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Synthesis of Ethyl a-Methylene-y-amino Carboxylates Pro-
moted by Tin Powder
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Abstract An allylation reaction was explored for the synthesis of ethyl a-methylene-y-amino carboxylates by treating alde-
hydes, aryl amines and ethyl 2-(bromomethyl)acrylate with tin powder at room temperature in 1,4-dioxane. The method is
highly efficient and environmentally benign with catalyst-free, low cost and concise manipulation.
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1 BRER
R EHRK
HARR 7O IEHT, KHENa). KEQ2a)f
2-IR I PIATR S ERB)IA TN 240 S B, KIAE 1,4-—
ENTREF P SIR RN 10 h, 58 THEY) 4a, P2F R
59%(F 1, Entry 1), [FINIEA =45 F16 A k. 285 Ak
EW da A O E RS, XSO PR | 7 77RO iR
JEEFAAT TIRER, SRYITE 1

R 1 R ATEL, SIEAA 1L,4- 280N, BN
FEUAFF(GR 1, Entries 1~4), KHE(1a). Z[%(2a)F1 2-
IR RN IGIR CBEG) LBk kb 1012230 ¢
3.5 W, 7RY) da WIPEERATIE 75%. SRR LI,
FEY) da PR RN IR, BIFEYD 6 PG, 1E Mkl
T, BATER TINERR . 28, H2E. R OkA
LRI FINT IRBE = 2 A5 (R 1, Entries 5~9), 45454
T 1, 4- NI E N AR IA ). TEdR SRR b, kAT
NIRRT HRFEN R, B SR, T X
JRLANF],

gk LT, BAVHE LR S 4a BB N 4
R ZEHEE(1a). AHE(2a) 1 2-1R F LN 1SR Z.FE(3)
KSR IIRILE Y 10 1.2 03.0 0 3.5, AR 1,4-—4
ANFR; RONLIR N i
1.2 REEYHRRE

1E PR AR IR LSRR T, AT Z M. 1 4 i&
VEFEEAT T, 1937 — R o- T E-- R EE 1L
a1

1.1

H5E, WA T I ™ SRl 5. 2-1R A
PR SRR TR B AL OB, [ S5 LR 2. S5 5K
B, BR 7O AR R RS LA, HoAth 05 e ot R 30 Hik
AW - AE R R, FE A IR N AR T AR RE
PLR = 221G BAH N a- 7 H B - BE R PR A B 1 (3R
2, Entries 1~10). AL T, K3 F&EE B 7R
IRIA b AT W BRI O B I ) S NTE P v, Bt =
G RO R SIS, de 77238 AT 57%, TR AR OR
BRI 2 JBE P, 4i F 7= 260K 3] 88% (35 2, Entries 5 F19).
Ab, BURFETEZR IR _E A7 B R B AR AT — 5 sz, 440
IRIA R EARTE g FRIRE, X R R FE i L 218 FH R HA R
R T PR PR S E BT AR R =) 7= 2251 (3R 2, Entries 7~
9). ZRIFME, Gn 3-MEWy R R I B mENE, X 4 h
Ja, FEYIFEERATIA 74%(K 2, Entry 11). {H2X TR
W, I TN B S N K A (3R 2, Entries 12 F113). 3XA]
e A2 BT AR T 5 A AN 5 A2 i 0 % AR 1 1) T g 1R
ANFasE, DRI AN RE AR P IR A 45 ) A2 in B s
RBNE T HEAL 4.

RIE, JURZR T oM et T S5 P AR B . 2-R
FAIE T R TR B I A IR SE, OB R L3 3.
3 AN, TN, AR FIER R EEIE
et R () S R R AR A T AL S R, FL PRI 2
AL AR RZ BB BT T [ 3, Entries 1~7). X T KALRHAY
Jil, G140 2,4,6- =R 2,6- — R EERIE, N
FAb [ NANRE K A(FR 3, Entries 8, 9). B4k, HEWiIEAE
2L 2% AT AN e R R R AR A TR A S R (R 3,
Entry 10).

