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Abstract

6-n-Butyl-3-nitropyrano(3,2-c]quinolinone was chemoselectively reduced to an amine derivative in a good
yield (70%) using an efficient and simple tin-hydrochloric acid reaction. The novel 3-aminopyranoquinolinone
was utilized as a precursor to produce some new interesting tetracyclic fused oxazolopyranoquinolinone
analogues. The structures of the obtained quinolinone derivatives were confirmed using IR, LC-MS, ESI-MS and
NMR techniques.
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Introduction

Pyranoquinoline skeletons including both a quinoline ring and a pyran moiety, afford exceptional biological
activities.r Rings annulated to the pyranoquinolinone units showed potential medicinal properties such as
antibacterial,® anticoagulant,® antitumor,” and microtubule-targeting agents.® Despite the extensive body of
published work on the synthesis of this type of compounds, we are not aware of any report that describes a
simple procedure for the annulation of an oxazole nucleus to the pyranoquinolinone moiety to give a
tetracyclic system. Oxazole derivatives have been found in numerous natural products and many of them have
been shown to have an interesting broad range of biological activities,® such as in inhibition of Streptococcus
mutans biofilm formation,*! antipsychotics,*2 HIV inhibitory,’®* and anti-tumoral activities.* It is also known
that incorporation of fluorine atoms into molecules of heterocyclic compounds leads to a significant increase
in their biological activities.’® Recently, the synthesis of fluoroquinolones has become of increasing interest
since the quinoline skeleton is present in many chemotherapeutic agents.1®'8 These findings prompted us to
explore the combination of an oxazole nucleus and fluorine atom within the pyranoquinolinone moiety in one
molecular framework. In continuation of our research focused on the chemistry of pyrano[3,2-
clquinolinedione derivatives,'>?° we now disclose the preparation of a new synthetically valuable 3-
aminopyranoquinolone derivative in order to obtain a novel series of pyranoquinolinones incorporating an
oxazole and/or fluorophenyloxazole at face c. We hope that these new compounds will have useful biological
activities.

Results and Discussion

The nitration of 1 using a mixture of concentrated nitric acid and sulfuric acid gave 3-nitropyrano[3,2-
c]quinoline-2,5-dione 2. The ESI-MS of compound 2 showed four intense peaks at m/z 331.1835, 353.1434,
354.2070 and 386.7095, corresponding to [M+H]*, [M+Na]*, [M+Na+H]?** and [2M+Na]*, respectively. After
installing a nitro group in the 3-position of pyrano[3,2-c]quinoline-2,5-dione, we turned to its conversion
into an amino group by an efficient chemoselective reduction method. Attempts to reduce the nitro
compound 2 using activated iron? or FeCls/Zn/DMF/H,0,%? were not effective; a mixture of products was
isolated, which could not be separated in a satisfactory manner to obtain any considerable amount of the
amino derivative. Instead, we used tin, as previously described by Jampilek?® in the synthesis of 4-
hydroxy-3-nitroquinolin-2-one. Accordingly, the nitro-derivative 2 was reduced with tin and concentrated
hydrochloric acid at 130 °C to produce 3-amino pyrano[3,2-c]quinoline-2,5-dione 3 in 70% yield (Scheme
1). The reduction proceeded efficiently with excellent chemoselectivity without affecting other functional
carbonyl groups or the pyranoquinolinone system.

HNOj3 + H,S0,

AcOH
95%

Scheme 1
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The formation of the amino analogue was confirmed by its IR spectrum showing bands at 3483 and 3395
cm™ as a double peak due to the NH; group. The mass spectrum of compound 3 revealed a molecular ion peak
at m/z 300, corresponding to its formula weight (300.11). Moreover, compound 3 showed a quasimolecular
ion peak at m/z 301.2 [M+H]* and a sodiated molecular ion peak at m/z 323.1 [M+Na]" in the positive electron
spray ionization-MS corresponding to CicH1sN204. There were two singlet signals in the gCOZY spectrum of

compound 3: 3.72 ppm characteristic of an NH; group and 12.31 ppm characteristic of the OH group (figure
1).

123.7

131.7

CHsj

0-9

Figure 1. 'H chemical shifts and correlation in COZY spectrum of compound 3.

The gHSQC, gHMBC and *H, 3C-HMBC spectra lead to assignment of the *3C — chemical shift of compound 3 as
shown in Figure 2.

131.7

Figure 2. The network of H-C long-range heteronuclear correlations and 3C chemical shift assignment of
compound 3.
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Heterocyclization at face [c] of the pyrone moiety occurred when compound 3 was mixed with triethyl
orthoformate, under solvent-free conditions. The reaction probably proceeds initially via condensation to
produce the intermediate 4. This intermediate can undergo intramolecular cyclondensation to give the desired
oxazolopyrano[3,2-c]quinoline-4,5-dione 5 in low yield (42%) (Scheme 2). The IR spectrum of compound 5
revealed the absence of bands due to the amino group. The H NMR spectrum of compound 5 showed a new
characteristic singlet signal at 8.79 ppm characteristic of the CH of the oxazole ring. The spectrum also
revealed the absence of deuterium-exchangeable protons, observed in the starting material as singlet signals,
at 3.72 and 12.31 ppm, for the N-H and O-H protons, respectively. 3C-NMR spectrum of compound 5
demonstrated the presence of thirteen sp?-hybridised carbons in the region 100-165 ppm due to the aromatic
tetracyclic system. The same compound was obtained from the reaction of the amine 3 with formic acid in
moderate yield 54%.

EtOYOEt
OEt DMF-DMA
fusion dry toluene l
42% 93%
3
HCOOH
54%
L 4 _ 6

- glacial AcOH
80%

Y

Scheme 2

Our attempts to improve the yield of the above reaction either by changing the reaction conditions or isolating
the intermediate 4 were not successful. We expected that an alternative method for the preparation of
compound 5 through a two-step reaction could produce better results. Thus, the intermediate enamine 6 was
prepared by treating amine 3 with dimethylformamide dimethylacetal (DMF-DMA), and isolated by
chromatography using ethyl acetate/hexane 6:4 as the eluent. The IR spectrum of enamine 6 revealed the
absence of the double stretching bands of the amino group, as well as an ion peak at m/z 356.2 in an ESI-MS
[M+H]* measurement in accordance with its structure. The *H NMR spectrum of the product showed two
separate singlet signals at 3.05 ppm and 3.14 ppm attributed to two methyl protons of the Me:N group, while
the proton of the (CH=N) group was observed at 8.16 ppm. In the 3C NMR spectrum of enamine 6, two new
sp® methyl carbons appeared at § 31.1 and 34.9, and a signal at 207.0 ppm assignable to the sp? carbon of the
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(CH=N) group. Boiling enamine 6, in glacial acetic acid, (Scheme 2), effected its heterocyclization to afford
oxazolopyran 5 in 80% yield. The time, yield and purity showed there are considerable advantages to the two-
step sequence.

