Enumeratlng Mapping and Scormg
Chemlcal _Space
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GDB Assembly

GENG A»EDB (SMILEQT Stereoisomers

CORINA

v

|. Select hydrocarbon graphs (ring strain, topology)

Il. C-C to C=C, C#C following valency rules, no allenes, no DB in
bridgehead or 3- and 4-rings, no TB in <9-rings, no DB torsion

lll. C to N or O following valency rules
IV. Filter bad functional groups, select tautomers
V. Post-processing: Halogens, S, etc.

T. Fink et al. Angew. Chem. Int. Ed. 2005, 44, 1504-1508, J. Chem. Inf. Model. 2007, 47, 342-353 (GDB-11)
L. C. Blum, J.-L. Reymond, J. Am. Chem. Soc. 2009, 131, 8732-3 (GDB-13)
Lars Ruddigkeit, Ruud van Deursen (GDB-17)



DMU (valency rules only)
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GDB-11 (CNOF)

Table 2. Overview of the structure generation proces

All Tautomers Stereoisomers®

1 | 4 4 4
2 | 10 9 9 9
3 2 52 20 21 20
4 4 332 80 88 87
5 8 2’294 357 397 469
6 20 18°066 1’906 2’135 2’911
7 57 154’542 10°953 12°438 19904
8 194 1’445°073 69’563 797899 153’601
9 705 14°213°741 464’402 5407002 1°258°963
10 2’822 146°004°340 3°259°036 3°827°907 10°898°065
11 11’912 1°558°491°448  23’875°101 28°240°425 98°645°474
Total 15°726 1°720°329°902  27°681°431 32°703°325 110°979°507

99.8 % are unknown

T. Fink et al., J. Chem. Inf. Model. 2007, 47, 342-353
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GDB-13 (CNOSCI, max. heteroatom ratio)

nodes? graphs® GDB® cl/s?

1 1 1 0
2 | 3 0
3 2 12 0
4 4 43 0
5 8 155 3
6 20 034 19
7 57 5726 315
8 194 37 151 2438
9 706 255 542 17056
10 2 831 1 784 626 130 465
11 12011 12961 686 038 704
12 53789 00 821 343 7240 108
13 268 795 244 451 59027 533
Total E&% 910111 673 67 356 641

L. C. Blum, J.-L. Reymond, J. Am. Chem. Soc. 2009, 131, 8732-3



Graph types

Bicyclic o
16.9% Tricyclic
_ 34.6%
Monocyclic
4.3%

Acyclic
0.5%

Polycyclic
43.8%

Molecule types
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26.5%

Acyclic

5.9%
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Tricyclic 37.79,
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GDB categories

Carbocyclic
11.3%
HeteroAcyclic
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CarboAcyclic
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% of the database

Lipinski Criteria Vieth Criteria

100 100
90 1 = S 90 - -
3
80 - — mGDB-13 % 80 - . mGDB-13
m ACX o m ACX
70 - — S 70 1 Id
O oral drugs s O oral drugs
9)
60 — 60 - -
50 T T T T 1 50 b 4
0 1 2 3 0 1 2 3 4 5
number of violations number of violations

Figure S4 A and B. Bar-plot of the percentage of compounds from GDB-13 (blue bars), 216 188 commercial
compounds from the ACX directory (purple bars) and 1193 oral drugs listed in ref. 10b (yellow bars) that pass the
Lipinski or Vieth criteria as a function of the number of violations allowed. The Lipinski's rule of 5 states that 90% of
drug candidates (entering phase II) have no more than one violation in the four criteria.



