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Abstract Free radical initiated cascade cyclization of unsaturated amides with polychloromethanes provides a protocol for
the selective synthesis of polychlorinated isoquinolinones, or dihydroisoquinolinones. A series of mechanistic studies and op-

tical experiments were operated in this system.
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A TAE R EET B B 5SS i AT IR . &
SEETRER AT A, R Yu iR B4R 2020 FERIE T
AN AN i 5 2 @R B e EURCT BRE F R R AR H R
IR SR A RIS A Y. 7RG AT
Aok R TR B0, B 5T R I AR 42 S R b
K, AT DU R Hb 4y 50l ) 2% 22 S e R IR e B — S e
VN TR/
1 ZR5TR
1.1 REEHM

N SEBZIE RN, BL N-FR 3N P R 2 i
(a)FIEE NPT A TEGR 1), &k, R
R FIM A A &N, SRR (DCP) it
FUBUT BE(DTBP). AT Jtid %4k 7 A 2R (TBCP) Al 4
2 AT BE(TBPB)SUR U (Entries 1~7). B ER{E
47, Eo N-TARTT R AL . LN TE A T N ik
17 (Entries 8~10). TR, 70 SCRVEFIAR SN
(6] AR A RIFE FE S H AR =) (Entries 11~
15). &Ja, RIEREFRMET, =) 2-H-4-2,2,2-=
L) -1 (2H) - (22) 7] LATFE 60%F) 53 B 7= 2.,
12 RYIEREEER

TERAR AR, AR ] N AR 3 1SR 52 1
BT T HERER 2). B, WL 7 &R NI SRR
e 5@ R BAE L. B3 2 v W 4-H (b)), 4-H
Fe). 4-F(1d). 4-F(le). 4-IR(1f). 4-Bi(1g) Mz 2-2%
FL(Uh) R 2K F Bk 5 S5 7R B R 24 T IROBEAR 21 o
SIS 1) = G R AR R e IR R AL S 0 (2b~2h). %
TR, RIL N-WGHEE-N-FEEIE L . N-Js T 2E-N-2,
FE IR FR IR RN N P 2= - IN- TR 2 2 R e th T A5 A
KA R IIAE 8 33%~72% HIAH . S5 E R =47 (21~ 2K ).
B NBEFIAE, & N-JE ORI e S S b
FRABAR 264 N R SR, ARG T o &5 B A ORI 5 A
TEFERUR T A S R 2R AT AR, AR R
SRR 1) S R DS A Y (3a~3K)(R 3). A T
EULARMZ, BT EBTFRN . A AR, W) R
A7 BUAR P 2 R Bk e A e 5 S0 (B S e TR B b
A R S FAH B BR =),

1.3 RNHIEHZR

NT RN, 47T — R 506 5256
(Scheme 1). &%, MARFEL RELI(KIE)RH, —&AH
e R ik S B T R % R R IR T8 4% 20 (Scheme 1a). [ HHE
BRELIGIGUE T RSARRED T H B2 IS FE(Scheme 1b).
Hok, TERPBR RT3 AN H S5 2,2,6,6-0Y
F 3L - 1 -IR g SE ALY (TEMPO) B 2,6- T H-4-F1 3
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Table 1 Optimization of the typical conditions

ccl,
o
Condition A
N+ CHCl
| N

1a 2a O
Entry fr:[(jlll 0}/;5; 22::20; Solvent (mL)  Yield®/%
1 KI(5) DTBP (5.0)  Chloroform (7) 37
2 KI (5) DCP (5.0) Chloroform (7) 60
3 KI(5)  TBCP(5.0) Chloroform (7) 49
4 KI(5)  TBPB(5.0) Chloroform(7) 39
5 KI (5) DCP (3.0) Chloroform (7) 25
6 KI (5) DCP (4.0) Chloroform (7) 32
7 KI (5) DCP (6.0) Chloroform (7) 38
8  KI(10) DCP(5.0) Chloroform(7) 33
9 NIS(5)  DCP(5.0) Chloroform (7) 46
10 Nal (5) DCP (5.0) Chloroform (7) 50
11 KI (5) DCP (5.0) Chloroform (3) 44
12 KI (5) DCP (5.0) Chloroform (5) 38
13¢ KI (5) DCP (5.0) Chloroform (7) 26
144 KI(5) DCP (5.0) Chloroform (7)  Trace
15¢ KI (5) DCP (5.0) Chloroform (7)  Trace

© 2021 Chinese Chemical Society & SIOC, CAS

4Reaction conditions: N-methyl-N-allylbenzamide (1 equiv., 0.1 mmol), chlo-
roform (7 mL), KI (0.05 equiv., 0.005 mmol), DCP (5 equiv., 0.5 mmol),
130 °C, 24 h. ? Isolated yield. 18 h. “12 h. €110 C.

A BHT)N, BARMEHAR~=Y) 2a, FK, FE 1a
KEFIAR, Mo, @SRRI E] TEMPO ##i3K
A E AR ™Y 1-H 4 FE-2,2,6,6- VU B BL IR IE (4b)
(Scheme 1c). )&, WIRRIEY) N-JiHFE-N-LFHAH
F L e (1) 7E4AR R P OB 24 h J5 0 515 31 44% ISR I —
S MR 25", 2" 7 B I SR A T IS EE T AR A 74% 3
) S E WK 2§ (Scheme 1d).

