SCAVENGER ASSI STED COVBI NATORI AL PROCESS FOR PREPARI NG LI BRARI ES OF

TERTI ARY AM NE COMPOUNDS This invention relates to a solution phase
synthesis of conbinatorial libraries of tertiary am ne conpounds. These

i braries are useful for discovery of |ead conpounds for drug devel opnent.
Research and devel opnent expenses accouny for the largest outlay of capital
in the drug industry. Synthesi's of conpounds is an expensive and tinme
consunm ng phase of research and devel opment. Historically, research
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research and development. Historically, research chemists
individually synthesized and analyzed hundreds of high
purity compounds for biolégical screening to develop
pharmaceutical leads. Although past methods brought new
drugs to market, the limitations of individual synthesis and
insistence on coﬁpound characterization considerably slowed
the discovery process.

The need for more rapid and less expensive drug
discovery methodology is increasingly important in today's
competitive drug industry.

- More recently, modern drug discovery has used the
methods of combinatorial chemistry to generate large numbers

(viz., about 102 to 106) of compounds generically referred

to as "libraries." An important objective of combinatorial
chemistry is to generate lead compounds for pharmaceutical
research. ' '

Theoretically, the total number of compounds which may
be produced for a given library is limited only by the
number of reagents available to form substituents on the
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Combi natorial chemstry may be performed in a manner where libraries of
conpounds are generated as mxtures with conplete identification of

i ndi vi dual conpounds -postponed until after positive screening results are
obt-ai ned. However, a preferred formof combinatorial chemstry is "parallel
array synthesis" where individual reactign products (nost often individua
conmpounds) are synthesized together, but®are retained in separate vessels.
For exanple, the library conpounds are held in the indlv:dual wel |I's of ?6 t
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example, the library compounds are held in the individual

wells of 96 well microtiter plates. Use of standardized
microtiter plates or equivalent apparatus is advantageous
because such an apparatus is readily manipulated by

programmed robotic machinery.
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Conventionally, combinatorial chemistry is conducted on

a solid phase support, normally a polymer. The library
scaffold is cleavably tethered to the solid support by a
chemical linker. Reactions are carried out to modify the
scaffold while tethered to the solid support. 1In a final
step, the product is cleaved and released from the solid
support. A general procedure for conventional solid phase
synthesis is illustrated by the following scheme where the

shaded circle symbol is, for example, a high molecular
weight polymer:

Solid-Phase Synthesis:

excess excess

.,X A> .,X-A B > ‘,X-A-B M& AB

Variations in reagents (e.g., "A", "B", in the general
scheme, supra.) produce the desired structural diversity.
Separation of solid pha§e p;o@pqg.and unreacted soluble
reactant is done Ey éimpieééeﬁ%é%iion techniques such as
gg;gratioﬁa decantdtion, or washing. These separation solid




w de variety of conbinatorial reactants and | end thenselves to | arge scale
si frul t aneous/ automated |library creation. The rate determ ning step in smal
nol ecul e synthesis is typically not actual construction of the desired new
chemi cal entities. Rather, the difficulty of synthesis is frequently caused
by the task of isolating reaction produc{ fromunreacted starting
materials, by-products or other inpurities. Unfortunately, it is not always
practicable to tether a desired conbinatorial scaffold to a solid support.
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stoichiometric ratios of reactants. Frequently, one reagent
is added in considerable excess to drive a solution phase
‘reaction to completion. The result is a reaction medium
with soluble product and soluble unreacted co-reactant.
Consequently, traditional organic synthetic methods often
require complex purification strategies which limit their .
use, particularly in combinatorial syntheses.

Polymeric reagents have been known and used for general
chemical synthesis in various roles; such as follows:

a) The article, Cyanoborohydride supported anion
exchange resin as a selective reducing agent by Hutchins,
.Robert O.: Natale, Nicholas R. and Taffer, Ira M.; J.C.S.
Chem Comm., pg. 1088-9, 1978 describes various reactions
including reductive amination using cyanoborohydride anion
on ion-exchange resin. The spent resin reagent is removed
by simple filtration and washing.

b) The article, Synthesis and Reactivity of Polymer-
Supported Reducing Agents with Chemically Modified Surfaces
by Menger, Fredric M., Hiraku, Shinozaki, and Lee, Hsueh-
Chi; J. Org. Chem 1980, 45, 2724-2725 describes borohydride

i% and cyanoborohydride functional anion exchange resins for
carbonyl group reduction. Zldehydes and ketones are reduced
to form alcohols by use of polymeric reagents.



to form al cohols by use of polyneric reagents. 4 c) US Patent No.
3,873,621 describes reductive amination reactions carried out using

al kal i -metal and quat ernary ammoni um cyanobor ohydrides. d) The article,
The reduction of [err]- unsaturated nitroal kenes to nitroal kanes with

bor ohydri de supported on an ion exchange,resin, by Goudgaon, Naganna, M;
Wadgaonkar, Prakash P.; and Kabal ka, George W; Synthetic Conmunications,
19(5&6), 805-811 (1989) describes the use of polynmer supported borohydride
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Chem cal Modification of Pol yners.
from anion exchange resin: Selective reduction of «,f -
carbonyl compound by Sande, A.R. et. al., Tetrahedron
Letters, Vol. 25, No. 32, pp 3501-3504 1984 describes the
use of borohydride exchange resin for the reduction of
cyclic and acyclic ketones to alcohols with the attendant
advantage of simple separation by filtration to give product
free of boron moiety. ,

f) The article, A reductive amination/lactamization
procedure using borohydride reagents by Abdel-Magid, Ahmed
F.; Harris, Brice D. and Maryanoff, Cynthia A.; Synlett,
pgs. 81-3, January 1994 describes reductive amination of
carbonyl compounds using sodium triacetoxyborohydride.

g) The article, New Probes for the Stﬁdy of Acylation
Reactions, by J. Rebek, D. Brown, and S. Zimmerman _
{Contribution No. 3481), Journal of the American Chemical
Society, 97:15, p.4408, July 23, 1975, JACS 97:15 July 23,
1975 describes the use of polymer bound isocyanate to
activate carboxylic acid.

h) The article, Chemical Modification of Polymers.
Borohydride Reducing Agents Derived from Anion Exchange
Resins, by H. W. Bibson and F.C. Bailey, J.C.S. Chem. Comm.,
p. 815, 1977 describes the preparation of an insoluble
polymer bound reducing agent by reacting anion exchange
resins of the quaternary ammonium tYpe with aqueous NaBH4.

i) The article, Solid Phase Synthesis of
Oligosaccharides. I. Preparation of the Solid Support.



Bor ohydri de Reduci ng Agents Derived from Ani on Exchange Resins, by H W

Bi bson and F.C. Bailey, J.C. S. Chem -Comm, p. 815, 1977 describes the
preparation of an insoluble polynmer bound reduci ng agent by reacting anion
exchange resins of the quaternary ammoniumtype with aqueous NaBH4. i) The
article, Solid Phase Synthesis of digosaccharides. |I. Preparation of the
Solid Support. 5 poly(p-(1l-propen-3-ol-1-yl) styrene, by J. M Frechet
and C. Schuerch, Journal of the Anerican Chem cal Society, 93:2, p. 492-496
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Anlno prot t| by L.S. Carpino and J.R Wllians, J.C.S. Chem
%&1 1g?€%31%8) describes the use of a resin bound pi perazine to
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A no- Pr ot dtiST D AF O - R ex Mixtures, dt “and
' Benezra, Tetrahedron Letters, Vol. 21, p. 617-619 (1980)

describes an amine functional polymer used as a nucleophile
for removal of an o,PB-unsaturated lactone electrophile.

1) The article, Polymeric De-blocking Agents for the
Fluoren-9-ylmethoxycarbonyl (FMOC) Amino-protecting Group,
by L.S. Carpino and J.R. Williams, J.C.S. Chem. Comm.,
p.450-451, (1978) describes the use of a resin bound
piperazine to remove FMOC with subsequent scavenging of the
dibenzofulvene contaminant.

m) The article, Piperazino-Functionalized Silica Gel as
a Deblocking-Scavenging Agent for the 9-
Fluorenylmethyloxycarbonyl Amino-Protecting Group, by L.A.
Carpino, E.M.E. Mansour, and J. Knapczvk, J. Org. Chem.,
48, p.666-669 (1983) describes a silica bound piperazine
to remove FMOC with subsequent écavenging of the
dibenzofulvene contaminant.

n) The article, Preparation of High Capacity |
Aminomethyl-Polystyrene Resin, by C. C. Zikos and N.G.
Ferderigos, Tetrahedron Letters, Vol. 36, No. 21, p. 3741-
3744, 1995, describes the preparation of an amine
functional resin.

o) U.S. Patent No. 5,244,582 relates to reactive groups
. immobilized on inorganic substrates such as glass. Such



Carpino, EEME. Mansour, and J. Knapczyk, J. Og. Chem:, 48, p.666-669
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scavengi ng of the di benzoful vene contam nant. n) The article, Preparation
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Ferderi gos, Tetrahedron Letters, Vol. 3 No. 21, p. 3741- 3744, 1995,
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5,244,582 relates to reactive groups inmobilized on inorganic substrates
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configurations. The nethod of this invention has applicability for nmaking a
diverse library of tertiary SwmaryoefothdsInventiofior finding new | ead
conpounds, and directed libraries of tertiary am ne conpounds useful for

optim zing a pedhbinkEér P E8cnbs OHP dh&dl bachsdatye W& distsnectop view
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have t he nmdawengediibnedibsl avewbeeated to find lead compounds. In
a second optimization phase, strong lead compounds are
much more narrowly modified to find optimal molecular
configurations. The method of this invention has
applicability for making a diverse library of tertiary
amine compounds useful for finding new lead compounds, and
directed libraries of tertiary amine compounds useful for
optimizing a particular desired biological activity.

FIG. 1 is a top view of a wellplate apparatus.
FIG. 2 is a side view of a wellplate apparatus.

Detailed Descrivtion of the Invention
I. Definitions:

The following terms have the meaning defined below when
used in this specification of the invention:

"Amine reactive substituent® means a radical symbolized
by (ARS) which is selected from the group consisting of
isocyanate, isothiocyanate, and acylhalide.

"Assay kit" means an assemblage of two cooperative
elements, namely, (i) a wellplate apparatus, and (ii)
biological assay materials.

“Biological assay materials" are materials necessary to
conduct a biological evaluation of the efficacy of any
library compound in a screen relevant to a selected disease
state.

"Directed Library" is a collection of compounds created
by a combinatorial chemistry process for the purpose of



used in this specification of the invention: "Am ne reactive substituent”
means a radical synbolized by (ARS) which is selected fromthe group

consi sting of isocyanate, isothiocyanate, and acyl halide. "Assay kit" means
an_assenbl age of two cooperative el enents, nanely, (i) a wellplate
apparatus, and (ii) biological assay materials. "Biological assay
material s" are nmaterials necessary to conduct a biol ogi cal eval uation of
the efficacy of any library conpound in a screen relevant to a sel ected
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"Electrophile" means an electron seeking reagent having

an electrophilic substituent, E.

"Lead compound" means a compound in a selected '
combinatorial library for which the Assay kit has revealed
significant activity relevant to a selected disease state.

“Library" is a collection of compounds created by a
combinatorial chemical process, said compounds having a
common scaffold with one or more variable substituents.

"Library compound" means an individual reaction product
(usually a single compound) in a library produced by the
method of the invention.

*Parallel array synthesis" means a method of conducting
combinatorial chemical synthesis of libraries wherein the
individual combinatorial library reaction products are
separately prepared and stored without prior or subsequent'
intentional mixing.

"Reaction zone" means the individual vessel location
where the combinatorial chemical library compound
preparation process of the invention is carried out and
individual library compounds synthesized. Suitable reaction
zones are the individual wells of a wellplate apparatus.

*Scaffold" means the invariant region (viz., core) of
the compounds which are members of a library (viz., tertiary
amine) . |

“Simultaneous synthesis" means making of library of
compounds within one production cycle of a combinatorial



common scaffold with one or nore variable substituents. "Library conpound”
means an individual reaction product (usually a single conpound) in a

| i brary produced by the nethod of the invention. "Parallel array synthesis"
means a met hod of conducting conbinatorial chem cal synthesis of libraries
wherein the individual conbinatoriallitgary reaction products are
separately prepared and stored without prior or subsequent intentional

m xi ng. "Reaction zone" neans the individual vessel |ocation where the
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diversity of biological activity to the scaffold in the case
of diverse libraries, and optimization of a particular
biological activity in the case of directed libraries.

*Reagent" means a reactant, any chemical compound used
in the combinatorial synthesis to place substituents on the
scaffold of a library. ,

‘Wellplate apparatus® means a structure capable of
holding a plurality of library compounds in dimensionally
fixed and defined positions.

"Non-interfering substituent®*, refers to a halo or
organic (non-hydrogen) radical suitable for substitution as
Ri, R2, R3 or R4 in the reactants used in the process of
making a combinatorial tertiary amine 1ibrary. . Non-
interfering substituents are those that do not significantly
impede the solution phase processes of the invention or
interfere with the use of a solid phase scavenger in said
processes. Suitable non-interfering radicals include, but
are not limited to, C1-Cig alkyl, C2-C10 alkenyl, C2-Cip
alkynyl, C1-Ci0 alkoxy, C7-Ci12 aralkyl, C7-C12 alkaryl, C3-
Ci10 cycloalkyl, C3-C10 cycloalkenyl, phenyl, substituted
phenyl, toluyl, xylenyl, biphenyl, C2-C12 alkoxyalkyl, C1-Cg
alkylsulfinyl, C1-C10 alkylsulfonyl, -{(CH2)m-0O-(C1-C10
alkyl), aryl; substituted aryl, substituted alkoxy,
fluorocalkyl, aryloxyalkyl, heterocyclic radical, substituted
heterocyclic radical, and nitroalkyl; where m is from 1 to
8. Preferred non-interfering radicals are C1-C10 alkyl, Ca2-



of diverse libraries, and optim zation of a particular biological activity
imthe case of directed libraries. "Reagent" neans a reactant, any chem cal
conmpound used in the conbinatorial synthesis to place substituents on the
scaffold of a library. "Wellplate apparatus" neans a structure capabl e of
hol di ng a plurallty of library conpoundsgin dinensionally fixed and defined
positions. "Non-interfering substituent”, refers to a halo or organic
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ertiary a ne,libra erferi ubs n re a o]
not signifi ncE]l rfb%%l)fﬂg’ s%°1 rk%]iQ)n% ¥ OCeS ekée f’[ he nzgtﬂt(?on or
interfere V\iCt]h-Ct:IhB albev X, amoli ﬁmmm@ram sai d processes.
Sui t abl e non-intgesf di cldige ; o,
Cerr]-Cerr] alié %Cﬁgrk&? Cf\%'rr%ﬁé%l %%ﬁ%err%ga rﬂr%dn#ra?frﬁll
Clerr]-d erln]dmmon G erbetv@en 1 m@lskyttarmn Gitoms karyl , C3- C[ err]

cycl oal kyl, (errg,e deb&]cl@)lé.(lh@fi"'kﬁié‘éhs RNy o‘ftlllﬁatdv&éérﬁd{ RhrNW , toluyl,
xyl enyl, b| phenyl Cl2 a] koxyal kyl er r%ﬁﬁ err] al kyl sul finyl,
Jerr]-q erqé}rl%quﬁfsﬁﬂlﬁ dying (aeﬁ-l[le?%q‘) rﬁ@( Y]S@ﬂéﬁ*}e‘am‘? aryl ,
substi tuted ary|“A1%b[b'Stméaﬁ§Cbr@é l@%)ﬂno:fé L@f@ﬁ&/& rifys Pxgatkydbf 5 or 6

het I di b t h t I d nit | k

ey e 1 SRt ot DO EhEte 1L PRSI B BE Srus R B 1 8% Y

g[[ er r} - g[[ erna}]pl'ztll‘hyl n @3f emijus]ed Qa{:][m rblpthmll,/l Cerr]- C}-er r] al koxy,
err err] ar T 4= :

Cerr]-Cerr] cylaéf %ieny“ﬁéd ﬂf h%&jfée)raﬁ? %%ﬂ%%%ﬁé?ggé#fg#éyl ),

aryl, and §Uﬁ§ﬂ9ﬁtﬂ%ﬁ?%ﬁ%ﬁl f] Clerr] alkyl" neans a straight or

branched chai n hwﬁm-arrhwh@fctbmw,enfxu@f@l yisds ben wrems, "Clerr]-Cerr]

cycl oal kyl manﬁigtéfg&g{epeﬁg\éeﬁsn énéangrymore rings of 5, 6, or 7

atoms with or without unsaturation or aromatic character and

at least one ring atom which is not carbon. Preferred
hetercatoms include sulfur, oxygen, and nitrogen. Multiple
rings may be fused, as in guinoline or benzofuran.
"Substituted heterocycle" means heterocycle with one or
more side chains formed from non-interfering substituents.

II. General description of the tertiary amine
combinatorial librarvy:

The tertiary amine library of the invention is a
diverse combinatorial library comprising individual tertiary
amine library- compounds represented by the general formulae
(I) and (X): |

AN N
T B
Rz

or



carbon atons having at |east one fully saturated bond. "Aryl" means one or
nore aronmatic rings, each of 5 or 6 carbon atons. Miltiple aryl rings may
be fused, as in naphthyl, or unfused, as in biphenyl. Substituted Aryl"
havi ng one or nore non-interfering groups as substituents. "Hal 0" neans
chloro, fluoro, iodo or bromp. "Heterocygle" means one or nore rings of 5,
6, or 7 atonms with or without unsaturati on or aromatic character and at

| east one ring atomwhich is not carbon. Preferred heteroatons include

sul fur, oxygen, anhd nitrogen. Miltgple rin may be fused, as in quinoline
or benzofuran. "Substituted heterocycley~freans terocycle with one or nore

side chains fornmed fromnon-interferingjsubstitdents. |I1. Genera
description of the tertiary am ne conbi matorial library: The tertiary am ne
| ibrary of the invention is a diverse cBtbi nat ori al i brary conpri sing

i ndividual tertiary am ne |ibrary-conpounds represented by the general

Rerr] . R el Sl BG By Rimieid el dodrgorion =g, 4 Ada

descri pti onbeflomhe processes for making the tertiary am ne conbinatori al
library of the invention: Tertiary am nes may be prepared by reductive

am nation w al Jeals I I ] ared
by nucl eophl‘#iﬂﬁﬁ%%é&l%sl e X -Bq:"’ttlﬁ asts miﬁe W] gt;l}?é)

el eCt r Oph| | 4 f'.‘_"i:, .0 kLo Fabel by gl IHball Y Hg Udie pvention :

with aldehydes or ketones.

Tertiary amines may also be prepared by nucleophilic
substitution reactions of a secondary amine with an
electrophile. For example, tertiary amines are made by the
reaction of secondary amines with organchalides;

(CH,CH,),NH + CH;CH,Br » (CH;CH,;N +HBr
or the reaction of secondary amines with esters of sulfonic
acids;

0O

(CHCH),NH + Hac——'L ——O0—CHyCHy ——» (CH;CH,);N

or hydroxylated tertiary amines may be made by the reaction
of secondary amines and epoxides;

. CHe clzl-l3
(CHCH,,NH  + :7 —  (CH3;CH,),NCH,CH
o) _

OH

The various synthetic schemes for preparing individual
tertiary amines as set out above are modified according to
this invention to prepare tertiary amine combinatorial

 libraries.



reaction of secondary am nes with organohalides; (CHerr]CHerr])[err]NH +
CHerr]CHerr]Br -------- > (CHerr]J]CHerr])[err]N + HBr or the reaction of
secondary amnes with esters of sulfonic acids; [err] or hydroxyl ated
tertiary am nes may be nade by the reaction of secondary am nes and

epoxi des; [err]. The various synthetic schgnmes for preparing individual
tertiary am nes as set out above are nodified according to this invention
to prepare tertiary am ne conbinatorial libraries. This invention is

gart icularly \Aelrhlguhheléngsoa ge%a@tl&auaedyf Qe l1pr ﬁna:tbgga& af rgldmteli‘lan ly
iverse terti ne |ibrar e rrmof, the |i 0 ds in
the tertiar Feg_wolqg@orblpggy P& §§rél 3:6‘1%%&Yd| IRV tﬁerﬁ:al 5131 %\Jt i z.

t he reacti ol ilmdiryn) The thimadolfivemt qfaysl"tﬁe lddnmarmd compaurels iimalth® oduct
retained asa.Rquies mm%t a1 % lAl36 13 d & ild Sy RFea campunds  of

this invention are“non- I.legé ant| Iy non naturally occurring
nol ecul es h&ALYGTE rhYIlézcuI @%Qjﬁ iomh gedinin), @F fhwisolornt %Lﬁe 700.

The reacti oeiRRed @nd @HE 1F3 rRacC hridiud e talinal |dHramowdsmpo ks this
i nvention contai.ns a solvent. The solvent reaction nediumis typically a

sol vent not 6h9} ‘or the library conmpound desired, but also for inpurities
such as; (i) unreacted reagent, and/or (ii) by- product(s) The inpurities
in the reacti onThextertiary gmdaeaﬂﬁbrsmwubbambmn@weqﬁﬂuhﬁaniqﬁanﬂiQnrme

t hey ffeque%tﬂé/rmﬂ %beﬁtfilaeecl&%%ﬁ@uf\%&nqﬂhfglﬁﬂ%cdmw pr oduct
and share broad sol U ‘characteri sti
molecules hav1ng a molecular weight range of from about

100 to about 700.

