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WO 00/39073 PCT/US99/31253

NOVEL CHIRAL QUATERNARY AZETIDINIUM SALTS

The present invention is directed to a process of stereoselective chemical
synthesis which comprises reacting a nucleophilic agent and a chiral quaternary

azetidinum salt (QAS) substrate of the formula (I):

RT .
RZ\N+ Y

|

OH

5 to produce enantiomerically enriched compounds of the formula (I1):

Rl
OH

R2\N \)\/N u

Compounds (II) possess significant biological activity.
Biological systems are exquisitely selective and often discriminate between
molecules with subtle stereochemical differences. Stereoisomers, or more specifically
10 enantiomers, often display remarkably different biological properties (Caldwell, J. /.
Clin. Pharmacol. 1992, 32, 925-9; Waldeck, B. Chirality 1993, 5, 350-5; Eichelbaum,
M. Dev. Pharmacol. Ther. 1992, 18, 131-4: Fassihi. A. R. Int. J. Pharm. 1993, 92, 1-
14).
A notorious example of this difference of biological activities between
15 enantiomers was exemplified by thalidomide which was widely used in the early 1960’s
as a racemate in the prevention of miscarriages until it was removed from the market
upon discovery of its teratogenic properties (Barreiro, E. J.; Ferreira, V. F.; Costa, P.
R. R. Quim. Nova 1997, 20, 647-656). Later studies in rats demonstrated that only
the S-(-) antipode (enantiomer) was teratogenic (Blaschke, G.: Kraft, H. P..
20 Fickentscher, K.; Koehler, F. Arzneim.-Forsch. 1979, 29, 1640-2). Another example

where biological effects differ greatly is the well known beta-blocker, propranolol,
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where the S-(-)-isomer is nearly two orders of magnitude more active than its

enantiomer (Barrett, A. M.; Cullum, V. A. Brit. J. Pharmacol. 1968, 34, 43-55).

Sen

O

L

One class of compounds which has been demonstrated to have biological

5 activity has the formula:

R

AN, o
\/\/Nu

These compounds are currently generated using an epoxide intermediate as shown in

the following process:

Nos Ar
D \  A° \
II\I base N N
[ |
H H H
10 Unfortunately, the necessary epoxide intermediates are often highly mutagenic or

carcinogenic. Further, some aromatic alcohol derivatives are incompatible with the
epoxide reagent or render the intermediate molecule unstable. Accordingly, novel
methods for enantioselectively synthesizing these compounds are desired.
Ring-opening alkylations of 1,1-dialkyl-3-substituted azetidinium cations have
15 been investigated by V.R. Gaertner in “Ring-Opening Alkylations Of 1,1-Dialkyl-3-
Substituted Azetidinium Cations, Substituent Entropy-Controlled Strained Ring-Chain
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Equilibira,” J. Org. Chem. 33:523-530 (February, 1968). Gaertner states that the
alkylation reaction of the crystalline salt of piperidine can be performed as follows:
X-
t-C4HgSNa

n OH
< NyOH —_—> < N\)\/S\/\/
Gaertner did not address whether the reaction can be performed enantioselectively.

Therefore, there remains a need for a process that facilitates stereoselective

formation of compounds containing an amino alcohol functionality.

SUMMARY OF THE INVENTION
One aspect of the present invention is a process for stereoselective chemical
synthesis which comprises reacting a nucleophilic agent and a chiral quaternary

azetidinum salt (QAS) substrate of the formula (I):

R1 .
RZ\;\T Y

|

OH

where Y is a counterion and where either R' and R” are different and are each
independently selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl,
aryl, and 5-10 membered heterocyclic group containing at least one N, S or O; or
wherein R and R?, together with the N which they substitute, form a 5-8 membered
ring system containing 0, 1, 2, or 3 heteroatoms selected from NR*R*, O or S; and
wherein each of R! and R” may be unsubstituted or substituted one to three times with
a substituent selected from the group consisting alkyl, alkenyls, alkynyls, halogen,
hydroxy, oxo, phosphoryl, thiol, sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic
group containing at least one N, S or O, amine, imine, nitro, cyano, amidino,
carbonyl; wherein the moieties substituted on the hydrocarbon chain can themselves
be substituted with one to three further substituents;

in solution for a time sufficient to produce a compound of the formula (1)
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where R! and R? are defined as above, and
Nu is a negative ion or a molecule that has an unshared pair of electrons.

Another aspect of the present invention is a chiral quaternary azetidinum salt

5 (QAS) substrate of the formula (I):

where either Y, R and R? are defined as above.

Yet another aspect of the invention is an enantiomerically enriched compound

of the formula (IT)

1
RLR ; OH
N\/K/Nu

where either R', R? and Nu are defined as above.

10

Still another aspect of the invention is a vessel in which at least two chiral
quaternary azetidinium salts (QAS) are physically separated from each other, wherein

the QAS are of the formula (I):

RT .
R2w Y

|

15 OH

where either Y, R' and R? are defined as above.

