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Ligand-Triggered, Copper Catalyzed Synthesis of Peresters and
Allylic Ester from Aldehydes

Xu, Dingjian” Meng, Lichen® Xu, Hang” Yao, Xiaoquan™*“
(Department of Applied Chemistry, Nanjing University of Aeronautics and Astronautics, Nanjing 210016)

Abstract A copper iodide catalyzed reaction of aldehydes and #-butyl hydroperoxide (TBHP) was developed for the synthesis
of peresters in the presence of bipyridine ligand under mild and neat conditions. The addition of bipyridine ligand increased the
catalytic activities of copper catalyst significantly and triggered the reaction. The reaction showed good tolerance to various
substrates, and good to excellent yields were obtained. Furthermore, a one-pot synthesis of allylic esters was also achieved by

ARTICLE

the addition of cyclohexene to the reaction mixture under neat condition at relative lower temperature.
Keywords copper catalyzed; N-donor ligand; C—H activation; perester; allylic ester; one-pot synthesis; neat
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SCHRARGEAR L, 12N R B 2R AFIR AT, I ERE. B
fE A R E R R, DL Bid R RR-S Y E i 53
O SN, A B TEL L T RSl L SIEIL 1 AR LI 74T T 14
“RTE T BRI . IZRBA R R R TR %

1 GR5TR
1.1 HBBERBEERNT B5A0 & M ER R

N T I R ARUT B A B I A s N 2k gk
TR, AR 2-ZEHEE R IRY), ¥H 5 TBHP %
LA AR I SEEAT S5 B 2% A B AR ARl X FEE A 7]
Botdss VAR R NI ]SSR R g, F4%
G U FRER B AR A, TS S Rk 1 Fios.

56, BL 10 mol% Cu(OAc), 1E AL, RBiAEAR
IS AN AR ) 25 2F R T, 45 SRR WIS A b R
A(F 1, Entry 1), EFFESARTR, 3@ SUBAS [F i
A7), WS AN [ (A (AL R0 S S A AT R g, gk 1
Fios, 2R T — K5I 8AELRE, @ CuO-
Tf),» CuNPs. Cu,O. Cul %5, HIREF HIR“YIEE 1,
Entries 2~5).

TR & SR AL A ML A U R, A RS
SRR I N AT B 2 VE, ATk s B 1)
KA R, BATER A R IR INAS [
B, WE X I B IREM. ARS8 e33R 1 BA PhsP fE
NEARE M Z R R, SRR A& T,
Cu(OAc), I LMEALIZ N, HF=RIRME, R 15%GR
1, Entry 6); 240N 10 mol% & U AU BC A& 1,10-48
FED MR, R TR RIS, RN 43%(E 1,
Entry 7); M 5 —F & E0O00ARL AR 2,2"-BXIEIE i,
W] LUk B 61%(F 1, Entry 8); (EHEE A0\ Al
HKRBEN 45%(F 1, Entry 9). 32 R SRIRA TEEEUAS [H] 1 i
S BEmE FL A H TR M, @ Cu(OTf),« Cu NPs.
CuO. Cul . FELRFFHE KA — SISO, 205 LL
38%- 44%- 39%- T4%HIWCEAT B H bR =i BT
fis(3% 1, Entries 10~13).

L Cul FTEBRIHEBE (A AT S Be A, AR SO IR A F
Mg 12-Z & ke RS KL —H 5 A(DMSO)
VERVE T, WL RN SR 5200 (% 1, Entries 13~
17). SEEAFRE: 2. 1,.2- =& 255 MoK ] DE N it
N RGPS, 2 3IPL 74% 71% 83%HINCR 155 H
PRI 1, Entries 13, 14, 16). 4 NEF5 5142, 24
7 neat Z5PF FHHTIX— MK, K2 h 5 AT EALL 94%
(15 B A5 2 H AR =PI (38 1, Entry 18).

