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Synthesis of Fused Pyridines via Microwave-Assisted
[3+ 3] Cyclization
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(“School of Chemistry and Chemical Engineering, Nantong University, Nantong, Jiangsu 226019)
(> School of Chemistry & Materials Science, Jiangsu Normal University, Xuzhou, Jiangsu 221116)

Abstract A new microwave-assisted p-TsOH-promoted [3+3] cyclization was developed. By using the characteristics of
enaminones or enamino lactones as 1,3-dinucleaphilic reagents and propargyl alcohols as 1,3-electrophilic reagents, p-TsOH-
promoted [3+3] cyclization of these substrates at 70 ‘C was carried out in acetic acid under microwave irradiation, regiose-
lectively affording 2,2-diaryl-substituted tetrahydroquinoline-5(1H)-ones and 2,2-diaryl-substituted dihydrofuro[3,4-b]pyridin-
S-ones in good yields. The reaction can be completed within a short period (30 min) by microwave synthetic technology, in
which water was the sole by-product. This method features simple and available starting materials, simple operation and wide
substrate scope, and provides a green, economic, and efficient synthetic strategy for the construction of fused pyridine skeleton
with potential application, which is consistent with the concept of green chemistry.

Keywords microwave synthesis; [3+ 3] cyclization; quinoline-5(1H)-one; furo[3,4-b]pyridin-5-one; green chemistry
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FRFR-1,3- BT A8 M LR 2 OB AT A 1 1R A
JERE, FE A e T A FH R B RR (p-TSOH) R i T, —
AE e 2,2- =55 FEAUR U S -5(LH)-BRATAEY) 3, 1k
F RIF(Scheme 1). {HA3—FERIZ, HZEERRATAERG
[l NG 4 S5HPEEATAEY) 1 RN, 1% R ST
TR MGER, ey X 3803 456 14 b & Bl 1 S A0 Wk IR 3 [3,4-b] it
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F2 UL RBP4 0 A, SR A EE T AR ) %
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Figure 1 Bioactive molecules containing pyridine skeletons
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Scheme 1 Microwave-assisted synthesis of fused pyridines
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DL PR B AT A9 12 RABKERFTAE 1) N-75 250 1% 2a
BRI, B FEAS R e ) B e 2 AAS [ I
FEXT P PR AR R, SEIRAE R AR 1. e R B
FBEAT T Ik (Entries 1~7). 1Z& ML 1.0 equiv. f) %}
IRt R A DR A1 32 FRUE Bt i S AU (R 7 o R 47
I DL ST B A IR OB 2 A 05348 140 S 7 8 AT
T & LJEDCE). EF HE(DCM). 2« H ZE(Toluene).
CEEVL S OKBETR. SO 25 BAR W, % S AE UK G IR
100 CHF$E 4t AR~ B M= R s, N 58% (Entry
7). PN R 1 B S B B bR A B AR
(Entry 8), i34 0t F R RR Y FH & 2 2 equiv. i tHAF]
T HER = HIE B (Entry 9). 4 1 K% 22 &P e k)%t
SN R A3 = 5L 2Bk T o R R, AR At
RN 37%H0 HARF=Y)(Entry 10). S KA B30 RE
B =9 S FR(TFA)  — 5 LR R (TFOH) 25 Y 1 25484
M) 45 R (Entries 11~12). B J5 % SRR BE AT LA R I,
T 22 PR AR R P AR R T 12 5 L () % Ak (Entries 13~
15), tifE 70 ‘CHF M Ae B INA &t & s B F5 r= 4,

K1 ALEY 3a MK @

Table 1 Optimization of reaction conditions for the synthesis of
3a

Ph 0 O Ph
/ /@ MW | o~
Ph ¥ Reaction conditions Ph
HO pn  HN N ph
Ph Ph
1a 2a 3a
Entry Prom.otor Solvent  Temp./C  Yield”/%
(equiv.)
1 p-TsOH (1.0) Acetone 100 N.R.
2 p-TsOH (1.0) DCE 100 N.R.
3 p-TsOH (1.0) DCM 100 Trace
4 p-TsOH (1.0) MeCN 100 30
5 p-TsOH (1.0) Toluene 100 Trace
6 p-TsOH (1.0) EtOH 100 Trace
7 p-TsOH (1.0) HOAc 100 58
8 p-TsOH (0.5) HOAc 100 45
9 p-TsOH (2.0) HOAc 100 55
10 BF3°Et20 (1.0) HOAc 100 37
11 TFA (1.0) HOAc 100 21
12 TfOH (1.0) HOACc 100 Trace
13 p-TsOH (1.0) HOAc 90 61
14 p-TsOH (1.0) HOAc 80 65
15 p-TsOH (1.0) HOAc 70 70
16 p-TsOH (1.0) HOAc 60 60

© 2021 Chinese Chemical Society & SIOC, CAS

9Reaction conditions: propargyl alcohol 1a (0.2 mmol), N-phenyl enaminone
2a (0.2 mmol), promotor (1.0 equiv.), solvent (3.0 mL), air. ® Isolated yield.
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HpaR ETHE) 70% (Entry 15). i3k — 25 FRAK S SR FE 2>
i NATEA, FECEARTYICE T FE(Entry 16). [H
I g PR A S I S5 A 2 DA R 2RI S AR i3 591 DK TR
WA 70 CA S SR AT R — BRI 5T

