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One-Pot Synthesis of Benzo[d][1,3]selenazole Derivatives by
Using Carbon-Supported Copper Catalyst
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(“ Department of Chemistry, Jinan University, Guangzhou 510632)

¢ Department of Food Science and Engineering, Jinan University, Guangzhou 510632)

Zheng, Wenjie”

Abstract A simple, efficient, inexpensive one-pot method for the benzo[d][1,3]selenazole derivatives synthesized from
2-bromoaniline was developed by using cheap carbon-supported copper as catalyst at room temperature. The reaction provides
an efficient protocol to a series of benzo[d][1,3]selenazole derivatives in good to high yields, and benefits of readily available

catalyst and synthesis of high efficiency.
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Scheme 1 Synthetic pathway toward benzo[d][1,3]selenazole
derivatives

1 ZBR5VHE
1.1 RMFEHHK

T S AN HER 5 40 R R A R B 9 R SRR, RS
HOBFFIE T SONHREE  SONIIT TE] S SOBEIA T B X SN
sgm, R IER 1. IR 1 AT CUE L, SON i BT
RIS ECR. Bt TLC R A JE A B R B, S SEF
R N, SR T R, R SR PR £
PR ISR AR (GR 1, Entries 1~3). [ AS[E] %] [ B H 5
WA, N1 hJE, JERCIEA R B SE4 (K 1, En-
tries 1, 4~5). BT A BIIEZIECR, 1,8- &R 3
+—Hk-7-#5(DBU). = ZHE(ER 1, Entries 11, 12)ZHHL
BRI R e, HABTENUBRAR X5 2. ISR AN ] 2
W&, LA THF, &R GEREFRIN, R A RR, 75
B¢ =(3 1, Entries 1, 13). FEE/ENEFIRT, B BIEL,
T S8 S SE PR 7= 265 Tk AR TR IR A9 s L R, AN
IR %, T H R RO AR AR RO B 2R, R
BRTEMEALTI R, SEmafEAb ORI = 26 PRI

K1 RPZMmIES A

Table 1 Optimization of reaction condition

Entry Solvent Base Temp./’C Time/h Yield®/%
1 CH,Cl, DBU r.t 1 80
2 CH,Cl, DBU 40 1 —
3 CH,Cl, DBU Reflux 1 —
4 CH,Cl, DBU r.t 2 80
5 CH,Cl, DBU r.t 3 80
6 CH,Cl, NaOH r.t 3 65
7 CH,Cl, KOH r.t 3 70
8 CH,Cl, Na,CO; r.t 4 67
9 CH,Cl, Et;N rt | 75
10 THF DBU r.t 1 80
11 CH;COCH; DBU r.t 1 75
12 C,HsOC,Hs DBU r.t 1 50
13 CH;0H DBU r.t 1 40

“Reaction conditions: formamides (3 mmol), triethylamine (12.8 mmol), tri-
phosgene (1.6 mmol), DBU (3 mmol), secondary amine (3.6 mmol), Cu-C
(0.05 g). *Isolated yield based on aryl amines.
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B, 7 R0 32 A DR 3R (LA SR 73 e L B i
) s v BEAR X BE /N, TiEPE R 2343 A B 2E S da .

AccY Magn WD —— &um

20.0KV 9600x 8.7

B 1 Cu/C LTI SEM
Figure 1 SEM images of the catalyst Cu/C

“100 mesh activated carbon; ®200 mesh activated carbon
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FI| 84%(F 2, Entries 1, 3, 4); SR, F#E— L Nid 5
FIKE R &, S TEA T B, SR )AL 3N
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Table 2 Effect of size of active carbon, amount of reduction on
catalytic activity

Entry Mesh/C Clg

V(N,H;sH,0)/mL  Yield®/%

1 100 5.0 3.0 38
2 200 5.0 3.0 48
3 100 5.0 5.0 70
4 100 5.0 10.0 84
5 100 5.0 15.0 80
6 100 5.0 25.0 44

¢ Reaction conditions: formamides (3 mmol), triethylamine (12.8 mmol),
CH,Cl, (12 mL), triphosgene (1.6 mmol), DBU (3 mmol), secondary amine
(3.6 mmol), Cu-C (0.05 g).” Isolated yield based on aryl amines.

