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(“ P ERFE SRR R AT ShREM AL G 2R F N SE 00 . B i B RS B S =
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CHhERREBERY: bt 100049)
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Synthesis of Bis(iodo-benzopyran) Derivatives and Bis(iodo-2H-
quinoline) Derivatives by Electrophilic Cyclization

Luo, Qian®” Xie, Yongxin™“ Chen, Zhaoyang™* Yan, Shiyou”
Deng, Wenye* Liu, Yi*? Wang, Lulu”

(“ Key Laboratory of Functional Materials and Devices for Special Environments of Chinese Academy of Sciences,
Xinjiang Key Laboratory of Electronic Information Materials and Devices; Xinjiang Technical Institute of
Physics & Chemistry, Chinese Academy of Sciences, Urumqi 830011)

( Graduate University of Chinese Academy of Sciences, Beijing 100049)

Abstract Elecrophilic cyclization was developed from the reaction of diyne diethers and N-sulfonyl substituted anilines with
IC1 under mild conditions, which produced bis(iodo-benzopyran) derivatives and bis(iodo-2H-quinoline) derivatives fastly in
good yields. All of above compounds have been confirmed by NMR, IR and MS analysis.

Keywords diyne diethers; electrophilic cyclization; 2H-quinoline; benzobyran

AL S B ANSRARAG B0 10 1 — B2 S AT

VEz 112012 4F, Mo AFPHRGE T B AL He T
AR AT A S5 AL S (Eq. 1).

RIS e AL A IR B N ANIE T BT A AR %
ML E DI E R, TR, 55 T I < e the 23 18 o e
JEA. AR, DA B AT B IR SR R 1T 6 32 A ATTR
T, RTINS 2 BUD TR PG AL S
WL VE 2 BRI A, ROy 250 g

IRl N e A e 5 B R A AL S AR B R T X\v
FG1@

T 20, ng 25000 nglmeakU) | 5 25 Lk g
180w S bk S VA5 A PR 38 TS b vk
A, 2013 4, Mo Al Lee 26" E-F- LR IO 5%, SKHIE
HLAR T TC1 BRI I 4 i 4R Ak e Tk 5 il —
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LIRSS R A G4, T4 T AR R R A5 . ok
22 BT (P BB B SR T v R B, A RN T A 2k
SERI G, A A A BRI R AT T A, AR
0N A 2R R AR & 0 00 A R A3 T A R kL S
Tk, ARSCRAN IR 2R O pesloR i O
ZHUEECEL, BLICT AR SR AR e A R AT
L — R FIBAR IR I L A7 A= P A — S s A
4.
1 #R5iT1E
1.1 REARBMTL

PL 1,6- R FE-2,4-C o N RS, T AR SR
R A (L, NIS, ICl) . B (NaHCO;, K,CO;, KOBu-,
Cs,CO3)« HHI(CHLCly, THF) A SN ], %o Jse 4% A1k
1770k, 450 W& 1.

BRI

Table 1 Optimization of reaction conditions

[ j |
(0]
(0]
\ electrophile ‘ O
_—
S o r.t. O | o)
|
1a 1b

Fes SRR i W I/ R P
1 I, (2equiv.) NaHCO; (2 equiv.) THF 24 0
2 I, (2equiv.) K,CO;s(2equiv.) THF 24 0
3 L (2equiv.) KOBu-#(2equiv.) THF 24 0
4 NIS (2 equiv.) NaHCO; (2 equiv.) CH,Cl, 24 0
5 NIS (2 equiv.) K,CO;3 (2 equiv.) CH,Cl, 24 0
6 NIS (2 equiv.) KOBu-# (2 equiv.) CH,Cl, 24 0
7 ICI (2 equiv.) NaHCO; (2 equiv.) CH,Cl, 0.5 86
8 ICI (2 equiv.) KOBu-# (2 equiv.) CH,Cl, 0.5 65

