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(57) Abstract: A preparation method for B-lactam derivatives, comprising; using a substituted N-quinoline-3-butenamide derivative
as a substrate for reaction with a toluene derivative or a heterocyclic derivative under the action of DTBP and a copper salt catalyst at
90-150 © C to prepare beta-lactam derivatives. According to this method, multiple B-lactam derivatives can be obtained in high yield;
the reaction conditions are relatively mild, the reaction operation and post treatment process are simple, and the method is suitable for
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(1) FREL N-(8-MEMRIE)-3- T 1A% 1a (0.042 g, 0.2 mmol), Cu(CH;CN)4PFs (0.008g, 0.02
mmol) T 1 mL Wy, JIA DTBP (0.088 g, 0.6 mmol). ¥ FiRIEAYINFE] 130°C K
B2, TLC HRER N B B RV 5625 o S R A e AL JE 40 8 (A £ R &
B =10:D) $RASHFEMAEY 2a. S5 F N 92%.

(2) FREL N-(8-WEMRIE)-3- T 1A% 1a (0.042 g, 0.2 mmol), Cu(CH;CN)4PFs (0.008g, 0.02
mmol) AT 1 mL HZEdt, A DTBP (0.088 g, 0.6 mmol). JBAYI#AF] 110°C/ B, TLC
RSB S 8 L ) S5 5 A 4 o o S 5 A R D R B R SR AT 43 B A il LR T = 10:1)
RAEFEMLEY) 2a. 7P EFEEA 80%.

(3) FREL N-(8-WEMRIE)-3- T 1A% 1a (0.042 g, 0.2 mmol), Cu(CH;CN)4PFs (0.008g, 0.02
mmol) AT 1 mL HZEdt, A DTBP (0.088 g, 0.6 mmol). YEA¥IN#F] 140°C/ B, TLC
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PRI SN L 3 N 56 A 4 T o S5 5 R RHL P A T SR S5 4 8 CF ik : SR R = 10:1)
RAERPME Y 220 7B RN 90%.

(4) FREL N-(8-WEMKIE)-3- T BE% 1a (0.042 g, 0.2 mmol), Cu(CH3CN)4PFs (0.008g, 0.02
mmol) VAT 1 mL HZEd, JIA DTBP (0.088 g, 0.6 mmol). JEEWIINHE] 90°C /M, TLC
PRI SN L 3 N 56 A 4 T o S5 5 R RHL P A T SR S5 4 8 CF ik : SR R = 10:1)
RAERPUE Y 220 S BEFEERA 22%.

(5) FREL N-(8-FEMKEE)-3- T #E % 1a (0.042 g, 0.2 mmol), CuBr, (0.005g, 0.02 mmol)
7T 1mL HZEdr, i\ DTBP (0.088 g, 0.6 mmol). JBAYIIM#AF] 130°C KM, TLC FRER
BB SN TEAEE A o SN EE A E R AR R A AT A B CAhEE: GTR OB = 10:1) 3240
JRFEMLAY) 2a. 23BN 56%

(6) FREL N-(8-FE M EE)-3- T 8t % 1a(0.042 g, 0.2 mmol), Cu(OAc), (0.004g, 0.02 mmol)
7T 1mL HZEdr, i\ DTBP (0.088 g, 0.6 mmol). JBAYIIM#AF] 130°C KM, TLC FRER
BB SN TEAEE A o SN EE A E R AR R A AT A B CAhEE: GTR OB = 10:1) 3240
RS EMELAY) 2a. 3B EN 18%.

(7) FREL N-(8-FEIKEE)-3- T #it % 1a (0.042 g, 0.2 mmol), CuBr (0.003g, 0.02 mmol)
7T 1mL HZEdr, i\ DTBP (0.088 g, 0.6 mmol). JBAYIIM#AF] 130°C KM, TLC FRER
BB SN TEAEE A o SN EE A E R AR R A AT A B CAhEE: GTR OB = 10:1) 3240
JRFEMLAY) 2a. 3B HN 20%

2a: 'H NMR (400 MHz, CDCl3) & 8.78 (dd, J = 4.1, 1.8 Hz, 1H), 8.27 (dd, J = 7.5, 1.4 Hz,
1H), 8.11 (dd, J = 8.3, 1.7 Hz, 1H), 7.57 (dd, J = 8.2, 1.4 Hz, 1H), 7.54 — 7.47 (m, 1H), 7.39 (dd, J
= 8.3, 4.1 Hz, 1H), 7.29 — 7.21 (m, 2H), 7.20 — 7.15 (m, 1H), 7.14 — 7.10 (m, 2H), 5.20 (ddd, J =
11.8, 5.6, 2.9 Hz, 1H), 3.32 (dd, J = 15.0, 5.3 Hz, 1H), 2.82 (dd, J = 15.0, 2.6 Hz, 1H), 2.74 — 2.62
(m, 2H), 2.37 (tdd, J = 9.1, 7.2, 3.3 Hz, 1H), 1.84 (dtd, ] = 13.3, 8.7, 6.4 Hz, 1H); *C NMR (101
MHz, CDCl3) 8§ 166.46 (s), 148.92 (s), 141.10 (s), 140.65 (s), 136.03 (s), 133.61 (s), 128.99 (s),
128.38 (s), 128.29 (s), 126.70 (s), 126.02 (s), 124.01 (s), 121.63 (s), 121.32 (s), 56.11 (s), 43.12 (s),
35.24 (s), 31.63 (s). HRMS(ESI-TOF) Calcd for CooH oN,O [M+H]*: 303.1497, found: 303.1512.
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FREL N-(8-WEMRED)-3- T Ml 1b (0.042 g, 0.2 mmol), Cu(CH3;CN)4PF (0.008g, 0.02
mmol) ¥ T 1 mL [8] —~HZdr, i\ DTBP (0.088 g, 0.6 mmol). JEE¥IN#AF] 130°C KM,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:1) $R4AG1FEMLAY) 2b. 3B HN 86% .

2b: 'H NMR (400 MHz, CDCls) & 8.80 (dd, J = 4.1, 1.8 Hz, 1H), 8.28 (dd, J = 7.5, 1.4 Hz,
1H), 8.11 (dd, J = 8.3, 1.8 Hz, 1H), 7.57 (dd, J = 8.2, 1.4 Hz, 1H), 7.54 — 7.46 (m, 1H), 7.39 (dd, J
= 8.3, 4.1 Hz, 1H), 7.18 — 7.12 (m, 1H), 7.00 (d, J = 7.6 Hz, 1H), 6.93 (d, J = 6.5 Hz, 2H), 5.21
(ddd, J = 11.7, 5.7, 3.0 Hz, 1H), 3.33 (dd, J = 15.0, 5.3 Hz, 1H), 2.84 (dd, J = 15.0, 2.6 Hz, 1H),
2.69 —2.63 (m, 2H), 2.41 — 2.34 (m, 1H), 2.31 (s, 2H), 1.93 — 1.78 (m, 1H); *C NMR (101 MHz,
CDCl3) § 166.05 (s), 148.48 (s), 140.59 (s), 140.22 (s), 137.45 (s), 135.56 (s), 133.18 (s), 128.62
(s), 128.53 (s), 127.83 (s), 126.28 (s), 126.23 (s), 124.83 (s), 123.58 (s), 121.19 (s), 120.86 (s),
55.70 (s), 42.65 (s), 34.78 (s), 31.05 (s), 20.92 (s); HRMS Calcd for Co1H»N,O [M+H] ™
317.1654, Found: 317.1669.

SR = 4o (A-FRIER 20D -1- (8-WENIL) T N BERZ I A Bk

O S ' :
A0 O R S T,

AN e ] QUEHCIIER (0, 7 S S N
Ho oo S ol en =/ AN,

1c 2c

FREL N-(8-MEMhIE)-3-T 4GlE i 1e (0.042 g, 0.2 mmol), Cu(CH3CN),PFs (0.008g, 0.02
mmol) ¥ T 1 mL Xf ~HZdr, i DTBP (0.088 g, 0.6 mmol). JEE¥IN#AF] 130°C KM,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:D) $R4AVG1FEMLAY) 2¢0 HE7HN 62%.

2¢: 'H NMR (400 MHz, CDCl3) & 8.80 (dd, J = 4.1, 1.8 Hz, 1H), 8.26 (dd, J = 7.5, 1.4 Hz,
1H), 8.12 (dd, J = 8.3, 1.7 Hz, 1H), 7.58 (dd, J = 8.2, 1.4 Hz, 1H), 7.54 — 7.47 (m, 1H), 7.39 (dd, J
=8.3,4.1 Hz, 1H), 7.07 (d, = 7.9 Hz, 2H), 7.01 (d, J = 8.1 Hz, 2H), 5.19 (ddd, J = 11.8, 5.7, 3.0
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Hz, 1H), 3.32 (dd, J = 15.0, 5.3 Hz, 1H), 2.82 (dd, J = 15.0, 2.6 Hz, 1H), 2.69 — 2.60 (m, 2H), 2.45
—2.32 (m, 1H), 2.30 (s, 3H), 1.90 — 1.76 (m, 1H); >C NMR (101 MHz, CDCl3) § 166.55 (s),
148.95 (s), 140.68 (s), 138.00 (s), 136.04 (s), 135.47 (s), 133.64 (s), 129.06 (s), 129.00 (s), 128.15
(s), 126.70 (s), 124.04 (s), 121.67 (s), 121.33 (s), 56.18 (s), 43.09 (s), 35.30 (s), 31.15 (s), 21.00 (s);
HRMS Calcd for C»;HpN,O [M+H] *: 317.1654, Found: 317.1668

SHEFIIY: 4- (Q-FHFEIEFL) -1- (8-MEMRIE) TR NBEIZ K& &

o r | DTBP(3eq) s =0
A NS T CUCHCNYPRG (10%), € Y
Ho I S 130%:8h = e
e EQ; .. ,H\\ T;J
1d 2d

FREL N-(8-WEMRIEL)-3- T Ml 1d (0.042 g, 0.2 mmol), Cu(CH;CN)4PF (0.008g, 0.02
mmol) ¥ T 1mL 4 —HZdr, i\ DTBP (0.088 g, 0.6 mmol). JEE¥IN#AF] 130°C KM,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:1) $R4AVG1FEMAY) 2d. 73BN 80%.

