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Abstract Owing to their special biological activities, organic selenium heterocyclic compounds have widely applications in
organic chemistry and drug synthesis. A series of methods for the synthesis of organoselenide heterocyclic compounds have
been reported, however, shortcomings still exist. In this paper, an effective method for the synthesis of 3-aryl(alkyl)-
selenylcoumarin derivatives via the ICl-catalyzed selenation of coumarins with diaryl(alkyl)diselenide at room temperature is
reported. In addition, this method is also suitable for the construction of Csp2—Se bonds of other heterocyclic compounds.
Compared to previous methods, this method has the advantages of mild conditions and wide functional groups tolerance,
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providing a general pathway to organoselenide heterocyclic compounds.
Keywords Iodine cation-catalyzed selenation; Construction of Cspz—Se; Heterocyclic compounds; Diaryl(alkyl)diselenides
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£ 50 mol% ICIAZ7E R, DL H 3 A (DMSO){E A
WA, 4- KR ILE TR a) M K Rk (2a) SOV AE E
B RHEAT, L 90% MU R 3k T W B b= (R 1,
Entry 1). 4k0f, DL 4-ZREIEA 53R (1a)F 2R ik
a) S MAE AR N, RGHEMETI & R
TS T[] 5 305 B o R AR 2 (3R 1).

R 1 Ak, AT X OB — i R,
{4 70 P B PR AR ) 20 mol%lt), %S MNATIEL 90% k)7~
RIFE AR HARF=H(F 1, Entry 4); 2404077 F &4k
SEFRAR, [BE= ZE AR B FEAK(EK 1, Entries 5, 6). LA 20
mol% L A& IC1 I, JRBLF=ZAN 62%; AME AT
EFIIE, RIS E] B Frr=P A R (ZR 1, Entries 7, 8).
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Table 1 Optimization of reaction conditions

NHPh NHPh
Cat. X SePh
+ PhSeSePh Solvent, N
o "0 Temp., 'I"ime o0
1a 2a 3a
Entry Cat.(mol%)  Solvent  Temp./C Time/h Yield”/%

1 IC1 (50) DMSO r.t. 12 90

2 IC1 (40) DMSO r.t. 12 90

3 IC1(30) DMSO r.t. 12 90

4 IC1 (20) DMSO r.t. 12 90

5 IC1 (10) DMSO r.t. 12 86

6 IC1 (5) DMSO r.t. 12 63

7 12 (20) DMSO r.t. 12 62

8 None DMSO r.t. 12 N.D.
9 IC1 (20) DMF r.t. 12 75
10 IC1 (20) DMA r.t. 12 81
11 IC1 (20) THF r.t. 12 64
12 IC1 (20) Toluene r.t. 12 59
13 IC1 (20) DCM r.t. 12 26
14 IC1(20) 1,4-Dioxane r.t. 12 69
15 IC1 (20) DMSO 50 12 90
16 IC1 (20) DMSO 80 12 85
17 IC1 (20) DMSO 80 6 73
18 IC1 (20) DMSO r.t. 16 90
19 IC1 (20) DMSO r.t. 8 85
20¢  ICI(20) DMSO r.t. 12 90
21¢ IC1 (20) DMSO r.t. 12 75

© 2021 Chinese Chemical Society & SIOC, CAS

@ Conditions: 4-aminocoumarin la (0.5 mmol), diphenyldiselenide 2a (0.25
mmol), ICI (0.1 mmol), solvent (2.0 mL). DMF=N,N-dimethylformamide,
DMA = N,N-dimethylacetamide, THF = tetrahydrofuran, DCM = dichloro-
methane. ® Estimated by 'H NMR using 1,3,5-trimethoxybenzene as internal
reference; ¢ No detected. ¢ 0.75 equiv. of diphenyldiselenide 2a was used.
¢Under air atmosphere.

