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EMEERZ FTIR. UV, '"HNMR. “C NMR. MS Mt &M ifiE

RERE  2(5H)-PRWGER; PRGN, AR MR, 5 I0E 5 R a1 R R B

Synthesis of 4-Amino-5-biphenyloxy-3-halo-2(5H)-furanones

Ye, Bin* Mo, Guangzhen”* Guan, Litao” Wu, Yancheng”

Chen, Renhong™* Wang, Zhaoyang™"”’
(“ Guangdong Food and Drug Vocational College, Guangzhou 510520)
(® Key Laboratory of Theoretical Chemistry of Environment, Ministry of Education, School of Chemistry and
Environment, South China Normal University, Guangzhou 510006)
(“ Shunde No. 1 Experimental Middle School, Shunde 528300)
¢ College of Materials and Energy, South China Agricultural University, Guangzhou 510642)

Abstract Two novel 5-biphenyloxy-3,4-dihalo-2(5H)-furanones are synthesized via the direct dehydrative etherification
reactions of biphenyl-4-ol with mucochloric acid and mucobromic acid, respectively, using sulfuric acid as a catalyst in toluene
at reflux temperature. Taking them as intermediates, the tandem Michael addition-elimination reaction with different repre-
sentative aliphatic amines is carried out in the presence of KF as a base and catalyst at room temperature. Sixteen
4-amino-5-biphenyloxy-3-halo-2(5H)-furanones are obtained, and the isolated yields are 43%~79% (mostly over 55%). The
structures of all newly synthesized compounds were systematically characterized by FTIR, UV, 'H NMR, *C NMR, MS and
elemental analysis. This investigation affords an important novel strategy for the synthesis of different 2(5H)-furanone deriva-
tives having potential bioactivity, especially for the synthesis of 2(5H)-furanones simultaneously with biphenyl and amino
structure.

Keywords 2(5H)-furanone; biphenyl structure; synthesis; aliphatic amine; tandem Michael addition-elimination reaction
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Figure 1 Some bioactive compounds with biphenyl unit
R HE T HEXT 2(5H)-WR I AR S & BT S-r HEAT 21
AT DN 2y I I NS & £ 5 b U N B VAR & (V4
BT BT BT AERT%@JHH}‘Q% 2(5H)-MK M
P R0 SR 7o b A 00 1k B T T 2(5 H)-WRIRBRAT A4 5
(Scheme D). RIGFUEVIEREREY 3), —Jim

GBI 1 2(SH)-PRIRRSE A T S-Rrg it
ETHf%{&é}%é\ﬁi%é%%“1’”%@%7725%, [
AR 25 A S PR I R 5 i S IR SRS TR A7
RRUGEEAE M R ARG VE R B E 1 FEA.

H+ toluene
Reflux 48 h
KF, THF, N,
RNH,
3 (3a: X = Cl; 3b: X = Br) 4
X
oﬂo
(0]
5a ~ 5p
=Cl, Br;

= (CHp),CH3 (1= 1,6, 7,9, 11, 13), CH,CH=CH,, H2CH2C—©
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Scheme 1 The synthetic route of target compounds 5
1 ZR5HE

1.1 BfRaPmek

&) 3 S5 SCRR[ 1] N 26 A 3R AT B i
(Scheme 1), P23 46%~54%, X#t—HF£ W LM 5
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13 H,SO, fE ML H TR A5 2 B
PRSI E B UK EME R TAT . DML E 3 A
[H Ak S5 A R AR AR 4 347 #BE Michael Jipk-
BRI B, 276 SCHR[1S] R P& T(TLC BRER, %=
TN 12~24 h), L 43%~T9%1 53 B8 77 3 (46 K4y
FET T 55%, % 1), K15 7 BAsr=4) 3-i-4-NE Wi &
FE-S-BOR S B -2(S H)-WE I I (Sa~5p) (Scheme 1).
2(SH)-FRIGER a7k 3 558230 B i 4 11 e B
RIS Michael MR, FFETHERRNL, 2R
Hrred s ma& 1 "o, bL 3,4- ZiR-S-I e e -
2(5H)WKR IR (3b) 9 H AT f A A4 4 A RN, A
W) 5 7P SRIEH LR RO 3,4- A-S5-BER A E-2(SH)
I R (3a) I A 7 (2 5¢ vs 5d 5g vs Sh. 5ivs 5§ 5k vs
51, 5m vs 5n. S0 vs 5p &), HJE A RE A T R SR A R
HAD, MR — P, R TFREARTHE S 5.
UbAh, ANFERIRRIRE 4 S5AHFI 3,4- 2 5-5-IC R4
FE2(SH) R A 3 BB, skt HARLAY) S
M= R BRI, —&m s, KEERI% 4 1R
205 IR ks L A T D7 e ) S R BCR G, T Sk~Sp R
REBLE 63%LA (3R 1, Entries 11~16), 1] Sa~5j * K
IMETF 60%(F 1, Entries 1~10). FtHJRE, wTRERZ K
N B AP R AR, BRI T e 4 1
R B EAZARGRIEAT 25— 2 1) Michael AR
BAN, MAFEE 4b 5 3,4- T R-5-BEREFE-2(5H)-
Wk R ] (3b) S B2 B, ER T TR G T AR Bk 4 M%u@%ﬁ
2(5H)-M g i H E] AL [R5, 8145 Sd e as 2 i
(79%, 3 1, Entry 4).
1.2 B EINSERRE

