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Phosphonium lonic Liquids-Accelerated Morita-Baylis-Hillman
Reaction
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Wang, Min”

Kang, Jin“ Zhang, Liwei**

(“ Institute of Molecular Science, Shanxi University, Taiyuan 030006)
(® Department of Chemistry, Xinzhou Teachers University, Xinzhou 034000)

Abstract Phosphonium ionic liquids, due to their superior thermal stability and an inertness in weak basic reaction media,
are receiving more and more attention. A series of phosphonium ionic liquids have been prepared starting from cheap tribu-
tylphosphine with various halogenated hydrocarbon. Then using 1,4-diazabicyclo[2.2.2]octane (DABCO) as catalyst and wa-
ter-phosphonium ionic liquid composite system as reaction media, Morita-Baylis-Hillman reactions of a variety of aldehydes
with acrylonitrile, methyl acrylate or acrylamide were studied. Experimental results showed that the composite system of
phosphonium ionic liquid with water can effectivily accelerate the Morita-Baylis-Hillman reactions of aromatic aldehydes and
aliphatic aldehydes, and fast reaction rate and high yield were obtained.

Keywords phosphonium ionic liquids; water; aldehydes; Morita-Baylis-Hillman reaction
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2 A A E A EER 2 P T B, BAE R B
FI BN 5 LA SR AR 3 7 VE SRR M-B-H [ B i
177 207 H IR R M), 78 2001 4, Santos 50
YR K B 2 7 R R B T AR ([bmim][PFe) Al
[bmim][BF,))FH + M-B-H Jx ¥, 7EfELF DABCO EH
N, WG FES 57K PR M-B-H RMNERSH T8
EEE, R CHEI 33.6 5, HERIFRAREIHE
st Bt Aggarwal Z 70 R B, KK BT A
TESRBE AR T, CQINL TR 2% At ™ 25 2 I 21
FEAERR RS T, 5 R NRPITE G A AT AE M-B-H
R RR PG, FET i, FHREE BCE AT M-B-H
JSLFRT B TR, A4 — TR A B S TAE.

XH

X
g + A Ew tertaming. R'#\WEWG
R

R = aryl, alkyl, heteroaryl; R' = H, COOR, alkyl;

X = 0, NCOOR, NTs, NSO,Ph; NPPh, etc.

EWG = electron withdrawing group such as COR, CHO
CN, COOR, PO(OEt),, SO,Ph, CONR; etc.

B 1 Morita-Baylis-Hillman J L
Scheme 1 Morita-Baylis-Hillman reactions

2004 4F, Chu Z2VERR 5 I8 2 WA [bmim][PF4] 7E
Lewis Bis, &1 DABCO f#4k] M-B-H X . C(2)Z 5
7B AT, BT A R T S IR B F T A [bdmim][PFy],
¥ HHF DABCO AL M-B-H S .. [ B 7E = 3
TR AT, R R %S AR N R OB TR
[bmim][PF| B FE 5 I MR A A2 e BE, 72 %4~ M-B-H
IR 2R R AT AR 1, HBAE MR F R S5 0
SUKHES N R R 4 R, PR R AR R AN
A RIS AR AR T M-B-H BT R
M. 1E 2005 4, Wilhelm 25N ke RR C(2)fr_EHIA
FAZRFERUAR, AT W T ok R 08Pk, %8
TRARAEZE TR T M-B-H b, JE%asE, 18
P AR DL S RS PR R A, B, BRATHR R I 2R =
BB PR VU S ER N- T JE0ERE ([BPy][BF,]) BA & IY
SR N- 2 FE Ak uE ((EPY][BF.) & — KW A F T
M-B-H N 1) B AR ) B A i, LA T A BN R 1)
M-B-H [ B 0] ATE % 8 A PP AR it di 1T, =
IO PR, RV TR B A A M-B-H X
Rirr, A — LG M AR I, H 5 EEAN PR 1B T Ak
FEME, A NEAZ )L E FRAGEH T
M-B-H M. Ft#—BREME A HT M-B-H X
N7 {5 A DA R BE 8 A 3R 12 S B ) R A Vs TR R AT
R — TR A B U TAE. % T3 1% B T 5t
Pl gk s AR SCE LT — R AR WA, IR
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HMT M-B-H RN, MU ARG 1025
TR M-B-H SRR, RIS 55 T KA
TR TR M-B-H S 52, B 5T R 0
£ DABCO ALY, 7K 58S T B 3R A T 1)
WARXS M-B-H & NAHE REREEER, AU
VR, TSN A e T T IT RSkt iR
FAT H L B (AT B S5t

1 GRS

RIS A BOTEN, A= 2B 6 iR
KRR BERHE R T 6 R RS A (Scheme 2), H
T =T EPHE =P B, Ea R TR R
KT RAGRY. Bin e n, B R
AR JTTRDT AN T BN 1 2.

