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Abstract — Fabrication of a synthetic azaisoflavone skeleton from
2’-nitrochalcone was done using oxidative rearrangement with a hypervalent
iodine reagent. A key intermediate compound, aminoacetal, was prepared from
readily available 2’-nitrochalcone via a PhI(OH)OTs-mediated rearrangement,
followed by reduction of the nitro group. A variety of azaisoflavones were
obtained in moderate to high yields by treatment of the intermediate compound

under acidic conditions.

INTRODUCTION

Azaisoflavones (3-arylated quinolin-4(1H)-ones) are known as quinolone analogs, in which the oxygen of
isoflavone skeletons is replaced with nitrogen, and a number of azaisoflavone analogs have been designed
and evaluated based on their biological activities." Numerous synthetic strategies for the construction of
azaisoflavones have been developed,” including methods involving a chalcone rearrangement reaction.
However, azaisoflavone synthesis via oxidative rearrangement of 2’-aminochalcone requires thallium
(III) nitrate, which is highly toxic."™? Another reaction using an epoxide derivative of 2’-nitrochalcone via
acid-mediated rearrangement has also been reported.” Our current research focuses on the development of
synthetic methodologies based on the rearrangement of chalcone using hypervalent iodine reagents.’
Recently, we reported a concise synthesis of 3-acylindole derivatives from 2-aminochalcone via
PhI(OAc),-mediated rearrangement and cyclization under basic conditions (Scheme 1).° Herein, we report
an application of the oxidative rearrangement method using hypervalent iodine reagent to synthesize

azaisoflavones from 2’-nitrochalcones.

*This paper is dedicated to Prof. Kiyoshi Tomioka on the occasion of his 70th birthday.
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Scheme 1. Previous our work and the synthesis plan of azaisoflavones

RESULTS AND DISCUSSION

In our initial study, 2’-nitrochalcone 1a was chosen as a model substrate and the reaction conditions were
optimized for the rearrangement process (Table 1). The reaction conditions using PhI(OAc), (1.5 equiv)
and BF;-OEt; (2.5 equiv) in CH(OMe); at room temperature, employed for indole synthesis,’ were
inefficient and did not yield any rearranged product 2a (Entry 1). In the absence of acid, no reaction
occurred even at reflux conditions (Entry 2). 2a was obtained at a 56% yield with p-TsOH, while no
reaction occurred using trifluoroacetic acid (TFA; Entries 3 and 4). Next, the reaction was conducted
using other hypervalent iodine reagents. The most chalcone (1a) was recovered using PhI(OCOCF3;),, and
no rearranged product was obtained. On the other hand, the yield was greatly improved with PhI(OH)OTs
and 2a was isolated at a 79% yield (Entry 6). Finally, 2a was obtained in a quantitative yield when the
reaction was performed at 50 °C (Entry 7).

Table 1. Hypervalent iodine reagent-mediated oxidative rearrangement of 2’-nitrochalcone 1a

0 (11 (1.5 eq) MeO o
\)D Acid (2.5 eq)
D —————————
Me0/©/\0 N MeOH (MeO),HC O

2 Temp., Time O,N
1a 2a

Entry 1(111) Acid Temp. Time Yield
12 Phl(OAc), BF 3¢ Et,0 rt 2h -
2 Phl(OAc), - reflux 24 h N.R.P
3 PhI(OAc), p-TsOH 50 °C 4h 56%
4 PhI(OAc), TFA reflux 24 h N.R.P
5 Phl(OCOCF3;), - rt 24 h (91%)°
6 Phl(OH)OTs - rt 24 h 79%
7 PhI(OH)OTs - 50 °C 3h 99%

3 CH(OMe)3 was used instead of MeOH. ° No reaction. © The yield of recovered 1a.
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Similar to our previous findings,” the isolated 2a was not stable and gradual decomposition was observed.
Therefore, we next used a one-pot procedure and attempted the direct synthesis of azaisoflavones from
2’-nitrochalcone (Scheme 2). After completion of rearrangement, iron powder and NH,Cl were added to
the reaction mixture and subsequent treatment with K,CO, aqueous solution led to the desired
azaisoflavone 4a, but only a trace amount of 4a was obtained. Based on thin layer chromatography (TLC)
analysis, the reaction progressed as expected until the reduction step, at which point there seemed to be a

problem with the cyclization step.

