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Abstract 3,3,3-Trifluoropropene (TFP) is an inexpensive and bulk industrial material and has important applications in the
production of fluorinated polymers, refrigerant and so on. The use of TFP as a fluorine source enables access to a variety of
fluorinated compounds. To date, important progress has been made in the transformations of TFP, however, most of the
developed methods focused on the functionalization of carbon-carbon double bond of TFP. The controllable formation of
fluorinated products via regio-selective functionalization of TFP received less attention. Herein, a nickel-catalyzed
regioselective coupling of TFP with arylzinc reagents is described. By fine-tuning the reaction solvent, two different types of
fluorinated products, gem-difluoroalkenes and Heck-type aryl-substituted TFPs, were obtained. The use of dioxane as the
solvent led to a series of gem-difluoroalkenes in moderate to good yields with high regio-selectivity and functional group
tolerance under mild reaction conditions. While, switching solvent from dioxane to N,N-dimethylformamide (DMF), the
Heck-type aryl-substituted TFPs were obtained. This regioselective coupling provides an efficient route for applications of
TFP in organic synthesis.
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Figure 1 Reactions of trifluoropropene

P & Jm Ak, A B v s R A R i 45
g ERTBAXS 3,3,3- =9 T ¥ C—F s AL A it
SR, B IS ) Heck J M AR R 8 A I 2R AT
AW, AT SRR 3,3,3- = 50 R I ) e RO SRR R AL 1).
A AR FIZ U BR(NI(CODY) E N EAL T, B sEEl 1
Ti A 3,3,3- =90 A I A0 DXt M A I S B
e PRI A R T R RS, B RS R
A ERAE (58 A0 RS A T 1 ey S0 A B 7 T e
IV HEAT AR, BT LI 852 A3 5] Heck M55 FEHK
R =8RG =), WL 7Tk a4, A
3,3, 3- =AM I s RO A SR B 1 — R T T

1 &R511R

3.3, 3- S RAM HE IR IR TR, AT EEE,
BT IR ST e BRI . A wE AR )
W EE AT LUERE AN AR F NMR #r 8. AR BLLE %
PRDCOR I T FA R 1a ARiESEIZIA70, BL Ni(COD),
AT, 4,4'-Bu-Bpy (L1)ANECARRE, =36 FEPIERE
W (THF)H B 16 h, BT LARL 20% 17 2815 21 i 305 K
F=W) 3a, [FIF Heck B P-4 A4 (R 1, Entry 1).
o HAth A [ P 00 R = 1 B U AR AT 25 R R I,
1,10-FEMS Mk (Phen, L2)AFIT RBIFIRA, (LEL 12%H)
P18 %3] 3a (Entry 2), {HZLA(S,S)-iPr-PyBox (L3) AL
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Table 1 Optimization of reaction conditions

ZnClI-LiCl
/©/ + /\CF3
Ph 2

1a

Ligand (X mol%)
[Ni] (X mol%)
solvent, r.t., time

X
tBu tBu |
— — — N
I \
) / N I Mj
N N=
L1 L3 /T
Ph
Ph” P~ Ph
L5

Entry FEif&  fifbs) RBER] FEER P%3a/4a
1 L1 Ni(COD), THF 20/trace
2 L2 Ni(COD), THF 12/trace
3 L3 Ni(COD), THF 62/trace
4 L4 Ni(COD), THF 44/trace
5 L5 Ni(COD), THF 55/trace
6 L3 NiCl,.DME THF 55/trace
7 L3 Ni(acac), THF S1/trace
8 L3 Ni(PPh;)4 THF 53/trace
9 L3 None THF ND/ND
10 None  Ni(COD), THF 40/trace
11° L3 Ni(COD), Dioxane 79 (80)/1
12¢ L3 Ni(COD), DMF 24/36
13%¢ L3 Ni(COD), DMF 12/47
144 L3 Ni(COD), DMA 17/27
1544 L3 Ni(COD), NMP 24/39
6% L3 Ni(COD), DMPU 6/3
17%¢ L3 Ni(COD),  DMSO 2/ND
18 None  Ni(COD), DMF 24/42

© 2020 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1.0 equiv.), 2
(0.9 mmol, 3.0 equiv., in the solvent same as the reaction solvent), X=10,
solvent (2 mL), time=16 h. * Determined by '°F NMR using fluorobenzene as
an internal standard; the number given in parentheses is the isolated yield. “ 1a
(0.6 mmol, 1.0 equiv.), 2 (1.8 mmol, 3.0 equiv.), X=5, time=4 h. 2 was
dissolved in the corresponding solvent. ND, not determined.