Still yet another aspect of the invention is directed to an assay kit for the

identification of compounds having biological or other activity, this kit comprising
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5
assay materials and well plate apparatus where each well in this apparatus contains a

compound of the library described above.

BRIEF DESCRIPTION OF THE FIGURE
Figure 1 shows examples of quaternary azetidinium salts useful in the process

of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

1. Definitions

“Alkyl” refers to the radical of saturated aliphatic groups, including straight-
chain alkyl groups, branched-chain alkyl groups, cycloalkyl groups, alkyl substituted
cycloalkyl groups, and cycloalkyl substituted alkyl groups. In preferred embodiments, a
straight chain or branched chain alkyl has 30 or fewer carbon atoms in its backbone,
and more preferably 20 of fewer. Likewise, preferred cycloalkyls have from 3-10
carbon atoms in their ring structure, and more preferably have 3-6 carbons in the ring
structure. Particularly preferred alkyl groups include methyl, ethyl, propyl, isopropyl,
cyclopropyl, butyl, iso-butyl, tert-butyl, sec-butyl, cyclobutyl, pentyl, hexyl. cyclohexyl,
etc. Unless the number of carbons is otherwise specified, “lower alkyl” as used herein
means an alkyl group, as defined above, but having from one to ten carbons. more
preferably from one to six carbon atoms in its backbone structure.

“Alkenyl” and “alkynyl” refer to unsaturated aliphatic groups analogous in
length and possible substitution to the alkyls described above, but which contain at
least one double or triple bond, respectively.

“Amino” means -NH,; “nitro” means -NO,; “halogen” designates -F, -Cl, -Br
or -I; “thiol” means -SH; “hydroxyl” means -OH; “sulfonyl” means =SO,, “sulfinyl” or
“thionyl” means =SO; and “phosphoryl” means =PO.

“Aryl” as used herein includes 4-10 membered single-ring or fused-rings
aromatic group which may include from zero to four heteroatoms, for example,

benzene, pyrrole, furan, thiophene, imidazole, oxazole, thiazole, triazole, pyrazole,
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pyridine, pyrazine, pyridazine, pyrimidine, naphthyline, benzathiazoline,
benzothiapene, benzofurans, indole, quinoline, etc. Those aryl groups having
heteroatoms in the ring structure may also be referred to as “aryl heterocycle”. The
aryl group can be substituted at one or more positions with such substituents as
described above.

“Chiral” refers to molecules which have the property of non-superimposability
of the mirror image partner, while “achiral” refers to molecules which are
superimposable on their mirror image partner. In the present invention, chirality
occurs due to the plane of symmetry defined by the four carbon atoms in the
azetidinium ring. The hydroxy group on the ring is either above or below the plane of

symmetry in relation to the substituents R' and R” as shown below:

R1
R f

OH

e AN 14

“Electrophilic atom”, “electrophilic center” and “reactive center” refer to the
atom of the substrate which is attacked by, and forms a new bond to, the nucleophile.

“Enantiomers” refer to two stereoisomers of a compound which are non-
superimposable mirror images of one another. “Stereoisomers” refers to compounds
which have identical chemical constitution, but differ with regard to the arrangement of
the atoms or groups in space.

“Enantiomerically Enriched” refers to a product that contains a greater
proportion of one particular enantiomer compared to the amount of that enantiomer in
a racemic product. An enantioselective reaction yields a product with an enantiomeric
excess, €.€., greater than zero. Preferred enantioselective reactions yield a product

with an e.e. greater than 20%, more preferably greater than 50%, more preferably
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greater than 70%, more preferably greater than 80% and most preferably greater than
90%.

An “enantioselective process” is one which favors production of one of the two
possible enantiomers of a reaction product. The subject method is said to produce a
enantioselectively-enriched product when the yield of a particular enantiomer of the
product is greater by a statistically significant amount relative to the yield of the other
enantiomer. For example, when a chiral QAS is used in the ring opening reaction, the
enantiomeric excess, e.€., of the reaction will be greater than if the reaction was
performed using an achiral QAS.

“Heterocycle” or “heterocyclic group” refer to 4 to 10-membered ring
structures, more preferably 5 to 7 membered rings, which ring structures include one
to four heteroatoms selected from nitrogen, oxygen or sulfur. Heterocyclic groups
include pyrrolidine, oxolane, thiolane, imidazole, oxazole, piperidine, piperazine,
morpholine. The heterocyclic ring can be substituted at one or more positions with
such substituents as described above.

“Library” is a collection of compounds created by a combinatorial chemical
process, the compounds having a common scaffold with one or more variable
substituents. Libraries typically contain a large number of chemical derivatives used in
screening for biological activity or other activity. In general a library will have greater
than 20 members, preferably the library will have at least S0 members, more preferably
the library will have at least 96 members and most preferably the library will have at
least 1000 members.