Homologue 8 was obtained by thermal cyclocondensation of the amine 3 with triethyl orthoacetate. As
expected, this conversion occurred without isolation of porposed intermediate 7, in a low yield (46%)
(Scheme 3). Refluxing the amine 3 with acetic anhydride afforded the same oxazole derivative 8 in a
somewhat greater yield, 52%. Therefore, we adopted another procedure to synthesize compound 8, using a
two-step synthesis. The first step was acetylation of the amine 3 to produce acetamide 9 as an isolated
intermediate. The ESI-MS analysis of compound 9 showed an [M+H]* ion at m/z 343.1, and an abundant
[M+Na]* ion at m/z 365.1. The IR spectrum of acetyl derivative 9 had an absorption broad band characteristic
for (N-H) at 3082 cm™ and a new stretching band at 1703 cm™ corresponding to the acetamide carbonyl
group. In the *H NMR spectrum of 9, the protons of the acetyl group were observed at 2.06 ppm as a singlet
signal, and the (N-H) proton appeared at 9.12 ppm as a singlet signal. The *C NMR spectrum of 9 exhibited
the presence of two new signals at 23.2 ppm and 207.0 ppm due to the CHs; and C=0 of the acetyl group.
Compound 9 was heated in refluxing AcOH and Ac,0O to afford oxazole derivative 8 (Scheme 3). The
disappearance of both hydroxyl group and carbonyl of the acetyl group are the prominent features in the IR
spectrum of oxazole derivative 8 and its ESI-MS spectrum showed an [M+H]* ion at m/z 325.3 and a [M+Na]*
jon at 347.1. A [2M+Na]* ion was also observed at m/z 671.1.

(0]
NH»
EtO OEt (e)
H3C CH4,COCI
3L OEt AN OH 3
l fusion reflux, 24 h l
46% N0 95%
— - n-Bu
3 H
N N O
OEt 5206| AC20
N OH reflux N OH
I}l O I}l (@]
n-Bu n-Bu
L 7 | 9

N
\>_CH 3
) glacial AcOH/ Ac,0O

-

Y

reflux
90%

Scheme 3
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The *H NMR signal for the methyl group on the oxazole ring was observed as a singlet at 2.73 ppm, while
the (N-H) proton was no longer present. The *C-NMR spectrum of compound 8 showed a signal at 13.8 ppm
for the methyl carbon atom at position 2 of the oxazole ring.

A nucleophilic addition reaction occurred when 3 was heated with phenyl isothiocyanate in absolute
ethanol at reflux, producing phenylthiourea derivative 10 in a good yield (Scheme 4). The IR spectrum of
compound 10 displayed characteristic absorption bands at 3342, 3156 cm™ for NH groups and in the region of
1283 cm?, corresponding to C=S vibrations, in addition to an a-pyran carbonyl group at 1748 cm™. The !H-
NMR spectrum of 10 contained two singlet signals attributed to two NH protons, at 8.94 and 9.76 ppm. Signals
integrating for the nine aromatic protons of the phenyl and benzo groups were observed in the region 7.06—
8.19 ppm, confirming the formation of structure 10. There were two deuterium-exchangeable signals for the
two (N-H) protons. The 3C-NMR of compound 10 had nineteen signals in the region 100-164 ppm belonging to
the aromatic carbon atoms and the thiocarbonyl group. The mass spectrum exhibited a molecular ion peak at
m/z 435 (15%) (M*), along with (M+1) at 436 (5%). The base peak at m/z 189 (100%) correspond to a
molecular formula of C11H11NO,.

™ S
S=C==NPh dry toluene
—— N

OH EtOH 80% Ph  p-TsoH
reflux, 6 h

CS, —S
pyridine
— <

12
Scheme 4

We speculated that boiling phenylthiourea derivative 10 in dry toluene containing p-toluenesulfonic acid
as a catalyst, would effect its intramolecular heterocyclization. The probable products are either oxazole 11 or
oxazole 12. The IR spectrum of the product displayed characteristic absorption bands at 3342 and 3100 cm™
for NH, in addition to a-pyrano carbonyl group at 1745 cm™. The H-NMR spectrum of the product was
characterized by the presence of only four aromatic signals in the region 7.36—8.05 ppm corresponding to the
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protons of the benzne ring of the quinolinone. There was, in addition, a deuterium-exchangeable singlet signal
assignable to an NH proton at 10.78. The 3C-NMR spectrum had a signal at 177 ppm due to C=Soxazole, and
thirteen other signals belonging to the aromatic carbon atoms of the tetracyclic system. The mass spectrum of
the product showed a molecular ion peak at m/z 342 (M*) (50%) corresponding to a molecular formula of
C17H14N04S. Building on the above data, the structure is confirmed as oxazolopyranoquinolinone 12. The
proposed pathway for the formation of compound 12 is thought to involve an intramolecular addition-
elimination as depicted in Scheme 4. We suggest that an initial nucleophilic addition of the phenolic group to
the thiocarbonyl function of the neighboring side-chain is followed by loss a molecule of aniline. The structure
of compound 12 was chemically confirmed via its direct preparation from the reaction of 3 and carbon
disulfide in boiling pyridine.

In another approach towards the nucleophilic addition followed by cyclization to give an oxazolo
pyranoquinolinone derivative, was reacting compound 3 with ammonium thiocyanate in boiling pyridine
(Scheme 5). Lassaigne's test and elemental microanalysis of the product showed the absence of sulfur, so the
product cannot contain sulfur. The IR spectrum revealed strong absorption bands at 3488 and 3394 cm™ due
to stretching vibration of NH,.

o
|
n-Bu
3
pyridine 75%| —H,S
reflux
SH
O NHy|—

Scheme 5

The 'H-NMR spectrum of product 13 showed the presence of two deuterium-exchangeable protons, as a
broad singlet signal at 7.71 ppm due to NH; protons. The *C-NMR spectrum of compound 13 revealed the
presence of four sp3 hybridized carbon atoms due to the butyl group and thirteen sp? hybridized carbon atoms
belonging to the aromatic carbon atoms of oxazolopyrano quinolinone system. The mass spectrum of
compound 13 gave a molecular ion peak at m/z 325 (M*) corresponding to the molecular formula C17H1sN304.

A series of a novel fluoro derivatives of pyranoguinolinones 14a-c were synthesized from the reaction of
aminopyranoquinolinone 3 with some fluorobenzoyl chlorides in refluxing dry THF (Scheme 6).

Evidence for the formation of compounds 14a-c came from their IR spectra where there was
characteristic absorption at ca. 3447-3389 cm™ due to an N-H bond, and a new stretching signal due to the
C=0 group of the amide between 1639 to 1677 cm™. The ESI-MS spectra of compounds 14b-c exhibited
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[M+Na]* ions (m/z: 445.0197, 445.1098 and 511.2984) in accordance with their structures. Furthermore, the
amide (N-H) proton of this series was observed between 9.53 ppm to 9.81 ppm as a singlet signal in the 'H

NMR spectra of compounds 14a-c. The aryl carbon atoms were observed between 100 and 162 ppm in their
13C NMR spectra.

