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Abstract An one-pot reaction of trifluoroacetaldehyde methyl hemiacetal or trifluoroketones, acylhydrazines and allyl bro-
mide promoted by indium powder is reported, and a series of trifluoromethylated homoallylic N-acylhydrazines were obtained
with good to excellent yields. The features of this process include readily available starting materials as trifluoromethyl build-
ing blocks, mild conditions and easy operation.
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1.1 EMRATUZSCEBEXFRA=-GFES
RBIRE “—$miE" R

B, SR TN N SR O A R . R
FH IR FFE R TR IR A« — A7k ” OM(Eq. 1). S5 AL,
TEERFM N RMAKRA,; STt R SIRER] 50 CHI
[ 2, 20 SILL 45%F0 54%[) 72 24593 T 724 4a
(3 1, Entries 1~3). 85, XMz M FAIYIRHEEHT T
(K 1, Entries 4~10). WKW, M=/ HF I
A1)~ PR (2a) M5 PA 2RI (3a) AR 14205 (1)
BN 15010250 1.5 0, 4a (P20 iA 5] 83%(F 1,
Entry 5). 7EREADRILLTS, FRATCER T & F k. L.
H R 1,4- 5 S IR AR AN RV FRRHZ R OBE R 2 ) (R
1, Entries 11~15). 55 &I, VUSRI 2 1% 5 B I i
BT R, BRERAEDY) 4a FIBcEE OB %A =
OB () R R 2a) TN 2R R (3a) F
R IR RN 1.5 010250 1.5, WHINIIE M
W, SN FE R R

OH (0]
F3C)\OCH3 *OPhTONHNH, tONYp,
1 2a 3a
(0] Ph
In HN/NH (1)
SoIvezn;/'I;‘emp. Fgc):/\

TE FIR IR AR T, AT H AR B AR 2
FRIE, $RZE T 1% B )& G (Eq. 2). B2 7%, TG
W07 B BEIEE 2 28 IR, #FRE 5 =9 £ 1 W B 2 4
[ S B SRS 1K1 R Sl S D R @ AN & 2 ) YA £
=R R A B A . T, RIS B HACEE
(1) P TN BRI AN K AN R ES IR T iE
LT, BFTASEE RKE S HAE 78% LA |
(Entries 1~9). {H/2&, HURIELEZRIR EIAL B X RN A

OH 0
+ + \/\ L»

FaC” "OCH; = R NHNH, BT THF, reflux

1 2 3a 24h

OYR1

Hn- N @
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Table 1 Optimization of reaction condition for the synthesis of
compound 4a

Molar ratio of . Isolated

Entry ez Solvent Temp/C s
1 1.5/1/1.5/1.5 THF r.t. 0
2 1.5/1/1.5/1.5 THF 50 45
3 1.5/1/1.5/1.5 THF Reflux 54
4 1.5/1/2/1.5 THF Reflux 75
5 1.5/1/2.5/1.5 THF Reflux 83
6 1.5/1/3/1.5 THF Reflux 85
7 2/1/2.5/1.5 THF Reflux 84
8 1/1/2.5/1.5 THF Reflux 71
9 1/1.5/2.5/1.5 THF Reflux 73
10 1/2/2.5/1.5 THF Reflux 76
11 1.5/1/2.5/1.5 CH,Cl, Reflux 77
12 1.5/1/2.5/1.5 EtOH Reflux 64
13 1.5/1/2.5/1.5  Toluene Reflux 56
14 1.5/1/2.5/1.5 1,4-Dioxane  Reflux 60
15 1.5/1/2.5/1.5 H,0O Reflux 42

“ A mixture of 1 (0.15~0.3 mmol), benzoylhydrazine (0.15~0.3mmol), sol-
vent (4.0 mL) was staired at reflux for 3 h, then 3a (0.225~0.0.45 mmol), In
powder (0.225 mmol) were added and stair at reflux for another 21 h.

BRFEm, Bl p-FEIR R E VR N, 4e 7F
R 83%, 1M m-FFHER LA o- H 35 28 HE I fse
INF, 4d H1 de (RSB Z 5 7IBE A 76%M 56% (Entries
2~4). XFFEERABITELE, TORIREE KA, A
13 & (Entries 10~12).

F2 BEHREHTEE
Table 2 Substrate scope of acylhydrazines

Entry R! Product  Isolated yield/%
1 p-MeOC¢H, 4b 90
2 p-MeCgH,y 4c 83
3 m-MeCgHy 4d 72
4 0-MeCgHy 4e 56
5 p-CF;C¢Hy 4f 81
6 p-FC¢H, 4g 78
7 p-CIC¢H, 4h 86
8 m-BrC¢H,4 4i 85
9 2-Furyl 4j 85

10 Me 4k 0

11 i-C3H; 41 0

12 n-Cy7Hss 4m 0

© 2017 Chinese Chemical Society & SIOC, CAS

“ A mixture of 1 (0.3 mmol), acylhydrazine (0.2 mmol) in THF (4.0 mL) was
stirred at reflux for 3 h , then 3a (0.5mmol) and In powder (0.3 mmol) were
added and stirred at reflux for another 21 h.

SRS, BATVE FH B AR I 075 TH 2R R — 20 ¥ i 1%
SN IE FVEEI(Eq. 3). B3 3 A, X p-BURHI%
ISR, AR EE 2t 7 F RV R 2R IR I, J
NEBRENRIEEAT, HF AR p- =9, Hre%
HRTE 74%L)_E(Entries 1~11). {H2& 4B IE ) o1
fIfE3E COMe i, M HIANHER A (Entry 12). T HAT
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TEGEIRBe), RNMRNH—E M LREEEE H,
anti-F syn-NIEF=PD T ELERIE 60 © 40 (Entries 6~9)!"');
PR R IR (3d), S BLEDEA D0 H B 2 1 S A B4
FITA3 =410 anti-F1 syn-LE 3R 48 © 52 F1 56 © 44 (Entries
10~11). XT p-HURHIM IR (3E), S HS B TF
KA, 72 4y Rl 4z B2 250 5108 81%F1 76%

OH o) R*

S T S
F2C” “OCHs R" NHNH, g

1 2 3
OgR! 3b: R2=R3=Me, R = H;
3c:R2=Me, R3=R* = H;

HN ) N .
In NH R4 3d:R2=Ph,R®=R*=H; 3)
THF, reflux 3e: R2= CO,Me, R*= R* = H;
24h  FC o 3f. R2=R3=H,R*=Me
R? R®
4

R3S A YE
Table 3 Substrate scope of allyl bromides

Entry R 3 Product Isolated yield/%
1 CeHs 3b 4n 80
2 p-MeCgH, 3b 40 82
3 p-MeOCH, 3b 4p 86
4 P-FC¢H, 3b 4q 74
5 p-CIC¢H, 3b 4r 78
6 CeHs 3¢ 4s 82"
7 p-MeCeH, 3¢ 4t 84°
8 p-MeOCH, 3¢ 4u 88’
9 P-FC¢H, 3¢ 4v 76"

10 CeHs 3d 4w 83¢

11 p-MeOCH, 3d 4x 86

12 CeHs 3e 0

13 CeHs 3f 4y 81

14 m-MeCgH, 3f 4z 76

“ A mixture of 1 (0.3 mmol), acylhydrazine (0.2 mmol) in THF (4.0 mL) was
stirred at reflux for 3 h, then 3 (0.5 mmol) and In powder (0.3 mmol) were
added and stirred at reflux for another 21 h. * anti/syn=060/40, determined by
F NMR analyses. ¢ anti/syn=48/52, determined by '’F NMR analyses.
¢ anti/syn=56/44, determined by '°’F NMR analyses.

1.2 HEMMERETU=ZERZHA=ZERE SRR
“—8RiE” R

fE Rl b, AR BRSO =M PR 2
Fi, 223 THR RIS, =& 2K W (5a) 5 2K
FiE2a) FUMG N R (3a) 1) “—4R72:” R Mi(Eq. 4). &K
B, TE =50 LW Rk e 4 R O =96 2 Rl B )
BRI RS AR AT, =R R R R 2 R
JHE I TR RV ANV () — 4k ” RSB R A (R
4, Entry 1). 838 2 €35 (TLC) W I SN 44T i% [ v
(VR A0, FRATT 3= 95 FH R 2R R 25 PR T A 1
ISR AT AT A SR L B I 5 R 81 D 3 1
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Bl S PG, FRATT 5% 078 1% I B H 2 ) i N AR Ak B 1)
Et,0+BF; fl Ni(ClO),+6H,0, AT M 45 I AHAE(FR
4, Entries 2~3). 47X H KRB ER(PTSA)EMEAL
FIEF, AR EHBR=Y) 6a 17 28 % W3 12 5 (3R 4, Entry
4), HRERNAERTHKER 5a 5 2a R EH B
(6ah A&, It H 6a'nl Lo B3 3, A1 XAEZ N AR
ZH NN 10%H) Ni(ClO)46H,0 TEALEAfLE, 12t 5
K5 T AR M I B, A N, e N B e
T, 6a K= ZIA 2] T 83%(3K 4, Entry 5).

