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Abstract An efficient visible light-facilitated decarbon-carboxylation of activated alkenes has been successfully developed.
Compared with traditional alkene carboxylation, this method features mild conditions, up to 96% yield and good compatibility
with a variety of functional groups. It provides a new method for the synthesis of phenylacetic acid and its derivatives. The
mechanism study shows that the reaction realizes the synthesis of the corresponding carboxylic acid with constant apparent
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carbon number by substituting the carbon-carbon double bond of alkene.
Keywords visible light induction; carbon dioxide; activated alkene; carboxylation
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Figure 1 Arylacetic acid drug molecules
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(b) Visible-light-driven carbocarboxylation of styrenes with CO, and arylamine
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(c) Visible light-induced decarbon-carboxylation of activated alkenes by CO, (this work)
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Scheme 1 Research background and this work

DR LR B RCR, BEJS, Hong PRASAIPHRIE
TR R AR TR R AR IS T B NLN- U O e AN
AR IR R UE RE A OB SR IR A, 5%
O N R R LA S NS AR T, R T TR A A
W2 5 BT IR IS IRR AL SUSL R 4 AN E W) C—C
Wi AE, MIMERES 1 — R85 IR p-IRERAL &)
(Scheme 1c).

2 #R5¥HL
21 REFEHMHK

DL 4-ZRFEIR 25 () NSRURY), NN-— 75 2%
(DIPEA) N, :Eﬁﬁ@]zm(DMso)?ﬁﬁ%J 2,4,5,6-4
(3-8 2 — 5 (ADPAIPN) N G AEAL 7], (E IR
40 W 460 nm } fcﬂﬁﬁﬂ N, EfE L S8%IH = G |
HARM=4) 23 1, Entry 1). $ FR, BT 7%
(% 1, Entries 2~6), K218 AL R R bedk = ke
B, BERs 1SR =Y, Hd N-RE-N-FER T
(NIMBA) R e UF, WO RTIA 75%, T ek i 5k
HIARNEITCIEG R BARFEY. ik NIMBA k221t &
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RI, WAIEE 0.5 equiv. i IERFEIRE 30%, &l 2
equiv. N R S i, DRI, ) e 2 A 0% S 0 B0 sk 1 5
B, TR BRI G A 5 R 2, O e T LA B
55, WAHBRBIEARY. KRG, BT ARERIR R
HISZIA (3 1, Entries 7~9), S A0 BA R 5 FH B
AEFFHA, Q0 NN-ZF 3 I (DMF) . N-F kg
FEHA(NMP). MeCN 73 A FEAH 69%- 45% 52%. fEFk
TN AN g AR AR A, DU R R (THF) A & H b
(DCMYTE MBI AR M EZ 2] HARF= A . 74k, &
AL TEAT T I 1% (FR 1, Entries 10~12), f#i ] 4Cz-
IPN F fac-Ir(ppy)s VE REHEMFIRT, SR RN H brr=
YR RR, % 3DPAFIPN I, WE A 70%. SR)G, Xk
RS T 3E4T T 9fi%(F 1, Entries 13~16), JATKIL,
JEK S B )28 24 h ), W nT LA H 86%, 7 Bl
AT LLIA 2 78%. T Ml BRI, &M 1 h JFEICE
FEAAE, (HICR R 58%. B, HENZRMNEH T
— AN E AR AR, X O S TR I S B ATL B AR TR
P, AUk, BT T BRSO SR A, B 2
equiv.[f] NIMBA, 1 mol%[f)tf#E4L71 4DPAIPN, LA
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Table 1 Optimization of reaction conditions

Photocatalyst, Amines

X
+ CO,
Ph

Solvent, Time

/©/\C02H
Ph

1 40 W 460 nm Kessil Blue LEDs 2
r.t., then HCI (2 mol/L)

Entry Photocatalyst Amine Solvent Time/h Yield?/%
1 4DPAIPN DIPEA DMSO 6 58
2 4DPAIPN TEA DMSO 6 N.D.
3 4DPAIPN Cy2NMe DMSO 6 73
4 4DPAIPN NIMBA DMSO 6 75
5¢ 4DPAIPN NIMBA DMSO 6 30
67 4DPAIPN NIMBA DMSO 6 65
7 4DPAIPN NIMBA DMF 6 69
8 4DPAIPN NIMBA NMP 6 45
9 4DPAIPN NIMBA MeCN 6 52
10 4CzIPN NIMBA DMSO 6 N.D.
11 3DPAFIPN NIMBA DMSO 6 70
12 fac-Ir(ppy)s NIMBA DMSO 6 N.D.
13 4DPAIPN NIMBA DMSO 1 58
14 4DPAIPN NIMBA DMSO 3 70
15 4DPAIPN NIMBA DMSO 12 75
16 4DPAIPN NIMBA DMSO 24 86 (78)°

4Reaction conditions: 1 (0.2 mmol), amine (0.4 mmol), photocatalyst (1 mol%), solvent (2 mL), 101 kPa CO,, 40 W 460 nm Kessil blue LEDs, r.t., then HCI (2
mol/L). * Yield was determined by '"H NMR with 1,3,5-trimethoxybenzene as internal standard. NIMBA (0.1 mmol). ¢ NIMBA (0.2 mmol). ¢ Yield of isolated prod-

ucts in parentheses. N.D.=not detected.
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TERf R S I N 26 A I, R 8 12 S N TR TR A 9
Fil, B 2e%2 7 RIS IA IR R E PR (B 2). 5
IS 2E SRR, A A BT RN BRI R s I R A e T
PLR A% N, 351 DA A 28 28 RO R0 (52% ~ 86%) 15
FIHFRF=) 3~11.13~16. BAKIM S, ZNMNEHE
REM M R4, wHEE3E. & SRR B Ae Y
BRI AN, (B2, SR BRI R,
HRELL 24%CRAF =4 12, BLAL, ZEIRRRYth AT
PUBAIAS 2 =R R 17, [RINE, 1% S 5% %5 6] 67 L 5
MK, 1,3,5- = FBEEUR 12K 208 PR R =4 18 1l
R HAH 14%

