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MR =405 REXR N & B 3-K H[d]KREREBR A AY
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WE IR E SR IR T A B EE AR, B a8 3 B R IRk e R A S 2 R IR SR 2 b
Yok = E R i, OB T TERE R RE T 5 | 2-55U AR IR IR DR 4- R H TR = BRI RO, AT —
FH 3-8 FE R IRRE A R L g 9 [3,2-c] B -2- BT AE D, BN 58%~84%. 1% MK F e 5 & Fh B ReAL D5 8%,
Al WL FIE. SRR TR DA R A DT e S, HUESRRBE VAT SXONAG B RR AL, & SRR AR
AL T —FhE S R .

KA MWLM IR[3,2-c))F-2-BR; =4 RN FEE,; Mk, R

Synthesis of 3-Benzo[d]imidazol-2(3H)-ylidene Substituted Pyrano-
[3,2-c]chromen-2-ones via Three-Component Reaction

Wang, Xiang* Chen, Ping Zhi, Sanjun Hu, Huayou Kan, Yuhe

Tang, Guodong Zhang, Zaichao™
(Jiangsu Key Laboratory for Chemistry of Low-Dimensional Materials, School of Chemistry and
Chemical Engineering, Huaiyin Normal University, Huai'an 223300)

Abstract Both benzimidazoles and pyranochromenes exhibit a variety of important biological activities. However, the effec-
tive preparation of compounds incorporating both pyranochromene and benzoimidazole moieties is very rare. In this paper, a
HOAc-promoted three-component annulation reaction of aromatic aldehydes with 2-(1H-benzo[d]imidazol-2-yl)acetonitrile
and 4-hydroxy-2H-chromen-2-one is reported, leading to the formation of a series of 3-benzo[d]imidazol-2(3H)-ylidene sub-
stituted pyrano[3,2-cJchromen-2-ones in 58%~84% yields. The current reaction could tolerate aromatic aldehydes with di-
verse functional groups such as chloro, bromo, cyano, methoxy and heteroaryl aldehydes, and HOAc served as the reaction
media as well as the Brensted acid catalyst, thereby providing an effective synthetic method for the construction of
N,O-containing heterocyles.

Keywords pyrano[3,2-c]chromen-2-one; three-component reaction; coumarins; annulation ; pyrones

2 M0y R NN 2 AN S5 T BRI 2 45 KR 4R
JEBRHRN AN S N2 a8 FR AT OB, 2B RS Z AR
SN, GEGENEZ B RVARLE, B G T b
Iy AN BB IR, B AR B B AR
J5 b FR 7 (S RVPR A5 AU A5 i P SRR KM AR TR
V2 R MZY o1 B, BAGUEY. TR

* Corresponding authors. E-mail: hurricanwx@163.com; zhangzc@hytc.edu.cn

PR I A R 2 FRE A, R 2 U B TSI R,
R AN ARG R R RS R G
RN, FERPI A EG T T
AT, PR U2 R AN 2 BE M, T B AR 2 IR
P T VRN M A S AR A R U T AR ok, TR R R
G 71 = /N S o = B 3 A el 1 b = A

Received August 16, 2020; revised September 28, 2020; published online November 18, 2020.

Project supported by the National Natural Science Foundation of China (Nos. 51403073, 21601061), the Natural Science Foundation of the Jiangsu Higher
Education Institutions of China (No. 16KJB150006), and the Jiangsu Key Laboratory for Chemistry of Low-Dimensional Materials (No. JSKC15145).

5K AR F - 2 82 (Nos. 51403073, 21601061) L7548 #5582 E SRR 4T 2 2 42(No. 16KIB150006) VT 7548 R 4E A4 R 2 B ki S 06 % I8 2 2 (No.

JSKC15145)% Bhii H .

Chin. J. Org. Chem. 2021, 41, 1241~1245 A © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1241




BIKE

FUSIEEGIE R R, DAREEA TR BRI N 5
R 2 2103 OB, AT DL 2 o A A IR I R AL
Y. MR R AP N, SRR AN A R R
W 2 AR BUMRE RS A A, AT REAT R RE
LR KIZM IR EH).