+
/\/\P_CH20H3

+
~""P—(CH,),CH,
Br -

Br

[n-BusP*Et|Br~ [n-BusP*n-PriBr”

R

+
~""P—(CH,)3CH; /\/\;_{—OH
e el

[n-BusP*IBr™ [n-BuzP*CH,CH,OH]CI™

+ +
~""P—(CH,);CHs T P—(CHy)eCH3
Br-~ Br

[n-BugP*CHy(CHy)sCHglBr~  [n-BugP*CHy(CH2)sCH3]Br~

BR2 FBEE Tk

Scheme 2 Phosphonium ionic liquids

b5, DO SR S TGS M-B-H R MAE N
N, FRFET 6 FhRBE S AR DL EOK . AT S
R FE R R SIS, RBEERANER 1 Fs. LA
o 23 =T BE BB B S NV K 264 R (Table 1, En-
tries 1, 2), ¥ 24 h J&, AL DABCO 111 % MY,
HARF=77 233K 95% (Entry 1), 100 F A HLIR 2 7 6 i
1% Ni(Entry 2), &M 30 hJE, BHARPIRICR R
87%, ULEHIZ Rk N A ML DABCO HIMEML AR
T 2EFEE. VB IR N SE RN, DA B il
PAE AR, M-B-H =R TR KR, &
NI A EAR A — e, HEARRWE. AN
1994 4 Bittman 2R IE /KA M-B-H S B3 B i
PLSR, Ze a3 AN HE e /s 48k KR B A K R R
M-B-H Jx AT T0FFC, A AT & B0 5 2 30 ¥ 77 AH L,
K AT BA SR M-B-H S SR FE. JEF i AT 78 S8 AR,
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1 AFBEEEFRAEN M-B-H [ P50 ¢
Table 1 Various phosphonium ionic liquids effect on the M-B-H reaction
Entry Tonic liquid V(H,O)/mL Time/h Isolated yield/%
1 [n-Bu;P Et]Br 0 24 95
2° [n-Bu;P Et]Br 0 30 87
3 [n-Bu;P Et]Br 0.5 3.5 96
4 [n-Bu;PEt]Br 1 3 98
5 [n-Bu;PEt]Br 3 7 97
6 [n-Bu;PEt]Br 9 9 97
7 [n -BusP n-Pr]Br 1 3.75 95
8 [n-Bu,P*]Br 1 43 96
9 [n-Bu;P*CH,CH,OH]CI 1 8 95
10 [n-BusP " CH,(CH,)sCH;]Br 1 16.25 95
11 [n-BusP " CH,(CH,)sCH;]Br. 1 24 94
12¢ [n-Bu;PEt]Br 1 18 90
139 [n-BusP Et]Br 1 0.67 98
14¢ [n-Bu;PEt]Br 1 0.5 98
15 No ionic liquid 3 24 0

¢ [RESATE: WA (10 mmol).  PIMEIE(20 mmol). {47 DABCO (5 mmol). B Tk 3 g, Zik R O AL FI2 238 FE54 (5 mmol); < HEFE4#E, #H
% 360 W, $i% 40 Hz, JE 35 C; ¢ f#4k7 DABCO HI & 10 mmol; ¢ /4L 7] DABCO & /& 15 mmol.

PATE S AliK A ¥ 70 1 TR 44 IS 5 ) S0 R R 11
B B, R B DAKOR [ BAE R, Y 24 h JE,
RKME] M-B-H 7=#)(Entry 15), B )5 3A KK 5181k
CHEZTHRBHRE SBAARR, IR EHTHRBES
X ER ) M-B-H )8, [ 3.5 h JE{E LA 96%[ ™
RIGFHIRP“Y)(Entry 3), X548 FRARILLE=
TN SR FUAR L, AAAE SO = % S T
(96% vs. 95%), fc HL B A2 S SLIE R KINTR3.5 hovs
24 h). AWK 54k 23 =T BB R B A AR
FNF M-B-H R A7 PR3 E A, A =53, nrae
2 (DB THRIAR G T —Fhom MRS, X s B
[ AG ER I AR 2 Ve, (RaE T BT, (2)7K
ISR AE 7Sk, 755 PR R e, KAE N
S AMARRE ISR TR nE, SR T
TS 52 7 H ) A A A ) 43 B B e b A, 5 — 5 T3
58S N DTS R S R M, A R T S A A
T A s AR G b adb AT S5 R I 8 A4 R /K = 11
Z /b, KRB RIEAT A R, SR SR E M — PR
R, KWK EA & ERE 25%0 (Entry 4), 3
PR S B2 S (P 2R 98%, I IRl 3 hy#i 7531, B /K&
AN, SR A B B 2B (Entries 5, 6). B AT 4052 %
MRS, RILEE SRR, R i ERIE
BIARARIER . )2, nl L KN, 2 BRAK s B
JERE I AR, AT 5T J R TA 26 F = i 6. O TR E
FIE G M-B-H M HIZEREE 7Rk, B E e
PR IR T XTSRRI S A ST M-B-H &
J%(Entries 7~11), 455 7R B85 2= 55 1 W 04 e B
3K, S N B 7R 2 AN N — 52 i E] S
(3.75~24 h), #BEE LA 3(94%~96%) 13 2| H b
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P, AL EREN DR B AR R R LR =T
B R IR IR LA A, S AR e e 31
(Entry 9). Z3 47 Ji PR A7 e R Dk il i o A6 o e % 1)
2 AL PEAEFH, BRAS T B T e a2 5 i I ) B
F) A4 I BE AL B 0T, kS T R AR D A A 1 R
73, AU A R BEAAE FH, 1i ELG e R Hp R A
FEAL B R B A PR .

