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Claisen-Schmidt Condensation Involved with C—C Bond Cleavage

Yang, Yong-Qing* Zhu, Meng-Nan

Lu, Zheng*

Chen, Li-Ting Su, Jing

(School of Pharmacy, Jiangsu University, Zhenjiang 212013)

Abstract Claisen-Schmidt condensation of f-diketone and aryl aldehyde is studied. The reaction product could be mono- or
di-alkene. C—C bond cleavage is involved in the production of monoalkene. While the dialkene products are three-membered

ring analogues of curcumin.

Keywords Claisen-Schmidt condensation; curcumin; C—C bond cleavage
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JSARNE 2 P ARV O B RST1)d A S VA 9553
JO7 R DA v R A 1 2 R AR R Ak S, AN I R
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5-2,4-1% —Hi(Sa) 1 3,4- — HAA IR HEE(6a), 415 SN
WA R R A, 13308 Y)5i/2 FLLL32.

L NKERZ, XM T IH ALK FLLL32
(% 1, Entry 1). B& 7 B = AR H 1 (6a), IE15F
BT M RGN RE LAY, i 2K EE (6b)1E A
SRR 1, Entry 2)tBEA R BEAR 4. &
A B W R 1) R AR S A S RN IR ) 5 2R
R, W = oG WA A B SN 53 1 TR 64
WUFIEF=WN(EE 1, Entry 6). BRI B AR5 AEAE &
BATHIFF =PI 1, Entries 2~4). A TR ZEFE L
HUARHE X [ B RS2, - 3,3- X0 F 363, 5- 1% il (5d)
S FECR IR I 31T [ (3R 1, Enties 5, 7~9). B4R
SN F= AN AH AR I SRR MR KA. % A AR 2K
i 1) RN 77 2. (32% ~ T8 %) R A T 2K H E (90%).  fHHL 1
%£(4-MeO, Entry 7) bt H B ORI 47 — 28, 5l B 5 HUAR
$£(4-NO,, Entry 9)F155W% H T U £ (4-Br, Entry 8)I%
AL, ERHFEE B 5N =AML P HU R (Entry 5)
2 R P B — 2 R

RN BT R 5 36 #REE HTG 10 2,
NG TR, I FRATT ARG S SR LA ] B A Rk
3,5- AR 7- o R4 4- TR, 6- 5 LA
Y1 7db, WE90%) s Tl 44 MAgE] 3,5- A AR-
1,7- =05 56-1,6- B¢ W R AR N (1,7- 2K FE-5-5%
H-1,4,6-58 =H5-3-B, 50%)!M. FRATTI 208 A R & Rtk
E W) Tda BN 40%, SCHkH 3 K FLLL32 Ffex
N 28%M Rl AR e, (EERA I T E A
PR FRAVE FH B4 6 ) LA SCHR 1 1) Pabon 44
IS,

&Y 5d TR EABUE RS & BRI RN 5 5
R —E IR & PI(5a~5c) 7 AR, X 5ERIEATE
KIS, fEALEY) Sa SHEY) 6a HI M, BIRAK
REAS B TR I SUR IR A, (B2 55— 79, 1
REEGE. B MRS ez S 1A O -
3-(3,4- AL IR IR I A il (8aa) (<<5%) (3% 2, Entry 1).
TE 7 308 2% 1R I R I 508 kb, B MCHE 8 N\ —
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K1 DTRG0 B & L O
Table 1 Condensation of polymethyleneacetoacetone with ar-
ylaldehyde to prepare dialkene

O (0] (0] (0]
+ AICHO — Ar'XY ZAr

(CHy), 6 (CHa),
5 7

Entry n (5) Ar (6) Yield®/% (7)
1 4(5a) 3,4-diMeOC¢H; (6a) 0
2 4(5a) Ph(6b) 0
3 3(5b)  Ph(6b) 0
4 2(5¢)  Ph(6b) 0
5 1(5d) 3,4-diMeOC¢H; (6a) 57 (7da)
6 1(5d) Ph(6b) 90 (7db)
7 1(5d)  4-MeOCgH, (6¢) 78 (7dc)
8 1(5d)  4-BrC¢H, (6d) 32 (7dd)°
9 1(5d) 4-NO,CH, (6€) 47 (7de)’

“ Diketone was added into suspension of barium hydroxide octahydrate in
methanol. Aldehyde was added 10 min later. * Isolated yield. © Compound 5
(25%) is recovered after acidic work-up. dCompound 5 (15%) is recovered
after acidic work-up.