LLAMEE T, A PITRIIELE 3360~3260 cm ' 4k
N N—H HZEIRshE, 7F 3190~3030 cm ™' AL HIWL I
AEF C—H KRR IE, 75 2930~2850 cm '
AR SRR C—H R gE RS g, 7F 1763~
1745 cm ' (SBIRIRIE Y C=0 fH4E IRk, 78
1660~ 1643 cm ' SR AIRICIE N C=C MZEIRBIL I IE.
16 1605~1450 cm ' ALK ST A 25 R B SR 45 R 5 g,
7 1355~1368 cm ' /e A7 HIMRIAIE Sy C—N 45 4R 3R
B,

AR, 1305~1004 cm ™' AR IS C—O—C fHi%
PRsh, 975~940 cm ' ALHIRIZE C—O0—C RS,
830 cm ' A IR HURHIR Y IE, 768 AT 698
em” A A RIS BRI . AL, FE 740 em ! A2
FiA C—Cl BB IR BRI, 500~520 cm ™' 4b 2y C—
Br SMR4EIRENRSNE. R, o shRgs Rk, H
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Table 1 The yields of target compounds 5

Entry 3 4 5 Yield”/%
H Cl
1 3a NH,CH,CH; (4a) O‘Z:LO 60
(@)
a
e B
2 3b 4a Oio 46
(0)

5b

N\

Cl

N
NH
3 3a NH,CH,CH=CH, (4b) OI—L
[
T\
DaWa
N
e
N

o 59

Br

5
(0)

5

4 3b 4b io 79
(0)

5d

5 3a H2NH20HQC@ _ 63
(0)

5

5f

H Cl
: “—NH Br
6 3b 4c - 55
O
O

_\——/_\—NH Cl
7 3a NH,(CH,)sCH; (4d) Oflo 46
O
5g

57

_\—‘/_\—NH Br
0]
(©)

5h

SN N«
9 3a NH,(CH,),CHj (4e) O‘Iio 43
O
5i
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%
Entry 3 4 5 Yield®/%
/SN N e
10 3b 4e O_Zio 55
O
5§
11 3a NH,(CH,)oCH; (4f) T\ 66
O

12 3b 4f

13 3a NH,(CH>),,CH; (4g)

14 3b 4g

15 3a NH,(CH,),3CHj (4h)

16 3b 4h

\_/_\_/_\__/_\_NH cl
O
O

oY gt

\—/_\—/_\—NH Br

5l

5m

2 VA VA NN

5n

69

O-OL

\_/_\—/_\—/_\—NH Br

5p

“Reaction conditions: aliphatic amine 4 (0.30 mmol), 5-biphenyloxy-3,4-dihalo-2(5H)-furanone 3 (0.25 mmol), THF (6 mL), KF (0.30 mmol), room temperature,

12~24 h; *isolated yield.

WAL Sa~5p #E A 2(5H)-WREERFR . B, C—X
TR i HE S5 25 44 (Scheme 1).

Ffelh, 264~269 nm 0 I 1) 55 58 SRR BT H AR
&9 5 HAEE C=C—C=0 Z3LHi%5#). £ 'H NMR
W, 5 6.13~6.25 F 2(SH)-PRIEERA L5 H 1) S-h A7 AE;
MTE 6 4.96~5.46 AbF EHE I N—H KMkl 545K
M5 RAE, VEBHTE IR LA T 2(SH)-WRI R 2R 45 1)
A Z R WISk, (&Y Se~5f £ 6
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5.17~5.99 445 =C—H (W e,

4k, PC NMR TG 247 Hodfs AR B A E S —
, - BE TALE Y 5 N EAML A Y. T EE R,
XU LERRAEE W], R 3.4- T 1K-5- B FEEIE- 2(5H)%
AR (3) L& 2 P gUBOE [, st iR, . 4%
R OBREE . D5IR. PERSE, (HAZBRE LA X Michael
TR B S SEATY A AT AT 1, T LA RN RIfE by de
3 ] 5 NGB (1 00U
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2 Zhig

A7 S T 5 B B A 2 1 T, e R S
Michael fHE—THBRINE, PG T 16 AN EAT I
FEEFI) 2(5H)-PRIEAAL 590, FHABONTE N SR
ALABAE. X547 2 AW PR3 ) H AR 5 i 1
#, NET B RAEYREE R L 7 2R A.

