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VTR B ES R R AL S VIR & BB XS a-iE BB RV ANFE 14

7R 5 ¢ rre pWHC DEEC guE
f//} //r//} a,c /Iﬁ\* 5‘( a,c EE?}%*%C
(MM R S TR B Rt 210037)
CRREML R T SR R 210037)
(¢ T EAROL R ZE ARl B U5 oon TR B R0 R0 B AT 210037)

WE LIRS -G EVEIRE AR, K486 MRS R, G 24 AN EEIRER LM RS9, KA 'H
NMR, C NMR, HRMS %5 J5y50F LA MIEAT RAE, BT T WERE AR AL W00 o A B EOTIHIE 1E. 45 R 3R, SRt
S R B R HEAR L, 6 MLEIIRT a-e MEER B L R 0BT, i 4-2-(2-(6,6- - F JE-3-(4- FH JE 5 M 3 ) 3
IR[3.1. 115 e -2- 10 528 F 32 )W 4 3) SR T (SZ14) ) TC 50 I AT IE R 4.11 umol/L. ML BRI 5iGHER R E, R 45
Pt st B B3 RO, I Bh J1 g R R, X 6 R AR T X oY M B A AR T e IR, SR R i
VAN TUEPEIZ R G S o-TEMBRNES G- 1, HAITIRR THEY SZ14 5 o-JEm BN LS & 5 2.

KB TRURER; WEMEILE, oY R BRI, TN

Synthesis and a-Amylase Inhibitory Potential and Molecular Docking
Study of Nopinone-Based Thiazolylhydrazone Derivatives
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Abstract A series of nopinone-based thiazolyhydrazone derivatives were synthesized by using nopinone derivated from
natural f-pinene as the starting material in three steps, including aldol reaction with aromatic aldehydes, condensation with
aminothiourea, and cyclization with bromoacetophenone. The structures of synthesized compounds were characterized by 'H
NMR, "*C NMR and HRMS. a-Amylase inhibitory activities of these compounds were also investigated. The results showed
that 6 compounds among them had good inhibitory activities compared with the positive control acarbose. Especially,
4-(2-(2-(6,6-dimethyl-3-(4-methylbenzylidene))bicyclo[3.1.1]heptane-2-ylidene)indolyl-4-thiazol-4-yl)phenol (SZ14) exhibit-
ed remarkable a-amylase inhibitory activity with ICsy value of 4.11 pumol/L. From the structure-activity relationship, the
structure of R? gave great influence on the activities of thiazolyhydrazone derivatives. The kinetic inhibition study revealed
that those 6 compounds were the noncompetitive inhibitor against a-amylase. It was used for molecular docking study to find
out binding affinities for thiazolylhydrazone derivatives, and the binding mode of compound SZ14 with a-amylase was pri-
marily investigated with molecular docking method.

Keywords nopinone; thiazolylhydrazone; a-amylase inhibitor; molecular docking
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2036 AEHERIR FEURIBET AR In— 5 AL, 11 AL
PRI SR 0 R AR AL, SR UAR IR = A
R B ALK 0 5 A LB R 5 S B R R,
WO MBI X LR SRS R0 8 1T
RUBE R B b, B IS RAMER B A, 2280
IR DA R A AT 2L, =y AR )96 97 32 B v e T3
JBR B A A B 2 AR I R PR B . B B B
AR B AR F0HE R K AR a-VE K B AT o 0 B
FEEES. 78 B AR 2 FhPURE R IR IT AT, o-TE R
it T -4 20 7 R 10 300 )2 A % P A R0 T,
W FH I IRBURE PRI 25403508 a-VE K B 551, 43] dann e
RUHE. KA B ARAR 1) RS, e 2T DL
I F) a-vE K B R VE M, G R0k 11 AR PR S 1 I
BEAKS. SR, KEARAX R A& FEIHAE . ]
75 DA b B AN IR, T R 8 e X B R
WIETT I A EIAE I 22 42 25K T 2 s A g e 11 i) .
AR, KT a-VEXy BRHNHIFIR B SO R 22, XF
FARFAWI B B A S0 4 . Martinez-Gonzalez %5113
AT T AN [F) S R 24k S PR e A Bl A 4 RO, 45 R 3R
BH, A6 R 2 A B 3R o 4 B 57, TR R R R
TEA RN, HEA RS8R, HARRE R
1) AT | FL 2 T IO A X B ] < 98 0. Taha S50 450 W W
WEYIEAT 17 ot, R YRR YR 1 A 2 1S
I (14 W5 Pore 2 Bk R B A L PR UE R B A v .
2-(5-5- 1LH-W5| -2 i B )- N-(4- it 5 4 5 ) k- 1- B A FFY e
[l B AT SRR 3 AR A O ve Ry B R 25OR. S AMEXT R
SRR 2 2208 S N T RCr) ntt Rmbk i 254k &
VI AT T a-vE M B IIIAITEERE 7217, g k],
FAEWIXT a-VE R B 04137 1 RO — .

2a~ 2f

a:R'=H; b: R = CHjg; ¢: R' = OCHj3;
d:R'=F;e:R'"=CI; f: R" =NO,

WEE M AL S ) A 1 LI B 2 2 VRO, A9 i
Jic T | TR R 2R MR offs AR S5 1) SR MR I TR AE S 1 245,
IEME AL A e FOEN S R RO KA
ZUERPY L AN RGP RIREP NS B R
(HIV)BEAPYLL R ke P v 97 5 T R 4% 7 BB
TER. TE&THPUNEIRIR 25977 T, LAMERE IR g is PEAE
ZREL R A I T R R OB SRR oY R Bl )
YA FeiE s, TR A E ] oV b B RS R 1k
EWY, AR I TR, A TR
IR B-IRIGHTAEME IR A e S B, %56, IS
SONL, BEVFE LT 24 AN (V8 R B S e e [ 2R A
), ¥H 'H NMR, *C NMR, HRMS 2577 50 H 45 433
TTERAE, WFFC T EMEE AL B PIXT oA B A4 135
M. SRR, 5 1CsME N 10.16 pumol/L FPH 1 i FE i
KU, &Y SZ13~SZ18 X a-VE N EER B AL
R msEYE, HAfha9) SZ14 1 1ICs AT IAE] 4.11
umol/L. K/ PR FVIIRE T & SZ14 5
a-VER S ST B &Y & R % 2 I

Scheme 1.

1 RS
1.1 SRR

TE IR FEE MR B2 2R AT AN SZ1~S724 & B HE
= YRS . INk4E & Hantzsch IRE M. Ab &
Y11 S53TEUREE IS kAR, Bk 2; L
SRER AL TR, HhlEMA 2 G AR R4 & H 45 b Al ik 3;
HRaAR 3 S AR -2- TR LR AT IR AL il 45 1Rk 2
&) SZ1~S724. % 'H NMR, *C NMR I HRMS

SZ1 ~ SZ24

S$Z1: R'=H, R? =H; §Z2: R' = CH;, R? = H; 8Z3: R' = OCH3, R? = H; $Z4: R' =F, R? = H; §Z5: R' = CI, R? = H;
§Z6: R' =NO,, R? =H; SZ7: R' = H, R? = OCHj3; SZ8: R" = CH;, R? = OCHjg; $Z9: R' = OCH3, R? = OCHj;
§210: R' = F, R? = OCHj; 8211: R" = CI, R? = OCHj3; SZ12: R" = NO,, R, = OCHg; $Z13: R' = H, R? = OH;
$Z14: R = CHg, R2 = OH; 8215: R = OCHj3, R? = OH; 8216: R = F, R? = OH; SZ17: R' = C|, R> = OH;

$218: R' = NO,, R? = OH; SZ19: R' = H, R? = F; §Z20: R' = CH3, R? = F; 8221: R' = OCH3, R? = F;
§z22:R'=F,R?=F; 8Z23: R'=CI, R>=F; §224: R' =NO,, R>=F

Reagents and conditions: (a) aromatic benzaldehydes, C,HsONa, ethanol, reflux, 8 h; (b) HCI, ethanol, reflux, 4~6 h; (c) bromoacetophe-

none, reflux.