K2 DR TS T B A AR R A SR A i
Table 2 Condition screening for condensation of polymeth-

yleneacetoacetone with arylaldehyde to prepare monoalkene
O O

CHO o
)Eﬁk Base AN
+ E—
OMe MeO

5a OMe OMe
6a 8aa
Entry Base Concentration/(moleL ")  Yield*/%

1 Ba(OH),” 0.05 <5
2 Ba(OH),* 0.05 65
3 Ba(OH),* 0.05 35
4 Ba(OH), 0.5 86
5 NaOH 0.5 39
6 DBU 0.5 72°
7 TEA 0.5 0/

© 2016 Chinese Chemical Society & SIOC, CAS

“ Isolated yield,; ® Diketone was added into suspension of barium hydroxide
octahydrate in methanol. 2.2 equiv. of aldehyde were added 10 min. later;
¢Base was added into mixture of substrates; ¢ Only 1.2 equiv. of aldehyde were
used in the order in method b; ¢ The reaction course was 53 d; /No product was
detected in 4 d.

SRR TR A U AE BRI N B A R R A, A
AW 8aa IR SEFF T 65% (Entry 2), U & b
TR FEE W) Jse 7= e 3t — P 42 =i 1) 86% (Entry 4). BRIA R
RLP=A o R — AR, BT DABRATT 5% R B A I 1)
(M 2.2 equiv. F¥Z] 1.2 equiv., Entry 3 vs. Entry 2), 25
S SIUSCER BRAR R 35%. BATTHBNE S8 45 F A 1
i, ASEAENETL, RCEEA A0 h vs. 13
h, Entry 5 & Entry 4), {H MR FERE] 39%. A
MBI 5 S0 N B KR A, DL DBU BRI [ B 53
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d J5EEL Sa 2k, 1337 7Y) 8aa (7% 72%, Entry 6),
1M PA = ZHEAERR SR 4 d AT 5 B SR I % 2 (Entry
7).

FENXLELE R LN, FATHIT AW TR B &
Rtk 45 RAER 3 .

K3 ZWPRL TS T B RS R

Table 3 Condensation of polymethyleneacetoacetone with ar-
ylaldehyde to prepare monoalkene

7 1 Ba(OH) i
a 2
)JZ%K + ArCHO — ArA\)JZ\
CHy), CHa)n

6

5 8
Entry” n (5) Ar (6) Yield”/% (8)
1 4(52)  3,4-(MeO),C¢H; (6a) 86 (8aa)
2 4(5a) Ph(6b) 94 (8ab)
3 4(5a)  4-BrCgH, (6d) 96 (8ad)
4 4(5a)  4-NO,C¢H, (6e) 81 (8ae)
5 4(5a)  4-Me,NCH, (6f) 42 (8af)
6 3(5b)  3,4-(MeO),C¢Hs (6a) 80 (8ba)
7 3(5b)  Ph(6b) 40 (8bb)*
8 3(5b)  4-BrC¢H, (6d) 78 (8bd)
9? 2(5¢)  Ph(6b) 40 (9)¢
10¢ 1(5d)  3,4-(Me0),C¢H; (6a) 12 (8da)
11 1(5d)  Ph(6b) 83 (8db)
12/ 1(5d)  4-MeOC¢H, (6¢) 26 (8dc)
13 1(5d)  4-BrC¢H, (6d) 70 (8dd)
14 1(5d)  4-NO,C¢H, (6e) 64 (8de)
15 1(5d)  4-Pyridyl (6g) 75 (8dg)

“ To a mixture of diketone (1.0 mmol) and benzaldehyde (2.2 mmol) in meth-
anol (2 mL) was added barium hydroxide octahydrate (2.2 mmol) at r.t. The
reaction was monitored by TLC until diketone was consumed. * Isolated yield.
¢ The only isolated product from complex midture. ¢ 3,3-Trimethylene-6-
phenyl-2,4-hexadione-5-ene (9) was isolated as the product.  Compound 7da
was isolated (yield 11%) too.” Compound 7dc was isolated (yield 20%) too.

