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Stereoselective Synthesis of Z-Fluorostyrene Derivatives via
Nickel-Catalyzed Cross-Coupling of gem-Difluorostyrenes with
Organozinc Reagents

Zhang, Juan Wang, Biyun Liu, Yisen Cao, Song*
(Shanghai Key Laboratory of Chemical Biology, School of Pharmacy, East China University of Science and Technology
(ECUST), Shanghai 200237)

Abstract An efficient method for the synthesis of various Z-fluorostyrene derivatives via nickel-catalyzed cross-coupling of
gem-difluorostyrenes with organozinc reagents with the assistance of LiCl was developed. The reaction proceeds efficiently
under mild condition, affording monofluoroalkenes in moderate to good yields. This novel method exhibits good functional
group compatibility and excellent stereoselectivity.

Keywords gem-difluorostyrenes; nickel-catalyzed; organozinc reagents; monofluoroalkenes
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Figure 1 Examples of bioactive monofluoroalkenes
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T T ATV T B R AN RE B A7 AE T, AR A 18 — 9
e 10 FL U S, 1% I 43 S 7 A i 456 e £ )
(2)-B(E)- B A . Li A1 Wang 250K J& T 48 1AL
() 8- FF e R 51— GBS 020 1) o JBUMR 6 AL S, T A
B VAN X S B M A R T (2)- R HUR R B,

Fu il Gong 25U""HRiH 1 LASTR RS ICHI R B At J5 ), 48
AL e 5 A IS IR AR BUGEE o ) i 9eid Ji

A8 AR R, 1% % L RE = R 2 A R 5 SRR
7.

T I G R AT AR AL A 5 A BUEE 1 2 AR B
R B (Negishi [ %) A2 #4) 8 B e Bk 1) 5 A 0 1 &
B AR IR, AU B T S S A,
AT T 22 I HH 22 v 1) A 2 3 5 MR R AR 4 19 ' R 1] e 25
P Negishi & V4818 PU+4E (1 & F&, B TR KA
JE. AR, AMUBURE . RAE. AR AT
YEA Negishi BN, B &M M B TS &
WA LUBF & E Negishi MUY, A KFAGBESH
HUEE R S N AF LR 2. 2005 4F, Saeki A1 Tamao
ST T 1-(2,2- UG RS 28 5 0 HR SR S S B
BREAG N BRI L, 75 PU SR (THF) 1 B 48 h J5
132 T BRI AU = IR AP, ABAE# R
BT — NS T-(Scheme 1a). 2011 4E, Ogoshi Z51F
FH 75 B4 B 5 S e S 7 26 R — 05 Sk, TREATRE
RSP I RBL, BINE T — &5 aff-—FK
LIRATEY)(Scheme 1b), (H 24k H = Z B EE MK
i, ISR B HUH KRB =), b5, Ogoshi Z!'7E
2013 4E4RIE 7L EE T, DL 'BuCN SR, 7EAME
FA 0% 4 JR AL I 264 S = 23R S TU R 205 1)
KL, ZITIERE LA S1% IR A3 31 B e B 4K 10 7= 4
(Scheme 1c). T JLAER, FRATERMIA % — U R )
BRI PRAT T IR IR, ol T — i i i B
DT 28— U R O TR B R R SRR SR IR T IR, T
AT TAE, AR SCHEFE T 1E NiCly(dppp) AL T FITE
RIS, SR N 507 2 AR SRR T
A8 XABRBR IR B, 1% R BT I & il— 2 41(Z)- B3
J#i4%(Scheme 1d).

1 &HR510R
1.1 REFHMK

A BRATT S HRE 1 (8 9007 2 40 5 A A AU
Heo Mpedk . RbERE LR T S IR, 70 e, R
FEAEAL AR AE TR BOC I I <6 MR AL R A7 72 T R A I8
2. B R A% BB R B PR, AR 22 S B AN REAS
A AE BRI B B, T2 45 2 1 OSSR, B4
R S 7 £ B A SRR 0, P A U FR) B U e AR A () -
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Saekl 2005

PdCly(d
)\( v AFZNC 2( PPP)

THF reflux 48 h

)ﬁjr/AYN

Ar = naphthyl Ar' = p-CH3CgHy 70% 3%
Ogosh| 2011
F
Pd,(dba)s, PPhs, Lil
)\( + ZnAr, 2(dba)s, ® Ar)\(': (b)
THF/THF-dg, 40°C,2~28 h F
Ogoshl 2013
F F
Lil, ‘BuCN
)\/ + ZnEt, 04> Et)ﬁ/F + Et)ﬁ/F
60°C, 24 h E Et
51% 2%
This work
F H
NiCl,(d , LiCl
F/S/A'} RoZn —»2( PeP) Ar)ﬁ/R (d)
Y Et,O,r.t.,6 h E

