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Copper-Mediated Addition Reactions to Styrenes with
1,1,1-Trifluoro-2,2-dichloroethane or
1,1,1-Trifluoro-2,2,2-tricholorethane
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Abstract An efficient CuCl/bpy-mediated atom transfer radical addition reaction of styrenes with CF;CHCI, and CF;CCl; is
developed. Bpy which was added to enhance the reducibility of copper was crucial for activating one inert C—Cl bond of
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CF;CHCI, and CF;CCl; to form single radical adducts.
Keywords HCFC; copper; radical; alkene
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FAT, 238 S R T 4 A PR 7 K I R R
PR e A R, AR R S 0 e R A RO K
A ETFUUEBT, BATKIE T —KMWWZ 5T CF;CH-
Cly SR LIGA S 55672 B s 3= .

1 HR510R

T A IRA R AL B 5 1) 2% X CF;CHCL 5 4-
IR 205 (2a) (N BRS NEBEATF 7S (Bq. 1): KRR
MR IR, — F LW A(DMSOYE A, %7 i:hEE
AR 2 HCFCs MM C—Cl A s e 5 A
B3P PF NMR PREFSZIGSE A %X BAE 6
—74.5~—755 ZIAHIMEBANFE, RIEA SRR —
HIInR =9, 25 e BIF=E N 3 B A S 2R L@ R A
R A R I KT 5 SR PR R R0, v
PAERETRE SR R CEAMEE 4 HIEE LG
EHI7r=Y).

Cl
S Na,S,0,4/NaHCO3
+ F3C olymer 1
/©/\ ‘<CI DMSO poly M
2a 1a 9F NMR § -74.5 ~-75.5
~ 50% recovered 30%

NI RN RER A, FR SRS Cu fE—
SE A R REIEIIZY CF,CHCL, ) C—C1 48, JFHal) 32
WS T s A& ATRA MR, BATF Cu 25T
CF;CHCI, 5 U 20 KW 1 n s e BEEAT T 2%,
DL 4-ZR B K 20 (2b) MR DIEAT L8, BRI 1E 30
mol% ik & S AL AR, 30 mol% 2,2"-FErtnE 264
(Table 1, Entry 1), 1 equiv.[f] 4-2K 32K 2.0d(2b) 55 2 equiv.
ff) CF;CHCL, 7£ 1,2- & Z5eis A 8 h, AT LI
27% R P A8 F] CF,CHCL, X 4-BIK 2GR T8
H IR =4 3b, dr {58 2 © 1. 3@ — & fb
P AR FORCAA 2,2' - AEE BE FRIF5ERE L 1) 2% %2 (Table 1, Entries
2, 3), RIVHEANTAIEN 1 equiv., BEILIE RN 2
equiv.if(Table 1, Entry 3), SN URELE, FIE IR
2 82%(dr H N2 1 1).

BB, EYPPEE R, BEERATLL 4-HHIK 207 (2a)
NN S S S IR BCAAR EAT T 9. 758 FUR 7%
BRMENET . 1,2- & 4 %5E(Table 1, Entries 6, 8)
o, N PEER LR, YN 92%. TR AR R T A
R A e AR BRI AR 2 T 1)
(Table 1, Entries 5, 11), {H & N o724 T /b & 1)
CF;CH,Cl; 4K KM% 77 DMF. DMSO (Table 1,
Entries 9, 10)i, [N r=ZE4K, HA AR =254,
DL ZRAE ¥ 7R (Table 1, Entry 4), B A KA.

