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Palladium(ll)-Catalyzed Aerobic 1,2-Diacetoxylation of
Conjugated Dienes

Ju, Chenyang

Wu, Zhengxing™*

Li, Yunyi Zhang, Wanbin™

(Shanghai Key Laboratory for Molecular Engineering and Chiral Drugs, Frontiers Science Center for Transformative

Molecules, School of Chemistry and Chemical Engineering, Shanghai Jiaotong University, Shanghai, 200240)

Abstract 1,2-Diols have important applications in pesticides, chiral medicines and fine chemicals. A Pd(II)-catalyzed
1,2-diacetoxylation method using readily available acetic acid as the oxygen source and oxygen as the oxidant was developed.
For the 1,2-diacetoxylation of conjugated dienes, the reaction proceeds with high 1,2-regioselectivity. This protocol has good
substrate scope for conjugated dienes possessing aryl-, ester- and carbonyl groups. The catalytic products can be transformed
to 1,2-diols through simple alcoholysis or hydrolysis, therefore it is an efficient method for the synthesis of 1,2-diols.
Keywords palladium; conjugated diene; 1,2-diacetoxylation; 1,2-diol
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1) 1,2- W05 FE A I BB B A T 2 — il 17 50 21 o
WG, HoA BRI 12-XUE A R AR 2 P [
Wi FA L, R IR 1,2- XA A s B4R B 1 = 4
TEAE AT — P AR P 0L, 58 5 TAT A4, (BN R fE(E
1,2-F0 1,4-XUA A S8 AR X33k £ 1 i) R, A7 ST
RN e BT 3o 4 J AN A S A SRy — o v 88 9%
FE LB I 1,2- W Ak S 0 Pt FREN T, MR
ERTIE 0 N =25(Scheme 1, a): ZE—RE LR
TR JEHE 10 1,2- XU e N, 55 R4 )R
FHERAR AL I SEHE 500 12- B SEAL [ B, e 8 WU

IKEMAF RIS W=D, 58 = R AL R 3L P )
B 1,2- X IE A N, P28 7K i B A 15 2148 I e
W, ABAFEAE 1,2-F0 1,4- X000k A8 J25 A0 110 X S8 49 i s ufe 4
A i O R B A L RIE AV AR, A A ) R
AL BB SRR o A A R T DA AR AR
PA_E AR o A S A B (B RAR AR Ak 3k
B A DR E AR PR 1, 4-0UA A S B,
T EHE A 1,2- XA TR A S AR B R R = A i 45
TR (Scheme 1, b)L VTl /NHTHRIE T —FIBSR
H a0, 0- — BRI E A4 A4 TR SOG40 WA 1552 15 (B oping ) (2 312F
(PFEHE I 1 1,2- 00 b R B, R BRI AR
AT, Jeilid XUE BeA S 2 1,2-0013k 2Bk A IR AL ]
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AR, R TR, L5 AR RS
PRARF, R AT, o X 6 1 b S P L B0
TIEI 12- W TR SRR N, AR AT R AR B
Kk AT LA 2 — R 148 B2 254k & ¥)(Scheme 1, ©).
1 HEREWR
1.1 REEHMK

PLut o7 R IE IR — M5 1a NIRY), BAETR(AcOH) N
AR, BERRAE(PA(OAC) ) NHEAF, AN EA AT
WIUE I N6 AR . B — RENEFIBAT IRk, K
BUAE 2B (MeCN)H i DUIRIEAT, BL 39%IR 43
B 1,2- WAL =) 2a(3K 1, Entry 1), FFHARRF
BAERIM 1,4 ST, SN AT B R 7 77
RE ARSI R (27%) /3 217~ 2a (Entry 2). FILAEZ
i 8 7 OO R 1) 36 AT T % %% (Entries 3~6), 455
BRI 3 equiv. BRI I K 5t 5 (Entry 4), BSER &
Ak SR R WCR T B (Entries 5, 6). % &R Fh ]
RE T SN S ALK, 0 LA AN ) F A A R 3R A 4 ik

