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One-Step C- or O-Benzylation of 1,3-Dicarbonyls with Benzyl
Alcohols Promoted by Perfluoroalkanosulfonyl Fluoride

Yan, Zhaohua™* Jin, Hongai” Yu, Xinquan® Wang, Wangyang* Tian, Weisheng™”
(“ College of Chemistry, Nanchang University, Nanchang 330031)

(® Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032)

Abstract C- or O-benzylation of 1,3-dicarbonyl compounds is one of the most fundamental methodologies for carbon-carbon
or carbon-oxygen bond formation in organic synthesis. Perfluoroalkanosulfonyl fluoride (R{SO,F) is a class of excellent hy-
droxyl-activating reagent, and has been extensively developed and used in the formation of C—F, C—O, C—N and C—S
bonds in organic synthesis. In this work one-step C- or O-benzylation of 1,3-dicarbonyl compounds (1,3-diketones and
p-ketonic esters) with benzyl alcohols promoted by RSO,F in alkaline media was explored, and the corresponding C- or
O-benzylation products were generated in medium to excellent yields. The optimized reaction conditions:
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) as base, CH,Cl, as solvent, n-C4FsSO,F, room temperature and the molar ratio of
n(1,3-dicarbonyls) : n(benzyl alcohols) : n(RSO,F) I n(DBU)is 1.0 : 1.0 : 1.0 : 2.2. A novel reagent system for the direct C-
or O-benzylation of 1,3-dicarbonyl compounds with benzyl alcohols was developed. The application scope of RSO,F in or-

ganic synthesis was further broadened.

Keywords perfluoroalkanosulfonyl fluoride; 1,3-dicarbonyl compounds; benzyl alcohols; benzylation

13- ZHIEU AN C-8 O-FRIEAL R BLE A HL A
B C—C BREl C—O B — M FH 5%, Ik,
A I B SR AL B W E A HL A A 27 v B R AL IE H 28
S 0 H KT 52 B LA ST I v AR, R b 0
W BESRAL E W I )26 D7 BT FOmt A5 SN 2. ARG
RIS 7 EOR R IERTAE ) 2 T I FR SR R AL Dy g
2 UM D P R M A IR I 5 B L AR L. R S B
R R AR BN R IR I S B A A E L R B S AT
BEVEEACEEIL R, B 13- T RREA S AR EEAT A
Z IR EAR N C-8E O-"F AL S ML AR AL — Rl ALy
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TG 70 4 ke FE A R 2 RSO; M. RSO.F E A 78
AP R E AMRER AL . 7E RSO.F S 51H ML M H,
ﬁIJFK%Eﬂ(JEﬁE’JéﬁF%ﬁ%HE%ﬁ, 1 FMEEPEJH%

ﬁfaﬂﬁ%?ﬁW&ﬁﬂ%mfm$ﬁﬁ%®ﬁ?
C—F B A1 ERATE A, SE4EE AR K =%
22— IER} R OO A b B T R R S Al T VR 2 T
U R 7 A, (EBREERE b, FRATTIT 6F R i ok 8 4 1
HiE T —2 RSOF M T c—o'", ¢—N f1 c—s!™
BRI T SE R, RSOLF B T ] USRS, 18
AT DU T AR R A iU VRN fig > e e 3 v e A
Fiefb Bk RGN DL o 2 B HE S S . A b SR I e
AT A F T 4R R P 225 ) 11 2 L I A & 90 T %3 2 B 7
TN C—C g b UL AR MR R B4R
43 N 975 0 B IR A TR A e SR b s e AR
M2 B R~ L, 25 S mm s A T RS A 1,3-
TIRFAE W Z1E] C-BK O-Fr Fa Ak i I R WL SCHERARIE.
VERRB TR, FRATTIRE FERRPE A i, A5
SR 960 T B TR RERT AR 1,3- AL S 2 1]
[ — SR B B, DA R B 75 10 7 R AR A N 1)
C-8 O-F &AL HI(Eq. 1).