(Z)-isomer

BR 1 ZHUER S5 AP RN
Scheme 1 Reaction of polyfluoroalkenes with organozinc rea-
gents

M (2)-R AR FIREWM. 25 8 B MUK A %
I s RLy ME AN LT e Bk, FRA TR B WLEE S
1 30 2 LR SN R B B — TR U . FRATT A
1-(2,2- - JiUd 98 )-4- FH AR L SR (1a) 55— F 4 (2a) O 1R BE
RN BRI LT B R B2 A IR IR (R 1), &%,
X kv G IR A AR AT k. S AE IR R, UAEH
TEACTII BT, RASREREAT (3R 1, Entry 1). PA(PPhs)ss
PdCly(dppp). CuCN LA Cul tHASBE(E [ 37 & 2E (Entries
2~5). {Efd FARME AL 0 NiCly(dppb)s NiCly(PCys)+
NiCly(dppe)itt, L =4(Z)-3aa 5 AT il (Entries 6~8).
A N YL, 4 NICL(dppp)ME AL TN, 724
(2)-3aa [UCRIINE] 60%, 1HF=4IE] =) XS B
) 3aa" MR N(Entry 9). 439 hnfEAL57 NiCl,(dppp)
FIHEZ 15 mol%, AILMEF=¥)(2)-3aa IR IE N E
85%, TMEIF=Y) 3aa' USRI T (Entry 10). 54b,
T AT S A AR KI5, A5 FH L BRAE s 77 mT DA (it
BOUFIUSCR, WA IR DUERRIR . 1,4- 5 NIME
VBTN, SN A BENRFE4T (Entries 11~13). #IN7)
BN S BT S 3 ). AN AR SR, 7R 2R R Y
% (Entry 14). #F— DA F RS, RILE LR L
15 B AL R BE S N 3R (Entries 10 F115~16). {EH1S
—IRIE, ZRMNRIHBRIE I SLREEN, RA©2)-
HEFIRBE S A i, A A B (B)- 2057 F 1Ak,

ZE L RTIR, Bk B AR RIS 1.0 equiv.
&~ 5 5 20, 2.0 equiv. A HLEARF, 15 mol%IH)
NiCly(dppp), 3.0 equiv. S ALEE, ZEEE AR BEFR], 78
25 CHEAMRY NRPL 6 h.
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Table 1 Optimization of reaction conditions

catalyst, additive

solvent, Ar, r.t.

F
m + MeyZn
o F 2a

+
~o F ~o CHs

1a (Z)-3aa 3aa’
Entry Catalyst (mol%) Additive (3.0 equiv.) Solvent Yield®/% of 3aa/3aa’

1 None LiCl Et,O 0

2 Pd(PPh;), (10) LiCl Et,O Trace
3 PdCl,(dppp) (10) LiCl Et,O Trace
4 CuCN (10) LiCl Et,0 Trace
5 Cul (10) LiCl Et,O Trace
6 NiCl,(dppb) (10) LiCl Et,0 20/2
7 NiCly(PCy;) (10) LiCl Et,0 28/0
8 NiCl,(dppe) (10) LiCl Et,0 30/1
9 NiCl,(dppp) (10) LiCl Et,0 60/13
10 NiCly(dppp) (15) LiCl Et,0 85/10
11 NiCl,(dppp) (10) LiCl Toluene 0

12 NiCly(dppp) (10) LiCl THF 0/10
13 NiCl,(dppp) (10) LiCl Dioxane 21/4
14 NiCly(dppp) (15) None Et,0 43/12
15 NiCly(dppp) (15) LiBr Et,0 70/15
16 NiCly(dppp) (15) Lil Et,0 50/23

“Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), solvent (3 mL), 6 h, Ar. * Yields determined by GC analysis and based on 1a.

12 RNEPEEMER

FETRE H B LR P& G (K 1, Entry 10), 3ATX
SR E TS FEEAT 7 53R 2). BRI, K
I3 R 905 B LR ET Re S50 HUER IR A A AR I I,
H DA 5 B b IR 245 BAE B2 IR (2)- R U k. it
FEE RILFR: AR 505 5 IR PR IE R B
AT IR EEE ), B2 7 IRFIE(m), X
SISO (PRI AN 5, R RE S LA I OR A3 24
WKW, A% 505 JE SRR I b AR 1) A7 B AT A
FOeh I R KR, W 1a, 1d F le. 1-(2,2-—
T EL)-ZE W BLF R, RRIRIAS 2 H bRk &
Y. Ah, RN BB E e BIFRA M, IR b
BRI B 2 (1h, 14, 1k). ZBEEIEAD. FIFE(1m)
I, SN AR ERRENGRIEAT. % 5 Bt o 2 A E I B A
LT 32 1 o0 R, DR ik e J A mT DL i AS [+
R N E— B AT A IR, TRt R AR,
LA PhCH,ZnCl. Ph,Zn 1EAANIEARFIN, SN ARE
NigiR) A, R A B AR A ARG 4, X AT e BT A
R R B VEE ) S B P IR 22 S dts ), 1X — IR AE
Ogoshi WP A A HLEE 5 TY 5 £ 05 1 5 B H HH R AL
%@J[lé,ﬁ].

