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A Convenient Synthesis of 8,8-Difluoro-B-iodo-1-phenylethan-1-ols

Huang, Guozhi Ren, Jie Zheng, Xiaoxiao Wu, Fanhong™ Wau, Jingjing™*
(School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai 201418)

Abstract The synthesis of a,a,a-iodo-difluoromethyl alcohols via the high selective reduction of iododifluoromethyl ketones
by NaBH, in methanol at 0 ‘C was reported. The reaction has some advantages, such as mild condition, simple synthetic
route, and high yield. A convenient way to synthesize more difluoromethylation agents was provided.

Keywords iodo-difluoromethyl ketones; NaBH,; iodo-difluoromethyl alcohol; selective reduction
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SRR DY T A4 R (BuNX/LiX, X=Br B¢ I)7£ P i
ML ATEAE T EEAT, IR S AR AT B RSB A% 1
BRACHTIA — 5 B4k, R — P& i SR 2 AR
EWIRAERT71E. 2015 4F Mikami ZEPHE 512 5 — 8N
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FERE L T 52 U B S Y, AN R aua0-
AR S 1P 75 B AT PUE R e (IR AT R B,8,5-
TORBCRE AL G, TS BB 2 S5 2RI L
FK B R Z XA A F R X a,a,0- — 96
MREASAL SV AT IR BEVE IR SR, WIEEAR 2] B.8.6- R
MUREE R &1, #E— B4R R S iR E 2 1
&R IR Y. DAREHTIT KN a,0.0-
TR E IO R, R S AT
MR G BIAHRIG B.8,4- — FIAREE R AW, 1% &M
HAG8E. 7 Fm. g H%M A (Scheme le), A
AT LR AL S & R AL 18T A TR 1 052k
Previou work

(a)

0 o o
Py LDA, AcOEt )j\/[]\ NaBH,
R OMe -70°C Re OEt Toluene, r.t.
OH O .0 (0]
205
RF)\/U\OEt N RF/\)J\OEt

6 examples

73% ~94% yield  Rg = CF3, CHFy, CoFs, CCIF,, CBIF,, CIF,

(0) BuNX (1.1equiv)  on
j) . Messixx LiX (0.5 equiv.) < X
R FF EtCN, A £
X = Br, | then KHF,/TEA

16 examples
75% ~ 98% yield

R (0]

OFt Pa cat., ligand (5 mol%)
k T OHFC CH,Clp, 24 h,0 C
R 5 2Cly, ,
R
| HO, CFoH 14 examples
R OEt 8% ~ 98% yield
0 91% ~ 99% ee
@ 2-P
0@2-Py) CF4COOH oH
. ————
R"/ "CF2X' pcEM,0,80°Cc  R'/ CFoX
R? ’ R?
X =Br, | 4 examples
78% ~ 86% yield
This work
e (0] OH
©) NaBH, (1.0 equiv.) )\ )O\H
+
R™ CRX  MeoH, 0°C RTCRX T e NGEH
20 examples

82% ~ 94% yield

B 1 R LBEAAWN G TS

Scheme 1 Methods for synthesizing fluorine-containing phe-
nylethanol compounds

15 o,o,0- —FBURERRAL SYIE L i b, BLE
Yo pty b & T OE R A Bk gt STOC R, Big L
FAAE 3 FASREIHDIE R 74, U0 Scheme 2 s, R, 3K
AT FE (8 9k A7 R 15 DU T B 3K 5 Pk ik A1 58 1
I JE R 485 AT 7= A T IR R RO R, T R vk R
I SRR L A B R B.4.4- — AT KA 54,
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Scheme 2  Reduction product of a,a,0-iodo-difluoromethyl

ketones
1 ZR5TR

EE a,0,0- —FIIE 2 (1a)VE BRI R IR R
HARALE R B.BS- — M- 1- 28 3 2.1 (22) 1) S B 25 1
JEHEAS [A] B8 R AT S A e, 19 BIEE Rk 1
Fros. KA E FE JFE R, B SRR e — 2
B a,0- HWFEZEGa)F BA-—F-1-F K 2B (4a)lK)
L. kPRI n FE R R L) NaBH, 1 ik J5H]
i, B DL MEE RIS B R BOR R =) 2a(k
1, Entry 1), RILH TRGF R I £, 2T RiEH R
FEA IR ANIE JEAE /71 DIBAL-HUUI, 8 LU 47 U
AR =Y 2a, AR /D> 5 18RS LR B 4 E 5
(11774 4a £ (Entry 2). 24223808 J5 RS 1 B5R 1
LiAIH, "2 (Entry 3) &3, 5 EIIP=Mc & 2%, it
GC A 2a, 3a, 4a —FAFH L IE =4, A I
LiAIH, VE NI R FIX a,0,0- — SRBICHE 2.6 (340 J5 e Bk
B, RCRALE. 2K H Hy/Pd/C & JFR, #2 )5
BE 1a, B FAL AL YI(Entry 4). R A I
& JRIE SR R B, R Bk ids SR e 1 ik A
B v PR) 2 A 23 R 5 v PRV AL 645 B8 TG 31 0558 TR 1) 72 )
3a (Entry 5). LRI NI RN, SR A
LiAlH, AHACL, (A4S 21 =MAS [5] 0938 B =4, 1 H brrs
) 2a WCRHIR > (Entry 6). WX & IR R BURKE,
HE W 7E R 4 @ 38 T AT IR SR R, AR SEE SR RY) 1a
B, PR R T R BE, EREARE
JEF) LIEGBH #HA TR R, R 3 BRI H B 46551
F=4¥) 4a' (Entry 7), FFAEAE TR 2a, 3a Al 4a.

