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PhSO3CH2F: A New Reagent for O-Monofluoromethylation of
Acetylacetone Derivatives
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(¢ Chemical Engineering College, Nanjing University of Science and Technology, Nanjing 210094)
(? Shazhou Professional Institute of Technology, Zhangjiagang, Jiangsu 215600)

Abstract A new shelf-stable and easily scalable monofluoromethylating reagent, fluoromethyl benzenesulfonate (PhSOs-
CHF), was developed. This reagent is able to react with acetylacetone derivatives to afford corresponding O-monofluoro-
methylated products in high selectivity and good yields under mild conditions. Moreover, the method could be used in
late-stage monofluoromethylation. This method provides more options for the synthesis of monofluoromethyl compounds.
Keywords fluoromethyl benzenesulfonate; acetylacetone derivatives; monofluoromethylation
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Figure 1 Direct monofluoromethylating reagents
1 GRS

2 F& 3| — UL F B2 (ICHLF) 3 55 A, AN 5 ik A7 18 %,
PATTF R T — b DA — 5 e Ay S 4 B ) P IR A e
B 5 F R A RS IR B — 3 2R ———
RABEFR FF R (PhSOsCHLF). %R NAE N,N-— H 5 F g
Ji&(DMF) H I — 6l R Joe #1715 85 4077 PhSOsNa (3.6 g,
S HEAE 20 mmol) M 4 h J5, BT BALL 67% 75 R 153
— AR 6 (2.5 g) (Scheme 1), — AR H
B ATt iR, AT T T '"H NMR, 3C NMR Al
PF NMR RAE. ZAF S [RB0e AU, =iE M ET
SHEFPH AN A G, RS S AT A 2 Uﬂﬁﬁj\ﬁﬁ.

o O

N4 \ /7,
2

S. DMF S.
ONa | F ——— OCH,F
rt, 4h
67%, 259

B 1 B 2 E
Scheme 1 Synthesis of reagent 2
FE R & il — AR RIR PR A7) 2) 2 )5, wF
Bl 2 55 3-5-3-IKFE TR LI (3a) 1 ML R S
B2, RERMBRILFMEE D). GRFRAEZRT
MeCN f, fERIIBR LA 1 01 0 1 3-5K- 3- 280k
P R TG/ — 8 PR R /K ,C O3 SN 4 h (Entry 1), DA
24% )77 F ARG T W) LB -3 4 AR )-3- IR 4
IR TR (4a). BE— Dk 14 2 b BT LB, 45 SR 380,
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CsF tb KyCO;. NaHCO;. Cs;CO;. CsOH+H,O Al KF
(Entries 1~6)S A 2. 448 HG HLIE W1 — 34 [4.3.0]-1,5-
TR-5-+— 5 (DBU). N,N- 5 A % 2 % (DIPEA) 5§,
EGN B, ARUEEAH B A — 5 FF 244672 4a (Entries
7~9). TETHEASEH A . CHClyy N-F 3 it v Joz 1
(NMP)fl DMF 7E P 355 (Entries 10~13)J5, KI5
DMF 2 W53 82%[H) 4a (Entry10). i it 5 FE BRG]
0 C, 4a M= F F%F] 37% (Entry 14). 4R EFH= 3
50 CHF, A MEEH| 3 (Entry 15). BEAF, ZRMA]
PAZE 20 mmol A (Entry 16) FHET, AN i35 FFK
K. AR 2, FER B B R ARk (Entry
16). &, BAE T RN B RIVJKY) 3a,
WA 2 MBI R ECY 10101, SR FE
DMF 7 [ 8 4 h(F 1, Entry 10). {H75 212, F
1 ORI R AT R I FR Y, JR2HE H REAL R
R RPEATRIE

Table 1 Optimization of the reaction conditions

o O 0,0
O/\ ; /OCHZ base, solvent
L4 Ttemp. 4h
3a
F7o o o 0
F
4a '

