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Reaction of 2-Aroylmethylenemalonates with Corey Ylide
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Abstract The reactions of 2-aroylmethylenemalonates with Corey ylide were studied. Corey ylide, prepared in-situ from 1.0
equiv. of trimethylsulfoxonium iodide and 2.5 equiv. of sodium hydride in N,N-dimethylformamide (DMF), reacted with
2-aroylmethylenemalonates at —23 °C via a conjugate addition/elimination sequence to give 2-(1-aroylvinyl)malonates.
Corey ylide, prepared in-situ from 2.2 equiv of trimethylsulfoxonium iodide and 5.0 equiv. of sodium hydride in DMF, reacted
with 2-aroylmethylenemalonates at —23 to 0 ‘C by a conjugate addition/elimination/conjugate addition/cyclopropanation
sequence to give 2-(1-aroylcyclopropyl)malonates. Corey ylide, prepared in-situ from 1.1 equiv. of trimethylsulfoxonium io-
dide and 5.0 equiv. of potassium carbonate in DMF, reacted with 2-aroylmethylenemalonates at 0 ‘C via a conjugate addi-
tion/cyclopropanation sequence to give 2-aroyl-1,1-cyclopropanedicarboxylates. These three processes can be controlled with
high chemoselectivity by simply adjusting the base, the reagent ratios and the reaction temperature.
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Scheme 1 Reaction of electron-deficient olefins with Corey ylide
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Table 1 Reaction of 2-benzoylmethylenemalonate (1a) with trimethylsulfoxonium iodide promoted by base

O  CO,Et
o o) P Ph._O Ph._O Ph. O
§oL, ~basesohvent [ /ISI'tCH‘] " o LCO Et + %co Et +
HsC” gHC;H3 temperature (T4) 3C éHg 2 temperature (T,) ? ? COEt
10 min ) time CO5Et CO,Et CO,Et
Corey ylide 2a 3a 4a

Entry OS"Mesl/equiv. Base/equiv.  Solvent TV/T»/°C Time/h Product/(yield’/%) Selectivity® of 2a : 3a : 4a

1 1.2 NaH/2.5 DMF 0/0~25 10 min 2a/60 63:37:0

2 1.0 NaH/2.5 DMF 0/0 25 min 2a/73 80:20:0

3 1.0 NaH/2.5 DMF 0/—23 1.0 2a/84 91:9:0

4 1.0 NaH/2.5 DMF 0/—23 4.0 2a/25 29110 < 61

5 2.0 NaH/2.0 DMF 0/0~25 1.0 (0 C)+19.0 3a/45 —

6 2.2 NaH/3.5 DMF 0/—23~0 1.0(—23 C)+8.0 3a/87 9:91:0

7 2.2 NaH/5.0 DMF 0/—23~0 1.0(—23 C)+6.0 3a/93 0:100:0

8 2.2 NaH/5.0 DMF 0/0 6.0 3a/85 0:93:7

9 2.2 NaH/5.0 CHCl>  0/—23~0 1.0(—23 *)+9.0 4a/13 0:0:100

10 1.0 K2COs/1.1  DMF 25/25 22.0 4a/80 0:0:100

11 1.1 K2COs3/2.5 DMF 25/0 4.0 4a/93 0:0:100
@ Reaction was conducted with 0.3 mmol of 1a; ® Isolated yield; ¢ Determined by 'H NMR.
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FEMI B N S e = ML W R 1.1
equiv., BREFHIF SN 2.5 equiv., ¥ 51N DMF, W
HER 0 CER 1, Entry 11).
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(3.0 equiv.)FFAERHT I [B] N 28 1E S SLCRAS S TLC
W, B[R R L 22 IR SRR R ). K Ar Hepidn g
(DD, 2- 2 B3 PRV JE 5 — 188 — 2016 1p tRRENTR) e b
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Table 2 Synthesis of 2 via the NaH-promoted reaction of 1 with
trimethylsulfoxonium iodide

O CO,R
_— Ar
('s?t L NaH@5equvy AT 7 COR COR
H,c” 1\ CHs s e 2
CH;  DMF, 0°C, 10 min 23 °C, time
. CO,R
(1.0 equiv.) 2
Entry 1 Ar R Time/h Product Yield”/%
1 1a Ph Et 1.0 2a 84
2 1b 4-MeCsH4 Et 2.5 2b 79
3 1lc 4-MeOCsHs Et 2.5 2c 84
4 1d 3-MeOC¢Hs Et 2.5 2d 86
5 le 2-MeOC¢Hs Et 2.0 2e 72
6 1f 4-BrCeHs Et 27 min 2f 80
7¢ 1g 4-ClC¢H4 Et 20 min 2g 81
8 1h 4-FCe¢Hs Et 25 min 2h 60
9¢ 1i 4-NO2CeHs  Et 15 min 2i 61
10 1j 3-NO2C¢Hs  Et 15 min 2j 60
11¢ 1k 2-NO2C¢Hs  Et 15 min 2k 64
12¢ 11  4-CF3;CsH4 Et 17 min 21 74
13 1m Ph Me 1.0 2m 76
14 1p Me Me S min 2p 70

@The reaction was conducted with 0.3 mmol of 1; ?Isolated yield; ©3.0 equiv.
of NaH was used.

AN Gy, wE BRI I = F LAk STV ARt B B 1) FH & 5
FREALC S L it FEE A fie A BSORE B2 1) H AR =0 (R- 4, Entries
9~12). 2-%e Ak F Ik H 7 5 TR — R TR JICH) 1p tmT 2R
ZRBL, PR Ap B B AN E(R 4, Entry 16). 7Y
4n S5 K973 X SR 2R 5 G AT I 2B R A IE.

1.3 TTRERI R RIHIE

2-ZK R FE P BT R — ZfiE(1a) 5 Corey M-37
15 )z B FR R BEMLFE I Scheme 2. FEMRIE(—23 C) At
IR (NaH)fA7E T, Corey M85 1a LB BIE AL
R A Ta, 28 1,2-00 1345 [A144 Tn, I 74 bR — I B
TEA(DMSO) 5724 2a (Scheme 2, a); &l 2.2 equiv.
= B LA S ARRT 5.0 equiv. OSSN, B S E —
23 °C'F Corey Mirflit 1a [k B, & _LIRINIAE RIS
K 2a, PRSI Corey M7 E 2a 75 0 C N RAE
ILHEIMEAT R A Xe, Te A5 N SRARZ IR HA A e
AR ) 3a (Scheme 2, b); #5453 [ (K-CO3),
0 CF Corey MZfl5 1a ILYEIMAEIE B H AA Ta &
A FNEIZIUR, AR B =Y 4a (Scheme 2,
c).
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Corey ML ABNAER T =4 3a. KKIBT, ¥ 1.2
equiv. — FEMUL R LAMEL G 2a NIFES AT 4.0
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Table 3 Synthesis of 3 via the NaH-promoted cyclopropanation of 1 with trimethylsulfoxonium iodide