B 1 R IRA IR EEERSATE Y SZ1~S724 I Y
Scheme 1 Synthesis of nopinone-based thiazolylhydrazone derivatives SZ1~SZ24
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LEF BN B &g AT RAE. Btk &Y
S7Z22 [f) '"H NMR 43 #r 45 R M1, 16 6 7.24~7.87 A W52
FIXT BT 5 T IR B RO, 7R 6 6.89 Ab R I T e
MEERIRTR T, NH B TUELE & 12.25 Kb B,
$722 ] PC NMR REEIR, J5 BRI 6 115.95~
132.27 kb, 1E6100.77, 169.74 F1165.40 tH BLIEIER] T
WE P BAS P A7 7E

IR A S B R R IR I AR A I M, AR S
R' RN I N A B, 2 R At A
97 T FEE WA TS L SR I ) S BT, R BILE S R B
[ E K B gk, =B8R FC i PR
FHOREIRII T =% B, HOEERE IR, AR
TR s A BT, (B R MRS F A AN 5 &
SRR P45 SRR AN B BB o R A 3 5 B -2- 1R
I AR SRR 5 HEAT, R F 45 K %o b e 3 A
WA .
1.2 S4EMNE

T Y P L M A AL B XS -V K7 TP = 0 i A
BE(Cs) WL 1. B 1 AT%1, LAY SZ13~SZ18 X a-
VE R B I AR SR ) HI O, LR E Y SZ14,
1 LAY SZ1~SZ24 FF o-TE KB40 H R BE[(1Cs/
(pmolsL™H}

Table 1 Inhibitory activity of compounds SZ1~SZ24 against
a-amylase [ICsy/ (umoleL )]

Compd. R! R? PER/%  ICse/(umolsL™")
S71 H H 77.6 208.20%0.06
S72  p-CHj H 85.3 174.83%0.11
S7Z3 p-OCH; H 83.6 156.32£0.05
S7Z4  p-F H 74.2 237.15%£0.09
S75 p-Cl H 77.6 >250
SZ6 p-NO, H 87.5 94.22+0.07
SZ77 H p-OCH; 83.3 178.73%£0.11
S7Z8 p-CH, p-OCH, 826 >250
S7Z9 p-OCH; p-OCH; 82.1 167.05%0.06
SZ10 p-F p-OCH, 823 >250
SZIl p-Cl  p-OCH, 835 25.7840.05
S712 p-NO, p-OCH; 83.8 56.60+0.09
S7Z13 H p-OH 70.2 4.424+0.01

S714 p-CH; p-OH 73.4 4.11£0.01
SZI5 p-OCH; p-OH 727 4.68+0.02
SZ16 p-F p-OH 815 5.3840.02
SZ17 pCl p-OH  66.1 5.0840.01
S718 p-NO, p-OH 64.2 5.43%0.01
S719 H p-F 83.9 148.91£0.05
S720 p-CH, pF 79.0 >250
S721 p-OCH; p-F 82.7 >250
S722  pF p-F 712 >250
S723 pCl  pF 753 >250
S724 p-NO, p-F 73.2 96.891+0.06
(RS 10.16+0.05
1374 http://sioc-journal.cn/
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H ICso N 4.11 pmol/L, FbiliE V2 FHPEXTHR ) 2.47 i
(FH AT HE BT R BE (1) 1Cso 24 10.16 pmol/L). SZ19~
SZ24 Xf o-TERER L IEAMEIBER. WLAPIIS5H
HiEMEXRRE, R PSS Y00E MR A &,
il R S5 AL A0 is e 5. 24 RPN FRSE
B, AV o-TERy e A W38 s, SLAng
PR T B X B 24 B R, T 24 R AR, L and
o-FERY B AT IEITE T 2 RPN AR AN, LEw
X o E K Bl FRAA A 1 2 59

2 TERETE 3 K M IR R 77 (DNSA) Y 75 19 J5 W
S B bR e Bl 2 BT 5 FE N y=3.361x+0.012, R*=
0.986, W JETE 540 nm Ab, FHEFERE 0.1~1
mmol/mL G P, £tk R RIF(E D).

Maltose concentration/(mg-mL™")

B e 2epEbndE h 2 K
Figure 1 Maltose standard plot

K 8 1125550 A ) SZ13~SZ18 1] a-1E Ky
B FN IR EAT T 08T, BA 1y RARER, 1/[STAREAL
#5, 1E Lineweaver-Burk FHZEIE, @l 2 fior. AFRIEY
WS 2 1) HL LR 2 T AL bl g B 58 S 4k, AHAC
(EARAZ T AL bR S T 58 e VR, AT A I 5 4 1
sl & 2 aT UG H, SZ13~SZ18 KI5 N} a-VE K i
HIAETE G PRI, XA 25 558 FH BH XS RERAT = 5 h 1)
i) A — B3],
1.3 {ERWHIR

NTIRFEMERNEN S oGk B 25 A A K,
SRR T ALE Y SZ13~SZ18 5 EIENEF(PDB 1D:
3bcO) o F a0 SRR, LAY SZ13~SZ18 5
3bc9 B ML AEMT), SIEENe R —5
V) SZA3~SZ18 FH [P XT RERT =30 b 1) 45 6o 70 ) B s
Wi 2 Fiow, that SZ14 MRS a-ie kB AH
HAERAMWE 3 B, B3R 2 W, (&Y SZ13~
SZ18 5 3bco AT/ 7.5 VAL, TR REHES
3bco MIFT43 A 7.0, BEALEY) SZ13~SZ18 R H X}
o-VEM TR SRR ). HE 3A iRt SZ14 5 a-lEk
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E2 &Y SZ13~SZ18 ¥t a-TEM ] Lineweaver-Burk 125 &
Figure 2 Lineweaver-Burk plot of compounds SZ13~SZ18 against a-amylase
The square, round, triangle, inverted triangle and diamond symbols represent compounds SZ13~SZ18 concentrations of 40, 20, 10 and 2.5 pg/mL, re-
spectively

P L £ JH BESU BT, R 3 19 i S5 235 5 £ RN B Y 360 92 4R )
SER-458 Jz TRP488 LA HAEH; KI5 o-leh Table 2 Selected nopinone-based thiazolyhydrazone derivatives
B TYR-460 T& % m-m HEAT, 18I 3R AH 332 110 ik 3L 55 based on binding affinity to 3bc9

ASP-449, MET-490 UL}z TRP488 7= A= it & i AF HL {1 F, Compd. Affinity/(kJemol )

1§15 SZ14 X} o-TEMBERAT i 4 B 70, 11 3B i SZ13 322

T WP AL 5 ASP-449, TYR-460, ILE-459, s ey

LYS-463, TYR-464 1 ASP-580 JE /&, Wi s S7Z16 _339

—, FEETREERERSE G R8T SZ14. S717 —31.8
SZ18 —314

2 #5ig R —29.3

CAVE IR N RGBT 24 AN T A SR 2 Ak
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B3 (AAEY SZ14 FIB)BT RS 3be 15 T 454773
Figure 3 Binding mode of compounds SZ14 (A) and acarbose (B) with 3bc9

&Y, 3 HFH 'H NMR, *C NMR 1 HRMS #HL&4)
AT T E5K0N. a-TE R BRI SLIR R W], SZ13~SZ18
N -3 TR At 225 SR T B 1 5o R BT R R B (IC 5 1B
10.16 umol/L). HFHl& SZ14, )RR F B -+ 3 4 1
247 5. RERT IR 6 Pk A0 o-Te Ky i 1 1 2 2,
BRI AR TE S A, 55 PR X REAR ). a4 X
R0 R, SZ13~SZ18 AR 3 bE H A AL v M
i, BE55 a-iefigss 4.

3 XIS
3.1 X5

DF-101S BUEIGRHE /1idEds, MR RRA R, £H
Agilent 5975¢ Jiit4%; [ Bruker AV 500 A% ILIRAX
(TMS A ¥R, CDCL B CsDsN A7), 6 E OptiMelt
4 H B AL UV-2450 Aok A (H A
Shimadzu); £[E Agilent 6540 /=7 H i W13

B-IRIG (LG 2k KRR FRIA R AR, s o Ech
91.5%); WIRARH B-Tk & kDT, B Rk (200~
300 DA BT, a-iE 0B E 5% AR
HAb BRI T € b4t
32 &Y 289HI%E

MR SCRR[34140 18, HX L EE4A(14.5 mmol) FIAH B
BUREHEE(1.1 equiv., 15.9 mol) I ANEIFIRAR 1 (14.5
mmol) (1] LBV, KT ARIR S LR 7.5 h
RENE, WORZE R R 2. @i (200~300 H)
Ay B YRR kB LR CER(V L V=3 :
DI 2L A 2a~2£7),

(E)-3-F2E-6,6- — HJE —IR[3.1.11 B ki-2-Hi(2a): &
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3% W] K, P25 78.3%. mp. 108.4~108.9 C; 'H
NMR (400 MHz, CDCly) 6: 7.70 (s, 1H), 7.58 (d, J=8.4
Hz, 2H), 7.50~7.31 (m, 3H), 2.98 (t, J=5.4Hz, 2H), 2.69
(t, J=6.0 Hz, 1H), 2.62~2.58 (m, 1H), 2.38~2.33 (m,
1H), 1.56 (d, J=11.1 Hz, 1H), 1.38 (s, 3H), 0.93 (s, 3H);
C NMR (100 MHz, CDCl;) §: 203.32, 135.61, 132.57,
130.66, 128.81, 128.47, 55.79, 40.73, 39.32, 30.81, 27.35,
26.12, 21.55.

