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TITLE OF THE INVENTION

MASS-BASED ENCODING AND QUALITATIVE ANALYSIS
OF COMBINATORIAL LIBRARIES.

A F N

A portion of the disclosure of this patent document
contains material which is subject to copyright protection. The
10 copyright owner has no objection to the facsimile reproduction by
anyone of the patent document or the patent disclosure, as it appears
in the Patent and Trademark Office patent files or records, but
otheriwise reserves all copyrights whatsoever.

15 The present invention generally relates to the field of
combinatorial chemistry and in particular relates to encoding the
library products of combinatorial synthesis.

Recent trends in the area of research for novel chemical
20 and especially pharmacological agents have been concentrated on
the preparation of so-called "chemical libraries” as potential
sources of new leads for drug discovery. Chemical libraries are
intentionally created collections of differing molecules which can
be prepared either synthetically or biosynthetically and screened
25 for biological activity in a variety of different formats. One can
have libraries of soluble molecules; libraries of compounds
tethered to resin beads, silica chips or other solid supports; or
" recombinant peptide libraries displayed on bacteriaphage or other
biological display vectors. Chemical libraries are advantageously
30 made by using techniques from the field of combinatorial
, chemistry. The field of combinatorial chemistry is a synthetic
strategy which leads to large chemical libraries. Combinatorial
chemistry can be defined as the systematic and repetitive covalent
connection of a set of different building blocks of varying
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structures to each other to yield a large array of diverse
molecular entitites,

Traditionally, new medicinal chemical lead structures have
5 originated from the isolation of natural products from

microbiological fermentations, plant extracts, and animal sources;
from screening of pharmaceutical company compound databases;
and more recently through the application of both mechanism-
based and structure-based approaches to rational drug design. All

10  of these methods are relatively expensive. Recent cost studies
suggest that the average cost of creating a new molecular entity in
a major pharmaceutical company is around $7,500 per
compound, using the traditional chemical synthesis technology
that requires more or less constant hands-on manipulation of

15 reagents and apparatus and the attention of a chemist.
Furthermore, the advent of high throughput automated techniques
has made possible the robotized screening of in excess of
hundreds of thousands of individual compounds per year, per
drug target. The availability of this capability, combined with the

20 relatively high cost of more traditional hand crafted chemistry has
caused a global shift in emphasis toward the concept of mass
production, which is an industrial concept that can be put into
being using the approach of combinatorial chemistry.

25 'The inefficiencies of hand crafted chemistry are thus largely
addressed by a switch to the concept of using combinatorial
“themical technologies for rapidly synthesizing compound
collections. Thus, by employing a building block approach and by
systematically assembling these blocks in many combinations
30 using chemical procedures it is possible to create chemical
"libraries as vast populations of molecules. An essential starting
point for the generation of molecular diversity is an assortment of
small, reactive molecules which may be considered chemical
building blocks. The universe of structural diversity accessible



15 The present invention generally relates to the field of
conbinatorial chemstry and in particular relates to encoding the
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"chem cal |ibraries" as potenti al sources of new | eads for drug

di scovery. Chenical libraries are intentionally created collections of
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through assembly of even a small set of building-block elements is
potentially very large, and unleashing the power inherent in the
building block approach is crucial to the success of the
combinatorial method. The building block argument is easily
5 illustrated as follows. Theoretically, the number of possible

different individual compounds, N prepared by an ideal
combinatorial synthesis is determined by two factors; the number
of blocks available for each step "B" and the number of synthetic
steps in the reaction scheme, 5. If an equal number of building

10 blocks are used in each reaction step, then N = BS, If the number
of blocks that one desires for each step varies (e.g. b, ¢, d ina
three-step synthesis), then N = bcd.

From the above, it can be seen that a relatively conservative
15 combinatorial synthesis procedure involving 20 blocks in a three
step synthesis process will produce 203 = 8000 compounds. This
relatively generous production output then raises the next
question, which is, how will the compounds be identified? For
exarnple, a typical combinatorial synthesis technique is that of the
20 split synthesis. As an example of split synthesis in the solid state
synthesis of peptides, a batch of resin support (typically small
resin beads) is divided into n fractions, coupling a single
monomer amino acid to each aliquot in a separate reaction, and
then throroughly mixing all the resin particles together. Repeating
25 this protocol for a total of x cycles can produce a stochastic
collection of up to n¥ different molecules, as governed by a
hypergeometric distribution. To ensure representation of the
" majority of possible ligands one needs to begin with a multiplicity
of beads. A typical value would be ten times as many beads as the
30 desired number of ligands. Theoretically a set of every possible
, combination of the building blocks exists in the aliquots. In order
to determine the composition of a particular compound which is
found to be of interest, one could proceed with direct ligand
structural analysis, preferably on a mass spectrometer, on a



25 for biological activity in a variety of different formats. One can
have libraries of soluble nolecules; libraries of conpounds t et hered
to resin beads, silica chips or other solid supports; or r econbi nant
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di splay vectors. Chemcal libraries are advantageously 30 nade by using
techniques fromthe field of conbinatorial chem stry. The field of
conbinatorial chemstry is a synthetic strategy which leads to |arge
chemi cal libraries. Conbinatori al chem stry can be defined as the
systematic and repetitive coval ent capnection of a set of different
bui | di ng bl ocks of varying
species-by-species basis. A typical combinatorial synthesis now
typically takes place on a reaction plate having from 96 to 2,304
reaction wells. One identifies the product compounds of true
interest by a positive response in an appropriate assay. However,
5 even after assays are run that will greatly reduce the number of
compounds as having been non-active in the assay, the problem
with a conventional mass spectrometer analytical approach is that
many individual analysis trials are required, there may only be
very small quantities of material available after running a
10  combinatorial synthesis, and overall turn around time may be
quite lengthy. A need exists, then to somehow label compounds as
they are going through their combinatorial steps. Where
compounds are, for example, tethered to resin beads, prior art
solutions to the problem have included attaching chemical
15 identifier tags to the beads coincident with each block coupling
step in the synthesis. The different chemical properties of each tag
would then convey which building block was coupled in a
particular step of the synthesis, and the overall structure of a
ligand on any bead could be deduced by "reading" the set of tags
20 on that bead, in effect having encoded the bead.

Tags should ideally have a highly discrete information content, be
amenable to very high sensitivity detection and decoding, and
must be stable to reagents used in the ligand synthesis. Prior art
25 tags attached onto beads have included nucleotides, peptides, or a
combined series of hydrocarbon homologs and polychlorinated
-aromatics. Single stranded oligonucleotides are built on resin
beads upon which peptide synthesis is being performed and which
are subsequently amplified through polymerase chain reaction and
30 sequenced. Another technique is one where orthogonally
* differentiated diamine linkers are used in the construction of
soluble chimeric peptides comprising a "binding " strand and a
"coding” strand. As amino acid monomer building blocks are
coupled to the binding strand, this is recorded by building an
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amino acid code onto the "coding " strand. The sequence of the
coding strand is then resolved by Edman degradation. One
problem with this approach is that it requires an extra chemical
step for every step taken in the construction of the library.

5 Aunother problem with this approach is that it requires requires
orthogonal synthetic procedures for building up a tag in
conjunction with synthesis of ligands, i.e., it requires the addition
of like moieties, whereas there is very great interest in
discovering methods for producing compounds which are not

10 limited to sequential addition of like moieties, Such methods
would find application, for example in the modification of
steroids, antibiotics, sugars, coenzymes, enzyme inhibitors,
ligands, and the like, which frequently involve a multi-stage
synthesis in which one would wish to vary the reagents and/or

15 reactions conditions to provide a variety of compounds. In such
methods the reagents may be organic or inorganic reagents,
where functionalities may be introduced or modified, side groups
attached or removed, rings opened or closed, stereochemistry
changed, and the like. For such a method to be viable, however,

20 there needs to be a convenient way to identify the structures of the
large number of compounds which result from a wide variety of
different modifications.

A technique that is useful for the screening of nonsequenceable
25 organic molecules prepared by multistep combinatorial synthesis
uses a series of gas chromatographically resolvable halocarbon
derivatives as molecular tags which, when appended to reactive
“groups on the bead surface, can constitute a binary code that
reflects the chemical history of any member of a library. Instead
30 of the oligonucleotide or peptide coding approaches where the
,order of assembly of the chemical building blocks for any library
member is preserved in the sequence of a single cognate tagging
molecule, the binary strategy uses a uniquely defined mixture of
tags to represent each building block at each particular step of the
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from screening of pharmaceuti cal conpany conpound dat abases; and nore
recently through the application of both nechani sm based and
structure-based approaches to rational drug design. All 10 of these

met hods are rel atively expensive. Recent cost studies suggest that the

average cost of creating a new nol ecul ar.gentity in

synthesis. Thus a set of N tags can be used to encode the
combinatorial synthesis of a library of 2N different members.
After assembly, the tags are photolysed and analyzed by electron
capture capillary gas chromatography.

In all cases, the use of reporter tags complicates synthetic
strategies, increases the risk of side reactions and by-products,
and yields only indirect evidence of structure. Thus, there is a
need to find a way whereby a compound's reaction history may be
10  recorded, and the structure of the resulting compound identified.

The use of °C site-specific labels on the ligand itself has also been

used, in connection with *C NMR spectroscopy as a method of
monitoring progress in solid state combinatorial synthesis.

15
Yet another method is that of using a chip which allows for
separate analysis at physically separate sites on the surface of the
chip. By knowing what reactant is added sequentially at each such
site, one can record the sequence of events and thus the series of

20 reactions. If one then subjects the chip to a screening method for a
particular desired characteristic and detects the characteristic one
can readily determine the compound synthesized at the site which
demonstrates that characteristic.

25 A discrete sample-by-sample analysis will yield a great deal of
extraneous information, as everything in the sample will be
analyzed. However, in analyzing the results of a combinatorial
synthesis, it is desirable to be able to track in linear terms, since
all that is being tracked by a linear method is what is being added

30 to the construct of interest in the synthesis, which will omit the
Presence of solvents, resin bits, side reactions and impurities.

In view of the above needs and shortcomings of the prior art, it is
a primary object of the present invention to reduce the amount of
35 time needed to read and de-code the products of a combinatorial



a maj or pharmaceutical conpany is around $7,500 per conpound, using
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attention of a chem st. Furthernore, the advent of high throughput
aut omat ed techni ques has nmade possible the robotized screening of in
excess of hundr eds of thousands of individual conpounds per year, per
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relatively high cost of nore traditional Ilfand crafted chem stry has
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production, which is an industrial concept that can be put into
synthesis. It is another object of the present invention to provide a

method of encoding combinatorial constructs that does not require
orthogonal chemistry, that is, chemistry that has been carefully
selected so as not to be interfering with the chemistry that is being
5 executed as part of the combinatorial synthesis itself. Another

object of the invention is to minimize the amount of capital
investment needed to develop a coding strategy that requires no
more than what is needed to initially develop a set of appropriate
solid support links.

10
Unlike the methods of the prior art, the present invention
embodies a method of isotopically rather than chemically
encoding a monomer to read a synthetic history. Readable
differences in the encoding moieties therefore rely on physical

15 differentiation, rather than chemical differentiation. The
isotopically encoded monomer is, however, chemically bonded to
the ligand of interest during synthesis, in contrast to prior art
identification methods in which differentiable isotopes are
physically mixed into and interspersed with bulk chemicals or

20 commodities to identify their manufacturing source. The
invention likewise does not rely on tagging a molecule, like other
prior art approaches.

DESCRIPTION OF THE FIGURES
25

Figure 1 is an array of MS peaks that represent the observed peak
signatures for the doped glycine code blocks described in the
“specification below.

30 Figure 2 is a graph that shows the observed correlation between
inumber of carbon atoms present and the fraction of link content
that has N13 present. The chart can be used to calculate equal
intensity
peak signatures.
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Figure 3 illustrates a two peak positional coding strategy for a
molecule, featuring splitting MS peaks into doublets to enhance
code recognition.

Figure 4 illustrates the observed correlation between MS peak
area and ratio of N15 present in a code sample for a series of
code samples differing in N15 content by 5% increments.

10  Figure 5 is an NMR peak pattern for the compound:

BC (55%)
o o)
\/\o/\/ \/NH\"/

o
denoting that 55% of the carbon at the penultimate position was
doped with C13,

15
Figure 6 is an NMR peak pattern for the compound:

B¢ (60%)
o\\\w///\\‘o”/~\\\/"o\\\/”NH‘\H//,

o
~denoting that 60% of the carbon at the penultimate position was
20 doped with C13.

Figure 7 is an NMR peak pattern for the compound:

*
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Be(715%)
0\/\0 /\/0\/ NH \"/

o
denoting that 75% of the carbon at the penultimate position was
doped with C13,

5 Figure 8 is an NMR peak pattern for the compound:

B¢ (80%)
0 o )
N NN N

o
denoting that 80% of the carbon at the penultimate position was

doped with C13,

10  Figure 9 is a chart that correlates the observed ratio of C13 to
C12 in the NMR spectra of Figures 5 through 8 with the % of
C13 present in each.

Figures 10 through 12 show spectra observed in conjunction with
15 the Example 23 procedure on the Reaction Screening embodiment
of the invention.

Figures 13 through 17 show synthesis flow diagrams used in the
Example 23 disclosure on the Reaction Screening embodiment of
20 Tthe invention.

Figures 18 through 51 show spectra observed in conjunction with
the Example 24 disclosure of the Ratio Coding embodiment of the
“invention.
; 25
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Figures 52 through 110 show spectra that are produced in
conjunction the disclosure of Example 25 of encoding styrene and
Example 26 disclosing copolymerization of styrene and F-styrene.

5 Figures 111 through 132 show spectra representing the decoding
of a parallel synthesis of a library on encoded resin beads, using a
dual linker approach in which a first linker was a photocleavable
linker and a second linker was a Knorr linker.

10  Figures 133 to 286 are spectra that are produced by a set of code
blocks organized in a type of ratio encoding designated as four
peak ratio encoding, using four isotopically distinct F-moc
protected versions of alanine

15 Figure 287 is a flow diagram for a computer program capable of
automating the decoding of a set of code blocks and their
associated spectra.

SUMMARY OF THE INVENTION
20

In brief summary, the invention is the application of mass
or isotopic encoding in the imprinting of coded information into
or in conjunction with materials or processes shch that the details
of the components or process steps can be easily determined by

25 one or more of the methods of mass spectrometry, nuclear
megnetic resonance spectroscopy, or infrared spectroscopy,
including the technique of Ramen spectroscopy. In a preferred
embodiment, the invention is a method of encoding the products
of combinatorial synthesis by isotopically doping a portion of a

30 combinatorial chemistry construct and analyzing the
tombinatorial reaction products by mass spectrometry, nuclear
magnetic resonance spectroscopy or infrared spectroscopy.



10 blocks are used in each reaction step, then N = B[err]. |If the nunber
of bl ocks that one desires for each step varies (e.g. b, ¢, din a

t hr ee- st exwoyt7bszsi s), then N = bcd. From the above, PCTMSSP/MdBIOSEEN
that a relatively conservative 15 conbinatorial synthesis procedure

i nvol ving 20 blocks in a three step synthesis process will produce
203 = 8000 conpounds. This rel atively generous production output then
rai ses the next guestion, which is, how wi |l the conpounds be

i dentified? For exanpl e, a typical .gqobinatorial synthesis technique

Is that of the 20 split synthesis. As an exanple of split synthesis in the
solid state

In overview, the invention comprises several embodiments.
Firstly, the invention comprises a mass-based, non-chemical
method for recording the reaction of at least a portion of a
reaction series on each of a plurality of unique solid supports, the
5 method comprising: preparing a plurality of agents each having a
unique defined mass; preparing a group of unique solid supports;
reacting each solid support group with a different chemical
reagent under a controlled reaction condition; mixing these
product groups together and then dividing the mixture of unique
10  solid supports into a plurality of groups for a second intermediate
or final stage; repeating the reacting stage with a chemical reagent
under a controlled reaction condition at least once to provide a
plurality of final products, having different products on the
different individual unique solid supports; each of the unique
15 defined mass agents being reacted with either: each of a group of
unique solid supports; each of a group of first chemical reagents
in a reaction series; each of a group of second chemical reagents
in a reaction series; or each of a group of subsequently added
chemical reagents in a reaction series; such that each of the group
20  of unique solid supports, group of first chemical reagents, group
of second chemical reagents or group of subsequent chemical
reagents has been reacted with an agent having a defined mass that
is different from any other defined mass agent reacted with any
other of the aforesaid groups; the unique defined mass agents
25 being capable of being analyzed and wherein such analysis defines
the choice of a first chemical reagent, reaction condition under
which the first chemical reagent was added, second chemical
‘reagent, reaction condition under which the second chemical
reagent was added, subsequent chemical reagent, or reaction
30 condition under which the subsequent chemical reagent was
iadded. The method is particularly preferred in performing an
assay or using separation techniques including column or plate
chromatography or fluorescence assistance cell scanning to find
reaction products having a characteristic of interest and then



synt hesis of peptides, a batch of resin support (typically small

resin beads) is divided into n fractions, coupling a single nonomner
amno acid to each aliquot in a separate reaction, and t hen

t hr or ougWPY78¥98ng all the resin particles together. RepedRGTYSITIHSTOLN| s
protocol for a total of x cycles can produce a stochastic col l ection
of up to n[err] different nol ecul es, as governed by a hyper geonetri c
distribution. To ensure representation of the majority of possible

| i gands one needs to begin with a nmultiplicity of beads. A typical
value woul d be ten tines as many beads a$2the 30 desired nunber of

| i gands. Theoretically a set of every possible conbi nation of the

bui | di ng bl oc exists ip the_ aliquots, I.n order
? erfsormmg the identification analysis on such reaction products.

This method is particularly preferred with respect to the
determination of the first chemical reagent added to the reaction
sequence. Reaction products can include a non-oligomer which is
5 aliphatic, alicyclic, aromatic, or heterocyclic or an oligomer
which is an oligopeptide, oligonucleotide, oligosaccharide,
polylipid, polyester, polyamide, polyurethane, polyurea,
polyether, polyphosphorus derivative where the phosporus is
taken from the group consisting of phosphate, phosphonate,

10  phosphoramide, phosphonamide, phosphite, or phosfinamide, or
polysulfur derivative where the sulfur is taken from the group
consisting of sulfone, sulfonate, sulfite, sulfinamide, or
sulfenamide.

15 Preferred means of analysis are by mass spectrometry
(MS), nuclear magnetic resonance (NMR) spectroscopy, and
infrared or Raman spectroscopy. These means of analysis produce
distinctive peak patterns used in analysis, identification, coding
and decoding strategies. The mass spectrometer in particular

20 produces unique single mass peaks, unique double mass peaks,
unique pairs of single mass peaks, unique pairs of double mass
peaks and other unique multiple peak patterns, which are
additionally capable of being translated into machine-readable
patterns, including bar codes. The NMR, IR and Raman methods

25 also produce useful unique peak patterns that can be transformed
into machine-readable patterns, including bar codes. Such
patterns, including machine-readable patterns, can be assigned in
encoding strategies to represent discrete chemical reagents added
in a chemical reaction series, or assigned to represent discrete

30 chemical reaction conditions under which a chemical reagent was
added in a reaction series, including, but not limited to,
concentrations, temperatures, pressures, catalysts, enzymes,
electromagnetic energy imparted to the system (visible light
conditions, irradiation, etc.), and so on. This is done by initially
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generating recognition patterns for unique mass defined agents
which are either eye-readable or machine-readable. The patterns
resulting from the analysis steps are then compared to the
recognition patterns for identification and decoding, with or
without the assistance of a machine. Recognition patterns and
analysis patterns that are machine-readable are .capable of being
stored electronically in suitable computer storage and memory
devices well known to those of ordinary skill in the art and such
stored patterns form a readily retrievable database that also forms
a claimed embodiment of the invention. |

Mass agents used in these methods are preferably a
molecnlar entity such as a solid state chemistry support resin bead
linker which has had one or more of its atoms replaced by an
isotope of that atom, thus altering the mass, but not the chemical
properties of that chemical entity. Another alternative mass agent
is to simply repeat the appearance of such a molecular entity an
integral number of times in a linear chemical construct.

The method of the invention can be performed using solid
state chemistry or solution chemistry. Reaction products can be
cleaved off of a solid support for analysis, or the entire construct
can be analyzed. Chemical reagents added to a reaction series can
include one or more that can act as a substrate for the
determination of binding specificity to a chemical compound of
interest. Any or all of the steps of encoding, synthesis, analysis
and decoding can be automated with the aid of suitable computer

“means and robotics means, all by methodologies well known to

those of ordinary skill in the combinatorial chemistry,
spectroscopy, computer science, robotics and optical scanning
arts.

The invention also comprises a kit made up of a set of
compounds prepared for the encoding, synthesis, analysis and

f ound
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decoding methods described above of chemical reagents and

reaction conditions in chemical reactions of interest in a

combinatorial synthesis, where the compounds in the kit have
different distinguishable masses, but the same chemical properties.
5  Such kits can comprise solid state supports attached to isotopically
doped linkers, series or combinations of isotope mixtures in
readily identifiable ratios, or a variety of combinations of
isotopically doped chemical moieties (also called code blocks
herein) with covalent bonds or or other organic moieties as links

10 or linkers.

The invention also comprises kits of solid state supports that
have been prepared so as to bear unique defined mass agents on
their surface. Solid supports can be resin beads in a wide range of

15 sizes of from 1 to 10,000 um in dimension. The support itself can
be isotopically doped by incorporating an isotope into the
chemical structure of the support. This differentiates the mass of
the support from like supports, but does not change its chemical
properties. Such solid supports would then be used in the methods

20 of the invention. Groups of such uniquely mass-defined supports
can comprise libraries, which are also an embodiment of the

invention as claimed herein.
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exi sts, then to sonehow | abel conpounds as t hey are going through
their conbinatorial steps. Were conpounds are, for exanple, tethered
to resin beads, prior art solutions to the problem have included
attaching chemcal 15 identifier tags to the beads coincident with each
bl ock coupling step in the synthesisjglhe different cheni cal
properties of each tag woul d then convey which buil ding bl ock was
coupled in a particul ar step of the synthesis, and the overal
structure of a T D N F

EMBODIMENTS AND BEST MODE OF THE INVENTION

The term "isotopic doping” or "isotopically doped" is
5 used here to mean the introduction into a molecule of an isotope
of one or more of the atoms normally appearing in that molecule.

A "hink” is a covalent bond or a molecular moiety
that is suitable for linking two portions of a construct together.
10
A "linker" is a moiety comprised of a code block, a
first link for bonding the code block to a solid support or other
moiety, and a second link for bonding the code block to a ligand
or other moiety.
15
A "linker mix" is a mixture of two isotopically
distinct but chemically identical molecules, the mix having a
discrete ratio of first isotope to second isotope.

20 A "code block™ is a molecule or series of molecules
containing one or more isotopically doped atoms or having a
repeating number of molecules in series, such that its mass can be
discretely defined and differentiated from any other code block.

25 A "doped" atom, code block or moiety refers to an
entity in which an atom in a molecule which has been replaced by
_one of its isotopes. Doped atoms as contemplated by this invention
include all atoms found in organic chemistry having isotopes and
in particular, hydrogen, carbon, nitrogen, fluorine and oxygen.
30 Non-radioactive isotopes are generally preferred over radioactive
ones.

The term "monomer” is used herein not only to
denote subunits that make up a linear molecules such as amino
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that bead, in effect having encoded the bead. Tags should ideally
have a highly discrete informati on content, be anenabl e to very high
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used in the ligand synthesis. Prior art 25 tags attached onto beads have
I ncl uded nucl eoti des, peptides, or a conbi ned series of hydrocarbon
honol ogs and pol ychl ori nat ed aromatics. Single stranded
ol i gonucl eotides are built on resin beads upon whi ch peptide synthesis
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acids, but also to denote starting chemical materials and chemical

reagents that are chemically reacted with one another in

combinatorial chemistry organic synthesis to produce molecules

that are not linear, such products including so-called "small

5 molecules” which are organic molecules of 500 Daltons or less in
molecular weight.. As used herein, the terms "monomer” and

"chemical reagent” are interchangeable,

A "reaction series” as used herein refers to a series of
10  steps in a chemical synthesis in a combinatorial synthesis format.

A "solid support” is one or materials upon which
combinatorial chemistry syntheses can be performed, including
beads, solid surfaces. solid substrates, particles, pellets, disks,

15 capillaries, hollow fibers, needles, solid fibers, cellulose beads,
pore-glass beads, silica gels, polystyrene beads optionally
crosslinked with divinylbenzene, grafted co-polybeads, poly-
acrylamide beads, latex beads, dimethylacrylamide beads
optionally cross-linked with N,N'-bis-acryloyl ethylene diamine,

20 glass particles coated with a hydrophobic polymer, fullerenes and
soluble supports such as low molecular weight non-cross-linked
polystyrene,

A "construct” is a covalently bonded entity
25 comprising, in any combination, some type of solid support, one
or more linkers, one or more code blocks, and one or more
Ligands.

A "ligand" is a chemical reaction product of interest.
30 A ligand can be part of a larger construct, where the ultimate goal
Will be to identify and/or cleave the ligand apart from the rest of
the construct.



30 sequenced. Another technique is one where orthogonally
differentiated diamne linkers are used in the construction of

chi neri c weptis®ss conprising a "binding " strand and a
As am no acid nmononer buil ding bl ocks are

strand,

this is recorded by building an

10

15

25

30
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In general, the methods of the invention make use of
some variant of a construct of the non-limiting general formula:

Cleavage Sii Specific Isotopic Label
O_. 2 */ Ligand
Resin Bead'- ~—
Link

Isotopes are inserted into such constructs via doped links. That is,
after the determination has been made as to what will constitute a
chemically suitable link, the link is synthesized using one or more
atoms of the link that has been substituted by an isotopic form of
that atom, The isotopic form is chemically indistinguishable from
the non-isotopic form of the link. The isotopic form is, however
physically distinguishable from other isotopic forms by MS or
NMR analysis. This physical difference is manifested by
differently appearing MS, IR, or NMR peak patterns. A wide
variety of isotopic insertion or doping strategies are available,
leading to a large number of physically distinguishable chemical
moieties, each having its own distinctive peak pattern. The
existence of such distinctive peak patterns means that the isotopic
forms can be used to create a code that can be used in various
encoding strategies to readily identify different chemical entities
or conditions that can be used during a combinatorial synthesis.
Several of such encoding strategies are given below.

- Electrospray mass spectrometry provides mass and

ionic charge intensity information for a given molecular entity. In
general, smaller molecules only appear in the spectrum once as
singly charged species, and the effect of isotopic compositional

svariation results in a very predictable quantum mass shift. Thus,

for example, a molecule having a molecular weight of 304 will
produce a peak at 305 (M + 1) on a mass spectrometer (MS)
spectrum. If a nitrogen atom in such molecule having an atomic

sol ubl e

PCDUSIOS76L r and.
coupled to the binding
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-5- am no acid code onto the "coding " strand. The sequence of the
coding strand is then resolved by Ednan degradati on. One probl em wi th
this app¥8a&P™3 that it requires an extra cheni cal RETEPSTIOS703v er y

step taken in the construction of the library. 5 Another problemwth
this approach is that it requires requires

-18-

weight of 14 (N14) is replaced (by isotopic doping, as that term is
used herein) by isotope N 13, then the MS peak will shift to the
right precisely one unit to 306. Furthermore, such isotopic doping
will not affect the ionization or chemical reactivity of the
5 molecule. The ability to measure both of the properties of mass

and ionic intensity with reasonable accuracy (i.e. mass to about
0.1 atomic mass units and relative intensity to about 3% provides
the basis for a novel encoding strategy using isotopes to
isotopically, rather than chemically, encode a monomer to read a

10  synthetic history, instead of tagging a molecule itself. Using the
methods of the invention, encoding strategies are devised from the
use of the mass information alone, the relative intensity
information in two or more mass peaks alone or a combination of
the two. The basic methodology of the invention, which is to

15 insert different isotopes into combinatorial constructs to identify
addition of monomers or chemical conditions, gives rise to
several alternative embodiments for encoding and decoding,
which are capable of individual implementation or in selected
combinations.