IEAESR, R I A B Ak 22 S B ERAS T — 2 I 7
iR, FERLh 2 N A E SR LRI E R, TR
AT PR FU 2R 2 UML) M-B-H OB, 841
VB P 2N, R B 75 6 12 s R A (e gk
TEF, 5% ML, OB E FE B 2 9812 (Entry 12),
HIRFLEEdE— D . B a, FRATXERT T k7]
DABCO &% B 20, 413 1 (Entries 13, 14)F75,
TR P 8 PR 385 i 2 408 0 S LIS T, 4 A 771 F 4 K
£ 15 mmol B, He I 5B 28 SR 15 2 (77 2R 98%, i [H]
0.5 h). Zi& DL bsRIG gt 5L, IR IR f A OB %A
F& RONYIRTEFEFEE 10 mmol. )G 20 mmol. 8
1655 DABCO 15 mmol. B F AR IE =T Rk 3 ¢
57K 1 mL AR S SR RENER il

NTIRRZFR S TR 23 =T B 5K4A
HHE SVEFIR R X M-B-H SRk i 4, &
iAW 2R B IR TR T2 RS, e 4 R
F 2 fian. 9530 A P T I (A 1 0 A I R B T 4
95 A K 22 B 50 R PR IR 0 DLRE v PO 7 36 58 J B, 2
SRR S, [N S min LA 99% 7 RAFH H br e
Y)(Table 2, Entry 4), MtWE-2-FESE N 7 min J& it A
94% 1177 243 2| B A5~ #)(Table 2, Entry 17); %tF 7535
A IR, W 3-FRIIK RS, M6 hE,
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Table 2 Phosphonium ionic liquid / water-accelerated M-B-H reaction

Entry” Aromatic aldehyde Product Time/h Isolated yield/%
o) OH
1 ©)J\H m‘:“ 4 96
o) OH
2 /©)LH m cN 0.5 98
cl cl
0 OH
3 /©)LH mc"‘ 2.5 99
F F
o) OH
4 /©)kH m N 5 min 99
0N O,N
o) OH
5 OZN\©)LH °2NmCN 15 min 99
0 OH
6 OZND)LH 02ch"' 12 min 99
cl cl
0 OH
7 C'D)LH c CN 0.5 98
cl cl
cl o Cl OH
8 D)LH mCN 12 9
cl cl
0 OH
0 Ho\©)LH Homm 6 16
0 OH
10 /©)L H m CN 24 57
H,CO HaCO
0 OH
11 CELH m oN 7.5 88
OCHs OCH;,
CN NG
12° OHCOCHO W 0.5 99
HO OoH
CHO OH
13 N 7 98

&

Q
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sk
Entry” Aromatic aldehyde Product Time/h Isolated yield/%
o OH
14 CN 24 97
/\)LH W
15 i § CN 24 98
o Al
O OH
CN
16 /©)J\H m 18 63
HsC HsC
(0] OH
17 NH | CN 7 min 94
_N _N
O OH
18 o H o) CN 24 66
\ / \ /
CHO oH 9
O e e
CHO OH O
20 /@ /Ej)\ﬂ)kow3 1 98
Cl cl
CHO oH O
21 /@ MOCHS 8 min 99
O,N N
o} OH O
22 /©)J\H Moom 20 65
HsC HsC
o} OH O
23 | A H | A OCH; 15 min 99
_N _N
O OH O
24 0. O 1 2
\ H \ OCH3; 8 6
CHO OH O
- O e
CHO OH O
26° /©/ MNHZ 5 74

O,N

O,N

¢S ZRAT: TE(10 mmol)s IR (P I BT R TP )(20 mmol). i 4E77) DABCO(15 mmol). B TR ARG 2.3 = T 2B 3¢, /K 1mL, ZiERM; 7

