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Abstract A one-pot method for the a-benzoyloxylation of f-dicarbonyl compounds using trivalent iodine reagent was
developed. The success of this protocol hinges on the the in situ generation of silylenol ether structure followed by electrical
property-promoted reductive rearrangement of a umpolung intermediate. This reaction has good atomic economy, which is not
only suitable for gram scale preparation and subsequent derivatization applications, but also expands the application range of
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cyclic trivalent iodine and its derivatives in the field of polarity reversal.
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(a) Selective trivalent iodine-mediated functionalization reactions

CFS K,CO4 %
\ cat. NBuyl COzEt
COZEt CF3
’Pr3 Si'Pr,
N SH Me2N NMe, /
Ry~ \ S
Z R
7 X
(0]

|\ Iron cat.
CO,Bu + - —~CO,Bu
N
xSH q( - SCN
I |
R R~
= ¥z
Bn
O == o oy

I
N._O

b) Selective trivalent iodine-mediated a-aromatization transformahon
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(c) Trivalent iodine-mediated a-acyloxylation of S-dicarbonyl
compounds
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Scheme 1 Background and hypothesis
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RN H) LB A EEA =Y, (BAEIX L 2 A, AT58R
2P ZERIFEY) (Scheme 1, ¢). RIMH 2, LRTAE
TEAH =M TR B R Pk 2 5, — e = A 4R
2% R BRI B P2 4, DT A5 49 e 7 1) JE - 28 5 1 AN
. G SCERR Y, RATRIIE A I A BIEEH =0
WURFHEAT B- IR Y - 2K H g A AL dikiE . [
I, FET = e & B P E B A S A R AR
Ja K, FATZRF IR = BOKRIEEAT - —3IE R
M) o-2K AL AR AR R, I =B 246 35 4 v Bk
FRAE H bR, ATT$E i s N IR i 20 5 12k

B-ZERIEAL G o2 T S P A ) ) S 32
HULT ik @ik - — B A W A RU 53-55188,
FIEHRELST), B f5 5 A — 2R AR R & BiE
F AR 2277 1 2R IR TR LR B U A5 31 o 2R TR
B8, B2 R A AL S B 5 A R AR A R R R A
FE1F 3 o- 2K FH IR S EE = A0, BRI R B A 2 5 AN DS
FR LT IR A3 Bl a2 F I AR B P2 102 BT
i AL S AR AFEAT 2SR A S0 BAR FIA
FELL) T SEI B- R IEA AV I a- KB AR R B, 5
X ELTTVFATIIRAFAE — Lol i, i A A 220 2 4
J& B4 DA R AR B JR A B A s A ), TR R
IR KR —ME N 4. SHOE TR & . T
XA 2 SCHR BRI DA B 5o Wi M e 7 S IR R N B, 3R
MR IR =S - kAL B I RSk
B o2 RS AL P2 W (1) 1) %% (Scheme 1, d).

1 ER5HIE

N T EE FIRTERE, B OM AR R 1a FIFR
IR=I 2a VR NBRY AT S0 EAR N =% H B
P — W BE TR (TMSOTH I 25 11 1, A Bl 1) B A5
YI(E 1, Entry 1). BLEARPIIA 2 equiv. TMSOTS /5,
JEFIFRAT T WA =Y 3aa. B)E, AT T = L HER A
Bk, KIHEE = CHAEE N, R RIKr B
(Entries 2~6), T/ 2EHF = OEMAEN 1.3 equiv. #
T ok 2% DL Y & WK I# (THF, trace, Entry 7). &%t
(cyclohexane, =3 57%, Entry 8). IE %% (n-Heptane, 7=
% 61%, Entry 9). ' K (toluene, /=% 60%, Entry 10). 1E
C.bt(n-Hexane, 753 67%, Entry 11) AT 705
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HI 244 N BRI % = 2 1% 24 8 (Bntries 12~17), &I 2
equiv. I = ZJZ45 H 69% IR, B 5 X iR iR 1T i ik
(Entries 18~23), a2 7 —60 CE|=ik. —40 C
F=E . —20 CHIEE.0 CREIE. 60 CLLK 70 C
skt Hr, —40 CEIZRM KM Entry 195 H T
i T3% 3, R, fReam e A 24 8: n(1a)
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WAITE—40 C 2R I TR
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Table 1 Optimization of reaction conditions

O O
0 o I/OAC O/\
T @o EtsN, TMSOTY 0. _0
©) Solvent, Temp. |
1a 2a °
3aa
Entry Solvent Temperature EtN (equiv.) 3aa’/%
1 CH:Clz —78 C tor.t. 1.3 n.d.c4
2 CH:Clz —78 C tor.t. 1.3 60
3 CH:Clz —78 C tor.t. 1.5 40
4 CH:Clz —78 C tor.t. 1.7 30
5 CH:Clz —78 C tor.t. 2.1 30
6 CH:Clz —78 C tor.t. 2.3 20
7 THF —78 C tort. 13 Trace
8 Cyclohexane —78 C tor.t. 1.3 57
9 n-Heptane  —78 C tor.t. 1.3 61
10 toluene —78 C tor.t. 1.3 60
11 n-Hexane —78 C tor.t. 1.3 67
12 n-Hexane —78 C tor.t. 1.0 29
13 n-Hexane —78 C tor.t. 1.1 34
14 n-Hexane —78 C tor.t. 1.5 52
15 n-Hexane —78 C tor.t. 1.7 56
16 n-Hexane —78 C tor.t. 2.0 69
17 n-Hexane —78 C tor.t. 2.2 24
18 n-Hexane —60 C tor.t. 2.0 66
19 n-Hexane —40 C tor.t. 2.0 73
20 n-Hexane —20 C tort. 2.0 64
21 n-Hexane 0 C tor.t. 2.0 52
22 n-Hexane 60 C 2.0 70
23 n-Hexane 70 C 2.0 61