3 S
3.1 UHFES5HF

X-5 BB RUE SAX, RIEIE; #[E Bruker Vector 33
FT-IR YGil{X, WEE(CH,CL); 5[ Varian DRX-400
MHz #% 3R (%57 CDCl;, WAx TMS); Shimazu
UV-2550 2461842, 35 E THEROMO LCQ DECA XP
MAX Jfii4%; & [E Thermo Flashea TM 112 JGE 70 HT4X.
B R AT &b al, R&Edt—Daith. th&w 1,
DA g AP S5 T B JEORE, 228 SCiike, 11, 12, 15]
AT A R
3.2 ZLWAHE
3.2.1  FIE4K 3 694 %

S HER[11]77%, 78 100 mL [REFIRF A 2.5
mmol K5 X BZ 1 A1 3 mmol BEZEE) 2, T 60 mL Jo/KH
IR, N 1 ~2 RRERER, TEIR L R 48 h. %
RESE W fE, U e T R, R R i 4 o) FE R A R R
BN RBETOKEEE, CRROGEEFEIRANE. GYUERT
KRR EET 1, AR 7 5515 2] B Anfb &4 3a~3b.

3,4- G- S-EIE SE I 2 (SHD R R A (3a): £ [ 44k,
FEER 54%. m.p. 124.5~126.1 C; UV-Vis (CH,Cly) Amax:
249 nm; "H NMR (CDCls, 400 MHz) ¢: 6.23 (s, 1H), 7.20
(d, J=8.0 Hz, 2H), 7.33 (t, J=8.0 Hz, 1H), 7.38~7.45
(m, 2H), 7.50~7.58 (m, 4H); *C NMR (CDCl;, 100
MHz) 6: 98.1, 116.9, 123.8, 125.9, 126.4, 127.6, 127.8,
136.9, 139.0, 145.9, 154.1, 161.6; IR (film) v: 3030, 2970,
2850, 1799, 1638, 1607, 1514, 1485, 1265, 1215, 1096,
978, 833, 762, 746, 696 cm” L. Anal. caled for CH;oCLOs:
C 59.84, H 3.14; found C 59.78, H 3.12.

3,4- T IR-5-BE IR FE-2(SH) R IR (3b): 0 [E A,
FEE 46%. m.p. 95.6~97.4 °C; UV-Vis (CH,Cl,) Amax: 250
nm; '"H NMR (CDCls, 400 MHz) §: 6.25 (s, 1H), 7.22 (d,
J=8.0 Hz, 2H), 7.34 (t, J=8.0 Hz, 1H), 7.40~7.46 (m,
2H), 7.52~7.60 (m, 4H); *C NMR (CDCl;, 100 MHz) §:
101.5, 117.9, 119.2, 127.0, 127.4, 128.6, 128.9, 137.9,
140.1, 142.6, 155.3, 163.6; IR (film) v: 3073, 2922, 2851,
1784, 1612, 1589, 1524, 1487, 1269, 1228, 1196, 968, 837,
758, 690, 496 cm '. Anal. caled for C;sH,,Br,0;: C 46.86,

2424 http:/sioc-journal.cn/
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H 2.46; found C 46.73, H 2.30.
322 HAFREH 5 695k

50 mL —FEEHL A I 0.25 mmol A4 3,4- -
S-BRAREFE-2(SH)-PRIFERA(3), HEZE, Ny fRY TN 6
mL H7 280k (¥ THF %A%, I 0.30 mmol AEifik 4, F
B 0.30 mmol B8 KF, TLC EREE, M Al —8h 12~
24 h CRER A 12 h BEA]). B se ke, MR Eh K P
AR, 15 BIME HUE AR TRk
MR BT IRIG, BIERT, HETSE, B3 s
¥) Sa~5p.