20
Multiple preferred coding approaches using defined mass agents
will be discussed. These examples are non-limiting and other
coding approaches are not meant to be excluded.

25 Example 1: Encoding Approaches
Encoding Example A: Ratio Coding Approach

In a most preferred embodiment of the invention, a
30 series of isotopically doped linker mixes n is prepared, with each
Jlinker mix in the series comprising a discrete ratio of first isotope
to second isotope, and with each mix in the series differing in
ratio from the previous or subsequent mix in the series by an
equal amount. Thus, for example, a series of 21 batches of doped



ort hogonal synthetic procedures for building up a tag in conj unction

with synthesis of ligands, i.e., it requires the addition of like

noi eti es, wihes$@gs there is very great interest in di sgyeossysyet hods
for produci ng compounds which are not 10 limted to sequential addition of
i ke noi eties. Such nethods woul d find application, for exanple in the
nodi fi cati on of steroids, antibiotics, sugars, coenzynes, enzyne

i nhi bitors, | i gands, and the like, which frequently involve a

mul ti-stage synthesis in which one woyhd wi sh to vary the reagents

and/or 15 reactions conditions to provide & variety of conpounds. In such
net hods the reagents nay be organic or inorganic reagents,

monomer can be prepared, with the first batch in the series
having a ratio of 100% of first isotope to 0% of second isotope,
the second batch having a ratio of 95% of first isotope to 5% of
second isotope, and so on until the 21st batch, which will have 0%
5 of first isotope and 100% of second isotope. Each linker is further
characterized by being capable of being cleaved such that one
cleavage portion will always contain the isotopically doped
molecular moiety. Each linker mix is chemically reacted with a
support means on one side of the linker to yield » batches of
10  support-linker, again each having a discrete ratio of first to
second isotope. Then a reagent of interest is added to each batch
to yield n batches of support-linker-molecule, each likewise
having the discrete ratios ot two isotopes. If, now for example, a
split synthesis method is being pursued, then the » batches are
15 combined into a single mixing vessel and the resulting mix is then
divided into n aliquots, and to each aliquot is added a second
' reagent of interest, and the resultant reactions are allowed to
proceed. The previous step of combining all aliquots and then
splitting them out into » aliquots is repeated, and a third reagent
20 of interest can be added. If all possible reactions have proceeded
to completion, then there are now n3 products. The linkers can be
cleaved so that the isotopically labeled fragment stays with the
chemical product, and the resulting isotope label-chemical product
construct is analyzed by a mass spectrometer, The resulting mass
25 spectrogram will display a peak pattern that mirrors the ratio of
first isotope to second isotope present in the linker fragment, thus
identifying what the first chemical reagent was that was added to
" that particular reaction well. Thus, for example, if the isotope
ratio is 100% for first isotope to 0% for second isotope, then one
30 relatively tall peak will appear on the spectrogram at the position
, on the spectrum occupied by the discrete atomic mass that that
moiety has (as will be appreciated by those of ordinary skill in the
art, other relatively small peaks, will, of course appear, but just
one prominent peak that is characteristic of the molecule as used



where functionalities may be introduced or nodified, side groups

attached or renoved, rings opened or closed, stereochem stry changed,
and the like. For such a nethod to be viable, however, 20 there needs to
be a coWeRvams3way to identify the structures of the PCRHUSWOSWtber of
conpounds which result froma w de variety of di fferent nodifications.
A technique that is useful for the screening of nonsequenceable 25 organic
nol ecul es prepared by nultistep conbinatorial synthesis uses a series
of gas chromat ographically resol vabl e hal ocar bon derivatives as

nmol ecul ar tags which, when appended to r2@ctive

in the identification method of the present invention appears.). If
the isotope ratio is 95% of first isotope to 5% of second isotope,
then there will be a first prominent peak and a second prominent
peak, with the first prominent peak having about 95% of the total
S areaunder the combined prominent peaks, and the second
prominent peak having the remaining approximately 5%, thus
forming a distinct prominent peak pattern which serves to clearly
identify the isotope ratio and therefore the chemical reagent. It is
to be understood that another smaller peak not part of the patterns
10 forming the codes of the invention will appear, by virtue of the
natural abundance of C13, and its relative size can be predicted
using the following analysis. If a given moiety contains 24
carbons and nitrogen and it has been doped to a 50/50 ratio of
N14/N15, then peak 1 will be calculated from the N14/C12
15 present as (0.898)24 x 0.5 = 0.383; peak 2 will be calculated from
the N15/C12 and N14/C13 present as (0.989)24 x 0.5 +
(0.989)23 (0.011) x 24 x 0.5 = 0.485; and the third peak will be
calculated from the N15/C13 present as (0.989)23 x (0.011) x 24
x 0.5 = 0.102, thus resulting in a distinctive pattern having two
20 approximately equal prominent peaks, and the relatively small
side peak. Ideally, the isotopically distinct species used should
differ by two or more AMUSs as this would produce well
separated peaks that would not be affected by the natural presence
of 1*C. To achieve this with the atoms that are most commonly
25 used in such chemistry (C,H,N,O) typically requires that more
than one atom be isotopically substituted, as available stable
Tsotopes of C, H and N differ by only one mass unit.

Subsequently, in order to identify the third component in the

30 combinatorial construct, the third component can be identified by
its reaction well number. Now, with the identity of the first
component known by virtue of the mass spectrograph and the
third component known by virtue of the well number, their
combined molecular weights are subtracted from the total



groups on the bead surface, can constitute a binary code that reflects
the chem cal history of any nenber of a library. Instead 30 of the

ol i gonuclweotszd®sar pepti de codi ng approaches where the POTAISS7/08701
assenbly of the chem cal building blocks for any library menber is
preserved in the sequence of a single cognate tagging nol ecul e, the
bi nary strategy uses a uniquely defined m xture of tags to represent
each building block at each particular step of the

21-

molecular weight of the construct to arrive at a residual mass
which identifies the second component of the construct.

It should be appreciated that using the methods and

5 constructs of the invention provide for an entire series of encoded
linkers that provide great economic savings, since the only
additional synthesis initially required is to isotopically dope a
solid support linker that had to constructed in the first place. No
other chemical modifications are needed to be made to the linkers

10 that were initially chosen for the solid state combinatorial

synthesis.

E i le B: Dual Rati in ro

15 Por syntheses having more than three steps, the procedure of
Ratio Coding described above is followed in that a series of
isotopically doped linker mixes n is prepared, with each linker
mix in the series comprising a discrete ratio of first isotope to
second isotope, and with each mix in the series differing in ratio

20 from the previous or subsequent mix in the series by an equal
amount. Howeyver, a second type of atom is also isotopically
doped, so that there are two types of atomic isotopes present. For
example a nitrogen position can be doped with a mix of N14 and
N15, while a carbon position can be doped with a mix of C12 and

25 C13, Again, this example will follow the progression of 5%
increments, so that there are 21 possible nitrogen ratio
combinations and 21 possible carbon ratio combinations.

“Furthermore, the carbon position is protected with a suitable
protecting group, which can be deprotected to correlate to a
30 reaction step in the combinatorial synthesis. Thus, the mass
_ Spectrograph peak pattern for the doped nitrogen identifies the
first synthesis component, the mass spectrograph peak pattern for
the doped carbon identifies the second synthesis component, an
assay identifies the fourth component, and the third component is
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synthesis. Thus a set of N tags can be used to encode the

combi natWPI%AR™HPInt hesis of a library of 2N different menbePET/USITNOSTOIAf t er
assenbly, the tags are photol ysed and anal yzed by el ectron
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identified by subtraction of the first, second and fourth
components from the total weight of the product.

5  Occasionally, code degeneration may arise when using more than

one type of isotope, as in the case where one moiety bore a N15-
C12 combination and another bore a N14-C13 combination, both
of which would have the same atomic weight and therefore give
indistinguishable peak patterns in a mass spectrograph. This

10  problem can be circumvented in one of two general ways. Firstly,
by selecting C12 and C14 as the carbon isotope pair, this type of
code degeneracy is avoided. Or, if radioactivity is to be avoided,
C12 and C13 can still be used by the technique of combining mass
spectrography with fragmentation. For example, an amide moiety

15 of the structure

CH,-NH--CO-CH,-CH,

can be doped in two ways that will yield the same atomic weight
20 asfollows:

I It

CH3-N“H-§CO-CH2-CI3H3
or

‘}However, when they are fragmented along the indicated cleavage

lines, moiety I will yield a fragment having a doped N and a

normal C, while moiety I will yield a fragment having a doped C

and a normal N, thereby yielding distinctive peak patterns in the
30 MS.



capture capillary gas chromatography. 5 In all cases, the use of

reporter tags conplicates synthetic strategies, increases the risk of
si de reacfv'ﬁ§3§§§ by- product s, and yields only indiregéTﬁ%bg&gﬁg of
structure. Thus, there is a need to find a way whereby a conpound' s
reaction history may be 10 recorded, and the structure of the resulting
conpound identified. The use of [err]C site-specific |abels on the
ligand itself has al so been used, in connection with [err]C NWR
spectroscopy as a mnethod of noni toriyg_progress in solid state

conmbi natori al synthesis.

The following scheme illustrates the Single Peak Positional
Coding Approach



15 Yet another nethod is that of using a chip which allows for
separate analysis at physically separate sites on the surface of the

chip. B | what reactant is added sequentially at each such

site, oﬁgbggﬁhggcord t he sequence of events and thus the sBFTESIHISTOO
reactions. If one then subjects the chip to a screening nethod for a
particul ar desired characteristic and detects the characteristic one

can readily determ ne the conpound synthesized at the site which
denonstrates that characteristic. 25 A_discrete sanple-by-sanple analysis
will yield a great deal of -2

| Monomer 1
1 Link1 }—i Codel Link2 | | Al
Resin Bead \
2 @ Tk Code 2 | Link2 | | A2 - MixI

n @—{ k1 rCoden—HLink.Z]LAn J/

Monomer 2 Monomer 3
(All Unique Masses)

— /Bl \ — /Cl
Vi Y uiaill P\

Bn ‘Cn I

Monomer 3 Separate Beads Cleavage + MS P
Assay of Pool Beads / > go
2 e S— ~ ]
4]
>
g

fe -

> As Above
Cn > J

Scheme 2



extraneous information, as everything in the sanple wll be anal yzed.
However, in analyzing the results of a conbinatori al synthesis, it is
desi r abl exb@78®9sabl e to track in linear terns, since aPptTisat/osmet bei ng
tracked by a linear nethod is what is being added 30 to the construct of
interest in the synthesis, which will omt the presence of solvents,
resin bits, side reactions and inpurities. In view of the above needs
and shortcom ngs of the prior art, it is a primary object of the
present invention to reduce the anount 01235 time needed to read and
de-code the products of a conbinatori al

Following the process in Scheme 2, another alternative
embodiment of the invention of isotopic encoding can follow a
] single MS peak position approach. This approach generates a MS

peak. In this format, the mass of the coding block is engineered

5 such that it appears in a convenient part of the spectrum, and it is
used to represent the first monomer or building block used in the
synthesis of a particular compound. After the combinatorial
synthesis is complete, Link 2 is cleaved in order to determine the
molecular weight of the ligand. Then Link 1 is cleaved to enable

10 identification of the Code block, which determines the

identification of the first pool monomer.

The first and second links in a linker scheme can be the same or
different. The links can be the same when a direct binding assay is

15 used, followed by removal of positive beads. When the links are
different, this allows the assay to be either by direct binding or
with cleaved ligand alone.

Decoding of a three monomer combinatorial library is achieved

20 from three steps. The mass of the code block is determined, thus
identifying the code, which identifies the first pool monomer. The
pool number of the final monomer addition determines the final
monomer, from which the mass of the final monomer is known.
Then, the masses of the first and third pool monomers are

25 subtracted from the total molecular weight of the entire construct,
thus leaving the mass of the second pool monomer, from which

_the identity of the second pool monomer is inferred.

The Single Peak Positional encoding approach is especialy useful
30 when active ligands are screened by use of a chromatography
, column, and the bound constructs are then eluted.
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The following scheme illustrates the Double Peak Positional
Coding Approach
5
First protected site
‘Zu.m i Code |—{ Ligand |
Resin Bead
Second protected site
1 Link1 p—| Reference * | Ligand
ResiaBeasd , Second protected site \
2 Link1 || Reference * }—— Ligand } | Mix 1
ResinBesd  Second protected site /
n Link1 |—! Reference * }— Ligand |
Resin Bead
As Before For Scheme 2
Mix 1 .
- Scheme 3

Following the process in Scheme 3, another alternative
10 embodiment of the invention of isotopic encoding can follow a
«double MS peak position strategy. This approach yields two MS
peaks. For example, a set of resin beads is prepared wherein the
beads bear two protected sites, such as BOC and FMOC., A first
protected site is de-protected. A number of isotopic code blocks n
15 is prepared and each code is linked to a first de-protected site.



synt hesi s.

It is another object of the present invention to provide

nmet hod of encodi ng conbi natorial constructs that does not require
ort hogonaw$m3m®sx ry, that is, chem stry that has been car efRET/YS97/05701

selected so.as not to be interfering with the chem stry that

executed as part of the conbinatorial synthesis itself. Another
object of the invention is to mnimze the anount of capital
i nvest ment needed to devel op a coding strategy that requires no

t han what

Is needed to initially devel op @%et of appropriate

a

is being 5

nor e
solid

support links. 10 Unli ke the nethods of the prior art, the present

i nvention

10

15

30

The second protected site is de-protected. A standard reference
moiety having a different mass is linked to the second de-
protected site. Upon MS, this will yield a peak for the standard
reference and a second peak for the code, with the mass
difference between the two peaks being the encoding unit.
Decoding of a three monomer combinatorial library is achieved
from three steps. The mass of the ligand plus code block is
determined, thus identifying the code, which identifies the first
pool monomer. The pool number of the final monomer addition
determines the final monomer, from which the mass of the final
monomer is known. Then, the masses of the first and third pool
monomers are subtracted from the total molecular weight of the
entire construct, thus leaving the mass of the second pool
monomer, from which the identity of the second pool monomer is
inferred.

In an alternative construct, the code block is prepared to contain
two like species, one of which is constant and acts as a reference
mass, while the other has variable mass blocks similar to those
described for the single peak positional encoding scheme. After
cleavage of the link to the resin, ligand is generated withan
attached variable code increment. The encoded information is
now determined from the difference in mass of the coding unit
and the reference mass unit. The advantage of this is that the code
can be left attached to the ligand and read at the same time as the
mass of the whole construct is determined by MS. This strategy
gives two mass peaks that represent the ligand attached to either

the reference code or the variable code. The difference in mass is

used to determine the identity of monomer 1, while monomer 3
known from the corresponding pool and therefore monomer 2 is

. inferred as described above.



enbodi es a nethod of isotopically rather than chemcally encodi ng a

nmononmer to read a synthetic history. Readabl e differences in the
encodinnggbﬁg§§$ therefore rely on physical 15 differentiation, rather
than chemcal differentiation. The i sot opi cal | y encodRETAISRMASIOL S,
however, chem cally bonded to the ligand of interest during synthesis,
In contrast to prior art I dentification nethods in which
differentiabl e i sotopes are physically m xed into and interspersed
with bulk chemcals or 20 commodities to_identify their manufacturing
source. The i nvention |ikew se does- rely on tagging a nol ecul e,

| i ke ot her prior art approaches.

The invention also makes possible an alternative embodiment that
in effect creates a bar coding mechanism. Several non-limiting
exemplary versions of solid state constructs are possible as
follows.

i le E: ing Appr

Version 1: Mass only:

@[ = Code || Ligand |

Resin Bead

10

Version 2: Mass and Intensity:

(o T S o ey

15 Resin Bead

Version 3: Mass only:

©— 1 Code Link 2 Ligand

. Resin Bead

20
Version 4: Mass and Intensity:

- [ Link 1 Code |— Link2 |—| Ligand |

Resin Bead

25 In this approach and its variations, a code block most
advantageously consists of a dimer, each of which unit has one,
two or three discrete masses. For example a construct of the
structure:



DESCRI PTI ON OF THE FI GURES 25 Figure 1 is an array of MS peaks that
represent the observed peak signatures for the doped gl ycine code

bl ocks deswophE®sin t he specification bel ow. 30 Fi gur eCXIs97405a01aph
t hat shows the observed correl ati on between nunber of carbon atons
present and the fraction of |ink content that has N err] present. The
chart can be used to cal cul ate equal intensity

-29.

contains a code block having two mass blocks, M1 and M2, which

in this example will be comprised of one, two or three amino
5 acids. The amino acids are doped to give three discrete masses
yielding, for example, Glycine (GD), with a mass of 57, Glycine
bearing N15 (G1) with a mass of 58 and Glycine bearing two
Deuterium atoms (G2) at carbon 2 with a mass of 59. Assembling
these three moieties into 7 possible mass sets yields the following
10 codes and their fractions of the total:

Composition Relative Presence

GO 100%

Gl 100%

G2 100%

GOG1 50% and 50%

G0G2 50% and 50%

G1G2 50% and 50%

G0G1Gg2 © 33.3%, 33.3% and
33.3%

~a.

It is now possible to assemble these mass sets into blocks M1 and
M2 and to predict what the characteristic MS peak pattern will be

15 _ for each code block. For this group of mass sets in Version 1 of
the Bar Coding Approach, the following MS peak pattern is
predicted:



peak signatures. WO 97/ 37953
PCT/ US97/ 05701
WO 937953
-30-
Code M1 M2
Sample
1 57 (GO) 57 (GO)
2 57 (GO) 57,58 (G0),(G1)
3 57 (GO) 57,59 (G0),(G2)
4 57 (GO) 57,58,59
(G0),(G1),(G2)
5 57,58 57.59 (G0),(G2)
GOGhH
6 57.59 57,59 (G0),(G2)
(G9),(G2)
7 57,59 57,58,59
G962 (GY),G)),(G2)

10

PCT/US97/05701
Predicted Peak
Pattern, (AMU)

1 1 1 1 1
1 1 1 1 1
4 6 8
|

| I |

| |

I 1 1

P 1 1 1}

|
| | |

|
P 1 1 1 1

In this table, for code sample 1 a single peak is predicted at 114,
since the combined masses of each GO are 57 + 57 = 114, For
code sample 2, two equal peaks are predicted at 114 and 115,
since GO in M1 plus GO in M2 adds up to 114, and GO in M1 plus
G1 in M2 adds up to 115. In code sample 6, two single peaks are
predicted at 114 and 118 and a redundancy is predicted at 116 to
yield a peak approximately two times as tall as the peaks at 114

and 118.

In the following table, predicted MS peak patterns are shown for
25 code samples. The actual MS peak patterns are shown below



- 8- Figure 3 illustrates a two peak positional coding strategy for a
nol ecul e, featuring splitting M5 peaks into doublets to enhance code
recogniti WQ9B379583 Figure 4 illustrates the observed correl RCRUSTOSIEen NS
peak area and ratio of N err] present in a code sanple for a series of
code sanples differing in N err] content by 5%increnents.
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the predicted peak pattern table, and it can be seen that there is
excellent correlation between observed and predicted peak
patterns. References to GO, G1 and G2 are omitted although the
same three isotopically doped versions of Glycine described above

S are still being used in this table (Note that the numerical values
for the MS in Figure 1 are for the total mass of the entire
construct, including a Lysine residue and the linkers, which fall
into a range of 300 to 309 mass units)

Code Mi M2 Predicted Peak

Sample Pattern (AMU)
1 1 1 1 1
1 1 1 1 1
4 5 6 8

1 57 57 i

2 57 58 1

3 57 57,58 1 1

4 57 59 i

5 57 57,59 i 1

6 57 58,59 1 1

=7 57 575859 8 0 B

8 58 59 1

9 58 57, 59 I ]



10 Figure 5 is an NVMR peak pattern for the conpound:
denoting that 55% of the carbon at the penultinmate position was

wi th C erwbo 9749053

10
11

12

13

14

15

16
17

18

19
20
- 21

22

23

59
58

57, 58

57,58

57,58
57, 58

59
39

57, 59

59
59
57, 59

57, 59

58, 59

57, 58,
59

59
57,59

57, 59

58, 59
57,58,59
58, 59

57, 58,
59

58, 59

[err]

doped
PCT/US97/05701
1 1
I |
i
P 1
1 1
|
P 1 1
1
|
|
| i
]
| |
1 1
i & 1
P 1 1
i
i I 1
1 1 1



Figure 6 is an NVR peak pattern for the conpound: [err] denoti ng
that 60% of the carbon at the penultimate position was 20 doped with
Cerr]. wo9/F9g8ire 7 is an NVR peak pattern for the conpolREEAUSS?/05701

-33-
24 58, 59 57, 58, " |
59 I T T
25 57,58,59 57,58, ]
59 1 ¥ i
i & 1 1 1

Once the MS is run on a completed combinatorial synthesis
sample, the pattern is compared to a predicted pattern, which in
turn identifies the code, which in turn identifies the first pool

S5 monomer. The predicted patterns can form a type of machine
readable bar code, which, using methods well known to those of
ordinary skill in the optical scanning art, enables rapid data
inputing, decoding and interpretation.

10 Other Encoding Strategies

It is possible to combine elements of one or all of the
ratio, single peak, double peak or bar code methods to give code
constructs. Code blocks don't have to be added into the front end

15  of a construct-they can be added in at any point, assuming a
suitable reagent is available, for example:

Ei*————ABC*
Link

20 “where isotope doping occurs at the bead link and attached to the
end of a three monomer ligand, as indicated by the asterisk.
Isotope doping could also be performed at the other end of the

Jigand as well.

25 In another alternative embodiment of the invention,
since isotopes can be readily read by nuclear magnetic resonance
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(NMR), this can be used instead of, or in conjunction with, MS

spectroscopy. NMR offers the advantages of greater accuracy

(one can run ratio pools in increments of down to 1%), the bead

does not have to be cleaved off of the construct prior to analysis,
5 and that NMR, unlike MS, is non-destructive.

Other constructs can take the general non-limiting
exemplary formulae:

©— i }{Co { Link2 |— Ligand

10 Resin Bead

‘Cj -
: ! Link 1 Code

Resin Bead

Link] Ligand
Resin Bead Link2 |y Code |
15
Code Ligand
Link
Resin Bead | Reference Ligand ]

e

Figures 133 to 286 display spectragrams associated
with another variation of ratio encoding, which is a four peak
20 ratio encoding scheme. In the following table, the first column
Trepresents the code block, the second column is an internal
reference number, and the third, fourth, fifth and sixth columns
represent the respective mole fractions of FMOC-protected
alanines with different integral masses using isotope doping, i.e.



[err] denoting that 75% of the carbon at the penultinmte position
was doped with CJerr]. 5 Figure 8 is an NVR peak pattern for the

. WO 97/37953
conpound: | PCT/US97/05701

-35.

o 3 :
A®, A » A%, and A'(A is reference alanine, A® js alanine plus 3
atomic mass units, A” is alanine plus two atomic mass units, etc.)



[err] denoting that 80% of the carbon at the penultinmte position

was doped with (Jerr]. 10 Figure 9 is a chart that correlates the
observed ratio of CJerr] to Clerr] in the NWVR spectra of Figures 5
t hr ough VO 813753 he % of Clerr] present in each. PCT/US97/05701

- 36 -

1,112, 0.56, 0.16, 0.16, 0.16
2 ,112, 0.56, 0.16, 0.16, 0.21
3 ,113, 0.51, 0.11, 0.11, 0.26
4 ,114, 0.46, 0.11, 0.11, 0.31
5 ,115, 0.46, 0.11, 0.11, 0.36
6 ,116, 0.41, 0.11, 0.11, 0.41
7 ,121, 0.56, 0.16, 0.21, 0.16
8 ,122, 0.51, 0.11, 0.21, 0.21
9 ,123, 0.46, 0.11, 0.21, 0.26
10 ,124, 0.46, 0.11, 0.16, 0.31
11 ,125, 0.41, 0.11, 0.16, 0.36
12 ,126, 0.41, 0.11, 0.16, 0.41
13 ,131, 0.51, 0.11, 0.26, 0.11
14 ,132, 0.46, 0.11, 0.26, 0.21
15 ,133, 0.46, 0.11, 0.26, 0.26
16 ,134, 0.41, 0.311, 0.21, 0.31
17 ,135, 0.41, 0.11, 0.21, 0.31
18 ,136, 0.36, 0.11, 0.21, 0.36
19 ,141, 0.46, 0.11, 0.31, 0.11
20 ,142, 0.46, 0.11, 0.31, 0.16
21 ,143, 0.41, 0.11, 0.31, 0.21
22 ,144, 0.41, 0.11, 0.26, 0.26
23 ,145, 0.36, 0.11, 0.26, 0.31
24 ,146, 0.36, 0.11, 0.26, 0.36
25 ,151, 0.46, 0.11, 0.36, 0.11
26 ,152, 0.41, 0.11, 0.36, 0.16
27 ,153, 0.41, 0.11, 0.31, 0.21
28 ,154, 0.36, 0.11, 0.31, 0.26
29 ,155, 0.36, 0.11, 0.31, 0.31
30 ,156, 0.31, 0.11, 0.26, 0.31
31 ,161, 0.41, 0.11, 0.41, 0.11
32 ,162, 0.41, 0.11, 0.41, 0.16
33 ,163, 0.36, 0.11, 0.36, 0.21
34 ,164, 0.36, 0.11, 0.36, 0.26
35 ,165, 0.31, 0.11, 0.31, 0.26
36 ,166, 0.31, 0.1, 0.31, 0.31
37 ,211, 0.56, 0.21, 0.16, 0.16
~ 38 ,212, 0.51, 0.21, 0.11, 0.21
: 39 ,213, 0.46, 0.21, 0.11, 0.26
40 ,214, 0.46, 0.16, 0.11, 0.31
41 ,215, 0.41, 0.16, 0.11, 0.36
42 ,216, 0.41, 0.16, 0.11, 0.41
. 43 ,221, 0.51, 0.21, 0.21, 0.11
44 ,222, 0.46, 0.21, 0.21, 0.21
45 ,223, 0.46, 0.16, 0.16, 0.26
46 ,224, 0.41, 0.16, 0.16, 0.31
47 ,225, 0.41, 0.16, 0.16,.0.31
48 ,226, 0.36, 0.16, 0.16, 0.36
49 ,231, 0.46, 0.21, 0.26, 0.11
50 ,232, 0.46, 0.16, 0.26, 0.16



Fi gures 10 through 12 show spectra observed in conjunction with 15 the
Exanpl e 23 procedure on the Reaction Screeni ng enbodi nent of the

i nvent i ORyo 97137953 Fi gures 13 through 17 show synt hesi s fl owRIERSSEIOS7TAISEd i N
t he Exanpl e 23 disclosure on the Reaction Screeni ng enbodi nent of 20

t he inventi on. Figures 18 through 51 show spectra observed in
conjunction with t he Exanpl e 24 disclosure of the Ratio Coding

enbodi nent of the '
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51 ,233, 0.41, 0.16, 0.21, 0.21
52 ,234, 0.41, 0.16, 0.21, 0.26
53 ,235, 0.36, 0.16, 0.21, 0.31
54 ,236, 0.36, 0.16, 0.21, 0.36
55 ,241, 0.46, 0.16, 0.31, 0.11
s6 ,242, 0.41, 0.16, 0.31, 0.16
57 ,243, 0.41, 0.16, 0.26, 0.21
58 ,244, 0.36, 0.16, 0.26, 0.26
59 ,245, 0.36, 0.16, 0.26, 0.31
60 ,246, 0.31, 0.16, 0.26, 0.31

61 ,251, 0.41, 0.16, 0.36, 0.11
62 ,252, 0.41, 0.16, 0.31, 0.16
63 ,253, 0.36, 0.16, 0.31, 0.21
64 ,252¢, 0.36, 0.16, 0.31, 0.26
65 ,255, 0.31, 0.16, 0.26, 0.26
66 ,256, 0.31, 0.11, 0.26, 0.31
67 ,261, 0.41, 0.16, 0.41, 0.11
68 ,262, 0.36, 0.16, 0.36, 0.16
69 ,263, 0.36, 0.16, 0.36, 0.21
70 ,264, 0.31, 0.16, 0.31, 0.26
71 ,265, 0.31, 0.11i, 0.31, 0.26
72 ,266, 0.31, 0.11, 0.31, 0.31
73 ,311, 0.51, 0.26, 0.11, 0.11
74 ,312, 0.46, 0.26, 0.11, 0.21
75 ,313, 0.46, 0.26, 0.11, 0.26
76 ,314, 0.41, 0.21, 0.11, 0.31
77 ,315, 0.41, 0.21, 0.11, 0.31
78 ,316, 0.36, 0.21, 0.11, 0.36
79 ,321, 0.46, 0.26, 0.21, 0.11
80 ,322, 0.46, 0.26, 0.16, 0.16
81 ,323, 0.41, 0.21, 0.16, 0.21
82 ,324, 0.41, 0.21, 0.16, 0.26
83 ,325, 0.36, 0.21, 0.16, 0.31
84 ,326, 0.36, 0.21, 0.16, 0.36
85 ,331, 0.46, 0.26, 0.26, 0.11
86 ,332, 0.41, 0.21, 0.21, 0.16
87 ,333, 0.41, 0.21, 0.21, 0.21
~ 88 ,334, 0.36, 0.21, 0.21, 0.26
- 89 ,335, 0.36, 0.21, 0.21, 0.31
90 ,336, 0.31, 0.21, 0.21, 0.31
91 ,341, 0.41, 0.21, 0.31, 0.11
92 ,342, 0.41, 0.21, 0.26, 0.16
93 ,343, 0.36, 0.21, 0.26, 0.21
* 94 ,344, 0.36, 0.21, 0.26, 0.26
95 ,345, 0.31, 0.21, 0.26, 0.26
96 ,346, 0.31, 0.16, 0.21, 0.31
97 ,351, 0.41, 0.21, 0.31, 0.11
98 ,352, 0.36, 0.21, 0.31, 0.16
99 ,353, 0.36, 0.21, 0.31, 0.21
100 ,354, 0.31, 0.21, 0.26, 0.26



i nvention. 25
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101
102
103
104
105
106
107
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110
111
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-10- Figures 52 through 110 show spectra that are produced in
conjunction the disclosure of Exanple 25 of encoding styrene and
Exanpl e 26 WMPE#BB®SBng copol yneri zati on of styrene and F-st yr%msg7%8?01a

Figures 111 through 132 show spectra representing the decoding
parall el synthesis of a library on encoded resin beads, using a dual

| i nker approach in which a first |inker was a photocl eavabl e i nker
and a second linker was a Knorr |inker.

