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hypothetically specified synthesis procedures. The models are subjected to a simulation function that predicts feasibility of a
specified synthesis procedure and the biological function of chemicals produced by the specified synthesis procedure. The
simulation function operates on the models to produce simulation results. One or more product chemicals are synthesized
according to the hypothetically specified synthesis procedures and are assayed to produce actual assay results. The simulated
results are compared to the actual assay results while referencing a tolerance limit. The simulation function is changed until the

comparison has a predetermined acceptability relationship with the tolerance limit.
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chemicals are modelled by data structures that embody a relationship between chemicals of which the product chemicals are composed and
reaction sequences under which the chemicals are combined to produce the synthesized chemicals. The modelling includes models in the
form of datwa structures that represent experimentally performed or hypothetically specified synthesis procedures. The models are subjected
to a simulation function that predicts feasibility of a specified synthesis procedure and the biological function of chemicals produced by
the specified synthesis procedure. The simulation function operates on the models to produce simulation results. One or more product
chemicals are synthesized according to the hypothetically specified synthesis procedures and are assayed to produce actual assay resulits.
The simulated results are compared to the actual assay results while referencing a tolerance limit. The simulation function is changed until

the comparison has a predetermined acceptability relationship with the tolerance limit.
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METHOD AND MEANS FOR SYNTHESIS-BASED SIMULATION
OF CHEMICALS HAVING BIOLOGICAL FUNCTIONS

TECHNICAL FIELD

The invention concerns the simulation, by a programmed, general purpose digital
computer, of chemicals that have biological functions, and more specifically, concerns
computer-implemented simulation of such chemicals based upon their synthesis and their

assayed biological activity.

BACKGROUND ART

Currently. there 1s no method or means for simulating the relationship between a
chemical produced in a laboratory, a biological function of the chemical as experimentally
measured 1n an assay, and the outcome of the experiment where the chemical is assayed.
The ability to simulate such an experiment could vastly improve prediction of the outcome.
enabling the use of the information developed in simulation to better identify and develop
chemicals that will produce desired effects on selected biological receptors.

Currently. chemicals having biologically efficacious functions are synthesized from
chemical libraries that contain huge numbers of chemicals. Based upon clinical structures,
experience, intuition, or strictly random sampling. sets of chemicals are selected from a
chemical library. and they are combined in chemical reactions subject to known reaction
conditions to produce product chemicals. The biological function of the product chemicals
1s measured experimentally in an assay procedure, with the degree to which a product
chemical achieves a desired biological function being indicated by a numerical value. After
synthesis. thousands, or tens of thousands, of product chemicals may be assayed, with the
assay results being determined and ranked by known means.

These large numbers of product chemicals are synthesized in order to discover one,
or a few product chemicals that react with a protein to produce a desired effect, such as one

that would 1nhibit or impair the progress of a disease. Assume that the disease is inhibited

by attachment of an enzyme to a known location on the protein. The known location is

called a "receptor site". Assume that attachment of a product chemical to the protein at
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receptor sites of interest inhibits enzyme attachment, thereby strongly indicating that the
product chemical would also inhibit the progress of the disease. In this regard, attachment
of the product chemical to a receptor site of interest would mimic the therapeutic effecf of
a (possibly scarce) naturally occurring compound. In this case, the product chemical would
comprise a synthetic substitute for the scarce compound.

In any event, an assay may be conducted to determine whether, and to what extent,
the product chemical binds to receptor sites of interest by coating a well or a container with
the protemn and then washing the protein with a solution containing the product chemical.
Excess solution 1s emptied from the coated well and the compound for which a block, or
substitute, is sought is "tagged" with another compound and, so tagged, is brought, in
solution, against the protein. The extent to which the product chemical binds i1s evaluated
by introducing another chemical that "develops” the tagging compound. In this regard,
developmentactivates the tagging compound in the sense that the tagging compound shows
a certain color. Introduction of the protein to a spectrophotometer enables the detection of
chemical acuvity by the measurement of color. Thus, if the tagged compound is not
blocked. 1t will bind to the protein at the receptor sites and its presence will be indicated by
the color of the tagging compound. If altogether blocked, the color of the taégln:g:
compound will not be detected at all or..iif partially blocked. a smaller amount of the color
will be detected. Color-based assay techniques are well known, and apparatus are available
o conduct photoassay 0! a great number of separate reactions. One such device is a
;pectrophotometer avallable from Molecular Devices that automatically conducts
photoassay of a plurality of reacuions in an array of reaction wells. Such a
spectrophotometer can be coupled to a programmed, general purpose digital computer to
process the results of an MxN arrayv of reaction wells. For example, a Maclntosh brand
computer available from the Apple Corporation, running the SOFTMX application
program. also available from Molccular Devices, provides an output that presents
photoassay results of a plurality of normalized assay result values. referenced to maximum
and minimum values of a tagging color.

