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Ring Opening Amination of gem-Difluorocyclopropanes with
Cyclobutanone Hydrazones
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Abstract N-Fluoroallyl hydrazones with four-ring structure were effectively synthesized using cyclobutanone hydrazones
and gem-difluorocyclopropanes as raw materials through palladium catalyzed ring opening of difluorocyclopropanes and
nucleophilic capture process of nitrogen nucleophile. This protocol shows broad substrate scope and good functional group

tolerance, which can be applied for gram-scale preparation.
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O A 0 AT KA B S TG A 8 4 S AL ) F B B, Sz
TAE ZH IR TN T TT 2 11 32 4 3% 8 1 e 54k S V. (Scheme
1b). LA 3G A0TE 550 A Jot T 20 Jie A B 8 A s V7 1)
[, FREAA W LB T AL GIN, LR R
IR AREIEIN. i, EFE AR RESREL T
(AR TF IR B SR IR TE A ML i BR2 . R 2555
A R AR A ) B, AT AR A A R T
Bt () TF PR FE 5 28T W 2R B AR B AE F R (SR A% 1 4 45
A, TR E R B & 5] N DU JCRR A B 22, SEBL— R
B N-58 A A 1% DY o b & P01 & i (Scheme 1c).
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Scheme 1 The ring  opening
gem-difluorocyclopropanes
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IEEL 2-(2,2- AR ZE(1a) IR T EIZR T 3-(2-
ORI ) B0 T ot - 1- R BB T i (2a) 1B N AR IS4,
e B R BL 26, SRR 1 fos. Bk, DL=2K
FEIAERCAA . BRERBEATIR, XT AN [RISE A (1) AT i ik,
45K, Toluene. 1,2- & ZJ%E(DCE). MeCN. Z.—
it — F ik (DMIE) X 12 i3 122 I I K 2B 1A A 2001 95 55 BTG
2, MBS Dioxane B VU SR (THF) i B & AR
R (E3E1EH, UL Dioxane #4T(Entry 6, 43% yield). [l
J&, BAVIEIE 7O B SRR 2. 24 P KoCOs A
B, RRCRAT Cs,COs A7, A HUBUT % 624 1o
BuOK B¢ ‘BuOLi X} M EHPHIEA. 1 KsPOs 8L
NaHCO; fif 3a (/=540 TR KWL, 73758 51%H
62% (Entries 10~11). #z FK&, FA1LL Dioxane A5l
NaHCO; Nif, HEEARFEAASE RN IR, 244 H
P(2-furyl); B¢ PCy; I, K21 BIFK, AR Z R
Yrr=az, AR R BE RO AR 2- 3 O RE-2,41,6'- =

reaction of
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J N BRI R (Xphos) i, BB DL 89% M= 23K 15 H Ax ™
¥) 3a(Entry 14). 7EXUBEBCAAH, 1,4-00( 2R3 T
(DPPB) i 2 B 7= 26 B i [, 4,5-X0( = 2R 2 $)-9,9- —
FH 35 450 2 B (Xantphos) f i 4T Xphos, BL 73%0 43 55
PRI 3a(Entry 16). H5—2M2, UL LATE
A, 12 S B A LS AR B, B 2 FRAT
ify € I B i AR 25 #F: 1a (0.2 mmol), 2a (0.4 mmol),
Pd(OAc): (10 mol%)fF AT, Xphos (20 mol%)fEAN
fic 44, NaHCOs (0.6 mmol){E A, Dioxane (2.0 mL){E N
BT, 80 Cal U 264 F B 12 h.
K1 RPFKAL

Table 1 Optimization of reaction conditions

F
/\ " NNHTs Pd(OAc), (10 mol%)
OO ):/( Ligand (20 mol%)
+
BuO,C Base, Solvent

1a 2a

Ts
F CO,Bu
3a

Entry Ligand Base Solvent  Yield?/% Z/E¢
1 PPh; Cs2C03 Toluene 21 211
2 PPh; Cs2C03 MeCN Trace —
3 PPh; Cs2C03 DME Trace —
4 PPh; Cs2C03 DCE 30 3301
59 PPh; Cs2C03 THF 37 2001
6 PPh3 Cs2CO;  Dioxane 43 2811
7 PPh; K2COs Dioxane 40 24 1
8 PPh; 'BuOK Dioxane Trace —
9 PPh; ‘BuOLi Dioxane Trace —
10 PPh; K3PO4 Dioxane 51 2301
11 PPh; NaHCOs; Dioxane 62 19:1
12 P(2-furyl)s NaHCOs; Dioxane Trace —
13 PCy;  NaHCOs; Dioxane 18 2311
14 Xphos NaHCO; Dioxane 89 271
15 DPPB NaHCOs; Dioxane 28 251
16 Xantphos NaHCOs; Dioxane 73 2811

4Reaction conditions unless otherwise noted: 1a (0.2 mmol), 2a (0.4 mmol),
Pd(OAc); (10 mol%), ligand (20 mol%), base (0.6 mmol), solvent (2.0 mL) at
80 “C for 12 h under Ar atmosphere. “Isolated yields. ¢ The ratio of Z/E was
determined by using '"H NMR. ¢ Reaction was conducted at 70 C.

TERE T BRI R Z 5, WHE A A R
JEMNI I ST T %%, Ik 2 s, ZEIERIRSE
B R A RIR A ke, HAIAE DAEL AR A USRI S A 3 4%
PEFRAFRE LB P2 0(% 2, 3a~3b). (HAF R, FEF
B HIA AR R A 2 5 8 ik R,
ML o B B ) — 3 A I bS5 (3R 2, 3¢). X T &5 & E
REBIHIERY), TOIBAERIR IR Rl TR JE . HI 3L,
AT, PEIE. R, JREIE)IE £ T EUAR
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Table 2  Scope of gem-difluorocyclopropanes

E Bu0 Pd(OAc), (10.0 mol%) \
u Xphos (10.0 mol%) . QO\
R = ;
+ NNHTs = CO,'B
K g NaHCO5 (3.0 equiv.) R/\F(\TS 2B
1 22 Dioxane, 80 °C, Ar 3