I SR P N, LR N S N2 AR
RNUAT R E; M EFIHE IR — e 8E, #i
FUH AN SRR EAN. N T AR — R, AT
FHEAT XRD RAE. B 2 A5 518 )5(10.0 mL
KA DA 78 4538 J7.(25.0 mL K& HF)JE 1) XRD K. 584
R AHEATT(25.0 mL 7K k)5 B 54 F b v AT S 0
BEARYIE, U Cu*  CHEARTEAILE R Cu; #4riE )5
(10.0 mL /K& HHEFfEAFIZEEAR R HI Cu,0 W, HiH]
Cu* BEATZILER T Cu'. GE AT 4R,
AR Cu W RS IG E pO. ZAS et
— SRR A B SR L

10 20 30 40 50 60 70 80
26/(%)

B2 Cu/C ML XRD [
Figure 2 XRD patterns of the catalyst Cu/C
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ARAT I PR OB AL B R 2-(L4-H AR T C
H)-1,3 IR B AR 1, Entry 13))5, kAT
— IR R EEVE(R 3). N3 AT fiEfL
R ARE S 2 MAFRBACKIAT I Ky FER B AL &4
XPAP TS, 2 %UR 5 AU D I 17 e B TR 24 A
I, 2% 6] 5 A R R Ja AP ) S 2 B B2 0 AN K (3& 3, En-
tries 1~5), 1 HEIER RIS BOR, 8A ] T 7Y)
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JRF R EUARIE AN IR R AN 60, AN RETS
AR =8, YR AR A VIR, 73 0] 45 74 72 52 1)
SN B R &K (3 3, Entries 10~12). X 2 By Al 25 67 5y
S, AU 2240 T KM (K 3, Entries 15, 19),
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Entries 14~19).
14 EHEFIESFERMERE

DA, E bR 55 418 YR Al SRR I oA IR BEASEAR, 5 %2 ik £
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Table 4 The performance of Cu-C catalyst for repeated use

No Cycle Reaction time/h Yield/%
1 Ist 1.0 82
2 2nd 1.0 78
3 3rd 1.2 75
4 4th 1.2 74

© 2015 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions:formamides (3 mmol), triethylamine (12.8 mmol), tri-
phosgene (1.6 mmol), DBU (3 mmol), secondary amine (3.6 mmol), Cu-C
(0.05 g). ®Isolated yield based on aryl amines.
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AR AR, %44 2R DL S M BR S BN K AR A fiE AL
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3.1 UE5EHF

'H NMR 1 °C NMR f] Bruker DRX-500 Jll5E, LA
TMS A WNAR, CDCly AEIEFI; =2 # o i Al 22 5816
6520 Q-TOF LC/MS (&85, CHCL 1R, 1 M H
WRS-2A 5 fUBCHIE . BT FH AR 24 it A0 7 35 9 T 5 )
SR B A, BRI, RGP AR
32 ZLWHE
321 Ehhs R ARG H] &

75 25 mL FFEERFR AN 2.2 g iSERE A 100 mL
MK, BEEE RN 5E VAR, =R TN 5.0 g itk
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Table 3 Synthesis of benzoselenazoles

Entry NuH Product Yield®/% Entry NuH Product Yield”/%
N N =
\%Nﬁ N @: \%N/\‘
1 Et,NH &% \_ 80 10 [ NH st \=N 75
3a 3j

I HaC
N N H
2 i-Pr;NH @[ )N 80 1 [ d—cn @: >N 75
Se j» N Se

H

3b 3k

(:[N /N H Q
/ \ \ N N
3 HN O S?NL/O 80 12 @[ ) @[ SN 65

3¢ N Se =N
3l
O “
a (o0
4 CNH & 80 13 QOH S? 75
3d 3n

W ()

5 Cy,NH @[S\%N 80 14 @OH @[\%O o n
e
3e D

N
>N OH S0 cl
6 MePhNH @s? @ 75 15 §:> @E % < 2 69

3f CHs

N
\) N N S
7 i-PrPhNH ©:s? @ 75 16 @SH @E % o 80

3g

8 Ph,NH 3h 0 17 @ @[ \%s@ 80
>—s
9 Bn,NH 3 0 18 @SH @E % 78

“Reaction conditions: formamides (3 mmol), triethylamine (12.8 mmol), CH,Cl, (12 mL), triphosgene (1.6 mmol), DBU (3 mmol), THF (9 mL), secondary amine
(3.6 mmol), Cu-C (0.05 g). * Isolated yield based on aryl amines.

