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Synthesis of ArSe-Substituted Flavone Derivatives Using Se Powder

Feng, Chunlai Zhu, Jie Tang, Qiujie Zhou, Aihua*
(Pharmacy School, Jiangsu University, Zhenjiang 212013)

Abstract New flavone derivatives are highly valued in drug discovery due to their diversity of important bioactivities. Here-
in, one simple Cu-catalyzed method of constructing C—Se bonds on flavone structures using convenient Se powder via C—H

functionalization is reported, regioselectively affording ArSe-substituted flavone derivatives in good yields.
Keywords selenium; C—Se bond; flavone; selenide; C—H functionalization

1 Introduction

Flavones are popular compounds in the nature," and
many of their derivatives possess various biological activi-
ties with low toxicities’® including anti-oxidant, an-
ti-cancer, anti-microbial, anti-inflammatory and an-
ti-allergic activities,”! therefore, many medicinal chemists
have been trying to make new flavone derivatives in order
to find some highly selective and bioactive compounds.¥
Selenium is an essential trace element involved in different
physiological functions in the human body and it is also an
important element in some drug structures.”) Orga-
noselenium compounds have been widely used in bio-
chemistry, organic synthesis and material science,””™ which
can also be used as catalysts in some reactions.” One of
the efficient ways to introduce selenium element into or-
ganic molecules is to construct C—Se bond on their skele-
tal structures, thus, many simple and convenient methods
of constructing C—Se bonds on molecular structures di-
rectly via C—H functionalization are highly desired,
because these methods can omit tedious prefunctionalized
steps and will make synthesis more efficient and more en-
vironmentally friendly.

The construction of C—Se bond via C—H functionali-
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zation has become a recent research hot spot these days.”
Although C—Se is a basic bond in modern organic synthe-
sis, the research on the construction methods of C—Se
bond is much less, compared with the construction of C—
S bond.™ Therefore, convenient methods of introducing
selenium element into organic compounds via C—H func-
tionalization are still urgently needed."’

In Scheme 1, the current synthetic methods to make
ArSe-substituted flavone derivatives are all presented, il-
lustrating that ArSeH, ArSeCl and ArSeSeAr have been
employed as selenium agents.!"” Here, we developed a
convenient and new method to generate ArSe-substituted
flavone derivatives directly using Se powder via C—H
functionalization. All ArSe-substitutions were regioselec-
tively added to a-position of flavone ketone functions.
Compared with ArSeH, ArSeCl, and ArSeSeAr selenium
reagents, using Se powder as a reactant is much easier to
handle and more economical.'"”

2 Results and discussion

Based on the literature and our previous research re-
sults,!'?! Se powder is far less reactive than the other sele-
nium agents. Its solubility in organic solvents is also quite
low, so it is necessary to find out a suitable reaction
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Scheme 1 Previously reported synthetic methods to construct
ArSe-substituted flavones versus our new method

condition for using Se powder to generate seleni-
um-containing compounds. In order to find out a suitable
reaction condition for constructing the C—Se bond on fla-
vones, flavone 1a was selected as a representative reactant,
and iodobenzene 2a was used as a representative aryl hal-
ide. Copper, iron, cobalt or nickel salt catalysts were em-
ployed and screened in different solvents at different tem-
peratures. Experimental results are demonstrated in Table
L.

The screening started with CuO as catalyst in N,N-
dimethylformamide (DMF) at 140 C, the reaction
afforded 38% yield of expected product 3a (Table 1, Entry
1). Using FeSO,*7H,0 as catalyst, 3a was not obtained at
all (Entry 2). When Co(OAc),*4H,0 was used in DMF at
140 °C, the reaction only gave 12% yield of 3a (Entry 3).
Using FeCl; or NiBr, as catalyst in DMF at 140 C 3a
was not obtained (Entries 4, 5). When CuCN was used as
catalyst in DMF at 140 °C, the reaction proceeded well
and afforded 83% yield of 3a (Entry 6). Decreasing
temperture from 140 to 120 ‘C reduced the reaction yield
to 55% (Entry 7). When the reaction temperature was
dropped to 110 °C, the reaction yield was only 20% (Entry
8). When CH;CN was employed as solvent, 3a was
generated in 7% yield at 140 ‘C (Entry 9). In DMSO or
dioxane, both reactions did not give expected product 3a
(Entries 10, 11). Using dimethylacetamide (DMAC) as
solvent at 140 C product 3a was generated in 13% yield
(Entry 12). Employing dichloroethane (DCE) as solvent
with CuCN as catalyst 3a was not afforded (Entry 13).
When tetrahydrofuran (THF) was used as solvent, the re-
action gave product 3a in 17% yield (Entry 14). Using
K Fe(CN)g*3H,0 as catalyst in DMF 3a was not generated
(Entry 15). When Cul catalyst was used in DMF at 140 C,
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Table 1 Screening for suitable reaction conditions”