SERR T HHURIE IR IR IR B 8 0, 43 il x foe 2k
DT R 11RO R T T %2, R
B R AKX R 2 2459, Kadt a1 I
(PGB S5 M BT, TEARAE R N 61T, 2R
AR RIS IR R I 2 R A — B WA Bk
B PR A 38 AT DA 25 2 A R (48% ~ 96 %) 15 2
HERP=4 191 20, 22~28. $FHIFEH2, 4F 5 FEHL
RIVEP R BELL 26% K IBCRIF 2 H A5 =4 21, A REZ
RATEAL FEAT B PR AR R S BRI, KRR
), BIRCEMARLE ] LR A T S B A3 274 29, IR
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RIKF] 72%, X NE AP R E RIS AL T
Z (PRI RE. K FF R i LA 5 S e BB R R, R
B o ERE. REEMRCE, SRS Eg
RS2 (68% ~91%) 453 2| B A5 7=4) 30 #133~36. 54k,
AN IR AT LUR A Z B, 43 5 BA 75%F0 63% iR
RN THAMRIE 31 A132. BlJE, B8 75K 1-05 5
ROIFHIEY). SLIREE R, T RN TZ% R B 1)
SNSRI, TR T (W 43)
2 I H T [ (T 40), B A R (41, 42)1 1,1-
TS RIR 2 YRR DA R G 7 2E(78% ~ 84%) 15 F| H bR
PR, 1,1- R ORI AT BL 86% MR 1S 2 H bR r=
V) 38, A A R RIZE AR R AT LA
TR~ 39 F1 44, SZ53 000 65%F 56%. LAk, ATl
S T HAT SR SR o f-ANHLANER, AT L 67%HUR
RAGFN Y 37, XL T % N AE S A I P S 1)
7.
23 ERBMARTR

K OTRIBLINE N E BT R IER IS 21, iz
M FIGRIGTT. Hr, XUOESFRAY &N I, H
Uk, BJEEE T IZRNAEZY) G EN . TEAR R
AT, &R R2(A 3), mZEAEd4s). JEin
KI5 (46). KI5 47). BEHLIBIT(49). A% IF(50)H
PR N R (57%~95%), TiEMmEE(48)RA
36%, XA FRIERDY R R RUE . B, R
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1 1
R 4DPAIPN (1 mol%) R
AL+ NIMBA 4+ co,
R DMSO (0.1 mol/L), 40 W 460 nm Kessil Blue LEDs R~ "CO,H
rt, 24 h, then HCI (2 mollL)
R=Ar,R'=H
4,R=Cl, 79% 9, R = Bpin, 80% COLH
COM COH 5 R=CF;79% 10, R=OMe, 52% COzH
. 6, R=CO,Me, 82% 11, R = t-Bu, 64% on
7,R=CN,68% 12 R=CH,OH,24% OMe ©
— 0,
3,78% 8, R=0Ac, 72% 13, 74% 14, 86%
MeO
CO,H
Cl eO
15, 63% 16, 73% 17, 76% 18, 14%
R = Aror EWG, R" = Alkyl
Me
Me Me Me 22, R = OMe, 48% Me
CO,H 23, R = CgHs, 96%
©)\ CO.H ©\)\COZH /©)\C02H 24, R = Me, 73% <o CO,H
25R=F, 77%
OMe OMe R 26, R = Cl, 90% ©
27,R = CN, 82%
19, 84% 20, 95% 21, 26% 28R = Ms. 78% 29, 72%
Bn CO.H ¢OH 33,R = Et, 76%
34, R = n-Pr, 68%
CO,H CO,H
[:::I/l\ [:::[:f> [:::I:i:] [:::]/l\ 35, R=iPr78%  Me0,C” “COH
36,R=Cy, 91%
30, 90% 31, 75% 32, 63% 37,67%
R=ArR'=
Ph Ph
Ph 40,R =F, 79%
COzH x> COH CO,H 41,R=Me, 78% COyH
! 42, R = CgHs, 84%
43,R = OMe, 78%
38, 86% 39, 65% e 1o 44, 56%
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Figure 2 Substrate scope of decarbon-carboxylation
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ATH 7 20T LA 77 1 B S 3000 N 32 88 (1) v 2% &5 B, 191
fn, BL1.22 g IUAERRHESRAE T B, L 70%U5 345 3
HARF=H) 47, X NAGIESF L9057 F AL A e
BT BT
2.4 HIBRR
241 FH|FEK
NTHEFRRSHLEE, HE4T T — R BRI 61 2 56
(Schemes 2a, 2b). TEFRAESRAE T, AMDGHEA AN
NI, ¥TIEAR B =Y, TR & N R, (=
ST ERh T ORI AT R AR I AR B H AR, UAIEA
AR, AT DA B SRS I A 51, X RTEET
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Hull ZHRIEIOR 25 280 Rk, HEMZ e MBS T
— AN a AL R R OO R AR NN 2,2,6,6-
VY H - 1-DR g 5 2 (TEMPO) A P2 AR i, IE % R
N2 H T E B (Scheme 2¢). WiEAT T H s
459 (Scheme 2d), &I 52 fEARMESRAF IR T =703
RIFIRE =W 53, HEMZ R i 5 2Rk MR &
I JEAS BIP-RAL B EECATEIR, R R R L
JRRAL U, SR A AR S B, BT ATE H HA 2
EARBOT TR B3] 7 S S (a4, IRl Xi PR
HUHA AR HRIE.

28 IR 3-1,2- IR LA (SA)TEARHE SR A T IR B
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(a) X standard conditons CO,H (e) -
: X Ph standard conditions /\COZH
Ph w/o PC, light or N source  pp,
1 2,N.D 54 3, 59%
(b) X JPr
i ! CO,H
/©/\ standard conditons ) () /&2 standard conditions  pr > Go.H
Ph wio CO, Ph Bu Ph NG
1 51, 75% ' 55 3, 75%
(c) , !
/©/\ bt /©/\C02H E (9 COzH  standard conditions Ph/\CO H
Ph TEMPO (5 equiv.) Ph : Ph/& wio CO, s 700/2
1 2,N.D ! 55 , 10%
(d) CO,H
standard conditions |
52 53,70%
CO,Me » g e
4DPAIPN (1 mol%), Cy,NMe (2.0 equiv.) COzMe N/Cy €. €
&
/©/\ DMSO (0.1 mol/L), 40 W 460 nm Kessn Cliy k’& /i: &
Blue LEDs. r.t., 30 min, then CHjsl ,V/{& gg \
56, 29% 57, 51% -« [N o
(¢OzMe 57 (X-ray)

standard conditions

/@)\/\

/©/\COZH
.
Ph

2, 28% 56, 69%

B2 s

Scheme 2 Control experiments

(Scheme 2e), AJLL 59%HICER1F 2= 2, UEZ N
WS DT T BB SUBE W 2L, RIS, 2-2R & TR IR IR (S5)1E

FrifESE T (Schemes 2f, 2g), L /e il AN ALK,
YIRT LIS 224 3, s 0 sk e B 1) O R0 R 2 R A