4kim, LA 20 mol%MEAbFIE AR, HRA R
Xt SN IS (1, Entries 9~14). H 9256 45 AT A1,
DMSO MR M7, F 22 R AR BEYIE DMSO
WV R, B a, HEE T RSLIG RN RS [A) X
RN FIE(F 1, Entries 15~19). 24 58 B T &
80 CHF, RIFLEIF=YIHII, HERr=Pr e 208, 4%
PS5 TR0 Sz <R ) VAN N ] e - St 110
PRI S RN P73 (% 1, Entry 20), 11024 MAE
A N TR, ROV F A AR N PR (R (K 1, Entry
21). I RAEH LRI, R
FEFIICF &4 20 mol%, [ REFIAN DMSO, v i
NER, RMNEEN 12 h. EGmAEE TS, KB
90% 117 ZRIRAFAH B 1) B AR 7= 4.
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Table 2  Study on reactions scope®”

H ICI (20 mol%) SeR
+ RSeSeR
DMSO, Ny, rit., 12 h
1 3
NHPh NHPh NHPh NHPh
ocF3 F o0 Yo cl 0" Yo
3a, 88% 3b, 86% 3c, 89% 3d, 87% 3e, 92%
. Q. Q. A
NHPh N NH
©\)ISeMe ©\)ISePh @\)Ise : i SePh : /L :SePh C \/K/;SePh
3f, 87% 39, 86% 3h, 91% 3i, 90% 3j, 81% 3k, 84%
Me
CH,CI

y @NH @NH

g<§

SePh SePh NH2 cr
e
SePh lj\)I

S °N” o
H

31, 79% 3m, 88% 3n, 86% 30, 84% 3p, 72% 3d, 74%

SePh

SePh
X
NH N @
N SePh
e} H :
3r, 75% 3s, 84% 3t, 51%

¢ Conditions: heterocyclic compound 1 (0.5 mmol), diorganodiselenide 2 (0.25 mmol), IC1 (0.1 mmol), dry DMSO (2.0 mL), * Isolated yields.
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PV EAR X e LT RE . SRaG el R B, HUR S fT
2RO X I IE S T A, 45 /N (Bg ~ 31, 86%~91%), BUARIE K
LB DL R AR J5E 1 2 TR A7 BHL 9% 28 5% e o 7= S5 A Y3 A W
SR, BIRELL 79%~ 84% R IR T H A5 =4
(3j~3D). ML 7-FH-4 REHEE TR 6-A-4- R
B LR RN, %5 S50 51 BL 88%EK, 86% (1)
PR A T H R I(3m, 3n). (E 2% N AN T
TREIRMEERE R MBI RN, &5, ¥
A S0 R 2 A Z A S W (D R L R 1
WE SRR 5] R RTIEE ) () 5 AR A R R SEEEG 4 TR
BIR, ZFENTAFE A4 b S P 5 il A3 A
UFHIIE F I, BL 51%~84%7= A HIN K H br =)
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(30~3t).

T B S R e S ATLER, TF R T DA HE I S e
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TS, AR N W R %A B B BRI, 0
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il 4%
32 WHE

0.5 mmol FERATEY 0.25 mmol 75 (i)
THEAFT 0.1 mmol IC1 & T Schlenk N EH, &AM
PR RNAR RPN 2 mL DMSO, SRR/ UR
IFJ;U“ 12 h. RFGHJE, mRBEF A 30 mL
H,0, #H 10 mL LR LBSFEH =R, & FFE LA,
ToKBREREN T8, S PudEA:ENTS 2] H b= 3a~3t.

3-ORM HE-4-(N- R EE ) B B & (32)7: 'H NMR
(400 MHz, DMSO-d) d: 9.13 (s, 1H), 7.73 (d, J=8.4 Hz,
1H), 7.62 (d, J=7.6 Hz, 1H), 7.41 (d, J=8.4 Hz, 1H),
7.29~7.16 (m, 8H), 7.10~7.02 (m, 3H); '*C NMR (100
MHz, DMSO-ds) 6: 160.46, 155.05, 153.60, 142.30,
133.06, 132.44, 129.82, 129.62, 129.55, 126.75, 125.31,
124.40, 124.00, 122.54, 117.54, 115.90, 96.38.

3-(4- =R AR B A-WV-FEREIHFER
(3b)33: 'H NMR (400 MHz, CDCls) d: 7.84 (s, 1H), 7.38
(d, J=5.6 Hz, 3H), 7.28~7.24 (m, 3H), 7.19~7.12 (m,
2H), 7.00~6.94 (m, 4H), 6.89~6.85 (m, 1H); *C NMR
(100 MHz, CDCl;) 6: 161.11, 156.16, 154.31, 148.58,
140.89, 132.74, 132.10, 129.72, 128.32, 126.76, 126.19,
123.83, 123.08, 122.08, 117.75, 113.46, 97.44.

