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It iz well recognized that tha enterprise of discovery and develepment of new drugs is
expensive and time consuming, The estimated cost of taking 2 drug from discavary 1o
market i3 estimated 1o be about UZED 750 million and can take between len and
twelve years. Furthermore, during the last 10 years lhe annuzl RED expenses for
drug discovery have tripled while the number of Mew Chemical Enfities launched has
ramained at the same level of 50 per year, As stated by Goorge Milne, VP of R&D at
Plizar, during a lecture at the Drug Discavery Techneologles 2001 conference.
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The process of discovery ol 10 bring a drug 1@ market is 3
l.'l.'llll_|'l|l.'.'«. i as depicted in figare |,

Lrug descovery begins with lesiing convpouids usually by
High Throughpar Sereening (HTS) ond cowls with selection of
cnmdicates for furiber siely amd deselopment. Siatisiacs show
thal npproximobsly A0% of 1he research cosis are charged b e
|.||'H|LL 'l.lih“i.?'l-"l.'lj wllorl as compared Do 0% foar g develaps
mend, A feasanable objective for che pharmacsutical and
bintechnology compemies should bz 10 concenieats an reducing
ke coste amd shorteming the me of the inigial sep in the drog
discovery process, This con enly oceer iF mone aicialica and
maney are placed in the very Gt step of drig discovery. wibel
is the selectian of serceiting compumids andfor building blecis
far comhinpiorial libearics, Compounds and libearies For scieen-
ing must be examined from o chemical peint of view thal
encompisses mierg than the “Lipmski Bules of Five" lisied
brlow:

I, Mlecular weighis less cham 300

A0 Laog PP less than 5

3, Muniber of ydrogen band daonars less than 3

4, Number of hvdrogen band neeepioss less il 3
8. Mo mare than live fused rings

In recent years, a signifcan) podion of the R&D Bislpet his
Been invesisl in biology aml biolepy relaed arcss such 2=
genomics and proteomics; and in technology platforms
designed to inerease Lhe number of compounds assayel.
Hewever, some significant preblems, such ns development
Lime, palent pesition amd anisen rale in clinical igials, emain
tmchanged, despile these invemmens. Canoo bigeer investimein
in chemistry mnke positive contribations 10 dmg development
il in pariienlar combinaorial chemisioy?

The privblems encouaniered with sach of three areas of develop-
il lime, pidend pesition aml atizitien are descrihed helow,
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Flgure 1z The Dvug Discavery Fioousy

* The developmeent time afler fling o patent ond befons a
drug reaches 1he markel, is 5611 wnoccepinbly bong, This
resubis i@ limited pesicd ta cash-in from the peient pro-
toctban. Tlee faster a drug is an the market, and the langcr
the patznt lifetine, the bailer the investment will be. Fog o
billien dollar per vear drug, every month of exiended
pariena Dife brings i exirs 520 aillian.

= Pubent positions ane oflcn weak e e the Fact Chat thit
mnny companies parsae e same Larpels and use the sames
o similar chemieal Librares seguired from cammerciol
vendors nmellor likcarics svnthesized wsiig combinatorial
or parallel svnthesis, This reduces the Bkelibiood of oldain.
ing i pobent becoose known compaunds aind analoes of
kmpawn componnds are all boing reseed.

=The atirition rae is unneceptable high, only 1 ot of 12
compiunids entered indo clinical tmals bacomes a new
wlmog.

Chemisicy can assist in addressing the issues staced above. The
pharnmzeentical and hinlechnalogy companics must s with
belber soreening campoumls ond more unique building Llocks.
If pharmaceutical and biclechnolegy componics invest in
i areas af chemistry o study their relasionship oo il
2y, then the likelibaod that companize are pursving the same
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largels and e sume chemisry will be reduced. Therefores, the
starting poinls thits) identified in the lend discovery should be
B3 uinique as passible, thus reducing the risk thot o conpeand
class alrsxly has been paiented,

When selecting starting materinls for combinatarial chom-
i51r:.-' uneqee building blicks and chemical hanifles nesd Hmi:]l
considerniien. Making vasaliags on the ssme themes over and
aver agiin will nea add ol Xiowledge hase or prodace new
chemical cigities with cliarsdcriates o qualily Tor paiznds,

Chometeristics of & pomd buildang Block are:

* Modecular wieiphis less than 350 Dalions,
= Small fused ring bicrocyclics,

= [nesresting core sEruetures,

* Chemical handles.