O  COR O  CO,Et X-ray of 3m @
o A~ cor PO o7
8t ch. NaH (5.0 equiv.) 1 %COZR Ar CO,Et X @/@\ &
HsC CHy 3 DMF, 0 °C —23~0°C, time EtO,C~ “CO,Et @,@/”%@/@i
22equiv)  10min 3 COR g ar=aNoc, |80 @
Entry 1 Ar R Time/h Product Yield®/%
I 1a  Ph Et 1.0(—23 C)+6(0 C) 3a 93
2 1b  4-MeCeHs Et 1.1(—23 C)+7(0 C) 3b 90
3 1c 4-MeOCsHa Et 2.0(—23 ‘C)+12(0 C) 3¢ 93
4 1d 3-MeOCsHa Et 23(—23 ‘C)+14(0 C) 3d 89
5 1e 2-MeOCsHa Et 1.4(—23 ‘C)+8.5(0 C) 3e 85
6 1f 4-BrCeHa Et 40 min (—23 C)+4.5(0 C) 3f 91
7 1g 4-CICeH4 Et 40 min (—23 ‘C)+4.5(0 C) 3g 89
8 1h 4-FCeHa Et 30 min (—23 ‘C)+3.5(0 C) 3h 92
9 1i 4-NO>CsHa Et 1.1(—23 ‘C)+7(0 C) 3i' 35
10 1j 3-NO2CeH4 Et 5min (—23 C)+1(0 C) 3j 73
11 1k 2-NO2C¢Hs Et 5min (—23 ‘C)+35 min (0 C) 3k 82
2 1 4-CF3CeHa Et 10 min (—23 ‘C)+1.5(0 C) 3l 60
13 1m Ph Me 1.0(—23 C)+6(0 C) 3m 81 (X-ray)
14 1p Me Me 5 min (—23 C)+40 min (0 C) 3p 46

@ Reaction was conducted with 0.3 mmol of 1; ? Isolated yield; ¢ CCDC 2206679 (3m).
R4 RIRIMEHE = R EMUE TS 1 RBIA R 4¢
Table 4 Synthesis of 4 via the KxCOs-promoted cyclopropanation of 1 with trimethylsulfoxonium iodide
O COR .
Ar.__O @ X-ray of 4n 3
e r . ArMCOZR B P " g)‘-”"'%
StcH K,CO3 (2.5 equiv.) 1 COR ¥ ¥ % o

H,e” s ; . e~
3% CH, ~ DMF, 25 °C, 10 min (t;) 0 or-23 °C, time (to)

o g g AT
(1.1 equiv.) 4C02R 1 © “‘i\f/} ¥ ‘\’v'
Entry 1 Ar R Temp./C t2/h Product Yield?/%
1 la Ph Et 0 4 4a 93
2 1b 4-MeCsHa Et 0 4 4b 92
3 1c 4-MeOCsH4 Et 0 10 4c 94
4 1d 3-MeOCsHa Et 0 4 4d 92
5 le 2-MeOCsH4 Et 0 6 4e 95
6 1f 4-BrC¢Ha Et 0 4 4f 92
7 1g 4-ClCeH4 Et 0 3 4g 90
8 1h 4-FCeHa Et 0 2 4h 38
9ed 1i 4-NO2C¢Ha4 Et —23~0 3 4i 85
1044 1j 3-NO2C6sH4 Et —23~0 3 4j 90
11¢ 1k 2-NO2C6¢H4 Et —23 52 4k 91
12¢4 11 4-CF3CeH4 Et —23~0 4 41 73
13 1m Ph Me 0 4 4m 92
14¢ 1n 3,4-(MeO)2C6H3 Et 0 32 4n 94 (X-ray)
15 1o 3,4-(Me0),CsH3 Me 0 40 4o 94
16 1p Me Me 0 40 min 4p 45

@ Reaction was conducted with 0.3 mmol of 1; *Isolated yield; c0S Mesl- (2.2 equiv.) and K,COj3 (5.0 equiv.) were used; ¢ #; was 2.0 h, the reaction was conducted at
—23 C for 0.5 h and then wormed to 0 “C; ¢CCDC 2206699 (4n).

92%H)7 F /3 435 3a (Scheme 3), X SFriES1E T [ SBE IE], 2% 1 o Entry 3 A1 Entry 4 ) SE56 45 R BL
S —2 TNEHISEIGIESE T 2a [0 4a AL, 4 2a S5EEY &
PL 2a AELEYINE, FESES] Corey HILHEL 1a f) — F 3L AR(DMSO)E DMF 1 0 “C R M, £14.0 h
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(a) 1.0 equiv. OS*(CHs)3 I~ and 2.5 equiv. NaH and 1a:
O  CO,Et (O CO,Et
: NaH o O  CO,Et
§+ | (2.5 equiv.) g+ ~ Ph 1a COLEt oh A CO.Et Phﬁ/‘\CO2Et elimination (0] CO,Et
-S~CH O S ~
HiC LH, ° DMF, 0°C HiC bHCQ; —23°C 2= 2H* shift 03§ NSO Ph)l\ﬂ/kCOZEt
10 min 3 conjugate addition O\\S‘r é;CHs
1.0 equiv. Corey ylide [ “CH 3
( ) CHy ° (1) (1) 2a
b) 2.2 equiv. OS*(CH3); I and 5.0 equiv. NaH and 1a: -
(b) q (CH3)3 q 2 (O cogt
O |- NeH O COEt |, ~-S~CH, O COsEt
st (5.0 equiv.) i 1a 27 CHg Ph CO,Et
H.oo WCHs T St~ Ph” CO,Et NS — N _Ph COEt
3 CHs * DMF, 0°C HyC' ™ —23°C L 0°C /] DMSO
(22equiv)  10min o vide 2a conjugate addition H3C CH3 ") cyclopropanation 3a
C.
c) 1.1 equiv. 3)3 I~ and 2.5 equiv. K,CO3 and 1a:
(¢) 1.1 equiv. OS*(CH3); I” and 2.5 equiv. K,CO3 and 1
O  CO.Et O CO.Et
0 K,CO;3 o
Stoy. @5equiv) L Ph)%kCOzEt Ph N ) "COEt cyciopropanation POEt
HaC . CHs — e ‘CH_# Ok ———— " Ph CO,Et
¥ CHy " DMF, 25°¢ HC o2~ 0°C S 2
10 min conjugate addition 3 () DMSO
(1.1 equiv.) Corey ylide CH3 a 4a

B2 2-FHEEF TN R — ZB5(1a)5 Corey M S3748 o b ) ] BEHLEE

Scheme 2 Possible mechanism for the reaction of diethyl 2-benzoylmethylenemalonate (1a) with Corey ylide

O  CO,Et
9 - Ph CO,Et 0 CO,Et
St i
HaC 3 |-(|;3|-|3 NaH (4.0 equiv.) 2?: Ph CO,Et
.. DMF, 0°C 0°
(1.2 equiv.) 3a (92% yield)

B3 2-(1-FRH M LIA 5N iR —
Reaction of diethyl 2-(1-benzoylvinyl)malonate (2a) with Corey ylide

Scheme 3

JEAR RIS, DL 61% 7 25 453 2] 4a (Eq. 1).

