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WOBITHRSEXVENTION 1. Technical Field The present inventipomreki®s/ 035821
generally to a method and system of product development process for
chemical compositions using high volume modeling. 2. Description of the
Related Art The use of a combinatorial approach for materials synthesis is
a relatively new area of research aimed at using rapid synthesis and
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Sig nlflcantll)l/ reduces the number of compositions that can be
area of research aimed at using rapid synthesis and screening methods fo build libraries of

polymeric, inorganic or solid state materials. For example, advances in reactor
technology have empowered chemists and engineers to rapidly produce large libraries of
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 furn, significantly reduces the number of compositions that can be

tested and identified as leading lubricafing oil compositions.



tested and identified as leading lubricating oil compositions. WO
2005/045627 PCT/US2004/035821 Drawbacks associated with
conventional screening procedures can be seen as follows. For example,
woaesasental and automotive industry pressure towards regidging2é803s821
phosphorous and sulfur content of lubricating oil compositions is leading
to new research to identify oil compositions which can satisfy certain tests
such as, for example, oxidation, wear and compatibility tests, while
containing low levels of phosphorous and sulfur. For instance, United
States Military Standards MIL-L-4615211 and the ILSAC Standards
defifeepiiptnks Jafnatred aftconTieat e rstemungraobidurae catle seen as
Association at present require the phosphorous content of engine oils to
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proposed that the sulfur conte below 0:2 wt. % by January, 2006.
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sulfur in lubricating oils still further, thereby meeting future industry
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industry standard requirement for sulfur content in engine oils, but it has been proposed
that the sulfur content be below 0.2 wt. % by January, 2006. Thus, it would be desirable
to decrease the amount of phosphorous and sulfur in lubricating oils still further, thereby
meeting future industry standard proposed phosphorous and sulfur contents in the engine
ol while still retaining the oxidation or corrosion inhibiting propertﬁes and antiwear
properties of the higher phosphorous and sulfur content engine oils.

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 mumerous 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



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 2 maintenance of mechanical
systems, such as automobile engines. Laboratory lubricant analysis is
time consuming and costly. Furthermore, the laboratories are typically not
sufficiently automated, which leads to performing the same lengthy
majsteethgrel evenhatird sastrens.|sibricating wildoin pogition isabeimgtestbdcant
Thus, present research in the lubricant industry does not allow for diverse
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need in the art for a more efficient, economical and systematic approach
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Accordingly, it would be desirable to rapidly screen a plurality of sample
candidate lubricating oil compositions utilizing small amounts to automatically determine
and catalog the desired lubricating properties. In this manner, a method and system of
product development process for chemical compositions using high volume modeling can

be achieved.

SUMMARY OF THE INVENTION

In a first aspect, there is provided a method of transforming a product
deveioﬁment process to reduce time in bringing a product to market, the method
comprising the steps of: (a) modeling in Silico a plurality of component molecular
models; (b) deriving in Silico molecular characteristics (descriptors) for each of said
plurality of compiled molecular modeis; (¢) formulating a plurality of compositions
according to compositional characteristics; (d) bench testing the compositions; and (e)

correlating the compositions to actual engine performance.
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models; (b) deriving in Silico molecular characteristics (descriptors) for
each of said plurality of compiled molecular models; (c) formulating a
plurality of compositions according to compositional characteristics; (d)
bench testing the compositions; and (e) correlating the compositions to
actual engine performance. 3 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
chafdet&ey edrinp kel atittetygeadrpléx pfidusts smddlineippismaiationsand
formulations of the basic components. In addition, throughout the product
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noisy test environment, molecular-level modeling will be the least
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radically different chemistries. Advanced, comprehensive statistical
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product "formulation landscape”. HTE and associated advanced
statistical inferencing is ideally suited for lubricating oil additives
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and formulated lubricating oil compositions. The disclosure herein is
guided by making improvements in the ability to make confident
inferences from test results and the volume of tests on formulation
variations that can be conducted. In the molecular modeling step there is
an opportunity, through 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
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step, miniaturized tests with better correlation than existing bench tests

cheWillrbgsintegrateshinign e BT R dnfrasiiugie e HIRCOsHER L8R critical

describes a method and system of transforming a product development
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refers to a computational work. In a second aspect, there is provided a
assopiathdad vipeh Stoipivg iaferothieg is ideally suited for lubricating oil additives

and formulated lubricating oil compositions.

