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Abstract A Cs,CO;-catalyzed aza-Michael reaction of pyrazole to a.f-unsaturated ketones has been developed. With 5
mol% Cs,COs; as catalyst, a series of S-N1-pyrazoly ketones were achieved in 86%~95% yields after 7~12 h in refluxing
dioxane. Both aromatic and aliphatic a,f-unsaturated ketones as well as methacrylate and nitrostyrene are well tolerated. Broad
scope of substrate and easily scale up make this protocol really practical. Furthermore, the product could be facilely trans-
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formed into corresponding y-amino alcohol.
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Pyrazoxyfen, as herbicide Fipronil, as insectcide
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Bixafen, as SDHI fungicide anti-cancer agent
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Figure 1 Examples of pyrazoles as agrochemicals and pharma-
ceuticals

2007 4E, MROGEARSEA4kRE T EE R S Al
AL 55 D R F R ) 8U4% Mlichael OB, 435l 3K 45
T 56%M1 85%I17 3. 2012 4F, ZEMS W& RS T
TMEATZEAT LR T3 5 5 By~ ANV -or- FR 22 i AP i
IS Michael [, B TR MEE R, (LM
FMF, WS o f-AHURER A SR, o B- AN TR 2
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TOFER I Michael RN FC A E, RE—FE
. SR JRWIER T2 BT ERAA — o R E X
FOFERRMERO. X B, FRATIHRIE —Fh Cs,CO; ALt S
oS-I ANER F % 2% Michael [ B 2.

1 &R51TR

NT BB AE RN A, BATTCAME PR £ /K B (1a)
AR BN S B A AR AT A, 1 2, WHEALTRIEEAT
Tk, KH AL NaOH, KOH A HlE# DBU, #B R
RS BIIRMRIM P (£ 1, Entries 1~3). BEARI6E B R
8 Na,CO; Fl K,COs tH R 45 H T B F= % (3% 1, Entries
4,5), [HRRIEIRELE Cs,COsP AL FIBUFIEAT, LA 94%
() 7= RIS B H BRPEH) p-(N1-ME k38 i (2a) (% 1, Entry
6). % FRLL Cs,COs TEMALT, TN SN FR 52 2k
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17752, RIS NAE THF . 2550 g o 34T I B DL
H PR B H bR, E SRR ARBGER 1,
Entries 7~10). 3F— A 73 B FRAR S B it X6 s A
FI(ZR 1, Entries 11, 12). 7ECL BARACSAF RO 1, TR
Mzl — PR &2, 4RI Cs,COo; H
HH 5 mol%PEE 3 mol%H, X1FE] 60%MIF=2 (% 1,
Entry 13). Wi7ETCMEAFIZAET, U EE & =Pk
1, Entry 13). Rk, B 05N 2048 #AFIN 5
mol% Cs,COs, 57N 1.5 mL —E N, MR N
TR
F1RPIEMAL

Table 1 Optimization of reaction conditions

A
conditions N O

F\N + 9
N oA,

H Ph)\/u\ Ph
1a 2a
Entry Catalyst Solvent Temp. Yield”/%
1 NaOH Dioxane Reflux 15
2 KOH Dioxane Reflux 10
3 DBU Dioxane Reflux 20
4 Na,CO; Dioxane Reflux 28
5 K,CO; Dioxane Reflux 35
6 Cs,CO; Dioxane Reflux 94
7 Cs,CO;4 THF Reflux 69
8 Cs,CO;4 MeCN Reflux 67
9 Cs,CO;4 MeOH Reflux 56
10 Cs,CO; CH,Cl, Reflux 0
11 Cs,CO; Dioxane 80 C 66
12 Cs,CO; Dioxane 60 C 45
13¢ Cs,CO; Dioxane Reflux 60
14 — Dioxane Reflux Trace

“ R BIFA: EIRE(1a) 0.3 mmol, MEME 0.45 mmol, HEALFIE 5 mol%, ¥
7 1.5 mL; * 4} B2, © Cs,COs F R 3 mol%.

T FETTEREE N, AR RN, B
— RS o f-AEAE S LM R, AR AR 2. T
IR S AT A, 1R LR = i) 7 22(87% ~ 95%) 43 5
Hbrr=4) 2a~2q, 59 FEUREERA R0, 1 Hi%
TiFA 1A- AR 2r) BRI EY)(28) KNI ap-
ANAIER (2, 2u)¥EH REF. ERTAH R M, R
LA H] LA-INEG=Y), XISk R 4.

AT IR VR S A AT R, ATk A AR
Fr(1a) i, FEDLAG RN SR A T HEAT S BOR. [NAE 6
h SR TE R, BL 91%IK 43 B 7= # 7 (S A3 3] H b5 1)
2a (Eq. 1).