O  CO,Et o
© __omso FOE
Ph COEt DMF, 0°C,4.0h Ph CO,Et
22 4a (61% yield)
2 #Eig

JLHEAIRIER . RN —FRER 7 1) 5 Corey AL
1 R AR SRR MBI T ek, 2-707 FRE: A 7 —
IREE(1)S Corey MAZAER) VA =Fhol fg: &M
B BRI AT 2-(1- 07 BE2E 206 22 N R IR(2), &okt%
I0 R/ BRI AT #2145 2-(1- D7 BR R A T 2) TN
TREE3), LAREERZIN A A RS 2- 05 B -
L1-MR e R BRI (4). — Ak #2 nT DLk i 52 8 75 5
MR, PARR LI 5 5% A 15 21 e e v s i

3 SES
S
FH XTAA 75 ok sl G E AL S A =, iR

3.1
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e G RESEIREE, BL CDCLs 7). TMS AN
Fr; F Agilent 6100B Jii s A3 2 Ab S0 o i, —
WAL AR SAEN Bl B S 4aXR 250 o | 72 i 5 o #r
S R H BT I R 350 48 A R oK AL 3. 2-75 R FR I
7 BT (1a~ 1o)Ma f 2- 2Bk WV 3L TR — ik — 2. s
(Ap)MI S RESCRR T VA R
32 ZWHE
321 2-(1-3% PEEA CH )R —BRB5(2)09 & &
TEZTC/K TG AR HR I (¥ s A HOn 0.3 mmol = H
FLfAL PR 2 mL DMF, UK7K¥3(0 °C) Rl 0.75 mmol
NaH, i+ 10 min. $ S N T8N BURRH GBI DY &
PR 5 T R R IR Y, £9—23 C), HEdiiHE 3 min
JE A 0.3 mmol (b &W) 1, AR N M. £) 15 min~
2.5 h i, TLC EoR-724 2 R EEASFER N, AR
B K IERE R N, H 8 BRI =R, & HE L
A, RIS AN B A WA =R, oK B R A
Tk, 9E, F R TR, P EREENT o B 1S4l
HIF=4) 2.
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2-(1-FE LI 24655 0 R — 2.5 (2a): K EMT
(VA @ V(LR LR =120 1145 B 15 TE iR i
1k, %% 84%. '"H NMR (CDCls;, 500 MHz) d: 7.87~7.76
(m, 2H), 7.60~7.52 (m, 1H), 7.50~7.41 (m, 2H), 6.14 (s,
1H), 5.94 (s, 1H), 4.87 (s, 1H), 4.33~4.18 (m, 4H), 1.28
(t, J=7.1 Hz, 6H); 3C NMR (CDCls, 125 MHz) J: 195.9,
167.7, 140.6, 136.8, 132.5, 129.8, 129.0, 128.3, 62.0, 53.9,
14.0; HRMS (ESI) caled for C;sHisOs [M + H] ©
291.1227, found 291.1221.

2-(1-5F FE % FR g R 20 ) T R — 4 BB (2b):
FEENTIVCAMES) @ (B LE8)=10 & 115 5545 Tt
RIBAA, 2% 79%. 'H NMR (CDCls, 500 MHz) &: 7.72
(d, J=7.9 Hz, 2H), 7.24 (d, J=7.9 Hz, 2H), 6.09 (s, 1H),
591 (s, 1H), 4.85 (s, 1H), 4.30~4.17 (m, 4H), 2.40 (s,
3H), 1.26 (t, J=7.1 Hz, 6H); 3C NMR (CDCls, 125 MHz)
5: 195.6, 167.7, 143.4, 140.6, 134.1, 130.0, 129.0, 128.3,
61.9, 54.0, 21.6, 14.0; HRMS (APCI) calcd for Ci7Hy,05
[M-+H]" 305.1384, found 305.1390.

2-(1-6F F AR 6 2 PR R 356 2075 25 T 1R — 2 TR 2¢0):
FEEWVCRME) @ MO ) =8 © 115 543 0 i
ARWAE, 772 84%. 'TH NMR (CDCls, 500 MHz) J: 7.88~
7.81 (m, 2H), 6.98~6.90 (m, 2H), 6.04 (s, 1H), 5.87 (s,
1H), 4.83 (s, 1H), 4.30~4.18 (m, 4H), 3.86 (s, 3H), 1.26
(t, J=7.1 Hz, 6H); 3C NMR (CDCls, 125 MHz) J: 194.6,
167.7, 163.3, 140.6, 132.3, 129.3, 127.3, 113.6, 61.9, 55.5,
54.3, 14.0; HRMS (ESI) caled for Ci;7H;Os [M+H]"
321.1333, found 321.1341.

2-(1-Ja) F AR 4 25 FE RS 20 35 0 — R — 2.1k (2d):
FEENTIVCAMES) @ (R OEE)=10 & 115 2545 Tt
RIBAA, 7% 86%. '"H NMR (CDCls, 500 MHz) 6: 7.43~
7.28 (m, 3H), 7.16~7.04 (m, 1H), 6.12 (s, 1H), 5.96 (s,
1H), 4.84 (s, 1H), 4.30~4.17 (m, 4H), 3.83 (s, 3H), 1.26
(t, J=7.1 Hz, 6H); 3C NMR (CDCls, 125 MHz) 6: 195.6,
167.6, 159.5, 140.5, 138.1, 129.2, 129.1, 122.5, 119.0,
114.1, 61.9, 55.4, 53.9, 14.0; HRMS (APCI) caled for
C17H2106 [M+H]" 321.1333, found 321.1339.

2-(1-408 F AR B 2 FR R S5 2075 25 T 1R — T (2e):
FEEWVCRMER) @ MO ) =9 © 115 543 0
ARWAE, 772 72%. 'TH NMR (CDCls, 500 MHz) J: 7.46~
7.37 (m, 1H), 7.33 (dd, J=7.5, 1.6 Hz, 1H), 7.02~6.92
(m, 2H), 6.21 (s, 1H), 5.98 (s, 1H), 4.90 (s, 1H), 430~
4.19 (m, 4H), 3.79 (s, 3H), 1.28 (t, J=7.1 Hz, 6H); 13C
NMR (CDCls, 125 MHz) §: 195.5, 167.8, 157.4, 141.8,
131.9, 131.5, 129.7, 127.6, 120.2, 111.5, 61.9, 55.8, 52.2,
14.0; HRMS (APCI) caled for C;7H,0s [M + H]"
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321.1333, found 321.1332.

2-(1-XHR A L IE 205 55 N R — 4R (2f): #E2
FrIVCRES) @ (R OHE)=15 & 115 B3 R
&, P23 80%. '"H NMR (CDCls, 500 MHz) J: 7.67 (d, J=
8.5 Hz, 2H), 7.58 (d, J=8.4 Hz, 2H), 6.11 (s, 1H), 5.88 (s,
1H), 4.82 (s, 1H), 4.28~4.19 (m, 4H), 1.26 (t, J=7.1 Hz,
6H); 3C NMR (CDCls, 125 MHz) 6: 194.8, 167.5, 140.5,
135.6, 131.6, 131.3, 128.8, 127.6, 62.0, 54.0, 14.0; HRMS
(ESI) caled for Ci¢HisBrOs [M+H]" 369.0332, found
369.0338.

2-(1-%F SR kR 0 5 9 — 1R — Z R (2g): M=
M VCATNES) @ V(LR B5)=15 © 115 B8 (iRl
&, 722 81%. "H NMR (CDCls, 500 MHz) d: 7.76 (d, J=
8.5 Hz, 2H), 7.42 (d, J=8.5 Hz, 2H), 6.11 (s, 1H), 5.88 (s,
1H), 4.83 (s, 1H), 4.30~4.18 (m, 4H), 1.27 (t, J=7.1 Hz,
6H); 3C NMR (CDCls, 125 MHz) 6: 194.7, 167.6, 140.5,
139.1, 135.1, 131.2, 128.70, 128.66, 62.0, 54.0, 14.0;
HRMS (ESI) caled for CisHisClOs [M+H]™ 325.0837,
found 325.0843.

2-(1-5%F 2K F o 256 2 05 25 ) I 1R — 4R (2h): 4%
ENTVCR M) @ MR LE)=15 © 115 B8 T AR
WAk, 723 60%. 'H NMR (CDCls, 500 MHz) d: 7.93~
7.79 (m, 2H), 7.19~7.07 (m, 2H), 6.10 (s, 1H), 5.88 (s,
1H), 4.83 (s, 1H), 4.32~4.17 (m, 4H), 1.27 (t, J=7.1 Hz,
6H); 3C NMR (CDCls, 125 MHz) d: 194.5, 167.6, 165.5
(d, Jrc=245.1 Hz), 140.6, 133.0, 132.4 (d, *Jec=9.1 Hz),
128.3, 115.5 (d, 2Jec=21.9 Hz), 62.0, 54.1, 14.0; '°F NMR
(CDCl3, 470 MHz) o: —102.6; HRMS (ESI) caled for
CisH1sFOs [M+H]" 309.1133, found 309.1139.

