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present invention relates generally to a nmethod and

system of product devel opnent process for chemni cal

conposi tions using high volune nodeling. 2.
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discrete organic molecules in the pursuit of new drug discovery, which have led to the
development of a growing branch of research called combinatorial chemistry.
Combinatorial chemistry generally refers to methods and materials for creating
collections of diverse materials or compounds--commonly known as libraries--and to
techniques and instruments for evaluating or screening libraries for desirable properties.

Presently, research in the lubricant industry involves individually forming

candidate lubricating oil compositions and then performing a macro-scale analysis of the
candidate compositions by employing a large amount of the candidate to be tested.
Additionally, the methods employed for testing each candidate composition require manual
operation. This, in turn, significantly reduces the number of compositions that can be

tested and identified as leading lubricating oil compositions.
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Typically, once a group of lubricating oil compositions selected to address a
certain requirement, for example the amount of phosphorous and sulfur, has been
prepared, no additional tests related to numerous properties of the oil compositions of the
selected group, are performed. As a consequence, oftentimes testing additional properties
of the selected group of oil compositions, which include, for example, the properties

tested during a variety of wear tests, comes as an afterthought. Yet, ensuring proper

antiwear properties of lubricating oil compositions are critical to successful operation and
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be achieved.

SUMMARY OF THE INVENTION

The key variables with regard to the efficacy of modeling approaches are the
relative complexity of the basic product from a molecular point of view and the number
of variations from the basic product, e.g., formulations. Lubricating oil additives are
characterized by relatively complex products and numerous variations and formulations
of the basic components. In addition, throughout the product development chain,
lubricating oil additives are characterized by a series of often relatively poor correlating

tests, but with the ultimate testing platform, e.g., engine tests, being very expensive. In
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enhanced processes, to achieve benefits with regard to improving test inferencing
confidence. In the comprehensive statistical inferencing step, this can be supplemented
by application of quantitative structure activity relationship (QSAR) techniques. In the
HTE step, basic HTE is applied, with bench tests at current correlation levels
miniaturized and included within the HTE infrastructure. In the bench test step,
miniaturized tests with better correlation than existing bench tests will be integrated into
the HTE infrastructure.
The present invention describes a method and system of transforming a product

development process to reduce time to bring a product to market through high throughput

experimentation and advanced statistics and informatics. The present invention
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conply with received specification requirenents, and
perfosmed by atsefwaraprbgiam manging aoklational database, such as, e.g., Oracle.

New lubricating oil compositions are requested by receiving specification
requirements. These lubricating oil compositions are formed by selecting from the
database entries corresponding to compositions having specifications comparable to the
received specification requirements, formulating a new lubricating oil composition to
comply with received specification requirements, and testing the new lubricating oil
composition for compliance with received specification requirements. The formation
steps are repeated until full compliance with received specification requirements is

achieved; and correlating the composition to actual engine performance.
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transfornmed product devel opnment process show ng
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Figure 3 is a graph of a product development modeling framework showing the
need for high product variations and high complexity and product and application
environment of engine oil additives;

Figure 4 is a graph of a formulation landscape and its improvement with increase
in test volume and formulation variations and the ability to make confident inferences
from test results; and,

Figure 5 is a block diagram of the novel product development process for

lubricating oil composition of the present inventive invention.
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synthesize and subsequently evaluate materials in parallel with formulator bench testing.
In this way, much of the data generated by the chemists is directly applicable to the new
specifications. This is quite different from the existing process 110, where a different set
of formulations and bench test for testing newly made components is compared to those
tests being run by formulators. Thus, because there is more efficiency, the time to market
has contracted and the probability of success increased, component/product and aligned
strategies are standardized. As an outcome, the strategic relationships with customers are
strengthened.

Figure 2 illustrates a graph of implementation of the transformed product

development process 208 plotted on an axis of a “test volume and formulation variations”
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testing and advanced informatics at step 214, and perform enhanced correlation high

throughput tests at step 216.

