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Visible-Light Photocatalytic Remote Halo-difluoroalkylation of
Thioalkynes

Zhu, Haigian“ Shang, Tianbo“

Lu, Zenghui’

Luo, Fang”  Zhu, Gangguo™*

(“ Key Laboratory of the Ministry of Education for Advanced Catalysis Materials, Department of Chemistry,
Zhejiang Normal University, Jinhua, Zhejiang 321004)
(® Wanzhou Ecological Environment Monitoring Station, Chongging 404000)

Abstract Fluoroalkylated alkenes are of significant importance in life sciences and functional materials. The fluoroalkylation
of alkynes offers an efficient method for the synthesis of functionalized fluoroalkylated alkenes. However, the current methods
are often limited to 1,2-difunctionalization, while the remote fluoroalkylative difunctionalization of alkynes has been rarely
developed. Herein, a novel visible-light-induced remote halo-difluoroalkylation of thioalkynes is realized with difluoroalkyl
halides as the radical source, forming distally halogenated (Z)-fluoroalkylated alkenes in moderate to high yields with excellent
regio-, stereo-, and site-selectivity. The notable features of this reaction include the mild reaction conditions, broad substrate
scope, concurrent formation of three new chemical bonds, and a thermodynamically less stable (Z)-alkene, thus enabling it a
highly attractive method for organic synthesis. It represents a new advance on the direct C—H bond halogenation. Preliminary
mechanistic studies indicate a cascade radical process involving the heteroatom-induced p-fluoroalkylation of C-C triple
bonds, intramolecular 1,5-hydrogen atom transfer (1,5-HAT), single electron transfer (SET) oxidation and halide addition.
Keywords difluoroalkyl; visible-light photoredox catalysis; thioalkyne; C—H halogenation; radical; selectivity
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AR i o A A A — SR R4 [ B (Scheme  1a). K
BRoAH LT, HulVRI S B BN 5y 5 K R T R b
S 00 S ATl RGeSO, A0 A i e 4 A
(1) R S R/ 7R B R R R, SRR T P BRER AT AE W )
fill—— G eI M. PL CoBr, N#4L7), von Wangelin
AL R T RN R R R - R R L,
— IR T K- e R A & A Y

FUE BRI B o — o Ak S N B T R R )
{EATISRAPAE — e R R L B ). 2, ARGl s
SR Uity RS [PV LAY, TS T AT PR R g bR 1) e 2
BRI, FLUR, BBE ) e 438 1A 51t DX SR ST AR i 3 1
Brefem. HHERENE, UARRMNET 1,2-8F 6]
1, TR e R e — b SR S N R DL RS, ik, R
ATV ot 2 i 4 o Al — ok 2 B R o 26 A 1 X J gk 5 1k
FAAESZEL T 24 R 7 B PG Sz FE AR Ak~ b 3610 R
R B~ = G5 R A S BT, Ay Iz i i A R B
AR A AR T ik k7. fEU BT
PESERE B, AR TAERE T — AN oG A AT i e i ik
TEFE X~ b 3L ) Vi (Scheme  1b), — 25 & i T 28 i
AR II(Z)- e B UG 1, OB Y X 338 SEARFAA p i
BT, NS RIae 0 TR HES BGR T A R0k
7. BERHBNE, ZRMELI T @ R - S X
U EFERA, MARAEAR, S-SR E X
AERAL T .

(a) previous reports on fluoroalkylative difunctionalization of alkynes
Ry

R———R + RX R\%\R

challenges: X
(1) reaction of less reactive internal alkynes

(2) control of regio- and stereoselectivity

(3) new reaction mode of remote difunctionalization

conditions

(b) this work: remote halo-fluoroalkylation of thioalkynes

2
R R3 fac-Ir(ppy)s, 2,6-lutidine
R1S%/\i/ + RX
H EtBr, blue LEDs, r.t.
Ry 2
R
1 3
R'S > R
H X

B 1 PR s e R v
Scheme 1 Halo-fluoroalkylation of alkynes

1 GRS

2, EEUREREE T 1a 0 N ST T k. R
F BrCF,CO,Et (2a, 2.0 equiv.) NFGEE H BV, fac-
Ir(ppy)s (2 mol%) NIt fbi], 2,6-— FHFEMLIE(2.0
equiv.) AIRIIR], 15 W 50 LED 4T AR, 1R LKA
A, FIRE 36 h, PL 72%M 7= A5 B AR IR -
F72Y) 3aa(FK 1, Entry 1). K Ru(bpy);Cl, 6 1EAL
T 350 B R AR R B 2 R B (Bntry 2). 32 TR,
LA fac-Tr(ppy)s NIGHEALT, X B INFIEEAT T4k,
SERRIN, MENE. 2,4,6- = HISENMENE . BEERET . BRIRET AN

R BBRBEEAR R - bR SN R AL

Table 1 Optimization of reaction conditions for the remote hlao-difluoroalkylation of thioalkynes

fac-Ir(ppy)s

CF,CO,Et
PhS—==—n-Bu + BrCF,CO,Et 28-utdine j o= + Phs ) PN
blue LEDs =
1a 2a EtBr, r.t. H 3aa Br H 3aa"

Entry Deviations from standard condition Yield®/% of 3aa/3aa’
1 None 72/<<5
2 Ru(bpy);Cl, instead of fac-Ir(ppy); 25/5
3 Et;N instead of 2,6-lutidine 65/9
4 Pyridine instead of 2,6-lutidine 61/7
5 2.4,6-collidine instead of 2,6-lutidine 55/4
6 KOACc instead of 2,6-lutidine 70/8
7 K,COj; instead of 2,6-lutidine 62/4
8 K,HPO, instead of 2,6-lutidine 68/6
9 MeCN instead of EtBr 69/10
10 DMSO instead of EtBr 70/7
11 DCM instead of EtBr 69/15
12 THF instead of EtBr 7/2
13 Without 2,6-lutidine 9/4
14 Without fac-Ir(ppy)s NR

¢ Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), fac-Ir(ppy); (2 mol%), 2,6-lutidine (0.4 mmol), EtBr (2 mL), 25 ‘C, 15 W blue LEDs, 36 h. ® Isolated yield.

NR=No reaction.
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TR A AP ER A I 2,6-— FH JLIENE (Entries 3~8). K
Fl MeCN. —H K (DMSO)Ek & F E(DCM) N
A, 3aa HIF=RABANR, HAE, A bt ELE =
3aa'JF A £ (Entries 9~11). #HISZI6R I, i 2,6-
T HIEIL IS R fac-Tr(ppy)s, X 1% N HSHLHE BB AEH
(Entries 13, 14).