S 15 (30 mmol); © P ¥ BEMZ(10 mmol).
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LA 46% 17 %453 2| H b5 =¥ (Table 2, Entry 9), BI{{F%E
K PP R 24 h, FREJLFARR AR, TR T 2-5%
B R 452K, @2 R, A
VAR, 10 H R PR RE R .
T DT B, W 1-250%, V.7 h)E, BL98%I ™ %45
FIEFRF=Y). X T2 05 BRI -2- R, [ 24 h 54X
PL 66% 7= 245 2 H AR =4, HECA BRI 2 0 8 = H
fi, 7£LAME M-B-H B IR FEH[19], FRA145 B2 —
AL SN ) M-B-H 724, TAE IOV 264 T, 0.5 h J&
Tt LA 99% 17~ Z 45 21 W AN 1 55 4% 50 S N M-B-H 7247
XFT RS, G0 TmE, OSBRI, (AZ5d 24 h
RN, AT55R DR 75 1 72 2R (97%) 19 21 H A5 =4, 1 LA
AR b, 0 TR S A TR A IR e A T
1k 44 T i) M-B-H % ¥ (Table 2, Entris 19~24), Zid—
SEITE(8 min~18 h)[Nij5, PAHEE 2R 1) 7 2(62%~
99%) 3 2 H bR AN B = 9. 0% T30 5 IR 52 A4 P I B P,
TR ISR IEA RS, &5 h AR 72% )7 515
B A bR, AEFTE R M-B-H [, R 2%
ST EBRRT RAFIOASENE, X T SRR RS N
MR AL, RIEER, F R =R, FHRNE R
AL RN, &I 0.5 h J&, J53RLLLFHIFR =%
97%4% 2 H AR =4, 1 H I 845 S 178 2 1 TR,
RP RG-S, A WAEH WA T, R
FFR UG AE P, AR T JE RIS s SR 25
RIS 3] Wittig 177, A TIFNR R =T S
IR R 2 AV I AT AR BR 1, e SR AR i 5 D 0 I 1)
SRS R A, 255 SR BRI B 7 2 L # Re ORI AE
97% /A, MHIZR N ER 5 Wa, EEEFIRRD
RETRFFIR AT M IR 4 ) R A2 A e k.

2 Zhig

HECT NP A, FER AR RS
T DABCO #4101 M-B-H J 7, & IZEE & Tk 5K
PR E AR, X FAERE YRR, 1ERNFR K&
AV ER A AR K. RN R, WAL =T RS
KEABRELE 301 A ESEANAR, A g
RN HREAT, TSR SN . NIGER P RE 2
PRIERE G M-B-H N, K22 #B e LA D 1 s D2 A ]
B R 22 A3 B BAR =Y, R RSO R, LERE S A
T, BEEORER T RIFmfasett, EER 5 R, TiREE
TRFF R HHER Rtk = fae bt Bz, AXKET
—FEFRT M-B-H RNFIEEEFER, HRRLE
TR B PR e . RS IRAN, AN SN g L
PR, AU e YU B
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3 SRS
3.1 X5
JIT FH 5 7R RR R 70 A P i 45 28 3k 4 A R 1 J Ak
i8I KQ-400KDE 1= D) 28 £ 2 b8 75 i e s, M4 o
W3 H WRS-1B B 745 i) 204061 H FTIR-8400
RLL MG, GRS H Bruker 2 ®] 600,400 MHz
B LIRS DRX300 AZRELARIN; 72 DMSO-d;
8¢ CDCl;, H#x TMS; JuE 74 F 48 E Vario EL T3
IR, =TT IR o- 5 SN A B P AL 2R R
HIRAF M, ITREAE. B ISR S
S R ] 2 4 AL SR BR A 5 7 .
32 ZWHE
321 GRALTHE =T H MGG A R
RS, ¥ 50 mL (0.20 mol)="T FEMEINA
250 mL = HEJERH, EIHHET, B 18 mL
(0.24 mol) iR Z. %5 FH A8 e ¥ 00 U - ¥ I 281 e 3. 3
SR, R RMIEIR. R 24 h 5, AR
A MR R R, A RKE A AT . R N
N 20 mL 3R V%8, DRI S min & B ARAHL, HhiE, K
PENE S N HAE T, 3 AR 60.00 g, 7=
% 97%. m.p. 77.8~78.2 ‘C; 'H NMR (DMSO-d,, 600
MHz) 6: 0.91 (t, J=6.0 Hz, 9H), 1.13 (t, J=12.0 Hz, 3H),
1.39~1.48 (m, 12H) , 2.17~2.22 (m, 8H); IR (KBr) v:
2932, 2872, 1464, 721 cm ™ '. Anal. caled for C;4H3,BrP: C
54.02, H 10.36; found C 54.14, H 10.46.
322 RALERE ST ARG AR
HROTIEFREE 3.2.1 1, SRR F, ¥ 50 mL
(0.20 mol)="T JEBEMA 250 mL = I [F R P, e/
JIFEET, ¥ 22 mL (0.24 mol)VRARIE P4 B8 & i i
TR N2 S SO BRI 24 h 5, 15 B8 IR
61.58 g, 7% 95%. m.p. 97.2~97.5 ‘C; 'H NMR
(DMSO-ds, 600 MHz) d: 0.92 (t, J=6.0 Hz, 9H), 1.02 (t,
J=6.0 Hz, 3H), 1.39~1.53 (m, 14H), 2.15~2.20 (m, 8H);
C NMR (DMSO-d;, 151 MHz) 0: 26.77, 25.97, 20.94,
20.67, 18.68, 17.99, 16.49; IR (KBr) v: 2936, 2870, 1463,
719 cm™'. Anal. caled for C;sH34BrP: C 55.38, H 10.53;
found C 55.24, H 10.56.
323 GRACET AR =T HEBEGS SR
HHOTERE 3.2.1 75, RSP T, ¥ 50 mL
(0.20 mol)="T FEJH A 250 mL = R ELeI+, e/
1T, ¥ 26 mL (0.24 mol)IRARIE T e FE i 7
JR=FRIN B R SO, BN 24 h 5, B A GRS
65.10 g, P& 96%. m.p. 99.7~100.2 ‘C; '"H NMR
(DMSO-ds, 600 MHz) d: 0.92 (t, J=6.0 Hz, 12H), 1.38~

