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Abstract An efficient and stereoselective synthesis of quinolinone- and pyridinone-fused 2,8-dioxabicyclo[3.3.1]-nonanes by
the reaction of 2-hydroxychalcones with 4-hydroxy-2(1H)-quinolinones/4-hydroxy-2(1H)-pyridinones in refluxing n-PrOH is
described. The quinolinone fragment can be converted into the corresponding N-alkylated quinolinones and O-alkylated quino-
lines by the alkylation reaction. All the unknown compounds are characterized by means of '"H NMR, *C NMR, IR and
HRMS. The structures and configurations of 6-phenyl-2,12-dihydro-1H-6,12-methanobenzo[7,8][1,3]dioxocino[5,4-c]pyri-
din-1-one (3r) and 1-isopropoxy-8-phenyl-14H-8,14-methanobenzo(7,8][1,3]dioxocino[5,4-c]quinoline (6¢) are further con-
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firmed by X-ray single crystal diffraction analysis.

Keywords 4-hydroxy-2(1H)-quinolinone; 4-hydroxy-2(1H)-pyridinone; bicyclo[3.3.1]nonane; alkylation; X-ray structure
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ST IERERES, RNEE 12 h J5 RN ERE %, RS
FHiRE, RIAKENAGEENERSHTH, @it
'"HNMR. "*C NMR. IR Al HRMS 1L, iFs2H 45+
N 8-FEFE-2, 14- A -1H-8,14-V 1 R K I 7,8][1,3] — 4
M [5,4-c]VE Wk -1- (3a). SN T ¥R R 1% RS A 1) 3
BATZ R LS FEACH 2-BEA /RIS 4-F -
2(1H)-WE R 52 3 K 2% 88 1% 77 v Al F 1, st 4 SR dn
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(6] \R3
3a: R' = R3=H, R? = CgHs, 82%
3b: R' = R®=H, R? = 4-MeCgH., 80%
3c: R' = R3 = H, R? = 4-MeOCgH,, 79%

3e: R' = R3=H, R% = 4-FCgH,, 68%
3f: R' = R3=H, R% = 4-CIC¢H,, 76%
3g: R'=R3=H, R? = 4-BrC¢H,, 72%
3h: R'=R®=H, R2 = 2-Furyl, 65%
3i: R' = R% = H, R? = 2-Thienyl, 67%

3j: R = R% = H, R? = 1-Naphthyl, 83%
3k: R' =R®=H, R2= Me, 53%

31: R' = R3=H, R? = CH=C(CHg),, 51%
3d: R' = R®=H, R? = 3,4-(Me0),C¢H3, 75% 3m: R' = 4-Br, R? = C¢Hs, R® = H, 79%
3n: R' = 4-Cl, R? =4-MeOCgH,4, R® = H, 80%
30: R' = 2,4-diCl, R? = 4-FCgH,, R®=H, 65%
3p: R'= H, R2=CgHs, R®=Me, 73%

3q: R'= H, R2=4-MeCgHy, R® = Me, 75%

3rR*=H, 78%

4 3t: R® = COOEt, 76%
3s: R* = Me, 68%

3u: R®=Cl, 65%

K,CO3, DMF
—_—
80°C,3~8h
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R = Et, 5a (60%), 6a (12%) @)
R =Bn, 5b (52%), 6b (13%)
R = i-Pr, 5¢ (trace), 6¢ (67%)
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Figure 1 X-ray structure of compound 3r (H,O is omitted for
clarity)
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Figure 2 X-ray structure of compound 6¢
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I mR R e X-4 B3 BoR AU G, iR
FERARIE; "H NMR A1 *C NMR M Bruker AV 300
R AR 52, CDCl; 8, DMSO-ds N¥EF], TMS R
WHxR; IR KA Nicolet 5700 B4T 7366 AT % (KBr
& A ); HRMS K H Bruker UltrafleXtreme MALDI
TOF/TOF[LL a-f2&-4-F2 2 PR (HCCA) N5 i B4
Gy R O g, X S 4R S AT 9 2l S Bruker
SMART APEX CCD ll €.

B FHR A8 e i B b all, Radk—Dafifh. FrifA
WL TR E A AT H 4 ik T 1 28 T 4l
3.2 XWHE
3.2.1 BARLA4 3 694

B 2-FEAREIZAL S 1 (0.5 mmol)fl 4-F53E-
2(1H)-MEREEAATAES) 2 (0.5 mmol)INAF] 25 mL fiif & &
W, F AN IERELGS mL), [N — B EE K
EEAEN M, URNYIERIER~12 h, H#E A
(TLO)MR ], ¥R AR E =R, BAH bETKL
BEpesk, T, T, H3HRGEY) 3a~3u.