Bl 5, A% TBHP AR, K%K TBHP 1
FEHERP 4 equiviE Nz 6 equiv.it, SR IFE

1206 http://sioc-journal.cn/
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K1 L 2-ZEHREONRY & B B ¢
Table 1 2-Naphthaldehyde as the substrate for the synthesis of
perester

o
CHO Cat., ligand O/o\é
—_—
TBHP OO
1a 2a

Entry Catalyst Ligand Solvent Yield’/%
1 Cu(OAc), — CH;CN ND
2 Cu(OTY), — CH;CN ND
3 CuNPs — CH;CN ND
4 CuO — CH;CN ND
5 Cul — CH;CN ND
6 Cu(OAc), PPh, CH;CN 15
7 CuOAe), oPheman- o en 43

hroline
8 Cu(OAc), bpy CH;CN 61
9 Cu(OAc), Pyridine CH;CN 45
10 Cu(OTf), bpy CH;CN 38
11 CuNPs bpy CH;CN 44
12 Cu,0O bpy CH;CN 39
13 Cul bpy CH;CN 74
1,2-Dichloro-
14 Cul bpy cthane 71
15 Cul bpy Toluene ND
16 Cul bpy H,0 83
17 Cul bpy DMSO ND
18 Cul bpy Neat 94

19 Cul bpy Neat 95
207 Cul bpy Neat 70
21¢ Cul bpy Neat 94
22/ Cul bpy Neat 68
23¢ Cul bpy Neat 51
24" Cul bpy Neat 63

“ Reaction conditions: 2-naphthaldehyde (0.2 mmol), copper salt (10 mol%),
ligand (10 mol%), TBHP (4 equiv.), and solvent (1 mL), stirred at 40 ‘C for 2
h; * Yield of isolated product. €6 equiv. TBHP. “3 equiv. TBHP. ¢ 15 mol% Cul,
15 mol% bpy. /5 mol% Cul, 5 mol% bpy. ¢ The reaction was carried out at
20 °C;"The reaction was carried out at 60 C.

A HE AN 1, Entry 19 vs. 18); 1 245 H &8>
F 3 equiv.itf, KGR TRER] 70%(3E 1, Entry 20).

AR SR A 77 -0 A2 FH 6] s S PR S 0 )R 4T 1 2%
BN O B B R P 10 mol%3E iy 15
mol%HT, M IFEA TS EI RIS (K 1, Entry 21);
T 246 5 FH 2 10 mol% R A% 5 mol%lt, M ISR
K3 68%(3 1, Entry 22). At fH 10 mol% Cul+10
mol% bpy Jy H Al s AL &

IEAh, TEA AR H B2 T S530E Y PR B il
B, WS I N RS . 2K R PR R =R
20 CH, MIEEEE, 2 h g RAELL S1%ICR S 2 H
PR I(EE 1, Entry 23); IR THE 2 60 CI, it

Chin. J. Org. Chem. 2017, 37, 1205~1212
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HRFER] T 63%(% 1, Entry 24).

DRI, Ik R SEI6 SRR, e fe i O M 4
f:24: 10 mol% Cul AfEALF, 10 mol% 2,2"-BXutng At
&, 4 equiv. TBHP NI, JoF5WE RIS, 40 C o4
T2 h
1.2 HBBERBITERMNT bR M RYE R R

FR R R S 4 1, 3T ORI AR, AR
LA T — RYEA A FEREE BT B &,
Wz 2 s,

AN T 95 PR A AN R F M R EOAR 3 A R AR
S A7 B S R RN RN (P2 oy 64T T R B e, 1%
P 26 AR 5 B SR & B PR AR U (2a, 2b, 3R 2), K
() S RS 1] LIS B 88% (2¢, 3 2). #RJE, XFABEUAL
75 BE IR SN R AT TR FT: M4 B2 F. CLL
Br i, 0] AR 2] R 47 R MR d~21, 3% 2); 12440
PRI E-OCH; B, IR TFRET AL, N 65%, 1X0]
R AT IR R AS A HL I R R 2 TR BT 8 (2g, £2). 24
[ ALEA T T3] ClL B, RMATBALL 83%[) R 4TI
R HERY)(2h, £ 2).

RSN T A IR I A AR FE T S B R e AT T
BETC. AR EURIE 43 38 Fy Cl. Br. CH; B, %
AR SR AT DI IR AT IR0, IOBIRCR K 21 80% LA I
(2i~21, 3£ 2), X6 B EUA IS F 1 1) 22 3 %) s B R A
N AE S AR A BRI R TSR D = U S A
B, R I — @ R I T B, USR5 51N 69%- 70%
(2m, 2n, & 2).

