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R E LR M EEM R BT EIRI & A

=Y B g CAEE -
TR R AL T 220 BRSNS E AL E BEEK 400715)
CTUH KA RIS SER: IR 400715)

WE ol T Ins SR A E MR AL AR R AT R G R, R 4-REF R 5RO ER, 3§
TR AR, SKE. B, BE. KBS Michael KA BRAEMRIIZ . SRR RPN
10% 27K &, 100 mg MrdEkEEY, 50 C R 48 h, 4-FREFEREGFXAEMRERLA 113 BAEEARIRE SRR
98%, HATEDIIWCEN 57%~99%, FHH — 8 MIXTBHELEMEGE 20% ee). %if HE S0 R WM W $2 4 B fE AL T 12 %
R X I TAESRAL T —AMRIFIFIFH RIR AT A BP9 T R FHAT V6T

KRR B SIS IR, SBVEAR; Michael AN

Synthesis of Anticogulant Warfarin and Its Derivatives by the Crude
Earthwarm Extract

Li, Zhilin” Zhou, Haiyan” Guan, Zhi**
(“ Key Laboratory of Applied Chemistry of Chongqing Municipality, School of Chemistry and Chemical Engineering,
Southwest University, Chongqing 400715)
(®School of Life Sciences, Southwest University, Chongqing 400715)

Abstract This article describes the synthesis of warfarin and its derivatives by using the crude earthwarm extract as a biocat-
alyst. Warfarin, an effective anticogulant being used for half a century, has enormous clinic and commercial value. Warfarin
and its derivatives are usually prepared through chemical catalysis while biocatalysis was rarely explored. Because biocatalysis
is green, sustainable and usually under mild conditions, it is necessary to develop biocatalytic methods for these compounds. It
is found that the crude extract of earthwarms is a fine biocatalyst. Earthwarms are harmless and abundant in nature. There are
many hydrolases in the alimentary tract of earthwarms, and among of them, proteases are most thoroughly studied. The crude
earthwarm extract from Eisenia foetida was prepared, and it was used as a cheap and ecologically friendly biocatalyst for the
synthesis of warfarin and its derivatives. The procedure is simple and no additional cofactors and equipments are required. The
best results were obtained using 100 mg of earthworm extract in DMSO/water (10% water, V/¥) with 1 : 3 molar ratio of
4-hydroxycoumarin to benzylideneacetone at 50 C for 48 h. Warfarin was obtained in an excellent yield of 98%, and its de-
rivatives were achieved in yields of 57%~99% with some enantioselectivities (up to 20% ee). In addition, control experiments
demonstrated that enzyme(s) in the crude extract of earthwarms catalyzed Michael addition reaction. This work provides an
alternative method for the synthesis of warfarin and its derivatives by using an easily available natural catalyst.

Keywords biocatalysis; the crude extract of earthworms; warfarin; Michael reaction
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A4 A E BEEE A B 8 = M (15 G55 i) .
mH, &ESCE AN, %R &N #E 26T
2 B AR E] A R E AR RS e B
JRAE SRR, Rk, S ABO T R BR
ey IREEAR U R 2R e AL ).

B 5 ok b =R AU HERE, FRAT B TAHLE %
(RRIE FERRSRBRIR . B AR A — M AT AR . AW ]
PR M A B0 S PR ), SRS RS B Tk 2
B, 531 7T A AT SRR, HBI3RAT T M, 2
HETN I, T BEME S BCEEMR I i — R RaE.
Sano 2= R W AS 1L, 152 85% IR [ 45% ee.
Liu 25122 A Wil 1 N3 RR, &R VU R E Nl &
ZE(MOFs), fiEft Michael K MNA BAEEEN, 53] T 87%
RO, (HR A S B, AT/ N 4% g s I
B (PPLYMEAL & BAEVEAR, 135 94% IR K2 28% ee.
Lt Jit F S 2 22 2L SR ).

i (PR SR PRy — o B A AL 7, AR BT 55
EAL N, FERT . EStAlE, B E SRS
R, HLEE e 1 7R R Al Ak R e A PR B I RS
E RTINS IRE A E R AR
P, s R — PR P A e A ). sl E AR
T AR BCHE AR, 18 B IR o iR T A
o, WISV ATE A 2 POk iR, bR AR HAret gt
BB, YEdRIE, B R 2 Z IR E F R 6 FhlF)
T REA R, B AR 4R (1 e S H B
BT B R4 5 Y 7 il 4P VA B TS MR AL (4 A
RN F R ). Hke] 0, sl R AR — R
ANF R AR, FATH IR 72 8l (Eisenia foetida) Kl
VRSS2, FF H R B PR S22 m] T A A X AR
Mannich. aldol. Henry. Biginelli <M, PLK =415 H]
aza-Diels-Alder (Mannich-Michael) s 8 & B, 5 W ik S e
frEw, EATLMELL domino S A R A R, W]
D, e g5 R SR D 1 R 2 45 B Sk AR, R R S
.

