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scribed. Methodologies for solid phase synthesis of these derivatives is
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SOLID PHASE AND COMBINATORIAL SYNTHESIS
OF COMPOUNDS ON A SOLID SUPPORT

This document pertains to an application corresponding to
a U.S. Patent Application Entitled SOLID PHASE AND COMBINATORIAL
SYNTHESIS OF COMPOUNDS ON A SOLID SUPPORT.

FIELD OF THE INVENTION
The present invention relates to the field of solid phase
chemistry. More specifically, in one embodiment the invention
provides a method, device, and compositions for solid phase and
combinatorial synthesis of organic compounds such as benzodiazepines,
prostaglandins, and P-turn mimetics.

BACKGROUND OF THE INVENTION
Chemical methods have been developed recently for the
synthesis of large combinatorial libraries of peptides and
oligonucleotides that are later screened against a specific receptor

-or enzyme to determine the key molecular recognition elements of the

compound for that receptor or enzyme. Unfortunately, peptides and
oligonucleotides tend to have limited oral activities due to their
large size and rapid clearing times resulting in part from their
susceptibility to enzymatic degradation. Therefore, such materials
tend to have limited utility as therapeutic agents. 1In such cases it
would be beneficial to have access to small molecules which have
inherently greater oral activities and are resistant to enzymatic
attack.

Virtually any biologically active organic compound can be
accessed by chemical synthesis; however, such organic compounds are
still synthesized and evaluated one at a time in many cases. This
limitation is especially severe when the magnitude of the challenge
of finding a biologically active compound is considered. A recent
report concluded that, on average, over 10,000 compounds must be
screened before one biologically active compound is discovered.
Science, Vol. 259 p. 1564 (March 12, 1993). This limitation could be
overcome by developing a methodology for the combinatoria! synthesis
of large numbers of derivatives of therapeutically important classes

" of organic compounds. Screening these compounds against key

receptors or enzymes would then greatly accelerate the acquisition of
useful structure versus recognition data and would revolutionize the

search for potent new therapeutic agents.
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From the above it is seen that improved methods,
compositions, and devices for synthesis of therapeutically useful
compounds are desired.

5 ' SUMMARY OF THE INVENTION
Improved methods, compositions, and devices for synthesis
of therapeutically useful compounds are provided by virtue of the
present invention. The invention provides a rapid approach for
combinatorial synthesis and screening of libraries of derivatives of

10 three therapeutically important classes of compounds in specific
embodiments; benzodiazepines, prostaglandins and P-turn mimetics. 1In
order to expediently synthesize a combinatorial library of
derivatives based upon these core structures, general methodology for
the solid phase synthesis of these derivatives is also provided.

15 When synthesis on solid support proceeds according to preferred
aspects of the present invention, purification and isolation steps
can be eliminated thus dramatically increasing synthesis efficiency.
This patent disclosure thus also describes an important extension of
solid phase synthesis methods to nonpolymeric organic compounds.

20 A further understanding of the nature and advantages of
the inventions herein may be realized by reference to the remaining
portioneszof the specification and the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is an illustration of pin based synthesis
techniques;
Fig. 2 illustrates the method of forming diverse
molecules according to the methods herein;
Fig. 3 illustrates bead based synthesis; and
30 Fig. 4 illustrates light based synthesis.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
CONTENTS
I. General
35 A. Terminology
B. Overall Description of the Invention
II. Benzodiazepines '
A. Description
B. Examples
40 III. Prostaglandins
A. Description
B. Formation of Compounds of Scheme I
C. Pin-based Combinatorial Synthesis
IV. P-Turn Mimetics
45 A. Description

<
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~:B. Examples
V. Glycerol Derivatives
A. Description
B. Examples
5 : ' VI. Pin Based Synthesis
VII. Bead Based Synthesis
VIII. Light Directed Synthesis
IX. Conclusion:

10 I. General
A. Terminology
The following terms are intended to have the following
general meanings: ‘

1. Complementary: Refers to the topological compatibility or
15 matching together of interacting surfaces of a ligand molecule

and its receptor. Thus, the receptor and its ligand can be
described as complementary, and furthermore, the contact
surface characteristics are complementary to each other.

20 2.. Ligand: A ligand is a molecule that is recognized by a
particular receptor. Examples of ligands that can be
investigated by this invention include, but are not restricted
to, agonists and antagonists for cell membrane receptors,
toxins and venoms, viral epitopes, hormones (e.g., opiates,

25 steroids, etc.), hormone receptors, peptides, enzymes,
enzyme substrates, cofactors, drugs, lectins, sugars,
oligonucleotides (such as in hybridization studies), nucleic
acids, oligosaccharides, proteins, and monoclonal antibodies.

30 3. Benzodiazepines: A seven-membered organic ring with two
nitrogens in the ring, normally with nitrogens at positions
1 and 4, often with an aromatic ring attached to the seven-
membered ring, normally at positions 6 and 7. Benzodiazepines
include compounds having a 5-phenyl-3H-1,4-benzodiazepin-2(1H)-

35 one nucleus, including those with substitutions at the 1-, 3-,
5- and 6- through 9-positions. Many of these compounds will
have a phenyl ring at the 5-position, thereby resulting in two
phenyl rings in the structure, both optionally substituted.

40 4. Prostaglandins: A cyclo-pentane core structure with
appropriate functional groups, normally including hydroxy
groups, oxo groups and/or alkyl groups extending from the ring,
that produces a biological response. Prostaglandins include
compounds having a 3-hydroxy-5-oxocyclopentane nucleus with
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variable alkyl chains, including substituted alkyls, at the
2~ and 3-positions.

5. B-Turn: P-turns are normally described as a reverse in the
5 direction of a peptide chain which takes place over about four

amino acid residues. f-turn mimetics are small to medium size
cyclic ring structures that mimic the structure of the p-turn.
f-turn mimetics include compounds having structures which mimic
p-turns in protein structures. The compounds are generally

10 short chains of a-amino acids with variations in the side
chains and substitutions in the peptide bonds.

6. Radiation: Energy which may be selectively applied including
‘ enérgy having a wavelength of between 10" and 10* meters

15 including, for example, electron beam radiation, gamma
radiation, x-ray radiation, light such as ultra-violet light,
visible light, and infrared light, microwave radiation, and
radio waves. "Irradiation" refers to the application of
radiation to a surface.

20 v

7. Receptor: A molecule that has *an affinity for a given ligand.
Receptors may be naturally-occurring or synthetic molecules.
Also, they can be employed in their unaltered state or as
aggregates with other species. Receptors may be attached,

25 covalently or non-covalently, to a binding member, either
directly or via a specific binding substance. Examples of
receptors which can be employed by this invention include, but
are not restricted to, antibodies, cell membrane receptors,
monoclonal antibodies and antisera reactive with specific

30 antigenic determinants (such as on viruses, cells, or other
materials), drugs, oligonucleotides, polynucleotides, nucleic
acids, peptides, cofactors, lectins, sugars, polysaccharides,
cells, cellular membranes, and organelles. Receptors are
sometimes referred to in the art as anti-ligands. As the term

35 receptors is used herein, no difference in meaning is intended.
A "Ligand Receptor Pair" is formed when two macromolecules have
combined through molecular recognition to form a complex.
Other examples of receptors which can be investigated by this
invention include but are not restricted to microorganism

40 receptors, enzymes, catalytic polypeptides, hormone receptors,
and opiate receptors.

8. Substrate: A material having a rigid or semi-rigid surface,
generally insoluble in a solvent of interest such as water.
45 In some embodiments, at least one surface of the substrate will
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be substantially flat, although in some embodiments it may be
desirable to physically separate synthesis regions for
different polymers with, for example, wells, raised regions,
etched trenches, or the like. According to other embodiments,
small beads may be provided on the surface which may be
released upon completion of the synthesis, or individual beads

may be used ab initio.

Protecting group: A material which is chemically bound to a
monomer unit and which may be removed upon selective exposure
to an activator such as a selected chemical activator such as
an acidic or basic environment, or to another selected
activator such as electromagnetic radiation and, especially
light, such as ultraviolet and visible light. Examples of
protecting groups with utility herein include those comprising
fluorenylmethyloxycarbonyl, nitropiperonyl, pyrenylmethoxy-
carbonyl, nitroveratryl, nitrobenzyl, and other ortho-
nitrobenzyl groups, dimethyl dimethoxybenzyl,

. 5=bromo-7-nitroindolinyl, o-hydroxy-a-methyl cinnamoyl,

and 2-oxymethylene anthraquinone.

Predefined Reqgion: A predefined region is a localized area on
a surface which is, was, or is intended to be activated for
formation of a polymer. The predefined region may have any
convenient shape, e.g., circular, rectangular, elliptical,
wedge-shaped, etc. For the sake of brevity herein, "predefined
regions"” are sometimes referred to simply as "regions."

A predefined region may be illuminated in a single step,

along with other regions of a substrate.

Substantially Pure: A molecule such as a benzodiazepine is
considered to be "substantially pure" within a predefined
region of a substrate when it exhibits characteristics that
distinguish it from molecules in other predefined regions.

‘Typically, purity will be measured in terms of biological

activity or function as a result of uniform composition. Such
characteristics will typically be measured by way of binding
with a selected ligand or receptor. Preferably the region is
sufficiently pure such that the predominant species in the
predefined region is the desired molecule. According to
preferred aspects of the invention, the molecules synthesized
on the pin or other structure are 5% pure, more preferably more
than 10% pure, preferably more than 20% pure, more preferably
more than 80% pure, more preferably more than 90% pure, more
preferably more than 95% pure, where purity for this purpose
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refers to the ratio of the number of desired ligand molecules
formed in a predefined region to the total number of molecules
formed in the predefined region.

Activator: A material or energy source adapted to render

a group active and which is directed from a source to a
predefined location on a substrate, such as radiation. A
primary illustration of an activator is light such as visible,
ultraviolet or infrared light. Other examples of activators
include ion beams, electric fields, magnetic fields, electron
beams, x-ray, and the like.

Combinatorial Synthesis Strateqy: An ordered strategy for
parallel synthesis of diverse polymer sequences by sequential

addition of reagents and which may normally be represented by a
reactant matrix, and a switch matrix, the product of which is a
product matrix. A reactant matrix is a 1 column by m row
matrix of the building blocks to be added. The switch matrix
is all or a subset of the binary numbers, preferably ordered,
between 1 and m arranged in columns. A "binary strategy” is
one in which at least two successive steps illuminate a
portion, often half, of a region of interest on the substrate.
In a binary synthesis strategy, all possible compounds which
can be formed from an ordered set of reactants are formed.

In most preferred embodiments, binary synthesis refers to a
synthesis strategy which also factors a previous addition step.
For example, a strategy in which a switch matrix for a masking
strategy halves regions that were previously illuminated,
illuminating about half of the previously illuminated region
and protecting the remaining half (while also protecting about
half of previously protected regions and illuminating about
half of previously protected regions). It will be recognized
that binary rounds may be interspersed with non-binary rounds
and that only a portion of a substrate may be subjected to a
binary scheme. A combinatorial "masking" strategy is a
synthesis which uses light or other deprotecting or activating
agents to remove protecting groups from materials for addition
of other materials such as amino acids. In some embodiments,
selected columns of the switch matrix are arranged in order of
increasing binary numbers in the columns of the switch matrix.
Such strategies and the representational notation therefor are
discussed in Fodor et al., Science (1991) 251:767-773.
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14. Linker: A molecule or group of molecules attached to a
substrate and spacing a synthesized polymer from the substrate,
such as for exposure/binding to a receptor.

15. Alkyl: A cyclic, branched, or straight-chain aliphatic group

containing only carbon and hydrogen. This term is further

exemplified by groups such as methyl, heptyl, -(CH,),-, and adamantyl.

Alkyl groups can either be unsubstituted or substituted with one or

more non-interfering substituents, e.g., halogen, alkoxy, acyloxy,

hydroxy, mercapto, carboxy, benzyloxy, phenyl, or benzyl, each
optionally substituted with additional non-interfering substituents.

The term "non-interfering" characterizes the substituents as not

adversely affecting any reactions to be performed in accordance with

the process of this invention.