R 5, THROIGEgE A A i EESE,
%4‘2?&@3’%&5 TR AL
T 2 A (TLC) Ml e REERE, R IWAE [N 30

min HT, SRR O R, KR RIS, SR
BRI R BRI 9 56 LLANEA p-BERE L &4 57,
A ) Gh R I R R AT S G (Scheme  2h). 45 R
WIS AT BEZE T 2K O R A IR, RS p-2 2
FRIEAL B WILEAREE S 14 R M (Scheme 2i), LA 69% IR
RIBR| 7Y 56, HAT 28%M1 2. 2 IR A2 AT RE A& R N AE
FMEATIR R T, RS KA R RN, XM
1}JEMIET¢?EJ“ FE G TR AT I FE 1.
242 At g Lz

*E%Eﬁﬁ B DL SHRIE I SCHR, $E T — R BER
HLEE. U1 Scheme 3 Fw, T4, =IHHOK S 1I61#
13 A AL N R 3k B B C, K 206 N A EIAL
HEHE D, “~AH HIEEE G WGE 8RBT E, K5
Wk AR B F, BOSR SIOBEALT] A F4LAR
HEEHE G, WAL C—C #IAE SRR A
AT H A L B E R 3, 03
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PR K. SCER[LL$R0E T R A2 78 R BH 25 12 R 3 11
Thicee AR it 72, (HIE A VI Cp—C, BENIIRIE, X
SRR RENS SEI iR BRI ) OB, Z FE A Meng
TR ZH 2T A DGR T UF 5.

3 &g

B T — R HEA T T e L0 B 95 5k LRI
AR IR BNE, 308 350 T e XU P e PR 2k A S B SEEBL 1
AR S I R ) B, AR R S A R 1S 2 T
BAZRRIR. ZR BB FR 5 RS A
T mmE . BRAFRA RS A, NG 0T QRIS
MRt 7Tk

4 SCIOERSY

41 NBES5EHF

W SR s b /2 i3 Bruker AVANCEII HD
400 X #83R1, 1E 400 MHz Jll € '"H NMR, 7£ 100 MHz
M€ PC NMR, 7£ 376 MHz Jl|5€ '°F NMR. {4 Ff ()54t
WA TACEA(CDCL: 'H NMR AR N 6 7.26; 13C
NMR WtrA & 77.0)F150 A = FEH(DMSO-ds: 'H
NMR WH5M 8 2.50; 3C NMR W54 6 39.52). B
40 W 460 nm ¥ 1 LED 4T, *5°4 40 W Kessil A16OWE
TUNA BLUE, W H Ei#g3Em TREA IR A A.
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Scheme 3 Possible mechanism

IR SAR[ZEE (9) 99.999%10 H 2= 22 S MA R A
Al BRAESIA YO, kAT AR R MR Ak N R A
SE(U Energy Chemical. Bidepharm 1 Innochem). ¥
—MRAE 4A 73T LM A PRI GFosa W JEARIEAT T
JE S (TLC) I, 77 i Al A A A i, A 8] e
FNHEZ(200~300 H).

42 LW

421 HAEFE Tk

EFEHT, BB BT Schlenk (10 mL)H imA
J544(0.2 mmol). 4DPAIPN (0.002 mmol, 1.6 mg)Fll N-5F
P 3-N-F JE U T B6(0.4 mmol, 68 pL), SR I T
DMSO (2.0 mL). \F-EHF#H Schlenk &, MHET
HH A4k B ¥ 3 Y. ] 40 W Kessil Blue LED (3 cm
b, FHV AR PR = IR RO IR ) IR SHR A, R B
24 hJg, F 2 mL #HEZQ2 mol/L)HE KN, LR ZHEEG3
mL X 5)ZH. & IFHANLZH KRG, Hasilkds. &
B d I R AR E AT CR MY R TR/ ER, VIV
V=100 : 25 : Ditfr4ith, B389 2~50 fi1 53.

4- T IRFE LR (2)P: (AR, FEER 78%. mup.
162~163 °C; '"H NMR (400 MHz, CDCls) §: 7.64~7.52
(m, 4H), 7.44 (dd, J=8.4, 6.8 Hz, 2H), 7.41~7.32 (m,
3H), 3.71 (s, 2H); 3C NMR (100 MHz, CDCl;) 6: 177.66,
140.65, 140.35, 132.17, 129.79, 128.75, 127.40, 127.31,
127.07, 40.61.

2- R E R (3B [ E A, FEE 78%. mup.
76~77 C; '"H NMR (400 MHz, CDCl;) o: 7.37~7.25
(m, 5H), 3.65 (s, 2H); 3C NMR (100 MHz, CDCl;) ¢:
177.96, 133.20, 129.35, 128.63, 127.34, 41.04.

4-FURE O @B FaEE, 23 79%. m.p.
104~105 °C; '"H NMR (400 MHz, CDCl3) J: 7.33~7.28
(m, 2H), 7.24~7.19 (m, 2H), 3.62 (s, 2H); 3C NMR (100

1680 http://sioc-journal.cn/
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MHz, CDCls) 6: 177.18, 133.38, 131.59, 130.73, 128.79,
40.26.

2-(4-( = AR R IR ZFR(5)P 1) (A, e
79%. m.p. 83~85 ‘C; 'H NMR (400 MHz, CDCl;) &:
7.60 (d, J=8.0 Hz, 2H), 7.41 (d, J=7.9 Hz, 2H), 3.72 (s,
2H); BC NMR (100 MHz, CDCl;) &: 176.86, 137.01,
129.80, 129.76 (q, J=32.0 Hz), 125.58 (dd, J=8.0, 4.0
Hz), 124.02 (g, J=269.0 Hz), 40.67; '°F NMR (376 MHz,
CDCl) 0: —62.62.

2-(4- FAE R FL IR 3L ) Z TR (6)PY): [t [l 44, 7= %
82%. m.p. 113~115 ‘C; 'H NMR (400 MHz, CDCls) &:
8.06~7.96 (m, 2H), 7.40~7.32 (m, 2H), 3.91 (s, 3H),
3.71 (s, 2H); 3C NMR (100 MHz, CDCl) J: 176.62,
166.80, 138.26, 129.91, 129.46, 129.26, 52.16, 40.89.

