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WE LUK, HELREE. 75 &N & HONIER, £ R AT Cu(OT), IR R I SEBL 1 — il T F ki 7 4
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BEMMEE. LAk, KT SRR L. REMIEROE, IE R T 14 DECEATEY, IS U
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Synthesis of Paclitaxel Side Chain via Multi-Component Reaction and
Its Application to the Synthesis of Paclitaxel Analogues

Sheng, Jiajun’ Yu, Ya'nan® Wang, Xin“” Qian, Yu” Fu, Liwu® Zhao, Yun*

Ma, Mingliang®**  Hu, Wenhao®*’
(“ Shanghai Engineering Research Center of Molecular Therapeutics and New Drug Development,
East China Normal University, Shanghai 200062)
(® School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou 510006)
(“ Cancer Center, Sun Yat-sen University, Guangzhou 510060)

Abstract Under the catalysis of Cu(OTf),, a hydroxy ylide trapping based multi-component reaction using water, diazoace-
tates, aromatic aldehydes and aromatic amines was successfully carried out to construct a-hydroxy-£-amino acid ester skeleton
in one step. The taxol oxazolidine-type side chains were efficiently synthesized after further chemical transformations. Moreo-
ver, 14 taxane derivatives were synthesized through esterification of obtained side chains and 7-O-(triethylsilyl) baccatin III or
7,10-dimethoxy-10-beacetyl baccatin III, and several novel compounds with excellent activity were discovered in the test of
anti-tumor activity. In this paper, combining the methodology and application of multi-component reaction, a highly efficient
method for synthesizing paclitaxel side chain derivatives was developed, which was applied into the semi-synthesis of
paclitaxel analogues. This research provided a new approach to the study of structure-activity relationship and had potential
application value.

Keywords taxol side chain; paclitaxel analogues; multi-component reaction; hydroxy ylide
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S P RED. SR, BRASEEAELL G R I A
fi%, 1FH 0.069%, MRz Hh o B HRECAMY TG 13 /2 F 24
R, oSt AL R E A R, SRR
UbAh, RAZEEMI SIS 2, 12 B UUE B
FESE6 =P R H AT AE P KA B = B e
10-2 23 ERYT 1T (10-DAB) A JE R 2 & i
(Scheme 1P, AZEE C-13 MBE L& R £k b 256 H
B — AW, T FIR RS A RS LR, 2
ek RS E R EATE T2 % . T
- R BB EMRERIEY, M TX—KUED,
Sharpless AXFFRELZALIS, Sharpless ANXf FRFEFEAL

PR AE B R AN IR TR I 1) 308 38 P T 25 1 3k 30 o et s
RFenmamd. ik sk, oL BmEar 2 Has
S FLFE Mannich BT 13-B R F 0 A 00, 2
A R AL BN E A 207 7. AT A 78 2010
EIRE T B BB R S F B R L R AL =41
SN B B A BE M (1) 77 v, JRAE SR AL B, T 2018
AEDOTR BT — Pl i B 37 22 20 3 [3 203K Nk
SN, —RYE A R RS B % () 73, AHX P —
ANSERNRE A, AT TR A A T PR A B B AR
SRR, XEBEFEOZE NN 2 E TR
MR, PRk, BRATRE T4 —Fh R = Rk R
RMEAZEZ 5y RBE, FEARBAE FHACK A —Fh g a5
BHME B N IE M SRR, R R T abr )
[E 9> T2 R, (%0716 B — 2 RS A 5.

HO O OH

o Ol 1 =

HO OBZ O

AcO O OSiEt,

el

HO 6Bz o
10-DAB O 1 o

0 6}
PMP
— or /'\ro

PR “OPG

+ compound 1 — =

COCOH
oxazoline type

B-lactam type

OH

T
HO OBz 0O
Paclitaxel side chain \ﬂ/

Paclitaxel 0

B 1 KR

Scheme 1 Semi-synthesis of paclitaxel
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1 HR5iTR

g% LA B, BATE SN & m A REAT 10
7T, ik T AR R AL AR BON IR TS 9 Cu AL
MFe AR D). [N, RIAEREHLIERZE, Bl
FI557 & 3a AR I (da) SR A ) 26 S NEFIT 7 M, i3k —
R N ER.

£ 1 SR IHIL

Table 1 Sclection of metal catalysis

N2 Cat. (x mol%)

Iy + PMP—NH, + Ph—CHO + H,0 — =
H COOEt 3 4a CH,Cly, r.t.
2
PMP\NH PMP\N
= +
ph - COOEL Ph/Lﬁ/cooa
OH OH
syn-5a anti-5a

Entry Catalyst x/mol% Yield/% dr* (syn : anti)

1 Rhy(OAc), 2 62 58 142

2 Cu(OTf), 10.0 57 44 : 56

3 Cu(OTf), 5.0 58 45 : 55

4  Cu(OTf), 2.0 52 45 : 55

5.0
5  Cu(OTf),+p-TsOH 10(’) 60 38 162
5.0, .

6  Cu(OTf),+ AgPF¢ 10.0 46 52 : 48

7  Cu(CH3;CN),BF, 5.0 43 41 : 59

8  Cu(AcAc), 5.0 — —

9  CuSO, 5.0 — —

10 FeCl, 5.0 — —

11 Fe(OTf), 5.0 — —

© 2019 Chinese Chemical Society & SIOC, CAS

“ The reaction was carried out with aniline 3a (1 equiv.), aldehyde 4a (1.05
equiv.), H,O (3 equiv.) and catalyst (2.0~20.0 mol%) in CH,Cl, at room
temperature with addition of EDA 2 (1.5 equiv.) over 1h.”Isolated yield (two
diastereoisomers). © Determined by 'H NMR spectroscopy of the crude reac-
tion mixture.

Nz 1 Fios, A 5 mol%H) Cu(OTH), i A LA13 5
A A5 R, X F KRR R (p-TsOH) AL i 4k v] LU T 2 B
SR R 2 35 PR R B R X WO B P, AgPF, L4
b B AR AT DA /IN IR 2 X ik 2R, (H 2 2 FE AR R
U H AR AR R Cu(CHCN),BF, AEfS 1L
I Z 2 A5y v, (HRSRARNE. BRikz 4,
AL IE T — L HAD BRI 5131 Fe fiEALF, HEE
IEBTCIEAL H Ax 2 5 B R .

225t RIS, BARTE Cu(OTH), AL S 341143 2
Jit A B (syn) B EC B AR Rho(OAC), B /NI
b, AEJE Cu(OTH), IR 5 I B i i AL Tis PR A e 7
K SE58 AT AR B AR, TR R AT AT 48 vk e A
Cu(OTH), 1E N ZIK LR AL 7).

b5, BBk T NI R R NAR (R 2). 4
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RER, S SR BRI, TR SRR 2

B IR OUCR: T — e LA B AR 2 7

AL — AR L PR SR B AR WL . S

ARG SE IR, A5 RSB 50 mg ST 10 g(#

2, Entry 9), 85IMIZH 5% 1 Entry 3 7 IHURIEAY)

£, LR LU R R R e, B ROR AT,
2 W SR

Table 2 Optimization of solvent and temperature”

Nz Cu(OTH), (5 mol%)
L + PMP—NH, + Ph—CHO + H,O — >
H COOEt solvent, temperature
2 3 4a
PMP X
NH PMP.
i _COOEt *
Ph/\:/ ' COOEt
OH OH
syn-5a anti-5a

Entry  Solvent Temp./'C  Yield”/%  dr(syn : anti)

1 CH,Cl, 0 53 45 : 55
2 CH,Cl, Reflux 47 43 : 57
3 THF 25 <10 —

4 CHCl, 25 54 42 :58
5 CH;CN 25 — —

6 EtOAc 25 45 37 : 63
7 Hexane 25 34 46 : 54
8 Toluene 25 30 44 56
9Y  CH,Cl, 25 56 45 : 55

“ The reaction was carried out with aniline 3a (1 equiv.), aldehyde 4a (1.05
equiv.), H,O (3 equiv.) and Cu(OTf), (5.0 mol%) in the solvent with addition
of EDA 2 (1.5 equiv.) over 1 h. b Isolated yield (two diastereoisomers). “ De-
termined by "H NMR spectroscopy of the crude reaction mixture. ¢ The reac-
tion was carried out on 10 g scale.

JIt B 5o F AR 2 2R L (PMP) PR AP 42 B B 4 A 4
BEW . E1ZD RN, FATE RS FH —Fp A 1)
EALH = SR EUIRBR(TCCA) LL B A I 1 48 FH 1 A R i
FZ(CAN), IXFEAE T OH KRy, itk 15 kb
HUB TR, I KSR T BCR, f 2 m i A
PL 60%MUCRZEIML G 6a, 1%25 [ N [RIAE AT IR i
KZ 10 72 (Scheme 2). 2 J5, ¥FATS 222 6a 7F
TR TG ANV 0 B TR BN 7K A VR PR T R AR R b A7 R
A, BT 0. HRE A O/ OlE-
AR RE L, FRSAEN A GEE 7a. (LAY
Ta (EH 7 /KA AELE RIS AE T 550 B A 2R O R i — F 4
REHEATIRE, BRLEY) 8a P B EIL &Y 8a HEAT
P KA, 1930 B ARREME LRI EE 9a, — 25 I M )
2] USR] 67%.

PVLEE %A IR 2R, B — 20 I B35 R D) L JEOKR 22
10 a2k, HIR(EDEARESE, BRMEREE /M
WL —8 E4iLr=ait, HAE 7 5 B X m S A4 4
syn-5a. anti-5a 53 BHPIRE 8a BHEH A ZEHT
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PMP.. TCCA
NH 1 mol/L H,S0, H, ph)J\C|
2__COOEt ——————> _ _A_COOEt /=" »
PR MeCN-H,0 Ph”~ >~ EA/H,0
OH OH NaHCO,
syn-5a syn-6a yield: 60%

O MeQ,
P @OMe O PMP
Ph” "NH
MeO Ph

N™ o

ph > COC T opTs (10 mot) /\<
OH toluene 100°C Ph COOEt
7a yield: 82% 8a yield: 85%
O PMP

NaOH Ph" N

> 0
el z
MeOH/H,0 Ph/\<
COOH
9a yield: 95%

Bl 2 BERRGT AL GE G iR 22

Scheme 2 Synthesis route of oxazoline type side chain
GY S, FAR D RRIE I A SR 45 A el g A RT LA B4
T ALRE . DA YRR Rk, DUIRTTE e e 4 ]
B 9a ALY, 50 RBKLECEN 10%, HHESEHT
RIE R A TR KR &

2 JE JAT 3% FH AN [R] 60 57 7 1 R I SO0 SR EAT T
I, S NEERE, &5 RMARIE T RIFRRY
G REMRET 14 MR R EEIEM T C-13
%% (Scheme 3).