-30.

'In the following table, each of the enumerated code blocks listed
Immediately above is correlated with a spectragram number
identified in the second column and shown on the face of each
respective spectra in the figures.

5

Code Block Spectra Identifying Number
1 ASAQ008683
2 ASA 008684
3 ASA 008685
4 ASA 008686
5 ASA 008687
6 ASA 008688
7 ASA 008689
8 ASA 008690
9 ASA 008691
10 ASA 008692
11 ASA 008693
12 ASA 008694
13 ASA 008695
14 ASA 008696
15 ASA 008697
16 ASA 008698
17 ASA 008699
18 ASA 008700

_19 ASA 008701
20 ASA 008702
21 ASA 008703
22 ASA 008704

«23 ASA 008705
24 ASA 008706
25 ASA 008707
26 ASA 008708



10 Figures 133 to 286 are spectra that are produced by a set of code

: : : ! . ook
Fat o encadnausi ng 1 our i sof opl cally di stinct Bme. - protected
ver si ons%’g%&a ne 15 Figure 287 is a flow diagramfor acRossiies
program capabl e of automati ng the decoding of a set of code bl ocks and
their associ at ed spectra. SUWWARY OF THE | NVENTI ON
-40-
27 ASA 008709
28 ASA 008710
29 ASA 008711
30 ASA 008712
31 ASA 008713
32 ASA 008714
33 ASA 008715
34 ASA 008716
35 ASA 008717
36 ASA 008718
37 ASA 008719
38 ASA 008720
39 ASA 008721
40 ASA 008722
41 ASA 008723
42 ASA 008724
43 ASA 008725
44 ASA 008726
45 ASA 008727
46 ASA 008728
47 ASA 008729
48 ASA 008730
49 ASA 008731
50 ASA 008732
51 ASA 008733
52 ASA 008734
33 | ASA 008735
54 ASA 008736
55 ASA 008737
56 ASA 008738
57 ASA 008739
58 ASA 008740
59 ASA 008741

60 ASA 008742



20 In brief summary, the invention is the application of nmass

or isotopic encoding in the inprinting of coded information into or in
conj unct iwoenstdssmat eri al s or processes shch that the det aipcrusezosed: t he
conponents or process steps can be easily determ ned by 25 one or nore of

the methods of mass spectronetry, nuclear megneti c resonance
spectroscopy, or infrared spectroscopy, I ncl udi ng the techni que of
Ranen spectroscopy. In a preferred enbodi ment, the invention is a
nmet hod of encoding the products of gﬁgpinatorial synt hesi s by
I sotopically doping a portion of a 30 c I natorial chem stry construct
and anal yzi ng the

61 ASA 008743

62 - ASA 008744

63 ASA 008745

64 ASA 008746

65 ASA 008747

66 ASA 008748

67 ASA 008749

68 ASA 008750

69 ASA 008751

70 ASA 008752

71 ASA 008753

72 ASA 008754

73 ASA 008755

74 ASA 008756

75 ASA 008757

76 ASA 008758

77 ASA 008759

78 ASA 008760

79 ASA 008761

80 ASA 008762

81 ASA 008763

82 ASA 008764

83 ASA 008765

84 ASA 008766

85 ASA 008767

86 ASA 008768

87 ASA 008769

88 ASA 008770

89 ASA 008771

90 ASA 008772

»91 ASA 008773
92 ASA 008774
93 ASA 008775

94 ASA 008776



conbi natori al reaction products by mass spectronetry, nuclear magneti c

resonance spectroscopy or infrared spectroscopy. WO 97/ 37953
PCT/ US97/ 05701
WO 97/37953 PCT/US97/0570%
-42-

95 ASA 008777
96 ASA 008778
97 ASA 008779
98 ASA 008780
99 ASA 008781
100 ASA 008782
101 ASA 008783
102 : ASA 008784
103 ASA 008785
104 ASA 008786
105 ASA 008787
106 - ASA 008788
107 ASA 008789
108 ASA 008790
109 ASA 008791
110 ASA 008792
111 ASA 008793
112 ASA 008794
113 ASA 008795
114 ASA 008796
115 ASA 008797
116 ASA 008798
117 ASA 008799
118 ASA 008800
119 ASA 008801
120 ASA 008802

"121 ASA 008803
122 ASA 008804
123 ASA 008805
124 ASA 008806

125 ASA 008807
126 ASA 008808
127 ASA 008809

128 ASA 008810



-11- In overview, the invention conprises several enbodi nents.

Firstly, the invention conprises a nmass-based, non-chem cal met hod
for reconglbeestdss reaction of at |least a portion of a PO 9OSYTI08D1ISEr | €S
on each of a plurality of unique solid supports, the 5 nmethod conprising:
preparing a plurality of agents each having a uni que defined nass;
preparing a group of unique solid supports; reacting each solid
support group with a different chem cal reagent under a controlled
reaction condition; mxing these -43-

129 ASA 008811

130 ASA 008812

131 ASA 008813

132 ASA 008814

133 ASA 008815

134 ASA 008816

135 ASA 008817

136 ASA 008818

137 ASA 008819

138 ASA 008820

139 ASA 008821

140 ASA 008822

141 ASA 008823

142 ASA 008824

143 ASA 008825

144 - ASA 008826

While in principle any number of codes can be
generated, the greatest utility is achieved by minimizing the size
of the encoding unit, which will likewise minimize the chemical

5 investment in it,



product groups together and then dividing the m xture of unique 10 solid
supports into a plurality of groups for a second internedi ate or
final stage; repeating the reacting stage with a chem cal reagent

under a WORB3MBed reaction condition at | east once to pr RCTIESH05701
plurality of final products, having different products on the

different individual unique solid supports; each of the unique 15 defined

mass agents being reacted with either each of a group of uni que solid
supports; each of a group of first chem cal reagents in a reaction
series; each of a group of second chem <¢44- reagents In a reaction
series; or each of a group of subsequently added chem cal reagents in

a reaction series; such that each of the group
The disclosure of the following references is incorporated in their

entirety herein by reference: Atherton,E. and Sheppard,R.C.
(1989) Solid Phase Peptide Synthesis: A Practical Approach. IRL
Press, Oxford. Bodanszky,A. and Bodanszky M. (1984) The

5 Practice of Peptide Synthesis. Springer-Verlag, Berlin.

Example 2

Three commercially available (isotopically doped bromoacetic
10  acids provide three encoding moieties

i /'j‘l:\ on “ﬁ

T [

Br Br 8r

The following synthesis scheme illustrates one variant of the ratio

15 approach. 21 Pools of bromoacetic acid, each having ratios of
C12 to C13 that progress in 5% increments of from 0% to 100%
of each are prepared, in this case with the isotope doping occuring
at the number one carbon only.



20 of unique solid supports, group of first chem cal reagents, group

of second chem cal reagents or group of subsequent chem cal reagents
has been r &¥Qwvwar9sst h an agent having a defined mass that i's
different fromany other defined nmass agent reacted with anyPCI/USI7@8t0er of
the aforesaid groups; the unique defined nmass agents 25 being capabl e of

bei ng anal yzed and wherein such anal ysis defines the choice of a first
chem cal reagent, reaction condition under which the first chem cal
reagent was added, second chem cal reagent, reaction condition under
whi ch the second chem cal reagent wa ded, subsequent chem cal

reagent, or reaction 30 condition under which the subsequent chem cal

reagent was H
Hoﬁm c\/ Br 12.13" Br

@—. -@— R'NH,, DMSO
DiC, DMF l 20 Pools
20 pools H

Rt o

. i
‘?-“’c\/u Br 12190 l
— Ny Ho W N\

H 1 pool H 14
(o} R o
A ’
R2NH,, DMSO ’.__N/ \/Y\N/ " o o
20 Pools ] [ —
H (4] 2R DIC, DMF
1 pool
0 ARl
maﬂ\/l N/ﬁ\/
.-( \"/\ - R®NH,. DMSO
' , 20 Pools
H o R
0 R o

ol I

N

_ Si i
® T/ W/\ “u o Sifge Cevuing Acey
H o !
- o »
el T
° / C\/ N\
5 Cleave

H (o} zﬂ 20 Pools



added. The nmethod is particularly preferred in perform ng an assay or

usi ng separation techni ques including colum or plate chr omat ogr aphy
or fluorescence assistance cell scanning to find reaction products
havi ng WoWaB&EMeristic of interest and then WO 97/ FEIBCS97/05701

PCT/ US97/ 05701

-46-

0 at

l

i 1
1219 N N
in” ~ Y\l Cap
6 =

The R1 moiety is encoded by the C12 to C13 ratio
sample, the R3 is encoded by the pool number from R3 was taken,
5 and the R2 moiety is encoded by subtraction of the known R1 and
R3 masses from the total construct mass.

i 3 14,15
10 ioi _ -N14,15




-12-
pr oduct s.

det er m nagoowsmisst he first chem ca

sequence.
al i phati c,

perform ng the identification analysis on such reaction

This nethod is particularly preferred with respect to the

Reaction products can include a non-oligonmer whichis 5
alicyclic, aromatic, or heterocyclic or an oligoner

I's an oligopeptide, oligonucleotide, oligosaccharide,

5

10

47-

@] wk#1 HHoode #1]—{code 421 Wk#2 {—NH, = @N,H
'
H

0o

watonghyon o @yl Lo
b @”'LR%I e,

H

o N o
o) O N;R‘
- W ge DM
b s N.Q(NH b sy N
@ "
1415 N at both positions
?3
. o ° N.ge
1
KN 'S &
“"5N§<
RZ

(a) Encoded resin, 1-hydroxy-7-azabenzotriazole,
diisopropylcarbodiimide, DMF; (b) trans-()-3-phenyl-2-
(phenylsulfonyl)-oxaziridine, CHCI3; (c) Aldehyde, (X%:Y %)

J4NH40Ac:15NH40Ac, AcOH/CHCI3 (50:50); (d) (i)
Pd(PPh3)4, CHC13/4-methylmorphline/AcOH (90:5:5), (ii)
sodium diethyldithiocarbamate/diisopropylethylamine/DMF
(99:0.5:0.5); (¢) Amine, PyBOP, diisopropylethylamine, DMF;
(f) TFA/H20 (95:5)

reagent added to the r eaarusInos701

whi ch



pol yli pid, polyester, polyam de, polyurethane, polyurea, pol yet her,
pol yphosphorus derivative where the phosporus is taken fromthe group
consi sting of phosphate, phosphonate, 10 phosphoram de, phosphonami de,
phosphi tWO YR Mosf i nami de, or pol ysul fur derivative SO7O§W1s | f ur
Is taken fromthe group consi sting of sulfone, sulfonate, sulfite,

sul fi nam de, or sul fenam de. 15 Preferred neans of anal ysis
are by mass spectronetry (MS), nuclear magnetic resonance (NWR)
spectroscopy, and i nfrared or Raman spectroscopy. These neans of

anal ysi s produce -48-

Example 4: An Example of Isotope Encoding Using the '2H Isotope Ratio in
the Form of a Reagent - NaCNBD,
This example incorporates by reference the disclosure of Lebl, M. et al,,
Drug Development and Research 1994,33,146-156)

O

H
ao’lk("‘moc
20 % Piperidina/DMF

e, . w e i i, i
- l!l oc 1 pool

H DIC, HOBT, DMF

20 pools
‘ U R2CHO ‘ O j NaCNB'H;3 NaCNBzHa
:’: R " 20 pools "»‘JH/N X%:Y%)
H A 20 ratios, 20 pools
E. Na*
1o TN 2 1,
HyH e o R\I/ 2H
Ozﬂj)’\ m Na* N “H
@ N g oA
¢
- H R - 1 pool
R3CO.H o AL T 2p 2y
Oz oY Cleave oY
.\ R3 v H Ra
- -DiIC, HOBT, DMF N ‘g’ 20 pools N \g
. 20 pools H A H R'

First reagent mass encodes R!
1.2 H ratio encodes R?
Pool number encodes R



distinctive peak patterns used in analysis, identification, coding and
decodi ng strategies. The nass spectroneter in particular 20 produces
uni que siyw@leg3ME3s peaks, uni que doubl e mass peaks, UpicassopesTos Of
si ngl e mass peaks, uni que pairs of double mass peaks and ot her unique
mul tiple peak patterns, which are additionally capabl e of being
transl ated i nto nmachi ne-readabl e patterns, including bar codes. The
NVR, IR and Raman net hods 25 al so produce useful unique peak patterns that
can be transfornmed into machi ne-readgpl e patterns, including bar
codes. Such patterns, including machie-readabl e patterns, can be
assigned in encodi ng strategies to represent discrete chem cal
reagents added Example5: EmodingUsingF«;'urPgsgb':aDiasteremrsofUnM,Code

and Link2

(::)/N02
= ot I
o Io{zi, X gj\/oo\



in a chemcal reaction series, or assigned to represent discrete 30

chem cal reaction conditions under which a chem cal reagent was added
in a reaction series, including, but not limted to, concentrations,

t enper at WOPFB37Messures, catal ysts, enzynes, el ect r orpEEMSI7OSTIET QY

I nparted to the system (visible |ight conditions, irradiation, etc.),
and so on. This is done by initially

-50-

Example 6: An Example of isotope Encoding Using the
H'2 Isotope Ratio in the Form of a Reagent - NaCNBD,

H
H N, FMOC H
.\N,H R? k .\Nj\(& 20 % Piperidine/DMF
I

III “FMOC -
DIC, HOBT, DMF H & 1 pool
20 pools
2 .
l';l chHo 0 Rm NSCNBIHa : NaCNB"’HE
@, A, . N
4 A 20 pools N X%:Y%)
H R! 20 ratios, 20 pools

F m Na* i

’H],:f‘i-l . . o"’nYmH
oznﬁ)r\ m Na* ’:‘J\(N‘“

Y 1
@, J & gl H R

i N
H R' - 1 pool
3 2 12 2p 2y
R'CHO C>R‘r/ H Cleave ey
.\ N_R® H\N’u\vaRs
NaCNBH; N ~ 20 pools 1 ]
~- 20 pools H R! H R
Monomer mass encodes R’
12 Y ratio encodes R?

Pool number encodes R?

r Ex 1



WD 97/ 37953 PCT/ US97/ 05701
- 13- égenerati ng recognition patterns for unique nmass defined agents
whi ch are S¥PR&B795¥e-readabl e or nachi ne-readabl €. The patterPrésr

resulting fromthe analysis steps are then conpared to the ’qsé’&"Bﬁmition
patterns for identification and decoding, with or

-51-
o o~ (o] -
O QL =, O
OH +
HO o0~ ZnCl, / 60°C H o
1
o o~
OnEo H,0 / NaOH ~
+ Y el 2 —»= HO @ @
o KI/ 85C o o~
o)
2
OH 0~
NaOH / NaBH4 HO
MeOH / 40°C
3
Fmoc-**NH, l
Di
oxane / Ph503H ‘SNH o
: joge!
HOWI/\O o”
o

4



5 wthout the assistance of a machine. Recognition patterns and
anal ysis patterns that are machi ne-readabl e are capabl e of being

stored ekgg%%g?ically in suitable conputer storage and nmenory devi ces
wel I known MNdse of ordinary skill in the art and such pcrruss#eésf
patterns forma readily retrievabl e database that also forns 10 a cl ai ned
enbodi ment of the invention. Mass agents used in these nethods
are preferably a nol ecul ar entity such as a solid state chem stry
support resin bead | i nker which has had one or nore of its atons

replaced by an 15 isotope of that atom.§Rhus altering the mass, but not
the chem ca

Cl 15NH2
al BNH, /HO o~

Dimethoxyethane

NH; j DIC
. OT"™NH 07  pMF

”°~,(~o,



properties of that chem cal entity. Another alternative mass agent S

to sinply repeat the appearance of such a nolecular entity an I nt egral
nunber of PY$EE?¥”P;&I i near chem cal construct. 20 ;Eﬁagﬁ%gﬁg of
the invention can be performed using solid state chem stry bition
chem stry. Reaction products can be cl eaved off of a solid support for
anal ysis, or the entire construct can be anal yzed. Chem cal reagents
added to a reaction series can i ncl ude one or nore that can act as a
substrate for the 25 determ nation of bipgang specificity to a chemica
conmpound of interest. Any or all of the steps of encoding, synthesis,
anal ysi s

50% 1N
o (
‘J. 1. 20% Piperidine / DMF

\

O™ °NH ——
B
nro -’ 2a. HOWKQ/\ r
O ° O

DIC / DMFE




and decodi ng can be autormated with the aid of suitable conputer means
and robotics neans, all by nethodol ogies well known to t hose of
ordinary skill in the conbinatorial chem stry, 30 spectroscopy, conputer
sci ence, W@8mH3M¥S8s and optical scanning arts. PCT/USPIOSBhvent i on
al so conprises a kit nade up of a set of conpounds prepared for the
encodi ng, synthesis, analysis and

-54-

-

0.0
IR + Q o
HO R
e Oy
K_.so% ISN o 't
. &b 50% 5N
Example 7
o | o” o o7
o POCl,
¥ ZaCl, 7 60C
HO o’ 2 HO o~
5 1

1 - In a 500 ml three-neck round-bottom flask, charged with a
stir bar, fitted with a reflux condenser, and 60 ml addition funnel
(under nitrogen), was placed 50.5 g 4-hydroxybenzoic acid, and

10 95 ml 1,3-dimethoxybenzene. 123.33 g zinc chloride was added
and the mixture was heated to 60° with an oil bath. 126 ml
phosphorus oxychloride was added drop-wise over aprox. 30 min.
After addition, the reaction ran for 90 min at 60°. The dark red
mixture was poured over 1.5 L of ice (under heavy mixing), and

15 to this was added 276 g sodium carbonate, in small portions
(significant gas evolution was observed). 400 ml ethyl acetate was
added and the aqueous was extracted with another 500 ml ethyl
acetate. The organics were combined and washed twice with
brine and dried over mag. sulfate, filtered, and concentrated in

20 vacuo at 40°, and further dried under vacuum to give 142.2 g of a
redish-pink solid. The solid was tritrated with 400 ml hot hexane,
filtered, and dried to give 63.3 g of a pink solid. Recrystalization
from 75ml hot methanol gave a first crop yield of pure 2,4-
dimethoxy-4-hydroxy-benzophenone (1) as a light-pink solid

25 (21.9%).

Example 8
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- 14- decodi ng net hods descri bed above of chem cal reagents and
reacti on worsdiaz#sans i n chem cal reactions of interest in aPCI/US97/05701

-55.-

+ @Naa’j(\c, H,0 / NaOH
o) e R
HO < KI/ 85°C
o o”
HOY\O/
o

2

2 - In a 500 ml recovery flask was added 20.043 g of 2,4-

5 dimethoxy-4-hydroxy-benzophenone, 150 ml water, 0.75 g
potassium iodide, and 82.5 g sodium chloroacetate. The mixture
was then heated to 85° in an oil bath. To the mixture was added
50% NaOH (w/v) in small amounts, to maintain the pH at 11-14.
The reaction was followed by TLC (2/5 methanol/methylene

10 chloride) until the reaction was complete (3 hrs). The reaction
solution was transfered to a 500 ml erlenmyer flask, while still
hot, and cooled to room temp. 150 ml ethyl acetate was added
and the solution was acidified to pH 2 with conc. HCl. The
solution mixed overnight. The large amount of white precipitate

15 was filtered and washed 3 x 50 ml water. The off-white solid was
dried under vacuum to give a first crop yield of 16.17 g pure 2
(66%)




conmbi natorial synthesis, where the conpounds in the kit have
di fferent distinguishable masses, but the sane chem cal properties. 5
Such kits can conprise solid state supports attached to isotggécal%é

adi ly

doped | i M&¥87Beri es or conbinations of isotope m xtures FGE/USIT/OS

i dentifiable ratios, or a variety of conbinations of | sotopically
doped chem cal noieties (also called code bl ocks herein) wth coval ent
bonds or or other organic noieties as links 10 or |inkers.

The invention also conprises kits of solid state supports that have

been prepared so as to bear unique defi rR$@- mass agents on

Example 9
o o”
O)k(j NaOH / NaBH;
—
"°~“/~o o” MeOH / 40°C
o)
OH 0”7
HOY\OO/
O
3

5 3 -In a 100 ml recovery flask was placed 1.00 g of 2, 32 ml
methanol, and 3.2 ml 1N NaOH. This clear solution was warmed
to 50° in an oil bath. To the solution was added 0.18 g sodium
borohydride in small amounts. The reaction was allowed to
proceed for 2.5 hrs. The reaction was then cooled to room temp.

10 and the solution was concentrated to a small volume. The mixture
was acidified with 2N HCI and the solution was concentrated
further to remove the methanol. The solution was extracted with
ethyl acetate. The organics were washed with brine, dried over
sodium sulfate, filtered, concentrated, and dried under vacuum to

15 give 0.98 g of a light pink foam 3 (97.5%). The product was
used immediately for the next step.

Example 10

cl @ TNH,
- o~ 15NH, / HyO o~

[a] e . o

Dimethoxyethane Q

20

“In a 200 ml recovery flask was placed 10.0 g of Fmoc-Cl, which
was disolved in 100 ml of 80% dimethoxyethane. To this mixture
was added approx. 35 ml of 10% 15N-ammonia in water. A
25  white precipitate began to form. The pH of the mixture was
brought to 7-9. The reaction was allowed to proceed for 30 min.



their surface. Solid supports can be resin beads in a wi de range of 15

si zes of fw}{r%%,’é% 10,000 [err]min dinmension. The support itself can

be i sotopica ped by incorporating an isotope into the pcrasyfgEee!
structure of the support. This differentiates the mass of t he support
fromlike supports, but does not change its chem cal properties. Such
solid supports would then be used in the nethods 20 of the invention.
Groups of such uniquely mass-defined supports can conprise libraries,
which are al so an enbodi nent of the Lgpention as clained herein.

The reaction was acidified with 12N HCI and th i i
acidi e white solid
filtered off and air dried. Further drying under vacuum gav: :s

first crop yield of 8.072 g pure Fmoc-15N ' i
o« gp H2 as a white crystaline

Example 11
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4 - In the 100 ml recovery flask used to dry 3 was added 20 ml
5 dioxane, 0.75 g Fmoc-15NH?2 and 0.25 g benzenesulfonic acid.
The reaction was heated to 40°C for 18 hrs. A large amount of
light gray precipitate was noted. The mixture was added to water
and the light brown solid was filtered and purified by flash col.
chromatography (100% ethy! acetate, then 98% ethyl
10 acetate/acetic acid) to give 0.37 g of pure 4 as a light-brown oil.

Example 12



EVMBODI MENTS AND BEST MODE OF THE | NVENTI ON The term
"isotopic doping" or "isotopically doped" is 5 wused here to nean the

i ntroductwo®”B™® a nol ecul e of an i sotope of one or REXASITOIME at ons
normal |y appearing in that nol ecul e. A"link" is a

coval ent bond or a nol ecular noiety that is suitable for |inking two
portions of a construct together. 10 A "linker" is a

noi ety conprised of a code bl ock, a first link for bonding the code

bl ock to a solid support or other -59.

O
J _ DIC
O” ISNH »
‘O" NH + ) % DMF
HOY\ o o/
9

5 - In a 10 ml shaker tube was placed 0.50 g of aminomethylated
polystyrene (0.21 mmol/g). To the resin was added a solution of

5 0.1845 g 4 15N-Knorr linker and 0.184 g commercial 14N-Knorr
linker in 5 ml DMF, and 0.164 m! diisopropylcarbodiimide. The
coupling ran on a shaker for 5 hrs. The coupling solution was
filtered off, and the resin was washed with DMF and CH2Cl2, and
dried under vacuum (ninhydrin negative) to provide 5.