The disclosure herein is guided by making improvements in the ability to make
confident inferences from test results and the volume of tests on formulation variations
that can be conducted. In the molecular modeling step there is an opportunity, through
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 disclosure herein 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 disclosure herein
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development process to reduce time in bringing a product to market
through high throughput experimentation and advanced statistics and
informatics, to transform the product development to a level of higher
correlation with engine tests and to develop better commercial products,
the method comprising the steps of modeling in Silico a plurality of
component molecular models; deriving in Silico molecular characteristics
(descriptors) for each of said plurality of component molecular models;
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
SRR wtdéaﬁ%mﬁﬂ%ﬁa?ﬁ%afa&é%ﬁeé.%%&i%ﬁbelga%iwe@tmme
requirements for a lubricating.oil composition; selecting.from a_ database
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o composﬁlon o comply with received specitication requiren .
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specification requiréments; repeating said selec ng, formulating, a _
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achieved; and correlating the lubricating oill composition to actual engine
expREUBHPANGA* BANIFSARREEL PRS- 1SRG AhiXRIaThAS Japsforming
a product development process to feduce time in bringing a product to
market through high throughput experimentation and advanced statistics
andiindeeratics et dnstorprihedpraduah de velppmpnhiaalexelef higher
correlation with engine tests and to develop better commercial products,

devttiepsysteprocesnprisidgeanadeling imegans fosdncSitaaarket through high
throughput experimentation and advanced statistics and informatics, to transform the
product development to a level of higher correlation with engine tests and to develop
better commercial products, the method comprising the steps of: modeling in Silico a
plurality of component molecular models; deriving in Silico molecular characteristics
(descriptors) for each of said plurality of component molecular models; 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 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



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
reaffigSlgation sequirements: fprmulaing means fof fommUIang 3 16w, cngine
WBHea ing oil compaosition to corﬁpy with Tecened Spetci ication g
or gfg{yaiirl%@ents;-testing means for testing said new lubricating oll
P composition for compliance with received specification requirements; and,
correlating means for correlating the lubricating oil composition to actual
enging ReriolpancaeihR piscigsuraietsin fudhehingidesatirast
creating at least 5a one combinatorial library database record for each of
deviheptasnpationsicandrt I8aslaNeinB e ihauingid Rimlith el i dsfor
storing information about compositional characteristics. The libraries
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additives or lubricating oil compositions containing at least one base oil of
- protiuldtidatiigpvisaosity and af lealstronertidiicating of galditive aht eofoemaipon
and management is performed by a software program managing a
betrelational datpbabe; subh asiem.gonQradie: Nedelidyricatimgfoilin Silico
compositions are requested by receiving specification
modeling a plurality of component molecular models; deriving means for in Silico

deriving molecular charactetistics (descriptors) for each of said piurality of component
molecular models; creating means for creating at least one combinatorial library database
record for each of said mociels, 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 o1} composition; selecting means for selecting
from a database entries corresponding to compositions having specifications comparablé
to the received specification requirements; formﬁlating 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.

The disclosure herein further includes at least creating at least
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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. 5b WO 2005/045627 PCT/US2004/035821 BRIEF

onespgirmPTIORNEY THIDDRKVIN GSerte foiey biryustibothandjéas, one
aspects, and advantages of the present invention will be better
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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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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
wiesteesuitay and, Figure 5 is a block diagram of the novel prodwgis2ecs/esss2:
development process for lubricating oil composition of the present
inventive invention. 6 WO 2005/045627 PCT/US2004/035821 DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT(S) Figures 1 a and
Ib illustrate a comparison of the existing technology process flow 110
from the dlscover /s ntheS|s ste 112 to the core technology development
e SCRIFSIENEE Reie¥INES 116 to the qualification of products
step (Flgure 1 a), with the inventive transformed te hnology and
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The purpose of the process 120 of the present invention is still the same
thafolltatiak: the current technology process, namely to create molecules
and formulations that correlate with real engine performance called
qualifigatiena Thetiove dineamethothetiddsif fttatly st odsi dhgngmie to get
from the discovery step 122 to the qualification step 124 because portions
coppesseenehi 1R priogart30 will run in parallel. That is, chemists will

synthesize and subsequently evaluate materials in parallel with formulator
benchigutgihp is a block diagram of a method of formulating lubricating oil

compositions of the present invention;

Figure 2 is a graph of an implementation of transformed product development
process showing transition to improved testing throughput of the present invention;

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 1s 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.