FESE R b, AT DK 7-= 2 FE R B RT
1T (10, 7-TES Baccatin 1)1 7,10-— F 4 %FE-10-% LBk
FEERYT 1T (11, 7,10-dimethoxy-10-DAB) 5 i i Fr 15 1)
WML e O B AT A S 15 B A BT AL R 14 12 813,
WRJGETOK O HHMTIREB IR P, 1327 14 FEdS
BEAT A W)(Scheme 4). Bl e FATDxS LA ACSE I i 167 240
MUBEAT TIEPEINAGE 3). SR EoR, XS T ATl 4 A
IR A, A 2 MRS BT Y REYEE T paclitaxel
o} cabazitaxel. JLH4LEY) 14k F115h RIS, Xt
T HA60 KAt fififas F1 PCO it [l 241t Jee 240t P v PEZE A
T paclitaxel, XFF MG63 B RIJR A1 KB [ 55 41 i
S PEEE [E L T paclitaxel A1 cabazitaxel. 1X—%5 %
W ARSI 7,10-07 (1) H AL IR B 3" I i 1)
IR B S i P AR AR BRI S2mR, 1T 3L A Pk e
BAR 2 ROR BRAT A 5 0o e 4 P i A4

2 i

W 7B ER AR ABR(EDA) 7K. 75 & AT
I DY 7 [N A R AZEE C-13 % AT A4 1) 7 ¥
MEGEHERISE M K, ik T — RV & mMELT, &
S A FH R - A AL TS PR MDA B8 1) Cu(OTH), B4R
Rhy(OAC),. 1EJ5 522 2H 55 7= 1) S| W e A 78 0] 5 1) 5 il
o BRI IG 6 2 7 B RNAERCN 4 4, itk TR
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BT
" Rl R3 EUBATENI AR
/E\Z/COOEt R'CI /E\/ COOEt Table 3 Anti-tumor activity of the paclitaxel analogues
1 —
Aty EANaHCOs (aq) AT ICso/(umol L 1)
OH OH Entry M,
6a - 6o - H460 MG63 KB PCY

yield: 45% ~ 60% yield: 75% ~ 86%

MeO
eO RL /k

N" o
cat. PPTS, toluene, 100 °C 1‘
AT’ COOEt
8a~ 8o

yield: 73% ~ 85%

8d: R'=PhCO, Ar1 8e Ar! = Ph, R' =

MeO
(0]

8f: Ar'= Ph,R'= /©)L 8g: Ar'=Ph,R'= ’;‘
Me0\©)1
8h: Ar'=Ph, R' = /©)L 8i: Ar'=Ph,R'=
MeoN
OM
L~

8j: Ar'=Ph, R'=

e
8b: R'= PhCO, Ar' -/© 8c: R'= PhCO, Ar' =/©
Me Or;(

8k: Ar'=Ph,R"'=

\\

e
W\’"
8m: Ar' = Ph, R' = /©/ \o
FiC
O™ Osg%
8n: Arl = Ph, R1—/©/ Y% 80:Ar'=Ph,R!= /©/ o
Me

AcHN
AKX 3 JEmink

Scheme 3 Scope extension of the substrate

8l: Ar'=Ph,R"=

¢
i

R20 0O OR®

PMP

R DCC, DMAP
‘N 5 e,
: 9 * HO toluene, 70°C
;
A" COOH
9a ~ 90

R': as listed in Scheme 3

See 10: R? = Ac, R® = SiEt;
Ar': as listed in Scheme 3

11: R2=R3=Me

—p1
VR
o)
HO
HCl
—_—
, EtOH

o
P
up to 60% O

up to 95% )\
O

12: R? = Ac, R® = SiEt
13: R2=R3=Me

14:R2=Ac, R®=H
15: R2=R%=Me

B4 EREEATEDR SR

Scheme 4 Synthesis of the paclitaxel analogues
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Paclitaxel ~ 853.33  0.0119  0.0115  0.0006  0.0031
anti-14b 888.36 >50 >50 9.6593  30.6455

14e 883.34  0.0203  0.0218  0.0004 0.0064
14h 896.37  0.0152  0.0455 0.0022  0.0145
14i 913.35  0.1551  0.2918  0.0594  0.0930
14j 84331  0.0046  0.0059  0.0005 0.0046
14k 859.29  0.0037  0.0014 <<0.0005 0.0010
14m 957.29 13.7922 203900 6.0461 13.7886

Cyclo-14m 1075.33 >50 >50 >50 >50
Cyclo-14n 1021.36 >50 >50  30.4081 >50
Cabazitaxel 835.38 <C0.0005 0.0080 <<0.0005 <<0.0005
15a 839.35  0.0179  0.0029 <<0.0005 0.0012
15h 882.39  0.0018  0.0046 <<0.0005 0.0017

“ The data provided by collaborators from School of Pharmaceutical Sciences,
Sun Yat-sen University.

AP IR, R LN 10% A LSRG ] T35 14 R
UWEME G R BRI GE. 2R P — 2D M AT THCR
£ 10 g, HEREDTRAT ZSE, BRI/ 5 /ML
I JLF 2, 0 R AE. A R T A,
ERHRT 14 PRI, IR D RPURE A
TR T 2 NSRS T A S .

TEfER IR, BATSIIHAS 2 240 53 J7 7 S 5
JRRRE B TR I G b, OREE e Tk
M ZRETEAN G ARG, NJa SRR AT TUIR4E 7 A
R BEA. X2 2 1 S 7 9 5 8L AN (B F) A
Bl

3 SIS

3.1 &5

AL R A B AR 3% i Bruker Avance I11-400 1% i
LR E; = PE s B HRMS (ESI) Waters Synapt
JREEAGINE; B RO AR B (HPLC) H Thermol Scientific
Dionex Ultimate 3000 % i 20 AH (038 3G 72

;@ﬁﬁﬁﬁﬁ(ﬁﬁ‘]i’]m)ﬂﬁ?ifi{lﬂ%%%ﬁ FIA R
F), Horb DY Sk A5 AT 22 oK AR 2.

32 ZWHE
DL S (14a) . 7,10- = FRAR 5642 15 (15a) LA 7 1
f o TR R A I AN 4% (4S,5R)-3- 45 HH ik ik -2-(4- H 4R i 2K
FE)-4- TR FE-5-BEME IR IR TR (92) S FL T 1 (Sa, 6a, Ta, 8a)hy
B, HRATAE G 71235 57~ A ).
321 N-3F P AERE-QR3S)-RAF L AR B
(syn-52) 49 & %,

Btk &Y 3 (50 mmol), 4a (52.5 mmol), H,O (2 mL),

Cu(OTf), (2.5 mmol)IIA 500 mL £, A 100 mL
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A ELDCM)EE, HiFE 30 min. Z JEEALED 2 (75
mmol)¥& T 30 mL DCM Ji5, F1E R RIRE 2180 A
(30 mL/h). kS IEBEPE 0.5 h 5, &RMSEEE, TN 25
mL 7K, BDCM AH, T4, & LA VA isE)
V(IR ZHER)=10 : 1 BRI, HEFa S 411 ¢ A
lE K syn-5a, B75F 58%, NHAF“MUE 26%.

WA syn-Sb~5o0 (W& P IRE LR, Friss
PG GERE EAT AL G BN T — DA
3.22 (2R3S)-FEFLFFLCHE(6a)HIE K

WAL A syn-5a (25 mmol) I 500 mL F&firh,
A 60 mL ZJER 45 mL A EMERE. B TCCA
(13.75 mmol) A KEHH, SRS AL B, BEfEIA 1
mol/L H,SO4 25 mL, =i FHiHEE . N8 18 Hh
FH 56 2R 0 R R R AL (R T, B R TR R ML IEAT &)
12~16 h B}, RMEANE AR, LC-MS Wil Y,
RNZEFRJEIN DCM (30 mL X 3)if 8 N, 75
HUKAR. A KA I 2 mol/L NaOH ¥ 5 pH [H £
9~10, BEINAN LR LBE%(25 mL X 2), W4 LR Lk
FH, TR 4R 5 19 2 A g T kR [ 4. A5 BT A3 [ AR 7R
VA THER) @ (LR ATR)=20 © 1 &4F N7 B4,
ATLATF 3] 3.15 g (B E A syn-6a, WE 60%°).

e EH) syn-6b~60 KGR E FIRMIE, FrfdH
R R E AR A G B R EEENT S
JK.

323 N-RFEEA-(2R3S)-FR A F £ A B T H5(Ta) 49
AR

KA &) 6a (15 mmol) A 250 mL K&+, I
60 mL ZJR ZERAT 30 mL MR IR E AN A IR, 1EUK
KB T8I ZE H BE4((16.5 mmol), 10 min J 058 L,
b JG BAATHR R =R, 4k 2 h. #)Z A% (TLC)M
LC-MS Ml B, [ MEEW G5, WO OMEAE, T
B AE, 1938 A, kTR BEHALE V(A )
VTR OB =10 © 1 64 AT EL &, nTLIS 2] 3.85
g AR syn-Ta, K 82% . 'TH NMR (400 MHz,
CDCly) 6: 7.77 (d, J=7.2 Hz, 2H), 7.51 (t, J=7.7 Hz, 1H),
7.48~7.40 (m, 4H), 7.37 (t, J=7.1 Hz, 2H), 7.31 (d, J=
7.6 Hz, 1H), 7.00 (d, J=9.0 Hz, 1H), 5.76 (dd, J=9.1, 1.3
Hz, 1H), 4.62 (s, 1H), 4.36~4.23 (m, 2H), 3.31 (s, 1H),
1.30 (t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl;) ¢:
173.0, 166.8, 138.7, 134.2, 131.8, 128.7, 128.7, 127.9,
127.1, 126.9, 73.3, 62.8, 54.7, 14.1. HRMS (ESI) calcd for
CysH1oNNaO, [M+Na]": 336.1212, found 336.1225.

&P Tb~T0 HIG A IRE Ta #H[E.

N-2K BBk 5L -(2R,35)-3-(4- & K 3 ) 7 2 W R L. Tk
(7b): AMEA 3.97g, IE 80%. 'H NMR (400 MHz,
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CDCLy) d: 7.73 (d, J=7.3 Hz, 2H), 7.48 (t, J=7.4 Hz, 1H),
7.43~7.32 (m, 4H), 7.28 (d, J=8.5 Hz, 2H), 7.18 (d, J=
9.0 Hz, 1H), 5.69 (dd, J=9.0, 1.5 Hz, 1H), 4.54 (dd, J=
3.8, 2.2 Hz, 1H), 4.31~4.18 (m, 2H), 3.75 (d, J=4.0 Hz,
1H), 1.26 (t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl,)
5: 172.6, 167.0, 137.4, 133.9, 133.7, 131.9, 128.8, 128.7,
128.4,127.1, 73.2, 62.7, 54.4, 14.1. HRMS (ESI) calcd for
C,sH;oNO4CI [M~+H]": 348.1003, found 348.1012.