1 RBKIFHITRAL ©

Table 1 Optimization of the reaction conditions

OAc
@M Pd salts (10 mol%) N OAc
AcOH, MeCN, O, (101 kPa)
1a 70°C, 24 h 2a
Entry Catalyst AcOH/equiv. Yield’/% of 2a

1 Pd(OAc), 25 39
2 Pd(OAc), 25 27
3 Pd(OAc), 2 31
4 Pd(OAc), 3 58
5 Pd(OAc), 3.5 40
6  Pd(OAc), 4 30
7 PdBr, 3 ND
8  PdClL(MeCN), 3 ND
9  Pdl, 3 ND
10 Pd(OCOCF;), 3 ND
11 Pd(PPhs), 3 ND
12 Pdy(dba), 3 37
13 Pd(OAc), 3 65
14°  Pd(OAc), 3 63
15% Pd(OAc), 3 35
168 Pd(OAc), 3 65
17%" Pd(OAc), 3 58
18%  Pd(OAc), 3 64
19%  Pd(OAc), 3 54
20 Pd(OAc), 3 72

21% Pd(OAc), 3 70
“Unless otherwise noted, the reactions were carried out using diene 1a (0.2
mmol, 1 equiv.), Pd salts (10 mol%), AcOH (0.6 mmol, 3.0 equiv.), MeCN (2
mL) at 70 ‘C for 24 h in a sealed tube charged with O; b isolated yields;
“solvent is AcOH; “4A MS (30 mg); “4A MS (100 mg); /12 h; €48 h; "60 C;
80 C;/MeCN (1 mL); “MeCN (3 mL); 'MeCN (4 mL).
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177 %Z(Entries 7~12). BI&AE % H P ML wiRL
HU(PdBr,). ZJEEALH(PACL(MeCN),). AL (PdI) A
= 9 & TR #E (PA(OCOCEF;),) ¥ AN fe {4k 2 B 1) 12 AT
(Entries 7~~10). 5 e 0w R 4 o (1 VAR B T e
(AT o, e AR AR DU I AR R P
FI T R AT 1) SRR A S LR AT A AR G Y =K
B4R (PA(PPhs)y) R REME AL [ BLEAT (Entry 11), {H=
(PR ) — 4 (Pdy(dba)s) AT LAHEAL S B AT (Entry
12), iXA]fESE RN Pdy(dba)s 7E [ vk &2 H Al AcOH 4
AREM T JFAL T R T BE R A T L S B HEAT . RN
HOINN 5310 B8 7E — 72 R FE 00 4 28 ) 2 o AN T 2
R R TIY) RERT 4A 4 TiR(4A MS)H &
1752, B EIR SN 30 mg 4A 73 TR 724 2a ()
R BE— B A 65% (Entry 13), 4k4:1500 4A MS 7=
KA T (Entry 14). 383k S WA [R] R0 B f 7 ik
(Entries 15~18), #i@ 7 NS [A] 24 h Fl N 3 5
70 CAHAM RN 25 A 5 5o SO B 420 R i
1T 7 %% (Entries 19~21), RIVEMIIREH— S me

SR NI SR 2 TS 200 R AR (Entry 19),
M 24 3R FEDR N, RSRTH A 72% (Entry 20). #E—25
PR/ AR B WSO P Ak 248 5 (Entry 21).
1.2 R¥eERR

BT m R R AR, X FRHE I 0 RV AT
THEEL(ER 2). AR ZJE A 1b A 1e AH LR
FEHUARJR ) 12 230 H 50 47 1) s 3 4 (Entries 1~3), H
HH T KRB RE AR 2558 B LA 1b Rk 82% (En-
try 2). kxR _EASFEAL B UL AT 8, R
TEVe 2 T L A S i A R ], s B R B R 347 9 L
PUE G R A5 B H bR P29 (Entries 4~12). ST F&H
AR ZIGIRY 1m, BT PLEAT, DL 73%I1UR
KAGH) H B Y0(Entry 13). J M AR 28 560 s A7 il 3 B
) st T LUE S, 40 1n A1 1o #REUAE T B I
#(Entries 14, 15). 12X 7 LULAR 20 1p (FIEY),
RBLPL 1.5 01 BIAEX UL FRIERT 61%M /=243 3 1 7=
Y)(Entry 16). 2435 Ay B AR I Jiz 87453 3] 45 i e