B T 05 FRERAL, AWK T — R Y155 L
AIEESR A, 0 2-WEmy AR | 2- ki AR i & 2-Hikmg
W, o, 2-MEmy R | 2-PoR R FH R 25 T DS W 3
AT B, AN 61%F1 59% (20~2p, & 2); 1M
2-ME g H i 72 i A R rp ek OV (2q, % 2). FRATTHE
W, X R R 72 S 2 S5 R B SRS A7 B 06 K. A
RPN 2-Rik BE FH 1 55 IRt g o A4 5 S oA, R
BB TR, BRIbZ AN, FRATIE ST 3-mkee F
M 2 4-NEnE B, SO0 ROV R AR

B ERAT AL SR R XS T 2 057 BRI 3R
BT RAFPEYE N, R T R RO A 1 57 28 PR EX
B R B AF A BOR, R4 g DL R I (7= 215
FIFH N H F5 = 4.

1.3 Cul-bpy #EHXHILIE A KIS EEREEE—
WMEEK

B SRR DL BRER AN N1 Kharasch-
Sosnovsky M A& A M BRI E TR —, ERTR
Cul-bpy 4L FHEEF TBHP il %% L BRAUT 15 s M
Fefih b, ASCGABE K E— Cul-bpy LA, LAEE MK
W) Y0 PR RS T — BRI U B
1.3.1  RZ FAey ifit

ERAIN 22, AT BRI R . . TBHP
IR O AR A S I, BNV HER S 4. ik,
LA 0 — Bt AT SR, BITE 58 — 20 S B 58 A 2 ik
BT RS, FELAH A=), ANESE, hEAEIX

2 MR TBHP R R BT i ¢
Table 2 Synthesis of perester from aldehyde and TBHP

10 mol% Cul, 10 mol% bi-py
4 equiv. TBHP

RCHO
1

40°C,2~6h

o)
RJ\ 0/074

2

ﬂ‘lijggﬁ‘ﬂiii %\[ijid$< iijbp%;[fjid%é (iﬂmpé;

2a 94% 2b 91% 2¢ 88%

2d 78% 2e 81% 2f 84%

e R e S s ar A vas

29 65% 2h 83% 2i79%

2j 81% 2k 85%

o 0] o o o O
pe . -0 -
LA LTS o ot O

21 85% 2m 70% 2n 69%

2061% 2p 59% 2q N.R.

“ Reaction conditions: aldehyde (0.2 mmol), copper salt (10 mol%), bpy (10 mol%), TBHP (4 equiv.), stirred at 40 “C for 2~6 h; Isolated yields.

Chin. J. Org. Chem. 2017, 37, 1205~1212
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—HER MR R T S BRI FE . AL 2-Z5 HRE
TBHP LR O SO E AR SR, IR R A Bt A
BRI SN A, R 3 B,

£3 VAR —0E G UG TS
Table 3 One-pot reaction for the syntheses of allylic esters with
aldehyde as the substrate

(i) 10 mol% Cul, 10 mol% bpy
4 equiv. TBHP, neat, 40 °C, 2 h

(i) 5 equiv. cyclohexene (3)
solvent (1 mL), 80 °C, 8 h

1a
2,0
C
4a
Entry Solvent Yield“/%

1 CH;CN 36

2 DCE 35

3 H,O 38

4 Neat 82

“TIsolated yield.

FTFRTIR A ZAF(Cul, 10 mol%; 2,2-EmtiE, 10
mol%; TBHP, 4 equiv.; TGV, 40 ‘CF A 2 h) & Ak
BTG, 1658 20 N, ) OSEAAR 2R A 43 il
T 5 equivh A BIAER]. AKX T M. 1,2-=
A LKE KK neat 2 G KL X —H B B AT TE neat
ZAE R HEAT, TTLALL 82% ) A IR A5 31) 225 H R M 7
fig(3% 3, Entry 4 vs. Entries 1~3).