SN H S5 A PR TG AR AR EE ). NS NG AR S
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Table 1 Screening of the reaction conditions

cl ¢l
/©/\ CuCl, ligand oF
+ _— 3
R CF3CHCI solvent, 80 °C
2 1a R 3
2aR=CHjs 3aR=CHjg
2bR=Ph 3bR=Ph
N / l!l - -
~ 7
/ N —N NT \ \ /
TMEDA PMDETA bpy
Bu Bu
Vam\ 7N
\ N N / \ N N /
dtbbpy phen

Entry 2/CuCl/ligand R Ligand Solvent Yield”/%

1 1:03:03 Ph Bpy DCE 27
2 1:1:1 Ph Bpy DCE 49
3 1:1:2 Ph Bpy DCE 82
4 1:1:2 CH; Bpy Toluene 0
5 1:1:2 CH; Bpy DCM 64
6 1:1:2 CH; Bpy DCE 92
7 1:12 CH; Bpy THF 18
8 1:12 CH; Bpy CH;CN 92
9 1:12 CH; Bpy DMF 30
10 1:12 CH; Bpy DMSO 59
11 1:1:2 CH; Bpy ‘PrOH 67
12 1:1:0 CH; — DCE 0
13 1:1:4 CH; PPh, DCE 0
14 1:1:4 CH; Et,NH DCE 24
15 1:1:15 CH; TMEDA DCE 51
16 1:1:15 CH; PMDETADCE 84
17 1:1:2 CH; Dtbbpy DCE 31
18 1:1:2 CH; Phen DCE 21

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 2 (0.5 mmol), 1a (1.0 mmol), DCE (2.0 mL). ® Yields
were determined by '°F NMR spectroscopy using 4-(trifluoromethyl)anisole as
an internal standard.

MNANREHEAT (Table 1, Entry 12). SCRRH  4R1E = KL
Az 5 4 P A7 R S 5 AR v A A SR MBS (B R AR R
BN Z R B ERC AT (Table 1, Entry 13), RBA
RERAE. T 2RI Et,NH i (Table 1, Entry 14),
REfE DL 24% MR B BARY) 3a; Mk & o+
AT UC A4 DY i 2, — i) (Table 1, Entry 15), 723
Red = E 51%; M =% A PMDETA It (Table 1,
Entry 16), PR EEWILT] 84%, dr N 2 1; T RAR
E A TR T T AL E A AR BT, OB B (7 (Table
1, Entry 6); {58 F HARBRIMERE AT AR L 4,4'- 80T
$5-2,2'- BRI BE (dtbbpy) £ 48 JE 27 Mk (phen), % 877~ 2[4
{i(Table 1, Entries 17, 18)"°.

FERAMEARI AT, ¥ CF;CHCL, #e v 5 IR
CF;CCl; B, JRMARREW KR, 158 =M S L5 H
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B HR OB Y, R Oy AR
CF;CH,Cl I, RIS SR 380 Jo o B vy R U A, A
A2 K4 (Scheme 1).

x 1 equiv. CuCl Clcl ¢l
2 equiv. L1/L2/L3
+ FC—CCly —M8M8M CF,

DCE

1
2a b 3
70% ~ 85%
1 equiv. CuCl

X 2 equiv. L1/L2/L3
*+ FgC—CH,Cl ——————— NR
DCE

2a 1c
L1: bpy; L2: PMDETA; L3: MegTREN ((Me,NCH,CH,)3N)

AR 1 DL 1b/ae KRR
Scheme 1 Typical reactions with 1b/1¢

BT o, JAT RN R E AT 1%
£¢(Table 2). %S0 IEA 45 L 3 R (4 S A%k
PUBCHF, e, BT 2k I A B SE, OB
REFFRIhSE RO T 107 R T AR B & RS
IR T MR AR, 35N, RREAETTHM 3 ik

TR 2 A RUREMIRE, RV ERRERET, [E15HE
52 2 ALEURIZE LG RONAL LR R, 72 3R BT, 24
DU FE AR BRI 2K 0 R RIS, RS A Be A3 21)/0 &
=8, JE R 2 Rk} 4- A B 2K IR AE I NAR R R R AR
T iR, T sy B TR A MR BRI
SSEPEBANGE, ARG BT AR e 2 E S vk
T-H HEE, T B BRI 200 m p A5 2
Bt AR e R R R S 3.