A Sa X AITA 8 FH P 1 R 150 #1802 7 1D IR BE TS 4,
B 5 2R I DA R YRR B S B AR AR B TR T IR 2R
(3 3, Entry 2, 94%; Entry 3, 96%). 1 %} — & 2 H
R, SO 42% (Entry 5), 68— H IR S HE )
SSEE T PR, LB Se A F S () S 038 A
BRI S YD 8, T 3,3-=F I #E-6-2K3-24-0.—
fi-5-475(9). H &) 5a AT LAV 2l B, A Ak
T S NI P R AR K (Entries 10, 12), SonfiH TR S
XA ) S BEAS VT AL,

T N 3, Entries 3, 10, 12, 13)4, B T7THL&
Wy 8 LGN, IE4yE T XN AERR(10). A5 s
&Y 5d 5 Rtk &4 7dd B T - A A AL BUE TR
R 1 d, DUE T 90% R I A, EoR
AW 5d A1 7dd 18R B N EVRFEE. BT IXL R
B, FATIIEAS RN PIALEE AT G2 X FE R p-—Hfk
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A 5d AESAAC N, A R A RE 2 M, e ] BLE
— B RS B AE UG BE R M2, B S 5
PIK, G BIRE-IGEE R R M3 15 EI8URE =) 7.
HURE-IEEE R A A M3 ] LA A R R R M4,
M4 [ BB L 52 SRR PSR A% B B A R Al MIS,
ZEMA T R C—C BRIWTZ S N AE R E R M6,
M6 FE s N AT LAfS B ke 8, I AR ik 2 A s A A
Rk A 10.

HE UG IR = T W AR R VK 70 3 A%~ it 25 e 4
&, EREERERSETRNZ T C—C BmmE. Fh
SEETHEY 9, AT IR AT REAELE H )44 M4,
C—C BEWTZL b B] & M4 [P AN BRIE AT AT Rede 52 3k 1
FRCAIWT LA 43, ERAR SCHRHE 11 o SR AR S B I 2
F10) 35 [ 1 A2 F7 B O FR RN, ORI A I e R R B T
P 8 P 2L I PR =) 10, FRATIN 9 F2 10 B
B P, AR M6 J5 IR AR ARG 8
RAERLEY 8 HEERRE

WA AL S T AN 8 (IR A, AT A =TI
JEY) 5d 5 AN s B — B R) S5 R LAFE OO I
M2, XA R R DL 20 I OSLAE BG4 7, T )
JEAIR A R INBRS, AR R Ik R 57 3155 A I K
M5 LR AE A &9 8, AE UG RE L M2 f AT g P4
%, A SERAEY 7. Akt N F A Ak
&) 7 A1 8(F 3, Entries 10, 12), FHIHF AT GEHL & ELE
(). WA Sa, Sb Fl Se T H8 & FUONER AR, AR
PR EE R, PR VRS B XU R & 7.

2 i

SEAAT DU EE 3,3-2 T F 32, 4- Tk i 555
P PR S B, A ORI J BRI I8 P ). W5 RN S
AR R I AT e SO R =PI A B, XA Gie 4
W A L SCHRIRGE. A B RS B & LA, &
ATHEH T X P Fa S B AT BEROATLER. Bk T AR R A R0
Rtk A LA, IX AN I SR AT e FR fE— P {E R AN AF T
A R FR R A W (R Ik
3 SRS
3.1 X5

Jo s SE 8 BV RS B R A AR A BR 2 7] WRS-1B
Bl 54 40 4ME A Thermo Nicolet Avatar 370 DTGS
LLAMEAY; RS IR S B Bruker AVS00 B¢ DRX 400; Ji
W Thermo LXQ &M & FPHHEA. 1AW Sa,
5bM', 5, SdU VK R SRR T ik DA 2B TR RN R e R A
BRI SR T B, FEE5 58 60%, 63%, 73%FH 70%
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Figure 4 Possible reaction mechanism