(0] |
Se powder
| +
Cat solvent
O

Temp.

Entry Cat. Temp./C  Solvent Yield’/%
1 CuO 140 DMF 38
2 FeSO,+7H,0 140 DMF 0
3 Co(OAc),*4H,0 140 DMF 12
4 FeCls 140 DMF 0
5 NiBr, 140 DMF 0
6 CuCN 140 DMF 83
7 CuCN 120 DMF 55
8 CuCN 110 DMF 20
9 CuCN 140 CH;CN 7
10 CuCN 140 DMSO 0
11 CuCN 140 Dioxane 0
12 CuCN 140 DMAC 13
13 CuCN 140 DCE 0
14 CuCN 140 THF 17
15 K4Fe(CN)g*3H,0 140 DMF 0
16 Cul 140 DMF 11
17 Cu(OAc), 140 DMF 56
18 Fe,(NO,);°9H,0 140 THF 0

© 2019 Chinese Chemical Society & SIOC, CAS

*Reaction conditions: flavone (0.5 mmol, 1.0 equiv.), iodobenzene (1.5 equiv.),
Se (1.5 equiv.), Cat. (20 mol%), solvent (0.5 mL). ”Isolated yield of 3a was
based on the reactant flavone 1a. Reaction time: 16 h

the reaction afforded 3a in 11% yield (Entry 16). Using
Cu(OAc), in DMF, 3a was gave in 56% yield (Entry 17).
Finally using Fe,(NO,);*9H,0 as catalyst, product 3a was
not afforded (Entry 18).

Based on the above screening, the suitable reaction
conditions for the generation of ArSe-substituted flavone
derivatives via using selenium powder and an iodoarene
(or bromoarene) are: flavone (1.0 equiv.), Se powder (1.5
equiv.), iodobenzene (or bromoarene) (1.5 equiv.), CuCN
(20 mol%), and DMF as the solvent at 140 ‘C for 16 h.

In order to further study the reaction scope, several
flavone analogs with electron-donating and electron-
withdrawing functions were synthesized based on the
method in the literature.!”! Then these flavones were
reacted with Se powder and different aromatic iodo-
benzenes (or bromoarenes) which also contained various
functional groups. Under the optimized condition found
above, most reactions of flavones with iodoarenes
proceeded well, giving good yields of the regioselective
ArSe-subsituted flavone derivatives via C—H functiona-
lization. All experimental results are shown in Table 2.
Isolated yields of most reactions ranged from 74% to 85%.
Even ortho-iodotoluene with sterically neighboring methyl
function also gave 74% or 76% yield of 3g, 3k, respec-
tively. Alkyl halides were also tried for this reaction, but
all reactions failed to give the expected products.

Bromoarenes and alkyl bromides were also tried as re-
actants instead of iodoarenes, but bromoarenes gave low

Chin. J. Org. Chem. 2019, 39, 1187~1192
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Table 2 Synthesis of ArSe-substituted flavone derivatives using different iodoarenes (or bromoarenes) and Se powder”

(0] X O
X X Se X Se X
| | + || Jdrg ———— | | | R
A P> CuCN, DMF v —
R1 o R1 0
1 2 3