(0] (0] }I-l
NH, N _Ar
o 0 o) | \"/
N OH Ar-C-Cl THF N OHO AcOH / Ac,0
—_——
N 0) reflux N e} 84 - 93%
nbu 63-86% n-Bu
14a-c
a b c

Scheme 6

Intramolecular heterocyclization of compounds 14a-c by heating in a mixture of glacial acetic acid and
acetic anhydride (80:20) gave our target fluoro derivatives 15a-c in good yields (Scheme 6). The IR spectra of
all derivatives 15a-c showed the absence of the stretching absorption bands attributed to OH and C=0 amide.
The ESI-MS spectrum of compound 15a shows a [M+H]* ion at m/z 405.1330 and a [M+2H]%*" ion at 406.1340,
the [2M+Na]* ion was also observed at m/z 831.3452. ESI-MS spectrum of compound 15b showed an [M+H]*
ion at m/z 405.2520 and the [2M+Na]* ion at m/z 831.3457. The ESI-MS spectrum of compound 15c revealed a
quasimolecular ion peak at m/z 471.1 [M+H]* and a sodiated molecular ion peak at m/z 493.2 [M+Na]*.

Experimental Section

General. TLC analysis of the reaction mixtures was performed using Fluka analytical silica gel 60 F254 nm TLC
plates. For column chromatography, Fluka analytical silica gel 60 0.063-0.2 mm (70—230 mesh ASTM) was used
for separations. Melting points were recorded on Sanyo Gallenkamp MPD 350-BM 3.5 Melting Point
apparatus. A Thermo Nicolet Nexus 470 FT-IR spectrophotometer was used for IR analyses. *H-NMR (400 MHz)
and 3C-NMR (101 MHz) measurements were performed using Varian-400 MHz spectrometer, and chemical
shifts are expressed in & (ppm) relative to TMS (in CDCl3 or DMSO-ds as solvent) as the internal standard.
Elemental microanalyses were performed Perkin-Elmer CHN-2400Il at the Chemical War Department, Ministry
of Defence, Cairo, Egypt. Mass spectra were recorded on a Gas Chromatographic GCMSgp 1000 ex Shimadzu
instrument at 70 ev. For mass spectra, a triple-quadruple tandem mass spectrometer (Micromass W Quattro
micro™, Waters Corp., Milford, MA, USA) or Waters ZMD Quadrupole equipped with electrospray ionization
(ESI) were used.
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6-n-Butyl-3H-pyrano[3,2-c]quinoline-2,4,5(6H)-trione (1). Yield (92%), mp 227-229 °C, (mp 228-230 °C).%*
6-n-Butyl-4-hydroxy-3-nitro-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione (2). To a solution of compound 1 (2.85
g, 10 mmol) in glacial AcOH acid (50 mL), kept under 50 °C,a mixture of conc. HNOs (2.5 mL) and conc. H,SO4
(2.5 mL) was added dropwise with continuous stirring. The precipitate formed was filtered off, dried and
crystallized from glacial AcOH to furnish 2 as pale brown needles (2.7 g, 82%), mp 203-205 °C. IR (KBr, cm™):
3444 broad band (OH), 3087 (CHaromatic), 2961, 2932, 2872 (CHaiiphatic.), 1742(C=0a-pyrone), 1672 (C=Oquinolone) and
1566 (C=C). 'H NMR (400 MHz, CDCls) &x: 1.01 (t, J 8.0 Hz, 3H, C4’), 1.45-1.54 (m, 2H, C3°), 1.71- 1.79 (m, 2H,
C2'), 4.33 (t, 2H, J 8.0 Hz, C1'), 7.39 (t, 1H, J 8.0 Hz, C9-H), 7.46 (d, J 8.0 Hz, 1H, C7-H), 7.65 (t, 1H, J 8.0 Hz, C8-
H), 8.24 (dd, 1H, J 8.0, 4.0 Hz, C10-H), 12.38 (s, 1H, OH). 23C NMR (101 MHz, CDCls) &¢: 13.7 (s, C4%), 20.1 (s,
C37),29.5 (s, C2), 42.8 (s, C17), 97.8 (s, C3), 113.1 (s, C4a), 115.7 (s, C10a), 118.4 (s, C7), 125.1 (s, C10), 125.5
(s, C8), 136.0 (s, C6a), 138.9 (s, C9), 153.4 (s, C10b), 159.3 (s, C4), 163.1 (s, C2), 165.4 (s, C5). ESI-MS m/z:
331.1835 [M+H]*, 353.1434 [M+Na]*, 354.2070 [M+Na+H]?*, 386.7095 [2M+Na]*. Anal. Calcd for C16H14N206
(330.30): C, 58.18; H, 4.27; N, 8.48. Found C, 57.52; H, 4.20; N, 8.39%.
3-Amino-6-n-butyl-4-hydroxy-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione (3). A mixture of compound 2, (10
mmol) tin metal powder (4.00 g, 33 mmol) and conc. HCI (30 mL) was stirred at 130 °C for 1 h. MeOH (25 mL)
was added to the reaction mixture and the mixture heated under reflux for 2 h until the color became clear
yellow. The reaction mixture was filtered hot and the filtrate poured onto ice (200 g). The obtained solid was
filtered off, dried under vacuum and crystallized from EtOH (96%) to produce 3 as yellow crystals (2.4 g, 79%),
mp 211-212 °C. IR (KBr, cm?): 3384, 3359 (NH.), 2981, 2932 (CHs, CHaaiiphatic), 1710 (C=Oupyrone), 1680
(C=Oguinolone) and 1608 (C=Cgiiphatic). *H NMR (400 MHz, CDCls) &4: 0.98 (t, J 8.0 Hz, 3H, C4°), 1.42-1.49 (m, 2H,
C3Y), 1.71- 1.75 (m, 2H, C2°), 3.72 (bs, 2H, NHa), 4.28 (t, 2H, J 8Hz, 1°C), 7.33 (t, 1H, J 8.0 Hz, C9- H), 7.38 (d, 1H,
J 8.0 Hz, C7-H), 7.61 (t, 1H, J 8.0 Hz, C8-H), 8.12 (dd, 1H, J 1.2, 8.00Hz, C10-H), 12.31(s, 1H, OH exchangeable
with D20). 23C NMR (101 MHz, DMSO-ds) 8¢: 13.7 (s, C4'), 20.2 (s, C3), 29.5 (s, C2°), 42.2 (s, C1'), 101.4 (s, C3)
113.9 (s, C4a), 114.8 (s, C7), 114.2 (s, C10a), 123.4 (s, C10), 123.7 (s, C9), 131.7 (s, C8), 136.2 (s, C6a), 146.1 (s,
C10b), 159.1 (s, C4), 149.8 (s, C2), 162.1 (s, C5). m/z (I: %): 302 (M*+2, 2), 301 (M*+1, 19), 300 (M*, 100), 299
(M*-1, 2), 244 (40), 161(75). ESI-MS m/z: 301.2 [M+H]*, 323.1 [M+Na]*. Anal. Calcd for C16H16N>04 (300.32): C,
63.99; H, 5.37; N, 9.33. Found C, 63.72; H, 5.26; N, 9.29%.
5-n-Butyl-4H-oxazolo[5',4':4,5]pyrano[3,2-c]quinoline-4,11(5H)-dione (5).

