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Abstract: Protein arginine methyltransferase 5 (PRMT5) is an important type Il human methyltransferase. It
catalyzes the symmetrical double-methylation of many histones and non-histones, and it is highly expressed in
many kinds of tumors. PRMT5 has been proven to be a potential new target for cancer treatment. Based on the
reported crystal complex of EPZ015666 with PRMT5, a series of new compounds was designed using GSK3326595
(EPZ015938) as the lead compound and using the conformational restriction approach. We found that compounds
B8 and the C series of derivatives displayed enzyme inhibitory activity comparable to that of GSK3326595.
Compounds C3 and C4 showed poor permeability in Caco-2 cells, and that might be one of the reasons for their
poor anti-proliferative activity against Z-138 cells. These data provide insights for further structural optimization.
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Figure 1  Structures of PRMTS5 inhibitors
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Figure 2 The binding mode of EPZ015666 and PRMT5:MEP50
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Figure 3 Molecular structure design based on the concept of conformational restriction
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Figure 4  Structural modifications based on compound B8
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Scheme 1  Synthetic route of target compounds B1-B4
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Scheme 2 Synthetic route of target compound B5
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Table 1 PRMTS5 inhibition of target compounds
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H
Z N,
B2 A >10 B7 /(N% >2.1
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B3 “AH% >10
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N
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Table 2 PRMTS5 inhibition and anti-proliferative activity of tar-
get compounds in Z-138 cells

o N
M7
/\TNHMNH “{_N,__
Cx ':4\/ NN (S
X )

(o]

IC./umol-L*
Compd. Cx
PRMT5 Z-138 cells

B8 et 0.037 2.2

c1 o 0.084 1.38

c2 Q/\ 0.034 0.733

cs 10 0.043 0.651

F

c4 Q/\ 0.029 0.565

c5 O)\ 0.026 0.609

C6 @A 0.022 0.413
GSK3326595 0.030 0.025

for M 4 : 254 nm). Pt A R 508 T B A 4B, BRRE
SIS, — ARG A A E AR .

A5 W v AR BT B B PRMITS I H BPS A A ;
[BH]-SAM 1 F PerkinElmer 2 & ; SAM. SAH Il§ H
Sigma /A & ; Z-138 41l ifd % A1 Caco-2 41 i3 ) Ff ATCC 4H
JfL F ; CellTiter-Glo & i 4H Jd 7% 77 I3k 741 & 08 1

Promega 2 & ; [H % R 46 & ) GSK 3326595 2 HE £ F|
W0201410071 9A2 [ fll, 44 f% 100%.
1 k=&
1.1 2-(REAE)-3-FHEMLE (6) K 2-H F-3-fy it
E (5) (4 g, 29.0 mmol) % - P4 &AL A% (60 mL) Hr, IO A
N-1RAX T % (6.7 g, 37.6 mmol) S{H%& — 7 T i
(0.71 g, 4.33 mmol), 80 °CHit+F: [al i ;S fid & . LC-MS
AL 52 8 56 4 J ok B, 9 TR AR ER, FH 2R R A K
FHLI R, LR LT JZ Wk s ok 4 49 21 3 € AR 7= )
(459, 71.8%). ESI-MS (m/z): 217.1/219.1 [M+H]*.
1.2 2-((3-FHEMLE-2-5) F £)-1,2,3,4- U S 7 E M
(7) K& Y6 (4.32 g, 20.0 mmol) ¥ T 28 (60 mL)
W, NN 1,2,3,4- DY & R (2.94 g, 20.0 mmol) S5k R
B (5.52 g, 40.0 mmol), = i i & Bk 7% 5, LC-MS
RS I 5L B ARV K o DR, UR R VR AE DR, A
(Vome * vV omem =57 1) 20 B 45 3 3 4 [ & (1.9 g,
35.3%). ESI-MS (m/z): 270.1 [M+H]".

K R 775 AL &) 9 & AL &4 10, 77 %
92.0%. ESI-MS (m/z): 299.1 [M+H]".
1.3 2-(B.4-ZE FEM-2(1H) - &) B &) ML 01E -3- f%
(11a) Ktb&¥7 (1 g, 3.72 mmol) ¥& T Z.EF (20 mL)
IR (30 mg, 0.372 mmol), S ERTEAE R E iR
P e RN A, LC-MS Aol Ji Ak B A 2% o iR IS R
FE ARG, 15 3 3 AR 4 (920 mg, K)o ESI-
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Table 3  Experimental results of membrane permeability of C3, C4 to Caco-2. *Low permeability: P, < 0.5 (x10° cm-s™), Moderate

permeability: 0.5 <P, <25 (x10° cm-s), High permeability: P,

> 2.5 (x10° cm-s?); °No detection

Compd. Mean P, /10° cm-s™* Efflux ratio Mean Reconery/% Rank®
AtoB BtoA AtoB BtoA P Efflux transporter substrate
Nadolol 0.10 ND - 101.57 NDP Low -
Metoprolol 21.40 ND - 97.79 ND High -
Digoxin <0.02 10.36 >441.98 <91.77 93.73 Low Likely
C3 0.04 23.64 546.46 89.34 91.86 Low Likely
C4 <0.04 19.58 4951.21 <105.57 104.53 Low Likely

MS (m/z): 240.2 [M+H]*.

&Y Le A T ES 11a 8L, BEEH T F—
# . ESI-MS (m/z2): 269.1 [M+H]*.
1.4 6-(3,4-"“5 FEEMW-2(1H)-£)LIE-2-B (11b) ¥4
144 8 (3.46 g, 20.0 mmol) ¥ T 1,2,3,4- VY & 57 W ik
(7.5 mL) 5, V¥ 140 °CHi ), LC-MS fa il 5k}
TR R A E SR, N 41 LS
R, 8, IR IR AR DRI, AL A (V fmeV 2mzm=511)
Iy BRI OAA ) (3.82 9, 84.9%). ESI-MS (m/z):
226.1 [M+H]".
15 (-82%E-6-G4-—SREM-2(1H)- &) F E)FEE
(11d) KtkE ¥ 11c (1 g, 3.73 mmol) & T /K PU Sk
WRj (10 mL) o, UK 3 0 A e DY SR R 9
(2.5 mol-Lt) il I8, ¥R 4 8 W, 13 B IR A0 i R A
(800 mg, 84.4%). ESI-MS (m/z): 255.1 [M+H]".
16 6-5-N-(2-((3,4- =S FrEEmk-2(1H)-£) BB E) it
H-3-H)BIE-4-3Ei AR (12a) 4 4L&% 11a (920 mg,
3.85 mmol) ¥ T Jo/K & H Kt (15 mL) H, A N,N-
TR LM (L g, 7.75 mmol), VKIS T i N 6- 5 -
A-FRFEF T K A G (800 mg, 4.54 mmol) = i
Pt S N, LC-MS A Rl R AT 2K . TN =
F e 5K ZE B3 Ik, A HLZE TR 40, A (Ve
V mrm=111) 702545 3] A GE 474 (550 mg, 37.7%).
ESI-MS (m/z): 379.1 [M+H]*.