Y)(3da, 67%:; 3ea, 58%; 3fa, 66%; 3ga, 60%; 3ha, 75%;
3ia, 80%). ZRIA b HUACHE 1) PR B 1] 52 =i 6
(3da~3ga, 58%~67%). f- —FHJEEM) 1§ A1 1k t3 DL B 4T
R AL R B ) P24 (Bja, 69%; 3ka, 77%), {E15 4
T, HEUREE R? NBCRIRUT B0, o] &8 i 1A B A
R, SEULTFRAMNY 3la A 24 a8 F L
R HEASE, MEAEREIEFR Y 3ma, 5K EE
2GR T 10 50 N A 154 1 = T4 (9 R 1 52 B

K2 J-THIEFRWE HVEH ¢
Table 2 Scope of f-dicarbonyl substrates

4Unless otherwise noted, the reaction was performed by addition of 2a (0.11
mmol, 1.1 equiv.) to a mixture of 1a (0.1 mmol, 1 equiv.) and TMSOTT (0.2
mmol, 2 equiv.) in solvent (2 mL). * Isolated yield. “Without TMSOT.  n.d.=
not detected.

W R LR JE, R T - IR AT
TP, M ERWE 2 s, 2 RUOAKEE, R Nk
EUIERS, -FRIREE 1b A1 1c DL R G BB =4
(3ba, 66%; 3ea, 63%). 4 R' N5 IR 43, R2 AKE4H
BEI, B-FRERTE 1d~1i 35 LA &5 3] R A Y45 B0 L
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JI\/IL l\ TMSOTf (2 equiv.) 0.__0
R' -Hexane or CH,Cl, |
-40°C ~rt.
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M WO“
3ba, 66% 3ca, 63% 3da, 67%

i

)
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3ea, 58% 3fa, 66% 3ga, 60%
o O
W QMOA M
\ o 0
5 5 g
3ha, 75%" 3ia, 80% 3ja, 69%
o 0 0O O 0.0
PhMPh Mok Mo/\
0.0 0._0 0._0
$ %
3ka, 77%” 3la, trace 3ma, 0%
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4 Unless otherwise noted, the reaction of 1b~1m (0.1 mmol, 1 equiv.) was
performed in the optimal condition. » CH,Cl, was used instead of n-Hexane.
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VIR SR =N B IR @ M, FRATTEET T — R4
RIR = A7) 2b~2f F1 S-BHERTEG ISR AL &4 1d PR
B-ZIIRELEY 1k BFIRPIGEE 3), HAFR =
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FIIANF 2 A TEF 2R3 L BUREE /37 N 2 (2b) . B
F(2e)s R Fd). EIR T (2e) B T-(2f). F AL
1T RN R =4t 2b~2f 7EIE Ol rhis g %=, S
AR = A B, T2 AR R R 26 A 04T 1 ek,
U T IE e 58 S5O0 — S e 9 HL K S BB ], 52
B, B FIRSGE, PR AN 2b~2f R B-FRER TS
1d e B DL Y R A5 3] T B FR 7 Y (3db ~ 3df,
39%~78%). TE5 p-FHIREEIL G40 1d B, 4 = fill
JE A PR IR A X S BRI, e 2 = i 22 ) ok
(3db, 78%; 3dec, 50%; 3de, 70%; 3df, 39%), HEUAALE
[F) R 25 T UE B AR (1 PR DR 2R i i ) B I AR, (R
i p-—Efk &0 1k A1 =B = N A T R A
45 (3kb~3Kf, 58%~69%), F LLK I =1 MR 7744
A BAREEA AR T - B A PR e
FALLIU N

N T IRUEAA T SE I, A ARR PRI ERR
=i 2a 2 B B-BRERER IR A W 1d (1 g) R g-
TR E 1k (2 g)HHT T 3da Al 3ka ¥ 50 HHIA
il % (Scheme 2), —HHLH T4 NFHREILEE, 75
DA SRS 3 T AR = 9(3da, 50%; 3ka, 57%).

b J5 LAP=9) 3da NEIEET T RTEA R BRI AL, A
¥ 3da il Suzuki-Miyaura 15 NSRS 4, IR
RN 52.1%; BB R R NAFE] T FERALAEY 5, IR
K EIA 83%.

NT BRI BN ILEE, HEAT T e i s
5%, 40 Scheme 4a iz, 7 B 13 2R EERERSL S 1A
5 2a ] M, ATLL 67%MIUCRAS B H AR5~ 3aa; (H2& 5
BRI =ML A 2a' 5 1A B 1a B BIAREAS 3
HARF=Y) 3aa. 3T FIRSLIGEE R, AT AT REMIML

R3 R=MriRyE G
Table 3 Scope of cyclic trivalent iodine substrates
O o}
)H)L EtsN (2 equiv.) o o IPAC Et;N (2 equiv.)
TMSOTf (2 equiv.) Ph)J\/U\ R + N \O TMSOTf (2 equiv.)
CH,Cl,, -40 °C ~ r.t AP CH,Cl,, -40 °C ~r.t.
R‘=OEt,1d R3
RY=Ph, 1k ~
’ 2b ~ 2f
\\'
R
3db ~ 3df
o O o O o O
VS NN (S SO W VN )JYLL )JYLL
0._0 0.__0 0._0
O/
3db, 78% 3dc, 50% 3dd, 46% 3de, 70% 3df, 39%
Ph)H)LPh Ph)H)L Ph PhMPh Ph)H)LPh Ph)H)LPh
0.__0 0.__0 0.__0 0._0O 0.__0
I\é\ I\é\ I\é/lz I\é\ I\é\
o~ cl Br