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
widriestsgriewly made components is compared to those tests g i65%21
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.
F|ure 2 |IIustrates a graph of |mIementat|on of the transformed product
Iy LA JEdON AR TEF PRUFER REL BMBUDIMENLISY ¢

PCT/US2004/035821 200

f lati WO 2005/0456
ﬂ?ﬁ%‘aﬂ%n D o SRR AT L oG PRI RSB el

116% fo. Maksg é/‘%&e&'é‘ %e??§§of£ﬁ’ JESLISRU 3&%& o &f 114,
n

corre atIOI'] to en tests an StatIStI inferencing. Both | I’OVG

iGN RERHAINRIL ARG 1% CAHEIAIRRESRI, 0 9£§&£dﬂ§t€§uﬁt8t{?1§&@r%sed

to achieve maximum results. This will require an integrated software and
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preference for software solutions versus hardware solutions. It is usually
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hardware solutions. However, these economics must be balanced by
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the current technology process, namely to create molecules and formulations that
correlate with real engine performance called qualification. The inventive method
substantially reduces the time to get from the discovery step 122 to the qualification step
124 because portions of research 126, 128, 130 will run in parallel. That is, chemists will
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 formulationis and bench test for festing 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
strategics 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”



models and advanced informatics at step 212, perform high throughput
formulation, testing and advanced informatics at step 214, and perform
enhanced correlation high throughput tests at step 216, Figure 3
withusiraess 2y graph of product development modeling framewark/B6#o04/035821
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
208pehens Bitainmptkarenaideativdesesses. rosntedssube’sébn Tiamshiiy to
raph 300 that as the relative complexity of a base product or application
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10deling.and desi f.experiments (QOE) 316. In other words, the
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and DOE 316 than do the catalysis 308 and polymers 312. Conversely,
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proportion to the complexity of a base product or application environment
a [0 feand dhiat sthiey natadyais:308randhpalvme wRlidnar dibetianByited apensive
molecular modeling from "first principles" 318 than the engine oil
to giditietesrdttOsafitdaph tian doplodingtsiBilehetaibligaiirge oildtditivBsworver,
lubricating oil compositions 310 product development transformation
thes GHESBEhIBRH A8 Celiugedisrcalriisddfia e ppreaskBs and HTE.

Over time, - "
To improve from a current 204 position on a graph 208 to a target 206 position,

the present invention proposes performing the steps of improving a current best practice
bench tests/process at step 210, apply quantitative structure activity relationship (QSAR)
models and advanced informatics at step 212, perform high throughput formulation,
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 enviromment 304 increases so do requirement for advanced

statistical modeling and design of experiments (DOE) 316. In other words, the engine oil



integration of molecular modeling enhances the product's value even
more. Figure 4 shows a graph of "increased visibility of the formulation
landscape” 400. Improving the visibility is critical to improving
wionmsledkams using both current chemistry and new chemistyri{ayso4/035821
dimensions of improvement are increasing test data points and improving
inferencing 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
adiispesSad onsimheyoes predrsHTatidnvandégdas acgrapheabir viuastinp seedeling
that it is only at a point of global optimization shown in drawing 412 that it
ad AP HoRAa R BerrataiEtiR £t BT obtimization, of points along
the increased vigibility .of the farmulation landscape 400 display.
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idea for a lubricant. " The process 500 steps include at least: a
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integration of molecular modeling enbances the product’s value even more.

Figure 4 shows a graph of “increased visibility of the formulation landscape” 400.
Improving the visibility is critical to improving formulations using both current chermistry
and new chemistry. Key dimensions of improvernent are increasing test data points and
improving inferencing 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 resuits” 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 if 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 4190, is not the best result.

