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I. Select hydrocarbon graphs (ring strain, topology)

II. 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

III. C to N or O following valency rules

IV. Filter bad functional groups, select tautomers

V. Post-processing: Halogens, S, etc.

GDB (SMILES) Stereoisomers

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, Lorenz Blum (GDB-17)

GDB AssemblyGDB Assembly

CORINA

GENG
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Claus Benzol

K3,3 Graph

Tricyclo[2.2.2.2]decaneTetrahedrane

I. Graph SelectionI. Graph Selection
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IV. Filter Bad Functional GroupsIV. Filter Bad Functional Groups



5

GDBGDB--11 (CNOF)11 (CNOF)

Table 2. Overview of the structure generation process.

Nodes Graphsa Generatedb Acceptedc
Unique

Tautomers

(GDB)d
All Tautomers Stereoisomerse

1 1 4 4 4 4 4

2 1 10 9 9 9 9

3 2 52 20 20 21 20

4 4 332 80 80 88 87

5 8 2’294 357 352 397 469

6 20 18’066 1’906 1’850 2’135 2’911

7 57 154’542 10’953 10’568 12’438 19’904

8 194 1’445’073 69’563 66’706 79’899 153’601

9 705 14’213’741 464’402 444’313 540’002 1’258’963

10 2’822 146’004’340 3’259’036 3’114’041 3’827’907 10’898’065

11 11’912 1’558’491’448 23’875’101 22’796’628 28’240’425 98’645’474

Total 15’726 1’720’329’902 27’681’431 26’434’571 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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Number of 4-membered rings

Number of 3-membered rings 0 1 2 Total

0 124 [3] 189 [60] 103 [67] 416 [130]

1 225 [50] 238 [177] 20 [19] 483 [246]

2 201 [88] 55 [48] - 256 [136]

3 53 [26] - - 53 [26]

Total 603 [167] 482 [285] 123 [86] 1'208 [538]



7L. C. Blum, J.-L. Reymond,  J. Am. Chem. Soc. 2009, 131, 8732-3

GDBGDB--13 (CNOSCl, max. heteroatom ratio)13 (CNOSCl, max. heteroatom ratio)
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Name
 

Formula Same Formula
 

           TSF
     

   

   AVG         > 0.7
 

Aspirin C9H8O4 804 153 0.23 178 

Benzocaine C9H11NO2 1 846 579 0.24 74 

L-Tyrosine C9H11NO3 9 276 529 0.46 24 952 

Levetiracetam C8H14N2O2 2 154 955 0.28 35 

Memantine C12H21N 2 872 586 0.31 10 912 

Menadione C11H8O2 233 715 0.44 112 186 

Metaraminol C9H13NO2 2 920 516 0.26 30 

Mexiletine C11H17NO 18 371 393 0.25 119 

Propofol C12H18O 5 263 227 0.25 240 

Rasagiline C12H13N 1 323 525 0.13 411 

Rimantadine C12H21N 2 872 586 0.26 173 

 

Drugs and isomers in GDBDrugs and isomers in GDB--1313



10Phenmetrazine isomers
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Chemical Space TravelChemical Space Travel

A

B

n

“n+1” mutation

Selection

Start

Target

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

Julian Schwartz

> local enumeration
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Chemical Space as a GraphChemical Space as a Graph

A

B
Nearest neighbour mutations

Atom type exchange

Atom inversion

Atom removal

Atom addition

Bond saturation

Bond unsaturation

Bond rearrangement
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A

B

A

B

A

B

A

B

mutation selection

selectionmutation

F(c) = (TSF(target, c) x TPF(target, c))5
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Trajectory LibrariesTrajectory Libraries

A

B

A

B

Filters

"crude" possible
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Trajectory Examples (1)Trajectory Examples (1)

Steps from CH4
[b] Steps to

Compound Formula mass n
[a] Nearest

neighbours

With

aromatic[c]
N

[d] MeOH[b]
N

[d]