&) 12b.12¢.12d (14 BT 155 12a 28484, 7= %
73 5 A 38.5%. 118%-90.2%. 12b: ESI-MS (m/z): 366.1
[M+H]*; 12c: ESI-MS (m/z): 409.1 [M+H]*: 12d: ESI-
MS (m/z): 395.1 [M+H]*.
1.7 6-((1-ZEtEIRIE-4-F)EE)-N-2-((3.4-— S 7E
Wk -2(1H)- £ ) B 5 AL UE -3- 25) B NE -4- ¥R BE Bg (B1) K
b4 12a (300 mg, 0.79 mmol). 1- Z. b % -4- 5 FE IR g
(224.8 mg, 1.58 mmol) ¥ T 1E T B (20 mL) H, AN,
N- — 5 A %k Z. % (510.5 mg, 3.96 mmol), 140 °CHlti jz
% 2 h, LC-MS W 52 37 56 4% Jm, ok R Bk 223 771 I
IKFI 8 CBEZEHL 3 IR, A HAHE TEK B B T 185,
T R 45, HPLC il & 70 55 (LMK, 0.1% H %) 154 3
o [5 4 (70 mg, 23.4%). mp:144~146 °C. ESI-MS

(m/z): 486.3 [M+H]*.

HPLC: 98.96%. H NMR (400 MHz, DMSO-d;) ¢
12.81 (d, J = 23.7 Hz, 1H), 8.68 (dd, J = 8.2, 1.3 Hz,
1H), 8.27 (dd, J = 4.7, 1.3 Hz, 1H), 7.83 (d, J = 7.2 Hz,
1H), 7.60 (s, 1H), 7.38 (dt, J = 18.0, 9.0 Hz, 1H), 7.21~
7.04 (m, 5H), 4.21 (d, J = 12.8 Hz, 1H), 4.01 (s, 2H),
3.82~3.67 (m, 3H), 3.16 (t, J = 11.4 Hz, 1H), 2.94 (1,
J = 5.3 Hz, 2H), 2.78 (t, J = 9.6 Hz, 3H), 2.00 (s, 3H),
1.84 (dd, J = 29.8, 13.0 Hz, 2H), 1.46~1.14 (m, 2H);
¥C NMR (100 MHz, DMSO-ds) ¢ 168.48, 162.91,
162.70, 157.61, 154.12, 147.44, 144.07, 134.92, 134.87,
134.64, 128.83, 127.43, 126.78, 126.47, 125.89, 123.44,
104.23, 100.00, 63.56, 55.62, 50.25, 47.38, 44.82, 32.09,
31.35, 28.92, 21.74. HR-MS (ESI): m/z Calcd. for
(C,;H;,N,0,) 486.261 2, Found 486.260 2.

&Y B2.B3.B4 & 7% 5 B1EAL. B2~
#13.3%. mp: 125~126 °C. ESI-MS (m/z): 472.2 [M+
H]*. HPLC: 100%. H NMR (400 MHz, DMSO-d,)
10.00 (s, 1H), 8.61 (s, 1H), 8.03 (d, J = 8.0 Hz, 1H),
7.64 (t, J = 4.0 Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.28
(d, J = 4.0 Hz, 1H), 7.22 (s, 1H), 7.20 (d, J = 4.0 Hz,
2H), 6.69 (d, J = 8.0 Hz, 1H), 4.68 (s, 2H), 4.32~4.06
(m, 2H), 3.89~3.71 (m, 3H), 3.20 (t, J = 12.0 Hz, 1H),
2.91 (t, J = 4.0 Hz, 2H), 2.82 (t, J = 12.0 Hz, 1H), 2.00
(s, 3H), 1.98~1.81 (m, 2H), 1.42 (d, J = 12.0 Hz, 1H),
1.35~1.19 (m, 1H); *C NMR (100 MHz, DMSO-dg) ¢
168.52, 157.80, 148.85, 140.36, 135.52, 134.68, 128.80,
127.05, 126.78, 126.49, 104.24, 103.76, 101.41, 47.56,
46.88, 44.85, 42.40, 32.08, 31.35, 28.46, 21.80. HR-MS
(ESI): m/z Calcd. for (C,H3N,O,) 472.245 5, Found
472.2457,

B3 7% 24.0%., mp: 238~240 °C. ESI-MS (m/2):
515.2 [M+H]*. HPLC: 99.95%. 'H NMR (400 MHz,
DMSO-d;) ¢ 10.77 (s, 1H), 8.74~8.52 (m, 2H), 8.07 (d,
J = 8.0 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.75 (d, J =
8.0 Hz, 1H), 7.25 (t, J = 4.0 Hz, 2H), 7.23~7.19 (m, 2H),
7.16 (d, J = 4.0 Hz, 1H), 4.25 (d, J = 20.0 Hz, 3H), 4.14
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(s, 1H), 3.80 (d, J = 12.0 Hz, 1H), 3.40 (t, J = 8.0 Hz,
2H), 3.20 (t, J = 12.0 Hz, 1H), 3.07 (t, J = 4.0 Hz, 2H),
2.82 (t, J = 8.0 Hz, 1H), 2.02 (s, 3H), 1.99~1.83 (m,
2H), 1.35 (m, 2H); C NMR (100 MHz, CDCL,) §
169.01, 166.63, 162.76, 161.63, 157.77, 146.56, 136.83,
132.28, 132.02, 129.09, 127.38, 126.57, 126.50, 126.10,
124.97, 123.68, 122.85, 55.92, 51.71, 45.16, 40.39,
32.42, 31.59, 29.09, 21.48. HR-MS (ESI): m/z Calcd.
for (C,gH5;N40,) 515.240 1, Found 515.240 2.