3kb, 62% 3kc, 60% 3kd, 61% 3ke, 58% 3kf, 69%

4 Unless otherwise noted, the reaction of 2b~2f (0.11 mmol, 1.1 equiv.) was performed in the optimal conditions.

o 0 OAc i o0
EtzN (2 equiv.) O O h Et3N (2 equw.')
Ph)Jﬁ/lLo/\ rmsort G equvy) LI, I TMSOTf (2 equiv.) Ph Ph
0.0 =<~———""" Pnh R4 + o — 0. .0
CH,Cl, CHyCl,
| 40 °C ~~ rt. “= OEt, 1d, 1g o) 40°C ~1t. |
R*= Ph,1k, 2g 2a
3da (1.31g, 50%) 3ka (1.41g, 57%)
B2 eI % 3da F1 3ka

Scheme 2 Gram-scale preparation of 3da and 3ka
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(a) Suzuki-Miyaura cross-coupling reaction
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(b) Alkylation reaction
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Scheme 3 Derivazation of 3da
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Scheme 4 Control experiments and plausible mechanism
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HH(Scheme 4b): L4t 218 2. R (1a) 91, &) 1a 7
BRI N5 —5F TMSOTE RN AE i B ek ik R R
BE 1A; BE/S 1A 2 5061 2a [N A OB H
[E]4& Umpolung species, %5 H AL T VT P
W E AR A 3] o- K W BLEE: H AR ) 3aa.

2 g

R T —FRR=MHI S 50 - IS
YIH o 2K LA BEAL D705, 2R B SR YIAERR AV T T
R A R I RERER IR, £ TMSOTE/ER T 53R =1
il Js A5 B AL S FE B rh T A, SRR 2ot H bk 75 4R
Wik JREHE R M A & AG B p-—IREEA S DI o- 2K HI R
HIEEPY. ZIRBARTE T = R AR S e S N T
T RS2 P 0, S AL S 06 AR vy PO iR T 22 B P B i
A% S AT — 5 T AE B FH L

3 SEEY

31 UBEE5EHF

PRARRFR UL, BT A R#0 2 B, K&t —
SAACARER. W5 % B T S 3548 FH A 3 s ) TR
A, SRR RET. 3 GF254 R4 T 2 AR,
IS ELAM (254 nm) M EHER W ok e I s 5, 4 iy
SONERE. R A 4 B Ak RS A 200~300 H 1)
TERE, PN AT B (b.p. 60~90 C)MZERZBE. %
TG LR I vt B4 B Bruker AVANCEIII HD 400 #2535 4R
Cm g, A5 2 AT 77 R AR & A (CDCL) A AR
T HI B TEI(DMSO-ds). 7> HEEHE R - Agilent
6560 UPLC-IM-QTOF 5. Frfs RS YIIE S mop.
PAd A %% SGW-X4B 15
32 ZWHE
3.2.1 FCREMaR2)4 %) &

DL 1- 2R 3E-1,2- B -3-(1 H)-d (22) 9 5], 208
BR[401HRIE 772, 4 2-BHR HIR(10.0 g, 40.3 mmol, 1.0
equiv.) Al FLER #4(8.8 g, 41.13 mmol, 1.02 equiv.) JHIAF
R KR 30% ) LR /K (80 mL, 0.5 mol/L).
MAERIZIRE R EIR 4 h 724 58 . 45 35 18 A K
B, BOCKMET, BiRREERE=R. 1 h 5, fHK
1Y ST TE N RE S U EE Ealbis Nt/ ) =3 v = F /o I =)
BRNFAR =LA ] 728 24 (7.98 g, F2F T5%). B
B = At e =4 2A (6 g, 22.73 mmol, 1.0 equiv.)JIA
B BEF(23 mL, 1 mol/L)H, Hn#[ali 2 5kl 58 47
fit, &Ibp, AWHIRER, £—25 CNRELR, 1K
EEHT H I AR P2, 7R R TR B R A EROR = A0
=) 2a (6.12 g, 773 88%). fill %153 B IR =4 fill
2a~2f 527 3CHR[40,70] BT 45cTE 1A% v P 00 2 A
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1- £ B8 3 -1,2- 2K Bk -3-(1H)- i (2a): A £ & 14
m.p. 168~170 C(m.p.*) 167~170 C); 'H NMR (400
MHz, CDCls) d: 8.25 (dd, J=7.6, 1.6 Hz, 1H), 8.01 (d,
J=8.4 Hz, 1H), 7.94~7.90 (m, 1H), 7.73~7.70 (m, 1H),
2.25 (s, 3H); 3C NMR (100 MHz, CDCls) 6: 176.3, 168.1,
136.1, 133.2,129.3, 129.0, 118.3, 20.3.

5-FA 2 1- 2R3 -1,2-FR it -3- (1 H) - (2b): 1 €4 [
. m.p. 228~230 ‘C(m.p.* 233~236 C); '"H NMR
(400 MHz, CDCls) 6: 8.04 (d, J=0.8 Hz, 1H), 7.82 (d, J=
8.4 Hz, 1H), 7.73~7.70 (m, 1H), 2.54 (s, 3H), 2.24 (s,
3H); *C NMR (100 MHz, CDCl3) J: 176.3, 168.3, 142.2,
137.1, 133.5, 128.8, 114.5, 20.7, 20.3.

5-FAEIE-1- LR HE-1,2- 2R it -3-(1 H)-i(2¢): FI 8
B4R, m.p. 198~200 C(m.p.*) 196~198 °C); '"H NMR
(400 MHz, CDCl3) 6: 7.78 (d, J=9.2 Hz, 1H), 7.70 (d, J=
2.8 Hz, 1H), 7.44 (dd, J=9.2, 2.8 Hz, 1H), 3.92 (s, 3H),
2.23 (s, 3H); 3C NMR (100 MHz, CDCls) 6: 176.3, 168.0,
162.5,130.5, 129.7, 124.3, 115.8, 106.7, 56.1, 20.2.

6-9-1- LR HE-1,2- R -3-(1 ) - B (2d): ] 44
P, mp. 212~214 °C; '"H NMR (400 MHz, DMSO-ds)
9: 7.96~7.90 (m, 1H), 7.72 (d, /=8 Hz, 1H), 7.64~7.59
(m, 1H), 2.24 (s, 3H).