Cubane C8H8 104 8 12 - 6'638 7 994

Fluorouracil C4H3FN2O2 130 9 16 9* 2'456 7* 560

Metheneamine C6H12N4 140 10 12 - 6'157 9 1'768

3-Tetrazene-2-

carboximidamide
C2H6N10 170 12 12

-
4'685 11* 2'007

Aspirine C9H8O4 180 13 15 8(1) 2'567 12 2'582

9-Ethyl-carbazole C14H13N 197 15 n.f.[e] 20(2) 20'501 16 5'357

Vitamin H C10H16N2O3S 244 16 18* - 27'161 14* 6'304

VX (van) C11H26NO2PS 267 16 21 - 29'460 14* 3'954

Adenosine C10H13N5O4 267 19 n.f.[e] 25(2) 23'680 19* 13'639

β-estradiol C18H24O2 272 20 23 15(2) 43'089 20 19'067

Retinal C20H28O 284 21 23 - 45'176 19* 15'100

Morphine C17H19NO3 285 21 26 18(2) 69'113 20* 16'247

Aspartame C14H18N2O5 294 21 303 16(2) 34'172 20* 11'430

Cocaine C17H21NO4 303 22 n.f.[e] 20(2)* 70'807 22 17'993
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Trajectory Examples (2)Trajectory Examples (2)

Steps from CH4
[b] Steps to

Compound Formula mass n
[a] Nearest

neighbours

With

aromatic[c]
N

[d] MeOH[b]
N

[d]

Tetrodotoxine C11H17N3O8 319 22 28 - 106'158 20* 16'757

Sucrose C12H22O11 342 23 25* - 67'052 21 19'552

Penicillin G C16H18N2O4S 334 23 n.f.[e] 20(2) 70'497 23* 15'748

Strychnine C21H22N2O2 332 25 n.f.[e] 26(2) 176'721 25 32'479

Papaverin C20H21NO4 339 25 n.f.[e] 25(3) 53'099 25 28'449

Colchicine C22H25NO6 399 29 37 32(3) 136'519 28 33'592

Calcitriol C27H44O3 417 30 37* - 298'327 28* 65'595

Dipicrylamine C12H5N7O12 439 31 n.f.[e] 21(2) 21'015 26 13'950

Tetracycline C22H24N2O8 428 31 36 30(1) 173'734 30 34'883

Vitamin K C31H46O2 451 33 55 42(3) 411'107 32* 77'337

Epothilone C27H41NO6S 508 35 n.f.[e] 62(4) 709'250 34* 75'219

Vitamin E C29H50O2 531 38 71 40(2) 443'477 37* 140'017

Reserpine C33H40N2O9 609 44 n.f.[e] 68(5) 286'342 62 230'646

Taxotere C45H55NO15 808 58 n.f.[e] 74(4) 1'128'960 57* 304'172
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Mapping Chemical SpaceMapping Chemical Space

1. GDB, CST

2. MQN

3. Scoring

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

R. van Deursen, L. C. Blum, J.-L. Reymond, J. Chem. Inf. Model. 2010, 50, 1924-1934
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The Periodic System of the ElementsThe Periodic System of the Elements

Principal Quantum Number

Atomic Number
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Molecular Quantum NumbersMolecular Quantum Numbers
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 ZINC GDB-11 

no. of cpds 8 436 272 26 434 567 
no. of MQN-bins 3 654 836 2 859 938 
no. of single occupied MQN-bins 1 832 566 660 851 
no. of cpds in most occupied MQN-bin 300 1 982 
no. of shared MQN-bins 13 769 13 769 
no. of cpds in shared MQN-bins 30 779 254 604 
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PubChem (19.2 million SMILES)PubChem (19.2 million SMILES)

R. van Deursen, L. C. Blum, J.-L. Reymond, J. Chem. Inf. Model. 2010, 50, 1924-1934
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euclidean projection of MQN spaceeuclidean projection of MQN space
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Frequency mapFrequency map
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PC' = Sqrt(1+PC) PC' = Sqrt(1+PC) -- 11
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Ring atom ratioRing atom ratio

PC2

PC3

(0,0)



32

Cyclic double bond ratioCyclic double bond ratio
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Carbon ratioCarbon ratio
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HH--Bond acceptor ratioBond acceptor ratio
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Ring Atom RatioRing Atom Ratio
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Scoring Chemical SpaceScoring Chemical Space

1. GDB, CST

2. MQN

3. Scoring

R. van Deursen, L. C. Blum, J.-L. Reymond, J. Chem. Inf. Model. 2010, 50, 1924-1934

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, 1, 

422-426
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Enriching the DUD actives from PubchemEnriching the DUD actives from Pubchem

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)ingLead Hop(p)ing
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Lead Hop(p)ingLead Hop(p)ing
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