250 DA B SR IRAE, 25 H T DR AT RE IR S N AL ER
(Scheme 2). #, fEMUGAEFEAT, 51 K5Ik 4ER
A A0 H B ERE AT o, S E
FENTRER A B AR AE BT A . 2 & bR(E L
TR R B AR R O 1 R R R R PR R AU AR AR
ZAREA R, Z A REIEI N-H RN R
Bk e (1) PR XU i A s 0 T S AL FRTE) AR A AR
JEAERCTHEE B, B AU A T B IE S T C.
C REJT a4 i 2 S P BRI — A S bR D.
W, S BRI I S R e AR SRS AR A
H¥ E. E & WM E R E SR, M rak
AR F R R ) AR R = S U ) S e IR (2a).
PR S T S R B, =AU SR A A A A
D RSB B aA B, LR E FEOR B AR
e S 1A AR T BT KD i e b — AU SR U AR
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Table 2 Cascade cyclization of N-allylbenzamides with chloroform

o CCly
_ 5 mol% KI
B N 5 equiv. DCP N d
R I +  CHCly Toom o R N
= R2 130°C, 24 h % ~R2
1 7 mL

Substrate 1

Product 2

Substrate 1

Product 2

CCly CCly
o < 9
— /\/
NN N N
| > !
1a o ! 19
2a, 60% (20%°) 2g, 36% (rsm 47%)
CCly
Q MeO N D
N/\/ N/\/
| N |
MeO 1b o) Th
2b, 65% (rsm 24%)
cCly CCly
O Me SN Q N
=
N/\/ N N N. Ph
| ~ k ~
Me 1c 0 1 FPh o)
2c¢, 52% (rsm 43%) 2i, 58%
CCl, CCl,
0 F o
X
N/\/ N/\/
| N~ §
F 1d o) 1j
2d, 44% (rsm 45%) 21, 33%"
ccly CCl,
le) (0]
cl AN
N A~ N/\/
| NS
. -
1e 1k
2e, 52% (rsm 40%) 2k, 72%

CCl3
Br:

(@]
=é/;\
/

O
/@)‘\N/\/
|
Br 1f

4aReaction conditions: N-allylbenzamides (1 equiv., 0.1 mmol), chloroform (7 mL), potassium iodide (0.05 equiv., 0.005 mmol), DCP (5 equiv., 0.5 mmol), 130 C,
24 h, isolated yields, recovery of starting material (rsm) (in parentheses). ® Replenishing the same equivalent KI and DCP after 24 h in total 48 h. ¢ Reaction condi-
tions: N-allylbenzamides (1 equiv., 5.7 mmol, 1 g), chloroform (30 mL), potassium iodide (0.05 equiv., 0.285 mmol), DCP (5 equiv., 28.5 mmol), 130 ‘C, 24 h,
isolated yields.

WEIRER 2L . DA, SUOTARN T AR B, SR S AR
SFREMER AL A, TR S 5 R E AR A
SR AR AT Y.

2f, 38% (rsm 47%)

1.4 FA#MR

FEN ORAE X AR G 2 T T B AT TR AT (]
D). =9 3-F3E-1-(2,2,2- =5 438 K I [ 7 EIR-4 (3 H) -
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Table 3 Cascade cyclization of N-allylbenzamides with dichloromethane

o CHCl,
5 mol% NHyl N
O NNF 2 equiv. TBPB R
R \ + CHCl, ——— - N
A R 130°C, 24 h R2
Substrate 1 Product 3 Substrate 1 Product 3
CHCI, CHCl,
o) o I
N/\/ N/\/
| N | N
1a le) I ] 0
3a, 70% 39, 55%
CHCl, CHCI,
Q MeO o
N N N__Ph
| ~ |\ ~—
MeO 1b o} 1 Ph o
3b, 42% 3h, 60%
CHCl, CHCl,
9 Me 0
AN ANF
@*T N @*NK A
Me 1c 0 1i o
3¢, 70% 3i, 80%
CHcl, CHClI,
o o
F ANF
AN N
/©)LT " Ny el
4
F 1d o} 11 4 (o]
3d, 46% 3i, 72%
CHCl, 0 CHCl,
O
Cl
/\/ N/\/
N
| " O O
cl 1e o 0
3e, 65% m 3k, 60%
o CHCl,
P Br:
NN
I N
Br 1f
3f, 50% O

4Reaction conditions: N-allylbenzamides (1 equiv., 0.1 mmol), dichloromethane (7 mL), ammonium iodide (0.05 equiv., 0.005 mmol), TBPB (2 equiv., 0.2 mmol),
130 C, 24 h, isolated yields.

B (2h) F 58 0/ AT LIRS B (UV/Vis) R FESK N nm. L bS5 BN ISP AL 2 AR BRI B B A R
325 nm A BA S AR U, RIS TR I K 352 F1368 nm N TR T — 5%,

WA PA R, BEAh, P28 2h BIOR 6 1 (PLE) % W .

