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Abstract An intramolecular cyclization reaction of hexafluoro-isopropyl a,f-alkenyl sulfonates was investigated. Catalytic
amount of NaOAc was found to accelerate the addition of a-carbon of hexafluoroisopropyl moiety to S-position of unsaturated
sulfonates, generating a series of trifluoromethylated five-memberring of sulfonates in moderate yields.

Keywords sultones; trifluoromethyl; intramolecular cyclization
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WA, BRI RS T R A BUR IR R B AL,
T WIS BIER N BRI &9, T IX—seahas ),
X — IR LB ATA FIE T i3 — D ik (Table 1). &
DU HS AR, WESER N T LA 2] 75% U3 (Entry 3).
BT BESR I BRBRET, 15 B EURICR I ¥)(Table 1,
Entries 5, 6), X 7] Ag A& H TAFEAE B-d ) I Mg A2 1 2%
e A HLERU 1,8- 544 BIA[5.4.0] 1+ —H%-7-}i (DBU)
A= 2B mT LS B — @ IR 1 7= ) (Entries 8, 9).
b J5, DA ER BN 9 B, 0SB R 47 0% i% (Entries
10~16). Z5RKH, RMA/EBEIIE T, DL
VR B M YA 75 R 4T (Entries 15, 16). 38 KH 1) &
HAREHE—Di =2, 25 R0 3 WA A 15 1
T M AREHEAT (Entry 17). BEMALEZ M EAN 10
mol %l FREN, N,N-— B FSE L AV 7, iR 24 h Y

1.5 equiv. TMSCF3

0.0 Vi
F3C
3C /\\é/\/\Ph 10 mol% KOAc 3! /S\)\Ph +

F3C

F
DMF, r.t. FsC
1a not formed

AV

>S
01 Z @)
FaC

FsC Ph
2a
56% vyield

0(2)

0(3)

B =5 T U T T R P9 TR (2a) ) R 44 5]

Figure 1 X-ray crystal structure of the sulfonate 2a
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FETRAN 1-ZRIES, NARRER A, AR E] 55%F 44%
WCR IR =) 2i~2j. XFEEHEE T = FUF SEBUCA
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ANREREAT A A L ) R =), X e 6 2 I I IR AR

2322 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

NS o i BRI B8, AL T
B G WAREL, ORI 52 B 1 R (O 9G3R . Sk R 2%
P RE R IUAE A DBU S5 HLAR AT A2 — € B ™
W, BA I 2 2 7 Al A 9 TN A
FUEAIZ — S, (E B S B AR A5 B AR L 74

R ARG IR 7S T A T A SR A 2R AR
8

Table 1 Optimization of reaction conditions for the intramolec-
ular cyclization of hexafluoro-isopropyl a,f-alkenyl sulfonates

(0]

FsC O\\ //O base O>\§/
05" pn />4;Z

Fal solvent, r.t.,, 12~24 h FsC

1a FsC__Ph
2a

Entry Base (equiv.) Solvent Yield “/%
1 KOAc (0.1) DMF 60
2 LiOAc (0.1) DMF 54
3 NaOAc (0.1) DMF 75
4 CsOAc (0.1) DMF 46
5 t-BuONa (0.1) DMF 37
6 +-BuOK (0.1) DMF 15
7 MgO (0.1) DMF 0
8 Et:N (0.1) DMF 7
9 DBU (0.1) DMF 48
10 NaOAc (0.1) THF 0
11 NaOAc (0.1) Et,O 0
12 NaOAc (0.1) MeCN 0
13 NaOAc (0.1) 1,4-Dioxane 0
14 NaOAc (0.1) t+-AmOH 0
15 NaOAc (0.1) DMA 30
16 NaOAc (0.1) DMSO 31
17 NaOAc (0) DMF 0

“Isolated yields.
2 #Hig

AN RIAE AR RS9 RAEAE T, AR 2
R 7N 95 P B T AR A 231 AL SRR SROBE, - DA P 48 A
HRAF B =5 2 AR5 Zo i S 1 (1 T TR IR P B
WEY). IR SR D BRI I B AL =3 e o
Bt o RERRAE RN R 2 5 I RO

