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Synthesis of 2(5H)-Furanone Derivatives with Biphenyl Ether Unit
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Abstract Sixteen 5-(4'-alkoxybiphenyl-4-yloxy)-3,4-dihalo-2(5H)-furanones are synthesized via the direct dehydrative
etherification reactions of 4'-alkoxybiphenyl-4-ol with mucochloric acid and mucobromic acid, respectively, using sulfuric acid
as catalyst at reflux in toluene from 30% to 58% yields (mostly over 47%). The moderate yields may be due to that this ac-
id-catalyzed etherification should be a Sy2 nucleophilic substitution reaction. The structures of all newly synthesized com-
pounds are elucidated and confirmed by FTIR, UV, 'H NMR, '*C NMR, and elemental analysis. The synthetic procedures af-
ford not only an important strategy for the synthesis of 2(5H)-furanone derivatives having potential bioactivity, but also a sim-
ple method for the synthesis of aromatic ether from two different hydroxyl compounds.

Keywords 2(5H)-furanone; biphenyl structure; synthesis; aromatic ether; dehydrative etherification; Sy2 reaction mechanism
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Lk, 7E¥ EE R 5] N 2(5H)-Wk iR
HHIE AR VF 20 T IRIE f, — bk e B B T
2(SH)-MRI IR S5 R 3-hr 88 4-f7 1257121 e 2(5H)-ME IR
BAZER S-DrAT IS R HRE A DB ST g,
AT 4,4-BR W 1. =ARE 2 FURREE 4 )5
B, oA AT T Al 3 2(5H)-WRIERE a4 5,
THEAE 5 1) S-ALRAERMER L, BRITE T R
VBS54 25 H)-Pok Mo ] R 0 25 9 ot 26 42 4% 12 S0 G (1) 37
2(5H)-PEMERAT A4 6 (Scheme 1).

1 ERSHE
1.1 BfHEYMNER

Bt B &9 6 & —Fh 5 F 2K &Y
(Scheme 1). XTI HBMBILEVNERKR, BOAERE
(AR, EE T PR R A A ) B R AT A R
W AR B A ) S5 F WA S A B AR F R ik
dt s TR R A HLA i R 44 S5 7 TH ATV 25 BN,
XALAS Y A A P AL 2 B fe B2 A& D v
Hh B A RN R I 05 A ROk 2 B E AL, Kk, Murai
SIS TF R T = 8 PP TR i A 1) 4 T /K B A
b REZIERAT R m. FAEBKIENEF= S
A5, BRI FH F 4 Ja8 AR AR = 5 P R R B LR 5 WGl . A
I B0 DS A A T4 R,

A SCAE R A RO F 2(5H)- Wk R B AL 2 BF T
IO T () 2(SH)-WRIEHR  S5-47 kb s B ) Stk I
SR DAE G E BRI S 15310 H,SO, 1E AL 77 S T
RUWEDES Z FREHIBR R S B ERUKEL. LA
4T E AR (3a) 5 5-FR2E-3,4- T E-2(S H)-PR IR
CRE AR 5a) 1) SN AR (Scheme 1), TLC BRER N, &5
RR B ETE 48 h HE LA 53% 01070 B 7= 3R 15 5-(4'- T 41 %
4-BE IR IE)-3,4- R -2(5H)-Mk IR (6a). 1HSE, RIfHEL

AR A () PR A A 75 (A R AV 5 43 1D O T TR %o Y ATt R
5L 5 HoSO, TR AW FIAF (0 — ), FFIEK b
IR (AR 72 h), 2% AT e DA — P4 v, BB
A 2 F AT AT ARSI 2 SR A AR ALE.

DRI, R FHAZ IRONE 26 A 4k A B T LAt I 0 5 Bk b
4% 6b~6p (Scheme 1), 7= 30%~58%(KEm T
47%, 1), XFEERTEN, X TAH [FDRG <R S, AN R R
3 RSN, R e A R EOA B 10 WAL AP
6 M7 F A B BB K(Entries 13~16); XFT-AHE HIEY
3, KHEUER Sa A b 5-F3E-3 4- T IR-2(SH)-WR I ER CRE IR
1% Sb) A BT [ BRI Entry 1 5 Entry 2 %FLE).

