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Three-Component Mannich Reaction Catalyzed by MCM-41
Immobilized H3PW 1,040 (PW) in Water
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Abstract

Heteropoly acids H3;PW,04 (PW) supported on MCM-41 mesoporous molecular sieve catalyzed in

three-component Mannich reaction in water at room temperature. The remarkable advantages of this reaction were mild reac-

tion conditions, simple workup procedure, high yield of products, less catalyst and the catalyst reused six times.
Keywords heteropoly acids; HsPW ;049 (PW); MCM-41; heterogeneous catalysis; Mannich reaction
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Ferh gk iz, A Lo 70 MCM-41 K —Fl
B R AT BAR, g LA 21 o5 e AR e AL
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¥, R RO AR — R H 2 RS
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(AR N2 —, AEA LG AL v f o
(A, e 22 41 3 —HA 70 Mannich J W AN 7 SR
AEPR, AR T2, 15T R SRR AT, 2 LR AR S
J R A 7 1B JT 4Rk, e K ATTH Y(OTH,,

* E-mail: xiezhf72@yahoo.com.cn

Lo(OTH);7H Yb(OTE); 145 4 b 37 Bi Rl 45 Foft ] 48 784 A4 A b,
FIPIS I F Mannich {46 SN b, JEEAS T ARG (R 45 .
BTN AR AR A AL AL S A 3E AT T
WF5T, AR T3] Friedel-Crafts o', Michael
IR Knoevangal 454 e U A5 B AR TG4k —
Pl (. v RORD s AR F #6044k 7 3 2 Mannich
R

KA RN BATCEE LHE D BT A,
I B ARG e s AU R SCHRIE T AL T 0
MCM-41 § 8 A% 22 1 0 30 AR A A 700 7 KA =35 P o
AL T =204 1) Mannich J V., TR 3ot & T —
RO p-ASEWATEY. B P SaIR, RY
FAFIRAN . PR AR R HAEZ RIEHE
SR WAL FIRITR I . RN AT AL . Y
Ji BARACAE IR S T7 T R G A T iz =419
Mannich S W AP GE.

Received January 9, 2014; revised February 18, 2014; published online March 10, 2014.
Project supported by the Xinjiang Autonomous Region Youth Science Foundation (No. 2011211B05).

B B X TTAE A RREFE 4 (No. 201121 1B0S) & B H .

1212 http://sioc-journal.cn/

A ©2014 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2014, 34, 1212~1217



Chinese Journal of Organic Chemistry

1 ZRETE
1.1 BB &EGIFiE

BATEFEH (0.1 mmol). ZE[%(0.1 mmol)FIZE 2,
fiid(0.1 mmol) ARIER SN, IIAMEEFI0.005 ), 7K(0.5
mL), il NN 24 h. BAELEMR N A T LA
FRUFIAN ) £ 28 2 (1) 2% 2 BRSSO N P 2R IR s, 45 S L3R
1. SEEGEE TR, 4l MCM-41 HEALIBCE P2 ik
2 ] B 453 IR (PW) I 2H 2 (PMo) HEAK N, 5 I3 7] DL 75 )
thaspr s AR AT MCM-41 [RIIN 276 Bl LL ol
1 2 1, Mannich e W &4, HF=ir= kK s, A%
92% (% 1, Entry 7). 1k Sf8 w8 =2 A
B, ATREEIL 2 A2 IR ZE T ML T MCM-41 11
FLIE L5 1), AFIHLTCVEEA R RN, & 2 FIH T
WFAIIERTERE. R 2 B nT DUE oK, WS IR 713K
(1) MCM-41 [ LE R A B F LR R4 LA 8 i,
L RMAAE Sy 800 mPeg ' FIFL4EN 3.00 nm A AR,
SEA RIS 0] LUE HIX AN I I LR T AR FLARIE
G RNEAT, 13 BAREF 72, R ER 1) S A gk Ak
¥, H MCM-41 B LR AR AfLARRE— 22 ks, AT
WA SN (S T R B, X UL A AL 4 T MCM-41 [
FLIE S5 AR AL S . (R B, BRATTHR T A IR
1 MCM-41 BEAT T 45, (HBAT 13 3 BIAR ) 45 3

AN, AT X N B A AR, 4 AL
DA 0.003 g B, PR AT TR (80%) (K 1,
Entry 12); 4kSE/D AT 2] 0.001 g I, =472 %
N 57%(F 1, Entry 11); 1 4441 N #] 0.007 g i,
PR (K 1, Entry 13); 4881F] 0.01 g Itf,
RATME A HFFAR, 775N 87% (% 1, Entry 12). XKW
0.005 g & W 1) e AR A 77