N-ZK H Bk 3 -(2R 3S)-3-(4- F RL 75 38 ) 7 2 R R 2. T
(7e): A 4.10 g, ULH 83%. 'H NMR (400 MHz,
CDCLy) 8: 7.76 (d, J=7.7 Hz, 2H), 7.51 (t, J=7.0 Hz, 1H),
7.43 (t, J=1.5 Hz, 2H), 7.34 (d, J=7.6 Hz, 2H), 7.17 (d,
J=17.7 Hz, 2H), 6.98 (d, J=6.3 Hz, 1H), 5.72 (d, J=9.0
Hz, 1H), 4.60 (s, 1H), 4.35~4.23 (m, 2H), 3.34~3.30 (m,
1H), 2.33 (s, 3H), 1.30 (t, J=7.1 Hz, 3H); >C NMR (101
MHz, CDCly) 0: 173.0, 166.8, 137.6, 135.7, 134.2, 131.7,
129.4, 128.7, 127.1, 126.8, 73.4, 62.7, 54.6, 21.1, 14.1.
HRMS (ESI) caled for CoH,NO4Na [M + Na] ' :
350.1368, found 350.1382.

N-ZK i 36 -(2R 35)-3-(4- F A R ) F 2 KR L
E(7d): A 4.18 g, K 83%. 'H NMR (400 MHz,
CDCly) d: 7.75 (d, J=7.2 Hz, 2H), 7.57~7.23 (m, 5H),
7.01 (t, J=9.3 Hz, 1H), 6.88 (d, J=8.7 Hz, 2H), 5.69 (t,
J=10.9 Hz, 1H), 4.58 (s, 1H), 4.36~4.20 (m, 2H), 3.78
(s, 3H), 3.46 (s, 1H), 1.29 (t, J=7.1 Hz, 3H); *C NMR
(101 MHz, CDCLy) 6: 173.0, 172.7, 166.8, 159.2, 154.6,
134.2, 134.0, 132.1, 131.8, 131.7, 130.9, 128.9, 128.7,
128.6, 128.2, 127.1, 127.0, 126.6, 122.7, 73.4, 73.2, 62.8,
62.7, 56.2, 55.3, 54.3, 53.9, 14.1. HRMS (ESI) calcd for
C1oH,NOsNa [M+Na]": 366.1317, found 366.1320.

N-(4- FH 58 2K FE R 3E)-(2R,39)-3- R I - 4. R R 4
fiE(7e): A Ak 4.05 g, Y 80%. 'H NMR (400 MHz,
CDCLy) d: 7.74 (d, J=8.7 Hz, 2H), 7.45 (d, J=7.4 Hz,
2H), 7.36 (t, J=7.4 Hz, 2H), 7.29 (t, J=7.3 Hz, 1H), 6.92
(d, J=8.7 Hz, 2H), 6.91 (s, 1H), 5.74 (d, J=8.0 Hz, 1H),
4.62 (dd, J=3.5, 2.2 Hz, 1H), 4.34~4.22 (m, 2H), 3.84 (s,
3H), 3.34 (d, J=3.8 Hz, 1H), 1.29 (t, J=7.1 Hz, 3H); °C
NMR (101 MHz, CDCly) d: 173.0, 166.3, 162.4, 138.9,
128.9, 128.7, 127.9, 126.9, 126.4, 113.8, 73.4, 62.7, 55.5,
54.7, 14.1. HRMS (ESI) caled for CioH,;NOsNa [M—+
Na]": 366.1317, found 366.1321.

N-(4-5F 2K P 3E)-(2R,38)-3- K 57 22 AR LR (71):
0 E AR 3.85 g, W 79%. '"H NMR (400 MHz, CDCl;)
8: 7.70 (d, J=8.5 Hz, 2H), 7.51~7.33 (m, 6H), 7.30 (t,
J=17.2 Hz, 1H), 6.95 (d, J=8.9 Hz, 1H), 5.73 (d, J=8.2
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Hz, 1H), 4.61 (s, 1H), 4.35~4.23 (m, 2H), 3.27 (d, J=3.5
Hz, 1H), 1.30 (t, J=7.1 Hz, 3H); *C NMR (101 MHz,
CDCly) d: 172.9, 165.7, 138.6, 138.0, 132.5, 128.9, 128.8,
128.5, 128.0, 126.9, 73.2, 62.8, 54.8, 14.1. HRMS (ESI)
caled for C;sH oNO,Cl [M + H] " : 348.1003, found
348.1012.

N-(A4- = 551 FR B 2 FR 3 )-(2R 38)-3- 2 0 5 24 L R
LliE(Tg): AEA 421 g IR 84%. 'H NMR (400
MHz, CDCl;) 0: 7.86 (d, J=8.1 Hz, 2H), 7.68 (d, J=8.1
Hz, 2H), 7.45 (d, J=7.4 Hz, 2H), 7.37 (t, J=7.3 Hz, 2H),
7.31 (t, J=17.3 Hz, 1H), 7.10 (d, J=9.0 Hz, 1H), 5.76 (dd,
J=92, 1.4 Hz, 1H), 4.62 (d, J=1.9 Hz, 1H), 4.35~4.23
(m, 2H), 3.40 (s, 1H), 1.30 (t, J/=7.1 Hz, 3H); °C NMR
(101 MHz, CDCls) 6: 172.9, 165.6, 138.4, 137.4, 133.5 (q,
J=33.4 Hz), 128.8, 128.1, 127.6, 126.9, 125.7 (q, J=3.6
Hz), 123.6 (q, J=271.3 Hz), 73.2, 62.8, 54.9, 14.1. HRMS
(ESI) caled for CoH;sFsNO,Na [M+Na]': 404.1124,
found 404.1129.

N-(4-— HURUEE 2 36 )-(2R 39)-3- 2 4 5 42 S IR
ZHE(Th): AR 430 g WE 85%. 'H NMR (400
MHz, CDCl;) 6: 7.61 (d, J=8.8 Hz, 2H), 7.37 (d, J=17.5
Hz, 2H), 7.27 (t, J=7.4 Hz, 2H), 7.19 (t, J=7.3 Hz, 1H),
6.78 (d, J=9.0 Hz, 1H), 6.59 (d, J=8.8 Hz, 2H), 5.67 (d,
J=9.0 Hz, 1H), 4.54 (d, J=2.1 Hz, 1H), 4.26~4.14 (m,
2H), 2.94 (s, 6H), 1.21 (t, J=7.1 Hz, 3H); >C NMR (101
MHz, CDCly) &: 172.0, 165.7 151.67, 138.2 127.6, 127.6
126.7 125.9 119.7, 110.1 72.5, 61.6, 53.7 39.1, 13.1.
HRMS (ESI) caled for CHxN,O,Na [M + Na] " :
379.1634, found 379.1640.

N-[4-(3,5-— A AR 3 2 P B 35 ))-(2R 389)-3- K S 7 42
TR CBE(TH): A EE K 3.98 g, W 78%. 'H NMR (400
MHz, CDCLy) §: 7.44 (d, J=7.4 Hz, 2H), 7.36 (t, J=7.4
Hz, 2H), 7.30 (t, J=7.2 Hz, 1H), 6.97 (d, J=9.1 Hz, 1H),
6.89 (d, J=2.2 Hz, 2H), 6.58 (t, J=2.1 Hz, 1H), 5.72 (dd,
J=9.1, 1.4 Hz, 1H), 4.61 (d, J=2.0 Hz, 1H), 4.36~4.23
(m, 2H), 3.81 (s, 6H), 1.31 (t, J=7.1 Hz, 3H); °C NMR
(101 MHz, CDCl3) 6: 172.9 166.7 160.97, 138.7 136.4
128.7, 127.9, 126.9, 105.1 103.6, 73.3 62.8 55.6 54.8, 14.1.
HRMS (ESI) caled for CyHyNO¢Na [M + Na] ' :
396.1424, found 396.1420.

N-(2-WR IR R 3)-(2R,38)-3- K ik S 22 S IR 6 (7))
H A 4.00 g, I 83%. '"H NMR (400 MHz, CDCly)
5: 7.49~7.42 (m, 3H), 7.36 (t, J=7.4 Hz, 2H), 7.30 (t, J=
7.2 Hz, 1H), 7.20 (d, J=9.3 Hz, 1H), 7.10 (d, J=3.4 Hz,
1H), 6.49 (dd, J=3.3, 1.6 Hz, 1H), 5.71 (d, J=9.4 Hz,
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1H), 4.59 (s, 1H), 4.29 (qd, J=7.1, 1.2 Hz, 2H), 3.35 (s,
1H), 1.31 (t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl5)
0: 172.8 157.6 147.5 144.2 138.64, 128.7, 128.0, 127.0,
114.8, 112.2, 73.2, 62.8, 54.0, 14.1. HRMS (ESI) calcd for
Ci6H sNOs [M+H]": 304.1137, found 304.1134.

N-(2- 19 Wy F [t 35 )-(2R,35)-3- % 3k S 22 /(R £, Tk
(7k): AR 4.10 g, $iK 83%. '"H NMR (400 MHz,
CDCly) d: 7.52 (d, J=3.4 Hz, 1H), 7.49~7.42 (m, 3H),
7.36 (t, J=7.4 Hz, 2H), 7.29 (t, J=7.2 Hz, 1H), 7.06 (t,
J=4.9 Hz, 1H), 6.90 (d, J=9.0 Hz, 1H), 5.71 (d, J=9.1
Hz, 1H), 4.60 (s, 1H), 4.34~4.22 (m, 2H), 3.42 (d, J=3.1
Hz, 1H), 1.29 (t, J=7.1 Hz, 3H); “C NMR (101 MHz,
CDClLy) d: 172.8, 161.2, 138.6, 138.3, 130.4, 128.7, 128.5,
127.9, 127.7, 126.9, 73.2, 62.8, 54.7, 14.1. HRMS (ESI)
caled for C;sHsNO,S [M+H]+: 320.0982, found
320.0988.

N-IRTH H R JE-(2R,38)-3- 2K 3 ¢t 42 R TR (T1): 1
O E 1Ak 3.80 g, WK 78%. '"H NMR (400 MHz, CDCl5) 6:
7.32 (d, J=7.7 Hz, 2H), 7.27 (t, J=7.1 Hz, 2H), 7.21 (t,
J=7.1 Hz, 1H), 6.47 (d, J=9.0 Hz, 1H), 5.49 (d, J=9.2
Hz, 1H), 4.43 (s, 1H), 4.25~4.13 (m, 2H), 3.34 (d, J=3.5
Hz, 1H), 1.34~1.28 (m, 1H), 1.21 (t, J=7.1 Hz, 3H),
0.88~0.82 (m, 2H), 0.69~0.61 (m, 2H); *C NMR (101
MHz, CDCl3) 6: 172.0, 171.9, 138.0, 127.6, 126.7, 125.9,
72.4,61.5,53.5,13.6, 13.1, 6.4, 6.4. HRMS (ESI) calcd for
CysH)NO4 [M+H] " 278.1392, found 278.1364.