2004 £EF1 2006 45, Negishi 25247 7 (% —IRIEZ
i Z SR R AR AL N S A WL SO, 43515 2
THARB AR, TSR
NiCly(dppp)/LiICVELO AL A4 S N TE ], FRATTLAE
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TR NRIEAT T Negishi MR 3). L5 REK,
2R N AR I R I 0 B Re R 2 YE, BRI bR
W Fe - 25 O A2 ot H 1 B A, OB AR B IREAT. (5
5§ IR AR, Py SUBE =), kAR
TR PR =), XU ZEAA R T, B REE
U A U R I SR A (0 R BLE 1, (IR BT
B, 5ok, & SRR nT 54 HUEER RN, 152X
THEC=9, (H7= R L R K.
1.3 FIRERNIR IR

PR DAL S o7 45 JA B AR 9% ekl oY, FRAT4R
H T RER) e MALEE, &0 Scheme 2 FAT/n. B 4G,
NiCly(dppp) 7 e B T A BUE HE P F A0 4 1L
B o, 8 S0 S ) O S AN BRI AT T8 B R M
AW T B2 TR, B A S22 8% s
()44 TN 7ESUAGAR R E R, Al T SR % 46 i [
IV, isker S etk IV RAERE &R R, F bk
HRBIREMA V. B, PR V &8 E BT BOR
BB keeE, 75 2= 2 H LI E MR PIEIR. B R2)-
SIEFEPERTRE R TR aME vV SR T ik 05 2 5 8D
AT SR ) 223 T A7 B ) g 2.

EAFN 7R U IR, Bl S e e I 4
JE AT 58 L4 R A 1A I R ML A R AR
FMEH R PR, — PR N 845 42 B Ogoshi 262
D s J Tl e B R 2B TR SR A N LB ) — Pl 2 &
Toste A1 Ichikawa 52 IHEIN R0 i BRALEE. {EARYE IR
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Table 2 Scope and limitations of the reaction

F NiCl,(dppp) (15 mol%) R
H - LiCl (3.0 equiv.) Ho
ﬁ)\F + RyZn F (Z)-isomer
Ar 2a ~ 2b Et,O, r.t., 6 h, Ar Ar
1la~1m 3aa~ 3mb
W SO oY SOANAS
F
\O \S F
_0O (0]

Z)-3aa, 80%

LT

(2)-39a, 75%

(2)-3ba, 80% (2)-3ca, 70%

(Z)-3ha, 67% Z)-3ia, 63%

WW

Z)-3hb, 82% (Z)-3kb, 80%

)]\O F NC

(2)-3fa, 85%
a, ()
(2)-3da, 82%

(2)-3ab, 70% (2)-3fb, 68%

3ja 70%
Et

%

(2)-3Ib, 55% (Z)-3mb, 75%

“Reaction conditions: 1a~1m (1.0 mmol), 2a~2b (2.0 mmol), NiCly(dppp) (0.15 mmol), LiCl (3.0 mmol), Et,O (6 mL), 25 C, 6 h, Ar. Isolated yields. The con-
figurations of (Z)-3aa~3mb were determined by its *Ji_r coupling constant in "H NMR spectra (ca. 40.0 Hz for (Z)-isomer and 16.0 Hz for (E)-isomer).

K3 IR OIH S HE R R
Table 3 Reactions of gem-dibromoalkenes with organozinc
reagents

Br NiCl,(dppp) (15 mol%) R

Ho LiCl (3.0 equiv.) Ho
Br + R,Zn R

Ar 22 2b Et,O,rt, 6 h, Ar Ar

in~1q 3na ~ 3qgb

no Me NC Me NG Et

3na, 78% 30a, 83% 3ob, 85%

Et S Et
)]\O

3pb, 81% 3gb, 63%

“ Reaction conditions: 1n~1q (1.0 mmol), 2a~2b (2.0 mmol), NiCl,(dppp)
(0.15 mmol), LiCl (3.0 mmol), Et,0 (6 mL), 25 C, 6 h, Ar. Isolated yields.