Chin. J. Org. Chem. 2015, 35, 865~874
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1.48 (m, 16H), 2.14~2.23 (m, 8H); *C NMR (DMSO-d,
151 MHz) 6: 26.78, 25.99, 20.87, 16.63; IR (KBr) v: 2958,
2872, 1464, 720 cm™'. Anal. caled for C,¢H3cBrP: C 56.63,
H 10.69; found C 56.44, H 10.56.
3.2.4 BACIEF IR = TR R

BRITEREE 3.2.1 4, RS, ¥ 50 mL
(0.20 mol)="T ZE:H NN 250 mL = LI FELRH, 7E/E
FiHE T, ¥ 42 mL (0.24 mol)IRAR IE 3 e F E s i 7
TR R R, [N 24 h S, 13 AR
7430 g1 PP# 94%. mp. 59.8~60.4 C; 'H NMR
(DMSO-ds, 600 MHz) ¢: 0.86 (t, J=6.0 Hz, 3H), 0.91 (t,
J=6.0 Hz, 9H), 1.25~1.27 (m, 8H), 1.38~1.49 (m, 16H),
2.18 (t, J=12 Hz, 8H); *C NMR (DMSO-d, 151 MHz) ¢:
34.54, 33.48, 31.74, 31.44, 26.78, 26.04, 25.52, 23.78,
20.94, 20.54, 17.32, 16.64; IR (KBr) v: 2938, 2871, 1464,
721 em ', Anal. caled for CoHuBrP: C 60.75, H 11.22;
found C 60.74, H 11.36.
325 RA2-BRTE=TEBEG LK

HRITERE 3.2.1 4, RS, ¥ 50 mL
(0.20 mol)="T Z NN 250 mL = LI FELRH, 7E/E
FiHE R, ¥ 16.1 mL (0.24 mol) 2-58 2 5 A8 [ 30 i
S e s SO, BRI 48 hJE, 150 GRS TRk
51.40 g, % 90%. 'H NMR (DMSO-ds, 600 MHz) o:
0.92 (t, J=7.3 Hz, 9H), 1.39~1.42 (m, 6H), 1.45~1.53
(m, 6H), 2.23 (t, J=12 Hz, 6H), 2.43 (t, J=6.0 Hz, 2H),
3.60 (t, J=6.0 Hz, 2H), 3.78 (s, 1H); *C NMR (DMSO-d,
151 MHz) 0: 65.01, 57.53, 49.65, 26.80, 21.71, 16.76; IR
(KBr) v: 3217, 2932, 2872, 1463, 740 cm™'. Anal. caled
for C14H3,CIOP: C 59.45, H 11.40; found C 59.49, H
11.58.
3.2.6 BACIERIE = TR AG AR

HRITERE 3.2.1 4, RS, ¥ 50 mL
(0.20 mol)="T Z:H NN 250 mL = LI FELRH, 7E/E
F1HE T, ¥ 50 mL (0.24 mol)IRAR IE 2% e FH E s i 7
TR R R, [N 24 h s, 730 Bk R AR
80.34 g 23 95%. '"H NMR (DMSO-d;, 600 MHz) -
0.86 (t, J=7.0 Hz, 3H) , 0.92 (t, J=7.2 Hz, 9H), 1.26 (s,
12H), 1.37~1.43 (m, 8H), 1.47 (ddd, J=10.9, 7.5, 2.6 Hz,
8H), 2.20 (t, J=13.8 Hz, 8H); *C NMR (DMSO-d,, 151
MHz) J: 34.65, 33.47, 33.37, 32.28, 32.04, 31.51, 26.67,
26.03, 25.45, 23.93, 20.91, 20.59, 17.30, 16.63. IR (KBr)
v: 2957, 2857, 1462, 720 cm . Anal. caled for C,,H,3BrP:
C 62.39, H 11.42; found C 62.41, H 11.36.
3.2.7 M-B-H B R &) —F% ¥ 3%