JUE NG, 1K 5-(4-J S Ik -4- R A Ok )-3,4- T K-
2(5H)-PR e A6 B 0 1R 72 2R AR, R I 5 DA RS T TR
ST VKR B O K SRR A 70%
PA_E Bk Ak 7 SR O B R AR BEAR, X AT AE S P D
AN TR (32 B 5 1 T B /K 1 ) S 97 2 22 (0 i b Adk T
REPE b lEAR 3 1o, BAAG =PI T ha e 1A
[, BEERKFH TLC WE 51wk EN 0 584
THOLE, HEATRE M HoSO, fiA0 I BRI /K kAL S
NEATLER.

1.2 FIRERYR RIALIE

PR 2 B Ak A W 2 TR P B /K B A S R, 38 R 42 R
Sn1 BE S\2 SEAZEUR S S ALERZEAT. B bk Ack fg Jd 7K Tk
o R Se1 MLERHEAT, BT MR &R EAR Y
2, BAZA2 RS R S5 ¥ Rk E 3§ A& (Scheme 2)
(B2, WIAFEPRE R S, o ATT ) o (a4 1 PR 45 44 (1)
ANEATREE FTANE]. XTAE SRR Sa, AT LA Ia, Ib, Ie =
JLIRGERY. WHREIRER 5b, T IRIE T HIE4A SR T4
Peid ok, AMETH SR TR, Te At <0,
A Ta A1 Ib P RNILIRZEH.

Kl, K,CO
n Methanol
2

1

X X

or Bry, H,O O

Reflux

3a~3h
n=2345,6,7,8,12

X X
HCI, MnO, — 3 H <Z=§:
@—CHO ——— 1o o —»\Q;\oo o
O toluene, reflux (0]
4

5 48~72h

6a ~ 6p

5a: X =Cl 6a:n=2X=Cl go -5 x=c| 6 n=7X=Br
5b: X = Br 6b:n=2,X=Br gp. -5 x=Br 6m: n=8 X=Cl
6c:n=3,X=Cl g -6 X=Cl 6n: n=8 X=Br
6d:n=3,X=Br 6j; n=6,X=Br 60: n=12,X=Cl
6e:n=4,X=Cl 6k:n=7,X=Cl 6p: n=12,X=8Br

6f: n=4 X=Br

BIX1 Birfba® 6 E kL

Scheme 1 The synthetic route of target compounds 6
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F1 Histb &4
Table 1 The yields of target compounds 6

Entry Substrate 3 2(5H)-Furanone 5 Compound 6 Yield®/%

Cl Cl
1 n=2 (3a) X=Cl (5a) %\oo@o 53
6a

Br. Br
2 3a X=Br (5b) Wooﬁ;o 46
6b
Cl Cl
3 n=3 (3b) 5a Woo«Z}o 49
6¢
Br. Br
4 3b 5b Woo«Z}o 47
6d
Cl Cl
S ea “ Yol o Lo
6e
Br. Br
of
Cl Cl
7 n=5 (3d) 5a Woo«Z}o 58
6g
Br. Br
8 3d 5b Wool?:o 53
6h
Cl Cl
v aea “ S e W U o SR
6i

Br. Br
10 3e 5b Woo@o 51
6j
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Entry Substrate 3 2(5H)-Furanone 5 Compound 6 Yield®/%
Cl Cl
11 n=17(3f) 5a Woo@o 54
6k
Br, Br
12 3f 5b \Mj\oo%Lo 48
6l
Cl Cl
13 =3 (g) 5a WO OQZLO 2
6m
Br. Br
14 3g 5b Woo«Z}o 39
6n
Cl o]]
15 n=12 (3h) 5a Woo#o 33
60
16 3h 5b

Br. Br
6p

“Reaction conditions: 4'-alkoxy biphenyl-4-ol 3 (3 mmol), 5-hydroxy-3,4-dihalo-2(5H)-furanone 5 (2.5 mmol), toluene (60 mL), 1~2 drops sulfuric acid, reflux, 72

h; ?isolated yield.

BRILIRER R, BT -8R T LRI BT
FEERRFE B LB EH, M2 T 1a & A e,
WS T B &Y 6 HIER(Scheme 2). [FR, BT
KSR Sa LURGIRER Sb ZAE(E—FhILdREE M, HLL Sa
RIRAEAT I LI = ZE AR B, XS R 1 PR sEER
SERARTA. IR SNl HLEE, By 3 5= R AR
ROZASK, ERBEY 3 Ll E s KSR 2 s/ b
— PSS, RIS R A E AR — S A SE A IR Syl HLEREE
171,

Ffeltth, BT MmREWREA S, Rtk
A B K B A s S 218 S\ HLERHEAT, RS 12 2 Hh i R
5 JE AU Scheme 2 FTn (IR T, H& 4w H brft
G 6. IIERS T B OBIR F01 T 2(SH)-MRIEERIAF
TR S-07, P T 455 PR I 1 A 45 25 H)-PR IR R (1) 4157
R T 1AL T S &R T FR P A —
MEFE, X BB TS T IR, iR & S8~
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IR AR (30%~58%, K 1).