Drugs and isomers in GDB-13

Tsr
Name Formula Same Formula AVG > 0.7
Aspirin CoHs04 804 153 0.23 178
Benzocaine CoH11NO, 1 846 579 0.24 74
L-Tyrosine CoH{1NO; 9276 529 0.46 24 952
Levetiracetam CsHi14N2O» 2 154 955 0.28 35
Memantine CoHy N 2 872 586 0.31 10912
Menadione C11HsO» 233715 0.44 112186
Metaraminol CoH3NO, 2920516 0.26 30
Mexiletine Ci1iHi7NO 18 371 393 0.25 119
Propofol CoH;50 5263 227 0.25 240
Rasagiline Ci2HisN 1 323 525 0.13 411
Rimantadine CpHo N 2 872 586 0.26 173




1 2 3 | 4 5
HHW
J\ ( NH ;,
HH
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o
MH
» ]
@ S
1 0.929204 0.588889 0.884238 0.87069
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|
N
o
MH —0
4] o
o k/
k/HH NH
HM
0.867257 R.B&7257 R.867257 0.867257 0.861789
11 12 13 | 14 1%
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o NH NH (\0
o Q
M
H 0
0.853448 0.BS0877 0. 849206 D.84252 0.838963
16 7 1% | 11 F{]
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) I\ - NH e /
0
/ 0 0 NH
0.837209 0.835938 0830508 0.828457 0.82812%
FT1 2 FE] | I 25
MNH (|
O\V/ D“x
4]
I\\/HH HH MH
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0.825 [0.809917 0.804511 0.804511 0.801587

Phenmetrazine isomers



GDB-17 (CNOSHal + gradual filters)

HAC SMILES Database Total Filters
1 3 FG+strain+torsion
2 6
3 19
4 23
5 268
6 1'320
7 7'488
8 46'608
9 309243
10 2'175"788
11 16'189'774 GDB11 18'730'540
12 96'915'932 115'646'472 no atom in 2 small rings
13 794711725 GDB13 910'358'197
14 4'141'604'653 5'051'962'850 no bridgehead in three rings
15 22"721'659'277 27'773'622'127
16 48'849'650'795 76'623'272'922 one small ring
17 55'516'921'640 GDB17 132'140'194'562 no small rings, no non-arom. C=C

Lars Ruddigkeit, Ruud van Deursen, Lorenz Blum 11



Processing times

60'000'000'000 - SMILES

50'000'000'000 -
40'000'000'000 -
GDB-16
30000000000 -
20'000000'000 -

10'000'000'000 -

Lars Ruddigkeit, Ruud van Deursen, Lorenz Blum, ongoing work



Chemical Space Travel

Start

'

> Structural space > “n+1” mutation —

—— Selection «—

v

Target

v

R. Van Deursen, J.-L. Reymond ChemMedChem 2007, 2, 636-640
Julian Schwartz

N\ ~_ 5 /
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Nearest neighbour mutations®

Atom type exchange™®
Atom inversion'®
Atom removal®©

Atom addition®¢

Bond saturation'

Bond unsaturation

Bond rearrangement™
Non-nearest neighbour mutations

Aromatic ring addition

Replaces any atom by another atom type
Inverts two neighbouring atoms

Primary: A—X—A

Secondary: A—X-A—A-A

Tertiary: XA;—A—A—-A

(max. 6 combinations if 3 different A's)
A,CH—CHA, or A,C=CA,—CA,
Quaternary: XA,—A—A—A—A or A(A),
(max. 16 combinations if 4 different A’s)
On terminal atoms: A—A—X

In any bond: A—A—A—X-A

In chains: A—A—A—XA;; A—A—A—A—XA,
Quaternary centres:

CA,—A,CH—CHA, and A,C=CA,

(max. 6 combinations if 4 different A's)
Breaks a cyclic o- or any nti-bond

Makes a cyclic o- or m-bond

Breaks a o- or m-bond and inserts it anywhere else in the molecule

A-CH;—

A-NH,—

H20_>

O
A— NS
¢

14



Cross-Trajectories

) & @ <) .c:: M
o S = = = =

2 g 'z 2 B S B -

5 £ s £ =T B £ & E

.o = o [<P] (3} E > — j: [+~

= = 7 > = = 5 & =) 5) =

From: = QO < > < n s ) &) i >

23 18 18 22 24 26

- 10 18 19

Cubane (1) OIS IR ¢ S I ¢ D I ()