A0 B G A 5 s QBRI AE AR AL R BB HLER BT 7T
RY, RPBLRT Efﬁﬁﬁ?sﬂﬂ:ﬂuﬁkmﬁ {ELH A AL

TEESABEHERR Y, B 0 5 34 A0 B i — 4B i i
S IE A
2 Zhig

BATH I T A S A B BE T, J8 e W3R —
T M — AN R, AR NS O RS
15 5 A HUEE TR AT 10 28 SR B R R, 76 15 mol%
NiCly(dppp), 3.0 equiv.FACEE, Z B A1 s B 264+

T, DI SR R G T — RA(2)- R,
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NiClL,

R—R
H R 2 RyZn H o F

>:< Ni(O)L2 Ar>_< F

Ar F
Reductive |
elimination

I'\ (R H%_‘&F
H . Ni—L A m
TN
Ar V F L "\L
Oxidative
addition
R,Zn L Cl
Transmetalation H \Ni/—L L\ /
_ H Ni—L
Ar v F'?—{Ar L

LiF LiCl

B2 ArREf S MR

Scheme 2  Plausible mechanism

TR R LSRR AN A T R A R
SEAA IR OV R, o S5 R B ) B AR R T
LT — Bt M Ee, RNBEET
Negishi {5 B 5E N 25

3 SCIOERSY
3.1 UER5RFH

'"H NMR (400 MHz). *C NMR (100 MHz). "?F NMR
(376 MHz): Brucker AM-400 i 3tHRAX, TACRAIA
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CDCl;, '"H NMR 5 "*C NMR #4548 TMS, '°F NMR L4
CF;CO,H fE AR, S HE % (GC-MS) 4 #5284 =
A HP5973 Mass Selective Detector. ¥4 5% 5 4 Biichi
Melting Point B-540, RAZIE. =5 # 5 1E A (HRMS) Y
5N MicroMass GCT CA055 (ENJ§. SZ46 T A bR
Ak E T, tEEsis A, (R RS AL, Fr
RAA k. VIERR . RS EA 4A 4 Fim i
o3
32 ZWHE

SEIG IR BT R S SR U R 1a~1m 2% 3
BR2510E 7%, 8 IR In~1q 27 SCHR[26]11)
B BROTIEIAT B Ak
32,1 (2)-2-% 3 -2-R-F K T Hi(3aa~3mb) A9 & A%,

PL(Z)-2-F-1-(4- AR L 2R 8 T 0 (3aa) M fA. ) 25
mL TR DB I NiCly(dppp) (81.3 mg, 0.15
mmol). LiCl (126.0 mg, 3.0 mmol), B #@I =1k, HIE
B IIN B,8- % AL 2 (1a) (170 mg, 1.0
mmol)5 5 mL T 20, BEJE BT =l <,
HZB NG T IE S i) — RS 2a (2.0 mmol
MeyZn). SR R 21 (0 58 AR IS, 4k dit OB 3~6
h, R ES(TLC) M R R R, 24 I R A
HeALSEYE, KR, R R (10 mL X 3)AEHL.
HIA N, {8 e s 28 AR a5, BUIE Qe ik
B0 75 22 3o A JE AT 43 S AL A5 B (2)-2- 8- 1-(4- AR R
F) R (3aa) T, MR EEAA 132.8 mg, 2 80%. 'H
NMR (400 MHz, CDCly) 6: 7.38 (d, J=8.8 Hz, 2H), 6.84
(d, J=8.8 Hz, 2H), 5.39 (d, J=39.2 Hz, 1H), 3.79 (s, 3H),
2.04 (d, J=16.8 Hz, 3H); *C NMR (100 MHz, CDCl5) ¢:
158.2 (d, “Jop=2.7 Hz), 156.4 (d, 'Jer=259.7 Hz), 129.3
(d, *Jer=7.3 Hz), 126.7 (d, *Jer=2.4 Hz), 113.8, 105.7 (d,
2Jer=9.1 Hz), 55.2, 19.0 (d, 2Jor=29.3 Hz); "’F NMR
(376 MHz, CDCly) 6: —97.4 (dq, J=39.1, 16.5 Hz, 1F).

(2)-2- T -1-(4-"F S B 2R B8 ) T 4 (3ba): [ £ [i] 44
193.6 mg, 7% 80%. m.p. 68.2~69.1 C; 'H NMR (400
MHz, CDCLy) 6: 7.42~7.28 (m, 7H), 6.90 (d, J=8.8 Hz,
2H), 5.38 (d, J=39.2 Hz, 1H), 5.03 (s, 2H), 2.02 (d, J=
16.8 Hz, 3H); °C NMR (100 MHz, CDCLy) &: 157.5 (d,
*Jer=2.8 Hz), 156.5 (d, 'Jep=259.9 Hz), 137.1, 129.4 (d,
3Jer=7.2 Hz), 128.6, 128.0, 127.5, 127.0 (d, *Jopr=2.5
Hz), 114.8, 105.7 (d, Jc;=9.0 Hz), 70.0, 19.0 (d, Vo=
29.3 Hz); "’F NMR (376 MHz, CDCl;) 6: —97.1 (dq, J=
39.1, 16.5 Hz, 1F); HRMS (EI) caled for C;sH;sFO
242.1107, found 242.1108.