h-! C4F9802 F
J\/U\ O)\OH s

1 HR5R
1.1 1,3-ZHENEYEYRNER

BATH eIk 7 AR R BEQa)(E N R BT AR
W), 2T JINARRZEAR 13- 3L A YIH R
lE(1a)s NN-ZH I 2- A AR T (1) R H Bt 2 1R
ZE(1e). B2 ZBE(d)s 4,44-=F-3-FR TR Z
Pis(1e)Fl 2,4-7% e (16) )75 4= bt B i I ik A E L
(RS- IA

TEEIR T PR NER, BLo1,8- & & )
[5.4.0]-+—Hk-7-%(DBUY NI, LA n-C4FoSO,F N4t
TR EGRF, n(1) ¢ na) : n(n-C4FeSO,F) : n(DBU)=
1.0:1.0:1.0:22, RMEGRIFE L. NFE 1A, 1a F
1b 5 2a B NHREA 4 RO R A 340 P2 (R 1,
Entries 1, 2), AT/ EI17=Y0UE 2a 5 n-C4FsSOF 1%
NEFE AR, BRI A 2R L 98(4-0NCgHyCH,F). 31X
AIREZH T 1a F1 1b 0 FHiE R AR RS 51 HL .
I3 TSR SRR BRI =AY 1,3- L& e,
1d F1 1e 5 2a [ SO DU IGUR A= B T AH R FRT C-B1 O-F¢
FAbP=4) 3ca. 3da M dea, H 13- WAL 1h
TR ARV RRGE, TR R (R 1, Entries

R4

w A o

R IR 1,3 BB G0 KRR
Table 1 Benzylation of 1,3-dicarbonyls with 4-nitrobenzyl alcohol

n-C4FgSO,F
PhMe

DBU
25°C

M@

1a~1f

3ca: R'=Ph, R2=

(e}

rl\OEt
O

1a

Nepetlenad

3aa ~ 3fa
OEt; 3da: R' =

4aa ~ 4fa

OEt; 4ea: R'= CF3, R? = OFEt
0

CHj, R? =

ﬁ ﬁ ﬁ ﬁ ﬁ
OEt NMe, OEt OEt 07 “CH,4

1f

Entry 1 Time/h 3 4 Yield®/%
1 la 24 — — —
2 1b 24 — — —
3 1lc 6 3ca — 30
4 1d 6 3da — 29
5 le 6 — 4ea 69
6 1f 6 — — —
“n(1) : n(2a) © n(n-C4FoSO,F) : n(DBU)=1.0: 1.0 : 1.0 : 2.2; * Isolated yields.
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3~5). Hr, 1c A1 1d PS5 IS B # 2 C--REAL ™
W) Hax e fg B # A A A I B AR RL ) O-"R Ak = 9T
le i3 202 O-"REAL =Wy, i, Z PP
RO EAH R C-R Ak = W ) AR R 7% B B A2,
dea MIRZMEETE MBRIE R, W2 — R — a1,
BV A R AL &9, 16 70 2a (K[ S B AR E K] 2a 5
%mé (BT =RNE J, WA 770, mea]

L, RA ST HIiER AR VERR 1) B-BH L e 1E H T 1X
%EP%‘?%H:&FL MER LR T T R — ZER A p-Bi i
HAGE A T IZIN.

12 RMNEFHHTHK

BATLA 1e F1 2a Z (A1) O-"FIEAL B 2 B, X}
S AFREAT TR, SEIRAE LK 2.

MRACTEF . B S R FERS, S PIRIEEE n(le) -
n(2a) : n(n-C4FsSO,F) : n(base) ¥ 1.0 1 1.0 1 1.0 : 2.2.
T JeAE R T UL DBU B, SHEFEHMT T, W3 2
AT, A SR AR A, 72 4ea WIS, N
90%(3 2, Entries 1~6).

B RLL CH,CL NI AR IR N 52 T IR,
ff F K,CO; Al NaH 1EBRET, A ERK 4ea, RARLT D
2 R 3L SR (3R 2, Entries 10 and 11). {55/
AHUIIILIE . = Z A = e 5 AL, dea (1722857
FA 65% 82%HN1 86%(F 2, Entries 7~9). Hit AT WP
TR DBU N (145 R 4F, dea M7= mik
90% (# 2, Entry 6).