Aspirine 10%* - 14 21 15 16 24 22 22 33
17 31 15 21 20 24%* 25%

X 13 - 18

v 1) (1) M O @ @O W

Adenosine 17* 27 18%* - 14 15 24 23 27%* 29

22 29 26 31 25 25

sk ES _

Sucrose 18 0 22 1 25 1) 1) 1) M

Penicillin G 19* 13* 14* 23 19%* - 20 19%* 21% 29
Strychnine 21%* 17* 20 26 22 16* - 30%* 17% 2%
Colchicine 27 22% 21 26 18 22 23 - 2% 21%*

Tetracycline 28* 20 25°% 49 19 19% 16 28 - 17

Vitamin K 30* 24%* 30% 34* 28 % 27* 19%* 30%* 22% =

15



% Tpp (CHOX,C))

sqrt (Tgp (CNGX.c)

09

0.7

06

0.5

04

0.3

0.2

0.1

AMPA « CNQX

O
H ]
Os N N+
O_
- N
6" N SV

CNQX

AMPA < CNQX
500 runs, 559,658 cpds

8% from 6.9 million generated
410 cpds (0.1%) also in ZINC

0.3 0.4

0.5

0.6

0.7 0.8 0.9

sqrt (Tg, (AMPALC) x Ty (AMPAL))

0.50

1.0
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05
[T (CNQX) x T,(CNQX,¢)]

CNQX (BE = -9.3)

HoN & NH,

strong docking cpd (BE =-13.9)

AMPA (BE = -10.4)

| 01 | D!2 I DI.3 I 0!4 I D!5 | D!G | D!?’ I 0!8 I D!9 I 'I!D 1FTK.pdb

0s
[T.(AMPAc) x T_(AMPA c)] _
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van Deursen, J.-L. Reymond ChemMedChem 2009, 4, 1803-5
d, J. Chem. Inf. Model. 2010, in press

