This project involved the develop-
ment of a computer protocol using
the open-source chemical library
RDKit and Python as the program-
ming language. From the structure of
a chemical backbone (Pyridinophane macrocycles), the protocol
generates different derivative 2D structures by varying the attach-
ing groups and their positions on the backbone structure, up to
18,000 final structures. The protocol then screens these structures
for many desired chemical and pharmacological properties in or-
der to narrow down the best few candidates for synthesis. This
protocol can save time and resources for synthesis labs while
providing a way to optimize chemical backbones in drug design.
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tive stress. To enhance antioxidant activity, the group proposed a library of ligands as modi-

For each attaching position, loop over the items of each ligand libraries

and attach them to the frameworks as SMILES strings.
Ex: PyN3 “c1("+R1+")cc2ne(c1)C'+R2+'CC'+R3+'CC'+R4+'C2”

fications to the pyridinophane frameworks.
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Figure 3. Results for PyNs (a) and Py,N, (b) frameworks. PyN;: 18634 to 5828 structures.

Py,N,: 154 to 34 structures.

i L - - (ot o
T 2 | catechol o
| | > l NH -H "CCele0, -c:z-(:?-io) H
N/ N NCH3 -Cl @Q/OH H
NH HN NH B R2 -X X= NCF, s )/\&Hj ' N\ o/ \N N OH
N-CH,CgH;O ek iy TN : 7 \= [ 4
o/ "N XJ ﬂ;j NCH,(BHQ) -CH, e e Convert the SMILES strings to 2D molecular structures o—( | g
2 — N

Ry46=0

| Rs

N(CH.,),(IND) -CH,CH; bty N/
N(LA) -OCH,C.H,0, \_ / |
N(CH,),CgHs0, n=0,2 -OCH,(8-HQ)
o s -O(CH,),(IND)
-O-LA b

(a) (b)

Figure 4. 2D representations of the Green group’s synthesized compounds PyN5 (a) and

-O(CH,),C¢H,0, n=0,2

Compute the descriptors for each resulting 2D structure (MW,
ring count, cLogP, HBD, HBA, PSA)
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[ MW < 500 ] [cLogPSS.O] [ HBD <5 ] [ HBA <10 ] [ PSA <90 ]

Py,N, (b) based on the RDKit 2D internal representation. These two-dimensional structures

Fi 1. TCU G p’ full thesized pyridinoph le £ - . . .
ieHre tETL STOUP S SUCLESSIHEY SYNIMESIZEE PYHCIMOPHALE THAtbeyLlc aime are automatically generated by the cheminformatics protocol, and do not perfectly repre-

ks (PyN3; and Py,N ] ther d Iib f ligand difications to the back-
works (PyN; and Py,N,) and their proposed library of ligands as modifications to the bac <ent the real 3D molecular strucures.

bone structures.

Discussion. Based on the results obtained from the protocol, the two compounds already

Due to the resulting large number of possible structures, computational pre-screening 1s es- Count the total number of Lipinski’ rule violations for each generated

synthesized by the Green group were among the candidates for synthesis. In recent years,

2D structure (up to 5) t]

sential to select the most promising candidates for synthesis as well as for biological and here have been concerns whether Lipinski’s rules still hold as a valid screening method for

chemical testing. The ligand screening utilized the RDKit open-source cheminformatics

drug candidates. It was found that in 2016 and 2017, the average molecular weight of FDA

toolkit,' with Python3 interface. The developed protocol is capable of generating the 2D ~_~

Count and report the number of derivative structures that has 0

-approved drugs was larger than 500 g/mol.* Moreover, there existed many expansions of

structures of all the possible modified structures of the pyridinophane frameworks and Lipinski’s rules that could give more accurate screening conditions such as Veber’s or

screen them for “drug-likeness” based on Lipinski’s “Rule of Five.” The properties comput- violations of the Lipinski’s rules

Ghose’s rules.

ed and used as screening conditions 1n this project were molecular weight (MW), ring

count, octanol-water partition coefficient (cLogP), number of hydrogen bond donors

(HBD) and acceptors (HBA), and polar surface area (PSA). CONCLUSION
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In 1977, after assessing various approved drugs and clinical candidates at that time,

Lipinski’s Rule of Five:

From the starting 18,634 possible structures for the derivative of the pyridinophane frame-

work PyNs; , the developed protocol were able to narrow the list of candidates to 5828
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Lipinski and co-workers proposed the “Rule of Five” for orally active compounds.

Number of possible modified Screening Protocol: , , o o structures with 0 violations of the Lipinski’s rules. Similarly, the Py,N, framework also

P MW < 500 For a drug molecule to be orally bioavailable, the molecule’s lipophilicity and solu- | | o . |
SUUCIHIES. - - , o , , yielded 34 best candidates from the original 154 options. In the next stage, 3D structures of

cLogP < 5.0 PyN;: 5828 bility are important factors in intestinal absorption. Molecules that are small (MW < - p ) 1 and cubiected 10 DET (densite functional |
113 _ : these compounds can be generated and subjected to ensity runctional theory) calcu-
PyNs: 117 x 14 = 18,634 HBA =10 PyaNa: 34 500), less soluble in water (cLogP < 5.0), has small total polar surface area (PSA < | P S | J | .( y )
Py,N,: 11 x 14 = 154 HBD <5 . lations for more advanced properties such as metal binding ability, pKa and pl, HAT, and
90) and hydrogen bond counts (HBD < 5 and HBA < 10) are more likely to cross . |
PSA =90 o . redox potentials to further reduce the list to 20 - 30 compounds.
\ / the lipid bilayers of the cell membrane.
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