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Bragnsted Acid-Promoted the Synthesis of Furo[2,3-b]quinolines

Zhang, Zhiguo™*

Zheng, Dan”

Ma, Na'na“ Bi, Jingjing”

(“ School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang 453007)

Abstract The furoquinoline unit is present in many natural products. Here, an approach is presented for the preparing of
furo[2,3-b]quinolines from readily available multi-substituted furans in the presence of Brensted acid via an intramolecular
cyclization under the heating conditions. Simple operation, good compatibility, high regioselectivity and morderate yields are

the advantages of the method.

Keywords Bronsted acid; furo[2,3-b]quinoline; trifluoromethanesulfonic acid; Friedel-Crafts reaction

WRIG[2,3-b]EMR S AL S — i B B f) 5 A S
JRF I = IR S, B XL A=)
B, 0BT ERARIRAT R BN SE, [ AR T A
FHEAI R EAE 2 A, LBl S
By ISR R DUt PUMBEAPIAE R
SRR DL BRI AT R IR [2,3-D 1R A A4 BT I
) 5 ] B PR R R I IR R 7740, 1956 45, IRI - e
WRSAL SR & BT 8 AEAE (R SE) 288
RKFW, L, XEAEYIIE RO HRA LG R

WS A 15 0 1) RT3 92 KBS0 A 73 9 1 i RS SR s
()il it 3 AL B BEALPERAT AL 3 & SN 45 R [2,3-b)
W SRAL 5. XN — 2 SeAE MR ) 3 (7 R —
AN AL A R L FRdE, IR p R B eI bt
i, ARJEFREE T A A RN AT BRI [2,3-b] MR SR
WAL > (Scheme 1, )%, (b)ifid & AEAL IR
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Figure 1 Several representative furo[2,3-b]quinolines-con-
taining natural products

W AT AP B SSE A ROV IR [2,3-D PR R AL B . XK
J N — JBE R DASIE. g A e B 1 0 R g O OB, i %
Diels-Alder f5 N 56 F4) £ — AN 1 2 (1R K i - P K XS I 14

Received December 8, 2016; revised January 19, 2017; published online March 1, 2017.

1824 http://sioc-journal.cn/

Project supported by the National Natural Science Foundation of China (Nos. 21272057, 21372065), the Young Backbone Teachers Fund of Henan Province
(No. 2014GGJS-049), the Key Project of Henan Provincal Educational Committee (Nos. 14A150019, 14B150042, 15A150015), the Science & Technology
Innovation Talents in Universities of Henan Province (No. 17HASTIT002), and the Outstanding Young Talent Cultivation Project Funding of Henan Normal
University (No. 14YR002).

[ 5% H AR B2 5L 4 (Nos. 21272057, 21372065) 11 44 i 42 B2 75 4 7 T BUM B B i1l (No. 2014GGIS-049) TR #F /T H M JT(Nos. 14A150019,
14B150042, 15A150015) T 7 24 WS RHE B AASCRFHRI(No. 17HASTIT002). 71 R I8 K 2% 4% 7545 A A 35 5 24 (No. 14YR002) % BT H .

A ©2017 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2017, 37, 1824~1829



Chinese Journal of Organic Chemistry

ARTICLE

A, SRJE 2 Ik R 3 43 1R F IR R IR A s 75 38k
W [2,3-b] Mk 24L& (Scheme 1, b)), BEAREE Fik
PR SR 8T AR A R IR [2,3-b] IR AL S 4, (H 2,
— SRR ENE 2 . KIBUE R E(H BEFR SR
) R R PR K s S 45 A 7 %) LA K BT FH AR
DTS ), S T IX R N R SE R . Rk, R R
T R IR IR 0 1) 5 BT VR AT AR AT E B B
SE R RS AT FEANE

(a) it 3L B HE A R MRAT A= 03 15 45 FUVR I [2,3- ] W Pk
e A=)
S

o) ~o

N 2 NN
R/ N ? R N c|>
N

R H, 6-OMe, 8-OMe

Yleld 30% ~ 78%

()i ik B e Ak IR IRAT A= MDA B S A MR TR [2,3- ] VS Ik
%ﬂcﬁ%

R2 O )n
©\ R1 R2 9
+ —
N/J U)” R!