5-5-1- LRI, 2- R EE-3-(1 H)-BiFl (2e): (ALl 1
P8 mp. 197~200 C(m.p.1* 198~200 C); 'H NMR
(400 MHz, CDCls) 6: 8.20 (d, J=2.4 Hz, 1H), 7.91 (d, J=
8.8 Hz, 1H), 7.85 (dd, J=8.8, 2.4 Hz, 1H), 2.25 (s, 3H);
3C NMR (100 MHz, CDCls) d: 176.4, 166.7, 138.7, 135.9,
133.0, 130.8, 130.4, 115.4, 20.2.

5-1R-1- L BRFE-1,2- K -3-(1L H)- B (26): ik
8. mp. 174~178 C(m.p." 176~179 C); 'H NMR
(400 MHz, CDCl;) J: 8.37 (d, J=2 Hz, 1H), 8.00 (dd, J=
8.8, 2.4 Hz, 1H), 7.84 (d, J=8.8 Hz, 1H), 2.25 (s, 3H); 13C
NMR (100 MHz, CDCl:) J: 176.4, 166.6, 138.9, 136.0,
130.9, 130.6, 126.6, 116.4, 20.2.

322 B-=#H ALY a- R P ELAIEN =43 694 &

DA 3aa Ffl, FIRAGEEMLT, RSB
ZlE(1a, 13 mg, 0.1 mmol, 1 equiv.)¥a R H (VA 7734 R
A5 S A 1 s At T DLIE R IE b B & P, 2
mL)K KM = Z (BN, 20.2 mg, 0.2 mmol, 2 equiv.)
= 56 F R = H JERE IR (TMSOTH, 46 mg, 0.2 mmol, 2
equiv.). M5 FEIREI—40 C/M 15 min, BEJE— M
AR = A i) 2a (34 mg, 0.11 mmol, 1.1 equiv.), If
EZIRE FHERE 0.5h, /£ 0.5 h WFHEE=E, &M 2h
JE B EFIIET, UL TR 288 2 Bs A e i), {5
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PR A S CHMEY QR B8, Vi v=18 I )T
alifh, BRIHLKFY) 3aa (27.5 mg, =% 73%). LA
FEMI 7M1 % T 3ab~3ka (fiiMEk/ 282 ZEaTE, Vv
V25:1~16: 1).

WA, W 1d (19.2 mg, 0.1 mmol, 1 equiv.)5k,
1k (22.5 mg, 0.1 mmol, 1 equiv.)f] — 5 F §t(CH.Cl,, 2
mL) & W NN = Z % (BN, 20.2 mg, 0.2 mmol, 2
equiv.) Al = 4 F 1 R — 2L 4 i (TMSOTE, 46 mg, 0.2
mmol, 2 equiv.). 11/5FIRE]—40 ‘CM 15 min, JIA
IR =4l 2b~2£ (0.11 mmol, 1.1 equiv.), 7£ 0.5 h ;§F+
BAEER, XN 6 h EREFINET, DA ZKR
Ba(V @ v 251 1~16 © DIERBEBF, HE iy Baifk
155774 3db~3df 1 3kb~3kf.

3-F-2-(2-WIOR IR A2 TR £ 1 (3aa): ot ilifk,
27.5 mg, F#% 73%. 'H NMR (400 MHz, CDCl;) o:
8.05~8.00 (m, 2H), 7.47~7.43 (m, 1H), 7.22~7.18 (m,
1H), 5.73 (s, 1H), 431 (q, J=7.2 Hz, 2H), 2.42 (s, 3H),
1.32 (t, J=7.2 Hz, 3H); 3C NMR (100 MHz, CDCL;) §:
197.1, 164.6, 164.2, 141.6, 133.5, 132.8, 131.8, 128.1,
94.6, 78.4, 62.6, 27.4, 14.0; HRMS (ESI) caled for
C13H13105Na [M+Na]* 398.9700, found 398.9699.

3-4H-2-(2- K I It 48U ) T IR S (3ba): [ ALl A,
23.9 mg, ;5 66%. m.p. 72~76 C; 'H NMR (400 MHz,
CDCl;) d: 8.06~8.02 (m, 2H), 7.46 (td, J=7.6, 1.2 Hz,
1H), 7.21 (td, J=7.6, 1.6 Hz, 1H), 5.76 (s,1H), 3.86 (s,
3H), 2.43 (s, 3H); '3C NMR (100 MHz, CDCl3) d: 197.1,
164.8, 164.6, 141.7, 133.6, 132.8, 131.9, 128.1, 94.7, 78.3,
53.3, 27.4; HRMS (ESI) calced for C1,H;;10sNa [M+Na]®
384.9543, found 384.9541.

3-IRT -3 5-2-(2- WK IR AU ) TN R 216 (Bca):
TamAk, 262 mg, 7% 63%. 'H NMR (400 MHz,
CDCls) 0: 8.05~8.02 (m, 2H), 7.47~7.43 (m, 1H), 7.21
(td, J=17.6, 1.6 Hz, 1H), 5.77 (s, 1H), 4.30 (q, J=7.2 Hz,
2H), 3.76~3.68 (m, 1H), 2.43~2.34 (m, 2H), 2.31~2.22
(m, 1H), 2.20~2.11 (m, 1H), 2.07~1.96 (m, 1H), 1.93~
1.83 (m, 1H), 1.33 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCl;) 0: 200.3, 164.7, 164.5, 141.6, 133.4, 131.8,
128.1,94.6, 62.5,43.0, 24.9,24.2, 17.9, 14.1; HRMS (ESI)
caled for Ci¢H;7IOsNa [M + Na] © 439.0013, found
439.0012.