DRLtE, FRATTE SR A SR 03X — RAIRAAAE [ A A e
AT TPt i 2 SR & i, FEIR1E T sttt 2%
o EKEN 10%, WIS FEY) 100 mg, 50 C R RV 48
h, 4-BEEERETXAEBEIN 103 BAEERT
BRI 98%, HATEMIRIWCEN 57%~99%, JH
H— € I BUEREMEGE 20% ee).

1 HR5R

AR 2 B AR I8 7 155 ok ) 4% i ] R 42 U,
FHHTH L 57 52 RISl (Eisenia foetida)FN2< 85 ¥ 7K il il &)
W, L EEREENTIRAE, BB ORI BIEW, TRE
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FERCR R, BIATSRAG U 52, RATIEH] 4-F i &
BN X EAE R [ S (Eq. 1), Bl e i
P, BEAT SRR AFII AL

OH OH Ph O

(e}
X i s KL 2
o SAL it N "
o Yo W#H/Ha0 o
1 2a 25°C 3a

BT VIR, B R v R 15 3
i1k 87%IHCEE K 20% ee(# 1, Entry 1), JELG iy t i
e H) HARVA IR, AR RIS ] 3%
3% ee [H(FE 1, 75 10). Rk, FTALER T —HIE
AR 12 S5 N2 ) i ARV 77 P AT O ) 91 L, ]
I 2 RTFIR, 2 — DRI SN 5.

F1 TRV AL Michael S2IRZI ¢
Table 1 Influence of solvents on the crude earthwarm extract
catalyzed-Michael reaction

Entry Solvent Yield®/% ee/%
1 ZHER 87 20
2 NN-— HEEH LR 47 11
3 LR s 33 3
4 FR S RUCT B ok 33 3
5 M 30 0
6 L4-Z5 N 28 0
7 TR 27 0
8 To/K % 22 3
9 B7NRY 12 5
10 K 3 3

© 2017 Chinese Chemical Society & SIOC, CAS

¢ R Z&AF: 1 (0.5 mmol), 2a (2.5 mmol, 5 equiv.), UEIEHHIEYI(100 mg), ¥
#1(0.90 mL)F12: B F7K(0.10 mL), 7£ 25 C F R 120 h; © U &l ik
RTG53 B AR E]; © ee JEIEIE T ROBUH (1% (Chiralpak AD-H F-1£
FEy s H 3 5.

g, TRIL T MU SR I SO ARV AR B R 5
Wi it A5 i W RE B2 & ) 38, WA RN Bl s Rt
FrBEINGE 2, Entries 1~5). SEisFHIEYA0&E R 100 Al
110 mg i, W iE, N 87%(E 2, Entries 10 £ 11). {H
i a KR AR 110 mg B, R/ (3 2, En-
tries 12 F1 13). JE K W] GE & iR SR P07 VA 77 o 2 B
R, S R N AT, R, %8 100 mg Brds fH
"V EHE.

PRWF T F5 7K &0t ) fH SR ) 1 AL & BB AR e B

VRGN, A FR AR K B IS A B B 3 A B R R

M. FEAE S /KERIEIN, WEEAEN, ee MG FGIN
(% 3, Entryies 1~3). H87KERN 10%MH 5, 1535
EIR R 87% M 20% ee(# 3, Entry 4). {HE 2 J5BEH &K
=GN, W ee B T IR, RERES KE R
ZH, RIS BRI R, RIERE 10%1) 5K
AR A%
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£ 2 SRR B Michael 5220 ¢
Table 2 Effects of amount of crude earthwarm extract on the
Michael reaction ¢

K4 RYBEHE MBI R ) Michael S8 #I520E
Table 4 Influence of mole ratio of substrates on the crude
earthwarm extract catalyzed-Michael reaction *

Entry W FARY/mg Yield™/% ee/% Entry 1:2a Yield®”/% ee/%

1 10 17 2 1 1:1 59 22

2 20 27 6 2 1:2 74 22

3 30 37 12 3 1:3 87 20

4 40 56 14 4 1:4 88 18

5 50 68 22 5 1:5 87 20

6 60 75 20 @RS AA: WIS EE (100 mg), — FFIEAN(0.90 mL)AIZ: B 7K(0.10
7 70 80 19 mL), 7E 25 CFRPL 120 h; * Yo R I 6 i b 40 BRI, © e I8
8 80 85 19 3ok T e A% OHE €1 (Chiiralpak AD-H TR 20 #r 45 21,