2-(1-XF R 5L 2K FRBESE 207 25 N R — 4 IR (2i): #+
ENIVCAER) @ V(CIR CBE)=T 115 B 15Ttk
WAk, P23 61%. 'H NMR (CDCls, 500 MHz) J: 8.36~
8.27 (m, 2H), 8.00~7.91 (m, 2H), 6.21 (s, 1H), 5.90 (s,
1H), 4.85 (s, 1H), 4.33~4.20 (m, 4H), 1.29 (t, J=7.1 Hz,
6H); '3C NMR (CDCls, 125 MHz) 6: 194.3, 167.4, 149.9,
142.1, 140.5, 130.6, 130.1, 123.6, 62.2, 53.8, 14.0; HRMS
(ESI) caled for CigH;sNO; [M+H]" 336.1078, found
336.1077.

2-(1- AR 56 2 FE R 2 205 08 T 1R — R (2j): #%
EWTVCAE) © MR OER)=8 & 117 543 L ik
Wifk, 77% 60%. 'H NMR (CDCls, 500 MHz) 6: 8.68~
8.61 (m, 1H), 8.46~8.40 (m, 1H), 8.19~8.12 (m, 1H),
7.68 (t, J=7.9 Hz, 1H), 6.21 (s, 1H), 5.91 (s, 1H), 4.85 (s,
1H), 4.32~421 (m, 4H), 1.29 (t, J=7.1 Hz, 6H); 3C
NMR (CDCls, 125 MHz) &: 193.7, 167.4, 148.1, 140.2,
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138.2, 135.4, 129.7, 129.5, 127.0, 124.6, 62.2, 54.1, 14.0;
HRMS (ESI) caled for C1HisNO; [M+H]" 336.1078,
found 336.1070.

2-(1-20 Al 2 2% e 2L 2006 225 T R — 4 B8 (2K):
FEZMTVCA M) @ (IR ZBR)=8 & 114 B 15 6 il
RIBAA, =% 64%. '"H NMR (CDCls, 500 MHz) 6: 8.23~
8.15 (m, 1H), 7.79~7.72 (m, 1H), 7.68~7.62 (m, 1H),
7.55~7.49 (m, 1H), 6.30 (s, 1H), 5.82 (s, 1H), 4.97 (s,
1H), 4.32~4.22 (m, 4H), 1.31 (t, J=7.1 Hz, 6H); 1*C
NMR (CDCls, 125 MHz) 6: 192.9, 167.4, 146.6, 141.0,
134.9, 134.0, 132.2, 130.8, 129.1, 124.6, 62.2, 51.7, 14.0;
HRMS (ESI) caled for CiHisNO; [M+H]" 336.1078,
found 336.1069.

2-(1-%F = 98 FF 2L K F Ik 2 20 25 T R — 4T
Q@N: HEEN IV E) © MR B =12 11703815
T HPIRIBEAE, 725 74%. "H NMR (CDCl3, 500 MHz) ¢:
7.90 (d, J=8.0 Hz, 2H), 7.72 (d, J=8.1 Hz, 2H), 6.18 (s,
1H), 5.91 (s, 1H), 4.85 (s, 1H), 4.33~4.19 (m, 4H), 1.28
(t, J=7.1 Hz, 6H); 3C NMR (CDCls, 125 MHz) 6: 194.9,
167.5, 140.5, 139.9, 133.9 (q, 2/rc=232.6 Hz), 130.0,
129.7, 125.4 (q, 3Jec=3.6 Hz), 123.6 (q, Jec=272.7 Hz),
62.1, 53.8, 14.0; °F NMR (CDCls, 470 MHz) §: —63.1;
HRMS (ESI) caled for Ci7HsFs0s [M+H]" 359.1101,
found 359.1094.

2-(1- 2 B HE 2475 ) T — 1R — W EE(2m): A ZHT
(VA @ V(LR CBR)=10 @ 115 S5 T8 iR i
1, 7P2# 76%. "H NMR (CDCls, 500 MHz) §: 7.84~7.75
(m, 2H), 7.61~7.52 (m, 1H), 7.50~7.40 (m, 2H), 6.14 (s,
1H), 5.96 (s, 1H), 4.89 (s, 1H), 3.79 (s, 6H); 3C NMR
(CDCls, 125 MHz) §: 195.8, 168.1, 140.4, 136.8, 132.6,
129.8, 129.5, 128.4, 53.5, 53.0; HRMS (APCI) calcd for
CisH1505 [M+H]™ 263.0914, found 263.0918.

2-(1- BR300 3 5 1 — 2 B (2p): MEEMT
(VA ) @ MR OBR) =5 @ 110 B8 Ak, ™=
# 70%. '"H NMR (CDCls, 500 MHz) d: 6.34 (s, 1H), 6.11
(s, 1H), 4.72 (s, 1H), 4.24~4.16 (m, 4H), 2.39 (s, 3H),
1.28~1.23 (m, 6H); *C NMR (CDCl;, 125 MHz) §:
197.2, 167.8, 141.6, 128.5, 61.8, 52.0, 25.2, 14.0; HRMS
(ESI) caled for C;H;70s [M+H]" 229.1071, found
229.1073.

322 2-(1-% P ELA IR A ) A ZBRB5(3) 69 & m%

TEL LK IR AL B 1 [ B N 0.66 mmol —
FE AL WA A 4 mL DME, UK/K¥B(O C) Fhn 1.5
mmol NaH, #i# 10 min. ¥4 &N AL TUR A (B
RS S A R RIR Y, 21—23 C), HEdi+:
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3 min J5, AN 0.3 mmol (&Y 1, WA N, 2
0.1~2.3 h Ji7, TLC 7w ] 7= 2 (9 FEAS P38 I i 44
A1 AR, PR E R NVKKA, ek,
VA M, 1 0.6~13.7 h )&, TLC Zonr~# 3 ik
FERFEIEIN. IR S Ak B K e K N, ] 20188
ORI =R, & IANUAE, RIS AR K I Wb 5%
A=, ToKBRERE T4, 98, Fi 4R 4,
FEEHT 7 B 1R 2E 1 729 3.

2-(1-2K R L3R TN 22 TN 1R — £ TiE (3a): #EEMT
(VA @ V(LR AR =10 @ 115 S5 T iR
&, P## 93%. 'TH NMR (CDCl3, 500 MHz) 6: 7.61~7.54
(m, 2H), 7.50~7.43 (m, 1H), 7.43~7.36 (m, 2H), 4.24~
4.14 (m, 5H), 1.40~1.32 (m, 2H), 1.25 (t, J=7.1 Hz, 6H),
121~1.15 (m, 2H); '*C NMR (CDCl;, 125 MHz) &
202.8, 167.9, 137.2, 131.0, 128.2, 127.5, 61.6, 54.1, 29.6,
14.0, 11.9; HRMS (APCI) caled for Ci7H 05 [M+H]"
305.1384, found 305.1385.

