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Abstract GPRS52 is an orphan G protein-coupled receptor, which is highly expressed in the striatum and associated with
Huntingdon’s disease (HD), a neurodegenerative disease. HD is caused by the accumulation of mutant Huntingdon’s protein
(mHTT). Reduction of mHTT level by inhibition of GPR52 is a novel potential method of HD therapy. Through high through-
put screening, the natural product E7 was found as a covalent antagonist against GPR52 (ICso=12.0 umol/L). In this study, the
structure of E7 was simplified and the a-methylene-y-butyrolactone moiety was retained. And 34 novel a-methylene-y-butyro-
lactone derivatives were designed and synthesized, of which (Z)-((2S,3R)-4-methylene-5-0x0-2-(thiophen-2-yl)-tetrahydro-
furan-3-yl)methyl 4-methoxybenzoate (10m) showed most potent antagonistic activity against GPR52 (ICs50=0.58 pumol/L).
Meanwhile, the structure-activity relationship was determined preliminarily and the necessary of a-methylene-y- butyrolactone
moiety was verified.
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R(UW/MFHE RNAL R R RNAL RCEZHRREDT)
Al AR 0 mHTT 197KF, M ecE HD AH G 11
FAUENAH B T E A IE R, R HE DL
MT IR, BEl, AZ4ME5EEERE I mHTT K
SOOI Hodr - GPRS2 5 UE B BE 7 2 Bl A 284 rpt B AR
mHTT /K12 GPRS2 2 —# G FE AL AR(G pro-
tein-coupled receptor, GPCR), H PyJFPERCARA A K I,

Chin. J. Org. Chem. 2023, 43,3916~3929



Chinese Journal of Organic Chemistry

EEARSE, HAE KL R SURA R KBRS, fE80R
RPPZE o, GPRS2 AR EIN mHTT MIfaefEH, @
I 4MH] GPRS2 iG 1, B cAMP (/K P B3 S8 mHTT
I AR AR, 7E HD BB T, GPR52 IR
BRAe W e HD KA, Jf BAEEF A BUAT HD KA/
B, AR GPRS2 MiBRAT IR/ N ARE . F AT
TESFAT MRS HIF . M GPRS2 KN T &4
XFHD J897 AWK 71, SR GPRS2 it
RIE. KA BT (1, B )RSl il g i ik
221 GPRS2 $5Pi7(1Cs0=12.0 pmol/L)'3]. 7E 44 Py s
U rh, LN = VTS 4424, HD ARAL/N BRORTEF AR RN R
SUIRAAAIZ 0 I mHTT /K45 B3 PR, Bl i
WEFERR S — WM AEY Fl11, 28R
23] Comp-43 (2, K 1). 2 BA RIFH GPRS2 PG4
(ICs0=0.63 pmol/L), J H 7T LA ik i Jis i S i 5 v
SR 2, BRAK mHTT /KFI2sE HD AH SR 04,
(0]

‘/\/\)\/\‘
F11 !

ICsq = 5.45 umol/L

ﬂ

X

=
1,E7 s/

1C50 = 12.0 pmol/L 2, Comp-43

IC50 = 0.63 pmol/L

B 1 GPR52 /My
Figure 1 Small antagonists against GPR52
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GPR52 HAF N-3iii ) Cys27. ESHRIX Ik Cys114 Fl
Cys156 NG & R AFHAEUEM, Hrh Cys156 #ssE
N F B EG A R) ET 4519 E =4~ Michael 32
AR UL 2 e R S 82, e Y o= M1 -y T TR T 73
BT B A MR ER AU, X A VR s, T REAE N
R ZB AR AEAE U K, A TAREE R o
HId-y- T A BREE R, X RIR) BT AT 45K fifL, it
— BB AR LAY Th. WX BRI B

O . O

o o

Type a

22 193] T IE R FI1E A9 10m (ICs0=0.58 pumol/L).
e X oS -y T A ERIEAT AR, SR T o-YE
- T W BB L BEVE.
1 SRS
1.1 &Rk

o= FR ISy T N ER 2RI BP0 A S 26 L Scheme
1, WEY 3 FIASIEI 05 B B DU 0k e /o R S Ak e VR
B, (RIS AR T K E Barbier IR 3%
5. HRIEZEAM TN, & LRI VR, Jafk s
B Al X e S A A L B B AL IRk, O 9k 4% 1 S B i
CrCl, /15 i) Nozaki-Hiyama-Kishi Sz N 15 31 2 20 A%
B FRER 5. BT (2)-2-F 3 T -2- 0GR (e I 25 1 R
5y R AR B(E)-2- I T -2- 06 BR e =9, [k id
i i PR R RN 5 TR S5 O 1) P R T S L ) % T
Ealfk 5 ) N A B A1) 8a~8d. A 5 @R K AR,
B J5 7R R T 25 A N E T W B AL 3 BB AC e 72 6. 1Al
& 6 5(2)-2-F5 T -2- AR I i IE 2 B ) #5453 2
7a~7d. 10a~10x M@k 6 S5AFRMRE 1-4
FE-(3- RS BE Y A B — T R SRR ER(EDC) 4-—H
AN E (DMAP) AL FEsAL A3 2. a4 6b i il A
ENIE JE A AN A 2 (e 11, 11 SR FRIERTE
EDCI. DMAP A 1613 2] 12a A1 12b. H[E/{A 6b
5 CI,CC(=NH)OPMB &I 7E 10-CSA {4t T A ot F
AEENEBATEM 13, SR, PLSb oNERL, £ty
TR AC i Js S LA S FR %o U ) Miichael i pk £ 21
T4 14, B 5 6 SRR TS 15, 15 5 8 B R A BUR
MASH) B R R 16. 16 4oid =K FEBHE FEA R 17,
BEJG 17 5500 AR AR O FR R e 0 Tk e 4 5 15 2R FIG 18,
Rl 1,8- & A 0IA[5.4.0]F—8%-7-45 (DBU)K; H
2 9 o 43 B B e 7 A= 470 19.
1.2 GPR52 #EHUEMHRINE

o, R o H SEy- T NERSE M, ST ET7 it
freEfaite, DO iR LA, R E7
TERY & B RAR B PR m) 8. DL -3 1 3Ep- T
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Figure 2 Simplification strategies of E7
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Scheme 1 Synthesis of a-methylene-y-butyrolactone derivatives

4-C Il 8-C—9-C(3EMs a)Ek 5-C—6-C(HK M b)s3 il 132
Boy- SR (Type-a)Fl B- B HUAX(Type-b) 1) -3 F B-p- T
WERRATAY). &7 — MR AR EE, 5 —MRsA
) F 0 B Bl L AL 54 Ta~7d. 8a~8d.

L&) 7a~7d A1 8a~8d X GPRS2 HFEHiim 45
RWR 1. ERER, BT ROHERTE(Tes 8¢), By-M
HUARHT ) (Type a)dHE T B- S HURAT AN (Type b) A A
FUFRTEYE, FHS BT A B ST 2-MEny B AT
Y (TO)E R (1IC50=0.67 pmol/L), M#:T E7 i
T2 20 fi5, PRI JE B2k B T2 45 kA7 .

B J5 PR B 2-MEmy BL R o0 o B o AT 5 5%, 45
W 2. ZREIR, AR 10a~10d 71354 B 5
TBE, T RATAEY) 10e~10i WG PEARGLE, BAT5E Tb
TR 2~5 i, HA BEABEICERMEMH® OmEY
10h 35V 5 4 (ICs0=1.66 pmol/L).

TR, FHFERMEEFREANLED
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10j~10m, HAP TR AR A 10j RILH 54
PLIE M (ICs0=5.33 pmol/L), R HLFHH X} (10k) X =
FEFIEAONEUR I ZEIR S 10 SEMEAILL, UG 4R T
FAAE IR A & T 55 M A4 10m R ILHH 7b T 4
A1 T (IC50=0.58 umol/L), Ktk 25 i 7 3L BUAR 75
WHR TSR, ka8 7 W SR AT B M
G, Al R EUR A S EGEE FRE T 3 A
6 fi5, TREH T 200 A U B J A7 7E 45 H T 3R A0,
E A I e dat A E R VA ES ST VAN N TR Y
FRAR, T A AR RAETE L8 -5 SR8, TR by M %
(3 ER
= I (10p) 5 N2 (10q) B 30t 40 %,
P RS HUIE TERE T R, 07 2K R 56 25 R 4 N 0 R R
IR 7 HHE(10r), S EEEE TR 165, R A,
2T TH AR = AR A Y (10s~10v),
HAF 10s 5 100 iGVEREE B, B4R U 10m, BRHLR
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£1 4B 7a~7d Fl 8a~8d X GPRS2 5 HIEE
Table 1 Antagonist activity of compounds 7a~7d and 8a~8d against GPR52

O
Type a Type b
Compd. R! (Type a) ICso/(umol-L 1) Compd. R? (Type b) ICso/(umol-L 1)
7a ©/\ 1.7340.09 8a ©)\ 3.7740.15
b ©/ & 0.6740.18 8b ©/ . 2204035
\_s \_s
7e W 3.994035 8¢ ©/\)\ 1.5540.22
7d )v 1.53£0.22 8d )v 3.95+0.31
E7 11.89
£ 2 LAY 10a~10x X GPR52 S HIH
Table 2 Antagonist activity of compounds 10a~10x against GPR52
Compd. R} ICso/(umol-L 1) Compd. R3 ICso/(umol-L ™ 1)
/
7b / 0.67+0.18 10m o 0.58+0.09
O_
10a F—CH, 20.8+2.4 10n %_C} 3.79+0.82
—0
10b %—é 19.5+3.3 100 %_© 2.02+0.48
10c é—( 6.5040.91 10p §—©—0\ 3.7540.29
CF;
10d NN 104+1.8 10q §_©_0> 4554+1.20
% o~
10e 3.5440.92 10r 1334022
/ —0

10f 4.00+1.1 1 / 1.4440.20

0 r / 0s : >D S
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AL R
gk
Compd. R? ICso/(umol-L 1) Compd. R3 ICso/(umol-L ™ 1)
O_
10g J* 1.4440.21 10t : C< d 4.85+0.59
O_
10h @ 1.66+0.42 10u }—Q—o/ 2.43+0.09
o_
2
10i ;—@ 2.354+0.17 10v é_@o 5.15£0.31
~
10j @ 5.33+0.63 10w 0 3.76£1.10
~
10k §—©—F 4724028 10x ; s 8.59£1.00
101 §—©—0F3 5.03+£0.26 E7 — 11.89

FH AR R ) FE SR TS PRSP AEA RS2 . & T 05
AR IR (10w) . 2R FHEBEMy (10x) 5 3 R A0 T B 1
H—E K.