N}

ICl (2 equiv.) K,CO; (2 equiv.) CH,Cl, 0.5 34
10 ICI (2 equiv.) Cs,CO; (2 equiv.) CH.Cl, 0.5 28
11 ICI (2 equiv.) CHCL, 05 88
12 ICI (5 equiv.) CHCL 05 14

BRARRF A, BT VA7 F L 025 mmol Ta. 2 mL # ki
Gtk FHEAT; ? R REF= A 8 ke T 43 s e

WIEE 1 alan, M L AR, DY S
(THE)/E# 57, NaHCO; 1E0%, Zi VY 24 h, &A#33
FEY). FRATTAE S F AR RN AR R 1 O o e, I
SER—FERATIER L, F5 1~3); RATEFENISZ 5
RN, R CHCL R, Al In G NaHCOs, K,COs,
KOBu-t, =it NN, SR1fT, [NV 24 h J55sk A 13300
Y, kBRI ICL s HAR T, NaHCOs 1R,
CH,Cly W R S8 461, ONAEZE R 1 min 2 Wk
132N TN 86% IR 1, ¥ 7); BEJE, JATX
2T RIS RS, A8 B R BN, R I
(7= R MR, ERAWS 5N EALET, =Y

2538 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

KILF] 88%(F 1. 75 11), alREi T/ R MR & W
HBAT RZ MR, 1 I B R A7 AR = () R e AT R
W, B =072, B fa B2k s ik IC1 1
F &, WFF0R ARG o S N s me, g5 R,
IS equiv. () ICL I, =2 14%, 2 4Tnl Bes 2
BT IC &, &Gt ICL 38T =Yk, N
e, Al 5 A% s N A& PR IE$E: 2 equiv. [ ICL. ¥ 5
CH,Cl. Zifh N R 60 s A

1.2 RBRYIRIERE

T S AR R IERE, 193] T B0 N AE &R
N BRAERAA I N SRR, B R NYTR, %k
FER ) 1) e b B P UL 25 S e s 77 2 4 T XL
AR 1,2- MR AT R4, WRI6 25 sk 2.

BRI R AT, SR AN A ORI — 25k O —
JeEl R O A JRORE, BT — RGOSR IR St
W AT AE AR — AT AR (R 2, [P 5 1~15)K
RLI6 1% I AR R FEAE, IR 2 aTLUEH, K4S
SN AE T IS TA) A A5 0] BASE K. LA 4 FL P R0 IR AR S
wn 4-F R R A R AR 1) O b ) S A R Ak P R ] A
94%(FK 2, [T 2), Mgy PR & bR
LIRS B 77 56 55%~80% 2 A1(K 2, P 3~7).
UEBATT A AT, HL N RN AT IR s, 45 L
RE IR, [N = . 4 LA b, SR & A Bed
DL % pa 25 LTI 2R Ik O Ak & ok R S e
TRMD =)= 2 R mER 2, 75 8~12), 4iRIFR
I B S N A A, Ak, FRATEWTTT T LAAS R
IR O Ay JEUREE A, — AT A 4. T
N-TE RS IAR 2R e O e BT e iR A DA B 1C1 L
AW = e, ROV AR N AT, PR R VL &
0 C, LLG LR, RO N-BEEEREER 2R I &
THRAE ICL 5 TN B TIOME R V. GR 2, RS
13~15).

2 RNHE
ROVHLEIATBE R (DFE TIIRETCR, B2 b5
TE RIS 2515 Q)57 EFR LRI K42 T N
FR) S A% 2 I TG 3 00 RBLA R 2 = it R w1 4 XA, — &
Wb P TR (3)d8e i i 25 W5 20 111 HCL 752074 (- 1),
3 IIEERS
3.1 XESIKH
5 S A Stuart SMP-3 15 S 2 A AR
{%: Bruker Avance DPX300, CDCl; 5% DMSO-d, J ¥ 7,
TMS hWkR; =408 (HRMS): LCMS-IT-TOF;
FTIR: BIO-RAD FTS165. iRk 11 8 5 b4,
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Table 2 Synthesis of polycyclic aromatic iodides by ICl-induced intramolecular cyclization

I g
X % P~
S ICI

A Y R

RlI : S rt., CH2C|2
=
a
) o P 1% P %
1 72
2 74
3 37
4 56
5 40
6 31
7 43
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5 Y P 1% 5 4 P %
COOCH,CH;
8 58
COOCH,CH;
8b

R SIS I RE SN B R VAL O CHREE T AT

1+
R © il IS /“@ .