NTHETERBEHTHESL M Michael 214,
A T PR . IREHE, R TT
2 T bt e 5 A O TR R (3) MR 3 2 20 (5) B Uk
Michael MV, [FIFfREFS 2095 5 1) 45 R (Scheme 1).
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Table 2 Aza-Michael addition of pyrazole to a.f-unsaturated ketones

{ \
4 \\N (o) Cs,CO3 (5 mol%) / N,N o
. + _— >
H R1/\)J\R2 dioxane, reflux R1J\/U\R2

1 2

/A F\N F\N ]\

BORACENNIA" W

a, 8 h, 94% 2b, 8 h, 95% c, 8 h,92% h, 93%

2a,8h,9 2c,8h, 9
@No QN QNO DN

N o N
OZN\‘)\/N\‘ O
2N O O H3C

2e, 8 h, 94% 2f, 8 h, 92% 2g, 10 h, 88% 0 h, 89%
/a U\ U\ I\
N _N _N N
N O N (0] N (0] N’

i, 7h, 93% 2j, 8h, 93% 2k, 8 h, 93% 21,8 h, 93%

2i,7h,9

o o} O N O

2m, 8 h, 89% 2n, 10 h, 89% 20, 10 h, 90% 2p, 10 h, 88%

LN I I\

2q, 10 h, 87% 2r, 10 h, 86% 2s, 8 h, 92% 2t, 12 h, 90% 2u, 12 h, 91%
¢ [RREFAT: HEEH(1; 0.3 mmol), MEME(0.45 mmol), Cs,CO5 (5 mol%), —A7SFR(1.5 mL), FIR; 2 4B/ %.

/ \
I\ o Cs,CO;3 (5 mol%) [ N o
N 4 222 W) N O I\ 0 Cs,CO3 (5 mol%)
H Ph/\)J\ph dioxane, reflux, 6 h )\/U\ (1) N,N + \)k S — N‘N/\)kocm
Ph Ph H

OCHj dioxane, reflux, 6 h </,

1a 2a 3 4
1.5 equiv. 5mmol, 1.04 g 1.23 g, 91% yield 98% yield
B Michael MRS pMERBUAURE -y s cocoromoy e
> i AN ANPN ) » = S:; mol%
AL AR, R osteams OGN e [T NG
Tl R IR, R I 5 TR B " s 6
Michael N =9 f-(N1-MHEPEIE A 2a SEE it — D #44k, 97% yield
Y= - - =
u 96%5@/\4\#1{5‘?” Y (Nl u[:t%%)ﬁ% 7a (Eq 2) Eﬁ 1 ﬂtt@'iﬁﬁi%%ﬁﬁ@ﬁﬁﬁﬁ%%&%ﬂ‘]’f&% Michael J% 3
) A N Scheme 1 Aza-Michael addition of pyrazole to methyl acrylate
QN o NaBH, F\N F\N and nitrostyrene
MeOH, 0°C, 0.5 h
2a 7ab

96% yleld, syn:anti = 2:1
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FATKE T —Fh Cs,COs fEMMEME S o, B- AT FIER
%2 Michael MNHT 7%, BIEAEH &5t I 4
J&, AT RS 1S HED. JikfiE 54T, X s
PEIF, JRYIERTZ, X ERMENIZ of- A AR
HRBE 7 R HL(86% ~95%) 15 B H bn . 2 iih &
T 214 B-(NT-REPEED B 5, Horbr 14 AN R WL SC
BRI, R BT 77 VR0 A A R FH s R R B 2R L SR D
FIFEEA. P=omr DOr @R Ao p-d 2R &)
Fe T A TTIEWIASKS FR AL S N AR HE— 20 4 J IEAE B
2,

3 SEIGERSY
31 E5RH

X-4 F7 B B s E A (AL R R A A R
], WETFAREAIE; Varian Mercury-400BB #% i 3
RALCGERE Varian A7), CDCl; ¥, TMS M FR;
Alpha Centauri {37 2L4ME (32 E Mattson 2 A);

TRACE DSQ A Jii B F X (3 [E #vH 4 7]); Elementar
Vario EL JC R 73T (125 Elementar 2 7).

3.2 HBHFfFEH 2a~2u AR

# Cs,CO;5 (4.9 mg, 0.015 mmol, 5 mol%), a,f-ANf3
AR (1) (0.3 mmol), MEM30.6 mg, 0.45 mmol)Fl 1,4-
AR5 mL)KIKINN L& A8 1 F45 Schlenk J
L . LE EAR E TR RN, BLA TLC Al R 58
A RNIRE I O LR (S mL), FE, KK
K2 mL), A EhKQ mL)Pgk, WEEVLIH, K
Na,SO, TH, WUEBERER. MmN (h
MEk-ZB 288, V' V=15 1~5: )&, B4irHx
FEY) 2.