TESEIMRA R RS2 S, X 2% J5 7 B B R
Vs VO AT TR 2). B2, B T BRI
SN B2 To i 7 FE R B 2 I U LR e, S B
HRREARLF M gEAT, DL R AF 7= 2645 Bz F I - — e ik
=¥ (3aa~3ea), KM HIX Ik SEARFIAL sk B VER
75 . A T8 v A BE (A B, KPR T LA BIAR 4 py i 2
(3fa, 3ga). FTok, HE T RN EREBIGAENM. 4R
K, BE(OTBS, OMe). FEFE(OAC). X 5 ¥ (Br, CHAIE
[ (NPhth) # B8 1R 47 H 36 %5 (3ha~3ma), X LL3E 4] 7=
W — P AT AL ER AL T AT RE. BRI AT 2 R PR AL ELAR
BG5BT (3na, 3oa). BR T k-
S EERAL 2 A, =Gtk SU N AR IR Ak, 193

FHI. BIRAT= W) 3pa, ANid e N /b 8 A wbe &
=) 3pa' MU R =4 3pa AR, BEAF, TM%‘%
B A IR AR S S A BR IR BE AT (Bra). 18 AR IR - — s e ik
S BEAT DL g BB BEAI A 540, T BRBEAE 12 ) B 2% A
T IZEAAS 2 W (3ta, 3ua).

ok, PA1a AMEBGAGR, X B A ET AT T
FUFK3). S ANEMEME, & PR SBLZ AR R A
R, DA AR S B R4 77 28 15 B R - b R
Yi(3ab~3af), SN X IR, STARFIA AR BEMELTS. DA
Umemoto 57 =4 H Z£7H, NaBr 5 Nal Jyx & T4,
I3 S BB T RR TE f1) 326 P YR — — R Y 2R A — G R
R N (3ah, 3ai)(F= R A —DAL), 1245 U0 RN
AIREZ Ik IE BT E AR, A Nm %2, He i
AR EES 5z M. a0, B R e S (TsCl) A
BIAAR], BL 57%0) 72 245 3 1 I 2 & - =) (3aj).

WG, SNZRBALEREAT TR FC. TEAR R R B2 A
T, I 2.0 equiv. ) B H A 3050 Y Y SRR e A4
(TEMPO), [R5 4 4mil, HWaEE]T 4al 4L

K2 AT HARBUR IR MVE ]

Table 2  Substrate scope of heteroalkynes

- CF,CO,Et
fac-Ir(ppy)s, 2,6-lutidine
H + BrCF,CO,Et \l)\/\F
EtBr, blue LEDs, r.t.
R? R® 2a
CF,CO,Et CF,CO,Et CF,CO,Et CF,CO,Et CF,CO,Et
e Y B e G
H Br
3aa 72% cl 3ba 67% MeO 3ca 76% 3da 68% 3ea, 67%
CF2COoEt CF,CO,Et CF,CO,Et CF,CO,Et
\l)\/\l/\ \H\/\rn CsHq1 \|)\/\|/\/OTBS \l)\/\l/\/
3f 80°/
a, ol 3ga 70% 3ha, 56% 3ia, 48%
CF,CO,Et CF,CO,Et CF,CO,Et CF,CO,Et
\l)\/\l/\/ \l)\/\l/\/ \l)\/Y\/NPhth \l)\/\l/\/
3ja, 64% 3ka 55% 3Ia 51% 3ma 62%
EtO,C T mTTmmmmmmmmmmmmoomomooommmoooomooooooooo oo .
2 CcmozEt : CF,CO,Et CF,CO,Et CF,COEL |
MeS._~ M \H\/\(
H OMe Br
3na 84% 30a, 63%° 3pa 55% 3pa’, 10% 3pa", 7%
EtO,C
o CF,CO,Et CF,CO,Et CF,CO,Et CF,CO,Et
P4
\I)\/\I/ \I)\/\I/ Mese. 3-To|-o\|)\/\rPh
H Br H Br
0,
3‘131 3”’ 3ra 62% 3sa, 50%" 3ta, 37% 3ua, NR

¢ Reaction conditions: 1 (0.2 mmol), 2a (0.4 mmol), fac-Ir(ppy); (2 mol%), 2,6-lutidine (0.4 mmol), EtBr, blue LEDs, 25 ‘C, 36 h; isolated yields are given. b dr=
1.8:1.“dr=15: 1. ¥ Determined by GC-MS. ° Similar with the reaction of 1p, 11% yield of hydrodifluoroalkylation product 3ra' and <5% yield of remote
desaturated product 3ra" was observed by GC-MS.” 14% yield of hydrodifluoroalkylation product 3sa' was observed by GC-MS.
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Table 3 Scope of radical precursors

fac-Ir(ppy)s, 2,6-lutidine PhS

E}x

PhS————n-Bu +
EtBr, blue LEDs, r.t.
1a 2 H X
3
Ts Boc
) ) )
N N N
R R F
F (0] F (0] F ¢}
PhS __~ PhS.__~ PhS._~
H Br H Br H Br
3ab, 71% 3ac, 74% 3ad, 61%
Ets -Et NHBn OMe
R R F
F (0] F (¢] F e}
PhS _~ PhS. -~ PhS. .~
H Br H Br H Br
3ae, 43% 3af, 54% 3ag, 75%
CF3 CF3 Ts
PhSM PhSM PhSM
H Br H | H Cl
3ah, 42%" 3ai, 30%” 3aj, 57%
! ineffective substrates: Foo
| F @]
BrCHFCO,Et BrCF,PO(OEt), H D
L 2k 21 B omN

¢ Reaction conditions: 1a (0.2 mmol), 2 (0.4 mmol), fac-Ir(ppy); (2 mol%),
2,6-lutidine (0.4 mmol), EtBr, blue LEDs, 25 ‘C, 36 h; isolated yields are
given. ® Umemoto’s reagent (0.4 mmol), NaX (0.6 mmol), and CICH,CH,Cl
were used instead of 2a and EtBr.