“Nucleophile” a negative ion or a molecule that has an unshared pair of
electrons. Examples of nucleophilic agents suitable for use in the present invention
include alkyl and aromatic thiols; alkyl and aromatic alcohols; aromatic heterocyclic
compounds that contain a nucleophilic nitrogen (example-the nitrogen atom of an
indole, pyrrole, oxazole, thiazole, imidazole, pyrazole, isothiazole, 1,2,3-oxadiazole,

1,2,3-triazole, 1,3,4-thiadiazole, pyridine, pyridazine, pyrimidine, pyrazine, 1,3,5-
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triazines, isoindole, 1H-indazole, benzimidazole, purine, benzthiazole, quinoline,
isoquinoline, cinnoline, phthalazine, quinazoline, quinoxaline, 1,8-naphthyridine,
pteridine, carbazole, acridine, phenazine, phenothiazine, phenoxazine ring system);
primary, secondary and tertiary amines (both cyclic and non cyclic); anilines; anionic
carbon atoms (example-butyl lithium); salts of halides; alkyl and aromatic phosphines;
primary and secondary alkyl or aromatic hydrazines; alkyl and aromatic
hydroxylamines; salts of cyanide anion; ammonia and salts of ammonia; salts of
hydroxide anion; and cyclic hydrazines.

“Racemic Mixture” or “Racemic Product” means a solution of equal amounts
of two enantiomers.

“Reaction product” means a compound which results from the reaction of a
nucleophile and a substrate. In general, the term “reaction product” refers to a stable,
isolatable compound, and not to unstable intermediates or transition states.

“Substrate” means a chemical compound which can react with a nucleophile

according to the present invention to yield at least product having a stereogenic center.

1L Process of the present invention

IL.a.  General Background

In one aspect of the present invention there is provided a process for

stereoselectively producing compounds of the formula (II):

R}
: OH

RLN\)\/
Nu

An advantage of this invention is that enantiomerically enriched products can be
synthesized from chiral QAS substrates. Another advantage is that yield losses
associated with the production of an undesired enantiomer can be substantially
reduced.

The reactions of the present invention are enantioselective. In the present

invention, a chiral QAS substrate is reacted with a nucleophile (Nu). The resulting



10

15

WO 00/39073 PCT/US99/31253

9

amino alcohol-containing reaction product is enantiomerically enriched and has the
predetermined stereo-configuration of the chiral QAS substrate.

The QAS compounds most closely resemble the class of chiral compounds
known as spiranes (Eliel, E. L.; Wilen, S. H.; Mander, L. N; John Wiley & Sons: New
York, 1994, See page 1120, Chap. 14). The chirality of chiral QAS substrates is
displayed through an axis of asymmetry as displayed below:

This mode of chirality is similar to the axis of symmetry which distinguishes “right-
handed” helical structures from “left-handed” ones (such as used to describe DNA
structures).

The identities of R' and R* will determine whether the chiral QAS substrate is
capable of racemization through chair-flipping dynamics alone under ambient
conditions. For example, if R' and R* were both hydrogen, distinct enantiomers of the
QAS substrate would become racemic under ambient conditions due to rapid chair
flipping which permits equilibration between the enantiomers, as shown in equation (3)

below:
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10
. OH
mN \j\ Chair /j
Flip N
oH [~
Enantiomers To better visualize, flip image

\’/' vertically 180 degrees
=\ )
“oH

Alternatively, when R' and R? together form a 4-aromatic-4’-hydroxy
piperidine ring, the chiral QAS substrate is incapable of racemization through chair

5 flipping dynamics alone.

OH

Ar/}m Chair OH
N —_—
(’ D\ Flip N

OH Ho\ﬁ
conformational

diastereomers Ar o ‘
(not superimposable and Ar To better visualize, flip

not mirror images) image vertically 180 degrees
o=
N N\

‘oH

Plus, if R! an R? vary significantly in steric demand, sufficient rigidity can be imparted
onto the molecule to hinder conformational motility. This second property is
important in yielding enantio-enriched products (vide infra).

10 An indiscriminate attack by a nucleophile leading to breaking either the C-N
bond (a or b; see below) of the azetidine ring would yield a racemic product.
However, it is possible to achieve sufficient conformational rigidity. Differentiation of
the C-N bond strengths through a combination of steric or stereoelectronic effects

allows for a discriminatory attack by a nucleophile, thus yielding an enantio-enriched
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product. Thus, the chiral QAS substrates reagents can remain optically enriched, and

yield a final product that is substantially enantiomerically pure.