Not detected
Entry Base Solvent ~ Temp./C  Yield’/%

1 K2CO:s MeCN r.t. 24

2 NaHCOs3 MeCN r.t. Trace

3 Cs2C03 MeCN r.t. 36
4 CsF MeCN r.t. 67

5 CsOH*H20 MeCN r.t. 27

6 KF MeCN r.t. 59

7 DBU MeCN r.t. NR

8 DIPEA MeCN r.t. NR
9 EtsN MeCN r.t. NR
10 CsF DMF r.t. 32
11 CsF PhMe r.t. 43
12 CsF CH2Clz r.t. 62
13 CsF NMP r.t. 50
14 CsF DMF 0 37
15 CsF DMF 50 84
16¢ CsF DMF r.t. 75
174 CsF DMF r.t. 80

© 2022 Chinese Chemical Society & SIOC, CAS

4 Conditions: 3a (0.25 mmol), 2 (0.25 mmol), base (1 equiv.), solvent (2 mL),
room temperature for 4 h under air. ? Yields were determined by GC. ¢ Yield
was obtained at gram scale (20 mmol). ¢ ICH,F was used instead of 2.

http://sioc-journal.cn/ 3799
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Table 2 Scope of monofluoromethylation of acetylacetone derivatives with reagent 2

(e} (e} O\\S//o
R1J\/”\R2 . ©/ OCH,F
3 2

/\o 0

F
CsF, DMF
_ sh PME
rt,4h R1J\/U\R2

4

F/\O 0 F/\O fe) F/\O 0 F /\O O F/\O O
©)\)‘\o/\ O)\/u\o/\ O)\)Lo/\ /@)\)‘\O/\ O)\)‘\O/\
o F o] Br

4a, 79% 4b, 85%

4c, 80%

4d, 77% 4e, 77%

Fo o Fo o F7o o Fo o F7o o
O,N FsC cl

4f, 60% 49, 58%

F > o F7o o ~ ~ F
S ~_F . ~ F 0 O F~ 0 O EFNo o ~
I X 0 | N (e} wo/\ wo/\ . A~
N~ o N e \ ! \ V)\)J\O

4k, 81% 41, 76% 4m, 74%

F

4q, 83% 4r, 82% 4s, 62%

4h, 75%

H 0,
4, 77% 4j, 80%

/\O 0

o™
4n, 76%

40 73% 4p, 79%

P
L F 0 o F7o o F™ o i O\O A~
i, Mo oMo T QL O
X - N O._N
0 H il
0

4t, 70% 4u, 72%

4 Conditions: 3 (0.25 mmol), 2 (0.25 mmol), CsF (1 equiv.), DMF (2 mL), room temperature for 4 h under air; isolated yield.

FIAE T L R 4a, FIARFIR R E R
RiF=R R MR R T _E I — 5 R U= 4a'.

TEIRMF T IR LIRS 2 Ja, 3 T SRR &R T
2 SR 2R RS AT AE AT — SR R B R A
EHWEE 2). JTEZMEA S B EE B E R
H 5 2.8 B8 AT A= 00T DA LA R 1R 7= S5 B Ak BT 75 1
FE) (da~4j). %R I H MR E B RENE, Ay
A AR A AL DL R AR SRR SE R R U
B R I T (4b~4de, 4h~4j), TG A =56
FH S S R AR R IR 7 R B AR (4f FI 4g). HUAREE
TEXIAE A B AR A KT 7= 26 T L-F- 15 S (G 4d A1 4, de
A 4i). AR IE T 430 L 2R 2 B2k ~2n) FT T
ik 2.1 Z.BE b LR (20~2p), BEBSLL 73%~81%H)77 &
15 B 7 10— 96 2L = ) (4k~4p). 3-8 AR-4- 15T
TR HEQ2q). LBk OIREERQr). R FEH Gi2s) M2
Bk LB A i 2e) B o] LIRS B2, B 62%~83% [ 7= %
13 B TR — R R =) (4q~4t). HJa, EFERT
FAAZ S B B 2% o0 T3 AT — 3 FR R A, a0%t 2u i
1T AR, HAELL 72% 1) B 77 245 I AH B (1)
T 4u.