Phl(OH)OTS Fe (3.5 eq) (0]

MeOH:H,0 = 2:1 MeO),HC
MeO O,N MeOH 2 ( )2 HoN reflux
50°C,3h 50-70 °C, 1-3 h
3a

Scheme 2. Attempted one-pot synthesis of azaisoflavone 4a

Next, we examined the isolation of reductant 3a, which turned out to be relatively stable since the
intramolecular hydrogen bonding between the ketone and amine group in 3a contributes to stability
(Table 2). After the oxidative rearrangement step, reduction of 2a was conducted with iron powder and
NH4CI. The reaction proceeded slowly at 50 °C and 3a was isolated at a 54% yield (Entry 1). The use of
zinc powder was not effective for this reduction (Entry 2). The yield increased to 77% when the reaction
was performed at 70 °C (Entry 3). To make the experimental operation easier, we added saturated NH4Cl
aqueous solution instead of solid NH4Cl. Finally, the best result was obtained at 60 °C with an 86% yield
of 3a (Entry 4).

Table 2. Sequential reactions of oxidative rearrangement and reduction

PhI(OH)OTs | MeO o) Metal (3.5 eq) MeO 0
/@/\)‘t@ (1 5 eq) NH,4CI (X eq)
_
Solvent
MeOH (MeO),HC O (MeO),HC O

50°C,3h ) Temp., Time H,
1a 2a 3a
Entry Metal X Solvent Temp. Time Yield
1 Fe 10 eq MeOH-H,0 = 2:1 50 °C 24 h 54%
2 Zn 10 eq MeOH-H,0 = 2:1 50 °C 1h -
3 Fe - MeOH-NH,CI ag. = 2:1 70°C 1h 7%
4 Fe - MeOH-NH,Cl aq. = 2:1 60 °C 2h 86%
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Next, we examined the reaction conditions for the formation of azaisoflavone 4a by cyclization and
aromatization (Table 3). Basic conditions were investigated but only a trace amount of 4a was obtained
under these conditions (Entries 1 and 2). The reaction proceeded rapidly with a 96% yield in the presence
of two equivalents of TFA at 100 °C, whereas only a trace amount of 4a was observed when using an

excess amount of AcOH at the same reaction temperature (Entries 3 and 4)."*

Table 3. Screening of reaction conditions for the formation of azaisoflavone 4a

=z l o MeO
x Acid or Base
(MeO),HC Solvent
HoN Temp., Time
3a
Entry Acid or Base Solvent Temp. Time Yield
1 K,CO; (excess) THF 60 °C 4h trace
2 LiOH (2.0 eq) THF-H,O0 80 °C 9h trace
3 TFA (2.0 eq) toluene 100 °C 1h 96%
4 AcOH (excess) toluene 100 °C 9h trace
Table 4. Scope of substrates
O Fe (3.5 eq) o) o)
Ar/\)D PhI(OH)OTs (1.5 eq) NH,CI Ar TFA (2.0 eq) Ar
—_— % 3 —_—
MeOH MeOH:H,0 =2:1" (MeO),HC toluene ||
OoN 2
2 50°C, 3h 60 °C, 2-4 h HoN 100 °C, 1-4 h H
1 3 4
OMe
o ¥ 2%
N
(MeO),HC O (MeO),HC
HoN HoN
3b 83% 3e 64%
= o 7 | o
N | X
(MeO),HC (MeO),HC
H,N HaN
3¢ 81% 3 72%
QLS Lk
MeO
(MeO),HC (MeO),HC
HoN HN
3d 80% 3g 60%
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With optimal reaction conditions in hand, the scope of this method was investigated with a variety of
2’-nitrochalcones and the results are summarized in Table 4. The oxidative rearrangement reaction
proceeds well in the presence of an electron-donating group on the migrating aromatic ring, and good
results were obtained under these conditions (3b—d). 3b—d were then converted to azaisoflavones 4b—d in
high yields. The 2’-nitrochalcone bearing a methoxy group on the ortho position, however, was less
favored and 3e was obtained at a 64% yield. During both rearrangement and reduction, decomposition
was observed in the TLC analysis, since steric hindrance of the ortho-methoxy group may affect the lack
of stability. However, the cyclization process was not affected by steric hindrance and azaisoflavone 4e
was isolated at a 95% yield. The reaction of 1g with chlorine on the benzene ring, and of 1f with bromine
on the benzene ring, yielded 3f and 3g at slightly lower yields (60% and 72%) due to partial
decomposition under the reducing conditions. The removal of a small amount of impurities was difficult
but recrystallization afforded pure azaisoflavones 4f (74% yield) and 4g (78% yield).