TEMPO (2.0 equiv.)
standard conditions
e

PhS—==—n-Bu + BrCF,CO,Et
1a 2a
CF,CO,Et
PRS-~ + TEMPO-CF,CO,Et

H Br 4a, 17% ('°F NMR)
3aa, 0%

MeOH (2.0 equiv.)
standard conditions
Rtiiashiehelhth s

PhS—==—n-Bu + BrCF,CO,Et
1a 2a

CF,CO,Et CF,CO,Et

Phs\l)\/\l/ + PhS

H , Br H OMe
3aa, 65% 4b, detected
by HRMS

BR2 LR
Scheme 2 Mechanistic studies
(Scheme 2), Wit B s % A BEZE ) — 5 e 3 H BH 2 P () 4.
TER AR RN 2.0 equiv. MeOH, = 7 H% 5 i k60 3]
TR A b, BRIV RH ROV ] RS
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Figure 1 Light on/off experiment of the reaction between 1a
and 2a

AR R s i 48 ANBATZ AT AR, WrRE
SALEEGN Scheme 3 Fiax. B 4G, fac-Ir(ppy)s & 7] W6
MRS ORI (DL, 5, €5 RX SRHFH
B (SET)P=AE g ikt 56 Reel™. B0 %o B - 2
frgs i 7L AL RO AT B TR R RO ) BRI S T
LM SRR A RS S, ERmEE R 1
LR, BT IO 7ok B R B H R L e
WEHFT 1 RAER A, FEEmErTA 1,5-4
JRFiER(1,5-HAT)? SET S ik IE B 1 10, %
Jei, B TR TR 11 B 1A B N I AR - R e A
FER, TR AR SR AL 7 Tr(TID).

.. 0*0" 2
X RIS—— \rR Ri
Rx SE/ - “ Py Rig
f f B-addition “H

*lrlll rIV

B\ |r|/<\ 1,5-HAT
\l)\/\rRz R'S \l)\/\/R2 R1S\|)\/\/

B3 mrEEr AL

Scheme 3 Possible reaction mechanism
2 g
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R

BT ITIEAARE (D) M), R AR TR
AR T IR R R T,

3 SEES

3.1 UES5HF

'HNMR. “CNMR Al ""F NMR ¥ FH 1 [ 45 & 5
A F] 600 5% 400 MHz B W ILIROGEATIN E . &5 H ik
KA 50 A 7] MicroTof-Q IT YU I 5 7 W o 1A%
M5, B-FYFA ESI-TOF. HEER(200~300 H)#k4rH:
JENT B, BRAESA YO, BT GRS 3 e E R
BENiFE, Rait—Palifh.
3.2 ZWHE

TETEEM 15 mL RS, BRI fac-
Ir(ppy); (2.6 mg, 0.004 mmol), 1 (0.2 mmol), 2 (0.4
mmol), 2,6- - HI JE AL IE(42.9 mg, 0.4 mmol)Fll 2 mL -5
HIR 2058, BEES ML) S em AR 15 W €8 LED 4T
25 CRHSHHE 36 h. FRMNETRE, A 5 mL K%
KN, TR 2.8 ZEE(10 mL X 4)AH, 5 ALk A v i
SALENE I, TOKBRERN T8, Weik 78 R Bk 257577,
FH = 5 200~300 B EERFEZAT V(R CER) © V(A
BK)=1: 30]5> &5, 193 Hbr™9) 3.

3-ZRE AR F JE-2,2- TR-6-IR PR 41 (3aa): 56
mg, FEOBAE, 775 72%. '"H NMR (600 MHz, CDCLs) §:
7.35~7.33 (m, 4H), 7.31~7.28 (m, 1H), 6.61 (s, 1H),
433 (q, J=7.1 Hz, 2H), 420~4.09 (m, 1H), 2.64~2.56
(m, 1H), 2.51~2.39 (m, 1H), 2.05~1.92 (m, 2H), 1.75 (d,
J=6.7 Hz, 3H), 1.33 (t, J=7.1 Hz, 3H); “C NMR (151
MHz, CDCly) §: 163.4 (t, J=34.6 Hz), 135.0, 131.3 (t, J=
5.8 Hz), 130.7 (t, J=23.5 Hz), 123.0, 129.3, 127.6, 113.6
(t, J=252.1 Hz), 63.2, 50.5, 39.6, 31.4 (t, J=3.3 Hz),
26.5,13.9; F NMR (565 MHz, CDCly) 6: —99.0 (d, J=
273.1 Hz), —99.6 (d, J=273.1 Hz); HRMS (ESI) calcd
for C,H,0BrF,0,S (M+H)" 393.0330, found 393.0323.

3- % G 2K AR 3R L -2.2- R -6- YR R R 2 g
(3ba): 57 mg, ORI, 73K 67%. 'H NMR (600 MHz,
CDCly) 6: 7.33~7.31 (m, 2H), 7.29~7.27 (m, 2H), 6.54
(s, 1H), 4.33 (q, J=7.2 Hz, 2H), 4.17~4.12 (m, 1H),
2.63~2.59 (m, 1H), 2.49~2.44 (m, 1H), 2.03~1.91 (m,
2H), 1.75 (d, J=6.7 Hz, 3H), 1.33 (t, J=7.1 Hz, 3H); °C
NMR (151 MHz, CDCl3) §: 163.3 (t, J=34.5 Hz), 133.8,
133.4, 131.5 (t, J=23.6 Hz), 131.2, 130.5 (t, J=5.7 Hz),
129.4, 113.5 (t, J=252.3 Hz), 63.3, 50.4, 39.5, 31.4 (t, J=
3.5 Hz), 26.5, 13.9; “YF NMR (565 MHz, CDCly) o:
—99.0 (d, J=273.5 Hz), —99.7 (d, J=273.4 Hz); HRMS
(ESI) calcd for C¢H;3sBrCIF,0,SNa (M—I—Na)+ 448.9760,
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found 448.9758.

30 R AR 5 DR 2 W R Rk -2,2- T OR-6- YR PETR 4 T
(3ca): 64 mg, FEE, F“F 76%. 'H NMR (400 MHz,
CDCly) &: 7.32~7.30 (m, 2H), 6.89~6.86 (m, 2H), 6.51
(s, 1H), 4.36 (q, J=7.1 Hz, 2H), 4.17~4.09 (m, 1H), 3.81
(s, 3H), 2.59~2.52 (m, 1H), 2.44~2.37 (m, 1H), 2.03~
1.88 (m, 2H), 1.73 (d, J=6.7 Hz, 3H), 1.36 (t, J=7.1 Hz,
3H); *C NMR (151 MHz, CDCL;) 6: 163.5 (t, J=34.7
Hz), 159.7, 133.4 (t, J=5.8 Hz), 132.8, 128.7 (t, J=23.6
Hz), 125.4, 114.9, 113.7 (t, J=252.0 Hz), 63.1, 55.4, 50.5,
39.7,31.2 (t, J=3.5 Hz), 26.4, 13.9; "’F NMR (565 MHz,
CDCLy) 6: —99.2 (d, J=271.8 Hz), —99.8 (d, J=271.8
Hz); HRMS (ESI) calcd for C;H,;BrF,0;SNa (M+Na)"
445.0255, found 445.0262.