X% B IATLERA T W0 AR AL TE R SIS i
AR, @I GC-MS Mg F| /b & 55 SRR R A
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5, [RIB X IR T A ERER, TR 1 h 5 IR MR
AT B TR E (B 1), BT X4
B T — AT BRI B HLEE (Scheme 2). ZEEAERLE
FACHIE R N R AR B, — AR IR F 6 7E B
PEZAF T SR WL OBR B8 MG RE G5 IOV, 13 3BT 75
i) O-CH,F PRI ZETRE . CsE AMYHER, it 5 AL
SR RS BRI R, SO — D RE T — R R R
5RFEE LR B8 SR

2 g

DI — R Ra e ar B 5 T RS ) —
G AL IR ——% B 3L 2K R PhSO;CHLF. %377 R
% 5 5% CBE N ERATAEY) N, R0 T PAmie B
PR R SR SR A N O-— 30 S BUAR=, IR
WpidE PR, B BT ERAT 1 IE AR HE— B A0 %A T B
N E
3 SCIGERSY
3.1 UFEERF

'H NMR, !3C NMR fI F NMR 37 Bruker
AVANCE 1II 500 MHz BUZREFEIRAC EME, 57N
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Figure 1 '°F NMR tracking results after 1 h reaction
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Scheme 2 Proposed mechanism

CDCls, HF5A TMS; GC-MS il £ {X#% 4 Thermo Trace
1300 F1 ISQ-LT; &/ #mib4d57E Waters Micromass
GCT Premier I5E. FTA LA 2 M LA 7 e Ak
AT, MR LTSS, #FENr#H 200~300 H
TERR, BTN A B (60~90 C)RI LR L HgZH k.
32 —HAFEERPEEQ)MIEK

£ 100 mL AL+, K PhSOsNa (3.6 g, 20
mmol)# i {E DMF (30 mL)H, #R8/5 I CH.FI (4.0 g,
25 mmol), FRPEEWIEENR FHFE4 b RN SERSE
I EtOAc (30 mL), KiE&EYHK(B0 mL X 3)BEiE,
Na SO, T, ARG 2=, fEfE bk — P
ENTEIRA: R CFs/A RS 20 R 1 7= 9 —
AR THE(2) 2.5 g, 67%7 7%
3.3 —HAXMELPERQ2)FMZBMAELTEDH—F R
EURN

¥ B ERATAEY0(0.25 mmol). PhSOsCHLF (0.25
mmol). CsF (0.25 mmol)f! DMF (2 mL)% A\ 10 mL 4
TR SN A, HIERAAEERMEE 4 h. NV TERK
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JE A EtOAc (10 mL), JE&YH /K10 mL X 3)¥ki,
Na,SOs T, HAWRAER B4, (Erkfe bk — bk
TTREEMT (VR 28R B8/ k)3 B2l =) 4.
34 FEHRAE

(Z)-3-(— T AL )-3- R B U I R T (d4a): Tota i
R, 72E 79% (442 mg). Vet ZBE 28/ Aq Ik
(V:¥=1":20). '"H NMR (500 MHz, CDCl;) 6: 7.72~
7.66 (m, 2H), 7.47~7.37 (m, 3H), 5.94 (s, 1H), 5.71 (d,
J=54.4 Hz, 2H), 421 (q, J=7.1 Hz, 2H), 1.31 (t, J=7.1
Hz, 3H); 3C NMR (126 MHz, CDCl) d: 164.70 (s),
163.63 (s), 132.98 (s), 130.00 (s), 127.64 (s), 126.29 (s),
103.19 (d, J=220.6 Hz), 101.81 (s), 59.20 (s), 13.21 (s);
I9F NMR (470 MHz, CDCls) 8: —141.61 (s); HRMS (EI)
caled for C1o,H 3FO3 224.0849, found 224.0841.

(2)-3-(— % H 4 2 )-3-(4- A R B NI R . T
(4b): LR, P2F 85% (54.0 mg). VeliH): 48
ZBE/AT RV V=1 : 20). 'H NMR (500 MHz, CDCl5)
8: 7.67 (d, J=8.9 Hz, 2H), 6.93 (d, J=8.9 Hz, 2H), 5.89
(s, 1H), 5.73 (d, J=54.7 Hz, 2H), 4.22 (q, J=7.1 Hz, 2H),
3.85 (s, 3H), 1.32 (t, J=7.1 Hz, 3H); '*C NMR (126 MHz,
CDClLs) d: 165.03 (s), 163.90 (s), 161.03 (s), 127.97 (s),
125.36 (s), 113.02 (s), 103.59 (d, J=219.7 Hz), 99.54 (s),
59.04 (s), 54.36 (s), 13.24 (s); '°F NMR (470 MHz, CDCl;)
0. — 142.10 (s); HRMS (EI) caled for C;3H;sFOq
254.0954, found 254.0958.