16. Lower alkyl: An alkyl group of one to six carbon atoms. Lower
alkyl groups include those exemplified by methyl, ethyl, n-propyl, i-
propyl, n-butyl, t=butyl, i-butyl (2-methylpropyl),
cyclopropylmethyl, i-amyl, n-amyl and hexyl. Preferred lower alkyls
are methyl and ethyl. If more than one alkyl group is present in a

given molecule, each may be independently selected from "lower alkyl"

unless otherwise stated.

17. Aryl: A monovalent unsaturated aromatic carbocyclic group
having a single ring (e.g., phenyl) or multiple condensed rings
(e.g., naphthyl or anthryl), which can optionally be unsubstituted or
substituted with hydroxy, lower alkyl, alkoxy, chloro, halo,
mercapto, and other non-interfering substituents.

18. Heteroaryl or HetAr: A monovalent unsaturated aromatic
carbocyclic group having a singly ring (e.g., pyridyl or furyl) or
multiple condensed rings (e.g., indolizinyl or benzo[b]thienyl) and
having at least one hetero atom, such as N, O or S, within the ring,

which can optionally be unsubstituted or substituted with hydroxy,
alkyl, alkoxy, halo, mercapto, and other non-interfering

substituents.

19. Arylalkyl: The groups -R"-Ar and -R"-HetAr, where Ar is an aryl
group, HetAr is a heteroaryl group, and R" is straight-chzin or
branched-chain aliphatic group. Examples of arylalkyl groups include
the sidechains of the amino acids phenylalanine and tryptophan.

20. "Carboxyalkyl" refers to the group -C(O)-R", where R" is lower
alkyl.
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21.  "Acyloxy" refers to the group -OC(O)R", where R" is alkyl.

22. Abbreviations: The following frequently used abbreviations are
intended to have the following meanings: ’
BOC: t-butoxycarbonyl.
BOP: benzotriazol-l-yloxytris-(dimethylamino)=phosphonium
hexafluorophosphate.
DCM: dichloromethane; methylene chloride.
DMF: dimethyl formamide.
Fmoc: fluorenylmethyloxycarbonyl.
NV: nitroveratryl.
NVOC: 6-nitroveratryloxycarbonyl.
o protective group.
THF: tetrahydrofuran.
HMPA: 2~ (4-hydroxymethyl phenoxy) acetate.

B. Overall Description of the Invention
The invention provides novel approaches for the

combinatorial synthesis and screening of libraries of derivatives
of therapeutically important classes of compounds including

.1,4-benzodiazepines, prostaglandins, P-turn mimetics and glycerol

derivatives. In order to expediently synthesize a combinatorial
library of derivatives based upon these core structures, generalized
methodologies for the solid phase synthesis of these derivatives are
also provided. 1In another aspect of the present invention, a method
of synthesizing combinatorial libraries of compounds on a solid
support that proceeds in sufficiently high yield in preferred
embodiments such that purification and isolation steps can be
eliminated thus dramatically increasing synthesis efficiency is
described.

II. Benzodiazepines

A. Description
One application of the present invention is the

- preparation and screening, preferably in parallel and simultaneous

fashion, of large numbers of benzodiazepine derivatives.
Benzodiazepines are useful drugs for the targeting of enzymes,
regulatory proteins and receptors of various kinds, and a variety of
benzodiazepines, as well as their binding affinities, are known.
Many more benzodiazepine structures may be postulated, however, and
considered as potential active drugs for the same target species, and
benzodiazepines as well as other drugs which target other enzymes,
regulatory proteins and receptors are often sought.

To achieve the preparation and screening of large numbers

of compounds that have benzodiazepine structures, the present



WO 94/06291 PCT/US93/08709

10

15

20

25

9

invention provides solid-phase synthesis methods for benzodiazepines
in which variable substituent groups are attached to a common central
benzodiazepine structure. In one aspect of the solid-phase'synthesis
methods of the invention, a benzodiazepine precursor which contains a
phenyl ring of the benzodiazepine without the closed heterocyclic
ring is bonded to a solid support through a linkage on the phenyl
ring. Eithef'phenyl ring of the benzophenone system may be bonded to
the solid support. Once the precursor is bonded to the solid
support, a series of reactions is performed by contacting the solid
support with a series of liquid-phase reagents. These reactions
include closure of the heterocyclic ring and derivatization of the
compound at various locations on the rings or other reactive sites on
the compound structure. Appropriate protecting group(s) are attached
to the precursor prior to the reaction with the solid support and to
various sites on the molecule and the reagents to ensure that the
desired reaction in each case occurs at the desired location on the
structure.

This solid-phase synthesis permits each reaction to be
confined to the surface area of a small solid structure. The
physical joining of a multitude of small solid structures into a

_single unit, for example, then permits the simultaneous handling of a

multitude of compounds and reagents. The use of structures of this
kind for certain multiple simultaneous reactions is known in the art,
and its application to the present invention will become apparent
from the description which follows.

An overall illustration of a method for the solid-phase
synthesis of benzodiazepines is shown in Reaction Scheme I.
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REACTION SCHEME 1

B. Compounds of Scheme I

1. Preparation of Compounds of Formula 1

The starting material 1 is a 2-aminobenzophenone bearing
substituents R* on one phenyl ring and R on the other, and in which
the amino group bears the protecting group Fmoc. Those skilled in
the art will appreciate that any of the wide variety of available
amino protecting groups may be used in place of Fmoc, and that the
choice of a particular protecting group will depend on the specific
nature of the substituents and reactions contemplated. Also, more
than one type of protecting may be included at any given point in the
synthesis. See,e.g., Green, T., and Wuts, P.G.M., PROTECTIVE GROUPS
IN ORGANIC SYNTHESIS 2™ ED., Wiley, 1991, which is incorporated
herein by reference. In addition, it will be recognized that a wide
varity of ring systems may be used with this technique, including,
inter alia and/or combinations of five- and six-membered rings, rings
containing heteroatoms, varying degrees of saturation, and fused

~ rings systems.

Moreover, the above-described amine moiety may itself be
derived from the transformation of other functional groups, e.g., the
reduction of a 2-nitrobenzophenone to form 2-aminobenzophenone.

Functional groups which may be converted into amines include nitro,

~halogen, hydroxyl, azide, -SO,R, -OR, -SR, and -N=NAr where R is
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alkyl and Ar is aromatic. See, e.qg., March, ADVANCED ORGANIC
CHEMISTRY 4™ ED., Wiley, 1991, which is incorporated herein by
reference. It will be apparent to those skilled in the art that this
offers great flexibility in adding substituents to the phenyl rings
(descrbied below) since the various directing effects of the above-
listed substituents may be employed to achieve a desired result (see,
e.g., March). Therefore, many routes are available to synthesizing
the substituted 2-aminobenzophenones 1.

The R* and R* substituents may be varied widely in both
their identity and the positions which they occupy on the phenyl
rings, and can thus be studied as variables for the screening which
is performed subsequent to the synthesis. For example, R* and R¥
may be selected independently from the group consisting of alkyl,
aryl, arylalkyl, heteroaryl, halogen, carboxyalkyl, acyloxy,
thioalkyl, phosphoroalkyl, carboxamide, trifluroracetyl or cyano.
Those having skill in the art will appreciate that the methods for
forming the substituted phenyl rings of 1'will are well-known. See,
€.9., March. Some of these substituents will be inert to reagents
which are used in the succeeding steps of the synthesis for
activation or derivatization of the compound at other sites on the

. 8tructure, while other substituents will be susceptible to the action

of such reagents or by use of appropriate protecting groups. This
type of susceptibility can be avoided by the appropriate selection of
less active reagents. This will be explained in more detail below.

2. Preparation of Compoundg of Formula 2

The substituted 2-aminobenzophenone 1 is coupled to the
solid support, preferably by a cleavable linker such as an acid-
cleavable linker, thereby forming a support-bound substituted
2-aminobenzophenone 2. A wide variety of acid-cleavable linkers are
known among those skilled in the art, as described by Atherton et
al., J. Chem. Soc. Perkin I (1981) 238-546, incorporated herein by
reference. Prominent examples are 2-(4-hydroxymethyl phenoxy) acetic
acid (HMPA) and allyl 2-(4-bromomethyl phenoxy) acetate, and various
analogs and derivatives of these compounds. Reaction Scheme II is an
illustration of this type of coupling:
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(EMPA Linker)

%

Support/\Nﬂz

1. Pd(0), SnBugH

2. DICl, HOBt

REACTION SCHEME II

Once the coupling is achieved, the Fmoc protecting group is removed
by conventional means, leaving an amine group.
A specific example is shown in Reaction Scheme III below.
5 2-amino-5-chloro-4'-hydroxybenzophenone 21 is reacted with allyl (2-
bromomethylphenoxy)acetate 22 and KHMDS in dimethylformamide solution
to form compound 23. The amine is then protected as the Fmoc
derivative by the reaction of 23 with FmocCl and pyridine in THF
solution. The allyl group is removed using Pd(0) and Bu,SnH to form
10 24. These procedures are known in the art (see March, Greene). It
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will also be appreciated that other protecting groups for the amine

may be employed (see Greene). Finally, the carboxyl group of the

linker is attached to a free amino group of the support with HOBt and

diisopropylcarbodiimide (DICI) to form support-bound, Fmoc-protected
5 aminobenzophnone 25. These procedures are also known in the art.

See the Examples below for details.

10 Br

15

(§)
20 /U\ 0.
3. FmocCl, Py
25 2. Pd(0), Bu,SnH
0/\0\
24
HOBt, DICI
Aminomethyl polystyrene
support (P) .
35 FmocNH E
O/U
cl P
Y
40 a5

Reaction Scheme III

45
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In another aspect, the invention provides a second, more
flexible method for forming support-bound benzophenones as
illustrated generally in Reaction Scheme IV. This second route
emplbYa the well-known Stille reaction for synthesizing aryl ketones
(see, Milstein, D., Stille, J. K., J. Org. Chem., 1979, 44, 1613-
1618, which is incorporated herein by reference). The Stille
reaction allows for the construction of the benzophenone portion of
the benzodiazapine on the solid support, in contrast to the method
outlined in Reaction Scheme III, where the benzophenone precursor
must be synthesized separately.

' As Reaction Scheme IV illustrates generally, the desired
ketone may be accessed from a support-bound, substituted
aryltrimethyltin compound and a substituted aryl chloride. These
groups may include the range of substituents described above.
Therefore, the number of available permutations accessible by solid-
phase synthesis techniques using the Stille reaction is far greater
than through the more conventional methods described above. In
addition, it will be recognized that a wide varity of ring systems
may be used with this technique, including, inter alia and/or
combinations of five- and six-membered rings, rings containing
heteroatoms (e.g., X = N, 0, S), varying degrées of saturation, and

fused rings systems.

SUBSTITUTE SHEET
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A major advantage with the strategy outlined in Scheme IV
is that more than one hundred aryl chlorides are available
commercially (from, e.g., Aldrich or Sigma) and many more can by
synthesized using techniques which are well known in the art (see,
e.g., March). Thus, it will be appreciated that the use of the Stille
reaction in concert with the methods of the invention will provide
for still greater flexibility and scope in synthesizing efficiently
large numbers of related compounds.

However, if the Stille method is employed the linker
should not be an allyl ester (for example, compound 22 of Reaction
Scheme III) as the use of PAd(0) with Bu,SnH to remove the allyl group
also destannylates rapidly the aryltrimethyltin compound. To avoid
this problem, the carboxylic acid of compound 22 may be protected as
the methyl ester 31 as shown in Reaction Scheme V. The reactions
shown therein are well-known to those skilled in the art (see March).
Of course, the coupling of the ester to the solid support can be
performed as described above, as there is no destannylation side-
reaction to consider.