8- F-2,14- A -1H-8,14- 3 H JE 4 H[7,8][1,3] —
A5, 4-c]EMR-1-B(3a): FIEAE AR 151 mg, F2F 82%.
m.p.>300 ‘C; '"H NMR (300 MHz, DMSO-dy) d: 11.63
(s, 1H), 7.83~7.80 (m, 3H), 7.57~7.42 (m, 5H), 7.30 (d,
J=8.1 Hz, 1H), 7.22~7.14 (m, 2H), 7.02~6.92 (m, 2H),
4.39~437 (m, 1H), 2.47 (d, J=2.7 Hz, 2H); *C NMR
(75 MHz, DMSO-dy) J: 161.0, 154.3, 151.4, 140.1, 137.3,
130.7, 129.1, 128.5, 127.8, 126.3, 125.6, 121.8, 121.7,
121.4, 115.9, 115.3, 113.5, 111.4, 99.4, 31.5, 26.0; IR
(KBr) v: 3417, 2950, 1653, 1492, 1398, 1233, 1035, 989,
753, 499 ¢cm”'; HRMS (MALDI) caled for CpyH sNO;
[M+H]" 368.1281, found 368.1280.

8-(4- F 3t 2K Jt )-2,14- — & -1H-8,14- . F 3t 2K JF
[7,8101,3] %M [5,4-c]E k- 1-BH(3b): A4 153 mg,
FEE 80%. m.p.>300 ‘C; 'H NMR (300 MHz, DMSO-d;)
5: 11.62 (s, 1H), 7.80 (d, J=7.9 Hz, 1H), 7.69 (d, J=7.7
Hz, 2H), 7.53~7.42 (m, 2H), 7.35~7.29 (m, 3H), 7.18 (q,
J=17.9 Hz, 2H), 7.01~6.92 (m, 2H), 4.37 (s, 1H), 2.50 (s,
2H), 2.38 (s, 3H); *C NMR (75 MHz, DMSO-d;) 6: 161.0,
154.3, 151.4, 138.5, 137.32, 137.27, 130.6, 129.0, 127.8,
126.3, 125.5, 121.71, 121.68, 121.3, 115.8, 115.3, 113.5,
111.3, 99.4, 31.5, 26.1, 20.8; IR (KBr) v: 3434, 2945,
1653, 1491, 1398, 1229, 1034, 992, 861, 750 cm™'; HRMS
(MALDI) caled for CosH,)NO; [M~+H]" 382.1438, found

http://sioc-journal.cn/ 669



BIHE

R

382.1440.

8-(4- A R 2E 5E)-2,14- A -1H-8,14- T /1 L 2 3F:
[7,81[1,3] —5AMF[S,4-c]HEmk-1-Fi(3c): FAEE A 157 mg,
F= 3 79%. m.p.>300 ‘C; 'H NMR (300 MHz, CDCl5) 6:
11.17 (s, 1H), 7.98 (d, J=7.4 Hz, 1H), 7.73 (d, J=8.9 Hz,
2H), 7.63 (dd, J=7.5, 1.3 Hz, 1H), 7.54~7.49 (m, 1H),
7.35 (d, J=8.1 Hz, 1H), 7.23~7.12 (m, 2H), 7.02 (d, J=
8.8 Hz, 3H), 6.94 (t, J=7.4 Hz, 1H), 4.61~4.59 (m, 1H),
3.88 (s, 3H), 2.50~2.35 (m, 2H); *C NMR (75 MHz,
CDCly) 6: 163.1, 160.2, 156.3, 151.8, 137.1, 132.8, 130.6,
128.1, 127.9, 127.1, 126.0, 122.6, 122.2, 121.6, 116.2,
1157, 114.8, 113.8, 111.1, 99.7, 55.4, 33.1, 26.8; IR (KBr)
v: 3436, 2946, 1652, 1510, 1443, 1244, 1102, 1033, 999,
750 cm”'; HRMS (MALDI) caled for C,sHyNO, [M+
H]" 398.1387, found 398.1394.

8-(3,4- — AR L HHE)-2,14- —A(-1H-8,14-TF F L 2%
F[7,81[1,3] — M [5,4-c]"EMHk-1-F (3d): 1 (44 160
mg, 77&F 75%. mp.>300 C; 'H NMR (300 MHz,
CDCl3) d: 11.16 (s, 1H), 7.98 (d, J=8.1 Hz, 1H), 7.64 (d,
J=6.3 Hz, 1H), 7.53 (t, J=7.1 Hz, 1H), 7.39~7.34 (m,
2H), 7.31 (d, J=2.0 Hz, 1H), 7.25~7.13 (m, 2H), 7.05~
6.93 (m, 3H), 4.61 (s, 1H), 3.96 (s, 6H), 2.52~2.37 (m,
2H); “C NMR (75 MHz, CDCLy) 6: 163.2, 156.3, 151.8,
149.7, 148.9, 137.1, 133.1, 130.6, 128.2, 127.9, 126.1,
122.5, 122.3, 121.7, 118.3, 116.2, 115.8, 114.8, 111.1,
110.8, 109.2, 99.7, 56.1, 56.0, 33.0, 26.8; IR (KBr) v:
3430, 3001, 1653, 1513, 1345, 1133, 1098, 1025, 752
cm '; HRMS (MALDI) caled for CyH,NOs [M+H]"
428.1492, found 428.1492.