(2)-3-(— % F A )-3-(4- 2K 228 ) TR 6 TR 2 TR (de):
REORY), 775 80% (48.4 mg). Vel 2R 2R/
FWEEY : V=1 :20). '"H NMR (500 MHz, CDCls) o:
7.77~7.63 (m, 2H), 7.14~7.02 (m, 2H), 5.90 (s, 1H),
5.71 (d, J=54.5 Hz, 2H), 4.20 (q, J=7.1 Hz, 2H), 1.30 (t,
J=7.1 Hz, 3H); 3C NMR (126 MHz, CDCls) J: 164.48
(s), 163.70 (d, J=46.3 Hz), 162.48 (s), 129.29 (s), 128.41
(d, J=7.4 Hz), 114.84 (s), 114.67 (s), 103.58 (d, J=220.5
Hz), 101.35 (s), 59.25 (s), 13.18 (s); '9F NMR (470 MHz,
CDCls) 8: —106.57 (s), —141.07 (s); HRMS (EI) calcd
for C1,H1,F,03 242.0755, found 242.0750.

(2)-3-(4-F A I )-3-(— 3 H A 55 U M TR 2. 16 (44):
TEMRY, FF 77% (49.7 mg). Vefi7): L8R LB/ A
MWEE(V D V=1 :20). '"H NMR (500 MHz, CDCl3) 6:
7.68~7.60 (m, 2H), 7.41~7.34 (m, 2H), 5.94 (s, 1H),
5.71 (d, J=54.4 Hz, 2H), 421 (q, J=7.1 Hz, 2H), 1.31 (t,
J=7.1 Hz, 3H); BC NMR (126 MHz, CDCl;) &: 163.74
(s), 163.53 (d, J=28.4 Hz), 136.25 (s), 131.62 (s), 127.91
(s), 127.49 (s), 103.61 (d, J=221.8 Hz), 101.95 (s), 59.33
(s), 13.19 (s); '9F NMR (470 MHz, CDCl;) §: —142.53

http://sioc-journal.cn/ 3801
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(s); HRMS (EI) caled for Ci,H,CIFO5 258.0459, found
258.0463.

(Z)-3-(4- TR F)-3-(— 96 F A8 58 T I R £ T (de):
EIE AR, 723 77% (58.1 mg). Pt 28R/
AV © V=1 :20). '"H NMR (500 MHz, CDCL) o:
7.60~7.50 (m, 4H), 5.95 (s, 1H), 5.71 (d, J=54.4 Hz,
2H), 4.21 (q, J=7.1 Hz, 2H), 1.31 (t, J=7.1 Hz, 3H); 1*C
NMR (126 MHz, CDCly) 6: 163.57 (d, J=36.0 Hz),
132.08 (s), 130.89 (s), 127.68 (s), 124.69 (s), 103.60 (d,
J=220.5 Hz), 102.03 (s), 59.36 (s), 13.20 (s); '°F NMR
(470 MHz, CDCl3) 6: —142.51 (s); HRMS (EI) caled for
C1,H12BrFO; 301.9954, found 301.9955.

(Z)-3-(— % FH AU IR )-3-(4- T JE 2K 228 TN M TR 2. T (4):
FOHPIRY), 7 60% (40.4 mg). Vel 48R 2R/
MEE(V : V=1 :10). '"H NMR (500 MHz, CDCls) J: 8.25
(d, J=8.6 Hz, 2H), 7.88 (d, J=8.6 Hz, 2H), 6.11 (s, 1H),
5.74 (d, J=54.2 Hz, 2H), 4.23 (q, J=6.9 Hz, 2H), 1.32 (t,
J=7.1 Hz, 3H); 3C NMR (126 MHz, CDCl;) &: 162.90
(s), 161.94 (s), 148.13 (s), 139.30 (s), 126.97 (s), 122.78
(s), 104.94 (s), 103.96 (d, J=221.8 Hz), 59.72 (s), 13.14
(s); "F NMR (470 MHz, CDCls) §: —142.25 (s); HRMS
(EI) caled for C1,H,FNOs 269.0700, found 269.0703.