K1 RPKMHA
Table 1 The optimization of the reaction conditions
Ph_
COEt Sn NH COLEt CO,E
PhCHO + PhNH, + — NPh
2 /I'\/Br Solvent Ph CO,Et + NHPh * ()\%2
1a 2a 3 Temp. 4a 5 6
Isolated yield/%
Entry Molar ratio of 1a/2a/3/Sn Solvent Temp./C a Soed e 50 P
1 1.0/1.2/2.0/2.5 1,4-Dioxane r.t. 59 Trace 11
2 1.0/1.2/2.5/3.0 1,4-Dioxane r.t. 66 Trace 9
3 1.0/1.2/3.0/3.5 1,4-Dioxane r.t. 75 Trace 8
4 1.0/2.0/3.0/3.5 1,4-Dioxane r.t. 67 Trace 23
5 1.0/1.2/3.0/3.5 THF r.t. 58 9 25
6 1.0/1.2/3.0/3.5 Ether r.t. 67 11 21
7 1.0/1.2/3.0/3.5 Toluene r.t. 35 Trace 50
8 1.0/1.2/3.0/3.5 DCM r.t. 48 17 33
9 1.0/1.2/3.0/3.5 EtOH r.t. 56 13 19
10 1.0/1.2/3.0/3.5 1,4-Dioxane 40 71 Trace 16
11 1.0/1.2/3.0/3.5 1,4-Dioxane 60 63 Trace 21
“ Reaction conditions: benzaldehyde (0.5 mmol), solvent (3 mL), 10 h.
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Table 2 The allylation of aniline with various aldehydes

Ph_
JOL . CO,Et Sn U
R >H T PhNH, +/I~\/Br 1,4-dioxane, rt. R’ CO,Et
1 2a 3 4
Entry R! Time/h Product Isolated yield/%
1 Ph 10 4a 75
2 0-FC¢H, 8 4b 81
3 p-CIC¢H, 8 4c 76
4 p-BrCeH, 8  4d 73
5 p-CFyCeH, 8 de 57
6  p-NO,C¢Hy 24 4f 0
7 0-CH;C¢H, 8  4g 74
8 m-CH;CgHy 8 4h 75
9  p-CH;C¢Hy 8 4i 88
10 p-CH;0C4H, 8 4 86
11 3-Thienyl 4 4k 74
12 n-Pr 48 4] 0
13 tBu 48 4m 0

“ Reaction conditions: aldehyde (0.5 mmol), aniline (0.6 mmol), ethyl
2-(bromomethyl)acrylate (1.5 mmol), Sn powder (1.75 mmol), 1,4-dioxane (3
mL).

3 AN (K I R AL SN @
Table 3 The allylation of benzaldehyde with various amines
R

Sn NH

Br —————*>

o CO,Et
)J\H + R2NH, +

Ph 1,4-dioxane, r.t. pp COLEt
1a 2 3 4
Entry R? Time/h Product Isolated yield/%
1 Ph 10 4a 75
2 0-CH3C¢Hy 8 4n 67
3 m-CH;CeH, 8 40 65
4  p-CH;C¢Hy 8 4p 70
5  0-CH;0CH, 8 4q 58
6  p-CIC¢Hy 8 4r 68
7  p-BrCeH,4 8 4s 73
8  Mes 48 4t 0
9  2,6-(i-Pr),C¢H; 48 4u 0
10  n-Bu 48 4v 0

“ Reaction conditions: benzaldehyde (0.5 mmol), amine (0.6 mmol), ethyl
(2-bromomethyl)acrylate (1.5 mmol), Sn powder (1.75 mmol), 1,4-dioxane (3
mL).

B, R AL B ) - M0 - B R P
BEAT 7MUY, BEAS 2SR E ZE ) - T -y T AT IR
HEAL BB, 1). FIITREAL A1) 4a 7EAE R (0] 7 40
AR, fER R EER AT 2] o0 H 2 -p- T A B

Ta, 173 88%.
_— Ph/[_ﬁo )

Ph._
TsOH (20 mol%)

AN
Ph COLEt Toluene, reflux T

88% Ph

4a 7a
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2 i

R THREEE T, PL 1,4-ZE0NMONIER, £
IRFAET, HO7 R, J5 AN 2-1R P L TR TR LR
PN 15 G -0 R B - R R R K 5V, AR
8244 28 AN AR T AR, T 75 5 B 4 AT HLE
7, BZITERA BRI RAE . RBARAHRA AR
FRAAEL AU SR, 0 T8k 2 5 1 RNAEA LG
JA IR, D96 B a- T8 F S-SR RR IR AL S M P it
T M.