8-(4- 7K % )-2,14- — & -1H-8,14- W F 3t 7% JF
[7,81[1,3] 58 [5,4-c]Emk-1-F(3e): [ EafE A 131 mg,
P 68%. m.p.>300 C; 'HNMR (300 MHz, DMSO-d;)
J: 11.63 (s, 1H), 7.90~7.79 (m, 3H), 7.54~7.48 (m, 1H),
745 (d, J=1.4 Hz, 1H), 7.42~7.29 (m, 3H), 7.18 (q, J=
7.4 Hz, 2H), 7.02~6.92 (m, 2H), 4.39~4.37 (m, 1H) 2.51
(s, 2H); *C NMR (75 MHz, DMSO-dq) 6: 162.4 (d, 'Jor=
244.0 Hz), 160.9, 154.2, 151.3, 137.3, 136.5 (d, *Jcr=3.0
Hz), 130.7, 128.1 (d, *Jcr=8.9 Hz), 127.8, 126.2, 121.74,
121.69, 121.4, 115.8, 115.30 (d, “Jep=21.5 Hz), 115.26,
113.4, 111.4, 99.1, 31.3, 26.0; IR (KBr) v: 3432, 2850,
1653, 1502, 1399, 1231, 1101, 1003, 835 cm™'; HRMS
(MALDI) caled for CpH;FNO; [M+H]" 386.1187,
found 386.1186.

8-(4- & 7K % )-2,14- — & -1H-8,14- W F 3t 7 I
[7,81[1,3] ~&MF[5,4-c]HEmk-1-FR (3f): FHEEA 153 mg,
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FEE 76%. m.p.>300 ‘C; 'H NMR (300 MHz, DMSO-d;)
5: 11.65 (s, 1H), 7.86~7.79 (m, 3H), 7.61 (d, J=8.4 Hz,
2H), 7.51 (t, J=17.6 Hz, 1H), 7.43 (d, J=7.4 Hz, 1H), 7.30
(d, J=8.2 Hz, 1H), 7.18 (q, J=8.1 Hz, 2H), 7.03~6.93
(m, 2H), 4.38 (s, 1H), 2.48 (s, 2H); *C NMR (75 MHz,
DMSO-dg) d: 160.9, 154.2, 151.2, 139.1, 137.3, 133.9,
130.7, 128.6, 127.9, 127.8, 126.2, 121.8, 121.7, 121.5,
115.9, 115.3, 113.4, 111.4, 99.1, 31.2, 25.9; IR (KBr) v:
3727, 3424, 2860, 1663, 1435, 1328, 1094, 881, 863 cm ™ ';
HRMS (MALDI) caled for CH;CINO; [M + H] *
402.0891, found 402.0890.

8-(4- R K H)-2,14- — 5 -1 H-8,14- TV H 3 2 3:[7,8]-
[1,3] —5MF[5,4-c]EMk-1-FF(3g): EIafEfK 161 mg, 1~
K 72%. m.p.>300 ‘C; "HNMR (300 MHz, DMSO-dg) o:
11.63 (s, 1H), 7.82~7.73 (m, 5H), 7.53~7.43 (m, 2H),
7.32~7.29 (m, 1H), 7.22~7.17 (m, 2H), 7.02~6.95 (m,
2H), 4.38 (s, 1H), 2.50~2.48 (m, 2H); *C NMR (75 MHz,
DMSO-dg) d: 160.9, 154.1, 151.2, 139.5, 137.3, 131.4,
130.6, 128.0, 127.8, 126.2, 122.5, 121.71, 121.66, 121.4,
115.8, 1152, 113.4, 111.3, 99.1, 31.1, 25.9; IR (KBr) v:
3442, 2850, 1651, 1489, 1394, 1230, 1101, 1034, 749
cm '; HRMS (MALDI) caled for CoH;BrNO [M+H]"
446.0386, found 446.0392.

8-(2- WK IR i )-2,14- — & -1H-8,14- W H I 7K It
[7,8]1[1,3] - MF[S,4-c]EMR-1-F(3h): HEEA 115 mg,
P2 65%. m.p.>>300 ‘C; 'H NMR (300 MHz, DMSO-ds)
8: 11.65 (s, 1H), 7.85~7.79 (m, 2H), 7.53~7.44 (m, 1H),
741 (d, J=12 Hz, 1H), 7.29 (d, J=8.1Hz, 1H), 7.22~
7.12 (m, 2H), 7.00~6.92 (m, 3H), 6.64~6.63 (m, 1H),
4.41~4.40 (m, 1H), 2.62~2.57 (m, 2H); *C NMR (75
MHz, DMSO-dg) 0: 160.8, 153.6, 151.0, 150.8, 143.8,
137.2, 130.7, 127.9, 126.1, 121.8, 121.5, 115.8, 115.3,
113.2, 111.4, 110.7, 108.2, 95.7, 28.7, 25.2; IR (KBr) v:
3428, 2850, 2357, 1654, 1397, 1103, 961, 884, 750 cm ';
HRMS (MALDI) caled for Cy,H;gNO, [M + H] *
358.1074, found 358.1072.