190 19000 Zg ;8 IS 1 RBEATEL 76 25 1 60 C ZBBERAHZEAR K, it
i o o " AT 5 O ST P OB S35 IR FE T RE AR
12 120 75 19 Fa%E. Nakajima 25U 4R IE 78} IE 5] o Bt 22 R R 25 A
13 140 72 19 fE7E 60 CLAR, pH 2~11 sAF N AR FRERE I, IF

¢ [ RigAF: 1 (0.5 mmol), 2a (2.5 mmol, 5 equiv.), WCEIHLERIME R,
T HERA0.90 mL)FIE B T7K(0.10 mL), 7 25 C TR 120 h; * Wk
T R A B AR R ¢ ee AT I T v AOBUAE 11 (Chiralpak AD-H
FHERE) T3]

£ 3 OKEXTHLERE SRV Michael &R0 ¢
Table 3 Effects of water content on the crude earthwarm extract
catalyzed-Michael reaction

Entry Water content Yield®/% ee/%
1 0 84 21
2 5 85 20
3 10 87 20
4 15 67 14
5 20 63 12
6 30 48 5
7 40 42 3
8 50 26 0

¢ R £%AF: 1 (0.5 mmol), 2a (2.5 mmol, 5 equiv.), HEIEIHIIEYI(100 mg),
F( B I BUR 22 85 T /K AR 1.0 mL), 7E25 'CF &S 120 h; ? Y2l
SRR (R 5 B A 8; © ee 233 Tk 5 OB €23t (Chiralpak AD-H F-
FERE) b 45 5.

FEAERDT T HORH O OB M. MR 17 2a
K1, RN 59%, ee N 22%(F 4, Entry 1), 1
B R 1 2 3, AR =2 87%, ee LR ZAL(ER 4,
Entry 3). gkZE3im#kitt, WRABHAK, FERNE
AR RGBT, BATRAKERE 103 (1 2 2a)fE R fE
BB,

T8 2 R W PR AR P M A AR e e, DRI P A
PEALI RN AR & — N EE R R, R R
B P PN S I A IR FE R AN IR, A i i, A AR e
iy 52 FEAb R s PRI, 45 N SR FRATIRTT 1 il B0 e 51 KL 2
YL Michael JRBIFIFZIA. HE 5 WAL, M 15 #|
50 C, 1% RIYS A Bl R FE T i A BT N, IR T
£ 50 CHF, IR H R 97% (3K 5, Entry 6). {HS
ZHAR IR, ee fHFHWREET S 2 T B, HIERE
E| 60 CH, WA FT NI, W] RE R IR I = i R
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E A AU TR 25 70080 B it 52 v, 78 =R
A2 AR YRR HE ;. Zhao 2SI S R W, dids|
A1 Bl — P AR AR I B KRR, 7E 50 C
PLR A] LK B ORFRIE . BT, feZikdE 50 CHE N
[E AR

RS WREIRERIRYI AL Michael SR ¢

Table 5 Effects of temperature on the crude earthwarm extract
catalyzed-Michael reaction “

Entry Temperature/’C  Yield®/% ee!%
1 15 53 20
2 20 81 20
3 25 87 17
4 30 89 14
5 40 94 9
6 50 97 14
7 60 88 12

© 2017 Chinese Chemical Society & SIOC, CAS

¢ RN 1 (0.5 mmol), 2a (1.5 mmol, 3 equiv.), HEHFAHIEYI(100 mg), —
FIEAR(0.90 mL)AN12: B 77K (0.10 mL), JJSE 120 hy * e 22 it T fs € 34
igj&} BRI © ee il it Tk = RO 3% (Chiralpak AD-H F14E4) 430 1745

AT IRFUM R IAE Michael R HIITER, &
IR T — RIS, ok, EIBEAAIEMST,
2 S FR I B = 1 PR AR (R 6, Entry 1), fERE
WAV TR 1 97% IR 14% ee(F 6, Entry
2), R UMDY S T 1% Michael M. BT
WSV A TE N AR K B 2 AR R A, R P 2 2R
1 A 0 0 1 1) 25 R BT SRC(PMIS )Y T Ak B i 4 4L
$2Y), 2 PMSF AbB i (i H 5240 F T e A B 28 I
155 63%UF A 3% ee(£ 6, Entry 3). PMSF A & %ti%
Michael R HA —E KfEWAEH, HEERK PMSF fi#
1h 153 43%U (% 6, Entry 4). F&2: PMSF K520, o]
DAHEI PMSF 1] (R sl FH A2 90 2 5 AL AT 20% (1)
Wz, AH ECERCT AR Z ] (o hr a5 L R AL A5 20 1 97%
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Yok, PMSF &3 il 1 amis RSP i b, fdioR
TRET 77%. LRSI RE, iSRS T i
Michael SR, fi)i, XS SRPE4T 1 8 A Mg /)
D72 (I 52 B F B K ARG ). SRAD Sigma 2 m]HRAEH
it 8 NI ) B LB 00 SR8 7, S i g
FEP) I IS 717 0.1 Ulmg (1961 4t A= P4k 2 0
SR o E PREAL U kg CRIEYE, €& SUNTE
—EMIBRAERAE T, 1 U BRI BH AL 1 mol A 1
=), BRI, MDY Sk A R A