(e}
)J\ )o]\ NN In, catalyst
Ph + + ——
CFs * Ph™ "NHNH, BT THF, reflux
5a 2a 3a o4 h
X
Hl}l Ph
Fsc NH 4)
M
Ph
6a

R4 BB 6a i AKAHLAL
Table 4 Optimization of the reaction conditions for the synthe-
sis of compound 6a

Entry Molar ratio of Catalyst Isolated
5a/2a/3a/In yield/%
1 1/1.2/2.5/1.5 None 0
2 1/1.2/2.5/1.5 Et,OBF; (20%) Trace
3 1/1.2/25/1.5  Ni(ClO);+6H,0 (20%) 12
4 1/1.2/2.5/1.5 PTSA (20%) 24
5 1120505 CISA(0%) 83

Ni(Cl0),+6H,0 (10%)

© 2017 Chinese Chemical Society & SIOC, CAS

“ A mixture of 5a (0.2 mmol), 2a (0.24 mmol), catalyst (20%, 0.04 mmol ) in
THF (3.0 mL) was stirred at reflux for 5 h, then 3a (0.5 mmol), In powder (0.3
mmol) were added and stirred at reflux for another 19 h. ® 5a (0.2 mmol), 2a
(0.24 mmol), PTSA (20%, 0.04 mmol ), in THF (3.0 mL), after stirred at reflux
for (5 h), then Ni(ClO)4*6H,0 (10%, 0.02 mmol), 3a (0.5 mmol), In powder
(0.3 mmol) were stirred at reflux for another 19 h.

[Klitt, 7E PTSA FINi(ClO),6H,O XL T, BAll
MARZR T AN A ) = 96 HH = R M AS 3] £ 15 I 5 44 7 6 3R
FVERRG [ “ —8A43%” [RN.(Bq. 5). B3R 5 AT AN, X5 &
AT =3 oK 2, ANE A BIEA T Akis 2
WL T, S AT BRI AT JF HL = ZHAE 76% LA b
(Entries 1~~9). 2% 3 10K g Bk ik 1140 Js 82 7 28 1 g 1)k
80% (Entry 5). & NIHENZ AR ITEEINE, 40 ZBEEA
TERTEIE, 98RAfE kA ) Vi (Entries 10~11).

1.3 REHIRER

FESCHR R IE! O PRI S0 SR g LA B, FRATIA N
PR EHET,  “—Baik” A RO 0 T R A
EYIRIHLEE A BELN N (Scheme 1, PA=% £ 8 H 3L 245
BENGIULH]): EAE, A O B e 1 AR 2 J
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RsJ\c:F3 * RV ONHNH, tON"Ng
5 2 3a
o]
(1) PTSA (20 mol%) Py
(2) In, Ni(ClO)4+6H20 (10 mol%) HN™ "R
THF, reflux, 24 h FaC N ©
, reflux, RM
6

RS =5 LR I i Y
Table S Substrate scope of trifluoromethylketones and acylhy-

drazines
Entry R! R* Product Isolated yield/%
1 p-MeOC¢H, Ph 6b 88
2 p-MeC¢H, Ph 6¢ 86
3 m-MeCgHy Ph 6d 82
4 p-CF;C¢Hy Ph 6e 80
5 p-CIC¢H, Ph 6f 85
6 2-Furyl Ph 6g 80
7 Ph m-CIC¢Hy 6h 82
8 Ph p-MeOC¢H,  6i 88
9 Ph m-MeCgHy 6j 82
10 m-MeCgHy m-MeCgHy 6k 83
12 Me Ph 6l 0
13 n-Ci7Hss Ph 6m 0

“ A mixture of 5a (0.2 mmol), acylhydrazines (0.24 mmol), PTSA (20%, 0.04
mmol), in THF (3.0 mL) was stirred at reflux for 5 h, then Ni(ClO)4*6H,0
(10%, 0.02 mmol), 3a (0.5 mmol) and In powder (0.3 mmol) were added and
stirred at reflux for another 19 h.

TR 7, SR )5 7 5 4 RN T R 3a TR IR
PIIEARAT 8 R A RN N, fFEIFAA9, &5 9
KRS 2 4.

X Lo 1
FaC N
FsC” NOCH; *+ R NHNH, M NOR
H
1 2 7

3 8
CF4 Brln\ CF;
N
o M= wo o
HNH - NH
Rl \ R’ \
4 9

B 1 N SR

Scheme 1 Proposed mechanism
2 #Hig

2R ERTIR, ASCHGE 7R et T, DLDYZURIN y
R, AR, B =90 S P A e i =
FER O WG IR« —tiE” SRR S
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WA RSP SN, 20715 DL =5 L1 W - A
B =T B LA 9 = 9 A R, BT RO R
BHNBR S5, BRAFRTE L SN 2R PR AN AT 5 e S0
ARG S IR RS SR i T — R T ik

3 SRRy

3.1 UE5EHH

i 3L 4R Ff BRUKER PT jxf790425AM 400MHz
BURESEIROG 2, PATARGEAGVE NI, TMS AN AT;
43 5 B Bruker APEX IT {8 B iHHA45 6 55 1 [a] g L4
JRBEACI 32, EST 5 43 A0 A S AR sl s 430l 52,
T RARIE. &% 2b~2m 4% B SCHR[ 13177 B, H
BARGIIE g 7 43 B 4l 2.

32 ZWHE
3.2.1 bdh 4 896 %

7 50 mL R BENi A, RO =58 £ FH AR
4% (1) (0.039 g, 0.30 mmol). ZEHELF(2a) (0.027 g,
0.20 mmol)Ffl 4 mL DY PRI (THF), # IR A RAE R
AR HEEE. TLC MR, 3 h A B R K EA .
I I NI A JE R (3a) (0.060 g, 0.50 mmol)AI4H#53(0.034
g, 0.30 mmol), 4kZEFRIFILRMIEEY), TLC £l 21 h
SN TEA. SRJE R PHEAYIH NN 3 mL MRS
W, BiE 10 min, H O ABEZEHU(S mL X 3), A
MLAH, HTCKBRREE T, ZZEHGE, AT ENT
[V B - MZBRZE)=5 © 110 B8 N-(1- =& P 3
T 3-0-1-38) FE L (4a) 42.08 mg, F7E 83%. A
B4R, mp. 96~97 ‘C; 'H NMR (400 MHz, CDCl;) J:
7.74~7.72 (m, 3H), 7.55 (s, 1H), 7.46 (d, J=6.8 Hz, 2H),
6.02~6.00 (m, 1H), 5.33 (d, J=14.8 Hz, 2H), 4.94 (s,
1H), 3.50 (s, 1H), 2.64~2.61 (m, 1H), 2.39~2.31 (m,
1H); *C NMR (100 MHz, CDCly) d: 167.3, 132.1, 132.0,
131.91, 128.63, 126.79, 125.9 (q, Jo—r=279.4 Hz), 119.9,
60.5 (q, Jo—r=26.8 Hz), 31.4 (d, Jo—s=2.1 Hz); °’F NMR
(376 MHz, CDCl3) §: —75.5 (d, Jr-y=6.8 Hz); HRMS
(ESI) caled for C;,H4F3N,O [M—i—H]+ 259.1053, found
259.1051.

A&V 4b~dz (16 K77 1A) 4a.

N=(1- =& B 5 T -3- 45 -1- 3 )-4- H 480 56 2 FP G
(4b): 51.8 mg, =% 90%. HE[EAK, mp. 99~100 C;
'H NMR (600 MHz, CDCly) : 7.73 (s, 1H), 7.69 (d, J=
8.4 Hz, 2H), 6.91 (d, J=9.0 Hz, 2H), 6.02~5.95 (m, 1H),
5.31~5.28 (m, 2H), 4.92 (d, J=6.0 Hz, 1H), 3.84 (s, 3H),
3.49~3.44 (m, 1H), 2.61~2.58 (m, 1H), 2.36~2.30
(m,1H); *C NMR (150 MHz, CDCl3) d: 167.0, 162.7,
132.1, 128.7, 126.1 (q, Je.r=279.6 Hz), 124.4, 119.9,

Chin. J. Org. Chem. 2017, 37, 925~935
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113.9, 60.7 (q, Jo—r=26.7 Hz), 55.4, 31.5 (d, Jo—=2.1
Hz); F NMR (376 MHz, CDCl;) 6: —75.5 (d, J—n=6.8
Hz); HRMS (ESI) caled for C;3HFsN,0, [M+H]'
289.1158, found 289.1157.