N T BRI R E 7 A o- T H - T
PR ZE, K Th 10m B3RS OUEEE 5 15 2] 12a A1
12b, & 3 G5 BN, B INBUEE R 5 3 1t il 2 Y

#3 AbE¥ 12a F112b X GPRS2 HIFEHLIE M

Table 3 Antagonist activity of compounds 12a and 12b against
GPR52

O)LX
S R3
o
Comp. X R? ICso/(umol-L™ 1)
N
7b Q:CHZ / 0.6720.18
_,J*“r{
12a Q—CHa / NA
< /
10m Q:CHz §—©—o 0.580.09
< /
12b \2—0;43 §—©—o NA

NA: no activity.
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5, U -2 3L -p- T R 2 S A AT ER ), JF Hoth 2k
GPR52 5057 AT ReIl o IeAh 45 & R VT, X gk —
S UE B VA RR IR O R FEFE DTS A D221,

HH T BESAE MR P AR e, K, AT i
SRR, o TR B o FH O RS 1Y) Tk O T e e 5
e, B3] THEW 13 119, T 4 550 BIR, Kl eE
NEREREETETE N T 10 £, B oM EE T 30
%, Ui ER LR RIS PR R R T AR, R,
NI UE X RGP R B EARTZ, X HKEF=Y) 6b
HIEPEEAT T 552, SR ERAY) 6b WG ARER,

#4 LS 6b. 13 F119 X} GPR52 Kk HLIE M

Table 4 Antagonist activity of compounds 6b, 13 and 19
against GPR52

Compd. R* ICso/(umol-L 1)
0 /
10m }-—@—o 0.58+0.09
(e}
6b OH >30
o)
13 - \_Q_O/ 5.09%0.78
F—NH /
19 )/.—Q—o 159+1.6
O
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PRI FRATNN a-FH BT A EESS GPRS2 B iF Ik
VE T2 RAEFE DUV

S s, BT — R o- T H H-y- T A ERE
GPR52 #5HiA, A 1 it — % S S0 AL 45 o A xt
GPRS52 Hfe s, KT 46E4) 7b F1 10m Xf B2AR.
GLP-1R. GHSR [#5#tigth, F4374ILL Propranolol.
Exendin (9-39). Substance P {/E X R, 3% 5 85 R EIR, b
A110m %} p2AR. GLP-1R. GHSR fHiiE ME#RE59, i
B 7b A1 10m XF GPRS2 EA HAF ik £ .

£S5 AHY 7o 1 10m kPt
Table 5 Selectivity of compounds 7b and 10m

ICso/(umolsL 1)

Compd. GPR52  B2AR  GLP-IR  GHSR
Propranolol — 0.057 — —
Exendin (9-39) — — 0.136 —
Substance P — — — 0.458
7b 0.67£0.18 >100 >100 >100
10m 0.58+0.09 >100 >100 >10

NTHE—BRAE o-WHE-p- T NERATED S
GPR52 MIAHHEAEH, #EY) 10m 5 GPRS2 #4774
TN GnlE 3 Fias, (28,3R)-10m 45 14 i
SRR M N Tled47. Leu50. Phell7. Ilel21 FiI
Ne307 H R IBR K P2 2. 11 (2R,3S)-10m (1% H2 45 R H
AEKMARE, HX AR EIR S T Reh T4 6 148
M, 55 N-BimZE I AN AN IR 2 T A BAEH, dihRe
TR . WX aE R, fEWR A,
(2R,3S)-10m 5 GPR52 (&5 A E%, I ae LA E LT
T

. a 0
B3 10m 5 GPR52 {147k Al

Figure 3 Molecular docking of 10m and GPR52
Left: (25,3R)-10m, green; right: (2R,35)-10m, blue; PDB: 6LIO0.

2 #Hig

ZE LRTR, 0 KRR ET AT SR R G
i, AT 34 AT o- 0 R - T B SRATAE D, O
WIS H) 7 IEVERLE T A1 10m B ML AW, ICso 7359 N
0.67 F10.58 umol/L. [FiY, &gl [ EWITI R
(1) a0 H =T N B 3 02 R L AB OIS M BT b

Chin. J. Org. Chem. 2023, 43,3916~3929

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

R, (Q)BREEXHE PRI, X1 He RN, At
ABEEEXEPEA A, TXE T 557 B ERER, & i1 B A
FEXT F RSO SRR i . P IR &
WEAURM, 18— R MBI -T2 2 -p- T P9 i
GPR52 fEHUANE AR RE— IR,

3 XIEs
3.1 X5

'H NMR £ 3C NMR 3% %4 i Bruker Avance 400
MHz #ZBEIARBGEAOTURE T NER], TMS A FR),
15 70 R 1 #4 BH Bruker Daltonics microTOF-QIT Jiii i
O . A O AR R B A A 42 [E Heidolph-
MR3001 HRUE R In# i /4 tE#s, Hit: Biichi R-200 A
TERE A RAN . E[E Sartorius HL T K. DLSB KA Z!
PEMIE . SHZ-DIDfEH KN EEIL. 70-1 BLm Lok
T ZK-82BB A LA = TR A KQ-100DZ £
K e 7R I IS VA S, AR AT BT AR B R AT el
(TLC) AT RN S B vE L TAH R A A 7=, B
200~300 H. Frfdi A MESHTE A 60~90 C; HE
FUFA AN JCRFIR UL, 35009 53 B 4l sl Ak 25 4k
3.2 XWHE
3.2.1 a4k Sa~5b 694 Ak

£0 ‘CF, 17 3 (1.0 g, 5.65 mmol)F1fEE 4 (11.30
mmol) ¥ PUERKIE(7 mL)/MF &AL (3.5 mL)H N
A Zn #3(1.11 g, 16.95 mmol), $i+t: 45 min, ZFR L BEA!
KWRE, AARER, 4ROMRERQ0 mLX3), &HF
HUM, F 1 mol/L 2hER. /K. WA Er h/Kpkik, AN
ToKBREREN T4, 98, WOURIRYE. Byt ZHralif
(VA ) @ (LR L) =2 & 11432+ [F]{A& 5a~5b.

(£)-(4R)-4-[(S)-¥7 F 7 Jik F L ]-3- Y Pk Y S ke -
2-f(5a): LA, =% 51%. 'H NMR (400 MHz,
CDCls) d: 7.41~7.25 (m, 5H), 6.25 (d, J=2.2 Hz, 1H),
5.67 (d, J=1.7 Hz, 1H), 4.66 (dd, J=7.2, 2.4 Hz, 1H),
4.17~3.98 (m, 2H), 3.41~3.31 (m, 1H), 3.21 (d, J=3.0
Hz, 1H); 3C NMR (101 MHz, CDCl;) d: 170.98, 140.69,
134.91, 128.82, 128.58, 126.59, 125.53, 75.50, 67.71,
45.43; HRMS (ESI positive) caled for C;oH2NaO; [M+
Na]" 227.0679, found 227.0680.

(F)-(4R)-4-[(S)-F2 & (M W7y -2-JE ) F L -3- HH S £ U
SRR -2-1 (Sb): ToWRAE, F72% 74%. 'H NMR (400
MHz, CDCls) 6: 7.33 (dd, J=5.0, 1.1 Hz, 1H), 7.01 (dt,
J=4.9, 3.3 Hz, 2H), 6.40 (d, J=2.2 Hz, 1H), 5.92 (d, J=
1.6 Hz, 1H), 4.98 (dd, J=7.8, 3.6 Hz, 1H), 4.27 (dd, J=
9.7, 8.4 Hz, 1H), 4.11 (dd, J=9.8, 4.4 Hz, 1H), 3.52~3.44
(m, 1H), 2.57 (s, 1H); 3C NMR (101 MHz, CDCl;) ¢:

http://sioc-journal.cn/ 3921
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170.50, 144.28, 134.66, 127.01, 126.01, 125.96, 125.40,
71.68, 67.39, 4590, HRMS (ESI positive) calcd for
CioH10NaOsS [M+Na]" 233.0243, found 233.0242.
322 WIA4R Se~5d 894 A%

f£0 CF, 3 (200 mg, 1.13 mmol)FIfE 4 (2.26
mmol) ] N,N-—H 5 A% (DMF) (4 mL)# b, A
CrCl, (420 mg, 3.39 mmol), KMRELM, THEFIR,
s PE 3 h, M ZHR@0 mL)FRE, K AKAS
mL X 3). YEAIE KGN, AHUEH JCKIRER N TR,
THUE, WEWRYE. ARV ENT AL VA B (4
iR ) =2 1 1113 2]+ a4k Sc~5d.

(£)-(4R)-4-[(1R2E)-1-F2HE-3- I P -2- )i 72 ]-3-H
P HE DU SR -2 (Se): ot ilifk, 722 62%. 'H NMR
(400 MHz, CDCls) §: 7.41~7.27 (m, 5H), 6.67 (d, J=
15.9 Hz, 1H), 6.40 (d, J=2.3 Hz, 1H), 6.15 (dd, J=15.9,
6.9 Hz, 1H), 5.90 (d, J=2.0 Hz, 1H), 4.43~4.25 (m, 3H),
3.31 (dtt, J=10.5, 4.3, 2.2 Hz, 1H), 2.12 (s, 1H); 3C NMR
(101 MHz, CDCly) 6: 171.02, 135.84, 134.71, 133.40,
128.74, 12831, 127.28, 126.68, 125.19, 74.30, 67.60,
44.26; HRMS (ESI positive) calcd for C14HsNaO3 [M+
Na]" 253.0835, found 253.0837.