(E)-6,6-— F3E-3-(4- FH B0 A8 3R [3.1.1] B bE-2-
fil(2b): JotFE B ffA, 722 85.7%. m.p. 95.2~95.8 C
(1it.**? 95~96 °C); '"H NMR (400 MHz, CDCl;) J: 7.68 (s,
1H ), 7.49 (d, J=7.7 Hz, 2H), 7.24 (t, J=8.0 Hz, 2H),
2.96 (s, 2H), 2.69 (t, J=5.6 Hz, 1H), 2.63~2.60 (m, 1H),
2.36~2.34 (m, 1H), 1.50 (d, J=6.0 Hz, 1H), 1.38 (s, 3H),
0.92 (s, 3H); “C NMR (100 MHz, CDCls) d: 203.44,
139.16, 135.68, 132.94, 131.70, 130.79, 129.29, 55.88,
40.89, 39.46, 30.95, 27.48, 26.19, 21.58, 21.33.

(E)-3-(4- 1 5 3 7% T 98 )-6,6- — HIJE —3R[3.1.11 5%
bt -2- (2¢): JotiF B gk, 772 83.6%. m.p. 82.7~
83.8 C (lit.* 82~83 “C); '"H NMR (400 MHz, CDCl;)
8: 7.60 (d, J=8.8 Hz, 2H), 7.00 (d, J=8.8 Hz, 2H), 7.52
(s, 1H), 3.79 (s, 3H), 2.87 (d, J=2.1 Hz, 2H), 2.58 (t, J=
5.2 Hz, 1H), 2.52 (t, J=5.6 Hz, 1H), 2.30~2.28 (m, 1H),
1.36 (d, J=10.3 Hz, 1H), 1.31 (s, 3H), 0.80 (s, 3H); "*C
NMR (100 MHz, CDCly) &: 201.50, 159.87, 134.16,
132.43, 130.19, 127.71, 114.15, 55.15, 55.13, 40.10, 38.87,
30.39, 26.91, 25.57, 21.19.

(E)-3-(4-3 % 0 3)-6,6- — FI 3L —3R[3.1.1] 5 ke-2-
(2d): LEFEH R, 7% 90.0%. m.p. 90.8~91.5 C

Chin. J. Org. Chem. 2019, 39, 1372~1382
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(1it.**? 91~92 “C); '"H NMR (400 MHz, CDCl;) d: 7.67 (s,
1H), 7.61~7.56 (m, 2H), 7.14~7.08 (m, 2H), 2.95 (s,
2H), 2.73~2.60 (m, 2H), 2.41~2.35 (m, 1H), 1.53~1.49
(d, J=10.4 Hz, 1H), 1.39 (s, 3H), 0.93 (s, 3H); *C NMR
(100 MHz, CDCl3) d: 203.26, 164.46 (d, J=247.6 Hz),
161.14, 134.45 (d, J=8.0 Hz), 132.21 (d, J=2.2 Hz),
115.81, 115.52 (d, J=21.3 Hz), 55.84, 40.89, 39.38, 30.81,
27.45,26.19,21.61.

(E)-3-(4-5 %W 3)-6,6- — H 3 —3R[3.1.1] B be-2-Fil
(2e): TENERIK, 7% 85.5%. mp. 109.7~110.7 C
(1it.*) 107~108 C); '"H NMR (400 MHz, CDCl;) 6: 7.64
(t, J=4.5 Hz, 1H), 7.52~7.50 (m, 2H), 7.38~7.36 (m,
2H), 2.94 (t, J=2.8 Hz, 2H), 2.71 (t, J=5.6 Hz, 1H),
2.65~2.62 (m, 1H), 2.36~2.37 (m, 1H), 1.49 (d, J=10.5
Hz, 1H), 1.38 (s, 3H), 0.92 (s, 3H); °*C NMR (100 MHz,
CDCly) d: 202.91, 134.74, 134.18, 134.10, 133.10, 131.78,
128.73, 55.78, 40.82, 39.29, 30.78, 27.36, 26.12, 21.55.

(E)-6,6- — H J-3-(4-fiF 2575 728 ) WU [3.1.1] B Je-2-
i (2f): 7 L 3E B B AR, 2% 62.7%. mp. 151.2 ~
151.6 C(1it®" 151~152 ‘C); '"H NMR (400 MHz,
CDCLy) 6: 8.27 (s, 1H), 8.24 (s, 1H), 7.71 (t, J=4.7 Hz,
3H), 2.98 (d, J=2.5 Hz, 2H), 2.77~2.63 (m, 2H), 2.41~
2.37 (m, 1H), 1.52 (d, J=10.6 Hz, 1H), 1.40 (s, 3H), 0.93
(s, 3H); “C NMR (100 MHz, CDCly) &: 202.51, 147.26,
142.02, 136.41, 132.91, 131.01, 123.70, 55.85, 41.06,
39.20, 30.87, 27.34, 26.16, 21.68.

3.3 AV 3IMHE

L&Y 2 (1.5 mmol) 5& AR5 mmol) i
#1120 mL B/KLEEH, FHAERA RN 0.5 mL [ HCL
VE AL IR RN, B 5E R, T8I AR A 2k
WSAFIRAR I L, A IE bt/ SRR RV - V=
8 I DM, fFEMLEY) 3a~3f.

2-(3-F M FE-6,6- — FFIEXUFR[3.1.1] PE-2- W7 56 Jff-1-
AR BERZ(3a): IRFEEE A, %K 80.1%. m.p. 1942~
197 “C; 'H NMR (400 MHz, CDCl;) &: 8.88 (brs, 1H),
7.49 (d, J=17.6 Hz, 3H), 7.40 (t, J=7.7 Hz, 3H), 7.31 (t,
J=7.4 Hz, 1H), 6.57 (s, 1H), 3.14 (t, J=5.5 Hz, 1H),
2.90~3.00 (m, 2H), 2.54~2.60 (m, 1H), 2.24 (s, 1H),
1.43 (s, 3H), 1.35 (d, J=10.4 Hz, 1H), 0.91 (s, 3H); "*C
NMR (100 MHz, CDCly) &: 178.07, 157.49, 136.54,
131.25, 130.00, 129.30, 128.50, 127.89, 41.82, 41.79,
39.46, 31.81, 27.89, 26.18, 21.59; HRMS (ESI™) calcd for
C17HN;S [M+H]" 300.1521, found 300.1534.

2-(6,6- - F FE-3-(4- FF L5 0 28 ) WU [3.1. 1] BEJ-2-
G FE) - 1-B A PR BE R (3b): B AR, 2% 67.2%.
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m.p. 183~185 ‘C; '"H NMR (400 MHz, CDCl;) J: 8.83
(brs, 1H), 7.45 (s, 1H), 7.39 (d, J=8.0 Hz, 3H), 7.21 (d,
J=8.1 Hz, 2H), 6.49 (s, 1H), 3.13 (t, J=4.7 Hz, 1H),
2.90~3.00 (m, 2H), 2.53~2.59 (m, 1H), 2.39 (s, 3H),
2.24 (s, 1H), 1.43 (s, 3H), 1.34 (d, J=10.5 Hz, 1H), 0.91
(s, 3H); *C NMR (100 MHz, CDCl;) d: 178.48, 157.61,
137.98, 133.76, 130.96, 130.02, 129.44, 129.26, 41.84,
41.74, 39.55, 31.92, 27.97, 26.21, 21.59, 21.40; HRMS
(ESI™) caled for C;sH,yN;S [M+H]" 314.1695, found
314.1691.

