Hz, 3J = 8.0 Hz, 1H, HAr), 10.15 (s, 1H, NH or OH), 11.81
(s, 1H, NH or OH); 13C NMR (62.9 MHz, CDCl3): δ = 27.1,
103.5, 118.6, 118.8, 118.9, 2 × 119.3, 123.0, 124.9, 2 × 129.7,
130.1, 135.5, 136.3, 141.7, 159.7, 162.6, 182.4, 193.4; MS (GC,
70 eV) m/z (%) 321 ([M]+, 51), 201 (24), 172 (32), 130 (35), 121
(18), 93 (100), 77 (26), 65 (15), 43 (19); HRMS (EI): calcd for
C19H15NO4 ([M]+) 321.09956, found 321.09941; IR (ATR, cm−1):
ν̃ = 3250 (w), 2922 (w), 2852 (w), 2732 (w), 1651 (m), 1616 (s),
1600 (m), 1575 (m), 1532 (s), 1472 (s), 1436 (m), 1417 (m), 1354
(w), 1323 (m), 1302 (m), 1288 (m), 1235 (m), 1222 (m), 1205 (s),
1181 (s), 1150 (s), 1110 (m), 1064 (w), 1034 (w), 1018 (w), 966
(m), 954 (m), 896 (m), 870 (w), 852 (m), 823 (m), 791 (w), 776
(w), 752 (s), 726 (s), 701 (s), 686 (m), 656 (s), 633 (s), 613 (m),
600 (m), 582 (s), 567 (m), 550 (m).

1-{5-[(5-Chloro-2-hydroxy-4-methylphenyl)carbonyl]-2-(phenyl-
amino)furan-3-yl}ethan-1-one (5b). Yield 99%, orange solid,
mp: 187–188 °C; 1H NMR (300 MHz, DMSO-d6): δ = 2.32 (s, 3H,
CH3), 2.40 (s, 3H, COCH3), 6.96 (s, 1H, HAr), 7.18 (t, 3J = 7.4 Hz,
1H, HAr), 7.39–7.44 (m, 2H, HAr), 7.56–7.59 (m, 3H, HAr), 7.84
(s, 1H, HAr), 10.23 (s, 1H, NH or OH), 10.77 (s, 1H, NH or OH);
13C NMR (75.5 MHz, CDCl3): δ = 20.7, 27.1, 103.5, 117.4, 2 ×
119.2, 120.5, 123.2, 124.3, 125.0, 2 × 129.8, 129.9, 136.1, 142.1,
144.8, 159.5, 161.5, 180.5, 193.5; MS (GC, 70 eV) m/z (%): 369
([M]+, 45), 201 (51), 172 (29), 169 (18), 130 (38), 93 (100), 77
(52), 69 (10), 51 (13), 43 (21); HRMS (EI): calcd for
C20ClH16NO4 ([M]+) 369.07624, found 369.07613; IR (ATR,
cm−1) ν̃ = 3239 (w), 3203 (w), 3140 (w), 3054 (w), 2952 (w), 2916
(w), 1722 (w), 1713 (w), 1641 (s), 1621 (m), 1601 (m), 1580 (m),

1514 (s), 1478 (s), 1458 (m), 1444 (m), 1384 (w), 1374 (m), 1343
(s), 1320 (m), 1230 (s), 1200 (s), 1166 (s), 1113 (m), 1021 (w),
950 (m), 879 (w), 858 (w), 837 (s), 815 (m), 744 (m), 728 (s), 689
(m), 648 (s), 610 (m), 597 (m), 531 (s).

1-{5-[(2-Hydroxy-4-methoxyphenyl)carbonyl]-2-( phenyla-
mino)furan-3-yl}ethan-1-one (5c). Yield 98%, yellow solid, mp:
169–171 °C; 1H NMR (300 MHz, CDCl3): δ = 2.44 (s, 3H, CH3),
3.85 (s, 3H, OCH3), 4.44–6.47 (m, 2H, HAr), 7.17 (t, 3J = 7.5 Hz,
1H, HAr), 7.40 (t, 3J = 8.4 Hz, 2H, HAr), 7.47–7.49 (m, 2H, HAr),
7.56 (s, 1H, HAr), 8.01 (d, 3J = 8.7 Hz, 1H, HAr), 10.15 (s, 1H,
NH or OH), 12.73 (s, 1H, NH or OH); 13C NMR (62.9 MHz,
CDCl3): δ = 27.1, 55.6, 101.2, 103.2, 107.7, 112.4, 119.3, 120.3,
121.7, 124.8, 129.1, 129.6, 131.8, 136.4, 141.9, 159.3, 165.7,
166.1, 181.2, 193.4; MS (GC, 70 eV) m/z (%): 351 ([M]+, 57), 259
(23), 258 (100), 243 (43), 217 (33), 216 (12), 201 (18), 188 (13),
172 (26), 161 (10), 151 (45), 130 (45), 128 (10), 108 (11), 93 (84),
77 (37), 69 (14), 51 (10), 43 (20); HRMS (EI): calcd for
C20H17NO5 ([M]+) 351.11012, found 351.10989; IR (ATR, cm−1):
ν̃ = 3152 (w), 3056 (w), 1681 (m), 1641 (w), 1621 (m), 1592 (s),
1524 (w), 1510 (w), 1486 (w), 1466 (m), 1435 (m), 1411 (m),
1383 (m), 1357 (m), 1296 (m), 1278 (m), 1223 (m), 1206 (s),
1196 (m), 1178 (m), 1153 (m), 1138 (m), 1089 (m), 1031 (w),
1010 (w), 989 (w), 941 (w), 925 (w), 890 (w), 976 (w), 811 (m),
773 (m), 728 (s), 697 (m), 680 (s), 638 (s), 606 (m), 580 (m), 565
(s), 549 (m).

1-{5-[(1-Hydroxynaphthalen-2-yl)carbonyl]-2-(phenylamino)-
furan-3-yl}ethan-1-one (5d). Yield 53%, orange solid, mp
206–208 °C; 1H NMR (300 MHz, DMSO-d6): δ = 2.45 (s, 3H,
CH3), 7.21 (t, 3J = 7.3 Hz, 1H, HAr), 7.38–7.48 (m, 3H, HAr),
7.55–7.63 (m, 3H, HAr), 7.69 (t, 3J = 7.0 Hz, 1H, HAr), 7.91 (d, 3J
= 8.1 Hz, 1H, HAr), 8.04 (d, 3J = 8.9 Hz, 1H, HAr), 8.12 (s, 1H,
HAr), 8.33 (t, 3J = 8.2 Hz, 1H, HAr), 10.27 (s, 1H, NH or OH),
13.9 (s, 1H, NH or OH); 13C NMR (62.9 MHz, DMSO-d6): δ =
27.3, 104.0, 112.4, 118.4, 2 × 120.5, 123.4, 124.5, 124.8, 2 ×
125.1, 126.1, 127.5, 2 × 129.3, 129.9, 136.2, 136.6, 140.6, 158.9,
160.9, 181.0, 193.0; MS (EI, 70 eV) m/z (%): 371 ([M]+, 41), 278
(21), 263 (13), 237 (15), 201 (100), 186 (10), 171 (18), 130 (17),
93 (53), 77 (11), 69 (12), 43 (9); HRMS (ESI): calcd for
C23H18NO4 ([M + H]+) 372.12303, found 372.12341, calcd for
C23H17NO4Na ([M + Na]+) 394.10498, found 394.10503; IR
(ATR, cm−1): ν̃ = 3235 (w), 3065 (w), 2921 (w), 2851 (w), 1641
(w), 1621 (m), 1602 (w), 1574 (m), 1520 (s), 1482 (w), 1455 (m),
1409 (m), 1382 (m), 1350 (m), 1322 (m), 1263 (m), 1243 (s),
1202 (s), 1156 (m), 1145 (m), 1128 (s), 1096 (m), 1062 (w), 1023
(m), 1000 (w), 955 (m), 922 (w), 906 (w), 880 (w), 857 (m), 809
(w), 790 (s), 749 (s), 718 (s), 691 (s), 650 (s), 628 (m), 612 (m),
596 (w), 572 (m), 529 (s).

1-{2-[(2,4-Dimethylphenyl)amino]-5-[(2-hydroxyphenyl)carb-
onyl]furan-3-yl}ethan-1-one (5e). Yield 93%, orange solid, mp:
141–143 °C; 1H NMR (300 MHz, DMSO-d6): δ = 2.25 (s, 3H,
CH3), 2.27 (s, 3H, CH3), 2.38 (s, 3H, CH3), 6.86–6.98 (m, 2H,
HAr), 7.07–7.11 (m, 2H, HAr), 7.42 (td, 3J = 7.8 Hz, 4J = 1.6 Hz,
1H, HAr), 7.54–7.60 (m, 2H, HAr), 7.75 (s, 1H, HAr), 10.15 (s, 1H,
NH or OH), 10.70 (s, 1H, NH or OH); 13C NMR (75.5 MHz,
DMSO-d6): δ = 17.3, 20.4, 27.0, 103.1, 116.9, 118.9, 120.6,
123.1, 123.9, 127.3, 128.6, 129.7, 131.3, 132.4, 133.1, 134.4,
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141.5, 157.6, 159.7, 180.5, 193.3; MS (GC, 70 eV) m/z (%): 349
([M]+, 61), 229 (18), 200 (19), 121 (100), 105 (12), 77 (12), 65
(12), 43 (10); HRMS (EI): calcd for C21H19NO4 ([M]+) 349.13086,
found 349.13057; IR (ATR, cm−1): ν̃ = 3097 (w), 3042 (w), 3012
(w), 2959 (w), 2919 (w), 2853 (w), 2731 (w), 1650 (m), 1606 (m),
1565 (m), 1526 (s), 1481 (s), 1435 (m), 1392 (w), 1376 (w), 1349
(m), 1293 (m), 1285 (m), 1264 (w), 1231 (s), 1205 (ss), 1177 (m),
1152 (s), 1134 (m), 1116 (m), 1034 (m), 1018 (m), 956 (m), 932
(m), 889 (m), 866 (w), 842 (s), 805 (s), 796 (s), 775 (m), 754 (s),
726 (s), 696 (s), 672 (s), 625 (s), 583 (s), 547 (s).

1-{2-[(2,4-Dimethylphenyl)amino]-5-[(2-hydroxy-4-methoxy-
phenyl)carbonyl]furan-3-yl}ethan-1-one (5f). Yield 69%, brawn
solid, mp: 137–139 °C; 1H NMR (300 MHz, CDCl3): δ = 2.33 (s,
3H, CH3), 2.37 (s, 3H, CH3), 2.45 (s, 3H, CH3), 3.85 (s, 3H,
OCH3), 6.42–6.47 (m, 2H, HAr), 7.08–7.10 (m, 2H, HAr), 7.60 (s,
1H, HAr), 7.69 (d, 3J = 7.8 Hz, 1H, HAr), 8.02 (d, 3J = 9.0 Hz, 1H,
HAr), 10.16 (s, 1H, NH or OH), 12.84 (s, 1H, NH or OH); 13C
NMR (125.8 MHz, CDCl3): δ = 17.7, 20.8, 26.9, 55.5, 101.1,
103.2, 107.7, 112.4, 119.6, 121.9, 127.7, 127.8, 131.7, 131.9,
132.4, 134.8, 141.8, 160.0, 165.6, 166.2, 181.1, 193.3; MS (GC,
70 eV) m/z (%): 379 ([M]+, 22), 217 (20), 151 (20), 121 (100);
HRMS (EI): calcd for C22H21NO5 ([M]+) 379.14142, found
379.14136; IR (ATR, cm−1): ν̃ = 3012 (w), 2971 (w), 2920 (w),
2850 (w), 1725 (w), 1710 (w), 1689 (w), 1642 (m), 1607 (m),
1572 (m), 1530 (s), 1502 (m), 1484 (m), 1469 (m), 1442 (m),
1412 (w), 1369 (m), 1355 (m), 1329 (w), 1294 (w), 1243 (s), 1207
(s), 1184 (m), 1162 (w), 1129 (s), 1021 (w), 950 (m), 932 (w), 877
(w), 867 (w), 851 (w), 829 (m), 800 (m), 757 (w), 729 (m), 691
(m), 632 (s), 614 (w), 585 (m), 551 (w).