3 SERSY
31 X5

ZANEIEACA Alpha Centauri FI-LIR T 2%, K H
KBr & i, AR RS, 3L HR1E F BRUKER
PT jxf790425AM 400 MHz A1 Agilent Technologies
600 Mhz PremiumCompact-+ 4% i SR 52, LLIR
REJIERER], TMS HNWbR; @ P Bruker
APEX 1T B8 46 25 - [B] fi JL 4R o i G &, EST I,
J s FH SR AU SO G, R AR TE. i Y
R F= i aligh.
3.2 XWHE
321 b 4 8968

76 50 mL [RERBEEH R I E#3(0.207 g, 1.75
mmol, 3.5 equiv.). 2-JR FIEIIHIR ZFE(3) (0.289 ¢, 1.5
mmol, 3.0 equiv.)FIVER] 1,4- & /AHGB.0 mL), BT %
R BEEE. 2 h 5, PR RO IR I (1a)
(0.053 g, 0.5 mmol, 1.0 equiv.)FIZEf%(2a) (0.056 g, 0.6
mmol, 1.2 equiv.), 4KEEFE IR FHiHE. TLC Faili oK F
SLTEA G, T RNV A A IO R A B T (S
mL), $iHE 10 min, 8/5H L8R CEEAEN(S mLX3), 1%
AN, FToKBREREE TR, 0 282050, SEATAE
EMTVCAE M) - W& H ) - ML) =40 011 115
13T 4a.

2-N0 FR B4R F-4-CREEE) T IR LR (4a): H (]
&, FEE 75%. mp. 69~70 C; 'H NMR (400 MHz,
CDCly) d: 7.38~729 (m, 4H), 7.24~7.21 (m, 1H),
7.08~7.04 (m, 2H), 6.64~6.60 (m, 1H), 6.48 (d, J=7.6
Hz, 2H), 6.22 (s, 1H), 5.56 (s, 1H), 4.53~4.49 (m, 2H),
422 (q, J=17.2 Hz, 2H), 2.77~2.74 (m, 2H), 1.31 (t, J=
7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) 6: 167.5, 147.4,
143.6, 137.7, 129.2, 128.7, 127.9, 127.2, 126.5, 117.3,
113.5, 61.2, 58.2, 41.4, 14.3; IR (KB) v: 3402, 3020, 2925,
1698, 1602, 1512, 1324, 1149 cm '; HRMS caled for
C1oH,NO, [M+H]" 296.1645, found 296.1643.
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237 Bk -4-(AR g R 3 )-4-CR E 38 ) T R 2.1 (4b):
W OHRIAR, 773 81%. 'TH NMR (400 MHz, CDCl5)
5: 7.37~7.33 (m, 1H), 7.21~7.16 (m, 1H), 7.09~7.01
(m, 4H), 6.63 (t, J=7.2 Hz, 1H), 6.49 (d, J=8.0 Hz, 2H),
6.21 (s, 1H), 5.56 (s, 1H), 4.88~4.85 (m, 1H), 4.62 (br,
1H), 4.21 (q, J=7.2 Hz, 2H), 2.86~2.75 (m, 2H), 1.30 (t,
J=17.2 Hz, 3H); “C NMR (100 MHz, CDCl;) é: 167.5,
160.5 (d, Jop=243.4 Hz), 146.8, 137.2, 129.7 (d, Jer=
12.9 Hz), 129.0, 128.5 (d, Jor=8.2 Hz), 128.0, 127.8 (d,
Jep=4.6 Hz), 1243 (d, Jor=3.4 Hz), 117.3, 1153 (d,
Jep=21.6 Hz), 113.0, 61.0, 52.2, 38.9, 14.1; IR (KB) v:
3398, 3053, 2926, 2853, 1710, 1603, 1506, 1265 cm ';
HRMS caled for CoH, FNO, [M+H]" 314.1551, found
314.1552.

2- 0 H B 4- (X SR 2)-4-CR & R ) T R 416 (de):
W OHRIBAR, 773 76%. "TH NMR (400 MHz, CDCl5)
5:7.32~7.27 (m, 4H), 7.09~7.05 (m, 2H), 6.64 (t, J=7.6
Hz, 1H), 6.44 (d, J=7.6 Hz, 2H), 6.23 (s, 1H), 5.56 (s,
1H), 4.53 (br, 1H), 4.50~4.46 (m, 1H), 4.22 (q, J=7.2
Hz, 2H), 2.78~2.66 (m, 2H), 1.31 (t, J=7.2 Hz, 3H); '°C
NMR (100 MHz, CDCLy) d: 167.2, 146.9, 141.9, 137.1,
132.6, 129.0, 128.7, 127.9, 127.7, 117.4, 113.3, 61.0, 57.4,
41.1, 14.1; IR (KB) v: 3397, 3054, 2985, 2927, 1707, 1603,
1504, 1265 cm ™ '; HRMS caled for Ci9H,;CINO, [M—i—H]+
330.1255, found 330.1259.