2d: '"H NMR (400 MHz, CDCl3) & 8.79 (dd, J = 4.1, 1.8 Hz, 1H), 8.30 (dd, J = 7.5, 1.5 Hz,
1H), 8.11 (dd, J = 8.3, 1.8 Hz, 1H), 7.57 (dd, J = 8.2, 1.4 Hz, 1H), 7.54 — 7.49 (m, 1H), 7.39 (dd, J
=8.3,4.1 Hz, 1H), 7.11 — 7.05 (m, 4H), 5.25 (ddd, J = 11.6, 5.7, 3.0 Hz, 1H), 3.37 (dd, ] = 15.0, 5.3
Hz, 1H), 2.88 (dd, J = 15.0, 2.6 Hz, 1H), 2.66 (t, ] = 8.0 Hz, 2H), 2.36 — 2.28 (m, 1H), 2.17 (s, 3H),
1.85 — 175 (m, 1H). *C NMR (101 MHz, CDCl3) 8 166.02 (s), 148.43 (s), 140.12 (s), 138.84 (s),
135.59 (s), 135.24 (s), 133.21 (s), 129.75 (s), 128.53 (s), 128.17 (s), 126.26 (s), 125.70 (s), 125.54
(s), 123.54 (s), 121.08 (s), 120.86 (s), 55.80 (s), 42.66 (s), 33.70 (s), 28.45 (s), 18.60 (s). 43.09 (s),
35.30 (s), 31.15 (s), 21.00 (s); HRMS Caled for C,;HN,O [M+H] *: 317.1654, Found: 317.1693.

SRBITL: 4- (2-GK LI -1- (8-MEMkEE) T BRI A ik

TN Cl
9 O T oTBP@eq) e 0
A T cuchePRs o), (-
Ho. S asfcen T { NN
a
le 2e

FREL N-(8-FEMEIL)-3-T 14 1e (0.042 g, 0.2 mmol), Cu(CH;CN)4PF¢ (0.008g, 0.02
mmol) ¥ T 1 mL 4F&H 2, N DTBP (0.088 g, 0.6 mmol). JEE¥IN#AF] 130°C KM,
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TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:1) $R4AVG1FEMLAY) 2e0 3B H N 83%.

2e: 'H NMR (400 MHz, CDCl3) 8 8.77 (dd, J = 4.1, 1.8 Hz, 1H), 8.28 (dd, J = 7.5, 1.4 Hz,
1H), 8.11 (dd, J = 8.3, 1.7 Hz, 1H), 7.57 (dd, ] = 8.1, 1.4 Hz, 1H), 7.52 — 7.47 (m, 1H), 7.39 (dd, J
=8.3,4.1 Hz, 1H), 7.31 — 7.28 (m, 1H), 7.15 — 7.08 (m, 3H), 5.23 (ddd, J = 11.8, 5.6, 2.9 Hz, 1H),
3.36 (dd, J = 15.0, 5.3 Hz, 1H), 2.88 (dd, J = 15.0, 2.6 Hz, 1H), 2.79 (dd, J = 8.7, 6.8 Hz, 2H), 2.36
(dtd, J = 11.0, 8.0, 3.3 Hz, 1H), 1.90 — 1.78 (m, 1H). *C NMR (101 MHz, CDCls) & 165.94 (s),
148.42 (s), 140.08 (s), 138.30 (s), 135.52 (s), 133.36 (s), 133.18 (s), 129.78 (s), 129.02 (s), 128.50
(s), 127.07 (s), 126.33 (s), 126.22 (s), 123.46 (s), 120.99 (s), 120.83 (s), 55.58 (s), 42.68 (s), 33.30
(s), 28.99 (s); HRMS Calcd for CooH13CIN,O [M+H]*: 337.1108, Found: 317.1122,

SERI N, 4- (B-EAFE L) -1- (8-WEIEE) TH N BRI A& Bk

//C\ .. C
JL ! DTBP (3 eq) N F“/\,_O
T ’\ L CU(CHAON)PFq (10%), N
H gi E t\\\'}{_'?‘ S 130 OC, Sh A/f ““““““ ! ;{jj;:f‘-«\?f__,.- N\\{\
e cl oD
1f 2f

FREL N-(8-WEMhEL)-3-T Mtz 1f (0.042 g, 0.2 mmol), Cu(CH3;CN)4PFs (0.008g, 0.02
mmol) ¥ T 1 mL [EIE&H 2, i DTBP (0.088 g, 0.6 mmol). JEE¥IN#AF] 130°C KM,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:1) RAG1FEMLEY) 2f. 777 FN 82%.

2f: '"H NMR (400 MHz, CDCls) § 8.79 (dd, J = 4.1, 1.8 Hz, 1H), 8.26 (dd, J = 7.5, 1.4 Hz,
1H), 8.13 (dd, J = 8.3, 1.8 Hz, 1H), 7.58 (dd, J = 8.2, 1.4 Hz, 1H), 7.54 — 7.47 (m, 1H), 7.41 (dd, J
=8.3,4.1 Hz, 1H), 7.17 (dd, J = 12.3, 5.0 Hz, 2H), 7.12 (s, 1H), 7.01 — 6.97 (m, 1H), 5.19 (ddd, J =
11.8, 5.7, 3.0 Hz, 1H), 3.33 (dd, J = 15.0, 5.3 Hz, 1H), 2.82 (dd, J = 15.0, 2.6 Hz, 1H), 2.75 — 2.59
(m, 2H), 2.42 — 2.31 (m, 1H), 1.84 (dtd, J = 13.4, 8.8, 6.0 Hz, 1H). ®C NMR (101 MHz, CDCl3) &
166.24 (s), 149.00 (s), 143.08 (s), 140.56 (s), 136.07 (s), 134.15 (s), 133.53 (s), 129.61 (s), 129.00
(s), 128.35 (s), 126.72 (s), 126.58 (s), 126.23 (s), 124.05 (s), 121.57 (s), 121.38 (s), 55.81 (s), 43.09
(s), 34.84 (s), 31.28 (s); HRMS Calcd for C20H17CIN20Na [M+Na]*: 359.0927, Found:
359.0939.

SBl-E: 4- (4-ER L) -1 (8-MEEE) A NEERZ A Rk
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8
. Cl
e [ DTBPGeg) e
; i i o . . A A,
ST ] \J CU(CHiCNYPF, (10%), CI—< 7 N N
How b S 1efcen
Ig 2g

FREL N-(8-FEIHKEL)-3- T 5 BEE 1g (0.042 g, 0.2 mmol), Cu(CH;CN),PEs (0.008g, 0.02
mmol) ¥ T 1 mL Xf&H 2, i DTBP (0.088 g, 0.6 mmol). JEE¥IN#AF] 130°C KM,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:1) R4S EMAY) 280 73BT HN 83%.

2g: 'H NMR (400 MHz, CDCl3) & 8.76 (dd, J = 4.1, 1.8 Hz, 1H), 8.24 (dd, J = 7.5, 1.4 Hz,
1H), 8.12 (dd, J = 8.3, 1.7 Hz, 1H), 7.58 (dd, J = 8.2, 1.3 Hz, 1H), 7.52 — 7.47 (m, 1H), 7.40 (dd, J
=8.3,4.1 Hz, 1H), 7.22 — 7.18 (m, 2H), 7.03 (d, J = 8.4 Hz, 2H), 5.18 (ddd, ] = 11.7, 5.7, 3.0 Hz,
1H), 3.32 (dd, T = 15.0, 5.3 Hz, 1H), 2.81 (dd, ] = 15.0, 2.6 Hz, 1H), 2.69 — 2.58 (m, 2H), 2.33 (tdd,
J =92,7.3,33 Hz, 1H), 1.83 (dtd, J = 13.4, 8.7, 6.3 Hz, 2H)."*C NMR (101 MHz, CDCls) §
165.82 (s), 148.44 (s), 140.12 (s), 139.04 (s), 135.60 (s), 133.05 (s), 131.25 (s), 129.14 (s), 128.52
(s), 127.97 (s), 126.24 (s), 123.59 (s), 121.14 (s), 120.88 (s), 55.42 (s), 42.57 (s), 34.58 (s), 30.46
(s); HRMS Caled for Cy0H;sCIN,O [M+H]™: 337.1108, Found: 337.1118.

SR\ 4- (2-BRIRE £.3E) -1- (8-MEIkEE) A N EERZ A ik

(1-1) c’ \‘ Je— DTBP {3 eq) . 4\0
S N CulCHCNRPRg (10%), || O W
" N O " 130°C. 8n © :f.f’-"f’k\‘; - N\‘;\‘
1h 2h

FREL N-(8-WEMRE)-3- T Ml 1h (0.042 g, 0.2 mmol), Cu(CH3;CN)4PF (0.008g, 0.02
mmol) ¥ T 1 mL 2-FEmLIE S, i\ DTBP (0.088 g, 0.6 mmol). J&E¥IINHE] 130°C M,
TLC PRER SN B B S8 58445 W o OB 45 R AR A T A 24 73 88 CRithise: LR iR =
10:1) R4S EMAY) 2he 0B 730N 80% .