While the synthesis/assay process is well known and widely used, it is time-

consuming and very manpower-intensive. To the extent that the process is iterative,
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because it is manually pertormed, desirable results emerge slowly, and patterns of desirable

activity by product chemicals may be ditficult to detect.
LS. patent 5,463,364 entitied, "System and method of automatically generating

chemical compounds with desired properties,” describes a compuler based, iterative

'j;

nrocess for generating chemical entities with defined physical, chemical and/or hicactive

properties. During cach iteration of the process, a directed diversity chemical bibrary 1s

robotically generated in accordance with robotic synthesis instructions; the compounds

in the directed diversity chemical library are analyzed to 1dentity compounds with the

desired properties;  structure-property data are used to select compounds o be

10 synthesized in the next iteraucn; and new robotic synthesis insiructions are automaticaily

cenzrated to control the synthesis of the directed diversity chemical library tor the next
Leranoen.

Vianifestly, autainated means and methods for simulating the direct synth csis,‘aséay

nrocedure havs the potential of vastly increasing the speed of the process and guickly

| S identifving patterns or trends of desirable results. However, to date only the evaluation

nhase of the assay step has been automated, and that o'nly 0 a rudimentary degree. As yel,

10 =ffective mode of simulating the synthesis/assay process has emerged. Attempis have

been made to create simulation models based upon molecular structure of proguct

chemicals. However, such attempts have yet 10 find an effective mcdel that links how 4

20 chemical is made and what its structure is, once synthesized. Accordingly, a manifest need

axists for a method and means that simulate product chemicals in a way that directly |

reveals how they may be made and what their biological functions are.

DISCLOSU X ENTION
This invention provides a method and a means that simulate product chemicals in
25 terms of how they are made and the biological effects that they produce, thereby enhancing
the cfficiency with which drugs may be discovered and developed. Before the conception
of this invention there was no way to mathematicaliy represent a relationship betwesn a
chemical produced in a laboratory, 2 biological function of the chemical as experimentally
measured in an assay, and the outcome of the experiment where the chemical 15 agsayed.

30) The invention is based on the inventors' mathematical model of the outcome cf an assay
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cxperiment performed on a chemical synthesized according 10 a prascription Of Starting
chemicals and reaction condinons.

An egsential opject ol this invention s therefore Lo provide an alternative or an
improvement to the prior art structure-based simulation model.

The invention is based upon the critical realization that synthesis and assay of a
chemical may be statistically described us a physical system. Importantly, the synthesis
of a chemical 1s modeled as a preparation procedure that 1s evaluated by a registrauon
method. The preparation procedure is specifically modeled as a procedure by which a
chemical is produced, while the registration procedure is modeled as an assay. Cntically,
there exists a function p thut underpins the description of a physical system modeled as a
combination of the preparation and registration procedures.

The invention is embodied is a machine or as a niachine-executed method [or
simulating chemical function using a database in which data representsiions ot chemicals,
data representations of synthesis procedures, and a set of {unctions representing assay
procedures are stored. In this regard, a tirst set of first dala structures representing
chemicals of the chemical library is obtained from the database. A second set of second
data structures representing indusirially performable reactions by which chemicais
represented by the first datu structures are combined is also ootained {from the database.
The first and second sets are combined to produce a third set of data structures that
represent experimentally performed, or hypothetically specified synthesis procedures in
which chemicals in the chemical library and reacticns in the reaction library are involved.
The feasibility of a synthesis procedure represented by a third data structure is simulated
by subjecting the third data structure to a function of the set of functions, such that the
function produces a simulation value. A product chemical is synthesized according to the
specified synthesis procedure and assayed to produce an assay result. The assay result is
compared with the sirnillation value with reference to a tolerance limit, and another
function may be selected from the set of functions based upon the companson.

In this manner, a made! simulating the synthesis and assay of large numbers ot

product chemicals can be evaluated and adaptively reconfigured by testing against actual

synthesis/assay results produced from a much smaller set of product chemicals.