TERMMAEAET, Kz 7 R E M kAT T R
(Scheme 2). A LARPTEE 1a AT MRV E 52 T 16il%
ffk &) 2 FEUREE Ac' S RVEREL 4R ERH, 2
2R3 Ar! MEREURES, A HFTLE S MAL B kAL
B A7 DL R B PR R At e TR [ R B (1b) . A
(1, 1d) A B 73 Bl [ F(1e)« E(1HFI(1g). T (1h)], X
LR B B S SR, MRS5S AT LUE
75 5 b R o RSN PR R R A e, F L
ARASE B A [R] 43k e 7 32 [ bR i H 7 5 [ 3R B HE O v 1
SRR, AN B AR CR . 75 38 Ar? fil Ar
53 A A R RN U A R ok R B TT S5 A [RI AR 2R 1Y) V-
75 BN HE TR A A R IRIEAT IS, AL A B
TU S MR-5(1H)-FRATAY) 31 A1 3j, WSR2 5N 68%F1
50%. N T kR iR RRM, 13- E ERTAE M
A7 T A 1k F0 IR 2R 1% B 1) 3 FH 3 BBl (Scheme 2). 45 5%
RW, ZRRADTE SR BB IE S — R R AP 1,3-XL
SEAZRA, TR N AR R H AR =) 3k AN
31, YN 61%A1 60%.

o AP
/ /@ _p-TsOH, HOAc | ~
R Ar?
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HO a2 HN R N Ph
Ar
3
O Ph 3a, Ar' = Ph (70%)
N 3b, Ar! = 3-MeCgH, (68%)
| - 3c, Ar' = 4-MeOCgH, (74%)
Ny, 3d Ar' = 3-MeOCgH, (70%)
Ar' 3e, Ar' = 4-FCgHy (57%)
3a~3h 3f, Ar' = 4-CICgH, (61%)
3g, Ar' = 3-CICgH, (60%)
O CeHiCl4 3h, Ar' = 4-BrCgH, (64%)
X
7ijl\/ﬁ<p-Tolyl Q ph O  CgH4Cl-4
N Ph | oS X
Ar! Ph | p-Tolyl
3i~ 3j N Pn N “Ph
d C6H4OM9-4 Ié’h
3i, Ar' = 4-MeCgH, (68%)
3k (61%) 31 (60%)

3, Ar' = 4-BrCgHy (50%)

R 2 DUSEmR-5(1LH)-BAfT A 3 6
Scheme 2 Synthesis of tetrahydroquinoline-5(1H)-ones 3
56 B bk DY -5 (LH)- BT A )& o, 341
5 18 T 2= B AT 2 RO M i P9 i 4 S AT b3 S 282
O FE 0T 7T (Scheme 3). {EAF M AIE, SN W REHEAT
HARNUR, A2 — FR 50 2 R 2,2- 97 SR =&k
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W 7 [3,4-b] ML WE -5-FR AT A4 Sa~5Sm, 2FH 62%~
78%. N-J55Jf e N BRI ZRIE B & 45 i1 AL sl i 1
HIHUAREE I BE A AL IR, F LT BB 0T s N R I 5%
M AR, PR R R R, AR, Bl SRS
H#ReZ 51z M. B RARE T (A 5 Ar®) B REUR
BN R R I, IR BRI T AT SRR R
N, fHEIHFR=2) Sh~5m, 23R 7E 62%~75%2 8. Fr
A&M#%sﬂsm ERIIZE NMR 3R HRMS RAE.
A, JEE R X SRAT R T A Sa
(CCDC: 2060897) 1451 (& 1).

o) AI’3
/ /d p-TsOH, HOAc ijl\)\/lv
o]
HN MW, 70 °C N AP
HO Ar2 i, Ph
Ar'
5
o Ph 5a, Ar' =4-MeCgH, (68%) O  Tolyl-p
5b, Ar' = 3-MeCgH, (72%) N
a Ph 5¢, Ar' = 4-MeOCgH, (78%) ©. CgHaCl-4
N gy, 59 Ar' = 4-FCgH, (69%) N , Ph
Ar’ 5e, Ar' = 3-FCgH, (73%) Ar
5a~5g 5 Ar' =4-CICeH, (74%) 5h ~ 5j
5g, Ar! = 4-BrCgH, (67%) 5h, Ar' = 4-MeCgHy (62%)
5i, Ar' = 4-MeOCgH, (75%)
o CeH4Cl-4 5§, Ar' = 4-BrCgH, (64%)
= CgHyMe-4
o | Tolyl-p Q o
AN
| Ph o |
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5k ~ 51 I Ph
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Scheme 3 Synthesis of dihydrofuro[3,4-b]pyridin-5-ones 5
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mol) I = AN BB R, 432 SRAK IR ] ROBLE BTN 3
mL JKESIR, eSSl EE S, HET 120 CRER
ZRH B 20 min, FHHE ORE(TLO) BREFACIN. £7 & M
AHEE, RN, WERMA S mL K, &HEIRS)
FEAEE AR, HhiE S AR O 95% ) £ 1 B 4 i v
RENAE IR LR 2 AU 4, RAEERE 5 SCER[19]
—3.