Figure 3 illustrates a graph of product development modeling framework 300
plotted on an axis of “product variations” 302 and “relative complexity of a base product
or application environment” 304. The graph 300 shows a need for high volumes of tests
or high throughput experimentation (HTE) 306 increasing along the product variations
axis 302, with catalysis 308 and engine oil additives 310 requiring higher volume of tests
than polymers 312 and pharma products 314.

It can also be seen from the graph 300 that as the relative complexity of a base
product or application environment 304 increases so do requirement for advanced

statistical modeling and design of experiments (DOE) 316. In other words, the engine oil
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be ascertained that the point of current optimzation,
impypvipgiipferencing abilities for a given body of test data. The graph 400 is plotted on

an axis of a “test volume and formulation variations” 402 and an “ability to make
confident inferences from test results” 404. The series of optimization drawings 406-412
are associated with different points along increased visibility of the formation landscape
graph 400. They illustrate that it is only at a point of global optimization shown in
drawing 412 that it can be ascertained that the point of current optimization, of points
along the increased visibility of the formulation landscape 400 displayed by drawings
406, 408 and 410, is not the best result.

Figure 5 illustrates the inventive product development process flow 500 from
conception of an idea for a lubricant. The process 500 steps include at least:

a computational work (in Silico) portion 502 comprising:
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occurs. The

Molecular Modeling

During the component QM-Level molecular modeling 504, a hypothesis exists
about the possible mechanism of how a reaction mechanistically operates. For example,
a tester working on a new anti-oxidant may hypothesize how peroxides form in an
operating internal combustion engine and further how such peroxides are subsequently
destroyed before they can do damage to a lubricating oil. To support such hypothesis the
tester proposes a chemical mechanism by which such chemical process occurs. The
proposed chemical mechanism is in Silico tested using methods that may be embodied in
computer programs for simulating technologies. Such methods relate molecular and solid
state properties to the interactions of electrons. One method from Accelrys Inc., a wholly

owned subsidiary of Pharmacopeia Inc, http://www.accelrys.com/technology/qm/, works

by approximating a solution to the Schrodinger equation.
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synthesis that will improvements over the currently available antioxidants.

Deriving Descriptors

The tester is now describing descriptors for molecules that will help him build a
better antioxidant. As more and more descriptors are developed the tester is building up a
Quantitative Structure Activity Relationship (QSAR) library of relevant factors that are
important in predicting effective from less effective antioxidants. A QSAR library or
model is a multivariant mathematical relationship between a set of physicochemical
properties (descriptors) and a property of the system being studied, such as the chemical

reactivity, solubility, or mechanical behavior.
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Bench Testing or (HTE);

The testing is done over a wide range of possible formulations with the HTE
platform. It is necessary to study these components over a range of formulations because
individual lubricating oil additives may interact with each other to either enhance or
reduce their predicted activity.

At any step of this process the tester might need to loop back and restart the
process of deriving descriptors 506 or all the way to the re-start the QM-Level molecular
modeling. Eventually, the tester will collect a massive amount of data from the HTE.
This data is then used to build a library of information on components in formulations.

The library is quite extensive, as it comprises each component in combination with
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chain of tests, e.g., basic lab tests, bench tests,
be 3 pepferppsete SOwYs, with the structural

1. Molecular modeling that predicts component and product performance from,
“first principles”. This element includes software only.

2. Comprehensive statistical inferencing that can correlate performance écross a
chain of tests, e.g., basic lab tests, bench tests, and engine tests, with the structural
characteristics of the molecules of the product. A general approach to this inferencing is
called Quantitative Structure-Activity Relationship (QSAR) modeling. This element
includes software only.

3. High Throughput Experimentation (HTE) approaches, which enables vastly
more physical tests on components and products than through conventional means. This

test, includes hardware with associated informatics software.
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data. Such equation is then used to predict engine test results for additional formulations.

This then allows the tester to optimize the final formulation for cost/performance.
That is the performance is moved in a direction that is predicted to still pass the
performance but at the lowest possible cost.

