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Addition of Perfluoroalkanesulfenic Acids to Alkynes and Allenes
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Key Laboratory of Organofluorine Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences,
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Abstract The addition reaction of perfluoroalkanesulfenic acids, in-situ formed from imines, to alkynes and allenes were
investigated. A series of perfluoroalkyl alkenyl sulfoxides were synthesized. Markovnikov adducts were obtained in good to
excellent yields from the reactions of aryl or alkyl-substituted alkynes with perfluoroalkanesulfenic acids under mild condi-
tions. However, the reaction of terminal alkynes containing an electron-withdrawing group afforded Michael-type adducts in
good yields. The addition reaction of electron-rich allenes took place at the double bond with less steric hindrance, while the
double bond connecting an electron-withdrawing group was the prior reaction site in the case of electron-deficient allenes.
Keywords perfluoroalkanesulfenic acid; alkyne; allene; perfluoroalkyl alkenyl sulfoxide; addition reaction

DB )12 W\ g A i iok 7% A 8 2 (1 B B o (1]
M. BREEAEAE Ay R &R B AL R 70 5 5 R AL 2
AN B BB R 0 A RN e Y, 8 R AR EE (1 5
ORI fie JiR M ey — K% 7 R (N ADH) [ 80 A il A0 48010 Bt o
S IhEEALIY) Cys-SOH, T Cys-SOH TR FER
T Tl 8 T N 25 e H o R B E SR B AR R b B
SR Y, REEIR S AT AE S 5 S A SRR 0 i
P2, OIS S5 S A RO N RS S 250 KRR
BT B (25 FANE - ME I (0 S0k AR 7 PR VE SR 2
5555 E R 8 (Allinase) TE H T 77 20 R (Alliin) 73 fif 7= 2E 1)
AN R R B TR P 1 45 R HE s B A ), IR R I
AR BT IIAR T B 71D (P S0 UG s R i % B ) A G 30
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R

TRRHIE AR, PRk, 45 G R PR A7E AE air ik 7% rh 1) 31 A
R ERANAE VIR R, JT & IR IR 1 &
B I B A B A B S AL SE R . SR, B
T BT R AR E 1, R R A RAE
SR £ S5 S R ) AR 75 A S SRk R e U, ARE
FARTERR (1) G SR AE BB il A SR8, 2014 48, 3RAT]
AN RS T — AR R AR T BRI AR
SEAAAE R A JRUE I IR R R 1, A — A e IR 2
R TR, XK 64 5 Jot kR R 25 1) T 5, 701 i K
AR EE HE o1 A, it — DR ST R R R A 2 1
FRd it 1 7.

F—IJ7H, WKW EDE N —REZERHHLH (A
f, fERSAE T, BR2G . REG. ARE4E. R B
WA BRI AIEG RS RER T T Z 1M
FAUL 4 ST B A% T 750 0 Bk B0 AN LA T s R
P, T H A ERI5 G/, — LB B2 A Tk R [,
Forh USSR A IR YT B 5t 151 2= A5, BT
R 451 2004 ARG R AR AL, BRIk, WA
TE IR G5 R 7 30 AR AL & W) B e v R i 7 2 51 ke
TVFZANE BT TAEE IR OOSHR. IR
VER—RIEIR I N A, 7] LS — e AR &4
TEAT 0 s 2 AR AR B R SE AR I B =4, 2 AR R AL
GV E G BT, FRATIFE BT ) 4 4 S ot ik IR TR
J&, RS T T e S BRI B, G T — RS
RS E N G, BRI H R 1 X I 814
(Scheme DML FEPLEERE B, A TIRAN T R4 U5 3K
Tt 8 %) 2 21 5 5 s G At 285 40 S 2R 1) 2 9 IR R AL
G, BAVE— BT T R R R 5 Hue DL A
S5 (0 B SE, A SCHARAE AH I 7 45

i
NSR R/SOH R s ﬁ
e
R)|\H E— f R/\/ \Rf orY \Rf
R

R=EWG
R = alkyl

B 1 A7 AR A A SRR 5 Je A S
Scheme 1 Reaction of in situ formed perfluoroalkanesulfenic
acids with alkenes