8-(2- ME Wy FE)-2,14- — & -1H-8,14- W B 3£ 2 I
[7,8101,3] %M [5,4-c]HE k- 1-BH(3i): A ELEfA 125 mg,
FEE 67%. m.p.>300 ‘C; 'H NMR (300 MHz, DMSO-d;)
8: 11.65 (d, J=1.9 Hz, 1H), 7.77 (d, J=8.0 Hz, 1H), 7.71
(d, J=3.8 Hz, 1H), 7.70~7.48 (m, 2H), 7.43 (d, J=7.8
Hz, 1H), 7.31~7.28 (m, 1H), 7.23~7.13 (m, 3H), 6.97~
6.93 (m, 2H), 4.40 (s, 1H), 2.71~2.61 (m, 2H); °C NMR
(75 MHz, DMSO-dq) 0: 160.9, 153.9, 151.0, 143.1, 137.3,
130.8, 127.9, 127.3, 127.0, 126.1, 125.8, 121.9, 121.6,
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115.9, 115.4, 113.3, 111.5, 98.4, 31.5, 26.0; IR (KBr) v:
3434, 2852, 1651, 1492, 1397, 1101, 986, 877, 755 cm ';
HRMS (MALDI) caled for Cy»H;NOsS [M + H] "
374.0845, found 374.0842.

8-(1-2535)-2,14- A -1H-8,14- F FEFIF[7,8][1,3]
M5, 4-c) K- 1-F 3j): A E A 173 mg, FEE
83%. m.p.>>300 ‘C; 'H NMR (300 MHz, CDCl;) 6: 10.86
(s, 1H), 8.41 (d, J=8.3 Hz, 1H), 8.11 (d, J=6.5 Hz, 1H),
7.99~7.95 (m, 2H), 7.91 (d, J=7.4 Hz, 1H), 7.70 (d, J=
1.4 Hz, 1H), 7.68~7.58 (m, 2H), 7.55~7.47 (m, 2H), 7.34
(d, J=8.1 Hz, 1H), 7.21~7.15 (m, 2H), 7.04~6.97 (m,
2H), 4.71~4.69 (m, 1H), 2.87~2.72 (m, 2H); *C NMR
(75 MHz, CDCly) d: 163.3, 155.9, 151.4, 137.2, 135.3,
134.8, 130.7, 130.5, 129.1, 128.2, 128.1, 126.4, 125.74,
125.66, 124.8, 124.3, 122.7, 122.3, 121.8, 116.4, 115.8,
114.8, 111.4, 100.8, 31.0, 26.4; IR (KBr) v: 3407, 2853,
1650, 1495, 1398, 1290, 1113, 938, 750 cm '; HRMS
(MALDI) caled for CosH,)NOs [M+H]™ 418.1438, found
418.1437.

8- F 3L -2, 14- —&(-1H-8,14- 3 H1 3£ 5 31 [7,8][1,3] =
AMF[S,4-c]EMR-1-F(3k): A 81 mg, %% 53%.
m.p.>300 ‘C; 'H NMR (300 MHz, CDCl;) d: 10.16 (s,
1H), 7.91 (d, J=8.2 Hz, 1H), 7.54 (d, J=7.6 Hz, 1H),
7.50~7.44 (m, 1H), 7.22~7.16 (m, 2H), 7.11~7.05 (m,
1H), 6.91~6.85 (m, 2H), 4.50~4.48 (m, 1H), 2.34~2.18
(m, 2H), 2.00 (s, 3H); *C NMR (75 MHz, CDCl;) ¢:
162.6, 156.1, 151.5, 136.7, 130.5, 128.1, 127.7, 125.9,
1227, 122.1, 121.3, 115.9, 115.2, 114.7, 111.0, 99.0, 30.8,
26.9, 26.2; IR (KBr) v: 3432, 3065, 2942, 1653, 1489,
1447, 1149, 1086, 809 cm '; HRMS (MALDI) calcd for
C1oH sNO;: [M+H]" 306.1125, found 306.1123.

8-(2- F - 1- T 445 58 )-2,14- — (-1 H-8,14- T F 3L %
I [7,811,3] — M [5,4-c] v Wk-1-[ (31): [ 4 [E 14 88
mg, 77& 51%. mp.>300 C; 'H NMR (300 MHz,
CDCly) d: 10.68 (s, 1H), 7.93 (d, J=0.9 Hz, 1H), 7.91 (d,
J=1.0 Hz, 1H), 7.57~7.50 (m, 1H), 7.28 (s, 1H), 7.19 (t,
J=8.0 Hz, 1H), 7.12~7.07 (m, 1H), 6.90 (t, J=7.7 Hz,
2H), 5.80 (s, 1H), 4.50~4.48 (m, 1H), 2.39~2.23 (m,
2H), 1.92 (s, 6H); °C NMR (75 MHz, CDCl;) 6: 163.3,
156.1, 151.5, 140.7, 137.1, 130.4, 128.1, 127.8, 126.2,
1242, 122.6, 122.1, 121.4, 116.1, 115.7, 114.8, 111.0,
99.1, 30.5, 26.9, 26.2, 19.3; IR (KBr) v: 3436, 2852, 1649,
1441, 1399, 1100, 957, 880, 752 cm”'; HRMS (MALDI)
caled for C,,HyNO; [M+H]" 346.1438, found 346.1432.