TEWE K326, 353 FI367 nm AL = ki, tepky 2 BB

326 nm G, 2T =) 2h F— N EEKAE 368~ RRET —MERESRT N-EREETE RS2
518 nm MR FHEREPL), HH, wARFIER KA 411 SR BEGE R & ) R A B ICA R OB, SRR
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CHClI, CDCl,
(a) 0 CH,Cl, 3.5 mL 5 mol% NHyl
N { 2 equiv. TBPB .
¥
I CD,CL35mL  130°C,10h N\ N~
1a At low conversion (16%), ku/kp = 24 O 0o
(b) / 5 mol% KI
5 equw DCP
Ts—N + CHCl,
\_\ 130°C,24 h
A\ 7mL > 99% (2.9/1) CCl3
1n
CClg CCl;
(c) 9
N 5 mol% Ki 5 mol% KiI N
5 equw DCP 5 equiv. DCP
+ _ N
g NS 5 equiv. TEMPO CHCl 5 equiv. BHT >
b (o] 130°C, 24 h 7mb 130°C,24 h o
2a, trace 2a, trace
4deemdedbyGCMS MS (El) miz (%): 171 ( 59)1561000 121 (38.4), 88 (24.2), 43 (46.7)
CCly CCls
) Q 5 mol% K 5 mol% Kl
NNF _ 5equiv. DCP 5 equiv. DCP N
. + CHCl, X . + CHCl; ———— — = N
N <
!Et 7 mL 130 °C, 24 h, 44% 7 mL 130 °C, 24 h, 74% Et
O
2j
B 1 N LR R A 5 2 SRR e e L ) 48 1 S
Scheme 1 Control experiments of the reactions of N-allylbenzamides with polychloromethanes
R-OH R-O- 1/2 |2 -
2a > or
VR SET [O] = %
CH, * R—OH CH, *CH; °r R-0° R-0~
or
* CHj CCly(CHC) CCl3(CHCI,)
a( 7)
ccl, cchng CCl3(CHCL,)
f ROHRO ROHRO
_SET[O]
N
w4w3
E
SET [O
19 pcleavage | . CHCI3(CHZCI2)CH 1
3 a
cCh -2, | 1 !
+ — - —
H R—O  R—OH O R \_/ R—o- CHCI3(CHCly) X
N 2a R—O RYOH  *CHC
(DCP or TBPB)
EO

B 2 N-HG IR I 5 2 S ot S L ) AT RERLEE
Scheme 2 Plausible mechanism of the reactions of N-allylbenzamides with polychloromethanes

b A= B 25 S0P ARG ) S R P 2 — S R . BB, 6520 % Thermo QExactive fi§ FL I8 #it B - [l Jig HL4fR ot
X 12 5 NP R 1 BT e ATLER RN SE BRI B 2R AT T 5 4 BEAC(EST JE)ISE 1w e FSR i sl e A (b
. ZEMG S EmE. PURn B tEE R R (R BT, X-HE TP Yksnd, IEERKLIE.
IFREZ . A OTR OB TRRET &, NS Lk

A fl, ARACEEEFEAE . A% 200~300 H AL R IE
3 SEWES KT B TAT PR AT A A N-J 7 3 e

3.1 5 &AL 3 B SE T 22 T 7 « I8 /R A Alfa Aesar £5.
BUTAR G E 9 TA7, {4 Bruker AVANCEIIT 400 — A TR RHE IR Pra sy R a3 H

600 (825 T M R SR %, b Agilent  TXBUAL.
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Figure 1 Optical study of product 2h
UV/Vis absorption (¢=300 umol/L in CH;CN), PLE spectra (¢=10 umol/L)
and PL (¢=10 pmol/L) of product 2h
32 ZWHE
3.2.1  N-H RACK W BLAE 696 %,

FE 50 mL [ BFEI AR I & il 55 B R (1
equiv., 10 mmol). ZFZ25(1 equiv., 10 mmol). & H
FE(15 mL)F1 = Z#% (1.2 equiv., 12 mmol), —4AEE7E
0 ‘CM 3~10 h. 8= O RN e UG,
JEHTAR B &P O5 BB IR G ). BE RAE S SCHR[16]

76 50 mL [F e ok ok 77 IR equiv.,
10 mmol)¥& T 10 mL PYEFEIH, 0 CF ot AE M
(1.1 equiv., 11 mmol), VKK FLkLAFE 0.5 h, ¥/
RFEIR(1.1 equiv., 11 mmol)iiInE SR EWI+, 72
VKA INNZ 80 “C. I8 v 2 i A Il e I 58 1,
FEE TS 20 & N-Mh 9 R i R4 54,

3.2.2 N RARF B LS 47 R 2 F bued B

fE 25 mL i R TP AR UCIIN. N-Js 2R B A (1
equiv., 0.1 mmol). & fi(7 mL). ffi{t.8(0.05 equiv., 0.005
mmol) T & AL ~ R FEG equiv., 0.5 mmol), IHHE
130 °C, —HaVES B 24 h. 2N ORIE ) A
IR ZR, ek 2R AR [ NV G, 8 A (i 4y B
15 31 = SUH LU 7 P R R DAL 5 4.

fE 25 mL iR TP AR UCIIN. N-Js PR B A (1
equiv., 0.1 mmol), & H (7 mL), {LE7(0.05 equiv.,
0.005 mmol), &% FEHT Q2 equiv., 0.2 mmol),
INFAE 130 CJa M 24 h. @I FIRAAFEHERIES 2 =&
FH L A ) — S e P R P 2R 0T A 4.