B4 /* # 9.2%. ESI-MS (m/z): 501.2 [M+H]* .
mp: 75~76 °C. HPLC: 99.61%.

'H NMR (400 MHz, DMSO-dg) § 10.35 (s, 1H),
8.58 (s, 1H), 8.01 (s, 1H), 7.91 (d, J = 4.0 Hz, 1H), 7.67
(d, J = 8.0 Hz, 1H), 7.19 (s, 1H), 7.18~7.09 (m, 5H),
5.13 (s, 1H), 4.58 (s, 2H), 4.24 (d, J = 16.0 Hz, 1H),
4.13 (s, 1H), 4.05 (s, 2H), 3.80 (d, J = 12.0 Hz, 1H),
3.21(d, J = 8.0 Hz, 1H), 3.14 (t, J = 4.0 Hz, 2H), 2.93 (t,
J = 4.0 Hz, 2H), 2.81 (t, J = 12.0 Hz, 1H), 2.02 (s, 3H),
1.97~1.85 (m, 2H), 1.81 (s, 1H), 1.47~1.22 (m, 2H);
13C NMR (100 MHz, DMSO-d;) 6 168.53, 162.96, 161.83,
158.19, 154.58, 146.86, 137.51, 135.60, 134.51, 133.91,
129.17, 126.80, 126.59, 126.04, 120.84, 119.81, 104.29,
59.20, 54.74, 51.27, 47.48, 44.87, 32.13, 31.40, 29.59,
21.78. HR-MS (ESI): m/z Calcd. for (C,sHi3NgO3)
501.260 9, Found 501.260 3.

1.8 - FRAEMME-1-FRE T (14) KR =
R LS (14.5 g, 40.5 mmol) V& T 5 /K DU e i
UK T AR I e I R Z R8T (20 mL, 2 mol-L* in
THF), 7Kt M 1 h &, Ii A& 13 (5 g, 27 mmol),
ZER N2 h, TLC B e B 56 4 (e i BR A X 1),
ZAB N MR LB A AN S AL BN K IR K, B R E
AR, W UE, JEEA O LBE R 3 K, AHLE
TARIRGE . BT (V mtV 2w =1011) 753 [ (L E
A7=4) (1.5 g, 30.0%). ESI-MS (m/z): 184.1 [M+H]".
1.9 T E-1-F Z-5- T AR [2.4] Bkt -5- FF BL B Big
(15) Btk &4 14 (1.5 g, 8.29 mmol) ¥ T — A W ki
(15 mL) H, o TA) S SR R (1.7 g, 9.94 mmol).
ZE kN 2 h, LC-MS Wl [ )3 56 42 e, N 18 £ g A
LRI B PR S BN ZE B 3 UK, B I A WL, 8RR 4 5 L%
BT T . ESI-MS (m/z): 200.3 [M+H]".

1.10 T H-1-FF-5- TR [2.4) FER-5- BB Rl
(16) #tk &4 15 (1.5 g, 7.5 mmol) ¥& T H EE (15 mL)
o i N PO &L Sk (2 g, 15 mmol), %N 2 h, LC-
MS W W 52 B 58 4 Ja 980 MR AR, A 53 (100%V 4 ja)
BR)EOMIR Y 2.4 g (KAL) . ESI-MS (m/z): 333.2

[M+H]*.

111 T EI(B4-ZEREM-2(1H)-E)F £)-3-#
EMgkR-1-3RERM T B (17) HHAY16 249,
7.21 mmol) ¥ T G /K Z & H 8 (20 mL) H, InAN =58
g (5 mL), =i e N & . LC-MS Ml Je B 58 4=
J&i, IINIK AN 28 . BEZEHL 3 UK, LC-MS W5 7= 75 7K
AH, A KA, I8 R 4R R T, 15 IR 24 3.9 g (F
). ESI-MS (m/z): 233.1 [M+H]*.

112 (6-SIBNE-4-K)(3-((3.4-Z S FEM-2(1H)-£)
BE)--FEMMERE-1-E)BEE (18) WHKikaw17
(500 mg, 2.16 mmol) % T Jo /K =& H ke (20 mL) 1,
I\ = 2 (870 mg, 8.64 mmol), K& T N A 6-5 1
I -4-Fk F A (1 g, 5.6 mmol), %3 & M 3 h, LC-MS i
W5 B 5E G, IRAEAE T (V sV 2mrm=2- 1) 135
74 (400 mg, 49.8%). ESI-MS (m/z): 373.2 [M+H]*.
113 1-(4-((6-(3-((3 4-=E FMEMk-2(1H)- &) H &)-3-
FR A NE A -1-FR BB IE-4- B) R E)IRIE-1- ) 2 -1-
fiil (B5) #4k&4 18 (200 mg, 0.54 mmol) ¥4 T 5 P i
(4 mL) 5, RN, N-Z 572 P % 4 (139 mg, 1.08 mmol).
1- Z Pk Fe-4-F FEIRIE (276 mg, 1.08 mmol), 100 °Clal i
SN IE B, LC-MS WS W R 5E 4 I, R R 4 S
HPLC #1457 B (ZJEIK, 0.1% HR) 15 21 (3 € [ 44 7=
) (58 mg, 22.5%). mp: 59~60 °C . ESI-MS (m/z):
479.3 [M+H]*. HPLC: 93.41% . 'H NMR (400 MHz,
DMSO-dg) ¢ 8.44 (d, J = 4.0 Hz, 1H), 7.62 (dd, J = 8.0,
4.0 Hz, 1H), 7.13~7.05 (m, 3H), 7.04~6.97 (m, 1H), 6.70
(d, J = 4.0 Hz, 1H), 4.84 (d, J = 12.0 Hz, 1H), 4.23 (d,
J=12.0 Hz, 1H), 4.08 (s, 1H), 3.78 (d, J = 16.0 Hz, 1H),
3.73 (d, J = 4.0 Hz, 1H), 3.68 (d, J = 8.0 Hz, 1H), 3.64~
3.53 (M, 2H), 3.44 (s, 1H), 3.17 (t, J = 16.0 Hz, 1H), 2.82
(dd, J = 8.0, 4.0 Hz, 2H), 2.79~2.74 (m, 2H), 2.64 (d,
J = 4.0 Hz, 1H), 2.57 (d, J = 4.0 Hz, 1H), 2.51 (s, 1H),
2.50 (s, 1H), 2.01 (s, 3H), 1.97~1.76 (m, 4H), 1.37 (dd,
J =240, 12.0 Hz, 1H), 1.31~1.19 (m, 1H); 3C NMR
(100 MHz, DMSO-d;) ¢ 167.43, 164.52, 161.26, 157.95,
156.94, 134.63, 133.49, 127.80, 125.71, 125.27, 124.80,
103.93, 78.91, 63.03, 62.78, 56.65, 51.70, 46.26, 44.36,
43.84, 31.14, 30.40, 28.11, 20.67. HR-MS (ESI): m/z
Calcd. for (C,sH4sNgO,) 479.276 5, Found 479.276 0.
114 3-FHE-1H-ALME-5-35F8 (20) Kb &4 19 (4 g,
31.47 mmol). /& & B2 49 (15 g, 94 mmol) & T B,
I B0 mL 7K, FiFE35 5], B R B 5 he LC-MS e il
JERk IR 56 4, Sl g, DR R € [ AR, YRR VKR N &%
230 1 mol- L (1% $h R 1 pH 42 3~4, I8k ik 45 [k 2
KAy IK, R IGH R CFRAEHL 3 Ik, & A HUAH, &