1 HR5R

Zx JRCHIT WA FE R 119 4 5 ot i VR IR TR 5 44 0 1) I
725 AEL AT L BRI S R T
SRR IR 5 S PRI SN, SR 45 SR A T3 1.
R A R T R L (1a) 5 1-C244(10.0 equiv.)
RIED, CLEZE NI 80 C N M, 12 h & LA 95%[)
Iy BRI R) T AR A IR I =4 o, B-Iii 2
AR 3a(F 1, Entry 1). fEBIZMH R, Sl 2b A1 2¢
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BB IR s S 15 20 U= P04 22 R 3b A0 3e, R4
S5 89%A1 92% (Entries 2, 3). 1 1,5-C ZkAE NJE
W, WILL 89% M= 2 i B PEAS 2 51— b =44 3d (Entry
4). BRI, LBk 2¢ 5 1a MR N AR REREAT
(Entry 5). XtEb 2-5-1,1,2,2-PU 96 2.3 WAk 0 i (1b) 5
1- LRI S 45 AT DLUR BN, 4 3o 3R B 1K %
BT W S IS (Entry 6). JSUSEAE TR, 5 L EUR 1)
AR Sty bR A T DL IR 7 A 1 4 S ot I Tk R A
HAT IR L, DA 8 B0 T5 (1) 7= 2645 245 & L ERL |
4 5 AR, LA 2-80-1,1,2,2-DU 9 £ FE IR B IR M
B, ZK¥A b o T HOREERS, 40 2h A1 2i, AefELL
95% LA I (1) 43 B 7= 28 3R A5 AH B 1K1 7= 9 (Entries 8, 9); 2K
W EA I RBURES, OB 3G B AR, (B4 AT LAk
F| 80% LA _F(3j~31, Entries 10~12); 4F3 &5 H 8%
LV ) = 3 BRI, OB IR R s B R R, AR LA
62%[1 73 B = 245 BAH ML I P2 3m (Entry 13). BURAR
ek 2n MERHEAT BRI B, (HAZ SRR, RfA
32%, KEBHrBLEuE B, T 82 BT BE ) S PR bk
FEE R AT S (Entry 14).

Fob, BAVEHELE T UM SIS
JEAL AR BRI A T BRI IR 1 ) N, 45 SNk 2 Fiow.
B3 Bl R L AR & 20~2q BB MU N 2614 R
7] DI b 52 87, H 2 sz S P DX 32 45 12 e A e
DAHR S5 3 -G 1) 77 2045 21 AH B2 Michael T4 30~
3q.

A SCHRRIEM, — MR R R 5 o AR
I YRR AR B A BRI () S BRI e = . 5 A%,
Davis Z5IRE T T AE S SR IR 5 TG 35 A R I 1 o g
SN, R I T e A P D B i ) T 2 ARk
THBRE T EAER, RN EZE— AP FEE R, XL
EIRAT IR A e I R R 5 e () e L& SR — K, R
A 4 8 525 R FR 5 R0 1) e IO 1 Joft 5 — R B 5 IR
TERR AL, T BRI P AR R 0 T e &
BT 2 o A, TS5 350 B 1 X3 6 AN ], 4
Scheme 2 i,

Rf\s/‘(}5| . 'cs')
Rk: —_, \W SRy
55
R = alkyl, Ar
R
H’&%” f 0
s 5 EWE YR

EWG = SOzC4Fg, Ts

BRI 2 Aok ORI AT AR A0 R S
Scheme 2 Addition reaction of perfluoroalkanesulfenic acid
and alkyne
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Table 1 Reaction of in situ formed perfluoroalkanesulfenic acids and alkynes

o 9
N’g\Rf L RI—=—R? —omene R‘IT/S\Rf
| 80°C,12h
tBu” “H 2 in sealed tube ~ R?
1 3,R'sH; R2=H,Ph
Entry R¢ Alkyne 2 Product 3 Yield®/% of 3
n-C4Hg—— 9
1 C4F 2a n'C4H9\”/S\C4F9 3a 95
[ 2
2 C4F BnO b B”O/\H/S\QFQ 3b 89