R PR NSRRI RN &R S S5 N E TR A
I AL EE (Scheme 2). BERHLRE FE AL B — 4047 EL G 58
W JFEME, I TS R CF,CXCL, i C—Cl4#
RAEIZ, FEA b A BB M kit E
B3 5 2K 20 R A E R BN B S B 7 A A A e T R
H HZE(C); 1% %5 H i ] DURGE 5 Be A7 1) & A4 &
A TR T A RN RN =Y, IS 5 — 0 Tk
AT INRAS BV R AV, SN TR BRI E A,
i AL I X e B B . FRATT SR TE A
EEIH(10 mol%)Z&FF T, SIS & 1R 34 Ji 7 B 47 B
S E 5] R 7 AIBN SRS2H— 49 Fh 1 1L 15

#2 KMy RE

Table 2  Substrate scope for the reaction

1 equiv. CuCl Cl X cl
XX i
R + CFyCXCl, 280UV-BRY - CFs
% DCE,80°C R _
2
cl cl Cl Cl CI cl cl
3a Ph 3b 3c cl 3
85% dr=2:1 75% dr = 2:1 85% dr=2:1 90% dr =2:1 799 dr=2:1
Cl
cl cl . cl ¢l Clcl ¢l Clci cl
I
/@MCFs /@M WCFs CFs
AcO
3 gr=2 3h 3j
700, & =21 64 or =21 73% dr = 2:1 2% 79%
clgl ¢l clci cl Icl cl Br Cici_cl
/@)\)4(":3 \@)\X ﬁj/\\)<
Ph 3k 3m
90% 89% 7% 60%

“Reaction conditions: 2 (0.5 mmol), 1a/1b (1.0 mmol), DCE (2.0 mL). ®Isolated yield.

Cu'L,Cl “Cu'L,Cl

CF3CXCly NN [ CFsCXCl

(X=Horcl SET el
1 A

B2

radical additon

Ar—\
cl
_L, CFgCXCI¥' A/\/CXCF3 LL» N __cxcr,
3

cu'L,Cl, Cu'L,Cl

atom transfer

RE ) S AL

Scheme 2 Proposed mechanism
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W, SRR AR T RN R ARER . #Rh 2
Jit AAS REAR 0 T BE 2 AL A rh ) ST R RS B 2
H 2k b A i — O AR A B Oy SR T B, SR
BT W (IR JF I 2558 SR CFCXCL FE TR C—CI .

2 ZEig

FEASCH, FRATTR & Ji A 4 1 J 75 7% 1 el 3k
TR RE, 368 3 R ITHEE Lt g R 15 5t ) (1473 Ji 2 o 2 S TR
T CF;CHCL %61 c—Cl %, I 5imkmEs
s RANA W IS R — R 36 8 R 2 o= 4.
RNE RERIAA L, KRR, Pk ] LUK A —
AL, X — ARG R AN T e H R SRR
IO S S F R BR A, I8 HCFC-123 [R#E4L R R34t T
WigE.

3 S
3.1 UES5HF

R AR i B Al AL, TR AR IE, 1&
SAE B RES R EAEA R A A= SWG X-4 B4l
I A ek ElsE; 'TH NMR 76 Bruker AM 300 (300
MHz), Varian 360L (300 MHz), 5% Agilent (400 MHz)_I
Mg, F TMS fE NN AR; '°F NMR #7E Bruker AM 300
(283 MHz), Varian 360L (282 MHz), B Agilent (376
MHz) Eill5E, F CFClL; /AP xR, °C NMR 7 Bruker
AV-400 (100 MHz)5¥ Agilent MR400 (100 MHz) -l 5E,
F CDCL /£ N A kR; MS (EI)#E HP-5973N 45 1% 4% Ll
5€; HRMS (EI7E SATURN 2000 !534 5E; MS
(ESI)YE AGILENT1100 #Y)ii 3% 4% 5% Shimadzu LCMS-
2010EV ZY i A3 2 ; HRMS (ESI)i Ff] FTMS-7 %Y i
FEACIE; TCHR AT H Perkin-Elmer 2400 Series I Ele-
mental Analyzer | 32; ZL4MEIESE Perkin-Elmer 983
e, FEEN R G4 T A= LR (300~400 H).
3.2 LWHE
3.2.1 TABLE T HCFC-123 5 4-F AR TH 69 R