2-(1-5%F F 256 2 FH i B 2R 19 38 ) T TR — 2L TR (3b):
FEEMTVCHMER) @ V(IR LER)=10 © 115 5545 0t
IRVBAE, 772 90%. 'H NMR (CDCls, 500 MHz) 6: 7.51
(d, J=8.0 Hz, 2H), 7.19 (d, J=8.0 Hz, 2H), 4.24~4.10
(m, 5H), 2.37 (s, 3H), 1.38~1.30 (m, 2H), 1.24 (t, J=7.1
Hz, 6H), 1.19~1.11 (m, 2H); 3C NMR (CDCl, 125
MHz) §: 202.2, 167.9, 141.6, 134.2, 128.9, 127.8, 61.6,
542, 29.3, 21.5, 14.0, 11.7; HRMS (ESI) caled for
C1sH2305 [M+H]" 319.1540, found 319.1547.

2-(1-XF FE AR 2R R L 2R T 228 I R — 4 TE(3e):
FEENTVCA M) @ V(LR LBR)=6 : 1147 5543 Tt
R, 72% 93%. '"H NMR (CDCls;, 500 MHz) J: 7.68
(d, J=8.8 Hz, 2H), 6.90 (d, J/=8.8 Hz, 2H), 4.24~4.11
(m, 5H), 3.84 (s, 3H), 1.34~1.29 (m, 2H), 1.24 (t, J=7.1
Hz, 6H), 1.19~1.11 (m, 2H); '3C NMR (CDCL, 125
MHz) §: 200.4, 167.8, 162.2, 130.3, 129.2, 113.5, 61.6,
554, 545, 289, 14.0, 11.4; HRMS (ESI) caled for
C1sH2306 [M+H]" 335.1489, found 335.1488.

2-(1- (7] AR R FR I L 2R T ) I R — 4 BB (3d):
FEEMTVCAMEE) @ (LR LB =6 & 1]7r B8 T0 (i
R, 772 89%. 'H NMR (CDCls, 500 MHz) d: 7.34~
727 (m, 1H), 7.18~7.12 (m, 1H), 7.11~7.03 (m, 1H),
7.03~6.94 (m, 1H), 426~4.09 (m, 5H), 3.81 (s, 3H),
1.39~1.33 (m, 2H), 1.24 (t, J=7.1 Hz, 6H), 1.20~1.11
(m, 2H); *C NMR (CDCls, 125 MHz) J: 202.5, 167.9,
159.4, 138.4, 129.3, 119.8, 117.0, 112.6, 61.6, 55.4, 54.0,
29.6, 14.0, 12.1; HRMS (ESI) caled for CisHa306 [M+
H]" 335.1489, found 335.1484.
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2-(1-400 AU L oK I R A T 2 ) TR 1R — 4 BB (Be):
FEEMTVCAEMEY) @ M ORATR)=4 115 B 150 il
ARWAE, 772 85%. 'TH NMR (CDCls, 500 MHz) d: 7.38~
7.29 (m, 1H), 7.18 (dd, J=7.5, 1.6 Hz, 1H), 6.93 (dd, J=
7.4, 7.4 Hz, 1H), 6.88 (d, J=8.4 Hz, 1H), 4.23 (s, 1H),
4.16 (q, J=7.1 Hz, 4H), 3.81 (s, 3H), 1.40~1.32 (m, 2H),
1.24 (t, J=7.1 Hz, 6H), 1.18~1.11 (m, 2H); *C NMR
(CDCls, 125 MHz) 0: 204.0, 168.1, 155.8, 130.9, 128.4,
127.3, 120.3, 111.1, 61.4, 55.5, 52.7, 31.3, 14.0, 13.7;
HRMS (ESI) caled for CisHsOs [M+H]™ 335.1489,
found 335.1493.

2-(1-XH YR F RIS IR T 528 ) N R — 4R (31): #E)2
WrVCR B @ V(LR CH8)=12 & 115 BT AR
1K, 7F2Z 91%. '"H NMR (CDCls, 500 MHz) d: 7.54 (d, J=
8.4 Hz, 2H), 7.46 (d, J=8.4 Hz, 2H), 4.17 (q, J=7.1 Hz,
4H), 4.06 (s, 1H), 1.35~1.28 (m, 2H), 1.24 (t, J=7.1 Hz,
6H), 1.20~1.14 (m, 2H); 3C NMR (CDCls, 125 MHz) ¢:
201.7, 167.8, 135.9, 131.5, 129.3, 125.7, 61.7, 54.1, 29.5,
14.0, 12.0; HRMS (ESI) caled for Ci7HxBrOs [M+H]"
383.0489, found 383.0484.

2-(1-XF SR B BE A P ) I 1R — L BiK(3g): #E/Z
M VCAEIMES) @ V(CTR 4B8)=10 : 1]5 B8 0 (iRl
1, 7% 89%. '"H NMR (CDCls, 500 MHz) d: 7.54 (d, J=
8.5 Hz, 2H), 7.37 (d, J=8.5 Hz, 2H), 4.17 (q, J=7.1 Hz,
4H), 4.07 (s, 1H), 1.34~1.28 (m, 2H), 1.24 (t, J=7.1 Hz,
6H), 1.21~1.14 (m, 2H); 3C NMR (CDCls, 125 MHz) ¢
201.6, 167.8, 137.3, 135.4, 129.1, 128.5, 61.7, 54.2, 29.5,
14.0, 11.9; HRMS (ESI) caled for Ci7HClOs [M+H]"
339.0994, found 339.0997.

2-(1-%F 502K H I 5 B T4 56 ) I R — L BB (3h): A
EMTVCRME) @ MO CER)=8 © 1170 S5 L AR
Wik, 772 92%. '"H NMR (CDCls, 500 MHz) 6: 7.71~
7.59 (m, 2H), 7.13~7.04 (m, 2H), 4.17 (q, J=7.1 Hz,
4H), 4.09 (s, 1H), 1.34~1.29 (m, 2H), 1.24 (t, J=7.1 Hz,
6H), 1.21~1.15 (m, 2H); 3C NMR (CDCls, 125 MHz) ¢:
201.1, 167.8, 164.4 (d, 'Jec=252.2 Hz), 133.2, 130.3 (d,
3Jrc=8.8 Hz), 115.4 (d, 2c=21.8 Hz), 61.7, 54.3, 29.4,
14.0, 11.8; F NMR (CDCl;, 470 MHz) 6: — 107.8;
HRMS (ESI) caled for C;7HxFOs [M+H]" 323.1289,
found 323.1281.

2-5%oF il 35 2 R 35 7 - 1,1,3,3- DU FRER DY 2 6 (3iY):
FEEMT VA MEE) @ (LR ZBR)=8 & 1] 515 15 o il
RWAER, 772 35%. 'TH NMR (CDCls, 500 MHz) ¢: 8.30
(d, J=8.8 Hz, 2H), 8.19 (d, J=8.8 Hz, 2H), 4.81 (t, J=7.9
Hz, 1H), 4.25~4.12 (m, 4H), 4.10~3.98 (m, 6H), 1.24 (t,
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J=17.1Hz, 6H), 1.15 (t, J=7.1 Hz, 6H); *C NMR (CDCl;,
125 MHz) J: 198.4, 167.6, 167.4, 150.1, 141.9, 129.9,
123.5, 62.2, 53.2, 43.7, 13.9, 13.8; HRMS (ESI) calcd for
CoHsNOy; [M+H]" 482.1657, found 482.1654.

2-(1-[F) A 6 2 R IR 6 20 P ) T 1R — SR (3j): %
EWTVCAME) © MR OER)=8 & 117 5543 3% (iR
WA, 772 73%. 'TH NMR (CDCl;, 500 MHz) J: 8.48~
8.39 (m, 1H), 8.38~8.28 (m, 1H), 7.98~7.87 (m, 1H),
7.69~7.55 (m, 1H), 4.32~4.12 (m, 4H), 4.00 (s, 1H),
1.38~1.21 (m, 10H); 3C NMR (CDCl;, 125 MHz) d:
200.7, 167.7, 147.9, 138.7, 133.5, 129.6, 125.6, 122.6,
61.9, 542, 29.8, 14.0, 12.4; HRMS (ESI) caled for
Ci7H2NO7 [M+H]" 350.1234, found 350.1233.