™ S
3 C4F9 o 2 o o/\[rS\CA:g 3C 92

O
—/—_ \ Il
e AN
4 C4F9 2d \/\[TS\CZ‘FQ 3d 89

5 C4F9 2e - 3e NR
n-C4Hg—— 9
6 C2F4Cl 2a n-C4H97‘/S\CzF4C| 3f 98
CoHs—= 2
eHs—=—
7 C,F,Cl 29 CGHSWS\CzF@' 3g 91
p-MeCoH,—= Q
8 C2F4Cl 2h p'MeCGH4\"/S\C2F4CI 3h 96
p-MeOCaH,—= Q
9 C,F,Cl 2 p_MeOCGH“WS\CZF‘tCI 3i 95
p-FCeH——= .y ?S.’ .
10 C,F4Cl 2j p-FCs 4\”/ “C,F4Cl 3j 80
p-CICeH,—= Q
11 C2F4Cl 2K p'CIC6H4WS\CZF4CI 3k 84
(6]
-BrCgH,—— I
12 CaFC i p_BrCGH4\[]/S\C2F4CI 31 84
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sk
Entry R¢ Alkyne 2 Product 3 Yield’/% of 3
p-FaCCoHs—= Q
-F3CCeHs——
13 C,F,Cl1 om P-F3006H4\WS\CZF4C| 3m 62
®
CgHs—=—=—C¢H CgH S.
14 C,F,Cl O o o CoF4Cl 3n 32
“ Reaction conditions: 1 (0.44 mmol), 2 (4.4 mmol), toluene, 80 C, 12 h. ®Isolated yields.
F2 RO AR T HREEER S St TR i R R ¢
Table 2 Reaction of in situ formed perfluorobutanesulfenic acid and alkynes
(0] O
8 Toluene 8
N + EWG———R A ~
N C4Fo ) 80°C. 12h wm/:( CaFo
‘Bu” “H in sealed tube
1a 3
Entry Alkyne 2 Product 3 E.Z Yield"/% of 3
MeOOC—= I .
1 30 1511 88
20 MeOOC/A§§’S\C4F9
Q
Me(0)S—==—n-C4Hs g )
2 2p Me(o)s/\rd‘ C4Fg 3p 2001 74
C4Hg-n
CH,0B| 9
Me(O)S—==—CH,0Bn d )
3 2q Me(O)SN “C4Fy 3q 1501 65
CH,OBn

“ Reaction conditions: 1a (0.44 mmol), 2 (4.4 mmol), toluene, 80 C, 12 h. b Isolated yields.

WG 2 — R B A BRI &4, B
B S SE T, T T AR R, AR B E TR

IS e 5/ S 2 5o 22 4 Ltk R (. ST
RNEE. LERSI T A e M TR 5 0 M oo
TG, BT AIR T IR IR A R 25 e ewe, o
BT AU SR R, 45 TR e C4F9/37ﬁgwe
3. IFHE T D, SIS - 4R AR g

C4Fg

B, PRSI, eI 4a~4d (1) R 8L
R AEAE AT W B R U L, 45 AR N (R0 = 4 A 42
WA Sa~5d, R FAEETFTREY), HHN 6 @ 1~
9 1, JHid B IR SEFE IRIL AL RL(NOE) i € 7= E 3
R, X ER RO AR T A EENAK,
A G R VKT R 34 5 N 2 T A5 BEL 265 /DN P 77 1) 5 30 KA
e 2 ()57 BH /N RSV AT S B, - 2R B0 1]
BRI AE % E SR LK 7= 40(Scheme 3). X T 16
4e IS, “F NMR BREER A 88%HIH L&A K,
(RIS A 7 B 2%~ ) (Entry 5), RIRe&HTH
A B AR g i .

YR AL LA R T BRI, AN
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EWG = SOzC4F9, Ts

B3 A O B ATIDCI 1 I o e
Scheme 3 Addition reaction of perfluoroalkanesulfenic acid
and allene

T mim BAIE, 5HREAIER R+ LR R %
e, PRI A JRUGE i R R A S 5 % 2 U R P WU e
N, AR =) (Scheme 3). TEREM 4f 545 T
FEURRPR P [ S, B 7 WU 5F 4k, B RL 7%
RAGE] T HA—FMEG=) 56 (Entry 6). X T 4g,
FH T A JRUe S AT L AR U P R 0 B, RS 3 —
=4 5g (Entry 7).
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Table 3 Reaction of in situ formed perfluorobuanesulfenic acid and allenes

(@]
1]
.S H R2 Toluene
N"">Sc,F o —— > Product 5
| et 7 :<R3 80°C, 12 h
Bu” “H R i
4 in sealed tube
1a
Entry Allene 4 Product 5 E.Z Yield”/% of 5
n-C4Hg
n-C4H9/,,, >:<éA . 66
1 e H o S—Cife 5a 6:1
o/
n-CgH17
5 n-CgH1z, — 6° 1 60
L= H o s—cifo 5b :
o
Bn
Bn, >:<,e .
3 H/:-: H o s—Cifs 5¢ 6:1 51
o
4 O i_{ 5d 9:1 60
H o H  S-C4F
o
s MeO,,
v
8
S f — 83
CFg T\Ts 5
6 Ts,,/l
——a—
H Ts,
51 >99 11 7
//S_C4F9
O H
C4Fg02S, 8
7 e CFs™ [~ SOLaFe 5g - 60

“ Reaction conditions: 1a (0.44 mmol), 4 (4.4 mmol), toluene, 80 °C, 12 h.’ Isolated yields.