1-{2-[(2,4-Dimethylphenyl)amino]-5-[(1-hydroxynaphthalen-
2-yl)carbonyl]furan-3-yl}ethan-1-one (5g). Yield 76%, yellow
solid, mp 161–163 °C; 1H NMR (300 MHz, CDCl3): δ = 2.36 (s,
3H, CH3), 2.40 (s, 3H, CH3), 2.48 (s, 3H, CH3), 7.10 (s, 1H, HAr),
7.15 (d, 3J = 8.1 Hz, 1H, HAr), 7.28 (d, 3J = 8.1 Hz, 1H, HAr), 7.54
(dt, 3J = 6.9 Hz, 1J = 0.9 Hz, 1H, HAr), 7.63 (dt, 3J = 8.1 Hz, 1J =
1.2 Hz, 1H, HAr), 7.70 (s, 1H, HAr), 7.76–7.80 (m, 2H, HAr), 8.06
(d, 3J = 9.0 Hz, 1H, HAr), 8.48 (d, 3J = 8.3 Hz, 1H, HAr), 10.20 (s,
1H, NH or OH), 14.12 (s, 1H, NH or OH); 13C NMR (62.9 MHz,
CDCl3): δ = 17.8, 20.9, 27.0, 103.5, 112.0, 118.2, 119.6, 122.7,
124.4, 124.7, 125.5, 125.9, 127.3, 127.7, 127.8, 130.0, 131.7,
132.4, 134.8, 136.8, 141.9, 160.1, 163.6, 182.0, 193.4; MS (EI, 70
eV) m/z (%): 399 ([M]+, 52), 237 (16), 230 (12), 229 (93), 200
(10), 171 (12), 121 (100); HRMS (EI): calcd for C25H21NO4 ([M]+)
399.14651, found 399.14623; IR (ATR, cm−1): ν̃ = 3118 (w), 3051
(w), 3015 (w), 2972 (w), 2922 (w), 2860 (w), 1642 (m), 1626 (m),
1611 (w), 1601 (w), 1568 (m), 1528 (s), 1503 (m), 1482 (w), 1461
(s), 1420 (m), 1376 (m), 1354 (m), 1328 (w), 1271 (w), 1244 (s),
1205 (s), 1150 (m), 1130 (m), 1117 (m), 1098 (m), 1061 (w),
1025 (w), 999 (w), 958 (m), 931 (w), 920 (w), 874 (m), 802 (m),
787 (s), 754 (s), 732 (m), 716 (m), 660 (w), 631 (s), 587 (w), 572
(m), 551 (w).

1-{5-[(2-Hydroxyphenyl)carbonyl]-2-[(2-methylphenyl)amino]-
furan-3-yl}ethan-1-one (5h). Yield 85%, yellow solid, mp
109–111 °C; 1H NMR (300 MHz, DMSO-d6): δ = 2.31 (s, 3H,
CH3), 2.41 (s, 3H, CH3), 6.89–6.99 (m, 2H, HAr), 7.14 (td, 3J =
7.4 Hz, 4J = 1.1 Hz, 1H, HAr), 7.27–7.34 (m, 2H, HAr), 7.42 (td,

3J = 7.7 Hz, 4J = 1.7 Hz, 1H, HAr), 7.59 (dd, 3J = 7.7 Hz, 4J = 1.7
Hz, 1H, HAr), 7.72 (d, 3J = 8.00 Hz, 1H, HAr), 7.78 (s, 1H, HAr),
10.23 (s, 1H, NH or OH), 10.66 (s, 1H, NH or OH); 13C NMR
(75.5 MHz, DMSO-d6): δ = 17.3, 27.0, 103.2, 116.9, 118.9, 120.3,
123.2, 123.6, 125.0, 127.0, 128.5, 129.6, 130.8, 133.1, 135.0,
141.7, 157.5, 159.5, 180.6, 193.5; MS (GC, 70 eV) m/z (%): 335
([M]+, 62), 215 (18), 186 (28), 144 (17), 121 (18), 107 (100), 91
(31), 65 (27), 43 (14); HRMS (EI): calcd for C20H17NO4 ([M]+)
335.11521, found 335.11497; IR (ATR, cm−1): ν̃ = 3145 (w), 2969
(w), 2734 (w), 1641 (s), 1615 (m), 1594 (s), 1577 (m), 1538 (s),
1481 (s), 1440 (m), 1403 (m), 1379 (w), 1348 (m), 1324 (m),
1295 (s), 1237 (s), 1216 (s), 1187 (m), 1151 (s), 1112 (m), 1033
(w), 996 (w), 968 (m), 957 (m), 899 (w), 862 (m), 824 (m), 794
(w), 781 (w), 752 (s), 734 (s), 699 (s), 678 (m), 653 (s), 631 (s),
591 (m), 573 (m), 558 (w).

1-{5-[(5-Chloro-2-hydroxy-4-methylphenyl)carbonyl]-2-[(2-
methylphenyl)amino]furan-3-yl}ethan-1-one (5i). Yield 99%,
yellow solid, mp 166–167 °C; 1H NMR (300 MHz, DMSO-d6): δ
= 2.31 (s, 6H, 2 × CH3), 2.40 (s, 3H, CH3), 6.94 (s, 1H, HAr), 7.14
(t, 3J = 6.7 Hz, 1H, HAr), 7.31 (m, 2H, HAr), 7.58 (s, 1H, HAr),
7.70 (d, 3J = 7.6 Hz, 1H, HAr), 7.84 (s, 1H, HAr), 10.24 (s, 1H,
NH or OH), 10.84 (s, 1H, NH or OH); 13C NMR (62.9 MHz,
DMSO-d6): δ = 17.3, 19.9, 27.1, 103.3, 119.3, 120.5, 122.5,
123.0, 124.1, 125.2, 127.0, 128.7, 129.2, 130.9, 134.9, 140.7,
141.7, 156.2, 159.6, 178.7, 193.5; MS (GC, 70 eV) m/z (%): 383
([M]+, 33), 215 (29), 186 (18), 169 (12), 144 (12), 107 (100), 91
(27), 77 (13), 65 (11), 43 (13); HRMS (ESI): calcd for
C21ClH19NO4 ([M + H]+) 384.09971, found 384.09934, calcd for
C21

37ClH19NO4 ([M + H]+) 386.09763, found 386.09792; IR
(ATR, cm−1): ν̃ = 3140 (w), 3113 (w), 3027 (w), 2918 (w), 2858
(w), 1641 (s), 1621 (m), 1597 (m), 1574 (m), 1531 (s), 1505 (m),
1479 (m), 1464 (m), 1415 (w), 1372 (m), 1344 (m), 1323 (m),
1307 (m), 1247 (s), 1227 (s), 1178 (m), 1168 (m), 1112 (m), 1049
(w), 1021 (w), 1001 (w), 958 (m), 947 (m), 870 (w), 847 (m), 807
(m), 778 (w), 743 (w), 690 (m), 647 (m), 622 (m), 599 (m), 555
(w), 536 (m).

1-{5-[(2-Hydroxy-4-methoxyphenyl)carbonyl]-2-[(2-methyl-
phenyl)amino]furan-3-yl}ethan-1-one (5j). Yield 98%, yellow
solid, mp: 156–158; 1H NMR (300 MHz, DMSO-d6): δ = 2.32 (s,
3H, CH3), 2.45 (s, 3H, CH3), 3.82 (s, 3H, OCH3), 6.48–6.51 (m,
2H, HAr), 7.14 (t, 3J = 8.1 Hz, 1H, HAr), 7.31 (t, 3J = 7.5 Hz, 2H,
HAr), 7.71 (d, 3J = 7.8 Hz, 1H, HAr), 7.85 (d, 3J = 8.7 Hz, 1H,
HAr), 7.98 (s, 1H, HAr), 10.22 (s, 1H, NH or OH), 12.11 (s, 1H,
NH or OH); 13C NMR (62.9 MHz, DMSO-d6): δ = 17.6, 27.3,
55.8, 101.5, 103.4, 107.0, 113.6, 121.0, 123.8, 125.4, 127.2,
129.1, 131.0, 132.2, 135.2, 141.0, 160.0, 163.4, 164.7, 180.3,
193.6; MS (GC, 70 eV) m/z (%): 365 ([M]+, 32), 258 (18), 217
(19), 186 (11), 151 (25), 144 (12), 107 (100), 91 (25), 65 (13), 43
(12); HRMS (ESI): calcd for C21H20NO5 ([M + H]+) 366.13360,
found 366.13368, calcd for C21H19NaNO5 ([M + Na]+)
388.11554, found 388.11563; IR (ATR, cm−1): ν̃ = 3100 (w), 3031
(w), 3014 (w), 2985 (w), 2951 (w), 2917 (w), 2894 (w), 2849 (w),
1639 (s), 1617 (m), 1592 (s), 1574 (s), 1556 (w), 1528 (s), 1503
(s), 1475 (m), 1462 (s), 1430 (m), 1397 (w), 1359 (s), 1322 (m),
1307 (w), 1296 (w), 1254 (s), 1229 (s), 1202 (s), 1183 (m), 1172
(s), 1140 (s), 1128 (s), 1107 (s), 1062 (w), 1048 (w), 1024 (s), 960

Paper Organic & Biomolecular Chemistry

742 | Org. Biomol. Chem., 2015, 13, 729–750 This journal is © The Royal Society of Chemistry 2015



(m), 948 (m), 878 (w), 851 (m), 835 (s), 809 (w), 799 (m), 780
(w), 744 (s), 729 (s), 686 (s), 647 (m), 631 (s), 599 (m), 555 (m),
526 (m).