) B8 5 B A IR N R TTRE 1 (0.2 mmol) TA
KHRATAE B0 el 28k 1,3-3F & BT AR A LR 2)
(0.2 mmol). X FRAEER(1.0 equiv.)FIUKESZ(3.0 mL),
WRIGEE. WRMNE B THMBERBEF 70 CRBE 30
min, F TLC FRERGM. FfFRPBTERAEE, F1H R
. AN NaHCO; R 2.8 LFR(EA) ZEHUR R4
. B H A WU JE oK NaxSOs T4, T E 78
. RHAFEEW[ 2R R/ AWM D V=1 1075
Al s i B AARTR A4, BIATS3) 2,2-— 55 SR DY
SEMR- S(1LH)-BRfTAY) 3a~31.

IR B 5 87 A AR IR N R T 1 (0.2 mmol) I
[ AT 4 (0.2 mmol). X FZRARER(1.0 equiv.) FIUKEEER(3
mL), RJE%E. KRN EE THERBMERF 70 TR
N30 min, H TLC FREFAGI. FF /B 5E4WH G, 17T
SN, FMIFN] NaHCOs A BEA ZEHUS NAR 2.
B AN T K NaySOs T4, FFZIE 2508,
KA EW[ R OE/AmE(V - V=1 10)]5r &4t
W4 Ja I EARTR A, BImTAR 8] 2,2- = 57 B Ak
I FE[3,4-b ML IE-5-FRATA 4 5a~5m.

7,7- I 3E-1,2,2,4- D % 3E-2,6,7,8- VU S ME HR-5(1 H)-
ffi(3a): K, P23 70%. m.p. 211.9~2122 C; 'H
NMR (400 MHz, CDCls) 6: 7.29 (d, J=6.7 Hz, 2H, ArH),
7.25~7.12 (m, 13H, ArH), 7.04 (d, J=5.0 Hz, 3H, ArH),
6.96~6.92 (m, 2H, ArH), 5.78 (s, 1H, CH), 2.36 (s, 2H,
CH,), 2.25 (s, 2H, CH>), 1.08 (s, 6H, CH3); 3C NMR (100
MHz, CDCl3) d: 192.1, 157.7, 144.0, 141.7, 141.3, 135.1,
129.9, 129.0, 128.4, 127.6, 127.5, 127.2, 126., 126.4,

Chin. J. Org. Chem. 2021, 41, 1563~1571
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124.8, 111.0, 73.1, 51.4, 44.2, 32.9, 28.6; IR (KBr) v:
3125, 2959, 2360, 1639, 1490, 1274, 1058, 767, 702 cm " !;
HRMS (ESI) caled for C3sH3 NNaO [M+Na]* 504.2303,
found 504.2311.

7,7- I 3E-2,2,4- = IR BE-1-(JR] FH 2K 3E)-2,6,7,8- DU A
WEMR-5(1H)-B(3b): EIEEE, 772 68%. m.p. 212.1~
212.4 °C; '"H NMR (400 MHz, CDCls) 6: 7.29 (d, J=6.6
Hz, 2H, ArH), 7.25~7.14 (m, 13H, ArH), 6.93 (t, J=8.0
Hz, 1H, ArH), 6.84 (d, J=7.5 Hz, 1H, ArH), 6.75 (d, J=
7.5 Hz, 1H, ArH), 6.65 (s, 1H, ArH), 5.78 (s, 1H, CH),
2.35 (d, J=27.5 Hz, 4H, CH,), 2.12 (s, 3H, CH3), 1.09 (s,
6H, CHs); 3C NMR (100 MHz, CDCls) d: 143.9, 138.3,
130.5, 129.1, 128.9, 128.1, 127.7, 127.6, 127.5, 127.2,
126.8, 126.5, 124.8, 100.0, 73.2, 51.1, 44.3, 32.9, 28.6,
21.1; IR (KBr) v: 2956, 2360, 1623, 1488, 1275, 1054,
755, 694 cm™!; HRMS (ESI) calcd for C36H33NNaO [M—+
Na]" 518.2460, found 518.2450.

1-(4- A FE 2K 3E)-7,7- —HI3E-2,2,4- =5 FE-2,6,7,8-
VY & Wk -S(1LH)- T (3¢): F B [E 4, 7= % 74%. m.p.
221.3~221.6 C; 'H NMR (400 MHz, CDCls) 6: 7.26~
7.21 (m, 6H, ArH), 7.21~7.01 (m, 9H, ArH), 6.83 (d, J=
8.8 Hz, 2H, ArH), 6.54 (d, J=8.8 Hz, 2H, ArH), 5.74 (s,
1H, CH), 3.67 (s, 3H, CH3), 2.33 (s, 2H, CH,), 2.23 (s, 2H,
CH,), 1.08 (s, 6H, CHs); *C NMR (100 MHz, CDCL) ¢:
191.9, 158.2, 158.1, 144.1, 141.5, 135.0, 134.6, 130.9,
129.0, 127.6, 127.5, 127.2, 126.4, 124.5, 113.5, 110.4,
73.2,55.3, 51.4, 442, 32.8, 28.7; IR (KBr) v: 3019, 2944,
1637, 1399, 1251, 1027, 773, 696 cm '; HRMS (ESI)
caled for CisHzNNaO, [M + Na] ™ 534.2409, found
534.2433.