F2 I TSERTOE
Table 2 Scope of conjugated dienes

OAc
Pd(OAC), (10 mol%)
RN 2 x OAc
AcOH (3 equiv.), MeCN R
1 4AMS, O,,70°C, 24 h 2
Entry Conjugated diene 1 Product 2 Yield”/%
OAc
AN
X
1 ©/\/\ N\ ORe 7
1a 2a
A x OAc
2 A OAc 82
1b 2b
O O OAc
3 O NN O N OAc 26
2
1c ¢
OAc
A
X
A OAc
e
1d MeO 2d
OAc
N OAc 74
Me 2e

Me A OA
2f
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Entry Conjugated diene 1 Product 2 Yield”/%
Me Me OAc
7 @/\/\ N OAc 70
19 29

A OAc
X
8 /©/\/\ X OAc 75
F 1h . 2h
F. X OAc
X
1i 2i
F F OAc
X
10 ©/\/\ > Ohe 71
1j 2j
OAc
S
X
OA
. /@/\/\ . c s
3
OAc
A
X
OA
5 /@/\/\ /@/\)\/ c 69
“ 1l cl 20
OAc
ODM
< 0 A OAc
: : S »
1m 0] 2m
OAc
PhO AN
N PhO OA
1n (6] 2n
OAc
BnO A
OYTS BnO.__~\ OAc
15 o 65
1o o 20
EtO_ N\ QAc 61
16 ) EtOMOAc
(@] .
1p le} o dr:15:1)
OAc
Ph N
b Ph_~h__oAc
17 0o 55
. OAc
18 /\/\/1\r/\/\ /\/\/\/\)\/OAC ND
2r

“Unless otherwise noted, the reactions were carried out using diene 1 (0.2 mmol, 1 equiv.), Pd(OAc), (10 mol%), 4A molecular sieves (30 mg), AcOH (0.6 mmol,
3.0 equiv.), MeCN (3 mL) at 70 °C for 24 h in a sealed tube charged with O,. * Isolated yields.

(Entry 17). RESSALEHEEURI0 R, R RRILT  HuScBl 120 2B LS.
A 1A LRI, KRR 120 AL 13 ey A Magss LRI TT ALY I RIATL

P (Entry 18). MR LS R T U A (A A R EIH 1.2 X0 2 B P4 DA e
SRR ST PR SONOEAT, TEROBUERIE g i o A0 AL &4, BIIP=4) 20 2 FPBE
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V. A W22 o T3 B AR KA R DA A 4 K
WED, NE R IR SR T A RBIE R,

3 LIRS
3.1 UE5EHH

JTE 7 B4R ) "H NMR it °C NMR #%7E Bruker
Advance IIT HD 400 %5}, Bruker Advance IIT HD 500 #%
HEILIRACEME. "TH NMR IR TMS (6 0.0), °C
NMR 45N CDCLs (6 77.0). &4 #5148 Waters
UPLC-Q/TOF Mass Spectrometer Jii i {375, K ik
fB2(100~200 ENFATHEN 78, BRAERAE U, Irf
BRI ANE I B R AN R, REdt—Daith. irf
JEA 1 B SCHER 12177 VA
32 ZWHE
3.2.1 (D) EEE —H 69 1,2- R TBLE AL = 452
EORESO

7E 35 mL WEEHIMABE R (4.5 mg, 0.02 mmol,
0.1 equiv.)~4A 7 F7fi(30 mg) Ml 3 mL T, T =il
TR 1S min. BEHESE, B EARERBEE SR
PR AR, SR R R B I NBE R (36 mg, 0.6
mmol, 3 equiv.)FIFEHE 4% 1 (0.2 mmol, 1 equiv.), KM
RRLE 70 C RN 24 h. RNSERGE, Rk RAEIE
i, AREREIE, O8R BN, %m%mr%
AR 2, TRIREMEE R ENTCH MG O B8, V
V=10 : 1)5 B513 304 2.

