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One-Step Enol Esterification of 1,3-Dicarbonyls with Carboxylic Acids
Activated by Perfluoroalkanosulfonyl Fluoride
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Abstract O-Acylation of 1,3-dicarbonyl compounds provides enol esters which act as precursors for the synthesis of chiral
alcohols, natural products, heterocycles and functional materials. Perfluoroalkanosulfonyl fluoride (R{SO,F) is a class of ex-
cellent hydroxyl-activating reagent, and has been extensively developed and used in the formation of C—F, C—0O, C—N and
C—S bonds in organic synthesis. In this work one-step O-acylation of 1,3-dicarbonyl compounds (1,3-diketones and f-ketonic
esters) with carboxylic acids activated by RSO,F in alkaline media was disclosed, and the corresponding O-acylation products
(enol esters) were generated in moderate to good yields. The optimized reaction conditions are as follows: 1,8-diazabicyclo-
[5.4.0]Jundec-7-ene (DBU) as base, CH,Cl, as solvent, n-C4FoSO,F as activating reagent, room temperature for 30 min and the
molar ratio of n(1,3-dicarbonyls) : n(RCOOH) : n(R{SO,F) : n(DBU) being 1.0 : 1.0 : 1.0 : 4.0. A novel reagent for one-step
O-acylation of 1,3-dicarbonyl compounds with carboxylic acids was developed. The application of R{SO,F in organic synthe-

sis was further expanded.

Keywords perfluoroalkanosulfonyl fluoride; 1,3-dicarbonyl compound; carboxylic acids; enol ester
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BIF 5 BT 14 28 717 22 28 4 JE R PR 2 5 0F 90 /I 20t 4 (B
250 Jot L B I JRUE A LA BRAL 22 (R B AR T R 2 5F
GUPERIRT T TAE. AEUIERE b, ek, RATIREAY
J& T e EANLE A T P VSR, IRk H R
T c—0%, c—N 1 C—S gt kg b, IRA1H 525
ZERR I ReSO,F Al LIy @ Tim b i), me
Fi5 PR R 5t Ol R e AR R AL BRI AN DL 2
HESE . B BRATEIRIE T 4 F e SE R e U H T35
b — F LR 2 18]/ Arthen-Todd-like N4 % T
FARL ) B RR AL &MY, iSCh BATCAIRIE T &%k
LRSI AU 0T LA TS S B A PR 1,3- Ak
Wz aRE S C-B O-FRIAL R NI, VNIRRT
TR, A 14k SR AR R T, 4 9 S hk
BT TSGR R IE A 13- SR —
O-Fk A B, AT LA R 25 21 ) 4T (1 77 238 26 Bl AR B 1)
O-Th Ak =W 47 BE iR (Scheme 1).

o O 0 n-C4FgSO,F o R' O
+
IS R T N N
1 2 3

B i be R U TR (RN 1,3- R EAL &)
8= O-BEHAL [N

Scheme 1 One-step O-acylation of 1,3-dicarbonyls with car-
boxylic acids activated by perfluoroalkanosulfonyl fluoride

1 ZER5VE
1.1 REEHHRK

FESETT TAE T, 85 4 ot L 9 5 3 R AL &
YD 1,3-ZENAEMZRI—F C-BL O-FHAb %
R g 13- IR AR E T L 45
R o sk SR I B AR A 1,3- A A 3-FR G e
KB 13- B G T LA Tz = B, i 4
TR AR S 5 A P R = RN 3-BRE X 2 1,3-
TR SR N Tz s B, BT A
St TR U TR AR R AN 1,3- Bk S 2 1]
— 2 O-MEFAL BT, IR TARISE . BRI T
P S B R 5% 1,3- R A 3-BRER e 5 2 Bl R < 18] 1)
O-BRIAL M.