N-(4- =90 S SR B 3)-(2R,35)-3- 6 3 53 42 S TR
LBE(Tm): A 4.16 g, UK 81%. 'H NMR (400
MHz, CDCl;) d: 7.60 (d, J=8.2 Hz, 2H), 7.39 (d, J=8.3
Hz, 2H), 7.12~6.93 (m, 5H), 5.88 (d, J=9.8 Hz, 1H),
4.84 (dd, J=9.8, 2.1 Hz, 1H), 4.27 (s, 1H), 4.20 (q, J=7.1
Hz, 2H), 3.36 (s, 1H), 1.26 (t, J=7.1 Hz, 3H); *C NMR
(101 MHz, CDCl3) 6: 171.0, 142.9, 135.4, 132.9 (q, J=
33.5 Hz), 127.4, 127.1, 126.4, 126.0, 124.7 (q, J=3.6 Hz),
122.1 (q, J=273.0 Hz), 73.6, 62.0, 58.5, 13.1. HRMS
(ESI) caled for CigH;sFsNOsSNa [M-+Na]': 440.0755,
found 440.0793.

N-(4- 3k ZE T I 3 )-(2R,3)-3- K Ik 57 42 A 2 £ g
(Tn): AEE 4.05 g, WK 81%. 'H NMR (400 MHz,
CDCly) d: 7.43 (d, J=8.2 Hz, 2H), 7.13~7.02 (m, 5H),
6.99 (d, J=8.0 Hz, 2H), 5.50 (d, J=9.7 Hz, 1H), 4.79 (dd,
J=9.7, 2.2 Hz, 1H), 424 (s, 1H), 4.19~4.08 (m, 2H),
3.19 (s, 1H), 2.25 (s, 3H), 1.23 (t, J=7.1 Hz, 3H); "°C
NMR (101 MHz, CDCly) o: 171.0, 142.1, 136.6, 136.3,
128.2, 127.3, 126.7, 126.0, 125.9, 73.2, 61.8, 58.1, 20.4,
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13.0. HRMS (ESI) caled for CisH,NOsS [M+H] " :
364.1219, found 364.1220.

N-(4- T 1 5 R T I 2 )-(2R,38)-3- K 2 S 22 R R
ZHiE(T0): AEE 425 g IR 82%. 'H NMR (400
MHz, DMSO-dg) d: 10.12 (s, 1H), 8.13 (d, J=9.7 Hz, 1H),
7.54~7.36 (m, 4H), 7.21~7.03 (m, 5H), 5.55 (d, J=6.5
Hz, 1H), 4.66 (dd, J=9.6, 42 Hz, 1H), 4.16 (t, J=5.1
Hz,1H), 4.01~3.87 (m, 2H), 2.04 (s, 3H), 1.08 (t, J=7.1
Hz, 3H); *C NMR (101 MHz, DMSO-dj) J: 171.3, 168.7,
142.1, 138.2, 135.3, 127.5, 127.4, 127.3, 126.9, 117.9,
744, 603, 60.2, 24.1, 13.9. HRMS (ESI) caled for
C1oH,N,04SNa [M+Na]*: 429.1096 , found 429.1084.
3.2.4 (4S,5R)-3-R P Bt AL -2-(4-F A AR H)-4- K A& -
5-"Z v ok 54 B T B5 (8a) B9 A A%,

B &4 7a (12 mmol)FIxT FE AR FRIML W £h(PPTS,
1.2 mmol) I 250 mL %eif, IIA 100 mL HZK, FHig
2100 °C, $iFE 10 min BJRPIEME. 25 AR IN
o} F AR R 2K FR RS — FR % (18 mmol), fRF 100 °C M 3
h. TLC MR, R SEE WG FRR R =R, BT
JEHT. L VORI - MR SR =8 1 B, AT
PAAr 5135 4.41 g 35 EHPIRIEA 8a, i3 85%. 'H NMR
(400 MHz, CDCls) &: 7.74~7.36 (m, 2H), 7.36~7.28 (m,
4H), 7.35~7.12 (m, 6H), 6.71~6.99 (m, 3H), 5.35 (s,
1H), 4.85 (s, 1H), 4.28 (q, J=7.0 Hz, 2H), 3.81 (s, 3H),
1.30 (t, J=7.0 Hz, 3H); *C NMR (101 MHz, CDCl;) ¢:
170.8, 169.9, 160.0, 139.0, 136.8, 134.0, 129.7, 128.8,
128.6, 128.5, 128.2, 127.0, 113.6, 91.3, 82.4, 64.9, 62.0,
55.3, 14.2. HRMS (ESI) calcd for CysHyNOs [M+H]":
432.1844, found 432.1841.

(4S,5R)-3- 7K I i 3 -2-(4- H1 480 95 0K 3L )-4-(4- FUK
5)-5-WERLIRER R . R (8b): B IR AA 4.54 ¢, IR
84%. '"H NMR (400 MHz, CDCls) &: 7.44~7.34 (m, 2H),
7.33~7.10 (m, 9H), 6.94~6.76 (m, 3H), 5.38 (s, 1H),
4.79 (s, 1H), 4.29 (q, J=7.1 Hz, 2H), 3.81 (s, 3H), 1.31 (t,
J=7.1 Hz, 3H); °C NMR (101 MHz, CDCl;) J: 171.8,
169.8, 160.0, 137.8, 135.6, 134.0, 130.7, 129.8, 128.8,
128.6, 128.3, 126.9, 113.6, 91.3, 82.0, 64.2, 62.1, 55.3,
14.2. HRMS (ESI) caled for C,oH,sNOsCl [M+H]":
466.1362, found 466.1369.

(4S,5R)-3-7 F 5k Ik -2-(4- F 48 3k 2K 36 )-4-(4- FR AL %
H)-5-BEMRER R 2,16 (8c): B HPIRIBA 4.25 g, R
82%. '"H NMR (400 MHz, CDCls) &: 7.58~7.36 (m, 2H),
7.35 (t, J=17.5 Hz, 1H), 7.29 (d, J=7.5 Hz, 2H), 7.22 (t,
J=7.1 Hz, 2H), 7.17~6.99 (m, 4H), 6.96~6.70 (m, 3H),
5.34 (s, 1H), 4.82 (s, 1H), 4.28 (q, J=7.0 Hz, 2H), 3.81 (s,

Chin. J. Org. Chem. 2019, 39, 377~389

© 2019 Chinese Chemical Society & SIOC, CAS

3H), 2.35 (s, 3H), 1.30 (t, J=7.1 Hz, 3H); >C NMR (101
MHz, CDCl3) 6: 171.9, 170.2, 159.9, 137.8, 136.3, 135.8,
130.6, 130.1, 129.3, 128.8, 128.2, 127.0, 113.5, 91.2, 64.8,
61.9, 55.3, 21.1, 14.2. HRMS (ESI) calcd for C,7H,sNOs
[M~+H]": 446.1967, found 446.1980.

(45,5R)-3-7K FH I 2 -2-(4- F 4 26 R 0L ) -4-(4- A 4L 2
TRIE)-5-DEM IR ER R .15 (8d): B EHPIRIBAA 4.46 g, IR
# 84%. 'H NMR (400 MHz, CDCly) 6: 7.61~7.31 (m,
3H), 7.32~7.15 (m, 6H), 7.14 (br. s, 1H), 6.93~6.73 (m,
4H), 5.33 (s, 1H), 4.79 (d, J=12.2 Hz, 1H), 4.29 (qd, J=
7.1, 2.0 Hz, 2H), 3.99~3.74 (m, 6H), 1.30 (t, J=6.9 Hz,
3H); *C NMR (101 MHz, CDCls) 6: 170.1, 169.8, 160.0,
159.3, 154.7, 135.7, 128.7, 128.6, 128.3, 128.2, 127.0,
122.6, 113.9, 113.6, 111.9, 91.2, 82.0, 64.1, 62.0, 56.2,
55.3, 14.2. HRMS (ESI) caled for C»H,sNOg [M+H] ™
462.1892, found 462.1885.

(48,5R)-3-(4- F AR J % FPV g 5 )-2- (4- HH AR L R 0k )-4-
FRFL-S-BEMEIIR R 2,16 (8e): 5 iR TBIA 4.60 g, UK
# 85%. 'H NMR (400 MHz, CDCLy) ¢: 7.47 (d, J=17.1
Hz, 2H), 7.36~7.23 (m, 7H), 6.96 (s, 1H), 6.86 (d, J=8.6
Hz, 2H), 6.72 (d, J=8.7 Hz, 2H), 5.45 (s, 1H), 4.83 (d, J=
1.4 Hz, 1H), 4.26 (q, J=7.1 Hz, 2H), 3.80 (s, 3H), 3.74 (s,
3H), 1.29 (t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl5)
5: 171.8, 170.1, 161.6, 159.9, 139.6, 130.3, 129.3, 128.7,
128.7, 128.0, 127.8, 127.0, 113.5, 113.5, 91.2, 82.3, 65.3,
61.9, 55.3, 55.3, 14.2. HRMS (ESI) calcd for C,;H,sNOg
[M-+H]": 462.1892, found 462.1887.

(48,5R)-3-(4- 5 7 F ik 25 )-2-(4- 4 0 X 5 )-4- %
Fe-5-BEMEMRIR IR 2,16 (80): T HPIRIEIE 4.10 g, Wik
80%. '"H NMR (400 MHz, CDCl;) §: 7.43~7.34 (m, 2H),
7.34~7.09 (m, 9H), 6.95~6.67 (m, 3H), 5.38 (s, 1H),
479 (s, 1H), 4.29 (q, J=7.1 Hz, 2H), 3.81 (s, 3H), 1.31 (4,
J=7.1 Hz, 3H); “C NMR (101 MHz, CDCl;) é: 171.8,
169.8, 160.0, 137.8, 135.6, 1334.0, 130.7, 129.8, 128.8,
128.6, 128.3, 126.9, 113.6, 91.3, 82.0, 64.2, 62.1, 55.29,
55.3, 14.2. HRMS (ESI) calcd for CoH,sNOsCl [M+H] '
466.1362, found 466.1375.

(4S,5R)-3-(4- — F, F JE 2K FH Tt ik )-2-(4- A 4 Bk R
F)-4-FR -5 -BEMEIMR R 2. TR (8g): R i IR 4.19
g, & 80%. '"H NMR (400 MHz, CDCl3) 6: 7.49 (d, J=
8.1 Hz, 2H), 7.47~7.04 (m, 9H), 6.84 (s, 3H), 5.30 (br. s,
1H), 4.88 (s, 1H), 4.30 (q, J=7.0 Hz, 2H), 3.81 (s, 3H),
1.32 (t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl;) ¢:
169.9, 160.1, 139.1, 138.8, 132.2 (q, J=34.1 Hz), 129.4,
128.8, 128.3, 127.3, 127.1, 126.0 (q, J=272.8 Hz), 125.3
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(q, J=3.7 Hz), 113.6, 91.3, 81.9, 65.0, 62.1, 55.3, 14.2.
HRMS (ESI) caled for C,;HasFsNOs [M+H]": 500.1636,
found 500.1647.