Method a. A mixture of compound 3 (3 g, 10 mmol) and triethyl orthoformate (8 mL, 50 mmol) was heated for
12 h. The progress of the reaction was monitored by TLC. The solid deposited after cooling was filtered off
then washed with hot EtOH then crystallized from glacial AcOH to afford compound 5 (1.31 g, 42%).

Method b: A mixture of compound 3 (3 g, 10 mmol) and formic acid (25 mL), was heated for 6 h. The
deposited precipitate was filtered off, air dried and crystallized from AcOH to give compound 5 (1.68 g, 54%).
Method c. A mixture of compound 6 (3.55 g, 10 mmol) and glacial acetic acid was heated under reflux for 6 h.
Progress of the reaction was monitored by TLC. The reaction mixture was filtered and the filtrate poured onto
ice. The obtained solid was filtered off, washed with water (3 x 20 mL), then Et,0 (3 x 20 mL) and crystallized
from AcOH to give compound 5 as yellow crystals (2.49 g, 80%), mp 237-239 °C. IR (KBr, cm™): 3451 broad
band (OH), 3078 (CHaromatic), 2955, 2917, 2848 (CHuaiiphatic.), 1742(C=Oq-pyrone), 1669 (C=Oguinoione) and 1646
(C=Noxazob), 1591(C=Caromatic). *H NMR (DMSO-ds, &, 400 MHz) &4: 0.90 (t, J 8.0 Hz, 3H, C4), 1.34-1.44 (m, 2H,
C3"), 1.59- 1.68 (m, 2H, C2"), 4.36 (t, 2H, J 8Hz, 1'C), 7.57 (t, 1H, J 8.0 Hz, C9- H), 7.81 (d, 1H, J 8.0 Hz, C7- H),
7.91 (t, 1H, J 8.0 Hz, C8-H), 8.20 (dd, 1H, J 1.2, 8.00Hz, C10-H), 8.79(s, 1H, CHoxazole). 2°C NMR (101 MHz, DMSO-
ds) 8c: 14.1 (s, C4°), 19.8 (s, C3°), 29.6 (s, C2°), 42.4 (s, C1%), 100.7 (s, C4a) 113.7 (s, C7), 116.6 (s, C10a), 124.4
(s, C10), 133.5 (s, C9), 135.5 (s, 1C, 3), 137.0 (s, 1C, 8), 138.2 (s, C6a), 144.1 (s, C4), 145.8 (s, C2oxazolo), 158.7 (s,
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C10b), 162.8 (s, C,2), 163.7 (s, C5). m/z (I %): 311 (M*+1, 10), 310 (M*, 30), 243 (42), 188 (95), 132 (100). Anal.
Calcd for C17H14N204 (310.31): C, 65.80; H, 4.55; N, 9.03. Found C, 65.52; H, 4.20; N, 8.99%.
N'-(6-n-Butyl-4-hydroxy-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-c]quinolin-3-yl)-N, N-dimethylformimidamide
(6). A mixture of compound 3 (3 g, 10 mmol) and DMF-DMA (3.0 mL, 10 mmol) in (50 mL) dry toluene was
heated under reflux for 6 h. The progress of the reaction was monitored by TLC. After completion of reaction,
the solvent was removed under vacuum to produce a yellow oily residue. The targeted compound 4 was
obtained using column chromatography (ethyl acetate/hexane 6:4) as yellow crystals (2.98 g, 84%), mp 192-
193 °C. IR (KBr, cm™): 3409 broad band (OH), 2953, 2918, 2866 (CH aiphatic), 1715(C=0 apyrone), 1650
(C=Oguinolone) and 1613 (C=N imia), 1539 (C=Caromatic). *H NMR (DMSO-ds) &1: 0.91 (t, J 8Hz, 3H, C4"), 1.33-1.42 (m,
2H, C3%), 1.54 - 1.61 (m, 2H, C2°), 3.05 (s, 3H, N-CHs), 3.14 (s, 3H, N-CHs), 4.21 (t, 2H, J 8Hz, C1°), 7.34 (t, 1H, J
8Hz, C9-H), 7.60 (d, 1H, J 8Hz, C7-H), 7.70 (t, J 8Hz, 1H, C8- H), 8.04 (dd, 1H, J 1.2, 8Hz, C10-H), 8.16 (s, 1H,
CH= N). 3C NMR (101 MHz, DMSO-de) &¢: 14.2 (s, C4'), 20.0 (s, C3°), 29.7 (s, C2°), 31.1 (s, N-CHs), 34.9 (s, N-
CHs), 35.6 (s, C17), 105.9 (s, C3), 113.8 (s, C4a), 115.5 (s, C10a), 122.9 (s, C7), 123.9 (s, C10), 133.0 (s, C9), 138.4
(s, C8), 156.3, (s, C6a), 157.1 (s, C10b), 159.5 (s, C2), 159.9 (s, C4), 160.5 (s, C5), 207.0 (s, N=CH). ESI-MS m/z:
356.2 [M+H]*, 357.2 [M+2H]?, 379.1 [M+H+Na]?*. Anal. Calcd for C1oH21N304 (355.40): C, 64.21; H, 5.96; N,
11.82. Found C, 64.19; H, 5.20; N, 11.79%.
5-n-Butyl-2-methyl-4H-oxazolo[5',4’:4,5]pyrano[3,2-c]quinoline-4,11(5H)-dione (8).

Method a. A mixture of compound 3 (3 g, 10 mmol) and triethyl orthoacetate (9 mL, 50 mmol) was heated for
12 h. The progress of the reaction was monitored by TLC. The solid deposited after cooling was filtered off and
washed with hot EtOH. The targeted compound crystallized from AcOH to give compound 8 as pale brown
crystals (1.45 g, 46%).

Method b. A mixture of compound 3 (3 g, 10 mmol) and Ac,0 (25 mL), was heated for 6 h. The solid deposited
was filtered off, air dried and crystallized from AcOH to give compound 8 (1.64 g, 52%).