3-(4- SR AR I )-4-(N- R B ) B & 3e)33): 'H
NMR (400 MHz, DMSO-ds) d: 9.13 (s, 1H), 7.77 (d, J=
6.0 Hz, 1H), 7.62 (t, J=5.6 Hz, 1H), 7.41 (d, J=6.4 Hz,
1H), 7.30~7.24 (m, 5H), 7.10~7.03 (m, 5H); '*C NMR
(100 MHz, DMSO-ds) 6: 162.65, 160.71, 160.37, 154.44,
153.54, 142.23, 132.96, 132.76, 132.70, 129.49, 127.25,
12521, 124.26, 123.99, 122.42, 117.49, 116.62, 116.45,
116.11, 97.11.

3-(4-FRMN 5 )-4-(N- R HL 2 ) B B R/ (3d): 'H
NMR (400 MHz, CDCls) d: 7.69 (s, 1H), 7.43~7.40 (m,
3H), 7.35 (d, J=5.6 Hz, 1H), 7.19~7.14 (m, J=6.4 Hz,
6H), 6.91 (t, J=5.6 Hz, 1H), 6.84 (d, J=5.6 Hz, 2H); 1*C
NMR (100 MHz, CDCl;) &: 161.06, 155.51, 154.23,
139.79, 132.67, 131.14, 130.75, 129.73, 129.70, 129.60,
127.47, 126.51, 124.63, 123.18, 117.80, 113.48, 99.28.

3- R HEAN B -4-(N-R L 5 & . F (3e)3): 'H NMR
(400 MHz, DMSO-ds) d: 8.80 (s, 1H), 7.65~7.63 (m, 1H),
7.59~7.56 (m, 1H), 7.41~7.39 (m, 1H), 7.25 (t, J=6.8
Hz, 2H), 7.20 (t, J=5.6 Hz, 1H), 7.16~7.09 (m, 5H), 7.03
(t, J=6.0 Hz, 1H), 6.84 (d, J=6.0 Hz, 2H), 4.04 (s, 2H);
3C NMR (100 MHz, DMSO-d¢) J: 160.38, 153.62,
153.25, 142.39, 139.27, 132.47, 129.46, 129.15, 128.67,
127.02, 124.91, 123.88, 123.73, 121.65, 117.29, 116.05,

http://sioc-journal.cn/ 4381
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98.04.

3- A 3 -4-(N- K L ) & 2. R (3D 'H NMR
(400 MHz, DMSO-ds) d: 8.94 (s, 1H), 7.82 (d, J=7.6 Hz,
1H), 7.61~7.58 (m, 1H), 7.40 (d, J/=6.8 Hz, 1H), 7.31~
7.25 (m, 3H), 7.05~7.00 (m, 3H), 2.08 (s, 3H); 3C NMR
(100 MHz, DMSO-ds) 0: 160.12, 153.04, 152.49, 142.54,
132.35, 129.47, 124.53, 124.01, 123.29, 121.09, 117.22,
116.56, 99.37, 8.63.

3- R HE -4-(N- 0 R R ) F E &R 3B H
NMR (400 MHz, DMSO-d;) 6: 9.00 (s, 1H), 7.70 (d, J=
6.4 Hz, 1H), 7.61 (t, J=6.8 Hz, 1H), 7.40 (d, J=6.8 Hz,
1H), 7.25~7.19(m, 5H), 7.16 (d, J=5.6 Hz, 1H), 7.10 (d,
J=6.4 Hz, 2H), 6.96 (d, J=6.8 Hz, 2H), 2.28 (s, 3H); 1*C
NMR (100 MHz, DMSO-ds) d: 160.44, 155.40, 153.72,
139.72, 133.89, 132.96, 132.54, 130.47, 130.03, 129.80,
129.60, 126.69, 125.68, 125.47, 123.84, 123.08, 117.54,
115.69, 95.33, 20.98.