RO, I JE B AN R N R A T
TR 2). RAFECARBIER, /£ 0 CHRBIET.
HARF“W 2a 77 R 2625 NaBH, F 2 (K& S84 N i %
D, oA B IE I 0 SR (1) P24 da IR REAE I TG
INGER 2, Entryies 1~4). 22 R MEERFZE—10 C,
RIUAE 5 min 5 1a REETE A M(Entry 5); EHTF R
NRFE, 0 CH SR e B T8 4. (HZIRATIHE )
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Table 1 Reduction results of different reduction agent

FHAE A 1% % M. (Entriy 3).
R3S TAIFAVE XS s B ) 52

Table 3 Effects of time and solvent on the reaction®

o . Yield/%
Entry Solvent Time/min Conv./% 3a 1
1 MeOH 30 100 89.0 0 11.0
2 MeOH 60 100 88.4 0 11.6
3 THF 5 100 227 409 364

(0] OH
CF,l  Condition CFyl .
MeOH
1a 2a
O OH
©ACF2H . ©)\CF2H
3a 4a
Yield®/%
Entry  Reduction (equiv.) Conv./% 7 3;e 430 1’
1 NaBHj, (1.0) 100 989 0 1.1
2 DIBAL-H (1.0) 100 813 0 18.7
3 LiAlH,4 (0.4) 100 324454222
4 10% Pd/C/H, (0.1) 0 0O 0 0
5 Zn (1.0) 100 0.6 98.5 0.9
6 Red-Al (1.0) 100 8.8 37.4 53.8
7 LiEt;BH (1.2) 100 08 0 03 989

“Reaction condition: 1a (1 mmol), MeOH (10 mL) at room temperature for 0.5

h; ® Base on GC.
HF,C_OH{
w (TP

2 RN X RN R
Table 2 Effects of reductant amount and temperature on the
reaction

T
Entry NaBHequiv. Temp./C  Conv./% Yield 7%
3a 4a

1 0.5 0 954 940 0 14
2 1.0 0 100 989 0 1.1
3 2.0 0 100 842 0 158
4 3.0 0 100 715 0 28.5
5 1.0 —10 99.8 983 0 1.5
6 1.0 r.t. 100 86.2 0 13.8
7 1.0 Reflux 100 86.3 0.1 13.6

“Reaction condition: 1a (1 mmol), MeOH (10 mL) for 5 min. * Base on GC.

PR FEY) 2a EIRHTRD>, da (R IR HTIG N
] T #2 € (Entries 6, 7). 45K, EFIL)F7 NaBH,
1.0 equiv., RIGRE 0 °C, NN FefE I 5 70 A 5
(Entry 2).

Wt J %o T 0 5 N BT ) AR e I 95 7510 % S B ) 5 i
AT TR 3). IS I A 5 min ZEK F] 30 min,
2a AR M 98.9% P4 21 89.0%, 17 H.EI =4 4a [FU %
M1 1%THEE] 11.0% (3 3, Entry 1), FRIEK SR ] 42
60 min Ji7, 2a FINCEEL 30 min IR IR R IAAR, 2a KL
FRALK R T RS (Entry 2), 7] LIEK [ M F] A BE
e 2a PR M MIATIH MeOH A8 57— R
THF J&, RIGERENE S, 53] 3 FAFRRIE R
MRS, H BARF=Y) 2a IR AR, AT B % 7577
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“Reaction condition: 1a (1 mmol), NaBH, (1 mmol), MeOH (10 mL) at 0 C.
®Base on GC.

R BT IR, B I B R AR R 1 B AR 2,
NaBH, RNt 557, EEFHEN 1.0 equiv. HHIN
MeOH, 7E 0 CF M.

TESRAF AL RN ZEAE G, XN AT T8
e dERWR A PR, NIR4THN, 245358 EITCHURER
FAERAA AL, HAEEE, & . ZH P RS T
B L HUAEE, BIEE S A PRy B B RE AT, 6
e DR S 1 30 i ik 5 PE RN 7= R 458 B B H bR PR
(2a~2f, 2i); HRZEIFIH EWARIE T ZEEE R,
A4-ZR B A-SRFETE AN B A AN AT A W e SRR P B
R A2 1 T AN BB 3 SR (1) 7= ) (4, 4h, 4j, 41, 4m,
4n). IX 0B8R HH T I 3k [ () A7 AR T T R AR v A AR
T E W, AR RN R AR, AT AR T
AR S R =, R R DL R S YR A5 21 H bR ). B
BRI, ZIEAMXT BT I E R R A
By A, T LR S A i 0 R 2R A A
IRUFHIIE IR IR BN, LL 88% IR T HARF=4) 2k.
%7 V5 [RIRE XS &5 A A AT 7 e R BRI A B
HIE IR RENE, B3] T BAR =4 2n, d3E—PI00F 7%
VRIS PR