Inleresiing core stmaziures ncluds the follewing:

= Pyridines, dinzinge and triazines.

= {[sojquinalines

= {lsmjincles, benzofiurances and benzothiopheises
* Tri-aml fetrawales, (dijchieddiramales

= Imitkazales ind pyrzelcs

= Pleridines, nuphthericines and puripes

* Phifhalazines, gquinnzolines and quirskalines

= Acridines, phennzines and phenothiozines
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Qualifving chomical lasdlzs ane:

= Carpeoivlic pclds, aldekydes =l {stable) poid chlocides
= Bulfanic ocids, sulfomic aminesecondary amides

= Hulagens, mizibyl and acyl groups

= Hydrowy- ghie-amd nitre proups

= Amincs and sceondary amides

» Hydrazirss, imines and oximes

In addilion, chemisry sofiware programs shoald be urilized
tffectively. Predictive software can wssist in the following
Areas:

| Selection of targesed sets of compuunds of existing com-
poueel reposilarize using known Slouclure aclivity nela-
tlonships. Sophisticaled programs e availshle thal com-
bine a number of duinhases 10 ecars a knowledps basod
syalem compossl of chemical functivnul groops and o
number of biologicnl netivities associaed with spacifie
Gonpeunds.

2. Belection of special =25 of compounds using seftwars
thal sarrelates chemicnl Arictures.

3. Belection of compoends using specilied and well-
ihaagla-cal sets of descripions such &5 Lipinski parnme-
fers, S A, amd eleciroliopolopical) descripiars,

4, Szlection of compounds Thal displny desived mmicologis
cal prapenics

A Beleetion of “diverse” sets of com pounds froa larpe
dofabases alecady possessing struetural

companies should consider analyzing iheir in-bouse database
for diversity. Then they should consider woys to fill the holes
with new chemical calities with biakagical fenturss. Starting
wilh virtunl librarkes asd 1hen refining the process o peserale
ompounds with blolagical furciicnolities can help with this
issuz. In addidon, the compoumis must be able o be synlhe-
sized in & reasonable cumber of sleps wiily suffickznl yields.

Orgonic ond ntedicinal chemises unfortunobely ans cat as
creative ns natune,

This is Bemanstrated by a Z-dimensicanl plot of 5 Matural
Prowuet datnbase of 2661 compauesds (ses fipure 2] and 2 syo-
tustic procucis dainbnss of 2000 compounds (fgune 30, The
axnes are defined a5 ihe ring deseriplor zamd beleroriom descrip-
tef. The ring descripter couns all possible size rings fram
bargost to smallest in 2 compeand. The keteratom descriplor is
all the peasible ways t coom beoween the heleraloms, from
langest to shactest. The Motoral Products ane much mors evenly
dispersed theaughont the space, whereas the syrthetic orpanic
congoursls clusler in specific aread, mainly the hins for fve
and siz-memberl fing sysicms. It would bBe gomd B exnmine
ihe apaces where no referenced compounds ate Incaied,
However, there ane limitmions here. The virtual chemicnl world
is approgimately 10 * compounds. Another example slighily
mare EJS“}' comprebendzd is char if 1000 different dinmines
were o b fescled with 26,500 halides it wauld ake 30000
»eqrs o sorecn the products ol o sereening mic of [DXHE] per
day, This tosk 85 cven more mind-bogpling when we realizil
the number of targels auw identified to ossay. Tharefore, an

fealures charzcteristic of hiologically

ackive CHNpaENdL. ﬁ 06 07 08 0 11

6, Creneration of new cluwical entities with
kinlegical fenbares.