(6]
_N
v

3¢, 69%, Z/E = 30:1

OMe
Ts
F CO,Bu

3n, 82%, ZIE=17:1

Ts
eO F COztBU

30, 88%, ZIE = 20:1

=N S ¥
S
F CO,Bu F CO,Bu

3b, 81%, Z/IE = 23:1

COZtBU
3a, 89%, ZIE = 27:1

3d, R = Ph, 86%, Z/E = 26:1

3e, R = Me, 84%, Z/E = 19:1

3f, R = 1Bu, 92%, Z/E = 22:1

3g, R = OMe, 84%, Z/E = 21:1
3h, R = NMe,, 44%, Z/E = 28:1
3i, R = OPh, 77%, Z/E = 30:1

3j, R=Cl, 79%, Z/E = 23:1

3k, R=F, 86%, Z/E = 18:1

31, R = CF3, 90%, Z/E = 20:1

3m, R = CO,Me, 86%, Z/E = 22:1

Ts
R F CO,Bu

9Reaction conditions unless otherwise noted: 1 (0.2 mmol), 2a (0.4 mmol), Pd(OAc), (10 mol%, 4.5 mg), Xphos (20 mol%, 19.1 mg), NaHCOj; (0.6 mmol), Dioxane
(2.0mL) at 80 ‘C for 12 h under Ar atmosphere. ” Isolated yields.

B A R PERE, MR TRIGR XTSI FBE R OB AR, S0 1k

R, 24 PR G 2075 R 7 5 B AL A B 7= ) (R
2, 3d~3m). FRPUEARIADABAT IS 5 RN
FEALNAR L (K74, 3 — SEAG i BF 407 22 1) R FELYG 422 J
R FAAERAIA(R 2, 3n). AR, RIR B HURMEY)
(XU S BUREE th o T RIS b, mT UIE
P SNAR R IFRRAF NI (3R 2, 30).

AURCT B EAR AR R 075 AR AL, 23 31 LA 83%F11 88%
73 B 7= A A R B AR = (3R 3, 3p~3q). 4l
TCIR TR (IR 2 25 FL - T (1 R B S BE B, T59R
B RIS, (H RN I RCR SRR, TR
FH T LT R0ORE 3 BSOS BT 7 (1 3 5 FE S [ RE R (R 3,
3r~3s). WM DY TR T LUA RGRSY, W

BTORFEE T T BRI IRVE ], U1K 3 For, S5 A M 0 L A AR X AT I o JER 0 220 T R v 45 R iR
R3O THRERRER <0

Table 3 Scope of cyclobutanone hydrazones

e,
%’ e,

3r, 53%, ZIE = 22:1

X N’N\
F Ts U\(O

N(Pr),
3t, 52%, ZIE = 26:1

N
CoTve

3v, 65%, ZIE =17:1

A F Pd(OAc); (10.0 mol%)

3 Xphos ( 10 0 mol%)

NaHCOj3; (3.0 equiv.)
Dioxane, 80 °C, Ar

X N~ N\
Ts U\
F CO,Et

3q, 88%, Z/IE = 20:1

1a

X N~ N\
Ts m
F CO,Me

3p, 83%, Z/E = 30:1

X N’N\
Ts \&
F OBn

3s, 67%, ZIE = 22:1

X N’N\
F Ts m‘fo

N("Pr),

3u, 41%, ZIE = 26:1

9 Reaction conditions unless otherwise noted: 1a (0.2 mmol), 2 (0.4 mmol), Pd(OAc), (10 mol%, 4.5 mg), Xphos (20 mol%, 19.1 mg), NaHCO; (0.6 mmol), Dioxane
(2.0mL) at 80 ‘C for 12 h under Ar atmosphere. ” Isolated yields.
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(Scheme 3). %%, PA(O)XHEY) 1 H ) C—C R A E M
IR A DY AR R T (Al A, Bl & E B-F T BRI R
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SEAE. ZON AT RN, N N-FARE A Y
TEIME IR AE T =Rk, SEH A IR A

3 SEEY

31 UBE5EHF

W3R 1S UL CDCls 1F ¥ 75I7E Bruker 400 11
FEIRACR IR, 22008 LLTMS AR, 1853 3 itk %
PETERCE T TOF & YR A 7E BSIAE RIS, I
RUAIE X-4A 8 S AR, MR RS BIME IE. ASE
56 BT FA 380 1 18— 96U T e A i SIS T A 40 42 L 2 6 S ik
0% s A U PR ot R R R R0 e 1) 4 L5 R R B 1)
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Table 4 Scope of N-tfsylhydrazones

Pd(OAc), (10.0 mol%)
Xphos (10.0 mol%)

VAN F
1a 2

NaHCO3 (3.0 equiv.)
Dioxane, 80 °C, Ar

N
X N
OO Y %
R
3

-N
¥ o3

3w, 74%, ZIE = 22:1

Tfs
F CO,Bu

3x, 92%, ZIE = 24:1

X N~ N\
Tfs m
F CO,Et

3y, 90%, Z/E = 20:1

9Reaction conditions unless otherwise noted: 1a (0.2 mmol), 2 (0.4 mmol), Pd(OAc), (10 mol%, 4.5 mg), Xphos (20 mol%, 19.1 mg), NaHCO; (0.6 mmol), dioxane

(2.0mL) at 80 ‘C for 12 h under Ar atmosphere. ” Isolated yields.

Pd(OAc), (10.0 mol%)
Xphos (10.0 mol%)

ava
F
+ ‘Bu020<>=NNHTs

NaHCO3; (3.0 equiv.)

