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(54) Title: SGLUBLE COMBINATORIAL LIBRARIES
(S7) Abstract

The present invention relates to novel soluble combinatorial libraries, comprising a soluble phase in solution attached to a core
molecule, and allowing the improved high-yield and efficient production of soluble combinatorial libraries. Some specific examples of
the soluble combinatorial libraries claimed herein one or more of the following: amino acids, a-azetide amino acids, triazine
dione molecules, +y-lactamtide molecules, §-lactamthiotide molecules, 8-lactam nucleus containing molecules, lycoramine alkaloid nucleus
containing molecules, and S-blocker nucleus molecules. Further, a. split synthesis technique for generating librairies of combinatorial
molecules employs a biphasic macromolecular support which is soluble during the pooling, splitting, and coupling steps but which is
insoluble during the washing step. The use of a biphasic macromolecular support in its soluble phase significantly enhances the efficiency
and performance of the pooling, splitting, and coupling steps. The use of a biphasic macromolecular support in its insoluble phase
significantly enhances the efficiency and performance of the washing step. S :




Dower et al., WO 91/19818 (PCT/US91/04384) describes peptide |ibraries
expressed as fusion proteins of bacteri- ophage coat proteins. 25

Dower et al., WD 93/06121 (PCT/US92/07815) describes a method for

synt hesi zi ng random ol i goners and the use of identification tags to
identify oligonmers with desired properties. - WO 96/ 03418 -

PCT/ US95/ 09614 2 Ellnman, United States Patent 5,288,514 describes the solid
phase and conbi natorial synthesis of benzodi azepi ne conpounds on a solid
support. Huebner, United States Patent 5,182,366 describes the 5
controlled synthe5|s of peptide mixtures using mxed resins. ., Houghten et
al . 354 Nature 84, 1991 and WO 92/ 09300 (PCT/US91/08694), describe the
generatlon and use of synthetic peptide conbinatorial libraries for basic
research and drug discovery. These libraries are conposed 10 of nlxtures
of free peptides which forma heterogenous |ibrary. Systematic

~identification of optinmal peptide ligands is achieved by screening a
library foll owed by ' _
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Iterative selection and synthesis processes. For exanple, one library
consisted of a series of six residue peptides 15 having the first two :
positions sWO9MIU8| |y defined, and the |ast four positions gorusdEosgsof a
random m xture of 18 L-amno acids. This library was screened to determ ne
whi ch pair of defined peptides had optinumactivity in an assay. A second
library was then synthesized in which the 20 optinmal pair of peptides were
i ncluded, the third position of each peptjde individually synthesized, and
the last three peptides consisted of a rahdom m xture of 18 L-am no aci ds.
This library was screened as before and the process repeated until. the
optimum si x residue peptide was 25 identified. Houghten et al. state: "A
nunber of other libraries, such as one com posed entirely of D-anino
‘acids, have been prepared which in total permt the systematic screening
“of hundreds of millions ofSQPeRLUECOMBINATORIAIA LIRRARTIRSt al  feature of
SPCLs (synthetic peptide conbinatorial libraries) is that free peptides

can be generated and used in solution invirtually all existing assay
systens at a concentration of eachﬁﬁ%ﬁiﬁ#?ﬁﬁ%ﬁﬂennﬂicabIe to 35 t he
assay. This approach has al so been success- fuIIy used I n radi o-receptor
assays (Op“ﬁrkss Reference to Related Apgllcatlon
This is a contlnuatlon in-part of pending appllcatlon
United States Serial No. 08/281,200, filed July 26, 1994,
and of United States Serial No. 08/484,153, filed June 7,
5 1995. .

Background of the Invention: | .
" This invention relates to soluble comblnatorlal
libraries, and methods for synthesizing soluble combina-

10 torial libraries. Such 11brar1es are useful to drug
discovery efforts and other scientific research.

| The rapld production of diverse collections or
libraries of chemical compouﬁds is an impertant goal for
those desiring to_screen large numbers of novel compounds

15 or diversomers for pharmacological activity.
Combinatorial synthesis has been utilized to ‘create
libraries of molecules. These libraries often consist of
oligdmeric or polymeric molecules created from the sequen-
tial addition of monomeric subunits. However, typically

20 the libraries created are not soluble and are not synthe-
sized solution.

Dower et al., WO 91/19818 (PCT/US91/04384) describes
peptide libraries expressed as fusion protelns of bacteri-
ophage coat proteins.

25 ‘Dower et al., WO 93/06121 (PCT/U892/07815) describes
a method for synthe81z1ng random oligomers and the use of
identification tags to - identify oligomers with de51red
properties.
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pepti des) and pl aque inhibition assays (human i munodefi ci enc Vi rus

(H V-1) amodosh3stpes Sinplex Virus (HSV)). = SPCLs, as de¥EX{USEHO cat |y
aid all areas of drug discovery and 5 resear ch i nvol vi ng peptides.”
Lamet al., 354 Nature 82, 1991, ‘and WO 92/ 00091 (PCT/ US91/04666) and
Houghten et al., 354 Nature 84, 1991 and WD 92/09300 (PCT/US91/08694),
descri be systematic synthesis and screeni ng of peptide and other libraries
of 10 defined structure. The nmethod used is based on a one bead one

pepti de approach in which a |lar eptlde brar sistin n1II|ons of
beads are screen&tl “Eé’oh%é@dc%ﬁﬁéleﬁs Pz ﬁnﬁ'glse é@p 4 e%t 5P st at e

"It is cl eagby jAObhaRRUARG Qomb&natb&lidanslymhebﬁ.s of bammlm‘ze@ome/at ed
amno acids in a tide s tocol, because the widely different
coupl i ng raF@?PGP4%4?¥ﬁ§hf%Qﬁ é%é% Wwill lead to unequal representatlon
and because each Hueihen,| UndcedaShatesi Ratert di, 183 i¥§@flegayibes the
5 controlled synthesis of peptlde mlxtures using mixed
. resins. Houghten et al., 354 Nature 84, 1991 and WO
92/09300 (PCT/U391/08694), descrlbe the .generation and use
of synthetic pept:.de comblnatorlal llbrarles for basic
research and drug d:.scovery These llbrarles are composed
10 of mlxtures of free peptldes which form a. heterogenousl
library. Systematic identification of optlmal peptide ‘
ligands is achieved by screening a library followed by )
iterative selection and synthesis processes - For example,
one 11brary cons1sted of a series of six re51due peptldes
15 having the first two pos;tlons speclflcally defined, and
the last four p081tlons cons1st1ng of a random mixture of
| 18 L- amino ac1ds This library was screened to determine
which pair of defined peptldes had optlmum activity in an
assay. A second library was then syntheslzed in which the
20 optlmal pair of peptides were included, the third p051tlon
of each peptide 1nd1v1dually synthesized, and the last
three peptldes consisted of a random mlxture of 18 L-amino
acids. This library was screened as before and the
process repeated until the_optlmum six resldue peptide was
25 identified. Houghten et al. state: B
"A number of other libraries, such as one com-
posed entirely of D-amino acids, have ‘been
prepared which in total permit the'systematic
 screening of hundreds of millions of'pepﬁides,
30 ' A fundamental feature of SPCLs (synthetic
: peptide comblnatorlal llbrarles) is that free
| peptides can be generated and used in solution
in virtually all existing assay systems at a.'
concentration of each peptide most applicable to
35 the assay. This approach has also been success-
fully used in radio-receptor assays (opioid



- 20 tides. Qur solution was to use a 'split synthe- sis' approach.
The first. cycle consisted of distributing a pool of resin beads into
separate re QPB4 ssel s each with a si ngl e am no acid, all oRCHESHSHD614
coupling reactions to go to conple- 25 tion, and then repooling the
beads. The.-cycle was repeated several tines to extend the peptide chain.
In this fashion, each bead should con- tain only a single peptide species.
The library of beads was screened by a staining 30 procedure and st ai ned
beads visualized using a n1croscope and rennved The structure of the

peptide is obtaine he nal SIS .the material on the single
bead. Lam et al. %8?%5?8% "%%%?tPg ¥ 455 AR¥AYSs (humangr eater 35
potential for applymmgnpﬁ@fnccnneys cﬁlmuﬁl-(Hivanblshﬂﬁipenetggschen1stry
to synthesize Vi 861 834 5@ HSV
PCT/ US95/ 09614 4 || bl’gl’l os | hoorparared ‘o a5k &8 ofefffiPefar al amino
acids as wel | as sPEBRFL¥ kdndady areas of drug dlSCOVery and

5 research involving peptides.™

Lam et al., 354 Nature 82, 1991, and WO 92/00091.
(PCT/US91/04666) and Houghten et al., 354 Nature 84, 1991
and WO 92/09300 (PCT/US91/08694), describe systematic
synthesis and screening of peptide and other libraries of

10 defined structure The method used is based on a one bead

one peptide approach in which a large peptide llbrary
_consisting of millions of beads are screened. Each bead
contains a single peptlde The authors state:

"It is clearly not enough to use a random mix-

15 ture of activated amino acids in a peptide
synthesis protocol, because the widely different
coupling rates of different amino acids will
lead to unequal representation and because each
bead will ‘contain a mixture of different pep-

20 | tides. Our solution was to use a 'split synthe-

' sis’' approach. The first cycle consisted of
distributing a pool of resin beads into sSeparate
- reaction vessels each with a single amino acid,
allowing the coupling'reactions to go to comple-

25 - tion, and then repooling the beads. The cycle
was repeated several times to extend the peptide
chain. In this fashion, each bead should con- .
tain only a single peptide species."

The library of beads was . screened by a staining

30 procedure and stained beads visualized using a microscope,

and removed. The structure of the peptide is obtained by.
a chemical analysis of the material on the single bead.
Lam et al. indicate: _ _

"Additionally, our approach has far.‘greater

35 potential for applying the richness of well-
established peptide chemistry to synthesize



structures including cyclic peptides. Al'l of this can be acconpli shed

w t hout need to keep 5 records of the synthetic products as our

i nter- esiyggs/d3dmsused just on those peptides which provi de BCHUS9IS09614
interaction signal with the acceptor.” These conbinatorial |ibraries have
been synthesized 10 on a solid phase such as a bead, resin or bifer and not
in solution.] The process of drug discovery has been facili- tated by the
advent of robotic benchmark assays which automate high-throughput screening
processes. ~ Now that new drug candi dates can be screened nore easily,
there is 15 an enhanced need for new drug candi dates. Conbi natori al
chemistry, atechabragyeshiigirapaatedr tﬁ@lﬁﬁréFPéP - UPREsi s of

d:cverse mg' ecul aEugﬁg.UtS.ﬁlh!hSSaciaB s ﬁémhoagdsf:eelfﬂengéabna§3 I6|8 grar1 iggg )
of new drug candidates. (, ogy : :
20 A conblﬁ&FBFFHFeﬁl&ﬂ§¥%4i#%1?Xﬁfzﬁtp p&aeﬁnleééags Sfavi ng
conbinatorially @h&angﬁﬂzSmbcanpompmishedlwlahbwﬁ rided stbckeppnent s bel ong
to the sane class e s h i natori al
library dre pon ﬁgfgg %Q FlgO%XnEHEE?FW?Egﬁg% Epéhoﬁg%tgnEQFBng to
differ- 25 ing eskasb®sfocused just @3 ckhpas Rﬂﬂté*@escoWbﬁ-Pbe t he

combi natorial |1 Beagyqer A/agt%ﬁgsuﬂ?@ééaé&&pl 8E4h8S with the

acceptor."
 These combinatorial libraries have been synthesized

10 on a solid phase such as a bead, resin or bifer and not in
solution.] The process of drug discovery has been facili- '
tated by the advent of robotic benchmark assays which
automate high-throughput screening processes. Now that
new drug candidates can be screened more easily, there is

15 an enhanced need for new drug candidates. Combinatorial
chemistry, a technology which allows for the parallel syn-
thesis of diverse molecular structures, can be employed

for generating libraries of new drug candidates.
(Hodgéon, J., Bio/Technology 11:683-688, 1993.)

20 ‘A combinatorial library is a collection of molecules
having combinatorially arranged subcomponents. " If all of
the subcomponents belong to the same class, then the mole-
cules which comprise the combinatorial library are poly-
mers or oligomers. If the subcomponents belong to differ-

25 ing classes, then the molecules which comprise the
combinatorial library or various subsets of molecules
within the combinatorial library may be non-oligomeric
heterocycles. Combinatorial libraries are generated by
means of a split synthesis technique wherein subcomponents

30 are added in a parallel fashion to nascent library ele-
ments contained within a combinatorial array of reaction
vessels. After the addition of each subcomponent, the
nascent library elements are washed, pooled, mixed, and
split into a subsequent set of parallel reaction vessels

35 for further elongation. The process of split synthesis
repeats itsélf until a library is generated wherein each



within the conbinatorial library may be non-oligomeric heterocycles.

Conbi natorial libraries are generated by neans of a split synthesis

t echni que WhEP@MM4hconponents 30 are added .in a parall el fasrlmwss?mm
nascent |ibrary ele- ments contained within a conbinatorial arLay o] "
reaction vessels. After the addi tion of each subconponent, the nascet cot
library elenents are washed, pooled, mxed, and split into a subsequen f

of parallel reaction vessels 35 for further elongation. The process o

i1 [ ' I f until a library is generated wherein each
3@:52/8§25268|S repeats 11se PCT/ US95/ 09614 5

155, h peordesbtiaft sPUpRT k oF ersuburciteni st ry
| S [ §1888R e g PRGN EPe of
%Pgﬁr%rgdﬁcnggkﬁmlgﬁ 68&isdechemistryoivhtohepabdaces ndnl ¢ ohik NS of

chenistry hasridleRQleCat Ia' Blmb0 && ﬁa%&f&flﬁ?rgévggbb%%rﬁ%%%gm 7

ording to the rufes | HoTe
?gﬁglﬂm ﬁdDS a?réc ‘Ngt Freatgd MaSes qusw odiverstyl(iz85manaes. feedidtlari al

chemi stry 5 plaefce:lf:ﬁﬁ.hlgand/ theMPIIVS S2nebAbineACtERsS! Laetes 4]y,
protocol s whi ¢l proVidesa, k.D., Proc. Natl. Acad. Sei USA 91:10779-
10785, 1994. '
Combinatorial chemistry preferentially employs
general reaction strategies and protocols which provide
10 high-yielding reaction products. To this end, solid phase
polymer-supported synthesis has emerged as a preferred
method for the generating combinatorial libraries, e.g.,
Bunin, B.A., & Ellman, J.A., J. Am. Chem. Soc. 114:10997-
10998,.1992; Hobbs Dewitt, S., Kiely, J.s8., Stankovic,
15 C.J., Schroeder, M.C., Reynolds, Cody, D.M. & Pavia, M.R.,
Proc. Natl. Acad. Sci USa 90:6909-6913, 1993; Chen. C.,
Ahlberg, L.A., Miller, R.B., Jones, A.D. & Kurth, M.J.,
-J. Am. . Chemnm. Soc. 116:2661-2662, 1994; and Backes, J.B. &
Ellman, J.A., J. Am. Chem. Soc. 116:11171-11172, 1994,
20 Solid phase polymer- supported synthesis employs an
insoluble matrix substrate upon which nascent library
molecules may be assembled. The insoluble matrix
substrate is washed after each elongation step. The
products are then pooled and split into a second or
25 subsequent set of parallel reaction vessels for further
elongation as desired.

Although the solid-phase method is a preferred method
in a combinatorial chemistry, this method has certain
drawbacks. The most notable liability is the heterogene-

30 ous reaction conditions, which can exhibit several of the
following problems: : o

a) nonlinear kinetic behavior;

b) unequal distribution and/or access to the
chemical reaction; .

35 -} solvation problems; _
d) © the use of insoluble reagents or catalysts; and



10 high-yielding reaction products. To this end, solid phase

pol ymer - supported synthesis has energed as a preferred nethod for the
gener at i ngovgidkdpatorial libraries, e.g., Bunin, B. A, & EIRCTas9s/dés , J.
Am Chem Soc. 114:10997- 10998, .1992; Hobbs Dewitt, S., Kiely, J.S.,
Stankovic, 15 C. J., Schroeder, MC., Reynolds,. Cody, DM & Pavia, MR
Proc. Natl. Acad. Sci USA 90:6909-6913, 1993; Chen. C., .Ahlberg, L.A.,
Mller, RB., Jones, A D &Kurth, MJ.. .J. Am Chem Soc. 116:2661-2662,
1994: and Backes, J.B. & Ellman, J. A 5 Am Chem Soc. 116:11171-11172,
1994. 20 Solid  phase polyner-supported synt hesi s enpl oys an_insol ubl e
mat ri x substrateehponpuhecmynﬁhﬁﬁuc Probleys nasseogiasedmmitibesodidendl ed.
The ‘insolu Eﬁ sygstrate .is washed after each el ongation step.
‘The product are en pooled_ and Sp||t into a second or 25 subseguent set
of parallel reacthaf ﬂé%§@¢%§¢%r1FuFﬂhe?1E$EH©%}Y%n“§§h&@%ﬁFédS°iF§ﬁough

the solid- gﬁﬁésem?é é§1§t PESE eldcubiRitead 410 a:hemﬂst:&q;t oriiale.Ghemi stry,
this metho

as cer rawba e npst._n ble_liabilit
het er ogehe-mgbh BGSWhiéh|Eﬁpﬁbﬁﬁ?tﬁdﬁétﬁﬁu¥%qt 8P R4t %ﬁﬁ%JEgF t he
foll owi ng paﬁahaaak dhdicaeed aboveki ndnitsidsadiorfie}d ofinequbina-

dIStrIbUtlonor:.a Chemist sy HfﬁhéQT% supports are employed in con-

nection with the serial synthesis of individual molecules,

as described below. Polyethylene glycol'3(PEG) is a
10 conventional biphasic support employed in_'the area of
serial chemistry due to its favorable physical and chemi-_ q

- cal properties . PEG polymers are available in a variety
of molecular welghts from 2 000 to 20,000 Dalton and can"
be purchased from Fluka, Slgma and Aldrich as unprotected

15 or protected, mono or difunctiocnalized polymers (e.g. the
monomethyl ether of PEG). o '

PEG products remain soluble in most reaction mixtures
and organic solvents (w/v: benzene 10%, CCl,, 10%, Dioxane
10%, Methanol, 20%, Pyridine 40%, CHCl, 47%, CH2Cl, 53%,

‘20 H,0), 55%, EtOH, 20% 34 *C, EtOH1% 32 °C, EtOH 196 20 °*C,
diethylether, .01%), but upon exposure to d1ethyl ether a
precipitation can be effected which allows for easy sepa-
ration and subsequent crystallization in cold 20 °C
ethanol. Unlike other polymers, PEG avoids the tendency

25 to form'gelatinous precipitates.. '

PEG has been employed as a biphasic support in
connection with the serial synthesis and purification of
oligonucleotides, oligcsaccharidee and peptides. The PEG
is generally connected to the core molecule through an

30 ester linkage (e.g. a free hydroxyl on PEG is esterified
via a succinate linkage to a free hydroxyl on the core
molecule) however amide linkages and ether linkages are
equally as accessible with PEG. _ _

E. Bayer et al. (Nature 237:512, 1372) demonstrated

35 the use of PEG as a blpha51c support- with respect to the
synthesis of peptides.  Bayer also disclosed that the



chem cal reaction; 35 c) sol vation probl ens; d) t he use of

I nsol ubl e reagents or catal ysts; and WO 96/ 03418 ,

PCT/ US95/ 090N@ 9603418 pure synt hetic probl ens associ at ed w t hrepfusos/gpsas e
synthesis. Wiat is needed is an alternative nethod to solid- phase _
synthesis for conmbinatorial chemstry, i.e., a5 nethod which provides
greater yields and mtigates the drawback indicated above. Qutside the
field of conbina- torial chem stry, biphasjic supports are enployed in con-
nection with the serial synthesis of individual nolecules, as described

Support enpl oF P iAdHE OWAT SBF| AECHER e FAGaeRS Ta Sasbl bl
physi cal and elyathesia pfopeltgemersPEEipal yoRESnar eiyyghd alh® ivb a2
I T R e o e RN
mono or di f unehiesvsialz properyiess ofe PEG-boundo pepttikdes atres goviertd by
5 the polymeric ester group if used as a linker (e.g.,
succinate linkage) up to chain lengths of 10-15 amino acid
residues that are independent of the nature of ‘the
attached peptide. PEG exhibits high retention of ité
crystalline phase after the attachment of - amorphous
10 peptide blocks but the preparation of longer peptides
(more than 20 residues) strongly depends upon the primary
sequence, side-chain protection and conformation of the
peptide. |
Bonora et. al Nucleosides and Nucleotides 10:269,
15 1991, disclose a large scale dideoxynucleotide synthesis
using PEG as a biphasic support and noted high yields
above 90% for the synthesis of a octanucleotide with the
‘sequence: d(TAGCGCTA). A synthesis of cyclic oligodeoxy-
ribonucleotides, has also demonstrated the utility of the
20 PEG support and exemplifies the precipitation and crystal-
lization purification conditions as described herein.
(Bonora et. al Nucleosides and Nucleotides, 12:21, 1993.)
Bonora discloses that biphasic supports have several
comparative advantages of solid phase support systems for
25 synthesizing these oligonucleotides, viz.: |
a) the clean and convenient separation of the
oligonucleotide from the reaction = mixture, thereby
reducing purification time;

b) the economical preparation of small oligonucleo-
30 tides in milligram quantities; and
c) . the advantages of the use of solution phase

organic chemistry, e.g., monitoring by TLC or'IHPLC,
variable reagents, variable temperature and ‘pressure
conditions, etc. o _

35 Krepinsky et al. disclose the preparation of milli-
gram quantities of small PEG linked disaccharides, utiliz-



PEG products remain soluble in nost reaction m xtures and organi c sol vents

(w v: benzene 10% Cd[err], 10% D oxane 10% Methanol, 20%

Pyri di ne 40%

CHCl [err] 79%?{ 2Cl[err] 53% 20 Herr]O, 55% EtOH 20%cifusoSioosri OHL%

32 C Et

O [err]C, diethylether, .01%, but upon exposure to

diethyl ether a precipitation can be effected which allows for easy sepa-

rati on and subsequent crystallization in cold 20 C et hanol.

Unli ke

ot her

pol ymers, PEG avoids the tendency 25 to form gel ati nous precipitates. PEG

has been enpl oyed as a bi phasic suppor.t8

in connection with the seri al

synthesis and purification of oligonucleotides, oligosaccharides and . '
pepti des. Th@gPEﬁél%nyﬁuaﬂﬂﬂaauxunu¥MfiEicath@ncprepawteemepﬁhPEGgh an 30 .

kage to i Eadalopokff GEUERY syRluets 3R ith Rk tofeE
et her I|nkagmwnérEoemuaarbohmdnatésﬁYQWQKYﬂtth%xglx?Oﬁﬁ&%Flﬁﬂ BRAC( Nat ure

Lnate
ages and

237:512, 1 t t E
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respect to
96/ 03418

esli s of pe Bayer al sg, di scl osed t
additions of the di osy

- are subsequently washed off the prec1p1tated PEG-bound

10

15

20

25

product and the process is repeated until the desired
length polymer is obtained. Krepinsky et al., J. Am.
Chem. Soc. 113:5095, 1991. ' '

PEG (polyethylene glycol) is a preferred biphasic
support for serial syntheses due to its ease of precipita-
tion and crystalllzatlon.propertles However, alternative

biphasic supports are also known in the serial chemistry

area. Alternative biphasic supports include_polyvinyl
alcohol and polyvinylamine copolymerized with
polyvinyl-pyrrolidone, ' etc. ' (Bayer et al., Nature

237:512, 1972.)

Summary of the Invention :
There is provided a novel method for synthesis of

soluble combinatorial libraries, allowing such synthesis
to occur in a soluble phase, as opposed to on an insoluble
solid phése‘ In this way novel libraries can be simply
and readily created and assayed by more efficient means
and with higher yields. Not only aro-the soluble combina-
torial libraries of the present invention synthesized in

solution, but the combinatorial libraries themselves, once

30

. 35

synthesized, are soluble.

A combinatorial library is a collection of molecules
which has or more of the following characteristics: the
core molecules differ in chemical structure or composi-
tion, the assemblages of core molecules differ in chemical
structure or composition, or the chemical moieties or
groups of the core molecules differ in chemical structure
or composition. - - '

atlng agent. | X687 okeage ntse

éﬁ@@téd“ﬁth



7 sol ubilizing power of PEG was sufficient to enable the synthesis of
oligonmers with chain lengths up to 12 resi dues. In addition, Bayer noted
t hat the phyWoO®6/03418 i cal properties of PEG bound peptides ar ercapusdspssisby
5 the polyneric ester group if used as a linker (e.g., succinate |inkage)
up to chain lengths of 10-15 am no acid residues that are independent of"-
the nature of the attached peptide. PEG exhi bits high retention of its
~crystalline phase after the attachnent of %nnrphous 10 peptide blocks but
the preparation of |onger peptides (nore than 20 residues) strongly depends

upon the primry sequenﬁﬁ si de-chain protection and conformation of the
peptide. Bonora et.®af® HEL 8o SR nat PR ebibrrey 1652690, caitbin®®drial

di sclose a | argibrsany e ctinrdestlCbgot §§PuBYat HES soltd 19 Igl;@ asgpa Qﬁf@ﬁSi o
support aanuggﬁﬁﬁgéikyéglgéﬁagg%% 90% f or th§n§ynthes|s of a _
oct anucl eot'i de e SequeficatPTRFYAREEEFR) 1n godpiiansiandmeyc| for
ol i godeoxy- risxanEleot Pues, swisidl suppennstucht eé tdhebeiadl by L £iber 20
U 1 cati on conis priotetulcl o She et Bie TADER o g rebibire and
Nucl eoti des, BPLyMmenimzomuRids:. di scl oses that bi phasic supports have
sever al The soluble-combinatorial.libraries of the present
invention are particularly useful for rapidly creating and
identifying large numbers of molecules that may be pharma-
10 cologically active and medicinally useful, drug candi-
dates. The invention allows the rapid, efficient and
convenient generation and screening of sets of pharmacolo-
gically active molecules. Once a pharmacologically active,
molecule or set of molecules has been identified, the
15 present invention may then again be used to optimize the
‘active molecule or set of molecules by ‘making slight
variations in the molecule or set of molecules. '
An advantage of the present invention is that it
allows efficient synthesis and automated screening of a
20 large range of potentially biologically active compounds.
This invention, as will be set forth fully below,
features soluble combinatorial libraries comprised of a
set of related, or structurally similar, molecules wherein
each molecule is attached to a soluble polymeric molecule.
25 ' The invention  includes gfficient methods of'synthesizing
- soluble combinatorial libraries, and compositions for
generating soluble combinatorial libraries. The invention
allows for great flexibility in the format of synthesis.
In one embodiment, the invention is a soluble combi-
30 natorial library that allows improved manipﬁlation of
library molecules, generation of larger 1libraries and
improved'and efficient purification of compositions com-
prising the library. Further, the combinatorial libraries
themselves are soluble in solution, an advantage over
35 conventional solid phase synthesis.



conpar.ati ve advant ages of sol I d phase support systens for 25 synthesizing
t hese oligonucl eotides, viz.: a) the clean and convenient separation
of the ol iygglsdigot i de fromthe reaction m xt ure, thereby PelIIS95109614
purification tinme; b) t he econonical preparation of small oligonucleo- 30
tides in mlligramquantities; and c) t he advantages of the use of

sol ution phase organic chemstry, e.g., nonitoring by TLC or HPLC,
variabl e reagents, variable tenperature,gnd pressure conditions, etc. 35
Krepi nsky et al. disclose the preparation of mlli- gramquantities of

smal | PEG |inked disaccharides, utiliz- WO 96/ 03418

PCT/ US95/ 09614 8 Ing tttiee profenred; smbodimentsi cﬁh#oﬁ%ﬂ@&@rt%@bwapm
Car bohydr at e R AT TR e pse ot f pa -t ot et en Lo
\C/?; ? Sa?/ corrpl'é??@ﬁb%gﬁeﬁéagcé%‘”% %ﬂﬁ‘?‘f‘?ﬂ%? frh éi%fc?os‘?f?%a‘?‘?‘fﬁge%géﬁ? The
excess reagegbsipatifidsulxtestieshayewes hedsmmboh td:ileetp:ealpl tetragt tRE@1boand

5 functlional element, and determine the identity of the
soluble combinatorial library. The core molecules or-

. assemblage of molecules may differ, however, in one or
more chemical moieties.

A "get of core molecules" is two or more core mole-

10 cules which differ in their respective chemical moieties.
An "assemblage of core molecules" is a series of two or '
more core molecules chemically linked together.. '

Examples of core,molgcules, which are not meant to,
limit the scope of the present invention ‘are: amino

15 acids, a-azetide amino acids, triazine dione molecules, v-

" jactamtide molecules, §-lactamthiotide molecules, g-lactam
nucleus containing molecules, lycoramine alkaloid nucleus
containing molecules, and f-blocker nucleus molecules or
combinations thereof. _

20 A "soluble polymeric compound” is a molecule that may
be dissolved in the solvents in which the desired library
synthesizing reactions are to occur. Relate'd compounds
that may be insoluble alone may become soluble in a
desired solvent once the related compound is attached to

25 the soluble polymeric compound. In this way, the reagents
can be reacted in solution with a core molecule. Typi-
cally, such reactions in solution are inefficient or
impossible when the reagents are reacted with a core
molecule that is not attached to a soluble polymeric

30 compound. _ _

The present invention, by synthesizing on a soluble
‘polymeric compound, creates yields that are several orders
of magnitude larger than those produced by solid phase
synthesis’. Typically, the present invention yields milli-

35 grams and grams of product, and the present | invention’s



product and the process is repeated until the desired | ength polyner is

obt ai ned. Krepinsky et al., J. Am Chem Soc. 113:5095, 1991. 10

PEG (pol yet WA ¥M343§ ycol ) is a preferred bi phasic support forpePtusfalossia
syntheéses due. to its ease of precipita- tion and crystallization

properties. However, alternative biphasic supports are also known in the _
serial chem stry area. Al ternative biphasic supports include polyvinyl 15
al cohol and pol yvi nyl am ne copol yyeri zed W th .

pol yvi nyl - pyrrol i done, etc. (Bayer et al., Nature 237:512, 1972.)

Sunmmary of the.lgéention 20 _, ., There is provided a novel nethod for
synthesi s of ¥3FUBFe™B¥NBE iRbinited; by icentrasgtonised istiphasensatihe -t 0
occur in a sobubl giphdsepndy sppatedahog@aman JfN$HJHiE Solid phase. In
this way novel lib i b il y. and readi[y created and assayed by
nore efficient neaﬁggzgg%%% ﬁ[%ﬁiﬁﬂ%ﬁécyﬁQﬂQﬁHn SR YR ap¥nthesdging e
combi na- toriéhel$9lubi@scgmb%netpréaénlibnaemeboafsynéhpgégeﬁti&ngghution,
but the cogbi pabaringl bebiasiescthense e t hesi zed, are sol ubl e.
A conbi nat ori al ibrgry is a co egggoéﬁgﬁiﬁ%?%cﬁﬁég.ﬁﬁe §ﬁi§ﬁ K&a<srdpr e
of the fol | owhgRchBPalPER BPlesulesne kit anaw| e ubekerivi éer chamibanilgal

structure or aovpPV&L- The core molecules can be treated with reagents
without fear of unwanted side reactions between the
reagents and the soluble polymeric compound. Still, the
10 soluble polymeric compound may react with certain other
- chemicals that will not react with the core molecules or
products therefrom. :

; A further advantage of the soluble polymeric compound
‘is that it'facilitates~efficient isolation and recovery_off

15 the desired product.. '

The ‘soluble polymeric'compound may be of a size and
weigh; that allows it to be readily isolated through
filtration and chromatographic techniques that are well
known to those skilled in the art. |

20 . Also, the soluble polymeric compound may be cleavable
from the core molecules. Through the use of reagents and
chemica;s that react with the soluble polymeric compound,

- but that do not react with the core molecules, the soluble
lpolymeric compound may be chemically modified so that it

25 Dbecomes insoluble, facilitating purification and isolation
of the attached core molecules.

The present invention may be utilized to create a
soluble combinatorial library that-may later be rendered
insoluble. The present invention, therefore, has all of

30 the advantages of conventional syntheses and'convéntional
libraries, such ‘as those produced by solid phase synthe-
sis -- insoluble 1libraries -- and has many additiohal
advantages not exhibited by conventional,synﬁheses and
libraries. A few of these additional advantages are rapid

35 and efficient production, high yields, and the production
of soluble combinatorial libraries.



tion, the assenbl ages of core nolecules differ in chem cal structure or
conposition, or the chem cal noieties or groups of the core nol ecul es

differ inggwssigl structure 35 or conposition. WO 96/ 0 PCIRUSIS/09614
PCT/ US95/ 09614 9 A sol uble conbinatorial library is a conbinatorial |ibrary

conprised of soluble nolecules, and in which synthesis of the library
occurs in solution and not, for exanple, on a solid support such as a bead
or a fiber. 5 Rather, nolecules of the4ibrary are linked to a soluble,
pol yneric conmpounds. The sol uble conbinatorial |ibraries of the present
invention are particularly useful for rapidly creating and identif.ying

| arge nunbers. of Tiel exniwisle Relymsrie FREPRENAIMAY.FDgFeartedalty and

'n}%g! cinal | yogﬁgﬁcu'chenﬁeéqscaéwithébtﬁ- attdEed N¥6pé | ABLatLles malye beapi d,
efficient an

Gi cal 1y act PleaNsRodtpBst RerReLdb Jh SR ot GARPUR AR ASCEYA e set
of nol ecul es has pbeedpriplgit {ded, ist bnelopraseet iof ecorenmuecies again
be used %O %%%%mﬁ§§t£§§e been chemically modified to add or remove

one or more chemical moieties. - _ -

The libraries can be.comprised of any. combination of
compoﬁnds contéining different moieties. These compounds
may be synthesized by traditional chemical methods or

10 through the use of enzymes. The moieties may be natural
or unnatural, and may include amino acids,: the R groups of ‘
amino acids such as the hydroxyl group in methiomine,
nucleotides_or-poftions thereof, sugars, lipids and carbo-'_
hydrates. The bond used to attach each group can be of

15 any type, including covalent ionic and coordination bonds.

The bonds may be cleaved selectively by enzyme or chemical
treatment. _ _ ' '

The present invention is useful because it allows the
quick and efficient generation of'a_diverse set of core

20 molecules that can be isolated and purified by several
efficient methods due to the attachment of a soluble
compound. - The compound can remain attached or be cleaved
as desired at any stage of the purification. For example,
use of PEG as the soluble compound allows rapid and effi-

25 cieht isolation by membrane filtration or precipitation.

The present invention is also useful for the genera-
tion'of larger libraries than those libraries that can be
created by traditional solid phase synthesis.

The present invention is also useful for screening

30 for novel therapeutic molecules. For example, the inven-
tion allows one to screen for such therapeutic molecules
‘as receptor agonists-or antagonists.

Also, if «-aza amino acids are used as a backbone,

- the possibility of oral administration of the library

35 molecules is created. This possibility is due to the fact

that the a-aza amino acid are not easily hydrolyzed.



active nmol ecul e or set of nol ecules by making slight variations in the
nol ecul e or set of nolecules. An advantage of the present invention is that

it allows ef Ma96@8418synt hesi s and aut omat ed screening of a 20 Péﬁﬁgﬁoﬁﬁqge
of potentially biologically active conpounds. This invention, as w f. e
set forth fully below, features soluble conmbinatorial |ibraries conprised
of a set of related, or structurally simlar, nolecules wherein each

nol ecule is attached to a sol uble polyneri% nol ecul e. 25 The invention

i ncl udes efficient methods of synthesizind‘soluble conbi nat ori al

| ibraries, .and conpositions for generating sol uble conbinatorial
libraries. ThEUFkbent| &R g R&as amdnogaeHdsf 1thd hidddybom dhecher gphgot
synt hesi s. | n ghengDheiiimNt actihe | Hyentd 1Sy aysol ubl e conbi - 30 ,
natorial library that allows ?ila%r o?/gd < nlrgéu%tlb n %f rf’l‘tblF%ﬁf?P'rml eChit8s,
gener ation of W%¥5%$e?iBPE?PE§a Y Priprwredouhentianesd phammatotayicalof
conposi tions mmmiyﬁtyim@tthelﬂhbaatyIiwlg@ﬁleghgﬂgyﬂggﬁEQEEM ébraries

t hensel ves ar %é?iﬁge in solution, an advantage over 35 conveﬁilongr _
solid phase synthesis: WD 96/ 03418 -

'PCT/ US95/ 09614 In other aspects, the invention features the follow-

ing cpmpositions'which-may be coupled by the soluble-
‘reaction method of the present invention or any other
combinatorial library generation method as would be known

10 to one of ordinary skill in the art: a-azetide cbmposi-
tions; triazine dione compositions, which are nucleic
acid-like compounds; y-lactamtides and d-lactamthiotides,
the latter of which can be derived from a protected,
‘cysteine; a f-lactam nucleus, wherein the chemical groups

15 may be varied; a lycoramine alkaloid nucleus, wherein the
chemical moieties or groups attached thereto may. be
varied; and a B-blocker nucleus comprising, for example,
a naphthol or phenol ring wherein the chemical moieties or
groups about the ring may be varied.

20 Further provided are the following combinatorial
libraries: a polyoxygenated compound library, comprising
heterocyclic compounds containing two or more oxygen atoms
and at least one chemical moiety Or group, wherein the
compounds may be coupled along a backbone that is peptide

25 or peptide-like; an aryloxyaqetic'acid library; a poly-
ether- backbone compound library; a pyridyl backbone
;ompound library; and' a dideoxynucleotide compound
library. _

' In a preferred embodiment, synthesis of the soluble

30 combinatorial library utilizes polyethylene glycol ("PEG")
as the soluble polymeric compound to which an initial core
molecule of the combinatorial library is attached. The
soluble, polymeric pProtecting group may  include, for
example, polyvinyl alcohol or'polYVinylamine copolymerized

35 with polyvinylpyrrolidone. A number of core molecules are
typically utilized in generating the combinatorial



10 In the preferred enbodi nent, the soluble conbina- torial libraries are’

- conprised of "core nolecul es" or an "assenbl age of core nol ecul es". The
core nol ecul es _are conpounds that share a common chem cal , P or 5
functi onaWa? , and determne the identity of the sol uble

conbinatorial |ibrary. The core nol ecul es or assenbl age of nol ecul es may
differ, however, in one or nore chemcal npbieties. A "set of core

nol ecul es” is two or nore core nol e- 1gbzful es which differ in their

respective chem cal noieties. An "asse age of core nolecules” is a series
of two or nore core nol ecules chemcally |inked toget
mol ecul es,

_ her. Exa Ie% clf core
gf}%?;r?r e (RidmAy dre | core nhtecebpePsT EREHAETe NS S Vent i on
are: am n aci'ds,” a-azetide amno acids, triazine dione nolecules,

[err]: |actdm udedol ecules, [err]-I act ant hi oti de npl_ec I rJe4-2Ct am
nucl eus cont ai ni rpyEdreles, al PrecAPité tHTal BFP nI& -eu%sﬁ%%)n%gi r#en%

nol ecul es, and [e rJC-bI ggﬁerr DGl ems vearswl esThe wqu ﬁ%f' 20

A "sol ubl e ﬁﬂ‘?‘#éi| nCSeroun(?". i,s a.nol ecu tﬁ'ﬁé_aay bg di Sepbi esbie t he

sol vent s § n il thuer dde p@é‘lpﬁp.gp.&,:.?nsyﬁt {:‘ggl S JYecul el “Eron é f the

. Related CQ”pn?gfechuiggt +ABEhPehdws ohobl ecipded nbg FESNERSoPHEYe I%Gé
molecules precipitate and may be separa_te,d.frqn.t molecules
_remaining in ‘solution. _After the purification step a
mixing step may be performed. The mixed PEG'-m_olclacules 'may

10 then be reacted with another core molecule. This process ‘
is continued until the desired number. of core molecuI'Les
have been coupled. Finally, the PEG is cleaved leaving
the coupled core molecules.._as the desired products. .

| In another embodiment, the shared structw:;ral_ eléme.r.lts

15 are one or more peptide bonds, and the chemical moieties

- are polyoxygénated heterocyclic compounds.

In another embodiment, the shared structural element
is a fB-lactam, and the chemical moieties may b_e_ ‘attached
to either the carboxy or amino functional groups of the -

20 lactam. Moieties that may be attached' t.o the carboxy

. functional group include, but are not limited to, alco-
| hols, amino acids and amines. . ‘Moieties that.m:ayl be
attachéd to the amino group include, but . are not limited
to, esters, amino acids, carbamates and thicesters.

25 other and further objects, features af'ld_ .a_dv;ntages
will be appai:ent from the following d_,escr:.ptj_:.on of the
presently preferred embodiments of the invention.

The invention is directed to an .improved method for
genérating a library of combinatorial molecules. Tlr.xe

30 method employs. at jeast two cycles of a pa:.':allel spl:l.t
-synthesis. " The cycle of the parallel '.sp_l:\.t synthesis
commences by collecting and mixing biphaglc macr_omo-lecula-r.
supports withiri a common pool. Each macromolecu}ar s:.fl—
port has a nascent library moleculg.at-t;a_ched to 1t.:. : e

35 common pool of biphasic macromolecular supports_ is t.en
split and transferred to a se;*:ies of separate reactlon



desired solvent once the related conmpound is attached to 25 the sol uble

pol ynmeric conpound. In this way, the reagents can be reacted in solution
with a coreW93418c. Typi- cally, such reactions in sol utimOressmneeis
inefficient or inpossible when the reagents are reacted with a core

mol ecul e that is not attached to a soluble polyneric 30 conpound. The
present invention, by synthesizing on a soluble polyneric conpound, creates
yields that are several orders of magni t uge | arger than those produced by
solid phase syntheS|s Typically, the present invention yields mlli- 35
grans and grans of _product, and the present invention's WO 96/ 03418

PCT/ US95/ 0961Y2FF8)iSel ds mRETSe uihieni f@@cemt cdridbrasy, swlietyilease st he-

si s yields onkjloseatted andghins dzi‘c}pr sdpatraréhersdbiile RQ F%@E_”B};C%rﬂ)ound
e

e " BRI DAY & FUBLORLOL Bl LBLEEL S8, Cerend: s the
core nol ecul ed, fBastmeplivenst whiwhs eenlerisc ahley bdphiagtc Taeremot sE1ecuUl €S
can be treateduppht'sfad6ihfle, e.g., alcohol. Then, the biphasic
macromolecular supports are rendered insoluble by addition
of a second solvent and washed for removing reactants
" therefrom.: The cycle may then be repeated as desired for
generating the library of combinatorial molecules.

10 In a preferred mode, the biphasic macromolecular
supports are selected from the group consisting of poly-
ethylene glycol (PEG), polyvinylalcohol, polyvinylamine
copolymerized with polyvinyl pyrrolidine, and derlvatlves
thereof.  These biphasic macromolecular supports are

15 rendered soluble by the addition of an alcohol and may be
rendered insoluble by addition of an ether. Preferred
combinatorial molecules include oligopeptides, oligosac-
charides, oligonucleotides, arylsulfonamides, and deriva-
tives thereof. . ' _

20 In a preferred alternative mode, a deconvolution
assemblage is synthesized in parallel with the library of
combinatorial molecules. - The deconvolution assémblage is
employable for deconvoluting the identity of combinatorial
molecules identified as positive by an assay. The decon-

25 volution assemblage is formed by removing an allquot ofl
the macromolecular supports from each reaction vessel
after the washing step.

The parallel split synthesis using a biphasic macro-

molecular support has the advantages of a stepwise synthe-

+ 30 sis without cumbersome intermediate purification proce-
dures.  Amino acids, nucleétides, arylsulfonamides or
sugar residues, are shown to be reversibly, covalently
linked to a biphasic macromolecular support which deter-
mines the physical and chemical properties of the growing

35 oligomeric chain during all stages of the synthesis. Aall
reactions utilize standard soluﬁion phase organic chem-



wi t hout . fear of unwanted side reactions between the reagents and the

sol ubl e polyneric conpound. Still, the 10 sol ubl e polyneric conpound may
react wit{ygsdsgisn other chemicals that will not react w tPCIRSIS09614

nol ecul es ‘or products therefrom A further advantage of the soluble

pol ymeric conpound is that it facilitates efficient isolation and recovery
of 15 the desired product. The soluble polyneric conpound may be of a size
and weight that allows it to be readily. ésolated through filtration and

- chr omat ogr aphi ¢ techni ques that are wel 1€ known to those skilled in the art.