1,3- 2R HE-3-(1 H-ME MR 3 1- 3 7 -1 - (22)"2:
E AR, 723 94%. m.p. 82~84 ‘C; '"H NMR (400 MHz,
CDCl3) §: 3.56 (dd, J=5.2, 17.6 Hz, 1H), 4.42 (dd, J=8 4,
17.6 Hz, 1H), 6.04 (dd, J=5.2, 8.4 Hz, 1H), 6.15 (t, J=2.0
Hz, 1H), 7.17~7.37 (m, 5H), 7.41~7.42 (m, 2H), 7.43~
7.49 (m, 3H), 7.89 (d, J=7.2 Hz, 2H); *C NMR (100
MHz, CDCL) §: 44.3, 60.9, 105.5, 126.7, 128.0, 128.2,
128.6, 128.8, 129.8, 133.4, 139.3, 140.7, 195.6; IR (KBr)
v: 2924, 2855, 1685, 1597, 1451, 1362, 1207, 990, 752
-1

3-(4- G AR )-1- 2K BE -3-(LH- T M ik -1 356 ) 7 - 1- T
(2b): AMEA, #F 95%. mp. 76~78 C; 'H NMR
(400 MHz, CDCly) ¢: 3.64 (dd, J=5.6, 17.6 Hz, 1H), 4.43
(dd, J=6.8, 17.6 Hz, 1H), 6.08 (dd, J=5.6, 6.8 Hz, 1H),

cm
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6.23 (s, 1H), 7.28 (d, J=1.6 Hz, 4H), 7.43~7.55 (m, 5H),
7.96 (d, J=6.0 Hz, 2H); *C NMR (100 MHz, CDCl;) ¢:
44.1, 60.1, 105.8, 128.1, 128.6, 128.8, 129.7, 133.4, 133.8,
136.3, 139.1, 139.4, 196.2; IR (KBr) v: 2923, 2861, 1685,
1595, 1491, 1449, 1090, 823, 754 cm '; EI-MS (70 eV)
m/z (%): 310 (M", 6), 207 (74), 205 (100). Anal. calcd for
C,sH,5CIN,O: C 69.57, H 4.87, N 9.01; found C 69.63, H
4.86, N 8.99.

3-(4-JRIEIE)-1-KFE-3- (1 H-ME M -1 -3 75 - 1- T
(20): [, 773 92%. mp. 90~92 C; 'H NMR
(400 MHz, CDCl;) d: 3.64 (dd, J=2.8, 18.0 Hz, 1H), 4.43
(dd, J=8.0, 18.0 Hz, 1H), 6.03~6.11 (m, 1H), 6.22 (d,
J=9.2 Hz, 1H), 7.22 (d, J=7.6 Hz, 2H), 7.43~7.55 (m,
7H), 7.96 (d, J=7.2 Hz, 2H); *C NMR (100 MHz, CDCl5)
5: 437, 58.0, 1222, 123.5, 128.1, 128.8, 130.1, 133.2,
134.0, 135.6, 140.7, 143.7, 148.2, 152.3, 195.1; IR (KBr)
v: 2953, 2925, 1685, 1596, 1487, 1448, 1208, 1074, 920,
820, 754, 687 cm .

3-(2- G HE)-1- 2 FE 3-(LH- M M - 1- 35 ) P - 1- il
(2d): ZHPIRBUA, 2% 93%. 'H NMR (400 MHz,
CDCly) 6: 3.56 (dd, J=3.6, 17.6 Hz, 1H), 4.54 (dd, J=9.6,
17.6 Hz, 1H), 6.24 (t, J=2.4 Hz, 1H), 6.58 (dd, J=3.6, 9.6
Hz, 1H), 7.19~7.25 (m, 3H), 7.37~7.45 (m, 3H), 7.50~
7.57 (m, 3H), 7.97 (d, J=5.2 Hz, 2H); *C NMR (100
MHz, CDCly) d: 42.5, 57.2, 105.8, 127.4, 127.9, 128.1,
128.5, 129.1, 129.6, 130.4, 131.8, 133.2, 136.2, 138.2,
139.3, 196.0; IR (neat) v: 2924, 2855, 1687, 1595, 1472,
1444, 1208, 1041, 989, 752, 689 cm ™ '; EI-MS (70 eV) m/z
(%): 310 (M", 5), 207 (97), 205 (100). Anal. caled for
C,sH,5CIN,O: C 69.57, H 4.87, N 9.01; found C 69.50, H
4.86,N 9.03.

3-(4-Ff FE FR L )- 1- FR 3 -3-(LH-M e L - 1- 358 ) T - 1-
(2e): FEOFEAE, P25 94%. mp. 117~119 ‘C; 'H NMR
(400 MHz, CDCly) d: 3.47 (dd, J=4.8, 17.6 Hz, 1H), 4.51
(dd, J=9.2, 17.6 Hz, 1H), 6.00 (dd, J=4.8, 9.2 Hz, 1H),
6.16 (t, J=2.0 Hz, 1H), 7.22~7.26 (m, 5H), 7.38~7.40
(m, 2H), 8.02~8.05 (m, 2H), 8.18~8.20 (m, 2H); "*C
NMR (100 MHz, CDCl;) d: 29.63, 44.6, 105.9, 123.8,
126.5, 128.2, 128.9, 129.2, 129.8, 139.1, 140.2, 140.9,
150.3, 195.4; IR (KBr) v: 2956, 2923, 2854, 1694, 1525,
1346, 1089, 854, 799, 749, 696 cm'; EI-MS (70 eV) m/z
(%): 321 (M", 19), 253 (37), 252 (62), 171 (100), 157 (64).
Anal. caled for C;sHsN;O;: C 67.28, H 4.71, N 13.08;
found C 67.19, H 4.70, N 13.12.