3 XEHL
3.1 {LEEFNRF

'H NMR (300, 400 MHz), *C NMR (100 MHz)F1 "°F
NMR (282 MHz)f il Varian ¥ 3ERIX, L TMS
HAAR, ARSI (CDCL) AT SRR 5 B S
HE TR 5 i) 4 0L i AT AR 24k T 3 i 4 i 4k 5
WZ g i, A — A
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Table 2 Extension of the substrate scope

%o/ A

O\\ //O

10 mol% NaOAc S
DMF, r.t.,, 24 h

H
F3C

FiC  Ar
2

Oy 0
(OGS e Vg7
N \\//
.S

O
F4C
F3C F3C F3C
F3C F3C

2a, 75% yield

N

2b, 51% yleld 2c, 60% yield

SN

.S

O

N\
\\

\\
/

O,

2g, 58% yield 2h, 53% yield

\\ /
F3C F3C
F3C FsC FgC
OMe

2i, 55% yield

//
\
\\

FaC
FsC FaC K
FaC 3F3C F3C

Bu-t

2d, 67% yleld 2e, 51% yield 2f, 42% yield

substrates without reactivity

0
\\S//
FgC e \/\Ph 3

2j, 44% vyield

“Isolated yields.
3.2 LWHE

ANVELRD A7 BE B R /N 3 AR 1 (0.10 mmol) 1
(0.01 mmol, 10 mol%)7E 71 H7E =i FHiHE 12 28 24 h,
TLC sMRERER RGN, s TR, iR
W FH ) 4 2 R AR Atk 7 BS (ML BR B8/ V(A T
fif)=1/20143 2 /=4 2.

A-ZEFE5 50 = 1 2- S B 2R TR R -2, 2- WA AL,
Yi(2a): F2F 75%, AGEMAE. mp. 122~123.5 C; 'H
NMR (300 MHz, CDCl) &: 7.47~7.41 (m, 3H), 7.38~
7.32 (m, 2H), 4.67 (dd, J=14.4, 6.9 Hz, 1H), 4.02 (t, J=
13.5 Hz, 1H), 3.77 (dd, J=13.2, 7.5 Hz, 1H); “C NMR
(100 MHz, CDCly) d: 130.3, 129.43, 129.42, 129.35, 121.1
(q, Jor=288.0 Hz), 84.9 (m), 48.9, 44.5; '°’F NMR (282
MHz, CDCl3) 8: —70.5 (q, Jor=9.3 Hz), —73.9 (q,
Jer=9.3 Hz).

4-(4- TR 2R F)-5,5- 00 = 6 Jk - 1,2- BB 4 TR PR -2,2-
WA AL I (2b): PR R 51%, A GEAK. mp. 122 ~
124.5 C; "H NMR (400 MHz, CDCl;) 6: 7.57 (d, J=8.8
Hz, 2H), 7.23 (d, J=8.4 Hz, 2H), 4.63 (dd, J=14.0, 6.8
Hz, 1H), 3.96 (t, J=13.6 Hz, 1H), 3.78 (dd, J=13.2, 6.8
Hz, 1H); *C NMR (100 MHz, CDCl;) 6: 132.6, 131.0,
127.1, 124.7, 121.0 (q, Jor=287.7 Hz), 83.8 (m), 48.8 (q,
Jor=1.4 Hz), 43.9 (q, Jor=1.1 Hz); ’F NMR (282 MHz,
CDCly) 6: —69.4 (q, Jor=9.6 Hz), —73.9 (q, Jor=9.6
Hz). HRMS (EI) calcd for C,;H;03FsSBr: 411.9203, found
411.9199.
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A-(3- YRR FE)-5,5- X = 5 FF - 1,2- Ui 2% TR A -2,2-
XEEII(2¢): 72K 60%, HERE A mp. 98.5~100 C;
'H NMR (300 MHz, CDCl3) §: 7.62~7.55 (m, 1H), 7.50
(s, 1H), 7.35~7.28 (m, 2H), 4.62 (dd, J=13.5, 7.5 Hz,
1H), 3.97 (t, J=13.5 Hz, 1H), 3.78 (dd, J=12.9, 6.9 Hz,
1H); *C NMR (100 MHz, CDCly) §: 133.5, 132.5, 130.8,
130.3, 128.1, 123.3, 121.0 (q, Jor=287.7 Hz), 83.9 (m),
48.8 (q, Jor=1.6 Hz), 44.0; "’F NMR (282 MHz, CDCl;)
6. —71.0 (q, Jop=10.2 Hz), —73.9 (q, Jor=10.2 Hz).
HRMS (EI) caled for C;;H,O;F¢SBr: 411.9203, found
411.9198.