132 JRApiE 5B

MR b 1) g A e B S A, 30 ek 5 A i ) A,
ARILAE T — R GV A AS RS (135 U 95 TR i 2%
W&, Wk 4 k.

FH 4 BTN, BRI 05 B AN 2K B A 2 |0 2644 R mT BA
B TSR SR AT A DL IR PR L) M TR 2E TR (4a~4e, R 4).
X — AR R X T8 05 Bh R W R ] (4d ~ 4,
* LA TP (4g, 4h, F 4), WA ERIFHIMENL
BOR, WTCLRIF WS 2 AR ). 0 A BRI
SR H TR CFs i), RO I — @ F2 52 1) T B¢
4i, & 4). ZHAOTBAEIX—AR THRIH T RIFH
SERNEWE], % 4).

AR, AL 22N PR IG RBOA BRI IR R an 1- 2
1, (BIRFEMET, RMNAFE] T S RMIREY, HUAH
AT (4K, R 4).

BRI E, Cul-bpy X —HEAFNA RTEHEEH K —
LA A ORI A BRI I SO FE R R I T R 471
JECH) I LA
1.4 REHIBHHFE

X Cul-bpy HEALI L FHEE G R BR AT B8 I S BE L
B, ARSCH AT TP RIS

1, W Eq. 1 Fiow, 7ELL 2-Z8 F A P IR br ifE
SRR Z A, AR 10 mol%[1) 2,2,6,6- DY H FENR i LA ML
YI(TEMPO), XN 2 h J&, WA HArr=id BT
B, Ik, DR BB NIRY), 1EFRHEFE TR
N, AR DL R K AR (Eq. 2).

10 mol% Cul

10 mol% bi-py
4 equ1v TBHP
—— > No product (1)
40°C,2h
10 mol% Cul, 10 mol% bi-py
©/COOH

4 equiv. TBHP

No product (2)
40°C,2h

K4 UIEAIRY)— 8 B IR
Table 4 One-pot synthesis of allylic esters from aldehydes, TBHP and alkenes

(1) 10 mol% Cul,10 mol% bi-py, 4 equiv. TBHP, 40°C,2~6 h

RCHO

1 Q)Seqmvli::],so°c,6~1sh

Ll

4

0] © O\© 0 ] 0 0]
OQ QAOQ | QAOQ C. QAOQ Br QAOQ

4a 83%° 4b 81%° 4c 80%7

4d 74%° 4e 75%7 4f 75%7

@ioﬂ) ) @ic,@ @ic,@ :Dioﬂ) OQ

49 77%° 4h 75%7

4i 70%°

4j 72%? 4k N.D.bc

“Tsolated yield. ” 1-Hexene was used as substrate instead of cyclohexene. ¢ The target molecule was not detected and a complicated reaction mixture was obtained.

1208 http://sioc-journal.cn/
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RPN SCIG U FE R R NS R, R A
HRZ I FMALBRIRIX — PR, H RN ¥ % HH
Ferp AR, MR DL 2598 FRE 6 ek s o 347
HEM S REHLER LN Scheme 1 FTas.

>(o\ o >° ¢ om

~_

cu(l) cu(ll)

0 o 2
R+ >( o —— RJ\O/OK

B 1 EEAI TBHP fBA: i MRl ¥ m] Be AL
Scheme 1 Plausible mechanism of the reaction of aldehydes
and TBHP

e BT AR Ca(DIE FIE G T % H B
HEMEEARE 7, AAEX—dREF cuD)i AN
Cu(Il); Cu(IDFHXR 5 57— F it EABCT BEAE 15 2
THIAARE;, BAINT R AEHESBIEH, 5
B 77 MR B pHAEFNRUT B, 7 AL B AR ST AR A
H R A, RIJERE AR =P T Jd RS, R ne fic
RN TT G648 B T4 b 5 TBHP 2 (A HLFH658, 12
HETRCT R S E s AT R A R A R

2 Zhig

AR Cul fEAHEALT, CABRMERE RO, ik
W A1 TBHP ZE B BRI (1 SN, AETC IR SR AN SR T,
DU GRS 2 H AR, FFAE IR b 500 S v
FRINSEIL T M R — 5935 ER R & RN, A R B