The reaction zone for forming each tertiary amine
library compound of this invention contains a solvent.
The solvent reaction medium is typically a solvent not
only for the library compdund desired, but also for
impurities such as; (i) unreacted reagent, and/or (ii) by-
product (s). The impurities in the reaction mixture are
generally soluble in the solution phase since they
frequently have a molecular weight lower than or egual to
the product and share broad solubility characteristics of
the product.

One method of driving a multiplicity of tertiary amine
forming reactions (viz., reductive amination, nucleophilic
substitution) with diverse reactants to complete
consumption of aldehyde or electrophile is to use a
stoichiometric excess of amine reagent, preferably a large
stoichiometric excess. For such methods the efficient
removal of excess amine reagent may be accomplished with a
solid supported amine reactive scavenger as taught herein.

Combinatorial techniques must be very robust to work
well for highly diverse groups of reactants. The solid
supported scavengers employed by the processes of this
invention remove excess unreacted reactant in a manner
readily adapted to the diversity of reagents employed in



t he product. One nethod of driving a multiplicity of tertiary amne formng
reactions (viz., reductive am nation, nucl-eophilic substitution) wth
di verse reactants to conplete consunption of al dehyde or electrophile is to
use a stoichionetric excess of am ne reagent, preferably a | arge
stoi chi onetric excess.. For such nethods jthe efficient removal of excess
am ne reagent may be acconplished with a“solid supported am ne reactive
scavenger as taught herein. Conbinatorial techniques nmust be very robust to
wor k wel | il ingllof 101V QinidayPs gifr/iRAAANLS pathiel 1991 idk-syppor t ed
scavengers enployed by the proceSses of this invention renove excess
unr eact ed ¥ 15-n a manner readily adapted to the diversity of reagents
enpl oyed in B2 geeidtiaNatseHede E@NMSH useparf isullial Iphaas aldBlerfeny
synt hesi s. .A gen |, scheme for the use of solid phase scavengers is as
fol l ows: Sofi FP%%§§9§?avengers: [err] The solid supported scavenger is
filtered fromthe liquid reaction nmedia and the purified product A-B
ret ai ned. THolid-BegseiScgvengershe nmet hod of the invention and the tertiary amine
library created thereby is for devgloping new drugs. Pharnaceutical drug
di scovery relies mex@&ssly on st es of strucggée:activity rel ati onshi ps
wherein the stryctufes Qf q?sc gd A-Bga orrpoj.'ﬁfﬂsL g the basis for new
drug devel opnent. The net%o of the inventyYon systematically and
si mul t aneously generates | arge nunbers of diverse tertiary am ne

The solid supported scavenger is filtered from the

liquid reaction media and the purified product A-B
retained.

The utility of the method of the invention and
the tertiary amine library created thereby is for
developing new drugs. Pharmaceutical drug discovery
relies heavily on studies of structure-activity
relationships wherein the structures of discovered "lead
compounds" are the basis for new drug development. The
method of the invention systematically and simultaneously
generates large numbers of diverse tertiary amine
molecules useful as a source of lead compounds. The
combinatorial tertiary amine libraries of the invention
may be screened for pharmacologically active compounds
using conventional screen protocols known in the art for
any targeted disease state.

The following sections IV thru XI describe a
combinatorial solution phase reductive amination process for
making tertiary amine libraries

The following sections XII thru XVIII describe a
combinatorial solution phase nucleophilic substitution
process for making tertiary amine libraries.



nmol ecul es useful as a source of |ead conpounds. The conbinatorial tertiary
anmine libraries of the invention may be screened for pharnmacol ogically
active compounds using conventional screen protocols known in the art for
any targeted disease state. The follow ng sections IV thru XI describe a
conbi natorial solution phase reductive gni nation process for making
tertiary amne libraries The follow ng sections XlII thru XVIII1 describe a
conbi natori al solution phase nucl eophilic substitution process for naking

tertiary amne |ibrarkpseTIve 13MREROEGN VECHN NATORNACOMBOMASER! AL PROCESS
V. Description of the scavenger assisted solution phase reductive

an nati on pcess of. ki ng ti an1ne conbl atorial l.ibraries of the
i nventi on. S SRR S E he £ca de oS! 155 iz s?-uctlve
am nation tertiary

am ne scaff 3 attra,rtlgrleq_l -ra!ﬂla§o%,lgd ﬁ%l&pl d corrpounds represented
by the forfmura; [err], said _process conprising Steps of: a) adding to
each reaction z3mdscdMvantiioR 49 ioqFcRvaRgarmaEHl \FATHOS T I

al dehyde r epiRgeAked alimnfaftfiofrpwcess?&%op&%wa&l% E3 1&5&@ rgerfering

bstit t {. h { t 1.1
caut val ont SBEoRTER TR R e RIS AR Y M (R ent ed by

t he fornul yarfiebdle substituents, said compounds represented by the

formula;

Ry
\N/.\R3 o
|
Rz

said process comprising the steps of:

| a) adding to each reaction zone containing a liquid
medium (n) equivalents of an aldehyde represented by the
formula,

R3CHO
where R3 is a non-interfering substituent;
b) adding to each reaction zone of step (a) at least

1.1(n) equivalents of a solvent soluble secondary amine
reactant represented by the formula: '

R \NH

R2/
where R] and R2 are independently selected from non-
iﬁterfering substituents;

c) adding to each reaction zone a reducing ageﬁt and
maintaining each reaction zone at a temperature and for a
time sufficient to permit reductive amination of the
secondary amine reactant;

d) adding to each reaction zone of step (c) a solid
supported amine reactive scavenger represented by the |
formula;



where R err] and R err] are independently selected fromnon- interfering
substituents; c) adding to each reaction zone a reduci ng agent and

mai nt ai ni ng each reaction zone at a tenperature and for a tine sufficient
ta.permt reductive am nation of the secondary am ne reactant; d) adding to
each reaction zone of step (c) a solid sypported am ne reactive scavenger
represented by the formula; . 14 [err] wherein; is a solid-support
insoluble in the liquid reaction nediumof the reaction zone, -(L)- is a

di val ent |inking group, and (ARS) s, an am ne reactive substituent selected
fromisocyanate, isothiocyanate, (Lha-i—i-d(ARSind addi ng sai d scavenger

I n an anount wherein the equival ent™ (ARS) are at |east equal to the
excess equi val ents of unreacted am ne reactant used in step (b), and

mai nt ai ni ngygRirdipgaction zone at a tenperature and for a time sufficient
to permt reaction ‘of said excess ami ne reactant and said scavenger; e)
separating the solid supported scavengerm each reaction zone of step
(d) and recovering each substantially pur ed tertiary amine library

conpound. The 'éa@@lri@—lsﬁpgﬁcﬂt eIl & GRE" Héaqlidlﬁ@rﬁeaf@ildrhﬁnéd?ﬁﬁﬂdary

d al d t.ant i t d t diff t
Cecondary afimEeSARREIRy Fo Sy B aldod (5 ATy AT ARG 1L

l'ibrary for niaRs$)priecess, am11’nedarc¢d.vel rs udos ddveat nmitecﬂ:fed hiergae ocess of

the inventiqng éﬁ’%t o %onrty ?4%23,% orglar }{Aeﬁllad@ airgf?#rfﬁeigsfgl ﬁus

each libraryr I on ‘zone ‘s of ate) 1's
t he same amqqgwﬁgpqyggﬂyﬁgjamount whereln the equlvalents of (ARS) are

at least equal to the excess equivalents of unreacted amine
reactant used in step (b), and maintaining said reaction
zone at a temperature and for a time sufficient to permit
reaction of said excess amine reactant and said scavenger;

e) separating the solid supported scavenger from each
reaction zone of step (d) and recovering each substantially
purified tertiary amine library compound.

The "adding to each reaction zone" reqguirement for the
secondary amine and aldehvyde reactant in steps (a) and (b)
means that different secondary amines and aldehydes may be
added to each reaction zone in the library forming process,
if desired. In one embodiment of the process of the
invention, each combination of secondary amine and aldehyde
added to each library reaction zone (e.g., wells of a
wellplate) is different. Thus, the same amine may be added
to each row of a wellplate apparatus (as per Fig. 1) and the
same aldehyde reactant may be added to the same column of a
wellplate apparatus to give a different combination of
reactants in each well (viz., reaction zone) that will
expectantly yield a different library compound.
Alternatively, where it is desirable to have replicate
samples, the same combination of secondary amine and
aldehyde may be added to different reaction zones.



to each rom1of a wellplate apparatus (as per Fig. 1) and the same al dehyde
react ant may be added to the same columm of a wellplate apparatus to give a
di fferent conbination of reactants in each well (viz., reaction zone) that
wi:l| expectantly yield a different |ibrary conpound. Alternatively, wher e
It is desirable to have replicate sanpl t he sane conbi nati on of
secondary am ne and al dehyde nmay be added to different reaction zones.

15 V. Detail of Operation for the Reductive Am nation Process - Step (a):

The reductiywe HEHNAL HF IHRGSS dip f?&ngg%é %d&b%ﬂzé rmﬁi@i% an al dehyde;
R3CHO wher el n 'S a non-)ntertering radical selecte romCerr]-Cerr]
al kyl, d ersR = Clerr]-Clerr] alkynyl, Cerr]-Cerr] alkoxy,
Cerr]-Cerr] amﬂéqﬂedudumvé -drhimayial kargdes < s r¢orifertéd cysimal iyl |

Cerr]-Ce ge(nl 4 nyl, substituted phenyl, toluyl, xylenyl,
bi phenyl , é rpr err] ai xyal kyI err]-Cerr] alkylsulfinyl,

C[err]-C[err] alkylsulfonyl (CH[err] I (Jerr]-derr] alkyl), aryl,
substi t ut edvlegnein Ripsis twtrﬁﬁa-aiﬂmwfeﬂn@rmd:kryél Sy oxgdl Eydm

et er eyl CALSUBSyL  ol et Soile Takaaly 00 oLy GeL
B oo ke T

C a S
dlerr) - o o BB A R B G Sl G

sel ect ed f reumryal syllEdriyel , wmméx&oarwlrei@r@rksﬁil £ ahEehyshessbivhbgda
nmol ecul ar wei ght of from 50_to 600. Exa Ies of aldeh de reactants sui tabl e

for use in 3MElproRatigitedalkran | b

heterocyclic radical, substltuted heterocycllc radlcal, and
nitroalkyl; where m is from 1 to 8. Preferred non-
interfering radicals are C1-C10 alkyl, C2-C1¢0 alkenyl, Ci-
C10 alkoxy, C7-C12 aralkyl, C7-Ci2 alkaryl, C3-Ci0
cycloalkyl, C3-C10 cycloalkenyl, phenyl, -(CH2)m-O-(C1-C10
alkyl), aryl, and substituted aryl.

The aldehyde reactant R3CHO is preferably selected from
aliphatic, aromatic, and heterocyclic aldehydes having a
molecular weight of from 50 to 600.

- Examples of aldehyde reactants suitable for use in
the process of the invention are the following:
Aldehyde Reagents --

2-fluorenecarboxaldehyde

n-methylpyrrole-2-carboxaldehyde

furfural

5-nitro-2-furaldehyde

S-methyifurfural

5-acetoxymethyl-2-furaldehyde

5-hydroxymethyl-2-furaldehyde

benzaldehyde

2-bromobenzaldehyde

6-bromoveratraldehyde

2-fluorobenzaldehyde

pentafluorobenzaldehyde

2-chlorobenzaldehyde



Al dehyde Reagents -- 2-fl uorenecarboxal dehyde

n- met hyl pyrrol e- 2- car boxal dehyde furfural 5-nitro-2-fural dehyde
5-met hyl furfural 5-acetoxynethyl-2-fural dehyde

5-hydr oxymnet hyl - 2- f ur al dehyde benzal dehyde 2- bronobenzal dehyde

6- br onover at r al dehyde 2-f|uorobenzaldeh% e pent afl uorobenzal dehyde

2- chl or obenzal dehyde 16 2, 4-di chl orobenzal dehyde

2-chl oro- 6-fl uor obenzal dehyde 2, 6-di chl or obenzal dehyde o-ani sal dehyde

2, 3- di met hoxyb Z@&?&Wﬁ@r@b&léaidéﬁﬁﬁdéoxybenzm dehyde
2, 4- dlnethoxybenzaldeh de trlnethoxygenzaldehyde

2,4,6-tri met hoxd y%&P%F 5t nzal dehyde 2-ethoxybenzal dehyde

salicyIaIdehyrkg;5iﬁi&ﬁna&mﬁgﬁza&dé&ﬁ@@yde 3-fluorosalicyl al dehyde

3,5-dich|orosa%¢%%fgé¥ggﬁyag,5-diiodosalicylaldehyde o-vanillin

' 2,3-dimethoxybenzaldehyde

2,3,4-trimethoxybenzaldehyde
2,4-dimethoxybenzaldehyde
2,4,5-trimethoxybenzaldehyde
2,4, 6-trimethoxybenzaldehyde
2,5-dimethoxybenzaldehyde
2-ethoxybenzaldehyde
salicylaldehyde
3,5-dibromosalicylaldehyde
3-fluorosalicylaldehyde
3,5-dichlorosalicylaldehyde
3,5-diiodosalicylaldehyde
o~vanillin
3-ethoxysalicylaldehyde
2,3-dihydroxybenzaldehyde
2,3,4-trihydroxybenzaldehyde
4-(diethylamino)salicylaldehyde
2-hydroxy-4-methoxybenzaldehyde
4,6—dimethoxy—2—hydroxybenzaidehyde
2,4, 6-trihydroxybenzaldehyde
5-bromosalicylaldehyde
5-chlorosalicylaldehyde
2-hydroxy-5-methoxybenzaldehyde
2,5-dihydroxybenzaldehyde
2-carboxybenzaldehyde
2-{trifluoromethyl)benzaldehyde
o-tolualdehyde
2;3—dimethyl—p—anisaldehyde
2,4-dimethylbenzaldehyde
mesitaldehyde
2,5-dimethylbenzaldehyde
2,5—dimethyl-p—anisaldehyde
3-cyanobenzaldehyde



3- et hoxysal i cyl al dehyde 2, 3-di hydr oxybenzal dehyde

2,73, 4-tri hydroxybenzal dehyde 4-(di et hyl am no)sal i cyl al dehyde

2- hydr oxy- 4- met hoxybenzal dehyde 4, 6-di net hoxy- 2- hydr oxybenzal dehyde
2,4,6-tri hydroxybenzal dehyde 5-bronosalicyl al dehyde 5-chl orosalicyl al dehyde
2- hydr oxy- 5- met hoxybenzal dehyde 2,5-dih¥9roxybenzaldehyde

2- car boxybenzal dehyde 2-(trifluoronethyl) benzal dehyde o-tol ual dehyde

2, 3-di met hyl - p- ani sal dehyde 2, 4-di net hyl benzal dehyde nesital dehyde

2, 5- d|nethylbengabggﬁﬁggngagdg gaghyl p- ani sal dehyde 3-cyanobenzal dehyde
17 3- bronobenzal dehyde 3-

met hgxybenzal dehyde
5- br ono- 2- netho§yB€ﬁ?§F6eﬁygém§thpﬁgkﬁﬁéﬁgéﬁg¥ de 3-fluoro-p-ani sal dehyde
3- chl or obenzal dghytemd-2-tiethbsybeazadidebirdee 3, 5- di chl or obenzal dehyde

S PR O AR oo bl et
3~-fluoro-p- anlsaldehyde

3-chlorobenzaldehyde
3,4-dichlorobenzaldehyde
3,5-dichlorobenzaldehyde
3-phenoxybenzaldehyde
3-(3,4-dichlorophenoxy)benzaldehyde
3-(3,5~-dichlorophenoxy)benzaldehyde
3-(3-(trifluoromethyl)phenoxy)benzaldehyde
3-(4-chlorophenoxy)benzaldehyde
3- (4—methoxyphenoxy)benzaldehyde
3—(4—tert—butylphenoxy)benzaldehyde
3-(4-methylphenoxy)benzaldehyde
m-anisaldehyde
4-acetoxy-3-methoxybenzaldehyde
3,4-dimethoxybenzaldehyde
3,4,5-trimethoxybenzaldehyde
4-benzyloxy-3-methoxybenzaldehyde
3,5-dimethoxybenzaldehyde
3-benzyloxybenzaldehyde
3-hydroxybenzaldehyde
3-hydroxy-4-methoxybenzaldehyde
3,4~dihydroxybenzaldehyde
3,4,5-trihydroxy benzaldehyde
3-(trifluoromethyl)benzaldehyde
m-tolualdehyde '
3-methyl-p-anisaldehyde
4-cyanobenzaldehyde
4-bromobenzaldehyde
4-fluorobenzaldehyde
4-chlorobenzaldehyde
4-acetamidobenzaldehyde
4-dimethylaminobenzaldehyde
4-diethylaminobenzaldehyde



[ - (4- chl orophenoxy) benzal dehyde
- (3- f I uor onet hyl ) phenoxy) benzal dehyde 3-(4-ch
g-?ﬁ-gé:koxyphenoxygbégzaldehyde 3-(4-tert-butyl phenoxy) benzal dehyde
3- (4- et hyl phenoxy) benzal dehyde m ani sal dehyde v
4- acet oxy- 3- met hoxybenzal dehyde 3’4-?|nEtgoxy?ﬁgingﬁzglgehyde
3,4,5-trimet hoxybenzal dehyde 4-benzyl oxy- ?ne e oevbonzal dehyde

5. di benzal dehyde 3-benzyl oxybenzal dehyde 3- hydr oxy :

giﬁyngg;P2¥%e?hoxyben¥aldehyde 3, 4-di hydr oxybenzal dehyde 3, 4, 5-tri hydr oxy

benzal dehyde 3- (t4iphemoxyisshyh)dehgasdehyde mt ol ual dehyde

[ - benzal dehyde
- | - p- ani sal ge - no. zal dehyde 4-brono
2-??L2¥obgnzaldeﬁgggﬁ%g%ﬁxégﬁkﬁi§é# %yde 4- acet am dobenzal dehyde
4-dinefhylaninobéMﬂﬂiﬁﬂﬂdﬁhyﬂ@iethylan1nobenzaLdehyde 18

j -.ani sal dehyde
4-phenoxybenza|deﬁw&&hé&€2ﬁ%ﬁg%ﬁ%?ﬁﬁﬁég%§§%%§§§@ﬁ%a|dehyde

3'benzy|OXy'4’rm“iuggﬁg¥1oxybenzaldehyde

4-ethoxybenzaldehyde
4—n-butoxybenzaldehyde
1-naphthaldehyde
2—methoxy-l—naphthaldehyde
2—hydroxy-1—naphthaldehyde
4—methoxy-l—naphthaldehyde
2-naphthaldehyde
1—pyrenecarboxaldehyde
3,4—dibenzyloxybenzaldehyde
n—ethyl—3-carbazolecarboxaldehyde
2—methyl—9—acridinecarboxaldehyde
pyrrole-z-carboxaldehyde
2—thiopheneCarboxaldehyde
3-methylthiophene—z-carboxaldehyde
4—bromothiophene—2—aldehyde
5-bromo—2—thiophenecarboxaldehyde
5—nitrothiophene-2—carboxaldehyde
5—methyl—2—thiophenecarboxaldehyde
3—thiophenecarboxaldehyde
indole-3-carboxaldehyde
5—methoxyindole—3—carboxaldehyde
piperonal

6-nitropiperonal
2—pyridinecarboxaldehyde
6—methyl-2—pyridinecarboxaldehyde
3—pyridinecafboxaldehyde
4—pyridinecarboxaldehyde
3—quinolinecarboxaldehyde
4—quinolinecarboxaldehyde
4-hydroxybenzaldehyde
5-bromovanillin

5-iodovanillin



- n- hyde 1-napht hal dehyde
4- et hoxybenzal dehyde 4- n- but oxybenzal dehy
Z-ﬁethoiy-l-naphthaldehyde 2- hydr oxy- 1- napht hal dehyde | dehvde
4- met hoxy- 1- napht hal dehyde 2-napht hal dehyde 1-pyrenecarbo>ﬁad ehy
3, 4= di benzyl oxybenzal dehyde n-ethyl-3-c?ri;zog$gg;gﬁégLS§ey e

i hyl - 9-acri di necar boxal dehyde pyrro -C
gﬁ?ﬁ?oghenecarboxaldehyde 3-nethy|théoFEgnehghgggfgé§LF32KSge

- i ophene- 2- al dehyde -5- br onp- 2-t hi op (
g-ﬁ{gggtﬂzgghgneJQHﬁdﬂhaialdehyde 5- et hyl - 2-t hi ophenecar boxal dehyde

[ | - 3- | dehyde
3-t hi ophenecar bo q%%q'é | e- 3- car boxa _ _
5-nethgxyindole-§$%gT oxg15§%§3e pi peronal 6-nitropi peronal