R. van Deursen, L. C. Blum, J.-L. Reymon

K. T. Nguyen, L. C. Blum, R.
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Periode

The Periodic System of the Elements

1 18
1 H 2 He
F;g‘;s%mﬁ Ordnungszahl ~ Symbole Ordnungszahl Serie ?Elég »
1 y + schwarz = nicht radioaktiv O Alkalimetalle [ Metalle 2
2 78 ] Pt = radioaktiv [ Erdalkalimetalle ] Halbmetalle 13 14 15 16 17
- Mame — Plat | cerie [ Ubergangsmetalle [] Michtmetalle
3 Li|4 Be Atomgewicht - 185, Symbol O Lanthanoide 0 Halogene 5 B|6 c|7 N|8 o9 F|{10 Ne
Lithium Beryllium %’2?’11?!3’1 T O Actinoide [ Edelgase Bor Kohlenstoff | Stickstoff | Saverstoff | Fluor Nean
6,941 u 90122 u m blaw = flissig durchgshend = natiidicha Elementa 10.81u 12,011 u 14,007 u 15,999 u 16,998 u 20,179 u
21 a2 Elektronenhillen rot = gasférmig schraffiert = kinstliche Elemente 28 24 25 26 an 218
11 Na|12 Mg . 13 Al(14  Si|15 P(16 S|17 Cl|18 Ar
Matrium Magnesium At m N m b Aluminium | Silicium Phosphor | Schwefel Chlor Argon
2299%u 24 305 u O I C u e r 26,982 u 28,085 u 30,974 u 32060 35453 u 39,848 u
2/8M 2182 - — e |, o 2/8/3 2/8/4 2/8/5 2/8/6 2187 2/8i8
3 4 5 |
19 K|(20 Ca P I 1 I t m N mb 31 Ga|32 Ge|33 As|34 Se|35 Br|3 Kr
- anadiu rl n CI p a u a n u u e r Gallium Germanium | Arsen Selen Brom Krypton
39,098 u 40,08 u 44 956 u 4790w 50,942 u 169,735 u 725%u 74,922 u 78,966 u 75,904 u 83.80u
2/8/8M1 218182 2/8/9¢2 208102 28112 218131 2082 21811412 2181502 2181602 2/8118/1 28182 21BMB/3 2/8i18/4 2/8118/5 2/8/18/6 21811807 281188
37 Rb|38 Sr|39 Y|40 Zr|41 Nb|42 Mo Tc|44 Ru|d45 Rh|46 Pd|47 Ag|48 Cd(49 In|50 Sn|51 3Sb|52 Te|53 1|64 Xe
Rubidium Strontium | Yitrium Zirkonium | Niok Molybdén | Technetium | Ruthenium | Rhodiem Palladium | Silber Cadmium Indium Zinn Antimon Tellur lad Xenon
85,458 u 87.62u 88,906 u 91,22 u 92 806 u 8584 u g9891u 101,07 u 102,91 u 1064 u 107.8T u 11241 u 114 82 u 118,69 u 121,76 u 12760 u 126,90 u 131,300
21818/ 2/8r18/ 2/8M8/! 21818/ 28018/ 2/8M8/ 21818/ 2181181 2/ai18s 2/8/18/ 218118/ 2/8/18/ 28018/ 21818/ 2/8r18/ 2/8/M8/ 21818/ 2/8r18/
81 82 9/2 vz 121 131 132 151 161 18/0 181 182 183 18/4 18/5 18/6 187 188
55 Cs|56 Ba|57-T1 72 Hf|73 Ta|74 W |75 Re|76 Os |77 Ir|78 Pt|79 Au|80 Hg|81 TI{82 Pb|83 Bi Po At Rn
Casium Barium siehe Hafnium Tantal Wolfram Rhenium Csmium Iridium Flatin Gold Quecksilber | Thallium Biei Wismut Polonium Astatin Radon
123291 u 137,33 u unten 1784%u 180,95 u 183,85 u 186.21 v 1902 u 18222 u 195,09 v 196,97 u 200,59 u 204,37 u 207,19 u 208,98 u 208,98 u {210 u) {222 u)
2818/ 2/8/18¢ 21818/ 218118/ 2/8M8/ 20818/ 2818/ 20818/ 20818/ 20818 2818/ 2818/ 2818 20818/ 20818/ 2818 20818/
18/8M1 18/8/2 212 32z 32122 32132 3242 212 321 32M18n J2M&2 32183 32184 32185 32186 32nar J2M1a8
Fr Ra Rf Ha 8qg Bh Hs Mt Ds Rg Uub Uut Uugqg Uup Uuh
Francium Radium siehe Rutherford. | Hahnium Seaborgium | Bohrium Hassium Meitnerium | Darmstadt. | Rontgenium | Ununbium | Ununtrium | Ununguad. | Ununpent. | Ununhex.
(223 u) 226,03 u unten {261 u) (262 u) (263 u) (262 u) {265 u) (266 u) (269 u) {272 u) (277 u) (287 u) (289 u) {288 u) (289 u)
218/18/32/ | 2/8/18/32f 28832 | MBMBI32 | 2/BMBIRZF | /M3 | 2/8M8M32 | 2/8MBA2Y | 883 | 281832 | 2BMBI3X | 2/8M8/321 | 2/8118/327 | 2/BM8/32 | 2/8MBI3YY
18/8/1 18/8/2 2oz 322 32n22 32132 32M14/2 32M15/2 32171 32M18M 32182 3211813 32/18/4 32185 3211846
57 La|58 Ce|59 Pr(60 Nd Pm|62 Sm|63 Eu|(64 Gd(65 Th|66 Dy|67 Ho|68 Er|{69 Tm|(70 Yb|71 Lu
Lanthan Cer Praseodym | Nesdym Promethium | Samarium | Europium | Gadolinium | Terbium Dysprosium | Helmium Erbium Thulium Yilerbium | Lutetium
13891 u 14012 u 14091 u 144 24 u 1459 u 150,35 u 151,96 u 157,25 u 158.93 u 162,50 u 164 93 u 167,26 u 168,93 u 173.04 v 17487 u
2/8M8/! 21818/ 2/8/18/ 2/8M8/ 2/8/18/ 2/8i18¢ 2/8i18¢ 2/8/18/ 21818/ 2/8i18¢ 2/8M8/ 218118/ 2/g/184 2/8/18/ 2/8/18/
18/%2 19/9/2 21/8/2 22/8/2 23/8/2 24(Bi2 25/8/2 25/9/2 27/8/2 28/8/2 29/8/2 30812 ez F28/2 32972
Ac Th Pa u Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protaktin. Uran MNeptunium | Plutonium | Americium | Curium Berkelium | Californium | Einsteinium | Fermium Mendeley. | Nobelium Lawrencium
{227 u) 23204 u 231,04u 238,03 u 237.05u (2441 u) (2431 u) (2471 u) (2471 u) (25611 u) (2541 u) (2571 u) {258 u) (259 u) (260 u)
2/8M8/32) | 28MB/320 | 2BMEME2 | 2/BMA8G2 | 28M8E27 | 2BM8B20 | 28MB82 | 2BMBEY | 2/8M8/E320 | HBMBME2 | 2818820 | 28M8/32 | 2BME82 | 281832 | 2BM832/
18/9/2 18102 200912 21/9/2 22r9/2 24/8i2 25/8/2 25/89/2 271812 28/8/2 209/8/2 30/8/2 /82 32/8/2 321812
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Molecular Quantum Numbers