AN
mCo Bu

Dioxane, 80 °C, Ar

1a, 3.0 mmol 2a

3a,1.219, 77%, ZIE = 25:1

B2 e N-BAUE I EE N 3a

Scheme 2 Gram-scale synthesis of N-fluoroallyl hydrazones 3a
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Scheme 3 Proposed reaction mechanism
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i 1] 4001 e AL 2R R VA B R T LIS PE IR
FAHERE(200~300 H)HEATHEEHT 70 55
32 ZWHE
££ 25 mL Schlenk & F K K IIAME —# A1 (0.2
mmol). fi# 2(0.4 mmol). Pd(OAc), (10 mol%). Xphos (20
mol%). NaHCO; (0.6 mmol), Ffif5 I 2.0 mL &)
Dioxane, FTEHIESMTE 80 CREAHSAM T M 12 h,
Fe RN SERCE, A ETE SR, SIEIEEE RS,
PUAT Bt A 2R Z BRI AV - V=10 © 1) N2
TR AT JZ AT 264015 2 B A5 =) 3.
(Z)-3-(2-(2-F-3-(Z5-2- 52 ) I TR 6 )-2- R 2R Tl e i ) B4
TR 1R BT BR(3a): WE IR, 92.9 mg, 7EN
89%. 'H NMR (400 MHz, CDCl;) 6: 7.85 (d, J=1.7 Hz,
1H), 7.81~7.70 (m, 5H), 7.58 (dd, J=8.6, 1.7 Hz, 1H),
7.49~7.43 (m, 2H), 7.36 (d, J=8.1 Hz, 2H), 5.71 (d, J=
37.4 Hz, 1H), 3.99~3.77 (m, 2H), 3.56~3.44 (m, 1H),
3.41~3.23 (m, 2H), 3.19~3.08 (m, 1H), 3.06~2.94 (m,
1H), 2.45 (s, 3H), 1.32 (s, 9H); 3C NMR (101 MHz,
CDCls) 6: 182.0, 172.4, 153.9 (d, J=269.9 Hz), 144.6,
133.2, 132.6 (d, J=1.6 Hz), 131.5, 129.9 (d, J=3.3 Hz),
129.6, 128.0 (d, J=2.5 Hz), 127.9 (d, J=7.5 Hz), 127.5,
126.3 (d, J=7.6 Hz), 126.2, 110.9 (d, J=6.6 Hz), 81.2,
54.0 (d, J=28.8 Hz), 39.8, 38.0, 31.6, 27.8, 21.6; '°F NMR
(376 MHz, CDCls) o: —107.90; HRMS (ESI) calcd for
CaoH3N,SFO, [M+H]" 523.2061, found 523.2043.
(Z)-3-(2-(2-F.-3- 7K B I P 25 )-2- H R B Ik ) 38 T
Fi-1-FR R HUT BE(3b): RO, 76.5 mg, fPHEA
81%. '"H NMR (400 MHz, CDCl;) &: 7.78~7.66 (m, 2H),
7.44~7.23 (m, 7TH), 5.55 (d, J=37.3 Hz, 1H), 3.84 (dq,
J=17.8, 14.0 Hz, 2H), 3.54~3.42 (m, 1H), 3.41~3.22
(m, 2H), 3.20~2.97 (m, 2H), 2.45 (s, 3H), 1.39 (s, 9H);
13C NMR (101 MHz, CDCl;) ¢: 182.0, 172.5, 153.6 (d, J=
269.7 Hz), 144.6, 132.4 (d, J=3.2 Hz), 131.5, 129.6,
128.8, 128.7 (d, J=7.3 Hz), 128.5, 127.7 (d, J=2.3 Hz),
110.8 (d, J=6.8 Hz), 81.2, 54.0 (d, J=28.8 Hz), 39.8,
38.0, 31.6, 27.8, 21.6; 'F NMR (376 MHz, CDCls) o
—108.41; HRMS (ESI) caled for CosH3oN2SFO4 [M+H]"
473.1905, found 473.1921.
(Z)-3-(2-(2-F.-3-(2- S ML 1% It - 1 - ik ) s 7R 5 )-2- FT R
TR R ) 30 T e -1-FR B BT BiE (3e): 1% 35 (44, 66.1
mg, 7% N 69%. 'H NMR (400 MHz, CDCl3) o: 7.68 (d,
J=8.0 Hz, 2H), 7.35 (d, J=8.0 Hz, 2H), 6.14 (d, J=30.6
Hz, 1H), 3.91~3.77 (m, 3H), 3.62~3.03 (m, 6H), 2.44 (s,
3H), 2.38 (t, J=8.1 Hz, 2H), 2.08 (q, J=7.6 Hz, 2H), 1.46
(s, 9H); 3C NMR (101 MHz, CDCl) &: 182.1, 173.9,

Chin. J. Org. Chem. 2023, 43, 1483~1491
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172.9, 144.5, 141.5 (d, J=255.5 Hz), 131.4, 129.8, 129.6,
128.8, 128.5, 107.2 (d, J=4.4 Hz), 81.1, 52.7 (d, J=26.3
Hz), 51.4, 47.1, 47.0, 39.5, 38.2, 31.4, 29.6, 27.9, 21.6,
18.1; YF NMR (376 MHz, CDCls) 6: —131.28; HRMS
(ESI) calcd for Co3H3N3SFOs [M+H]" 480.1963, found
480.1963.

(2)-3-(2-(3-([1,1'-BEZK ]-4- 35 )-2- 55 4 TR 56 )-2- FFY S fidk
BRI T - 1-FR IR ER(3d): ¥R (LlE 1A, 94.2 mg, 773
9 86%. m.p. 107~109 C; 'H NMR (400 MHz, CDCl;)
8: 7.72 (d, J=8.2 Hz, 2H), 7.58~7.48 (m, 6H), 7.41 (t,
J=17.6 Hz, 2H), 7.33 (dd, J=7.7, 3.8 Hz, 3H), 5.59 (d, J=
37.4 Hz, 1H), 3.86 (d, J=17.1 Hz, 2H), 3.49 (ddt, J=17.7,
9.3, 3.0 Hz, 1H), 3.40~3.23 (m, 2H), 3.13 (ddt, J=17.0,
8.8,3.1 Hz, 1H), 3.01 (tt, J=9.0, 6.9 Hz, 1H), 2.41 (s, 3H),
1.36 (s, 9H); 3C NMR (101 MHz, CDCls) 6: 181.8, 172.3,
153.7 (d, J=269.6 Hz), 144.5, 140.3 (d, J=11.4 Hz),
131.4 (d, J=3.0 Hz), 129.5, 129.0 (d, J=7.4 Hz), 128.7
(d, J=6.4 Hz), 127.3, 127.0, 126.7, 110.3 (d, J=6.9 Hz),
81.0, 53.9 (d, J=28.7 Hz), 39.7, 37.9, 31.4,27.7, 21.5; '°F
NMR (376 MHz, CDCls) 6: —107.81; HRMS (ESI) caled
for C31H3aN2SFO4 [M+H]" 549.2218, found 549.2244.