R2
N/Y\Nu
OH
R2
N
Rl)m A
N
b Enantiomers
o
Nu
R2
Rl)m
N/\_E/\Nu
OH
ILb. chiral QAS substrates
5 Suitable chiral QAS compounds have the formula (I):
Rt .
RZ\;\T Y
OH

where R' and R” are different and are each independently selected from the
group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, and 5-10 membered
heterocyclic group containing at least one N, S or O;
10 or wherein R' and R?, together with the N which they substitute, form a 5-8

membered ring system containing 0, 1, 2, or 3 heteroatoms selected from NR’R*, O or
S,
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R® and R* are each, independently, hydrogen, alkyl, alkenyl, alkynyl, aryl, and
5-10 membered heterocyclic group containing at least one N, S or O;

wherein each of R, R%, R* and R* may be substituted one to three times with a
substituent selected from the group consisting alkyl, alkenyls, alkynyls, halogen,
hydroxy, oxo, phosphoryl, thiol, sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic
group containing at least one N, S or O, amine, imine, nitro, cyano, amidino,
carbonyl; wherein the moieties substituted on the hydrocarbon chain can themselves
be substituted with one to three further substituents, if appropriate; and

Y is an anion. Preferred anions include Cl, OH, and F.

In a preferred embodiment, the QAS (1) is a chiral spiro-azetidinium compound

of the formula (III):
:‘L‘[

OH

where nis 0, 1, 2, 3 or 4, preferably 1 or 2; and Y is an anion. The ring containing
-(CH,),- can optionally be substituted with one or more substituents selected from the
group consisting alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo, phosphoryl, thiol,
sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic group containing at least one N,
S or O, amine, imine, nitro, cyano, amidino, carbonyl; wherein the moieties
substituted on the hydrocarbon chain can themselves be substituted with one to three
further substituents, if appropriate.

Particularly preferred chiral spiro-azetidinium compounds have the formula

Armi
|
\OH

(Iv):

where Ar is an aryl group, Y is an anion and wherein the ring containing
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-(CH,)n- can optionally be substituted with one or more substituents selected from the
group consisting alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo, phosphoryl, thiol,
sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic group containing at least one N,
S or O, amine, imine, nitro, cyano, amidino, carbonyl; wherein the moieties
substituted on the hydrocarbon chain can themselves be substituted with one to three
further substituents, if appropriate. 4-aromatic spiro-azetidinum compounds of the

formula (V) are particularly preferred:

R

where Ar is an aromatic group (preferably naphthene, benzothiazoline, benzothiapene,
and phenyl) and R is alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo, phosphoryl, thiol,
sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic group containing at least one N,
S or O, amine, imine, nitro, cyano, amidino, carbonyl; and wherein Ar and R can be
substituted with one or more, preferably with one to three further substituents, if
appropriate.

Suitable chiral QAS compounds can be obtained by procedures adapted from
Gaertner, Tetrahedron Letters, 343 (1967) and Gaertner, J. Org. Chem. 33, 523
(1968). For example, the compounds of the first embodiment can be synthesized by
reacting an epichlorohydrin and a 4,4-disubstituted piperidine in methanol at reflux

overnight, proceeding through the indicated amino chlorohydrin intermediate.

R
| o L ArM
Ar * G <L]— Aer , N— Y-
NH N OH (:L

\_Q‘ OR!
c

Thereafter, the solvent can be removed followed by the addition of a second

organic solvent such as methylene chloride (CH,Cl,), acetonitrile, acetone, hexane or
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ether, to induce precipitation and/or crystallization of the product which then can be
readily isolated by filtration.
The formed chiral QAS compounds are both extremely reactive in solution yet

relatively stable to handling and/or long term storage in the solid state.

IL.c. Nucleophiles

Suitable nucleophiles (Nu) include alkyl and aromatic thiols; alkyl and aromatic
alcohols; aromatic heterocyclic compounds that contain a nucleophilic nitrogen
(example-the nitrogen atom of an indole, pyrrole, oxazole, thiazole, imidazole,
pyrazole, isothiazole, 1,2,3-oxadiazole, 1,2,3-triazole, 1,3,4-thiadiazole, pyridine,
pyridazine, pyrimidine, pyrazine, 1,3,5-triazines, isoindole, 1H-indazole,
benzimidazole, purine, benzthiazole, quinoline, isoquinoline, cinnoline, phthalazine,
quinazoline, quinoxaline, 1,8-naphthyridine, pteridine, carbazole, acridine, phenazine,
phenothiazine, phenoxazine ring system); primary, secondary and tertiary amines (both
cyclic and non cyclic); anilines; anionic carbon atoms (example-butyl lithium); salts of
halides; alkyl and aromatic phosphines; primary and secondary alkyl or aromatic
hydrazines; alkyl and aromatic hydroxylamines; salts of cyanide anion; ammonia and
salts of ammonia; salts of hydroxide anion; and cyclic hydrazines.

Preferred nucleophiles include aliphatic alcohols (HOR?), aromatic alcohols
(HOR®), aliphatic thiols (HSR'; also alkyl thiols or alkyl sulfides), aromatic thiols
(HSR®), and secondary amines (HNR’R'®).

Suitable aliphatic alcohols are of the formula HOR® where R’ is an alkyl group
which can optionally be substituted with one or more, preferably 1-3, substituents
selected from the group consisting alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo,
phosphoryl, thiol, sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic group
containing at least one N, S or O, amine, imine, nitro, cyano, amidino, carbonyl,
wherein the moieties substituted on the hydrocarbon chain can themselves be
substituted with one to three further substituents, if appropriate.