1-{5-[(1-Hydroxynaphthalen-2-yl)carbonyl]-2-[(2-methyl-
phenyl)amino]furan-3-yl}ethan-1-one (5k). Yield 93%, yellow
solid, mp: 166–168 °C; 1H NMR (300 MHz, CDCl3): δ = 2.44 (s,
3H, CH3), 2.48 (s, 3H, CH3), 7.14 (t, 3J = 7.5 Hz, 1H, HAr),
7.26–7.30 (m, 2H, HAr), 7.35 (t, 3J = 7.5 Hz, 1H, HAr), 7.50–7.56
(m, 1H, HAr), 7.60–7.65 (m, 1H, HAr), 7.69 (s, 1H, HAr), 7.74 (d,
3J = 7.8 Hz, 1H, HAr), 7.92 (d, 3J = 8.1 Hz, 1H, HAr), 8.03 (d, 3J =
9.0 Hz, 1H, HAr), 8.46 (d, 3J = 8.1 Hz, 1H, HAr), 10.31 (s, 1H, NH
or OH), 14.12 (s, 1H, NH or OH); 13C NMR (62.9 MHz, CDCl3):
δ = 17.6, 26.8, 103.4, 111.7, 118.0, 119.1, 122.3, 124.1, 124.4,
124.7, 125.2, 125.7, 127.1, 127.1, 127.3, 129.8, 130.8, 134.8,
136.6, 141.8, 159.6, 163.4, 182.1, 193.3; MS (EI, 70 eV) m/z (%):
385 ([M]+, 53), 237 (15), 216 (11), 215 (96), 186 (12), 171 (17),
170 (11), 152 (39), 151 (40), 144 (11), 137 (14), 123 (18), 115
(12), 107 (100), 98 (12), 96 (17), 91 (16), 69 (15), 43 (10), 41 (10);
HRMS (EI): calcd for C24H19NO4 ([M]+) 385.13086, found
385.13065; IR (ATR, cm−1) ν̃ = 3122 (w), 3067 (w), 2915 (w),
2859 (w), 1643 (s), 1619 (m), 1594 (m), 1573 (m), 1524 (s), 1459
(s), 1415 (m), 1375 (m), 1356 (m), 1328 (w), 1294 (w), 1265 (m),
1243 (s), 1229 (s), 1209 (m), 1194 (m), 1177 (w), 1148 (m), 1129
(m), 1111 (m), 1096 (w), 1050 (w), 1023 (w), 998 (w), 958 (m),
911 (m), 867 (m), 809 (w), 797 (m), 790 (m), 775 (m), 755 (s),
732 (s), 721 (s), 694 (w), 660 (w), 644 (s), 626 (m), 572 (m), 544
(m).

1-{2-[(4-Chlorophenyl)amino]-5-[(2-hydroxyphenyl)carbonyl]-
furan-3-yl}ethan-1-one (5l). Yield 46%, braun solid, mp
175–177 °C; 1H NMR (300 MHz, DMSO-d6): δ = 2.39 (s, 3H,
CH3), 6.91–7.00 (m, 2H, HAr), 7.42–7.45 (m, 3H, HAr), 7.58–7.60
(m, 3H, HAr), 7.77 (s, 1H, HAr), 10.24 (s, 1H, NH or OH), 10.64
(s, 1H, NH or OH); 13C NMR (62.9 MHz, DMSO-d6): δ = 27.3,
103.8, 116.9, 118.9, 2 × 121.7, 123.2, 123.4, 128.2, 2 × 129.0,
129.7, 133.2, 135.8, 141.8, 157.4, 158.2, 180.7, 192.9; MS (GC,
70 eV) m/z (%): 355 ([M]+, 44), 235 (24), 206 (22), 187 (26), 164
(35), 127 (100), 111 (13), 65 (18), 43 (30); HRMS (ESI): calcd for
C19ClH15NO4 ([M + H]+) 356.06841, found 356.06842, calcd for
C19

37ClH15NO4 ([M + H]+) 358.06621, found 358.06626; IR
(ATR, cm−1): ν̃ = 3237 (w), 3196 (w), 3154 (w), 3099 (w), 3054
(w), 1643 (w), 1615 (m), 1587 (w), 1574 (m), 1557 (w), 1526 (s),
1505 (m), 1479 (s), 1435 (m), 1417 (m), 1385 (w), 1337 (m),
1295 (m), 1282 (m), 1241 (m), 1229 (m), 1203 (m), 1181 (m),
1155 (s), 1093 (m), 1062 (w), 1034 (w), 1014 (w), 958 (m), 891
(m), 864 (w), 852 (w), 836 (m), 808 (s), 755 (s), 725 (s), 697 (s),
671 (s), 633 (m), 617 (s), 592 (m), 567 (s), 529 (s).

1-{2-[(4-Chlorophenyl)amino]-5-[(2-hydroxy-5-methylphenyl)-
carbonyl]furan-3-yl}ethan-1-one (5m). Yield 99%, yellow solid,
mp 188–190 °C; 1H NMR (300 MHz, DMSO-d6): δ = 2.24 (s, 3H,
CH3), 2.39 (s, 3H, CH3), 6.88 (d, 3J = 8.3 Hz, 1H, HAr), 7.22 (d,
3J = 8.1 Hz, 1H, HAr), 7.40–7.43 (m, 3H, HAr), 7.57–7.59 (m, 2H,
HAr), 7.78 (s, 1H, HAr), 10.24 (s, 1H, NH or OH), 10.61 (s, 1H,
NH or OH); 13C NMR (75.5 MHz, DMSO-d6): δ = 19.9, 27.3,
103.7, 116.8, 2 × 121.8, 123.3, 127.6, 128.2, 2 × 129.0, 129.6,
134.1, 135.8, 141.9, 155.6, 155.7, 158.2, 180.8, 192.9; MS (GC,
70 eV) m/z (%): 369 ([M]+, 58), 242 (13), 237 (20), 235 (57), 227

(10), 206 (23), 201 (27), 166 (14), 164 (45), 135 (48), 127 (100),
111 (21), 107 (11), 77 (38), 75 (15), 69 (16), 53 (11), 43 (47);
HRMS (EI): calcd for C20ClH16NO4 ([M]+) 369.07624, found
369.07589, calcd for C20

37ClH16NO4 ([M]+) 371.07329, found
371.07380; IR (ATR, cm−1): ν̃ = 3233 (w), 3190 (w), 2917 (w),
2859 (w), 2710 (w), 1643 (w), 1608 (m), 1567 (m), 1520 (s), 1478
(s), 1418 (m), 1384 (m), 1341 (s), 1324 (s), 1291 (m), 1284 (m),
1253 (m), 1244 (m), 1230 (s), 1213 (s), 1201 (s), 1161 (s), 1107
(m), 1092 (s), 1061 (m), 1027 (w), 1011 (m), 978 (w), 961 (m),
913 (w), 889 (w), 870 (w), 800 (s), 762 (m), 738 (s), 697 (m), 679
(s), 635 (m), 619 (s), 588 (m), 573 (m), 549 (m).

1-{5-[(5-Chloro-2-hydroxy-4-methylphenyl)carbonyl]-2-[(4-
chlorophenyl)amino]furan-3-yl}ethan-1-one (5n). Yield 98%,
yellow solid, mp: 214–216 °C; 1H NMR (300 MHz, DMSO-d6): δ
= 2.32 (s, 3H, CH3), 2.40 (s, 3H, COCH3), 6.96 (s, 1H, HAr),
7.43–7.48 (m, 2H, HAr), 7.57–7.61 (m, 3H, HAr), 7.83 (s, 1H,
HAr), 10.27 (s, 1H, NH or OH), 10.78 (s, 1H, NH or OH); 13C
NMR (62.9 MHz, DMSO-d6): δ = 19.9, 27.3, 103.9, 119.2, 2 ×
122.0, 122.7, 123.01, 123.9, 128.4, 2 × 129.1, 129.2, 135.7,
140.7, 141.8, 156.1, 158.4, 178.8, 192.9; MS (GC, 70 eV) m/z
(%): 403 ([M]+, 42), 237 (25), 236 (10), 235 (74), 206 (30), 169
(26), 166 (12), 164 (32), 129 (32), 127 (100), 111 (14), 77 (20), 75
(11), 69 (12), 43 (30); HRMS (ESI): calcd for C20Cl2H16NO4

([M + H]+) 404.04509, found 404.04507, calcd for C20
37Cl2H16NO4

([M + H]+) 406.04256, found 406.0426; IR (ATR, cm−1): ν̃ = 3242
(w), 3196 (w), 3109 (w), 2979 (w), 2919 (w), 2855 (w), 1641 (m),
1621 (m), 1573 (m), 1525 (s), 1494 (s), 1373 (m), 1340 (s), 1310
(m), 1247 (s), 1202 (s), 1167 (s), 1118 (m), 1092 (m), 1061 (w),
1011 (m), 968 (w), 947 (m), 880 (w), 842 (m), 803 (m), 742 (m),
690 (m), 634 (w), 618 (m), 592 (m), 546 (m).

1-{2-[(4-Chlorophenyl)amino]-5-[(2-hydroxy-4-methoxyphe-
nyl)carbonyl]furan-3-yl}ethan-1-one (5o). Yield 47%, yellow
solid, mp: 187–189 °C; 1H NMR (300 MHz, DMSO-d6): δ = 2.43
(s, 3H, CH3), 3.83 (s, 3H, OCH3), 6.52–6.56 (m, 2H, HAr), 7.46
(d, 3J = 8.7 Hz, 2H, HAr), 7.59 (d, 3J = 9.0 Hz, 2H, HAr), 7.87 (d,
3J = 8.4 Hz, 1H, HAr), 7.95 (s, 1H, HAr), 10.25 (s, 1H, NH or
OH), 12.08 (s, 1H, NH or OH); 13C NMR (62.9 MHz, DMSO-d6):
δ = 27.5, 55.8, 101.5, 104.0, 107.0, 113.6, 2 × 122.1, 123.6,
128.5, 2 × 129.3, 132.2, 136.0, 141.1, 158.3, 163.3, 164.8, 180.4,
193.1; MS (GC, 70 eV) m/z (%): 385 ([M]+, 37), 258 (100), 243
(40), 235 (12), 217 (46), 206 (15), 188 (12), 166 (11), 164 (35),
151 (53), 129 (23), 127 (63), 111 (16), 75 (10), 69 (17), 43 (29);
HRMS (ESI): calcd for C20ClH17NO5 ([M + H]+) 386.07898,
found 386.07883, calcd for C20

37ClH17NO5 ([M + H]+)
388.07688, found 388.07679; IR (ATR, cm−1): ν̃ = 3231 (w), 3119
(w), 3008 (w), 2916 (w), 2849 (w), 1643 (m), 1618 (m), 1573 (m),
1525 (s), 1500 (s), 1438 (m), 1418 (w), 1374 (m), 1351 (m), 1320
(w), 1296 (w), 1245 (s), 1205 (s), 1183 (m), 1136 (s), 1110 (m),
1091 (m), 1061 (w), 1027 (w), 1021 (w), 1013 (w), 952 (s), 881
(w), 834 (s), 806 (m), 757 (w), 722 (m), 706 (w), 694 (w), 694
(m), 675 (w), 638 (m), 619 (m), 593 (w), 562 (s), 528 (w).

1-{2-[(4-Chlorophenyl)amino]-5-[(1-hydroxynaphthalen-2-yl)-
carbonyl]furan-3-yl}ethan-1-one (5p). Yield 56%, yellow solid,
mp 230–232 °C; 1H NMR (300 MHz, CDCl3): δ = 2.45 (s, 3H,
CH3), 7.27–7.40 (m, 3H, HAr), 7.45–7.48 (m, 2H, HAr), 7.53 (t,
3J = 7.7 Hz, 1H, HAr), 7.61–7.64 (m, 2H, HAr), 7.77 (d, 3J = 8.0 Hz,
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1H, HAr), 7.98 (d, 3J = 8.8 Hz, 1H, HAr), 8.46 (d, 3J = 8.3 Hz, 1H,
HAr), 10.19 (s, 1H, NH or OH), 13.92 (s, 1H, NH or OH); 13C
NMR (62.3 MHz, CDCl3): δ = 27.1, 103.6, 111.9, 118.3, 2 ×
120.4, 122.3, 124.3, 124.4, 125.4, 126.0, 127.3, 2 × 129.7, 129.9,
130.2, 135.0, 136.9, 142.1, 159.1, 163.5, 182.2, 193.6; MS (EI, 70
eV) m/z (%): 405 ([M]+, 32), 278 (28), 263 (14), 235 (100), 171
(42), 164 (21), 127 (47), 115 (17), 110 (15), 43 (11); HRMS (ESI):
calcd for C23H16ClNO4 ([M − H]−) 404.06951, found 404.07002,
calcd for C23H16

37ClNO4 ([M − H]−) 406.06755, found
406.06784; IR (ATR, cm−1): ν̃ = 3240 (w), 3119 (w), 3049 (w),
2961 (w), 2923 (w), 2853 (w), 1731 (w), 1651 (m), 1620 (m),
1575 (m), 1537 (s), 1494 (m), 1464 (m), 1422 (m), 1385 (m),
1349 (m), 1317 (w), 1271 (m), 1253 (s), 1209 (m), 1181 (w), 1150
(m), 1094 (m), 1062 (w), 1027 (w), 1016 (w), 1004 (m), 962 (m),
925 (w), 863 (m), 803 (s), 787 (m), 751 (m), 723 (m), 712 (m),
691 (w), 650 (w), 637 (m), 619 (m), 571 (m), 547 (m).