3-(3-THFE RS- 1-ZR FE-3-(1 H-NE e - 1-38) 7 -1- T
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@HP: JEE A, 2% 92%. mp. 116~117 C; 'H
NMR (400 MHz, CDCly) §: 3.75 (dd, J=5.6, 17.6 Hz,
1H), 4.48 (dd, J=8.0, 17.6 Hz, 1H), 6.22 (dd, J=5.6, 8.0
Hz, 1H), 6.28 (d, J=1.6 Hz, 1H), 7.44~7.58 (m, 6H),
7.71 (d, J=7.6 Hz, 1H), 7.98 (d, J=8.0 Hz, 2H), 9.14 (d,
J=8.0 Hz, 1H), 8.26 (s, 1H); >*C NMR (100 MHz, CDCl;)
5: 44.0, 59.8, 105.7, 121.8, 122.7, 128.2, 128.7, 129.7,
129.9, 133.0, 133.9, 135.9, 139.8, 142.4, 148.4, 195.6; IR
(KBr) v: 2923, 2854, 1684, 1529, 1350, 1091, 993, 756,
684 cm .

1-2R JE-3-(1 H- L e k-1 - 8 )-3- O] HE 5 2R 36 ) A - 1 -
Qg [ E A, 2% 88%. m.p. 98~100 C; 'H
NMR (400 MHz, CDCl5) 6: 2.40 (s, 3H), 3.63 (dd, J=5.6,
17.6 Hz, 1H), 4.46 (dd, J=8.0, 17.6 Hz, 1H), 6.07 (dd, J=
5.6, 8.0 Hz, 1H), 6.21 (s, 1H), 7.13 (d, J=8.0 Hz, 1H),
7.22~7.25 (m, 2H), 7.42~7.57 (m, 5H), 7.97 (d, J=7.6
Hz, 2H); *C NMR (100 MHz, CDCL3) ¢: 21.0, 44.1, 60.6,
105.4, 109.7, 126.6, 128.2, 128.6, 129.4, 129.6, 133.3,
136.5, 137.7, 139.2, 196.7; IR (KBr) v: 2922, 2858, 1685,
1512, 1448, 1090, 1043, 993, 751, 684 cm .

3-(4- F AR FE A FE)-1-FR B -3- (L - M e - 1- 36 ) 5 - 1-
B (2n)2: A, 772 89%. mp. 102~104 C; 'H
NMR (400 MHz, CDCly) §: 3.64 (dd, J=5.6, 17.6 Hz,
1H), 3.79 (s, 3H), 4.42 (dd, J=8.0, 17.6 Hz, 1H), 6.05 (dd,
J=5.6, 8.0 Hz, 1H), 6.20 (s, 1H), 6.84 (d, J=8.8 Hz, 2H),
7.24~7.29 (m, 2H), 7.40~7.55 (m, 5H), 7.96 (d, J=7.6
Hz, 2H); *C NMR (100 MHz, CDCL3) ¢: 44.1, 55.2, 60.3,
105.3, 114.0, 128.0, 128.1, 128.5, 129.4, 132.6, 133.2,
136.5, 139.1, 159.2, 196.6; IR (KBr) v: 2922, 2858, 1685,
1512, 1448, 1090, 1043, 993, 751, 684 cm "

1- 2R -3 (1 H-ME e - 1-38)-3-(4- = Gl FH B R 0 )
-1 202 3% 3 E AR, 2% 93%. mp. 112~
114 °C; "H NMR (400 MHz, CDCl;) 6: 3.63 (dd, J=5.6,
17.6 Hz, 1H), 4.42 (dd, J=8.0, 17.6 Hz, 1H), 5.91 (d, J=
2.4 Hz, 1H), 6.02 (dd, J=5.6, 17.6 Hz, 1H), 6.22 (t, J=2.0
Hz, 1H), 6.74 (d, J=8.0 Hz, 1H), 6.83~6.88 (m, 2H),
7.40~7.59 (m, 4H), 7.96 (d, J=1.6 Hz, 2H); *C NMR
(100 MHz, CDCly) 6: 44.2, 60.6, 101.1, 105.5, 107.3,
108.3, 120.2, 128.1, 128.3, 128.9, 129.5, 133.3, 134.5,
136.5, 139.2, 147.3, 147.9, 196.6; IR (KBr) v: 2924, 2876,
1687, 1512, 1446, 1080, 1041, 996, 751, 683 cm ™.