38. r8 (8-membered rings
39. r9 (9-membered rings)

40. rg10 (=10-membered rings)
41. afrc (nodes in = 2 rings)
42. bfrc (edges in 2 2 rings)

> integer value descriptors of atoms, bonds, polarity, topology
> Immediate meaning, the values can be determined "by hand"
> 42 MQNs define a 42-dimensional "Chemical Space"
> PCA to vizualize most of the diversity in 2D or 3D (Map)
Category 1: Atoms Category 2: Bonds Category 3: Polarity Category 4: Topology
1. ¢ (carbon) 13. asb (acyclic single bonds) | 20. hbam (H-bond acceptor sites) | 26. asv (acyclic single valent nodes)
2. f (fluorine) 14. adb (acyclic double bonds) | 21. hba (H-bond acceptor atoms) ' |27. adv (acyclic divalent nodes)
3. cl (chlorine) 15. atb (acyclic triple bonds) 22. hbdm (H-bond donor sites) 28. atv (acyclic trivalent nodes)
4. br (bromine) 16. csb (cyclic single bonds) 23. hbd (H-bond donor atoms) 29. aqgv (acyclic tetravalent nodes)
5. i (iodine) 17. cdb (cyclic double bonds) 24. negc (negative charges) 30. cdv (cyclic divalent nodes)
6. s (sulfur) 18. ctb (cyclic triple bonds) 25. posc (positive charges) 31. ctv (cyclic trivalent nodes)
7. p (phosphorous) 19. rbc (rotatable bonds) 32. cqv (cyclic tetravalent nodes)
8. an (acyclic nitrogen) 33. r3 (8-membered rings)
9. ¢cn (cyclic nitrogen) 34. r4 (4-membered rings)
10. ao (acyclic oxygen) 35. r5 (5-membered rings)
11. co (cyclic oxygen) 36. r6 (6-membered rings)
12. thac (all non-H) 37. r7 (7-membered rings)
( )
(
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ZINC GDB-11

no.
no.
no.
no.
no.
no.