RRERAE: 3 A TR R R TP AL R RS T 5 S0 A vt s B BB T PR -+ 1867 -

AU BR AT, DB IR 4 159 31 B 4 [ 44 (2.8 g, 57.2%).
ESI-MS (m/z): 156.0 [M-H] .
115 (3,4-ZE FEM-2(1H)-)(3-f H-1H-ALme -5-
E)EHER (21) #HA20 (19, 6.37 mmol).1,2,3,4-MU
A 5N (1.02 g, 7.64 mmol). 2-(7-5 40 2K I = R )
N, N, N N'- PO HE 358 R 7S 3606 2 &6 (4.84 g, 12.7 mmol) Al
N,N- 5 A3 2 1% (1.65 g, 12.7 mmol) % T N,N- - F
FHBERZ (15 mL), 2R 5 iR R . LC-MS 5
AR N 5E 4 . RN R BN K, F LR S HE R
3K, B IFANUAE, AN Eh K B 3K, To/K B R A
Tl FEOTE (Vppm-Vomes=5-1) B4 B R A
B E A (1.7 g, 98.2%). ESI-MS (m/z): 273.1 [M+H]*.
116 2-((3-FHE-1H-Mtme-5-F)H E)-1,234- SR
EE (22) Kb &W21 (1.7 g, 6.24 mmol) ¥ T 20 mL
DU SR I, UK T i N B e — DO Ak TR 4 R (18 miL,
1.0 mol-L*), 80 °CJx M. id &« TLC i Wl Je M. 5¢ ik )=
TN 20 mL HH 8 K 0 2 PR e, 458 4F 30 min, 28 J5
A 2 mol- LTS EAL /K MR IR 1 h, F 218 LR AR EL
3R, LR LT 2 TC /KBt B A T I, ol 1 v 4 42 FH
T F—#. ESI-MS (m/z): 259.1 [M+H]*.
117 4-|E-1H-MEME-3-3REZ (24a) KL &1 23a
(6.0 g, 38.7 mmol) ¥ T £ (80 mL) 1, A A 4L
#4 (2.5 g, 62.5 mmol) ) 7K & W (20 mL), 80 °C Al i .
R A, LC-MS Mo ] Ji e} 2 A 98 2 o gk s ik 2 9 71,
TN ERBR U pH = 3~4, UK N AT H &4k, g, vk
IKBE B 3 UEDE, 15 2 B A E Y (3.7 g, 75.3%). ESI-
MS (m/z): 128.0 [M+H]*.

&) 240 24¢ 14 BT 125 24223406, 77 2R 4393
N 80.7%- 74.0%. 24b: ESI-MS (m/z): 128.0 [M+H]*;
24c¢: ESI-MS (m/z): 142.0 [M+H]".
118 (4-F|E-1H-MEmE-3-5)(3,4- Z S FEMW-2(1H)-
E)EER (25a) Ktk &4 24a (3 g, 23.6 mmol) 51 E
WK (4.7 g, 35.3 mmol) ¥ T N,N- - HI 3 ik i
(30 mL) H, AN 2-(7-%8 A0 2R I = M )-N, NN N'- Y HH
FE IR 7S TR RR £ (10.7 g, 26.6 mmol) 5 N,N-—H 3k 2,
—J% (6.1 g, 42.3 mmol), =R N i, LC-MS 1
DRI EATY 25 o N7k AN 2.8 ZBE AL 3, 1B A& 26
IR 3 UK, To /KBt BB 4%, DR VR 4, A (B 7 &
(V- V mem=1:1) 19 238 PR A 7= 9 (420 mg,
7.4%). ESI-MS (m/z): 243.1 [M+H]*.

1 &) 250 25¢ 1A BT 125 25a 40, 72 2 433
N 7.6% H19.2%. 25b: ESI-MS (m/z): 243.1 [M+H]*;
25c: ESI-MS (m/z): 257.1 [M+H]"*.
119 5-((3,4-— S FREM-2(1H)-F) R E)-1H-MEme-3-
BZ (26a) # b— P REa AW 22 % T 10 mL

HE, DN & PdIC, TE A S ERAF/E N E R R M It
o LC-MS M il JG R Ay, 458 1k SR, il 0 B 26 [
PRASTE ), 8 WU T A 46 15 2 P2 ) (1.38 g, 95.0%).
ESI-MS (m/z): 229.1 [M+H]"*,

