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the torsional nodels, for each characteristic angle
step of determining at least one of a plurality of conformers for each normahzed fragment can be included.

30  Select embodiments also include a step of associating a plurality of internal coordinates with each conformer.
One such set of internal coordinates are torsion models, such that each of the torsional models possess a
plurality of characteristic angle values corresponding to each chemical bond representation in the conformer.
Then a step of determining an energy difference level for each conformer may be performed. This energy
difference level represents an incremental amount of potential energy above a specified nominal energy value

35  required to maintain each chemical bond representation at each of the plurality of characteristic angle values
in the torsional model. A step of selecting for each torsional model, a conformer having a corresponding
minimum energy difference level is performed. The corresponding minimum energy difference level is
selected from the energy difference levels computed for each of the torsional models, for each characteristic

angle value.
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30 The invention will be better understood upon reference to the following detailed description

and its accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A depicts a simplified block diagram of a representative hardware embodiment
35  according to the invention;
Fig. 1B depicts a functional perspective of the representative hardware embodiment
according to the invention;
Figs. 2A-2E depict perspective views of a representative molecular structure having various

conformations;



Fig. | B depicts a functional perspective of the representative hardware
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overg appi ng fragr@ggt Sdefdt&nemnﬂ%ﬁmé&&@ conformation sets for each of
fragnments of Fig icts the intersection of conformation sets

of Fig. 10 Fig. F& Séfﬂ"i‘,sc"é‘eéa“? BemBrlsenn of teaolesyinindtg.-&: ri ng structure;
Esg 13 depicts tIrg. dﬂéﬁﬂﬁﬁgraphgep@efser@aubﬂ Mhe%?l&hlﬁoltl?g mmﬁ%&eﬁ@;r sangar% 12; q
epi cts some of the fragments that are forne

during c}‘é)ggas a(')csulnfcug'ho%' ée?ﬁ“deéﬁelsecul e of Fig. 12; Fig. 15 depicts tables
used in conf or mat iFigaalA- %@bymw%ﬁdﬂgmtmfsie@rapmnfbé i ng nodes; Fi g 16
depigts an exam@'d@ﬁéﬁ ﬁfyﬁ&ﬁe‘h&ﬂ’n’dfe&l&gm&&ea&fng 9@!%@%%9%@%2?9 théhts? @
plurality of fragnents; I
sinplified represdidd? F%P@‘Stc%?'é’g“%s?@ﬂfq FFCEBfrff?(SF‘ﬁ‘mqfcﬁiaP anal ysi s and

i ntersection. DESGH. I?Th@&:s&l% iltkfecEIREELdnlidem VB YT $0.25 1.0
I nt roduction The gge Z I nvent i oghp ovi des t echni ues for. determning
conformers of nol &l &SePEEESHRIHBRICTIFEEFHULE HIPESHBTH S conponent nol ecul ar

fragnents. SystenFigds depitisniyy demartdiion pf xdngithinheanidcan oeighie resear chers

andygcient i sts 10 gl qllptols SO AdmbRNL 436 ARRN ALt G ear Ch T or

new and better substanc ware over vi
det er mi MOkEIRoTS-dEul e' s conforrrers is inplemented in the C + + programing

| anguage and i s ofrag.ab depial abhs ustd GOIRMEnRLorBYRLIPNR HUl GleraSion DOME dolkesFi 9. 1A,
Thi s invention
Fig. 16 depicts an example molecular structure computationally decomposed into a plurality
of fragments; and
20 Figs. 17-22 depict simplified representative tables used in conformational analysis and

intersection.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
25 1.0 Introduction
The present invention provides techniques for determining conformers of molecules based
upon information about component molecular fragments. Systems according to the present invention enable
researchers and scientists to identify promising candidate compounds in the search for new and better
substances. '
30
1.1 Hardware Qverview
The method for determining a molecule's conformers is implemented in the C++
programming language and is operational on a computer system such as shown in Fig. 1A. This invention
may be implemented in a client-server environment, but a client-server environment is not essential. Fig. 1A
35 shows a conventional client-server computer system that inctudes a server 20 and numerous clients, one of
which is shown as client 25. The use of the term "server” is used in the context of the invention, wherein the
server receives queries from (typically remote) clients, does substantially all the processing necessary to

formulate responses to the queries, and provides these responses to the clients. However, server 20 may

S
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may be inplenented in a client-server environnent, but a client-server
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memory (ROM) in which fixed instructions are stored. In the case of Macintosh-compatible personal

.1

30  computers the ROM would include portions of the operating system; in the case of IBM-compatible personal
computers, this would include the BIOS (basic input/output system).

The file storage subsystem provides persistent (non-volatile) storage for program and data
files, and typically includes at least one hard disk drive and at least one floppy disk drive (with associated
removable media). There may also be other devices such as a CD-ROM drive and optical drives (all with

35  their associate removable media). Additionally, the computer system may include drives of the type with
removable media cartridges. The removable media cartridges may, for example be hard disk cartridges,
such as those marketed by SyQuest and others, and flexible disk cartridges, such as those marketed by
Tomega. One or more of the drives may be located at a remote location, such as in a server on a local area

network or at a site of the Internet's World Wide Web.
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the user. ssesses softwar uncti onal
pr ocess exbjeesp st and iSl.eThe user of the cllent may interact via the web browser 46' to make such queries of the

30  server 20 via internet 45 and to view responses from the server 20 via internet 45 on the web browser 46'.

20 Torsion )y
Fig. 2A depicts a model of a molecule 101, in this example an ethane molecule. Ethane
molecule 101 comprises the carbon atoms 110 and 120 and hydrogen atoms 115a, 115b, 115¢, 125a, 125b,
35 and 125c. Carbon atom 110 is bound to hydrogen atoms 115a, 115b, and 115c¢ via single bonds 116a, 116b,
and 116c, respectively, forming a tetrahedron with carbon atom 110 at its center. Carbon atom 120 is bound
to hydrogen atoms 125a, 125b, and 125¢ via single bonds 126a, 126b, and 126c¢, respectively, forming a
second tetrahedron. Carbon atom 110 is bound to carbon atom 120 via singie bond 130. Single bond 130 is

subject to torsion, whereby each tetrahedron rotates relative to the other
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30  angles as determiners of a molecule's structure. Even plastic molecular models hold bond angle and bond

length fixed.

Generally, the number of conformers to be determined for a particular molecule may be
calculated by the expression N = §?, where s is the number of samples of angular torsion to be examined for
a bond, and b is the number of bonds whose torsion is to be sampled. For example, to calculate conformers
35  for ethane molecule 101, given a sampling at 0, 60, 120, 180, 240 and 300 degrees, six samples are made of
a single bond. Therefore, the number of conformers is N = s> = 6' = 6. Calculating conformers for a
simple mélecule such as ethane is computationaily inexpensive. However, as the complexity of a molecule
increases, the cost of calculating its conformers increases exponentially. For example, to calculate the

conformers of a molecule having only 20 rotatable bonds and sampling each bond’s torsion angle at 60-
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conf20r nsee: ®irssperiad the ardion.anglésios 128pH0cad 360 degreas \vrespectiloaly,iahd coresppndatherderes | Sks

mi ssing %@J&{Lﬂf&&ﬁ idaS. nﬁ%* bl e dERE thpegtsta 5@1@9 Q&Hr&ﬁnﬁﬁmsex% Bl drfédélhfg{-r&ﬂﬁ:ls 0

i nf or mat’T on regar contormation an Ion may oun

St er eoc Heafnergy Rinimpa rrsdwret%wwﬁderefewwefonwonﬂz4 179 (1962), the

di scl osure of which is hereby incorporated by reference. 3.0 Pot enti al
Energy of a forrrer ) Fig. 3 depicts the potential
ener gy of the‘g L s o hr ough the course of a 360-degree

rot &si on. Plott ed Hig.aa d8gifls gfi@zhircanh |o§/sud§i$ﬁbd:§r5ce§§‘b&p$)ihta¢ﬁﬁlblﬂir re;meéxgauvas a
f t t at E
unctio Qn}%%du;ng Q%E 10%6 1;1\%Bt§on%} dgte%x%x% a co%rma?gx'bﬁ%p a mglgc%uga(? stxq‘ nrc In 31?% e

pOl nt on I né correspondas e con
et hane rfdf é&qmeecgleustmwe issomputasionniy decorgBerd uafmd pigRliy of fsaﬂnesqdmmul@wmmes
torsion qndl 83 sef 400each &8 of AR PrufY o?’ﬁ&ﬁﬂﬂﬁno]&@ﬁﬂsﬁ'ﬁén r¥%at Yorm2REh HSRELRENt the

three staggered conf or mati ons. The poi nts 320a, an
form a plurality of normalized fragments. Subsequently, in a step 430 at least one of a plurality of

U

30  conformers is determined for each normalized fragment produced in step 420. Finally, in a step 440, at least
a first conformer and a second conformer determined in step 420, are combined in order to derive a
conformation for the entire molecular structure.

Fig. 4B depicts a flowchart 403 of simplified process steps in another embodiment
according to the invention. In this embodiment, in a step 410, the molecular structure is computationally

35  decomposed into a plurality of fragment molecular structures. Then, in a step 420, each one of the plurality
of fragment molecular structures is normalized in order to form a plurality of normalized fragments. Next,
in a step 432, a search is performed for one or more normalized fragments in a library. Then, in a
decisional step 434, a determination is made whether the fragment was located in the library, If the fragment

is found in the library, then in a step 436, its corresponding conformers are read from the library.
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20 320c correspond to the torsion angles of 120, 240 and 360 degrees,
respectively, and correspond to the three eclipsed conformations. It wll
be seen that the three staggered conformations represent the conformations
at the eneg gy ;gHyrra and are therefore the nost preferred conformations. .

Pr ot Sse H%8w of the Speci fi c Enbodi mnents 25 PCT/US98/13013i .
4A depicts a flowchart 401 of sinplified process steps in a particular
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nor rrgl i zed fragnments. Subsequénily, in a st one O
pluralitd§ “Y9fa°3¥f°““a“?§'cfﬂ‘f‘5?ﬂ*é‘ﬁ§“ql§“‘él%¥fé‘?‘\‘ﬁned for each normalized fragnent-

produced in step 4dg 4C|ﬁe§la§£ﬂowch£h 405%F SRpItRE proddss Jte@@-fﬂtan&hefr bﬁxﬁdmﬁéﬁpf ormer
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normal i z a search perforned for one or

nor e nor%?fai g‘% f ?é&%ﬂ?‘bmﬁeﬁmé’“i‘ﬁ 155"5‘?9" 0 2{gms,in the FP“&’"B‘E cils? BpASS-ARgalitgal 5
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the fra Lts correspqndi ng
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subsequéRPIEHE iR cag cemipa bond ﬁepées"é‘fa@?f‘ % g35h obthe plurglity ofchprastaristicaggle di‘lwﬁr and
a secondn te wkmaterodele Nextinstp 460, Sdrech4dfonalxhode)) B dach BhakddRridtic Riighd value & St ep

436 2 © ClierRlinl § AShal il I8LE) SO I WTEOY oL L, G0l T e

nmol ecul ar structure g process
st eﬁ@ i H“Wﬁﬁﬂfgyéh%@ic%\ﬂ lsaﬁ?,c&ﬂd!longhetqyergh@ffcweht!qlmmplhtcd fohéagh efrleodi nent ,

in a st Qﬁnférﬁﬁrs 1xt €46h m%&a{ts Sth a4, WL ol rSaxmRERAL Y ﬂxﬂ&é}lc!e Val@qg&gg?lgiggtgﬁ# nto a

pluralit [1 rrent cular structures. Then, iIn

the plur® g“lh“ W&F TomeanigRg the, fqrissnqnding W&nwm@rmcsﬂews nesmal i zed
fr a]g e ntferms Npmamylonnmmum pnedéilh;ffe&tncd Qmed co&@sgor?fng ® nwpluramiy of @hﬂohfaerpfmen,

conf or nor ed fragnme etermned in ste
T oL P S AR £ T S e

pl urdl | tvﬁlu?ffsuféﬁ‘ﬁhﬁhealpmb‘@ ﬁﬂhkeyﬁnés eemeatm trtersionah thodelchrrgspands ©alnotinmcnergy

r epr eserhigd.i il doRdrdl nbrg) SdhleSs @berhBafy atiéﬁﬁh zﬁtxﬁbp@n hedd e&xa'gyntg fn?ﬂém%hs eangy a step

456, a pl raI|t of internal_ coordinates or sl

associ atSHfr R R %safﬂlﬂ‘eﬂB‘rffCBr“FﬁsrNe"éé’bﬁ“ﬁ’f45t‘*?ephtfﬂf‘5§?f(9mdam§€!@?@eﬁ§éﬁsssle@@i ng a

Bl u(r:I al i tiypmahe ;ﬂlhﬂhﬁ@ﬁceﬁfbmﬁrsCeaﬁm@nﬁdatﬁdoﬂﬁﬁn& OdrfeSoRdNslh Rekidn@ n%zglglaﬁﬁfk% teast| "

ond re the .15 In a ste or eac
conf or rrg) g,eeag,g&g st Qlﬁlle Eal*'ef g e é:ué ‘{?&F"IX ?g{ﬂ é‘fl}éets :‘}F‘ffé’&’e" *F’rﬂ‘%"e@'l‘?eﬁ“’gﬁ i fference
| evél r é:matbs émn %fpa*ﬁﬁ i ap lease pworearalidatg igundortners thosant feont thaplurelitg bfindda@\eBnfdrmers

speci fi qg BRAMhAAS pBRRE §YowebEconformation for the molecular structure. Candidate conformers are

chosen such that the energy difference level of each of the candidate conformers is less than a specified cutoff

energy level. Further, the candidate conformers are chosen such that they liave at least one common

torsional model.

35 Fig. 4D depicts a flowchart 407 of simplified process steps in another embodiment
according to the invention. In this embodiment, in a step 470, a plurality of internal coordinates (i.e.
torsional models) is associated with each conformer in a plurality of conformers. Each of the torsional
models possesses a plurality of characteristic angle values corresponding to each chemical bond

representation in the conformer. Then, in a step 472, for each conformer, an energy difference level is
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required to maintain each chem cal bond representation at each of the
plurality of characteristic angle values in the torsional nodel. Next, in a
step 460, for each torsional nodel, for each characteristic angle value, a
conf or mer | correspondi ng m ninum energy difference level, is

sel ect ed. v@éé@%ﬁespondl ng 20 m ni mum ener gy di f f er ence PCA(HS98/13014
selected fromthe energy difference | evels conputed for each of the

conf or Nedeferthifled® amlis eeérg;t mﬁeréxfca&var &Ipﬁesenlsran fhefeinBital aﬁl&a: o@oﬁmﬂ hengy GBIRE BY
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two cangdhlhd efefiyVaALETHS SRRRERel) ometxb@e:mmy aidindn m&%&%agf Qb Mer' s
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st ruct uF‘émeﬁﬁWQé’f@’ﬁ?%YaB‘F%fBF%edéﬁgepéﬁ%sen such that the energy difference
| evel of each of the candidate conformers is |less than a specified cutoff

energy | evel. Furthjg t he capdi date confornmers are chosen such that they

have at |east one?chnmPsIMeMBnal nodel . 35 Fig. 4D

depigts a fl owchasklecteiiboaimesis ARbrtihg @dh&ﬁﬂﬁﬁﬁ%m&%?@%oéd@s GRehfdtiosipodi ment

accord| to the inventign. In,t st ep lurality

"t PRETPoRE PRl gt spais e b biemeie- Be Jodet stedtidfedoanch
conf or nelowi for aregiced mumbéryof cdlcutared taorfarmers for Erdiagmdnt, twhile itml’n&inmilﬁﬂg avnffielest
possess I er St orr ndi Lo each
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each coﬁP&??eﬁWm‘méhF @Hermgplecd.f f er ence level is 10 PCT/ U898/ 13014

detgom ned. This @Ngé girerd hdeCit RAGELYIBMBbW Mﬁﬁﬁﬁe@@md@coﬂﬁoﬁtf&ﬁ kiRARe Abne@ P UNT
of potential .ener nal ener val ue required to

Ci d nom
i nt ai A8 HORCCRRIFRESEavE Born frﬁ&%fﬂé@@ﬁ%ﬂf BIEP s OB o hose Hled ) Pyt
char act édscorsposiciorais thateof pallypeptiies intotalminotacid siqodneds (deaeibdd. in Mﬁméz andl Scheragd,ep 474,
for eac r eri.stic.an va a conforrrer
havi ng g_mg&#n?ééésj nginZ ”%8?4%7 r%{‘ﬁﬁ‘ﬁ'qﬁghnlé ;n &gﬁ% heremsb refleremg in’its enlu‘gty for, lI ect ed.
The cor PuRgseshdPiher desomippsitionsiriee wﬂmerdft@rmmele Iilmlmigs rsl chaiselest cfdr éxmphz,t he
eneggy dddfni/ﬁ‘c{ ﬁﬁQﬁstéer‘{ %&xn%vp ydg8 dosf, pF 25%6‘@5%1%d Lél@h SRR 2 'B%[a?a §.Bo ?%dé&f t he

fragmenMs maxi mum energy difference value IS erm ned
for eac °Eﬂ%fr %1(6?98} |P§%7138%?n371€’°¢&‘}hd’é°°f“%ﬁ‘ﬁ°%ﬁ@f“ PEPuR 3f isdssaiederragnesini num
ener gy ocibledules ariee frhgmentarion sdhainé miid ber@nddepddur aI ity of maxi num ener gy

di fference val ues U of con Then, in a
step 476, a plur afx%t%{'g %lqgg’]ﬁené%'zee R P*- “ cgl}l’%%ff"é(',‘? éodéj g4 3?&5159‘61 he
plurali frggnvfnoi@ls sizg mhld@ttl@rﬁvstatpmslamgﬂteﬁmabtme modh pluheverytaloen ppbsemtdd the y  of
liksdy Rbpdul tu@tstseﬁdea B dnf6r thpﬁv%'am@' st ngxr,]eglgfs %ﬁmggﬁ% gnfa B%F‘xﬁlglh £nergy

val ue. Thi s nom nal energgh value 1's deter ncr enent al
ener gy @bm{lqﬁ an this specification, the process of moving, counting, measurmg etc., along a path from one atom

or bond to the next is referred to as "walking" the fragment or path length.

In a fragment having a path-length of 7, four of the bonds are subject to rotation in a
conformational analysis of the fragment. The remaining two bonds, while subject to rotation within the
35  molecule, have little effect on the conformation of the fragment, and need not be rotated in a conformational
analysis of the fragment. It is known that, for drug-sized molecules, the overwhelming number of close

atomic contacts occur between atoms that are connected by a path length of 7 or closer. Thus, if conformers
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maxi mum energy di fference values fornmed in step 475. 4.1 Decnposi tion 15
Sel ect enbodi nents according to the invention enploy a process of

conput ational 'y deconposing the nol ecul e under analysis into a plurality of
fragments, The fragnment size is selected to allow for a reduced nunber of -
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t a ecul e such con [S n c_cl ashes at
al ?6 B?“rq)"}’erﬁ it a‘ﬁ‘bmﬁ y‘f‘? 5‘8??8‘?“ RS E?&“ﬁ%‘i“%érg?ﬁ"%ﬁ" stz %t Bs%f %5&; (20 0 LabFe “bonds,

t he numbipindscis4, 504,642,562, STbakGP2yeespectivelyt Beerost mﬁwmoadsad» wmettnn‘ mInStsmb as

frag magl;mdl 620 He g&ts{gm{igaﬁ%“ﬁﬁgblc 'gﬁl \Wl InJJt bp fnal Chlll§ %(ﬁxgo{glauonal Qﬁ‘a!g}@}é’ tm Mﬁn{ espect

to conforner gene cgenera e ac orrrer ragnent each bond
i s samybrded g ‘Mﬁebm@s are gpregsptedly the ‘P?é%lhatdéﬁéqﬂl’ﬂs%ﬁ thsritorhie hiphdey & bat"dm gr oups

at tac h@dr ExBmp1E1 @odk0M reprebiits AlOFenGoRLHIE akdR§ttohenfafors Nyda is i, Bévhise Bor@fs62isOM C
Bgt p and i.s di.scussed further below Therefore, exhaustive cal cul ation
p

‘f‘F%"Lﬁ“&Fe‘F‘P‘éa‘Fré?ﬂe will generate only between 8[err](4096) and
36[ err] (1,679, 6]!6)xolpm$mr¢saited@snt@me tedrdkergupriat i eeTies pigpaths,teachfpathignent .

This r %Q\Q%naol ng B@ag fol B hesC R4 sglU:.rt%Ee' eTaf| u%+r of %d‘xp'vﬂucﬁ nﬁfl@&me(h?dmsjop

conput at 1 I1rtres of w aval e and i nexpensive conputer
syst engewer H\cﬁe'a‘é empgdirgensy Fhgspems, fo ‘Wr‘ﬂeé Witk gt stemschended duhem.rioRm ‘thﬁ‘Fd%‘atlhés
anal yz Q%ixﬂﬁxhﬂfa(ﬂﬂ&:gﬁ'o'f @NEn dr @dwer atoms. Figs. 8A through 8F depict six possible fragments of graph
30 501 having a length 7 or less. Fig. 8A depicts a first possible fragment 801, comprising nodes 730, 734,
736, 738, and 725 connected by edges 750, 754, 758, and 760. Fig. 8B depicts a second possible fragment
802, comprising nodes 732, 734, 736, 738 and 725 connected by edges, 752, 754, 758, and 760. Fig. 8C

depicts a third possible fragment 803, comprising nodes 732, 734, 736 and 710 connected by edges 752, 754

and 756. Likewise, Figs. 8D through 8F depict additional possible fragments.

35 To further optimize the conformation generation process, fragments that are known not to
provide additional information are excluded from further consideration. For example, in a scenario where a
path of length 7 walks into a ring, walking more than two bonds around the ring means that, within the local
context of the fragment, the ring constrains the end points of the path so they can never interact. The bonds

that are in the ring are not freely rotatable, but are constrained by the conformations of the ring structure as a
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a reduced nunber of calculated confornmers for the fragnent and yet has a
sufficient length so that the fragnent conforners produced accurately
represent the possible configurations of that fragment within the entire
nol ecul e. Fig. 7 depicts a graphic representation 701
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formt h?es%é‘&\}alyt h’ﬁfs fﬁé\‘ﬁenﬁns RROWn IR B 2kkerd RAGI6H0, BA0 HB\68TconespbRMB brigiiaDaéms Fi gs.
8Athrou 8F depi ct S|§h%&SSLblefra ts of

| engt h 7 P40 306 & : TESPEHY BEELE™S 01 ?V§[P ouhgees %Ttégf"régg i ééﬁfsmg‘%g%r i si ng
nodes 73fginal 3ém 5§8B6To siidate B envirddnenuimectheld molecuxd geissatfsfOvalenéyd hyd7dgsn atemd

! gg %gm 35 QgRLCLS Edétﬁ%%g?eﬁggﬂlbkﬁ) ahd ﬁgggspém@gz mmgraaduﬁénmomgeémz 32

depi ct s fragrdst mupwss puykhe "T°F"—&‘§]?f€ﬂ‘t"°8’9€“ welb'wﬁqugﬁ Ryher gradimegts may not stuty aigglly ¢
710 conpeghedinbi RRERS, 142 fraghefl iRBrided B GimulateKiRWess 6f thdangleculeBiitiolr dapuating8 F
depi ct additi onal ssibl e fragments. 35 To further

opt i mi zdromke “t?%f’f)ﬁ‘ﬁé{‘t"%‘ﬂ“ generation process, fragments that are known not
to provide additional information are excl uded fromfurther consideration.