20 Al so, the soluble polyneric conpound may be cl eavable fromthe
core nnlecuhes:yThrmth prrovidesoflexibdnisyahe uvEenvazigblraguaasdtr with
the sol ubl e ﬁggﬁegndilfbuﬁeéééﬁafl? n%t .eagto Wbk fohberLer or

nmol ecul es,

ymeri ¢ conpoun chem cally podifie
that it 25 1B§€Gm§¥¢¢ﬁﬁﬂuéﬂ@ HQ%N#Q%a}Fﬁﬁe%ﬁ?SfHﬁﬁﬁQi?QnﬁFW§%l gbn of

the att ache@ag%%l@heﬁgbeatuiag e@e@ﬁmelﬁwm@mm umcumpuemdmt 0
create a sol ubl e conbi nat i al rar nmay | at.e

t d
i nsol ubl 8. IPhaddiddGR, i RRNFR3A l?ﬂér&é&%?erﬂﬂpﬁﬁ?r%$ éens ﬁ@ggﬁyantages
of conventi enal @ynmmammys:mwenmorfarthem dvemsfittudls ashatoshe

produced by Salldrp%%%% y@épg mollecﬁle can be purified from tahe
soluble reagents by simple precipitation and/or crystalli-
zation procedures which are reflective of the biphasic
10 macromolecular support. The biphasic macromolecular
support also has the advantage of differing in molecular. _ {
size with the reagents, such that a simple filtration via
dialysis by membrane filtration etc., may be all that is'
necessary to purify the pro&uct after the coupling steps.
15  (E. Bayer et al., Nature 237:512, 1972.) -
Use of a biphasic macromolecular support imparts the
following advantages: _ |
1) The synthesis cycle is simplified, purification
methods utilize filtration, precipitation and/or crystal-
20 1lization methodologies which reflect the physical proper-
ties Characteristio of the biphasic macromolecular
support. Hence the total time required for the synthesis
of an oligomer is shortened.
2) Solubilities of the core molecules may be
25 enhanced (e.g., peptides) via the covalent linkage between
the core molecules and the biphasic macromolecular support
(e.g., polymeric ester groups).
3) . The use of filtration, precipitation or crystal-
1ization_properties.with'respect to the biphasic macro-
30 molecular support permits the use of less expensive
methods and concomitantly allows the rapid production of
high yielding products.
Use of ‘a biphasic macromolecular support achieves, in
essence, a parallel split synthesis for generating
35 libraries of combinatorial molecules in which the pooling,
splitting, and elongation steps occur in liquid phase



Sis -- insoluble libraries -- and has many additional advantages not
exhi bited by conventional syntheses and libraries. A few of these

addi ti onal ¥W2MB4les are rapid 35 and efficient production, p&t/abostioiads,
and the production of soluble conbinatorial Iibraries. WD 96/ 03418

PCT/ US95/ 09614 12 The sol ubl e pol yneric conpound may be reacted with other
chemi cals so that an attached core nolecule may be cleaved fromthe sol uble
pol ymeric conpound and recovered. A "conppgition” is one of a set of core
nol ecul es 5 .that may have been chemically nodified to add or renove one or

nmore chem cal gpheti s. The libraries can be conprised of any conbination
of conpounds VAt Ry YRFR ePERP iH qrgxformersen camsminds mhgs@e By

synt hesi zed b;dbpadnglmmﬁs(HryﬁdaﬂhfﬁﬁHEKHEéWbéékéhéPUQhthQI?S Qs a-
ude ~am no

CrENSS e RSB “SolBYpREGELY “hyRlndegl el Sl e e
met hi oni ne, nREBabiVeeaspecs: taren Prdmsendd . sugamSeréeDdetﬁeda@$9%E
hydrates. 3heagagdosed 14naAld FHA KA MR €A PEeRleved without the
disadvantages thereof. This Strategy can be termed Liquid
Phase Combinatorial Synthesis (LPCS).

- In a preferred embodiment of LPCS, linear homopolymer
(polyethylene glycol monomethylether (MeO- PEG)) is
10 employed as the biphasic macromolecular support. The MeO-
PEG also serves as a terminal protectlng group for the
llbrary of compounds synthesized. . This mono-functional
polymer was selected as the homopolymer "protecting group",
of choice, because of its successful application in
15 peptide, oligonucleotide/ oligosaccharide synthesis.
(Bayer, E. & Mutter, M., Nature 237:512-513, 1972; Bonora,
G.M., Scremin, C.L., Colonna, F.P. & Garbesi, A., Nucleic
Acid Res. 18:3155-3159, 1990; and Douglas, S.P.,
Whitfield, D.M. & Krepinsky, J.J., J. Am. Chem. Soc.

20 113:5095-5097, 1991.) | |
- Two properties that are inherent in this homopoly-
mer'’s structural makeup provide the necessary elements for
it to be attractive in a combinatorial format. First, due
to its helical structure MeO-PEG has a strong propensity
25 to crystallize (Rajasekharan Pillai, V.N. & Mutter, M.,
Acc. Chem. Res. 14:122- -130, 1981.) Thus as long as the
polymer remains unaltered during the construction of the
library, purification by crystallization can be accom-
plished at each stage of the combinatorial process.
30 Second, MeO-PEG has remarkable solubilizing effects in a
variety of aqueous and organic solvents . (Bayer, E.,
Mutter, M., Poster, J. & Uhmann, R., Pept. Proc. Eur.
pept. Sympo.13:129-136, 1975.) This solubilizing feature,
found in the "liquid phase" process, can Be used in an
35 advantageous manner if the homopolymer is treated as a
"reagent" and used in large excess. Under such condi-



15 any type, including covalent ionic and coordi nati on bonds. The bonds
may be cl eaved selectively by enzyne or chemcal treatnent. The present

i nvent i onglogesfBUl because it allows the quick and effici ROI/GRINGIEAS| on oOf
a diverse set of core 20 nolecules that can be isolated and purified by
several efficient nmethods dueto the attachnent of a sol uble conpound. The
conpound ‘can remain attached or be cleaved as desired at any stage of the
purification. For exanple, use of PEG t he sol ubl e conpound all ows rapid
and effi- 25 <cient isolation by nenbrane filtration or precipitation. The
present invention is also useful for the genera- tion of larger libraries
than those tibnaji es thmntidatiover sgestion t madi thenaAckiATeA phasén
synthesis. Ihe PQS?enI:lh§¥‘EEE!LQﬁolida%:ﬁasé%{rﬂthé_ﬁissééﬁeﬁb’egpieviiier novel
t herapeutic HDFECU és.” For exanple, the inven- tion allo one %o screen
for such ththapetemeinateridts UREY e¥dhtor CHEBni9ERE o an\ﬁljSﬁpg &VeAl so,

if [err]-azapayh Bergci dnrbtthas cdddedaviiatkeonsf NMé@-PEGSs bifBivbyablleor al
adm ni stration-of _the |ibrary 35 npolecul es isqcC ed. i i bplLity is
due to the PaéBRihaEYt E@"C[Fé?%]leaszalﬁm%’glg%ac%f a?ng?ltﬁl' gl lg-aEg.lo?xyso ﬁ?/rc?irg %zed.
LPCS methodology, including split synthesis, may be

carried out under homogeneous conditions. Furthermore,

because LPCS is a solution phase process our "recursive

deconvolution stfategy“ can be used to create and screen
10 the library of interest (Erb, E. Janda, K.D. & Brenner, .

s., pProc. Natl. Acad. Sci USA 91:11422-11426, 1994.) (

Lastly, yields from the individual combinatorial reaction

steps can be monitored by either Carbon-13 or Proton-

Nuclear Magnetic Resonance spectroscopy.

15 _ . : _
Brief Description of the Drawings
First, a brief description of the figures follows:
Figure 1 is an illustration of the synthesis of a
soluble combinatorial library of B-blocker compositions.
20 | Figure 2 is an illustration of the synthesis of a
| soluble combinatorial library of lactamtide compositions.
| Figure 3 is an illustration of the synthesis of a
soluble combinatorial library of lactamthiotide
compositions. . . ,
.25 Figure 4 is an illustration of the synthesis of a

soluble combinatorial = library of yjlactampeptide
compositions. | _ }

' Figure 5 is an illustration of the synthesis of a

soluble -combinatorial 1library of aryloxyacetic acid

30 compositions. _ :

Figure 6 is an illustration of the synthesis of a

‘soluble combinatorial 1library of polyether backbone

compositibns. ' : '
Figure 7 is an illustration of the synthesis of a
35 soluble combinatorial library of highly oxygenated amino-

acid compositions.
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Further, in a-aza amno acids the a-carbon of the tradi- tional am no acids
i s repl acedWe96P341% r ogen. © This nitrogen potentially all owsP€DUSEsti9ariced
phar macol ogi cal activity in the library nol ecules that contain the a- 5
azetide. In other aspects, the invention features the follow ing _
conposi tions which may be coupl ed by the sol uble- reaction nmethod of the
present invention or any other-conbinator%?l |l i brary generation nmethod as
woul d be known 10 to one of ordinary ski in the art: [err]-azetide
conposi - tions; triazine dione conpositions, which are nucleic acid-Iike
conpounds; [err]-| Z&CHS R s18n@T ertjustcawiemi ofi dde syrthesisr off awich
can be deri vedofiubmea quniegitestiaqy St fbRery dof en&bn@%ﬁ%@ﬂ%@ﬁs afify ei n
t he chem cal- %ro%ps %? gpxsbe varied; a |lycoram ne al kal oi'd nucl eus,
wherei n the chR&Mc&C RO et Ssr groups attached thereto may be varied; and

%h[er.r]-blhocker pué:IM_-g;e_c_c&.rpiSSiang,i]fhxstev@trtdz?,oﬁ th%mspggagl a[iong
ereint c ups . ri be vari ed. _
Furt her provi doquble ¢ R i e AP 0T BRR8Y | ¥ | REplY oo SFenated
pol yoxygenat eGoBBRFaFASTSI-br ary, conpri sing _ B

Figure 10 is an illustration of the synthesis of a

soluble combinatorial © 1library of . triazinedione
compositions. _

10 Figure 11 is an illustration of the synthesis of a
soluble combinatorial library of nucleoside analog
compositions. '

Figure 12 is an illustration of the synthesis.of a

soluble combinatbrial library of lycoramine cohpoSitions..

15 Figure 13 is an illustration of the synthesis of a
 soluble combinatorial library of B-lactam compdsitions.

Figure 14 is an illustration of the synthesis of a

soluble combinatorial library of aza-amino-acid
compositions.
20 Figure 15 is an illustration of the synthesis of a

- soluble combinatqrialllibrary of azapeptide compositions.
Figure 16 is a schematic of a combinatorial library
synthesis using recursive deconvolution on a soluble

support. :
25 Figure 17 illustra;és synthesis of core molecules 11
and 12.
Figure 18 illustrates synthésis of core molecules 23
and 24.

Figure 19 illustrates attachment of PEG support ﬁo
30 core molecules.

Figure 20 illustrates synthesis of library 2.

Figure 21 illustrates synthesis of library 3.

Figure 22 illustrates synthesis of library 4.

Figqure 23 illustrates synthesis of library 5.
35 : ‘Eigure 24 illustrates final purification of

libraries.



‘heterocyclic conpounds containing two or nore oxygen atons and at |east one
chem cal noiety or group, wherein the conpounds may be coupl ed al ong a
backbone twabsnmipepti de 25 or peptide-like; an aryl oxyacet-?@'f’zi’é?-ﬁ"%l‘orary
a poly- ether backbone conpound library; a pyridyl backbone conpound
i brary; and a di deoxynucl eoti de conpound library. In a preferred

enbodi nent, synthesis of the soluble 30 conbinatorial library utilizes .
- pol yet hyl ene glycol ("PEG') as the sol ullge pol yneric compound to which an
initial core nolecule of the conbinatorial library is attached. The

sol ubl e, polyneric, protecting group nay includ fo . xa I ol yyvipyl
al cohol or pol yviwéﬁﬁ%ﬁé'%\é‘@ J%r? f’rg Esﬂsg Flg.
nunber of cogzepnel gappégtare typically utilized |n generatlng the
conbi nat ori al 96/ 0 41
h
PCT/ US95/ 09614 14&%%—%— %3?13‘} RS, Rd LgoPEClSPE SIS SR T, SR RE R o es sel
i s used. Optwpthl PEG aupperktpitation step may t hen be per- forned I n each
reaction yessel. o708, 0re6 P{iAldOFatésPa hexamer after 5 rounds of
coupllng
Figure 28 illustrates preparation [Leu5] - en_kephaline-
bovine serum albumin conjugate. _
Figure 29 illustrates two arylsulfonamlde preparatlo
10 methods. _ _ '
Figure 30 illustrates construction  of an (
arylsulfonamide library.
Figure 31 illustrates recursive deconvolutlon of
peptide library containing the antigenic determlnant Tyg-
15 Gly- Gly Phe Leu recognized by monoclonal antlbody 3E7.
gg e 3 2 illustrates arylsulfonamlde derlvatlves 7.
Flgure 33 illustrates the structure of compounds 3
through 8.
, ~ Figure 34 illustrates the structure of compounds 4
20 through 18.
Figure 35 illustrates the structure of compounds 19
through 24. '
Figure 36 1llustrates the structure of compounds 501
through 503.
25 Figure 37 illustrates the structure of compounds 504
through 506.
Figure 38 illustrates the structure of compounds 507
through 508.
Figure 39 illustrates the structure of compound 509
30 through 511.
Figure 40 illustrates the structure of compound 512
through 514. _ .
Figure 41 1llustrates a one-pot synthe51s of aza-

dipeptides. . : | o o
35 . Figure 42 illustrates yields of various aza-

dipeptides.



5 allows for the purification of the PEG nol ecul es fromcore nol ecul es
whi ch have not cou led to PEG as only PEG nolecules precipitate and may
be separated¥ | ecul es remaining in solution. Af ter th®COIIIs95/09%ad i on
step a m xing step may be perfornmed. The m xed PEG nol ecul es nmay 10 then .
be reacted with another core nolecule. This process is continued until the
desired nunber of core nol ecul es have been coupled. Finally, the PEGis
cleaved | eaving the coupl ed core nol ecul egias the desired products. In
anot her enbodi ment, the shared structural elenents 15 ~are-one or nore
epti de bonds, and eg cal | eties are pol yoxygenated heterocyclic
(F:)oﬁpounds I'n anot#@%ﬁéﬁ%%%ﬁ &F}Eq“?%cﬁ(%? AeQqREfrAupRORted
[err]-lactam 3zt ReRE idre Aot hemist | es may be attached to either the

carboxy or am no functional groups of the [err]- | actam Mbieties that
may be attached to t he carboxy functlonal group |ncI ude, but are not
linmited to, alSkaldad Description SRE grtion Mvieties that may be

attached t® the ammedldLe Idtratbi%cdﬁtalarﬁm% };ﬁq? st ani no
aci ds, carbamates .and thi a herr%nEF ur ‘{1(e)dr CF(;bj géclf%h

est,
features and &t SRt ﬁ geaaéfpﬁﬂ'eﬂ‘f’sf?%’r?ﬁe InproNed patdgulisttiam of
the present!yqff eteer ethlevnidisyepernmiits kRndPediildd b itﬁgéwqrﬁsthés

directed to ag 4RAouGE BELDSY, TREre efficient purification of composi-

‘tions comprising the library. Moreover, the comb:.natorlal

10 library itself, once synthesized on the soluble polymerlc
compound, - is soluble. _

This invention relates to synthesis of combinatorial
libraries. A key aspect of the present invention is. that
it allows the rapid, efficient creation of a large d:.verse

15 library of molecules having core molecules that may differ
in molecular structure, 'size or both.

A generalized protocol for the parallel split synthe-

- 8is for concurrently generating a library of combinatorial
20. molecules and a deconvolution assemblage is illustrated in
Scheme 1. A soluble support, i.e., a biphasic macromole-
cular support, is aliquoted or split into a series of n.
parallel reaction vessels. To each of the series of reac-
tion vessels is added a corresponding species of a series

25 of n core molecules, e.g., a first core molecule may be
- added to the first reaction vessel, a second core molecule
may be added to the second reaction vessel, etc. The core
molecule is then allowed to couple to the soluble support

(or biphasic macromolecular support) to. form a nascent

30 combinatorial molecule or to elongate a nascent combina-
torial molecule. The biphasic macromolecular support is
then crystallized or otherwise converted to a solid phase

and then washed. Each of the washed products is then re-
solubilized on its biphasic macromolecular support and an

35 aliquot is taken and saved to form a deconvolution
assembly. The remainder is added to a common pool. The



generating a library of conbinatorial nolecules. The 30 net hod enpl oys at
| east two cycles of a parallel split synthesis. The cycle of the parallel
split synw¥eeémsamsormences by col | ecting and m xi ng bi phasi cPEHEF¥YMSMcul ar
supports within a common pool. Each nmacronol ecul ar sup- port has a nascent
library nolecule attached to it. The 35 .common pool of biphasic
macr onol ecul ar supports is then split and transferred to a series of
separate reaction WO 96/ 03418 22

PCT/ US95/ 09614 15 vessel s. There, +the nascent library nolecules are

el ongated within each separate reaction vgsseL by the parallel ,addition of
reactants tcomawa | BROYedde| MiKed fod f PP %tsd¥beﬁt§ﬂ# r BRUEFS ¢

bi phasi ¢ MaG/E eGH s el SUPPTRé Scgolebbe, elengationl,comhing Thard the
econd Sol v Wi i 20 S0P ePERGTEnG PEACEant Ei8hor o7 i SR HE ray
then be repeairhtasi desireguined genei it angenhérei Bikrpryf ofordsimking 1 al
Suppor t & S skl ety | AP, TP oy
. The practical utility of the present invention is as
follows: The invention is useful for, among other things,
 developing new drugs. The invention is also useful for
rapidly generating and de#eloping large numbers of drug
10 candidate molecules. The invention is useful for systema-
tically synthesizing a large number of molecules that may i 4.
vary greatly in their chemical structure or cqmpositién,
‘or that may vary in minor aspects of their chemical struc-
L ture or composition. The invention is also useful for -
15 randomly generating a large number of drug candidates, and
later optimizing those candidates that show the most medi-
cinal promise.
The methods used to generate combinatorial libraries,
for example the split synthesis method, are also compa-
20 tible with the combinatorial libraries of this invention.
Split synthesis is carried out as follows: The first step
entails adding ten different'molecules A, B,C. . .J to
ten separate vessels. The contents of these vessels are
mixed or pooled, divided into ten new different vessels,
25 and ten further parallel syntheses are carried out to
provide the core molecules XAl, XBl, XCl . . . XJ1l, where
X. is any one df the original A-J, and A1, B1, C1 . . . J1
are ten different molecules which may be the same or
different from A-J. Of course, fewer or more than ten
30 ‘'syntheses can be used in this second step. In the third
step, the contents of the vessels are again mixed and
divided into ten further vessels so that the synthetic
procedure can be repeated ‘until the entirety of each
‘desired core molecule is synthesized.
35 - The final ten vessels in the above example . (each
having a diversity of core molecules, core molecule chemi-



et hyl ene gl ycol (PEG, ponV|nyIaIcohoI pol yvi nyl am ne copol yneri zed with

pol yvinyl pyrrolidine, and derivatives thereof - These bi phasic

macr onol ecuwar96/03488ports are 15 rendered sol ubl e by t he added¢Trospsmbseran

al cohol and nmay be rendered insoluble by addition of an ether. Preferred

conbi natori al nol ecul es include oligopeptides, oligosac- charides,

ol i gonucl eoti des, aryl sul fonam des, and deriva- tives thereof. 20 I n

a preferred alternative node, a deconvolyuiion assenblage is synthesized in
parallel with the library of conbinatorial nolecules. The deconvolution

‘assenbl age is efplo yabl e far, deconvol uting the identity of conbinatori al
mol ecul es | deRetf PEQURE BASY OFvERE MPlecidye agrenklages 28itloauknown

assenbl age i sstbuned batreﬂanngta&mahHQWOtcaﬁ.t$éfYEE§ %%h%f SHBQOrtS
from each reagéégg ¥ % er t@e mgﬁhln ste hﬁ garalle

synt hesi s usimng %I%h g?éy 2182 ol ﬁFa SUﬁgSPt h?hEeBdWhﬁFH§€§ of a
st epwi se synthe- asﬁaysdstwudduanmxnﬁﬂwhxnhnmuxﬂureﬂaammaanﬁubhEl@&tmeﬂe
proce- durgs.y fGén8°ﬁ§ . hucl eotides, arylsulfonam des or sugar

resi dues, are s own to be reverS|ny, covalently | i nked to a-bi phasic

macr onol ecul ar supPeeh wai ceomeinatonialbs lhbrpny5|may aodnta£n1caéns,

proper L1 es ofhbies ShaM) Nor3thord | 6FE" Wb16RA1BIT | P AHumBk0%SE OLotl®
synthesis. All
molecules that can be generated by the present invention,

is, in fact, unlimited. For example, a large library of
10 molecules that could possibly bind to a certain enzyme
receptor site can be rapidly generated and screened. The
molecule that binds to the enzyme or receptor site can
then be quickly and accurately assayed and administered
using the screening and therapeutic methods detailed'
15 Dbelow. | | B
Synthesis of the combinatorial library occurs on a
soluble polymeric molecule in solution. By synthesizing
the combinatorial library on a soluble polymeric molecule
in solution, the present invention permits library synthe-
20 gis that is more rapid and efficient than con#entional
methods, such as solid phase synthesis. The pfesent
invention creates a soluble combinatorial library wherein
the synthesis steps may occur in solution. By synthesiz-
ing in solution, the present invention produces yields
25 that are several orders of magnitude greater than, say,’
solid phase synthesis yields. Solid phase synthesis
typically yields only a few nanograms of product. In
contrast, the present invention, by synthesizing in
solution, yields milligrams and grams of product.

30 ~ The soluble polymeric molecules are attached to core
molecules. Core molecules share one or more common chemi-
cal, structural or functional elements. Core molecﬁles

that may be insoluble in desired reaction solvents may
become soluble once attached to the soluble polymeric
35 molecule. The acquired solubility .0of the core molecules



reactions utilize standard sol uti on phase organic chem WO 96/ 03418
PCT/ US95/09614 16 istry. This provides flexibility to use variable quanti -

ties of rorpswsss | f necessary, e.g. stoichionetric or |ar RCEUSISHKI4and
permts increased reaction tines and variable tenperatures to drive the

reaction to conpletion. 5 In addition, the reactions can be nonitored by
standard TLC or HPLC analysis. A further benefit is that the pol ymer-bound
core nolecul e can be purified from tahg,sol ubl e reagents by sinple
precipitation and/or crystalli- zation procedures which are reflective of
.the biphasic 10 nmacronol ecul ar support. The biphasic macronol ecul ar
suppor t aIswllﬁmsthefﬁﬂcaenagerﬁmdpaiermﬁglpﬁlﬁﬁﬂé@uléﬂ55|%hﬁvm??F?he

reagents, [ bhtration via dialysis by nenbrane filtration
é?i#%@f% sdig S0l eed

etc., nay b 'S necessary to urrf the product after t he ‘coupling
st eps. (E. Bigee wBplgrulefaMaYe 5?9 taén,. Hrohegi ¢

macromo' eC%aeo%éOpﬁeteeﬁpert%ﬁaee fal |sutngicarvbyt agestuel) of Theisgnt hesi s
cycle ISSSIquéLéGanpurlsoigﬁie polymeric molecule, may then be
chemically altered by chemically modifying the molecule’s
moiety. In this way a large set of diverse core molecules
can be created. A given set of core molecules may be
diversified, also, by the substitution of the core
10 molecules’ moieties. _

A clear advantage of the present invention is that 1t Q
allows the rapid generation of a large, highly dlver51f1ed
libiary of molecules. ;The_high-diversity of the library
allows rapid and accurate experiments and assays to pe

15 performed on a large diversity of -core molecules.

The invention:is particularly useful for the creation
and isolation of a .large number of core molecules which
may be screened for pharmacological activity. A large set
of molecules could then further screened for therapeutic

20 uses. Once a promising target molecule is identified, the
present invention can be used to optimize the molecule by
rapidly and efficiently synthesizing and assaying a large
diverse library of molecules that vary the target mole-
cule, by the addition, removal or alteration of, for

25 example, a functional group.

| The present invention also allows for aliquot sampl-
ing of the reaction mixture at each step in the synthesis
of a combinatorial library. The structure of the mole-
cules present in each aliquot is recorded. Once a pharma-

30 cologically active "target® molecule is identified, the
target molecule’s exact structure and composition can then
be accurately and quickly ascertained, as is known in the
art. ' -

Another advantage of the present invention.is that

35 the invention can be executed in a variety of formats,
including manual and automated formats. '



met hods utilize filtration, precipitation and/.or crystal- 20 1lization
nmet hodol ogi es which refl ect the physical proper- ties characteristic of the
bi phasi ¢ naN@MM3EBu| ar support. Hence the total ti'nme requir eBCTO595/09614
synthesis of an oligoner is shortened. 2) Solubilities of the core
nol ecules may be 25 enhanced (e.g., peptides) via the coval ent Iinkage
-bet ween the core nol ecul es and t he bi phasic macronol ecul ar support (e.g.
pol ymeric ester groups). 3) The use of sgltration, precipitation or
crystal- lization properties with respect to the biphasic nacro- 30

Goncom tanty all olBIERELes H phEceefveHe ?gmpéﬁ’éé‘%i%fﬂ&eé#%&é;é‘imse of
a bi phasi ¢ mapresentcuhgensippombyaabsevies, puri E56E NS arfy RFF FHeLlk eHp -
the pool i ng. B 9???%6‘%’5?3 Khoud SIS Sepe eear F h&’,&h&%“‘ Y 'u”de“.‘“vbc"
96/ 03418 but are not limited to, precipitatioRCTLHSAS5N189e14 chEonai-l e
the wash steptbgraphiQr "ed1fna éﬂ%bﬁhﬁ%ﬁ?gbhy,Eﬁhlgh pressure liquid
chromatography, crystallization, gel electrophoresis, and
filtration. _
PEG is a preferred_soluble polymeric compound for the
soluble combinatorial libraries of the present invention.
10 However, other compounds, including, polyvinyl alcochol and
polyvinylamine copolymerized with polyvinylpyrrolidone may
be utilized. : _
A preferred set of core molecules comprlses the class
of lactamtide molecules Another preferred set of core
15 molecules comprises the class' of dideoxynucleotides,
including naturally occurring and unnatural nucleotides.
Another preferred set of core molecules comprises aryloxy-
acetic compositions. - Another preferred set of core mole-
cules comprises polyether compositions. Another preferred
20 set of core molecules comprises the class of polyoxygen-
ated amino acids. Another preferred set of core molecules
comprises amino acid compositions. Another preferred set
of core molecules comprises triazine-dione compositions.
Another preferred set of core molecules comprises the
25 class of B-blocker molecules. Another preferred set of
core molecules comprises lycoramine-nucleus compositions.
~ Another preferred set of core molecules comprises f-lactam
compositions. Another preferred set of core molecules
comprises pyridyl compositions. Another preferred set of
30 core molecules comprises a-azetide compositions.

Screening of a Soluble Combinatorial Library

A soluble combinatorial 1library of the present
invention may be screened by any method well known in the
35 art. These methods include, but are not limited to, ELIZA



adopting this approach, the drawbacks of a wholly solid- phase
conbi natorial synthesis are avoided, while the positive aspects are

preserved.y EQQM g sely, the advant- 5 ages of a |iquid phaspcsyessnesis is
achi eved mn? out the disadvantages thereof. This strategy can be terned

Li qui d Phase Conbi natorial Synthesis (LPCS). In a preferred enbodi nent of
LPCS, |inear honopol yner (polyethylene glycol nononet hyl et her

(MeO PEG)) is 10 enployed as the bipggsic macr onol ecul ar support. The
MeO PEG al so serves as a termnal prot&cting group for. the library of
conpounds synt hesi zed. Thi s nmono-functional polyner. was selected.as the
honopol yner pjmﬁzeg:,t | e ey todep b ixid ik, (ﬁpuﬁimm.saveﬁtems and cemstthern

application °€€ané¥x%é§hﬁ?%§é%*f ol £044 ol i gosacchari de

synt hesi s. yer ture 7 512-513, 1972; Bonora G M,
Screnin, C. IQne CSJJtdmrmtIDdD for Gdenkifying apAgenRt /9 e feasted for

18: 3155 3159a ty ¥ iV @sand potentidit |tﬂ$dhl&é/|a8cé<lﬁplé1§ky,
J. J. . I%Ihem Soc 20 113: 5Q95- 5097, 1%&& &s tles that are
u

|nherent511#¢ﬁ%9¢@ﬁn%h$93 nkrassdpchiehr RRt 9W§rmx: Qary
el ements forpddnd® bﬁval{réaCPebcEaslmga arbé et oohel cbmpmhd Rivai , tidele to.

Ly helioal Stielure 160 5 e 2 Lo gRSDRLY SRl VR LI 20
protein comprising a functlonal portion of a cellular
receptor for a time sufficient to allow binding of the

10 combinatorial library compound to the functional portion
of the cellular receptor; removing non-bound compound; and
determining the presence of the compound bound to the
functional portion of the cellular receptor, thereby,
identifying a compound to be tested for an ability to

15 modulate a cellular receptor signal transduction pathway.

One method utiliZing this approach that may be pur-

sued in the isolation of such receptor-binding moleculés

would include the attachment of a combinatorial- library

molecule, or a portion thereof, to a solid matrix, such as

20 agarose or plastic beads, microtiter wel;s, petri dishes,

_ or membranes composed of, for example, nylon or nitrocel-

lulose, and the subsequent incubation of the attached

combinatorial library molecule in the presence of a poten-

tial combinatorial library molecule-binding compound or

25 compounds. Attachment to said solid support may be direct

or by means of a combinatorial-library-compound-specific

antibody bound directly to the solid support. After incu-

bation, unbound compounds are washed away, component-bound

compounds are recovered. By utilizing this procedure,

30 large numbers of types of molecules may be simultaneously
screened for receptor-binding activity.

Administration of the Featured Compounds
After a promising:compound has been identified by a
35 screening method, the identified compound can be admini-
stered to a patient alone, or in a pharmaceutical compo-



Acc. Chem Res. 14:122-130, 1981.) Thus as long as the polyner remains
unal tered during the construction of the library, purification by
crystalli zaW@R6/@34t8 be accom "plished at each stage of tRET/USIS9614
conmbi natorial process. 30 Second, MeO PEG has remarkabl e sol ubilizing
effects in a variety of aqueous and organic solvents (Bayer, E.
Mutter, M, Poster, J. & Uhmann, R, Pept. Proc. Eur. pept.
Synpo. 13: 129- 136, 1975.) This solubilizing feature, found in the "liquid
phase" process, can be used in an 35 advantageous nmanner if the

honopol ynmer is,treated as a ."reagent"”, and,%ged In | arge excess. Under
such condi - SibdP8g/ sing the identified active compound and a

PCT/ US95/ 09614at8ieirons, excipiantt t at The r:empbmﬁsna;arbeo@cgfeyséed asl N
contrast, cl ' Lds S IS ot. provide the conbipatoria
user with th?éﬁ%gaécggk%g?g?%a?ﬁ%é%%gg%%ﬁé%%kév&%ﬁ%éT Adbe °§?Ft§@gﬁﬁ
MeO PEG s favBRaBhe 80 sMtubPrevensr opbet i compoundatfron exeinmilnet i dos i n
the LPCS net hgdekegy. including split synthesis, may be carried out under

honogeneous conditions. Furtherpore, because LPCS is a sol ution phase
process our "recur EPgrmaceutical compositions suitable for use in the

present invention include compositions wherein the active
ingredients ‘are contained in an effective amount to
achieve its intended purpose. Determination of the effec-

10 tive amounts is within the capability of those skilled in
- the art, especially-in.light of the detailed disclosure
provided'hereinﬂ The pharmaceutical compositions of the
present invention may be manufactured in a manner that is
itself known, e.g., by means of conventional mixing; dis-

15 solving, granulating, dragee-making, levigating, emulsify-
- ing, encapsulating, entrapping or lyophilizing processes.

Pharmaceutical preparations for oral use can be
obtained, for example by combining the active compounds
with solid excipient, optionally grinding a resuiting

20 mixture, and processing the mixture of granules, after
adding suitable auxiliaries, if desired, to obtain tablets
or dragee cores. Suitable éxcipients are, in particular,
fillers such as sugars, including lactose, sucrose, manni-
tol, or sorbitol; cellulose: preparations such as, for

25 'example, maize starch, wheat starch, rice starch, potato
starch, gelatin, 'gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium carboxymethylcellu-
lose, and/or polyvinylpyrrolidone (PVP). 'If desired,
disintegrating agents may be added, such as the cross-

30 linked polyvinyl pyrrolidone, agar; or alginic acid or a
salt. thereof such as sodium alginate.

Pharmaceutiéally acceptable salts can be prepared by
standard techniques. For example, the free base form of
the compound is first dissolved in a suitable solvent such

35 as an aqueous or aqueous-alcohol. solution, containing the
appropriate acid. The salt is then isolated by evaporat-



deconvol ution strategy"” can be used to create and screen 10 the library of
interest (Erb, E. Janda, K D. & Brenner, S., Proc. Natl. Acad. Sci USA

91: 11422- Hiflosfn3418994. ) Lastly, yields fromthe individual CRCHUSISO6I4A]
reaction steps can be nonitored by either Carbon-13 or Proton- Nucl ear
Magneti c Resonance spectroscopy. 15 Brief Description of the Draw ngs
First, a brief description of the figures follows: Figure 1 is an

illustration of the synthesis of a solubge combinatorial library of
[err]-blocker conpositions. 20 Figure 2 is an illustration of the
synthesis of a soluble_conbinatorial library of |actaptide_conpositions.

Figure 3 is @9 ithesephurdanof tHe aRARIMIS| SXJIPLEsoFDBI 8315 GibiRER Or i al
library  ofparddChbant-Baetidg aME0ftééobase2and acidi gnr an borgamic
illustration of the synthesis of a soluble conbi nat ori al library of
[err]-lacta ?Qﬁrconpositions. Figure 5 is an:illustration of the
synthesis of a sataftiersnmamaerciplientbreay dfe anpgedxyteetfacikith3®

O of Mo A Ru{ o R CERbbRS be HRRIE il o
the solubility of the compound. Examples of carriers and
excipients include calcium carbonate, calcium phosphate,
various sugars or types of starch, cellulose derivatives,
gelatin, vegetable oils, polyethylene glycols and physio-

10 logically compatible solvents. The compounds or pharma-
ceutical composition can be administered by different '
routes including intravenously, intraperitoneally, subcu-
taneously, and intramuscularly; orally, topically, .O{
transmucosally.

15 For injéction, the agents of the invention may be
formulated in aqueous solutions, preferably in physiolo-
gically compatible buffers, such as physiological saline

_ buffer. For such transmucosal administration,.penetrants
appropriate to the barrier to be permeated are used in the

20 formulation. Such penetrants are.generally known in the
art. .

Use of pharmaceutically acceptable carriers to for-
mulate:the compounds herein disclosed for the préctice of
the invention into dosages suitable for systemic adminis-

25 tration is within the scope of the invention. With proper
choice of carrier and suitable manufacturing practice, the
compositions of ‘the present invention,. in particular,
those formulated -as solutions,  may be administered
parénterally, 'such as by intravenous injection. The

30 compéunds can be formulated readily using pharmaceutiéally _
acceptable carriers well known in the art into dosages
suitable for oral administration. ' 'Such carriers enable
the compounds of the invention to be formulated as

| tablets, pills, capsules, liquids, gels, syrups, slurries,

35 suspensions and the like, for oral ingestion by a patient
to be treated. ' C '



conpositions. Figure 7 is an il1lustration of the synthesis of a 35 soluble

nmbinatorial |ibrary of highly oxygenated am no acid conpositions. WO
38, 0|3418 W0 96103418 o PCT/ US95/ 0961 2CTAISPS/eps14 8

is an illustration of the synthesis of a soluble combinatorial library of
hi ghly oxygenated amino acid conpositions. Figure 9 is an illustration of
the synthesis of a 5 soluble combinatorial l|ibrary of highly oxygenated
conpositions. Figure 10 is an illustratigyof the synthesis of a soluble
conbi nat ori al library of triazinﬁdlone gonpos:thﬁns égbinatbrial
igure 11 is an illuystration,of nthesis of a soluble ¢ 1at :
r:grafy of nucle%gfﬁﬂac§H5F8§l g l@F&R§S Equreanenterah afimgstisati on

of the syntheSrstmbnalnoluBéeaquebusaéoluﬁiohsbéﬂrﬂhéfaéMEOéaBBH ounds
conposi tions. i A5y rer-sELAHIE FBrkS a&ddféfgﬂ ié?‘éﬁsééﬁéf R;hoglihgf 2
active compounds may be prepared as appropriate oily
5 injection suspensions. Suitable lipophilic solvents or
vehicles include fatty oils such as sesame oil, or synthe-
tic fatty acid esters, such as ethyl oleate or triglycer-
ides, or 1liposomes. -Aqueous injection suspensions may
contain substances which increase the viscosity of the
10 suspension, such as sodium carboxymethyl cellulose,
sorbitol, or dextran. Optionally, the suspension may also
contain suitable stabilizers or agents which increase the
solubility of the compounds to allow for the preparation

of highly concentrated solutions. |

15 Agents intended to be administered intracellulariy
-may be administered using techniques well known to those
of ordinary skill in the art. For example, such agents may
be encapsulated “into 1iposomeé, then administered as
descfibed above. Liposomes are spherical lipid bilayers

20 with aqueous interiors. All molecules present in an
agueous solution at the time of liposome formation are
incorporated into the aqueous interior. The liposomal

contents are both protected from the external microenvi-
ronment and, because liposomes fuse with cell membranes,
25 are efficiently delivered into the cell cytoplasm.

All patents and ﬁublications mentioned in this
specification are ‘indicative of the levels of those
skilled in the art to which the invention pertains. All
patents and - publications are herein incorporated by

30 reference to the same extent as if each individual publi-
cation is specifically and individually indicated to be
incorporated by reference.

It will be readily apparent to one skilled in the art
that various substitutions and modifications may be made

35 to the invention disclosed herein without departing from
the scope and'spirit of the invention.



sol ubl e conbinatorial library of [err]-lactam conpositions. Figure 14 is an
illustration of the synthesis of a soluble conbi nat ori al | i brar of
aza- ani No-yag v6lo3agBPosi ti ons. 20 Figure 15 is an ill us?Fﬁ’t"F?ﬁ‘P’g’f“ t he
synthesis of a soluble conbinatorial library of azapepti de conpositions.
Figure 16 is a schematic of a conbinatorial |ibrary synthesis using
recursive deconvolution on a sol uble support. 25 Figure 17
illustrates synthesis of core nolecules3lgl and 12. Figure 18 illustrates

- synthesis of core nolecules 23 and 24. Figure 19 illustrates attachnment of

PEG support to 30 core nolecules. Figure 20 illustrates synthesis of
library 2. FChemical DefdsditdoBs synthesis of library 3. Figure 22
illustrates synthqhbSﬂﬁlﬂdﬂﬂnyqaé-aFl@steoﬁSsdﬁeﬁnfathe deftihésions

::B;Z;Yeg 35sed in th% present dlgél%§h&%tes final purification  of

An "alkyl" group refers to a saturated aliphatic
5 hydrocarbén, including straight-chain, branched-chain, and
cyclic alkyl groups. The alkyl group may have 1 to 12
carbons, or may have 3 to 9 carbons. The alkyl group may
be substituted or  unsubstituted. When substituted the
_ substituted groups may be hydroxyl, cyano, alkoxy, =0, =S,
10 NO2 or N(CH3)2, amino, SH, or aryl. o
An "alkenyl" group refers to an unsaturated hydro- '
carbon group containing at least one carbon-carbon double
bond, including straight-chain, branched-chain, and cycliq
groups. The alkenyl group may have 1 to 12 carbons, or may
15 have 3 to 9 carbons. The alkenyl group may be substituted
or unsubstituted} When substituted the substituted groups
may be hydroxyl, cyano, alkoxy, =0, =8, NO2 or N(CH3)2,
amino, SH, or aryl. : , _
An "alkynyl" group refers to an unsaturated hydro-
20 carbon group containing at least one carbon-carbon triple
bond, including straight-chain, branched-chain, and cyclic
groups. The alkynyl group may have 1 to 12 carbons, or may
have 3 to 9 carbons. The alkynyl group may be substituted
or unsubstituted. When substituted the substituted groups
25 may be, hydroxyl, cyano, alkoxy, =0, =S, NO2 or N(CH3)2,
amino, SH, or aryl. .
An "alkoxy" group refers to an "-0-alkyl" group,
where "alkyl" is defined as descrlbed above.
An "aryl" group refers to an aromatic group which has
30 at least one ring having conjugated pi electron system and
includes carbocyclic aryl, heterocyclic aryl and biaryl
groups, éil of which may be optionally substituted. The
substituents of the aryl groups may be hydroxyl, cyano,
alkoxy, alkyl, alkenyl, alkynyl, amino, or_aryl'groups.



WD 96/ 03418 PCT/ US95/ 09614 20 Figure

25 illustrates nucleotide split synthesis with a PEG support. Figure 26
iI'lustrat esw&q‘sﬁaﬂﬂcl eotide split synthesis with PEG support .PGI/US9IS/09614

Figure 27 illustrates a hexaner after 5 rounds. of coupling. Figure 28
illustrates preparation [Leu[err]] -=enkephaline- bovine serum al bumn
conjugate. Figure 29 illustrates two aryl sul fonam de preparati o 10 net hods.
Fi gure 30 illustrates construction31 of an aryl sul fonanm de |ibrary.
Figure 31 illustrates recursive deconvolution of peptide |ibrary containing

t he antigenic det ' i dy- - Phe- Leu r.ecqgni zed_by nonocl ona
.antibodyg3E7. Figﬁ%g1%gﬂ%+%%g%ré?8¥pa¥§sg%ﬁf5ﬁaﬁQX?ikﬁ¥{&ﬂ$v@%gQFihﬁéure
33 il lustrat &P¥R) sepvalantlyf boodedurds &nt Arpliglyr®upFi Gl edéderibed

il lustrates tdwowdyucture of conpounds 4 20 through 18. Figure 35

Il lustrates the structure of conpounds 19 through 24.
. - Carbocyclic aryl groups are groups wherein the ring

5 atoms on the aromatic ring are carbon atoms. The carbon
~ atoms are optionally substituted. Carbocyclic aryl groups
include monocyclic carbocyclic aryl groups and optionally
substituted naphthyl groups.
Heterocyclic aryl groups are groups having from 1 to
10 3 heteroatoms as ring atoms in the aromatic ring and the
remainder of the ring atoms are carbon atoms. Suitable
heteroatoms may include oxygen, sulfur, and nitrogen, and’
include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl
| pyrrolo, pyrimidyl,'pyfaziﬁyl, imidazolyl and the 1like,
15 all optionally substituted. '
A "carbalkoxy" group refers to a COOX group, wherein "X"
is an lower alkyl group. '
The term "lower" referred to herein in connection
with organic radicals or compounds respectively defines
20 such with up to and including 7, and may include one or
two carbon atoms. Such groups may be straight chain or
branched. ' |
Heterocyclic aryllgrOups are groups having'from 1 to
3 heterocatoms as.rihg atoms in the aromatic ring and the
25 remainder of the ring atoms are carbon atoms. Heteroatoms
may include oxygen, sulfur, and nitrogen, and include
furanyl, thienyl, pyridyl, pyrrolyl, - N-lower alkyl
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like,
all optionally substituted.
30 An "amide" refers to an -C(O)-NH-R, where R may be
alkyl, aryl, alkylaryl or hydrogen. '
A "thicamide" refers to -C(S)-NH-R, where R may be
alkyl, aryl, alkylaryl or hydrogen. _
An "ester" refers to an -C(0O)-OR’, where R’ may be
35 alkyl, aryl, or alkylaryl.



Figure 36 illustrates the structure of conpounds 501 through 503. 25

Figure 37 illustrates the structure of conpounds 504 through 506 ﬁhgure 38
i || ust rate®deessist ruct ure of conpounds 507 t hrough 508. Fi %ﬁré's?é’o

illustrates the structure of conpound 509 30 through 511. Figure 40
Il lustrates the structure of conpound 512 through 514. Figure 41
illustrates a one-pot synthesis of aza- dipeptides. 35 Figure 42

illustrates yields of various aza- 3fpeptides. WO 96/ 03418 _
PCT/ US95/ 09614 21 Figure 43 illustrates a schenme for NbC)PEG—supported

aza-peptide synthesis. Detaile Descrlptlo e,lLnv
sol ubl e conblnat@ﬂaﬂaW4Eﬁar§e2§rﬁr R(% hﬁa cdéﬁﬂ#forlal fbra ry

al I ows easi %r"",”phayecbﬁﬁmrmd;ﬁndﬁntly hydrogen, alkyl, aryl, or
alkylaryl.
A thioether refers to R-S-R, where R is either alkyl,
5 aryl, or alkylaryl. _
An ether refers to R-O-R, where R is either alkyl,
aryl, or alkylaryl.
To assist in understanding the present invention,
soluble combinatorial libraries of several certain core
10 molecules are described below. The following examples
relating to the present invention should not, of course, 1
be construed as specifically limiting the invention, and
such variations of the invention, now known or later
developed, which would be within the. purview of pne'
15 skilled in this art, are to be considered to fall within
the scope of this invention as claimed below.