WK N AT G, FRATTHE R 4R 2
fih b, 98> TOKIG R &L, S0 R N JCIRIRR AT, 4
I FIKE N 1 mL B, ROV =28 %AA . FE, 3471
o} 52 N INFIA)EAT T 25 . B 80 5 B Ak S N 44 0y -
K HEE(0.1 mmol). AJZ(0.1 mmol). 2K Z (0.1 mmol).
50 wt% PW/MCM-41 (0.005 g). 7K(0.5 mL), =il W
12 h.

(0]
NH,
gt
1 2 3
Catalyst ©\NH 0

Q)

0.5mLHy0, rt,12h
4a

1.2 RN R B 00

TETRE M B ALA AT N AT TP B (Bq. 2), 4
LR 3. D5 ER A A W FL 1 1) 5 e (o G o i
NG, RNE TR, 77 # ]I 99%(3K 3, Entry 2). 4
FFRXALSE T (FL CL A Br)[ 95 B BEIN, Bl v ok
[ AR P 2 B T B 3838 3, Entries 4~6); 4 5%Hak ]
7 At P R B H - R 0 0 A AN, N e A BIAR
IR (E 3, Entries 7~11); J{AHES 5 I W

R 1 AFEAFIX =215 Mannich V150 ¢

Table 1 Various catalysts effect on the three-component Man-
nich reaction

Catalyst

Entry Catalyst Loading/g Yield”/%
1 — — N.R.C
2 PW 0.005 71
3 PMo 0.005 67
4 MCM-41 0.005 N.RS
5 30 wt% PW/MCM-41 0.005 72
6 40 wt% PW/MCM-41 0.005 81
7 50 wt% PW/MCM-41 0.005 92
8 60 wt% PW/MCM-41 0.005 83
9 70 wt% PW/MCM-41 0.005 80
10 80 wt% PW/MCM-41 0.005 79
11 50 wt% PW/MCM-41 0.001 57
12 50 wt% PW/MCM-41 0.003 80
13 50 wt% PW/MCM-41 0.007 92
14 50 wt% PW/MCM-41 0.010 87
15 50 wt% PW/MCM-41 0.005 874

¢ RGAE: RHEE0.1 mmol). ZRfZ(0.1 mmol)s 2K Z (0.1 mmol). 4L
#(0.005 @)+ 7K(0.5 mL), ZiELK I 24 h. PEEEHT%. © NR. IR M.
47K(1 mL).

%2 MCM-41 7 PWMCM-41 i AL S5 ot
Table 2 Textural properties of MCM-41 and PW/MCM-41 before and after nitridation

Entry Sample code BET surface earea/(m’sg ') Pore diameter/nm Pore volume/(cm’eg ")
1 MCM-41 1057.00 332 0.73
2 30 wt% PW/MCM-41 1004.11 3.28 0.70
3 40 wt% PW/MCM-41 907.40 3.21 0.68
4 50 wt% PW/MCM-41 801.08 2.96 0.63
5 60 wt% PW/MCM-41 646.05 2.77 0.54
6 70 wt% PW/MCM-41 561.58 2.72 0.46
7 80 wt% PW/MCM-41 439.60 2.55 0.36
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#3 50 wt% PW/MCM-41 fiE{L =41 7> Mannich [V 45 5R ¢
Table 3 Three-component Mannich reaction catalyzed by 50 wt% PW/MCM-41
Entry Ar R R? R® Product Yield®/%
1 Ph H Ph H 3a 92
2 Ph p-Cl Ph H 3b 99
3 Ph p-CHj Ph H 3¢ 91
4 Ph p-NO, Ph H 3d 98
5 p-FCeH, H Ph H 3e 97
6 p-CIC¢H, H Ph H 3f 85
7 p-BrCeH, H Ph H 3g 68
8 0-CIC4H, H Ph H 3h 87
9 p-CH3CHy H Ph H 3i 93
10 p-NO,CeH, H Ph H 3j 87
11 0-NO,CgHy H Ph H 3k 82
N
13 Ph—N j H Ph H 3m 91
N
cl
14 PN H Ph H 3n 76
N™ “Me
15 Ph H p-CIC¢H, H 30 89
16 Ph H p-BrCeH, H 3p 76
18 Ph H p-OCH;C¢Hy H 3r 78
19 Ph H (CH,), 3s 93
R 50 wt% PW/MCM-41 (0.005 @) AL, 0.5 mL ZMIACAN, S F R 12 h. ®F =%
I, o n] DA B R (3R 3, Entries 12, 13). ) 0] o
ERR 1 S5 I HEAT 52, RILS R LRI ARG R flt 0] | v
THEE W A, ROVAERBEMABEAT, JFA] LA 3 70 Rx
Sl b 197 25(3 3, Entries 14~17); 43 OIS 5 K 1 < & et
ik, BT LA H 93%17% (3£ 3, Entry 18). s ig
> ]
0 NH, 9 50 wt% PW/MCM-41 30
g @ " e R 20
o R 0.5mL H,0, rt., 12h ]
Ar / 10
R! ]
0 T T