1

S LR

Figure 1 Proposed mechanism of cyclization

M Alfa-Asear, J&K St A RHEE PR A A5, TG
K VU SR 30 o A 7 R AT e /K AR B A A, ek
s AE AR 22 4lifk.

3.2 LEYMHEK

32.1 1,6-=FREH-2.4-T e B AT A M 0h b,

AFERRNIEBRAT A 1 equiv. 2R 1.5 equiv.
JRAEERT 2 equiv. [RKIRPRIAE N,N-— 1 HI 9t )l (DMF)
T E A N RN, SRS AE 50 mL R N
IR P L BERT A 4)(6 mmol), 4 mL DMF %%, A
30 mg CuCl (5 mol%)~ 0.1 mL PY 3 Z A1 1 mL g
W, AV =R 6~12 h RV EHE A
30 mL DMF, 2R )5 Fl/NIRORE IR L D8 55 ik 771, D8
B 100 mL vkoKH, B biile, ok, HKBEE, &
25 TR BIK B by AR i,

3.2.2 AR R IFFbrR AT A 4 69 A R

7t 50 mL IR BRI 1,6- — KA H-2,4- 00—
HfTAEM)(0.25 mmol), 2 mL CH,Cl, %fi#, FEmA ICI
(0.5 mmol), FHEIHEFE, 60 s PN 45, 0%~9% 5 H
ot /A T TR e JI A )2 T 4l A 7 URILA R 2R b v T A2 4
1b~12b.

3,3"- L fif-2,2'- A -[4,47 2K R IR (1b): T €8 [ 4.
m.p. 164~165 °C; 'H NMR (400 MHz, CDCl3) 6: 7.12 (t,
J=12.0 Hz, 2H), 6.68~6.90 (m, 6H), 5.02 (s, 4H); "*C
NMR (100 MHz, CDCly) 6: 153.02, 140.18, 130.09,
125.10, 122.05, 120.88, 116.23, 93.33, 74.32; IR (KBr) v:
3064, 2851, 1596, 1482, 1454, 1221, 1117, 1036, 561
cm '; HRMS (ESI) caled for Cy;sHj,LO, [M+H]™
514.8927, found 514.8956.

2540
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3,3"- T fll-6,6'- " FHHE-2,2'- T A -[4,4' 2K T (2b):
WO [ K. mp. 173~174 C; 'H NMR (400 MHz,
CDCly) 8: 6.92 (d, J=8.1, 1.3 Hz, 2H), 6.72 (d, J=8.2 Hz,
2H), 6.62 (d, J=1.1 Hz, 2H), 5.02~4.91 (m, 4H), 2.11 (s,
6H); “C NMR (100 MHz, CDCl;y) 6: 150.86, 140.37,
131.43, 130.62, 125.31, 120.82, 115.99, 93.54, 74.34,
20.77; IR (KBr) v: 2925, 2857, 1609, 1459, 1378, 1219,
997, 816, 542 cm™'; HRMS (ESI) caled for CaoH; 61,0,
[M+H]" 542.9240, found 542.9228.

3,3 R -8,8'- L F BE 20 A -[4,4' 2K IT ai
(3b): FE{A[E{A. mp. 176~178 ‘C; 'H NMR (400 MHz,
CDCly) d: 7.05 (d, J=7.3 Hz, 2H), 6.80~6.68 (m, 4H),
5.09 (d, J=3.7 Hz, 4H), 2.23 (s, 6H); *C NMR (100 MHz,
CDClLy) 6: 151.02, 140.69, 131.71, 125.65, 122.93, 121.36,
120.59, 92.91, 74.29, 15.65; IR (KBr) v: 2923, 2853, 1604,
1584, 1460, 1260, 1214, 1003, 787, 561 cm™'; HRMS
(ESI) calcd for CyoH;6l,0, [M—I—H]+ 542.9240, found
542.9286.