Methyl 2-amino-5-[(2-hydroxyphenyl)carbonyl]furan-3-carb-
oxylate (5q). Yield 98%, yellow solid, mp 142–144 °C; 1H
NMR (300 MHz, DMSO-d6): δ = 3.70 (s, 3H, OCH3), 6.87–6.95
(m, 2H, HAr), 7.18 (s, 1H, HAr), 7.38 (td, 3J = 7.7 Hz, 4J = 1.7 Hz,
1H, HAr), 7.53 (dd, 3J = 7.7 Hz, 4J = 1.6 Hz, 1H, HAr), 8.09 (s,
2H, NH2), 10.59 (s, 1H, OH); 13C NMR (62.9 MHz, DMSO-d6): δ
= 50.9, 91.2, 116.8, 118.9, 123.4, 125.2, 129.5, 132.8, 140.7,
157.2, 163.2, 164.6, 179.7; MS (GC, 70 eV) m/z (%): 261 ([M]+,
33), 244 (100), 213 (20), 184 (10), 158 (21), 141 (23), 121 (42),
109 (28), 93 (11), 65 (22), 52 (19), 39 (11); HRMS (EI): calcd for
C13H11NO5 ([M]+) 261.06317, found 261.06323; IR (ATR, cm−1):
ν̃ = 3370 (w), 3307 (w), 3244 (w), 3174 (w), 1699 (m), 1668 (m),
1628 (w), 1568 (m), 1557 (m), 1537 (s), 1470 (m), 1427 (w), 1372
(m), 1315 (m), 1287 (m), 1247 (s), 1223 (s), 1182 (m), 1150 (s),
1115 (m), 1093 (m), 1041 (m), 962 (w), 947 (w), 893 (m), 876
(w), 865 (w), 821 (w), 806 (m), 777 (m), 738 (s), 708 (m), 695
(m), 668 (m), 627 (s), 580 (m).

Methyl 2-amino-5-[(2-hydroxy-5-methylphenyl)carbonyl]-
furan-3-carboxylate (5r). Yield 90%, yellow solid, mp
111–113 °C; 1H NMR (300 MHz, DMSO-d6): δ = 2.24 (s, 3H,
CH3), 3.70 (s, 3H, OCH3), 6.82 (d, 3J = 8.3 Hz, 1H, HAr),
7.17–7.19 (m, 2H, HAr), 7.32 (s, 1H, HAr), 8.08 (s, 2H, NH2),
10.38 (s, 1H, OH); 13C NMR (62.9 MHz, DMSO-d6): δ = 20.0,
50.9, 91.1, 116.7, 123.1, 125.1, 127.6, 129.4, 133.4, 140.7, 155.0,
163.3, 164.6, 179.9; MS (GC, 70 eV) m/z (%): 275 ([M]+, 38), 258
(100), 230 (17), 227 (18), 172 (15), 141 (40), 135 (64), 109 (36),
107 (13), 77 (31), 52 (23); HRMS (EI): calcd for C14H13NO5

([M]+) 275.07882, found 275.07859; IR (ATR, cm−1): ν̃ = 3418
(w), 3368 (w), 3307 (w), 3242 (w), 3152 (w), 2952 (w), 2922 (w),
2860 (w), 1699 (m), 1682 (w), 1674 (w), 1668 (w), 1651 (w), 1627
(m), 1615 (m), 1574 (s), 1568 (s), 1557 (s), 1538 (s), 1531 (s),
1526 (s), 1520 (s), 1480 (s), 1428 (m), 1408 (w), 1371 (w), 1345
(w), 1307 (w), 1285 (s), 1245 (m), 1226 (s), 1165 (s), 1141 (s),
1125 (s), 1090 (m), 1044 (m), 953 (w), 919 (w), 868 (w), 851 (w),
820 (m), 810 (m), 774 (s), 734 (m), 709 (m), 697 (m), 678 (s),
574 (m), 534 (s).

Methyl 2-amino-5-[(2-hydroxy-4-methoxyphenyl)carbonyl]-
furan-3-carboxylate (5s). Yield 79%, braun solid, mp:
116–118 °C; 1H NMR (250 MHz, DMSO-d6): δ = 3.72 (s, 3H,
OCH3), 3.80 (s, 3H, OCH3), 6.47–6.53 (m, 2H, HAr), 7.42 (s, 1H,

HAr), 7.87 (d, 3J = 8.6 Hz, 1H, HAr), 8.08 (s, 2H, NH2), 12.25 (s,
1H, OH); 13C NMR (62.3 MHz, DMSO-d6): δ = 50.9, 55.5, 91.4,
101.3, 106.8, 113.4, 124.6, 131.9, 140.0, 163.2, 163.3, 164.3,
164.4, 179.6; MS (GC, 70 eV) m/z (%): 291 ([M]+, 30), 274 (100),
259 (11), 246 (26), 243 (24), 231 (18), 188 (12), 151 (46), 109
(13), 108 (10), 52 (13); HRMS (EI): calcd for C14H13NO6 ([M]+)
291.07374, found 291.07358; IR (ATR, cm−1): ν̃ = 3365 (w), 3308
(w), 3234 (w), 3171 (w), 2949 (w), 2843 (w), 2207 (w), 1697 (w),
1672 (w), 1613 (m), 1566 (m), 1529 (s), 1503 (m), 1468 (m),
1453 (w), 1432 (m), 1373 (w), 1328 (w), 1314 (w), 1293 (w), 1251
(s), 1230 (s), 1209 (s), 1185 (s), 1160 (s), 1121 (s), 1097 (s), 1050
(m), 1022 (m), 969 (w), 884 (w), 870 (w), 819 (m), 807 (m), 778
(m), 756 (w), 738 (m), 706 (m), 693 (m), 665 (w), 642 (w), 618
(s), 580 (s), 558 (s).

Methyl 2-amino-5-[(1-hydroxynaphthalen-2-yl)carbonyl]-
furan-3-carboxylate (5t). Yield 88%, yellow solid, mp:
192–194 °C; 1H NMR (300 MHz, CDCl3): δ = 3.85 (s, 3H,
OCH3), 6.32 (s, 2H, NH2), 7.26 (d, 3J = 9.0 Hz, 1H, HAr),
7.49–7.54 (m, 1H, HAr), 7.56 (s, 1H, HAr), 7.58–7.63 (m, 1H,
HAr), 7.74 (d, 3J = 7.8 Hz, 1H, HAr), 7.86 (d, 3J = 9.0 Hz, 1H,
HAr), 8.43 (d, 3J = 8.1 Hz, 1H, HAr), 13.78 (s, 1H, OH); 13C NMR
(62.9 MHz, CDCl3): δ = 51.7, 93.6, 112.1, 118.5, 2 × 124.5,
124.8, 125.6, 126.1, 127.5, 130.1, 137.0, 141.3, 163.1, 164.0,
164.7, 182.5; MS (EI, 70 eV) m/z (%): 311 ([M]+, 59), 295 (21),
294 (100), 266 (15), 263 (23), 197 (25), 196 (24), 171 (59), 170
(45), 142 (10), 141 (88), 115 (24), 114 (29), 109 (52); HRMS (EI):
calcd for C17H13NO5 ([M]+) 311.07882, found 311.07879; IR
(ATR, cm−1): ν̃ = 3435 (w), 3422 (w), 3310 (w), 3258 (w), 3151
(w), 3055 (w), 2948 (w), 1693 (m), 1623 (m), 1600 (w), 1564 (m),
1536 (m), 1479 (w), 1454 (s), 1427 (m), 1413 (m), 1385 (w), 1317
(w), 1268 (s), 1251 (s), 1210 (m), 1163 (s), 1148 (s), 1105 (m),
1023 (m), 978 (w), 914 (w), 871 (w), 837 (w), 805 (w), 792 (s),
761 (s), 737 (s), 716 (m), 660 (w), 638 (w), 602 (m), 549 (m), 526
(m).

2-{[4-Benzoyl-5-(phenylamino)furan-2-yl]carbonyl}phenol
(5u). Yield 81%, yellow solid, mp: 170–172 °C; 1H NMR
(300 MHz, DMSO-d6): δ = 6.88–6.98 (m, 2H, HAr), 7.21 (t, 3J =
7.4 Hz, 1H, HAr), 7.37–7.47 (m, 4H, HAr), 7.53–7.66 (m, 6H,
HAr), 7.79–7.81 (m, 2H, HAr), 10.54 (s, 1H, NH or OH), 10.65 (s,
1H, NH or OH); 13C NMR (75.5 MHz, DMSO-d6): δ = 101.8,
116.8, 119.0, 2 × 120.4, 123.2, 123.6, 124.7, 2 × 128.0, 2 × 128.8,
129.3, 2 × 129.7, 132.0, 133.1, 136.6, 138.4, 142.1, 157.0, 160.6,
180.6, 188.2; MS (EI, 70 eV) m/z (%): 383 ([M]+, 44), 291 (13),
263 (18), 234 (14), 171 (9), 121 (10), 105 (100), 93 (99), 91 (18),
77 (78), 66 (11), 51 (11); HRMS (EI): calcd for C24H17NO4 ([M]+)
383.11521, found 383.11551; IR (ATR, cm−1): ν̃ = 3051 (w), 1635
(s), 1599 (m), 1587 (m), 1578 (m), 1566 (s), 1542 (s), 1499 (m),
1481 (m), 1470 (m), 1445 (m), 1394 (m), 1351 (w), 1336 (w),
1325 (w), 1299 (m), 1289 (m), 1265 (m), 1245 (s), 1218 (m),
1203 (m), 1178 (m), 1147 (s), 1137 (m), 1103 (w), 1031 (w), 1000
(w), 972 (m), 937 (m), 923 (w), 890 (m), 870 (w), 846 (w), 822
(w), 799 (w), 786 (m), 761 (m), 739 (s), 710 (m), 690 (s), 657 (s),
616 (m), 601 (m), 575 (m), 565 (m), 530 (m).