7E 5 mL [fJ Schlenk & 1 Ji X\ Na,S,0, (0.75 mmol).
TR ZE1(0.75 mmol), I#E A=K, TERAGRT T,
B 2 mL DMSO 1E#71, 1a (0.75 mmol) LA % 4-F JEZE
ZJ5(0.5 mmol), ¥7% Schlenk 7T 80 ‘Cihi=m# 6
h. M AEEZE. A =58 R AE N F£0.4 mmol),
PF NMR #6:3l, 6 —74.5~—75.5 HIL LA FRié.
3.2.2 {558 HCFC-123 5B E 2B R

7 5 mL [#J Schlenk % H A CuCl (0.5 mmol)F12,2'-
BRI RE (1.0 mmol), fh# <=k, RS T, A
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2 mL —&Z%E. 1a/1b (1.0 mmol) L f B A 2.4%5(0.5
mmol), $7% Schlenk & T 80 ‘CiHHm# 8 h. KM¥&
B, H PR, Myl ek, 2K,
PRI ER/KYE 2 Wk, TCKBRBREN T A IR I8l A A
TR, KRN RS 3.

(1,3- 54,4, 4- =50 T J5)-4-F 3K (3a): oMK,
B RE 85%. "H NMR (400 MHz, CDCly) 6: 7.33~7.35
(m, 2H), 7.22~7.25 (m, 2H), 5.20 (dd, J=11.6, 2.0 Hz,
0.65H), 5.11 (dd, J=10.4, 5.6 Hz, 0.33H), 4.61~4.68 (m,
0.65H), 3.69~3.74 (m, 0.34H), 2.65~2.78 (m, 1.41H),
2.40 (s, 3.0H), 2.30~2.37 (m, 0.83H); *C NMR (100
MHz, CDCl3) 6: 139.4, 139.0, 137.1, 135.4, 129.9, 129.6,
127.1, 126.8, ,124.1 (q, Jer=276 Hz), 123.7 (q, Jor=276
Hz), 59.2, 57.9, 55.8 (q, Jor=34 Hz), 54.6 (q, Jor=34
Hz), 41.2, 212, 21.1; "F NMR (376 MHz, CDCl;) ¢:
—74.4 (d, J=7.5 Hz, 0.66X3F), —74.6 (d, J/=7.5 Hz,
0.32X3F); IR (neat) v: 3029, 2927, 2865, 1903, 1615,
1515, 1426, 1374, 1314, 1267, 1189, 1163, 1127, 1027,
937, 882, 837, 767, 741 cm™'; MS (EI) m/z: 270 (M, 17),
235 (100); HRMS (EI) caled for C;H; F;Cl, 270.0190,
found 270.0192.

(1,3- =& -4,44- =5 T H)-4- K B K (3b): Ll
1, 43 EE 7% 75%. '"H NMR (400 MHz, CDCl;) &: 7.59~
7.65 (m, 4H), 7.45~7.51 (m, 4H), 7.37~7.41 (m, 1H),
5.24 (dd, J=11.2, 2.4 Hz 0.69H), 5.16 (dd, J=10.4, 5.2
Hz, 0.33H), 4.62~4.67 (m, 0.64H), 3.73~3.78 (m,
0.34H), 2.67~2.86 (m, 1.41H), 2.33~2.41 (m, 0.71H);
C NMR (100 MHz, CDCly) J: 142.4, 142.1, 140.2, 140.1,
138.8, 137.2, 128.9, 128.9, 127.9, 127.7, 127.6, 127.3,
127.1, 124.0 (q, Jop=277 Hz), 123.7 (q, Jor=277 Hz),
59.0, 57.8, 55.5 (q, Jor=33 Hz), 54.6 (q, Jor=33 Hz),
41.2; 'F NMR (376 MHz, CDCly) 6: —74.4 (d, J=6.4
Hz, 0.65X3F), —74.5 (d, J=6.4 Hz, 0.33 X 3F); IR (neat)
v: 3059, 3032, 2974, 1913, 1677, 1600, 1520, 1411, 1375,
1312, 1267, 1164, 1127, 1076, 952, 881, 841, 766 cm ';
MS (EI) m/z: 332 (M", 27), 297 (100). HRMS (EI) calcd
for C,¢H;3F5Cl, 332.0346, found 332.0352.