2- 37 F 3 -4- (X IR 7R 38 )-4-CR & 38 ) T R 4. IR (4d):
HEE A, 72F 73%. mp. 72~73 ‘C; 'H NMR (600
MHz, CDCly) 6: 7.43 (d, J=7.8 Hz, 2H), 7.25 (d, J=7.2
Hz, 2H), 7.06 (t, J=7.2 Hz, 2H), 6.64 (t, J=7.2 Hz, 1H),
6.44 (d, J=7.8 Hz, 2H), 6.23 (s, 1H), 5.55 (s, 1H), 4.52
(br, 1H), 4.48~4.46 (m, 1H), 4.24~4.20 (m, 2H), 2.77~
2.67 (m, 2H), 1.31 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCl;) 0: 167.3, 146.9, 142.5, 137.2, 131.7, 129.0,
128.1, 128.0, 120.7, 117. 5, 113.3, 61.1, 57.6, 41.1, 14.1;
IR (KB) v: 3393, 3022, 2924, 1692, 1602, 1323, 1152
cm '; HRMS caled for CioH, BrNO, [M+H]" 374.0750,
found 374.0746.

2- 0 R -4 (O = 360 FR R R R )-4- (R k) T R O IR
(4e): RIEEMPIRBAE, 725 57%. '"H NMR (600 MHz,
CDCly) d: 7.59 (d, J=7.8 Hz, 2H), 7.52 (d, J=7.8 Hz,
2H), 7.09 (t, J=7.2 Hz, 2H), 6.67 (t, J=7.2 Hz, 1H), 6.46
(d, J=7.8 Hz, 2H), 6.27 (s, 1H), 5.60 (s, 1H), 4.60 (s, 2H),
426~4.22 (m, 2H), 2.83~2.71 (m, 2H), 1.33 (t, J=7.2
Hz, 3H); “C NMR (100 MHz, CDCly) §: 167.3, 147.7,
146.9, 137.1, 129.4 (q, Jcr=32.0 Hz), 129.1, 128.1, 126.7,
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125.6, 124.2 (q, Jog=270.4 Hz), 117.6, 113.3, 61.2, 57.8,
41.1, 14.1; "F NMR (376 MHz, CDCl;) : —62.73; IR
(KB) v: 3397, 3054, 2926, 2854, 1707, 1603, 1504, 1323,
1265, 1126 cm™'; HRMS calcd for C,oHy F3NO, [M—|—H]+
364.1519, found 364.1524.

2- V. F 3 -4-(48 H 2K 38 )-4-(R & 3 T 1R 4.6 (4g):
HEE A, 72F 74%. mp. 37~38 ‘C; 'H NMR (400
MHz, CDCly) d: 7.46~7.44 (m, 1H), 7.21~7.15 (m, 3H),
7.10~7.06 (m, 2H), 6.64 (t, J=7.2 Hz, 1H), 6.44 (d, J=
8.0 Hz, 2H), 6.28 (s, 1H), 5.65 (s, 1H), 4.76~4.72 (m,
1H), 4.49 (br, 1H), 4.25 (q, J=7.2 Hz, 2H), 2.80~2.62
(m, 2H), 2.52 (s, 3H), 1.34 (t, J=7.2 Hz, 3H); °C NMR
(100 MHz, CDCly) §: 167.3, 147.3, 141.2, 137.7, 134.7,
130.6, 129.0, 127.7, 126.8, 126.5, 125.3, 117.1, 113.1,
61.0, 54.1, 39.5, 19.0, 14.2; IR (KB) v: 3402, 3020, 2980,
2928, 1707, 1601, 1504, 1315, 1153 cm™'; HRMS calcd
for C,0H»,NO, [M+H]" 310.1802, found 310.1805.