BAVEHER TR R, UL DBU A,
WA CHyCl, Z55RRIN, 4 I NAEEUR A3 EE 41— 10
A0 CRHATHS, JERHEA T A, dea FIF=HAN
10%11 35%(F 2, Entries 12, 13). 24N 7E BRI E T
BEATHS, JRRL 22 BAREL AL SE 4, (H P2 X il R 2
W, 4ea P2 R FEFHRAC, N 20%(3K 2, Entry 14). 4{#
A — A6 w8 &R 4 5 ke 2 6wl 7l
n-CgF17SO.F fAE n-C4FoSO.F B}, AT T HZE L
W |, W) dea = ZAUN 76% (3K 2, Entry 15), 1X

AT REAZ KON n-CgF1,SO.F 78 A3 ALV 71 HH (1) %5 i FE tb
n-C4FoSO,F H/NG| L.

5 Ja AT DU Z [RIECEE n(1e) : n(2a) -
n(n-C4FoSO,F) © n(DBU)AT THfb. 45T, VIR
BE 2 18] 1 BC EE R B RS2 AN K, BL n(1e) © n(2a)
n(n-C4FoSO,F) : n(DBUYN 1.2 1 1.0 1 1.2 2.2 NELF
(3 2, Entries 16~18). HI{#i4& /i1 1e.n-C,FoSO,F 1l DBU
(RE &, 7740 dea (77 AR,

25 LRTIR, BRI SEIS A2 EFIN CHLCL,
By DBU, n(le) : n(2a) : n(n-C4FoSO,F) : n(DBU)N
12:01.0:1.2:22, RMNTEERTHT.
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Table 2 Optimization of reaction conditions for benzylation of
le with 2a

n-C4FgSO,F
solvent
MOEt OzN/©/\ ttéanfg
CF3
/@/\ o\ ~COOE!
O=N 4ea
Entry Solvent Temp./C  Base Time/h  Yield”/%
1 PhMe 25 DBU 6 69
2 CH;COCH; 25 DBU 6 80
3 THF 25 DBU 6 75
4 MeCN 25 DBU 6 83
5 1,4-Dioxane 25 DBU 6 78
6 CH,Cl, 25 DBU 6 90
7 CH,CL 25  EtN(Pr-i), 20 86
8 CH,Cl, 25 Et;N 20 82
9 CH,Cl, 25 Pyridine 20 65
10 THF 25 NaH 20 0
11 CH,Cl, 25 K,CO; 20 0
12 CH,Cl, —10 DBU 20 10
13 CH,Cl, 0 DBU 20 35
14  CH,ClL reflux DBU 1 20
15¢ CH,Cl, 25 DBU 6 76
167 CH,CL 25 DBU 6 93
17¢ CH,Cl, 25 DBU 6 91
18 CH,Cl, 25 DBU 6 90

© 2017 Chinese Chemical Society & SIOC, CAS

“ n(le) : n(2a) : n(n-C4F9SOLF) : n(DBU)=1.0 : 1.0 : 1.0 : 2.2; * isolated
yield; ¢ R@SO,F is n-CsF17SO,F; ¢ n(1e) : n(2a) : n(n-C4FoSO,F) : n(DBU)=
12:1.0:1.2:22; ¢ n(le) : n(2a) : n(n-C4FoSO,F) : n(DBU)=1.5:1.0:
1.5 :2.5; n(1e) : n(2a) : n(n-C4FoSOLF) : n(DBU)=1.1:1.0:1.1:2.2.
1.3 ATEFFELSTEDM 1,3-2HE Az iR &
1B5

T AT IR AR T R BEAT A AN 1,3-
THRFAL A2 IE) C-Bk O- A I N 3T F S AT
R OL, FATARERLE T 2 AT 2b~2i Fl=
AN 13- TR EY 1d~1f Z A AL ] N, SRt &
RANTR 3 .