(£)-(4R)-4-[(1R)-1-F2FE-3-H JE T 245 5 )-3-F I
FE VUSRI -2-F6 (5d): LBk, 7=% 55%. 'H NMR
(400 MHz, CDCls) 6: 6.33 (s, 1H), 5.89 (s, 1H), 5.18 (d,
J=9.2 Hz, 1H), 441 (t, J=8.3 Hz, 1H), 431 (t, J=8.8
Hz, 1H), 4.15 (dd, J=9.6, 3.8 Hz, 1H), 3.18 (s, 1H), 2.04
(s, 1H), 1.73 (d, J=21.1 Hz, 6H); 3C NMR (101 MHz,
CDCl3) d: 170.78, 139.12, 135.38, 124.61, 123.39, 69.74,
67.33, 44.70, 25.97, 18.62; HRMS (ESI positive) calcd for
C1oH14NaOs [M+Na]" 205.0836, found 205.0836.
3.2.3  FIE4K 6 896 A%

7] 3 (930 mg, 4.42 mmol) ) VU E LR (10 mL)H iIn A\
2 mol/L AL ENIAW(4.5 mL), IR FHFE3 h, BEJEH
1 molV/L #HERAY pH £ 1, 4kefiiskid . & F s
(15 mLX3), &IEANAH, KIKHK. M ihKs
v, TKBREREA T8, U, WURIRAE. SRRV ENT
afifb[VCa B - M(GRR T8 =2 © 1133 H A1k 6.

(£)-(4R,58)-4-(F2 & Fi FL)-3- F P ik -5- 2R 5k U &k
Mi4-2-fi(6a): oK, 773 42%. '"H NMR (400 MHz,
CDCls) 0: 7.45~7.29 (m, 5H), 6.41 (d, J=2.5 Hz, 1H),
5.76 (d, J=2.4 Hz, 1H), 5.43 (d, J=4.8 Hz, 1H), 3.88
(ddd, J=15.6, 10.5, 5.3 Hz, 2H), 3.16 (tdt, J=7.7,5.2,2.5
Hz, 1H), 2.05 (t, J=13.4 Hz, 1H); 3C NMR (101 MHz,
CDCls) d: 170.16 (s), 139.52 (s), 135.53 (s), 128.90 (s),
128.62 (s), 125.56 (s), 124.01 (s), 80.98 (s), 63.38 (s),
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50.05 (s); HRMS (ESI positive) caled for C;,H;,NaO;
[M~+Na]™ 227.0679, found 227.0679.

(F)-(4R,59)-4-(F5 3 B 5L )-3- HH I 2k -5-(ME Wy -2- %)
VUSRI -2-F(6b): Tt AR, =2 47%. "H NMR (400
MHz, CDCl;) d: 7.34 (dd, J=5.1, 1.1 Hz, 1H), 7.12 (d,
J=3.5Hz, 1H), 7.01 (dd, J=5.0, 3.6 Hz, 1H), 6.42 (d, J=
2.7 Hz, 1H), 5.80 (d, J=2.4 Hz, 1H), 5.66 (d, J=5.2 Hz,
1H), 3.98~3.82 (m, 2H), 3.41~3.27 (m, 1H), 2.02 (s,
1H); 3C NMR (101 MHz, CDCLy) §: 169.38, 141.84,
13532, 127.13, 126.49, 126.21, 124.07, 77.06, 62.85,
50.01; HRMS (ESI positive) caled for CioHioNaOsS [M+
Na]" 233.0243, found 233.0242.

(£)-(4R,5R)-4-(F2 3 H )-3- I WP BE-5-[(1E)-2- 2K 5
ZG R DU A -2- B (6¢): O, FRER 44%. 'H
NMR (400 MHz, CDCl3) d: 7.43~7.28 (m, 5H), 6.72 (d,
J=15.8 Hz, 1H), 6.40 (s, 1H), 6.21 (dd, J=15.8, 6.9 Hz,
1H), 5.76 (s, 1H), 5.03 (t, J=5.8 Hz, 1H), 3.87 (p, J=10.8
Hz, 2H), 3.06 (s, 1H), 1.86 (s, 1H); *C NMR (101 MHz,
CDCls) d: 169.80, 135.56, 135.52, 133.25, 128.73, 128.48,
126.79, 126.16, 123.71, 80.39, 62.93, 47.86; HRMS (ESI
positive) caled for C;4H;s2NaO; [M +Na]' 253.0836,
found 253.0835.

(F)-(4R,5R)-4-(F2H FH 3E)-3- FH L 2 -5-(2-H 2 T - 1-
I 525 ) DU SRR -2 - (6d): TE AR, 7= 44%. '"H NMR
(400 MHz, CDCls) 8: 6.31 (d, J=1.8 Hz, 1H), 5.73 (s,
1H), 5.22 (d, J=9.2 Hz, 1H), 5.13 (dd, J=8.9, 5.6 Hz,
1H), 3.89~3.68 (m, 2H), 2.98~2.84 (m, 1H), 2.50 (s,
1H), 1.78 (s, 6H); '*C NMR (101 MHz, CDCls) 6: 170.47,
140.58, 136.39, 122.93, 122.43, 62.46, 48.42, 25.83, 18.43;
HRMS (ESI positive) caled for CjoH;4NaO; [M+Na]"
205.0836, found 205.0833.
3.2.4 BARZ4 T 696

f£0 CF, [ 6 (20 mg, 0.095 mmol). 4JHRR(19
mg, 0.19 mmol). =K (50 mg, 0.19 mmol)H) VU S Wk
MR (1 L) VA V0 HH 380 I N A3 20— H R — 5% A I (DIAD)
(40 uL, 0.19 mmol), 0 ‘C F4kLHEFE 30 min. JH/KEK,
LR CBEEERU(S mL X 3), A IFAMIAE, kK.
KBS, TKBRERN T8, 108, RS, kR
WIRE AT AL VA ) - (2R CBE)=5 © 11153 H
FRr=4 1.

(£)-(22)-2-F 3T 2-M BR-[(2S,3R)-4- 1 . 3 -5- 48
P 3 -2- 2% I U S K IR -3- 5 ) B B (Ta): E A TBAA, 7=
# 75%. 'H NMR (400 MHz, CDCL3) 6: 7.45~7.34 (m,
3H), 7.32 (dd, J=6.6, 5.1 Hz, 2H), 6.45 (d, J=2.7 Hz,
1H), 6.13 (qd, J=7.2, 1.3 Hz, 1H), 5.79 (d, J=2.4 Hz,
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1H), 5.34 (d, J=5.2 Hz, 1H), 4.41 (t, J=5.8 Hz, 2H),
3.41~3.33 (m, 1H), 1.97 (dd, J=7.3, 1.4 Hz, 3H), 1.90~
1.82 (m, 3H); '3C NMR (101 MHz, CDCls) 6: 169.35,
167.33, 139.96, 138.91, 135.10, 128.96, 128.86, 126.92,
125.61, 124.32, 81.16, 63.82, 47.12, 20.47, 15.88; HRMS
(ESI positive) caled for Ci7H;sNaO; [M+Na]™ 309.1097,
found 309.1098.

(£)-(22)-2-FH T -2-W BR-[(2S,3R)-4- 1 W 3 -5- 48
P J5k -2 - R DU SR I -3- 2 1 A B (7b): T B A%, 7=
% 19%. '"H NMR (400 MHz, CDCl;) 6: 7.38~7.32 (m,
1H), 7.11 (d, J=3.4 Hz, 1H), 7.01 (dd, J=4.9, 3.7 Hz,
1H), 6.45 (d, J=2.7 Hz, 1H), 6.13 (dd, J=7.3, 1.1 Hz,
1H), 5.82 (d, J=2.4 Hz, 1H), 5.58 (d, J=5.5 Hz, 1H), 4.40
(dd, J=5.8, 3.0 Hz, 2H), 3.59~3.51 (m, 1H), 1.96 (dd,
J=173, 1.2 Hz, 3H), 1.82 (s, 3H); *C NMR (101 MHz,
CDCl3) 0: 168.56, 167.27, 141.24, 140.03, 134.82, 127.13,
126.89, 126.68, 126.32, 124.39, 77.29, 63.46, 47.20, 20.40,
15.88; HRMS (ESI positive) caled for CisHisNaO4S [M+
Na]® 315.0662, found 315.0663.

(£)-(22)-2-F F T -2- )& FR-[(2R,3R)-4- FH . B -5- 4
M3 -2-[(1E)-2- 4 Fk 20 55 1 DU S0k R -3- 25k ] FH R [ (7 c):
TR, 723 51%. '"H NMR (400 MHz, CDCl3) 6:
7.42~7.27 (m, 5H), 6.71 (d, J=15.8 Hz, 1H), 6.42 (d, J=
2.8 Hz, 1H), 6.24~6.06 (m, 2H), 5.78 (d, J=2.4 Hz, 1H),
4.95 (t, J=6.3 Hz, 1H), 4.42~4.34 (m, 2H), 3.27 (ddt, J=
8.6, 5.7, 2.8 Hz, 1H), 1.98 (dd, J=7.3, 1.2 Hz, 3H), 1.87
(s, 3H); *C NMR (101 MHz, CDCl;) J: 169.18, 167.34,
139.94, 135.41, 135.09, 133.83, 128.73, 128.59, 126.93,
126.79, 125.58, 124.05, 80.71, 63.53, 44.96, 20.51, 15.90;
HRMS (ESI positive) caled for CioH)NaO4 [M+Na]*
335.1254, found 335.1254.

(£)-(22)-2-HE T -2-IH L -[(2R,3R)-4- H W 3&-2-(2-
FH TR - 1 -0 ) - 5- S0 DY S kg -3- 2  FH R (7d): T
itk 7% 39%. 'H NMR (400 MHz, CDCl;) J: 6.35
(d, J=2.9 Hz, 1H), 6.13 (qd, J=7.2, 1.2 Hz, 1H), 5.71 (d,
J=2.5 Hz, 1H), 5.22 (d, J=9.2 Hz, 1H), 5.03 (dd, J=9.2,
6.0 Hz, 1H), 4.32 (ddd, J=16.7, 11.4, 5.8 Hz, 2H), 3.15~
3.06 (m, 1H), 1.98 (dd, J=7.3, 1.4 Hz, 3H), 1.86 (d, J=
1.3 Hz, 3H), 1.77 (d, J=10.7 Hz, 6H); 3C NMR (101
MHz, CDCl3) 6: 169.49, 167.37, 141.14, 139.62, 135.90,
127.04, 123.07, 122.07, 77.08, 63.09, 45.54, 25.81, 20.42,
18.42, 15.82; HRMS (ESI positive) calcd for C;sHa0NaO4
[M-+Na]" 287.1254, found 287.1255.