2- 311 F 3 -4-( [ R 2R )-4-(FR 2 %) T R 4 T (4h):
HEE A, 72F 75%. mp. 39~40 ‘C; 'H NMR (400
MHz, CDCls) 8: 7.23~7.17 (m, 3H), 7.10~7.04 (m, 3H),
6.63 (t, J=7.2 Hz, 1H), 6.50 (d, J=8.0 Hz, 2H), 6.23 (s,
1H), 5.59 (s, 1H), 4.49~4.46 (m, 1H), 4.24 (q, J=7.2 Hz,
2H), 2.80~2.70 (m, 2H), 2.34 (s, 3H), 1.32 (t, J=7.2 Hz,
3H); *C NMR (100 MHz, CDCLy) d: 167.4, 147.4, 143 .4,
138.1, 137.6, 128.9, 128.4, 127.8, 127.5, 126.9, 123.3,
117.1, 113.2, 60.9, 58.0, 41.2, 21.4, 14.1; IR (KB) v: 3407,
3022, 2918, 1697, 1603, 1516, 1325, 1143 cm™'; HRMS
caled for Co0H,NO, [M+H]" 310.1802, found 310.1806.

2- MV H B -4-Onf I 2R IR )-4-(CR 1 B8 T TR LR (4i): A
& 14, 773 88%. m.p. 70~71 C; 'H NMR (400 MHz,
CDCLy) 6: 7.25~7.24 (m, 2H), 7.12 (d, J=8.0 Hz, 2H),
7.08~7.04 (m, 2H), 6.61 (t, J=7.2 Hz, 1H), 6.49 (d, J=
7.6 Hz, 2H), 6.21 (s, 1H), 5.56 (s, 1H), 4.49~4.46 (m,
2H), 4.22 (q, J=7.2 Hz, 2H), 2.75~2.73 (m, 2H), 2.31 (s,
3H), 1.31 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5)
5: 167.4, 147.3, 140.3, 137.6, 136.5, 129.2, 128.9, 127.6,
126.2, 117.1, 113.3, 61.0, 57.7, 41.2, 21.0, 14.1; IR (KB) v:
3402, 3049, 2982, 1699, 1603, 1511, 1317, 1157 cm ';
HRMS caled for C,0HNO, [M+H]" 310.1802, found
310.1805.

2- 37 H ik -4- (O A8 DR I )-4-(CR 38 T IR 1
(4j): FHEOHIRIBE, 7% 86%. 'H NMR (600 MHz,
CDCly) d: 7.28 (d, J=8.4 Hz, 2H), 7.06 (t, J=7.8 Hz, 2H),
6.85 (d, J=8.4 Hz, 2H), 6.62 (t, J=7.2 Hz, 1H), 6.49 (d,
J=17.8 Hz, 2H), 6.21 (s, 1H), 5.54 (s, 1H), 4.48~4.45 (m,

http://sioc-journal.cn/ 1043
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2H), 4.22 (q, J=7.2 Hz, 2H), 3.78 (s, 3H), 2.74 (d, J=6.6
Hz, 2H), 1.31 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 167.4, 158.6, 147.3, 137.6, 135.3, 128.9, 127.6,
127.3, 117.1, 113.9, 113.3, 61.0, 57.4, 55.2, 41.2, 14.1; IR
(KB) v: 3415, 3055, 2982, 2926, 1706, 1604, 1508, 1247
cm '; HRMS caled for CyH,yNO; [M+H]" 326.1751,
found 326.1748.

2- 3P F 3 -4-(1E Wy -3- 3L )-4- (R R 3L ) TR 4 16 (4K):
VIR, 772 74%. "TH NMR (600 MHz, CDCl;)
8:7.27~7.25 (m, 1H), 7.13~7.05 (m, 4H), 6.65 (t, J=7.2
Hz, 1H), 6.54 (d, J=8.0 Hz, 2H), 6.21 (s, 1H), 5.54 (s,
1H), 4.68~4.64 (m, 1H), 4.36 (br, 1H), 4.21 (q, J=7.2
Hz, 2H), 2.81 (d, J=6.8 Hz, 2H), 1.30 (t, J=7.2 Hz, 3H);
3C NMR (100 MHz, CDCls) d: 167.3, 147.3, 144.6, 137.3,
129.0, 127.8, 126.0, 125.9, 120.9, 117.3, 113.2, 61.0, 54.0,
40.1, 14.1; IR (KB) v: 3398, 3053, 2984, 2927, 1708, 1602,
1505, 1265 cm™'; HRMS caled for C;;H,NO,S [M+H]"
302.1209, found 302.1207.