TRJG AR S HE 0.5 h, BEH2.2 mL 80% /K& AT 15 mL 300 FHEEwE KA A6 Ak

HOARIRK D, B8RRI\ LIRS, In5e )= 4k 52 TEF BRI 4.0 mmol A5, 2.0 mmol SFUfk4
BEFE Uh, BEEIE. Mok, R HATIEE, WS f16.0 mmol RS, FIJIWEEE 1 h, 15 KBRS F] 25
PUTE PR GO . mL f = OB, A 1.8 mL =20k, 4 A 47
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F8 mL & e, MIAENR. ¥ 1.6 mmol =SS T 4
mL &R, S A LR, 565 4k SR
2.5h, FIIA 6 mmol Ak, 488/ N 5h, RMEE, iTE
BB ER, TS A 3 mmol 1,8- % 3 +—hk-
7-4(DBU). 2 mL PYEFEAE . 3.6 mmol i@t &A1
0.05 g iEMEIR ARG, =W\ FHiEE 1~4 h (TLC iR
BEINE). NS R IE, R TR B 18 ON T AR R
WA, HOBEEEEL, AHLE R oKmER ST %, JiE,
M= rE EN VA M) : OB OEE)=8 1] &
B, AIRAG Y, tHEPEE. BARFEiE "TH NMR,
PCNMR 1 HRMS #4745 R AE, Hd3d~3g, 3k, 3n,
3p AL EDD.

2- T OREEHE 3 ORI (3a): B ARAK, AR
80%. 'H NMR (500 MHz, CDCl5) d: 7.57 (dd, J=36.0, 7.9
Hz, 1H), 7.38~7.18 (m, 1H), 6.95 (dd, J=10.8, 4.3 Hz,
1H), 3.54 (q, J=7.0 Hz, 2H), 1.28 (t, J=7.1 Hz, 3H); MS
(ESI) m/z: 254.1 [M+H]".

2- T R AL L -1,3- 2R IR e (3b): B A, 7R
# 80%. 'H NMR (500 MHz, CDCLy) ¢: 7.61 (d, J=7.8
Hz, 1H), 7.51 (d, J=7.9 Hz, 1H), 7.29~7.19 (m, 1H),
6.93 (t, J=7.5 Hz, 1H), 3.88~3.70 (m, 2H), 1.44 (d, J=
6.7 Hz, 12H); MS (ESI) m/z: 282.3 [M+H]".

2-(1,4-58 B CIE)-1,3- T i (3e): 35 (0 ik,
FEH 80%. m.p. 115.5~116.7 C; '"H NMR (500 MHz,
CDCly) 6: 7.68 (dd, J=7.8, 0.9 Hz, 1H), 7.61 (d, J=8.0
Hz, 1H), 7.37~7.31 (m, 1H), 7.10~7.01 (m, 1H), 3.90~
3.81 (m, 4H), 3.67~3.60 (m, 4H); >C NMR (125 MHz,
CDClLy) 6: 169.67, 154.27, 133.36, 126.39, 124.02, 121.81,
120.65, 66.34, 49.70; MS (ESI) m/z: 268.2 [M+H]".

2-(1-FAR IR I 3E)-1,3- 2R IR L (3d): 38 € dnd, 77
% 80%. m.p. 107.2~1082 ‘C; 'H NMR (500 MHz,
CDCly) §: 7.58 (ddd, J=9.1, 8.0, 0.8 Hz, 1H), 7.23 (ddd,
J=8.1, 7.4, 1.3 Hz, 1H), 6.93 (td, J=7.8, 1.2 Hz, 1H),
3.53 (t, J=6.6 Hz, 2H), 2.07~1.97 (m, 2H); *C NMR
(125 MHz, CDCly) d: 169.67, 154.27, 133.36, 126.39,
124.02, 121.81, 120.65, 66.34, 49.70. HRMS (ESI) calcd
for C;;H3N,Se [M+1]" 253.0166, found 253.0112.

2- TN OB SRR -1,3- 2R IR M Be): (LK, 77
% 80%. m.p. 103.8~1062 ‘C; 'H NMR (500 MHz,
CDCly) d: 7.65 (d, J=7.7 Hz, 1H), 7.55 (d, J=8.0 Hz,
1H), 7.28 (dd, J=8.4, 6.9 Hz, 1H), 6.97 (t, J=7.5 Hz,
1H), 3.33 (ddd, J=11.8, 8.5, 3.6 Hz, 2H), 2.23 (dd, J=
23.0, 11.3 Hz, 4H), 1.91 (d, J=13.2 Hz, 4H), 1.79 (d, J=
11.5 Hz, 4H), 1.73 (d, J=12.8 Hz, 2H), 1.46~1.34 (m,
4H), 1.33~1.20 (m, 2H); C NMR (125 MHz, CDCl5) §:

1274 http://sioc-journal.cn/
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165.82, 155.28, 132.71, 125.85, 123.38, 120.55, 119.88,
62.45, 30.54, 26.41, 25.42. HRMS (ESI) caled for
CioHNySe  [M+11" 363.1360, found 363.1461.