12- 7R -8- 2K JE -2,14- — & -1H-8,14- . B 2 % Jf

Chin. J. Org. Chem. 2017, 37, 667~674

© 2017 Chinese Chemical Society & SIOC, CAS

[7,81[1,3] — &M [5,4-c] e Wk-1-F{ (3m): It [ 1A 176
mg, “F 79%. mp.>300 C; 'H NMR (300 MHz,
DMSO-dg) 0: 11.69 (s, 1H), 7.83~7.81 (m, 3H), 7.58~
7.49 (m, 5H), 7.36~7.31 (m, 2H), 7.22 (t, J=7.6 Hz, 1H),
7.01 (d, J=8.7 Hz, 1H), 4.38 (s, 1H), 2.51 (s, 2H); "°C
NMR (75 MHz, DMSO-d;) d: 160.9, 154.4, 150.9, 139.7,
137.4, 130.9, 130.4, 129.9, 129.3, 128.9, 128.6, 125.7,
121.9, 121.8, 118.2, 115.4, 113.4, 112.6, 110.7, 99.6, 30.9,
25.9; IR (KBr) v: 3434, 2818, 1652, 1488, 1402, 1243,
1102, 949, 753 cm '; HRMS (MALDI) calcd for Co4H -
BrNO; [M+H]" 446.0386, found 446.0391.

12-50-8-(4- AR L 75 5)-2,14- —&(-1H-8,14- 1 F 3
2K I [7,81[1,3] = M [5,4-¢] V& Wk-1-F (3n): 4 (0 [ 44
172 mg, 7*3 80%. m.p.>300 C; '"H NMR (300 MHz,
DMSO-dg) 0: 11.65 (s, 1H), 7.81~7.72 (m, 3H), 7.52~
7.49 (m, 1H), 7.41 (s, 1H), 7.32 (d, J=8.2 Hz, 1H), 7.20
(s, 2H), 7.08~7.02 (m, 3H), 4.36 (s, 1H), 3.82 (s, 3H),
2.47 (s, 2H); “C NMR (75 MHz, DMSO-d;) d: 160.9,
159.8, 154.5, 150.5, 137.3, 131.9, 130.8, 128.4, 127.5,
127.0, 124.7, 121.8, 121.7, 117.7, 1153, 113.8, 113.4,
110.6, 99.6, 55.2, 31.0, 26.1; IR (KBr) v: 2948, 2841,
1652, 1510, 1242, 1028, 1002, 821, 755 cm '; HRMS
(MALDI) caled for CasH;oCINO; [M+H]" 432.0997,
found 432.0999.

10,12- - 50-8-(4- A HE)-2,14- A -1H-8,14- V. F1 &
2R H[7,81[1,3] 58 MF[S,4-c]ME MR- 1-BH(30): A (ol {4 148
mg, FF 65%. mp.>300 C; 'H NMR (300 MHz,
DMSO-dg) 6: 11.74 (s, 1H), 7.90 (t, J=7.3 Hz, 2H), 7.81
(d, J=7.9 Hz, 1H), 7.57~7.51 (m, 2H), 7.43~7.32 (m,
4H), 7.24~7.19 (m, 1H), 4.43 (s, 1H), 2.65~2.46 (m,
2H); *C NMR (75 MHz, DMSO-d) 0: 162.6 (d, 'Jer=
244.5 Hz), 160.8, 154.2, 146.4, 137.4, 135.5 (d, *Jer=2.9
Hz), 131.0, 129.7, 128.2 (d, *Jer=8.6 Hz), 127.5, 126.1,
125.0, 121.9, 121.8, 120.9, 115.46 (d, “Jer=21.6 Hz),
115.38, 113.2, 110.0, 99.9, 30.5, 26.2; IR (KBr) v: 3498,
2947, 2411, 1652, 1507, 1292, 1099, 834, 752 cm ';
HRMS (MALDI) caled for Cp4H;sCLFNO; [M+H]"
454.0408, found 454.0398.

2- H 8- K 2, 14- A -1H-8,14- T H 2L 2K JF
[7,81[1,3] %M [5,4-c]E k- 1-BH(3p): I tA {4 143 mg,
FEE 73%. mp. 185~186 C; 'H NMR (300 MHz,
CDCly) d: 8.09~8.06 (m, 1H), 7.82~7.78 (m, 2H),
7.63~7.60 (m, 1H), 7.58~7.46 (m, 4H), 7.32 (d, J=8.5
Hz, 1H), 7.23~7.13 (m, 2H), 7.05~6.93 (m, 2H), 4.60~
4.58 (m, 1H), 3.71 (s, 3H), 2.48~2.33 (m, 2H); °C NMR
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(75 MHz, CDCly) &: 161.7, 154.4, 151.8, 140.6, 138.6,
130.8, 129.1, 128.5, 1282, 127.9, 126.1, 125.8, 123.1,
121.9, 121.7, 116.1, 115.5, 114.0, 111.1, 99.5, 33.2, 29.4,
27.4; IR (KBr) v: 3434, 1638, 1490, 1397, 1271, 1116,
1038, 959, 751 cm ~'; HRMS (MALDI) caled for
CasHy)NO5 [M+H]" 382.1438, found 382.1438.