OH OH
HO,C CH,I, DIEA H3CO2C
————
(0] 0
CBr,, PPh, ‘
Br
H3CO,C
0
31

REACTION SCHEME V

The desired arylstannanes may be formed readily using
techniques well-known in the art (see Stille, March). One example is
illustrated in Reaction Scheme VI below. There 3-nitrophenol 41 is
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brominated to give 3-nitro-4-bromophenol 42. The free phenol
hydroxyl is protected with Tips-Cl (triisopropylsilyl chloride) and
the resulting silyl ether 43 is stannylated with hexamethylditin to
form 44. Reaction of 44 with sodium hydroxide in dioxane/water
regenerates the free hydroxyl 45, and this is reacted with KN(SiCH,),
and ‘linker 31 to form ether 46. Removal of the ester followed with
the coupling of the linker to the support under the conditions
described in Reaction Scheme III affords the bound stannane. The
coupling of the free acid to the support should immediately follow
the saponification of ester 46, as the free acid is not stable for
prolonged periods. BAgain, these procedures are well known in the

art.
NO5 NO; NO,
'I‘ips -Q1,
Br, T  Imidazole Br
—_— —
Ho" . HO TipsO
41 . 42 T
(CHy) Sn
Pd(PPhy),
X0, NO2
NaOH Sn (CH3)
Sn (CHj) 3 dioxane/water e
-
0o TipsO
- 44
KN(Si (Cj’s) 3) 2
Linker 31
NO,
Sn (CHj) 3

CH;O,T\ /@/\ 0
(8)
46

REACTION SCHEME VI

Having formed the desired bound aryltrimethyltin 46, the
final steps to finishing the aminobenzophenone synthesis are

- performed as shown in Reaction Scheme VII (the linker is denoted as

P).  Support-bound compound 51 is reacted with benzoyl chloride, and

-acid scavinger such as diisopropylethylamine (DIEA) and a catalytic

amount of bis-(dibenzylidineacetone)palladium to give the
nitrobenzophenone 52. The nitro group is then reduced using any one
of several well-known methods (see March). The resulting

aminobenzophenone 53 is ready for further derivitization as described
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below. It will be appreciated that where the benzoyl chloride is
bound to the substrate, the sequence of reactions will remain the
same, the only change being the addition of the aryltrlmethyl
stannane to the bound benzoyl chloride.

bis- (dibenzyli-
NO, dineacetone) Pd (0),

DIEA,
Sn(CHj) 3 Benzoyl chloride

-
»

PO

s1

53

REACTION SCHEME VII

It will be appreciated that the above-described coupling
between aryltin and benzoyl halides to form benzophenones may be
performed using organometallic compounds other than aryltins such as
45. Couplings between benzoyl halides and organomanganese compounds,
organothalliums, lithium trialkylarylborates,
bis(triphenylphosphine)arylrhodium(I) compounds (Rh(I)R(CO)(Ph,P),,
where R is aryl), and arylmagnesium halides may be used as well.

See, e.g., March pp. 487-488. In addition, it will be further
appreciated that the benzoyl halide reagents described above may be
substituted with aryl anhydrides, esters, or amides if aryllithium
reagents are used instead of aryltins. See, e.g., March pp. 488-489.
Finally, Reaction Schemes VI and VII illustrate that the amine moiety
of the 2-aminobenzophenone need not be supplied by a protected amine
directly. Many other groups may be located adjacent the aryl halide
or organometallic group of the phenyl ring which are easily converted
to amines. Such groups include nitro, halogen, hydroxyl, azide, -
SO,R, =-OR, -SR, and -N=NAr where R is alkyl and Ar is aromatic (see
March). It will be apparent to those skilled in the art that this
offers great flexibility in adding substituents to the phenyl rings
since the various directing effects of the above-listed substituents
may be employed to achieve a desired result (see, e.g., March).
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Therefore, many routes are available to synthesizing the substituted
2-aminobenzophenones.

Thus, it will be appreciated that the synthetic strategy
outlined above with respect to the Stille reaction can be generalized
to include those methods of forming benzodiazapines and/or their
analogs using any appropriate organometallic synthetic routes. A
first compound which may be aryl, heteroaryl, cycloalkyl, or
substituted aryl, heteroaryl, cycloalkyl, and which includes a first
substituent selected from the group consisting of acyl halide or
organometallic, and a second substituent selected from the group
consisting of protected amino, nitro, halogen, hydroxyl, azide, -
OSO,R, -OR, -SR, and -N=NAr where R is alkyl and Ar is aromatic,
hydrogen, alkyl, aryl, heteroaryl, substituted alkyl, substituted
aryl or substituted heteroaryl, is attached to a substrate. This
attached derivative is then reacted with a second compound which may
be aryl, heteroaryl, cycloalkyl, or substituted aryl, heteroaryl,
cycloalkyl, and which also includes a first substituent selected from
the group consisting of acyl halide or organometallic, and a second
substituent which is also selected from the group consisting of
substituted amino, nitro, halogen, hydroxyl, azide, -OSO,R, -OR, -SR,
and ~N=NAr where R is alkyl and Ar is aromatic, hydrogen, alkyl, aryl
heteroaryl, substituted alkyl, substituted aryl or substituted
heterocaryl; provided that, if the first phenyl derivative includes an
acyl halide substituent, then the substituent of the second phenyl
derivative should be organometallic and vice versa, and further
provided that one of the second substituents of either phenyl ring
must be selected from the group consisting of substituted amino,
nitro, halogen, hydroxyl, azide, -O0SO,R, -OR, -SR, and -N=NAr where R
is alkyl and Ar is aromatic and be located adjacent the first
substituent. The first and second compounds are reacted under
conditions effective to form a ketone. The free amine is formed and
this in turn is reacted with an amino acid derivative and cyclized
the form the desired benzodizapine or analog thereof.

3. Formation of Compounds of Formula 3-6
' A wide variety of natural and unnatural amino acids with

Fmoc-protected amine groups are readily available from suppliers to
the industry (for example, from Aldrich Chemical Co., Milwaukee, WI).
Any one of these may be coupled to the support-bonded unprotected
2-aminobenzophenone to form an amino acid-derivatized
2-aminobenzophenone 3. This is readily accomplished by first
converting the amino acid to an activated acyl fluoride derivative,
which results in efficient coupling to the 2-aminobenzophenone. A
discussion of this technique is found in Carpino et al., J. Am. Chem.
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Soc. (1990) 112:9651-9652. The amino acid used in Reaction Scheme I
has a variable side chain RB, which introduces a third site for

variation of the structure of the final benzodiazepine derivative.
Base-catalyzed removal of the Fmoc protecting group from 3 followed
by exposure to 5% acetic acid in dimethyl formamide (DMF) results in
cyclization to provide the benzodiazepine structure 4.

Variation at a fourth site on the structure is achieved by

“alkylation of the amide nitrogen atom, i.e., at the l-position on the

benzodiazepine structure. This is accomplished by conventional
techniques involving deprotonation of 4 by the use of a base followed
by reaction with an alkylating agent. Examples of suitable bases are
lithiated 5-phenylmethyl 2-oxazolidone in tetrahydrofuran (THF),
lithium diisopropyl amide in THF, and lithium dicyclohexyl amide in
THF, and in some cases depending on the susceptibility of other
groups on the molecule, sodium hydride or potassium hydride in DMF.
The alkylating agent may be either an activated alkylating agent such
as methyl iodide or t-butyl bromoacetate, or an inactivated
alkylating agent such as ethyl iodide or isopropyl iodide in the
presence of DMF. The use of lithiated 5-phenylmethyl 2-oxazolidone
(pKa in dimethyl sulfoxide (DMSO) 20.5) as the base for deprotonation

allows alkylation of the benzodiazepine without alkylation of any

groups represented by R*, RY or R® with higher pKa values, such as
amides (pKa in DMSO of approximately 25-26), carbamates (pKa in DMSO
of approximately 24.5), or esters (pKa in DMSO of approximately 30).
The N-alkylated benzodiazepine 5 is then optionally cleaved from the
support by conventional methods for cleaving an acid-labile linkage.
This may be achieved for example by treatment with 85:5:10

 trifluorcacetic acid/water/dimethylsulfide.

Reaction Scheme VIII illustrates in more detail the
series of conversions just discussed. Support-bound
aminobenzophenone 2 (the support is denoted by P) is reacted with 20%
piperidine in DMF to remove the Fmoc protecting group. The free
amine is then reacted with an Fmoc-protected amino acid fluoride in
methylene chloride with 2,6-ditertbutylpiperidine as an acid
scavinger to form amino acid 3. Cyclization to form benzodiazapine 4
is accomplished by first removing the Fmoc protecting group in 20%
piperidine, followed by reaction in 5% acetic acid in DMF solution to
form the imide. A fourth substituent may then be added by
deprotonating the free amine of 4 using XpLi (lithium 5-
(phenylmethyl)-2-oxazolidinone) in THF solution at -78°C followed by
reaction with an alkyi or aryl halide in DMF solution to give
compound 5. The final product 6 may be removed from the solid
support by reaction in a solution of trifluoroacetic acid, water and
dimethylsulfide (85:10:5).
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REACTION SCHEME VIII -
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Still further variations in the basic benzodiazepine structure
may be made. For example, the amide formed by the adjacent NH and
C=0 groups of the heterocyclic ring can be converted to a thiocamide;
the imine (i.e., the =N- .on the heterocyclic ring) can be reduced to
an amine; or a second alkylation can be performed on an amide or
carbamate functionality present in the molecule at a location other
than the amide nitrogen that has been alkylated. Each of these
reactions is performed by conventional means readily apparent to
those skilled in the art (see, e.g., March).

Using this method of synthesis, a combinatorial library of
benzodiazepine derivatives is constructed by methods which are
analogous to any of the variety of similar methods known in the art
for the synthesizing peptide derivatives.

c. Pin-Based Combinatorial Synthesis

1. Overview

One example of such a method is the pin method developed by
Geysen et al., for combinatorial solid-phase peptide synthesis. A
description of this method is offered by Geysen et al., J. Immunol.
Meth. (1987) 102:259-274, incorporated herein by reference.

According to this method as it may be practiced in the present
invention, a series of 96 pins are mounted on a block in an
arrangement and spacing which correspond to a 96-well Microtiter
reaction plate, and the surface of each pin is derivatized to contain
terminal aminomethyl groups. The pin block is then lowered over a
series of reaction plates in sequence to immerse the pins in the
wells of the plates where coupling occurs at the terminal aminomethyl
groups and the various reactions in the reaction schemes described
above are performed as discussed in greater detail below.

Reagents varying in their substituent groups occupy the wells
of each plate in a predetermined array, to achieve as ultimate
products a unique benzodiazepine on each pin. By using different
combinations of substituents, one achieves a large number of
different compounds with a common central benzodiazepine structure.
For example, the synthesis may begin with ten different
2-aminobenzophenone derivatives (Compound 1 in Reaction Scheme I
above, differing in terms of the substituents represented by RA
and/or RY), and each of these ten may be reacted with different amino
acids such as thirty different amino acids (differing in terms of the
side chain represented by RP in Compound 3) to provide 300 different
cyclic intermediates (Compound 3). Reaction of each of these 300
intermediates with fifteen different alkylating agents (as
represented by the substituent R® in Compound 5§) would result in

4,500 unique benzodiazepine derivatives. It will be appreciated that
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still more permutations may be formed by applying the Stille and
other organometallic reactions as described above.

Once formed in this manner, each benzodiazepine derivative may
be cleaved from its pin by treatment with acid, as described above.
In one preferred embodiment of the invention, each benzodiazepine
derivative will be prepared in sufficient quantity for screening
purposes, and for analysis by such methods as high performance liquid
chromatography (HPLC) and mass spectral analysis to verify the purity
and integrity of the compound. Quantities on the order of '
approximately 50 nanomoles will generally suffice. -

The resulting benzodiazepine combinatorial library may then be
screened using the pin configuration in combination with
appropriately charged and indexed Microtiter plates, or with similar
multiwell arrangements. A typical screening, for example, may seek
to compare the derivatives in the library in terms of their ability
to bind to a particular receptor. Cholecystokinin receptors, which
are widely distributed throughout the central and peripheral nervous
system and mediate numerous physiological responses, are one example
of such a receptor. Other examples will be readily apparent to those
skilled in the. arts of physiology and biotechnology. The screening
method is based on assays for the receptors, the chemistry of the
assays being conventional and well known. Radioligand assays are one
example. For cholecystokinin, for example, crude membrane
homogenates are prepared with minimal effort, in accordance with the
procedurés described by Chang et al., Proc. Natl. Acad. Sci. (1986)
83:4923-4926, incorporated herein by reference, and radiolabeled
cholecystokinin can be purchased from New England Nuclear,
Massachusetts, U.3.A. The screening may thus be based on any type of
receptor, and will identify compounds within the library which show
high affinity for the particular receptor chosen.

‘The methods described above may be used to prepare and screen
large numbers of compounds, in the hundreds, the thousands and even
the ten thousands in a reasonable period of time. Synthesis may be
combined with screening in various different ways to screen compounds
in unusually large libraries.