3-IR B35 -2- - WK B4 RS IN R £ B (3da): 6
BIRAK, 29.4 mg, 72% 67%. '"H NMR (400 MHz, CDCl;)
5: 8.07~8.00 (m, 4H), 7.65~7.62 (m, 1H), 7.53~7.49
(m, 2H), 7.44~7.40 (m, 1H), 7.21~7.17 (m, 1H), 6.58 (s,
1H), 4.29 (q, J=7.2 Hz, 2H), 1.25 (t, J=7.2 Hz, 3H); 13C
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NMR (100 MHz, CDCLy) d: 189.3, 164.9, 164.7, 141.6,
134.3, 134.2, 133.5, 132.0, 129.3, 128.8, 128.1, 94.7, 75.0,
62.6, 13.9; HRMS (ESI caled for CisH;5I0sNa [M+Na]"
460.9856, found 460.9873.

3-(4- 8 2K H5 )-3- B -2-(2- TR HH B A ) TR IR Y B
(3ea): LMK, 25.6 mg, F7% 58%. 'H NMR (400
MHz, CDCls) d: 8.14~8.08 (m, 2H), 8.04~8.01 (m, 2H),
7.43 (td, J=17.6, 1.2 Hz, 1H), 7.22~7.16 (m, 3H), 6.55 (s,
1H), 3.84 (s, 3H); '*C NMR (100 MHz, CDCls) §: 187.7,
166.4 (d, J=256.4 Hz), 165.3, 164.6, 141.7, 133.6, 132.6,
132.2 (d, J=9.5 Hz), 132.0, 130.5, 128.1, 116.2 (d, J=22
Hz), 94.7, 74.9, 53.3; HRMS (ESI) caled for C7H12F10s-
Na [M+Na]" 464.9606, found 464.9620.

3-(2-F A )-3- B -2-(2- Tl 5 R ok S 0 ) TR IR & B
(3fa): LB, 312 mg, =H 66%. 'H NMR (400
MHz, CDCL3) d: 8.05 (dd, J=8.0, 0.8 Hz, 1H), 7.95 (dd,
J=8.0, 1.6 Hz, 1H), 7.69 (d, J=7.6 Hz, 1H), 7.48~7.44
(m, 2H), 7.42~7.37 (m, 2H), 7.18 (td, J=7.6, 1.6 Hz,
1H), 6.55 (s, 1H), 4.32~4.22 (m, 2H), 1.22 (t, J=7.2 Hz,
3H); 3C NMR (100 MHz, CDCL3) 0: 191.6, 164.6, 164.1,
141.6, 135.9, 133.5, 132.9, 132.7, 132.0, 130.1, 128.0,
127.0, 94.7, 77.2, 62.7, 13.9; HRMS (ESI) calcd for
C1sH14CIIOsNa [M+Na]" 494.9467, found 494.9472.

3-(4- G A )-3- 5 -2-(2- Tl 5 FR ok 4 0 ) TR IR & B
(3ga): LA, 284 mg, 7% 60%. 'H NMR (400
MHz, CDCl;) 0: 8.03~8.00 (m, 4H), 7.49 (d, J=8.4 Hz,
2H), 7.45~7.41 (m, 1H), 7.22~7.18 (m, 1H), 6.51 (s,
1H), 4.30 (q, J=7.2 Hz, 2H), 1.26 (t, J=7.2 Hz, 3H); 1*C
NMR (100 MHz, CDCLy) J: 188.3, 164.7, 141.6, 141.0,
133.6, 132.7, 132.5, 131.9, 130.7, 129.2, 128.1, 94.7, 75.0,
62.7, 14.0;, HRMS (ESI) calcd for CisH4ClIOsNa [M—+
Na]" 494.9467, found 494.9474.

3-(2-PR MR )-3 -4 -2-(2- A 4% FH gt S ) A R P i (3 ha):
Ak, 31.1 mg, 723 75%. m.p. 75~79 C; 'H NMR
(400 MHz, CDCls) 6: 8.06~8.04 (m, 1H), 8.02 (d, J=8
Hz, 1H), 7.70 (s, 1H), 7.47~7.42 (m, 2H), 7.22~7.18 (m,
1H), 6.63~6.61 (m, 1H), 6.44 (s, 1H), 3.83 (s, 3H); 1*C
NMR (100 MHz, CDCLy) d: 177.2, 165.0, 164.5, 150.1,
148.1, 141.6, 133.5, 132.6, 132.0, 128.1, 120.8, 113.0,
94.7, 74.3, 53.3; HRMS (ESI) calcd for C;sH1110¢Na [M+
Na]" 436.9493, found 436.9489.

3-(2-ME WY )-3- 4 -2-(2- TR FHY B 460 5E ) TN R £ B (Bia):
Tk, 355 mg, 7% 80%. 'H NMR (400 MHz,
CDCl;) d: 8.07 (dd, J=8.0, 1.6 Hz, 1H), 8.04~8.00 (m,
2H), 7.78 (dd, J=4.8, 0.8 Hz, 1H), 7.45 (td, J=7.6, 1.2
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Hz, 1H), 7.23~7.18 (m, 2H), 6.39 (s, 1H), 4.30 (q, J=7.2
Hz, 2H), 1.27 (t, J=7.2 Hz, 3H); 3C NMR (100 MHz,
CDCLy) d: 181.7, 164.7, 164.6, 141.7, 140.6, 136.0, 134.8,
133.6, 132.8, 132.1, 128.6, 128.2, 94.8, 75.8, 63.6, 62.8,
14.0; HRMS (ESI) caled for CsH;310sSNa [M+Na]"
466.9421, found 466.9425.

2-(2- Tl % B G AR 3R )-1,3- 1 i (3ja): M € [ 4k,
23.9 mg, ;3% 69%. m.p. 57~59 C;'HNMR (400 MHz,
CDCls) §: 8.11~8.00 (m, 2H), 7.52~7.46 (m, 1H), 7.28~
721 (m, 1H), 5.74 (s, 1H), 2.39 (s, 4H), 2.12 (s, 2H); 1*C
NMR (100 MHz, CDCl;) o: 198.6, 184.8, 164.7, 142.1,
141.6, 133.5, 131.6, 128.2, 94.5, 85.7, 27.6, 21.1; HRMS
(ESI) caled for Ci;H 104Na [M+Na]”™ 368.9594, found
368.9586.