T 3 S A5 T WL, BT 42 1) R BT A ) 2b~
2h 5 13- RIALEY) 1d AT e Z 18] 1 S SR IGF Hs
AT MR TR EAL 2. MG 1 R 2a OO, 24
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R3REATAEE TG B
Table 3 Application scope of benzyl alcohols

Entry Product Yield”/% Entry Product Yield®/%
o] CF; O
CHs OMOEt
1 55 7 92
Et,N 07 “OEt Cl gee
3db cl
o CH; O
CF3 OMCHg
2 68 8 87
Et,N 0”7 “OEt Cl  4fe
3eb o]
. CF; O
3
PN oo
3 @o OEt 90 9 95
4ec OMe  gef
OMe
CH; O CF; O
4 O)\/MCHg 88 10 /©/\O)\/U\OET 95
4afc F 4eg
CF; O CH; CF; O
N
5 @Ao)\/moa 92 11 @oMost 91
HsC 4ed 4eh
¢Ha O CHs CH; O
3 3
oAy -
6 45 12 0 CHs, 92
Cl 4de 4fh
cl

“ All the reactions were run with 1 (5.0 mmol), 2 (4.1 mmol), n-C4FoSO,F (5.0 mmol), and DBU (9.0 mmol) in CH,Cl, at 25 °C for 6 h; * isolated yield.

R EFREATEY RPN, 2 5 1f 2 (8 58 6F] H DL
TS B2 2R AE O-"F J: 4 s W 1T A SR . 1 5 JE Ak 7=
YI(E 3, Entries 4, 8, 12). [FFHES —4RHZE, MZHIA
AR EE AT LAE Y, BT 1S B GRS R ) 4 02 B
— &, RECA R AIEENAY). 2b 5 1d F12b 5 1e
{2 S FIT AR B FR A2 C-"R K P2 9)(3% 3, Entries 1, 2), 1
HEAENNEMEY 2¢~2h 5 13- HBEAED
1d~1f Z [ N AR AR i T AL O-"F 364k 7= )
(3% 3, Entries 3~12). 7 FHIGIRAR MRS 1,3-=
PREA A 1d FEEERT AR 8] B R SN DL S =
AR T RIHALFEYI(F 3, Entries 1~6), M2 T &k
SRR 1,3-ZRIENAY) 1e F11f 5FEATAEY
ZTA) PR A s R JUJ 05 DA 755 1) 7 28 A j 17 A L FR
FALF=W). REEAT A R IR b AR X s B R
AR, Heln, 2d. 2e. 2f fl 2g 515 1e B BF=H077 R
HRAE 90% 72 45 (3% 3, Entries 5, 7, 9, 10). 24 2h 7355 1e
A SN, L 91%~92% 17 ZRMGA AL B, T 4H N

Chin. J. Org. Chem. 2017, 37, 196~202

© 2017 Chinese Chemical Society & SIOC, CAS

1 O-"KFE4k =% 4eh A1 4fh (3% 3, Entries 11, 12), 7],
WERAPREAT A WIE Tz R R R . BB
f&, EXEE R A, A R RI A C- R AL =1 O-
RIEAC =) LU 24 1 B A5 A B 1R 0.

1.4 A IEHEN

LA 1e M1 2¢ Z[AIH)-RIEAL OB NG, SORATLE 40
Scheme 1 Fi7s.

B 2¢ B SGAEA HLEE DBU 1E R N A4 1 e i hk 7k
SR S L AR B IR IR AR AL TR R R 3R AR )
1,3- I AW 1e 258 DBU 1A R, B AR Bk 75
Tk B R 7S TR C. 5 EYIM B 3E 5 A, HP
33 C-REAMNT=Y) 3ec, #PFH C BT A, RIFFE] O-F
AT dec. TEFTHE LR, AHIRMNR1FE] C-
FEALTEY) 3, AR AGE] O-FEAL=Y) 4, 5
FIEARIRIEAE.
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Bl R &R
CFs .
o O peu O\ . F3C  O'[DBUH]
MM — [DBUH]" ~— |
FsC OFt o]
1e OEt B Etooc” C
BorC
O it [ i s
n-CaFeSOF | T OSOLaFe Cbenzylation Ph/ﬁ)kCFs
2c A COOEt
Cl O-benzylation Sec
Ph/\o)\/cooa
4ec
B 1 HE R R B
Scheme 1 Proposed mechanism
2 #Eip (627 mg, 4.1 mmol)i&fi# T CH,Cl, (20 mL)H1. SRJE KK