G RL 2,4- 18 T (La) G AR R F R (2a) 2 [H] 1)
O-To HEAV IR [, W I S S AR 04T T AL, R0 &5
R 1. PRALTE T BN S L BT, Sk 5 4oy 2 1]
(R EEJRBCLE n(1a) © n(2a) : n(n-C4FsSO,F) © n(base)[E &
92.0:1.0:1.0:25 EEAESR N DBU A, X
BRIT T, AR 1 RIS ST I, 8 S ek
CIEVEVRF H R S 18] 30 min I, 774 3a 77 K,
IR 45%(F 1, Entries 1~6). 4 F 3K LA CH,Cl, N7l
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Eim N, FHE T, FH Cs,COs. K,COs #1 NaH
VEBRIS, #RBA AR 3a; A6 FIELES A HLIL = £ &,
3a P2 RAUN 35%(F 1, Entries 7~10). H T WLk
BORMA VL DBU 25 Ry, JATEHE 1 IREXS
SBEFIEZIR. LD DBU ABR, WM CHyCl, 255Kk,
4 AR BAR AR L0 "C) A s I FE (IR AUIR A )
TRHATE, 3a PR R, N 30%H 10%(% 1,
Entries 11, 12). #0120 & B, 24 BT A) ZE K 3]
1 h i, SRNARZR PG RIEZ, =Y 3a (17 03
30%. ffa, FRATEXS A R & 21 4 2 A] ) BE JR e Lo gk 47
THEZ, FFRINY nda) : n2a) : n(n-C4FSO,F) :
n(DBUYN 1.0 1 1.0 2 1.0 : 4.0, P4 3a F= it — 41
mE 55%. % ERTA, mARAK I SR kAR RN
CH,Cl,, By DBU, n(1a) : n(2a) : n(n-C,FsSOF) :
n(DBUYA 1.0 1 1.0 1 1.0 : 4.0, MNRENEE, RN
B 1) 49 30 min.
#£1 RPFKHRITALC

Table 1 Optimization of reaction conditions for O-acylation of
1a with 2a

)

H3C CH

o o (0] n-C4FgSOQF o) ° >j °
solvent

+ OH — o
Hy,(:)J\/U\CH3 /©)‘\ base
1a HsC temp.

2a

HaC 3a

Entry’  Solvent Temp./C Base  Time/min Yield®/%

1 CH;CN 25 DBU 30 45
2 CHCl, 25 DBU 30 20
3 THF 25 DBU 30 10
4 PhMe 25 DBU 30 15
5 CH;COCH; 25 DBU 30 5
6 CH,Cl, 25 DBU 30 45
7 CH,Cl, 25 NaH 30 0
8 CH,Cl, 25 K,CO; 30 0
9 CH,Cl, 25 Cs,CO; 30 0
10 CH,Cl, 25 Et;N 30 35
11 CH,Cl, 0 DBU 30 30
12 CH,Cl, Reflux DBU 30 10
13 CH,Cl, 25 DBU 60 30
14° CH,Cl, 25 DBU 30 55

© 2019 Chinese Chemical Society & SIOC, CAS

“ The molar ratio of n(1a) : n(2a) : n(n-C4FsSO,F) : n(DBU) is 2.0 : 1.0 :
1.0 : 2.5; ¥ isolated yield; ¢ the molar ratio of n(1a) : n(2a) : n(n-C4FsSO,F) :
n(DBU)is 1.0 : 1.0 : 1.0 : 4.0.