3.2.5 BARF4 8 696
E0 CR, M24JH8R(48 mg, 0.475 mmol)f] — & F
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F(1 mL)ER A I EE S (40 pL, 0.475 mmol). 17
DMF, B KESM, £ 0 CTHEE 4 ho AT
0 5 (20 mg, 0.095 mmol) 1) — & FH%E(0.5 mL)¥# K, T+
RERBFE 48 h. I/KEK, ZEFEERGS mLX3),
HIANA, RIKFHK WATE KRG, ToKE RN
T, o uE, WORIRYE. AR AR E ST AL VA
fit) © (LR ZTR)=S5 @ 11153 Hbsr=4 8.
(£)-(22)-2-F EE T -2-Ii R -(R)-[(3S)-4- F 7. %5 -5- 48
P s 10 P R -3- R B HH R (8a): TC VR AA, R R
50%. "H NMR (400 MHz, CDCL3) 6: 7.41~7.28 (m, 5H),
6.33 (s, 1H), 6.16 (q, J=7.2 Hz, 1H), 5.98 (d, J=6.7 Hz,
1H), 5.42 (s, 1H), 4.28 (t, J=8.9 Hz, 1H), 4.18 (dd, J=
9.7, 3.2 Hz, 1H), 3.58 (s, 1H), 1.98 (d, J=7.3 Hz, 3H),
1.94 (s, 3H); 3C NMR (101 MHz, CDCls) d: 170.13,
166.35, 140.43, 136.92, 133.97, 128.78, 128.70, 126.92,
126.75, 125.50, 75.88, 67.44, 43.89, 20.51, 15.89; HRMS
(ESI positive) calcd for C,7H;sNaO4 [M~+Na]" 309.1097,
found 309.1098.
(£)-22)-2- T ET 2-/i TR -(R)-[(4S)-3- F 7. & -2- 44,
V. FE (1Y A PR MR -4 [ (P Wy -2- 338 ) FR JE i (8b): 1 (L] 1k,
PEHE 17%. mp. 75.1~758 C; 'H NMR (400 MHz,
CDCl;) &: 7.31 (d, J=5.1 Hz, 1H), 7.07 (d, J=3.4 Hz,
1H), 6.99 (dd, J=4.9, 3.7 Hz, 1H), 6.40 (d, J=2.1 Hz,
1H), 6.24 (d, J=7.4 Hz, 1H), 6.22~6.12 (m, 1H), 5.68 (d,
J=1.8 Hz, 1H), 4.34 (dd, J=9.8, 8.3 Hz, 1H), 4.21 (dd,
J=9.9, 3.8 Hz, 1H), 3.67 (dddd, J=8.0, 6.0, 3.8, 1.8 Hz,
1H), 1.99 (dd, J=7.3, 1.3 Hz, 3H), 1.92 (s, 3H); *C NMR
(101 MHz, CDCly) d: 169.84, 166.12, 140.55, 139.54,
134.01, 127.01, 126.77, 126.11, 125.80, 71.74, 67.05,
44.04, 20.48, 15.94;, HRMS (ESI positive) calcd for
C1sH16NaO4S [M+Na]" 315.0662, found 315.0661.
(+)-22)-2-FF B T -2-J W2 -(18,2E)-1-[(3S)-4- F I
FE-5- A T DU SR R -3- 3 1-3- 2R 6 TR -2- - 1- 2 i (8e):
TR, 723 23%. 'TH NMR (400 MHz, CDCl3) d: 7.32
(dt, J=12.4, 7.0 Hz, 5H), 6.70 (d, J=15.9 Hz, 1H), 6.42
(s, 1H), 6.16 (dd, J=14.2, 7.2 Hz, 1H), 6.09 (dd, J=15.9,
7.0 Hz, 1H), 5.82 (s, 1H), 5.67 (t, J=6.3 Hz, 1H), 4.38 (dt,
J=9.6, 6.1 Hz, 2H), 3.52 (s, 1H), 2.00 (d, J=7.1 Hz, 3H),
1.92 (s, 3H); BC NMR (101 MHz, CDCls) &: 169.99,
166.50, 140.04, 135.53, 135.41, 134.11, 128.71, 128.54,
127.14, 126.78, 125.18, 122.55, 74.87, 67.10, 42.53, 20.51,
15.93; HRMS (ESI positive) calcd for CioHz0NaO4 [M+
Na]" 335.1254, found 335.1257.
(£)-(22)-2-FHE T -2-J& R -(15)-3- 1 F&-1-[(35)-4-H
P F -5 -5 0 5 DU SR g -3- 25 ) T -2-Ji-1- 2 Fi5 (8d): Bt
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Wik, 773 16%. '"H NMR (400 MHz, CDCl3) J: 6.34 (d,
J=1.7Hz, 1H), 6.10 (dd, J=7.2, 1.3 Hz, 1H), 5.76 (d, J=
1.5 Hz, 1H), 5.66 (dd, J=9.5, 6.6 Hz, 1H), 5.15 (d, J=9.5
Hz, 1H), 4.40~4.22 (m, 2H), 3.45~3.32 (m, 1H), 1.97
(dd, J=7.2, 1.4 Hz, 3H), 1.88 (d, J=1.4 Hz, 3H), 1.76
(dd, J=17.5, 0.8 Hz, 6H); *C NMR (101 MHz, CDCl3) ¢:
170.19, 166.78, 140.77, 138.94, 134.57, 127.46, 124.58,
118.99, 71.37, 67.05, 42.69, 25.96, 20.56, 18.90, 15.85;
HRMS (ESI positive) caled for CisHNaO; [M+Na]"
287.1254, found 287.1258.

32,6 BiRZ4 10 4946 A%

# 6b (30 mg, 0.14 mmol). fR(0.17 mmol). EDCI (33
mg, 0.17 mmol)F! DMAP (3.5 mg, 0.03 mmol)iAT &
HE(l mL), SEBALR. KA K, ZFHF A
(5 mLX3), &HAHAM, RIKHK, MG IRKELE,
ToKBRBR N T4, L, WURIKRYG. TR AL =4l
[VCRHEE) @ (CER BB =5 11133 B A5x4 10.

(£)- L FR-[(2S,3R)-4- F Y. i -5- 51, I & -2-(WE W7y -2-
BP0 SR -3- 5 F L R (10a): TEATA, 2% 23%.
'H NMR (400 MHz, CDCl;) 8: 7.36 (d, J=5.0 Hz, 1H),
7.12 (d, J=3.4 Hz, 1H), 7.02 (dd, J=5.0, 3.7 Hz, 1H),
6.44 (d, J=2.8 Hz, 1H), 5.79 (d, J=2.5 Hz, 1H), 5.55 (d,
J=5.7Hz, 1H), 4.34 (d, J=6.2 Hz, 2H), 3.50 (ddt, J=8.8,
5.8, 2.9 Hz, 1H), 2.04 (s, 3H); *C NMR (101 MHz,
CDCls) d: 170.59, 168.49, 141.19, 134.67, 127.13, 126.67,
126.27, 124.35, 77.15, 63.61, 47.08, 20.63; HRMS (ESI
positive) caled for C,Hi;;2NaO,S [M+Na]" 275.0349,
found 275.0349.

(£)-2,2- — H H PR -[(25,3R)-4- H P % -5- 42 W 3 -
2-(ME Wy -2- ) DU S PR R -3- 2 ] FH R i (10b): 1 £ ] 44
FE# 12%. mp. 75.1~75.8 C; 'H NMR (400 MHz,
CDCly) 6: 7.36 (dd, J=5.1, 0.9 Hz, 1H), 7.12 (d, J=3.4
Hz, 1H), 7.01 (dd, J=5.0, 3.6 Hz, 1H), 6.44 (d, J=2.7 Hz,
1H), 5.80 (d, J=2.4 Hz, 1H), 5.55 (d, J=5.5 Hz, 1H), 4.32
(d, J=5.9 Hz, 2H), 3.57~3.47 (m, 1H), 1.15 (s, 9H); 1*C
NMR (101 MHz, CDCly) 6: 178.12, 168.52, 141.19,
134.76, 127.14, 126.72, 126.42, 124.33, 77.26, 63.84,
47.22, 38.87, 27.05; HRMS (ESI positive) calcd for
C1sHsNaO4S [M+Na]™ 317.0818, found 317.0821.