Example 13



noi ety, and a second link for bonding the code block to a |igand or

other noiety. 15 A"linker mx" is a mxture of two

I sot opi ¢ distinct but chemcally identical nolecules, the nm x
g‘1(;Q/7’3'7a1"’:"screte ratio of first isotope to second i sbtHFE2705%3

havi ng a
A "code block” is a nolecule or series of nolecules cont ai ni ng one or
nore isotopically doped atons or having a repeati ng nunber of
nol ecul es in series, such that its nass can be di scretely defined and
differentiated fromany ot her code bl ock.
-60-
50% N
j 1. 20% Piperidine / DMF
0% NH 0~ —
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DIC / DMF

2. Q
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DIC / DMF
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25 A "doped" atom code block or noiety refers to an

entity in which an atomin a nol ecul e which has been repl aced by one
of its iswioogmzesiDoped atons as contenpl ated by this inventPovussmeszemcl ude
all atoms found in organic chem stry having isotopes and in

particul ar, hydrogen, carbon, nitrogen, fluorine and oxygen. 30
Non-radi oactive isotopes are generally preferred over radi oactive
ones. The term "nononer" is used herein not only to
denote subunits that make up a linear nolggul es such as am no

d 4
TFA Qo (o)
— + 0
HO P
SRS
O “*NH
k—50% 15N L
6
2 &b 50% 15N

6a & 6b - In two 5 ml shaker tubes, each with approx 10 mg of
resin S, 2 x 4 ml of 20% piperidine/DMF was added to both.

5 Both were then washed with DMF (ninhydrin pos). To the first
shaker was added 0.0246 g of 4-bromomethyl benzoicacid, 0.05
ml DIC, in 1.0 ml DMF. To the second was added 0.0168 of the
ylide-acid, 0.05 ml DIC, in 1.0 ml DMF. Each reaction ran on a
shaker overnight. The resins were washed with DMF, methylene

10 chloride, and dried under vacuum (ninhydrin negative). To the

dry resins was added 1.0 ml of 95% TFA/water and the cleavage
ran for 1 hr. Filtered the solutions and concentrated to give 6a

and 6b. ESI-MS showed an aprox. 46% 15N ratio.

15
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15NH, O o °'N§:|
EBN
OH + [ o) -
H,O/CH,CN
NO;
o
thsNH O
OH
NO,
o 15NH, O
C(“ 1SNH,0Ac/ HOAc @k)LOH
o
~- NG, Malonic Acid NO,

A
1

5« Example 15-Ratio Codes

1 - A solution of 1.511 g 2-Nitrobenzaldehyde (10.0 mmol),

1.563 g malonic acid (15.0 mmol), 2.00g 15N(98%)-ammonium

acetate (25.6 mmol), in 5.0 ml acetic acid (99.999%) was heated
10 to 100° with an oil bath. As noted in the Oelschliger



acids, but also to denote starting chemcal materials and chem ca

reagents that are chemcally reacted with one another in conbi nat ori al
cheni st r yWory@i?® synthesis to produce nol ecul es t hat BEPURSVOMhear
such products including so-called "small 5 nol ecules” which are organic
nol ecul es of 500 Daltons or less in nmol ecul ar weight. As used herein, -
the terns "nononer" and "chem cal reagent" are interchangeabl e.

A "reaction series" as used herein refers to a series of 10 steps in a
chemi cal synthesis in a conbinatorial sym§Besis fornmat.

experimental, during heating there was a temporary, almost
colorless precipitate (ammonium salt of the benzyliden
compound). After 5 hours of heating, 8.0 ml of 25% HCl was
added and heating continued for another 5 hours. To this mixture

5 was added 12.0 ml of water and the reaction was cooled to room
temperature. A light brown precipitate was filtered off and the
filtrate was evaporated to almost dryness. The-solution was then
briefly boiled with activated carbon and filtered. The filtrate was
made basic with the addition of concentrated ammonium

10 hydroxide. 1 precipitated as a yellowish solid. The solid was

then washed twice with water, once with 50% methanol in water,
once with 1:1 methanol-ether, and three times with ether. The
solid was then dried under vacuum to yield 0.8 g pure product 1
(38%).

o
" 0-N
e § o— ij Et3N
OH + o 0 -
C('\)L H,0/ CH,CN
NO,

15

0.470 g (2.22 mmol) of 1 was suspended in 5.0 ml water, and

subsaquently dissolved by the addition of 0.299 (2.13 mmol) ml
20 triethylamine. To this solution was added 0.757 g Fmoc-OSU

(2.25 mmol) in 5.0 ml acetonitrile. The reation then ran for 30



A "solid support” is one or materials upon which conbi nat ori al

chem stry syntheses can be perforned, including beads, solid surfaces.
solid s trates, particles, pellets, disks, 15 capillaries, hollow

fi bers,q'ﬁéé’%fsgg? solid fibers, cellul ose beads, por e PGRASITATYs
silica gels, polystyrene beads optionally crosslinked with

di vi nyl benzene, grafted co-pol ybeads, poly- acryl am de beads, | atex
beads, dinethyl acryl am de beads optionally cross-linked with

N, N - bi s-acryl oyl ethylene diamne, 20 glass particles coated with a

hydr ophobi ¢ pol ymer, fullerenes and -64s0l ubl e supports such as | ow

nmol ecul ar wei ght non-cross-1inked

min. (pH = 10). The slurry was evaporated and diluted with 5.0
ml water and 10.0 ml ethy! acetate. The pH was adjusted to 2
with 12N HCIl. A white solid precipitated. Filtered and extracted
with ethyl acetate. The organics were washed with 2N HC], H20,

5 and brine, dried over mag. sulfate, filtered and evaporated to give
a white solid which upon tritration with ethyl acetate and hexane
gave 0.36 g pure 2 (0.37%).

Well array:

OEEEEEE®E
EEEE®EE ™
EEEEE

Percentage/ratio solutions of 14N/15N-photolinker were
generated in the following manner (from 10.5 ml stock solutions
15 DMF of each photolinker).

10

0% = 20 x 0.050 ml of 10.5 ml 14N-photolinker, and 0 x 0.050
ml of 10.5 ml 15N-photo
5% = 19 x 0.050 ml of 10.5 m! 14N-photolinker, and 1 x 0.050
20 ml of 10.5 ml 15N-photo
10% = 18 x 0.050 ml of 10.5 ml 14N-photolinker, and 2 x 0.050
ml of 10.5 mi 15N-photo
$5% = 17 x 0.050 ml of 10.5 m! 14N-photolinker, and 3 x 0.050
ml of 10.5 ml 15N-photo
25  20% = 16 x 0.050 m! of 10.5 mi 14N-photolinker, and 4 x 0.050
ml of 10.5 m! 15N-photo '
25% = 15 x 0.050 ml of 10.5 ml 14N-photolinker, and 5 x 0.050
ml of 10.5 ml 15N-photo
30% = 14 x 0.050 m! of 10.5 ml 14N-photolinker, and 6 x 0.050
30 ml of 10.5 ml 15N-photo .



pol yst yr ene. A "construct” is a covalently bonded entity

25 conprising, in any conbination, sonme type of solid support, one or

more |inkey@o79R83 Or nore code bl ocks, and one or nore POTAYBs701

A "ligand" 1s a chem cal reaction product of interest. 30 A ligand can be

part of a larger construct, where the ultinmate goal WIIl be to

I dentify and/or cleave the |igand apart fromthe rest of t he construct
-65-

35% = 13 x 0.050 m! of 10.5 ml 14N-photolinker, and 7 x 0.050
ml of 10.5 ml 15N-photo
40% = 12 x 0.050 ml of 10.5 m! 14N-photolinker, and 8 x 0.050
ml of 10.5 ml 15N-photo
5  45% =11 x 0.050 ml of 10.5 m! 14N-photolinker, and 9 x 0.050
ml of 10.5 ml I5N-photo
50% = 10 x 0.050 m! of 10.5 ml 14N-photolinker, and 10 x 0.050
ml of 10.5 ml 15N-photo
55% = 9 x 0.050 ml of 10.5 ml 14N-photolinker, and 11 x 0.050
10 ml of 10.5 ml 15N-photo
60% = 8 x 0.050 ml of 10.5 m! 14N-photolinker, and 12 x 0.050
ml of 10.5 ml 15N-photo
65% =7 x 0.050 ml of 10.5 m! 14N-photolinker, and 13 x 0.050
ml of 10.5 ml 15N-photo
15 70% = 6 x 0.050 ml of 10.5 ml 14N-photolinker, and 14 x 0.050
ml of 10.5 ml 15N-photo
75% = 5 x 0.050 ml of 10.5 mi 14N-photolinker, and 15 x 0.050
ml of 10.5 mi 15N-photo
80% = 4 x 0.050 ml of 10.5 ml 14N-photolinker, and 16 x 0.050
20 ml of 10.5 m! 15N-photo
85% = 3 x 0.050 ml of 10.5 ml 14N-photolinker, and 17 x 0.050
mi of 10.5 ml 15N-photo
90% = 2 x 0.050 ml of 10.5 ml 14N-photolinker, and 18 x 0.050
ml of 10.5 ml 15N-photo
25 95% =1 x 0.050 ml of 10.5 m! 14N-photolinker, and 19 x 0.050
mt of 10.5 ml 15N-photo
~100% = 0 x 0.050 ml of 10.5 ml 14N-photolinker, and 20 x 0.050
ml of 10.5 ml 15N-photo

30
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Starting with 6.3 g of aminomethyl polystyrene (0.21 mmol/g),
divided into 21 equal lots of 0.300 grams each, were added the

5 1.0 ml solutions of varying ratios of 15N-2 and 14N-2, in 5%
increments (0%, 5%, 10%, to 100% 15N-2 photolinker) (see
CDW fig. 1). These solutions were generated by disolving 0.4988
g 14N-2 photolinker and 0.500 g 15N-2 photolinker, and using
0.050 ml aloquats of each (20:0, 19:1, 18:2, to 0:20). To the

10 mixture was then added 0.169 ml diisopropylcarbodiimide. The

samples were then mixed and the coupling ran overnight (approx.
16 hours). The resins were washed 8 times with 1.5 ml DMF,
and then with copious amounts of methanol.

15 Approx. 0.1 g of each lot was combined into 7 lots consisting of
the following ratios per lot (see CDW fig. 2). These 7 resin lots

were used in the Tertiary Amine Library Study.
«Well array:
100%

4
0%, 5% 10% 15%,} { 20%, 25%, 30%, 35%,) {40%, 45%,\ [ 50%, 55%
70% 75% ao% 85% 90% 95%

20




I n general, the nmethods of the invention nmake use of sonme variant of a

construct of the non-limting general fornula: [err] 5
| sot opes sy@otmeited i nto such constructs via doped |inks. pthragsormsror

HJ‘\/'D 1. 20% Pipredine/DMF
-
O.N 2. 15N-Fmoc-Ala-OH
DIC/ DMF
I’sNHFmoc
OHISN"TO

Bogses

Approx. 0.1 g of each resin lot ratio was coupled with 0.50 ml of
5 a10.5 ml, 0.55 g 15SN-Fmoc-Alanine-OH in DMF solution,
followed by the addition of 0.169 ml DIC. The coupling then ran
overnight. The resins were washed with copious amounts of
methanol and dried under vacuum (ninhydrin negative).

10 A small amout of each resin lot, approx 0.01 g, was photo-cleaved
for 4hrs in 0.200 ml 3:1 water/THF., MS was subsequently
performed.

le 16- ton o - istinguishabl

1s NMR



after the determ nation has been nmade as to what will constitute a
chemcally suitable link, the link is synthesized using one or nore
atons of the link that has been substituted by an isotopic formof 10 that
atom TIVOP92RTH/Pic formis chemically indistinguishable frRgawUs7/0510ME
non-isotopic formof the link. The isotopic formis, however

physi cal |y di stingui shable fromother isotopic fornms by M or NVR
anal ysis. This physical difference is nanifested by differently
appearing M5, IR, or NVR peak patterns. A wide 15 variety of isotopic
insertion or doping strategies are availggl e, | eading to a | arge
nunber of physically distinguishable chem cal noi eti es, each having
its own distinctjve peak pattern. ,The

ovabiochem TGR resin coupled with **C,-Fmoc-gly-OH.
Both the carbonyl carbon and methylene carbon of glycine
were evident by *C NMR of the resin in CDCl,.
Additionally, these carbons could be integrated against the
standard PEG signal that would remain constant
throughout & the Ratios of *C linker/ligand could be
varied and subsequently determined (ligand resolution) by
this non-destructive method.

0.0
Y
tag-NH

13
HN® C.

Neg ot T,

Novabiochem TG resin coupled with **C,-Fmoc-gly-OH

oA Sacases

-



exi stence of such distinctive peak patterns neans that the isotopic
forms can be used to create a code that can be used in various 20 encoding

strategi esW@9maesi |y identify different chemical entities or
conditions that can be used during a conbinatorial synthesisPCT/USY?Bs50er al
of such encoding strategies are given bel ow. El ect rospray
mass spectronetry provides nass and 25 ionic charge intensity information
for a given nolecular entity. In general, smaller nolecules only
appear in the spectrumonce as si ngly _charged species, and the effect
of 1sotopic conpositional variation rééults in a very predictable

quant um mass shift. Thus,
Novabiochem TG resin coupled with

13~ 15 \
C, “N-Ph .
could have a hard ratio 13C to 13C tag, otolinker. This linker

as well as a cleavable 1N tag,

Oz2N
‘,O" oo~ A I
o] H'N?O
O

495

Ex .



for exanple, a nolecule having a nol ecul ar weight of 304 will 30 produce a

peak at 305 (M+ 1) on a nass spectroneter (MS) spectrum |If .a

nitrogen atomin such nol ecul e having an atonic WO 97/ 37953

PCT/ US9 WO03731953 PCT/US97/05701
-70-

¥C NMR quantitation study on a ratio of BC labled acetic acid to non-labled
acetic acid bound to Tenta-Gel-NH, resin. The C acetic acid carbonyl can be
integrated against naturally occuring 3C in the PEG portion of the TG-NH, resin.
A differentiation of 5% increments is observed.

(-' 0% 3¢ acetic acid

H
N
1 ./OA A
Ratio of 13C labled acetic acid carbonyl

H to naturally abundant ¢ {1.1% 13C)

2 ',O/\o’\(’ 0\/,'?/\, N‘ﬁ/ acetic acid carbonyl. 5% *C acetic acid

° coupled to TG Amine resin.
o §
o R
N
ne ”
o T
H
‘QA oA
o
H
.@/~ 0/\(, 0\/')“0/\, N.l.',/
)
Y
- o~ oM
"(— 100% 1°C acetic acid
H




- 18- wei ght of 14 (Nerr]) is replaced (by isotopic do

pi ng, as that

termis used herein) by isotope Nerr], then the Ms peak will shift to
t he wWaebismErci sely one unit to 306. Furthernore, such pcypvspio8redopi Ng

will not affect the ionization or chem cal reactivity of the

5 ol ecul e.

The ability to neasure both of the properties of nass and ionic

Intensity with reasonabl e accuracy (i.e. nmass to about
units and relative intensity to about 3% provides

-71-

0.1 atom c nBmss

Isotope Labeled Glycine from Cambridge Isotope Laboratories
OH ha OH OH i ‘“
N /\ t’c/ M/ ™~ t/ Ma/\r OH
o Q | -
-}

Isotope Labeled Alanine from Cambridge Isotope Laboratories

]

| N
I
,.,./k o «m/’\”/"“ e
f I
[+ Q

2 1w

o
) 1)30mL 1: :Di
m/\c“/ou /n\p 2)) oL (l: H2.0 Dioxane
" + atr NaCOj; in H,O (pH=10)
o o -

N-Fmoc-L-glycine
5

1 g of each isotope labeled glycine (13.3 mmol) were dissolved in
15 mL of purified water and 1.4 g of sodium carbonate (see
* Figure GP1). 15 mL of 1,4-Dioxane was added slowly to each
and stirred. Over the period of two hours, 4.5 g of Fmoc-OSu
10 (9-Fluorenylmethyl-N-hydroxysuccinimide) was added to each

SUBSTITUTE SHEET (RULE 26)



the basis for a novel encoding strategy using isotopes to
| sotopically, rather than chem cally, encode a nononer to read a 10
synthetic history, instead of tagging a nolecule itself. Using the
met hods MO?T’fé”ﬁ%vent i on, encoding strategi es are devi sed PCEHI9Mes701 use
of the mass information alone, the relative intensity information in
two or nore mass peaks al one or a conbi nation of the two. The basic
nmet hodol ogy of the invention, which is to 15 insert different isotopes
into conbinatorial constructs to identify addi ti on of nononers or
chem cal conditions, gives rise to sggeral alternative enbodinents for
encodi ng and decodi ng, whi ch are capabl e of individual inplenentation
or in selected .

(see Figure GP3 for scheme). Additional saturated sodium

carbonate in water was added to maintain a pH=10. Solutions
were allowed to stir overnight. 6M HCl was slowly added to the
solution until the pH was approximately 2. Extraction of the
5 compound was completed using 50 mL of ethyl acetate, washing

four times with 50 mL of acidified/purified water. Aqueous
portions were washed with 50 ml. of ethyl acetate. Both portions
of ethyl acetate were combined. Magnesium sulfate was added to
remove any excess water. Samples were filtered and concentrated

10  using a RotoVap until the final volume was approximately one-
third the original volume. Crystallization was completed using
Hexane. Hexane was decanted and compound allowed to dry.

15 N-Fmoc-L-alanine

1 g of each isotope labeled alanine (11.2 mmol) were dissolved in
15 mL of purified water and 1.2 g of sodium carbonate (see
Figure GP2). 15 mL of 1,4-Dioxane was added slowly to each

20 and stirred. Over the period of two and a half hours, 3.8 g of
Fmoc-OSu (9-Fluorenylmethyl-N-hydroxysuccinimide) was added
to each (see Figure GP3 for scheme). Additional saturated
sodium carbonate in water was added to maintain a pH=10.
Solutions were allowed to stir overnight. 6M HCI was slowly

25 added to the solution until the pH was approximately 2.
Extraction of the compound was completed using two times 150
mL of ethyl acetate, washing four times with 300 mL of
acidified/purified water. Magnesium sulfate was added to remove
any excess water. Samples were filtered and concentrated using a

30 RotoVap until the final volume was approximately one-third the
original volume. Crystallization was completed using Hexane.

~Hexane was decanted and compound allowed to dry.

The disclosure of the following references is incorporated
35 in their entirety herein by reference: Atherton,E. and
. Sheppard,R.C. (1989) Solid Phase Peptide Synthesis: A Practical
Approach. IRL Press, Oxford. Bodanszky,A, and Bodanszky,M.
(1984) The Practice of Peptide Synthesis. Springer-Verlag,
Berlin.
40



conbi nations. 20 Mul tiple preferred codi ng approaches using defined

mass agents w Il be discussed. These exanples are non-limting and
ot her W ' approaches are not neant to be excl uded. Péénmgﬁﬂﬁﬁle 1
Encodi ng Appr oaches Encodi ng Exanple A: Rati o Codi ng Approac

In a nost preferred enbodi nent of the invention, a

-73-

5 Fmoc-protected alanine, serine and lysine were purchased
from Bachem Bioscience. Fmoc-glycine was purchased from
Novabiochem. Isotopically labeled amino acids were purchased
from Cambridge Isotope Laboratories and were Fmoc protected
in house (GP). Fmoc Knorr linker was purchased from

10 Novabiochem. Fmoc-3-(2-nitrophenyl)-3-aminopropionic acid (a
photolabile linkage agent) was purchased from Universal
Organics. Aminomethyl polystyrene resin (0.81 mmol/gram) was
purchased from Advanced ChemTech.

Linkers were attached to solid support manually in reaction

15 shakers (CM). Resin was split to 85 reaction vessels on an
Advanced ChemTech ACT496 MBS. Resin was deprotected with
25% piperidine/dimethylformamide twice for 10 minutes, then
washed thoroughly with dimethylformamide. The first amino
acids were coupled as 0.142 M solutions in N-methyl-pyrolidone,

20 with PyBOP/Diisopropylethylamine in situ activation for 1.5
hours at room temperature. Boc deprotection was performed
with 25 % trifluoroacetic acid in dichloromethane for 30 minutes.
Acetylations were performed with 33 % acetic anhydride in
dimethyl formamide for 30 minutes. All couplings were verified

25 by ninhydrin color tests, Cleavage from the knorr linker was
accomplished in 90% trifluoroacetic acid, 3% each water, phenol
and thioanisole for 1.5 hours. Samples were dried under a
nitrogen stream, then dissolved in water and lyophilized twice.
Photocleavage was performed in 2:1 water:tetrahydrofuran under

30 uv lamp for 12 hours. Samples were lyophiliized once.

-~

This array was designed to produce 20 samples with singlet,
.35 unique molecular weights for positive identification by mass
spectroscopy. The samples were assembled in duplicate, one set
. of twenty on a chemically cleavable solid support, and the second
set of twenty on a photocleavable support. By using a
combination of one or two amino acids, a “coding region” was
40  generated before addition of the synthetic ligand (in this case



30 series of isotopically doped linker mxes n is prepared, with each
linker mx in the series conprising a discrete ratio of first isotope

to second isotope, and with each mx in the series differing in ratio
fromthewerenaresds or subsequent mx in the series by an  peor®gydsygnouNt .
Thus, for exanple, a series of 21 batches of doped

-74-

Acetyl-lysine). The twenty codes were constructed from the
following amino acids :

Glycine
5 Glycine (15N)
Glycine (2,2-D2)
Alanine
Alanine (15N)
Alanine (1-13C)
10  Serine

After the coding region had been assembled, lysine was
coupled as a test ligand as well as to generate a free amino side
chain for ease of observation by mass spectroscopy. The a-amino

15  group of the lysine was then acetylated.

The codes and ligand were assembled on polystyrene resin
functionalized with either Fmoc-Knorr or Fmoc-3-(2-
nitrophenyl)-3-aminopropionic acid linkers.

20
The array for the single peak positional code is shown below :
Figure 1
Position  Position  Position  Total
1 2 3 MW
1 Ac- X X 187
Lys-
2 Ac- X -GlyO- 244
Lys-
=3 Ac- X -Glyl1- 245
Lys-
4 Ac- X -Gly2- 246
Lys-
L Ac- X -Ala0- 258
Lys-
6 Ac- X -Alal- 259
Lys-
7 Ac- X -Ala4- 262

Lys-
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-19- nononmer can be prepared, with the first batch in the series
havi ng a ywalohar9es 100% of first isotope to 0% of second isopEFEss?os7or t he
second batch having a ratio of 95% of first isotope to 5% of second

| sotope, and so on until the 21st batch, which will have 0% 5 of first

| sot ope and 100% of second isotope. Each linker is further
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8 Ac- X -Ser- 274
Lys-
9 Ac- -GlyO- -GlyO- 301
Lys-
1 Ac- -Gly0- -Gly1l- 302
0 Lys-
1 Ac- -Gly1l- -Glyl- 303
1 Lys-
1 Ac- -Gly2- -Gly1- 304
2 Lys-
1 Ac- -Gly2- -Gly2- 305
3 Lys-
1 Ac- -Ala0- -Gly0- 315
4 Lys-
1 Ac- -Alal- -Gly0- 316
5 Lys-
1 Ac- -Ala0- -Gly2- 317
6 Lys-
1 Ac- -Alal- -Gly2- 318
7 Lys-
1 Ac- -Alad- -Gly2- 321
8 Lys-
1 Ac- -Ser- -Gly0- 331
9 Lys-
2 Ac- -Ser- -Glyl- 332
0 Lys-
Double Peak Positional Cod

This array was designed to produce 20 samples with doublet
5 peaks by mass spectroscopy; one peak arising from the ligand
~attached to a unique code, with a second peak resulting from a
simultaneously assembled reference peak (ligand plus a fixed
residue). As described in the SPPC above, by using a
combination of one and two amino acids, a “coding region” was
10 _generated before addition of the synthetic ligand (in this case
Acetyl-lysine). The twenty codes were also constructed from the
following amino acids :

Glycine



characterized by being capabl e of being cleaved such that one

cl eavage portion wll always contain the isotopically doped nol ecul ar
noiety. Each linker mx is chemcally reacted with a support neans on
one si deY?213&85% i nker to yield n batches of 10 support-| PEKEISI7Asyai n each
having a discrete ratio of first to second i sotope. Then a reagent of
Interest is added to each batch to yield n batches of
support-1linker-nol ecul e, each |ikew se having the discrete ratios ot
two i sotopes. If, now for exanple, a split synthesis nethod is being
pursued, then the n batches are 15 conbiZgd into a single mixing vessel
and the resulting mx is then divided into n aliquots, and to each
aliquot is a&(f)%linae (slegiayd

Glycine (2,2-D2)

Alanine

Alanine (15N)

5 Alanine (1-13C)
Serine

The codes and ligand were assembled on polystyrene resin
functionalized with Fmoc-Knorr of Fmoc-3-(2-nitrophenyl)-3-
10 aminopropionic acid linkers.

The array for the double peak positional code is shown below :

15 Figure 2
Position  Position  Position @ Mwt
1 2 3
1 Ac- X X 187
Lys-
2 Ac- X -Gly0- 244
Lys-
3 Ac- X -Gly1- 245
Lys-
4 Ac- X -Gly2- 246
Lys-
S Ac- X -Ala0- 258
Lys-
6 Ac- X -Alal- 259
Lys-
~7 Ac- X -Alad- 262
Lys-
8 Ac- X -Ser- 274
Lys-
9 Ac- -Gly0- -GlyO- 301
* Lys-
1 Ac- -GlyO0- -Glyl- 302
0 Lys-
1 Ac- -Glyl- -Glyl- 303
1 Lys-



reagent of interest, and the resultant reactions are allowed to
proceed. The previous step of combining all aliquots and then

splittin

t inton aliquots is repeated, and a thlrd

i nterest can Be added. If all possible reactions have procee

conpl eti on,

then there are now n[err] products. The linkers can be

cl eaved so that the isotopically |abeled fragnent stays with the

chem cal product, and the resulting isotope |abel-chem cal product

construct is analyzed by a nass spectro ﬁi The resulting mass 25
\i

spectrogramw | | display a peak pattern €
first isotope to second isotope present in the linker fragnent,

mrrors the ratio of

i denti fying at t first cl al re was t was added to
&- 1% 281~

10

15

20

Lys-
1 Ac- -Gly2- -Gly2- 305
3 Lys-
1 Ac- -Ala0- -Gly0- 315
4 Lys-
1 Ac- -Alal- -Gly0- 316
5 Lys- :
1 Ac- -Ala0- -Gly2- 317
6 Lys-
1 Ac- -Alal- -Gly2- 318
7 Lys-
1 Ac- -Ala4- -Gly2- 321
8 Lys-
1 Ac- -Ser- -Gly0- 331
9 Lys- '
2 Ac- -Ser- -Glyl- 332
0 Lys-

In each of the samples produced in this experiment, the
peptide molecular weight shown above will appear superimposed
with the reference peak generated by Ac-Lys-Gly-NH2. This is to
demonstrate the ability to identify both the first pooling lot and
the molecular ion generated by the unknown ligand.

To produce samples displaying the coded double peak, an
orthogonal protection scheme was used. The first Fmoc-protected
amino acid of the coding region was coupled simultaneously with
an eqmmolar amount of Boc-glycine. The coding reg:on was
assembled using Fmoc chemistry, then the Boc protecting group
was removed with trifluoroacetic acid. After a final removal of
the code Fmoc protecting group with piperidine (which
_concommittentley neutralized TFA salts on the exposed amine of
“glycine), the ligand (acetyl llysine) was coupled. Upon
photocleavage, two compounds were liberated in equimolar
amounts : the ligand linked to a reference amino acid (glycine)
and the ligand linked to a unique code. The mass difference

sbetween the two peaks indicates the identity of the code, and hence
the identity of the first monomer of the ligand coupled.

Mass Spectral Barcode

t hus

ik O



that particular reaction well. Thus, for exanple, if the isotope ratio
Is 100% for first isotope to 0% for second isotope, then one 30 relatively

tall peak will appear on the spectrogram at the position on the
spect rurwo@enamised by the discrete atomc mass that that  PCT/WSY7®5I01has (as
wi || be appreciated by those of ordinary skill in the art, other
relatively small peaks, will, of course appear, but just one pron nent

peak that is characteristic of the nolecule as used

-78-

This array will produce twenty five samples, each dislying a
unique molecular ion or peak pattern by mass spectroscopy. By
using only combinations of isotopically labeled glycine at only
two positions, twenty five unique “barcodes” are produced. In

5 this manner the first pooled lot of any single bead derived from a
split-combine library can be readily identified.