(Z)-5-(2- W 2-2-3 S ) R IF[d][1,3] 18] SR H0K
fi(3ca): WA 126.0 mg, 7% 70%. "'H NMR (400
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MHz, CDCLy) 6: 7.07 (s, 1H), 6.81 (d, J=8.0 Hz, 1H),
6.73 (d, J=8.0 Hz, 1H), 5.90 (s, 2H), 5.35 (d, J=38.8 Hz,
1H), 2.02 (d, J=16.8 Hz, 3H); “C NMR (100 MHz,
CDCly) d: 156.6 (d, 'Jep=260.7 Hz), 147.7, 146.2 (d,
*Jer=2.8 Hz), 128.1 (d, °Jop=2.5 Hz), 121.9 (d, *Jcr=5.8
Hz), 108.4 (d, “Jer=9.7 Hz), 108.2, 106.0 (d, *Jer=38.5
Hz), 100.9; 18.9 (d, “Jc;=29.3 Hz); "’F NMR (376 MHz,
CDCly) §: —96.4 (dq, J=38.7, 16.9 Hz, 1F); HRMS (EI)
calcd for C1oHoFO, 180.0587, found 180.0586.
(2)-2-F-1-(3,5- = A B ORI U 45(3da): ¥R
£ 162.7 mg, 7*Z 82%. 'H NMR (400 MHz, CDCl3) o:
6.62 (d, J=2.4 Hz, 2H), 6.34 (t, J=2.4 Hz, 1H), 5.39 (d,
J=38.0 Hz, 1H), 3.77 (s, 6H), 2.05 (d, J/=16.8 Hz, 3H);
BC NMR (100 MHz, CDCly) 6: 160.7, 158.1 (d, 'Jer=
263.4 Hz), 135.6 (d, Jep=2.4 Hz), 106.4, 106.3 (d,*Jer=
7.6 Hz), 99.2 (d, *Jer=1.7 Hz), 55.2, 19.0 (d, 2Jer=29.2
Hz); '’F NMR (376 MHz, CDCl3) 0: —93.0 (dq, J=38.3,
16.9 Hz, 1F); HRMS (EI) calcd for C;;H;3FO, 196.0900,
found 196.0901.
(2)-2-7-1-(3,4,5- = A FL R IL) T i (Bea): R IE L
Witk 176.3 mg, 772 78%. '"H NMR (400 MHz, CDCl;) 6:
6.70 (s, 2H), 5.39 (d, J=38.0 Hz, 1H), 3.84 (s, 9H), 2.06
(d, J=16.8 Hz, 3H); >C NMR (100 MHz, CDCl;) 6: 157.4
(d, 'Jer=261.9 Hz), 153.0, 137.0 (d, Jer=2.5 Hz), 129.5
(d, *Jep=2.5 Hz), 106.2 (d, “Jer=8.2 Hz), 105.5 (d, *Jer=
7.7 Hz), 60.8, 56.0, 19.0 (d, “Jc;=29.2 Hz); '’F NMR (376
MHz, CDCly) §: —95.2~—95.4 (m, 1F); HRMS (EI)
caled for Cj,H,sFO; 226.1005, found 226.1006.
(2)-2-%-1-(4- H Bt 22 2R R ) A 0 (3fa): % 38 (A VR A
154.7 mg, ;%3 85%. '"H NMR (400 MHz, CDCl;) J: 7.36
(d, J=8.0 Hz, 2H), 7.18 (d, J=8.0 Hz, 2H), 5.40 (d, J=
38.8 Hz, 1H), 2.45 (s, 3H), 2.04 (d, J=16.8 Hz, 3H); °C
NMR (100 MHz, CDCl3) &: 157.6 (d, 'Jop=262.1 Hz),
136.6 (d, “Jep=2.7 Hz), 130.9 (d, *Jer=2.6 Hz), 128.6 (d,
3Jer=17.4 Hz), 126.6, 105.8 (d, “Jor=8.8 Hz), 19.0 (d,
2Jer=29.1 Hz), 15.9; "’F NMR (376 MHz, CDCl;) §: —
94.4 (dq, J=38.7, 16.5 Hz, 1F); HRMS (EI) calcd for
CioH; FS  182.0566, found 182.0567.
(2)-2-F-1-(4-BUT FETRH) i (3ga): ¥R B (LA
144.0 mg, ;%3 75%. '"H NMR (400 MHz, CDCl;) J: 7.39
(d, J=8.8 Hz, 2H), 7.33 (d, J=8.8 Hz, 2H), 5.43 (d, J=
39.2 Hz, 1H), 2.05 (d, J=16.4 Hz, 3H), 1.31 (s, 9H); °C
NMR (100 MHz, CDCly) &: 157.3 (d, "Jop=261.3 Hz),
149.6 (d, *Jep=2.1 Hz), 131.1 (d, *Jop=2.4 Hz), 127.9 (d,
3Jcr=17.0 Hz), 125.3, 106.0 (d, *Jcr=8.9 Hz), 34.5, 31.3,
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19.0 (d, *Jcr=29.2 Hz); ”F NMR (376 MHz, CDCl;) ¢:
—95.4 (dq, J=39.1, 16.9 Hz, 1F); HRMS (EI) calcd for
C3H-F 192.1314, found 192.1313.