=
R1—\ |
NH O (2)
Ar R2
sa~3 R

1.3 EEFTERFIA

N TSR LF 2B SRk as, BATTR AL 1
PRI SLHEAT THRIT, 25 RE RIS AL B )
A, AT A A ORI A AF N AT, S
SURRWMMEACFEAE I 6 R 5% LIAFE] 60%,
FRATHEN T EAE AL B I RE R, 2% 20 1R R IAL O 3 .

2 #ig
RIET — R 7 RN AR, BREE T
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T
1 2 3 4 5 6 7 8 9
Number of runs

B ARG ER 18 ]
Figure 1 Recycling of catalyst
A 05U B 11 97 3 28 AR S8 A AL R K AR 30 R AL T =
#H43 (1) Mannich N ITTVE, @ R IR T — R4 B-
FIEM AT A, (RIS X2 A A 70 A B A A P S D AT
T I NABXT 2 204> Mannich [V 5 iESERHT T
.

3 SLIERS
1% 28 5ik 5
X-4 HF s A SO G IR BRUKER
EQUINXS5 HILT APt A (KBr FE )il it

3.1
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i/ VarianInova-400 B4A% % 3L 4R 0 3& (CDCls AR 71,
TMS f£ P #5); ZF-2 B = % 4M¥; XRD ] BRUKER D8
X LR RATHACNE . HZB(TLC): fiEl GF254(F
R4 T 2R 77, 0.6% 12 4 4 2280 (CMO) 4l
B, DNEEEA ], 7o 2 Ok U R AMT N,
FEZHT AT ERE(300~400 ). 1-2K3E-3- F RE-5-5(-4-
L I R 1 -2 - 3- T - 5 R A k- 4- ML A B8 22 Sk
J7iEA AP0 S A R L RS A B, e AR A R
b A, AT RS AR,

32 LWHE

3.2.1 R4 69 %) &

MCM-41 A-FL43 70 1 A it & o 3 2k £ i ik
T B S RAE 2 WL SCHR.

DAREAS IR PW/MCM-41 hfil: FREL 0.5 g MBS IR,
B ILHMT 10 mL LB 7K 780 B HORS, ZJEmA
0.5 g MCM-41 /L5317, 7260 CK, AHHE 10 h
A G2 TR, K ILAE 130 C F 1 1 h, SRJ57E 550
C NGRS 6 h, feaBHCE /e % 1 1 s h Ay
H.

322 BARMLAEW 4 95K,

MCM-41 7S R4k = 2H 4> Mannich 2 WV 15
BV UALAEY) 4a ), B R H 0.1 mmol, 0.031
g)~ Af(0.1 mmol, 0.031 g)FIZK Zid(0.15 mmol, 0.031
QB TR, A 0.005 g AL N 0.5 mL (¥
AMACHEER, Eilh NREIBERE 12 h, TLC FRER. RV
SEAJE, MO8 CEE#EU(2 mL X 3), AHUH KGR
BIEE, HhOE, WA SISH W, R R A
(VR VOE M) @ (LR TR =10 115 &4tk
M EY) 4a.

3.2.3 1EARF 9B A R

TEBAE R NAAE T, FRATHE S T AT PR AR
FIAE L, L 50 wt% PW/MCM-41 g0 71, 76 56 F
fit EJSOR-T 88 T SO, TLC BRERON, %5 [ W ik
J&, TN 10 mL L8 SERFAT A, ARk 46 5
FEJZBTAlA o3 8. JKAIRAR, BT 5 R S i .
3.3 WEMEIE

1,3- R I3 IR R - 1- N i (Ba)™: [ 4k, 7
# 92%. '"H NMR (400 MHz, CDCls) &: 3.55~3.40 (m,
2H), 4.71 (br s, 1H), 5.00 (t, J=8.0 Hz, 1H), 6.57 (d, J=
8.4 Hz, 2H), 6.65~6.69 (m, 1H). 7.07~7.11 (m, 2H),
7.21~7.26 (m, 1H), 7.32 (t, J=7.2 Hz, 2H), 7.42~7.46
(m, 4H), 7.54~7.58 (m, 1H), 7.91 (d, J=7.6 Hz, 2H).