For sgxanpl e, a e a path of length 7 walks into a ring,
28 4 2 SHERALI QMG

wal Ki'ng nore t around the ring nmeans that, within the | ocal
context of the fr alpstrrmbodiments scensdingdp de inyprtien inpludearsier gdeirrainge 2 89081 path so

t hey Carbo@ﬁdﬁ?éonfo%§£ faf bach Ekﬁneﬁ@ r]d&atzibkbat:anéb'é @mplByel hﬁ)bfairfbgts af @nfofiiers tha @hve
rotatable, but are constrained by the c orma% ons of th eme ﬁrr}ql structure
as a 12 been goperpiedapseyiopsy 104 W piefe &cts ofyfen ?fﬁ‘ﬁrf 3‘?‘%{? A i'n isolation
ar e consgmtatifesls um@nheaiaqawshmtuman sdiitiosal stegr tedging dagh &agmmep a@m ingket ween

pat ?%t ancﬂ:*cfl man'o%m CXRLE ijr&f"&jle rnﬁn f il sy fsbaedag%e &arth key hQe Qﬁlslrﬁgﬁs'pgﬂn

ave een OI'TB.t I Ca ener at ed f romthe deco OSI tion
of he  rahesisal formss (e AniseK: HEPESH generagd "-f’*‘r"ab‘hﬁﬁf% vafjagions &t e fraems 1Gh

capt ure SR Oder dfGlofns, @ANEERSHh, itHAr dd R ARt SdnMRMitiondl afalyis.NTH thiS tds€ .thel N
general , geraferzt{oﬁ'%pl%g] <t:anlmr|]call gglslaﬁtnlg gort]anSJs lof tuta)'\étgpsa(lgiblgjln%ru?e attoms o? [h(;.) r%énp ﬂ%l model

canonical order; (2) using this canonical order to generate a unique text string.

30 Canonical orderings are generated by first generating a simple hash key for each atom in
the fragment. This key is formed by encoding the atom's simple properties (e.g., atomic number, charge,
hybridization, aromaticity) to make the hash key. Each key is examined for unique atoms within the
fragment. If any are found, they are placed in the canonical ordering in lexicographic order. If two or more
atoms have the same simple hash key, their neighbors are recursively examined to update the hash key.

35  Then the keys are re-examined to look for unique atoms, which are placed in the canonical ordering. This
process is repeated until all distinguishable atoms have been identified. If two atoms are truly the same in
the fragment, they are arbitrarily given unique names.

Once a canonical ordering is generated, the canonical text string is generated by encoding

each atom's simple properties and storing this encoding in canonical order. Then, for each atom in canonical
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than a fragnent in context of a nolecul e because of the influence of the
surroundi ng environnent. In a present preferable enbodi nent, each fragnent

i solated fromthe nolecule is stubbed, or normalized, to 10 simul ate the
rest of tug gg%g@gle envi ronment. Consider the fragnent 806 of Fig. 8F. '
This contal A s 730, 734 and 732 which correspond to at &%FG¥813840 and
530 (with their associated univalent atons) respectively. This fragnent”is

shown i Norltdr GaifbondbtREania hGMR irffdakbniclidRien) et e O nvei&am chetehoficil Qiring| Tlilfs ons

550, 54 d .530 t et I t t hat

at o 668" P 26 B AOLBEh L PS5 A A P B SB0: *poue i FRPea Fier
envi ronment of t heﬁvﬂmomcamdxemmeﬁ foemrd. it Htusedfaya Vtarlienca}l to hﬁd&hagemnggemws 15
661, 66 %ﬂ‘éD@l@% 6 ;e‘f‘ne@éjg E{gw&ﬁlgq?kgx‘ﬁlmeélgéa gﬁcoé@&meréfzpm@ﬂggtnﬁﬁp ad iﬁﬁ&?eﬁtb}'- %ﬁ}; y.

This_e nor mal | zes ragment stubbin he nol ecu

envi{ onfiérie Figi 45 Tyhefsy deration; terp Wé‘rﬁﬁb?ﬂ?“ﬁf@ﬁP%PWWHGE‘”%‘FH‘H“EF’%MS a ’S‘F‘mst ub

Wi th anthaDBMS/wall indidak BBGR: sei g ARTbund NERb@sbodithests byl inéiRielaepplyedt of the

nol ecul e, _wi tho %,ege?fp&?rtl fr% the scope of the invention. 20

4.3 i Y8 @ bodi nents according to the invention

I ncl ude a step of Fereixanpig, nithogghafragment 801 qnd fragniene802 eardifferenefragniests walio khe

fragnen €; | r t have
;nnleéle g’ltﬁ E%nﬁ'ﬁmg gﬂplln&\[ g(ﬁ héde %H A?sex?(?gtﬁmggo %ﬂ; f%&éu h@lgl ng

been generate previ ous 0 stofe sets conforners t at ar e

gondd at sefe T34 reprhnt ftpra £33 | HRMevaE o ORE S0 40,97 657 Hie oo Aloms Etrearalicfovarh
addi ti Ofbﬁhre§ﬁﬂﬂng&%h%| NYer0feNa i@ ARBforkmtich sEtQ)élEul&éd’ﬂoﬂﬂagH@&tSOfZﬁ equally

descri bes .t om C ure of the fragment .use as.a dat e search
ey. T . string
o T EnaE e P WRT ntmstie e R A tous e St RE i PRdEe o 7

I S geneprtiedly celvidned donfoinerien sar fernvédl inay bomed.i n t he fragnent, such as
reversed order Of to%pe%ious'%ng cpcorﬂg;nsep set %){:s?stfoxd&e H? egtfg orﬁgxsset is generate:

conf ormati onal anal ? IS case, eneration o e candni cal text
str |1~?1g a5 s fiagoent. oThetomfoweissmaY(bf)gexma&é juping %nh@n@rta@trmea@r In pee ambadimenttthe n a
canoni ca,lstegamémh(ﬁehou &l tﬁHl)rEfE}hlﬂe ﬁ@aﬂ%f gﬁl-ratmg@sﬂfoﬁrﬁrsg eNGhBrhRicReatthl £lReat €XI
string. ni cal gnerln S.are gene rated by first

gener at F‘T‘l@f sgarh) RRfiens fAsAblghed f‘?‘(‘ifché%f?:‘f?lea‘{% Thgn £358 compby qf or§ipsdS Loy s
formed bystemaizait)i seaychiedi eCavirdinmies oftha1pdms 4od gtpeatéd fos eafle cagnbinadidn@ifitogsidhs,abe the

char ge, | [ e t Shink€

Car 98 5&}(% "ol fle %@n&déﬁgrtxs %Ea?w 6011%0%%&& ?avﬁg ente@? P@e Ji u}&aﬁré g}cca?abq' éﬁ%ﬁhey are
pl ad@d iminimgme e@eamnl%m regpingér Eneegyileyel I‘é)ﬁlob@g?ddpfhméﬂme nupbert afgotaszblenpr e

at ons  hayfs b Li&s e 1946 @smma sés?cx ,meﬁlb@sl afe M&k gmg QésSritRE h LSt/ Andi SR Me
exam negl Eio %date t he hash are re-exam ned to

e
Lok fo e Biabiem Gl Modhling o 87 SIS CTIoL GOy ool o
pr ocess of SonipapeahiaChemistry, 1988, Mok, NoiA}pL845-55 biheeh & indvepolieddetdidey réfetedet irf itsed.

If two y the sane in the fragment, they are arbitrarily given
uni que %%lﬂng&laﬁ l1;“5':'lgéscanon| cal ordering is generated, the canonical text

strifg i s gener at dde fyytemaic surchds nerirmed omariumbey ofdiffsrept dspreestaf eassican Bystayof ng

this en@@ﬂip{agm a@eﬁé&%b&éﬁbc%@zﬁrm TR of RS chde '&ep’éﬁ&ﬂ? dpbhn ﬁ@ﬂ&uﬂb Gﬁhe Acn
order, all bonds fromthis atom ( in canonjcal order)_ are encoded and

witten g’E°BPst‘1‘fé‘“t°éFﬂ9rﬂfH‘QI"”&SP‘?J??&“ oftprsign whighin fufR depends jon pbyidizetiop |°f1ﬁ°”f“§ formed
by encodibitgs ﬂlﬂlfoﬁduﬂﬁltlioﬁnhgalﬂbuéxamble, ink euir&samdvebﬁmdﬁmmﬂ, iCettONoM gioulﬁrafhad’f Aft er
canoni c X i S for s, used

dat abas gldﬁﬁﬁdtmeeﬁé\n aIP I82 %&) iftbmh am{nr%mugs ate grpor“g%ls ‘ﬁ / s‘(':}élf 8?’@1 ﬁgﬂ set

of 88nf @¢Ime24§mﬁni¢s majy ée fakta\g fEyeth athsgrmmd preaf erderlyy’ vSﬂlex;ﬂouble bond then approximately

6 samples are taken. If one atom group is of order sp® and the other is of order sp?, then about 36 samples

are taken. The number and position of the points sampled may be controlled by parameters that may be
specified at execution time.
In the example representative embodiment, the sp’-sp’ combination, may be sampled at
35  some major points, such as maybe three points, of approximately 60, 180, and 300 degrees, because these
are low-energy areas for sp>-sp’ configuration. Samples may be taken at major points about 0, 120, and 240
degrees. In certain crowded molecules, an eclipsed configuration in one sp’-sp® pair may result in a lower
overall energy level for the molecule taken as a whole. In addition, samples can also be taken at minor

points located anywhere from about -10 degrees to about + 10 degrees about each major point. This
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5 436 in Fig. 4B. In the first iteration, there will generally be no

previously stored confornmers. As a result, the DBMS will indicate that the

set was not found. Select enbodi nents nmay include a supply of

- conf or mat waned/seasglel s of frequently used fragnments. For exa Sgl%&gugh
fragment 801 and fragnent 802 are different fragments within ecu) e,

they differ only in that, in fragment 801, node 730 represents atom 630, _

whi | e i radditiengirsempling gapturepGonformers dhay Bould kg beafderest caeraif 615 Pond wrrpeassideredot h

at om 63fyna Nkt RAhyOsE of RvePdnBra§ B0 he AtQiBors Bk b QDA i e RapaidsL. thnJeEIIeﬁ@ for

hydrogen atons. Therefore, a fragnent con ormatF] on set cal cul at ﬁ@

f r agmente 80P Pambition, FAFPIEH FRY REBER iy g50uPS g 8HATRARJPreF gropas © Eeéssary to
det er m pdfatsteadhy B Pbetalken @upprokimhbtely SD,rsmgamrvn d8dvées; 170,180, rand il Wudekrgesc 290¢ B00at ed
confor set . I rer
cet o 09 uckSts, o5 B8 o BeeR 310,50 end L0l L A0 i P P

f r agmentptal 6FH & samples opﬁrexr sampling megjmes emglenw diffesine awarg orpeiptsf sagples may he@sﬁ% I n

one enbgiqio{;ﬁgﬁmmtgm%mstygcgﬂmm,guﬁgﬁwh method is the preferable neans for
generating conforpers. ystematic search, a fixed set of sear

positions is est aB‘P"F‘%‘hébfh? B‘Fm@%eﬁ“?"ﬂiaﬁ'fea"mb%d“ﬁ%dhesf &h %&ﬁ“@d‘i‘%%ﬁat i on of
torsi onemplsd S)6chexEbr pomits| Yucis Saiaybeesik poﬁ?mm appiineselyof, 60hE0AIsONBOanE3M@ener at ed
for d the aner. %wof the confornBr is

%greao fogngsr%aly c ﬁegec Je%{)escau%g' 31& 8011[& COII‘CS 0 S IO a eneﬁy arca for an P Sp gl obal 20

an en kKcal's
m n| rrumoeﬁg:rsgxyn viamples eanalsp éct akmedmajﬁrmmg:wf h@v@ﬂo $0.i180, @A, é7fhedd B3P degrees.

mul ti pl i Bghid é}swaw m;;ﬁsulef mssgt,ﬁ&eema@regmm 10W¥r @e;faﬂ@&&gy iR fhe LotexttofOne

Systenati c search nethods are more fully described in Lipton and Still, The
Mul ti pl Bolpguls i pdditen SrERiesicAR Yarkse af mipor P (lqcpterhany whesfraga ahoptilhdeeress nt er nal

Coor d| naioa Sladegrees 2ot Euolh mejbr foMMPThiAdddRiGR satipRiE captiings coﬁfaﬁ&,rs & woBld not be
ncor. ora} ed .herei.n nce i its.ent

f or aI | © ‘ﬁ&‘?eﬁ‘ °§8’§M§’§ bondwdrd SRR NGRS, butpay be o Eﬁégmﬁlw&y Qele B‘Fn “1“5“8 “Ff°or ned
on a nuothemtook inthe fragmentt Fdegresls inkhe s;ﬁ-tsls"lcmnbmaayn w@nples fmap hatakdnan 12 growps of

repres e@,}} }{E ea%ﬂb‘i’ﬂk L(;Eﬁygfmg rEé?rﬁe W@eﬁ rfor?;ﬁmélﬁ? ht%pwaﬂ gﬂpﬁnﬂx b d é%E‘ Jphe

nature O S on el er en écte OI’SI on

whi ch i #0 taﬁﬁf‘ﬁ’ ‘B&fﬁ‘én 6QrindYhierrsesy &Y i%Brand 00egreese 110 BA% aqu139 H%eebdé‘br”? N
bondi Pgandgl@ﬁ d¥eRNYE 180, @mﬁl%@@g’ri&S?gb A10VRd ezmgﬂeaemo, 240f adactsh dagtre@mzeo oups
are er err], a S e ou S
v o2l o BB et 0. A0 5L gpeohn SREFRO R a0 etS ey v o o AR SSbRL De
t aken. Dihebampling iregimey empipyingdiffering nonteeor wiafsef samples iy e ldmmumutbbmmgt hen
appr oxi gat el If one atomgroup is of order sp[err]

i ﬁPp re taken.
and the ot hé':rsm?’e§ Ll‘%gedr?l sp[err], then about 36 sanples are taken. The
nunber and posi t | Gurthst. in the exampla representativecambadimertsethe.sphen? emibingtionjoipedrbiret er s

t hat mayindiEbonl Sfdy vk %p&t: a%es hajoPpbifdtd, 3Rk ad Raybd egﬁmjsp b&mg era dﬁ&ﬁmtag oVéd
ggl nent .. the s 33[25 {_qerr conbi natj on, be sanpl e E sorre
pé?%i‘%o 2‘%% d S‘?be CRF OIS E Hhiecred ‘BF"‘“%F&W&?& ‘ﬁ‘ﬁf‘éﬁ‘%ﬂ %Ys P1aHP-Md 300
degr ees sinfietond sanfiplr&ive. Sintplds 0xt 280 BE Gikenddt Mmajdr Points B¢ne PO ind PP @egieks. In certain

confi gurg Mé&’}nme%ﬁ&phx@s% vaies 3%26%5@{(%%1&3& g@e‘m‘ﬁq@%}éfé&tﬁg@ﬁ%&am?@c%{%: 1nd 240

degr ees. certalh cro ules an ec uratiron in one
S p[ er r ] adgifjops samplesccan bentaken ptcolsiyt 16 minoy Doigtudacaterany where fsore alpyt 1@ degrees rabquh e

ol ecul & 1hakRtks BRduralMiRid poiht) F%gg)la;nb@nsamﬁl@JWJy% tkElin ! RpOEE R Bt bdacHT NOT
poi ﬁbs | ocat ed anywhere from about -10 degrees to about + 10 de&:;rees about

eac mJAﬁeor%lynfampIFﬁ F%‘ldlbﬁ taken at approximately 350, O and 10 degrees; 170, 180, and 190 degrees;
50, 60, and 70 degrees; 110, 120, and 130 degrees; 230, 240, and 250 degrees; 290, 300, and 310 degrees,

80, 90, and 100 degrees; and 260, 270, and 280 degrees, for a total of 24 samples. Other sampling regimes
employing differing number or points of samples may be used without departing from the scope of the
invention.

35 Further, in the example representative embodiment, the sp?-sp? combination joined by a
double bond, may be sampled at some major points, such as 2 major points at approximately 0 and 180
degrees. These points are selected because they are low-energy areas for sp*-sp? double bond configuration.
In addition, samples can be taken at 4 minor points located anywhere from about -10 degrees to about + 10

degrees about each major point. For example, samples may be taken in 2 groups of 3 points each.
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addi ti onal sanpling captures confofners that would not be of |owest energy
if the bond were considered al one, but may be of | ower energy due to the
interactions of other atons in the fragnent. Consequently, for the
sp[err]-s?&fg onbi nati on, sanples may be taken in groups_of points. For
exanpl e hrg;eslp"éo%oups of three points each, may be taken at® %’5{1%‘1 ely
50, 60, and 70 degrees; 170, 180, and 190 degrees; 290, 300, 5 and 310
degr eesAcc3figlyDsampiesiconld bd@gcree@spprolcmtemiféo 0, amzlwl@sre@eg*fiéblsmam 319390 240,
and 250, %%9 rf(?%%talfo?ﬁ sﬁnp ! BlheChmpifig SR @ﬁploﬂgl \Bfferi@ HidhtePér poRi ofeEnples

enpl oy| fering nunber or polnts of sanples may be used w t hout
departngbﬂqueﬂﬁ*?ﬁﬁt%%ﬁ’éfﬁﬁ‘?%meﬁf/@ﬁﬁvﬁﬂ“ Further, in the exanple
repr esent atl ve el]!’bﬁiﬂlerfﬁ@mm tdneorfga} Baving SQ{dEfdta}edmombanmhl indicareelyarelxglcglated| ed at

so in such .as naypbe Si X in 120,
el g sl el R S et Bl BheP b ORGSR oo Byl 12D
c o rres pmfnimext ipsaged ipwrablee Tyymaeramint iysavah egep[xiathcr lowpgres qopfoprpas Magﬁﬁk"&meé At

Sanpl e t Qlcultd Mgte ottt is ShighXaergy, b cortbBner 270,
and 338"?1&9?@3?90#%%%}??%@ (I:t??v\dfgclil nol egélﬁ gg thelge \;%I ueergigﬁ(ﬂ:& a;f‘tp in a
| e

| ower weﬁseﬂeted aweplgpnd ot HkY 18 Bt @k‘t“éﬁ’“’ﬁﬁ’é" PR foames fer the foleeys;
C an be filgsilorakr HtdSiterftDo BE Bwheadgy 1 it iewmhi e kalsfof mﬁghm uiinimd; Ghatl Bgwigtds Nt 0

bout h i
e ur beshag e oty Ry RRe B hbs of el Y b bR WM e
wer e Camsbed ef wcitable bords bjaiscaling factow vdiich Immgmwlyye fehae0 to2.@ h@lslbmde rlaéti ons
of ot hg{;rre‘% ﬁgﬁrablg F&\&%ﬂﬁeﬂ@g@%ﬁalw 5 EOARATBIAC Thi El:aﬁr@%cﬁ)? L&dehiggl€g',]

conbi nati on; en in 12 groups of three points each. This
sanpl i Ag kcelybwé) \plreewawralbbrw cox¢fIhe Gepfommationdl PRk W%&%W‘“s’go 0, and 10
degrees; 20, 30, @aéltndEaghRal REGimeDEt hf Beenamehialdd, degroesas:; th8@atat&, Tad 100
degrees; 110, ees. 170, .180,

1 e S; .an

an 5196“38%?%‘:8&?‘“?6&‘ a‘?%%% f&’n@‘“ﬁfﬁ‘*‘ﬂ‘éﬁ‘?’&é’i‘” reBuits de‘ﬁ%“a“ 8 SBHOEL IR EL 2 060,
20 27fﬁgmam dlerE&DfrtdEg sigtiar, mok@Qe, 280y Bsocbe 8&0 infoyreeseuiinns fog 2 Grally Eﬁfereand 350
degr eeg olect?lg ?ov‘cfg& ﬁ) ttf?J tot%l?y cﬁ?ﬁmt ﬁl%ﬂecugclaﬁtgm 4 {1d ke gnafcﬁgk B SanbRiBA @Hn'w the
dlfferln be Used wi t hout de arting from
t he scoﬁs’@ddtagmwe FQT\P&W!WC@W delﬂm"ﬂ"r?equ"f’??f fq‘\é’f &rgmept @3r‘€?ﬂ”é‘§‘é‘ﬁg’éf°i‘°\9‘e -
erfbodl Bftbrmet RE1od Rhgiehd 808 hdy bd us6d Biafaik iR Reetéd@aultion 3f Shad @bed bosd, may be

| ed at sone mmj or points, such as maybe ei ght maj or points at

ox i el ‘SP“@““"GGC‘ 25 120, 180, 240, and 300 degrees. These points are
sel ect ed because Fifiedydepire a praph @0 ef ghypahaia nfolculabeingbraken intosyfrappihg si ngl e
bond ¢ Iy I t d 90 and
270 dogrsnats By 28 pIs AReER 0 BLARR ehl § il Ry Rles Bkt AUOHET BT
| ower ovmsant#noeﬁma@d}ﬂqnﬁ hydregen efpmeRqunbp a@mmp@eqmeé by pode aiﬂzﬂnf’ nefds 4L A/pl es can

Pg tagf‘«?o@) @bap ﬁ@bbecéaﬁx ‘;ﬁgﬂﬁfef‘“’g%eﬁb@ b@zcaieds@@wMQw @nd‘mnanalaﬂléages 3, ?rggr ggs
u S u
{84016, e 70 Frpegiens s eepis oke Bogey 520, 1 AR T o3l Ao el o e

taken ad10291p) TM) BB Y 8. YFragnidnt 902 aontpriddd ﬁdegfdmz 987,336.1988, and A4D, a8Dfoutege®es ;

50, 60, 7 : 250,
der cos? 250 s Fouee ool B b et 89, 6538 SR, BN 585 70,
and 28091de5§:}|6e%1§,,anﬂ<920a total of 24 sanples. Qther sanpling reg| mes

enploying differipg jHHIR&S coforRiion e O eaéﬁdmiaﬁ&nfmm g2, léﬁ@ﬁb3w'ﬁa$1@§11t001 .
departin fromthe scope of the invention. ther, in

t he¥lex alft-and H097 g3k demt M@%ﬁﬁéﬂfeﬁwmsa@fsfmg@rfm 9°§p9£2cﬂ*&8%afsp%9ﬂv'i%. ned
by a domah ebld astbrise¥aphbgitysa eplnes, ekch SOVRchBdraponfib Aledge IS the Brapisfragment, Or
poi Nt S hieEBRE SBLELY £rcB0e 190 1/B0LERSod NRGRROIA Sl SBEThi

confi gutaat.i rqnesenmg adwjlfcumamn Stsém]ﬁaasenc%m wptlakeﬂmms 101 0ri, hQI2-1p d91dt]s andocat ed
anywher gnts rloé&,gggpﬁaﬁng -8 %esﬁ?? 619, aﬂﬁ’gﬂst retpemexgeﬂrk@»e@e,%quoze%tﬁesm £

p0|nt or exa e taken I n roups p0|nts eac
conformation set for fragment 902, comprlses columns 1012-2, 101 -2, 1016-2, and 1018-2, correspondmg

to edges 912, 914, 916, and 918, respectively. Finally, table 1003, representing a conformation set for
fragment 903, comprises columns 1014-3, 1016-3, 1018-3, and 1020-32, corresponding to edges 914, 916,
918, and 920, respectively.
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15 Accordi ngly, sanples could be taken at approximtely 350, 0, and 1.0
degrees; and at 170, 180, and 190 degrees, for a total of 6 sanples. O her
sanpling regi mes enpl oying differing nunber or points of sanples may be
used w t heud osieaeg t i ng fromthe scope of the invention. POS%'(HJ F}r%ggent
conforners having bonds rotated in the anount indicat ed are ca 4