2-pyridinecarboxéhﬁﬂ%ﬂﬁY1&ﬂ%ﬁhﬁx¥bqnﬂaﬂﬂeh¥5§3gxgldﬁp%gfinecarboxaldehyde

2-pyri d necar boxal, Ge@iae eyl h%ﬁ%)?}%g‘é’?)a g#@ﬁi;a%@%rgmvam ITin

g:?ghgeghPff?Lboﬁahlggénglcar%oxaldehyde
4—(methylthio)benzaldehyde
methyl 4-formylbenzoate
4—carboxybenzaldehyde
4—trifluoromethylbenzaldehyde
4—isopropylbenza1dehyde
P-tolualdehyde
4-ethylbenzaldehyde
4-chloro—3—nitrobenzaldehyde
3,5—dinitro-2—hydroxybenzaldehyde
3—hydroxy—4—nitrobenzaldehyde
4-hydroxy-3-nitrobenzaldehyde
5-nitrovanillin
2-nitrobenzaldehyde
2,6-dinitrobenzaldehyde
6-nitroveratraldehyde
3—methoxy—2-nitrobenzaldehyde
2—chioro—6—nitrobenzaldehyde
3-nitrobenzaldehyde
5—chloro—2—nitrobenzaldehyde
2—chloro—S-nitrobenzaldehyde
5-hydroxy-2—nitrobenzaldehyde
5—nitrosalicy1aldeﬁyde
4-nitrobenzaldehyde
l,4—benzodioxan—6-carboxaldehyde
2,3—dichlorobenzaldehyde
3-ethoxy-4—methoxybenzaldehyde
3,5—bis(trifluoromethyl)benzaldehyde
2,3,6—trichlorobenzaldehyde
terephthalaldehyde monodiethylacetal
2,3-difluorobenzaldehyde
2,6—difluorobenzaldehyde
2,4—difluorobenzaldehyde




19_vanillin syringal dehyde 3-ethoxy-4-hydroxybenzal dehyde

3, 5-di net hyl - 4- hydr exybenzal dehyde 4-bi phenyl car boxal dehyde

4- (met hyl t hi 0) benzal dehyde net hyl 4-fornyl benzoat e 4-carboxybenzal dehyde
4-trifluoronet hyl benzal dehyde 4-i sopropyl benzal dehyde p-tol ual dehyde

4- et hyl benzal dehyde 4-chl oro-3-nitrobenzg} dehyde

3, 5-di nitro-2-hydroxybenzal dehyde 3-hydroxy-4-nitrobenzal dehyde

4- hydr oxy- 3- ni trobenzal dehyde 5-nitrovanillin 2-nitrobenzal dehyde

2, 6-di ni t r obenzgy deladm Wbl ddlivpdglehyde 3- net hoxy- 2- ni t r obenzal dehyde
2-chl oro- 6-ni trapenzal dehyde 3-ni benzal dehyde
5-ch|oro-2-nitrggé%é%ékﬁ%%é??ﬂ%ﬁ#ééhXéénitrobenzaldehyde

5- hydr oxy- 2- ni t rolfentid dedwakerzaldelysde i cyl al dehyde 4-ni trobenzal dehyde

éi gt F\g)r(]i/()?ll (r)r;?Rox_y g@é\%jﬁ&%? |l§£(}?£rt|lfl uorofrglt ﬂglhglggnzal dehyde

2,3,6-trichl orobk %kﬂ%ﬁﬁgéerephthalaldehyde monodi et hyl acet a
3,4-dimethoxy-5-hydroxybenzaldehyde
2,3,5-trichlorobenzaldehyde
2, 6-dimethoxybenzaldehyde
5-bromo-2, 4-dimethoxybenzaldehyde
2,4-dimethoxy-3-methylbenzaldehyde
4-stilbenecarboxaldehyde
4—(3—dimethylaminopropoxy)benzaldehyde
2,4-dihydroxybenzaldehyde
3-chloro-4-fluorobenzaldehyde
2-methylindole-3-carboxaldehyde
4-hydroxy-3-methylbenzaldehyde
pyridoxal hydrochloride
2-(diphenylphosphino)benzaldehyde
2,4-dinitrobenzaldehyde
. 4-n-propoxybenzaldehyde
l-methylindole~3-carboxaldehyde
5-bromo-2-hydroxy-3-methoxybenzaldehyde
3-bromo-4-~methoxybenzaldehyde
4-acetoxy-3,5-dimethoxybenzaldehyde
3,5-dihydroxybenzaldehyde
3-methoxy-4-(4-nitrobenzyloxy)benzaldehyde
2,3- (methylenedioxy)benzaldehyde
2-hydroxy-3-methoxy-5-nitrobenzaldehyde
2~-cyanobenzaldehyde
5-ethyl-2-furaldehyde
4-tert-butylbenzaldehyde
3-tetrafluoroethoxybenzaldehyde
3-carboxybenzaldehyde
l-acetyl-3-indolecarboxaldehyde
4- (trifluoromethoxy)benzaldehyde
3-bromo-4-~fluorobenzaldehyde
3-(trifluoromethoxy)benzaldehyde



di f 1 uor obenzal dehyde 2, 6-di fl uor obenzal dehyde 2, 4- dlfluorobenzaldehyde
2, 5- dlfluorobenzaldehyde 3, 4- dlfluorobenzaldehyde

dlfluorobenzaldehyde 4- di net hyl am no- 1- napht hal dehyde 3-fural dehyde

di met hoxy- 5- hydr oxybenzal dehyde 2, 3, 5-tri chl orobenzal dehyde
, 6- di met hoxybenzal dehyde 5-bronp- 2, 4- di ggt hoxybenzal dehyde

2, 3-
20
3, 5-
3, 4-
2, 6-
2, 4- di met hoxy- 3- net hyl benzal dehyde 4-stil benecarboxal dehyde
4-(
3-c
4-h
2-(
4-

3-di met hyl am nopr opoxy) benzal dehyde 2, 4-di hydr oxybenzal dehyde
hl or o- 4- fIuorgben;a&@ehy@@uarabbhyhuaégyGEB car boxal dehyde

ydr oxy-3-neth nza deh r.i daxal_.hydrochtoride
dlphenylphospﬁ ggiﬁéhfgp géffr%ual&ltrobenzaldehyde

n- propoxybenzaBdehﬁdeo14ﬁbyﬁ¥bxybehea36@@w@@xaIdehyde
5- br ono- 2- hydr oxy- 3- qﬁ%ggfig%S%%EHQQ g%h%d%ronn 4- met hoxybenzal dehyde

4- acet oxy- 3, 5- di méf hox nzal ﬁ ydr oxyhenzal dehyde
3- et hoxy- 4- ( 4- n?rﬁéyéﬁﬁyﬁd%§FBé ?&F@Eﬁ$@¥12bgn@ﬁé@ﬁ@V@ﬁbdloxy)benzaldehyde

2- hydr oxy- 3- met hox¥3 boot-Eoliens F dekvaRthyl) benzaldehyde
4-fluoro-2-(trifluoromethyl)benzaldehyde

2-quinolinecarboxaldehyde

-4~ (dibutylamino)benzaldehyde
5-(trifluoromethoxy)salicylaldehyde
3-fluoro-2-methylbenzaldehyde
3,5~-dibenzyloxybenzaldehyde
5-(4-nitrophenyl) furfural
2-chloro-3-quinolinecarboxaldehyde
5-bromo-3-nitrosalicylaldehyde
2-chloro-5-(trifluoromethyl)benzaldehyde
5-bromo-2-furaldehyde
2,3,5,6-tetrafluorobenzaldehyde
4—methyl-5—imidazolecarboxaldehydé
2-benzyloxy-4,5-dimethoxybenzaldehyde
3,5-di-tert-butyl-2-hydroxybenzaldehyde
2,4-diethoxy-m-tolualdehyde
4-tert-pentylbenzaldehyde

VI. Detail o eration for e Reductive ination Process
- Ste '

The reductive amination process is preferably conducted
using in step (b) a secondary amine;

R
S

where R] and R2 are independently selected from C1-C10
alkyl, C2-C10 alkenyl, C2-C10 alkynyl, C1-Ci0 alkoxy, C7-Ci2
aralkyl, C7-Ci12 alkaryl, C3-C10 cycloalkyl, C3-C10
cycloalkenyl, phenyl, substituted phenyl, toluyl, xylenyl,
biphenyl, C2-C12 alkoxyalkyl, C1-Cg alkylsulfinyl, C1-C10



2- cyanobenzal dehyde 5-ethyl -2-fural dehyde 4-tert- butylbenzaldehyde
3-tetrafl uoroet hoxybenzal dehyde 3-car boxybenzal dehyde

1- acetyl - 3-i ndol ecar boxal dehyde 4-(trifl uoronet hoxy)benzal dehyde
3-brono- 4-fl uorobenzal dehyde 3-(trifl uoronethoxy)benzal dehyde 21
2-chl or o- 4- f | uor obenzal dehyde 5-( 3- nltrq?$enyl)furfural

2-chl or o- 4- hydr oxybenzal dehyde 2, 3,4-trifl uorobenzal dehyde

2-fl uoro- 3- (trlfluoronethyl)benzaldehyde

f 1 uor o- 6ot ifduigcriat hyl jdenzal 0 alkyl), aryl, substituted

2-

4-fluoro-2-(trifluoromnethyl)benzal dehyde U|noI|necarboxaIdehyde

4- (d|buty|éﬁ%ﬁkntﬁyhﬁﬂkﬁyﬁﬁ&a@ikq#xﬁ|€iﬂQﬁﬁ§ &) ST ke Hehlyde

g Ezuoro 2q§ﬁéb6 ?ﬁidﬁﬁﬁﬁ%ﬁﬁ,%ﬁhéﬁﬂﬁﬁﬁf&ﬁhﬁﬂ%@hﬂ&pﬂhfi?dlcal and
nltrop ur.fur chl.oro; ol i pec a yde

5- br ono- 3- At Ky & El'bee‘?ﬁ/ é]'l fla%?ﬁ%?‘@ﬁ'@ Ythzal dehyde

5- br ono- 2- fllﬂtfﬁl%f@ﬁﬂd@ zashszasla eﬁﬂ%ﬂlr&lﬂaeﬁrﬂzlwlderﬁméflo a kenyl C1-

4-

3,5

nmet hyl - 49% ?enzaldehyde
, 5-di -tertcyc alky hydr OXC}/]_()encZya(‘lldoea eny xy {ntzo)llggodfgi/

alkyl), aryl, and substituted aryl.
The amine reactant;

Ry
Sw
Ra

of step (b) is pfeferably selected from aliphatic, aromatic,

and heterocyclic amines having a molecular weight of from 50

to 600. '

Examples of suitable amine reactants for use in
the process of the invention are the following:

Secondary Amine Reagents --
n-propylcyclopropanemethylamine
(n-butylamino)acetonitrile
n-methyl-beta-alaninenitrile
3—(benzylamino)propionitrile
3,3'-iminodipropionitrile
(r)-(-)-isoproterenocl
(1r,2r) - (-) -pseudoephedrine
l-adrenaline '
synephrine
2- (methylamino) ethanol
n-benzylethanolamine
2-(ethylamino)ethanol
diethanolamine
2- (propylamino) ethanol
heptamethyleneimine
n-isopropylcyclohexylamine
n-methylcyclohexylamine
n-ethylcyclohexylamine
allylcyclohexylamine



4-tert-pentyl benzal dehyde VI. Detail of Operation for the Reductive
Am nation Process - Step (b): The reducti've am nation process is preferably

conducted using in step (b) a secondary am ne; [err] where Rerr] and
Rlerr] are independently selected from{err]-Cerr] alkyl, C(err]-Clerr]
al kenyl, Cerr]-Cerr] alkynyl, C[err]-gFgrr] al koxy, C[err]-Clerr]
aral kyl, Cerr]-Cerr] alkaryl, Cerr]-Cerr] cycloalkyl, Cerr]-Cerr]
cycl oal kenyl, phenyl, substituted phenyl, toluyl, xylenyl, biphenyl,
Cerr]-Cerr] alfbxgsapkgbanGlamiheClerr] alkylsulfinyl, Clerr]-Cerr] 22
al kyl sul fonyl , - 1At tr]-Cerr] alkyl), aryl, substituted aryl,
substituted aIko§§§£?§%%r§;§%§§¥ﬁé?éloxyalkyI, het erocycl ic radical,
substituted hete@BE?EFY%ambﬂecal, and nitroal kyl; where mis from1l to 8.
Preferred non- imbeef€sgmineadicals are CJerr]-Cerr] alkyl, Cerr]-Cerr]
al kenyl, Cerr]- er al koxy, Cerr]-Clerr] aralkyl, (err]-Cerr]
al karyl, Cerr]- é??{i%?%mﬁ%¥kyl, Cerr]-Cerr] cycloal kenyl, phenyl,
-(CHerr])mO (GzetidGierr] al kyl), aryl, and substituted aryl. The anine
ferably selected fromaliphatic,

reactant; [err] ﬂﬁOﬁgé&Léé@%ﬁﬁ#égé%E&W%g a nol ecul ar weight of from50 to

aromatic, and heterocyc|ic S
600. Exanples(ﬁthﬂﬁ§9ﬂﬂdﬁﬁﬁﬁne reactants for use in the process of the

invention are tie-gyatdsMimg: Secondary Am ne Reagents --
PPy CyC! oPr PRGN AT (1 ] o) acetom e
pyrrolidine
l-prolinamide
l-prolinol
3-pyrrolidinol
n-omega-methyltryptamine
l-piperonylpiperazine
1,2,3,6-tetrahydropyridine
l-phenylpiperazine
1-(2—methoxyphenyl)piperazine
n—(3—trifluoromethylpheny1)piperazine
1—(4—fluorophenyl)piperazine
1-(4-nitrophenyl)piperazine
4-piperazinoacetophenone
1-ethoxycarbonylpiperazine
1—(4—chlorobenzhydryl)piperazine
n-methylpiperazine
1-benzylpiperazine
1-(pyrrolidinocarbonylmethyl)piperazine
n—isopropyl—l-piperazinéacetamide
n—beta-hydroxyethylpiperazine
morpholine ,
2, 6-dimethylmorpholine
thiomorpholine
1,4-dioxa—8—azaspiro[4.5]decane
piperidine
ethyl pipecolinate
2-methylpiperidine



3, 3" -imnodipropionitrile (r)-(-)-isoproterenol (1r,2r)-(-)-pseudoephedrine
1-adrenal i ne synephrine 2-(nethyl am no)ethanol n-benzyl et hanol am ne
2- (et hyl am no) et hanol di et hanol am ne 2- (propyl am no) et hanol
hept amet hyl enei m ne n-i sopropyl cycl ohexyl am ne n-net hyl cycl ohexyl am ne
n- et hyl cycl ohexyl ami ne al | yl cycl ohexyl anype 23 di i sopropanol am ne
n- met hyl - d- gl ucam ne di benzyl am ne nor el eagni ne propyl enei m ne azeti di ne
n- omega- acet yl hi stam ne thiazolidine 3-pyrroline 2,5-dinethyl-3-pyrroline
pyrrolidine 1-prolppgetdaideRéehénel 3-pyrrolidinol
n-onega-nethyltr¥9égﬁ}fsiéé8£8$£gnylplpera2|ne

2-piperidineethanocl

n,n-diethylnipecotamide

ethyl nipecotate

nipecotamide

3-methylpiperidine

3,3-dimethylpiperidine

3,5¥dimethylpiperidine

3-piperidinemethanol

4-hydroxypiperidine

4-hydroxy-4-phenylpiperidine

4- (4-chlorophenyl) ~-4-hydroxypiperidine

4-phenylpiperidine

ethyl isonipecotate

4-methylpiperidine

4-benzylpiperidine

1-(2-pyridyl)piperazine

2-(2-methylaminoethyl)pyridine

4-piperidinopiperidine |

1-methyl-4- (methylamino)piperidine

decahydroquinoline

1,2,3,4-tetrahydroisoquinoline

hexamethyleneimine

dimethylamine

n-methylbenzylamine

n-methylphenethylamine

n'-benzyl-n,n-dimethylethylenediamine

methylaminoacetaldehyde dimethylacetal

n-methylpropargylamine

dipropargylamine

n-methylallylamine

diallylamine

diisopropylamine

n-isopropylbenzylamine

diisobutylamine

n-methyloctadecylamine



1, 2,3, 6-tetrahydropyridi ne 1-phenyl pi perazi ne 1-(2-nmet hoxyphenyl ) pi'perazi ne
n-(3-trifluoromethyl phenyl) pi perazi ne 1-(4-fl uorophenyl) pi perazi ne

1- (4-ni trophenyl) pi perazi ne 4-pi perazi noacet ophenone

1-et hoxycar bonyl pi perazi ne 1-(4-chl orobenzhydryl) pi perazi ne

n- met hyl pi perazi ne 1-benzyl pi perazi ne 25

1- (pyrrolidinocarbonyl net hyl ) pi perazi ne n-i sopropyl -1-pi perazi neacet am de
n- bet a- hydr oxyet hyl pi perazi ne nor phol i ne 2, 6-di et hyl nor phol i ne

t hi onor phol i ne 1n4ethpime8hgiasmpneo[ 4. 5] decane pi peri di ne et hyl

D Ethyl pi peri di ni-JeapLBEREPLBRine 2 B B et hyl ol pecat ami de et hyl
ni pecot at e nipec@i&ﬁgﬁiagiﬁéthylpiperidine 3, 3-di met hyl pi peri di ne
3, 5-di met hyl pi pesi diaemdtByyDehi' defBpREBAYIEnediamine
' n,n-diethyl-n'-methylethylenediamine
n,n,n'-triethylethylenediamine
n-benzylglycine ethyl ester
di-sec-butylamine
methyl-n-propylamine
dipropylamine
n-methylbutylamine
n-butylbenzylamine
n-ethyl-n-butylamine
dibutylamine
di (2-ethylhexyl)amine
dipentylamine
di-n-hexylamine
di-n-octylamine
n-benzyl-2-phenylethylamine
9~ (methylaminomethyl)anthracene
(s)-(+) -2~ (methoxymethyl)pyrrolidine
2-methylaminomethyl-1, 3-dioxolane
pindolol
n-ethylmethallylamine
dicyclohexylamine
1,4,5,6-tetrahydropyrimidine
n- (trimethylsilylmethyl)benzylamine
4,4-dimethyl-2-imidazoline
(s)-(+)-1-(2-pyrrolidinylmethyl)pyrrolidine
n,n,n'-trimethylethylenediamine
n,n,n'-trimethyl-1,3-propanediamine
tetramethylimino-bis-propylamine
(r)-(+)—n—benzyl-1—phehylethylamine
n-ethylisopropylamine
(s)-(+)-2-(anilinomethyl)pyrrolidine
{+/-) -nornicotine
2-{butylamino)ethanol



4- hydroxyplperldlne 4- hydr oxy- 4- phenyl pi peri di ne

‘4- (4- chl or ophenyl ) - 4- hydr oxypi peri di ne 4-phenyl pi peri di ne et hyl

i soni pecot at e 4-net hyl pi peri di ne 4-benzyl pi peridi ne 1-(2-pyridyl)pi perazi ne
2-{2-met hyl am noet hyl ) pyri di ne 4-pi peri di nopi peri di ne

1- et hyl - 4- (et hyl ami no) pi peri di ne decahydroqui noline

1, 2,3, 4-tetrahydroi soqui nol i ne hexanet hyl enei m ne di net hyl am ne
n-nethylbenzylanine n- net hyl phenet hyl am ne

n' - benzyl - n, n- QLq@kmyyamﬂﬂdmyumyyngyrﬂmmﬁyIan1noacetaldehyde
dlnethylacetal th ropar. m_ne di propar gyl am ne n-net hyl al |l yl am ne
B BT RS AL SBBRS,

diallylamne d ylbenzylanlne di i sobut yl am ne
n- met hyl oct adedH (drpyerrol iE ny-ld hiperddiylean ne n- et hyl benzyl am ne

di et hyl am ne ni@ayfgggggdﬂxdéﬂhylethylenedianine
methylisopropylamine
n-methylhexylamine
(r)-(+)-n-methyl-l-phenylethylamine
3-(3-pyridylmethylamino)propionitrile
di-n-decylamine
piperidine thiocyanate
l-acetylpiperazine
n-methylhomopiperazine
l-ethylpiperazine
dl-adrenaline
trans-l-cinnamylpiperazine
(+) -pseudoephedrine
(-) -ephedrine
d-prolinol
2,6-dimethylpiperidine
(s)~(-)~n-benzyl-l-phenylethylamine
1,3,3-trimethyl-6-azabicyclo(3.2.1)octane
4-(4-bromophenyl)-4-piperidinol
(s)-(-)-n-methyl- l-phenylethylamlne

n-methylhomoveratrylamine
(r)-(+)-atenolol

(s)-(-)-atenolol
1-hydroxyethylethoxypiperazine
demecolcine
n-allylcyclopentylamine
mitomycin c
di-beta-d-xylopyranosylamine
l-aza-12-crown-4

1- (formamidomethyl)-1h-benzotriazole
1-deoxy-1- (methylamino)-d-galactitol
l-deoxy-1-(octylamino)} -d-glucitol
cytisine

(r)-(+)-3-pyrrolidinol



n, n-di ethyl -n' - et hyl et hyl enedi am ne n,n,n'-triethyl et hyl enedi am ne

n- benzyl gl yci ne ethyl ester di-sec-butylam ne nethyl-n-propyl am ne

di propyl am ne n-net hyl butyl am ne n-butyl benzyl am ne n-et hyl - n- but yl am ne
di- but yl am ne di (2- et hyl hexyl ) am ne di pentyl am ne di -n-hexyl am ne

di - n-octyl am ne n-benzyl - 2- phenyl et hyl agyne 9- (et hyl am nonet hyl ) ant hr acene
(s)-(+)-2-(nethoxynet hyl) pyrrolidine 2-nmethyl am nonet hyl -1, 3- di oxol ane
pi ndol ol n-ethyl net hal | yl am ne di cycl ohexyl am ne

1,4, g 6- tﬁtlrahyd#pgtgisr&dbaﬁzpi(aminaeybybhekahemebnbhbeEz?/l) am neI i

4, 4-di met hy z n 2 yl')pyrrolidine

- n,n,n -trlnethy g} 8}%n%dﬁgééﬁlémln%ﬁ§c%8ﬁex ﬂeﬂ gﬁﬁggﬁopanedlanlne
tetranethylln1né bYérpopyramndener) (+)-n- benzyl 1- phenyl et hyl am ne

n-et hyl i sopropykapige §§}oiihlgo§an|Ilnonethyl)pyrrolldlne

(+-)- nornlcotlne 2- | am no) et hanol,
her sui able secondary amines for use in the process of

the invention are selected from the group represented by the

oS HNQNIN]
o IS o
OY0 o0
o o
fos e ad
VII. Detail of Operation for the Reductive Amipation

Process - St

The reducing agent used in step (c¢) of the process may
be any conventional reagents and attendant methods used for



26_4- (et hyl am nonet hyl ) pyri di ne bi s(2- net hoxyet hyl ) am ne
4-(1-pyrrolidinyl)piperidine isonipecotam de nethylisopropyl am ne-

n- met hyl hexyl am ne (r)-(+)-n-nethyl -1-phenyl et hyl am ne
3-(3-pyridyl net hyl am no) propionitrile di-n-decyl am ne piperidine

t hi ocyanate 1-acetyl pi perazi ne n-net hyl haggopi perazi ne 1-ethyl pi perazi ne
dl - adrenal i ne trans-1-ci nnanyl pi perazi ne (+)-pseudoephedrine (-)-ephedrine
d-prolinol 2,6-dinethyl piperidine (s)-(-)-n-benzyl-1-phenyl et hyl am ne

1, 3, 3-t ri neichylduetdngh reduor(idn? rEpattians ;4-idlwshmep ke Ho) /B8, piHze i nol
(s)-(-)-n-net I-%; | ami - Wy r gt:ryl.am :

(5} 007 TR B SRR o TSR Al Mt
denecol ci nehgdalildg, ¢ poldimen bpranyde idet, 0 borighyeiride functional polymer,
di - bet a- d-x p ' Jraza- 12 -

et o SAe P KPR b S himer.