Fo6 ST
Table 6 Control experiments

Entry L5 Yield /%  ee/%
1 None Trace —
2 BB 0(100 mg) 97 14
3 PMSF 4 25t {1 e ) KH 63 3
(100 mg)*
4 PMSF (106 mg) 43 —

¢ [ RigAF: 1 (0.5 mmol), 2a (1.5 mmol, 3 equiv.), HEALF, —FIIEHA(0.90
mL)F17K(0.10 mL)7E 50 °C F/RBE 120 h; * i 2 il ik i ¢ i 143 B9 48
F; © ee T T 1 B ORI (57 (Chiralpak AD-H FHERE) B3], ¢ i
5 HIRA1(100 mg)F1 PMSF (106 mg)/ A THF (1 mL)H, 730 C R
PR 4 h JEIRFE 20808 2 THE, B TR0 RS,

e, BRI T RN B A S s gl R B 4 L 1
Michael J M. [FFEMA. 7E R SR 24, 364 48 h T, #5
RIS IS E] 71% 83%- 98%IMIR, [t i [8] 1
K, ee AR K(13%~15%). X296 R0, fEMAL
(41 IR S N AE 48 h BIHiE A BT R 7670

TEEIEA b, FRAT B RS2 (AL Michael &
REEAT T IRMEY . E5 T ARBRH R XNEE A
JRAE TGO, KL, TCR PRI EEUR R LTI 2
W AR A, AEEAR Bl R . Horh, EHR R
X AT 3 B = SR 98%(3 7, Entry 1). 3-F IR X
PIEAS 2] 91% I (3 7, Entry 3), 1HE 2-F1 4-F 4%
X RS B R B (R 7, Entries 2 A1 4), 7] fE2
T VAR L B SRS BT E. 2- 3-SR XA
i 73 B 3 L 4-F BT XA B =1 (3R 7, Entries 5~7).
SRR R SCPY It Be 19 20 500 % (3R 7, Entries
8~10). X HEILEH TZEER G, 5255 99%
IR AT 16%H ee(F 7, Entry 11). i W B 451K $2 4 11
1k Michael B IE S IAF. TS S MRDH, X
38 6 1 5t Ry A B 20% ee(3K 7, Entry 8). BT F=4¥0R
S &Y, YE R MBI S 2% Sk —
ﬁ[4,13,21].

2 Zhig
0 B AR AR AL 1) Michael S RRIH & RK 7 3t
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£ 7 IEEHEIEYME LK Michael & BFIEDY B
Table 7 Substrate scope of the crude earthwarm extract cata-
lyzed-Michael reaction *

OH o ) OH Ar O
i 48 KELERA)
N+ Ar/vj\ DMSO/H,0 =
o” "0 50 °C (0] O
1 2 3
Entry Ar P th Yield/%  eel%

1 Ph 3a 48 98 13
2 2-MeOC¢H, 3b 47 57 0
3 3-MeOCH, 3¢ 50 91 12
4 4-MeOCH, 3d 52 73 10
5 2-CIC¢H, 3¢ 55 88 11
6 3-CIC¢H, 3f 52 89 15
7 4-CIC¢H, 3g 33 73 15
8 2-FCeH, 3n 60 81 0
9 3-FCeH, 3i 60 89 20
10 4-FCeH, 3j 37 86 10
11 2-Naphthyl 3k 47 99 16

© 2017 Chinese Chemical Society & SIOC, CAS

¢ [ 442 1 (0.5 mmol), 2 (1.5 mmol, 3 equiv.), HEISIFHIRYI(100 mg), —
FHEAR(0.90 mL), 7K(0.10 mL), MIEE 50 C; b i e i R R R A
g%‘ﬁiu; ¢ ee s ML FE R ROBAR % (Chiralpak AD-H FYEF) 15
EE I 2 MR S He— RVIATAEY), FERME RIFrfie s
(B IS 99%). HEIRANTBREREVEA RBEEAL, (HiX 772
DA 50K 20X — W B 2549« 1l 2% 47 SR X R AR A
SO A AEEAL T, NAEEMR & SRR T
— MRk, WE T
3 SRS
31 X5

W 1 FEHR I 29 BT 4% Bruker-AM  600(600 MHz);
AR R WPX-4( i 5 A R 5 & A PR A F]). |
IR, BBRATR A H &Y, BURHE R 2b, 2,
2e, 2f, 2h, 2i, 2k il HES ILOCHR[22]. 2d, 2g, 2j il &
JIEZMECHR[23]. FrA GR35 R 40 B 4l i R &2
btk
32 ZWHE