3- LTI 3L -2,2- TR -6- 1R B IR 4. BE (3da): 47
mg, FEMHIAE, 3K 68%. 'HNMR (400 MHz, CDCL;) d:
6.40 (s, 1H), 4.34 (q, J=7.1 Hz, 2H), 4.17~4.09 (m, 1H),
2.71 (q, J=7.4 Hz, 2H), 2.57~2.51 (m, 1H), 2.44~2.36
(m, 1H), 2.02~1.86 (m, 2H), 1.74 (d, J=6.7 Hz, 3H),
1.36 (t, J=7.1 Hz, 3H), 1.30 (t, J=7.4 Hz, 3H); °C NMR
(151 MHz, CDCl3) d: 163.5 (t, J=34.9 Hz), 132.9 (t, J=
6.1 Hz), 127.9 (t, J=23.5 Hz), 113.7 (t, J=251.6 Hz),
63.0, 50.7, 39.8, 31.4 (t, J=3.2 Hz), 29.2, 26.5, 15.3, 13.9;
F NMR (565 MHz, CDCl3) 6: —100.2 (d, J=269.7 Hz),
—100.8 (d, J=269.8 Hz); HRMS (ESI) calcd for C,,Ho-
BrF,0,SNa (M+Na)" 367.0149, found 367.0152.

3-HB R 0 HH 2 -2,2- —9-6- VR PR IR £, T (3ea): 44
mg, FERIE, 3K 67%. 'H NMR (600 MHz, CDCL;) d:
6.35 (s, 1H), 4.35 (q, J=7.1 Hz, 2H), 4.15~4.09 (m, 1H),
2.54~2.49 (m, 1H), 2.40~2.35 (m, 1H), 2.31 (s, 3H),
2.00~1.88 (m, 2H), 1.74 (d, J=6.7 Hz, 3H), 1.36 (t, J=
7.1 Hz, 3H); *C NMR (151 MHz, CDCl;) §: 163.4 (t, J=
35.0 Hz), 134.6 (t, J=5.9 Hz), 127.4 (t, J=23.6 Hz),
113.8 (t, J=252.2 Hz), 63.0, 50.7, 39.8, 31.3 (t, J=3.5
Hz), 26.4, 18.4, 13.9; ’F NMR (565 MHz, CDCl;) ¢:
—100.8 (d, J=4.9 Hz); HRMS (ESI) calcd for C;;H;;Br-
F,0,SNa (M+Na)"™ 352.9993, found 352.9990.

3- R A W R R -2,2- 9 -6- 1 SE R 4T (3fa): 65
mg, O, 72% 80%. 'TH NMR (400 MHz, CDCl5) d:
7.35~7.31 (m, 4H), 7.31~7.27 (m, 1H), 6.61 (s, 1H),
433 (q, J=7.1 Hz, 2H), 4.04~3.97 (m, 1H), 2.68~2.61
(m, 1H), 2.52~2.44 (m, 1H), 2.09~1.92 (m, 2H), 1.93~
1.84 (m, 2H), 1.33 (t, J=7.1 Hz, 3H), 1.06 (t, J=7.3 Hz,
3H); *C NMR (151 MHz, CDCL;) 6: 163.4 (t, J=34.7
Hz), 135.0, 131.2 (t, J=5.9 Hz), 130.8 (t, J=23.5 Hz),
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129.9, 129.3, 127.5, 113.6 (t, J=251.9 Hz), 63.2, 59.0,
37.3,32.2, 312 (t, J=3.3 Hz), 13.9, 12.0; "’F NMR (565
MHz, CDCly) §: —99.0 (d, J=273.1 Hz), —99.5 (d, J=
273.1 Hz); HRMS (ESI) calced for C;H,,BrF,0,SNa (M+
Na)® 429.0306, found 429.0320.

3B I 2 -2,2- 3R-6-1 1 R LI (3ga): 63
mg, FHOBAE, 7% 70%. '"H NMR (400 MHz, CDCls) J:
7.35~7.32 (m, 4H), 7.31~7.28 (m, 1H), 6.61 (s, 1H),
433 (q, J=7.1 Hz, 2H), 4.08~4.02 (m, 1H), 2.68~2.61
(m, 1H), 2.52~2.44 (m, 1H), 2.09~1.76 (m, 4H), 1.57~
1.41 (m, 2H), 1.35~1.26 (m, 7H), 0.90 (t, J=6.8 Hz, 3H);
BC NMR (151 MHz, CDCly) d: 163.4 (t, J=34.6 Hz),
135.0, 131.2 (t, J=5.9 Hz), 130.9 (t, J=23.5 Hz), 129.9,
129.3, 127.5, 113.6 (t, J=251.6 Hz), 63.2, 57.4, 39.2, 37.7,
31.2 (t, J=3.3 Hz), 31.2, 27.2, 22.5, 14.0, 13.9; '°’F NMR
(565 MHz, CDCl3) 6: —99.0 (d, J=273.1 Hz), —99.5 (d,
J=273.3 Hz); HRMS (ESI) calcd for CyH,;BrF,0,SNa
(M+Na)" 471.0775, found 471.0791.

3-SR Tt i 7 H L 8- T A W B i AR B -2,2-
B-6-TR VTR 2.6 (3ha): 60 mg, AR, 773 56%. 'H
NMR (400 MHz, CDCl3) 0: 7.35~7.34 (m, 4H), 7.31~
7.28 (m, 1H), 6.60 (s, 1H), 4.33 (q, J=7.1 Hz, 2H), 427~
420 (m, 1H), 3.81~3.78 (m, 2H), 2.69~2.61 (m, 1H),
2.53~2.45 (m, 1H), 2.10~1.95 (m, 4H), 1.33 (t, J=7.1
Hz, 3H), 0.89 (s, 9H), 0.06 (d, J=1.9 Hz, 6H); *C NMR
(151 MHz, CDCly) d: 163.4 (t, J=34.7 Hz), 135.1, 131.2
(t, J=5.9 Hz), 130.7 (t, J=23.4 Hz), 130.0, 129.3, 127.6,
113.6 (t, J=252.0 Hz), 63.2, 60.6, 53.7, 41.9, 38.1, 31.1 (t,
J=3.5Hz), 25.9, 18.3, 13.9, —5.4, —5.4; 'F NMR (565
MHz, CDCls) §: —99.1 (d, J=272.6 Hz), —99.7 (d, J=
272.3 Hz); HRMS (ESI) calcd for Cy3H;3sBrF,0O;SSiNa
(M+Na)" 559.1120, found 559.1129.