[, B SRR 3 b d B g, Hoz
FE (23 (A7 BHAR FT A TR e VS T TR, 8
S R BOE T 14 B EHEF B (K 1, Entries 15, 16). 2542
i, 5 2(SH)-FRIFEER IR 4-057 B J5 1 FHE < 5 B ] B
FAAE— S AR, I BRI T ke 7
TSNS, DR 5 T4 /N U 75 P2 R 2 =
SRR AR, X B4 5a H 5b A5 FI 52
IH 4k B —3HI(F 1, W Entry 3 5 Entry 4 % Eb).

BT UL E2ANRE, MR 3 kA AU 14,
H 5K RER Sb N, [V HRKER 1, Entry 16).
2, KX T RERAGE W5 R o BRI AT TR A SR 26 1y
s IO S AR S R R AL 4 S 4- B R
3 5 5333 4- T )-2(SH)-PRIRERCR: s B2 5) i 7K ik
B, % SN2 MIERAE—EFEE LREIS L Syl HLEEEE
UF AR SO F s, HAR VT RE TG SN2 WLEEEEAT 1)
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(Scheme 2), {HA 75 AR FIH 70+ T30 56 2 HIUEHE.
1.3 L&Y RRIE

LLAMGIE T, AR C—H B8 45 3R ) I AE
3070~3030 cm ' X3, WA C—H MIH4EIRshHBLE
2970~2850 ecm ' X1k, ) C=0 MRS HBTE
1796~1770 em ' X1, C=C 4IRS LA 1670~
1630 cm™ ' X35k, 117 HAE 1615~1460 cm ™' {38 Bl A 75 &
WHIB 3RS, Kk, ai itk Bt amEH
2(5H)-PRIE IR FIR IR G548, 5Ll 240~280 nm i [l
(52 AN, R B bt &9 6 HA7{E C=C—C=
O &F3LHEZ5 1 (Scheme 1).

£ 'TH NMR 1, § 6.03~6.26 Y B4 2(5H)-"k IR B3

SERII S-PLEAEAE. GG AN RAE, XU TE %R

NEZEAT T 2(5H)-FRIERR PR 4546 35 52 BIRC T3R5
bk, FSER AL 6 6.81~7.54 [yul, HAhK
iR MAC U 5 TR F) — 5. Rk, &6 1 BC
NMR FITCE T E0HE, 0 AAR B B e (i — 5 lzltb
B BUEW TACEYD 6 ML A, BEENE, X
SEEEMIRAER B, R WIR R R L&A 2 iUt
HH, Wigdt. g, XU, 2430, Bpgg. RIA%, HiZ
PR (A P Tk A S5 AT 2 T AT 1D,

2 Zhig

LR AT fa] B A S0 2 1 T, I R A 1A fd 7 P
IR, BINE T 16 ASETHBABIREE ) 5-5

-3 4- 7 p-2(5H)- ﬂiiﬂrﬁ@ﬂ%A% SN AT REAEIZ R SN2
SOSHLEREAT /). XS5 2 AR a3 A1 B ARk &
PRI, NI DR A R R AL T R, [H
i, B EWEH C—X . LY My &9 %EL
FE A>T G R T R — B O AR 2(5H)-
WR IR B AT A . 248K, B RTHROE 1% B, BE D T B
2(5H)-MR Mgl R 44 5- ﬁE’JIJJ““{Jc RO, AN
Z B e R 3L & W 2 TR I 1A v 1Y B R AL A RS
i, PRAL T —FoRngs

3 SIS

3.1 X5

X-5 B AOA s A, ARAZIE; {8 [E Bruker Vector 33
FT-IR YA, WA2(CH,CL); 5E Varian DRX-400
MHz #ZBEIIRI AR CDCL, WHR TMS); Shimazu
UV-2550 444X, 5 [ Thermo Flashea TM 112 JG &
ST B GRS N TS i gl R& ik — b alifk.
HlE A 3, DUBEZE Wy 1 A& 2 RN 22 3k
[I9THHAT A R, HRIaIA S, DARKE i 4 25T B 7R D i
Bl ZHECHR[T, 16, 17T AR
32 TWHE