3,3 filt-5,7,5",7"- DU F 32,2 A -[4,4" 2K FE L R
(4b): B FEA. mp. 72 'C; '"H NMR (400 MHz,
CDCly) d: 6.56 (dd, J=34.5, 17.2 Hz, 4H), 4.81 (t, J=4.3
Hz, 4H), 2.37 (s, 6H), 2.16 (s, 6H); °C NMR (100 MHz,
CDCly) d: 154.84, 143.06, 139.97, 126.68, 123.33, 115.30,
113.61, 112.53, 74.80, 56.11, 22.73, 21.24; IR (KBr) v:
3459, 2919, 1721, 1592, 1451, 1293, 1154, 1063, 828, 581
cm'; HRMS (ESI) caled Cy,Haol,0, [M+H]" 570.9553,
found 570.9616.

3,3 i-6,6',- K22 A -[4,4 1K IR IR (5b):

Chin. J. Org. Chem. 2014, 34, 2537~2542
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P [ K. mop. 158~159 C; 'H NMR (400 MHz,
CDCly) 6: 7.02 (d, J=8.4 Hz, 2H), 6.82 (d, J=8.5 Hz,
2H), 6.71 (s, 2H), 5.04 (d, J=4.3 Hz, 4H), 2.47 (q, J=7.6
Hz, 4H), 1.09 (t, J=16 Hz, 3H); “C NMR (100 MHz,
CDCly) d: 151.06, 140.54, 137.96, 129.28, 124.48, 120.96,
116.02, 93.33, 74.44, 28.07, 15.80; IR (KBr) v: 2980,
2865, 1607, 1491, 1372, 1225, 1005, 820, 706, 563 cm ';
HRMS (ESI) caled for CyHyl,0, [M+H]" 570.9553,
found 570.9516.

3,3 Hl-6,6'- U T HE-2,2- A -[4,4 2K JF L R
(6b): HE{A[H{A. m.p. 145~146 ‘C; 'H NMR (400 MHz,
CDCly) d: 7.24~7.07 (m, 2H), 6.78 (d, J=18.3, 5.2 Hz,
4H), 4.96 (s, 4H), 1.07 (s, 18H); C NMR (100 MHz,
CDCly) 6: 150.76, 144.68, 140.76 , 126.72, 122.32, 120.70,
115.45, 92.65, 74.48, 34.07, 31.25; IR (KBr) v: 1915,
1859, 1603, 1460, 1364, 1229, 1109, 999, 820, 569 cm ';
HRMS (ESI) caled for CyHysl,0, [M+H]" 627.0197,
found 627.0111.

3,3'- 2,2 A -[4,4 IR T IR (Tb): B e [
f&. m.p. 146~148 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
8.14 (d, J=8.7 Hz, 2H), 7.85 (d, J=12.0 Hz, 4H), 7.19~
7.32 (m, 6H), 4.96 (dd, J=16.0, 12.5 Hz, 4H); *C NMR
(100 MHz, CDCl;) 6: 153.58, 141.37, 131.08, 129.00,
128.47, 127.96, 125.71, 123.68, 122.90, 117.08, 116.64,
85.09, 74.22; IR (KBr) v: 3052, 2925, 1590, 1511, 1459,
1383, 1229, 1015, 814, 749, 637 cm™'; HRMS (ESI) calcd
for CoH 61,0, [M+H]" 614.9240, found 614.9255.