(2)-3-(— 5 FF AR 3L )-3-(4-(Z 900 928 2R 38 N I R 2
fis(4g): ORI, F7H 58% (42.3 mg). HMiF: 4
s 2. W8 /A BV 2 V=1 :10). '"H NMR (500 MHz,
CDCly) d: 7.83 (d, J=8.3 Hz, 2H), 7.68 (d, J=8.4 Hz,
2H), 6.06 (s, 1H), 5.75 (d, J=54.3 Hz, 2H), 4.25 (q, J=
7.1 Hz, 2H), 1.34 (t, J=7.1 Hz, 3H); 3C NMR (126 MHz,
CDCI3) d: 163.18 (s), 162.94 (s), 136.62 (s), 131.96 (s),
131.57 (q, J=32.8 Hz), 126.46 (s), 124.58 (s), 122.69 (q,
J=273.0 Hz), 103.65 (d, J=220.5 Hz), 103.57 (s), 59.49
(s), 13.09 (s); 9F NMR (470 MHz, CDCls) 6: —62.92 (s),
—143.38 (s); HRMS (EI) calcd for Ci3H 2F405 292.0723,
found 292.0725.

(2)-3-(— 98 H AR HE )-3-(3- 1 A 38 ) TR 04 1R 2 T (4h):
TEMARY), P25 75% (45.4 mg). Weli7): LR OB/
Wk : V=1 : 20). '"H NMR (500 MHz, CDCls) J: 7.48
(dd, J=7.9, 1.0 Hz, 1H), 7.43~7.34 (m, 2H), 7.14 (tdd,
J=8.2,2.5,0.8 Hz, 1H), 5.97 (s, 1H), 5.71 (d, J=54.4 Hz,
2H), 4.22 (q, J=7.1 Hz, 2H), 1.32 (t, J=7.1 Hz, 3H); 13C
NMR (126 MHz, CDCl3) 6: 163.36 (s), 163.22 (s), 162.76
(s), 160.79 (s), 135.45 (s), 129.22 (d, J=7.2 Hz), 121.80
(s), 116.92 (d, J=21.4 Hz), 113.25 (d, J=23.9 Hz), 103.55
(d, J=215.5 Hz), 102.69 (s), 59.39 (s), 13.17 (s); "9F NMR
(470 MHz, CDCl3) 6: —111.22 (s), —142.71 (s); HRMS

3802 http:/sioc-journal.cn/
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(EI) caled for Cj,H 2F,03 242.0755, found 242.0753.

(2)-3-(3- R 2K 5 )-3-(— 96 7 48028 ) TR ) R 2 TR (4i):
TEEORY, P2 77% (58.1 mg). Vel 2R 2.8/
WKV V=1 : 20). '"H NMR (500 MHz, CDCls) J: 7.83
(t, J=1.8 Hz, 1H), 7.62 (d, J=7.9 Hz, 1H), 7.59~7.54
(m, 1H), 7.28 (t, J=7.9 Hz, 1H), 5.95 (s, 1H), 5.71 (d, J=
54.3 Hz, 2H), 4.21 (q, J=7.1 Hz, 2H), 1.31 (t, J=7.1 Hz,
3H); *C NMR (126 MHz, CDCls) d: 163.29 (s), 163.01
(s), 135.23 (s), 132.89 (s), 129.13 (s), 124.78 (s), 121.81
(s), 103.48 (d, J=221.8 Hz), 102.75 (s), 59.41 (s), 13.19
(s); "F NMR (470 MHz, CDCl;) 6: —143.11 (s); HRMS
(EI) calcd for Ci2H12BrFO; 301.9954, found 301.9957.