In conclusion, we have developed an azaisoflavone synthesis method using hypervalent iodine
reagent-mediated oxidative rearrangement. A variety of 2’-nitrochalcones can be synthesized easily from
the corresponding benzaldehydes and 2-nitroacetophenones. Intermediate 3, bearing an acetal and amino

group, is relatively stable and subsequent treatment with acid produces azaisoflavone at a high yield.

EXPERIMENTAL

Typical procedure for oxidative rearrangement and reduction of 2’-nitrochalcones: To the solution
of 1 in MeOH (0.1 M) was added PhI(OH)OTs (1.5 eq) at 50 °C, which was then stirred at the same
temperature for 3 h. To the resulting mixture were added Fe (3.5 eq) and saturated aq. NH4Cl, then the
whole was stirred at 60 °C for 2 h. The reaction was quenched with saturated ag. NaHCO; and the
mixture was extracted with CH,Cl,. The combined organic layer was washed with brine, dried over
Na,SO4 and concentrated under the reduced pressure. The residue was purified by silica-gel column
chromatography to give 3.

Typical procedure for the formation of azaisoflavones: TFA (2 eq) was added to the solution of 3 in
toluene (0.1 M), which was then stirred at 100 °C for 1 h. After cooling to room temperature, the solid
was filtered to produce high amounts of 4. Saturated aq. NaHCO; was added to the filtrate and the
mixture was extracted with AcOEt. The combined organic layer was washed with brine, dried over
NaSOy4, and concentrated under reduced pressure to isolate the remaining 4. The total yield of 4 was

calculated based on the combined amounts.

3-(4-Methoxyphenyl)quinolin-4(1H)-one (4a)
mp 224-225 °C; '"H-NMR (DMSO-ds) & 3.78 (3H, s), 6.96 (2H, d, J = 8.8 Hz), 7.33 (1H, ddd, J = 0.8,



790 HETEROCYCLES, Vol. 97, No. 2, 2018

7.6, 8.4 Hz), 7.58 (1H, d, J = 8.4 Hz), 7.62-7.68 (3H, m), 8.10 (1H, d, /= 6.0 Hz), 8.20 (1H, d, J = 7.6
Hz), 12.00 (1H, d, J = 6.0 Hz); "C-NMR (DMSO-ds) § 55.1, 113.3, 118.1, 119.5, 123.1, 125.6, 125.7,
128.4, 129.5, 131.4, 137.4, 139.2, 158.0, 174.8; IR 1022, 1180, 1348, 1508, 1560, 1614, 1628, 3011,
3061, 3092 cm™'; HRFABMS: caled for C6H40.N [M+H] ™ 252.1025, found 252.1014.
3-Phenylquinolin-4(1H)-one (4b)

mp 241-242 °C; 'H-NMR (DMSO-ds) & 7.28 (1H, t, J = 7.2 Hz), 7.33-7.41 (3H, m), 7.59 (1H, d, J=7.6
Hz), 7.66 (1H, t, J=7.0 Hz), 7.73 (2H, d, /= 7.2 Hz), 8.16 (1H, d, /= 5.2 Hz), 8.21 (1H, d, J = 7.6 Hz),
12.07 (1H, s); "C-NMR (DMSO-ds) & 118.2, 119.7, 123.3, 125.6, 125.8, 126.3, 127.8, 128.4, 131.6,
136.2, 138.1, 139.3, 174.7; IR 1296, 1362, 1447, 1516, 1560, 1628, 3011, 3059, 3092 cm™'; HRFABMS:
caled for C;sH;ON [M]": 221.0841, found 221.0831.

3-(p-Tolyl)quinolin-4(1H)-one (4c)

mp 252-253 °C; '"H-NMR (DMSO-ds) & 2.33 (3H, s), 7.19 (2H, d, J = 8.4 Hz), 7.34 (1H, t, J = 7.2 Hz),
7.57-7.67 (4H, m), 8.12 (1H, d, J = 6.4 Hz), 8.20 (1H, d, J = 8.0 Hz), 12.02 (1H, d, J = 5.6 Hz); "C-NMR
(DMSO-de) 6 20.8, 118.1, 119.7, 123.1, 125.6, 125.8, 128.2, 128.4, 131.4, 133.2, 135.4, 137.7, 139.2,
174.8; IR 1352, 1476, 1508, 1516, 1558, 1624, 2967, 3007, 3059 cm™; HRFABMS: calcd for C;¢H 30N
[M]": 235.0997, found 235.1018.