(4S,5R)-3~(4- — P 58 5= 2% W T ik )-2-(4- A 4 B R
B)-4- TR HE-S-BEMEHR IR .5 (8h): o EUlRIE A 4.67
g, W 85%. '"H NMR (400 MHz, CDCLy) 6: 7.44 (d, J=
8.5 Hz, 2H), 7.30~7.17 (m, 7H), 6.96 (s, 1H), 6.79 (d, J=
8.7 Hz, 2H), 6.39 (d, J=8.9 Hz, 2H), 5.46 (s, 1H), 4.73 (d,
J=1.7 Hz, 1H), 4.24~4.12 (m, 2H), 3.74 (s, 3H), 2.86 (s,
6H), 1.21 (t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl5)
5: 171.4, 169.2, 158.7, 151.1, 139.0, 129.7, 128.5, 127.7,
127.6, 126.7, 126.0, 120.9, 112.4, 109.7, 90.2, 81.4, 64.5,
60.8, 54.3, 39.0, 13.1. HRMS (ESI) calcd for C,gH3N,Os
[M+H]": 475.2256, found 475.2264.

(48,5R)-3-(3,5- — H1 4 Jk 2R Y g ik )-2-(4- AR B O
B)-4- IR BL-5-WEMEIRER R 2R (8i): TG AR 4.24 ¢,
% 80%. '"H NMR (400 MHz, CDCls) 6: 7.69~7.39 (m,
2H), 7.37~7.16 (m, 5H), 7.05~6.71 (m, 3H), 6.43 (s,
3H), 5.35 (s, 1H), 4.84 (s, 1H), 4.29 (q, J=7.1 Hz, 2H),
3.82 (s, 3H), 3.44 (s, 6H), 1.32 (t, J=7.1 Hz, 3H); “C
NMR (101 MHz, CDCLy) d: 171.8, 170.0, 160.4, 159.9,
137.3, 130.1, 128.8, 128.7, 128.0, 127.0, 113.5, 104.6,
104.1, 91.1, 62.0, 55.3, 55.1, 29.7, 14.2. HRMS (ESI)
caled for C,3H3oNO; [M+H]": 492.2022, found 492.2040.

(48,5R)-3-(2- Wk Wity F gk 255 )-2-(4- HF 40 2 X R )-4- K
FE-5-WEMLIRR IR L IR(8)): ot iRk 4.28 ¢, ik
82%. 'H NMR (400 MHz, CDCl;) d: 7.48 (d, J=8.4 Hz,
2H), 7.38~7.27 (m, 6H), 7.02 (s, 1H), 6.93 (d, J=3.2 Hz,
1H), 6.86 (d, J=8.8 Hz, 2H), 6.36 (dd, J=3.5, 1.7 Hz,
1H), 5.81 (d, J=2.7 Hz, 1H), 4.91 (d, J=2.3 Hz, 1H), 4.30
(q, J=7.1 Hz, 2H), 3.80 (s, 3H), 1.31 (t, J=7.1 Hz, 3H);
BC NMR (101 MHz, CDCL) d: 170.0, 159.9, 159.0, 147.0,
145.0, 139.1, 129.8, 129.0, 128.6, 127.9, 127.0, 117.5,
113.5, 111.7, 91.5, 64.1, 62.0, 55.3, 14.2. HRMS (ESI)
caled for Co4H24NOg [M~+H]": 422.1574, found 422.1570.

(4S,5R)-3-(2- W& Wy F ik 3 )-2-(4- FF 4 2 % 3 )-4- K
FE-S-BEMEIRIR IR 2 FR(8k): iRk 433 g WX
83%. 'H NMR (400 MHz, CDCl;) 6: 7.53 (d, J=8.6 Hz,
2H), 7.42 (d, J=5.0 Hz, 1H), 7.38~7.30 (m, 5H), 7.03 (d,
J=3.7Hz, 1H), 6.99 (s, 1H), 6.88 (d, J=8.6 Hz, 2H), 6.84
(t, J=4.3 Hz, 1H), 5.73 (d, J=2.1 Hz, 1H), 4.92 (d, J=2.2
Hz, 1H), 4.29 (q, J=7.5 Hz, 2H), 3.81 (s, 3H), 1.29 (t, J=
7.1 Hz, 3H); *C NMR (101 MHz, CDCl;) &: 170.0, 164.0,
160.1, 139.0, 138.4, 131.1, 129.8, 129.7, 129.1, 128.8,
128.2, 127.5, 127.0, 113.5, 91.7, 82.7, 65.1, 62.0, 55.3,
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14.2. HRMS (ESI) caled for CpH,NOsS [M+H]":
438.1365, found 438.1369.

(4S,5R)-3-2K P H i 9 -2-(4- F 40k A 0k )-4- T 3L -5
WEME IR R R IR (8D): B Ll IR AAR 3.89 g, UK 75%.
'H NMR (400 MHz, CDCly) 6: 7.47~7.20 (m, 7H), 6.81
(d, J=8.6 Hz, 2H), 6.65 (s, 1H), 5.48 (s, 1H), 4.78 (d, J=
2.6 Hz, 1H), 4.33~4.14 (m, 2H), 3.74 (s, 3H), 1.26 (t, J=
6.9 Hz, 3H), 0.99~0.89 (m, 1H), 0.89~0.75 (m, 2H) ,
0.69~0.42 (m, 2H); “C NMR (101 MHz, CDCl;) o:
171.9, 169.1, 138.3, 129.1, 127.8, 127.1, 112.8, 99.0, 90.3,
62.6, 61.1, 60.8, 54.3, 13.2, 12.4, 7.3. HRMS (ESI) calcd
for Co3H,NOs [M+H]": 396.1747, found 396.1743.

(48,5R)-3-(4- = i Y B DR Tt Pk 5% )-2-(4- HHY A 2 OR
BL)-4- KBS BEMEMR IR R R (8m): o IHPIRMEAAR 4.08
g, W& 78%. 'H NMR (400 MHz, CDCl;) 0: 7.55~7.43
(m, 4H), 7.33 (d, J=8.6 Hz, 2H), 7.30~7.21 (m, 5H),
6.76 (d, J=8.7 Hz, 2H), 6.37 (s, 1H), 5.17 (d, J=3.9 Hz,
1H), 4.66 (d, J=3.9 Hz, 1H), 4.06 (q, J=7.1 Hz, 2H), 3.73
(s, 3H), 1.19 (t, J=7.1 Hz, 3H); C NMR (101 MHz,
CDCly) 6: 167.9, 159.6, 140.8, 137.5, 133.5 (q, J=33.4
Hz), 128.2, 127.8, 127.5, 127.2, 127.0, 126.2, 124.8 (q, J=
3.9 Hz), 119.4 (q, J=273.1 Hz), 112.8, 92.1, 81.3, 64.2,
61.0, 54.3, 13.0. HRMS (ESI) calcd for CgHasFsNOGS
[M+H]": 536.1366, found 536.1377.

(48,5R)-3-(4- FH IR Tifi I Jik )-2-(4- A 2R Ok )-4- O
B S-BERIRFRER 216 (8n): ORI 427 g, IR
83%. 'H NMR (400 MHz, CDCl;) d: 7.53 (d, J=8.2 Hz,
2H), 7.41 (d, J=8.6 Hz, 2H), 7.30~7.13 (m, 7H), 6.81 (d,
J=8.7 Hz, 2H), 6.36 (s, 1H), 5.04 (d, J=4.5 Hz, 1H), 4.57
(d, J=4.5 Hz, 1H), 4.03~3.92 (m, 2H), 3.74 (s, 3H), 2.34
(s, 3H), 1.14 (t, J=7.1 Hz, 3H); C NMR (101 MHz,
CDCly) d: 167.9, 159.3, 143.1, 137.8, 133.5, 128.6, 128.3,
127.8, 127.6, 127.1, 126.1, 112.7, 92.1, 81.3, 64.5, 60.8,
54.3, 20.5, 13.0. HRMS (ESI) calcd for CysHpsNOgS
[M+H]": 482.1638, found 482.1645.

(48,5R)-3-(4- £, Tk Jiig 5 2R Tifk Tk 5% )-2-(4- AL 2R O
F)-4-FR -5 BEMEIMR R 2,16 (80): LA IR A 3.82
g, Y& 73%. "H NMR (400 MHz, CDCLy) §: 7.83 (s, 1H),
7.67~7.55 (m, 4H), 7.47 (d, J=8.6 Hz, 2H), 7.39~7.26
(m, 5H), 6.87 (d, J=8.6 Hz, 2H), 6.40 (s, 1H), 5.11 (d, J=
4.4 Hz, 1H), 4.66 (d, J=4.4 Hz, 1H), 4.13~4.01 (m, 2H),
3.80 (s, 3H), 2.12 (s, 3H), 1.21 (t, J=7.1 Hz, 3H); “C
NMR (101 MHz, CDCly) d: 168.9, 168.9, 160.4, 142.8,
138.7, 131.6, 129.2, 129.1, 128.9, 128.7, 128.3, 127.1,
119.1, 113.8, 93.2, 82.3, 65.6, 62.0, 55.3, 24.6, 14.0.
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HRMS (ESI) caled for C,;H2oN,0,S [M+H]": 525.1695,
found 525.1680.

3.2.5 (4S,5R)-3-R P Bt A -2-(4-F A AR H)-4- K A& -
5-"Z v ok 24 B2 (92) 9 A A%,

A AGA %) 8a (11 mmol) I 40 mL FHEEAN 20 mL 7K,
T NaOH (33 mmol), =i HEFE 2 h. TLC Ml v,
LG A BET A, AR R R A
25 mL /KGR, B S I 1 mol/L HCL 5 pH
H%E3~4, AREAGOEENTH, 38 TRE21421 g
O E K 9a, Ut E 95%. '"H NMR (400 MHz,
DMSO-dg) 6: 13.64 (s, 1H), 7.55~7.35 (m, 2H), 7.35~
7.12 (m, 10H), 6.90 (d, J=7.9 Hz, 2H), 6.63 (s, 1H), 5.30
(s, 1H), 4.90 (s, 1H), 3.76 (s, 3H).">C NMR (101 MHz,
DMSO-dg) 0: 170.9, 159.4, 138.4, 135.7, 132.4, 130.5,
129.6, 128.7, 128.4, 128.4, 126.3, 113.5, 90.0, 55.1. HRMS
(ESI) calcd for C,4H,NOsNa [M—|—Na]+: 426.1317, found
426.1310.