(1,3- 258 -4,4,4- =50 T H5)-4-5UT B 2K Be): LM
&, 43 B 7% 85%. 'TH NMR (400 MHz, CDCl;) &: 7.40~
7.43 (m, 2H), 7.31~7.35 (m, 2H), 5.15 (dd, J=11.6, 2.0
Hz, 0.67H), 5.10 (dd, J=10.4, 5.2 Hz, 0.31H), 4.56~4.63
(m, 0.67H), 3.65~3.72 (m, 0.30H), 2.61 ~2.74 (m,
1.42H), 2.27~2.31 (m, 0.74H), 1.32~1.33 (m, 9.3H); "*C
NMR (100 MHz, CDCly) o: 152.5, 152.2, 136.9, 135.3,
126.8, 126.6, 126.2, 125.9, 124.0 (q, Jop=277 Hz), 123.7
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(q, Jer=280 Hz), 59.1, 57.9, 55.5 (q, Jor=233 Hz), 54.6 (q,
Jer=233 Hz), 41.2, 34.7, 34.6, 31.3; '’F NMR (376 MHz,
CDCl;) 0: —74.4 (d, J=6.8 Hz, 0.67X3F), —74.6 (d,
J=6.8 Hz, 0.30X3F); IR (neat) v: 3058, 3032, 2965,
2906, 2870, 1908, 1613, 1516, 1416, 1464, 1395, 1268,
1186, 1127, 1027, 938, 884, 835, 740 cm ™ '; MS (EI) m/z:
312 (M7, 14), 297 (100). HRMS (EI) caled for
CH-F5Cly, 312.0659, found 312.0662.

(1,3- & -4.4,4- = T H)EGE)PY: BEmk, o
BPEE 90%; 'H NMR (400 MHz, CDCls) J: 7.31~7.42
(m, 5H), 5.18 (dd, J=11.6, 2.0 Hz, 0.65H), 5.10 (dd, J=
10.4, 5.6 Hz, 0.27H), 4.57~4.65 (m, 0.67H), 3.65~3.70
(m, 0.30H), 2.63~2.81 (m, 1.31H), 2.84 ~2.36 (m,
0.72H); F NMR (376 MHz, CDCl3) 0: —74.5 (d, J=6.4
Hz, 0.71 X 3F), —74.6 (d, J=6.8 Hz, 0.29 X 3F);

1-50-4-(1,3-25-4,4,4- =5 T )7 (3e): ok,
I EEFRE 79%. "H NMR (400 MHz, CDCl;) 6: 7.33~7.40
(m, 4H), 5.14 (dd, J=11.6, 2.8 Hz 0.68H), 5.16 (dd, J=
10.0, 6.0 Hz, 0.32H), 4.54~4.62 (m, 0.68H), 3.61~3.69
(m, 0.31H), 2.61 ~2.72 (m, 1.46H), 2.24~231 (m,
0.75H); *C NMR (100 MHz, CDCl;) §: 138.4, 136.9,
135.3, 134.9, 129.5, 129.2, 128.5, 128.2, 123.9 (q, Jor=
277 Hz), 123.6 (q, Jor=277 Hz), 58.3, 57.1, 55.3 (q, Jor =
35 Hz), 54.6 (q, Jop=35 Hz), 41.2; '’F NMR (376 MHz,
CDCly) 6: —74.5 (d, J=6.4 Hz, 0.65X3F), —74.6 (d,
J=6.4 Hz, 0.33X3F); IR (neat) v: 3034, 2976, 2930,
1901, 1775, 1651, 1598, 1493, 1411, 1338, 1311, 1164,
1128, 1026, 938, 832, 742 cm '; MS (EI) m/z: 290 (M",
17), 255 (100). HRMS (EI) calcd for C,oHgF5Cl; 289.9644,
found 289.9645.

