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Table S1. Representative hits from fragment-based high-throughput virtual screening

campaigns and leads derived from the initial hits.
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* The ligand efficiency (LE) is the measured affinity divided by the number of non-
hydrogen atoms and has units of kcal/mol per heavy atom. ®"Min Xu et al. unpublished
results. “H. Zhao et al. unpublished results. Anchor fragments obtained by automatic

fragmentation are colored in blue.



Table S2. SMILE strings of top 50 potential hinge-binding fragments for each of
monocyclic, bicyclic and multicyclic systems in kinase inhibitors.

monocyclic bicyclic multicyclic
CNc1ncc(SC)s1 CNclc(C#N)cene2cec(OC)c(OC)ec21 CNclnc2ccecc2n2enccl2
CNclncc(Cl)e(NC)nl CNc1nenc2ec(OC)c(OC)ec21 CCnlc2ccecc2c2ce3c(cde(c21)CCelnn(C)ecl-4)C(=0)NC3
CNclcceenl COclcc2enenc2cc10C CNclncc2c(nl)-cle(c(C(N)=0)nn1C)CC2
Nclnccenl COclcenc2cec(0OC)c(OC)cc21 COclce2nce3c(N)ncec3c2cc10C
CNclcene(NC)nl C=Clc2ccccc2NC1=0 CNC(=0)Nclccec2c1C(=0)clc[nH]nc1-2
CNclncee(N(C)C)nl Cnlccc2clnenc2N CNc1[nH]nc2c1Cclce(OC)c(OC)ccl-2
clceneel CNclncc2cec(=0)n(C)c2nl Cclec2n[nH]c(=0)n2c2cccecl2
CNclncesl CNclncnc2cccec21 c1[nH]nc2c1Cclcccecl-2
CNCclceneel CNc1nc2c(ncn2C(C)C)e(NC)nl CNcl1nc2cc[nH]c(=0)c2c2cc(F)ccc21
CNclnccenl Cnlncc2clncnc2N CNclc(C#N)cenc2cc3ce(OC)c(OC)ce3ec21
0=C1C=CC(=O)N1 CNclncen2cencl2 CN=Cc1c(O)[nH]c2ccec3nesc3c12
CNclcc[nH]n1 clcc2neeen2nl CC(=0)Nclcccc2c1C(=0)clen[nH]c1-2
CNclceneel Cnlcnc2ceccc21 CCnlc2ccc(COC)cc2c2c3c(cdc(c21)Celeccecl-4)C(=0O)NC3
CNclcenenl clnc2cccec2sl CNclnc2scnc2c2c1nen2C
clen[nH]cl Ccln[nH]c2cccecl2 CNclncc2c(n1)N(C)cleccec1C(=0)N2C
Cnlcencl cIn[nH]c2cccec12 Cnlcc2c¢(nl)CCcle-2sc(NC(N)=0)c1C(N)=0
CNN=C1C=NNC1=0 Cclcecec2[nH]ecnc21 Cnlnc(C(N)=0)c2cl-clc[nH]nc1CC2
CNclcc[nH]c(=0)cl CNclnenc2cesc21 Cnlnc(C(N)=0)c2ccc3[nH]ncc3c21
Nclcnonl clecec2encec2el O=CNNC(=0)Nclcccc2c1C(=0)clc[nH]nc1-2
CNC(=0)Nclcc(C(C)(C)C)onl clcc2ceenc2[nH]1 CNcl1nc2ccenc2n2cnccl?2
C=Cclcncc(C#N)c1INC clcee2neecc2cel CNc1nenc2c1NCelec(OC)e(OC)cc102
NC(=O)clcccecl Nclcenc2cenn21 Cclccc2e(c1)Celc[nH]ncl-2
clc[nH]cnl COclcenc2cesc21 O=C1NC(=0)c2clcccl[nH]c3ccc(O)cc3c12
CCclcenecl clcec2neenc2cl Cclccc2e(cl)Cclen[nH]cl1-2
CNclnncol Nclncen2cenccl2 CNclncc2c(n1)N1CCC(=0O)N1C=C2
CCnlccenl CC=CC(=0)Nclcc2c(cc10C)ncc(C#N)c2NC  Cclcec2e(cl)-cl[nH]ncc1C2