M2, TEAVLIE DBU fE7E T, A9be B i 9 g6tk
FIBETE L NIEATAY), 5 13- "Btk &Y p-Bi iz figix
PRl 1,3- 2B S (B R A — B = B, DA
SRR T P A AN C-8 O-FJ:4b =4, Mifi
N 3- I A WA R S SR T — i i 5
R, %R LB =7 2R i A AR A s TR
PEA R A AT SR N 7 — N RR . Seat g ik —20
P T A Jon B R B SRR AE A ML S B A R R
AR, A SRR G B A TiE L e R &
A13- A BV M e A0 O H T IEFEJEAT
e

3 SIS

B 5

AVANCE 400 MHz ZY %@ L3RI (TMS 1E AR,
CDCL 7B, it Bruker 2A]); 5700 FT-IR £L4MGi%
{% (35 & Thermo Nicolet 2 7]); Esquire 3000 1= 43 ¥ /i 1%
{X (3£ Bruker Daltonics A F]); ZQ 4000/2695 Jii i}
(& Waters 2 #]).

FIT A P 4 9 ot ik sk 1t 93K 77 m-CyFoSOLF Al
n-CgF1;80,F MYLTEE LS ABR ARG, &5 99%
PLE. BTG R YD 13- ISR . &
TR RN 25 b s SRR A i ] 24 4 A4 2 0 A R A 7,
BIRZATATACH St BB . AR Z 4T R B 1A 5
VAL T AP AR H (10~40 pm, 200~300 H), ¥
FE 7R A AN [R) AR L A8 () A Sl Bk (B FE A 60~90 °C)FI 2,
PR 2T F R A 5.

32 EREEBHESSHTEITEDM 1,3-2HRE
ez 8 —% C-3% O-FEM & NilE

L 2a Al 1e IR BNBI. SIET, BH0EEEE 2a

3.1

200
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A 4,4,4-=5-3-5 TR ZTE(1e) (920 mg, 5.0 mmol)
1 DBU (1.37 g, 9.0 mmol). #HFEH%1)5HE T 5 min
WIS 2 E T JE R 50 CHL.CL VA (1.51 g, 5.0
mmol, ¥ 3 mL CH,Cl, ). MR 4k 47 = I P
6 h. JEARIRGARR ZAKEE S5y, i3k SRR
FEEMT AR B VCAER) @ (R 4 BE)=50 © 1]
Jo 13 (J)-4,4,4- = 5 -3- X B 38 % S5 T 2- 44 R 2B
(4ea), 1.18 g, F=FH K 90%. W CMRBIA. "H NMR
(400 MHz, CDCL) d: 8.20 (d, J=8.4 Hz, 2H), 7.56 (d, J=
8.4 Hz, 2H), 5.92 (s, 1H), 5.36 (s, 2H), 4.20 (q, J=7.1 Hz,
2H), 127 (t, J=7.0 Hz, 3H); ® C NMR (100 MHz,
CDCly) 6: 163.18, 152.49 (q, Jr.c=34.7 Hz), 147.81,
142.65, 128.02, 123.70, 119.40 (q, Jr.c =263.0 Hz),
104.40, 75.19, 61.23, 14.00; IR (neat) v: 1724, 1668, 1512,
1343, 1076 cm'. HRMS (ESI) caled for Cj3H,F;NOsNa
(M+Na)" 342.0566, found 342.0562.

3-S5 i 3 S 2K R A R £ T (Bea)!™™): 9K 3K
HPIRBA. 'TH NMR (400 MHz, CDCls) J: 8.08 (d, J=
7.2 Hz, 2H), 7.94 (d, J=7.6 Hz, 2H), 7.25~7.08 (m, 5H),
4.65 (t, d, J=7.2 Hz, 1H), 4.12~4.05 (m, 2H), 3.41 (d,
J=17.2 Hz, 2H), 1.09 (t, J=7.0 Hz, 3H); *C NMR (100
MHz, CDCls) 6: 193.53, 168.63, 146.84, 146.19, 135.88,
133.80, 129.90, 128.78, 128.60, 123.66, 61.79, 55.35,
34.32, 13.86; IR (neat) v: 1729, 1686, 1610, 1585, 1510,
1340, 1259 cm ™",