2-{[4-Benzoyl-5-(phenylamino)furan-2-yl]carbonyl}-4-chloro-
5-methylphenol (5v). Yield 72%, yellow solid, mp: 200–202 °C;
1H NMR (250 MHz, CDCl3): δ = 2.40 (s, 3H, CH3), 6.92 (s, 1H,
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HAr), 7.21–7.26 (m, 1H, HAr), 7.47–7.56 (m, 7H, HAr), 7.82–7.84
(m, 3H, HAr), 8.24 (s, 1H, HAr), 10.75 (s, 1H, NH or OH), 12.17
(s, 1H, NH or OH); 13C NMR (62.3 MHz, CDCl3): δ = 20.7,
102.3, 117.4, 2 × 119.5, 120.5, 124.2, 124.3, 125.1, 125.2, 2 ×
128.2, 2 × 128.8, 2 × 130.0, 132.2, 136.1, 138.5, 142.4, 144.9,
161.3, 161.6, 180.8, 189.7; MS (GC, 70 eV) m/z (%): 431 ([M]+,
52), 263 (51), 234 (17), 169 (21), 105 (100), 93 (82), 77 (80), 53
(14), 51 (14); HRMS (ESI): calcd for C25ClH19NO4 ([M + H]+)
432.09971, found 432.09984, calcd for C25

37ClH19NO4 ([M +
H]+) 434.09789, found 434.09821; IR (ATR, cm−1): ν̃ = 3234 (w),
3062 (w), 2991 (w), 2949 (w), 2916 (w), 1628 (m), 1594 (w), 1579
(w), 1525 (s), 1495 (m), 1485 (m), 1471 (m), 1455 (w), 1443 (m),
1385 (w), 1369 (w), 1331 (m), 1315 (m), 1312 (m), 1248 (m),
1228 (m), 1200 (w), 1170 (s), 1123 (m), 1114 (m), 1078 (w), 1031
(w), 1014 (w), 1001 (w), 960 (w), 936 (w), 924 (w), 909 (m), 880
(w), 871 (w), 864 (w), 841 (w), 811 (w), 797 (m), 788 (m), 751
(m), 740 (m), 733 (s), 714 (m), 692 (s), 681 (s), 665 (m), 652 (s),
637 (s), 609 (m), 596 (s), 578 (m), 546 (s), 528 (s).

2-{[4-Benzoyl-5-(phenylamino)furan-2-yl]carbonyl}-5-methoxy-
phenol (5w). Yield 69%, yellow solid, mp: 181–183 °C; 1H
NMR (250 MHz, CDCl3): δ = 3.85 (s, 3H, OCH3), 6.42–6.49 (m,
2H, HAr), 7.17–7.24 (m, 1H, HAr), 7.42–7.60 (m, 7H, HAr), 7.66
(s, 1H, HAr), 7.79–7.83 (m, 2H, HAr), 8.01 (d, 3J = 8.8 Hz, 1H,
HAr), 10.67 (s, 1H, NH or OH), 12.74 (s, 1H, NH or OH); 13C
NMR (62.9 MHz, CDCl3): δ = 55.6, 101.2, 102.0, 107.7, 112.4, 2
× 119.5, 122.7, 124.9, 2 × 128.1, 2 × 128.7, 2 × 129.7, 131.9,
132.0, 136.4, 138.7, 142.2, 161.2, 165.8, 166.2, 181.4, 189.6; MS
(EI, 70 eV) m/z (%): 413 ([M]+, 38), 321 (24), 320 (100), 151 (14),
105 (98), 93 (32), 78 (13), 77 (23), 71 (11), 69 (16), 63 (13), 57
(18), 55 (11), 44 (18), 43 (11); HRMS (EI): calcd for C25H19NO5

([M]+) 413.12577, found 413.12575; IR (ATR, cm−1): ν̃ = 3266
(w), 3152 (w), 3106 (w), 3055 (w), 3014 (w), 2975 (w), 2917 (w),
2847 (w), 1626 (s), 1601 (m), 1579 (m), 1566 (m), 1526 (s), 1500
(s), 1494 (s), 1469 (m), 1450 (m), 1415 (w), 1362 (m), 1347 (m),
1301 (w), 1249 (s), 1198 (m), 1185 (s), 1167 (m), 1140 (s), 1127
(s), 1081 (m), 1025 (m), 1002 (w), 983 (w), 959 (w), 949 (w), 930
(m), 908 (w), 873 (w), 827 (s), 802 (m), 739 (s), 692 (s), 670 (s),
650 (s), 628 (m), 614 (m), 595 (m), 560 (s), 526 (m).

2-{[4-Benzoyl-5-(phenylamino)furan-2-yl]carbonyl}naphthalen-
1-ol (5x). Yield 70%, orange solid, mp 165–167 °C; 1H
NMR (300 MHz, DMSO-d6): δ = 7.26 (t, 3J = 7.4 Hz, 1H, HAr),
7.38 (d, 3J = 8.9 Hz, 1H, HAr), 7.49 (t, 3J = 7.9 Hz, 2H, HAr),
7.55–7.65 (m, 4H, HAr), 7.65–7.71 (m, 3H, HAr), 7.75 (s, 1H,
HAr), 7.85–7.91 (m, 3H, HAr), 7.99 (d, 3J = 8.9 Hz, 1H, HAr), 8.32
(d, 3J = 8.3 Hz, 1H, HAr), 10.73 (s, 1H, NH or OH), 13.65 (s, 1H,
NH or OH); 13C NMR (62.9 MHz, DMSO-d6): δ = 102.3, 112.6,
118.4, 2 × 120.9, 123.4, 124.5, 124.7, 125.0, 125.1, 126.1, 127.5,
2 × 128.2, 2 × 128.8, 2 × 129.3, 129.9, 132.1, 136.2, 136.5, 138.3,
141.1, 160.7, 160.8, 181.2, 188.1; MS (EI, 70 eV) m/z (%): 433
([M]+, 33), 340 (39), 263 (100), 171 (11), 105 (74), 93 (35), 77
(20); HRMS (ESI): calcd for C28H20NO4 ([M + H]+) 434.13868,
found 434.13892, calcd for C28H19NaNO4 ([M + Na]+)
456.12063, found 456.12034; IR (ATR, cm−1): ν̃ = 3275 (w), 3054
(w), 2921 (w), 2851 (w), 1653 (w), 1626 (w), 1597 (w), 1577 (w),
1565 (w), 1524 (s), 1462 (s), 1444 (m), 1410 (m), 1381 (m), 1348
(m), 1337 (m), 1320 (m), 1253 (s), 1206 (m), 1177 (m), 1150

(m), 1125 (m), 1098 (m), 1078 (m), 1026 (m), 995 (m), 941 (m),
930 (m), 917 (m), 891 (m), 867 (m), 851 (m), 809 (m), 787 (m),
752 (s), 738 (s), 721 (s), 689 (s), 667 (s), 648 (s), 625 (s), 599 (s),
581 (m), 569 (s), 549 (s).

N-(4-Chlorophenyl)-5-[(1-hydroxynaphthalen-2-yl)carbonyl]-
2-methylfuran-3-carboxamide (6). Yield 7%, pale yellow solid,
mp: 214–216 °C; 1H NMR (300 MHz, DMSO-d6): δ = 2.71 (s, 3H,
CH3), 3.84 (s, 3H, OCH3), 6.56 (d, 1J = 2.4 Hz, 1H, HAr), 6.61
(dd, 3J = 8.9 Hz, 1J = 2.5 Hz, 1H, HAr), 7.40 (dt, 3J = 8.9 Hz, 1J =
2.5 Hz, 2H, HAr), 7.76 (dd, 3J = 8.9 Hz, 1J = 2.5 Hz, 2H, HAr),
8.00–8.04 (m, 2H, HAr), 10.07 (s, 1H, NH or OH), 11.96 (s, 1H,
NH or OH); 13C NMR (75.5 MHz, DMSO-d6): δ = 14.0, 55.7,
101.3, 107.2, 113.7, 118.3, 119.7, 2 × 121.8, 127.4, 2 × 128.5,
132.6, 137.6, 148.5, 160.6, 162.4, 163.5, 165.1, 181.9; MS (GC,
70 eV) m/z (%): 385 ([M]+, 36), 260 (15), 259 (100), 258 (87), 243
(15), 217 (24), 151 (47), 129 (15), 127 (42), 109 (99), 108 (10), 43
(14); HRMS (ESI): calcd for C20ClH17NO5 ([M + H]+) 386.07898,
found 386.07870, calcd for C20

37CH17NO5 ([M + H]+)
388.07688, found 388.07690; IR (ATR, cm−1): ν̃ = 3325 (w), 3016
(w), 2923 (w), 2851 (w), 1734 (w), 1713 (w), 1650 (w), 1626 (m),
1606 (m), 1594 (m), 1575 (m), 1531 (m), 1515 (s), 1495 (m),
1454 (w), 1441 (w), 1403 (w), 1371 (s), 1342 (s), 1314 (m), 1294
(w), 1271 (m), 1255 (s), 1223 (m), 1213 (m), 1196 (s), 1177 (m),
1157 (w), 1136 (s), 1093 (w), 1082 (m), 1024 (w), 1016 (m), 999
(m), 962 (s), 894 (w), 874 (m), 853 (m), 835 (s), 815 (s), 760 (m),
735 (w), 711 (w), 698 (m), 685 (m), 656 (m), 634 (w), 623 (s),
611 (m), 596 (w), 534 (m).

3-Acetyl-2-[(4-chlorophenyl)amino]-7-methyl-9H-furo[3,2-b]-
chromen-9-one (7a). Yield 32%, white solid, mp 228–230 °C;
1H NMR (300 MHz, CDCl3): δ = 2.48 (s, 3H, CH3), 2.69 (s, 3H,
CH3), 7.36–7.39 (m, 2H, HAr), 7.46–7.52 (m, 4H, HAr), 8.16 (s,
1H, HAr), 10.61 (s, 1H, NH); 13C NMR (75.5 MHz, CDCl3): δ =
20.9, 28.7, 117.4, 2 × 121.0, 123.7, 124.8, 125.9, 128.8, 2 ×
129.8, 130.5, 133.6, 134.3, 135.2, 152.7, 153.5, 159.6, 162.5,
191.9; MS (GC, 70 eV) m/z (%): 367 ([M]+, 100), 366 (28), 325
(16), 296 (18), 242 (44), 160 (12), 111 (14), 43 (13); HRMS (ESI):
calcd for C20ClH15NO4 ([M + H]+) 368.06841, found 368.06838,
calcd for C20

37ClH15NO4 ([M + H]+) 370.06627, found
370.06631, calcd for C20ClH14NaNO4 ([M + Na]+) 390.05036,
found 390.05035, calcd for C20

37ClH14NaNO4 ([M + Na]+)
392.04822, found 392.04803; IR (ATR, cm−1): ν̃ = 3045 (w), 2923
(w), 2853 (w), 1734 (w), 1709 (w), 1659 (m), 1631 (s), 1615 (s),
1594 (s), 1573 (m), 1562 (s), 1502 (s), 1479 (s), 1435 (s), 1382
(m), 1347 (w), 1313 (w), 1290 (w), 1275 (w), 1251 (m), 1235 (m),
1198 (m), 1145 (w), 1115 (m), 1095 (m), 1060 (w), 1044 (w),
1011 (m), 959 (s), 931 (w), 894 (w), 851 (w), 828 (s), 814 (s), 794
(w), 770 (m), 759 (m), 736 (m), 710 (w), 693 (w), 673 (m), 653
(w), 631 (m), 614 (m), 548 (m).