3.2.6 CEASEZ(142)09 5 A%

BAAEY 10 (0.1 mmol). A4 9a (0.23 mmol).
TSI RE(DMAP, 0.23 mmol)Fl 2.5 mL JE7K FER
A 50 mL B, A 70 CAE [ MRS, BN
A DCC (0.33 mmol), #ii# 1 h. TCL F1 LC-MS Wil 2 57,
LSS I g, WEEIER. &L VCRMES) - (&
TR ) =2 : 1 RBEBAAEE 7 S5 2 E A EE 12a,
R A 95%. MFTfLA4) 12a (0.1 mmol)F I A 3 mL
ToKCmE, BEEAE, RS I 20%~30%
) HCI/EtOH 77K 0.5 mL, =i FHiEE 24 h, SR
JH. LC-MS Il B, RMEHREMA 1.5 mL {EF
NaHCO; ¥« 0.5 mL /KH1 10 mL 2./ ZFEXHU/0 L,
KAHFEH 10 mL 418 B R %, & 4R LERAH, T
Wdd. wJa bk &) - VRS =20 : 1 APl
FEEMT B33 46 mg AR 14a, EH 57%.

3-(4-SCR ) RE(14b): AGEE 26 mg,
48%. m.p. 159~160 ‘C; 'H NMR (400 MHz, CDCL) §:
7.98 (d, J=17.5 Hz, 2H), 7.66 (d, J=7.4 Hz, 2H), 7.54 (t,
J=17.4 Hz, 1H), 7.49~7.29 (m, 9H), 6.97 (d, J=8.8 Hz,
1H), 6.25 (s, 1H), 6.13 (t, J=8.6 Hz, 1H), 5.67 (d, J=8.8
Hz, 1H), 5.59 (d, J=7.0 Hz, 1H), 4.90 (d, J=8.7 Hz, 1H),
4.56 (s, 1H), 4.39 (dd, J=10.3, 8.52 Hz, 1H), 4.22 (d, J=
8.4 Hz, 1H), 4.09 (d, J=8.6 Hz, 1H), 3.79 (d, J=7.0 Hz,
1H), 3.75~3.59 (m, 1H), 2.60~2.44 (m, 2H), 2.31 (dd,
J=15.1, 9.2 Hz, 1H), 2.13 (s, 3H), 2.14 (s, 3H), 2.11~
2.08 (m, 1H), 1.97 (s, 3H), 1.86~1.80 (m, 1H), 1.61 (s,
3H), 1.14 (s, 3H), 1.06 (s, 3H); “C NMR (101 MHz,
CDCLy) d: 202.6, 171.4, 170.1, 168.5, 166.0, 141.0, 136.4,
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133.3, 132.8, 132.6, 132.0, 131.1, 129.0, 128.2, 128.1,
127.8, 127.7, 127.7, 126.1, 83.4, 80.2, 78.2, 76.2, 75.4,
74.5, 73.8, 72.2, 71.6, 71.2, 57.6, 53.6, 44.8, 42.1, 35.0,
34.6, 28.7,25.74, 21.6, 20.5, 19.8, 14.3, 8.5. HRMS (ESI)
caled for C4HsCINOyy [M+ H] " : 888.2998, found
888.2982.

3'-(N-XF AR L 28 I R ) SR A2 I (1de): 1 (0 4k 27
mg, & 51%. m.p. 158~159 ‘C; 'H NMR (400 MHz,
CDCLy) d: 8.05 (d, J=7.6 Hz, 2H), 7.63 (d, J=8.6 Hz,
2H), 7.54 (t, J=7.3 Hz, 1H), 7.46~7.36 (m, 4H), 7.33 (t,
J=17.4 Hz, 2H), 7.26 (t, J=7.1 Hz, 1H), 6.90 (d, J=8.7
Hz, 1H), 6.79 (d, J=8.6 Hz, 2H), 6.19 (s, 1H), 6.13 (t, J=
8.7 Hz, 1H), 5.68 (d, J=8.5 Hz, 1H), 5.59 (d, J=7.0 Hz,
1H), 4.86 (d, J=9.2 Hz, 1H), 4.69 (s, 1H), 4.31 (t, J=7.5
Hz, 1H), 4.21 (d, J=8.4 Hz, 1H), 4.11 (d, J=8.4 Hz, 1H),
3.74 (s, 3H), 3.73~3.68 (m, 1H), 2.51~2.39 (m, 2H),
2.30 (s, 3H), 2.27~2.17 (m, 2H), 2.15 (s, 3H), 1.84~1.79
(m, 1H), 1.71 (s, 3H), 1.60 (s, 3H), 1.15 (s, 3H), 1.06 (s,
3H); C NMR (101 MHz, CDCl;) §: 202.6, 171.7, 170.2,
169.4, 166.0, 165.7, 161.5, 141.0, 137.1, 132.7, 132.1,
129.2, 128.2, 128.0, 127.9, 127.7, 127.3, 126.0, 124.8,
112.8, 83.4, 80.1, 78.0, 76.2, 75.5, 74.6, 73.9, 72.4, 71.2,
71.2, 57.6, 54.4, 54.1, 44.6, 42.1, 34.7, 34.6, 25.8, 21.6,
20.8, 19.8, 13.8, 8.5. HRMS (ESI) calcd for C4HssNO;js
[M+H]": 884.3493, found 884.3540..

3'-(N-XF =5 F LR RS SR A2 12 (14g): 1 A il 4
19 mg, & 50%. mp. 163~165 C; '"H NMR (400
MHz, CDCLy) d: 8.07 (d, J=7.4 Hz, 2H), 7.78 (d, J=8.1
Hz, 2H), 7.59 (d, J=8.1 Hz, 2H), 7.54 (t, J=7.5 Hz, 1H),
7.47~7.29 (m, 7H), 7.00 (d, J=8.8 Hz, 1H), 6.20 (s, 1H),
6.16 (d, J=8.4 Hz, 1H), 5.72 (d, J=8.9 Hz, 1H), 5.60 (d,
J=7.0 Hz, 1H), 4.87 (d, J=8.4 Hz, 1H), 4.73 (s, 1H),
4.37~4.28 (m, 1H), 4.24 (d, J=8.4 Hz, 1H), 4.12 (d, J=
8.4 Hz, 1H), 3.73 (d, J=6.9 Hz, 1H), 3.43 (s, 1H), 2.53~
2.42 (m, 1H), 2.40 (d, J=3.7 Hz, 1H), 2.31 (s, 3H), 2.28~
2.19 (m, 2H), 2.17 (s, 3H), 1.85~1.77 (m, 1H), 1.71 (s,
3H), 1.62 (s, 3H), 1.18 (s, 3H), 1.08 (s, 3H); “C NMR
(101 MHz, CDCLy) ¢: 202.5, 171.6, 170.3, 169.3, 166.0,
164.7, 140.8, 136.6, 135.9, 135.3, 132.8, 132.3, 129.2,
128.1, 127.7, 127.5, 126.5, 126.0, 124.7 (q, J=3.9 Hz),
83.4, 80.2, 78.1, 76.2, 74.5, 71.9, 71.5, 71.2, 57.6, 54.0,
44.6, 422, 34.6, 28.7, 25.9, 21.6, 20.8, 19.8, 13.8, 8.5.
HRMS (ESI) calcd for C4HsFsNO, [M+H]": 922.3262,
found 922.3292..

3'-(N-XT WG R R S A2 BE(14h): [ (5 [l 44
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27 mg, 7°FE 60%. mp. 166~169 C; 'H NMR (400
MHz, CDCl;) 0: 8.06 (d, J=7.7 Hz, 2H), 7.58 (d, J=8.7
Hz, 2H), 7.54 (t, J=7.3 Hz, 1H), 7.44 (t, J=8.0 Hz, 2H),
7.39 (d, J=7.8 Hz, 2H), 7.33 (t, J=7.5 Hz, 2H), 7.26 (t,
J=17.1 Hz, 1H), 6.74 (d, J=8.6 Hz, 1H), 6.54 (d, J=8.7
Hz, 2H), 6.20 (s, 1H), 6.13 (t, J=8.8 Hz, 1H), 5.68 (d, J=
8.6 Hz, 1H), 5.60 (d, J=6.9 Hz, 1H), 4.88 (d, J=9.2 Hz,
1H), 4.71 (d, J=2.5 Hz, 1H), 4.33 (dd, J=8.9, 8.4 Hz,
1H), 4.22 (d, J=8.4 Hz, 1H), 4.13 (d, J=8.3 Hz, 1H), 3.72
(d, J=6.9 Hz, 1H), 2.93 (s, 6H), 2.54~2.35 (m, 2H), 2.32
(s, 3H), 2.29~2.17 (m, 2H), 2.16 (s, 3H), 1.86~1.79 (m,
1H), 1.73 (s, 3H), 1.61 (s, 3H), 1.16 (s, 3H), 1.07 (s, 3H).
C NMR (101 MHz, CDCl;) d: 202.7, 171.8, 170.3, 169.4,
166.2, 165.9, 151.8, 1412, 137.4, 132.7, 132.0, 129.2,
128.2, 127.9, 127.7, 127.6, 127.2, 126.0, 119.0, 110.0,
83.4, 80.1, 78.0, 74.6, 73.9, 72.7, 71.2, 57.6, 54.3, 44.6,
42.2, 39.1, 34.7, 34.6, 25.8, 21.6, 20.9, 19.9, 13.9, 8.5.
HRMS (ESI) caled for C4Hs;N,Op, [M+H]": 897.3810,
found 897.3781.

3'-[N-(3,5-— RO R ) 50 A2 B (140): 1 £ [
1 17 mg, 773 46%. m.p. 148~149 “C; 'H NMR (400
MHz, CDCL3) d: 8.10 (d, J=7.6 Hz, 2H), 7.54 (t, J=7.4
Hz, 1H), 7.44 (t, J=7.4 Hz, 2H), 7.42~7.32 (m, 4H), 7.28
(t, J=6.9 Hz, 1H), 6.87 (d, J=8.9 Hz, 1H), 6.76 (s, 2H),
6.48 (s, 1H), 6.20 (s, 1H), 6.18 (t,J=9.2 Hz, 1H), 5.73 (d,
J=8.7 Hz, 1H), 5.60 (d, J=7.1 Hz, 1H), 4.87 (d, J=9.2
Hz, 1H), 4.72 (br.s, 1H), 4.38~4.29 (m, 1H), 4.23 (d, J=
8.3 Hz, 1H), 4.12 (d, J=8.3 Hz, 1H), 3.74 (d, /=6.9 Hz,
1H), 3.61 (s, 6H), 3.44 (d, J=4.6 Hz, 1H), 2.54~2.42 (m,
1H), 2.39 (d, J=3.7 Hz, 1H), 2.35 (s, 3H), 2.32~2.57 (m,
1H), 2.17 (s, 3H), 1.81 (t, J=13.2 Hz, 1H), 1.73 (s, 3H),
1.64 (s, 1H), 1.62 (s, 3H), 1.17 (s, 3H), 1.07 (s, 3H); °C
NMR (101 MHz, CDCl;) d: 202.6, 171.7, 170.3, 169.4,
166.0, 165.8, 159.9, 141.0, 136.8, 134.8, 132.8, 132.1,
129.3, 128.0, 127.8, 127.3, 125.9, 104.0, 102.7, 83.4, 80.1,
78.2, 74.5, 73.9, 72.2, 71.3, 71.2, 57.6, 54.4, 53.8, 44.6,
42.1, 34.6, 25.8, 21.7, 20.9, 19.9, 13.8, 8.6. HRMS (ESI)
caled for CyuHsNOs [M + H] *. 914.3599, found
914.3552.