AT KRR R0 2 Ho B RN, M
IR IF BRI SE A8 BT ) B S R I AL S, AR
TSR IRk, J5RER 4- 22 567 5 R = A0 Rk
SN, CAESRR AV, 1 80 CHAF N&M 1 h, BL
58%~84% 117" AR — R I GEHSHT R 3-2 I WK IR
LRI MR AT Y. RN TEFARTERING, Ja A2
ARG Tl B R S AN ek, BIVR] EFE AT RI2E M B Fnfe &
Y. PR S CAR IR ST . TR v > R
AEVESE.

1 HR5R

AT T LA LR, e ER T, 75
M. 2-% LR FRORMEAT 5,5- I E-1,3- 50 O i =
Iy BN, R A R T — R R IR 4 i B
JCHIZE IR AP, T 0 R N S I Ta
TR 5,5- - 13-l el 4- R F TR
KA — RV BUN TR IR A9,

BT UL EWAR, ASCHEAL T 3-BOR H R (2a). 2-9
FIE IR IR (D) AT 4-F2 35 B R Q) =41 HE B B
(F 1), ZRPLLLORERER, R TR 1 h,
FEAE R 3-IRIRFEEE R 2-50 FF IR K IR R 46 A 7 1,
BRI B AR A B(Entry 1), 763k SR 2 oo
A 10 mol %t i sREE IR f5, 7E BRIV &1 T &M 1 h, ARk
WEPWRRARE BN 4 BEFTERERN
(Entries 3, 9). ¥ ZEE# N ZMEAE Bl 248 T 3T RO,
[FEIRESA KDL Frr 0 R (Entry 2). B 7 B BE IR,
7560 CHAME T 1 h, LL42%) 5 B IR 153 3-(1H-
2R I [d] WK ML IR )-4-(3- Y8 2R 35 )-3,4- — S I R - [3,2-¢] £
J#5-2,5- _Bid(Entry 5). FEPII 45 ) GAZ LIRS R
R W (R, FEALAY) 4a IRZRHESHR A E T,
TEAEERIRE R 6 12,16 JA—NRIERANE, EAENL
FH 6 5.12 Wb — g —NE, UEEHBKIEIR F B
WU RAE T AL, BE G X OS2 AT T k2B 1 0
(R 1), DESERNIER, =R TR 8 h, F=3%
A 9% (Entry 4). ¥ B FETH 4 80 CHY, M=
Rigwm, N 75%. =0T m R MR, 72 BT .
AT B 1 J5 DAL s I 2 I 2 5 3 e I ) e A

TELAFAC I FERS b, B8 T 1% 725 IR
VORI 2). MR FEA W TR, PR
. LA 3-SR N R, FRRON 84%. MR
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Table 1 Optimization of reaction conditions

Br di Cat. (10 mol%)
+ —_—
o Yo Solvent, 1 h
3
Entry Solvent  Catalyst Temp./'C Yield®/%
1 EtOH None Reflux 0
2 CH;CN None Reflux 0
3 EtOH Pyridine Reflux 0
4¢ HOAc None r.t. 9
5 HOAc None 60 42
6 HOAc None 70 63
7 HOAc None 80 75
8 HOAc None 90 65
9 EtOH HOAc Reflux 0

© 2021 Chinese Chemical Society & SIOC, CAS

¢ Reaction condition: 2-(1H-benzo[d]imidazol-2-yl)acetonitrile (1, 1.0
mmol), 3-bromobenzaldehyde (2a, 1.0 mmol), 4-hydroxy-2H-chromen-
2-one (3, 1.0 mmol), catalyst (0.1 mmol), solvent (2 mL), *Isolated yield,
“Reaction time increased to 8 h.

W A TR, PR DL 3-F AR R R
RGBT, NP2 61%. 1% BN IS S T IER &
Fhp 5t HAT RAFIEIE . 7E D5 MR &L A7 B2
I, RS BEREMR] KA, DA R R 2245 32 H AR 4.
L5 BB BRI, [N A, N 66%. HAR
RS, RTBMAT S RN, BL 3-ItiE FEE i
SR JERLEAT RONER, DA 58%I= 245 3 T HARr=4). LA
PRI D9 SRR, S AN A e 5 0 P R 2 I R e P 4
. LA 7 I G 1 T D SRR, B ORI A
P 2-Z= Il e an JEORHNY, A2 s —ANETb &4, 74
IR IEAERE— B0t A, O 7t — B B SR &
VA, B8 T 4- PR RN 2-FUH IR IR IR IA B
BTN S ML sz, DL 4-5836-7-H 3645 G 2R
JEORMAAT Bk =205 SR, BL 58%~T72%0K) ™ F 45 2
H R4 4k~4l.