(2)-3-(2- A AR HE)-3-(— 3 H 48 58 U I T2 2 R (4):
TR, 7=F 80% (51.6 mg). Vefli7): LB LB/ A
MV © V=1:20). '"H NMR (500 MHz, CDCl;) ¢:
7.46~7.42 (m, 2H), 7.39 (td, J=7.7, 1.7 Hz, 1H), 7.33 (td,
J=7.4, 1.3 Hz, 1H), 5.43 (d, J=53.0 Hz, 2H), 5.39 (s,
1H), 4.22 (q, J=7.1 Hz, 2H), 1.30 (t, J=7.1 Hz, 3H); 13C
NMR (126 MHz, CDCl3) d: 163.07 (s), 160.15 (s), 132.23
(s), 130.77 (s), 130.47 (s), 128.94 (s), 126.05 (s), 104.93
(s), 98.47 (d, J=224.3 Hz), 59.16 (s), 13.23 (s); '°F NMR
(470 MHz, CDCl3) 6: —147.99 (s); HRMS (EI) calcd for
C12H»,CIFO; 258.0459, found 258.0464.

(2)-3-(— % FF 4038 )-3- (ML P -4- 2528 ) TR 0 TR 2 T (4K ):
FOGHRY), 725 81% (45.6 mg). VELH): 2R 2B/
WEk(V : V=1 :10). '"H NMR (500 MHz, CDCl;) J: 8.64
(d, J=6.0 Hz, 2H), 7.52 (dd, J=4.7, 1.5 Hz, 2H), 6.10 (s,
1H), 5.69 (d, J=54.2 Hz, 2H), 4.19 (q, J=7.1 Hz, 2H),
1.28 (t, J=7.1 Hz, 3H); 3C NMR (126 MHz, CDCL) §:
162.88 (s), 161.67 (s), 149.40 (s), 140.64 (s), 119.57 (s),
104.74(s), 103.75 (d, J=221.8 Hz), 59.65 (s), 13.10 (s);
IF NMR (470 MHz, CDCls) 9: —141.26 (s); HRMS (EI)
caled for Ci H2FNO; 225.0801, found 225.0803.

(2)-3-(2,6- —&-5-FMLmE-3-5)-3-(— % 235 I 1%
g CBE(4l): s Ry, 7% 76% (59.1 mg). Bl
F: MR ER/AMEE(V C V=1 :10). '"H NMR (500
MHz, CDCL3) 6: 7.49 (d, J=7.1 Hz, 1H), 5.85 (s, 1H),
5.69 (d, J=54.2 Hz, 2H), 4.07 (q, J=7.1 Hz, 2H), 1.18 (t,
J=7.1 Hz, 3H); BC NMR (126 MHz, CDCl;) J: 163.60
(s), 159.46 (s), 153.61 (s), 151.53 (s), 141.68 (s), 137.59
(s), 137.43 (s), 129.24 (s), 126.69 (d, J=21.4 Hz), 108.40
(s), 100.95 (s), 98.00 (d, J=225.5 Hz), 59.67 (s), 12.99 (s);
F NMR (470 MHz, CDCl;) 6: —120.88 (s), —152.08
(s); HRMS (EI) calcd for C;;HoCl,F2NO3 310.9928, found
310.9926.
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(Z)-3-(— 5 A3 -3-(HE Wy -2- 25 IN M5 TR £, T (4m):
FOHPIRY), 7 74% (42.6 mg). Vi) OB ZER/A
WEk(V : V=1 :20). '"H NMR (500 MHz, CDCls) J: 7.53
(dd, J=3.7, 0.9 Hz, 1H), 7.42 (dd, J=5.0, 1.1 Hz, 1H),
7.06 (dd, J=5.0, 3.8 Hz, 1H), 5.92 (s, 1H), 5.74 (d, J=
54.6 Hz, 2H), 4.19 (q, J=7.1 Hz, 2H), 1.30 (t, J=7.1 Hz,
3H); *C NMR (126 MHz, CDCls) d: 163.47 (s), 159.65
(s), 137.60 (s), 128.59 (s), 128.49 (s), 127.19 (s), 104.02
(d, J=221.8 Hz), 99.70 (s), 59.24 (s), 13.21 (s); 'F NMR
(470 MHz, CDCl3) 6: —142.00 (s); HRMS (EI) calcd for
C1oH11FO3S 230.0413, found 230.0415.