PRI, BELL 62%M1 5= 2615 B MG 2 =4 3a (Entry 3).
AN =BRIERE (Tpy, L4)FIEUTBERCIA PPhy (LS)H AT LA
IEH 45%F0 55%[0) 77 F (Entries 4, 5). %N THEAL
FUFEATURE, SR A BRI AN R mT DA 45 = e 15
F/*¥)(Entries 6~8), {HA5LL Ni(COD), fff. *4LL L3
R, B S B e 2R 5 77 dioxane B, S BiP”
RO LR R 79%(5r B 775 80%), - H AL & AT
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PABEAEE] 5 mol%, S NI E AT AZE%E 5] 4 h (Entry 11).
2 1) ST B R W, S AR AL TR R B AN BEREAT (Bntry 9),
{HZAINECAR AT BL 40% ) 7= 243 51 3a (Entry 10), AT
Tt B B A 1) e S 7 AR R S B R 2R, RN R T
55 FSEAZRT 1a EHHEXT 3,3,3- = FA I K A2 Sn2' [ M
m‘éb

TEXTFITRIERT, 2P0 N,N-—F 3 H % (DMF)
B, 3,3,3- = dioxane AR5 1a )W, 7] LIS
3] 36%[1) Heck 257 74 4a (Entry 12), X445 5 AT
P ) X S PR R A ok T LS. kP = EA
I B 7795 1 DMF ), da ()72 20T L3R 5 21 47% (Entry
13), (HUEEF ARG 12% R BUE =) 3a ARk, 6 H
AR, WIBE RS 1 N,N-— Eﬁ%a@?ﬁﬂﬁ(DMA)
Al N-H LS e B (NMP), JEAGEHR 4a K= RIER
(Entries 14, 15), — 3 H(DMSO)FI N, N—:Eﬁ%ﬂi‘ﬁ%
FIR(DMPU)IEAHNH] T 4a 194l (Entries 16, 17). LA
DMF AINEARW AT PL 42% 00077 R 453 4a, i B ECAA RS
T Heck 2B =W J& 20 (Entry 18). EARF=H)
3a ABEAR L M ), (HIX — 25 R C i i T

N7 2 A R, AT LSRN 3,3,3- = 8 P I I S
mzﬂz@%@rﬁﬂ NI A3 AN [H] R P2 4.

TEMIE T BN M2 I, 505 &8RS
3,3.3- = H A M AR E 3 RV E T 7%
(K 2). AR EERF R Mg B S 2L &
W 3. 5 AR AR HE M X s BRI BT A R,
7 A W FE B 358 1 05 R A 5 T A8 77 SRR T it
L B P AR (1) 5 B AR, 1 R BT AR — R

FIEEE e, =R RERE. 4ElE. —H.
B3 DL IR 2 (3, 3i~30), #AE AR R 4TS
AV MG 7). O E RS, AR R
RUFH AR %A R, TN R AT T R
3. B I UK, 1-Z5 R ANE I L5
BRI ae R B0 S5 2] R 4F 1) 7= 26(3d, 3h), M4
BT 12 B S T

X4 4 WA B AT T B ER(FR 3). 1N H ETXT
RV BA — R RRIE, AEELL 40%~50% /2 47 )77 5
BEMLEY) 4, FINERE D EWBG R 3 AR
X R M= 3 B, BATIA T RER
HE ZH NG C—F R4 T AR T n-
M SEEE MR (A) (Scheme 1a). BEJE, 753475
A RAESERZEUR R BLAE T i DX g B 1 () I R 2 3
DL R RS A RETHSRE, B
AT 3, -0 T FE AR P A4 (B)( Scheme 1b). 1% H [A) 44
B £8 1 38 J5F B A P A DX S R A TR S ) 3 S (AR
2), TMiANS X Ik B AR i U e 3. R, R
SR LEEAR AT B RS, X T Heck ZRAL=4) 4 (AR Y,
HATHAA AR ARIG 2E . HEIE B TR R A AR T 8851
WA IE, R TE I B R R A A R R NG, %
NI Rt SR 05 e R A ER FRAET
Heck R MNAR T &) 4.