(Z)-3-(2-(2-F-3-ORF R 2R 5 ) 475 7 2k )-2- FR R il S )
T Fe-1-FR BT FE(3e): IR FH MK, 81.6 mg, f=3%
4 84%. '"H NMR (400 MHz, CDCls) d: 7.71 (d, J=8.1
Hz, 2H), 7.33 (dd, J=14.0, 8.0 Hz, 4H), 7.11 (d, J=7.9
Hz, 2H), 5.51 (d, J=37.6 Hz, 1H), 3.93~3.72 (m, 2H),
3.50~2.95 (m, 5H), 2.43 (s, 3H), 2.31 (s, 3H), 1.39 (s,
9H); 3C NMR (101 MHz, CDCLs) d: 181.8, 172.4, 152.9
(d, J=268.2 Hz), 144.5, 137.5 (d, J=2.2 Hz), 131.4,
129.6, 129.1, 128.8, 128.5, 128.5, 110.6 (d, J=7.1 Hz),
81.1, 54.0 (d, J=28.7 Hz), 39.7, 37.9, 31.5, 27.8, 21.5,
21.1; “F NMR (376 MHz, CDCly) 6: —109.40; HRMS
(ESI) caled for CosH3N,SFO, [M+H]' 487.2061, found
487.2073.

(Z)-3-(2-G~(4-(BUT H) 28 55 )-2- 98U A % )-2- FH 2Rk
BRI IR T - 1-FRERIE (3F): LA, 97.2 mg, F=F AN
92%. 'H NMR (400 MHz, CDCls) d: 7.71 (d, J=8.3 Hz,
2H), 7.40~7.29 (m, 6H), 5.52 (d, J=37.6 Hz, 1H), 3.82
(dg, J=17.9, 13.9 Hz, 2H), 3.54~2.95 (m, 5H), 2.44 (s,
3H), 1.38 (s, 9H), 1.30 (s, 9H); *C NMR (101 MHz,
CDCls) 6: 181.9, 172.4, 153.0 (d, J=268.4 Hz), 150.7 (d,
J=22 Hz), 144.5, 1314, 129.6, 128.8, 128.4, 128.3,
125.4, 110.6 (d, J=7.0 Hz), 81.1, 54.0 (d, J=28.7 Hz),
39.7, 38.0, 34.5, 31.5, 31.1, 27.8, 21.6; '9F NMR (376
MHz, CDCl;) §: — 109.25; HRMS (ESI) calcd for