1-3-H A R ok 3)-7,7- —H J-2,2,.4- = 2R FE-2.6,7,8-
VY & R -S(LH)- B (3d): [ B[ K, 22 70%. mup.
198.4~198.7 ‘C; '"H NMR (400 MHz, CDCl;) ¢: 7.30 (s,
2H, ArH), 7.28~7.02 (m, 13H, ArH), 6.97 (d, J=8.0 Hz,
1H, ArH), 6.60 (t, J=8.0 Hz, 2H, ArH), 6.45 (s, 1H, ArH),
5.79 (s, 1H, CH), 3.63 (s, 3H, CH3), 2.43 (d, J=6.8 Hz,
2H, CH,), 2.27 (s, 2H, CH,), 1.11 (s, 6H, CH3); '*C NMR
(100 MHz, CDCl3) 0: 159.4, 143.9, 142.7, 141.3, 135.0,
129.0, 127.6, 127.5, 1272, 126.4, 124.9, 122.5, 115.9,
112.6, 73.1, 55.3, 51.4, 44.1, 32.9, 28.7, 28.6; IR (KBr) v:
3056, 2963, 1651, 1486, 1270, 1043, 771, 694 cm™!;
HRMS (ESI) caled for CsH3;3NNaO, [M + Na] ©
534.2409, found 534.2419.

1-(4-FFFE)-7,7- —H 3E-2,2,4- =K %E-2,6,7,8- 11 &
WE-5(1H)-Bf(3e): H AR, =23 57%. mp. 224.4~
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2247 “C; 'H NMR (400 MHz, CDCls) &: 7.29 (s, 2H,
ArH), 7.26~7.13 (m, 13H, ArH), 6.96~6.87 (m, 2H,
ArH), 6.73 (t, J=8.0 Hz, 2H, ArH), 5.77 (s, 1H, CH), 2.32
(s, 2H, CHy), 2.25 (s, 2H, CHy), 1.09 (s, 6H, CH;); '*C
NMR (100 MHz, CDCly) d: 192.1, 157.4, 143.8, 141.2,
137.7, 135.0, 131.5, 131.4, 128.9, 128.2, 127.9, 127.7,
127.6, 127.5, 127.3, 126.5, 124.7, 115.4, 115.2, 111.1,
73.1,51.3, 44.2, 32.9, 28.6; IR (KBr) v: 3052, 2930, 2282,
1643, 1390, 1221, 1031, 839, 754, 704 cm”'; HRMS (ESI)
caled for C3sH3FNNaO 522.2209 [M + Na] ', found
522.2226.

1-(4-FF3E)-7,7- —H FE-2,2,4- =K 5E-2,6,7,8- 11 &
WEIRR-5(1H)-B(30): A GAEE, 2% 61%. mp. 194.1~
1943 “C; '"H NMR (400 MHz, CDCly) : 7.21 (s, 15H,
ArH), 6.95 (d, J=54.8 Hz, 4H, ArH), 5.79 (s, 1H, CH),
2.29 (d, J=36.5 Hz, 4H, CH,), 1.09 (s, 6H, CHj); 1*C
NMR (100 MHz, CDCly) d: 143.6, 141.1, 140.3, 135.0,
132.6, 131.1, 128.9, 128.6, 127.8, 127.5, 127.4, 126.5,
125.1,73.0, 51.4, 44.3, 33.0, 28.7; IR (KBr) v: 2955, 1637,
1489, 1306, 1091, 741, 700 cm™'; HRMS (ESI) calcd for
C35H30CINNaO [M+Na]™ 538.1914, found 538.1910.

1-(3-FF3E)-7,7- —H FE-2,2,4- =K 5£-2,6,7,8- 11 &
WEMK-5(1H)-BA(3g): EAEAE, % 60%. m.p. 202.2~
202.5 ‘C; 'H NMR (400 MHz, CDCls) d: 7.30 (dd, J=
11.9, 4.4 Hz, 3H, ArH), 7.26~7.07 (m, 12H, ArH), 7.05~
6.98 (m, 2H, ArH), 6.94 (s, 1H, ArH), 6.88 (d, J=7.5 Hz,
1H, ArH), 5.83 (s, 1H, CH), 2.40 (s, 2H, CH,), 2.28 (s, 2H,
CHy), 1.12 (s, 6H, CH3); 3C NMR (100 MHz, CDCl;) ¢:
169.6, 163.3, 142.1, 138.2, 135.6, 132.4, 130.7, 129.1,
128.8, 128.3, 128.0, 127.8, 123.5, 122.5, 94.9, 65.1; IR
(KBr) v: 3052, 2959, 1641, 1488, 1303, 1031, 745, 681
cm '; HRMS (ESI) caled for CssH3CINNaO [M+Na]®
538.1914, found 538.1909.