of cpds

of MQN-bins

of single occupied MQN-bins

of cpds in most occupied MQN-bin
of shared MQN-bins

of cpds in shared MQN-bins

8436272 26434 567
3654 836 2859938

1 832 566 660 851
300 1982
13769 13769
30779 254 604
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Pg@

OH

T
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K. T. Nguyen, L. C. Blum, R. van Deursen, J.-L. Reymond ChemMedChem 2009, 4, 1803-5



variance %
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Lorenz Blum

HBAmM
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up to 10 atomsc Q_j.valency rules only)

m RDB
0 GDB-13 up to 10
[0 GDB-11upto 10 -

B DMU

Lorenz Blum
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Lorenz Blum

H- _B_ond acceptors

29



Analysis of PubChem (19.2 million SMILES)

Cpds. / MQN-Combination

(-

10° 100 10° 100 100 100 10

4

Number of MQN-combinations

R. van Deursen, L. C. Blum, J.-L. Reymond, J. Chem. Inf. Model. 2010, in press
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PC-Loadings for MQNs
B PC1(65%) M PC2 (18%) M PC3 (7%)
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Frequency map

euclidean projection of MQN space
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R. van Deursen, L. C. Blum, J.-L. Reymond, J.

Lorenz Blum (GDB subsets)
E. Luethi et al., J. Med. Chem. 2010, 53, 7236, and N. Garcia-Delgado et al., ACS Med. Chem. Lett. 2010,
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Enriching the DUD actives from Pubchem

nr. of EF,, EF,

actives” | CBDyox | Tvox CBDgp| Tgr  ICBDyon Tumon  CBDgr  Tgp
Nuclear Hormone Recepto}s
AR 79 379.5 379.5 265.6 | 265.6 46.8 48.1 43.0 41.8
ERagonist 67 507.1 507.1 4325 387.8 56.7 50.7 58.2 47.8
ERantagonist 39 358.7 358.7 333.1 | 333.1 51.3 51.3 35.9 41.0
GR 78 166.6 1409 538.1 | 563.7 60.2 55.1 53.8 65.4
MR 15 666.2 666.2 4663 | 466.3 86.7 86.7 80.0 86.7
PPARg 85 728.9 623.1 870.0 | 905.3 87.0 84.7 89.4 91.7
PR 27 592.2 5552 5922 629.2 59.2 59.2 59.2 70.4
RXRa 20 849.4 599.6 8494 | 8494 95.0 85.0 85.0 100.0
Kinases
CDK2 72 111.0 83.3 138.8 | 138.8 20.8 18.1 15.3 16.7
EGFR 475 90.5 67.3 126.2 | 1325 25.5 20.8 20.2 27.2
FGFrl 120 191.5 183.2 6246 | 724.5 29.2 22.5 74.2 85.0
HSP90 37 378.1 378.1 648.2 ] 702.2 54.0 37.8 70.3 70.3
P38 MAP 454 424.8 380.8 691.2 | 783.6 59.5 55.9 79.5 89.4
PDGFrb 170 64.7 52.9 82.3 82.3 20.0 18.2 18.2 20.0
SRC 159 188.5 182.3 590.8 | 659.9 27.7 22.0 71.1 74.2
TK 22 545.1 4997 T726.8 | 726.8 81.8 81.8 954 86.3
VEGFr2 88 102.2 102.2 1363 | 193.0 20.5 19.3 20.5 30.7

Huang, N.; Shoichet, B. K.; Irwin, J. J. Benchmarking sets for molecular docking.
J. Med. Chem. 2006, 49, 6789-6801.
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Lead Hop(p)ing