3,3 fil-2,2'- T A(-[4,4' R FEIE IR -6,6'- RIR 4
fi (8b): P& #E (6 [E K. m.p. 64~66 ‘C; 'H NMR (400
MHz, CDCl3) : 7.75~8.15 (m, 2H), 7.67 (s, 1H), 7.06 (d,
J=8.5 Hz, 2H), 6.87 (d, J=4.5 Hz, 1H), 5.23~4.08 (m,
4H), 4.35 (dd, J=14.3, 7.1 Hz, 4H), 1.29~1.46 (m, 6H);
“C NMR (100 MHz, CDCL) o: 167.0, 163.21, 148.5,
131.71, 131.61, 126.10, 116.38, 114.92, 80.23, 79.56,
60.94, 14.35; IR (KBr) v: 3365, 2981, 1713, 1605, 1489,
1246, 1105, 1019, 845, 766, 615 cm™'; HRMS (ESI) calcd
for Co4Hy01,06 [M+H] 658.9349, found 658.9219.

6,6'- - A-3,3"- fll-2,2'- A -[4,4FE IFAL B
[l 44, m.p. 200~201 C; '"H NMR (400 MHz, CDCl;) o:
7.15 (dd, J=8.6, 2.5 Hz, 2H), 6.82 (dd, J=7.8, 5.6 Hz,
4H), 5.08 (q, J=14.9 Hz, 4H); “C NMR (100 MHz,
CDCly) d: 151.61, 138.79, 130.04, 127.05, 124.31, 121.67,
117.82, 95.68, 74.38; IR (KBr) v: 2925, 2853, 1603, 1480,
1403, 1233, 1094, 999, 820, 733, 637, 529 cm '; HRMS
(ESI) caled for CsH,oCLI,0, [M+H]" 582.8147, found
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582.8185.

8.,8'- A-3,3"- fill-2,2"- A -[4,4 I
44, m.p. 186 “C; '"H NMR (400 MHz, CDCl;) §: 7.25
(d, J=8. 0 Hz, 2H), 6.85~6.71 (m, 4H), 5.03~5.23 (m,
4H); C NMR (100 MHz, CDCl;) J: 148.85, 139.43,
130.90, 123.41, 122.32, 121.82, 121.56, 94.71, 74.72; IR
(KBr) v: 3069, 2844, 1601, 1559, 1455, 1231, 1146, 997,
781, 639, 563 cm'; HRMS (ESI) calcd for Ci3H;oCLLO,
[M+H]" 582.8147, found 582.8195.

8,8'- " YR-3,3"- 2,2 A -[4,4 TR IEIE I B
[ 4. m.p. 196~198 ‘C; 'H NMR (400 MHz, CDCls) d:
7.61 (d, J=8.0 Hz, 2H), 6.85 (d, J=8.5 Hz, 2H), 6.59 (t,
J=16.7 Hz, 2H), 5.24~5.09 (m, 4H); *C NMR (100
MHz, CDCl;) o: 149.81, 139.36, 133.83, 124.13, 122.93,
121.74, 110.38, 94.73, 74.78; IR (KBr) v: 2927, 2846,
1675, 1557, 1457, 1231, 1086, 996, 731, 625, 563 cm ';
HRMS (ESI) caled for CigH;oBr,1,O, [M+H]" 670.7137,
found 670.7177.

3,8,3",8'- DY ft-2,2"- 5 -[4,4T R FFILAR ;€0 ] 44
m.p. 160~161 ‘C; '"H NMR (400 MHz, CDCLy) 6: 7.61
(d, J=8.7 Hz, 2H), 6.85 (d, J=8.5 Hz, 2H), 6.59 (t, J=
16.5 Hz, 2H), 5.25~5.10 (m, 4H); *C NMR (100 MHz,
CDCLy) 6: 152.27, 139.76, 139.36, 125.17, 123.78, 120.94,
94.64, 84.11, 74.99; IR (KBr) v: 2925, 2857, 1586, 1455,
1378, 1277, 999, 739 c¢cm ™ '; HRMS (ESI) caled for
CysH0L,0, [M+H]" 766.6860, found 766.6922.

3.2.3 AR AEWRAT A 696 A%,

7t 50 mL YRR A N-RPE RS A & — ke
R1A449(0.25 mmol), 2 mL CH,CL, %%, FHIA IC1 (0.75
mmol), 0 CHiFE, 60 s WML G, 0%~25% & H
St /A T TR A JU AT )2 AT 4l A 73 DU, — S AT A2 4
13b~15b.