1.2 BRERF13-ZHENAVRYIERTENER
N T R R AL B AR 1,3-—
BEAA W85 O-JBEBE Ak 5N 138 FH Y FBLRT J
MBS, FRATGREAREE T 2 FOERER AN A =4 1,3- 8%
FAL G 3- A 1. 2B 2R ZEA =R OB 28
LI Z ) O-BE3EAL B, SEXG 45 A1 T-3% 2 .
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Table 2 Application scope of carboxylic acids and 1,3-dicarbonyls
Entry” Product Yield’/% Entry” Product Yield"/%
o} (0]
O OEt
=
PN Y
1 55 9 ON O CF3 O 50
Me 2 3
3a
2 ﬁ ° >9 10 oA o 63
MeO 3b 3j
o o OMe O
OJ\)J\
3 58 11 0 0 68
cl 3¢ MeO 3k
4 OO 50 12 58
3d OMe
3l
X
5 /O)k o 56 13 ° ° 73
F 3e OMe
3m
Ph M
6 Ao 55 14 /©)\ o o 75
3f MeO 3n
AR 5
x
7 /©)\ 0 OEt 41 15 o~ o 79
MeO 3g 3o
¥ Yol
x COOEt M
8 ° 48 16 e\©)Lo o 7
3h 3p

“ All the reactions were run with 1 (1.0 mmol), 2 (1.0 mmol), n-C4FoSO,F (1.0 mmol), and DBU (4.0 mmol) in CH,Cl, at 25 °C for 30 min; ? isolated yield.

MF 2 B LE T WL, B 2 MRIR S 1,3-
TRRIEAL G 2 TR I SN ERIR AR R T AR RL O-F
B4 3. EA VIR, MAZRLEE FRE o] UR
H, A SRFGEEER Y 3 B — b, RN
AR ED) 3a~3i. 7T HIERERMER TN 1,3
THREALE (LB LR LR =R L LR LB AR
1% 2 1) F4) 52 AN B 41%~ 50%EAR 1 77 238 42 B T e Ak
FEYI(ER 2, Entries 7~~9), 15 F Gk SR M BR 1)
1,3- 3RS AP (2,4- T —HIAT 1,3-30 2 i) SRR
[ H O-Bt3Ak [ NAR L 50%~79%55 i = R A i 1
KN (s e P, o, 1,3-3F C R RO B 2,4-1%
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TR )RR (3R 2, Entries 16, 10~16). REZI45
FAXF SN (R RE RN K, i 7 R TR R % A JR B T & 1
RN, FFF IR EHURIE R X 0 IR A 1,3-2
F Ak A 2 T B SR N2 A K. B AT I, %28 O-Tik
TR BR R B AR IS VG L
1.3 REZANIEHEN

W ) S L LER U Scheme 2 ATz (LA 1a F1 2 2 [6] )
O-BRIEAL N9 ).
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[DBUHI'F C4FoSO; [DBUHT*
B2 I R AL
Scheme 2 Proposed mechanism
2 Zhig

B2, fEAHL DBU 74T, 4 ke = it o i
FIBEIE RIS 1,3- Wb S BB R TR P A 1,3-
THRIEMEMRE W O-BEE RN, LSS BB
7 3R A A L ) O-BR B4 = DI BE e, TN 1,3-—
PRI E D) — 8 O-Be H A S DL 2 A3t — B i) 177
RN BRI R A, (H B SRR L AR
B A BT AT AR RS 5 — AR . SRR A SR —
AT T A TR A SRR A AL A S R RN
FHA.

3 S
3.1 NBES5RHF

JIT A F 1 4 e S TBE IR 7T n-CyFoSO.F T
Eb S A PR AT, & 99%Lh . BT MR IR
Y. 13- RISV SRR 5 R AT I B
i E RN FEAFIE R A T, RS 5 H
B, AR BT R R B T AR e e
J& H (10~40 pm, 200~300 H), &bt A [F A FR 5]
(A B FE Y 60~90 °C) FI 2.1 28 (VR S Va 7).