X=Br, |

Seasisensiconsiiconchoenol

3a X=1,85% 3b X=1,83%

3c X=1,80%

3d X=1,76% 3e X=1,80%

(SeasIbranssseachsans Cea il

3f X=1,79% 3g X=1,74%

3h X=1,78%

3i X=1,82% 3j X=1,72%

fecavBrepe¥reprhreavioreget

3k X=1,76% 31 X=1,77%

3a X=Br, 12%

3e X=Br, 8% 3i X=Br, 5%

“Reaction conditions: flavone (0.5 mmol, 1.0 equiv.), iodobenzene (1.5 equiv.), Se (1.5 equiv.), Cat. (20 mol%), solvent (0.5 mL). Isolated yield of 3a was based on

the reactant flavone 1a. Reaction time: 16 h.

product yields (5%~12%) of 3a, 3e and 3i, and alkyl
bromides gave trace amount of products. It’s clearly that
iodoarenes were more reactive than bromoarenes because
the C—Br bond of bromoarenes is stronger than C—I
bond. The reason why alkyl bromides failed to give the
product is probably that alkyl diselenide intermediate is not
as easily formed as aromatic diselenide under the same
reaction condition. 'H NMR spectra confirmed that ArSe-
substituents were added to the a-position of flavone ketone
functions. This regioselectivity was also proved by com-
paring "H NMR spectra to those reported in literature.!*!

Based on experimental results and previous literature, a
possible mechanism is proposed in Scheme 2.!'*! The reac-
tion between aromatic halides Ar—X (1) (X=I and Br)
and Se powder could generate ArSeSeAr (A) intermediates
via copper catalysis in DMF. Actually, ArSeSeAr (A) can
be clearly seen on thin layer chromatography (TLC) analy-
sis during the reaction and this is an important supporting
evidence for our mechanism. Then ArSeSeAr could further
react with CuCN to insert CuCN producing an arylcopper
complex intermediate B. intermediate B further reacts with
flavone 1 to give intermediate C, subsequent loss of one
proton forms intermediate D followed by reductive elimi-
nation producing the final ArSe-substituted flavone deriva-
tives product 3, in the meantime releasing CuCN for the
next cycle.

3 Conclusions
In summary, a new method of constructing C—Se bond

Chin. J. Org. Chem. 2019, 39, 1187~1192
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Scheme 2 Proposed reaction mechanism

on the a-position of flavone ketone function using Se
powder via C—H functionalization was developed, gener-
ating ArSe-substituted flavone derivatives regioselectively
in good yields. Compared with previously reported meth-
ods of using ArSeH, ArSeCl and ArSeSeAr as selenium
sources, this method is more convenient. This method is
probably more suitable for a large scale production. Fur-
ther study to expand the scope of this methodology are still

http://sioc-journal.cn/ 1189
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underway.

4 Experimental section

4.1 Instruments and agents

'"H NMR and ">C NMR spectra were recorded on a
Bruker DRX-400 spectrometer operating at 400 MHz and
100 MHz respectively. HRMS spectrometry (LC-HRMS)
was recorded on a LXQ Spectrometer (Thermo Scientific)
operating in the ESI-TOF mode (MeOH as a solvent). All
reactions were carried out in sealed tubes, stirring was
achieved with an oven-dried magnetic stirring bar. Sol-
vents were purified by standard methods unless otherwise
noted. Commercially available reagents were purchased
from Aladdin Company in China and used without further
purification, expect those described in detail. Flash column
chromatography was performed on silica gel (200~300
mesh). All reactions were monitored by TLC analysis.
Deuterated solvents were purchased from Cambridge Iso-
tope laboratories.

4.2  General procedure for the syntheses of com-
pounds 3a~3l

Flavone 1a (0.5 mmol, 1.0 equiv.), Se powder (1.5
equiv.) and iodobenzene (1.5 equiv.) were added to a dried
flask with DMF (0.5 mL), followed by the addition of
CuCN (0.2 equiv.). The mixture was stirred at 140 C.
After 16 h, the mixture was cooled to room temperature,
diluted with ethyl acetate, washed with brine, dried over
anhydrous Na,SO, and concentrated under vacuum. The
residue was purified by flash chromatography (petroleum
ether/EtOAc, V' V=100 : 1) on silica gel to give 3a as a
colorless oil in 85% yield. The same procedure was ap-
plied to the production of other compounds 3b~3l.