2-(4-F A ) 2 B(T)P-0): [ EEE, AR 68%.
m.p. 152~154 °C; '"H NMR (400 MHz, CDCL;) J: 7.67~
7.61 (m, 2H), 7.43~7.37 (m, 2H), 3.73 (s, 2H); 3C NMR
(100 MHz, CDCls) &: 175.96, 138.36, 132.39, 130.26,
118.53, 111.48, 40.81.

2-[4-(LBEAIE) KL Z R (8)!12: A fE Ak, 7=
72%. m.p. 106~108 °C; 'H NMR (400 MHz, CDCls) &:
7.30 (d, J=8.5 Hz, 2H), 7.05 (d, J=8.5 Hz, 2H), 3.64 (s,
2H), 2.29 (d, J=0.8 Hz, 3H); 3C NMR (100 MHz, CDCl;)
5: 177.66, 169.58, 149.79, 130.75, 130.40, 121.69, 40.34,
21.08.

2-(4-(4,4,5,5-DY H 3k-1,3,2- SR J Ml e -2- 38 K 3t 2,
B2 (9)P43K: VRGO, 723 80%. 'H NMR (400 MHz,
CDCls) 6: 7.78 (d, J=7.7 Hz, 2H), 7.29 (d, J=7.7 Hz,
2H), 3.66 (s, 2H), 1.34 (s, 12H); '*C NMR (100 MHz,
CDCls) &: 177.56, 136.32, 135.07, 128.75, 83.80, 41.19,
24.79.

4-FEFE R 2 FR(10)330): (@ E4k, P2 52%.

Chin. J. Org. Chem. 2024, 44, 1675~1685
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m.p. 85~87 ‘C; 'H NMR (400 MHz, CDCl;) d: 7.20 (d,
J=8.6 Hz, 2H), 6.87 (d, J=8.7 Hz, 2H), 3.80 (s, 3H), 3.59
(s, 2H); 3C NMR (100 MHz, CDCls) &: 178.29, 158.76,
130.39, 125.26, 114.00, 55.22, 40.12.

2-(4- BT REF) 2R AP, [ Ak, AR
64%. m.p. 79~80 ‘C; 'H NMR (400 MHz, CDCl;) &:
7.39~7.34 (m, 2H), 7.23 (d, J=8.0 Hz, 2H), 3.63 (s, 2H),
1.32 (d, J=1.1 Hz, 9H); 3C NMR (100 MHz, CDCL) &:
178.16, 150.19, 130.17, 129.00, 125.58, 40.54, 34.46,
31.30.

2-(4-(BH B K E) oA [ Ak, 7ER
24%. m.p. 128~129 C; '"H NMR (400 MHz, DMSO-ds)
5: 7.30~7.04 (m, 4H), 5.17 (s, 1H), 4.47 (s, 2H), 3.54 (s,
2H); 3C NMR (100 MHz, DMSO-ds) : 172.88, 140.88,
133.36, 129.12, 126.46, 62.74, 40.46.

2-(3-HEKIL) 4R (13)1412): (G ER, 723K 74%.
m.p. 67~69 °C; '"H NMR (400 MHz, CDCly) &: 7.27~
7.21 (m, 1H), 6.89~6.79 (m, 3H), 3.79 (s, 3H), 3.62 (s,
2H); 3C NMR (100 MHz, CDCLy) §: 177.62, 159.71,
134.63, 129.61, 121.69, 115.03, 112.86, 55.19, 41.06.

2-2- A K I 2 14)Be*): [ A [H 4, 2R
86%. m.p. 122~124 °C; 'H NMR (400 MHz, CDCl;) &:
727 (td, J=8.0, 1.9 Hz, 1H), 7.18 (dd, J=7.5, 1.7 Hz,
1H), 6.96~6.83 (m, 2H), 3.82 (s, 3H), 3.66 (s, 2H); 1*C
NMR (100 MHz, CDCly) &: 177.95, 157.45, 130.94,
128.82, 122.33, 120.56, 110.54, 55.45, 35.74.

2-Q-FHFER) TR A5)PN: [EFEK, FPER 63%.
m.p. 93~95 °C; 'H NMR (400 MHz, CDCly) &: 7.43~
7.37 (m, 1H), 7.31~7.23 (m, 3H), 3.82 (s, 2H); 3C NMR
(100 MHz, CDCls) d: 176.46, 134.62, 131.64, 131.52,
129.54, 128.98, 126.96, 38.75.

2-(3,4- HAREREL) 4TR(16)P): [l 4k, F=F
73%. m.p. 96~98 ‘C; 'H NMR (400 MHz, CDCl;) o:
6.85~6.76 (m, 3H), 3.86 (d, J=3.6 Hz, 6H), 3.58 (s, 2H);
13C NMR (100 MHz, CDCls) d: 178.08, 148.90, 148.28,
125.63, 121.52, 112.41, 111.16, 55.83, 55.81, 40.60.

2-ZEH AP A E A, R 76%. mup.
142~144 °C; 'H NMR (400 MHz, CDCls) J: 7.82 (tt, J=
7.3, 3.8 Hz, 3H), 7.74 (d, J=1.7 Hz, 1H), 7.51~7.45 (m,
2H), 7.42 (dd, J=8.4, 1.8 Hz, 1H), 3.82 (s, 2H); '*C NMR
(100 MHz, CDCly) 6: 177.99, 133.35, 132.51, 130.64,
128.31, 128.17, 127.66, 127.64, 127.28, 126.22, 125.93,
41.20.

2,4,6- = FFILIEZRA8)V: [AEEK, FEEK 14%.
m.p. 166~168 C; '"H NMR (400 MHz, CDCls) 6: 6.88 (s,
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2H), 3.68 (s, 2H), 2.28 (d, J=11.9 Hz, 9H); 3C NMR (100
MHz, CDCls) 6: 177.81, 137.02, 136.85, 128.95, 127.80,
34.63,20.91,20.17.

2- R BN R (19)BP15) [ A AR, 72 84%. mup.
62~64 ‘C; 'H NMR (400 MHz, CDCL) d: 7.34 (d, J=3.8
Hz, 4H), 7.29 (td, J=5.4, 4.9, 3.2 Hz, 1H), 3.75 (q, J=7.2
Hz, 1H), 1.53 (d, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCl3) d: 180.86, 139.71, 128.65, 127.58, 127.37, 45.35,
18.07.

2-(3- F AR L 25 3 TR R (20)Pe): 1 €1 [ 44, 7=
95%. m.p. 39~40 ‘C; 'H NMR (400 MHz, CDCL) &
7.25 (t, J=7.9 Hz, 1H), 6.94~6.77 (m, 3H), 3.80 (s, 3H),
3.71 (q, J=7.2 Hz, 1H), 1.50 (d, J=7.2 Hz, 3H); 13C
NMR (100 MHz, CDCl:) &: 180.72, 159.65, 141.19,
129.63, 119.92, 113.37, 112.62, 55.17, 45.32, 18.01.