In this experiment Fmoc-protected amino acids were coupled
either as discretes or equimolar mixtures of two or three amino
acids.

10  The array for the mass spectral barcode is shown below :

Figure 3
Peak

Position  Position 2 Position 3 Pattern
1

1 Ac- -GO- -GO- 1
Lys-

2 Ac- -G1- -GO- 1
Lys-

3 Ac- -G0/G1- -GO- 1:1
Lys-

4 Ac- -G2- -GO- 1
Lys-

5 Ac- -G0/G2- -GO- 1:1
Lys-

6 Ac- -G1/G2- -GO- - 1:1
Lys- >

7 Ac- - -GO- 1:1:1
Lys- G0/G1/G2-

8 Ac- -G2- -G1- 1
Lys-

9 Ac- -G0/G2- -G1- 1l
Lys- :

1 Ac- -GO/G1- -G2- 1:1

0 Lys-

R Ac- - -G1- 1:1:1

1 Lys- G0/G1/G2-

1 Ac- -G0/G1- -G0/G1- 1:2:1

2 Lys-

1 Ac- -G0/G2- -GO/G1- 1:1:1

3 Lys-
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PCT/ US97/ 05701 - 20- in the
identificgly thod of the present invention appears.). |perasonbdds:

| sot ope rati%"gg%% of first isotope to 5% of second i sotope, ‘t he
there will be a first prom nent peak and a second prom nent

n
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1 Ac- -G1/G2- -GO/G1- 1:2:1
4 Lys-
1 Ac- - -G0/G1- 1:2:2:1
5 Lys- G0/G1/G2-
1 Ac- -G2- -G2- 1
6 Lys-
1 Ac- -G0/G2- -G2- 1:1
7 Lys-
1 Ac- -G0/G2- -G0/G2- 1.2:1
8 Lys-
1 Ac- -G1/G2- -G2- 1:1
9 Lys-
2 Ac- - -G2- 1:1:1
0 Lys- GO0/G1/G2-
2 Ac- -G1/G2- -G0/G2- 1:1:1:1
1 Lys- ;
2 Ac- - -G0/G2- 1:1:2:1:
2 Lys- G0/G1/G2- 1
2 Ac- -G1/G2- -G1/G2- 1:2:1
3 Lys-
2 Ac- - -G1/G2- 1:2:2:1
4 Lys- G0/G1/G2-
2 Ac- - : - 1:2:3:2:
5 Lys- G0/G1/G2-  GO/Gl/G2- 1
Example 19

4 g of aminomethylated polystyrene (0.81 mmol/g) was put
5 into each of 2-250 mL shakers. The resin was swelled with
dimethylformamide (DMF) and drained. The resin was then
washed with 20% piperidine/DMEF for ~3 minutes and drained.
The resin was washed three times with DMF, once with
“dichloromethane (DCM):DMF 1:1, and twice more with DMF.
10 To the first shaker was added 3.5 equivalents of Knorr
linker (6.12g, 11.34 mmol) and 3.5 equivalents of PyBop (5.9g,
11.34 mmol). Enough DMF was added to cover the resin bed.
. The solution was then activated with 10.5 equivalents of DIEA
(5.93 mL, 34.02 mmol). The reaction ran for 1 hour with
15 manual shaking every 5-10 min.
To the second shaker was added 3.5 equivalents of photo
linker (4.89g, 11.34 mmol) and 3.5 equivalents of PyBop (5.9g,



peak, with the first prom nent peak havi ng about 95% of the total 5 area
under the conbi ned prom nent peaks, and the second prom nent peak
havi ng the renai ni ng approximately 5% thus form ng a distinct
prom nenWORFAR9§3at t er n whi ch serves to clearly i dent i PgT/UBENOSEX OpE
ratio and therefore the chemcal reagent. It is to be understood that
anot her smaller peak not part of the patterns 10 formng the codes of the
i nvention will appear, by virtue of the nat ural abundance of (Cerr],
and its relative size can be predicted using the follow ng anal ysis.
If a given noiety contains 24 carbagp.and nitrogen and it has been
doped to a 50/50 ratio of Nerr]/Nerr], then peak 1 will be
calculated fromthe N[err]/C[err}vIF
11.34 mmol). Enough DMF was added to cover the resin bed.
The solution was then activated with 10.5 equivalents of DIEA
(5.93 mL, 34.02 mmol). The reaction ran for 1 hour with
manual shaking every 5-10 min.

5 After 1 hour both shakers were drained. Ninhydrin tests
indicated complete coupling for both linkers. The resin was
washed four times with DMF, once with dichloromethane
(DCM):DMF 1:1, and two more times with DMF.

The resin was split to a 96 well ACT 496 Teflon reaction
10 block.



15 present as (0.898)[err] x 0.5 = 0.383; peak 2 will be calculated from
the Nferr]/Cerr] and N err]/Cerr] present as (0.989)[err] x 0.5 +

(0.989) [ ewo[9703@98311) x 24 x 0.5 = 0.485; and the third peakP@FiUSIT5701
calculated fromthe N err]/Cerr] present as (0.989)[err] x (0.011) x 24
x 0.5 = 0.102, thus resulting in a distinctive pattern having tw 20

approxi mately equal prom nent peaks, and the relatively small si de
peak. ldeally, the isotopically distinct species used should di ffer by
two or nore AMJUs as this would produce welgi- separ at ed peaks that would
not be affected by the natural presence of [err]C. To achieve this
with the atons that are npst com"mnli/ 25 _used in such chem stré (CHNO
typically requires that nore Example 20-Double Peak Positional Code
OH H . H
N
H O
ch’N ﬂ n\
NG PyBop/DIEA _ Fmoc” Emoc
: NOz  ON
1) 20% Piperidine / DMF

2) 1:1 Boc-Gly-OH : Fmoc-R¢-OH / PyBop / DIEA

H H
. N—’-N o :
Fmoc. N _ .Boc
N YN
o NO, OoN o
1) 20% Piperidine / DMF
2) Fmoc-R2-OH / PyBop / DIEA
H H
. o B . n—@—N_o )
. \(‘L N/Kr N N\(\ - B0
R T o NO, OuN o H
2 1) 95:5 TFA:Water

2) 20% Piperidine / DMF




than one atom be isotopically substituted, as avail able stable

I sotopes of C, Hand N differ by only one nass unit. Subsequently, in
order to_identify the third conponent in the 30 conbinatorial construct,
the thi rW&HMIBent can be identified by its reacti onPGEUSMFWer .

Now, with the identity of the first conponent known by virtue of the
mass spectrograph and the third conponent known by virtue of the well
nunber, their conbi ned nol ecul ar wei ghts are subtracted fromthe total

-82-

H
o &, ) H-.—N o .
HZN\(L )Y N N
X Y
Re 0 NO, OoN o

Fmoc-L-Lys(Boc)-OH / PyBop / DIEA

_ Boc
HN
O ! . ¥
R A K i X
MOC E \'/L ﬁ)\r N\'(\ ﬁ ~ Emoc
O R o NO, ON o)
H

Boc

T
o)

1) 20% Piperidine / DMF
2) 30% Acetic Anhydride / DMF

ot et

85:5 TFA:Water_:
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o .
P R~ AN
HN
o)
ks\( \‘/’\ )\“/NHz
Code
NH,
o) ' H O
)Lﬁ N\/u\ NH,
o]
Reference

Ex 1 21-3 . C 1 I! . I L e E .

The seven lots of resin (CDW Fig. 2) were transferred to
710 mL shakers using dimethylformamide (DMF). The shakers
were then covered with aluminum foil. The linker was Fmoc
deprotected twice for 5 minutes each using 20% piperidine/DMF.
The resin was washed four times with DMF, once with

10 sdichloromethane (DCM):.DMF 1:1, and twice with DMF.
0.315 mmol of each of seven halo acids were weighed in

separate vials and an equimolar amount of PyBop was added to
each. The halo acids were then dissolved in 2 mL of DMF. Each
solution was then added to the respective lot of resin and activated



whi ch identifies the second conponent of the construct
It should be appreciated that using the nethods and 5 <constructs of the

i nvention provide for an entire series of encoded | i nkers that provide
great econopy/g7988Vi Ngs, since the only addi ti onal synpagaiss7bsveii al |y
required is to isotopically dope a solid support linker that had to
constructed in the first place. No ot her chem cal nodifications are
needed to be nade to the linkers 10 that were initially chosen for the
solid state conbi natori al synt hesi s.

-84-

with 165 pL of diisopropylethylamine (DIEA). The coupling ran
for 1 hour. After coupling the resins were drained and washed
four times with DMF, once with DCM:DMF 1:1, and twice with
DCM to dry the resin.

5 0.315 mmol of each of seven halo acids were weighed in
separate vials and an equimolar amount of HBTU was added to
each. The halo acids were then dissolved in 2 mL of DMF. Each
solution was then added to the respective lot of resin and activated
with 165 pL of DIEA. The coupling ran for 1 hour. After

10  coupling the resins were drained and washed four times with
DMF, once with DCM:DMF 1:1, and twice with DMF. Coupling
was complete by ninhydrin.

The resin lots were combined and split to 24 wells of a 96
well ACT 396 polypropylene reaction block. The resin was

15 washed twice with DCM and dried.

The resin was swelled with DMF and drained. 1 mL of 1.0
M amine solution in dimethylsulfoxide (DMSO) was added to each
well. The reaction ran overnight. The resin was drained and
20 washed twice with DMF, once with DMF:methanol:water (1:1:1),
and washed three more times with DMF. The 24 lots of resin
were then combined and split back to 24 wells.
350uL of aldehyde solution (3.0 M / DMF) was added to
each well and mixed for 2 minutes. An additional 250uL. of
25 trimethylorthoformate was added to each well and mixed for 1
minute followed by 100 pL of 3% acetic acid in DMF. The
reaction mixed for 15 minutes before a final addition of 1mL of
1.5 M NaBH3CN. The reductive amination reaction ran for 3

hours. The resin was drained and washed twice with DMF.
30 A second reductive amination was run using sodium
triacetoxyborohydride. 350uL of aldehyde solution 3.0 M /
“DMF) was added to each well and mixed for 2 minutes. An
additional 250uL of trimethylorthoformate was added to each
well and mixed for 1 minute followed by 100 pL of 3% acetic
35 acid in DMF. The reaction mixed for 15 minutes before a final
. addition of 1mL of 1.5 M NaBH(O2CCH3). The reaction ran

overnight. The resin was drained and washed twice with DMF,
three times with DMF:methanol:water, three times with DCM,
and three final times with methanol.



Encodi ng Exanpl e B: Dual Ratio Codi ng Approach 15 For syntheses having

nore than three steps, the procedure of Rati o Codi ng descri bed above
is foll onewosr/aTass a series of i sotopically doped |inker mxes nis
prepared, with each |inker mx in the series conprising £ TRP208708
ratio of first isotope to second i sotope, and with each mx in the
series differing inratio 20 fromthe previous or subsequent mx in the
series by an equal anount. However, a second type of atomis also
i sotopically doped, so that there are&tsqo types of atom c isotopes
present. For exanpl e a nitrogen posi tl can be doped with a m x of
N err] and
' -Sing] sitional Code With Photolabil
Cleavage on
. H
N—
! ) ®
Fmoc
NO PyBopIDIEA; Fmac”
NO,
H
B —@
1) 20% Piperidine / DMF Fmoc N
2) Fmoc-R4-OH / PyBop / DIEA N
o NO,
H
N—’
1) 20% Piperidine / DMF H B
2) Fmoc-R2-OH / PyBop / DIEA Fmoo” ¥ N/‘\lr N
H
| Ry (o) NO,
1) 20% Piperidine / DMF

2) Fm9c~L-Lys(Boc)-OH / PyBop / DIEA

H
@
NO,

Boc :
~NH
C e n,
H N
O R o

*



N15, while a carbon position can be doped with a mx of Clerr] and 25
Clerr]. Again, this exanple will follow the progression of 5%

i ncrements, so that there are 21 possible nitrogen ratio conbi nati ons
and 21 pWE&AMN®3car bon rati o conbi nati ons. Fur t her nor BCT/UR9/5391h 0N
position is protected wth a suitable protecting group, which can be
deprotected to correlate to a 30 reaction step in the conbinatori al
synt hesis. Thus, the nass spectrograph peak pattern for the doped
nitrogen identifies the first synthesis conponent, the nass
spectrograph peak pattern for the dgged carbon identifies the second
synt hesi s conponent, an -assay identifies the fourth conponent, and the
third conponent is

BOC\

NH

1) 20% Piperidine / DMF

- H
2) 30% Acetic Anhydride / DMF o By " N .
e
: H H
o R (o) NO,
NH,
95:5 TFA:Water H
— . N—.
Ry
H H
/E‘v\)\r”ﬁir«)ﬁr"
H 5 R H 5

NOy
' NH,
hy
S ———
By
/ﬁ\ ﬁﬁi “)\l’ NHy
H H
° R o

E e 23-Reaction S .
5 The synthesis of a set of serially encoded resins
contained 192 combinations of of isotopically labeled amino acids
(glycine G°, G, G* G® and alanine: A°, A', A?, and A®) and were
sseparated by Knorr linkers as shown below:
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Tentagel Resin 192 Codes Reaction Screening
{single bead)
' Wy oA }H Code}—{Rrorr ket }-{Ligand ] S0:50 TFVMeCly
: 2
oI ke 6% ESH
Gose]  +

The reaction screening is performed on the ligand portion of the
molecule where 3 different monomers were used for the coupling of
5 primary amines to allylic bromides as well as 4 different reaction

conditions to give a total of 12 combinations. The acylation of
secondary amines with carboxylic acids involved 4 different acids
and 4 different reaction conditions to give another 16 combinations.
The resin was pooled and treated with 36 different conditions for the

10 final intramolecular Heck reaction to give over 6900 potential
compounds that contains different monomers and reaction
conditions. Upon single bead cleavage with TEFA/MeCl, and 6%
triethylene both the encoded portion and the ligand are liberated as
outlined above. The ligand is also encoded by the incorporation of

15 glycine(0) and glycine(2) to help identify the ligand peaks in the mass
spectrum.

The mass spectra that are shown in Figures 10 through 12 contain
both the code (544-562) and the ligand (462 and 464), (504 and 506),

20 (478 and 480). The monomers and conditions that were run for that
particular mass spectrum are listed on the spectrum.

From these results one can use the combinatorial approach to look at
various reaction conditions and monomers on a single bead and read

25 both the code and the ligand when the material is cleaved off of the
bead.




i dentified by subtraction of the first, second and fourth conponent s
fromthe total weight of the product. 5 (ccasionally, code degeneration

may ari se when using nore than one type of isotope, as _in the case
where ofPAHPESY bore a Nerr]- Clerr] combination afF4HNMEMIbore a

Nl err]-Clerr] conbination, both of which would have the sane atom c
wei ght and therefore give I ndi stingui shabl e peak patterns in a mass
spectrograph. This 10 problemcan be circunvented in one of two general

ways. Firstly,

>y
F R °

Monomer 3 (R3)

,16 resin samples were synthesized where R was defined by a
simultaneous coupling of monomers 1 through 3 in different ratio
5 patterns (ratios noted below). These resing could then be analysed by
several analytical techniques to elucidate their ratio identity. The
beads were analysed by IR, mass spec, NMR, and Amino Acid
analysis. The ratios generated for the simultaneous coupling are



by selecting Cerr] and CJerr] as the carbon isotope pair, this type of
code degeneracy is avoided. O, if radioactivity is to be avoided,

Clerr] argoShss can still be used by the technique of congfieh S
spectrography wih fragnentation. For exanple, an am de noiety 15 of the

structure CHerr]-NH-COCHerr]-CHerr] can be doped in two
ways that will yield the sane atomi c wei ght 20 as fol | ows:
-80-

defined R1:R2:R3 and were as follows for the 16 samples: #1-1:1:5;
Sample #2-1:2:5; Sample #3-1:3:5; Sample #4-1:4:5; Sample #5-
2:1:5; Sample #6-2:2:5; Sample #7-2:3:5; Sample #8-2:4:5; Sample
#9-3:1:5; Sample #10-3:2:5; Sample #11-3:3:5; Sample #12-3:4:5-

5 Sample #13-4:1:5; Sample #14-4:2:5; Sample #15-4:3:5; Sample #16-
4:4:5. Spectra for these ratios is shown in the accompanying Figures
18 through 51 as follows:

Sample IR Spectra Number Mass Spec. Number
1 u7125-86-1 CwW-001
2 u7125-86-2 Cw-002
3 u7125-86-3 Cw-003
4 u7125-86-4 CW-004
5 u7125-86-5 CW-005
6 u7125-86-6 CW-006
7 u7125-86-7 CW-007
8 u7125-86-8 CW-008
9 u7125-86-9 CW-009
10 u7125-86-10 CW-0010
11 u7125-86-11 Cw-0011
12 u7125-86-12 Cw-0012
13 u7125-86-13 Cw-0013
14 u7125-86-14 Cw-0014
15 u7125-86-15 Cw-0015
16 u7125-86-16 CW-0016

10 Example 25-Encoding Styrene

The beads themselves generally used as solid supports
in solid state synthesis can be isotopically doped. Styrene beads
~comprised of styrene can readily by doped with C13, F20 or H2.
15 Additionally, it is possible to combine isotopically doped
constructs with beads that have themselves been coded or tagged
_ With one or more of a series of monomers.

Styrene (M,), 2-Fluorostyrene (M,), 3-Fluorosytrene,
20 (M,) and 4-Fluorostyrene (M,) were deinhibited prior to
polymerization by passing through an alumina adsorption column.
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The initiator 2,2-azobisisobutyronitrile (AIBN) was purified by
crystallization from methanol Specral grade toluene was used as
solvent in a free radical polymerization without further

purification.

5
Run M,(%) M, (%) M,y (%) M,(%)
YLA4001 100 0 0 0
YLA4002 0 100 0 0
YLA4003 0 0 100 0
YLA4004 0 0 0 100
YLA4005 0 0 SO 50
YLA4006 0 10 - 40 50
YLA4007 0 20 30 50
YLA008 0 20 30 50
YLA4009 0 40 10 50
YLA010 0 S0 0 50
YL4011 50 0 0 50
YLA4012 40 10 0 50
YLA4013 30 20 0 50
YL4014 20 30 0 50
YLA4015 10 40 0 50
YLA4016 40 0 10 50
YLA4017 30 0 20 50
Y1 4018 20 0 30 50
YL4019 10 0 40 50
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A 1000 component library consisting of three
10 monomer positions was designed to demonstrate the utility of the
encoding strategy. The library was synthesized using the split-mix
methodology to create a 10 x 10 x 10 library. Since the split mix
method yields one compound per bead and the beads are mixed
twice during the synthesis, the chemistry or monomer addition at
15 each step must be recorded on the bead in order to decode the
compound.

The first position is encoded by controlling the ratio
.. of C:®*C, incorporated with bromoacetic acid in the first
20 synthetic step. Ten unique ratios were employed with nine percent
increments ranging from 9:91 to 90:10. The use of nine percent
increments avoided the endpoints of either 0:100 or 100:0 while
» allowing a total of ten codes. The third monomer was alreacy
known because the library was not recombined after addition of
25 the final monomer (only one monomer from set three was present
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in each pool.) This position was therefore pool or spatially
encoded.

The second position was encoded by the molecular
5 weight of the compound. Since monomer one is known by the
isotopic reaction and monomer three by the final pool, monomer
two can be calculated using the molecular weight determined by
the mass spectrometer. This imposes one constraint for any
library: the monomers in the second position must have different
10 molecular weights. The other monomers have no restrictions. For

this test example, the final pools were composed of compounds
baving unique molecular weights in order to facilitate decoding.

Twenty single beads from each of the 10 pools were individually

15 cleaved. The compounds were then analyzed by mass spectrometry
and identified by the isotope ratio and molecular weight of the
analyzed peaks. The peak resulting from the protonated monoisotopic
ion was designated M H* while that resulting from the diisotopic ion
(M H+2)* was designated M,H" . The deliberate doping with >C,

20 controlled the intensity of the M,H" peak relative to the M;H* peak.

Mass spectral data from a single bead in pool 3 showed that M H* and
M,H* were 552 and 554, respectively. The M ,H*:M,H" ratio was
calculated to be 10:90, which was quite close to the actual ratio for

25 ion 552, which was 9:91. Using M,H" as 550 and M,H" as 552, the

calculated M;H* to M,H" ratio was 56:44. The compound having a

M,H" ion in pool 2 had a theoretical of 54:46, again in very close

agreement to the calculated ratio. In some cases, side-reactions

involved in the addition of monomers may complicate the spectra.

30 Spectra 2C below shows the mass spectrum of a single bead from
pool 1. The most intense ion in the spectrum is at m/z 586. However,
the calculated M H":M,H" ratio (65:35) does no agree with known
ration for the compound in pool 1 with M;H* of 586. This apparent
discrepancy is due to the addition of the third monomer for pool 1, a
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nitrile. It is known that under acidic conditions (cleavage conditions)
nitriles can be hydrated to an amide. With the addition of water, the
peaks for the MgH" ion at 586 shift to 586 (M ,H*+18). Thus, the
M H*:M,H"* ratio for the peaks at 586 and 588 verifies the encode for
5 the ion at 568 (which has its own, weaker set of peaks having the
same ratio.). The known ration for the compound in pool 1 with a
MH" ion of 568 is 63:37, which corresponds to the calculated value.
This particular hydration reaction was observed for all compounds in
pool 1. This example demonstrates the ability to decode compounds
10 and determine side reactions, a powerful enhancement over other
encoding methodologies which would be very useful during solid
phase chemistry development.

15
1. Input the molecular formula and isotope ratios of an
encoded compound.
20 2. Calculate the monoisotopic molecular weight from step
1.
3. Calculate the theoretical isotope distribution from step 1.
25 4. Open the mass spectrum output file.
~3. Locate the monoisotopic molecular weight in the mass
spectrum output file to within +/- 0.3 amu and check for
corresponding isotope peaks.
30
s 6. If step 5 was successful compare the theoretical

distribution from step 3 with the measured values in the mass
spectrum using a Chi-Square test. The outcome of the Chi-Square
determines the presence or absence of the encoded compound.



[err] WO 97/ 37953
PCT/ US97/ 05701

WO 97/37953 PCT/USY7/05701

-94-

Copyright 1996, Glaxo Wellcome, Inc. All rights reserved.

This invention is executable on a MacIntosh computer or a IBM-PC

5 compatible computer, running the Windows 95, Windows NT or
Macintosh OS operating system, which includes a CPU, main storage,
I/0 resources, and a user interface including a manually operated
keyboard and mouse.

10

15

While the invention has been described and illustrated with
reference to certain alternative embodiments thereof, those skilled
in the art will appreciate that various changes, modifications and

20 substitutions can be made therein without departing from the
spirit and scope of the invention. It is intended, therefore, that the
invention be limited only by the scope of the claims which follow,
and that such claims be interpreted as broadly as possible.
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What is claimed is:

5 1. A mass-based, non-chemical method for recording the
reaction of at least a portion of a reaction series on each of a
plurality of unique solid supports, said method comprising:

(a) preparing a plurality of agents each having a unique
10  defined mass;

(b) preparing a group of solid supports;

{c) reacting each solid support group with a different
15 chemical reagent under a controlled reaction condition;

(d) mixing the product groups of step {(c) together and
then dividing said mixture of unique solid supports into a
plurality of groups for a second intermediate or final stage;

20
(e) repeating said reacting with a chemical reagent under
a controlled reaction condition at least once to provide a plurality
of final products, having different products on the different
individual unique solid supports;
25

each of said unique defined mass agents being reacted with
-either: each of a group of unique solid supports; each of a group
of first chemical reagents in a reaction series; each of a group of
second chemical reagents in a reaction series; or each of-a group
30 of subsequently added chemical reagents in a reaction series; such
« that each of said group of unique solid supports, group of first
chemical reagents, group of second chemical reagents or group of
subsequent chemical reagents has been reacted with an agent

L
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having a defined mass that is different from any other defined
mass agent reacted with any other of said groups;

said unique defined mass agents being capable of being
5 analyzed and wherein said analysis defines the choice of a first
chemical reagent, reaction condition under which said first
chemical reagent was added, second chemical reagent, reaction
condition under which said second chemical reagent was added,
subsequent chemical reagent, or reaction condition under which
10  said subsequent chemical reagent was added.

2. A mass-based, non-chemical method for recording the
reaction history of a reaction series on each of a plurality of
unique solid supports, said method comprising:
15 :
(a) reacting, at a mass block insertion stage, a plurality
of agents each having a unique defined mass with each of a group
of said unique solid supports, such that each of said group of
unique solid supports has been reacted with an agent having a
20 defined mass that is different from any other agent reacted with
any other of said groups of said unique solid supports; '

(b) reacting each solid support group having a different
defined mass agent with a different chemical reagent;

- (c) mixing said groups together and then dividing said
plurality of unique solid supports into a plurality of groups for a
second intermediate or final stage;

30 (d) repeating said reacting with a chemical reagent at
least once to provide a plurality of final products, having
different products on the different individual unique solid
supports;

mesm] I
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I dentifying the code, which identifies the first pool nononer. The

pool nunber of the final nononer addition determ nes the final

monomer, |pyysssch the mass of the final nmonomer is known. permusedbddgy the
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said unique defined mass agents being capable of being
analyzed and wherein said analysis defines the choice of a first
chemical reagent.

S 3. The method as claimed in claim 1, wherein said defined
mass agents are analyzed by mass spectroscopy.

4.  The method as claimed in claim 3, wherein said defined
mass agents are selected so as to each generate a unique single
10 mass peak when analyzed by mass spectroscopy.

5.  The method as claimed in claim 3, wherein said defined
mass agents are selected so as to each generate a unique double
mass peak when analyzed by mass spectroscopy.

15
6.  The method as claimed in claim 3, wherein said defined
mass agents are selected so as to each generate a unique pair of
single mass peaks when analyzed by mass spectroscopy.

20 7.  The method as claimed in claim 3, wherein said defined
mass agents are selected so as to each generate a unique pair of
double mass peaks when analyzed by mass spectroscopy.

8.  The method as claimed in claim 3, wherein said defined

25 mass agents are selected so as to each generate a unique pattern of
one or more mass peaks.
9.  The method as claimed in claim 8, wherein said unique
peak patterns for each of said defined mass agents can be

30 expressed as a machine-readable pattern.
10. The method as claimed in claim 9, wherein said machine
readable patterns are bar codes.

T
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11. The method as claimed in claim 3, wherein said defined
mass agents are selected so as to each independantly generate a
unique mass spectrometry mass peak pattern selected from the:
group consisting of unique single mass peaks, unique double mass

5 peaks, unique pairs of single mass peaks, unique pairs of double
mass peaks, and unique peak patterns that are capable of being
expressed as machine-readable pattems. -

12, The method as claimed in claim 1, wherein said defined
10 mass agent is analyzed by nuclear magnetic resonance

spectroscopy.

13. The method as claimed in claim 12, wherein said defined
mass agents are selected so as to each generate a unique pattem of
15 one or more nuclear magnetic resonance peaks.

14. The method as claimed in claim 13, wherein said unique
peak patterns for each of said defined mass agents can be
expressed as a machine-readable pattern.

15. The method as claimed in claim 14, wherein said machine
readable patterns are bar codes.

16. The method as claimed in claim 1, wherein said defined
25 mass agent is analyzed by infrared spectroscopy or by Raman
_Spectroscopy.