DA SR FR S 5 TR I TR S BB AR 3 g R
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W FE=THPE. 1 mL /K. 1.4 g (10 mmol)*it 507K FH S |
1.3 mL (20 mmol) 4% &% 1.68 g (15 mmol) DABCO il
T 50 mL FRBEHF, Wik NI HE, TLC BRER, 30
IYBhE RN SE 4. RN ZBEREEL(15 mL X 3), HHL
FHFTCKBREREA T, HhiE, R4 5 5=, M=)
FAREIRRE (BB R 200~300 H, BeliiA VA HE):
WLR LB =6 11 Baifb B Atk 1.9 g 7%
98%. m.p. 74.8~75.3 ‘C; '"H NMR (CDCls, 400 MHz) &:
3.12 (s, 1H), 5.25 (s, 1H), 6.02 (s, 1H), 6.08 (s, 1H), 7.31
(d, J=8.6 Hz, 2H), 7.37 (d, J=8.6 Hz, 2H); *C NMR
(CDCl;, 101 MHz) &: 137.68, 134.72, 130.40, 129.07,
127.92, 125.93, 116.77, 73.40.
32.8 AR

2-(HHEE I I J7 5 (Table 2, Entry 1)
HOHPIRBE, 77 96%. "H NMR (CDCls, 400 MHz) 6:
4.84 (s, 1H), 5.97 (s, 1H), 6.03 (s, 1H), 6.13 (t, J=6.0 Hz,
1H), 7.44 (s, 5H); °C NMR (CDCl;, 101 MHz) J: 135.66,
130.76, 129.56, 129.20, 128.96, 127.66, 124.56, 78.14

2-(4- A e~ F2 - W R )~ YU T (Table 2, Entry
3) FEHLIRAA, 77 99%. 'H NMR (600 MHz,
DMSO-dy) d: 5.35 (s, 1H), 6.12 (s, 1H), 6.21 (s, 1H), 6.35
(s, 1H), 7.22 (t, J=8.9 Hz, 2H), 7.44 (t, J=8.9 Hz, 2H);
BC NMR (151 MHz, DMSO-ds) 6: 165.9, 140.8, 133.8,
131.6, 130.4, 120.6, 118.5, 75.2

2-(4-TiFf HE R B B — 1 L)~ A 45 )i (Table 2, Entry
)l TR, PEE 99%. mp. 73.5~74.0 C; 'H
NMR (CDCls, 400 MHz) 6: 3.42 (s, 1H), 5.45 (s, 1H), 6.09
(s, 1H), 6.19 (s, 1H), 7.60 (d, J=8.5 Hz, 2H), 8.22 (d, J=
8.8 Hz, 2H); *C NMR (101 MHz, CDCly) &: 148.07,
146.46, 131.30, 127.51, 125.37, 123.72, 116.39, 73.17.

2-(3-H FE A - P B - H AL )~ T 4 i (Table 2, Entry
5)2: W E AR, P 99%. mp. 65.1~65.5 C; 'H
NMR (600 MHz, DMSO-dq) 6: 5.55 (s, 1H), 6.21 (s, 1H),
6.32 (s, 1H), 6.66 (s, 1H), 7.72 (t, J=7.9 Hz, 1H), 7.85 (d,
J=17.7 Hz, 1H), 8.20 (d, J=11.6 Hz, 1H), 8.26 (s, 1H); "*C
NMR (151 MHz, CDCly) &: 151.12, 146.76, 136.07,
135.17, 133.29, 129.83, 126.35, 124.18, 120.38, 75.24.

2-(4-5-3- Ty AR B - R - FH )~ TA 45 i (Table 2,
Entry 6)'*: 3% 3% (DR K, 75 % 99%. 'H NMR
(CDCls, 400 MHz) &: 3.00 (s, 1H), 5.20 (s, 1H), 5.92 (s,
1H), 6.00 (s, 1H), 7.39 (m, 2H), 7.74 (s, 1H); *C NMR
(101 MHz, CDCLy) 6: 150.3, 142.1, 134.6, 133.9, 133.5,
129.7, 127.5, 126.0, 118.6, 74.7.

2-(3,4- R ORISR T - L) - N 4% i (Table 2, Entry
7P RO IRIBAR, 72K 98%. "H NMR (600 MHz,
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DMSO-dy) d: 5.39 (s, 1H), 6.17 (s, 1H), 6.26 (s, 1H), 6.53
(s, 1H), 7.38 (d, J=6.0 Hz, 1H), 7.63 (s, 1H), 7.68 (s, 1H);
BC NMR (151 MHz, DMSO-ds) o0: 145.60, 134.92,
134.50, 134.18, 133.85, 131.45, 129.89, 129.54, 120.42,
74.75.

2-(2,4- —F ORISR - L) - TN 4% [i5 (Table 2, Entry
S [ EREA, P25 96%. mp. 73~74 C; 'H
NMR (300 MHz, CDCl;) : 3.07 (s, 1H), 5.67 (s, 1H), 6.05
(s, 1H), 7.28 (d, J=7.5 Hz, 1H), 7.39 (s, 1H), 7.55 (d, J=
8.01, 1H); C NMR (75 MHz, CDCl;) §: 142.57, 137.73,
135.60, 134.09, 131.97, 131.36, 130.38, 126.7, 72.55.