As another example, the QM computations drive the in Silico modeling process
that provides insight into the mechanism of problems. For example, if one wishes to
prepare better antioxidants it may be important to understand the mechanism by which
antioxidants function. In studying the mechanism by which certain transition metal
function as a peroxide inhibitor, a quantum mechanical study of the transition states for

decomposition of such peroxides may be done evaluated in Silico.
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performance criteria. Throughout this process new chemicals are being developed which

test pre-conceived models and provide a feedback loop to validate prior QM models and
thereby further improve the QSAR descriptors.

With a sufficient base of knowledge it becomes beneficial to run HTE to validate
such in Silico created models using bench testing. To analyze this data, it becomes useful
to have advanced statistical and informatics software so trends and correlations of data to
performance can be evaluated. As more testing data is understood the feedback continues
to the QM and QSAR, so that both become improved as real data validates or refutes
earlier theories.

Finally, with high volume and improvements in bench test results one moves to

the engine test performance correlation.
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with reference to certain preferred enbodinents
variqsicBaiges in fofpjapd detailsiaer ks weds thyrenpptousdarprtog from thse
art that various changes in formand details may be
spirthaiel schipg ef the wiveitnn as defieadtbiyribe dnperdedivstaimpi rit and
scope of the invention as definedby the appended
clains. 16WHAT CLAIMED S: . A nethod of transformng a
product devel opnent process to reduce tine in bringing
a product to market, the nethod conprising the steps
of: (a) nodeling in Silico a plurality of conponent
nmol ecul ar nodels; (b) deriving in Silico nol ecul ar
characteristics (descriptors) for each of said
plurality of conpiled nol ecul ar nodel s; (c)
formulating a plurality of conpositions according to
conpositional characteristics; (d) bench testing the
conposi tions; and
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(e) correlating the conpositions to actual engine

performance. 2. The nmethod of claim1l, wherein said
wat@ps/0§mr7i s performed via quantum nechani cal PQVPS2004/035821

approach. 3. The nmethod of claim1l, wherein said step

(b) is performed by building up a quantitative

Structure Activity relationship (QSAR) library. 4. The

nmet hod of claim1l, wherein in step(c) said plurality

of conpositions is first fornmulated in Silico and then

hy.si cal | _The method of claim1, wherein said
Yﬂg@i@g@i¢#§¥¥i§% conprising: creating at |east one
conmbinatorial.library datapa record for eac f ..sal
conbod piiCor winflyRighe BRRE f b BRRGH pReo B SRt il
plurality of fields for storing information about
briBgig b Biodhenta el et d aRr e e SRl hod of
claimb5, wherein said information includes: a type and
ano{fmogeling iniSilicora Riwalitypf soponegt mplepplacmedsiy
viscosity, a type and amount of at |east one .
| ubfb) dertiving irwiﬁcca@glepm@@qhawcteuamqsdéqsmmgtoxﬁb §p ga¢h of:saig
| ubricating oil additive percentage, and storage
plusalagpdf ¢anmypilefl nedécdlacowwdels; ti ons. 7. The method of claim
5, further conprising receiving specification
r eq) femmitisg heluraity b cdmssitiogs adcordimgoasipbgtiona. The .
net hod of claim 7, further conprising: selecting from

ch@adl@ls@base entries corresponding to conpositions
havi ng

(d) bench testing the compositions; and

(e) correlating the compositions to actual engine performance.

2. The method of claim 1, wherein said step (a) is performed via quantum

mechanical (QM) approach.

3. The method of claim 1, wherein said step (b) is performed by building up a

quantitative Structure Activity relationship (QSAR) library.

4. The method of claim 1, wherein in step(c) said plurality of compositions is

first formulated in Silico and then physically.

5. The method of claim 1, wherein said step(c) further comprising:
creating at least one combinatorial library database record for each of said
compositions, said at least one record having a plurality of fields for storing information

about compositional characteristics.
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speci fications conparable to the received
specification requirenents; formulating a new
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specification requirenents; testing said new
| ubricating oil conposition for conpliance with
recei ved specification requirenents; and repeating
said selecting, fornulating, and testing steps until
conpliance with received specification requirenments is

achjeyed. 9. The .nethod of claim 1. further conprising
coﬂ%a @w@mgﬂ%ogﬁ%ggig%gwub$%igﬁg?% mhﬁ%ﬁgg%eating a
previous step if said outcone es.nqt conply with
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reqﬁﬁ&ﬁérﬁis fo?ﬁ_l@@ﬁgtix%foiﬁ&‘)inﬂ)ogiﬁgﬁl s, said at least one

record having a plurality of fields for storing
i nformati on about conpositional characteristics.