17. The method as claimed in claim 16, wherein said defined
mass agents are selected so as to each generate a unique pattern of
30 ,one or more infrared spectroscopy or Raman spectroscopy peaks.

18. The method as claimed in claim 17, wherein said unique
peak patterns for each of said defined mass agents can be
expressed as a machine-readable pattern.

A

.......
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19. The method as claimed in claim 18, wherein said machine
readable patterns are bar codes.

5 20. The method as claimed in claim 1, wherein said first,
second or subsequent reagent is a substrate for the determination
of binding specificity to a chemical compound of interest.

21. The method as claimed in claim 3, wherein said mass
10  spectroscopy analysis provides mass peaks capable of being
recognized as representing encoded reagents.

22. The method as claimed in claim 1, wherein additional mass
peaks are generated that serve as signature peaks for positive
15 identification of relevant mass peaks.

23. The method as claimed in claim 1, wherein said plurality of
defined mass agents are molecular entities that differ from one
another by having at least one of their atoms substituted by a

20 different isotope of that atom, provided that the chemical
structural formula of said defined mass agents is the same.

24. The method as claimed in claim 23, wherein said plurality
of defined mass agents are molecular entities that differ from one
25 another by having at least one isotopic substitution at different
atomic positions within the molecule provided that the chemical
- structural formula of said defined mass agents is the same.

25. The method as claimed in claim 1, wherein said plurality of

30 defined mass agents are regularly repeating molecular entities that
» differ from one another by an integral number of said repeating

molecular entities.

AR
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26. The method as claimed in claim 1, whrein at least two
groups of said unique solid supposts are employed in each said
reacting.

i

27. 'The method as claimed in claim 1, comprising the
additional step of screening said final products on said unique
solid supports for a characteristic of interest and identifying the
reaction history of at least one final product having said
characteristic of interest.

28. The method as claimed in claim 1, comprising the
additional step of cleaving said final products from said solid
supports and screening said final products,

29. The method as claimed in claim 1, wherein said analysis is
automated.

30. The method as claimed in claim 10, wherein said reaction
steps are automated.

31. A Kit for encoding the reaction history of a plurality of
reaction series, comprising a plurality of different isotopically
distinguishable organic compounds, each of the compounds
characterized by having distinguishable masses but having the
same chemical composition and the same chemical properties,
_each compound encoding at least one bit of different physical
information which can be determined by a physical measurement.

32. AKit as claimed in claim 31, wherein said compounds are
.mixed with one another in a plurality of discrete ratios to produce
a plurality of isotope mixtures that are physically distinguishable

from each other.

T QL
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33. A kit as claimed in claim 32, wherein said compounds are
mixed with one another in a series of regularly repeating

increasing increments.

5 34. AKkit as claimed in claim 31, wherein said compounds are

of the formula:

R-C

10 where R is a suitable solid support which allows for attachment
and detachment of a molecular moiety of choice; and Cis an
isotopically doped linker which allows for attachment and

detachment from said solid supprt.

15 35. AKkit as claimed in claim 31, wherein said compounds are

of the formula:

Ll-C-1.2

20 where L1 is a covalent bond or an organic moiety; C is an
isotopically doped linker; and L2 is a covalent bond or an organic

moiety.,

36. A kit as claimed in claim 35, wherein L! and L2 are the

25 same.

.37. AKkit as claimed in claim 31, wherein said compounds are

of the formula

30 R-L1.CL2

»

where R is a suitable solid support which allows for attachment
and detachment of a molecular moiety of choice; L1 is a covalent

THIS SHEET HAS BEEN
REPLACED
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bond or an organic moiety; C is an isotopically doped linker; and
L2 is a covalent bond or an organic moiety.

38.  AKkit as claimed in claim 31, wherein said compounds are
5 of the formula

(n1-(C)n2

where nl is an integer of from one to ten, n2 is an integer of
10 from one to ten, L an organic moiety or a covalent bond when nl
is one, and C is an isotopically doped linker.

39. AKkit as claimed in claim 31, wherein said compounds are
of the formula

15
R-L-C

where R is a suitable solid support which allows for attachment
and detachment of a plurality of molecular moiety of choice; L is

20  a covalent bond or an organic moiety; and C is an isotopically
doped linker.

40. A kit as claimed in claim 31, wherein said compounds are
of the formula

25
L-Cl-A-B-D-C2

L is a covalent bond or an organic moiety; C! is an isotopically .
doped linker; A is a first monomer in a reaction series, Bis a

30 ,second monomer in a reaction series, and D is a third monomer in
a reaction series; and C2 is a second isotopically doped linker that
can physically be the same as or different from C1.

e UL
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41. AKit as claimed in claim 31, wherein said compounds are
of the formula

L-Cl-A-B-C2

L is a covalent bond or an organic moiety; Cl is an isotopically

doped linker; A is a first monomer in a reaction series, B is a

second monomer in a reaction series; and C2 is a second

isotopically doped linker that can physically be the same as or
10  different from Cl.

42. A kit as claimed in claim 31, wherein said compounds are
of the formula

15 L-Cl.A-C2

L is a covalent bond or an organic moiety; Cl is an isotopically

doped linker; A is a first monomer in a reaction series; and C2 is

a second isotopically doped linker that can physically be the same
20 as or different from Cl.

43. A Kkit as claimed in claim 31, wherin said componsnts are
isotopically doped suitable solid supports.

25 44. AKkit as claimed in claim 31, wherein said components are
of the formula

kS
30 where R is a suitable solid support; L is a covalent bond or an
organic moiety; C is an isotopically doped moiety; and A is a first
chemical reagent in a reaction series.
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Decodi ng of a three nononmer conbinatorial |ibrary is achieved from
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of the second pool nmononer, fromwhich the identity of the second pool
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45. Akit as claimed in claim 31, where said components are of
the formula

L—A
"
L—C

where R is a suitable solid support; L is a covalent bond or an
organic moiety; C is an isotopically doped moiety; and A is a first
chemical reagent in a reaction series.

10 46. A solid support characterized by having a unique defined
mass agent and a ligand bound to the surface of said solid support.

47. A solid support characterized by having up to 20 discrete
unique defined mass agents bound to the surface of said solid
15 support.

48. A solid support as claimed in claim 46, wherein said ligand
is an organic moiety.

20 49. A solid support as claimed in claim 46, wherein said ligand
is bound to said unique defined mass agent.

50. A solid supoport as claimed in claim 46, wherein said
ligand is a non-oligomer which is aliphatic, alicyclic, aromatic,
25 .heterocyclic or a combination therof.

51. A solid support as claimed in claim 46, wherein said ligand
is an oligomer which is an oligopeptide, oligonucleotide,
soligosaccharide, polylipid, polyester, polyamide, polyurethane,
30 polyurea, polyether, polyphosphorus where phosphorus is a
derivative taken from the group consisting of phosphate,
phosphonate, phosphoramide, phosphonamide, phosphite, or
phosfinamide, or polysulfur where sulfur is a derivative taken
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52. A solid support as claimed in claim 46, wherein said
5 support is a resin bead of about 1 to 10000 pm in diameter.

53. A solid support as claimed in claim 46, wherein said
support is a polystyrene resin bead of about 1 to 10000 pm in

diameter.

10
54. A solid support characterized by being isotopically doped.
55. A solid support as claimed in claim 54, wherein said
support is an isotopically doped resin bead.

15

56. A solid support as claimed in claim 55, wherein said
support is an isotopically doped polystyrene resin bead of about
10 to 2000 pm in diameter.

20 57. A library comprising a plurality of solid supports as
claimed in claim 46.

58. A library comprising a plurality of solid supports as
claimed in claim 46, wherein said final products have been
25 cleaved from said solid supports.

~59. A process for identifying compounds having a
characteristic of interest, which comprises screening a library as
claimed in claim 57.

30

+ 60. A process as claimed in claim 59, wherein the compounds

have been cleaved from the solid support.




the reference code or the variable code. The difference in mass is
used to determ ne the—+dentity of nononer 1, while nononer 3 30 known from

t he correspondi ng pooITEn t her daghomer 2 is inferred as
descri bab sdismess ¥ PCT/US97/05701
PCT/ US97/ 05701 l | \ I

-106-

61. A process as claimed in claim 60, wherein said cleavage is
between said solid support and said unique defined mass agent.

62. A mass-based, non-chemical method for generating

5 machine or human-recognizable patterns to record the reaction
history of a reaction series on each of a plurality of unique solid
supports, said method comprising:

(a) generating a set of agents each having a unique
10  defined mass such that each agent differs from any other agent in
the set by having a defined mass that is different from any other
agent in the set;

(b) generating a recognition pattern for each agent in
15  said set;

(c) reacting, at a mass block insertion stage, a plurality
of agents each having a unique defined mass with each of a group
of said unique solid supports, such that each of said group of

20 unique solid supports has been reacted with an agent having a
defined mass that is different from any other agent reacted with
any other of said groups of said unique solid supports;

(d) reacting each solid support group having a different
25 defined mass agent with a different first chemical reagent;

- {e) mixing said groups together and then dividing said
plurality of unique solid supports into a plurality of groups for a
second intermediate or final stage;

30 ,

(f)  optionallly repeating said reacting with a chemical
reagent at least once to provide a plurality of final products,
having different products on the different individual unique solid
supports;
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(g) analyzing said products for a characteristic of
interest;

5 (h) further analyzing products found to have a
characteristic of interest in step (g) by an analytical method that
generates a like type of patterns as that type generated for the
recognition patterns in step (b); and

10 (i) comparing the analytical patterns generated in step
(b) to said recognition patterns.

63. A mass-based, non-chemical method for generating
machine-recognizable patterns to record the reaction history of a

15 reaction series on each of a plurality of unique solid supports, said
method comprising:

(a) generating a set of agents each having a unique
defined mass such that each agent differs from any other agent in
20 the set by having a defined mass that is different from any other
agent in the set;

(b) generating a machine-recognizable recognition
pattern for each agent in said set;
25
(c) reacting, at a mass block insertion stage, a plurality
- of agents each having a unique defined mass with each of a group
of said unique solid supports, such that each of said group of
unique solid supports has been reacted with an agent having a
30 defined mass that is different from any other agent reacted with
» any other of said groups of said unique solid supports;

(d) reacting each solid support group having a different
defined mass agent with a different first chemical reagent;

T
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(e) mixing said groups together and then dividing said
plurality of unique solid supports into a plurality of groups for a
second intermediate or final stage;

5
() optionallly repeating said reacting with a chemical
reagent at least once to provide a plurality of final products,
having different products on the different individual unique solid
supports;
10

(g) analyzing said products for a characteristic of interest
through the use of an analysis device;

(h) further analyzing products found to have a
15 characteristic of interest in step (g) by an analytical method that
generates a like type of patterns as that type generated for the
recognition patterns in step (b); and

(i) comparing the analytical patterns generated in step
20 (h) to said recognition patterns such that said unique defined mass
agents are capable of being analyzed and identified.

64. The method as claimed in claim 63, wherein said
identification in step (i) leads to the ready identification of said
25 first chemical reagent.

65. The method as claimed in claim 63, wherein said method
steps are executed by suitable automation apparatus means and
under the control of a suitable computer means.

30,
66. The method as claimed in claim 63, wherein said analysis
device is selected from the group consisting of a flourescence
activation cell scanner, a chromatography column or a
chromatography plate.
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67. The method as claimed in claim 63, wherein said analytical

method is selected from the group consisting of mass

spectrometry, nuclear magnetic resonance spectroscopy, infrared
5 spectroscopy or Raman spectroscopy.

68. The method as claimed in claim 63 wherein said analysis
device is close coupled to said automation apparatus used in the
method so as to be automated and under the control of a

10 computer,

69. The method as claimed in claim 63, wherein said analytical

method is executed by a corresponding device that is close

coupled to said automation apparatus used in the method so as to
15 be automated and under the control of a computer,

70. A database readily retrievable from a suitable data storage
means comprised of the set of machine-readable patterns
generated by the method as claimed in claim 63.
20
71. A mass-based, non-chemical method for generating
machine or human-recognizable patterns to record the reaction
history of a reaction sequence of interest selected from a reaction
series on each of a plurality of unique solid supports, said method
25 comprising:

(a) generating a set of agents each having a unique
defined mass such that each agent differs from any other agent in
the set by having a defined mass that is different from any other

30 agent in the set;

{b) generating a recognition pattern for each agent in
said set;
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(c) reacting, at a mass block insertion stage, a plurality
of agents each having a unique defined mass with each of a group
of said unique solid supports, such that each of said group of
unique solid supports has been reacted with an agent having a

5 defined mass that is different from any other agent reacted with
any other of said groups of said unique solid supports;

(d) reacting each solid support group having a different
defined mass agent with a different first chemical reagent;

10
() mixing said groups together and then dividing said
plurality of unique solid supports into a plurality of groups for a
second intermediate or final stage;

15 (f) optionallly repeating said reacting with a chemical
reagent at least once to provide a plurality of final products,
having different products on the different individual unique solid
supports;

20 (g) analyzing said products for a characteristic of
interest;

(h) further analyzing products found to have a
characteristic of interest in step (g) by an analytical method that
25 generates a like type of patterns as that type generated for the
recognition patterns in step (b);
(i) comparing the analytical patterns generated in step
(h) to said recognition patterns;
30
* () evaluating said analytical patterns to arrive at a
qualitative and quantitative assessment of the output of a reaction
sequence of interest, thereby identifying all products, quantities
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and yields of each of incomplete reactions, side reactions and
previously unknown reactions in said sequence of interest.

72. A mass-based, non-chemical method for recording the
5 reaction history of a reaction series in solution, said method
comprising:

(a) preparing, a plurality of agents each having a unique
defined mass within each of a group of solution reaction wells,
10 such that each of said group of reaction wells contains an agent
having a defined mass that is different from any other agent
within any other of said reaction wells;

(b) reacting each different defined mass agent with a
1s different first chemical reagent in each well;

(c) mixing said groups together in to a resulting batch
and then dividing said batch into a plurality of wells for a second
intermediate or final stage;

20

(d) repeating said reacting with a chemical reagent at
least once to provide a plurality of final products, having
different products within said wells;

25 said unique defined mass agents being capable of being
analyzed and wherein said analysis defines the choice of said first
chemical reagent.

73. A programmed computer system for executing a mass-
30 based method for recording the reaction history of at least a
portion of a reaction series of interest on each of a plurality of
solid supports or in each or a plurality of reaction vessels,
wherein one or more chemical reagents or chemical conditions
are discretely identifiable by one or more recognition patterns
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and wherein said reaction series’ chemical products are subjected
to analytical means that generate analytical patterns for each of
said products; comprising:

first input means for introducing unique recognition
patterns into the computer system, each pattern representing one
of a plurality of agents each having a unique defined mass;

memory means for storing said recognition pattern;

second input means for introducing said resultant analytical
patterns; and

means for comparing said resulting analytical patterns to
said recognition patterns in order to generate an output which is
the identity of one or more of said chemical reagents or chemical
conditions.

74. The programmed computer system as claimed in claim 73,
additionally comprising means for controlling a robot means for
performing one or more steps of said reaction series of interest.

75. The programmed computer system as claimed in claim 73,
additionally comprising means for generating said unique
recognition patterns.

~ 76. The programmed computer system as claimed in claim 73,

additionally comprising means for subjecting said reaction
products to analytical means and generating analytical patterns.

* 77. A mass-based, non-chemical method for identifying

different chemical compounds in a mixture of said chemical
compounds, said method comprising:
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(a) preparing a plurality of chemical agents each having a
unique defined mass;

(b) preparing a group of chemical compomids to be
5 identified;

each of said unique defined mass agents being chemically
linked or reacted with each of said chemical compounds to be
identified to form a plurality of unique covalently bound one-to-
10  one pairs of unique defined mass agents with compounds to be
identified;

said unique defined mass agents being capable of being
analyzed on the basis of its mass, and wherein said analysis thus
15 identifies the chemical compound reacted with said analyzed mass
agent,

78. A mass-based, non-chemical method for identifying a
chemical compound, said method comprising:
20
(a) preparing a chemical agent having a unique defined
mass;

(b) preparing a chemical compound to be identified;

said unique defined mass agent being chemically linked or
reacted with said chemical compound to be identified to form a
unique covalently bound one-to-one pairing of unique defined
mass agent with compound to be identified;
30
» said unique defined mass agent being capable of being

analyzed on the basis of its mass, and wherein said analysis thus

identifies the chemical compound reacted with said analyzed mass

agent.
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code sample 2, two equal peaks are predicted at 114 and 115, 5 si nce
Gerr] in Merr] plus Jerr] in Merr] adds up to 114, and err] in Merr]
In code sanple 6, two single

pl us GkB'9rk79sa M err] adds up to 115.
predicted at 114 and 118 and a redundancy is pJed®¥YO374t 116

peaks are

to yield a peak approximately two tines as tall as the peaks at 114
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sane three isotopically doped versions of dycine described above 5 are
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I. Systhesis of serially encoded tentagel resin.
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25 57, 58, 59 57, 58, 59

Once the M5 is run on a conpl eted conbinatorial synthesis sanpl e, the
pattern i%%%%redtoapredicted pattern, which in turn identifies
the code, WRPER A turn identifies the first pool 5 nononBFT/UBRH05701
predi cted patterns can forma type of nmachine readabl e bar code,

whi ch, using methods well known to)Biga8 7of ordinary skill in the
optical scanning art, enables rapid data i nputing, decoding and

i nterpretation.
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20 where isotope doping occurs at the bead link and attached to the end

of a three nononer |igand, as indicated by the asterisk. | sot ope dopi ng
coul d al sowlgpe7pesdzor nred at the other end of the | i gand 3% 39@ 5
In anot her alternative enbodi nent of the invention, si nce i %#@5@% can

be readily read by nucl ear nagnetic resonance
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spectroscopy. NVR of fers the advantages of greater accuracy (one can

run ratio pools in increnents of down to 1%, the bead does not have to
be cl eavew®bdfs3@Es t he construct prior to analysis, 5 and t ﬂégﬁ%waplike
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Figures 133 to 286 di splay spectragrans associ at ed

vari ation of
schene. |

bl ock, the second columm is an internal

wi t h anot her

rati o encoding, which is a four peak 20 ratio encoding

|l owi ng table, the first col umm represents the code
ref erence nunbePCTAIS7/P5781
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represent the respective nole fractions of FMOC-protected al anines with
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generated, the greatest

While in principle any nunber of codes can be
of the encoding unit, which

utility is achieved by mnim zing the size
will i kemwp.,l;g'.’m m ze the chemcal 5 investnent in it.
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(1989) soY Se Peptide Synthesis: A Practical Approach. IRL Press,

Oxford. Bodanszky, A, and Bodanszky, M %1984) The 5 Practice of Peptide
Synthesis. Springer-Verlag, Berli /287
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Three commercially avail able (isotopically doped bronvpacetic

Exanpl e 2
10 acids provide three encodi ng noieties [err]
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The follow ng synthesis schene illustrates one variant of the ratio 15

approach. 21 Pools of bronpacetic acid, each having ratios of Cerr] to
Cerr] thatwpro ress in 5%increnents of from0%to 100% porekeRast are
prepar edWAHP3s case with the i sotope dopi ng occuring at the number

one carbon only.
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- 46- [err] The R err] noiety is encoded by the (err]
to (Jerr] ratio sanple, the Rerr] is encoded by the pool nunber from

Rl err] vvas“t@jpﬁﬁ and the Rlerr] noiety is encoded by subtraction of the
known Rl err] an o5 PCT/US97/05701

67/ 287
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Rlerr] masses fromthe total construct naess. Exanpl e 3: An Exanpl e of
| sot ope Encoding Using the N err] 10 | sotope Ratio in the Formof a

Reagent - WPEBTBerr] OAc PCT/US97/05701
687287
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(a) Encoded resin, 1-hydroxy-7-azabenzotriazole,
di i sopropyl carbodii m de, DVF;, (b) trans-()-3-phenyl-2- 5

(phenyl sulworsg3yesaxaziridine, CHC [err]; (c) Al dehyde, (X%

[err]NH err] QAc: [err] NH err] OAc, AcOH/ CHOI [err] (50:50); (d) (1) o570t
Pd(PPh[err])[err], CHO[err]/4-net h}gl/%?hl I ne/ AcOH (90:5:5), (i)
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sodi um di et hyl di t hi ocar bamat e/ di i sopr opyl et hyl am ne/ DVF (99:0).5:0.5);
(e) Am ne, PyBOP, diisopropylethylamne, DMF, 10 (f) TFA/H err]O (95:5)
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- 48- Exanpl e 4: An Exanpl e of |sotope Encoding Using the [err]H
| sotope Ratio in the Form of a Reagent -

NaCNBD[ er rwvo 97/37953 Thi s exanpl e i ncorporates by referenc | scl osure
of Lebl, M et al., Drug Devel opnent anderlégglg%g?}c“?ﬁ%"
1994, 33, 146- 156

. ) 747287

—
~
\\" -
= g
«©
<
N
[~ =]
(Y] —
S 8
— w—
=4
-2
N
—

¥

400

Wavenumbers (cm-1)
FIG. 74

1451.08

1491.81

1804.09 ﬂ
1582.971
1598.49 "
1600

1800

2000

70
0
0

40-

30

20 -

10

aduBIWSUR)] §

SUBSTITUTE SHEET (RULE 26)



SL 'Old
(1-w9) S1aquinudABY
008 000k o0z oor 009} 0081 0002

A
- Py N { A A

PCT/US97/05701

75/287

WD 97/ 37953

PCT/ US97/ 05701
WO 97/37953

[err]

. 16°106) -06
6896, 18°eshl !
7 - OF

20609} o1

80'5604

L5'6v81 |
1881 m

yorom O

BouRpIUISURI} %

SUBSTITUTE SHEET (RULE 26}



Possi bl e D astereoners of Unk
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In a 500 nl three-neck
PCT/US9 7705701

1
85/287

[err] S

ed with a
round- bot t Om\fvb§§}§795(3:har d
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stir bar, fitted with a reflux condenser, and 60 m addition funnel

(under nitrogen was placed 50.5 g 4-hydroxybenzoic acid, and 10 95 ni

1, 3-di net hY ne. 123.33 g zinc chloride was added FCIrUSe08%e4t Ur €
was heated to 60[err] with an oil bath. 126 m phosphor us oxychl ori de
was added drop-w se over aprox. 309@/‘%87 After addition, the reaction
ran for 90 mn at 60[err]. The dark re m xture was poured over 1.5 L
of ice (under heavy mxing), and 15 to this was added 276 g sodi um
carbonate, in small portions (significant gas evolution was observed).
400 M ethyl acetate wa added and the aqueous was extracted with

anot her 500 et hyl gacetate. The organics were conbi ned and washed
twice with © : b2 :
o
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brine and dried over mag. sulfate, filtered, and concentrated in 20
further dried under vacuumto give 142.2 g of a

redi sh-pink s
leld of pure 2, 4-

vacuo

at 40[err], a
§ﬂ?8ﬁ°ﬂﬁk solid was tritrated with 400 m hot hexane,
filtered, and dried to give 63.3 g of a pink solid. Recrystalizpbt&gmmsﬂu

from 75m hot nmethanol gave a first C;§9A¥28§h
t-pink solid 25 (21.9%.

di met’hoxy- 4- hydr oxy- benzophenone (1)
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2 - 1In ab500 mM recovery flask was added 20.043 g of 2,4- 5

di nmet hoxy- 4- hydr oxy- benzophenone, 150 ml water, 0.75 g pot assi um
i odi de, aww $237853g sodi um chl oroacetate. The m xture WaBCTMISH7/0530k ed t O
85[err] in an oil bath. To the m xture was added 50% NaOH (w/ v) in
smal | amounts, to maintain the pH 95/1%8]74' The reaction was foll owed
by TLC (2/5 met hanol /et hyl ene 10 “chl'oride) until the reaction was
conplete (3 hrs). The reaction solution was transfered to a 500 m
erl ennyer flask, while still hot, and cooled to roomtenp. 150 m et hyl
acetate was added and the solution was acidified to pH 2 with conc.
HCl . The
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sol ution m xed overni ght.