3.3 WLEYMIRIE

2-F3E-4-(2,2,2- =5 L.55) 7 WEUR-12H)- B (2a): 3%
EK, P73 60%. m.p. 145~146 C; 'H NMR (400
MHz, CDCls) ¢: 8.50~8.48 (m, 1H), 7.83 (d, /=8.0 Hz,

Chin. J. Org. Chem. 2021, 41, 3106~3115
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1H), 7.71~7.67 (m, 1H), 7.50 (t, J=7.6 Hz, 1H), 7.30 (s,
1H), 4.06 (s, 2H), 3.65 (s, 3H); 3C NMR (100 MHz,
CDCl;) d: 162.1, 136.5, 136.1, 131.9, 128.2, 126.8, 125.9,
123.5, 108.5, 99.3, 52.4, 37.3. HRMS (ESI) caled for
C12H;;CNO [M+H]" 289.9901, found 289.9900.

6- FH A FE-2- F 36 4-(2,2,2- — & 438 R E k- 12 H)-
f(2b): FEAMAE, 7% 65% (rsm 24%). 'H NMR (400
MHz, CDCLy) 6: 8.41 (d, J=9.2 Hz, 1H), 7.28 (s, 1H),
7.17 (d, J=2.4 Hz, 1H), 7.08 (dd, J=8.8, 2.4 Hz, 1H),
4.02 (s, 2H), 3.93 (s, 3H), 3.63 (s, 3H); *C NMR (100
MHz, CDCL3) d: 162.4, 161.9, 138.6, 137.0, 130.4, 119.9,
115.4, 108.1, 105.8, 99.4, 55.5, 52.7, 37.1. HRMS (ESI)
caled for Cj;3H;3CLNO, [M + H]™ 320.0006, found
320.0009.

2,6- W 3E-4-(2,2,2- =G 2. F%) W12 H) - (2¢):
HEE A, 2% 52% (rsm 43%). mp. 81~82 C; 'H
NMR (400 MHz, CDCL3) 6: 8.37 (d, J=8.4 Hz, 1H), 7.58
(s, 1H), 7.32 (d, J=8.4 Hz, 1H), 7.28 (s, 1H), 4.05 (s, 2H),
3.64 (s, 3H), 2.51 (s, 3H); '*C NMR (100 MHz, CDCl;) ¢:
162.1, 142.4, 136.7, 136.2, 128.5, 128.2, 123.8, 123.3,
108.3, 99.4, 52.4, 37.2, 22.1. HRMS (ESI) calcd for
Ci3H;3CINO [M+H]" 304.0057, found 304.0057.

6- 9 -2- H JE-4-(2,2,2- = 5 & 55 ) 57 W bk -1 (2 H) - Tl
(2d): A GE A, 2R 44% (rsm 45%). mp. 134~
135 “C; 'H NMR (400 MHz, CDCl;) 6: 8.50 (dd, J=8.8,
6.0 Hz, 1H), 7.45 (dd, J=10.4, 2.4 Hz, 1H), 7.34 (s, 1H),
721 (td, J=8.4, 2.4 Hz, 1H), 4.00 (s, 2H), 3.64 (s, 3H);
3C NMR (100 MHz, CDCl3) &: 166.4, 162.7 (d, J=239.6
Hz), 139.1 (d, J=9.9 Hz), 137.5, 131.5 (d, J=10.0 Hz),
122.58 (d, J=1.8 Hz), 115.5 (d, J=23.3 Hz), 109.0 (d, J=
23.3 Hz), 107.9 (d, J=3.3 Hz), 99.0, 52.6, 37.3; '°F NMR
(565 MHz, CDCl3) 6: —105.79 (s, 1F); HRMS (ESI)
caled for CiH;CLLFNO [M + H] " 307.9807, found
307.9808.

6- 5 -2- H £ -4-(2,2,2- = 5 & 55 ) 57 W Wk -1 (2 H)-
(2e): A EE A, PR 52% (rsm 40%). m.p. 114~
115 “C; 'H NMR (400 MHz, CDCly) o: 8.42 (d, J=8.8
Hz, 1H), 7.79 (d, J=1.6 Hz, 1H), 7.45 (dd, J=8.4, 1.6 Hz,
1H), 7.33 (s, 1H), 4.01 (s, 2H), 3.64 (s, 3H); C NMR
(100 MHz, CDCL3) 6: 161.5, 138.8, 138.0, 137.5, 130.1,
127.4, 124.3, 123.1, 107.6, 99.0, 52.4, 37.3. HRMS (ESI)
caled for CpH CLNO [M + H] " 323.9511, found
323.9513.

6- ¥ -2- 1 £ -4-(2,2,2- = 5§ £ 55 ) 57 W k-1 (2 H)- i
(2f): O, P25 38% (rsm 47%). m.p. 164~165 C;

http://sioc-journal.cn/ 3111
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'H NMR (400 MHz, CDCL;) J: 8.33 (d, J=8.8 Hz, 1H),
7.96 (d, J=1.6 Hz, 1H), 7.60 (dd, J=8.4, 1.6 Hz, 1H),
7.33 (s, 1H), 4.01 (s, 2H), 3.64 (s, 3H); *C NMR (100
MHz, CDCly) 6: 161.7, 138.1, 137.5, 130.2, 130.1, 127.5,
126.3, 124.6, 107.5, 99.0, 52.3, 37.4. HRMS (ESI) calcd
for C1;HoBrCI;NO [M+H]™ 367.9006, found 367.9009.