2-FBE IR G - 1,3- K IR M (3): B (B g ik, =%
75%. m.p.112.2~114.0 “C; "H NMR (500 MHz, CDCl5)
3:7.66 (d, J=8.0 Hz, 1H), 7.56 (d, J=7.8 Hz, 1H), 7.53~
7.43 (m, 4H), 7.42~7.36 (m, 1H), 7.35~7.30 (m, 1H),
7.08~7.01 (m, 1H), 3.68 (s, 3H). *C NMR (125 MHz,
CDCly) d: 169.07, 146.92, 130.12, 127.79, 126.20, 126.01,
123.73, 122.04, 120.44, 40.60. HRMS (ESI) calcd for
CH13N>Se [M+1]" 289.0166, found 289.0221.

2- S T R L S AL - 1,3- TR IR e (3g): B R A,
FEE 75%. mp.162.7~163.3 C; 'H NMR (500 MHz,
CDCly) 6: 7.64 (s, 1H), 7.57~7.48 (m, 4H), 7.35 (s, 3H),
6.99 (t, J=7.5 Hz, 1H), 1.29 (d, J=6.7 Hz, 6H); *C NMR
(125 MHz, CDCls) &: 170.19, 154.17, 141.88, 130.73,
130.04, 129.24, 126.20, 123.56, 121.67, 120.13, 114.97,
51.71, 21.23. HRMS (ESI) caled for Ci¢H;7N,Se [M+1]"
317.0479, found 317.0311.

2-(1- TR M R )-1,3- 2 FE 0 Wk (3j): 18 g A, PR AR
75%. m.p. 125.4~127.8 “C; '"H NMR (300 MHz, CDCl5)
5: 8.19 (s, 1H), 7.90 (d, J=8.1 Hz, 1H), 7.79 (d, J=7.9
Hz, 1H), 7.53 (s, 1H), 7.45 (dd, J=11.3, 4.1 Hz, 1H), 7.27
(dd, J=11.1, 42 Hz, 1H), 7.15 (s, 1H); *C NMR (125
MHz, CDCl;) 0: 156.83, 151.86, 136.35, 135.85, 131.25,
127.19, 125.65, 124.66, 124.39, 118.40; MS (ESI) m/z:
2492 [M+H]".

2-[1-(2- Y JE K e R )]-1,3- 2 JR A e (3K): 8 £ i A,
FEFR 75%. mp. 47.6~49.9 C; '"H NMR (500 MHz,
CDCly) &: 8.02 (d, J=8.1 Hz, 1H), 7.89 (d, J=7.9 Hz,
1H), 7.57~7.49 (m, 1H), 7.42 (d, J=1.5 Hz, 1H), 7.38~
7.33 (m, 1H), 7.06 (d, J=1.5 Hz, 1H), 2.83 (s, 3H); °C
NMR (125 MHz, CDCly) &: 157.50, 152.00, 145.83,
136.96, 128.87, 127.03, 125.56, 124.59, 124.44, 120.18,
16.13. HRMS (ESI) caled for C;H;N;Se M+ 1]"
263.9968, found 264.0112.

2-(1-ZK R M JE ) -1, 3- 2K IR M (3D): [t f Ak, 7
# 65%. "H NMR (500 MHz, CDCl3) 6: 8.56 (s, 1H), 8.36
(d, J=7.8 Hz, 1H), 8.07 (d, J=8.0 Hz, 1H), 7.92 (t, J=6.4
Hz, 2H), 7.60~7.43 (m, 4H), 7.37 (t, J=7.6 Hz, 1H); MS
(ESI) m/z: 299.2 [M+H]".

2- A IE-1 3- R IR 3n): EOEIE, PR 75%.
'H NMR (500 MHz, CDCl3) §: 7.80 (dd, J=8.1, 0.7 Hz,
1H), 7.71 (dd, J=7.9, 0.8 Hz, 1H), 7.49 (tt, J=4.2, 2.1 Hz,
2H), 7.45~7.33 (m, 4H), 7.22 (td, J=7.9, 1.2 Hz, 1H);

Chin. J. Org. Chem. 2015, 35, 1270~1275
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C NMR (125 MHz, CDCly) d: 173.58, 155.61, 150.60,
135.72, 130.12, 126.71, 126.49, 124.50, 124.17, 123.15,
120.96. HRMS (ESI) caled for Cj;3H;(NOSe [M+1]"
275.9859, found 275.9950.