Example 1: A Soluble Combinatorial Library of 8-

Blocker Compositiggs
20 " Compositions and compounds comprising B-blocker

compositions are useful for screening for pharmacologi-
cally useful compounds which may be used for diagnostic
and/or therapeutic purposes. The present invention allows
the synthesis and screening of a large and diverse set of

25 pB-blocker comp051tlons Thus, novel and effective §- |
blocker compositions that are pharmacologically active can -
be more rapidly and efficiently identified by ;he present
invention than by conventional methods. A particularly
important use of the soluble combinatorial library of Bf

20 blocker compositions would be to develop new and effective
drugs that affect the autonomic nervous system.

Synthesis of g-blocker compositions using the present
invention is a simple efficient process involving basic-
ally two steps Nonetheless, at each step, virtually

35 unlimited dlver51ty can be easily and rapidly introduced



of core nolecules, permts generation of larger libraries and allows
easier, nore efficient purification of conposi- tions conprising the
library. MoMQ9%#341& he conbinatorial 10 library itself, once BgMUSeSH9sHOI on
t he sol ubl e polynmeric conpound, is soluble. This invention relates ta
synthesis of conbinatorial libraries. A key aspect of the present invention
is that it allows the rapid, efficient creation of a |large diverse 15
l'i brary of nol ecul es having core nol ecul egathat nmay differ in nol ecul ar
structure, size or both. A generalized protocol for the parallel split

synthe- sis faqr  concurrent gnerating a library of conbinatorial 20
nol ecul es 'andq'élt(?ec% %o?@?#ﬁﬁgé&.erﬂﬁ 0% 7| AdyErscePiyrsbierecf. A

sol ubl e suppobilockes. mod egiydlessiin taiglommles-dsul ar support, is aliquoted or
split into a serieggfoh lel .reacti ssels. To each of the series
of reac- tion vesse% sal 563%2@ ea{ .éLcr)lr ?Dgls?p%nﬁ@?{%gescgfecglcl’?"tﬁ' & %@Qé’-@f n
core nol ecul' e§uck @s. paphitbpleoris nbreated mitibeepildeliorohydeihi.r See
reaction vessgliguseSaConthé oresiiPt eaY! & agged; § o cond,reaction
vessel, etc. Thgucore nol ecul e is then g@é\‘i\leg'tgﬂc%%lgéggtéﬁew&g%lﬂrb
support (or bPRPARSic ndicr oSl ecHit8tdsupd®®) esampieva nekeentd-2locker
conbi nat ori al probeanldodr. to el ongate a nascent conbina- torial nolecule.

The bi phasi ¢ nacro%%geggégénlﬂ%%%énéf%n allows the rapid synthesis of

large set of these B-blockers: At the first step in this
10 synthesis, say, 15 different phenols in 15 separate solu-
tions may be reacted with epichlorohydrin. The Rn group
of the phenol may be one or more of the following groups:
alkyl, alkenyl, alkynyl alkoxy, aryl, alkylaryl, carboxy-
- lic aryl, heterocyclic aryl, carbalkoxy, heterocyclic
15 aryl, amide, thiocamide, ester, amine, or thioether. m, as
indicated on Figure 1, may range from 1 to 4. The phenol
may have one or more Rn groups. Likewise, the Rp grouﬁ of
the phenol may be one or more of the following groups:
alkyl, alkenyl, alkynyl alkoxy, aryl, aikylaryl,
20 carboxylic aryl, heterocyclic aryl, carbalkoxy, hetero-
cyclic aryl, amide, thiocamide, ester, amine, or thioether;
©, as indicated on Figure 1, may range from 1 to 4. The
phenol may have one or more Rp groups.
All 15 of these solutions may then be pooled and
25 rapidly reacted with 15 different amines, quickly. and
easily producing 225 different types of B-blockers. The
amine, 3, may contain an Rq that is one of the following
groups: alkyl, alkenyl, alkynyl alkoxy, aryl, alkylaryl,
carboxylic aryl, heterocyclic aryl, carbalkoxy, or hetero-
30 cyclic aryl. Similarly, The Rr of the amine may be one of
the.fol;owing groups: alkyl, alkenyl, alkynyl alkoxy,
aryl, alkylaryl, carboxylic aryl, heterocyclic aryl,
carbalkoxy, or heterocyclic aryl. These B-blockers can
then be rapidly assayed and characterized.
35



then crystallized or otherwi se converted to a solid phase and then washed.
Each of the washed products is then re- solubilized on its biphasic

macr onol e% oaiigoport and an 35 aliquot is taken and savedPCTUSIS8EI4

deconvol ution assenbly. The renainder is added to a common pool. The WO
96/ 03418 - PCT/ US95/ 09614 22 conmon
pool is mxed and split to a second series of reaction vessels.. The cycle
of el ongation, washing, and splitting be repeated a second tine. The
cycle may be repeated as required until”7an entire library. of conbina- 5

torial nolecules is generated. The practical utility of the present
i nvention i gxasphel bews: - The ispleblieonCosbisatorifdr, Ldiwmm i ngs,

devel opi ng new drugs. The i@{ il Eg@ IeSrledq Y Eyl for rapidly generating

and devel oping | arge nunbe;@*Ug—érugffgmg%anﬁfgg%e_nDIecuLes. The

i nvention i s usehul sbaubdgst epmbinatarinlsyAibsaryi ngfa Yalastamkdee of

ol ecul es tQ%hPQEXtKQE% gLegbe Ful NEdh lidr B ForS bhHehHES10E16aMMYSi ti on,
vary

or that.my rn-mnor aspects of their cﬁgn}cal struc- ture
conposi t Bonuseflie compamridsn Wi ch RAYIRE WSy

therapeutic purposes. A preferred use is to use the
library of y-lactamtide compositions to search for mole-

;
or diagnostic and/or

cules that mimic the activity of naturally occurring

peptides.
10 An example of a synthetic =scheme for a soluble
combinatorial library of y-lactamtide composition is as _ '

follows: Methionine, protected at the amino terminus, is

reacted with an amino acid, 4, and treated with EDC fol-

lowed by MEI.  Please see Figure 2. The methionine

15 protecting group méy:be of any type'well known in the art

that permits the lactams to be incorporated into peptides

or other target molecules. For example, the protecting

group may be t-Boc. Examples of the R group of the amino

acid may be  hydrogen, CH2CH (CH3) 2, CH2Ph,

20 CH2,CH2CH2CH2CH2-NHCbz, or one of the following groups:

- alkyl, alkenyl, alkynyl alkoxy, aryl, alkylaryl,

carboxylic aryl, heterocyclic ~ aryl, carbalkoxy,

heterocyclic aryl, amide, thioamide, ester, amine, or

thioether. The R group of the amino acid may also be one

25 of the naturally occurring R groups of the natur;l amino

acids. ' -

The resulting product is induced to cyclization to

the lactam by the addition of methyl iodide, causing

interalkylation and forming a lactam with a five member

30 ring. This compound is then reacted with the amino

terminus of a soluble polymer.  The t-Boc blocking group

is cleaved from the amino terminus of the resulting
product, 7. - .

The deprotected compound is then reacted with an

.35 additional lactam, 5, to form y-lactamtide. The R" group

of the additional lactam, 5. Examples of the R" group of



15 randomy generating a | arge nunber of drug candi dates, and | ater

optim zing those candi dates that show the nost nedi- cinal pronise The

nmet hods useWo%/3é18er at e conbi natorial libraries, for exanpl epdf} 93;?’5&14
synt hesis nethod, are also conpa- 20 tible with the conbi natori a?
libraries of this invention. Split synthesis is carried out as follows: The
first step entails adding ten different nolecules A, B, C. . . J, to ten
separate vessels. The contents of these_yessels are m xed or pool ed,
divided into ten new different vessels, 3 and ten further parallel

synt heses are carr| ed out to provide the core nol ecul es XAl, XB1l, XCl . .
XJ1, where XtGhe Agdbptoral t hacteingi Bal mey, banﬂyAIro B, @hch(c}B}Jz are

ten di fferenicumireoubas ehbelzERYChS - &-{iﬁeéaw% 2 gl f@igf‘,}lﬁf o singhg

course, fewer or m)re r]Tten Sés tan®

step. In thé Péb‘y hél&ﬁﬁ‘t}’ adm«yl s aayd ,agdikyIExAad and

di vi ded |ntodambdmﬁtﬁ@rarﬁsseh&tagobpgglhm%qunhg%fga ﬁgﬁedure can be
ecu 489 zed.

repeated nt i ret f e esired core no
? Ill% ve§§%§§ %"f‘ﬁ%‘“h@%vee%&%pﬁ!ﬂlr(%a@r Mmae@;l-mr
di versity of Tb@r@"ngt@@@l ef, Scony alkecbkeofBelif- the naturally occur-
ring R groups of the natural amino acids.

Example 3: A Soluble Combinatorial Librarvy of §-
10 Lactamthiotide Compositions

A combinatorial library of §-lactamthiotide composi-

"tions is useful for’screening for pharmacologlcally'useful

compounds which may be used for diagnostic and/or thera-
peutic purposes.

15 - One possible Synthesis of this library -using the
present invention is as follows: Protected cysteine, 8,
is reacted with an amino acid ester, 9, and treated first

~ with EDC and second with hydroxide (OH)-. Please see
Figure 3. R’ of the amino acid ester ‘may be one of the

20 following groups: alkyl, alkenyl alkynyl alkoxy, aryl,
alkylaryl, carboxylic aryl, heterocyclic aryl, carbalkoxy,
heterocyclic aryl, amide, thioamide, ester, amine, or
thioether. The R’ group of 9 may alsoc be one of the

- naturally occurring R groups of the natural amino acids.
25 The R" group of the amino ester, 9, may be one of the
.following groups: a}kyl, alkenyl, alkynyl alkoxy, aryl,

or alkylaryl. ' '
(CH20)x and TsDH is added to the resulting compound,
10, in order to induce the compound to cyclization to the

30 five member ring lactam, 11. The lactam, 11, is reacted
with the amino terminus of a soluble polymeflc compound.
The bound lactam, 12, is deprotected, i.e. + the protectlng
group is cleaved from the amino terminus of 12. The
deprotected 12 is then reacted with unbound lactam, 13.

35 The R’’’ group of the unbound lactam, 13, may be one of
the following groups. alkyl, alkenyl, alkYnyl alkoxy,
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5 active conpounds. -Such a conbinatorial library may contain tens,
or nore core nol ecul es. The nunber of core nolecules that can
be generated by the present invention, jigs, in fact, unlimted. For exanple,

t housands,

a large library of 10 nol ecules that could possibly bind to a certain

enzynme receptor site can be rapidly generated an
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dxyl he abzyharyt, r ceROFYLEie WAL ¢ hg?'le dl(’f i

t hat bi nds
accurately as

net hods det ai

f@%Fﬁbfgd adieRbeiened uaty, thmldereeMum;mﬂdétrmsageutlc
15

PCT/ US95/ 09614 23 cal
groups and/ or core nol ecul e assenblages wi th a known subunit at their

t er m nus) widsdssassayed using any standard assay format.

PORVUSHSQ614ach of
the ten m xtures is assayed to determ ne which m xture contains one or

nor e
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ase synt hesi_s. pr esent
1actamthlot1de, 13, a constralned peptldomlmetlc

Exaﬁple 4: Soiuble Combinatorial Libra;y of -
Lactampegtlde Com9951tlgns

A Soluble Combinatorial Library of y- Lactampeptlde

compositions is useful for screening for pharmacologically
useful compounds which may be used for diagnostic or
therapeutic purposes or both. For example, a soluble
combinatorial library of y-lactampeptide compositions is
useful to the discovery of peptide analogues that display
the same or enhanced blologlcal activity as the activity
of naturally occurring peptldes ,
Please see Figure 4. R(CH2-O)CH30H 14, is treated
with H2S, Al203, and compound_ls R may be an alkyl

aryl, or alkylaryl group. The resulting compound is -

treated with acid (H+) and then reacted.with compound 16
in the presence"of BF3. The resulting compound is reacted
with (EtO) 2POCH2COOEt, and then reduced and treated with
hydrox1de to yield compound 17a. Compound 17a is reacted
with compound 17b and EDC resultlng in compound 17c.

Compound 17c is reacted with Bu2BOH in the presence of
Et3N to yield compound 17d. 174 is treated with NBD
producing compound l7e. Compound. 17e is reacted with N3
and then with LiOH, and then with a reducing agent to
yield compound 17f. Compound 17f is treated first with
phthalimide, second with CF3COOH, third with an amino acid
and fourth with MeI to yield compound 17g. The R’ group
of the amino acid may be hydrogen, alkyl, alkenyl, alkynyl
alkoxy, aryl, alkylaryl, carboxylic aryl, heterocyclic
aryl, carbalkoxy, heterocycllc aryl, amide, thiocamide,
ester, amine, or thioether. The R" group of the amino



I nvention creates a soluble conmbinatorial |ibrary wherein the synthesis
steps may occur in solution. By synthesiz- ing in solution, the present
invention pr3YWAB41B o) ds 25 that are several orders of magni t REBUSISAS Y

t han, say, solid phase synthesis yields. Solid phase synthesis
typically yields only a few nanograns of product. In contrast, the
present invention, by synthesizing in solution, yields mlligrans and grans
of product. 30 The sol ubl e polyner|c3mnlecules are attached to core
nmol ecul es. Core nol ecul es share one or nore comon chenmi- cal, structural

or functional el enents Cor.e npl ecules. t hat e |nsoluble in desired
reaction sol vefts }f)e%]osf% %) TBF e° % Egeaﬁf‘gt‘fﬁé PRI IR FAYRREr i ¢

35 nol ecul e. O'lfnezl'mcqmmm]sdmmti istqi asf. tmmpnmdmlmmgaa:hen \M}&ﬁi&ﬁ4l8
PCT/ US95/ 09614 it ral ke 6f fingheal cé}mzcﬂ JBM PHLRiRg A N ddhen

f fs
nol ecul es in so utlon re ecul SO C aln them'c
core nol ecul e, t® 1§ soFHﬁPoﬁ %9cvampagtéﬂeb@angsgrvgohm%@ he)atﬁaﬂhﬂﬂea

pol yneric g edd @ solaylehpBlPReric support. The attached y-lactampep-

' tide then chemically miay be modified. Also, the attached
v-lactampeptide may be extended by the addition of other
Y-lactampeptides, amino acids, or amino acid analogues.

10 Example 5: A Soluble Combinatorial Libra of
' Arvloxyvacetic Acid Compositions

A combinatorial library of arylbxyacetic acid compo-

sitions has wide application and use in the fields of

medical, pharmacological and scientific research. In

15 particular, the library of aryloxyacetic compositions may

o be used to screen for new drugs that target atheroscler-
osis receptors. In addition, the aryloxyacetic composi-

. tions may be useful for screening for effective novel
drugs which lower triglyceride levels.

20 In one possible one step synthesis of a combinatorial
library of aryloxyacetic compositioﬁs, a substituted
phenol, 19, is reacted with a ketone or aldehyde, 20, in
a suitable solvent in the presence of base. Please see
Figure 5. The base may be NaOH. The solvent may be

25 methy;ene chloride. The phenol, 19, may be substituted at
either the ortho, meta or para position, or at a combina-
tion of these positions. The X group of 19 may be one of
the following groups: hydroxy,'halogen, alkyl, alkenyl,

~ alkynyl alkoxy, arjl, alkylaryl, carboxylic aryl, hetero-
30 cyclic aryl, carbalkoxy, heterocyclic aryl, amide, thio-
“amide, ester, amine, thiocether, or fused. The phenol, 19,

. may have multiplé X groups. The R1 group of compound 20 -
may be hydrogen, or may be one of the following groups:
alkyl, alkenyl, alkynyl alkoxy, aryl, alkylaryl. Simi-

35 larly, the R2 group of compound 20 may be hydrogen, or may

' be one of the following groups: alkyl, alkenyl, alkynyl



chemcally altered by chemcally nodifying the nolecule's noiety. In this
way a | arge set of diverse core nolecules can be created. éﬁ9@¥§# t of
core nol ewQ %348y be diversified, also, by the substituti éore 10
nol ecul es’ noieties. A clear advantage of the present invention is that it
allows the rapid generation of- a large, highly diversified library of

nmol ecul es. The high diversity of the library allows rapid and accurate
experinents and assays to.be 15 perfor3gd on a |arge diversity of core

nol ecul es. The invention is particularly useful for the creation and
I sol ati on of

| ar ge__nunber nmol oGy o e ed S or
phar macol ogF&gF’ 2 (AR a}kﬁ}’arggfset é(;%ﬁfecuiielghcou llc)! t?%%g?& '(tiher
screened fointbepapamedch@Oraﬁﬁnﬁncajuxﬂhﬁpﬁ%ﬁﬂ%th@gtﬁP@EPuﬁélééuﬁ@ is

i dentified, a&? eSent J Rarigq can be used to optimze the nol ecule by
rapi dly and TG ently synt hési zi ng and assaying a | arge diverse library
of nolecules that vary the target nole- cule, by the addltlon reanaI or
alteratign g% mple &3 exa igatarialhe tion
al so allgws gr alTquot sa th%reacé L JEdHE at each step in
the synthesis of a conblnaEgQ#ﬁ$ig?b&%¥%i—ig%e-éﬁ%ﬁﬁgu#giof t he nole- cules

present. in each %lmewimatoma@drd&ﬁra@qcefappﬂaemher backbone compo-
sitions is useful  for screenlng for pharmacologically

useful compounds which may be used for diagnostic and/or

10 therapeutic purposes. In particular the polyether back-
bone compositions may have lipophilic qualities that allow ‘
the compositions to cross through a _patient’s cell B
membranes. _ ' : | _ _ '

Please see Figure 6. Compound 22 is esterified with’

15 a-vinyl selected from the group consisting of the vinyls
A, B, and C. n may vary on compounds A, B and C, with n
equal to whole number greater than zero. The reaction
yields compound 23. Compound 23 is treated with Hg(OAc)2
and then reacted with a vinyl compound selected from the

20 group consisting of A, B and C. n may vary on compounds
A, B and C, with n equal to a whole number greater than
zero. The reaction step of treating Hg(OAc)2 and reacting
with a v1ny1 from the group consisting of compounds A, B,
and C is repeated until a polyether compound of the

25 desired size is created.

Example 7:  A__ Soluble Combinatorial Library of
Polvoxygenated Cowmpositions
A soluble combinatorial library of polyoxygenated
30 compositions is useful for screening for pharmacologically
" useful compounds which may be used for .diagnostic or
- therapeutic purposes oOr both.
A soluble combinatorial library of polyoxygenated
amino acids may also be synthesized as follows: Please
35 see Figure 7. .Condensatign.of_mannitol with a compound 24
is carried out in a suitable solvent. Mannitol may be d



30 cologically active "target" nolecule is identified, the target

nol ecul e’ s exact structure and conposition can then be accurately and

qui ckly ascBiQ%/0AEE, as is known in the art. Another advant agecwisds/assia
present invention is that 35 the invention can be executed in a variety of
formats, including manual and automated formats. WO 96/ 03418

PCT/ US95/ 09614 25 Mol ecules in the soluble conbinatorial |ibrary of the
present invention nmay al so be purified bétagany of the tech- niques well
known in the art. These techniques include, but are not limted to,
precipitation__thin_|ayer chrom- 5 tography, columm chromatography, high
pressure |iquPt EhFﬁﬁﬁtﬁﬁﬂaph -G e |iatﬁo@rqﬁﬂrnaﬁedknmphorﬂhesRcand
filtration. PBE®Rli 8da qreipy refl 86mpBLAAP &4y 'Ry C bEOERRM b ity {iaﬁolgble

compounds, | rist e ﬁé%eglﬁyvgﬁwpr i AP RN AL
wi th pol yvi nyhayr rieg i dove membimartidn zed. hydrogen, alkyl, alkenyl,
5 alkynyl alkoxy, aryl_ alkylaryl. Dlmethoxyketal is a
‘preferred form :of compound 24. The solvent may be
Dimethylformamide and CSA. The resulting diol, 25, is
cleaved under periodic oxidation (KIO4 and KCHO3) to form
a highly oxygenated aldehyde, 26. The synthesis of

10 alkylidene protected'glyceraldehydes is well known in the
art and has been reported in the following pﬁblications,
which are incorporated by reference: Schmid & Bradley,
Synthesis (1992), and Schmid, et al. J. Org. Chemn.
(1991) . Condensation of the ketalized glyceraldehyde 27, .

15 with a dialkylphosphinyl compound yields an amino ester,
28. This amino ester may be hydrogenated and then treated
with potassium hydrox:.de to yield a highly oxygenated
amino acid. The amlno acid may then be protected at the
amino terminus using, for example, FMOC.

20 A soluble combinatorial 1J.brar_y of polyoiq}genated
amino acids may also be synthesized as follows: Please
see Figure 8. Zoller & Ben'Ishai, Tetrahedron 1975, and
Schmldt, et al., Synthesis 1984 are 1ncorporated by refe-
rence. Glyoxallc acid, 29, is reacted with compound 30 to

25_ yield compound 31. 'Compound 31 is then treated with acid,
in a suitable solvent. The solvent may be methanol. The.
resulting compound, 32, is reacted with P(OMe)3 to yield
compound 33. Compound 33 is reacted with KotBu and then
compound 34, to form a dehydroamino ester 35. The R’ and

30 R" groups of compound 34 may be a comblnatlon of:
hydrogen, alkyl alkenyl, alkynyl alkoxy, aryl, alkylaryl
The ester is hydrogenated and then treated with base to
vield a highly oxygenated amino acid, 36. The base may be
potassium hydroxide. The highly oxygenated amino acid,

35 36, may then be protected at the amino terminus using, for
example, FMOC. ' |



A preferred set of core nol ecul es conprises the class of Iact anti de

nol ecul es. Another preferred set of core 15 nvolecules . m%g,%%lghe
cl ass of.WQRGG’é%?ynucl eotides, including naturally occur r| ng a unnat ur al

nucl eoti des. Another preferred set of core nolecul es conprises aryl oxy-
acetic conpositions. Another preferred set of core nole- cules conprises
pol yet her conpositions. Another preferred 20 set of core nol ecul es
conprises the class of polyoxygen- ate#ilam no acids. Another preferred set
of core nolecules conprises anno acid conpositions. Another preferred set

of core nol ecul es}:rf&f@ﬁiée%ft rig&i 51 BR”y SRR GRS t_|_ilvg@-§r net+ber gHeferred
ul e

set of core nole S conprises thé 2 |'ass of [err ke | ecul es.
Anot her pr dtighlat Sewgsnasee ﬁBF-BEuI%%l‘g%nﬂHYseE | VR ?%Wﬁ%sf’lﬁgo

COMpOSi t i ONgy1 Y herprulerdens Migjurd Tor e rroilgidnt e:schmmuaiasamlno
[err]-lactamc rrp05|t|ons ' of he r
conpri ses p?;FF-"r coPrﬁoﬁ"[‘ﬁpc}'r"faﬂ1 'IA%OE:HQ %ff)‘rﬁ'e erréﬁﬁset o core m)l ecul es

conpri ses e:ctec aonpmind onFheScoupdedgaving Seidbl @4Co¥1%|4@1€91 aI
Li brary A soI ble co al Yy with hegupr %’iﬂﬁ&ti&l@.ﬂt |
screened b #l&-y %’et h%gd q‘TtkPéi rééé\{é"d ) ﬁbﬁ‘PsY

nown 1 n_the 35  art. These net 3 ncI ude
but are notoxygematjed@m:g;_q asid. Additional highly oxygenate am:.

acids are added untll a peptlde backbone having the
desired number of amino ac1ds is produced.
Example 8: A Soluble 'Combinatonial Library of of {
Triazine-dione Compositions
A soluble comblnatorlal library of triazine-dione
- compositions is useful for screening for pharmacologlcally
15 useful compounds which may be used for diagnostic or
therapeutic purposes or both. | B |
Please see Figure 10. Compound 45 is linked to a
soluble polymerlc compound The resulting compound 46 is
reacted with compound 47, an ester, to yield compound 48.
20 Compound 48 is reacted w1th NH2 NH2 The resulting com-
pound 49 is reacted with compound 50 to yleld compound 51.
The Rh and Ri groups of compound 50 may be’ any comblnatlon
of the following: hydrogen, alkyl, alkenyl, alkynyl
alkoxy, aryl, alkylafyl Compound 51 is then reacted with
25 compound 53. Compound 53 may be prepared convenlently by
treating compound 52 with phosgene The R’ group of
compound 52 may be alkyl alkenyl alkynyl alkoxy, aryl
'alkylaryl carboxyllc aryl heterocycllc aryl, carbalkoxy,
heterocycllc aryl, amlde, thioamide, ester, amine, or
30 thioether. The R’ group of 52 ‘may also be one of the
naturally occurring R groups of the natural amino ac1ds
The reaction between compounds 51 and 53 ylelds compound
54. Compound 54 is then treated w1th ac1d to yield 1,2,3-
triazine-3,6-dione, 55.
35
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pl ati ng, e¥%$g§#4 |nd|ng sout hern, western and northern blotting, and
conpetitive I ng. One such nethod for identifying an agentPQIAUIS0PE4: o
for an ability to bind to and potentially nodulate a cellular 5 receptor
signal transduction pathway is as follows. The nethod involves exposing at
| east one conpound fromthe conbinatorial |libraries of the present
invention to a protein conprising a funcdd onal portion of a cellular
receptor for a tinme sufficient to allow binding of the 10 comnbinatori al

i brary conpgysgple bhe funﬁt'Ogélluggfet'060%1hggo§'§gllu' A peeE e
r enovi Nng non-oboun COITpOUﬂ an und

bound to the functional por&~88%} o S05L0gIS, Compositdons her eby
i dentifying a corraosusrmbbe hﬁ:rﬁkﬁ&iaﬁibfick[l qriba@rlyl b¥ EQdééxyHHQFlea d@Fh

cel lul ar rec %é gransductlon p% E One t hod™ ut IZIH%

appr oach tha &Bur- XU EFESTHRY | £6Far PBATBRCS eaicaddpt onspindi ng
nDIecules5w09®mpoundadwh1hh mayabénesedofon dbabnﬁatﬂélek EhéfabEuEEEeCU|e
‘or a portio lid r ar ose stic
beads, mcrg???lggr)gaél Iotgo Sbt??l dlpc% 1=23&amawgf‘rbrar‘laesd‘%:‘g‘ %5¥BH°3P°€F3
exanple, nyIBﬁochﬁﬁtbﬁCé present invention can be used to produce

and screen a large and diverse set of dideoxynucleotides

to be used for gene vectors, gene therapy, gel assays and
10 the like. S
Chen, et al., The Journal of Organic Chemistry (1991)
is incorporated by reference. Please see Figure 11.
Compound 60 is. reacted with Ph3P, ETO2CN=NCO2ET in a
. suitable solvent. The solvent may be dimethyformamide and
15 dioxane at 70 degrees Celsius. A preferred forms of the
solid phase of compound 60 are polystyrene, tentagel and
control pore glass. Alternatively, instead of a solid
phase, one may use a solubie pOlymerié compound. The B of
compound 60 may be a didéoxynucleotide base, such as
20 Adenine, Guanine, Cytosine, Thymine, or"Uracil, or an
unnatural'purine or pyrimidine heterocyclic compound. The
pfoduct, 61, is then reacted with a nucleophile. The
nucleophile 'may be an amino acid, a sugar, a small
molecule such as, but not limited to, N3 or NaI, or OR,
25 SR, NRIR2, CN, Alkyl, N3, Halide, Phosphate ester, or
sulfate .ester. ~ The R,.Rl and R2 groups may be alkyl,
aryl, acyl, phosphate or sulfate.
The resulting product 62 may be treated with
_ CF3502Cl, reacted with a nucleophile, Nu’, and then
.30 cleaved from the bead to yield compound 63. The nucleo-
phile Nu’ may be an amino acid, a sugar, a small molecule
such as, but not limited to, N3 or NaI, or OR, SR, NR1R2,
CN, Alkyl, N3; Halide, Phosphate ester, or sulfate ester.
The R, Rl and R2 groups may be alkyl, aryl, acyl, phos-
35 phate or sulfate. '



| ul ose, and the subsequent incubation of the attached conbinatorial |ibrary
nol ecul e in the presence of a poten- tial conmbinatorial |ibrar
nol ecul e- Wogé#sgl&onpound or 25 conpounds.. Attachment to EQ‘Z&'SM%H
support may be direct or by neans of a :

conbi natorial -1ibrary-conpound-specific anti body bound directly to the
solid support. After incu- bation, unbound conpounds are washed away
conponent - bound conpounds are recovered2 By utilizing this procedu
| arge nunbers of types of nol ecul es may be sinultaneously screened for

receptor-binding activity. Adm nistration of the Featured upds_After
pron?sing conpogﬁﬂmﬁagnggéﬁ Wﬁ@n?i??egebﬁagpgé aEgE@Sn?ﬁgoﬁggﬁnggFﬂe
r

i dentified spapoEadfean bheaberd tosyéedd tompopad €dt. al one, o
phar maceuti cal conpo- WO 96/ 03418

PCT/ US95/ 09614 27 sition conprising the
carrier or BExamplenfi0: The?& =le]l)s1s EY=Ta¥=
acceptabge salts (i.e., NORzABXkhmi
fromexerting its 5 effect
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'A soluble combinatorial library of'lycoraﬁine-like'

nucleus compositions is useful to many important research
efforts, including medical, pharmacological and scientific
research efforts.- For example,- a soluble combinatorial
library of lycoramine-like nucleus compositions may be
useful as antimicrobial agents, analgesics, and as hallu-
cinatory agents. _ ' .

Please see Figure 12. Compound 70 is reacted with
compound 71, which may be attached to a resin or soluble
polymeric compouhd; to yield compound 72. Compound 70 may

be substituted. The R’ and R" groups may be any combina-

tion of: alkyl, alkenyl, alkynyl alkoxy, aryl, alkylaryl,
carboxyiic aryl, heterocyclic aryl, carbalkoxy, hetero-
cyclic aryl, amide, thioamide, ester, amine, or thioester.
x may be 1, 2 or 3. y may be 1 or 2. Compound 73 is then
cleaved from the resin to yield compound 73, a lycoramine-
like nucleus.

- Example 11: A Soluble Combinatorial Library of 8-Lactam

‘Compositions :

A soluble combinatorial library of B-lactam composi-
tions is useful in the medical, pharmacological and
scientific arts. o '

A soluble combinatorial library of f-lactam composi-
tions, Figure 13, may be conveniently synthesized by
attaching the carboxyl terminus of compound 75 or 76 to a

soluble polymeric support. The amino terminus of compound

75 or 76 may then be reacted with an amino acid, carba-
mate, amide, thioamide, ester, amine, or thioester.

30

a



Phar maceutical conpositions suitable for use in the present invention
i ncl ude conmp@s APQ wherein the active ingredients are contained in
ampunt to

effective

art, especi al

phar maceuti cal conpositions of the present invention may be manufactured in

a manner that

active. conmpounds with solid

m Xture, and
auxiliaries,

exci pl ents are,

achieve its intended purpose. Deterni nBETHR¥9614he
effec- 10 tive anmounts is within the capability of those skilled in the

an

ly in Iight of the detailed disclosure provided herein. The -

. is itself known, e.g., by means of conventional m xing, dis-
15 sol ving, granul ating, dragee-naking, |evigating, enulsify- ing,

encapsul at i ngExefpblappbRg or al yaghi,bigl Ngo 96888 s Ph rgaceutlcl
preparations for oral use cag be aﬁf “%‘B¥UT‘Exanp%e—§%—€§FBrﬁP%g—ghe

pr 0CeBsi rsg:hﬁﬁem xt-:bmbmht@ﬁ:aﬁlﬂ 651119{‘5.?{1 agyH ”%as%&%??dg
u

taplets dragee cores.
m?Séi{;i_r% I|1%u ar %‘{{}]e Ok u@ﬁ%& alygRharnagqirairal asndse,
sucrose, nanredigal resessehi.t olFor cekampbee pr Wﬁl@%oﬁﬁfﬁa%rlfﬁ.or 25

om y grinding a resulting 20

I h,
gum 4 agacans b oot °f’msa£f?%?%99de%yf? Sy P BBty A B Gise aadai uim

gum tragacanth,

car boxynet hyl

Ictive: Fégé tiGyamss pof y @ mumber obf d enzyme?\/P) 1ncltha:|.ng

desired, disilimgl atlicigkcrgaat Seﬂ&é’tﬁﬁead%cﬁwhpaﬁcrggti elastase,

10

15

20

chymotrypsin-like enzymes, and cysteine protease. The o-
azetide library may elso be useful as analogues of
norophthalmic acid amide.

An example synthesis of a soluble combinarorial
library of a-aza amino acid compositions is given in
Figure 14. A carbazate, compound 95, is reacted with’
compound 96 to yield compound 95. R2 of compound 96 may
be hydrogen, alkyl, alkenyl, alkynyl alkoxy, .aryl, or
alkylaryl. - Rl of compound 96 may be -alkyl, alkenyl,
alkynyl alkoxy, aryl, or alkylaryl. Compound 97 is then
reacted w1th NaBH3CN and acid to vyield compound 98.
Compound 98 is then reacted with compound 99 to- yield
compound 100. . Compound 100 is then treated with Mel and

~then with morpholine resulting in compound 101, an aza-

25

30

35

amino-acid. Alternatlvely, compound 100 is reacted with
a nucleophile. The resultlng compound is then reacted
with MeI followed by morpholine to yield compound 102, an
aza-amino-acid. _

In another synthetlc scheme, see Figure 15, compound
103 is reacted with compound 104 to yield compound 106.

The linker of compound 104 may be an aliphatic group, such

as an aldehyde, for example acetaldehyde or cyclohexane-
carboxaldehyde, a ketone, or methacrolein; or an aromatic,
such as phenylacetaldehyde, furfural 2,4,6, -trlmethoxy-
benzaldehyde or piperonal; or a charged compound such as
5- formyl -2-furansulphonic acid or pyridine-2-carboxalde-
hyde-N-oxide. Compound 106 is. deprotected to yield com-
pound 107. Compound 107 is then reacted with an activated



30 linked pol yvinyl pyrrolidone, agar, or alginic acid or a salt thereof

such as sodium al gi nate. Pharnmaceutically acceptable salts:ﬁﬁﬂugﬁwgéﬁpared
by st andamD 96203418 ques. For exanple, the free base form of nd is

first dissolved in a suitable solvent such 35 as an aqueous or

“aqueous- al cohol solution, containing the appropriate acid: The salt is then
| sol ated by evapor at - WO 96/ 03418

PCT/ US95/ 09614 28 ing the solution. |ménother exanple, the salt is pre-
pared by reacting the free base and acid in an organic solvent. Carriers or

exci pient can be ,used tq fa |I|tat d | ﬂﬂgﬁ nd, for
exanpl e, to3ZRcABHNS- f"ﬁ’é‘gs By i .t-_-?%%?u{;ﬁef%%h;%%ﬁ}d.e%go es rﬁ? carriers
and exci pi egitep ntl ude:cnx@cmruin TaBbawRM ebeczﬂ%‘i"lﬂﬂl;ﬂ@r}hal%epﬁﬁﬁ ol sugars

or types of stanchg cgl CL{LAE §%a@@“ V@éﬂlﬂ&ﬁzdgﬁbgt,l mlﬁwge&apbanal 105
polyethyleng acho ySI 0-

. |callg gol vent The
conpounds GCMPmuﬂﬁ lﬁﬁﬂﬁ%%ﬂthﬁﬂmkglﬁ?gﬁ°53ﬁ Eé gg §PereEQQ?§§§qerent
routes inrclud ng.ddid areneuzlin dmuza@@pmlﬂw,tmmlred length.

Example 12B: Method of Producing a Combinatorial Library
' of a-Azetide Compositions.

10 Preparation of campdund 501: _Synthesis df'bispentaflgoro-
phenol carbonﬁte.(structure_of_cqmpouhd.501 is depicted on. -
Fiéure 36). '

Pentafluorophenol (0 27 mol.; commerc1ally avallable

| from Aldrich chemlcal) was dlssolved in 0.5 Molar KOH and.
i5 cooled to 0 °C. Phosgene.was then passed through this
solutlon w1th vigorous mlxlng The pH'of the reaction
“mixture was controlled to be no 1ess than 6. 0. Sometimes
-.the carbonate_crystalllzed from solution, but more often
an oily precipitate formed. Next, the reaction mixture

20 was kept at 0 °C 6Vérﬁightf The séiidified residue was
filtered off, wééhed with water and dissolved in chloro-
form. The solution was dried over anhydrous sodium
sﬁlfate, filtered'and.evaporated. The gfude_cr?stalline

* product, with a étrong, chloroformate-like odor from an

25 1mpur1ty, was recrystalllzed from hexane. The yield was

approximately 75%,. startlng w1th 55 grams pentafluoro—

phenol.



taneously, and intramuscularly; orally, topically, or transnmucosally. 15

For injection, the agents of the invention may be fornul ated in aqueous
sol utions, PY@PEB4M v in physiol o- gically conpatible buffer SPCHUSSE614
physi ol ogi cal saline buffer. For such transnucosal adm nistration,
penetrants appropriate to the barrier to be perneated are used in the 20
fornmul ation. Such penetrants are generally known in the art. Use of
pharmaceutically acceptable carriers to fg- nulate the conpounds herein
di scl osed for the practice of the invention into dosages suitable for

system c adm Qi s- dtration is wthin the scope of the invention. Wt
proper choicegg%pgégFﬁgp gﬁdcgﬂpfgﬁée55&n3f§€FﬁFPﬁQ pfacompound 502 is

conpositioniaggggggggrgﬁe?ggg%%eg%hon, in particular, those fornulated.

sol uti ons, m nrs pareériterally, such as by intravenous

i njection. The 3 ) S adi | sing . .
phJar maceutical |y agcé%%'ltigg:iggcgﬁ?éﬁgw%?\%%%ﬁzﬂheggr?r?aﬁolﬁ‘oga&@s
suitable for mpabrads R [ _ Lier e compounds
the invention torbe ;ég?{r?ruﬁt g%lhs a%‘&?g Igt@é£ %i ﬁegl%?ap%%rgsPovrqudé,
gel s, syrups, refbuxing, sdlutiepenst opssEnfolhes ided hpdrQsahe RPRELEQT

a patient to be treated. .
(commercially available from Aldrich company) in 2.55.
Molar of ethanol. After a reflux period of 6 hours, the
alcohol was removed by distillation. The residue was

' extracted with ether, the ethereal extracts dried with
10 potassium carbonate and filtered. 'The crude base, 1.0
equivalents, was next-expoéed to 1.1 equivalents of di-'
tert-butyl dicarbonate (commercially available from
Aldrich company) in 0.1 Molar methylene chloride and then
stirred overnight at 25 °C. The solvent was next removed
15 by distillation and the remaining residue was extracted
with ether, washed in water (1X) and dried over potassium
carbonate and filtered. Product can then be purified by
flash chromatography using a methylene chloride: ether/
petroleum ether gfadient.
20
Pfepara;ibn of compound 503 (structure of compound 503 is
depicted on Figure 36).
A solution of 85% hydrazine hydrate (10 equivalents;
“commercially available from Aldrich company) in 2.55 Molar
25 of ethanol was exposed to 1.0 equivalents of di-tert-butyl
dicarbonate (commercially available from Aldridh company)

and then-stirred ovérnight at 25 °C. The solvent was next

h

as

of

by
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Phar maceutical fornulations for parenteral adm nis- tration include aqueous
sol uti onsWEr96/03€18act i ve conpounds in water-soluble form A ,
“suspensions of the active conpounds may be prepared as appropriate oily 5

I nj ection suspensions. Suitable |ipophilic solvents or vehicles include
fatty oils such as sesane oil, or synthe- tic fatty acid esters, such as
ethyl oleate or triglycer- ides, or |ipmssones. Aqueous injection '
suspensi ons nay contain substances which increase the viscosity of the 10
suspensi on, such as sodlun1c X neth L1 u bi or tran.
pt | onal |y, TEHEVERe JEhs PR ARy A0Le Bhe reaginilhgth il R

CO al n sul abl I'Zzers or agents

whieh | NCregag, hige egebh'éaﬁeef WHgneaRAUGdEckO (2k) &%EOErEQﬁ gieparation

of highly concen sol ut'rons. Agents 1 nte
admi ni stere otaé%éﬁﬁ'Euks&h&taaanaefégaéﬂéaterpéoaﬁbagoheeaﬁlaaea pel

known to-those of ordinary skill in the art. For exanpl e, such agents nay
be encapsul ghedsi BRO biyPOFIERh d1foradidtasley ecusbnglessr | hedhgbene.
Li posones are spherical lipid bilayers

5 chloride: ether/petroleum ether gradient.

Preparation of cémpound3504 (structure of compcuna_504 is
depicted on Figure 37).
To a solution of 1.0 equivalent of p-hydroxybenzyl- -

10 bromide in methylene chloride was added 1.1 equivalents of |
60% sodium hydride at .0 °C and allowed to stir for 1 hour.

Next, 1.1 equivalents of benzyl bfomide was added and then
mixture was aliowed to stir overnight. The mixture was
then quenched with water, diluted with ether and purified
15 by distillation. 1.0 equivalents of the compound was next
added over a period of 1 hour to a refluxihg solution of
0.51 mol of 85% hydrazine hydrate (commercially available
jfrom Aldrich company) in 2.55 Molar of ethanol. After a
reflux period of 6 hours, the alcohol was removed by
20 distillation. The residue was extracted with ether, ﬁhe
ethereal extracts dried with potassium carbonate and
filtered. The crude base, 1.0 equivalents, was next
exposed to 1.1 equivalents of di-tert-butyl dicarbonate
(commercially available from Aldrich company) in 0.1 Molar
25 methylene chloride and then stirred overnight. at 25 °C.
The solvent was next removed by distillation and the

remaining residue was extracted with ether, washed in .



20 w th aqueous interiors. Al'l nol ecul es present in an aqueous sol ution
at the timn%”$%‘k%ﬂ sone formation are incorporated into the agueous
interior. ] gosonal contents are both protected from t FETHEPIS

m croenvi - ronnment and, because |iposones fuse with cell nenbranes, 25 are
efficiently delivered into the cell cytoplasm Al patents and publications
mentioned in this specification are indicative of the | evels of those
skilled in the art to which the inventiomg7pertains. Al patents and
publications are herein incorporated by 30 reference to the sane extent as

i f h i ndi v b - [ Is | fically and. individually indicated
![O ggci nl:(r)]r L\é‘&% Ew‘éf erggﬁlzg'.ark?'d\?mpﬁgeﬁje %aoa%/ﬁﬁi}%pagf%#ﬁgﬁ%t%nga’%ﬁi Il ed

in the art thei]varé@us SWQ%HhE%HEQDchgd i, f i ﬁ%ﬂ&ifq%ﬁ bggngﬁgag to

the invention disclosed herein w thout departing m thé scop irit
of the inventdiromatod¥apley 03dd8ng a methylene chloride: . ?theﬁé 1
of “sone of

PCT/ US95/ 09614 30 Chemical Definitions The following is alis
the definiti @gstroleum ether gradient.
5.

Preparation of compound 5b5 (structure of compound 505 is
depicted on Figure 37).
| A solution of 0.098 mole of methyl iodide in 0.98
Molar of ethanol was added over a period of 1 hour to a -

10 refluxing solution of 0.51 mol of 85% hydrazine hydrate
(commercially available from. Aldrich company) in 2.55
Molar of ethanol. After a reflux period of 6 hours, the
alcohol-wés removed by distillation. The residue Was
extracted with ether, the ethereal extracts dried with

15 potassium carbonate and filtered. The crude base, 1.0
equivalents, was next exposed to 1.1 equivalents of di-
teft-butyl dicarbonate (commercially available from
Aldrich company) in 0.1 Molar methylene chloride and then
stirred overnight at 25 °cC. The solvent was extracted

20 with ether, washed in-water (1X) and dried over potassium
carbonate and filtered; Product can then be purified by
flash'chromatography using a. methylene chloride: ether/

petroleum ether gradient.



used in the present disclosure. An "alkyl" group refers to a saturated
aliphatic 5 hydrocarbon, including straight-chain, branched-chain, and
cyclic al WO9B&8ps. The al kyl group may have 1 to 12 car bdifST/USISOM6Md have
3 to 9 carbons. The al kyl group may be substituted or unsubstituted. Wen
substituted the substituted groups nmay be hydroxyl, cyano, al koxy, =0, =S,
10 N2 or N(CH3)2, amino, SH, or aryl..An "al kenyl" group refers to an
unsat urated hydro- carbon group contai nigig at | east one carbon-carbon
doubl e bond, including straight-chain, branched-chain, and cyclic groups.

