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Palladium-Catalyzed Dehydrative Cross Couplings of Stabilized
Phosphorus Ylides with Allylic Alcohols

Ma, Xiantao™* Yu, Jing” Ma, Ruitian” Yan, Ran* Zhang, Zhenlei***
(“ College of Chemistry and Chemical Engineering, Xinyang Normal University, Xinyang 464000)
(4 School of Chemistry and Material Engineering, Fuyang Normal University, Fuyang 236037)

Abstract A dehydrative cross coupling of ketone-stabilized phosphorus ylides with the readily available allylic alcohols
followed by an one-pot Wittig reaction is developed. A range of functional 1,4-dienes could be obtained in 52%~95% isolated
yields in the presence of 5 mol% Pd(PPhs), and 20 mol% B(OH);. The same method can be extended to ester or nitrile-stabi-

lized phosphorus ylides, affording the corresponding 1,4-dienes in moderate yields.
Keywords stabilized phosphorus ylides; allylic alcohols; dehydrative cross couplings; palladium catalysis

LA- WG G | IZ AR AE T RIR = S s v oy 1
il H R, SO AR R 14- R A OTER O,
o P A JE A T R e R 1 T A A G
VAN €70 Sx3 CoX = S A A Sl 71 VAR P 0 2
A B A, B RO T A VLA R, a2 g
L. W) Wittig [N 1] 25 BCRCA R i B2 255 i
P 2010 4R, W AL AR IE T AL T A
PR 2 5 55 TG A o g P ST ) — BT T A - Wittig
R, FH T RS R 1,4- 1540 &Y 1 & B(Scheme
1A); 2013 4E, HAYUREHSIR R T H AR — S
FeE W ST PR A N BRI S N, BT B AR . RS DL A
FAEI 1L4- IR &P & Bi(Scheme 1A). 5444
BB A G AL, R B A BRI 519, (KEfaE,
S5 RN B RERN . R TFEG T, TR

RN T A RA A FATM Y, i, AR R
TE T KR A AR r s TR I S W P S A ) P K A R
SRL, PRI EAGE H T B2 PR 1,4-—Htb &4
(¥4 ii(Scheme 1B). Tl AU AR S B oy Y, 42
B 1 VY (= ) R AL N I PR 2R 5 R Wi LB Y
—EREBUKABIR SN, P T B Rtk DR U AR
L4- I G M) e R i (Scheme 1C).

1 HR5WE

DA I (1) 5 2K FH B A2 I I S7 48 (2a) 1E R
AR B SN S B SR AR AT T . RPE O &%, M
VIR A E N: AEERE (1a, 0.36 mmol). #< F it A e
(K- 37 4% (2a, 0.30 mmol). Pd(PPhs), (5 mol%). 2
(20 mol%)~ ZJi(0.50 mL), AR FET 110 Chl
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(A) Previous work reported by You's and Tian group

(1) cat. [Pd] Rs%
(2) R3CHO 3 =

R R’

RN+ RY_PPh
LG = OCO,Et, NH,

(B) our previous work
(1) [Pd(allyl)Cl], (2.5 mol%)

RNop o dppf (5 mol%) R3_O
H,0, N,, 60 °C
or 4 R3J\¢PPh3 o
OH (2) HCHO, r.t.
P N
RZ
R'/R?

R3 = Alkyl aryl

(C) This work: dehydrative cross coupling of allylic alcohols
(1) Pd(PPhs3), (5 mol%) R3