3'-(N-Wk IR GRS AZ B (145): LA [E AR 17 mg,
A 49%. mp. 166~168 ‘C; 'H NMR (400 MHz,
CDCly) 6: 8.13 (d, J=7.5 Hz, 2H), 7.63 (t, J=7.4 Hz, 1H),
7.57~7.38 (m, 7H), 7.35 (t, J=7.2 Hz, 1H), 7.16 (d, J=
9.1 Hz, 1H), 7.02 (d, J=3.5 Hz, 1H), 6.47 (dd, J=3.4, 1.7
Hz, 1H), 6.27 (s, 1H), 6.24 (t, J=9.2 Hz, 1H), 5.74 (dd,
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J=9.1, 2.1 Hz, 1H), 5.67 (d, J=7.0 Hz, 1H), 4.94 (d, J=
8.4 Hz, 1H), 4.77 (dd, J=5.2, 2.6 Hz, 1H), 4.40~4.36 (m,
1H), 4.30 (d, J=8.5 Hz, 1H), 4.20 (d, J=8.5 Hz, 1H), 3.80
(d, J=6.9 Hz, 1H), 3.61 (d, J=5.3 Hz, 1H), 2.60~2.50
(m, 1H), 2.48 (d, J=4.0 Hz, 1H), 2.37 (s, 3H), 2.36~2.25
(m, 2H), 2.24 (s, 3H), 1.87~1.84 (m, 1H), 1.81 (s, 3H),
1.69 (s, 3H), 1.24 (s, 3H), 1.15 (s, 3H); "“C NMR (101
MHz, CDCly) 6: 203.6, 172.7, 171.3, 170.4, 167.1, 167.0,
142.0, 138.0, 133.7, 133.6, 133.2, 132.0, 130.2, 129.2,
129.0, 128.8, 128.7, 128.4, 127.1, 127.0, 84.4, 81.2, 79.0,
76.5, 75.6, 74.9, 73.2, 72.3, 72.2, 58.6, 55.1, 45.7, 43.2,
35.7, 35.6, 26.9, 22.6, 21.8, 20.9, 14.8, 9.6. HRMS (ESI)
caled for C4HsoNOys [M + H] ' : 844.3180, found
844.3167.

3-(N-WEWy H I 36 ) S A2 i (14K): [l & 26 mg,
FEE59%. mp. 135~136 ‘C; '"H NMR (400 MHz,
CDCly) 6: 8.12 (d, J=7.3 Hz, 2H), 7.62 (t, J=7.4 Hz, 1H),
7.55~7.49 (m, 3H), 7.49~7.43 (m, 3H), 7.41 (t, J=7.4
Hz, 2H), 7.34 (t, J=7.1 Hz, 1H), 7.04 (dd, J=4.9, 3.8 Hz,
1H), 6.93 (d, J=9.0 Hz, 1H), 6.27 (s, 1H), 6.23 (t, J=9.1
Hz, 1H), 5.75 (dd, J=8.9, 2.4 Hz, 1H), 5.67 (d, J=7.0 Hz,
1H), 4.93 (d, J=8.3 Hz, 1H), 4.78 (d, J=2.2 Hz, 1H), 4.39
(dd, J=10.5, 6.8 Hz, 1H), 4.28 (d, J=8.4 Hz, 1H), 4.20
(d, J=8.4 Hz, 1H), 3.88~3.60 (m, 2H), 2.60~2.50 (m,
2H), 2.36 (s, 3H), 2.34~2.24 (m, 2H), 2.23 (s, 3H), 1.87~
1.82 (m, 1H), 1.80 (s, 3H), 1.68 (s, 3H), 1.23 (s, 3H), 1.14
(s, 3H); *C NMR (101 MHz, CDCl;) d: 203.6, 172.6,
171.3, 170.5, 167.0, 161.5, 141.9, 137.9, 133.7, 133.2,
130.8, 130.2, 129.2, 129.0, 128.8, 128.7, 128.4, 127.8,
127.0, 84.4, 81.2, 79.0, 76.5, 75.6, 74.9, 73.2, 72.3, 72.2,
58.6, 55.0, 45.7, 43.2, 35.7, 35.7, 29.7, 22.6, 21.8, 20.9,
14.9, 9.6. HRMS (ESI) calcd for C4sHsoNO,S [M+H]":
860.2952, found 860.2914.

3'-(N-3XF = 36 Y DR I 6 ) S A2 I (14m): 1 £ [
& 14 mg, 773 39%. m.p. 186~188 C; 'H NMR (400
MHz, CDCLy) d: 8.01 (d, J=7.5 Hz, 2H), 7.59 (d, J=8.1
Hz, 2H), 7.53 (t, J=7.4 Hz, 1H), 7.42— 7.36 (m, 4H),
7.12~7.00 (m, 3H), 6.97 (d, J=7.2 Hz, 2H), 6.23~6.13
(m, 2H), 6.09 (d, J=9.2 Hz, 1H), 5.59 (d, J=7.0 Hz, 1H),
4.97~4.79 (m, 2H), 4.46 (t, J=4.0 Hz, 1H), 4.34~4.25
(m, 1H), 4.21 (d, J=8.6 Hz, 1H), 4.13 (d, J=8.6 Hz, 1H),
3.76~3.61 (m, 2H), 2.49 (d, J=3.6 Hz, 1H), 2.53~2.38
(m, 2H), 2.26 (s, 3H), 2.17 (s, 3H), 2.17~2.11 (m, 2H),
1.83~1.80 (m, 1H), 1.73 (s, 3H), 1.62 (s, 3H), 1.17 (s,
3H), 1.07 (s, 3H); °C NMR (101 MHz, CDCl;) 6: 202.5,
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170.3, 170.2, 169.5, 165.9, 140.6, 134.7, 132.8, 132.4,
129.1, 128.1, 127.6, 127.5, 126.4, 126.1, 124.8 (g, J=3.6
Hz), 83.3, 80.4, 78.0, 74.5, 73.9, 73.5, 71.3, 71.1, 58.8,
57.6, 44.6, 42.1, 34.6, 25.8, 21.6, 20.6, 19.8, 14.0, 8.6.
HRMS (ESI) caled for C,Hs5F;NOisS [M + H] ' :
958.2932, found 958.2947.
13-[(4S,5R)-3-XF = 5, FF B SR T I 2 -2-(4- FH A 0K
B)-4-ZR -5 BEMEIHR R - LR YT 1T P(cyclo-14m): [
ER 13 mg, 72F 34%. mp.143~146 C; 'H NMR
(400 MHz, CDCly) d: 7.96 (d, J=7.7 Hz, 2H), 7.54 (t, J=
7.3 Hz, 1H), 7.45 (d, J=8.3 Hz, 2H), 7.44~7.23 (m,
11H), 6.79 (d, J=8.4 Hz, 2H), 6.37 (s, 1H), 6.22 (s, 1H),
6.18 (t, J=8.7 Hz, 1H), 5.58 (d, J=7.0 Hz, 1H), 5.37 (d,
J=3.6 Hz, 1H), 4.82 (d, J=9.1 Hz, 1H), 4.76 (d, J=3.6
Hz, 1H), 4.36 (dd, J=10.4, 6.9 Hz, 1H), 4.18 (d, J=8.4
Hz, 1H), 4.05 (d, J=8.4 Hz, 1H), 3.76 (s, 3H), 3.71 (d, J=
6.9 Hz, 1H), 2.52~2.41 (m, 1H), 2.20 (s, 3H), 2.17~2.07
(m, 2H), 1.84 (s, 3H), 1.78 (s, 3H), 1.77~1.73 (m, 1H),
1.59 (s, 3H), 1.21 (s, 3H), 1.08 (s, 3H); °C NMR (101
MHz, CDCl;) 6: 202.6, 170.3, 169.0, 168.3, 166.0, 159.8,
140.9, 140.7, 137.3, 132.8, 132.3, 129.0, 128.4, 128.1,
128.0, 127.8, 127.6, 127.1, 126.4, 126.2, 124.7 (q, J=3.8
Hz), 112.9, 92.3, 83.4, 81.4, 79.8, 78.3, 74.4, 73.9, 71.1,
70.9, 64.5, 57.5, 54.3, 44.5, 42.1, 34.6, 34.4, 28.7, 25.7,
20.9, 20.7, 19.8, 14.2, 8.5. HRMS (ESI) calcd for CssHse-
F3;NO,,SNa [M+Na]*: 1098.3170, found 1098.3181.
13-[(4S,5R)-3-5% FH Jk i i - 2-(4- AU R B ) -4-
FRIE]-5-MEME IR R R - B2 4R VT 11T BB (cyclo-14mn): [ Eu[E] {4
14 mg, 7% 36%. mp. 140~142 ‘C; '"H NMR (400
MHz, CDCly) J: 8.03 (d, J=7.4 Hz, 2H), 7.63 (t, J=7.4
Hz, 1H), 7.57~7.44 (m, 6H), 7.39~7.30 (m, 5H), 7.21 (d,
J=8.0 Hz, 2H), 6.93 (d, J=8.6 Hz, 2H), 6.45 (s, 1H), 6.28
(s, 1H), 6.10 (t, J=8.7 Hz, 1H), 5.64 (d, J=7.0 Hz, 1H),
525 (d, J=4.7 Hz, 1H), 4.88 (d, J=8.8 Hz, 1H), 4.71 (d,
J=4.7 Hz, 1H), 4.47~4.36 (m, 1H), 4.24 (d, J/=8.4 Hz,
1H), 4.11 (d, J=8.4 Hz, 1H), 3.85 (s, 3H), 3.74 (d, J=7.0
Hz, 1H), 2.57~2.48 (m, 1H), 2.46 (d, J=4.0 Hz, 1H),
2.37 (s, 3H), 2.25 (s, 3H), 2.23~2.07 (m, 2H), 1.86 (s,
3H), 1.78 (s, 3H), 1.72 (s, 1H), 1.65 (s, 3H), 1.26 (s, 3H),
1.15 (s, 3H); *C NMR (101 MHz, CDCl;) 6: 203.6, 171.3,
170.0, 169.2, 167.0, 160.5, 144.4, 142.1, 138.5, 134.5,
133.9, 133.1, 130.1, 129.7, 129.1, 128.9, 128.9, 128.8,
128.7, 128.5, 128.1, 127.3, 113.9, 93.3, 84.4, 82.3, 80.8,
79.4, 75.5, 75.0, 72.2, 71.8, 58.5, 55.4, 45.6, 43.2, 35.6,
29.7, 26.8, 21.9, 21.7, 21.6, 20.9, 15.1, 9.5. HRMS (ESI)
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caled for CssHgNO,S [M+ H] ' :
1022.3620.