Th | k I h 1 to 1l b 5 _h 9, b .

The al kenyl PEPBRR=Rap=oate GERPPEARC 08, \AREHBSEREyPEd o TREN=GuB06: 4, cd 1 ne
bstituted |, o, al koxy, =0 =S, N2 N(CH3) 2,

Zﬁiﬁoi gH? 8 £§?§?§n§% 92?@%%;?§¥Qroﬁ%apgfe?s ?éyan unsaturatedOLydgo- éo

carbon group con aisgilﬁg&?,&logasd.g?}e S P ove W@I‘oi‘éﬁf&ﬁaﬂ@”?n bnelgudi ng

strai ght-chai n, branche ai n, cyclic groups. The al kynyl group may

have 1 t0 1g,§3kbeRS etHar¥Ay Wi eaddé® 8véar ROperiBde ot kiyn¥busdl edpamay be
substituted or unsubstituted. Wen substituted the substituted groups 25

mayl be, Byde@yylxiayareludlienyof =6, 5F SmohOdorsS¥ Qi Paz fé NRydPhreor
I (commercially available from Aldrich company) in 2.55
Molar of ethanol. After a reflux period of 6 hours, the
alcohol was removed by distillation. The residue was
extracted with ether, the ethereal extracts dried with = -
10 potassium carbonate and filtered. The crude base, 1.0
equivalents, was next exposed to 1.1 equivalents of di-'
tert-butyl dicarbonate (commercially available . from
Aldrich company) in 0.1 Molar methylene chloride and then
stirred overnight at 25 °C. The solvent was next removed
15 by distillation and the remaining residue was-extracted
with ether, washed in water (1X) and dried over potassium
carbonate and filtered. Pfoduct can then be purified by
flash chromatography using a methylene chloride: ether/
petréleum ether gradient.
20
Preparation of compound 507 (structure of compound 507 is
depicted on Figure'BB).
A solution of 0.098 mole of 1-bromo-2-methylpropane
.(from Aldrich company) in 0.98 Molar of ethanol was added
25 over a period of 1 hour to a refluxing solution of 0.51

mol of 85% hydrazine hydrate (commercially available from

Aldrich company) in 2.55 Molar of ethanol. After a reflux



An "al koxy" group refers to an "-Oal kyl" group, where "alkyl" is defined

as descri be.c%gﬁg&){e An "aryl" group refers to an aromatic group which has
30 at | east ¥ havi ng conjugated pi el ectron system and PCRAISH%eIS14

carbocyclic aryl, heterocyclic aryl and biaryl groups, all of which may be
optional | y substituted. The substituents of the aryl groups nmay be

hydr oxyl, cyano, al koxy, al kyl, al kenyl, al kynyl, am no, or aryl groups.
WD 96/ 03418 49 PCT/ US95/ 09614 31 An

al kyl aryl group refers to an al kyl (as described above) coval ently bonded

to an aryl grggﬂgQﬁf gesgri ab : r,bocyclic_aryl qroups, are, groups
wherein the ritng B at oms ohgt‘a%g’a%\gl?hﬁl??}fc% g ESF%Xﬁgag’é}) .lsqufef' '-"caaT bon
atonms are optitArR .| Y THE Ui R we T, ded 4 incl lrj?ggl'ﬂ
monocyclic carbocyclic aryl groups and optional _lg/ehs%g:g’t%ﬁf’ut%{? TRAL
groups. Het er esstelaict s el GRS pragg_QuﬂsgaﬁBbﬂstérQHa]f{f’téd:Peé. e
heteroatons as ring atoms in the aromatic ring and the renal nder oft?he
ring atons arerusiebbasat,ons0 &gutiehllents, was next exposed to 1.1 equi-

§ valents of di-tert-butyl dicarbonate (éommércially avail-
able from Aldrich company) in 0.1 Molar methylene chloride
and then stirred overnight at 25 °cC. The solvent was next
removed by ‘distillation and the ‘remaining residue was
‘extracted with ether, washed in water (1X) and dried over -

10 potassium carbonate and filtered. Production can then be

purified by flash chrométography using a methylene

~.chloride: ether/petroleum ether gradient.

-Preparation of compound 508 (structure of compound 508 is

15 depicted on Figure 38). | i
A generalized proc'edt..tre for the synthesis of the
azadipeptides (compound 508, entries #1-7, Figure 38) is
as follows: 1.0.equivalent of the alkyl/arylhydrazine
(compounds SQZ'through-507, Figures 36, 37 and 38) is
20 added dropwise via syringe pump over a period of 30-40
mingtes to compound 501, bispentaflourophenol éarbonate
(1.1 equivalent) and 1.1 equivalent dimethylaminopyridine
(DMAP) in 0.10 Molar methylene chloride at 25 °C. After
completion of addition, the reaction mixture is exposed to
25 a second 1.1 equivalent of dimethylaﬁinopyridine (DMAP)
and another 1.0 equivalent'of-alkyl/arylhyarazine (com-

pounds 502 through 507, Figures 36, 37 and 38), added in



het eroat ons may i ncl ude oxygen, sulfur, and nitrogen, and include furanyl,

thienyl, pyridyl, pyrrolyl, N1lower alkyl pyrrolo, yr|n1dy
i m dazol yiwa#@MHe |i ke, 15 all optionally substituted. A’ %gpﬁéf%%;

group refers to a COOX group, wherein "X" i's an |lower al kyl group. The term
"l ower" referred to-herein in connection with organic radicals or conpounds
respectively defines 20 such with up to and including 7, and may i ncl ude
one or two carbon atoms. Such groups. ma§0be straight chain or branched.

Het erocyclic aryl groups are groups having from1 to 3 heteroatons as ring

T L e, N Wl SRR st o

t&Foat g OXygen, n trogen, and

i ncl ude fur%)#' q nyt rye §az&&yré°g#§“t pylr—ﬂ,% Hru u I NrdeRict qlgqgeg@grol o,

pyrim dyl the optionally substituted.

30 o f a, ) f\lhhé%hyM@ dhIBwide aaldk aryl,
al kyl aryl orpe%'rg(?r ogeng1 ﬁ&ﬁ%ﬁﬁtgaﬁmgﬁgr%fers to -C(S)-NH R, V\hergulglmay be

al kyl, aryl ¢ aeld<y|9yyl ﬂhswdrmawgfspﬁﬁr" mefe{s p 01 an meEhPlede ,
where R may be 35 &l kyl - aryl. or al Kyl aryl.

5 chloride:ether gradient. Typical yields are approximately

 85%. See chart at Figure 38 for variations and yields

obtained (unoptimized).

Preparation of cpmp_ound__sos {structure of compound 509 is

10 depicted on Figure 39).
Té a solution of mefchyl 4 - (hydroxymethyl) benzoate
(2.0 g, 12mmol, 1.0 equivalents, commercially available.
from Aldrich company) in .10 Molar diethylether, was
bubbléd 8 mL of isobutylene (2-methylpropene-,. commercially
15 available from Aldrich company) at -78 °C. Next, 10ldrops
of sulfuric acid were added and the mixture was allowed to
stir overnight. = The reaction mixture was diluted with
éther (25 mL), quenched with sodium bicarbonate (10 mL),
washed with water (10 mL), condensed and dried over
20 magnesium sulfate. The product can be purified by flash
chromatography or distillation. - The._p?:oduction is next
exposed to 5 equivalents of LiOH-H,0 in a 3:1 mixture of
methanol water (3 Molar). The mixture is allowed to stir
- for 2 hours at 25 °C énd_ then is extracted with ether and
25 acidified with 1mL of HCl. The precipitate is collected
on a glass filter and can be further purified by flash

chromatography or crystallization.



WD 96/ 03418 . _ PCT/ US95/ 09614 32 An
"am ne" refwos3dd -N(R')R'', where R' and R'', nmay be j Baeent | Y
hydrogen, alkyl, aryl, or alkylaryl. A thioether refers topggg-R, ﬁﬁere
Ris either alkyl, 5 aryl, or alkylaryl. An ether refers to RROR where R
Is either alkyl, aryl, or alkylaryl. To assist in understanding the present
I nvention, soluble conbinatorial |ibrari of several certain core 10

nol ecul es are descri bed below. The foll owng exanples relating to the
present invention should not, of course, be construed as specifically -
limting the PRGPAFASACNand sowhound llorfstricthre wferbmpoundGYoKAGMN OF
| at er devel oped, , which would be within the purview of one 15 skilled in
this art, aredeBifEe@oRR; Bdouge:89all within the scope of this invention
as cl ai med bel ow. anpl e 1: ol ubl e Conbi natorial Library of

[err]- Bl ocker Co 8$ﬁﬂ§ﬁ%99399 ék %§69p8§ﬁrpﬁhsSQQKMWconpmmnasially
compri sing [§5£lig£fgk§£om Sigma Company) in 17 mM of methylene chlo-
5 ride at 25 °C, is added 3.0 equivalents of compound 509

- (Figure 39), 3.0 equivalents of 1,3 dicyclohexyl éarbodi-

imide (DCC) and .75 equivalents of 4-DMAP (4-dimethyl-
aminopyridine). The reaction mixture is allowed to stir

overnight. Next, the'mixture is exposed to 3.0 equiva-

10 lents of triflourocacetic aéid (TFA) and allowed to.stir an
additional 11 minutes at 25 °C. The mixture is then

_pourgd into ice-cold ether (approximately 17 mM) to preci-

pitate the PEG and then washed with cold ether and ethanol

fractions. The final production can be further purified

15 by crystaliization,from hot ethanol.

Preparation of compou;d 511 (structure of compound 511 is
depicted on Figure 39). |

Step 1l: Formation of the ;ctivatediézacarbamate.

20 1.0 equivalent of an alkyl/arylhydrazine (i.e., compounds

. 502-507, Figures 36,_37.and'38) is added dropwise via

syringe pump over a period of 30-40 minutes to compound

501 (Figure 36), bispgntaflourophenbl carbonate (1.1

eguivalent) and._l.l equivalent dimethylaminopyridine

25 (DMAP) in 0.10 Molar methylene chloride at 25 °cC. The

activated azacarbamate is then further purified by flash

chromat¢graphy, distillation or crystallization.



conpositions are useful for screening for pharnmacol ogi- cally useful

conpounds whi ch may- be used for diagnostic. and/or therapeut%. &éﬁ@ags. The

present i WOAGBHE al | ows the synthesis and screening of a | &a@ i verse

set of 25 [err]-blocker conpositions. - Thus, novel and effective

[err]- bl ocker conpositions that are pharmacol ogically active can be nore

~rapidly and efficiently identified by the present invention than by
conventional nethods. A particularly ing®rtant use of the sol uble

conbinatorial library of [err] - 30 blocker conpositions would be to
devel op new and egffectjve grugs.that affect . ngpi tem
Synt hesi s of [er%ﬁﬁﬂ 'kergggﬁgﬁégtfgﬁgﬁﬂ%i%% %H%$egg%§a?§%§%¥?o§%?s a

sinple effi ghg?tfﬁ S&Ségoi_gvol VIld”Igl b@sggisxi@%h.)én‘:"‘%fs'[ﬁﬁ’é' phenehiigass, at

each step, unlimted diversity can be easily and rapidly

i ntroduced ¥ Figure 39) in 17 mM methylene chloride at
PCT/USQS/OQéf&mgéggﬁggﬂtHe g'ﬁ%hesis, creating a digerse plurality of

[err]- bl OCE%r o0 Gl RRAdd i OhedhBhdBents 88 ekenpbeivatedazymihetic
schene, a phenol, 1, such as naphthol, is treated wth epichlorohydrin. See
S bamate (made in the above step 1) and 5.1 equivalents of

| 4-dimethylaminopyridine (4-DMAP). The reaction mixture is

then allowed to stir for 24 hours and is next precipitated

with the addition of ether (17 mM diethyl ether). The

production'is then further purified by washing'with ether -

10 (1X) and cold ethanol (1X).

Preparation of compound 512'(struétufe of cqmpound 512 is

deﬁiéted on Figure 40). |

| Compound 5i2 is formed form an iterative cycle of
15 steps 1 through 3 as outlined below.

Step 1: Removal of the t-But protéctive group. 1.0
gram of compound 511 (Figure 39) is exposed to a 10% tri-
flouroacetic acid/methylene'chloride solution (10 mL, 1:1
TFA/ methylene chioride) and allowed to stir at 25 °C for

20 1 hour. The réactién mixture is next precipitated with
the addition of ether (17 mM diethyl ether). The product
is then further purified by waéhing with eﬁher (1X) and
can be crystallized from_ethanol (1X) .

Step 2: Formation of the #qtivated_azacarbamate.

25 1.0 equivalent of'an'alkyl/arYlhydraZiné (iie., compounds
502 through 507, Figures 36, 37 and 38)_ié'added dropwise

via syrihge'pump over a period of 30-40 minutes to com-



5 Figure 1. The resulting conmpound, 2, is reacted with an amne, 3, to
yi el d, f owo 96341B| €, the [err]-blocker propranolol. The p96©R3/09614

i nvention allows the rapid synthesis of |arge set of these [err]-blockers:
At the first step in this 10 synthesis, say, 15 different phenols in 15
separate solu- tions may be reacted with epichlorohydrin. The Rn group of
t he phenol nay be one or nore of the fol kgwi ng groups: . al kyl, al kenyl,

al kynyl al koxy, aryl, alkylaryl, carboxy="lic -aryl, heterocyclic aryl,
car bal koxy, heterocyclic 15 aryl, am de, thioam de, ester, am ne, or

t hi oet her. mound 503 dHiauren 36 gubdspentrafloangphenoi ¢atrbodat&hél phenol
may have one or nore Rn groups. Likew se, the Rp group of the phenol nay be
one or nore(ﬁqW4ﬁ?#?ﬂqbwﬁﬂ@£gr6ubs:e&wﬁyﬁ}engﬂIé;ﬂﬁEhylﬁm¥g¢9Yridénkoxy,

nevero cyel iR “Sam Beld: Malad ahetsione ohharite 14k ocidr . Bheas
more Rp- gr oufetiaeeh TRGHBIIRRE (¥R ohboRas e RER T B AR g Bbaen
i oren; S ype Mebeb e (B PRER, o B ORI 0 R Thl T
gPﬁyf’; A ne foll owdil PUPS colipliiing UL - aBtiVALba? di%0krtlinte to
the PEG support. To 1.0 equivalent of the PEG support
(compound 510, Figure 39) in 17 mM methylene chldride at
25 °C, is added 5.0 equivalents of the activated azacar-
10" bamate (made in the above step 1) and 5.1 equivalents of
4-dimethylaminopyridine (4-DMAP)f The reaction mixﬁure_is
then allowed to stir for 24 hdurs.and is next precipitated
with the addition of ether (li_mM diethyl ether). The
production is then further pﬁrified.by washing with ether

15 (1X) and can be recrystaliized’form hot ethanol.

Step 4: Repeat steps 1 through 3 as desired.

Preparétion of compound 513 (structure of compound 513 is
depicted on Figure 40). | |
20 _ This‘ sﬁep removeé the aza-peptide from the PEG
support and additionally removes - the benzyl protecting
groups. To 1.0 gram of compound 512 (Figﬁré 40i in 10 mL
methanol at 25 °C is added 200 m§ of 10% Pd/C. The reac-
tion mixture is capped with a hydrogen ballobn and allowed
25 to stir overnight. The product is washéd with ether,

filtered and condensed. Further purification can be



carboxylic aryl, heterocyclic aryl, carbal koxy, or hetero- 30 cyclic aryl.
Simlarly, The Rr of the am ne may be one of the follow ng groups: al kyl ,
al kenyl , avéyeigddidl koxy, aryl, alkylaryl, carboxylic aryg?'r WKyl ic
aryl, carbal koxy, or heterocyclic aryl. These [err]-bl ockers can then be
rapidly assayed and characterized. 35 WO 96/ 03418 '

PCT/ US95/ 09614 34 Exanple 2: A Soluble Conbinatorial Library of
[err] - Lactantide Conpositions A solulghe conbinatorial Ilibrary of

[err]-lactantide conpositions is useful for screening for pharnacol ogically

5 useful conpounds which may he used for. diagnqstic and/qr .therapeytic
purposes. chievedr &y uskandarg (MR eg éhV:oWngP%P;ﬂg ?aﬁ

conpositions to search,éor nole- cules that mmc the activity of naturally
occurring peytdHesPeRBIAES.  An exanple of a synthetic schene for a
sol ubl e conbinatorial library of [err]-lactantide conposition is as
follows: Methionine, protected at the amno termnus, is

Preparatioh of componnd 514 (structure of compound'514 is
5 depicted on Figure 40). | ”

Removal of the t-But protecting group. 1.0 gram of
compound 513 (Figure 40) is exposed to a 10% triflouro-
acetic acid/methylene chloride solution (10 mL, 1:1
TFA/methylene chloride) and allowed to stir at 25 °C for -~

10 1 hour. The'produCt is washed with ethér, washed with;
| sodiﬁm bicarbonate, dried §ver sodium sulfate and con-
‘densed. Further purificétibn can be achieved by standard

chromatographic methodologies for small peptides.

15 Example 13: A Solublé Combinatorial Library of Pzridzl

Backbone Compositions

A soluble combinatorial library of pyridyl backbone
compoSitions. is useful for a wide range of medical,
pharmacological, and scientific purposes. For example, a

20 . soluble combinatorial 1library of pyridyl backbone
compositions is useful to the diséovery of peptide
" analogues that display the same or enhanced biological

activity as the activity of naturally occurring peptides.



reacted wth an amno acid, 4, and treated with EDC fol - | owed by MEl

Pl ease see Wop6n08418. The nmethionine 15 protecting group m?/cf_%@ 9§I0 any
type well known in the art that permts the |lactans to be inco A0 nt o
pepti des or other target nolecules. For exanple, the protecting group may

be t-Boc. Exanples of the R group of the am no acid may be

hydr ogen, CH2CH( CH3) 2, CH2Ph, 20 CH2, CH2CH2CH2CH2- NHCbz, or one of
the foll ow ng groups: alkyl, alkenyl,-55alkynyl al koxy, aryl,

al kyl aryl, carboxylic aryl, het erocyclic aryl, car bal koxy,

het erocycl i c Example ahd de, nohasile of ehbMe0- BERNEG. ! 4 gt her,.  The:
R group of the amino acid may al so be one 25 of the %Efﬂpaﬁny‘ggﬂurﬁlng R
groups of the natural anmi no Beptitde Thibrasul ting product is induced to
cyclization to the lactam by the addition of nethyl iodide, causing

i nteral kyl ati on antP¥iHa%+ef aof abhemiiiGh method wesbaeichi®ved Nehroudhi S
conpound is ﬁgfn reacﬁed with the amno term nus of a soluble polynmer. The

t-Boc bl ocki t*Syr BYRtRESiFcQFfcf t PERtide diibmamerusing olrt heedessd dé Ny
product, % The, deprotected c und is then reacted with an 35 additional
| act am 5,75 t cc)i]%c&m?ﬁ]éﬁ"]qrf &%%ﬁ@%’e‘?gy%el? wildupeotredad laddithiamathe

lactam 5. Bl es fe e Rs reolfioec%fn’\rclution is to build and hold a
set of partially synthesized combinatorial libraries. The
iirst LPCS library contained four components (Tyr, Gly,
Phe, Leu) and five partial sub-libraries, to give a total

10 library size was 1024. Because there were four
components, four channels of synthesis were used, each

involying the addition of a single component at any time.

Initiating the process required the splitting of MeO-

15 PEG into four equal pools,_in which Tyr, Gly, Phe, Leu are
coupled to the homopolymer. Upon completion of each of
 the coupling reactions precipitation.of the MeO-PEG-Naa

- (Naa = Tyr, Gly, Phe, Leu) was accomplished by the addi-
-tion of diethyl ether. This allowed for the removal of

20 excess coupling reagents by filtration of the MeO-PEG-Naa.
The more polar contaminants were removed by simple recrys-
tallization of the MeO-PEG coupled product. The impor-
tance of this step is that crystallization avoids the
pPossibility of inclusions, which may occur with gelatinous

25 . precipitates. Additionally the excess of protected amino
acids can be removed quantitatively. Portions of each of

these sub-libraries are set aside and catalogued as par-



WO 96/ 03418 _ PCT/ US95/ 09614 35 the
additional |lactam 5, may be hydrogen, CH2CH( CH3) 2, CH2Ph, e

CH2, CH2CHAGDIREbEIINHChZz, or one of the followi ng groups: aPRYUSIHIKMy|
al kynyl al koxy, aryl, alkylaryl, carboxylic aryl, heterocyclic aryl,

car bal koxy, hetero--5 cyclic aryl, am de, thioam de, ester, amne, or

thi oether. The R' group of 5 may also be one of the naturally occur- ring R
groups of the natural ami no acids. Exangke 3: A Sol ubl e '
Conmbi natorial Library of [err]- 10 - Lact ant hi oti de

~ Conpositions A conbj natorial.

|ibrary of [err]l:la it hiatid ' - ti
i s useful fdriakreeRFagiesr Pk r:r:%regg?%ﬁﬁ 1{5@3#«%{3‘-%%@8&&%"?"%‘&- nalyogj
df di qg [ [or.th - ' P . . | bl
aynthest s ot e 15EPh i iATH G Fehetalit MRS £ porriolly HEEEAD! ©
Pr ot ect ed t ei P < TR . te b ' P d
First w th SR o cipdety (5 M, L e M) Enéanchalil 4857 °5

f the ami . , ; ! _ >
O e, am b oS PB1yiR:0N8uBlibbareds fakbovpRocopoLREed A

5 crystallized. 'Again, an aliquot of this library is set

aside as a partial library p(2), which now consists of
four pools made up of MeO-PEG-N-Tyr, MeO-PEG-N;,,-Gly,
MeO-PEG-N,, -Phe, MeO-PEG-N,;-Leu. The remainder is again
| pooled and split, and the entire process is repeated for - (
io the assembly of sublibraries p(3), p(4) and a final subli-'
brary of p(5) {MeO-PEG-Ny,-Ny-Niy-Niy-Tyr, MeO-PEG-N;;-Npy -
Np -Ny,-Gly, MeO-PEG-Nyy-Npy-Np3-Ny,;-Gly, MeO-PEG-Nj-Np;-

N[3] ‘N[“‘Phe, MeO‘PEG‘N[n -lel 'N[3] ‘N“]'Leu .

15 Example 15: Recursive Deconvolution of the MeO-PEG-Nj,;-
N3 =N3; =N =N(s;_Peptide Library: Screening
for g;ti-‘-g-En'dg‘ rphin Ligands.

A cbmpeﬁitiv’e ELISA based methodology was devised,
which -when integrated into our recursive deconvolution

20 strategy, allowed us to define the optimum ligands that

inhibited the binding of leuc_iné. enkephalin (Tyr-Gly-Gly-
Phe-Leu-OH) to anti-B-endorphin monoclonél antibody 3E7
(Meo, T., Gramsch, C. Inan, R., Hollt, V., Weber, E.,
Herz, A. & Reithmuller, G., Proc. Natl. Acad. Sci. USA
25 80:4084-4088, 1983._) This antibody binds to its natural

epitope with high affinity (Kgy = 7.1 nM).



al kylaryl, carboxylic aryl, heterocyclic aryl, carbal koxy, heterocyclic
aryl, am deWQ96/0841% de, ester, amine, or thioether. The R mrnugpsebed nay
al so be one of the naturally occurring R groups of the natural am no acids.
25 The R' group of the amno ester, 9, may be one of the follow ng groups:
al kyl, al kenyl, al kynyl al koxy, aryI, or alkylaryl. (CHerr]Ox and TsDH is
added to the resulting conpound, 10, in gyder to induce the conpound to
cyclization to the 30 five nenber ring lactam 11. The lactam 11, is
reacted with the afino term nus of a soluble polyneric conpound. The bound
lactam 12, is depfot 8&fediP jthe . C?HEeE%E%@EtEﬁésgrowwﬁa;hm&mwedfftﬁelthe

amno termn g% i%g dThe deprot Eed 12 is then reacted wi th unbound

| actam 13. 3 an PRECGhBoofd Sufctimients, hydyophobagity t he
foll owi ng gr y al kyn koxy, WD 96/ 03418

PCT/ US95/ 09614 36 “ar y*’g aﬁc?'kff’m’%%rb H:Eag?w "f?e?er“é‘@?éltlaé‘eé? yEo

car bal koxy, hed&mfeyrly C h e,clhl siec. .amne

thi oether. The R ™" grod%w% 9 n%y %Jso E %ﬁe 948 4n il disulfide

5 derivative 1, Figure 28. By u51ng this type of synthetic
methodology the_activated pentapeptide 1 was swiftly and
cleanly coupled to bovine serﬁm albumin (BSaA) which had
been modified with Traut’s reagent. ThlS BSA-1 conjugate
thus prov1ded a way to display the pentapeptide ligand. on

10 an ELISA plate. Some what cryptic but equally important
was that this strategy also allowed the céupling process’
to be monitored sincé th;opyridine_absorbs'at.343 nm.
This BSA-Tyr-Gly-Gly—Phe-Leu. unit affixed to an ELISA

- plate allowed quantitation of Tyr-Gly-Gly-Phe-Leu or its
15..analogs in solution by competition for binding of anti-g-
endorphln to the 1mmoblllzed Tyr-Gly-Gly- Phe Leu. The
amount of bound anti-g-endorphin could then be quantified

by ELISA. |
The dlverse solublllzlng power of MeO-PEG provided a

20 dlrect way to screen the saved and catalogued MeO- PEG
subllbrarles in a homogeneous competition ELISA assay for
blndlng to.the B-endorphin antlbody, Figure 31. However,
it should be nbted that the library can be "deprotected“
and the MéO-PEG rembved to provide just'the library of

25 ligandsf These éublibrary mixtures can also.be searched

in an analogous manner for prospective binding ligands,



of the naturally occurring R groups of the natural amno 5 acids. The
resul ting product of the reaction is bound 6- |actanthiotide, 13, a -
const rai nge ogagdBdom netic. Exanple 4: A Sol ubl e ConbiREIVERH/A2614

Li brary of [err]- Lactanpeptide Conpositions 10 A Sol ubl e

Conbi natorial Library of [err]-Lactanpeptide conpositions is useful for
screeni ng for pharnacol ogi cal I'y useful conpounds which nmay be used for

di agnostic or therapeutic purposes or hofh. For exanple, a soluble
conbinatorial l|ibrary.of [err]-lactanpeptide conpositions is 15 wuseful to
the discovery of peptide anal ogues that display the sane or enhanced

bi ol ogi cal an8li astgheentir Riguxns 131 oPindinaEEfiddbdns AESSSHSUEEE Pl ease
see Figure 4. R(CH2=0)CH3OH, 14, is treated with H2S, Al 2Q3, and conpound
15. R may feibe sirglar20 aryl, or al kylaryl group. The resulting

compound e {1 eated M LI Beh S b saifeb e L83 FNARFAPRRAS [ (1
e e aa s S, S, S ARG b Ml POt goroune
st $3° St S B, PiasEac st By e e
7e is reac%g%rmggglgsof the pentapeptide sublibrary p(s), where only
the N-terminal amino acid is defined, the MeO-PEG-Ny,-N,-
Nufdh“—Tyr pool gavé the only détectable binding IC,, = 51

uM. Based on the fecursive strategy, Tyr is coupled to - ‘

10 the four éavéd and cataloguéd p(4) sublibraries giving'
MeO-PEG-Nyy) -Nypy -Nyy -Gly-Tyz, MeO-PEG-Npy;-Npy-Niy -Phe-Tyr,
MeO-PEG—I\fIl] ~Nyg =Ny3) -L_eu-TYr ] MgO—PEG-Ntl] =N -Nm -Tyr-Tyr.
Assay of these féur new pools pro#ides an enrichment step
and more importantlf deconvolutes 'the next residue;

15 glycine, (MeO-PEG-Ny-Ny-Nyy-Gly-Tyr, ICy, = 7.7 uM).
These resﬁlts allowed for a logicai procession to the next
saved sublibrary, p(3), wherein tyrosine and glycine are
both.coupled to the four'p(3) pooled sgquencesf Solving
fof the third amino acid.did not give a unique result but

20 MeO-PEG-NnJ—Nm,-Gly-Gly—Tyr, the séqﬁehce cdrrgsponding to
that of the native epitope, was.the strdngest binder IC,,
= 1.1 uM. The p(2) sublibrary was solved in a similar
mannei (vide infra),.buﬁ now twd pools, one cohtaining the
predicted sequence, (MeO—PEG-NuJ;Phe—Gly-Gly—Tyr, IC,, =

25 0.18 pM) and one coﬁtaining the sequence (MeO-PEG-Nj,-Leu-
Gly-Gly—Tyr, ICs, - 4.0 ﬁM) were uncovered. At this point

deduction of alternative active members could have been



and then with LiOH and then with a reducing agent to 30 yield conpound
17f . Corrpomﬁﬁmlsl s treated first with phthalimde, second »CIsdSHsEIIOH,
third with an am no acid and fourth with Mel to yield conmpound.17g. The R
group of the anino acid may be hydrogen, alkyl, al kenyl, al kynyl al koxy,
aryl, alkylaryl, carboxylic aryl, heterocyclic 35 aryl, carbal koxy,
heterocyclic aryl, am de, thioanm de, estefq amne, or thioether. The R
group of the am no ‘WO 96/ 03418

PCT/ US95/ 09614 37 aci.d y_al so be one of the naturally occurring R groups
of the naturaF‘cﬁF?F‘F?glééfe bYChKBGHRE inrgsSHscersAon batbd sequenkald Myri-nduce

i serve thel BeAP EBLahe T SRS Lol Hbieveny sinsaise v raweRched

)[/elr?]cfﬁggte grrpepggaepe%}&gle&rﬂeex e%%?‘éﬁ %ﬁlﬁe%g%%ﬁggﬁﬁﬁﬂgo&ﬂt%;g tg_gggda

W Lol bl o Bkt pnabE DrchdRivel a8BLH903G of BLRAKERY: HocaRpadRe one

A conbi natgr | 86 &Py ¥ Rdw e RORCEELGvRCLEmBARRAL (Tyr-Gly-Gly-Phe)
through the iterative .process‘. In Figure 30, the final
p(1l) sublibrary provided us with the native epitope and

several other potent binders.

10 Example 16: Liguid Phase Smthes:.s and Characterization
of Non- Pept:.de. Nonoligomeric Molecules:

Sulf onamldes

The LPCS process that has been described should allow

for the synthes1s of any class of molecular entity as long

15 as the chemistry employed does not interact with, or
adversely affect the'polymer's properties. As a starting
peoint for the e_xamination of the MeO-PEG support under
conditions other than peptide llnklng and deprotection
reactions we investigated the polymer s potentlal :Ln the

20 context of synthes:Lzz.ng a class of compounds known as
sulfonamides. Sulfonamides, because of their low cost and
undeniable efficacy in su'sceptible in_fections, have for
years spurred the .preparation of numerous analogs.
However, because .of ..ba.cterial resistance, a relatively

25 narrow antibacterial spectrum, and unacceptable side
effects in some patients, the antibacterialn sulfonamides

‘no longer enjoy the_ clinical irogue they once had. Inter-



sitions has wi de application and use in the fields of nedical, _

phar macol ogi cal and scientific research. In 15 particular, the library
of aryl oxyReedsgisconpositi ons may be used to screen for neWwPGRUPSODGH4t
target atheroscler- osis receptors. In addition, the aryl oxyacetic conposi-
tions may be useful for screening for effective novel drugs which | ower
triglyceride levels. 20 I n"one possi ble one step synthesis of a

conmbi natorial library of aryloxyacetic geonpositions, a substituted phenol,
19, 'is reacted with a ketone or al dehyde, 20, in a SU|tabIe solvent in the
presence of base. Please see Figure 5. - The base may be NaOH. The

sol vent nayebéinglynethgtawnseciitior tdese T%t%%h'ﬁ? Cﬂglmr%; hE&LYGHES t ut ed
at either the ortho, neta or para,position,

or a Conbbn on qf these
posi ti ons. $ﬁ§exaér@GﬁaéﬁnEQSﬁﬁPrﬂéeﬁngaﬂF orE P5||BWPn§ 31 0up§ "ﬁgﬁﬁoxy,
netore 3o syembe it i sS £ ALY (ynibh)pRoVs, FRORVRMSS R
aroups. * ThEARESHS Beéﬁt% R FFSE L end, LB ELBELENE T e
ol o g rgy e AT IVEYLaBLEERY, eBbnetkl ioon. ST
follow ng 915 QRS thikumakkeagéntélk%ﬂMﬁ/or possess antiarrhythmic
‘activity (31). The aryisulfonamide nucleus thus appears
to be a significant pharmacophore on which to build a
combinatorial library.
10 Before a library of any magnitude can be secured, a_
:general synthetic scheme with reiiable pfotocols for a
variety of chemistries must be.investigated, Paét_syn-
theses'of arylsulfonamideé that haﬁe lead to drugs, have
been achieved by one of two fairiy straightforward roﬁtes,
15 (Figure 29) (Ellingboe, J.W., Spinelli, W., Winldey, M.W.,
Nguyen, T.T., Parsoné,'R.W., Moubarak, I.F., Kitzen, J.M.,
Vonengen, D. & Bagli, J.F., J. Med. Chem. 35:707-716,
1992. ) In the first methodology chlorosulfonation of
acetanilide. glves the correspondlng sulfonyl chloride 2;
20 and reaction with the appropriate amine gives the
inﬁermediaté, 3;- Hyd:olysis in either acid or base leads
to the sulfanilamide 4. In.an'alternative approach, the
amide formation is performed on para-nitrobenzenesulfonyl
chloride 5. Reduction by either chemical or catalytic
25 methods dlrectly affords the desired product. We

env151oned an aryl sulfonyl chlorlde like 2 (Flgure 29) to

be the key intermediate in our MeO-PEG synthesis and while.



WD 96/ 03418 PCT/ US95/ 09614 38 al koxy,
aryl, al kyl ¥QP60341&5 | ran and Wlder, (1955) is incorporatedphynﬁggﬁkggse.
The }esulting conpound is an aryloxyacetic acid, 21. 5 Exanple 6: A
Sol ubl e Conbi nat ori al Li brary of Pol vet her Backbone Conpositions

: - : - sitions is useful for
combi natorial library of polyether backbone conpo- si
.screening for pharmacol ogically useful cogpounds which may bﬁ USGF L?Ler
di agnostic and/or 10 therapeutic purposes. In particular tIF pOtK
back- bone coppositions may have |ipophilic qualities that allowthe
ositions g% i‘r GSYLERy Bgﬁﬁlgepéﬂcénﬁns 1ogermediiatan e sie iRlheas pragedt gur e
gongbnpound 22 i15.8skerified mﬁéﬂ' é? a vinyl selected fromthe group c
consi sting of *t ha V| %W'gnk,_ J%en ta '?ﬁan“lhk& zee\r/?gp%ﬁThhelwr e"@agﬂﬁ tﬁeé:sdas W C
Pt . .greater : :
Z“o?n'}oﬂnﬁqgg' %g%rpwgﬁkg %E?‘grlfir e§P@&“\$&a€ﬁ-Hg(OAc)2 arid then react gdC\Mth a
( - ' i sti f B an . may
vinyl conpound SeIgCh@%ff&ﬁﬁé*ﬁ%fﬁhrgrgﬂ? %%E“égéigéé)wﬁich provides
vary on conpounds o : ' : -

5 the flexibility for added diversity and embraces in a
simple manner the desired arylsulfonyll chloride. By
starting with 4- (chlorosulfonyl)phenyl isocyanate the MeO-
PEG support is functionalized and the desired sulfonyl
chloride intermediated 6 is obtained in a single step.

10 Most impressive is that there is no competing nucleophilic
process at the chlorosulfonic acid moiety during this’
coupling reaction. Equally important is that this linkage
allows the reaction to ‘be followed by proton 'NMR
(Pigure 32), is compatible with a variety of sulfonyl

15 chloride nucleophilic addition reactions; yet at the end
of the synthesis the carbamate which links the

~arylsulfonamide to the MeO-PEG is readily cleaved ( NaOH
) and the product isolated. from homogeneous support.
Employing the reaction scheme shown in Figure 30 we have

20 synthesized the structurally diverse, aryl sulfonamides 8
in multimilligram quantity (Figure 30 and Figure 32). It
should be noted that while the key intermediate is
sulfonyl chloride 6, the overall success of the aryl
sulfonamides synthesized, as shown in_Figure 32, is highly

25 dependent on the pKa of the nuclebphile. Therefore very

poor nucleophiles like 7e and 7f require longer reaction

times and more stringent temperatures (Figure 32).



A, Band C, with n equal to a whole nunber greater than zero. The reaction
step of treating Hg(OAc)2 and reacting with a vinyl fromtI’if-rg?(ﬁ{sgH,B96
con5|st|myomkmmuapounds A, B, and Cis repeated until a pol cdﬁpound
of the 25 desired size is created. Exanple 7: A  Sol ubl e

Combi nat ori al Li brary of Pol yoxygenat ed Conpositions A sol uble

conbi natorial library of polyoxygenated 30 conpositions.is useful for

screeni ng for pharnmacol ogi cally useful &pnpounds whi ch nmay be used for
di agnostic or therapeutic pur poses or both. A sol ubl e conbinatorial |ibrary

of pol yoxygenated am no S also b syn ease
35 see Figure 7PePGéﬁGeﬁ§%’f‘|a5ﬂ' of’\évm%gﬁia co %lfjr?%] %’%% tiie

IS carrled

t t abl I t 41
TRERESA ERE A AN 5 il

nanni IS a preferred form The Rc
and Rd grou of co ny Cmcﬁ@tlrpna'of Py m@c}wl aryl .
The Ra and %% gggﬁpconpoun 2% oy &

may be any combination
hydrogen, 35&%'9-??&?”9@86, Lam, K.S., Salmon, S.Ef, Hersch, E.M.,

5 Hruby, V.J., Kazmierski, W.M. & Knapp, R.J., Nature
(London) 354:82-84, 1991; Houghton, R.A., Pinilla, C.,
Blondelle, S.E., Appeal, J. R., Dooley, C.T. & Curevo, J.H.
Nature (London) 354:84-86, 1991; Foder, S.P.A., Read,
J.L., Pirrung, M.C., Styer, L., Lu, A.T. & Ssolas, D., -

10 Science 251:767-773, 1991.) As important as this work'
was, the need for greatef éhemical'diversity was quickly
recognized and an explosion qf nén-oligomeric heterocyclic
libraries has begun to dominate the combinatorial scene
(Bunnin, B.A., Plunkett, M.J. & Ellman, J.A., Proc. Natl.

15 Acad. Sci. USA 91:4708-4712, 1994; Gordon, D.W. & Steele,
J., Bioorg. Med. Chem. Lett. 5:47-50, 1995; Pirrung, M.C.
& Chen, J.} J. Am. Cheﬁ. Soc. 117:1240-1245, 1995;
Willard, R., 'Jammalamadéka, V., 2Zava, D., .Hunt, C.A.,
Benz, C.C.; kushner; P.J. & Scanlan, T.S., Chem. Biol.

20 2:45-51; 1995;)' an outgrdwth of these classes of

| libraries is the.fervent pace to try and adapt solid phase
syhthesis to multiS£ep organic'reaction sequences. We
héve proposéd ahd implemented a technology ;ermed'Liquid
Phase Combinatbrial Synthesis to simplify and thus further

25 .acceleraté this pfocess.' In this methodology we exploit

the advantages that classic organic synthesis offers in



5 al kynyl al koxy, aryl, alkylaryl. D nmet hoxyketal is a preferred

form of = comOR60341824. The solvent nmay be D nethyl f or newerresssmds GSA.
The resulting diol, 25, is cleaved under periodic oxidation (KIO4 and

KCHO3) to forma highly oxygenated al dehyde, 26. The synthesis of 10
al kyl i dene protected gl yceral dehydes is well known in the art and has been
reported in the follow ng publications, L ch are incorporated by

ref erence: Schm d & Bradl ey, Synthesis 1992), and Schmd, et al.

J. Og. Chem _(1991). Condensation of the ketalized glyceraldehyde 27
15 with a di aFR}BERASEphMAED cé#ﬁé@ndt@ﬁéld§0dndanph@sesteynth&51ﬁh|&amﬂ no
ester may be h dro enated and then treated wth potassi um hydroxide to
yield a highl¥ BY}aEnated anino acid. The anmino acid may then be protected

at the amno.term s usi for ex A sol ubl e

comiraice o 11 il PRSI s in s ollnirovoomm o

and Schmi dt, CFL ?&chi‘a ?%1%8‘54%%%5%%‘?8‘@% g?e%eia?r?i} Irgnvalue

G youal - 86 o, 145 KRR SO IREC AN ) 0-Saeli) L GOIPIY L.

T P enorgess USSR ORI SAH E e ©
library member can be ‘attained. The principles and
methods_outlined us;ng LPCS ehould be applicable to the

synthesis of complex chemical structure libraries as well

10 as other processes that fall under the heading of chemical

diversity.

Materials and Methods

General. _

15 BOC-protected amiho acids were purehaeed frem Bachem
California. N-succinimidyl-3-(2-pyridy1dithio)propionate
(SPDP) was purchased from.ProCheh. All other reegents
including poly(ethylene glycol) methyl ether (M.W. 5000)
were purchased from Aldrich. Methylene chloride and

20 chloroform were purified by disﬁilling evef CaH;, and
methyl. alcohol was distilled over _magnesium turnings.
.N,NLdimethylformamide was successively dehydraﬁed over
oven-dried molecular sieves (4A). Other solvents were
used as commercially avallable, or otherwise mentioned.

25 TLC eluent was CHCl3 MeOH: AcOH H,0 = 83:15:1:1. - ov spectra
were measured on a Hewlett Packard 8452A dlode array

spectrophotometer at ambient temperature.



compound 34, to form a dehydroam no ester 35. The R and 30 R' groups of
conpound . 34 may be a conbination of: hydrogen, alkyl, alkenyl,
al kynyl alwewgmsasyl, al kylaryl. The ester is hydrogenated Rﬁa’qsﬁémfeated
with base to yield a highly oxygenated am no acid, 36. The base may be
pot assi um hydroxi de.- The hi ghly oxygenated am no acid, 35 36, may then be
protected at the amno term nus using, for exanple, FMOC WO 96/ 03418
PCT/ US95/ 09614 40 Synthesis of the pol ygaygenated library fromthe highly
oxygenat ed ami no acids nay be acconplished as follows: Please see Figure
9. A highly oxygenated am_no_acid,. A is,égugL d to the am no term nus of
a sol ubl e 5 Bengkenrsiesnpuihe PEREAPERSE f8*Xcid, 44, is depro-
tected, and then reacted L th an __additi I | p% y i am no
acid. Additional EP@hP?nB@ﬁBﬁné%%dléﬁFﬁﬁls& Hgggr?g%ge éedd 93{&3%2%% de
backbone having the desir nuphe aai ghels 1 gudts< ed. 1,48 vksanpl e
B "OA So BB o "SRRI | apOLyeEhyPihagITEEs | udt RERC. pilyRe
support by split-synthesis (13) and Bayer’s protocol (7)

5 with the féllowing modifications. N-BOC-L-Leu, N-BOC-Gly,
N-BOC-L-Phe, and.N-BOC-O-(24Br—Cbz)-Tyr"were amino acid
components for the library construction. The first amino
acid residue was anchored to the MeO-PEG by the DCC/DMAP
coupling method (Zalipsky, S., Gilon, C. & Zilka, A., -

10 J. Macromol. Sci. Chem. A21:839-834, 1984). The coupling
efficiency was determined to be >99 %, based.on the
absorbance of phenyl carbamate derivative (e 236 nm =
17,500 Mlem?) which was. quantitatively formed by the
reactioh.between the unreacted hydroxyl groups of MeO-PEG

15 énd.:phenyl isocyanate in the presence of a catalytic
amount of dibutyltinlaurate. The next amino acids were
added sequentially with the aid of O-benzotriazol-1Y-L-
N,N,N’,N?-Tetramethyluronium Hexafluorophosphate (HBTU)
and diisoprbpylethylamine (DIPEA) (Dourtoglou, V., Gross,

.20 B., Lambropoulou, V., & Zioudrou, C., Synthesis A:572-574,
1984). Each coupling reaction was run in a mixed solvent
of CH,Cl, and DMF_until . Kaiser’s ninhydrin test (Kaiser,
E., Colescoﬁt; R.L., BossinQer,IC.D. & Cook, P.I., Anal.

| Biochem. 34:595-598, 1979) was negétive; acetic anhydride

25 was used to cap any uncoupled amino groups. After each

coupling step, a portion of the polymer was saved and

labelled for future use according to the redursivel



Tri azi ne-di one Conpositions A soluble conbinatorial |ibrary of

triazi ne-di wo960MtBosi tions i s useful for screening for phar nmpeptsaiossals v
15 useful conpounds which may be used for diagnostic or therapeutic

pur poses or both. Please see Figure 10. Conpound 45 is linked to a soluble
pol ymeric conpound. The resulting conmpound 46 is reacted wi th conpound 47,
an ester, to yield conmpound 48. 20 Corrpogﬁd 48 is reacted with NH2- NH2.
The resulting com pound 49 is reacted wiTth conpound 50 to yield conpound
51. The Rh and R groups of conpound 50 may be any conbination of the
following:  HRpFosyedutignkymethed kehytombihayoyiadl khenicalyllikddeslay vl .
Conpound 51 is_then reacted with 25 conpound 53. Conpound 53 nay be

pr epar ed convéhiént | y gy fipgdt Asprosessdsa of W-Bocphesgele.(2-BEweH?) -gr oup
of conmpound 52_may be alky], al kenyl, al kynyl al koxy, aryl, alkylaryl,
carboxylic ar ?F,oug’?t Yo _-qtcrwq{wr%‘ra]@aﬂ%ogﬁt%et rSeycFhaubapl,, V.ar de,
thi oam de, e am.ne, t hi_oet hey.. ‘The R group of 52 may al so
be one of thegkgbﬁﬁgl'w'§CCu%i eﬁ‘..gﬁg’ﬁps J&Fﬂ‘hgoﬁ%’@raﬁgém%raéﬂsﬂ) The

hen treat d uIRLGEPS FAR, Repfiuse bl sFROBeH Gogpy 4 Habrastes

Preparation of [Leu®] -enkepha.lin{bovine serum albﬁ.min
conjugate (BSA-1l).