Suitable aromatic alcohols are of the formula HOR® where R®is an aryl group

such as phenyl, naphthyl, tetrazole, imidazole, or diazole, which can be optionally
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substituted with one or more, preferably 1-3, substituents selected from the group
consisting alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo, phosphoryl, thiol, sulfinyl,
sulfonyl, aryl, 5-10 membered heterocyclic group containing at least one N, S or O,
amine, imine, nitro, cyano, amidino, carbonyl; wherein the moieties substituted on the
5 hydrocarbon chain can themselves be substituted with one to three further

substituents, if appropriate.

Examples of suitable aromatic alcohols are shown below. This list is intended
to demonstrate the diversity of reagents which can be used and not intended to limit

the nature of the reagent in any way.

o)
Il HO HO HO
HO T:O
o
Ph N
2 N/
o)

HO—Q _ OH
(\N HO@ HO_Q__/- - p
9 O

Ph

N'::\
HO \ /N HO HO
o o} HO—@—CN
NH,

Suitable aliphatic thiols are of the formula HSR” where R’ is an alkyl group

10

which can optionally be substituted with one or more, preferably 1-3, substituents



10

15

WO 00/39073 PCT/US99/31253
16

selected from the group consisting alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo,
phosphoryl, thiol, sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic group
containing at least one N, S or O, amine, imine, nitro, cyano, amidino, carbonyl,
wherein the moieties substituted on the hydrocarbon chain can themselves be
substituted with one to three further substituents, if appropriate.

Examples of suitable alkyl thiols are shown below. This list is intended to
demonstrate the diversity of reagents which can be used and not intended to limit the

nature of the reagent in any way.

O

SH
SH HS \/U\
KoY ~TTon e

Hs/\cg\or-l HS—<:> HS/IO)/ Hs/\/®

Suitable aromatic thiols are of the formula HSR® where R®is an aryl group such
as phenyl, naphthyl, tetrazole, imidazole, or diazole, which can be optionally
substituted with one or more, preferably 1-3, substituents selected from the group
consisting alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo, phosphoryl, thiol, sulfinyl,
sulfonyl, aryl, 5-10 membered heterocyclic group containing at least one N, S or O,
amine, imine, nitro, cyano, amidino, carbonyl; wherein the moieties substituted on the
hydrocarbon chain can themselves be substituted with one to three further

substituents, if appropriate.
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Examples of suitable aromatic thiols are shown below. This list is intended to
demonstrate the diversity of reagents which can be used and not intended to limit the

nature of the reagent in any way.

N
HS HS Hs—¢ :<j HS
S
F

MeO

/H N—N
o oY A el
N/
(@)

/
HO Ph

HS
OQ Hs HS—Q HS@—

5 Many of these compounds are commercially available. Syntheses of these

classes of compounds are well described in the literature.

II.d.  Process steps

In general the chiral QAS substrate is reacted with the nucleophile in solvent
10 for a time and at a temperature sufficient to result in product.

Suitable solvents include any aprotic solvent, such as tetrahydrofuran (THF),
dimethylformamide (DMF), dimethylsulfoxide (DMSO), dioxane, CH,Cl,, toluene or
acetone, or mixtures thereof. In some instances, the reaction can be conducted in
mixed solvent systems which contain alcohol.

15 The reaction is conducted for at least about 1 hour, preferably overnight.
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The reaction can be conducted at room temperature (~25°C) to the reflux point
of the solvent used.

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.

When Nu is an aliphatic alcohol, then the reaction requires the addition of a
base with a pKa > 17, such as potassium t-butoxide or n-BuLi. The reaction of a QAS
and an aromatic alcohol is preferably conducted in THF, dioxane or toluene. An
excess of Nu is used; that is the molar ratio of Nu:QAS is > 1 and preferably is > 5.
The reaction mixture is preferably refluxed overnight. The product can be purified by
passing the reaction mixture through a SCX column (a cation exchange resin available
from Varian Sample Preparation, CA). The product adheres to the column and can be
removed with either acid or base. The preferred method for removing the product is
to rinse with 20% 2M NH," in methylene chloride.

When Nu is an alkyl thiol, the reaction is conducted in the presence of a base,
preferably a resin bound base such as tetramethylammonium hydroxide (available in
resin bound form from Biorad) or piperidine (which can be attached to Merrifield
resin). The reaction of a QAS and an aliphatic thiol is preferably conducted in THF,
dioxane or toluene. An excess of Nu is used; that is the molar ratio of Nu:QAS is > 1
and preferably is > 2. The reaction mixture is preferably refluxed overnight. The
product can be purified by passing the reaction mixture through a SCX column (a
cation exchange resin available from Varian Sample Preparation, CA). The product
adheres to the column and can be removed with either acid or base. The preferred
method for removing the product is to rinse with 20% 2M NH;" in methylene chioride.