E BRI R NN 4-3EFTERA) (0.5
mmol). "% X ABHEEATAY) 2 (1.5 mmol). $rls FHIEY
(100 mg). —HIEA(0.90 mL)F17K(0.10 mL), JBAITE
50 CTRHFERM, i EARE(TLC) M. £ /W4
W, TERMIEFIIN LR L. B5(4 mL), i g bR 2: i
BRI, FH PR CERBE R IR, IR KBEE, A
WA E ToK R BR AN T 15, B2 HUE R TKmmRe,
TR ZE TR R A0, AR JE KRR Pl i i JE A Al
AR A B AR ).
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3.3 LIOHIE

A F=3 h S &9, WIBL R AR AR 5
%%jﬁﬁkﬁgi[zu’w’zmﬂ.

4-F2 e -3-(3- % -1-2K T FE)- 2R FE ML IR -2- i (3a): 19
151 mg, /=% 98%. HEM¥AK, mp. 163~164 COLHR
5" 169~171 C); '"H NMR (600 MHz, CDCl;) 6: 9.49
(br. s, 0.12H), 7.96 (d, J=7.9 Hz, 0.18H), 7.92 (d, J=7.9
Hz, 0.50H), 7.83 (d, J=7.5 Hz, 0.59H), 7.58 (t, J=7.8 Hz,
0.50H), 7.50 (d, J=7.9 Hz, 0.68H), 7.35~7.23 (m,
7.58H), 4.74 (d, J=8.6 Hz, 0.18H), 4.29 (dd, J=6.4, 3.1
Hz, 0.50H), 4.19 (dd, J=11.2, 6.9 Hz, 0.60H), 3.87 (dd,
J=19.4, 10.0 Hz, 0.19H), 3.32 (s, 0.13H), 2.58~2.40 (m,
1.75H), 2.30 (s, 0.50H), 2.03 (dd, J=24.9, 13.0 Hz,
0.71H), 1.72 (s, 1.68H), 1.69 (s, 1.38H); *C NMR (151
MHz, CDCl;) 6: 162.1, 161.0, 159.7, 158.8, 153.0, 153.0,
1432, 141.6, 129.2, 128.6, 127.1, 127.0, 123.8, 123.6,
116.6, 116.5, 116.0, 104.2, 101.3, 100.6, 99.1, 45.2, 42.6,
40.2, 35.4,35.0, 34.4, 30.0, 28.1, 27.6.

4-F2 FE-3-[1-(2- F AR R 3 )-3- AR T 28 - 2R F bt g -
2-fli(3b): 3 96 mg, F=% 57%. HERK, mp. 181~
183 ‘CSCHRME 198~199 C); 'H NMR (600 MHz,
CDCly) d: 9.15 (s, 0.38H), 7.93 (t, J=9.3 Hz, 1.15H), 7.84
(d, J=7.8 Hz, 0.36H), 7.72 (d, J=7.6 Hz, 0.39H), 7.58 (t,
J=17.7 Hz, 0.79H), 7.50 (dt, J=22.0, 7.7 Hz, 0.82H),
7.40~7.19 (m, 5.37H), 7.11~6.84 (m, 4.36H), 4.99 (dd,
J=8.2, 5.5 Hz, 0.44H), 4.60 (s, 0.34H), 4.56 (d, J=5.9
Hz, 0.94H), 3.97 (s, 1.18H), 3.93 (s, 2.32H), 3.86 (s,
1.29H), 3.50 (s, 0.77H), 3.27 (s, 0.37H), 2.68 (dd, J=14.5,
1.7 Hz, 0.80H), 2.51 (dd, J=13.8, 6.9 Hz, 0.41H), 2.32
(dd, J=14.5, 7.1 Hz, 0.80H), 2.21 (s, 1.18H), 2.06 (d, J=
6.6 Hz, 0.52H), 1.72 (s, 0.99H), 1.69 (s, 2.27H); *C NMR
(151 MHz, CDCly) 8: 162.2, 161.9, 160.9, 159.7, 157.2,
157.0, 155.4, 153.0, 152.9, 152.7, 131.8, 131.5, 131.3,
129.0, 128.7, 128.0, 127.5, 126.4, 123.8, 123.8, 123.6,
123.5, 123.0, 122.6, 121.8, 121.0, 120.8, 116.6, 116.5,
116.4, 116.1, 115.7, 111.4, 111.0, 110.9, 106.3, 101.3,
100.7, 99.2, 56.2, 55.6, 55.4, 45.4, 37.1, 30.2, 29.3, 28.2,
28.1.