N=(1- =50 3 T =30 - 1- 3 )-4- FFY 35 54 PRV i (4e):
45.1 mg, FEHF 83%. AGEAE, mp. 100~101 C; 'H
NMR (600 MHz, CDCls) : 7.81 (br, 1H), 7.62 (d, J=7.8
Hz, 2H), 7.23 (d, J=7.8 Hz, 2H), 6.02~5.95 (m, 1H),
5.31~5.28 (m, 2H), 4.92 (d, J=5.4 Hz, 1H), 3.47 (s, 1H),
2.59 (d, J=15.0 Hz, 1H), 2.39 (s, 3H), 2.36~2.30 (m,
1H); *C NMR (150 MHz, CDCl;) §: 167.4, 142.8, 132.0,
129.4, 129.3, 126.9, 126.0 (q, Jo—r=279.4 Hz), 119.9, 60.6
(q, Je—r=26.7 Hz), 31.5 (d, Jo—r=2.1 Hz), 21.5; "’F NMR
(376 MHz, CDCLy) 6: —75.5 (d, Jr-;=6.8 Hz); HRMS
(ESI) caled for Ci3H;6FsN,O [M+H]™ 273.1209, found
273.1214.

N=(1- =5 P L T =305 1- 368 )-3- T 35 248 FY G ik (4d):
39.1 mg, FER 72%. AEREE, mp. 75~77 C; 'H
NMR (600 MHz, CDCl;) 6: 7.82 (d, J=6.0 Hz, 1H), 7.54
(s, 1H), 7.49 (d, J=7.2 Hz, 1H), 7.33 (d, J=7.2 Hz, 1H),
7.32~7.30 (m, 1H), 6.02~5.95 (m, 1H), 5.32~5.28 (m,
2H), 4.92 (d, J=6.0 Hz, 1H), 3.51~3.45 (m, 1H), 2.60 (d,
J=14.4 Hz, 1H), 2.38 (s, 3H), 2.36~2.31 (m, 1H); "*C
NMR (150 MHz, CDCLy) d: 167.6, 138.6, 132.9, 132.1,
132.1, 128.6, 127.6, 126.1 (q, J—r=279.6 Hz), 123.8,
119.9, 60.6 (q, Jo—r=26.7 Hz), 31.5 (d, Jo—y=2.1 Hz),
21.3; F NMR (376 MHz, CDCl;) 0: —75.5 (d, Jr—1=6.8
Hz); HRMS (ESI) caled for Cj3H;¢FsN,O [M+H] "
273.1209, found 273.1215.

N'-(1- =55 FF L T -3 0 -1- 38 )-2- B L5 R o (de):
30.5 mg, = 56%. AEEA, mp. 79~80 C; 'H
NMR (600 MHz, CDCl;) 6: 7.42 (s, 1H), 7.36~7.31 (m,
2H), 7.23~7.18 (m, 2H), 6.06~5.95 (m, 1H), 5.35~5.30
(m, 2H), 491 (d, J=6.4 Hz, 1H), 3.57~3.48 (m, 1H),
2.65~2.59 (m, 1H), 2.43 (s, 3H), 2.39~2.31 (m, 1H); °C
NMR (150 MHz, CDCLy) d: 169.4, 136.8, 133.3, 131.9,
131.2, 130.6, 127.0, 126.0 (q, J—r=279.6 Hz), 125.8,
120.1, 60.6 (q, J=26.7 Hz), 31.5 (d, Jo—y=2.1 Hz), 19.6;
F NMR (376 MHz, CDCly) 0: —75.3 (d, Jr—y=6.8 Hz,);
HRMS (ESI) caled for Ci3H;6FsN,O [M+H]" 273.1209,
found 273.1216.

N=(1- =5 5T -3 075 1- 38 )-4- = 450 H 225 2 FF I
(4f): 52.8 mg, F°FE 81%. AMEM, mp. 87~89 C;
'H NMR (600 MHz, CDCls) 6: 7.95 (s, 1H), 7.83 (d, J=
7.8 Hz, 2H), 7.70 (d, J=8.4 Hz, 2H), 6.01~5.94 (m, 1H),

Chin. J. Org. Chem. 2017, 37, 925~935
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5.33~5.29 (m, 2H), 4.93 (d, J=6.0 Hz, 1H), 3.53~3.47
(m, 1H), 2.63~2.60 (m, 1H), 2.36~2.28 (m, 1H); "°C
NMR (150 MHz, CDCls) d: 166.2, 135.4, 133.9 (q, Jo—=
32.5 Hz), 131.8, 127.4, 126.0 (q, Jo-r=279.6 Hz), 125.8
(d, Je—r=3.5 Hz), 123.4 (q, Jo—r=271.2 Hz), 120.3, 60.5
(q, Jo-r=27.1 Hz), 31.4 (d, Jo—r=2.1 Hz); "’F NMR (376
MHz, CDCl;) : —63.6 (d, Jr.y=5.3 Hz), —75.5 (d,
Jr-u=6.8 Hz); HRMS (ESI) calcd for C3H3F¢N,O [M—+
H]" 327.0927, found 327.0926.

N-(1- =50 F 5 T -3 -1- 25 )-4- 560 2K H 1k ) (4):
43.0 mg, P2 78%. [, mp. 81~82 C; 'H
NMR (600 MHz, CDCLy) §: 7.75 (s, 1H), 7.74~7.73 (m,
2H), 7.12 (t, J=8.4 Hz, 2H), 6.01~5.96 (m, 1H), 5.32~
5.30 (m, 2H), 491 (d, J=6.0 Hz, 1H), 3.50~3.45 (m,
1H), 2.61 (d, J=14.4 Hz, 1H), 2.36~2.30 (m, 1H); °C
NMR (150 MHz, CDCls) d: 166.4, 165.1 (d, Jor=251.9
Hz), 131.9, 129.3 (d, Jo—r=9.0 Hz), 128.3 (d, Jo—=3.2
Hz), 126.0 (q, Jor=279.6 Hz), 120.1, 115.9 (d, Jor=
22.0 Hz), 60.6 (q, Je—=26.5 Hz), 31.5 (d, Je—r=2.1 Hz);
F NMR (376 MHz, CDCly) 6: —75.5 (d, Jr-n=6.8 Hz),
—107.1 (m); HRMS (ESI) calcd for C,H;;NaF,;N,O [M+
Na]* 299.0778, found 299.0783.

N-(1- =5 B L T -3- 0 - 1- 5% )-4- 52K H Bt JF (4h):
50.2 mg, FEHR 86%. HMGEMA, mp. 114~115 C; 'H
NMR (600 MHz, CDCly) §: 7.81 (s, 1H), 7.67 (d, J=12.0
Hz, 2H), 7.42 (d, J=12.0 Hz, 2H), 6.01~5.95 (m, 1H),
5.33~5.30 (m, 2H), 4.92 (d, J=6.0 Hz, 1H), 3.51~3.46
(m, 1H), 2.63~2.59 (m, 1H), 2.36~2.31 (m, 1H); "°C
NMR (150 MHz, CDCl;) o: 166.4, 138.6, 131.9, 130.5,
129.1, 128.3, 126.0 (q, Jo—r=279.5 Hz), 120.1, 60.6 (q,
Je—¢=26.5 Hz), 31.5 (d, Jo—r=2.1 Hz);'’F NMR (376
MHz, CDCLy) 6: —75.5 (d, J=—y=6.8 Hz); HRMS (ESI)
caled for C,H;;CIF;N,O [M + H] *293.0663, found
293.0662.

N-(1- = 500 36 T -3- 0 -1- 38 )-3- 82 2K H1 8% JF (4i):
57.1 mg, F5FR 85%. HEE A, mp. 80~82 C; 'H
NMR (600 MHz, CDCl3) 0: 7.88~7.85 (m, 2H), 7.67~
7.63 (m, 2H), 7.33~7.31 (m, 1H), 6.01~5.95 (m, 1H),
5.33~5.30 (m, 2H), 491 (d, J=6.0 Hz, 1H), 3.51~3.46
(m, 1H), 2.64~2.60 (m, 1H), 2.37~2.31 (m, 1H); "*C
NMR (150 MHz, CDCl;) 0: 166.0, 135.2, 134.1, 131.9,
130.3, 130.2, 126.0 (q, Je-r=279.6 Hz), 125.4, 122.9,
120.2, 60.6 (q, Je—r=27.0 Hz), 31.5 (d, Jo—r=2.1 Hz); "°F
NMR (376 MHz, CDCly) 6: —75.4 (d, Jr—y=6.8 Hz);
HRMS (ESI) caled for Cp,H;3BrF;N,O [M + H] *
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337.0158, found 337.0159.