(Z)-3-(— 5 FF AU 8 )-3-(WR I -2- 325 ) TR IS TR £ T (4):
TR, 725 76% (40.7 mg). Vel 28R 2.8/
WKV V=1 20). '"H NMR (500 MHz, CDCls) §: 7.47
(d, J=1.0 Hz, 1H), 6.90 (d, J=3.4 Hz, 1H), 6.48 (dd, J=
3.4, 1.8 Hz, 1H), 6.02 (s, 1H), 5.70 (d, J=54.7 Hz, 2H),
4.19 (q, J=7.1 Hz, 2H), 1.30 (t, J=7.1 Hz, 3H); 3C NMR
(126 MHz, CDCls) d: 163.65 (s), 155.05 (s), 148.35 (s),
144.27 (s), 113.42 (s), 111.35 (s), 104.20 (d, J=221.8 Hz),
99.47 (s), 59.19 (s), 13.17 (s); '%F NMR (470 MHz, CDCls)
5 — 14345 (s); HRMS (EI) caled for CjoH;FO4
214.0641, found 214.0638.

(Z)-3-FF R J=-3-(— 3 AU N A R B (do): ot
WARYD, 77K 73% (34.3 mg). Vel MR L He/A ik
(V:¥V=1":25). 'H NMR (500 MHz, CDCl;) d: 5.49 (d,
J=52.8 Hz, 2H), 5.41 (s, 1H), 4.17 (g, J=7.1 Hz, 2H),
3.17 (tt, J=84, 5.1 Hz, 1H), 1.29 (t, J=7.1 Hz, 3H),
1.02~0.96 (m, 2H), 0.87~0.82 (m, 2H); '*C NMR (126
MHz, CDCls) 8: 171.11 (s), 166.60 (s), 97.06 (d, J=221.8
Hz), 94.14 (s), 58.71 (s), 13.33 (s), 10.34 (s), 6.21 (s); '°F
NMR (470 MHz, CDCl3) 8: —151.29 (s); HRMS (EI)
caled for CoH 3FO3 188.0849, found 188.0855.

(Z)-3-((31,51,7r)- 4= NIl 52 - 1- 8 )-3-(— 9. P 48032 ) 7R 04
W 2.6 (dp): TLteiRY, 7% 79% (55.7 mg). Belii:
B ZEE/ A B © V=1 :25). 'H NMR (500 MHz,
CDCls) &: 5.59 (d, J=55.3 Hz, 2H), 5.30 (s, 1H), 4.13 (q,
J=17.1 Hz, 2H), 2.04 (s, 3H), 1.79 (d, J=2.5 Hz, 6H), 1.70
(dd, J=30.3, 11.9 Hz, 6H), 1.27 (t, J=7.1 Hz, 3H); 1*C
NMR (126 MHz, CDCl3) 6: 178.55 (s), 164.41 (s), 104.56
(d, J=218.0 Hz), 97.75 (s), 58.94 (s), 38.38 (s), 38.17 (s),
35.48 (s), 27.00 (s), 13.19 (s); 'F NMR (470 MHz, CDCl5)
0. — 138.85 (s); HRMS (EI) caled for C;cH23FOs
282.1631, found 282.1629.

(Z)-3-(— 5 A IS 4- R B T 2- 05 R H G (4q): &
IHPIRYD, 77 83% (46.5 mg). Ve W B8/
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Bk(V : V=1 :20). '"H NMR (500 MHz, CDCl;) 6: 7.31
(qd, J=38.1, 3.9 Hz, 4H), 7.26~7.21 (m, 1H), 5.53 (d, J=
55.3 Hz, 2H), 5.49 (s, 1H), 4.16 (s, 2H), 3.75 (s, 3H); 1*C
NMR (126 MHz, CDCls) §: 169.30 (s), 166.14 (s), 135.88
(s), 127.97 (s), 127.45 (s), 125.68 (s), 97.13 (d, J=223.0
Hz), 95.24 (s), 50.27 (s), 35.69 (s); '°F NMR (470 MHz,
CDCls) 6: —152.94 (s); HRMS (EI) calcd for C1,H;3FOs
224.0849, found 224.0843.