2h: '"H NMR (400 MHz, CDCl3) & 8.82 (dd, J = 4.1, 1.8 Hz, 1H), 8.25 (dd, J = 7.5, 1.4 Hz,
1H), 8.13 (dd, J = 8.3, 1.8 Hz, 1H), 7.58 (dd, J = 8.2, 1.4 Hz, 1H), 7.54 — 7.48 (m, 1H), 7.40 (dd, J
=8.3,4.1 Hz, 1H), 7.27 (dd, ] = 1.8, 0.7 Hz, 1H), 6.26 (dd, J = 3.1, 1.9 Hz, 1H), 5.98 (dd, J = 3.1,
0.8 Hz, 1H), 5.23 (ddd, J = 11.7, 5.7, 3.0 Hz, 1H), 3.31 (dd, J = 15.1, 5.3 Hz, 1H), 2.76 (dd, J =
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15.1, 2.6 Hz, 1H), 2.70 (1, ] = 7.5 Hz, 2H), 2.41 — 2.33 (m, 1H), 1.93 — 1.83 (m, 1H)."*C NMR (101

MHz, CDCls) § 165.89 (s), 154.26 (s), 148.50 (s), 140.48 (s), 140.18 (s), 135.56 (s), 133.08 (s),

128.53 (s), 126.22 (s), 123.57 (s), 121.15 (s), 120.86 (s), 109.73 (s), 104.73 (s), 55.47 (s), 42.56 (s),

31.62 (), 23.51 (s); HRMS Caled for CigH;7N,0, [M+H']: 293.1290, Found: 293.1300.
SEHEW L 4- (2-WEW) 23K -1- (8-WEMRIL) T N EEZ & Ak

9 f{/ . DTBP(3eq) I
i i ST ) PREINY / S
e S N CUCHONYPFS (10%), | o N
AN 7 T 130°C, 8h 3 E{:ﬂf\{,_m%
li o

FREL N-(8-WEMHIEL)-3- T #E % 1i (0.042 g, 0.2 mmol), Cu(CH3;CN)4PFs (0.008g, 0.02
mmol) ¥ T 1 mL 2-H3EBEN; b, i\ DTBP (0.088 g, 0.6 mmol). JE&¥IN#E] 130°C KM,
TLC PRER SN B B S8 58445 W o OB 45 R AR A T A 24 73 88 CRithise: LR iR =
10:D) RAGFEMLEY) 2i. 73BN 65%

2i: '"H NMR (400 MHz, CDCl3) & 8.81 (dd, J = 4.1, 1.7 Hz, 1H), 8.26 (dd, J = 7.5, 1.4 Hz,
1H), 8.13 (dd, J = 8.3, 1.7 Hz, 1H), 7.58 (dd, J = 8.2, 1.3 Hz, 1H), 7.54 — 7.48 (m, 1H), 7.40 (dd, J
=8.3,4.1 Hz, 1H), 7.10 (dd, J = 5.1, 1.1 Hz, 1H), 6.89 (dd, J = 5.1, 3.4 Hz, 1H), 6.76 (dd, J = 2.3,
1.0 Hz, 1H), 5.25 (ddd, J = 11.7, 5.7, 3.0 Hz, 1H), 3.33 (dd, J = 15.0, 5.3 Hz, 1H), 2.91 (t, ] = 7.6
Hz, 2H), 2.83 (dd, J = 15.0, 2.6 Hz, 1H), 2.43 (dtd, J = 11.5, 8.0, 3.4 Hz, 1H), 1.92 (ddt, J = 13.4,
9.1, 7.3 Hz, 1H)."C NMR (101 MHz, CDCls) & 8.81 (dd, J = 4.1, 1.7 Hz, 1H), 8.26 (dd, J = 7.5,
1.4 Hz, 1H), 8.13 (dd, J = 8.3, 1.7 Hz, 1H), 7.58 (dd, J =8.2, 1.3 Hz, 1H), 7.54 — 7.48 (m, 1H), 7.40
(dd, J=8.3,4.1 Hz, 1H), 7.10 (dd, J = 5.1, 1.1 Hz, 1H), 6.89 (dd, ] = 5.1, 3.4 Hz, 1H), 6.76 (dd, J =
2.3, 1.0 Hz, 1H), 5.25 (ddd, J = 11.7, 5.7, 3.0 Hz, 1H), 3.33 (dd, J = 15.0, 5.3 Hz, 1H), 2.91 (t,J =
7.6 Hz, 2H), 2.83 (dd, J = 15.0, 2.6 Hz, 1H), 2.43 (dtd, J = 11.5, 8.0, 3.4 Hz, 1H), 1.92 (ddt, J =
13.4,9.1, 7.3 Hz, 1H). 23.51; HRMS Calcd for C,gH;;N,0S [M+H]*: 309.1062, Found: 309.1077.

SRt 4- BRI L) -1 (8-WEIRIL) TH LRI A Bk
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10
. F <
2 i DTBP@eq) A
: - i e ; . G Ry o 4

,;j}'j\\ Nl N TN C‘\T"g e “ } ;’ ~ Cu{ C H }CN } 4PF6 { 1 Gcfl'(o ) \\\ _______ a s N
H § i .. f";':'\i\‘\ O :':M ri’/)\ ™ \T"f R
N N f»|~" i ~ 130 7C, 8h F ’

1j 2j

FREL N-(8-WEMhEL)-3-T Ml 1j (0.042 g, 0.2 mmol), Cu(CH;CN)4PFs (0.008g, 0.02
mmol) ¥ T 1 mL [EI%H 2, i DTBP (0.088 g, 0.6 mmol). JEE¥IN#AF] 130°C KM,
TLC SRR SN LB SN 58 A5 R o N 285 U Ja fL P Ve A JE 4 0 B8 CRoi: 1R Ol =
10:1) A EMAED 25 3 EFN 64%-

2j: '"H NMR (400 MHz, CDCls) § 8.79 (dd, J = 4.1, 1.8 Hz, 1H), 8.26 (dd, J = 7.5, 1.4 Hz,
1H), 8.12 (dd, J = 8.4, 1.7 Hz, 1H), 7.58 (dd, J = 8.2, 1.3 Hz, 1H), 7.53 — 7.47 (m, 1H), 7.40 (dd, J
=8.3,4.1 Hz, 1H), 7.20 (td, J = 7.8, 6.2 Hz, 1H), 6.91 — 6.82 (m, 3H), 5.19 (ddd, J = 11.8, 5.6, 3.0
Hz, 1H), 3.32 (dd, J = 15.0, 5.3 Hz, 1H), 2.81 (dd, ] = 15.0, 2.6 Hz, 1H), 2.75 — 2.62 (m, 2H), 2.45
— 231 (m, 1H), 1.90 — 1.77 (m, 1H). F NMR (376 MHz, CDCls) & -113.64 (s)."*C NMR (101
MHz, CDCl3) & 165.81 (s), 163.64 (s), 161.20 (s), 148.49 (s), 143.14 (d, J = 7.2 Hz), 140.10 (s),
135.60 (s), 133.07 (s), 129.30 (d, J = 8.4 Hz), 128.53 (s), 126.24 (s), 123.73 — 123.07 (m), 121.09
(s), 120.90 (s), 114.61 (d, J = 21.0 Hz), 112.42 (d, J = 20.9 Hz), 55.38 (s), 42.59 (s), 34.33 (s),
30.84 (s); HRMS Caled for CooHisFN,O [M+H]*: 321.1403, Found: 321.1400.

WHEFF—: 4- Q-FIELIE) -1- (8-MEMRIE) R NBEIZ K& &

N F
. | DTBP(3eq) PN
; . i e ) N & IS,
,A;'ZSJ'/’T\\V"‘" . N /"A\\\\\E,/f\\,: o E; .\\[ CU(C M4CNJaPFe {1 0%"0) \\ s 4
Ny Pt Gy~ o '““"“’\\
Hon b S 1t -
1k 2k

FREL N-(8-WEMRIEL)-3- T Ml 1k (0.042 g, 0.2 mmol), Cu(CH3;CN)4PFgs (0.008g, 0.02
mmol) ¥ T 1 mL 4B 2, A DTBP (0.088 g, 0.6 mmol). JEE¥IN#AF] 130°C KM,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:1) R4S EMAY) 2k BTN 82%.

2k: '"H NMR (400 MHz, CDCl3) § 8.73 (dd, J = 4.1, 1.8 Hz, 1H), 8.27 (dd, J = 7.5, 1.4 Hz,
1H), 8.10 (dd, J = 8.3, 1.8 Hz, 1H), 7.55 (dd, J = 8.2, 1.4 Hz, 1H), 7.52 — 7.45 (m, 1H), 7.37 (dd, J
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= 8.3, 4.1 Hz, 1H), 7.19 — 7.08 (m, 2H), 7.04 — 6.92 (m, 2H), 5.19 (ddd, J = 12.1, 5.5, 2.9 Hz, 1H),
3.33 (dd, T = 15.0, 5.3 Hz, 1H), 2.83 (dd, J = 15.1, 2.6 Hz, 1H), 2.71 (t, ] = 7.7 Hz, 2H), 2.37 (dtd, ]
=11.3, 8.0, 3.2 Hz, 1H), 1.89 — 1.73 (m, 2H)."’F NMR (376 MHz, CDCl5) & -118.68 (s).."*C NMR
(101 MHz, CDCl3) & 165.94 (s), 161.79 (s), 159.36 (s), 148.40 (s), 140.07 (s), 135.52 (s), 133.13
(s), 129.98 (d, T = 4.9 Hz), 128.49 (s), 127.60 (s), 127.45 (s), 127.32 (d, J = 8.1 Hz), 126.20 (s),
123.50 (d, J = 4.0 Hz), 120.92 (d, J = 16.5 Hz), 114.74 (d, J = 22.1 Hz), 55.56 (s), 42.67 (s), 33.57
(s), 24.46 (d, T = 2.6 Hz); HRMS Calcd for CaoH; sFN,O [M+H]*: 321.1403, Found: 321.1398.
SHEF e 4o (Q-RIELFE) -1- (8-MEMRIE) TR NBEIZ K& &

TN Br =
S L . DTBP(3eq) s =0
SN S ] CUCHICN)PF (10%) & 777 ] N
H L L 1s0%c.en < o N
Noort 7 s [

11 21

FREL N-(8-WEMHIL)-3- T #E % 11 (0.042 g, 0.2 mmol), Cu(CH;CN)4PF (0.008g, 0.02
mmol) ¥ T 1 mL 4F#H g, i\ DTBP (0.088 g, 0.6 mmol). JEE¥IN#AS] 130°C KM,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:D RAEFEMLEY) 20 73BN 82%.