4-(1,3- A -444- =5 T B R E ZREEGEN): A
4K, B 70%. m.p. 47.2~50.5 °C; '"H NMR (400
MHz, CDCl3) d: 7.41~7.43 (m, 2H), 7.10~7.15 (m, 2H),
5.16 (dd, J=11.6, 2.4 Hz, 0.64H), 5.08 (dd, J=10.0, 5.2
Hz, 0.33H), 4.54~4.62 (m, 0.65H), 3.66~3.74 (m,
0.32H), 2.61~2.73 (m, 1.38H), 2.23~2.31 (m, 3.80H);
C NMR (100 MHz, CDCl;) d: 169.2, 169.1, 151.2, 150.9,
137.4, 135.8, 128.3, 128.1, 123.9 (q, Jor=277 Hz), 123.6
(q, Jor=277 Hz), 122.4, 122.2, 58.4, 57.3, 55.3 (q, Jor=
35 Hz), 54.4 (q, Jor=35 Hz), 41.2, 21.1; "’F NMR (376
MHz, CDCl3) 6: —74.5 (d, J=6.8 Hz, 0.66 X 3F), —74.6
(d, J=6.4 Hz, 0.33X3F); IR (neat) v: 3062, 2977, 2928,
1758, 1607, 1511, 1427, 1371, 1314, 1224, 1189, 1127,
1028, 955, 940, 917, 855, 737 cm '; MS (EI) m/z: 314
(M", 4), 237 (100); HRMS (EI) calcd for Ci,H;,0,F5Cl,

1718 http://sioc-journal.cn/
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314.0088, found 314.0086.

1-1R-4-(1,3- " 5-4,4,4- =5 T 5K (3g): Totaiifs,
I FRE 64%. "H NMR (400 MHz, CDCl;) 6: 7.51~7.55
(m, 2H), 7.28~7.30 (m, 2H), 5.12 (dd, J=11.6, 2.0 Hz
0.70H), 5.04 (dd, J=10.0, 5.6 Hz, 0.34H), 4.54~4.62 (m,
0.70H), 3.61~3.69 (m, 0.34H), 2.61~2.74 (m, 1.55H),
2.24~2.31 (m, 0.79H); *C NMR (100 MHz, CDCLy) ¢:
138.9, 137.4, 132.5, 132.2, 128.8, 128.5, 123.9 (q, Jor=
277 Hz), 123.6 (q, Jor=277 Hz), 123.4, 123.0, 58.3, 57.1,
55.2 (q, Jor=236 Hz), 54.3 (q, Jor=236 Hz), 41.1; "’F NMR
(376 MHz, CDCls) §: —74.4 (d, J=6.8 Hz, 0.67X3F),
—74.6 (d, J=6.0 Hz, 0.32 X 3F); IR (neat) v: 3030, 2975,
2929, 1901, 1779, 1648, 1593, 1490, 1426, 1408, 1376,
1311, 1267, 1189, 1128, 1011, 938, 881, 829 cm '; MS
(EI) m/z: 334 (M", 14), 301 (100). HRMS (EI) calcd for
C1oHsF5ClL,Br 333.9139, found 333.9138.