As one example of a strategy for a large library, the scheme

‘may begin by the preparation of an equimolar mixture of a variety of

2-aminobenzophenone derivatives to which a common linker is attached
(such as by the first reaction of Reaction Scheme II). Each pin of
the 96-well array, surface-derivatized to contain a terminal amino
group, is then contacted with this equimolar mixture to effect the
coupling reaction. The result is that the entire combination of
2~aminobenzophenone derivatives will be evenly distributed over the
surface of each pin. Each pin will then be reacted with a unique
comﬁination of amino acyl fluoride and alkylating agent to form a
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first library of benzodiazepine mixtures, each mixture
distinguishable by the substituents R® and R® but not by the
substituents R* and RY for which each mixture will contain the full
range. Screening this first library will provide the optimal
combination of amino acid and alkylating agent. A second library is
then constructed in which each pin is derivatized with only one
2-aminobenzophenone derivative, the array of pins thus representing

~an array of 2-aminobenzophenone derivatives, each pin however being

then reacted with the optimal amino acid and alkylating agent
identified in the first library. By screening the second library,
one identifies the optimal 2-aminobenzophenone derivative.

2.  Formation of a Pin-Bound Benzodiazapine Library

The formation of a pin-bound library of benzodiazapines
having a variety of skeletal and side-chain variations will now be
discussed. A library of substituted benzodiazapines was formed from
the combination of eight amino acids (Ala, Val, Phe, Lys, Tyr, Asp,
Nle, Gly) and 2-aminobenzophenones. The 2-aminobenzophenones were
attached to sixteen pins, two pins for each amino acid. The yields
of benzodiazapine products are listed below in. Table I.

. Starting from aminobenzophenone 21, the steps outlined
in Reaction Scheme III were followed to attach linker 22, remove the
allyl protecting group and affix the resulting compound 25 onto
amino-functionalized pins (available commercially from Cambridge
Research Biochemicals). See, Geyson, et al., J. Immun. Methods, 1987
102, 259-274; Rich, D. H., et al., In THE PEPTIDES, Gross, E.,
Meienhofer, J., eds., Academic Press, New York 1979, Vol. 1, pp. 242-
264, both of which are incorporated herein by reference. A preferred
concentration of aminobenzophenone~linker 25 is less than about 0.2
mM for efficient coupling. More preferred is a concentration of
between about 0.025 to 0.075 mM, and most preferred is a-
concentration of about 0.05.mM.

Once attached to the pins, the aminobenzophenones were
reacted with the N°~Fmoc-protected acyl fluoride derivatives of the
above-listed amino acids, as illustrated above in Reaction Scheme
VIII. The Fmoc-protected amino acid fluorides were subjected to
additional purification steps by either additional acid and base
extractions (3 washes with 1N NaHSO, followed by 3 washes with 1IN
NaHCO;) or by chromatography. The coupling of the amino acid
fluorides to the aminobenzophenones was accomplished as described
above; although the use of an acid scavenger, such as 4-methyl-2,6-
di-t-butylpyridine, was not required due to the small amounts of HF
produced. It is noteworthy that the reaction of valine (RP =
(CH;),CH~) required three days to proceed to completion due to the
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steric hinderance created by the side-chain. The cyclization to form
the seven-membered ring also proceeded as described above; except
that a temperature of 85°C and 5% acetic acid/butanol were determined
to be more preferred conditions.

To determine the relative yield of reaction products, the

- benzodiazapines were diluted with a DMF stock solution containing

fluorenone as an internal standard. This solution was then analyzed
using UV HPLC. As expected, different extinction coefficients were
found for different 2-aminobenzophenones (see Levillain, P. et al.,
Eur J. Med.Chem., 1975, 10: 433~439, which is incorporated herein by
reference). However, all structures derived from the same 2-
aminobenzophenone had approximately the same extinction coefficient.
Thus, the yield for each benzodiazapine may be determined relative
to the sﬁandard fluorophenone. The Table below indicates the
results. Generally the results of the reactions were favorable.

Table I
Fmoc-AA~F Relativg Yield
Ala 1.00-1.04
val 0.79-0.87
Phe 0.60-0.86
Lys 0.73-0.76
Tyr 0.72-0.78
Asp 0.70-0.79
Nle 1.04-1.10
Gly 0.96-0.106

3. Further Derivitization of the Benzodiazapines

, N-alkylation of the free amino group (R®, see Reaction
Scheme VIII) was performed as follows. Lithium 5-(phenylmethyl)=-2-
oxazolidinone was prepared by adding n-butyllithium to 5-
(phenylmethyl)-2-oxazolidinone in distilled THF with 10% DMF at -78°'C
under nitrogen atmosphere to form the base lithium 5-(phenylmethyl)-
2~-oxazolidinone (XpLi in Scheme VIII). The base was then reacted
with the pin-bound benzodiazapines for *** at 0'C to deprotonate the
amine and an alkyl or aryl halide was added to derivatize the free

amine.
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The relative yield of alkylation between different
alkylating groups was determined by HPLC retention times and peak
areas relative to a fluorenone standard. One half of this sample was
then benzylated as described above with respect to Scheme VIII. The
two samples were combined and their ratio was determined by comparing
the peak areas of the 'H NMR spectrum of the combined samples. An
aliquot of the combined samples was then diluted and analyzed by
HPLC. Having determined a standard, eight alkylating agents were
added to valine-derived benzodiazapines attached to eight different
pins. The results are shown in Table II. Again, favorable conversion
efficiencies were found.

Table II
Substituent.(nc) Ratio of Unalkylated/Alkylated
ir Species
H ' 85/0
Bn _ 3/44
, ' Me - 3/54
Et 3/60
Pr 3/60
Acetamide 2/21
Cinnamyl 2/30
Xylene 5/32
MeOBn 10/30

B. Examples .
Two methods of coupling substituted 2-aminobenzophenones to a

solid phase substrate in accordance with Reaction Scheme II are
illustrated below, in one of which the coupling is achieved through
an HMPA linker by way of an ether linkage, and in the other by way of
an ester linkage. This is followed by a description of a general
procedure for the solid-phase synthesis of 1,4-benzodiazepines
according to Reaction Scheme I, with results for each of a variety of
specific structures actually prepared by the procedure. The solid-
phase used in the synthesis is a particulate resin, and the
description is followed by a description and examples of how the
procedures in the synthesis are translated into a pin-based protocol
suitable for multiple and simultaneous reactions.
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1. General

Unless otherwise noted, materials were obtained from
commercial suppliers and used without further purification. Fmoc-
protected ‘amino acids were purchased from NovaBiochem, and anhydrous
N,N-dimethylformamide (DMF) was purchased from Aldrich.
Tetrahydrofuran (THF) was distilled from Na/benzophenone, and CH,Cl,.
was distilled from CaH,. The concentration of commercially available
solutions of n-butyllithium in hexanes was periodically checked by
titration with diphenylacetic acid, as described in Kendall, et al.,
J. Org. Chem., 1979:44, 1421-1424, incorporated by reference.
Organic extracts were dried over Na,SO, and concentrated with a rotary
evaporator. Flash chromatography was performed according to the
procedure. of Still (J. Org. Chem., 1978:43 2923, incorporated herein
by reference) using Merck 60 230-400 mesh silica gel. Reactions and
chromatography fractions were analyzed using Analtech 250-um TLC
plates. BAnalytical high pressure liquid chromatography was performed
on a Rainin HPLC chromatography system employing a 5 u particle C18 V
column (4.6 mm x 25 cm). Chemical shifts are expressed in ppm
relative to internal -solvent and J values are in hertz. Melting
points were determined in open Pyrex capillaries and are uncorrected.

2. Formation of Linker
Allyl 2-(4-hydroxymethylphenoxy)acetate

To a flame-dried three-neck 250-mL round bottom flask fitted
with stir bar and reflux condenser was added hydroxymethylphenoxy-
acetic acid (5.0 g, 27.5 mmol). Ethyl acetate (100 mL) was added and
to the resulting solution was added diisopropylethylamine (3.55 g,
27.5 mmol) with stirring. To the resulting white slurry was added
allyl bromide (3.33 g, 27.5 mmol) and the mixture was heated at
reflux with stirring. After 5 hours, an additional portion of allyl
bromide (2.8 g, 23 mmol) was added, and the slurry was refluxed for

12 hours. After allowing the mixture to cool to room temperature,

ethyl acetate (100 mL) was added and the slurry was extracted with

water (100 mL), 1 N aqueous sodium bisulfate (100 mL), 1 N aqueous
sodium bicarbonate (100 mL), and 1 N aqueous sodium chloride
(100 mL), then dried over sodium sulfate and concentrated in vacuo to

give pure product (5.8 g, 95% yield) which became an off-white solid
upon storage at -20°C, with melting point 33.5-34.5°C. The structure
was confirmed by proton NMR, carbon-13 NMR, electron impact mass
spectroscopy and elemental analysis.

. Allyl 2-(4-bromomethylphenoxy)acetate
The allyl 2-(4-hydroxymethylphenoxy)acetate prepared above
(3.03 g, 13.6 mmol) was dissolved in 20 mL of CH).Cl,.
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Triphenylphosphine (3.75 g, 14.3 mmol, 1.05 equivalents) was -added
and the resulting clear and colorless solution was cooled to' 0°C at
which time carbon tetrabromide (4.77 g, 14,3 mmol, 1.05 equivalents)
was added in one portion with stirring. The resulting yellow slurry
wag stirred at 0°C for 0.5 hour. The slurry was then concentrated
in vacuo followed by purification on a 5 cm x 20 cm silica gel column

with 60:40 CHCl,/hexane as the eluent. The pure product upon storing
at -20°C became a white solid, with R; 0.23 in 50:50 hexane. The

structure was confirmed by proton NMR and carbon-13 NMR.

3. Attachment of Linker to Substituted
2-Aminobenzophenone Through Ether Coupling
In the first three illustrations of 2-aminobenzophenone in this
example, R* is a chlorine atom at the position on the ring directly
opposite the amino group. The compound does not contain a
substitution corresponding to RY. 1In the second three, both R* and
R¥ are hydrogen.

4-(4~(2-Amino-5-chloro-benzoyl)-phenoxymethyl)
phenoxyacetic acid allyl ester

A solution was formed by dissolving 2~amino-5-chloro-4'-
hydroxybenzophenone (1.72 g, 8.07 mmol) in 40 mL of DMF. Potassium
bis(trimethylsilyl)amide that was 0.5 M in toluene (16.1 mL, 8.07
mmol, 1.0 equivalents) was added dropwise with stirring. Allyl
2-(4-bromomethylphenoxy)acetate (2.30 g, 8.07 mmol, 1.0 equivalents)
was then added and the resulting orange slurry was stirred at ambient
temperature for 45 minutes. The slurry was concentrated in vacuo,
then diluted with CH,Cl, (150 mL) and was extracted with 1 N aqueous
sodium bicarbonate (100 mL) and with 1 N aqueous sodium chloride
(100 mL), then dried over sodium sulfate and concentrated in vacuo to

give the product as a yellow solid which was approximately 95% pure
and was taken to the next step without purification. The product had
R; of 0.55 in 50:50:2 ethyl acetate/hexane/triethylamine. The
structure was confirmed by proton NMR, carbon-13 NMR, and electron
impact mass spectroscopy.

4~ (4-(5-Chloro-2-fluorenylmethoxycarbonylamino-benzoyl)-
phenoxymethyl)phenoxyacetic acid allyl ester

The product of the preceding paragraph (4.90 g, 10.8 mmol) and
pyridine (1.02 g, 13 mmol, 1.2 equivalents) were dissolved in 60 mL
of CH,Cl,. The resulting yellow solution was cooled toc 0°C and
fluorenylmethoxycarbonyl chloride (2.95 g, 1.14 mmol,
1.05 equivalents) was added. The resulting solution was stirred at
0°C for 15 minutes and then at ambient temperature for 1 hour. The
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solution was then diluted with CH,Cl, (150 mL) and extracted twice
with 1 N aqueous sodium bisulfate (100 mL) and once with 1 N aqueous
sodium chloride (100 mL), then dried over sodium sulfate and
concentrated in vacuo to give a yellow foam. The product was

purified by recrystallization from CH,Cl, and hexanes. The structure
was confirmed by proton NMR, carbon-13 NMR, FAB mass spectroscopy and
elemental analysis.