1 B(OH)3 (20 mol%)
R OH .
3 MeCN, N, 110 °C
or . R VPPh3
OH (2) HCHO, r.t. N
R2NF R'/R?

R3=RCO, EtOCO, CN

B 1 RS Bl 7 A R 0 P SR B S

Scheme 1 Catalytic cross coupling of stabilized phosphorus
ylides with allylic partners
PIRFERN 12 hy Fp RS H R =R, AT EEK
B3 equiv.), FiR F4REE4HE 6 h, UL 84%HI4r Bl R
HRIFUAY 1,4- )57 3a(K 1, Entry 1). W RsLIGR
B, SONEAE A SR AEAG TR B IR B S5, S AN BRI
HIREAT, Ul WA AL AR IR VS A AR I HE . C—O
B W R AR ke A 22 K B E A FH (Entries 2, 3). /S,
Xof SRS RS INFRIREAT 1 0, 45 RO ILAE F HA s I
FIS, FFABEAS 2 S 4 S S W (Entries 4, 5), BRI,
e R AE N LN, 6 s N A TE R, 2
Ji & B L S N ¥ 57 (Entries 6~9). %o [ i B i i K
B, BRI EEZ 60 °C, WAENLI 32 /8 7= Py i AE ik
(Entry 10).

W A BRI SR 26 A1 (3C 1, Entry 1)H T2 FEAR
PR s DA e 5 i R A S i S AR AR R S N, 4 Rk
2 Fs. X TBARHIAIRERE, 830 bafr A e 7 JE
AT DU 55 Bl i 3748 (2a) AR OB, B i R A5 2]
HREL 1.4-—4%7 1 3b (K 2, Entries 1, 2). 52K,
IRIA LA RO TR, IR, ATRER AT n-
WA IE B T AR RO AR e AR AE, R B 2 /> &
Y 3¢ AERU(Entry 3). ZIRIN S AALALFH A HRIER,
50T LA RO A5 B B BEAL 1,4- 05574 3d (Entry 4). %
D3 T IR B AR AR IR, An(E)-2- 2 )-1-
B, DA — Y X Sk 5 1 oh S U A5 B U 72 4 3e
(Entry 5). X -] 5 A P ERE, AT LA 20 T 4)
3f (Entry 6). X a-HUCHHE N 3 = 00, W] LAUIH] b
RARNEL, & — 1k FEVE AT 2 ELAE R A 44 P9 25 1R 3K 7
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Table 1 Condition screening for Pd-catalyzed allylic cross cou-
pling of phosphorus ylide 2a with cinnamy] alcohol 1a

o (1) [Pd], additive
P N-"OH . Ph)J\%’Phs solvent, 110°C, 12 h

fa g 2a (2) 37% HCHO, r.t.
Ph)j\”/\/\ Ph
3a
Entry [Pd] Additive  Solvent Yield”/%

1 Pd(PPhy), B(OH);  MeCN 84
2 Pd(PPhy), — MeCN 0

3 — B(OH);  MeCN 0

4 Pd(PPhy), ZnCl, MeCN 32
5 Pd(PPhs), TsOH MeCN 51
6  Pd(PPhy), B(OH);  DMSO 28
7 Pd(PPhs), B(OH);  DMF 82
8 Pd(PPhy), B(OH); Toluene 80
9 Pd(PPhy), B(OH); Dioxane 75
10°  Pd(PPhy), B(OH); MeCN Trace

© 2019 Chinese Chemical Society & SIOC, CAS

“ Unless otherwise noted, the mixture of 1a (0.36 mmol, 1.2 equiv.), 2a (0.30
mmol), Pd catalyst (5 mol%), additive (20 mol%) and solvent (0.5 mL) was
sealed under N,, heated at 110 “C for 12 h, then HCHO (37% in water w/w, 3
equiv.) was added and stirred at room temperature for another 6 h and moni-
tored by TLC and/or GC-MS. ? Isolated yield based on 2a. € 60 C.

¥ 3a Fl 3g~3k (Entries 7~12). B 5, X #H 378 1) s
VIV AT TP IRER, S5 R BHIEAE R 753 1,
AR A B B R A, DARRER . 05 R EAR
B3 mr DL DU A W 2R A5 B T 24 31~3q (Entries
13~18). XJ T W5 Wk B L ngt HCAC 110 ) 6 A o g b S
AR T Ik, Mg L L EGEIR, TERRHESRIE T R AER
AR EY, A4S %A (Entries 19, 20).
X T i o ) 5 A i I S A, PR AR SR AR TR
& HE, ¥RMGREF S E] 125 CHE, ] DUBF]Hy
153 TP~ 3t~3v (Entries 21~23). " HE/2&H T a-Hi
e e Bt S TR IR, EARHER MR T, IS
RS2 T =Y 3w (Entry 24). _EIR & R05 0 R
7 (58 i 87 FH T PR AR I 5 s e R e A 19l S A ) £
PR, AR S SR SE 4y NON-— FR R R e i, 4
SR FERE S F] 125 °C, DA SR BRI R A B
Aeft 1,4-—J% 3x~3y (Entries 25, 26). A1, ZI7VEAN
REAR I b S T i B A e w24, FEARTEE I N 2%
PN A RS B B4 3z (Entry 27).