The cyancborohydride functional polymer is a preferred
reagent for use in the process of this invention. It is
insoluble in the reaction media and may be conveniently
removed in step (e) of this process by mechanical techniques
(e.g., filtration). Cyanoborohydride functional polymer
reducing agent may be prepared according to the procedure of
Hutchins (see, Hutchins, R. O.; Natale, N. R.; Taffer, I.
M. J. Chem. Soc. Chem. Comm. 1978, 1088).

VIII Detail of eration for the Reductive Amination
Process - Ste d):

The liquid reaction medium insoluble amine reactive
scavenger added to each reaction zone of step (c) is
represented by the formula;

_@ (L) —(ARS)

is a solid-support insoluble in the liquid medium of the
reaction zone, ~(L)- is a divalent linking group, and (ARS)
is an amine reactive substituent selected from isocyanate,
isothiocyanate, or acyl halide.

wherein;

Examples of organic solid supports are polymers such as
polystyrene-divinylbenzene copolymer, polvacrylamide,
cellulose and polystyrene. Examples of inorganic solid
supports are silica gel, alumina, and controlled pore glass.

The group, -(L)-, is a linking group between the
amine radical and the solid support and may be selected
from a bond, or any divalent group. Preferably -(L)- is a



1- deoxy- 1- (net hyl am no) - d-gal actitol 1-deoxy-1-(octylam no)-d-glucitol
cytisine (r)-(+)-3-pyrrolidinol 27 ' '

(+)-cis-2-benzyl am nocycl ohexanenet hanol

(=) -cis-2-benzyl am nocycl ohexanenet hanol 4-hydroxypyri m di ne
(s)-3-pyrrolidinol Qher suitable secondayy am nes for use in the process
of the invention are selected fromthe group represented by the formula:
[err] VII. Detail of operation for the Reductive Am nation Process - Step

(c): Ther eﬁwalregztagenﬂcmﬁge@ﬂdmstcep 1 Qo &0 tateomer.ocaksefivy lhimkaimg

conventi onal reagents for 28 conducti ng
reduction ng%g’oﬁg' |nc éﬁive 5?EH5¥%HQQa§'&ﬁ§1 |gh presure hydrogenati on,
Na( QAc) 3BH, lithium al um num hydri de, sodi um borohydri de, borohydride

functional polynmer, and cyanoborohydrhdggfunctional polyner. The
cyanobor ohydride functional polyner is a preferred reagent for use in the

process of this invention. It is i solub n the reaction nedia and nay be
conveniently renoved in step (e) O thrs 20&e5S by - mechani cal techni ques

(e.qg., filtration). Cyanoborohydride functional polyner reduci ng agent nmay
be prepared according to the procedure of Hutchins (see, Hutchins, R O;
Natale, N. R ; Taffer, 1.

S (CH2) x

CH; — (CH2) x

R

——N——(CHa)x ——

where R is hydrogen or C1-C1p alkyl, and x is an integer
from 1 to 10.

The amine reactive substituent " (ARS)* substituent of
‘the scaﬁenger may be isocynate or isothiocyanate,
represented by the formulae,
-NCO ,
-NCS ,
or an acyl halide selected from,



M _J. Chem Soc. Chem Comm 1978, 1088). VIII. Detail of Operation for
the Reductive Am nation Process - Step (d): The liquid reaction nmedi um

i nsol ubl e am ne reactive scavenger added to each reaction zone of step (c)
i s-represented by the forrmula; [err] wherein; is a solid-support insoluble
in the liquid mediumof the reaction zogg, -(L)- is a divalent |inking
group, and (ARS) is an am ne reactive substituent selected fromisocyanate,
i sot hi ocyanate, or acyl halide. Exanples of organic solid supports are

pol ymers such as pol ystyrene-divinyl penzene copol yner, pol yacryl am de,
cel l ul ose and pol ystyrene. Exanples ff inorganic solid supports are silica
gel, alumna, and controlled pore_gl. sa_fIhe graup, -(L)-, is a linking
group between the am ne radical and the solid support and nay be sel ected
froma bond, or any divalent group. Rreferably -(L)- is a 29 dival ent

i nking group of 1 to 40 atons. Usefﬁl | i nki ng groups are selected fromthe
follow ng: (bond), [err] [err] [err]|l[err] [err] where R is hydrogen or
Clerr]-Cerr] alkyl, and x is an<mnréger83rom 1°to 10. The anine reactive
substituent "(ARS)" substituent of the scavenger nmay be isocynate or

| sot hi ocyanat e, o)
1.

or

ﬁ

CG—1

The amine reactive substituent on the scavenger

readily reacts with the excess amine reagent used in step

(b) of the process to covalently bind said excess reagent

to the solid support and permit its simple removal as a

solid phase. The effective available amine reactive

content of the solid supported scavenger may be readily

determined by conventional chemical analysis techniques.
The amount of solid supported amine scavenger,

@ © . (ARS)

used in step (d) is based on the scavenger's available amine

reactive functionality. The scavenger is added in at least
an amount equal to the theoretical excess equivalents of
unreacted amine reactant (viz., at least 0.1 equivalents
used in step (b). For example, if 1.25 mmol. of piperidine
constituting a 1.25 fold excess were used in step (b), then
at least 0.25 mmol. of an (ARS) functional polymer would be
added in step (d4). Preferably, the solid supported
scavenger is used in an amount that is from 1.25 to 5 times
the theoretical excess equivalents of unreacted amine
reagent. '

The reaction zone is maintained at a temperature for a
time sufficient to permit reaction of said excess secondary
amine reactant and. said amine reactive scavenger.



represented by the fornulae, -NCO -NCS or an acyl halide selected from

30 [err] The am ne reactive substituent on the scavenger readily reacts
with the excess am ne reagent used in step (b) of the process to covalently
bi.-nd sai d excess reagent to the solid support and permt its sinple renoval
as a solid phase. The effective avail abBe am ne reactive content of the
solid supported scavenger may be readily determ ned by conventi onal

chem cal anal ysis techni ques. The anmount of solid supported am ne
scavenger, [err] used in step (d) is based on the scavenger's avail abl e

ami ne reaciiyyepbuaehi gpablbyariBe $62v e kddcRdded sl i ilgast an amount
equal to the eor et cal excess equlvalents orf unreacted am ne reactant

(viz., at E®Qees8 1 856RvdRd4ts used in step (b). For exanple, if 1.25
mol . of piperi dheefeaast stepi 4G &hd Eérﬁ:abdyemﬁs& Wdigrarye Edrmisigep (b),

th t | t 0.25 ARS). {. | ol . dded
Step (d) PPBPSPRLPY. hRetoSRREOyp8 PO aeqonigt he i d ihr Y Grount
that is fropmpoRBdsoby sepegathagdt hber eeiackledexnss sinamp@orsde rsicsl gl
unreact ed §pr§r‘c§ag§esave-ﬁgﬁrr 36k @he? %%dt%o?iah{étdal'xﬁ?%fatst% e fHyr e

for a time sufficient Eern1t reaction of sald excess secondary am ne
react ant aR@CONPH1RG AeSPRELPRe Ofc #PchgSubstantially purified

tertiary amine library compound.

The separation of the solid supported scavenger from
the library compound dissolved in the solvent phase of the
reaction may be done by any conventional chemical or
physical method. Preferred are physical methods which are
applicable to all members of a diverse library. Such
methods include; (i) filtration, (ii) centrifugation, (iii)
decantation, and (iv) washing. Filtration is a particularly
preferred form of purification. It is practiced by
transporting each solution of library compound through a.
filter medium which retains the scavenger and transfers the
solution phase into a separate vessel. An apparatus .
using filtration is depicted in Fig. 2, infra.

The purification last step of the process may
optionally be supplemented by a solvent removal step in
which the solute library compound is removed from its
solvent by conventional processes known.in the art; such as
evaporation, distillation, freeze drying, salting out,
solvent extraction, etc. '

X. Other Details of the Reductive Amination Tertiary Amine

Libra kin roces
Reaction Medium - The reaction medium may be any liquid
which has the following characteristics:
(1) the secondary amine and aldehyde reactants are
capable of forming a reaction product which is
substantially soluble in the reaction medium, and



31_1 X. Detail of Operation for the Reductive Am nation Process - Step (e):
The final step in the tertiary amne library formng process of the
invention is purification of the |ibrary conmpounds by separating the
reacted and unreacted solid supported scavenger fromthe rieaction medi um of
step (d) and recovering a solution of eaxh substantially purified tertiary
am ne library conpound. The separation of the solid supported scavenger
fromthe library conpound dissolved in the solvent phase of the reaction
may be done by aff) cidmy el ihatuppented| scavenyst cadbobiet Ivdunreateeded are
physi cal met hod [ opl i C fgfﬁfr LVEh S | brary.
Such net hods .inc %@def%ﬁgq ?j%‘t ?%énes }??\?Hé%nt ri u%%?é%ﬁl?g%i iﬁ:&)@hJB
decantation, andfa&YiQRIAGFME |tration is a particularly preferred form
of purification. (3t ¢#8e EGTVésechdy $ELAEEDERE NGoBaehtotdt bencabablérary
conpound througggg filter, nediumwhich tetains the scgvenger.and transfers
the sol ution ph FARL L S r A NYEIER| SPecies, suGh A8 L URsi ng
filtration is depirttdte i soIvent 2isimbnaredbeiperwitbathenreéastastepusédt he
process may opti I . by a solvent renoval step in which
the solute Iibréﬁ@a%%g %E%%#ﬁg %%ﬁ%%§%1$Fon1its sol vent by conventiona
processes known TyPi¢rl a¥eactiem maediqpsehul oin thetpregessns Pfekbe
drying, salihvén©Oibn &6&REEhEXSI ACEhDBroLdLm, XmeChiiBenbetRLbEiqE, L BAA
Reductive Am natipn Tertiary Am ne Library making Process: Reaction Medi um
- The react?oRFMRtFIhtTay be any 1iquid which has the fol |l owi ng
characteristics: (1) the secondary am ne and al dehyde reactants are capabl e
of Torming a reaghlOReRLOHNS' 78RLCD LieSHPSLARL! BE ¥n8OLHBLACLBA REy be
reaction nmedi um an ) . .

carried out in any vessel capable of holding the liquid

reaction medium and having inlet and outlet means.
Preferably the process of the invention is carried out in
containers adaptable to parallel array syntheses. Most
preferably, the tertiary amine library is formed in standard
wellplates, such as the 96 well wellplate illustrated in
Fig. 1 and/or the wellplate apparatus illustrated in Fig. 2.
Each well may be filled by multiple delivery apparatus,
automated or robotic apparatus, any of which may be either
manually or computer controlled.

The diverse tertiary amine library of this invention
may take the form of a plurality of wellplates, each
wellplate having wells containing a separate reaction
product (library compound). In such cases, the library
compounds are conveniently identified by their wellplate
number and "x" column and "y" wellplate row coordinates.

A preferred technique for practicing the process of the
invention is parallel array synthesis. With parallel array
synthesis individual reaction products are prepared in each
of multiple reaction zones. The amount of aldehyde and amine
reactants introduced into each reaction zone will depend on
the desired amount of each library compound that is needed
for conducting biological assays, archival storage and other
related needs. Typically, the desired amount of individual
reaction product is from 1 microgram to 50 milligrams.



32_(2) the solid supported scavenger, both in unreacted and reacted form
is substantially insoluble in the reaction nmedium (3) the solvent has
sufficient polarity to be capable of stabilizing a charged species, such as
imnium (4) the solvent is non-reactive with the reactants used in the

i brary synthesis. Typical reaction nmedi3@ useful in the processes of the

I nvention are nethanol, chloroform nethylene chloride, and acetonitrile.
The Reaction Zone - the process of the |nvent|on nay be carried out in any
vessel cap&momontt i S | S8 ife: havi ng inl et and

outlet means. P&efeett%%erm&@%eofréa&aﬂtvqm QI S-SR A i N

cont ai ners ,adapt abl e to aral | array syntheses. Mst preferably, t he
tertiary akiSnéSPHSSEnF bﬁ’ortrlﬁ.ed S‘13’|"i“b>°£1ancl(éfr)d melWhRER 1) HRAFeReitR 96

wel | wel | plthiee edulm&ureai@l dm aiqjlcﬁhyﬁfmﬁﬁﬁddfbm' | pl ate app?r at us
illustrated in Epg. 2. ,Each i1le I ve

hpparat us. - aut omkCeESPRERA T, St ion sipredinahiadaf iR Uil whase
manual | y oreestpons whene ¢ ImiCﬁ@MWCS@xcaSS ol sevoreddmbraminef this
vent | on Rkl 4o oA Offe Rhithald 10f WodiBlduhp!ipin el d ol ate

havi ng wel I's containing a séparate reacti on produc rary_conpound). In

such casesiDSNES By SxFesspsuteEined asnadnilaasty ]r-dTe(rﬂ)l fad by their
wel | pl ate @;lﬂ&erraaﬂgv '2X"laxQfdimeiiets in Wald Maaide e e di 1 a5) o

B Fay synt SaBs. Wiam cifE, Mmsate, (25, D 28 ooy o A o B duct s
are preparsd01whammeunyruﬁtuhﬂ(reaanﬂqnnandnuaicﬁmatxnnnnﬁ afuiaraldnytde and
am ne reacanighdNJOPERANIY hSAHE 'R R ARG Mdd APREMLRD 1,
infra. The 1.1 multiplier is used to insure at least a 10%
stoichiometric excess of the secondary amine to drive the
reaction to completion, thereby removing the aldehyde

reactant from each reaction zone used to create the tertiary
amine library. Thus, for example, if 1.25(n) - a 25% excess
- of the secodary amine reactant is desired, then 10.6 mg.
of benzaldehyde would be used in step (a) of the process and
10.6 mg. of piperidine would be used in step (b) of the
process.

The reaction zone is maintained at a temperature and
for a time sufficient to permit reaction of the aldehyde and
secondary amine reactants, that is, to complete consumption
of the aldehyde and form an amount of tertiary amine library
compound necessary to conduct biological assays to determine
the efficacy of the prepared library compounds.

The time, temperature, and pressure of the
combinatorial reaction zones used for the creation of
library compounds are not critical aspects of the invention.
Reaction times for a single step of the reaction are
generally from 0.1 seconds to 24 hours, with times of 1 hour
to 10 hours being most often used. The temperature of the
reaction may be any temperature between the freezing point
and the boiling point of the liguid reaction medium, but is
generally between -10°C and +60°C, with 10°C to 409C being
preferred and ambient temperatures (about 20°C-30°C) being



the desired anount of each |ibrary conpound that is needed for conducting
bi ol ogi cal assays, archival storage and other related needs. Typically, the
desired amount of individual reaction product is from1l mcrogramto 50
m-L1i gramns. 33 Proportions of reactants, reaction conditions: The anount
of al dehyde reactant in each reaction z®% is represented by the synbol
"(n)", where (n) represents the equival ents of al dehyde reactant. The

met hod of the invention contenplates sol ution phase reactions where a

st oi chi onemast eusfRrrsd s ddwndgactinnme masadamondugied atThe anmount of

secondary aififibiithd:tid PP e B RHeRdRldpiRck a8 fledddnd vitn) and
preferably a Iar/g% excess in thezrange of from1l. 25(n) to 5(n), where the
p

vari abl e re%/]t%l%g'd/é‘h ned. The stoichiometry of the reaction
and cal cul atbmwe)e,qlbufcala&mlmm gitmosyherig ant ss staye btalsoute by33ef erence

to Schene T ffzaasbl%g‘fu]%‘?]»?ewgéef:ﬂé"gaﬂ egfégn L@Se lsto insure at least a 10%

st oi chi omet'1] ¢ "Excé ary-amn 0 drive the reaction to
conpl eti on, therBspaigHo\deteumiinat duhyde Tle%mqmmtrm eakhtheacti on zone

used to cr eﬁé‘céﬂ’fh tk?éﬂvbé’éry 28 N ddiiF e Yang@@coﬁ@éxf%@ réécéagé( n) -

a 25% excess - _of the sSeco cfrg}éam ne reactant is desired

g
benzal dehy d&¥\RE AR tf e ok HonyeRtianal + q@h%l%es of
pi peri di ne omlméﬁl&:dlSﬁl td Wiy Ddydhechranfissgrdpiey reacdévermbne is

e ar denyd At EREIHI NI 2 LB ellll A B hioped ThoheeRL! on
consunptlomﬁﬁcuiunzﬂqnﬂwde and forman anount of tertiary amne library
conpound necessafymldn SOk Go d&é:ﬂﬂiCﬁlTﬁé%&lE&ﬂ%f@ﬁé‘%i@@hﬁéé' cacy
of the prepared | 1 brary conpounds

and seconda¥Xy amine reactants to the reaction zone may take

place in any order. For example, the secondary amine

reactant may be initially added to the reaction zone

followed by addition of the aldehyde reactant, or vice

versa. Alternatively, the amine and aldehyde reactants may

be simultaneously charged to each reaction zone.

The reaction zone is maintained at a temperature for a
time sufficient to permit reaction of said excess secondary
amine reactant and said scavenger. Typically, the reaction
requires several minutes but the selection of reaction
conditions that may be used is the same as set out in the

~preceding section IV.