3-(3-Methoxyphenyl)quinolin-4(1H)-one (4d)

mp 232-233 °C; 'H-NMR (DMSO-d) & 3.79 (3H, s), 6.84-6.87 (1H, m), 7.29-7.37 (4H, m), 7.60 (1H, d,
J = 8.0 Hz), 7.66 (1H, t, J = 7.6 Hz), 8.18-8.22 (2H, m), 12.09 (1H, s); *C-NMR (DMSO-d¢) & 55.0,
111.9,114.1, 118.2, 119.4, 120.6, 123.3, 125.6, 125.9, 128.8, 131.6, 137.5, 138.3, 139.2, 158.9, 174.7; IR
1043, 1215, 1346, 1508, 1558, 1630, 2862, 2945, 3001 cm™'; HRFABMS: calcd for C sH40,N [M+H]":
252.1025, found 252.1016.

3-(2-Methoxyphenyl)quinolin-4(1H)-one (4e)

mp 231-232 °C; '"H-NMR (DMSO-ds) & 3.71 (3H, s), 6.96 (1H, t, J = 7.4 Hz), 7.05 (1H, d, J = 8.4 Hz),
7.28-7.34 (3H, m), 7.56 (1H, d, J = 8.4 Hz), 7.65 (1H, dt, /= 1.6, 8.4 Hz), 7.92 (1H, d, J = 5.6 Hz), 8.14
(1H, d, J = 8.0 Hz), 11.86 (1H, d, J = 6.0 Hz); "C-NMR (DMSO-dq) § 55.4, 111.2, 117.8, 118.1, 119.9,
123.0, 125.1, 125.4, 125.6, 128.2, 131.4, 131.8, 138.9, 139.4, 157.1, 174.7; IR 1022, 1360, 1616, 1624,
1734, 3032, 3096, 3246 cm™'; HRFABMS: calcd for C¢H40.N [M+H]™: 252.1025, found 252.1017.
3-(4-Chlorophenyl)quinolin-4(1H)-one (4f)

mp 290-291 °C; 'H-NMR (DMSO-ds) & 7.36 (1H, t, J=7.2 Hz), 7.44 (1H, d, J = 8.8 Hz), 7.60 (1H, d, J
= 8.4 Hz), 7.67 (1H, t,J= 7.4 Hz), 7.80 (2H, d, J = 8.8 Hz), 8.20-8.23 (2H, m), 12.14 (1H, d, /= 5.2 Hz);
PC-NMR (DMSO-ds) & 118.26, 118.29, 123.5, 125.6, 125.8, 127.8, 130.0, 130.8, 131.7, 135.0, 138.4,
139.3, 174.6; IR 1096, 1296, 1350, 1479, 1487, 1518, 1628, 3013, 3044, 3063; HRFABMS: calcd for
Ci5H;;ONCI [M+H]" 256.0529, found 256.0536.
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3-(4-Bromophenyl)quinolin-4(1H)-one (4g)

mp 284-285 °C; 'H-NMR (DMSO-d¢) § 7.36 (1H, t, J = 7.6 Hz), 7.58-7.61 (3H, m), 7.67 (1H, t, J=7.6
Hz), 7.74 (1H, d, J = 8.0 Hz), 8.20-8.23 (2H, m), 12.14 (1H, d, J = 5.2 Hz); C-NMR (DMSO-ds) 5
118.2, 118.3, 119.3, 123.5, 125.6, 125.8, 130.3, 130.7, 131.7, 135.4, 138.3, 139.2, 174.5; IR 1296, 1348,
1518, 1560, 1628, 3011, 3061, 3092; HRFABMS: calcd for C;sH;;ON"’Br [M+H]" 300.0024, found
300.0002.
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We examined one-pot synthesis from la and the desired product 4a was obtained using acidic
conditions, but the yield was lowered because it is difficult to separate the residue of iron and the
solid product due to the low solubility.

A possible reaction mechanism of azaisoflavone formation under acidic conditions was considered
that the oxonium cation would be formed from acetal moiety and subsequent cyclization and
elimination afforded azaisoflavone. On the other hand, no cyclization occurred under basic
conditions, which was employed in our previous indole synthesis from similar acetal intermediate

(See the Supporting Information).