http://sioc-journal.cn/ 1487
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CaoH3sNoSFO, [M+H]" 529.2531, found 529.2549.
(2)-3-(2-(2-Fo-3-(4- 8 22 2 2 ) s TR 268 )-2- FF R fie
BRI IR T - 1-FR R AU T B (3g): IR Ak, 84.3 mg,
P %N 84%. 'H NMR (400 MHz, CDCl;) §: 7.76~7.67
(m, 2H), 7.36 (dd, J=38.5, 6.4 Hz, 4H), 6.83 (d, J=8.9 Hz,
2H), 5.48 (d, J=37.7 Hz, 1H), 3.90~3.70 (m, 5H), 3.52~
2.93 (m, 5H), 2.43 (s, 3H), 1.39 (s, 9H); 3C NMR (101
MHz, CDCls) o: 181.7, 172.4, 158.9 (d, J=2.9 Hz), 152.1
(d, J=266.5 Hz), 144.5, 131.4, 129.9, 129.5, 128.8, 125.0
(d, J=3.0 Hz), 113.8, 110.3 (d, J=7.2 Hz), 81.1, 55.1,
54.0 (d, J=28.8 Hz), 39.7 37.9, 31.5, 27.8, 21.5; 9F NMR
(376 MHz, CDCl3) 6: —111.36; HRMS (ESI) calcd for
CaH3N>SFOs [M+H]" 503.2010, found 503.1998.
(Z)-3-(2-(3-(4-( = F k) 2R I )- 2- G R k) -2- R OR
TIE )N T Je-1- 2 BT BE(3h): JLifg, 45.3 mg,
F= 3N 44%. 'H NMR (400 MHz, CDCl:) ¢: 7.71 (d, J=
8.3 Hz, 2H), 7.34 (dd, J=13.1, 8.5 Hz, 4H), 6.64 (d, J=
8.9 Hz, 2H), 5.42 (d, J=38.3 Hz, 1H), 3.90 (dd, /=16.4,
13.8 Hz, 1H), 3.70 (dd, J=19.7, 13.8 Hz, 1H), 3.49~3.24
(m, 3H), 2.95 (s, 8H), 2.44 (s, 3H), 1.40 (s, 9H); *C NMR
(101 MHz, CDCls) 6: 181.8, 172.5, 150.8 (d, J=264.6
Hz), 149.8 (d, J=2.2 Hz), 144.4, 131.6, 129.7 (d, J=7.3
Hz), 129.6, 128.9, 112.1, 111.0 (d, J=7.4 Hz), 81.2, 54.2
(d, J=28.7 Hz), 40.3, 39.8, 38.0, 31.6, 27.9, 21.6; "F
NMR (376 MHz, CDCls) 8: —113.30; HRMS (ESI) calcd
for Co7H3sN3SFO4 [M+H]" 516.2327, found 516.2341.
(Z)-3-(2-(2- F-3-(4- R S HE IR 5 ) I T 5 )-2- P R i
BB 3R T e-1-FRBR AU T BB (3i): VR BT Uil iA, 86.9 mg,
PN 77%. 'TH NMR (400 MHz, CDCl:) o: 7.71 (d, J=
8.1 Hz, 2H), 7.42~7.30 (m, 6H), 7.11 (t, J=7.4 Hz, 1H),
7.04~6.98 (m, 2H), 6.96~6.91 (m, 2H), 5.52 (d, J=37.4
Hz, 1H), 3.83 (d, J=17.3 Hz, 2H), 3.52~2.97 (m, 5H),
2.44 (s, 3H), 1.40 (s, 9H); 3C NMR (101 MHz, CDCl) &:
181.9, 172.5, 156.7 (d, J=7.8 Hz), 152.8 (d, J=268.1 Hz),
144.6, 131.5, 130.1 (d, J=7.4 Hz), 129.8, 129.6, 128.8,
127.5 (d, J=2.9 Hz), 123.5, 119.1, 118.5, 110.1 (d, J=7.1
Hz), 81.2, 54.0 (d, J=28.8 Hz), 39.8, 38.0, 31.6, 27.9,
21.6; '9F NMR (376 MHz, CDCl;) 6: —110.02; HRMS
(ESI) caled for C3H34N,SFOs [M+H]" 565.2167, found
565.2181.
(Z)-3-(2-(3-(4- T A Fk )-2- 96UM T 2% )-2- FH i I )
T he-1-REAUT FR@3j): RFOWAE, 79.9 mg, F=FK
A 79%. '"H NMR (400 MHz, CDCls) 6: 7.76~7.64 (m,
2H), 7.39~7.32 (m, 4H), 7.29~7.25 (m, 2H), 5.53 (d, J=
37.0 Hz, 1H), 3.93~3.75 (m, 2H), 3.56~2.89 (m, 6H),
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2.44 (s, 3H), 1.39 (s, 9H); 3C NMR (101 MHz, CDCl;) §:
182.0, 172.5, 153.9 (d, J=270.2 Hz), 144.6, 133.3 (d, J=
3.4 Hz), 131.4, 130.8 (d, J=3.0 Hz), 129.9 (d, J=7.7 Hz),
129.6, 128.8, 128.6, 109.6 (d, J=6.7 Hz), 81.2, 53.9 (d,
J=28.7 Hz), 39.8, 38.0, 31.5, 27.8, 21.6; '°F NMR (376
MHz, CDCl3) ¢: — 107.52; HRMS (ESI) calcd for
CasHoNLSFCIO, [M+-H]" 507.1515, found 507.1515.
(Z)-3-(2-(2-$-3-(4- 3 AR F5 ) I T 35k )-2- FFY R A 7t )
WTHE-1- RN T BE3k): R Ok, 84.3 mg, /=%
4 86%. 'H NMR (400 MHz, CDCls) d: 7.71 (d, J=8.1
Hz, 2H), 7.44~7.33 (m, 4H), 6.98 (t, J=8.7 Hz, 2H), 5.53
(d, J=37.0 Hz, 1H), 3.83 (dq, J=17.3, 14.0 Hz, 2H),
3.55~3.41 (m, 1H), 3.38~3.22 (m, 2H), 3.22~3.09 (m,
1H), 3.06~2.96 (m, 1H), 2.43 (s, 3H), 1.38 (s, 9H); '3C
NMR (101 MHz, CDCly) d: 181.8, 172.4, 144.5, 131.3,
130.3, 130.3, 130.2, 129.5, 128.7, 115.3 (d, J=21.6 Hz),
109.5 (d, J=6.9 Hz), 81.0, 53.8 (d, J=28.7 Hz), 39.6,
37.9, 31.4, 27.7, 21.5; "F NMR (376 MHz, CDCl;) o:
—109.61, —113.28; HRMS (ESI) calcd for CasHoN,S-
F,04 [M+H]" 491.1811, found 491.1823.
(2)-3-(2~(2-F-3~(4-( =5 FF 2 ) 2R 5 ) I TR % )-2- FH O
TR TE Jl ) 0 T - 1- SRR T R (3D): IR B A [E44, 97.2 mg,
FEEN 90%. mp. 99~101 C; 'H NMR (400 MHz,
CDCls) d: 7.71 (d, J=8.0 Hz, 2H), 7.60~7.50 (m, 4H),
7.37 (d, J=8.0 Hz, 2H), 5.62 (d, J=36.6 Hz, 1H), 4.00~
3.75 (m, 2H), 3.56~3.41 (m, 1H), 3.37~2.97 (m, 4H),
2.45 (s, 3H), 1.37 (s, 9H); 3C NMR (101 MHz, CDCls) §:
182.2, 172.5, 155.6 (d, J=272.7 Hz), 144.7, 131.4, 129.7,
128.8 (d, J=7.7 Hz), 125.4, 125.3, 109.5 (d, J=6.5 Hz),
81.2,53.8 (d, J=28.9 Hz), 39.8, 38.1, 31.5, 27.8, 21.6; '°F
NMR (376 MHz, CDCl3) 6: —62.70, —105.12; HRMS
(ESI) caled for CosHaoN,SF404 [M+H]" 541.1779, found
541.1783.
(2)-4-(3-Q2-(3-CRU T L) FE T 4 5 )-1- Y Tk e
JHHE I )-2- B P - 1 -0 - 1- 2 ) 2K H R FR B (Bm): R 28 R 14K,
91.2 mg, 7% N 86%. 'H NMR (400 MHz, CDCl3) ¢:
7.97 (d, J=8.2 Hz, 2H), 7.83 (d, J=8.1 Hz, 1H), 7.71 (d,
J=8.0 Hz, 2H), 7.49 (d, J=8.2 Hz, 2H), 7.35 (dd, J=
17.4, 8.0 Hz, 3H), 5.63 (d, J=36.9 Hz, 1H), 3.88 (d, J=
25.5 Hz, 5H), 3.51~2.97 (m, 8H), 2.44 (d, J=6.4 Hz,
5H), 1.43 (s, 6H), 1.38 (s, 9H); '3C NMR (101 MHz,
CDCly) o: 182.0, 172.5, 166.6, 155.2 (d, J=272.9 Hz),
1447, 131.4, 129.7 (d, J=9.4 Hz), 128.8, 128.5 (d, J=7.7
Hz), 109.8 (d, J=6.4 Hz), 81.2, 53.9 (d, J=28.8 Hz), 52.1,
39.8, 38.1, 31.6, 27.8, 21.6; '9F NMR (376 MHz, CDCls)
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0: —104.70; HRMS (ESI) caled for Ca7H3:N>SFOg [M+
H]" 531.1960, found 531.1968.
(2)-3-(2-(2-F-3-(2- F AU R R 35 ) s A 6 )-2- P R i
B IR T BE-1-FRBR AU T BR(3n): R T BIRIK, 82.3 mg,
PN 82%. 'H NMR (400 MHz, CDCls) d: 7.70 (td, J=
7.4, 6.9, 1.8 Hz, 3H), 7.35 (d, J=8.0 Hz, 2H), 7.21 (ddd,
J=9.0, 7.5, 1.7 Hz, 1H), 6.92 (t, J=7.6 Hz, 1H), 6.82 (dd,
J=83, 1.1 Hz, 1H), 6.01 (d, J=38.8 Hz, 1H), 3.91 (dd,
J=15.7, 14.0 Hz, 1H), 3.77 (s, 4H), 3.49 (ddt, J=15.7,
9.2, 3.7 Hz, 1H), 3.40~3.26 (m, 2H), 3.17~3.08 (m, 1H),
3.00 (tt, J=8.9, 7.1 Hz, 1H), 2.43 (s, 3H), 1.40 (s, 9H); 1*C
NMR (101 MHz, CDCL3) 6: 181.7, 172.4, 156.0, 153.3 (d,
J=268.3 Hz), 144.4, 131.5, 129.7 (d, J=12.5 Hz), 129.5,
128.8 (d, J=2.5 Hz), 121.1 (d, J=3.4 Hz), 120.4, 110.3,
104.2 (d, J=5.2 Hz), 81.0, 55.2, 54.0 (d, J=29.9 Hz),
39.8, 37.9, 31.5, 27.8, 21.5; '9F NMR (376 MHz, CDCls)
0: —109.99; HRMS (ESI) caled for Cy6H3:N>SFOs [M+
H]" 503.2010, found 503.2027.
(Z)-3-(2-(3~(3, 4~ P AR DRk )- 2 - 0 A 2k )-2- FH R
TR ) R T Jot-1-FR TR B T 1R (30): R 38 Ea A4, 93.6
mg, 7% N 88%. 'H NMR (400 MHz, CDCl3) o: 7.71 (d,
J=8.1 Hz, 2H), 7.36 (d, J=7.9 Hz, 2H), 7.06 (d, J=2.0
Hz, 1H), 6.94 (dd, J=8.4, 2.0 Hz, 1H), 6.80 (d, /=8.4 Hz,
1H), 5.49 (d, J=37.5 Hz, 1H), 3.89~3.80 (m, 8H), 3.54~
2.93 (m, 5H), 2.44 (s, 3H), 1.39 (s, 9H); 3C NMR (101
MHz, CDCls) 6: 181.7, 172.4, 152.0 (d, J=266.6 Hz),
148.5 (d, J=4.9 Hz), 144.5, 131.4, 129.5, 128.8, 121.7,
121.6, 111.4 (d, J=9.0 Hz), 110.8 (d, J=4.8 Hz), 110.5 (d,
J=6.9 Hz), 81.1, 55.7, 54.0 (d, J=28.8 Hz), 39.7, 38.0,
314, 277, 21.5; F NMR (376 MHz, CDCL) o
—111.06; HRMS (ESI) calcd for Co7H34N2SFOg [M+H]"
533.2116, found 533.2102.
(Z)-3-(2-(2-F-3-(Z5-2- 52 ) I TR 6 )-2- R 2R Tl I i ) B
ThE-1-R B ERGp): AME, 79.7 mg, 2R N 83%.
m.p. 112~114 °C; '"H NMR (400 MHz, CDCl;) ¢: 7.84 (d,
J=1.7 Hz, 1H), 7.79~7.70 (m, 5H), 7.58 (dd, J=8.6, 1.7
Hz, 1H), 7.48~7.39 (m, 2H), 7.33 (d, J=8.0 Hz, 2H),
5.69 (d, J=37.5 Hz, 1H), 3.97~3.78 (m, 2H), 3.58~3.37
(m, 5H), 3.36~3.03 (m, 3H), 2.41 (s, 3H); 3C NMR (101
MHz, CDCls) 6: 181.2, 173.5, 153.7 (d, J=269.8 Hz),
144.5, 133.1, 132.4 (d, J=1.6 Hz), 131.3, 129.8 (d, J=3.2
Hz), 129.5, 128.7, 127.9, 127.8 (d, J=7.4 Hz), 127.3,
126.2, 126.1, 110.8 (d, J=6.7 Hz), 53.9 (d, J=28.7 Hz),
51.9, 39.6, 38.1, 30.3, 21.4; 9F NMR (376 MHz, CDCl;)
0: —107.84; HRMS (ESI) caled for Ca6H26N2SFO4 [M+
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H]" 481.1592, found 481.1590.