2 i

RIE T IR AL R 3,3,3- =96 PR D9 SR D v R
Fetb SR, SR F OB AR, FE A ROV IR 2R

®2 RGNS 3,3,3- =R B EUR RS 3 1R IE 5

Table 2 Substrate scope of the reaction of arylzinc reagents with 3,3,3-trifluoropropene to form gem-difluoroalkenes 3

H 0,
- ZnChLiCl N'(ff(?z (5|o/m)°' ) /F
| mol~7/o
= X
Rt s ek : rL F
2 Dioxane, r.t., 4 h =
3
1
F F
F
o W oo OQF -0
F
Ph 23 80 tBu
a, o 3b, 62% o 3e, 78%
o 3c, 62% 3d. 60% o
F F
W E /@/\/\ F (I\)\ Y@/\)\
cl FsC TBSO 0
3f, 80% 39, 67% 3h, 52% 3i, 63% 3j, 70%
F
W F E;/\)\ W
~ N
N F
EtO c
I 3k, 55% 2 9 CO,Et o/
OO 31, 45% 3m, 32% 3n, 58% 30, 70%
“Reaction conditions (unless otherwise specified): 1 (0.6 mmol, 1.0 equiv.), 2 (1.8 mmol, 3.0 equiv. in dioxane), dioxane (4 mL).
Chin. J. Org. Chem. 2020, 40, 3307~3313 © 2020 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 3309
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Table 3 Substrate scope of the reaction of arylzinc reagents
with 3,3,3-trifluoropropene to form aryl-substituted trifluoropro-
penes 4

Ni(COD), (5 mol%)

ZnCleLiCl
X L3 (5 mol% ~CF;
R— o POoF, 2 Bma) | S
Z 2 DMF, rt., 4 h -
1 4
/g\/cﬁ XxCFs3 X CF3
Ph N/©/\/
4a, 47% 4b, 44% O(\ 4c, 45%

“Reaction conditions (unless otherwise specified): 1 (0.6 mmol, 1.0 equiv.), 2
(1.8 mmol, 3.0 equiv. in DMF), DMF (4 mL).

@ F INI°L) PN
=~ ~CF
Ar/\/\F ’
3
ArZnX
F FZC/IX>
(b) [Ni"]
Ar/\/\ F !
3
A ZCFy
and INi°L,;] /
F F
Arw
5
F2C7| FoC7 >
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B 1 AR R 3 AT REALEE
Scheme 1 Proposed mechanism for the formation of compound
3

AT BL A5 g A ) 0 Bk 2R RROAS [/ P . AE B
Dioxane J¥A IR, 7T LA 35 A= Rl i S0 = 40
FELL DMF D995, A LA B rp 255 SR 3 145 2
Heck 8R4, % S NLARAFIRAN, X A2 ol v U Je )
SRV EVERT, HRERI L, Y 3,3,3- =
PRI ) e R AR B3t 7B T . R LR, X T
FOR AL A VERIT FTANHE— 0 B S IEAEREAT 2 .

3 IS
3.1 UESEHF

'H NMR Hi Agilent 400 MHz. Agilent 500 MHz A/l
Varian 400 MR (400 MHz) %! ¥ g SL4R AN 52, Me,Si
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(TMS){E A FF; '°F NMR F] Agilent 400 MHz (376 MHz)
R IRAC €, CFCL VE4ME, i3, C NMR
F] Varian 400 MR (101 MHz)F1 Agilent 500-MR (126
MHz) W52 S50 8 B 1 BT R0, BREFER U4, 35
T s ARIE, AT & S b B,

32 ZLWHE

3.2.1  FFAAFRF 698 B H & 7 ok

55 J ) 1 1) £ 5 1 2 IR SR O vE kAT B
T4 100 mL Schlenk Jff, MAEEE (0304 g, 12.5
mmol, 2.5 equiv.) M B i (¥ TE K AL #E(0.265 g, 6.25
mmol, 1.25 equiv.). &I SHEE ¥ @ < =K,
H UL KAR B, [ BRA EE =, AT /K THF
(12.5 mL), E#EH+HE 5 min J5, A DIBAL-H (1.0
mol/L in hexane, 0.05 mL, 0.01 equiv.), 3K &4 7!
BEFE 5 min. SRJEH RN EEVOKBFAHE 0 C, 7
HINT5 (5.0 mmol, 1.0 equiv). FEEE 10 min J5 20K
W, TR TN 3 h RNERSE, B Knochel F) 575
Xof T A A% B AT 3 e Y, AR AR T B H A PR
FIEIPI R . HEL— 100 mL Schlenk &, fli#d /< 3
W, MASHKRAAEER ZoCl #3(1.0 mol/L in
THF, 1.0 equiv.), #it#E T, IIAME KA, NG, =ik
THLEE 30 min, FTAR R B E e A
322 FAEARF 1A 1m 694 &7 &