8. The method of claim 7, further comprising:

selecting from a database entries corresponding to compositions having
specifications comparable to the received specification requirements;

formulating a new lubricating oil composition to comply with received
specification requirements;

testing said new lubricating oil composition for compliance with received
specification requirements; and

repeating said selecting, formulating, and testing steps until compliance with

received specification requirements is achieved.

9. The method of claim 1, further comprising comparing the outcome of every
step and repeating a previous step if said outcome does not comply with said received

specification requirements for a lubricating oil composition.
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conparable to the received specification requirenents;

formulating a new lubricating oil conposition to

conply with received specification requirenents;

testing said new |ubricating oil conposition for

conpliance with received specification requirenents;

atin ectin fo | atin and est
5t 86 Ameinpd pbwerme Do HEsRpt 512{88?5?. i ime in
re uirements is achleved and correl atin
bringigi rraduchip wketdhiopgh high &HO?%IP%%X@%WD@H&IWM advanced
erformance. 19. A systemof transform ng a product
statigtieseAnd pformatiss.de drgrsfomn the prpdictidenelopmens e A divelpoldigher
product to nmarket through high throughput
correlefien vithrehgine testsandl taadbwalop dettes caminstdia pregudts, the method
informatics, to transformthe product devel opnent to a
cmﬂ@ﬁﬁﬁﬂh&mﬁﬁgﬁer correlation with engine tests and to
devel op better commercial products, the system

COMRbdesih® & SilTeseplufigityBRddsnpbiént ntblsdular apdeedel i ng a
plurality of conmponent nol ecul ar nodel s; der|V|ng

e %ﬁvfn% fin Sﬂw@tﬂo‘l&:ﬁla@ @Edré/dtéiﬁh@{ﬁ@&ﬁb@?s %laefaé‘l? bedaiBplifasity
(descriptors) for each said plurallty of conponent

oﬁﬁyég&g& okgﬁgphﬁﬁ Freatlng nmeans for creating at | east

orra |brary dat abase record for each of

pl lflr%ﬁuP% f# l(sg?st il c]:o&lgbuﬁaécrm glihbo A edataen 294 I%CJ;‘I%VM&CR of said
models, said at least one record having a plurality of fields for storing information about
compositional characteristics.

receiving specification requirements for a lubricating oil composition,

selecting from a database entries corresponding to compositions having
specifications comparable to the received specification requirements;

formulating a new lubricating oil composition to comply with received
specification requirements;

testing said new lubricating oil composition for compliance with received
specification requirements;

repeating said selecting, formulating, and testing steps until compliance with

received specification requirements is achieved; and

correlating the lubricating oil composition to actual engine performance.
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i nformati on about conpositional characteristics;
recei ving neans for receiving specification

w0 e@diosrents for a lubricating oil conpositi OPCT/US2004/035821
sel ecting neans for selecting froma database entries
correspondi ng to conpositions having specifications
conparable to the received specification requirenents;
formul ati ng nmeans for formulating a new | ubricating
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to actual engine perfornance g
statistics and informatics, to transform the product development to a level of higher
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correlation with engine tests and to develop better commercial products, the system
comprising:

modeling means for in Silico modeling a plurality of component molecular
models;

deriving means for in Silico deriving molecular characteristics (descriptors) for
each of said plurality of component molecular models;

creating means for creating at least one combinatorial library database record for
each of said models, said at least one record having a plurality of fields for storing
information about compositional characteristics;

receiving means for receiving specification requirements for a lubricating oil
composition;

selecting means for selecting from a database entries corresponding to
compositions having specifications comparable to the received specification
requirements;

formulating means for formulating a new lubricating oil composition to comply
with received specification requirements;

testing means for testing said new lubricating oil composition for compliance with
received specification requirements; and,

correlating means for correlating the lubricating oil composition to actual engine

performance.
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