21: '"H NMR (400 MHz, CDCl3) & 8.77 (dd, J = 4.1, 1.8 Hz, 1H), 8.28 (dd, J = 7.5, 1.5 Hz,
1H), 8.10 (dd, J = 8.3, 1.8 Hz, 1H), 7.56 (dd, J = 8.2, 1.4 Hz, 1H), 7.52 — 7.45 (m, 2H), 7.38 (dd, J
= 8.3, 4.1 Hz, 1H), 7.15 (ddd, J = 9.6, 7.4, 1.5 Hz, 2H), 7.05 — 6.99 (m, 1H), 5.24 (ddd, J = 11.7,
5.6,2.9 Hz, 1H), 3.36 (dd, J = 15.0, 5.3 Hz, 1H), 2.90 (dd, J = 15.0, 2.6 Hz, 1H), 2.78 (dd, J = 9.1,
7.1 Hz, 2H), 2.34 (dtd, T = 9.0, 7.9, 3.3 Hz, 1H), 1.87 — 1.80 (m, 1H).">*C NMR (101 MHz, CDCl5)
§ 165.95 (s), 148.46 (s), 140.09 (s), 140.00 (s), 135.53 (s), 133.19 (s), 132.34 (s), 129.77 (s), 128.50
(s), 127.33 (s), 127.00 (s), 126.22 (s), 123.83 (s), 123.49 (s), 121.01 (s), 120.84 (s), 55.53 (s), 42.68
(s), 33.48 (s), 31.55 (s); HRMS Calcd for CooH1sBrN,O [M+H]": 381.0603, Found: 381.0607.

SRt 4o Q- 2L -1 (8-WENIL) T N BERZ I A Bk

T O i_ . DTBP(3eq) S O
_5_.;-‘\,\‘),.-» N .-~’“‘\\'15;\; ,f’f\\\z o I} i \\\E’r Cu{ CH3CN)4PF§ (1 OOA)): .\;\ o .,:}“%J
H gL R} \ ~~ 13ceh T &'i LN
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FREL N-(8-WEphIE)-3- T 4l 1m (0.042 g, 0.2 mmol), Cu(CH3;CN)4PFs (0.008g, 0.02
mmol) Y& T 1 mL AEMLFF 2y, i DTBP (0.088 g, 0.6 mmol). JREYIINHE] 130°C M,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:1) R4 EMLAY) 2m. 3B 23N 80%.

2m: 'H NMR (400 MHz, CDCls) & 8.79 (dt, J = 12.6, 6.3 Hz, 1H), 8.29 (dd, J = 7.5, 1.4 Hz,
1H), 8.10 (dd, J = 8.3, 1.7 Hz, 1H), 7.75 (dd, J = 7.9, 1.1 Hz, 1H), 7.56 (dd, J = 8.1, 1.4 Hz, 1H),
7.52 —7.45 (m, 1H), 7.38 (dd, J = 8.3, 4.1 Hz, 1H), 7.21 (td, J = 7.5, 1.1 Hz, 1H), 7.12 (dd, J = 7.6,
1.6 Hz, 1H), 6.84 (td, J = 7.7, 1.7 Hz, 1H), 5.26 (ddd, J = 11.6, 5.7, 3.0 Hz, 1H), 3.37 (dd, J = 15.0,
5.3 Hz, 1H), 2.94 (dd, J = 15.0, 2.6 Hz, 1H), 2.83 — 2.65 (m, 1H), 2.41 —2.17 (m, 1H), 1.89 — 1.73
(m, 1H).1°C NMR (101 MHz, CDCl3) § 165.93 (s), 148.53 (s), 143.25 (s), 140.13 (s), 139.03 (s),
135.54 (s), 133.21 (s), 128.82 (s), 128.53 (s), 127.92 (s), 127.46 (s), 126.24 (s), 123.50 (s), 121.05
(s), 120.85 (s), 99.84 (s), 55.46 (s), 42.71 (s), 36.20 (s), 33.83 (s); HRMS Calcd for C,oH3sBrN>,O
[M+H]*: 429.0464, Found: 429.0474.

SR 4- G2 -1 (8-WENIL) T N BERZ I A Bk

AN S g U] CulCHCN)PRG (10%) DA
< \\ A O e i
Hon b S rsotcen .
In 1

FREL N-(8-WEMRIED)-3- T #li i In (0.042 g, 0.2 mmol), Cu(CH3;CN)4PFs (0.008g, 0.02
mmol) & T 1 mL B %y, i DTBP (0.088 g, 0.6 mmol). JREWIINHE] 130°C M,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:1) R4S EMAY) 20 BTN 62%-

2n: 'H NMR (400 MHz, CDCl3) & 8.79 (dd, J = 4.1, 1.8 Hz, 1H), 8.24 (dd, ] = 7.5, 1.4 Hz,
1H), 8.13 (dd, J = 8.4, 1.7 Hz, 1H), 7.58 (dd, J = 8.2, 1.4 Hz, 1H), 7.54 — 7.46 (m, 3H), 7.41 (dd, J
= 8.3, 4.1 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 6.98 (t, ] = 7.7 Hz, 1H), 5.18 (ddd, J = 11.8, 5.7, 3.0
Hz, 1H), 3.32 (dd, J = 15.0, 5.3 Hz, 1H), 2.81 (dd, J = 15.0, 2.6 Hz, 1H), 2.70 — 2.52 (m, 2H), 2.34
(dddd, J = 12.7, 9.2, 7.2, 3.3 Hz, 1H), 1.82 (dtd, J = 13.4, 8.8, 5.9 Hz, 1H).">*C NMR (101 MHz,
CDCl3) § 166.26 (s), 149.06 (s), 143.53 (s), 140.57 (s), 137.23 (s), 136.08 (s), 135.13 (s), 133.50
(s), 130.11 (s), 129.00 (s), 127.68 (s), 126.71 (s), 124.09 (s), 121.59 (s), 121.40 (s), 94.51 (s), 55.82
(s), 43.09 (s), 34.91 (s), 31.17 (s); HRMS Calcd for CsoH;3BrN-O [M+H]*: 429.0464, Found:
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429.0472.
ST 4- (A-WORZED -1- (8-WEMREE) P A ISRM IR 15 ik

N |
(f:g) [ DTBP (3 eq) — < N0
S N N - \\\\\} ‘;xl\\\:‘ + E’| e CU CH CN 4PF ‘”. 109 , 1 .......{.-‘\ B :: “““““ / ?
R N L L ‘ i&\“’!N&*“[
lo 70

FREL N-(8-FEIHKEE)-3- T 5 BEI% 10 (0.042 g, 0.2 mmol), Cu(CH;CN),PEs (0.008g, 0.02
mmol) & T 1 mL A%y, i DTBP (0.088 g, 0.6 mmol). JREWIINHE] 130°C M,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10: 1) $24iE1FEMEEY) 200 3B F N 52%

20: '"H NMR (400 MHz, CDCls) § 8.76 (dd, J = 4.1, 1.8 Hz, 1H), 8.23 (dd, J = 7.5, 1.3 Hz,
1H), 8.12 (dd, J = 8.3, 1.7 Hz, 1H), 7.58 (dd, J = 8.2, 1.3 Hz, 1H), 7.56 — 7.52 (m, 2H), 7.50 (t, J =
7.8 Hz, 1H), 7.40 (dd, J = 8.3, 4.1 Hz, 1H), 6.85 (d, J = 8.3 Hz, 2H), 5.18 (ddd, J = 11.6, 5.6, 3.0
Hz, 1H), 3.32 (dd, J = 15.0, 5.3 Hz, 1H), 2.81 (dd, J = 15.0, 2.6 Hz, 1H), 2.68 — 2.54 (m, 2H), 2.32
(tdd, J =9.1,7.2, 3.3 Hz, 1H), 1.83 (dtd, J = 13.5, 8.7, 6.3 Hz, 1H).">C NMR (101 MHz, CDCl3) &
166.29 (s), 148.92 (s), 140.72 (s), 140.58 (s), 137.37 (s), 136.09 (s), 133.51 (s), 130.38 (s), 128.99
(s), 126.73 (s), 124.08 (s), 121.62 (s), 121.37 (s), 91.01 (s), 55.89 (s), 43.04 (s), 34.93 (s), 31.09 (s);
HRMS Calcd for CaoH;sBrN>O [M+H]™: 429.0464, Found: 429.0472,

SR N 4- Q-SRI EEIR O -1- (8-MEMRIE) P IERZ G ik

N CFy I
S L 1~ DTBP(3eq) T N0
TN ’ + ] CU(CHaCNLPF (10%), S /77 e
Hoo L S 1% NN
Ny~ ; CFs L
1p 2p

FREL N-(8-WEMRIE)-3- T Ml 1p (0.042 g, 0.2 mmol), Cu(CH;CN)4PF (0.008g, 0.02
mmol) ¥ T 1 mL A5 =4 I Zh, I DTBP (0.088 g, 0.6 mmol). JB-&4IN#3 130°C
P, TLC PRER N BB R EAEE W RNEE WG MA A BT 0 B (s 45
OBE =101 RAGFEMLAEY) 2p. T EEN T6%.

2p: 'H NMR (400 MHz, CDCl3) & 8.81 (dd, J = 4.1, 1.7 Hz, 1H), 8.28 (dd, J = 7.5, 1.3 Hz,
1H), 8.11 (dd, J = 8.3, 1.7 Hz, 1H), 7.60 — 7.54 (m, 2H), 7.50 (t, ] = 7.8 Hz, 1H), 7.40 (dd, J = 8.3,



WO 2020/114025 PCT/CN2019/104403
14

4.3 Hz, 2H), 7.23 (dd, J = 13.9, 7.4 Hz, 2H), 5.26 (ddd, J = 11.7, 5.6, 3.0 Hz, 1H), 3.38 (dd, J =
15.0, 5.3 Hz, 1H), 2.88 (dd, J = 15.0, 2.6 Hz, 1H), 2.86 — 2.75 (m, 2H), 2.44 — 2.30 (m, 1H), 1.92 —
1.76 (m, 1H). F NMR (376 MHz, CDCl5) § -59.65 (s)."*C NMR (101 MHz, CDCl3) & 166.33 (s),
148.93 (s), 140.54 (s), 140.01 (s), 136.03 (s), 133.58 (s), 131.73 (s), 130.90 (s), 128.99 (s), 128.29
(dd, J = 50.2, 20.6 Hz), 126.69 (s), 126.12 (s), 125.96 (q, J = 272.0 Hz), 125.96 (d, J = 5.7 Hz),
123.99 (s), 121.49 (s), 121.34 (s), 56.12 (s), 43.15 (s), 35.93 (s), 28.44 (s); HRMS Calcd for
C,1H,7F3sN,ONa [M+Na]*: 393.1191, Found: 393.1196.
S 4- G-=HHFEIROE) -1- (8-FEMRIL) P IERZ K&

CF
? | 77  prapeq)
ﬁ\{ w0 CuCHCONGPRa(10%), N/
i L‘\\*"ff"‘;}\\. 1 C h ,-‘" N
N \\/ - ., 30 ) 8 ;:30
Ny e
1q 2q

FREL N-(8-WEMRIEL)-3- T Ml 1q (0.042 g, 0.2 mmol), Cu(CH;CN)4PF (0.008g, 0.02
mmol) ¥ T 1 mL B =4 I Z5h, I\ DTBP (0.088 g, 0.6 mmol). JB&4IN## 130°C
SN, TLC BRER SN BB SN e 445 o e N5 I e f = ) i AL = A o0 Caliig: 4R
OBE =101 RAGFEMLAEY) 2q0 T EFN 64%.