6- T -2- H JE -4-(2,2,2- = G £ ) 57 W Wk - 1 (2. H) - i
2g): ABIEMK, P F 36% (rsm 47%). m.p. 151~
152 “C; '"H NMR (400 MHz, CDCl;) &: 8.16 (d, J=8.4
Hz, 2H), 7.80 (dd, J=8.4, 1.6 Hz, 1H), 7.31 (s, 1H), 4.00
(s, 2H), 3.63 (s, 3H). 3C NMR (100 MHz, CDCL;) §:
161.8, 138.0, 137.3, 135.9, 132.6, 129.8, 125.1, 107.2,
1002, 99.0, 52.3, 37.4. HRMS (ESI) caled for
C1H1oCLINO [M+H]" 415.8867, found 415.8866.

3-FHE-1-(2,2,2- =5 £ 58 2R I [ 57 v k-4 (3 H) - i
(2h): HEOWAK, 723 32%. '"H NMR (400 MHz, CDCl;)
d:8.67 (d, J=7.6 Hz, 1H), 8.49 (d, J=8.8 Hz, 1H), 7.95~
7.93 (m, 1H), 7.86 (d, J=8.8 Hz, 1H), 7.65~7.62 (m,
2H), 7.49 (s, 1H), 4.67 (s, 2H), 3.73 (s, 3H); *C NMR
(100 MHz, CDCl3) d: 166.0, 138.1, 136.1, 135.6, 129.4,
129.2, 128.4, 127.8, 126.9, 126.0, 125.1, 124.1, 108.9,
99.8, 56.4, 37.3. HRMS (ESI) calcd for CisH;3CLNO
[M-+H]" 340.0057, found 340.0059.

2-7R I -4-(2,2,2- = A LI R ER-12H)-F (21): 3
AR, 773 58%. 'H NMR (400 MHz, CDCls) J: 8.53
(dd, J=8.0, 1.2 Hz, 1H), 7.83 (d, J=8.0 Hz, 1H), 7.72~
7.68 (m, 1H), 7.52 (t, J=7.2 Hz, 1H), 7.34 (d, J=4.4 Hz,
4H), 7.30~7.29 (m, 2H), 5.26 (s, 2H), 4.03 (s, 2H); 13C
NMR (100 MHz, CDCl3) d: 161.8, 136.4, 136.3, 135.1,
132.1, 128.9, 128.6, 128.0, 127.9, 126.9, 126.2, 123.6,
108.8, 99.3, 524, 51.8. HRMS (ESI) caled for
CisH;sCI,NO [M+H]" 366.0214, found 366.0216.

2- 0. 55-4-(2,2,2- = LB T EMR-12H)- TR (2§): 3%
E AR, 723 33%. m.p. 95~96 C; 'H NMR (400 MHz,
CDCl3) §: 8.50 (dd, J=8.0, 1.2 Hz, 1H), 7.83 (d, J=8.4
Hz, 1H), 7.71~7.67 (m, 1H), 7.53~7.49 (m, 1H), 7.31 (s,
1H), 4.12 (t, J=7.2 Hz, 2H), 4.08 (s, 2H), 1.41 (t, J=7.2
Hz, 3H); 3C NMR (100 MHz, CDCls) §: 161.4, 136.4,
135.0, 131.9, 128.3, 126.8, 126.2, 123.5, 108.6, 99.4, 52.5,
44.4, 14.7. HRMS (ESI) calcd for C;3H;3CI;NO [M+H]*
304.0057, found 304.0057.

2-2.%-4-222- =5 4. 5)-3,4- A R E-1Q2H)-
i (2§"): K EBAE, 7% 44%. 'H NMR (400 MHz,
CDCl;) 6: 8.10 (dd, J=8.0, 1.2 Hz, 1H), 7.47 (td, J=7.6,
1.2 Hz, 1H), 7.39 (td, J=7.6, 0.8 Hz, 1H), 7.33 (d, J=7.6
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Hz, 1H), 3.90 (dd, J=13.2, 4.0 Hz, 1H), 3.78 (dd, J=12.8,
2.4 Hz, 1H), 3.74~3.67 (m, 1H), 3.66~3.59 (m, 1H),
3.49~3.45 (m, 1H), 3.24 (dd, J=15.2, 7.6 Hz, 1H), 2.85
(dd, J=15.6, 2.8 Hz, 1H), 1.25 (t, J=7.2 Hz, 3H); 13C
NMR (100 MHz, CDCl;) 0: 163.9, 140.4, 132.2, 128.9,
128.6, 127.9, 126.5, 98.6, 57.0, 49.5, 42.3, 36.3, 12.6.
HRMS (ESI) caled for C13H;sCI:NO [M+H]"™ 306.0214,
found 306.0212.