-
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BRIEF DESCRIPTION O DRAWING

The objects, advantages and reatures of this nvention will be more readily

appreciated from the following detailed description, when read in conjunciion with the
accomnanying drawing, 1n which:

~ig. | tllustrates an iterative process for composing a function u that predicts the
feasibility of a specified synthesis procedure in addition to the biological function of the
nroduced chemical;

Fig. 2 is a block diagram of a datubase used in the inventiorn;

Fig. 3 iilustrates a tree that represents a reaction sequence oy which a product
chemical is synthasized,;

Figs. 4.4 and 4B illustrate how a synthesis tree representng synthesis of a praduct
chemical may he 1teratively described, and

Fig. 3 :lustrates a combination including a progranimes, general purpose digilal
computer, the database of [ig. 2, and a synthesis/assay procedure by which the invention

is practiced.

BEST MODE FOR CARRYING OUT THE INVENTION

With reference to Fig. 1, assume a collection of avatlable chemicals, denoted by C,
and a collection of reactions which are industnaily performable, denoted by R. A chemical
compound, w, which i3 synthesized frecm a set of chemicals C'c C through a list of
reactions R'cR, 1s denoted by w(C', R").

A traditicnal synthesis/assay process that leads to drug disCovery is described by
the pseudocade in Table |. The synthesis and assay in this process are actually-performed
procedures. With large C and R, this 2numeration-styled process i1s very time- and fund-
consuming.

Tabie 1 - Pseudo Code Representing Traditional Drug Discovery

—

(1) GivenCand R

(2) forany C'« Cand R'cR do
(3) begin

(4) w = Synthesis (C', R’), performed in chemical laboratory,
(5) R = Assay (w(C'.R")), performed in assay laboratory;

(6) if (R > (), where { is a threshold of acceptability

(7) announce w(C', R") as a new drug;

(%) and for
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With our invention, regularities vetween R, C and R are tound. We represent the
relanonship betwern them by the mathematical formula ol equation 1),

R = 1L w) (b

In cquation (1) N’ represents the result of a simulated assay of a simulated product

chemical w. Based on quantum theory, the mathematical function u (heremnafier, the

“prediction funcuon") is likely to te decomposed 1into a set of sub-iunctions, g, v = 1, .,
n, each of which describes one aspect of this problem (a quanium dimension):

R= ) Ax u(w) (2)

This mathematical function g 18 cor;mosed based on actual expenmental data E
obtained by synthesis and assay, wherz, E=je, = (w,, R) | R = Assay(w ), 1 =1.2,.. . }.
The composition of the function p is depicted by Fig. 1 and descnbed by the pseudo code
n Table 2. If the computation results obtained by u maich the expenmental resuits within
4 range of tolerance that lics hetween 00 and a tolerance iimit, 1t 1s determined that a
prediction function nas been idenuiied that may rehably predict drug discovery. In this
regard, ) 19 a 'prediction” function in that it predicts the feasibility of a specified synthes:s
procedure tn addition to the biological function of the chemucal(s) produced according (o
the procedure.

Now, assume composition of a reliable prediction functicn p. Befare real synthesis
and assay experiments are performed respectively in a chemical laboratory dnd assay
laboratory, the invention composes a drug which 1s most hkely to be synthesizable and
have a particuler biological ettect of interest. This process, picking out the most cromising
drug compesition solution from the vast fabricated chemical compound library, Is an
optimization process, and 1s illustrated ov the pseudocode given in Table 3.

Table 2 - Tterative Composition Of Function p

(1) Inutially composing function .,

(2) foreverye € E do

(3) - being

(4) R = ple.w),

(3) f(| R -e. R} > tolerance limit)begin

(6) modifying function y;
(7) goto step 2;
(8) end 1f;

(8) end for;
(9) announce W 138 reliable up (0 now.
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Table 3 - (Prediction r Sxpenment) Discovery Process
—
(1y Given C and R; |
(2) In the solution space, UxR, looking for (C', K')s where
T=4C', RY C'cCand R'cR and pu(w(C', R") > ¢}

3 (3) forevery (C',R) el do
4) begin
(5) w = Synthesis (C', Ry,
(6) R = Assayiw(C’' R,
) E=E-{wR)} l
| () 1 (8) (R > () announse suceass,
(9) end for;

Actually, during the utilization of the prediction funciion, the prediction functian will
also be optimized due to access to maore experimenial data becoming availabie (L expends
during this process).

15 2. Composition ot the dawatase.