ARG 2 75, SR R, 2K MHRA, Y
SINAUHSY S Y

3 SCIOER4SY
31 NHBE5EHF
SNSRI E BT R T . E R EEEAE, B

25 AR 4. "TH NMR A1 °C NMR 1§
Bruker AVANCE 111 400 MHz A% i L3R40 52 .
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3.2 MLIPEMEILEY. BEFN TBHP 4 pid BRESAY & R
No R, A1) 10 mL &35 2-ZHEE 32.0
mg (0.2 mmol), Cul 3.8 mg (0.02 mmol, 10 mol%), FECiE
2,2k IE 3.2 mg (0.02 mmol, 10 mol%), TBHP 102 uL
(4 equiv., 70% aq), T 40 C RN 2 h. REVFIPOE
ARSI VOECK) @ (CER CBE)=15 © 11705, 15
Bt -2-2E HER AL T R (2a) ! 512 mg, 5 95%. 'H
NMR (CDCls, 400 MHz) d: 8.53 (s, 1H), 7.96 (d, J=8 Hz,
2H), 7.88~7.91 (m, 2 H), 7.55~7.63 (m, 2H), 1.47 (s,
9H); "*C NMR (CDCls, 100 MHz) : 164.4, 135.4, 132.2,
130.6, 129.1, 128.4, 127.7, 126.8, 124.7, 124.3, 83.9, 26.2.

[FIRE 7126 AL &) 2b~2p.

i -1-25 R AL T EE(2b) 7 P2 91%. 'H NMR
(CDCls, 400 MHz) ¢: 8.65 (d, J=8.6 Hz, 1H), 7.96~8.05
(m, 2H), 7.89 (d, J=8.2 Hz, 1H), 7.61~7.65 (m, 1H),
7.48~7.58 (m, 2H), 1.46 (s, 9H); >C NMR (CDCl;, 100
MHz) 6: 165.7, 133.8, 133.5, 131.0, 129.0, 128.7, 128.1,
126.8, 125.4, 125.2, 124.4, 84.0, 26 4.

I RUT HE2e): 7% 88%. 'TH NMR (CDCl,,
400 MH NMR Hz) 8: 7.95 (d, J=8.0 Hz, 2H), 7.59 (t, J=
7.2 Hz, 1H), 7.46 (t, J=7.2 Hz,, 2H) , 1.42 (s, 9H); °C
NMR (CDCL;, 100 MHz) &: 165.4, 133.4, 129.2, 128.6,
127.7, 84.0, 26.3.

M 2-FIE BT BEd): F2ER 78%. 'H NMR
(CDCls, 400 MHz) §: 7.88~7.94 (m, 1H), 7.52~7.59 (m,
1H), 7.23~7.28 (m, 1H), 7.14~7.19 (m, 1H), 1.42 (s,
9H); *C NMR (CDCl;, 100 MHz) 6: 162.9 (d, J=4 Hz),
161.2 (d, J=255 Hz), 134.9 (d, J=9 Hz), 132.0 (d, J=2
Hz), 124.3 (d, J=4 Hz), 116.9 (d, /=22 Hz), 116.3 (d,
J=13 Hz), 84.1, 26.2.

i -2-5R R AT BB (2e): 77 F 81%. 'H NMR
(CDCls, 400 MHz) 8: 7.69~7.71 (m, 1H), 7.42~7.48 (m,
2H), 7. 32~7.37 (m, 1H), 1.42 (s, 9H); *C NMR (CDCl,
100 MHz) &: 164.2, 133.0, 1312, 131.0, 128.7, 126.9,
84.4,26.4.

- IR HFRRAT 2O 77F 84%. 'H NMR
(CDCls, 400 MHz) §: 7. 62~7.67 (m, 2H), 7.33~7.40 (m,
2H), 1.42 (s, 9H); °C NMR (CDCl;, 100 MHz) J: 164.5,
134.1, 132.8, 130.9, 130.8, 127.3, 121.0, 84.3, 26.4.

i -2- FAR 2R R BT R (2g) 7 PR 65%. 'H
NMR (CDCls, 400 MHz) 6: 7.69 (dd, J=2, 7.6 Hz, 1H),
7.45~7.50 (m, 1H), 6.95~7.01 (m, 2H), 3.88 (s, 3H),
1.40 (s, 9H); *C NMR (CDCl;, 100 MHz) d: 165.1, 158.5,
133.7, 131.4, 120.4, 118.0, 111.9, 83.7, 55.9, 26.3.