2-1E A 5E-4-(2,2,2- = 5 £, 58) S W Wk - 1(2.H) - 1 (2):
O, 77Z 72%. 'TH NMR (400 MHz, CDCl3) o: 8.50
(dd, J=8.0, 0.8 Hz, 1H), 7.83 (d, J=8.0 Hz, 1H), 7.71~
7.67 (m, 1H), 7.53~7.49 (m, 1H), 7.30 (s, 1H), 4.07 (s,
2H), 4.01 (t, J=7.2 Hz, 2H), 1.84 (dd, J=14.8, 7.6 Hz,
2H), 1.00 (t, J=7.6 Hz, 3H); 3C NMR (100 MHz, CDCl;)
0: 161.6, 136.4, 135.6, 131.9, 128.4, 126.8, 126.2, 123.4,
108.3, 99.5, 52.5, 51.1, 22.5, 11.2. HRMS (ESI) calcd for
CisH;sCNO [M+H]" 318.0214, found 318.0213.

4-(2,2- " E L FE)-2-F FE -3 ,4- T A K- 1 (2H)- R
(3a): LOWAE, 773 70%. '"H NMR (600 MHz, CDCl;)
6: 8.12 (d, J=7.8 Hz, 1H), 7.47 (td, J=7.8, 1.2 Hz, 1H),
7.42~7.40 (m, 1H), 7.27 (s, 1H), 5.53 (dd, J=8.4, 4.2 Hz,
1H), 3.94 (dd, J=12.6, 4.2 Hz, 1H), 3.33 (dd, J=13.2, 1.8
Hz, 1H), 3.24~3.23 (m, 1H), 3.18 (s, 3H), 2.61~2.56 (m,
1H), 2.54~2.50 (m, 1H); 3C NMR (150 MHz, CDCl) ¢:
164.1, 139.1, 131.9, 128.9, 128.6, 128.0, 126.6, 71.3, 52.5,
47.0, 35.5, 35.3. HRMS (ESI) caled for C2H;4CLLNO
[M+H]" 258.0447, found 258.0443.

4-2.2- R L FHH-2,6- 7 F I 3,4 T -
12H)-F3b): FEBE, 7% 70%. 'H NMR (400 MHz,
CDCL) d: 7.99 (d, J=8.0 Hz, 1H), 7.20 (d, J=7.6 Hz,
1H), 7.04 (s, 1H), 5.52 (dd, J=8.4, 4.8 Hz, 1H), 3.90 (dd,
J=12.8, 4.4 Hz, 1H), 3.29 (dd, J=12.8, 1.6 Hz, 1H), 3.15
(s, 4H), 2.60~2.54 (m, 1H), 2.53~2.49 (m, 1H), 2.40 (s,
3H); *C NMR (100 MHz, CDCl3) J: 164.2, 142.5, 139.1,
129.0, 128.9, 127.1, 125.9, 71.4, 52.6, 47.0, 35.4, 35.3,
21.6. HRMS (ESI) caled for C;3HisCLNO [M~+H]"
272.0603, found 272.0608.

4-(2,2- 5 L FE)-6- U AE FE-2- 1 AL -3 4- A 7 R -
12H)-F(3c): B EBAA, 725 42%. 'TH NMR (600 MHz,
CDCls) 6: 8.04 (d, J=8.4 Hz, 1H), 6.88 (dd, J=8.4, 2.4
Hz, 1H), 6.74 (d, J=1.8 Hz, 1H), 5.53 (dd, J=9.0, 4.8 Hz,
1H), 3.89 (dd, J=13.2, 4.2 Hz, 1H), 3.84 (s, 3H), 3.28 (dd,
J=12.6, 1.8 Hz, 1H), 3.16~3.14 (m, 1H), 3.13 (s, 3H),
2.59~2.54 (m, 1H), 2.51~2.46 (m, 1H); *C NMR (150
MHz, CDCly) d: 164.1, 162.3, 141.0, 131.0, 121.3, 113.1,
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111.9, 71.4, 55.4,52.5, 46.9, 35.6, 35.3. HRMS (ESI) caled
for C13H;6CILNO, [M+H]™ 288.0553, found 288.0558.

4-(2,2- G £ FE)-6- 58 -2- H L -3,4- A S R bR -
1QH)-Bi(3d): &K, 7% 46%. '"H NMR (400 MHz,
CDCl;) 6: 8.12 (dd, J=8.4, 5.6 Hz, 1H), 7.07 (td, J=8.8,
2.8 Hz, 1H), 6.96 (dd, J=8.8, 2.4 Hz, 1H), 5.54 (dd, J=
8.0, 5.2 Hz, 1H), 3.92 (dd, J=13.2, 4.4 Hz, 1H), 3.32 (dd,
J=12.8, 2.4 Hz, 1H), 3.24~3.19 (m, 1H), 3.15 (s, 3H),
2.61~2.55 (m, 1H), 2.54~2.48 (m, 1H); *C NMR (100
MHz, CDCl3) §: 165.8, 163.3 (d, J=1.7 Hz), 141.8 (d, J=
8.4 Hz), 131.7 (d, J=9.4 Hz), 124.9 (d, J=3.2 Hz), 115.2
(d, J=21.6 Hz), 113.5 (d, J=22.1 Hz), 71.0, 52.3, 46.6,
35.4,35.3 (d, J=1.7 Hz); "F NMR (565 MHz, CDCl;) ¢:
—106.62 (s, 1F). HRMS (ESI) caled for Ci,H;3CLEFNO
[M+H]" 276.0353, found 276.0358.