[Leu®] -Enkephalin was coupled to bovine serum albumin

10 making BSA-1. The scheme used to prepare BSA-1 is shown

in Figure 28. It should be noted that the coupling of T

to BSA requires the lreformulation of BSA to a

sulfhydrylated protein by Trauts reagent.

15 N-Boc-o-t-Butyl-'I'yr-G:_I.y-Gly-Ph_e-Leu-Coz-PEG-O_Me.

.MeO-PEG (5 g, 1 mmol),_ N-Boc-Leu'H,0 (0.748 g, 3

mmol), and DMAP (0.0306 g, 0.25 mmol) were dissolved in
methylene chloride (25 mL) ‘and DCC (1.24 g, 6 mmol) was |
added. After 2 hrs of ..stilrring_ .at room temperature,

20 acetic anhydride (1 mL) was added, and stirring was
continued for another 30 min. .Urea was filtered off, and

to the filtrate was slowly added eth_yl ether with vigorous
stirring. The precipitate was collected on a glass filter
~and then re,d'issblved in DMF. The compound was
25 reprecipitated by addition of. e,thyi ether and the
precipitate washed with ethanol to produce pﬁre N-BOC-Leu-

CO,-PEG-OMe (I) (5.15 g, 99 %). I (5.15 g) was dissolved
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Exanpl e 9: A  Sol ubl e Conbi nat ori al Li brary of

Di deoxynu0f6{084l&s Conpositions A sol uble conbinatorial i &W’B‘P"“

di deoxynucl eotides is useful for screening for pharnacol ogically useful 5
conpounds whi ch may be used for diagnostic or therapeutic purposes or both.
For exanple, the di deoxynucl eotides produced by the present invention can
be used to-produce and screen a | arge a®@ di verse set of dideoxynucl eotides
to be used for gene vectors, gene therapy, gel assays and 10 the |iKke.

Chen, et al.,_ The .J | _pf ¥ ed b
e o ence. LR duRttiAE of petffTefs CATLELAY. | LE1E ok JaletiRO I BY

ETCRCNNCOZE] .0 3o alg SRliealia £BRe 3R0MIGN! Jifydom ¢ e de

and 15 dio g'at” 7 egrees I'si us. preferred fornms of the solid
phase of compaung,1Garés PebYsEiECHEs R RNhaEDP] I ghdpehe 1.

Al ternatively, instead of a solid phase, one may use a sol uble polyneric
conpound. ThgdBt3forCeFPetRY168cHay deve thialemmoninine eriidd sreacenatie as

5 salt (II) as a white precipitate (4.98 g, 96 %¥). II (4 g,
0.765 mmol), N-Boc-Phe (0.609 g, 2.30 mmol), and DIPEA
(1.3 mmol, 7.65 mmol) were dissolved in a mixture of
meﬁhylene chloride and DMF (25mL), followed_ by ‘- the
addition of HBTU (0.871 g,.2.30 mﬁol).' The reaction was -

10 monitored by Kaiser’s ninhydrin test untill a negative
reading was obtained. Acetic anhydride (1mL) was then
added and stirring was continued for another 30 min. The
reaction mixture was condensed to half volume. Successive
operations of precipitation by ethyl ether, redissolution

15 in DMF, reprecipitation by ether, and a final wash of the
precipitate by ethanol generated N-BOC-Phe-Leu-CO,-PEG-OMe
(ITI) (3.91 g, 95 %). The deprotection of N-BOC group by
a TFA:methylene chloride mixture ' gave an ammonium
trifluoroacetate salt (IV) as a white precipitate (3.75 g,

20 96 %)# The répetitions of a cyclé of coupling .and
deprotection with N-BOC-Gly, N-BOC-FPhe, and N-BOC-O-t-
Butyl-Tyf produced'N-Boc-O-t-Butyl-Tyr-Gly-Gly-PheJLeu-Coz--

PEG-OMe (2.51 g, 96 %).

25 N-Boc-O- t;Butyl -Tyr-Gly-Gly-Phe-Leu-CO,Me. _
N-Boc-O-t-Butyl-Tyr-Gly-Gly-Phe-Leu-CO,-PEG-OMe (2 g,

0.35 mmol) and KCN (200 mg, 3.08 mmol) were dissolved in



20 Adenine, G@uanine, Cytosine, Thymne, or Uacil, or an unnatural
purine or pwoigsios4iee heterocyclic conpound. The product, 61,pdsy %,Igﬁ,g‘“
reacted with a nucl eophile. The nucl eophile may be an am no aci

sugar, a small nolecule such as, but not limted to, N3 or Nal, or OR 25
SR, NR1R2, CN, Al kyl, N3, Halide, Phosphate ester, or sulfate ester. The
R, Rl and R2 groups may be al kyl, aryl, |, phosphate or sulfate. The :
resulting product 62 nay be treated ith CF3S2C, reacted with a
nucl eophile, Nu', and then 30 cleaved fromthe bead to yield conpound 63.
The nucl eo- pHePB I&ﬂlOmhhy grdastinred ati doom segperasusdBlihtidl gcgbe-such

as, but not limted t or Nal, or OR, SR, NR1R2, CN, Al kyl, N3, Halide,
Phosphat e est@rt %‘l‘tX%I’TXFeGEXt@lY Phe - ReURTOarRERSOMe o lisarmedreed Kyl |
aryl, acyl, phos- ate or sulfate. WO 96/ 03418

PCT/ US95/ 0961‘H°’21ﬁt?33ﬁ‘3 d 85CnelP4l BEshe caa‘bed zeachbon' ipttame t wes

cl eaved from yi el onp e 10 A Sol ubl e
Conbi nat or i aléﬁiggﬁﬁaéed 3drr&. c1rdq|.f%.ed w1tr1r1p 1N HCl and extracted

5 with EtOAc twice. The combined ethyl acetate layer was
washed with brine and drled over MgSO,. The solvent was
removed under reduced pressure to give the desired product
(_0.273. g, 93 %). TLC R, 0.61; Electrospray-_MS m/z 726.

(M+H*), 748 (M+Na‘').

10
N-Boc-0O-t-Butyl-Tyr-Gly-Gly-Phe-Leu- (C=0) -NH- (CH,),-NH,.
The peptide methyll.ester (80"mg, 0.11 mmol), NaCN (20
mg, 0.41 mmol), and ethyiene diamine (400 pL, 5.99 mmol)
were dissolved in MeOH. The resulting mi:tture was heated
15 at 45 °C for & hrs. The reaction mixtur_'e ‘was cooled,

concentrated, and acidified with 1N HC1. This was
partitioned between EtOAc and aqueous Cuso, and the organic
layer waa snccessively washed with aqueous CuSO, until
-ethylene diamine could not be detected in the ethyl

20 acetate solutlon The ethyl acetate solut:.on was drled
over Mgso,, and removal of the solvent gave the des:Lred
product (62 mg, 75 %¥). TLC R, 0.15: Electrospray-MS m/z
754 (M+H") . | |



5 Lycor ani ne-1i ke Nucl eus Compositions A sol uble
conbinatorial library of |ycoram ne-like nucleus conpositions is useful to

many i nporygdesamsear ch efforts, including nedical, phar macpepysesusand
scientific research efforts. For exanple, a soluble conbinatorial 10

i brary of |ycoram ne-like nucleus conpositions may be useful as
antimcrobial agents, analgesics, and as hallu- cinatory agents. Please see
Figure 12. Conpound 70 is reacted vvitlgsconpound 71, which may be attached
to a resin or soluble 15 polyneric compound, to yield conmpound 72.
Conmpound 70 may be substituted. The R and R' groups may be any conbi na-
tion of: alkyBocadkerBityht RynyGlut@bxyPharlieu- 4Ck0) ar WNEcGHxyNEe aryl,
het erocyclic aryl, carbal koxy, hetero- cyclic aryl, am de, thioam de, -
ester, ani ntG=Qk- {GEJesEEr2-pyridiBe-be 1, 2 or 3. y may be 1 or 2.
Conpound 73 is then cleaved fromthe resin to yield co nd 73, a
hmgtorqnaq Norary of

| ycorami ne- |ikeThgicl EEEFlﬁﬁarrﬁI“\'-}dfl: (930\ ¥ ubl &2co : .

[ Thrary of Jereiotmideh dnmiRr ORE YR e Godl e, 12

P e O Yo i TognSf ROEL" 8sBbi9ea s ROMIBH® (SR RS atbd %6¥ Of
triethyiamine _were added and the ‘reaction mixture was .
stirred for 1 hr at room te'mperatur'e:.' _The reaction was
.evaporated to dryness, and purif.ied by the preparative TLC |
(10.7 mg, 92 %). TLC R, 0.55; FAB-MS m/z 951 (M+H*), 973 -

10 (M+Na*). .

(CF,C00") -NH,,-Tyr-Gly-Gly-Phe-Leu- ('c;o)_ -NH- (CH,) ,-NH- (C=0) -

(CH,) ,-S8-2-pyridinium. ' '

| The N-BOC and O-ﬁ—butyl groups. were d-.e'protected"by
15 the sti.rring of the above N-hydroxysﬁcciniﬁiide ester (10.7

mg, 11.3 pmol) in trifluoroacetié acid (2 ml) for 17 hrs..

All volatiles were removed and ﬁpon addition of ethyl

ether, the desired product was .formed as a tan solid (11

mg, 95 %). FAB-MS m/z 795 (M+H'), 817 (M+Na*) .

[Leu®] -Enkephalin-bovine serum albumin conjugate.

The above salt (2 mg, 1.96 umdl) was dis_éolved in IDMF

(50 uL) and the éolution slowly added to the bovine .serum

albumin (sulfhydrylated by Traut’s reagent) in PBS (1 mL).
25 Afﬁer 10 min., an aliquot of 50 uL was removed and diluted

to 1 mL. The concentration of [Leu®] -enkephalin-bovine

serum albumin conjugate was determined to be 0.8 mM based



30 tions, Figure 13, may be conveniently synthesized by attaching the

carboxyl tewowsns®f conpound 75 or 76 to a sol uble pol yneri pcaningfidsis The
am no term nus of compound 75 or 76 nay then be reacted with an am no acid,

carba- mate, am de, thioam de, ester, am ne, or thioester. 35 WO

96/ 03418 PCT/ US95/ 09614 43 Exanpl e
12A: A Sol ubl e Conbi natori al L|braQ¥ a- Azetide Conpositions A
sol ubl e conbinatori al library of é%etlde conpositions is useful for

medi cal , pharnmacol ogi cal and 5 nedical research. For exanple, a soluble
conbi nat or i abn| thearfpryfatd-car apbp2rtbsopyeidineul(rgg i=nho @329, andhact i ve
site titrants of _a nunber of enzynes, including human | eukocyte el astase,
‘porci ne pancP¥Bifénerasthienechasota ypelar| ks iacticss, coafl tysert nef

protease. The a- 1Q azetide |library may also be wuseful as anal ogues
of noropht haPAPR McrFB afitde43am™exanpl e synthesis of a sol ubl e
conbinatorial library of [err]-aza am no acid conpositions is given in

5 Partial Library Competition ELISA for Anti-g-Endorphin
Monoclonal Antibody. | |

Each well of a Costar 96- well mlcrotltre plate was
1n1t1ally coated with 25 uL of BSA-1 (5- 20 mg/mL) in 60 mM
sodium blcarbonate/30 mM sodium carbona;e, (pH 9.3)

10 overnight. .The wells were washed with deionized water and
blocked 100 uL of BLOTTO to preveht' nonspecific
adsorption. After incubating for 1/2 hour at 37° C in a
‘moist chamber, the BLOTTO was shaken out and 25 uL of the
partlal_llbrary pool (competlng antigen) was added to the

15 first well and serially diluted acroés the plate; the same
process Qas then conﬁinued in the first well of the second
row. Lane 12 was used as tﬁe positive control (It should

be noted that this serial dilution step was used for all
competing partial library pools). The anti-B-endorphin'

20 antibody was added to each well (25 uL) and the plate
incubated at 37 °C for 2h. The plate was washed twenty
times with deionized_water, and 25 uL of a 1;1000 dilution
of-goat anti-house igG glucose-oxidase conjugate (Cappel)

was added to each well and the piate incubated at 37° C for

25. 1 hqur. The plates were washed twenty times .with
deionized water, and bound antibody detecﬁed by the

addition of 50 uL of devéloping agent (0.6 ul 20% glucose,



Figure 14. A carbazate, compound 95, is reacted with 15 conpound 96 to
yi el d conpound 97. R2 of conpound 96 may be hydrogen, al kyl, al kenyl,

al kynyl alkowgozarsryl, or alkylaryl. Rl of conpound 96 nRGTAESSHEMI

al kenyl , al kynyl al koxy, aryl, or alkylaryl. Conpound 97 is then reacted

wi th NaBH3CN and acid to yield conpound 98. 20 Conpound 98 is then reacted
with conmpound 99 to .yield conmpound 100. Conpound 100 is then treated with
Mel and then with norpholine resulting-gn conpound 101, an aza- amino-acid.
Al ternatively, conpound 100 is reacted with a nucl eophile. The resulting
compound is then reacted 25 w th Mel. followed by norpholine to yield
conpound 1029 win ABES ard halad@RPO lim Snolhef Bhashbare bufifar, pEee. i gure
15, conpound 103 js reacted with cqonpound 104 to yield conpound 106. The
linker of ceppeasl weilpay ThaTsy FHNWESS dafedu s RIRERE werenrefdehyde,
for exanpl e acetal dehyde or cycl ohexane- carboxal dehyde, a ketone, or

net hacrol eidt 495 a®Maromatic, such as phenyl acet al dehyde, furfural,
"2,4,6,-trinet hoxy- benzal dehyde or piperonal; or a charged conpound such as
5-fornyl - 2-furansul phoni c acid or pyridine-2-carboxal de- 35 hyde- N oxi de.

Sggg?g3Qa}SQOéﬁtgggﬁgéﬁgégdatguykghgmgggwlggyggygo7. Compound 107 is then
The arylsulfonamide library was constructed on the

MeO-PEG support. by parallel synthesis. MeO-PEG was

reacted with 4-(ch10roéulfonyl)phenyl.ieocyanate in the

presence of catalytie amount of dibutyltinleurate to give

io 4-(chlofdsﬁlfeﬁyi)phenyl carbamate "of MeO-PEG (6).
Compound 6 was divided into 6 portions, and-the reactian

of each poftion with 6 different aﬁinee'in the.presence of

pyridine generated sulfonamides 7. The basic hydroleis

of these MeO-PEG.sulfonamides_completed the construction

15 of an arylsulfonamide lib_rary’ consisting of 6 members

(Figure 30).

b-(MeoFPEGi-N-[(4-chloro§u1foﬁyl)phenyl] carbamate.
4-(Chlofbsulfonyl)phenyl isecyanate'(Q.GSB g, 3 mmol)
20 was added to MeO-PEG (5 g, 1 mmol) ih methylene chloride
(50 @L) and two drops of'dibutyltiniaufa;e added kBayer,
E., Getfield, I., Mutter, H. & Mﬁtter, M;,'IEtrahedron
34:1829-1831; 1978) . After 5 hrs of stirring at room
temperature, ethyl ether was slowly added to the
25 vigorously stirred feaction mixture. The precipitate was

collected on a glass filter and thoroughly washed with
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aza- am no awiaP683418r, conpound 108, to yield conpound 109, . stmpr/iises/9614
Conmpound 108 may be conveniently prepared by reacting a carbazate, conpound
103, with conmpound 105. Conpound 109 nmay then be deprotected and step *
repeated 5 to extend the chain of azapeptides to the desired |ength.
Exanpl e 12B: Met hod of Producing a Conbjnatorial Library of a-Azetide
Conpositions. 10 Preparation of conmpound 501: Synthesis of bispentafluoro-
phenol carbonate (structure of conpound 501 is depicted on Figure 36).

Pent af | uor opRERYL (&FBex np| Thecprpreipisate amsd |dibied f undeal gaictiunc heni cal )

was di ssol ved.in 0, | ar, KQH and 15 cooled to O [err]C Phosgene was
t hen passed Yﬁ?g&gﬁ%FK%§S§5F§?ﬁﬁ?qH9ﬂ1QH%Rﬁ%ﬁE¥#ﬁ§é¥my The pH of the
reaction m xture was controlled to be no less than 6.0. Sonetines the
carbonate crystallized fromsolution, but nore often an oily precipitate

The Soi i di 11 5 onianEStrl sy ohbny b (o Huch (aranabay ssol ved i n
chloro- fgrm Tﬁe(iQhﬂkb@ﬁiﬂ%@uﬂ&%%@lqgﬂéﬂ?ﬁnﬁyﬁgaiPé&%gggématewas
.prepared i) by Continuously bdbbling ammonia gas-through
O- (MeO-PEG) -N- [ (4-chlorosulfonyl) phenyl] carbémate (0.5 g,
95.8 pmol) in methylene chloride (5 mL) containing
pyridine (20 egs.) for 24 hrs at room temperature
10 (Method'A), by Stirring O- (MeO-PEG) -N- [ (4-chloro-
sulfonyl)phe#yl] carbamate (0.5 g, 95.8  umol) with.-an '
lexcesé of amine (15 eqs} iﬁ méthylene chloride (5 mL)
¢6ntainihg pyridine (20 egs.) for 24 hrs at room teméera-
ture (Method B) _(Winterbottom, R., J. Am. Chem. Soc.
15 62:160-161, 1940), or by héating the reaction mi#ﬁufe in
_pyridine solvent at 65 °C for an'hour (Caldwell, Ww.T.,
Kofnfeld, E.C., & .Donnell, CFK., J. Am. Chem. Soc.
_63:218842190, 1941). The MeO-PEG polymer was.preciéitated
from the homogeneous solution by the addition of ethyl-

20 ether washed with with ethanol, and dried under vacuum to

give the desired product quantitatively.

Sulfonamide.'
N-(4-Aiky1aminosulfonjl)phényl-o-(MeO-PEG) cafbamate
25 (0.45 g) was dissolved in 0.5N NaOH.(lo ﬁL), and heated at
90 °C for 30 min (Winterbottom, R., J. Am. Chem. Soc.

'62:160-161, 1940; Caldwell, W.T., Kornfeld,. E.C; &



sulfaté, filtered and evaporated. The crude crystalline product, with a
strong, chloroformate-like odor froman 25 inpurity, was recrystallized

from hexag® osodd yi el d was approximately 75% starting w tPCEHGS0968
pent af | uor o- phenol . WO 96/ 03418

PCT/ US95/ 09614 45 Preparation of conpound 502 (structure of conmpound 502 is
depi cted on Figure 36). A solution of 0.098 nole of benzyl chloride in 0.98
Mol ar of ethanol was added over a peri of 1 hour to a 5 refluxing
solution of 0.51 nol of 85% hydrazine hydrate (commercially available from
Al drich conpany) in 2.55 Ml ar of ethanol. After a reflux period of 6

hours, the mmoiadl, X r.ewbvét.bghemst Sbcat $dn2188TRE9Pes1B4d) wasTht r act ed
with ether, the ethereal extracts dried with 10 potassium carbonate and
filtered. reEwtiguadxtage WRS) cegdiefatents’ Cnadndaneuekabizadt bo 10H
equi val ents of di- tert-butyl dicarhonate (connenciallx avai l able from
Al'drich cofpdhyyith cangenberarednfiSne chflfi F&astdAheMi¥ENTRe W% er ni ght

at 25 [err]eca:étrghcetesé) Iv«\r/iett evﬁlsylnea{(éetr_aetné)vtel'?ree times and the combined

5 ethYl acetate layér was washed with brihe, and dried over
Mgso, . .The removal of solvent gave.an ahalytically pure
produc£ (based on NMR spectrﬁmf. The reaction yield was
typically 95—97 %..

A new concept termed Ligquid Phase Combinatorial

10 SYnthesis (LPCS) is described. The central feéture of
this methodology is that it exploitélthe advantages that
classic organic syﬁthesis in_solutién offers with those
that 'sdlid phase synthesis can provide, through the
application of.a linear homogéneous polymer. To validate

15 this concept two libraries were preparéd one of peptide
and the second of non-peptide origin. The peptide_based
library was synthesized using a recursive deconvolution
strategy, (Efb, E.,.Janda, K.D., Bremner, S., Proc. Natl.
'Acad. Sci. USA 91:11422-11426, 1994) and several ligands
20 were found within this iibrary to bind ‘a monoclonal
antibody elicited against - endorphin. The non-peptide
moleculés synthesiied were arylsulfonamides, this class of
compounds were conscripted based on their known clinical
bactéricidal efficécy, (Maren, T,H., Ahnﬁ. Rev. Pharmacol.

25 Toxicol. 16:309-327, 1976). The results fepq_rted in this
article indicate that the_reaction scope of LPCS should be

generai,. while its value to multiple, high-throughput



15 by distillation and the remai ning resi due was extracted with ether,

washed i n watosnosdi®) and dried over potassium carbonate and fp&,ﬁgﬁﬁ,%“
Product can then be purified by flash chromatography using a yl ene

chloride: ether/ petroleumether gradient. 20 Preparati on of conpound 503
(structure of conpound 503 is depicted on Figure 36). A solution of 85%
hydrazi ne hydrate (10 equivalents; conmergially available from Al drich
conpany) in 2.55 Ml ar 25 of ethanol vvas73exposed to 1.0 equival ents of

di -tert-butyl dicarbonate (comercially available fromAl drich conpany) and
then stirred sveeenghy sy erould The sof Ve rtesu et meri) 96483418

PCT/ US95/ 09614 46 renoved by distillation and the remaini hg residue was
extracted wi tfukEherilhhghed ignamtitti€d Xpfandadhi elfilmwaery paieadsintimcan
carbonate and filtered.. Production can then be purified by flash
chr omat ogr aph§e_1Hy BenBERFLRRE-5 chloride: ether/ petrol eum et her
gradi ent. Preparation of conpound 504 (structure of conpound 504 is
5 - Synthetic Methods
Preparation of compound 3 or 4 (structure of compounds 3
and 4 is depicted on Figure 33). '
Procedure as described in Method_s in Carbohydrate
chemistry, Whistler, R., II, 1963, p. 327. A mixture of

10 80 grams (g) anhydrous D-glucosamine hydrochloride or
D-galactosamine hydrochloride from Aldrlch chemical'
company, in 200 milliliter (mL) methanol and 20 g Dowex 50
(H*) acidic resin, is st:.:;red at th_e boiling po:Lnt in a
round bottom flask. - After a 24-hour reaction time, the

15 resin is removed by filtration and washed three times with
20 ml,. pf methanol. The. filtrate and washings are
combined and concentrated t;_o'about_ 125 ml by rotovap. The
concentrate is allowed to cool to room te.mperatlure and
purification by crystall.ization or by flash column

20 chromato_graphy yields 3 or 4 and carry on as follows.

A solut;i_on of crude (1.0 equiv.) in CH,Cl, (0.4 M) is
cpoléd to 0 °C. The solution is next treated with 4-DMAP
(0.2 equiv.),' triethylamine (8.0 equiv.) and dropwise
addition of acetic anhydride (365 mL, 3.84 moi, 7.0

25 equiv.). The reaction is stirred for 1 h at o ;C_and then

quenched upon dropwise addition' of 5% HCl at 0 °C or until

neutral pH. Next, the reaction is diluted with ether and



depicted on Figure 37). To a solution of 1.0 equival ent of p-hydroxybenzyl -
10 brom de in nethylene chloride was added 1.1 equival ents of 60% sodi um

hydri de atyw@obdsid C and al | owed to stir for 1 hour. Next, 1PCTAI§85@8§1ent s
~of benzyl brom de was added and then mi xture was allowed to stir overnight.

The mixture was then quenched with water, diluted with ether and purified
15 by distillation. 1.0 equivalents of the conpound was next added over a
period of 1 hour to a refluxing solutio§40f 0.51 nol of 85% hydrazi ne
hydrate (commercially available from Al drich conpany) in 2.55 Ml ar of
ethanol . After a ref lux period of 6 hours, the al cohol was renoved by 20
di stillati onghdhevasisedive thnsaturatad earadneNaCO:t haXby heakaF &k¥Xtacts
dried with potassium carbonate and filtered. The- crude base, .1.0

equi val ent s,anddsrimat (Bkhosethe Rrauacesul3¥eEnts Ak exerached vith

et hyl one. CheORee (il RHGNTRER: FEFOBbORR LIS T [STIFEa 7 eaRan: “vas
ather. “washelaYer. hesBergadtgea’ ghBT dMd kit Wpdpcgdr facted WD
'PCT/U895/g9614 A solution of the crude (1.0 equiv.) in methanol (0.5
M), is treated with NaOMe (0.1 equiv.) and'allowed to stir
at 25 °C for 24 h. The reaction mixtﬁré_is then condensed
and purified by flash column chromatography or
orystaliized and yields compound 3 0r 4.
Lo . _ .- _ '
preparation of compound 5 or 6 fstructure of compounds 5
and 6 is depicted on Figure 33).
To a solﬁtioﬁ of 3 or 4, in methylene chloride (.5
M), is added benzéldehyde dimethyl acetal;'purchased from
15 Aldrich coﬁpany (1.2 equiv;), ZnCl, (.1 oquiv.) and the
reaction mixture is stirred for overnight at 25 °‘C. The
product 5 or 6 is then crystéllized or purified by flash

column chromatography and carried onto the next step.

20 'Preparation of Compound 7 or 8 (structure of compounds 7
;nd 8 is depicted on Figure 33).
| To a solution of aloohol_s or 6 (1.0 equiy;)'in DMF
(0.5 M) at 0 °C, is addea KH (1.1 equiv., 35% dispersion
in mineral oil) over several oortions; The reaction
25. mixture is warﬁed to room temperature and stirred 1h.
Next, the reéction is.oooled to 0 °C and treated_with

benzyl bromide (1.1 equiv.) and stirred for 1.5 h. A -



47 water (1X) and dried over potassium carbonate and filtered.

Producti on ogpokbseps be purified by flash chromatography usi
met hyl ene * chl ori de: et her/ petroleumether gradient. 5 Prgggpg?ﬁgwhbf

conmpound 505 (structure of conmpound 505 is depicted on Figure 37). A
solution of 0.098 nole of nethyl iodide in 0.98 Ml ar of ethanol was added
over a period of 1 hour to a 10 refluxing solution of 0.51 nol of 85%
hydrazi ne hydrate (commercially availabl e’Prom Al drich conpany) in 2.55
Mol ar of ethanol. After a reflux period of 6 hours, the alcohol was renoved

by distillati cmaturdted resiuliomast eanceiad cildradders 4 té&%ﬁ%is |
extracts dried with 15 potassium carbonate and filtered. e crude %ase,
1.0 equi val entt® avenglexthexreraticn ridtwenian ENMG Gd dine teftedsd Vi

di car bonat e comercially available fromA drich conpany) in 0.1 Wbl ar
net hyl ene chl SHilgptashFithe otdyilr ncgtoter iRGht wasBEd|[withGratdhe(s0! vemt
was extracted 2% wi.th ether, washed in water (1X) and dried over potassium

carbonat e and W1t ¥%kRe pFb¥uL00cBR) ¢ héxied wivexf iMgBQyy aidasvaporated.

chr omat ogr aphy. usi Jret hyl ene chlorjde: ether/ petrol eum ether gradient.
9" PN £1at 100 )gy crystallization -og by flash céiumn

chromatography yields 7 or 8.

Preparation of compound.B or 10 (structure of compounds 9
and 10 is depicted on Figure 34).

10 Conditions as described by Johansson, R., Samuelsson,
B., J. Chemn. Soci, Chem. Commun., 201, 1984. To a solu-'
tion of 7 or 8 (1.0 equiv.) and sodium cyanoboréhydridé
(5.0 equiv.) in dimethylformamide (DMF) (.1 M) contaiﬁiﬁg
powdered 3 A molecular sieves at 0 'C, is added trifluoro-

15 acetic acid (10 équiv.) dissolved in DMF (1.0 M). When
t.l.c. -indicates complete reaction, the product is

purified by flash column chromatography or crystallization

and yields the desired 9 or 10.

20 Preparation of compound 11 or 12 (structure éf compounds
1l and 12 is depicted on Figure 34).
To a solution of the intermediate 9 or 10 (1.0
.equivalents) in methylene chloride (.10 Molar), is
dissolved 2,6 1lutidine (1.3 équivalénts) at- o°cC.
~ 25 Subsequent addition fof triisopropyl or triethylsilyl
~trifluoromethane-sulfonate (1.3 equivalents) is followed

by stirring for 2 hours and then the reaction is diluted
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Preparati on of conmpound 506 (structure of conpound 506 is e-gl ct ed on

Fi gure 37Wo%/3818ut i on of 0.098 nol e of 2-chloropropane in

et hanol was added over a period of 1 hour to a 5 -refluxing sol utlon of
0.51 nol of 85% hydrazi ne hydrate (commercially-available fromAldrich
conpany) in 2.55 Mol ar of ethanol. After a reflux period of 6 hours, the
al cohol was renoved by distillation. - J&e residue was extracted with
ether, the ethereal extracts dried with 10 pot assi um car bonate and

filtered. The crud ase, 1. 0 equi val Sp Was next e

equi val ent s“’c}ftl"dldl a&&’t g’éﬁ%’ﬁ‘g h & )ﬂif Ié‘dl ‘e from
Al drich co I ti r ni ght
at 25 [err] % (g'aﬁqv&ﬂ'g)\/\g n”g,ﬂ_{} rfg%‘d%vecbf %rg% %aa'riqlqul Q’tnlsor?'r o;rrﬁ%#ﬁf
remaining r r et her, washed in water (1X) and dried
over pot assﬁ%m%%gﬁg%n%a?gﬁﬁlﬁg{%d Pr oduct can then be purified by

fl azh c[w onat ogr apRy yﬁtggmgdg_rgtcgyll@ﬁetﬁgﬁoré,%secpt B8' /a PRLkELBEMH her
gradi en

5 acetic anhydride (1.1 equ:.v._) in acetic ac1d (.5 M) and
stirred at 0 °C to 60 °C for 1 hour. After completion of
reaction, the mixture is diluted witﬁ methylene chloride,
neutralized with NaHCO, and then washed with water (1X) and

brine. The compound is then precipitated from ether and - ‘

10 recrystallized from ethanol and carried on as follows. . |

_'fhe_ intermediate is exboséd to a mixture of tetra-
butylammoniumfluoride (1.5 equivalehts) from Aldrich
company in methylene chloride (.1 Molar) and stirred for
1 hour at 0 °C. The compound is then :Ls diluted with

15 methylene chloride, neutralized with NaHCO, 'ar;d then washed
with water (1X) and brine. The compound is then precipi-

_tated from ether and recrystallized from ethanol and

affords the compound 11l or 12.

20 Preparation of compound .15 or 16 (structure of compounds
15 and 16 is d_epictéd on Figure 34). | ‘
Procedure as described in Methods in Carbohydrate_ :
chemistry, Whistler, R., 11, 1963, p. 327. A mixture of.
Bdg. anihydrous - D-glucose or D-galactose from Aldrich
25 chemical corﬁpany, 'in 200 mL. methanol and 20g Dowex 50 (H')
acidic resin, is 'st_irred at the boiling point in a round

bottom flask. After 24-hr. reaction time, the resin is



20 Preparation of conpound 507 (structure of conpound 507 is depicted on
Fi gure 38).wAaesnB4iBi on of 0.098 nole of 1-brono-2-nethyl propasernidisassia
Al drich conpany) in 0.98 Ml ar of ethanol was added 25 over a period of
hour to a refluxing solution of 0.51 nol of 85% hydrazi ne hydrate
(commercially available from Al drich conpany) in 2.55 Ml ar of ethanol.
After a reflux WO 96/ 03418 ' 77

PCT/ US95/ 09614 49 period of 6 hours, the al cohol was renoved by distilla-
tion. The residue was extracted with ether, the ethereal extracts dried
Wi th pot assi URFBRAYSnaY efahEratiear and Washedidhtses e ined wigh vabenls, was
next exposed t 1.1hequ'- 5_valents of di-tert-butyl dicarbonate
(commrerci al | yojg\fﬁ?’f-a’éﬁie f FBf Aftdtragec gasakAshings anw| cominég| and
chl ori de andcg en stirred overni err]C. The sol vent was next

ht
renoved by di sﬁ??%??%%egn%?tﬁo‘%e%irﬁg l%és? (VIR k¢ aeereenrratet her,
Product | on cae  ALTORBED SR (o) €6, Hock PERarR e 08E HF predRgFene

Production can t e purified by flas
5 crystallizes overnight.

Preparat;on of compound 17 or 18 (structure of compoundé
17 and 18 is depicted oh Figure 34).
| Tetrol 15 or 16 (1.0 equiv.) is.azeotroped with-
10 benzene (2X 100 mL) and then dried overnight under Qacuum
over Egdr A mixture of triol, dibutyl tin oxide (1.2
equiv.) and dry methanol (.25 M) are Heated at reflux for
4 h until the solution.became clear and homogénebus. (An
autométic stirring apparatus lmay' be necessary.) The
15 _sqlVent is next :emoved in'vacuo.ﬁo give a foamy white tin
| complex which is then aéeotroped with benzené (2X 100 mL)
and dried_(z h to ovérnight) under vacuum over P,0;. Next,
'anhydrous DMF (2.18 L, .2M)lis added to redissélve.the.tin
ccmplex and then CsF (i.é.equiv.) and finally Benzyl
20 bromide (.5 equiv.) are added and then heated (40 °C)
overnight. The clear solution is partially distilled under
vacuum, (3.3 mm Hg, 75-100 °C) to:obtaiﬁ 1/5 the original
‘volume of solvent. Reaction mixture is then diluted with
ethyl acetate (2L} énd_ﬁashed with a small amount of water
25 (2X 100 mL) to remove ¢esium salts. Aqueous layer is back
exﬁracted with ethyl acetate (3X 500 mﬁ) and then

recombined with the organic léyer which is then dried over



chloride: ether/petroleumether. gradient. Preparation of conpound 508
(structure of conpound 508 is 15 depicted on Figure 38). A generalized
procedur e W@hebiags synt hesi s of the azadi peptides (conpound POBUSSIN6ILS
#1-7, Figure 38) is as follows: 1.0 equival ent of the al kyl/aryl hydrazi ne
(conpounds 502 through 507, Figures 36, 37 and 38) is 20 added dropw se
via syringe punp over a period of 30-40 minutes to conpound 501,

bi spent af | our ophenol carbonate (1.1 equiyalent) and 1.1 equival ent

di et hyl am nopyridine (DVAP) in 0.10 Ml ar nethylene chloride at 25 [err]C.
After conpletion of addition, the reaction mxture is exposed to 25 a
second- 1.1 ég804al end oévaperabgfani noPyrifiet {OVARY arflasht relump
equi val ent of al kyl/aryl hydrazine (com _pounds 502 _t hrough 507, Fjgures
37 and 38), chuemitqgraphaD 97 03xygtallization affords the desired
PCT/ US95/ 09614 50 one step. After 24 hours, the reaction mxture is evapo-
rated to rerﬁﬁ&hl“s‘?ﬂﬁe&t. The crude product is resus- pended in a

m ni rum anount of nethylene chloride and puri- -fied by flash
chromatography in a 9:1 nethylene

36,

5 Preparation of compound 19 or 20 (structure of compounds
19 and 20 is depicted on Figﬁre 35).

| To a soiution of triol 17 or 18 (1.0 equiv.) in
DMF (0.25 M) at 0 °C, is added KH (3.3 equiv., 35% ‘
dispersion.in mineral oil) over several pbrtioné. The :
10 reaction mixture is warmed to room temperaturé and stirred
1h. Next, the reaction is cooled to 0 °C and treated with
benzyl brbmide (3.3 equiv.) énd_stirred for 1.5 h. - A

. saturated solution of ammonium chloride is added dropwisé
to quench the reaétion mixﬁure at 0 'C and the mixture is

15 diluted with ethyl acetaﬁe (2L), washed with water (2X 100
mL), brine (1X 166.mL), driéd over MgSO, and evaporated.

Purification by crystallization or by £flash column

chromatography yields 19 or 20.

20 .
Preparétioﬁ'of coﬁpdﬁnd 21 or 22 (structure of compounds
21 and 52 is dépicted on Figure 35).
To a solution of benzoate 19 or 20 (1.0 equiv.) is
added THF (.464 M) and the solution is codled to 0 °‘C.
25 The reactioh miiture'is then_exposed toa 1.0 M sqlution
of DIBAL.(l.l'equiVu) and allowed to stir for 2.5 hour.

The solution is then diluted with ether (5 mL) and then 2



5 chloride:ether gradient. Typical yields are approximately 85% See
chart at Fi gwoasno3sasf or variations and yi el ds obtai ned (unopt i.p;_inz,ﬁggsm 614
Preparati on of conmpound 509 (structure of conpound 509 is 10 depicted on
Figure 39). To a solution of nethyl 4-(hydroxynethyl)benzoate (2.0 g,
12mmol, 1.0 equivalents, commercially available fromA drich conpany) in
.10 Mol ar diethylether, was bubbled 8 of isobutylene (2-nethyl propene,
cormmercially 15 available from A drich ¢ any) at -78 [err]C. Next, 10
drops of sulfuric acid were added and the m xture was allowed to stir
overni ght.  Mhe dfedRadheilie xeat eswadNaki-l et mdtd eaberatd8 Bolutdgched
wi th sodi um bi carbonate (10 m), washed with water (10 nlL), condensed and
dried over 203Tfagf€sAuANdurhat Bixtune peostérrednfbe pnd &idad thynilash
chromat ography or distil|lation.” The production is next exposed to 5

equi val ent's o%OEFCﬂ-: ?rr$ O i'Th& rRactHion e themmashed widie wate rVi2x ) .

The m xture is,allowed t.o stjr_for 2 hours at 25 [err]C and then is
extracted wi tﬁoefn gr‘ g’ﬁ&nfs ha?f;i di MRddaRc (rhan. dFie) overhMgsOeci pithat e i s

col l ected gn |l ass .fi.lter and, can _be further purified by flash
chronatogr%ph?ongéPgsﬁﬁI??E}gbﬁa by HHEE0 Lot chromatography or

crystallization.

Preparation of compound 23 or 24 (structure of compounds
23 and 24 is depicted on Figﬁre 35);

10 To a solution of the intermediate 21 or 22 (1.0
equivalents) in methylene chloride (.10 Molar), is
dissolved 2,6 lutidine (1.3 equivalents). at o0°C.
Subsequent addition _of triisopropyl or triethylsilyl
trifluorqmethane-sulfonate (1.3 equivalents) is followed

15 by stirring for 2 hours and then the reaction is diluted
with diethylether and washed with ammonium chloride (2X),
brine (1X) and then purified'by crystailization. Compound
is carried on as follows.

The intermediate is then exposed to a mixture of

20 acetic anhydride (1.1 equiv.) in acétic acid (.5 M) and
stirred at 0 °C for 1 hour. After completion of reaction,
_the_ mixture is diluted with methylené chloride,
neutralized with NaHCO, and then washed with water (1X) and
brine. Thg compound is then precipitated from ether and

25 recrystallized from ethanol and carried on as foliows.

The intermediate is exposed to a mixture of

tetrabutylammoniumfluoride (1.5 equivalents) from Aldrich



WO 96/ 03418 PCT/ US95/ 09614 51
Preparation of conmpound 510 (structure of conpound 510 is depicted on

Fi gure 3%woebm3assol uti on of (MeO PEG OH, 500 MW conmmer ci #CTYUSAs/69614b| e
from Sigma Conpany) in 17 mM of nethylene chlo- 5 ride at 25 [err]C, is
added 3.0 equival ents of conpound 509 (Figure 39), 3.0 equivalents of 1,3
di cycl ehexyl carbodi- imde (DCC) and .75 equival ents of 4-DVAP

(4-di methyl - ami nopyridine). The reactiggn m xture is allowed to stir
overnight. Next, the mxture is exposed to 3.0 equiva- 10 Ilents of
triflouroacetic aC|d (TFA) and allowed to stir an additional 11 m nutes at
25 [err] C. companyii kpupethylenencpderdde rt-d Mdax) dnd herixeedrRrmatel v

17 mM\V) to preci- pitate the PEG and then washed with col d ether and ethanol
fractions. ﬁhE°PFn£tpﬁodGcU() 2 afiPBROHAR: Het LRERf 8d GigutRA with

| I 11 f
Eéﬁéﬁ?dgéi‘r&'fé‘ VigR? ke th %”Smtrsé) t'g%f °ﬁaﬁ€§pﬁgﬁdsﬁ§w@ é”ﬁ“(”e ’
activa azacar nt o r [
conpoungs ag% %fgufgé)BGQnggu%%%$§8) |§T§§d2ég%$é@§§se¥vu2E§§$| nge

punp oveg %P@éiﬁgtgéeéofégmméﬁﬁés 494 CPEReYBEa11ized from ethanol

and yields the compound 23 or 24.

Preparation of compoﬁnds'27 or 28 (structure of éompoundé.
10 27 and 28 is depicted on Figure 35; See #lso Figﬁre 19).
. The C-4 dlfferentlated carbohydrates 23 or 24 are
coupled to PEG (preferably the monomethylether, 5000 M.W.

from Aldrich, Fluka or Sigma chemical companies) via an
ester/ succinyl linkage (1.5 equiv. succiﬁyl Chloride, 1.1

15 equiv. DMAP-dimethylaminopyridine, .5 M pyridine)}
althouéh 6ther functionalities such as ethef and amide
linkages are suitablé as the linker between the PEG
soluble support and the nucleotide cére molecules. PEG
suCcihatelcoupling to compounds 25 of 26, is accomplished

20 via standard activated ester procedures émploying Dcc/
DMAP conditions as developéd by Keck et al., J. Org. Chem.
50:2394, 1985. For a standard protocbl linking PEG to a

' Boc-Gly-OH résidue, see Bayer et al., The Peptides, 2:309,
Academic Press, 1979. The'desired-compounds 27 or 28 are

25 then purified by precipitation and recrystal;izatioh from

ether and ethanol.



501 (Figure 36), bispentaflourophenol carbonate (1.1 equivalent) and
1.1 equi vamowern3gisnet hyl am nopyridine 25 (DVAP) in 0.10 Mol 89k fne
chloride at 25 [err]C. The activated azacarbamate is then further purified
by flash chromatography, distillation or crystallization. WD 96/ 03418
PCT/ US95/ 09614 52 Step 2: Coupling of the activated azacarbamate to the
PEG support. To 1.0 equival ent of the PEG support (conmpound 510, Figure
39) in 17 mM nethyl ene chloride at 25 [erT]C, is added 5.0 equival ents of
the activated azacar- 5 bamate (made in the above step 1) and 5.1
equival ents of 4- drnERiFakipRASEIUN 96l g 4DIfER] owsEherbeactiedn siigurULSs | S
t hen al | oned to'ialr for .24 hours and is next precipitated with the
addi tion of ethef?(1Purmidic: RANYATCS (5 eauipr ddeod AMAR (heeghl) her
purified by ing.wit et hsr 10 S-}%‘é) and col d ethanol (1X). Preparation
of conpound 512 (3TTHEEHr dRoPT¥oRYERRd TSI X 20 dbpidk cEPOm FemperadOye.
Conmpound 512 4 r n_iterative cycle of 15 steps 1 through 3 as
outli ned belégftép,gsgpiQEEbﬁ of gge reacé&on, pyridine is removed by
5 evaporation and the residue is subjected to flash
¢hromatography in ethyl acetate. Next, the
monomethylether of PEG (0.8 eq.) is mixed with the
3-O-hemisuccinate 25 or 26 and dried overnight at high
vacuum over the drying agent phosphorous pentoxide P,0;.