1-1R-3-(1,3- 2 5(-4,4,4- =5 T 35)H 3h): LAk,
Iy FEER 73%. "H NMR (400 MHz, CDCl3) 6: 7.56~7.58
(m, 1H), 7.47~7.50 (m, 1H), 7.33~7.51 (m, 1H), 7.24~
7.30 (m, 1H), 5.11 (dd, J=12.0, 2.8 Hz 0.73H), 5.02 (dd,
J=10.0, 6.0 Hz, 0.36H), 4.54~4.62 (m, 0.73H), 3.66~
3.74 (m, 0.36H), 2.60~2.71 (m, 1.62H), 2.25~2.33 (m,
0.82H); *C NMR (100 MHz, CDCl;) d: 142.0, 140.7,
132.5, 132.1, 130.7, 130.5, 130.3, 130.0, 125.7, 125.5,
124.5 (q, Jop=277 Hz), 123.6 (q, Jos=277 Hz), 123.2,
122.9, 58.1, 57.0, 55.2 (q, Jor=36 Hz), 54.3 (q, Jor=36
Hz), 41.2; ’F NMR (376 MHz, CDCl3) 0: —74.4 (d, J=
6.4 Hz, 0.66X3F), —74.5 (d, J=6.0 Hz, 0.32X3F); IR
(neat) v: 3062, 2972, 1952, 1872, 1756, 1696, 1572, 1477,
1428, 1376, 1312, 1267, 1188, 1164, 1127, 1074, 1026,
955, 941, 894, 827 cm™'; MS (EI) m/z: 334 (M", 22), 301
(100). HRMS (EI) caled for C;oHgF;CL,Br (M") 333.9139,
found 333.9139.

(1,3,3- = 5-4,4,4- =50 T H)2K3i): LEBIE, 75
P& 92%. 'H NMR (400 MHz, CDCl3) d: 7.35~7.46 (m,
5H), 5.37 (t, J=6.0 Hz, 1H), 3.15 (dm, J=6.0 Hz, 2H);
C NMR (100 MHz, CDCly) d: 140.6, 129.0, 128.9, 127.3,
122.6 (q, Jop=280 Hz), 82.8 (q, Jor=35 Hz), 57.1, 49.3;
"F NMR (376 MHz, CDCl;) : —81.9 (s, 3F); IR (neat) v:
3067, 3034, 2943, 1949, 1602, 1495, 1456, 1429, 1261,
1205, 1033, 983, 903, 698 cm™'; MS (EI) m/z: 290 (M",
14), 125 (100). HRMS (EI) calcd for C,oHgF;Cl; 289.9644,
found 289.9647.