If the cal cul ated Eﬁg ment. conforner is of | ow enerqq nunber of the
maj or poi nts used m; the 1fle reprRIERt, A FRBformation foF the aﬁm%f“‘t P €52mPi%y &Abien; or
poi nt i $008 @witins nine @swsi, indicieg hiovpossitie y-caarpf cmﬁsarnatmmsfomdgammaoedn&tﬁra ré% Nor
point a I r s of

hi gh en%ﬁ%e IOBECO%QF OE%E&E?%!)%OI%B% g’%eﬁgh ? pggglﬁ q’toss?’ ?ﬁ%‘ge'%éyto be a
part of C@fq@metoe far dggmaesh$Qr (Fhis partigular prauesed indicates 2 leyenerey cofifermationathere Thee
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t he gr apPl6r) egygieathe va&m# foncalymns U913-2 &01A-ds p@ri@bﬁ -2 for acmracxawgl lbbindiDOZnﬂwrhe
atom beltmoﬁepsnem f&:ﬂéirk foY e &) ﬂ{a?gﬁ.dms J@ w%nuchaai e bkﬂ&lshar&ﬁ%f S8/ tfﬂaglrﬁenﬁ

conf or rt] set tor grrent 901, I ses columms 1010

1014-1, DISEFIorD 285 Tov B B STy o g %Shg%"ahgi?‘d °9‘1Ylf“l“°aff?6‘ “3&‘6“‘“‘“1

r espect irovel Yhe resuk ot bee row svbdse oti&(L onelgpaateLdmithe Sx@erdr tie rowsevni WiicHit ison set
for br a%@i'm& gg%xan&%mrﬁgl& @aur&pl]aﬁlml lias]lgreez colu]ﬁ%:sl'% c%tnm%t? \]ﬁﬁh ?ohr—cabrl]u%mloj'S 2,

correspondin
table 1002, the intersection of the table will have five columns: the three common columns and one additional

H

column from each table.
The operation is clearly shown with an example. By inspection of table 1001, it will be
seen that row 1040 has values of 3, 4, and 5 for columns 1012-1, 1014-1 and 1016-1, respectively,

35  Likewise, by inspection of table 1002, it will be seen that row 1050 has values 3, 4, and 5 for columns 1012~
2, 1014-2, and 1016-2, respectively. Accordingly, an intersection of the two rows may be constructed,
having a values of 11, 3, 4, 5, and 10. The value 11 counts from unshared column 1010-1 in row 1040.
The values 3, 4, 5 come from common columns 1012-1, and 1012-2, 1014-1, and 1014-2, and 1016-1 and
1016-2 for rows 1040 and 1050. The value 10 comes from unshared column 1018-3 in row 1050.
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to edges 912, 914, 916, and 918, respectively. Finally, table 1003,
representing a conformation set for fragnment 903, conprises colums 1014- 3,
1016-3, 1018-3, and 1020-32, corresponding to edges 914, 916, 918, and 920,
respecti velyogdhoe EaCh row in the table represents a conf}rcﬁﬁ‘gsﬁn for t he
fragment. For exarrpl e, table 1001 contains nine rows, indic

possi bl e | owenergy conformations-for fragnent 901.° The first rowin table _
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I ndi cates a | ow ener conf or mat i on

nd cor 0
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SpLer 1] 19 ety Plogl 1d42Qfa 8L Glisker Whofh id1123The val e of the tabul ar form
becone apparent in di scussj on of fragnment 10 I nt ersectlon bel ow.
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overl ap beﬁﬁhsfnrg a&me BI(BthﬁSﬁgh 418 miaf bEfRIRE infetkedtal WIhashlECKS0R whizh deciins ioorenaey

nt.
o PG ok OB TR ) YA, 5T e, g
f r ag mentis canandnh €olvphe LAIH-E, HH6-3, 40d &0 8i3rin tbls d003aud coltimns | HtiRt 114615 @nd bilat i on
set repry %%r?ﬁ%l? lﬂ)l(é%ﬂfcgt'; h%dg&bli Qfs, taﬁ@Ql@ nrteépﬁcﬁw | Mf&e thd tGo tabiks Bi§PHLC S

the intersection o rmati on sets Fi g. ‘abl e 1101 represents t_he
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represeny;s, 9514t9165919 MNani @tcu eRJ“Dnzi hh@y heGnekseeel Was m@sm@ommﬁdges HD2addr) ®
conflgr mer for

r eprigsenfP@ 9% ld?(gg‘g‘ﬁ p\t?a 3% o3 B}ersfclﬁ% “ﬁ‘é A gdg bj chg’ﬂ’%‘('ﬂmﬁ Y h? (}}ea&g 8)2 '8 5™ R¥ 2
conf or neri4f.or fragnent 902. A simlar relationship is found between coI um

1014-1 in table 10 ;,Qo@eﬁqb&gl'?mzugg%és@@t@a Hifien o@@&ap@tmﬁanmn&@lo 1436-1 in

table 1001 and 101 in tab each palr_represents a

col uim dH4: Bhe718rand 9PQ Refereing 1 FigaP it witl by Fee%@Q‘éhltﬁ?ﬁ‘fﬁﬁ aF‘Ba“ddsc qquivaleny ipaht s

Col ums @4 rloie. TRbAwith GOMASRNNEG frt BIIA 0D LénfortRtbnaiahilybof 40 Liird BB d
10162 correspon row in

t.0 916. .25 |.f conf or
0L oot e SRS e it bpeie ooz Ry g MR b |
equal t canhipdval ues for colums 1012-2, 1014-2, and 1016-2 for a conforner

row in table 1002,, ,&gmﬁuﬂgag&m ﬁ%e‘iﬁ;’ilz@?ﬁ?ﬁééfﬁ&&ﬁy Lré?enaeaqsaragrrents

are identical for the on are ragnents herefore, a new
row ray istatieneiein ofteblesdn a ebaipnal daaieret eaddiiens 8 vill e f\9¥9§ thathe YaHHes ipgpoleolpmB m

each sel get@fctE Wa r.'-ﬂg@otf (15230 V\%‘? M |’I_ius lﬁ&m@is éa@\/\ba‘lﬂa%& eQEdd&f mlaa-bqlfhexaﬂd’cﬂﬁhl @igict han
t he é)ider or t he roQws erived agr ex

it js
f our=tol GARTPEDIE %’éﬁ_’ k a‘E‘ﬁ?‘éﬁ’é °€8ﬁ°ﬁ?ﬁ‘i§d“}gds BRI Yaloes B‘LfP’r'T‘E‘S‘? {Rﬁ’h" t abl e
1002, t hBademna:rasmgtel30mt(o¢-b>ttd)ewotdahd i@ caninhdn tdhyRAG cﬁmmmly:ofhms:;expehavetchmgeers

commron C?h%%m@nﬁisgﬁﬁgaggﬁows ?d?% % i i Jrﬁ&rﬂfﬁfi‘ E%%?&lu -rI»UﬁnQQﬁFl?t ion is

clearly on o
computer instruction. Although the companson may be by a COMPARE instruction or the like, in many

architectures, a bit-wise comparison may be performed for greater speed. For example, a 32-bit word

30  containing up to eight column-rows from one table may be combined with a 32-bit word containing the
corresponding column-rows from another table by means of an exclusive OR operation. A zero result
indicates that all column-row values correspond, and a non-zero result indicates that at least one column-row
does not correspond. Since exact identification of a non-corresponding set of column-rows is not necessary
to the operation of the invention, this approach allows for extremely rapid evaluation of multiple columns to

35  determine whether a particular selection of rows is found to intersect.

4.4  Ring Syuctures
In an alternative embodiment, a method by which ring structures contained within

molecular structures can be analyzed will now be described.
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seen that row 1040 has values of 3, 4, and 5 for colums 1012-1, 1014-1 and
1016-1, respectively. 35 Li kewi se, by inspection of table 1002, it wll
be seen that row 1050 has values 3, 4, and 5 for colums 1012- 2, 1014-2,
and 1016- Ayonesgest i vel y. Accordingly, an intersection of theciNSog/ 3R MaY
be constructed, having a values of 11, 3, 4, 5, and 10. The val ue 11 counts
from unshared coI um 1010-1 in raw 1040 The val ues, 3,

common col urms 1071 BiEwe 12 fgpicisgsample malecple 1201 copraining 7 xing smﬁf‘i’lf 118'%'“&5‘%'8’6
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1118- 12 1101 h
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(conmon val ues 4, orm row row 11

| Nt er se&YRpnds intp 2 riggy sq %&05( SemiaTsions, Bam, e ringcan ki use@lF?cPf‘Bye ﬂtecPO'FfeW‘PfB\ﬂf the4q.

As not edampove, table 1102 describes a fragnent of length 9 conprising
bonds 910, 912, 914, 916, .918, and ,920. Referring, to, Fi

Seon that  t hi e f  SHHES SRRGANPISD CRARpR OB AN aHb TPt g gt o
Thus, wi'rhthe 190¢ réprebenrsaatig nade ahdthé cmforhaiohsethdk Gy agsamé. OTablkt I5S0hantamnadeyrew s of

t he,gnti g e I st of
t o 281 e FachBfiariiuented SRR par Mg oiyoudh Bk b8 G0 M P’ 1

not ed t H&0 renyesent hedpinis SerFespenéing to1fasles b fogsionpingt ap the éqlvm@%ﬁeawnf;fevfpwﬁgu as a

relati 0@@4 subtPisn o, lﬁ(ﬁbhﬁSO()eroa 15 &ldfibh, Qi 1sda&a?m§eean£dau@m kdtrN1520 thatM | | be
noted t he v?lues I n_each oéugﬁ are restri range of O through

S i Ml abotiion pUEE e VH 18 Ity RO BRion OE BE HBE Vol | i g1 1 o
(a hal f-byte, or "Tablbhb§02'9a fragmentachfernidugpaattd similse to feagment icorgorimatidnhiables 1R01{ O
e1 0% Va6 idbac SRP Iy BRI h 140 1305 B0 1Bl (Ao Bl dRL O, o

onmon to nan aval nexpens
t h| s apfPWzronsaipg now\sahieeﬁ 61611%/4 rb;}squsec@wﬂéaz mmbledﬁo%wnms élpgme R?@F mlms b ows

in a si By 4C QMiteREmpld) &tl.«r ddﬁiiﬂe@{hat ¥ Polto Vaies 516 ab PRI STORs ﬁwdest%bme Same
COVPARE i nstruction or archl tectures, a bit-ws

conpar i SBE§S FASSFSPORAIngIp FGFWd“‘TI‘??Pl“g’?"édastng?‘e% {98se the b TOWR IRV DA ‘é‘ers%F‘°§2° f?f‘? Nor d
1534 in table 1503.

30 In such an intersection, the resulting table includes not only the point values from both rows

—_—

that are pertinent to the new fragment, but also the conformation number of the ring conformation in which
the matching values were found. Since the ring is capable of assuming multiple conformations, the inclusion
of the conformation number prevents row 1503 from being improperly intersected with a row from another
table describing another fragment, where that other table may have the same point values from the ring

35  structure, but from a different conformation.

4.5 i lysi Resolyi in { e
Fig. 16 depicts an example of a molecular structure, 1600, which is computationally
decomposed into a plurality of fragments, 1601, 1602, 1603, 1604, 1605 and 1606. The notation F(Al, A2,
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30 containing up to eight colum-rows fromone table may be conbined with
a 32-bit word containing the correspondi ng colum-rows from anot her table
by means of an exclusive OR operation. A zero result indicates that all

col um-r owoysd/se3e6 correspond, and a non-zero result indi catg M&?ﬁ/lﬁh' east
one col um-row does not correspond. Since exact identi f | cat | on
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ri ng node hin nol ecul e gure 14 depicts sone of the
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1212 arvedlid itd eminaty. ofre figthgreinfo@@fioneganding th\BREIDING sthminue.ueferencamdy bélead tmei t her
of {1€Sg,40B H; ol st a1 r EWQ@B lﬁpﬁ & nto a
ring, spgma 5pe |°n§ag¢|s ryzsq(ISJhPrg(f%)9t4 Yot at 4 EEIO&Q&I n 1%léﬁzlnhgjath is
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Structure, I ONns e Ve orsLons, C
b 1oeriop ey 8o o e neti, Tael Tales et b B Be e ERlRReOR BRGNP pat hs

are onIgu_epemnbfmgnbntsdéﬂlallwzalﬁﬁaﬂﬁﬂmrrﬁfﬁfandmélumwdsnﬁgikﬁ a ring, so at nost,
woag Or st ons 11 OMCG: disidfh oifdbe BimibiR At dnPooRfidtARod Bt Jsp{opam fddado the
t abl'es use

pat hs Fi gure 15 depicts In con ormatlona ana
i nt er s el@formatiop pbops thgcopggration. TEgs examplstprsicapthat dig iithin 3 ring ﬁg‘“ﬁ@d‘é"%ﬁfﬁ“‘t‘ﬁ <]

conf or mﬁtllﬁb&xpfefé@tdedeﬁmﬁlby &% SHIEmation RE @e HRH 1FdE fkimpleNsonifte :dmws 2@12.11tasr each

potentlal matlontht the ri tructuy

Pouta e B bl TO5 T Pty Rovrent et iR bR e BB bk ABS o
torsi ongxanpplstwm chigrisescitamsTig- 112-n3-ﬂ4-wgmermnvanolﬁvfcomm ihﬂrof eafosmaionsiofde 1001,

10 apd 1 L1 | b lpeCOl UM
1595 ¢ noferdte £ L4 By b 4 0P 9 Lottt B B oy s e i 0
conforrrﬁievﬂﬁmb?antbhé‘mmm Table 1502 is a fragnment conformation table

simlar to fragm%‘mammﬁlarmbdxa&ttaaﬁdcwnsm@hr glﬁent—T?rliQfmalgé;lgblé-@‘g@V Iggloe
uce a e oW I N

1502 t er sect e
Lo e 180e anfh ShRaeparerony g 2BV Galep s caplhyd i pil dpcsave IGRRSRABON H o
1502 coafgkisnsnstadmengsheeonfoomers. Figl 21ei®pitis a simplified representative FTV table, table 9, having

30  rows, such as a row 2101, representing “variable” torsions and columns, such as a column 2102, indexed by

characteristic torsion angle values for each torsion. An FTV table may be constructed increment_any by
considering each conformational model of the constituent fragments in sequence. As used herein, a “variable
torsion” is any exocyclic torsion crossed by a fragment. In certain embodiments, the FTV table is three
dimensional, having a typical entry represented by FTV(f,b,v), wherein f is a particular fragment, bis a

35  particular variable torsion and v is the value of a particular torsion. A separate FTV table can be provided
for each fragment, in which each eniry is the incremental energy above a particular nominal valué, such as a
global minimum energy for the fragment, of the first conformer that has the torsion b at the value v. The
entry represents the way that this fragment can place a particular torsion at a particular value at the lowest

incremental energy.
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6, and 4. In this exanple, it is assuned that the point values 5, 6, and 4

i n both rows each describe the sane edges corresponding to the sane

nol ecul ar bonds. Therefore, the two rows may be intersected to formrow
1534 in tol) syshife3. 30 I n such an intersegkl

resulting table includes not only the point values from bot ﬁblrrg%%#g‘t‘ are
pertinent to the new fragnent, but also the conformatio grr.tger ?’I the ring
conformation in mh%ﬂ“‘t‘ﬁé’%‘fhﬁﬁ@“\?’éﬂ“ﬁ‘éé‘ W'ﬁ?}ﬁfm‘es’é{lﬁ}c} h&rAtng i s
capabl efré@fmﬁ@ﬁ Uit g 1eusd strinﬁ)dd&ra? ondchievinyg thOnsion bhethe vadewvsivaralldfagibies f. The

conformatl reyent.s w 1503 from I d
with a YoRU ‘F‘} %ﬁl&%’é f’{ak'tbl 'e2 eaggnr%li%lﬁﬁgaggﬁgﬁnqgs '{rT}z}rfr%gl For eeérgﬁ%ge%l{aot her
t abl e ninyvhicam torisien appeass. hyi inpremental poergy abowe théglotal mgms@ of thetfirgicpnfprmer ekt f r om
fo Esl__t&'ggrt QR @R - vatlle Vis set n'-xr @E F’Wﬂﬁie 'ﬂpﬁbvmbbsofftﬁfe @R Qrdt eétBormbr ¥ NI N
or mers epicts an nol ecul.ar structure, 1600, which
| s conphe ﬁ%&nﬁﬁdﬁpklm @o‘ﬂffé@@‘ﬂ‘ E(ﬁtldlézﬁ?)up‘étl spi {he &FS‘WV&b‘ﬁﬁ’rﬁoéjeg‘i%é‘f torgigh
1603, 1£501.1-180 @nsabbede gl?ﬁhﬁm{hﬁilﬁ{ fobthe Fragident. Ajs nad be reprcsen&ﬂ)is iwheniSed to

represe f nt d.er d fro ear M $6d t hr ouah An.
Each no&%’éﬂilz@gg’fﬁgadﬁ‘é‘ﬂ? dglr | é/eaagn}' rom c{é e hb c’ulvar ngtjtq?ﬁié?nuarnes“ﬁh Stfics dré
conf or ndetermined foyevarycoydad every vabo!fertevan fragdunt, te (Titentrsafor ensyetbrsion Valeearndy
fragme § e def mﬁéd%g qu]@ lﬁe%z&ingxﬁf)ogg;ch QWa e RAGLEYs. conf or mati ons of the

fragments cular e I ment, these conformational nodels may be 5
represented as a il'bﬁ)T\étame@ﬂ@ forzn benguafieesonsidesing Al faemens BateErss B bede

f r agment;pRAGhEBHE &ietgy Which RA1 &Semh&d&noruatf&raaﬁfmgamnd ko @ik @ordish b ia@arfuaaﬂrm nt.

Here, we usetor5|ons as the inter cetral
o & onGarete el VB T R AT Oho S HEGH T H P bR
t he fr agpaegieds and €50 degleescind uhsglparbailarmangermmmer qyrgy erhenghd torsipo AxEld 1ed f or

eacts CORLRET™L 1Lfon ﬁggf;?ew PN Ay %ﬁa.%ofséassgme o006 ik Hingli

err di ment, contforners are sort (gly relative
ener gy bigpensrgy ¢i-H “ttﬁ@;cﬂg'? betyesen the phenyhingowhen His tprsiggyi@lenar. Kris wisdragpent et of f

nmay be girphday @ chiied iR e a8NBAHheaRorén 1208SIE2 & pRmENt confor mati onal nodel s
in order to control the nunber of conforners retained. Conformational
energi es are neasured using a standard nol ecul ar nechanics force field

whi ch esti ma#@s t MinimiziigPreref offdConfoomdrBBomRts as a functlon of its internal
coosdi nates. In a Q@El I 2 dsed 1 n

[ tsﬁ(gntl rety. For T‘fwé&ﬁﬂ# ﬁﬁzﬁﬁ??‘g\m&g%ﬁ e mh rI'_:)‘R" fk@e?ﬁg& °n| qugr

r ef er entochayeegrsioe b atalue ¥, aver all fragments thmcm%!bwqrsan Eorcallvalyes vifopppastiqalae m ( 1990)

94, pp8§,%70n&9ﬁx9remxﬁwem foe eveBOsua! Rthe REMRE 'Fv(%b) ﬁlﬁﬁtﬁfe?ﬂﬁ?ﬁbef&ﬁvc%'ﬂonﬂﬂé poses.
A conformatignal  nodel ;)g%gentl re nol ecg ﬂr structure is cggsft L{C ed by
i nter semﬁdbfﬁé“‘isoﬁgle&?‘pﬂe £nigies fantopiog 24l ;12 are capaippddn rop 03 pf tablg Fy) o
in Figs. 17 - 19 Isingé eath'EVE DN ety rgiréseitethe lﬁﬂdeénsrgsbﬁtat"e hﬂv}ﬁmb eragnienrtnE at s
160 al :]'g)t?szd b a@va de vlexstqii'not \]ﬁ?rqg:o%s'??enag \fa?ué:?ﬁ/ gl\cl)\‘p]rg % I;)g?ar anﬁrg(r:eénemal et“ﬁé% above
t or si onthe |globa.1 mkemm fqr mifeacpwaRpw A1 96 table £ lindicatertha fargarsiom12- Holr-2 twbaysd value of

torsi ong gLhal, shm@f:xgxﬁem ﬁnaexﬁenagen&tgy Wit Yi5to BAVRL 21 Reals Y6dvE S oWl @lobdi S
conpletely determ ne e conformation of the ring. For exanple

th
consi defifipya; Bekevers t%afx‘i -a1/giue picPO£aBres on 150 fesrees, the lgteest iporemppidl é‘“’é@'r P&spond
to frageitgmbd adustiha e i€X¢ kil M@B Y kvdld fBipeetivdhe phenyl ring of the

30 Sorting the FTV table by incremental energy can facilitate the selecting of TV values for

torsions likely to appear in the final conformational model. All torsion values within a nominal energy

threshold can be retained, while those exceeding the threshold are discarded. A current preferable threshold

value is 0.4 kcals per rotatable bond in the fragments. In select embodiments, the threshold may be

controlled by a user. In the example of table 9, torsions having characteristic angle values of 30 degrees and
35 150 degrees will be retained. However, the characteristic angle value of 0 degrees is correctly eliminated,

because at least one fragment possessed sufficient contextual information to determine that a value of 0

degrees was a poor choice for torsion 12-11-1-2.

The TV table processing limits the characteristic angle values that any torsion can assume.