2-(2- AR ) T R (21)Pe™: 1 €1 [ 44, 7=
26%. m.p. 100~102 °C; 'H NMR (400 MHz, CDCls)) &
7.25 (t, J=7.9 Hz, 1H), 6.91 (dt, J=7.7, 1.2 Hz, 1H), 6.87
(t, J=2.1 Hz, 1H), 6.81 (ddd, J=8.3, 2.6, 0.9 Hz, 1H),
3.80 (s, 3H), 3.71 (q, J=7.2 Hz, 1H), 1.50 (d, J=7.1 Hz,
3H); 3C NMR (100 MHz, CDCl) &: 180.75, 156.66,
128.72, 128.33, 127.99, 120.78, 110.73, 55.47, 39.06,
16.83.

2-(4-F AL SR I I RR (22)00%): [ (Ll 4k, 72 R
48%. m.p. 55~57 ‘C; 'H NMR (400 MHz, CDCL) 6
7.28~7.21 (m, 2H), 6.90~6.82 (m, 2H), 3.79 (s, 3H),
3.68 (q, J=7.2 Hz, 1H), 1.48 (d, J=7.2 Hz, 3H); 13C
NMR (100 MHz, CDCl:) &: 180.78, 158.86, 131.86,
128.62, 114.06, 55.28, 44.46, 18.16.

2-(4-BE IR ) R (23)B3: [ [E 4K, 72 96%.
m.p. 145~147 °C; '"H NMR (400 MHz, CDCL;) J: 7.66~
7.55 (m, 4H), 7.50~7.40 (m, 4H), 7.40~7.34 (m, 1H),
3.82 (q, J=7.1 Hz, 1H), 1.58 (d, J=7.2 Hz, 3H); 13C
NMR (100 MHz, CDCl:) &: 180.88, 140.65, 140.37,
138.70, 128.72, 128.01, 127.40, 127.27, 127.05, 45.02,
18.07.

2-(4- R L) R (24)5059): [ (B[l fA, 75 73%.
m.p. 35~37 ‘C; 'H NMR (400 MHz, CDCly) 6: 7.22 (d,
J=8.1 Hz, 2H), 7.15 (d, J=7.9 Hz, 2H), 3.71 (q, J=7.2
Hz, 1H), 2.34 (s, 3H), 1.50 (d, J=7.2 Hz, 3H); *C NMR
(100 MHz, CDCL) &: 181.05, 137.07, 136.71, 129.33,
129.21, 127.42, 44.90, 21.05, 18.06.

2-(4- TR I N IR (25)P%): [ Ak, 72 77%.
m.p. 76~78 ‘C; 'H NMR (400 MHz, CDCl;) J: 7.28
(ddd, J=9.9, 6.0, 3.3 Hz, 2H), 7.01 (t, J=8.7 Hz, 2H),
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3.72 (g, J=7.2 Hz, 1H), 1.50 (d, J=7.2 Hz, 3H); 1*C
NMR (100 MHz, CDCl3) 6: 180.68, 162.07 (d, J=244.0
Hz), 135.35 (d, J=4.0 Hz), 129.20, 129.16 (d, J=8.0 Hz),
115.50 (d, J=21.0 Hz), 44.58, 18.18; '°F NMR (376 MHz,
CDCls) 6: —115.19.

2-(4-HIEI) N R 26)5: [ M E &K, ™ F 90%.
m.p. 58~59 °C; 'H NMR (400 MHz, CDCly) &: 7.34~
7.23 (m, 4H), 3.71 (q, J=7.2 Hz, 1H), 1.49 (d, J=7.2 Hz,
3H); 3C NMR (100 MHz, CDCls) §: 180.50, 138.04,
133.26, 128.97, 128.79, 128.67, 127.57, 45.31, 44.72,
18.02.

2-(4-FEEIL) IR Q27)B: [AEE, P25 82%.
m.p. 103~105 °C; 'H NMR (400 MHz, CDCl3) 6: 7.68~
7.60 (m, 2H), 7.50~7.35 (m, 2H), 3.80 (q, J=7.2 Hz,
1H), 1.54 (d, J=7.2 Hz, 3H); 3C NMR (100 MHz, CDCl5)
5: 179.20, 144.76, 132.48, 128.53, 118.54, 111.43, 45.34,
17.92.

2-(4- F HE T L2 300 D R (28)1519): (1 fL [l 4, 7
#78%. m.p. 135~137 “C; 'H NMR (400 MHz, CDCls)
5: 7.94~7.86 (m, 2H), 7.58~7.47 (m, 2H), 3.84 (q, J=
7.2 Hz, 1H), 3.04 (s, 3H), 1.54 (d, J=7.2 Hz, 3H); 1*C
NMR (100 MHz, CDCly) &: 179.17, 145.81, 139.49,
128.73, 127.76, 45.22, 44.44, 18.01.

2-(1,3- A AR B -5- 25 ) TR R (29)145¢): - | 0[] 4k,
FEE 72%. m.p. 74~75 C; '"H NMR (400 MHz, CDCl;)
J: 6.83 (t, J=1.0 Hz, 1H), 6.76 (d, J=1.3 Hz, 2H), 5.94 (s,
2H), 3.65 (q, J=7.2 Hz, 1H), 1.47 (d, J=7.2 Hz, 3H); 1*C
NMR (100 MHz, CDCly) &: 180.83, 147.80, 146.82,
133.44, 120.87, 108.29, 107.95, 101.06, 44.95, 18.20.

2,3- T HEHIREB0): [, FE 90%. m.p.
88~90 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.34~7.24
(m, 5H), 7.19 (ddd, J=12.1, 7.5, 5.7 Hz, 3H), 7.12~7.06
(m, 2H), 3.84 (dd, J=8.3, 7.0 Hz, 1H), 3.39 (dd, J=13.8,
8.4 Hz, 1H), 3.02 (dd, J=13.8, 7.0 Hz, 1H); *C NMR
(100 MHz, CDCly) 6: 179.57, 138.60, 137.82, 128.87,
128.67, 128.34, 128.06, 127.60, 126.42, 53.44, 39.17.