R AR A 2 (10 Sz 56 48 SR R STk RS 10, 12 s v T R
[PIHLERWT Scheme 2 Pz, 5 50 P4 28 B 70 A0 AL 7 A0
MR EER T, C—O BE b K AW, Al n-4a T8
FARIE B Tk 5, B4 2 MR RS AR n-
TS IB T Ve e 151 7/ N S = TG ) el TR N
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R 2 LML T AR E Bl LA A T S B K A K S
Table 2 Palladium-catalyzed dehydrative allylic cross coupling
of stabilized phosphorus ylides with allylic alcohols

(1) PA(PPhg)g (B mol%)

R7X"0H B(OH)3 (20 mol%)

or ., R&_PPh; MeCN,110°C,12h &

OH 2 (2) HCHO (3.0 equiv.) A

RN 3 RUR?

1
Entry R! R? R® 3 Yield/%
1 Ph — PhCO 3a 84
2 4-MeOCeH, — PhCO 3b 95
3 4-NO,C¢Hy — PhCO 3c Trace
4 2-MeOC¢H; — PhCO 3d 94
5 n-CsH; — PhCO 3e 61°¢
6 H — PhCO 3f 78
7 — Ph PhCO 3a 86
8 — 4-CIC¢H,  PhCO 3g 68
9 — 2-Thienyl ~ PhCO 3h 80
0 — 1-Naphthyl PhCO 3i 75
| — 2-Naphthyl PhCO 3j 80
2 — Et PhCO 3k 65°
13 Ph — 4-MeOC4H4CO 31 86
14 Ph — 4-FCH,CO  3m 78
15 Ph — 4-CIC¢H,CO 3n 75
16 Ph — 2-NaphthylCO 30 84
17 Ph — 2-FurylCO 3p 73
18 Ph — 2-ThienylCO  3q 62
19 Ph — 3-IndolylCO 3r Complex
20 Ph — 2-PyrrylCO 3s Complex
21 Ph — t-BuCO 3t 52¢
22 Ph — MeCO 3u 65°
23 Ph — CyclopropylCO 3v 58°
24 Ph — COCO,Et 3w Complex
25  Ph — CO,Et 3x 8¢
26 Ph — CN 3y 647
27 Ph — CONH, 3z 0°¢

“ See Table 1 Entry 1 for details. ” Isolated yield based on 2a. ¢ 125 C. ¢
N,N-dimethylformamide (DMF) as the solvent. ¢ Ylide was decomposed under
the reaction conditions.

6, R B B LA R AA 7, B, T 5K
A Wittig R AT 2] S A& T~ 3.

2 Zhig

KT — TR AR AT T i R ) P S 5 0 T
FERE— 4R G T k- Wittig OB BFFER B, 7E 5 mol%
VU= RPN 20 mol %l ER (1 LML T, AT LA

832 http://sioc-journal.cn/
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PdL, B(OH);
R1/\\,’Q/\ g

1

PdL,7 OH-

& j\skpphs
PPh3 LnPd

l HCHO PPh3

6
R2ﬂ\”/\/\ R!

3

OH"

B2 AraEm R B,

Scheme 2 Possible reaction paths
52%~95% MR FEA R E Hefl 14-ZIm e, &7k
AT DA — 20 4 J 21 W 5 DA K SRR AR 58 A B SL AR
BB 1,4- @i &)