Method c. To a mixture of 9 (3.4 g, 10 mmol) in glacial AcOH (80%) (40 mL), Ac20 (20%) (10 mL) was added
dropwise with stirring at rt for a period of (10 mL) then heated under reflux till the reaction was complete as
judged by TLC (24 h). The reaction mixture was cooled to rt and poured on ice (200 g). The brown precipitate
was filtered off, washed with water (3 x 20 mL), dried and crystallized from AcOH to give compound 8 as
yellow crystals (2.93 g, 90%), mp 223-225 °C, IR (KBr, cm™): 3081 (CH gromatic), 2953, 2924, 2866 (CHaiiphatic.),
1755 (C=Oa-pyrone), 1650 (C=0 quinotone,) and 1623 (C=Noxazolo), 1586(C=Caromatic). *H NMR (400 MHz, CDCl3) &4
1.00 (t, 3 H, J 8.00 Hz, C4’), 1.46-1.57 (m, 2H, C3°), 1.71 - 1.81 (m, 2 H, C2'), 2.73 (s, 3 H, CH3 oxazolo), 4.36 (t, 2 H,
J 8.00 Hz, C17), 7.37 (t, 1 H, J 8.00 Hz, C9-H), 7.45 (d, 1 H, J 8.00 Hz, C7-H), 7.71 (t, 1 H, J 8.00 Hz, C8-H), 8.32
(dd, 1 H, J 8.00, 1.17 Hz, C10-H). 3C NMR (101 MHz, DMSO-ds) &¢: 13.8 (s, CH3oxazolo), 14.4 (s, C4°), 20.2 (s, C3°),
29.6 (s, C2), 42.5 (s, C1'), 100.8 (s, C3), 113.5 (s, C10a), 114.9 (s, C7), 123.2 (s, C10), 124.7 (s, C9), 124.8 (s,
C4a), 133.4 (s, C8), 138.7 (s, C6a), 154.5 (s, C4), 155.9 (s, C2oxazol), 156.7 (s, C10b), 156.9 (s, C2), 164.7(s, C5).
ESI-MS m/z: 325.3 [M+H]*, 347.1 [M+Na]*, 671.1 [2M+Na]*. Anal. Calcd for Ci1gsH16N204 (324.34): C, 66.66; H,
4.97; N, 8.64. Found C, 66.19; H, 4.99; N, 8.59%.
N-(6-n-Butyl-4-hydroxy-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-c]quinolin-3-yl)acetamide (9). To a solution of
compound 3 (3 g, 10 mmol) in THF (50 mL), acetyl chloride (0.75 mL, 10 mmol) was added and the mixture was
heated under reflux for 4 h. After completion of reaction (as indicated by the disappearance of starting
material on TLC) the reaction mixture was poured onto crushed ice (100 g). The separated solid was
filteredoff, washed with water (3 x 10 mL), dried and crystallized from EtOH to give compound 9 as off white
crystals (3.25 g, 95%), mp 185-187 °C. IR (KBr, cm™): 3415 (broad band, OH), 3082 (NH), 3050 (CHaromatic), 2953,
2924, 2866 (CHaiiphatic.), 1738 (C=Oaq-pyrone), 1703 (C=0aqcetyr), 1668 (C=Oquinoione,) and 1568(C=Caromatic). *H NMR
(400 MHz, DMSO-ds) 64: 0.91 (t, 3 H, J 8.00 Hz, C4%), 1.34 - 1.46 (m, 2 H, C3'), 1.59 - 1.70 (m, 2 H, C2°), 2.06 (s, 3
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H, CH3aceryl), 4.34 (t, 2 H, J 8.00 Hz, C1'), 7.52 (t, 1 H, J 8.00 Hz, C9-H), 7.73 (d, 1 H, J 8.00 Hz, C7-H), 7.85 (t, 1 H, J
8.00 Hz, C8-H), 8.14 (dd, 1 H, J 8.00, 1.17 Hz, C10-H), 9.12 (s, 1 H, N-Hamise exchangeable in D;0), 13.64 (bs, 1 H,
C4-OH exchangeable in D;0). *3C NMR (101 MHz, CDCls) &¢: 13.7 (s, C4°), 20.1 (s, C3°), 23.2 (s, CHsacetyr), 29.5 (s,
C2"), 42.4 (s, C1'), 100.0 (s, C3), 101.6 (s, C4a), 113.6 (s, C10a), 115.1 (s, C7), 124.2 (s, C10) 124.8 (s, C9), 134.0
(s, C8), 137.9 (s, C6a), 156.9 (s, C4), 159.7 (s, C10b), 162.8 (s, C2), 169.0 (s, C5), 207.0 (s, C=Ouacetyie). ESI-MS m/z:
343.1 [M+H]*, 365.1 [M+Na]*. Anal. Calcd for C1gsH1sN20s (342.35): C, 63.15; H, 5.30; N, 8.18. Found C, 62.81; H,
5.20; N, 8.16%.
1-(6-n-Butyl-4-hydroxy-2,5-dioxo-5,6-dihydro-2H-pyrano([3,2-c]quinolin-3-yl)-3-phenylthiourea (10). To a
solution of compound 3 (3 g, 10 mmol) and pyridine (1 mL) in absolute EtOH (50 mL), phenyl isothiocyanate
(1.21 mL, 10 mmol) was added. The reaction mixture was heated under reflux for 6 h. The reaction was
monitored by TLC. The reaction mixture was filtered hot and the filtrate was poured on ice (200 g). The
obtained solid was filtered off, washed with water (3 x 10 mL), dried and crystallized from DMF to give
compound 10 as a pale yellow powder (2.8 g, 65%), mp 126-129 °C. IR (KBr, cm™): 3442 broad band (OH),
3342, 3156 (N-H ), 2967, 2928, 2850 (CH aiiphatic.), 1748 (C=Oaq-pyrone), 1679 (C=Oguinoione,), 1617 (C=N), 1568
(C=Caromatic) and 1283 (C=S). H NMR (400 MHz, DMSO-ds) &x: 0.90 (t, J 8.00 Hz, 3 H, C4"), 1.34 - 1.43 (m, 2 H,
C3’),1.56-1.66 (m, 2 H, C2°), 4.33 (t, 2 H, J8.00 Hz, C1°), 7.05 - 7.14 (m, 1 H, C-H phenys), 7.29 (t, 1 H, J 8.00 Hz,
C-Hphenyl), 7.42 (t, 1 H, J 8.00 Hz, C-H phenyr), 7.53 (t, 1 H, J 8.00 Hz, C9-H), 7.68 (d, 1 H, J 8.00 Hz, C7-H), 7.77 (d, 1
H, J 8.00 Hz, C-H phenyl), 7.85 (t, 1 H, J 8.00 Hz, C8-H), 8.01 (d, 1 H, J 8.00 Hz, C-H phenyr), 8.15 (dd, 1 H, J 8.00, 1.17