3-(4-F I FE)-1-(4- A FE ZEFE)-3-(1 H-MHE e FE - 1- )
P -1-F(2j): ¥R BRI, 723 91%. '"H NMR (400
MHz, CDCLy) &: 3.59 (dd, J=5.2, 17.6 Hz, 1H), 3.84 (s,
3H), 4.42 (dd, J=8.4, 17.6 Hz, 1H), 6.11 (dd, J=5.2, 8.4
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Hz, 1H), 6.22 (s, 1H), 6.89~6.91 (m, 2H), 7.25~7.33 (m,
5H), 7.49~7.51 (m, 2H), 7.95 (d, J=8.8 Hz, 2H); "°C
NMR (100 MHz, CDCL3) : 43.7, 55.4, 60.8, 105.4, 113.7,
126.6, 127.9, 128.7, 129.5, 129.7, 130.4, 139.2, 140.8,
163.7, 195.0; IR (neat) v: 2927, 2848, 1674, 1600, 1510,
1456, 1258, 1090, 988, 835, 754, 672 cm '; EI-MS (70
eV) miz (%): 340 (M, 15), 207 (33), 205 (100), 191 (28),
135 (39). Anal. calcd for Ci9H;7CIN,O,: C 66.96, H 5.03,
N 8.22; found C 67.03, H 5.05, N 8.20.

3-(4- F AR FE AR B0 )-3- (L H-MH M - 1 - 36 - 1 - RV 3 2
YW -1- (2Kk): B B E A, 2 # 93%. mp. 111~
113 °C; 'H NMR (400 MHz, CDCls) 6: 2.29 (s, 3H), 3.55
(dd, J=5.6, 17.6 Hz, 1H), 3.67 (s, 3H), 4.30 (dd, J=8.0,
17.6 Hz, 1H), 5.95~5.98 (m, 1H), 6.11 (t, J=2 Hz, 1H),
6.75~6.77 (m, 2H), 7.13~7.15 (m, 4H), 7.19~7.21 (m,
2H), 7.77~7.79 (m, 2H); *C NMR (100 MHz, CDCl;) ¢:
29.6, 43.8, 55.1, 60.3, 105.3, 114.1, 128.0, 128.2, 129.2,
129.4, 132.6, 134.0, 139.1, 144.1, 159.2, 196.2; IR (KBr)
v: 922, 2853, 1680, 1512, 1458, 1251, 1034, 817, 749, 671
cm '; EI-MS (70 eV) m/z (%): 320 (M*, 32), 201 (78), 187
(86), 133 (100).Anal. caled for CyHpN,O,: C 74.98, H
6.29, N 8.74; found C 75.07, H 6.27, N 8.76.

1-(4-5 AR FE)-3- (L H-MEE P -1 - 3 ) - 3- (O Y 26 2R 38
H-1-FAQ: AfEA, 23R 89%. mp. 90~92 C; 'H
NMR (400 MHz, CDCl5) &: 2.30 (s, 3H), 3.55 (dd, J=5.2,
17.6 Hz, 1H), 4.44 (dd, J=8.0, 17.6 Hz, 1H), 6.04 (dd, J=
5.6, 8.0 Hz, 1H), 6.21 (s, 1H), 7.13 (d, J=7.6 Hz, 2H),
7.21 (d, J=7.6 Hz, 2H), 7.39 (d, J=8.4 Hz, 2H), 7.45~
7.49 (m, 2H), 7.90 (d, J=8.4 Hz, 2H); *C NMR (100
MHz, CDCl;) d: 20.9, 44.0, 60.5, 105.5, 126.53, 126.54,
126.8, 128.8, 129.4, 129.6, 134.8, 137.5, 137.8, 139.1,
139.7, 195.5; IR (KBr) v: 2921, 2857, 1685, 1589, 1398,
1282, 1091, 816, 752, 673 cm™'; EI-MS (70 eV) m/z (%):
324 (M", 18), 241 (100), 185 (96), 171 (70), 149(68).
Anal. caled for CoH,CIN,O: C 70.26, H 5.28, N 8.62;
found C 70.14, H 5.29, N 8.61.

3-(1H-PHE M I -1 -38)-1,3- % F 2 2R 2 P - 1 - (2m):
@A, 722 89%. mp. 109~111 ‘C; 'H NMR (400
MHz, CDCl3) 6: 2.21 (s, 3H), 2.29 (s, 3H), 3.53 (dd,
J=5.6, 17.6 Hz, 1H), 4.33 (dd, J=8.0, 17.6 Hz, 1H), 5.98
(m, dd, J=5.6, 8.0 Hz, 1H), 6.12 (t, J=2.0 Hz, 1H), 7.04
(d, J=8.0 Hz, 2H), 7.13~7.15 (m, 4H), 7.38~7.41 (m,
2H), 7.78 (d, J=8.4 Hz, 2H); *C NMR (100 MHz, CDCl5)
8:21.0, 21.7, 44.0, 60.7, 105.4, 126.6, 129.2, 129.3, 129.5,
134.0, 137.6, 139.1, 144.1, 196.1; IR (KBr) v: 2953, 2923,
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1679, 1540, 1456, 1264, 1091, 808, 750, 670 cm™'; EI-MS
(70 eV) m/z (%): 304 (M, 24), 221 (36), 185 (100), 171
(52). Anal. caled for CyHyN,O: C 78.92, H 6.62, N 9.20;
found C 78.88, H 6.62, N 9.22.