EMEMINTFET a0,0-1R —FAK LI o,0,0-5F
TR SN R IR PR i 45 R WL Scheme 3. 45
R, PRI RE LARLLT (13 Ji 3k P AR = i
RIGFRILIBIE =W 20 A1 2p. R 5 251X
MELEBER AR, 1R R BAR R IIASHIE L
BRI, ORISR 07V

0 OH
Br  NaBH, (1.0 equiv.) Br
FF MeOH, 0 C FF
20, 85%
o OH
Cl NaBH, (1.0 equiv.) cl
FF MeOH, 0 °C FF
2p, 93%

BR3  aa0-I 5K LEIF a,0,0-58 " HK S IE )R
30 7% 5%

Scheme 3 Study on reduction reaction of a,a,a-bromodi-
fluoroacetophenone with a,a-bromofluoroacetophenone
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Table 4 Substrate scope of a,a,a-iododifluoroacetophenone compounds
0 NaBH, (1.0 equiv.) f j)\H
bt S b
R™CFl  MeOH, 0°C R7>CF) T R7OCFH
1 2 3
OH OH OH OH OH
@)\ch| /@)\m:ﬂ /@)\CFZI /@)\CFZI /@)\CFZI
~o cl Br
2a, 94% 2b, 93% 2c, 93% 2d, 92% 2e,91%
OH OH OH OH OH
/©Acpz| /©)\CF2I /©)\CF2H @Cle <@CF2H>
FsC F F F F
2f, 86% 29, 82% 49, 9% 2h, 83% 4h, 8%
OH
OH OH OH OH
CF,l
@/kCFZI CF,l OO CF2H> CF,l O 2
S
2i, 909 2j, 849 i 99 2k, 88%
i, 90% j, 84% 4j, 9% ’ 21, 85%
oH OH OH OH OH
CF,H
O 2 @\ /@)\m:ﬂ @\ /@)\CFzH N CF,l ©/\)\CF2H
® 0 °
2m, 84% 2n, 60% 4n, 24%

41, 15%

4m, 16%

“Reaction condition: 1 (1 mmol), NaBH, (1 mmol), MeOH (10 mL) at 0 ‘C for 5 min. Isolated yields.

A, TRER TAEZARM T, BRHCHR) L 9R R 28
WEVNERIR R MERCR, Wiz 5 Fox. g5 0R, 105
W _ETCHCR IR B AR A . B AR A S i 7
B T U EE R, #RRE AR S i £ A = 2645 214
R H AR =) (5a~5d). FHGIEWZ 7Y a,o,0-fl —
WKL 0,0,0-IR TR a,0,0-F K LEHF]
0,0-TR IR LR VG R Wk B8 S, M H
AL B JE T TCATAT 50, BRI B — A 2 Bt
— B SRR, 15 24516 52 5% 2 FE BB E
&Y.

K5 o,a-BRHEE TR ¢

Table 5 Substrate scope of a,a-bromofluoroacetophenone

0 _ OH
R)J\(Br NaBH, (1.0 equiv.) )\/Br
MeOH, 0 'C R

F F
5

OH OH OH OH
©)\( Br /@)\( Br/©)\/ Br/@)\( Br
F F
O F F F
5b, 8

5a,82% | , 83% 5¢, 81% 5d, 85%

“Reaction condition: 5 (1 mmol), NaBH, (I mmol), MeOH (10 mL) at 0 C
for 5 min. Isolated yields.
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i Ja, HEMNZ SR AL U0 Scheme 4 Bz, TIE4L
B A B e MO R R T, e MR BETA )
FEBE, RS RS,

BH,

o
2 R)\

CH40H
CFl — R*cm

B 4 ArEERIEENLEE

Scheme 4 Proposed mechanism
2 Hig

ARSI IR R T —Fh ) A 2R NaBH,
EEMEIL)R o,0,0-T 50K R G % BAL-—
S - 2RI O RERA S T . ZOTIR R SO AN, 18
JRIE R, FRER S B R T VA AR R, R SR
)RR GaHa, Ry, WA X R — 52k A7
TENE LT BRI 5 =) 2 2 A 1A B PR E SR A A T 4 78,
EHES a,0,0-T 5K LR a,0,0-1R A LB
0,0,0-F AR LA a,0-TR TR L R4 1R = 1
RPEIRJENE, X H o A7 & R AR5, 455 B-
B W EURIE R Bl — 0 S AR IR B, 19345
M5 4% 2 FE IR BUS AL B W o o] Re . Ja BKE DL
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Bf- — G- 1-ZR 5 L WESRO IR, 5 A A () A B
FIN p-18 S BUREE IR B, 19214500 = 0 2 FEHT B
FRAEY, X H AR IREAT A AT T X
4 TAR IEAEHEAT .