CNC(=O)clcenccl
Nclceeenl

COclccencl
CNclncc(C(F)(F)F)c(NC)nl
CNC1=CC(=O)NC1=0
clenencl
CC(=0O)Nclcccenl
CC(=O)Nclcc[nH]n1
COclnccenl
CNC(=0)clcc(OC)cenl
clesenl

clcocnl
COclcesc1C(N)=0
CNclec(C)[nH]n1

CNclcenc2ecnn21
Cclc[nH]c2ncnecl2
clen2cccec2nl
clen2ccenc2nl
clcc2n(n1)CCC2
clnc2ccecc2[nH]1
CNclnenc2ccec(OC)c21
O=C1INCCc2[nH]ccc21
CNclcee2neen2nl
CNC(=0)clcn2nenc(NC)c2cl1C
CC(C)nlncc2clncnc2N
clcc2enenc2[nH]1
Ncln[nH]c2ccceel?2
CNclcec2c(cnn2C)cl

CCnlc2cec(O)cc2c2clcec1c2C(=0)NC1=0

CCnlc2ccc(NC(=O)NC)cc2c2c3c(c4c(c21)CCclnn(C)ccl-4)C(=0)NC3

COclcc2¢(cc1Cl)NC(=0)Nclenc(C#N)c(n1)OCCCCCO2
CNclcc2e(cc1Cl)NC(=0)Nclene(C#N)c(n1)OCCCCCO2
0O=C1Nc2cccec2Nce2ceccec21
COclcec2c(cl)-c1[nH]ncc1C2
CNCclcec2c(c1)Cclen[nH]c1-2
CNC(=0)clccc2[nH]c3c(c2c1)C(C)CNC3=0
COclcc2c¢(cc10C)-c1n[nH]cc1C2
CCclcc2cc[nH]c(=0)c2c2cccecl12
CNc1nc2ccsc2n2c(C)encl?2
CNc1nc2ne3c(cnn31)CCCCC(=0)Nclecce(c1)N2
CNclncc2c(nl)nlc3cccee3ncln(C)c2=0
CCnlc2cc(OC)cec2c2c3c(cde5c(cen5C)ccc4c21)C(=0)NC3=0



CNclncc([N+](=0)[O-])c(NC)nl
CNclencenl
CNC(=0)clcescINC(N)=0
CON=Cclc(N)ncnc1OC
N#CclccenclN
C=C1C=NNC1=0

CSclenc(NC=0)s1

CNclncc2cen(C)e2nl
CNclncnn2cec(C)cl2
CNclcec2[nH]ncc2cl
NC(=0)clccc2[nH]enc2cl
CNclncc2cecee2nl
CCnlncc2clnc(SC)nc2NC
CNclncnn2cec(C(C)C)cl2

CCclccec2cl[nH]c1lc2c2c(c3c4c(ccndC)eccl3)C(=0)NC2=0
CON=C1c2ccccc2NC1=C1C(=0)Nc2cc(Br)ccc21
CNcl1nc2[nH]ccc2c2clnen2C
CNC(=0)c1nn(C)c2c1C(C)(C)Cclenc(NC)ncl-2
CC(=0)Nc1lecce2c(c1)CC1(C2)C(=0)NC(=O)N1C
CN(C)Cclnc2c3ccecc3sc2c(=0)[nH]1
COclcec2c(c1)CCnlncc(C(N)=0)c1N2
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Figure S1. (A) Distribution of molecular properties of the 7.5 million compounds in
the ZINC Drugs-Now library (black) and their 477,617 unique ring systems (red)
obtained by automatic decomposition using the algorithm reported in Zhao et al., ACS
Med. Chem. Lett. 2012, 3, 834-838.



Figure S2. Native poses of two type I, kinase inhibitors in complex with EphA3.
(Left) PDB code 4G2F and (Right) PDB code 4GK2. The characteristic hydrogen-
bonding pattern between the phenol moiety of type I, inhibitors and the protein was
highlighted by dotted blue lines.
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Figure S3. (A) Distribution of the fraction of sp3 carbon atoms (fCsp3) in monocyclic
(black), bicyclic (red), and multicyclic (blue) putative hinge binding fragments
obtained by automatic decomposition of kinase inhibitors. (B) ZINC coverage of
putative hinge binding fragments calculated by comparing the number of heavy atoms
(in the putative hinge-binding fragments from known kinase inhibitors and from the
ZINC library) instead of the chemical structure.



Figure S4. Predicted binding modes of top 9 multicyclic putative hinge-binding
fragments in the ATP site of a receptor tyrosine kinase of EphB4 (PDB code 2VWX).
Hydrogen bonds with the hinge region (shown in sticks) are shown in dotted blue
lines. Acidic C-H---O hydrogen bonds are not shown.
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Figure S5. 2D representation of top 50 multicyclic putative hinge-binding fragments
in kinase inhibitors.
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