1-(4- SR FE)-3-(1 H-ME P -1 - )-3-(4- = H 2 K
F)H-1-Ei(2n): B EHRY), 775 89%. 'H NMR (400
MHz, CDCl3) §: 3.30~3.62 (m, 1H), 4.47 (dd, J=8.0,
17.2 Hz, 1H), 6.15 (dd, J=5.2, 8.0 Hz, 1H), 6.25 (s, 1H),
7.26~7.45 (m, 4H), 7.50~7.59 (m, 4H), 7.86~7.91 (m,
2H); “C NMR (100 MHz, CDCLy) ¢: 44.2, 60.2, 105.7,
112.2, 120.1, 120.8, 128.1, 128.9, 129.6, 133.8, 137.7,
139.1, 139.4, 159.8, 196.1; IR (neat) v: 2956, 2928, 1688,
1547, 1426, 1238, 1091, 807, 752, 671 cm™'; EI-MS (70
eV) mlz (%): 378 (M", 4), 239 (100), 225 (25), 139 (36).
Anal. caled for CoH,4CIF;N,0: C 60.25, H 3.73, N 7.40;
found C 60.33, H 3.74, N 7.38.

1-(4- F AR L 2R 3 )-3- SR k- 3- (L H- M M - 1- ) P - 1-
fifl(20): AMEER, 723 90%. m.p. 95~97 ‘C; 'H NMR
(400 MHz, CDCl5) 6: 3.59 (dd, J=5.2, 17.6 Hz, 1H), 3.84
(s, 3H), 4.42 (dd, J=8.4, 17.6 Hz, 1H), 6.11 (dd, J=5.2,
8.4 Hz, 1H), 6.22 (s, 1H), 6.90 (d, J=8.8 Hz, 2H), 7.25~
7.33 (m, 5H), 7.49~7.51 (m, 2H), 7.95 (d, J=8.8 Hz,
2H); “C NMR (100 MHz, CDCly) 6: 43.7, 55.4, 60.8,
105.4, 119.7, 126.6, 127.9, 128.7, 129.5, 129.7, 130.4,
139.2, 140.8, 163.7, 195.0; IR (KBr) v: 2953, 2923, 1679,
1540, 1456, 1264, 1091, 808, 750, 670 cm '; EI-MS (70
eV) miz (%): 306 (M", 22), 238 (28), 171 (100), 135 (80).
Anal. calcd for C;oH;sN,O,: C 74.49, H 592, N 9.14;
found C 74.23, H 5.91, N 9.12.

1-(4- Tl 3 K 95 )-3- 28 3 -3 (LH-MHE M R - 1- 3 ) 74 - 1- T
(2p): RFHEWARY, 77F 88%. 'H NMR (400 MHz,
CDCls) 0: 3.56 (dd, J=4.8, 17.6 Hz, 1H), 4.59 (dd, J=9.2,
17.6 Hz, 1H), 6.08 (dd, J=4.8, 8.8 Hz, 1H), 6.24 (s, 1H),
7.26~7.37 (m, 5H), 7.46~7.48 (m, 2H), 8.12 (d, J=8.4
Hz, 2H), 8.28 (d, J=8.4 Hz, 2H); *C NMR (100 MHz,
CDCl;) 6: 44.6, 60.7, 105.9, 123.8, 126.5, 128.2, 128.9,
129.2, 129.8, 139.2, 140.3, 141.0, 150.4, 195.5; IR (neat)
v 2952, 2924, 1693, 1522, 1457, 1204, 1091,751, 671
em '; EI-MS (70 eV) m/z (%): 321 (M™, 19), 253 (51), 252
(87), 171 (100), 157 (60). Anal. caled for CisH;sN;O5: C
67.28, H4.71, N 13.08; found C 67.41, H 4.72, N 13.04.

1-(4- G A L )-3- K B -3- (1L H- b e 35 - 1- 326 ) 79 - 1- T
Q" R EIRY, 7% 87%. 'H NMR (400 MHz,
CDCly) 0: 3.67 (dd, J=5.2, 18.0 Hz, 1H), 4.47 (dd, J=8.0,
18.0 Hz, 1H), 6.18 (dd, J=5.2, 8.0 Hz, 1H), 6.24 (s, 1H),
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7.40~7.46 (m, 4H), 7.51~7.58 (m, 5H), 7.96 (d, J=7.6
Hz 2H); *C NMR (100 MHz, CDCl;) : 44.0, 60.2, 105.8,
125.7, 127.1, 128.1, 128.6, 129.8, 133.5, 136.2, 139.6,
144.7, 196.0; IR (neat) v: 2924, 2855, 1685, 1597, 1451,
1362, 1207, 990, 752 cm ™,

(E)-1,5- 2K 5 -5-(1H- Mt 1 56 -1- 38 ) I -1- 4 -3- T
@r): RFHEOWIRY, 77%F 86%. 'H NMR (400 MHz,
CDCl3) d: 3.71 (dd, J=17.6, 16.8 Hz, 1H), 3.81 (dd, J=6.8,
16.8 Hz, 1H), 5.04~5.08 (m, 1H), 6.95~7.02 (m, 2H),
7.11~7.17 (m, 2H), 7.22~7.30 (m, 3H), 7.33~7.35 (m,
2H), 7.39~7.44 (m, 3H), 7.50~7.54 (m, 1H), 7.91~7.96
(m, 3H); *C NMR (100 MHz, CDCly) d: 45.8, 55.2, 60.5,
105.5, 114.0, 123.7, 128.1, 129.5, 130.1, 132.5, 139.3,
143.6, 159.1, 161.7, 196.6; IR (neat) v: 2954, 2921, 1685,
1511, 1456, 1214, 1081,756, 673 cm_'; EI-MS (70 eV) m/z
(%): 302 (M*, 17), 234 (100), 197 (53), 129 (56). Anal.
caled for Co,0H;gN,O: C 79.44, H 6.00, N 9.26; found C
79.30, H 5.99, N 9.24.