1-(4- PR F3E)-7,7- —H 3E-2,2,4- = 2K 5£-2,6,7,8- 11 &
WEMK-5(1H)-BA(3h): H AR, 72 64%. mp. 189.1~
189.3 “C; 'H NMR (400 MHz, CDCls) 6: 7.27 (s, 1H,
ArH), 7.25~7.15 (m, 16H, ArH), 6.80 (d, J=8.4 Hz, 2H,
ArH), 5.78 (s, 1H, CH), 2.33 (s, 2H, CHa), 2.26 (s, 2H,
CH,), 1.08 (s, 6H, CH3); 3C NMR (100 MHz, CDCl;) §:
143.6, 141.1, 140.8, 135.0, 131.5, 131.2, 128.9, 127.8,
127.5, 127.4, 126.5, 125.1, 120.7, 120.6, 73.0, 51.4, 44.2,
33.1, 28.6; IR (KBr) v: 3056, 2956, 1636, 1487, 1281,
1030, 831, 773, 701 cm™'; HRMS (ESI) calcd for CssHso-
BrNNaO [M+Na]™ 582.1408, found 582.1405.

A-(4- G 3L )-7,7- — F HE 2 IR S 2- (O RS 3 )-
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2,6,7,8- VU S IR -S(1LH) -l (3i): L fE R, 725K 68%.
m.p. 210.3~210.6 ‘C; 'H NMR (400 MHz, CDCl;) §:
7.25~7.19 (m, 4H, ArH), 7.19~7.13 (m, 3H, ArH),
7.13~7.08 (m, 4H, ArH), 6.99 (d, J=8.1 Hz, 2H, ArH),
6.86~6.77 (m, 4H, ArH), 5.69 (s, 1H, CH), 2.33 (s, 2H,
CH,), 2.28 (s, 3H, CH3), 2.23 (s, 2H, CH), 2.20 (s, 3H,
CH3), 1.07 (s, 6H, CH3); '*C NMR (100 MHz, CDCl) &:
191.9, 158.4, 144.0, 140.9, 140.1, 139.0, 136.9, 133.8,
132.0, 129.5, 129.0, 128.9, 128.8, 128.3, 127.6, 127.2,
125.0, 110.1, 72.9, 51.4, 44.2, 32.9, 28.7, 28.6, 21.0; IR
(KBr) v: 2929, 1614, 1488, 1281, 1062, 777, 704 cm™!;
HRMS (ESI) caled for C3;H3CINNaO [M + Na] *
566.2227, found 566.2221.

1-(4-VR KL )-4-(4-F K FE)-7,7- — FH BE 2 OR B2 (%
2% 38)-2,6,7,8- VU & k-5 (LH)-liF (3j): At [E 44, 7=
£ 50%. m.p. 210.1~210.5 C; 'H NMR (400 MHz,
CDCls) 6: 7.24~7.15 (m, 9H, ArH), 7.11~7.04 (m, 4H,
ArH), 7.00 (d, J=7.8 Hz, 2H, ArH), 6.80 (d, J=7.9 Hz,
2H, ArH), 5.71 (s, 1H, CH), 2.31 (s, 2H, CH,), 2.28 (s, 3H,
CH3), 2.23 (s, 2H, CHy), 1.08 (s, 6H, CH3); *C NMR (100
MHz, CDCl:) 0: 143.6, 140.7, 137.2, 132.2, 131.6, 131.4,
128.9, 128.8, 128.5, 127.8, 127.6, 127.5, 125.4, 120.7,
72.8, 33.0, 28.7, 21.0; IR (KBr) v: 2928, 1637, 1487, 1280,
1088, 835, 806 cm '; HRMS (ESI) calcd for C3sH3Br-
CINNaO [M+Na]" 563.1175, found 563.1159.

1-(4- F 480 3 2K 3E)-2,2.4- = 4 3 -2.6,7,8- 0 A 1 W -
5(1H)-fii 3k): H B [E &, ™% 60%. m.p. 270.1~
270.5 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.27 (s, 2H,
ArH), 7.26~7.12 (m, 13H, ArH), 6.82 (d, J=8.0 Hz, 2H,
ArH), 6.54 (d, J=8.0 Hz, 2H, ArH), 5.78 (s, 1H, CH), 3.68
(s, 3H, CH3), 2.45~2.41 (m, 2H, CH,), 1.99~1.94 (m,
2H, CHy), 1.26 (s, 2H, CH>); 3C NMR (100 MHz, CDCls)
J9: 158.3, 143.6, 141.2, 136.7, 134.4, 131.3, 130.8, 130.6,
1289, 127.7, 127.5, 127.4, 1272, 126.5, 113.6, 101.7,
100.0, 73.3, 55.3, 37.1, 30.6, 21.2; IR (KBr) v: 3123, 1636,
1443, 1248, 1030, 753, 699 cm™'; HRMS (ESI) caled for
C34H20NNaO, [M+Na]" 506.2096, found 506.2088.

A-(4-F AR FE)-1,2- — I F-2-Cf FH 4 55)-2,6,7,8-T0 &
WEIR-5(1H)-FR3D): A AR, 7% 61%. mp. 2123~
212.5 “C; '"H NMR (400 MHz, CDCl3) 6: 7.25~7.20 (m,
4H, ArH), 7.18~7.07 (m, 7H, ArH), 7.05~6.91 (m, 7H,
ArH), 5.74 (s, 1H, CH), 2.45 (t, J=8.0 Hz, 2H, CH,), 2.35
(t, J=8.0 Hz, 2H, CH,), 2.28 (s, 3H, CH3), 2.00~1.93 (m,
2H, CHy); 3C NMR (100 MHz, CDCl3) &: 191.9, 160.5,
143.6, 141.5, 140.5, 139.8, 137.0, 133.9, 132.1, 129.9,
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128.9, 128.7, 128.5, 128.4, 127.7, 127.6, 127.2, 125.1,
110.7, 72.9, 37.2, 30.6, 21.3, 21.0; IR (KBr) v: 3124, 2930,
2360, 1636, 1488, 1022, 778, 701 cm™!; HRMS (ESI)
caled for C3HsCINNaO [M+Na]' 524.1757, found
524.1739.