3N IR I -2- 2RI N R 2. B (3da)??: kit
MRBAA. "TH NMR (400 MHz, CDCl3) 6: 8.08 (d, J=8.4
Hz, 2H), 7.33 (d, J=8.8 Hz, 2H), 4.16~4.09 (m, 2H),
3.78 (t, J=7.6 Hz, 2H), 3.26~3.15 (m, 2H), 2.20 (s, 3H),
1.19 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCL) §:
201.18, 168.43, 146.02, 129.80, 123.75, 61.86, 60.61,
33.37, 29.67, 14.01; IR (neat) v: 2976, 1717, 1633, 1519,
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1347, 1250 cm ™",

2- L350 (. L) AL TN R 2. R (3db)P Y 3%
FOHARMA. "H NMR (400 MHz, CDCl3) §: 7.00 (d,
J=8.4 Hz, 2H), 6.58 (d, J=8.4 Hz, 2H), 4.14 (q, J=6.8
Hz, 2H), 3.72 (t, J=7.6 Hz, 1H), 3.30 (q, J=7.2 Hz, 4H),
3.04 (d, J=7.6 Hz, 2H), 2.17 (s, 3H), 1.20 (t, J=7.2 Hz,
3H), 1.12 (t, J=7.0 Hz, 6H); *C NMR (100 MHz, CDCl5)
9: 203.13, 169.12, 146.56, 129.56, 128.62, 112.06, 61.74,
61.27, 44.32, 33.19, 29.61, 14.02, 12.52; IR (neat) v: 2973,
1718, 1620, 1520, 1311, 1264, 1199, 1150 cm .

2- =G LR HE-3- 0 (W N- " Z W 3R I TR R 2. Bis
(3eb): W EMPIREAA. 'TH NMR (400 MHz, CDCl;) o:
7.01 (d, J=8.4 Hz, 2H), 6.59 (d, J=8.0 Hz, 2H), 4.18 (q,
J=7.6 Hz, 2H), 4.11 (t, J=7.6 Hz, 1H), 3.32 (q, J=6.8
Hz,4H), 3.17 (d, J=7.6 Hz, 2H), 1.22 (t, J=6.8 Hz, 3H),
1.13 (t, J=7.0 Hz, 6H); * C NMR (100 MHz, CDCl5) ¢:
186.66 (d, 2Jr.c=36.0 Hz), 166.75, 146.87 129.80, 129.67,
117.90 (q, Jr.c=273.4 Hz), 112.01, 62.20, 55.55, 44.30,
32.87, 13.83, 12.47; IR (neat) v: 2975, 1704, 1619, 1521,
1381, 1266, 1183, 1092 c¢cm '. HRMS (ESI) calcd for
C17H»,F3NO;Na (M+Na)" 368.1449, found 368.1445.

(X)-4,4,4- =50 -3-"F I T -2-1F5 R 2.1k (dec) ™ 7%
FOHARAA. "TH NMR (400 MHz, CDCl3) 6: 7.45~7.35
(m, 5H), 5.89 (s, 1H), 5.31 (s, 2H), 4.24 (q, J=7.0 Hz,
2H), 1.31 (t, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl5)
5 163.55, 152.80 (q, Jr.c=34.6 Hz), 135.39, 128.60,
128.52, 128.09, 119.73 (q, Jr.c=275.6 Hz), 103.15, 76.85,
61.02, 14.05; IR (neat) v: 2987, 1725, 1664, 1355, 1295,
1201, 1146, 1030 cm ™.

(J)-4-"F 58 3 I -3- 05 -2- T (4£) ) 38 3% IR
4. '"H NMR (400 MHz, CDCly) §: 7.36~7.34 (m, 5H),
5.60 (s, 1H), 4.84 (s, 2H), 2.35 (s, 3H), 2.18 (s, 3H); "*C
NMR (100 MHz, CDCly) 6: 197.05, 171.72, 135.39,
128.65, 128.35, 127.64, 100.43, 70.14, 32.04, 19.81; IR
(neat) v: 2985, 1711, 1680, 1610, 1375, 1152 cm ™.