AVANCE 400 MHz R REILARAU(TMS 1E AR,
CDCI: /%5, Hi+ Bruker 23 7); Esquire 3000 43 ¥ i
W24 (3 [ Bruker Daltonics A ).
3.2 ZLIiIiE
321 A AR AERRRA 13- F b4
Z A —% O-B LR T

Fiw R, X R FER 2a (136 mg, 1.0 mmol) Al
DBU (304 mg, 2.0 mmol)#%fi# T CH,Cl, (2 mL), #ifk
B30 min. R FEFE T S min IS8 A AHIE T
SR U1 CHLCl, %9300 mg, 1.0 mmol. 3T 0.5 mL
CH,CL, 1), 4kSE[RIRSHE RS 10 h. IIAVER 2,4-K
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fiil 1a (100 mg, 1.0 mmol)F1 DBU (300 mg, 2.0 mmol)¥]
CH,Cl, ##i(1 mL CH,Cl,). 4R4L1E =R R HHE <M 30
min (BRZ TLC FREZ RN BERE). K s S B2 ok e 7%
AR R LRI S 5y, BT Rk B & IRk E A 4l fk
[ V(A @ M(CBR CFR)=50 © 1]/51% 120 mg
F=W) 3a, FEEN 55%. G 3b~3p Z A K.

(JR)-4->%F FF 24 PRV g 4R 2 1 2-3- 45 -2- T (3a): VR B (1
HPREAK. "TH NMR (400 MHz, CDCl3) 6: 7.94 (d, J=8.0
Hz, 2H, ArH), 7.25 (d, J=8.0 Hz, 2H, ArH), 6.20 (s, 1H,
CH;COCH=), 2.42 (s, 3H, ArCH};), 2.41 (s, 3H, COCH,),
2.23 (s, 3H, =C(0)CH3); *C NMR (101 MHz, CDCl;) ¢:
195.70, 163.49, 158.33, 144.76, 130.22, 129.37, 126.17,
117.63, 30.94, 21.73, 21.48; HRMS (ESI) caled for
C3H,505 [M+H]" 219.1021, found 219.1016.

(JR)-4-%oF FR AR 25 2% HR I A i 13- 30 -2 - (3b): YR 2
HPIRBA. 'TH NMR (400 MHz, CDCls) d: 8.07 (d, J=
8.0 Hz, 2H, ArH), 6.97 (d, J=8.0 Hz, 2H, ArH), 5.86 (s,
1H, CH;COCH=), 3.87 (s, 3H, OCHj3), 2.20 (s, 3H, CH3),
2.15 (s, 3H, CH3); >C NMR (101 MHz, CDCl) 6: 195.86,
164.10, 163.16, 158.49, 132.36, 121.20, 117.69, 113.97,
55.53, 30.96, 21.53; HRMS (ESI) caled for C3H,4,0,Na
[M+Na]" 257.0790, found 257.0798.

(JR)-4-3%F GRS gt 28 13-4 -2- T (3e): 9% 3 (i
JRAK. 'TH NMR (400 MHz, CDCl3) d: 8.03 (d, J=8.0
Hz, 2H, ArH), 7.45 (d, J=8.0 Hz, 2H, ArH), 5.93 (s, 1H,
CH;COCH=), 2.17 (s, 3H, CH3), 2.14 (s, 3H, CH3); °C
NMR (101 MHz, CDCly) &: 197.22, 167.52, 162.66,
132.74, 132.64, 116.64, 115.96, 115.74, 32.10, 18.60;
HRMS (ESI) caled for C;H;;ClO;Na [M + Na] -
261.0294, found 261.0291.

(J)-2-25 F Bk 8 2 1 -3-J-2- W (3d): ¥R 3 (A JHPIR VR
&. "TH NMR (400 MHz, CDCl;) J: 8.63 (s, 1H, ArH), 8.04
(d, J=8.0 Hz, 1H, ArH), 7.95 (d, J=8.0 Hz, 1H, ArH),
7.89 (d, J=8.0 Hz, 1H, ArH), 7.87 d, J=8.0 Hz, 1H,
ArH), 7.60 (dd, J=8.0, 8.0 Hz, 2H, ArH), 7.55 (dd, J=
8.0, 8.0 Hz, 2H, ArH), 6.27 (s, 1H, CH;COCH=), 2.48 (s,
3H, CHa), 2.25 (s, 3H, CH3); >C NMR (101 MHz, CDCl5)
5: 197.46, 164.16, 163.07, 135.88, 132.38, 131.98, 129.45,
128.83, 128.49, 127.83, 126.96, 126.19, 125.15, 116.66,
32.22, 18.78; HRMS (ESI) calcd for C;¢H;0sNa [M—+
Na]' 277.0841, found 277.0833.