In order to manage the data and information used in this invention .n a way sufhicieni
tor prediction function development and for drug discovery optimizauoen, we have designed
a database 10 that s illustrated in Fig. 2.

The database 10 comprises four libraries: a8 chemical library |2, a reaction liorary 14,

20 a synthesis [tbrary 16, and an analysis function (ibrary 18.

chemical library 12: contains enmes describing all chemicals evailable for a task
and corresponding structurai information, chenucai and
physical properties of the chemicals.

reaction library 14: .  each entity in the library is a set of reaction conditions
25 applied 10 A synthesis process, such as temperature, densities

of reagents, sclution type, etc.

synthesis library | 6: each entity in the library is a tree structure graph modeling

a synthesis procedure that may produce a product chemical.

Note that the entities of this library are represented by w. In

30 this regard, w represents a synthesis procedure generally,
and may specifically reprasent a product chemicel produced

by a represented synthesis procedure.
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analysis flnction
library 18 the runctions in this ibrary ar applied 1o the contents of the
svnthests hbrary to calculate nredetermined narameters of
modeled product chemmcals.

All or these libraries are updaiable and extendable either by known maintenance means,

hy 3 user, or both.

3. The data structures of the entitiey in the database

The dara structures ol entittes of the database directlv determine the time and space
(memorv) efficiency of the database.

1) Chemical librarv (C) 12

C = a’cl, Car Cpn - v vy Ty v

The chemical library 12 is a first set of first data structures, each representing an enfity in
the library, wherein each entity in the chemical library is a chemical, represented by a list
of properues, such as molecuiar geometry, bond length and bend angles, molecuie weaight,
and 50 on.

The chemicals can be classitied into many categories in terms of the type of tags
In molecular structure.

Y ¢, € C, can be represented as a rirst data structure, which may be reated as an

instance of an object, as follows:

typedef struct Cnemical {

int 1D, /* D of inis reagent */
char chemical name{20], /® name of the chemical */
char *formula, /* structural formula */
void *propertiey, /* properties of the chemical */
struct synthesis_list *symhesises;  /* list of synihesis processes involved ¥/
struct Chemical *neat; /* next chemucal instant ¥/
) CHEMICAL

(2) Reaction library (R) 14:
The reaction library 14 comprises a set of second data structures, each representing

an entity of the library wherein each entity of R may represent necessary conditions tor an

industnially performable reaction.

R="Ar,7r,, .. r.....]|

AMENDED SHEET
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v r, € R, Is represented as a second data structure, which may be reated as an
mmstance of an object descnbed as follows:
ivpedef striuct Condition |

void *condition,,
5 | void *condition,,

voud "C’(mdi.'inm.'
siruct synthexis _(ist *synthesises,
siruct Condirion *nexi,

/0 } CONDITION,

(3) Synthesis librarv (w) 16
A= {(w(C' R | C'2Cand R'cR}
The synthests library 16 compnises a set of third data structures, cach reprasenting an entity
of the library wherein each entity w € ¥ represents a reaction seguance which can be
F 3 represented as a uree-shaped graph as shown in Fig, 3.
Thus synthesis tree can be expressed in an iterative way by means of an object

defined as tollows:

typedef struct synthesis iree |
ini tree stare,
20 struct chemical *c:
struct synthesis_tree ®subtreex{NJ,

struct condition %r;
} SYNTHESIS TREE

| tree_siare = Q, tns tree 1s actually a chemical reagent (¢) instead of a synthesis tree.

25 Otherwise, 1t 18 a8 sub-tree. For example, Figs. 4A and 413 illustrate a synthesis ires's

iterative descniption.

(4) Function library 18:
As to a hypotheticully specified synthesis w, the invention predicts its feasibility
and other properties through mathematical analysis based on the quantified parameters of

30) the synthesig and involved chemicals. In other words, @« mathematical function 1s

composed, as follows:
R = p(w)
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where 3t is a random variable representing some Xind of probability ol semething.
Tne prediction function u can be decompaesed into @ collection of relatively simple

.