HL—T 4 100 mL Schlenk JHE N XHEE &
K=K, N PrMgCI-LiCl ¥ THF ##(11.5 mmol, 1.15
equiv.), WIBFFIRZE —20 C. R SSIRHIINAH R 5%
FMAYI(10 mmol, 1.0 equiv.), T3 KM IEAE—20 C
TR RN 30 min, JRMEEHE, H Knochel ff7575%)
Frg s AT, AR HE AR AR TS A IR 14
JFR &, HEL— 100 mL Schlenk %, &< 3 KA,
BN 5% B 746 & 119 ZnCl, ¥%(1.0 mol/L in THF, 1.0
equiv), FHE T IIAM KA, MG, S| M 30
min, FTF BRI T e i S e A,

323 B F AR N 5= A AR LG E A
BAE D %

fE 25 mL Schlenk EFH NN 2,6-X[(4S)-4-(F A
F)-2- IR -2- 3L L E AT Ni(COD), (5 mol%). W&
BEANSHE RS 3 IR, TER SR T IR S %
5ill(Dioxide 5¢# DMF, 4 mL), #i#: 2 min 5N =5 A
(1.8 mmol, 3.0 equiv., &5 MNER—E), I
TRE R IZ R I D5 2B 1 (0.6 mmol, 1.0 equiv.).
TINsEEE)E, B N S EELF, =R TRMN 4 h
SN2 PR fE DA AN NHLCLK A K, AHUHLL LR 2
BEAEHL, Kk, MR EhKPes, AHAHLLIIEK NaySOo,
A, WAEJGAEENT o B A =) 3 8L 4, D EIRY)

Chin. J. Org. Chem. 2020, 40, 3307~3313
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(R 24y, 75 2248 F i) %% 21 HPLC.
3.3 EMIRIEHIE

4-(3,3- MR FE)-1,1-BE K (3a): (G 44, I A
63.2~64.1 C, 7“5 110 mg, “% 80%. 'H NMR (400
MHz, Chloroform-d) d: 7.61~7.50 (m, 4H), 7.43 (t, J=
7.8 Hz, 2H), 7.38~7.31 (m, 1H), 7.27 (d, J=7.9 Hz, 2H),
4.49~4.36 (m, 1H), 3.37 (d, J=8.0 Hz, 2H); °F NMR
(376 MHz, Chloroform-d) 6. —88.6 (d, J/=45.1 Hz, 1F),
—91.5 (dd, J=45.1, 24.8 Hz, 1F); >C NMR (101 MHz,
Chloroform-d) : 160.7~152.4 (m), 140.9, 139.5, 138.5 (t,
J=2.3 Hz), 128.7, 128.5, 127.3, 127.2, 127.0, 77.6 (dd,
J=23.2,20.3 Hz), 28.0 (d, J=4.7 Hz); MS (EI) m/z (%):
230 (M+). HRMS calcd for CisH;,F,: 230.0907, found
230.0910.

1-ORUT 58)-4-(3,3- Z 5 N 24) 2K (3b): ¥R 31 (IR
WAk, FEE 78 mg, PR 62%(E I 14 6% Heck %=
YA L3 ES). '"H NMR (400 MHz, Chloroform-d) 6: 7.35
(d, J=8.4 Hz, 2H), 7.15 (d, J=8.4 Hz, 2H), 4.48~4.33
(m, 1H), 3.32 (d, J=8.0 Hz, 2H), 1.33 (s, 9H); "°F NMR
(376 MHz, Chloroform-d) 6: —89.01 (d, J=45.6 Hz, 1F),
—91.93 (dd, J=45.6, 24.8 Hz, 1F); *C NMR (101 MHz,
Chloroform-d) 6: 160.4~153.4 (m), 149.4, 136.4, 127.7,
125.5, 77.8 (dd, J=22.8, 20.3 Hz), 34.4,31.4,27.9 (d, J=
4.7 Hz); MS (EI) m/z (%): 210 (M), 195 (100). HRMS
calcd for C3H,¢F, 210.1220, found 210.1214.