2-(2-FHLAS PR 4503 )-1,3- 2K LA i (3ka): (T
il 44, 36.2 mg, =% 77%. m.p. 63~65 ‘C; 'H NMR (400
MHz, CDCl;) J: 8.10~8.09 (m, 4H), 8.02~8.00 (m, 2H),
7.62~7.58 (m, 2H), 7.50~7.46 (m, 4H), 7.43~7.39 (m,
1H), 7.26 (s, 1H), 7.18 (td, J=8.0, 1.6 Hz, 1H); '*C NMR
(100 MHz, CDCL3) 0: 190.8, 164.5, 141.6, 134.3, 133.4,
132.9, 131.8, 129.4, 128.8, 128.1, 94.8, 80.3; HRMS (ESI)
caled for CpH;sIONa [M + Na] * 492.9907, found
492.9931.

3- 2Rk -3- 4 -2-(2-M-5- FFRE DR R A0 T R 2 T8
(3db): LA, 353 mg, 7% 78%. 'H NMR (400
MHz, CDCl;) 6: 8.06 (d, J=8 Hz, 2H), 7.86 (d, J=8 Hz,
1H), 7.83 (d, J=1.6 Hz, 1H), 7.65~7.62 (m, 1H), 7.53~
7.49 (m, 2H), 7.01 (dd, J=8.4, 2.0 Hz, 1H), 6.59 (s, 1H),
429 (q, J=7.2 Hz, 2H), 2.3 (s, 3H), 1.25 (t, J=7.2 Hz,
3H); 3C NMR (100 MHz, CDCl3) J: 189.4, 165.0, 164.8,
141.3, 138.3, 134.5, 134.3, 1342, 132.6, 132.5, 129.3,
128.8, 90.6, 74.8, 62.6, 20.8, 13.9; HRMS (ESI) calcd for
CioH,7105Na [M+Na]* 475.0013, found 475.0018.

3- 2R -3- 4 -2-(2-M-5- PR 4R 5k O R I AL R TR R &
fis(3de): TLaBAA, 23.4 mg, /% 50%. 'H NMR (400
MHz, CDCL) d: 8.06 (d, J=7.6 Hz, 2H), 7.84 (d, J=8.8
Hz, 1H), 7.65~7.62 (m, 1H), 7.54~7.47 (m, 3H), 6.79
(dd, J=8.8, 2.8 Hz, 1H), 6.56 (s, 1H), 4.30 (q, J=7.2 Hz,
2H), 3.79 (s, 3H), 1.25 (t, J=7.2 Hz, 3H); '*C NMR (100
MHz, CDCL3) 0: 189.4, 164.9, 164.5, 159.9, 142.1, 134.3,
134.2, 133.5, 129.3, 128.8, 120.3, 117.2, 83.0, 75.0, 62.6,
55.5, 13.9; HRMS (ESI) calcd for C9H;710¢Na [M+Na] "
490.9962, found 490.9964.

3- % B -3 B -2-(2- B -6- TR R I 40 55 ) T IR 4 TR
(3dd): LAk, 21.0 mg, % 46%. 'H NMR (400
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MHz, CDCls) d: 8.08~8.06 (m, 2H), 7.67~7.61 (m, 2H),
7.53~7.49 (m, 2H), 7.16~7.10 (m, 2H), 6.54 (s, 1H),
431 (q, J=17.2 Hz, 2H), 1.26 (t, J=7.2 Hz, 3H); 3C NMR
(100 MHz, CDCl3) o: 188.8, 164.5, 163.6, 159.5 (d, J=
256.3 Hz), 135.4 (d, J=3.3 Hz), 134.3, 133.9, 133.1 (d,
J=8.4 Hz), 129.4, 128.7, 127.9, 126.3 (d, J=18.1 Hz),
115.9 (d, J=21.2 Hz), 92.7, 75.5, 62.6, 13.9; HRMS (ESI)
caled for Cj;sH;4FIOsNa [M + Na]®~ 478.9762, found
478.9774.

3- 7% -3- 4 -2-(5- A -2- T K R G 42 ) TR TR £ TR
(3de): LA, 33.1 mg, F7% 70%. 'H NMR (400
MHz, CDCl;) d: 8.07~8.04 (m, 2H), 7.99 (d, J=2.4 Hz,
1H), 7.92 (d, J=8.4 Hz, 1H), 7.67~7.63 (m, 1H), 7.54~
7.50 (m, 2H), 7.18 (dd, J=8.4, 2.8 Hz, 1H), 6.58 (s, 1H),
430 (q, J=7.2 Hz, 2H), 1.25 (t, J=7.2 Hz, 3H); 3C NMR
(100 MHz, CDCls) §: 189.0, 164.7, 163.7, 142.6, 134.7,
134.4, 134.2, 134.1, 133.6, 131.9, 129.3, 128.9, 91.8, 75.1,
62.8, 13.9; HRMS (ESI) calcd for CsH4CIIOsNa [M-+
Na]" 494.9467, found 494.9488.

3- 7% -3- - 2-(5- 1R -2- Tl K R G 4 2 ) TR TR 4 TR
(3df): LR, 202 mg, F*%F 39%. 'H NMR (400
MHz, CDCl;) ¢: 8.12 (d, J=2.4 Hz, 1H), 8.06 (d, J=7.6
Hz, 2H), 7.85 (d, J=8.4 Hz, 1H), 7.67~7.63 (m, 1H),
7.54~7.50 (m, 2H), 7.32 (dd, J=17.6, 2.4 Hz, 1H), 6.57 (s,
1H), 4.30 (q, J=7.2 Hz, 2H), 1.25 (t, J=7.2 Hz, 3H); 1*C
NMR (100 MHz, CDCLy) d: 189.0, 164.7, 163.6, 142.8,
136.5, 134.7, 134.5, 134.4, 134.1, 129.3, 128.9, 122.4,
92.7,75.1, 62.8, 14.0; HRMS (ESI) calcd for CisH;4BrIOs-
Na [M+Na]™ 538.8962, found 538.8966.