SUD-TUnCUOnS (U, By, ..o, Hy)

L e |

,u-'.'f{“]a“'l}°“:up\

3 - Each sub-tfuncuon, say u,. takes a synthesis tres (ov) as its argument.  All sub-
‘unciions u. are pre-defined and assigned 2 unique nhame that enables use of the sub-
function in the invention. The data structure for this library 1s defined as {ollows:

typedef of struc sub function |
cnar fune namel20/)
1) void "return value.
void (*pf)).
struct sub-function *nexi,
S SUB-FUNCTION
A dedicated language may be provided for composition of a formula expression

} 3 using the functions in the function library 18, For exampie, assume compoesiion of a
tormula as fellows:
F=oy X p)y oy X+ oy XY,
u.€ function library
@, is a coefficient
20 Automated database processing may automatically apply this formula 10 a candidate
syntheses tree n the synthesis library 16, and compare the computational results with

cxperimental results. The formula c¢an be dynamically modified to approach the

experimental data.

Fig. 5 1s an illustrution of an industrial application of the invention in which a

{2
¥

programmed, general purpose digital computer S0 having standard hardwere and software
components, including a memery 52, is conventionally ccupled to 3 storage facility that
may include, for example, a direct access storage system including components 34a, 54b,
54¢ and S4d. The components 54a-54d of the storage faciliry are used 1o store the storage
30 library illustrated in Fig. 2. ‘The storage facility is shown as comprsing individual
components 54a-54d only for purposes of illustrating the library architecture of the

database shown in Fig. 2. Relatedly, the storage tacility component 54a includes the

.‘ftr'-t — )
..é“;‘.fp-. 1" L-‘r.-....,
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chemical library 12, the storage tacilicy component 54b nas stored inat the reaction library
14, the starage facility component 34¢ provides storage capacity for the synthesis library
16, while the sterage facility comiponent 34d stores the funclions taal make up the funclien
library 18

The programmed, general purpoae digitai computer ("computer”) 30 is programmned
in a conventional wav 10 execute one Or more computer programs that emoody the
pseudocode of Tables 2 and 3. In this regard, Tables 2 and 3 are emtocdied as a
compasition procedure 58 and 4 simulation =ngine 60 that may comprise, for example, one
or more computer software programs that include program code i compiled, assembied
and linked form that cause the computer SO to perform the functions embodied n the
pseudocode of Tables 2 and 3.

Embodiment of the invention in the industrial application of Iig. 3 includes
programming the computer 30 with an assay apptication 62 that receives and processes
experimentally-derived assay recults ftom an actually-performed synthesis/assay procedure
64, 74.

The synthesiv/assay procedure 64, 74 inciudes the steps ot selecting chemicais from
a chemical library 66, and subjecting the chemicals to reaction conditions 68 1n a synthesis
laboratary to produce a plurality of product chemicals 70. In Fig. 3, the plurality ol product
chemicals are represented as an MxN array. In an assay laboratory, the assay step 74
includes subjecting the preduct chemicals 70 to assay conditions 78, with assay results
being measured by a spectrephotometer 80 from which assay results are provided at 82 as
an input to the assay application 62.

[n operation, the function u is composed according to procedures set [orth in
Table 2. Table 2 takes experimental results derived trom synthesis/assay of one or more
product chemicals. Each of these results is represented by a respective assay result X,
Fach assay result is a measurc of bioclegical activity of a particular product chemical
represented by a synthesis tree w,. In this regard, during the iterative composition of tae
function u, each w comprises a third data structure 94 that is composed in the memory 52
by combining first data structures 90 obtained from the chemical library 12 with second

data structures 92 obtained from the reaction library 14, where the first data structures %2

represent chemicals of the chemical library 66, while the second data structures represent

reaction sequences 68 by which chemicals represented by the fhirst data atructures are

AMENDED SHEET
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combined to produce product chemicals whose assays are represented by the input 82 1o
the assay application 62. Thus, during composition of the function . there is, (for each
speciried synthesis procedure w) a particular assay r2sulp R compnsing actual
cxperimental results produced by the synthesis/assay procedure 64, 74 Thus, in line (4)
5 of Table 2, a calculated assay resull R, is obtained and stared at 26 in the memerv 52 for
the third data structure nstance of w, that corresponds 0 a synthesis procedure that
nroducss a product chemical w tor whicii the assay result R, has been obtained. [n line ($)
of Table 2, the absolute value o' the difference tetwesn the simulated assay value R’ and
the product of ¢, and R 1s compared 1o a tolerance limit. I the absoijute value of the
10 difference 18 not greater than the tolerance limit, the function u ts deemed rellable. [t may
equivalently be stated that if the absolute value of the dilfersnce is less than or egual to the -
tolerance limit, the function u is deemed religble. Otherwise, the function is modiﬁec} o)
selection of another function from the function library 18 and another iteration ot ihe
composition preeedure in Table 2 1s executed.