1-(1,3,3- = 5(-4,4,4- =50 T 5)-4-FERK3j): Lt
WAk, 7B % 79%. "H NMR (400 MHz, CDCl5) d: 7.35
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(d, J=8.0 Hz, 2H), 7.21 (d, J=8.0 Hz, 2H), 5.37 (t, J=6.0
Hz, 1H), 3.07~3.22 (m, 2H), 2.38 (s, 3H); °C NMR (100
MHz, CDCly) 6: 139.0, 137.7, 129.6, 127.2, 122.1 (q,
Jer=280 Hz), 82.9 (q, Jer=35 Hz), 57.1, 49.2, 21.2; “F
NMR (376 MHz, CDCl;) J: —81.9 (s, 3F); IR (neat) v:
3028, 2925, 2865, 1901, 1614, 1515, 1429, 1262, 1205,
1073, 1033, 983, 942, 819, 777 cm”'; MS (EI) m/z: 304
(M*, 18), 269 (100). HRMS (EI) caled for C;H,;oF;Cls
303.9800, found 303.9805.
1-(1,3,3- = 5-4,4,4- =5 T 5)-4- R 5K 3k): #
AR, 73 B3 90%. m.p. 61.2~66.5 C; 'H NMR (400
MHz, CDCLy) §: 7.66 (t, J=8.0 Hz, 4H), 7.56 (d, J=8.0
Hz, 2H), 7.56 (d, J=8.0 Hz, 2H), 7.40 (d, J=8.0 Hz, 1H),
5.48 (t, J=6.0 Hz, 1H), 3.24 (dm, J=6.0 Hz, 2H); “C
NMR (100 MHz, CDCLy) d: 142.0, 140.3, 139.6, 128.9,
127.8, 127.7, 127.1, 126.7, 124.9 (q, Jor=280 Hz), 82.9
(q, Jer=35 Hz), 57.0, 49.3; 'F NMR (376 MHz, CDCl,)
5: —81.6 (s, 3F); IR (neat) v: 3083, 3030, 2950, 1486,
1431, 1411, 1262, 1206, 1075, 1036, 983, 910, 878, 743,
692 cm'; MS (EI) m/z: 366 (M, 29), 331 (100). HRMS
(EI) caled for CigH ,F5Cl; 365.9957, found 365.9953.
1-5-4-(1,33- = &-4,4.4- =5 T ) ZEQD): Lk
&, 7B % 89%. '"H NMR (400 MHz, CDCl3) d: 7.35~
7.40 (m, 4H), 5.33 (t, J=6.0 Hz, 1H), 3.10 (dm, J=6.0
Hz, 2H); >C NMR (100 MHz, CDCly) d: 139.0, 134.9,
128.4, 123.4, 121.9 (q, Jor=280 Hz), 82.6 (q, Jer=35
Hz), 56.3, 49.2; "’F NMR (376 MHz, CDCl3) §: —79.9 (s,
3F); IR (neat) v: 3030, 1899, 1598, 1493, 1429, 1262,
1206, 1093, 1073, 985, 878, 803 cm '; MS (EI) m/z: 324
(M", 14), 159 (100). HRMS (EI) caled for C,oH,F5Cl,
323.9254, found 323.9250.
1-7R-3-(1,3,3- = 5-4,4,4- =% T #£)ZKGm): LEH
&, DB P“% 77%. '"H NMR (400 MHz, CDCly) 6: 7.58
(dd, J=1.0 Hz, 8.0 Hz, 2H), 7.38 (td, J=6.0, 1.0 Hz, 1H),
7.23~7.16 (m, 1H), 5.94 (t, J=6.0 Hz, 1H), 3.12 (dm, J=
6.0 Hz, 2H); °*C NMR (100 MHz, CDCl;) §: 139.7, 133.3,
130.3, 129.3, 128.3, 122.8, 122.1 (q, Jor=280 Hz), 82.6
(q, Jer=35 Hz), 55.4, 48.3; '’F NMR (376 MHz, CDCl;)
5: —80.2 (s, 3F); IR (neat) v: 3063, 1923, 1800, 1589,
1570, 1472, 1441, 1262, 1206, 1074, 1025, 976, 908, 757
cm '; MS (El) m/z: 368 (M", 13), 205 (100). HRMS (EI)
calcd for C,yH;F;Cl;Br 367.8749, found 367.8748.
1-50-2-(1,3,3- = 5-4,4,4- =5 ] 3)H3n): LER
&, 3B 3 77%. "H NMR (400 MHz, CDCl3) 6: 7.59 (t,
J=1.6 Hz, 1H), 7.46~7.49 (dm, J=8.0 Hz, 1H), 7.35~
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7.37 (dm, J=8.0 Hz, 1H), 7.23~7.27 (m, 1H), 5.29 (t, J=
6.0 Hz, 1H), 3.11 (dm, J=6.0 Hz, 2H); °C NMR (100
MHz, CDCl3) 6: 142.7, 132.2, 130.5, 130.4, 125.9, 122.8,
121.9 (q, Jor=280 Hz), 82.3 (q, Jer=235 Hz), 56.1, 49.2;
"F NMR (376 MHz, CDCls) : —79.9 (s, 3F); IR (neat) v:
3063, 2964, 1942, 1870, 1762, 1572, 1508, 1429, 1262,
1206, 1095, 1073, 987, 912, 833, 695 cm ™ '; MS (EI) m/z:
368 (M', 14), 205 (100). HRMS (EI) calcd for CoH;-
F3C13Br 367.8749, found 367.8755.

HBh# &L (Supporting Information) {454 3a~3n [
'"H NMR, ""F NMR #l °C NMR # [&]. X244 k] DL 5%
AT 354 (http://sioc-journal.cn/)_E %k,
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