When Nu is an aromatic thiol, the reaction is conducted in the presence of a
base, preferably a resin bound base such as resin bound piperidine. The reaction of a
QAS and an aromatic thiol is preferably conducted in 1:1 methanol : CH,Cl,. An
excess of Nu is used; that is the molar ratio of Nu:QAS is > 1 and preferably is > 5.
The reaction mixture is preferably heated to ~65°C overnight. The product can be
purified by passing the reaction mixture through a SCX column and washing the

product from the column with 20% 2M NH," in methylene chloride. Thereafter, if the
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aromatic thiol contains a basic substituent, the product can be further purified by
passing the material obtained off the SCX column through AG 2X hydroxide resin (an
anionic resin exchange resin available from Biorad).

When Nu is an aromatic alcohol, the reaction is conducted in the presence of a
base, preferably resin bound tetramethylammonium hydroxide. The reaction of a QAS
and an aromatic alcohol is preferably conducted in toluene, THF or dioxane. An excess
of Nu is used; that is the molar ratio of Nu:QAS is > 1 and preferably is > 10. The
reaction mixture is preferably heated to ~65°C; and generally the reaction is allowed to
proceed longer than when other Nu are used, preferably for at least ~48 hours. The
product can be purified by passing the reaction mixture through a SCX column and
washing the product from the column with 20% 2M NH, in methylene chloride.
Thereafter, the product can be concentrated and further purified, redissolved and
passed through a silica plug, preferably using a mixed solvent such as 15% MeOH:
CH,CL.

Secondary amines

When Nu is a secondary amine, the reaction does not require an additional
base. The reaction of the QAS and the secondary amine is preferably conducted in an
alcoholic solvent (such as MeOH), THF or dioxane. An excess of Nu is used; that is
the molar ratio of Nu:QAS is > 1 and preferably is > 3. The first stage is preferably
conducted at ~65°C and is allowed to react longer than when other Nu are used,
preferably for at least ~48 hours.

In an optional second stage, a scavenger is added to the reaction mixture to
remove excess amine. Suitable scavengers include resin bound isocyanoates or
aldehydes. Alternatively, excess amine can be removed using conventional methods

such as column chromatography.

II1. Libraries of chiral QAS substrates

For small scale synthesis of multiple products, the process of the invention is
preferably carried out in containers adaptable to parallel array syntheses. With parallel

array synthesis individual reaction products are prepared in each of multiple reaction
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zones. The reaction zones are physically separated from one another on a solid
support. Examples of solid supports include wellplates, silicone, or agar. Compounds
can be added to the surface of the solid support by multiple delivery apparatus,
automated or robotic apparatus, any of which may be either manually or computer
controlled.

A preferred embodiment of the present invention is a diverse amine alcohol
compound library in 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. The process of making the library of amine alcohol
compounds may be conveniently carried out in a conventional wellplate apparatus. 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.

Selection of QAS - The amount of QAS 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 QAS in each reaction zone is represented by the symbol “(n)”,
where (n) represents the equivalents of QAS.

Typically, from about 8 to about 800 diverse QASs are employed to synthesize
a library of compounds using the method of the invention.

Typically, combinatorial techniques have to be very robust to work well for

highly diverse groups of reactants. In the diverse amine alcohol compound library
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making process described herein the is the reactant used in excess. The method of the
invention contemplates solution phase reactions where a stoichiometric excess of the
Nu is used. The amount of Nu used to ensure 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 1.1 multiplier is used to insure at least a 10%
stoichiometric excess of Nu to drive the reaction to completion, thereby removing the
QAS from each reaction zone used to create the amine alcohol compound library.

The reaction zone is maintained at a temperature and for a time sufficient to
permit reaction of the first and second reagents, that is, to complete consumption of
the QAS and form an amount of amine alcohol 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 second to 60 minutes being most often used. The temperature
of the reaction may be any temperature between the freezing point and the boiling
point of the liquid reaction medium, but is generally between -10°C and 60°C, with
10°C to 40°C being preferred and ambient temperatures (about 20°C-30°C) being
most preferred. The reactions may be conducted at subatmospheric pressure or
superatmospheric pressure (viz., 60 Kg./m” - 2100 Kg./m’ absolute), but ambient
atmospheric pressure (about 10330 Kg./m?, absolute) is most often used.

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

Sequence of Operation - The addition of the first and second reagents to the
first reaction zone may take place in any order. For example, Nu may be initially
added to the reaction zone followed by addition of the QAS, or vice versa.
Alternatively, the first and second reagents may be simultaneously charged to each

reaction zone.
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When necessary, a solid-supported scavenger is added to the reaction mixture
to bind the unreacted nucleophilic reagent. The amount of scavenger added to the
reaction mixture is based on the scavenger’s available functionality. The scavenger is
added in at least an amount equal to the theoretical excess equivalents of unreacted
scavenger. Preferably the solid supported scavenger is used in an amount that is from
1.25 to about 5 times the theoretical excess equivalents of unreacted second reagent.
The reaction zone is maintained at a temperature for a time sufficient to permit
reaction of the excess second reagent and the scavenger. Typically, the reaction
requires only seconds but the selection of reaction conditions that may be used is the
same as set out above.