N
H

n=1,2;R2=H, Me; R = CeHspx 0,s

R1H

B 1 8L [2,3-p] MR S 10 A R S
Scheme 1 Strategies for the synthesis of furan[2,3-b]quinolines

HR I 2 IS R B A v S8OR S Y ) AR BT T
FHLE AL SEFATT T AN, 3 (7] e ) kg B A
BRI £ 5 K s L SRS 5 J PR [ 2,3 - PR AL 5 0 )
SCHRIRIE AR 212, 2016 4F, Shi S ISR IE S 50 b
EEIR AT AE N R R, 72 =06 (BTC) M = L Ak
AR, IR LR A [3 4 21FR I RS B S
B E T BRIR[2,3-b) R 2510 A 7 (Bq. 1). 2013 4F, Ru
SO OUE s AR PR R, 15 1- 07 BRI B B T ot
FACE VAT UKL e B B TT IR S L, A e — e
XA B-HREE BN RA S, XA AT AP0 vl LAAE
i 2 A A2 E T 0 — 5 15 B R [2,3-0] M Ik 2R AL S5 )
(Scheme 2). 2007 4F, FRATIHALH ) FH i i R B
82, 30 ok 2 e T PG A S I A ) 7 A5 B e 7 SR S
M1 - 157 W Jle S 34 T e R A Wt R, A2 Tk I
AT, @07 NIPH/ ARG R, ST
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— RYIEIE[2,3-b] MK RATAEY)(Eq. 2). R4, FIHME
SR HSEE A 1-BE - 1- 55 Bk B 2 30 e T A2 4,
TERRBR ML HE TS, A R T ML [2,3-b] v 0k 2 A= k).
R BEAER GG PR R E LA
FEAESEAR 25 (Bq. 3). 7 LRt TAER et B0
BAVA HREE R B T 2 106 PRIR [2,3-b]E RS0 &)
BRI, AR X R AR IR Z R TR 2. AR

S48 —Ff R 1T 5 5 45 1) 22 HUARIVR I A Jok), 7 — 50 R it
@ﬂ@ﬁ@E%ﬁﬁT,%ﬁ PSR G RN —
A2 BRI [2,3-b ] EE R RAL A W IR 77 1(Eq. 4).
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Scheme 2 Ru et al. developed the synthesis of furo[2,3-b]-
quinolines
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R

MR FNSE . & SO FE A IR R 55 T LA 7
TR 12 [ b7 1) 26 AR AT T4k, R E R E R &
2a. FEPLELE R ALK 1 . 2007 4, Klumpp PR
RO U250 5 ) R B B R0 A% B SR D 25 T BIE
R RV R R A 3 T R R O e R A A o S N A A )
JRFER, DRIk, BATE kR T = R R a1
WERRPL. &5t 2 IR ERIATRI, 7E80 CHE, 7£ 8 fi%
R ZHPBERT, 10 h LR RPIBAEWEE PR, 2
W, HENTSRAE, RE7%) 2a /=20 DUAH|
76% (£ 1, Entry 2). WERFRARECE T & R PRE, 7=
Yy 2a [F= R BEAK, FORTEBR S IR T OB I
FERIR(R 1, Entries 1, 3). 30 =4 AR A EE 10
SRR R 2a 77 R (K 1, Entry 4). 5546, &
B2 TR T 8 &M =& PR (22X A =
N, HE BT =R PR I H R, Y 1a RREIR I
AR, BATEZR T K e m A m A BT, thin:
JR TR 2% FEWEBR(PPA)  IRTRIR (H,SO,) Fl i 2 TR = 9
i iR = LR R (TMSOTY). SZEG 45 SR, B4R PPA
AT DA E 2a ISCRIL R 71%, {HZ R FEE 24 h
(R 1, Entry 5). WRGIFRLTRE 14 h A HE13 5] 68%1] 2a
(£ 1, Entry 6). B4R TMSOTS 2 5 1) [ Nl R, {H
YR R EGEIAE] 57% (£ 1, Entry 7). 1Ak, BATIE
SR T} AR AR (p- TsOH) X it [8] 4 2 %6 % 34 &5 I B
GRS, N T AEEARRIERE 1a AU 2 RERR Vi IR E A%,
B, JBAMEH T 1 mL § 1,4- —EANHAER ),
R AR