3-(CRIF[A][1,3] = A i -5- 3% )-1- Kk -3-(1H-
M1 JE) P -1-H (2s): I E R, 77 92%. mup.
113~115 ‘C; '"H NMR (400 MHz, CDCLy) ¢: 3.63 (dd,
J=5.2,17.6 Hz, 1H), 4.41 (dd, J=8.0, 17.6 Hz, 1H), 5.92
(d, J=1.6 Hz, 2H), 6.01 (t, J=7.2 Hz, 1H), 6.22 (s, 1H),
6.74 (d, J=8.0 Hz, 1H), 6.85 (t, J=8.0 Hz, 2H), 7.36~
7.50 (m, 4H), 7.56 (t, J=7.2 Hz, 1H), 7.97 (d, J=8.0 Hz,
2H); *C NMR (100 MHz, CDCly) d: 43.7, 58.7, 101.4,
107.5, 108.4, 120.6, 128.1, 128.7, 132.5, 133.6, 136.1,
143.0, 147.7, 151.5, 151.8, 195.7; IR (KBr) v: 2952, 2926,
1693, 1534, 1452, 1217, 1083, 753, 670 cm”'; EI-MS (70
eV) m/z (%): 320 (M, 44), 215 (100), 201 (95), 147 (90).
Anal. caled for CjoH|N,Osy: C 7124, H 5.03, N 8.74;
found C 71.19, H 5.02, N 8.77.

A-(1H-ME M 3 -1 -3 ) 7 2- T (2t): BB WAE, 7= %
90%. 'H NMR (400 MHz, CDCl;) d: 0.82~0.85 (m, 3H),
1.01~1.24 (m, 4H), 1.67~1.73 (m, 1H), 1.91~1.97 (m,
1H), 2.04 (s, 3H), 2.80 (dd, J=5.2, 17.2 Hz, 1H), 3.26 (dd,
J=8.0, 17.2 Hz, 1H), 4.61~4.65 (m, 1H), 6.16 (s, 1H),
7.41 (d, J=1.6 Hz, 1H), 7.50 (s, 1H); *C NMR (100 MHz,
CDCly) d: 13.7, 22.2, 25.4, 31.0, 35.0, 48.3, 57.7, 104.2,
129.6, 139.3, 206.0; IR (neat) v: 2952, 2924, 1693, 1522,
1457, 1204, 1091, 751, 671 cm™'; EI-MS (70 eV) m/z (%):
194 (M, 9), 151 (86), 95 (100), 69 (45). Anal. calcd for
C HsN,O: C 68.01, H 9.34, N 14.42; found C 68.20, H
9.31, N 14.39.

4-(1H-ME M- 1-35) T -2-Fd (2u): OBk, 7%
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91%. "H NMR (400 MHz, CDCL;) 6: 0.82~0.88 (m, 3H),
0.95~1.33 (m, 6H), 1.67~1.96 (m, 2H), 2.04 (s, 3H),
2.78~2.82 (m, 1H), 3.23~3.27 (m, 1H), 4.59~4.66 (m,
1H), 6.17 (s, 1H), 7.41 (d, J=1.6 Hz, 1H), 7.51 (s, 1H);
C NMR (100 MHz, CDCly) &: 13.7, 22.0, 28.0, 29.5,
30.3, 34.8, 48.4, 57.7, 104.2, 129.7, 139.3, 206.1; IR (neat)
v: 2950, 2926, 1687, 1510, 1437, 1213, 1086, 756, 675
cm '; EI-MS (70 eV) m/z (%): 208 (M", 8), 165 (97), 95
(100), 69 (49). Anal. calcd for C;,HN,O: C 69.19, H
9.68, N 13.45; found C 69.13, H 9.66, N 13.42.

3.3 k&4 F16 AR

W PR FFEG(3, 129.1 mg, 1.5 mmol), MEM(153.2
mg, 2.25 mmol, 1.5 equiv.), Cs,CO; (24.4 mg, 0.075
mmol, 5 mol%)Fl 1,4- /NS mLIKKINA H AT
Schlenk S ME H. 7E B FHiHE R 6 h, TLC &
W Bi5e 4. RBEEYHIMA R ZBE(10 mL), 28
B, KRR K(S mL), MAIE KRG mL)ik, IWEHR
BULAH, oK Na,SO, T, Wi, A ZHT[V(a k) :
V(IR CHER)=15 © 1157 E453401 i 4 (226.6 mg, 98%).