1E 100 mL [BE BN 2.5 mmol $hix S 5 F1 3
mmol Xj‘k*’a‘?hﬁﬁééﬂ*:%qjl‘ﬁﬂdi 3, T 60 mL /K
oSN 1~2 TEIRERER, THIRRE PRI 48~72 h

Syt
X X X X X X X, X cl cl*
HO O™ HyO o——| « o~ o~—— [ 0
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Scheme 2 The possible reaction mechanism
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RZESR G, IR B 2R, R = b 23 ) P v A R A
By, EB TR, CRROBEFEICENE. BVUERT
IKBREREE T, HZHT 7 B15 2 H ARk &4 6a~6p.

S-(4'- T SE k-4 B R A S )-3,4- S -2(5 H)-VR T
(6a): H A4k, F*% 53%. mp. 1083 ~110.1 C;
UV-vis (CH,Cly) Amax: 266 nm; 'H NMR (CDCls, 400
MHz) 6: 0.99 (t, J=8.0 Hz, 3H), 1.47~1.56 (m, 2H),
1.76~1.83 (m, 2H), 4.00 (t, 2H), 6.25 (s, 1H), 6.96 (d, J=
8.0 Hz, 2H), 7.19 (d, J=8.0 Hz, 2H), 7.46 (d, J=8.0 Hz,
2H), 7.53 (d, J=8.0 Hz, 2H); *C NMR (CDCl;, 100 MHz)
5:13.9, 19.3, 31.4, 67.8, 99.3, 114.9, 118.0, 124.9, 128.0,
128.1, 132.4, 137.7, 147.0, 154.7, 158.8, 162.8; IR (film)
v: 3051, 2967, 2930, 2872, 1796, 1640, 1606, 1501, 1474,
1240, 1098, 1022, 984, 827, 746 cm '. Anal. calcd for
CaoH15CLO4: C 61.08, H 4.61; found C 61.17, H 4.73.

S-(4'- T SE Ik -4- R AR S )-3,4- IR -2(S H)-VR T i
(6b): AL, 7% 46%. mp. 124.1~1258 C;
UV-vis (CH,Cly) Amax: 260 nm; 'H NMR (CDCls, 400
MHz) 6: 0.91 (t, J=8.0 Hz, 3H), 1.40~1.47 (m, 2H),
1.68~1.75 (m, 2H), 3.93 (t, J=8.0 Hz, 2H), 6.17 (s, 1H),
6.89 (d, J=8.0 Hz, 2H), 7.12 (d, J=8.0 Hz, 2H), 7.39 (d,
J=8.0 Hz, 2H), 7.45 (d, J=8.0 Hz, 2H); *C NMR
(CDCls, 100 MHz) d: 13.9, 19.3, 31.4, 67.8, 101.6, 114.9,
118.0, 119.2, 128.0, 128.1, 132.4, 137.7, 142.6, 154.8,
158.8, 163.7; IR (film) v: 3044, 2967, 2930, 2872, 1782,
1654, 1611, 1501, 1474, 1240, 1094, 1026, 974, 822, 538
cm !, Anal. caled for C,oH3Br,04: C 49.82, H 3.76; found
C 49.95, H 3.89.

5-(4'- I3 A B -4- TR S 3L )-3,4- & -2(SH)- WK IR i
(6c): AEK, P23 49%. m.p. 99.1~100.7 C; UV-vis
(CH,Cly) Amax: 267 nm; 'H NMR (CDCls, 400 MHz) &:
0.94 (t, J=8.0 Hz, 3H), 1.34~1.49 (m, 4H), 1.76~1.83
(m, 2H), 3.97 (t, J=8.0 Hz, 2H), 6.19 (s, 1H), 6.94 (d, J=
8.0 Hz, 2H), 7.16 (d, J=8.0 Hz, 2H), 7.45 (d, J=8.0 Hz,
2H), 7.50 (d, J=8.0 Hz, 2H); *C NMR (CDCls, 100 MHz)
5: 14.1, 22.5, 28.3, 29.0, 68.1, 99.3, 114.9, 118.0, 124.8,
128.0, 128.1, 132.3, 137.6, 147.0, 154.7, 158.9, 162.8; IR
(film) v: 3036, 2963, 2924, 2866, 1792, 1638, 1609, 1503,
1470, 1238, 1107, 1020, 988, 824, 746 cm . Anal. calcd
for C5Hy0CL,04: C 61.93, H 4.95; found C 62.05, H 5.01.