(E)-4-ZE -1 -3-45-1,2- — 2. g 2a)"): & (kG B
Wik, 357 mg, YCE N 72%. 'H NMR (400 MHz,
CDCly) §: 7.41~7.27 (m, 5H), 6.70 (d, J=16.0 Hz, 1H),
6.12 (dd, J=16.0, 7.2 Hz, 1H), 5.70~5.63 (m, 1H), 4.33
(dd, J=11.6, 3.6 Hz, 1H), 4.18 (dd, J=11.6, 6.8 Hz, 1H),
2.12 (s, 3H), 2.08 (s, 3H).

(E)-4-(2-Z835)- T -3-J5-1,2- — 2. R e 2b)P: Ll
Ak, 48.9 mg, WA 82%. "H NMR (500 MHz, CDCl;)
d: 8.06 (d, J=8.5 Hz, 1H), 7.86~7.84 (m, 1H), 7.81 (d,
J=8.0 Hz, 1H), 7.59~7.42 (m, 5H), 6.15 (dd, J=16.0,
7.0 Hz, 1H), 5.81~5.76 (m, 1H), 4.41 (dd, J=12.0, 4.0
Hz, 1H), 4.27 (dd, J=11.5, 7.0 Hz, 1H), 2.16 (s, 3H), 2.10
(s, 3H).

(E)-4-(1-Z835)-T -3-4%-1,2- — 2R B (2¢): TR
14, 45.3 mg, WE AN 76%. "H NMR (500 MHz, CDCl;) o:
7.83~7.78 (m, 3H), 7.75 (s, 1H), 7.58 (dd, J=8.5, 1.5 Hz,
1H), 7.49~7.44 (m, 2H), 6.87 (d, J=16.0 Hz, 1H), 6.25
(dd, J=16.0, 7.0 Hz, 1H), 5.75~5.70 (m, 1H), 4.37 (dd,
J=12.0, 4.0 Hz, 1H), 4.22 (dd, J=12.0, 7.0 Hz, 1H), 2.14
(s, 3H), 2.09 (s, 3H); “C NMR (126 MHz, CDCly) ¢:

http://sioc-journal.cn/ 3929



BIKE

170.7, 170.1, 134.6, 133.4, 133.3, 133.3, 128.3, 128.1,
127.7, 127.2, 126.4, 126.2, 123.3, 72.2, 65.0, 21.2, 20.8;
HRMS (ESI) caled for CisH,,NO4 [M+NH,]" 316.1549,
found 316.1552.

(E)-4-(4- AL HE)- T -3-0%5-1,2- — LR R (2d)):
HERERPIR A, 42.3 mg, W N 76%. 'H NMR (400
MHz, CDCl;) d: 7.32 (d, J=8.8 Hz, 2H), 6.86 (d, J/=8.8
Hz, 2H), 6.65 (d, J=16.0 Hz, 1H), 5.98 (dd, J=16.0, 7.2
Hz, 1H), 5.68~5.61 (m, 1H), 4.32 (dd, J=11.8, 3.8 Hz,
1H), 4.17 (dd, J=11.8, 7.2 Hz, 1H), 3.81 (s, 3H), 2.11 (s,
3H), 2.08 (s, 3H).