3.2.8 I3-(N-RFPBLA)- KA F 2 A 8R-7,10- = F &
H-10-K TEL A & F T 101 B5(15a) 89 &A%

LAY 11 (0.1 mmol). 1bE4 9a (0.23 mmol).
TR FEMEE (DMAP, 0.23 mmol)A1 2.5 mL JE/K A
A 50 mL BefHR, In#E 70 CHER MR 2RME, 2
Ja A DCC (0.17 mmol), XM 15 min J5 A DCC
(0.16 mmol), 4k&:4iHE 1 h. TCL A1 LC-MS Wil ;s B, J
MEER G IE, WK, Ba L VORE) @ (LR
LER)=1 1 AP ZE 7 BA 3 B B E R 13a,
R 92%. 1A FirfS (A & i 44 13a H1(0.1 mmol) I 3
mL JKZEE, BAEMME, BRI 20%~
30%[1 HCI/EtOH 47 0.5 mL, =i FHiFE24 h, KR
G, LC-MS Wl B, MR EMA 1.5 mL Al
NaHCO; ¥ 0.5 mL 7KF1 10 mL 21 ZEEXEHUAM K,
KAHFEH 10 mL 4F8 CBE R, &9 4R CBEAH, T
WaE. Babh & FED) - VRE) =20 : 1 Nkl
FEENT B8 E] 42 mg A EGEA 15a, R A 55%. mop.
221~222 °C; "H NMR (400 MHz, CDCl;) 6: 8.03 (d, J=
7.7 Hz, 2H), 7.71 (d, J=17.7 Hz, 2H), 7.53 (t, J=7.2 Hz,
1H), 7.49~7.38 (m, 5H), 7.37~7.31 (m, 4H), 7.27 (t, J=
7.2 Hz, 1H), 7.06 (d, J=8.7 Hz, 1H), 6.12 (t, J=8.7 Hz,
1H), 5.72 (d, J=8.8 Hz, 1H), 5.56 (d, J=6.8 Hz, 1H), 4.90
(d, J=9.4 Hz, 1H), 4.74~4.70 (m, 1H), 4.69 (s, 1H), 4.22
(d, J=8.4 Hz, 1H), 4.11 (d, J=8.4 Hz, 1H), 3.82~3.68
(m, 2H), 3.58 (d, J=4.8 Hz, 1H), 3.36 (s, 3H), 3.22 (s,
3H), 2.67~2.57 (m, 1H), 2.30 (s, 3H), 2.26~2.15 (m,
2H), 1.78~1.71 (m, 1H), 1.70 (s, 3H), 1.65 (s, 3H), 1.60
(s, 1H), 1.12 (s, 3H). *C NMR (101 MHz, CDCly) ¢:
203.9, 171.4, 169.6, 165.9, 137.3, 137.0, 134.9, 132.7,
132.6, 130.9, 129.1, 1282, 128.0, 127.7, 127.3, 126.1,
126.1, 99.0, 83.1, 81.6, 80.8, 79.8, 77.7, 73.5, 72.3, 71.5,
59.4, 56.4, 56.0, 55.9, 54.0, 46.4, 42.2, 34.4, 31.1, 30.9,
28.7, 25.9, 21.7, 19.6, 13.6, 13.2, 13.1, 9.3. HRMS (ESI)
caled for C4HssNO;; [M + H] * . 840.3595, found
840.3544.

13-(N-Xo = S ORI 8 ) R 7 22 R -7,10-—
FHARJE-10-2: OB R 2 RYT 1D ER(15h): Al 19
mg, P73 56%. m.p. 232~234 ‘C; 'H NMR (400 MHz,
CDClLy) d: 8.03 (d, J=7.7 Hz, 2H), 7.61 (d, J=8.7 Hz,
2H), 7.54 (t, J=7.3 Hz, 1H), 7.46~7.36 (m, 4H), 7.32 (t,
J=17.3 Hz, 2H), 7.24 (t, J=7.9 Hz, 1H), 6.91 (d, J=8.7
Hz, 1H), 6.55 (d, J=8.6 Hz, 2H), 6.09 (t, J=8.6 Hz, 1H),
5.68 (d, J=17.9 Hz, 1H), 5.55 (d, J=6.9 Hz, 1H), 4.90 (d,

1022.3633, found
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J=9.2 Hz, 1H), 4.75~4.64 (m, 2H), 4.22 (d, J=8.3 Hz,
1H), 4.10 (d, J=8.3 Hz, 1H), 3.81~3.66 (m, 2H), 3.35 (s,
3H), 3.21 (s, 3H), 2.93 (s, 6H), 2.67~2.55 (m, 1H), 2.31
(s, 3H), 2.23~2.10 (m, 2H), 1.80~1.73 (m, 1H), 1.71 (s,
3H), 1.68 (s, 1H), 1.64 (s, 3H), 1.11 (s, 6H); *C NMR (101
MHz, CDCl;) 6: 205.0, 172.6, 170.6, 167.1, 166.9, 152.7,
138.7, 138.4, 135.6, 133.7, 130.2, 129.2, 128.9, 128.7,
128.1, 127.5, 120.1, 111.0, 84.1, 82.6, 81.7, 80.8, 78.7,
77.4, 77.1, 76.7, 76.6, 74.5, 73.8, 72.3, 57.3, 57.1, 56.9,
55.2, 47.4, 43.2, 40.1, 35.5, 32.1, 26.9, 22.7, 20.7, 14.6,
10.4. HRMS (ESI) caled for C4HsoN,Op3 [M+H]":
883.4017, found 883.4048.

13-[N-(2- WK R FH I 0 ) |- R 5k 7t 22 (R -7,10- — FH AR
$:-10-% QWAL -RYT D BR(1S)): A AR 20 mg, 7~
K 54%. m.p. 235~236 ‘C; 'H NMR (400 MHz, CDCl;)
5: 8.03 (d, J=7.5 Hz, 2H), 7.54 (t, J=7.4 Hz, 1H), 7.48~
7.37 (m, 5H), 7.33 (t, J=7.4 Hz, 2H), 7.26 (t, J=7.2 Hz,
1H), 7.18 (d, J=3.5 Hz, 1H), 6.99 (d, J=3.3 Hz, 1H), 6.41
(dd, J=3.2, 1.5 Hz, 1H), 6.13 (t, J=8.5 Hz, 1H), 5.68 (dd,
J=9.1, 2.2 Hz, 1H), 5.55 (d, J=6.9 Hz, 1H), 4.89 (d, J=
9.0 Hz, 1H), 4.73~4.65 (m, 2H), 4.21 (d, J=8.4 Hz, 1H),
4.12 (d, J=8.4 Hz, 1H), 3.81~3.70 (m, 2H), 3.62 (d, J=
4.9 Hz, 1H), 3.36 (s, 3H), 3.22 (s, 3H), 2.67~2.56 (m,
1H), 2.28 (s, 3H), 2.22~2.15 (m, 2H), 1.80~1.74 (m,
1H), 1.73 (s, 3H), 1.65 (s, 3H), 1.61 (s, 1H), 1.12 (s, 6H);
3C NMR (101 MHz, CDCl5) d: 204.8, 172.1, 170.6, 166.9,
157.8, 147.4, 144.2, 138.3, 137.9, 135.9, 133.6, 130.2,
129.3, 128.9, 128.6, 128.3, 127.2, 115.1, 112.3, 84.1, 82.7,
81.9, 80.8, 78.7, 77.3, 77.0, 76.7, 74.5, 73.5, 72.4, 57.4,
57.0, 54.3, 47.5, 43.3, 35.4, 32.2, 27.0, 22.7, 20.6, 14.6,
10.3. HRMS (ESI) caled for C4sHs;NO,Na [M+Na]':
852.3207, found 852.3229.

13-[N-(2-MEWy FE R I ) |- 2Rk 7 22 SR -7,10- — FH AR
F-10-2 WAL RYT 1 BR(15K): T EEA 23 mg, 7=
# 57%. m.p. 230~231 ‘C; 'H NMR (400 MHz, CDCls)
5: 8.03 (d, J=7.7 Hz, 2H), 7.53 (t, J=7.3 Hz, 1H), 7.49~
7.37 (m, 6H), 7.33 (t, J=7.3 Hz, 2H), 7.27 (t, J=7.3 Hz,
1H), 6.99 (t, J=4.2 Hz, 1H), 6.90 (d, J=8.9 Hz, 1H), 6.13
(t, J=8.6 Hz, 1H), 5.69 (d, J=8.9 Hz, 1H), 5.55 (d, J=6.8
Hz, 1H), 4.89 (d, J=9.3 Hz, 1H), 4.75~4.66 (m, 2H),
421 (d, J=8.3 Hz, 1H), 4.12 (d, J=8.3 Hz, 1H), 3.81~
3.69 (m, 2H), 3.61 (d, J=4.4 Hz, 1H), 3.36 (s, 3H), 3.22
(s, 3H), 2.67~2.56 (m, 1H), 2.28 (s, 3H), 2.24~2.13 (m,
2H), 1.79~1.72 (m, 1H), 1.71 (s, 3H), 1.65 (s, 3H), 1.60
(s, 1H), 1.12 (s, 6H); *C NMR (101 MHz, CDCl3) o:
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203.8, 171.2, 169.7, 165.94, 160.3, 137.2, 137.1, 136.9,
135.0, 132.6, 129.6, 129.1, 128.3, 127.9, 127.7, 127.6,
127.3, 1267, 126.1, 83.1, 81.7, 80.9, 79.8, 77.7, 76.3, 76.0,
75.7, 73.5, 72.4, 71.5, 56.4, 56.0, 53.9, 46.5, 42.3, 34.5,
312, 26.0, 21.7, 19.6, 13.6, 9.3. HRMS (ESI) calcd for
CasHs:NO,;SNa [M+Na]*: 868.2979, found 868.2970.

HBhA £l (Supporting Information) 154 7a~7o. 1L
&4 8a~8o. 154 14b, 14e~14m. L5 15a. 15h,
15§+ 15k AR AREE . Bl il . X LeppRlnT DL
e A F Wi (http://sioc-journal.cn/)_E T %K.
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