2,2,4- = R KL -1-C0f H R 8)-2,7- WK [3,4-b] WL
WE-5(1H)-Bi (Sa): B EE, 2% 68%. mp. 240.9~
2413 °C; '"H NMR (400 MHz, CDCl;) d: 7.48~7.40 (m,
2H, ArH), 7.39~7.24 (m, 13H, ArH), 6.89 (d, J=8.1 Hz,
2H, ArH), 6.72 (d, J=8.2 Hz, 2H, ArH), 5.46 (s, 1H, CH),
4.49 (s, 2H, CHy), 2.22 (s, 3H, CH3); 3C NMR (100 MHz,
CDCls) J: 169.9, 164.3, 142.5, 138.6, 136.5, 135.9, 129.8,
129.1, 128.9, 128.3, 128.1, 127.9, 127.7, 123.2, 93.6, 65.2,
21.0; TR (KBr) v: 3043, 2936, 2360, 1574, 1471, 1028,
743, 697 cm™'; HRMS (ESI) calcd for C3,H,sNNaO, [M+
Na]" 478.1783, found 478.1767.

2,2,4- = R HE-1-([A) B 2R 8 )-2,7- A WK [3,4-b] 1L
WE-5(1H)-Bi(Sb): HAEE, 7% 72%. mp. 2653~
265.9 °C; '"H NMR (400 MHz, CDCl;) 6: 7.46~7.43 (m,
2H, ArH), 7.40~7.26 (m, 13H, ArH), 7.02~6.93 (m, 2H,
ArH), 6.74 (d, J=7.6 Hz, 1H, ArH), 6.58 (s, 1H, ArH),
5.49 (s, 1H, CH), 4.54 (s, 2H, CH,), 2.11 (s, 3H, CH3); '*C
NMR (100 MHz, CDCl;) 0: 169.9, 164.1, 142.5, 139.2,
139.0, 135.9, 129.8, 129.3, 129.2, 128.9, 128.3, 128.1,
127.9, 127.7, 126.0, 123.2, 93.9, 65.2, 21.1; IR (KBr) v:
3056, 2921, 1569, 1441, 1232, 1075, 767 cm '; HRMS
(ESI) caled for C3HpsNNaO, [M+Na]* 478.1783, found
478.1773.

1-(4- S JE 2R 3E)-2,2,4- = FR 5L -2, 7- — A KRG [3,4-b)
MERE-5(1H)-BH(Se): A BRI, =2 78%. m.p. 239.9~
240.5 °C; '"H NMR (400 MHz, CDCl3) 6: 7.46~7.42 (m,
2H, ArH), 7.36~~7.26 (m, 13H, ArH), 6.77~6.72 (m, 2H,
ArH), 6.61~6.57 (m, 2H, ArH), 5.44 (s, 1H, CH), 4.47 (s,
2H, CHy), 3.70 (s, 3H, CH3); 3C NMR (100 MHz, CDCls)
J: 169.9, 164.6, 159.2, 142.5, 135.9, 131.7, 130.4, 129.0,
128.9, 128.3, 128.1, 127.9, 127.7, 123.1, 114.2, 93.3, 65.1,
55.4; IR (KBr) v: 3056, 2846, 1470, 1008, 770, 618 cm™';
HRMS (ESI) caled for C3H;sNNaO; [M + Na] *
494.1732, found 494.1718.

1-(4-F AR 3)-2,2,4- = 2K H£-1,2,5,7- DU & R IR [ 3,4-5]
e (sd): A A, 725 69%. m.p. 253~253.5 C; 'H
NMR (400 MHz, CDCl;) d: 7.45~7.42 (m, 2H, ArH),
7.37~7.27 (m, 13H, ArH), 6.88~6.77 (m, 4H, ArH), 5.48
(d, J=1.7 Hz, 1H, CH), 4.50 (s, 2H, CH,); 3C NMR (100
MHz, CDCl:) 0: 169.7, 163.8, 163.2, 160.7, 142.2, 135.7,
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135.1, 131.1, 131.0, 129.1, 128.8, 128.3, 128.0, 127.9,
127.8, 123.3, 116.3, 116.1, 94.3, 65.0; IR (KBr) v: 3056,
2349, 1602, 1470, 1280, 1015, 784, 701 cm™'; HRMS
(ESI) caled for C3;H»;FNNaO, [M+ Na]' 482.1532,
found 482.1528.