N=(1- = 50 38 T -3- 0 -1- 25 )-2- Wk i FH I8 J)F (4j):
422 mg, A 85%. HEME K, mp. 65~67 C; 'H
NMR (600 MHz, CDCl;) 6: 7.92 (s, 1H), 7.46 (s, 1H), 7.15
(d, J=3.6 Hz, 1H), 6.52 (t, J=1.8 Hz, 1H), 6.02~5.96
(m, 1H), 5.33~5.29 (m, 2H), 4.82 (d, J=6.0 Hz, 1H),
3.49~3.47 (m, 1H), 2.62~2.59 (m, 1H), 2.36~2.31 (m,
1H); *C NMR (150 MHz, CDCLy) 0: 158.1, 146.2, 144.6,
132.0, 126.0 (q, J—r=279.6 Hz), 120.1, 115.3, 112.1, 60.8
(q, Jer=27.0 Hz), 314 (d, Jor=2.1 Hz); "F NMR
(376 MHz, CDCly) §: —75.7 (d, Jr—y=6.8 Hz); HRMS
(ESI) caled for CoH ,F3N,0, [M+H]" 249.0845, found
249.0842.

N'-(1- =560 2E-2,2- R 6 13-4 - 1- 28 ) 2K Tk )F
(4n): 458 mg, FEF 80%. LEFEFHIRY). 'TH NMR
(600 MHz, CDCl3) 6: 7.71~7.70 (m, 2H), 7.69 (d, J=1.2
Hz, 1H), 7.52~7.50 (m, 1H), 7.43~7.40 (m, 2H), 6.08
(dd, J=17.4, 10.8 Hz, 1H), 5.22~5.18 (m, 2H), 5.00 (d,
J=6.0 Hz, 1H), 3.21 (q, J=8.4 Hz, 1H), 1.31 (s, 3H), 1.24
(s, 3H); “C NMR (150 MHz, CDCly) &: 167.0, 143.7,
132.3, 132.1, 128.7, 126.8, 126.7 (q, Jo—r=282.4 Hz),
114.0, 68.3 (q, Jo—r=24.2 Hz), 39.0, 25.8, 22.4; "'F NMR
(376 MHz, CDCl3) §: —66.9 (d, Jr—y=7.8 Hz); HRMS
(ESI) caled for C;,H sF5N,O [M+H]" 287.1366, found
287.1363

N-(1- =5 1 5E-2,2- R T30 -1- 3% )-4- FE R OR
FH Bt (40): 49.2 mg, % 82%. HEEE, mp. 129~
130 “C; '"H NMR (600 MHz, CDCl;) d: 7.64 (d, J=6.0
Hz, 1H), 7.61 (d, J=8.4 Hz, 2H), 7.23 (d, J=8.4 Hz, 2H),
6.10 (dd, J=17.4, 10.8 Hz, 1H), 5.24~5.20 (m, 2H), 5.01
(d, J=6.0 Hz, 1H), 3.21 (q, J=8.4 Hz, 1H), 2.39 (s, 3H),
1.33 (s, 3H), 1.26 (s, 3H); >°C NMR (150 MHz, CDCl;) ¢:
166.9, 143.7, 142.6, 129.5, 129.4, 126.8, 126.7 (q, Jo—=
282.6 Hz), 113.9, 68.3 (q, Jo—r=24.0 Hz), 39.0, 25.8 (d,
Je—r=1.7 Hz), 22.5, 21.4; "’F NMR (376 MHz, CDCl;) o:
— 669 (d, J)—y=7.8 Hz); HRMS (ESI) caled for
C1sHaoF3N,O [M+H]™ 301.1522, found 301.1521.

N-(1-= 5 AE-2,2- Z F BT 345 -1- 58 )-4- H A
KB 4p): 54.4 mg, 77 86%. MK, m.p. 80~
82 °C; "H NMR (600 MHz, CDCl;) d: 7.67 (d, J=8.4 Hz,
2H), 7.55 (d, J=6.0 Hz, 1H), 6.92 (d, /=8.4 Hz, 2H), 6.09
(dd, J=17.4, 10.8 Hz, 1H), 5.23~5.19 (m, 2H), 5.01 (d,
J=6.0 Hz, 1H), 3.84 (s, 3H), 3.20 (q, J=7.8 Hz, 1H), 1.32
(s, 3H), 1.25 (s, 3H); *C NMR (150 MHz, CDCl;) ¢:
166.6, 162.6, 143.7, 128.7, 126.8 (q, Jo—r=282.7 Hz),

930 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

124.5, 114.0, 113.9, 68.4 (q, Je—r=24.0 Hz), 55.4, 39.0,
25.8, 22.5; "F NMR (376 MHz, CDCl;) 6: —66.9 (d,
Jr-u="7.9 Hz); HRMS (ESI) caled for C;sHyF3N,O, [M+
H]" 317.1471, found 317.1479.

N-(1- =5 5E-2,2- B BT -3-45-1-588)-4- 3 K B
BEIE(4q): 449 mg, P23 74%. HEEE, mp. 85~
86 ‘C; 'H NMR (600 MHz, CDCly) d: 7.74~7.73 (m,
2H), 7.72 (s, 1H), 7.13~7.10 (m, 2H), 6.08 (dd, J=17.4,
10.8 Hz, 1H), 5.23~5.19 (m, 2H), 5.00 (d, J=6.0 Hz,
1H), 3.22 (q, J=7.8 Hz, 1H), 1.32 (s, 3H), 1.25 (s, 3H);
C NMR (150 MHz, CDCly) §: 166.0, 165.1 (d, Je—=
236.7 Hz), 143.6, 129.2 (d, Jc—r=9.0 Hz), 128.5 (d, Jor=
3.0 Hz), 126.7 (q, J—r=282.6 Hz), 115.9 (d, Jo—=21.9
Hz), 114.0, 68.3 (q, Jo—r=24.4 Hz), 39.0, 25.8, 22.4; "°F
NMR (376 MHz, CDCly) 6: —66.9 (d, Jr—y=7.8 Hz),
—107.2 (m); HRMS (ESI) calcd for C,4H;(NaF,;N,0O [M—+
Na]" 327.1091, found 327.1096.

N-(1- =5 5-2,2- B T 30 -1- 08 )-4- UK
Tk (4r): 50.0 mg, =% 78%. HAE A, mp. 103~
105 “C; '"H NMR (400 MHz, CDCly) d: 7.74 (d, J=6.0
Hz, 1H), 7.65 (d, J=8.4 Hz, 2H), 7.41 (d, J=8.0 Hz, 2H),
6.07 (dd, J=17.2, 10.8 Hz, 1H), 5.24~5.19 (m, 2H), 4.99
(d, J=6.0 Hz, 1H), 3.21 (q, J=8.0 Hz, 1H), 1.32 (s, 3H),
1.25 (s, 3H); °C NMR (150 MHz, CDCl3) 6: 166.0, 143.6,
138.4, 130.7, 129.0, 128.3, 126.7 (q, Jo—r=282.6 Hz),
114.1, 68.2 (q, Jo—r=24.3 Hz), 39.0, 25.8, 22.3; "’F NMR
(376 MHz, CDCl3) §: —66.9 (d, Jr—y=7.8 Hz); HRMS
(ESI) caled for C14H,;CIF3N,0 [M~+H]" 321.0976, found
321.0975.

N=-(1- = 5 0k -2- R L T -3 0 -1- 2k ) 2R ARG
(4s-anti): 44.6 mg, 777 82%. T KEFHMIIRY). "H NMR
(400 MHz, CDCls) &: 8.26 (s, 1H), 7.63~7.61 (m, 2H),
7.37 (t, J=17.6 Hz, 1H), 7.27 (t, J=7.6 Hz, 2H), 5.92~
5.82 (m, 1H), 5.11~5.03 (m, 2H), 4.84 (t, J=7.2 Hz, 1H),
3.35~3.27 (m, 1H), 2.69~2.64 (m, 1H), 1.10 (d, J=6.8
Hz, 3H); “C NMR (150 MHz, CDCl;) d: 167.6, 138.6,
131.9, 128.5, 126.9, 126.1 (q, Je—r=282.0 Hz), 117.3,
116.2, 64.5 (q, Jo—r=25.5 Hz), 36.5, 14.3; '°F NMR (376
MHz, CDCly) 6: —70.4 (d, Je—y =7.5 Hz), HRMS (ESI)
caled for C;3HiFsN,O [M + H] © 273.1212, found
273.1209.

