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Abstract: The binding of small molecule drugs to targets is mostly through non-covalent bonds, and hydrogen
bond, electrostatic, hydrophobic and van der Waals interactions function to maintain the binding force. The more
these binding factors lead to strong bindings and high activities. However, it is often accompanied by the increase
of molecular size, resulting in pharmacokinetic problems such as membrane penetration and absorption, as well as
metabolism, which ultimately affects the drug success. Fragment-based drug discovery (FBDD) is to screen high-
quality fragment library to find hits. Combine with structural biology, FBDD generates lead compounds by means
of fragment growth, linking and fusion, and finally drug candidates by the optimization operation. During the value
chain FBDD is closely related to structure-based drug discovery (SBDD). In this paper, the principle of FBDD is
briefly described by several launched drugs.
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Figure 1 The X-ray structure of complex of cathepsin S with

compound 1 (a) or 2 (b)
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distances 3.0-3.3 &

Figure 2 The X-ray structures of complex 4 (magenta) and 5

(yellow) binding to S2 and S1' pockets of cathepsin S, respectively

Table 1 Comparison of parameters of fragment 4 and 5 as well

as the designed compound 6

Compd. Mol Wt No.of HA K,/umol'L" ClogP LE LLE

4 209 15 7300 0.8 0.20 1.3
5 223 16 >10 000 1.0 <0.17 <I1.0
6 425 31 0.66 0.6 0.27 5.6
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S1' pocket

Figure 3 Cyp D X-ray structure in complex with compound 6
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Figure 4 Fragment hits 7 and 8 bound to LTA4H (a) and hydro-

gen bonding network for compound 8 (b)

Table 2 Comparison of parameters of fragment 7 and 8 as well

as the designed compounds 9 and 10

Compd. K,/umol'L" AT /°Cat12.5 pmol'L" No.of HA LE

7 4.5 0.08 15 0.49
8 8.8 0.2 16 0.43
9 0.003 6 4.2 22 0.52
10 0.003 5 Not test 27 0.43
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Figure 5 Crystallography of the co-structure of 11 with Pim-1 kinase (a), 12 with FGFR1 (b), and 13 with BRAF""* (¢)
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Figure 6 The co-structure of vemurafenib (14) with BRAF"*""
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SRR KT JEiA % B (erdafitinib), A& BEYE )2
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Figure 7 Co-structure of FGFR3 with compounds 15 (a), 16 (b) or 17 (c)

Table 3 The activity and selectivity of the compounds on FGFR3

No. of FGFR3 VEGFR2
Compd. Mol Wt 4 1
HA  IC,/umol-L IC,/umol-L
15 145 11 120 0.49 140
16 245 17 6.5 0.42 0.46
17 375 28 0.33 0.32 5.5
18 361 27 0.012 0.40 0.56
19 446 33 0.003 0.35 0.037

A E ) 18 Kb T R 3 T, DT AE 2R i 9 U T
N T U (e B A P 19, B AU 75 DFG
BEE 1) Asp641 K AEER LG U AE L, i BB A BY T
Oy T IR E . B 8b 4L 19 5 FGFR3 145 A 13, Xf
FGFR1.FGFR2.FGFR3 fil FGFR4 % 4~ 7. %4 f] IC, 4
5l 290.001 2,0.002 5.0.003 F10.005 7 umol-L", AT L&
FGFR iz #1 i %] . 19 & % N e 15 & JE (erdafitinib),
2019 47 35 [ FDA b #E i T- FGFR 2 K] & AF S48 (¥ 1
SR R VR R b R SR IR TS

7 HERRER
7.0 KRR S AR 4E A R B B I R 3 A

TN a G1EF R AEF= M 4E S FE 7T (venetoclax), A& $E
If] B 20 Jif 94k B8 DH 1 2 (Bel-2) F 3k 6 1k i 771, 32 B2
EEXE IR 4 BRI IR T 4R, T 2015 4E3R19 35 [ FDA it
W BT, H TR 718 1 9k B 4 AR P s S A e
RAEFR 1 Tp AT B .

ML BT T (D) —HVEIB R Z 1 2
A3 (R 0 JC FH 40 1 £ EERILARL, VR 22 900 IR R AE R BT
PR T Ik R AR ER, 81 G e R 1 B G T e N BT R PR i
RIS . BYHIR R Bel) EARBEHEEH U
T~ 25 1 W1 Bel-2 71 Bel-xL, 1045 2 8 T 2& [ W1 Bak . Bax
M Bad, —# K iERIA, b T PHEARES . MR
TR TS, R 9E Bel-2 B Bel-xL, PR 1T i B A BT
Ji 988 245 4 1) B b, 3l 3ok 45 A Bel-2 8K Bel-xL, B U IR
T2 [ 1 Bak Bax f1 Bad [ Zh g, IAEVGI7 H 1.