3- 2R e Y A R -8- 2 A B -2,2- TR-6-IRE TR &
fi5(3ia): 45 mg, AWM, 7=F 48%. 'H NMR (600
MHz, CDCl;) 0: 7.35 (d, J=4.3 Hz, 4H), 7.32~7.28 (m,
1H), 6.62 (s, 1H), 4.35~4.29 (m, 3H), 425~4.21 (m,
1H), 4.16~4.12 (m, 1H), 2.69~2.64 (m, 1H), 2.53~2.48
(m, 1H), 2.20~2.09 (m, 3H), 2.05 (s, 3H), 2.03~1.97 (m,
1H), 1.33 (t, J=7.1 Hz, 3H); C NMR (151 MHz, CDCl,)
5: 1709, 163.4 (t, J=34.7 Hz), 134.9, 131.6 (t, J=5.8
Hz), 130.5 (t, J=23.4 Hz), 123.0, 129.3, 127.6, 113.6 (t,
J=252.2 Hz), 63.2, 62.2, 52.3, 37.8, 37.8, 31.1 (t, J=3.4
Hz), 20.9, 13.9; ’F NMR (565 MHz, CDCl;) §: —98.8 (d,
J=273.5 Hz), —99.7 (d, J=273.4 Hz); HRMS (ESI)
caled for CjoH,3BrF,0,SNa (M+Na)® 487.0361, found
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487.0366.

3- IR BRI A -2,2- T 5(-6,8- IR E TR £ iR (3ja):
62 mg, AWK, 77K 64%. 'H NMR (600 MHz,
CDCly) 0: 7.37~7.34 (m, 4H), 7.32~7.29 (m, 1H), 6.63
(s, 1H), 4.35 (q, J=7.1 Hz, 2H), 4.28~4.23 (m, 1H),
3.64~3.61 (m, 2H), 2.69~2.65 (m, 1H), 2.39~2.26 (m,
2H), 2.12~2.00 (m, 2H), 1.34 (t, J=7.1 Hz, 3H); "°C
NMR (151 MHz, CDCls) 6: 163.4 (t, J=34.6 Hz), 134.8,
131.7 (t, J=5.9 Hz), 130.6 (t, J=11.7 Hz), 130.1, 129.3,
127.6, 113.5 (t, J=251.4 Hz), 63.3, 54.0, 41.3, 37.5, 31.1,
31.0 (t, J=3.4 Hz), 13.9; F NMR (565 MHz, CDCl;) o:
—98.5 (d, J=273.4 Hz), —99.8 (d, J=273.3 Hz); HRMS
(ESI) calcd for C;;H,,Br,F,0O,SNa (M—i—Na)+ 506.9411,
found 506.9413.

3-ORB Y -2, 2- R -8- G -6-TR F R I (3ka):
48 mg, AWK, P 55%. 'H NMR (400 MHz,
CDCly) 6: 7.38~7.30 (m, 5H), 6.64 (s, 1H), 4.36 (q, J=
7.1 Hz, 2H), 422~4.26 (m, 1H), 3.84~3.74 (m, 2H),
2.72~2.65 (m, 1H), 2.58~2.50 (m, 1H), 2.34~2.19 (m,
2H), 2.15~1.99 (m, 2H), 1.35 (t, J=7.1 Hz, 3H); C
NMR (151 MHz, CDCls) 6: 163.4 (t, J=34.6 Hz), 134.9,
131.7 (t, J=5.9 Hz), 130.6 (t, J=23.9 Hz), 130.1, 129.3,
127.6, 113.5 (t, J=252.6 Hz), 63.3, 52.8, 42.7, 41.3, 37.6,
31.0 (t, J=3.6 Hz), 13.9; ’F NMR (565 MHz, CDCl5) ¢:
—98.5 (d, J=273.6 Hz), —99.9 (d, J=273.5 Hz); HRMS
(ESI) calcd for C;7H,,BrCIF,0,SNa (M+Na)' 462.9916,
found 462.9921.

3- 2R M 2 WV R -8 A O PR B Jle 5L -2,2- — 9R-6- 1R
R LHEE(3la): 56 mg, BEETAE, 2% 51%. 'H NMR
(600 MHz, CDCl;) §: 7.85~7.82 (m, 2H), 7.73~7.70 (m,
2H), 7.38~7.33 (m, 4H), 7.31~7.29 (m, 1H), 6.61 (s,
1H), 4.27~4.22 (m, 2H), 4.08~4.05 (m, 1H), 3.96~3.87
(m, 2H), 2.67~2.63 (m, 1H), 2.52~2.47 (m, 1H), 2.31~
2.19 (m, 2H), 2.11~1.98 (m, 2H), 1.29 (t, J=7.1 Hz, 3H);
C NMR (151 MHz, CDCl;) d: 168.2, 163.4 (t, J=34.6
Hz), 134.9, 134.0, 132.0, 131.6 (t, J=5.7 Hz), 130.5 (t,
J=23.1 Hz), 130.0, 129.3, 127.6, 123.3, 113.5 (t, J=252.2
Hz), 63.1, 52.8, 37.7, 37.6, 36.4, 31.0 (t, J=3.3 Hz), 13.9;
F NMR (565 MHz, CDCl;) 6: —98.2 (d, J=274.0 Hz),
—100.2 (d, J=274.0 Hz); HRMS (ESI) calcd for CpsHa4-
BrF,NO,SNa (M+Na)" 574.0470, found 574.0469.

3- PP 25 W0 R 8- PR AR -2, 2- -6~ 1R S TR L 1T
(3ma): 46 mg, EERIA, 723 62%. 'H NMR (600 MHz,
CDCly) d: 6.33 (s, 1H), 4.34 (q, J=7.1 Hz, 2H), 4.18~
4.14 (m, 1H), 3.58~3.51 (m, 2H), 3.34 (s, 3H), 2.57~
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2.52 (m, 1H), 2.40~2.35 (m, 1H), 2.29 (s, 3H), 2.12~
2.07 (m, 1H), 2.05~2.00 (m, 2H), 1.97~1.91 (m, 1H),
1.35 (t, J=7.1 Hz, 3H); °C NMR (151 MHz, CDCl;) ¢:
163.4 (t, J=35.0 Hz), 134.6 (t, J=5.8 Hz), 127.5 (t, J=
23.6 Hz), 113.8 (t, J=252.1 Hz), 70.1, 63.0, 58.8, 53.7,
39.1, 38.3, 31.1 (t, J=3.5 Hz), 18.4, 13.9; "F NMR (565
MHz, CDCl3) : —100.8; HRMS (ESI) caled for Ci3Hy-
BrF,0;SNa (M+Na)" 397.0255, found 397.0258.