5-(4'- I3 5 B -4- TR A1 3L )-3,4- IR -2(SH)- WK IR i
(6d): F B E A, F*F 47%. mp. 106.5~107.7 C;
UV-vis (CH2Cly) Amax: 262 nm; 'H NMR (CDCls, 400
MHz) 6: 0.94 (t, J=8.0 Hz, 3H), 1.35~1.50 (m, 4H),
1.77~1.84 (m, 2H), 3.99 (t, J=8.0 Hz, 2H), 6.24 (s, 1H),

1086 http://sioc-journal.cn/
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6.96 (d, J=8.0 Hz, 2H), 7.19 (d, J=8.0 Hz, 2H), 7.46 (d,
J=8.0 Hz, 2H), 7.53 (d, J=8.0 Hz, 2H); “C NMR
(CDCls, 100 MHz) 6: 14.1, 22.5, 28.2, 29.0, 68.1, 101.6,
114.9, 118.0, 119.2, 128.0, 128.1, 132.4, 137.7, 142.6,
154.8, 158.8, 163.7; IR (film) v: 3048, 2953, 2924, 2857,
1778, 1657, 1614, 1499, 1474, 1229, 1098, 1030, 977, 824,
519 ¢cm ', Anal. caled for C,1Hy0Br,O4: C 50.83, H 4.06;
found C 50.97, H 4.15.

5-(4'- USRI -4 B0E R R 3 )-3,4- L S-2(5 H)- W WG
(6e): AE K, % 54%. mp. 1082~ 1100 C;
UV-vis (CHyCly) Ama: 267 nm; 'H NMR (CDCls, 400
MHz) §: 0.80 (t, J=8.0 Hz, 3H), 1.21~1.26 (m, 4H),
1.32~1.39 (m, 2H), 1.64~1.71 (m, 2H), 3.84 (t, J=8.0
Hz, 2H), 6.04 (s, 1H), 6.82 (d, J=8.0 Hz, 2H), 7.02 (d, J=
8.0 Hz, 2H), 7.32 (d, J=8.0 Hz, 2H), 7.37 (d, J=8.0 Hz,
2H); *C NMR (CDCls, 100 MHz) 6: 14.1, 22.7, 25.8, 29.3,
31.7, 68.2, 99.3, 114.9, 118.0, 124.8, 128.0, 128.0, 132.3,
137.6, 147.0, 154.7, 158.9, 162.7; IR (film) v: 3036, 2963,
2934, 2866, 1796, 1636, 1607, 1501, 1476, 1236, 1105,
1018, 984, 822, 745 cm ™ '. Anal. calcd for Cp,H,,CLO,: C
62.72, H 5.26; found C 62.83, H 5.34.

5-(4'- VAR FE -4- R A 36 )-3,4- IR -2(S H)-PR TG i
6f): A EEMA, 7% 54%. mp. 107.6~109.4 C;
UV-vis (CH,Cly) Anex: 261 nm; 'H NMR (CDCls, 400
MHz) 6: 091 (t, J=8.0 Hz, 3H), 1.33~1.38 (m, 4H),
1.44~1.51 (m, 2H), 1.77~1.84 (m, 2H), 3.99 (t, J=8.0
Hz, 2H), 6.25 (s, 1H), 6.96 (d, J=8.0 Hz, 2H), 7.20 (d, J=
8.0 Hz, 2H), 7.47 (d, J=8.0 Hz, 2H), 7.53 (d, J=8.0 Hz,
2H); *C NMR (CDCl;, 100 MHz) 6: 14.1, 22.6, 25.8, 29.3,
31.6, 68.2, 101.6, 114.9, 118.0, 119.2, 128.0, 128.1, 132.4,
137.7, 142.6, 154.8, 158.8, 163.7; IR (film) v: 3044, 2957,
2930, 2862, 1782, 1663, 1611, 1501, 1474, 1240, 1094,
1007, 974, 822, 534 cm !, Anal. caled for CyHyyBrO,: C
51.79, H 4.35; found C 51.91, H 4.46.