3-B-4- U FE -5 TR S -2 (S H)- R T i (Sa): 1k B
EER, 773 60%. m.p. 44.2~45.8 C; UV-Vis (CH,Cl,)
Jmax: 265 nm; "H NMR (400 MHz, CDCly) &: 1.35 (t, J=
8.0 Hz, 3H), 3.52~3.67 (m, 2H), 5.35 (b, 1H), 6.23 (s,
1H), 7.21 (d, J=8.0 Hz, 2H), 7.34 (t, J=8.0 Hz, 1H),
7.41~7.46 (m, 2H), 7.53~7.59 (m, 4H); *C NMR
(CDClLs, 100 MHz) d: 13.7, 31.9, 95.7, 101.0, 117.2, 126.9,
127.3, 128.6, 128.8, 137.3, 142.3, 147.9, 155.2, 161.7; IR
(film) v: 3354, 3186, 3078, 2928, 2857, 1757, 1647, 1605,
1514, 1485, 1358, 1265, 1221, 1184, 1076, 966, 837, 766,
743, 698 cm™'; ESI-MS m/z (%): 328.17 ((M—H] ", 100).
Anal. caled for CigH,CINO;: C 65.56, H 4.89, N 4.25;
found C 65.57, H 4.96, N 4.19.

3-1R-4- 2 G B -5-BR A A FE - 2(S H)-PR I i (Sb): VR 35
O E K, 773 46%. m.p. 45.8~47.1 °‘C; UV-Vis (CH,Cl,)
Jmax: 269 nm; 'H NMR (400 MHz, CDCl;) 6: 1.35 (t, J=
8.0 Hz, 3H), 3.42~3.65 (m, 2H), 5.01 (b, 1H), 6.25 (s,
1H), 7.21 (d, J=8.0 Hz, 2H), 7.34 (t, J=8.0 Hz, 1H),
7.40~7.47 (m, 2H), 7.52~7.59 (m, 4H); *C NMR (100
MHz, CDCLy) d: 16.0, 39.3, 79.5, 95.9, 117.2, 126.9, 127.3,
128.6, 128.8, 137.3, 140.2, 155.3, 156.1, 166.9; IR (film)
v: 3320, 3078, 3036, 2922, 2851, 1757, 1643, 1602, 1514,
1485, 1356, 1265, 1217, 1190, 1095, 951, 837, 764, 698,
503 cm'; ESI-MS m/z (%): 372.15(IM—H] ", 99). Anal.
caled for C1gH;sBrNO;: C 57.77, H 4.31, N 3.74; found C
57.86, H 4.42, N 3.67.

3-5-4- M5 T JHg k-5 - B R A Bk -2 (S H)- R g 7l (S e): 7%
BAOE AR, P2 59%. mp. 87.6~889 C; UV-Vis
(CH2Cl) Amax: 265 nm; '"H NMR (400 MHz, CDCl;) o:
4.10 (s, 2H), 5.21~5.31 (m, 2H), 5.34 (b, 1H), 5.84~5.99
(m, 1H), 6.22 (s, 1H), 7.17 (d, J=8.0 Hz, 2H), 7.33 (t, J=
8.0 Hz, 1H), 7.38~7.46 (m, 2H), 7.50~7.58 (m, 4H); *C
NMR (100 MHz, CDCly) 6: 46.2, 95.1, 100.3, 117.1,
118.0, 126.9, 127.3, 128.5, 128.9, 133.3, 137.2, 140.1,
155.2, 156.3, 166.8; IR (film) v: 3312, 3078, 3036, 2928,
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2857, 1762, 1659, 1601, 1514, 1485, 1358, 1265, 1221,
1194, 1074, 974, 837, 766, 746, 698 cm '; ESI-MS m/z
(%): 340.29 ((M—H] ", 100). Anal. caled for C,oH;¢CINO;
C 66.77, H 4.72, N 4.10; found C 66.86, H 4.69, N 4.17.

3-JR-4-J A e -5- K R A B -2 (S H)- BRI T (S ) ¥k
WO A, P2 79%. mp. 92.5~943 C; UV-Vis
(CH,Cly) Amax: 269 nm; 'H NMR (400 MHz, CDCLy) o:
4.08 (s, 2H), 5.21~5.29 (m, 2H), 5.46 (b, 1H), 5.85~5.95
(m, 1H), 6.23 (s, 1H), 7.17 (d, J=8.0 Hz, 2H), 7.32 (t, J=
8.0 Hz, 1H), 7.38~7.45 (m, 2H), 7.50~7.56 (m, 4H); °C
NMR (100 MHz, CDCls) &: 46.3, 84.8, 95.9, 117.1, 118.1,
126.9, 127.3, 128.5, 128.9, 133.3, 137.1, 140.1, 1552,
159.0, 167.1; IR (film) v: 3306, 3078, 3036, 2928, 2857,
1757, 1647, 1518, 1450, 1358, 1265, 1223, 1190, 1074,
941, 833, 764, 698, 501 cm'; ESI-MS m/z (%): 384.24
(IM—H] ", 95). Anal. calcd for C;oH;sBrNO; C 59.08, H
4.18, N 3.63; found C 59.06, H 4.29, N 3.77.