3,3 -1, 1 (S 4 I 3 )-1,2,10,2'- DY -
[4,4'1 Wbk (13b): 5 €4 [ 4. mp. 123~123.5 C; 'H
NMR (400 MHz, CDCL3) 6: 7.17 (d, J=4.2 Hz, 2H), 6.96
(d, J=4.7 Hz, 4H), 6.60 (dd, J=14.4, 5.3 Hz, 2H), 6.01 (t,
J=17.6 Hz, 2H), 4.92 (d, J=4.7 Hz, 2H), 4.54 (d, J=4.1
Hz, 2H), 3.93 (d, J=12.6 Hz, 2H), 1.79 (s, 6H); *C NMR
(100MHz, CDCly) o: 143.84, 142.00, 137.13, 134.04,
130.88, 129.98, 128.78, 127.54, 126.15, 125.67, 125.05,
96.45, 56.21, 29.69; IR (KBr) v: 2925, 2855, 1596, 1451,
1358, 1167, 1086, 895, 832, 656, 561 cm™'; HRMS (ESI)
caled for CsHyIbN,O4S, [M—I—H]+ 820.9423, found
820.9462.

3-fl-4-(3-fl-2 H- (475 -4- i )-1-( FF R -4- Tt ) -1,2-

http://sioc-journal.cn/ 2541
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S MERR(14b): O [E 4R, mp. 192~193 ‘C; 'H NMR
(400 MHz, CDCl3) 6: 7.83 (d, J=8.0 Hz, 1H), 7.56 (d, J=
8.1 Hz, 2H), 7.25 (s, 1H), 7.17 (d, J=8.4 Hz, 4H), 7.01 (d,
J=4.0 Hz, 2H), 6.86 (d, 1H), 6.72 (d, 1H), 6.35 (t, J=8.5
Hz, 1H), 5.43 (d, J=8.6 Hz, 1H), 5.20 (d, J=20.1 Hz,
1H), 4.84~4.96 (m, 2H), 4.61 (d, J=16.0 Hz, 1H), 2.34
(s, 3H); >C NMR (100 MHz, CDCl;) d: 153.00, 143.84,
141.61, 140.42, 137.12, 133.97, 129.90, 129.07, 127.54,
126.69, 126.34, 125.99, 125.55, 124.60, 121.64, 120.72,
116.16, 95.19, 94.97, 74.40, 56.14, 21.79; IR (KBr) v:
2927, 2855, 1742, 1597, 1478, 1349, 1163, 1036, 158, 662,
559 cm'; HRMS (ESI) caled for CosH o,NO5S [M+H]"
667.9175, found 667.9122.

6- 13-l -4-(3-fifli-6- FF JE-2 H- (2 45 -4- B )-1-(FF 2R -4-
THEPE)-1,2- 2 MEMk(15b): 35 (AL 44, mp. 179~181 C;
'H NMR (400 MHz, CDCl) 6: 7.63 (t, J=8.6 Hz, 3H),
7.28~7.38 (m, 1H), 7.16 (t, J=8.4 Hz, 2H), 6.87~6.94
(m, 2H), 6.68 (d, J=8.2 Hz, 1H), 6.27 (s, 1H), 4.72~5.00
(m, 4H), 2.26 (s, 3H), 2.06 (s, 3H); >C NMR (100 MHz,
CDCly) 6: 150.85, 144.23 (s), 140.73 (s), 140.37, 137.07,
133.42, 131.82, 131.42, 130.81, 130.21, 128.35, 128.12,
127.77, 126.33, 124.85, 120.76, 119.69, 116.19, 96.49,
93.86, 74.20, 55.95, 21.56, 20.76; IR (KBr) v: 2923, 2855,
1596, 1464, 1352, 1163, 1088, 812, 706, 664, 567 cm ';
HRMS (ESI) caled for CyHyBrlbNOsS [M+ H] "
759.8437, found 759.8472.
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