5-(4'- PE AR I -4 B0K R SR 3 )-3,4- 25 H)- W WG
(6g): AMEIA, 723 58%. m.p. 99.6~101.2 C; UV-vis
(CHyCly) Amax: 266 nm; 'H NMR (CDCls, 400 MHz) §:
0.90 (t, J=8.0 Hz, 3H), 1.23~1.35 (m, 6H), 1.43~1.51
(m, 2H), 1.77~1.84 (m, 2H), 3.99 (t, J=8.0 Hz, 2H), 6.26
(s, 1H), 6.96 (d, J=8.0 Hz, 2H), 7.20 (d, J=8.0 Hz, 2H),
7.47 (d, J=8.0 Hz, 2H), 7.53 (d, J=8.0 Hz, 2H); "*C
NMR (CDCls, 100 MHz) d: 14.1, 22.6, 26.0, 29.1, 29.3,
31.8, 68.1, 99.3, 114.9, 118.0, 124.9, 128.0, 128.1, 132.4,
137.8, 146.9, 154.7, 158.8, 162.8; IR (film) v: 3048, 2963,
2934, 2867, 1792, 1638, 1609, 1503, 1470, 1242, 1132,

Chin. J. Org. Chem. 2015, 35, 1081~1089
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1020, 982, 824, 741 cm™'. Anal. calcd for Co3H,CLOy: C
63.46, H 5.56; found C 63.58, H 5.65.

5-(4'- P JE -4- TR R U L )-3,4- TR -2(S H)- R W i
(6h): [, 5% 53%. mp. 104.6~1063 C;
UV-vis (CH,Cly) Amax: 259 nm; '"H NMR (CDCls, 400
MHz) §: 0.90 (t, J=8.0 Hz, 3H), 1.26~1.38 (m, 6H),
1.42~1.50 (m, 2H), 1.76~1.83 (m, 2H), 3.97 (t, J=8.0
Hz, 2H), 6.21 (s, 1H), 6.95 (d, J=8.0 Hz, 2H), 7.17 (d, J=
8.0 Hz, 2H), 7.45 (d, J=8.0 Hz, 2H), 7.51 (d, J=8.0 Hz,
2H); *C NMR (CDCls, 100 MHz) 6: 14.2, 22.7, 26.1, 29.1,
29.3, 31.8, 68.2, 101.6, 114.9, 117.9, 119.2, 127.9, 128.1,
132.4, 137.6, 142.6, 154.8, 158.8, 163.7; IR (film) v: 3048,
2970, 2934, 2857, 1778, 1655, 1609, 1497, 1474, 1238,
1094, 1040, 972, 824, 515 cm . Anal. caled for CypsHayy-
Br,0,: C 52.69, H 4.61; found C 52.82, H 4.74.

5-(4'- 2 SR FE -4- TR 2R R 3 )-3,4- — B -2(S H)- Wk TR i
(6i): MK, 7% 57%; mp. 105.1~1069 C;
UV-vis (CHyCly) Amax: 267 nm. '"H NMR (CDCls, 400
MHz) §: 0.89 (t, J=8.0 Hz, 3H), 1.26~1.37 (m, 8H),
1.44~1.49 (m, 2H), 1.77~1.84 (m, 2H), 3.99 (t, J=8.0
Hz, 2H), 6.25 (s, 1H), 6.96 (d, J=8.0 Hz, 2H), 7.19 (d, J=
8.0 Hz, 2H), 7.47 (d, J=8.0 Hz, 2H), 7.53 (d, J=8.0 Hz,
2H); *C NMR (CDCl, 100 MHz) 6: 14.1, 22.7, 26.1, 29.3,
29.4, 31.8, 68.2, 99.3, 114.9, 117.9, 124.9, 128.0, 128.1,
132.4,137.8, 146.9, 154.7, 158.8, 162.8; IR (film) v: 3057,
2963, 2934, 2857, 1792, 1638, 1609, 1503, 1470, 1238,
1103, 1020, 988, 824, 746 cm™'. Anal. calcd for CosHye-
CLO4: C 64.15, H 5.83; found C 64.27, H 5.95.

5-(4'-3F A B -4- TR S 3L )-3,4- IR -2(SH)- WK IR i
6j): ABEMA, FFF 51%. mp. 1053~107.1 C;
UV-vis (CH,Cl,) Ama: 261 nm; '"H NMR (CDCls, 400
MHz) d: 0.89 (t, J=8.0 Hz, 3H), 1.26~1.37 (m, 8H),
1.43~1.50 (m, 2H), 1.76~1.83 (m, 2H), 3.99 (t, J=8.0
Hz, 2H), 6.24 (s, 1H), 6.96 (d, J=8.0 Hz, 2H), 7.20 (d, J=
8.0 Hz, 2H), 7.46 (d, J=8.0 Hz, 2H), 7.53 (d, J=8.0 Hz,
2H); *C NMR (CDCl;, 100 MHz) 6: 14.1, 22.7, 26.1, 29.3,
29.4, 31.9, 68.2, 101.6, 114.9, 118.0, 119.2, 128.0, 128.1,
132.4, 137.7, 142.6, 154.8, 158.8, 163.7; IR (film) v: 3048,
2963, 2924, 2857, 1782, 1638, 1609, 1503, 1474, 1238,
1094, 1026, 972, 824, 519 cm ' Anal. caled for
Cy4Ha6Br,0,: C 53.55, H 4.87; found C 53.67, H 4.93.