N-(1- = 5 0k -2- R BE T -3 0 -1- 2k ) 2R ARG
(4s-syn): 44.6 mg, 77F 82%. TLEREHHIRYY. "H NMR
(400 MHz, CDCls) &: 8.26 (s, 1H), 7.63~7.61 (m, 2H),
7.37 (t, J=17.6 Hz, 1H), 7.27 (t, J=7.6 Hz, 2H), 5.92~
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5.82 (m, 1H), 5.11~5.03 (m, 2H), 4.84 (t, J=7.2 Hz, 1H),
3.18~3.10 (m, 1H), 2.51~2.45 (m, 1H), 1.13 (d, J=6.8
Hz, 3H); "C NMR (150 MHz, CDCl3) §: 167.4, 138.3,
132.2, 128.5, 126.8, 126.3 (q, Jo—r=280.5 Hz), 117.3,
116.2, 64.9 (q, Je—r=25.5 Hz), 37.0, 17.3; "’F NMR (376
MHz, CDCly) §: —71.6 (d, J=—y=7.5 Hz); HRMS (ESI)
caled for C;3H;¢F;N,O [M + H] " 273.1212, found
273.1209.

N=(1- =5 B - 2- FE S T30 - 1- 280 )-4- W R OF P
[ (4t-anti): 48.1 mg, F=% 84%. LEKFIMCRY. 'H
NMR (600 MHz, CDCl3) d: 7.95 (br, 1H), 7.54~7.52 (m,
2H), 7.12~7.11 (m, 2H), 5.94~5.89 (m, 1H), 5.14~5.08
(m, 2H), 4.83 (d, J=5.4 Hz, 1H), 3.33~3.31 (m, 1H),
2.69 (s, 1H), 2.29 (s, 3H), 1.13 (d, J=6.6 Hz, 3H); "°C
NMR (150 MHz, CDCLy) d: 167.5, 142.5, 138.6, 129.2,
126.9, 126.2 (q, Jo-r=281.4 Hz), 117.4, 116.2, 64.7 (q,
Je—r=25.2 Hz), 36.6, 21.3, 14.4; F NMR (376 MHz,
CDCly) 6: —70.4 (d, J-—y=7.5 Hz). HRMS (ESI) calcd
for C,4H;sF3N,O [M+H]" 287.1367, found 287.1366.

N=(1- =5 B -2 F I T30 -1- 988 )-4- FF R A
[ (4t-syn): 48.1 mg, =& 84%. LENEFIMCIRY. 'H
NMR (600 MHz, CDCls) 6: 7.95 (br, 1H), 7.54~7.52 (m,
2H), 7.12~7.11 (m, 2H), 5.94~5.89 (m, 1H), 5.14~5.08
(m, 2H), 4.86 (d, J=6.0 Hz, 1H), 3.17~3.12 (m, 1H),
2.53~2.49 (m, 1H), 2.29 (s, 3H), 1.16 (d, J=7.2 Hz, 3H);
3C NMR (150 MHz, CDCl5) d: 167.3, 142.5, 138.3, 129.2,
126.8, 126.3 (q, Jo—r=282.9 Hz), 117.4, 116.2, 65.1 (q,
Je-r=252 Hz), 37.1, 21.3, 17.4; F NMR (376 MHz,
CDCly) 6: —71.6 (d, Jy—y=7.5 Hz). HRMS (ESI) calcd
for C14H sF3N,O [M+H]" 287.1367, found 287.1366.

N=-(1- =5 - 2- B T 30 1- 58 4- A B 2k
Bk (4u-anti): 53.2 mg, 7= 88%. TLEKFIHCIRY. 'H
NMR (600 MHz, CDCl3) d: 8.17 (br, 1H), 7.60~7.58 (m,
2H), 6.78~6.74 (m, 2H), 5.90~5.83 (m, 1H), 5.10~5.02
(m, 2H), 4.83 (s, 1H), 3.70~3.68 (s, 3H), 3.29 (s, 1H),
2.66 (s, 1H), 1.09 (d, J=6.6 Hz, 3H); *C NMR (150 MHz,
CDCly) d: 167.2, 162.4, 138.6, 128.8, 126.2 (q, Jor=
282.0 Hz), 124.4, 116.1, 113.7, 64.5 (q, Jo—r=25.5 Hz),
55.1, 36.5, 14.3; 'F NMR (376 MHz, CDCly) 6: —70.4
(d, J;-y=7.5 Hz). HRMS (ESI) calcd for C4H;sF3N,0,
[M+H]" 303.1317, found 303.1315.

N=(1- =% F E-2- F I T -3-0-1-28)-4- F A 2R
BE Bk (du-syn): 53.2 mg, P23 88%. LEMFMIRY. 'H
NMR (600 MHz, CDCl5) 6: 8.17 (br, 1H), 7.60~7.58 (m,
2H), 6.78~6.74 (m, 2H), 5.90~5.83 (m, 1H), 5.10~5.02
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(m, 2H), 4.83 (s, 1H), 3.70~3.68 (s, 3H), 3.14~3.11(m,
1H), 2.49~2.47 (m, 1H), 1.12 (d, J=8.4 Hz, 3H); °C
NMR (150 MHz, CDCly) d: 167.0, 162.4, 138.3, 128.7,
126.3 (q, Jo—r=280.5 Hz), 124.4, 117.2, 113.7, 64.9 (q,
Je—r=25.5 Hz), 55.1, 36.9, 17.2; YF NMR (376 MHz,
CDCly) 0: —71.6 (d, Jy—y=7.5 Hz). HRMS (ESI) calcd
for C14H sF3N,O, [M+H]" 303.1317, found 303.1315.

N=(1- =5 BT -2- FF B T -3 45 - 1- 2L )-4- 9508 FA Ik
JE(dv-anti): 44.1 mg, P2 76%. LEKFMRY. 'H
NMR (600 MHz, CDCl3) ¢: 8.16 (br, 1H), 7.67~7.64 (m,
2H), 6.99~6.97 (m, 2H), 5.92~5.84 (m, 1H), 5.13~5.10
(m, 2H), 4.83 (d, J=4.8 Hz, 1H), 3.32 (s, 1H), 2.68 (s,
1H), 1.12 (d, J=3.6 Hz, 3H); *C NMR (150 MHz, CDCl5)
5: 166.7, 165.0 (d, Jo—r=250.5 Hz), 138.5, 129.4 (d,
Je—r=1.5 Hz), 128.4 (d, J—s=7.5 Hz), 126.2 (q, Je—r=
280.5 Hz), 116.3, 115.7 (d, Jo—r=22.5 Hz), 64.6 (q,
Je—r=24.0 Hz), 36.5, 14.3; "’F NMR (376 MHz, CDCl;)
5 —70.4 (d, J-—y=7.6 Hz), —107.4 (s). HRMS (ESI)
caled for C;3HsF.N,O [M + H] " 291.1118, found
291.1115.

N-(1- =5 LT -2- T -3 475 - 1- 25 )-4- U4 HH
[ (4v-syn): 44.1 mg, F=F 76%. LEKFHRY. 'H
NMR (600 MHz, CDCl;) 6: 8.16 (br, 1H), 7.67~7.64 (m,
2H), 6.99~6.97 (m, 2H), 5.92~5.84 (m, 1H), 5.08~5.05
(m, 2H), 4.85 (d, J=3.6 Hz, 1H), 3.17~3.12 (m, 1H),
2.54~2.46 (m, 1H), 1.15 (d, J=3.0 Hz, 3H); “C NMR
(150 MHz, CDCl3) d: 166.5, 165.0 (d, Je—r=250.5 Hz),
138.2, 129.3 (d, Jo—5=9.0 Hz), 128.5 (d, Jo—r=7.5 Hz),
126.3 (q, Je—r=280.5 Hz), 117.5, 115.7 (d, Jo—p=22.5
Hz), 65.0 (q, Je—r=25.5 Hz), 37.1, 17.3; ’F NMR (376
MHz, CDCly) 6: —71.6 (d, Jy—y=7.2 Hz), —107.4 (s).
HRMS (ESI) caled for Ci3H;sF4N,O [M+H]" 291.1118,
found 291.1115.