2-(3-(4- 1 E FE NI FE)-6,6- — H FEXUFR[3.1.1] FE-2-
V) - 1B AR R Ik B (Be): VR BB A, FEE 79.5%.
m.p. 193~97 ‘C; 'H NMR (600 MHz, CDCl;) J: 8.83
(brs, 1H), 7.43 (d, J=8.7 Hz, 2H), 7.42 (s, 1H), 7.35 (s,
1H), 6.92 (d, J=8.7 Hz, 2H), 6.51 (s, 1H), 3.84 (s, 3H),
3.11 (t, J=5.4 Hz, 1H), 2.88~2.94 (m, 2H), 2.52~2.56
(m, 1H), 2.23 (s, 1H), 1.41 (s, 3H), 1.33 (d, J=10.3 Hz,
1H), 0.89 (s, 3H); *C NMR (100 MHz, CDCl;) &: 178.40,
159.32, 157.80, 131.58, 129.35, 128.94, 128.90, 114.00,
55.42, 41.75, 39.54, 31.94, 29.79, 27.97, 26.22, 21.59;
HRMS (ESI") caled for C;5H,,N;0S [M+H]" 330.1651,
found 330.1640.

2-(3-(4-F K W 5)-6,6- — HIFEXIA[3.1.1]15E-2- T %)
JE-1-BRL AR FF Bt i (3d): ¥ B (A [l 4, P28 82.7%. mup.
180~183 ‘C; 'H NMR (400 MHz, CDCl;) J: 8.83 (brs,
1H), 7.46 (dd, J=5.5, 8.7 Hz, 2H), 7.43 (s, 1H), 7.37 (s,
1H), 7.09 (t, J=8.7 Hz, 2H), 6.51 (s, 1H), 3.13 (t, J=5.5
Hz, 1H), 2.86~2.96 (m, 2H), 2.54~2.60 (m, 1H), 2.22~
2.26 (m, 1H), 1.43 (s, 3H), 1.34 (d, J=10.3 Hz, 1H), 0.91
(s, 3H); *C NMR (100 MHz, CDCl;) d: 178.59, 162.19 (d,
J=247.6 Hz), 157.31, 132.74 (d, J=3.4 Hz), 131.73 (d,
J=8.0 Hz), 130.92 (d, J=2.2 Hz), 128.13, 115.56 (d, J=
21.3 Hz), 41.83, 41.81, 39.47, 31.75, 27.91, 26.20, 21.60;
HRMS (ESI") caled for C;H, FN3S [M+ H]' 318.1431,
found 318.1440.

2-(3-(4-F K 2E)-6,6- — I FEXUIA[3.1.1] B -2- T 2%)
JWE-1- 0 AR It iz (e): K B C [ 4, 722 78.7%. mup.
184~186 °C; '"H NMR (400 MHz, CDCly) §: 8.74 (brs,
1H), 7.42 (d, J=8.6 Hz, 2H), 7.41 (s, 1H), 7.37 (d, J=8.8
Hz, 2H), 7.35 (s, 1H), 6.31 (s, 1H), 3.11 (t, J=5.5 Hz, 1H),
2.86~2.94 (m, 2H), 2.55~2.65 (m, 1H), 2.24~2.28 (m,
1H), 1.44 (s, 3H), 1.35 (d, J=10.3 Hz, 1H), 0.91 (s, 3H);
C NMR (100 MHz, CDCl;) §: 178.55, 134.87, 133.63,
131.77, 131.08, 128.65, 127.94, 41.77, 41.61, 39.34, 31.69,
27.78, 26.08, 22.65, 21.49; HRMS (ESI") caled for
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C7H, CIN;S [M+H]" 334.1135, found 334.1145.

2-(6,6- - F FE-3-(4- A 5 7 28 ) XA [3.1.1] BE-2- T
B IWE-1-BiAC B 2 (36): R B (il A, 7= 2 81.3%. m.p.
218~220 ‘C; 'H NMR (400 MHz, CDCl;) §: 8.81 (brs,
1H), 8.26 (d, J=8.8 Hz, 2H), 7.63 (d, J=8.8 Hz, 2H), 7.51
(s, 1H), 7.36 (s, 1H), 6.46 (s,1H), 3.15 (t, J=5.5 Hz, 1H),
2.91~3.03 (m, 2H), 2.59~2.65 (m, 1H), 2.26~2.31 (m,
1H), 1.45 (s, 3H), 1.36 (d, J/=10.4 Hz, 1H), 0.93 (s, 3H);
C NMR (100 MHz, CDCly) d: 178.95, 156.17, 146.69,
143.01, 135.69, 130.46, 126.87, 123.83, 41.91, 41.80,
39.35, 32.04, 27.98, 26.14, 21.65; HRMS (ESI") calcd for
C7H,N40,8 [M+H]" 345.1400, found 345.1385.

3.4 1L&4 SZ1~SZ24 &

WS T BE E A 2 P AR B IR AR 2 A AN
A 3 (1 mmol) VR EH¥ T 20 mL ZREH I T =ik
TR 2 he fERPOEFEF, OSIROE R T R
. IR R, H S mL ARG, 52 H RS
SZ1~S724.

2-(2-(3-"R MF.%E-6,6- — H L XA [3.1.1] PE e -2- . 5% )
JFIE)-4- 2R S R (SZ1): 38t [l 44, P73 77.6%. mup.
177.3~177.8 ‘C; "H NMR (400 MHz, CDCl;) d: 12.59 (s,
1H), 7.70 (d, J=7.0 Hz, 2H), 7.50 (d, J=8.0 Hz, 2H), 7.44
(d, J=8.0 Hz, 2H), 7.39 (t, J=8.6 Hz, 2H) 7.30 (t, J=
7.3 Hz, 1H), 6.74 (s, 1H), 3.60 (t, J=5.3 Hz, 1H), 3.00~
2.89 (m, 2H), 2.62 (dt, J=10.7, 5.7 Hz, 1H), 2.37 (s, 3H),
2.22 (s, 1H), 1.50 (s, 3H), 1.34 (d, J=10.4 Hz, 1H), 0.94
(s, 3H); *C NMR (100 MHz, CDCl;) J: 169.70, 166.17,
140.91, 136.68, 131.31, 131.01, 130.71, 130.46, 129.96,
128.84, 128.49, 125.97, 101.13, 44.83, 42.66, 39.73, 32.06,
28.19, 26.41, 21.98; HRMS (ESI") calcd for CpsHyNsS
[M+H]" 400.1849, found 400.1853.

2-(2-(6,6- — F3E-3-(4- I B AV FE) XU [3.1.1] e -
2-30 FE) L )-4- R R (S Z22): (LA, PR 85.3%.
m.p. 163.6~164.5 ‘C; 'H NMR (400 MHz, CDCl;) §:
12.47 (s, 1H), 7.61 (d, J=7.1 Hz, 2H), 7.42 (s, 1H), 7.39~
7.28 (m, 5H), 7.12 (d, J=7.9 Hz, 2H), 6.66 (s, 1H), 3.51 (t,
J=5.4 Hz, 1H), 2.84 (s, 2H), 2.53 (dt, J=10.3, 5.6 Hz,
1H), 2.28 (s, 3H), 2.14 (tt, J=5.8, 3.1 Hz, 1H), 1.41 (s,
3H), 1.25 (d, J=10.4 Hz, 1H), 0.85 (s, 3H); *C NMR (101
MHz, CDCl3) 6: 169.09, 165.76, 140.31, 138.08, 133.36,
130.74, 130.13, 129.96, 129.49, 129.40, 129.05, 127.25,
125.43, 100.68, 44.26, 42.06, 39.22, 31.64, 27.71, 25.89,
21.44, 21.20, 18.26; HRMS (ESI") calcd for CaHysN3S
[M+H]" 414.2003, found 414.2004.