Table 1 Survey of the reaction conditions

/O Condition
NN E—— TN
o H N/ (0]
1a 2a

Entry Acid (equiv.) 7/°C Time/h  Yield of 2a/%

1 CF;SOsH (8) 60 14 59°
2 CF;SOsH (8) 80 10 76
3 CF;SOsH (8) 100 8 70
4 CF;SOsH (10) 80 10 67
5  PPA(8) 80 24 71
6  Con.H,SO,(8) 80 14 68°
7 TMSOTE (8) 80 6 57¢
8  p-TsOH (8) 80 10 0°
9  AcOH (8) 80 10 0
10 PivOH (8) 80 10 0%
11 TFA(8) 80 10 0"
12 TCA(8) 80 10 0’

¢ BrAR AN, BT R BLERREAE S AR AT, RN 1a AR
0.2 mmol, W2 A4 BHE; ® 18%K) 1a HEIL. € 5%K) 1a # EIk.
CTMSOTS R 4509 77 °C, BRIk SiAE BB AT . © 20%01) 1a % [,
T16%0K) 1a 1YL €30%[K) 1a BEEIU. " 5% 1a BB, *12%(0% 1a B EK.
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SERATME R e N4 TR ERREY(E |1,
Entry 8). H'B—LL3 WL TR, 41: EEER(AcOH). ¥
KIR(PivOH). =% ZFR(TFA)M =45 ZFR(TCA)E 10 h
WANRERS 2 H B ARtk &90(K 1, Entries 9~12).
TERE T SR N 56 LSS (3% 1, Entry 2), 8417
XF R f)3dE VG R EAT TR, EEERAE R A A ANER
2 L e, BATEI T &R R BUREENT N [ 5.
SEIGR M, AMEREEERP R 1a 7] LUGFH 5 2] H
PR A 2a(72 5 76%), T H, 24 R? BUREE N H 4 3 Bk
H R, BB AT CUGUR A A B B AR 2.
A F A FEEUR I ERL 1b 1T BALL 75% GRS H H bR
W 2b. AR A B EUR AR 1e A 1e tH AT DAY
AR H B G 2¢ FT 2e (P2 F: 72%H1 77%). X T 550K
HL 7 HIBUREE R% 40 CL AT Br 28 pi A3, N 1f~1i
WA DUBAI 3R T, A8 VRIS AL AR =4 26~ 2i 1)
R AT LA R 73%~79%. {HA&, FRIEXA7 Al iX
Pl f 73 A R 1 AR R G729 2j, 78% (15
BE 1§ B R X — 25 R A v S NS G T A
492 0 B A S Y P T BRI - 5 I B A RE R AR IX — &
W, A EE AT DU N IX SR B i I, ik &4
R2 RMYREC

Table 2 Extension of the reaction scope

1
~ R
/9 O CF3SO3H
NN N
H RZ  80°C I// P
(@) R ] N 9]

R2

2
X X
P N~ O N~ O
NT O OMe

2a,10 h, 76% 2b, 9 h, 75% 2¢,10h, 77%

N N SN
g i} N O
N cl

2d,8h, 72% 2e,9.5h, 77% 2f, 10 h, 75%

cl SN0 Neae!