2-(3,3- AT L) ZE(3e): W IR A, PR E
76 mg, 7&K 62%. '"H NMR (400 MHz, Chloroform-d) o:
7.85~7.77 (m, 3H), 7.65 (s, 1H), 7.52~7.43 (m, 2H),
7.37~7.31 (m, 1H), 4.49 (dtd, J=24.8, 8.0, 2.2 Hz, 1H),
3.51 (d, J=8.0 Hz, 2H); F NMR (376 MHz, Chloro-
form-d) §: —88.5 (d, J=44.9 Hz, 1F), —91.4 (dd, J=
449, 24.8 Hz, 1F); BC NMR (101 MHz, Chloroform-d) o:
159.8 ~153.4 (m), 136.9, 133.6, 132.2, 128.2, 127.6,
127.5, 126.7, 126.1, 125.5, 77.6 (dd, J=23.1, 20.3 Hz),
28.6 (d, J=4.8 Hz); MS (EI) m/z (%): 204 (M"). HRMS
calcd for C3H,oF,: 204.0751, found 204.0754.

1-(3,3- HUA A L) ZE(3d): W iRk, e
76 mg, =& 60%. '"H NMR (400 MHz, Chloroform-d) o:
8.02 (d, J=8.2 Hz, 1H), 7.91 (d, J=7.8 Hz, 1H), 7.79 (d,
J=8.1 Hz, 1H), 7.62~7.50 (m, 2H), 7.49~7.34 (m, 2H),
4.53 (dtd, J=25.0, 7.8, 2.3 Hz, 1H), 3.80 (d, J/=7.8 Hz,
2H); F NMR (376 MHz, Chloroform-d) 5: —88.52 (d,
J=452 Hz, 1F), —90.70 (dd, J=45.2, 24.9 Hz, 1F); *C
NMR (101 MHz, Chloroform-d) J: 159.5~153.0 (m),
135.3, 133.9, 131.6, 128.8, 127.4, 126.2, 125.7, 125.6,

Chin. J. Org. Chem. 2020, 40, 3307 ~3313
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125.6, 123.3, 77.5 (dd, J=23.0, 19.9 Hz), 25.9 (d, J=4.7
Hz); MS (EI) m/z (%): 2042 (M), 183.2 (100). HRMS
caled for Ci3H,oF»: 204.0751, found 204.0757.

2-(3,3- " HE T 3R )-9H-%) (3e): L E A, 15 A
73.4~794.0 C, F7H 113 mg, 7% 78%. '"H NMR (400
MHz, Chloroform-d) ¢: 7.78 (d, J=7.5 Hz, 1H), 7.73 (d,
J=7.8 Hz, 1H), 7.55 (d, J=7.4 Hz, 1H), 7.43~7.27 (m,
3H), 7.22 (d, J=7.8 Hz, 1H), 4.46 (dtd, J=24.8, 8.0, 2.2
Hz, 1H), 3.89 (s, 2H), 3.42 (d, J=8.0 Hz, 2H); "’"F NMR
(376 MHz, Chloroform-d) 6: —88.68~—88.90 (m, 1F),
—90.41~—93.34 (m, 1F); >C NMR (101 MHz, Chloro-
form-d) J: 159.8~153.5 (m), 143.8, 143.2, 141.5, 140.2,
138.1, 126.7, 126.7, 126.5, 125.0, 124.7, 119.9, 119.7, 77.9
(dd, J=22.7, 20.3 Hz), 36.8, 28.5 (d, J=4.7 Hz); MS (EI)
m/z (%): 242.1 (M"), 165.1 (100). HRMS calcd for
C16H ,F,: 242.0907, found 242.0906.

1-5-4-(3,3- 90U TR 3 2R (36): 4k 3 (B TR VR A4
A 90 mg, F°F 80%. 'H NMR (400 MHz, Chloro-
form-d) &: 7.27 (d, J=8.4 Hz, 2H), 7.13 (d, J=8.4 Hz,
2H), 4.47~4.22 (m, 1H), 3.30 (d, J=8.0 Hz, 2H); "F
NMR (376 MHz, Chloroform-d) ¢: —88.27 (d, J=45.5
Hz, 1F), —91.14 (dd, J=45.5, 24.6 Hz, 1F); “C NMR
(101 MHz, Chloroform-d) d: 161.0~153.3 (m), 137.9,
132.2, 129.48, 128.6, 77.56~76.99 (m), 27. 8 (d, J=4.8
Hz); MS (EI) m/z (%): 188.1 (M), 153.1 (100). HRMS
calcd for CoH-F,Cl: 188.0204, found 188.0206.