2 #ig

RHR T AE KR, D7 U A U R R T
DA 25 A B SR N R b g A 7 0 A s 7, A BRRH 9L 4
ST HE A PR HE BRI =40, e L i B A 5 B A
JEA ARV BT AR 0 S B AN R B X ke B . e
B BT FE U 1 bAR 5 4 S o i ORI 1) IS g 5 LA
rH S IR 75 1R 77 2649 BIRFA 1 BN B0 =4, 4 kk
Fo P I B IER, R A B IR R AT (A
Michael-type AN 4. ‘& LT IHcHE 5 42 e B IR
(1 52 N7 395 8- R A A 5 TR ST L /N R XU b, 2 BB 0
A AT IR, 50 F T AR A U
e 5 4 S b OB BRI A T 0 A
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3 LIRS
3.1 UE5EFA

'"H NMR i ] Bruker AV300 (300 MHz). Agilent400
(400 MHz) BUAZ BEFLARACN 52, TMS {E PIAR. °C NMR %
F Bruker AV300 (75 MHz). Agilent400 (100 MHz) %%
BEFLAR AN 2, TMS 1EA 4. F NMR #%H Bruker
AV300 (282 MHz). Agilent400 (376 MHz) % k%l 3L 4R 1%
W5E, CFCl; AAMF, =R, EI-MS (LR)#EH Agilent
5973N A 5 ; EI-MS (HR)i% H PT001859 (GCT-
CA176)B 452, ESI-MS (LR)i#H 1100 LCMSD
SL AR %A 5E; ESI-MS (HR)#E ] FTMS-7 %4 Jf 4%
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WE. FEHER MW G4 T A= LR (300~400 H).
FeASE P PR 7R AR BR AR R 0 B o, Healifh 732 25 AR
SARFRF AL
3.2 ZLWAHE

76 10 mL 8 F I EAZ 1 (0.44 mmol). HeiE ik
1#5(4.4 mmol) & K (4 mL), IER%ET, 1£ 80 C i+
KRB 12 he R G, RN 4, A2 g ik
[M(CH,CLy) © V(A B =1 : 3], 13 ZMH BT

1-(T 38 ZM e A5 UE T 2 N(3a): 725 95%. 'H
NMR (300 MHz, CDCLy) d: 6.09 (s, 1H), 6.00 (s, 1H),
2.59~2.48 (m, 1H), 2.34~2.23 (m, 1H), 1.67~1.55 (m,
2H), 1.48~1.36 (m, 2H), 0.95 (t, J=7.0 Hz, 3H); "F
NMR (282 MHz, CDCl;) §: —80.94~—81.03 (m, 3F),
—112.75~—113.71 (m, 1F), —118.89~—119.90 (m,
1F), —120.43~—120.47 (m, 2F), —125.37~—125.45
(m, 2F); *C NMR (75 MHz, CDCl3) o: 148.37, 123.73,
29.94, 27.34, 22.07, 13.59; MS (ESI) m/z: 351 (M+H");
HRMS (ESI) caled for CyoH,FoOS (M+H") 351.0471,
found 351.0496.

I-(CRE ) O B A5 T 2 W @Eb): =%
89%. 'H NMR (300 MHz, CDCLy) 0: 7.37~7.31 (m, 5H),
6.34 (d, J=1.8 Hz, 1H), 6.28 (d, J=0.6 Hz, 1H), 4.57
(AB, Jap=12.0 Hz, 2H), 4.36 (AB, J,z=14.0 Hz, 2H);
F NMR (282 MHz, CDCl;) §: —80.89~—81.13 (m,
3F), —112.76~—113.73 (m, 1F), —118.89~—119.94
(m, 1F), — 12046 ~ —120.49 (m, 2F), — 126.07 ~
—126.15 (m, 2F); *C NMR (75 MHz, CDCl5) J: 144.66,
137.01, 128.58, 128.12, 127.83, 126.60, 72.99, 65.42; MS
(EI) m/z (%): 91 (100.0), 195 (1.6); HRMS (EI) caled for
C1oH,;0,8 (M"—C,Fy) 195.0486, found 195.0480.

1-{[ VY -(2H)-PHk PR — S | T A } 0 A i T 2
WA 3e): 2% 92%. 'H NMR (300 MHz, CDCl;) o:
6.33~6.27 (m, 2H), 4.69 (t, J=3.0 Hz, 1H), 445 (t, J=
15.7 Hz, 1H), 4.43 (dd, J=14.9, 13.8 Hz, 1H), 3.87~3.73
(m, 1H), 3.58~3.51 (m, 1H), 1.88~1.54 (m, 6H); "F
NMR (282 MHz, CDCl;) §: —80.88~—81.13 (m, 3F),
—112.77~—113.79 (m, 1F), —118.76~—119.83 (m,
1F), —120.42~—120.49 (m, 2F), —126.02~—126.12
(m, 2F); C NMR (75 MHz, CDCl3) o: 144.75, 126.58,
97.96, 63.03, 62.18, 30.15, 25.20, 18.99; EIMS m/z (%):
85 (100.0), 189 (4.5); HRMS (EI) caled for CsH;;05S
(M"—C4Fo) 189.0576, found 189.0585.