Hz, C10-H), 8.94 (s, 1 H, N-H exchangeable in D;0), 9.76 (s, 1 H, N-H exchangeable in D;0), 13.73 (bs, 1H, OH
exchangeable in D;0). 3C NMR (101 MHz, DMSO-ds) 6¢: 14.1 (s, C4%), 19.9 (s, C3), 29.6 (s, C2), 42.0 (s, C1),
101.6 (s, C3), 113.9 (s, C4a), 114.5 (s, C7), 116.4 (s, C10a), 122.7 (s, Cphenys), 123.6 (s, C 10), 123.8 (s, C9), 124.1
(s, Conenyt), 124.4 (s, Cphenyr), 124.8 (s, Cphenyr), 132.2 (s, C8), 136.1 (s, C6a), 139.8 (s, Cphenyr), 149.0 (s, C10b), 155.9
(s, C4), 159.3 (s, C2), 162.7 (s, C5), 163.0 (s, C=S). MS: m/z (relative intensity): 436 [M* +1; 5], 435 [M*; 15], 189
(100). Anal. Calcd for C23H21N304S (435.51): C, 63.43; H, 4.86; N, 9.65; S, 7.36. Found C, 63.32; H, 4.76; N, 9.36;
S, 7.23%.
5-n-Butyl-2-thioxo-4H-oxazolo[5',4":4,5]pyrano[3,2-c]quinoline-4,11(5H)-dione (12)
Method a. To a solution of compound 10 (4.3 g, 10 mmol) in dry toluene (50 mL), p-toluenesulfonic acid (0.3
g) was added. The reaction mixture was heated under reflux for 24 h. The progress of the reaction was
monitored by TLC. The reaction mixture filtered and poured on ice (200 g). The obtained precipitate was
filtered off, washed with water (3 x 10 mL), dried and crystallized from EtOH to produce 12 as light brown
crystals (1.95 g, 57%), mp 163-165 °C. IR (KBr, cm™): 3342, 3100 (N-H ), 3056 (CHaromatic), 2928, 2918, 2849
(CHaliphatic.), 1745 (C=Oa-pyrone), 1676 (C=Oquinoione,), 1537(C=Caromatic) and 1296 (C=S). 'H NMR (400 MHz, DMSO-
ds) 61: ppm 0.92 (t, 3 H, J 8.00 Hz, C4'), 1.33 - 1.45 (m, 2 H, C3"), 1.55 - 1.65 (m, 2 H, C2), 4.26 (t, 2 H, J 8.00 Hz,
C1), 7.36 (t, 1 H, J 8.00 Hz, C9-H), 7.48 (d, 1 H, J 8.00 Hz, C7-H), 7.77 (t, 1 H, J 8.00 Hz, C8-H), 8.05 (dd, 1 H, J
8.00, 0.8 Hz, C10-H), 10.78 (s, 1 H, N-H exchangeable in D,0). 13C NMR (101 MHz, DMSO-d¢) éc: ppm 13.8 (s,
C4'),20.2 (s, C3'), 29.4 (s, C2), 42.2 (s, C1'), 135.6 (s, C3), 129.7 (s, C4a), 114.6 (s, C7), 119.0 (s, C10a), 122.6 (s,
C10), 124.6 (s, C9), 133.7 (s, C8), 136.4 (s, C6a), 156.9 (s, C10b), 141.2 (s, C4), 157.7 (s, C2 ), 161.8 (s, C5), 177.9
(s, C=S thioxo). MS: m/z (relative intensity): 343 [M*+1; 9], 342 [M*; 50], 286 [M*-Bu; 24]. Anal. Calcd for C17H1aN204S
(342.38): C, 59.64; H, 4.12; N, 8.18; S, 9.37. Found C, 59.12; H, 4.10; N, 8.08; S, 9.20%.
Method b. To a solution of compound 3 (3 g, 10 mmol) in pyridine (50 mL), carbon disulfide (0.9 mL, 15 mmol)
was added dropwise. The mixture was heated under reflux for 12 h, monitored by TLC. The reaction mixture
was filtered hot and the filtrate was poured onto ice (100 g). The resulting precipitate was filtered off, washed
with water (3 x 10 mL), dried and crystallized from EtOH to produce 12 as light brown crystals (2.05 g, 60%),
mp 163-165 °C.
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2-Amino-5-n-butyl-4H-oxazolo[5',4":4,5]pyrano[3,2-c]quinoline-4,11(5H)-dione (13). Compound 3 (3 g, 10
mmol) was mixed with pyridine (50 mL) and ammonium thiocyanate (1.2 g, 15 mmol). The resulted mixture
was heated under reflux till the reaction was complete as judged by TLC (24 h). The reaction mixture was
cooled to rt and poured on ice (200 g). The obtained precipitate was filtered off, washed with water (3 x 10
mL), dried and crystallized from EtOH to furnish 13 as yellow crystals (2.45 g, 75%), mp 258-260°C. IR (KBr, cm"
1): 3488, 3394 douple peaks (NHzaromatic), 3086 (CHaromatic), 2959, 2930, 2864 (CHaiiphatic.), 1710 (C=Ogpyrone), 1682
(C=Oguinolone,), 1634 (C=Noxazolo), 1586 (C=Caromatic). *H NMR (400 MHz, DMSO-ds) 6x: 0.89 (t, 3 H, J 8.00 Hz, C4’),
1.28 - 1.45 (m, 2H, C3°), 1.50 - 1.67 (m, 2H, C2'), 4.28 (t, 2H, J 8.00 Hz, C1'), 7.42 (t, 1 H, J 8.00 Hz, C9-H), 7.56
(d, 1 H, J 8.00 Hz, C7-H), 7.71 (bs, 2 H, C-NHaoxazol0), 8.01 (t, 1 H, J 8.00 Hz, C8-H), 8.06 (dd, 1 H, J 8.00, 1.2 Hz,
C10-H). 3C NMR (101 MHz, DMSO-de) 6¢c: 14.1 (s, C4°), 19.9 (s, C37), 29.6 (s, C2°), 42.0 (s, C1°), 101.6 (s, C4a),
114.0 (s, C10a), 116.3 (s, C7), 122.7 (s, C10), 124.3 (s, C9), 124.3 (s, C3), 132.2 (s, C8), 136.1 (s, C6a), 158.9 (s,
C4), 158.9 (s, C10b), 162.8 (s, C2 ), 164.9 (s, C2oxazolo ), 165.6 (s, C5). MS: m/z (relative intensity): 326 [M* +1; 5],
325 [M*; 10], 309 [M*-NHa+H; 6], 269 [M*-Bu+H; 20], 144 (100). Anal. Calcd for C17H1sN304 (325.33): C, 62.76;
H, 4.65; N, 12.92. Found C, 62.57; H, 4.63; N, 12.81%.