4-(4-(5-Chloro-2-fluorenylmethoxycarbonylamino-benzoyl)-
phenoxymethyl)phenoxyacetic acid

The allyl ester of the preceding paragraph (1.80 g, 2.66 mmol)
was dissolved in 30 mL of CH,Cl,. Tetrakis(triphenylphosphine)-
palladium (65 mg, 0.056 mmol, 0.02 equivalents) was added, and after
flushing the reaction flask with nitrogen gas, tributyltin hydride
(0.900 g, 3.09 mmol, 1.1 equivalents) was added slowly and dropwise
with stirring over 2 minutes. The reaction solution turned from
bright yellow to orange over 0.5 hour. The reaction solution was
then diluted with CH,Cl, (150 mL) and was extracted three times with
0.5 N aqueous hydrochloric acid (100 mL) and once with aqueous sodium
chloride (100 mL), then dried over sodium sulfate and concentrated in
vacuo to give an off-white solid which was recrystallized from CH,Cl,

and hexanes. The structure was confirmed by proton NMR, carbon-13
NMR, FAB mass spectroscopy and elemental analysis.

4-(3-Amino~4-benzoylphenoxymethyl)phenoxyacetic acid allyl ester.

2-amino-4-hydroxybenzophenone (3.55 g, 16.7 mmol) was
dissolved in 90 mL of N,N-dimethylformamide (DMF). Potassium
bis(trimethylsilyl)amide that was 0.5 M in toluene (33.0 mL,
16.5 mmol, 1.0 equiv) was added dropwise with stirring. Allyl 2-(4-
bromomethylphenoxy)acetate (4.47 g, 15.7 mmol, 0.95 equiv) was added
and the resulting brown slurry was stirred at ambient temperature for
45 min. The slurry was concentrated in vacuo, diluted with CH,CI,
(150 mL) and extracted with 1 N agueous sodium bicarbonate
(3 x 100 mL) and with 1 N aqueous sodium chloride (100 mL), and then
concentrated to give a yellow solid. Chromatography on silica gel
(4 cm x 20 cm) with ethyl acetate/hexane 25:75 to 33:66 provided
4.79 g (69% yield) pure product as a colorless oil: R0.6 (50:50
ethyl acetate/hexane). IR (film from CH,Cl,, partial) 3473, 3360,
1757, 1615, 1514 cm’!; 'H NMR (300 MHz, CDCl,) & 4.63 (s,2), 4.67 (d,
2, J =5.8), 4.90 (s,2), 5.23 (&4, 1, J = 1.0, 10.4), 5.31 (4d, 1,
J=1.3, 7.2), 5.89 (m, 1), 6.17 (44, 1, J = 2.3, 8.9), 6.20 (2, 1,
J=2.1) 6.45 (8, 2), 6.90 (4, 2, J = 8.6, 7.30-7.47 (m, 5), 7.54 (d,
1, 3 =1.7), 7.56 (s, 1). c NMR (75.5 MHz, CDCl,) & 65.4, 65.8,
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69.8, 114.2, 114.4, 114.9, 118.3, 119.1, 11%.7, 120.0, 129.2, 129.5,
131.4, 131.7,.132.7, 133.5, 148.8, 157.8, 161.8, 168.4, 196.4. Anal.
Calcd for C,H,NOs: C, 71.90; H, 55.5; N, 3.36. Found: C, 71.75; H,

5.49; N, 3.37.

4-(4-Benzoyl~3-fluorenylmethoxycarbonylamino~-phenoxymethyl)
~phenoxyacetic acid allyl ester.
4-(3-Amino-4-benzoylphenoxymethyl )phenoxyacetic acid

allyl ester (4.74 g, 11.4 mmol) and pyridine (1.09 g, 13.7 mmol,
1.2 equiv) were dissolved in 60 mL of CH,Cl,. The resulting yellow
solution was cooled to 0°C, and fluorenylmethoxycarbonyl chloride
(2.65 g, 1.14 mmol, 1.05 equiv) was added. The resulting solution
was stirred at 0°C for 15 min and then at ambient temperature for
1 h. The solution was diluted with CH,Cl, (150 mL), extracted twice
with 1 N aqueous sodium bisulfate (100 mL), once with dilute aqueous
sodium chloride (100 mL), and then concentrated to give a yellow
foam. The unpurified product was crystallized from CH,Cl, and hexanes
to give 4.87 g (79% yield) purified material as a white solid:
mp 96.5-97.5°C. R;0.45 (CHCl,); IR (film from CHCl,, partial)
3230(b), 1740, 1610, 1575 cm'; 'H NMR (300 MHz, CDCl,) & 4.32 (t, 1,

J=17.4), 4.44 (8, 1, J = 0.5), 4.71 (44, 2, J = 1.2, 5.9), 5.11 (s,

2), 5.26 (dd, 1, J = 1.2, 10.4), 5.30 (dad, 1, J = 1.4, 17.2), 5.85-
5.98 (m, 2), 6.58 (dd, 2, J = 2,5m 8.9) 6.92 (d, 2, J = 8.8, 6.92 (q,
2, J = 4.8, 9.6), 7.30-7.59 (m, 8), 7.63-7.70 (m,5), 7.76 (4, 2,

J =8.9), 7.77 (4, 2, J = 7.5), 8.29 (d, 1, J = 2.3).

B¢ NMR (75.5 MHz, CDCl,) & 47.3, 65.6, 66.2, 67.9, 70.0, 104.4,
109.6, 115.2, 115.8, 119.5, 120.4, 125.6, 127.5, 128.1, 128.8, 129.6,
129.8, 131.7, 131.9, 137.6, 140.0, 141.6, 144.1, 144.6, 154.1, 158.5,
164.1, 167.8, 199.1. Anal. Caled for C,H;NO,: C, 75.10; H, 5.20; N,
2.19. Found: ¢, 75.21; H, 5.33; N, 2.28.

4-(4-Benzoyl-3-fluorenylmethoxycarbonylaminophenoxymethyl)
" phenoxyacetic acid.
4-(4-Benzoyl-3- . '
fluorenylmethoxycarbonylaminophenoxymethyl)~-phenoxyacetic acid allyl
ester (2.76 g, 4.33 mmol) was dissolved in 50 mL of CH,CI,.
Tetrakis(triphenylphosphine)palladium (11 mg, 0.087 mmol, 0.02 equiv)
was added to the solution, and after flushing the reaction flask with
N,, tributyltin hydride (1.28 g, 4.75 mmol, 1.10 equiv) was added
dropwise with stirring over 2 min. The reaction solution turned from
bright yellow to orange over 0.5 h. The reaction solution was then
diluted with CH,Cl, (150 mL), extracted three times with 0.5 N aqueous
hydrochloric acid (100 mL), once with dilute aqueous sodium chloride
(100 mL), and then concentrated to give an off-white solid which was
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recrystallized from CH,Cl, and hexanes to provide 1.92 g (75% yield)
of purified material: mp 176-177°C; R,0.25 (75:25:1 ethyl
acetate/hexane/acetic acid); IR (film from CH,Cl,, partial) 3340(b),
1732, 1637, 1598, 1514 cm!; 'H NMR (400 MHz, d,~DMSO) & 4.32 (t, 1,

J =17.5), 4.45 (4,2, J = 7.6), 4.68 (s, 2), 5.10 (s, 2), 6.59 (d4d, 1,
J = 2.5, 9.0), 6.94 (4, 2, J = 8.8), 732 (q, 1, J = 1.1, 7.4), 7.35
(4, 1, J = 1.2),.7.39-7.75 (m, 4), 7.63-7.70 (m, 9), 7.77 (4, 2,
J=17.4), 8.24 (d, 1, J = 2.5), 8.81 (s, 1). "C NMR (101 MHz, d,
DMSO) & 46.4, 64.4, 66.1, 69.3, 114.3, 114.4, 120.1, 125.1, 125.6,
127.1, 127.6, 128.1, 128.6, 129.2, 129.6, 131.1, 131.9, 132.9, 135.3,
140.7, 143.5, 153.7, 157.0, 162.3, 170.1, 192.2. HRMS (FAB, m-
nitobenzyl alcohol) calecd for C;;H,NO, (M+H) 600.2024, found 600.2022.

4. Coupling 2-Aminobenzophenone-Linker

Complex to Solid Support
To a 30 mL peptide reaction flask was added 4-(4-(S5-chloro-2-

fluorenylmethoxycarbonylamino~-benzoyl)-phenoxymethyl)phenoxyacetic
acid (1.52 g, 2.4 mmol, 2.0 equivalents), aminomethyl resin (1.99 g,
1.19 mmol of 1% crosslinked divinylbenzene-styrene, 100 mesh size,

-substitution level 0.60 milliequivalents/g), and hydroxybenzotriazole

monohydrate (0.808 g, 5.28 mmol, 4.4 equivalents). Anhydrous DMF

(12 mL) was added to the flask and the mixture was vortexed for 0.5
hour to fully solvate the resin. Diisopropylcarbodiimide (808 mg,
5.28 mmol, 4.4 equivalents) was added by syringe. The reaction flask
was stoppered and then vortexed for 24 hours at which point the
ninhydrin test on approximately 10 mg of the solid support
demonstrated that coupling was complete. The solvent and reagents
were filtered away from the solid support and the support was rinsed
five times with 20 mL DMF and five times with 20 mL CH,Cl, (for each

rinse the mixture was vortexed for at least 30 seconds before

filtering off the solvent) and then dried in vacuo for 12 hours.

5. Attachment of Linker to Aminobenzo-
phenone Through Ester Coupling
A different substituted aminobenzophenone and linker from those
used in the preceding paragraphs are used here, with a variation in
the type of connecting group joining the two together.

4-Benzoyl-6-chloro-3-fluorenylmethoxycarbonylaminobenzoic acid
A solution was prepared by diluting 3-amino-4-benzoyl-6-
chlorobenzoic acid (5.59 g, 20.3 mmol) with approximately 70 mL of
CH,Cl,. Chlorotrimethylsilane (5.50 g, 51 mmol, 2.5 equivalents) was
added by syringe and the resulting white slurry was heated at gentle
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reflux for 1.5 hours. After cooling the mixture to 0°C, pyridine
(3.69 g, 46.7 mmol, 2.3 equivalents) was added by syringe,
immediately followed by addition of fluorenylmethoxycarbonyl chloride
(5.78 g, 22.3 mmol, 1.1 equivalents). The resulting slurry was
stirred for one hour under a nitrogen atmosphere. The reaction
solution was then diluted with CH,Cl, (150 mL) and was extracted three
times with 1.0 N aqueous sodium bisulfate (100 mL) and once with
aqueous sodium chloride (100 mL), then dried over sodium sulfate and
concentrated in vacuo to give a viscous oil. Pure product was
obtained in 64% yield (6.50 g) as a white solid by flash
chromatography with 5 cm X 25 cm silica gel and 40:60 ethyl acetate
and then 75:25:1 ethyl acetate/hexane/acetic acid as the eluent. The
structure was confirmed by proton NMR, carbon-13 NMR, and FAB mass
spectroscopy.

4-Benzoyl-6-chloro-3-fluorenylmethoxycarbonyl
aminobenzoyloxymethylphenoxyacetic acid allyl ester

To a flame-dried 50 mL flask fitted with stir bar was added 4-
benzoyl-6-chloro-3-fluorenylmethoxycarbonylaminobenzoic acid (2.50 g,
5.02 mmol) and allyl 2-(4-bromomethylphenoxy)acetate (1.12 g,
5.02 mmol). To this was added CH,Cl, (15 mL), followed by addition of
N,N-dimethylformamide dineopentyl acetal (1.16 g, 5.02 mmol,
1.0 equivalents) by syringe. The resulting red solution was stirred
for 15 hours at ambient temperature, then diluted with CH,C1l,
(150 mL), then extracted once with 1.0 N sodium bisulfate (100 mL)
and once with agqueous sodium chloride (100 mL), then dried over
sodium sulfate and concentrated in vacuo to give a red oil. Pure
product was obtained in 63% yield (2.23 g) as a pale yellow oil by
flash chromatography on 5 cm X 25 cm silica gel eluting with 25:75
hexane/CH,Cl, followed by 100% CH,Cl,. The structure was confirmed by
proton NMR, carbon-13 NMR, FAB mass spectroscopy and elemental
analysis.