3 SLIEES
3.1 UES5HF

iR E 1S ('H NMR). 1 (“F NMR)AITR I (PC
NMR) 2 {# f] Bruker /A ] ) Bruker AVANCE3-500 4%
WEFLARTE AR, NARY) 2 I B e (TMS), 7518
CDCly; =i/ #i i (El) & @it Finigann MAT8401 Jii %
BCI g, £LAMAE (IR) 2 8 it J8 =1 /7 HL A = Y Nicolet
380 WllsE. SE58 BT FBRI35 S A Ak 22 2l Bl A3 B 4l ).
3.2 ZWHE
321 a,0,0-8 = 5 OR CEE R LA 69 H &

7E 50 mL BB R EEIH A, KF 1 mmol B o,a,0- T 56
KA1 K a,0-IRFK LB 5 % T 10 mL MeOH H. &
0 CF, &8I 1.0 equiv.f) NaBH,, #FE 5 min. /2
RS (TLORT IR B, e B 56 4% Ja IRV K, e 771,
I =R GE R (30 mL X 3), A I HULA, JoK B
Fog, T, A R PR A R (BRI V(A
k) @ (2B 2.18)=20 : 11135 H¥5.

2,2- T -2-PH-1- R FE 2 FE )7 VR B AUHDIR A,
P 94%. "H NMR (500 MHz, CDCL3) 6: 7.30~7.51 (m,
5H), 4.68 (dd, J=10.0, 5.0 Hz, 1H), 2.56 (s, 1H); “F
NMR (470 MHz, CDCl;) 6: —48.0 (d, J=178.6 Hz, IF),
—52.9 (d, J=178.6 Hz, 1F); >*C NMR (125 MHz, CDCl5)
5: 134.6, 129.4, 128.4, 128.0, 107.9 (t, 'Je—=315.0 Hz),
80.0 (t, “Jo—r=25.0 Hz) .

2,2- R -2-M-1-(4- R DR L) 20 B (2b): TR B A
R, 772 93%. 'H NMR (500 MHz, CDCls) 6: 7.35
(d, J=5.0 Hz, 2H), 7.19 (d, J=10.0 Hz, 2H), 4.62 (dd, J=
15.0, 5.0 Hz, 1H), 2.72 (s, 1H), 2.35 (s, 3H); “F NMR
(470 MHz, CDCly)) o: —482 (d, J=178.6 Hz, IF),
—52.8 (d, J=178.6 Hz, 1F); >*C NMR (125 MHz, CDCl5)
5:139.5, 131.7 (d, "Je—=2.5 Hz), 129.2, 127.9, 108.1 (t,
'Je-r=316.3 Hz), 79.9 (t, *Jo—r=22.5 Hz), 21.4; IR (KBr)
v: 3550, 3474, 3412, 1637, 1616, 1401, 1397, 1667, 1020,
990, 935, 781, 736, 591 cm™'; HRMS (EI-TOF) calcd for
CoH,oF,I0 ([ M+H]") 297.9666, found 297.9665.

2,2- AR -2-M-1-(4- F AR BRI ) L BE20)T: R
PR, 722 93%. "TH NMR (500 MHz, CDCl5) d: 7.39
(d, J=10.0 Hz, 2H), 6.91 (d, J=10.0 Hz, 2H), 4.63 (dd,
J=10.0, 5.0 Hz, 1H), 3.82 (s, 3H), 2.65 (s, 1H); '’F NMR
(470 MHz, CDCly) §: —48.4 (d, J=178.6 Hz, 1F),
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—53.0 (d, J=178.6 Hz, 1F); *C NMR (125 MHz, CDCl5)
5:160.2, 129.4, 128.7, 113.9, 108.5 (t, 'Je—r=316.3 Hz),
79.6 (t, 2Je—p=22.5 Hz), 55.5.

2,2- T -2--1-(4-FUOR IR 2 BEQ2a) T VR B IR
WAk, 773 93%. "H NMR (500 MHz, CDCl5) 6: 7.40 (dd,
J=20.0, 10.0 Hz, 5H), 4.65 (dd, J=10.0, 8.0 Hz, 1H),
2.58 (s, 1H); '’F NMR (470 MHz, CDCl;) §: —48.4 (d,
J=183.3 Hz, IF), —53.4 (d, J=183.3 Hz, 1F); °C NMR
(125 MHz, CDCLy) 6: 135.5, 133.1, 129.4, 128.7, 1074 (t,
Je-r=316.3 Hz), 79.3 (t, “Jc-r=23.8 Hz).

2,2- 2T 1-(4-TR A IE) £ (20) 7 R B IR
AR, 7% 93%. '"H NMR (500 MHz, CDCl;) 6: 7.54 (d,
J=5.0 Hz, 2H), 7.36 (d, J=10.0 Hz, 2H), 4.63 (dd, J=
10.0, 5.0 Hz, 1H), 2.92 (s, 1H); "F NMR (470 MHz,
CDCLy) §: —48.4 (d, J=183.3 Hz, IF), —53.4 (d, J=
178.6 Hz, 1F); *C NMR (125 MHz, CDCl;) 6: 133.6,
133.2, 131.6, 129.6, 107.3 (t, 'Je—=317.5 Hz), 79.3 (t,
2Jo-r=23.8 Hz).

2,2- 2T 1-(4- =5 IR L) 2 BE 2O R
EHIRIBA, 7% 86%. '"H NMR (500 MHz, CDCls) 6:
7.64 (dd, J=25.0, 10.0 Hz, 4H), 7.32 (t, J=10.0 Hz, 1H),
3.16 (s, 1H); "F NMR (470 MHz, CDCly) §: —48.3 (d,
J=183.3 Hz, 1F), —53.5 (d, J=183.3 Hz, 1F), —62. (s,
3F); *C NMR (125 MHz, CDCLy) §: 151.7 (t, J=27.5 Hz),
130.2, 128.9, 128.4, 128.3, 127.1 (q, Jor=163.3, 241.3
Hz), 114.2 (t, 'Jo=238.8 Hz).