2-(3-FRFE I - PR - L)~ T M5 i (Table 2, Entry
o)l TEIHIRAR, 77 46%. 'H NMR (300 MHz,
CDCly) 8: 5.25 (s, 1H), 5.90 (s, 1H), 6.04 (s, 1H), 6.10 (s,
1H), 6.7 (s, 1H), 6.82 (d, J=8.00 Hz), 6.91 (d, J=8.00 Hz,
2H), 7.25 (t, J=7.50 Hz, 1H); *C NMR (75 MHz, CDCl5)
d: 156.20, 140.82, 130.23, 128.81, 125.88, 125.01, 118.67,
116.86, 113.51, 73.97.

2-(4- P JE 2R ¥4 36— T 3 )~ T 45 5 (Table 2, En-
try 1)) 33k ek, 7% 57%. 'H NMR (300
MHz, CDCl3) &: 2.25 (s, 1H), 3.82 (s, 3H), 5.24 (s, 1H),
6.12 (d, J=1.3 Hz, 1H), 6.24 (d, J=1.8 Hz,1H), 6.84 (d,
J=7.2 Hz, 2H), 7.32 (d, J=7.2 Hz, 2H); "C NMR (75
MHz, CDCl3) 6: 158.30, 134.72, 129.16, 128.65, 121.48,
117.57, 114.86, 74.89, 56.42.

2-(2-FEA AR - PR - H - TN M55 (Table 2, En-
try 1) R AR, 73 88%. 'H NMR (400
MHz, CDCl3) &: 3.58 (s, 1H), 3.83 (s, 3H), 5.51 (s, 1H),
5.96 (s, 1H), 5.99 (s, 1H), 6.91 (d, J=8.2 Hz, 1H), 7.01 (t,
J=7.5 Hz, 1H), 7.34 (dd, J=18.2, 8.4 Hz, 2H); *C NMR
(101 MHz, CDCl;) 6: 156.43, 129.89, 127.65, 127.32,
125.90, 121.09, 117.33, 110.96, 70.00, 55.44.

2-{[4-(2- T HE- 1 - FR kM TR ) - R B - O ) -
P liE(Table 2, Entry 12): FERPIREA, 725 99%.
m.p. 134.8~135.3 C; 'H NMR (400 MHz, CDCl;) §:
3.78 (s, 2H), 5.37 (s, 2H), 6.08 (s, 2H), 6.17 (s, 2H), 7.48
(s, 4H); C NMR (101 MHz, DMSO-dy) o: 141.17,
130.96, 127.46, 126.76, 117.87, 72.86; IR (KBr) v: 3410,
3052, 2853, 2235,1622, 1515, 1411, 1057, 956, 874, 753
cm ! Anal. caled for C,H;,N,O,: C 69.99, H 5.03, N
11.66; found C 69.74, H 5.37, N 11.58.

2-(1-ZE ¥4 FE-H3E)- i % i (Table 2, Entry 13)24:
VORI, P F 98%. 'H NMR (600 MHz,
DMSO-dg) d: 6.04 (s, 1H), 6.20 (s, 1H), 6.35 (s, 1H), 6.46
(s, 1H), 7.56 (dd, J=19.5, 6.7 Hz, 3H), 7.72 (d, J=7.1 Hz,
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1H), 7.92 (d, J=8.2 Hz, 1H), 7.97 (d, J=9.2 Hz, 1H), 8.19
(d, J=9.2 Hz, 1H); *C NMR (151 MHz, DMSO-d;) o:
139.55, 136.79, 134.58, 133.39, 132.07, 131.96, 129.91,
129.56, 129.09, 128.74, 128.08, 127.01, 120.87, 73.31.

2-(1-$2HE IE R 36)- T 5 5 (Table 2, Entry 141 3%
A ORI A, 7 E 97%. 'H NMR (600 MHz,
DMSO-d) 6: 0.88 (d, J=6.0 Hz, 3H), 1.37~1.27 (m, 2H),
1.50~1.46 (m, 2H), 4.10 (q, J=6.0 Hz, 1H), 5.50 (s, 1H),
6.03 (d, J=6.0 Hz, 2H); °C NMR (151 MHz, DMSO-d;)
8: 133.62, 130.80, 121.05, 73.86, 40.82, 21.30, 17.03.

2-(1-$83E 2.38)- 144 i§(Table 2, Entry 15)1'°): % %
EHRIBAA, 7% 98%. 'TH NMR (300 MHz, CDCl;) 6:
3.32 (s, 1H), 3.71 (s, 3H), 5.50 (s, 1H), 5.85(s, 1H), 6.33
(s, 1H); *C NMR (75 MHz, CDCl;) d: 128.7, 119.7, 117.3,
68.1, 19.6.

2-(4- L R - P2 B - W L)~ T 4 i (Table 2, Entry
16)°°): TEEIHCRAR, 775 63%. 'H NMR (400 MHz,
CDCLy) 8: 2.38 (s, 3H), 3.12 (s, 1H), 5.25 (s, 1H), 6.02 (s,
1H), 6.12 (s, 1H), 7.18~7.23 (m, 4H).