4-Benzoyl-6-chloro-3-fluorenylmethoxycarbonyl
aminobenzoyloxymethylphenoxyacetic acid

The product of the preceding paragraph (2.2 g, 3.13 mmol) was
dissolved in 40 mL of CH,Cl,. To this was added tetrakis-
(triphenylphosphine)palladium (72 mg, 0.063 mmol, 0.02 equivalents),
and after flushing the reaction flask with nitrogen gas, tributyltin
hydride (1.00 g, 3.44 mmol, 1.1 equivalents) was added slowly
dropwise with stirring over 3 minutes. The reaction solution turned
from bright yellow to brown over 0.75 hour. The reaction solution
was then diluted with CH,Cl, (150 mL), then extracted three times with
0.5 N aqueous hydrochloric acid (100 mL) and once with aqueous sodium
chloride (100 mL), then dried over sodium sulfate and concentrated in
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vacuo to give an off-white solid which was recrystallized from CHJCI,
and hexanes to provide the pure product as an off-white solid

(1.60 g, 77% yield). The structure was confirmed by proton NMR,
carbon-13 NMR, and FAB mass spectroscopy. '

6. Coupling 2-Aminobenzophenone-Linker

Complex to Solid Support
To a 30 mL peptide reaction flask was added the product of the

preceding paragraph (2.0 g, 3.02 mmol, 2.0 equivalents), aminomethyl
resin (1.91 g, 1.51 mmol of 1% crosslinked divinylbenzene-styrene,
200-400 mesh size, substitution level 0.79 milliequivalents/g), and
hydroxybenzotriazole monohydrate (0.925 g, 6.04 mmol,

4.4 equivalents). Anhydrous DMF (10.4 mL) was added to the flask and
the mixture was vortexed for 0.5 hour to fully solvate the resin.
Diisopropylcarbodiimide (762 mg, 6.04 mmol, 4.4 equivalents) was
added by syringe and an additional 2.0 mL of DMF was added to rinse
down the sides of the peptide reaction flask. The reaction flask was
stoppered and then vortexed for 24 hours at which point the ninhydrin
test on approximately 10 mg of the solid support demonstrated that
coupling was complete. The solvent and reagents were filtered away
from the solid support and the support was rinsed five times with

20 mL DMF and five times with 20 mL CH,Cl, (for each rinse the mixture
was vortexed for at least 30 seconds before filtering off the
solvent) and then dried in vacuo for 12 hours.

7. General Protocol for Synthesis of 1,4-Benzo-

diazepine Derivatives on Solid Support
A quantity of the dry solid support to which is bound the

substituted 2-aminobenzophenone as prepared above, corresponding to
structure 2 of Reaction Scheme I above, in which the quantity of
substituted 2-aminobenzophenone amounts to 0.5-0.15 mmol, is added to
a 50 mL round bottom flask fitted with a stir bar. Approximately

15 mL of DMF is added to the reaction flask and the resulting slurry
is stirred for 1 hour at ambient temperature to ensure that the

-support is solvated. The DMF ‘is then removed by a filtration

cannula. To the remaining solvated solid support is added 15 mL of
20% piperidine in DMF, and the resulting yellow slurry is stirred for
20 to 30 minutes at ambient temperature. The solvent is then removed
by the filtration cannula and the remaining yellow solid support is
rinsed five times in 1{ =1 DMF and five times in 10 mL CH,Cl,, each
washing continuing for approximately thirty seconds with stirring,
with cannula filtration between successive washings. This results in
the removal of the protecting group from the support-bound
2~aminobenzophenone.
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The support with the unprotected 2-aminobenzophenone is now
combined with a CH,Cl, solution containing 0.2 M of an Fmoc-protected
aminoacyl fluoride (with any of various groups for R®) and 0.2 M 2,6-
di-t-butyl-4-methylpyridine (at least eight-fold excess relative to
the molar amount of support-bound 2-aminobenzophenone). After
stirring the resulting slurry for 15 hours at ambient temperature,
the solution is removed by filtration cannula, and the support-bound
intermediate (which corresponds to structure 3 of Reaction Scheme I)
is washed three times each with 10 mL CH,Cl, and 10 mL DMF in the
manner described above. A yellow slurry is then formed by adding
15 mL of 20% piperidine in DMF. The slurry is stirred for twenty to
thirty minutes at ambient temperature. The solvent is then removed
by filtration cannula, and the yellow support is rinsed three times
each with 10 mL DMF and 10 mL CH,Cl, in the manner described above.
The resulting intermediate is then diluted with 25 mL of 5% acetic
acid in DMF, and the slurry is stirred at 40-45°C for 12 hours. The
solvent is then removed by filtration cannula, leaving the cyclic
product attached to the support, corresponding to structure ¢ of
Reaction Scheme I. The support is then rinsed three times each with
10 mL DMF and 10 mL freshly dried tetrahydrofuran (THF) in the manner

-described above. The reaction flask is then sealed with a fresh

rubber septum, flushed with nitrogen, and placed under positive
nitrogen pressure. Once pressurized, the flask is placed in a -78°C
acetone/dry ice bath.

In a separate flame-dried 25 mL round bottom flask fitted with
a stir bar is added 12 mole equivalents of S5-phenylmethyl-2-
oxazolidinone relative to the molar amount of the support-bound
cyclic product. The flask is then stoppered with a rubber septum and
flushed with nitrogen for five minutes, then maintained under
positive nitrogen pressure. To the flask is then added freshly
distilled THF in a volume appropriate to provide a 0.12 M solution of
S5-phenylmethyl-2-oxazolidinone in THF. The resulting clear and
colorless solution is then cooled to -78°C and 10 mole equivalents of
2.0 M n-butyl lithium in hexanes relative to the molar amount of the
support-bound material is then added dropwise with stirring. The
solution is then stirred at -78°C for 15 minutes, and then
trangferred by cannula to the reaction flask containing the solid
support, with stirring at =-78°C.

The resulting slurry is stirred at -78°C for 1.5 hours at which
point 15 mole equivalents of the appropriate alkylating agent (the
alkyl group corresponding to the substituent R® in Reaction Scheme I)
is added by syringe, followed by approximately 10 mL of anhydrous
DMF. The resulting slurry is allowed to warm to ambient temperature
with stirring. After 3 hours of stirring at ambient temperature, the
solvent is removed by filtration cannula. The support is then washed
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once with 10 mL THF, twice with 10 mL of 1:1 THF/water, twice with
10 mL THF, and twice with 10 mL CH,Cl,. The product on the solid
support at this point is the alkylated benzodiazepine represented by
the structure 5 of Reaction Scheme I. L

To the solid support is then added 15 mL of 95:5:10
trifluoroacetic acid/water/dimethylsulfide. The resulting slurry is
stirred to 3% hours, then concentrated in vacuo. The yellow solid is
then diluted with 5 mL of 1:2 methanol/CH,Cl, and filtered to remove
the solid support. The solid support is then rinsed three times with
5 mL of the same solvent. Concentration of the combined filtrate
then provides the unpurified product corresponding to structure 6 of
Reaction Scheme I, with a purity of 80-100%. The product is then
purified by silica gel chromatography with either methanol (2-10%) in
CH,Cl, or with hexane/ethyl acetate/acetic acid 48-0/50-98/2.

Following this general procedure, the following benzodiazepine
derivatives were prepared, the structure of each confirmed as
indicated:

7-Chloro-1;3-dihydro-5- (4~ H o
hydroxyphenyl)~-3-methyl~(2H)1, 4~

benzodiazepin-2~one
i : uuCH:3
(Structure confirmed by cl —N

proton NMR, carbon-13 NMR,
and electron impact mass

spectrometry.) O

7-Chloro-1, 3-dihydro-5- (4~
hydroxyphenyl)-1,3-dimethyl-
(2H)1,4~benzodiazepin=-2-one

(Structure confirmed by
proton NMR, carbon-13 NMR,
and electron impact mass
spectrometry.)

SUBSTITUTE SHEET
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7-Chloro-1, 3-dihydro-5-(4- HgC—\ 0
hydroxyphenyl)~-l-ethyl-3-methyl-

(2H)1,4-benzodiazepin-2-one
’ lnlCH3

(Structure confirmed by cl
proton NMR, carbon-13 NMR,
and FAB mass spectrometry

in m-nitrobenzyl alcohol.) O
10 .

OH
1-Allyl-7-chloro-1,3-dihydro-5-
(4-hydroxyphenyl)=-3-methyl-
(2H)1, 4-benzodiazepin-2-one 0
15
{Structure confirmed by
proton NMR, carbon-13 NMR, wiCH
and FAB mass spectrometry 3
in m-nitrobenzyl alcohol.) Cl =N
20
OH
7-Chloro-1,3-dihydro-5-(4- HqC—\ 0

hydroxyphenyl)-l-ethyl-3-(4-

hydroxyphenylmethyl)-(2H)1, 4~ "
25 benzodiazepin-2-one w \\[:::1\
cl =N
OH

(Structure confirmed by

proton NMR, carbon-13 NMR,

and electron impact mass
30 spectrometry.)

8-Carboxy-7-chloro-1,3-dihydro-
1,3-dimethyl-5-phenyl-(2H)1,4-
35 benzodiazepin-2-one

{Structure confirmed by
proton NMR and carbon-13
‘NMR. )

40
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7-Chloro-1, 3-dihydro-1-ethyl-5- CHq
(4-hydroxyphenyl)-3-isopropyl- (
(2H)1,4-benzodiazepine-2-one

0

5

(Structure confirmed by

proton NMR, carbon-13 NMR O NN{"".<
and FAB mass spectrometry cl —N
in m-nitrobenzyl alcohol.)

) (J

OH
7-Chloro-1, 3-dihydro-3- CHg
carboxymethyl-l-ethyl-5-(4-
hydroxyphenyl)~(2H)1, 4- 0 o

15 benzodiazepine-2-one
(Structure confirmed by O o OH
proton NMR, carbon-13 NMR cl =N
and FAB mass spectrometry
20 in m-nitrobenzyl alcohol.) I
OH
8-Carboxy-7-chloro-1,3-dihydro-1- 0 CH3 o
methyl-5-phenyl~3-phenylmethyl~
25 (2H)1,4-benzodiazepine-2-one HO \
w
(Structure confirmed by c1
proton NMR, carbon-13 NMR

and FAB mass spectrometry

=N
30 in m-nitrobenzyl alcohol.) O

8~Carboxy~-7-chloro-1, 3-dihydro-3-
methyl-5-phenyl-1-phenylmethyl-
35 (2H)1,4~-benzodiazepine-2-one

(Structure confirmed by

proton NMR, carbon-13 NMR

and FAB mass spectrometry
40 in m-nitrobenzyl alcohol.)

SUBSTITUTE SHEET
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7-Chloro-1,3-dihydro-l1-ethyl=-5- CH3
(4-hydroxyphenyl)-l-ethyl=-3-(4- ;
aminobutyl)=-(2H)1, 4- _ 0

benzodiazepine-2-one

(Struc{:ure confirmed by O “"'/\/\NHZ
Cl =N

‘proton NMR and FAB mass

spectrometry in m-.
nitrobenzyl alcohol.)
OH

8. Racemization Assay
The following assay confirmed that racemization had not

occurred during any step of the reaction sequence. The test species
were the benzodiazepine derivative (S)- and (R)- isomers of 7-chloro-
1,3-dihydro-5-(4-hydroxyphenyl)~-1-ethyl-3-methyl-(2H)1, 4-benzo-
diazepin-2-one, the third of the eleven products shown above (R* = Cl
at the 7-position on-the structure, i.e., para- relative to the amide
group, R® = methyl and R® = ethyl).

The (S)~isomer was prepared according to the general protocol
described above, using (S)-N-Fmoc-alanyl fluoride for amide bond
formation and ethyl iodide as the alkylating agent. The
benzodiazepine was treated with excess diazomethane in 5:1
THF /methanol for 2 hours to give the methyl ether product. The ether
product was evaluated for optical purity by HPLC analysis on a
10mm x 25 cm 3,5~-dinitrobenzoylphenylglycine chiral Pirkle column
with 2% isopropanol in hexane as the eluent, a flow rate of 6 mL/min

and with absorbance monitored at 260 nm. The (S)-benzodiazepine

eluted at 22.24 min. None of the (R)-benzodiazepine was observed
(i.e., less than 1%), confirming that racemization had not occurred.

The procedure was repeated, except that (R)-N-Fmoc-alanyl
fluoride was used in place of (S)-N-Fmoc-alanyl fluoride. The
(R)-benzodiazepine eluted at 21.628 min.