2,3- “A-1H-EI-1- R BRI [ o E K, R
75%. m.p. 59~60 C; 'H NMR (400 MHz, CDCls) 6:
7.45~7.40 (m, 1H), 7.28~7.15 (m, 3H), 4.08 (dd, J=8.4,
6.0 Hz, 1H), 3.11 (ddd, J=15.3, 8.7, 6.1 Hz, 1H), 2.92
(ddd, J=15.6, 8.6, 6.2 Hz, 1H), 2.50~2.29 (m, 2H); '*C
NMR (100 MHz, CDCly) &: 180.09, 144.14, 140.00,
127.75, 126.51, 124.94, 124.70, 49.92, 31.71, 28.64.

1,2,3,4- D0 &(-1-25 R (32)P'2): 4 (&l 44, 7=
63%. m.p. 81~82 ‘C; 'H NMR (400 MHz, CDCls) o:
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7.26~7.08 (m, 4H), 3.84 (t, J=5.7 Hz, 1H), 2.94~2.65
(m, 2H), 2.28~2.13 (m, 1H), 2.00 (dddq, J=18.8, 10.6,
5.4, 2.9 Hz, 2H), 1.91~1.70 (m, 1H); *C NMR (100
MHz, CDCls) o: 181.49, 137.25, 132.42, 129.60, 129.45,
127.07, 125.78, 44.41, 29.03, 26.43, 20.36.

2- TR (33 [ EAEE, 23 76%. m.p. 44~
45 °C; 'H NMR (400 MHz, CDCl;) d: 7.33~7.23 (m,
5H), 3.45 (t, J=7.7 Hz, 1H), 2.17~2.04 (m, 1H), 1.88~
1.74 (m, 1H), 0.90 (t, J=7.4 Hz, 3H); '*C NMR (100
MHz, CDCls) o: 180.48, 138.32, 128.60, 128.06, 127.41,
53.31,26.25, 12.08.

2- IR IL R (34 FEEE, 25 68%. mp. 51~
52 ‘C; 'H NMR (400 MHz, CDCls) d: 7.25 (d, J=4.3 Hz,
4H), 7.21~7.17 (m, 1H), 3.48 (t, J=7.7 Hz, 1H), 1.98
(dddd, J=13.7,9.7, 7.8, 6.0 Hz, 1H), 1.69 (dddd, J=13.6,
9.4, 7.6, 6.0 Hz, 1H), 1.30~1.12 (m, 2H), 0.83 (t, J=7.3
Hz, 3H); 3C NMR (100 MHz, CDCls) &: 180.49, 138.49,
128.60, 128.04, 127.38, 51.31, 35.13, 20.64, 13.77.

2-SHHFH-2-FEE 2 R3B5): A, FER 78%.
m.p. 62~63 ‘C; 'H NMR (400 MHz, CDCl;) d: 7.27~
7.15 (m, 5H), 3.05 (d, J=10.6 Hz, 1H), 2.23 (dh, J=10.6,
6.6 Hz, 1H), 0.99 (d, J=6.5 Hz, 3H), 0.62 (d, J=6.7 Hz,
3H); 3C NMR (100 MHz, CDCls) d: 180.23, 137.70,
128.57, 128.52, 127.44, 59.99, 31.54, 21.46, 20.09.

- CLHE-2- TR TR (36)1Y): [t [l fA, PR 91%.
m.p. 150~151 °C; '"H NMR (400 MHz, CDCly) d: 7.27~
7.15 (m, 5H), 3.13 (d, J=10.7 Hz, 1H), 1.92 (qt, J=11.0,
3.3 Hz, 1H), 1.82 (dt, J=12.6, 3.2 Hz, 1H), 1.72~1.61
(m, 1H), 1.61~1.46 (m, 2H), 1.23 (dq, J=9.1, 3.0 Hz,
2H), 1.13~0.92 (m, 3H), 0.65 (qd, J=12.1, 3.6 Hz, 1H);
13C NMR (100 MHz, CDCls) &: 180.04, 137.25, 128.67,
128.49, 127.37, 58.82, 40.65, 31.91, 30.27, 26.22, 25.93,
25.90.

3- AL 2-F A3 AR BT T EliiE, ™
# 67%. "H NMR (400 MHz, CDCl3) 6: 3.75 (s, 3H), 3.49
(q, J=7.3 Hz, 1H), 1.44 (d, J=7.3 Hz, 3H); *C NMR
(100 MHz, CDCls) 8: 175.64, 170.32, 52.74, 45.73, 13.50.

22- TR 2R (38)P3: [ [ 4K, PR 86%.
m.p. 144~146 ‘C; 'H NMR (400 MHz, CDCl;) &: 7.36
(d, J=4.3 Hz, 8H), 7.33~7.27 (m, 2H), 5.08 (s, 1H); 3C
NMR (100 MHz, CDCly) &: 178.73, 137.86, 128.65,
128.64, 127.48, 56.99.

2-MEWYFE 2R EE 2R (39)1: H A, FEEK 65%.
m.p. 115~116 ‘C; 'H NMR (400 MHz, CDCl;) d: 7.43~
7.37 (m, 2H), 7.38~7.28 (m, 3H), 7.26~7.21 (m, 1H),
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7.05~6.91 (m, 2H), 5.23 (s, 1H); *C NMR (100 MHz,
CDCls) d: 177.83, 140.01, 137.65, 128.78, 128.26, 127.94,
126.65, 126.61, 125.46, 52.23.

2-(4- IR FE)-2- K 3L TR (40)13): & [E Ak, ;R
79%. m.p. 104~106 °C; 'H NMR (400 MHz, CDCl;) &:
7.38~7.28 (m, 7H), 7.08~7.00 (m, 2H), 5.05 (s, 1H); 13C
NMR (100 MHz, CDCls) 6: 178.75, 162.10 (d, J=245.0
Hz), 137.66, 133.59 (d, J=3.0 Hz), 130.35, 130.27, 128.63
(d, J=27.0 Hz), 127.64, 115.52(d, J=21.0 Hz), 56.17; '°F
NMR (376 MHz, CDCls) §: —114.85.

2-(4-FBEZRIE)-2- 2K I 2 R (41)13 1) ([ ik, 7=
Z 78%. m.p. 81~83 C; 'H NMR (400 MHz, CDCl3) o:
731 (dd, J=4.3, 1.6 Hz, 4H), 7.27 (ddt, J=9.5, 5.0, 2.4
Hz, 1H), 7.24~7.17 (m, 2H), 7.16~7.08 (m, 2H), 5.00 (d,
J=1.7 Hz, 1H), 2.31 (d, J=1.5 Hz, 3H); 3C NMR (100
MHz, CDCls) 6: 178.99, 138.03, 137.20, 134.89, 129.33,
128.60, 128.59, 128.51, 127.39, 56.61, 21.04.