2,2- THR-2-T-1-(4- G R ) U BE (2g): TR B LR
WAE, 7% 82%. '"H NMR (500 MHz, CDCl;) §: 7.47 (t,
J=5.0 Hz, 2H), 7.09 (t, J=10.0 Hz, 2H), 4.67 (dd, J=
10.0, 5.0 Hz, 1H), 2.94 (s, 1H); "F NMR (470 MHz,
CDCLy) §: —48.5 (d, J=183.3 Hz, 1F), —53.4 (d, J=
183.3 Hz, 1F), —111.9 (s, 1F); *C NMR (125 MHz,
CDCly) d: 163.3 (d, Jo—=258.8 Hz), 129.8 (d, *Jo—s=28.8
Hz), 115.4 (d, *Jcr=21.3 Hz), 107.8 (t, *Jcr=316.3 Hz),
79.3 (t, 'Je—p=23.8 Hz); IR (KBr) v: 3447, 1648, 1630,
1607, 1510, 1409, 1230, 1161, 1083, 992, 935, 836, 794,
698, 560 cm '; HRMS (EI-TOF) caled for CgH;F5IO
(IM+H 17) 301.9416, found 301.9417.

2,2- AR -1-(4- TR W (4g)!' T W O IR TR
&, P23 9%. "H NMR (500 MHz, CDCl3) d: 7.41 (t, J=
5.0 Hz, 2H), 7.09 (t, J=10.0 Hz, 2H), 5.73 (td, J=60.0,
5.0 Hz, 1H), 4.82 (td, J=10.0, 5.0 Hz, 1H), 2.53 (s, 1H).
F NMR (470 MHz, CDCly) 6: —112.7 (s, 1F), —127.7
(AB, J=305.5, 286.7 Hz, 2F); *C NMR (125 MHz,
CDCLy) 0: 163.1 (d, J=246.3 Hz), 131.6, 128.9 (d, J=8.8

http://sioc-journal.cn/ 3479
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Hz), 115.7, 115.6 (t, 'Jor=243.8 Hz), 115.5, 73.0 (t,
2Je-¢=25.0 Hz).

2,2- THR-2-T-1-2-F AR 2L ) L BE(2h): R LR
WAk, 723 83%. 'H NMR (500 MHz, CDCl;) : 7.64 (t,
J=10.0 Hz, 1H), 7.40 (td, J=10.0, 5.0 Hz 1H), 7.22 (t,
J=10.0 Hz, 1H), 7.09 (t, J=10.0 Hz, 1H), 5.14 (dd, J=
10.0, 5.5 Hz, 1H), 3.03 (s, 1H); '"F NMR (470 MHz,
CDCl;) §: —49.3 (dd, J=178.6, 5.0 Hz, 1F), —53.3 (dd,
J=178.6, 5.0 Hz, 1F), —116.6 (dd, J=15.0, 5.0 Hz, 1F);
C NMR (125 MHz, CDCly) §: 160.4 (d, J=247.5 Hz),
131.1 (d, J=7.5 Hz), 129.2, 124.3, 115.5 (d, J=21.3 Hz),
106.5 (t, “Jo—p=315.0 Hz), 74.0 (t, 'J—r=24.0 Hz); IR
(KBr) v: 3444, 1630, 1493, 1458, 1234, 1183, 1109, 992,
938, 757, 703, 526 cm '; HRMS (EI-TOF) calcd for
CsH,F510 (IM~+H] ") 301.9416, found 301.9417.

2,2- THR-1-- BRI ) Z W (4h)!M: kB A R
K, 722 8%. '"H NMR (500 MHz, CDCL3) d: 7.53 (t, J=
10.0 Hz, 1H), 7.37 (dd, J=10.0, 5.0 Hz, 1H), 7.22 (t, J=
10.0 Hz, 1H), 7.10 (t, J=5.0 Hz, 1H), 5.91 (td, J=15.0,
5.0 Hz, 1H), 5.21~5,16 (m, 1H), 2.54 (s, 1H); '°F NMR
(470 MHz, CDCl3) 8: —118.2 (dd, J=10.0, 5.0 Hz, 1F),
—127.5 (dd, J=282.0, 10.0 Hz, 1F), —129.8 (dd, J=
282.0, 10.0 Hz, 1F); *C NMR (125 MHz, CDCl5) J: 160.3
(d, J=246.3 Hz), 130.6 (d, J=8.8 Hz), 129.9, 129.0, 128.6
(d, J=3.8 Hz), 124.5 (d, J=3.8 Hz), 115.5 (d, J=21.3
Hz), 68.1 (t, “Jcr=23.8 Hz)