T.Anzlysis of &0 organization's chemical os|
repacilony far divessing,

13]-
11
Lel's consider the last two poinls in more =i
ditail. Analysis hos shown thar synibetic organic b
cheenists mone cften than rot speelalize in cerliin
svnthete areas and aften do not vealans very Far 1l
a figld. In veder 1o nehieve more ehemical diver-
sity there are two opprozches, One apprasch is 1o gl
fouine s¥nthetic compaunds from as Bany gloh
al spurees & possible. The seeond opproach i 1o 18
explore software programs thot geneeate new {
chemical ertities and seaffolds, The patl of least -

resistance is to condines (o do what has hesn
dene in the past. Under these conditions, naw
chemical seaffalds and new chemicnl cititjes ano T
raab a5 likely w be genemted, This Inck of diverse
sructural iypes can be demanstrated by il Fact
that when the three-dimensionn] shapes aid
miolecular framewosks were expmined for 1he
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moee than 3K vatries in the Comprehensive
Medicinnl Cheanistey databasz, only about 20
senffolds wore copresented. Pharmaeeuileal

Flgure 2; 20 Scalfok] Epace for Matural Products Dalehass (2,661 Gompounds)
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itk semsible decisions. Drug develapment
deerssons must be msde om 1l basis ol elisble
data. Also tee guallty of the compodnds
requircs close scrutiy tn the effon W capiune
and apply rellable dma.

The anciticn rale of one i welve indscstes
that “desegning’ @ compourd with Lhe right
pharmacological prefile needs muel more
algzncion, The impoartant featuecs so ke consid-
ared sre dhisorpeion, Dastribotien, Metabalism,
Exeretion und Toxicolopy (ADMET: nll nsso-
gigeg) with the melecular siructone, A much
becter undersianding of this structure/perdorm-
ance n:l:uli.nn:hip is needed 10 develop |'|r¢-c|ii:-
Livee algorithms that will incnease the survival
rate al compounds in clinical trials.
Investment in the chemistry upfmnt shonld
reduce This alirlirm rale, thus increasing the
success rile and perhaps mare impeantly by
reclecing al the same lime the development
Crls.

Conclusion

Eelurming 1o the dmg discovery pricess illug
tribed im figire | areas whene chamists con
rnake fundarental conEibalens o make drug

discovery mare elfficlen are n thrce main

Flgure 3: 2 Scaffold Spaca lor Maiural Prodscis Dalgnasa (2,000 Comgoands)

miElligent appraach must be devised 10 be ablde o 1) evaluase
the chemical peasibinges: 2) actually symbssis s congpouids;
e thew 3y pese the compounds against e appooprise Grgels.

Ancdler iteresing Cacl is thal known and meposted chem-
by avoaants for only one-fillls of 1he chemisiey thal has been
done and ihe compourads thar have been made. We caim call the
ciher faur-fifihe “lest chemistery.” The missing #0%% is in labora-
tary notebooks somewkere, but have never becn published.
Apain, virtal compound libraries will include these com-
potiedls. With coreful anolysis the vinble compownds can be
ilentified,

In the end, befter chemisiny will redece the dime requined
for bead dliscovery nod eptimization so thot drog carlidabes cim
eriter clinienl irials sonner, This enfire proeess has o be made 55
efficient 05 pessible, Although nwiomntion and duia mnnage-
ment play A very impemont rale, it is plso essentinl tho high
guitlicy dila are awvailahle in onler 40 enable 5 projes team o
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arens. The ereatlon of vigwal Hbraries will
capand the chemisis' thinking cul of the box,
The wee of high quality predictve soltware
will help e make bemer Inital selections of
cergening eompounds. The medieinal and
argnnic synthetic chemists should mere diligently invesiipace
smierping chemisiny not immediately availab¥e o the phoman-
ceuticnl industry, The rede of the hetcrocyelie clemis is clear
and grucinl in thess three arcas. Heleroeyclic chemistry Is ihe
cnmzrstan: of ihe phomncetical indusiry ned there is novnst
amant of new chemisiny o be done.

The binlopists initiubsd 2 revoladen in the drug disoovery
procass during the ninzi@es, Mow il is time For the chemisis 1o
ekl the crucial issues that can be solved by chemistry, initiag-
imy 2 revolation by the chemisds this decade. Betler drugs reachs
img e market Gaster witl necducsd easts - hat is wehal chemisiry
can amd s deliver.
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