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, for example: (1) ion exchange
chromatography (ii) filtration, (iii) centrifugation, (iv) decantation, and (v) washing and
any combination thereof. Filtration and ion exchange chromatography are particularly
preferred forms of purification.

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.

The library of compounds formed using the process of the invention can be
used to screen for compounds with biological activity. A myriad of biological assays
are known in the art and can be used to screen the library of compounds.

Tllustrative additional assays include, but are not intended to be limited to in vitro
assays such as enzymatic inhibition, receptor-ligand binding, protein-protein
interaction, and protein-DNA interaction; cell based, functional assays such as
transcriptional regulation, signal transduction / second messenger, and viral infectivity;
add, incubate & read assays such as scintillation proximity assays (SPA), fluorescence

polarization assay, fluorescence correlation spectroscopy, colorimetric biosensors,
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cellular reporter assays using reporter genes such as luciferase, green fluorescent
protein, B-lactamase, and the like; and electrical cell impedance sensor assays. All of
the above assays are known in the art to be predictive of success for an associated

disease state.

EXAMPLES

The following example are provided to demonstrate the underlying chemistry
and processes of the present invention. The invention is not intended to be limited by
these examples.

Example 1 - Synthesis of QAS

OH HC}

= \ C: OH o
o § e GO0
Meo c MeO
A B QAS3

Compound A (described in U.S. Pat. Nos. 5,627,196 and 5,576,321) was
dissolved in MeOH in a 250 mL round-bottom flask equipped with a magnetic stirrer,
nitrogen bubbler, heat mantle, thermometer/thermowatch, and condenser. NaOH was
added, a slurry formed and was stirred for 10 minutes, after which the epichlorohydrin
B was added. The slurry was heated to 50°C and stirred at this temperature for 16
hours. The heat was removed, the reaction mixture cooled, dried with Na,SO,, and
then concentrated. CH,Cl, was added to the concentrate and the mixture was stirred
for 2 hours at room temperature. The resulting crystalline solid was filtered, rinsed
and dried at 45°C overnight (Yield 18 g, 90%; Chiral assay - 76% product isomer, 24

enantiomer = 52% enantiomeric excess).

Example 2
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OCHj HO..,
‘ OH
H
I [\ OCH3
N O
OH + \
+
& o ’
OH
Compound A Compound B
MW 299.8 MW 133.15 MW 396.49

1.0 g of compound A and 0.46 g of compound B were mixed with 20 ml of acetone ,
2.1 eq. of cesium carbonate and 0.05g of tetrabutylammonium bromide (TBAB - as
catalyst). The mixture was placed in a 50 ml round bottom flask equipped with a
magnetic stirrer, nitrogen bubbler, condenser and heat mantle. The mixture was heated
and allowed to reflux for 3 hours. Thereafter 60 ml of ethyl acetate and 60 ml of water
were added to the mixture. The layers were separated and the aqueous layer was
washed again with 60 ml of ethyl acetate. The organic layers were combined and
condensed to a dark oil. Yield 1.54 g, Potency = 58.5 % (68.2 % corrected yield),
EE = 25.76% (62.88 % R-entantiomer, 37.12 % S-enantiomer (product C)). Product
enriched in the opposite isomer can be obtained by starting with the opposite isomer
(S-isomer) of the epichlorohydrin in forming the QAS intermediate.
* * * * *

It should be understood that a wide range of changes and modifications can be
made to the embodiments described above. It is therefore intended that the foregoing
description illustrates rather than limits this invention, and that it is the appended claims,

including all equivalents, which define this invention.
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CLAIMS:

1. A process of stereoselective chemical synthesis which comprises
reacting a nucleophilic agent and a chiral quaternary azetidinum salt (QAS) substrate

of the formula (I):

where Y is a counterion, and where either R' and R? are different and are each

independently selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl,
aryl, and 5-10 membered heterocyclic group containing at least one N, S or O; or
wherein R' and R, together with the N which they substitute, form a 5-8 membered

10 ring system containing 0, 1, 2, or 3 heteroatoms selected from NR’R’, O or S; and
wherein each of R! and R” may be unsubstituted or substituted one to three times with
a substituent selected from the group consisting alkyl, alkenyls, alkynyls, halogen,
hydroxy, oxo, phosphoryl, thiol, sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic
group containing at least one N, S or O, amine, imine, nitro, cyano, amidino,

15 carbonyl; wherein the moieties substituted on the hydrocarbon chain can themselves
be substituted with one to three further substituents;

in solution for a time sufficient to produce a compound of the formula (II)

Rl
: OH

R2
N\)\/Nu

where R' and R? are defined as above and Nu is a negative ion or a molecule

20 that has an unshared pair of electrons.