3 LIRS
3.1 UE5EHH
BT A 2 3 R R 2 o v vl 48, & &0l i
L, B, R GG (TLC)Al/E <R ik (GC-
MS)H5 A PRI [ B (HSGF254 R %A, 48 AT A I v K
254,365 nm). Z4i%) "H NMR, C NMR H INM-ECZ600R/
S3 (Jeol, Japan) (600 MHz, 150 MHz) B4R i L3R &,
CDCl; fERTARIE R, K FEmiik MS (EDA Agient
GC-MS-5890A/5975C Plus spectrometer (ENJE. =%
HEF {8 ] LC-TOF (Xevo G2-XS QTof)f 73 HE i it AX
DA EST HLESUEINE. FERHTE 5 300~400 HIER.
FrA R I TR A R, REidt—Palifk.
32 ZWHE
3.2.1 AT A set 218 50 7 A BT 69 BLAKAR
BAMYF, [H 10 mL f Schlenk 2B AR XN
A AEERT 1a (48.2 mg, 0.36 mmol), 7.4 2a (114.0
mg, 0.30 mmol), #iEZ(3.7 mg, 20 mol%), PU(=KFLMH)
f1(17.3 mg, 5 mol%)FI ZJiE(0.5 mL), INEEE T 110 C
?Haife}mu#tﬁﬁéfir” 12 h. FERNIEA G, N HEE

7J<{€r/{5l( 8 37% in water, 0.068 mL, 0.90 mmol),
AL RN 6 h, FHEET DSV OEER)
V(Eiﬁa@%)zo :100~1 : 30115724 3a.

(E)-1-Z F-4- 2K PR Tk - 1,4- 1 05 (3a)!' " JC f .
'"H NMR (600 MHz, CDCly) d: 7.82~7.76 (m, 2H),

Chin. J. Org. Chem. 2019, 39, 830~835
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7.57~7.52 (m, 1H), 7.47~7.42 (m, 2H), 7.38 (d, J=7.8
Hz, 2H), 7.31 (t, J=7.8 Hz, 2H), 7.22 (t, J=7.2 Hz, 1H),
6.52 (d, J=15.8 Hz, 1H), 6.31 (dt, J=15.8, 7.2 Hz, 1H),
5.95 (s, 1H), 5.72 (s, 1H), 3.39 (d, J=7.2 Hz, 2H); "*C
NMR (150 MHz, CDCLy) d: 197.9, 146.6, 137.8, 137.4,
132.6, 132.4, 129.6, 128.7, 128.6, 127.4, 127.0, 126.7,
126.3, 35.5; MS (EI) m/z: 248.

(E)-1-(4- H 48 3k 2K FL )-4- 2% F L 2L -1,4- 1% 0%
@)% Ftah. "H NMR (600 MHz, CDCly) d: 7.75 (dd,
J=5.4, 3.6 Hz, 2H), 7.55~7.51 (m, 1H), 7.45~7.40 (m,
2H), 7.32~7.26 (m, 2H), 6.90~6.81 (m, 2H), 6.44 (d, J=
15.6 Hz, 1H), 6.14 (dt, J=15.6, 7.2 Hz, 1H), 5.93 (s, 1H),
5.69 (s, 1H), 3.79 (s, 3H), 3.34 (d, J=7.2 Hz, 2H); “C
NMR (150 MHz, CDCLy) d: 198.0, 159.1, 146.9, 137.8,
132.4, 132.0, 130.3, 129.6, 128.3, 127.4, 126.8, 124.4,
114.1, 55.4, 35.5; MS (EI) m/z: 278.

(E)-1-(2- H 4 2k 2R 0 )-4- O W Bk 2k -14- 16 0
@) Lyl 'H NMR (600 MHz, CDCl3) o: 7.84~
7.71 (m, 2H), 7.58~7.52 (m, 1H), 7.47~7.42 (m, 3H),
7.23~7.16 (m, 1H), 6.94~6.88 (m, 3H), 6.30 (dt, J=
15.6, 7.2 Hz, 1H), 5.95 (s, 1H), 5.70 (s, 1H), 3.83 (s, 3H),
3.40 (d, J=6.8 Hz, 2H); *C NMR (150 MHz, CDCLy) ¢:
198.0, 156.5, 146.9, 137.8, 132.3, 129.6, 128.3, 127.2,
126.7, 126.5, 120.7, 110.9, 55.6, 35.9; MS (EI) m/z: 278.