3.2 LWHE
3.2.1 LA RS R & UM IR o4

TE w3 R B I )UK A A ABN(979 mg,
3.10 mmol)FF FE(13 mL), 7EfEHE T el A 3,3-
TP HE-2,4-1% {175 mg, 1.39 mmol){] H (5 mL)
WM. ZIREYESIR MR 10 min J5BCNETH R,
BE fo NN FHEE (325 mg, 3.07mmol) A FHEE (10 mL)i%
W ERBAEE R EE AU (TLC) &R — F K #E.
S IR A BA K (20 mL) i R JE &0 H R 2R (20
mLx3). HHUAH AR LAZK (20 mL) A AT 27K (20
mL)Pesk. BT ERGEE T, HEREENT (LR
LR T VA HESH=1 : 515 %] 3,5- ~FHM-4,4- 2
Fe-1,7- 2K FE- 1,6-PF J#(7db) 379 mg, UEK 90%, T
EIHPIRIBAA. "TH NMR (400 MHz, CDCls) d: 1.60 (s, 4H),
6.92 (d, J=16.0 Hz, 2H), 7.35~7.38 (m, 6H), 7.51~7.53
(m, 4H), 7.68 (d, J=16.0 Hz, 2H); *C NMR (100 MHz,
CDCLy) §: 17.5, 42.6, 124.4, 128.6, 129.0, 130.9, 134.4,
144.1, 195.4; FT-IR (film) v: 3060, 1671, 1597 cm ';
ESI-HRMS caled for CyH;905 ([M—+H]"): 303.1380,
found 303.1377.

3,5- EAAR-1,7- (34 T HEAEF IR EL)-44- T H
JE-1,6-BF I (7da): WK 57%. EAEAE, mp. 117.8~
118.5 “C; 'H NMR (500 MHz, CDCl3) d: 1.57 (s, 4H),
3.85 (s, 6H), 3.90 (s, 6H), 6.79 (d, J=16.0 Hz, 2H), 6.84
(d, J=8.5 Hz, 2H), 7.00 (d, J=1.5 Hz, 2H), 7.12 (dd, J=
8.0, 2.0 Hz, 2H), 7.62 (d, J=16.0 Hz, 2H); *C NMR (125
MHz, CDCly) §: 17.2, 42.4, 55.9, 56.0, 110.0, 111.1, 122.6,
123.4, 127.2, 144.0, 149.2, 151.6, 195.2; FT-IR (KBr) v:
2933, 1660, 1593 cm™'; ESI-HRMS calcd for C,,HNaOg
(IM~+Na]"): 445.1622, found 445.1631.
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3,5- AEAR-L7- S (4- F AR B ORI )-4,4- T B
1,6-BE ZJfi(Tde): #EEHERY), WK 78%. 'H NMR (400
MHz, CDCls) 6: 1.55 (s, 4H), 3.82 (s, 6H), 6.78 (d, J=
16.0 Hz, 2H), 6.87 (d, J=8.0 Hz, 4H), 7.47 (d, J=8.0 Hz,
4H), 7.63 (d, J=16.0 Hz, 2H); *C NMR (100 MHz,
CDCly) d: 17.2, 42.4, 55.4, 114.4, 122.3, 127.0, 130.4,
143.7, 161.9, 195.4; FT-IR (film) v: 2933, 1663, 1595
cm '; ESI-HRMS caled for C,3H,oNaO, ([M—+Na]¥):
385.1410, found 385.1414.

3,5- “EAR-1,7- S (4-TR IR R )-4,4- W 2k -1,6- R
ZIA(7dd): BEEAREAA, IR 32%. mp. 104.4~104.6 C;
'H NMR (400 MHz, CDCl;) 6: 1.60 (s, 4H), 6.86 (d, J=
15.6 Hz, 2H), 7.37 (d, J=8.4 Hz, 4H), 7.49 (d, J=8.4 Hz,
4H), 7.59 (d, J=15.6 Hz, 2H); “C NMR (100 MHz,
CDCLy) d: 17.5, 42.5, 124.5, 125.2, 129.8, 132.2, 133.1,
142.7, 194.9; FT-IR (KBr) v: 3050, 1667, 1563 cm ';
ESI-HRMS calcd for C,H;7Br,0, ([M+H]"): 458.9590,
found 458.9584.