2q: 'H NMR (400 MHz, CDCl3) & 8.75 (dd, J = 4.1, 1.8 Hz, 1H), 8.25 (dd, J = 7.5, 1.4 Hz,
1H), 8.12 (dd, J = 8.4, 1.7 Hz, 1H), 7.58 (dd, ] = 8.2, 1.4 Hz, 1H), 7.54 — 7.47 (m, 1H), 7.43 (d, ] =
7.8 Hz, 1H), 7.40 (dd, J = 8.4, 4.2 Hz, 1H), 7.35 (d, J = 7.2 Hz, 2H), 7.29 (d, ] = 7.4 Hz, 1H), 5.21
(ddd, J = 11.7, 5.7, 3.1 Hz, 1H), 3.34 (dd, J = 15.0, 5.3 Hz, 1H), 2.83 (dd, J = 15.0, 2.6 Hz, 1H),
2.78 — 2.67 (m, 2H), 2.45 — 2.33 (m, 1H), 1.89 (dtd, J = 13.4, 8.8, 6.2 Hz, 1H). ’F NMR (376
MHz, CDCl3) § -62.54 (s).C NMR (101 MHz, CDCl3) & 166.22 (s), 148.95 (s), 141.98 (s), 140.57
(s), 136.10 (s), 133.47 (s), 131.74 (s), 130.70 (g, J = 33.3 Hz), 129.01 (s), 128.80 (s), 126.71 (s),
125.35 (q, J = 241.0 Hz), 124.92 (q, J = 3.7 Hz), 124.13 (s), 122.94 (dd, J = 7.5, 3.6 Hz), 121.64
(s), 121.39 (s), 55.81 (s), 43.07 (s), 34.98 (s), 31.44 (s); HRMS Calcd for C, H;7F3N,ONa
[M+Na*]: 393.1191, Found: 393.1198.

SR\ 4- (AR EEIR D) -1- (8-MEMRIE) P ERZ I & ik
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P Chy N
2 70 1% DTBPeq) eond NSO
N T \} CU(CHACNY,PFs (10%) "3~ __/ LN
Ho “\.Tf;t 130 8¢, 8h NN
Ir 2r

FREL N-(8-FEMEIL)-3-T 14 EEE 1r (0.042 g, 0.2 mmol), Cu(CH;CN)4PF¢ (0.008g, 0.02
mmol) ¥E T 1 mL # =P FFZdr, i DTBP (0.088 g, 0.6 mmol). YE&¥IN#HF] 130°C
P, TLC PRER N BB R EAEE W RNEE WG MA A BT 0 B (s 45
CBE =101 RAFEEMLAY) 2r. SF B A 48%.

2r: '"H NMR (400 MHz, CDCls) & 8.75 (dd, J = 4.1, 1.7 Hz, 1H), 8.24 (dd, J = 7.5, 1.4 Hz,
1H), 8.12 (dd, J = 8.3, 1.7 Hz, 1H), 7.58 (dd, J = 8.1, 1.3 Hz, 1H), 7.50 (t, ] = 8.0 Hz, 3H), 7.40
(dd, T = 8.3, 4.1 Hz, 1H), 7.21 (d, ] = 8.1 Hz, 2H), 5.21 (ddd, J = 11.6, 5.6, 3.0 Hz, 1H), 3.34 (dd, J
=15.0, 5.3 Hz, 1H), 2.84 (dd, ] = 15.0, 2.6 Hz, 1H), 2.74 (dt, J = 14.0, 6.1 Hz, 2H), 2.43 — 2.32 (m,
1H), 1.90 (dtd, J = 13.5, 8.8, 6.3 Hz, 1H)."’F NMR (376 MHz, CDCls) & -62.36 (s).">C NMR (101
MHz, CDCl3) 8 166.21 (s), 148.89 (s), 145.24 (s), 140.56 (s), 136.12 (s), 133.48 (s), 129.00 (s),
128.59 (s), 126.73 (s), 125.58 (q, J = 268.7 Hz), 125.41 (d, ] = 4.0 Hz), 125.27 (dd, ] = 7.6, 3.8
Hz), 124.11 (s), 121.61 (s), 121.37 (s), 55.83 (s), 43.02 (s), 34.88 (s), 31.40 (s); HRMS Calcd for
C,1H 5F3N20 [M+H*]: 371.1371, Found: 371.1382.

SR 3-H R4 21 (8-MEIEE) T N BRRE A Rk

? “ 1 DTBP (3 eq) =Y —\N -------
/,f/;:\“‘v.r \"N‘/'\Q‘:{// \\\ + l - CU .?H CN k PF 10"}‘6 5 / !}‘\\ N X
Hooy - 130 9C, 8h

3a

4a

FREL N-(8- Wbk )-2- F L3 T B i 3a (0.045 g, 0.2 mmol), Cu(CH3CN),PFs (0.008g,
0.02 mmol) 3T 1 mL HZErh, JiiA DTBP (0.088 g, 0.6 mmol). JBAWINHE] 130°C 2 v,
TLC PRER SN B B S8 58445 W o OB 45 R AR A T A 24 73 88 CRithise: LR iR =
10:1) R4 EIMAY) da. 7B 7 5N 85%.

4a: '"H NMR (400 MHz, CDCl3) § 8.77 (dd, J = 4.1, 1.7 Hz, 1H), 827 (dd, J = 7.4, 1.4 Hz,
1H), 8.11 (dd, J = 8.3, 1.7 Hz, 1H), 7.56 (dd, ] = 8.1, 1.3 Hz, 1H), 7.50 (t, ] = 7.8 Hz, 1H), 7.38 (dd,



WO 2020/114025 PCT/CN2019/104403
16

J =8.3,4.1 Hz, 1H), 7.26 (dd, J = 8.2, 6.6 Hz, 2H), 7.22 — 7.12 (m, 3H), 4.82 (dt, ] = 9.6, 2.7 Hz,
1H), 3.03 (qd, J = 7.3, 2.2 Hz, 1H), 2.72 (t, ] = 7.7 Hz, 2H), 2.44 — 2.32 (m, 1H), 1.95 — 1.80 (m,
1H), 1.44 (d, J = 7.4 Hz, 3H).”’C NMR (101 MHz, CDCls) & 169.54 (s), 148.37 (s), 140.71 (s),
140.15 (s), 135.50 (s), 133.09 (s), 128.53 (s), 127.90 (s), 127.85 (s), 126.23 (s), 125.55 (s), 123.33
(s), 121.20 (s), 120.78 (s), 63.98 (s), 50.68 (s), 34.45 (s), 31.33 (s), 13.26 (s); HRMS Calcd for
Co1H2N>O [M+H"): 317.1654, Found: 317.1645.

SEHER] Tt 3-2FE-4-FR 21 (S-VEMREL) TR N R 1A Rk

}? N 0 J DTBP (3 eq) N \"'N\/mo
H Pe 3 PRy ) ) b \\Wl}
.~;:.';‘S\\ \;’f . N ,,«‘x’\\.q‘(/'/ \‘\:\: + { - CU{CH;CN)4PFs (10%) . \\ﬁ;},.- N
/ H N . , S 130 °C, 8h E(;::;‘«" ~ \E].»' N
e 5\8;1\ T
3b b

FREL N-(8-WE Mk JE)-2- 2, FL-3- T ¥ Bk 3b (0.048 g, 0.2 mmol), Cu(CH3CN)4PFs (0.008g,
0.02 mmol) 3T 1 mL HZErh, JiiA DTBP (0.088 g, 0.6 mmol). JBAWINHE] 130°C 2 v,
TLC PRER SN B B S8 58445 W o OB 45 R AR A T A 24 73 88 CRithise: LR iR =
10:1) $R4AVG1FEMLAY) 4be 73BN 82%.

4b: 'H NMR (400 MHz, CDCl3) & 8.79 (dd, J = 4.1, 1.6 Hz, 1H), 8.30 (dd, ] = 7.4, 0.8 Hz,
1H), 8.11 (dd, J = 8.3, 1.5 Hz, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.50 (t, ] = 7.8 Hz, 1H), 7.39 (dd, J =
8.3, 4.1 Hz, 1H), 7.25 (dd, J = 9.0, 5.9 Hz, 2H), 7.20 — 7.11 (m, 3H), 4.93 (dt, ] = 9.3, 2.6 Hz, 1H),
3.01 (ddd, J = 8.2, 6.2, 2.1 Hz, 1H), 2.71 (dd, J = 8.6, 5.9 Hz, 2H), 2.46 — 2.28 (m, 1H), 2.06 — 1.93
(m, 1H), 1.91 — 1.80 (m, 2H), 1.15 (t, J = 7.4 Hz, 3H).">C NMR (101 MHz, CDCl3) § 169.52 (s),
148.88 (s), 141.26 (s), 140.65 (s), 135.98 (s), 133.59 (s), 129.01 (s), 128.36 (s), 128.25 (s), 126.71
(s), 125.98 (s), 123.80 (s), 121.62 (s), 121.26 (s), 62.46 (s), 58.00 (s), 35.01 (s), 31.78 (s), 22.23 (s),
11.97(s); HRMS Calcd for C2,H2N>,ONa[M+Na] *:353.1630; Found: 353.1632.