3-HIB AW Y B -4- (2R IF T 2E)-2,2- 9T 1R Ol
(3na): 62 mg, ORI, 775 84%, dr 1.8 1 1. "H NMR
(400 MHz, CDCl;) of major isomer o: 6.48 (s, 1H), 4.56 (s,
1H), 4.34 (q, J=7.1 Hz, 2H), 2.30 (s, 3H), 2.24 (m, 1H),
2.17 (d, J=13.9 Hz, 1H), 1.87~1.78 (m, 2H), 1.77~1.73
(m, 1H), 1.58~1.52 (m, 2H), 1.48~1.44 (m, 1H), 1.35 (t,
J=7.1 Hz, 3H), 1.33~1.28 (m, 1H), 1.27~1.25 (m, 1H);
C NMR (151 MHz, CDCl;) of major isomer J: 163.5 (t,
J=35.1 Hz), 135.8 (t, J=6.3 Hz), 125.9 (t, J=23.6 Hz),
113.8 (t, J=251.8 Hz), 63.0, 61.7, 40.8, 39.1, 35.0, 27.0,
25.5, 20.8, 18.3, 13.9; "F NMR (565 MHz, CDCl;) of
major isomer d: —99.8 (d, J/=268.8 Hz), —100.5 (d, J=
268.8 Hz); HRMS (ESI) calcd for C4H,;BrF,0,SNa (M+
Na)™ 393.0306, found 393.0304.

3- i 6 W0 H -4 A -2, 2- T 9R-6- VR S R B
(30a): 47 mg, FEBIA, F2Z 63%, dr 1.5 1 1. '"H NMR
(400 MHz, CDCls) of major isomer ¢: 6.62 (s, 1H), 4.39~
4.32 (m, 2H), 4.28~4.22 (m, 1H), 4.18 (d, J=9.7 Hz 1H),
3.30 (s, 3H), 2.37 (s, 3H), 2.27~2.16 (m, 1H), 2.07~1.79
(m, 3H), 1.37 (t, J=7.2 Hz, 3H), 1.06 (t, J=7.2 Hz, 3H);
C NMR (151 MHz, CDCl;) of major isomer J: 163.1 (t,
J=34.9 Hz), 136.2 (t, J=5.5 Hz), 127.1 (t, J=22.7 Hz),
113.6 (t, J=252.3 Hz), 78.7 (t, J=3.6 Hz), 57.0, 56.6,
46.2, 32.6, 18.7, 13.9, 11.9; "°F NMR (565 MHz, CDCl5)
of major isomer 6: —99.4 (d, J/=270.2 Hz), —103.18 (d,
J=270.1 Hz); HRMS (ESI) calcd for Ci3H;BrF,03SNa
(M+Na)" 397.0255, found 397.0268.

6- FF 3k -3 H B 3 30 FR 3 -2,2- 4 -6- R R R £ T
(3pa): 38 mg, P, 5 55%. '"H NMR (400 MHz,
CDCly) d: 6.30 (s, 1H), 4.35 (q, J=7.1 Hz, 2H), 2.49~
2.45 (m, 2H), 2.30 (s, 3H), 1.97~1.93 (m, 2H), 1.77 (s,
6H), 1.36 (t, J=7.1 Hz, 3H); *C NMR (151 MHz, CDCl5)
5: 163.4 (t, J=35.2 Hz), 133.9 (t, J=5.7 Hz), 128.3 (t, J=
23.2 Hz), 113.9 (t, J=252.2 Hz), 66.9, 63.0, 46.7, 34.1,
30.0 (t, J=3.7 Hz), 18.4, 13.9; F NMR (565 MHz,
CDCl3) 6: —100.9; HRMS (ESI) caled for C;,H;oBrF,-
0,SNa (M+Na)" 367.0149, found 367.0145.
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5,5- 7 H L3R R T H 0 -2,2- R-6-1R O &
fiE(3qa): 30 mg, OB, 7% 37%; 'H NMR (400
MHz, CDCl3) 6: 7.37~7.28 (m, 5H), 6.72 (s, 1H), 4.31 (q,
J=17.1 Hz, 2H), 3.36 (s, 2H), 2.45 (s, 2H), 1.31 (t, J=7.1
Hz, 3H), 1.08 (s, 6H); >C NMR (151 MHz, CDCl) ¢:
163.6 (t, J=35.2 Hz), 134.7, 133.6 (t, J=6.6 Hz), 130.4,
129.7, 129.3, 127.5, 113.0 (t, J=251.6 Hz), 63.1, 46.1,
40.5 (t, J=2.3 Hz), 36.2, 25.9, 13.9; "’F NMR (565 MHz,
CDCl3) 0: —96.1; HRMS (ESI) caled for C;;H,BrF,-
0,SNa (M+Na)* 429.0306, found 429.0310.

6- K Fk -3 H B 36 0 HR 3 -2,2- T4 -6- 1R LR 2 B
(3ra): 49 mg, TP, 7% 62%. 'H NMR (400 MHz,
CDCly) d: 7.41~7.39 (m, 2H), 7.37~7.33 (m, 2H),
7.32~7.28 (m, 1H), 6.31 (s, 1H), 5.00~4.95 (m, 1H),
433 (q, J=7.1 Hz, 2H), 2.51~2.33 (m, 4H), 2.30 (s, 3H),
1.34 (t, J=7.1 Hz, 3H); ®C NMR (151 MHz, CDCl,) §:
163.4 (t, J=35.0 Hz), 141.6, 134.9 (t, J=5.9 Hz), 128.8,
128.5, 127.3, 127.0 (t, J=23.9 Hz), 113.7 (t, J=252.4
Hz), 63.1, 54.5, 38.5, 31.7 (t, J=3.4 Hz), 18.4, 13.9; "°F
NMR (565 MHz, CDCly) 0: —100.5 (d, J=269.6 Hz),
—101.0 (d, J=1269.7 Hz); HRMS (ESI) calcd for
C,6HoBrF,0,SNa (M+Na)" 415.0149, found 415.0150.

7- 7% JE 3 BB L P 32,2 TR -6- YR PR R 2T
(3sa): 40 mg, &I, 772 50%. 'H NMR (600 MHz,
CDCly) 6: 7.34~7.28 (m, 3H), 7.24~7.21 (m, 2H), 6.29
(s, 1H), 4.33 (q, J=7.1 Hz, 1H), 422~4.17 (m, 1H),
3.24~3.14 (m, 1H), 2.62~2.55 (m, 1H), 2.45~2.35 (m,
1H), 2.28 (s, 3H), 2.11~2.02 (m, 1H), 1.95~1.86 (m,
1H), 1.35 (t, J=7.2 Hz, 2H); *C NMR (151 MHz, CDCl5)
5. 163.4 (t, J=34.7 Hz), 138.1, 134.7 (t, J=5.7 Hz),
129.2, 128.4, 127.2 (t, J=23.6 Hz), 126.9, 113.8 (t, J=
252.3 Hz), 63.0, 56.5, 45.6, 37.1, 31.0 (t, J=3.4 Hz), 18 .4,
13.9; F NMR (565 MHz, CDCl;) 6: —100.5 (d, J=
268.7 Hz), —101.1 (d, J=268.7 Hz); HRMS (ESI) calcd
for Cj;H,BrF,0,SNa (M + Na) ©  429.0306, found
429.0309.