3,5- EAAR-1,T- (G- FE IR AL )-4,4- T FE-1,6-
BE Z 0 (Tde): 3 4 [ A, YLF 47%. mp. 181.0 ~
181.4 °C; "H NMR (400 MHz, DMSO-d;) d: 1.71 (s, 4H),
7.26 (d, J=16.0 Hz, 2H), 7.67 (d, J=16.0 Hz, 2H), 9.01
(d, J=8.8 Hz, 4H), 8.23 (d, J/=8.8 Hz, 4H); *C NMR
(100 MHz, DMSO-d;) d: 16.2, 42.7, 123.9, 127.0, 129.7,
139.7, 140.8, 148.1, 195.1; FT-IR (KBr) v: 3076, 1674,
1611 cm ™ '; EI-HRMS caled for C,H;¢N,O, (IM]7):
392.1005, found 392.1010.

322 YEA RO H & F IR A

H A 3,3- W H 3L -2.4- 1% —fl{ (124 mg, 0.74
mmol) Al 3,4- — F A FE K H (267 mg, 1.61 mmol)f]H
BE(1.5 mL)E W NI K& S S A EL(514

Chin. J. Org. Chem. 2016, 36, 1073~1079



Chinese Journal of Organic Chemistry

ARTICLE

mg, 1.63 mmol). FE i FHiH:E | TLC %R —HR i
. AERIR(5%, 10 mL)EE KM, LR LBE(15 mLX3)
AE. AHAHRIK LIRS mL). BRER SN ATER A0S
mL) AR Eh /K (15 mL)¥e, BREREN T 155 48 2= 1.
AR URE A ZHT [N LR ZER) - VA ) =1 : 5]
R3] 1-3F L E-3-(3,4- — FARUL R BL) U )75 1 (8aa), (A
MOR AR 176 mg, 77 % 86%. 'H NMR (400 MHz,
CDCly) 6: 1.14~1.43 (m, 5H), 1.66 (d, J=12.0 Hz, 1H),
1.76~1.86 (m, 4H), 2.62 (tt, J=11.2, 3.2 Hz, 1H), 3.86 (s,
3H), 3.87 (s, 3H), 6.64 (d, J=16.0 Hz, 1H), 6.82 (d, J=
8.4 Hz, 1H), 7.04 (d, J=1.6 Hz, 1H), 7.09 (dd, /=84, 1.6
Hz, 1H), 7.49 (d, J=16.0 Hz, 1H); °*C NMR (100 MHz,
CDCly) 6: 25.8, 25.9, 28.8, 49.1, 55.8, 55.9, 109.6, 111.0,
122.7, 123.0, 127.6, 1423, 149.1, 151.1, 203.2; FT-IR
(film) v: 21, 1670, 1592 cm ™ '; ESI-HRMS calcd for
Ci7H»0;  (IM+H]"): 275.1642, found 275.1642.

1-3F © 3 -3- 2% I 79 5 1 (8ab)'®): 35 (2 i R 14
% 94%. 'H NMR (400 MHz, CDCly) d: 1.22~1.45
(m, 5H), 1.71 (d, J=12.4 Hz, 1H), 1.81~1.92 (m, 4H),
2.66 (tt, J=11.2, 3.2 Hz, 1H), 6.81 (d, J=16.0 Hz, 1H),
7.37~7.39 (m, 3H), 7.55~7.61 (m, 3H); FT-IR (film) v:
2927, 1685, 1609 cm '; EI-MS m/z: 241 (M"), 131 (100).

-3 O 2 -3-(4- VR 35 ) TR 05 il (8ad): 7K [ €20 ] 44,
& 96%. m.p. 83.8~842 C; 'H NMR (400 MHz,
CDCly) d: 122~147 (m, 5H), 1.70~1.73 (m, 1H),
1.88~1.91 (m, 4H), 2.63 (tt, J=12.0, 4.0 Hz, 1H), 6.80 (d,
J=16.0 Hz, 1H), 7.42 (d, J=8.0 Hz, 2H), 7.50~7.54 (m,
3H); *C NMR (100 MHz, CDCly) 8: 25.9, 26.0, 28.8, 49.7,
124.6, 1253, 129.7, 132.2, 133.8, 140.9, 203.0; FT-IR
(KBr) v: 2924, 1684, 1613 cm '; ESI-HRMS calcd for
CysH,s0Br ((M~+H]"): 293.0536, found 293.0532.