I. eductive ination Process - Reaction Scheme:

An illustrative reaction scheme for the reductive
amination process for preparing libraries of tertiary amines
is shown in Scheme 1, below:



The tinme, tenperature, and pressure of the conbinatorial reaction zones
used for the creation of |ibrary conpounds are not critical aspects of the
invention. Reaction tines for a single step of the reaction are generally
from 0.1 seconds to 24 hours, with tines of 1 hour to 10 hours bei ng nost
often used. The tenperature of the react?®n nmay be any tenperature between
the freezing point and the boiling point of the liquid reaction nmedium but
is generally between -10[err]C and +60[err!C; with 10[err]C to 40[err]C
bei ng preferred and anbi ent tenperat , ut 20[err]C30[err]C) being

34 nost preferred. The reactions nmay be conducted at subat nospheric
pressure or super @HROYPReOFCc POL¥SISYRENEBENZOYH0KYLORISEr IN- THEO0O

Kg./ nferr] absol uPURIFNICATIAONI ORt TERRFTIARNe AMINBSessure (about 10330 Kg./n2,
absolute) is nost often used. Endpoint determ nation - The conpl etion of
the reaction between the al dehyde and secondary am ne reactant nmay be
determ ned by a nunber of conventional techniques. One nmethod is to use
thin | ayer chronatography to deternlne if the al dehyde reactant is

subst anti al | ﬁ_gggﬁ% t,hATPERLYPEnA28nes. Sequenee of Cperation - The
addi ti on of e al dehyde & §¥€BHHSFQhX§Fﬁ%Er (ﬂﬁﬁﬁ&?to t ction zone
may take pl ace&i &g%ny ger For exanple, the s qadn l\;ict ant may
be initially a de é eactlon zone follomed by addl # 't he

al dehyde reactant, or vice versa. Alternatively, the am ne and al dehyde
reactants nay be 5|§¥Itaneously cha® i@ o each reaction zone.. The reaction
zone is nalntghd a tenperature for §Ptinme sufficient to o

reaction of s cess ‘”se ﬁﬁ‘?%‘"y a.nd_n.ﬁ_Leact %I’J]"[ I\iln_oR%a_,_l dRsrh

i .5 eq.
Typi cal Iy, the reaction(® q 'Ry B,
3)
_ /—R3 filter /—R3
R -N  + —_— R1-N
Ry R2

In the use of resin-bound benzoyl chloride 4 as a
scavenger for secondary amines in the synthesis of tertiary
amines (above), an aldehyde is combined with an excess of
secondary amine in an acidic solvent system, such as 10%
acetic acid in dichloroethane. To this solution is added an
excess of Amberlyst A26 cyanoborohydride functional resin,
and the mixture is allowed to react until no starting
"aldehyde remains (Step 1). When reaction is complete, an
excess of polystyrene benzoyl chloride is added to the
reaction mixture. This reacts with the remaining secondary
amine to form an amide covalently bound to polystyrene (Step
2). When no secondary amine remains in solution, the
mixture of product tertiary amine and resin is filtered
through a cotton plug and the resin, retained by the plug,
is rinsed free of any product by washing with additional
solvent (Step 3). |



requires several mnutes but the selection of reaction conditions that may
be used is the sane as set out in the preceding section IV. XlI. Reductive
Am nation Process - Reaction Schenme: An illustrative reaction schene for
the reductive am nation process for preparing libraries of tertiary am nes
I's shown in Schene 1, bel ow 35 Schess 1 THE USE OF POLYSTYRENEBENZOYL
CHLORI DE I N THE PURI FI CATI ON OF TERTI ARY AM NES 1) Anberlyst A26
Rlerr][RRerr]NH (1. 5 eqg.) cyanoborohydride [err] [err] Rerr]CHO (1
eq.) [err] 3) [erNUCLEORHELLSeSWBSTEEVHLION WCOMBENZDYRIZH| BROCBSE as a
scavenger for secondary amines in the synthesis of tertiary amnes (above),

an al dehydgrhs 6e8bir-igdiWht BFraRheXeBsvepbetcaaRd AL ENNR L BrdbHAGd C

sol vent system suc l'oace I.C acid I n di orqet hane, . To this solution
IS added au 3 9"% -3 ":\;‘f; ;._ 'l"L I1¢] 1 ;‘Q. cAllll I11E , and
the m xtur m& ltmlbe etiegnbifl the dhaehtdonal dehyde remai ns (Step

1) Unen'rEact! gg.t S OIALEER 13CEeaee At PA LN LaNe pnsato ahor de s

added to the reac |on I'ng second
am ne to fopelLeaphilde §@b§teﬁun:yonopmce&5pcﬂoyrsppe@ﬁ@1@9t@plg)ora\Me@fno

secondary aahgeuﬁagaha%m@ 80kt QBryt BfiMeXbwae FRf PLAClnk@d | ary am ne

and resin is
variable substituents, said compounds represented by the

formula (X);

Rﬂ‘\\ ’,»E
T X)

Ri2

said process comprising the steps of:

a) adding to each reaction zone containing a liquid
medium (n) equivalents of an electrophilic reactant, having
electrophilic substituent, E;

If electrophilic reagent used in step (a) is an epoxide:

b) adding to each reaction zone of step (a) at least
1.1(n) equivalents of a solvent socluble secondary amine
reactant represented by the formula:

Ri1
\\\NH
R/
12

where R11 and R12 are independently selected from non-
interfering substituents; or
If the electrophilic reagent used in step (a) is an organic
halide or an ester of sulfonic acid:
b) adding to each reaction zone of step (a) containing

a liquid medium;

(1) at least 1.1(n) equivalents of a solvent

soluble secondary amine reactant represented

by the formula:



through a cotton plug and the resin, retained by the plug, is rinsed free
of any product by washing with additional solvent (Step 3). 36
NUCLEGPHI LI C SUBSTI TUTI ON COVBI NATORI AL PROCESS Xl I . Description of the
scavenger assisted sol ution phase nucl eophilic substitution process of
making tertiary am ne conbinatorial |ibBaries of the invention. This

I nvention is a scavenger assisted conbinatorial nucleophilic substitution
process for preparing a library of conmpounds having a tertiary am ne
scaffold with three variable substitBentng, said conpounds represented by
the formula (X); Rl12 said process conpri sl the steps of: a) adding to
each reaction zone containing a quqﬁd di um (n) equivalents of an

el ectrophilic reactant, having el ectrdphilic substituent, E;
el ectrophilic reagent useédera Bidpapd)Riz aﬁeebaﬁﬁﬁénd8¥téﬁdﬁﬁéepéegach

reaction zone of St?Po&aﬂoﬁ11h€é§ke}1%§”EHEQFEEGEﬁEES gﬁdzlsolvent sol ubl e

secondary am ne reactant represented ormyl a: 2 where Rlerr]
and Rlerr] are |ndepbhﬂeﬁtP?SgeFEc?EdaﬂPBﬁFnéHffFHPGPFeFPn@egﬁﬁggFFﬁbnts

or If the el ectrophthkcatgagenk, usedmeq;step (a) is an organic halide or an
ester of sulfonic acid: b) adding to each reaction zone of step (a)
containing a liquid nmedium (i) at least 1.1(n) equivalents of a solvent

sol ubl e secondacy addihegrtaceach repctient gdne of step (b) a solid

supported amine reactive scavenger represented by the

@ (L) (ARS)

is a solid-support insoluble in the liquid medium of the

formula;

wherein;

reaction zone, -(L)- is a divalent linking group, and (ARS)
is an amine reactive substituent selected from isocyanate,
isothiocyanate, or acylhalide; and adding said scavenger in
an amount wherein the equivalents of (ARS) are at least
equal to the excess equivalents of unreacted amine reactant
used in step (b), and maintaining said reaction zone at a
temperature and for a time sufficient to permit reaction of
said excess amine reactant and said scavenger;

d) separating the solid supported scavenger from each
reaction zone of step (c) and recovering each substantially
purified tertiary amine library compound.

The "adding to each reaction zone" requirement for the
secondary amine and electrophilic reactant in steps (a) and
(b) means that different secondary amines and electrophilic
reactants may be added to each reaction zone in the library
forming process, if desired. In one embodiment of the
process of the invention, each combination of secondary
amine and electrophilic reactant added to each library
reaction zone (e.g., wells of a wellplate) is different.



by - t he formul a: 37 [err] where Rlerr] and Rlerr] are

I ndependent|ly selected fromnon-interfering substituents, and; ii) a base
in an anount sufficient to neutralize the acid, HX, forned; c¢) adding to
each reaction zone of step (b) a solid supported am ne reactive scavenger
represented by the fornula; [err] whereiB8 is a solid-support insoluble in
the liquid nediumof the reaction zone, -(L)- is a divalent |inking group,
and (ARS) is an ami ne reactive substituent selected fromisocyanate,

i sot hi ocyan&f¥s/ okhgc§pmal péneMay abgi Addsdi Hoseagbnyew ofi anwaddpiate

wher ei n t heapgary8hgntasopetARDY . a1 ¢ ahdl eRS!t sgAakb1EBLLBBReNGRSS
equi val ent s_of nrgacted an1§§ r.e ctgﬂt used in_step (b), and nmaintaining
sai d reactiBﬁaggﬁg aF2¥ PEnpdfed F LHE FBPeacPLHENsaEf PcWEALPLEt er i t
reacti on of appadaeusese ghvaecar datfanentndosbifagtenecbgeireadkagepaiat i Ng
the solid s r S nge a agiiLpn zone of ste c) an
recovering gg@ﬁ %ﬁg%tg§¥?égl%e%é??§$egg?é?tgé%§ Hﬁ?geeFPSFngtéxﬁﬁéﬁﬂS. The
"addi ng to @athfferertohibsaty rempPurdent Albernativetyndwhereniibeiand

el ectrophi | §6sieabl@ntoi Rasbepspl ddafBdsbip1 BBANEHENRLNE EEEHEAL SEROREAT Y
am nes and elecﬁéo hilic reactants naéage added to each reaction zone in
the library°F97 ﬂgyp?%bﬁgs?n f eggetrenti i hconeachBBHi MeXt bef agdedptecess

of the invedifberertchegoubonatonesof secondary anmine and el ectrophilic
reactant added to each library reaction zone (e.g., wells of a wellplate)
Is different.

XIII. Detail of Operation for the Nucleophilic Substitution
Process - Step (a):

The electrophilic reactant has an electrophilic
substituent, E. The electrophilic reagent is preferably
selected from an aliphatic or heterocyclic electrophile
having a molecular weight of from 50 to 600, said
electrophile selected from the group consisting of an
organic halide, an epoxide, and an ester of sulfonic acid.

Organic Halide Electrophilic reactant:

When an organic halide is selected as the electrophilic
reactant it is preferably an organic halide represented by
the formula; '

Ry —X
where X is chloro, bromo, or iodo, and R21 is a non-
interfering substituent. The organic halide reactant is
preferably selected  from aliphatic, and heterocyclic organic
halides amines having a molecular weight of from 50 to 600.

Most preferred are organic halides of the formula;

Ry —X
where R21 is independently selected from C1-C10 alkyl, Ca2-
C10 alkenyl, C2-Ci1g alkynyl, C1-C10 alkoxy, C7-C12 aralkyl,
C7-C12 alkaryl, C3-C1p cycloalkyl, C3-C10 cycloalkenyl, Ca-
C12 alkoxyalkyl, C1-Cg alkylsulfinyl, C1-C10 alkylsulfonyl,
-(CH2)m-0-(C1-C10 alkyl), substituted alkoxy, fluoroalkyl,
aryloxyalkyl, heterocyclic radical, substituted heterocyclic



38.Thus, the sane am ne may be added to each row of a well plate apparatus
(as per Fig. 1) and the sane electrophilic reactant nay be added to the
same colum of a wellplate apparatus to give a different conbination of
reactants in each well (viz., reaction zone) that wll expectantly yield a
different library conpound. Alternativel 39 where it is desirable to have
replicate sanples, the sane conbi nati on of secondary am ne and.

el ectrophilic reactant nay be added to different reaction zones. X II

Detai | of Opedaradn hod nhtrNadkzdphiwhereSobdisi tfaoimod Roodess Prediegreda) :

Tre 3|ECLFFﬁBhLEﬁtéQ§%Eaﬁb Ragiaalsl aslr ephichiot aawRat,i iogewt,o BikEM 1,
e ectrop |

I.C reage i s preferabl | ected froman.ali.phati g, or
heterocycliglépéetﬁgkﬁfye ﬁgﬁﬁﬂﬁ §¥ﬁgﬁg ul§§‘ﬁéﬁgﬁ?c&Paﬂ&yﬁv5%3f8“ébo, sai d
el ect r ophi | eysdbedkedyfl, ophehylgr and edOdD3 -0y (61 -8 00rddyild .hal i de, an
epoxi de, and an [ ,0f | fonic,acid,. ani ¢ ,Hal i de El ect r.ophilic
rgact ant: Wen aﬁigﬁ'ﬁ&%isc%%alsfléganesgrrgg-‘g& 3’3:]‘?% el cet,f‘r%lg‘pﬁir{)i § eact ant
it is prefeteptjazy emgasi comblindsordpile pavcesshyft difsorimvient ijcey renher e
X is chlorocppr efB1oRing@do, and Rlerr] is a non- interfering substituent.
The organic _halide reactant is preferably selected fromaliphatic, and

het er ocycl i P¥8P§&Ri Hehafeges —am nes having a nol ecul ar wei ght of from50 to
600. Mdst preferpedzgnebeogddec halides of the fornmula; [err] where Rerr]

is ind dent | d f - | kyl , - | k I,
Gorr) G orr] ol RYRVE CEPBPI D CYBRRP alkowy, Clorr]-dlerr) aratkyl,

Cerr]-Clerr] al rdppa-bEowmor-h-@ydene cycl oal kyl, Clerr]-Cerr]
cycloal kenyl, O glitert-butyl)benzyl bromide
alpha-bromo-p-xylene

tert-butyl bromoacetate

'methyl bromoacetate

benzyl bromoacetate

ethyl bromoacetate
2-bromoacetophenone
2-bromo-2'-methoxyacetophenone
2-bromo-2', 4'-dimethoxyacetophenone
2-bromo-2"',5'-dimethoxyacetophenone
3-methoxyphenacyl bromide
2-bromo-4'-methoxyacetophenone
2-bromo-4'-phenylacetophenone
2-bromo-4'-methylacetophenone

ethyl bromopyruvate
l1-bromopinacolone
1-bromo-2-butanone

1-bromo-2, 2-dimethoxypropane
1-bromo-2, 2-dimethylpropane
bromoacetaldehyde dimethyl acetal
bromoacetaldehyde diethyl acetal .
l1-bromo-2-methylpropane
‘1-bromo-2-ethylbutane

2-ethylhexyl bromide

1-bromodecane

1-bromoundecane



Clerr] al koxyal kyl, Clerr]-Clerr] alkylsulfinyl, Cerr]-Cerr]

al kyl sul fonyl, -(CHerr])mO ((err]-Cerr] alkyl), substituted al koxy,
fluoroal kyl, aryl oxyal kyl, heterocyclic radical, substituted heterocyclic
39 radical, and nitroal kyl; where mis from1l to 8. Preferred
non-interfering radicals are Clerr]-Clegg] alkyl, Clerr]-Cerr] alkenyl,
Cerr]-Cerr] alkoxy, (Jerr]-Cferr] aralkyl, Cerr]-Cerr] cycloalkyl,
Cerr]-Cerr] cycloal kenyl, phenyl, and -(CHerr])mO ((err]-Cerr]

al kyl). Exanpl es-mwfomsbdeddmidg gani ¢ hal i des useful in the tertiary am ne
conbi natori al progces f this invention are the followi ng: Oganic Halides
-- benzyl brom%ﬁagﬁéﬁﬁﬁ%ﬁéﬁn-o-xylene al pha- br ono- m xyl ene
4-(tert-butyl) bentiytonmmetihicl kohery nesl @-agi@eheracybegte®r onnacet at e
met hyl br omace}ggﬁr%gygraﬁég%@te et hyl bronoacetate

2- br onbacet ophenagne rono-2' - met hoxyacet ophenone _
2-brono-2' , 4' - A TREMXVHTRRIPRETOTREBE SRS ND- 2' , 5' - di met hoxyacet ophenone
3- met hoxyphenacy) 4 -d0m Wercb i BAD -Broitddoxyacet ophenone

2-bronn-4'-pheqxg§9 f ophengne 2- ronn-%é-nethylacetophenone et hyl
br onopyruvate 1= (éﬁé##ﬁﬁ oY -?ﬁ%ﬂh-%-butanone
3,5-bis(trifluoromethyl)benzyl bromide
2-bromo-2'-nitroacetophenone
3,5-difluorocbenzyl bromide
2,4-bis(trifluoromethyl)benzyl bromide
8-bromo-1l-octanol
4- (bromomethyl)phenylacetic acid
methyl (r)-(+)-3-bromo-2-methylpropionate
4-iodobutyl acetate
7-acetoxy-4-bromomethylcoumarin
4-bromomethyl-6, 7-dimethoxycoumarin
2,4-difluorobenzyl bromide
methyl 2-(bromomethyl)acrylate
3-bromopropionaldehyde dimethyl acetal
(r)-(~)-3-bromo-2-methyl-l-propanol

Epoxide Electrophilic Reactant:

When an epoxide is selected as the electrophilic
reactant it is preferably an epoxide having the general
formula;

Ra2 Rss

LI

where R31, R32, R33, and R34 are independently selected from

hydrogen or non-interfering substituents, with the proviso
that at least one of R33 and R34 are hydrogen. Preferred

epoxides are those where both R33 and R34 are hydrogen. The

epoxide reactant is preferably selected from ethylene oxide



1- br ono- 2, 2- di met hoxypr opane 1-brono- 2, 2-di net hyl propane br onoacet al dehyde
di met hyl acetal bronpacetal dehyde di et hyl acetal 1-brono-2-nethyl propane
1- br ono- 2- et hyl but ane 2- et hyl hexyl brom de 1-bronodecane 1-bronobundecane
40- 2- br onpacet am de i.odoacet am de 4- (brononet hyl ) phenyl acetic aci d phenacyl
ester isopropyl bronpacetate 5-brono-2-gthyl-2-pentene 3, 4-difl uorobenzyl
broni de 2, 5-di fluorobenzyl bronide 3,5-bis(trifluoronethyl)benzyl bronide
2- brono-2' - ni troacet ophenone 3, 5-di fl uorobenzyl brom de

2, 4- bi s(trof |e;mmmma)mya 1o beawllba B-we Ogive loHcfrmmw| 50 to 600 and

(ST AR MR S IR ) Ayt b one

4-i odobuty oX ronnnb counma

4- bronDnethyI dﬁﬁ?l??%? fW%Eﬁ%k%ni§31br%%¥deRh%th?Fd

2-(br onorrmjwla)mri;ti@é@r&iémolmps@m@tr@d dexhym ehwdireddry | and eheh -

ry-(-)- r 2-net h r nol X | rophili R nt
(r)-(-)-3- Pntoerrxpferirgg Q’ bst:P % natso se gctgg Eroen?ttl'?g gro&p gggé:?stlng

of C1-C10 alkyl, C2-C1¢0 alkenyl, C2-Ci0 alkynyl, C1-C10
alkoxy, C7-C12 aralkyl, C7-Ci2 alkaryl, C3-C10 cycloalkyl,
C3~-C10 cycloalkenyl, phenyl, substituted phenyl, toluyl,
xylenyl, biphenyl, C2-C12 alkoxvalkyl, C1-Cg alkylsulfinyl,
C1-C10 alkylsulfonyl, -(CH2)m-0-(C1-C10 alkyl), aryl,
substituted aryl, substituted alkoxy, fluoroalkyl,
aryloxyalkyl, heterocyclic radical, substituted heterocyclic
radical, and nitroalkyl; where m is from 1 to 8. Preferred
non-interfering radicals are C1-C10 alkyl, C2-C10 alkenyl,
C1-C10 alkoxy, C7-C12 aralkyl, C7-C12 alkaryl, C3-C10
cycloalkyl, C3-Ci10 cycloalkenyl, phenyl, -(CH2)m-0-(C1-C10
alkyl), aryl, and substituted arvl.

Examples of specific epoxides useful in the tertiary
amine combinatorial library forming process of this
invention are the following:



When an epoxide is selected as the electrophilic reactant it is preferably
‘an epoxi de having the general formula; [err] where R err], Rerr], Rerr],
and R[err] are independently selected from hydrogen or non-interfering
substituents, with the proviso that at |east one of R33 and R34 are

hydr ogen. Preferred epoxi des are thosgwhere both R33 and R34 are

hydr ogen. The epoxide reactant is preferably selected from et hyl ene oxide
41 or epoxides having a nol ecul ar weight of from50 to 600 and may have
aliphatic, apmtic, and heterocyclic sgpstltuen Most preferred are

epoxi des wh RGBT N\qnd R34rl§?(hde |y selected from
hydr ogen an non- |anrfer|ng substitue sel et ed t he group
consi sting of err}r C[err al kyl, Cerr]-Cerr Cerr]-Cerr]

al kynyl, d err] -Byegl glycidylesher C[err] Clerr] afal kyl err]-Cerr]
al karyl, Clerr]-Cerr] cycloalkyl, (err]-Cerr] cycloal kenyl, phenyl,

bstituted ph ; | uyl , I |, | k IkI
substituted pheny, wy l,xagm/] qﬁpa%néwey%myi! lﬁelrr!la oxyal ky

Cerr]-Cerr] al
-(CHerr])[err]- rrf-Cerr] alkyl), aryl substituted aryl,

substituted al kox | uor oal kyl , aryl oxyal kyl, heterocyclic rad| cal,
substituted heterocyclic radical, and nitr )u\ re mis from1 to 8.
Preferred non-I-Okaspirer(25yoctank cal s are (e CleNr] aykyl, Cerr]-(err]

al kenyl, Cerr]-Cerr] alkoxy, (Jerr]-Cerr] aral ltgl err]-C[err]
al karyl, Cerr]-Jerr] cycloalkyl, Clerr]-CJerr] c al kenyl , phenyl,
-(CHerr])[err]- (Cberr] CJerr] aI kyl), aryl, and substituted aryl.