(2)-3-(— AR T 2- 8 T g (4r): TC iR
), P2 82% (45.9 mg). VEliFl: LR LB8/ A hER(V -
V=1 : 20). '"H NMR (500 MHz, CDCl;) d: 7.40~7.35 (m,
4H), 7.34 (dd, J=6.1, 2.4 Hz, 1H), 5.57 (d, J=55.3 Hz,
2H), 5.46 (s, 1H), 5.16 (s, 2H), 2.37 (s, 3H); 3C NMR
(126 MHz, CDCl3) d: 168.64 (s), 165.81 (s), 135.26 (s),
127.54 (s), 127.19 (s), 96.75 (d, J=221.8 Hz), 94.87 (s),
64.74 (s), 16.98 (s); '°F NMR (470 MHz, CDCl) &:
—151.28 (s); HRMS (EI) caled for C1oH3FO5 224.0849,
found 224.0851.

(Z)-3-(— IR FE)-1,3- K EL P 2-4%-1-(4s): T&
RY), 7R 62% (39.7 mg). FeliF: MR ZEs/A7
Bk(V © V=1 : 20). '"H NMR (500 MHz, CDCl;) d: 7.99 (d,
J=17.8 Hz, 2H), 7.81 (d, J=7.6 Hz, 2H), 7.58 (t, J=7.2
Hz, 1H), 7.53~7.44 (m, 5H), 6.90 (s, 1H), 5.75 (d, J=
54.1 Hz, 2H); '*C NMR (126 MHz, CDCls) &: 187.90 (s),
163.93 (s), 137.87 (s), 133.44 (s), 131.81 (s), 130.30 (s),
128.25 (s), 127.76 (s), 127.62 (s), 127.45 (s), 127.20 (s),
126.67 (s), 105.20 (s), 103.24 (d, J=219.2 Hz); "’F NMR
(470 MHz, CDCl3) 6: —141.85 (s); HRMS (EI) calcd for
C16H13FO; 256.0900, found 256.0904.

(2)-3-(— 5 48028 )-N- 2K 5 T -2- U I i (4t): 3 €1
HORY, 773 70% (36.6 mg). Vel 2./ ZEa/ 4k
(V:¥V=1":10). 'H NMR (500 MHz, CDCls) 6: 8.68 (s,
1H), 7.54 (d, J=17.7 Hz, 2H), 7.38~7.29 (m, 2H), 7.09
(dd, J=10.6, 4.2 Hz, 1H), 5.70 (d, J=53.1 Hz, 2H), 5.22
(s, 1H), 2.14 (s, 3H); *C NMR (126 MHz, CDCls) o:
161.78 (s), 155.76 (s), 137.08 (s), 127.91 (s), 123.01 (s),
119.06 (s), 118.81 (s), 106.76 (s), 96.80 (d, J=224.3 Hz),
16.93 (s); 'F NMR (470 MHz, CDCls) 6: —146.11 (s);
HRMS (EI) caled for C;H;,FNO, 209.0852, found
209.0857.

I (2)-4-(3- A I -1-(— T TP A HE)-3- A A0 A R -
1-Jd5-1-J5) IR IE - 1-FR TR IR (4u): L EIRCIRYD, 7% 72%
(65.7 mg). LWWF: MR ZHG/ Al (V: V=1 :10).
'H NMR (500 MHz, CDCl3) é: 7.36 (d, J=4.4 Hz, 4H),
7.34~729 (m, 1H), 5.55 (d, J=52.6 Hz, 2H), 5.33 (s,
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1H), 5.13 (s, 2H), 4.33~4.19 (m, 2H), 4.15 (q, J=7.1 Hz,
2H), 3.96~3.85 (m, 1H), 2.85 (s, 2H), 1.67 (s, 4H), 1.28
(t, J=7.1 Hz, 3H); °*C NMR (126 MHz, CDCL;) §: 172.66
(s), 165.61 (s), 154.19 (s), 135.85 (s), 127.46 (s), 126.93
(s), 126.85 (s), 96.99 (d, J=223.0 Hz), 94.17 (s), 66.04 (s),
58.95 (s), 42.87 (s), 36.03 (s), 27.38 (s), 13.26 (s); °F
NMR (470 MHz, CDCL) 6: —152.39 (s); HRMS (EI)
caled for C1oH,4FNOs 365.1639, found 365.1642.
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