(E)-4-(4- F R R 9L )- T -3- 45 -1,2- — 2 TR fig 2e)":
FERFIRIEAA, 38.8 mg, U A 74%. 'H NMR (400
MHz, CDCl;) 6: 7.28 (d, J=8.0 Hz, 2H), 7.13 (d, J=8.0
Hz, 2H), 6.68 (d, J=16.0 Hz, 1H), 6.06 (dd, J=16.0, 7.2
Hz, 1H), 5.68~5.63 (m, 1H), 4.32 (dd, J=12.0, 4.0 Hz,
1H), 4.17 (dd, J=12.0, 7.2 Hz, 1H), 2.34 (s, 3H), 2.11 (s,
3H), 2.08 (s, 3H).

(E)-4-(3-FH R HE)- T -3-0-1,2- — TR BB (21): ¥ th
FEARIRIBAA, 37.2 mg, WA 71%. 'H NMR (400 MHz,
CDCly) 6: 7.24~7.16 (m, 3H), 7.12~7.07 (m, 1H), 6.68
(d, J=16.0 Hz, 1H), 6.11 (dd, J=16.0, 7.2 Hz, 1H),
5.70~5.62 (m, 1H), 4.33 (dd, J=11.6, 3.6 Hz, 1H), 4.17
(dd, J=11.6, 7.2 Hz, 1H), 2.35 (s, 3H), 2.11 (s, 3H), 2.08
(s, 3H); *C NMR (101 MHz, CDCl;) §: 170.7, 170.1,
138.2, 135.8, 134.6, 129.1, 128.5, 127.4, 123.9, 122.8,
72.1, 65.0, 21.3, 21.2, 20.8; HRMS (ESI) caled for
CysH;sNaO4 [M+Na]* 285.1103, found 285.1108.

(E)-4-(2-H 2K 3E)- T -3-M5-1,2- — LR TR (2g): ¥
FBEIR A, 36.7 mg, WE A 70%. 'TH NMR (400 MHz,
CDCly) 6: 7.44~7.38 (m, 1H), 7.20~7.12 (m, 3H), 6.93
(d, J=16.0 Hz, 1H), 6.00 (dd, J=16.0, 7.2 Hz, 1H),
5.71~5.64 (m, 1H), 4.34 (dd, J=12.0, 4.0 Hz, 1H), 4.20
(dd, J=12.0, 7.2 Hz, 1H), 2.34 (s, 3H), 2.12 (s, 3H), 2.09
(s, 3H); *C NMR (126 MHz, CDCl;) §: 170.7, 170.1,
135.8, 135.0, 132.5, 130.4, 128.2, 126.1, 125.8, 124.4,
72.3, 65.0, 21.2, 20.8, 19.7, HRMS (ESI) calcd for
CysH;sNaO4 [M+Na]* 285.1103, found 285.1108.

(E)-4-(4- TR H)- T -3-4%5-1,2- — 2 e Ee 2h)!"™: 3%
EREFPIRBAAE, 39.9 mg, WWHEHK 75%. 'H NMR (500
MHz, CDCl3) d: 7.37~7.33 (m, 2H), 7.04~6.99 (m, 2H),
6.67 (d, J=16.0 Hz, 1H), 6.04 (dd, J=16.0, 7.0 Hz, 1H),
5.67~5.62 (m, 1H), 432 (dd, J=12.0, 4.0 Hz, 1H), 4.17
(dd, J=12.0, 7.0 Hz, 1H), 2.12 (s, 3H), 2.08 (s, 3H).