(J2)-4-5%F A P ok A O 13-4 -2- T (3e): 92 B (i
JRWAK. "H NMR (400 MHz, CDCly) §: 8.07 (dd, J=10.0,
8.0 Hz, 2H, ArH), 7.14 (dd, J=38.0, 8.0 Hz, 2H, ArH), 6.20
(s, IH, MeCOCH=), 2.41 (s, 3H, CH3), 2.23 (s, 3H, CH3);

http://sioc-journal.cn/ 2045
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C NMR (101 MHz, CDCl;) d: 197.30, 167.51, 163.96 (q,
Jr—c'=752.00 Hz), 162.70, 132.83 (q, Jr=37.60 Hz),
132.70 (q, Jr—c'=33.84 Hz), 116.65, 115.86 (q, Jr—c"=
82.72 Hz), 32.16, 18.63; HRMS (ESI) calcd for C;,H;,FO;
[M+H]" 223.0770, found 223.0771.

(R)-4-ZK 3 T B4R 3 10 -3-45-2- R (3F): ik ¥t iR
#ifA&. "H NMR (400 MHz, CDCl;) d: 7.28~7.26 (m, 5H,
ArH), 6.05 (s, 1H, CH;COCH=), 2.72~2.66 (m, 2H,
PhCH,), 2.46~2.42 (m, 2H, OCOCH,), 2.29 (s, 3H,
CH;COCH), 2.20 (s, 3H, CH;C=CH), 2.03~1.97 (m,
2H, PhCH,CH,CH,); “C NMR (101 MHz, CDCl;) o:
197.41, 170.75, 162.56, 140.92, 128.47, 128.46, 126.15,
116.30, 34.93, 33.67, 32.13, 26.22, 18.60; HRMS (ESI)
caled for C;sH;sOsNa [M + Na] T 269.1154, found
269.1161.

(JR)-3-(4- X FAAUR R 400 ) T -2- I R 1R (3g):
WA, '"H NMR (400 MHz, CDCl;) 6: 7.99 (d, J=
8.0 Hz, 2H, ArH), 6.92 (d, J=8.0 Hz, 2H, ArH), 5.77 (s,
1H, EtOCOCH=), 4.16 (q, J=8.0 Hz, 2H, COOCH,),
3.84 (s, 3H, OCH3), 2.43 (s, 3H, CH;C(0)=), 1.26 (t, J=
8.0 Hz, 3H, OCH,CHs;); *C NMR (101 MHz, CDCl;) o:
161.30, 159.56, 159.27, 158.83, 127.45, 116.47, 109.08,
105.39, 55.38, 50.73, 13.53, 9.46; HRMS (ESI) calcd for
C1sH,s0sNa [M+H]" 287.0895, found 287.0893.

(J)-4,4,4- =5-3-(2-ZE H LA BE)- T -2- M5 1R IR
(3h): HEEEMHPIRFA. 'TH NMR (400 MHz, CDCl;) o:
8.73 (s, 1H, ArH), 8.11 (d, J=8.0 Hz, 1H, ArH), 7.98 (d,
J=8.0 Hz, 1H, ArH), 7.93 (d, J=8.0 Hz, 1H, ArH), 7.90
d, J=8.0 Hz, 1H, ArH), 7.64 (dd, J=8.0, 8.0 Hz, 2H,
ArH), 7.57 (dd, J=8.0, 8.0 Hz, 2H, ArH), 6.49 (s, 1H,
EtOCOCH=), 4.14 (q, J=8.0 Hz, 2H, OCH,), 1.12 (t,
J=8.0 Hz, 3H, OCH,CH3); °*C NMR (101 MHz, CDCl;)
5: 162.35, 162.00, 145.16 (q, Jr—*=139.97 Hz), 136.13,
132.76, 132.38, 129.59, 129.07, 128.65, 127.83, 127.00,
125.33, 124.84, 123.20, 119.09 (q, Jr—c'=1028.73 Hz),
113.75 (q, Jr—c =11.28 Hz); IR (KBr) v: 1766.85,
1731.31, 1300.43, 1204.05, 1076.53 cm™'; HRMS (ESI)
caled for Ci7H 4F304 [M+H]" 339.0844, found 339.0850.