L] A 3 IE4IR 1 (8-MEMRIL ) AN BRI ) K
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[:?\ r/ \\J /E ) DTRP (3 eq) ;_:\\\ g ‘ \\KO
T \*\\Té ] " CulCHCNMPFs (1% ¢ " N
- j H N - ‘ E\\,/-{,g-s 130 ng 8h o :-';?5 :\\E\{»" N"T;\:3
3¢ dc

FREL N-(8- Wbk J)-2- P JL-3- T 9B fi% 3¢ (0.051 g, 0.2 mmol), Cu(CH3CN),PFs (0.008g,
0.02 mmol) 3T 1 mL HZErh, JiiA DTBP (0.088 g, 0.6 mmol). JBAWINHE] 130°C 2 v,
TLC PRER SN B B S8 58445 W o OB 45 R AR A T A 24 73 88 CRithise: LR iR =
10:1) R4 EMLAY) dce B =HN T5%

4c: 'H NMR (400 MHz, CDCl3) & 8.79 (dd, J = 4.1, 1.8 Hz, 1H), 8.30 (dd, J = 7.4, 1.1 Hz,
1H), 8.11 (dd, J = 8.4, 1.7 Hz, 1H), 7.56 (dd, ] = 8.2, 1.5 Hz, 1H), 7.53 — 7.46 (m, 1H), 7.39 (dd, J
=8.3,4.1 Hz, 1H), 7.26 — 7.23 (m, 2H), 7.17 (d, ] = 7.3 Hz, 1H), 7.12 (d, ] = 7.1 Hz, 2H), 4.92 (dt,
J=9.3,2.7 Hz, 1H), 3.06 (ddd, J = 8.4, 6.2, 2.2 Hz, 1H), 2.70 (t, J = 8.0 Hz, 2H), 2.44 — 2.29 (m,
1H), 2.02 — 1.87 (m, 2H), 1.85 — 1.75 (m, 1H), 1.66 — 1.49 (m, 2H), 1.01 (t, ] = 7.3 Hz, 3H).”C
NMR (101 MHz, CDCl3)8 169.65 (s), 148.86 (s), 141.28 (s), 140.66 (s), 135.98 (s), 133.62 (s),
129.01 (s), 128.36 (s), 128.24 (s), 126.72 (s), 125.97 (s), 123.78 (s), 121.62 (s), 121.25 (s), 62.96
(s), 56.44 (s), 35.04 (s), 31.74 (s), 31.33 (s), 20.86 (s), 14.16 (s); HRMS Calcd for C,3H»5N>0
[M+H] *: 345.1967, Found: 345.1972.

S e 3-SR4 1 (8RNI T R RL A

? l’.:ff:" \‘\i ,S\ DTBP (3 E‘CE}
L ~‘1\-\N"’ ‘\‘i\\,«,""s\‘\ + ‘ M Cu(CHGN)4PFg (10%),
‘\ H &; i w1307, 8h
3d 4d

FREL N-(8- W bk Ik )-2- S TA -3 T 4k iz 3d (0.051 g, 0.2 mmol), Cu(CH3CN)4PFs (0.008g,
0.02 mmol) 3T 1 mL HZErh, JiiA DTBP (0.088 g, 0.6 mmol). JBAWINHE] 130°C 2 v,
TLC BRER SN BB SR 56 4 250 o S5 o S R WA T A 20T 43 B8 (k- 498 TR =
10:1) R4S EMEY) 4d. 3B F N T3%.
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4d: 'H NMR (400 MHz, CDCl3) & 8.82 (dd, J = 4.1, 1.7 Hz, 1H), 8.32 (dd, J] = 7.4, 1.4 Hz,
1H), 8.11 (dd, J = 8.3, 1.7 Hz, 1H), 7.56 (dd, ] = 8.1, 1.4 Hz, 1H), 7.50 (t, ] = 7.8 Hz, 1H), 7.39 (dd,
J=8.3,4.1 Hz, 1H), 7.24 (t, ] = 7.4 Hz, 2H), 7.18 — 7.10 (m, 3H), 5.05 — 5.00 (m, 1H), 2.91 (dd, J
=7.8, 2.2 Hz, 1H), 2.70 (t, ] = 8.2 Hz, 2H), 2.38 — 2.28 (m, 1H), 2.22 (dq, J = 13.7, 6.8 Hz, 1H),
1.95 — 1.83 (m, 1H), 1.22 (d, J = 6.7 Hz, 3H), 1.15 (d, J = 6.7 Hz, 3H).">C NMR (101 MHz,
CDCl3) § 169.03 (s), 148.91 (s), 141.36 (s), 140.76 (s), 135.98 (s), 133.59 (s), 129.02 (s), 128.35
(s), 128.19 (s), 126.71 (s), 125.94 (s), 123.82 (s), 121.64 (s), 121.26 (s), 63.29 (s), 60.70 (s), 35.13
(s), 31.75 (s), 28.48 (s), 20.97 (s), 20.45(s); HRMS Calcd for C»3H»sN.O [M+H] *: 345.1967,
Found: 345.1977.

S = 3,37 - HI R4S 21 (8-WEIRIL ) TR BRI A Rk

9 [ j . DTBP(3eq) JN SO
PN+ TN CulCHCNMPFs (10%), ./ L
/ \\ M |§ K,\\;,j,;;) 130 ch 8h T '\?.‘, ~
N\\f\:‘f \\\ §l\\ f J
e de

FREL N-(8-MEMfIL)-2,2°- ~HIFL-3- T #ltfi% 3e (0.048 g, 0.2 mmol), Cu(CH3CN),PFs
(0.008g, 0.02 mmoD) ¥ T 1 mL H 2K, i\ DTBP (0.088 g, 0.6 mmol). V& &¥)IN#3 130°C
P, TLC PRER N BB R EAEE W RNEE WG MA A BT 0 B (s 45
TR =10:D RAJGHANEY) de. 7 E7HN 52%.

4e: '"H NMR (400 MHz, CDCl3) & 8.75 (dd, J = 4.1, 1.8 Hz, 1H), 8.17 (dd, J = 7.5, 1.4 Hz,
1H), 8.09 (dd, J = 8.3, 1.7 Hz, 1H), 7.56 (dd, J = 8.2, 1.4 Hz, 1H), 7.54 — 7.44 (m, 1H), 7.37 (dd, J
= 8.3, 4.1 Hz, 1H), 7.25 (td, ] = 6.9, 1.8 Hz, 2H), 7.22 — 7.16 (m, 1H), 7.13 — 7.06 (m, 2H), 491
(dd, J = 9.8, 3.7 Hz, 1H), 2.74 — 2.55 (m, 2H), 2.33 — 2.14 (m, 1H), 1.98 — 1.80 (m, 1H), 1.52 (s,
3H), 1.38 (s, 3H)."’C NMR (101 MHz, CDCls) § 172.83 (s), 148.48 (s), 141.01 (s), 140.66 (s),
135.50 (s), 132.83 (s), 128.57 (s), 127.91 (s), 127.90 (s), 126.17 (s), 125.54 (s), 123.75 (s), 122.21
(s), 120.80 (s), 67.26 (s), 52.59 (s), 32.31 (s), 31.17 (s), 23.03 (s), 16.64 (s); HRMS Calcd for
C2HyN,ONa [M+Na] *: 353.1630, Found: 353.1643.

S VY 3-MN 42K -1 (8-MEMRIE) A N BERE ) B K
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(ﬁ w, \|\ m A DTBP (3 eq) . m“\ A __________ o
A LTS cucHonPRaon) (SN
o l H N -, Ij :\\\?'/;:;3 13{] QC‘ 8h d (/:‘5f‘i>\\I/" N-'\f‘l
3t 4f

FRE N-(8- W bk I )-2- 475 TA -3 T M5Bk iz 3F (0.051 g, 0.2 mmol), Cu(CH3CN),PFq (0.008g,
0.02 mmol) 3T 1 mL HZErh, JiiA DTBP (0.088 g, 0.6 mmol). JBAWINHE] 130°C 2 v,
TLC SRR SN LB SN 58 A5 R o N 285 o Ja R P Ve A S b 0 B8 CRoiiE: 1R Ol =
10:1) R4S EMLAY) 4f. BT FN T9%

4f: '"H NMR (400 MHz, CDCl3) § 8.78 (dd, J = 4.1, 1.7 Hz, 1H), 8.30 (dd, J = 7.5, 1.4 Hz,
1H), 8.11 (dd, J = 8.3, 1.7 Hz, 1H), 7.57 (dd, ] = 8.1, 1.4 Hz, 1H), 7.50 (t, ] = 7.8 Hz, 1H), 7.39 (dd,
J=8.3,4.1 Hz, 1H), 7.30 — 7.21 (m, 2H), 7.18 (d, J = 7.3 Hz, 1H), 7.15 — 7.10 (m, 2H), 5.96 (ddt, J
=17.1, 10.1, 7.0 Hz, 1H), 5.24 (dd, J = 17.0, 1.5 Hz, 1H), 5.15 (d, ] = 10.1 Hz, 1H), 4.95 (dt, J =
9.3,2.8 Hz, 1H), 3.27 — 2.87 (m, 1H), 2.88 — 2.64 (m, 3H), 2.63 — 2.49 (m, 1H), 2.36 (tdd, J = 9.3,
7.2, 3.2 Hz, 1H), 1.88 (dtd, J = 13.4, 8.9, 6.7 Hz, 1H)."*C NMR (101 MHz, CDCl3) & 168.75 (s),
148.93 (s), 141.26 (s), 140.63 (s), 135.98 (s), 134.99 (s), 133.52 (s), 129.01 (s), 128.36 (s), 128.29
(s), 126.69 (s), 125.99 (s), 123.92 (s), 121.65 (s), 121.29 (s), 117.38 (5), 62.41 (s), 56.00 (s), 34.91
(s), 33.31 (s), 31.78 (s); HRMS Calcd for C23H»3N-O [M+H] *: 343.1810, Found: 343.1810.