O Q . i /ch
0.0 Q@ L, 125:5_»15@@

. CBD = 6 T —
Lead ER antagonist MQN N man = 0.958
(CBDgg= 160) Lead AR inhibitor (Ter = 0.107)
OEt
< 5 Y ) /I\
N4 g o HN" S0
\ NH _— Mes/l ND/OMe ACHN:@\ > AcHN\©\
o)
> B HoN COH COH
Lead HIV RT inhibitor CBDwan = 15 Lead NA inhibitor Tman = 0.981
(T = 0.163)
NP N .
o)
j‘\ J—NH > — NH
S N O
MeO  OH O
N CBDygn = 22 =
Lead pde5 inhibitor (CBDMQN— . Lead EGFR inhibitor Tman = 0.980
sF = 299) (Tse = 0.244)
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The PubChem-browser

> Draw structure
> retrieve MQNggp neighbours in database

Puhl::hem Browser M= E3

Structure Analog search options
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Subsets of GDB-13

> A: full GDB-13

> B: A without esters, carbonates, sulfates, aldehydes, epoxides,
aziridines

C: B without non-aromatic het-het bonds

D: C without non-aromatic C=C

E: D without small rings

F: fragment-like portion of E

MQN sets: 10,000 MQN neighbours of query molecule in any of
the subsets A-F

vV V. V V V

> Scoring:
— structural similarity to query (Tanimoto of SF fingerprint)
— shape similarity to query (ROCS)

Lorenz Blum
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MQN-sets yield high ROCS scores
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B 1200 -
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Lorenz Blum
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NH, NH,
: HO =
HO,C™ > > Co,H BN 6o H
L-Glutamate L-Aspartate
Kuy =18 uM Kuv =7 UM

1. Diversify: 101026 Asp and 151282 Glu from GDB-11
2. Virtual screening: HT Docking to GLT-1 (1XFH)
3. Synthesis, testing, optimization

v

NHz rac-25a
\COQH ICSO = 14 HM
CO,H
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Known GLT-1 Ligands

HoNs, _COLH

CO,H

1 (L-Glutamate)
BE =-9.1 kcal/mol

HO,C

2 (L-Aspartate)
BE = -8.2 kcal/mol

QNH

HO,C ~ COH

3 (trans-2,3-PDC)
BE = -9.5 kcal/mol

QNH
HO,C™= -

e COH

4 (3-Me-L-2,3-PDC)
BE = -9.4 kcal/mol
Inh.% of control =

Inh.% of control = K=12 uM
84@100puM ’ 88@100uM
H
H oA H HzN.,,_CO,H CO,H : HOLC
CO,H HOLCr NH 1 NH CO,H
HO.C HOLC 2 =~
HN Ho,C H ToH NH
5 (L-CCG-II) 6 (L-CBG-IV) 7 (L-3,4-MPDC) 8 (Azabicyclo-ODD) 9 (WAY-855)
BE = -9.2 kcal/mol BE =-10.7 kcal/mol  BE = -9.5 kcal/mol BE = -10.0 kcal/mol BE =-10.7 kcal/mol
|050=2 MM K,=7 HM K,=1 HM K,=52 IJ,M |050=1]J,M
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GDB
(26.4 million cpds)

I

1°and 2°amines
w/0 aziridines
(1.3 million cpds)

2xCH — 2xC-CO,H

o-amino B-carboxyl o-amino y-carboxyl
v v
Asparates Glutamates
(225'266 cpds) (334'531 cpds)
| |
Rbc <3 Rbc <3
v v
Asparates Glutamates
(101'026 cpds) (151'285 cpds)
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count

80000 -

20000 - — Asp_1XFH_AIl stereoisomers
— Glu_1XFH_All stereoisomers

60000 Asp_1XFH_Best stereoisomer
— Glu_1XFH_Best stereoisomer

50000 -

40000 -

30000 -

20000 -

10000 A

0 T 1 1

-1 13 11t 9 -7 -5 -3 -1 1 3 5 7 9 1

BE (kcal/mol)
NH, NH, COH COH
I—NH, —NH,
— CO2H CO,H ",
7 COLH CO.H COzH COH
8 (rank 1) 9d (rank 19) 10 (rank 4888) 11 (rank 5176)