Figure 5 illustrates the inventive product development process flow 500 from

conception of an idea for a Iubricant. The process 500 steps include at least:

a computational work (in Silico) portion 502 comprising:



actual engine performance. The overall process 502 and 510 has
feedback based on results and looping back 500 when things don't work
as evidenced by results of the HTE and engine performance. Improving
wpregliotabélity of performance results at reasonable costs requifiesszo04/035821
continuous improvement across in Silico modeling and physical testing
processes. 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 operamagtimensahaspab(idho melsgive arvdlirthel avodeagien 504;

peroxides are subsequently destroyed before they can do damage to a

lubricating G SGREpHAETEie £y %W@&W&%&M@%ﬂé@ﬁw
hanism_b ich h chemical . The.

chemical mERTAREHE RS OE et o T TR oy 56

embgo‘%ﬁﬁjsf %%%%Htﬂooé&%ﬁ fpr simulating technologies. Such

1 : i .
methods relate molecular and solld state properties to the interactions of

electrons. Qag.methd famuAssalns e awhallyi Awnessusidiary of

Pharmacopeia Inc, hi'p://www.accelrvs.com/technologv/qM/, //gm/, works

by approxinediabeagimditphiiadne. Schrodinger equation. 10 WO
2005/045627 PCT/US2004/035821 The Accelrys Inc.'s QM methods

predidhetseradhiccang 608ecd BEi0dtan Gtadbiak bepd ryetiosiBeddogethbyck
are based on the fundamental equation of quantum chemistry, QM

Sofeheaddiaes deadvaibes avearate tharrdnbilindasad geanesarommstes.

simulation.
proving predictability of performance results at reasonable costs requires continuous

improvernent across in Silico modeling and physical testing processes.

Molecular Medeling

Druring 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 Iubricating 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, hittp://www.accelrys. com/technologv/qmy/, works

by approximating a solution to the Schrodinger equation.
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Vibrational modes and excited states can be predicted, enabling analysis
of spectral properties. The ability to predict electronic structure enables
QM to study transition states and molecular orbitals - both critical to the
wanesstsarting of reaction chemistry. By iterative studies withdhigssoivease: 1
the tester thus derives a plausible mechanism for the peroxide
decomposition. This involves first principle calculations of, for example,
transition states, bond lengths, bond angles, etc. This, for example, gives
the tester a more detailed understanding of the chemical mechanism by
which peroxide destruction, and therefore protection of the oil from
oxiddfisr wekurdnv R e hatsrrrdstiaienedy anhaelssiba strdvengnd

better ahle to conceive of new molecules for synthesis that will

SnESHSSemEHE DUEY e RATFEARY SRR P RIRIAR ST By omisry.
Q gﬁ&%@&%@g@&{%@ @é‘%&%%;%@%ﬁé@ de%?é{%tgé&fgg poiechles that wil

p nim buil etter antioxi more ana more descriptors are

VigRYRIoRGhHae 16SIGLIR PULAING IR Ay QHADHIIYR B HEHHES AE NI

Relationship (QSAR) library of relevant factors that are important in

préadistingheentiyefipanilesrailastverntioxdans MRASARIRERLY:SK

model is a multivariant mathematical relationship between a set of
staphysidentiesnieabrpitapertied (teisaripttisatsaptiopetycoftiihe Systrmy.
being studied, such as the chemical reactivity, solubility, or mechanical
behd¥ioterEi Wi ioo 5104 8820 PCTHIS 2604 085 R L viss planiile of such
a program is Accelrys Inc.'s ,C2QSAR+" software described at _
mashEARRT. SRy side feroamrneigiat Biaderatree frsbpripmplgsalgpations of,

rograms facilitate
fmp ex 1plig, transit}on states, bond lengths, bond angles, etc. This, for example, gives

the tester a more detailed understanding of the chemical mechanism by which peroxide
destruction, and therefore protection of the oil from oxidation, occurs. With such
mproved knowledge the tester is thereby better able to conceive of new molecules for

synthesis that will improvements over the currently available antioxidants.

Dreriving 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,

11



the graphical analysis of QSAR models to assist in the tester's perception
of subtle chemical relationships in fields as diverse as drug discovery,
polymers, and materials science. These programs integrate a wide range
waf regressmon and analysis technologies. EXxisting experimentad;gdeigoansksz:
simulation results can be used to predict the activities or properties of
novel compounds thereby enabling prioritization of synthetic programs.
Formulation of Compositions Having Specific Characteristics The tester
must now synthesize sufficient numbers of molecules to validate his or
her original hypothesis and test these molecules jn a range of formulations
to debermmenliadisudtaarpeopeisdednsriels EndAoBIC sefapre detresd