2,2- R -2-TH-1-WE Wy 2L (21): IR BE AR,
=% 90%. '"H NMR (500 MHz, CDCl3) 6: 7.39 (dd, J=
10.0, 5.0 Hz, 1H), 7.20 (d, J=5.0 Hz, 1H), 7.04 (dd, J=
10.0, 5.0 Hz, 1H), 4.90 (t, J=10.0 Hz, 1H), 2.77 (s, 1H);
F NMR (470 MHz, CDCLy) 6: —49.5 (d, J=183.3 Hz,
1F), —53.2 (d, J=183.3 Hz, 1F); *C NMR (125 MHz,
CDCly) 6: 137.3, 127.3(d, J=91.3 Hz), 106.8 (t, *Jep=
316.3 Hz), 77.0 (t, 'Jo—y=26.3 Hz); IR (KBr) v: 3386,
2925, 2854, 1617, 1435, 1359, 1302, 1262, 1216, 1161,
1097, 1044, 983, 923, 857, 783, 707, 599 cm '; HRMS
(EI-TOF) caled for C¢HGF,IOS (IM+H] ") 289.9074,
found 289.9075.

2,2- HR-2--1-ZE 5 22O VR B ORI,
P2 84%. '"H NMR (500 MHz, CDCl;) J: 8.00 (s, 1H),
7.95 (s, 1H), 7.85 (t, J=10.0 Hz, 3H), 7.57~7.48 (m, 3H),
4.82 (dd, J=10.5, 8.5 Hz, 1H), 2.72 (s, 1H); ""F NMR
(470 MHz, CDCLy) §: —47.8 (d, J=178.6 Hz, 1F), —
52.6 (d, J=178.6 Hz, 1F); *C NMR (125 MHz, CDCl;) 6:
132.6, 131.8, 131.1 (d, 'Je—p=2.5 Hz), 127.3, 127.1,
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126.8, 126.7, 125.8, 125.4, 123.8, 106.9 (t, 'J—=316.9
Hz), 79.1 (t, 2Jc-¢=23.1 Hz).

22- THR-1-ZERE 24T v R ok, 2o
% 9%. 'H NMR (500 MHz, CDCls) 6: 7.95~7.83 (m,
4H), 7.53~7.46 (m, 3H), 5.86 (td, J=55.0, 5.0 Hz, 1H),
5.01 (td, J=10.0, 5.0 Hz, 1H), 2.05 (s, 1H); '°’F NMR (470
MHz, CDCl;) 6: —127.3 (AB, J=338.4, 286.7 Hz, 2F);
C NMR (125 MHz, CDCl) d: 133.5, 133.2, 133.1, 128.5,
128.1, 127.7, 126.6, 126.5, 126.4, 124.3, 115.9 (t, 'Jep=
243.8 Hz), 73.8 (t, “Jc-r=25.0 Hz).

1,1- 5 1-B-4- 28 3 T2 (2K)M): vk 3 IR
&, P23 88%. "H NMR (500 MHz, CDCl3) 6: 7.38 (t, J=
15.0 Hz, 2H), 7.28 (d, J=10.0 Hz, 3H), 3.40 (s, 1H),
3.03~2.97 (m, 1H), 2.85~2.77 (m, 2H), 2.20~2.10 (m,
1H), 2.03~1.88 (m, 1H); '’F NMR (470 MHz, CDCl5) ¢:
—47.8 (dd, J=225.6, 9.4 Hz, IF), —52.2 (dd, J=225.6,
9.4 Hz, 1F); *C NMR (125 MHz, CDCl;) d: 140.9, 128.9,
128.8, 126.7, 109.9 (t, 'Je—=316.3 Hz), 77.5 (t, o=
23.8 Hz), 33.6, 31.2.

1-([1,1- T 2K -4-35)-2,2- 48 -2-f-1-FE 2D o fn
HRWAR, 7% 85%. '"H NMR (500 MHz, CDCls) o:
7.58~7.55 (m, 4H), 7.50 (dd, J=10.0, 5.0 Hz, 2H), 7.41
(t, J=5.0 Hz, 2H), 7.33 (t, J=10.0 Hz, 1H), 4.82 (dt, J=
165.0, 10.0 Hz, 1H), 3.56 (s, 1H); ’F NMR (376 MHz,
CDCly) §: ~47.9 (dd, J=181.0, 7.7 Hz, 1F), —55.67
(dd, J=162.4, 6.8 Hz, 1F); *C NMR (125 MHz, CDCl,)
0: 1423 (d, J=12.5 Hz), 140.3 (d, J=2.5 Hz), 133.7,
133.4,129.0, 128.5 (d, J=8.8 Hz), 127.7 (d, J=1.3 Hz),
127.2 (d, J=2.5 Hz), 127.1 (d, J=6.3 Hz), 79.8 (t, 'Je—p=
23.8 Hz), 78.3 (t, 2Jcr=25.0 Hz) .

1-([1,1- A ]-4-3)-2.2- —45-1-F (4D 6t etk
WAk, 7% 15%. '"H NMR (500 MHz, CDCls) d: 7.62~
7.57 (m, 4H), 7.48~7.42 (m, 4H), 7.37~7.34 (m, 1H),
5.79 (td, J=60.0, 5.0 Hz, 1H), 4.85 (td, J=10.0, 5.0 Hz,
1H), 2.67 (s, 1H); "’F NMR (376 MHz, CDCl3) 6: —127.3
(dd, J=10.2, 4.5 Hz, 1F), —127.5 (dd, J=10.1, 4.8 Hz,
1F); °C NMR (125 MHz, CDCl;) : 142.0, 140.5, 134.8,
128.9, 127.6, 127.5, 127.4, 1272, 115.9 (t, 'Jop=243.8
Hz), 73.5 (t, 2Jc—r=25.0 Hz).