4-F2 FE-3-[1-(3- A R 3 )-3- AR T 2 - 2R F bt g -
2-fii(3c)Y: 13 154 mg, = 91%. FA KK, mp.
100~102 ‘C; '"H NMR (600 MHz, CDCls) d: 9.42 (s,
0.08H), 7.92 (d, J=7.8 Hz, 0.36H), 7.84 (d, J=7.8 Hz,
0.38H), 7.61~7.50 (m, 0.89H), 7.40~7.24 (m, 2.56H),
7.23 (d, J=7.1 Hz, 0.39H), 6.84 (ddd, J=38.3, 17.8, 7.8
Hz, 2.60H), 4.71 (d, J=8.0 Hz, 0.12H), 429 (d, J=4.

1498 http://sioc-journal.cn/
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Hz, 0.39H), 4.16 (dd, J=11.2, 6.9 Hz, 0.41H), 3.84 (dd,
J=19.4, 9.9 Hz, 0.18H), 3.79 (s, 2.47H), 3.49~3.23 (m,
0.89H), 2.57 (dd, J=14.2, 2.6 Hz, 0.39H), 2.50 (dd, J=
14.0, 6.9 Hz, 0.40H), 2.43 (dd, J=14.2, 7.0 Hz, 0.41H),
2.31 (s, 0.30H), 2.08~1.98 (m, 0.46H), 1.74 (s, 1.13H),
1.70 (s, 1.45H); C NMR (151 MHz, CDCl;) §: 162.0,
161.1, 160.4, 159.8, 159.6, 158.6, 153.1, 153.0, 152.8,
1449, 143.2, 132.0, 131.5, 130.4, 129.6, 129.2, 123.9,
123.8, 123.6, 123.1, 122.7, 120.3, 116.7, 116.5, 116.2,
115.9, 115.6, 114.4, 113.4, 111.6, 104.2, 101.1, 100.5, 99.0,
55.2, 55.2, 45.3, 42.5, 40.0, 35.4, 35.0, 34.1, 30.0, 28.2,
27.8.

4-F2FE-3-[1-(4- H AU 2R B )-3- S8 AT 6 12K I bk v -
2-ff(3d): 3 123 mg, =% 73%. HEMHK. mp. 53~
55 C(CHAMET 164~166 C); 'H NMR (600 MHz,
CDCly) &: 9.45 (s, 0.15H), 7.92 (dd, J=17.2, 7.9 Hz,
0.60H), 7.81 (d, J=8.0 Hz, 0.66H), 7.57 (dd, J=11.3, 4.3
Hz, 0.49H), 7.48 (dd, J=12.2, 4.6 Hz, 0.74H), 7.36~7.09
(m, 5.74H), 6.85 (dd, J=12.0, 8.8 Hz, 2.42H), 4.69 (dd,
J=9.7, 2.4 Hz, 0.16H), 4.23 (dd, J=6.4, 3.3 Hz, 0.50H),
4.14 (dd, J=11.2, 6.8 Hz, 0.79H), 3.87~3.80 (m, 0.32H),
3.78 (d, J=5.1 Hz, 3.55H), 3.61 (s, 0.55H), 2.53~2.34
(m, 1.75H), 2.28 (s, 0.47H), 2.00 (dd, J=13.8, 11.4 Hz,
0.65H), 1.70 (s, 1.49H), 1.68 (s, 1.50H); *C NMR (151
MHz, CDCl;) 0: 162.2, 161.4, 159.6, 158.8, 158.7, 158.2,
1529, 133.3, 131.4, 128.1, 123.8, 123.6, 123.1, 116.6,
116.4, 114.6, 113.7, 104.4, 101.6, 100.7, 99.2, 55.3, 55.2,
34.4,33.6,28.0,27.6.