(E)-4-(3-FA A FE)- T -3-05-1,2- . L FRTEE(20): Ok
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BEARAA, 38.3 mg, YWF A 72%. 'H NMR (400 MHz,
CDCLy) ¢6: 7.33~7.27 (m, 1H), 7.18~7.12 (m, 1H),
7.12~7.06 (m, 1H), 7.01~6.93 (m, 1H), 6.67 (d, J=15.6
Hz, 1H), 6.13 (dd, J=15.6, 6.8 Hz, 1H), 5.69~5.61 (m,
1H), 4.33 (dd, J=11.6, 3.2 Hz, 1H), 4.18 (dd, J=11.6, 7.6
Hz, 1H), 2.13 (s, 3H), 2.09 (s, 3H); °C NMR (101 MHz,
CDCly) 6: 170.7, 170.0, 163.0 (d, J=245.8 Hz), 138.1 (d,
J=17.6 Hz), 133.2 (d, J=2.6 Hz), 130.1 (d, J=8.4 Hz),
124.5, 122.6 (d, J=2.8 Hz), 115.2 (d, J=21.3 Hz), 113.1
(d, J=21.8 Hz), 71.8, 64.8, 21.1, 20.8; '’F NMR (376
MHz, CDCl;) 6: —113.2; HRMS (ESI) caled for C4H;sF-
NaO, [M+Na]" 289.0852, found 289.0857.

(E)-4-Q2-F 7K FL)- T -3-H5-1,2- . ZFRFEE(25): B MG
FIRAA, 37.8 mg, WFE AN 71%. '"H NMR (400 MHz,
CDCly) 0: 7.46~7.39 (m, 1H), 7.28~7.22 (m, 1H), 7.10
(t, J=7.6 Hz, 1H), 7.07~7.00 (m, 1H), 6.83 (d, J/=16.0
Hz, 1H), 6.23 (dd, J=16.4, 6.8 Hz, 1H), 5.72~5.64 (m,
1H), 4.34 (dd, J=12.0, 4.0 Hz, 1H), 4.19 (dd, J=12.0, 7.0
Hz, 1H), 2.13 (s, 3H), 2.08 (s, 3H); °C NMR (126 MHz,
CDCly) d: 170.7, 170.1, 160.4 (d, J=250.3 Hz), 129.6 (d,
J=8.6 Hz), 127.8 (d, J=3.4 Hz), 126.8 (d, J=3.4 Hz),
125.8 (d, J=5.4 Hz), 124.2 (d, J=3.6 Hz), 123.7 (d, J=
12.1 Hz), 115.8 (d, J=22.1 Hz), 72.1, 64.9, 21.1, 20.8; "°F
NMR (376 MHz, CDCly) §: —117.3; HRMS (ESI) caled
for C,4H,sFNaO, [M+Na]" 289.0852, found 289.0857.

(E)-4-(4- =5 B 2R I)- T -3-045-1,2-— LB R (2K):
FEREFPRIA, 46.1 mg, WE N 73%. 'H NMR (500
MHz, CDCl5) d: 7.58 (d, J=8.0 Hz, 2H), 7.48 (d, J=8.5
Hz, 2H), 6.73 (d, J=16.0 Hz, 1H), 6.22 (dd, J=16.0, 6.5
Hz, 1H), 5.70~5.65 (m, 1H), 4.35 (dd, J=12.0, 4.0 Hz,
1H), 4.19 (dd, J=12.0, 7.0 Hz, 1H), 2.13 (s, 3H), 2.09 (s,
3H); *C NMR (126 MHz, CDCl;) 6: 170.6, 170.0, 139.3
(q, J=1.2 Hz), 132.8, 130.1 (q, J=32.5 Hz), 126.8, 125.9,
125.6 (q, J=3.8 Hz), 124.0 (q, J=270.2 Hz), 71.7, 64.7,
21.1,20.8; F NMR (470 MHz, CDCl;) 6: —62.6; HRMS
(ESI) caled for CysH;oFsNO4 [M+NH,4]" 334.1266, found
334.1272.

(E)-4-(4-F K FE)- T -3-05-1,2- — . REE 2D # 0
FFARIBA, 38.9 mg, WA 69%. 'H NMR (500 MHz,
CDCly) d: 7.33~7.28 (m, 4H), 6.66 (dd, J=16.0, 1.0 Hz,
1H), 6.10 (dd, J=16.0, 7.0 Hz, 1H), 5.67~5.62 (m, 1H),
433 (dd, J=11.5, 4.0 Hz, 1H), 4.17 (dd, J=12.0, 7.0 Hz,
1H), 2.12 (s, 3H), 2.08 (s, 3H).