&) 26b. 26¢. 26d 1A B 26a 210k, 43 ) HH
25a. 25b. 25¢ it J5 15 2], 7= 2 43 5 04 37.8%. 37.8%.
42.3%. 26b: ESI-MS (m/z): 229.1 [M+H]*; 26¢: ESI-MS
(m/z): 229.1 [M+H]*; 26d: ESI-MS (m/z): 243.1 [M+H]".
1.20 6-&-N-(5-((3,4-Z S R EM-2(1H)- &) B &)-
1H- Atk e -3- B 2 OF -4- 3R B B (27a) K1k & 1) 26a
(1.38 g, 6.04 mmol). = ZJi% (1.22 g, 12 mmol) % T 10 mL
T, K 6- S g -4- Bk 2L A (.18 g, 6.65 mmol)
W AR (10 mL), Vs M) BiR kR, A5 E
L h, LC-MS I 5 B 58 o K S LRI 2 7K A
LR CBEZERL, A LA FH A& 25K 8E 31k, ToK B iR
BN, RS B (V -V =200 1) 15 21 3% (4 [
& (660 mg, 29.7%). ESI-MS (m/z): 369.1 [M+H]*.

tEP27b.27¢.27d. 28 A HS 27a 51k, 43 il e
26b.26¢.26d 5 6- 5 5 Wi -4- Fi B S 20 i S A AR e B
732, 27b.27¢.27d = #5354 29.7%-30.7%- 26.5%
1k 4 Wy 28 77 N 31.6%. 27b: ESI-MS (m/z): 369.1
[M+H]*; 27¢c: ESI-MS (m/z): 369.1 [M+H]*. H NMR
(400 MHz, DMSO-d;) 6 8.73 (s, 1H), 8.15 (s, 1H), 7.69
(s, 1H), 7.15 (s, 3H), 7.06 (d, J = 8.0 Hz, 1H), 3.65 (s,
2H), 3.62 (s, 2H), 2.89 (s, 2H), 2.75 (d, J = 12.0 Hz,
2H). 27d: ESI-MS (m/z): 383.1 [M+H]*; 28: ESI-MS
(m/z): 383.1 [M+H]"*.

121 6-((1-ZER EIRIE-4-B)EE)-N-G-(34- =8 F
W Mk -2(1H) - £5) BR B5) -1H- bt nde -3- 25 ) 038 I -4- ¥R Bt f%
(B6) #1k &4 27a (300 mg, 0.813 mmol). 1- Z. ik J -
4- FEWRIE (0.416 g, 1.63 mmol) FITN,N-— 57 P 3 2. 3%
fi% (0.54 mL) % T 5 9 B (10 mL), 100 °C$ii i 7%,
LC-MS il 5 B 58 1%, ¥ #1280 . W48 NS &
HPLC #l| % i (ZB5K, 0.1% F Q) 19 21 [ € & 44
(110 mg, 28.5%). mp: 77~78 °C. ESI-MS (m/z): 475.2
[M+H]*. HPLC: 97.73%. 'H NMR (400 MHz, DMSO-
dg) 6 12.53 (s, 1H), 10.18 (s, 1H), 8.55 (s, 1H), 7.92 (d,
J = 8.0 Hz, 1H), 7.17 (s, 1H), 7.10 (s, 3H), 7.03 (s, 1H),
6.61 (s, 1H), 4.23 (d, J = 12.0 Hz, 1H), 4.13 (s, 1H),
3.79 (d, J = 12.0 Hz, 1H), 3.70 (s, 2H), 3.57 (s, 2H),
3.19 (t, J = 12.0 Hz, 1H), 2.82 (s, 3H), 2.69 (s, 2H), 2.01
(s, 3H), 1.98~1.84 (m, 2H), 1.40 (d, J = 12.0 Hz, 1H),
1.28 (d, J = 12.0 Hz, 1H); 3C NMR (100 MHz, DMSO-
d;) 0 168.51, 162.90, 160.91, 158.31, 153.57, 146.27,
135.03, 134.41, 128.91, 126.83, 126.48, 125.97, 104.20,
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96.74, 55.53, 52.74, 50.48, 47.49, 44.85, 32.10, 31.37,
29.06, 21.77. HR-MS (ESI): m/z Calcd. for (C,sHs,NgO,)
475.256 4, Found 475.255 3.,

1h& %) B7.B8.B9.B10 [¥] & il 5 B6 2 AL, H 27b.
27¢.27d.28 73 7l 5 1- £ Bk = -4- G B R E 28 1 5 1% ML
R M55, B7: 7% 16.3%. mp: 131~132°C. ESI-
MS (m/z): 475.2 [M+H]*. HPLC: 99.13%. H NMR
(400 MHz, DMSO-d,) § 12.51 (s, 1H), 11.38 (s, 1H),
8.15 (s, 1H), 7.80 (s, 2H), 7.25~6.91 (m, 5H), 4.21 (d,
J =12.0 Hz, 1H), 4.04 (s, 1H), 3.90 (s, 2H), 3.77 (d, J =
12.0 Hz, 1H), 3.65 (s, 2H), 3.15 (t, J = 12.0 Hz, 1H),
2.99 (s, 2H), 2.89~2.70 (m, 3H), 2.00 (s, 3H), 1.94~
1.78 (m, 2H), 1.34 (d, J = 12.0 Hz, 1H), 1.23 (d, J = 12.0
Hz, 1H); *C NMR (100 MHz, DMSO-d,) ¢ 168.50,
162.85, 160.00, 157.51, 153.79, 134.88, 128.72, 126.80,
126.59, 125.77, 103.71, 55.93, 55.36, 50.97, 47.39,
44.85, 32.09, 31.35, 29.22, 21.72. HR-MS (ESI): m/z
Calcd. for (C,sH4;Ng0,) 475.256 4, Found 475.255 5.