(R)-4,4,4- =5-3-(CW T BE 2K LA )- T -2- TR &
Fis(3i): ¥k i EHeIRAA. "TH NMR (400 MHz, CDCls) 6:
8.19 (d, J=8.0 Hz, 2H, ArH), 7.57 (d, J=8.0 Hz, 2H,
ArH), 7.33 (s, 1H, EtOCOCH=), 4.16 (q, J=8.0 Hz, 2H,
OCH,), 3.29 (s, 2H, ArCH,), 1.22 (t, J=8.0 Hz, 3H,
OCH,CH;); “C NMR (101 MHz, CDCly) §: 169.32,
147.88, 140.28, 135.09 (q, Je—c =22.56 Hz), 130.51,

2046 http://sioc-journal.cn/
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125.87 (q, Jp-c>=109.04 Hz), 124.21 (q, Jr—c'=1022.72
Hz), 124.17, 123.90, 61.58, 32.18, 14.27; HRMS (ESI)
caled for C3H 405 [M+H]" 348.0695, found 348.0688.

(R)-(3- K H R BE ) I C-2- 1 B 31 %
FOGHRIA. "H NMR (400 MHz, CDCLy) d: 7.78 (d,
J=16.0 Hz, 1H, PhCH=), 7.55~7.53 (m, 2H, C¢Hs),
7.41~7.39 (m, 3H, C¢Hs), 6.47 (d, J=16.0 Hz, 1H, PhCH
=CH), 2.62~2.59 (m, 2H, COCH,), 2.43~2.40 (m, 2H,
COCH,CH,CH,), 2.11~2.04 (m, 2H, COCH,CH,); "*C
NMR (101 MHz, CDCly) &: 199.50, 169.93, 163.26,
147.26, 133.72, 131.07, 129.03, 128.38, 117.42, 116.31,
36.75,28.42,21.31.

3-(2,4- WA IR F R S 0 ) BE C-2- I BK): TR 3
HPIREA. 'TH NMR (400 MHz, CDCls) 6: 7.87 (d, J=
8.0 Hz, 1H, ArH), 6.48 (d, J=8.0 Hz, 1H, ArH), 6.46 (s,
1H, ArH), 5.93 (s, 1H, COCH=), 3.86 (s, 3H, OCH),
3.83 (s, 3H, OCH3), 2.63~2.60 (m, 2H, COCH,), 2.40~
237 (m, 2H, COCH,CH,CH,), 2.08 ~2.02 (m, 2H,
COCH,CH,); “C NMR (101 MHz, CDCl;) 6: 199.57,
170.75, 165.43, 162.47, 161.43, 134.54, 117.47, 110.04,
105.01, 98.90, 55.95, 55.57, 36.81, 28.59, 21.40; HRMS
(ESI) caled for C;s5H;;Os [M—|—H]+ 277.1076, found
277.1082.