(£)-2-H 3 T HR-[(2S,3R)-4- H P F-5- 5 I Fk-2- (1
Wy -2- 35 DY S Wk IR -3-JE | F B fiB (10¢): BBl ik, 7=
71%. '"H NMR (400 MHz, CDCl3) &: 7.36 (d, J=5.0 Hz,
1H), 7.11 (d, J=3.3 Hz, 1H), 7.05~6.97 (m, 1H), 6.44 (d,
J=2.7 Hz, 1H), 5.80 (d, J=1.6 Hz, 1H), 5.55 (d, J=5.6
Hz, 1H), 4.34 (d, J=5.8 Hz, 2H), 3.59~3.41 (m, 1H),
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236 (dd, J=13.9, 6.9 Hz, 1H), 1.70~1.55 (m, 1H),
1.52~1.36 (m, 1H), 1.10 (dd, J=7.0, 2.7 Hz, 3H), 0.87 (t,
J=7.4 Hz, 3H); 3C NMR (101 MHz, CDCl;) d: 176.25,
168.51, 141.22, 134.75, 127.12, 126.68, 126.33, 124.31,
77.20, 63.44, 47.23, 40.93, 26.58, 16.42, 11.56; HRMS
(ESI positive) caled for C;sHi;sNaO,S [M + Na] *
317.0818, found 317.0821.
(£)- T FR-[(2S,3R)-4- F! W % -5- 48 . 3 -2-(WWE Wy -2-
FE) USRI -3- 2 R (10d): Bk, 72F 59%.
'H NMR (400 MHz, CDCls) é: 7.36 (dd, J=5.1, 1.1 Hz,
1H), 7.11 (d, J=3.2 Hz, 1H), 7.01 (dd, J=5.0, 3.6 Hz,
1H), 6.44 (d, J=2.8 Hz, 1H), 5.79 (d, J=2.5 Hz, 1H), 5.55
(d, J=5.7 Hz, 1H), 4.34 (d, J=6.0 Hz, 2H), 3.54~3.45
(m, 1H), 2.28 (t, J=7.5 Hz, 2H), 1.65~1.52 (m, 2H),
1.36~1.21 (m, 4H), 0.89 (t, J=7.0 Hz, 3H); 3C NMR
(101 MHz, CDCL) &: 173.43, 168.51, 141.21, 134.72,
127.12, 126.67, 126.30, 124.31, 77.19, 63.43, 47.15, 33.98,
31.23, 24.46, 22.26, 13.87, HRMS (ESI positive) calcd for
C16H20Na04S [M+Na]" 331.0975, found 331.0976.
(£)-(QE)-2-FE: T -2- /5 BR-[(2S,3R)-4- F . B -5- 4
P -2 (W Iy -2- 2 ) DY S R g -3- 2  FH iR (10e): TG (VR
&, P23 36%. "H NMR (400 MHz, CDCL3) §: 7.35 (d, J=
5.1 Hz, 1H), 7.11 (d, J=3.4 Hz, 1H), 7.01 (dd, J=4.9, 3.7
Hz, 1H), 6.82~6.72 (m, 1H), 6.44 (d, J=2.8 Hz, 1H),
5.81 (d, J=2.4 Hz, 1H), 5.57 (d, J=5.7 Hz, 1H), 4.39 (qd,
J=11.4, 5.9 Hz, 2H), 3.62~3.51 (m, 1H), 1.79 (s, 6H);
13C NMR (101 MHz, CDCls) &: 168.60, 167.49, 141.25,
138.72, 134.86, 127.83, 127.08, 126.65, 126.36, 124.28,
63.80, 47.26, 14.48, 11.93; HRMS (ESI positive) calcd for
C1sHisNaO,S [M+Na]™ 315.0662, found 315.0662.
()-T -2-45 R -[ (25,3 R)-4- 1 I 3k -5- 42 I Fk -2-( 158
Wy -2- 355 ) DU SRR IR -3- 25 ] R 2R Fig (106): G (i ik, 7=
70%. '"H NMR (400 MHz, CDCLy) 6: 7.35 (dd, J=5.1, 1.1
Hz, 1H), 7.11 (d, J=3.3 Hz, 1H), 7.01 (dd, J=5.0, 3.6 Hz,
1H), 6.45 (d, J=2.8 Hz, 1H), 6.38 (dd, J=17.3, 1.2 Hz,
1H), 6.09 (dd, J=17.3, 10.5 Hz, 1H), 5.88 (dd, J=10.5,
1.2 Hz, 1H), 5.81 (d, J=2.5 Hz, 1H), 5.57 (d, J=5.6 Hz,
1H), 4.42 (dd, J=6.0, 2.9 Hz, 2H), 3.59~3.51 (m, 1H);
13C NMR (101 MHz, CDCls) &: 168.48, 165.62, 141.17,
134.63, 132.06, 127.45, 127.13, 126.67, 126.30, 124.46,
77.18, 63.78, 47.12; HRMS (ESI positive) calcd for
C13H12NaO,S [M+Na]™ 287.0349, found 287.0348.
(£)-3-F3E T 2-F5R-[(2S5,3R)-4- 1 I k- 5- 42 V. F -
2-(BE Wy -2- 35 ) D A Pk g -3- 3 | F L i (10g): TE € i Ak,
F2# 32%. '"H NMR (400 MHz, CDCls) 0: 7.35 (dd, J=
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5.1, 1.1 Hz, 1H), 7.11 (d, J=3.5 Hz, 1H), 7.01 (dd, J=5.0,
3.6 Hz, 1H), 6.43 (d, J=2.8 Hz, 1H), 5.81 (d, J=2.5 Hz,
1H), 5.67~5.61 (m, 1H), 5.57 (d, J=5.6 Hz, 1H), 4.34 (d,
J=5.9 Hz, 2H), 3.50 (dq, J=8.7, 3.0 Hz, 1H), 2.16 (d, J=
1.0 Hz, 3H), 1.91 (d, J=1.1 Hz, 3H); 3C NMR (101 MHz,
CDCl3) 0: 168.68, 166.00, 158.95, 141.39, 134.85, 127.09,
126.54, 126.16, 124.34, 114.91, 77.17, 62.72, 47.26, 27.51,
20.39; HRMS (ESI positive) caled for CisHijsNaO4S [M+
Na]" 315.0662, found 315.0666.

(2)-FF - 1-J-1-F R-[ (25,3 R)-4- H T F£-5- 5 W 3k -
2-(ME Wy -2- 55 ) DY S Wk PR -3- 25 1 2R T (10h): G £ VR 14K,
P2 % 69%. '"H NMR (400 MHz, CDCls) 6: 7.35 (dd, J=
5.1, 1.1 Hz, 1H), 7.11 (d, J=3.5 Hz, 1H), 7.01 (dd, J=5.0,
3.6 Hz, 1H), 6.92 (dd, J=3.8, 1.9 Hz, 1H), 6.44 (d, J=2.8
Hz, 1H), 5.81 (d, J=2.5 Hz, 1H), 5.56 (d, J=5.7 Hz, 1H),
4.44~4.33 (m, 2H), 3.58~3.50 (m, 1H), 2.18 (dt, J=6.0,
2.9 Hz, 4H), 1.69~1.52 (m, 4H); C NMR (101 MHz,
CDCl3) 0: 168.62, 166.96, 141.28, 134.88, 129.52, 127.08,
126.65, 126.38, 124.26, 77.29, 63.55, 47.26, 25.87, 23.98,
21.93, 21.29; HRMS (ESI positive) calcd for C;7H;sNaO4S
[M-+Na]" 341.0818, found 341.0819.

(2)-FR - 1-05- 1- FH ER-[ (2,3 R)-4- H TV F£-5- 4 W 3k -
2-(WEWy-2-38) DU S PRI -3- 38 | FH L s (10i): ot ik, 7=
# 93%. '"H NMR (400 MHz, CDCls) §: 7.35 (dd, J=5.1,
1.0 Hz, 1H), 7.11 (d, J=3.5 Hz, 1H), 7.01 (dd, J=5.0, 3.6
Hz, 1H), 6.77~6.72 (m, 1H), 6.44 (d, J=2.8 Hz, 1H),
5.82 (d, J=2.5 Hz, 1H), 5.57 (d, J=5.6 Hz, 1H), 4.45~
4.34 (m, 2H), 3.58~3.48 (m, 1H), 2.55~2.46 (m, 4H),
1.95 (p, J=17.7 Hz, 2H); 3C NMR (101 MHz, CDCl;) ¢:
168.60, 164.71, 145.48, 141.29, 135.57, 134.83, 127.09,
126.63, 126.30, 124.36, 77.30, 63.57, 47.20, 33.49, 31.21,
23.02; HRMS (ESI positive) caled for Ci¢HisNaO4S [M+
Na]" 327.0662, found 327.0665.

(£)-ZKHER-[(28,3R)-4-H MV - 5- 4 . F£ -2 - (W Wy -2
B DU S MR -3- 56 ) L R (10): B BBAK, 2% 45%.
'H NMR (400 MHz, CDCl;) J: 7.97~7.88 (m, 2H), 7.58
(t, J=7.4 Hz, 1H), 7.43 (t, J=7.7 Hz, 2H), 7.35 (dd, J=
5.1, 1.0 Hz, 1H), 7.14 (d, J=3.4 Hz, 1H), 7.00 (dd, J=5.0,
3.6 Hz, 1H), 6.48 (d, J=2.8 Hz, 1H), 5.87 (d, J=2.4 Hz,
1H), 5.65 (d, J=5.7 Hz, 1H), 4.58 (qd, J=11.4, 5.9 Hz,
2H), 3.71~3.62 (m, 1H); 3C NMR (101 MHz, CDCl;) ¢:
168.52, 166.13, 141.14, 134.75, 133.51, 129.64, 129.17,
128.57, 127.14, 126.74, 126.50, 124.45, 77.35, 64.27,
47.28; HRMS (ESI positive) calcd for Ci7H14NaO4S [M+
Na]® 337.0505, found 337.0503.

Chin. J. Org. Chem. 2023, 43,3916~3929

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

()-4- T A TR -[(2S,3R)-4- F1 V. 3 -5- 40 I Fk-2- (158
Wy -2-35) DU LR I -3- 28 ) R iR (10Kk): (1 ([l 44, 7= =R
59%. m.p. 111.4~115.4 ‘C; 'H NMR (400 MHz, CDCl;)
d: 7.96~7.89 (m, 2H), 7.36 (dd, J=5.1, 1.1 Hz, 1H),
7.16~7.06 (m, 3H), 7.00 (dd, J=5.0, 3.6 Hz, 1H), 6.48 (d,
J=2.8 Hz, 1H), 5.85 (d, J=2.5 Hz, 1H), 5.64 (d, J=5.7
Hz, 1H), 4.58 (ddd, J=18.2, 11.4, 5.9 Hz, 2H), 3.66 (ttd,
J=8.0, 5.4, 2.6 Hz, 1H); *C NMR (101 MHz, CDCls) §:
168.46, 167.32, 165.15, 164.79, 141.07, 134.69, 132.29,
132.19, 127.15, 126.79, 126.55, 125.41, 125.38, 124.44,
115.90, 115.68, 77.39, 64.47, 47.22; HRMS (ESI positive)
caled for C;7H;3FNaO,S [M +Na]© 355.0411, found
355.0415.

(£)-4- =5 H 5 2K F R -[(2S,3R)-4- Y . 3% -5- 41 0
FE-2-(WEWy -2- 3 ) U S -3- 3  FE L BB (101): £ [l 44,
FEE 73%. mp. 139.4~139.9 ‘C; 'H NMR (400 MHz,
CDCLy) d: 8.01 (d, J=8.1 Hz, 2H), 7.69 (d, J=8.2 Hz,
2H), 7.37 (dd, J=5.0, 0.9 Hz, 1H), 7.14 (d, J=3.5 Hz,
1H), 7.00 (dd, J=5.0, 3.6 Hz, 1H), 6.49 (d, J=2.8 Hz,
1H), 5.86 (d, J=2.5 Hz, 1H), 5.65 (d, J=5.7 Hz, 1H), 4.62
(ddd, J=18.4, 11.4, 6.0 Hz, 2H), 3.69 (ddq, J=10.3, 5.4,
2.6 Hz, 1H); 3C NMR (101 MHz, CDCls) §: 168.37,
164.93, 140.97, 135.10, 134.77, 134.58, 134.45, 132.35,
130.05, 127.19, 126.89, 126.66, 125.66, 125.63, 125.59,
125.55, 124.85, 124.50, 122.14, 77.41, 64.90, 47.11;
HRMS (ESI positive) caled for CigHi3F3sNaO,S [M+Na]®
405.0379, found 405.0381.