1-(T -3-BL ) 0 e A 5 IR T R AR (3d): 7= 3
89%. 'H NMR (300 MHz, CDCl5) 8: 6.19 (s, 1H), 6.16 (s,
1H), 2.83~2.74 (m, 1H), 2.56~2.51 (m, 3H), 2.04 (s,

188 http://sioc-journal.cn/
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1H); "F NMR (282 MHz, CDCl;) 9: —80.90~—81.14
(m, 3F), —112.73~—113.73 (m, 1F), 118.93~—119.94
(m, 1F), —120.46 ~ —120.50 (m, 2F), — 126.07 ~
—126.14 (m, 2F); *C NMR (75 MHz, CDCl;) 6: 146.04,
125.61, 81.70, 70.26, 26.63, 17.60; MS (ESI) m/z: 347
(M-+H"), 364 M~+NH, " ); HRMS (ESI) caled for
C1oHsF,0S (M+H") 347.01477, found 347.01467.

1-(T3) 2 7 -2 5-10,10,2',2'- T 4 20 %5 AR (36):
7% 98%. 'H NMR (400 MHz, CDCl5) d: 6.05~5.93 (m,
2H), 2.53~2.43 (m, 1H), 2.29~2.21 (m, 1H), 1.66~1.49
(m, 2H), 1.43~1.32 (m, 2H), 0.91 (t, J=7.2 Hz, 3H); "°F
NMR (376 MHz, CDCl;) §: —66.77~—67.80 (m, 2F),
—108.98 (d, J=231.6 Hz, 1F), —119.45~—120.10 (m,
1F); *C NMR (100 MHz, CDCl;) d: 148.5, 123.3, 29.9,
27.3,22.1, 13.6; MS (EI) m/z (%): 266 (M", 0.2), 131 (65),
81 (28), 79 (21), 55 (100); HRMS (EI) caled for
CgH,CIF,0S (M") 266.0155, found 266.0162.

1-(FR L) 275 3k -2- F-10,1',2',2"- DU 4, 2, 35 T (3g):
F2# 91%. 'H NMR (400 MHz, CDCl5) J: 7.42~7.38 (m,
5H), 6.36 (d, J=6.4 Hz, 2H); '°’F NMR (376 MHz, CDCl5)
J: —66.56~—67.72 (m, 2F), —105.97 (dd, J=230.5,
4.9 Hz, 1F), —120.27 (dd, J=230.5, 8.3 Hz, 1F); °C
NMR (100 MHz, CDCly) 0: 146.4, 132.8, 129.9, 129.1,
127.0, 123.6; MS (EI) m/z (%): 286 (M ", 0.09), 104 (10),
103 (100), 77 (24), 51 (7); HRMS (EI) caled for
C,oH,CIF,0S (M") 285.9842, found 285.9850.

1-Cf A 3 ) 20 M B -2 - 310, 10,2",2"- D 9t 2, 36 ST AL
(3h): 2# 96%. 'H NMR (400 MHz, CDCl;) d: 7.32 (d,
J=8.4 Hz, 2H), 7.21 (d, J=8.0 Hz, 2H), 6.32~6.31 (m,
2H), 2.36 (s, 3H); "F NMR (376 MHz, CDCl;) o:
—66.54~—67.71 (m, 2F), —106.03 (dd, J=230.5, 4.9
Hz, 1F), —120.07~—120.71 (m, 1F); “C NMR (100
MHz, CDCl;) 0: 146.2, 140.1, 129.9, 129.8, 126.8, 122.6,
21.3; MS (ED) m/z (%): 300 (M", 0.18), 118 (11), 117
(100), 115 (38), 91 (17); HRMS (EI) caled for
C 1 HyCIF,08 (M") 299.9999, found 300.0003.

1-Chf AR B R L) 20 -2 - 10,10,20 2 DU 3 2 2
TAR3i): 7% 95%. 'H NMR (400 MHz, CDCl;) o:
7.37~7.35 (m, 2H), 6.93~6.90 (m, 2H), 6.26~6.24 (m,
2H), 3.80 (s, 3H); "F NMR (376 MHz, CDCl;) o:
—66.57~—67.74 (m, 2F), —106.20 (dd, J=230.5, 4.9
Hz, 1F), —119.93~—120.57 (m, 1F); “C NMR (100
MHz, CDCl3) d: 160.9, 145.8, 128.4, 125.1, 121.8, 114.5,
55.3; MS (EI) m/z (%): 316 (M", 0.35), 135 (10), 134 (12),
133 (100), 118 (9); HRMS (EI) caled for C;HoCIF40,S
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(M) 315.9948, found 315.9950.