used to help to create these molecules. Bench Testing or (HTE); The
A% BOREITAS, A~ g Qe

at hfigg eI GRHESZAIRE- Bags b d BB AT SO WRRTHS fagifitate
platform. It is necessar st these ¢ nents over a range
AT B £ NGRS TR ARG PR KRR PRSI vt
chéEAeh Stﬁotﬁsﬁi'&ﬂs‘%{ RRANe; oL fedugg thelpredigied activity ﬁt@ﬁ%
step of this process the tester might need to loop back and restart the
sci@ﬁ@&eSﬁz&fe%éﬁﬂﬁ]ﬁsqﬁt%%%@{%ﬁ@@&fg@%ﬁhﬁgﬁé’@o@aﬂ&ﬁ%ﬁ@%@ﬂﬁologies.
QM-Level molecular modeling. Eventually, the tester will collect a
Exinassivepanneund abdatadfiamiheirtlislhistidaieedstitheadus ek e butldsar
library of information on components in formulations. The library is quite
progrteivsivénasicompprsiesteaaty comhbonentiti coorbid apivthaiitrd 2 Ae
2005/045627 PCT/US20041035821
Formulation of Compositions Having Specific Characieristics

The tester must now synthesize sufficient numbers of molecules to validate his or
her original hypothesis and test these molscules in a range of formulations to determine
their actual properties. Chemists and robotics may each be used to help to create these

molecules.

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 Jubricating 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 coliect 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

12



numerous other components and the entire mixture in multiple base oils.

In particular, the library provides separate results for each formulation

versus individual bench tests. The management of the data can be
wachieveddry a high-throughput software using a relational detalaaseolikgsszi

Oracle or Sybase. An example of such software is the "CombiMat"

program from Accelrys Inc., described on

http://www.accelrys.com/mstudio/ms_matinformaties/combimat.html.

From the standpoint of cost, there is usually a preference for software

solutions versus hardware solutions. It is typically less expensive to

nEheige e thetreoRongnes tnshiio cowraldpan dropeltinte haruiorkr s,

However, these economics must be balanced by relative efficacy of the

thﬁ&ﬁ%&%‘t’cﬂ’f@?d?ﬁé%ﬁfé %Wéfﬁ/i?ﬁﬁ@c@fé@%ﬁﬁ@%&eﬁFStwéw%&Han%eﬁs

f t Mol 1 odeling that nt and
R REr A A e R BT Eﬁﬁﬁ% s
re%a‘?f&‘ﬂﬁr&a%%e%ﬂ{%%&r &eé}%g%sﬂ%ﬁﬁﬁ &@f&!ﬁu %{) go”e'ate

performance across a chain’of tests, e.g aSIC Ia tEStS tEStS

W{ﬁ@@%g&ﬁ%gﬁ%%&%@@@lsms of the molecules of

the product. A general approach to this inferencing is called Quantitative

hifptraetureadselivily dhetatiansing (R@ARModelisgbihsi@ieiment includes
software only. 3. High Throughput Experimentation (HTE) approaches,
whicenaiile sivadyntmbrespiysic sl testyorpecinpardntseivhprotuitss
than through conventional means. This test, includes hardware with

vaREJMERE HIeaRt sIkistieelly pss expensive to simulate with software than to

develop and operate hardware solutions. However, these economics must be balanced by
relative efficacy of the approaches. Therefore, everything else being equal, there would
be a preference to employ:

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 3
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.

13



WO 2005/045627 PCT/US2004/035821 Actual Engine Performance
Advanced statistical correlations of bench test data versus actual engine
test data can now be performed. This is achieved through software like
wihedsouazglation Assisting Software Toolkit from Accelrys Inscoesesiagdsas:
http://www.accelrys.com/mstudio/ms_matinfonnatics/fast.html. Such
software is a workflow solution for design of formulated products that
streamlines the data, information, and knowledge flow that is necessary
to successfully formulate products. It is likely that no single bench test will
ectly with the engine test so linear or higher order
: SRS IGHHIEABEE wear and oxidation tests will be used to produce a
weighted combination that best correlates with the engine test results.