2,2- -2 1-(4- R A IR L) - 1-BE (2m): TR
THOIRAER, 722 84%. "H NMR (500 MHz, CDCl5) d: 7.40
(d, J=15.0 Hz, 2H), 7.33 (t, J=5.0 Hz, 2H), 7.12 (t, J=
5.0 Hz, 1H), 7.01 (d, J=15.0 Hz, 2H), 6.98 (d, J=5.0 Hz,
2H), 4.59 (t, J=10.0 Hz, 1H), 3.75 (s, 1H), 3.70 (t, J=5.0
Hz, 1H); F NMR (376 MHz, CDCl;) §: —48.2 (dd, J=
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180.5, 7.8 Hz, 1F), —52.9 (dd, J=180.5, 10.4 Hz, 1F);
C NMR (125 MHz, CDCLy) d: 158.4, 156.5, 129.9, 129.6,
129.4, 123.9, 119.5, 118.2, 110.0 (t, 'J—r=254.9 Hz),
73.5 (t, 2Je—p=22.5 Hz); IR (KBr) v: 3451, 1652, 1631,
1590, 1508, 1489, 1399, 1241, 1168, 1091, 990, 934, 873,
749, 693, 571 cm™'; HRMS (EI-TOF) calcd for Ci4H,F,I-
O,Na[M+Na]" 398.9664, found 398.9665.

2,2- TR 1-(4- R A FE IR L) £, 1- (4m): T £ 3
RIBAE, 7% 16%. "H NMR (500 MHz, CDCl;) 6: 7.38~
7.33 (m, 4H), 7.14~7.11 (m, 1H), 7.03~7.00 (m, 4H),
5.75 (td, J=60.0, 5.0 Hz, 1H), 4.80 (td, J=10.0, 5.0 Hz,
1H), 2.59 (s, 1H); ’F NMR (376 MHz, CDCl3) §: —127.4
(d, J=10.2 Hz, 1F), —127.6 (d, J=10.1 Hz, 1IF); *C
NMR (125 MHz, CDCLy) o: 158.1, 156.7, 130.4, 129.9,
128.7, 123.7, 119.30, 118.7, 115.8 (t, 'Jo—p=242.5 Hz),
73.2 (t, “Je-r=23.8 Hz).

(E)-1,1- - 5-1--4- 2K 3 T30 -2-FE (2n)>:
HEIRIBAE, 722 60%. 'H NMR (500 MHz, CDCl;) 0: 7.41
(d, J=10.0, 2H), 7.35-7.28 (m, 3H), 6.34 (dd, J=15.0, 5.0
Hz, 1H), 6.16 (ddd, J=27.5, 15.9, 6.1 Hz, 1H), 4.17~4.11
(m, 1H), 2.96 (s, 1H); ’F NMR (376 MHz, CDCl;) o:
—48.8 (dd, J=179.8, 8.6 Hz, 1F), —52.9 (dd, J=179.9,
7.6 Hz, 1F); °C NMR (125 MHz, CDCl;) J: 136.1, 135.6,
128.8, 128.7, 127.0, 122.6, 108.2 (t, 'Jo—r=316.3 Hz),
78.6 (t, 2Jc—p=23.8 Hz).

(E)-1,1- 38 -4- 2R 3 T 305 -2- (4n) ) T8 (0 3H0IR
WAk, 773% 24%. '"H NMR (500 MHz, CDCl;) J: 7.42~
7.40 (m, 1H), 7.35~7.32 (m, 2H), 7.30~7.27 (m, 1H),
6.81 (d, J=15.0 Hz, 1H), 6.21 (dd, J=15.0, 5.0 Hz, 1H),
5.72 (td, J=55.0, 5.0 Hz, 1H), 4.49~4.44 (m, 1H), 2.30
(s, 1H); F NMR (376 MHz, CDCl3) 6: —127.93 (ddd,
J=285.9, 56.3, 10.7 Hz), —129.26 (ddd, J=286.0, 55.8,
10.3 Hz); “C NMR (125 MHz, CDCly) d: 135.8, 134.9,
128.7, 128.4, 126.8, 122.6, 115.5 (t, 'Jo—p=241.3 Hz),
72.2 (t, 2Je—p=25.0 Hz).

2-JR-2,2- THR-1- I - 1-FE (20)PY: B ORI
1, 7P2E 85%. "H NMR (500 MHz, CDCLy) &: 7.49 (t, J=
10.0 Hz, 2H), 7.41~7.38 (m, 3H), 5.15 (dd, J=20.0, 10.0
Hz, 1H), 2.89 (s, 1H); "F NMR (470 MHz, CDCl;) o:
—55.8 (dd, J=202.1, 9.4 Hz, IF), —59.2 (dd, J=202.1,
9.4 Hz, 1F); °C NMR (125 MHz, CDCl;) J: 134.6, 129.8,
128.7, 128.2, 124.5 (t, 'Jo—=307.5 Hz), 78.8 (t, “Jer=
25.0 Hz).