3- R Js -4-(N- %) G R 2 ) & 5 R (3h)B): TH
NMR (400 MHz, DMSO-ds) 6: 9.11 (s, 1H), 7.77~7.75
(m, 1H), 7.65~7.61 (m, 1H), 7.28~7.25 (m, 1H), 7.20~
7.16 (m, 5H), 7.12~7.04 (m, 4H); 3C NMR (100 MHz,
DMSO-ds) 6: 160.57, 160.29, 158.38, 154.92, 153.59,
138.34, 138.32, 132.99, 132.42, 129.78, 129.57, 126.70,
125.14, 124.97, 124.91, 124.00, 117.55, 116.12, 115.94,
115.91, 95.33.

3- TR H -4-(N-F FUOR B ) & T EGHET: H
NMR (400 MHz, DMSO-ds) J: 9.18 (s, 1H), 7.80 (d, J=
6.4 Hz, 1H), 7.64 (t, J=6.4 Hz, 1H), 7.43 (d, J=6.4 Hz,
1H), 7.29 (d, J=6.8 Hz, 3H), 7.19 (m, 5H), 7.02 (d, J=6.8
Hz, 2H); '*C NMR (100 MHz, DMSO-ds) &: 160.44,
154.23, 153.51, 141.20, 133.01, 132.23, 130.09, 129.56,
129.17, 127.68, 126.83, 125.12, 124.12, 123.59, 117.49,
116.24, 97.81.

3-IRAIJE-4-(N-(2- ) R IR U ) B & 3))P3: H
NMR (400 MHz, DMSO-ds) J: 8.74 (s, 1H), 7.66 (d, J=
7.6 Hz, 1H), 7.60 (t, J=6.8 Hz, 1H), 7.41 (d, J=7.2 Hz,
1H), 7.30~7.27 (m, 3H), 7.23~7.16 (m, 5H), 7.13 (d, J=
7.2 Hz, 1H), 7.01 (d, J=6.4 Hz, 1H), 2.19(s, 3H); 13C
NMR (100 MHz, DMSO-ds) d: 160.63, 156.21, 153.71,
140.43, 134.25, 133.03, 132.49, 131.25, 129.86, 129.60,
127.15, 126.80, 126.70, 126.11, 124.96, 123.88, 117.61,
115.25,92.31, 18.47.

3R -4-(N-B-H E) R FF) FEZ KGR 'H
NMR (400 MHz, CDCls) &: 7.85 (s, 1H), 7.38 (d, J=2.0
Hz, 3H), 7.36~7.19 (m, 1H), 7.14~7.11 (m, 4H), 7.05 (d,

4382 http:/sioc-journal.cn/
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J=5.6 Hz, 2H), 6.85 (d, J=8.0 Hz,3H), 2.29 (s, 3H); 1*C
NMR (100 MHz, CDCly) &: 161.31, 156.16, 154.36,
138.37, 136.15, 133.52, 132.42, 131.50, 130.29, 129.78,
128.31, 127.18, 126.78, 124.12, 122.85, 117.71, 113.54,
21.03.

3- TR HE -4-(N-(1,3,5- = A R E R ) FHE R
(3D)B3: 'H NMR (400 MHz, DMSO-ds) J: 8.86 (s, 1H),
7.62 (t, J=6.8 Hz, 2H), 7.39 (t, J=6.4 Hz, 1H), 7.26~
7.16 (m, 6H), 6.92 (s, 2H), 2.28 (s, 3H), 1.98 (s, 6H); 1*C
NMR (100 MHz, DMSO-ds) 6: 161.84, 156.16, 154.04,
138.23, 135.59, 134.60, 132.69, 130.16, 130.10, 129.95,
129.71, 129.53, 127.10, 123.72, 123.46, 117.94, 113.65,
90.25, 21.10, 18.30.

3-IRA B -4-(N-ZR L L) -7- AL & % (3m)B3): 'H
NMR (400 MHz, DMSO-ds) J: 9.03 (s, 1H), 7.55 (d, J=
6.8 Hz, 1H), 7.29~7.24 (m, 3H), 7.22~7.19 (m, 4H),
7.18~7.15 (m, 1H), 7.09 (t, J=5.6 Hz, 1H), 7.04 (t, J=
6.8 Hz, 3H), 2.39 (s, 3H); 3C NMR (100 MHz, DMSO-ds)
5: 160.57, 155.39, 153.82, 143.92, 142.38, 132.54, 129.77,
129.60, 129.51, 126.68, 125.30, 124.99, 124.40, 122.69,
117.45, 113.33, 95.50, 21.41.