2-(2-(3-(4- F A 5 W1 4 )-6,6- — FREXUFA [3.1.1] B
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fot -2- V. 5% ) JiR A )-4- O J IR Mk (SZ3): B £ [ A, R AR
83.6%. m.p. 180.8~181.9 ‘C; 'H NMR (400 MHz,
CDCLy) d: 12.56 (s, 1H), 7.71 (d, J=6.8 Hz, 2H), 7.50 (d,
J=4.7 Hz, 2H), 7.48~7.39 (m, 4H), 6.94 (d, /=8.8 Hz,
2H), 6.76 (s, 1H), 3.85 (s, 3H), 3.60 (t, J=5.4 Hz, 1H),
2.93 (s, 2H), 2.63 (dt, J=11.0, 5.8 Hz, 1H), 2.24 (s, 1H),
1.51 (s, 3H), 1.35 (d, J=10.3 Hz, 1H), 0.94 (s, 3H); "°C
NMR (101 MHz, CDCly) &: 169.12, 166.03, 159.48,
140.40, 131.70, 130.52, 130.26, 129.54, 129.09, 128.27,
127.39, 125.55, 113.96, 100.74, 55.35, 44.37, 42.17, 39.39,
31.81, 27.89, 26.05, 21.58; HRMS (ESI ") caled for
CHasN;OS [M+H]" 430.1969, found 430.1974.

2-(2-(3-(4- W HE)-6,6- — FHEEXUA[3.1.1] P e -2-
TP ) Ik )-4- 2 FLE M (SZ4): it A, PR 74.2%.
m.p. 194.7~195.2 C; '"H NMR (400 MHz, CDCl;) ¢
12.56 (s, 1H), 7.68 (d, J=6.9 Hz, 2H), 7.47~7.38 (m,
6H), 7.34 (d, J=8.5 Hz, 2H), 6.76 (s, 1H), 3.59 (t, J=5.3
Hz, 1H), 2.88 (s, 2H), 2.60 (dd, J=10.4, 5.5 Hz, 1H), 2.21
(s, 1H), 1.48 (s, 3H), 1.30 (d, J=10.4 Hz, 1H), 0.91 (s,
3H); *C NMR (101 MHz, CDCl;) 6: 169.49, 165.49, 162.4
(d, J=247.9 Hz), 140.70, 134.48 (d, J=3.5 Hz), 131.43
(d, J=8 Hz), 130.49 (d, J=22.2 Hz), 129.73, 129.68,
128.83, 127.51, 125.73, 115.6 (d, J=21.4 Hz), 101.12,
44.59, 42.43, 39.44, 31.85, 27.99, 26.17, 21.75; HR-MS
(ESI") caled for C,sH,sFN;S [M+H]' 418.1751, found
418.1753.

2-(2-(3-(4-F W HE)-6,6- — FHEEXUA[3.1.1] P -2-
TV 3 3k )-4- K FLE M (SZ5): 3% (L [EAK, =R 77.6%.
m.p. 185.6~185.9 C; 'H NMR (400 MHz, CDCl;) ¢
12.56 (s, 1H), 7.62 (d, J=6.9 Hz, 2H), 7.42~7.31 (m,
6H), 7.00 (t, J=8.7 Hz, 2H), 6.63 (s, 1H), 3.52 (t, J=5.4
Hz, 1H), 2.81 (s, 2H), 2.55 (dt, J=10.5, 5.4 Hz, 1H), 2.14
(s, 1H), 1.41 (s, 3H), 1.25 (d, J=10.4 Hz, 1H), 0.85 (s,
3H). ®C NMR (101 MHz, CDCly) &: 169.65, 165.65,
140.86, 135.08, 134.20, 131.59, 130.66, 129.89, 129.84,
128.99, 127.68, 125.89, 101.28, 44.75, 42.59, 39.61, 32.02,
28.15, 26.34, 21.92; HRMS (ESI") caled for C,sH,sCIN5S
[M+H]" 434.1521, found 434.1538.

2-(2-(6,6-— F F-3-(4- T R L ) XA [3.1.1] BEJe-
2- 30 F) k3 )-4- Z FEWE I (SZ,6): FE(LEA, P2 87.5%.
m.p. 206.4~207.1 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
12.73 (s, 1H), 8.23 (d, J=8.8 Hz, 2H), 7.70 (d, J=6.6 Hz,
2H), 7.63 (d, J=8.9 Hz, 2H), 7.55 (s, 1H), 7.45 (dd, J=
10.5, 7.2 Hz, 3H), 6.78 (s, 1H), 3.65 (t, J=5.4 Hz, 1H),
3.01-2.88 (m, 2H), 2.66 (dt, J=10.4, 5.3 Hz, 1H), 2.26 (s,
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1H), 1.51 (s, 3H), 1.34 (d, J=10.5 Hz, 1H), 0.94 (s, 3H);
C NMR (101 MHz, CDCly) 6: 169.92, 165.05, 147.14,
143.08, 141.17, 135.33, 130.91, 130.02, 128.73, 127.63,
126.00, 124.08, 101.29, 44.90, 42.73, 39.57, 32.25, 28.24,
26.32, 22.00; HRMS (ESI) caled for CpsH,sN,0,S [M+
H]" 445.1701, found 445.1696.

2-(2-(3-"R WP %E-6,6- — H XU [3.1.1] PE e -2- . 5% )
b )-4-(4- FH AU BE DR R ) BE W (SZ7): 1 R [ A, 7
83.3%. m.p. 132.6~133.2 ‘C; 'H NMR (400 MHz,
CDCly) d: 12.52 (s, 1H), 7.63 (d, J=8.8 Hz, 2H), 7.51 (d,
J=17.2 Hz, 2H), 7.48 (s, 1H), 7.39 (t, J=7.6 Hz, 2H), 7.30
(t, J=7.3 Hz, 1H), 6.96 (d, J=8.8 Hz, 2H), 6.57 (s, 1H),
3.81 (s, 3H), 3.59 (t, J=5.3 Hz, 1H), 2.94 (s, 2H), 2.62 (dt,
J=9.7,5.2 Hz, 1H), 2.22 (s, 1H), 1.49 (s, 3H), 1.33 (d, J=
10.4 Hz, 1H), 0.93 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
169.59, 165.86, 161.49, 140.79, 136.73, 131.19, 131.06,
130.46, 128.84, 128.46, 127.52, 120.45, 115.33, 98.96,
55.84, 44.75, 42.63, 39.74, 32.07, 28.20, 26.42, 21.97;
HRMS (ESI") caled for Co¢H,sN;0S [M+H]" 430.1954,
found 430.1957.

2-(2-(6,6- — FH 3:-3-(4- FH LR P 28 XA [3.1.1] B Je-
2- P 58 I I )-4-(4- G A% Ik ) HE I (SZ8): [ ([l 4k, 7=
82.6%. m.p. 207.6~208.4 ‘C; 'H NMR (400 MHz,
CDCly) d: 12.64 (s, 1H), 7.77 (d, J=8.8 Hz, 2H), 7.64 (s,
1H), 7.54 (d, J=8.0 Hz, 2H), 7.34 (d, J=7.9 Hz, 2H), 7.12
(s, 2H), 6.68 (s, 1H), 3.96 (s, 3H), 3.73 (t, J=>5.4 Hz, 1H),
3.07 (s, 2H), 2.76 (dt, J=10.8, 5.7 Hz, 1H), 2.51 (s, 3H),
235 (d, J=8.9 Hz, 1H), 1.63 (s, 3H), 1.47 (d, J=10.4
Hz, 1H), 1.07 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
168.94, 165.65, 158.65, 140.61, 140.47, 138.19, 133.53,
130.83, 130.12, 129.62, 129.19, 127.05, 119.11, 116.68,
58.41, 42.22, 39.37, 31.78, 27.84, 26.01, 21.59, 21.35,
18.29; HR-MS (ESI") caled for C,;H3;N;0S [M+H]"
4442113, found 444.2116.

2-(2-(3-(4- H A FE A T 3)-6,6- — B LR [3.1.1] 5%
Jot.-2- .5 ) ik Hk )-4-(4- PSR B TR 0 ) B I (S Z29): 1 £ i
K, % 82.1%. mp. 193.6~194.3 ‘C; '"H NMR (400
MHz, CDCLy) 6: 12.41 (s, 1H), 7.55 (d, J=8.9 Hz, 2H),
7.44~7.35 (m, 3H), 6.87 (dd, J=15.5, 8.8 Hz, 4H), 6.47
(s, 1H), 3.75 (d, J=7.0 Hz, 6H), 3.50 (t, J=5.4 Hz, 1H),
2.83 (s, 2H), 2.54 (dt, J=10.9, 5.8 Hz, 1H), 2.15 (s, 1H),
1.41 (s, 3H), 1.26 (d, J=10.3 Hz, 1H), 0.85 (s, 3H); "*C
NMR (101 MHz, CDCly) 6: 168.88, 165.65, 160.93,
159.32, 140.16, 131.54, 130.26, 128.99, 128.19, 126.96,
119.91, 114.78, 113.80, 98.30, 55.30, 55.20, 44.16, 42.01,
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39.25, 31.68, 27.76, 25.91, 21.42; HRMS (ESI") calcd for
C,7H30N30,S [M+H]" 460.2055, found 460.2053.