3-(2- F A k-4 SR AR 8058 B0 O -2- M5 B (31): %
FOGHRA. "H NMR (400 MHz, CDCLy) §: 7.79 (d,
J=4.0 Hz, 1H, ArH), 7.45 (dd, J=8.0, 4.0 Hz, 1H, ArH),
6.92 (d, J=8.0 Hz, 1H, ArH), 5.96 (s, IH, COCH=), 3.87
(s, 3H, OCH3), 2.63~2.60 (m, 2H, COCH,), 2.42~2.38
(m, 2H, COCH,CH,CH,), 2.10 ~ 2.05 (m, 2H,
COCH,CH,); “C NMR (101 MHz, CDCl3) 6: 199.32,
169.97, 160.93, 158.67, 134.53, 131.74, 125.23, 119.07,
117.86, 113.69, 56.35, 36.76, 28.37, 21.31; HRMS (ESI)
caled for CH,ClO, [M + H] " 281.0581, found
281.0583.

3-(2- VAR 3 % I A 3 3 C-2- M i (3m) ! 9% 3
EHPIRBA. "H NMR (400 MHz, CDCls) o: 7.84 (d, J=
8.0 Hz, 1H, ArH), 7.51 (t, J=8.0 Hz, 1H, ArH), 6.99~
6.95 (m, 2H, ArH), 5.97 (s, 1H, COCH=), 3.88 (s, 3H,
OCHs3), 2.64~2.61 (m, 2H, COCH,), 2.41~2.38 (m, 2H,
COCH,CH,CH,), 2.09~2.03 (m, 2H, COCH,CH,); "*C
NMR (101 MHz, CDCly) &: 199.47, 170.41, 162.13,
160.10, 134.95, 132.24, 120.19, 117.68, 112.22, 55.98,
36.80, 28.47, 21.36.

3-(4- FAA L 2R R BEAUS) 2F O -2- 1 Bl (3n): VR B
MRBAA. "TH NMR (400 MHz, CDCl3) 8: 7.98 (d, J=8.0

Chin. J. Org. Chem. 2019, 39, 2042~2047



Chinese Journal of Organic Chemistry

NOTE

Hz, 2H, ArH), 6.91 (d, J=8.0 Hz, 2H, ArH), 5.98 (s, 1H,
COCH=), 3.84 (s, 3H, OCH;), 2.64~2.61 (m, 2H,
COCH,), 2.42~2.39 (m, 2H, COCH,CH,CH,), 2.10~
2.04 (m, 2H, COCH,CH,); *C NMR (101 MHz, CDCl;) §:
199.48, 170.35, 164.26, 162.81, 132.37, 120.78, 117.57,
113.96, 55.53, 36.77, 28.48, 21.34; HRMS (ESI) calcd for
C4H,50,[M+H]" 247.0970, found 247.0977.

3-(1F LBt ) 3 2 -2-J% B (30): 'H NMR (400
MHz, CDCl;) 0: 5.85 (s, 1H, COCH=), 2.51~2.48 (m,
2H, COCH,), 2.43 (t, J=8.0 Hz, 2H, CH,COO), 2.38~
2.35 (m, 2H, COCH,), 2.05~1.99 (m, 2H, COCH,CH,),
1.66~1.59 (m, 2H, CH;CH,CH,), 1.40~1.31 (m, 2H,
CH;CH,), 0.90 (t, J=8.0 Hz, 3H, CH;); °C NMR (101
MHz, CDCL3) d: 199.52, 170.29, 169.87, 117.44, 36.68,
34.12, 28.33, 26.64, 22.05, 21.22, 13.60; HRMS (ESI)
caled for C,;H,,05 [M+H]" 197.1178, found 197.1186.

3-(3- F K R 4 3 A O -2- 4 B (3p): '"H NMR
(400 MHz, CDCl;) o: 7.85~7.83 (m, 2H, ArH), 7.41 (d,
J=8.0 Hz, 1H, ArH), 7.36~7.32 (m, 1H, ArH), 6.00 (s,
1H, COCH=), 2.66~2.63 (m, 2H, COCH,), 2.44~2.39
(m, 2H, COCH,CH,CH,), 2.12~2.06 (m, 2H, COCH,-
CH,); *C NMR (101 MHz, CDCly) &: 199.45, 170.21,
163.30, 138.57, 134.86, 130.66, 128.56, 127.34, 117.77,
36.77, 28.41, 21.33, 21.21; HRMS (ESI) caled for
C4H,505[M+H]" 231.1021, found 231.1022.