2-(4-FUREAHE)-1,3-FFF M (30): 35 (B fm A, P23
72%. m.p. 58.7~61.9 “C; '"H NMR (500 MHz, CDCl;) ¢:
7.78~7.73 (m, 1H), 7.70 (d, J=7.9 Hz, 1H), 7.44~7.36
(m, 3H), 7.35~7.30 (m, 2H), 7.24~7.17 (m, 1H); °C
NMR (125 MHz, CDCly) 6: 172.71, 153.75, 150.36,
135.77, 131.88, 130.10, 126.59, 124.57, 124.40, 123.23,
122.27; MS (ESI) m/z: 309.1 [M+H]".

2-(3- FH - 4- GRS 3E)-1,3- K HF Wi (3p): 15 (0[]
%, 722 69%. m.p. 72.0~73.2 ‘C; 'H NMR (500 MHz,
CDCly) d: 7.74 (d, J=8.1 Hz, 1H), 7.65 (d, J=7.9 Hz,
1H), 7.39~7.31 (m, 2H), 7.22 (dd, J=6.6, 1.9 Hz, 1H),
7.18~7.09 (m, 2H), 2.37 (s, 3H); °C NMR (125 MHz,
CDCly) 0: 173.06, 153.67, 150.48, 138.21, 135.81, 132.09,
130.55, 130.34, 126.57, 124.61, 124.35, 123.22, 119.60,
20.38. HRMS (ESI) caled for C4,H;,CINOSe [M+1]"
323.9618, found 2323.9778.

2-(4- IR B8 )-1,3- 2R IR0l e (3q): (il 4k, 7=
Z 80%. m.p. 77.9~79.4 “C; '"H NMR (500 MHz, CDCl5)
5: 7.91~7.84 (m, 1H), 7.65 (dd, J=9.9, 4.9 Hz, 3H), 7.37
(ddd, J=8.2, 7.2, 2.9 Hz, 1H), 7.28 (dd, J=25.5, 6.8 Hz,
2H), 7.21~7.14 (m, 1H), 2.44 (d, J=4.6 Hz, 3H); "°C
NMR (125 MHz, CDCly) 6: 174.78, 155.86, 141.57,
138.44, 135.77, 130.90, 127.74, 126.24, 124.20, 123.97,
123.23, 21.50; MS (ESI) m/z: 305.1 [M~+H]".

2-(2- R IR HE)-1,3- R FEA ML (3r): [ Ll A, 72
Z 80%. m.p. 83.5~85.4 C; '"H NMR (500 MHz, CDCl5)
5: 7.90 (d, J=8.1 Hz, 1H), 7.79 (d, J=7.6 Hz, 1H), 7.69
(d, J=7.9 Hz, 1H), 7.50 (t, J=7.1 Hz, 1H), 7.42 (dd, J=
15.8, 7.7 Hz, 2H), 7.35 (t, J=7.5 Hz, 1H), 7.21 (t, J=17.5
Hz, 1H), 2.58 (s, 3H); *C NMR (125 MHz, CDCl;) ¢:
173.84, 155.94, 143.45, 138.46, 137.31, 131.62, 130.65,
127.60, 126.25, 124.18, 124.03, 123.23, 20.97; MS (ESI)
m/z: 305.2 [M+H]".

2-(4-F R 3 )-1,3- A FEAili e (3s): A A, 2
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78%. m.p. 99.2~101.3 °C; "H NMR (500 MHz, CDCl;) 6:
791 (d, J=8.2 Hz, 1H), 7.73 (d, J=8.5 Hz, 3H), 7.50 (d,
J=8.1 Hz, 2H), 7.43 (t, J=7.7 Hz, 1H), 7.24 (t, J=7.6
Hz, 1H); *C NMR (125 MHz, CDCLy) 8: 172.12, 155.62,
138.59, 137.42, 136.83, 130.34, 129.55, 126.41, 124.55,
124.07, 123.47; MS (ESI) m/z: 325.2 [M-+H]".

BB (Supporting Information) FTA Hiib&4 'H
NMR F1 °C NMR 3. 526k mT LA G 2 AT
¥l (http://sioc-journal.cn/) | N %K.
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