2-(1-&15 i 5 2R Yk B 2R 9 2 ) T R — 4 1R (3K):
FEEMTVCAMEE) @ (LR LB =5 & 1]5r B 15 5 il
IRVBAE, 772 82%. 'H NMR (CDCls, 500 MHz) o: 8.17
(d, J=8.3 Hz, 1H), 7.75~7.66 (m, 1H), 7.63~7.54 (m,
1H), 7.53~7.44 (m, 1H), 4.21 (q, J=7.1 Hz, 4H), 4.13 (s,
1H), 1.36~1.25 (m, 10H); '*C NMR (CDCl;, 125 MHz) ¢:
201.3, 167.9, 145.7, 133.8, 133.7, 130.2, 129.0, 124.7,
61.7, 52.7, 31.1, 14.6, 14.0, HRMS (ESI) calcd for
C17H20NO; [M+H]" 350.1234, found 350.1232.

2-(1- 0 = G, FHY 5 O PR R L B P ) T R — s
@l): HEITVCRME) @ MR OB =12 : 115815
T HPRIBEAE, 7% 60%. 'H NMR (CDCls, 500 MHz) o:
7.71~7.61 (m, 4H), 4.19 (q, J=7.2 Hz, 4H), 4.06 (s, 1H),
1.35~1.30 (m, 2H), 1.28~1.20 (m, 8H); '*C NMR
(CDCls, 125 MHz) 6: 202.2, 167.8, 140.6, 132.5 (q, 2Jec=
32.9 Hz), 127.7, 125.3 (q, *Jrc=3.4 Hz), 123.6 (q, 'Jrc=
272.6 Hz), 61.8, 53.9, 29.9, 14.0, 12.3; '9F NMR (CDCl;,
470 MHz) 0: —63.0; HRMS (ESI) calcd for CigHaoF30s
[M+H]" 373.1257, found 373.1250.

2-(1-Z B3R 9 38 T8 R — W E(3m): A EHT
(VA ) © V(R LB =10 115 5545 5 [l 4k, 7=
% 81%. m.p. 51~52 C; '"H NMR (CDCls, 500 MHz) 6:
7.62~7.53 (m, 2H), 7.50~7.36 (m, 3H), 4.13 (s, 1H),
3.73 (s, 6H), 1.40~1.31 (m, 2H), 1.20~1.11 (m, 2H); 1*C
NMR (CDCls, 125 MHz) 6: 202.8, 168.3, 137.0, 131.0,
128.2, 127.5, 54.0, 52.6, 29.7, 12.0; HRMS (ESI) calcd for
CisH1,05 [M~+H]" 277.1071, found 277.1078.

2-(1- LB B A T ) TN 8 — B 3p): HEE T
(VCRMEE) @ M(LBR LBR)=5 115 B3 5 (il ik,
723 46%. "H NMR (CDCls, 500 MHz) d: 4.23~4.14 (m,
4H), 3.92 (s, 1H), 1.93 (s, 3H), 1.39~1.35 (m, 2H), 1.26
(t, J=7.1 Hz, 6H), 1.16~1.12 (m, 2H); *C NMR (CDCl;,

http://sioc-journal.cn/ 1479



BIKE

MRILX

125 MHz) J: 205.7, 168.1, 61.5, 53.1, 31.3, 23.1, 14.0,
13.3; HRMS (ESI) caled for C;sHisOs [M + H] ©
243.1227, found 243.1237.

323 2-F PEAAIFRAEIE-1,1-=F B —B5(4) 89 & A&

TEATC/K T EME P I [ B I 0.33 mmol —
FHEETE A, 0.75 mmol BRERET &% 2 mL DMF, =i T
Pk 10 min (% 4, Entries 9, 10, 12 ¢4 2.0 h), Fk N
ERANVOKIBE —23 CHW, WHHE 3 min J5, A
0.3 mmol fb & 1, R E W BBIEW T, fRFF0 CHL
—23 “C(# 4, Entries 9, 10, 12, 0.5 h J5 FHEZ 0 C), #i#
FRERMNER. AN LR OB KRB, kR 5
SR, R/D R GRS 2 IRV RN, BN
W=, A BEEASEAE, WA A, b ek,
W, #E, THAEVM. BHOROBEREIR, &
FA MU, ARSI KSR SA MU =R, JoK
TREREN T, 1huE, IR /R 488, ¥EN o &8 ain
7= 4.

2-TK R IR T e-1,1- - H R — ZfiG(4a)' 2 )2
HTVCA ) @ V(LBR LB8)=10 © 115 545 TGkl
&, 772 93%. 'TH NMR (CDCl;, 500 MHz) : 8.05~7.96
(m, 2H), 7.65~7.56 (m, 1H), 7.54~7.43 (m, 2H), 4.34~
420 (m, 2H), 4.13 (q, J=7.1 Hz, 2H), 3.61~3.48 (m,
1H), 2.22 (dd, J=6.8, 4.3 Hz, 1H), 1.75 (dd, J=8.5, 4.3
Hz, 1H), 1.29 (t, J=7.1 Hz, 3H), 1.12 (t, J=7.1 Hz, 3H);
13C NMR (CDCls, 125 MHz) d: 194.8, 169.2, 166.0, 137.1,
133.6, 128.7, 128.4, 62.4, 61.7, 39.3, 30.9, 20.7, 14.0, 13.8;
HRMS (APCI) caled for Ci¢HisOs [M+H]" 291.1227,
found 291.1231.

256 H L K B BE IR P - 1,1- — F R — 2L i (4b):
FEENTIVCRHE) @ MG AR =12 1 1150 & 15 At
&, 77Z 92%. m.p. 52~53 C; 'H NMR (CDCls;, 500
MHz) d: 7.90 (d, J=8.0 Hz, 2H), 7.28 (d, J=8.0 Hz, 2H),
4.33~4.19 (m, 2H), 4.13 (q, J=7.1 Hz, 2H), 3.59~3.46
(m, 1H), 2.42 (s, 3H), 2.21 (dd, J=6.8, 4.3 Hz, 1H), 1.73
(dd, J=8.5, 4.2 Hz, 1H), 1.29 (t, J=7.1 Hz, 3H), 1.13 (t,
J=7.1 Hz, 3H); BC NMR (CDCls, 125 MHz) 6: 194.2,
169.2, 166.0, 144.4, 134.6, 129.4, 128.6, 62.3, 61.7, 39.1,
30.9, 21.7, 20.6, 14.0, 13.8; HRMS (ESI) calcd for
Ci7H2,05 [M+H]" 305.1384, found 305.1387.

20 AR R R IR SR A T J-1,1-  H R — 2 (de):
FEEMTVCAMEE) @ MR LR =6 © 114 15 Tt i
ARWAE, 772 94%. 'TH NMR (CDCls, 500 MHz) 0: 7.98
(d, J=8.8 Hz, 2H), 6.94 (d, J=8.8 Hz, 2H), 4.33~4.17
(m, 2H), 4.11 (q, J=7.1 Hz, 2H), 3.86 (s, 3H), 3.54~3.43
(m, 1H), 2.19 (dd, J=6.8, 4.3 Hz, 1H), 1.70 (dd, J=8.5,
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4.2 Hz, 1H), 1.28 (t, J=7.1 Hz, 3H), 1.11 (t, J=7.1 Hz,
3H); '3C NMR (CDCls, 125 MHz) 6: 192.9, 169.3, 166.1,
163.9, 130.8, 130.2, 113.8, 62.3, 61.6, 55.5, 39.0, 30.7,
20.4, 14.0, 13.8; HRMS (ESI) caled for Ci7H206 [M+
H]" 321.1333, found 321.1338.