5-(4'- T A -4- B R A 3 )-3,4- — EU-2(S H)- WK R T
(6k): A A, 773 54%. mp. 119.6~1213 C;
UV-vis (CH,Cly) Ama: 266 nm; '"H NMR (CDCls, 400
MHz) 6: 0.89 (t, J=8.0 Hz, 3H), 1.26~1.35 (m, 10H),
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1.43~1.50 (m, 2H), 1.76~1.83 (m, 2H), 3.98 (t, J=8.0
Hz, 2H), 6.23 (s, 1H), 6.95 (d, J=8.0 Hz, 2H), 7.18 (d, J=
8.0 Hz, 2H), 7.46 (d, J=8.0 Hz, 2H), 7.52 (d, J=8.0 Hz,
2H); *C NMR (CDCl;, 100 MHz) 6: 14.1, 22.7, 26.1, 29.3,
29.4, 29.6, 29.7, 31.9, 68.2, 99.3, 114.9, 118.0, 124.9,
128.0, 128.1, 132.3, 137.7, 147.0, 154.7, 158.8, 162.8; IR
(film) v: 3067, 2953, 2924, 2857, 1792, 1638, 1609, 1493,
1474, 1238, 1103, 1026, 982, 824, 740 cm . Anal. calcd
for C,sH,5CLO4: C 64.80, H 6.09; found C 64.91, H 6.23.
5-(4'- Sk -4- TR R A 2K )-3,4- TR -2(5H)- Wk i i
61): Ml A&, F=% 48%. mp. 102.5~1042 C;
UV-vis (CHyCly) Amax: 259 nm; '"H NMR (CDCls, 400
MHz) 6: 0.89 (t, J=8.0 Hz, 3H), 1.26~1.36 (m, 10H),
1.43~1.50 (m, 2H), 1.76~1.83 (m, 2H), 3.99 (t, J=8.0
Hz, 2H), 6.24 (s, 1H), 6.96 (d, J=8.0 Hz, 2H), 7.20 (d, J=
8.0 Hz, 2H), 7.46 (d, J=8.0 Hz, 2H), 7.53 (d, J=8.0 Hz,
2H); *C NMR (CDCl;, 100 MHz) 6: 14.1,22.7, 26.1, 29.3,
29.4, 29.6, 31.9, 68.2, 101.6, 114.9, 118.0, 119.2, 128.0,
128.1, 132.4, 137.7, 142.6, 154.8, 158.8, 163.6; IR (film)
v: 3044, 2957, 2930, 2853, 1782, 1659, 1611, 1500, 1474,
1240, 1094, 1022, 978, 822, 534 cm '. Anal. calcd for
C,sHasBr,0,: C 54.37, H 5.11; found C 54.49, H 5.23.
5-(4'- 5% S I -4 TE R R B )-3,4- 25 H)- W WG
(6m): A E A, P5FR 42%. mp. 100.9~102.5 C;
UV-vis (CH,Cly) Amax: 266 nm; '"H NMR (CDCls, 400
MHz) 6: 0.89 (t, J=8.0 Hz, 3H), 1.24~1.36 (m, 12H),
1.43~1.50 (m, 2H), 1.76~1.83 (m, 2H), 3.98 (t, J=8.0
Hz, 2H), 6.24 (s, 1H), 6.96 (d, J=8.0 Hz, 2H), 7.18 (d, J=
8.0 Hz, 2H), 7.46 (d, J=8.0 Hz, 2H), 7.52 (d, J=8.0 Hz,
2H); *C NMR (CDCls, 100 MHz) 6: 14.1, 22.7, 26.1, 29.3,
29.4, 29.6, 31.9, 68.2, 99.4, 114.9, 118.0, 124.9, 128.0,
128.1, 132.3, 137.7, 147.0, 154.7, 158.8, 162.8; IR (film)
v: 3044, 2957, 2920, 2862, 1796, 1639, 1611, 1501, 1477,
1240, 1101, 1022, 988, 822, 746 cm '. Anal. calcd for
CaH30CLO,: C 65.41, H 6.33; found C 65.53, H 6.42.
5-(4'-Z8 S I -4- B IR A 3 )-3,4- IR -2(SH)- Wk IR T
(6n): AEEE, 7% 39%. mp. 74.3~76.2 C; UV-vis
(CH2CL) Amax: 264 nm; '"H NMR (CDCls, 400 MHz) o:
0.88 (t, J=8.0 Hz, 3H), 1.28~1.33 (m, 12H), 1.43~1.48
(m, 2H), 1.76~1.83 (m, 2H), 3.99 (t, J=8.0 Hz, 2H), 6.24
(s, 1H), 6.95 (d, J=8.0 Hz, 2H), 7.12 (d, J=8.0 Hz, 2H),
7.47 (d, J=8.0 Hz, 2H), 7.53 (d, J=8.0 Hz, 2H); *C NMR
(CDCls, 100 MHz) 6: 14.1, 22.7, 26.1, 29.3, 29.4, 29.6,
31.9, 68.1, 101.6, 114.8, 118.0, 119.2, 127.7, 128.1, 132.7,
138.7, 142.6, 154.8, 158.8, 163.6; IR (film) v: 3048, 2963,
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2924, 2857, 1778, 1636, 1609, 1499, 1470, 1242, 1126,
1030, 972, 819, 509 cm ™ '. Anal. calcd for CosHsoBr,0,: C
55.14, H 5.34; found C 55.25, H 5.41.