(Z)-2-%-1-(4-F K FE) N M (3ha): IR B EMBE 110.5
mg, & 65%. 'H NMR (400 MHz, CDCLy) o: 7.37 (d,
J=8.8 Hz, 2H), 7.26 (d, J=8.0 Hz, 2H), 5.42 (d, J=38.4
Hz, 1H), 2.06 (d, J=16.8 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 158.2 (d, 'Jer=263.2 Hz), 132.4 (d, Jer=2.5
Hz), 132.1 (d, *Jor=3.3 Hz), 129.4 (d, *Jor=7.4 Hz),
128.5, 105.4 (d, 2Jr=8.7 Hz), 19.0 (d, 2Jer=28.9 Hz); "°F
NMR (376 MHz, CDCly) §: —93.6 (dq, J=38.4, 16.9 Hz,
1F); HRMS (EI) caled for CoHgCIF 170.0299, found
170.0297.

(Z)-2-3-1-(3-VRL A ) TR #is (Bia): ¥R 38 (UM 12901
mg, “% 60%. 'H NMR (400 MHz, CDCl;) o: 7.61 (s,
1H), 7.36~7.31 (m, 2H), 7.18~7.14 (m, 1H), 5.40 (d, J=
38.0 Hz, 1H), 2.08 (d, J=16.8 Hz, 3H); *C NMR (100
MHz, CDCl;) 6: 158.8 (d, 'Jor=264.5 Hz), 135.9 (d,
*Jer=2.6 Hz), 130.9 (d, *Jor=8.0 Hz), 129.8, 129.5 (d,
Jor=2.1 Hz), 126.7 (d, “Jop=7.3 Hz), 122.5, 105.2 (d,
2Jer=8.5 Hz), 19.0 (d, Jor=28.8 Hz); ”F NMR (376
MHz, CDCly) 6: —92.1 (dq, J=38.0, 16.9 Hz, IF);
HRMS (EI) caled for CoHgBrF 213.9793, found 213.9796.

(2)-1-2- 1 3 -2- 9 £ 0 ) 25 (3ja)™™): ik T €0 1k
130.2 mg, 7% 70%. '"H NMR (400 MHz, CDCl;) d: 7.99
(d, J=8.0 Hz, 1H), 7.82~7.80 (m, 1H), 7.73~7.71 (m,
2H), 7.50~7.42 (m, 3H), 6.07 (d, J=36.4 Hz, 1H), 2.16
(d, J=16.4 Hz, 3H); *C NMR (100 MHz, CDCl5) J: 158.3
(d, '"Jep=261.1 Hz), 133.7, 131.3, 130.0 (d, *Jcr=1.0 Hz),
128.6, 127.4, 127.2, 127.1, 126.0, 125.6 (d, *Jer=5.4 Hz),
124.2, 103.0 (d, 2Jer=10.7 Hz), 19.1 (d, *Jcp=29.4 Hz);
F NMR (376 MHz, CDCl;) §: —95.7 (dq, J=36.5, 16.5
Hz, 1F); HRMS (EI) caled for C;3sHy F 186.0845, found
186.0846.

(2)-2-3-1-(4- FH R 2R JE) T4 3ab)": R 3 (4 ¥k
14 126.1 mg, 7*3 70%. '"H NMR (400 MHz, CDCl) 6:
7.40 (d, J=8.8 Hz, 2H), 6.84 (d, J=8.8 Hz, 2H), 5.38 (d,
J=40.0 Hz, 1H), 3.78 (s, 3H), 2.37~2.28 (m, 2H), 1.15 (t,
J=17.6 Hz, 3H); >C NMR (100 MHz, CDCl;) J: 161.2 (d,
Jer=261.9 Hz), 158.2 (d, *Jer=2.8 Hz), 129.5 (d, *Jor=
7.3 Hz), 126.7 (d, *Jer=2.3 Hz), 113.8, 104.1 (d, *Jep=9.1
Hz), 55.2, 26.2 (d,%Jer=27.5 Hz), 11.0 (d, *Jcr=3.4 Hz);
F NMR (376 MHz, CDCl;) 0: —103.6 (dt, J=39.8 Hz,
15.4 Hz, 1F).