N T BRAEBAR IR I 6 52 75 00 =20 73 S B AT BE )
(B, DA B8 IERK (1) AN 3-1RK F i (2a) 48 & 19 21
PIHARPIMEG 6a F1 4-2 k7 3 3) A ERL, TEAH IR
AT B SR URER R G2 HARMEEY) 4a
(Scheme 1).

R S0 = S 5 A SRR E R, HET T T B R
RIHLEE(Scheme 2). B 5L, JFREA 2-FUH BRI RRIRAE

Chin. J. Org. Chem. 2021, 41, 1241~1245



Chinese Journal of Organic Chemistry

T2 3-(1H-F I [d]RMEIK)-4-(3-55 55)-3,4- AR 3 [3,2-¢]
TIRATEY) 4 & L

Table 2 Synthesis of 3-(1H-benzo[d]|imidazol-2-yl)-4H-chro-
men derivatives 4

OH
CN
N R? 0”0 ’
2 3
R*  Yield/%
1 4a  3-Bromophenyl H 75
2 4b  3-Cyanophenyl H 84
3 4c 3-Methoxyphenyl H 61
4 4d  Pyridin-3-yl H 58
5 4e 3.,4-Dichlorophenyl H 67
6 4f  2-Bromophenyl H 84
7 4g  2.4-Dichlorophenyl H 64
8 4h  4-Chlorophenyl H 62
9 4i 4-Bromophenyl H 65
10 4j Phenyl H 66
11 4k  3-Bromophenyl CH; 72
12 41 3-Methoxyphenyl CH; 58
13 4m  Naphthalen-2-yl H 0
14 4n  Styryl H 0
15 40  n-Butyl H 0

“Reaction condition: 2-(1H-benzo[d]imidazol-2-yl)acetonitrile (1, 1.0 mmol),
aromatic aldehyde (2, 1.0 mmol), 4-hydroxy-2H-chromen-2-one (3, 1.0
mmol), solvent (2 mL), * Isolated yield.

OH
@EN\ CN Br . ©\)1 HOAG
H>_<\_© o X0 80°C,1h
6a 3

4a, 76%

R 1 RIEsLE
Scheme 1 Confirmatory experiment
ERRIEH T s & Bk 6. BiJE, 5 4-REFGER
GYRAZRZINIR S, bk 7, dEmaEs TN
MR BB L A ik 8. fERSERIEA R, Wik 8
IR L — T2, REIPEE 10, 5 R Ae 2 H
bR,
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Scheme 2 Proposed reaction mechanism
2 &g

ARICHRIE T 50 2-F R IR 452 5 T
R =My PERN, R E R T — &5 3-(1H-K3F
[d]WK PR )-4-(3- 75 25)-3,4- — ZME R I [3,2-¢] u)fi-2,5-
AR ATAERD. A BROTIER R BR ) EA B 08 S, &
N SEAFIAN, a5, B PRk R AT A 2 4l
Wt TZ TN R KR R BTG AR B A T AR
I AL T MR = ) SRS
3 SRS
31 B 5EHH

% R 3L R % A (NMR)(AVANCE 400 MHz i+
Bruker BioSpin /A ), DMSO-ds N7, TMS NN FE;
K6 I E AU (XT-5 ), i 3% X (Bruker microTOF-Q 11
). TR A T A4t
3.2 XWHE