2-VF W Jk-4- R J4- (A R B ) T IR £ R (4m): %
HEOGHARBAE, 723 67%. "H NMR (400 MHz, CDCl;) 6:
7.38~7.36 (m, 2H), 7.33~7.29 (m, 2H), 7.24~7.20 (m,
1H), 7.02 (d, J=7.2 Hz, 1H), 6.90 (t, J=7.6 Hz, 1H), 6.56
(t, J=7.2 Hz, 1H), 6.27 (d, J=8.0 Hz, 1H), 6.24 (s, 1H),
5.59 (s, 1H), 4.56~4.52 (m, 1H), 4.47 (br, 1H), 4.22 (q,
J=17.2 Hz, 2H), 2.85~2.74 (m, 2H), 2.20 (s, 3H), 1.31 (t,
J=17.2 Hz, 3H); °C NMR (100 MHz, CDCl;) é: 167.5,
145.1, 143.5, 137.8, 129.8, 128.6, 127.6, 127.0, 126.8,
126.2, 122.0, 116.7, 110.9, 61.1, 58.3, 41.3, 17.6, 14.1; IR
(KB) v: 3415, 3055, 2982, 2926, 1706, 1600, 1514, 1266,
1151 ecm '; HRMS caled for C,H,NO, [M+ H]"
310.1802, found 310.1809.

23 F 4K L A-(JR] 2R 2E) TR 4R (do):
EAER, 773 65%. m.p. 50~51 C;'H NMR (600 MHz,
CDCly) 6: 7.37 (d, J=7.8 Hz, 2H), 7.31 (t, J=7.8 Hz, 2H),
7.22 (t, J=7.2 Hz, 1H), 6.94 (t, J=7.8 Hz, 1H), 6.45 (d,
J=17.2 Hz, 1H), 6.34 (s, 1H), 6.27 (d, J=7.8 Hz, 1H), 6.21
(s, 1H), 5.55 (s, 1H), 4.51~4.49 (m, 1H), 4.43 (br, 1H),
4.23 (q, J=17.2 Hz, 2H), 2.79~2.70 (m, 2H), 2.19 (s, 3H),
1.31 (t, J=7.2 Hz, 3H); >C NMR (100 MHz, CDCl;) ¢:
167.4, 147.3, 143.5, 138. 7, 137.6, 128.9, 128.5, 127.6,
127.0, 126.3, 118.1, 114.2, 110.2, 61.0, 58.0, 41.2, 21.5,
14.1; IR (KB) v: 3404, 3025, 2970, 2925, 1701, 1605, 1146
cm '; HRMS caled for CH,uNO, [M+H]" 310.1802,
found 310.1801.

2-VF H JE-4- TR J4- (0 R 55 T IR & B (dp): %
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FOHPIRIBAA, 7% 70%. "H NMR (400 MHz, CDCl;) o:
7.37~7.35 (m, 2H), 7.32~7.28 (m, 2H), 7.22~7.19 (m,
1H), 6.87 (d, J=8.0 Hz, 2H), 6.41 (d, J=8.0 Hz, 2H), 6.21
(s, 1H), 5.54 (s, 1H), 4.50~4.46 (m, 1H), 4.34 (br, 1H),
4.20 (q, J=7.2 Hz, 2H), 2.80~2.69 (m, 2H), 2.16 (s, 3H),
1.30 (t, J=7.2 Hz, 3H); >C NMR (100 MHz, CDCl;) §:
167.3, 145.0, 143.5, 137. 6, 129. 4, 128.5, 127.5, 126.9,
126.3,126.2, 113.4, 60.9, 58.1, 41.2, 20.2, 14.1; IR (KB) v:
3400, 3024, 2982, 2922, 1709, 1619, 1520, 1305 cm ';
HRMS caled for C,0H,sNO, [M+H]" 310.1802, found
310.1799.