In our example, any conformer of a fragment that does not have a value surviving the cutoff analysis is no
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exanpl e, which conprises atonms 11-12-13-14-15-16. G ven the conplete |ist
of conformations of the 25 fragnment F(2, 1,11,12,13) in table 1 of Fig.
17, conformers that do not have torsions consistent with the phenyl ring
can be el . I'n a particul ar embodi ment, a mechani sm g

Fr agment - "Iygsrm oﬁQVal ue table ("FTV table") and a subsequent Ef]c.)’rag?scl)lr?ovw .ue
(T-V table) is enployed in order.to resolve informati on about torsion angl-e
st rai ns lengeregnsidered.c Thif i3 ilivstrated ﬂFiab‘e 1G: where fablet 1and, talle 376 ipterargtefl AYAR ERERY at i ve

FTV t al;bclggff (o £ inQivialhA Vab1Por 3D keals. B costbkefir 891 Bf EIVI A be feOPMAIEREL NY
"vari a

torsions and co] umms such colu ndexed
char acteesres eqnformasios has forsiehy) 2a! Ik 550 af"ﬁlf’e %‘g’cdﬁgrf?fp&"gﬁver'&ﬁs ESI!\? e Nil ?a{"amay be
const r umkifghhi TC raBREAcasihy, sbyontammer 10T is riimieaHfrogoifiipr nesilaoh. mw gigbalt he
congtituent fragne \hioftdr 87d2QR$1 ON" i s
any%exdeli)‘é‘}“f“c nf °s°“c‘)’rff“°é?6°?s e?}gg@q% mﬁec‘%%&f&ﬁﬁgﬁh?‘gr@éﬁ n enbodi ments, the
FTV t abdosfoirser i T3 mlm@lsmmuem f%MPIPFQSSalB{ Jht rewuit of the inferseption aEtSsE ed by

FTV(f b, £ & ng il gpi@aparticular fragnent, b is a 35 particul ar

vari abléeé’)ltg%rﬁ!'g&leionépari3 lv I's the value of a particular torsion. A separate FTV
tabl e can be provided for each fragnent, in which each entry is the

i ncrenent al goergm@g&e a parti cuI ar nom nal value, such as a gl obal

m nj rum energy fo ment the fi \shidide
torBon b at the {Faqotfzuswnﬁx% resenfq venuon eprcl)yédse% %& ﬁltgtﬂgé){opy a.rhlbﬂlgr dFlI 1 fjr&agrrent
can pl amefoamgpafot & symihesizable mgleatar atucarqmwﬂ upon infprmatgn abows jts eqngitjepie ysome

| ncr eme ”%%hn%ﬁl? l]_.l%\?(?s&g gsvenu{rhﬁoﬂ&@ %l'etaﬁto;ﬁ;{(ﬂ/ mmodk of ﬁlm?zufgﬁﬁdléfﬂlﬂﬂ sthcrabd FTV

table emtr!es, fragments f. It is the | east strained way
of achi esigragompyier than gRRy AT hemanyah @cwp'aéwvm&&%‘fmw | The PEESERE Y Dtgn cagpl3o
Si rrpl i f br‘a‘QdeF T%r&rﬁb‘ @agmhﬂ”vlﬁch&s @fthdut !ﬂeore?l&al hhﬂﬁs 1©Rizé bresBope O &mm&méimrme

t 12-11- t whi t h
i ﬁgf ﬁgw%{pxnéwé.peglyveatboé\fgxyieo”%deb lg arfxgl ulﬁf contakts S de di {%}!’Insl.?m%(_) S?‘blgﬂl ?qulgtﬁ{e%a el ne

n

conf orner that 5
has t hi spoh mxragh@ncoatonaerp aSetertmibediments| agerding tg the drtveritign ma:beRvye folpt tan thpser ow
2101 of . t rst confornmer of the fragnment 1601 in table 1,
fragmen{ler Ql%fgﬁwf ti]g‘ fg that sets the torsion value to 30 deg{’ees for

t orsi on 12 11- 1- 2 Ophsr Gﬂl’gdlﬁ’é’é{f of thegsesent irpyentigh aRg A IngividushsAPRoaat HE YPEY nent .
Thi s may..4f abﬁa?én?t%@[&eeﬁnlﬁcﬁm (N Wt From the Efe%olig aeiaalétﬂdeic&)monb Astvoll 5d walizéRthe1- 1- 2,

and 30 de rees, entr| ned
f or éveW“’é‘B‘l‘l capable %‘{;’ é“\?&ffﬁe“? ed’?%"g%'ft? apd §d“"’“’r gmtll ?ﬁx?oéls glﬁsmever y
torsion m/\&hols onvagus i8pects ol withbwe depanipgl from theapirinapd ttlh@cqvaki lhwwselit invemtian.col um
in tabl m-g\fra‘-ﬁn?%] %%iééd%?scqugiron &Y, %&qgﬁlrde@&tx%trﬁﬁg %, Vﬁﬁi‘é a8 mﬁ:ai be

fragnen sa¥% "Cross bon ress t |'owest ener h
expendedesirintivsy didy thergfor eanymﬁda@ ¢ ipypnuqntbe fipited; expept 35 hndfcete%l%‘a? ey
charact ginsti ¢ angle value. For exanple, row 2103 of table 9 predicts that
torsion 12-11-1-2 prefers values of 30 degrees and 150 degrees and has a
particularly large increnmental energy when the torsion angle is 0 15
degrees. At |east one fragnent, F(6,5,1,11,16), in the nol ecul e possessed
the requisite information about a high-energy HHH interaction between the
phenyl rings when this torsion is planar. It is this fragnment that

dom nates the entries in the TV table when torsion 12-11-1-2 is planar. 4.6
M nimzing Energy of a Conformer's Bonds 20 The quantity
TV(v,b), is the maxi mumincrenental energy required for the first confornmer
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to have torsion b at value v, over all fragnents that contain torsion b.

For all values v for a particular torsion b, there is one TV entry for

every such value v. The TV(v,b) quantities may be derived fromthe

FTV(f, v, b) wenawsesas. An exanple of TV entries for torsion 12- péyhrsdsMddia

cont ai ned in row 2103 of table 9. Since each TV(v,b) entry represents the

| owest energy state in which sone-fragment had a 25 ~ torsion b at” value v, -

it is not worth considering values v that requir renment al
ener gy aWHA®I$ QEADMEDE: mini num for the row. Ro Tﬂlﬂﬂlﬂlﬁmﬁﬂﬂlﬂﬂlﬁdu cates
that for torsion 12-11-1-2 to have a value of O degréest sbne fraagnent's
increnmental energy nust rise to at least 7.1 kcals above it's own gl obal

mi ni mum However, .0 achicemputer based methask foGBeduiging @ confarmativg fatagmadeselar t he

| ar gegst gng&ﬁ,@ggﬁg;,gﬁ,g@;gg{e&y that any fragment nust have is 2.4 kcals and 3.0
kcal s respective Sorting the FTV table by

i ncremental ener gya"é‘?i'i‘?“faglé fgcpppasiag saibmelequiap fuFfEre dito FRlurpliy 8&3‘%?‘51‘691%n s

i kﬁ! y t@ﬁx&ﬁ_ﬁ@ﬁfnthﬁﬂ 4 daeonfl ﬁrﬂg’iﬁenﬁ@.ﬁﬁ a1 lebdd B ofmadﬁj;menﬁlxi ndt &:1 Shifidlaci | ugs
within a nom nal ener t hr e Lhose exceedi ng
the thr ashol d ar e BredksH ehd paRy SrBpep e TP ey
kcal s pemcludntgat falinermiptired fiagmdnherespaggiingné said first fmghent tndeyrbeodd memblized fripenent

t hr egh .a user. In the exanple of table 9, torsions
haV| ng c ,{?% |t§%ﬁ;§e§ﬁ‘gﬁ ues of 30 degrees and 35 150 degrees w ||
be retai ned. Howevéﬁr‘e"“tnﬁlé f?fr?a“rha’et'@h#étfﬁaém@hgls@d plaralis of pormalized;fragmentp.qat
correct | asedde B DALY ob&ﬁfbﬁﬂ@s iaaudx@aasﬁrs&aﬁormea@ms@bnmss SRt ndmhalikeal ent
contextu%\zlfg [ nfo‘gmati n to determ ne

val ue of d a_poor
Cho ce. 1 BrenBet Li-4pd dmestoriybig o it ool arBalirs Gremeth 0 o Gontorms
char act elavipg rtdeaatrrye ef a/Gristpbsalinheftintama) cdondisates,5aid atomisonfioener havingur lesxenepf e,
any nf oes not have a value surviving the cutoff
anal f;s)l ségfdgghlug%?'%fm?ﬁr%&gﬁdlgggﬂtsa?gered This is illustrated in table 10,
where table 1 and teminingsaig pidedsiang inteapel eagrdipate fromespaid figy plaalifof infefngl  each

i ndi vi dugdordinafed &9)sai@Firs? edhfofiat|afd safar a0 ¥hst GRAMENE Cooldifle Im §aﬁibskt§>né-pluiafny‘8?-n be
seen that | owest ener%;/l?confor t| on has %‘?rm on 12-11- to a val ue

of 0 deg‘f‘@@é‘ COPRYIRRIGAY Saif FReQRd e erEeT g SerhYe s FRYfTRR IR far ﬁ”g‘iLPﬂlé° STEBe
processing, so conformer 1701 is elimnated fromfurther consideration. The
new 4f obal 5 m nk,mum 7 I econd
conf%dr mer. in the tgbl e. q@%& oord(rir)l(ggllEl eéer}]xa[g%%enefrm&%gsga%ﬁgécm |IS§1C| uded in
subsequent joi n pr éeehiag g, livmReofmempplized ffagmants forrat lpst enetmhatahing fragrheat; gaid

conf or MepgcHirfy ﬁiﬁﬁbrﬁ b&Rk idbhtitaR R £ ledsl onedofnalized B ’lﬁénk@'sﬂ@ ﬂi&lity of normalized

I n concl ysi on present i nvention provides for a rreF for dynam cally
det er ni n???@"eﬁtﬁﬁl?eé‘?mf@}’s for a synthesizable m)l ecul ar structure based upon

i nformati on about iftssid eankihg trageedtss fobrd, ﬁsﬁngeoxfm’aﬁdhm&ﬂdtﬁn as&&t&tepmm@m

i nv io o1V t ed. et hods. of ng fLyctures
uoi v o Bt Il SUACERIF AR5t QiR SEirn TR S Sl Sienc
present Pfrwé mlurality of senforingrs ofphonardized fragment ayd m‘rmﬁ sad)stdeast onedfisaith pluslityiof hout
theor et i g@dmehts W shid@braty® Si ze or scope. Sonme enbodi ments 15 according to
the invention can consider entire nolecular contexts in determning a

nol ecul ar structure based upon fragnment confornmers. Select enbodinents
according to the iBvent ManmeRyd db ElakiDr RhetedDHS tonfbhnid siep @r@edtompiised:or e known

In ti}f art. relationally joining said first conformer and said second conformer.

4, The method of claim 3 wherein the automatically decomposing step further
comprises:
automatically determining said first fragment and said second fragment to overlap
35  maximally, wherein said at least one of said first plurality of internal coordinates is not contained in said
second plurality of internal coordinates, or said at least one of said second plurality of internal coordinates is

not contained in said first plurality of internai coordinates.
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O her enbodi ments of the present invention and its individual conponents

W Il becone readily apparent to those skilled in the art fromthe foregoing
detail ed description. As will be realized, the 20 i nvention is capabl e of
ot her andwlh b§/eo3et enbodi nents, and its several details ar f ’
nodi fications i n@(?/ari ous obvi ous respects, all wthout depa‘r;’tclclﬂg@wll:g%?t,he
spirit and the scope of the present invention. Accordingly, the drawings -
and detail ed descr#-pti ofhegpethogd of glaim ldureinesgchpeonipimer) ingspid plugalityjof copfprmere  and
Not as a8 adikdsiCont ¥Ca plirhtit} 8f HohA! &HOBAd Bdrconmb@i3Gekast Rtatokid & said \iBMali2d De
limted except as indicated by the appended clains. 22 CLAI M5 1.

A corrpu{‘@tme’ﬁfased met hod for determining a | ow energy conformation of a

nol ecul ar structure, the method conprising: providing a nolecular structure
co I sing twenty.or f o 08] ' . e into
at rrIlyeast a first ?'r ag mﬁﬁ%‘@%&fg‘ﬁ“&?’ﬁ‘g‘%ﬁéﬁﬁ‘ﬁ% ge&[r%rt\‘{;& H’Leg@ﬁa#‘ﬁgﬁéﬁst )
conpr i sirdgdgevnt i guous atons joined by up to four rotatable bonds;

normal i zing the fragnents to place each in a nol ecul ar environnent,
characterizing atom groups positioned at either end of the bonds according
to an orbital hybfidi zJPJrJ’B 20d of claipyf) yhyredn qagh ofspidh plyralicy of nodesseprpssis a

pr e- exi &dlledlign efamhm in@emolstes for the fragnents; where no pre-existing

cong rmer set for the fragments is available in the relational database,
generating a confornmer set for the fragnment by sanpling a sinulated

torsi onal strain &ner gjfhemethddef claigrf Yreaipeach oftsaid plugglitylobedgentEpresamts a set as a
tabl e i pothi@: b&aat i onal dat abase; intersecting the confornmer set of the
first fragnent with the conforner set of the second fragnment to produce a
conbi ned confornmer set corresponding to a |larger fragrent conprising the
over | appi ng fragments; Tanslethdde@tlhift(B whepdinifaill duioyrarithily dRVunoaieGyep GREOr Mt i ons
of fSai d m)l.e(s:#xle%r siructure fromthe conbined conforner set to determne a
sui T7abi f°|"fp§llseo £ ol ecul e for use as a nedicine. 2. The net hod
of claim 1 wher epmmentingpfragments tasediugorpepathoingimiihglnpdes duwlii edges spidpety davingtaons t o

t he_ fr agm?a@ttﬁs_tit: Qn%ﬁgaiitﬁéh){raéféism&%d%fﬁi idg%ﬁﬁﬁérgpﬁomseln said path, said chaxjga&isﬁgt hod of
claim1 wherein the conforner set is generated by a systematic search

conpr i slepgh having 3 mriniwpm yajuepf M said chagaciepstig leggth having famaxigiumeialop Pr ot at abl e bond,
a nunber of positions of the fixed set determ ned by the atom gr.oups at

ei ther end of the ‘é-Ot aﬁ?éﬂ?ﬂl&%@?@ﬁ’?é{ﬁ%@ '.cgl@j}l}ﬁlpdggarchi ng the set for a

co nati on of t0|1 Il ons;,  gener ate for each conbination
of torsions; measuring an energy of the atom coordinate; and

11. A computer programming product for determining a conformation for a molecular
structure comprising:
code for automatically decomposing said molecular structure into a plurality of fragments,
25  including a first fragment and a second fragment, such that at least one of the fragments is not an amino acid;
code for normalizing each of said plurality of fragments to form a plurality of normalized
fragments including a first normalized fragment corresponding to said first fragment and a second normalized
fragment corresponding to said second fragment;
code for determining for each normalized fragment in said plurality of normalized
30  fragments, at least one of a plurality of conformers including a first conformer corresponding to said first
normalized fragment and a second conformer corresponding to said second normalized fragment, said first
conformer having at least one of a first plurality of internal coordinates, said second conformer having at
least one of a second plurality of internal coordinates;
code for combining said at least one internal coordinate from said first plurality of internal
35  coordinates of said first conformer and said least one internal coordinate from said second plurality of
internal coordinates of said second conformer to derive said conformation for said molecular structure; and

a computer readable storage medium for storing the codes.
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- determ ning whether the rotatabl e bon ring of the
nol ecul ar wéheesdgge; and retaining a conforner of the *bond 0@&%&%&%&& he
torsion is conpatible with a torsion of the ring structure. 5. -
The method of claim1 further. conprising conpiling each conforner as an -
entry in a table ofi2.fr agheeempelerriroarsmming prpdugt of slaim | lovhsreinghe ea &8 wherein
Lnt er Seg&éﬂfhiﬂgﬁurﬂ@{é&{pgﬁ? as a relational join of the tables of the first
ragnent- and the secaon ragnent,. 24 @, A.conput er..pr.ogr anm ng
product for deter ﬁ?q‘?if?fgseaé"hi“g\ﬂ‘ %h‘ﬁf“’éﬁf %ﬁﬁ&?drféﬁgf’%ﬁs Br a‘é"“ﬁ%ﬁ%@ﬁ‘f"&& igzt%f"ffé’t ure,
t he conpiid MstchzFoEmeaTbeits ifentcil otat karpeinsinnaijzed dagheenf insaip plosaligtiohgprmalized ecul ar
strugture n():eo‘gp&irgt' ng twenty or fewer bonds; code for deconposing said

mol ecul arestructureinto at least a first fragment overl appi ng a second °
fragment, each fr aipmachingdrapment jsdepnd.oning gqymeré'éfmﬁ?"(ﬁsW@ﬁe%vl%\ﬁydt@@@&r
r ot at abkgeRANASaid &ALk dne bt 4R piFRdIityZds Bhdrinbes,f HRBARN EsinphhgRb @6 the A€dimitidn for
nmol ecul ar_ envi ronnent ; code fpor characterizing atom ?r ouggf(go& ti oneg at

ei t her &ijatdfastoReOnSHA gurality of Farfamgers #rdiqring $31dcapforme jnfogpas At 1e250,998 °f or
sear chi g4 flufaliy af frapfhts Bakiaheas. f or pre-existing conforner sets for the
fra?{grsnts; where no pre-existing conforner set for the fragnents is
avaitable in the rel ati onal database, code for generating a conforner set
for the fragnent B. sarffsecomputer plogratming drotest of animll 1 wherein He cerie ferycombining e
at om gr QURSs comPies.f or storing the conforner set as a table in the

rel ati onal database; code for intersecting the conformer set of the first
fragment with the cedsrferrelatiqnallydipining saidarstcaRtprmsr I giderrond 9nioFBduce a

conmbi ned conforner set corresponding to a |larger fragnent conprising the

overkappi ng frag ts; .and code for creati.n Lural ity of | ener gy
conflérmations of nggrd r{ﬁﬁeé%rmugfpxggrraﬂgx{né'pgd?c?gﬁ? eﬁé"o?%lf'ﬁlgﬁo%\g?ﬁorner set
t o det erwbmasicallysiedoimpiyirigi fugtheycorpvisesnol ecul e for use as a nedicine. 7.

The product of cl b5 & NGa6dally ?e@%\t}%ﬂg?zxﬁ fdste ﬂ%&@ﬁkﬁ@sﬁfd's&ﬂnegf#&&emc%&&i&? he

atons to the fragnents to sati st ence considerations. 8. = =
product mekimallywhersingpid atdeast oppef saig digst plagality efistesnal qeprdinpfes ie Br{ceftaied insaid

per f or MRecBndSPISLIRYBY ihernARBdr8ibatds] brl shid laGasCoAE 6f aidFHohSpliGlity 60fkemhlQbordinates is

est gpl i shi n?u.a set ‘;c()ér sear.ch posi iogf f or each rotatable bond, a nunber of
positi oNgt GRtaipeddn §3id g PLRlityfieragl SOORTRAESt he at om groups at either end of
the rotatable bond; code for systematically searching the set for a

conbi nation of t Or 3! ONSype computer programming product of claim 11 wherein each conformer in said

retaining conformers having an energy \C,n ‘ange of a gl obal m ni mum
energy val ue. 4. The net hod 1(‘! Hlﬁ! m conpri si ng:
Gl b

plurality of conformers has at least one of a plurality of bonds, each bond interconnecting at least two atoms .
in said normalized fragment.
25
16. The computer programming product of claim 11 wherein fragments are

represented by a plurality of nodes and edges.

17. The computer programming product of claim 16 wherein each of said plurality of

30 nodes represents a collection of atoms in a molecule.

18. The computer programming product of claim 16 wherein each of said plurality of

edges represents a molecular bond.

35 19. The computer programming product of claim 18 wherein said code for
automatically decomposing further comprises:
code for enumerating fragments based upon a path including nodes and edges, said path
having a characteristic length said characteristic length being the number of atoms in said path, said

characteristic length having a minimum value of M, said characteristic length having a maximum value P,

25



code for generating an atom coordinate for each combination of torsions;
code for neasuring an energy of the atom coordinate; and code for retaining
colnformars having an energy within a range of a gl obal m ni num energy

val ue The product of claim6 further conprisipg

determnin 0%%59??1& the rotatable bond is a part of a ring E&%?@@ﬂ*
structure; and code for retaining a conforner of t he bond only where the -
torsion is conpatible with-a torsion of the rinrng structure. 10. The
product of clai m & fur ther, SQm et indn S R6kRc of ElaimCioRI HeleiM @AL4ha @GF.O1 T as
an entry in a tab rTP om%e%?&c%nforg?r@rscof ; rel ateleonal dat abase,

wherein i ntersectlon S perforrred as a relational join of the tables of the
first fragnent and the second fragnent. 12. The conputer progranm ng

product of claim 1l wherein the code.for dete h

code® for searchindlin é\“laP??Fa&ts?“gfte%%ﬁm%gﬁm rag rrenf’l'g"ruﬁ o?‘hcg&@ g&sﬁ%ne
match: ng Ijr?gment ap%s@rﬂpﬁﬂhelmgusﬁosﬁlgomnmmgommgnz| cal to at |east .one
normal i ze ragmen I dof FRGHERE lifcludi '
thereupon, if a rra%mﬁﬂwiﬁ@fd&oglh&ejs{n? shid lg%lﬁp%t%eﬁégcgnmg?r?zr 1 nf orlmalt |mgn
associ at @idt frgnintsad elsenmdémrn@t fsvc&g'wémleaﬁ@%ﬁ it fEREmETESE pot ap aming acdy;

plurality of conf Qbrifalizing dalnR sk ﬁ&alnt?@ﬂﬁghbﬂﬂgtomf@tﬂmny d:ﬂ}bﬁiiatt&tilﬁ@gma‘nar
said at | east one of said plurali

conf®r mincluding & firfprormpized frasment F‘§§§pt°x‘8’i’?et° 5?1‘{1@35 gﬁf’h ?‘é‘{j s[econ% f org’a&@d gﬁmm

a;ll dli bérﬁb@pbndxg@o]}ad seconr(:g’hgnmrrput er programi ng product of claimi11
erein the code for co |1
joining said fi rstde(?:r(r)1r I1”1(1)gr1;0ma£}9“ &H&%&?{ag econdgla ﬁgﬁta(l)lﬁﬂng?omm& TaihRNiR! | Y
14. Teas onsofppiueatityf cepfermes ingluging 2 fitst copformer sqriesppndiggia said frst wemalizde f or

aut orat 'fﬁ%hénYanqggmc%hﬂgnefr orteRhdifOBRid £6shd n&ﬂﬂﬁr‘zefl Ghgriui, @d@ﬁﬂsﬂoﬁﬁfhﬁn&r
det erm said first fragment and said second nt tq ov
o SR Pt B

maxilfral |h§wma/a|ﬁ lspse Py of & figpt et’r“at“é gtiprerpalogsplingles; §idsFqo %{lhf“f"g‘ﬂ B
coordi naéceﬁdplﬁampbfnﬁt@dﬂMabomdatesnaxﬁal d second plurality of internal

coordinates, or Saf:iorglb ing sat saufa %Eeas(t) Ofe dﬁ’tﬁmﬁ%bo‘?%ﬁa?(:@m“ ﬁl’gt }lﬁ'&hy cﬂ?méﬂih‘i er nal

coordinates is 20 I'n sal | nt er nal
coor di nabedinat&Hf said ﬁrithenfgmwpuﬂémd pricgroaninicrral °p?r6mfe fm@ﬁa‘@: Fea?‘ﬁtpll‘lah%r ein
each Co%t%{f‘ég ordi te§ 3k didRbddh@donfo¥me? o RN QidBIrSmARs 6 sald fdtdcul @ Bucire. @
plurality o each bond interconnecting at | east two at oms in said
nor #8l i zed fragrrent 25

22. The apparatus of claim 21 wherein the determining step further comprises:

e of a
er nal

=7
_SH

searching in a library of normalized fragments for at least one matching fragment, said
matching fragment being identical to at least one normalized fragment in said plurality of normalized
fragments; thereupon,
25 if a matching fragment is found, using conformer information associated with said matching
fragment as said at least one of said plurality of conformers, otherwise, computing conformer information for
said at least one of said plurality of conformers and storing said conformer information for at least one of

said plurality of fragments in said library.

30 23. The apparatus of claim 21 wherein the combining step further comprises:

relationally joining said first conformer and said second conformer.

24. The apparatus of claim 23 wherein the automatically decomposing step further
comprises:
35 automatically determining said first fragment and said second fragment to overlap
maximally, wherein said’at least one of said first plurality of internal coordinates is not contained in said
second plurality of internal coordinates, or said at least one of said second plurality of internal coordinates is

R

not contained in said first plurality of internal coordinates.