2-(2-(3-(4- W HE)-6,6- — FHHE —IR[3.1.1]Fike-2-
V) S ) -4-(4- FR AR L RS ) WE ML (S Z210): T [l 4k, 7=
K 82.3%. m.p. 213.6~214.7 ‘C; '"H NMR (400 MHz,
CDCLy) d: 12.45 (s, 1H), 7.53 (d, J=8.8 Hz, 2H), 7.41~
7.34 (m, 3H), 6.98 (t, J=8.7 Hz, 2H), 6.87 (d, J=8.9 Hz,
2H), 6.46 (s, 1H), 3.72 (s, 3H), 3.50 (t, J=5.3 Hz, 1H),
2.80 (s, 2H), 2.53 (dt, J=10.5, 5.5 Hz, 1H), 2.13 (s, 1H),
1.40 (s, 3H), 1.23 (d, J=10.4 Hz, 1H), 0.83 (s, 3H); °C
NMR (101 MHz, CDCl;) 6: 170.05, 166.05, 162.4 (d, J=
248 Hz), 141.26, 135.48 (d, J=3.4 Hz), 134.60 (d, J=8.1
Hz), 131.53 (d, J=2.1 Hz), 130.29, 130.24, 129.39, 128.08
(d, J=21.3 Hz), 126.29, 101.68, 45.15, 42.99, 40.01,
32.42, 28.55, 26.74, 22.32. HR-MS (ESI") caled for
CsH27FN;OS [M+H]" 448.1865, found 448.1867.

2-(2-(3-(4-F R HE)-6,6- — FHHEXUA[3.1.1] P e -2-
VI ) RIS )-4-(4- F AR R ORI e (S Z1): (I (A, 7=
% 83.5%. m.p. 205.6~206.3 ‘C; 'H NMR (400 MHz,
Pyridine-ds) 6: 8.19 (d, J=8.7 Hz, 2H), 7.92 (s, 1H), 7.65
(d, J=8.6 Hz, 2H), 7.59 (d, J=8.6 Hz, 2H), 7.28 (s, 1H),
7.15 (d, J=8.8 Hz, 2H), 3.92 (t, J=5.6 Hz, 1H), 3.79 (s,
3H), 2.99 (d, J=16.4 Hz, 1H), 2.90 (d, J=16.9 Hz, 1H),
2.59 (dt, J=10.1, 5.7 Hz, 1H), 2.17 (s, 1H), 1.37 (s, 3H),
1.34 (s, 1H), 0.97 (s, 3H); *C NMR (101 MHz, Pyri-
dine-ds) 0: 171.48, 160.23, 155.29, 152.07, 136.96, 133.99,
133.31, 132.14, 129.45, 129.41, 128.19, 126.48, 115.01,
102.37, 55.81, 43.42, 41.73, 40.28, 32.71, 28.97, 26.46,
22.05; HRMS (ESI") caled for CyH,;CIN;OS [M+H]"
464.1576, found 464.1581.

2-(2-(6,6-— F H-3-(4- T R ) XA [3.1.1] B Je-
2- V758 ) AL )-4-(4- F AR R ORI WE R (SZ12): 1 L] 4K
FEE 83.8%. m.p. 143.8~144.1 ‘C; '"H NMR (400 MHz,
CDCLy) d: 12.45 (s, 1H), 7.90 (d, J=6.8 Hz, 2H), 7.71 (s,
1H), 7.66 (t, J=7.2 Hz, 2H), 7.61 (t, J=7.4 Hz, 3H), 7.40
(d, J=8.0 Hz, 2H), 6.92 (s, 1H), 3.78 (t, J=5.4 Hz, 1H),
3.14 (s, 2H), 2.82 (dt, J=10.4, 5.6 Hz, 1H), 2.57 (s, 3H),
2.42 (s, 1H), 1.69 (s, 3H), 1.54 (d, J=10.4 Hz, 1H), 1.13
(s, 3H); *C NMR (101 MHz, CDCl;) d: 169.41, 166.18,
166.09, 159.09, 159.01, 140.90, 138.63, 133.97, 131.27,
130.56, 130.06, 129.63, 119.55, 117.12, 58.85, 42.66,
39.81, 32.22, 28.27, 26.45, 22.02, 21.79, 18.81; HRMS
(ESI") caled for CoHpN,O5S [M+H]" 475.1706, found
475.1734.

4-(2-(2-(3-F I FE-6,6- — FF FE XA [3.1.1] i -2-
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FEV I M -4-3E) AWy (SZ13): FE AR, FEF 70.2%.
m.p. 132.6~133.2 ‘C; '"H NMR (400 MHz, Pyridine-ds)
9:9.02 (s, 1H), 8.41 (d, J=8.6 Hz, 2H), 8.25 (s, 1H), 7.87
(d, J=8.3 Hz, 3H), 7.42 (s, 1H), 4.17 (g, J=7.0 Hz, 1H),
4.10 (t, J=5.5 Hz, 1H), 3.28~3.16 (m, 2H), 2.80~2.75
(m, 1H), 2.57 (s, 3H), 2.37 (s, 1H), 1.61 (t, J=7.0 Hz, 2H),
1.56 (s, 3H), 1.17 (s, 3H); °C NMR (101 MHz, Pyri-
dine-ds) 0: 171.60, 159.44, 155.70, 152.60, 138.44, 133.34,
130.88, 129.51, 128.56, 128.20, 128.12, 128.01, 117.09,
101.57, 43.53, 41.85, 40.44, 32.89, 29.05, 26.59, 22.16;
HRMS (ESI") caled for CpsHygN;OS [M+H]" 416.1788,
found 416.1776.

4-(2-(2-(6,6- - F HE-3-(4- F L 630 36 ) WA [3.1.1] B
Ft-2- V. JE ) JIfF 55 ) E M -4- ) K Iy (SZ14): BTl A, =%
73.4%. m.p. 161.3~161.6 ‘C; '"H NMR (400 MHz, Pyri-
dine-ds) 0: 8.22 (d, J=8.6 Hz, 2H), 8.06 (s, 1H), 7.69 (d,
J=8.2 Hz, 3H), 7.40 (t, J=7.9 Hz, 4H), 7.23 (s, 1H), 3.92
(t, J=5.6 Hz, 1H), 3.12~2.94 (m, 2H), 2.59 (dt, J=10.2,
5.8 Hz, 1H), 2.39 (s, 3H), 2.18 (s, 1H), 1.39 (s, 1H), 1.37
(s, 3H), 0.98 (s, 3H); *C NMR (101 MHz, Pyridine-ds) o:
170.77, 158.57, 154.97, 151.76, 131.47, 130.05, 129.34,
127.70, 127.31, 127.15, 116.21, 100.62, 42.64, 40.95,
39.61, 32.12, 28.21, 25.74, 21.28, 20.95, 18.98; HRMS
(EST") caled for CyoHogN;OS [M+H]" 430.1941, found
430.1935.

4-(2-(2-(3-(4- F AR FE R 4L )-6,6- — FFEXUIR[3.1.1]
B be-2- M 35 ) kS ) e k43 ) Ky (SZ15): T o [l 44, 77
H 72.7%. m.p. 206.6~207.6 C; 'H NMR (400 MHz,
CDCI3) d: 7.33~7.15 (m, 4H), 7.11 (s, 1H), 6.89 (t, J=
8.9 Hz, 2H), 6.70 (s, 1H), 6.47 (d, J=8.7 Hz, 2H), 3.12 (t,
J=5.4 Hz, 1H), 2.57 (d, J=16.7 Hz, 1H), 2.46 (d, J=16.6
Hz, 1H), 2.23~2.06 (m, 3H), 1.81 (s, 1H), 1.02 (s, 3H),
0.85 (d, J=10.0 Hz, 1H), 0.48 (s, 3H); *C NMR (101
MHz, Pyridine-ds) &: 171.56, 159.89, 159.30, 155.98,
152.55, 132.29, 131.12, 130.87, 128.48, 128.15, 127.67,
116.95, 114.98, 101.34, 55.82, 43.41, 41.72, 40.44, 32.89,
29.01, 26.53, 22.05; HRMS (ESI") caled for CogHysN;0,S
[M+H]" 446.1883, found 446.1871.