S e 3-FRHSEA-K 401 (8-MEMRIE) A N BERL B K

N ,j]
e A TP Bed) 0
- ] N 1 F,n ~ ’\\ , ,'. Z ’ ""
S o Y CUCHCNLPRs(10%), ¢ H— N
Wb H G S 13070 8 - -

3g 4z
FREL N-(8- W bk Ik )-2- 2 F -3 T4 Bk iz 3¢ (0.061 g, 0.2 mmol), Cu(CH3CN)4PFs (0.008g,
0.02 mmol) 3T 1 mL HZErh, JiiA DTBP (0.088 g, 0.6 mmol). JBAWINHE] 130°C 2 v,
TLC BRER SN BB SR 56 4 250 o S5 o S R WA T A 20T 43 B8 (k- 498 TR =
10:1) $RAGIEMLEY) 4g. 7377 FH 84%.
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4g: '"H NMR (400 MHz, CDCl3) § 8.68 (dd, J = 4.1, 1.8 Hz, 1H), 8.20 (dd, J = 7.5, 1.5 Hz,
1H), 8.00 (dd, J = 8.3, 1.7 Hz, 1H), 7.47 (dd, J = 8.1, 1.3 Hz, 1H), 7.43 — 7.37 (m, 1H), 7.33 - 7.22
(m, 5H), 7.20 = 7.13 (m, 1H), 7.11 — 7.06 (m, 2H), 7.03 (dd, J = 4.9, 3.5 Hz, 1H), 6.85 — 6.74 (m,
2H), 4.89 (dt, ] = 9.6, 2.4 Hz, 1H), 3.32 - 3.13 (m, 2H), 2.94 (dd, ] = 13.3,9.4 Hz, 1H), 2.24 - 2.17
(m, 1H), 2.17 — 2.03 (m, 2H), 1.66 (ddt, J = 10.5, 9.3, 8.0 Hz, 1H)."*C NMR (101 MHz, CDCl3) &
168.74 (s), 148.98 (s), 141.29 (s), 140.68 (s), 139.20 (s), 136.00 (s), 133.47 (s), 129.02 (s), 128.71
(s), 128.26 (s), 128.15 (s), 126.70 (s), 126.65 (s), 125.85 (s), 124.05 (s), 121.79 (s), 121.32 (s),
62.93 (s), 58.37 (s), 35.35 (s), 34.79 (s), 31.20 (s); HRMS Calcd for C,7H»sN.O [M+H] ™
393.1967, Found: 393.1967.

S AN 3.4- TR HE-1- (B-WEMREE) P A ISR IR Ak

E)h
% %r/:;fj‘ \|‘§ /_,j:-:\‘ DT B P {3 eq ) //}_‘\“\ ,‘\/ \J:F“‘X_.\""""" 0
;;’3"1»\\ TN N -~ é’\‘:r//:\‘\\ e #E \\] CU( CH '3C N )4PF§ ( i O%j} (/ \:,»---«’ N
on. P TR st = N
3h 4h

FREL N-(8- Wbk IE)-2- 2 2, 5E-3- T 45kl 3h (0.063 g, 0.2 mmol), Cu(CH3CN),PFq (0.008g,
0.02 mmol) T 1 mL HZ&rh, JiiA DTBP (0.088 g, 0.6 mmol). JBAWINHE] 130°C 2 v,
TLC PRER SN B B S8 58445 W o OB 45 R AR A T A 24 73 88 CRithise: LR iR =
10:1) R4S EMAY) 4he 0BT 80% .

4h: 'H NMR (400 MHz, CDCl3) & 8.76 (dd, J = 4.1, 1.8 Hz, 1H), 8.24 (dd, J = 7.5, 1.5 Hz,
1H), 8.07 (dd, J = 8.3, 1.7 Hz, 1H), 7.53 (dd, J = 8.2, 1.4 Hz, 1H), 7.50 — 7.42 (m, 1H), 7.35 (dd, J
=8.3,4.1 Hz, 1H), 7.26 (d, J = 7.2 Hz, 2H), 7.23 (t, ] = 2.2 Hz, 2H), 7.21 (d, ] = 4.2 Hz, 2H), 7.18
(dd, J = 4.5, 2.4 Hz, 1H), 7.13 (d, J = 7.3 Hz, 1H), 7.08 — 7.04 (m, 2H), 4.99 — 4.89 (m, 1H), 3.03
(td, T = 7.8, 2.2 Hz, 1H), 2.94 — 2.75 (m, 2H), 2.63 (t, ] = 7.9 Hz, 2H), 2.35 — 2.18 (m, 2H), 2.15 —
2.03 (m, 1H), 1.89 — 1.75 (m, 1H).”*C NMR (101 MHz, CDCl3) & 169.27 (s), 148.92 (s), 141.44
(s), 141.15 (s), 140.71 (s), 136.00 (s), 133.52 (s), 129.02 (s), 128.59 (s), 128.49 (s), 128.46 (s),
128.38 (s), 128.26 (s), 126.72 (s), 126.02 (), 123.92 (s), 121.72 (s), 121.29 (s), 62.90 (s), 55.84 (s),
34.83 (s), 33.58 (s), 31.70 (s), 30.92 (s); HRMS Calcd for CogH»7N,O [M+H] *: 407.2123, Found:
407.2134.
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St — e 3- R LE-4- IR S FR-1- (8-MEMREL ) P N e i B & ok

| DTBP(3eq) — "0
L + g‘i’ N Cu{CHRCNYPFg (10%) ¢ St N
] i A N o e H
S 130°%C, 8h Nz NG
3i 4i

FREL N-(8-MEMRIE)-2- H LI bE-3- T Mt % 3i (0.053 g, 0.2 mmol), Cu(CH3;CN)4PFs
(0.008g, 0.02 mmol) T 1 mL H 2K, S\ DTBP (0.088 g, 0.6 mmol). Y& F] 130°C
P, TLC PRER N BB R EAEE W RNEE WG MA A BT 0 B (s 45
Ol =10:D RAJSHIEY) di. TEEN 18%.

4i: "H NMR (400 MHz, CDCls) & 8.81 (dd, J = 4.1, 1.8 Hz, 1H), 8.30 (dd, J = 7.4, 1.4 Hz,
1H), 8.11 (dd, J = 8.3, 1.8 Hz, 1H), 7.56 (dd, J = 8.2, 1.5 Hz, 1H), 7.53 — 7.47 (m, 1H), 7.39 (dd, J
= 8.3, 4.1 Hz, 1H), 7.27 — 7.24 (m, 2H), 7.20 — 7.11 (m, 3H), 5.11 — 4.96 (m, 1H), 3.15 (ddd, J =
8.4, 6.2, 2.2 Hz, 1H), 2.80 — 2.71 (m, 2H), 2.45 — 2.33 (m, 1H), 1.89 (ddd, J = 13.1, 6.5, 3.3 Hz,
1H), 1.82 — 1.77 (m, 2H), 0.94 (tdd, J = 7.6, 5.0, 2.6 Hz, 1H), 0.54 (dd, J = 8.1, 1.4 Hz, 2H), 0.20
(ddd, J = 16.1, 7.5, 3.1 Hz, 2H)."*C NMR (101 MHz, CDCl3) § 169.47 (s), 148.89 (s), 141.34 (s),
140.68 (s), 135.99 (s), 133.62 (s), 129.03 (s), 128.37 (s), 128.23 (s), 126.72 (s), 125.98 (s), 123.82
(s), 121.65 (s), 121.27 (s), 62.77 (s), 56.96 (s), 35.10 (s), 34.00 (), 31.79 (s), 9.25 (s), 5.11 (s), 4.55
(s); HRMS Caled for C»sH>4N>ONa [M+H] *:379.1786, Found: 379.1769.

S A\ 3-HRIR T k42K k- 1- (8-MEMRIL ) T PR () Bk

L
DTBP (3 eq) . \
AN
e Cu(CH3CNLPF: (10%) &
_ 130 %C, 8h
I
3j 4j

FREL N-(8-WERIL)-2- F LI T 42-3- T MiBii% 3j (0.055 g, 0.2 mmol), Cu(CH;CN),PFs
(0.008g, 0.02 mmol) ¥ T 1 mL H Z&H, JiI A\ DTBP (0.088 g, 0.6 mmol) . JEAHN#HKE] 130°C
SR, TLC BRER SO BB S B 58 445 o S 48 e KL WD AR I AL JE AT 230 88 A 1%
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LJiE =10:D) RAVSEE A 450 B HEN T5%-

4j: '"H NMR (400 MHz, CDCls) § 8.80 (dd, J = 4.1, 1.7 Hz, 1H), 8.28 (dd, J = 7.4, 1.4 Hz,
1H), 8.11 (dd, J = 8.3, 1.7 Hz, 1H), 7.56 (dd, J = 8.1, 1.4 Hz, 1H), 7.53 — 7.47 (m, 1H), 7.39 (dd, J
= 8.3, 4.1 Hz, 1H), 7.25 (dd, J = 9.0, 5.7 Hz, 2H), 7.19 — 7.11 (m, 3H), 4.97 — 4.88 (m, 1H), 2.97
(ddd, J =84, 6.0, 2.1 Hz, 1H), 2.68 (t, ] = 8.0 Hz, 2H), 2.57 (dt, J = 15.4, 7.8 Hz, 1H), 2.33 (dtd, J
=11.3,8.2,3.2 Hz, 1H), 2.15 (dtd, J = 11.5, 7.6, 3.6 Hz, 2H), 2.05 (ddd, J = 14.2, 8.4, 6.1 Hz, 1H),
1.96 — 1.90 (m, 2H), 1.89 — 1.83 (m, 2H), 1.76 — 1.68 (m, 2H)."’C NMR (101 MHz, CDCl3) &
169.72 (s), 148.87 (s), 141.29 (s), 140.68 (s), 135.98 (s), 133.62 (s), 129.01 (s), 128.38 (s), 128.22
(s), 126.71 (s), 125.99 (s), 123.81 (s), 121.65 (s), 121.26 (s), 62.89 (), 54.75 (s), 36.26 (s), 35.05
(s), 34.12 (s), 31.67 (s), 28.51 (s), 28.37 (s), 18.44 (s); HRMS Calcd for C,sH»7N,O [M+H] ™
371.2123, Found: 371.2125,

SR L 4- (Q-ZRNEE) -1- (8-MEMREL) N BEIZ )5 Ak

o

o 7N L owree =0
ST T CUCHCNIPR (10%), N
H B - ¥ pe—yy i
H N ) U S 130 YC, 8h T o Nag
3k 4k

FREL N-(8-FEMhIEL)-3- TRl 3k (0.045 g, 0.2 mmol), Cu(CH3;CN)4PFgs (0.008g, 0.02
mmol) ¥ T 1 mL &, Ji A DTBP (0.088 g, 0.6 mmol). JEEWIINHE] 130°C) v, TLC
PRI SN L 3 N 56 A 4 T o S5 5 R RHL P A T SR S5 4 8 CF ik : SR R = 10:1)
RO A ke DETERN 40%.