When a reliable function u 1s found, this 1s deemed the "simulanen funcuon”. The

L5

sitmulation function i1s used by the simulation engine 60 to execute the procedure of
Table 3. In Table 3, a subset I" of the solution space CxR 1s obtained, with members of the

solution space combined as described above to produce the subsert as a set of third data

structures, each in the form, preferably, of the syntnesis tree descnibed above, which are
20 sibjected to the simulation function. In this regard, each synthesis tre2 represents a product
chemical, while the simulation lunction represents an assay performed on the set of product
chemicals represented by the third data structures. For each synthesis tree, Table 3 obtains
a solution to equation (1) and compares it to tolerance value {'. For every synthesis tree

that produces an equation (1) result that exceeds the tolerance value, the simulated

i
Lh

chemical is svnthesized, assayed, and if the assay result exceeds the tolerance value, the

product chemical is deemed successrul.

During the iterative composition of the function p (Table 2) and during the
disco:v'éry process of Table 3, the synthesis library 16 is built, with each third data structure
stored in the library representing 4 product chemical. Each third data structure may bc

30 stored with a value representing the actual experimentally-determined assay result for the

represented product chemical. Eventually, the synthesis library 16 will be deep and broad

\WEDED SHEET
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cnough to be muned tor function trends leading to the rapid disceovery ot product chemtcals

that exhibit desirable functuons.

Function Compogition

b Quantum Theory and Structures of Molecules

Quantum theory originated from the study of atoms or small molecules, and other

LA

small physical systems. The formulation of the theory took several decades of active

research (o get complete.

The structures of molecules can be computed using the equations of Quantum
Theory. The mathematical equation representing the theory (most notebly the Schrodinger

10 equaticn), although difficult to study, has been approached by vanous methods (e.g., .

electron orbital theory, Hartrea Fock theory), giving meaningful approximations (o the
malecular structures.  Actually, exact soluttons are found caly in very simple cascé, in
which only a handtul of electrons are invoived.

The study of structures is still a very active fleld of research. It has proved to be

15 very usetul in predicting the chemical reactions among the micro-molecules.

2. Structure-Based Prediction

Ther= are many works in the direction of a structural approach in predicting the
ligand binding of G-pratein coupled receptors. Iere the ligand is usually a micro-
molecule, but the protein-receptor consists of a formation of macromolecules.

20 There have been attempts to set up a Hamiltonian tor the macrosysiem. The
Hamiltorian for the macrosystem could be useful in predicting qualitative properties or the
values of statistical physics quantities.

Assume that the Hamiltonian formula is correctly worked out. Trying to ¢xactly
solve a sysiem containjné thousands of electrons under one Hamiltonian not only is beyond

25 the present (or near future) mathematical computational abtiity, but also could be
meaningless. One reason is that is could take too long for the system to go from an

arbitrary state to the ground state (or some more or |ess stable state), and the process could

be disturbed by many small random factors. So even if the ground state is the most

probable state, the probability density in its neighborhood could still be too small to count.

P—
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Another way to attack the problem s to study chemiecal reactions hetween a ligand
and local region of the macromolecule. That s, set up a jocal Hamiltonian wiicn involves
a ligand, and the local part of the macromolecule. One may develop a parallel theory in
the local region. However, we should point out that although this is similar 0 the
Hamiltonian of microsystems, the problem could be substantially more dirficult as there

15 no clear cut himt for the local region.

There have been none to rare reports of pasitive results :n these diractions.

3. Alternates to the Siructural Approach

[t is an open question if the quantum theory of atoms and molecules, reasonably
correct for small systems, also works for macrosysiems.

Since the "potential ligands” are small molecules, their structures can be worked
oul reasonably well by theoretical computations (using the method of X-ray
crystallography). Many invariants could be defined: trom the geometn¢ structures of the
configuration of atoms, the wave (and spin} function of electrons, to the measures of
clectromagnetic vibrations ot atomic nuclet, and tunctions derived from these.

Assuming that the structural approach works, some of these structural narameters
may be correlated with the experimental outcome of the prediction function u. If consistent
correlation can be detected, then regression models could be used in predicting the outcome
of u (with probability) for other potential product chemicals.

Many parameters may be used for the prediction funciion. Following are examples
of a few, out of hundreds of structural or non-structural parameters.