1,3- R E-3-(4- SRR - 1- A R (3b) )
&, 77% 99%. 'H NMR (400 MHz, CDCl;) d: 3.33~3.53
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(m, 2H), 4.78 (br s, 1H), 4.95 (t, J=4.8 Hz ,1H), 6.48 (dd,
J=6.8, 2.4 Hz, 2H), 7.02 (dd, J=6.4, 2.0 Hz, 2H), 7.24~
7.28 (m, 1H), 7.30~7.34 (m, 2H), 7.40~7.44 (m, 2H),
7.46~7.48 (m, 2H), 7.55~7.59 (m, 1H), 7.89~7.91 (m,
2H).

1,3- 2RHE-3-0 F AR - 1- I (3e)!' O 9 (44,
7% 91%. '"H NMR (400 MHz, CDCl;) 6: 2.18 (s, 3H),
3.39~3.54 (m, 2H), 4.67 (br s, 1H), 4.97 (dd, J=7.2, 5.4
Hz, 1H), 6.50 (d, J=6.4Hz, 2H), 6.90 (d, J=8.0 Hz,
2H), 7.20~7.24 (m, 1H), 7.29 (t, J=7.2Hz, 2H), 7.42~
7.46 (m, 4H), 7.54~7.58 (m, 1H), 7.91 (d, J=7.6 Hz,
2H).

1,3- R FE-3-(4- A FEIR L) - 1- A i (3d) Y 3 €
44, 773% 98%. "H NMR (400 MHz, CDCl;) d: 3.50 (d,
J=4.8 Hz, 2H), 5.10 (t, J=4.8 Hz, 1H), 5.65 (s, 1H), 6.53
(d, J=4.8 Hz, 2H), 7.27 (t, J=2.1 Hz, 1H), 7.34 (t, J=7.9
Hz, 2H), 7.40 (d, J=7.3 Hz, 2H), 7.47 (t, J=4.8 Hz, 2H),
7.57 (t, J=6.3 Hz, 1H), 7.88 (d, J=7.4 Hz, 2H), 7.99~
8.10 (m, J=2.0 Hz, 2H).

3R FE 1A )-3- 2R B - - 3e) T (I
1A, %% 97%. '"H NMR (400 MHz, CDCl3) d: 3.40~
3.52 (m, 2H), 4.71 (br s, 1H), 4.99 (t, J=6.8 Hz, 1H), 6.55
(d, J=17.6 Hz, 2H), 6.69 (t, J=7.6 Hz, 1H), 7.00 (t, J=7.6
Hz, 2H), 7.10 (t, J=7.6 Hz, 2H), 7.39~7.47 (m, 4H),
7.55~7.59 (m, 1H), 7.90 (d, J=7.6 Hz, 2H).

3-SR 3- R A - - EH!: A
4k, 772 86%. 'H NMR (400 MHz, CDCl;) d: 3.39~
3.51 (m, 2H), 4.70 (br s, 1H), 4.98 (t, J=6.8 Hz, 1H), 6.54
(d, J=17.6 Hz, 2H), 6.69 (t, J=7.6 Hz, 1H), 7.09 (t, J=7.6
Hz, 2H), 7.26~7.37 (m, 2H), 7.38~7.40 (m, 2H), 7.45 (t,
J=17.6 Hz, 2H), 7.55~7.60(m, 1H), 7.90 (d, J=7.6 Hz,
2H).

3-IRFE- (4R )3 R - 1- A 3g) ) (At
[k, 773 68%. "H NMR (400 MHz, CDCl;) d: 3.52 (d,
J=6.4 Hz, 2H), 4.79 (br s, 1H), 5.11 (t, J=6.4 Hz, 1H),
6.53 (d, J=7.6 Hz, 2H), 6.72 (t, J=7.6 Hz, 1H), 7.11 (t,
J=17.6 Hz, 2H), 7.44~7.48 (m, 2H), 7.57~7.65 (m, 3H),
7.90 (d, J=7.6 Hz, 2H), 8.18 (d, J=6.8 Hz, 2H).