General procedure for preparation of compounds 14a-c. To a solution of compound 3 (3 g, 10 mmol) in THF
(25 mL), an equivalent amount of 2-fluorobenzoyl chloride (1.79 mL), 4-fluorobenzoyl chloride (1.60 mL) or 4-
trifluoromethoxybenzoyl chloride (1.60 mL) was added and the reaction mixture was heated under reflux
overnight. The targeted compounds 14a-c were precipitated. The obtained solid was filtered off, dried and
crystallized from EtOH to produce the corresponding compound 14.
N-(6-n-Butyl-4-hydroxy-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2c]quinolin-3-yl)-2-fluorobenzamide (14a). Pale
yellow powder (2.9 g, 72%), mp 215-217°C. IR (KBr, cm™): 3398 (O-H), 3290 (NH), 3068 (CHaromatic), 2954, 2930,
2864 (CHaiiphatic.), 1738 (C=Oa-pyrone), 1666 (C=Oguinolone,), 1615 (C=Oaryicarbonyr) and 1537(C=Caromatic). *H NMR (400
MHz, DMSO-ds) &4: 0.92 (t, J 8.00 Hz, 3H, C4’), 1.35 - 1.47 (m, 2H, C3°), 1.60 - 1.72 (m, 2H, C2), 4.33 (t, J 8.00
Hz, 2H, C1°), 7.28 - 7.35 (m, 2H, C9-H, C-Hpreny), 7.51 - 7.60 (m, 2H, C7-H, C-H phenyr), 7.67 (t, 1 H, J 7.43 Hz, C8-
H), 7.88 (d, 1 H, J 9.80 Hz, C-H pheny) 7.91 (dd, J 8.80, 1.20 Hz, 1H, C-H phenyr), 8.18 (d, 1H, J 7.43 Hz, C10-H), 9.53
(s, 1H, N-H exchangeable in D,0), 13.79 (s, 1H, C4-OH exchangeable in D,0),. 13C NMR (101 MHz, DMSO-ds)
6c¢:13.7 (s, C4%), 20.1 (s, C3°), 29.5 (s, C2), 42.4 (s, C1°), 100.0 (s, C3), 101.6 (s, C4a), 113.2 (s, C7), 115.1 (s,
C10a), 115. 9 (s, Cphenyr), 116.2 (s, Cphenyr), 124.1 (s, C10), 124.8 (s, C9), 124.8 (s, Cphenyr), 124.8 (s, Cphenyr), 132.6
(s, C8), 133.9 (s, Cphenyr), 134.1 (s, Cphenyr) 137.9 (s, C6a), 157.0 (s, C10b), 159.3 (s, C4), 159.6 (s, C2), 162.5 (s,
C5), 162.9 (s, C=Obenzoy)). ESI-MS m/z: 423.2240 [M+H]*, 445.1098 [M+Na]*, 446.1020 [M+H+Na]?*, 867.3456
[2M+Na]*. Anal. Calcd for C3H19FN2Os (422.42): C, 65.40; H, 4.53; N, 6.63. Found C, 65.15; H, 4.43; N, 6.61%.
N-(6-n-Butyl-4-hydroxy-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-c]quinolin-3-yl)-4-fluorobenzamide (14b). Pale
yellow powder (3.5g, 87%), mp > 300 °C. IR (KBr, cm™): 3432 (O-H ), 3266 (NH), 3064(CHaromatic), 2959, 2930,
2859 (CHaiiphatic.), 1748 (C=Ou.pyrone), 1677 (C=Ogquinolone,), 1639 (C=Oaryicarbonyl) and 1573 (C=Caromatic).'H NMR (400
MHz, DMSO-ds) 64: 0.92 (t, J 8.00 Hz, 3 H, C4°), 1.35-1.46 (m, 2 H, C3°), 1.60-1.70 (m, 2 H, C2°), 4.34 (t, J 8.00
Hz, 2H, C1°), 7.34 (t, J 8.00 Hz, 2 H, C-H phenyi), 7.53 (t, 1H, J 7.24 Hz, C9-H), 7.83 - 7.93 (m, 2 H, C7-H, C-H pheny),
8.00 - 8.08 (m, 2 H, C8-H, C-H phenyi), 7.88 (d, 1 H, J 9.80 Hz, C-H phenyr) 7.91 (dd, J 8.80, 1.20 Hz, 1 H, C-Hpheny),
8.15(dd, J 8.02, 1.37 Hz, 1 H,C10-H), 9.70 (s, 1 H, N-H exchangeable in D;0), 13.75 (s, 1 H, C4-OH exchangeable
in D20).23C NMR (101 MHz, DMSO-ds) 6¢:14.1 (s, C4'), 19.9 (s, C3°), 29.6 (s, C2), 42.3 (s, C1'), 99.8 (s, C3),
102.1 (s, C4a), 113.6 (s, C7 ), 115.7 (s, C10a ), 115.9 (s, Cphenyl), 116.7 (s, Cphenyr ), 124.2 (s, C10 ), 124.7 (s, C9),
130.8 (s, C8), 130.9 (s, Cphenyt), 130.9 (s, Cphenyr), 134.7 (s, Cphenyr), 138.1 (s, C6a ), 157.2 (s, C10b ), 159.3 (s, C4),
163.1 (s, C2), 163.3 (s, C5), 163.5 (s, C=Orenzoy), 164.8 (s, C-F). ESI-MS m/z: 423.2758 [M+H]*, 445.0197
[M+Nal*, 446.1732 [M+H+Na]?*, 867.3784 [2M+Na]*. Anal. Calcd for C23H19FN2Os (422.42): C, 65.40; H, 4.53; N,
6.63. Found C, 65.35; H, 4.39; N, 6.60%.
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N-(6-n-Butyl-4-hydroxy-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-c]quinolin-3-yl)-4-(trifluoromethoxy)
benzamide (14c). Yellow powder (3 g, 64%), mp 255-257 °C. IR (KBr, cm™): 3447 (O-H), 3292 (NH), 3130
(CHaromatic), 2958, 2932, 2876 (CHaiiphatic.), 1728 (C=Oq-pyrone), 1679 (C=Oquinoione,), 1613 (C=Oaryicarbony)) and 1576
(C=Caromatic). *H NMR (400 MHz, DMSO-dg) 64: 0.91 (t, 1 H, J 7.24 Hz, 3 H, C4’), 1.35 - 1.46 (m, 2 H, C3"), 1.59 -
1.69 (m, 2 H, C2°), 4.33 (t, 2 H, J 8.00 Hz, C1'), 7.47 - 7.54 (m, 3 H) 7.81 - 7.85 (m, 1 H), 7.86 - 7.91 (m, 1 H), 8.07
- 8.14 (m, 3 H), (s, N-H exchangeable in D,0), 13.75 (s, C4-OH exchangeable in D,0). 33C NMR (101 MHz,
DMSO-ds) éc: 14.1 (s, C47), 19.9 (s, C37), 29.6 (s, C27), 42.3 (s, C17), 99.8 (s, C3), 101.9 (s, C4a), 113.5 (s, C7),
116.7 (s, C10a ), 119.1 (s, OCFs), 121.1 (s, Cprenys), 121.6 (s, Cpheny), 124.1 (s, C10), 124.7 (s, C9), 130.5 (s,
2Cphenyl), 133.1 (S, Cphenyl), 134.7 (s, C8), 138.1 (s, C6a), 151.0 (s, Cphenys), 157.2 (s, C10b), 159.2 (s, C4), 163.0 (s,
C2), 163.5 (s, C5), 164.7 (s, C=Obpenzoy). ESI-MS m/z: 489.2773 [M+H]*, 511.2984 [M+Na]*, 977.2922 [2M+H]",
999.3752 [2M+Na]*. Anal. Calcd for Ca4H19F3N2Os (488.42): C, 59.02; H, 3.92; N, 5.74. Found C, 58.97; H, 3.89;
N, 5.67%.