(Z)-2-F-1-(4- H B B R 5 ) T 44 (3fb): 7% 3 (O Ak
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131.3 mg, 7#% 67%. '"H NMR (400 MHz, CDCl;) J: 7.38
(d, J=8.4 Hz, 2H), 7.19 (d, J=8.4 Hz, 2H), 5.40 (d, J=
39.6 Hz, 1H), 2.47 (s, 3H), 2.39~2.29 (m, 2H), 1.16 (t,
J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl3) ¢: 162.4 (d,
'Jep=264.3 Hz), 136.5 (d, *Jep=2.7 Hz), 130.9 (d, *Jer=
2.4 Hz), 128.6 (d, *Jor=17.5 Hz), 126.6, 104.2 (d, *Jcr=8.8
Hz), 26.3 (d,*Jep=27.2 Hz), 15.9, 10.9 (d, Jer=3.5 Hz);
F NMR (376 MHz, CDCl3) §: —100.6 (dt, J=39.5, 15.4
Hz, 1F); HRMS (EI) caled for C;;H3FS 196.0722, found
196.0720.

(2)-2-F-1-(4-F R HE) T /i (3hb): R A 150.9
mg, =% 82%. 'H NMR (400 MHz, CDCl;) &: 7.39 (d,
J=8.8 Hz, 2H), 7.26 (d, J=8.4 Hz, 2H), 5.41 (d, J=38.8
Hz, 1H), 2.39~2.30 (m, 2H), 1.17 (t, J=7.6 Hz, 3H); *C
NMR (100 MHz, CDCl3) &: 163.0 (d, 'Jop=265.4 Hz),
132.4 (d, *Jep=2.4 Hz), 132.1 (d, *Jop=3.4 Hz), 129.5 (d,
3Jer=1.5 Hz), 128.5, 103.7 (d, *Jor=8.8 Hz), 26.2 (d,
2Jep=27.1 Hz), 10.8 (d, *Jer=3.5 Hz); F NMR (376
MHz, CDCl5) 6: —99.7 (dt, J=39.1, 15.4 Hz, 1F); HRMS
(EI) calcd for C;oH,(CIF 184.0455, found 184.0458.

(2)-2-F-1-G-F AR EE) T Mi(3kb): R AU 147.2
mg, % 80%. 'H NMR (400 MHz, CDCl;) 6: 7.48 (s,
1H), 7.31 (d, J=7.6 Hz, 1H), 7.24~7.15 (m, 2H), 5.41 (d,
J=38.8 Hz, 1H), 2.40~2.31 (m, 2H), 1.17 (t, J=7.2 Hz,
3H); *C NMR (100 MHz, CDCls) 8: 163.5 (d, 'Jer=266.6
Hz), 135.6 (d, *Jcr=2.3 Hz), 134.2, 129.5, 128.2 (d, *Jer=
8.2 Hz), 126.6 (d, *Jor=2.0 Hz), 126.3 (d, *Jer=7.1 Hz),
103.7 (d, 2Jer=8.6 Hz), 26.2 (d,*Jcr=27.0 Hz), 10.8 (d,
3Jer=3.5 Hz); "F NMR (376 MHz, CDCl3) 6: —98.4 (dt,
J=38.7, 15.4 Hz, 1F); HRMS (EI) calcd for C;oH;(CIF
184.0455, found 184.0456.

(2)-2-F-1-(4- LR TR 2R 58 ) T 4% (3Ib): 1 4[] 44
114.4 mg, 77% 55%. m.p. 68.3~70.5 “C; 'H NMR (400
MHz, CDCLy) o: 7.97 (d, J=8.4 Hz, 2H), 7.52 (d, J=8.4
Hz, 2H), 5.51 (d, J=38.8 Hz, 1H), 3.90 (s, 3H), 2.42~
2.33 (m, 2H), 1.19 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCly) 6: 166.9, 164.3 (d, 'Jop=268.5 Hz), 138.6
(d,*Jer=2.6 Hz), 129.7, 128.1 (d, *Jer=7.7 Hz), 128.0 (d,
*Jor=2.4 Hz), 104.2 (d, “Jor=8.3 Hz), 52.0, 26.4 (d,
2Jer=26.9 Hz), 10.8 (d, *Jor=3.5 Hz); ’F NMR (376
MHz, CDCLy) §: —96.4 (dt, J=38.7 Hz, 15.4 Hz, 1F);
HRMS (EI) caled for Cj;,H;3sFO, 208.0900, found
208.0899.

(2)-2-F-1-(4-FHRE) T I(3mb): FEAE K 131.2
mg, & 75%. m.p. 72.3~74.1 ‘C; '"H NMR (400 MHz,
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CDCly) d: 7.57 (d, J=8.8 Hz, 2H), 7.53 (d, J=8.4 Hz,
2H), 5.50 (d, J=38.4 Hz, 1H), 2.44~2.34 (m, 2H), 1.19
(t, J=7.2 Hz, 3H); >C NMR (100 MHz, CDCl5) J: 165.3
(d, 'Jer=270.1 Hz), 138.6 (d, Jcr=2.4 Hz), 132.1, 128.6
(d, Jer=8.0 Hz), 119.1, 109.7 (d, *Jc;=2.8 Hz), 103.8 (d,
2Jer=8.0 Hz), 26.4 (d, *Jc;=26.6 Hz), 10.7 (d, Jcr=3.6
Hz); °F NMR (376 MHz, CDCl;) §: —94.7 (dt, J=38.4,
15.4 Hz, 1F); HRMS (EI) calcd for C;;H;(FN 175.0797,
found 175.0796.