2-7 B -4- DR 4-(A A B R 25 T IR O IR
(4q): EFOHPIRIA, 7% 58%. 'H NMR (400 MHz,
CDCly) d: 7.38~7.36 (m, 2H), 7.32~7.28 (m, 2H),
7.24~7.19 (m, 1H), 6.74 (d, J=8.0, 1H), 6.67 (t, J=7.6
Hz, 1H), 6.59 (t, J=7.6 Hz, 1H), 6.33 (d, J=8.0 Hz, 1H),
6.22 (s, 1H), 5.54 (s, 1H), 4.88 (br, 1H), 4.54~4.51 (m,
1H), 4.21 (q, J=7.2 Hz, 2H), 3.86 (s, 3H), 2.81~2.79 (m,
2H), 1.31 (t, J=7.2 Hz, 3H); >*C NMR (100 MHz, CDCl5)
5: 167.0, 146.7, 143.5, 137.4 137.2, 128.5, 127.6, 127.0,
126.3, 121.1, 116.3, 111.0, 109.3, 60.8, 57.4, 55.4, 41.2,
14.1; IR (KB) v: 3417, 3062, 2937, 2835, 1712, 1602,
1516, 1456, 1222 cm™'; HRMS calced for CooH,sNO, [M+
H]" 326.1751, found 326.1747.

2-M B -4-IR 4O SRR AR TR SR (4r): IR
HEHPIRIBA, 72% 68%. 'H NMR (400 MHz, CDCl;) 6:
7.34~7.29 (m, 4H), 7.25~7.22 (m, 1H), 6.99 (d, J=8.8
Hz, 2H), 6.40 (d, J=8.8 Hz, 2H), 6.22 (s, 1H), 5.54 (s,
1H), 4.48~4.44 (m, 1H), 4.22 (q, J=7.2 Hz, 2H), 2.80~
2.70 (m, 2H), 131 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCly) 0: 167.5, 145.8, 142.8, 137.3, 128.8, 128.6,
127.9,127.2,126.2,121.8, 114.4, 61.1, 58.3, 41.1, 14.2; IR
(KB) v: 3396, 3028, 2981, 2930, 1707, 1599, 1500, 1313
cm '; HRMS caled for CoH, CINO, [M+H]" 330.1255,
found 330.1256.

20 B -4- 2R D -4- P IR R ) T R LR (4s): TR
FOGRRIBAE, 773 73%; 'H NMR (400 MHz, CDCl;) 6:
7.33~7.28 (m, 4H), 7.24~7.21 (m, 1H), 7.12 (d, J=8.8
Hz, 2H), 6.35 (d, J=8.8 Hz, 2H), 6.22 (s, 1H), 5.53 (s,
1H), 4.64 (br, 1H), 4.47~4.44 (m, 1H), 4.22 (q, J=7.2
Hz, 2H), 2.80~2.70 (m, 2H), 1.30 (t, J=7.2 Hz, 3H); "°C
NMR (100 MHz, CDCLy) o: 167.4, 146.2, 142.7, 137.2,
131.6, 128.6, 127.9, 127.2, 126.2, 114.8, 108.7, 61.1, 58.1,
41.1, 14.1; IR (KB) v: 3395, 3026, 2981, 2927, 1707, 1594,
1497, 1315, 1150 cmfl; HRMS caled for Ci9H,BrNO,
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[M-+H]" 374.0750, found 374.0753.
3.2.2 fubdh Ta 69 AR

7 50 mL [ JEE I N 4a (0.130 g, 0.5 mmol, 1.0
equiv.), F 0 A X H 2K i 8 (0.017 g, 0.1 mmol, 20
mol%), FIIAFAGS mL), Hidk, IiFAER. TLC &
SN SE R, DR 2R R, RN B (VA
fi) © V(B8 ZHR)=10 : 1]134if=4) 3-7 F &-1,5-—
ORI % -2 (7a). HEEAE, 72 88%. mp. 143~
145 °C; 'H NMR (400 MHz, CDCly) d: 7.51 (d, J=6.4
Hz, 2H), 7.27~7.21 (m, 7H), 7.08 (s, 1H), 6.23 (s, 1H),
5.46 (s, 1H), 5.27~5.25 (m, 1H), 3.41~3.35 (m, 1H),
2.72 (d, J=16.8 Hz, 1H); *C NMR (100 MHz, CDCl5) ¢:
167.5, 141.5, 138.9, 138.1, 128.9, 128.6, 127.7, 125.7,
125.0, 122.0, 117.4, 60.4, 35.3; IR (KB) v: 3429, 3035,
2926, 1681, 1493, 1400, 1298 cm '; HRMS calcd for
Cy7H(NO [M+H]" 250.1226, found 250.1223.

45 Bh#4 6l (Supporting Information) & 4 'H
NMR, PC NMR Fl 43 B2 it X SEpPRbar L% s A
AT 3k (http://sioc-journal.cn/)_F T %K.
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