(&)-4- F 4 L 2K F R -[ (28,3 R)-4- F . i -5- 48 L -
2-(WE Wy -2 5 ) U S R g -3- 2 R TS (10m): [ € [ 44
P23 55%. mp. 139.0~139.8 ‘C; 'H NMR (400 MHz,
CDCLy) 6: 7.92~7.84 (m, 2H), 7.35 (dd, J=5.1, 1.1 Hz,
1H), 7.13 (d, J=3.5 Hz, 1H), 7.00 (dd, J=5.0, 3.6 Hz,
1H), 6.94~6.86 (m, 2H), 6.47 (d, J=2.8 Hz, 1H), 5.86 (d,
J=2.5 Hz, 1H), 5.65 (d, J=5.6 Hz, 1H), 4.55 (ddd, J=
18.1, 11.4, 5.9 Hz, 2H), 3.86 (s, 3H), 3.64 (ddq, J=10.8,
5.4, 2.6 Hz, 1H); 3C NMR (101 MHz, CDCl;) J: 168.60,
165.86, 163.80, 141.23, 134.82, 131.74, 127.13, 126.70,
126.45, 124.42, 121.50, 113.83, 77.40, 64.03, 55.50, 47.32;
HRMS (ESI positive) caled for CsH;sNaOsS [M+Na]"
367.0611, found 367.0610.

(=)-3- F 40 3 2K HI R -[ (28,3 R)-4- FY V. F-5- 4 . 3k -
2-(PBE Wy -2- 35 ) DU A Wk g -3- 2 1 6 (10m): 1 €00 3] 4k,
FEH 55%. mp. 80.8~82.3 C; 'H NMR (400 MHz,
CDCL) ¢: 7.51 (d, J=7.7 Hz, 1H), 7.48~7.44 (m, 1H),
7.38~7.30 (m, 2H), 7.16~7.09 (m, 2H), 7.00 (dd, J=5.0,
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3.6 Hz, 1H), 6.48 (d, J=2.8 Hz, 1H), 5.87 (d, J=2.4 Hz,
1H), 5.65 (d, J=5.5 Hz, 1H), 4.57 (ddd, J=18.1, 11.4, 5.9
Hz, 2H), 3.83 (s, 3H), 3.66 (ddq, J=10.6, 5.3, 2.6 Hz, 1H);
3C NMR (101 MHz, CDCl;) d: 168.54, 166.03, 159.66,
141.17, 134.73, 130.41, 129.61, 127.17, 126.75, 126.47,
124.55, 122.00, 120.04, 114.06, 77.37, 64.53, 55.48, 47.19;
HRMS (ESI positive) caled for CigHisNaOsS [M—l—Na]+
367.0611, found 367.0612.

(£)-2- FF AR I 2 H R -[ (28, 3 R)~4- FY Y - 5- 4 Y F-
2-(WE Wy -2- 3 ) DY AP R -3- 3 | Y JE K (100): 1 €20 3] 44k
FEE 47%. mp. 101.1~102.7 C; '"H NMR (400 MHz,
CDCly) 6: 7.70 (dd, J=7.9, 1.6 Hz, 1H), 7.53~7.46 (m,
1H), 7.35 (dd, J=5.1, 1.1 Hz, 1H), 7.13 (d, J=3.4 Hz,
1H), 7.02~6.93 (m, 3H), 6.47 (d, J=2.8 Hz, 1H), 5.89 (d,
J=2.5 Hz, 1H), 5.70 (d, J=5.7 Hz, 1H), 4.55 (qd, J=
11.5, 5.5 Hz, 2H), 3.87 (s, 3H), 3.60 (ddq, J=8.3, 5.6, 2.6
Hz, 1H); 3C NMR (101 MHz, CDCls) §: 168.72, 166.03,
159.40, 141.34, 134.87, 134.22, 131.92, 127.14, 126.64,
126.33, 124.44, 12021, 118.83, 112.00, 77.10, 63.79,
55.81, 47.31; HRMS (ESI positive) caled for CisH¢NaOsS
[M+Na]™ 367.0611, found 367.0612.

()-4- — 5 H UK F R -[(2S,3R)-4- FH I 2 -5- 46
P F-2- (W My -2- J5 ) DU S K PR -3- 5  FH L Fis (10p): - 1 2 o]
1, PEE 86%. m.p. 99.5~100.7 °‘C; 'H NMR (400 MHz,
CDCly) d: 7.95 (d, J=8.8 Hz, 2H), 7.36 (d, J=5.0 Hz,
1H), 7.25 (d, J=8.9 Hz, 2H), 7.14 (d, J=3.4 Hz, 1H), 7.00
(dd, J=4.9, 3.7 Hz, 1H), 6.48 (d, J=2.7 Hz, 1H), 5.86 (d,
J=2.4 Hz, 1H), 5.64 (d, J=5.7 Hz, 1H), 4.60 (ddd, J=
18.2, 11.4, 5.9 Hz, 2H), 3.67 (dt, J=7.8, 5.4 Hz, 1H); 13C
NMR (101 MHz, CDCly) &: 168.42, 164.94, 153.01,
152.99, 141.02, 134.64, 131.67, 127.48, 127.17, 126.84,
126.62, 124.47, 121.54, 120.38, 118.97, 77.38, 64.65,
47.16; HRMS (ESI positive) caled for C;sH;3F3NaOsS
[M+Na]" 421.0328, found 421.0325.

(F)-4- 5 P S 2 2K H R -[(2S,3R)-4- FH I 2 -5- 4 .
-2 (W -2-38) DU A W -3 -8 F 2 iR (10q): 1 144,
FEH 54%. mp. 115.0~115.8 ‘C; 'H NMR (400 MHz,
CDCly) d: 7.85 (d, J=8.9 Hz, 2H), 7.35 (d, J=5.0 Hz,
1H), 7.13 (d, J=3.4 Hz, 1H), 7.03~6.97 (m, 1H), 6.87 (d,
J=8.8 Hz, 2H), 6.47 (d, J=2.7 Hz, 1H), 5.86 (d, J=2.4
Hz, 1H), 5.65 (d, J=5.6 Hz, 1H), 4.68~4.60 (m, 1H),
4.54 (ddd, J=18.0, 11.4, 5.9 Hz, 2H), 3.68~3.59 (m, 1H),
1.36 (d, J=6.0 Hz, 6H); 3C NMR (101 MHz, CDCl;) ¢:
168.62, 165.89, 162.31, 141.24, 134.83, 131.76, 127.13,
126.69, 126.45, 124.41, 120.96, 115.18, 77.38, 70.15,
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63.94, 47.34, 21.89; HRMS (ESI positive) calcd for
CaoH20NaOsS [M+Na]”™ 395.0924, found 395.0924.

(F)-4- LK 2R -[(2S,3R)-4- H Y & -5- 58 I F -
2-(MEMy-2-25) DU S Wk -3 -5 | B i (10r): Gk, 7=
% 69%. '"H NMR (400 MHz, CDCl3) J: 7.34 (dd, J=5.0,
1.2 Hz, 1H), 7.12 (d, J=8.7 Hz, 2H), 7.00 (dt, J=4.9, 3.3
Hz, 2H), 6.87~6.81 (m, 2H), 6.37 (d, J=2.8 Hz, 1H),
5.68 (d, J=2.5 Hz, 1H), 5.46 (d, J=5.6 Hz, 1H), 4.32 (d,
J=5.8 Hz, 2H), 3.79 (s, 3H), 3.53 (s, 2H), 3.49~3.42 (m,
1H); 3C NMR (101 MHz, CDCly) §: 171.48, 168.45,
158.92, 141.13, 134.48, 130.27, 127.13, 126.67, 126.32,
125.34, 124.47, 114.15, 77.03, 63.86, 55.30, 47.06, 40.28;
HRMS (ESI positive) caled for C19H;sNaOsS [M+Na]"
381.0767, found 381.0767.

(£)-2,4-— HEFIK HER-[(2S,3R)-4-H V. J5-5- 581
FE-2-(MEWy -2 ) DU SR IR-3- 35 F R (10s): 1 €00 L] 44,
FEE 57%. mp. 105.3~107.0 ‘C; '"H NMR (400 MHz,
CDCly) 0: 7.75 (d, J=8.9 Hz, 1H), 7.34 (dd, J=5.1, 1.1
Hz, 1H), 7.13 (d, J=3.3 Hz, 1H), 7.00 (dd, J=5.0, 3.6 Hz,
1H), 6.50~6.45 (m, 3H), 5.87 (d, J=2.5 Hz, 1H), 5.69 (d,
J=5.6 Hz, 1H), 4.57~4.47 (m, 2H), 3.85 (s, 6H), 3.59
(dg, J=8.2, 2.8 Hz, 1H); 3C NMR (101 MHz, CDCL) ¢:
168.77, 165.38, 164.81, 161.63, 141.46, 135.00, 134.10,
127.11, 126.57, 126.24, 12433, 111.13, 104.77, 98.91,
77.19, 63.59, 55.81, 55.55, 47.34; HRMS (ESI positive)
caled for CjoH;sNaOgS [M + Na] * 397.0716, found
397.0720.

(£)-3,4-Z A EIR HER-[(2S,3R)-4- . J5-5- 46 T
FE-2-(ME Wy -2-J) DU S MR -3- 2R R R (100): B £ ] 44,
P23 42%. m.p. 150.0~151.2 ‘C; 'H NMR (400 MHz,
CDCLy) §: 7.56 (d, J=8.4 Hz, 1H), 7.45 (s, 1H), 7.35 (d,
J=4.9 Hz, 1H), 7.13 (s, 1H), 7.00 (t, J=4.0 Hz, 1H), 6.87
(d, J=8.4 Hz, 1H), 6.48 (s, 1H), 5.87 (s, 1H), 5.66 (d, J=
5.2 Hz, 1H), 4.56 (ddd, J=18.0, 11.3, 5.9 Hz, 2H), 3.92 (d,
J=15.4 Hz, 6H), 3.65 (s, 1H); 3C NMR (101 MHz,
CDCls) d: 168.60, 165.90, 153.46, 148.76, 141.32, 134.82,
127.16, 126.68, 126.36, 124.51, 123.78, 121.56, 111.90,
110.36, 77.47, 64.56, 56.04, 56.08, 47.18; HRMS (ESI
positive) caled for C;oH;sNaOgS [M+Na]® 397.0716,
found 397.0718.