(2)-3-(2-(2-F-3~(Z5-2-F) M T 4k )-2- FR ORI I ) 31
ThE-1-R 1R O BE(3q): W Ak, 86.9 mg, MmH N
88%. 'H NMR (400 MHz, CDCls) J: 7.84 (s, 1H), 7.79~
7.71 (m, 5H), 7.58 (dd, J=8.6, 1.8 Hz, 1H), 7.46~7.39
(m, 2H), 7.33 (d, J=8.0 Hz, 2H), 5.69 (d, J=37.4 Hz,
1H), 3.98 (q, J=7.1 Hz, 2H), 3.88 (d, J=17.1 Hz, 2H),
3.57~3.37 (m, 2H), 3.36~3.27 (m, 1H), 3.22~3.02 (m,
2H), 2.40 (s, 3H), 1.07 (t, J=7.1 Hz, 3H); 3C NMR (101
MHz, CDCls) ¢6: 181.3, 173.0, 153.6 (d, J=269.7 Hz),
144.4,133.1, 132.4 (d, J=1.6 Hz), 131.3, 129.8 (d, J=3.1
Hz), 129.5, 128.7, 127.9, 127.7 (d, J=7.4 Hz), 127.3,
126.2, 126.1 (d, J=2.4 Hz), 110.7 (d, J=6.6 Hz), 60.8,
53.9 (d, J=28.9 Hz), 39.6, 38.0, 30.4, 21.4, 13.8; "”F NMR
(376 MHz, CDCl;) 6: —107.87; HRMS (ESI) calcd for
Ca7H2sN,SFO4 [M+H]" 495.1748, found 495.1740.