2g, 10 h, 73%

2h, 10 h, 79% ‘
EtO,C N
Br N N N
_ > N/ o) O N
N~ O N O

2i, 11 h, 79% 2j,12h, 0%

2k, 9 h, 91%

¢ BRARRETR H, BT RSAMER 1 (0.2 mmol), CF3SO;H (1.6 mmol),
SSLELEE T 80 °C, R A4 B
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1E~1i BEWE R A 1200 A 5 SO L A DR B i A 4t
PR A 2R ], R - e e L AR R K TR R R I
FERI S 73k, AR 1R 20, RIUEERE
oW S BARBF SR, XA TR RGP kA4
Heck S M FATAEA I, TS SIE AT -2 1. 5
b, HITHREE R RIRNE, BATH 2T 4 R AR
e A (1 SR 15 R A 2RI IR . SRR 4 R R
1, A& 1k n] DUA A 2R 2R A& IO, #5331 91%
(K1 H bR 2k.

2 REHIBEREASE

PR I 4 ) SCRR AR IE AT Combes MM SE1E
E A RUREMN, RATVCNIEA T T 50 F A 55 5
SEHINE AL S SV, B, TEI#FN AT B
FRIMFLFEEAR, 2 BRI S 1 kA B
JEF W Ak, TR B TPk AU SR ) 44
A KA TFHNRBINE RBAERT A B, &E, H4
R TR A K R RS B R R [2,3-bEMR AL &) 2
(Scheme 3).

/OH H\TOH
- @
P -
RN ° e N ° e
A B

B3 &M ATREALEE

Scheme 3 Proposed mechanism

3 4ig
B2, RET A B TR R R (I 2 1) LA 2 BUAR
MR R JERE— 20 B i B B S SU PR G [2,3-b k2 Ak
EWVIWGH 7. TR ERME E 518, AR, R
NG AR, B X R B, PR R
GOTE DR T MBI, IR AR
Fe IR IR IR A PR 1 RS, 1T DO B A
BRI R AL S PR AL SE I R BB IR &

4 SLIGERSY
41 UEE5RHF

3C NMR #1 'H NMR Hi Bruker DPX-400M #% 3t
RO E, Hrh TMS 1E AW AR, CDCl, 8 DMSO-ds 14
7, HR-MS  H i A 50 A =] 320 9 il s 43
ESI YR 5E; A0 s I ST TS 5 AR TR
N FI X-5 A I E G 52 s TLC Ak IR i
TFAHAURFEH R AF ZF-20D REFHRZEIM 10 b
B R AL BB T E PR 5 5 BRA J LT TR
T 258 FH LS T4 3R SRR BR AR YRE-2000
WEHE 7 RAX, w5y HEPiE B Bruker microToF 11 /143 %
2R REAGI E

2y AR LR 3.
42 EM2HERK

L 2b ABI. 7 25 mL BB H I 2-(V-41 F AR
FEIEIE)-3- 2. FE-5- B BRI (1b) 49 mg (0.2 mmol). =
SRR 0.14 mL (1.6 mmol), 7E 80 C iR n#i = M

®3 AR
Table 3  Starting materials and reagents
24 it AR AR 44 PR api g G 3
Ik 218 2. 1% AR ik s R AL 2 A PR A
Xof AR BE 4 R G TR 2L I AR. Bt % (LRHE) e B b R SR A R A 5
LTk T LB AR. g AR A BR A
BN AR. ] 24 8 A 2 30 A R A )
XHER K AR. LR
LR N4 AR. (TECAN
LTk LR AR T S RS 4L (A R 2 )
2-S LW LT N AR T S RS 4L (A R 2
- LW LT N AR. T S RS 4L (A R 2 )
4-WEJE O O BER AR. T S RS AL (A R 2 )
2- W JE O O BER AR T S RS 4L (A R 2 =
4-FBE 2 2 LR AR T S RS 4L (A R 2 )
2-FBE 2L 2 LR AR. T S RS 4L (A R 2
2,4-PHE O LR E AR T S RS 4L (A R 2 )
1,2,3- =R ki AR. (IETA
ToIK BRI AR I 2 4 A A 22 R FR A ]
N,N-— T A i AR JHR TR A Ak
— IR AR. [TECAN
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R