W3- EFBRA T EEh)™: 7% 83%. 'H NMR
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(CDCls, 400 MHz) §: 7.90 (s, 1H), 7. 83 (d, J=8.0 Hz,
1H), 7.55 (d, J=8.0 Hz, 1H), 7.39 (d, J=8.0 Hz, 1H), 1.40
(s, 9H); *C NMR (CDCl;, 100 MHz) J: 163.2, 134.8,
133.5, 130.0, 129.4, 129.2, 127.3, 84.3, 26.2.

it -4- M AE R AT B P2 E 79%. 'H NMR
(CDCls, 400 MHz) §: 7.96~8.00 (m, 2H), 7.14~7.16 (m,
2H), 1.41 (s, 9H); *C NMR (CDCl;, 100 MHz) §: 165.9
(d, J=253 Hz), 163.5, 131.7 (d, J=9 Hz), 123.9, 115.9 (d,
J=22 Hz), 84.1, 26.3.

i -4-FE R T EREHT: 77E 81%. 'H NMR
(CDCls, 400 MHz) J: 7.88 (d, J=8.4 Hz, 2H), 7.43 (d, J=
8.4 Hz, 2H), 1.40 (s, 9H); *C NMR (CDCl;, 100 MHz) ¢:
163.6, 139.9, 130.5, 129.0, 126.1, 84.2, 26.2.

it -4- R ERAL T FE2K): PP E 85%. 'H NMR
(CDCls, 400 MHz) J: 7.81 (d, J=8.4 Hz, 2H), 7.59 (d, J=
8.4 Hz, 2H), 1.40 (s, 9H); *C NMR (CDCls, 100 MHz) ¢:
163.7, 132.0, 130.6, 128.5, 126.6, 84.2, 26.2.

it -4- R R AU T BED: 77 85%. 'H NMR
(CDCls, 400 MHz) J: 7.84 (d, J=8.0 Hz, 2H), 7.24 (d, J=
8.0 Hz, 2H), 2.40 (s, 3H), 1.40 (s, 9H); *C NMR (100
MHz, CDCl;) d: 164.5, 144.1, 129.3, 129.2, 124.9, 83.9,
26.3,21.7.

-4- =R PR H T EEem): 2R 70%. 'H
NMR (CDCls, 400 MHz) 6: 8.07 (d, J=8.0 Hz, 2H), 7.73
(d, J=8.0 Hz, 2H), 1.42 (s, 9H); *C NMR (100 MHz,
CDCly) §: 163.2, 134.9 (q, J=33 Hz), 131.1, 129.6, 125.7
(q, J=4 Hz), 123.5 (q, J=271 Hz), 84.5, 26.3.

I -4-RYFEIE R AT FE2n): 775 69%. '"H NMR
(CDCls, 400 MHz) J: 8.32 (d, J=8.8 Hz, 2H), 8.13 (d, J=
7.7 Hz, 2H), 1.43 (s, 9H); *C NMR (CDCls, 100 MHz) ¢:
162.5, 150.8, 133.2, 130.3, 123.8, 84.7, 26.2.

it -2- 1 Wy BT R 2007 7 61%. 'H NMR
(CDCls, 400 MHz) J: 7.80~7.82 (m, 1H), 7.61~7.63 (m,
1H), 7.12~7.15 (m, 1H), 1.40 (s, 9H); *C NMR (CDCl;,
100 MHz) J: 160.3, 133.6, 132.8, 129.2, 127.8, 84.0, 25.9.

it -2- R IR AL T B 2p) T PR E 59%. 'H NMR
(CDCls, 400 MHz) J: 7.19~7.22 (m, 1H), 6.52~6.56 (m,
1H), 7.61 (s, 1H), 1.39 (s, 9H); *C NMR(CDCl;, 100
MHz) §: 157.1, 146.8, 141.3, 118.4, 111.8, 84.8, 26.1.