N-(1- = 960 B T -2- 2R 2 -3- 0 - 1- 2 ) 2R FH %k JF
(4w-anti): 55.5 mg, =R 83%. LEKMMHIRY. 'H
NMR (600 MHz, CDCl3) o: 7.96~7.88 (m, 1H), 7.77 (d,
J=8.4 Hz, 1H), 7.70 (d, J=7.2 Hz, 1H), 7.62~7.49 (m,
2H), 7.46~7.20 (m, 6H), 6.26~6.20 (m, 1H), 5.30~5.26
(m, 2H), 5.13 (d, J=10.2 Hz, 1H), 3.98~3.93 (m, 1H),
3.78 (t, J=8.4 Hz, 1H); °C NMR (150 MHz, CD;0D) ¢:
169.1, 139.8, 138.4, 133.7, 132.7, 129.7, 129.5, 128.8,
128.3, 127.9, 126.7 (q, Jo—r=279.0 Hz), 117.2, 65.15 (q,
Je—r=25.5 Hz), 50.74; ”F NMR (376 MHz, CD;0D) §:
—71.0 (d, J="7.1 Hz). HRMS (ESI) calcd for CigH;7F3N,-
ONa [M+Na]" 335.1361, found 357.1185.
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N-(1- = 5 AR T -2- K -3 4 -1- 26 ) 4 HY i ik
(4w-syn): 55.5 mg, F=R 83%. LR MMHIRY. H
NMR (600 MHz, CD;0D) 6: 7.96~7.88 (m, 1H), 7.77 (d,
J=8.4 Hz, 1H), 7.70 (d, J=7.2 Hz, 1H), 7.62~7.49 (m,
2H), 7.46~7.20 (m, 6H), 6.43~6.37 (m, 1H), 5.30~5.26
(m, 2H), 5.18 (d, J=17.4 Hz, 1H), 3.89~3.84 (m, 1H),
3.66 (t, J=9.0 Hz, 1H); °*C NMR (150 MHz, CD;0D) ¢:
169.5, 141.4, 138.2, 133.7, 132.8, 129.6, 129.4, 129.3,
128.2, 128.1, 126.7 (q, Jo—r=279.0 Hz), 118.9, 65.15 (q,
Je—r=25.5 Hz), 50.74; "°F NMR (376 MHz, CD;0D) o:
—72.3 (d, J=6.7 Hz). HRMS (ESI) calcd for CgH,;,F3N,-
ONa [M+Na]* 335.1361, found 357.1185.

N=-(1- =5 T 20K 530 1- 8 -4- A B 2R
Bk (4x-anti)): 62.7 mg, 723 86%. TLEKHHIIRY). 'H
NMR (600 MHz, CD;0D) 6: 7.90~7.84 (m, 1H), 7.75 (d,
J=8.4 Hz, 1H), 7.68 (d, J=9.0 Hz, 1H), 7.38~7.18 (m,
5H), 7.00~6.91 (m, 2H), 6.24~6.18 (m, 1H), 5.24~5.29
(m, 2H), 5.16 (d, J=16.8 Hz, 1H), 3.94~3.89 (m, 1H),
3.78 (s, 3H), 3.64 (t, J=9.0 Hz, 1H); *C NMR (150 MHz,
CD;0D) d: 168.7, 163.8, 139.7, 138.3, 129.9, 129.5, 129.4,
128.2, 127.2 (q, J—r=279.0 Hz), 125.6, 117.2, 114.5, 65.2
(q, Je—p=25.5 Hz), 55.6, 50.7 (d, Jo—r=3.0 Hz); ’F NMR
(376 MHz, CD;0D) 6: —70.9 (d, J=6.9 Hz), HRMS
(ESI) caled for C;oHoF5N,O,Na [M+Na]® 365.1468,
found 387.1291.

N=-(1- =5 F L T -2- 2K 5 -3- 0 -1-8)-4- A 2R
BeF(dx-syn): 62.7 mg, 7=% 86%. LEKHMRY). 'H
NMR (600 MHz, CD;0D) 6: 7.90~7.84 (m, 1H), 7.75 (d,
J=8.4 Hz, 1H), 7.68 (d, J=9.0 Hz, 1H), 7.38~7.18 (m,
5H), 7.00~6.91 (m, 2H), 6.36~6.42 (m, 1H), 5.24~5.29
(m, 2H), 5.11 (d, J=10.2 Hz, 1H), 3.84~3.83 (m, 1H),
3.79 (s, 3H), 3.77~3.75 (m, 1H); *C NMR (150 MHz,
CD;0D) d: 169.1, 163.9, 141.3, 138.2, 130.0, 129.6, 128.8,
127.8, 127.2 (q, Jo—r=279.0 Hz), 125.6, 118.9, 114.6, 65.2
(q, Je—r=25.5 Hz), 55.7, 50.7 (d, Je—=3.0 Hz); "’"F NMR
(376 MHz, CD;OD) d: —72.1 (d, J=6.6 Hz). HRMS
(ESI) caled for CioHoF5sN,O,Na [M+Na]™ 365.1468,
found 387.1291.

N=(1- =50 FF BT -3- F BR300 - 1- 28 ) 2K HE B i (4 ):
44.1 mg, FF 81%. LEKFMIRY. 'TH NMR (600
MHz, CDCl) §: 7.82 (br, 1H), 7.64~7.61 (m, 2H), 7.44~
7.41 (m, 1H), 7.35~7.32 (m, 2H), 4.96 (s, 1H), 4.91~
4.89 (m, 2H), 3.55~3.51 (m, 1H), 2.35 (d, J=14.4 Hz,
1H), 2.26~2.20 (m, 1H), 1.83 (s, 3H); “C NMR (150
MHz, CDCl;) 0: 167.4, 139.6, 132.3, 132.1, 128.7, 126.9,
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126.2 (q, Jo—r=279.0 Hz), 116.11, 58.2 (q, Jor=27.0
Hz), 35.6 (d, Jor=1.5 Hz), 21.2; ”F NMR (376 MHz,
CDCly) §: —75.3 (d, J=6.6 Hz). HRMS (ESI) calcd for
C3H,sF3N,ONa [M+Na]* 273.1208, found 295.1029.

N=-(1- =5 B A T -3- F BR300 158 )-3- HH O T ik
[k (4z): 43.5 mg, FZF 76%. TEREFMARY). '"H NMR
(600 MHz, CDCl3) d: 7.83 (br, 1H), 7.54 (s, 1H), 7.47 (d,
J=7.2 Hz, 1H), 7.32~7.28 (m, 2H), 5.04 (s, 1H), 4.97 (s,
2H), 3.62~3.59 (m, 1H), 2.43 (d, J=14.4 Hz, 1H), 2.36
(s, 3H), 2.33~2.29 (m, 1H), 1.91 (s, 3H); *C NMR (150
MHz, CDCly) d: 167.6, 139.6, 138.6, 132.8, 132.2, 128.5,
127.6, 126.2 (q, Je—r=279.0 Hz), 123.9, 116.1, 58.2 (q,
Je—r=27.0 Hz), 35.59 (d, J—=1.5 Hz), 21.2, 21.1; F
NMR (376 MHz, CDCl;) 6: —75.4 (d, J=6.6 Hz). HRMS
(ESI) caled for C,H,F;N,ONa [M+Na]' 287.1362,
found 309.1185.

322 b 6 69h R

£ 50 mL (1 R B H, AR =960 FF B 2K 2T
(5a) (0.034 g, 0.20 mmol). X FEE[F(2a) (0.033 g, 0.24
mmol). X A 82(0.007 g, 0.04 mmol)Fl THF 3 mL,
PR ETE RIS PE FHiEE. TLC &M, 5 h J5 Bt
Jor R B R AR Jl. RIS I N0 P R 9 (3a) (0.060 g, 0.50
mmol). 484} (0.034 g, 0.30 mmol) Il Ni(ClO)4*6H,0
(0.005 g, 0.02 mmol), Zk&EHFE R N IRAY), TLC
Rl 19 h 5 RBLTEA. ARG A R SRS I 3 mL
MR AL B R, BEFE 10 min, B 2R B AR EL(S
mL X 3), AN, FJCKBREREE T1, 2K LA,
HHATHEN VM) © (R ZER)=5 ¢ 115515 6a.
&) 6b~6k (114 K /7% [H 6a.