3-F A I -4-(N-ZR = 3 )-6- & H & (3n): 'H
NMR (400 MHz, DMSO-ds) J: 9.24 (s, 1H), 7.95 (d, J=
1.6 Hz, 1H), 7.67~7.65 (m, 1H), 7.46 (d, J=7.2 Hz, 1H),
7.30 (t, J=6.0 Hz, 2H), 7.21~7.16 (m, 5H), 7.11 (t, J=
6.0 Hz, 1H), 7.04 (d, J=6.0 Hz, 2H); 3C NMR (100 MHz,
DMSO-ds) d: 160.08, 153.11, 152.14, 141.77, 132.40,
132.36, 130.20, 129.50, 129.44, 128.18, 126.83, 124.37,
124.32, 122.44, 119.43, 117.73, 97.09.

3-ZKA FE E K -4(1 H)- B (30)1*%): '"H NMR (400 MHz,
DMSO-ds) 8: 12.23 (s, 1H), 8.14 (t, J=5.2 Hz, 2H), 7.68
(t, J=7.6 Hz, 1H), 7.60 (s, 1H), 7.40~7.34 (m, 3H),
7.25-7.20 (m, 3H); *C NMR (100 MHz, DMSO-ds) o:
175.06, 144.33, 140.23, 132.53, 131.81, 130.99, 129.75,
126.97, 125.88, 124.70, 119.02, 109.68, 39.77.

S5-I AL -6-— G F AL JRIEEE (3p)0: 'TH NMR (400
MHz, DMSO-dj) d: 10.90 (d, J=9.2 Hz, 2H), 7.54~7.52
(m, 2H), 7.34~7.32 m, 3H), 5.13 (s, 1H), 3.76 (s, 2H); 3C
NMR (100 MHz, DMSO-ds) o: 164.23, 153.74, 151.96,
133.55, 129.78, 129.05, 128.28, 99.33, 26.58.

2-BAR-5- 2R B -6- 2 B RS E (3q): 'H NMR (400
MHz, DMSO-ds) d: 12.01 (d, J=9.2 Hz, 2H), 7.29~7.22
(m, 4H), 7.19~7.14 (m, 1H), 6.65 (s, 2H); *C NMR (100
MHz, DMSO-ds) 6: 175.01, 161.05, 156.75, 132.71,
131.32, 129.99, 129.69, 128.47, 128.34, 126.30; HRMS
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(ESI) caled for C1oH;oN3;0SSe [M+H]": 299.9710, found
299.9712.

3- Al J S 0 IR - 1-(2.H)- i (3r)#Y: 'H NMR (400
MHz, DMSO-de) 6: 11.51 (d, J=9.2 Hz, 1H), 8.38 (d, J=
8.0 Hz, 1H), 7.95 (d, J=8.0 Hz, 1H), 7.70 (s, 1H), 7.61 (t,
J=7.6 Hz, 1H), 7.47 (t, J=7.6 Hz, 1H), 7.22~7.18 (m,
2H), 7.13~7.06 (m, 3H); '*C NMR (100 MHz, DMSO-ds)
5: 152.84, 146.41, 143.76, 138.74, 136.27, 133.51, 132.03,
129.40, 129.31, 127.75, 127.64, 127.51, 126.49, 105.35.

3-ZH 5] W (3s)142): '"H NMR (400 MHz, CDCls) o:
8.24 (s, 1H), 7.55 (d, J=6.0 Hz, 1H), 7.34~7.31 (m, 2H),
7.18~7.13 (m, 3H), 7.08 (t, J=6.0 Hz, 1H), 7.05~7.00
(m, 3H); *C NMR (100 MHz, CDCl3) §: 135.3, 132.8,
130.2, 128.9, 127.9, 127.6, 124.6, 121.9, 119.8, 119.3,
110.3, 97.0.

2-ZRARFEIE % (3t): '"H NMR (400 MHz, CDCl3) 6:
8.24 (s, 1H), 7.18~7.07 (m, 5H), 8.85 (s, 1H), 6.51 (s,
1H), 6.22 (d, J=2.0 Hz, 1H); 3C NMR (100 MHz, CDCl;)
9:132.85, 128.16, 127.65, 125.08, 121.14, 118.54, 109.51,
109.16; HRMS (ESI) caled for CjoH;oNSe [M-+H] :
223.9978, found 223.9982.
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