i Bh#4 £} (Supporting Information) T A 7= ¥ (¥ 4% 4
G ABR L. X LERARL AT LA 3 WA 9 35 (http://sioc-

Chin. J. Org. Chem. 2019, 39, 2042~2047

© 2019 Chinese Chemical Society & SIOC, CAS

journal.cn/) I F %k,

References

[1] Wang, Z.; Zhang, Z.; Liu, Y.; Zhang, W. Chin. J. Org. Chem. 2016,
36, 447 (in Chinese).
(EEHE, ke, XIHN, &M@, A AT, 2016, 36,447.)
[2] Arakawa, H.; Aresta, M.; Armor, J. N.; Barteau, M. A.; Beckman,
E. J; Bell, A. T.; Bercaw, J. E.; Creutz, C.; Dinjus, E.; Gibson, D.
H.; Goddard, W. A.; Goodman, D. W.; Keller, J.; Kubas, G. J.;
Kung, H. H.; Lyons, J. E.; Manzer, L. E.; Marks, T. J.; Morokuma,
K.; Nicholas, K. M.; Periana, R.; Que, L.; Rostrup-Nielson, J.;
Sachtler, B. R.; Tumas, W. Chem. Rev. 2001, 101, 953.
[3] (a) Yoo, W.-J.; Li, C.-J. J. Org. Chem. 2006, 71, 6266.
(b). Rout, S. K.; Guin, S.; Banerjee, A.; Khatun, N.; Gogoi, A.; Pa-
tel, B. K. Org. Lett. 2013, 15, 4106.
(c) Dupuy, S.; Gasperini, D.; Nolan, S. P. ACS Catal. 2015, 5, 6918.
[4] Rottlander, M.; Knochel, P. J. Org. Chem. 1998, 63, 2038.
[5] Vorbruggen, H. Synthesis 2008, 1165.
[6] Yan, Z.; Wang, J.; Tian, W. Tetrahedron Lett. 2003, 44, 9383.
[71 Yan, Z.; Guan, C.; Yu, Z.; Tian, W. Tetrahedron Lett. 2013, 54,
5788.
[8] Yan, Z.; Tian, W.; Zeng, F.; Dai, Y. Tetrahedron Lett. 2009, 50,
2727.
[9] Yan, Z.-H.; Tian, H.; Zhao, D.-D.; Jin, H.-A.; Tian, W.-S. Chin.
Chem. Lett. 2016, 27, 96.
[10] (a) Gui, J.; Wang, Y.; Tian, H.; Gao, Y.; Tian, W. Tetrahedron Lett.
2014, 55, 4233.
(b) Yan, Z.; Xu, Y.; Tian, W. Tetrahedron Lett. 2014, 55, 7186.
[11] Wang, W.; Jin, H.; Yan, Z.; He, M. Lin, S.; Tian, W. Tetrahedron
Lett. 2017, 58, 3489.
[12] Yan, Z.; Jin, H.; Yu, X.; Wang, W.; Tian, W. Chin. J. Org. Chem.
2017, 37, 196 (in Chinese).
=Ikte, &40%, REHN, FHEM, BHfE4, A s, 2017,
37,196.)
[13] Shimoyama, I.; Zhang, Y. T.; Wu, G. Z.; Negishi, E. Tetrahedron
Lett. 1990, 31,2841.
[14] Vellalath, S.; Van, K. N.; Romo, D. Tetrahedron Lett. 2015, 56,
3647.
[15] Tamura, Y.; Wada, A.; Okuyama, S.; Fukumori, S.; Hayashi, Y.;
Gohda, N.; Kita, Y. Chem. Pharm. Bull. 1981, 29, 1312.

(Lu, Y.)

http://sioc-journal.cn/ 2047