(2)-N-(2-F-3-(Z5 -2-F ) 4 A 2k )-4- D -N-(3- 2R
T 1) 2R B E IR (3r): R A 4, 52.8 mg, FZHA
53%. m.p. 108~110 °‘C; 'H NMR (400 MHz, CDCls) o:
7.86 (d, J=1.7 Hz, 1H), 7.78 (q, J=8.3 Hz, 5H), 7.61 (dd,
J=8.6, 1.7 Hz, 1H), 7.46 (dd, J=6.2, 3.2 Hz, 2H), 7.37 (d,
J=8.0 Hz, 2H), 7.12~6.99 (m, 5H), 5.74 (d, J=37.3 Hz,
1H), 4.08~3.96 (m, 1H), 3.89~3.66 (m, 2H), 3.56~3.40
(m, 2H), 3.34~3.25 (m, 1H), 3.11~2.99 (m, 1H), 2.45 (s,
3H); 3C NMR (101 MHz, CDCly) d: 184.2, 154.1 (d, J=
270.1 Hz), 144.5, 143.4, 133.3, 131.5, 129.9 (d, J=13.8
Hz), 129.7, 128.9, 128.5, 128.1 (d, J=6.3 Hz), 128.0 (d,
J=17.6 Hz), 127.5, 126.5, 126.3, 126.3, 126.3, 126.2, 111.2
(d, J=6.7 Hz), 54.1 (d, J=28.6 Hz), 43.2, 42.7, 31.9,
21.6; YF NMR (376 MHz, CDCl;) 6: —107.21; HRMS
(ESI) caled for C3HsN,SFO, [M+H]™ 499.1850, found
499.1850.

(Z)-N-(3-(FF L) IR T M 255 )-N-(2-9iL-3-( 25 -2- J5k ) I
PIE)-4- FE L R RE IR BE (3s): R P EOTUA, 70.8 mg, P23
N 67%. 'H NMR (400 MHz, CDCL;) 6: 7.82 (d, J=1.6
Hz, 1H), 7.79~7.70 (m, 5H), 7.57 (dd, J=8.6, 1.7 Hz,
1H), 7.44 (dt, J=6.2, 3.3 Hz, 2H), 7.33 (d, J=8.0 Hz,
2H), 7.21 (td, J=6.3, 5.7, 3.9 Hz, 5H), 5.68 (d, J=37.4
Hz, 1H), 4.42~4.26 (m, 2H), 4.11 (t, J=6.0 Hz, 1H), 3.87
(dq, J=17.7, 14.0 Hz, 2H), 3.52 (ddq, J=14.6, 6.1, 3.4,
2.6 Hz, 1H), 3.16 (dddt, J=18.1, 9.9, 5.0, 2.4 Hz, 2H),
3.02 (ddt, J=17.2, 4.9, 2.3 Hz, 1H), 2.41 (s, 3H); *C
NMR (101 MHz, CDCls) 6: 180.4, 153.9 (d, J=270.0 Hz),
144.5, 137.1, 133.2, 132.5 (d, J=1.6 Hz), 131.5, 129.9 (d,
J=3.3 Hz), 129.6, 128.8, 128.3, 128.0 (d, J=2.3 Hz),
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127.9, 127.8, 127.7, 127.7, 127.5, 126.3, 126.2 (d, J=7.6
Hz), 110.9 (d, J=6.6 Hz), 70.9, 66.0, 54.0 (d, J=28.7 Hz),
438, 42.6, 21.5; YF NMR (376 MHz, CDCLy) o
—107.61; HRMS (ESI) caled for C31H3N,SFO; [M+H]"
529.1956, found 529.1959.

(2)-3-(2-(2- F, -3-( 25 -2- 3 ) I T4 ik )-2- F 2% 1l T
JE)-NN-— 53 R 3L 30T be-1- R (3t): 1k 35t AR,
57.1 mg, 7% 52%. '"H NMR (400 MHz, CDCls) o:
7.85 (d, J=1.7 Hz, 1H), 7.83~7.70 (m, 5H), 7.59 (dd, J=
8.6, 1.7 Hz, 1H), 7.49~7.41 (m, 2H), 7.36 (d, J=8.1 Hz,
2H), 5.71 (d, J=37.4 Hz, 1H), 3.89 (dd, J=17.2, 2.5 Hz,
2H), 3.59~3.07 (m, 8H), 2.44 (s, 3H); *C NMR (101
MHz, CDCls) 6: 181.5, 173.6, 153.7 (d, J=269.9 Hz),
144.6, 133.2, 132.6 (d, J=1.7 Hz), 131.4, 129.9 (d, J=3.3
Hz), 129.6, 128.8, 128.0, 127.9 (d, J=7.5 Hz), 127.5,
126.3, 126.2, 110.9 (d, J=6.7 Hz), 54.0 (d, J=28.7 Hz),
52.1, 39.7, 38.2, 30.5, 21.6; "9F NMR (376 MHz, CDCl;)
0: —107.87; HRMS (ESI) calcd for C3;H37N3SFO3 [M—+
H]" 550.2534, found 550.2539.

(2)-3-(2-(2- H, -3-( 25 -2- 3L ) I T4 ik )-2- F 2% Fff T
J%)-N,N- IR T Jot-1- B i (Bu): ¥R 38 4K, 45.0
mg, N 41%. 'TH NMR (400 MHz, CDCls) J: 7.86 (d,
J=1.7 Hz, 1H), 7.84~7.72 (m, 5H), 7.59 (dd, J=8.6, 1.8
Hz, 1H), 7.49~7.41 (m, 2H), 7.37 (d, J=8.0 Hz, 2H),
5.73 (d, J=37.4 Hz, 1H), 4.01~3.81 (m, 2H), 3.62~3.43
(m, 2H), 3.38~3.00 (m, 7H), 2.45 (s, 3H), 1.49~1.36 (m,
4H), 0.79 (td, J=7.4, 2.9 Hz, 6H); *C NMR (101 MHz,
CDCls) d: 181.7, 171.3, 153.9 (d, J=269.8 Hz), 144.6,
133.2, 132.6 (d, J=1.6 Hz), 131.5, 130.0 (d, J=3.1 Hz),
129.6, 128.9, 128.1 (d, J=3.8 Hz), 127.9 (d, J=7.4 Hz),
127.5, 126.4, 126.3, 126.2, 110.9 (d, J=6.7 Hz), 54.1 (d,
J=28.6 Hz), 49.0, 47.5, 40.1, 37.9, 29.2, 22.1, 21.6, 20.7,
112, 11.1; F NMR (376 MHz, CDCly) : —107.69;
HRMS (ESI) caled for C31H3N3SFO; [M+H]" 550.2534,
found 550.2534.