1-(3- AR 58 )-2,2,4- — 2R HE -2, 7- A WK [3,4-b] ik
WE-5(1H)-H (Se): H Al &, 723 73%. mp. 232.4~
232.7 ‘C; '"H NMR (400 MHz, CDCl;) 6: 7.56~7.41 (m,
2H, ArH), 7.40~7.22 (m, 13H, ArH), 7.13~7.04 (m, 1H,
ArH), 6.94~6.83 (m, 1H, ArH), 6.74~6.48 (m, 2H, ArH),
5.53 (s, 1H, CH), 4.58 (s, 2H, CH,); *C NMR (100 MHz,
CDCls) d: 169.6, 163.6, 163.2, 161.1, 142.1, 140.7, 140.6,
135.6, 130.3, 130.2, 129.2, 128.7, 128.3, 128.0, 127.8,
1249, 123.6, 116.6, 116.4, 1158, 115.6, 95.2, 65.1; IR
(KBr) v: 3055, 2359, 1628, 1465, 1015, 790, 690 cm !;
HRMS (ESI) caled for C3H;FNNaO, [M + Na] *
482.1532, found 482.1518.

1-(4- R HE)-2,2,4- =R -2 7- A WK [3,4-b] Mk
WE-5(1H)-Fi (5): B AR, =2 74%. mp. 248.3~
250.2 ‘C; '"H NMR (400 MHz, CDCl;) 6: 7.44~7.40 (m,
2H, ArH), 7.36~7.27 (m, 13H, ArH), 7.08 (d, J=8.5 Hz,
2H, ArH), 6.82 (d, J=8.5 Hz, 2H, ArH), 5.49 (s, 1H, CH),
4.51 (s, 2H, CH,); '3C NMR (100 MHz, CDCls) &: 169.6,
163.4, 142.1, 137.7, 135.6, 134.4, 130.4, 129.4, 129.2,
128.7, 128.3, 128.2, 128.0, 127.8, 123.5, 94.8, 65.0; IR
(KBr) v: 3035, 2933, 1625, 1491, 1209, 1059, 734, 718
cm '; HRMS (ESI) caled for C3iH»CINNaO, [M+Na]"
498.1237, found 498.1215.

1-(4- ¥R 2R F8)-2,2,4- = IR k-2 7- — S W W [3,4-b] 1L
WE-S(1H)-BH (5g): H Ak, =% 67%. mp. 270.2~
270.5 ‘C; "H NMR (400 MHz, CDCl;) 6: 7.45~7.40 (m,
2H, ArH), 7.37~7.27 (m, 13H, ArH), 7.23 (d, J=8.5 Hz,
2H, ArH), 6.75 (d, J=8.5 Hz, 2H, ArH), 5.49 (s, 1H, CH),
4.52 (s, 2H, CH,); *C NMR (100 MHz, CDCls) ¢: 169.6,
163.3, 142.1, 138.2, 135.6, 132.4, 130.7, 129.1, 128.8,
128.3, 128.0, 127.8, 123.5, 122.5, 94.9, 65.1; IR (KBr) v:
3095, 2929, 1624, 1467, 1059, 773 c¢cm !; HRMS (ESI)
caled for C3H»nBrNNaO, [M+Na]® 542.0732, found
542.0731.

2-(4-F A HE)-2- I -1 ,4- - IR FE 2, 7- Ak
W[3,4-b]HIE-5(1LH)-Bi(5h): EGEAER, 7% 62%. m.p.
260.4~260.7 C; '"H NMR (400 MHz, CDCls) 6: 7.38~
7.26 (m, 11H, ArH), 7.14 (d, J=7.9 Hz, 2H, ArH), 6.91 (d,
J=8.2 Hz, 2H, ArH), 6.71 (d, J=8.2 Hz, 2H, ArH), 5.37
(s, 1H, CH), 4.47 (s, 2H, CH,), 2.34 (s, 3H, CH3), 2.24 (s,
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3H, CH;); '3C NMR (100 MHz, CDCl;) §: 169.8, 164.2,
1423, 141.2, 138.8, 137.8, 136.3, 133.7, 132.8, 130.3,
129.9, 129.3, 128.8, 128.6, 128.5, 128.2, 128.1, 127.9,
1222, 93.9, 65.1, 21.3, 21.0; IR (KBr) v: 3027, 2923,
1698, 1467, 1050, 846, 750 cm™'; HRMS (ESI) calcd for
C33Hy6CINNaO, [M+Na]"™ 526.1550, found 526.1547.

2-(4- AT )-1-(4- A 2 DR R )-2- O R -4 (O H R
5£)-2,7- SRR [3,4-b] ML WE -5(1H)- i (51): 1 €8 [ 446,
FEER 75%. m.p. 263.8~264.3 ‘C; 'H NMR (400 MHz,
CDCls) 6: 7.36~7.26 (m, 11H, ArH), 7.15 (d, J=7.9 Hz,
2H, ArH), 6.74 (d, J=9.0 Hz, 2H, ArH), 6.61 (d, J=8.9
Hz, 2H, ArH), 5.36 (s, 1H, CH), 4.46 (s, 2H, CH,), 3.72 (s,
3H, CH3), 2.34 (s, 3H, CHs); 3C NMR (100 MHz, CDCl5)
5: 169.8, 164.5, 159.3, 142.3, 141.2, 137.8, 133.7, 132.8,
131.5, 130.4, 129.3, 128.8, 128.6, 128.5, 128.3, 128.1,
127.9, 125.4, 122.4, 122.1, 114.2, 93.5, 65.0, 55.4, 21.5,
21.3; IR (KBr) v: 3054, 2926, 2358, 1621, 1468, 1246,
1056, 814, 758 cm !'; HRMS (ESI) caled for Ci3HysCl-
NNaO; [M+Na]" 542.1499, found 542.1485.