1-(3,3- U TR 58)-4-(Z U 25) K 3g): o th itk
Wik, 7o 89 mg, UEK 67%. XA CEIML A, B
g5 A& —2. '"H NMR (400 MHz, Chloro-
form-d) : 7.56 (d, J=8.0 Hz, 2H), 7.31 (d, J=8.0 Hz,
2H), 4.40 (dtd, J=24.5, 8.0, 2.0 Hz, 1H), 3.39 (d, J=8.1
Hz, 2H); "°F NMR (376 MHz, Chloroform-d) : —62.5 (s,
3F), —87.8 (d, J=44.0 Hz, 1F), —90.7 (dd, J=44.0,
24.5 Hz, 1F); “C NMR (101 MHz, Chloroform-d) o:
160.6~153.2 (m), 143.5, 129.2~128.1 (m), 128.4, 125.5
(q, J=3.8 Hz), 122.8, 77.3~76.8 (m), 28.2 (d, J=4.9 Hz).

1-(3,3- - 96UM 74 6 )-2- F 2K (3h): TE ( ieiR VA4,
FAHE 53 mg, % 52%. 'H NMR (400 MHz, Chloro-
form-d) 8: 7.16 (s, 4H), 4.35 (dtd, J=24.9, 7.9, 2.3 Hz,
1H), 3.30 (dt, J=7.9, 1.9 Hz, 2H), 2.31 (s, 3H); "’F NMR
(376 MHz, Chloroform-d) J: —88.8 (d, J=45.7 Hz, 1F),
—91.16~—91.39 (m, 1F); *C NMR (101 MHz, Chloro-
form-d) d: 159.7~153.1 (m), 137.6, 136.0, 130.3, 128.3,
126.6, 126.2, 77.2~76.7 (m), 26.2 (d, J=4.7 Hz), 19.3;
MS (EI) m/z (%): 168.1 (M"), 105.1 (100). HRMS calcd
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for CyoH;oF,: 168.0751, found 168.0747.

AT H2(4-(3,3- M TR 26 ) 2R AR k) — PR BE A e 3i):
TEOMARIBAE, 7758 107 mg, 773 63% (FZHH4H 6%
Heck HP=#3ELL4r B5). '"H NMR (400 MHz, Chloro-
form-d) 0: 7.06~6.98 (m, 2H), 6.84~6.73 (m, 2H),
4.46~4.24 (m, 1H), 3.34~3.20 (m, 2H), 1.00~0.96 (m,
9H), 0.20~0.16 (m, 6H); ’F NMR (376 MHz, Chloro-
form-d) 5: —89.2 (d, J=46.1 Hz, 1F), —92.1 (dd, J=
46.2,25.0 Hz, 1F); >C NMR (101 MHz, Chloroform-d) :
159.8~153.3 (m), 154.2, 132.1, 128.9, 120.1, 78.0 (dd,
J=22.6,20.2 Hz), 27.6 (d, J=4.7 Hz), 25.7, 18.2; MS (EI)
mlz (%): 2842 (M), 227.2 (100). HRMS caled for
C,sHa,F,Si0: 284.1408, found 284.1402.

2-(4-(3,3- AT L) R AR )-1,3- R IR (3j): ot
WHARTBAA, 778 95 mg, 773 70%. 'H NMR (400 MHz,
Chloroform-d) o: 7.42 (d, J=28.0 Hz, 2H), 7.22 (d, J=38.0
Hz, 2H), 5.80 (s, 1H), 4.38 (dtd, J=24.8, 8.0, 2.2 Hz, 1H),
4.17~3.99 (m, 4H), 3.34 (dt, J=8.0, 1.8 Hz, 2H). "F
NMR (376 MHz, Chloroform-d) J: —88.7 (d, J=44.8
Hz,, 1F), -91.5 (dd, J=45.2, 24.6 Hz, 1F); >C NMR (101
MHz, Chloroform-d) d: 156.5 (dd, J=287.9, 286.0 Hz),
140.5 (t, J=2.4 Hz), 136.2, 128.0, 126.7, 103.5, 77.5 (dd,
J=23.3,20.3 Hz), 65.2, 28.1 (d, J=4.8 Hz); MS (EI) m/z
(%): 2252 (IM—H]"), 149.1 (100). HRMS calcd for
Cy,H, F,0, [M—H] " 225.0727, found 225.0733.