3-Acetyl-2-( phenylamino)-9H-furo[3,2-b]chromen-9-one
(7b). Yield 37%, white solid, mp 258–260 °C; 1H NMR
(300 MHz, CDCl3): δ = 2.68 (s, 3H, CH3), 7.21 (t, 3J = 7.4 Hz,
1H, HAr), 7.40–7.48 (m, 3H, HAr), 7.55–7.58 (m, 3H, HAr), 7.66
(td, 3J = 7.7 Hz, 1J = 1.6 Hz, 1H, HAr), 8.40 (dd, 3J = 7.9 Hz, 1J =
1.6 Hz, 1H, HAr), 10.62 (s, 1H, NH); 13C NMR (75.5 MHz,
CDCl3): δ = 28.7, 93.4, 117.6, 2 × 119.9, 125.1, 125.2, 125.3,
126.4, 128.6, 2 × 129.7, 132.4, 135.6, 152.9, 155.2, 160.0, 162.2,
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191.8; MS (GC, 70 eV) m/z (%): 319 ([M]+, 100), 318 (37), 277
(20), 248 (20), 228 (27), 146 (11), 77 (31), 76 (9), 43 (13); HRMS
(EI): calcd for C19H13NO4 ([M]+) 319.08391, found 319.08370;
IR (ATR, cm−1): ν̃ = 3151 (w), 3049 (w), 3014 (w), 1660 (m), 1637
(s), 1620 (s), 1596 (s), 1581 (s), 1555 (s), 1510 (s), 1459 (s), 1426
(s), 1384 (m), 1360 (m), 1326 (m), 1313 (w), 1275 (w), 1251 (m),
1205 (w), 1187 (m), 1143 (m), 1102 (m), 1082 (w), 1062 (w),
1025 (w), 999 (w), 958 (s), 898 (m), 866 (w), 845 (w), 831 (w),
802 (w), 783 (w), 745 (s), 733 (s), 704 (m), 687 (s), 656 (s), 639
(w), 624 (s), 611 (m), 593 (m), 563 (w), 538 (w).

3-Acetyl-6-methoxy-2-(phenylamino)-9H-furo[3,2-b]chromen-
9-one (7c). Yield 28%, white solid, mp 259–261 °C; 1H NMR
(250 MHz, DMSO-d6): δ = 2.63 (s, 3H, CH3), 3.94 (s, 3H, OCH3),
7.09 (dd, 3J = 8.8 Hz, 2J = 2.4 Hz, 1H, HAr), 7.22–7.29 (m, 2H,
HAr), 7.43–7.58 (m, 4H, HAr), 8.09 (d, 3J = 8.8 Hz, 1H, HAr),
10.41 (s, 1H, NH); 13C NMR (62.9 MHz, DMSO-d6): δ = 27.9,
55.6, 92.9, 101.1, 113.0, 117.7, 2 × 120.5, 124.7, 126.0, 127.2, 2
× 128.8, 135.4, 151.8, 156.1, 158.8, 160.6, 162.6, 190.0; MS (GC,
70 eV) m/z (%): 349 ([M]+, 100), 307 (15), 292 (16), 278 (20), 258
(27), 77 (24), 43 (11); HRMS (EI): calcd for C20H15NO5 ([M]+)
349.09447, found 349.09448; IR (ATR, cm−1): ν̃ = 3223 (w), 3065
(w), 3044 (w), 3013 (w), 2990 (w), 2948 (w), 2840 (w), 1660 (w),
1652 (w), 1616 (s), 1602 (s), 1592 (s), 1579 (s), 1553 (m), 1495
(m), 1458 (m), 1441 (s), 1378 (w), 1359 (w), 1346 (w), 1323 (w),
1271 (m), 1244 (s), 1201 (w), 1151 (w), 1133 (w), 1095 (s), 1059
(w), 1023 (m), 953 (s), 903 (w), 877 (w), 856 (m), 826 (w), 801
(w), 761 (m), 747 (s), 737 (s), 714 (m), 688 (s), 649 (m), 621 (m),
610 (s), 589 (s).

15-Acetyl -14-( phenylamino)-13,17-dioxatetracyclo-
[8.7.0.02.7.012.16]heptadeca-1(10),2(7),3,5,8,12(16),14-heptan-11-
one (7d). Yield 14%, pale yellow solid, mp 292–294 °C; 1H
NMR (250 MHz, DMSO-d6): δ = 2.82 (s, 3H, CH3), 7.28 (d, 3J =
7.25 Hz, 1H, HAr), 7.46–7.53 (m, 2H, HAr), 7.58–7.62 (m, 2H,
HAr), 7.78–7.83 (m, 2H, HAr), 7.96 (d, 3J = 8.7 Hz, 1H, HAr),
8.09–8.12 (m, 1H, HAr), 8.20 (d, 3J = 8.7 Hz, 1H, HAr), 8.55–8.58
(m, 1H, HAr), 10.44 (s, 1H, NH); 13C NMR (62.9 MHz, DMSO-
d6): δ = 27.9, 92.8, 119.9, 2 × 120.4, 120.5, 120.9, 121.6, 124.2,
124.6, 126.9, 127.3, 127.8, 128.1, 2 × 128.6, 134.3, 135.3, 157.9,
158.9, 160.5, 162.9, 189.6; MS (GC, 70 eV) m/z (%): 369 ([M]+,
100), 327 (12), 298 (17), 278 (27), 196 (11), 171 (11), 77 (23), 43
(11); HRMS (EI): calcd for C23H15NO4 ([M]+) 369.09956, found
369.09932; IR (ATR, cm−1): ν̃ = 3246 (w), 3205 (w), 3169 (w),
3060 (w), 1665 (m), 1648 (s), 1635 (s), 1619 (s), 1595 (s), 1577
(s), 1556 (m), 1510 (s), 1501 (s), 1459 (m), 1438 (s), 1426 (s),
1378 (m), 1340 (m), 1324 (w), 1267 (w), 1242 (m), 1223 (m),
1188 (w), 1177 (w), 1145 (w), 1110 (w), 1093 (w), 1076 (w), 1060
(w), 1027 (w), 986 (w), 960 (m), 941 (w), 900 (w), 875 (w), 869
(w), 843 (w), 826 (m), 780 (w), 786 (w), 765 (m), 756 (s), 741
(m), 734 (m), 710 (w), 686 (m), 672 (m), 649 (w), 631 (m), 619
(w), 606 (m), 598 (w), 579 (w), 566 (m), 532 (w).

3-Benzoyl-2-( phenylamino)-9H-furo[3,2-b]chromen-9-one
(7e). Yield 42%, white solid, mp 223–225 °C; 1H NMR
(250 MHz, DMSO-d6): δ = 7.22–7.32 (m, 2H, HAr), 7.43–7.53 (m,
3H, HAr), 7.57–7.73 (m, 6H, HAr), 7.88–7.92 (m, 2H, HAr), 8.19
(dd, 3J = 7.9 Hz, 1J = 1.6 Hz, 1H, HAr), 10.79 (s, 1H, NH); 13C
NMR (62.9 MHz, DMSO-d6): δ = 92.1, 117.0, 2 × 120.9, 124.3,

124.4, 124.8, 125.0, 2 × 127.4, 127.5, 2 × 127.6, 2 × 128.8, 121.5,
132.1, 135.4, 138.2, 151.2, 154.1, 160.6, 160.8, 186.9; MS (GC,
70 eV) m/z (%): 381 ([M]+, 100), 352 (21), 248 (20), 105 (63), 77
(51), 51 (9); HRMS (ESI): calcd for C24H16NO4 ([M + H]+)
382.10738, found 382.10739; IR (ATR, cm−1): ν̃ = 3061 (w), 1660
(m), 1633 (m), 1610 (m), 1591 (m), 1579 (m), 1555 (s), 1497
(m), 1469 (w), 1457 (m), 1421 (s), 1348 (m), 1336 (m), 1323 (m),
1310 (m), 1275 (w), 1263 (s), 1206 (m), 1186 (m), 1162 (m),
1145 (w), 1104 (m), 1079 (w), 1027 (w), 1001 (w), 987 (m), 960
(w), 934 (w), 911 (m), 897 (s), 873 (w), 843 (w), 823 (w), 800 (w),
784 (m), 744 (s), 691 (s), 684 (s), 665 (s), 657 (s), 637 (m), 614
(m), 592 (s), 570 (w), 536 (w), 531 (w).

3-Benzoyl-6-methoxy-2-( phenylamino)-9H-furo[3,2-b]-
chromen-9-one (7f). Yield 21%, pale yellow solid, mp
249–251 °C; 1H NMR (250 MHz, DMSO-d6): δ = 3.87 (s, 3H,
OCH3), 6.65 (d, 1J = 2.3 Hz, 1H, HAr), 7.06 (dd, 3J = 8.9 Hz, 1J =
2.3 Hz, 1H, HAr), 7.28 (t, 3J = 7.3 Hz, 1H, HAr), 7.46–7.52 (m,
2H, HAr), 7.58–7.63 (m, 4H, HAr), 7.68 (d, 3J = 7.1 Hz, 1H, HAr),
7.88–7.91 (m, 2H, HAr), 8.09 (d, 3J = 8.8 Hz, 1H, HAr), 10.72 (s,
1H, NH); 13C NMR (62.9 MHz, DMSO-d6): δ = 55.3, 92.1, 100.8,
112.5, 117.8, 2 × 120.6, 124.7, 126.0, 2 × 127.3, 127.4, 2 × 127.5,
2 × 128.7, 131.3, 135.4, 138.1, 150.7, 155.6, 160.2, 160.8, 162.4,
186.8; MS (GC, 70 eV) m/z (%): 411 ([M]+, 100), 410 (50), 382
(21), 278 (28), 105 (75), 77 (56), 51 (7); HRMS (ESI): calcd for
C25H18NO5 ([M + H]+) 412.11795, found 412.11770, calcd for
C25H17NaNO5 ([M + Na]+) 434.09989, found 434.09988; IR
(ATR, cm−1): ν̃ = 3046 (w), 3004 (w), 2922 (w), 2852 (w), 1660
(m), 1631 (s), 1618 (s), 1592 (s), 1577 (m), 1568 (m), 1553 (s),
1506 (m), 1494 (m), 1455 (m), 1435 (m), 1418 (m), 1381 (m),
1368 (m), 1347 (w), 1334 (w), 1317 (w), 1278 (m), 1267 (m),
1245 (m), 1212 (m), 1197 (w), 1187 (w), 1165 (m), 1153 (w),
1143 (w), 1110 (s), 1099 (m), 1045 (w), 1028 (m), 988 (m), 941
(w), 905 (m), 889 (w), 870 (m), 843 (s), 821 (m), 811 (w), 791
(m), 748 (s), 738 (s), 715 (m), 696 (s), 680 (s), 667 (s), 637 (m),
625 (m), 614 (w), 590 (m), 579 (m), 547 (w).

Methyl 5′-amino-3,3′-dioxo-3H,3′H-spiro[1-benzofuran-2,2′-
furan]-4′-carboxylate (8a). Yield 30%, white solid, mp
292–294 °C; 1H NMR (300 MHz, DMSO-d6): δ = 3.69 (s, 3H,
OCH3), 7.33 (t, 3J = 7.5 Hz, 1H, HAr), 7.46 (d, 3J = 8.3 Hz, 1H,
HAr), 7.89 (d, 3J = 7.6 Hz, 1H, HAr), 7.91 (td, 3J = 7.8 Hz, 1J = 1.2
Hz, 1H, HAr), 9.11 (s, 1H, NH), 10.15 (s, 1H, NH); 13C NMR
(62.9 MHz, DMSO-d6): δ = 50.7, 84.4, 101.7, 113.5, 118.0, 124.4,
125.3, 140.7, 162.6, 171.4, 178.0, 180.8, 192.1; MS (EI, 70 eV)
m/z (%): 275 ([M]+, 23), 151 (15), 150 (100), 121 (11), 105 (25),
68 (12), 44 (18); HRMS (ESI): calcd for C13H10NO6 ([M + H]+)
276.05026, found 276.05037; IR (ATR, cm−1): ν̃ = 3451 (w), 3101
(w), 3028 (w), 2962 (w), 1743 (m), 1729 (m), 1671 (m), 1640 (s),
1616 (s), 1492 (s), 1477 (s), 1460 (s), 1362 (w), 1323 (m), 1304
(m), 1237 (m), 1231 (m), 1202 (m), 1170 (m), 1153 (m), 1107
(w), 1012 (s), 1007 (s), 902 (w), 866 (m), 812 (w), 799 (m), 785
(m), 759 (s), 727 (m), 712 (w), 692 (m), 631 (s), 569 (w).