1-(4- 1R I8 5L )-2-(4- F R 5L )-2- TR B -4-(f FE R BR )-
2,7- PRI [3,4-b L IE -5(LH)-F (55): A E Ak, =3
64%. m.p. 244.8~245.7 “C; 'H NMR (400 MHz, CDCl;)
0: 7.41~7.26 (m, 12H, ArH), 7.25 (s, 1H, ArH), 7.15 (d,
J=7.9 Hz, 2H, ArH), 6.74 (d, J=8.5 Hz, 2H, ArH), 5.40
(s, 1H, CH), 4.50 (s, 2H, CH,), 2.34 (s, 3H, CH3); '*C
NMR (100 MHz, CDCl;) 0: 169.5, 163.2, 141.8, 140.8,
138.0, 134.0, 132.6, 132.5, 130.6, 130.1, 129.3, 128.6,
128.5, 128.4, 128.2, 128.1, 122.7, 122.5, 95.1, 65.0, 21.3;
IR (KBr) v: 3056, 2919, 1620, 1487, 1092, 810, 727 cm™';
HRMS (ESI) caled for C3HyBrCINNaO, [M + Na] *
590.0498, found 590.0488.

A-(A-FHEHE)-1,2- R FL2-Cf A FE)-2,7- Ak
M[3,4-b]IEBE-S(LH)-l (5k): HEEA, 72% 70%. m.p.
276.5~277.1 ‘C; 'H NMR (400 MHz, CDCl3) 6: 7.37 (d,
J=8.5 Hz, 2H, ArH), 7.35~7.26 (m, 7H, ArH), 7.21 (d,
J=8.1 Hz, 2H, ArH), 7.16 (d, J=7.3 Hz, 1H, ArH),
7.13~7.08 (m, 4H, ArH), 6.86 (d, J=7.7 Hz, 2H, ArH),
5.43 (s, 1H, CH), 4.50 (s, 2H, CH,), 2.34 (s, 3H, CH3); '*C
NMR (100 MHz, CDCl;) 0: 169.8, 164.1, 142.4, 139.4,
139.1, 137.7, 134.3, 133.8, 129.6, 129.2, 129.1, 128.9,
128.8, 128.6, 128.5, 128.1, 128.0, 127.9, 127.8, 123.5,
93.5, 65.2, 21.1; IR (KBr) v: 3055, 2917, 1623, 1493,
1014, 813, 788 cm'; HRMS (ESI) calcd for CsHaCl-
NNaO, [M+Na]" 512.1393, found 512.1390.

4-(4- A HFE)-2-FEHE -1 ,2- — X R RL 2, 7- Ak
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WE[3,4-bIMLBE-5(1LH)-F(5): A EEE, 77% 62%. m.p.
273~273.2 °‘C; 'H NMR (400 MHz, CDCls) o: 7.37 (d,
J=8.4 Hz, 2H, ArH), 7.35~7.26 (m, 7H, ArH), 7.21 (d,
J=8.1 Hz, 2H, ArH), 7.11 (d, J=8.1 Hz, 2H, ArH), 6.89
(d, J=8.2 Hz, 2H, ArH), 6.71 (d, J=8.0 Hz, 2H, ArH),
5.41 (s, 1H, CH), 4.48 (s, 2H, CHy), 2.35 (s, 3H, CH3),
2.23 (s, 3H, CHs); '*C NMR (100 MHz, CDCls) &: 169.9,
164.5, 142.4, 139.5, 138.6, 137.6, 136.4, 134.4, 133.7,
129.8, 129.6, 128.9, 128.8, 128.7, 128.1, 127.9, 127.8,
123.4, 93.1, 65.2, 21.1, 21.0; IR (KBr) v: 3031, 2918,
1621, 1467, 1213, 1053, 836, 747 cm '; HRMS (ESI)
caled for Cs3sHaCINNaO, [M+Na]' 526.1550, found
526.1533.

2-(4-F A HE)-1,2- TR FE 4O I R FE)-2,7- Ak
M4[3,4-bIEIE-S(LH)-F(5m): FHEEAE, 723 68%. m.p.
213.3~213.7 “C; 'H NMR (400 MHz, CDCls) 6: 7.34~
7.27 (m, 10H, ArH), 7.26~7.09 (m, 6H, ArH), 6.86 (d, J=
7.8 Hz, 2H, ArH), 5.40 (s, 1H, CH), 4.50 (s, 2H, CH,),
2.35 (s, 3H, CHs); '*C NMR (100 MHz, CDCls) &: 169.7,
163.8, 142.2, 141.1, 139.0, 137.9, 133.8, 132.7, 130.3,
129.4, 129.3, 129.1, 128.8, 128.7, 128.6, 128.5, 128.3,
128.1, 127.9, 122.3, 94.3, 65.1, 21.3; IR (KBr) v: 3056,
2915, 1625, 1466, 1205, 1053, 827, 756 cm '; HRMS
(ESI) caled for CiHyCINNaO, [M~+Na]® 512.1393,
found 512.1389.

4 Bh#4 %l (Supporting Information) L&) 3a~3l.
5a~5m (1] '"H NMR fl 3C NMR i, et plar bl
i AT 33 (http://sioc-journal.cn/)_E T %K.
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