3--4-(1- 38 O 28 £ i B -5- T R S8 R -2 (S H) -k g
fifl(5e): WA A, 2% 63%. mp. 101.9~103.9 C;
UV-Vis (CHyCl) Ama: 265 nm; 'H NMR (400 MHz,
CDCly) d: 1.57~1.66 (m, 4H), 1.94~2.04 (m, 4H), 2.30
(t, J=8.0 Hz, 2H), 3.44~3.69 (m, 2H), 5.01 (b, 1H), 5.18
(t, J=8.0 Hz, 1H), 6.19 (s, 1H), 7.19 (d, J=8.0 Hz, 2H),
7.34 (t, J=8.0 Hz, 1H), 7.40~7.46 (m, 2H), 7.53~7.59
(m, 4H); *C NMR (100 MHz, CDCl;) §: 22.2, 22.7, 25.3,
27.9, 38.4, 41.4, 95.2, 103.1, 117.2, 125.4, 126.9, 127.3,
128.6, 128.8, 133.2, 137.3, 140.2, 152.6, 155.3, 160.6; IR
(film) v: 3264, 3078, 2928, 2857, 1757, 1647, 1535, 1518,
1485, 1368, 1265, 1233, 1188, 1086, 962, 837, 764, 745,
698 cm'; ESI-MS m/z (%): 408.45 ([M—H]", 100). Anal.
calcd for Cy4H,4,CINOs: C 70.32, H 5.90, N 3.42; found C
70.53, H 5.86, N 3.57.

3-IR-4-(1-3 I B 2 e -5k R AR Bk -2 (S H)- PR i
i (5): B EEA, 723 55%. mp. 102.2~103.5 C;
UV-Vis (CH,ClL) Ama: 267 nm; 'H NMR (400 MHz,
CDCly) d: 1.57~1.66 (m, 4H), 1.90~1.95 (m, 2H),
2.01~2.06 (m, 2H), 2.29 (t, J=8.0 Hz, 2H), 3.41~3.66
(m, 2H), 5.14 (b, 1H), 5.55~5.59 (m, 1H), 6.21 (s, 1H),
7.19 (d, J=8.0 Hz, 2H), 7.34 (t, J=8.0 Hz, 1H), 7.40~
7.45 (m, 2H), 7.52~7.58 (m, 4H); *C NMR (100 MHz,
CDCly) d: 22.2, 22.7, 25.3, 27.9, 38.3, 41.5, 96.0, 101.0,
117.2, 125.5, 126.9, 127.3, 128.6, 128.9, 1332, 137.2,
140.2, 151.4, 155.3, 168.4; IR (film) v: 3312, 3073, 3030,
2928, 2857, 1753, 1647, 1601, 1514, 1485, 1358, 1265,
1221, 1074, 1007, 947, 837, 764, 698, 501 cm™'; ESI-MS
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m/z (%): 45239 ((M — H] , 100). Anal. caled for
CosH,BrNOs: C 63.44, H 5.32, N 3.08; found C 63.35 H
5.46,N3.17.

35 -4- Pl FE-5- IR A -2 (S H)-WR IR R (5g): 1% 3
E AR, 773 46%. m.p. 56.7~58.3 ‘C; UV-Vis (CH,Cl,)
Amax: 265 nm; "H NMR (400 MHz, CDCl;) &: 0.86-0.89 (m,
3H), 1.28~1.33 (m, 8H), 1.63~1.72 (m, 2H), 3.43~3.56
(m, 2H), 5.06 (b, 1H), 6.19 (s, 1H), 7.19 (d, J=8.0 Hz,
2H), 7.34 (t, J=8.0 Hz, 1H), 7.40~7.45 (m, 2H), 7.53~
7.58 (m, 4H); *C NMR (100 MHz, CDCLy) §: 14.0, 22.6,
26.5,28.9,30.7,31.7,44.3,87.7,95.1, 117.1, 126.9, 127.3,
128.5, 128.8, 137.2, 140.2, 149.6, 155.3, 166.3; IR (film)
v: 3323, 3073, 2922, 2856, 1757, 1649, 1602, 1514, 1485,
1362, 1265, 1221, 1194, 1074, 962, 837, 766, 746, 698
cm 'y ESI-MS m/z (%): 398.45 (M—H] ™, 100). Anal.
calcd for Cy3H,CINO;: C 69.08, H 6.55, N 3.50; found C
69.01, H 6.68, N 3.59.