16. The conput er programm ng product of claim1l wherein fragnents are
represented by a plurality of nodes and edges. 17. The conputer
programm ng product of claim 16 wherein each of said plurali ty of 30

nodes repy collection of atons in a nolecule. 18. yter
progr amm r@égé}% u@t of claim 16 wherein each of said plurali ty o? ﬂgp‘e
represents a nol ecul ar bond. ;35" 19. The conputer -
progr ami ng producizs of Chedppardts oﬂlmrne'mmleadudeadddafofxm inssaid ivadtityoed] | y
deconposi ng fu COMREL 65 WTRLAnhdng 4 RIS SRS &k UPON
path i ntF g‘i’“’r‘f g‘@ i Fe Iérgls“y%ggo? g%%ﬁ&hav%ng a c%ar acteristic |ength
sai d chmdtzettfrmem Iength bei ng the nunber of atons in said path, said
characteristic length having a mnimumvalue of M said characteristic

| engt h havi ng a maxi num val ue P. ut

prodict of clai m 2¢& whdfeprapamis %f‘%a“ﬁﬁbl“’g”?’%ﬁ?gm%‘sm'g"pese“?edb E,ra"f‘@mf

An appaf,@fcy&dfe@g'es determ ning a conformation for a nol ecul ar structure
conprising: a processor operatively disposed to perform steps conprising:
automati cal |y deconposi ng said nol ecular structure into a plurality of
fragments, includi2ig a The rpperafus efalim 26 whetein eask elowid PRurdlighaf Apdes SptekrobiRat  at
| east 0@3&8{0 %pﬁonflsrlﬂg%[&lﬁe is not an am no acid; nornmalizing each of said
plurality o ragments to forma plurality of nor mal i zed fragments 10
incl®ding a first normalized fragnent corresponding to said first fragnent
and a second nor nakj zedrhk kE@RRe bf d4mre sheatid el of Ridyhirdinsdedges rebressgwent |
determ ni pgﬂ % each normalized fragnent in said plurality of normalized

f r agment™ €CHY P ¥hst one of a plurality of conformers including a first
conforner corresponding to said first normalized fragnent and a second
conformer correspogdi NGk Qo oﬁﬁﬁﬁ’x% “m%m,a matlzaﬁga&% osthgbéh ket
confornmer 15 havi ng at Teast one of first plurality o? i nt er nal
cooddi naemeyisesshd $ePPEcond conf or ner havi ng at | east one of a second
plurality of int ereﬂﬁherﬂﬁ@?ﬂérﬁbﬁk%&edaﬂmafpﬁlﬁﬁcmﬂnﬂgncﬂed #ild adge§ @ﬂd;f:atmm:n'g at er nal

coordinate fromsaid first ter coor first
conf or mERaragrgisucdength spid f’k@éﬁepﬁ‘r‘i éenF‘hﬁ’éP%‘&f “‘5’&?8? q Sm ’ssaa} d's nge il

pl ur al i tishgmfhaviny exmindduncaie df Masm;ch@rhctsaudlevaBMg em#lmumaluﬂb derl ve sai d
conformation for said nolecular structure. 20 22. "~ The apparatus of claim
21 wherein the determning step further conprises: searching in a library

of @Brnalized fradifent sThegppammsiofelaim Brvdereiat ii2r#gd Pislgnent , sai d mat chi ng
fragment being identical to at |east one normalized fragment in said
plurality of norrrallzedfra upo

men t her e
mat chi ng fragment 1ls f ofH#P %’f #?Q dﬁwn&gﬁﬁf’&f"ﬁ?ﬁmﬂ plecHlar vt c%m}\)/fn‘sfnﬁ
said matchin g fr agﬁani foaamsmiehllaﬁecbmmmg sattamojécumasmhctptemnah plusalityfof fragments,

gﬁgf 8][ ngr %hnﬁlau 1rst \Ipna ment zfng &Qﬂf é?xél‘[@%t al IQJSP&I%{' %9 H’ag ts %0%%“1"%@&&1

'S an oring sal or ner |nforrrat|on
for 28t | east one otheans for normahzmg each of said plurality of fragments to form a plurality of normalized

fragments including a first normalized fragment corresponding to said first fragment and a second normalized

fragment corresponding to said second fragment;

means for determining for each normalized fragment in said plurality of normalized
fragments, at least one of a plurality of conformers including a first conformer corresponding to said first

30  normalized fragment and a second conformer corresponding to said second normalized fragment, said first

conformer having at least one of a first plurality of internal coordinates, said second conformer having at
least one of a second plurality of internal coordinates; and

means for combining said at least one internal coordinate from said first plurality of internal
coordinates of said first conformer and said at least one internal coordinate from said second plurality of

35 internal coordinates of said second conformer to derive said conformation for said molecular structure.

32. The apparatus of claim 31 wherein the means for determining further comprises:

A



said plurality of fragnments in said |ibrary. 30 23.

The apparatus of claim21 wherein the conbining step further conprises:
relationally joining said first conformer and said second conforner. 24.
The appar a3 98593ad a| m 23 wherein the automatically decorrposi,e,g é&g%?m

further conprises: aut omatical ly deternini
first fragnent and sal d[Psecond fr? meg% overlap maxi mally, wherein said._
at least one of sai T PEFERFTEARN ?’9”' “‘?rﬁfl'm"l%?g“’ﬁ%@ﬂ?‘ﬂ?f%e matching

cont ai neftigmentseidanagbiop fragnphibieing idepticalfto it idag oneormadineddiagment &, saidiplusditycbfat

| east ongn lze'ﬁq{agmgn«gscgleﬁup%ur ality of internal coordinates is 25. The
appar at us og erein each conforner in said plurality of
conformers has at if aggichipmisaggentds foyndr sing confesmerinfoteationeassoigiatod with said matching

| Nt e15C oMbt Afsarilat leBSde of Vit pNrAiPof cOniSriesd, AMWBY, el RHSRRY infotmation for ]

26. Th ar at | 1 wherein fragnents are r epresent ed a
plural it 35?18% ?5153 Hd’fl%%ﬁve%f °°'§°fm°rs andgipring sadqontopmer 6‘ff°"E‘P‘5’P frasleghenedf n each
of sai d spidphlusditytof fragmenp dresidribpryesent s a col l ection of atons in a nol ecul e.
10 28. The apparatus of claim26 wherein each of said plurality of edges
represents a nol ecul ar bond. 29. The apparatus of claim28 wherein said
automati cal | y decolposi Th§ aBragapsoli¢laind] wherein the anepnsiferegmbinipg Sirthey coriprises:

enurger at i ng f r agneadass fR&RMondMOBinfg BAd firsi Dbl BE ARAESnPRLEAGES, said
path having a characteristic engtﬁ said characteristic |l ength being the
nunber of atoms in said path, said characteristic length having a m ni nrum
val ue of sal d cHar acTrerpmitins of dainBh wherein g n@arn¥dori adlonmeicalyRcdhposity

30. Lakus of claim?29 wherein Mis 2 and Pis 7. 31. An

appar at u or etermning a conformati on for a nol ecular structure
conprising: neans TR QuiRatialnddeymidiag eavhiirst fragmert aadl snid sesond feagmentttauct ur e

i nt gsa mvbﬂaﬁhﬂahﬁu@c wixEr@aQ RB& L Jeast oRCrULlk ﬁﬂt hurhite %m(ﬁﬁﬁQQ@&Bat@%oﬁco?ﬁﬁ%]ﬁ

fragment, . such tl | east gne of the fragnents Is not an am no aci

reans. { G RGPTRATII B SO pr AR oFsd RSO of TeSFah 2

pl ur al i tegordinatests mekbonzaireld forsaig ifesn plSralitn 6f id@inBiGosrdinaésst normal i zed fragnent
corresponding to said first fragnent and a second normalized fragnent
corresponding to said second fragnent; neans for determ ning for each
normal i zed fragmer®. i n Beiappapitugobdliimyg | gherrip eavh konfenierfin sajfhdwility ofvonfosmed  one
of 20p! Waghtiidadt of of @ Pitk£iy B oends rkgéhlbghﬂgtex@orfnkﬁlﬁé a9 04 ifi Ofid fRARA ng to
sai d flrst 30 nornmal i zed fragment and a second conformer corresponding
to said "28B8%d nornal i zed fragnent, said first conformer having at | east
one of a first plurality of inter nal coordi nates, said second confor msr

having at |east ong second i nternal coo na
neans for combi ni ng’ salﬁ1 AtPafeese da"n wh%/rélf’ Ffé?megéﬁrredmgf’ﬁedfqﬂy(?ﬁ#“é@%o first
pl ur al i tnpdesfand edgesy nal

25

37. The apparatus of claim 36 wherein each of said plurality of nodes represents a
collection of atoms in a molecule.

38. The apparatus of claim 36 wherein each of said plurality of edges represents a
30  molecular bond.

39. The apparatus of claim 38 wherein said means for automatically decomposing
further comprises:

means for enumerating fragments based upon a path including nodes and edges, said path
35  having a characteristic length said characteristic length being the number of atoms in said path, said

characteristic length having a minimum value of M, said characteristic length having a maximum value P.

40. The apparatus of claim 39 wherein M is 2 and P is 7.

s e



coordi nates of said first conforner and said at | east one internal
coordinate fromsaid second plurality of 35 i nternal coordinates of said
second conforner to derive said conformation for said nol ecul ar structure.
32. Thevapgeoseg us of claim 31 wherein the neans for det em %(tirther
conpri ses: means for searching in a library of nornalize %ﬁ’é 4 for .
at | east one matching fragment, said matching fragnent bei identical to _
at | east one normethzedA F‘P‘%Fg‘l‘f'%kﬁ"mﬁﬁC%'é?SEP“B‘P%F‘%e?“PP‘B‘FmWWE%l“i‘%aW&ﬁ%nts;
t her eupgaked niethod, s4id corhiputy bistPgemdisubstandafly bighilaris the e df@Maii®@l. | Nf or mat i on
associated wth said matching 5 fragnent as said at | east one of said
plurality of conforners, otherw se, conputing conforner information for
said at | east one4df sahampeaiear claip 4dfwhersinfteerdeternginingsiepfunther eagpsises:d

confrner infor ”aﬁéaféﬂin Qra li%I-ar} 3o imaNNE fﬁﬁm&@'fﬁr P lebtf Sile'ma¥cnff hERANTRIS 1N

said library. aratus of claim 31 wherein the rreans for
conbi ni ‘Hﬁ“hluwrffa%‘Fm EW?‘%‘%‘% 3} [gast one normalized fragment in sﬂé&ﬂ&“"'ﬁ’@f nor@pliged onal |y
j Oi ni ngf,@meﬁlsfmdi@;,mgonforner and said second conforner. 34. The

apparatus of cl ai n ans fo aut qmat i cal | Si n
further conpri sesgpa ﬁg‘gf‘%”‘e&h‘f “&“éﬂ ‘f°§7 Y ?ﬁ"ﬁ@ﬁﬁ”ﬁ?‘ ﬁ‘rng frent
and sai flagsemc skid at degstond oftsgid plBrality oHeonformagys, wemerwiw! ¢oyputing eorémnnesmfodnabn foeast
oneypf Gy agle%t bretof 9:1&,5194#& ¥ QhfolaEr 48 m&osgifd%ﬂ@rh@xsmfognm& of AL AeGk | n

sai d second pluralit i nternal coordinates, or sal east one of said
second ﬁl@ﬁ%‘l‘!?ffﬁsmﬁm‘eﬁ%l’bfﬁbor di nat es is not contained in said first
plurality of internal coordinates. The apparatus of claim 31 wherein
each conforner ai |l ural jt 0 rs 20 has at | east one of a
plurality of bond§§ éﬁ ‘BB‘ﬁ%‘l”ﬁf ‘@“ﬂﬁ?‘ﬁr{ﬁ’g“ﬁ'gmi“éé‘gﬁ CUPRSHE: i n sai d
normal i zed fragrremlauox%y joining khié fissp raforherandaidsk@ndrodtormdrer ei n fragnents are
repjgsented by a plurality of nodes and edges. 25 37. The appar at us of
claim 36 wherein each of said plurality of nodes represents a collection of
atoms in a nol ecufd. 3Fhe molecpleof glaigp3arhgrringhe afoxiainaibodeppmenosing stepcfutthenf sai d
pl ural i tomppifesedges represents a 30 nmol ecul ar bond. 39. The appar at us
of claim §8 wherein said neans .for autonatical Ié%d deconposi ng further
conprises: neans PHPMRRIBSFETHRE seidfitiragmeentand s4d sopASA frasment R oSiP udi ng
nodes amekinaye@herdmbait 49 fead okbof said hﬁwmgmomhammb@umzﬁéslmnok emgtnhd mahid

gﬂgﬁrgc i & secon%tpiurah}y oq’ L%u ?géoréanates or salm? ast OnT (?ft saxggecmr& p?ural%/ %ﬁtéterrgaé t(:coeol;'éi nattes is

I engt h miwweélmxllfmimuvéﬂywéﬂﬁmam)ordmteﬂ'he appar atus of claim 39 wherein M
is 2 and Pis 7.

45, The molecule of claim 41 wherein each conformer in said plurality of conformers
has at least one of a plurality of bonds, each bond interconnecting at least two atoms in said normalized

25  fragment.

46. The molecule of claim 41 wherein fragments are represented by a plurality of

nodes and edges.

30 47. The molecule of claim 46 wherein each of said plurality of nodes represents a

collection of atoms in a molecule.

48. The molecule of claim 46 wherein each of said plurality of edges represents a
molecular bond.
35
49, The molecule of claim 48 wherein said automatically decomposing step further
comprises the step of:
RO AR o
* € L M s

29



41. A nol ecul e having a correspondi ng nol ecul ar structure derived using
a conputer based nethod, said conputer based nethod substantially simlar
to the nmethod of claim1. 42. The nol ecul e of claim4l wherein the

det er m ni n@oBAEosUr t her conprises: 5 sealgciids/1 5013
library of normalized fragnents for at |east one matching fragrrent sai.d
mat chi ng fragnent being identical. to at | east one nornallz d fragnent in -
said plurality of ﬁb‘?fﬂ%’l"?"i’éﬂ“’? pements basedupe,bppd ipgluding nades pid edecs sal nent

I S f oungath iBAngG chm&snimmamgmrsﬁmbmleﬁsnc ag bdingt dxchuwbértof§ stewndin isaid pAth, sgjd
fragment, st r S W se,
comput 1 e asasenh o A% mBRfa S B f Rie ikl g S AR TR iy
plurality of confornmers and storlng said conformer information for at | east

one §f said pluralsply OfnefnfofRBIIEs chin 45 Wikteth Miids M Yp-is A3 The nol ecul e of
clai m 41 wherein the conbining step further conprises: relationally joining
said first confornmer and said second conforner. 15 44. The nol ecul e of

claim 43 wherein tsie auA compuiecbasddymethod Arpasninthgatceyforratddnifara masplai ses:
automatlcll n ' f AU ' nt to
overl ap rr% r’r:al‘“ﬁl‘?rteﬁ Arng&rr{igg?s& n%% péuéxsl on({(y eo?ﬁg "9?‘?’*5?1&3 ctlJIrnlétl y of

i nter nalstn@,ﬁ@@%di“ﬁm‘é@iqoslpmg teeostepsii ned in said 20 second plurality of

i nt gpnal coordi nata%gompeﬁngssaah%oﬁsmir%&hrm@ agfur&a,w#frag%&e@dnmdwgalﬂ&y of
internal coordinates is not contained in said first plurality of internal
coor di ndtaggent a9 a secondrfragmepli ecul e of claim 41 wherein each conformer in said
plurality of conf QiorRiliging)&sh &tsail @Eﬁ&lnty(bﬂ&agfﬂcemﬁtoﬁbxuf Dplirhlity off notniligkd fragrents bond
i nterconn

46.
e o diffig A porin R4 e tbRtiponile 8348 BRIl AEES £Pond norhh B Fllnenc O

of nodesoaestondilg essaid 3¢rond fragment; 47. The nol ecul e of cI aim 46
whengi n each of sl mgcxn&{mmdﬁ&nmm SR SinPoraHnlafsel kradneat, A1 0N in
a nol ecul e. 48. The nol ecul e of aim 46 wherein each of said plurality

of edge§°¥‘é’ﬁ? é%aeﬂﬂfé‘“lé°fﬁﬁvfé@i§fsdﬁ‘°1‘ﬂﬁ‘ﬁa firsgepnfpgmer °°"eﬂ'?§d%‘l°é%f“é‘ normalieed; m 48
wher ei N ffagineht and 208Fhd e@rdnyserde@@mmag 3ai6 beeghd inbifialifg fraghiear, wa&6in eek St ep of :

automati c enu ts, based di no. des and
edges, 1%]8"% ot salgg{ufaﬁlé L c%lltlé'%l %{EF P 1634 ope PP& ‘frﬁl%gf?%emﬁaggoé’gtreg ri SP’P " engt h
bei ng t mehmhcmt@ byl repiresengatipmingwptheping htleastawjatmimnmd @nfosnerc | engt h having a
m niggum val ue of Msso%ﬁﬁrg vﬁ&l%&ﬂ%xﬁ&dnﬁxtd;ﬁurklﬁi‘&txklerﬂﬁ\ééd?&na@cs r@eﬂ JF A Mkide P S

50. The nol ecul e of Claim49 wherein
coordinates having a plurality of charactensuc values correspondmg to each cherrucal bond representation in

said conformer;
determining, for each conformer, an energy difference level, said energy difference level
representing an incremental amount of potential energy above a first nominal energy value, said incremental
25  amount of potential energy required to maintain each chemical bond representation at each of said plurality of
characteristic values;

. for each internal coordinate, for each characteristic value in said plurality of characteristic
values, selecting a conformer having a corresponding minimum energy difference level, said corresponding
minimum energy difference level selected from said energy difference level computed for each conformer, to

30 form a plurality of corresponding minimum energy difference levels;
for each characteristic value, determining a maximum energy difference value from among
said i:lurality of corresponding minimum energy difference levels, to form a plurality of maximum energy
difference values;
for each internal coordinate, selecting a plurality of likely values from said plurality of
35  characteristic values, wherein said plurality of likely values in said internal coordinate correspond to a second
nominal energy value selected from said plurality of maximum energy difference levels;
selecting a plurality of candidate conformers from said plurality of conformers, each
candidate conformer in said plurality of candidate conformers having at least one internal coordinate with a

corresponding characteristic value in said plurality of likely values; and

50 ) BN O



51. A conmput er based nethod for determning a conformation for a

nol ecul ar structure, wherein said conformation is one of a plurality of |ow
energy conformations of said nolecular structure, said nmethod conpri sing

t he st epswoléd/sesos deconposi ng sai d nol ecul ar %E’rﬁfs?k'/'iﬁnk nto a
plurality of fragments, including a first fragnment and a secon ragment
normal i zi ng each of said plurality of fragnments to forma plurality of

normal i zed f r agmmeneQsbining|atlasshyo£aididate conformess chosendram sid LRI of candidandi ng t o

said fi éoafonﬁérﬁﬂmhceartdn@nﬁamdsam%dmhmrmdmﬁé &&B’Eﬂfdxdﬁt@wrﬂé‘rﬁ&@dﬁo@@ sm sai d
second fragne or each.nor mal.

level of each of glmn(gl s, less as 1}'

f r agmen®@;%F ?gﬁﬁd‘éfrﬁ?célqvf)? BFh RigPidat HC%‘H%“?H& OrETE 1N eASE" HTE 0

pl ur al i éugoftdnergp e saidras leasntwloleandinigte gorfformerts f\cmnfcdwmfromeml plopality of wgdldame said
Lor o GoftRhlct S hAGTR asA00 BuSRER REle GOBLTRImAA heBROBH e | 0. 521 6
second normali1zed fragnment, wherein each conforner 1n said plurality of
conforners has at Ieast one of a plurality of chem cal bond
representations, epch ahemkhic of RIS INARFGSEI el it efhGOMARLY flagnat | east
two atons in said conforner; 20 associating with each
conf or niFP Brr GRERTEESy of i nternal coordinates, each of said internal

coor di nat es haV| ngea&hmbmaliwdryonfonndhmﬁafmgmmm’bnatleaabnnssatdmgrfsstpmdmg to
eacl, chem cal - bond .r. i i for each
conr mipesisg At SRR ERERNAAGR obd oo TG BNl ol AF ol

r epr esefragmegtsathereupe.enent al anount of potential energy above a first

nom nal energy Valx%at&x Gral Eﬁmﬁ adlsmg?énfonnﬁfm“&lf asé%@iﬁt@d“viﬂ?dald%l&'hﬂg
required to maintain eacﬁ em cal nd representation at each

ai

pl ur al i froemesnt 3si§aid atdeastope of séld‘Pg’Fab‘E@f anéﬂxmgé’(ﬂquT F‘W‘a"l““’l?d:(??faf“ﬁé{“g’"“‘f“(?f‘ 9°éach
char act edid ﬁ‘ld'aﬁ oAb fl4sid pRrafigrioflcqaforaal ddytofihg RidabEfoinet infirarion ddrueisast cvebeCt | Ng

forn;gl 1a ﬂﬁg a CtO{nrsaelﬁpgrndl ng m ni mum energy difference level, said
cor s p U P mﬁ'%nergy 87fference | evel sel ected from said ener gy
di fference | evel conputed for each conforner, to 30 forma plurality of
correspondi ng ni NisguUM efe hidmodlbeclaih W}?eréu%@éo&bmﬁf%ran ﬁ@s@ﬁzo%ﬁﬁﬁﬁfc&{fbrﬁ{eisc
val ue, determning a nmaxi mumenergy difference va from anong said
pl ural i £%P W%G?@Eﬁfondl ng m ni mum ener gy di fference | evels, to forma
plurality of maxi rrumoen@ﬁamngda fikamiae cvxﬁbruﬁﬁandfaﬁfcoﬁﬂﬁhdxddtﬁcﬁﬁﬁﬁﬁer chosen
cooLdi nat I|t of likely values fromsaid plurality of
35 2 apaf&‘agb’f"’g ggvg.’fligj%%m e%/el n said plurality of likely values in
sai d internal coordl nate correspond to a second nom nal energy val ue
sel ected from sai %310' Ur i infedho®bt R SRR GDGE gxmﬁuutah?ﬁ&eﬁsoslng%ﬁ fméel ecting
a plurality of candidate confornmers fromsaid plurality of conformers, each
candi datempseff ormer in said plurality of candidate conforners having at

| east one inter nalaummcﬁhmteanmmg ﬁ1@fu&0fa§1ﬁéi19ﬂﬂdhxﬂl§ac6x’ﬂa‘fa§ﬁhﬁid cﬁr&xlldp val gedl n
ndi dat e

I
conas iR SOt s PR AT puighy ot RARAL PR RaR s s B8 o
conf or naédomdplirality siinemalwbardivdigt orshid @citasr e obaiddecondplurdiity ef ipmhlepordingesdhosen
such

not contained in said first plurality of internal coordinates.

55. The method of claim 51 wherein each conformer in said plurality of conformers
30  has at least one of a plurality of bonds, each bond interconnecting at least two atoms in said normalized

fragment.

56. The method of claim 51 wherein fragments are represented by a plurality of nodes

and edges.
35

57. The method of claim 56 wherein each of said plurality of nodes represents a

R O O

collection of atoms in a molecule,
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that the energy difference | evel of each of said at |east two candi date
confornmers is less than a specified cutoff energy level, said at |east two
candi date conforners further chosen fromsaid plurality of candidate 5
conf or mer swaygdsobt said at | east two conforners have at le ) n
internal coordinate. 52. The nethod of claim51 wherein thgé?é’?gbﬁﬁsﬁ‘{ngg
for each normalized fragnent step.further canprises: searching in a library
of normalized fragnthts B methodofglaim 5(9ﬁ'@°’ﬁ’&t°%i°ﬁ§f‘dfﬂ"§ﬁwﬁ?ge§EFP’ETS"IEa

mat chi ngmblecugarestd. bei ng i dentical to at | east one normalized fragnent in
said plurality of normalized fragnments; thereupon, if a matching fragnent
is found, using conforner information associated with said matching
fragnent as sai d at9. eadhe methododf cleimi 38 vhereincshid decomposimp stépofurtier sompoisds dewsieg e,
conmpy i nge.conformer information for said at |east one of said plurality of
confornmers and storing said confornmer information for at |east one of 15°
said plurality of PwoEHisalysnymerating fHagmepss bass upoma path inclyding peder ang edges.cpidi m 51
wher ei n plaghdvingaichiri@ritic dngBSiid thaRce@cl el BeirgiRf mbe bbatschaR sdidipakH) edid

[ , . at i | v joi.ni first candi dat. d d
candi dat SEBRP O B REATSe At oM A Al |90 R g R e et

conforners. 54. The nmet hod of claim53 wherein the automatically
decofgosi ng step fypt herpeoRid F65: to ermning said first
fragir?snt and said se'conorhgr agnment Fo%‘g%aﬂgqﬁinx Pqér?xaixi mal Iy, wherein said
at | east one of said first plurality of internal coordinates is not

contained in said $eCONCHPmehed dflciinD$1 wiRbeBY 31 Ifirst REMiRHI BiRE) Saludik a gRbA At

| east one.Qf said seco dﬁﬂﬁural i t%{_ of i nh‘%ﬁnal coprttjhi nates is not contained
in said PIFT FEE JPE 6" PR id egie Girthericamprisipg the step 90 et hod of claim
51 wherein each conrtiomaigallyidateswining saidiglobilintiyimah exeogyfvaluerfor siddagmenthas at

| easjgone of a plurality of bonds, each bond interconnecting at |east two
atons in said normalized fragnment. 56. The net hod of claim51 wherein
fragments are repr &3ent lire pthed oficlaimuél whereis said gutematigaily detergpining s2ig glohal The

et hod Ofiheth BAenfy ViR TR kdld RAERN AlrheAdofhipidetir 2l 1ty of nodes represents a
collection of atons in.a nol ecu The nethod of cl aim 56

ule. 31 58. .
wherei n each of saiHeTRHRIPER GUARHNGGT rspphie;bondsp saldfraement: 48| ecul ar bond. 509.
The met hod of cl ai naukplyidgessid quantipbyla pee bomipaspynfyctat ep further conprises the
st epy@ of : automatically enunerating fragnents based upon a path

i ncl udi ng nodes and edges, said
6 The method of claim 62 wherein said per bond energy factor ranges from 1.0 kcals

to 4.0 kcals per rotatable bond.