2-5-2,2- THR-1-EFE 2-1-FE2p) P W EE IR
1, 72# 93%. "H NMR (500 MHz, CDCl;) d: 7.61 (dd,
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J=10.0, 5.0 Hz, 2H), 7.42~7.37 (m, 3H), 5.22 (d, J=5.0
Hz, 1H), 3.38 (s, 1H); "’F NMR (376 MHz, CDCly) 6: —
62.9 (dd, J=165.0, 7.4 Hz, 1F), —64.7 (dd, J=165.0, 8.5
Hz, 1F); “C NMR (125 MHz, CDCly) d: 135.1, 129.8,
129.5, 128.1, 103.4, 84.8 (d, 'Jc—r=1.3 Hz).

2R -2- G- 1- 2R FE 2, 1- I (52) 0L 958 B €0 SR B A,
F2# 82%. 'H NMR (500 MHz, CDCl3) d: 7.42~7.35 (m,
5H), 6.43 (dd, J=47.0, 4.7 Hz, 1H), 4.99~4.95 (m, 1H),
2.74 (s, 1H); "’F NMR (470 MHz, CDCl;) §: —140.7 (dd,
J=61.1, 9.4 Hz, 1F); “C NMR (125 MHz, CDCl3) o:
137.0, 129.3, 128.9, 127.2, 98.6 (d, 'Je—=256.3 Hz), 76.7
(d, “Je-r=22.5 Hz).

2-PR-2-5-1-(4- FH A FE R BR) 2- 1-BE(Sb): Tt itk
AR, 7% 83%. '"H NMR (500 MHz, CDCl;) §: 7.32 (dd,
J=10.0, 5.0 Hz, 1H), 6.90 (dd, J=10.0, 5.0 Hz, 1H), 6.40
(ddd, J=12.7, 7.9, 5.0Hz, 5.0 Hz, 1H), 4.99~4.95 (m,
1H), 3.79 (s, 3H), 2.74 (s, 1H); "F NMR (376 MHz,
CDCly) §: —140.9 (dd, J=49.0, 9.2 Hz, 1F); *C NMR
(125 MHz, CDCl;) d: 160.1, 128.6, 128.3, 114.1, 98.4 (d,
'Je-r=256.3 Hz), 76.2 (d, Jo-r=23.8 Hz), 55.35; IR
(KBr) v: 3441, 3386, 1636, 1613, 1463, 1305, 1252, 1177,
1080, 1030, 833, 778, 737, 588, 571 cm '; HRMS (EI-
TOF) caled for CoH;BrFO, [M+H]" 250.0884, found
250.0889.

2-1R-2--1-Cht B 2K 3E) - 1-(Se): To Btk i,
772 81%. '"H NMR (500 MHz, CDCl) d: 7.28 (d, J=10.0
Hz, 1H), 7.19 (d, J=5.0 Hz, 2H), 6.41 (ddd, J=47.5, 12.5,
5.0 Hz, 1H), 4.96~4.89 (m, 1H), 2.86 (s, 1H), 2.35 (s,
3H); "F NMR (376 MHz, CDCl;) §: —140.8 (dd, J=
49.7, 9.2 Hz, 1F); *C NMR (125 MHz, CDCl3) J: 138.9,
133.8, 129.4, 126.9, 98.4 (d, 'J—r=255.0 Hz), 76.4 (d,
2Jo—r=21.3 Hz), 21.3; IR (KBr) v: 3404, 3030, 2962,
2923, 2857, 1615, 1515, 1415, 1261, 1181, 1082, 1031,
949, 802, 737, 682, 562 cm”'; HRMS (EI-TOF) calcd for
CoH,;BrFO [M+H]" 234.0836, found 234.0839.

2-IR-2- G- 1-(4- BRI 2- 1-BE(5d): 3 (IR
&, P7& 85%. "H NMR (500 MHz, CDCl3) 6: 7.39 (t, J=
10.0 Hz, 2H), 7.08 (t, J=10.0 Hz, 2H), 6.40 (ddd, J=47.5,
17.5, 5.0 Hz, 1H), 5.00~4.92 (m, 1H), 2.86 (s, 1H); "°F
NMR (376 MHz, CDCl;) §: —112.5 (ddd, J=14.6, 9.1,
5.6 Hz, 1F), —141.4 (dd, J=49.2, 9.6 Hz, 1F); °C NMR
(125 MHz, CDCLy) 6: 163.0 (d, J=245.0 Hz), 129.2 (d,
J=8.8 Hz), 128.8 (d, J=5.0 Hz), 115.6 (d, J=125.0 Hz),
98.1 (d, 'Jo—p=256.3 Hz), 75.8 (d, “Jc—r=21.3 Hz), 21.3;
IR (KBr) v: 3443, 1647, 1631, 1608, 1511, 1405, 1401,

http://sioc-journal.cn/ 3481
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1230, 691, 556 cmfl; HRMS (EI-TOF) caled for CgHgBr-
F,O [M+H]" 237.0456, found 237.0459.

B A4kl (Supporting Information) A& H b 541
Kt v P A 2T b P AT DA 4 B A T 19 32 (http://sioc-
journal.cn/) I F#%.
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