(E)-2- K WL -1,4- % —Im @' L. 'H
NMR (600 MHz, CDCly) o: 7.73 (d, J=7.8 Hz, 2H),
7.55~7.51 (m, 1H), 7.45~7.41 (m, 2H), 5.84 (s, 1H),
5.61 (s, 1H), 5.57~5.37 (m, 2H), 3.14 (d, J=6.6 Hz, 2H),
2.06~1.89 (m, 2H), 1.43~1.35 (m, 2H), 0.86 (t, J=7.2
Hz, 3H); “C NMR (150 MHz, CDCl;) §: 198.2, 147.4,
137.9, 133.6, 132.2, 129.6, 128.3, 126.2, 125.9, 35.2, 34.7,
22.6, 13.7; MS (EI) m/z: 214.

(E)-2- 7 H B E-1,4- 2 630", L. 'H NMR
(600 MHz, CDCls) 8: 7.75~7.64 (m, 2H), 7.52~7.40 (m,
1H), 7.35 (dd, J=10.8, 4.8 Hz, 2H), 5.92~5.73 (m, 2H),
5.59 (s, 1H), 5.12~4.99 (m, 2H), 3.15 (d, J=6.6 Hz, 2H);
C NMR (150 MHz, CDCl;) d: 196.7, 145.4, 136.7, 133.9,
131.2,128.5,127.2, 125.4, 116.1, 35.2; MS (EI) m/z: 172.

(E)-1-(4-F R )-4- 28 HI g i -1,4- 1 — 475 (3g): ot
k. mp. 70~72 CCCHRE!" 72~73 C); 'H NMR
(600 MHz, CDCl;y) 6: 7.76 (dd, J=7.8, 1.2 Hz, 2H),
7.58~7.40 (m, 3H), 7.38~7.21 (m, 4H), 6.45 (d, J=15.6
Hz, 1H), 6.27 (dt, J=15.6, 7.2 Hz, 1H), 5.94 (s, 1H), 5.72
(s, 1H), 3.37 (d, J=6.6 Hz, 2H); *C NMR (150 MHz,
CDCly) 6: 197.7, 146.4, 137.7, 135.9, 132.9, 132.4, 131.3,
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129.6, 128.8, 128.4, 127.5, 127.1, 35.6; MS (EI) m/z: 282

(E)-1-(2-MEMy 3)-4- 7 I BE 3 -1,4- 1% — %) 6
. "H NMR (600 MHz, CDCly) d: 7.75 (dd, J=5.4, 3.6
Hz, 2H) 7.55~7.50 (m, 1H), 7.43 (t, J=7.8 Hz, 2H), 7.10
(d, J=5.4 Hz, 1H), 6.97~6.84 (m, 2H), 6.63 (d, J=15.6
Hz, 1H), 6.13 (dt, J=15.6, 7.2 Hz, 1H), 5.94 (s, 1H), 5.71
(s, 1H), 3.34 (d, J=7.2 Hz, 2H); >C NMR (150 MHz,
CDCly) 6: 197.7, 146.3, 142.5, 137.7, 132.4, 129.6, 128.3,
127.4, 127.1, 126.4, 126.2, 125.1, 123.8, 35.3; MS (EI)
mlz: 254.

(E)-1-(1-Z52)-4- 28 F L 2R -1,4- 1% — 0 (31): o il
A, m.p. 65~66 CCCHRE"" m.p. 68~69 C); '"H NMR
(600 MHz, CDCls) &: 8.10~8.05 (m, 1H), 7.83~7.77 (m,
3H), 7.73 (d, J=8.2 Hz, 1H), 7.60~7.40 (m, 7H), 7.24 (d,
J=15.6 Hz, 1H), 6.29 (dt, J=15.6, 7.2 Hz, 1H), 5.98 (s,
1H), 5.73 (s, 1H), 3.49 (d, J=6.6 Hz, 2H); *C NMR (150
MHz, CDCly) 8: 197.8, 171.2, 146.6, 137.7, 135.2, 133.7,
132.4, 131.2, 129.9, 129.6, 128.5, 128.3, 127.7, 126.8,
126.0, 125.8, 125.7, 123.9, 123.8, 35.2; MS (EI) m/z: 298.