(£)-3,4,5- = HH K HIR-[(2S,3R)-4- H I £ -5-54
P -2 - (W 5y -2- 5 ) DU S Wk g - 3- 25 ] P L TS (10u): - 1 A ]
A, P23 83%. mp. 139.6~142.1 ‘C; 'H NMR (400
MHz, CDCly) 6: 7.35 (d, J=4.7 Hz, 1H), 7.20 (s, 2H),
7.13 (d, J=3.2 Hz, 1H), 7.02~6.97 (m, 1H), 6.49 (d, J=
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2.3 Hz, 1H), 5.88 (d, J=1.9 Hz, 1H), 5.67 (d, J=4.9 Hz,
1H), 4.57 (ddd, J=18.0, 11.3, 5.8 Hz, 2H), 3.91 (s, 3H),
3.87 (s, 6H), 3.67 (dd, J=4.3, 2.1 Hz, 1H); *C NMR (101
MHz, CDCls) 6: 168.54, 165.77, 153.04, 142.71, 141.39,
134.79, 127.19, 126.67, 126.26, 124.62, 124.01, 106.86,
77.56, 65.28, 60.94, 56.27, 46.98; HRMS (ESI positive)
caled for CayHyNaO,S [M + Na] * 427.0822, found
427.0824.
(£)-RIFE[d][1,3] = A B be-5- FH R -[(2S,3R)-4-
FH ST 3 - 5- 48 W0 36 -2- (W Wy -2- 356 ) D & W i - 3- 3 ] F 3 i
A0v): AEA, =% 43%. mp. 131.7~133.5 C; 'H
NMR (400 MHz, CDCls) 6: 7.52 (dd, J=8.2, 1.6 Hz, 1H),
7.36 (d, J=5.0 Hz, 1H), 7.31 (d, J=1.5 Hz, 1H), 7.13 (d,
J=3.4 Hz, 1H), 7.01 (dd, J=4.9, 3.7 Hz, 1H), 6.82 (d, J=
8.2 Hz, 1H), 6.47 (d, J=2.8 Hz, 1H), 6.04 (s, 2H), 5.85 (d,
J=2.4 Hz, 1H), 5.63 (d, J=5.7 Hz, 1H), 4.54 (ddd, J=
18.2, 11.4, 6.0 Hz, 2H), 3.64 (ddq, J=10.8, 5.4, 2.6 Hz,
1H); *C NMR (101 MHz, CDCl3) d: 168.53, 165.46,
152.11, 147.88, 141.14, 134.75, 127.15, 126.76, 126.53,
125.62, 124.42, 123.05, 109.41, 108.14, 101.96, 77.40,
64.21, 47.28; HRMS (ESI positive) calcd for CisH4NaOsS
[M+Na]" 381.0403, found 381.0405.
(£)-ZRIFE[D]MRIE-5-H ER-[(2S,3R)-4- H W 5-5- 51 .
HE-2-(MEWy -2-J5) DU SR i -3- 5 R s (10w): 1 £ ]
K, PEE 46%. mp. 159.5~162.0 ‘C; 'H NMR (400
MHz, CDCl3) 6: 8.19 (d, J=1.2 Hz, 1H), 7.90 (dd, J=8.7,
1.5 Hz, 1H), 7.70 (d, J=2.1 Hz, 1H), 7.52 (d, J=8.7 Hz,
1H), 7.36 (d, J=5.0 Hz, 1H), 7.15 (d, J=3.4 Hz, 1H), 7.01
(dd, J=4.9, 3.7 Hz, 1H), 6.84 (d, J=1.5 Hz, 1H), 6.49 (d,
J=2.8 Hz, 1H), 5.88 (d, J=2.4 Hz, 1H), 5.68 (d, J=5.8
Hz, 1H), 4.61 (ddd, J=18.1, 11.4, 5.9 Hz, 2H), 3.73~3.64
(m, 1H); 3C NMR (101 MHz, CDCls) d: 168.57, 166.30,
157.73, 146.49, 141.17, 134.80, 127.60, 127.15, 126.67 (d,
J=18.7 Hz), 126.05, 124.41, 124.12, 123.90, 111.53,
107.14, 77.44, 64.24, 47.32; HRMS (ESI positive) calcd
for C1oH1sNaOsS [M+Na]" 377.0454, found 377.0452.
(£)-ZRIFE[b]WEM -5-H FR-[(2S,3R)-4- H W 5 -5- 51 1.
B2 (MR 2358 ) DU S P MRg -3- 25 ) FH B R (10x): [ ru [ 44,
FEE 29%. m.p. 139.8~141.6 C; '"H NMR (400 MHz,
CDCls) d: 8.36 (s, 1H), 7.88 (dt, J=8.5, 5.0 Hz, 2H), 7.54
(d, J=5.5 Hz, 1H), 7.45~7.33 (m, 2H), 7.16 (d, J=3.5
Hz, 1H), 7.01 (dd, J=5.0, 3.6 Hz, 1H), 6.50 (d, J=2.8 Hz,
1H), 5.88 (d, J=2.4 Hz, 1H), 5.69 (d, J=5.8 Hz, 1H), 4.62
(ddd, J=18.3, 11.4, 6.0 Hz, 2H), 3.74~3.66 (m, 1H); 13C
NMR (101 MHz, CDCly) 6: 168.55, 166.44, 144.70,

Chin. J. Org. Chem. 2023, 43,3916~3929

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

141.16, 139.37, 134.77, 128.02, 127.16, 126.79, 126.62,
125.65, 125.38, 124.49, 124.43, 122.60, 77.50, 64.35,
47.30; HRMS (ESI positive) calcd for C19H14NaO4S, [M+
Na]" 393.0226, found 393.0227.

3.2.7  PIAMK 11 694k

i} 6b (55 mg, 0.24 mmol) I HEE (5 mL)FEHH A
NaBH, (13.5 mg, 0.36 mmol), Z & F#HifE2 h, WAL
O K, RIS AU, R K T
A KGR G, TOKRERAN T, g, sk, ik
SR ENT AL VA THEE) © MR 2B =2 : 11133
(£)~(4R,55)-4-(F5 FL H FL)-3- H Jk -5 (e 1wy -2- 3 ) P Sk
WR-2-H(11), TEEBAE, 7% 69%. 'H NMR (400 MHz,
CDCls) &: 7.36 (d, J=5.0 Hz, 1H), 7.14 (d, J=3.0 Hz,
1H), 7.01 (t, J=4.2 Hz, 1H), 5.53 (d, J=9.8 Hz, 1H),
3.87~3.73 (m, 2H), 2.87 (dq, J=14.1, 7.0 Hz, 1H), 2.32
(dt, J=13.5, 3.5 Hz, 1H), 1.87 (s, 1H), 1.34 (d, J=7.1 Hz,
3H); 3C NMR (101 MHz, CDCl;) §: 178.19, 140.43,
127.06, 127.05, 126.62, 58.72, 54.34, 37.24, 13.69; HRMS
(ESI positive) caled for CjoH;2NaOsS [M + Na] *
235.0399, found 235.0401.

3.2.8 BHARZ412 696 K%

# 11 (19 mg, 0.09 mmol). EZ(0.14 mmol). EDCI (27
mg, 0.14 mmol)fl DMAP (1.0 mg, 0.01 mmol)i#T &
Fke(1 mL), SEBPEER. IKER, S HEAEE
(5 mLX3), &HFAHAH, WRIKHK. HFEER KPR,
ToKBRER AN T 1, 98, WORIRYE. Bkt Eralif
[V(fa ) © (LR LER)=S5 © 1132 Hbsr=4 12.

(£)-(22)-2-F 3T -2- M BR-[(2S,3R)-4- 1 HE-5-5 .
FE-2-(MEWy -2 ) DY S kAR -3-J  FH 2R R (12a): TG (A,
P23 32%. '"H NMR (400 MHz, CDCLs) 6: 7.37 (dd, J=
5.1,0.7 Hz, 1H), 7.15 (d, J=3.0 Hz, 1H), 7.01 (dd, J=5.0,
3.6 Hz, 1H), 6.12 (qd, J=7.2, 1.4 Hz, 1H), 5.41 (d, J=9.7
Hz, 1H), 4.32 (ddd, J=30.2, 12.0, 4.5 Hz, 2H), 2.70 (dq,
J=11.6, 7.0 Hz, 1H), 2.61~2.49 (m, 1H), 1.98 (dd, J=
7.3, 1.5 Hz, 3H), 1.85~1.78 (m, 3H), 1.39 (d, J=7.0 Hz,
3H); 3C NMR (101 MHz, CDCl) §: 176.94, 167.20,
139.99, 139.79, 127.25, 127.05, 126.91, 126.85, 77.18,
60.77, 51.86, 38.51, 20.40, 15.89, 13.86; HRMS (ESI posi-
tive) caled for CisHisNaO4S [M+Na]" 317.0818, found
317.0815.

()4~ H 58 3 % R -[ (2,3 R)-4- H 3 -5- 4 W1 3 -
2-(ME Wy -2- 35 ) D & Wk MR -3- 25 ] F R i (12b): 1 (0 3 44K
FEE 73%. m.p. 133.7~135.1 ‘C; 'H NMR (400 MHz,
CDCl;) d: 7.86~7.81 (m, 2H), 7.37 (d, J=5.1 Hz, 1H),
7.17 (d, J=3.4 Hz, 1H), 7.01 (dd, J=5.0, 3.6 Hz, 1H),
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6.91 (t, J=5.8 Hz, 2H), 5.48 (d, J=9.7 Hz, 1H), 4.47 (d,
J=4.7 Hz, 2H), 3.87 (s, 3H), 2.82~2.72 (m, 1H), 2.70~
2.59 (m, 1H), 1.42 (d, J=6.9 Hz, 3H); *C NMR (101
MHz, CDCls) 6: 176.96, 165.81, 163.77, 139.86, 131.69,
127.43, 127.05, 126.87, 121.54, 113.80, 77.32, 61.60,
55.51, 52.01, 38.62, 13.94; HRMS (ESI positive) calcd for
CisHsNaOsS [M+Na]* 369.0767, found 369.0769.