N-(1- =580 B - 1- 2R 2 T -3-0-1-28) 2K HH I8t ik (6a):
55.4 mg, FEF 83%. AMGEA, mp. 122~124 C; 'H
NMR (600 MHz, CDCLy) : 7.68 (d, J=7.8 Hz, 2H), 7.65
(d, J=7.2 Hz, 2H), 7.50 (t, J=7.2 Hz, 1H), 7.43 (d, J=7.8
Hz, 2H), 7.40 (d, J=7.8 Hz, 2H), 7.38 (t, J=7.2 Hz, 1H),
7.34 (s, 1H), 5.98 (s, 1H), 5.76~5.69 (m, 1H), 5.18 (d, J=
16.8 Hz, 1H), 5.10 (d, J=10.2 Hz, 1H), 3.03 (dd, J=15.0,
6.6 Hz, 1H), 2.95 (dd, J=15.0, 7.2 Hz, 1H); “C NMR
(150 MHz, CDCLy) : 166.5, 134.8, 132.3, 132.0, 131.2,
128.7, 128.6, 128.6, 127.6, 126.8, 126.4 (q, Jo—r=286.5
Hz), 119.6, 67.8 (q, Jc—r=24.0 Hz), 37.01; "’F NMR (376
MHz, CDCls3) 6: —72.4 (s); HRMS (ESI) caled for Cig-
H,sFsN,O [M+H]" 335.1366, found 335.1356.

N=(1- =5 B - 1- 283 T -3-0-1-38)-4- FH A L 2K
[ fk(6b): 64.1 mg, F7% 88%. [k, mp. 103~
104 “C;'H NMR (600 MHz, CDCly) o: 7.68 (d, J=7.8

Chin. J. Org. Chem. 2017, 37, 925~935



Chinese Journal of Organic Chemistry

Hz, 2H), 7.62 (d, J=8.4 Hz, 2H), 7.43 (s, 1H), 7.40 (t, J=
7.2 Hz, 2H), 7.36 (t, J=7.2 Hz, 1H), 6.87 (d, J=8.4 Hz,
2H), 5.97 (d, J=7.2 Hz, 1H), 5.76~5.69 (m, 1H), 5.16 (d,
J=16.8 Hz, 1H), 5.08 (d, J=10.2 Hz, 1H), 3.79 (s, 3H),
3.03 (dd, J=15.0, 6.6 Hz, 1H), 2.95 (dd, J=15.0, 7.2 Hz,
1H); *C NMR (150 MHz, CDCLy) 0: 166.4, 162.5, 134.9,
131.3, 128.7, 128.5, 128.4, 127.6, 126.4 (q, Jo—r=286.5
Hz), 124.4, 119.3, 113.8, 67.7 (q, Jo—r=24.0 Hz), 55.2,
36.7; "F NMR (376 MHz, CDCl;) §: —72.5 (s); HRMS
(ESI) caled for CioH,0F5N,0, [M+H]" 365.1471, found
365.1459.

N=(1- =5 B - 1- 2K 38 T -3-05-1- 98 )-4- F R % AT
ME(6¢): 59.9 mg, = 86%. H EL[E K, mp. 102~
103 “C;'H NMR (600 MHz, CDCly) o: 7.66 (d, J=7.8
Hz, 2H), 7.53 (d, J=8.4 Hz, 2H), 7.47 (d, J=7.2 Hz, 1H),
7.39 (t, J=7.2 Hz, 2H), 7.34 (t, J=7.2 Hz, 1H), 7.16 (d,
J=17.8 Hz, 2H), 5.97 (d, J=17.8 Hz, 1H), 5.74~5.67 (m,
1H), 5.14 (d, J=16.8 Hz, 1H), 5.06 (d, J/=10.2 Hz, 1H),
3.02 (dd, J=15.2, 6.6 Hz, 1H), 2.94 (dd, J=15.6, 7.2 Hz,
1H), 2.34 (s, 3H); °*C NMR (150 MHz, CDCl;) J: 166.6,
142.3, 134.8, 131.2, 129.3, 129.2, 128.5, 128.4, 127.6,
126.8, 126.3 (q, Jo—r=286.5 Hz), 119.2, 67.7 (q, Jo—r=
24.0 Hz), 36.7, 21.2; ’F NMR (376 MHz, CDCl;) J: —
72.5 (s); HRMS (ESI) calcd for C;oH,0FsN,O [M+H]"
349.1522, found 349.1511.

N=(1- =5 B - 1- 2K 38 T -3-0-1-98)-3- F A % A
E(6d): 57.1 mg, =F 82%. HEMEA, mp. 100~
101 “C. 'H NMR (600 MHz, CDCly) d: 7.67 (d, J=7.8
Hz, 2H), 7.48 (s, 1H), 7.42~7.35 (m, 5H), 7.30~7.25 (m,
2H), 5.97 (d, J=7.8 Hz, 1H), 5.75~5.68 (m, 1H), 5.16
(dd, J=17.4, 1.8 Hz, 1H), 5.09 (d, J=10.2 Hz, 1H), 3.03
(dd, J=15.6, 7.2 Hz, 1H), 2.94 (dd, J=15.0, 7.2 Hz, 1H),
2.35 (s, 3H); >C NMR (150 MHz, CDCl3) 6: 166.7, 138.6,
134.8, 132.7, 132.2, 1312, 128.6, 128.5, 128.5, 127.6,
126.4 (q, Jo—r=285.0 Hz), 123.7, 119.5, 116.6, 67.9 (q,
Je—r=24.0 Hz), 36.8, 21.2; '’F NMR (376 MHz, CDCl;) 6:
—72.5 (s); HRMS (ESI) calcd for CsH,F;N,0 [M+H]"
349.1526, found 349.1522.

N=-(1- =5 12K B T -3-0-1-58)-4- = R oK
FHEIE(6e): 64.3 mg, F=3% 80%. A&, mp. 94~
95 °C;'H NMR (600 MHz, CDCl;) : 7.71 (d, J=8.4 Hz,
2H), 7.66 (d, J=7.8 Hz, 2H), 7.63 (d, J=7.8 Hz, 2H), 7.58
(d, J=7.2 Hz, 1H), 7.42 (t, J=7.8 Hz, 2H), 7.37 (t, J=7.2
Hz, 1H), 5.96 (d, J=7.8 Hz, 1H), 5.74~5.67 (m, 1H),
5.17 (d, J=17.4 Hz, 1H), 5.10 (d, J=10.2 Hz, 1H), 3.00
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(dd, J=15.0, 6.6 Hz, 1H), 2.94 (dd, J=15.0, 7.2 Hz, 1H);
C NMR (150 MHz, CDCl3) d: 165.1, 135.6, 134.6,133.7
(q, Je—r=233.0 Hz), 130.9, 128.8,128.7, 127.5, 127.4,
125.7 (q, Jo—r=3.0 Hz), 124.9 (q, Jo-r=154.5 Hz), 122.6,
119.8, 67.9 (q, J Jo—r=24.0 Hz), 37.4; "F NMR (376
MHz, CDCly) 8: —63.5 (s), —72.4 (s); HRMS (ESI)
caled for CoH;sFsN,O [M + H] © 403.1240, found
403.1226.

N=(1- =5 B - 12K T -3-0-1-28)-4- S0 2K H 1 e
(6): 62.6 mg, = 85%. HEME A, mp. 86~88 C;'H
NMR (600 MHz, CDCl;) 6: 7.66 (d, J=7.8 Hz, 2H), 7.58
(d, J=7.8 Hz, 1H), 7.55 (d, J=8.4 Hz, 2H), 7.41 (t, J=17.2
Hz, 2H), 7.37 (d, J=7.2 Hz, 1H), 7.33 (d, J=8.4 Hz, 2H),
5.95 (d, J=7.8 Hz, 1H), 5.74~5.67 (m, 1H), 5.16 (d, J=
16.8 Hz, 1H), 5.09 (d, J=10.2 Hz, 1H), 3.01 (dd, J=15.0,
6.6 Hz, 1H), 2.94 (dd, J=15.0, 7.2 Hz, 1H); °C NMR
(150 MHz, CDCl3) §: 165.6, 138.2, 134.6, 131.1, 130.6,
128.8, 128.6, 128.5, 128.2, 127.5, 126.3 (q, Jor=286.5
Hz), 119.5, 67.8 (q, Je—r=24.0 Hz), 36.9; "’F NMR (376
MHz, CDCly) o: —72.2 (s); HRMS (ESI) calcd for
C15H,7CIF5N,0 [M+H]369.0976, found 369.0964.