Such PEYRISEIGHRHEN SRTRAH08Y WTTARFrEERHTH 4600t Einpiest data
value. Linear or higher. arder .re sion involves discovering the equation
A S P R SR R R e

SB%thEQi?&&i@ﬂiﬂgrﬁeéééﬁ%tliép(ﬁ&%@@gﬁl formulations. This then allows

the tester to optimize the final formulation for cost/perfonnance. That is
hiRE/ REHQIBANGR sievRdila dikesiomnihaldsnagittendn silhnass the
performance but at the lowest possible cost. As another example, the QM
vweokiluwt atibitie:d forelthied niSHicaumed elinthasabessraiproticdesdnsight
. into the mechanism of problems. For example, if one wishes to prepare
indertaztnti exidenas]idgrafoetivd poremsstoyn deestariulh Emabhanisdudiy 1t
which antioxidants function. In studi/ing the mechanism by which certain

igfiediibat Arotmet Prardriessalberaxiue nsHisHrvilyiha shers st prilinear or

dy of the transition _states for
hlS ery order regresszsons of mu{t%ple wear and oxidation tests will be used to produce a

weighted combination that best correlates with the engine test results. Such regression
analysis is used to make predictions about a single value. Linear or higher order
regression involves discovering the equation for a line or curve that best fits the given
data. Such equation is then used to predict engine test results for additional formulations.

This then allows the tester to optirmize 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 fche 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
fimetion as a peroxide inhibitor, a quantum mechanical study of the transition states for

decomposition of such peroxides may be done evaluaied in Silico.
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decomposition of such peroxides may be done evaluated in Silico. 14 WO

2005/045627 PCT/11S2004/035821 As the mechanism is further

understood, so are the molecular descriptors that are useful for chemists
wio akasexg., improved antioxidants. These molecular desasipiars: 859035821

then utilized in the QSAR software. As one further understands the QM, a

larger set of descriptors is built up for helping to predict a family of

chemical structures that will further improve oxidation performance. At

this point the work is still performed at a computational or an in Silico

level. It may be found, for example., that one antioxidant does not function

as wéik lpmedasnisavieunheormdinsition shevcoliromeletuinidimesinruy thek aie

magbe possible to regenerate certain antioxidants thereby creating a
u

Kok ChapeiEsAAd s o FERINSE AR TifDE i e rsTRcHIshdgforptors are
tioxidant d ith tely. By this i ili thod.it
RGeS BoC TRS U tors N EIT AN Yo MeLORg-BeHE: o

.criteda. The thi . ical ing
O B T o
ﬁﬁ%\é@ﬁﬂ?%@v@ ré%c@cMﬂB&@&'ﬁﬁ@@ Keteoy urthe erHﬂEE@‘éﬁlfB@r@l%éBat a

descriptors. With a sufficient base of knowledge it becomes beneficial to
cothpithibnto yadidai Silssechesiel Silico created models using bench testing. To

analyze this data, it becomes useful to have advanced statistical and

inforiiaticy lsoftwatefsretmnds ahd cormigdiodsofldstaciofupeitormarde

can be evaluated. As more testing data is understood the feedback
alpppaniiaoctdtisendmnating O afcsanixidsatn Jaeheielmsldidepetdie i

data validates or refutes i _ ,
regenerate certain antioxidants thereby creating a catalytic cycle and thus more efficiently
utilize the combination of antioxidants compared to either one separately. By this in
Silico method it becomes possible to construct, a new formulation for meeting specific
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 tmprove 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 cotrelations 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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earlier theories. Finally, with high volume and improvements in bench test
results one moves to the engine test performance correlation. 15 WO
2005/045627 PCT/US2004/035821 While the invention has been shown

wangdwdesssbed with reference to certain preferred embodimeats/theserizikz1
will be understood by those skilled in the art that various changes in form
and details may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. 16 WO
2005/045627 PCT/US2004/035821 WHAT IS CLAIMED IS: 1. A method
of transforming a product development process to reduce time in bringing
a protibie thaimiReiorResheth stPeamstisrrg e stdhiBrepsy sty in