4-(2-(2-(3-(4- P TV HE)-6,6- — I FEXUIR[3.1.1]Peki-
2- IV 5 ) ik ) W M -4- 5 ) SR Wy (SZ16): i A 1k, 7= 36
81.5%. m.p. 182.5~183.2 ‘C; 'H NMR (400 MHz,
CsDsN) d: 8.24 (d, J=8.6 Hz, 2H), 7.96 (s, 1H), 7.71 (dd,
J=5.6, 8.6 Hz, 2H), 7.39 (t, J=8.6 Hz, 1H), 7.25 (s, 1H),
3.98 (t, J=5.6 Hz, 1H), 2.85 (s, 1H), 2.87 (s, 1H), 2.62 (s,
1H), 2.17 (s, 1H), 1.49 (s, 3H), 1.40 (d, J=2.9, 1H), 0.99
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(s, 3H); *C NMR (100 MHz, CsDsN) §: 171.34, 163.74 (d,
J=24.5 Hz), 161.21, 159.13, 155.31, 152.32, 134.70 (d,
J=3.2 Hz), 132.61 (d, J=2.2 Hz), 128.00 (d, J=7.8 Hz),
126.63, 117.02, 115.83, 115.68 (d, J=21.2 Hz), 101.43,
41.69, 40.35, 32.53, 28.76, 26.36, 21.89; HRMS (ESI")
caled for C,sH,sFN;OS [M—|—H]+ 434.1548, found
434.1540.

4-(2-(2-(3-(4-E I 3E)-6,6- — FAFEXUA[3.1. 1] P b -
230 35 ) JF 3 ) I M -4 36 ) TR By (SZ17): B (o [ 44, 2R
66.1%. m.p. 206.6~207.3 °‘C; "H NMR (400 MHz, Pyri-
dine-ds) J: 8.00 (d, J=8.6 Hz, 2H), 7.83 (s, 1H), 7.52 (d,
J=8.7 Hz, 2H), 7.17 (d, J=8.6 Hz, 2H), 7.03~6.95 (m,
3H), 3.69 (t, J=5.6 Hz, 1H), 3.61 (s, 3H), 2.90~2.72 (m,
2H), 2.42~2.32 (m, 1H), 1.97 (td, J=5.8, 3.0 Hz, 1H),
1.18 (s, 1H), 1.15 (s, 3H), 0.76 (s, 3H); C NMR (101
MHz, Pyridine-ds) 6: 17121, 159.18, 154.95, 152.33,
136.80, 133.81, 133.10, 131.94, 129.23, 128.28, 127.84,
126.24, 116.78, 101.26, 43.19, 41.52, 40.09, 32.51, 28.77,
26.25, 21.83; HRMS (ESI™) calcd for CysH,sCIN;OS [M+
H]" 450.1393, found 450.1370.

4-(2-(2-(6,6- - FH BE-3-(4- A JE K ) XA [3.1.1] BF
Jot-2- 0 5 ) Jff 525 ) WE e -4 6 ) 2K Ty (SZ18): B Ea ]k, =26
64.2%. m.p. 132.6~133.2 °‘C; 'H NMR (400 MHz, Pyri-
dine-ds) J: 8.33 (d, J=8.8 Hz, 2H), 8.12 (d, J=8.6 Hz,
2H), 7.88 (s, 1H), 7.71 (d, J=8.6 Hz, 2H), 7.32 (d, J=8.6
Hz, 2H), 7.17 (s, 1H), 3.85 (t, J=5.6 Hz, 1H), 3.03~2.93
(m, 1H), 2.88 (dt, J=17.1, 3.0 Hz, 1H), 2.54 (dtd, J=10.2,
6.0, 1.8 Hz, 1H), 2.12 (tt, J=6.0, 3.0 Hz, 1H), 1.29 (s, 3H),
1.27 (s, 1H), 0.89 (s, 3H); *C NMR (101 MHz, Pyri-
dine-ds) 6: 170.91, 159.12, 154.23, 152.19, 146.57, 144.47,
137.56, 130.83, 128.19, 127.60, 125.24, 116.72, 101.38,
43.11, 41.41, 39.93, 32.71, 28.80, 26.10, 21.76; HRMS
(ESI") caled for C,sH,5N,05S [M+H]" 461.1642, found
461.1642.

2-(2-(3-"F WP 5E-6,6- — HBEXUFA[3.1.1] PF-2- 30 3 ) Jjif
HE)-4-(4- K L) EME (SZ19): B (A AR, P73 83.9%.
m.p. 205.3~206.1 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
12.54 (s, 1H), 7.71 (dd, J=8.8, 5.0 Hz, 2H), 7.52 (d, J=
8.7 Hz, 2H), 7.49 (s, 1H), 7.40 (t, J=7.6 Hz, 2H), 7.31 (t,
J=17.3 Hz, 1H), 7.17 (t, J=8.5 Hz, 2H), 6.68 (s, 1H), 3.58
(t, J=5.3 Hz, 1H), 2.95 (s, 2H), 2.63 (dt, J=10.7, 5.7 Hz,
1H), 2.23 (s, 1H), 1.50 (s, 3H), 1.35 (d, J=10.4 Hz, 1H),
0.94 (s, 3H); ®C NMR (101 MHz, CDCl;) §: 169.41,
166.02, 163.79 (d, J=3.4 Hz), 139.67, 136.37, 131.11,
130.68, 130.17, 128.56, 128.23, 127.89 (d, J=8.6 Hz),
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123.86 (d, J=3.4 Hz), 116.92 (d, J=22.2 Hz), 100.54 (d,
J=1.7 Hz), 44.53, 42.40, 39.45, 31.77, 27.90, 26.15,
21.69; HRMS (ESI") caled for C,sH,sFN;S [M+H]'
418.1760, found 418.1761.

2-(2-(6,6- — FH 3:-3-(4- FH LR P 28 XA [3.1.1] B e -
2- V) L )-4-(4- R JE W (SZ20): 35 € [ Ak, F= 2
79.0%. m.p. 177.0~177.8 C; 'H NMR (400 MHz,
CDCl3) d: 12.48 (s, 1H), 7.61 (d, J=6.8 Hz, 2H), 7.42 (s,
1H), 7.40~7.29 (m, 5H), 7.12 (d, J=7.9 Hz, 2H), 6.66 (s,
1H), 3.61 (q, J=7.0 Hz, 2H), 3.51 (t, J=5.4 Hz, 1H), 2.84
(s, 2H), 2.53 (dt, J=10.5, 5.7 Hz, 1H), 2.28 (s, 3H), 2.14
(s, 1H), 1.41 (s, 3H), 1.25 (d, J=10.4 Hz, 1H), 1.13 (t, J=
7.0 Hz, 3H), 0.85 (s, 3H); °C NMR (101 MHz, CDCl5) ¢:
169.32, 165.84, 163.70 (d, J=250.3 Hz), 139.95, 138.33,
133.58, 130.96, 130.18, 129.70, 129.28, 127.81 (d, J=9.5
Hz), 124.13 (d, J=3.5 Hz), 116.83 (d, J=22.2 Hz), 100.66
(d, J=1.7 Hz), 44.37, 42.30, 39.45, 31.85, 27.93, 26.13,
21.66, 21.42; HRMS (ESI") caled for CyqH,7FN3S [M+
H]" 432.1912, found 432.1917.

A-(4-F R HE)-2-(2-(3-(4- H AH 2L T 2)-6,6- — T 2
WUFR[3.1.1] B ot -2- . 3 ) ik ) W 1A (SZ21): 3 (5 [ 4
P2 82.7%. m.p. 180.8~181.9 ‘C; 'H NMR (400 MHz,
CDCly) d: 12.40 (s, 1H), 7.63 (dd, J=8.8, 5.0 Hz, 2H),
7.40 (d, J=5.1 Hz, 2H), 7.37 (s, 1H), 7.08 (t, J=8.5 Hz,
2H), 6.85 (d, J=8.7 Hz, 2H), 6.59 (s, 1H), 3.76 (s, 3H),
3.48 (t, J=5.4 Hz, 1H), 2.84 (s, 2H), 2.54 (dt, J=11.0, 5.8
Hz, 1H), 2.16 (s, 1H), 1.41 (s, 3H), 1.26 (d, J=10.4 Hz,
1H), 0.85 (s, 3H); *C NMR (101 MHz, CDCl;) J: 168.99,
166.11, 162.27 (d, J=251 Hz), 159.38, 139.32, 131.58,
130.49, 128.93, 128.10, 127.67 (d, J=8.5 Hz), 123.65 (d,
J=3.5 Hz), 116.66 (d, J=22.2 Hz), 113.83, 100.27 (d, J=
1 Hz), 55.22, 44.23, 42.07, 39.26, 31.67, 27.76, 25.93,
21.44. HRMS (ESI") caled for CyH,sN;0S [M+H]'
448.1857, found 448.1860.