1- 332 UK ) -3- R Z - 1- A HI 3h)™Y: (1
4k, 723% 87%. '"H NMR (400 MHz, CDCl;) J: 3.27~
3.33 (m, 1H), 3.62 (dd, J=15.6, 4.0 Hz, 1H), 5.06 (br s,
1H), 5.30 (dd, J=8.8, 4.0 Hz, 1H), 6.48 (d, J=7.6 Hz,
2H), 6.65 (t, J=7.6 Hz, 1H), 7.07 (t, J=7.6 Hz, 2H),
7.16~7.19 (m, 2H), 7.37~7.46 (m, 3H), 7.53~7.58 (m,
2H), 7.97 (d, J=7.6 Hz, 2H).

http://sioc-journal.cn/ 1215
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R E R

-2 -3 H DR FE-3- 2R k- 1- A i 3y 1 el
1K, 2% 93%. '"H NMR (400 MHz, CDCl;) 6: 2.90 (s,
3H), 3.36~3.51 (m, 2H), 4.61 (br s, 1H), 4.96 (t, J=7.1
Hz, 1H), 6.55 (d, J=7.6 Hz, 2H), 6.64 (t, J=7.6 Hz, 1H),
7.05~7.12 (m, 4H), 7.31 (d, J=8.0 Hz, 2H), 7.40~7.45
(m, 2H), 7.52~7.56 (m, 1H), 7.89 (d, J=8.0 Hz, 2H).

1- 2R3 (4 A FE A ) -3- R JE-1- I 3
K, 773% 87%. '"H NMR (400 MHz, CDCl3) ¢: 3.52
(d, J=6.4 Hz, 2H), 4.79 (br s, 1H), 5.11 (t, J=6.0 Hz,
1H), 6.53 (d, J=7.2 Hz, 2H), 6.72 (t, J=7.2 Hz, 1H), 7.11
(t, J=7.2 Hz, 2H), 7.46 (t, J=7.2 Hz, 2H), 7.57~7.65 (m,
3H), 7.90 (d, J=7.2 Hz, 2H), 8.18 (d, J=6.8 Hz, 2H).

1- -3 (2 - FE IR ) -3 TR R - 1- I 3k 1
EE, 7% 82%. "H NMR (400 MHz, CDCl;) 6: 3.35~
3.41 (m, 1H), 3.77 (dd, J=16.0, 4.0 Hz, 1H), 5.13 (br s,
1H), 5.53~5.57 (m, 1H), 6.45 (d, J=8.8 Hz, 2H), 6.66 (t,
J=17.6 Hz, 1H), 7.03~7.08 (m, 2H), 7.46 (t, J=7.2 Hz,
2H), 7.57~7.65 (m, 3H), 7.90 (d, J=7.2 Hz, 2H), 8.18 (d,
J=6.8 Hz, 2H).

1- 2R HE-3- (3 Al R I )-3- K A k- 1- N R 3D (9
AR, 773 79%. '"H NMR (400 MHz, CDCl;) d: 3.53
(d, J=6.4 Hz, 2H), 4.81 (br s, 1H), 5.11 (t, J=6.0 Hz,
1H), 6.55(d, J=6.8 Hz, 2H), 6.70 (t, J=8.0 Hz, 1H),
7.08~7.12 (m, 2H), 7.43~7.48 (m, 3H), 7.55~7.59 (m,
1H), 7.82 (d, J=7.6 Hz, 1H), 7.89~7.91 (m, 2H), 8.07~
8.10 (m, 1H), 8.31~8.32 (m, 1H).

1-ZRHE-3-(2'-2H-1,2,3- = M-4- 5 )-3- K G Ik - 1- 14 il
(3m): IR, 77% 91%. '"H NMR (400 MHz, CDCl5)
d:3.74 (d, J=7.2 Hz, 2H), 4.85 (br s, 1H), 5.41 (t, J=6.4
Hz, 1H), 6.76 (t, J=8.0 Hz, 3H), 7.19 (t, J=7.6 Hz, 2H),
7.30 (t, J=7.6 Hz, 1H), 7.41~7.48 (m, 4H), 7.57 (t, J=
7.6 Hz, 1H), 7.76 (s, 1H), 7.94~7.97 (m, 4H); *C NMR
(100 MHz, CDCly) &: 43.06, 47.23, 114.00, 118.57,
118.70, 127.31, 128.16, 128.69, 129.20, 129.45, 133.45,
134.38, 136.77, 139.77, 146.34, 151.12; MS (ESI) m/z: 392
M+1)%,391.0 (M), 351, 249.