10 This mixture is then dissolved in anhydrous methylene
chloride (.5 M) and a catalytic amount - of
dimethylaminopyridine - DMAP (.1 equiﬁ.) is followed by
dicylcohexylcarbodiimide - Dcc (.8 equiv.) After 15

- minutes, the reaction becomes cloudy and is stirred
15 overnight at room temperature. The precipitated urea is
removed by filtration, washed with methylene chloride and

the volume of the combined filtrates is reduded to its
original size. It is cooled to 0 °C, anhydrous ether is
.added with vigorous stirring, and precipitated out. After

20 filtration the solid is dissolved in hot absolﬁte éthanol,
and recrystallized to afford 27 or 28 (Procedure from
Krepinsky et al., J. Am. Chem. Soc. 113:5095, 1991,

supplementary materials).



Step 1: Renopval of the t-But protective group. 1.0 gram of conpound 511
(Figure 39) is exposed to a 10%tri- flouroacetic acid/ nethylene chloride
sol ution l@oedidaarsl: 1 TFA/ net hyl ene chloride) and all owed tBCEUF95/0961425
[err]C for 20 1 hour. The reaction mxture is next precipitated with the
addition of ether (17 mMdiethyl ether). The product is then further
purified by washing with ether (1X) and can be crystallized from et hanol
(1X). Step 2: . Formation of the activajed azacarbamate. 25 1.0 equival ent
of an al kyl/aryl hydrazine (i.e., conpounds 502 through 507, Figures 36, 37

and 38) is added dropw se via syringe pu over a periqd of 30-40 m nutes
to com 2fE9age&MmLrgLssrh9_xgrese_;i_rerx_z_iiee_zrgg_____L

PCT/ US95/ 09614 53 pound 501 e 36), spent af l.ouro ol rbqnat e
(1.1 equival ent) 8588 1.1 Eﬁu véggHFlHPnﬁﬁh; rEFERSpyT F&l&g%%bwﬁg% 1 0.10
Mol ar et hyl ene chlorlde r Y e _l. Sy then
further purifiagd 89 #SALR 5W%¥Eﬂ%5%hgaaghét¢ﬂlatﬁﬁ?ﬁ%ﬂgﬂgﬁ) 2l

crystallizatjon. ,Ste N h i.yated t t he PEG
R A evéﬁe%% g B A R AT ke

5 formation is complete by thin layer chromatography.
Reactioh mixture.is then quehched'with-ammohium chloride
(1.0 M) and then diluted with ethyl'acetate (.05 M) and
washed with weter (1X), brine (1X) and condensed. Crude
compound is then precipitatea with ethyl ether and

10 filtered. The PEG cenjugate is allowed to crystallize out
from hot ethanol, filtered and Washed with cold ethanol to
'afford the desired intermediate lactol 11brary

Step 2. The 1ntermed1ate lactol llbrary is then
converted to the acetimidate in a solution of methylene

15 chloride (.10 Molar) at 0 °C. The mixture is next exposed
to sodium hydride (1.2 equivalents) and allowed to stir
for 1 hour and hhen trichloroacetonitrile (1.2
equivalents) is added in one steﬁ. After an additional
hour (or.until the reaction appears complete i.e. thin

20 .layer chromatography), the reaction mixture is quenched
w1th a saturated solution of sodium blcarbonate (1.0 M)
and then diluted with ethylacetate and washed with water _
(1X), Dbrine (1X), dried over magnesium sulfate and
evaporated. Resuspension and precipitation in ether is

25 followed by crystaliizetion and filtration in ethanol to

afford the activated acetimidate library.



(conpound 510, Figure 39) in 17 mM nmethyl ene chloride at 25 [err]C, is
added 5.0 eawpvansyigs of the activated azacar- 10 banate (nnd%ci‘l‘?uﬁggﬁsﬁ ove
)~ e

step 1) and 5.1 equival ents of 4-dinmethyl am nopyridi ne (4-DVA
reaction mxture is then allowed to stir for 24 hours and is next
precipitated with the addition of ether (17 nmM diethyl ether). The
production is then further purified by washing with ether 15 (1X) and can
be recrystallized formhot ethanol. Step 83 Repeat steps 1 through 3 as
desired. Preparation of conpound 513 (structure of conpound 513 is- depicted
on Figure 40). 20 Step This gepa resR¥eSsollieionza(pepti de fé?mtl%ie
PEG support and additionally renmoves the benzyl protecting groups. To 1.0
 gram of conpowreGIRdaigulksbr@yi 0110 etutetbanek)aands domgdund s1Adged
200 ng of 10%_Pd/C. The reac- tion mixture is capped with a-hydrogen
bal | oon and all%owéd- 25equd valientslerin ghethylehe mhdchcidd s(waghed wiid
ether, filtered and condensed, Further purification can be WO 96/ 03418
PCT/ US95/ 096145 b df%tfe d- Hit kueride dethesateodBaphequivaiednsigi esTher
5 reaction mixture is allowed to warm up slowly to room
temperature and stirring is continued overnight. The
reaction mixture is next quenched with sodiuin bicarbonate
(3.5 eguivalents) and_ diluted with ethylacetate and washed
with water (1X), brine (1X), dried over magnesium sulfate -
10 and evaporated. Resuspension and precipitation in ether
is followed by'crystallization and filtration in ethanol'
to afford the desired library 2. For relatéd .art on
coupling two sugars with PEG supports see Krepinsky
et al., J. Am. Chem Soc., suppl. material, 113:5095, 1991.
15
Split synthesis strategy using PEG supports.
After each step of the synthesis, a portion of each
PEG supported library is then saved and catalogued, the
remaiping fraction is combined, mixed and redivided. The
20 steps of (i) coupling, (ii) saving and cétaloging, and
(iii) randgmizing are repeated until the desired library
is obtained. For a review on this recursive doconvolution
strategy, see Janda, K. et al., Proc. Natl. Acad. Sci.,
91:11422, 1994.

25



smal | peptides. Preparation of compound 514 (structure of conpound 514 is 5
depi cted on Figure 40). Renoval of the t-But protecting group. 1.0 gram of
conmpound odifzsfpur e 40) is exposed to a 10%triflouro- acePCTUSISN9614
acid/ nmethylene <chloride solution (10 m., 1:1 TFA/ nmethyl ene chloride)
and allowed to stir at 25 [err]C for 10 1 hour. The product is washed
with ether, washed with sodi um bi carbonate, dried over .sodium sul fate and
con- densed. Further purification can QE achi eved by standard

chr omat ogr aphi ¢ nmet hodol ogi es for small “peptides. 15 Exanple 13: A
Sol ubl e Combi natorial Library of Pyridyl Backbone Conpositions A sol uble
conbi nat or i #rdparatiomiofh\aarbahstradix fcihxanos’ t (32 Figurec2l) . for a
w de range of nedical, pharmacol ogical, and scientific purposes.  For
exanple, a 20 sd@ted el.confFonadorgadiutiqmr afy PJE')?"l‘b‘.}?nylraW%

conpositions is useful to the discovery of pepiide anal oques t hat_ di pl ay
the sane or ldbrarse® HioMeQHE - My tif gsdoqq%; B &ENA XF%& a}%"cﬂtdlc@

gg%ybrslgg?oge tlc(%-ﬁs'(.lo \é\lc:;)ug?r/a %?111:%) and the mixtur_e is stirred for 1

5 hour at 0 °C or until lactol formation is complete by thin
layer chfomatography. Reaction.miXture is then quenched
with ammonium chloride (1.0 M) and then diluted with ethyl
acetate (.05 M) and washed with water-(;x), brine (1X) and
condensed. Crude'compound ié.theﬁ'pfecipitated with ethyl

:LO ether and filtered. The 'PEG coﬁjugate is allowed .to'
crystallize out'frdm hot ethanol, filtered and washed with
cold ethan;l £o afford the desired ihtermediate lactol
library. | |

Step 2. The intermediate lactol library is then

15 converted to the acetimidate in a solution of methylene
chloride (.10 Molar) at 0 °C. The mixture is next exposed
to sodium hydride (1.2 equivalents) and allowed to stir
for 1 hour and then trichloroacetonitrile (1.2
equivalénts) is added in one step;' After an additional

20 hour (or until the reaction appears cdmplete i.e. thin
iéyer chromatography), the reaétion mixture is quenched
with a Saturated.solution of sodium bicarboﬁate (L.0 M)
and éhen diluted with ethyiaceﬁate and washed with water
(1X), brine (1X), dried over magnesium sulfate and

25 evaporated. Resuspénsion and precipitation in ether is
followed by crystallization and filtration in ethanol to

afford the activated acetimidate library.



55 Exanpl e 14: Synt hesis of the MeO PEG N err]

-Nerr]-N explbsbifaesr] - N err] Peptide Library Validation of t%@&ﬁ%hod
was achi eved through the synthesis of a peptide |ibrary using our rgc sive
5 deconvol uti on net hodology. It will be recalled that the essence of
recursive deconvolution is to build and hold a set of partially synthesized

conbinatorial libraries. The first LPCS |ibrary contained four conponents
(Tyr, Ay, Phe, Leu) and five partial suB®libraries, to give a total 10
library size was 1024. Because there were four conmponents, four

channel' s of syntheiep ware used, gacBolavokyingibhe adghti ogy of ? sti'l,ggl e
conponent at any tine. Initiating the process required the spli? I ng" of

MeO- 15 PEGaicstdrfiglat eeduidiraunol 61. 0 neabiehldiits) Gand Rempdhely &£ &pup! ed
to the honopol ymer. Upon conpl etion of each of the coupling reactions
preci pi tati of4of (31e REGiIPECENES) (Naa mefliylefiey chRlomidecu) . BSM) , is
acconpl i shed hy the addi- tion of diethyl ether. This allowed for the
renoval of 2899&€:&xrath iFifigoridretheyate| (Babi equitalkatQ PHGNAA.
The nore %olar contam nants were renoved by sinple recrys- tallization of
the MeO PBG CERFFETpRtfcire ishaligned tancwmmm ubi slawdy i sot hajom

crystallizatkon avoi ds the gossLbiLity of inclusions, which may occur with
gel atinous -Smperature and stirrindg is continued overnight. The

reaction mixture is next quenched with sodium bicarbonate
(3.5 equivalents) and diluted with ethylacetate and washed
with water (1X), brine (1X), dried over magnesium sulfate -
10 and evaporated. Resuspension and érecipiﬁation in ether
is followed by crystallization and filtration in ethanol
;o afford the_desired library 3} For related art on
coupling two sugars with PEG supports see Kreéinsky
et al., J. Am. Chem'ch., suppl. material, 113:5095, 1991.
15 |
Sp;it synthesis strategy using PEG supports.
After each step of the synthesis, a portion of each
PEG supported library is then saved and catalogued, the
remaining fraction is combined, mixed and redivided. The
20 steps of (i) coupling, (ii) saving and catalbging, and
(iii) randomizing are repeated until the desired library
is obtained. For a review on this recursive doconvolution
~Strategy, see Janda, K. et al., Proc. Natl. Acad. Sci.
91:11422, 1994. |

25



25 precipitates. Additionally the excess of protected am no acids can be
renoved quantitatively. Portions of each of these sub-libraries are set
asi de and waloghngsed as par - WO 96/ 03418 PCT/US95/09614
PCT/ US95/ 09614 56 tial libraries p(l). The remaining MO PEG Naa is com
bi'ned, solubilized and seperated into four portions, each channel is

| oaded, and Tyr, Ay, Phe, Leu are attached as before and pol yner
sublibraries are precipitated and 5 cryggallized. Again, an aliquot of
this library is set aside as a partial library p(2), which now consists of
four pools made up. of MeO PEG N er ri- Tyr,. MO PEG Nerr]-Gy,_,

MeO PEG N[ er riretaxa i@ REG agrhohydrate dibrarmih Ry T s(SRRI FLHYT 22 and
split, and.the entire process is repeated for 10 the assenbly of

subl i brari es ai®B)FigHes 2Hd- a final subli- braryof p(5)

{MeO- PEG N err]-Nerr]-Nerr]-Ngerrl-.Tyr, . PEG N.grs] - r] s rr
“N[err]-Qy, NeO e [JETr]'I-IJ\I[aer ﬁai%&'[’e%]‘? [ ’i‘!’éfyf Jl\é(‘\)ll\lﬁi};\l[léor %fN[err]

o TN e B NCPEE e Lk eer) 1N B ko i o P ©
Nerrl Nl N etrleNersd Sopide P aouS e 1 dffuneil lactol
formétion is complete by thin layer chromatography.
‘Reaction mixture is then quenched with ammonium chloride
(1.0 M) and then diluted with ethyl acetate (.05 M) and
washed with water (1X), brine (1X) and condensed. Crude
10 compound is then precipitated"with ethyl ether anq
filtered. The PEG conjugate is allowed to crYstallize out
from hot ethanol, filtered and washed with cold ethanol to

afford the desired intermediate lactol library.

Step 2. The intermediate lactol library is then
15 converted to the acétimidate in a solution of methylene
chloride (.10 Molar) at 0 °C. The mixture is next exposed
to sodium hydride (1.2 eqﬁivalents) and allowed to stir
for 1 hour and Ehen trichloroacetonitrile (1.2
equivalents’ ié'addéd'in one step. After an additional
20 hour (or'until'the reaction appears complete i.e. thin
layer chromatdgraphyf, the reactioﬁ'mixﬁure is quenched
with a saturated solution of sodium bicarbonate (1.0 M)
and then diluted with ethylacetate and washed with water
| (1X), brine (1X), dried- over magnesium sulfate and
25 evaporated. Resuspension and precipitation in ether is
followed by crystallization and filtration in ethanol to

afford the activated acetimidate library.



A conpetitive ELISA based net hodol ogy was devi sed, which when integrated
I nto our rewgmesaasdeconvol ution 20 strategy, allowed us to dﬁe&.

optimum | igands that inhibited the binding of |eucine enkephall r{ag”kgﬁ"
(Tyr-dy-Ay- Phe-Leu-OH) to anti-[err]-endorphin nonocl onal antibody 3E7
(Meo, T., Gansch, C Inan, R, Hollt, V., Wber, E., Herz, A &

Reithmuller, G, Proc. Natl. Acad. Sci. 25 80:4084-4088, 1983.) This
antibody binds to its natural epitope with high affinity (Klerr] 7.1 nM.
WD 96/ 03418 PCT/ US95/ 09614 57 To set

up the conpetiti onSEBPSA3. at t dihnent afld hesdlutddri gand cont'@)a ot giya of
sufficient hydrophobicity_had to be acconplished. A strategy was undertaken-
to Chenica||yacggh@hégpge}iprggynﬂﬁaw Sgpdiviilents) drsdil ¢omigodbndenivati ve
L i, 30 aB) Ae O S IS eIl ogy Lhe o vated
{hus or ovt oedtSode,BeRBH: Eefitbrdatt Athetarei s, ah bratmntan. £L¥8a -
plate. Soge yhale £OYPh;GeRYE oY ala'lXoiwggoréoanvtnarm up slowly to room
tempefature and stirring is continued overnight. The
reaction mixture is next quenched with sodium bicarbonate
(3.5 equivalents) and diluted with éthylacetate and washed
with water (1X), brine (1X), dried over magnesium sulfate-
10 and evaporated. Resusp_ens_ion and precipitation in ether‘
is followed by crystallization and filtratién in _ethanol'
to afford the desired library 4 or 5. For related art oﬁ
coupling two sugars with PEG supports see Krepinsky
et al._,. J. Am. Chem Soc., é#ppl. material, 113:5095, 1991.
15 |
Preparation léf deprotécted libr_aries 4 or 5.
To a solution of benzyl protected library 4 or5 (1.0
equiv.) in dry ethanol (..10_ M) is added 10% Pd/C (0.2
equiv.) . The react_ion mixture is capped with a hydrogen
20 balloon and then allowed to stir for 1 day at 25 *C. Upon
completion, the reaction is filtered through a 5 cm.
diameter column énd filled with a plug of cotton, .5' cm.
(length) sand, 5 cm. silica, 1 cm. celite in this order,
to remove the residual carbon. Next; the colﬁmn is
25 flushed four times with ethylacetate and the solvent is

evaporated. If. necessary, the compound is further

purified by resuspension and precipitation in ether,



was that this strategy also allowed the coupling process to be nonitored
since thiopyridine absorbs at 343 nm This BSA-Tyr-d y-Qd y-Phe-Leu unit

affixed t q4kd3kisSA pl ate all owed quantitation of Tyr-G y- PGFPSASABEd or
its 15 analogs in solution by conpetition for binding of anti-[err]-
endorphin to the imobilized Tyr-d y-d y-Phe-Leu. The amount of - bound
anti-[err]-endorphin could then be quantified by ELISA. The diverse

sol ubi l'i zi ng power of MeO PEG provided §20 direct way to screen the saved
and cat al ogued MeO PEG sublibraries in a honbgeneous conpetition ELI SA
assay for binding to the [err]-endorphin antibody, Figure 31. However, it
shoul d be n@badoweat Myvhectydnaklizaticne ardpfblerabionaian ehdaned MG
renoved to provide just the library of 25 |igands.. These sublibrary

nm xt ures camfdlosd beesdasined dePEAtafBFdg %%ﬁﬁ%?t?a} %ﬁ?ﬁ&%ﬁh%\ﬂf

bi ndi ng |i gands, WD 96/ 03418

PCT/ US95/ 09814 58 and as shown in Figure 31, binding affinities detected
are quite simlar. The deconvol uti on sequence can be foll owed by exam n-

5 Cléavage of the oligosacchéride from the PEG support.

The oligosaCChariﬁe moiety is removed from thé.
polymer by. overnight treatment of library 5 (e.g.,
compound 200, sée Figure 24) dissolved in methylene ‘
chloride (.5 M) with  methanol (2.0 M) and -~

10 1,s-diazabicyclo[5.4.0]undec-7-ene (DBU (i drop per .02
- mmol of library)) with stirring at 25 °C. The PEG support
and deprotected- oligosaccha:ide library are then
précipitated with ether and iemoved by filtrationf The
precipitate cdntaining both thelPEG and oligosaccharide
15 library is dissolved in hot ethanol, the PEG is allowed to
crystallize out; filtered and washed with cold ethanol.
The combined filtrate and washings are then evaporated to
afford the fully deprotected oligosacchéride 300.with the
corresponding deprotectéd library 5 which can be further
20 purified by standard revefse phase HPLC analyéis. For
related art on PEG supports with oligosaccharidés; see
Krepinsky et al., J. Am. Chem Soc., éuppl. - material,

113:5095, 1991.

25 érotéction of the core nucleotides.
Nucleotides afe shown protected with common

proteéting grbuﬁs. For the 5’ -hydroxyl group, the DMTr



ing the 1CJerr] values determ ned for each p(n) sublibrary 5 which is
depi cted i Ny 1831. Thus, starting with the four pools of
pent apepti de sublibrary p(5), where only the N-term nal am nopgg’i%&’ﬁ”?‘“
defined, the MMO-PEG N.err]-Nerr]- Nerr]-Nerr]-Tyr pool gave the only
detectable binding ICferr] = 51 [err]M - Based on the recursive strategy,
Tyr is coupled to 10 the four saved and catal ogued p(4) sublibraries
giving MMO-PEG Nerr] -Nerr] -Nerr] -G8 Tyr, MeO-PEG N err]
-N[err]-Nerr] - Phe-Tyr, MeOPEG N err]-Nerr]-Nerr]-Leu-Tyr,
MeO- PEG N er r fdbfnethbxhettl 1) Tyyroly - 14588 Haddiese ogl,s

g -1 Tt EEP&%%&Q %trﬁ’élp next

provi des an enrichnment step and nore inportantly deconv
residue, 15 dgugcive, ifsb@dED Nabilidyerr] A entl - Ghteltae i vl etk =
7.7 [err]M. These results allowed for a | ogical procession to the next

saved subl i brarphepy3xanvhenebnyly(pikyk) ancowh \iej perFeethot Bceapphgdet O
the four p(3) pooled sequences. Solving for the third amno acid did not
give a uni querR@sffeng addirdonpiGafwstdlNmity- @sy- @Y1 T\Ws bBBers
sequence cgrres pnding.to that of the native epitope, was the strongest
bi nder | C[®rrfeELewed[ by, BRauAAISH (2% albl i Hletrphssraolv2m2228 4 $pBR. ar
manner (vide 'nfr%}' aut now two _pool s, , one containing the predicted
sequence, (MOPEBSRPERF. BED2QY} @RA T{Fobueysyl| gromps @res yeed] Eprand

one cont ai ni he_segquence PEGNerr]-Leu- Gy-Ay-Tyr, IC[err] = 4.0
[err]M mre%%oéﬁ?%%?gl%’ %%&ﬁcﬁﬁ\téﬂéd&%’ﬁwmfw tRIRR | groupsi of
menbers coul dzh-aa'é:q:@}‘?@?tidine_and 2' -deoxyguanosine, respectively. The

di-n-butylaminomethylené or the standard benzoyi groups -
10 can be used at the N°® position of adenine with good results

in most syntheses of at least 20 bases in length..

Preparation of S'fO-DMf-Nf”OPEG.
The protected 5’'-O-nucleotide is coupled to PEG
15 (preferably the monomethylether, 5000 M.W., .hydroxyl
number 0.20 meq/g from Aldrich, Fluka or Sigma chemical
compahies) via - a succinyl linkage, although other
ﬁunctionalities such as ether_ and amide 1linkages are
suitable as the linker between the PEG soluble support and
20 the' nuqleotide core 'molecﬁles. Monomethylether-PEG
succinate coupling to the nucleotide is accomplished via
standard activated ester proceaures employing DcCC
conditions as developed by Keék et al., J. Org. Chem.
50:2394, 1985. As an alternative to linking the soluble
25 support to the 5'-0 positibn, the exocyclic amine groups

on adenine, guanine and cytosine can be anchored to the
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acconplished by tracing in succession both sequences Tyr- dy-Gy-Phe and
Tyr-Ady- qv rd6¥a1s Hovever , because we have al ready exanm ned porusesa96R4

pent apeptide l1brary froma "solid phase" recursive deconvol ution strategy
we decided 5 to only follow the nost active conponent (Tyr-d y-Qd y-Phe)

through the iterative process. In Figure 30, the final p(1l) sublibrary
provi ded us with the native epitope ang several other potent binders. 10
Exanpl e 16: Li quid Phase Synthesis Rd Characterization of Non- Pepti de.

Nonol i goneric Ml ecul es: Sul fonam des. The LPCS process that has been
descri bed siEwilkaldroanfide fhacsyohhésity e demonttrsatefl hpl eapakientity
as long 15 as the chem stry enpl oyed does not interact with, or adversely
af fect the glaier ' NuplepetdéssandsNucieatridag, pb2 n2lf3dP, t h93xami nati on of
the MeO PEG support under conditions_other than peptjde |inking and .
deprot ecti on redEtPEPGEFRTE nyBsABgaPedOWRs pRIOFASTed aminacddi kil the 20

context of synthesizing a class o unds known a S .
' e%hiv.), sué%inic anhy rf éw%% equf%. ang-DMAP (1 equiv)

5 are stirred in dry pyridine.(.zo M) at room temperature.
After completion of the reaction, py:idine is removed by
evaporation and the residue is subjeéted to flash
éhromaﬁography in = -ethyl acetate. . Next, the
monomethylether of PEG '(0.8 eq.) is mixed with the

10 3-0O-hemisuccinate and dried pvernight'at high vacuum over
the dryihg'agent phééphorous pentoxide”PJk. Thié'mixture
is then dissolved in anhydrous methylene chloride (.5 M)
and a catalytic amount of dimethylaminopyridine - DMAP (.1
“equiv.) is followed by dicylcohexylcarbodiimide - DCC (.8
15 equiv.) After 15 minutes, the reéction becomes cloudy and
is stirred overnight at room temperature. The
precipitaﬁed urea is removea by filtrétion, washed with
methylene chloride and the volume of the combined
filtrates is fedﬁced to its OriginAI size. It is cooled
20 to 0 °C, anhydrous ether is added with vigorous stirring,
and precipitated out. | After filtration the solid is
dissolved in hot absolute ethanol, and fecrystallized to
afford 27 or 28 (Procéduré from Krepinsky et al., J. Am.
Chem. Soc.'113:5095; 1991, supplementary materials)..

25



sul f onanm des. Sul fonani des, because of their | ow cost and undeni abl e

ef ficacy i nwoisgspisi bl e i nfecti ons, have for years spurred thfcfﬁﬁﬁﬁﬁ&hion
of nunerous anal ogs. However, because of bacterial resistance, a

relatively 25 narrow antibacterial spectrum and unacceptable side
effects in sone patients, the antibacterial sulfonam des no | onger enjoy
the clinical vogue they once had. Inter- WO 96/ 03418

PCT/ US95/ 09614 60 estingly, because of tHese extensive clinical studies
several pleasant surprises canme out of this work. Nanely a nunber of the
aryl sul f onani dttemmativeaonedPBGer anti- bacterial potency now provided

| eads to new classes of 5 drugs. These include new cl asses of endothelin
antagon- ists, ant?ttRergRgPRS, (pelivethpbenesglymaldr r hyt He a6l ubilky
(31). The arylsulfonankde nycl eus, t hus appéars to be a significant

phar macophor eGPt cRt §o0dCed A4t natsr raBel iafi @xecimitationBahdre a

library of any. j1ude can be secured, a_general synthetic schene with
ny,%’g?‘gg% 29339 REGPSF g&ﬁém‘ Stezaahive molymenic gareups Past
an .

reliable proto
syn- 5 ¢ be. used and include polyvinyl alcohol and
polyvinylamine copolymerized with polyvinylpyrrolidone.

('Bay'e.r et al., Nature 237:512, 1972).

Chain Assembly steés 1-2.

10 The oligodeoxyribonucleotides are synthesised using
standard conditions (Gait et al., -Oligonucleotide'
synthesis, a practical approach IRL.Press LTD, Oxford,
1984 Pg. 83-115) f:qm thé 3'_end to the 5’ end in a cyclic
process involving two chemical reactions per cycle. The

15 first step removes the 5/ protecting group (DMTr or Px)
with a sﬁitable proﬁic acid, (eg. 3%-10 % (w/v) dichloro-
acetic acid‘in.l,z dichloroethane) followed by appropriate
.washes to remove residual -acid ‘and precipitation or
crystallization_ of the PEG conjugate (if necessary) .

20 Next, the appropriately protected. éhosphoramidite,
phosphite or phosphotriester nucleotide (monoﬁer.used
depends on which coupling method chosen) is condensed in .
the presence of a coﬁpling agent l..(ég.
1-mesitylenesulphohyl-3-nitro-l,2,4;triazole-if"necessary;

25 depends on coupling. method chosen) with thé “free
5'§hydroxyl group of the deoxyribénucleoside bound t§ the

PEG support. For complete removal of reagents, the



.theses of arylsul fonam des that have | ead to drugs, have been achi eved by
one of two fairly straightforward routes, 15 (Figure 29) (Ellingboe, J. W,
Spi nel |'i , wiy 9608818 dey, M W, Nguyen, T.T., Parsons, R W, MGHHFHKNY F
Kitzen, J.M, Vonengen, D. & Bagli, J.F.,-J. Med. Chem 35:707-716, 1992.)
In the first nethodol ogy chl orosul fonation of acetanilide gives the
correspondi ng sul fonyl chloride 2; 20 and reaction wth the appropriate .
am ne gives the intermediate, 3. Hydrolysis in either acid or base leads to
the sulfanilamde 4. |In an alternative approach, the am de formation is
performed on para-nitrobenzenesul fonyl chlorjde 5. Redug&Lon by either
cheni cal or PEGrRopndc Federiidfod<canyi rikedy D&rr SPFLYSERL Ligss  fFom

et he. key TREBYAEASaIIGF B/ JARSIPEG SERERogrs ST WnttEoR0L 00 duR0aa1s
s b
chloride appendage 1A 0ew, £ UL 44 Ty0U 21 EPAbYES dRYi sedsthivg)- pEOWes
5 octamer level ~maximum length tested (Bonora et al.,
Nucleosides and Nucleotides, 10:269, 1991). Note: the
purifiéation of the PEG-bound oligomer can also be
enhanced by treatment with a capping mixture before ﬁhe
detritylation step (eg. acetic anhydride) . _ : -
10 - '
Split synthesis " strategy using PEG snpports"with
nucleotides. . |
After each step of the s&nthesis, a portion of each
PEG supported libréry is then saved and éaﬁalogued, the
15 remaining fraction is combined, mixed and redivided. The
steps of (1-2) deprotection, coupling, (3) saving and
cataloging, and (4) randomizing are repeated until the
desired 1library 'is obtained. For a review on this
recursive doconvolution sﬁrategy, see Janda, K. et al.,

20 Proc. Natl. Acad. Sci., 91:11422., 1994.

Purifidation, oxidatidn, deprotection steps 3-6.

' Oxidation ci the phosphité or phosphbramidite to the

phosphate,
25 The oxidation of the phosphites is accomplished via
standard conditions in a  solution of

tetrahydrofuran-z,GQlutidine-water (2:1:1) (.1 M total)



5 the flexibility for added diversity and enbraces in a sinple manner the

‘desired ar ywouwshbsnyl chloride. By starting with 4- PCT/US95/0
(chl orosul fonyl ) phenyl isocyanate the MeO PEG support is func ionaﬂ??éd

and the desired sulfonyl chloride internediated 6 is obtained in a single
step. 10 Most inpressive is that there is no conpeting nucleophilic
"~ process at the chlorosulfonic acid noiety_during this coupling reaction.
Equally inportant is that this |inkage a Pows the reaction to be
followed by proton NWR (Figure 32), is conpatible with a variety of
sul fonyl 15" censaigeingdl.eophibdtnadltioequeslénts) VEY) at bhe:eng,pf
the synthesis the carbamate which Iinks the arylsulfonamde to the
MeO- PEG i s r éQdiMiyuliasy edTie Naixrunel ihetpendwasheidsotiatted fsurated
honbgeneous syppart. EgPlo | ng the reaction schene shown i'n Figure 30 we
have 20 synffedtZ2eRs IRF Fe¢dmreisylater se, rempives Memarianinte i @di me
nultinilligrﬂgkﬁuantié% (nggr% 30 and Figure 32). It should be noted
that while t dy TATE M MedriBECraats fiohyFemaVer ixrelual hbaseer t1X) ,
success ot the.aryl | f onami des synt hesized, as shown in Figure 32, is
hi ghl y 25f5 dg%é'%g\én?ﬁgn ‘?:hgufﬁé d‘fytt e YeopRi | BXeCYRéEaEer ether yPEBOr
nucl eophi | es | e an [ l.re. |l onger action tines and nore
stri ngent teﬁ%g§§F§fes %E%%&g§g§§)_réc;§§taif1;atlon JJl.hOt. ethanol,
followed with cold ethanol washes affords the desired
phosphate. For synthesis of deoxyoligonucleotides on a
polymer suppor; outlining standard methodélogies .see
10 Caruthe;s et al;, J. Am. Chem.‘Soc. 103:3185-3191, 1931;
Gait et al., Oligonucleotide Synthesis, é praéticai

approach IRL Press LTD. Oxford, Chapt. 4, 83, 1984,

Removal of the N?,N*,N° and 5' pfotecting groups. )

15 The standafd proceduré of heating to approx 60 °C for
;5-20 hours with benzoyl énd isobutyryl groups is used for
theldeprotection.cf the Nﬂ'and.N*-exoéyclic amino groups of
2’ -deoxycytidine and 27;deoxy§uanosine, and  the
di-n-butylaminomethylene groups at .the N¢ poéitinn .of

20 adenine. o |

If the 5’ DMT protecting grbnp is uéed,.iﬁzcan be
removed via treatment of the PEG.bound oligonucleotide
with & saturated solution of ZnBrz (1.5 equiv.) in
nitromethane (.1 M). The next step is a hydrolytic wash

25 with n-butanol in tetrahydrofuran and 2,6-lutidine (all
reagents available from Aldrich chemical lcompany).

Alternatively, 80% acetic acid can be used. Crystalli-
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Peptide libraries secured on solid supports were the first chemcally

synt hesi zed conbinatorial libraries (Geysen, H M, Rodda, $chusssh&Eesn.
T.J., MoIWOK®HE = 23:709-715, 1986; Lam K. S., Salnon, S'E., Hersch,
E.Nl, 5 Hruby, V.J., Kazmerski, WM & Knapp, R J., Nature (London)
354: 82-84, 1991; Houghton, R A, Pinilla, C, Blondelle, S E., Appeal,
J.R, Dooley, C.T. & Curevo, J.H Nature (London) 354:84-86, 1991; Foder,
S.P.A., Read, J.L., Pirrung, MC., Styé% L., Lu, AT. & Solas, D., 10
Sci ence 251:767-773, 1991.) As inportant as this work was, the need for
greater chep Ef% diLyer Rt YRS uPYd ){:H@r“éﬁk*é%jfﬁhﬁﬂﬁntl%pbﬁﬁmmedf
‘non- ollgone?? eterocycllc | i-braries has begun to.dom nate the
combi nator i gl sepngc6BHaal B1iBofuciBbuakett, M J. & Ellman, J A, Proc,
Natl. 15 Acad. .-USA 91:4708-4712, 1994; CGordon, DW & Steele, J.,
Bi oorg. Med. Chen1 Lett. 5:47-50, 1995 Plrrung MC & Chen, J., J. Am
Chem Soc. 117:1240-1245, 1995; WIllard, R, Jamml amadaka, V., Zava, D.
Hunt, C A ,cBeawagé. Cof KusihceinaRe) e€semnl &9 TrSROVE:herﬁEqSl oﬁ“’!’o
2:45-51, 1995.) An -outgrowth of these <classes of o

-5 ol;gonucleotides.

‘The ollgonucleotlde m01ety is removed from the
polymer by overnlght treatment of the library dissolved in
methylene chlorlde (.5 M) with methanel (2.0 M) and
1,8-diazabicycio[5.4.0]undee-7—ene (DBU (i drop per .02

10 mmol of library)) with stirring at 25 ‘C. The PEG support

and deprotected eligonucleetide iibrary'are then preci-
pitated with ether and removed by. filtratien. The
prec1p1tate containing both the PEG and ollgonucleotlde'
library is dlssolved in hot ethanol the PEG is allowed to
15 crystalllze out, flltered and washed with cold ethanol.
The comblned flltrate and washings are then evaporated to
afford the fully deprotected ollgonucleotlde llbrary'whlch
can be further purlfled by standard reverse phase HPLC
analy51s or ionic exchange chromatography. For related
20 art on PEG supports with , see Bonora et al., Nucle051des

and Nucleotides, 12:21, 1993.



libraries is the fervent pace to try and adapt solid phase synthesis to

mul tistep orwemsm34ieacti on sequences. W have proposed andnb?ﬁj nted a
technol ogy termed Liquid Phase Conbinatorial Synthesis to si F§g§WKthus

further 25 accelerate this process. In this nmethodol ogy we exploit the
advant ages that classi.c organic synthesis offers in WD 96/03418

PCT/ US95/ 09614 63 solution with those that _solid phase synthesis can
provide. The results reported in this artPele indicate that the reaction
scope of LPCS should be general. Its value 5 to nulti-high-throughput
screeni ng assays could be of particul arci®fmg Since multi-mlligram
quantities of each |library nenber can be attained. The principles and

net hods out | | H8@tudienglep@sdstisul d be applicable to the synthesis of
conpl ex chemi cal structure libraries as well 10 as other processes that
fall under the heading of chem cal diversity. Materi-al s and Met hods

Gener al .- .
. 1. A soluble combinatorial library comprised

5 of a set of core molecules or assemblage of core molecules
wherein each said core molecule or said assemblage of core

molecules is attached to a soluble polymeric compound.

| | 2. The soluble combinatorial library of claim -
10 1 wherein the molecules in said set of core molecules or

said related assemblage of_molecules differ by one or more

chemical moieties.

3. _The soluble combinatorial library of claim
15 1 wherein said soluble polymeric compound is selected from
the group consisting of PEG, polyvinyl alcohol and

.polyvinylamine copolymerized with polyvinylpyrrolidone.

4. The soluble combinatorial library of claim
20 1 wherein said set of core molecules comprises a-azetide

compositions.

5. The soluble combinatorial library of claim
1 wherein said set of core molecules comprises triazine

25 dione compositions.

I



15 BOC- prot ected am no aci ds were purchased from Bachem Cal i forni a.
N-succi ni m dyl - 3-(2-pyridyldithio) propionate (SPDP) was purchased from
ProChem 6\bdosqigher reagents including poly(ethylene glycopgTamsesogbidet her
(MW 5 0083 wer e purchased from Al dri ch. Met hyl ene chl oride and 20
chloroformwere purified by distilling over CaH2, and nethyl al cohol was
di stilled over magnesium turnings. N, N-dlnethylfornanide was successively
dehydrat ed over oven-dried nol ecul ar sigves (4A). QOher solvents were
used as comercially avail able, or othefw se nentioned. 25 TLC el uent was
CHCl [err]: MeOH AcOH Herr]O = 83:15:1:1. UV spectra were neasured on a
Hew et t - Packard 8452A6di od&her sayl ubiec conpicedrstial diibmayivemf wcdmdar at ure.

WO 96/ 03418: PCT/ US95/ 09614 64
Constructi on ofheleiPentsagcht iS¢& Liohr acpreThBO}estdSsnt CATDLUFES | 9 wer e
constructed manual |y on nongnet hoxy polyethyleneglycol (MeO PEG

pol ymer suppectamgisde comppaitdane-(13) and Bayer's protocol (7) 5 wth
the follow ng nodifications. N BOC L-Leu, NNBOC-Ay, N BOC L-Phe, and
N—BOC—O(Z Br-Cbz)-Tyr were amino acid

5 7. The soluble comblnatorlal library of claim
| 1 wherein said set of core molecules comprises o-

lactamthiotide compositions.

8. The.édluble'combinatorial library of claim
10 1 wherein said set .of core molecules comprises f-lactam

nucleus containing compositions.

9. The soluble combinatorial library of claim
1 wherein said set of core molecules comprises lycoramine

15 alkaloid nucleus containing compositions.

10. The soluble combinatorial library of claim
1 wherein §aia seﬁ of core molecules comprises fB-blocker
ﬁucleus compositiohs;
20 | | |
11. A soluble_combinatorial libféry comprising

a collection of a-azetide compositions.

'12. A soluble combinatorial library comprising

.25 a collection of triazine dione compositions.

-

I



conponents for the library construction. The first am no acid residue was

anchor ed t oyblgndis> PEG by the DCC/ DVAP coupl i ng nmet hod ( Zal W g/%su
Glon, C & Zlka, A, 10 J. Macronol. Sci. Chem A21:839-8 BB The

coupling efficiency was determ ned to be >99 % based on the absorbance. of
phenyl carbamate derivative ([err] 236 nm= 17,500 Merr]) which was
quantitatively fornmed by the reaction between the unreact ed hydroxyl groups
of MeO-PEG 15 and phenyl isocyanate in fle presence of a catal ytic anmount
of dibutyltinlaurate. The next amno acids were added sequentially with

the aid of O benzotriazpd:| YalsoNibiéN c&inbfz@étf@ﬁ?&i‘ﬂ%@ﬁp%?om isin
Hexaf | uor ophosphate (HBTU) and dii sopropylethylam ne (Dl %burtoalou

V., Goss, 2 ®&llectnbompolll ptladtamiide oodnpdsiCionsynt heS| s A 572-574,
1984). Each coupling reaction was run in a m xed sol vent of CH[err]CI[err]
and DMF until Kaiser's ninhydrin test (Kaiser, E., Colescott, R L.
Bossinger, C.D. & Cook, P.l., Anal. Biochem 34:595-598, 1979) mas
negative; acetic anhydridle 25 SQable gpmbi T&%&Pml (hboxate dcempris fngups.

After each coupling ste periion of fhe, ymer was saved and | abel | ed
f or futug ﬂa&"c"c?r‘g?rﬁ;f éjola‘f?t%‘“t?:b%ﬁ%g?v‘@mpwltlons

'15. A soluble combinatorial library comprising .

a collection of g-lactam nucleus containing compositions.

10 ' 16. A soluble combinatoriel library comprising

a collection of 1ycoramine alkaloid nucleus containing

compositions.

17. A soluble combinatorial library comprising

15 a collection of B-blocker nucleus compositions.

i8. A Imethod | of genefating a soluble
combinatorial library comprising the step of providing a
core molecule bonded to a soluble polymeric compound.
20
19.. A method of generating a soluble
comblnatorlal llbrary whereln a collectlon of molecules is
eff1c1ently generated varylng 1n comp081tlon by the random
attachment of a core molecule at a particular position in
25 a serles of core molecules wherein said first core
molecule ef each of.seid collection of core molecules is

affixed to a soluble polymeric compound.

e
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deconvol uti on nethod of conbinatorial chemcal libraries (12).. The final
depr ot ect'gﬁpgéé]uﬂ- Boc- and 0-(2-Br-Cbz)- groups by iodotri negpsssidessac
(Lott, R S auhan, V. & Stamer, C.H, J. Chem Soc. Chem Comun.

495- 496, 1979) 5 conpleted the construction of the pentapeptide libraries.
Preparation of [Leu[err]] -enkephalin-bovine serum al bum n conjugate
(BSA-1). [Leu[err]] -Enkephalin was-co;géed to bovine serum al bum n 10
maki ng BSA-1. The schene used-to prep BSA-1 is shown in Figure 28. It
shoul d be noted that the coupling of 1 to BSA requires the

reformul ation of BSAo.toa a methoddr yloft ed genetraitinay Twaut saledgent. 15
N-Boc-Ot-Butyl-Tyr-Ay-dy-Phe-Leu-CJerr]-PEG Ov. MO PEG (5 g, 1 mmol),
N- Boc- Leu HgembliRat@ri48 §ibFamyolcpmpaniciDidARhE0 sB8p6of, syn2hemizingwere
di ssol ved in nethylene chloride (25 nL) and DCC (1.24 g, 6 mvol) was added.
After 2 hrsaokest pfr cngyeamol ecrilesnpiexedne eagh gore nodsieypde dekingl) was
added, and stirring was continued for another 30 min. Uea was filtered
of f, and topans fn sgide syashesdd Prapide disaolaac inysitutiRnr ous
stirring. The precipitate was collected on a glass filter and then

__'redissolﬁed in DM, The conpound was

21. A method of <generating a soluble
combinatorial library comprising.the step of performing a
split synthesis wherein said split syﬁthesis is performed
in solution.

10

22. An improved method for generatiﬁg a library
of combinatorial molecﬁles,,the méthod employing at least
two cycles of a parallel_split synthesis incorporating the
-followiﬁg sequence of'steps:

15 Step A: coilecting.and mixing maéromolecular
supports within a common pocl, each macromolecular
supports having a naséent combinatorial molécule
attached ﬁhereto; then

Step B: splitting and transfefring the common

20 pool of macromolecular supports of said Step A into
a series of separate reéctioﬂ vessels;'then

Step C: elongating the nascent 'combinatorial

mole'.cules attached to the maci'omol'ecular supports
withih each sééafate reaction vessel of éaid.Step B

25 by an addition of reactants thereto; then

/-_

R



25 reprecipitated by addition of ethyl ether and the precipitate washed

W t h et hanowd ssig3gsduce pure N-BOC-Leu- CJerr]-PEG OV (1) ( 9 .
| (5.15 g) was dissolved WD 96/ 03418 | Petitsbhosrd
PCT/ US95/ 09614 66 in a-m xture of nmethylene chloride: trifluoroacetic acid
(1:1, 40 nL) and stirred for 30 mn. at roomtenperature. The vol unme of

sol vent was reduced to half, and the slow addition of ethyl ether gave the
anmoniumtrifluoroacetate 5 salt (I1) as’h white precipitate (4.98 g, 96
%. Il (4 g, 0.765 nml), N Boc-Phe (0.609 g, 2.30 mvol ), and DI PEA (1.3

mmol , 7.65 mol) were dBtepl Ded | washiigt utke Ofmatrdnd e XdW Ol‘sh%%cﬁ.l%% DVF
(25m.), followed by the addition of HBTU (0.871 g, 2.30 mol). e
reaction was 10 nBfAFesr 6aiby Stapsdl ' fomi rémavingt eeacuanthl theredidnie
readi ng was obt ai ned. Acetic anhydride (1nL) was then added and stirring
was continued for &R8t RBPR30 min. ~The reaction nixture was condensed to

hal f vol ume. Successive operations of precipitation by ethyl ether,
redi ssol ution 15 in DVESPREPLBEi FRisk S&eDsy Aot or ,Camnd Di aal deadlred t he

reci pitate by ethanol generated N BOGC Phe-Leu- err] - PEG Owve
P P £ by gbr g’generatflng the libr;%g AE combinatorial

molecules;
wherein the improvement is characterized as follows:
in said Steps A, B, C, and D, the macromolecular
supports are biphasic;.
10 in said Step C: elongation of the nascent
.combinatorial molecules is facilitated by employment'
) of a first solvent which.reﬁders the macromolecular
supports soluble therein;
| in said Step D: washing of the macromolecular
15 supports and removal of the reactants ﬁherefrom is
facilitated by employment of a second solvent which
lrenders the macromolecular supports. iﬁsoluble

therein.