1-FF O35 -3-(4- i L 5 2R 05 ) TR A5 1 (8ae): 7 2 40 i
%, W% 81%. mp. 133.0~133.3 ‘C; 'H NMR (400
MHz, CDCl;) d: 1.24~1.49 (m, 5H), 1.71~1.74 (m, 1H),
1.83~1.94 (m, 4H), 2.66 (tt, J=11.2, 3.2 Hz, 1H), 6.94 (d,
J=16.0 Hz, 1H), 7.61 (d, J=16.0 Hz, 1H), 7.72 (d, J=8.8
Hz, 2H), 8.25 (d, J=8.8 Hz, 2H); *C NMR (100 MHz,
CDCly) 6: 25.8, 25.9, 28.6, 49.9, 1242, 128.2, 128.9,
139.2, 141.1, 148.5, 202.5; FT-IR (KBr) v: 2928, 1683,
1612 cm™'; ESI-HRMS caled for CysH;sNO; ([M—|—H]+):
260.1281, found 260.1282.

-3 O 2-3-(4- = U 2R 0 ) T A5 B (8af): V3 (2
1A, R 42%. mp. 109.7~110.0 ‘C; 'H NMR (400
MHz, CDCls) d: 1.22~1.48 (m, 5H), 1.68~1.72 (m, 1H),
1.80~1.89 (m, 4H), 2.64 (tt, J=11.4, 3.2 Hz, 1H), 3.01 (s,
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6H), 6.61 (d, J=16.0 Hz, 1H), 6.65 (d, J=8.8 Hz, 1H),
7.45 (d, J=8.8 Hz, 1H), 7.55 (d, J=16.0 Hz, 1H); "°C
NMR (100 MHz, CDCl;) d: 26.0, 26.1, 29.1, 40.2, 49.2,
111.9, 119.9, 122.4, 130.1, 143.1, 151.9, 203.4; FT-IR
(KBr) v: 2927, 1673, 1584 ¢cm™'; ESI-HRMS calcd for
C17H24NO (IM+H]"): 258.1852, found 258.1852.

AR -3-(3,4- — WA BE ORI ) TR 475 T (8ba): ¥ 35 (1
ORI, R 80%. 'H NMR (400 MHz, CDCl;) o:
1.63~1.72 (m, 4H), 1.84~1.89 (m, 4H), 3.17~3.25 (m,
1H), 3.92 (s, 3H), 3.93 (s, 3H), 6.67 (d, J=16.0 Hz, 1H),
6.88 (d, J=8.0 Hz, 1H), 7.08 (s, 1H), 7.14 (dd, J=8.2, 1.8
Hz, 1H), 7.54 (d, J=16.0 Hz, 1H); *C NMR (100 MHz,
CDCly) d: 26.3, 29.6, 49.6, 56.0, 56.1, 109.8, 111.1, 123.0,
124.0, 127.8, 142.4, 149.3, 151.2, 202.7; FT-IR (film) v:
2954, 1687, 1659, 1611 cm '; ESI-HRMS caled for
C16H21NO; (IM+H]"): 261.1485, found 261.1486.

1-3F [ 3 -3- 2 FE T4 475 T (8bb) ! 7 3 3% (IR VA
% 40%. '"H NMR (400 MHz, CDCl3) 6: 1.61~1.73 (m,
4H), 1.84~1.91 (m, 4H), 3.20 (quint, J=8.0 Hz, 1H), 6.80
(d, J=16.4 Hz, 1H), 7.37~7.40 (m, 3H), 7.55~7.61 (m,
3H); FT-IR (film) v: 2954, 1687, 1659, 1611 cm™'; EI-MS
m/z: 200 (M "), 131 (100).