3- FARG 38 3 F 3 -2,2- 5 -6- YR PR IR £ T (3ta): 28
mg, FERIA, 3 37%. 'H NMR (400 MHz, CDCL;) d:
6.68 (s, 1H), 4.35 (q, J=7.1 Hz, 2H), 4.15~4.07 (m, 1H),
2.53~2.46 (m, 1H), 2.41~2.33 (m, 1H), 2.18 (s, 3H),
2.02~1.87 (m, 2H), 1.73 (d, J=6.7 Hz, 3H), 1.36 (t, J=
7.1 Hz, 3H); *C NMR (151 MHz, CDCl3) §: 163.2 (t, J=
35.2 Hz), 130.1 (t, J=23.0 Hz), 129.5 (t, J=5.8 Hz),
114.4 (t, J=253.2 Hz), 63.2, 50.7, 39.7, 32.1 (t, J=3.4
Hz), 26.5, 14.0, 8.6; "F NMR (565 MHz, CDCl;) ¢:
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—101.7 (d, J=262.5 Hz), —102.2 (d, J=262.5 Hz);
HRMS (ESI) caled for CjH;;F,0,SeNa (M + Na) *
400.9437, found 400.9438.

3- 25 it 25 IV PP 5 - 1 - o PP 25 il P PG P -2, 2- -6
IRBEEA(3ab): 83 mg, BEABAA, 2 71%. 'H NMR
(600 MHz, CDCl;) d: 7.63 (d, J=8.2 Hz, 1H), 7.37~7.31
(m, 3H), 6.55 (s, 1H), 4.11~4.09 (m, 1H), 3.80~3.68 (m,
4H), 3.07~3.05 (m, 4H), 2.46~2.41 (m, 4H), 2.34~2.29
(m, 1H), 1.97~1.84 (m, 2H), 1.70 (d, J=6.7 Hz, 2H); "*C
NMR (151 MHz, CDCl) 6: 161.2 (t, J=30.9 Hz), 144.2,
134.9 (t, J=2.4 Hz), 132.1, 131.8 (t, J=4.9 Hz), 130.5,
129.9, 129.4, 127.9, 127.7, 116.3 (t, J=253.7 Hz), 50.6,
46.0,45.7,45.3,42.6, 39.6, 31.3 (t, J=3.0 Hz), 26.4, 21.6;
F NMR (565 MHz, CDCI3) §: —93.6 (d, J=279.0 Hz),
—94.1 (d, J=278.9 Hz); HRMS (ESI) calcd for C,sHy9Br-
F,N,0,S,Na (M+Na)" 609.0663, found 609.0657.

3- 2R e Y FH - 10T AU B I R PR -2, 2- -6~
IRPEfF(3ac): 79 mg, FEAMA, 773 74%. '"H NMR (600
MHz, CDCly) §: 7.40 (d, J=7.3 Hz, 2H), 7.36 (t, J=7.5
Hz, 2H), 7.33~7.30 (m, 1H), 6.60 (s, 1H), 4.18~4.12 (m,
1H), 3.63 (d, J=32.8 Hz, 4H), 3.49 (d, J=4.5 Hz, 4H),
2.54~2.50 (m, 1H), 2.42~2.37 (m, 1H), 2.00~1.99 (m,
1H), 1.94~1.92 (m, 1H), 1.73 (d, J=6.6 Hz, 3H), 1.47 (s,
9H); *C NMR (151 MHz, CDCLy) d: 161.3 (t, J=31.6
Hz), 154.4, 135.2, 131.6 (t, J=5.7 Hz), 130.5, 129.4, 128 .4
(t, J=22.9 Hz), 127.8, 118.2 (t, J=253.1 Hz), 80.5, 50.7,
45.7,43.2,39.7, 31.5 (t, J=3.0 Hz), 28.3, 26.5; ’F NMR
(565 MHz, CDCl;) 6: —94.0;, HRMS (ESI) calcd for
Cy3H; BrF,N,05SNa (M + Na) © 555.1099, found
555.1095.

3-2R T 2 Y P - 1 - bk -2, 2- — G-6- IR B (3ad):
53 mg, BEWAA, 5% 61%. 'H NMR (600 MHz,
CDCly) 6: 7.40 (d, J=7.4 Hz, 2H), 7.36 (t, J=7.5 Hz, 2H),
7.31 (t, J=7.2 Hz, 1H), 6.60 (s, 1H), 4.20~4.13 (m, 1H),
3.75~3.65 (m, 8H), 2.55~2.50 (m, 1H), 2.43~2.37 (m,
1H), 2.04~1.98 (m, 1H), 1.96~1.90 (m, 1H), 1.73 (d, J=
6.6 Hz, 3H); *C NMR (151 MHz, CDCl;) d: 161.2 (t, J=
30.4 Hz), 135.2 (t, J=1.9 Hz), 131.6 (t, J=5.1 Hz), 130.4,
129.4, 127.8, 116.4 (t, J=253.3 Hz), 66.7, 66.5, 50.7, 46.5,
43.5,39.7, 31.5 (t, J=3.4 Hz), 26.5; "’F NMR (565 MHz,
CDCly) 6: —93.8 (d, J=278.2 Hz), —94.3 (d, J=278.2
Hz); HRMS (ESI) calcd for C,gH,,BrF,NO,SNa (M
Na)' 456.0415, found 456.0411.

3- 2R A 0 R AR -2,2- -6 YR -N,N- . 2 L Pt i
(3ae): 36 mg, T, 2% 43%. '"H NMR (400 MHz,
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CDCLy) §: 7.41 (d, J=7.4 Hz, 2H), 7.35 (t, J=7.4 Hz, 2H),
7.30 (d, J=7.0 Hz, 1H), 6.57 (s, 1H), 4.21~4.13 (m, 1H),
3.49~3.40 (m, 4H), 2.53~2.46 (m, 1H), 2.42~2.32 (m,
1H), 2.06~1.89 (m, 2H), 1.73 (d, J=6.6 Hz, 3H), 1.24 (t,
J=6.9 Hz, 3H), 1.17 (t, J=7.1 Hz, 3H); °C NMR (151
MHz, CDCly) 6: 161.9 (t, J=30.3 Hz), 135.6 (t, J=2.5
Hz), 130.9 (t, J=4.7 Hz), 130.5, 129.3, 129.2 (t, J=22.6
Hz), 116.7 (t, J=254.1 Hz), 50.9, 41.9 (t, J=4.1 Hz),
41.7,39.7, 31.6 (t, J=3.3 Hz), 26.5, 14.1, 12.3; ’F NMR
(565 MHz, CDCLy) §: —93.6 (d, J=274.4 Hz), —94.6 (d,
J=274.4 Hz); HRMS (ESI) calcd for C,sH,4BrF,NOSNa
(M+Na)" 442.0622, found 442.0619.