Figure 8 a: The overlap of binding modes of 18 (blue) and alkali
side chain (purple) with FGFR3. b: The co-crystal of compound 19
with FGFR3
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Bak & [ 1) BH3 Ik 9 P S VAR, (5 8 456 T Bk
TR, X Ee(E B TR TR R,

FRLTRE A LM PR EA-EAMEAE
RBVNG T2 . WAEANMHETER, A~ 2
MRXMIEGER, O E TN . fERFCT
Hl IFE, ¥ J ¥ FBDDNMR Fl X- 5 28 A7 5 25 22 Fh b
ARFLFH
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PN a b2 18], Bel-xL I Phe97 X 43 HHi 4N i BL, Phe97
RS Tyr194 R 2K i BUR A m-n B E1EH . L
BV 23 WTARAE 3 BRI R B BOR ORI, 35
Fr BN R 2RI e, 55 = BOR PR I B AR I
75 RE3IMMKHK XABER3#E—BRM, G T E
HA T, Hord 24 75 M 5IA K H 36 nmol L. #1072
NMR J5 2 {2 75 1) 24 5 Bel-xL [ 45 G R4, 2 W 55—
N = F B B 5 23 AH ), (H 28 = AN B B AR K gk
Pr iR [5] B 68 B2 2R R 5, 6 R B R R AL AE B
Phe97 5 24 A FE K 2 [A], T iH 52K AE Tyr194 7, JE
FZ B ) -n HEAR . XSG AR U0 T 24 HTE PR R
T LART b &t

7.6 AMBXEMS FHIKIE SR 2476V B, (1
AR A NI NS R B, 10% (35 6 5 58 452k

Figure 10 The binding mode of 24 (green) to Bel-xL by NMR
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Figure 11 Conformation of 24 in the binding site

7.8 FERBCREMTHR KR 00T, EHARREE
FEGINE AR A A BE AN [F] R B B, 804 38008 R T
FAFFL A 26, 1] Bel-xL i P K, 0.019 pmol-L7,
PR S 1% I3 4 Bel-xL i 19 K, 0.652 pmol L™,
FER AR 5N — @ R e ik 7 5 HAS-TT 1
g4,

7.9 F—imAMBEMNTEE LEY26 1 2-HH
He-4r 4 H IR E O [ e R A, AR R B 3 I A,
R 7E 200 5 1) o 7 328 9 5 o 22 1) ) %, DA 8 o 410 A1
Bel-xL {93 PE 1 A HAS-IIT 45 &7 . A4k itk
AW 27, Bel-xLiEPE K, 0.000 8 pmol- L™, A+ i & 47
10% IfiL i %f Bel-xL % 14 /4 K, 0.36 umol L™, i iF B R
MR R AR WA . 27 B S0 Bel-xL 3 14 A i 52
HAS-IIAE I, FHAE 52 0T 2 3F 5542 B0 3E /N 240 B i s
(R RIEPUH T A BelxL) %105, W ERFE T
1EH

7.0 ERFREORRE] SR, R-27 4 £ O\ 41 i
I RCRAN T o HEM LS T Bel-xL 45 M B0, e
% FEXT Bel-2 8 [ 1], X Ak 2 Filis 3Rk Bel-2 1
i e 4 a4 AR 55, BT AHIRE 3 45 o Bel-xL 5 Bel-2 7
FI (1 [R5 B RAT 49%, (H = 4 55 K4 AR AR, 4
MM A E A A G KEGRE, 245 RETCEAR
BH3 45 IR E . S T 42 m P osg is vk, ¥ B ks
JE R Bel-xL/Bel-2 XA FRVE FH

711 WEM28HIBTR 28 A B 1IN A Rk
AW, NMR W 705 Bel-xL 45 A i, A B 1 23 &2

o

I:IH
0=S8=0
o 3

N
Hs;C O,N
HsC HN \/\s
26

(o}

A R G T H/KIEHE, 5 Bel-2 45 &0, 2K 22
BN AL = L s oSS 7 W vk el 7 S
WAL B . P12 42 28 5 Bel-xL (a) Fi1 Bcel-2 (b) 45 &1
3o BRI 28 X Bel-xL /Bel-2 [5G 1 # AN 5

Figure 12 Co-crystals of 28 with Bcl-xL (a) and Bcl-2 (b)
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Table 4 Inhibition of compounds 29-31 against Bcl-2 and Bcl-xL, as well as FL5.12 cell
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Figure 14 Co-crystal of 34 with Bcl-2
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Table 5 Selective activities of 35 against Bcl-2