(1) Let [ denote the measure of inertness of the potential product chemical.
Consider, as an examplg, the following simple linear regression model:

u=b + el el te,
where ¢, and ¢, are consta;ats, € 1s a random variable (the error term). The constants ¢, and

¢, ¢an be determined by some routine calculation, based on the method of best square mean

approximation.
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(M) Consider the invarnants of the 3D geometric structure, such as diameter,

voiume, density, shape ot 1ts boundary, and iunctions of these. hxampies:
volume

e:'. e

diameter’

)

boundary urea
o

B =

diameter

These purameters may be used in the following model:

or
u o= b, *c 3 -€

(i1}  From the electron orbital theory, cach elzctron is asscciated with four .
quanium numbers: n, [, m,, and s.

For each set (1, |, m,, 3), define che following functicns. Let N(a, !, m. s) be the
number of elactrons whase quantum numbers are given by the guadruple, and for each of
these N electrons, let E denote the total ensrgy of the electron (including the poiential
energy with respect t0 the atoms), and let P be the distance {rom the boundary of tha
sffective region of the electron (0 the boundary of the molecule.

Note that E and P could be regarded as a ceilection of vanabies indexed by the {n,
l.m, syand k, where k=1,2,...,(n, |, m.s). Let] be the collection of the indices (n, |,
m,, 5. k), then, E, P, will be used 1o denote all or these vanables.

One may define an order of these indexes in J, according 1o, say, the energy E. In
fact, we can assume J is fixed: just let E and P, be some adjustable small, negatuve numbers,
if the electron does not exits. The assumption here is that electrons of relatively low 2nergy

level are less likely 1o he [Tes.

This suggests another regression model:

kb Yk v T ap v e
17

JEf

whcrc'&,, 3,c and d are all constants, to be determined by the least square method, and

€ 1s g random variable.
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4. L se of Synthesis Tree According to the Invention
The parameters introduced in section 3 may be defined for sach component in tie

synthetic wee where eucii component s indexed by k e K =1, 2, ... . nY Foreach k., we
Y ‘ ;

may use the methad of 2 far a preciction model:

5 (4.1) T TR - S

where ¢, 1s &2 constant vector, and x, 1S a vector vanable. We then combine these, and do

a search:
1=b ) cx, v€
| rek
Or, more generally,
- . - v ) :
10 4= 0 *Z‘Ft E Coa Xp B 5, * &
ke K { kn X

r ) . . . - .
where x, @ x denotes the vector each of whose coordinates s the product ot a coordinate
of x, and a coordinste of ..

The most general formulation is:

(4.2) u=b*Zcm*Ec¢,£r.®r,,}+.--*
73 e X

SENE R I AR

n

We note that this iast formula reduces to (4.1) once all but one variables are fixed.

Thus, in a way, for each k € K, the constants b,, @, of (4.1) are related to the constants ¢,

Cor - 1N {4.2)

50  Altermate Embodiment of Function Composiion
20 A prediction tunction for 4 may be constructed, using regression anealysis, and
based upon the experimental data, ¢.®, ¢ € E. In this regard, a regression mode!, denoted

by M, will have the following form: N
w o= E cxX, + E (3.0)
1=}

R

. . f
P
i~

La 9
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where x, = x{w)'s arc the parameters used in the modsl, ¢'s are the constants whose optimal
vaiues are determined by regression analysis (¢.g. the method of least square meaans), and
€ s the randem 2rvor term. We assume a collection ot such mode!s.

The procedure in Snding the predictian function p then consists of two sieps.

S Step | For each regression model M, as in {(3.0), minimize the fellowing
tunctional:
N f
¥ le® - 3 cxiemi
a€l i=]
aver
, N
(€ys €3 - ., €,) ERT,
10 Where R is the set of real numbers. Now, let (¢, ¢,, . . .. ¢ } denote the minimizer, and
let;
N
Error(M) = (3 |e.® - 3 &xfew)",
\l 137 ¢= |
Step 2: Compare Error(M) tor different regression models M. Pick the one,
sav M, so the Error (M) is the smallest.
13 Then announce the choice of prediction runction
N
“ = z E.E‘l
)=
where £,, %,, . . ., X are the parameters used in M, and (&, ¢, . ... C,) is the
optimizer obtained in Step | for the model M.
[n other words, the altermate embodiment of the procedure for function compaosition
20 IS
Step |: Optimize the coefficients (¢, ¢y, . .., Cy)
Step 2: Chcose the best regression model.
Other empodiments and modifications of this invention may occur 0 those of
ordinary skill in the art ir: view of these teachings. Therefore, this invention is to be limited
b only by the following claims, which include all such embodiments and modifications when

viewed in conjunction with the above specification and accompanying drawings.
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CLAIMS