£ 25 mL BB A I J5 (1.0 mmol). 2-F
FERIFFIKPE(1.0 mmol). 4-F2 A F % (1.0 mmol) PA K fif
B2 2 mL, 7E 80 C&MF N, )2 EHHTLO)MER R
N RNEERE, AEIEEE, PN, e, R
LIFHREE, 1S40 3-(1H-ZR I [d] K EIK)-4-(3- 75 3 )-3,4-
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AN IE[3,2-c] () -2,5- . FTE B AR S5 R
SNREILIRE S . B DL 2 R TS SR AE.
3-(LH-ZR FF[d] WK MEIRR)-4-(3- 1R 2R JE)-3,4- — S Ak g JF:
[3,2-c] t4#5-2,5- il (4a): %3 AE K, mp.>300 C;
'H NMR (400 MHz, DMSO-d;) d: 12.16 (s, 2H), 7.95 (d,
J=7.6 Hz, 1H), 7.78 (s, 1H), 7.68~7.50 (m, 3H), 7.45~
7.35 (m, 4H), 7.26~7.16 (m, 3H), 5.12 (s, 1H); °C NMR
(100 MHz, DMSO-dg) 0: 161.1, 160.2, 156.9, 152.8, 152.2,
147.8, 133.0, 131.1, 130.8, 130.1, 126.8, 125.1, 123.3,
123.1, 121.9, 116.9, 114.6, 105.5, 67.1, 36.9; HRMS (AP-
CI) caled for CysHsBrN,O, 486.0215, found 486.0217.
3-(3-(1H-ZE I [k e bR)-2,5- —484K-2,3,4,5- DU AU
W - [3,2-c] €075 75 i (4b): R 3 B [E 4K, m.p.>300 C;
'H NMR (400 MHz, DMSO-d) d: 12.17 (s, 2H), 8.03 (s,
1H), 7.96 (d, J=7.6 Hz, 1H), 7.86 (d, J=8.0 Hz, 1H),
7.69~7.64 (m, 3H), 7.52~7.43 (m, 4H), 7.19~7.16 (m,
2H), 5.19 (s, 1H); “C NMR (100 MHz, DMSO-dy) o:
161.1, 160.1, 157.0, 152.9, 152.2, 146.5, 133.0, 132.8,
131.7, 131.1, 130.2, 125.1, 123.3, 123.2, 119.4, 116.9,
114.6, 111.4, 105.1, 67.0, 37.1; HRMS (APCI) calcd for
C,sH,sBrN,O4 [M—H]~ 432.0984, found 432.1012.
3-(LH-ZK - [d] WK IR )-4-(3- F A8 3 2 3)-3,4- &tk
W5 [3,2-c] tBudi-2,5- - Hi(4e): FE AR, mp.>300 C;
'H NMR (400 MHz, DMSO-d;) 0: 12.12 (s, 2H), 7.95 (d,
J=17.2Hz, 1H), 7.67 (d, J=7.6 Hz, 1H), 7.57 (s, 3H), 7.44
(t, J=7.6 Hz, 2H), 7.33 (s, 3H), 7.18~7.15 (m, 4H), 7.06
(d, J=7.6 Hz, 1H), 6.74 (d, J=8.0 Hz, 1H), 5.10 (s, 1H),
3.71 (s, 3H); *C NMR (100 MHz, DMSO-d;) d: 161.1,
160.4, 159.5, 156.7, 152.8, 152.3, 146.7, 132.8, 129.9,
125.0, 1232, 123.0, 119.7, 116.9, 114.6, 114.6, 111.8,
106.1, 67.6, 55.4, 37.1; HRMS (APCI) caled for
Ca6H sN,05 438.1216, found 438.1229.
3-(LH-ZRFE[d] WK ME IR )-4-(3- ML g 2% )-3,4- — Sk g
[3,2-c] tu4#5-2,5- i (4d): ¥ B[ 4E, mp.>300 C;
'H NMR (400 MHz, DMSO-d;) d: 12.16 (s, 2H), 8.83 (d,
J=2.0 Hz, 1H), 8.36 (d, J=4.8 Hz, 1H), 7.96 (d, J=8.0
Hz, 1H), 7.85 (d, J=8.0 Hz, 1H), 7.68 (d, J=4.8 Hz, 1H),
7.55~7.28 (m, 5H), 7.18~7.14 (m, 2H), 5.15 (s, 1H); "*C
NMR (DMSO-d,, 100 MHz) §: 161.0, 160.0, 157.0, 152.9,
1522, 149.2, 148.3, 140.4, 135.4, 133.0, 125.1, 124.3,
123.3, 123.1, 117.0, 114.6, 105.2, 66.9, 35.1; HRMS (AP-
CI) caled for Co4H;sN30, 409.1063, found 409.1071.
3-(LH-ZE I [d] DK eI )-4-(3,4- — SR IE)-3 4- &t
WFE[3,2-c]Eud-2,5- " Ff(4e): A LA, mp.>300 C;
'H NMR (400 MHz, DMSO-d;) d: 12.19 (s, 2H), 7.95 (d,