N=(1- =5 B FE-1- 2R3 T -3-0- 138 )-2- Wk ey 7 7 A
(6g): 51.8 mg, =% 80%. [k, mp. 74~75 C;'H
NMR (600 MHz, CDCls) 6: 7.67 (d, J=7.8 Hz, 2H), 7.62
(d, J=6.0 Hz, 1H), 7.42 (d, J=7.2 Hz, 2H), 7.40 (s, 1H),
7.37 (t, J=7.2 Hz, 1H), 7.12 (d, J=3.0 Hz, 1H), 6.49~
6.46 (m, 1H), 5.76 (d, J=7.8 Hz, 1H), 5.74~5.68 (m,
1H), 5.18 (d, J=16.8 Hz, 1H), 5.10 (d, J=10.8 Hz, 1H),
3.01 (dd, J=15.6, 7.2 Hz, 1H), 2.93 (dd, J=15.0, 7.2 Hz,
1H); °C NMR (150 MHz, CDCl;) : 156.9, 146.2, 144.3,
134.7, 131.1, 128.6, 128.5, 127.5, 126.3 (q, Jc—r=286.5
Hz), 119.7, 115.1, 112.0, 67.7 (q, Jo—r=24.0 Hz), 36.8; "°F
NMR (376 MHz, CDCly) 6: —72.6 (s); HRMS (ESI)
caled for C;¢H;¢F5N,O, [M—|—H]+ 325.1158, found
325.1147.

N-[1- =950 B -1-(3-30) R 2L T -3 475 - 1 -5 1 28 FR Ik e
(6h): 60.4 mg, F=* 82%. M, mp. 84~85 C;
'H NMR (600 MHz, CDCl;) 6: 7.69 (s, 1H), 7.65 (d, J=
7.8 Hz, 2H), 7.57 (d, J=4.2 Hz, 1H), 7.50 (t, J=7.2 Hz,
1H), 7.41 (t, J=7.2 Hz, 3H), 7.38~7.31 (m, 2H), 5.93 (d,
J=17.2Hz, 1H), 5.74~5.67 (m, 1H), 5.18 (d, J=16.8 Hz,
1H), 5.13 (d, J=10.2 Hz, 1H), 3.01 (dd, J=15.0, 6.6 Hz,
1H), 2.90 (dd, J=15.0, 7.2 Hz, 1H); ">C NMR (150 MHz,
CDCLy) d: 166.8, 136.9, 134.6, 132.1, 130.7, 129.8, 128.9,
128.7, 128.6, 127.9, 126.9, 126.1 (q, J—r=286.5 Hz),
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125.9, 120.5, 67.6 (q, Jo—r=24.0 Hz), 36.9; '’F NMR (376
MHz, CDCly) o: —72.3 (s); HRMS (ESI) calcd for
CysH,,CIF;- N,O [M+H]" 369.0976, found 369.0965.

N-[1- =5 - 1-(4- F AU R B T -3 -4 1- 2 R
I (61): 64.1 mg, F=# 88%. H A, mp. 103~
104 “C; '"H NMR (600 MHz, CDCl;) d: 7.65 (d, J=7.2
Hz, 2H), 7.58 (d, J=9.0 Hz, 2H), 7.50 (t, J=7.2 Hz, 1H),
7.41 (t, J=7.8 Hz, 2H), 7.33 (d, J=5.4 Hz, 1H), 6.93 (d,
J=8.4 Hz, 2H), 5.92 (d, J=7.8 Hz, 1H), 5.77~5.70 (m,
1H), 5.17 (d, J=16.8 Hz, 1H), 5.10 (d, J=10.2 Hz, 1H),
3.82 (s, 3H), 3.01 (dd, J=15.0, 6.6 Hz, 1H), 2.93 (dd, J=
15.0, 7.2 Hz, 1H); *C NMR (150 MHz, CDCl;) §: 166.4,
159.6, 132.3, 131.9, 131.4, 129.0, 128.7, 126.8, 126.5,
126.4 (q, Jo—r=285.6 Hz), 119.5, 113.9, 67.4 (q, Jo—r=
24.0 Hz), 55.2, 36.6; F NMR (376 MHz, CDCly) ¢:
—73.1 (s); HRMS (ESI) calcd for C;oH;9F;N,0O,Na [M—+
Na]" 387.1291, found 387.1278.

N-[1-= 50 F - 1-(3- FE ) R B T30 - 1- 255 ) 2R HH gt
JE(6): 57.1 mg, 723 82%. HEEMA, mp. 99~101 C;
'H NMR (600 MHz, CDCly) &: 7.65 (d, J=7.8 Hz, 2H),
7.51~7.48 (m, 2H), 7.46 (d, J=7.8 Hz, 1H), 7.41 (t, J=
7.8 Hz, 2H), 7.35 (d, J=7.8 Hz, 1H), 7.30 (t, J=7.8 Hz,
1H), 7.18 (d, J=7.2 Hz, 1H), 5.99 (d, J=7.8Hz, 1H),
5.75~5.68 (m, 1H), 5.17 (d, J=17.4 Hz, 1H), 5.10 (d, J=
10.2 Hz, 1H), 3.02 (dd, J=15.0, 6.6 Hz, 1H), 2.94 (dd, J=
15.0, 7.2 Hz, 1H), 2.38 (s, 3H); *C NMR (150 MHz,
CDCly) d: 166.4, 138.3, 134.7, 132.4, 131.9, 131.3, 129.4,
128.7, 128.5, 1282, 126.8, 126.4 (q, Jo—r=286.5 Hz),
124.6, 119.5, 67.7 (q, Je—r=24.0 Hz), 36.8, 21.6; "’F NMR
(376 MHz, CDCl;) o: —72.8(s); HRMS (ESI) calcd for
C1oHaoF3N,O [M+H]™ 349.1522, found 349.1513.

N-[1- =50 H - 1-(3- F ) R O T -3- 445 -1- 2% )-3-
FORHTEE(6K): 57.9 mg, 2% 80%. H A, m.p.
103~105 °C; 'H NMR (600 MHz, CDCl5) d: 7.49 (s, 2H),
7.46 (d, J=7.8 Hz, 1H), 7.41 (d, J=6.6 Hz, 1H), 7.34 (s,
1H), 7.30 (t, J=7.8 Hz, 2H), 7.27 (t, J=7.8 Hz, 1H), 7.18
(d, J=7.8 Hz, 1H), 5.98 (d, J=7.8 Hz, 1H), 5.75~5.68
(m, 1H), 5.16 (d, J=16.8 Hz, 1H), 5.09 (d, J=10.2 Hz,
1H), 3.02 (dd, J=15.0, 6.6 Hz, 1H), 2.94 (dd, J=15.0, 7.2
Hz, 1H), 2.38 (s, 3H), 2.37 (s, 3H); *C NMR (150 MHz,
CDCly) d: 166.6, 138.7, 138.3, 134.7, 132.7, 132.3, 131.3,
129.4, 128.6, 128.4, 128.2, 127.6, 126.4 (q, Jo—r=286.5
Hz), 124.7, 123.7, 119.4, 67.7 (q, Je—r=24.0 Hz), 36.7,
21.6, 21.3; "F NMR (376 MHz, CDCls) 0: —72.6 (s);
HRMS (ESI) caled for Cy0H»F3N,O [M+H]" 363.1679,
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found 363.1671.
3.2.3  fLb&dh 6a'ty bk

fE 50 mL BERBIH A, RITIMA =55 4
fifl(5a) (0.034 g, 0.20 mmol). 7Kt ff(2a) (0.033 g, 0.24
mmol). Xf F KR (0.007 g, 0.04 mmol)F THF 3 mL,
PR EGE R FHEE. TLC AN, 5 h 5 AT
WE KBRS, S5 M RSIREYH A 3 mL A
BN, BEFE 5 min, F R ABEZEHU(S mL X 3), 4
HANUAE, FTOKREREE TR, & KIEH G, T ET
(VA ) @ M(CBRHER)=3 @ 1170818 N-REH =
K LA RE6a) 55.1 mg, FEER 94%. HEE K, mp.
143~144 °C; 'H NMR (400 MHz, CDCl;) 0: 9.08 (s, 1H),
7.71 (s, 1H), 7.60 (d, J=1.2 Hz, 3H), 7.54 (t, J=7.6 Hz,
1H), 7.42~7.05 (m, 4H); °C NMR (150 MHz, CD;CO-
CDs) 0: 165.8, 141.4, 133.9, 133.1, 132.2, 130.8, 129.6,
129.3, 127.6, 122.1 (q, Je—r=271.5 Hz), 29.96 (dp, Jo—=
38.5, 19.5 Hz); "°F NMR (376 MHz, CDCl;) 0: —68.4 (s);
HRMS (ESI) caled for C;sH,F3N,O [M+H]"™ 293.0896,
found 293.0894.

HBh#1 Bl (Supporting Information) & 1% ;=4 HI A%
ARSI R AN H0E DL S . IX LR AT DL
G % MASTI] 9 3 (http://sioc-journal.cn/)_F R %K.
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