2. The process of claim 1, which produces a reaction product with an

enantiomeric excess of greater than about 60%.
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3. The process of claim 2, wherein the enantiomeric excess is greater than
about 80%.
4. The process of claim 3, wherein the enantiomeric excess is greater than
about 90%.
5. The process of claim 3, wherein Nu is selected from the group

consisting of alkyl and aromatic thiols; alkyl and aromatic alcohols; aromatic
heterocyclic compounds that contain a nucleophilic nitrogen; primary, secondary and
tertiary amines; anilines; anionic carbon atoms; salts of halides; alkyl and aromatic
phosphines; primary and secondary alkyl or aromatic hydrazines; alkyl and aromatic
hydroxylamines; salts of cyanide anion, ammonia and salts of ammonia; salts of

hydroxide anion; and cyclic hydrazines.

6. A chiral quaternary azetidinum salt (QAS) substrate of the formula (I):

R1 .
RZ\?"' Y

)
OH

where either R' and R? are different and are each independently selected from
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, and 5-10 membered
heterocyclic group containing at least one N, S or O; or wherein R' and R?, together
with the N which they substitute, form a 5-8 membered ring system containing 0, 1, 2,
or 3 heteroatoms selected from NR’R*, O or S; and wherein each of R' and R” may be
unsubstituted or substituted one to three times with a substituent selected from the
group consisting alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo, phosphoryl, thiol,
sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic group containing at least one N,
S or O, amine, imine, nitro, cyano, amidino, carbonyl; wherein the moieties
substituted on the hydrocarbon chain can themselves be substituted with one to three

further substituents.
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7. An enantiomerically enriched compound of the formula (II)

1
R, OH

R2
N\)\/Nu

where either R' and R” are different and are each independently selected from
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, and 5-10 membered
heterocyclic group containing at least one N, S or O; or wherein R' and R? together
with the N which they substitute, form a 5-8 membered ring system containing 0, 1, 2,
or 3 heteroatoms selected from NR’R*, O or S; and wherein each of R' and R? may be
unsubstituted or substituted one to three times with a substituent selected from the
group consisting alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo, phosphoryl, thiol,
sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic group containing at least one N,
S or O, amine, imine, nitro, cyano, amidino, carbonyl; wherein the moieties
substituted on the hydrocarbon chain can themselves be substituted with one to three
further substituents; and

Nu is a negative ion or a molecule that has an unshared pair of electrons.

8. The enantiomerically enriched compound of claim 7, wherein Nu is
selected from the group consisting of alkyl and aromatic thiols; alkyl and aromatic
alcohols; aromatic heterocyclic compounds that contain a nucleophilic nitrogen;
primary, secondary and tertiary amines; anilines; anionic carbon atoms; salts of halides;
alkyl and aromatic phosphines; primary and secondary alkyl or aromatic hydrazines;
alkyl and aromatic hydroxylamines; salts of cyanide anion; ammonia and salts of

ammonia; salts of hydroxide anion; and cyclic hydrazines.

9. A vessel in which at least two chiral quaternary azetidinium salts (QAS)

are physically separated from each other, wherein the QAS are of the formula ):
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where either R' and R? are different and are each independently selected from
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, and 5-10 membered
heterocyclic group containing at least one N, S or O; or wherein R' and R together
with the N which they substitute, form a 5-8 membered ring system containing 0, 1, 2,

or 3 heteroatoms selected from NR*R*, O or S; and wherein each of R and R? may be

- unsubstituted or substituted one to three times with a substituent selected from the

group consisting alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo, phosphoryl, thiol,
sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic group containing at least one N,
S or O, amine, imine, nitro, cyano, amidino, carbonyl; wherein the moieties
substituted on the hydrocarbon chain can themselves be substituted with one to three

further substituents.

10. An apparatus suitable as a replacement element in an automated assay machine
as a source of individual members of a library of structurally related compounds, said
apparatus comprising a 2-dimensional array of defined reservoirs, each reservoir
containing a compound of said library, where said structurally related compounds are

chiral quaternary azetidinium salts (QAS) of the formula (I):

R1T .
R2w Y

|

OH
where either R' and R are different and are each independently selected from
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, and 5-10 membered

heterocyclic group containing at least one N, S or O; or wherein R' and R?, together
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with the N which they substitute, form a 5-8 membered ring system containing 0, 1, 2,
or 3 heteroatoms selected from NR*R*, O or S; and wherein each of R' and R* may be
unsubstituted or substituted one to three times with a substituent selected from the
group consisting alkyl, alkenyls, alkynyls, halogen, hydroxy, oxo, phosphoryl, thiol,
sulfinyl, sulfonyl, aryl, 5-10 membered heterocyclic group containing at least one N,
S or O, amine, imine, nitro, cyano, amidino, carbonyl; wherein the moieties
substituted on the hydrocarbon chain can themselves be substituted with one to three

further substituents.
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