ZQ | 23f An improved.method_for generatiﬁg é library
of combinatorial molééules as described in Claim 22,
wherein the improvement is .further characterized as
follows:

in said Step C:.the macromolecular supports are
25 seiected from #he group consisting of polyethylene

glycol_ (PEG), polyvinylalcohol, polyvinylamine

* [ L M $ *



(rrr) (3.91 g, 95 %9. The deprotection of N-BOC group by a TFA: nethyl ene
chloride mxture gave an ammoniumtrifluoroacetate salt (l1V) as a

white pre@&&%ﬂgﬁ (3.75 g, 20 96 %. The repetitions of pcfwsdsodis
coupling and deprotection with NNBOC-A3y, N BCC- Phe, and N-NBOC-Ot-
Butyl - Tyr produced N-Boc-Ot-Butyl-Tyr-Ady-Gy-Phe-Leu-CJerr]- PEG Owe
(2.51 g, 96 9%9. 25 NBoc-Ot-Butyl-Tyr-A@y-Ady-Phe-Leu-CJerr] M. .
N-Boc-Ot-Butyl-Tyr-Ay-dy-Phe-Leu-COerr]-PEGOW (2 g, 0.35 mmol) and
KCN (200 ng, 3.08 mol) were di ssol ved } WD 96/ 03418

PCT/ US95/ 09614 67 MeOH (10mL), . and stirred at roomtenperature until N Boc-

O-t-Butyl -Tyr- G ydgolynteailzsd COwdtth| - PG @vbntl s appearelidinepni tadd by
TLC (24 hrs). - The reaction mxture was concentrated to 3 nL, acidified
with IN HO, and dedtirnedtiotess thendoft OAc twice. The conbined ethyl acetate
| ayer was washed with brine and dried over MgSgJ err]. The sol vent was '
renoved under reduced pressure to give the desired product (0.273 g, 93 % .

THC Rlerr] 0.6% Elect ospr oy N rived mechod or ddnedaridg’a 1itiddy
5 of combinatorial molecules as describéd in Claim 23,
wherein the improvement is further characterized as
follows: | |
in said Step C: the macromoleéular supports ‘
include ﬁolyethylene glycol (PEG). h
25. An improved method for generating a library
of combinatdriai moiecules as described in Claim 23,
wherein ﬁhe improvement is further. éharacterized as
folldws: |
15 ; in said Step C: the first solvent includes an
alcohol; and

in said St'ep D: the second solvent includes an |

ether.

20 | - 26. An improved method for generating a library
of combinat;orial tﬁo'leculeéas described in Claim 22,
‘;vherein the combiri.atorial molecules of the library are
selécted from- the grouﬁ consisting of oligopeptides,
oligosaccharides, oligonucleotides, afylsulfonamides, aﬁd

25 derivatives thereof.- and wherein the imp;o%remgn_t_ is furt.her

characterized as follows:

e

/
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10 N-Boc-Ot-Butyl-Tyr-dy-d y-Phe-Leu- (C=O -NH (CH[err])[err] NH err].
The pepti deWR6i§418ester (80 ng, 0.11 mmol ), NaCN (20 ny, 0. 4cTPsdsipesiand
et hyl ene diamne (400 [err]L, 5.99 mml) were dissolved in MeOH. The
resulting mxture was heated 15 at 45 [err]C for 8 hrs. The reaction

m xture was cool ed, concentrated, and acidified with 1IN HJ. This was
partitioned betmeen Et CAc and agueous CU§?£err] and the organic |ayer was
successi vely washed with aqueous CuSO err| until ethyl ene. diam ne coul d not
be detected in the ethyl 20 ,acetate solution. The ethyl acetate solution
was dried over MySO err R £addr hRkal Cof thae fdgistemolgmns t imcedesedn

roduct (62 75_9 0.15: Electrospray-Ms mz 754
p ( g, 3%%8%2{8&1“5[ tfxe]macromolecular gup{aorts are selected

(MtH err]).
PCT/ US95/ 09614 68 (C—o © - NH-
(1 gH[ erlr%) [e(rj rk: -Ng E%%ﬂqt%et %%%‘ %E%H% n y&&fng&em %y@gészg,
unol) an u m# | pi_Qna :
[err]mol ) ( SPDP) we?gtg%s 3”§A§&%%é#£?s RE?YVA olymerized
5 with polyv1ny1 pyrrolidine, and derlvatlves thereof;
and | | |

in said Step D: the second solvent includes an

ether.

10 27. An improved'method for generating a library
of combinatorial molecules together with a deconvolution'
assemblage, the method emplo?ing at least tmo cycles of a
parallel split synthesis incorporating the following
sequence of steps:

15 Step A: collecting and mixing macromolecular

| supports within a common pool, each macromolecular
support having a nascent comblnatorlal molecule
attached thereto; then
Step B: spliting and transferring.the common
20 pool of macromolecular supports of said Step A into
| a series of separate reaction vessels, then
Step C: elongating nascent combinatorial
molecules attached to the macromolecular supports
within each separate reaction-vessel of said Step B

25 by an addition of reactants thereto; then

A B



~triethylam ne were added and the reaction m xture was stirred for 1 hr at
roomtenperature. The reaction was evaporated to dryness, and purified by
t he preparpébyesads-C (10.7 nmg, 92 %. TLC Rlerr] 0.55; FAB- NBTAIB!S/@BH
(MtH err]), 973 10 (MtNa[err]). (CFlerr]COJerr])

-NH err]-Tyr-d y-d y-Phe-Leu-(C=0) -NH (CHerr]) [err]-N+ (CO -
(CHerr])[err]-SS-2-pyridinium The N-BOC and O-t-butyl groups were
deprotected by 15 the stirring of the a@£¥e N- hydr oxysucci ni m de ester
(10.7 mg, 11.3 [err]nol) in trifluoroac c acid (2 m) for 17 hrs.. A

vol atiles were renoved and upon addition of ethyl ether, the desired
product was forned as StemrDsol iwvhgiingythes ficrofrdBedBlarz siffports

(MtH err]), 817 (MtNa[err] 20 [Leu[err]]  -Enkephalin-bovine serum al bumn
conj ugate. The atm‘i}teersﬁal%ZShgp €. §or|[ sempivdng weactiade heref BNE; (50
[err]L) and the solution slowy added to the bovine serum al bum n

(sul fhydryl ated BheRaut's reagent) in PBS (1 m). 25 After 10 min., an

aliquot of 50 [err]L was renoved and diluted to 1 EL The concentratlon of
[Leu[ err]]-enkephal i n-B&RR det serkRRAY i n Ehj ugé eTRE det@F i ndeleo be

0.8 mM based macromolecular supports from each reaction vessel
after said Step D for formlng the deconvolutlon
'assemblage, and then

repeating said Steps 'A, B, C, D, and E as !
desired for generating the library of combinatorial h
16. molecules; | | ,
wherein the improvement comﬁrisea:
in said Steps‘ A, B; ¢, D, and E, the
macromolecular support is biphasic;
~in said Step C: elongation ©£ the nascent
15 combinatorial molecules.ie facilitated by employment
| of a fifet solvent which renders the macromolecular
supports soluble therein;
in said Step D: washlng of the macromolecular
supporta and removal of the reactants thereffom is
20 ' .facilitated by.employment'of a second solment which

renders the macromolecular supports insoluble

therein.

28. An 1mproved.method for generatlng a llbrary
25 of combinatorial molecules as descrlbed in Clalm 27,
wherein the improvement is further characterized as

follows:

A



WO 96/ 03418 PCT/ US95/ 09614 69 on
the formati owoodo3drg hi opyridine (Alerr] = 0.2529). The pyri dj one
has a nol ar extinction coefficient of 8080 Merr]cnferr] at 32??1%19&@6941_
Partial Library Conpetition ELISA for Anti-[err]-Endorphin Mnocl onal

Anti body. Each well of a Costar 96-well microtitre plate was initially
coated with 25 [err]L of BSA-1 (5-20 ng/nL).in 60 nM sodi um bicarbonate/ 30
mM sodi um carbonate, (pH 9.3) 10 over :bht. The wells were washed with
dei oni zed water and bl ocked 100 [err]L of BLOTTO to prevent

nonspeci fi ¢ adsorption. inAfsasid iStmmari nhe aackichdldtuBr FiEEste £ dPe 2
noi st chanber, the BLOTTO was shaken out and 25 [err]L of the partial
library pool (conp@SlRftas ifern whe mnup tconbdistitngi bt pelyettflene
serially diluted across the plate;, the sane process was then continued in
the first well of EH¥QcondBES, Lapelyyimsdalamhals t heqios inylkamim r ol
(I't should be noted that thi;s serial dilution step was used for al
conpeting parti al %P;me&&aeé%e WiRE anPPlY¥iRYlendeyprobidinent i kamty was

added to egch wel | S%ZS Il etl‘q) nd t pl ate incubated at 37 [err]C for 2h.
The plate Was wash rﬁk%ﬁ-ﬂy X dei oni zed water, and 25 [err]L of a
1:1000 dilution of goat anti-nouse |1gG gl ucose-oxidase conjugate (Cappel)
29. An improved method for generating a library
of combinatorial molecules as described in Claim 28,

wherein the ilmprovement is further characterized as

10 follows:

4

in said Step C: the macromolecular supports

incl'gde polyethylene glycol (PEG).

| 30. An imp;oved method for generating a library
15 of combinatorial molecules as described in Claim 28,
wherein the improvemer_lt is further characterized as

follows:

in said Step C: the first soJ_.vént includes an

alcohol; and

20 in said Step D: the second solvent includes an

ether.

31. An improved method fér generating a library

of combinatorial molecules as described in Claim 27,

25 whgrein the cbtﬁbinatori_al mole.cul_e.s_ I_ of the 1library are
selected from the group consisting of oligopeptideé,

oligosaccharides, oligonucleotides, arylsulfonamides, and

A



was added to each well and the plate incubated at 37[err] Cfor 25 1
hour . The plates were washed twenty tines wth deionized water, and

bound ant igkpskyesdmt ected by the addition of 50 [err]L of devetTpsosmosmgent
(0.6 [err]L 20% gl ucose, ~ WD 96/ 03418

PCT/ US95/ 09614 70 40 [err]L ABTS, 40 [err]L HRPOin 5 nL of phosphate
buffer pH 6.0) to each well. Thirty mnutes |later the plates were read at
405 nm 5 Construction of a sulfonanidqéd brary. The aryl sul fonam de

|'i brary was constructed on the MeO PEG™ support by parallel synthesis.
MeO- PEG was . reacted with 4-(chlorosul fonyl)phenyl isocyanate in the
presence of deatialattiive samherecd§ adidbwherein| tlye ateprovement 10s further

4- (chl or osul f onyl ) phenyl carbanate of MO PEG (6). Conpound 6 was

di vi ded i nt chansetewirasd @&fl fiddelQWaict i on of each portion with 6 different

amnes in the presence of pyridine generated sul fonam des 7. The basic
hydrol ysis of these Mi® F&RFQuPFBRaf:dddie: 2% cBOLKENE o ABCANESSORS  of

an arylsul fonam dg 115rary £ i TP Uil &S Yl ected

5 from the group consisting; of polyéthylene glycol
(PEG) , polyvinylalcohol, polyvinylamine copolymerized
with pélyvinyl byrfolidine, and derivatives thereof;.
and |

in said'Step D: the second solvent includes an

10 ether.

32. Al method .for génerating a library of
combinatorial molecules, the méthod employing at least two
cycles of a paraliellsplit 9yhthesis incorporating the

15 follcwihg sequence of steps:

Step A: collecting ‘and mixing biphasic
. biphasic macromoleculér supports within a ‘common
- pool, each biphasic macromolecular support having a
nascent combinatorial molecule attached thereto; then
20  Step B: splitting andltransferring the common
| pool of biphasic macromolecular supports of said Step

A into a series of separate_reaction vessels; then
Step C: elonga;ing the nascent combinatorial
molecules étﬁachéd to the. biphasic macromolecular
25 supports within each separate reaction vessel of said
Step B by an addition of reactants thereto in the

presence of a first solvent which renders the

* c L L] S *




O (MO PEGQ - N-[ (4-chl orosul fonyl ) phenyl ] carbamat e.

4- ( Chl or osulpfewspdaxishenyl isocyanate (0.653 g, 3 mol) 20 Wasl,gg)glggs{&’ 14
MeO- PEG (5 g, 1 mmol) in nmethylene chloride (50 nL) and two dr 6ps

di butyltinlaurate added (Bayer, E., Gatfield, |I., Mitter, H & Miutter, M,
Tetrahedron 34:1829-1831, 1978). After 5 hrs of stirring at room
tenperature, ethyl ether was slowy _added to the 25 vigorously
stirred reaction m xture. The precipi t att®5was col l ected on a glass filter
and t horoughly washed with WO 96/ 03418

PCT/ US95/ 09614 71 btippasdthemacrdnelpeatiapi taispdBss drdAdpinder nLaeyym t o

yield the desired product quantitatively. !

N- (4- Al kyl mi nosul f 8hgh) phenyl - O- (MeO- PEG car bamate. 5 N (4

- Al kyl mi nosul fonyl ) phenyl - O MeO- PEG car bamate was prepared i) by

continuously bubbling aff8Ri B:gasweshdogh the biphasic macromolecular

O (MeO- PEG - N-[ (4-chl orosul fonyl ) phenyl] carbamate (0.5 g, 95.8 [err]nol)

i n nethyl ene chl or FEBPPELAL 2IEATH afAidg SPED o néog2 Oresupving oredéthns sat

roomtenperature 10 % t hod A, by stirring _

O (MeO PEG) - N- [ ( 4- EREBEEFOR LR, bie) Prasance @f nsecond 0s6lyent Owhich

[err]nmol) with an . , ) . ' '
renders the biphasic macromolecular supports

insoluble therein;

repeating said Steps A, B, C, and D as desired

for generating the 1library of combinatorial

10 molecules.

33. A method for generaﬁing a library of
combinatqrial molecu;es as described in Claim 31, fﬁrther
charactexized as folloﬁs: .

15 in gaid Step C: the biphasic macromoclecular
Supports are selected from the group consisting of
poiyethylene glycol (PEG), polyvinylaléohol,
polyvinylamine copolymerized with polyvinyl
pyrrolidine, and derivatives thereof.

20

34. A method for generating a library of
combinatorial molécules as described in Claim 33, further
characterized as follows:

in said Step C: the biphasic macromolecular

25 supports include polyethylene glycol (PEG).

* c L M S * )



excess .of am ne (15 eqgs) in nmethylene chloride (5 nL) containing pyridine
(20 egs.) for 24 hrs at roomtenpera- ture (Method B) (Wnterbottom R, J.
Am Chem ywapésn3dfs 62: 160- 161, 1940), or by heating the reaRCT/USPSHRGIdUre in
pyridine solvent at 65 [err]C for an hour (Caldwell, WT., Kornfeld, E. C
& Donnell, CK., ‘J. An Chem Soc. 63:2188-2190, 1941). The MeO PEG
pol ymer was precipitated fromthe honogeneous sol ution by the addition of
ethyl 20 ether washed with with ethanglge and dried under vacuumto give
the desired product quantitatively. Sulfonam de.

N-(4- Al kyl am nosul f onyl ) phenyl - O ( MeO- PEG) carbamate 25 (0.45 g) was

di ssol ved in 0.5N NaOR-10 AL methed hdaed Qﬁneg-@‘{lé?gr] @f d-rle@W n of

(Wnterbottom R, J. Am Chem _Soc. 62: 160- 1940; Caldﬁg
Kor nf el d, Eq@blngtornnggmglgygggs as descri ed in Claim 33 rther

PCT/U595/09614 72 Donnel é; . Am Chem Soc. 63:2188-2190, 1941). The
reaction m @h@ r@%’c’tﬁ#&ft 341"[‘@7]0 and neutralized to pH 6-8 with

e bt TN N S B

three times and the cdritb
5 " alcohol; and

in éaid'Step D: the second solvent includes an

ether.

36. A method for generating a library -of
10 combinatorial moleculesas described in Claim 32, wherein'
the combinatorial molecules of the library are selected
from the group  consisting of  oligopeptides,
6ligosac¢harides, oligonucleotides, arylsulfonamides, and
derivatives thereof and wherein the method is further
15 characterized as follows:
in said Step c: the first solvent includes an
alcohol and the.macromolecular Suppdrts are selected
from the group consisting of polYethYlene glycol
(PEG) , polyv'inﬁrlalcoholl, polyvinylamine copolymerized
20 with polyvinyl pYrrélidine, and derivatives thereof;
and | | |
in said Step D: the second solvent includes an

ether.

25 37. ‘A method for generating a library of
combinatorial molecules as descfibed in Claim 32, further

comprisingg the following additional step:
I —

[




5 ethyl acet ate layer was washed with brine, and dried over MgSg err]. The
renoval gave an anal ytically pure product (based

spectrur’r) v%f‘fk;l}e/’@ﬂrzeactl on yield was typically 95-97 % A new gon@%/%} {4

Li quid Phase Conbinatorial 10 Synthesis (LPCS) is described. The
central feature of this nmethodology is that it exploits the advantages that
classic organic synthesis in solution offers with those that solid phase
synthesi s can provide, through the appli¥®&tion of a |inear honpgeneous
polymer. To validate 15 this concept two libraries were prepared one of
peptide and the second sfemom: pepifeer (dddi Brephs, peeﬁ\bdfneaéﬁ%ii&u@t{y was
synt hesi zed using a recursive deconvolution strategy, (Erb, E., Janhda,

K.D., Brenner, S.,offrahe NahtromobdcuBar. sifpfpditd142dml14RE, O ismd
sever al Iigands 20 were found within this l'ibrary to bind a nonocl onal

anti body elicited waselst feor rforminmrphiecoTnel moiepepssemblagecul es

synt hesi zed were aryl sul fonam des, this class of conpounds Were conscri pt ed
based on their known clinical bactericidal efficacy, (Maren, Annu.
Rev. Pharmacol. 25 Toxicol. 16:309-327, 1976). The results re orted |n
this articte indi e t%a‘t‘e%]l‘@drﬁﬁcg?ﬁﬁr%éﬁg & combdnaranialy

while its value to | tiple t hr pough
comprlsn;i‘.Jng f collec Jhon o g g etide compositions.

) O 0



WO 96/ 03418 PCT/ US95/ 09614 73
screeni ng pGam4moul d be of particular nerit, since multipetiEdspogd
guantities of each library nenber can readily be attained. 5

Synthetic Methods Preparation of conpound 3 or 4 (structure of conpounds 3
and 4 is depicted on Figure 33). Pr OCF{%’B as described in Methods in

Car bohydrate chem stry, Wistler, 1963, p. 327. A mxture of 10
80 granms (g) anhydrous D-gl ucosam@g’d?%_g ochl oride or D-gal act osam ne
hydrochloride from Aldrich chem Lpany, in 200 milliliter (m)

met hanol and 20 g Dowex 50 (H[err]bagldl e5|n is stirred at the boiling
point in a round bottom flask. Aft reaction time, the 15 resin
is renobved by filtration and washed three tlrres with 20 m. of nethanol.
The filtrate and washings arg ﬂ,—eﬂﬁcentrat ed to about 125 ni
by rotovap. The concentrate is 4llowedf to cogl to roomtenperature and
purification by crystallizatio r by dHash &5 umm 20 chromat ography
yields 3 or 4 and carry ws. A solution of crude (1.0 equiv.) in
CHerr]C[err] (0.4 M is —~————

HNRR" 3

Any Primary Or
Secondary Amine

X
€ b — O
Aromatic Hydroxy prchlorohydnn
1
15 ?hcnols
OO OO O0CO0OO0O0O 0000 OO0 O
l Add epichlorohydrin | |

>  Mix all solutions and separate into 15 equal portions

Add 15 Amines

OOOOOOOOOOOOOOO



cooled to O [err]C. The solution is next treated with 4-DVAP (0.2 equiv.)
triethyl am @g defdaélg€dui v.) and dropwi se addition of acetic a‘;l_h‘#g%ﬂ% 365
m, 3.84 nmol, 7.0 25 equiv.). The reaction is stirred for and
t hen quenched upon dropw se addition of 5% HC at O [err]C or until neutral
pH. Next, the reaction is diluted with g Jﬁ? and WO 96/ 03418

PCT/ US95/ 09614 74 then washed with satura aqueous NaHCO err] (2X), water
(1X) and brine (1X). The aqueous Iayei_r is back extracted with ether (1X)
and then reconbined with the original “dg‘tj@n?-c | ayer, which is dried (MySO4)
and then evaporated 5 A solution of the crude (1.0 equiv.) in

met hanol (0.5 = is treated with Na%lqmllmaequl v.) and al | oweqydifo Eér at
25 C for 24 hi dHeeact i on m xture is then condensed and purifie ‘g
flash col um chromat ogr aphy or crystallized and yields conpadgind 3 or

4. 10 Preparati on+of conpound 5 or 6 (strycture of conpounds 5 a 6 iNkBO
depi cted on Flgure 33) Toasolutlon\o’;‘j\ in methylene ; eF.g

CH,0
1) EDC

—NHBOC _NaH O 2) ol .

3

R
EDC , CH,0 -
o 2

. o]
N NHBOC 7 ' Any Amino Acid -
4

R 9
HO\"/‘\N&NHBOC
o

A Rigid Pepide
Mimic

R 9 R 9
N N N NHBOoC  Peptide
o 0 :




M, is added benzal dehyde dinmethyl acetal, purchased from15 A drich
company (1. do%dlds4dg) . ZnC 2 (.1 equiv.) and the reaction m Gﬂi rred
for overnight at 25 [err]C. The product 5 or 6 is then crysta or
purified by flash col um chronmat ography and carried onto the next step. 20
Preparation of Conmpound 7 or 8 (structure npounds 7 and 8 is depicted
on Figure 33). To a solution of alcohol 5%or (1.0 equiv.) in DMF (0.5 M
at 0 [err]C is added KH (1.1 equiv., 35%dispersion in mineral oil) over
several portions. The reaction 25 els merned to room

and stirred 1h:. Next, the reaction |gﬁcoo?ed to O [err]C and g%ﬁ@ﬂ@ﬁ@&#%ﬁ
benzyl bromde (1.1 equiv.) and sti r h. A WO 96/ (93418

PCT/ US95/ 09614 75 saturated sol utlIG'r?'c(rg ﬁé&ﬁmn?r#%% chlori de |sz_ d dropw se
to quench the reactlon ntxture at 0 [err]C and the mxture is | ut d¥awi t h

et hyl acetate washed wi tf r (2X 100 nL), brine (1X 1 m_),léjl’l ed.
over MgSq err] )évapOR ed, i fl &asr«@a:\ by crE\ést allizatign | bt by
flash colum ogr aph yle s 7
2) O ' NHFMOC
HO
10 o . S H
_ 3

S\ AN CH
T

o

o]

NHFMOC

N A Protected Cysteine-
k 8
S Amino Functionalized | :
Solid Support
. | EDC
R o}

NHFMOC NH,

S

12

o .
HO - -
j‘/ka NHFMOC EDC

R o R" O
Lructl N N N NHFMOC  §-Lactamthiotide
o k o k ' A Constrained
s : s _ . Peptidomimetic

14




Preparation of compound 9 or 10 (structure of conmpounds 9 and 10 is
depicted o I 34). 10 Condi ti ons as descri bed by . R,
Sanuel Sson”wg?,ﬂh'.ﬁ-i’s Chem Soc., Chem Comrun., 201, 1984, Tgég}%gg?@gﬂtion
of 7 or 8 (1.0 equiv.) and SOdI um cyanoborohydrl de (5.0 equiv.) in

di met hyl f ormanmi de (DMF) (.1 M containing powdered 3 A nol ecul ar sieves at
O [err]C, is added trifluoro-" 15 acetic ﬁ'ﬂjlo equi v.) dissolved in DV
(1.0 M. Wen t.l.c. indicates conplete reaction, the product is purified
by flash col um chromat ography or crystallization and yields the desired 9
or 10. 20 Preparation of conpound 11 q4,,J2 (structure of conpounds 11 and
12 is depicted on Figure 34). To.a sol utlon of the internediate 9 or 10

(1.0 equivalents) ine neth or| de 10 Mol ar), di ssol ved
2,6 lutidine (1. 3)@@%2”&5 FH\ ﬁ(rg[ 5 S;Jbse?uent addi tion
of ~triisopropyl of” Tfiet y_§|*|xl><\r/r5f"l gg <S e (1.3

equi valents) is followdd by stgrring for 2 chours and then the reaction is
di | uted WD 96/ 03418 j(sm‘,pocmoza

PCT/ US95/ 09614 76

. o]
R = alkyl, ary]
alkyl, ary| /O n Reducuion . J\OEI
2 OH !E

a5~ o
O NH EDC
(b -
en ¥ . -
.-B
J\ Jk/k/ Uit °
“ N
\_( N o”
NBS
.
B 2)unu H
3 raaluction e J :]'e

1) Phthalimide ° ”“z

2) CF,COOH

3) Amino Acid l

4) Mel —— L PN %QH

n-} | /8



wi th diethylether and washed with amoni um chloride (2X), brine (1X) and
then puri fi‘@&gé;dg,,ﬁr ystallization. Conpound is carried on aspé&pkddisisl NE
internediate I's then exposed to a mxture of 5 acetic anhydride (1.1
equiv.) in acetic acid (.5 M and stirred at O [err]Cto 60 [err]Cfor 1
hour. After conpletion of reaction, the mxture is diluted with nmethylene
chloride, neutralized with NaHCJO err] aﬁ#%ﬁgn washed with water (1X) and
brine. The conpound is then precipitated fromether and 10 recrystalli zed
from ethanol and carried on as fol gy s The internediate i s exposed to a
m xture of tetra- butyl anmoniunfluoride (1.5 equivalents) fromAl drich
conpany in nethylene chloridge (.1 Mlar), andrstirred for 1 hour at O
[err]C. The conpound is thgrm(lgxﬁf"?%%f‘%d?%”i@rynet hyl ene chl ori de,
neutralized with NaHCO3 and then washed with water (1X) and brine. The
conpound is then precipi- tated fromether and recrystallized from et hanol
and affords the conpound 11 or 12. 20 Preparation of conpound 15 or 16
(structure otPeeififSpribrlis Bxamplad 16 i s depicted on Figure 34).-Procedure as
described in Methods in Carbohydrate R, Il, 963, p.

chem stry, Wistler )
327. A nyTriye of 80g anhydrous D- gl ucpse or BIa@H act o om Al ¢ri ch 25
cheni cal pHi n 200 a#Cl; metshanol d 20g-Dowex 5 0 COH
| CH, CHa &y

Library Generation:
x\__ | 9 NeoH x\— oo
' OH ' —_— o)
\" / + CHCl3 + v =~ N\ / —'i—COzH
19 20° Ra |

21



acidic resin, is stirred at the boiling point in a round bottom fl ask.
After 24-hrworgasfison tine, the resin is WD 96/ 03418 '
PCT/ US95/ 09614 77.renoved by filtration and washed three ti rlr’ecsrmvﬁs?l?l%% m .
of nmethanol. The filtrate and washi ngs ar onbi ned and concentrated to
about 125 m by rotovap. The concentrateég; owed to cool to room
tenperature and the product 5 crystallizes'overnight. Preparation of
conmpound 17 or 18 (structure of cowgs 17 and 18 is depicted on Figure
34). Tetrol 15 or 16 (1.0 egwivV.) otroped vvith 10 benzene (2X 100
mL) and then dried overnight under vacuurrgoger hes err] A m xture of

n

triol, di butyl i n oxide ({2 equiv.) a 01'{3 PermpeddFeorheat ed
at reflux f til SONgLi on beca%)ﬁnemurahamﬁﬂagaoﬁs)us (An
automati c ti rr| ng paratus nmay be necessary.) The 15 solvent is next

removed in vacuo to ggve a foany white tin conplex which is then azeotroped
with benzene (2X 100 nL) and dried (2 h to overni ght) under vacuum over

P[err]CIerr] Next, anhydrous DMF (2.18 L, is added to redissolve the
" H\ m_
0

/\/\/u\ ' N
g IS

1) Hg(OAc),

2) AorBorC
/\/\j\ . N gV "B\
| . WH\
/\/\/Tk o - o%\ﬂ'
’ g



complex and then CsF (1.2 equiv.) and finally Benzyl 20 bromde (.5

equiv.) ar and then heated (40 [err]C) overnight. [

sol ution i s&?)gér;ﬁgg ly distilled under vacuum (3.3 mm Hg, 7%%’(5@?@?}‘] O to
obtain 1/5 the original volunme of solvent. Reaction mxture is then diluted
with ethyl acetate (2L) and washed with 37 amount of water 25 (2X 100
m.) to renpbve cesiumsalts. Aqueous |ayef! i's"back extracted with ethyl
acetate (3X 500 nL) and then reconli_Jlig&leq with the organic |ayer which is

then dried over WD 96/ 03418 - re .

PCT/ US95/ 09614 78 MJRs¥magnd ofex Fi lyt©§tygenaE%d IAHHE
S e

atiomg by flash
col um chromat ography or crystallization™arfor t desired triol 17 or
18. 5 Preparation of conpound 19 or 20 (structure of compounds 19 and 20
is depicted on Figure 35). To a solution of triol 17 or 18 (1.0 equiv.) in
DMF (0.25 M at O [err]C, is added KH (3.3 equiv,, 35%dispersion in

mneral oil) over ggevepgl porti ons® O\ THR"10 e;cti on mxture is warned to

roomtenperature gnd s& rred 1h. Nsxg?le rea is codled to O [err]C
and treated WPLh ' R H
Y OH S (o]
- : Y o 25

H OH DMF/CSA

0 [T

H _ 1) Hydrogenation

— HzN

/

o 2) KOH

27



benzyl bromde (3.3 equiv.) and stirred for 1.5 h. A saturated sol ution
of ammoni u k@e i s added dropwi se to quench the reactiao xture at O
[err]C and t eMnll{:’l}'(ft;ure is 15 diluted with ethyl acetate (2L€Cm7(%9§f?3ﬂ 4wi t h
water (2X 100 nlL), brine (1X 100 nL), dried over MgSO err] and evapor at ed.
Purification by crystallization or by flash | uim chr omat ogr aphy yi el ds 19
or 20. 20 Preparation of conpound 21 or 223 rcture of conpounds 21 and
22 is depicted on Figure 35). To a solution of benzoate 19 or 20 (1.0
equiv.) is added THF (.464 M and the solution is cooled to O [err]C. 25
The reaction mxture is then exposstiutecs a 1.0 Msolution of DIBAL (1.1
equiv.) and all owe OStlI’ g ur.. The solution is then diluted with
ether (5 mL) and t HrR¥RYICLC %%30 Q‘i&‘e Formation of an Amino Acid

PCT/ US95/ 09614 79 ni &ia Hae ketarmedincy qf\aDehpdtommens Bseat ed sol uti on)
are added and the mixture is stirred for and additional 1 hour at 25

[err]C. The reaction hen washed with water (2X 10 nL), brine (1X 5 nm)
and then dried over !ﬁg q%)err] " The
CO,H
29 + —
' OH
BnOQ——C——
0 n C I':ll
BnO——C——NH, 3
30 | -
MeOH/H*
CO,Me COMe
//0 P(OMe); o
Bno—c—ﬁ P\.OMe € | Bno——C—lh_{ OMs
33 OMe
32
1) KOtBu
R_R'
2) O)QO 0 34
H
CO,Me
1) Hydrogenation .
. . \ H —
Bn0—C——
N 2) KOH
35 ?
| R
o) R
Rl



5 conpound is purified by flash colum chromatography or crystallization.

Pr epar at i orwobégaangpound 23 or 24 (structure of conpounds 231,@2/;,5%95%
depicted on Figure 35). 10 To a solution of the internediate or 22
(1.0 equivalents) in nmethylene chloride (.10 Ml ar), is dissolved 2,6

| utidine (1.3 equivalents) at Of[err]C. ,Subsequent addition of
triisopropyl or triethylsilyl trifluoror@ -sul fonate (1.3
equivalents) is followed 15 by stirring for 2 hours and then the reaction
is diluted with diethylether and washed wi th amoni v chl oride (2X), brine
(1Xy and then purified by crystallization. Compound is carried on as
follows. The internediate is then exposed to a m Xt UFré"of 20 acetic
anhydride (1.1 equi v:)=—in acEﬁ?@,.ea(ad (.5 M and stirred at 0O [err]Cfor 1
hour. After conpletion of reaction, the nixture is diluted Wtw™=" =T
met hyl ene  chl ori dé;” THgutratrtzed w-tihr-NaHeB-and-- hen. washed with water
( 1—ahd-brine . The conpound is then preci pltat ed from ether and 25
recrystal lized from ethanol and carried omas—fotHows—Fhe—internediate |s
exposet—te—a—m-xture of fetrabutyl ammoni unfluoride (1.5 equivalents) from

Al drich LZZ_N”")

KZZ7==w H'Z_k.\ ""‘-]-’“j"”“"‘
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v

!'i - C’Z_ef:{‘a +ec:‘f
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WO 96/ 03418 : PCT/ U895/ 09614 80
conmpany i n wolbuisgsie chloride (.1 Ml ar) and stirred for {}15%09914
[err]C. The conpound is then is diluted with nethyl ene chI ori

neutralized with NaHCJ err] and then washed with water (1X) and brine.
The conpound is then 5 precipitated fz% her and recrystallized from
et hanol and yields the conpound 23 or aration of conpounds 27 or 28
(structure of conpounds 10 27 and 28 |s depicted on Figure 35; See al so
Figure 19). The C-4 differentiated carbohydrates 23 or 24 are coupled to
PEG (preferably the nmononet iyl ether, 5000 MW, from Aldrich, Fluka or

Si gma chem cal conpani es) vi an/an ester/ succinyl [|i Qé(agedl 5 equiv.
succinyl chloride, 1.1 15 eqyivVv DVAP- di net hyl ami n pyri & neg .5 M

pyridi ne), although other fun onalities such as et arde ki nkages
are suitable as the linker b en the PEG sol ubl € supdort and the
nucl eoti de core nol ecul es. EG succinate coupling to ¢ ound o or 26,

is acconplished 20 via sta d activated ester proce s enpl dyi ng DCC/
DVAP condi tions as devel oped y Keek et al., J. Og. Che 50: 2%4 1985.
For a standard protocol linking P& to a Boc G y- OH resi &ue, se& Bayer et
al ., The Pepti des, 2:309,
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Academ ¢ Press, 1979. The desired conmpounds 27 or 28 are 25 then purified
by preci pi d recrystallization fromether and ethan

96/ 03418 Wb béif " PCT/ US95/ 09%?2’”&53?’% ypi cal
procedure is as follows: protected sugar 23 or 24, succinic anhydride (5
equiv.) and DVAP (1 equiv) are stirred in ﬂ%ﬁl r|d| ne (.20 M at room
tenperature. After conpletion of the react %yrl dine is renoved by 5
evaporation and the residue is .guhijgcted to flash chromatography

in et hyl acet at e. " Next, t e nononet hyl et her of PEG (0.8 eq.)
is mxed with the 3-O hemisuccinate 25 or 26 and dried overni ght at high
vacuum over [Eezapyi agent phogphorous pentoxide Plerr]Cerr]. 10 This
mxture is teAgdEn hydrous methyl ene chloride (.5 M and
a catalytic anmount daanyridine - DVAP (.1 equiv.) is
fol l oned by di gebcohexyl car e CRueoisy. ) After 15

m nutes, the reaction beco “¥stirred-15 overnight at room
tenperature. The preci plta d urea is rem)ved by filtration, washed with

met hyl ene chloride and PhyP/DEAD/DMF/Dioxane, 70 °C

o 8
Q
1 Nu- ¢ First derivatization -
o B - PrepE——" : '
5 : o Path A _ : o. B
O . . . —_— Bt Y i ~ )
é > Funtionalize 2' OH o}
_ N * Path A derivatization

Path B derivatization | Path B B

HO o) :
1) CF3502C1 ' 0 b
2) Nucleophile (Nu'-)

cleave

Nu Ny Nu N
u Nu'



the volune of the conbined filtrates is reduced to its original size. It is
cool ed to Owiedeios4is anhydrous ether is added w th vigorous Si&'f/ﬁéd%ﬁ 61gnd
precipitated out. After 20 filtration the solid is dissolved In ho?

absol ute ethanol, and recrystallized to afford 27 or 28 (Procedure from
Krepinsky et al., J. Am Chem Soc. 113:5095, ,1991, supplenentary '
materials). WD 96/ 03418 ,Z} '

PCT/ US95/ 09614 82 Preparation of carbohydrate |ibrary 2 (See Figure 20)
Step 1. To a solution of library 1 in MOH (.10 M, is added a catalytic
amount of NaOCH3 (.10 equival.Gnts) anHiguteddri xture is stirred for 1 hour at
O [err]Cor until lactol 5 formation is conplete by thin |ayer
chromat ogr aphy. Reaction m xtuare~{s then quenched w th ammoni um chl ori de
(1.0 M and then diluted w't | acetate (.05 M and washed with water
(1X), brine (1X) and condensg Crude conpound is- then precipitated

with ethyl ether and 1Q: The PEG } 2 s allowed to
crystallize out from hot tered andL\f\g‘ggggﬂ-&ﬁ?}éh cqold ethanol to

HO
=
No substitution - \ / /IOL -
m Yo o/\/\/\l
Haco = ' '
X l (two steps) 7—{
O
[
HO N/ ) 0/\/\/\
2
HO '
HeCO X' 1 Cleave from resin
X
HO NH :
Lycoramine-like
#2  Nucleus



Step 2. The internediate lactol library is then converted to the

acetimdate in olution of nethylene 15 <chloride (.10 M

[err] C T%om"%ﬁre i s next exposed to sodium hydride (1. 2*@%’%’?%%’%&5)
1 hour and - then trichl oroacetonitrile

and allowed to stir for
is added in one step. After an additional hour (or until

(1.2 equival ents)

the reaction appears conplete i.e. thin Zg?e/ﬂgr chromat ogr aphy), the
reaction mxture is quenched with a saturat | ution of sodium
bi carbonate (1.0 M and then diluted with ethyl acetate and washed with

water (1X), brine (1X), dried over nmagnesium sul fate and evapor at ed.
is 25 followed by crystallization

Resuspensi on and precipitation in ether
and filtration in ethanol to afford the activated acetimdate |ibrary.
PCT/ US95/ 09614 83 Step

WD 96/ 03418 o
3 To a cold solution (-10 J[err]C) of the acetimdate library
12 (3.0 equivalents) in nethylene

(i.O equi val ents) and conpound 11 or
(.01 M, is added boron trifluoride etherate (3.5 equival ents).

chl ori de (
The 5 reaction mxture is allowed to warmup slowy to room
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tenperature and stirring is continued overnight.

The reaction m xture is

next quenchg@ obloddis Sodi um bi carbonate (3.5 equival ents) and pdiphisb&beyy t h

et hyl acetate and washed with water (1X),

brine (1X),

dried over magnesi um

sul fate 10 and evaporated. Resuspension and preci pltatl on in ether is

followed by crystallization and filtration i

related art on coupling tvvoW£§ W

mat eri al

library 2. For
Krepinsky et al., J. Am Chem S
Split synthesis strategy using

0C.

&

suppl .

Gsu orts.

to afford the desired
th PEG supports see
113: 5095, 1991. 15

Af ter each step of the

synthesis, a portion of each PE Qﬁfﬁ) ed library is then saved and
cat al ogued, the remaining conbl ned ) xed and redivided. The 20
steps of (i) coupling, ?{-&1)%??&18!‘3 zé?n& NORKES (i.ii) randoni zi ng
are repeated until the desired library is obtal ned. For a review on this
recursive doconvolution strategy, see Janda, K et al., Proc. Natl. Acad.
Sci., 91:11422, 1994. 25 WD 96/ 03418
PCT/ US95/'09614
: O
PyocNH—NH + R I /R,
2 1—C—R; —— PyocNH—N=c\
R, = Alky!l or aryl
Ry=H,R1 '
NaBH,CN, H*
N o )
' P JL R'
P —N—C
N 0™ L YooNH—N c\ H 9%
Rz_ ’
Pyoc = 2-(2-Pyridylethyl carbamate 19
_ H
{r c:l_C‘OAr
H
R ] Re | N
1) Mel loo
NHy—N—C—0Ar < PYoeNH=—N—C—OAr
Il 2) Morpholine g
Jo| -
. l Nu -
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84 Preparation of carbohydrate library 3 (See Figure 21). Step 1. To a

sol ution of wpiogisaasis| y random zed library 2 in MeOH (.10 M pdriusasiphts @
catal ytic anmount of NaOCH3 (.10 equivalents) and the m xture 1s stirred for

15 hour at O [err]C or until lactol formation is conplete by thin |ayer
chromat ography. Reaction mxture is then sfuogd'with amoni um chl ori de
(1.0 M and then diluted with ethyl acetat ) M and washed with water

(1X), brine (1X) and condensed. Crude conpound is then precipitated with
ethyl 10 ether and filtered. Fighime PEG conjugate is allowed to crystallize
out fromhot ethanol, filtered and washed with cold ethanol to afford the
desired internediate lactol library. Step 2. The internedi ate | act ol
library is then 15 converted to the acetimdate in a solution of nethylene
chloride (.10 Molar) at O[err]C. The mixture is next exposed to sodium
hydride (1.2 equivalents) and allowed to stir for 1 hour and t hen
trichloroacetonitrile (1. i | L one step. After an
addi tional 20 hour (or unt ?F?Wgﬁggfgﬁkgpﬁgfé@@ lete i.e. thin |ayer
chr omat ogr aphy), the reaction mxture is quenched with a saturated sol ution
of sodi um bi car bonatl?a (1.0 M andpthen diluted with ethyl a(‘;et ate and washed

wi th water + Il - —N—C—
. PyocNH;sN_H Cl— C—Linker PyocNH—N Icl: Linker
Carbazate ' _ 124 . ° loé
Deprotect
1 Cl—C—0Ar 105" P
T
PyocNH—N—-ﬁ-OAr + ' C—Linker ’
/o3 joF
Activated aza-amino-acid N=1
ester
Couple with activated
- 3 N=N+1| -HOAr aza-amino-acid ester
R : R
PyosmmN—t— - Deprotect - | .
N ; Linker —_— H ﬂ-—N—C Linker
5 _
N N

Loq | | o



(1X), brine (1X), dried over nmagnesium sul fate and 25 evaporated.
Resuspensi owoagos4ps eci pitation in ether is followed by crysipirhissgédepy) and
filtration in ethanol to afford the activated acetimdate |ibrary. WO
96/ 03418 PCT/ US95/ 09614 85 Step 3.
To a cold solution (-10 J[err]C of the acetimdate library (1.0

equi val ents) and conpound 23 or 24 (3.0 ?%é nts) in methyl ene
chloride (.01 M, is added boron trifluo et herate (3.5 equival ents).
The 5 reaction mxture is allowed to warmup slowy to roomtenperature and
stirring is*cen nued oVe rnlgThe eacli of rr:..&*nge SwNEXT guenched

wi th sodi um bona'e™(B

ent’ 5~ apd d W 1‘h el hyl acet ate and
washed with vvater (1 X1 |ne (1X), dri me=over magnesi umsuttate 10 and
evapor at ed. Resuspension and precipitation in ether is followed by
crystallization apd-¥ tration in ethpnbf*to afford fhe#¥sired |library 3.
For related art o co! | [,hg two. sug lSemalM Ih  PEG [supports see

Krepi nsky et al.,|J. fglem Soc., S ppmmta@m al , 113#60&51vm1991. 15

erysatiization

_ _ i
Save & 2f SOLBLE Saved 2] SOweLr 2] sowmu Save d
mw——Er | el =] . e Save

Comome, 'mc.m suanes

A n 8 n
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FIGURE 16



Split synthesis strategy using PEG supports. After each step of the
synthesi s, wopessa1on of each PEG supported library is then ﬁ*ﬂgi’{%

~catal ogued, the remaining fraction is conbined, m xed and redivid 4l'he 20
steps of (i) coupling,- (ii) saving and catal oging, and (iii) random zing
are repeated until the desired library is obtai ned. For a review on this
recursive doconvol ution strategy, see J é et al., Proc. Natl. Acad.
Sci. 91:11422, 1994. 25 WD 96/ 03418 Z

PCT/ US95/ 09614 86 Preparation of carbohydrate library 4 or 5 (See Figure 22
and Figure 23). Step 1. To a fraction of library 3 in MOH (.10 M, is
added a catal ytic anount of NaOCH3 (.10 equivalents) and 5 the mxture is

stirred for 1 hour at O *C or until lactol formation is corrplete by thin
| ayer chromat ography. Reaction mixture is then quenched WI}\h anmoni um
chloride (1 and'-8ERSOdY | ut ed f' et hyl acetate (.0 and washed
W th water g nd co d. 2 DFEHRRech
[7) N ————— OA.
NHy 2. acetic anhyaride. EL4N, NHae 28°C.4h. NHac
| CH;C(;.O'C. 3 s
3. NaOMe, MeOH 5. BnBr, NaH,
THF, 0°C, 2n.
' ”~
11 o o S8 )\
° 7.TESOTL. 2.6 L. 0°C o 6. NaCNBH,, DMF d °
o Ohe — 8O e To—— 0
e 8. Ac,0, CHyCOOH. 0°C e 3 A sieves, TFA.0°C o0 one
GALACTOSE AMINE 9. TBAF, CH,Cl, -9 A -
OERIVED 7
o 1. DOWEX 50 H® oM ™
MeOH,
Pl :#Zm. i P o
Netae z.aeucannydlide ElyN, Niae 28°C.4n. Mo
2 CH:Clh, 0 4 3
3. NaOMe, MeOH
5. BnBr, NaH,
THF,0°C, 2h.