12K HE-3-(5-50-3- H 2 - 1- ORIk - 1 - e -4- ) -3- R
SR FE-1-TNI3n): MK, 775 76%. 'H NMR (400
MHz, CDCly) 6: 2.41 (s, 3H), 3.53~3.66 (m, 2H), 5.17 (t,
1H), 6.70 (d, J=7.6 Hz, 2H), 6.73 (t, J=7.6 Hz, 1H), 7.16
(t, J=7.6 Hz, 2H), 7.34~7.39 (m, 1H), 7.41~7.48 (m,
6H), 7.55~7.59 (m, 1H), 7.94~7.97 (m, 2H); *C NMR
(100 MHz, CDCLy) o: 45.7, 55.4, 113.6, 117.4, 122.1,
126.4, 127.1, 1272, 128.6, 128.9, 136.9, 143.1, 146.9,
148.8, 153.3, 199.7; MS (ESI) m/z: 440 (M+2)", 439.0
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M+1)",438 (M), 398, 318, 296, 274.

3R HE (AR FE)-3- R - 1- N R (30)2%: (1
1A, 7% 89%. 'H NMR (400 MHz, CDCl3) d: 3.38~
3.50 (m, 2H), 4.56 (br s, 1H), 5.00 (t, J=6.4 Hz, 1H), 6.56
(d, J=7.6 Hz, 2H), 6.68 (t, J=7.2 Hz, 2H), 7.09 (t, J=8.0
Hz, 2H), 7.23~7.26 (m, 1H), 7.32 (t, J=7.6 Hz, 2H),
7.40~7.43 (m, 4H), 7.83 (d, J=8.0 Hz, 2H).

3R R 1-(A-RIE D) 3- R R FE-1- N 3p) ™Y (e
1A, 7% 76%. '"H NMR (400 MHz, CDCl3) d: 3.38~
3.49 (m, 2H), 4.63 (br s, 1H), 5.00 (t, J=6.8 Hz, 1H), 6.56
(d, J=7.6 Hz, 2H), 6.68 (t, J=7.2 Hz, 2H), 7.09 (t, J=8.0
Hz, 2H), 7.23~7.26 (m, 1H), 7.32 (t, J=7.6 Hz, 2H), 7.42
(d, J=7.6 Hz, 2H), 7.56~7.59 (m, 2H), 7.75 (d, J=7.6
Hz, 2H).

3R FE-1-0F F OR3-S - 1- NI 3 (At
B4k, 723% 95%. '"H NMR (400 MHz, CDCl;) J: 2.35~
2.45 (s, 3H), 3.36~3.51 (m, 2H), 4.73 (s, 1H), 4.98 (t, J=
7.6 Hz, 1H), 6.56 (d, J=7.6 Hz, 2H), 6.66 (t, J=7.6 Hz,
1H), 7.08 (t, J=7.2 Hz, 2H), 7.21~7.26 (m, 3H), 7.32 (t,
J=17.6 Hz, 2H), 7.44 (d, J=7.6 Hz, 2H), 7.81 (d, J=7.6
Hz, 2H).

3- KL -1 (4 AR R ORI )-3- R A - 1- I i (Br) 21
HE A, 7% 78%. '"H NMR (400 MHz, CDCly) 6
3.34~3.49 (m, 2H), 3.86~3.88 (s, 3H) 4.95~4.98 (m,
1H), 6.57 (d, J=7.6 Hz, 2H), 6.66 (t, J=7.6 Hz, 1H),
6.89~6.93 (m, 2H), 7.06~7.10 (m, 2H), 7.21~7.26 (m,
1H), 7.32 (t, J=7.6 Hz, 2H), 7.44 (d, J=7.6 Hz, 2H), 7.89
(d, J=17.6 Hz, 2H).

D-(HFE-FE I P IR OWIBs)! T A ik, 7
# 93%. 'H NMR (400 MHz, CDCl3) 6: 1.59~2.07 (m,
6H), 2.26~2.52 (m, 2H), 2.71~2.76 (m, 1H), 4.71 (br s,
1H), 4.61~4.81 (m, 1H), 6.52~6.56 (m, 2H), 6.60~6.66
(m, 1H), 7.03~7.09 (m, 2H), 7.19~7.23 (m, 1H), 7.25~
7.31 (m, 2H), 7.36~7.40 (m, 2H).
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