4-F2 B -3-[1-(2-F R I )-3- 5 A T JE - 2K H i e -2-
fi(3e) 221 15150 mg A KK, 775 88%. m.p. 168~
170 °C; 'H NMR (600 MHz, CDCI3) d: 9.59 (s, 0.17H),
7.99 (d, J=7.9 Hz, 0.17H), 7.90 (d, J=7.8 Hz, 0.57H),
7.83 (d, J=7.8 Hz, 0.69H), 7.71 (d, J=7.8 Hz, 0.18H),
7.53 (ddd, J=27.6, 17.7, 10.1 Hz, 1.53H), 7.42 (d, J=7.8
Hz, 0.63H), 7.40~7.26 (m, 3.87H), 7.15 (td, J=15.1, 7.6
Hz, 3.96H), 4.85 (d, J=10.8 Hz, 0.20H), 4.59-4.53 (m,
0.59H), 4.14 (q, J=7.1 Hz, 0.66H), 3.99 (dd, J=19.0, 11.0
Hz, 0.81H), 3.48 (s, 0.55H), 3.20 (d, J=19.1 Hz, 0.18H),
2.57 (dd, J=14.5, 3.3 Hz, 1.33H), 2.38 (dd, J=14.4, 7.5
Hz, 0.64H), 2.30 (s, 0.47H), 2.06 (s, 1.00H), 1.75 (s,
2.53H), 1.71 (s, 1.64H); °C NMR (151 MHz, CDCl;) ¢:
161.7, 161.0, 153.0, 153.0, 139.0, 133.8, 132.0, 131.6,
130.3, 129.2, 128.2, 128.1, 127.7, 127.1, 126.8, 123.9,
123.7, 122.9, 122.7, 116.7, 116.6, 116.1, 115.9, 115.6,
101.3,100.4, 99.1, 45.9, 37.2, 32.7, 32.5, 30.0, 28.2, 28.0.
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4-F2 Fk-3-[1-3- G I )-3- S AR T FE - 2K FF L R -2-
FA3H12: 15 152 mg, 775K 89%. AR AR mp. 162~
164 °C; '"H NMR (600 MHz, CDCLy) 6: 9.56 (s, 0.19H),
7.98 (d, J=7.6 Hz, 0.19H), 7.90 (d, J=7.8 Hz, 0.47H),
7.84 (d, J=7.2 Hz, 0.71H), 7.56 (dt, J=14.5, 7.9 Hz,
1.46H), 7.39~7.13 (m, 8.92H), 4.68 (d, J=9.9 Hz
0.21H), 4.22 (dd, J=6.8, 3.5 Hz, 0.53H), 4.19~4.09 (m,
0.98H), 3.86 (dd, J=19.3, 10.4 Hz, 0.25H), 3.18 (s,
0.47H), 2.53~2.37 (m, 1.85H), 2.32 (s, 0.60H), 1.98 (t,
J=12.8 Hz, 0.80H), 1.76 (s, 2.14H), 1.72 (s, 1.40H); "*C
NMR (151 MHz, CDCLy) d: 161.9, 161.1, 159.7, 159.0,
153.0, 153.0, 145.4, 1443, 134.7, 134.4, 132.1, 132.0,
131.7, 129.9, 129.8, 127.6, 127.1, 127.1, 126.8, 125.5,
125.4, 123.9, 123.7, 123.0, 122.8 116.7, 116.6, 115.8,
115.5, 103.6, 101.1, 100.2, 98.9, 42.3, 40.0, 35.2, 34.6,
28.2,27.7.

4-F8 Fk -3-[1-(4- TR I )-3- S AR T R 12K FF b R -2-
fi(3g): 3 125 mg, F*F 73%. HEM K, mp. 166~
168 C(SCHRED 174~176 C); 'H NMR (600 MHz,
CDCls) 6: 9.59 (s, 0.10H), 7.95 (d, J=7.9 Hz, 0.13H), 7.88
(d, J=7.3 Hz, 0.30H), 7.81 (d, J/=7.3 Hz, 0.47H), 7.52
(ddd, J=19.7, 13.5, 7.3 Hz, 0.96H), 7.35~7.13 (m,
6.21H), 4.68 (d, J=9.8 Hz, 0.11H), 4.16 (dd, J=11.3, 6.8
Hz, 0.81H), 3.82 (dd, J=19.2, 10.0 Hz, 0.20H), 3.29 (d,
J=19.1 Hz, 0.16H), 2.45 (dd, J=13.8, 7.1 Hz, 0.84H),
2.37 (dd, J=14.0, 7.1 Hz, 0.35H), 2.29 (s, 0.33H), 1.95 (t,
J=12.7 Hz, 0.56H), 1.72 (s, 1.47H), 1.69 (s, 0.98H); "*C
NMR (151 MHz, CDCLy) o: 162.1, 161.4, 159.8, 159.1,
153.0, 152.9, 152.8, 141.8, 140.7, 138.5, 132.5, 132.4,
132.1, 132.1, 131.9, 131.7, 129.4, 128.8, 128.7, 128.7,
128.5, 128.2, 124.0,123.9, 123.7, 123.0, 122.8, 116.6,
116.5, 116.2, 115.8, 115.6, 107.5, 103.7, 101.3, 100.4,
99.1,45.2,42.4,40.1,34.9 ,34.4, 30.0, 28.0, 27.6.

4-F3 HE 3-[1-(2- G AR 52 )-3- 5 AN T 3 12K FE it g -2-
fii(3h): 19 132 mg, AR, #F 81%. m.p. 166~
168 “C; '"H NMR (600 MHz, DMSO) §: 7.93~7.59 (m,
2.09H), 7.41~7.01 (m, 6.12H), 4.28 (d, J=43.7 Hz,
0.96H), 3.36 (s, 0.91H), 2.60~2.00 (m, 1.86H), 1.66 (d,
J=52.2 Hz, 3.00H); “C NMR (151 MHz, DMSO) o:
161.5, 159.9 (d, 'Je.r=241.8 Hz), 152.8, 132.4, 130.6,
130.2, 129.3, 128.3, 124.8, 124.4, 1232, 116.6, 115.5,
103.1, 101.4, 100.0, 30.0, 29.0, 27.7, 26.8.