Methyl 5′-amino-6-methoxy-3,3′-dioxo-3H,3′H-spiro[1-benzo-
furan-2,2′-furan]-4′-carboxylate (8b). Yield 27%, white solid,
mp 294–296 °C; 1H NMR (300 MHz, DMSO-d6): δ = 3.69 (s, 3H,
OCH3), 3.93 (s, 3H, OCH3), 6.86 (dd, 3J = 8.7 Hz, 1J = 2.0 Hz,
1H, HAr), 7.02 (d, 1J = 1.9 Hz, 1H, HAr), 7.67 (d, 3J = 8.7 Hz, 1H,
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HAr), 9.06 (s, 1H, NH), 10.10 (s, 1H, NH); 13C NMR (62.9 MHz,
DMSO-d6): δ = 50.7, 56.8, 84.4, 97.3, 102.7, 110.8, 113.4, 126.4,
162.7, 169.6, 174.1, 178.0, 181.0, 189.0; MS (EI, 70 eV) m/z (%):
305 ([M]+, 27), 181 (14), 180 (100), 165 (11), 151 (15), 135 (27),
78 (15), 68 (13), 63 (19), 59 (13), 44 (28); HRMS (ESI): calcd for
C14H11NO7 ([M + H]+) 306.06083 found 306.06078, calcd for
C14H10NaNO7 ([M + Na]+) 328.04277 found 328.04291; IR (ATR,
cm−1): ν̃ = 3381 (w), 3084 (w), 3024 (w), 2964 (w), 2844 (w),
1724 (m), 1689 (m), 1644 (s), 1626 (s), 1590 (m), 1501 (s), 1460
(w), 1454 (w), 1445 (m), 1424 (w), 1348 (m), 1297 (m), 1282 (m),
1265 (m), 1218 (w), 1188 (w), 1182 (w), 1158 (m), 1139 (s), 1120
(s), 1050 (m), 1023 (m), 1009 (s), 959 (w), 930 (w), 867 (w), 840
(w), 827 (w), 797 (m), 775 (w), 766 (m), 755 (w), 730 (w), 661
(m), 634 (s), 555 (w).

2-{8H-Thieno[2,3-b]indole-2-carbonyl}phenol (10a). Yield
57% (Method A), 74% (Method B), orange solid, mp
212–213 °C; 1H NMR (300 MHz, DMSO-d6): δ = 6.94–7.02 (m,
2H, HAr), 7.14 (td, 1J = 1.0 MHz, 3J = 7.5 MHz, 1H, HAr), 7.27
(td, 1J = 1.2 MHz, 3J = 7.6 MHz, 1H, HAr), 7.41 (td, 1J = 1.7 MHz,
3J = 7.8 MHz, 1H, HAr), 7.50–7.53 (m, 2H, HAr), 7.90 (d, 3J =
7.6 MHz, 1H, HAr), 7.98 (s, 1H, HAr), 10.21 (s, 1H, NH or OH),
12.09 (s, 1H, NH or OH); 13C NMR (62.9 MHz, DMSO-d6): δ =
112.0, 116.7, 118.9, 119.8, 120.2, 121.9, 123.5, 125.1, 125.4,
128.6, 129.4, 132.0, 135.7, 142.5, 148.1, 155.9, 188.3; MS (GC,
70 eV) m/z (%): 293 ([M]+, 42), 261 (20), 260 (100), 174 (14), 173
(93), 172 (29), 128 (16), 65 (14); HRMS (EI): calcd for
C17H11NO2S ([M]+) 293.05050, found 293.05043; IR (ATR,
cm−1): ν̃ = 3256 (w), 3079 (w), 3055 (w), 1651 (w), 1623 (w),
1583 (w), 1544 (w), 1504 (m), 1484 (w), 1470 (s), 1446 (m), 1400
(s), 1333 (m), 1312 (w), 1299 (m), 1233 (s), 1215 (s), 1154 (m),
1131 (m), 1115 (m), 1099 (w), 1085 (m), 1035 (w), 1014 (w), 979
(w), 947 (w), 924 (w), 892 (w), 880 (w), 866 (m), 825 (m), 775
(m), 752 (s), 729 (s), 715 (m), 694 (s), 662 (s), 628 (m), 600 (s),
590 (m), 566 (m), 552 (m), 544 (m).

5-Methoxy-2-{8H-thieno[2,3-b]indole-2-carbonyl}phenol
(10b). Yield 56%, yellow solid, mp 228–229 °C; 1H NMR
(300 MHz, DMSO-d6): δ = 3.84 (s, 3H, OCH3), 6.56–6.62 (m, 2H,
HAr), 7.17 (t, 3J = 7.4 MHz, 1H, HAr), 7.28 (td, 1J = 0.9 MHz, 3J =
7.6 MHz, 1H, HAr), 7.53 (d, 3J = 8.1 MHz, 1H, HAr), 7.84 (d, 3J =
8.7 MHz, 1H, HAr), 7.93 (d, 3J = 7.7 MHz, 1H, HAr), 8.23 (s, 1H,
HAr), 11.65 (s, 2H, OH, NH); 13C NMR (62.9 MHz, DMSO-d6): δ
= 55.5, 101.5, 106.4, 112.1, 115.4, 119.9, 120.3, 122.0, 123.5,
125.5, 128.1, 132.3, 134.9, 142.6, 147.9, 161.3, 163.9, 187.8; MS
(EI, 70 eV) m/z (%): 323 ([M]+, 21), 291 (17), 290 (100), 173 (34);
HRMS (ESI): calcd for C19H13NO3S ([M + H]+) 324.06889, found
324.06883; IR (ATR, cm−1): ν̃ = 3246 (w), 3079 (w), 3059 (w),
3004 (w), 2982 (w), 2952 (w), 2904 (w), 2835 (w), 2719 (w),
2635 (w), 1633 (m), 1581 (m), 1550 (w), 1504 (s), 1473 (m),
1446 (m), 1396 (m), 1372 (m), 1346 (m), 1314 (w), 1278 (m),
1266 (s), 1237 (s), 1214 (s), 1194 (m), 1156 (m), 1145 (m), 1130
(w), 1101 (m), 1086 (m), 1029 (m), 1015 (w), 966 (w), 922 (w),
866 (w), 842 (m), 823 (w), 801 (w), 784 (m), 767 (m), 748 (w),
729 (s), 708 (w), 692 (s), 640 (w), 617 (m), 591 (s), 562 (w),
542 (w).

2-{8H-Thieno[2,3-b]indole-2-carbonyl}naphthalen-1-ol
(10c). Yield 78%, dark yellow solid, mp 283–284 °C; 1H NMR

(300 MHz, DMSO-d6): δ = 7.19 (t, 3J = 7.4 MHz, 1H, HAr), 7.30
(t, 3J = 7.4 MHz, 1H, HAr), 7.53–7.64 (m, 3H, HAr), 7.71 (t, 3J =
7.4 MHz, 1H, HAr), 7.97 (d, 3J = 7.8 MHz, 2H, HAr), 8.08 (d, 3J =
8.8 MHz, 1H, HAr), 8.36 (d, 3J = 8.3 MHz, 1H, HAr), 8.46 (s, 1H,
HAr), 12.19 (s, 1H, NH or OH), 13.03 (s, 1H, NH or OH); 13C
NMR (62.9 MHz, DMSO-d6): δ = 112.2, 114.2, 118.6, 120.1,
120.4, 122.0, 123.4, 123.8, 124.7, 126.0, 2 × 126.1, 127.6, 129.1,
129.5, 134.4, 136.0, 142.7, 148.6, 158.9, 188.9; MS (EI, 70 eV)
m/z (%): 343 ([M]+, 37), 311 (10), 310 (49), 174 (22), 173 (100),
172 (21), 155 (10); HRMS (ESI): calcd for C21H14NO2S ([M +
H]+) 344.07398, found 344.07393; IR (ATR, cm−1): ν̃ = 3247 (w),
3077 (w), 3056 (w), 1629 (w), 1600 (w), 1574 (m), 1554 (m),
1502 (m), 1476 (w), 1456 (m), 1445 (m), 1424 (w), 1399 (s), 1333
(m), 1312 (m), 1274 (m), 1257 (w), 1235 (s), 1209 (m), 1190 (m),
1156 (m), 1129 (m), 1089 (m), 1025 (w), 1014 (w), 986 (w), 956
(m), 931 (w), 918 (w), 911 (w), 879 (w), 866 (w), 847 (w), 825 (w),
796 (s), 765 (m), 753 (s), 746 (s), 733 (s), 704 (m), 684 (m), 658
(m), 638 (m), 615 (m), 596 (m), 582 (s), 573 (s), 548 (m), 527
(m).

4-Methyl-2-{8-methyl-8H-thieno[2,3-b]indole-2-carbonyl}-
phenol (10d). Yield 43%, yellow solid, mp 142–143 °C; 1H
NMR (300 MHz, DMSO-d6): δ = 2.29 (s, 3H, CH3), 3.92 (s, 3H,
NCH3), 6.90 (d, 3J = 8.2 MHz, 1H, HAr), 7.18–7.23 (m, 2H, HAr),
7.29 (d, 1J = 1.8 MHz, 1H, HAr), 7.35 (td, 1J = 1.2 MHz, 3J =
7.7 MHz, 1H, HAr), 7.60 (d, 3J = 8.2 MHz, 1H, HAr), 7.94 (d, 3J =
7.7 MHz, 1H, HAr), 8.02 (s, 1H, HAr), 9.93 (s, 1H, OH); 13C NMR
(62.9 MHz, DMSO-d6): δ = 20.0, 32.3, 110.3, 116.6, 120.0, 120.5,
121.9, 123.4, 123.6, 125.1, 127.6, 128.9, 129.4, 132.6, 135.8,
142.9, 150.4, 153.7, 188.1; MS (GC, 70 eV) m/z (%): 321 ([M]+,
32), 288 (45), 187 (100), 172 (18), 115 (12), 77 (17); HRMS (EI):
calcd for C19H15NO2S ([M]+) 321.08180, found 321.08162; IR
(ATR, cm−1): ν̃ = 3046 (w), 2917 (w), 1621 (w), 1575 (w), 1553
(m), 1506 (m), 1495 (m), 1480 (s), 1461 (s), 1429 (m), 1422 (m),
1399 (s), 1385 (s), 1347 (m), 1315 (s), 1287 (m), 1267 (s), 1241
(s), 1211 (s), 1194 (s), 1130 (s), 1089 (m), 1052 (m), 1015 (m),
930 (m), 906 (w), 882 (w), 868 (w), 847 (w), 821 (s), 789 (s), 781
(s), 746 (s), 696 (m), 685 (m), 673 (m), 625 (s), 598 (m), 571 (w),
543 (m), 541 (m).