4-(3,3- ZHE T )-N,N- — F L R (3k): st
HARTBAA, 778 65 mg, 773 55%. 'H NMR (400 MHz,
Chloroform-d) o: 7.08 (d, J/=8.4 Hz, 2H), 6.71 (d, J/=8.4
Hz, 2H), 4.36 (dtd, J=25.0, 8.1, 2.4 Hz, 1H), 3.24 (d, J=
8.0 Hz, 2H), 2.93 (s, 6H); "’F NMR (376 MHz, Chloro-
form-d) §: —89.6 (d, J=47.1 Hz, 1F), —92.5 (dd, J=
47.1, 24.9 Hz, 1F); BC NMR (126 MHz, Chloroform-d) o:
158.9~153.5 (m), 149.4, 128.7, 127.5~127.4 (m), 113.0,
78.3 (dd, J=21.7, 20.2 Hz), 40.8, 27.4 (d, J=4.7 Hz); MS
(ED) m/z (%): 197.1 (M"). HRMS caled for C;H,5F,N:
197.1016, found 197.1013.

4-(3,3- R IR R TR BB (31): IR B AL IR TR
1K, 728 61 mg, P73 45%. 'H NMR (400 MHz, Chloro-
form-d) 0: 7.98 (d, J=8.2 Hz, 2H), 7.28~7.23 (m, 2H),
4.50~4.29 (m, 3H), 3.38 (d, J=7.9 Hz, 2H), 1.39 (t, J=
7.1 Hz, 3H); "F NMR (376 MHz, Chloroform-d) o:
—88.0 (d, J=43.6 Hz, 1F), —90.8 (dd, J=43.6, 24.5 Hz,
1F); *C NMR (126 MHz, Chloroform-d) J: 166.5, 159.6~
154.1 (m), 144.6 (t, J=2.5 Hz), 129.9, 128.8, 128.0,
77.2~76.6 (m), 60.9, 28.4 (d, J=4.6 Hz), 14.3; MS (EI)
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m/z (%): 226.1 (M), 181.0 (100). HRMS calcd for
C,H,F,0,: 226.0805, found 226.0798.

3-(3,3- UM N ) 2K H IR G (3m): ¥R 3 A IR
WAR, 75 R 43 mg, 77 32%. 'H NMR (400 MHz,
Chloroform-d) ¢: 8.00~7.82 (m, 2H), 7.46~7.31 (m, 2H),
4.51~4.22 (m, 3H), 3.38 (dd, J=8.1, 1.8 Hz, 2H), 1.40 (t,
J=7.1 Hz, 3H); ’F NMR (376 MHz, Chloroform-d) :
—88.2 (d, J=44.0 Hz, 1F), —90.9 (dd, J=44.0, 24.6 Hz,
1F); *C NMR (126 MHz, Chloroform-d) d: 166.5, 160.4~
152.4 (m), 139.7 (t, J=2.4 Hz), 132.6, 130.8, 129.1, 128.6,
127.7,77.5~76.9 (m), 61.0, 28.2 (d, J=5.0 Hz), 14.3; MS
(E) m/z (%): 226.0 (M"), 181.1 (100). HRMS calcd for
C1,H ,F,05: 226.0805, found 226.0803.

5-(3,3- ZHUR AR I [4][1,3] %M (3n): IR E D
HARBAA, 77 E 69 mg, 773 58%. 'H NMR (400 MHz,
Chloroform-d) d: 6.75 (d, J=8.0 Hz, 1H), 6.71~6.62 (m,
2H), 5.93 (s, 2H), 4.35 (dtd, J=24.4, 8.0, 1.9 Hz, 1H),
3.25 (d, J=7.9 Hz, 2H); '’F NMR (376 MHz, Chloro-
form-d) §: —88.9 (d, J=45.4 Hz, 1F), —91.8 (dd, J=
45.4,24.6 Hz, 1F); BC NMR (101 MHz, Chloroform-d) o:
156.4 (dd, J=287.8, 286.1 Hz), 147.8, 146.1, 133.3 (t, J=
2.4 Hz), 120.8, 108.6, 108.2, 100.9, 77.9 (dd, J=22.9, 20.2
Hz), 28.1 (d, J=4.9 Hz); MS (El) m/z (%): 198.1 (M"),
140.1 (100). HRMS calcd for C,,HsF,0,: 198.0492, found
198.0495.