64. The method of claim 51 wherein said second nominal energy value is an energy
25  threshold value for said fragment, said method further comprising the step of:

automatically determining said energy threshold value for said fragment.

, 65. The method of claim 64 wherein said automatically determining said energy
threshold value for said fragment further comprises:
30 determining a quantity of rotatable bonds in said fragment; and

multiplying said quantity by a per bond cut-off energy.

66. The method of claim 65 wherein said per bond cut-off energy is 0.4 kcals per
rotatable bond.
35
' 67. A computer programming product for determining a conformation for a molecular
structure, wherein said conformation is one of a plurality of low energy conformations of said molecular

T

structure, said computer programming product comprising:
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path having a characteristic |ength said characteristic |length being the
nunber of atonms in said path, said characteristic |length having a m' ni mum
value of M said characteristic |ength having a maxi num val ue P.

60. Thewedsrgosbsof cl ai m 59 wherein Mis 2 and Pis 7. 61. hod
of. claim 51 wherein said first nom nal energy value is a gl OBCT/U%I%
energy value for s rrent i d method further conprising the step of -
automatical |y det ercﬁéj Pﬁ% Wﬂn@a SaplectHar SraRHHE Bﬁérpé‘ﬁal%?flf@ U% §'ﬁ'i“€fnga

f r agnentfirst iagricdt and a sdoemd fragtdemnd of cl aim 61 wherein said automatically
determ ni ng said Lg fr t furt
corrprl ses: deter mgér??%fgl' ?AMW%CE%F{:‘% h¥ ‘glfragmn%g%%fm ?ﬂ g'f()f“omal}‘]zted and
mul ti pl yfaggenssinchudinggfirst tnymhl;zeé frmemb@neﬁpmd@g tpysaidfictt frrgmepang 3 ; second nipfrealipadt hod

of ckai mag&me@oﬂd@%qa,@@eonamgnﬁper gy factor ranges from1.0 kcals to
4.0 kcal s per rotatable bond The net hod of claim5]1 wherein said-

second nom nal ene‘i"@’i/mf/ﬁq“?ﬁ‘@m*% f%{ﬁacéﬁeﬁﬂ@pzeéﬁasm%fiéam}wawaf Rpemalized 55 d
f r agnmentfragmerit) artedstumel of iplickliry ommbﬁrleﬁsl muyxdmb Q fiss Euhfdﬂixer ca:uéspdmhg C‘o’okhxh)ﬁrst

determ ni.n i shp or sai

et o, apRskiSd dleSRe ks L EEARfer et Bt 038 fe i TR £8P, warg

t hr esholedchvcghfommef iysaid glughlifyrof gemfomnerf bmtahleast anonbzr plerelgy of3@emical bond

det gpm r}aﬂ?&exaatgma@;chmemgcfgnm& a%élfe?&dam&nh&u%% Qasu mtuhsagm?aaaﬁ}e}' plying

said quantity by a per ener ai m 65
wherein said per b‘ES‘H%If°E:EFE°°8f“1'g @W@Wovfgmw aplpraliy of 'ﬁ@mﬂrce?rawam echphgid 35

67. Ame:aﬂnwrmat@mgﬁmmﬂgy PF cBsthkdriscOnaluebebRésPanding & sachCehbrhiod B&ddl on for a
nol ecul ar struct msa1dco grerln said conformation is one of a plurality of Iow
energy CONTOIMBEI ons cof " 8%d mol ecul ar code for deconposing said

nmol ecul ar struct ure@de fwt deteaminingr fof ¢atlycopforther aayreperpisdifférence levklmgid@ndrgy st

fra nt ality
of ?Piga%‘?s%?%@s&?%?%@gﬁ%ﬂd?% ey 3t O po i Helaf sie KR nblnd ey L
nor mal i 28 FEFHGHRNFMOR P ROBHAh ererRy reqyiredp maintaingachicheniepbband Zapersentatienca righ

nor mal i z# €aidplurality ba@aﬁmnsﬁ@u\ﬂﬁpondl ng to said second fragnent; code for
determ ning for eac raI | § nor nal i zed
fragments, at |east ef%se "f"“ﬁ %f ﬁat"%f’ﬁéwﬂiﬁ’f"dﬁ’atﬁ’?fj a’iaﬁ?ﬂsé‘iﬂ% insald; | o
conf or msﬂur@l(by vfe:ispmtmhstwgrah@. 8 ednébrinérrhgting voromedporkiing nﬁmmgrrrenﬁrgyamferacesbwnrsaid
confypr pandin

R S e T T O
of cheniCBPMsEie forp a pluraligypf emoadtpm@mmﬁgwéfm@aﬂev%nd repr esent at | on

i nterconnecting atcli€ms terdritind! PP Sach Fhaétbribi€ Piife Of MBlimum energy difference value

from among said plurality of corresponding minimum energy difference levels, to form a plurality of

maximum energy difference values;

25 code for selecting for each internal coordinate, a plurality of likely values from said
plurality of characteristic values, wherein said plurality of likely values in said internal coordinate correspond
to a second nominal energy value selected from said plurality of maximum energy difference levels;

code for selecting a plurality of candidate conformers from said plurality of conformers,
each candidate conformer in said plurality of candidate conformers having at least one internal coordinate

30  with a corresponding characteristic value in said plurality of likely values;

code for combining at least two candidate conformers chosen from said plurality of
candidate conformers to produce a conformation for said molecular structure, said candidate conformers
chosen such that the energy difference level of each of said at least two candidate conformers is less than a
specified cutqff energy level, said at least two candidate conformers further chosen from said plurality of

35  candidate conformers such that said at least two conformers have at least one common internal coordinate;
and,

a computer readable storage medium for storing the codes.
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code for associating with each conformer a plurality of internal

coordi nates, each of said internal coordinates having a plurality of
characteristic values corresponding to each chenical bond representation in
sai d conf owoBgisospgde for determ ning, for each conformer, an ener .
di f ference Ievelgmsal d energy 15 di fference |evel represéft Nﬁjgé:ﬂ"“

i ncremental anount of potential energy above a first nominal energy val ue,
said incremental aBunt Tof compuenprpgrrmming prgduct efglains Eivhersinthé eodeafon each

chen calgedXpfiing BPE:OS Az OfagAbn: 834G Bhpiad:d plurality of characteristic
val ues; code for selectin Tgor each |n¥er nal coordi nate, for each

characteristic val®9¥ fPrsed “&?‘BPB"’&‘P’P(W'B‘FM%WE’E’E‘%W ylgast oge;jehing fragment,
conf or mesid hamufgr@nﬁm Ibeiag jdertick] Kogat [¥hsh brieLnoimelieed Gigribint fei@ plaality of ®imalisall d 20
correspandi na. ﬁlﬂfzr@ﬁ AUm ener gy difference | evel selected fromsaid energy
di ff2rence T& @or’r'putedfor each confornmer, to forma plurality of .
correspondi ng ni nitharateling fepgmetit isffeumdynsing banfostne- ;informdtionfaspociatest withrshid imaghing or

each ch Qfaéﬁén@&' s§lﬁ laCleAéPdnk BF saﬁ pm?ﬁflw %rﬁ&ﬁxﬁl@,\’odﬂwlzeeéﬂfi&g\éaﬂf&ﬁelf ihffth-A0P1e
said plurality of corresponding mninumenergy difference levels, to forma

plural i tsyd #rleastope ﬂ&?ﬁ‘f‘@h‘éqhgff genfqrimers pdcstoging wgsconfgrgxer information for at least one of code
for sel it plaglidy OF fryiehts invhi@ibaty. coor di nate, a plurality of likely val ues
frogpsai d plurality of characteristic values, wherein said plurality of

| i kél'y values in said internal coordinate correspond to a second nom nal
ener gy val ue sel ed®ed fThowerapied proframming piodet ofiriaih ATiwhezeietheyodel for F@nbinige

| evel s, a@l@ﬂftwfo%ndﬁﬁtleg&k&rﬂlgrsﬁﬁﬂé#&fm Asby of candidate conforners from said
plurality of conformers, each can date conformer in said plurality of
candi dat e conf or mePde ﬁawlawgmlb)tm@&sfler%edlilathC@vfﬁ!a}er edrseropfpgapdidaey confosgier h g
COr r esPQhstemGors BT p6rhiRY biSdandidaié@bdi@med. Sai d plurality of |ikely values; code
for .gonbining at | east two candi date conformers chosen from said pl ural ity
of (}gndi date conformers to produce a conformation for said nol ecul ar
structure, said caldi dalhe compvien proprasming pdwrt silofdim thaberdinte ende foy yelalbdallgr ence
| evel of; C at |l east two candidate confornmers is less than a
speci fi édlﬁgéu{aggéfmgﬁﬂég? | evel , said at | east two candi date conforners
further chosen fr dafestar ‘?f‘eﬁp’mn&F meximaty oyeylappingaeiesnlgnstacters from stie first capdidatet hat
sai d at chigasder in0Q2i€ SHadrAIchdSte Bei¥emat | east one common i nternal coordi nate;
and a conputer readable storage nmediumfor storing the codes. 68.

The gorrputer programm ng product of claim67 wherein the code for

determ ning for edth noMbmmedpﬂogmgmmatprdﬂwbﬂmkndbwméxm&shconmdmfﬁxosrald

sear chi g}&ﬁ{ tehing
fragm&*n?’gl ngigll (gd)‘{f s)ﬁa&;‘ }eng Ir;rliapr%i’ltfL e| n L %ﬁ?%@%ﬁg{dﬁ at J"ﬁe%&&ﬁa?g%é&%c??rml i zed
fragnent‘“fafﬂ@mzﬁﬁ‘lf{j’ﬁ’aﬁ}‘ty of nor nal i zed 5 fragments; thereupon, if a
mat chi ng fragnent is found, using conforner information associated with
saig mat ching fra nt _@% sald at | east one of said plurality of
confdrmers, ot her vi‘se, RTERY BroBBMME REAust At AR AL °“F§?gm§"a‘Féfeat | east
one of geirgterpddiby alpluralityoff nadenmdredges.s and storing said conforner information
for at |east one of said plurality of fragnments in said |ibrary.

73. The computer programming product of claim 72 wherein each of said plurality of
nodes represents a collection of atoms in a molecule.
30
74. The computer programming product of claim 72 wherein each of said plurality of

edges represents a molecular bond.

75. The computer programming product of claim 74 wherein said code for
35  automatically decomposing further comprises:
code for automatically enumerating fragments based upon a path including nodes and edges,
said path having a characteristic length said characteristic length being the number of atoms in said path, said

characteristic length having a minimum value of M, said characteristic length having a maximum value P.
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10 69. The conputer progranm ng product of claim67 wherein the code for
conbining at | east two candidate conforners further conprises: code for
relationally joining a first candi date confornmer and a second candi date
conf or mer Wiomsesesder om said plurality of candidate conforner spcdsddhsors Th€
conput er progranm ng product of claim67 wherein the code for reFa ronally .
joining further conprises: code for determ ning a maxi nally overl appi ng -
mol ecul ar struct ur &6 ronﬂ?&P‘BPWP@EfmiPMF‘MgWG? wherein his 3 4pdP isde ond
candi date conformer. 20 71. The conput er programm ng product of claim67
wherein each confo r in said plurality of conforpgers has at |easf one of
a plurality of bonds, ejgberfmSB‘fﬁf Pro%t ‘é‘&'iti°ﬂ‘8“‘5‘t6ml%@5f§‘f‘ sT'i’/\grsh‘P $fFe%ai d
nor mal i 2eble fsracpdpbalminimdfe energy value for said fragment, $a&1 computdripeogeapmyting @odup fagfteA N NQ
prodyct cgjn %Jk%@m 67 wherein fragnments are represented by a plurality of
noded and B ges. 73. The conputer progranm ng product of claim72

wher ei n each of sagode for atematically deterpminingsaid globab mintmusm energy valuafor wid fisgmentons i n
a nol ecule. 30 74. The conput er programm ng product of claim72 wherein
each of said plurality of edges represents a nolecul ar bond. 75. The
conput er progranm iy pr &ﬁf&?’g‘ﬁfr p&gg’F’W‘%ﬂgPéflﬁmﬂiW&“E’Bd@d fusqmatieplly

aut omat i deeirhiyingl @a0gigbalrhiniuin Hhérge vahe o3l Sreghmenclodir Eaprisdst omat i cal |y
enungrating fragne . . pncludin es_ and, edges, said

pat h%havi ng a char%@?g’??‘éﬁﬁgﬁggﬁb’%ﬁ{}g:{% ta{(i:; ea??lgdét"gsra {agg'ﬁlﬁml?’emn%t h being the
nunber of atons i ncodefor mykipkiing said ahansitabysrcreebind eneegylfastagt h havi ng a mi ni mum
value of M said characteristic |ength having a maxi num val ue P. 76.

The conput er programm ng product of claim75 wherein Mis 2 and Pis 7. 77.
The conputer progr &mi nGhGFOBRIProgramaing nipdyst of aimes whersin gaid psr dpnd eaeren o
ener gy VfadwiQarges feongl.0 Redls 101 10ikbaAKPee foiitaf)é budl ue for said fragnent, said

conput er programm ng product further 5 conprising: code for

aut omati cally determ ning said gl obal m ninmmenergy value for said
fragment. 78. THe colheromputgrpopranmisggodoet@éiciaiin 63 fwhereinisziil gondimemiakin sai d
aut omat i L i I Jo il I TLLE '

Fr agmontr ol Phar Sk Bkl fudleaa niolhlTUD SRy Riaubiiuther
quant i t y*OBPISR% at abl e bonds in said fragnent; and code for nultiplying said
quantity by a per &retbrenrandgiyally Aetkmiining 8id energy titesh610 WY BF saldlfghar M Ng

pr o%ct of claim 78 wherein said per bond energy

81. The computer programming product of claim 80 wherein said automatically
determining said energy threshold value for said fragment further comprises:
code for determining a quantity of rotatable bonds in said fragment; and
code for multiplying said quantity by a per bond cut-off energy.
25
82. The computer programming product of claim 81 wherein said per bond cut-off

energy is 0.4 kcals per rotatable bond.

83. An apparatus for determining a conformation for a molecular structure, wherein

30  said conformation is one of a plurality of low energy conformations of said molecular structure, said
apparatus comprising:

a processor operatively disposed to perform the steps of:
decomposing said molecular structure into a plurality of fragments, including a first
fragment and a second fragment;

35 normalizing each of said plurality of fragments to form a plurality of normalized fragments
including a first normalized fragment corresponding fo said first fragment and a second normalized fragment
corresponding to said second fragment;

determining for each normalized fragment in said plurality of normalized fragments, at

least one of a plurality of conformers including a first conformer corresponding to said first normalized

) O N



factor ranges from 1.0 kcals to 4.0 kcals per rotatable bond. 15 80. The
conput er programm ng product of claim 67 wherein said second nom nal energy
value is an energy threshold value for said fragnent, said conputer .

progr am novewesrskzes further -conprising: code for autonatical pyrARbSisFgI NO
sai.d energy threshold value for said fragment. 20 81. The conputer .
progranmm ng product of claim80 wherein said auto i.cal l etermning sai d-
ener gy t HFagmems e *\/5&‘F°&%C?”fﬂ““%‘éP‘aesP?‘g‘Qﬁ@rfP‘dFﬁ?’l%@FmgamF@e@é gEgs&e nc}’

det er m nioffdrrAer Gi/@itplurality0dt c6:ﬁ6rﬁlt:xalniset kanae of mplsaliy of chagicd bond rmtctemamd& for

mul ti pl y| saij ntiLy per _bo 82 The

conput er %? %ﬁ\g'hda esedﬁ"@%{m‘ “clal q@igyﬁ]g?%%ﬁﬁgg?g%&%ébond cut - of f
energy is O. 4 kcal @sqmnngmmmmnapme@y of intepnal caprgiantes: ersh plcrid deared i ni ng
a_cory or ém}d'ixﬁ fds ifxanng q pﬁﬁh@%@ bifFactristit! CAiddE Eorre¥ofdiyl 1B eadh) chemicBifdofld fepredematibalid ON

IS one uralrty of "l ow energy conformations of said nolecul ar
structur@ld‘@&ff’ﬂ“e&ppar atus conprising: a processor operatively disposed to
performthe steps eé:emdﬁrgpfaspmn mgfos:ﬁ&rdanrmérgy:mffamcstenammmmergyrmmracqollew ality
gf)l’ IT;JaIg ;m{egrtjssegglgp?g léﬂlél%lglgtgﬂ aglf)unlg %rlpo exmag ?nexf'gr a@mrg a ?rs? "(i:'lcr)l lpenglrggg{ffen Eaiq lﬁéemen?l

nor mal i zeobuht eigoemipienérgy fequiied tp raauftam each rt@mwdlbplzcbqurﬁaeagm n‘tea@cﬂf P%EEWY g to
sai did i I Sfarabet. EAET, es;aNd @ second nornalized fragnment corresponding to sai d
second fragrrent eterm ni n? for each normalized fragrrent in said plurality
of normalized fragfREsch integpal poopdinatefop eagh charagleristic valye i 3d Ryslity Ot FagTe ristc”

i ncl udi Ngarges fseledithg & CoafoRmErNaviSQl doREPEHAtHg mgmmn sty diffefeate Ivat, BEd Ect@ghonding

fragnent and a sec orre aid s r

¢ agent TRRET GRE QRErSCORPLR R o SRR (e M ForRGRRY B8 LRAnaCH
| east onémfa plurglitynf adricspondifig mhmcabrgjomfdemcetmdsent ations, each chem cal
bond, g epresentati ofi em.%ﬁag&eﬂsfetvma Bkl m&mr@éna@ dl'ffgre&@'vﬂum QhE ;

associ atlwg wi th each conftorner l'ur a I nternal coordi nates, each
of said Faid Bpmally oecorrespe@wm%resnerﬂﬂﬁ?gme ‘5‘1€l§r tg|fQrpya Riality of maximumy eggres,
val ues cejffeRfdR@RBdsNg to each chenical bond represent ation in sai d '
conforner; determ for ch conf or ner fere ,
sai d energy di fferg gc’hl“é‘%‘fl CORHRAEs SRS p?;ﬂﬁ %lrﬁgﬁgya&“f B%’P’rﬁ If“mlfty 8

pot ent i akhaewerigly valizoeheeei saidpluraionif tikdly witues iy paid tukterre) cogalinate icoresspondiotagkcond

anouph Ofnar?i%l %H&%ﬂm@ %?Jc?é( frBrﬁ l@gluf' Bf HB&%@@? drefliq¥bical bond

représentation at eac sal Mra char act eri stic val ues:
for each internal &elestieg hplprality %ewoafwaétomaetpluehvaaf&efqrﬁereef?@

pl ural i t Yar@idae BdkoMmras ka¥d pisrality of candidate conformers having at least one internal coordinate with a

corresponding characteristic value in said plurality of likely values; and

combining at least two candidate conformers chosen from said plurality of candidate
25  conformers to produce a conformation for said molecular structure, said candidate conformers chosen such
that the energy difference level of each of said at least two candidate conformers is less than a specified
cutoff energy level, said at least two candidate conformers further chosen from said plural?ty of candidate

conformers such that said at least two conformers have at least one common internal coordinate.

30 84. The apparatus of claim 83 wherein the determining for each normalized fragment

step further comprises:
searching in a library of normalized fragments for at least one matching fragment, said

matching fragment being identical to at least one normalized fragment in said plurality of normalized
fragments; thereupon,

35 if a matching fragment is found, using conformer information associated with said matching
fragment as said at least one of said plurality of conformers, otherwise, computing conformer information for
said at least one of said plurality of conformers and storing said conformer information for at least one of

T

said plurality of fragments in said library.
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val ues, selecting a conforner having a correspondi ng m ni mum ener gy
difference | evel, said corresponding m ni numenergy difference |evel
selected fromsaid energy difference |evel conputed for each conforner, to
forma pl uvelossyseef correspondi ng mni num energy differ encelJ o3/13 6115

for each characteristic value, determning a naxi mum ener gy erence . .
val ue from anong sgpLd pl rallt i ng. M ni num ener di fference.
levels, to forma g%ural t SPPYF frﬁ{ﬂ H‘é‘ﬁ’g ‘3 mg?v‘g’#éweaé“vam‘a A or each

i nt er nakonfoomerd stepfusherserhpisest ng a plurality of |ikely values fromsaid
plurality of char dakihhsidifingPhidnaidtebbrheodlt § silbll Matdait clfortkd Fhok V2! UeS
in said internal coor te correspond to a secon § ener gy

val ue sé&peeti¢alurabyof saafidaipraafoaperty of maxi mum energy di fference | evel s;
selegting a plurality of candidate conformers fromsaid plurality of

conf or ner s, each nd| in e conf O{H n said FI urality, of candidate )
conforners havi ng & EPPETARYS P %‘Pﬁﬁwh?f%?hﬂ ﬁ‘f’&?’@“’(/ﬁ%‘ﬁ‘%‘%@ﬂ%ﬂfﬁﬂ&ﬁhg
characteristic vaIdauemengSaamdcmduu oedriafipingafioldcalhratrycrirafrett said tmctatitiiei ni ng at

| east tyo. ?@&ddn@?a st ﬁ%ﬁon?c?&l&e” fromsaid plurality of candi date 25
conformers 1o produce a contformation for said nolecular structure, said
candi date conforners chosen such that the energy difference | evel of each

of sgid at |east tswo candhﬂﬁ;aes smmlsmﬁée.h Sach é‘o%ﬁmﬁé}a.nsafa pRRERY Jflc@;ﬁmﬁfd;soff
energy |evel, sai two candj date confornmers further ‘chosen from

a1 B sy 10! & AHENIE B Bt 70 D B R A ok st 1 SO mRAer

conf or meagmdnave at | east one common internal coordinate. 30

84. The apparatus of claim83 wherein the determining for each normalized
fragnent step further conprises: searching in a library of normalized
fragments for at I88ast haaepparatue bf otrim 82 wbereimfragmeats ere meptesdnted gy & plaghierof  bei ng
i dep§i Ccabgel g,dqggegeast one normalized fragnment in said plurality of

normal i zed fragnents; thereupon, 35 if a matching
fragment is found, using confornmer information associated with said

mat chi ng fragnent 8as saine agiaratue 85dlaif B8 whkdreifs ickl ofbhid pRkality)of ddeCRPERAERT S,

ot herw sguectcgrgpgtl n amopemﬁrmer information for said at | east one of said

pl ural i Cofifor mes and stor i ng said conformer |nfornat|on for at |east
one of sald plurality of fragnents in said library. The appar at us
of ghai m 83 wher eigg, th%@@;ﬂa+a&wﬂcxﬁ.hshe,ﬂé&nue90e@ag ﬂ@gy%fg BhrEhPa St €P
further conprises: relationally joining a first ca 3 ormer and a
second ERkeHHPP¥. conf orner chosen from said plurality of candl date
confornmers. 5 86. The apparatus of clai m85 wherei n the relationally

ol Gcular Struct upd fr fro ety p{ G %ﬁ‘w&a&e&%&mﬁp&? o e Pl 0

candi dattep efonf or nmer . The apparatus of claim 83

WheQ§I n each conf Qgﬁfﬁerratfng eQIS B&H{ aﬂ?inclﬁ(ﬁ n%{icg%ﬁdsed &Ssaﬁlt JP One of

a plurality of bon eac I nt rco nectin I"eas 5% said
nor nal i Skagacteristic length said charactenstxc length being the number of atoms in said path, sazd charactensuc

length having a minimum value of M, said characteristic length having a maximum value P.