B8: F% 1.6%. ESI-MS (m/z): 475.2 [M+H]*. mp:
124~125°C. HPLC:100%. HNMR (400 MHz, DMSO-
dg) 0 12.41 (s, 1H), 11.02 (s, 1H), 8.02 (s, 1H), 7.81 (d,
J = 8.0 Hz, 1H), 7.56 (s, 1H), 7.09 (d, J = 8.0 Hz, 4H),
7.01 (d, J = 8.0 Hz, 1H), 4.21 (d, J = 12.0 Hz, 1H), 4.07
(s, 1H), 3.77 (d, J = 12.0 Hz, 1H), 3.57 (d, J = 12.0 Hz,
4H), 3.22~3.12 (m, 1H), 2.88 (s, 2H), 2.83~2.74 (m,
1H), 2.69 (t, J = 8.0 Hz, 2H), 2.00 (s, 3H), 1.95~1.78 (m,
2H), 1.36 (d, J = 12.0 Hz, 1H), 1.23 (s, 1H); *C NMR
(100 MHz, DMSO-dy) ¢ 168.48, 162.88, 161.18, 157.82,
154.04, 135.30, 134.86, 128.77, 126.78, 126.34, 125.79,
107.45, 104.19, 55.83, 52.06, 50.56, 47.39, 44.84, 32.11,
31.37, 29.23, 21.76. HR-MS (ESI): m/z Calcd. for
(C,sH4Ng0,) 475.256 4, Found 475.255 9.

B9: /% 19.6%. mp: 55~56 °C. ESI-MS (m/2):
489.2 [M+H]*. HPLC: 99.4%. H NMR (400 MHz,
CDCl,) ¢ 11.53 (s, 1H), 7.80 (s, 1H), 7.22 (d, J = 4.0 Hz,
2H), 7.12 (d, J = 8.0 Hz, 3H), 7.01 (d, J = 4.0 Hz, 1H),
5.68 (s, 1H), 4.50 (d, J = 12.0 Hz, 1H), 3.88 (s, 3H), 3.78
(d, J = 12.0 Hz, 1H), 3.72 (s, 2H), 3.67 (s, 2H), 3.20 (t,
J=12.0 Hz, 1H), 2.98 (s, 2H), 2.80 (s, 3H), 2.09 (s, 3H),
1.96 (s, 1H), 1.81 (s, 1H), 1.49~1.37 (m, 2H); 3C NMR
(100 MHz, CDCI,) ¢ 168.91, 162.72, 160.77, 157.31,
145.31, 134.64, 129.36, 128.48, 126.41, 126.15, 125.52,
107.43, 70.61, 55.99, 51.99, 50.29, 47.58, 45.21, 40.44,
39.23, 32.11, 31.22, 29.16, 21.44. HR-MS (ESI): m/z
Calcd. for (C,gH43Ng0,) 489.272 1, Found 489.271 1.

B10: /%% 29.5%. mp: 245~246 °C. ESI-MS (m/z2):
489.2 [M+H]*. HPLC: 95.07%. H NMR (400 MHz,
DMSO-d,) 6 13.46 (s, 1H), 12.18 (s, 1H), 8.59 (s, 1H),
8.17 (s, 1H), 7.97 (s, 1H), 7.23 (d, J = 20.0 Hz, 5H),
4.82 (s, 2H), 4.24 (d, J = 12.0 Hz, 1H), 4.13 (s, 1H),
3.87 (s, 2H), 3.80 (d, J = 16.0 Hz, 1H), 3.19 (t, J = 12.0
Hz, 1H), 2.92 (s, 2H), 2.81 (t, J = 12.0 Hz, 1H), 2.02 (s,
3H), 1.98~1.80 (m, 2H), 1.40 (d, J = 12.0 Hz, 1H), 1.28
(d, J = 12.0 Hz, 1H); ¥C NMR (100 MHz, DMSO0) §
168.50, 164.37, 162.98, 162.86, 161.39, 159.04, 158.55,
152.99, 135.44, 133.88, 128.66, 127.00, 126.91, 126.64,
119.99, 104.59, 47.56, 44.86, 32.09, 31.36, 28.95, 21.72,
14.71. HR-MS (ESI): m/z Calcd. for (C,H,gNgO,)
489.235 7, Found 489.236 9.

122 (A-|ENRIE-1-E) AR E)BER (30-C1) ¥ 4-
BT R FEE F IR IE (2 g, 10 mmol) % T VU & Bk i
(20 mL) H1, N = 2% (1.5 g, 15 mmol), = & 5 £
0.5 h, B A BES (1.25 g, 12 mmol) & T & W ke,
ZAGEN LR R NAR RS, EERRM L h, LC-MS
I Js2 2 56 4 i, 93 e o3k 259 91, T N &R e R A e
PR S AN T R 2R B 3 I, ek R IR 4 45 31 At [ A 2 g, AR
JE T & H B (L0 mL) 1, NN =4 48 (3 mL), =
HEHEFE6 he LC-MS Wil Je B 56 42 ), ok Bk 25 9 77,
N Z & R bR %5 2 R = O, 19 31 38 il
RFH A (1.05 g, 62.5%). ESI-MS (m/z): 169.1 [M+H]*.

HAR LA S 77528, 30-C2: 7 2 60.5%;
ESI-MS (m/z): 183.1 [M+H]*. 30-C3: /*3 40.1%; ESI-
MS (m/z): 247.1 [M+H]*. 30-C4: /" % 73.5%; ESI-MS
(Mm/z): 213.1 [M+H]*. 30-C5: 3 76.2%; ESI-MS (m/z):
211.1 [M+H]*. 30-C6: /*“3 46.7%; ESI-MS (m/z): 205.1
[M+H]*,

1.23  6-((1-(FR Ak ERE5) IR IE -4-5) & £)-N-(4-((3,4-
ZE R EMR-2(1H)-£) B E)-1H-AL e -3- 5 IR 1E -4- 38
BiR% (C1) #4449 27¢ (120 mg, 0.32 mmol) 3% T~ 57
I (3 mL) 1, AL A4 30-C1 (109 mg, 0.65 mmol)
5 N,N- "5 4 3 2,1%(168 mg, 1.30 mmol), 100 °Clal i
A, LC-MS M I J5UR FE AT 2K o IR R4, 42 HPLC
4 (CIEDK, 0.1% HIR) 43 545 2 A tE 74747 (19 mg,
11.9%). mp: 112~113 °C. ESI-MS (m/z): 501.2 [M+
H]*. HPLC: 100%. 'H NMR (400 MHz, DMSO-d;) ¢
12.45 (s, 1H), 10.83 (s, 1H), 8.07 (s, 1H), 7.81 (s, 1H),
7.64 (s, 1H), 7.20~6.85 (m, 5H), 4.16 (d, J = 32.0 Hz,
3H), 3.60 (d, J = 32.0 Hz, 4H), 2.86 (s, 4H), 2.68 (s,
2H), 2.06~1.78 (m, 3H), 1.30 (d, J = 48.0 Hz, 2H), 0.70
(d, J = 8.0 Hz, 4H); 3C NMR (100 MHz, DMSO-d;) &
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171.34, 162.82, 161.08, 157.83, 135.29, 134.85, 128.78,
126.78, 126.35, 125.80, 104.15, 55.83, 52.04, 50.56,
47.51, 44.03, 32.42, 31.40, 29.22, 10.71, 7.36. HR-MS
(ESI): m/z Calcd. for (C,;H33NgO,) 501.272 1, Found
501.2715.