(E)-1-(2-Z8FE)-4-F IR HE-1,4- 1% 0 (3j): Tt ld
1, m.p. 73~74 CCCHRE"" m.p. 76~77 C); 'H NMR
(600 MHz, CDCl;) d: 8.10 (d, J=7.8 Hz, 1H), 7.86~7.80
(m, 3H), 7.77 (d, J=7.8 Hz), 7.59~7.40 (m, 7H), 7.27 (d,
J=15.6 Hz, 1H), 6.48~6.19 (dt, J=15.6, 7.2 Hz, 1H),
6.02 (s, 1H), 5.76 (s, 1H), 3.52 (d, J=7.2 Hz, 2H); °C
NMR (150 MHz, CDCly) o: 197.9, 146.7, 137.8, 135.3,
133.7, 132.4, 131.2, 129.9, 129.7, 128.6, 128.4, 127.8,
127.0, 126.1, 125.9, 125.8, 124.0, 123.9, 35.9; MS (EI)
m/z: 298.

(E)-2- 7 L JE-1,4- 5 s G L. 'H
NMR (600 MHz, CDCL) 6: 7.74 (d, J=7.8 Hz, 2H),
7.59~7.47 (m, 1H), 7.42 (t, J=7.8 Hz, 2H), 5.84 (d, J=
1.0 Hz, 1H), 5.61 (s, 1H), 5.60~5.55 (m, 1H), 5.48~5.41
(m, 1H), 3.13 (d, J=6.5 Hz, 2H), 2.06~2.00 (m, 2H),
0.96 (t, J=7.2 Hz, 3H); °C NMR (150 MHz, CDCl;) ¢:
198.2, 147.4, 137.9, 1353, 132.2, 129.6, 128.3, 126.0,
125.1, 35.1, 25.7, 13.9; MS (EI) m/z: 200.

(E)-1-ZKJk-4-(4-F AL IR PR RS )-1,4- I I (31):
T A, mp. 38~39 COCHEME" m.p. 38~39 C);
'H NMR (600 MHz, CDCl3) 6: 7.82 (d, J=9.0 Hz, 2H),
7.34 (d, J=7.8 Hz, 2H), 7.28 (t, J=7.8 Hz, 2H), 7.19 (t,
J=7.8 Hz, 1H), 6.97~6.91 (m, 2H), 6.49 (d, J=15.6 Hz,
1H), 6.27 (dt, J=15.6, 7.2 Hz, 1H), 5.82 (s, 1H), 5.61 (s,
1H), 3.84 (s, 3H), 3.36 (d, J=7.2 Hz, 2H); *C NMR (150
MHz, CDCly) d: 196.5, 163.2, 146.8, 137.4, 132.4, 132.0,

http://sioc-journal.cn/ 833
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130.1, 128.5, 127.3, 126.7, 126.2, 124.5, 113.6, 55.5, 35.9;
MS (EI) m/z: 278.

(E)-1- 7K 5 -4-(4- 580 2 H Ik 56 )-1,4- 152 — 4 (3m)!':
Fetah. 'TH NMR (600 MHz, CDCls) J: 7.84~7.79 (m,
2H), 7.36 (d, J=7.2 Hz, 2H), 7.30 (t, J=7.8 Hz, 2H), 7.22
(d, J=7.2 Hz, 1H), 7.14~7.08 (m, 2H), 6.50 (d, J=15.6
Hz, 1H), 6.28 (dt, J=15.6, 7.2 Hz, 1H), 5.93 (s, 1H), 5.67
(s, 1H), 3.36 (d, J=7.2 Hz, 2H); °C NMR (150 MHz,
CDCly) d: 196.4, 165.4 (d, J=253.7 Hz), 146.6, 137.3,
133.8, 132.7, 132.2 (d, J=9.3 Hz), 128.6, 127.4, 126.4 (d,
J=10.2 Hz) , 126.3, 115.5 (d, J=21.8 Hz), 35.6; MS (EI)
m/z: 266.