4k: 'H NMR (400 MHz, CDCl3) 5 8.86 (dd, J = 4.1, 1.7 Hz, 1H), 8.14 (ddd, J =8.7, 7.9, 1.5
Hz, 2H), 7.64 (dd, J = 8.2, 1.2 Hz, 1H), 7.53 (t, ] = 7.8 Hz, 1H), 7.42 (dd, ] = 8.3, 4.2 Hz, 1H), 7.08
(t, J = 4.9 Hz, 3H), 6.81 — 6.75 (m, 2H), 5.24 (td, ] = 5.2, 2.7 Hz, 1H), 3.25 (dd, J = 15.2, 5.6 Hz,
1H), 2.96 (dd, J = 15.2, 2.7 Hz, 1H), 2.80 (dd, J = 12.9, 3.4 Hz, 1H), 2.35 — 2.27 (m, 1H), 2.22 (dd,
J =129, 10.3 Hz, 1H), 0.82 (d, J = 6.6 Hz, 3H)."’C NMR (101 MHz, CDCl3) § 166.69 (s), 149.18
(s), 141.52 (s), 140.25 (s), 136.09 (s), 133.92 (s), 129.03 (s), 128.83 (s), 128.13 (s), 126.71 (s),
125.81 (s), 124.68 (s), 122.84 (s), 121.40 (s), 60.38 (s), 39.40 (s), 37.52 (s), 36.87 (s), 15.66 (s);
HRMS Calcd for C»;HyoN,ONa [M+Na] *: 339.1473, Found: 339.1468.

SR = 4- Q- TTHEED) -1- (8-MEEE) A BRI A Rk
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? \[] | DTBP (3 eq) P \"> ______ 0
TN TR T % 1 CUlCHCNMPFa(10%), ¢ S’ N
H N . f,E ‘l\\\::f:"‘" 130 OC—, 8h h el .{;}.}}i\‘\\ = N_\\‘t_
- I
3l 4

FREL N-(8-MemkE)-3-CUmEi% 31 (0.048 g, 0.2 mmol), Cu(CH;CN),PFs (0.008g, 0.02
mmol) ¥ T 1 mL &, Ji A DTBP (0.088 g, 0.6 mmol). JEEWIINHE] 130°C) v, TLC
PRI SN L 3 N 56 A 4 T o S5 5 R RHL P A T SR S5 4 8 CF ik : SR R = 10:1)
RAFERLEY Ao DEFEFHN 20%.,

41: '"H NMR (400 MHz, CDCl3) & 8.84 (dd, J = 4.1, 1.8 Hz, 1H), 8.17 — 8.12 (m, 2H), 7.62
(dd, J = 8.2, 1.3 Hz, 1H), 7.50 (dd, J = 10.3, 5.4 Hz, 1H), 7.42 (dd, J = 8.3, 4.1 Hz, 1H), 7.05 — 7.00
(m, 3H), 6.71 — 6.67 (m, 2H), 5.45 (td, J = 5.7, 3.0 Hz, 1H), 3.21 (dd, J = 15.2, 5.6 Hz, 1H), 3.00
(dd, J = 15.2, 2.8 Hz, 1H), 2.76 (dd, J = 13.4, 4.0 Hz, 1H), 2.35 (dd, J = 13.4, 9.7 Hz, 1H), 2.22
(ddt, J = 12.3, 8.4, 4.1 Hz, 1H), 1.42 (dtd, J = 12.2, 7.5, 4.7 Hz, 1H), 1.24 — 1.18 (m, 1H), 0.93 (t, J
= 7.5 Hz, 3H).””C NMR (101 MHz, CDCl3) & 166.19 (s), 148.55 (s), 140.65 (s), 140.10 (s), 135.60
(s), 133.25 (s), 128.48 (s), 128.31 (s), 127.59 (s), 126.30 (s), 125.19 (s), 123.82 (s), 121.87 (s),
120.90 (s), 57.72 (s), 41.94 (s), 38.23 (s), 33.56 (s), 23.04 (s), 11.03 (s); HRMS Calcd for
C:Hx3N,O [M+H"):331.1810, Found: 331.1813.

LHEE) = 4- (13-Z2RPFHED) -1- (S-MEMRIL) 1A P W& (K5 ik

Ph
| omree e 0
P S s 7 CulCHCNMPRg(10%), ¢ b’ N
7 130°C, 8h e ]N
3m 4m

FREULEY) 3m (0.060 g, 0.2 mmol), Cu(CH3CN)4PFs (0.008g, 0.02 mmol) 7T 1 mL H
1, M\ DTBP (0.088 g, 0.6 mmol). JRAWIMM#E] 130°C KN, TLC BRER SN B 3 [ v
TR RN AT ET 0 8 CHllE: R Olis = 10:D 451385
Yy 4m. 73BT EN 20%-

4m: 'H NMR (400 MHz, CDCl3) § 8.54 (dd, J = 4.1, 1.8 Hz, 1H), 8.12 (ddd, T =5.1,3.1, 1.6
Hz, 2H), 7.57 (dd, J = 8.2, 1.3 Hz, 1H), 7.49 — 7.44 (m, 1H), 7.37 (dd, J = 8.3, 4.1 Hz, 1H), 7.33 —
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7.28 (m, 2H), 7.22 (dd, J = 5.9, 3.5 Hz, 1H), 7.10 (d, J = 6.9 Hz, 2H), 7.06 — 7.00 (m, 3H), 6.71
(dd, J = 7.0, 2.4 Hz, 2H), 5.27 (dt, ] = 5.7, 3.0 Hz, 1H), 3.15 (dd, J = 15.2, 5.6 Hz, 1H), 3.01 (dd, J
=15.2, 2.9 Hz, 1H), 2.87 — 2.79 (m, 2H), 2.77 (d, J = 4.1 Hz, 1H), 2.45 — 2.36 (m, 2H)."’C NMR
(101 MHz, CDCl3) § 166.30 (s), 148.74 (s), 140.65 (s), 140.13 (s), 139.82 (s), 135.96 (s), 133.72
(s), 129.01 (s), 128.83 (s), 128.74 (s), 128.29 (s), 128.20 (s), 126.79 (s), 126.15 (s), 125.84 (s),
123.95 (s), 121.67 (s), 121.27 (s), 57.88 (s), 42.61 (s), 38.28 (s), 37.34 (s), 34.08 (s); HRMS Calcd
for Co7H,sN,O [M+H*]:393.1967, Found: 393.1972.

B RRMATE T —Fh - BEATAE VI % 5%, PABU N-mEmk-3- T Ml e fi AR
YoRIE, 5H2E, FORAT AV SURMAT A Y7 DTBP AL /EH R, £E 90-150°C T i,
SR IR 15 22 R B- N BERE AT A

LB PTIR AE AR i AR e 5t 77 3K, R AN T IRBIAR WY, R4 fE e, 0 T AR AR A
R AR A GUR U, FEA B E AR B B AT T, 38 R DA T o A AL,
ToX G 5 NI AR R AR S A R A e B B R S
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T
1. —F0 B- I BEIE AT AR 2 ik, HURREAE T, BHGLA T D IE:
Bl (D BB N-MEW-3- T EBEIEAT A 530 (2) HSRAT AT U T il Ak
VUL AR S AL E ] T T 90-150°C R b, #3810 (4) 1 B-IWEEIEATAYD:  ON 2%
wWr:

- & 3 i e — =
SSPPNE W N W —RT A E A
S ] AR »
oo N ad o £l
Q{: ) N Q:;:"_J:; T X ¥ %H i
?{ K}
(1) (2)

Bl (1) UL N-BER-3- T B AT A 530 (3) MIZLIRT e T 36l
EA LA EREAFIKAVE T R T 90-150°C F e, #4315 (5) 19 B-NEfRTAY; v
BRERUIT

R
T R’ YR A
R ﬁ *3” L Sy ;—“L“ =T BT R g\*“\\ TN
! § R Iy ‘.,?‘ ‘ﬂ. - el E ‘, """""" 4 3
_Q( H ?‘«i 3(:}‘,\E§ \ \f ,,.__A«-”\-v.h_\_\ %H %:I!L ""H‘\r' “{:’.‘.:é\\_\‘_ﬂ.»w 2
b
(13 (3) (B "N ot :

Horp, (D - 5 i, Y AR FEEE T

R' R* RMIEPERILL T 7%

R>. R NE, R'NE. P&, HERB=HFH

g R'. RN, RN C1-C6 ki sbok 4 i 3t

B R' « RPAE, RPN CI-CO Kedh, MR, KR, 280, IR Laf 3
5.

2. MERCMESR 1 P ik, HARHEAE T P i SRR A R AL AR L ISR |
SALAR. VY 2SS A . S R R . AL A IRALAR b ) — ek LR

3. MEBUR SR 1 ki) JiE, HARHEE T #BUKEE, HUAR N-MEmk-3- T M Bt e fi
A T ELEAAY . =1 1-3:0.05-0.2.

4y MRAEBURER 1-3 AT — S TIR K 757, JORAALAE T A SR AL A DY O 7S
PR o

5. MEBUR LR 1-3 R —BINTIR K70, HURHEAE T $BEREE, AR N-PEIE-3-T
AT A BT e ). R AI=1:3:0.05-0.2.
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6 MEAUAZEK 1-3 e TR 753, AR T ROMIREZ N 130-150°C.

7y MRIEBANEEKR 1-3 TR 7%, HRRIEAE T RO R et Rk (2
RIHEERT A (3D WA AT AP B AR AT HLIE

8 MERUFIZR 7 FridiyJris, M Irid AN ol DR, NN-
P AR S A ) s LR
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