. [n a computer-controlled method using a database that storss data of chemicals and
related procedures tor chemical synthesis, the method characterized by:
ootaining from the database (10) a first set of first data structures (90) representing

chemicals of & chemical library (12):

\ 4

odtaining from the database (10) a second set of second data structures (92)
representing reactions of a reaction library (14) by which chemicals represented by the first
daia structures {90 are combined:

combining the first and second sets to produce a third set of data structures (94) that
represent svnthesis procedures;

10 synthesizing (64) one or more product chemicals by combining chemicals
represented by the first daia structures (90) accerding to reactions represented by the
second data structures (92);
48sayIng (/4) the one or more product chemicals to provide assay results (82);
tollowed by:
15 (8) simulating feasibility of one or more synthesis procedures by subjecting
the third data souctures (94) to a simulation function of a set (18) of simulation
flinctions, the simulation function producing one or more simulation values:
(b) establishing a tolerance limit relating (o the difference berween the

essay results (82) and the one or more simulation values:

20 (<) companng the ascay results (82) with the one or more simulation values
with reference 10 the tolerance limit;
(d) based upon the comparnison, selecting another simulation function from
the set (18) of simulation functions: and
repeating steps (a.). (h). (¢), and (d) until the result of the comparison is less than or
25 equal to the tolerance himit, thereby finding a desired simulation function.

o

The method of Claim |, wherein assaying includes assayiny bhiological activity ot

the one or more product chemicals.
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3. The method of Claim 1, wherein combining includes producing the third set

of data structures such that euch third data structure comprises a trez-shaped graph.

4. The method of Claim 1, wherein combining includes producing the third set

of data structures such that each third data structurs comprises a synthesis (ree.

1./

S. The method of Claim 1, wherein simulating feasibility includes producing
a simulation vaiue (R') by subjecting each third data structure (w) 0 a prediction function

(), according to:

R' = yuw).
8. The method of Claim 3, wherein the prediction function p is decomposed
10 Inio a set of subfunctions (y,, pa....., 1,), and wherein each sub-function (s Mg, Ha)

takes a synthesis tree (w) as its argument.

7, In a8 computer-controlled system for generating chemical entities with
defined physical and chemical properties, the system system characterized by
a database (10) containing testing results ("assay resulis") of assaying product

8 chemicais synthesized by combining chemicals according to reaction sequences having:

a chemucal library (12) containing first data structures (90) representing the
chemicals;

a reaction library (14) containing second data structures (52) representing

reactions by which the chemicals are combined in the reaction sequences; and

20 a synthesis library (16) containing third data structures (94) reprasenting
synthesis procedures;
means (60) for comhining the tirst data structures with the second data

structures to produce the third data structures (94); and

means (50) for:

rJ)
L

(a) simulating the feasibility of one or more synthesis procedures by

subjecting the third data structures (94) to a simulation function of a set (18) of

CA 02271677 1999-04-30 AMENDED SHEET
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simulaton functions, the simulation function producing one or more simulation
values;

(b) establishing a tolerance limit relating to the differance hetween the
agsay resuits and the one or more simuletion vaiues;

(¢) companng the assay results with the one or more simulation values with
reference Lo the tolerance limit; and

(d) based upon the comparison, selecting another simulation function rom
the set (18) or simulation functions, unless the result of the comparison is [ess than

or equal tc the tolerance limit, thereby finding a desired simulation function.

8. The 3ystem of Claim 7, further including an apparatus for providing the

assay results,

Q. The system of Claim 7, wherein the assay resulis indicate biological activity

ot the one or more product chemicals.

1C. The system of Claim 7, wherein the means for combining produces the ihird

set of data structures such that each third data structure comprises a tree-shaped graph.,

11, The sysiem of Claim 7, wherein the means for combining produces the third

set of daia structures such that each third data structure comprises a synthesis tree.

2. The system of Ciaim 7, wherein simulating feasibility includes producing
a simulation value (R') by subjecting each third data structura {w) 1o a prediction function

(), according 10.
R' = uw).

13, The system of Claim 12, wherein the prediction function p is decomposed

10to a set of subfunctions (y,, 4s....., Rp), and wherein each sub-function (4, ds...., o) takes

a synthesia tree (w) as its argument.
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