(2)-N"-38"T Ji-N-(2-3-3-(Z5-2-F8) I T 5k ) -4- F L %
TEEEIE(3v): e AR, 54.9 mg, F2EN 65%. m.p.
132~134 “C; 'H NMR (400 MHz, CDCls) 6: 7.84 (d, J=
1.7 Hz, 1H), 7.79~7.72 (m, 5H), 7.59 (dd, J=8.5, 1.7 Hz,
1H), 7.47~7.42 (m, 2H), 7.35 (d, J=8.1 Hz, 2H), 5.70 (d,
J=37.3 Hz, 1H), 3.87 (d, J=17.5 Hz, 2H), 3.21 (t, J=8.2
Hz, 2H), 2.98 (t, J=8.0 Hz, 2H), 2.44 (s, 3H), 1.98~1.87
(m, 2H); 3C NMR (101 MHz, CDCls) d: 187.0, 154.1 (d,
J=270.1 Hz), 144.4, 133.2, 132.5 (d, J=1.7 Hz), 131.5,
130.0 (d, J=3.3 Hz), 129.8, 129.6, 128.8, 128.0 (d, J=5.7
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Hz), 127.8 (d, J=7.5 Hz), 127.5, 126.3, 126.2 (d, J=1.6
Hz), 110.8 (d, J=6.7 Hz), 54.0 (d, J=28.8 Hz), 35.6, 34.5,
21.6, 13.5; '9F NMR (376 MHz, CDCly) 6: —107.48;
HRMS (ESI) caled for Co3Ha4N,SFO, [M+H]" 423.1537,
found 423.1551.

(Z)-N"-38 T #5-N-(2- i -3-(ZE -2- 32 ) 17 T 25 )-4-( =3
)RR I (Bw): IR B EAIRAR, 70.4 mg, 725N 74%.
'H NMR (400 MHz, CDCl3) 6: 7.96 (d, J=8.1 Hz, 2H),
7.86~7.74 (m, 6H), 7.58 (dd, J=8.7, 1.7 Hz, 1H), 7.44
(dt, J=6.2, 3.8 Hz, 2H), 5.69 (d, J=37.3 Hz, 1H), 3.87 (d,
J=17.6 Hz, 2H), 3.20 (t, J=8.2 Hz, 2H), 2.97 (t, J=8.0
Hz, 2H), 1.91 (p, J=8.1 Hz, 2H); 3C NMR (101 MHz,
CDCLy) &: 187.7, 153.4 (d, J=270.2 Hz), 138.1, 133.1,
132.6 (d, J=1.7 Hz), 129.8 (d, J=3.2 Hz), 129.3, 128.1,
128.0, 127.9 (d, J=7.4 Hz), 127.5, 126.3, 126.1 (d, J=17.7
Hz), 125.9 (dd, J=7.5, 3.7 Hz), 111.2 (d, J=6.5 Hz), 53.9
(d, J=28.7 Hz), 35.6, 34.5, 13.4; F NMR (376 MHz,
CDCl;3) o: —63.06, —107.82; HRMS (ESI) caled for
Ca4H21N2SF40, [M+H]" 477.1254, found 477.1254.

(2)-3-(2-(2-F-3-(Z5-2-25) I T 228)-2-((4-( =% 22%)
o) B Pt R ) IR R T - 1- 3R R IR (3x): ¥R B (A,
106.0 mg, 7% N 92%. 'H NMR (400 MHz, CDCl;) ¢:
7.98 (d, J=8.2 Hz, 2H), 7.87~7.75 (m, 6H), 7.58 (dd, J=
8.7, 1.7 Hz, 1H), 7.45 (dd, J=6.3, 3.2 Hz, 2H), 5.72 (d,
J=37.3 Hz, 1H), 4.04~3.81 (m, 2H), 3.49 (ddt, J=17.7,
9.3, 3.0 Hz, 1H), 3.43~3.25 (m, 2H), 3.15 (ddt, J=17.2,
8.8, 3.1 Hz, 1H), 3.01 (tt, J=9.0, 6.9 Hz, 1H), 1.33 (s,
9H); 3C NMR (101 MHz, CDCls) J: 182.8, 172.3, 153.2
(d, J=269.9 Hz), 138.1, 135.0 (dd, J=66.6, 33.3 Hz),
133.2, 132.6 (d, J=1.6 Hz), 129.7 (d, J=3.2 Hz), 129.4,
128.1, 128.1, 128.0, 127.5, 126.3 (d, J=5.1 Hz), 126.1
(dd, J=7.4, 3.6 Hz), 111.3 (d, J=269.7 Hz), 81.3, 53.9 (d,
J=28.7 Hz), 39.8, 38.0, 31.4, 27.7; "9F NMR (376 MHz,
CDCl;) 0: —63.13, —108.31; HRMS (ESI) calcd for
CaoH29N2SF404 [M+H]" 577.1779, found 577.1781.

(2)-3-(2-(2-F-3-(Z5-2-25) I T 228)-2-((4-( =3 22%)
IR HE )T ) A T be-1-FR W8 L BE (3y): I B iR,
98.6 mg, % A 90%. 'H NMR (400 MHz, CDCl3) o:
7.98 (d, J=8.2 Hz, 2H), 7.87~7.76 (m, 6H), 7.58 (dd, J=
8.6, 1.7 Hz, 1H), 7.50~7.43 (m, 2H), 5.72 (d, J=37.3 Hz,
1H), 4.08~3.81 (m, 4H), 3.58~3.05 (m, 5H), 1.11 (t, J=
7.1 Hz, 3H); '3C NMR (101 MHz, CDCl;) §: 182.5, 173.1,
153.1 (d, J=269.8 Hz), 138.0, 135.0 (dd, J=66.6, 33.2
Hz), 133.2, 132.7, 132.6, 129.7 (d, J=3.3 Hz), 129.4,
128.0 (d, J=12.5 Hz), 127.5, 126.3, 126.3, 126.1 (dd, J=
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7.6,3.8 Hz), 126.0, 111.4 (d, J=6.7 Hz), 61.1, 54.0 (d, J=
28.7 Hz), 39.7, 382, 30.5, 13.9; '°F NMR (376 MHz,
CDCly) &: —63.13, —108.28; HRMS (ESI) caled for
Ca7HasNaSF404 [M+H]" 549.1466, found 549.1472.

¥ Bh# £l (Supporting Information) 7747 3a~3y 1) 'H
NMR. BC NMR X F NMR i, ixsedtpl o] g2k
AT 335 (http://sioc-journal.cn/)_ %K.
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