(4-BR R L R IE)-2-FR I 2.8 (42)3): (A, 7
# 84%. m.p. 168~170 ‘C; 'H NMR (400 MHz, CDCls)
5: 7.60 (dg, J=8.7, 1.9 Hz, 4H), 7.52~7.29 (m, 10H),
5.14 (s, 1H); '3C NMR (100 MHz, CDCLy) 6: 178.84,
140.52, 140.41, 137.77, 136.86, 129.06, 128.73, 128.71,
128.65, 127.56, 127.37, 127.33, 127.05, 56.68.

2-(4-FUAERE )2 B 2 TR (43)12: (Il ik, 7=
# 78%. m.p. 104~105 “C; 'H NMR (400 MHz, CDCls)
5: 731 (d, J=3.7 Hz, 4H), 7.28~7.21 (m, 3H), 6.90~
6.81 (m, 2H), 4.99 (s, 1H), 3.77 (s, 3H); 3C NMR (100
MHz, CDCls) 6: 178.88, 158.85, 138.20, 129.98, 129.75,
128.61, 128.54, 128.51, 127.38, 114.00, 56.14, 55.23.

2-ZEF DRI 2 FR(44)PY: HEE K, PEER 56%.
m.p. 130~132 ‘C; 'H NMR (400 MHz, CDCl;) &: 7.82
(dt, J=6.2, 3.0 Hz, 4H), 7.51~7.43 (m, 3H), 7.43~7.28
(m, 5H), 5.25 (s, 1H); *C NMR (100 MHz, CDCL) ¢:
178.60, 137.78, 135.25, 133.25, 132.57, 128.74, 128.69,
128.40, 127.96, 127.58, 127.56, 127.42, 126.67, 126.26,
126.14, 57.05.

2-(6- F AR JE-2- 25 3L T IR (45)13030: [ e[l 4A, 7= R
65%. m.p. 152~154 °C; '"H NMR (400 MHz, CDCl;) &:
7.73~7.67 (m, 3H), 7.42 (dd, J=8.5, 1.9 Hz, 1H), 7.17~
7.10 (m, 2H), 3.91 (s, 3H), 3.87 (t, J=7.1 Hz, 1H), 1.59 (d,
J=7.1 Hz, 3H); BC NMR (100 MHz, CDCl;) J: 180.84,
157.64, 134.79, 133.77, 129.27, 128.83, 127.20, 126.16,
126.12, 119.02, 105.51, 55.28, 45.23, 18.09.

2-[3-(FAI)FE IR A6)1PM: T Eifk, ==
85%; '"H NMR (400 MHz, CDCl) 6: 7.41~7.23 (m, 4H),
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7.11 (ddt, J=8.5, 7.2, 1.1 Hz, 1H), 7.07~6.91 (m, 4H),
3.73 (q, J=7.2 Hz, 1H), 1.52 (d, J=7.2 Hz, 3H); 3C
NMR (100 MHz, CDCl;) &: 180.63, 156.98, 156.61,
134.37, 129.73, 128.90, 123.35, 119.01, 118.82, 44.61,
18.16.

2-(4- 5 T I ER A7)P [ E 4k, =R
88%. m.p. 75~77 ‘C; 'H NMR (400 MHz, CDCl;) &:
7.28~7.17 (m, 2H), 7.10 (dt, J=8.1, 1.8 Hz, 2H), 3.70
(tdd, J=7.5, 6.7, 6.1, 2.4 Hz, 1H), 2.51~2.38 (m, 2H),
1.84 (dddd, J=15.1, 8.0, 5.3, 1.9 Hz, 1H), 1.49 (dt, J=7.2,
1.8 Hz, 3H), 0.89 (dt, J=6.6, 1.9 Hz, 6H); *C NMR (100
MHz, CDCls) 8: 181.36, 140.83, 136.87, 129.36, 127.25,
44.99, 44.96, 30.17, 22.38, 18.04.

- F 2 RE T RR(48): [ EE A, AR 36%.
m.p. 115~117 ‘C; 'H NMR (400 MHz, DMSO-ds) o
7.40~7.13 (m, 5H), 4.92 (s, 1H), 3.92 (dd, J=10.1, 8.8
Hz, 1H), 3.64 (dd, J=8.7, 5.6 Hz, 1H), 3.56 (dd, J=10.0,
5.6 Hz, 1H); *C NMR (100 MHz, DMSO-ds) 6: 173.87,
137.13, 128.51, 128.13, 127.19, 63.51, 54.41.

2-(2-F-4- R IR IE)-TH R (49)303K): [ ([l 44, =&
95%. m.p. 110~111 ‘C; '"H NMR (400 MHz, CDCl;) &:
7.56~7.50 (m, 2H), 7.48~7.33 (m, 4H), 7.21~7.11 (m,
2H), 3.79 (q, J=7.1 Hz, 1H), 1.56 (d, J=7.2 Hz, 3H); 1*C
NMR (100 MHz, CDCls) &: 179.96, 159.64 (d, J=247.0
Hz), 140.89 (d, J=7.0Hz), 135.36, 130.87 (d, J=4.0 Hz),
128.93 (d, J=3.0 Hz), 128.43, 128.12 (d, J=14.0 Hz),
127.69, 123.66 (d, J=4.0 Hz), 115.35 (d, J=24.0 Hz),
44.80, 17.99; '°F NMR (376 MHz, CDCls) 6: —117.45.

2-(4- 5 TR TR (50)20: [t [E &, 2R
57%. m.p. 51~53 C; 'H NMR (400 MHz, CDCls) :
7.24~7.19 (m, 2H), 7.12~7.07 (m, 2H), 3.43 (t, J=7.7
Hz, 1H), 2.45 (d, J=7.1 Hz, 2H), 2.09 (dt, J=13.6, 7.4
Hz, 1H), 1.92~1.72 (m, 2H), 0.90 (d, J=6.8 Hz, 9H); 13C
NMR (100 MHz, CDCly) §: 180.47, 140.86, 135.56,
129.32, 127.72, 52.93, 45.02, 30.16, 26.28, 22.39, 12.13.