The off-white solid was

The | arge anmount of white precipitate 15 was

dri ed
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recovery flask was placed 1.00 g of 2, 32 ni
to 50[err]

53 - 1Ina 100 m
sol uti on was war ned
bor ohydride in

met hanol, and 3.2 m 1N NaOH. This clear
in an oi | DXPW73Ts3t he sol uti on was added 0.18 g sodi um
smal | anmounts. The reaction was allowed to PCT/US97/0570]
93/287
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The reaction was then cooled to roomtenp. 10 and the

proceed for 2.5 hrs.
sol uti on ggag‘g%%gntrated to a small volune. The m xture was acidified
with 2N HCIL an e sol ution was concentrated further tPCTA/RITOSIOMe

met hanol . The sol ution was extracted with et hyl acetate. The organics
were washed with brine, dried over94/28%iumsulfate, filtered,
concentrated, and dried under vacuumto 15 give 0.98 g of a light pink
foam 3 (97.5% . The product was used i Mmedi ately for the next step.
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In a 200 mM recovery flask was placed 10.0 g of Fnoc-C, which was
disolved in 100 m of 80% di net hoxyethane. To this m xture was added
approx. 3¥eP7aM530% 15N-ammonia in water. A 25 white precpg an to
f-orm The pH of the m xture was brought to 7-9. The reacﬁ%ﬁaﬁg@&g

A 1'owed to proceed for 30-mn. 95/ 287 -
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The reaction was acidified with 12N HC1 and the white solid was filtered
first crop yield

off and air_dried. Further drying under vacuum gave a

of 8.072 g BE¥Bc-[err]NH err] as a white crystaline sol i d. 5
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4 -1n t\e 100 M recovery flask used to dry 3 was added 20 ml 5 di oxane,
0.75 g Fnoc-[err]NH err] and 0.25 g benzenesul foni c aci d. The reaction

was heat e®VQ@¥38P®rr|C for 18 hrs. A |large anount of | | BOT/USYBYST01
precipitate was noted. The m xture was added to water and the |ight
brown solid was filtered and purif qe? %?I ash col . chr omat ogr aphy
(100% et hyl acetate, then 98% et hyl d acetate/acetic acid) to give 0.37 ¢

of pure 4 as a light-brown oil.
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5-1na 10 mM shaker tube was placed 0.50 g of am nonet hyl at ed
pol ystyrene (0.21 mmol/g). To the resin was added a solution of 5 0.1845 ¢
4 [err] N r¥Qse731958ker and 0.184 g conmercial 14N-Knorr P70 M

DMF, and 0.164 m diisopropyl carbodiimde. The coupling ran on a shaker
and the resin was

for 5 hrs. The coupling solution 9Pz, e-jiltered of f,
washed with DM and CH err]C[err], a/n% dried under vacuum (ni nhydrin

negative) to provide 5. 10 Exanpl e 13
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6a & 6b - In two 5 m shaker tubes, each with approx 10 ng of resin 5,
2 x4 mM of 20% pi peridine/ DMF was added to both. 5 Both were then washed
with DVF VRISTRMBi n pos). To the first PCT/US97/05701
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shaker was added 0.0246 g of 4-brononethyl benzoicacid, 0.05 m DIC in
ylide-acid, 0.05 m

1.0 M DMF. To the second was added 0.0168 of the
DIC, in 1. 0¥R978M383 Each reaction ran on a shaker overni ght. The resins
and dri ed unde®PCFaisavns7o1

were washed with DMF, nethylene 10 chloride,
(ni nhydrin negative). To the d resins was added 1.0 m of 95%
ranlié%r’%lé'ﬁr. Filtered the solutions and

TFA/ wat er and t he cl eavage
and 6b. ESI-Ms showed an aprox. 46% 15N rati o.

concentrated to give 6a
15 Exanpl e 14-Preparati on of Mass-I|abel ed photocl eavabl e Iinkers
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5 Exanple 15-Ratio Codes 1 - Asolution of 1.511 ¢
2-Ni t robenzal dehyde (10.0 mol), 1.563 g malonic acid &1

5.0 mol ),
2.00g 1 gﬁg%ﬁgnnnniun1 acetate (25.6 mol), in 5.0 nPCAESETASIAL|
(99.999%  was "heated 10 to 100[err] with an oil bath. As noted in the

Cel schl ager
g 114/ 287
[ =]
a =
< =
<«
N
(<~}
L2
v
8
Y <<
L e
&
3 g
-
z— &
-]
o
= £
o -y
> 4D
Eg 8 <
[~ d
Oz g
™~
=
3 8
2 _}—
N e
—
2 ———
8@"— —_—
8 e O
£
S {?}
-
2
<
<
«» =)
o -
s g .
E -
& <
©

Spectrym from 1
60000+
56000+
52000
48000
44000
40000 -
36000+
32000
28000
24000
20000+
16000
12000+
8000
4000

sd9 ‘Ajsuajuy

SUBSTITUTE SHEET (RULE 26)

FIG. 114



St "OId4

MU ‘2/ul
emv wL% 89 1414 09¢ 9%y oSy

PCT/ US97/ 05701
PCT/US97/05701

1157287

WO 97/37953

WD 97/ 37953

- 63-

0ceoy ) ) 7\/\/\/\.&2&

g
549 ‘Ausuaju)

oxagy OV 00022

Yoy P

-2

0 % 0002

§d9 $a9g°g ' ) ° 00082
08°0Lp 1261000 WO} (SUeds 1) uw £9°| woy wnipdadg

SUBSTITUTE SHEET (RULE 26)



experinmental, during heating there was a tenporary, al nost col orl ess
preci pitate (ammonium salt of the benzyliden conpound). After 5 hours
of heati nWOHAIH of 25% HA was added and heati ng conPCHISerAisae1
another 5 hours. To this mxture 5 was added 12.0 ml of water and the
reaction was cooled to room 1hePogeture. A i ght brown precipitate was
filtered off and the filtrate was evaporated to al nbst dryness. The
briefly boiled with activated carbon and filtered.

sol uti on was then
The filtrate was made basic with the additi on of concentrated anmpni um
t hen

10 hydrexide. 1 precipitated as a yellow sh solid. The solid was
washed tggce with water, once with 50% net hanol in water
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once with 1:1 nmethanol -ether, and three tinmes with ether. The solid
(38% . 15

was then dried under vacuumto yield 0.8 g pure product 1

[err] WO 97/37953 PCT/US97/05701
117/287
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0.470 g (2.22 mmol ) of 1 was suspended in 5.0 M water, and
subsaquent |y di ssolved by the addition of 0.299 (2.13 mmol) m 20

triethyl ari®97a this solution was added 0.757 g Fnoc- OSU 2.25 mol )
in 50 n acet o‘;r%g?ri le. The reation then ran for 30 PCT’”(597’°57°1

115/287
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PCT/ US97/ 05701

FIG. 120

WD 97/ 37953
- 64- vr;jn. (fH[err] 10). The slurry was evaporated and diluted wth
5.0 mWRAB79%8nd 10.0 m ethyl acetate. The pH was adj uspegniss7dsror
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with 12N HO. A white solid precipitated. Filtered and extracted W th
ethyl acetate. The organics were washed with 2N HC, H20 5 and bri ne,
dried over mag. sulfate, filtered and evaporated to give perdsdifistdd solid

>
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whi ch upW®27f378%3ati on with ethyl acetate and hexane gave 0.36 g pure 2
(0.37% . Vell array: 10 [err]
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Percentage/ratio solutions of [err] N [err] N photolinker were gener at ed
in the followng manner (from 10.5 m stock solutions 15 DM of each
phot ol i nk#0)97/137953 0% = 20 x 0.050 m of 10.5 m [err] N phopetimlngsropnd O
x 0.050
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5% =19 x 0.050 M of 10.5 nm
[err] N-photo 10% =
m of 10.5

m of 10.5 m [err] N photo
and 1 x 0.050 20 m of 10.5 m

[ err] N-photol i nker,
18 X 0'03-9 % f.10.5 m [err] N photolinker, and 2 x 0.050
m [err]N'B 3 15% = 17 x 0.050 m of 10.5 m [err] NRSHHSITRSMEr . and
3 x 0.050 m of 10.5 m [err]N-photo 25 20%= 16 x 0.050 m of 10.5
m [err]N-photolinker, and 4 x 0120287 m of 10.5 m [err]Nphoto 25%
= 15 x 0.050 m of 10.5 m [err] N photolinker, and 5 x 0.050 m of 10.5
m [err] N-photo
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30% = 14 x 0.050 m of 10.5 m [err] N photolinker,
10.5 m [err] N photo WO 97/ 37953 .

and 6 x 0.050 30 ml of

PCT/ US97hQ8 6941953 PCT/USS7/0S701
124/ 287
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35% = 13 x 0.050 mM of 10.5 m [err] N photolinker, and 7 x 0.050

[err] N-photo 40% = 12 x 0.050 m of 10.5 m
m of 10.5 m [err]N-photo 5 45%
and 9 x 0. 0BGT/USIO53L of

-65-
m of 10.5 m
[err] N-ph@icpdd , and 8 x 0.050
= 11 x 0.050 E{)f 10.5 m [err] N photolinker,

50% = 10 x 0.050 m of 10.5 ni

10.5 M [err] N-photo
[err] N-photolinker, and 10 x 0.05@5/ 287 of 10.5 m [err] N photo
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55% =9 x 0.050 M of 10.5 m [err]N-photolinker, and Il x 0.050 10 m of
10.5 m [err] N photo 60% =8 x 0.050 mM of 10.5 m [err] N photolinker,

and 12 x w®@%m79s3 nl of 10.5 m [err] N-photo 65% = 7%&5% of
10.5 m [err] N-photolinker, and 13 x 0.050 m of 10.5 m [err hot o

15 70% =6 x 0.050 mM of 10.5 e hotol i nker, and 14 x 0. 050
° 367287 §

m of 10.5 m [err] N photo 0.050 m of 10.5 m :
[err] N-photolinker, and 15 x 0.050 m of 10.5 m [err] N photo 80%

=4 x 0.050 M of 10.5 m [err] N photolinker, and 16 x 0.050
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20 m of 10.5 m [err] N photo 85% =3 x 0.050 M of 10.5 m
[err] N-photolinker, and 17 x 0.050 m of 10.5 ml [err]N—photo 90%

= 2 X 0. 04 ¥r3 10.5 m [err] N-photolinker, and 18 x 0.05
s [er? RL"EHE?SJN nker

10.5 m [err]N-photo 25 95% =1 x 0.050 mM of 10.5 m
and 19 x 0.050 m of 10.5 m err N-photo 100% = 0 x 0.050 m of
10.5 m [err] N photolinker, and 2 m. of 10.5 m [err] N photo
30
w
8
p-3
&
<o
g
e
g’ ':-\/=—-
-
N =T ~&
—_— -
8. | e —_—
2L
-
@0
:9 "
o

C';
m/z, amy

o
- - =
e e
- .
2?3 g
z = =X
=
© o
8 3= €
g <
g
? "8
§ -
z . o
g -2Q
& i
€ “g S 8 8 = 2 3 S - O
S S 8 § e g 8 g g s
g 2 8 ¢ e 8 8 § = § § = ™
] sdo ‘Asusjuy

SUBSTITUTE SHEET (RULE 26)



PCT/US97/05701

PCT/ US97/ 05701

1287287

WO 97/37953

WD 97/ 37953

- 66-

8¢l OId

oy oy goy " /Y yoy 09¢ 95p 25

A

o

0z'62y
) | 0008

) (4%
0006
| o
-00064
0008

g
o~

sd2 ‘Ajsus)u|

Le-CN
g-In

b 00042

2
0 \Q\/\z\/\/\Jo_\z H 00006
\ { L 00088
oy
oLTS 00096
0006€

. t 000t

. 01'0L¥
$d0 pagey 4 . -0005Y
228858:233::_58_aeEe.%%

g

SUBSTITUTE SHEET (RULE 26)



[err]

PCT/US97/05701

WO 97/37953

129/ 287

0z'6Lp

549 yagg,

8Ly

oLy

ggy "B UW 4o 08

|

L [}

o< m 621 DI

0e°'69¥ 1

e ~—

(11434

7\/\/\/\/\/\{.;88

| o
- 00061

-00002

549 ‘Ajsueyy

| 00009

L 00069

- 00002

( * Tooos2
01°8Sy _

0610000 WoJ} (SuBDS | ) s 0y Wozy winIjdadg

SUBSTITUTE SHEET (RULE 26)



Starting with 6.3 g of am nonethyl polystyrene (0.21 nmol/g), di vi ded
1.0 M solutions

into 21 equal lots of 0.300 grans each, were added the 5

$d9 ‘Asuejuy

of varyi novoatms of [err]N-2 and [err]N-2, in 5%
yi ngw ms3of [err] [err] 070 PCT/US97/05701
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increments (0% 5% 10% to 100% [err] N-2 photolinker) (see CDWTfig.
1). These solutions were generated by disolving 0.4988 g 14N-2

phot ol i nk A-6,500 g [err] N-2 photolinker, and using 0.050 m

al oquats of each (20:0, 19:1, 18:2, to 0:20). To the 10 m XRCE/USWASTGhen

added 0.169 ml diisopropyl carbodiimde. The sanpl es were then m xed and
The resins were washed 8

the coupling ran overnight (approxi31/28% hours).
times with 1.5 m DV, and then with copious anounts of nethanol. 15
Approx. ,0.1 g of each lot was conbined into 7 lots consisting of t he
follow8y ratios per lot (see COWfig. 2). These 7 resin lots 8 i
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array: 20

Vel |

were used in the Tertiary Am ne Library Study.
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rati o was coupled with 0.50 m of

0.1 g of each resin |ot

Appr ox.
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5 a 10.5 m, 0.55 g 15N Fnoc- Al ani ne-CH in DWF sol ution, fol | owed by

the addition of 0.169 m DIC. The coupling then ran overni ght. The
resins were washed with copi ous anounts of met hanol a}g{'ﬂ{’#?@s der
vacuum (worsipaesan negative). 10 A snall anout of each reési . appr ox
0.01 g, was photo-cl eaved for 4hrs in 0.200 M 3:1 water/ THF. M5 was
subsequently per f or med. 1352282 16- Preparati on of nass-based codes

di stingui shable by 15 NWR
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Novabi ochem TGR resin coupled with [err]Cerr]-Fnoc-gly-OH Both the
carbonyl carbon and net hyl ene carbon of glycine were evident by
[err]C NVMR of the resinin CDO[err]. Addi ti onal | y,Pé,ﬂggﬁw%ﬂ{lbons
coul d beWVPDi¥7@#5At ed agai nst the st andard PEG si gnal d

remai n const ant t hroughout & the Ratios of [err]C Iinker/ligand

coul d be vari ed and subs?:g]ggrzgy determ ned (ligand resol ution) by
this non-destructive nethod.
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as well as a
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[ err] N-Phot ol i nker.

could have a hard ratio [err]Cto [err]C tag,
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Exanpl e 17-NVR Rati o Codi ng Approach
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-70- [err]C NMR quantitation study on a ratio of [err]C |abled acetic
acid to non-1abled acetic acid bound to Tenta-CGel-NH err] resin. The
[err]C ace‘g'b ,@ci d carbonyl can be i ntegrated against naturally
occuring [ ?‘] R} the PEG portion of the TG NH err] resin. pcrrusdwosior
differentiation of 5%increnents is observed.
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N- Fnoc- L- gl ycine 5 1 g of each isotope | abeled glycine (13.3 nol) were

di ssolved in 15 nmL of purified water and 1.4 g of sodium carbonate (see
Figure GP1l). 15 nlL of 1, 4-D oxane was added slowy to each
WO 97/37953 PCT/US97/05701
151/ 287
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and stirred. Over the period of two hours, 4.5 g of Fnoc-OSu 10

(9- Fl uor enyl met hyl - N- hydr oxysucci ni m de) was added to each WO
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-72- (see Figure GP3 for schene). Additional saturated sodi um
carbonate in water was added to maintain a pH=10. Sol utions wer e
sol ution

al | oned t o woisyamséer ni ght. 6M HO was slowy added to the
5 corrpq:m%yy%s%

the pH was approximately 2. Extraction of the
four times wth

unt i |
acetate, washing

of ethyl acetate were conbi ned.

of ethyl acetate. Both portions
Magnesi um sul f ate was added to
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mL

conpl eted using 50 nL of ethyl
of  acidified/ purified water. Aqueol3/ 287 portions were washed with 50 nL

FIG. 153



renove any excess water. Sanples were filtered and concentrated 10 using a
Rot oVap wotr37resde final vol une was approxi mately one- PQTAISTOGTS
original volunme. Crystallization was conpl eted using Hexane. Hexane
was decanted and conpound all owq%,p grrzm 15 N-Fnoc-L-al ani ne lg
-of each isotope |abel ed al ani ne g ) were dissolved in 15 L of
purified water and 1.2 g of sodium carbonate (see Figure GP2). 15 niL
of 1,4-D oxane was added slowy to each
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20 and stirred. Over the period of two and a half hours, 3.8 g of

Frmoc- CSu ( nyl met hyl - N- hydr oxysucci ni m de) was added ch
(see Figurgkgggggﬁr schene). Additional saturated sodiuﬂ?FQF%ﬁﬁgﬁ%
wat er was added to maintain a pH=10. Solutions were allowed to stir
overnight. 6M HCl was slowy 25 3dB8¢28F the solution until fhe pH was
approxi mately 2. Extraction of the conmpound was conpl eted using two
times 150 m. of ethyl acetate, washing four times with 300 niL of
acidified/ purified water. Magnesium sul fate was added to renove any
excess water. Sanples were filtered and concentrated using a 30 RotoVap
uatil the Einal vol ume was approxi mately one-third the
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original volunme. Crystallization was conpl eted usi ng Hexane. Hexane
was decary@osss conpound all owed to dry. The eictatgdsgso10f t he
following references is incorporated 35 in their entirety herein by

reference: Atherton, E. and fﬁéﬁpfé .C. (1989) Solid Phase Peptide
Synthesis: A Practi cal Appr : Press, Oxford. BodanszkyA. and

Bodanszky, M (1984) The Practice of Peptide Synthesis.
Spri nger - Ver | ag, Berlin. 40
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Exanple 1 8-Synthesis of Isotopically Label ed Peptides for Mass
Spect r al wAnediyress. Showi ng Their Use in Four Encoding 5PCT/US97/05701

Enoc- prot ected al ani ne, serine and |ysine were purchased from Bachem
Bi osci ence. Fnoc-gl yci ne was pur @;%-}rom Novabi ochem |Isotopically
-1 abel ed am no aci ds were purchas from Canbri dge | sotope Laboratories

and were Fnoc protected I n house (GP). Enobc Knorr |inker was purchased
from 10 Novabi ochem Fnoc- 3-(2-nitrophenyl)-3-am nopropionic acid (a
“phot ol abi | e i nkage agent) was purchased from Uni versal

1.10e5 cps

640 680

600

o)
g_ W
S
= LR
S LL
7+
S
o
’

40

4

Spectrum from 1.15 min (15 scans) fromASAO08708 copy, subtracted

m Q 2 3 LA L3 A3 Q Ld T

' FEEEFEEEEEEERE

™ M M O g D M w N N SN e
5 sdd *Aysusyuy

SUBSTITUTE SHEET (RULE 26)



pol ystyrene resin (0.81 mol /gram was pur chased

from Advanc 3P Gamiech. Li nkers were attached to solid support
manual |y in reaction 15 shakers (CM. Resin was split to 85 r BEEASSTIOS701

Advanced Chemlech ACT496 MBS. Resin was deprotected with

Organi cs. Am nonet hyl

vessel s on an

25% pi peri di ne/ di met hyl f or mani de t W&/ 2d8710 mi nutes, then washed

t horoughly with di nethyl formam de. The first am no aci ds were coupl ed
20 with

as. 0. 142 M solutions in N-nethyl-pyrolidone,
1.5 hours at room

PyBOP/ Di i sopropyl ethylamne in situ activation for
tenperature. Boc deprotection was perforned with 25 %trifluoroacetic

acid in di c%oromet hane for 30 m nutes.
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Acetyl ations were perfornmed with 33 % acetic anhydride in di met hyl
formam davO oT/37988 nmi nutes. Al couplings were verified 25 bpcCmiusayasion col or

tests. C eavage fromthe knorr |inker was acconplished in 90%
trifluoroacetic acid, 3% each wqt@/z@?nol and thioanisole for 1.5
hours. Sanples were dried under & nitrogen stream then dissolved in
wat er and |yophilized tw ce. Phot ocl eavage was perforned in 2:1
wat er: t et rahydrof uran under 30 uv lanp for 12 hours. Sanples were
1yophiliized once. Si ngl e Peak Positional Code
o
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m/z, amy
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FIG. 160
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This array was designed to produce 20 sanples with singlet, 35 unique
mol ecul ar weV@M¥w/879%®r positive identification by nass spect roscopy.
The sanpl es were assenbled in duplicate, one set of twentRCTWSa05701
chem cally cl eavabl e solid support, and the second set of twenty on a
phot ocl eavabl e support. By using a161/ 2&tbi nation of one or two am no

a "coding region" was 40 generated before addition of the synthetic

aci ds,
ligand (in this case
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G yci ne
(15N)

been assenbl ed,
generate a free am no side

5 G ycine (15N) d ycine (2,2-D2)
WOM3As3( 1- 13C) 10 Seri ne
| ysi ne was

spectroscopy. The a-am no

coupl ed as a test
ch?égffz()é_?ease of observation by nass

Al ani ne Al ani ne

After the coding region had
| i gand as VRCT/USS?/05001
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15 group

were asse
Frmoc- Knor
20

Figure 1

The codes and |igand

ﬁ%’ t%g#si ne was then acetyl ated.
s pol ystyrene resin functionalized w th BETE7/05701

r or Fnoc- 3-(2- ni t rophenyl ) - 3-am nopropionic acid |inkers.

The array for the singl §6gaR®Fsitional code is shown bel ow
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i gned to produce 20 sanples with doublet 5 peaks by nass

Thi s array, S
spectroscdgﬁﬁﬁgﬂgﬂpeak arising fromthe |igand attached tPCHUSYI/EIG
si mul t aneousl y assenbl ed

code, with a second peak resulting froma

reference peak (ligand plus a fixq?o/zsepidd?e). As desc_ridbed in tg_e SPPC
one and two ami no acids, a "coding

above, by using a conbi nation o
region” was 10 generated before addition of the synthetic ligand (in this
case Acetyl -1ysine). The twenty codes were al so constructed fromthe
foll owi ng am no aci ds:
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The array for the doubl e peak
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10 am noproaj?cgy' acid |inkers.
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-Ayl - 332 0 Lys- | n each of the sanples produced in
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5 denonstrate the ability to identify both the first pooling | ot and
t he nol eSO 938N generated by the unknown |i gand. PEI/USIEORIOL
sanpl es di splaying the coded doubl e peak, an ort hogonal protection
schenme was used. The first Fnoc-pyg d am no acid of the coding
regi on was coupled simultaneously wth 10 an equi nolar anount of
Boc-gl yci ne. The coding regi on was assenbl ed usi ng Fnoc chem stry,
then the Boc protecting group was renoved with trifluoroacetic acid.
After a final renoval of the code Fnoc protecting group with
pi peri di ne (which concomm ttentl ey neutralized TFA salts on,the
exposed argne of 15 glycine), the ligand (acetyl I|lysine) was cofipl ed. Upon
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anounts : the

phot ocl eavwpg9y/34949 conpounds were |iberated in equinolar
ligand linked to a reference am no acid (glycine) and tHEVGRS1

| inked to a uni que code. The mass difference bet ween the two peaks
indi cates the identity of the cod®80&2BHence 20 the identity of the first
nononer of the |igand coupl ed. Mass Spectral Barcode _
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nty five uni que "barcodes" are produced.

In 5 this

two positi
Iva???%%*%ooled | ot of any single bead derived frompaT/us9?/05701

manner the

In this experinment

split-conbine library can be readily identified.
either as discretes or

Frnoc- protected am no acids were cqw/_egs']

equi nol ar m xtures of two or three am no aci ds.
mass spectral barcode is shown bel ow Figure 3
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4 g of am nonet hyl ated pol ystyrene (0.81 nmmol/g) was put 5 into each of
2-250 nL s‘hyg?{?gsﬁhe resin was swelled with di net hyl f or mam de ( DVF)
washed with 20% pi peri dipcahidohosos ~3

and dr ai ned. e resin was then
m nut es and dr ai ned. The resin was washed three tinmes with DMF, once

Wi-t h di chl oronet hane (DCM : DNIBg7DP8and twice nore with DVF. 10
i nker (6.12g,

To the first shaker was added 3.5 equival ents of Knorr
11. 34 mol ). Enough DWF

11.34 mmol ) and 3.5 equival ents of PyBop (5. 99,
The solution was then activated with

was added to cover the resin bed.
10. 5 equival ents of DI EA (5.93 nL, 34.02 nol ). The reaction ran for 1

hourvmthg
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15 manual shaking every 5-10 m n. To the second shaker was added

3.5 equi ty?ss()f phot o | i nker (4.89g, 11.34 mmol) angeguSeasvdval ents
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- 80- 11.34 mol ). Enough DMF was added to cover the resin bed. The

solution was then activated with 10.5 equi val ents of DI EA 5.93 ni,
34.02 mmo¥F@I™AWE3 reaction ran for 1 hour with manual sESEUYSY7E8 y 5-10
mn. 5 After 1 hour both shakers were drained. N nhydrin tests
i ndi cated conplete coupling for pgthol8pkers. The resin was washed four

times with DMF, once with dichl oronet hane
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The resin was split
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and two nore tines with DWVF.
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Ref er ence Exanpl e 21-Ratio Code Using Tertiary Am ne The seven |lots
10 nmL shakers using

of resin (&dYHa0s3 2) Were transferred to
di net hyl formam de (DWF). The shakers wer e then cover ed REWUSSlosTH NUM
foil. The |inker was Fnoc deprotected twice for 5 mnutes each using

20% pi peri di ne/ DVF. 201/ 287
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The resin was washed four tines with DM, once with 10 dichl or onet hane

DI\@ s@nd tw ce with DVF. 0.315 mml ofpeposymbracven
haI o aci U ME T vei ghed in separate vials and an equi nol ar anount of
PyBop was added to each. The hal o _acids were then dissolved in 2 nL of
DMF. Each sol ution was then282+#28% the respective lot of resin and
activated
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- 84- with 165 [err]L of diisopropylethylamne (D EA). The coupling
ran WQI%our. After coupling the resins were drai neBCHHP RS ed
four times with DMF, once with DCM DMF 1:1, and twice with DCMto dry
the resin. 2037287 .
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5 0. 315 nmmol of each of seven halo acids were weighed in
separ at ey g/$r981d an equi nol ar anount of HBTU was added t ¢crmsorgsygh. The

hal o acids were then dissolved in 2 nL of DW. Each sol ution was then
added to the respective | ot of ﬁAZfé actlvated with 165 [err]L of
DI EA. The coupling ran for 1 hod f coupling the resins were

drai ned and washed four tines with DNF, once with DCM DWF 1:1, and
twice with DMF. Coupling was conpl ete by ninhydrin. The
resin lots were conbined and split to 24 wells of a 96 wel | ACT 396

pol ypropyl ene reaction bl ock. The resin was 15 washed twice with DCM and
dried.
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The resin was swelled with DVMF and drained. 1 nL of 1.0 M am ne

sol ution iwgkyebfy! sul foxi de (DMSO) was added to each wel |l . The
reaction ran overnight. The resin was drained and 20 washedarisse/ osdol h
and washed three nore tines

DMF, once with DVF: net hanol :water (1:1:1),
hen conmbi ned and split back to 24

with DVF. The 24 lots of resin 205 yepg7t
wel | s. 350[err]L of aldehyde solution (3.0 M/ DW) was added to

each well and mixed for 2 mnutes. An additional 250[err]L of 25
trinmethylorthoformate was added to each well and mixed for 1 m nut e
foll owed by 100 [err]L of 3% acetic acid in DMF. The
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reaction mxed for 15 mnutes before a final addition of 1nL of 1.5 M
NaBH3CN. J@g.”yggyct i ve am nation reaction ran for 3 h pidfrPusetiasrol €Si N
was drai ned” and washed twice with DVF. 30 A second reductive

am nation was run using sodi um triacet oxyborohydride. 350[err]L of

al dehyde solution (3.0 M DIVF;’Oﬁa/sé ded to each well and m xed for 2

m nutes. An additional 250[err]L of trinethylorthoformte was added to
each well and mxed for 1 minute followed by 100 [err]L of 3% acetic
35 acid in DM. The reaction mxed for 15 m nutes before a final

addition of 1nL of 1.5 MNaBH((Jerr]CCH err]). The reaction ran

overnight. The resin was drained and washed twice with D
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three times with DCM and three

three times with DMF: net hanol : wat er,

final tinmeswowtivoset hanol . 40 WD 97/ 37953
PCT/ US97/ 05701 PCT/US97/05701
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The synthesis of a set of

Exanpl e 23-Reaction Screening 5

seriallyvwdoasndsresins
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cont ai ned 192 conbi nati ons of of isotopically |abeled am no acids

(glycine err Jerr], Jerr] Herr] and al ani ne: A[errtc.r,ﬁg%;"f IA[err],
own bel ow:

and Al e Y wer e separated by Knorr linkers as s
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The reaction screening is perforned on the Iigand portion of the
mol ecul e Wyeregsgesdi ff erent nononers were used for the coupling of 5
as 4 different rREWUSAT05701

primary anmnes to allylic brom des as well
of 12 conbinations. The acyl ation of
an

conditions to give a total
secondary amines with carboxylic ag2|%ig2i8mpol ved 4 different acids

4 different reaction conditions to give another 16 conbi nati ons. The
resin was pooled and treated with 36 different conditions for the 10 fin
i ht ranmol ecul ar Heck reaction to give over 6900 potenti al conpounds
that contains different nononers and reaction condi tions. Upon singl
bead cl eavagg_ with TFAMC[err] and 6%
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t he encoded portion and the ligand are |iberated as

triethylen
outlined a 68%&£?ﬁ% ligand is al so encoded by the incorporati
glycine(0) and glycine(2) to help identify the |igand peaks

PCherigo

shown in Figures 10 through 12
464), (504 and

spectrum The mass spectra t, ar
0 P ggg?/52§ﬁ2he ligand (462 and

contain

506), 20 (478 and 480).
mass spectrumare |listed on the spectrum

parti cul ar
results one can use the conbinatorial approach to | ook at
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both the code (544-
The npnoners and conditions that were run for that
From t hese

FIG. 216



various reaction conditions and nononmers on a single bead and read 25 both

t he code %’géi)

Exanpl e 24-Ratio

gand when the materi al

IR, NMR and M5 anal ysi s
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16 resin sanples were synthesized where R was defined by a
ratio 5 patterns gratios

coupling owommesgars 1 through 3 in different
not ed bel ow). These resing could then be anal ysed by

techniques to elucidate their ratio identity. The

2217287
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beads were_anal ysed by IR, nmass spec, NMR and Am no Acid anal ysis. The
rati os gen‘gpagt" Bor the sinultaneous coupling are WO 9;@,{%?7?705701

PCT/ US97/ 05701
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- 89- defined RL: R2: R3 and were as follows for the 16 sanples:
#1-1:1:5; Sanpl e #2-1:2:5; Sanple #3-1:3:5; Sanple #4-1.4-5; i@&wle #5-
2:1:5; SWRVB¥S-2:2:5; Sanple #7-2:3:5; Sanple #8-2:4:5; %%ﬁ%?%ﬂ
#9-3:1:5; Sanple #10-3:2:5; Sanple #11-3:3:5; Sanple #12-3:4:5- 5 Sanple

#13-4:1:5; Sanple #144:2:5; 53@223]#}?243335? Sanpl e #16- 4:4:5,
Spectra for these ratios is shown in e acconpanyi ng Fi gures 18
t hrough 51 as foll ows: Sanpl e | R Spectra Nunber Mass Spec.
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11 u7125-86- 11 CW 0011
u7125- 86-12 CW 0012 13
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CW 0016 10 Exanpl e 25-Encodi ng238yy o987
t hensel ves generally used as solid supports
can be isotopically doped. Styrene beads
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conprised of styrene can readily by doped with CJerr], Flerr] or Herr]. 15
Addi ti oneld 937983 i s possible to conbine isotopically dopedP UM uct s
wi th beads that have thensel ves been coded or tagged wi th one or nore
of a series of nononers. 8 Styrene (Merr]), 2-Fluorostyrene
(Merr]), 3-fluorosytrene, 20 (%/?é(]% gnd 4-Fl uorostyrene (Merr]) were
dei nhibited prior to pol yneri zati on by passing through an al um na

adsor ption col um.
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PCT/ US97/ 05701

WD 97/ 37953
- 90- Weeissyek3 at or 2, 2- azobi si sobutyronitrile (AIBN) was purified by
crystallization from nethanol Specral grade tol uene was usedP§$/US97/05701
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pol ymeri zation wi thout further purification.
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Exanpl e 26- Encoding a Peptoid Library
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A 1000 conmpgnent |ibrary consisting of three 10 nonomer positions was
desi gned t oVNE8Br at e t he utility of the encodi ng strategy. The

| i brary was synthesized using the split-m x met hodol ogy FG%%Fﬁﬁﬂiﬂna 10
x 10 x 10 library. Since the split_mx nmet hod yi el ds one conpound per

bead and the beads are m xed 2B XA 287 | ng the synthesis, the chemstry
or nononer addition at 15 each step nust be recorded on the bead in order

to decode the conpound.
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The first position is encoded by controlling the ratio of

[err] C [wornb@fssr] incorporated with brompacetic acid in tME/PEIX5790
synthetic step. Ten unique ratios were enpl oyed with nine percent

i ncrements ranging from9:91 toggg 1. 8 The use of nine percent

I ncrements avoi ded the endpoi nt ( her 0: 100 or 100:0 while
allowing a total of ten codes. The th|rd nononmer was al reacy known
because the library was not reconbined after addition of 25 the final
.mononer (only one nononmer from set three was present
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The second position was encoded by the nolecular 5 weight of the conpound.