(E)-4-(RFF[d] [1,3] A A N I-5-25)-1,2- = 4 F%
Bam) " s EREFPRBA, 42.6 mg, WEN 73%. 'H
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NMR (400 MHz, CDCLy) 6: 6.91 (d, J=1.6 Hz, 1H), 6.82
(dd, J=8.0, 1.6 Hz, 1H), 6.76 (d, J=8.0 Hz, 1H), 6.61 (d,
J=16.0 Hz, 1H), 5.96 (s, 2H), 5.92 (dd, J=16.0, 7.2 Hz,
1H), 5.66~5.60 (m, 1H), 4.31 (dd, J=12.0, 4.0 Hz, 1H),
4.16 (dd, J=12.0, 7.2 Hz, 1H), 2.11 (s, 3H), 2.08 (s, 3H).

(E)-5- A JE-5- - IR -3-45-1,2- — Z TR & (2n): 3%
HERFIRIEAA, 362 mg, ULFEN 62%. 'H NMR (500
MHz, CDCl;) d: 7.42~7.37 (m, 2H), 7.26~7.23 (m, 1H),
7.14~7.10 (m, 2H), 7.05 (dd, J=16.0, 5.0 Hz, 1H), 6.26
(dd, J=16.0, 2.0 Hz, 1H), 5.75~5.70 (m, 1H), 4.37 (dd,
J=11.5, 4.0 Hz, 1H), 4.19 (dd, J=11.5, 6.5 Hz, 1H), 2.17
(s, 3H), 2.10 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
170.5, 169.7, 163.9, 150.4, 143.0, 129.5, 126.0, 122.9,
121.4, 70.1, 63.9, 20.9, 20.7; HRMS (ESI) calcd for
C1sH0NOg [M+NH,]" 310.1291, found 310.1286.

(E)-5-F I -5- I - 1R-3-H-1,2- — 2 FRIEE(20): %
FEREFPRIBAA, 39.8 mg, IHE A 65%. 'H NMR (500
MHz, CDCl;) d: 7.41~7.34 (m, 5H), 6.91 (dd, J=15.5,
5.0 Hz, 1H), 6.13 (dd, J=16.0, 1.5 Hz, 1H), 5.69~5.65
(m, 1H), 5.20 (s, 2H), 4.31 (dd, J=12.0, 4.0 Hz, 1H), 4.12
(dd, J=11.5, 6.5 Hz, 1H), 2.12 (s, 3H), 2.07 (s, 3H); "*C
NMR (126 MHz, CDCLy) d: 170.5, 169.7, 165.3, 141.5,
135.6, 128.6, 128.4, 128.4, 123.4, 70.1, 66.6, 64.0, 20.8,
20.7; HRMS (ESI) caled for C;H»NOg [M+NH,]*
324.1447, found 324.1452.

(E)-6- LRI -6-FikF- O -4-15-2,3- — B2 s 2p): %
OSBRI, 31.5 mg, PFN 61%, dr=1.5"1.
Major '"H NMR (400 MHz, CDCl) d: 6.83 (dd, J=15.8,
5.3 Hz, 1H), 6.01 (dd, J=15.8, 1.6 Hz, 1H), 5.51~5.46
(m, 1H), 5.11~5.06 (m, 1H), 4.24~4.18 (m, 2H), 2.14 (s,
3H), 2.06 (s, 3H), 1.31 (t, J=7.2 Hz, 3H), 1.23 (d, J=6.4
Hz, 3H); Minor 'H NMR (400 MHz, CDCl;) §: 6.85 (dd,
J=16.0, 5.6 Hz, 1H), 6.03 (dd, J=16.0, 1.6 Hz, 1H),
5.58~5.52 (m, 1H), 5.16~5.09 (m, 1H), 4.26~4.19 (m,
2H), 2.13 (s, 3H), 2.05 (s, 3H), 1.31 (t, J=7.2 Hz, 3H),
1.25 (d, J=6.4 Hz, 3H); The mixture *C NMR (101 MHz,
CDCl3) 8: 170.3, 170.0, 169.7, 169.6, 165.6, 165.5, 141.0,
140.5, 124.0, 123.9, 73.3, 73.2, 70.0, 69.8, 60.8, 21.0, 21.0,
20.8, 20.8, 15.9, 14.9, 14.2; HRMS (ESI) caled for
C1,Hp,NOg [M+NH,]" 276.1447, found 276.1451.