Exanpl es of sp s useful i Wﬁj nmbi nat ori al
i brary formng pr OCGJS,@M S invent :146?1 E?S{(#rﬂﬁ'l Jind

() -1,2-Epoxy-3-phenoxypropane 0

A\

fo) : ' Ph

| A\/O\<(_)> (2R,3R)-(+)-3-Phenyl glycidol

A NH | A/\O @

T ©)
4-Glycidyloxy-2-Indole carboxamide . .
2-Biphenyl glycidyl ether

Ester of Sulfonic Acid Reactant:

When an ester of sulfonic acid is selected as the
electrophilic reactant it preferably has the general
formula;

£

(o ——{"—e]
O
2



42 [err] Butyl glycidyl ether 1- CXasplro (2,5) octane [err]

4- (2, 3- Epoxypropyl ) norpholine ()-1, 2- Epoxy- 3- phenoxypr opane [err]
(2R, 3R) - (+) - 3- Phenyl gl ycidol 4-d ycidyl oxy-2-1ndol e carboxan de 2-Bi phenyl
glwycidyl ether Ester of Sulfonic Acid Reactant: \Wen an ester of sulfonic
acid is selected as the electrophilic reagtant it preferably has the
general fornula; [err] 43 where Rlerr] and R err] are independently
~aliphatic, aromatic, and heterocyclic non-interfering substituents and said
ester has awherecﬁtaranélgmz afef independent bpoalibbatpref arpmatice asders

f | 41 . d
Syl o erfEeelbEise Rads ﬂgfg‘?f?‘?:?egﬁ%éiE§%§F%e%‘réﬁ S EBERTRBEL
derr]-d era]matatuisr wpeght-of efrpmcy&PobPk§PO.Clerr]-Jerr]

cycl oal kenyl, Cinbst prefelrefikaryablybrsCher s111€pat &) aghywhekbinyRa)

Subst 1 1 ut cor8 RodgeSlineRPhy sphaered kypf G15Fab, atkl: Rerbracoietys.

radi cal , su@BtCluterhBYbroeyeC1o adkoxyl , CanG1pi aradkiyl ; Cah€de mis from

1to 8. Pre 5&&? %f&l&iﬂk?ﬁyi ag Eﬁﬁréh 8&9%&ky§'kthhcs
Cerr]-Cerr err err ert err] aral
Clerr]-Cerd k&iﬁa% +nyt1e€1rctpeai yéyeiéanx}p g p-@réparclo

Eﬁﬁ'sff"{ Etegéélkyyﬁnygubsﬁ&ﬁ%alAiﬁa@ Cuhfhehb] - Ehbkbadkyy!,), aryl, and
ary oxyalkyl heterocyclic radical, substituted heterocyclic

radical, and nitroalkyl; where m is from 1 to 8. Preferred
non-interfering radicals are C1-C10 alkyl, C2-Ci¢o alkenyl,
C1-C10 alkoxy, C7-Ci12 aralkyl, C7-C12 alkaryl, C3-Cip
cycloalkyl, C3-C10 cycloalkenyl, phenyl, -{CH2)m-0-(C1-C10
alkyl), aryl, and substituted arvl. :

Most preferred are esters of sulfonic acid wherein R42
is independently selected from C1-C10 alkyl, C2-C10 alkenyl,
C2-C10 alkynyl, C1-Ci10 alkoxy, C7-Ci12 aralkyl, C3-C10
cycloalkyl, C3-Ci0 cycloalkenyl, C2-C12 alkoxyalkyl, C1-Ceg
alkylsulfinyl, C1-C10 alkylsulfonyl, -(CH2)m-O-(C1-C10
alkyl), substituted alkoxy, fluoroalkyl, arvloxyalkyl,
heterocyclic radical, substituted heterocyclic radical, and
nitroalkyl; where m is from 1 to 8. Preferred non-
interfering radicals are C1-Cip alkyl, C2-C10 alkenyl, Ci-
Ci10 alkoxy, C7-Ci2 aralkyl, C7-Ci2 alkaryl, C3-Ci10
cycloalkyl, C3-Cig cycloalkenyl, and —KCHz)m—O—(Cl—Clo
alkyl), ' |

Examples of sulfonic acid esters useful in the tertiary
amine combinatorial process of this invention are the
following: '

Sulfonic Acid Esters --

ethyl trifluoromethanesulfonate

2,2,2-trifluorocethyl p-toluenesulfonate

2-chloroethyl-p-toluenesulfonate

1,3-propane sultone

5*-tosyladenosine



Most preferred are esters of sulfonic acid wherein R42 is independently
selected fromderr]-Clerr] alkyl, (Jerr]-Cerr] alkenyl, Cerr]-Cerr]

al kynyl, Cerr]-Cerr] alkoxy, Cerr]-Cerr] aralkyl, Cerr]-Cerr]

cycloal kyl, Cerr]-Clerr] cycloal kenyl, C2-Cl12 al koxyal kyl, Cerr]-Cerr]

al kyl sul finyl, Cferr]-Clerr] alkylsul forg4,

-(CH err])[err]-O(derr]-Cerr] alkyl), substituted al koxy, fluoroal kyl,
aryl oxyal kyl, heterocyclic radical, substituted heterocyclic radical, and
ni troal kyl ; wherk, mb&énamdlmm@' Preferred non- interfering radicals are

Cerr]-Cerr] aI i ét Cerr]- do al koxy,
Cerr]-Cerr] ar rrég%%err ary? Cerr]-Cerr] cycloalkyl,
Clerr]-Clerr] cyes Imethﬁpeﬁ Q@@??[err] O (Cerr]-Jerr] aIkyI)

Exanpl es of sulf@mﬁ afdhsdaisrasial in the tertiary anine conbinatorial
process of this |nvent|on are the followng: Sulfonic Acid Esters -- ethyl
haneEiel GRER

trifluoronet hanesTFHERR Y D Bethane ® p-tol uenesul fonate
2- chl or oet hyl - p- étﬂy&ﬂpﬁﬁbiﬁﬁﬁéﬁﬂﬂféhatapane sul tone 5'-tosyl adenosi ne

44 1, 4-but ane s Vi S
met hanesul f onat e ut} fn@?‘ﬁ &%ﬁgﬁ%@fj %h‘%%?lgéeﬁﬁgﬁfggﬁﬁanesul fonate
et hyl p- toIuenes(ﬂ#knﬁnkrleFEﬂIﬂrﬁQﬁ!&@%?clohexyl p-t ol uenesul fonat e

(2r)-(-)-dl yCIdy sf--of-w-aﬁ-eméﬁﬂyiﬁ'\lt};zlr‘iﬁé@ﬂér@ééﬁif@ﬁébénesmfonate
+

S +) - 2- met.h ut to uenesul f'opat e
(s)-(#)- y! y -2-methylbutyl p-toluenesulfonate

(s)—(+)—1—pheny1—1,2-ethanedlol 2-tosylate
(2r)-(-)-glycidyl 3-nitrobenzenesulfonate
propargyl benzenesulfonate
2,2-dimethyl-1,3-dioxolan-4-ylmethyl p-toluenesulfonate
(r})-(-)-2,2-dimethyl-1,3-dioxolan-4-ylmethyl p-
toluenesulfonate
(s)-(+)-2,2-dimethyl-1, 3-dioxolan-4-ylmethyl p-
toluenesulfonate _
1,2:5,6-di-o~isopropylidene~3-o-(methylsulfonyl)-alpha-
d-glucofuranose .
ethyl 1-2-((methylsulfonyl)oxy)propionate
{2s) ~(+) ~glycidyl tosylate
~ (2s) - (+) -glycidyl 3-nitrobenzenesulfonate
3—o—acetyl-6-o—benzoy1—5—o—(methylsulfonyi)—l,z—o—'
isopropylidene-alpha-d-glucofu
(r)-(-)-1-benzyloxy-3-{p-tosyloxy)-2-propanol
(s)-(+)-1-benzyloxy-3-(p-tosyloxy)-2-propanol
ethyl 1-2-((trifluoromethylsulfonyl)oxy)propionate
2-{(2-chloroethoxy)ethyl methanesulfonate
l-cyanocethyl p-toluenesulfonate

XIV., Detail of Operation for the Nucleophilic Substitution
Processg - Ste b):

In step (b) at least 1.1(n) equivalents of a solvent
soluble secondary amine reactant represented by the formula:



(s)-(+)-1-phenyl -1, 2-et hanediol 2-tosylate (2r)-(-)-glycidyl
3-nitrobenzenesul fonate propargyl benzenesul fonate

2, 2-di met hyl - 1, 3- di oxol an- 4-yl net hyl p-tol uenesul fonate
(ry)-(-)-2,2-di net hyl -1, 3-di oxol an-4-yl net hyl p- tol uenesul fonate
(s)-(+)-2,2-di net hyl -1, 3-di oxol an- 4-yl neg&yl p- tol uenesul fonate
1,2:5,6-di-o0-isopropylidene-3-0-(nethylsul fonyl)-al pha- d-gl ucof uranose
et hyl 1-2-((nmethylsul fonyl)oxy)propionate (2s)-(+)-glycidyl tosylate
(2s)-(+)-glycidyl 3-nitrobenzenesul f oRat

3-0-acetyl - 6- 0- benzoyl - 5- o- (et hyl sul f onyl , 2- 0O-

| sopropyl i dene- al pha-d- gl ucofu
(r)-(-)-l-benzyloxy-3-(p-tosy|oxy)-ZJ%Mbpanol
(s)-(+)-1-bdreyd &yt Jatd-Rp3 ydoet yindepenganoly es@yected from non-

1-2-((trifl t hyl sul f l [ t - (2-chl h t hyl

et hanesul {HHETEE T EYarERR Ty L OV OF LR cRaRP Brae o360, PBREEH ProFoLBePht i on
for the Nucéteamphialc Substitution Process - Step (b): In step (b) at |east
1. 1(n) equival enpge Oémfnégifé@&é?ge'&?é? %ECQQ rYb?”bf‘ﬁtﬁQaﬁﬁ@FEophilic

represented by the fornu . [err ere err] and err| are
i ndependent®¥Pceseciey Preparbad Faretdty| AYLlaepsift bRt a8 a8dEBOEE each

reaction zoger ocbustep $8¢tidhevar gepreactant tHeéedeiiceiop &hinatibhe
nucl eophi lic ﬁroce s for regfrlng te tlﬁréhanlnes IS thetsgnﬁ as.thpse set
out in SectRTRCKHS) suPg HEFIPREE P Qb RYER anP niPFgRPOrated heréin by
reference. Thus, R]]1 is the same as R] and R12 is the same
as R2 described in Section VI.

When the electrophilic reagent used in step (a) is an
organic halide or ester of a sulfonic acid a neutralizing
agent (base) is required in the reaction zone after addition
of secondary amine in step (b). The base added in step (b)
is used to neutralize acid (e.g., HX) resulting from the
reaction of step (b) as illustrated in Scheme 2.
Conventional neutralizing agents such as alkali and
alkaline-earth hydroxides may be used. However, it is
preferred to use a resin bound base such as piperidinomethyl
polystyrene as a solid phase scavenger of acid formed in the
~course of the reaction. Resin bound bases (or other solid
neutralizing agents) may be conveniently removed from the
reaction in the separation step (d), infra. The amount of
acid anticipated to be formed may be is one mole of acid per
mole of electrophilic reagent.

XV. Detail of eration for e Nucleophilic Substitution
Process - Step (c):

In step (c) solid supported amine reactive scavénger
represented by the formula;

@ L) (ARS)

is added to each reaction zone of step (b). The scavenger is
added to the reaction zone in a amount at least equal to the
stoichiometric excess unreacted amine present in the




process), the disclosure of which is incorporated herein by reference.
Thus, Rlerr] is the sanme as R err] and Rlerr] is the sane as R2 descri bed
in Section VI. Wien the electrophilic reagent used in step (a) is an
organi c halide or ester of a sulfonic acid a neutralizing agent (base) is
required in the reaction zone after addi®i on of secondary anmine in step
(b). The base added in step (b) is used to neutralize acid (e.g., HX)
resulting fromthe reaction of step (b) as illustrated in _Scheme 2. .
Convent i onZPagEdPRarPrREn§rafehte PEEN1QNSaSESR - afdedierabilye rog splid

hydr oxi des sippoleeds afhindOwRretiviel sicaviehgleer Hed aldlleds & o2 thes ifeak®itth base
such as pigerldLnonetg%! ﬁ§|¥8t rene asgatﬁplid. hase s%gﬁingﬁr of acid
formed in ERBScHHr §8 ™Y BaCtC67° REsi-HSETHESHESES A er solid
neutrali zi figcagenbatle edyfilcd entnasinentieyoveipved from the reaction in the
separation step (d), infra. The amount of acid anticipated to be fornmed my
be is one nole of acid per nole of electrophilic reagent. XV. Detail| of

per ati on BYL- 5 ifoy sdeophi laicg

solid supperb @SgnLﬁ' . ajwé ééé&engér fepreééﬁféd b§ fﬁe fo%nula; [err]
I s added to each_reactl zone of _step (b). The scavenger .is added  to, the
reaction zone iEnasgﬁBuﬁg)ag%ﬁbggglgqﬁgkﬁhftFﬁb%ﬁﬁﬁ%ﬂﬁ%ﬁnﬁﬁﬁﬁ?ggﬁﬁﬁﬁg
unreact ed dmome epchseractionheone 46F stapt i(a) amde shibernanitd girdevi ous st ep.
Preferably {0 £5Qld 43RBT a3 '1%&% h'g@amﬁe 1% rdcd to the

reaction zone in an anmount " in excess O ne reactant to tfacilitate
efficient amne renoval. XVI. Detail of Qperation for the Nucleophilic

Substituti @III. Other Details of the Nucleophilic Substitution
Tertia Amine Libr making Process:

Reaction Medium - The reaction medium may be any liquid
which has the following characteristics: '

(1) the secondary amine and aldehyde reactants are

capable of forming a reaction product which is

substantially soluble in the reaction medium, and

(2) the solid supported scavenger, both in unreacted

and reacted form, is substantially insoluble in the

 reaction medium, and

(3) the reaction medium does not interfere with the

reactants or the scavenger used in the process.

Typical reaction media useful in the processes of the
invention are toluene, chloroform, methylene chloride, and
acetonitrile, methanol, ethanol, isopropyl alcochol, or any
'of these used alone or in combination.

The Reaction Zone - the process of the invention may be
carried out in any vessel capable of holding the liquid
reaction medium and having inlet and outlet means.
Preferably the process of the invention is carried out in
containers adaptable to parallel array syntheses. Most
preferably, the tertiary amine library is formed in standard
wellplates, such as the 96 well wellplate illustrated in
Fig. 1 and/or the wellplate apparatus illustrated in Fig. 2.
Each well may be filled by multiple delivery apparatus,



Process - Step (d): In step (d) the solid supported scavenger is separated
fromeach reaction zone of step (c) and substantially purified tertiary
amne library conpound is recovered. XVIII. O her Details of the

Nucl eophilic Substitution Tertiary Am ne Library maki ng Process: Reaction
Medi um - The reaction. medi um may be any4¥i qui d which has the foll ow ng
characteristics: (1) the secondary am ne and al dehyde reactants are capabl e
of formng a reaction product which is substantially soluble in,the

reaction nddFORRteR O 25oRPRkLS APRRERYSr t 3BY sehvEhgeR, MBY¥t Rei RLGRFEact ed

and react egah@aDly i Sr subgbavét atdbyt+asdeédbl e in the reaction nmedium and
(3) the reaction nmediumdoes not _interfere;wth the_.regactant .t he
scavenger used et%%V%¥%%egg?t*?5¥c%?l?ga%¥%sﬁr¥eafagﬁééfﬁPéﬁﬁEﬁhg
processes whytbtakenveat formant aoblenalityl ofowelkplabenyl eashchl oride, and
acetoni trijgyy é@é?ﬂéviﬁ#ﬂggg}s ?599£%H¥£gagcﬁgﬁéraeé §8¥F9§ﬁhhgse used

alone or in cdﬁglna | on. eacton Zone - t rocess of .the invention
may be carPredusht (1R0EATY vEeBRPURGhabh| ERoFURB| BRAGSLNERR| d&PE2F¥act i on

nmedi um andcb@ybigds nhee a@ﬁveﬂiéﬂtlyeaaégtffeé?rbbl yhtelﬂel f)él(lm.ﬁs.&téf t he
invention is carried put Ln,containers,adapta to para Loarray
e heson. iupbel o8d P £816RR" BhAPte S0aRI Aufe Poh EBekRipdLRS)
standard wel | pl atesefeuradasechrigdewEbtr peatpliaingi thespratedsi pfFithe 1
and/ or the; €; i r LR;Ei Q. ahatekh gBy-
filled by Lty %*.‘Eféﬁd%e?f’%%ﬂ%é%a%‘%ﬁ%,%ﬁgﬁégéﬁtor&g%ﬁr alist, g® a§°
appar at us, SE¥RYheFifniefivaduas EpRAELCREREAANGEEr AEBNBEERRTEGNLPOPREY.
of multiple reaction zones. The amount of electrophilic

reagent and amine reactants introduced into each reaction
zone will depend on the desired amount of each library
compound that is needed for conducting biological assays,
archival storage and other related needs. Typically, the
desired amount of individual reaction product is from 1
microgram to 50 milligrams.

The amount of electrophilic reactant in each reaction
zone is represented by the symbol "(n)", where (n)
represents the equivalents of electrophilic reactant.

The method of the invention contemplates solution phase
reactions where a stoichiometric excess of secondary amine
reactant is used. The amount of secondary amine used to
insure an excess is defined as at least 1.1(n) and
preferably a larger excess in the range of from 1.25(n) to
5(n), where the variable (n) is as previously defined. The
stoichiometry of the reaction and calculation of equivalent
weights of reagents may be done by reference to Scheme 2,
infra. The 1.1 multiplier is used to insure at least a 10%
stoichiometric excess of the secondary amine to drive the
reaction to completion, thereby removing the electrophilic
reactant from each reaction zone used to create the tertiary
amine library. Thus, for example, if 1.25(n) - a 25% excess
- of the secondary amine reactant is desired, then 17.1 mg.
of benzyl bromide would be used in step (a) of the process



The diverse tertiary amne library of this invention may take the formof a
plurality of wellplates, each well plate having wells containing a separate
reaction product (library conpound). In such cases, the.library conpounds
are conveniently identified by their wellplate nunber and "x" colum and
"y" wellplate row coordinates. A preferd&d technique for practicing the
process of the invention is parallel array synthesis. Wth parallel array
synthesis individual reaction products are prepared . in each of multiple
reacti on z@nés10TReManp Gt Pépe@lééﬂﬁom‘ﬂlidc%eeé’&&ﬁ]t imetem o) &fcitdift s

i ntroducedpi-Bt@sgach reaction zone wll depend on the desired amunt of
each library coppound that is needed far canductin Q:itol oeg:icqal 2SSy,

ar chi val st or age "End SBENEPT FPREedSnTBILL RIS z?ltl% FPFET Y unt of

i ndi vi dual foeaet tamepsadfdiciient! tompermidr ogearnitos SFE rbHd i grans. The
anount of Lhisc, i . | [ r£s ed by
he symbol MEGFFOBEILIE PR slordd e SR B R AR, o 11 ¢
react ant . FOEDPRELRoGOHSUMBE liony &t ithe edmcepsphtidd s andssyt pvs £ et i ons

wher et a ?t ﬁhcﬁh{gﬁ?ﬁ:r 0% %&Q&%ﬂ asfl@endamtAf r&ntp%ﬁﬁi@me_deesds&qﬂ.tdr Ihe t
amount of secqndary .amine used to insure an excess.is i ned as eas
1.1(n) and SOPEPEEa P IRHcPo ASeYS £G ARRITRRRENS SRR &S 5(n)
wher e t he yaepaltied (ibraxyvacompeundss! y defined. The stoichionetry of the

reaction and ca | at.Lon Qf ' q!gnt ' may be done by
reference to thgllrée%%,&“%’ngﬁgﬁ%?ﬁe | r?\aﬁ%e%ﬁﬁés%ge %o insure at | east
a 10% st oi combiEaitoriglc asadsiomh@on@soddarihefiane 88 @gt ©uthel eaction to

conpl eti ongdReRPK, " @RHaNY (R reltdfd hyhiddisd easilmitidd PRAREd: ¥ eded | on
zone used t,0 greate the tertiar, mne library. Thus for_eﬁiig#ea |é
125y a3 erpesated annin B tenr it HARAHURT, 1% WHRASERES ( hen
17.1 ng. oftepreryltureomaterendld drdom BORC | estldD@) of the process

Endpoint determination - The completion of the
reaction between the electrophile and secondary amine
reactant may be determined by a number of conventional
techniques. One method is to use thin layer chromatography
to determine if the electrophilic reactant is substantially
removed from the reaction zones.

Sequence of Operation - The addition of the
electrophile and secondary amine reactants to the reaction
zone may take place in any order. For example, the
secondary amine reactant may be initially added to the
reaction zone followed by addition of the electrophile
reactant, or vice versa. Alternatively, the amine and
electrophilic reactants may be simultaneously charged to
each reaction zone.