5-(4'-H DU b U -4- IR R S B )-3,4- 525 H)- PR
fifl (60): & [E &, =% 33%. m.p. 948~96.5 C;
UV-vis (CHyCly) Ama: 266 nm; '"H NMR (CDCls, 400
MHz) 6: 0.88 (t, J=8.0 Hz, 3H), 1.26~1.35 (m, 20H),
1.43~1.50 (m, 2H), 1.77~1.84 (m, 2H), 3.99 (t, J=8.0
Hz, 2H), 6.25 (s, 1H), 6.96 (d, J=8.0 Hz, 2H), 7.19 (d, J=
8.0 Hz, 2H), 7.47 (d, J=8.0 Hz, 2H), 7.53 (d, J=8.0 Hz,
2H); *C NMR (CDCl;, 100 MHz) 6: 14.1,22.7, 26.1, 29.3,
29.4, 29.6, 29.7, 31.9, 68.2, 99.3, 114.9, 118.0, 124.9,
128.0, 128.1, 132.4, 137.8, 146.9, 154.7, 158.8, 162.8; IR
(film) v: 3051, 2947, 2930, 2862, 1796, 1639, 1607, 1501
1474, 1244, 1101, 1022, 984, 822, 750 cm™'. Anal. calcd
for C30H33CLOy: C 67.54, H 7.18; found C 67.69, H 7.32.

5-(4'- U Joe S Bk -4- R S8 R )-3,4- IR-2(SH)-PR I
i (6p): 1 A [E 1A, 7= % 30%. m.p. 80.8~82.5 C;
UV-vis (CH,Cly) Amax: 260 nm; '"H NMR (CDCls, 400
MHz) 6: 0.81 (t, J=8.0 Hz, 3H), 1.16~1.23 (m, 20H),
1.36~1.41 (m, 2H), 1.69~1.76 (m, 2H), 3.92 (t, J=8.0
Hz, 2H), 6.18 (s, 1H), 6.89 (d, J=8.0 Hz, 2H), 7.13 (d, J=
8.0 Hz, 2H), 7.39 (d, J=8.0 Hz, 2H), 7.46 (d, J=8.0 Hz,
2H); *C NMR (CDCl;, 100 MHz) &: 14.15, 22.7, 26.1,
29.3, 29.4, 29.6, 29.7, 31.9, 68.2, 101.6, 114.9, 118.0,
119.2, 128.0, 128.1, 132.4, 137.7, 142.6, 154.8, 158.8,
163.6; IR (film) v: 3044, 2947, 2920, 2853, 1782, 1634,
1611, 1501, 1468, 1244, 1136, 1032, 984, 827, 529 cm .
Anal. calcd for C;H;33Br,O4: C 57.89, H 6.15; found C
58.02, H 6.29.

58044 8 (Supporting Information) Fi 5 #7 & L&
) 6a~6p MIAZIEEHRE L Ik . X LR nT DL A 7
AT 33 (http://sioc-journal.cn/)_F %K.
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