1-ChF R R R ) M 2 -2 511,10, 2'- DU 9 2 56 .14
(3j): 75 80%. 'H NMR (400 MHz, CDCl;) J: 7.44~
7.40 (m, 2H), 7.12~7.07 (m, 2H), 6.32 (d, J=12.4 Hz,
2H); "F NMR (376 MHz, CDCl3) : —66.65~—67.80
(m, 2F), —106.07 (dd, J=230.5, 4.9 Hz, 1F), —110.25
(s, 1F), —119.61~—120.25 (m, 1F); “C NMR (100
MHz, CDCl3) 0: 163.6, 145.5, 129.1, 128.9, 123.9, 116.3;
MS (EI) m/z (%): 304 (M", 0.2), 122 (11), 121 (100), 101
(36.5), 75 (8); HRMS (EI) calcd for C;oH4CIFsOS (M")
303.9748, found 303.9751.

1-Ch SR BR ) M 2 -2 510,10, 2'- DU 96 2 56 7. B4
(3K): 7% 84%. 'H NMR (400 MHz, CDCl;) §: 7.40~
7.35 (m, 4H), 6.37~6.34 (m, 2H); "°F NMR (376 MHz,
CDCly) 6: —66.63~—67.77 (m, 2F), —105.97 (dd, J=
230.5, 4.9 Hz, 1F), —119.62~—120.26 (m, 1F); C
NMR (100 MHz, CDCLy) o: 145.4, 136.1, 131.2, 129.4,
128.3, 124.3; MS (EI) m/z (%): 320 (M, 0.2), 139 (37),
137 (99), 121 (100), 101 (61); HRMS (EI) caled for
C10HsCLLF,0S (M) 319.9453, found 319.9460.

1-(WF R AR I ) 24 3 -2 G -10,11,2",2"- DY 9t £ 3 S L
(3D): 773 84%. 'H NMR (400 MHz, CDCl;) d: 7.55~
7.52 (m, 2H), 7.32~7.29 (m, 2H), 6.36 (dd, J=8.0, 1.2
Hz, 2H); "F NMR (376 MHz, CDCl;) §: —66.61~
— 6727 (m, 2F), — 105.62 ~ — 10624 (m, 1F),
—119.61 ~ —120.25 (m, 1F); “C NMR (100 MHz,
CDCly) 6: 145.5, 132.3, 131.7, 131.6, 128.5, 124.4; MS
(ED) m/z (%): 364 (M", 0.2), 183 (99), 181 (100), 121 (22),
102 (74); HRMS (EI) caled for C,H¢BrCIF,08 (M)
363.8947, found 363.8948.

1-CF = 980 H O ) 0 -2 G-10,10,2", 2 - DU G &
FETMABm): 723 62%. 'H NMR (400 MHz, CDCl;) 6:
7.67 (d, J=8.4 Hz, 2H), 7.56 (d, J=8.4 Hz, 2H), 6.46~
6.44 (m, 2H); "’F NMR (376 MHz, CDCl;) §: —63.03 (s,
3F), —67.18~—67.34 (m, 2F), —105.85 (dd, J=230.5,
4.9 Hz, 1F), —119.63~—120.28 (m, 1F); *C NMR (100
MHz, CDCl;) 6: 145.3, 136.2, 131.8, 127.4, 126.0, 125.8;
MS (EI) m/z (%): 354 (M), 172 (11), 171 (100), 152 (9),
151 (40); HRMS (EI) caled for C;;H¢CIF;0S (M ")
353.9716, found 353.9718.

1,2-( 2R3k 0 Fk -2~ -10,10,21,2"- DY i £ 358 0 AL
(3n): %3 32%. '"H NMR (400 MHz, CDCl;) J: 7.45~
7.42 (m, 4H), 7.38~7.35 (m, 2H), 7.30~7.25 (m, 1H),
7.23~721 (m, 4H); “F NMR (376 MHz, CDCl;) o:
—66.34~—67.02 (m, 2F), —104.81 (dd, J=230.5, 4.5
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Hz, 1F), —119.51~—120.15 (m, 1F); *C NMR (100
MHz, CDCls) d: 137.3, 136.6, 134.9, 130.9, 130.0, 129.7,
129.6, 129.3, 129.0, 128.6; MS (EI) m/z (%): 362 (M", 10),
227 (84), 94 (40), 179 (71), 178 (100); HRMS (EI) calcd
for C;¢H;,CIF,0S (M) 362.0155, found 362.0160.