9. Solid Phase Synthesis of 1,4-Benzodiazepines

on Amino-derivatized Polyethylene Pins in 96
Well Microtiter Plates.
Amino~derivatized polyethylene pins (commercially

available from Cambridge Research Biochemicals) were presolvated in
CHCl, (0.8 mL for 5 min) as described by Bellamy, et al., Tet. Lett.,

1984:25, 839-842, which is incorporated herein by reference, and then

rinsed with MeOH (air.dried to 10 min), DMF, prior to Fmoc
deprotection with 1:4 piperidine in DMF (1 x 1 min, then 1 x 20
min.). After rinses with DMF, MeOH (air dry), DMF (x2), a 0.05 M

SUBSTITUTE SHEET
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solution -of aminobenzophenone-linker 24 in DMF was coupled to the
pins for 12 h with hydroxybenzatriazole and diisopropylcarbodiimide
for form 25. After rinses with DMF (x2), MeOH (air dried), CH,Cl,
(x2), DMF, the Fmoc of 25 was removed with 1:4 piperidine in DMF (1 x
1 min, then 1 x 20 min). The yellow pins were rinsed with DMF (x3),
MeOH (air dried), CH;Gl,, and then coupled with a 0.2 M solution of
Fmoc AA-F in CH,Cl, with the microtiter plates in a CH,Cl, for 3 days
to form 53. Coupling could be monitored by the disappearance of the
yvellow color of the pins (the aminobenzophenone is yellow, while the
anilide product is clear). After 3 days the pins were rinsed with
CH,Cl, (x3), MeOH (air dried), DMF (x2), followed by a second Fmoc
deprotection with 1:4 piperidine in DMF (1 x 1 min, then 1 x 20 min).
The pins were rinsed with DMF (30 min), MeOH, DMF (x2), then 53 was
exposed to 5% acetic acid/butanol at 90°C for 12 h to give the cyclic
product 55. Compound 55 was rinsed with DMF (x3) and THF. The pins,
and all necessary reagents, were then transferred to a glove bag
preflushed with N, (g). After another THF rinse, compound 55 was
deprotonated for 30 min at 0°C with 0.14 M lithium oxazolidinone in
THF (with 10% v/v DMF), and alkylated with 0.40 M alkylating agent in
DMF for 12 h at ambient temperature all in the glove bag. Lithiated

.oxazolidinone was prepared in a flame-dried round bottom flask by

dissolving 5-phenylmethyl-2-oxazolidinone (0.15 g, 0.85 mmol) in 5 mL
THF and cooling to -78°C, then 1.6 M n-butyllithium in hexanes was
added dropwise with stirring by syringe (0.8 mole equiv relative to
oxazolidinone). The solution was stirred for 15 min and 0.5 mL of
dry DMF was added via syringe prior to deprotonation of compound 55.
Alkylating agents were purchased from Aldrich Chemical Co. and
filtered through alumina except when they were solids. The 0.4 M
solutions of alkylating agents in dry DMF were prepared immediately
prior to alkylation. After alkylation the benzodiazepine product 57
was removed from the glove bag, rinsed with DMF, DMF/H,0, MeOH (air
dried), CH,Cl,, and cleaved from the support for 6 h with 85:5:10
trifluoroacetic acid/water/dimethylsulfide. TFA solution was removed
from the wells with a Jouan rotary evaporator (model #RT105) to give
unpurified 1,4-benzodiazepines 59 spatially separate in the
microtiter plates. Benzodiazepines were dissolved in exactly 200ul
of a DMF stock solution containing 4 mg/mL of fluorenone as an
internal standard. Percent yields were determined relative to other
benzodiazepines and fluorenone on a Rainin UV-HPLC using a 15-100%
methanol /water (0.1% TFA) gradient over 40 min with a 1mL/min flow
rate and monitoring absorbance at 350 nm.
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Benzodiazepines Synthesized on Pins
and Their Retention Times by HPLC

1,4-benzodiazepines® Retention Times®
A/E° 17¢
V/H 24
F/H 28
K/H : 15
Y/H 22
R/H 18
W/H 30
N/H 27
G/H 16
V/Me 27
V/Et ‘ 29
V/nPr 31
V/Bn 32
V/MeOBn 32
V/Acetamide 21
V/Xyl : 34
V/Cinnanmyl 35
A/Bn 27
A/Acetamide 18
A/Cinnamyl 30
A/Et 17
A/Me 25
A/Xyl 34

A/H/aminobenzophenone 2b (2-amino-5-
chloro-4'-hydroxybenzophenone) 16

‘Unless otherwise stated, benzodiazepines were derived from
aminobenzophenone 2b.

*Retention times are given in minutes. For relative yields
of individual experiments, see the Results and Discussion section.

‘Benzodiazepines are abbreviated by amino acid and
alkylating agent, i.e., valine/benzylated/benzodiazepine derivative
is abbreviated V/Bn.

‘Fluorenone, the internal standard, has a retention time of
33 min.

10. Combinatorial Synthesis and Screening
The procedures described in the preceding sections of this

example are used in a combinatorial synthesis by using pins in place
of the solid phase particles in one embodiment. The removal of
reaction solutions and rinses from the support is accomplished by
physically lifting the pins out of the reaction solutions which are
retained in 96-well Microtiter plates, and dipping them into rinse
solutions, rather than employing a filtration cannula. Air- and
water-sensitive reactions are conducted in a glove bag or glove box.
The benzodiazepine derivatives are cleaved from the pins into the
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wells of a 96~well Microtiter plate by treatment with the acid
cleavage cocktail 95:5:10 trifluoroacetic acid/water/dimethylsulfide.
The cleavage cocktail is then removed by employing a Microtiter plate
speed vacuum apparatus (such as Savant Speed Vac and Microtiter
Rotor, Model #SS). Screening is then performed by any of the
standard methods for performing screens on Microtiter plates. These
methods represent an adaptation of the methods described by Geysen
and coworkers in Geysen et al., J. of Immunological Methods (1987)
102:259-274, incorporated herein by reference.

III. Prostaglandins

A.  Description
In a similar manner, the invention is applicable to preparing

and screening derivatives of prostaglandins, which are local hormones
that regulate a wide variety of physiological processes. Naturally
occurring prostaglandins and synthetic derivatives have served as
important therapeutic agents for treating many physiological
disorders. The present invention may be used for the study of
prostaglandins with such goals as developing more potent derivatives
or developing derivatives specific for disorders for which no known

prostaglandins are effective.

Here as well, a solid-phase synthesis method has been developed.
An illustration of this method is shown in Reaction Scheme IX.
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REACTION SCHEME IX

The solid phase in this method is a polystyrene/divinyl benzene
resin (represented by the circled P in the Reaction Scheme) that has
been surface-derivatized to include terminal benzyl chloride groups
61. A functionalized dihydropyran 62 is coupled to the resin through
an alkylative process in accordance with the procedure of Merrifield,
as described in Lu et al., J. Org. Chem. (1981) 46:3433-3436, to form
the further derivatized resin 63. The resin is then reacted with in
the presence of acid to form the coupled product 64a. The coupling
not only serves to immobilize the P-hydroxycyclopentenone, but also
to prevent intermolecular proton transfer between unreacted
hydroxycyclopentenone and the enolate which would be formed upon
cuprate addition to the hydroxycyclopentenone if the latter were not
coupled in this manner.

A second, more preferred route to the intermediate
p~hydroxycyclopentenone pyranYl ether, such as 64a, is shown as 64b
in Reaction Shceme X below. The di-dihydropyranyl ester 68,
available commercially (Fluka) is hydrolized in a basic water/dioxane
solution to form in part alcohol 12 which is coupled to a bromoalkyl
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derivatized poly(styrene)block(polyoxoethylene) support 69, known
commercially as "Tentagel-S" (Rapp Polymere), using NaHMDS and N,N-
dimethylacetamide (DMAc) at dry-ice temperature to form the polymer-
bound ether 70. Reaction of 70 with f-hydroxycyclopentenone with

5 acid catalysis — pyridinium p-toluenesulfonate (PPTS) in methylene
chloride = provides 64b.

H,0, dioxane,

NaOH, rt o) o X
. a
0
""‘“‘f“’ | . N NEr
69
68 12
NaHMDS, DMAc,
-300¢C
&
0 o  «° ' o 0
e \V/A\O/”\T:;:jf - e ~"No I
o g © - pPTS, CHLL,, rt '
64b 70

REACTION SCHEME X

Referring back to Reaction Scheme IX, alkylation of 64a at the
4- and 5-positions on the pentenone ring is achieved by the well-
10 known reaction with RECuLi (where RF is alkyl or substituted alkyl)

R under anhydrous conditions, inert atmosphere and low reaction
temperatures, to form the intermediate enolate 65a, followed by
reaction with an alkyl halide R*X (where RF is alkyl or substituted
alkyl) to form the fully alkylated yet still immobilized

15 prostaglandin derivative 66a (see March). The same reactions would
. be applied to 64b to obtain the corresponding products. Further
manipulations can then be performed to extend the range of
derivatives. Examples are reduction or addition of alkyl lithiums or
Grignard reagents, olefination of the ketone functionality (by, e.g.,
20 using the Witting reaction), or modification of either or both of the
alkyl side chains on the pentanone ring. For example, the side
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chains RE and Rf may be later joined to form a ring adjacent the
cyclopenane ring, or a new ring may be added using a Diels-Alder
addition of butadiene derivative. Other manipulations will be
apparant to those of skill in the art.

5 Cleavage of the prostaglandin derivative from the resin is
readily achieved by treatment with a 3:1:1 mixture of acetic acid
(HOAc), tetrahydrofuran (THF) and water to liberate the desired
product 67. '

Screening may then be performed in a manner analogous to that

10 described above for the benzodiazepine derivatives.
B. Examples

The following generalized protocol follows Reaction Scheme IX.

The protocol describes a solid-phase synthesis using a particulate

15 resin. Translation of the protocol into a combinatorial synthesis
and screening is achieved in the same manner described above in the

benzodiazepine derivative examples.

General

20 Unless otherwise noted, all reagents were obtained from
_commercial suppliers and used without further purification.
Pyridinium p-toluenesulfonate (PPTS) was prepared according to the
procedure of Yoshikoshi (J. Org. Chem., 1977, 42, 3772), and Jones'
reagent was prepared according to the procedure of Djerassi (J. Org.

25 Chem., 1956, 21, 1547). Bis(cyclopentadienyl)zirconiumhydridochloride
(Schwartz's reagent) was prepared according to the method of Buchwald
(Organic Syntheses 1992, 71, 77). All solvents were distilled under
nitrogen from the following drying agents immediately before use:
Ether, tetrahydrofuran (THF), 1-4 dioxane, and 1,2-dimethoxyethane

30 (DME) were distilled from sodium/benzophenone ketyl, dichloromethane
(CHCl,), pyridine, and N,N-dimethylacetamide (DMAc) were distilled
from calcium hydride, toluene was distilled from sodium, and ethanol
was distilled from Mg(OEt),. All reagent solutions were handled
under an inert nitrogen atmosphere using syringe and cannula

35 techniques. All reactions unless otherwise noted were carried out in
flame or oven dried glassware under inert nitrogen atmosphere.
Thin-layer chromatography R, values were recorded on Merck 60 F,,0.25
micron silica gel plates, using cobalt nitrate/ammonium molybdate
staining. Chromatography was carried out using Merck 60 230-400 mesh

40 silica gel according to the procedure reported by Still (J. Org.
Chem., 1978, 43, 2923). The concentrations of commercially available
alkyllithium reagents were periodically checked by titration with
diphenylacetic: acid (J. Org. Chem., 1976, 41, 1879). Unless
otherwise noted, all organic layers were dried over anhydrous MgSoO,,

45 and all solvents were removed with a rotary evaporator under
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aspirator pressure. Gas chromatography data were obtained using a
Hewlett-Packard 5890A Gas Chromatograph with a flame ionization
detector and HP3393A integrator. Unless otherwise noted, IR spectra
were recorded as thin films on NaCl plates and referenced against a
polystyrene film. <Chemical shifts in NMR spectra are expressed in
ppm downfield from internal tetramethylsilane or relative to internal
CHCl;. J values are in Hertz. Mixtures of stereoisomers frequently
had overlapping resonances in C NMR spectra, so the correct number
of resonances may not be shown. Stereoisomers are reported as
isomers A and B.