4-F2F-3-[1-3- A I )-3- S AR T FE - 2K FF L R -2-
B3 19 146 mg, 7% 89%. MK, mp. 162~
164 °C; '"H NMR (600 MHz, CDCl3) d: 7.98 (d, J=7.4
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Hz, 0.14H), 7.90 (d, J=7.8 Hz, 0.37H), 7.84 (d, J=7.8
Hz, 0.50H), 7.56 (dt, J=36.0, 7.8 Hz, 1.07H), 7.31 (tdd,
J=24.7,16.8, 7.6 Hz, 3.53H), 7.10~6.89 (m, 3.11H), 4.71
(d, J=10.0 Hz, 0.14H), 4.26 (dd, J=6.8, 3.3 Hz, 0.37H),
4.22~4.12 (m, 0.60H), 3.86 (dd, J=19.0, 9.9 Hz, 0.16H),
3.50 (s, 0.55H), 3.32 (d, J=19.4 Hz, 0.19H), 3.23 (s,
0.39H), 2.50 (ddd, J=13.6, 8.2, 5.4 Hz, 0.92H), 2.43 (dd,
J=142, 7.2 Hz, 0.44H), 2.32 (s, 0.32H), 2.02~1.95 (m,
0.57H), 1.76 (s, 1.60H), 1.72 (s, 1.28H); *C NMR (151
MHz, CDCly) 6: 162.0, 161.2, 159.0, 153.0, 153.0, 132.1,
131.7, 130.3, 130.3, 130.0, 130.0, 124.0, 123.7, 123.0,
122.8, 1227, 116.7, 116.6, 1162, 115.8, 114.5, 114.3,
113.9, 113.9, 113.8, 113.5, 113.4, 103.7, 100.3, 99.0, 77.2,
77.0,76.8, 50.8, 42.3, 40.0, 35.2, 34.5, 30.0, 28.2, 27.7.

4-F5 B -3-[1-(4- T R FE)-3- 5 A T FE - 2K H i e -2-
B3 43 140 mg, 775 86%. FEMHA, mp. 171~
172 °C; '"H NMR (600 MHz, CDCl3) d: 9.54 (s, 0.13H),
7.97 (d, J=7.9 Hz, 0.14H), 7.90 (d, J=7.8 Hz, 0.33H),
7.83 (d, J=7.6 Hz, 0.50H), 7.60~7.49 (m, 1.01H), 7.37~
7.17 (m, 4.41H), 7.03~6.95 (m, 1.95H), 4.69 (d, J=9.8
Hz, 0.13H), 4.23 (s, 0.33H), 4.20~4.12 (m, 0.74H), 3.87
(dd, J=19.4, 10.3 Hz, 0.19H), 3.59 (s, 0.49H), 3.31 (s,
0.09H), 3.27 (d, J=6.3 Hz, 0.40H), 2.47 (dd, J=13.9, 6.6
Hz, 0.82H), 2.41 (dd, J=14.0, 6.9 Hz, 0.39H), 2.31 (s,
0.38H), 2.02~1.95 (m, 0.55H), 1.75 (s, 1.56H), 1.71 (s,
1.27H); *C NMR (151 MHz, CDCl;) 6: 161.2, 160.7 (d,
'Jer=73.4 Hz), 159.6, 158.8 (d, 'Jc.r=118.0 Hz), 153.0,
153.0, 138.8, 132.0, 131.8, 131.6, 129.6, 129.6, 128.8,
128.7, 128.6, 128.5, 123.9, 123.9, 123.7, 123.0, 122.7,
116.7, 116.5, 116.2, 1158, 115.8, 115.6, 115.6, 115.5,
115.3, 115.0, 114.8, 104.1, 101.5, 100.4, 99.0, 45.5, 42.6,
40.1,34.7,34.4,34.0,30.0, 28.2, 27.7.

4-$ HE-3-(2-25-3- SR T B 2R IR -2- i (3K)
3177 mg, 775 99%. FERK, mp. 117~119 C; 'H
NMR (600 MHz, CDCL) &: 7.95~7.64 (m, 4.71H),
7.57~7.17 (m, 5.96H), 4.41 (s, 0.95H), 2.78~2.24 (m,
1.84H), 1.70 (s, 3.00H); *C NMR (151 MHz, CDCl;) ¢:
153.0, 133.6, 132.5, 131.8, 127.8, 127.6, 126.1, 125.6,
123.8, 123.1, 116.6, 26.9.

4 Bi#1 8 (Supporting Information) L&) 3a~3k [
PR E S AL R k. X SRl nT DA 2 A
F1 35 (http://sioc-journal.cn/)_I. F %%,
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