(E)-3-(&5 T 538 N IG R R (30): 7%
88%. 'H NMR (300 MHz, CDCl;) §: 7.57 (d, J=15.0 Hz,
1H), 6.94 (d, J=15.0 Hz, 1H), 3.87 (s, 3H); '’F NMR (282
MHz, CDCl;) 0: —80.87~—81.11 (m, 3F), —112.74~
—113.71 (m, 1F), —118.90~—119.93 (m, 1F),
—120.42~—120.47 (m, 2F), —126.01~—126.09 (m,
2F); ®C NMR (75 MHz, CDCly) §: 162.91, 140.71,
132.35, 52.74; EI-MS m/z (%): 353 (M"+1, 8.2), 133
(100.0); HRMS (EI) calcd for CsHsFoO5S (M") 351.9803,
found 351.9816.

(E)-2-(&= 5 T Wik E L )- - 1975 32 F 3L AN (3p):
F2# 74%. '"H NMR (300 MHz, CDCly) &: 7.14 (s, 1H),
3.24~3.02 (m, 1H), 2.82 (s, 3H), 2.34~2.23 (m, 1H),
1.70~1.60 (m, 2H), 1.47~1.38 (m, 2H), 0.95 (t, J=7.0
Hz, 3H); '"F NMR (282 MHz, CDCl;) §: —80.89~
—81.13 (m, 3F), —112.76~—113.73 (m, 1F),
—118.89~—119.94 (m, 1F), —120.46~—120.49 (m,
2F), —126.07~—126.15 (m, 2F); *C NMR (75 MHz,
CDCLy) §: 149.72, 141.75, 40.44, 32.03, 27.09, 22.32,
13.32; MS (ESI) m/z: 413 (M+H"); HRMS (ESI) calcd
for C11H,4F40,S, (M+H") 413.0281, found 413.0286.

(E)-2-(4= 9T 2k VTt P 5 )-3- (7 S 4 ) P A 4 R
TMBq): ™F 65%. 'H NMR (300 MHz, CDCl;) o:
7.39~7.26 (m, 5H), 7.18 (s, 1H), 4.72 (AB, Jas=14.0 Hz,
2H), 4.56 (AB, J,z=11.0 Hz, 2H), 2.79 (s, 3H); '’F NMR
(282 MHz, CDCly) : — 80.87 ~ — 81.12 (m, 3F),
—112.75~—113.70 (m, 1F), —118.88~—119.95 (m,
1F), —120.44~—120.49 (m, 2F), —126.07~—126.15
(m, 2F); *C NMR (75 MHz, CDCls) 6: 144.92, 144.10,
136.22, 128.65, 128.43, 128.09, 73.92, 63.81, 40.57; MS
(ESI) m/z: 477 (M+H"), 499 (M+Na"); HRMS (ESI)
caled for CysH;4Fs03S, (M + H ©) 477.0229, found
477.0235.

I-H - 1-A 2 RUE T EI(5a): 723 66%.
'H NMR (300 MHz, CDCly) 6: 6.44 (t, J=8.0 Hz, 1H),
2.36~2.27 (m, 2H), 2.01 (s, 3H), 1.57~1.30 (m, 4H),
0.93 (t, J=7.0 Hz, 3H); 'F NMR (282 MHz, CDCL;) ¢:
—80.89~—81.13 (m, 3F), —112.76~—113.73 (m, 1F),
—118.89~—119.94 (m, 1F), —120.46~—120.49 (m,
2F), —126.07~—126.15 (m, 2F); *C NMR (75 MHz,
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CDCly) d: 144.27, 134.76, 30.23, 28.49, 22.20, 13.67, 9.00;
MS (ESI) m/z: 404 (M+H"); HRMS (ESI) caled for
C1H,4F,0S (M+H") 365.0613, found 365.0616.

1-FAE- 28R L A IR T 2R HR(Sb): 723 60%.
'H NMR (300 MHz, CDCl;) J: 6.44 (t, J=6.0 Hz, 1H),
2.35~2.26 (m, 2H), 2.01 (s, 3H), 1.51~1.43 (m, 2H),
1.27 (m, 10H), 0.88 (t, J=7.0 Hz, 3H); "’F NMR (282
MHz, CDCl3) 6: —80.86~—81.10 (m, 3F), —112.77~
— 113.72 (m, 1F), — 118.87 ~ — 119.94 (m, IF),
—120.45~—120.50 (m, 2F), —126.07~—126.18 (m,
2F); >C NMR (75 MHz, CDCl;) d: 144.30, 134.75, 31.76,
29.25,29.10, 28.77, 28.14, 22.59, 13.95, 8.99; MS (ESI)
m/z: 421 (M+H+); HRMS (ESI) calcd for C;sHyFoOS
(M+H") 421.1246, found 421.1242.