2-(2- T -5- R L R R A0S )-1,3- OR R T
(3kb): FHA[EA, 30.0 mg, 2% 62%. m.p. 114~117 C;
'H NMR (400 MHz, CDCls) 6: 8.10 (d, J=7.6 Hz, 4H),
7.85 (d, J=8.4 Hz, 1H), 7.82 (d, J=1.6 Hz, 1H), 7.62~
7.59 (m, 2H), 7.51~7.47 (m, 4H), 7.28 (s, 1H), 7.00 (dd,
J=8.0, 1.6 Hz, 1H), 2.31 (s, 3H); 3C NMR (100 MHz,
CDCls) d: 190.9, 164.7, 141.3, 138.3, 134.5, 134.3, 134.3,
132.6, 132.5, 129.4, 128.8, 90.6, 80.0, 20.8; HRMS (ESI)
caled for CpH;7IONa [M + Na] © 507.0064, found
507.0066.

2-(2- -5~ P4 0 O R I A 0k )-1,3- 2R B T
(3ke): LK, 30.0 mg, 7% 60%. 'H NMR (400
MHz, CDCl;) d: 8.11 (d, J=7.2 Hz, 4H), 7.84 (d, J=8.8
Hz, 1H), 7.63~7.59 (m, 2H), 7.54 (d, J=3.2 Hz, 1H),
7.51~7.47 (m, 4H), 7.24 (s, 1H), 6.78 (dd, J=8.8, 3.2 Hz,
1H), 3.76 (s, 3H); '*C NMR (100 MHz, CDCls) §: 190.8,
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164.3, 159.5, 142.1, 134.3, 134.3, 133.5, 129.5, 128.8,
120.4, 116.9, 83.2, 80.5, 55.5; HRMS (ESI) caled for
Ca3H710sNa [M+Na]" 523.0013, found 523.0020.

2-(2-F-6- T R IR 40 55 )-1,3- 2K AU (3kd):
H 44, 29.8 mg, % 61%. m.p. 78~80 C; 'H NMR
(400 MHz, CDCl;) 8: 8.11 (d, J=7.2 Hz, 4H), 7.65~7.63
(m, 1H), 7.62~7.60 (m, 2H), 7.49~7.45 (m, 4H), 7.23 (s,
1H), 7.13~7.10 (m, 2H); 3C NMR (100 MHz, CDCl;) §:
190.2, 163.5, 159.5 (d, J=256.2 Hz), 135.4, 134.2 (d, J=
20 Hz), 133.1, 129.6, 128.7, 126.4 (d, J=10 Hz), 92.8,
81.1; HRMS (ESI) caled for CpH4FIO,Na [M+Na]"
510.9813, found 510.9817.

2-(5- 5 -2- fll 2% FE R 480 3L )-1,3- R FE T i 3ke):
HEE A, 293 mg, 753 58%. mp. 108~111 C; 'H
NMR (400 MHz, CDCl;) o: 8.10~8.08 (m, 4H), 7.97 (d,
J=2.8 Hz, 1H), 7.91 (d, J=8.4 Hz, 1H), 7.64~7.60 (m,
2H), 7.52~7.48 (m, 4H), 7.24 (s, 1H), 7.18 (dd, J=8.4,
2.4 Hz, 1H); 3C NMR (100 MHz, CDCl3) §: 190.5, 163.5,
142.6, 134.7, 134.4, 1342, 133.5, 131.8, 129.5, 128.9,
91.9, 80.6; HRMS (ESI) caled for CxH4ClIO4sNa [M—+
Na]" 526.9518, found 526.9543.

2-(5- 15 -2- T B AR 3k )-1,3- — F8 3L T U (3k):
H &K, 37.9 mg, 2% 69%. m.p. 125~129 C; 'H
NMR (400 MHz, CDCl3) 0: 8.10~8.08 (m, 4H), 7.84 (d,
J=8.4 Hz, 1H), 7.64~7.60 (m, 2H), 7.52~7.48 (m, 5H),
7.31 (dd, J=8.4, 2.4 Hz, 1H), 7.24 (s, 1H); 3C NMR (100
MHz, CDCL3) 0: 190.5, 163.4, 142.8, 136.4, 134.6, 134.4,
1342, 129.8, 129.5, 129.1, 128.9, 122.4, 92.7, 80.6;
HRMS (ESI) caled for CypHisBrlOsNa [M + Na] *
570.9012, found 572.9012.

323 AT

EAEHT, M o1d (1 g, 0.6 mmol, 1 equiv.)s¥ 1k (2
g, 9 mmol, 1 equiv.)¥] ~ & F #E(CH2Cly, 0.2 mol/L)iE
NN = ZHE(EGN, 2 equiv.)Fl =% H AR = P 37 i
(TMSOTT, 2 equiv.). [FiRZE—40 CM 6 h, Z )55t
IO =R 2a (1.1 equiv.). 7E 0.5 h W AR E %R,
S 6 h JE R RE T, N4 o A AR A e R
W (NaHCOs, 10 mL)# K, T & H %¢(CHLCly, 25
mL X 3)EFHL, & IF N, AU A& 7K Q20
mL)BEVR A KRR B 1, W4d /s, LAmBER &
R OB NPT, FEEEaif s SR 279 3da (A
W/ R 2Hg, Vi V=16 . 1, 131 g, /"3 50%)F 3ka
(B CFR 2T, V' V=18 1,2.41 g, = 57%).
324 Fd3da 95T AT