1-BR 3 2 -3-(4-FiF 2 6 2R 5 ) P S il (8be): Ak 1 €5 [i]
A&, U 78%. m.p. 82.6~83.9 ‘C; '"H NMR (400 MHz,
CDCly) 6: 1.61~1.72 (m, 4H), 1.82~1.90 (m, 4H), 3.17
(quint, J=8.0 Hz, 1H), 6.78 (d, J=16.0 Hz, 1H), 7.41 (d,
J=8.4 Hz, 2H), 7.49~7.53 (m, 3H); >C NMR (100 MHz,
CDCLy) o: 26.3, 29.3, 50.0, 124.6, 126.2, 129.7, 132.2,
133.7, 140.9, 202.3; FT-IR (KBr) v: 2954, 1687, 1611
cm '; ESI-HRMS caled for C,H;sOBr (M +H]"):
279.0379, found 279.0375.

3,3- =0 i H-6- 28 FE -2 4- S AR-5-CU0(9): Lt
ARIBAA, U 40%. 'H NMR (400 MHz, CDCl;) 9:  1.92
(quint, J=5.4 Hz, 2H), 2.22 (s, 3H), 2.48 (t, J=6.0 Hz,
2H), 4.08 (t, J=5.0 Hz, 2H), 7.08 (d, J=15.6 Hz, 1H),
7.37~7.38 (m, 3H), 7.55~7.60 (m, 3H); >C NMR (100
MHz, CDCly) 6: 21.2, 22.0, 22.4, 66.8, 111.1, 125.6, 128.2,
129.0, 130.0, 135.5, 141.6, 164.2, 192.0; FT-IR (film) v:
2923, 1662, 1609 cm '; EI-HRMS caled for CsH;40,
(IM]"): 228.1145, found 228.1148.

1-FR TR 5:-3-(3,4- - F AR BE 2R 0 ) TR M7 1 (8dla): 36 3
RIBAR, IR 12%. 'H NMR (400 MHz, CDCl;) o:
1.48~1.52 (m, 4H), 2.30 (s, 3H), 3.93 (s, 6H), 6.76 (d, J=
16.0 Hz, 1H), 6.88 (d, J=8.4 Hz, 1H), 7.06 (d, J=1.2 Hz,
1H), 7.16 (dd, J=8.2, 1.8 Hz, 1H), 7.59 (d, J=16.0 Hz,
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1H); *C NMR (100 MHz, CDCls) d: 17.2, 28.7, 56.06,
56.11, 110.0, 111.2, 1222, 123.5, 127.2, 144.5, 149.4,
151.7, 204.5; FT-IR (film) v: 2921, 1685, 1592, 1511
cm '; EI-HRMS caled for C4H;405 ([M]7): 232.1094,
found 232.1095.

3-(3,4-— HAR L 2R 56 N BR (102)1): 4 3% €6 [F 14,
& 10%. m.p. 183.3~183.6 ‘C; 'H NMR (400 MHz,
DMSO-ds) : 3.79 (s, 3H), 3.80 (s, 3H), 6.44 (d, J=16.0
Hz, 1H), 6.97 (d, J=8.4 Hz, 1H), 7.20 (dd, J=7.6, 2.0 Hz,
1H), 7.31 (d, J=1.6 Hz, 1H), 7.52 (d, J=16.0 Hz, 1H),
12.20 (brs, 1H); FT-IR (KBr) v: 2939, 2841, 1681, 1625,
1596 cm™'; ESI-MS m/z: 209.1 M+1)".

1-2A P9 2 -3- 2R L P A A (8db)!™: 34 38 IR W Ak,
5% 83%. "H NMR (400 MHz, CDCls) 6: 0.96 (td, J=
7.6, 4.0 Hz, 2H), 1.16 (quint, J=3.8 Hz, 2H), 2.24 (tt,
J=16.0, 4.4 Hz, 1H), 6.87 (d, J/=16.8 Hz, 1H), 7.37~
7.38 (m, 3H), 7.54~7.56 (m, 2H), 7.61 (d, /=16.4 Hz,
1H); FT-IR (film) v: 3008, 1678, 1645, 1611 cm ';
EI-MS m/z: 172 (M"), 171 (100).

1-FR 74 5-3-(4- F AU 2R 020 P A R (8d o) 1 L[]
%, W& 26%. m.p. 63.1~63.4 C; '"H NMR (400 MHz,
CDCly) 0: 0.95 (td, J=7.4, 3.6 Hz, 2H), 1.14 (quint, J=
3.8 Hz, 2H), 2.33 (tt, J=7.8, 4.6 Hz, 1H), 3.84 (s, 3H),
6.77 (d, J=16.0 Hz, 1H), 6.91 (d, J=8.8 Hz, 2H), 7.52 (d,
J=8.8 Hz, 2H), 7.58 (d, J=16.0 Hz, 1H); FT-IR (KBr) v:
2922, 1671, 1599 cm ™ '; EI-MS m/z: 202 (M"), 161 (100).