2- () P AL R AR BL PR TR - 1,1- = R IR — 4T (4d):
FEEMTVCAMEE) @ (LR B8 =6 & 1]7r 15 T0 (i
IRVBAE, 772 92%. 'H NMR (CDCls, 500 MHz) 6: 7.61
(d, J=7.6 Hz, 1H), 7.48 (s, 1H), 7.43~7.35 (m, 1H), 7.12
(d, J=8.2 Hz, 1H), 4.32~4.19 (m, 2H), 4.13 (q, J=7.1
Hz, 2H), 3.84 (s, 3H), 3.56~3.47 (m, 1H), 2.26~2.15 (m,
1H), 1.78~1.72 (m, 1H), 1.28 (t, J=7.1 Hz, 3H), 1.13 (t,
J=7.1 Hz, 3H); 3C NMR (CDCls, 125 MHz) J: 194.5,
169.1, 166.0, 159.8, 138.4, 129.7, 121.2, 120.1, 112.4,
62.4,61.7, 55.5,39.3, 31.1, 20.7, 14.0, 13.8; HRMS (ESI)
caled for Ci7H2106 [M+H]" 321.1333, found 321.1336.

2410 F AR K R S IR TR - 1,1- - FH R — i (de):
FEENT[VCA ) @ (LR LBR)=S5 @ 114 53 ot
ARIBAE, 7% 95%. "H NMR (CDCls, 500 MHz) 6: 7.67~
7.58 (m, 1H), 7.54~7.42 (m, 1H), 7.06~6.90 (m, 2H),
4.27~4.08 (m, 4H), 3.88 (s, 3H), 3.70~3.61 (m, 1H),
2.25~2.14 (m, 1H), 1.75~1.66 (m, 1H), 1.27 (t, J=7.1
Hz, 3H), 1.16 (t, J=7.1 Hz, 3H); 3C NMR (CDCl;, 125
MHz) 6: 196.5, 169.4, 166.3, 159.1, 134.1, 130.5, 128.1,
120.6, 111.8, 62.0, 61.6, 55.8, 39.5, 35.6, 20.8, 14.1, 13.9;
HRMS (ESI) caled for C;7H206 [M+H]" 321.1333,
found 321.1331.

2- o YR 2 R I 3 BR A - 1,1- —HR — LBk (4f):
ENTVCATNER) @ MR ZHER) =15 © 114> &5 43 5% i
&, 72Z 92%. m.p. 81~82 C; 'H NMR (CDCls;, 500
MHz) §: 7.86 (d, J=8.0 Hz, 2H), 7.63 (d, J=7.3 Hz, 2H),
4.33~4.18 (m, 2H), 4.12 (q, J=7.1 Hz, 2H), 3.51~3.40
(m, 1H), 2.28~2.17 (m, 1H), 1.80~1.70 (m, 1H), 1.30 (t,
J=17.1 Hz, 3H), 1.13 (t, J=7.1 Hz, 3H); *C NMR (CDCl;,
125 MHz) d: 193.7, 169.0, 165.8, 135.8, 132.0, 129.9,
128.8, 62.5, 61.8, 39.4, 30.8, 20.5, 14.0, 13.8; HRMS (ESI)
caled for CigH;sBrOs [M + H] ©  369.0332, found
369.0337.

2- N AR BRI T Be-1,1- — H R — LR 4g):
JENTVCR M) @ (R BB =12 @ 1145 B 15 H [
&, P2E 90%. m.p. 55~56 C; 'H NMR (CDCls, 500
MHz) J: 8.03~7.87 (m, 2H), 7.54~7.39 (m, 2H), 4.33~
4.19 (m, 2H), 4.11 (q, J=7.1 Hz, 2H), 3.46 (dd, J=38.4,
6.9 Hz, 1H), 2.22 (dd, J=6.9, 4.4 Hz, 1H), 1.74 (dd, J=
8.5, 4.3 Hz, 1H), 1.29 (t, J=7.2 Hz, 3H), 1.12 (t, J=7.1
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Hz, 3H); 3C NMR (CDCls;, 125 MHz) &: 193.4, 169.0,
165.8, 140.0, 135.4, 129.8, 129.0, 62.5, 61.8, 39.4, 30.8,
20.5, 14.0, 13.8; HRMS (ESI) calcd for C6H5Cl1Os [M~+
H]" 325.0837, found 325.0836.

2- X SR R BE R IA T BE-1,1- —H R — 4 BB (4h):
BN VCHES) @ V(R OB =12 © 115 348 L AR
Wik, 773 88%. 'H NMR (CDCls, 500 MHz) o: 8.14~
7.98 (m, 2H), 7.23~7.12 (m, 2H), 4.34~4.21 (m, 2H),
4.14 (q, J=7.1 Hz, 2H), 3.50 (dd, J=8.3, 7.1 Hz, 1H),
2.24 (dd, J=6.8, 4.4 Hz, 1H), 1.76 (dd, J=8.5, 4.3 Hz,
1H), 1.31 (t, J=7.1 Hz, 3H), 1.14 (t, J=7.1 Hz, 3H); 1*C
NMR (CDCls, 125 MHz) §: 193.0, 169.0, 166.0 (d, 'Jrc=
255.6 Hz), 165.8, 133.5, 131.1 (d, 3Jec=9.5 Hz), 115.8 (d,
2Jec=21.9 Hz), 62.5, 61.7, 39.3, 30.8, 20.5, 14.0, 13.8; '°F
NMR (CDCls, 470 MHz) §: —104.4; HRMS (ESI) calcd
for C1sH1sFOs [M+H]" 309.1133, found 309.1139.

208 i 2 2% B R A TR - 1,1- — W R — T (4i):
FEEMTVCR MEE) @ M(CBR CER)=10 @ 1157 5545 H
1, PEE 85%. m.p. 75~76 C; 'H NMR (CDCl;, 500
MHz) 6: 8.34 (d, J=8.9 Hz, 2H), 8.15 (d, J=8.9 Hz, 2H),
4.34~4.22 (m, 2H), 4.13 (g, J=7.1 Hz, 2H), 3.49 (dd, J=
8.3, 6.9 Hz, 1H), 2.27 (dd, J=6.8, 4.5 Hz, 1H), 1.82 (dd,
J=8.4, 45 Hz, 1H), 1.31 (t, J=7.1 Hz, 3H), 1.13 (t, J=
7.1 Hz, 3H); '*C NMR (CDCls, 125 MHz) J: 193.5, 168.7,
165.5, 150.5, 141.5, 129.4, 123.9, 62.7, 62.0, 40.0, 31.2,
20.6, 14.0, 13.8; HRMS (ESI) calcd for C16Hi;sNO7 [M+
H]" 336.1078, found 336.1076.

2- i) fird 25 2R PR R R BRI e -1,1- — R — TR (4)):
FEENTVCR EE) @ MR CE)=10 @ 1157 2543 A i
&, 77Z 90%. m.p. 47~48 C; 'H NMR (CDCls;, 500
MHz) 6: 8.82 (s, 1H), 8.52~8.40 (m, 1H), 8.38~8.28 (m,
1H), 7.78~7.65 (m, 1H), 4.36~4.23 (m, 2H), 4.14 (q, J=
7.1 Hz, 2H), 3.50 (dd, J=8.0, 7.3 Hz, 1H), 2.33~2.22 (m,
1H), 1.89~1.78 (m, 1H), 1.32 (t, J=7.1 Hz, 3H), 1.15 (t,
J=7.1 Hz, 3H); 3C NMR (CDCls, 125 MHz) J: 192.8,
168.6, 165.6, 148.5, 138.3, 133.9, 130.0, 127.7, 123.3,
62.7, 62.0, 39.8, 30.9, 20.6, 14.0, 13.8; HRMS (ESI) calcd
for C1sH;sNO; [M+H]" 336.1078, found 336.1072.