(E)-1-78FE-4-(4-FUOR FI 2R )-1,4- 1% — 4 (3n): s
1k, mp. 52~53 C CCEAME" mp. 51~52 C); 'H
NMR (600 MHz, CDCLy) 6: 7.72 (dd, J=8.4, 2.4 Hz, 2H),
7.45~7.41 (m, 2H), 7.36 (d, J=7.2 Hz, 2H), 7.33~7.28
(m, 2H), 7.22 (t, J=7.2 Hz, 1H), 6.51 (d, J=15.6 Hz, 1H),
6.28 (dt, J=15.6, 7.2 Hz, 1H), 5.95 (s, 1H), 5.68 (s, 1H),
3.37 (d, J=7.2 Hz, 2H); *C NMR (150 MHz, CDCl;) ¢:
196.6, 146.5, 138.8, 137.3, 136.0, 132.8, 131.0, 128.7,
128.6, 127.4, 127.0, 126.3, 126.2, 35.5; MS (EI) m/z: 282.

(E)-1-RF-4-(2-Z5 Bt 5)-1,4- 1% — )i (30): ot [
&, m.p. 53~54 CCOCHRE"" m.p. 56~57 C); 'H NMR
(600 MHz, CDCLy) d: 8.30 (s, 1H), 7.96~7.86 (m, 4H),
7.62~7.53 (m, 2H), 7.44~7.38 (m, 2H), 7.34~7.28 (m,
2H), 7.25~7.17(m, 1H), 6.57 (d, J=15.6 Hz, 1H), 6.37
(dt, J=15.6, 7.2 Hz, 1H), 6.00 (s, 1H), 5.79 (s, 1H), 3.46
(d, J=7.2 Hz, 2H); *C NMR (150 MHz, CDCl;) §: 197.9,
146.8, 137.4, 1353, 135.0, 132.7, 132.4, 131.3, 129.5,
128.7, 128.4, 128.3, 127.9, 127.4, 126.9, 126.8, 126.7,
126.3, 125.6, 35.8; MS (EI) m/z: 298.

(E)-1-2K 3 -4-(2- W 1 BE 3)- 1,4- 1% — % @p)!'™: &
3. "H NMR (600 MHz, CDCL3) d: 7.62 (s, 1H), 7.37~
7.24 (m, 4H), 7.20 (t, J=7.2 Hz, 1H), 7.21~7.12 (m, 1H),
6.50 (dd, J=3.6, 1.8 Hz, 1H), 6.45 (d, J=15.6 Hz, 1H),
6.22 (dt, J=15.6, 7.2 Hz, 1H), 6.03 (s, 1H), 5.82 (s, 1H),
3.32 (d, J=7.2 Hz, 2H); *C NMR (150 MHz, CDCl;) ¢:
183.5, 151.8, 147.0, 146.1, 137.1, 132.4, 128.4, 127.1,
126.2, 126.0, 124.6, 119.9, 111.9, 35.2; MS (EI) m/z: 238.

(E)-1-2K 3 -4-(2- MWy I BE3E)-1,4- 1% — % @p)!'™: &
3. "H NMR (400 MHz, CDCls) d: 7.72~7.64 (m, 2H),
7.37~7.19 (m, 5H), 7.13~7.10 (m, 1H), 6.48 (d, J=15.6
Hz, 1H), 6.27 (dt, J=15.6, 7.2 Hz, 1H), 5.89 (d, J=0.6
Hz, 1H), 5.81 (d, J=0.6 Hz, 1H), 3.36 (dd, J=7.2, 0.6 Hz,
2H); *C NMR (100 MHz, CDCl5) §: 189.1, 147.0, 143.4,
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137.3, 134.1, 133.9, 132.6, 128.5, 127.9, 127.3, 126.3,
126.2, 123.9, 35.8; MS (EI) m/z: 254.