(]R)-4,4,4- =5 -3- % AR E E T 2- 14 iR & IR
(ded): KT AR, "H NMR (400 MHz, CDCLy) o
7.32 (d, J=8.0 Hz, 2H), 7.14 (d, J=7.6 Hz, 2H), 5.89 (s,
1H), 5.29 (s, 2H), 4.24 (q, J=7.2 Hz, 2H), 2.38 (s, 3H),
1.33 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
163.63, 152.88 (q, Jr.c=33.3 Hz), 138.56, 132.47, 129.25,
128.37, 119.80 (q, Jr.c=275.4 Hz), 102.98, 76.94, 61.01,
21.17, 14.08; IR (neat) v: 2944, 2839, 1725, 1664, 1481,
1353, 1292, 1199, 1145, 1087 cm™'. HRMS (ESI) calcd for
C4H,5F305Na (M+Na)" 311.0871, found 311.0878.
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(JR)-3-(2,3- =8I T 2-1 1R £ I (4de): 5% 7
HPIRBA. 'TH NMR (400 MHz, CDCls) d: 7.43 (d, J=
7.2 Hz, 1H), 7.36 (d, J=7.6 Hz, 1H), 7.22 (dd, J=7.6 Hz,
8.0 Hz, 1H), 5.13 (s, 1H), 4.91 (s, 2H), 4.14 (q, J=7.2 Hz,
2H), 2.37 (s, 3H), 1.26 (t, J=7.2 Hz, 3H); >*C NMR (100
MHz, CDCly) 6: 171.32, 167.57, 135.59, 133.22, 130.88,
129.94, 127.42, 126.66, 92.51, 67.32, 59.52, 18.86, 14.38;
IR (neat) v: 2979, 2929, 1711, 1623, 1428, 1372, 1273,
1142, 1063 cm ', HRMS (ESI) caled for Cj3H4Cl,0O3Na
(M+Na)" 311.0218, found 311.0228.

()-4-=5-3-(2,3- Z ) FEAEE T -2-1 1R L5 (dee):
W AIIRA. "H NMR (400 MHz, CDCl;) d: 7.46 (d,
J=17.2 Hz, 1H), 7.39 (d, J=8.0 Hz, 1H), 7.20 (dd, J=8.0
Hz, 8.0 Hz, 1H), 5.91 (s, 1H), 5.36 (s, 2H), 4.21 (q, J=7.2
Hz, 2H), 1.26 (t, J=6.8 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 163.20, 152.48 (q, Jr.c=233.74 Hz), 135.71,
133.06, 130.84, 130.10, 127.40, 127.06, 119.62 (q, Jr.c=
275.6 Hz), 103.66 (q, Jr.c=3.5 Hz), 74.03, 61.14, 13.90;
IR (neat) v: 1725, 1661, 1295, 1201, 1148 cm'. HRMS
(ESI) caled for Cj3H;;Cl,F30;Na (M—i—Na)+ 364.9935,
found 364.9939.

(JR)-4-(2,3- = 50) % 83 1 -3- i -2- Tl (4fe): IR BT (0
THPIRAK. "TH NMR (400 MHz, CDCl3) 6: 7.43 (d, J=8.0
Hz, 1H), 7.36 (d, J=8.0 Hz, 1H), 7.23 (dd, J=8.0 Hz,
1H), 5.56 (s, 1H), 4.93 (s, 2H), 2.35 (s, 3H), 2.17 (s, 3H);
C NMR (100 MHz, CDCls) d: 196.77, 170.88, 135.53,
133.26, 130.87, 130.01, 127.45, 126.76, 100.75, 67.26,
31.98, 19.46; IR (neat) v: 1720, 1665, 1598, 1476, 1255,
1137 em™'. HRMS (ESI) caled for Cy,H;,CL,O,Na (M+
Na)" 281.0112, found 281.0123.