3-1R-4- B -5k 2R A BE -2 (S H)-PR IR B (Sh): 35 €
KER, P2 57%. UV-Vis (CH,Cl) Apex: 268 nm; 'H
NMR (400 MHz, CDCl;) d: 0.86~0.89 (m, 3H), 1.27~
1.35 (m, 8H), 1.63~1.70 (m, 2H), 3.33~3.58 (m, 2H),
5.14 (b, 1H), 6.22 (s, 1H), 7.19 (d, J=8.0 Hz, 2H), 7.33 (t,
J=8.0 Hz, 1H), 7.39~7.49 (m, 2H), 7.50~7.58 (m, 4H);
BC NMR (100 MHz, CDCLy) &: 14.0, 22.6, 26.5, 28.9,
30.6, 31.7, 44.4, 83.6, 95.9, 117.1, 126.9, 127.3, 128.5,
128.8, 137.2, 140.2, 155.3, 156.1, 161.8; IR (film) v: 3300,
3078, 3036, 2928, 2857, 1753, 1643, 1602, 1518, 1491,
1358, 1265, 1221, 1190, 1074, 951, 833, 764, 698, 501
cm '; ESI-MS m/z (%): 442.35([M—H]", 97). Anal. calcd
for Co3Hy6BrNO;: C 62.17, H 5.90, N 3.15; found C 62.31,
H 5.88, N 3.29.

3--4-F i 3-S5 BE R S BE -2 (S H)- PR IR B (S1): 1 3%
E AR, 773 43%. m.p. 47.6~49.0 ‘C; UV-Vis (CH,Cl,)
Jmax: 266 nm; 'H NMR (400 MHz, CDCl3) J: 0.86~0.89
(m, 3H), 1.28~1.34 (m, 10H), 1.60~1.67 (m, 2H), 3.40~
3.59 (m, 2H), 4.96 (b, 1H), 6.21 (s, 1H), 7.20 (d, J=8.0
Hz, 2H), 7.34 (t, J=8.0 Hz, 1H), 7.40~7.46 (m, 2H),
7.53~7.59 (m, 4H); *C NMR (100 MHz, CDCl;) §: 13.0,
21.6, 25.5, 28.1, 28.2, 29.7, 30.7, 43.3, 87.4, 94.1, 116.1,
125.9, 126.3, 127.5, 127.8, 136.2, 139.1, 154.2, 156.3,
166.7; IR (film) v: 3300, 3073, 3030, 2922, 2856, 1757,
1647, 1602, 1518, 1487, 1364, 1265, 1221, 1194, 1076,
962, 833, 768, 743, 694 cm '; ESI-MS m/z (%): 412.35
([M—H] ", 100). Anal. calcd for C,4H,3CINO;: C 69.64, H
6.82, N 3.38; found C 69.57, H 6.97, N 3.49.
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3-Y-4-3F i - ST IR SR R -2 (S HD)-WR I IR (5)): ¥R 3%
E AR, 723 55%. m.p. 48.3~49.8 ‘C; UV-Vis (CH,Cl,)
Jmax: 266 nm; '"H NMR (400 MHz, CDCl3) d: 0.86~0.89
(m, 3H), 1.27~1.37 (m, 10H), 1.63~1.68 (m, 2H), 3.34~
3.58 (m, 2H), 5.10 (b, 1H), 6.22 (s, 1H), 7.19 (d, J=8.0
Hz, 2H), 7.34 (t, J=8.0 Hz, 1H), 7.39~7.46 (m, 2H),
7.52~7.58 (m, 4H); °C NMR (100 MHz, CDCl5) ¢: 13.0,
21.6, 25.5, 28.1, 28.2, 29.6, 30.7, 43.5, 83.9, 94.9, 116.1,
125.9, 126.3, 127.5, 127.8, 136.2, 139.1, 154.2, 157.4,
166.7; IR (film) v: 3300, 3078, 3036, 2928, 2857, 1753,
1643, 1602, 1518, 1491, 1358, 1265, 1221, 1190, 1074,
951, 833, 764, 698, 546 cm '; ESI-MS m/z (%): 456.33
(IM—H] , 100). Anal. calcd for CyyHpsBrNO;: C 62.88, H
6.16, N 3.06; found C 62.97, H6.18, N 3.01.