Si nce nonggayraeesd 1S known by the | sot opi ¢ reacti on anpcrwseresyei hr ee
by the final pool, nononer two can be cal cul ated using the nol ecul ar
wei ght determ ned by t he naiﬁﬁgpggﬁzoneter. Thi s i nposes one
constraint for any i brary: &t mers in the second position mnust
have different 10 nol ecular weights. The other nononers have no
restrictions. For this test exanple, the final pools were conposed of
conpounds havi ng uni que nol ecul ar weights in order to facilitate
decodi ng.
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Twenty single beads fromeach of the 10 pools were individually 15
and

cl eaved. Two emavpsyunds were then anal yzed by nmass spectronetry
identified by the isotope ratio and nol ecul ar wei ght of the PCT/USHe§M9red

The peak resulting fromthe protonated nonoi sotopic i on was

peaks.
designated Merr]Herr] while th@37¢s28 ng fromthe diisotopic ion
The deli berate doping with

(Merr]H+t2)[err] was designated Merr]Herr] .
[err]Cferr] 20 controlled the intensity of the Merr]H err] peak relative
to the Merr]H err] peak. Mass spectral data froma single bead in
pool 3 showed that Merr]Herr] and Merr]Herr] were 552 and 554,
respectivdly. The Merr]Herr]:Merr]Herr] ratio was cal culated to be
10: 90, whi@h was quite close to the actual ratio for '
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25 ion 552, which was 9:91. Using Merr]H err] as 550 and Merr]Herr] as
552, the wo9rsasssul ated Merr]Herr] to Merr]Herr] ratio yes ; The
conmpound having a Merr]Herr] ion in pool 2 had a theoregFgg?éﬁ?l

54: 46, again in very close %eggt to the calculated ratio. In sone
cases, side-reactions I nvol /g Ble addition of nononers may

conplicate the spectra. 30 Spectra 2C bel ow shows the mass spectrum of a

single bead from pool 1. The nobst intense ion in the spectrumis at
m-z 586. However, the calculated Merr]Herr]:Merr]Herr] ratio
(65:35) does no agree with known ration for the conmpound in pool 1
w-th Merg]Herr] of 586. This apparent di screpancy is dueyto the

addition 8 the third nononer for pool 1, a

1.09e5

640

[ =4
(74
2 w2 0
g s D
> O =3
= ©
Py
=3 S —
< N TH
b
2
g
<
3 2
‘2" =
3
(7]
‘u'_, :
— - ]
b =
£
o :
E
o
-~ '
=°&§§33?’v§~evévgm‘
[ 8&8
E8 e 88§88 8& e 8 & S
%?Gadnngﬁzvmngg
; sdo ‘Ajsueiyy

SUBSTITUTE SHEET (RULE 26)



PCT/ US97/ 05701
PCTAUS97/05701

239/ 287

WO 97/37953

WD 97/ 37953

-903-

6€¢ I

nwe ‘2w
089 0r9 009 095 02s 08y 44

" ACKE Y al oW . U el 0 ,J.,.f I _J .wqa,ﬂs m .ﬂf . ..,:j —q ,d_m.“—,f ] E,_ iy g JW, " _ XD
a 0659 bS8S 2196 Ry 1
A b | -000¥

2089 rony VO iy ooos
00021

|k

il ¢ °8b

\ -
|

e

00002
000v2
| 00082 g
00026 &
0009 §
%, 0000¥
! -000vY
0008y
00025
00095

€628 f 00009+
paaeiigns *4Adod Gze800VSY wouj (S8ds 1) unw gy woy wnjsadg

s yoy1°9

SUBSTITUTE SHEET (RULE 28)



nitrile. It is known that under acidic conditions (cleavage conditions)

nitriles cWRHB8™MPdrated to an anide. Wth the addition of vWtBEses
peaks for the Merr]Herr] ion at 586 shift to 586 (N[err]H[err]+18 Thus
for the peaks at 586 and 588

t he Merr]Herr]: I\/[err]H[erM?iQ

verifies the encode for t he 28¢g (which has its own, weaker set

of peaks having the sane ratio.). The known ration for the conpound in
ion of 568 is 63:37, which corresponds to

pool 1 with a Merr]H err]
t he cal cul ated val ue. This particular hydration reacti on was observed
for all conpounds in pool 1. This exanple denonstrates the ability to
decode conpgunds 10 and determ ne side reactions, a powerful enhgncenent
over other g encodi ng met hodol ogi es whi ch woul d be verx.useful during
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phase chem stry devel opnent

Exanpl e 27- Pseudo- Code Program Listing
Comput o s3esat ed 15 Detection of |sotope Encoded Conpounds in a Mass

for

Spect rum 1. I nput the nol ecul ar formula and i sotOH¥SY57¥%s of
an encoded conmpound. 20 2. Cal cul ate the nonoi sot opi c

nmol ecul ar wei ght from step 1241/ 287
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r|but|on fron1step 1.

3. the theoretical isotope dist
4. ng%%éﬂkghe mass spectrum out put file. Thﬁﬁﬂ syghe
spectrun1output

nonoi sot opi ¢ nol ecul ar weight in the nass

within +/- 0.3 anmu and check for
| f step 5 was successf ul corrpareztlh%/tggoietlcal

step 3 wwth the neasured values in the nass
Chi - Square test. The outcone of the Chi-Square
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determ nes the presence or absence of the encoded conpound.
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-94- Copyright 1996, d axo Wellcone, Inc. Al rights reserved.
Thi s i nweooyamsss execut abl e on a Macl nt osh conputer or a RCEWSI05761

conpati bl e conmputer, running the Wndows 95, Wndows NT or Maci nt osh
OS operating system which incézQﬁz U, main storage, /0O
resources, and a user interface®i 1 ng a manual |y operated keyboar d
and nouse.
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10 15 VWhile the invention has been described and ill ustrated

W th wdg.;,%g:pce to certain alternative enbodi nents thepepiusei/osIse
skilled In the art will appreciate that various changes, nodifications

and
245 / 287
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20 substitutions can be nmade therein w thout departing fromthe

spirit anWa@euPesof the invention. It is intended, therefor@criusatiossee
invention be limted only by the scope of the clains which follow, and
that such clains be interpreted ?45?%'73/ as possi bl e.
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Cl ai nms -95- 1. A nethod for uniquely

| abel | i ngwiy Pl464l ity of solid supports, said nethod C | S1.nQ;:
(a) dividing a gatch of solid supports that each have a fi%@gggg?fde site
into two or nore groups;

247 /287
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(b) chemcally |abelling each support group under a controlleqaﬁeriggiof
reacti on WO9T3#H tions to produce a machi ne-readabl e code; P¢TUSIE
| i nki ng a second cl eavage site to each code to provide a set of constructs

t hat each have a connecti ngzggglypggqrrpri sing in series the first
cl eavage site, the machi ne-readabl e code, the second cl eavage site, and
a chemstry site for carrying out a process; (d) subjecting the

solid supports of each solid support group to an initial process in

whi ch sai d machi ne-readabl e code is associated with certain group-dependent
processggaraneters of the initial process;
' S
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(e) optionally conmbining two or nore of the groups of |abelled solid
supports wpdy37es3t hen subjecting the conbined solid suppor teertussaesmt her

process; (f) selecting at | east sone of the solid supports after the
solid supports have been subjgﬁteg the initial process or the
further process; and (9) Red db B{e machi ne-readabl e code of the
sel ected solid supports to determ ne to which of the processes that
particul ar solid support had been subj ect ed.
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2. The nmethod as clainmed in claim1l1, wherein said nmachi ne readabl e code
conpri se woo7ambks ned nass agents that are capabl e of bei ng PERAISP3REIObY nass
spectroscopy. 3. The nmethod as clained in claim2, wherein said defined

mass agents are sel ected S d;ﬁégﬁch generate a uni que single nass
peak when anal ysed by nass 3@32 t copy. 4. The nethod as clainmed in
claim2, wherein said defined mass agents are sel ected So as to each
generate a uni que doubl e nass peak when anal ysed by nass spectroscopy.
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5. The method as clained in claim2, wherein said defined nass agents are
sel ected WQ 9739853 0 each generate a unique pair of single mass peaks when
anal ysed by nmass spectroscopy. 6. The nethod as cl ai ned POTUSIWOSVHA,

sel ected so as to each generate a

wherein said defined mass agents ar .
uni que pair of double mass peaks i /éﬁﬂyysed by mass spectroscopy.
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-96- 7. The nethod as clained in claim?2, wherein said defined nmass agents
are sel ect¥@97378g as to each generate a unique pattern of POTRUSHOETE
mass peaks. 8. The method as clained in claim7, wherein said unique peak
patterns for each of sai d deki S agents can be expressed as a
machi ne-r eadabl e pattern. QISQ'E?I%
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9. The nethod as clainmed in claim8, wherein said nmachi ne-readabl e patterns
are bawosedessa 10. The nethod as clained in claim2, wiereln, %)f
defined mass agents are sel ected so as to each independently g@ B ate a
uni que nass spectronmetry nass peak pattern selected fromthe group
consi sting of unique single mass Ae5KL87ni que doubl e mass peaks,

uni que pairs of nmass peaks, unique pairs of double mass peaks, and

uni que peak patterns that are capabl e of being expressed as nachi ne-
readabl e patterns. 11. The nethod as clainmed in claim1l, wherein said

machi ne readabl e codes conpri se
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defined agents that are capable of being anal ysed by nucl ear magneti c
r esonancewo 97/33g58ct r oscopy. 12. The nethod as clai ned i n ®CAYRITR50hher ei n

sai d defined agents are selected so as to each generate a unique

pattern of one or nore nucl ear mg&?%gr}*esonance peaks. 13. The
met hod as clained in claim 12, I ~sai d uni que peak patterns for each

of sai d defined agents can be expressed as a machi ne-readabl e pattern.
14. The method as clained in claim1l4, wherein said nmachi ne-readabl e

patterns are
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15. The nethod as claimed in claim1l, wherein said machi ne

readabl e codd¥O8HP9s3 se defined agents that are capabl e of being
anal ysed by infrared spectroscopy or by Raman spect r oscopyPCTASI7/08he

met hod as clainmed in claim15, wherein said defined agents are sel ected so
as to each generate a uni que p287%&yn28f one or nore infrared
17. The method as clained in

spectroscopy or Ranman spectroscopy peaks.
claim 16, wherein said unique peak patterns for each of

bar codes.
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sai d defined agents can be expressed as a machi ne-readable pattern. 18.
The met hodVPL787%48Bned in claim 17, wherein said nachi ne-r eadatrigsspasioer ns
are bar codes. 19. The nethod as clainmed in claim1, wherein the
initial process includes reactipg %8 solid supports with certain
reagents, wherein the further p %géé Zprises reacting the solid
supports with other reagents to produce a chem cal conpound of interest

on each of the solid supports.
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wherein said nass
reagents.

provi des mass peaks capabl e of bein
2597287
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20. The nethod as clained in claim 2,
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21. The nethod as clainmed in claim20, wherein additional mass peaks are
gener at ed WO 9737953t hat serve as signature peaks for positivecrdsetosswcati on

of rel evant nass peaks. 22. The nmethod as clainmed in claim1, wherein
sai d machi ne readabl e codes conpggiﬁ, 7 a plurality of defined nass
agents that are nolecular entiti hgﬁ differ fromone anot her by
| east one of their atons substituted by a different isotope of

havi ng at
that atom provided that the chem cal structural fornula of said defined
nass agents is the sane. 23. The nethod as clained in claim 22,

wherein said plurality of defined nmass agents are nol eculgar
entities @hat differ fromone another by having at |east SQne i sofopi ¢
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substitution at different atom c positions within the nol ecul e provided
chem cal structural fornula of said defi ngerrg@amsmgents is

that the
0 97 : : : : . )
t he same.W 1375? The nmethod as clainmed in claim1, wherein said nachi ne

readabl e codes conpri se azol ur al i.}y of defined nmass agents that are
regul arly repeating nol ecul ar ent 0128 that differ from one another
‘by an integral nunber of said repeating nol ecul ar entities. 25.
The nethod as clainmed in claim19, wherein at |east two groups of said
solid supports are enployed in each said reacting.
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26. The nethod as clainmed in claim1l, wherein the initial process and the
further woo7s79s3process conpri se reacting the solid supporecrusgrvsr@aagent s
to produce final products on the solid supports, and further
conprising the additional step 8é screening said final products on
said solid supports for a chara @2/3&52 of interest and

I dentifying the reaction history of at |east one final product having said

characteristic of interest. 27. The nmethod as clainmed in claiml,
wherein the initial process and the further process conprise
reacting the solid supports with reagents to produce fi nal products
on the s%i d supports and further conprising the additional stgp of
cleavinge&aid final products fromsaid solid supports and scregning said
final 3 P —
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product s. 28. The nmethod as clainmed in claim1, wherein said reading

step is 29. The method as clained in clai mpegysdhgéRin said
reactioﬁg§fgggk re aut omat ed. 30. A kit for encoding the reaction
history of a plurality of constructs that each conprise a solid
support having |linked thereto 283N28TFi ng group having a chenmistry site
for carrying out a chem cal process, wherein each connecting group
further includes two or nore cl eavage sites which are selectively
cl eavabl e, and a different isotopically distinguishable organic
‘conpound .posi ti oned between
w N
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the first and second cl eavage sites, each of the conpounds characterised by
havi ng diwoimgesahabl e nasses but havi ng the same cheni cal F&FHHWIF04n and
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sanme chem cal properties, each conpound encoding at | east one bit of
differen sical information which can be determ ned Poessi cal
neasurenetvx?”@?gA kit as clained in claim30, wherein sai geﬁgﬁgoundis are
m xed with one anot her in a plurality of discrete ratios to produce a
plurality of isotope mixtures t2&b AZ87 physical | y distinguishable from
each other. 32. A kit as clained in claim 31, wherein said conpounds are
m xed with one anot her in a series of regularly repeating increasing
increments. 33. Akit as clainmed in claim30, wherein said are of the

f or mul a:
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L[err]-CL eré% Where L[err] is a covalent bond or organic
moi ety; CH 7530t opi cal |y doped |inker; amtrisvodwors a

coval ent bond or an organic noiety. 34. A kit as clained in claim 33,
construct

wherein L[err] and L[err] are thezﬁeﬁp. 5. A chem cal
conprising a solid support having mkgc;3 hereto a connecting group
having a first and a second cleavage site which are selectively

cl eavabl e a uni que defi ned nass agent positioned between the first and
second
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cl eavage sites and a ligand linked to the connecting group. 36. A chem cal

construct weglsmssed in claim35, wherein said [igand is an_organic
moi ety. 37. A chemical construct as clained in clai m35, wRETEISY7/e%0H
ligand is bound to said uni que defined mass agent 38. A chem cal
construct as claimed in claim3520ffe/@8§7said |igand is a non-oligoner

which is aliphatic, alicyclic, aromatic, heterocyclic or a conbination
t her eof .

2 "
[ 3]
2
e =
Q. §
™
8
@o 5
«3
< o
WD

s
P
o
-4
a4
0y
N
-—
o
w

600

B =8 _ ©
k-1 -
S o T2 E (N
bt : == ©
'§ ~ . o x
2 § g 0O
s.‘."’ — —
g a— ls L
2 =
® =
S =
< N -
S

N Z
2 o _—
g 2 =
P73 =g
un ;;
z =
= - = O
£ g——=3
= = =
- ™ =3
E ~ e
4 < =
£ — . . =
£EE 88888 8 g =3 '
P AR - B AR S - -~ =3

$d0 ‘Aysuaju)

SUBSTITUTE SHEET (RULE 2¢)



39. A chemcal as clainmed in claim35 wherein said ligand is an ol igoner
which i s aWO97378%3 gopepti de, oligonucl eotide, oligosaccharisgerugshoshéPi d,

pol yester, polyan de, pol yur et hane, pol yurea, polyether, polyphosphorus

wher e phosphorus is a derivat2§ﬁaéfégp fromthe group consistng of

phosphat e, phosphonat e, phosp , phosphonam de, phosphite, or
sulfur is a derivative taken fromthe

phosfi nam de, or pol ysul fur where
sul f-onate, sulfite, sul fi nam de, or

group consi sting of sulfone,
sul fenam de. 40. A chemical construct as clainmed in claim35 wherein said
support is a resin bead of about 1 to 10000 [err]in in dianeter.
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41. A chem cal construct as clained in claim35 wherein said support is a
pol ystyre sin bead of about 1 to 10000 [err]in in dianeter. 42. A
library C(r;&n]por%‘”ssi’;nsg a plurality of chem cal constructs as cl é’lcr’r'élzsﬂ’ﬁs"ﬂai m
35.
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-99- 43. Alibrary conmprising a plurality of chem cal
const ruct Y@42781%8 ned in cl ai m 35, wher eioT/gdhgsjol 9ands
have been cl eaved from said solid supports 44. A process
for identifying conpounds haViHEZ?(g? racteristic of interest, which

I

conprises screening a library a in claim42. 45,
A process as clained in claim44, wherein the |igands have been cl eaved

fromthe solid support
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46. A process as clainmed in claim45, wherein said cl eavage is between said

solid WO 97/37953 support and sai d uni que defined npéfmggﬁ&gm

47. A database readily retrievable froma suitable data storage neans
conpri sed of t he set of machi ne-readabl e patterns

generated by the method as cl ai @efiti/n287 claim1.
48. A mass-based nethod for recording the reaction history of a reaction
series in sol ution, said nmethod conpri sing:

(a) preparing a plurality of solid supports having |inked thereto a
connecti ng
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group conprising in series the first cleavage site, a nass agent, a second
cl eavage WO 97/37953 site, and a chemistry site forPCHPFAPIout a
process, said nass agents each having a uni que defined
mass within each of a group of s / peaction wells, such

t hat each of said group of reaction wells contains an agent having a

defi ned nmass ~ that is different fromany other agent
wi thin any other of said reaction wells; (b) reacting
each chem stry site with a different first chem cal reagent in each
wel | ; (c) mxing said groups together in g resulting
batch a then dividing said batch into a @urality of
wells f a second internediate or final stage; -
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(d) repeating said reacting wwth a chem cal reagent at |east once to

provi de a wo 9737953 plurality of final products, mﬂﬁgg&sj{ferent
products within said wells; (e) said u

mass agents being capabl e of bein anal sed and wherein

sai d anal ysis defines the choi c@7&/ first chem cal reagent

49. A chem cal construct for use in a chenical process, conprising: a solid
support having |inked thereto a connecting group having
a chemstry site for carrying out a chem cal process,

wherein the connecting group further includes two or nore
cl eavagesites which are selectively cl eavable. .
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50. A chem cal construct as in claim49, wherein the two cl eavage sites are
cl eavabl e WO 97737953 under simlar conditions, wherECTUEIIRS701

connecting group further conprises a chem cal fragnment that is positioned
sites, and

between the first and the second Z&y§q£7
wherein cl eavage of the two cleav sftes cl eaves the chem ca

fragnment and is adapted to rel ease a conponent or conponents fromthe
cl eavage site which conprises the results of any

second
chem cal processes carried out on the construct
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-100- 51. A chemical construct as in claimb50, wherein the cheni cal

fragment wenbtahgds a means for inparting a characteri spgasogtsgbure to
a mass spectrum of the fragnent . ‘

275/ 287
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construct as in claim 51, wherein the neans for inparting

52. A chem cal
3stic signature conprises a peak splitting peBuS®ingEIdabel .

t he ch

53. A chemi cal construct as in claimb50, wherein the chem cal fragnment and
t he conponent rel eased by cl 2(2@% t he second cl eavage site both
contain a peak splitting i so?%é1 el to provided a characteristic
signature. 54. A chem cal construct as in claim50, wherein the chem cal

noi ety conprising a sensitizing group which

fragnent contains a
fragment to i nstrunment al anal ysi s.

sensitizes the chem cal
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55. A chem cal construct as in claimb50, wherein the chem cal fragnent and

t he C onent rel eased by cl eavage of the second cl eav th
e Lipg y g 3575407 Rs TR
contain ety conprising a sensitizing group which sensitizes the
chem cal fragnent to instrunental analysis. 56. A chemi cal construct
as in claim49, wherein the conng@f/mdBgroup further conprises a
chem cal fFegrent—theat—+s—post+itonret—bet-weer—the—{ir 5t he second
cl eavage giltes, and wherein th8 two cleavage sites|afq endent | y
[ - .
cl eavabl e} quch that upon cleavgge under a first sef pf| ¢ tions, the
second ﬂleavage siteis opened and i s adapted}tjo} rlelfelagel a conponent
whi ch con q ns the ' ' erg cal prbae$5e$ cariri ed out on the
constructj ﬂnd after cleavage 682.2
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of the second cleavage site, under a second set of conditions, the chem cal
fragnent iwopeBmased fromthe first cleavage site. 57. A chremgdhosion
construct as in claim49, wherein the connecting group further

conprises a chem cal fragnent tha?7bﬁéﬁ320tloned between the first and the
second cl eavage sites, and mherel cl eavage sites are independently

cl eavabl e sugfyTttTet DUUJCbL;ng +he—econst+uet—te—a—set—pH condi ti ons open
the first dl eavage site to Bel ease fromthe solid gypport the chenical
fragnent, thg |gdecond cl eavaie site and a componerjt{ tthat conprises the
products of pary chem cal pr@cesses carried out orf fHje construct
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58. A chem cal construct as in claimb56, wherein the chem cal fragnent
contains awo9rs®ass for inparting a characteristic si gnaturg RishHEsHBS S
spectrum of the fragnent 59. A chemical construct as clarm
wherein the nmeans for inparting Et}ia)/ ,zharacteri stic si gnature conpri ses
a peak splitting isot op| c | abel. %@ hem cal construct as in claim 56,

wher ei n t he chenycg—fragmermnt Tomt ar s a nUi[;-,'rry conprising a
sensitizing grou qmch sen5|t,ezes t he chem cal ffrdgnent to
I nstrumental analydi s. 3
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nore i sotope pairs sel eck@USHTIOBIG

[err]Br/[err]Br,
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construct as in claimb59,
conpri ses one or

Chpgseal
e

wo

| sotopic | ab

61.
group consisting of [err]H H err] (D)

-101-

[er]N and [err]O/[err]O.
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62. A chemcal construct as in claim49, wherein the first and second \

cl eavage swo0®31379s3 conprises first and second |inker groupsrg&ﬁﬁ%t
L[err], respectively. 63. A chem cal construct as in clai ereln t he

connecting group further conprises_a _spacer group A that is interposed
between the first and second |ink®1 7/ 28droups L[err] and L[err], the
spacer group A containing neans for inparting a characteristic

64. A chemi ca

signature to a mass spectrum of the connecting group.
construct as in claim®63, wherein the connectlng group i s defined by

the fornmula L[err]-A-L[err].
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. construct as in claim®63, wherein the spacer group A
I ncl udes a BIERsiti zi ng group G that conprises an ioni zabberpsoizonhi ch

i s ionizabl e under mass spectronetric conditions. 66. A chem cal
construct as in claim®63, wherei Qgge Zgnfiti zing group Gis ionizable
to forma positive or negative ion r(d mass spectronetric conditions.
67. A chem cal construct as in claim®66, wherein the sensitizing group G

65. A cherqv%agl

conprises a basi ¢ am no group.
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68. A chem cal construct as in claim&67, wherein the basic am no group

conpri ses wOo937¢s3i mary am no group. 69. A chem cal constr%,gscg?}og.m | ai m
acid conditions

49, wherein the first cleavage site is cleavable under
uct according to claim69, wherein

or by photolysis. 70. A chem cal _canstr
t he second cl eavage site is czgﬁbbéﬁg'under acid conditions or by
construct as in claim70, wherein the first

photolysis. 71. A chem cal
cl eavage site is cleavable under phot ochem cal conditions and the

second cl eavage site conprises a Rink
(24
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is cleavabl e under acid conditions. 72. A chem cal

l'inker groyR, Wi %5
construct as %%r?',g aim 49, wherein the chemical fragment is nBEWUSE7/05701
readabl e and is used to quantitate the anount of the conponent or

conponents and the connecting28oup8773. A nethod for analyzing a
construct conprising a solid support having |inked thereto a connecting
group having a chem stry site for carrying out a chem cal process,
wherein the connecting group includes two or nore cl eavage sites which

are selegively cleavable, the nethod conp;gsing:
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wher ei n

t he chem cal fragnent

I ncl udes a nmass spectronetric

cl eavage sites,
sensitizin cﬁP@ﬁﬁﬁthat I s ionizabl e under mass spectroscop|Cy@4ﬁﬁbﬁ&§wp
74.

and (b) subjecting
met hod of identifying a
prepari ng alibrary

defined in claim1l, and

identify biologically active

connecti ng groups.
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usef ul

phar mac
?éllty o]

contalm

subjecting the library to bi ol ogical
substrates that were |inked to the

fragment to mass spectronmetry.

substrate conprising
f chem cal constructs as
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