2-(2- Mt we B — ¥ e — F - P 4% i (Table 2, Entry
17)P RS IR AR, 723 94%. "H NMR (400 MHz,
CDCLy) 8: 5.29 (s, 1H), 6.08 (s, 1H), 6.25 (s, 1H), 7.32 (d,
J=8.0 Hz, 1H), 7.37 (d, J=8.0 Hz, 1H), 7.78 (t, J=6.0
Hz, 1H), 8.60 (d, J=5.6 Hz, 1H).

2-(2- Wk R Bk — ¥ i — P JE - 9 445 Ji (Table 2, Entry
18)%: T HPIRIBAE, 72 66%. 'H NMR (400 MHz,
CDCly) &: 2.48 (br s, 1H), 5.39 (s, 1H), 6.08 (s, 1H), 6.18
(d, J=4.0 Hz, 1H), 6.29 (d, J=4.0 Hz, 1H), 6.44 (d, J=
3.9 Hz, 1H), 7.36 (d, J=4.0 Hz, 1H).

2-(R -2 B - W - TN ) R Y IE (Table 2, Entry
191 LR, 725 93%. 'H NMR (300 MHz,
CDCLy) 8: 3.10 (s, 1H), 3.67 (s, 3H), 5.45 (s, 1H), 5.86 (s,
1H), 6.28 (s, 1H), 7.32~7.42 (m, 5H).

2-(4-F R B2 - F L) - P A 2 7 IS (Table 2, En-
try 2005k [ AR B AR, P55 98%. mup. 44.2~
44.8 °C;'H NMR (300 MHz, CDCl) &: 3.32 (s, 1H), 3.72
(s, 3H), 5.50 (s, 1H), 5.85 (s, 1H), 6.33 (s, 1H), 7.30 (s,
4H).

2-(4-FiFf ks 2R i — 2 i — FR R ) T 045 TR HH BB (Table 2,
Entry 21! 3% 4 SOR 4k, 725 99%. m.p. 71.0~
71.6 ‘C; '"H NMR (300 MHz, CDCl;) 6: 3.23 (s, 1H), 3.42
(s, 3H), 5.45 (s, 1H), 5.69 (s, 1H), 6.19 (s, 1H), 7.37 (d,
J=6.2 Hz, 2H), 7.98 (d, J=6.2 Hz, 2H).

2-(4- W B R - ik — W R )~ TN Jd R 7 IR (Table 2,
Entry 22)™: (€8 8o [E &, 7% 65%. mp. 39.2~
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39.8 °‘C; '"H NMR (400 MHz, CDCl5) d: 2.34 (s, 3H), 3.12
(s, 1H), 3.70 (s, 3H), 5.52 (s, 1H), 5.83 (s, 1H), 6.29 (s,
1H), 7.15~7.23 (m, 4H).

2-(2-MHE g B2 - FH L) - P ) B2 FH B (Table 2, En-
try 23)™ B R B A, P53 99%. mp. 502~
51.8 “C; 'H NMR (400 MHz, CDCl3) 6: 3.70 (s, 3H), 5.64
(s, 1H), 5.96 (s, 1H), 6.28 (s, 1H), 7.24 (t, J=7.8 Hz, 1H),
7.43 (d, J=8.0 Hz, 1H), 7.68 (t, J=8.1 Hz, 1H), 8.53 (d,
J=8.0 Hz, 1H).

2-(2- W Mg 2 JHk— F L )— P ) B2 FP B (Table 2, En-
try 24)% IR AR, PR 62%. '"H NMR (400
MHz, CDCl;) d: 3.11 (brs, 1H), 3.78 (s, 1H), 5.56 (s, 1H),
5.89 (s, 1H), 6.21 (s, 1H), 6.34 (t, J=4.0 Hz, 1H), 6.40 (d,
J=4.0 Hz, 1H), 7.38 (d, J=4.1 Hz, 1H).

2-( R Bk -2 B - W JR )~ 4 ) 9t Ji% (Table 2, Entry
25)%: IR E AR, P 55%. mop. 99.7~100.5 C; 'H
NMR (400 MHz, DMSO-d) d: 5.48 (d, J=4.0 Hz, 1H),
5.59 (d, J=4.0 Hz, 1H), 5.70 (d, J=3.9 Hz, 1H), 5.79 (d, J
=4.0 Hz, 1H), 6.98 (s, 1H), 7.20~7.35 (m, 5H), 7.43 (s,
1H).

2-(4-FiF DR JH— 2 - 1 Bk )~ T s Tk < (Table 2, En-
try 26)%) IR EHARBAR, R 74%. mp. 71.0~
71.6 C; 'H NMR (400 MHz, DMSO-dj) J: 5.65 (s, 1H),
5.72 (s, 1H), 5.89 (s, 1H), 6.05 (s, 1H), 7.10 (s, 1H), 7.55
(s, 1H), 7.63 (d, J=8.2 Hz, 2H), 8.22 (d, J=8.2 Hz, 2H).

i Bh#1 KL (Supporting Information)  Z=ff B 7 14 &
Baylis-Hillman =41 NMR #EE. X Eepfkbny L
Y B WA T 9335 (http://sioc-journal.cn/)_ N #.
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