92. The apparatus of claim 91 wherein M is 2 and P is 7.

30
93. The apparatus of claim 83 wherein said first nominal energy value is a global
minimum energy value for said fragment, said processor of said apparatus further disposed to perform the
steps of:
automatically determining said global minimum energy value for said fragment.
35

94, The apparatus of claim 93 wherein said automatically determining said global

minimum energy value for said fragment further comprises:
determining a quantity of rotatable bonds in said fragment; and

multiplying said quantity by a per bond energy factor.
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fragnent. 88. The apparatus of claim83 wherein fragnents are

represented by a plurality of 15 nodes and edges. 89. The appar at us
of claim 88 wherein each of said plurality of nodes represents a collection
of atons | WO98/8830scul e. 20 90. The app@Eiysosleg! &l M

88 wherein each of said plurality of edges represents a nol ecul ar bond. _91.
The apparatus of claim90 wherein. said deconposing step further conpri ses -
the step of: 25 enunerating ffagnents based upon a path

i ncl udi ng nodes arfd. edJis apremiusl ofxddith 941 @heirehysaid [ehbond edeexyifatar canpes hginft.Gai d
char act %dlsstkh%ﬂcﬁé‘&“’ot‘?merbgn& he nunber of atoms in said path, said
characteristic length having a mni mumvalue of M said characteristic

| ength having a maxi num value P. 92. The apparatus of claim91 wherein M

i's 25a|nd Pis 7. 38.93. meappmasamaﬁas Wﬁ’erﬁlfsaﬂ@éoﬂawﬁe&yﬂﬂgﬁ?%aénb{gﬁ
m ni ene alue 10r
Catd or JEBBURYanietot S Fog et sAf BoodT pTEN oGRS A5yt P ar AT e ERARe o

automati cal | y det emwmatically de@intiniog saldahergy thiesholdh valnefog yaid/fdgmentf or sai d
fragment. 35 94. The apparatus of claim93 wherein said automatically
determ ning said gl obal m ni num energg/ val ue for said fragment further
conprises: deternifi ng Beagrerants eiclagn 9¢ whesgimisidaviomatipally deteorining faidegerent :  and

nul 1op! WhreBols @ilsk fﬂlUs'diEltfira Menb frtRer REH Aaand energy factor. 95. The
apparatus of cl ai erein s% r. bond ener%y factor ranges from1.0
kcals to 4.0 kcal e'ﬁ@?’m?%‘t HRRHSY ’?)‘B‘ﬁge bogds in said fragtiient; and 96. The

appar atus of cl ai rmkplyitpesnidiqumnsipbyla g danicurddeénargly. ener gy val ue is an energy
threshol d value for said fragnment, said processor of said apparatus further
di sposed to performthe steps of: automatically determ ning said energy
threshol d val ue fdB- sai'therpragnepfclainy 97 whereim il peplrad autoff cofresch B4 iedpenher ei n
sai dsauteedi soad!l y determ ning said energy 10 t hreshol d value for said
fragnent further conprises: determining a quantity of rotatable bonds in
said fragment; and nultiplying said quantity by a per bond cut-off energy.
98. The appar at®s of ArcdppiritusTar ddaﬂiiiﬁihgla a:a'foelnzmaﬁ fob @ RridleCuildr st@fcfureC WRErGY | S

" .
0.4 kcal § gﬁ'&%"&lﬁl(’ﬂ 18 09% 911 a?lltglt}p? ow ?nexl'gé con Vﬁ_lrma%onp &asalg %‘81 a? %tﬁ%é{' Ier .nl ng a

confornatl ruc erern syt g is one of
a pl ur alapraganssicommpsigingner gy conf or mati ons of said nol ecul ar structure, said

20 means for decomposing said molecular structure into a plurality of fragments, including a

first fragment and a second fragment;

means for normalizing each of said plurality of fragments to form a plurality of normalized
fragments including a first normalized frggment corresponding to said first fragment and a second normalized
fragment corresponding to said second fragment;

25 means for determining for each normalized fragment in said plurality of normalized
fragments, at least one of a plurality of conformers including a first conformer corresponding to said first
normalized fragment and a second conformer corresponding to said second normalized fragmeﬁt, wherein
each conformer in said plurality of conformers has at least one of a plurality of chemical bond
representations, each chemical bond representation interconnecting at least two atoms in said conformer;

30 means for associating with each conformer a plurality of internal coordinates, each of said
internal coordinates having a plurality of characteristic values corresponding to each chemical bond
representation in said conformer;

means for determining, for each conformer, an energy difference level, said energy
difference level representing an incremental amount of potential energy above a first nominal energy value,

35  said incremental amount of potential energy required to maintain each chemical bond representation at each
of said plurality of characteristic values;

means for seleéting for each internal coordinate, for each characteristic value in said

plurality of characteristic values, a conformer having a corresponding minimum energy difference level, said
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apparatus conprising: 20 means for deconposing said

nol ecul ar structure into a plurality of fragnments, including a first
fragnent and a second fragnent; neans for nornalizing each of said
plurality wodwssgeents to forma plurality of normalized fra?e:F %58{ 3014
including a first normalized fragment corresponding to said ragnent
and a second normalized fragnent corresponding to said second fragnent; 25_
neans f ofOEPAing Animum enerey differance lpvs] seleetesl fromywyicenersy differericel lewd! eomepiuted for of

nor mal i zadh cofifoQHEE, b ﬁn‘matplulrﬂi@Sdfc&%pdﬂﬁm@-mﬁmnbﬂgymﬂ%re&@ﬁgvﬁ§ mers including a
first conforner correspo dg ?sal first ng)lrrrallzedfra %%and a
second conforner cOrrespon %ﬁ'g Y o2k AR J 2 A TR ST ﬁg FEe Yaiser ei n
each corffooy among said plerality pl qgrredpmtdyig(mimlmmn Exprgysiifferdnesieats, lodarsta phurdityodf a

plurgli t,yaxmmpg;,g&}, GittereRANGudsEPT €SENt ati ons, each chemi cal bond
representation interconnecting at |east two atons in said confornmer; 30 °
means for associ atgs Wi"—ﬁc‘é‘ag of cadbripterpahspordinatsl, @ plrality\of bikely values frami said

coor di Nghefity GFakitactistieViakles, ﬁh&éxﬁ'éﬂxd ﬂﬂﬂfl}dbﬂﬁélﬁ$am§‘ﬁ{£ﬂ ifterRdl WoRdidateNoodspond
char act erl stic va s corres “ﬂ:fnﬁ&f 9 each ghem cal bond repr esentation in
g ¢

sai d corlf 3PS PORE. §e'F’6YaI“(§§ Pluggfity of, paxipm eRsrgydifference levslsy gy
differ ence | evel , mandfoestering aghirdlior & emeidite vuaformapfram eid plaglita of doﬂfﬁﬁxement al

amoypt qachregﬁmwca,lfo Fhla BRAKS oacat,alaa%é OBy R E% oYt Bigae 521
i ncrement al  anount potenti al “enérgy requl AT AR RodRse ol
bond r epY’@%ﬁt’ﬁP?"éﬁg ﬂ”%ﬁéﬁ'cdﬂ“@aﬁdﬂ rduqaktapf *!kyl)’dﬁl“@hﬁlldact eristic val ues;

means for sel ecti ngeahdor @Abhidg 2t RisDHo cHRRAE bdhdrRers mgen%ﬁnalﬁ Bﬁﬁ%to?“ stic
val ue in Sa‘#ﬁ El}urallté_‘g{c characteristic values, a confornmer having a
AT © R

correspd %% CaMorpation i sxid molequiar ynptyregwid candidgie ceigrERi ng

M ni mumcheser givh ditftiecnarpy difftrence leva ek ech 6daill baeasQ @b andidRE g:)ifoe&ha‘ra‘meedlﬁ@ a evel
co te orm | ural it f corr |rrum
cnoray dress BRSEEADIGR Rl s e bl Rl ek el et ORIy o

val ue, Zandideiceonforaneseph tiit faidat lepst tvovcanformefsrhave atives onesaimorpinigmall codrifinad.
correspondi ng m ni rum energy difference levels, to forma plurality of 5
maxi mum energy difference val ue neans for sel ecting for each internal
coordinate, a plura® ty“l‘}f"’l’?aﬁi‘éIWCIVQI%&E’FP%’%CA‘P@‘&%HW&WF& fpr egh normalized
char act efragmént Curtierl camprisessher ei n sai d pI urality of likely values in said

i ntegpnal coordi nate, correspan cond nerg vaI ue sel ected
fro%bsal d plurali t%g/ea%ﬁ‘ OBXT R méﬁ‘@? Bfrfnflézf‘gﬁ] ef“é& ‘rﬂ?&ﬁé‘c g

sel ect i rftpemeny said arfaichipg fsign@atrbdmdaienncajomit(baammsnoi‘mﬂmdsfwgnlerp irnUsnid fphutajity of

conf or Mebsnatiddd fragm&@ACReedonli dat e conforner in said plurality of candidate
confornmers having at |east one internal coordinate with a correspondi ng
characteristic valifiamptehingfragmentis fapnd; ysing confermen inforrpatiomoassociatad withsaidgnatebing

conbi ni ggmént hesaid tat leasOons dNAidbNirint SFtbsToriRss SotidMRise @orﬁﬂuﬁi{? o%ﬁt’ognep 1anﬂAtioﬁ Yor Of
nmol ecul ar

cangicdat nforrre t O a conforpmation

str %(B:t ur g’d atg%ﬁs e an ldﬁg‘f@ty °§ﬁ?'§?'f?§'is§m{ﬁ‘l’ @é??‘ds‘i?&%mf"ﬁ orPRen & 8t g BF P er ence
| evel ofsai¢plyrplityfof §agneintain saiddibtart. wo candi date conforners is less than a 15
specified cutoff energy level, said at least two candidate conformers

further chosen fromsaid pl ural ity of
101.  The apparatus of claim 99 wherein the means for combining at least two candidate

conformers further comprises:

30 means for relationally joining a first candidate conformer and a second candidate conformer

chosen from said plurality of candidate conformers.

102.  The apparatus of claim 99 wherein the means for relationally joining further
comprises:

35 determining a maximally overlapping molecular structure from said first candidate
conformer and said second candidate conformer.

%* c L M S %*
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candi date confornmers such that said at |east two conforners have at | east
one common internal coordinate. 100. The apparatus of claim99 wherein the
means for determning for each normalized fragment further conprises: 20
means for $esbgkhspg 1N a library of normalized fragnents forpgfnke@Shione
mat chi ng fragnent, said matching fragnent being identical to at |east one
normel i zed fragment in said plurality of normalized fragnents; thereupon, - .
if a matching fragni03t i Thefappamatus °ﬁ§Fin?9cY9HP’GF?FBF°‘1f?{F’6‘r‘FréP(“IHW‘1§§%Ci at ed
Wth sal EionFB%frEhaQ G £4sARIBAY plktic 6 VIndd] eabtEWt6 in@RBnrRéting ai 1ehsytivol e nygaidf
confornmers, otherw se, conputing confornmer information for 25 said at
| east oneormplizedfrggmEPtur al ity of confornmers and storing said conforner
information for at |east one of said plurality of fragnents in said
library. 101. Th ppatat u I WeLAL larRIfH Ni N
at | east two candi ng}e ?é%%\pg?rﬁtg{tg%kgk}’ %Bh‘gtr%recorrﬁ&%ﬂs?se%?@%%&ﬁ%bﬁﬂ Ry 7
means f onodeedndtedgemal |y joining a first candi date confornmer and a second
candi date conforner chosen fromsaid plurality of candi date confornmners.
102. The apparatus_of claim99 wherejin the ans.for relationally joinin
furt her Corrplpips es: 18% 'The apparatus of claim %4 Whﬂ‘@?‘é;%°ﬁfa}f{fq‘gal%?( inﬁ%ﬁs lrti;)resé(xtsja 9
over | appichi@ctshlobssthsih agdoletidd. ur e from said first candi date conforner and
sai d_second candi date conformer. 103. The apparatus of claim99
wher &Pn each conformer in said plurality of confornmers has at |east one of
a plurality of- bond®$. edihk apperatis phrelaim éQivherein eagh oA said @yrality pifdEesr PSR sai d
normal i ze lefc&lmt. 5 104. The apparatus of claim99
wherein fragnents are represented by a plurality of nodes and edges. 105.
The apparatus of claim 104 wherein each of said plurality of nodes
represents a col | ecigron Te afjafAfs of dlird 106kieeeit said nikhs T@Giecompdsing faplrar at us of
cl ai rP 104 wherein each of said plurality of edges represents a nol ecul ar
bond.12107°mPrise% e apparatus of claim 106 wherein said neans for deconposi ng
further 15 Cconprmsestor enemerating Gagrasmis rasediorion g Pith inglnding rpdesandefizesn&id Bathnat h
i ncl udi ng_node . i i e Rk &1 daid phtRN@ldh sai d
char act eg}a‘é‘flg ?:a\%ﬁgrfsﬁg%gﬁngéﬁhgaﬁtﬁ%éﬁfbgg g'rsrs. i nla‘ggi d pat h,p, sai d
char act erdheradtesisticdprgibrhaying 3 migimpmyalye 4l My i dieractristg lengtt; hﬁ"“@rf"a’?ﬂ‘&?‘g‘? YA P
| engt h havi ng a maxi nrum val ue P. 20 108. The appar at us
of claim 107 wherein Mig 2 and P_.is 7. _109. . .The ratus of claim99
wher &% said first H8m niie 2BRpEAn ot Gam Y i”’g"'%“é"l‘%g%’t‘%gﬁi mum ener gy val ue
for said fragnment, said apparatus further conprising:

109.  The apparatus of claim 99 wherein said first nominal energy value is a global

minimum energy value for said fragment, said apparatus further comprising:

‘means for automatically determining said global minimum energy value for said fragment.

25
110.  The apparatus of claim 109 wherein said means for automatically determining said
global minimum energy value for said fragment further comprises:
means for determining a quantity of rotatable bonds in said fragment; and
means for multiplying said quantity by a per bond energy factor.
30

111.  The apparatus of claim 110 wherein said per bond energy factor ranges from 1.0

keals to 4.0 kcals per rotatable bond.

112.  The apparatus of claim 99 wherein said second nominal energy value is an energy

35  threshold value for said fragment, said apparatus further comprising:

means for automatically determining said energy threshold value for said fragment.

113.  The apparatus of claim 112 wherein said means for automatically determining said

energy threshold value for said fragment further comprises:

o I



means for automatically determ ning said global mninmm energy val ue for
said fragnent. 25 110. The apparatus of claim 109 wherein said neans for
automatically determ ning said gl obal mninmmenergy value for said
fragment fwotoB@gsesonprises: neans for determining a quantity, @I %‘ gﬁl bl e
bonds in said fragment; and means for nultiplying said quanti 3} 8 _
bond energy factor. 30 111.  The apparatus of claim 110 V\/nerel n said per
bond energy fact or TEaRs & deterpiing 2 quankilyAf sotateblebogdsiinwidgragmentiasd at abl e bond.
112.  The appar atdéns @r nfultplyiBe 324 YaBiPbya Sedibshd B Ghergpm Nal energy val ue
is an energy 35 threshol d value for said fragnent, said apparatus further
conprising: neans for automatically determ ning said energy threshold val ue
for said fragment 114113 The appireueqfshinat i3svhefeincshid pen bdddunbtenergy issid kealvpans f or
aut t [otdbledboflEt €F M ning said energy threshold value for said fragment
further conprises: means for determining a quantity of rotatable bonds
in said fragnent; and neans for nultiplying said quantity by a per bond

cut-of f energy. 1iss. ATmecaﬁmaJufgtaL&n&Bmﬁln@hme&Aﬁ seMwﬁeeaeaveﬁaisﬂg Pedmpliend
cut - of f, ener bl e bon A nol ecul e

havi ng % ‘édcff"g%’g ch?ﬂ&“‘?‘?%?sé‘ég‘lﬂg?d sg‘fsfaﬁ'ﬂ?ﬁﬁ F‘E‘qﬁfé? Wgﬁgﬁ&?fﬁg“’és konput er based

met hod, said corrputer based nethod substantially simlar to the nethod of

cl ajgn 51. 10 Them lecule %lm 115 I}ElgrmFWe gtgxlxrﬁhu? foxpéagﬂ M&éedv}pe:rng Itn the
determ ning for eac normalt zed Fragmen nprises: &ar Chi i ng
in a ||ﬁm&19heoﬁommqﬁ*al i zed fragrrents for at Ieast one ITB.tChI ng fragrrent

said mat ching fraggRihg Bel ik SERihBRd ﬁtanéHEs fbrSR fehst &l}‘?naﬂ:ﬂﬁxg?xjaén&‘ﬁfj sdid agnent
in said plurality of normalized fragments; thereupon,

it a mafERRRTIEFEY BERg dpuicyl in gk lpast pa negmaligdfsme inisp alruwa'mo&wr%ly&h at ed

Wi t h safregneatsohdragod,r agnment as said at | east one of said plurality of
conferners, otherws ( ut i n. forrre or.mat L on r sajd .at | east
onei%f sai d plur a\lqdlat@mg?ngco 0 ri?nfeor (P o f°meréf‘f%r5'atc?"c?f)sﬂ?'?5?dr’r'§{h sf“ﬁf’%ﬂ?ﬁﬁl on
for at [Fregment a3nad yfieagpnelofishid platalitypf @fnfotmag reghatvese epmputing coriférmar ipforn@iion for
117. dditear 'i@ﬂlt Sfdtf @al@fﬂuﬁix@ 'omolxigoﬁn%ﬁ Siofing 38 c&ﬂm'eﬂhﬂgﬁﬁgn fof A5 dast'olor

candi date conforners step further conprises: relation y joining a firs
candi dafdf RiyAlts PhfEAsmemiyin £aid ek candl date conformer chosen from said
plurality of candidate conf or nmers. 118. The

nol ul e of clalm 7 t ti onal |n|n ste t her
corr%t?l ses: deterni #ng\qg S Pﬁﬂ?e@‘m bgﬁhﬁrﬁlﬂlﬂ‘ﬁd" ?‘%ﬂleﬁt S ‘H re from
sai d fi ronformers stepifatteer campirisssner and sai d second candi dat e conforner.

relationally joining a first candidate conformer and a second candidate conformer chosen

from said plurality of candidate conformers.

25 118.  The molecule of claim 117 wherein the relationally joining step further comprises:
determining a maximally overlapping molecular structure from said first candidate

conformer and said second candidate conformer.

119.  The molecule of claim 115 wherein each conformer in said plurality of conformers
30  has at least one of a plurality of bonds, each bond interconnecting at least two atoms in said normalized

fragment.

120.  The molecule of claim 115 wherein fragments are represented by a plurality of
nodes and edges.

35

121, The molecule of claim 120 wherein each of said plurality of nodes represents a

collection of atoms in a molecule.
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1109. The nol ecul e of claim 115 wherein each confornmer in said plurality
of confornmers 30 has at |east one of a plurality of bonds, each bond

i nterconnecting at least two atonms in said normalized fragment. 120. The
nol ecul e ofvoxdsabisel15 wherein fragnents are represented by %nggg?g) %&lg of -
nodes and edges. 35 121. The nol ecul e of claim 120 wherei aid
plurality of nodes represents a collection of atons in a nol ecul e. 122. _
The nol ecul e of cl a2 12Thewviscwlé of chaine K20ofhersimieabhioF spidihirslity affedgesl (prpessents a

repr esenhsiecilaf®n@cul ar bond. 123. The nol ecul e of claim 122 wherein said
deconposing step further conprises the 5 step of: enunerating fragnents
based upon a path including nodes and edges, said path having a
characteristic | ent8h sTiednatdeste afdisim it 5X witereinasaig dEcoRpdsing stbp YRrkbd Blaris@fheat ons
in saidgp ﬁﬁtP said characteristic |ength having a m ni numvalue of M said
char act er ic length having a maxi mumvalue P. 10 124.
The nol ecul e of cl ckmerating fiagraentsibased/ipos a Path indluding rodés andl &iges, saidpath havhgecul e of
cl ai m 11§.Mh&16d l@ngﬁ?daﬂ charicitisdd g @ngetﬂceﬁlﬂ%e e@%ﬁ{gs ﬁ%&lgﬁl QR LnalLtid ™

energy val ue for said fragnent, said | ecul rising:

aut ormt | B3 BAVingt BN Yajeof Mo said @H&‘f‘“ﬁﬁ’ﬁFWﬁrﬂ%ﬁeﬂ"@?ﬂW ePor said
fragment. 15 126. The nol ecul e of claim 125 wherein said automatically
det gryvi ni ng sai d gl,gbal ..m n| er val u fragment further
corrglrolmses det erm{n?'lgng Theqeekit'e ?ted qilo‘?’}!ffeﬁ‘jv %aaﬁgés ‘n said fragment; and
mul tiplying said quantity by a per bond energy factor. 20 127. The

mol ecul e of claim 26 WRRS EhduS B dhid §1s m1.0
kcals to 4.0 kcal s per_ rotat af)? %‘ ‘H%LQIsgﬁ%ﬁlgxontleag%ng{%m?&s?ﬁl m?115
wher ei n @‘alnél‘ms“éﬁféhﬁ‘%é?ﬁsﬁlélfmm?g%?d%lF% fprder-pempniinggy 25  t hreshol d val ue
for said fr agment , auforlaficallPlctSminMg St f1dwar nﬁﬁﬁﬂrehégmlue Qditsﬁﬁrﬁiénﬁﬁtl ly

detel m ning said energy threshold value for said fragnent. 129. The

nol ecsul e of claim 128 wherein said automatically determ ning said energy

t hreshol d val ue f ol26sai Thefmdaguie pft cldr 1 25 eteretnoaip auteAgically Qetermining said global

det er m ni,Qg, in said fragnent; and multiplying
sai d quanti tugl e&&@ﬂdl&e%or%&dg% Jfﬂfe oq@%es. 130. The nol ecul e of claim
129 wherein sai d p@fenbtamaawvtbpfm@n@rwds@s@d&amw sdper rotatabl e bond.

multiplying said quantity by a per bond energy factor.

20

127. ~ The molecule of claim 126 wherein said per bond energy factor ranges from 1.0
kcals to 4.0 kcals per rotatable bond.

128.  The molecule of claim 115 wherein said second nominal energy value is an energy
25  threshold value for said fragment, said molecule further comprising:

automatically determining said energy threshold value for said fragment.

129.  The molecule of claim 128 wherein said automatically determining said energy
threshold value for said fragment further comprises:
30 determining a quantity of rotatable bonds in said fragment; and

multiplying said quantity by a per bond cut-off energy.