3-G-4-ZE -5 - B S L -2 (S H)-PR I I (SK): ¥R 75
E AR, 723 66%. m.p. 50.1~51.7 ‘C; UV-Vis (CH,Cl,)
Jmax: 264 nm; "H NMR (400 MHz, CDCl;) d: 0.87 (t, J=
8.0 Hz, 3H), 1.22~1.30 (m, 14H), 1.59~1.66 (m, 2H),
3.36~3.55 (m, 2H), 5.35 (b, 1H), 6.14 (s, 1H), 7.15 (d,
J=8.0 Hz, 2H), 7.30~7.35 (m, 1H), 7.38~7.43 (m, 2H),
7.50~7.54 (m, 4H); °C NMR (100 MHz, CDCLy) ¢: 14.1,
22.7, 26.5, 29.2, 29.3, 29.5, 29.6, 30.7, 31.9, 44.2, 87.5,
95.2, 117.2, 126.9, 127.3, 128.5, 128.9, 137.1, 140.1,
155.3, 155.8, 167.8; IR (film) v: 3312, 3078, 3030, 2928,
2857, 1748, 1643, 1602, 1518, 1485, 1364, 1265, 1233,
1109, 1082, 966, 837, 766, 746, 694 cm '; ESI-MS m/z
(%): 440.47 ((M—H] , 100). Anal. caled for CyHj,-
CINOs: C 70.65, H 7.30, N 3.14; found C 70.83, H 7.44, N
3.09.

3-YR-4- B H -5 AR A -2 (S H)-WR I R (S1): ¥ 3%
EE K, 773 72%. m.p. 49.7~50.7 ‘C; UV-Vis (CH,Cl,)
Jmax: 265 nm; 'H NMR (400 MHz, CDCly) 6: 0.87 (t, J=
8.0 Hz, 3H), 1.22~1.32 (m, 14H), 1.59~1.70 (m, 2H),
3.25~3.62 (m, 2H), 5.31 (b, 1H), 6.18 (s, 1H), 7.16 (d,
J=8.0 Hz, 2H), 7.31~7.36 (m, 1H), 7.38~7.43 (m, 2H),
7.50~7.56 (m, 4H); *C NMR (100 MHz, CDCl;) : 14.1,
22.7, 26.5, 29.2, 29.3, 29.5, 29.6, 30.6, 31.9, 44.3, 92.1,
96.0, 117.1, 126.9, 127.3, 128.5, 128.9, 137.1, 140.1,
155.3, 155.8, 167.6; IR (film) v: 3318, 3073, 3030, 2928,
2857, 1753, 1647, 1602, 1518, 1485, 1364, 1265, 1217,
1101, 1080, 951, 833, 764, 694, 501 cm '; ESI-MS m/z
(%): 484.45 (M — H] , 100). Anal. caled for
CaH3,BrNOs: C 64.20, H 6.63, N 2.88; found C 64.32, H
6.77,N 2.81.

3-SR -4 T JH R -5 T R A R -2(5 H)- K I I (Sm):
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WHEOEE, 7% 63%. mp. 57.6~58.8 ‘C; UV-Vis
(CH,Cly) Amax: 266 nm; 'H NMR (400 MHz, CDCLy) o:
0.85~0.89 (m, 3H), 1.24~1.28 (m, 18H), 1.63~1.68 (m,
2H), 3.32~3.61 (m, 2H), 5.20 (b, 1H), 6.16 (s, 1H), 7.17
(d, J=8.0 Hz, 2H), 7.33 (t, J=8.0 Hz, 1H), 7.39~7.45
(m, 2H), 7.51~7.56 (m, 4H); *C NMR (100 MHz, CDCl5)
5:14.1,22.7, 26.5,29.2, 29.4, 29.5, 29.6, 29.7, 29.8, 30.7,
31.9, 44.2, 90.6, 95.1, 117.2, 126.9, 127.3, 128.5, 128.8,
137.1, 140.1, 155.3, 156.1, 167.8; IR (film) v: 3281, 3084,
2922, 2851, 1746, 1647, 1550, 1518, 1485, 1364, 1304,
1236, 1113, 1080, 972, 837, 766, 746, 694 cm'; ESI-MS
miz (%): 46841 (M —H] , 100). Anal. caled for
CasH3sCINO;: C 71.55, H 7.72, N 2.98; found C 71.63, H
7.64,N 3.01.