2-(2-(3-(4-F R M3 )-6,6- — FHIEXUA[3.1.1] P e -2-
V3 ) 3 )-4-(4-F 2R 5 ) HE IR (SZ.22): B (] A, PR
71.2%. m.p. 1962~1969 C; 'H NMR (400 MHz,
CDCly) d: 12.25 (s, 1H), 7.87 (dd, J=8.8, 5.0 Hz, 2H),
7.64 (t, J=7.0 Hz, 3H), 7.31 (t, J=8.5 Hz, 2H), 7.24 (t,
J=8.7 Hz, 2H), 6.89 (s, 1H), 3.73 (t, J=5.3 Hz, 1H), 3.06
(s, 2H), 2.78 (dt, J=10.6, 5.7 Hz, 1H), 2.39 (s, 1H), 1.65
(s, 3H), 1.49 (d, J=10.4 Hz, 1H), 1.09 (s, 3H); °C NMR
(100 MHz, CDCl3) 6: 169.74, 166.26, 164.69 (d, J=25.1
Hz), 162.20 (d, J=24.9 Hz), 140.05, 132.90 (d, J=3.4
Hz), 132.27 (d, J=8.05 Hz), 132.23, 130.68 (d, J=2.02
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Hz), 130.22, 128.16 (d, J=8.59 Hz), 124.18, 124.15,
117.28 (d, J=22.2 Hz), 115.95 (d, J=21.0 Hz), 100.77,
44.88, 42.75, 39.75, 32.04, 28.24, 26.47, 22.01; HRMS
(ESI") caled for CysHpyFoN3S [M+H]" 436.1661, found
436.1668.

2-(2-(3-(4-E R FE)-6,6- — I L BUIR[3.1.1] Pk -2-
V5 ) 3 )-4-(4- 0K FE ) ME I (SZ.23): B (O [ 4K, R
75.3%. m.p. 199.2~200.3 C; 'H NMR (400 MHz,
CDClLy) d: 12.40 (s, 1H), 7.55 (dd, J=8.8, 5.0 Hz, 2H),
731 (d, J=9.0 Hz, 3H), 7.01 (t, J=8.6 Hz, 2H), 6.92 (t,
J=8.7 Hz, 2H), 6.50 (s, 1H), 3.42 (t, J=5.3 Hz, 1H), 2.74
(s, 2H), 2.47 (dt, J=10.5, 5.5 Hz, 1H), 2.08 (s, 1H), 1.34
(s, 3H), 1.18 (d, J=10.4 Hz, 1H), 0.77 (s, 3H); *C NMR
(101 MHz, CDCly) o: 169.30, 165.82, 164.25 (J=25.1
Hz), 162.46, 161.05, 139.61, 132.45, 131.87, 131.79,
130.24, 129.78, 127.72  (J=9.0 Hz), 123.72, 116.18 (J=
2.2 Hz), 100.32 (J=1.6 Hz), 44.44, 4231, 39.31, 31.60,
27.80, 26.02, 21.57. HRMS (ESI") calcd for C,sHyCl-
FN;S [M+H]" 452.1758, found 418.1753.

2-(2-(6,6- . F -3 (4- T 7 5 ) WA [3. 1. 1] B e -
237 3 3L )-4-(4- G A Ik ) BE I (S Z24): T B LEI A, 7=
73.2%. m.p. 207.8~208.5 C; 'H NMR (400 MHz,
CDCl) 6: 12.60 (s, 1H), 8.23 (d, J=8.8 Hz, 2H), 7.70 (dd,
J=8.8, 5.0 Hz, 2H), 7.63 (d, J=8.8 Hz, 2H), 7.55 (s, 1H),
7.15 (t, J=8.5 Hz, 2H), 6.74 (s, 1H), 3.61 (t, J=5.3 Hz,
1H), 3.01~2.88 (m, 2H), 2.65 (dt, J=10.4, 5.2 Hz, 1H),
2.26 (s, 1H), 1.50 (s, 3H), 1.33 (d, J=10.5 Hz, 1H), 0.93
(s, 3H); *C NMR (101 MHz, CDCl;) d: 169.87, 165.10,
163.6 (d, J=250.8 Hz), 147.13, 143.02, 140.10, 135.24,
130.90, 128.78, 128.13 (d, J=8.5 Hz), 124.06, 117.23 (d,
J=22.2 Hz), 1012 (d, J=1.6 Hz), 44.84, 42.73, 39.54,
32.21, 28.20, 26.31, 21.98; HRMS (ESI") calcd for
C,sHasN4O,FS [M+H]" 445.1697, found 445.1696.
3.5  a-EMBEEHNEIZENE

MRYE SCHR[3 14T, 5 FH o B I v 2 X 24 ik
G o-TE R BP0 VG . K R TE R VA R AE 20
mg/mL G F, SRIETE 100 CHbzKift ™ st
JBE Ak, 2.5 min #4545 2 EKIERAR. 1E 96 FLERFRAR
O 20 pL a-JERBFVE (0.2 mg/mL), ZRJE I 20 pL
We B4 1) 22 W BE AR AR5, £ 37 "CRIRE 5 min. KEER
—PEE T e IS RA H G, W60 pL yENEEANFL
W5 RN, A EEFRACTE 660 nm AbAEASFLIK HUEE
A4 2 h, A T RS T A E 4 .

AUCsamplci AUC control
MR (%)= ——4t X100%

sample
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BIKE

MR

Horr, AUC qmpie AN HIZE T I, AUC om0l N2
M2k T TR, 1Cso ATERRE M E 2 1F TP~ 50% S
L] 30 TRV
3.6 #PHIZLBISLIG

MR STk R TE, B e T MR R R SE b
TR E o V8B B AMEI RAL. T I W VA R A
20 mg/mL G, SRIGAE 100 CHh K i
HEIRE AL 2.5 min #4515 BIVER AR, 7E 96 FLERFRAR - N
AN 20 pL a-iEREFIAE (0.2 mg/mL), ZRJE 0 20 uL it
BT % R B A A [ I F R 2 v (PBS) B AR
HFRR A G P TEXTRY, £ 37 CRHEE 5 min. 7E4F
ANFLHIIN 60 pL WA e B 4T fve v ior 51 & b,
FHAE37 CTIE S min. RJFEEMA 100 pL 1) 4
TR (DNSA)L 1L [ N, B 1K i R s
min DL . A5 EHSCEAN B TUkoKis A I E =R G,
fd FBEFRAXAE 540nm Kb BUTR AW I R .
3.7 DFXIIE

L chemdrew 3D FEFF4HILEY), FHHH MM2
D7 FARAGEATI TUAR Z5 445 BT A 4 F B 4 35 R A7
5 pdb R, F AutodockTools i i b &40 1 B Al i
R KO A1 P RN LA AR EE, FRLRAEA pdbqt %55
HLME S 3bc9 R ABEAT 0 FXHENF L. M Protein Data
Bank ¥4 %+ % PDBID:3bc9 {18 [ db A lE A2 44k
ghife, fEXTEE 2 1, 8 F Pymol 1 AutodockTools 2 {42
BRIK T B AR RIS IEAs . I 355 okt
R AR S, B ¥ A AutodockTools #F, FH Gride Box
FEHE SGEMERE: LL(19.119, 7.013, 9.282) At iE Sk
HET, KN 18X 18X 18, #AIEEE N 0.1 nm. f#H
AutoDock Vina 7345 T E MGl 2 47 (46 &40 55
P23 a-TE R B E PEAL  P0),

4 BT KL (Supporting Information) 1 [AAL A3
"H NMR Fl °C NMR % & J2 /=4 SZ1~SZ.24 ¥ 'H NMR
A1 PC NMR L. X8l n] LG 2% AR T 95 (hetp://
sioc-journal.cn/) . T %K.
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