The amount of solid-supported scavenger added to the
reaction product of step (b) is based on the scavenger's
available amine reactive fuhctionality. The scavenger is
added in at least an amount egual to the theoretical excess
equivalents of unreacted amine reactant (viz., at least 0.1
equivalents used in step (b). For example, if 1.25 mmol
(10.6 mg.) of piperidine constituting a 25% (0.25 mmol)
excess were used in step (b), then at least 250 mg. of
polymer supported isocyanate having an isocyanate content of



48 and 10.6 ng. of piperidine would be used in step (b) of the process. The
reaction zone is nmaintained at a tenperature and for a tine sufficient to
permt reaction of the electrophilic and secondary am ne reactants, that

I's, to conplete consunption of the electrophilic reagent and form an anount
of tertiary amne |library conpound neces4®ary to conduct biol ogi cal assays
to determne the efficacy of the prepared library conpounds. The tine,
tenperature, and.pressure of the conbinatorial reaction_zones is the sane
as set out }meptgi oresdn swerkd befaddedeinesteri (@) ani RaeferebBtycEBS) and

i's incorporgd i NEShHriya r SESVERGEr LOVEYEH, iR Rhehmbhre traveist Bremr ange
IS fron120[er%iC:to 100[ e r%ﬁ% Endpoi nt determ nation - The.conpl etion of
the reacti oh $ot YR PN %I $op '?e€%ﬁ3r§5%53 a?§c%ﬂ§n§qPég%£§ﬂgsnﬁ be
det er m ned iyreadcied esecbdaonvant nenadateahti ques. One nethod is to use
thin layer chro ef.ergine. e ophi Lo r S
substantial ly rgﬁ%%g%ﬁgg%n%gﬁg %gag%go%é%%%£g¥ é@%ﬁénggb%?f%pg§§%?§% - The
addi ti on ofPXoreess cof riohdi ieverbicechbadavylbhrabieraefabhs LaPYRAEYreacti on

zone may t & @eds | By ApSFSeing FOhe EX@8BLEd HNE GREEAEEEN 381RE reactant

may be initial added to the rggcthg zone follomeg.gﬁ agdlﬁlon OS th

el-ect r ophi | ¥'F® S0\t SCRYERFRE LEPRALLh]| FRRALIPY MG HeOEnTHEPaAG) a1

el ect r ophi | tecoeecimnts selubiosi ofil éackosabytahaigkilyt puedfhedeacti on

zone. The amun ag%dgﬂiﬁg-ffgpgé%egoﬁﬁgﬁﬁgger added to the reaction product
S onth s

of step (b)7i a e scavenger- S avail able am ne reactive
functionality. THeessemangeionsofidehe salid supperhadagsanenggyafrom t he

theoretical ¢ gICESSrary compound dissolved in the solvent phase of the
reaction may be done by any conventional chemical or
physical method. Preferred are physical methods which are
applicable to all members of a diverse library. Such
methods include; (i) filtration, (ii) centrifugation, (iii)
décantation, and (iv) washing. Filtration is a particularly
preferred form of purification. It is practiced by
transporting each solution of library compound through a
filter medium which retains the scavenger and transfers the
solution phase into a separate vessel. An apparatus
using filtration is depicted in Fig. 2, infra. '

The purification last step of the process may

optionally be supplemented by a solvent removal step in
which the solute library compound is removed from its
solvent by conventional processes known in the art; such as
solvent evaporation, distillation, salting out, solvent
extraction, and etc.

XVIII. Nucleophilic Substitution Process - Reaction Scheme:

The nucleophilic substitution process for preparing
libraries of tertiary amines is shown in Scheme 2, below:



equi val ents of unreacted amine reactant (viz., at least 0.1 equivalents
used in step (b). For exanple, if 1.25 nmmol (10.6 ng.) of piperidine
constituting a 25% (0.25 nmol) excess were used in step (b), then at | east
250 ng. of polymer supported isocyanate having an isocyanate content of

49 1 meqg/g. resin would be added in stegg(c). Preferably the solid
supported scavenger is used in an anount that is from1.25 to about 5 tines
the theoretical excess equival ents of unreacted secodary am ne reactant.
The final step in the tertiary anm neSdhemer\? f ormi ng process of the
invention is purification of the library conpounds by separating the
reacted and unreacted solid supported scavenger fromthe reaction nedi um of

step (c) and reqyerorPELESIYRENE BENTACTscChataMt i Byl yapurified tertiary

amne |ibrary cospoptbaTioN SeparedToaRofaMtgesol i d supported scavenger
fromthe library conpound dissolved in the sol vent phase of the reaction

may be don&)by any conventi onal chenlcal or physical nethod. Preferred are
physi cal net hpdsnwhi@hs akg) a qré o al | members of a di verse library.
Such net hods include; (i) fi%tlﬁrﬂ.,(n) teantti fudBaaBH, +(EXi)

decant ati on, andh%iﬂ)eqabhing Filtration i SRa paﬂﬂ<§n%ﬁly preferred form
of purificatio by transporting each solution of library
conpound throu%ﬂ 1##? &ﬁé&{ %§ﬁ1mh|ch retains the scavenger and transfers
the sol ution phaaead nto a separate vessel . An appar at us usi ng
filtration is depnixteed in Fig. 2, infra. The purification |ast step of the
process may opﬁpéﬁkﬂby be supplenented by a sol vent renoval step in which
t he solute Ilbﬂﬁﬁg mpound is re d fromits solvent by conventional
processes knowfPPHY%he art; such g?gg'

3 T R
R, (0.5 eq.) Ry, 0 "
3) R
Ry~ B3 y OB filter Ri -3
1 + Rz’ T ———- P
Rg O R2

In the use of resin-bound benzylisocyanate 3 as a
scavenger for secondary amines in the synthesis of tertiary
amines (above), an electrophile (either an alkyl halide,
sulfonate, or an epoxide) is combined with an excess of
secondary aliphatic amine in a non-nucleophilic solvent such
as methylene chloride or acetonitrile in the case of alkyl
halides, sulfonates, or methanol in the case of epoxides
(Step 1). For reactions with an alkyl halide, mesylate, or
tosylate, a resin-bound base is added to neutralize acid
produced in the course of the reaction, and the mixture is
allowed to react until no starting electrophile remains.
When reaction is complete, an excess of polystyrene-
benzylisocyanate is added to the reaction (Step 2). This
reacts with the remaining starting secondary amine to form a
urea covalently bound to polystyrene. When no secondary
amine remains in solution, the mixture of product tertiary
amine and resin is filtered through a cotton plug and the



sqo] vent evaporation, distillation, salting out, solvent extraction, and

etc. XVIII1. Nucleophilic Substitution Process - Reaction Schene: The
nucl eophilic substitution process for preparing libraries of tertiary
anines is shown in Schene 2, bel ow 50 Schene 2 USE OF POLYSTYRENE

BENZYLI SOCYANATE | N THE PURI FI CATI ON OF5TERTI ARY AMNES Rlerr]Rlerr]H (1.5
eq.)piperidine-N Rerr]Rerr]NH (1.5 eq.) polystyrene [err] R3X (1
eq.) R3: alkyl substituent X iodide brom de tosyl ate nesyl ate epoxide
[err] [errFephny hEekadngf PystRepBENE befiz FrREEEy §K8CeOF 88VaPXOW&iger for
secondary g WashiAgt Wethyathesisnall kelkeaty (3fepes)(above), an

el ectrophile (either an al kyl halide, sulfonate, or an epoxide) is conbi ned
Wi th an excess of secondary allphatlc an1ne i n a non-nucl eophilic sol vent
such as neo-v-w g = prinesi:n t he case of al kyl hali des,

sul f onat es, e e actions
with an aIkyI BFEEQBQEVEB b tg%ﬁgag% %R&ﬁ%@aﬁfgg%%ﬁgiﬁﬁ E%ggéﬁls added to
neutral|zepﬁépérﬁﬂoﬁﬁcébelWepﬁédc@§r§§1§f1PN@nFé&@ﬂ|@ﬁveaﬁﬁlﬂﬁéﬁhfﬁldﬁe i's
al | oned t on(pBel gmttbcngogbg&bbugagbﬁ@trgghmbalb@@alns When reaction is

conplete, an ©X&55%¢ Oglgo I heiCare catalysts for foundry mold resin

curing, urethane catalysts, corrosion inhibitors in paint
remover. B) Heat curable resin mixtures use tertiary amines
with organic polyisocyanates - US Pat. No. 5,468,832.

C) Alkyl substituted tertiary amines are useful for the
preparation of low viscosity polymer-polyols - US Pat. No.
5,416,123.

XIX. Wellplate Apparatus containing librarv compounds
prepared by the process of the invention:

The processes (both reductive amination and
nucleophilic substitution) of making the tertiary amine
libraries of the invention may be conveniently carried out
in a wellplate apparatus such as illustrated in Fig. 1 and
Fig. 2, hereinafter described. It is particularly
advantageous to carry out the method of the invention in a
standard wellplate apparatus such.as a plastic 96 well
microtiter plate.

Typically, the wellplate apparatus is in the form of a
rigid or semi-rigid plate, said plate having a common
surface containing openings of a plurality of vessels
arranged in rows and columns; A standard form of wellplate
apparatus is a rectangular plastic plate having 8 rows and
12 columns (total 96) of liquid retaining depressions on its
surface. A wellplate apparatus may optionally have other
elements of structure such as a top or cover (e.g., plastic
or foil), a bottom in a form such as a plate or reservoir,
clamping means to secure the wellplate and prevent loss of
its contained compounds. '



benzyl i socyanate is added to the reaction (Step 2). This reacts with the
remai ni ng starting secondary anmne to forma urea covalently bound to

pol ystyrene. Wien no secondary am ne rermains in solution, the m xture of
product tertiary amne and resin is filtered through a cotton plug and the
51 resin, retained by the plug, is rinsé® free of any product by washing
with additional solvent (Step 3). Qher Uilities - Tertiary Am nes:
Derivatives of tertiary am nes_ (capable of being ar ed the nethod of
this invention) T &eduenes 9h %%ﬂPdé?n%f tq 4 &8?968 é%ﬂ‘

foll ows: A)gdrayddtaioh anitlecind avaldipsllatsd sid ais ol ws ol d reS| n curl ng,
urethane catal ysts, corrosion inhibitors in paint remover. B) Heat curable
resin mxtures use tertiary amnes with organlc pol yi socyanates - US Pat.
No. 5, 468, Tt wallxlate appargbtus i dhg emtiyen: are useful for the

preparation of 0wl Re0sd ﬁr%&dﬁ.r&ﬁe&)%i}@{ She YRovdt -t P i@nf lniws. X X

Vel | pl ate Apparatus containing |ibrary conmpounds prepared by the process of
t he i nvent Rﬂ%“POH{éiﬁ)ercés%%sn(‘{ﬂﬂquéd%ﬁ:tﬁl%aaﬁn%dﬁ"brF%’ﬁt‘ﬂF edhi lic
EUbSt ituti @ﬁ%aﬁamimdmmégrﬁaﬁml:@lmmm&imW 85 & %\é@y ﬂ?i:letﬂtlh@@d rrgy

e conveni ent arrie |na wellplate apparatus such as illustrated in
Fig. 1 andeclff all eerrgll VAR ml%f’%%‘%bed It is particularly advantageous
to carry ol sttné:abltemﬁir'sﬁemrmf iopasrat ion iand e kated erpd Tptas cax@par at us
such as a phagd ids FRddsmcrotiter plate. Typlcally, the wellplate
apparatus is in the formof arigid or sem-rig ﬁlate sai d_ pl ate having

a common sur f acet coReaGHIRP &%?ﬁ%@sr%fm%@%IWa@¥% o vedaples in the

bottom of 96 deepwell titer plates and putting a porous frit

in the bottom of each well.

2. The plate is put in a clamp assembly to seal the
bottom of the wells.

3. Synthesis is begun by adding reagents to their
assigned plate coordinates (reaction zone).

4. The plate is capped then tumbled to mix the
reagents.

5. Solid supported scavenger is added to each reaction
zone after completion of the reaction is shown by thin layer
chromatography. '

6. After sufficient reaction time the plate is removed
from the clamp and the resin washed.

7. The solution containing product is filtered and the
solution collected by transfer into another 96 well plate.

8. The reaction products (library compounds) are
analyzed by thin layer chromatography.

FIG. 1 illustrates the top surface of a wellplate
apparatus of the invention. The wellplate (3) is a plastic
plate with 96 wells (depressions) capable of holding
liguids. When used in the parallel array synthesis
individual reaction products are prepared in each well and
are labeled by the wellplate coordinates. The shaded
circles in the Figure represent wells filled with tertiary
amine library compounds prepared by the solution phase



arranged in rows and col ums. A standard formof wellplate apparatus is a
rectangul ar plastic plate having 8 rows and 12 colums (total 96) of liquid
retaining depressions on its surface. A wellplate apparatus may optionally
have ot her elenments of structure such as a top or cover (e.g., plastic or
foil), a bottomin a formsuch as a plat®® or reservoir, clanping neans to

secure the well plate and prevent loss of its contai ned conpounds. 52 The
sequence of operations to be used for library generation with the mellplate
is as fol | GREPINEAFEdIpREACETHRT AluLhi e ti offe ARDIPrhRE

i nocul at ed Mddtildie (19v.elfdrerdstaaipl Mmite ioaroimicsd Cliy tilee | aMsHEn@et5c
itself a nem/c%?§}ruct e gpparatus which has particular utility in an

assay kit J&& EEscover | ead conpounds. A suitable system of operation

and rel ated app&@H.u drldusiates folgidde view deactwehliplats apraraties by
drilling 9§y &3, ithd bfsstai} e Qif %&%W@Adléﬁ {erppd %éﬁlﬁi@té’uféi ng a

porous frit i n the bottom of each late is put 1n anp
assenbl y t SXEALIH&Pdis o loWitie a!/veqlijste% (@yrﬂ%s}r%q‘i‘%d FERRFE M addi ng
reagents t enddiqin ciﬁﬂﬂa&rmdlgols?daare‘zmﬁl (et es TH@aﬁélm Rore)an loutdhet pl at e

i s capped t e ent s, port venger is
added to ea?r%h%roetgc Jﬁuzcghe St a?le%%& eqars é[o‘*n) %eéi; rﬁ’j%é%a%m

thin | ayer mma;grblrﬂvy argl biftttam sedvexi éh't) rrmtm)medrmtmﬁptm@ |s
removed frqp thegl afy)and the resin washed.

The libraries and compounds of the invention ére
prepared in the manner shown in the Schemes below.

XX. 2Assay Kits using wellplates with the libr compounds
of the invention:

This invention includes an assay kit for identification
of pharmaceutical lead compounds. The assay kit comprises
as essential parts, (i) wellplate apparatus (containing in
its wells the tertiary amine library compounds of the
invention), and (ii) biological assay materials.

The wellplate apparatus in the kit may comprise a set
of wellplate apparatus such as illustrated in Fig. 1. The
tertiary amine library compounds contained in each wellplate
may be prepared by either the reductive amination process or
the nucleophilic substitution process taught herein.
Preferably the wellplate apparatus has the form of a
standard 96 well microtiter plate.

The assay kit also contains biological assay materials.
These biological assay materials are generally in vitro
tests known to be predictive of success for an associated
disease state. Illustrative of biological assay materials
useful in the kit of this invention are those required to
conduct the following assays:

In vitro assays:

Enzymatic Inhibition
Receptor-ligand binding
Protein-protein Interaction



7. The solution containing product is filtered and the solution collected
by transfer into another 96 well plate. 8. The reaction products (library
conpounds) are analyzed by thin |ayer chromatography. FIG 1 illustrates
the top surface of a wellplate apparatus of the invention. The wellpl ate
(3) is a plastic plate with 96 wells (dggressions) capable of hol ding

i quids. When used in the parallel array synthesis individual reaction
products are prepared in each well and are | abeled by the wellplate
coordi nates. The sha@zdteiincD¥8 IntelacEigore represent wells filled with
tertiary am ne bg@iaggsggnpggﬂgiigﬁggaggga?g:the sol ution phase 53

conbi natorial processes of the.invention. The conpound at |ocation (1), for
exanpl e, is identifi842By ERRLAPPRINBRENIELAETr di nate, "A6." FIG 2
illustrates a side veewnal aradkdpkatienapgecandsMeseengert he Assay Kit of

t he invention. The wgh%gga#§f%%%&%ggtains wells (7) with a filter (9) and
ntai mi

liquid reaction nediu XVenger (11). The wells have an outl et
at bottom whi chAdd, séakcetabe,gésRead( @8paysl:d in place by top cover (15)

and bottom cover (17ECEBEE&§59§6ni@rBQihHEg”AQEa%%a”p (19). The libraries

and conpounds of the inventign are prepared 1 n the manner__shown in the
Schemes bel ow. XX. Assay Rpgdogenganndf| SPat &ecaptrrt héndipdadFs@npounds

of the invention: This | nwadbtd@1liAcuaeerdingseayykiel[120)i dentification
of pharmaceutical |ead conpounds. The assay kit conprises as essenti al
parts, (i) wellplate appaP&fd¥ (containing in its wells the tertiary anine
li brary conpounds of the HAVeptotelinased [(RP) ]biSPRognzymeassmaymat eri al s.

Cholesteryl ester transfer protein (CETP)
[3H] SPA assay

Fluorescence Polarization Assays

Fluorescence Correlation Spectroscopy

Colorimetric Biosensors

Ca2+-EGTA Dyes for Cell-based assays

Reporter Gene Constructs for cell based assays
Luciferase, green fluorescent protein,
B-lactamase

Electrical cell impedance sensor assays



The wel | pl ate apparatus in the kit may conprise a set of wellplate
apparatus such as illustrated in Fig. 1. The tertiary amne library
conpounds contained in each wellplate nay be prepared by either the
reductive am nation process or the nucl eophilic substitution process taught
herein. Preferably the well plate apparatss has the formof a standard 96
well mcrotiter plate. The assay kit al so contains biological assay
materials. These biological assay materials are generally in vitro tests
known to be predictive of EXRMRISES f-orREDUCGEEYE | AMENATIGase state.
Il'lustrative of biological assay materials useful in the kit of this

I nvention are those reqU|red to conduct the follomﬁng assays In vitro
assays: EnAgeH - Bl LY ano, A : -protein

I nteraction 54 Proteln DNA Interactlon Cell-based Functlonal assays:
Transcri tlonal al Transduction/_Sec enger_Viral

| nf ect i th y Add %{' %%}é'&e]as% U 1t 13 a?@o‘ﬁé\ﬁo??ﬁf?? ‘lé%%?s
Angi ot ensi n.g Iacﬁ%ﬁd recep tramo bi ol | ser areday E?mdn‘m;elomeommetpeng column,
enzyme[ [err]d ], A pr r

Chol est erylaléest e%roﬁ%%@gn l"wl?rg %li ﬁld%g‘b%éﬁ Aé%iﬂsﬁg assa é]t_sl‘:t?ﬁ%rescence

Pol ari zat i ot A3%ay% . o each of the eight rows is added neat

mmol of aldehyde, one aldehyde per row. To each of the 96
wells is added 40-50 mg cyanoborohydride resin (3.3 mmol
CNBH3~/g resin, 0.15 mmol). The plate is sealed and shaken
for approximately 24 hours at room temperature. To each
well is added 25-35 mg of acid chloride resin (2.5 mmol C1-
/g resin) and 0.1lmlL dichloromethane. The plate is sealed
and shaken for 5 hours. The product solutions are filtered
through the frits in the bottom of the wells directly into a
pre-tared 96 well microtitre plate. The solvent is removed
and the plate re-weighed to determine an average mass per
well. An average yield is calculated by dividing the
average mass per well by the average molecular weight of the
tertiary amine products.

The following products were representative of those
prepared in this Example:

1-(2-methoxyethyl) -piperazine and 2-furaldehyde yielded
1-(2-methoxyethyl)-4-(2-furylmethyl)-piperazine
MS (m/e): 224 (M+)

l-benzylpiperazine and 4-fluorobenzaldehyde yielded 1-
benzyl-4-(4-fluorophenylmethyl) -piperazine
MS (m/e): 284 (M+)

1-(4-fluorophenyl) -piperazine and 4-
methylthiobenzaldehyde yielded 1-(4-fluorophenyl)-4-(4-
methylthiophenylmethyl) -piperazine
MS (m/e): 316 (M+)

1-(4-methoxyphenyl) -piperazine and 3-
phenoxybenzaldehyde yielded 1-(4-methoxyphenyl)-4-(3-
phenoxyphenylmethyl)—piperazine
MS (m/e): 375 (M+)



Fl_.uorescence Correl ati on Spectroscopy Colorinetric Biosensors Ca[err]+-EGTA
Dyes for Cell -based assays Reporter Gene Constructs for cell based assays
Luci ferase, green fluorescent protein, [err]-lactanmase Electrical cel
| Fpedance sensor assays 55 EXAVPLES - REDUCTI VE AM NATI ON Reducti ve
Am nation Usi ng Cyanoborohydri de Resin: 36 each of the twelve colums in a
96 well teflon plate is added 0.15 nmol of secondary am ne, one anine per
columm, as a stock solution in 10% acetic acid in dichloroethane
0.3nL). To each bf (2ndimeghylapiRopkhyylcninenpzine ARl lonanibeh GBYdSne
al dehyde peyié&daed To-e2chinbt hftabnvethgl) s4aqddetdagOndimaghyl) -
cyanoborohydride resin (3.3 mmol CNBH err]/g resin, 0.15 mmol). The plate
i s seal ed ANYPERARERST or approximately 24 hours at roomtenperature. To
each wel |- iMSadméd) 25-3%97ng of acid chloride resin (2.5 mol Cd- /g resin)
and 0.1nL dichl oronmet hane. The plate is seal ed and shaken for 5 hours. The
product solutions are filtered through the frits in the bottomof the wells
directly into a pre-tar EB§AYBLEE| I HV8P§P?§FEISI§P§ST¥WET§9Nvent i s renoved
and the plate re-weighed to determ ne an average nass per well. An average
yield is c-_culaéed by div'oino Lhe, e_average
mol ecul ar CEhe , oy} . = ST SR o
wer e represRagani ve of those prepared inthis Exanple
1- (2- met hoxyet hyl ) - pi perazi ne and 2-fural dehyde yi el ded
1-(2-nethox¥ethyl)-4 (2- furylnethylk Erperazrne MS (me): 224 (M)
socyanate Resin” (3) (No this material has been
reported in the literature: Rebek, J.; Brown, D.;
Zimmerman, S. J. Am. Chem. Soc. 1975, 97, 4407) To a

stirring solution (a stirring paddle was used) of 50 g (61

mmol, 1 equiv.) of aminomethyl polystyrene (Advanced
Chemtech, 100-200 mesh, 1%DVB, 1.16 mmol/g) in 800 mL of
anhydrous toluene was added in one portion 193 mL (366 mmol,
6.0 equiv.) of a 1.9 M solution of phosgene in toluene
(Fluka). The reaction was strirred 10 min. and then 67 mL
(482 mmol, 7.9 equiv.) of triethylamine was added via
syringe which immediately resulted in the formation of a
white precepitate. The reaction was stirred overnight,
filtered under a stream of nitrogen and washed with
methylene chloride (1.0 L). The crude resin (contaminated
with triethylamine hydrochloride) was added to 500 mL of
CH2Cl2, stirred 15 min. and filtered under a stream of
nitrogen. This step was then repeated once more. The resin
was then washed with ether (500 mL) and dried overnight in a
vacuum oven with light heating (40-50_C) to give 49 g of a

light yellow resin. IR (KBr) 2252cm~l. Elemental
Analysis: C, 87.33; H, 7.56; N, 1.80 (theoretical 1.71);
Cl, None.