REY, AREE bR, KNSR TLC W, &
o7 285 R A S SR S A H AR =, A SR A
A 10 mL 7K 1.5 mL B R E AN LRIV, oAl i BETR &
YR PE, FAEEANTH, g, KEEIEDH2 mLX3),
73 B 18 2K 0 [ AR 77 b 24 BT o B Ak [N LR &
g ) V(A k) = 1/10], 153 @A) 8-F A HE-2,4-—
LRI [2,3-b ]V IR (2D), 34 mg, 72 75%. m.p. 158~
160 ‘C; '"H NMR (400 MHz, CDCly) 6: 7.68 (d, J=8.4,
1H), 7.51 (s, 1H), 7.47~7.40 (m, 1H), 7.06 (d, J=7.6 Hz,
1H), 4.10 (s, 3H), 2.97 (s, 3H), 2.47 (s, 3H); *C NMR
(100 MHz, CDCly) 6: 143.2, 126.9, 124.0, 119.9, 115.4,
115.1, 106.7, 56.0, 14.7, 11.5. HRMS (ESI) calcd for
C4,H3NNaO, ((M+Na]") 250.0838, found 250.0842.

2,4- " FFERRIE[2,3-p]E MR (2a): [ ELlE 44K, 30 mg,
FEE 76%. mp. 127~129 ‘C; 'H NMR (600 MHz,
CDCly) d: 8.28 (d, J=8.4 Hz, 1H), 8.21 (d, J=8.4 Hz,
1H), 7.88~7.85 (m, 1H), 7.69~7.67 (m, 1H), 7.60 (s,
1H), 3.09 (s, 3H), 2.53 (s, 3H); “C NMR (150 MHz,
CDCly) d: 158.6, 143.6, 131.4, 126.1, 125.4, 124.1, 120.9,
116.3, 15.1, 11.2. HRMS (ESI) calcd for C13H;,NO, ([M+
H]") 198.0913, found 198.0918.

2,4,8-— HIHLWRIE[2,3-b] Mk (2¢): I EL[EI{A, 32 mg,
FEE 77%. mp. 110~112 ‘C; 'H NMR (400 MHz,
CDCly) d: 7.98 (d, J=8.4 Hz, 1H), 7.57 (d, J=6.8 Hz,
1H), 7.50 (s, 1H), 7.47~7.37 (m, 1H), 2.99 (s, 3H), 2.85
(s, 3H), 2.48 (s, 3H); *C NMR (100 MHz, CDCl3) o:
161.0, 143.9, 142.6, 139.0, 136.5, 128.8, 125.8, 123.9,
121.5, 119.1, 115.3, 18.7, 14.5, 11.5. HRMS (ESI) calcd
for C14H,NO (IM+H]") 212.1070, found 212.1078.

2,4,6- = I FL R [2,3-p] Wk (2d): A ([ 44, 30
mg, & 72%. m.p. 135~137 ‘C; '"H NMR (400 MHz,
CDCly) d: 8.00~7.98 (m, 1H), 7.79 (s, 1H), 7.56~7.48
(m, 1H), 7.44 (s, 1H), 2.89 (s, 3H), 2.56 (s, 3H), 2.43 (s,
3H); *C NMR (100 MHz, CDCl3) §: 161.0, 142.6, 142.5,
138.7, 134.1, 131.1, 128.1, 125.8, 122.5, 119.6, 115.5,
21.9, 14.3, 11.5. HRMS (ESI) caled for C4H;;NNaO
(IM+Na]") 234.0889, found 234.0890.

2,4,6,8-1U F RE K IE [2,3-b] W Tk (2e): A (B[] 44, 36
mg, & 77%. m.p. 102~104 ‘C; 'H NMR (400 MHz,
CDCLy) d: 7.68 (s, 1H), 7.45 (s, 1H), 7.39 (s, 1H), 2.90 (s,
3H), 2.79 (s, 3H), 2.52 (s, 3H), 2.44 (s, 3H); °C NMR
(100 MHz, CDCl3) §: 160.4, 142.1, 137.8, 135.8, 133.0,
130.9, 125.5, 120.1, 118.7, 115.0, 99.7, 21.6, 18.4, 14.2,
11.3. HRMS (ESI) caled for C;sH;¢NO (M +H]")
226.1226, found 226.1229.
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8-5-2,4- I RERRIE[2,3-p] Mk (2f): M Al {E, 34
mg, FF 75%. m.p. 143~145 ‘C; 'H NMR (600 MHz,
CDCLy) d: 8.05 (d, J=9.0 Hz, 1H), 7.83 (d, J=7.2 Hz,
1H), 7.55 (s, 1H), 7.45~7.41 (m, 1H), 3.00 (s, 3H), 2.48
(s, 3H); *C NMR (150 MHz, CDCl;) d: 161.8, 143.6,
1412, 139.6, 132.7, 128.8, 127.2, 124.0, 122.7, 120.4,
1153, 14.6, 11.4. HRMS (ESI) caled for C;5H;;CINO
(IM+H]") 232.0524, found 232.0530.