2- H B -8-(4- H B 8 56 )-2,14- A1 H-8,14- 3 H %
2 I [7,81[1,3] = S AMF[5.,4-c] W Wk -1- T (3q): 1 €2 & 44
148 mg, 7% 75%. m.p. 191~192 ‘C; 'H NMR (300
MHz, CDCl;) 0: 8.06 (d, J=8.1 Hz, 1H), 7.68 (d, J=7.8
Hz, 2H), 7.61 (d, J=7.0 Hz, 1H), 7.54 (t, J=8.6 Hz, 1H),
7.31 (d, J=7.8 Hz, 3H), 7.22~7.13 (m, 2H), 7.04~6.93
(m, 2H), 4.58 (s, 1H), 3.70 (s, 3H), 2.43~2.32 (m, 5H);
C NMR (75 MHz, CDCl;) d: 161.7, 154.5, 151.9, 139.0,
138.6, 137.7, 130.8, 129.2, 128.2, 127.9, 126.1, 125.7,
123.1, 121.8, 121.6, 116.1, 115.5, 113.9, 111.0, 99.6, 33.2,
29.4, 27.4, 21.2; IR (KBr) v: 3434, 1636, 1466, 1395,
1270, 1180, 1004, 956, 755 cm™'; HRMS (MALDI) calcd
for C,6H,,NO5 [M+H]" 396.1594, found 396.1595.

6- A H-2,12- “ A -1H-6,12-1 H R 2 3 [7.8][1,3] —
AMF[S,4-c]EmE-1-Fi(3r): A 124 mg, 7% 78%.
m.p. 246~248 ‘C; '"H NMR (300 MHz, CDCl;) o: 11.28
(s, 1H), 7.73~7.69 (m, 2H), 7.55~7.52 (m, 1H), 7.50~
7.42 (m, 3H), 7.18~7.12 (m, 2H), 7.03 (d, J=8.1 Hz,
1H), 6.96~6.91 (m, 1H), 6.12~6.09 (m, 1H), 4.43~4.42
(m, 1H), 2.40~2.26 (m, 2H); *C NMR (75 MHz, CDCl,)
5: 163.7, 161.2, 151.7, 140.3, 132.5, 129.1, 128.4, 128.0,
127.9, 126.1, 125.6, 121.6, 116.2, 112.2, 100.8, 99.4, 32.7,
26.4; IR (KBr) v: 3436, 2361, 1642, 1558, 1465, 1119,
1004, 1029, 755 cm™'; HRMS (MALDI) calcd for CooH -
NO; [M+H]" 318.1125, found 318.1123.

3- B L -6- 4 FE -2,12- A -1H-6,12- 1 H 3 5 9F
[7,81[1,3] ~&MF[5,4-c]ML e -1-BH(3s): FEEA 113 mg,
FEE 68%. mp. 277~279 C; 'H NMR (300 MHz,
CDCly) &: 12.19 (s, 1H), 7.72~7.69 (m, 2H), 7.51~7.42
(m, 4H), 7.16~7.10 (m, 1H), 7.01 (d, J=7.5 Hz, 1H),
6.92~6.86 (m, 1H), 5.90 (s, 1H), 4.39~4.37 (m, 1H),
2.32~2.28 (m, 5H); *C NMR (75 MHz, CDCl3) 6: 164.2,
161.4, 151.8, 143.6, 140.5, 129.0, 128.4, 127.8, 127.7,
126.5, 125.6, 121.4, 116.2, 108.7, 99.4, 99.3, 33.0, 26.3,
19.0; IR (KBr) v: 3423, 2361, 1632, 1449, 1255, 1178,
1109, 1026, 797, 757 cm™'; HRMS (MALDI) calcd for
C,H sNO; [M+H]" 332.1281, found 332.1280.

4- 7, TiE K -6- K 2,12- — A -1H-6,12- T H £ 2% )
[7,81[1,3] ~EMF[5,4-c]tiE-1-BH(3t): FfE A 148 mg,
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FEE 76%. mp. 244~246 C; 'H NMR (300 MHz,
CDCly) d: 12.09 (s, 1H), 8.11 (s, 1H), 7.87~7.84 (m, 2H),
7.55~7.44 (m, 4H), 7.21~7.15 (m, 1H), 7.03~6.93 (m,
2H), 4.46~4.44 (m, 1H), 4.41~4.26 (m, 2H), 2.51~2.22
(m, 2H), 1.35 (t, J=7.1 Hz, 3H); “C NMR (75 MHz,
CDCly) d: 163.5, 163.3, 159.5, 151.7, 140.1, 139.3, 129.1,
128.4, 128.1, 128.0, 126.0, 125.5, 121.7, 116.3, 112.1,
105.3,99.9, 61.1, 32.2, 26.4, 14.3; IR (KBr) v: 2857, 2363,
1726, 1637, 1440, 1285 cm™'; HRMS (MALDI) calcd for
Ca3H)NOs [M+H]" 390.1336, found 390.1341.