5-Methoxy-2-{8-methyl-8H-thieno[2,3-b]indole-2-carbonyl}-
phenol (10e). Yield 46%, yellow solid, mp 158–159 °C; 1H
NMR (300 MHz, CDCl3): δ = 3.74 (s, 3H, CH3), 3.80 (s, 3H,
CH3), 6.44–6.48 (m, 2H, HAr), 7.14–7.19 (m, 1H, HAr), 7.26–7.28
(m, 2H, HAr), 7.73 (d, 3J = 7.7 Hz, 1H, Ar), 7.86–7.89 (m, 2H,
HAr), 12.25 (s, 1H, OH); 13C NMR (62.9 MHz, DMSO-d6): δ =
32.4, 55.5, 101.3, 107.2, 109.4, 113.3, 119.8, 120.7, 122.3, 123.5,
124.2, 127.0, 132.7, 134.7, 143.0, 150.7, 164.8, 165.2, 188.7; MS
(GC, 70 eV) m/z (%): 337 ([M]+, 27), 304 (100), 187 (64), 172
(12), 155 (14); HRMS (ESI): calcd for C19H16NO3S ([M + H]+)
338.08450, found 338.08450, calcd for C19H15NaNO3S ([M +
Na]+) 360.06650, found 360.06620; IR (ATR, cm−1): ν̃ = 2971
(w), 2930 (w), 2848 (w), 1612 (m), 1573 (m), 1552 (w), 1491 (s),
1454 (s), 1441 (m), 1397 (m), 1364 (s), 1330 (s), 1317 (s), 1297
(m), 1250 (s), 1206 (s), 1172 (m), 1163 (s), 1139 (s), 1126 (s),
1089 (s), 1052 (s), 1023 (s), 1015 (s), 963 (s), 894 (m), 850 (s),
822 (m), 808 (s), 757 (s), 747 (s), 735 (s), 708 (s), 694 (s), 671
(m), 644 (m), 637 (s), 594 (s), 546 (s).
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2-{8-Methyl-8H-thieno[2,3-b]indole-2-carbonyl}naphthalen-1-
ol (10f). Yield 55%, yellow solid, mp 180–181 °C; 1H NMR
(300 MHz, DMSO-d6): δ = 3.93 (s, 3H, NCH3), 7.24 (td, 1J =
0.9 MHz, 3J = 7.5 MHz, 1H, HAr), 7.37 (td, 1J = 1.2 MHz, 3J =
7.7 MHz, 1H, HAr), 7.53 (d, 3J = 8.8 MHz, 1H, HAr), 7.58–7.63
(m, 2H, HAr), 7.71 (td, 1J = 1.3 MHz, 3J = 7.5 MHz, 1H, HAr),
7.95–8.01 (m, 2H, HAr), 8.06 (d, 3J = 8.8 MHz, 1H, HAr), 8.36 (d,
3J = 8.3 MHz, 1H, HAr), 8.47 (s, 1H, HAr), 13.01 (s, 1H, OH); 13C
NMR (62.9 MHz, DMSO-d6): δ = 32.5, 110.5, 114.1, 118.6, 120.2,
120.7, 121.9, 123.4, 123.7, 124.5, 124.7, 125.7, 126.1, 127.6,
129.4, 129.5, 134.4, 136.0, 143.1, 150.8, 158.9, 188.6; MS (EI, 70
eV) m/z (%): 357 ([M]+, 30), 324 (21), 187 (100), 172 (11); HRMS
(ESI): calcd for C22H16NO2S ([M + H]+) 358.08963, found
358.08948, calcd for C22H15NaNO2S ([M + Na]+) 380.07157,
found 380.07118; IR (ATR, cm−1): ν̃ = 3047 (w), 2935 (w), 1658
(w), 1642 (w), 1628 (m), 1599 (w), 1574 (m), 1556 (w), 1536 (w),
1508 (m), 1493 (m), 1454 (s), 1425 (m), 1415 (m), 1398 (s), 1380
(s), 1343 (m), 1317 (m), 1277 (m), 1264 (s), 1253 (s), 1210 (m),
1197 (m), 1155 (m), 1139 (m), 1129 (m), 1116 (m), 1091 (m),
1052 (m), 1024 (m), 1017 (m), 953 (m), 919 (w), 883 (m), 865
(m), 843 (m), 820 (m), 804 (m), 791 (m), 772 (s), 756 (m), 733
(s), 717 (s), 704 (m), 686 (m), 658 (m), 637 (m), 605 (m), 586 (s),
572 (m), 546 (m), 532 (m).

2-{8-Phenyl-8H-thieno[2,3-b]indole-2-carbonyl}phenol
(10g). Yield 60%, orange solid, mp 156–157 °C; 1H NMR
(300 MHz, DMSO-d6): δ = 6.98 (td, 1J = 0.9 MHz, 3J = 7.4 MHz,
1H, HAr), 7.02 (dd, 1J = 0.7 MHz, 3J = 8.3 MHz, 1H, HAr), 7.29
(td, 1J = 0.9 MHz, 3J = 7.4 MHz, 1H, HAr), 7.36 (td, 1J = 1.4 MHz,
3J = 7.7 MHz, 1H, HAr), 7.43 (td, 1J = 1.7 MHz, 3J = 7.7 MHz, 1H,
HAr), 7.51 (dd, 1J = 1.7 MHz, 3J = 7.7 MHz, 1H, HAr), 7.56 (d, 3J
= 7.7 MHz, 2H, HAr), 7.71 (t, 3J = 7.7 MHz, 2H, HAr), 7.78–7.81
(m, 2H, HAr), 8.05 (dd, 1J = 0.9 MHz, 3J = 7.4 MHz, 1H, HAr),
8.12 (s, 1H, HAr), 10.19 (s, 1H, OH); 13C NMR (75.5 MHz,
DMSO-d6): δ = 110.9, 116.7, 118.9, 120.5, 121.7, 122.7, 2 ×
123.8, 124.3, 125.3, 125.5, 128.1, 128.7, 129.4, 2 × 130.6, 132.2,
135.9, 137.2, 141.7, 148.8, 155.8, 188.4; MS (GC, 70 eV) m/z
(%): 370 ([M]+, 14), 369 (57), 352 (17), 337 (20), 336 (81), 250
(20), 249 (100), 248 (12), 247 (15), 204 (19), 65 (10); HRMS
(ESI): calcd for C23H16NO2S ([M + H]+) 370.08963, found
370.08972; IR (ATR, cm−1): ν̃ = 3052 (w), 2921 (w), 2852 (w),
1615 (w), 1579 (m), 1557 (w), 1515 (w), 1500 (m), 1482 (m),
1467 (s), 1452 (m), 1443 (m), 1399 (s), 1373 (m), 1335 (m), 1325
(m), 1299 (m), 1275 (m), 1249 (m), 1210 (s), 1183 (m), 1150 (s),
1130 (m), 1099 (m), 1081 (m), 1035 (w), 1024 (w), 985 (w), 968
(w), 951 (w), 929 (w), 916 (w), 895 (m), 877 (w), 870 (w), 852 (w),
845 (w), 811 (w), 781 (m), 767 (s), 755 (s), 747 (s), 737 (s), 726
(s), 695 (s), 662 (s), 638 (m), 626 (m), 612 (m), 597 (s), 566 (w),
535 (m).

5-Methoxy-2-{8-phenyl-8H-thieno[2,3-b]indole-2-carbonyl}-
phenol (10h). Yield 35%, orange solid, mp 149–150 °C; 1H
NMR (250 MHz, DMSO-d6): δ = 3.84 (s, 3H, OCH3), 6.58–6.63
(m, 2H, HAr), 7.28–7.40 (m, 2H, HAr), 7.52–7.59 (m, 2H, HAr),
7.68–7.85 (m, 5H, HAr), 8.07 (d, 3J = 7.2 MHz, 1H, HAr), 8.35 (s,
1H, HAr), 11.33 (s, 1H, OH); 13C NMR (62.9 MHz, DMSO-d6): δ
= 55.5, 101.6, 106.5, 110.8, 110.9, 115.4, 120.5, 121.7, 122.7, 2 ×
123.7, 124.3, 125.7, 128.1, 2 × 130.5, 132.2, 135.1, 137.3, 141.7,

148.4, 161.1, 164.0, 187.7; MS (GC, 70 eV) m/z (%): 399 ([M]+,
31), 367 (26), 366 (100), 250 (13), 249 (69), 204 (11), 186 (13);
HRMS (ESI): calcd for C24H18NO3S ([M + H]+) 400.10019, found
400.10018; IR (ATR, cm−1): ν̃ = 3083 (w), 3054 (w), 3011 (w),
2952 (w), 2921 (w), 2852 (w), 2705 (w), 2659 (w), 1741 (w), 1621
(w), 1595 (w), 1568 (m), 1551 (w), 1515 (w), 1500 (m), 1467 (m),
1452 (m), 1445 (m), 1403 (s), 1384 (m), 1366 (s), 1335 (m), 1324
(m), 1300 (w), 1280 (w), 1253 (s), 1231 (s), 1216 (s), 1204 (s),
1188 (s), 1159 (m), 1144 (m), 1130 (s), 1102 (m), 1082 (s), 1044
(m), 1019 (s), 962 (m), 953 (m), 917 (w), 885 (w), 828 (s), 799
(s), 765 (m), 758 (m), 737 (s), 710 (s), 695 (s), 665 (m), 643 (m),
631 (m), 612 (m), 592 (s), 574 (s).

2-{8-Phenyl-8H-thieno[2,3-b]indole-2-carbonyl}naphthalen-1-
ol (10i). Yield 58%, orange solid, mp 163–164 °C; 1H NMR
(300 MHz, DMSO-d6): δ = 7.30–7.41 (m, 2H, HAr), 7.53–7.64 (m,
4H, HAr), 7.69–7.74 (m, 3H, HAr), 7.80 (d, 3J = 7.5 MHz, 2H,
HAr), 7.97 (d, 3J = 8.1 MHz, 1H, HAr), 8.05–8.12 (m, 2H, HAr),
8.36 (d, 3J = 8.3 MHz, 1H, HAr), 8.56 (s, 1H, HAr), 12.87 (s, 1H,
OH); 13C NMR (75.5 MHz, DMSO-d6): δ = 110.9, 114.2, 118.8,
120.6, 121.8, 122.6, 123.4, 2 × 123.7, 124.5, 124.7, 125.8, 126.1,
126.2, 127.6, 128.2, 129.1, 129.6, 2 × 130.5, 134.6, 136.1, 137.2,
141.8, 149.0, 158.9, 188.9; MS (EI, 70 eV) m/z (%): 419 ([M]+,
36), 386 (16), 384 (12), 250 (25), 249 (100); HRMS (ESI): calcd
for C27H18NO2S ([M + H]+) 420.10528, found 420.10519, calcd
for C27H17NaNO2S ([M + Na]+) 442, 08722, found 442, 08734;
IR (ATR, cm−1): ν̃ = 3056 (w), 2953 (w), 2922 (w), 2852 (w), 1623
(w), 1593 (w), 1557 (w), 1514 (w), 1496 (m), 1446 (s), 1416 (m),
1399 (s), 1373 (m), 1339 (m), 1317 (m), 1296 (m), 1262 (m),
1250 (s), 1214 (s), 1186 (m), 1159 (m), 1149 (m), 1137 (m), 1095
(m), 1088 (m), 1075 (m), 1023 (m), 960 (m), 938 (w), 917 (m),
908 (m), 871 (w), 848 (m), 834 (m), 810 (m), 792 (m), 763 (s),
748 (s), 738 (s), 724 (s), 693 (s), 669 (m), 657 (m), 643 (m), 627
(m), 613 (m), 596 (w), 583 (s), 574 (s), 530 (m).
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