3.2.9 HARZ4 13 8946 K%

] 6b (30 mg, 0.14 mmol)ff) —& F (1 mL)&EH+
UMK A 8 2 = S 4 W % ¥ (60 mg, 0.21
mmol). 10-HHfiEEZ(3.0 mg, 0.014 mmol), =¥ Ttk
15 h, JAESECN 10%MIRIREENE (S mL)#K, —
AR mL X 3), &HANAE, KKK BAE
ERARPeG, TAKBRREN T %, U8, WRKRAE. KRR
FEM A [ VA il @ (2R 2088)=>5 © 111553 3 br
P20 (£ )-(4R,58)-4-({[(4- HY 5 Jk 2R 5k ) F L ] S0 2 )
H2)-3- 7 KL -5- (Wi Wy -2- 55 ) D S R i -2- B (13), TE 7R
1, P23 70%. "H NMR (400 MHz, CDCl;) 6: 7.32 (dd,
J=5.0, 1.2 Hz, 1H), 7.22 (t, J=5.7 Hz, 2H), 7.05 (d, J=
3.3 Hz, 1H), 6.98 (dd, J=5.0, 3.6 Hz, 1H), 6.91~6.85 (m,
2H), 6.36 (d, J=2.7 Hz, 1H), 5.73 (d, J=2.4 Hz, 1H), 5.56
(d, J=5.2 Hz, 1H), 4.53~4.43 (m, 2H), 3.81 (s, 3H), 3.63
(d, J=6.2 Hz, 2H), 3.43~3.34 (m, 1H); 3C NMR (101
MHz, CDCls) 6: 169.15, 159.45, 142.04, 135.57, 129.49,
129.37, 127.03, 126.26, 125.94, 123.80, 113.93, 77.33,
73.05, 69.85, 55.31, 48.18; HRMS (ESI positive) calcd for
C1sHsNaO4S [M+Na]™ 353.0818, found 353.0816.
3.2.10 #4719 4946 m%

HHE] 44 14 fRH] & 17 5b (660 mg, 3.14 mmol)f H
(20 mL)¥ IR R (87 mg, 0.63 mmol), Eif
PFE 6 h, JEEZ HEE, M LR CBRIERRTRRY, K
K MA AN B K B, ToKBRRAN T8, i
UE, WAL, BRI E M Al [ VR ) © (SR
LHR)=3 1 1], 132 HAx[aE(£)-(4R,55)-4-(FF 5L
J)-3-(F AR 35 FE L )-5- (MR Wy -2 ) D A TR -2- i (14), TE
EIHPIRIBAAE, 250 mg, UCH 33%. '"H NMR (400 MHz,
CDCls) 6: 7.39 (d, J=4.8 Hz, 1H), 7.17 (d, J=2.4 Hz,
1H), 7.08~6.98 (m, 1H), 5.41 (d, J=9.4 Hz, 1H), 3.76 (d,
J=4.5 Hz, 2H), 3.73~3.53 (m, 2H), 3.40 (s, 3H), 3.01 ~
291 (m, 1H), 2.91~2.76 (m, 1H); 3C NMR (101 MHz,
CDCly) J: 174.59, 139.93, 127.32, 127.04, 126.90, 76.70,
70.61, 60.84, 59.31, 51.87, 45.79.

e 44 15 )4 18] 14 (135 mg, 0.56 mmol)f] —
AF LG mL)FAR TN B 2R 9 &0 (127 mg, 0.67
mmol). =Z.f#%(0.12 mL, 0.84 mmol), =iRHFLR. N
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IKVER, R mLX3), &HEHM, KK
K AT B R B #hoK PR, TOKBREREN T8, 18, I
Feeds. Bk Erai [V i) @ (R OB =
20 : 1], 152 H AR 44 (£ )-4- H 2K H R -[(2S,3R)-4-
(FF AR i F L )-5- 58 WP 5 -2 (M Iy -2- 26 ) IO S e i - 3- 3 ] FY
FhE(15), TEMRBAE, 140 mg, WK 63%. 'H NMR
(400 MHz, CDCls) 8: 7.76 (d, J=8.0 Hz, 2H), 7.40~7.31
(m, 3H), 7.01~6.93 (m, 2H), 5.39 (d, J=8.7 Hz, 1H),
426~4.09 (m, 2H), 3.75~3.55 (m, 2H), 3.31 (s, 3H),
2.96~2.82 (m, 2H), 2.46 (s, 3H); *C NMR (101 MHz,
CDCls) d: 174.00, 145.50, 139.32, 132.20, 130.11, 127.99,
127.42, 127.03, 75.97, 68.85, 65.94, 59.21, 46.67, 43.00,
21.70.

HHE A 18 [ & 1] 15 (140 mg, 0.35 mmol)f]
DMF (2 mL)&HHINAZEMHH(46 mg, 0.71 mmol),
55 CHifk 5 h, BHEFR, LR, KKK
HITHUN 10% M BRERERVE . 7K 1A A& 2hk st
v, TOKBREREN TR, g, BRI KRR WIET
PUERAE(S mL), DA =& (176 mg, 0.67 mmol)Fl
K(1 mL), 55 CHHER, LB ABEEER(GS mLX3), &
HAENHE, WK AR ke, KB
FREN T, 108, WEIRYE. 5k A ENTaitb[ (&
Hbe) © V(HF®E)=20 : 1], 5% H b a & (£)-
(4R,58)-4-(Za Jik 5 )-3-(FF 48k F Ok )-5- (1 y -2- 226 DY &
MR -2-(17), Jot PRI, 52 me, W 64%. # 17
(20 mg, 0.08 mmol). X FEEXFE (25 mg, 0.17
mmol). EDCI (33 mg, 0.17 mmol). 1-¥23E %3 =M
(HOBt) (22 mg, 0.17 mmol) fl N,N- — 5 A & £ %
(DIPEA) (43 pL, 0.25 mmol)#% T & H #i(1 mL), =if
PSR, KRR, SRS mLX3), GHF
BUAH, fRIRF K AR & #h K ik, ToKBREREN
T, T uE, WOEIRYE. BRI E ST AL (VA
fit) - AR TE)=7 © 1], 13 2] H ks (B 44 (£ )-N-
{[(2S,3R)-4-( FF 48 & F 3L )-5- 4 P ik -2- (M Wy -2- 95 DU &
Ik Mg -3- ] FHY S ) -4 FH 4R 2 R HH B i (18), G Bl IR TR
&, 26 mg, U 84%. "H NMR (400 MHz, CDCls) d: 7.64
(d, J=8.7 Hz, 2H), 7.36 (d, J=4.8 Hz, 1H), 7.23 (d, J=
2.6 Hz, 1H), 7.13 (s, 1H), 7.00 (dd, J=4.8, 3.6 Hz, 1H),
6.89 (d, J=8.7 Hz, 2H), 5.37 (d, J=9.5 Hz, 1H), 3.97~
3.85 (m, 2H), 3.84 (s, 3H), 3.67 (t, J=8.7 Hz, 1H), 3.49~
3.39 (m, 4H), 2.97~2.72 (m, 2H).

HArr=4 19 (& E: F 18 (25 mg, 0.06 mmol)iE T
(2 mL), 1A DBU (20 pL, 0.13 mmol), [Eli 6 h,
IR ERRRVE R, LR OBEAH(S mL X 3), &AL
FH, MUK ORI E A ok e, KRR T
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B, IR, BORALE. TRARVIEE AT A V(A )
VT CTBR)=5 1 1], 192 B A= (+)-4-F AR H
FR-[(2S,3R)-4- H WV 5 -5 4 0, ik -2- (W& 1y -2- 35 ) DU S P I -
3-FE)FEEEE(9), FEREER, F7% 65%. 'H NMR (400
MHz, CDCL) d: 7.61 (dd, J=9.3, 2.4 Hz, 2H), 7.32 (dd,
J=5.1,0.9 Hz, 1H), 7.13 (d, J=3.4 Hz, 1H), 6.97 (dd, J=
5.0, 3.6 Hz, 1H), 6.90 (d, J=8.8 Hz, 2H), 6.44 (d, J=2.7
Hz, 1H), 6.29 (s, 1H), 5.79 (d, J=2.4 Hz, 1H), 5.58 (d, J=
5.3 Hz, 1H), 3.90~3.81 (m, 4H), 3.77~3.69 (m, 1H),
3.63~3.55 (m, 1H); *C NMR (101 MHz, CDCL) &:
168.84, 167.50, 162.54, 141.33, 136.05, 128.67, 127.18,
126.76, 126.69, 125.90, 123.83, 113.91, 78.23, 55.46,
47.87, 41.44; HRMS (ESI positive) caled for CisH;7N-
NaO,S [M+Na]" 344.0951, found 344.0949.

3.3 HHIEMIFEN

Fik4 GPRS2 [¥) HEK293 4l g = H] DMEM(# 447
SN 10%0 FBS)HEFREELE 37 C, HISHUN 5%[1)
CO, B3 7240 55 7% 24 h J5 4 FH el 1L 40 e, Fl DMEM
(&R EON 0.1% BSA)E I 1H50, R4
FFEN 4X 1034 /mL, HIANZIKEE 500 nmol/L [ 3-57 T
HE-1- LB A (IBMX).

F5I GPRS2 F5 U7 DMSO ¥ o, R R ic
BN [ B () TAE . GPRS2 #4575 WO-459 F| DMEM
(B =D ECN 0.1%H9 BSA)EC K 300 nmol/L ¥ K.

1E 384 FLAR A EEFLIN 5 uL HEK293 4iifl 23, LA
K 5 uL #5770, 37 CHEE 15 min J&, FIIAN S pL X5
(B E 7 WO-459(1% 18 L F] EP2518054A1 J7 ik %),
37 CHI¥L 30 min. FFFLINA 10 pL #0JEY)(Perkin-
Elmer, TRF0264), =i E 1 h J5, KH Envision
BERRAGE S, S0 B R A Graphpad 8 ALBE, iH54LE
VIFE TS 1 ) 1Cs0 {H.

HBh# Rl (Supporting Information) {54 5a~5d.

6a~6d. 7a~7d. 8a~8d. 10a~10x. 11. 12a~12b
J 13~19 [¥) '"H NMR Al °C NMR 5. iXeefklnr Ll
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