(JR)-4-=9-3-(2,3- = AU B ) R T -2- 14 R O R
(def): R EHPRBA. '"H NMR (400 MHz, CDCLy) 6:
7.06~7.02 (m, 2H), 6.93~6.87 (m, 1H), 5.86 (s, 1H),
5.31 (s, 2H), 4.21 (q, J=7.2 Hz, 2H), 3.84 (s, 3H), 3.83 (s,
3H), 1.28 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5)
5: 163.56, 152.86 (q, Jr.c=33.4 Hz), 152.55, 147.36,
129.33, 124.01, 121.65, 119.63 (q, Jr.c =276.7 Hz),
113.03, 102.70 (q, Je.c=3.5 Hz), 72.24, 60.98, 55.65,
13.97; IR (neat) v: 2935, 2839, 1725, 1662, 1483, 1293,
1199, 1145, 1087 cm ‘. HRMS (ESI) caled for CysH,7F5-
OsNa (M+Na)" 357.0926, found 357.0911.

(R)-4-=F-3- X R AL T -2- /A TR £l (deg): R
FOGRRA. "TH NMR (400 MHz, CDCl3) 6: 7.37 (dd,
J=8.4,5.6 Hz, 2H), 7.03 (dd, J=8.4, 8.4 Hz, 2H), 5.87 (s,
1H), 5.24 (s, 2H), 4.21 (q, J=7.2 Hz, 2H), 1.27 (t, J=7.2
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Hz, 3H); C NMR (100 MHz, CDCl;) J: 164.08, 162.50
(d, Jr.c=275.8 Hz), 152.70 (q, Jr.c=33.4 Hz), 131.28 (d,
Jr.c=3.2 Hz), 130.11 (d, Jr.c=8.4 Hz), 119.65 (q, Jr.c=
275.6 Hz), 115.38 (d, Jr.c=21.5 Hz), 103.53 (q, Jp.c=3.6
Hz), 76.13, 60.97, 13.89; IR (neat) v: 2944, 2839, 1725,
1664, 1481, 1353, 1292, 1199, 1145, 1087 cm '. HRMS
(ESI) calcd for Ci3H,F,05Na (M+Na)" 315.0621, found
315.0626.

(JR)-4- =3-3-(1- 5k L5 T -2-15 82 £ B (deh):
W AIHRAR. 'TH NMR (400 MHz, CDCl;) 0: 7.40~
7.30 (m, 5H), 5.96 (q, J=9.6 Hz, 1H), 5.76 (s, 1H), 4.23~
4.15 (m, 2H), 1.66 (d, J=9.6 Hz, 3H), 1.27 (t, J=10.8 Hz,
3H); *C NMR (100 MHz, CDCl;) J: 163.88, 151.10 (q,
Jr.c=33.0 Hz), 140.73, 128.50, 128.40, 126.43, 119.73 (q,
Jr.c=276.0 Hz), 102.77 (q, Jr.c=3.3 Hz), 82.10, 60.88,
23.27, 14.09; IR (neat) v: 2983, 1724, 1659, 1453, 1366,
1293, 1202, 1149, 1029 c¢m™'. HRMS (ESI) calcd for
C4H,sF305Na (M+Na)" 311.0871, found 311.0875.

(JR)-4-(1-858) £ 58 1 -3-Ji-2- Bl (4fh): 9% 35 (L
RIAA. 'TH NMR (400 MHz, CDCls) J: 7.36~7.25 (m,
5H), 5.34 (q, J=8.0 Hz, 1H), 5.09 (s, 1H), 2.42 (s, 3H),
1.88 (s, 3H), 1.59 (d, J=8.0 Hz, 3H); °*C NMR (100 MHz,
CDCly) 0: 196.38, 169.66, 141.23, 128.84, 128.68, 125.18,
101.78, 75.74, 32.01, 23.40, 19.55; IR (neat) v: 1722,
1678, 1609, 1235, 1151 c¢cm™'. HRMS (ESI) calcd for
C3H,60,Na (M+Na)" 227.1048, found 227.1043.

BTl (Supporting Information) fiTH 724 HIAZ% 1k
AL ARG, X LR R AT DL e 2 AR T I3k (http://sioc-
journal.cn/) | R #K.
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