3-(4- FAE B IR ) S R (100)21: s A, ik
£ 20%. m.p. 172.5~174.0 C; 'H NMR (400 MHz,
CD;0D) 0: 3.83 (s, 3H), 6.34 (d, J=16.0 Hz, 1H), 6.96 (d,
J=8.8 Hz, 2H), 7.54 (d, J=8.8 Hz, 2H), 7.62 (d, J=16.0
Hz, 1H); FT-IR (KBr) v: 2936, 2842, 2560, 1676, 1622,
1598 cm™'; ESI-MS m/z: 179.1 (M+1)".

1- 3T -3-(4- 5L 2 56 ) PR 075 T (8 ) > 2k 1 5 [
1A, I 70%. m.p. 72.1~72.4 ‘C; 'H NMR (400 MHz,
CDsCl) 0: 0.97 (td, J=7.4, 3.6 Hz, 2H), 1.15 (quint, J=
3.6 Hz, 2H), 2.18~2.25 (m, 1H), 6.85 (d, J=16.0 Hz,
1H), 7.41 (d, J=8.4 Hz, 2H), 7.50~7.54 (m, 3H); FT-IR
(KBr) v: 2924, 1671, 1642, 1602 cm™'; EI-MS m/z: 252
(M+2),250 (M "), 211, 209, 171 (100).

3-(4-IRFEIE) IR A0d) ™ [ EEE, IR 42%.
m.p. 254.0~256.0 ‘C;'H NMR (400 MHz, DMSO-dj) :
6.57 (d, J=16.0 Hz, 1H), 7.56 (d, J=16.0 Hz, 1H), 7.60
(d, J=8.4 Hz, 2H), 7.65 (d, J=8.8 Hz, 2H), 12.48 (s, 1H);
FT-IR (KBr) v: 2833, 1685, 1626, 1585 cm ™ '; EI-MS m/z:
228 (M+2)",226 (M", 100), 227 M+1)", 225 M—1)".
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1-FA TN J-3-(4- i 5 5L 2R ) P I T (8dle): 7 34 (0[]
&, W% 64%. m.p. 109.3~109.9 ‘C; 'H NMR (400
MHz, CDCl;) d: 1.02~1.07 (m, 2H), 1.19~1.23 (m, 2H),
2.24~2.30 (m, 1H), 6.99 (d, J=16.0 Hz, 1H), 7.62 (d, J=
16.0 Hz, 1H), 7.72 (d, J=8.8 Hz, 2H), 8.26 (d, J=8.8 Hz,
2H); FT-IR (KBr) v: 2926, 1676, 1616, 1515 cm '; EI-
HRMS caled for C,H;NO; ([M]"): 260.1281, found
217.0734.

1-PA P 55 -3-(4-FE WE 56 ) R 06 ) (8dlg): ¢ 38 (i IR VR
&, UK 75%. '"H NMR (400 MHz, CDCls) &: 0.99~
1.04 (m, 2H), 1.18 (quint, J=3.8 Hz, 2H), 2.24 (tt, J=7.8,
4.6 Hz, 1H), 6.99 (d, J=16.0 Hz, 1H), 7.40 (d, J=6.0 Hz,
2H), 7.48 (d, J=16.0 Hz, 1H), 8.65 (d, J=6.0 Hz, 2H);
BC NMR (100 MHz, CDCl) §: 12.1, 20.2, 122.1, 130.3,
138.8, 142.3, 150.5, 199.7; FT-IR (film) v: 2924, 1682,
1595 ¢cm™!; ESI-HRMS caled for C;;H;,NO ([M—|—H]+):
174.0913, found 174.0912.

4 BIi#1 kL (Supporting Information) £&47, 8, 9, 10
) '"H NMR, *C NMR #1 MS K1, xeepbpln] b4 ot
AT 354 (http://sioc-journal.cn/)_E T %k,
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