Silico_a plurality of component molecular models; (b derivinﬁén Silico
%fhat

PrEfaTad PR dheRet HRLEPpiaReroP L By iber st chitr
iled | | Is: f lati lurali f can iti
va%%@sp%%gg%f?o%%fa@%%%ﬁs CQ%E%%“%%%’ “{t%o'ﬁglé gegc%ﬁgh%ed%%

accor compositional “characterisiics; ench testing

spﬁ‘?t'ﬁﬁ’@'?‘éﬂﬁé‘é'fé‘{aqnﬁ%hﬁQﬁf%%@H&%Qﬂé&%ﬁ?&&ﬁ%‘%ﬁ%@um engine
performance. 2. The method of claim 1, wherein said step (a) is performed
via quantum
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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)
weaithphasatity of compositions is first formulated in Silico ang¢irars2004/635821
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. 17 WO
5627 PCTIUS2004/035821 6. The method of claim 5, wherein
stid. nfbtmalididngiudes: a type and amount of at least one base oil of
lubricating viscosity, a.pe and amouat of alleast one Jubricating ol .
additive, ubrlcatlng wscosﬁy, alu ncaYmg Ol additive percentage, and
orARIRAS,ARINY aLeald fomeRsiionz,d.dba.mEogkof claim S, further
comprising receiving specification requirements for a lubricating oil
compgsiierif: HgimethagalslsimhhpiidhansemprsiRgsagelecting from
a database entries corresponding to compositions having specifications
compprahleitg theacaivdershecciieatiottes (Hesripttis) for each of said

plurality of compiled molecular models;

(c) formulating a plurality of compositions according to compositional
characteristics;

(d) bench testing the commpositions; and

(&) 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 buildingup a

quantitative Structure Activity relationship (QSAR) library.

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

first formulated in Silico and then physically.

5, The method of claim 1, wherein said step(c) finther 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.



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
weeteetingsformulating, and testing steps until compliance witltTesesweokss21
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. 18 WO
2005/045627 PCT/US2004/035821 10. A method of transfonning a
prodtict Bemsibpiriimlsme é cebarsiredifoaamaiobmslifRsa product to

market through high throughput experimentation and,advanced statistics

and B IARcRTErtb SR IRR B3P6 QA FERIRIBIERR SR Yievel of higher

corr%I tl%na V&'E%%Qﬁ't'@?aﬁ%?taﬂglﬁ% qcea .%Io%lbﬁtéﬁrg (%ommermal products,
the method comprising the s?eps of:‘'modeling in"Silico a plurality of
compapent m Igﬁ%@{wqwodels; deriving in Silico molecular characteristics

(descriptors) for each of said plurality of component molecular models;

creafingadeashonesspbinciatad likmry database record for each of said
models, said at least one record having a plurality of fields for storing

inforsnatigrsabiliy conipositianilaharacteristics.
7. The method of claim 5, further comprising receiving specification

requirements for a lubricating oil composition.

8. The method of claim 7, further comprising:

selecting from a datebase 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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receiving specification requirements for a lubricating oil composition;
selecting from a database entries corresponding to compositions having
specifications comparable to the received specification requirements;
wionwuslaiisgra new lubricating oil composition to comply withgeeeivadasesss21
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. 19 WO 2005/045627
PC TV S208i110358Ransfarming pspeadust deapisfonsihprec pro@uetuce time in
development process to reduce time in_bringing a product to market
bringing a RRKt N B fresgehisichandmu Rrraivarairstad adfransry
informatjcs, to transform the pr duc%cflev lopment to a | ve(l:lof jgher
S R R SR T B b5, BB R! B,

th ising. lj for in Silj li luralit
5 SO IR i Sisa alin g i

s; deriving means for in Silico deriving
commplsarlak Ghatagteristics (descriptors) for each of said plurality of

component molecular models; creating means for creating at least one
combiiriatiahl gy datediageresapdr@r molecular models;
deriving in Silico molecular characteristics (descriptors) for each of said plurality
of component molecular models;
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 specification requirements for a Iubricating 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 1s achieved; and

correlating the lubricating oil composition to actual engine performance.
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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;
weehkactinggneans for selecting from a database entries correspenaifig493ss21
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,

correlbtigrypiearty fonelorralng A gratEquirICAanTacolERTPIs AR iRoH D Rt IRl

br}?:tgl%{g (Eal p?gc{flgtrrcg?g]a%l?ét %}g'ough high throughput experimentation and advanced
statistics and informatics, to transform the product development to a level of higher
correlation with engine tests and fo develop better commercial products, the system
comprising:

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

deriving means for in Silico deriving molecular characteristics (descriptors) for
each of said phurality 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 compesition for compliance with
received specification requirements; and,

correlating means for correlating the lubricating oil composition to actual engine

performance.
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