4-(4-FR R FE)-5,5- X0 = 95 FF 2k - 1,2- S0t 2% TR R -2,2-
BEEMA(2d): =2 67%, HEMEAE. mp. 90~92.5 C;
'H NMR (300 MHz, CDCl;) §: 7.40~7.30 (m, 2H), 7.13
(t, J=8.4 Hz, 2H), 4.66 (dd, J=13.8, 6.6 Hz, 1H), 3.96 (t,
J=13.6 Hz, 1H), 3.78 (dd, J=12.9, 6.9 Hz, 1H); *C NMR
(100 MHz, CDCls) 0: 163.5 (d, Jor=251.0 Hz), 131.3 (d,
Jer=8.4 Hz), 123.8 (d, Jop=23.0 Hz), 121.1 (q, Jop=287.7
Hz), 116.7 (d, Jeg=12.1 Hz), 83.9 (m), 49.0 (q, Jor=2.5
Hz), 43.8; "F NMR (282 MHz, CDCl;) : —69.4 (q,
Jer=8.5 Hz), —73.9 (q, Jor=38.5 Hz). HRMS (EI) calcd
for C;;H,05FS: 352.0004, found 352.0005.

4-(3- H K 58 )-5,5- X0 — 98 FF -1, 2- St 2% TR PR -2,2-
ALY (2e): 72 F 51%, F@RE K. mp. 126.5~
128 °C; 'H NMR (300 MHz, CDCly) 6: 7.31 (t, J=7.8 Hz,
1H), 7.28~7.23 (m, 1H), 7.16~7.13 (m, 2H), 4.63 (dd,
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J=14.1, 7.2 Hz, 1H), 4.00 (t, J=13.5 Hz, 1H), 3.76 (dd,
J=12.9, 6.9 Hz, 1H); *C NMR (100 MHz, CDCl;) §:
139.2, 131.0, 130.2, 129.2, 127.9, 126.4, 121.1 (q, Joy=
287.7 Hz), 84.1 (m), 49.0 (q, Jor=1.9 Hz), 44.4 (q, Jor=
0.7 Hz); "’F NMR (282 MHz, CDCl3) 0: —69.4 (q, Jor=
9.6 Hz), —73.9 (q, Jcr=9.6 Hz). HRMS (EI) calcd for
C1,H,005F4S: 348.0245, found 348.0249.

A-(4- BT R I )-5,5- 00 = 5 FH 2 -1, 2- B0 A% I3 -
2,2- WAL (20): FEH 42%, A EE K. mp. 102~
104 “C; '"H NMR (300 MHz, CDCLy) 6: 7.43 (d, J=8.1
Hz, 2H), 7.26 (d, J=8.1 Hz, 2H), 4.64 (dd, J=14.4, 6.9
Hz, 1H), 3.99 (t, J=13.5 Hz, 1H), 3.74 (dd, J=12.3, 6.9
Hz, 1H), 1.32 (s, 9H); *C NMR (100 MHz, CDCl;) 6:
153.6, 129.1, 126.3, 124.8, 127.9, 126.4, 121.1 (q, Jor=
287.7 Hz), 84.1 (m), 49.0 (q, Jor=1.5 Hz), 44.1, 34.9,
31.2; F NMR (282 MHz, CDCly) 6: —71.1 (q, Jer=9.3
Hz), —73.9 (q, Jor=9.3 Hz). HRMS (EI) caled for
C15H,605FS: 390.0724, found 390.0721.

A-(4- H B R 3 )-5,5- 00 = 38 Y R -1,2- SRS 44 T3 -
2.2- WAL 2g): T2H 58%, HE[EA. mp. 92.5~
94 °C; '"H NMR (300 MHz, CDCl;) §: 7.27 (d, J=8.7 Hz,
2H), 6.94 (d, J=8.7 Hz, 2H), 4.63 (dd, J=13.5, 7.5 Hz,
1H), 3.96 (t, J=13.5 Hz, 1H), 3.84 (s, 3H), 3.75 (dd, J=
13.2, 7.5 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢: 160.8,
130.7, 121.2 (q, Jor=287.7 Hz), 119.5, 114.7, 84.0 (m),
55.6, 49.0 (q, Jor=1.5 Hz), 44.1 (q, Jor=1.1 Hz); “F
NMR (282 MHz, CDCl;) 0: —69.5 (q, Jor=9.3 Hz), —
72.3 (q, Jcr=9.3 Hz). HRMS (EI) calcd for Ci,H;oO4FS:
364.0204, found 364.0210.