1244 http:/sioc-journal.cn/
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J=8.0 Hz, 1H), 7.84 (d, J=2.0 Hz, 1H), 7.71~7.67 (m,
1H), 7.58~7.36 (m, 6H), 7.19~7.17 (m, 2H), 5.15 (s,
1H); “C NMR (100 MHz, DMSO-dy) d: 161.1, 160.0,
157.0, 152.9, 152.2, 146.0, 133.1, 131.1, 131.0, 130.1,
129.8, 128.1, 125.1, 123.3, 123.2, 117.0, 114.6, 105.1,
66.8, 36.6; HRMS (APCI) calcd for CosH;3CIL,N,0,4 [M—
H]™ 475.0252, found 475.0266.

3-(1H-ZE I [d] KRR )-4-(2- R A ) -3 4- — S LI I
[3,2-c] b )d-2,5- —Wi(4f): #FHEOFEE, mp.>300 C; 'H
NMR (400 MHz, DMSO-dq) 6: 11.76 (s, 2H), 8.07 (d, J=
7.6 Hz, 1H), 7.98 (d, J=8.0 Hz, 1H), 7.69 (t, J=8.4 Hz,
1H), 7.48~7.34 (m, 6H), 7.15~7.09 (m, 3H), 5.33 (s,
1H); “C NMR (DMSO-ds;, 100 MHz) J: 160.6, 159.8,
157.2, 152.9, 152.3, 140.5, 134.9, 134.7, 133.0, 131.4,
129.3, 127.3, 125.1, 123.5, 123.1, 121.8, 116.9, 114.3,
111.7, 101.9, 66.3; HRMS (APCI) calcd for C,sH;4BrN,O,
[M—H]™ 485.0137, found 485.0128.

3-(1LH-ZE - [d] WK e IbR)-4-(2,4- — EA3E)-3,4- A
W IE[3,2-c] (B )-2,5- —Hi(4g): FH O, mp.>300 C;
'H NMR (400 MHz, DMSO-d;) o: 11.89 (s, 2H), 8.09 (d,
J=8.0 Hz, 1H), 7.98 (d, J=7.2 Hz, 1H), 7.70 (t, J=17.6
Hz, 1H), 7.49~7.41 (m, 6H), 7.18~7.14 (m, 2H), 5.34 (s,
1H); “C NMR (100 MHz, DMSO-dy) J: 160.7, 159.8,
157.4, 153.0, 152.3, 138.5, 135.3, 133.5, 133.1, 132.7,
131.5, 130.6, 126.9, 125.1, 123.4, 123.1, 116.9, 114.3,
101.6, 65.8, 38.5; HRMS (APCI) calcd for CysH 3CLN,O4
[M—H]~ 475.0252, found 475.0277.

3-(LH-ZR FE[d] WK MK )-4-(4- SR L )-3,4- — S g IF:
[3,2-c] {0 )75-2,5- —Fl (4h): A K, mp.>300 C; 'H
NMR (400 MHz, DMSO-dq) 6: 12.13 (s, 2H), 7.94 (d, J=
7.6 Hz, 1H), 7.68 (t, J=7.6 Hz, 1H), 7.57 (d, J=8.4 Hz,
3H), 7.44 (t, J=8.0 Hz, 2H), 7.34~7.31 (m, 3H), 7.17~
7.15 (m, 2H), 5.12 (s, 1H); *C NMR (100 MHz, DMSO-
dg) 0: 173.3, 162.0, 161.1, 157.7, 153.7, 153.2, 145.0,
133.8, 132.7, 130.6, 129.6, 126.0, 124.1, 124.0, 117.8,
115.5, 106.6, 68.3, 37.5, 22.4; HRMS (APCI) calcd for
C,sH,5CIN,0, 442.0720, found 442.0706.