2- 210 B K H R S A P - 1,1- — R — 2 JiH (4K):
FEEMT VA B @ M OR TR =8 115 B 150 thil
RIBAE, 7% 91%. 'H NMR (CDCls, 500 MHz) §: 8.14
(d, J=8.2 Hz, 1H), 7.81~7.70 (m, 1H), 7.69~7.61 (m,
1H), 7.61~7.54 (m, 1H), 4.37~4.21 (m, 2H), 4.18 (q, J=
7.1 Hz, 2H), 3.04 (dd, J=8.4, 6.8 Hz, 1H), 2.32 (dd, J=
6.7,4.5 Hz, 1H), 1.83 (dd, J=8.5, 4.5 Hz, 1H), 1.31 (t, J=
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7.1 Hz, 3H), 1.25 (t, J=7.1 Hz, 3H); *C NMR (CDCl;,
125 MHz) &: 197.1, 168.6, 165.8, 145.6, 137.5, 134.6,
131.1, 128.2, 124.3, 62.5, 62.1, 40.7, 34.7, 21.4, 14.0, 13.9;
HRMS (ESI) caled for Ci6Hi;sNO; [M+H]™ 336.1078,
found 336.1076.

256 = g R 2 R R I 2 PR TR - 1,1- — W R — TR
@n: HEENVAME) - LR LB =10 : 1173515
ToEHPIRBAR, 772 73%. 'H NMR (CDCl3, 500 MHz) 6:
8.10 (d, J=8.2 Hz, 2H), 7.76 (d, J=8.2 Hz, 2H), 4.33~
421 (m, 2H), 4.13 (q, J=7.1 Hz, 2H), 3.50 (dd, J=8.4,
6.9 Hz, 1H), 2.26 (dd, J=6.8, 4.4 Hz, 1H), 1.79 (dd, J=
8.4, 4.4 Hz, 1H), 1.30 (t, J=7.1 Hz, 3H), 1.13 (t, J=7.1
Hz, 3H); 3C NMR (CDCls;, 125 MHz) 6: 193.9, 168.8,
165.7, 139.7, 134.7 (q, 2Jec=32.7 Hz), 128.7, 125.8 (q,
3Jec=3.6 Hz), 123.5 (q, 'Jre=272.8 Hz), 62.6, 61.9, 39.7,
31.0, 20.5, 14.0, 13.8; 9F NMR (CDCl, 470 MHz) &:
—62.8; HRMS (ESI) caled for C;7HisF30s [M+H]"
359.1101, found 359.1099.

2- 2K B BBE RE A 75 B8 -1,1- — F R — Wi (4m)U'2):
EATVCAMEE) @ (OB AER) =8 & 115 815 [ bl 44,
% 92%. m.p. 68~69 °C; 'H NMR (CDCls, 500 MHz)
5: 7.99 (d, J=8.0 Hz, 2H), 7.65~7.55 (m, 1H), 7.54~
7.43 (m, 2H), 3.80 (s, 3H), 3.68 (s, 3H), 3.59~3.51 (m,
1H), 2.21 (dd, J=6.6, 4.5 Hz, 1H), 1.83~1.75 (m, 1H);
13C NMR (CDCls, 125 MHz) d: 194.8, 169.5, 166.5, 137.0,
133.6, 128.7, 128.4, 53.3, 52.9, 39.0, 31.0, 21.1; HRMS
(ESI) caled for Ci4H;s0s [M+H]" 263.0914, found
263.0912.

2-GA-H AR R H BRI A bE-1,1- —HE =4
fig(dn): FENT[VCAMES) @ MR LB =6 © 1157813
WE O EAR, 77F 94%. mp. 76~77 C; 'H NMR
(CDCls, 500 MHz) d: 7.69 (dd, J=8.4, 1.9 Hz, 1H), 7.49
(d, J=1.9 Hz, 1H), 6.90 (d, J=8.4 Hz, 1H), 4.32~4.17
(m, 2H), 4.12 (q, J=7.1 Hz, 2H), 3.93 (s, 3H), 3.90 (s,
3H), 3.49 (dd, J=8.5, 7.0 Hz, 1H), 2.18 (dd, J=6.9, 4.2
Hz, 1H), 1.77~1.65 (m, 1H), 1.27 (t, J=7.1 Hz, 3H), 1.12
(t, J=7.1 Hz, 3H); 3C NMR (CDCl;, 125 MHz) &: 192.8,
169.2, 166.0, 153.7, 149.0, 130.3, 123.5, 110.2, 110.0,
62.3, 61.6, 56.1, 56.0, 38.9, 30.7, 20.6, 14.0, 13.8; HRMS
(ESI) caled for C;sH»0; [M+H]" 351.1438, found
351.1436.

2-(3,4- A R L) IR A e -1,1- IR —
fis(40): FEENT[VCHME) @ MR ZER) =4 11955
W E AR, P F 94%. mp. 71~72 C; 'H NMR
(CDCls, 500 MHz) 6: 7.69 (dd, J=8.4, 1.9 Hz, 1H), 7.49

http://sioc-journal.cn/ 1481



BIKE

(d, J=1.9 Hz, 1H), 6.91 (d, J=8.4 Hz, 1H), 3.94 (s, 3H),
3.91 (s, 3H), 3.79 (s, 3H), 3.69 (s, 3H), 3.52 (dd, J=8.6,
7.0 Hz, 1H), 2.18 (dd, J=6.9, 4.2 Hz, 1H), 1.74 (dd, J=
8.7, 42 Hz, 1H); 3C NMR (CDCls, 125 MHz) §: 193.0,
169.7, 166.6, 153.8, 149.1, 130.2, 123.5, 110.2, 110.0,
56.1, 56.0, 53.3, 52.8, 38.6, 30.7, 21.2; HRMS (ESI) caled
for C16H1907 [M+H]" 323.1125, found 323.1118.

2- LB BE-1,1- R — Z.Ti5(4p)!'2): FEJZ AT
VA ) © (LR LER) =5 © 115 B A& ik, ™=
# 45%. 'H NMR (CDCls, 500 MHz) ¢: 4.23~4.15 (m,
4H), 2.83 (dd, J=8.3, 6.9 Hz, 1H), 2.34 (s, 3H), 1.97 (dd,
J=6.8, 4.3 Hz, 1H), 1.60 (dd, J=8.4, 4.3 Hz, 1H), 1.27 (¢,
J=17.1 Hz, 3H), 1.24 (t, J=7.1 Hz, 3H); *C NMR (CDCl;,
125 MHz) 6: 203.1, 169.0, 165.9, 62.3, 61.8, 39.1, 34.1,
31.6, 20.4, 14.0, 13.9; HRMS (ESI) caled for CiH;70s
[M+H]" 229.1071, found 229.1077.

¥ Bh A4 &l (Supporting Information) {L&4%) 2a~2m,
2p, 3a~3h, 3", 3j~3m, 3p Al 4a—~4p [¥] 'H NMR 5 13C
NMR K& #4402, 21, 3h, 31, 4h £ 41 (1) '°F NMR.
X e L AT BA A 3% MAS T I 355 (http://sioc-journal.cn/) _E
T .
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