Solution Phase Opening of Epoxides with Amines:

A secondary amine { 0.10 mmol, 2 equiv.) and an epoxide
(0.05 mmol, 1 equiv.) in 1 mL of methanol were shaken for 2



1- benzyl pi perazi ne and 4-fl uorobenzal dehyde yi el ded 1-

benzyl - 4- (4-fl uor ophenyl net hyl ) - pi perazine Ms {me): 284 (M)

1- (4-fl uorophenyl)-pi perazi ne and 4- nethylthi obenzal dehyde vyi el ded

1~ (4-fl uorophenyl)-4-(4- nethylthiophenyl nethyl)-piperazine Ms (nie): 316
(M#) 1-(4-met hoxyphenyl) - pi perazi ne and33- phenoxybenzal dehyde yi el ded
1-(4-nethoxypheny|) 4- (3- phenoxyphenyl net hyl) - pi perazine M5 (me): 375
(M) (2- dlnethylanlnoethyl) plpera2|ne and 1-na thal eh dﬁlylelded

1- (2-di rret ﬁ‘?Vérriaﬁoéf‘WIeP- 4 LeIDRISAFSTe ARy B 4 -6 Flr & Ve
EXAMPLES - TECbhORnedC cagBST IThidT k@ dtriete a0 wdsh & Hayn tHeeti exd of

Pol yrer BOwRd-higfrand! gsRes Rdol0y #hal euflttin lkn (MRirPiog s o eri @

has been reporte nthe Mterature: Zi mmér mgh, S. J.
Am Chem S@dysxmn@beansowa@asua r(rh59g2§dl md,0rd (Jé7 st0 129 mgnqjaddl e

was used) gf @ vwlwa@maddledeqlw&/t)neofre%@t&wmxéuﬁ@ o ' drfidvanced
Chent ech, 100-2Q0_ nesh, 19OVB, 1.1 m__ of anhydrous t ol_uene

was added PHEER&IBSrti HEMPYsine f(éév@ ﬁﬁﬂngc @eﬁﬂémhw Bl lgrar o eah i on
of phosgena pﬂulgolotiem@t@:lémulm) a ﬁi@e&t@ct(lmnmsl silr iafr €@H2M griam aand t hen

"medi at of YEPRLUEPRATRY B £Srmerriich F Whe o e e on
was sti rr e@rowadeirg neduiced msumaema astsrmd ofamigavey emigral adesdtealsn t h
in average yields of 80% with average HPLC purities of 80%.
Over 1000 compounds were combinatorically generated using
this method.
Purer samples were obtained by treatment of the crude
product with a SCX ion exchange column (500 mg, 3 mL column
size, Varian). The crude product was redissolved in 1-2 mL
of a 10% MeOH / CH2Cl2 solution and applied directly onto
the ion exchange column. The solvent was slowly pulled
through using light vacuum over approximately 1-1.5 min.,
washed 2-3 X with 2 mL of MeOH and then eluted from the
column using three 2 mL portions (6 mL total) of a 20%
solution of sat. NH3-MeOH / CH2Clz Concentration under
vacuum in a speed vac provided materials with average HPLC
purities >90%.

lkvlation Of Second Amines With Todides Or omides :

Iodide (0.02 mmol) was dissolved in 150 mL methylene
chloride in a 4 mL screw cap vial, and a secondary amine
(0.04 mmol) was added neat. Resin-bound tertiary amine (18-
20 mg, 0.3 mmol) was then added and the reaction mixture was
shaken at room temperature for 3 days, at which time no
halide remained by TLC. An additional 1 ml of methylene
chloride was added, followed by 50 mg (0.04 meq.) resin-
bound isocyanate (loading 0.8meq./g) , and the resulting
mixture was shaken for 6 hours, at which time no starting
secondary amine remained by TLC. The reaction was filtered
through a cotton plug, and the solid residue was rinsed with



nmet hyl ene chloride (1.0 L). The crude resin (contam nated with
triethyl am ne hydrochloride) was added to 500 nL of CHerr]C[err], stirred
15 min. and filtered under a streamof nitrogen. This step was then
repeated once nore. The resin was then washed with ether (500 nL) and dried
overnight in a vacuumoven with light heging (40-50 C) to give 49 g of a
|l ight yellow resin. IR (KBr) 2252cnierr]. Elenental Analysis: C, 87.33;
H 7.56; N, 1.80 (theoretical 1.71); O, None. Solution Phase QOpening of
Epoxi des wmdrenmsidy lene cdulatide aniThe (solvientmwss evarphated &irl gave
epoxi de (0..9% BRiduck aWttidry) adidd. of methanol were shaken for 2 57
days at anbient tenpergtures in a 4.0 ni glass vial wth a Tef]|on J]ined
cap. The r&ahs ‘orﬁ‘{?ﬂﬁ‘rygl kgoq#%? 'heté‘f%‘d-gac}ve?r%‘ﬁfﬂt ats 6%‘1?%01&’0%?’&'09 and
di | uted wi tdathes tHarChietitil Kdrieeratlofaley stadtdnaudie e i seoytaien eid 150- 250
ng, 0.17 -Q l4...>3 I1V. d.t-he reactiQ 1.xt ure was
shaken oversr%:l%'glhjtn%élrﬁﬁdaﬁ'&o B t%é?ﬁgg%%%ﬁes% %};l?rlll‘f%a't i‘_-’})rpnd {g#ough a plug
of cotton ineacysigrettvoiasiiy dequinsds Aariddidery]-&°G. wash) fol | owed by
evaporal i on of iyl e WIKIALs i) IAERTeL DI od SN CGML RESSSUES 4f) 2

0

speed vac gave amno al cohols 1 n average yieéelds of 8 average HPLC
purities ofcHRHANISRELAIDRFL FHHEMACWREY e conmbi nat ori cal |y generated using
this method. Purer sanples were obtained by treatnment of the crude product
with a SCX ion exchange columm (500 &g, 3 nL columm size, Varian). The
crude product was redissolved in of a 10% MeOH / CHerr]d[err]
solution and applied directly ontd on exchange col umm. The sol vent was
slowy pulled through using |ight - @Qpproxrmately 1-1.5 mn.,
washed 2-3 X with 2 nmL of MeOH and t ed f t he

NHy



.colum using three 2 nL portions (6 nL total) of a 20% sol ution of sat.

NH err].MeOH / CHerr]C [err] Concentration-under vacuumin a speed vac
provided materials with average HPLC purities >90% Al kylation O Secondary
Arines Wth lodides O Bronmides: lodide (0.02 nmol) was di ssolved m150-niL
met hyl ene chloride in a 4 nL screw cap vial, and a secgmrm

nmol ) was added neat. Resin-bound tertiary am ne (18- m"', l S
t hen added and the reaction mixture was shaken at room tenper &t ute for+
days, at whwehclatm: no halide remai ned by TLC. An additional 1 niL of ‘
met hyl ene chl ori S o y 0 und

| socyanat e (Ioadgngw% §8993¢%?£ A£Q£§€%3 ?QQHF?OS QangQO%ﬁégggﬁ 9 for
hours, at whednctive ﬁ@l@@@}@mngr@@e@ﬁdé¢y nnener;egaanbybberLQf The

reaction Woﬁxﬂ)é&&&@%&@iﬂ%gg @ef»eiéﬁy Shife @@Qf*fafdsaitﬁ ggekdue was
rinsed with 58. nore ne | ene chloride. The sl vent was evaporated to

give the pr%ﬂﬁ%?b}%r?V%?QIEB?ﬂ%s'N@?%re$%re%FkyilBFﬁﬁYdéngPVB caf ¥fgent
is acetonitihl® ge@@e&téhﬁeaﬁeihnle@@ecah@rigerépkébeﬂgbdtb9 tRaction is
still dllut ? ui %%gL met hyl ene chloride), and the reaction typically
requires hea.r% At 60[err] C. Exanples of tertiary am nes prepared by

t he process of the I nvention are as follows: [err] W claim 1. A
scavenger assisted solution pha§b~§\n§,ﬂaerlal reductive am nation process
for preparing a library of Ra @

Rz

6

said process comprising the steps of:

a) adding to each reaction zone containing a liquid
medium (n) equivalents of an aldehyde represented by the
formula,

' R3CHO
where R3 is a non-interfering substituent;

b) adding to each reaction zone of step (a) at least
1.1(n) equivalents of a solvent soluble secondary amine
reactant represented by the formula:

Ry \\]_H
Rz/
where R] and R2 are independently selected from non-
interfering substituents and maintaining each reaction zone
at a temperature and for a time sufficient to permit
reaction of the aldehyde of step (a) and said secondary
amine; |
c¢) adding to each reaction zone a reducing agent and
maintaining each reaction zone at a temperature and for a
time sufficient to permit reductive amination of the
secondary amine reactant;
d) adding to each reaction zone of step (c) a solid
supported amine reactive scavenger represented by the
formula;



cqQnpounds having a tertiary amne scaffold with three variable
substituents, wherein each library conpound is nade in a separate reaction
zone and is represented by the fornula (1); [err] said process conprising
the steps of: a) adding to each reaction zone containing a |liquid nmedium
(n) equivalents of an al'dehyde represenggd by the fornula, R3CHO where R3
Is a non-interfering substituent; b) adding to each reaction zone of step
(a) at least 1.1(n) equivalents of a sol vent sol uble secondary am ne

i ndependently sel ected from non- BriTg-(ABBkt i t uents and nai ntai ni ng

reactant represented by the forr. & [err] where Rerr] and Rerr] are

each reaction zone at a tenperature and for a tine sufficient to permt
reaction of the aldehyde of step (a) and said secondary anLu [ :
.each reactype-gphe a reducing agent and naintaining each r H“lﬂﬂ"mmmm
tenperature and for a time sufficient trmt reductive afi natibn 'bf % he

secondary am ne reactant; d) adding to reaction zone of step (c) a
solid supported am ne reactive scavenge epresented by the formul a; 60

[err] whergsna fsélﬂdsghbgoﬁuppﬂéblﬁmel uhl enénlifeili geadt i eacinkdiuedi um

of the reagklgﬂezgggctlén zoﬁg,a-?iygl%Qtalbgééfgngrfugklng group, and
(ARS) is an amine reactive substituent selected from .
isocyanate, isothiocyanate, or acyl halide; and adding said
scavenger in an amount wherein the equivalents of (ARS) are
at least equal to the excess equivalents of unreacted amine
reactant used in step (b), and maintaining said reaction
zone at a temperature and for a time sufficient to permit
reaction of said excess amine reactant and said scavenger;

e) separating the solid supported scavenger from each

reaction zone of step (d) and recovering each substantially
purified tertiary amine library compound.

2. The process of claim 1 wherein from 1.25(n) to 5(n)
equlvalents of secondary amine reactant is used per
equivalent of aldehyde reactant.

3. The library of tertiary amine compounds prepared by
the process of claim 1.

4. The individual tertiary amine library compounds in
the tertiary amine library of claim 3.

5. A scavenger assisted solution phase combinatorial
nucleophilic substitution process for preparing a library of
compounds having a tertiary amine scaffold with three
variable substituents, wherein each library compound is made
in a separate reaction zone and is represented by the
formula (X);
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(ARS) is an am ne reactive substituent selected fromisocyanate,

| sot hi ocyanate, or acyl halide; and addi'ng said scavenger in an anount
wherein the equivalents of (ARS) are at |east equal to the excess
equi val ents of unreacted am ne reactant used in step (b), and nmai ntaining
said reaction zone at a tenperature andior a tine sufficient to permt
reaction of said excess am ne reactant and said scavenger; e) separating
the solid supported scavenger from each reaction zone of step (d) and
recovering each substantially puRﬁﬁggiépeEtiary amne library conmpound. 2.
The process of claim1l wherein from 5(n) tggp(n) equivatents—of

secondary am ne reactant is used per gqquival ent of al dehy
The library of tertiary am ne conpoun , Prepar ed by the pﬂ%@ﬂmm"mﬁmm
4. A scavenger assisted solution phase conbinatorial nucleophilucu s = &
substitution process for preparing a library of conpounds having a tertiary
am ne scafdpld pddeddrasnpeid Yy e rpdibstdpdlent s, wherein each library
conmpound is nade in separate reacti.on zone and is represenied bg t he

formula (x): 2P 9 Q) PP FRAL TIFRE n%oxft'h%l%f s? ot 19%3%adding to
each reactmeshiwmong ceagwiviaents |ofjlan epokide (&) ecgooplal Biv sredcanepoxi de
el ect rophiy| J.& t V4 llicosubstituent, E b) adding to
each react}%aafllﬁz%ﬁ%%g%?%gﬂ(%g %ﬁ%%§%¢,1%) equi val ents of a sol vent

sol ubl e seconddtly adding rexaceash reartemtzeneyof hetebr ) aat Rigash 2

1.1(n) equivalents of a solvent soluble secondary amine

reactant represented by the formula:

where R1]1 and R]12 are independently selected from non-
interfering substituents;

c) adding to each reaction zone of step (b} a solid
supported amine reactive scavenger represented by the

formula;
(P—w —ary

is a solid-support insoluble in the liquid medium of the
reaction zone, -(L)- is a divalent linking group, and (ARS)
is an amine reactive substituent selected from isocyanate,
isothiocyanate, or acylhalide; and adding said scavengér in
an amount wherein the equivalents of (ARS) are at least

wherein;

equal to the excess equivalents of unreacted amine reactant
used in step (b), and maintaining said reaction zone at a
temperature and for a time sufficient to permit reaction of
said excess amine reactant and said scavenger;
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where R err] and R err] are independently selected fromnon- interfering
substituents; c) adding to each reaction zone of step (b) a solid supported
am ne reactive scavenger represented by the fornula; [err] wherein; [err]
is a solid-support insoluble in the liquid nmediumof the reaction zone,
-(L)- is a divalent linking group, and €2RS) is an am ne reactive
substituent selected fromisocyanate, isothiocyanate, or acyl halide; and
addi ng sai d scavenger in an anount wherein the equival ents of (ARS) are at

| east equal to fheSepasasiaguithsl splddopupreriedegcaviengerefecaheasded in

step (b), z8dcekRbht abhkeNgfSatdp’ qadt hoa Feleveiriagt EREr duseantd alak a
time suff|C|en%ée§ @ern1t react.ion_of sai d excess am ne reactant and said
)

scavenger ; Pur? §§§&P§Vlﬁ@lpﬁel§ FﬁﬁyéﬁﬁﬂgpFE& scavenger from each

reaction zone of step (c) and recovering each substantially purified

tertiary am ne I|br§r I% 9%%2 ? ée%pg%gggg% % %%e%oﬁﬂfﬂﬁ‘q}4% ase

conbi nat ori al nucleop £i6h rocess rary of
conpounds haglegprhiddct satb,%tamur@eogc@rp@le@s\/mfm mre@@rmg a@lldbrary o

SUbSt'tue”E% Wﬂﬁﬁ%‘&a@%ﬁ@ Li RegiYa ”BBHB@ IsTaFFde d Qi S epaierl € reactlon

zone and is rep senhﬁ % t he for %Xf@ﬁ%grr sai d process. GO I ng

the steps ¥ Prlé% SAFIRGLEGUERER r ¥ e& dIREATY FOTRIUNGF an
(n) equi valients sepazatel eetcapibnl zoneeatidadts, rh@me&@nﬁb@bk&o@hé ic
SUbSt't“e”Ebrﬁula (X) ;

ST e

Ri2

said process comprising the steps of:

a) adding to each reaction zone containing a liquid
medium (n) equivalents of an electrophilic reactant, having
electrophilic substituent, E;

b) adding to each reaction zone of step (a) containing
a ligquid medium;

(i) at least 1.1(n). equivalents of a solvent
soluble secondary amine reactant represented
by the formula:

Ria
D
Ri12
where R]1] and R12 are independently selected
from non-interfering substituents, and;
ii) a base in an amount sufficient to neutralize

the acid formed;

c) adding to each reaction zone of step (b) a solid
supported amine reactive scavenger represented by the
formula;

_—
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b) adding to each reaction zone of step (a) containing a liquid nmedium (i)
at least 1.1(n) equival ents of a solvent sol uble secondary amine reactant
represented by the formula: [err] where R err] and R err] are

i ndependently selected fromnon-interfering substituents, and;- ii) a base
I n an anount sufficient to neutralize tB8 acid fornmed; c) adding to each
reaction zone of step (b) a solid supported am ne reactive scavenger
represented by the fornula; REPLACEMENT SHEET 63 [err] wherein; is a
solid-support insoluble in the I} d rT(Edl um &@Sshe reaction zone, -(L)- is
a divalent |inking group, and (A eactive substituent

sel ected fromi socyanat e, isothiocyanate, or acyl halide-—and—adding said

scavenger in an anmount wherein the equivalents of (A ﬂ gua
to the exceberedni;val ents of unreacted am ne react ant m“ﬂ m“““t“m 3“!9 and
mai ntai ning said reaction zone at a te at ure and f timersuffitient
to permt reaction of said excess am nct ant and said scavenger; d)
separating the solid supported scavenger Trom each reaction zone of step

(c) and redever srdidasupporst amsicdlubylepdn thed liguiidameddmmef ithear y
conpound. GeacthBnPZe6eSS -q) ¢! Mt gakrad StfRe rl%.h'iklfnbo @r%u%)s( Rind 0(2551(5))

equi val ents of secqondary am.ne reactant i s us ui valent o
eﬁectrophlﬁﬁcapeggggﬁtr%actlve subst%tuent se %eé%ed f%om1%socyanate,

isothiocyanate, or acylhalide; and adding said scavenger in

an amount wherein the equivalents of (ARS) are at least
egqual to the exéess equivalents of unreacted amine reactant
used in step (b), and maintaining said reaction zone at a
temperature ahd for a time sufficient to permit reaction of
said excess amine reactant and said scavenger;

d) separating the solid supported scavenger from each
reaction zone of step (c) and recovering each substantially
purified tertiary amine library compound.

7. The process of claim 5 or 6 wherein from 1.25(n) to
5(n) equivalents of secondary amine reactant is used per
equivalent of electrophilic reactant.

8. The process of claim 5 and 6 wherein the scavenger,
of step (c) has a divalent linking group -(L)- of 1 to 40
atoms, and the group (ARS) is an isocyanate.

9. An assay kit for identification of pharmaceutical
lead compounds, comprising biological assay materials and
wellplate apparatus; .

wherein the improvement comprises using as wellplate
apparatus a wellplate containing in each well library
compound of a diverse combinatorial tertiary amine library
prepared by the processes of claims 1 or 5 or 6.
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7. -The process of claim4 and 5 wherein the scavenger, of step (c) has a

divalent linking group -(L)- of 1 to 40 atons, and the—group-(ARS) is an
i socyanate. 8. An assay kit for identification of pha jLcal |lead
conmpounds, conprising biological assay materials and “ﬁgﬁﬂﬂﬂi’ ”ﬂlus;
wherein the inprovenent conprises using g wellplate a Uus'y bl ate
containing in each well library conpound of a diverse conbinatori al
tertiary amne library prepared by the processes of clains 1 or 4 or 5.

64 9. Well pl at e Hppdfekislsie taiderasus seitdsshbade £ e8phdcésbpe aut onat ed
assay machi aer € Ry o1l ,Se ing. as_.the wellplate
appar at us aér(;ei versgir?e%?ieaa#y _am%%sr%pgé%}ﬁ%? V(Ae?]f%réttélzleMerei n each
wel | i ndepefRFRVYSINt FPELIRF i ary amine |ibrary compound prepared by

the processes ofugiry rasl tHe 4l 1P g uSHE i verse tertiary
amine combinatorial wellplate, wherein each well
independently contains a Eertiary amine library compound
prepared by the processes of claim 1 or 5 or 6.
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