(E)-5-7K3E-5-Fk - T -3-45-1,2- —~ LR R (2q): ¥ A
FEARLIRIBAA, 30.4 mg, WF A 55%. 'H NMR (400 MHz,
CDCly) 8: 7.44~7.36 (m, 3H), 7.17~7.09 (m, 2H), 7.05
(dd, J=16.0, 4.8 Hz, 1H), 6.26 (d, J=15.2 Hz, 1H),
5.77~5.69 (m, 1H), 4.37 (dd, J=11.6, 3.6 Hz, 1H), 4.19
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(dd, J=11.6, 6.4 Hz, 1H), 2.17 (s, 3H), 2.10 (s, 3H); "*C
NMR (101 MHz, CDCl3) d: 170.5, 169.7, 163.9, 150.4,
143.0, 129.5, 126.0, 122.9, 121.4, 70.1, 63.9, 20.9, 20.7;
HRMS (ESI) caled for C;sHyNOs [M+NH,]" 294.1341,
found 294.1347.

322 FAhegitA

TE SO IR SR P24 2a (24.8 mg, 0.1 mmol,
1 equiv.), & T FHEL(0.8 mL), £ 0 “CH 0 N Bk R £
(138 mg, 1 mmol, 10 equiv.), 7E% iR FHFE 4 h. KM5E
S5, FHERERG mol/L)ER{L, A & KB (S
mL X 3), Z & IR S AN (S mL) FITE AN 2K
Vek(S mL), HIEAE VA, AYMHE KRN TEE,
T I R R AR PR VAN, FTARIR A YR AR E AT (A
fit/ TR W, V 0 V=3 > T4 B Atk 5153 207 3a.

(E)-4-ZE LT -3-475-1,2- i 3a)": R HPIR
&, 12.1 mg, P*F AN 74%. "H NMR (400 MHz, CDCl;) o:
7.41~7.37 (m, 2H), 7.35~7.30 (m, 2H), 7.28~7.23 (m,
1H), 6.70 (d, J=16.0 Hz, 1H), 6.21 (dd, J=16.0, 6.4 Hz,
1H), 4.48~4.40 (m, 1H), 3.76 (dd, J=11.2, 3.6 Hz, 1H),
3.61 (dd, J=11.2, 7.2 Hz, 1H).

7 SO I R4 2n (29.2 mg, 0.1 mmol, 1
equiv.), 7£ 0 CHIMAEFEAHI(20 mg, 0.5 mmol, 5
equiv.), FFIMA 0.25 mL FE, 0.3 mL 45 /SFAA 50 puL
K, FEE= FHHE 4 he R FERSG, HERG mol/L)ig
b, 8 I ek R e 2L bR VAR, BT AR IR A A FAE A
(CIRZBE/ I, V2 V=2 D)7 B4tk 515374
3n.

(E)-4,5- - F2 5205 3 DL 8 (3m)!™): JE €8 K BRIR i
1%, 9.8 mg, =& 74%. "H NMR (400 MHz, CD;0D) o:
6.94 (dd, J=15.6, 4.8 Hz, 1H), 6.07 (dd, J=15.6, 1.6 Hz,
1H), 4.34~4.28 (m, 1H), 3.63~3.53 (m, 2H).

4 Bh#1 8l (Supporting Information) 1L&4% 2 ) 'H
NMR Al °C NMR 5[, 3 £l nT LA 6o 2 AR T 9935
(http://sioc-journal.cn/) I N %K.
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