3-(Phenylselanyl)-4H-chromen-4-one (3a): 85% isolated
yield (128.3 mg) as a colorless oil. 'H NMR (CDCls, 400
MHz) ¢: 8.26 (ddd, J=7.7, 1.7, 0.7 Hz, 1H), 7.91 (s, 1H),
7.69 (ddd, J=8.7, 7.1, 1.7 Hz, 1H), 7.65~7.59 (m, 2H),
7.44 (td, J=8.0, 7.5, 1.0 Hz, 2H), 7.37~7.29 (m, 3H); "*C
NMR (CDCl;, 100 MHz) ¢: 175.16, 156.35, 155.74,
133.85, 133.81, 129.54, 128.17, 128.12, 126.36, 125.55,
123.17, 118.06, 117.87; IR (KBr) v: 3062, 2928, 1637,
1463, 1112, 762 cm ™ '; HRMS (ESI-TOF) calcd for CysH -
NaO,Se (M+Na)" 324.9738, found 324.9752.

3-((4-Chlorophenyl)selanyl)-4H-chromen-4-one  (3b):
83% isolated yield (139.4 mg) as a colorless oil; '"H NMR
(CDCl;, 400 MHz) ¢: 8.25 (dd, J=8.0, 1.7 Hz, 1H), 8.03
(s, 1H), 7.70 (ddd, J=8.7, 7.1, 1.7 Hz, 1H), 7.59~7.51
(m, 2H), 7.49~7.41 (m, 2H), 7.30~7.24 (m, 2H); "*C
NMR (CDCl;, 100 MHz) ¢: 175.02, 156.46, 156.36,
134.84, 134.35, 133.96, 129.64, 126.70, 126.40, 125.71,
123.28, 118.10, 117.24; IR (KBr) v: 3039, 2926, 2360,
1635, 1461, 1077, 754 cm™'; HRMS (ESI-TOF) calcd for
C,sHoCINaO,Se (M+Na)" 358.9349, found 358.9352.