1-HE-3-CR 38 N 2 2 JAE T 2R AR (Se): 723
51%. '"H NMR (300 MHz, CDCl;) &: 7.36~7.15 (m, 5H),
6.62~6.57 (m, 1H), 3.65~3.55 (m, 2H), 2.13 (s, 3H); "°F
NMR (282 MHz, CDCl;) §: —80.89~—81.13 (m, 3F),
—112.76~—113.73 (m, 1F), —118.89~—119.94 (m,
1F), —120.46~—120.49 (m, 2F), —126.07~—126.15
(m, 2F); *C NMR (75 MHz, CDCl3) 0: 141.76, 137.13,
135.75, 128.92, 128.34, 126.98, 34.84, 9.28; MS (ESI) m/z:
399 (M+H"); HRMS (ESI) caled for Cy4H,Fs0S (M+
H") 399.0456, found 399.0460.

1-HEE-2-( O 8 O @ B2 A 9 R T B HR(Sd): =
# 60%. 'H NMR (300 MHz, CDCl;) 0: 6.25 (d, J=10.0
Hz, 1H), 2.52~2.40 (m, 1H), 2.02 (s, 3H), 1.80~1.60 (m,
5H), 1.43~1.10 (m, 5H); "’F NMR (282 MHz, CDCl;) o:
—80.79~—81.03 (m, 3F), —112.79~—113.70 (m, 1F),
—118.86~—119.90 (m, IF), —120.41~—120.46 (m,
2F), —126.00~—126.14 (m, 2F); “C NMR (75 MHz,
CDCly) 0: 148.87, 133.17, 38.11, 31.49, 25.61, 25.29, 8.94;
MS (ESI) m/z: 391 (M+H"); HRMS (ESI) calcd for
C3H FoOS (M+H") 391.0773, found 391.0773.

2-(A T R VT 2 ) Js PR ) R R A(SE): 77
83%. 'H NMR (300 MHz, CDCl;) 6: 7.76 (d, J=8.1 Hz,
2H), 7.38 (d, J=8.1 Hz, 2H), 6.63 (s, 1H), 6.39 (d, J=1.8
Hz, 1H), 4.13 (AB, Jy\s=15.0 Hz, 2H), 2.46 (s, 3H); "F
NMR (282 MHz, CDCl;) §: —80.78~—81.03 (m, 3F),
—112.76~—113.86 (m, 1F), —118.72~—119.93 (m,
1F), —120.41~—120.46 (m, 2F), —126.00~—126.14
(m, 2F); *C NMR (75 MHz, CDCl3) J: 145.86, 135.89,
134.52, 131.99, 130.10, 128.76, 52.55, 21.69; MS (ESI)
miz: 463 (M+H"), 480 (M+ NH, ); HRMS (ESI) calcd
for C14H ,F505S, (M+H") 463.0082, found 463.0079.
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(E)-2-(A= 98T 5= S P9t 58 ) PR A4 2 oxf R R SRR (517
722 7%. "H NMR (300 MHz, CDCl;) 6: 7.75 (d, J=8.5
Hz, 2H), 7.33 (d, J=8.5 Hz, 2H), 7.01 (t, J=1.5 Hz, 1H),
2.40 (s, 3H), 2.83 (s, 3H); "°F NMR (282 MHz, CDCl;) ¢:
—80.79~—81.03 (m, 3F), —112.79~—113.70 (m, 1F),
—118.86~—119.90 (m, 1F), —120.41~—120.46 (m,
2F), —126.00~—126.14 (m, 2F); C NMR (75 MHz,
CDCly) d: 149.53, 145.99, 136.73, 136.04, 130.35, 127.88,
21.74, 12.34; MS (ESI) m/z: 463 (M+H"), 480 (M+
NH, "), 495 (M + Na '); HRMS (ESI) caled for
C14H2F405S, (M+H") 463.0084, found 463.0079.

3-FE (A T AR R 2L )- T -2- M R A i T 2
B(5g): & 60%. '"H NMR (300 MHz, CDCl5) d: 4.71 (d,
J=15.0 Hz, 1H), 4.45 (d, J=15.0 Hz, 1H), 2.26 (s, 3H),
2.16 (s, 3H); "’F NMR (282 MHz, CDCl;) J: —80.72~
—81.30 (m, 6F), —112.79~—113.70 (m, 1F),
—118.86~—119.90 (m, 1F), —112.12 (s, 2F),
—120.90~—120.99 (m, 2F), —121.74~121.89 (m, 2F),
—125.95~126.05 (m, 4F); °C NMR (75 MHz, CDCl;) §:
162.24, 117.87, 45.59, 25.56, 22.60; EIMS m/z (%): 399
(M " —C4Fo, 3.28), 67 (100.0); HRMS (EI) caled for
CoHsFo05S, (M —C4F,) 398.9771, found 398.9776.

45 Bh#1 kL (Supporting Information) {L&4%) 3a~3q,
Sa~5g (1] "H NMR 3% . XSk a] DL 3% AT 32k
(http://sioc-journal.cn/) I N #k.
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