322 22-= -5 K T (3na~3qb) 49 4 Ak

DL 2,2- ZHI - 1-(4- R 2K L) 205 (3na) A . )
25 mL FREAP OB A NiCly(dppp) (81.3 mg,
0.15 mmol). LiCl (126.0 mg, 3.0 mmol), B ¥@ES =X,
FESZRIMN BB~ —IR-XFHEIER L/ 1n (367.0 mg,
1.0 mmol)5 5 mL T LlF, b5 E T =R R
i, RN T IE S ke i — B B EE R 2a (2.0
mmol Me,Zn). J MR IR 20 IR AR IS, 4k S8 FE
i 3~6 h, it TLC WIS SIdERE, 4 B BRI A 4%
b5, IKEK, AR B0 mLX3)AR. &
FEENUAH, 10 b 28 AR £ 7, DUE Cbe vk /il
F & EN B A 2] 2,2- = FE-1-(d- R R AR
)25 (3na), HMOFEE 1856 mg, F7EK 78%. m.p.
67.3~69.5 ‘C (CHEAE"™ 66.6~67.8 ‘C); '"H NMR
(400 MHz, CDCl3) 6: 7.33 (d, J=7.2 Hz, 2H), 7.28 (d, J=
6.8 Hz, 2H), 7.23~7.19 (m, 1H), 7.06 (d, J=8.4 Hz, 2H),
6.83 (d, J=8.8 Hz, 2H), 6.11 (s, 1H), 4.94 (s, 2H), 1.78 (s,
3H), 1.75 (s, 3H); *C NMR (100 MHz, CDCl3) §: 157.0,
137.2, 134.1, 131.7, 129.9, 128.6, 128.0, 127.5, 124.6,
114.5,70.1, 26.9, 19.4.

2,2- I 1-(4-FFE IR IE) 24 (30a) ™) ik B (I
14 130.3 mg, 7*% 83%. 'H NMR (400 MHz, CDCls) 6:
7.58 (d, J=8.0 Hz, 2H), 7.30 (d, J=8.0 Hz, 2H), 6.26 (s,
1H), 1.94 (d, J=1.2 Hz, 3H), 1.87 (d, J=0.8 Hz, 3H); "°C
NMR (100 MHz, CDCl;) o: 143.4, 139.3, 131.8, 129.2,
123.9,119.2,109.1, 27.1, 19.6.

2,2- L HE-1-(A-F IR EL) 25 Bob)P0: IR TR
14 157.2 mg, 7*% 85%. 'H NMR (400 MHz, CDCls) 6:
7.58 (d, J=8.4 Hz, 2H), 7.29 (d, J=8.4 Hz, 2H), 6.22 (s,
1H), 2.28~2.20 (m, 4H), 1.14~1.07 (m, 6H); *C NMR
(100 MHz, CDCly) §: 150.2, 143.5, 131.9, 129.2, 122.0,
119.2,109.2,29.7, 24.0, 12.9, 12.6.

22- 0 HE-1-(A- BRI AR 20 3pb): R
itk 185.6 mg, F*F 80%. 'H NMR (400 MHz, CDCl;)
8:7.97 (d, J=8.0 Hz, 2H), 7.26 (d, J=8.0 Hz, 2H), 6.24
(s, 1H), 3.90 (s, 3H), 2.29~2.18 (m, 4H), 1.13~1.06 (m,
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6H); °*C NMR (100 MHz, CDCl;) 8: 167.1, 148.9, 143.6,
129.4, 128.5, 127.4, 122.6, 51.9, 29.6, 24.0, 13.0, 12.7;
HRMS (EI) caled for Ci,H,50, 218.1307, found 218.1308.

22- 2 FE-1-(2-EW ) 2 M Bqb)C T vk B ik
104.5 mg, 7°% 63%. 'H NMR (400 MHz, CDCl;) d: 7.17
(d, J=4.8 Hz, 1H), 6.97 (dd, J=4.8, 3.6 Hz, 1H), 6.89 (d,
J=3.6 Hz, 1H), 6.33 (s, 1H), 2.42 (q, J=7.6 Hz, 2H), 2.20
(q, J=7.6 Hz, 2H), 1.13~1.08 (m, 6H); *C NMR (100
MHz, CDCly) d: 146.1, 141.2, 126.7, 125.8, 123.7, 116.3,
30.3,24.9,12.8, 12.5.

$#H B#1 KL (Supporting Information) =% 3aa~3qb [
'HNMR. "C NMR Hil F NMR [, Xt a] L4
i WAFI 335 (http://sioc-journal.cn/) | N %K.
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