3-((4-Methoxyphenyl)selanyl)-4 H-chromen-4-one (3c):
80% isolated yield (132.8 mg) as a colorless oil; '"H NMR
(CDCl;, 400 MHz) ¢: 8.24 (dd, J=8.2, 1.7 Hz, 1H),
7.70~7.59 (m, 4H), 7.41 (dtd, J=38.1, 3.4, 1.1 Hz, 2H),
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6.92~6.85 (m, 2H), 3.82 (s, 3H); C NMR (CDCl;, 100
MHz) ¢: 175.28, 160.23, 156.30, 153.86, 137.11, 133.67,
126.19, 125.38, 122.90, 119.38, 118.01, 117.08, 115.37,
55.33; IR v: 3072, 2932, 1642, 1490, 1245, 756 cm ';
HRMS (ESI-TOF) caled for C;¢H;;NaO;Se (M+Na)"
354.9844, found 354.9868.
3-((2-Fluorophenyl)selanyl)-4H-chromen-4-one  (3d):
76% isolated yield (121.6 mg) as a colorless oil; 'H NMR
(CDCl;, 400 MHz) o: 8.24 (dd, J=8.0, 1.7 Hz, 1H), 8.05
(s, 1H), 7.70 (ddd, J=8.7, 7.0, 1.7 Hz, 1H), 7.58~7.39
(m, 3H), 7.38~7.23 (m, 1H), 7.08 (dtd, /=11.0, 8.0, 7.5,
1.3 Hz, 2H); “C NMR (CDCL;, 100 MHz) d: 175.08,
161.67(d, J=243 Hz), 156.78, 156.38, 134.99 (d, Jcr=
2.6 Hz), 133.95, 130.16 (d, Jcr=7.7 Hz), 126.35, 125.70,
125.09 (d, Jcr=3.6 Hz), 123.22, 118.12, 115.90, 115.67,
115.48 (d, Jcr=6.9 Hz); IR (KBr) v: 3056, 2917, 1645,
1486 cm'; HRMS (ESI-TOF) caled for C;sHoFNaO,Se
(M-+Na)" 342.9644, found 354.9637.
6-Methyl-3-(p-tolylselanyl)-4 H-chromen-4-one (3e):
80% isolated yield (132.0 mg) as a colorless oil; '"H NMR
(CDCl;, 400 MHz) ¢: 8.00 (d, J=2.2 Hz, 1H), 7.77 (s,
1H), 7.55~7.42 (m, 3H), 7.30 (d, J/=8.6 Hz, 1H), 7.11 (d,
J=17.8 Hz, 2H), 2.44 (s, 3H), 2.33 (s, 3H); "C NMR
(CDCl;, 100 MHz) o: 175.32, 154.96, 154.62, 138.37,
135.50, 135.01, 134.46, 130.38, 125.52, 124.12, 122.74,
118.18, 117.78, 21.19, 20.97; IR (KBr) v: 3059, 2918,
2362, 1645, 1483, 1312, 757 ecm~'; HRMS (ESI-TOF)
caled for C;;H;4NaO,Se (M—i—Na)+ 353.0051, found
353.0058.
3-((3-Chlorophenyl)selanyl)-6-methyl-4 H-chromen-4-
one (3f): 79% isolated yield (138.2 mg) as a colorless oil;
'H-NMR (CDCl;, 400 MHz) J: 8.11 (s, 1H), 8.07~8.01
(m, 1H), 7.55~7.49 (m, 2H), 7.45 (dt, J=7.3, 1.5 Hz,
1H), 7.38 (d, J=8.6 Hz, 1H), 7.29~7.18 (m, 2H), 2.47 (s,
3H); *C NMR (CDCl;, 100 MHz) §: 175.02, 157.27,
154.68, 135.89, 135.26, 134.95, 132.28, 130.78, 130.72,
130.35, 127.91, 125.74, 123.07, 117.88, 116.27, 20.97; IR
(KBr) v: 3042, 2936, 2359, 1633, 1479, 1314 cm™'; HRMS
(ESI-TOF) calcd for C,¢H;;NaO,Se (M+Na)" 372.9505,
found 372.9496.
6-Chloro-7-methyl-3-(o-tolylselanyl)-4 H-chromen-4-
one (3g): 74% isolated yield (134.7 mg) as a colorless oil;
'H NMR (CDCls, 400 MHz) J: 8.20 (s, 1H), 7.63 (s, 1H),
7.49 (dd, J=17.7, 1.2 Hz, 1H), 7.35~7.23 (m, 3H), 7.12
(td, J=7.3, 2.1 Hz, 1H), 2.51 (d, J=1.9 Hz, 6H); "C
NMR (CDCl;, 100 MHz) o: 174.17, 154.66, 154.41,
143.17, 140.72, 134.63, 132.19, 130.54, 128.69, 128.26,
127.07, 125.82, 121.95, 119.82, 117.33, 22.37, 20.82; IR
(KBr) v: 3062, 2928, 1627, 1452, 1076, 754 cm™'; HRMS
(ESI-TOF) caled for Cj;H;3CINaO,Se (M + Na) '
386.9662, found 386.9677.
3-((4-(tert-Butyl)phenyl)selanyl)-6-chloro-7-methyl-4 H-
chromen-4-one (3h): 78% isolated yield (158.3 mg) as a
colorless oil; '"H NMR (CDCl;, 400 MHz) ¢: 8.19 (s, 1H),
7.77 (s, 1H), 7.57 (d, J=8.4 Hz, 2H), 7.38~7.31 (m, 3H),
2.50 (s, 3H), 1.32 (s, 9H); *C NMR (CDCl;, 100 MHz) ¢:
174.14, 154.80, 154.60, 151.76, 143.1, 134.33, 132.14,
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126.76, 125.84, 123.86, 122.03, 119.79, 118.36, 34.67,
31.23, 20.83; IR (KBr) v: 3066, 2924, 1625, 1448, 758
cm '; HRMS (ESI-TOF) caled for C,0H;4CINaO,Se ™M
+Na)" 429.0131, found 429.0126.