130.  The molecule of claim 129 wherein said per bond cut-off energy is 0.4 kcals per
rotatable bond,
35
131. A method for determining likely torsion values for each conformer in a plurality of

conformers, each conformer having a plurality of particular chemical bond representations, said method

“ 0] A YO

comprising the steps:



35 131. A nmethod for determning likely torsion values for each conforner
ina plurality of confornmers, each confornmer having a plurality of

particul ar chem cal bond representations, said nethod conprising the steps:
associ at i ngovgstshzggach conforner a plurality of internal coor&#}ﬁ%g%a each
of- said internal coordinates having a plurality of characteri a?‘lffes,, _
correspondi ng to each chemical bond representation in said conforner; -
determ ni ng, for eassacigtingfvith pash confonmernehugatitycif fifterna caedidaey,ehch of Siidlin@Relr gy

di f f er eng&idihfbBaving a plurhfP bERRR it fled DEEGORME H eaB TRERE %{mdg%%e%eg i) in
energy above a first nom nal energy val ue, sal mcrerren%la arfrount ot

pot ent i &MdEIMRS r equi red to maintain each chenical bond representation at

each of said pl ur adeietnyiniff, ferleadhaGifbriries; tah Enekpddifffence 16Vel, 8AE bheigh Ut RAe level
coor gi na}t f each cg?r acteri sti aid plurali

e, f.or .G value In ty of .
char gct STRTSERS SIpRentaL aonaor Hﬁenggc?ﬁ?ﬁyoaﬁﬂ’@ra ffsﬁﬁ\FP alé“%r‘i‘é‘%ﬁé‘ﬂ&icﬁg‘e?ﬁlni rum
ener gy cimpnt pkpoteatial encedy requizéddo onintainspabrebinrigul Udid represénmition dreh of g piidlifysrence
level sehgeteasticlvaRen said energy difference |evel conputed for each
confornmer, to forma plurality of corresponding m ni numenergy difference
| evel s; for each cfﬂ’a‘?a%‘b‘l“é’?“ﬂé’??fém%lf‘ﬂé?ChGg?@FwtﬁiVﬁ'ge i spit pluralionoé charagpyristic
di f f er envalesy eletting falcOiforaidPRging @ tétrelotMinl thihiuff en&ipy HBSBRD L&) SsatdicHdIptRURSET 9Y
di fflsrence I e\éel S d‘ttfo fO{ rnéaehzel(ﬁﬁ_al IFPté‘fl of maxi mum energy di fference val ues;
15 minimurs energy differgnog leyel sejpeted, from spif engrgy, pilfenoce devel compiiiadiforpach copformsr.itg y of
| i kel y \Jermeegurilitpefi comesgonding métlimdny erefgy differenceti®elsst i ¢ val ues, wherein said

plurality of likelg M in.:said i r.nal coordi nate.correspopnd to a
second noni nal enerrgeymv%%%#ig%ﬁs‘ggg ’ed(ﬁ&%"rﬁ%n LUt i WV i%ff&%‘fe vﬁ@%f}% Are8er gy
di f f er erfeig plpgsljty jo§corrpgponding minimum energy difference lggels, to fGinea phetlitp df ofxinpinedneng 31
wher ei n ditheenteMaRésnal coordi nates further conprise torsions. 133. The

nmet 'iﬁﬂ of claim 131 erein said first nom nal energy value is a gl obal
m ni

m energy val'OfFagijpteroal;chorgipate, selecting apluralityf likely Valugs frqmysaid plshiyy of ng t he
st ep of :chdddsteristic values, wherein said pluralitt 6f1¥iRély C:hdek ja sai@ il EdoRihateabielesfin® RAd sedbn®i MUM

energy valisg ' : . The et hod.of claim 133 wherein said
aut onati ca 37&'8%}5( %?Jﬁ‘lgerﬁc%ggrgigi@;d Glﬁﬁggtélﬁ A ﬂ%ﬁ%eg%xg}f-jgf"ﬁwvaﬁ) for said

fragnent further conprises: determning a quantity of rotatable bonds in
said fragnent; and 30 mul tiplying said quantity by a per
bong energy factor, 135, The nmethod of claim 134 wherein said per bond
enefdy factor randd® frofimehed ofckim 131 yhereis thedatpral seordinass ferthet comprised. 35
136. The net hod of cliesigns131 wherein said second nom nal energy value is
an energy threshold value for said fragnent, said nmethod further conprising
the step of: automatically determ ning said energy threshold value for said
f ragnment . 133,  The method of claim 131 wherein said first nominal energy value is a global

=

minimum energy value for said fragment, said method further comprising the step of:

25 automatically determining said global minimum energy value for said fragment.

134.  The method of claim 133 wherein said automatically determining said global

minimum energy value for said fragment further comprises:
determining a quantity of rotatable bonds in said fragment; and

30 multiplying said quantity by a per bond energy factor.

135.  The method of claim 134 wherein said per bond energy factor ranges from 1.0
kcals to 4.0 kcals per rotatable bond.

35 136.  The method of claim 131 wherein said second nominal energy value is an energy
threshold value for said fragment, said method further comprising the step of:

autornatically determining said energy threshold value for said fragment.
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137. The nethod of claim 136 wherein said automatically determ ning said
energy threshold value for said fragnent further conprises: determning a
quantity of rotatable bonds in said fragnent; and multiplying said quanti ty
by a per bgieths off energy. 5 138. The nethod of claim 137 vwherein said -
per bond cut - o??iogner gy is 0.4 kcals per rotatable bond. 139 ﬂ’ﬁ?ﬁ’r’r{)‘ﬂf‘er
programm ng product for determining likely torsion values for each 10 -
conformer in a pI uria.i t yrhe nedodiéfelaiii 135, wheinRaid aitdnaiticiRty ddtaminig séid @letgyal i ty
of part |tgres vclue or sca%f ggmgm&gcgr% ns%atl ons, said conputer progranm ng
product corrp 008 TOr assoc I'ng W|th each conformer a plurality of
i nt er nal COOI’dI nat@@melaz:hqmtltsaﬁrdtaiambqnﬁalhS%d)@?gmeﬂaaﬂés having a plurality
of characteristic ﬁ{@{éﬂﬁﬁg GRIS8H Y I ipBbohLeubdEhefzghem cal bond representation
in sgid conforner; code for determ ning, for each
conformer, an energy difference level, said energy difference Ievel
representl ng an i nnsenente&ﬂedﬁmmﬁimmﬁ eteRivaid pér boMBALGYET leryy 6 (B4 kdals pér

nom nal SNeLOY ¥ al ue, said increnental amount of potential energy required
to maintain each chem cal bond representation at each of said plurality of
characteristic values; code for selecting for each internal coordinate, for
each characteristi f‘agval N Borhgbec? flofaRhidl %a&cvfoz&temm@g PR Chibes rfx1r%ac\5a| ues,
a confornmer havi n? correspondi hg m ni num ener ference |level, said

cor rlfs pFRBfPTRST i arplysaliey ‘éfr?é‘i*fweﬁr ferioqoafqrraer hawing|a PYE ‘é’d’cf eetiquiap phemicalpoah e r ay
di ff er eneese@iths, eémmu{p&&p‘rsg&meﬁﬁ@prm&f@ﬁﬁmng to for m a plurality of
corresponding m n|c m.ener gé di.fference Iev St fQt eterm nlfn for
each characteristiC V3l H&° ngr’ragyleﬁitl’rﬁ"'éfﬂ‘@;b%/p‘éf?lw lgﬁrgﬂ °9/°é ppaes s AR TS

sai d pl untenaitcyordihates bavirgsypdwraitnef charatenistiv velnecoryesghindifigto @b ehdnesabband t 0 for m a
plurality, rgsfemggn in sg;pg,mpner gy difference val ues; code for selecting for
each i nterna coor di nat e, plurality of likely vaI ues fromsaid plurality
of dRaracteristic S4¢ @ééetermﬁ@seﬁoheas*moamm%raa|evew differqnpadevel; syidpnged i n sai d

i nternal dlﬁaawlemiegreseaﬁ:{gaﬁ RRRheit) aﬁoﬁ@sméntmm&@ﬁhbomﬁ%ome@ﬂmt ed
fromsaid pluralit m ener g i ff erenc lfﬁf and a n‘F
cadapi ¢ siERa AT Al TSP P iy oD G S gherrg Sob PRy x|

pr ogr anmafisagid piemwlity of chafacterisid yalue 89 vvherel n each conforner in said plurality
of conformers has &he %o??e?ett\l,{grf&' egclfh 1ﬁergil %Q@%ﬁatey foQi: cp Qﬁgxﬁ?ns%@%uew ghgqaplurahty

i nterconnecti ng a | east ons I n sal nor ITB.
141.20  Tof ghasasiepstic éiﬂuqﬁr DIRRAAT gy grasaiiesponging @ininmm qlggy wrfeqeeqe develasaid £ r st

noni nal @nedp&mmg alinifurh SncegyQiifRRate 180eNdeldbtn mefamen&gv differérié lebed boinpuled@ S¥RALh
sai d cog%0 ?g?l nmr (Er oduct .further co SI n ode for _
aut omat i 8 T’Vrd% AP ‘}H@ SPTEF SR P YR AT ‘B g fue for said

fragnent. code for determining for each characteristic value, a maximum energy difference value

from among said plurality of corresponding minimum energy difference levels, to form a plurality of
25. maximum energy difference values;
code for selecting for each internal coordinate, a plurality of likely values from said
plurality of characteristic values, wherein said plurality of likely values in said internal coordinate correspond
to a second nominal energy value selected from said plurality of maximum energy difference levels; and

a computer readable storage medium for storing the codes.

30
140.  The computer programming product of claim 139 wherein each conformer in said
plurality of conformers has at least one of a plurality of bonds, each bond interconnecting at least two atoms
in said normalized fragment.
35 141.  The computer programming product of claim 139 wherein said first nominal

energy value is a global minimum energy value for said fragment, said computer programming product
further comprising:

code for automatically determining said global minimum energy value for said fragment.

“ ) )
* c L M s *



142. The conput er programm ng product of claim 141 wherein said code for
automatically determ ning said global mninmmenergy value for said
fragment further conprises: code for determning a quantity of rotatable
bonds in ' ment; and code for nultiplying said quant| r
bond ener agb?gét o? 5 143. The conputer programing pr odudt @?%Eﬁﬂﬁ& 142.
wherein said per bond energy.factor ranges from 1.0 kcals to 4.0 kcal s per-
rot at abl e bond 14442.  Thecoopwrpn pregranpwingprodwes ofi glaipr 9 whereip faid ¢ode for 139

wher el n ng%a&qmﬂ&gm giobammmﬁ@greggy Ml KsaldFr@lerk ARALRLORES MOl d_val ue
for sai , sal uter progranm ng product further conprising:
code for automatl cede|fgr dﬂ@’t"é?% nRRRios efi pfataivbogys it FLISHETR: 3l ue for said
fragnent. 145. THR 6:QRamiplydiz siitl @EAhi 8y B Ger poractiiérhy faktoCl @i m 144 wherein said
code_for 15 automatical l'y determ ning said energy threshold value for

sai d5fragrrent further conprises: code for determning a quantity of ]
rot at abl e bonds i n4xai d‘hé cca@mnprpgramdmgmemfmfrclamu@mhlexy:mrsgdyalbdndcmag!| ty by
a per b Jhshenaput er programm ng product of claim
145 V\he?%fgr%éesd%&l %%%‘?Eg%ﬁn 0 B energy is 0.4 kcals per rotatable
bond. 147. An appar at us for determning likely torsion values for each

conf ormer in a plygdlitye eJmpGenﬁregrmg pR&RNorCAR IoNRerelhait B@ord lpintaaial i ty
mrtl cul ar chem cal bond .represe tatl ons gﬁ ri sin

ceSYTH Blyeiaf FrrEpyhaheld ST ot Bt 6@?*{18'# e Féb@g'é‘f'm“‘ég‘é%‘t"f BMig with
each corémprdmg: a plurality of internal coordinates, each of said internal
coordi nates havin nding to
each chem cal bon O%efg‘lral‘eig)gln c%}%[;; OF’] I'n dtcf’.%gg‘ﬁ{h%frghr?goﬁjaﬂ Zotrg%nfrf%ﬁﬁa for each
conforner, an energy d| fference Ievel sai d energy difference Ievel 30

representing an ingsemefg eémpmpbmgm%mggio@m beetlain® A eh¥reBOM @odd fdrl I' St
nom.pnal energy val ue, said increnmental anmount of Bgt@entlal energy required

to rei nt2EPRaY EQB’WCFEW&?W%SSP e R thgid ralne ton aid frpement Auther GOFPHSEY y plurality of
characteristic valdi@sor de@fmifiag b quanditg bivalatable bonds i adie fragneht; emic h

characteristic val | f ic val ues, selecting
a conforner havi ng&;ge tlgromlrﬁgphgno%?s i gi"h{y%?%ﬁ’ﬁﬁcngﬁ%%i:St?éde?#érence | evel , said
correspondi ng 35 m ni nrum energy di fference | eveI sel ected from said

energy difference jsgvel i esmyils ogmgsgd&@w&ﬁmxswﬁems%%@om&E.adfl ty of
corrgspondl ng m ni mum ene{?%?dgl ference | evels; for each characteristic
ne

val @8, ¢saerex BOAikerls st FRLiab rgy difference value from anmong said
plurality of corresponding nmininumenergy difference levels, to forma

plurality of maxi ”H’?“ enErI g%ara ffore &e‘t%nggmg gkeyy tox’swn vzﬁiues ?or each conformer in a

plurality of conformers, each conformer having a plurality of particular chemical bond representations

.a.

comprising:
25 a processor operatively disposed to perform the steps of:
associating with each conformer a plurality of internal coordinates, each of said internal
coordinates having a plurality of characteristic values corresponding to each chemical bond representation in
said conformer;
determining, for each conformer, an energy difference level, said energy difference level
30  representing an incremental amount of potential energy above a first nominal energy value, said incremental
amount of potential energy required to maintain each chemical bond representation at each of said plurality of
characteristic values;
for each internal coordinate, for each characteristic value in said plurality of characteristic
values, selecting a conformer having a corresponding minimum energy difference level, said corresponding
35 minimum energy difference level selected from said energy difference level computed for each conformer, to
form a plurality of corresponding minimum energy difference levels;
for each characteristic value, determining a maximum energy difference value from among

said plurality of corresponding minimum energy difference levels, to form a plurality of maximum energy

& R D L

difference values; and



for each internal coordinate, selecting a plurality of likely values from
said plurality of characteristic values, wherein said plurality of |ikely
values in said internal coordinate correspond to a second noni nal energy
val ue sel agpagiséspem said plurality of maxi mum energy differ ggiﬁ{fl evel s. '
148. The apparatus of clai m 147 wherein each conforner in W‘él | ty
of conforners has at |east one of” a plurality of bonds, each bond

i nterconnecting at féreadhtintérud cavedinie, seteczmg|a¢1umryrmlma;e\dluéymmtp1urﬂﬂs9°f The
agpar at g%r%%gjgﬁg?ésWer%M]uﬁrd%ﬂm f fl{aﬁ}rerse iﬁ?al ?cm cb)grm%tg ):S/o espg? S aa% ('P bal
appar at l’]%m#‘ﬂ@{‘%@'r"aw M?é&’oméal‘bﬁhmw nﬁmmnm BErgY élfferemiemdat ically

determ ning said global mnimmenergy value for said fragment. 150. The
apparatus of cl aim 49 er ein said autqomatically determ ning said gl obal
15 5 m ni num enerﬁ%/ Pppigis o gam f"f7a¥ﬂ‘r"r§‘hea‘¥hlfl"ff?fé’f°’ ’Ed‘ﬁi)l’l}“?g%" f det er mi i ng
a quant iconformers h&taateabbrc ol @ pitslity iof iadstledkcli Bapiirtdr¢onseathg it ledst b Wiof§ inSsaid d

quantlt)go%éggggg%egpnd energy factor. 151. The apparatus of claim 150

wher ei n sal ond energy factor ranges from1.0 20 kcals to 4.0

kcal s per rotatable bond. 152. The apparatus of claim 147 wherein said

second noninal enaagy vk Waas mnaﬁmﬁmemrsﬁ&ml&nmléﬁ Waﬁue%ﬁ& Qoxiai agm?}[“
teps o

sai processor of sai gﬁf ratus further disposed or mt
it et PR <oy A foe HE IR RSt LgPRARA BT 5Pt ocpoRBgho
153. St oﬁcppar atus of claim 152 wherein sai d aut omatical |y determ ning
said energy thres sal.d, fragnent conp.

deternining a quart%t&![)'gat%ﬁl'y%m{m%mfoﬁam gE’Lar%('fgh T e“°rgei Vqu f@f’r’@f‘?téagﬂﬁ& nul ti plyi ng
said quantity by a per bond cut-off energy. 30 154. The appar at us of

clai m 153 wher ei n 18@i d 1e5p ﬁlﬂotQ:HJm M9fwh‘31@ﬁ QX aﬁt&nagcaﬂy E&Q‘J’nﬁxf.ng%m Bﬂa‘?t abl e

bon? 155. An apparatus for determning |likely torsion va each
con %rnﬂ"“?‘ﬂ“&“"f?g"a’“" for said,fraement Syrther samprispsar s, each confor mer havi ng a

plurality of part Idetudnﬁxrmg:hﬁaﬂtmedfrdlﬂm YoRR R Tagihén@iad CONPri si ng: neans for
associating with eagh ¢ ur al.i t%ﬁ % nt ernal coordi nates, each

onf.
of said internal coorpd'l ?lg)guaﬁmweﬁig)peé ?ﬂdﬁ? "of characteristic val ues

correspondi ng to each chenical bond representation in said conforner; 46
SUBSTI TUTE SHEET (RUJLE ’l%@)tpparatus of claim 150 wherein said per bond energy factor ranges from 1.0
20  kcals to 4.0 kcals per rotatable bond.

152.  The apparatus of claim 147 wherein said second nominal energy value is an energy
threshold value for said fragment, said processor of said apparatus further disposed to perform the steps of:

automatically determining said energy threshold value for said fragment.

25
153. The apparatus of claim 152 wherein said automatically determining said energy
threshold value for said fragment further comprises:
determining a quantity of rotatable bonds in said fragment; and
multiplying said quantity by a per bond cut-off energy.
30

154.  The apparatus of claim 153 wherein said per bond cut-off energy is 0.4 kcals per
rotatable bond.

155.  An apparatus for determining likely torsion values for each conformer in a

35  plurality of conformers, each conformer having a plurality of particular chemical bond representations
comprising:

means for associating with each conformer a plurality of internal coordinates, each of said

internal coordinates having a plurality of characteristic values corresponding to each chemical bond

| . R
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means for determning, for each conformer, an energy difference |level, said
energy difference |l evel representing an increnental anount of potenti al
ener gy above a first nominal energy value, said increnental amount of
potenti al 3de€dui red to maintain each chem cal bond representati on at
each of sai d ural ity of characteristic values; 5 PCT/US98/1304o g1
for selecting for each internal coordinate, for each characteristic val ue
in said plurality oheaghfar detirmining foreastedonfesyer,an enendyatiffepencd iewel, 3gd energy

corresp oi.ni mum
cner gy oy ae B Ak e e ARBT BfoHE ce g@ s R ERE RN Tl T e
for eachalddMrEeRBamops of RqHid cpsTayreguired o grinteinrepchchesries] bryd mpmmmmeacgy

di f f er endeaid pumliy of ERABEristiOvan@Gt €r m n| ng for each characteristic value, a

maxi rum energy differepce, va rom said plurality of
corr eI?stondl ng ni ni NN Eé]’ﬁée}eﬁvgg?‘f?‘g‘r °?° 9°’ fﬁhF@Fﬁeﬁs”ﬁ rpein sty of

maxi mum Merditygf ﬂM@mW&ewahmﬂsmemdngmmpBMngﬁm lemyfdifferﬁad:lbvel rkigr nal
coordin

char act oy PRl b oty etk ok PIcifBs fdop WEly BEHLRS b e o e

i nt er nal CORGEIH; th &8 2@iraligqs Grrepsponding @emmnwemlffatnce mhgy val ue sel ected
fromsaid pluralityesé foRBetdrinihing 25t RucH ¥hclefific SREE alnﬁylﬂx'uﬁ enetgy (i}réfgcnc? valdae

app tus of clai rein each conforner_in sai urality o

con15F nefre® s 4 by S e upzE R ey GBI R NS Rl of

i Nt er conmagtumepegy diffe@sde values; aidons i n sal d normal i zed fragnent. 20

157. The appar at e er val ue

is a global mni nuﬁ?“é‘%;é’F%y@“? %hvm c?fr mae A fmfaﬁtyé’gﬁglya g}af urt her

conpr i si Mygalityefehay a%ﬁsma@blmmrea Fﬂl%/leIémewfﬁikd}' Mfgues & sid dritavimh boordumercumsemar ay

Va| ue f ob aSedbid domBENdEy valiRQelected HOf s@i@Bﬁfaﬂgl&g mQ:IImﬁ:n @ﬂef@ hferetfiAkRIsn sai d
n@ for automatically determ ning said r“;\ ni mum ener gy val ue

for said fragment further conprises: means for determ ning a quantity of

rot at abl e bonds i nissai d’nieraamntorclﬁmdsmﬁdmn &0k cdifﬂirrhdrﬁkl séidl]mlrﬂ@& quantity

by a perg, r wher in said

per bon gtﬁlg%rseﬂa$ tog&af% mr&?r%frtﬁo 0] a?g’g’%ﬁmﬁr@%’}“?"f'%a%eaﬂ “ﬁ%ﬁ? ‘?

r ot at abI@nb%‘mﬂme@mt The apparatus of claim 155 wherein said second

nom nal energy value is an energy threshold value for said fragnment, said

app tus further 9ITDI’I sin means for automatically determning said

energy threshold viue %P “Hq?lﬁﬁ‘n‘é?ﬁ"h"%saﬁfs‘ “°mq‘ﬂé“°a$}’p‘al“atsu§l®ﬂl claim

160 wherminimusanetgyrededorfsaid fragthentyedid sppirhrys fefee ompriingg Sai d energy threshol d

value for said fr e ris r determining.a quantity
of rotatable bondgﬂ%gﬁms?égug r#apﬁgﬁé%t%mgﬁﬁldnigﬁgm'l”ﬁ?“mrﬁﬂfrﬁ ml‘if’lf?fg”‘géaéfmm
quantity by a per bond cut-off energy. 47 SUBSTI TUTE SHEET ( RULE 26)

158.  The apparatus of claim 157 wherein said means for automatically determining said

25  global minimum energy value for said fragment further comprises:
means for determining a quantity of rotatable bonds in said fragment; and

means for multiplying said quantity by a per bond energy factor.

159.  The apparatus of claim 158 wherein said per bond energy factor ranges from 1.0
30  kcals to 4.0 keals per rotatable bond.

160. The apparatus of claim 155 wherein said second nominal energy value is an energy
threshold value for said fragment, said apparatus further comprising:
means for automatically determining said energy threshold value for said fragment.
35
161.  The apparatus of claim 160 wherein said means for automatically determining said
energy threshold value for said fragment further comprises:
means for determining a quantity of rotatable bonds in said fragment and

means for multiplying said quantity by a per bond cut-off energy.

, | Ill!lll HIIH lllH Mlll M Illl- |

SUBSTITUTE SHEET (RULE 26)



162. The apparatus of claim 161 wherein said per bond cut-off energy is
0.4 kcals per rotatable bond. 48 SUBSTI TUTE SHEET ( RULE 26)

WO 98/59306 . PCT/US98/13014

162.  The apparatus of claim 161 wherein said per bond cut-off energy is 0.4 kcals per
rotatable bond.

R

48
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