4- 5 -6- H HE 2,12- = & -1H-6,12- ¥ 3t 2 5F
[7,81[1,3] %A [5,4-clttiE-1-F(3u): [ E A 114 mg,
FEE 65%. m.p.>300 ‘C; 'H NMR (300 MHz, DMSO-d;)
8: 11.69 (s, 1H), 7.75~7.72 (m, 2H), 7.55~7.47 (m, 4H),
7.39 (dd, J=7.5, 1.5 Hz, 1H), 7.21~7.15 (m, 1H), 7.02~
6.92 (m, 2H), 4.28~4.26 (m, 1H), 2.47~2.34 (m, 2H);
BC NMR (75 MHz, DMSO-d,) J: 160.3, 155.1, 151.1,
139.7, 132.1, 129.1, 128.4, 127.9, 127.7, 126.0, 125.5,
121.4, 115.9, 112.5, 103.3, 99.6, 31.1, 26.1; IR (KBr) v:
3434, 2760, 1651, 1483, 1246, 1163, 1076, 928, 757 cm ';
HRMS (MALDI) caled for CyH;sCINO; [M + H] "
352.0735, found 352.0731.

322 BiAREA 5/6 494 A%

B 8-FEFE-2,14- A -1H-8,14- TV R H 3F[7,8][1,3]
MRS, 4-c]HE-1-BH(3a) (0.5 mmol)FIIRAXH 4 (1.5
mmol) I A Z 25 mL i &+, LA 3.0 equiv. FIBRIRET N
Bk, PRI NN-ZF R B (DMF) (5 mL), 4
NIERGE(B~8 h, ] TLC W), KiREMAHZE
I, WUERE A, I 30 mL /K5 2R R AR EL
(20 mL X 3), & IAHUAHE T L UE, FRERE R
)G, T DA A 28R 288 vk B R (AR R E
K5 01~20 0 ), dEEEERAEENT S EER ER LS
.

2- 0 8- K 2, 14- A -1H-8,14- W H JE 2K JF
[7,81[1,3]1 %M [5,4-c]E M- 1-BH(Sa): A ELEA 119 mg,
FEE 60%. mp. 210~212 C; '"H NMR (300 MHz,
CDCly) o: 8.07 (dd, J=8.0, 1.2 Hz, 1H), 7.81~7.78 (m,
2H), 7.64~7.61 (m, 1H), 7.54~7.46 (m, 4H), 7.31 (d, J=
8.5 Hz, 1H), 7.22~7.14 (m, 2H), 7.04 (d, J=7.7 Hz, 1H),
6.99~6.94 (m, 1H), 4.60~4.58 (m, 1H), 4.44~4.23 (m,
2H), 2.46~2.32 (m, 2H), 1.33 (t, J=7.1 Hz, 3H); C
NMR (75 MHz, CDCly) &: 161.1, 154.3, 151.8, 140.6,
137.5, 130.7, 129.1, 128.5, 128.3, 127.8, 126.1, 125.7,
123.2, 121.64, 121.61, 116.1, 115.6, 113.8, 110.9, 99.5,
37.3,33.2,27.3,12.9; IR (KBr) v: 3441, 1632, 1451, 1393,
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1232, 1130, 892, 760, 696 cm™'; HRMS (MALDI) calcd
for CosH,,NOs [M+H]" 396.1594, found 396.1597.

2- L 8- KL 2 14- — A -1H-8,14- 7 F 3L 2K F
[7,8101,3] —%MF[5,4-c]HE k- 1-BH(Sb): A fE {4 119 mg,
FEE52%. mp. 223~224 ‘C; 'H NMR (300 MHz,
CDCly) d: 8.07 (dd, J=1.3, 7.9 Hz, 1H), 7.81 (dd, J=1.8,
8.1 Hz, 2H), 7.63 (dd, J=1.5, 7.5 Hz, 1H), 7.54~7.46 (m,
3H), 7.41~7.36 (m, 2H), 7.31~7.26 (m, 2H), 7.22~7.14
(m, 5H), 7.06 (d, J=7.8 Hz, 1H), 7.00~6.97 (m, 1H),
5.74 (d, J=16.2 Hz, 1H), 5.32 (d, J=15.9 Hz, 1H), 4.66~
4.64 (m, 1H), 2.50~2.37 (m, 2H); *C NMR (75 MHz,
CDCly) d: 161.9, 154.8, 151.8, 140.6, 138.1, 136.7, 130.8,
129.1, 128.7, 128.5, 128.3, 127.9, 127.1, 126.5, 126.1,
125.8, 123.1, 122.0, 121.8, 116.2, 115.7, 114.8, 110.9,
99.7, 46.1, 33.2, 27.4; IR (KBr) v: 3431, 2923, 1632, 1597,
1454, 1131, 1006, 753, 697 cm™'; HRMS (MALDI) calcd
for C3;H,,NO5 [M+H]" 458.1751, found 458.1747.