12
o .
m"ﬂ_m 7. TESOT. 2.6 Lut. 0 °C 7‘39 . 6.NaCNBH, OMF
' 8. Ac,0. CHyCOOH, 0°C wi=Ly—L-oue >0 Sone
: e . NuAe SAsm TFA.0°C

GLUCOSE AMINE
DEAIVED 9. TBAF.CHCl, 10

Synthesis of Core Molecules 11 and 12,

FIGURE 17



10 compound is then precipitated with ethyl -ether and filtered.

The PEG coniy¢alosass allowed to crystallize out fromhot et rﬁﬁ‘?&qwﬁ%s'x{ ered
and washed with cold ethanol to afford the desired intermediate lI'acto
library. Step 2. The internediate lactol library is then 15 converted to
the acetimdate in a solution of nethylene chloride (.10 Mdlar) at O
[err]C. The m xture is next exposed to sodi %gjri de (1.2 equival ents) and
allowed to stir for 1 hour and thenkgrn “Chl oroacetonitrile = (1.2
equi valents) is added in one step. After an additional 20 hour (or until
t he reaction appears conplete i.e. thin |layer chromatography), the reaction
m xture is qguenched with a saturated solution of sodium bicarbonate (1.0 M
and then diluted with ethylacetate and washed with water (1X),  brine

(1X), dried oveﬁ" mayRYE¥eAm sul fate eand 25 evaporat ed. Resuspensi on

and precipit aol 30 eth&™s foll _ ¥y Crystaasiczabikon and fidtration in
ethanol - to affefd the activated ac®rfidate | i Gag ¥oom 0o 8
PCT/ US95/ 09614 8 Step 3. To a gqpld solution (-10- [é'f:7r]C) of the

4. BnBr, NaH,
THF

2 (-7} Cén
0 6. TESOT!, 2.6 Lut. 0°C y
=0 » .26Lu, o o 5. DIBAL, THF o
p 7. AG0.CHCOOH.0C "0 8= oue
GLUCOSE DERIVED 8. TBAF, CH,Cl, 21 - )
19

' 1. DOWEX 50 H" on o
MeOH, _
HO 0 * ] R 3
m.ﬁm e m»gz;\{m 8,510, MeOH o éo

ot "o 3. BzBr, CsF, DMF "o
14
% 8
4. BnBr, NaH.
THF
24 g, SO0 cen § |
. ©O8n
. .
. #m‘ 6. TESOTL. 2.6 Lut. 0 °C o _%3“ 5. DIBAL, THF o o
7. Aci0. CH,COOH, 0°C >0 ' 80 .
GALACTOSE DERIVED *e

8. TBAF, CH,C!, 22

Synthesis of Core Molecules 23 and 24.

FIGURE 18



acetimdate library (1.0 equival ents) and conmpound 11 or 12 (3.0

equi val ent sy d3os@kyl ene chloride (.01 M, is added boron tgciddé9kécis
etherate (3.5 equivalents). The 5 reaction mxture is allowed to warm up
slowy to roomtenperature and stirring is continued overnight. The
reaction mxture is next quenched wi th sodi um bi carbonate (3.5 equival ents) .
and diluted with ethylacetate and washed with water (1X), brine (1X), dried
over magnesium sulfate 10 and evapor at ed. Fﬁiuzgfnsion-and precipitation in
ether is followed by crystallization and f r on in ethanol to afford
the desired library 4 or 5. For related art on coupling two sugars with PEG
supports see Krepinsky et al., J. Am Chem Soc., suppl. material, 113:5095,
1991. 15 Preparation of deprotected libraries 4 or 5. To a solution of
benzyl protected library 4 or 5 (1.0 equiv.) in dry ethanol (.10 M is
added 10% Pd/C (0.2 equiv.). The reaction mxture is capped with a hydrogen
20 bal l oon and then allowed to stir for 1 day at 25 [err] C. ‘Upon

conpletion, the reaction is filtered through a 5 cm dianeter colum and
filled wwth a plug of cotton, .5 cm (length) sand, 5 cm silica, 1 cm

celite in this order, renove the residual carbon. Next, the columm
is 25 flushed foyr_tifes W thsetdnpest ate ang the sdPyent is

"0 o DMAP, pyndine. 70%. o' °;7“'°“

GLUCOSE DERIVED o

25
a3

2, PEG. DCC.
OMAP, CH,Cly.
93%

. o o o )
MeD=PEG \OM 0 Oac .
o "z

o §%° - oo
o 1. idi OBn
m-ﬁ Oae succine anhydride, 0 °
80 DMAP, pyndine. 70%. ,.o)k/\'r" O
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DMAP, CH,Cl,y
93%

Ot [~
, H ]
MeD=PEG ~o MO y Ohe
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Attatchment of PEG suppon to Core Molecules
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evapor at ed. | f necessary, the conmpound is further purified by

resuspensi @y dadgsBr €Ci pitation in ether, WO 96/ 03418
PCT/ US95/ 09614 88 foll owed by crystalliz d filtrati on | n et%‘5 nol to

- afford the desired deprotected (debenzyl ) Tibrary 4-.or 5. 5 Ceavage
of the oli osaoahq,r,,Ler\r/o\ﬂr BEG support. The ol gosacéj%fl de, yoi ety is
r enoved chaam Thepol yrfe y..o overni ght treat Mente ® ar y——b- \@ﬁug!
conmpound 200, see Figure,?2 gcmgl ssol ved in nethyl ene chl’oride (.5
with nmethanol (2.0 and 10 1, 8-di azabi cyctd5 4. 0] undec- 7- ene
(DBU (1 drop per .02 mmol &f library)) W|th stirring/at 25 [err]C. The PEG
support and deprot ected - | gosacchari de l'ibrary e then precipitated
with ether and renoved by 4f tration. The precipifate containing both the

PEG and ol i gosaccharide 15 | nNbrary is dissolved fn hot ethanol, the PEGis
allowed to crystallize out, fi Wi th cold ethanol. The
conbined filtrate and vvashl ngsf are then ev ratled to afford the fully
deprotected ol i gosacchari de 300uovet DLLAE _g,
i EG'G"’ LIBRARY 1
ofn
P2
MeO=PEa
ONYoio“ QAe
J-PEG-Gal
12 wo
ﬁo
c::‘::'e m-—%—“‘ Expose avove library to: wo= rCApmne Cougie
1. NaOMm A L0 ® - with
au.tctesemmc Pu'riﬁf:n(:: ::yh::yso:ll;at?on “”8?:.5& €

2. NaH, CI,CCN, CH,Cl,, 0 *C,
Purificauon by crystallization

- .
“”“*oM.w‘ - Coupling Step: R e
T wo ! é o 3. 11 or 12; BFyOEL,, CH,,Cl,, a0ers ?ﬁo Z .
° e o Notac

Purification by crystallization

&o-a‘ﬁso X 0@ . w’é\c i/ﬁl’o ;z;\é;?ow

Purification from reagents by crystallization ’
13 13
save and Gombine 23 save and
Cataiog - Catalog

Sch 5. Split synthesis of library 1 with PEG support

“"“~9J7\/ﬁ!%& “"“‘o%@%ﬂ

u-o-noso,lok/\‘n: o:@:‘w Meo-sta °Lﬁr°;:.#fiz°&'

LIBRARY 2, 2% = 4 compounas: Randomize and split in one haif

Split synthesis of library 1 with PEG support

FIGURE 20



correspondi ng deprotected library 5 which can be further 20 purified by
st andar d r gygegeaigrase HPLC anal ysi s. For related art on SoSRBRr TS
wi th oligosaccharides, see Krepinsky et al. . Am Chenrgoc suppl. .
material, 113:5095, 1991. 25 Protectronqu g%:§ core nucl eot i des.

Nucl eoti des are shown protected nmon protecting groups. For
the 5' -hydroxyl

-grﬁe-u-p——Hﬁ-e—BPvﬂirh—\AQ—g-&LosA-l-S
PCT/ US95/ 09614 §9 (di npt ho>.<y fyl) group is the f rotegting group
due to its agi 'd“""1~ _ an wodds} | t% aé
9- phenyl xant hen{9-yl (prx I 2ok S perfect ceepta and{offers

additional crysfallinity as vveI t«as others 5 revr ewed by Beauc#rge et al.

Tetrahedron 12: 2223, 1€892. T standard benzouyl and.j #obut yryl Jgroups ar e
used for the pr b tueertoi o ° fand N2»2x0dlyC lg%foup of 2
-deoxycytidine and 2' -deox¥’ ane, resp&ctT vElep o

di - n- but yl am nopet hyl ene or the"‘-standard benzoyl groups 10 canfbe used at

the N[err] positron or aden ne. w i gootrestts—n—resi—syai-héses of at
| east 20 bases in | engt fBRARY 2. 2° 4 compaunds: Ranaomize and spii in one hail

o

= Expose scave liveary 1o .
23 1. NaOMe (ca1), MeOH, 0 °C 24 g
Couple with :’c °°“ Punicaton by crysiainzation o
_ﬁ—” 2 NaK, CICCN, CH,Cly, 0 °C. "o Ode
« ¢ oemveD Punieanon oy crystatization B0
UCOS! Coupung Siep: GALACTOSE DERIVED

3.23 or 24: BF, OFH,, CH,.Cly,
Punhcauon oy crystatizanon

"‘f’"“wj\/ir?;%;"%ﬂo;&ﬁu )

o e
o
| o, ©  oga Ctin
MO =rE0 o Ofin .
~o
(3] 0 ]
-] .. Ohe
[ 49 L

° Cn
— e
I oo o P
]
o L] i
Purificauon from reagents by crystailization 2
172
save and
Catalog

. _ LIBRARY 3
Combine. rancomize and split in one half -

*1eraie as toliows

Soiit syniness of lidrary 2 win PES suppon

FIGURE 21



Preparation of 5'-O DMI-N-3' OPEG The prot ected 5 -Onucleotide is
coupl ed to wphbénskes (pPreferably the nononet hyl et her, 5000 M W_‘mﬁ ﬁ&gﬁll

nunber 0.20 nmeq/g from Aldrich, Fluka or Signa cheni cal conpani es

a succinyl li.nkage, although ot her functionalities 'such as ether and
am de |inkages are suitable as the |inker t he PEG sol ubl e support
and 20 the nucleotide core nolecules. net hyl et her - PEG succi nate

coupling to_the nucleotide is acconplished via standard activated ester
pr ocedur e enpl oyi ng DCC condi tions as devel oped by Keck et al., J. g.
P
n

Chem 50:2394, 1985 Ag_an alterr)'atlve to linking the sgl uble 25..%: uppjor t

to the 5 O,pwl lwa=s ;e,.,e.x—@mtrg am ne gr QuURs £, and
cytosi ne ¢an be anc ored &b  he WO 96/ 03418 J\D\r oan

PCT/ U895/ 9614 90 PEG vi,a an am & functionality as dermq,strat ed % Nalpol i ,

et al., Nycl eomges a%aNuebeg_gd_es 12:21-30Q, | g 3. A%E/ocﬁfre i/ as
foll ows: prote %quiv.), sUCCII i v.)
and DVAP 1eqU|v 5 aLe stlrred in dry pyrldlne( 20 I\/‘L"'t' room '

tenperatufe. s —ls T omeirto, o om
o T ldets T “1,{,_2,14"__,..
Cudeest, QMG%#;" M.oi/\ﬁﬁ::.&z? T" _E&’;& .

UBRARY 3. 2°=8 compounas - FRACTION 3

Exoose aocove oravy 10:
. 1-NaOMe (ca), MeOH. 0 °C
*  Punhcascn oy crysumzancn ,
- Couple with m_Z?él—ou z ’::"- °"°°:y- :*:Gn o°c. . |
MOSE nnms Couning See: :
3,112 BF; OEl,, CH,.Cl,.
Punhcason by crysasizaton
é. an
L =z -] 7 ° o
\wo=tda, Jk/\"¢°m 70 0 -0 Can ﬁ SO~y o o oo
o i 7 u..n\ o
° - 0 -~ .o_.—,\(—o‘”—q\“ ]
w0 oo D o e L [’, o
- =™
Y oo -
H B mmy o o wo otn
0 ° o .
N _&_,—r\.—o *0 =S wo-sts ﬁ o ! é -
v °.° _N QMQ” OﬂJ
20 o oae bnd o o~
e e
ueo-st, ! .N ! weomsta, "ﬂ: " o
” s ™ gﬂ O om
»o. i -4 .
on N o [ - oAe
- L]
o ):lc - oo ° Cia .
HeQwdeG J\/\rewo ) . wm‘c o o om
il - z’ 0 my\ZB o T we ! é" °  can
[ Py ° 0. ~7 e )e
»o S o o~
e L 4
WBRARY ¢

Punficauon trom reagents by crystaitizanon

- Solt syrenests of tibrary 3 wah PEG suppon
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After conpletion of the reaction, pyridine is renoved by evaporation and
the residugook@aqigubj ected to flash chromatography I n &H}?}W%l
acet at e. Next , t he nononet hyl ether of PEG (0.8 : 'S m xed
with the 10 3-0O hem succinate and dried overni ght at high vacuum over the
dryi ng agent phosphorous pent-oxi de P[err] This m xture is then

di ssol ved in anhydrous nethylene chlori de%%jl‘#/aand a catal ytic anount of
di net hy| ang nn\lrl di-1a DANAD L 1 nnlll \/ \ is foll owed bv

di cyl cohexyl car bodi i mi de - DCC( 8 15 equ ) After 15 mnutes, the

reacti-on geconesg cl oydezan Stirred overnight at =Loom, t ratuyre.
The preci gi fat% - f||trat|mmyh9hf e

chl oride gnd the volune o'f"'the combined filtrates issr@duc® to™ts
original gize. It is @ ed 20 o 0 [err]C, anhydrous gther is gdded Wth
Vi gor ous gt pnd, nd;%«%m&&d out . Afal. 2§ L%gg;ﬁgn,ﬁm %OI dis
di ssol ved|i n hot ab&o™ut ew~et hatol , and recrystal‘1 I zefll ®0 or 28
(Procedur¢ from ep| et al., J. Am Chem Soc, 113: 5 1991

S A JJ;.M RS Cav VDI
e VI — A F 7 17

UBRARY 3. 2’ z & compounds FRACTION 2

12 Expose aoove abeary 1o .
ot o 1. NsGMe (za1), MeOH, 0 °C
Couple with 'd“" Purmcauon oy crymaszasen .
osie 2 NaM, CLCEN, CHyCl,. 0 °C. - .
ﬂwggi vsnut Purtticanon by crysauzason
Cowoling Stege -
3. 12; 8Fy OEly, CH.Cly,
Puniicanon oy crysustizasen
. -
e ARG s 12, 'tz;%w_zﬁéﬁ
ANTAEZE LT, I o

RN WF JK,Y wﬁu
"'°"'°~a° ?—ﬁ:":.,_ ' “-ﬁ“' 2
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u-o-m.\ o Y a;f,‘!ﬁz °“!° ."NZ:' ;’JL M\eMo& _E;mom

" UBRARYS
Purification from reagents by crystallization

Spia syntnesis of library 4 wah PEG suppon
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91 Alternatives to PEG Al though PEG (pol yethylene glycol) is the soluble
support -of q{;?'bé;&lsdue to its ease of precipitation and cryspefirkdsiosQN
properties, alternative polyneric groups 5 can be used and i ncl ude
pol yvi nyl  al cohol and pol yvi nyl am ne copol ynerized with

pol yvi nyl pyrrol i done. (Bayer et al., Nature 237:512, 1972). Chain Assenbly
steps 1-2. 10 The ol i godeoxyri bonucl i are synt hesi sed using
standard condi tions (Gait et al., i'gontcl eotide synthesis, a
practical approach IRL Press LTD, Oxford, 1984 pg. 83-115) fromthe 3' end
tothe 5 end in a cyclic process involving two chem cal reactions per
cycle. The 15 first step renoves the 5 protecting group (DMt or Px) with
a suitable protic acid, (eg. 3%udkhf¥s(W v) dichloro- acetic acid in 1,2

di chl oroet hane) fellowed by appropriate washes to re e residual acid and

precipitation or rystalbizationm‘? PE %ﬁmg ate [if necessary). 20
Next , t he appf oprray ° odi t B, ~PROSPHW toeconps

phosphot ri ester npcl eoti de o(ﬂbnSﬁemuused°déﬁe S on i ch coupling nethod
chosen) is condensed in the presence of a oupl i ng agent
(eg. 1-nesityl enesul phonyl-3-nitro-1,2,4-triazole-if necessary;

1. My, P/C, 10%, EIOH

Ether precipiation, Filtration
Recrystalization by E10H

on OH o o
MeQ=PEG OMO wﬁ M“‘ « library - 8 total compounas
e ™ wme on NHAc .
200 T

2. DBU {Cat), CH,Cly. MeOH

Elher precipitation, Fitration
Recrystalizanon by EIOH

: o™ 7 O o " HO=y
- o Z° o Zo + library - 8 iotal compounds
& on
Ho NMAC "o NHAc
300 ’ v

GaiB1-4GIcNAcB 1-3GalB1-4GlcNAC

Antigenic marker wiich distinguesnes loetai ervinorcvies from adult cells,
Feui, T. Biochem. Soc. Trans. 1984, 12, 545,

Exampie of linal punfication of libranes with library §

FIGURE 24



25 depends on

coupling nethod chosen)

wi.th the

group of tRpodeeeys | bonucl eosi de bound to the PEG support.

renoval of reage

PCT/ US95/ 09614 92 PEG- bound segeunce can th

met hyl ene chl orid
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catal ogi ng, and (4)

obt ai ned.

Janda, K. et al., 20 Proc.
Purification, oxidation, dep
or phosphoranidite To the pn

randoni zing are repeated until
woP6N348 r evi ew on this recursive doconvol ution styceXoesise
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t he desired
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10 Caruthers et al., J. Am Chem Soc.
A i gonucl egid skpangnt hesi s, a practi cal
Chapt. 4, 83, 1984. Renoval of the Ner
groups. 15 The standard procedure of heating to approx 60 C for
15-20 hours with benzoy|E#pRE 9 Hm';?%’vﬁ'ﬁv%e‘pfgun"sg used for the deprotection
of the NNerr] and N err]-exocyvclic am no groups of 2'-deoxycytidine and

103: 3185- 3191, 1981; Gait et al.
(é]’}) /éf’aCh I RL Press LiGrusdshoéd:

r] Nerr] and 5 protecting

- deoxyguanosi ne,
N err] position of 20

and a.ntaheudmmabut {pdmandis)N O

t hyl ene groups at the

deni ne. ¢Ffo2¢cinpoungs

DI\/rI' prjotecting group i s used,

it

can be renoved via treatnment ol tne PE

I gonucl eotide with a

sat ur at ed.sQkdith on of ngsx.z.,..‘giS quj Vi .nmmron:e.w.ane (.1 M. The next
step is aﬁjﬁ"rofiﬁl wagh Wot'h nt byt 8Rgr™Y) t SCFARYEPof uran and

2, 6-1utidine (alJ~Teagents av abl e[ from AI drijch “Chem cal company) .

Al ternativel 80% acetic acyd can bp used. ystalli - WO 96/ 03418
PCT/ US95/ 09614 94 zation oV the PEG Support thérefore affords the purified

5' deprotected oligonucl eotide.
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Cl eavage of succinate ester to renove PEG from5 oligonucleotides.
The oligonysd fmbige noiety is renoved from the pol yrrer%@#@&\%ﬁﬂkght
treatment of the library dissolved in nmethylene chloride (.

met hanol (2.0 M and 1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU (1 drop per
.02 10 mmol of library)) with stirring at 25 C.  The PEG support and
deprotected oligonucleotide |ibrary are tgzggﬂqgﬁi- pitated with ether and
renoved by filtration. The precipitat nt'ar’ni ng both the PEG and

ol igonucleotide library is dissolved in hot ethanol, the PEGis allowed to
15 crystallize out, filtered and washed wth cold ethanol. The conbi ned
filtrate and washi ngs are then evaporated to afford the fully deprotected
ol i gonucl eotide library which can be further purified by standard reverse

phase HPLC anal ysis or ionic exchange chronat ography. For related 20 art
on PEG supports with , see Bonora et al., Nucleosides and Nucl eoti des,
12: 21, 1993. WO 96/ 03418

PCT/ US95/ 09614 95 d ai ns
N-Boc-O-t-butyl-Tyr-Gly-Gly-Phe-Leu-CO4-PEG-OMe
KCN, MeOH

N-Boc-O-i-butyl-Tyr-Gly-Gly-Phe-Leu-COsMe

Ethylene diamine
NaCN, MeOH -

N-Boc-O-t-buryl-Tyr-Gly-Gly-Phe-Leu-CO-NH-(CH3)2-NH;

| sppP!
(B3N, MeOH

N-Boc-O-t-butyl-Tyr-Gly-Gly-Phe-Leu-CO-NH-(CHj3)2-NH-CO-(CHj3)-SS-2-pyridine
CF;COOH

1
(CF3CO0"),-NH;*-Tyr-Gly-Gly-Phe-Leu-CO-NH-(CHy)5-NH-CO-(CH,)-SS-2-pyridinium, 1

BSA-SH?

CF3COO NH3*-Tyr-Gly-Gly-Phe-Leu-CO-NH-(CH;);-NH-CO-(CH3)-SS-BSA. BSA-1-

1: N-Succinimidy! 3-(2-pyridyidithio)propionate (SPDP)
2: Bovine serum albumin-SH

‘Preparation of [Leu”)-enkephalin-bovine serum albunﬁn conjugate
- FIGURE 28



VWhat is clained is: 1. A sol ubl e conbi natorial library conprised 5 of a
set of corqugyBgifagisl €s or assenbl age of core nol ecul es wher ep@r
core nol ecul e or said assenbl age of core nolecules is attac e to a squbIe

~pol yneric compound. 2. The sol ubl e conmbinatorial library of claim10 1
wherein the nolecules in said set of core nolecules or said rel ated
assenbl age of nolecules differ by one or ngg m cal noieties. 3. The
sol ubl e conmbi natorial library of claim 15 in said soluble polyneric

compound is selected fromthe group consisting of PEG polyvinyl

al cohol and pol yvi nyl am ne copol ynerized with pol yvinyl pyrrolidone. 4.
The sol ubl e conbinatorial library of claim20 1 wherein said set of core
nol ecul es conprises [err]-azetide conpositions. 5. The sol ubl e
conbinatorial library of claim1l wherein said set of core nolecul es
conprises triazine 25 dione conpositions. WO 96/ 03418

PCT/ US95/ 09614 96

Two classical aryisulfonamide preparation memdds.
FIGURE 29



6. The sol ubl e conbi

nmol ecul es Cappbé a8 [ €
sol ubl e conbi natori al

conprises [err]- lacta

natorial library of claim1l wherein said set of core
rr]- lactantide conpositions. 5 PCT/USIS/09 “The
library of claiml mherein said set of core nolecul es
nt hi oti de conpositions. The sol ubl e

n sal set of core nol ecul es

conbinatorial |ibrary of claim10 1 wherei
conprises [err]-lactam nucl eus contai ni ng qggyéﬁ?alons
- conbinatorial library of claim1 wherein salfdfse

The sol ubl e

of core nol ecul es
conprises |ycoram ne 15 al kal oi d nucl eus cont ai ni ng conposi tions.

10. The

sol ubl e conbi natori al
conprises [err]-Dbl ocker

library of claim1l wherein said set of core nolecul es

nucl eus conpositions. 20 11. A soluble

conbi nat ori al

| i brary conprising a collection of a-azetide conpositions.

12. A sol ubl e conbi natori al

library conprising 25 a collection of triazine

di one conpositions. WD 96/ 03418
PCT/ US95/ 09614
MeO-PEG-OH Q o
i i . ]
. cat. Dibutvitiniaurate MeO-PEG-0” N—Q— 5—Cl
o CH,Cl, H 8
o=c=n—©—:s:-cx 6
_ i ]
NH;—R, pyridine
CH;Cl o
9 0.SN NaOH ﬁ 9
NH, S—NHR 2 MeO-PEG-0” ‘N—@—s-mm
1] B 1]
0 o]
8 7

R - = Hydrogen-, Benzyi-, Isobutyl-, Phenyl-, 2-pyridyl, 2-(4,6-Dimethy!)pyrimidyl-

Construcdon of an aryisulfonamide library.

FIGURE 30



97 13. A sol ubl e conbinatori al
[err]-I act agg skm3fi@pPosi ti ons.
conprising 5 a collection of [err]-lactanthiotide conpositi ons
library conprising a collectlon of [err]-lactam

sol ubl

nucl eus contai ni ng conpositions.

e conbi natori al

14. A sol ubl e conbi

10

library conprising a collection of |ycora / a
iti 17. A sol ubl e conbinatori al rpg?e é7

conpos
col |l ec

generating

itions.
tion of [err]-Dblocker
a

sol ubl e conbi natori al

nucl eus conpositions.

l'i brary conprising a coIIection of

nat ori al

2 Y

A sol ubl e conbi natori al

| oi d nucl eus contai ni ng
conpr|5|ng 15 a

A nmet hod of

library conprlsing the step of

providing a core nol ecul e bonded to a sol uble polyneric conpound. 20 19.

nmet hod

collection of nmolecules is efficiently generated varying in conposition by
t he random attachnent of a core nolecule at a particular positionin 25 a
series of core nolecules wherein said first core nolecule of each of said

of generati ng a

sol ubl e conbi nat ori

al library wherein a

collection of core nolecules is affixed to a soluble polyneric conpound..

Library Mixture ICs0 Library Mixture ICs
(uM) (M)

P(5) P@2)

NN2INi3)Ng) Tyr 46 MeO-PEG-N[;) Phe Gly Gly Tyr  0.18

MeO-PEG-N[1)N[2)N3 N Tyr 51 MeO-PEG-N[1)LeuGly Gly Tyr 4.0

MeO-PEG-N(;)N2)N(3)N4j Len  >1,000 MeO-PEG-N;1)Gly Gly Gly Tyr 19

MeO-PEG-N{1)N2)N3;N4; Gly >1,000 MeO-PEG-N[;j TyrGly Gly Tyr 32

MeO-PEG-N(1jN[2jN@3)N(a) Phe  >1,000

P(4) P(1)

MeO-PEG-Nj]Np)N3;Gly Tyr 7.3 MeO-PEG-Leu Phe Gly Gly Tyr ~ 0.034

MeO-PEG-N;jNzjN(3)Leu Tyr 5250 ‘MeO-PEG-Phe Phe Gly Gly Tyr ~ 0.049

MeO-PEG-N(Nz)N3) Phe Tyr 5250 MeO-PEG-Tyr Phe Gly Gly Tyr 0.091

MeO-PEG-N[INiyN(3) Tyr Tyr - >250 MeO-PEG-Gly Phe Gly Gly Tyr ~ 0.21

P(3)

MeO-PEG-N(1jN[2)Gly Gly Tyr 1.1

MeO-PEG-NyjjNj Leu Gly Tyr 32

MeO-PEG-N(1jN[2) Phe Gly Tyr 54

MeO-PEG-N(;)N[) TyrGly Tyr 43

Recursive Deconvolution of Peptide Library Containing the Antigenic

Dctcrrnmam Tyg-le-GIy-Phc-

" FIGUR

Leu Recognized by Monocional Antdbody 3E7.
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WO 96/ 03418 PCT/ US95/ 09614 98 20. A
nmet hod of wo ssm3esat i ng a sol ubl e conbinatorial |ibraryp &C}HB{ ;éng t he
step of synthesizing a set of core nolecul es wherein each core ecu
taking part in said synthesis step is dissolved in solution. 5 21.

met hod of generating a soluble conbinatorial library conpr|5|ng t he
step of performng a split synthesis wherein,said split synthesis is
performed in solution. 10 22. An |nproved3@€ﬁzafor generating a library
of conbi natorial nol ecul es, the nethod enpl oying at |east two cycles of a
parallel split synthesis incorporatlng the foll ow ng sequence of steps: 15
Step A col l ecting and m xi ng nmacr onol ecul ar supports within a common
pool , each macronol ecul ar supports having a nascent conbi natorial nol ecule
attached thereto; then Step B: splitting and transferring the comon 20
pool of macronol ecul ar supports of said Step Ainto

Entry Derivative (R-) pKa ~ Method

Ta Hydrogen - 9.2 A

7b Isobutyl 10.75 B

7c ' Benzyl 9.3 B B
7d 2-pyridy! 6.82 B )

Te 2-(4,6- 4.8 C

" Dimethyl)pyridyl
7*f Phenyl 4.63 C

All compounds were characterized by !H NMR. In the NMR specorum, the
integration of R-protons versus carbamate protons (-CH20-) at 4.35 ppm was used to
determine the extent of the displacement reaction-of sulfonyl chloride by amine. For

further details, see the Materials and Methods Section and specifically Methods A, B, and
C. '

Arylsulfonamide Derivatives 7

- FIGURE 32



a series of separate reaction vessels; then Step C. elongating the nascent
conmbi natori_al nolecul es attached to the nmacronol ecul ar supports w thin each
separate r X% essel of said Step B 25 by an addi PCEUSEF09614
reactants thereto; then WO 96/ 03418

PCT/ US95/ 09614 99 Step D: washi ng the macronol ecul ar supports after said
Step C for renoving reactants therefrom ng repeating said Steps A,
B, C, and D as desired 5 for gener% g he library of

conbi nat ori al nol ecul es; wherein the inprovenent is characterized as
follows: in said Steps A, B, C, and D, the macronvol ecul ar supports are

bi phasic; 10 in said Step C elongation of the nascent
conbinatorial nolecules is facilitated by enploynment of a first sol vent

whi ch renders the macronol ecul ar supports sol ubl e tt}g[ei n, in said Step D:

washi ng of the nacronol ecul ar OH OH
HO o 0
HO OMe HO OMe
NAc NAc

3 4

Compound 3 or 4

)\o Fh _
@)
O
o I%Zo
HO OMe .. OMe
NAc NAc .
5 6
Compound 5 or 6
Ph
o 0 Ph
To
0 (o] o
BnO OMe BnO OMe
NAc NAc
7 8

Compound 7 or 8

FIGURE 33



15 supports and renoval of the reactants therefromis facilitated by

enpl oynent 9§ ogesa@Eond sol vent which renders the macronol
supports i nsol ubl e therein. 20 23.  An inpr ovegwn)g?#(’)oasvor

generating a library of conbinatorial nolecules as described in Caim 22,
wherein the inprovenent is further <characterized as follows: in said
Step C. the macronol ecul ar supports are 3 sel ected fromthe group
consi sting of polyethylene glycol (PEG, pol yvi nyl al cohol ,

pol yvi nyl am ne WO 96/ 03418 '

PCT/ US95/ 09614 100 copol ynerized wth polyvinyl pyrrolidine, and
derivatives thereof. 24. An inproved nethod for generating a |ibrary 5 of
conbi natorial nolecul es as descridgd in Caim23, waggein the inprovenent

is further characterized as f®loas: in said Step CJ the macronol ecul ar
supports include polyethyl enefgl ycel (PEG. HO o)
; OMe OMe
B8nO BnO
' NAc

NAc
9 - 10
Compound 9 or 10

oH OBn OBn |
. o HO 0o ' -
sno-%f OAc Bno#’ OAc |
NAc NAc '
11 12
Compound 11 or 12

OH OH
HO
0 o
oo OMe ot OMe
HO HO

15 16
Compound 15 or 16

OH OH
OH _
o
HO o
BzO~ OMe o.4 OMe
HO HO

17 _ - 18

Compound 17 or 18

~ FIGURE 34



10 25. An inproved nmethod for generating a library of conbinatori al

nol ecul es ag (;g,g&]r” bed in Caim 23, wherein the inprovenent ];@.(Jss?g,@%ﬁ/em

characterize ol l ows: 15 . in said Step C. the

i ncludes an al cohol; and in said Step D: the second sol vent includes an
ether. 20 26.- An inproved nethod for _generating a library of
conbi natorial nolecul esas described in ’%I&ﬁ 22, wherein the

conbi natorial nolecules of the library are sel'ected fromthe group

consi sting of oligopeptides, oligosaccharides, oligonucleotides,

aryl sul fonam des, and 25 derivatives thereof and wherein the inprovenent is
further characterized as foll ows: WD 96/ 03418 :

PCT/ US95/ 09614 101 in said Step C the first solvent includes an al cohol
and the macronol ecul ar supports arggsel ected fromgde group consisting of

pol yet hyl ene gl ycol OBn
_ 0 0]
8n0O
Bz0 OMe gzo_%, OMe
~ BnO

BnO

19 20
Compound 19 or 20

_ OBn OBn
OBn -
o] (o]
I-% 0 OMe HO OMe ' ,
BnO BnO ' : '

21 2
"Compound 21 or 22

OBn - " 0Bn
OBn
o} o
8n0O
HO OAc HO OAc
BnO BnO

23 ' 24
‘Compound 23 or 24

FIGURE 35



(PEG, polyvi nyI aI cohol , polyvinyl am ne copol yneri zed 5 wth

pol yvi nyl and deri vati ves t her eof ; and in said Piw@s
second sol %t I'nc udes an et her. An i nprove %lgﬁﬁ)d for

generating a |library of conbi natorl aI nol e get her with a
deconvol uti on assenbl age, the nethod enpl o | east two cycles of a
parallel split synthesis incorpor at| ng the foI I OWI ng sequence of steps: 15

Step A col l ecting and mi xi ng |_&cul supports within a common
pool , each macronol ecul ar S0 i FfDig a conbi natori al nol ecul e
attached thereto; then Step B: Iit'Owg d arfsferri ng the comon 20
pool of macronol ecul ar supports of said Step Ainto a series of separate
reaction vessels; then Step C. el ongati ng nascent conbi nat ori al

mol ecul es attached to the macromol ecul ar supports within each separate
reaction vessel of said Step B 25 Compoundy5¢h addition of reactants
thereto; then

0O

t-But< /lLN,NHz h -

O !
-.CH,Ph

Compound 502

0

t-But . /U\N,NHZ

O
)
H

Compound 503

. - FIGURE 36



WD 96/ 03418 ' PCT/ US95/ 09614 102 Step

D washi n cronol ecul ar supports after said Step Cf j.ng
reactants tﬂ’e&r% r:"% then Step E renovi g;gggn al i quot %fé§%¥hé 5
I

macr onol ecul ar supports from each reacti (% after said Step D for
form ng the deconvol uti on assenbl age; and then repeating said Steps A B,

C, D and E as desired for generatingthe |ibrary of combinatorial 10

mol ecul es; wherein the inprovenent conprises: in said Steps A B, C
D, and E,  the nacronol ecul art-Buf N’,éﬁékphasi c; in said Step C -

el ongati on of the nascent 15 conmbi pat ori nol ecules is facilitated
by enpl oynent of a first solvent which rféHd‘g'?' The macronol ecul ar supports
soluble therein; in said Step D. washing of the macronol ecul ar supports and

renoval of the reactants therefromis 20 facilitated by enpl oynent of
a second solvent which renders the macronol ecular supports i nsol ubl e
therein. Compound 504
X
- NH ' : -
tBut\O l:l’ 2 . ) ’
Me

Compound 505

O
t’But \OJLN,NHZ

A

Compound 506

FIGURE 37



28. An inproved nmethod for generating a library 25 of conbinatorial
nol ecul es as described in Caim27, wherein the inprovenent is further

char act er i z¥® %83418| | ows: WO 96/ 03418 PCT/US95/09614

PCT/ US95/ 09614 103 in said Step C. the nm cul ar supports are sel ected
fromthe group consisting of polyethylene (PEG,

pol yvi nyl al cohol , pol yvi nyl am ne copol ynerized wth polyvinyl :
pyrrolidine, and 5 ~ derivatives_thereof. 29. An inproved nethod for
generating a library of conbinatori al | ecul es as described in Caim?28,

wherein the inprovenment is furtfButch ciNHyzed as 10 follows: in said
Step C. the macronol ecul ar supports @nciNde pol yet hyl ene glycol (PEG. 30.
An i nproved nethod for generating a |ibr 5 of conbi natorial nol ecul es
as described in Claim28, wherein the inprgvenent is further characterized
as foll ows: '

Compound 507

I .
N\k /t‘But ' -
oMy o

Ry, O R, ‘
Entry R, - Ry Rs R4 yield?
1 H H H H 92
2 Methyl H H Methyl 91
3 H Methyi H Methyl 90
4 H Methy! H Benzy! 89
5 H Methyl H Isobutyl 80
6 H Isobutyl H Isobutyl 87
7 H Isopropyl H Isopropyl 86

2 Isolated yields.

Compound 508

~ FIGURE 38



in said Step C the first solvent includes an al cohol; and 20

said Step Ly cond solvent includes an ether. 31. An i thod
for generatl ng a ?fbrary of conbi natorial nol ecul es as desc?%&égg‘ffge Haim
27, 25 wherein the conbinatorial nolecul es_of library are selected from
t he group consisting of oligopeptides, ol i%/% iari des, ol igonucl eoti des,
aryl sul f onam des, and WO 96/ 03418

PCT/ US95/ 09614 104 derivatives thereof and vvherel n the inprovenent is
further characterized as follows: i id Step C. the first solvent

i ncl udes an al cohol and the m%@) i suppBitt s are selected 5

fromthe group consisting of polyet Zne gIQ/coI (PEG, polyvinylal cohol,
pol yvi nyl am ne copol yneri zed with pol yvinyl pyrrolidine, and derivatives
thereof; and in said Step D. the second sol vent incl udes an 10 et her.

Compound 509

L e W

Compound 510

MeO o j\ o R
\/‘(O/\)»n ~ 0 Q—_\O/U.\H,NYO\ -But

o)

Compound 511

FIGURE 39



32. A nmethod for generating a library of combinatorial nolecul es
t he net hod g at least two cycles of a parallel spI|

i ncor porat | n'gp‘{'@éisn foll owi ng sequence of steps: Step A {,CF gsfec I'ng

and m Xi ng bi phasi ¢ bi phasi ¢ macronol ecul ar supports Wi t h| n a common
pool , each bi phasi c macronol ecul ar support48 a nascent conbinatorial-
nol ecul e attached thereto; then 20 t"ep B: splitting and
transferring the conmon pool of biphasic nmacronol ecul ar supports of said
Step Ainto a series of separate reaction vessels; then Step C. elongating
t he nascent combi nat or| al nol Q:ul es atta to th bi phasi cgrecr onol ecul ar
25 @rts each at e r% el of Hsal )JS Step B by an
addi tion of e('gl irst

renders the  WO'96/03418 @ v/ U N J N “we

PCT/ US95/ 09614 105 b| phaS| c macr onol ecuI ar HsupporRE sol t@)l eR']i herei.n; “then
Step D washi ng the bi phasi c nmacronol ecul ar

Compound 512

Compound 513

Compound 514

FIGURE 40



supports after said Step C for renoving reactants 5 therefromin the
presence ofwgoggsapd sol vent which renders the  biphasi C perusesossia

macr onol ecul ar supports insoluble therein; repeating said Steps A B, C
and D as desired for -generating t he l'i br ary of conbinatorial 10

nol ecules. 33. A nethod for generating a | brary of conbinatori al
nol ecul es as described in daim 31, furthe;t/ﬁl/ﬁﬁa erized as follows: 15
in said Step C. the biphasic nmacronol ecul ar orts are selected fromthe
group consi sting of polyethyl ene gl ycol (PEG) pol yvi nyl al cohol ,

pol yvi nyl am ne copol yneri zed wth pol yvi nyl pyrrolidine, and
derivatives thereof. 20 34. A nethod for generating a library of

conbi nat ori al ol ecul es as descri bed in Caim33, further characterized as

follows: in said Step C_ the bi SI c. macr onol.ecul ar 25 supports
“include pol yet hyl ene gIQé'tﬁ prE esis 0 aza-dlpeptlJe

0 0.0
. X A
tBut\OJ\N,NHz . Fy O/ Y |
! Z O Z
R,
DMAP
CHQCIZ -
_ o -

0" °N \n’ |\ s not isolated

R-| @) -
N_o
HI}I' Y~ CtBut
Ry O , DMAP
Y

FIGURE 41



WO 96/ 03418 ' . PCT/ US95/ 09614 106 35. A
met hod f okyg gating a library of combinatorial nolecpifp,

. . . . 9614
.described in aim 33, further characterized as foll ows: |n sal Step C
the first solvent includes an 5 alcohol and in said Step D:. the
second sol vent includes an ether. thod for generating a

l'ibrary of 10 conbi natori al nnleculesas d z&kg in Caim32, wherein the
conbi natorial nolecules of the library are | ected from the. group
consi sting of ol i gopepti des, oligosaccharides, oligonucleotides,

aryl sul fonam des, and derivatives thereof and wherein the nethod is further
15 characterized as follows: in said Step C. the first solvent includes an
al cohol and the nmacronol ecul ar supports are selected fromthe group

consi sting of polyethylene glycol (PEG, polyvinylalcohol, polyvinylamne
copol yneri zed 20 wi th polyvinyl pyrrolidine, and derivatives thereof;
and in said Step D. the second solvent includes an ether.

Synthesis of Aza-dipeptldes.

O R, Ry O

wBute L N N U _tBut
07 "N"YT TNT To”

Ri O Ry
Entry R, R, R Rs yield® -

1 H H H H 92 .

s>  Methyl H H  Methyl o

3 H  Methyl H Methyl 90

4 H Methyl H Benzyl 89

5 H Methyl H Isobutyl 90

6 H Isobutyl H Isobutyl 87

7 H Isopropyl H Isopropyl 86

% Isolated yields.

FIGURE 42



25 37. A nmethod for generating a library of combinatorial
nol ecul es bed in Gaim32, further conprisingg the follo

addi ti onal qi?gﬁfﬁid WD 96/ 03418 pctrussibosts

PCT/ US95/ 09614 107 Step E: after said Step D, renoving an aliquot of the

macr onol ecul ar supports fromthe reactlon v for formng a
deconvol uti on assenbl age. 5 38. Z‘z generating a
conbinatorial |ibrary conprising a coll ectl on [err]-azetide

conposi tions. _ .
Scheme for MeO-PEG-supported aza-peptide synthesis.

MeO. o :
\/‘(o/\)—n ~NOH + Hozc—Q—\o,t.aut

) DCC/DMAP
il) TFA/CHCl,

Meo,_~ o,\_);‘o\_/\or”\@“m

O

HaNo I _t-But S .
SNTTOTTTT, pmap .

Ry

\
o]
0 R
MeO\/(o/\);‘o\/\oJl\ @ OJL N’&TO\ tBut
_ o

i) TFA/CHoClp

| o)
o N J _tsu
) Fs—%ED, Wg g 0 , DMAP
\ .

F!epeat a cycle of above i) and ii)

Y

<:> Q 0
MeO O~ Jj\ y
\/~(o/\)' 0 o ﬁ T NJK ..... l N‘t:jJLQ’t'BUt
lelPd o A,

Ry 0O [0

H
HzN’N ‘2 """'ofn\r;lJLO’t.Bm

2
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