-13.34 kcal/mol -12.52 kcal/mol -10.46 kcal/mol -10.42 kcal/mol



% Inhibition

o

Glutamate uptake assay in Oocytes

ICsy (GLT-1) ICs0 (EAACI)

[uM] [#M]
rac-23a (vinyl) 130 £ 70 no inhibition
rac-25a (phenethyl) 1.4+0.7 no inhibition
rac-25d (phenethyl) 195 no inhibition
rac-28a (propyl) 25+3 no inhibition

rac-28b (butyl) 14+ 8 n. d.
SE8E83C-8S88BILLTISLER rac-28c (o-HOPh) 21 11 no inhibition

AN ANANANANANANANANANA

rac-28d (p-C1Ph) 1711 no inhibition

7 (WAY-855)" 1.3 53

NH, 17 (L-TBOA)" 3.8 7.0

CO2H
COH TFB-TBOA® 0.017 0.3
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Docking found consistent binding modes
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Estimated binding energy (kcal/mol)
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-15

Docking selected compact ligands

I I I I I I
Aspartate library

200 250 300 350 400

Solvent acessible surface area (A2?)
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Exploring a7-Nicotinic Receptor Ligand Diversity by Scaffold
Enumeration from the Chemical Universe Database GDB

Noemi Garcia-Delgado,” Sonia Bertrand,™ Kong T. Nguyen,” Ruud van Deursen,’
Daniel Bertrand,™ and Jean-Louis Reymond**

"Department of Chemistry and Biochemistry, University of Berne, Freiestrasse 3, 3012 Berne, Switzerland, and
TDepartment of Neuroscience, Medical Faculty, 1, rue Michel Servet CH-1211 Geneva 4, Switzerland

PNU-282,987 SSR180711
I

1. Diversify: all diamines from GDB-11
2. HT Docking to AChBP (1UW6.pdb)
3.  Synthesis and testing

!
O/\Nj)\o/@ 1

|C50 =5.6 MM

N\\) h a7 nAChR antagonist
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GDB-11
26.4 million cpds

CioNo NH,
1 tertiary N, \ i ’ - /E/\NH
and 1 -NH- or N C,.,oN with |
NH,at2C tertiary N
distance 103,528 cpds _l

of tertiary N

72,740 cpds Add NH, at

2C distance Insert N between
of tertiary N 2 carbons at
153,359 cpds 2C/3C distance

N
H,\,]C NH> of tertiary N
Ng 31,138 cpds

A

233,572 diamines@

0 Q Br
Sy | O
o N o >
A o B o ©
r J Ny
| N
o] O™ >~
D E
\ 4

1,167,860 analogs
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Compound IC5 or ECs activity type
1 5.6+1.7uM competitive antagonist to ACh
2 6.1+1.5uM non competitive antagonist
3 7.0+1.1 uM mixed antagonist
4 72+12uM mixed antagonist
6 4.4 uM® partial agonist”

1
ICSO =56 MM

5 (PNU-282,987)

o, v, AR

6 (SSR180711)
EC50 =44 !.,I,M
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| LA

ACh 200 uM + Cpd 1 uM

T
enumeration suggested new structures e
. docking did not predict binding mode and activity

0.8 _ +

06

ICy, =5.6+1.72
04t nH=0.91x0.04

mean of 5 cells
0.2

0 s s ‘ s * =
-3 -2 -1 0 1 2 3
pK-Cpd 1 uM + Ach 200 uM

(:ﬁr’\NjiO/[::rBr 1

A

o
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|C50 =56 LLM

h a7 nAChR antagonist

ACh uM
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-6
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TTTTTTT

300

ACh
EC50=87+10 {\;{
nH =2.1+0.025
08 =4
o)
n
c
S 06!
8 ACh + 6 uM NGB 5-5
; ECg0 =169 * 24
.E 04}t nH=1.7%0
E n=3
£
S
Z 0.2¢
0 3T J . .
0 1 3 a4

pK-ACh UM
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