General procedure for preparation of oxazolopyranoquinolinone derivatives 15a-c. A mixture of compound
14a-c (10 mmol) and glacial AcOH (15 mL) with Ac;0 (10 mL) was heated under reflux for 12 h. During this
time the targeted compounds 15a-c were precipitated. After completion of the reaction (confirmed by TLC),
the reaction mixture was cooled to rt. The obtained solid was filtered off, washed with EtOH (3 x 10 mL) and
crystallized from AcOH to give the corresponding compound 15.
5-n-Butyl-2-(2-fluorophenyl)-4H-oxazolo[5',4":4,5]pyrano|[3,2-c]quinoline-4,11(5H)-dione (15a). White
powder (3.4 g, 84%), mp 260-262 °C. IR (KBr, cm™): 3077 (CHaromatic), 2952, 2935, 2869 (CHaiiphatic.), 1771 (C=04-
pyrone), 1662 (C=Oguinolone,), 1600 (C=N) and 1560 (C=Caromatic). *H NMR (400 MHz, CDCl3) &4: 1.00 (t, J 7.60 Hz, 3
H, C4°), 1.46-1.58 (m, 2 H, C3'), 1.71-1.85 (m, 2 H, C2°), 4.37 (t, J 8.00 Hz, 2 H, C1'), 7.2-7.27 (m, 1 H, C-Hpheny),
7.28 - 7.33 (m, 1 H, C-Hpheny)), 7.37 (t, 1 H, J 7.63 Hz, C9-H), 7.44 (d, 1 H, J 8.61 Hz, C7-H, ), 7.51 - 7.58 (m, 1 H, C-
Hpheny!), 7.68 - 7.74 (m, 1 H, C8-H), 8.28 (dd, 1 H, J 7.60, 1.60 Hz, C-Hpheny), 8.32 (dd, 1 H, J 8.02, 1.76 Hz, C10-H),
13C NMR (101 MHz, CDCls) &¢: 13.8 (s, C4°), 20.2 (s, C3°), 29.5 (s, C2'), 42.6 (s, C1’), 100.8 (s, C4a), 113.4 (s,
C10a ), 113.9 (s, C7), 114.0 (s, Cphenyt), 114.8 (S, Cphenyl) 117.0 (s, Cphenyr ), 117.2 (s, C10), 123.1 (s, C9), 124.5 (s,
C3), 124.7 (s, Cphenyi), 130.5 (s, Cphenyr), 133.6 (s, C4), 133.8 (s, C8 ), 138.9 (s, C6a ), 154.5 (s, C10b), 156.5 (s, CF),
157.3 (s, C2oxaz0l), 159.3 (s, C2), 161.9 (s, C5). ESI-MS m/z: 405.1330 [M+H]*, 406.1340 [M+2H]?*, 831.3452
[2M+Na]*. Anal. Calcd for C3H17FN204 (404.40): C, 68.31; H, 4.24; N, 6.93. Found C, 68.28; H, 4.09; N, 6.88 %.
5-n-Butyl-2-(4-fluorophenyl)-4H-oxazolo[5',4":4,5]pyrano[3,2-c]quinoline-4,11(5H)-dione (15b). White
powder (3.7 g, 91%), mp 236-238°C. IR (KBr, cm1): 3080 (CHaromatic), 2955, 2932, 2869 (CHaiiphatic.), 1788 (C=0 4.
pyrone), 1669 (C=Oquinolone,), 1600 (C=N) and 1563 (C=Caromatic). lH NMR (400 MHZ, CDC|3) 5HZ 1.00 (t, J7.60 HZ, 3
H, C4%), 1.47 - 1.57 (m, 2 H, C3"), 1.73 - 1.82 (m, 2 H, C2"), 4.36 (t, J 7.80 Hz, 2 H, C1'), 7.20 (t, 1 H, J 8.80 Hz, C9-
H), 7.36 (dd, 1 H, J 7.70, 1.20 Hz, C-H phenys), 7.40 (dd, 1 H, J 6.80, 0.80 Hz, C-Hpheny), 7.44 (d, 1 H, J 8.61 Hz, C7-
H), 7.46 (d, 1 H, J 5.87 Hz, C-H phenys), 7.72 (t, 1 H, J 7.60 Hz, C8-H), 8.31 (dd, 1 H, J 5.20, 2.00 Hz, C-Hpheny), 8.34
(dd, 1 H, J 8.00, 1.60 Hz, C10-H). 3C NMR (101 MHz, CDCl3) éc: 14.4 (s, C4'), 20.3 (s, C3°), 29.6 (s, C27), 42.5 (s,
C1%), 100.9 (s, C4a), 113.5 (s, C10a ), 114.8 (s, C7 ), 116.28 (s, Coreny!), 116.5 (S, Cphenyr), 123.1 (s, C3), 124.7 (s,
€10 ), 125.9 (s, C9), 130.1 (s, C8), 133.4 (s, Cphenyl), 133.6 (S, Cohenyl), 138.8 (S, Cphenyr), 138.9 (s, C6a), 154.8 (s,
C4), 156.0 (s, C10b), 156.6 (s, C2oxaz0l), 156.9 (s, C2), 163.8 (s, C5), 164.7 (s, CF). ESI-MS m/z: 405.2520 [M+H]",
831.3457 [2M+Na]*. Anal. Calcd for C3H17FN2O4 (404.40): C, 68.31; H, 4.24; N, 6.93. Found C, 68.22; H, 4.15; N,
6.70%.
5-n-Butyl-2-(4-(trifluoromethoxy)phenyl)-4H-oxazolo[5',4':4,5]pyrano[3,2-c]quinoline-4,11(5H)-dione. (15c).
White powder (4.4 g, 94%), mp 245-247 °C. IR (KBr, cm™): 3084 (CHaromatic), 2958, 2932, 2879 (CHaliphatic.), 1755
(C=Ouq-pyrone), 1666 (C=Oquinolone,), 1596 (C=N) and 1560 (C=Caromatic). *H NMR (400 MHz, CDCls) 8y: 1.02 (t, J 7.43
Hz, 3 H,C4%),1.48-1.60(m,2H,C3),1.73-1.85(m, 2 H, C2%),4.38 (t,/8.00Hz, 2 H,C1"), 7.36 (t, 1 H, J 8.00
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Hz, C9-H), 7.40 (d, J 7.20 Hz, 2 H, C-H pheny)), 7.46 (d, 1 H, J 8.61 Hz, C7-H), 7.73 (t, 1 H, J 7.60 Hz, C8-H), 8.34 (dd,
17.6, 1.2 Hz, 2H, C-Hpheny), 8.37 (dd, 1 H, J 8.00, 1.6 Hz, C10-H). 13C NMR (101 MHz, CDCls) 6¢: 13.8 (s, C4), 20.3
(s, €C3%), 29.5 (s, C27), 42.6 (s, C17), 100.8 (s, C4a ), 113.4 (s, C10a ), 114.9 (s, C7 ), 121.1 (s, Cpheny), 123.2 (s,
C10), 123.9 (s, C9), 124.7 (s, Cphenyr), 125.9 (s, C3), 129.5 (s, Cphenyr), 133.6 (s, C-F3), 138.9 (s, C6a), 151.9 (s, C4),
154.7 (s, Cphenyl), 155.9 (s, C10b), 156.6 (s, Conenyi), 157.3 (S, C2oxazol), 160.8 (s, C2 ), 162.8 (s, C5). ESI-MS m/z:
471.1 [M+H]*, 493.2 [M+Na]*. Anal. Calcd for C4H17F3N,0s (470.41): C, 61.28; H, 3.64; N, 5.96. Found C, 61.20;
H, 3.57; N, 5.89%.
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