3R Y FH 3 -2, 2- T 9R-6- Y- V-1 2k B 1L i (3af):
59 mg, AWK, 753 54%. 'H NMR (400 MHz,
CDCLy) &: 7.39~7.32 (m, 5H), 7.31~7.26 (m, 5H), 6.93
(s, 1H), 6.60 (s, 1H), 4.55 (dd, J=5.5, 3.6 Hz, 2H), 4.22~
4.13 (m, 1H), 2.70~2.63 (m, 1H), 2.55~2.48 (m, 1H),
2.13~2.05 (m, 1H), 2.01~1.91 (m, 1H), 1.76 (d, J=6.6
Hz, 3H); *C NMR (151 MHz, CDCl;) 0: 163.4 (t, J=30.9
Hz), 136.8 134.8, 131.1 (t, J=23.3 Hz), 130.6 (t, J=5.3
Hz), 130.3, 129.4, 128.8, 127.9, 127.9, 127.7, 115.4 (t, J=
255.6 Hz), 50.9, 43.8, 39.5, 31.8 (t, J=3.5 Hz), 26.5; "F
NMR (565 MHz, CDCl;) 6: —98.9 (d, J=260.6 Hz),
— 100.2 (d, J=260.6 Hz); HRMS (ESI) calcd for
C,H,BrF,NOSNa (M+Na)" 476.0466, found 476.0463.

3- 2R 0 Ak -2,2- R -6- L B R i (3ag): 57
mg, O, 72% 75%. 'TH NMR (600 MHz, CDCl5) d:
7.39~7.36 (m, 4H), 7.34~7.30 (m, 1H), 6.64 (s, 1H),
420~4.14 (m, 1H), 3.90 (s, 3H), 2.65~2.60 (m, 1H),
2.51~2.46 (m, 1H), 2.06~1.95 (m, 2H), 1.77 (dd, J=6.6,
0.5 Hz, 3H); *C NMR (151 MHz, CDCl;) §: 164.0 (t, J=
34.8 Hz), 134.9, 131.5 (t, J=5.9 Hz), 130.6 (t, J=23.5
Hz), 130.1, 129.3, 127.7, 113.6 (t, J=251.7 Hz), 53.7,
50.5, 39.7, 31.4 (t, J=3.4 Hz), 26.5; '’F NMR (565 MHz,
CDClLy) 0: —99.2; HRMS (ESI) caled for C;sH;;BrF,-
0,SNa (M+Na)* 400.9993, found 400.9989.

2- =G R 1- 2R B -5- IR Ui (3ah): 28 mg, BT
AR, F“Z 42%. "H NMR (600 MHz, CDCl;) 6: 7.45 (d,
J=17.4 Hz, 2H), 7.38 (t, J=7.4 Hz, 2H), 7.34 (t, J=7.3
Hz, 1H), 6.68 (s, 1H), 4.16~4.07 (m, 1H), 2.61~2.48 (m,
1H), 2.47~2.29 (m, 1H), 2.03~1.88 (m, 2H), 1.74 (d, J=
6.7 Hz, 3H); *C NMR (151 MHz, CDCl;) 0: 134.9 (q, J=
3.1 Hz), 130.9, 129.5, 128.1, 127.15 (q, J=574.5 Hz),
123.51 (q, J=29.7 Hz), 50.1, 39.5, 31.1 (q, J=1.8 Hz),
26.5; "F NMR (565 MHz, CDCL3) §: —61.5; MS (EI) m/z
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R

(%): 340 (M™, ¥'Br, 1), 338 (M", "Br, 24), 258 (24), 217
(100), 189 (3), 184 (62).

2- G H - 1- 2R 2 -5 -l UM (3ai): 23 mg, TR
AR, 7% 30%. 'H NMR (600 MHz, CDCl;) 0: 7.48 (d,
J=7.2 Hz, 2H), 7.40 (t, J=7.4 Hz, 2H), 7.37 (d, J=17.2
Hz, 1H), 6.72 (s, 1H), 4.35~4.01 (m, 1H), 2.75~2.50 (m,
1H), 2.42~2.27 (m, 1H), 1.98 (d, J=6.8 Hz, 3H), 1.94
(dd, J=9.6, 4.8 Hz, 1H), 1.83~1.71 (m, 1H); *C NMR
(151 MHz, CDCly) 8: 134.90 (q, J=3.0 Hz), 131.0, 129.4,
128.1, 123.57 (q, J=185.5 Hz), 123.35 (q, J=30.0 Hz),
41.1, 33.1, 28.9, 28.5; F NMR (565 MHz, CDCl;) ¢:
—61.5; MS (EI) m/z (%): 386 (M", 18), 259 (29), 217
(100), 189 (1), 184 (49).

1- 2R B J5-2- %) FR 2R it 19 2 -5- G 245 (3aj): 43 mg,
FOAE, 7% 57%. "H NMR (600 MHz, CDCl;) 6: 7.92
(d, J=8.1 Hz, 2H), 7.45 (d, J=7.1 Hz, 2H), 7.36 (dd, J=
9.8, 5.9 Hz, 5H), 7.02 (s, 1H), 3.93~3.99 (m, 1H), 2.58~
2.50 (m, 1H), 2.45 (s, 3H), 2.44~2.37 (m, 1H), 2.02~
2.08 (m, 1H), 1.76~1.82 (m, 1H), 1.47 (d, J=6.5 Hz,
3H); “C NMR (151 MHz, CDCly) 0: 144.8, 142.6, 137.6,
135.7, 132.6, 131.1, 129.9, 129.5, 128.5, 127.5, 57.5, 39.4,
30.5, 25.4, 21.7; HRMS (ESI) caled for Ci9H,;CIO,S,Na
(M+Na)" 403.0564, found 403.0568.

5 B A1 #l(Supporting Information) L&) 3 1 'H
NMR. "C NMR 1 ""F NMR i &, X £ehhpl T Ll 4 2y
MAS T 355 (http://sioc-journal.cn/)_E R %,
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