6- 5 -4-(2,2- R L FH)-2- -3 4- A S VE K -
12H)-Bid(3e): T EWMA, 772K 65%. 'H NMR (400 MHz,
CDCl;) o: 8.06 (d, J=8.4 Hz, 1H), 7.38 (dd, J=8.4, 2.0
Hz, 1H), 7.27 (d, J=3.6 Hz, 1H), 5.56 (dd, /=8.0, 5.2 Hz,
1H), 3.92 (dd, J=12.8, 4.0 Hz, 1H), 3.34 (dd, J=12.8, 2.0
Hz, 1H), 3.23~3.22 (m, 1H), 3.17 (s, 3H), 2.61~2.56 (m,
1H), 2.54~2.49 (m, 1H); 3C NMR (100 MHz, CDCl) §:
163.3, 140.8, 138.0, 130.5, 128.4, 127.0, 126.6, 71.0, 52.2,
46.6, 35.5, 35.1. HRMS (ESI) caled for C;oH;3CLNO
[M+H]" 292.0057, found 292.0062.

6- W -4-(2,2- R L FHE)-2- L -3 4- A S VE K -
1Q2H)-FR(30): TEMBAAE, 72 50%. 'H NMR (400 MHz,
CDCl) d: 7.97 (d, J=8.4 Hz, 1H), 7.54 (dd, J=8.4, 1.6
Hz, 1H), 7.41 (d, J=1.6 Hz, 1H), 5.55 (dd, J=8.0, 5.2 Hz,
1H), 3.91 (dd, J=12.8, 4.0 Hz, 1H), 3.33 (dd, J=13.2, 2.4
Hz, 1H), 3.22~3.20 (m, 1H), 3.16 (s, 3H), 2.60~2.54 (m,
1H), 2.53~2.48 (m, 1H); 3C NMR (100 MHz, CDCl;) §:
163.4, 141.0, 131.4, 130.7, 129.5, 127.5, 126.6, 71.0, 52.2,
46.6, 35.5, 35.0. HRMS (ESI) calcd for C;2H;3BrCLLNO
[M+H]"337.9529, found 337.9528.

4-(2,2- " E £ )-6- T -2- F FE -3,4- A S 1 R -
12H)-(3g): Totailifk, =% 55%. 'H NMR (400 MHz,
CDCl;) 6: 7.81 (d, J=8.0 Hz, 1H), 7.76 (d, J=8.4 Hz,
1H), 7.62 (s, 1H), 5.55 (dd, J=7.6, 5.6 Hz, 1H), 3.90 (dd,
J=12.8, 4.0 Hz, 1H), 3.32 (dd, J=12.8, 2.0 Hz, 1H),
3.21~3.18 (m, 1H), 3.15 (s, 3H), 2.55~2.53 (m, 1H),
2.53~2.51 (m, 1H); 3C NMR (100 MHz, CDCL) o:
163.6, 141.0, 137.4, 135.4, 130.5, 128.1, 99.2, 71.0, 52.2,
46.6, 35.5, 34.9. HRMS (ESI) caled for Ci,H;3CLINO
[M+H]" 383.9413, found 383.9421.
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2- R 4-2,2- E L H)-3.4- A R VEMR-12H)-
fii (3h): BB, F“% 60%. 'H NMR (400 MHz,
CDCl3) 6: 8.18 (d, J=7.6 Hz, 1H), 7.47~7.42 (m, 2H),
7.38~7.34 (m, 5H), 7.22 (d, J=7.2 Hz, 1H), 5.24 (d, J=
14.4 Hz, 1H), 5.03 (t, J=7.2 Hz, 1H), 4.30 (d, J=14.4 Hz,
1H), 3.76 (dd, J=12.8, 4.0 Hz, 1H), 3.24 (dd, J=12.8, 1.2
Hz, 1H), 3.14~3.10 (m, 1H), 2.32~2.26 (m, 1H), 2.20~
2.13 (m, 1H). '3C NMR (150 MHz, CDCl) d: 163.7,
139.4, 136.8, 132.1, 129.2, 128.9, 128.7, 128.0, 127.9,
126.6, 70.9, 50.2, 48.1, 46.8, 35.1. HRMS (ESI) calcd for
C1sHisCLNO [M+H]334.0760, found 334.0757.

4-22- “H L F)-2- L FH -3 4- A R ER-1Q2H)-
M (3i): & (A, 77 % 80%. 'H NMR (400 MHz,
CDCly) d: 8.13 (d, J=7.6 Hz, 1H), 7.50~7.45 (m, 1H),
7.43~7.40 (m, 1H), 7.28 (s, 1H), 5.51 (dd, J=8.4, 4.4 Hz,
1H), 3.92 (dd, J=12.8, 4.0 Hz, 1H), 3.70 (dd, J=13.6, 6.8
Hz, 1H), 3.59 (dd, J=13.6, 7.2 Hz, 1H), 3.34 (dd, J=13.2,
2.0 Hz, 1H), 3.26~3.21 (m, 1H), 2.60~2.53 (m, 1H),
2.52~2.46 (m, 1H), 1.24 (t, J=7.2 Hz, 3H); 3C NMR
(150 MHz, CDCL3) 0: 163.4, 138.9, 131.8, 128.9, 128.8,
128.0, 126.5, 71.3, 49.9, 46.9, 42.1, 35.1, 12.5. HRMS
(ESI) caled for Cj3H;sCLNO [M+H]" 272.0603, found
272.0601.