(E)-1- - 4-(FUT SR IE)-1,4-5 —Im 3o &
. "H NMR (600 MHz, CDCl3) d: 7.35 (d, J=7.2 Hz,
2H), 7.30 (t, J=7.2 Hz, 2H), 7.23~7.17 (m, 1H), 6.42 (d,
J=15.6 Hz, 1H), 6.18 (dt, J=15.6, 7.2 Hz, 1H), 5.54 (s,
1H), 5.49 (d, J=12 Hz, 1H), 3.14 (dd, J=7.2, 1.2 Hz,
2H), 1.25 (s, 9H); °C NMR (150 MHz, CDCl5) &: 211.0,
146.9, 137.4, 132.5, 128.6, 127.4, 126.7, 126.2, 118.6,
44.2,37.6,27.9; MS (EI) m/z: 228.

(E)-1- e -4-( L BEFE)-1,4- 1% — 15 Gul'™: L.
'H NMR (600 MHz, CDCly) 6: 7.40~7.31 (m), 7.31~
7.23 (m), 7.20 (t, J=7.4 Hz), 6.42 (d, J=15.8 Hz), 6.21
(dt, J=15.7, 7.0 Hz), 6.08 (s), 5.85 (d, J=1.2 Hz), 3.17 (d,
J=6.9 Hz), 2.36 (s); °C NMR (150 MHz, CDCl;) 6
199.4, 147.7, 137.4, 132.1, 128.6, 127.3, 127.2, 126.2,
126.1, 34.0, 26.0; MS (EI) m/z: 186.

(E)-1-2K 5 -4-( PR 79 R 5 )-1,4- 1 0 Bv): o
. "H NMR (600 MHz, CDCl3) d: 7.47~7.16 (m, 5H),
6.43 (d, J=15.8 Hz, 1H), 6.29~6.15 (m, 2H), 5.83 (s,
1H), 3.21 (d, J=7.2 Hz, 2H), 2.54~2.39 (m, 1H), 1.11~
1.07 (m, 2H), 0.95~0.90 (m, 3H); °C NMR (150 MHz,
CDCly) &: 201.42 (s), 148.16 (s), 137.50 (s), 132.08 (s),
128.59 (s), 127.28 (d, J=11.8 Hz), 126.19 (s), 124.50 (s),
34.53 (s), 16.51 (s), 11.34 (s); MS (EI) m/z: 212. HRMS
(ESI) caled for C;sH;,O (M—|—H)+ 213.1279, found
213.1295

2- AL - R 2B (3x)™: L. '"H NMR
(600 MHz, CDCly) 8: 7.37~7.34 (m, 2H), 7.31~7.27 (m,
2H), 7.22~7.18 (m, 1H), 6.44 (d, J=15.6 Hz, 1H), 6.27~
6.21 (m, 2H), 5.61 (d, J=1.2 Hz), 4.22 (q, J=7.2 Hz),
3.20 (d, J=7.2 Hz), 1.30 (t, J=7.2 Hz); *C NMR (150
MHz, CDCly) 8: 171.2, 139.5, 137.4, 132.1, 128.6, 127.3,
126.9, 125.5, 60.8, 35.2, 14.3; MS (EI) m/z: 216.

2-A - IR S By)"): . '"H NMR (600
MHz, CDCly) 8: 7.40~7.20 (m, 5H), 6.53 (d, J=15.6 Hz,
1H), 6.16 (dt, J=15.6, 6.6 Hz, 1H), 5.92 (s, 1H), 5.80 (d,
J=1.8 Hz, 1H), 3.18~3.12 (m, 2H); *C NMR (150 MHz,
CDCly) 6: 136.6, 134.2, 130.9, 128.6, 127.8, 126.4, 123.2,
121.8, 118.5, 37.7; MS (EI) m/z: 169.

%45 Bh A1 %l (Supporting Information) i =¥ 'H
NMR 1 °C NMR ¥ P, i i 568 e il b 242 11 S B 4
Pt — D8R S gk B X B RE AT DL S B AT )
(http://sioc-journal.cn/)_E T %K.
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