3-R-4-1 RS- BRI A FE -2 (S H)- PR R A (Sm): 7%
B4R, P7F 78%. mp. 49.6~504 C; UV-Vis
(CHyCly) Amax: 268 nm; 'H NMR (400 MHz, CDCLy) &:
0.85~0.90 (m, 3H), 1.22~1.30 (m, 18H), 1.62~1.70 (m,
2H), 3.25~3.64 (m, 2H), 5.29 (b, 1H), 6.18 (s, 1H), 7.17
(d, J=8.0 Hz, 2H), 7.32 (t, J=8.0 Hz, 1H), 7.38~7.45
(m, 2H), 7.50~7.56 (m, 4H); *C NMR (100 MHz, CDCl)
5:14.1,22.7,26.5,29.2, 29.4, 29.5, 29.6, 29.7, 29.8, 30.6,
31.9, 443, 88.7, 95.9, 117.1, 126.9, 127.3, 128.5, 128.8,
137.1, 140.1, 156.3, 159.2, 167.1; IR (film) v: 3294, 3078,
3030, 2922, 2851, 1757, 1643, 1602, 1518, 1487, 1364,
1265, 1221, 1188, 1076, 951, 833, 764, 698, 507 cm ';
ESI-MS m/z (%): 512.47 ((IM—H] , 100). Anal. calcd for
C,sH3BrNOs: C 65.37, H 7.05, N 2.72; found C 65.42, H
7.17,N2.61.

3- G4 VU & JE-5- IR A k-2 (S H)-WR I Bl (S0): ¥R
O, 2R 69%. mp. 69.7~71.5 C; UV-Vis
(CH,Cly) Amax: 266 nm; 'H NMR (400 MHz, CDCLy) o:
0.85~0.90 (m, 3H), 1.22~1.30 (m, 18H), 1.60~1.68 (m,
2H), 3.33~3.56 (m, 2H), 5.35 (b, 1H), 6.13 (s, 1H), 7.15
(d, J=8.0 Hz, 2H), 7.32 (t, J=8.0 Hz, 1H), 7.38~7.44
(m, 2H), 7.50~7.55 (m, 4H); *C NMR (100 MHz, CDCl5)
5:14.1,22.7,26.5,29.2, 29.3, 29.4, 29.5, 29.6, 29.7, 29.8,
29.9, 30.7, 31.9, 44.2, 88.1, 952, 117.2, 126.9, 127.3,
128.4, 128.9, 137.1, 140.1, 153.0, 155.3, 167.3; IR (film)
v: 3300, 3078, 3036, 2928, 2857, 1746, 1639, 1553, 1514,
1485, 1362, 1223, 1188, 1107, 1080, 966, 833, 760, 741,
698 cm '; ESI-MS m/z (%): 496.49 (IM—H] ", 100).
Anal. caled for C3H4CINO;: C 72.34, H 8.09, N 2.81;
found C 72.51, H8.18, N 2.61.

3-1R-4-1 U i e -5- BRI A 2R -2 (S H)- PR PR A (Sp): 7%
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BAOE AR, 2R 72%. mp. 723~73.7 C; UV-Vis
(CH,CL) Amax: 268 nm; 'H NMR (400 MHz, CDCls) d:
0.85~0.90 (m, 3H), 1.23~1.29 (m, 18H), 1.59~1.67 (m,
2H), 3.29~3.56 (m, 2H), 5.37 (b, 1H), 6.16 (s, 1H), 7.15
(d, J=8.0 Hz, 2H), 7.31 (t, J=8.0 Hz, 1H), 7.38~7.43
(m, 2H), 7.50~7.55 (m, 4H); >C NMR (100 MHz, CDCl;)
0:14.2,22.7,26.5,29.3,29.4, 29.5, 29.6, 29.7, 29.8, 29.9,
30.6, 32.0, 44.3, 96.0, 100.0, 117.1, 126.9, 127.3, 128.5,
128.9, 137.0, 140.1, 155.3, 157.0, 167.4; IR (film) v: 3294,
3084, 3030, 2928, 2862, 1753, 1638, 1551, 1518, 1487,
1364, 1263, 1221, 1098, 1076, 951, 833, 764, 694, 501
cm ' ESI-MS m/z (%): 540.41 ((M—H], 100). Anal.
calcd for C30H4BrNO;: C 66.41, H 7.43, N 2.58; found C
66.51, H7.42, N 2.69.

HHBM KL (Supporting Information) Fif 18 1NHT &k
&Y 3a~3b. Sa~5p HIRZHIILIRE Y . R IRKR
TR ] 3K e RE AT DL G B AR T IR 35 (hittp://sioc-
journal.cn/) . N #.
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