W& C2~Co & T %5 CLERL., C2: 7%
245%. mp: 122~123 °C. ESI-MS (m/z):515.2 [M+
H]*. HPLC: 99.64%. H NMR (400 MHz, DMSO-d,)
0 12.45 (s, 1H), 10.84 (s, 1H), 8.04 (s, 1H), 7.79 (s, 1H),
7.62 (s, 1H), 7.10 (s, 4H), 7.01 (d, J = 8.0 Hz, 1H), 4.21
(d, J = 12.0 Hz, 1H), 4.07 (s, 1H), 3.61 (dd, J = 36.0,
12.0 Hz, 6H), 3.07 (t, J = 12.0 Hz, 1H), 2.82 (dd, J =
28.0, 16.0 Hz, 3H), 2.69 (s, 2H), 2.22~2.02 (m, 4H),
1.95~1.82 (m, 3H), 1.80~1.66 (m, 1H), 1.24 (s, 2H);
13C NMR (100 MHz, DMSO-d;) § 172.28, 162.82, 161.12,
157.82, 135.26, 134.83, 128.77, 126.78, 126.35, 125.80,
104.15, 55.81, 52.04, 50.55, 47.47, 43.46, 36.75, 32.27,
31.45, 29.20, 25.11, 25.05, 17.85. HR-MS (ESI): m/z
Calcd for (C,4H3sNgO,) 515.287 7, Found 515.287 2.

C3: 7% %19.6%. mp: 144~145°C. ESI-MS (m/z):
579.3 [M+H]*s H NMR (400 MHz, DMSO-d,) § 12.50
(s, 1H), 10.89 (s, 1H), 8.03 (s, 1H), 7.81 (s, 1H), 7.58 (s,
1H), 7.10 (s, 4H), 7.02 (s, 1H), 4.24 (d, J = 12.0 Hz,
1H), 4.11 (s, 1H), 3.95 (d, J = 12.0 Hz, 1H), 3.58 (d, J =
8.0 Hz, 4H), 3.22 (t, J = 8.0 Hz, 1H), 2.85 (d, J = 20.0 Hz,
4H), 2.69 (s, 2H), 2.05 (d, J = 20.0 Hz, 2H), 1.98~1.80
(m, 4H), 1.72 (d, J = 12.0 Hz, 2H), 1.67~1.49 (m, 2H),
1.35 (d, J = 12.0 Hz, 1H), 1.25 (d, J = 12.0 Hz, 1H);
¥C NMR (100 MHz, DMSO-ds) 6 172.53, 162.83,
161.08, 157.83, 135.28, 134.85, 128.77, 126.78, 126.34,
125.79, 124.27, 121.89, 104.15, 55.83, 52.06, 50.57,
47.43, 43.89, 36.80, 32.91, 32.68, 32.56, 32.44, 31.47,
29.22, 26.10, 26.04. HR-MS (ESI): m/z Calcd. for
(C3oH4;F,NgO,) 579.300 2, Found 579.299 0.

C4: 77 % 14.2%., mp: 80~81 °C. ESI-MS (m/z):
545.3 [M+H]*. HPLC: 98.92%. 'H NMR (400 MHz,
DMSO-dg) 6 12.52 (s, 1H), 10.92 (s, 1H), 8.02 (s, 1H),
7.81 (s, 1H), 7.57 (s, 1H), 7.09 (s, 4H), 7.01 (d, J = 8.0 Hz,
1H), 4.24 (d, J = 8.0 Hz, 1H), 4.10 (s, 1H), 3.94 (d, J =
16.0 Hz, 1H), 3.84 (d, J=8.0 Hz, 2H), 3.58 (d, J = 12.0 Hz,
4H), 3.38 (t, J = 12.0 Hz, 2H), 3.20 (t, J = 8.0 Hz, 1H),
2.88 (s, 3H), 2.79 (d, J = 11.4 Hz, 1H), 2.69 (s, 2H), 1.91
(s, 2H), 1.70~1.54 (m, 2H), 1.50 (d, J = 12.0 Hz, 2H),
1.30 (dd, J = 24.0, 12.0 Hz, 2H); ¥C NMR (100 MHz,
DMSO-dg) 0 172.58, 163.72, 162.85, 161.92, 157.95,

153.83, 143.15, 133.95, 133.39, 131.97, 128.81, 126.87,
126.14, 106.25, 104.38, 66.74, 54.54, 51.11, 49.89,
47.46, 43.79, 36.71, 32.56, 31.46, 29.44, 28.07, HR-MS
(ESI): m/z Calcd. for (C,gH;;NgO,;) 545.298 3, Found
545.297 2,

C5: /% 18.6%. mp: 83~84 °C. ESI-MS (m/z):
543.3 [M+H]*. HPLC: 98.20%. H NMR (400 MHz,
DMSO-d,) ¢ 12.51 (s, 1H), 11.01 (s, 1H), 8.02 (s, 1H),
7.81 (s, 1H), 7.57 (s, 1H), 7.10 (s, 4H), 7.02 (s, 1H),
4.26 (s, 1H), 4.10 (s, 1H), 3.89 (d, J = 12.0 Hz, 1H),
3.58 (d, J = 8.0 Hz, 4H), 3.19 (d, J = 8.0 Hz, 1H), 2.88
(s, 2H), 2.76 (d, J = 12.0 Hz, 1H), 2.69 (s, 2H), 2.59
(s, 1H), 1.90 (d, J = 16.0 Hz, 2H), 1.70 (s, 2H), 1.62 (d,
J = 12.0 Hz, 3H), 1.31 (s, 6H), 1.08 (s, 1H); *C NMR
(100 MHz, DMSO-d;) § 173.77, 164.13, 162.84, 161.29,
157.85, 153.88, 142.75, 134.81, 134.62, 131.26, 128.77,
126.80, 126.46, 125.87, 107.06, 104.21, 55.52, 51.82,
50.39, 47.50, 43.86, 32.60, 31.52, 29.70, 29.66, 28.94,
26.07, 25.63. HR-MS (ESI): m/z Calcd. for (C,H3,N;O;)
543.319 0, Found 543.318 4.