2-FR TR HE-2- 2K 2 FR(53)2: (AR, PR 70%.
m.p. 89~91 °C; 'H NMR (400 MHz, CDCly) &: 7.47~
7.27 (m, 5H), 2.81 (d, J=10.1 Hz, 1H), 1.47 (dddd, J=
12.9, 10.0, 8.0, 4.9 Hz, 1H), 0.71 (dddd, J=9.1, 8.0, 5.8,
4.7 Hz, 1H), 0.57 (dddd, J=9.1, 8.1, 5.7, 4.8 Hz, 1H), 0.42
(ddd, J=10.5, 9.4, 5.0 Hz, 1H), 0.19 (ddd, J=10.7, 9.5,
5.1 Hz, 1H); “C NMR (100 MHz, CDCls) §: 180.10,
138.24, 128.57, 127.95, 127.46, 56.33, 13.84, 4.93, 4.16.
422 SBHREFEIHET R

EFERTD, BAHFET Schlenk (350 mL)H N
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NJfifE 47s (7.0 mmol, 1.22 g). 4DPAIPN (0.07 mmol,
55.8 mg) Al N-J7 P FE-N-FH LU T [#£(14.0 mmol, 2.4 mL),
SRIG M T DMSO (70.0 mL). \FEH P # &
Schlenk ', ¥ 7 FF 78 0B 3 ¥R 1 40 W 460
nm Kessil Blue LED (3 EKAL, FHAEI XU REFE R X
NSRS Y). =M 48 h J5, A 50 mL #hER(2
mol/L)E Kb, ZFRZEEQ20 mLX SRR, &IEHA
HUZE F R /KBe sk, JLASWR4E. bk B Wl ol ik Je A2 2 AT
(R IR B8/ TR, ViV V=100 : 25 : 1)ik474l
tk, 1BEEIESF 47 1.01 g, 72K 70%.
423 = (b)FR I T ik

EFEHT, BAHBHET Schlenk (10 mL)H inA
4% 1 (0.2 mmol, 36.0 mg), 4DPAIPN (0.002 mmol, 1.6
mg)Fl N-57: A 3E-N-H 35U T §4(0.4 mmol, 68 uL), 2RJ5
JIAGKET DMSO (2.0 mL). \FEH £ H Schlenk &,
F 40 W 460 nm Kessil Blue LED (3 cm &b, F¥#1 X5
PRFF IR S SR ) R SHR A, =M 24 h )&, i 2 mL
KRN, R ZEE(3 mL X 5)AEL. & HHIEHLE
EROKBER, BAIRAE. TR Wi i A E A Cf T
LR T, Viv=1:2)diT4itk, B2~ 3-([1,1-5k
IR]-4-F8)-N-BUT He-N-7: TR L -1- % (51), ¥R 3 IR VR
1K, 723 75%. 'TH NMR (400 MHz, CDCl3) 6: 7.67~7.58
(m, 2H), 7.57~7.51 (m, 2H), 7.44 (dd, J=8.4, 6.9 Hz,
2H), 7.40~7.31 (m, 1H), 7.29 (d, J=7.9 Hz, 2H), 3.36
(hept, J=6.7 Hz, 1H), 2.62 (t, J=7.9 Hz, 2H), 2.58~2.49
(m, 2H), 1.87~1.71 (m, 2H), 1.10 (s, 9H), 1.01 (d, J=
6.6 Hz, 6H); 3C NMR (100 MHz, CDCls) J: 141.91,
141.12, 138.38, 128.73, 128.66, 126.94, 126.92, 126.90,
55.20, 46.73, 42.11, 36.69, 33.50, 29.00, 22.49; HRMS
(ESI-TOF) calcd for Ca9HyoNO, [M+H ] 310.2529, found
310.2524.
424 I=HFE(h)FEIE Tk

EFEHT, BA BT Schlenk (10 mL)H inA
% 1 (0.2 mmol, 36.0 mg), 4DPAIPN (0.002 mmol, 1.6
mg) M N-F 3 “ 3R 3L f%(0.4 mmol, 68 pL), ZRJE A
T+ DMSO (2.0 mL). \FEH +F# 1 Schlenk &, il
I AR E e 3 Y. H 40 W 460 nm Kessil Blue
LED (3 JEKAL, FVAED XU PR FF 2 0 R R il ) HE R
G, B30 min J5, DIABKEZHH(0.4 mmol, 55.3 mg),
Tl ' 45¢(0.4 mmol, 25 L), 60 ‘C R 2 h. 1 2 mL 7K
R, 2B B3 mL X 5) 2. & IFHa LR
TP, FUASIRGE. BRI AT S AT (A 2
IR g, vV v=10: D74k, 152 E1E
56. 57.

2-([1, 11K -4-58) 12 I BE(56):122 To i f4k, 7™
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#29%. 'H NMR (400 MHz, CDCl3) é: 7.66~7.53 (m,
4H), 7.45 (dd, J=8.2, 6.9 Hz, 2H), 7.40~7.32 (m, 3H),
3.73 (s, 3H), 3.69 (s, 2H); '3C NMR (100 MHz, CDCLs) ¢:
174.57, 140.75, 139.92, 138.74, 128.69, 128.35, 127.24,
127.17, 126.99, 57.74, 51.90, 48.55, 43.74, 34.45, 31.94,
31.56, 26.50, 26.44, 26.24.

2-([1,1- A ]-4-3)-4- 38 DI 3 2R R (57):
H @A, 72 51%. mp. 117~118 C; 'H NMR (400
MHz, CDCls) d: 7.63~7.52 (m, 4H), 7.50~7.31 (m, 5H),
3.78 (dd, J=8.7, 6.0 Hz, 1H), 3.68 (s, 3H), 2.53 (dt, J=
12.2, 5.7 Hz, 4H), 2.34~2.18 (m, 1H), 1.85 (dt, J=13.6,
6.8 Hz, 1H), 1.83~1.64 (m, 8H), 1.66~1.53 (m, 2H),
1.32~1.13 (m, 8H), 1.13~0.95 (m, 2H); '*C NMR (100
MHz, CDCls) 0: 174.57, 140.75, 139.92, 138.74, 128.69,
128.35, 127.24, 127.17, 126.99, 57.74, 51.90, 48.55, 43.74,
34.45, 31.94, 31.56, 26.50, 26.44, 26.24; HRMS (ESI-
TOF) caled for CaHyNO, [M+H"] 434.3054, found
434.3055.

$#H BI#1 kL (Supporting Information) i, A5, JefiEfL
FIRRA IS RE, & =R IR, A& 57 15 i
s Ktk &4 2~51, 53, 56, 57 ) '"H NMR 1 °C NMR
W, (LAY 5, 25 F1 40 19 '°F NMR 3 . X seppRln]
PLG 7 MAS T 3 (http://siocjournal.cn/) | R %2,
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