4-(2-ZE R K )-5,5- X0 = 5, T k-1, 2- S R A% T R -2,2-
WA Y (2h): 77K 53%, A EE A mp. 124 ~
126.5 °C; '"H NMR (300 MHz, CDCl3) J: 7.92~7.84 (m,
4H), 7.60~7.55 (m, 2H), 7.41 (d, J=8.4 Hz, 1H), 4.85
(dd, J=14.1, 6.6 Hz, 1H), 4.15 (t, J=13.5 Hz, 1H), 3.85
(dd, J=12.6, 7.2 Hz, 1H); *C NMR (100 MHz, CDCl;) :
133.7, 133.0, 129.7, 129.2, 128.3, 127.84, 127.76, 127.3,
125.7, 125.3, 121.2 (q, Jor=287.6 Hz), 84.1 (m), 49.0,
44.6; F NMR (282 MHz, CDCly) 6: —69.5 (q, Jop=9.6
Hz), —723 (q, Jor=9.6 Hz). HRMS (EI) calcd for
C1sH,005FS: 384.0255, found 384.0250.

4-(2- H B R 3 )-5,5- 00 = 380 FF AR -1,2- BEU RS 44 T3 -
2,2- WA (20): P2 55%, AMBEAR. mp. 102~
105 °C; 'H NMR (400 MHz, CDCl3) 6: 7.40 (t, J=7.6 Hz,
1H), 7.34 (d, J=8.0 Hz, 1H), 7.01 (t, J=7.6 Hz, 1H), 6.97
(d, J=8.0 Hz, 1H), 5.39 (dd, J=14.0, 7.2 Hz, 1H), 3.98 (t,
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J=13.6 Hz, 1H), 3.67 (dd, J=12.8, 7.2 Hz, 1H); "C NMR
(100 MHz, CDCl3) 6: 157.7, 131.3, 129.0 (q, Jor=3.0 Hz),
121.4 (q, Jor=288.0 Hz), 120.94, 120.92 (q, Jor=286.5
Hz), 116.8, 111.4, 84.3 (m), 55.6, 49.3, 36.3; '’F NMR
(376 MHz, CDCl3) 6: —70.5 (q, Jor=10.2 Hz), —74.6
(q, Jc,=10.2 Hz). HRMS (EI) calcd for C;,H;oO4F¢S:
364.0204, found 364.0203.

4-(1-Z5 H5)-5,5- R =55 B L -1,2- 50t 2% I A -2,2- X
AQ2)): 7R 44%, AT mp. 158~160 C; 'H
NMR (400 MHz, CDCl;) J: 8.03 (d, J=8.4 Hz, 1H), 7.95
(d, J=8.4 Hz, 1H, 2H), 7.71 (d, J=7.2 Hz, 1H), 7.66 (d,
J=8.0 Hz, 1H), 7.60~7.50 (m, 2H), 5.61 (dd, J=12.8, 6.8
Hz, 1H), 4.14 (t, J=12.8 Hz, 1H), 3.86 (dd, J=12.6, 6.8
Hz, 1H); “C NMR (100 MHz, CDCl3) o: 134.4, 131.9,
131.2, 129.7, 127.7, 127.2 (q, Jer=3.7 Hz), 126.6, 125.0,
124.5, 122.0 (q, Jer=2.2), 121.3 (q, Jor=288.0 Hz), 121.1
(q, Jor=287.3 Hz), 84.7 (m), 50.7, 38.6. '°F NMR (376
MHz, CDCL3) d: —=69.7 (q, Jor=10.1 Hz), =73.2 (q, Jor=
10.1 Hz). HRMS (EI) calcd for C,sH;OsF¢S: 384.0255,
found 384.0258.

5 Bh#1 Bl (Supporting Information) fif & ik H brfb &
Y NMR B 3. X k4R AT B G g A AR T R sl
(http://sioc-journal.cn/) I N %K.
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