C6: “% 18.6%., mp: 135~136 °C. ESI-MS (m/z):
537.2 [M+H]*. HPLC: 99.77%. H NMR (400 MHz,
DMSO-d,) § 12.46 (s, 1H), 10.87 (s, 1H), 8.02 (s, 1H),
7.84 (s, 1H), 7.59 (s, 1H), 7.45 (s, 3H), 7.39 (s, 2H),
7.10 (d, J = 8.0 Hz, 4H), 7.00 (d, J = 4.0 Hz, 1H), 4.34
(s, 1H), 4.14 (s, 1H), 3.58 (d, J = 12.0 Hz, 5H), 3.17 (s,
1H), 3.10 (s, 1H), 2.87 (s, 2H), 2.69 (s, 2H), 1.92 (d, J =
32.0 Hz, 2H), 1.39 (s, 2H); **C NMR (100 MHz, DMSO-
d¢) 0 169.51, 162.86, 161.10, 157.82, 136.67, 135.29,
134.85, 129.90, 128.93, 128.76, 127.12, 126.77, 126.33,
125.78, 104.18, 55.83, 52.05, 50.56, 47.38, 46.17, 32.04,
31.40, 29.22. HR-MS (ESI): m/z Calcd for (C4,H33NgO,)
537.272 1, Found 537.271 6.

2 SFRHLE

K i Maestro 10.2 4 B 25 H (PDB: 4x61), /1%
OPLS_2005, ] Discovery Studio 2.5 4bEf /731, 1
Glide Docking i 47 %} 2, ¥ F Pymol 2.0 /E & .

3 HEMEMTEN

3.1 AEMMINERRERERELEES (PRMTS) HI
HIISEIR0OT A% A A AT R4 5 ) GSK 3326595
FH B STV U ) R 10 mmol- L. MK IR 3 15 R
%10.0 pmolL1.3.33 ymolL1.11 pmolL%.370.4 nmol-L2,
123.5 nmol-L*.41.2 nmol-L*.13.7 nmol-L*.4.6 nmol-L.
1.5 nmol-L1.0.5 nmol-L*. sS40 2H: K 15 pl 1B A
4 384 FLAR, I B 15 min; XF B4 K 15 ul 1x



+ 1870 -

2% %4 Acta Pharmaceutica Sinica 2020, 55(8): 1859 1871

SLZE PR RS 25 384 FLAR, = IRIF & 15 min. &AL
RIS L A AN 5 ul [PH]-SAM ¥ BT 46 I Sz,
R A 60 mine AFFLSING pl £8 1B Lk OB
% 384 FLH A5 FL 54 #% 25 L 75 i & Flashplate, = iR &
/DI E 1 h, A dH,0 + 0.1% Tween-20 1t % Flashplate 3
X, 7E Microbeta sz BV, 1H5 1C,,.
32 &I Z-138 LB ARGE M HIHI LT Kk
A A S W AREC A1 B 10 mmol- L, AR VKRR RE &
33.3 umol-L*.6.66 umol-L*,1.33 pmol-L %267 nmol-L*,
53.3 nmol-L*.10.7 nmol-L%.2.13 nmol-L%.0.43 nmol-L?,
FH 66 25 [ il V8 A4 I 1 o 4 PR % R, DL AR =+ 2 000
4000 FH 6 000 ™ 2 Jf2 F) 5 J2 4 400 Jf 5 A B 22 T 5 ) 44
A, BEFLINN 100 pl 40 38, 75 37 CCHIME 5% A1 i
H 24 ho F = H R VAR AE 25 oxF BRI kAL & P v
(300x), F 1640 3 % Heol xi AT Ak 4 7 I\ 300xH
B 3%, ¥ 50 pL b 59 (3x) FF 2 96 FLIR (&K
JE: 1x), ££ 37 CCHIIB AT P E o e w4 = iR
NP4 30 min &, FEREASFLHIA 75 pb iR, iR T
, %% 2 min, IR F 10 min, kA ROGE .

TFD?EJK 100-[((B A& 15 F-5/IMs F) (K ME 5 -/
=2)x100].
3.3 {RIMEE 1% Caco-2 AREIERR M AFZI8]  Caco-2

Y i 8% 77 - K Caco-2 40 DL 1x10° cells/em?2 85 i 432 7 3]
96 FLAR [ 58 20 i b, P 341 4~5 K B — R 5R W,
FLEI5 21 & 28 KV it A 40 e 5 2, i 9% e B e
Caco-2 4 il F 2 1) 56 #E 1

AR = 2E AR 2 10 pmol- Lt — U 47
XL R 99 2 i /R A SEFEI% R B 31 2 pmol Lt — 3K
PR A 2 B J7 A Brili A & 0B 3] 2 pmol - L
— 2P A XU R, He % DMSO 3K AN T 1%.
BRAE (37 £ 1) °C CO, 3 7= 46 H PL 5% [¥) CO, ik FE A4
HMWHHTHE 2he 55H N CEERIREG S
I A FF i LA 4 000 r-min? B.0» 10 min. A /54 100 pL
FJE WA 100 pb 25 18 K 75 B 24T LC-MSIMS 43 17 .
55 FH 43 BT W01 AR ) ) I T AR LE, 3@ 3 LC/IMSIMS J7 1%
XoF R G VA TR A A TR B YR A B Rk TR
1A IR BEREAT E &

BUS - B R 0 SN 2 25 B AR T & M i i
508 A SCAR W B A A AR L R TR, R e A
b VRIT R BRIBE B PG S A S E W B A R
Dl

EE Tk £ JUJE & S o4 AT 9T L L 1T S
T BB AR S A R BT S S R R R RS
w3

il 28 0 520 A ST TT A B AT TR 2 R
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