7-5-2,4- I SEMRI[2,3-b] MR (2g): I EE A, 32
mg, =& 73%. m.p. 150~153 ‘C; 'H NMR (600 MHz,
CDCl) J: 8.03 (dd, J=9.6, 6.4 Hz, 1H), 7.68 (dd, J=10.4,
2.8 Hz, 1H), 7.44 (s, 1H), 7.30~7.25 (m, 1H), 2.92 (s,
3H), 2.43 (s, 3H); °C NMR (150 MHz, CDCl;) 6: 162.3,
161.4, 142.5, 139.4, 125.7, 125.6, 115.5, 114.9, 114.6,
1123, 112.1, 145, 11.4. HRMS (ESI) caled for
C3H,,CINO ([M+H]") 232.0524, found 232.0532.

6-5-2,4- - FH LRI [2,3-p) MK (2h): (T E A, 36
mg, & 79%. m.p. 175~177 ‘C; 'H NMR (400 MHz,
CDCLy) d: 8.10 (d, J=8.8 Hz, 1H), 8.07 (d, J=2.0 Hz,
1H), 7.64 (dd, J=8.8, 2.4 Hz, 1H), 7.53 (s, 1H), 2.95 (s,
3H), 2.47 (s, 3H); °C NMR (100 MHz, CDCl;) é: 161.1,
156.4, 143.6, 130.5, 129.9, 129.7, 122.7, 120.6, 116.4,
115.6,29.7, 14.5, 11.4. HRMS (ESI) calcd for C3H,;CINO
(IM+H]") 232.0524, found 232.0524.

6-1R-2,4- — W FEIRIE[2,3-b] Mk (2i): M Ak, 44
mg, & 79%. m.p. 172~174 ‘C; 'H NMR (600 MHz,
CDCLy) §: 8.24 (s, 1H), 7.94 (d, J=9.0 Hz, 1H), 7.74 (d,
J=9.0 Hz, 1H), 7.52 (s, 1H), 2.94 (s, 3H), 2.47 (s, 3H);
C NMR (150 MHz, CDCl;) d: 161.9, 143.5, 143.4, 137.9,
131.9, 130.7, 127.3, 126.0, 120.4, 118.2, 115.5, 14.3, 11.5.
HRMS (ESI) caled for Cj3H;(BrNNaO ([M + Na] ")
297.9838, found 297.9837.

2- F B4 FE BEIRIE [2,3-b ME MR (2K): 1 (0[] 44, 47
mg, & 91%. m.p. 163~165 ‘C; 'H NMR (400 MHz,
CDCLy) ¢: 8.20 (d, J=8.4 Hz, 1H), 7.76~7.67 (m, 2H),
7.56 (dd, J=6.4, 3.2 Hz, 4H), 7.47~7.41 (m, 3H), 1.73 (s,
3H); *C NMR (100 MHz, CDCly) o: 161.26, 144.28,
143.52, 143.14, 135.16, 129.91, 129.03, 128.56, 128.10,
126.03, 125.59, 124.74, 119.38, 115.67, 10.05. HRMS
(ESI) caled for Ci;gH,NO (IM—+H]") 260.1070, found
260.1070.

HBhA KL (Supporting Information) 14 &%) I RIS

I e kL] L A 9 AN A T Y 3 (hitp://sioc-jour-
nal.cn/) %K.
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