3.3 UL IL SRR AR A R —$RE & BRUE TRBERY
&R

Ny 4R, 205l 10 mL S8 I JE R 2-28 HiE
32.0 mg (0.2 mmol), Cul 3.8 mg (10 mol%), Eifik 2,2'-Bk
MERE 3.2 mg (10 mol%), TBHP 102 pL (4 equiv., 70% aq.),
40 ‘CF M2 h, A5 P AR R INER 2 100 pL (5

1210 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

equiv.), AR 80 CKM 8 h. {51 M, AEIZE
Eih. BEVAPREERAEZTVOECKR) © LR L
BE)=15: 1105, 58] 2-255K H iZ-2-3F O ik (4a)
55.4 mg, F“% 83%. 'H NMR (CDCls;, 400 MHz) o: 8.61
(s, 1H), 8.10 (d, J=8.0 Hz, 1H), 7.96 (d, J=8 Hz, 1H),
7.87 (d, J=8 Hz, 1H), 7.52~7.60 (m, 2H), 6.03~6.07 (m,
1H), 5.87~5.91 (m, 1H), 5.59~5.60 (m, 1H), 2.01~2.17
(m, 3H), 1.86~1.97 (m, 2H), 1.71~1.77 (m, 1H); "*C
NMR (100 MHz, CDCly) d: 166.5, 135.6, 133.0, 132.6,
131.1, 129.5, 128.2, 128.1, 127.8, 126.7, 125.9, 125.5,
68.9, 28.6,25.1, 19.1.

[ERE G AL &) 4b~4j.

1-25 2K IR -2-34 A R (4b)!' Y 722 80%. '"H NMR
(CDCls, 400 MHz) 6: 8.91 (d, J=8.0 Hz, 1H), 8.16~8.18
(m, 1H), 7.99 (d, J=8.0 Hz, 1H), 7.84~7.90 (m, 1H),
7.54~7.61 (m, 1H), 7.46~7.52 (m, 2H), 6.02~6.06 (m,
1H), 5.93~5.94 (m, 1H), 5.62~5.63 (m, 1H), 1.96~2.09
(m, 3H), 1.85~1.88 (m, 2H), 1.73~1.76 (m, 1H); "*C
NMR (100 MHz, CDCly) d: 167.3, 133.8, 133.1, 133.0,
131.3, 130.1, 128.5, 127.8, 127.6, 126.1, 125.8, 125.7,
124.5, 68.8, 28.5, 25.0, 19.0.

R -2-3F O g (4o)™: 2% 81%. 'H NMR
(CDCls, 400 MHz) ¢: 8.06 (d, J=7.6 Hz, 2H), 7.55 (t, J=
7.6Hz, 1H), 7.41~7.45 (m, 2H), 5.99~6.03 (m, 1H),
5.82~5.85 (m, 1H), 5.51 (d, J=4 Hz, 1H), 1.94~2.07 (m,
3H), 1.80~1.92 (m, 2H),1.66~1.75 (m, 1H); *C NMR
(100 MHz, CDCLy) ¢: 166.2, 132.8, 132.7, 130.7, 129.5,
128.2, 125.6, 68.5, 28.3, 24.9, 18.9.

-G FIR-2-3F DGR ) P2 71%. 'H NMR
(CDCls, 400 MHz) ¢: 8.04~8.08 (m, 2H), 7.07~7.11 (m,
2H), 5.98~6.03 (m, 1H), 5.80~5.84 (m, 1H), 5.48~5.50
(m, 1H), 1.93~2.17 (m, 3H), 1.78~1.91 (m, 2H), 1.66~
1.74 (m, 1H); "C NMR (100 MHz, CDCl;) J: 165.7 (d,
J=252 Hz), 165.3, 133.0, 132.1 (d, J=9 Hz), 127.0 (d,
J=3 Hz), 125.6, 115.4 (d, J=22 Hz), 68.8, 28.4, 24.9,
18.9.