Figure 15 Co-crystal of 35 with Bel-2
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Figure 16 a: Crystal structure of ABLI kinase domain in
complex with imatinib and 37. b: Structural detail, showing the

position of 37 in the myristate pocket of ABL1 kinase

& F A i 2 Helix 1 8 25 A, SEA L& 39 (K, =
6 umol- L™, LE = 0.24), {HitJ& 3% A 2 Mo & P . i) %
MEEH H NMR K BE [ b G 256 T R iE Ve 25 il
A Helix1 # % . PR 2 A 7E Helix1 | 1 Val525 5% &
fE "N-Frid, F H PN, "H-HSQC {5 5 6 ) 55 i ) e 4k
HEME AR, SRR, HLALM Helix1 [ Val525
155 AL g, T2 HR Helix 1 Vals2s R 71y
Ve . BN 3T~39 HIME 5 A2 W R m R, A
DIREE L) 36 24135 B = B2, AN A RE 1 o D e
PRI A Y RIME &5 & T AR R X, A 5200 Helix 1 1)
ELA YA AL, 1T 36 JU 51 S Helix 1 ff1 25 >

cl
") ")
Br N>""cH N N
H 3 HKQA ~
38 & CHg
o 39
FsC” \©\ O OH
N @
K/N‘cH3
cl

ST A W) 36 1 = 5 F A R AR 4 o B 2k 2 TR
6V, HED CF,0-%f F %2 a2 Helix 1 25 il 44 % & & 2
(1) 24 3% 141, IR 1 A CF,0-2i [ % #: 39 1) &R 1, b
4540 40 %t ABLL 145 G35 1% K, = 10 pmol- L™, X B 24E
% BCR-ABL1 ¥ 4 Luk Ba/F3 4 Jitd 38 5 (1) 410 1] % 14
Gly, = 8 pmol-L", IX /™45 AT IF T IR AN HIFJT 1 18 % .
ZBRIRH Bk SR T, SR 2 BR, 15 3 41
e T A K= 0.55 pmol- L™ (LE = 0.33) f141
6P Gl =2.93 umol- L'« 41 A MLAE BLARARAL 540
8.4 HHEMZIESMILEH K172 41-ABL1-f7
P e =nZ AW e g, CF0-kb T8 48 4 A id
TE R, R TS5 52 AR Leu3 59 [ B FE & AL i LA
HAEH; B EEBNH &K T 5 5 Alads2 Al
Glu481 JE A BEM 45, AT M S FEA RIF 1) n-n
AH LA FH ;W R IR AT P b A — A2 RS B TR i,
HENTKAR (B 17 g th); 55— 2 Bl 180°, 1 N AZ 44
WK (17 H 3 ), 5 Thra53 . Metd56 Fl
Pro480 ZH B 1) i 7K K A1 4 A= i 7K A ELAE F, A kR
B 180° M B /R 13— 20 BTk HE o

NTRE T HKRB 2 W, /£ R B I 36L&
BB A P I IR, DR T 1 S T 4 A 0 TE T e K
B, 4 07 % B S K e A R Fia s e AR B AR
SE T ABL H ey 0] 375 i, o) G B A= R M 2R AR R
(T3151) BCR-ABLI1 (1) 40 A5 5 $ 1) 3 14, LA K2 3& B 1
VIR AL 22 AR AN 25 B 2R . AR AL AL A W 42, X



PO BT A B ka2 - 3501 -

Figure 17 Two possible orientations of the morpholine ring of

compound 41 in the crystal structure
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Figure 18 Co-structure of ABL1-imatinib complex bound to 42
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Figure 19 a: The bindings of imatinib (red in color) in ATP

binding site and asciminib (purple in color) in allosteric domain
of BCR-ABLI1 protein, respectively. b: The binding mode of

asciminib to ABL1 allosteric domain
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Figure 20  Co-crystallography of compound 45 binding to
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Co-crystallography of compound S-48 binding to
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Figure 22 Chemotype evolution leading to the discovery of 49. a: Fragments where X indicates the active handle of the acrylamide; b:

Fragments being coupled to target compounds
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Figure 23  Co-crystallography of compound 49 binding to
KRASGIZC
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Figure 24 X-ray cocrystal structures of 50 in complex with
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Figure 25 X-ray cocrystal structure of 51 in complex with
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Figure 26 X-ray cocrystal structures of 52 with KRAS®'*¢
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Figure 27 Compound 53 atropisomers are not configurationally stable at 25 °C
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Figure 28 X-ray crystal structure of R-54 bound to GDP
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Figure 29 The co-structures of 55 with Pim-1 (a), 56 with Kit (b), and 57 with CSFIR (c)
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Figure 30 The co-structure of pexidartinib (58) with CSFIR
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Figure 31 The co-structure of 59 with CSFIR
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