3-(1H-ZE I [d] KRR )-4-(4- PR A ) -3 4- — S IR I
[3,2-c] e )i-2,5- il (4i): #EEFE A, mp.>300 C; 'H
NMR (400 MHz, DMSO-dq) 6: 12.13 (s, 2H), 7.95 (d, J=
8.0 Hz, 1H), 7.68 (t, J=7.6 Hz, 1H), 7.52~7.32 (m, 8H),
7.18~7.15 (m, 2H), 5.11 (s, 1H); *C NMR (100 MHz,
DMSO-dg) d: 161.1, 160.2, 156.8, 152.8, 152.3, 144.5,
133.0, 131.6, 130.1, 125.1, 123.2, 123.1, 120.3, 116.9,
114.6, 105.6, 67.3, 36.7, 31.1; HRMS (APCI) calcd for
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CasH14BrN,O4 [M—H] ™ 485.0137, found 485.0136.

3-(1H-ZK H: [d] WK P Ik )-4- 2R 55 -3 4~ — S L AR [3,2-c]
El-2,5- - F(4j): FHERE A, mp.>300 C; '"H NMR
(400 MHz, DMSO-dg) : 12.09 (s, 2H), 7.95 (d, J=8.0 Hz,
1H), 7.67 (t, J=7.6 Hz, 1H), 7.54 (d, J=7.2 Hz, 3H),
7.47~7.12 (m, 8H), 5.11 (s, 1H); “C NMR (100 MHz,
DMSO-dg) 0: 161.1, 160.4, 156.6, 152.8, 152.4, 145.2,
132.9, 128.7, 127.8, 127.1, 125.1, 123.2, 123.0, 116.9,
114.7, 106.2, 67.7, 37.1; HRMS (APCI) calcd for CosH¢-
N,0, 408.1110, found 408.1098.

3-(1H- 2K FF [d] 10K M K )-4-(3- T 4 3k % ik )-8- T 3k -
3,4- AL IR 5F:[3,2-c] (M5 -2,5- T (4K): 3 B 0 [ 44,
m.p.>300 ‘C; '"H NMR (400 MHz, DMSO-d;) &: 12.11
(s, 2H), 7.81 (d, J=8.4 Hz, 1H), 7.56 (s, 1H), 7.32 (s, 1H),
7.25~7.13 (m, 6H), 7.05 (d, J=8.0 Hz, 1H), 6.74~6.72
(m, 1H), 5.07 (s, 1H), 3.70 (s, 3H), 2.42 (s, 3H); °*C NMR
(100 MHz, DMSO-dq) J: 161.4, 160.5, 159.6, 157.0, 153.0,
152.4, 147.0, 143.8, 130.0, 126.2, 123.0, 119.8, 117.0,
114.6, 112.2, 111.9, 111.0, 105.2, 67.8, 55.5, 37.1, 21.7;
HRMS (APCI) caled for Co7H, N,Os [M+H]" 453.1450,
found 453.1472.

3-(LH- 25 H-[d] WK PR B )-4-(3- Y3 2 3 )-8- F 3 -3 4-—
LG [3,2-c] i -2,5- i (4l): % 3K AR, mp.>
300 ‘C; 'H NMR (400 MHz, DMSO-d) &: 12.16 (s, 2H),
7.81 (d, J=8.4 Hz, 1H), 7.79~7.78 (m, 1H), 7.57 (s, 1H),
7.52 (d, J=17.6 Hz, 1H), 7.37~7.35 (m, 2H), 7.25~7.23
(m, 3H), 7.18~7.16 (m, 2H), 5.11 (s, 1H), 2.42 (s, 3H);
C NMR (100 MHz, DMSO-dg) d: 161.3, 160.4, 157.2,
153.0, 152.4, 148.0, 144.0, 131.2, 130.9, 130.2, 126.8,
126.2, 123.1, 122.0, 117.0, 112.1, 104.7, 67.3, 37.0, 21.7;
HRMS (APCI) caled for CHisBrN,O4 [M + H] "
501.0450, found 501.0470.

45 Bh#1 B} (Supporting Information) H btk &4 %
T AR ST AR 1 . X AR AT DL A B AT 19X ity
(http://sioc-journal.cn/) I N %K.
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