1- A3 -8- K - 14H-8,14-TF H 3 2 I 7,8][1,3]1 —
AMR[S5,4-c]EMR(6a): HIOE 1A 24 mg, 72 12%. m.p.
216~217 °C; '"H NMR (300 MHz, CDCl3) d: 8.13 (d, J=
8.3 Hz, 1H), 7.84~7.81 (m, 2H), 7.73 (d, J=8.1 Hz, 1H),
7.58~7.44 (m, 5H), 7.33 (t, J=7.0 Hz, 1H), 7.18~7.12
(m, 1H), 7.04 (d, J=7.5 Hz, 1H), 6.96~6.92 (m, 1H),
4.66~4.56 (m, 2H), 4.55~4.53 (m, 1H), 2.49~2.38 (m,
2H), 1.57~1.53 (m, 3H); *C NMR (75 MHz, CDCl;) ¢:
159.6, 155.1, 152.1, 145.6, 140.9, 129.4, 129.0, 128.5,
127.9, 127.8, 126.8, 1262, 125.8, 123.4, 121.6, 121.4,
118.2, 116.4, 106.8, 99.3, 62.0, 33.1, 27.0, 14.8; IR (KBr)
v: 3431, 2922, 1631, 1401, 1347, 1116, 887, 755, 696
cm '; HRMS (MALDI) caled for CyH,NO; [M+H]"
396.1594, found 396.1598.

-4 Fh-8- K JE - 14 H-8,14- W FH 48 5 7,8][1,3] —
AMR[5,4-c]EMR(6b): H LA 30 mg, % 13%. m.p.
234~236 °C; '"H NMR (300 MHz, CDCl3) d: 8.15 (d, J=
8.0 Hz, 1H), 7.83~7.76 (m, 3H), 7.60 (d, J=7.5 Hz, 3H),
7.48 (t, J=7.6 Hz, 4H), 7.33~7.30 (m, 4H), 7.13 (t, J=
7.7 Hz, 1H), 7.03 (d, J=7.8 Hz, 1H), 6.86 (t, J=7.2 Hz,
1H), 5.56 (s, 2H), 4.54 (s, 1H), 2.41 (s, 2H); °C NMR (75
MHz, CDCl;) 0: 159.3, 155.5, 152.1, 145.5, 140.9, 137.5,
129.6, 129.0, 128.5, 128.4, 127.9, 126.9, 126.0, 125.8,
123.6, 121.7, 121.4, 118.4, 116.4, 106.8, 99.4, 68.1, 33.1,
27.0; IR (KBr) v: 3441, 1629, 1417, 1340, 1103, 999, 872,
760, 690 cm”'; HRMS (MALDI) caled for CyH,NO;
[M+H]" 458.1751, found 458.1749.

1- 5 TR 4R -8- 2R L - 14 H-8,14- TV F 3L 2 35 7,8][1,3]
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MRS, 4-c]EMR(6c): [ ELE R 137 mg, FEE 67%.
m.p. 218~220 °C; "H NMR (300 MHz, CDCl;) d: 8.05~
8.02 (m, 1H), 7.75~7.72 (m, 2H), 7.63 (d, J=8.0 Hz,
1H), 7.48~7.42 (m, 3H), 7.40~7.37 (m, 1H), 7.25~7.20
(m, 1H), 7.15~7.03 (m, 2H), 6.96~6.94 (m, 1H), 6.88~
6.82 (m, 1H), 5.59~5.51 (m, 1H), 4.44~4.42 (m, 1H),
2.34~2.32 (m, 2H) 1.44 (d, J=6.2 Hz, 3H), 1.37 (d, J=
6.2 Hz, 3H); *C NMR (75 MHz, CDCl;) 6: 159.0, 155.1,
152.2, 145.6, 140.9, 129.3, 129.0, 128.5, 127.9, 127.8,
126.8, 126.2, 125.8, 123.2, 121.5, 121.3, 118.0, 116.4,
107.0, 99.2, 68.3, 33.0, 26.9, 22.4, 22.3; IR (KBr) v: 3439,
2968, 1948, 1624, 1417, 1100, 876, 804, 753 cm '; HRMS
(MALDI) caled for C»;H,,NO; [M~+H]" 410.1751, found
410.1753.

5 Bh#1 kL (Supporting Information) {L&4% 3a~3u,
5a, 5b fil 6a~6¢ ] 'H NMR I °C NMR ¥, 3r Fil 6¢
(1) A 45 R HOHE . 3X SR ORE AT L 4 3 DA T 1R b
(http://sioc-journal.cn/)_E T %K.
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