AT, [ 3da (250 mg, 0.57 mmol, 1 equiv.)
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N5 A = R (110 mg, 0.74 mmol, 1.3 equiv.)f
WWW(THE/H,0, V@ V=10 : 1, 5 mL)$ o N5 BR 4
(Cs2COs, 560 mg, 1.71 mmol, 3 equiv.) Fl4E & 1k 5
[Pd(dppt)CH,Cly, 0.05 equiv.]. BEJ5 FHEF] 50 C RN,
81 FH 2 1% (TLC) W S B SRR, e I 465 R i i
AEAL AR NHLCL, 5 mL)FE KRN, 48R L8
(10 mL X 3)ZHL. A HUH M A & £E7K (10 mL X 3)Pti%,
PR OKBR RN T, W48 )5, DAATHEER 2R 28 1E
SRR, B CHMEY OBR B, VI V=20 )%
B FPY) 4 (104.6 mg, 773 52.1%).

3- IR L 35 -2-(2- i TR s R R PRI SRR ) TN IR L R
(4): LAWK, 104.6 mg, 7% 52.1%. 'H NMR (400
MHz, CDCl3) 6: 8.06~8.03 (m, 2H), 7.94 (dd, J=7.8, 0.8
Hz, 1H), 7.65~7.61 (m, 1H), 7.52~7.47 (m, 3H), 7.33
(td, J=7.8, 1.6 Hz, 1H), 7.26~7.24 (m, 1H), 6.49 (s, 1H),
5.05~5.04 (m, 1H), 4.82~4.81 (m, 1H), 4.29 (q, J=7.2
Hz, 2H), 2.03 (s, 3H), 1.25 (t, J=7.2 Hz, 3H); 3C NMR
(100 MHz, CDCl3) d: 189.7, 165.8, 165.2, 146.1, 146.0,
1342, 132.5, 130.5, 129.4, 129.3, 128.7, 127.3, 127.0,
114.2, 74.8, 62.5, 24.1, 13.9; HRMS (ESI) calcd for
C21H200sNa [M+Na]" 375.1203, found 375.1227.

WAKMET, 7£0 CH M 3da (600 mg, 1.37 mmol,
1 equiv.) ] N,N-—F1J& HI Pt [l (DMF, 4 mL)¥ 8 i in 1
mL ZAL4H(NaH, 66 mg, 1.6 mmol, AF1%H 60%, 1.2
equiv.)f¥) DMF 2 7F#i. 30 min /5, [F4KZ g0 3-1=— A
(1.2 equiv.), TEZEMR FRMER. RS K
K, LR CEEQ20 mLXS)AEHL, & A HUAHE A&
£R7K(100 mL)Fedk, ToKIMBRAT . K45, LoA
Fik F1 212 CBEAE B MR, At 20 28 CF g/ 1R &
i, Vi V=25 D& 5 (541.6 mg, 7= 83%).

3- 2% FR I - 2-(2- TR P I AU 0 )-4- TROBR TR 20 B (5):
WO, 541.6 mg, F5F 83%. 'H NMR (400 MHz,
CDCl;) d: 8.05~8.03 (m, 2H), 7.98 (dd, J=7.6, 1.6 Hz,
1H), 7.92 (dd, J=7.8, 1.2 Hz, 1H), 7.55~7.51 (m, 1H),
7.43~7.38 (m, 3H), 7.16 (td, J=7.8, 1.6 Hz, 1H), 4.41~
4.24 (m, 2H), 3.65 (d, J=2.8 Hz, 2H), 2.10 (t, J=2.4 Hz,
1H), 1.26 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5)
5: 190.2, 165.7, 164.2, 141.4, 134.0, 133.5, 133.3, 133.0,
131.7, 129.0, 128.6, 128.0, 94.4, 87.0, 72.4, 63.1, 26.8,
24.2, 13.9; HRMS (ESI) calcd for C2;H;710sNa [M+Na]*
499.0013, found 499.0041.

325 #EHER

WA, HO1-FR 31 2- R EE-3-(1LH)-BH (526
mg, 2 mmol)) — 5 FEE(20 mL)EE M A TMSOTf
(0.43 mL, 2.2 mmol), K SY)AL Rk B CCPIE IR, 4k
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SRR =R TS AIRRR, Bk 3 h R, Hao
(15 mL X 3)HEATHW, A THEHEE] 2a' (0.61g,
77%). 1- =58 £ B8 5 -1,2- K B Bt -3-(1H)- i (2a"): 'H
NMR (400 MHz, CD;OD) §: 8.17~8.15 (m, 1H), 8.01~
7.99 (m, 1H), 7.88~7.86 (m, 1H), 7.76~7.73 (m, 1H);
3C NMR (100 MHz, CD;OD) ¢: 172.1, 136.7, 133.1,
131.9, 131.1, 127.4, 120.3. B& R AISCRR[71]H0E —
.

AR, MAB AR AEE(1.3 mL, 10 mmol)Fl
— . J%(2.8 mL, 20 mmol)[#)1E EEIE W I TMSOTF
(4.0 mL, 20 mmol), /£ —40 C F5&H+E 30 min J5, 30
min N EAARER, SRMER. L5 H
kv L8, MR 751815 1A (1.01 g, 50%). (2)-3-—
FAE RS- T iR 4ME(1A): 'H NMR (400 MHz, CDCls)
8: 5.09 (s, 1H), 4.08 (q, J=7.1 Hz, 2H), 2.23 (s, 3H), 1.23
(t, J=7.1 Hz, 3H), 0.23 (s, OH). % EI¥dE A SCmk[ 7214k
8.

HBhA Rl (Supporting Information) {L&4) 2a~2f [
'H NMR Al 3C NMR (115, 3aa~3ka. 3db~3df. 4
F15. 1A, 2a'J '"H NMR F1 3C NMR i & L M HRMS
LI e RL AT DL S B AR TI) ) 3 (http:/sioc-
journal.cn/) = F %k,
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