A-(4-(3,3- U A 28 ) 2K 55 ) M Bk (30): % B (R TR
Witk, 77 & 100 mg, F“% 70%. 'H NMR (400 MHz,
Chloroform-d) 0: 7.12 (d, J=8.4 Hz, 2H), 6.88 (d, J=8.4
Hz, 2H), 4.37 (dtd, J=24.9, 8.0, 2.3 Hz, 1H), 3.93~3.78
(m, 4H), 3.27 (d, J=8.0 Hz, 2H), 3.17~3.09 (m, 4H); "°F
NMR (376 MHz, Chloroform-d) J: —88.5~—89.6 (m,
1F), —91.8~—92.2 (m, 1F); *C NMR (101 MHz, Chlo-
roform-d) 6: 160.6~152.6 (m), 150.0, 131.0, 128.8, 115.9,
78.0 (dd, J=22.4, 20.2 Hz), 66.9, 49.6, 27.5 (d, J=4.7
Hz); MS (EI) m/z (%): 239.1 (M"). HRMS calced for
Cy3H,sF,ON: 239.1122, found 239.1144.

(E)-4-(3,3,3- = F A -1-Hi-1-38)- 1, 1-BE F (4a):
A, #55 78.7~79.5 C, P& 70 mg, ;=% 47%. 'H
NMR (400 MHz, Chloroform-d) &: 7.68~7.58 (m, 4H),
7.54 (d, J=8.2 Hz, 2H), 7.50~7.43 (m, 2H), 7.42~7.35
(m, 1H), 7.23~7.15 (m, 1H), 6.30~6.19 (m, 1H). "F
NMR (376 MHz, Chloroform-d) J: —63.2 (dd, J=6.3,
2.3 Hz); *C NMR (126 MHz, Chloroform-d) J: 142.8,
140.1, 137.2 (q, J=6.8 Hz), 132.3, 128.9, 128.0, 127.8,
127.6, 127.0, 123.6 (q, J=268.9 Hz), 115.7 (q, J=33.8
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Hz); MS (EI) m/z (%): 248.1 (M"). HRMS calcd for
CysH; F;: 248.0813, found 248.0805.
(E)-2-(3,3,3- =5 A -1- 45 -1- ) 25 (4b): [ ([ 1,
J& 5 58.6~58.9 C, F*& 59 mg, F5¥ 44%. 'H NMR
(400 MHz, Chloroform-d) 6: 7.91~7.79 (m, 4H), 7.62~
7.49 (m, 3H), 7.32 (d, J=16.2 Hz, 1H), 6.40~6.24 (m,
1H); F NMR (376 MHz, Chloroform-d) J: —63.2 (dd,
J=6.3, 2.3 Hz); ®C NMR (101 MHz, Chloroform-d) &
137.7 (q, J=6.8 Hz), 134.0, 133.3, 130.8, 129.0, 128.8,
128.4, 127.8, 127.1, 126.8, 123.7 (q, J=268.7 Hz), 123.1,
116.0 (q, J=33.7 Hz); MS (El) m/z (%): 222.1 (M").
HRMS calcd for C;3HoF5: 222.0656, found 222.0647.
(E)-4-(4-(3,3,3- =3 N -1 -4 - 1- 2% ) 2R 8 i ik (4e): 1
E Ak, #5592.4~93.0 C, & 69 mg, 7% 45%. 'H
NMR (400 MHz, Chloroform-d) J: 7.37 (d, J=8.8 Hz,
2H), 7.06 (dt, J=16.0, 2.2 Hz, 1H), 6.88 (d, J=8.8 Hz,
2H), 6.04 (dq, J=16.0, 6.6 Hz, 1H), J: 3.86 (t, J=8.8 Hz,
4H), 3.22 (t, J=8.8 Hz, 4H); ’F NMR (376 MHz, Chlo-
roform-d) 6: —62.6 (dd, J=6.8, 2.1 Hz); °C NMR (126
MHz, Chloroform-d) ¢: 152.2, 137.1 (q, J=6.9 Hz), 128.8,
124.5, 124.1 (q, J=268.4 Hz), 1149, 112.4 (q, J=33.6
Hz), 66.7, 48.3; MS (EI) m/z (%): 257.1 (M), 199.1 (100).
HRMS calcd for C;3H,4FsNO: 257.1027, found 257.1015.

4B Bl (Supporting Information) {t5%) 3a~3n Fl
4a~4c [f] '"H NMR. F NMR #1 C NMR &, X
RER] PL G 2 AT 93 (hittp://sioc-journal.cn/) & T %K.
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