3-(LH-ME M- 1- 355 ) I R FH R (4)[ ™) TE eyl Ak, 7=
# 98%. "H NMR (400 MHz, CDCLy) d: 2.91 (t, J=6.4 Hz,
2H), 3.68 (s, 3H), 4.44 (t, J=6.4 Hz, 2H), 6.22 (s, 1H),
7.44 (s, 1H), 7.51 (s, 1H); *C NMR (100 MHz, CDCl5) ¢:
34.6, 47.2, 51.8, 105.3, 129.6, 139.6, 171.4; IR (neat) v:
3004, 2920, 2851, 1714, 1422, 1362, 1222, 1092 cm ™.

B FEIE 205 (5, 74.6 mg, 0.5 mmol), ALME(S1.1
mg, 0.75 mmol, 1.5 equiv.), Cs,CO; (8.1 mg, 0.025 mmol,
5 mol%) Al 1,4- ~HE NG mL)R TN B % 415
Schlenk S ME H. 7E B FHiHE R 6 h, TLC &
W BE5E4, RNIREPIHINN LR Z.H5(8 mL), AEHY,
WIKF K3 mL), WAEEEKEG mL)PeE, IEA LA,
JoK NapSO, T, Wi, HEN[VAHE) @ LR L
BE)=10 : 117 B340 6 (105.4 mg, 97%).

1-(2-Tt 3 -1- 28 3 2, 38)- 1 H-ME W (6)1 ) Ak (o VA,
% 97%. '"H NMR (400 MHz, CDCl3) 6: 4.86 (dd, J=
4.8, 14.0 Hz, 1H), 5.62 (dd, J=9.6, 14.0 Hz, 1H), 6.10 (dd,
J=428, 9.6 Hz, 1H), 6.28 (t, J=2.0 Hz, 1H), 7.28~7.30
(m, 2H), 7.35~7.37 (m, 3H), 7.42 (d, J=2.0 Hz, 1H),
7.58 (s, 1H); *C NMR (100 MHz, CDCl;) d: 31.0, 62.4,
106.6, 127.0, 129.3, 129.4, 129.9, 135.9, 140.2; IR (neat)
v: 2919, 2852, 1712, 1558, 1363, 1220, 1089 cm ™.

3.4 wa¥7amiEm

+ 2a (138.2 mg, 0.5 mmol)fiIN A Schlenk J N H,
TN EEGmL) . £ 0 'C F(UK/K), ¥ NaBH,
(37.8 mg, 1 mmol)&: 30 min ZZ1B A KA R, T 0 C
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Ak R4 FE S N B ZE TLC A R B 58 4, R 4E, 12
TrivCamEE) @ MR OBR)=2 @ 115 E1540 5 Ta
(133.6 mg, 96%).

1,3- R 3-(1H-ME MR- 1-38) - 1-%(7aa): (0
[E4A, 772 30%. m.p 123~124 C; 'H NMR (400 MHz,
CDCly) 0: 2.41~2.47 (m, 1H), 2.79~2.86 (m, 1H), 3.56
(brs, 1H), 4.41~4.43 (m, 1H), 5.70~5.72 (m, 1H), 6.28
(s, 1H), 7.24~7.30 (m, 10H), 7.42 (s, 1H), 7.57 (s, 1H);
C NMR (100 MHz, CDCl;) 6: 45.1, 63.7, 72.0, 105.6,
126.0, 126.9, 128.1, 128.5, 128.8, 129.0, 139.2, 144.1; IR
(KBr) v: 3308, 2926, 2854, 1507, 1288, 1136, 1064, 1010,
918 cm '; EI-MS (70 eV) m/z (%): 278 (M", 1), 157 (35),
105 (44), 104 (100), 69 (31). Anal. caled for C;gHgN,O: C
77.67, H 6.52, N 10.06; found C 77.81, H 6.51, N 10.09.

1,3- 2R3 (1 H-IE e FE-1-38) 5 -1-% (7ab): {8
[EE, 72% 66%. '"H NMR (400 MHz, CDCly) d: 2.51~
2.58 (m, 1H), 2.91~2.94 (m, 1H), 3.24 (brs, 1H), 4.55~
4.59 (m, 1H), 5.39~5.43 (m, 1H), 6.24 (t, J=2.0 Hz, 1H),
7.25~7.54 (m, 11H), 7.55 (s, 1H); *C NMR (100 MHz,
CDCly) d: 44.9, 63.8, 72.0, 105.6, 126.0, 127.0, 127.8,
128.1, 128.6, 128.8, 129.0, 139.3, 140.4, 144.1; EI-MS (70
eV) m/z (%): 278 (M", 1), 210 (31), 157 (28), 105 (51),
104 (100), 69 (48).

# B A1 &L (Supporting Information) T 7= 4 ) #% t
FLPRE I FIALA D Tab 1) X SR HL AT 4 B ke
AARFAT PL A 9 MAS 1) 9 338 (http://sioc-journal.cn/)_E %k,
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