4-(2,2- A L FE)-2-1F O -3 4- A R E-12H)-
i (3j): LB, 7% 72%. 'H NMR (600 MHz,
CDCl;) d: 8.13 (d, J=7.8 Hz, 1H), 7.47 (dt, J=7.8, 1.2
Hz, 1H), 7.41 (t, J=6.6 Hz, 1H), 7.27 (s, 1H), 5.52 (dd,
J=9.0, 4.8 Hz, 1H), 3.90 (dd, J=12.6, 4.2 Hz, 1H), 3.60
(dd, J=13.2, 7.8 Hz, 1H), 3.56 (dd, J=14.4, 7.8 Hz, 1H),
334 (dd, J=13.2, 1.8 Hz, 1H), 3.24~3.23 (m, 1H),
2.59~2.55 (m, 1H), 2.52~2.49 (m, 1H), 1.64~1.60 (m,
3H), 1.35~1.32 (m, 5H), 0.90 (t, J=6.6 Hz, 3H); 13C
NMR (150 MHz, CDCl3) d: 163.6, 139.0, 131.8, 129.1,
128.9, 128.1, 126.5, 71.3, 50.4, 47.6, 47.1, 35.3, 31.6, 27.6,
26.7, 22.5, 14.0. HRMS (ESI) caled for C;7H24CLNO
[M+H]" 328.1229, found 328.1225.

2-IR R HE-4-2,2- L F)-3,4- A FRE-1Q2H)-
fi (3k): WA, P5FE 60%. 'H NMR (600 MHz,
CDCl3) 6: 8.13 (d, J=7.2 Hz, 1H), 7.46 (dt, J=6.6, 0.6
Hz, 1H), 7.40 (t, J=7.2 Hz, 1H), 7.27 (s, 1H), 5.50 (dd,
J=9.0, 42 Hz, 1H), 5.22~5.19 (m, 1H), 3.69 (dd, J=
12.6, 3.6 Hz, 1H), 3.32 (dd, J=13.2, 2.4 Hz, 1H), 3.25~
3.23 (m, 1H), 2.54~2.49 (m, 1H), 2.47~2.43 (m, 1H),
1.99~1.95 (m, 1H), 1.88~1.86 (m, 1H), 1.76~1.72 (m,
2H), 1.69~1.65 (m, 2H), 1.53~1.49 (m, 2H); '*C NMR
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(150 MHz, CDCl3) d: 163.6, 138.7, 131.8, 129.3, 129.2,
128.1, 126.5, 71.4, 53.8, 46.7, 44.7, 35.1, 29.0, 27.8, 24.2,
24.1. HRMS caled for Ci6HaCLNO [M+H]" 312.0916,
found 312.0913.

3 FF L1 B AR I i -4-(2,2,2- = & 238 ) I g o
(4a-1): LEORAE, F2E KT 99% (2.9/1). 'TH NMR (400
MHz, CDCl3) 6: 7.73 (d, J=8.0 Hz, 2H), 7.34 (d, J=8.0
Hz, 2H), 3.67 (dd, J=10.0, 6.8 Hz, 1H), 3.37 (dd, J=10.0,
6.4 Hz, 1H), 3.18 (dd, J=10.0, 8.4 Hz, 1H), 3.07 (dd, J=
10.0, 2.8 Hz, 1H), 2.78 (dd, J=18.4, 7.2 Hz, 1H), 2.48 (d,
J=10.0 Hz, 2H), 2.44 (s, 3H), 2.40~2.31 (m, 1H), 0.80
(d, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCls) &: 143.5,
133.8,129.7, 127.3, 98.7, 54.3, 53.5, 51.0, 39.7, 35.9, 21.5,
13.5. HRMS caled for CiHoCLNOS [M + H] ¥
370.0197, found 370.0193.

3- FF - 106 R AR 9 2 -4-(2,2,2- = & £ 38 ) ML it o
(4a-2): TOIBAE, 7% KT 99% (2.9/1). 'TH NMR (400
MHz, CDCl3) 0: 7.72 (d, J=8.0 Hz, 2H), 7.34 (d, J=8.0
Hz, 2H), 3.85 (dd, J=10.4, 7.6 Hz, 1H), 3.53 (dd, J=10.0,
7.6 Hz, 1H), 2.83 (dd, J=14.8, 2.0 Hz, 1H), 2.80~2.75
(m, 1H), 2.59 (dd, J=14.2, 9.6 Hz, 1H), 2.51~2.46 (m,
1H), 2.44 (s, 3H), 2.02~1.94 (m, 1H), 1.86~1.77 (m,
1H), 1.00 (d, J=6.4 Hz, 3H); 3C NMR (100 MHz, CDCl5)
5: 143.6, 133.5, 129.7, 127.4, 98.4, 57.3, 53.8, 53.5, 43.5,
38.8,21.5,15.5.

Bof LR m e T S L IR B T B
Hidls.
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