4-F R FIR-2-3F DGR (4e): F2% 73%. '"H NMR
(CDCls, 400 MHz) 6: 7.98 (d, J=8.8 Hz, 2H), 7.40 (d, J=
8.8 Hz, 2H), 5.99~6.03 (m, 1H), 5.80~5.84 (m, 1H),
5.49~5.50 (m, 1H), 1.93~2.17 (m, 3H), 1.78~1.91 (m,
2H), 1.65~1.74 (m, 1H); *C NMR (100 MHz, CDCl5) ¢:
165.4, 139.3, 133.2, 131.1, 129.4, 128.7, 125.6, 69.0, 28.5,
25.1, 19.1.

4-TRIE FFER-2-3F O (407 773 74%. '"H NMR
(CDCls, 400 MHz) 8: 7.91 (d, J=8.4 Hz, 2H), 7.57 (d, J=
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8.4 Hz, 2H), 5.98~6.04 (m, 1H), 5.79~5.84 (m, 1H),
5.48~5.51 (m, 1H), 1.94~2.15 (m, 3H), 1.78~1.91 (m,
2H), 1.68~1.75 (m, 1H); *C NMR (100 MHz, CDCl5) ¢:
165.5, 133.1, 131.6, 131.2, 129.7, 127.8, 125.5, 69.0, 28.4,
24.9,18.9.

4- R IR P R-2-3F CUR R (4g)' " 2R 74%. 'H
NMR (CDCls, 400 MHz) 6: 7.94 (d, J=8.2 Hz, 2H), 7.22
(d, J=8.2 Hz, 2H), 5.95~6.04 (m, 1H), 5.76~5.90 (m,
1H), 5.48~5.51 (m, 1H), 2.40(s, 3H), 1.93~2.18 (m, 3H),
1.79~1.92 (m, 2H),1.65~1.76 (m, 1H); *C NMR (100
MHz, CDCl;) 0: 166.3, 143.4, 132.7, 129.7, 129.0, 128.1,
125.9, 68.4, 28.5, 25.0, 21.6, 19.0.

4- S L R H R -2- 28 T R (4! P23 75%. 'H
NMR (CDCls, 400 MHz) d: 7.99~8.02 (m, 2H), 6.89~
6.92 (m, 2H), 5.97~6.01 (m, 1H), 5.81~5.84 (m, 1H),
5.49 (bs, 1H), 3.86 (d, J=3.2 Hz, 3H), 1.94~2.20 (m,
3H), 1.79~1.90 (m, 2H), 1.66~1.75 (m, 1H); *C NMR
(100 MHz, CDCl3) §: 166.0, 163.2, 132.6, 131.6, 126.0,
123.2,113.5, 68.3, 55.4, 28.5, 25.0, 19.0.

4- =G P R R -2-3F R (4D TR 72%.
'H NMR (CDCl;, 400 MHz) J: 8.16 (d, J=8.2 Hz, 2H),
7.69 (d, J=8.2 Hz, 2H), 6.01~6.05 (m, 1H), 5.81~5.85
(m, 1H), 5.52~5.53 (m, 1H), 1.95~2.18 (m, 3H), 1.81~
1.93 (m, 2H), 1.71~1.75 (m, 1H); *C NMR (100 MHz,
CDCly) 6: 165.0, 134.3 (q, J=32 Hz), 134.1, 133.3, 130.0,
125.33 (q, J=4 Hz), 125.31, 123.7 (q, J=271 Hz), 69.4,
28.4,25.0, 18.9.

34- “EOKEHRR-2-FF OB ER 4 FEE 75%. 'H
NMR (CDCl;, 400 MHz) §: 8.10 (d, J=2 Hz, 1H), 7.86
(dd, J=2, 8.4 Hz, 1H), 7.50 (d, J=8.4 Hz, 1H), 6.00~
6.04 (m, 1H), 5.78~5.82 (m, 1H), 5.47~5.49 (m, 1H),
1.93~2.18 (m, 3H), 1.77~1.91 (m, 2H), 1.65~1.74 (m,
1H); *C NMR (100 MHz, CDCl;) §: 164.4, 137.3, 133.4,
132.8, 131.5, 130.7, 130.4, 128.7, 125.2, 69.4, 28.3, 24.9,
18.9.

i Bh#4 #}(Supporting Information) & A& W) 14
MEAR G . B . IXLePRE R DA G 2 AR ) 1 s
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