6-Chloro-3-(p-tolylselanyl)-4H-chromen-4-one (3i):
82% isolated yield (143.5 mg) as a colorless oil; 'H NMR
(CDCl;, 400 MHz) ¢: 8.20 (d, J=2.6 Hz, 1H), 7.74 (s,
1H), 7.62 (d, J=2.6 Hz, 1H), 7.55 (d, J/=8.1 Hz, 2H), 7.40
(d, J=8.9 Hz, 1H), 7.16 (d, J/=7.8 Hz, 2H), 2.37 (s, 3H);
BC NMR (CDCL, 100 MHz) d: 174.13, 154.64, 154.52,
138.78, 134.89, 133.96, 131.36, 130.51, 125.60, 123.81,
123.42, 119.78, 118.95, 21.20; IR (KBr) v: 3057, 1650,
1467, 1303, 1079, 825, 810 cm™'; HRMS (ESI-TOF) calcd
for CgH;;CINaO,Se (M -+ Na) ~ 372.9505, found
372.9496.

3-((4-Methoxyphenyl)selanyl)-6-methyl-4H-chromen-4-
one (3j): 72% isolated yield (124.6 mg) as a colorless oil;
'H NMR (CDCl;, 400 MHz) 6: 8.07~7.96 (m, 1H),
7.71~7.55 (m, 3H), 7.46 (dd, J=38.6, 2.2 Hz, 1H), 7.30 (d,
J=28.6 Hz, 1H), 6.96~6.82 (m, 2H), 3.81 (s, 3H), 2.45 (s,
3H); *C NMR (CDCl;, 100 MHz) J: 175.34, 160.16,
154.60, 153.98, 136.98, 135.41, 134.96, 125.41, 122.60,
118.98, 117.76, 117.31, 115.32, 55.32, 20.95; IR (KBr) v:
3057, 2920, 1644, 1485, 1025, 819 cm '; HRMS
(ESI-TOF) caled for C,7H,;4,NaO;Se (M+Na)" 369.0000,
found 368.9995.

3-(o-Tolylselanyl)-4H-benzo[ h]chromen-4-one 3k):
76% isolated yield (139.1 mg) as a colorless oil; "H NMR
(CDCl;, 400 MHz) o: 8.41 (dd, J=8.2, 1.3 Hz, 1H), 8.19
(d, J=8.8 Hz, 1H), 7.94 (dd, J=7.8, 1.3 Hz, 1H), 7.85~
7.58 (m, SH), 7.38~7.26 (m, 2H), 7.18 (dd, J=7.2, 2.1
Hz, 1H), 2.56 (s, 3H); *C NMR (CDCl;, 100 MHz) o:
175.17, 153.90, 152.70, 141.23, 135.78, 135.40, 130.60,
129.43, 128.94, 128.14, 127.90, 127.24, 127.16, 125.65,
123.88, 122.19, 121.07, 119.73, 119.02, 22.50; IR (KBr) v:
2918, 2362, 1645, 1484, 1311 cm™'; HRMS (ESI-TOF)
caled for CyH;;NaO,Se (M + H) " 389.0051, found
389.0041.

3-(p-Tolylselanyl)-4H-benzo[/]chromen-4-one @3):
79% isolated yield (144.6 mg) as a colorless oil; "H NMR
(400 MHz, CDCl;) o: 8.41 (dd, J=8.2, 1.3 Hz, 1H), 8.18
(d, J/=8.8 Hz, 1H), 7.93 (dd, J=7.7, 1.3 Hz, 1H), 7.84 (s,
1H), 7.78 (d, /=8.8 Hz, 1H), 7.75~7.57 (m, 4H), 7.19 (d,
J=17.8 Hz, 2H), 2.39 (s, 3H); >*C NMR (101 MHz, CDCl;)
0: 175.05, 153.82, 152.92, 138.78, 135.76, 135.19, 130.56,
129.38, 128.13, 127.20, 125.58, 123.88, 123.33, 122.18,
121.10, 120.98, 119.07, 21.24; IR (KBr) v: 2927, 2284,
1626, 1384, 1098, 759 cm™'; HRMS (ESI-TOF) calcd for
C,0H4,NaO,Se (M+H)" 389.0051, found 389.0041.

Supporting Information 'H NMR and 3C NMR spectra
of products. The Supporting Information is available free of
charge via the Internet at http://sioc-journal.cn.
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