1. Preparation of Functionalized Dihydropyran

The compound prepared by this procedure is the sodium salt of
2-hydroxymethyl-3,4-dihydro-2H-pyran, which is compound 62 of
Reaction Scheme IX.

To a 0.2 M solution of (3,4-dihydro-2H-pyran-2-ylmethyl)-3,4~
dihydropyran-2H-pyran-2-carboxylate (a commercially available
compound) in 2:1 dioxane/water is added 1.5 equivalents of 1 N
aqueous sodium hydroxide with stirring. The reaction is continued at
ambient temperature until complete as confirmed by thin-layer
chromatogfaphy (TLC). The solvents are then removed in vacuo and the
residue is partitioned between 1 N aqueous sodium carbonate solution
and ethyl acetate. The organic layer is washed twice with sodium
carbonate solution and once with aqueous sodium chloride solution,
then dried over sodium sulfate and concentrated in vacuo to give the

product. If necessary, the product can be purified by silica gel
chromatography using ethyl acetate/hexane/triethylamine as eluent.

The compound prepared by this procedure is
(3,4-Dihydro-2H-pyran-2-yl)methanol, which is compound 66 of Reaction
Scheme X. :

To a solution of 18.0 g (80.2 mmol) of
(3,4~-Dihydro-2H-pyran-2-ylmethyl) 3,4-dihydro-2H-pyran-2-carboxylate

(65) in 90 mL of water and 30 mL of dioxane was added 4.95 g (124

mmol) of NaOH. The reaction solution was stirred 30 min, then
extracted directly with ethyl acetate (3 x 150 mL). The combined
organic layers were dried and evaporated to provide a yellow oil.
Chromatography on 100 g of silica gel eluting with 2 L of 1:3 ethyl
acetate/hexanes afforded 6.61g (72%) of alcohol 66 as a colorless
oil. 1IR: 3380, 2930, 1651 cm'. 'H NMR (400 MHz): d 1.63-1.73 (m,
1); 1.77-1.82 (m, 1); 1.94-2.02 (m, 1), 2.06-2.16 (m, 1), 2.79 (br s,
1), 3.62-3.71 (m, 2), 3.88-3.93 (m, 1), 4.68~4.72 (m, 1), 6.38 (4, 1,
J = 6.2). Bc NMR (101 MHz): d 19.3, 23.9, 65.2, 75.6, 100.8,
143.3. HRMS (EI): m/z calcd for CH,0,: 114.0681. Found: 114.0682.
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2. Derivatization of a Solid-Phase Resins
with the Functionalized Dihydropyran

a. Polystyrene/Divinyl Benzene Solid Support

The derivatized resin of this procedure is shown as structure 63
of Reaction Scheme IX.

Chloromethylated polystyrene resin (1% crosslinked
divinylbenzene-styrene, 100-200 mesh, substitution levels 0.6-
1.0 meq/g) is solvated in three volumes of freshly distilled
tetrahydrofuran (from sodium/benzophenone ketyl) with slow stirring
under positive nitrogen atmosphere in a flame-dried round bottom
flask. In a separate flame-dried flask is added 2-hydroxymethyl-3.4-
dihydro~2H-pyran (3.5 mole equivalents relative to meq of
chloromethyl groups). The flask is then flushed with nitrogen, then
maintained under a positive nitrogen pressure. Freshly distilled THF
or dimethylacetamide is then added by syringe until a 0.2 M
concentration is reached. The solution is then cooled to -78°C. To
this solution is added 2.0 M n-butyl lithium in hexanes (3.0 mol
equivalents relative to meg of chloromethyl groups), dropwise with
stirring. The solution is stirred at -78°C for 0.5 hour, then
transferred by cannula with stirring to the solvated support
precooled to -78°C. The resulting slurry is then allowed to warm to
room temperature with stirring over 1-12 hours. The solution is
removed by filtration cannula, and the support is washed once with
THF, then three times with CH,Cl,, then dried in vacuo for 12 hours.

b. Coupling to the Tentagel-S Support
The derivatized resin of this procedure is shown as structure 68

of Reaction Shceme X.

Into a 50 mL round bottom flask was placed 1.00 g (0.27 mequiv)
of Tentagel-S (Bromide) (Rapp Polymere, 100 mesh
poly(styrene)block(polyethyleneglycol)) resin. The atmosphere was
replaced with nitrogen, and the resin was solvated in 3 mL of DMAc.
Into a separate flask was placed 92 mg (0.81 mmol) of alcohol 66 and
3 mL of DMAc. The flask containing alcohol 66 was chilled in a
isopropanol/dry ice bath until the DMAc froze. As it melted and
stirring became possible, 0.87 mL (0.87 equiv, 1.0 M solution in THF)
of sodium hexamethyldisilazide was added and the solution was stirred
for 5 min. The resin slurry was then chilled until the DMAc froze,
and as the solution thawed and stirring became possible, the solution
containing the cold sodium anion of alcohol 66 was added via a
cannula. The temperature of the system was increased to 25 'C, and
the slurry was stirred for 14 h. The resin was then washed with a
solution of 1:1 N,N-dimethylformamide (DMF)/water (3 x 20 mL), pure
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DMF (3 x 20 mL), and CHCl, (4 x 20 mL), and dried in vacuo (0.2
torr).

3. Coupling of 4-~Hydroxycyclopent-2-en-one

to Derivatized Resins

a. Polystyrene/Divinyl Benzene Solid Support

‘The coupled product of this procedure is shown as structure 64
of Reaction Scheme IX.

To a flame-dried round bottom flask fitted with stir bar is
added the derivatized support prepared in the preceding section of
this example and 5 mole equivalents of 4-hydroxycyclopent-2-en-one.
After flushing with nitrogen, freshly distilled CH,Cl, is added until
the solution is 0.2-0.5 M in‘hydroxycyclopentenone. Toluenesulfonic
acid (0.05-0.5 mole equivalents) is added with stirring for 1-24
hours. The solution is then removed by filtration cannula, and the
support is washed five times with CH,Cl,, then dried in yacuo.

b. Polystyrene-polyethyleneglycol (Tentagel-S) Solid Support

This is structure 68 of Reaction Shceme X.

To 500 mg (approx. 0.125 mmol) of linker derivatized resin was
added 130 mg (1.30 mmol) of 4~hydroxy-2-cyclopentenone and 5 mL of
1,2 dichlorethane. To the slurry was added 65 mg of pyridinium
p-toluene sulphonate as an acid catalyst, and the solution was heated
at 60 'C for 14 h. The reaction solution was then drained from the
resin, and the resin was washed with 3 x DMF and 4 x CH,Cl,.
4~-Hydroxy-2-cyclopentenone was determined to be bound to the solid
support by both *c NMR and by FT IR analysis. C NMR: 163.3, 135.2,
97.5, 90.2, 42.5, 41.6, 29.5, 27.2, 17.5; IR (cm!, KBr) 1718 (C=0).

4. General Procedure for Cleaving a Prostaglandin From the
Tentagel~S Suppport

The following is a general procedure for cleaving the product
alcohol from the Tentagel-S support. To 600 mg of PGE, was added 20
mL of 3:1:1 acetic acid/H,0/THF. The reaction temperature was raised
to 40 ‘C and the slurry was stirred for 14 h. The solution was
collected by cannula filtration, and the resin was washed with THF (3
x 20 mL). The combined solutions were concentrated in vacuo (1 torr)
to provide 21 mg of the addition product as colorless crystals.
Spectra were in excellant agreement with a commercial sample of PGE,.

IV. f~-Turn Mimetics
A. Description
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A third example of a class of compounds to which the present
invention may be applied are P-turn mimetics. These are compounds
having molecular structures similar to P-turns which are one of three
major motifs in a protein's molecular architecture. As one of the
structural motifs, f-turns play a critical role in protein-ligand and
protein-protein interactions. This role often takes the form of
recognition between peptide hormones and their respective receptors.
The development of a combinatorial library of P-turn mimetics will -
provide potential therapeutic agents whose activity is a result of
the enhanced affinity between the p-turn structure and its receptor.

f-turns are loosely defined as a reverse in the direction of a
peptide chain which takes place over four amino acid residues. Class
I P-turns have two side chains, while class II P-turns have three
side chains. A number of f-turns have been classified based on the
geometries observed along the peptide backbone. Examples of a
generic P-turn 71 and a generic P-turn mimetic 72 are shown below.

0 Ri+2 0 Ri+2

H i+3 H

: NH
r S
° T T \ /
i Backbone
R

NH

v %2

B

While orientation of side chains i+l and i+2 is critical for
receptor recognition, significant structural variations exist along
the P-turn backbone which affect the relative orientations of these
side chains. The vast number of spatial combinations possible for
these side chains has resulted in tremendous difficulty in
identifying the optimal structure of a f-turn mimetic for high
affinity binding to a specific receptor. This problem can now be
addressed by the synthesis and screening of a combinatorial library
of P-turn mimetics which encompasses virtually all possible side-
chain combinations and multiple orientations for each combination.

To apply the methods of this invention to P-turn mimetics 72, a

.solid-phase synthesis strategy has been developed, as outlined in

Reaction Scheme XI.
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REACTION SCHEME XI

The components required to introduce the amino acid side-chains
of the mimetic include the protected amino acids themselves 74 and a-
halo acids or esters 73 which are available in one step from the
corresponding amino acids or esters. See, Evans et al., J. Am. Chem.
Soc. (1989) 111:1063-1072, and Koppenhoefer et al., Organic Synthesgis
(1987) 66:151-159, incorportaed herien by reference. Utilizing both

(R) and (S) enantiomers of components 73 and 74 increases the
diversity in side-chain orientations which are synthesized. A third
component 75 serves to define the geometry of the two side-chains and
further provides a site for attachment to a solid support. Examples
of readily available derivatives of component 75 are shown below.
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Preferred compounds of the formula 75 have the structure HS~

5 CRR' (CH,),CR' 'R' ' '=NH, where R, R', R'' and R''' are selected
independently from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substitued aryl, heteroaryl, substituted
heteroaryl, alkoxy, amino, amido, or groups which together form an
alkly, aromatic or heteroaromatic ring, provided that one of

10 R,R',R'', or R''' is an carboxyl, activated carboxyl or acyl halide.
Activated carbonyl is defined herein a carboxy group which includes a
moeity known to activate the carboxyl carbon to nuclophillic attack.
Examples of such groups are carbodiimides (e.g.,
diisopropylcarbodiimide). Preferred values of n are 0, 1, 2, and 3.

15 Because many derivatives of each of the components 73-75 are
available or can be synthesized in very few steps, a large
combinatorial library based upon p-turn mimetics can be constructed
rapidly and efficiently.

20 1. Solid Phase Synthesis of Class I P-Turns

A more complete synthesis route to 72 is shown in Reaction
Scheme XII.

SUBSTITUTE SHEET
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REACTION SCHEME XII
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The particular couplings en route to 72 are all well
precedented. Initial coupling of the backbone component 75, having
the general formula P,S-CRR'(CH,).CR''R'''-NHP, where P, and P, are
selected from the group consisting of thiol and amine protecting
groups respectively; and R, R', R'' and R''' are selected
independently from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substitued aryl, heteroaryl, substituted
heteroaryl, alkoxy, amino, amido, carboxyl, acyl or groups which
together form an alkly, aromatic or heteroaromatic ring, and n is O,
1, 2, or 3, provided that at least one of R, R', R'' and R''' is
carboxyl or acyl, with a solid support to yield 76 can be achieved
using amide forming reactions which are well known in the art. A
preferred support is one comprising a poyethylene glycol and
polystyrene block copolymer, such as that available from Millipore or
Rappe Polymere (Tiibingen, Germany) and described in Bayer, E., Ang.
Chem. Int. Ed., Eng., 1991, 30, 113-129. In stucture 75, the amine
and thiol are protected as the Fmoc-amine and disulfide,
respectively; however, other means of protecting these
functionalities will be apparant to those having skill in the art
(see Green). Subsequent deprotection of the amine (by treatment with

.20% piperidine in DMF) to form the free amine of 76 can be carried

out without racemization of the chiral centers using the methods
employed by several groups for similar alkylations. See, Benovitz et
al., Peptides (1985) 6:648; Nicolaides et al., J. Med. Chem. (1986)
29:959-971 (1986); and Spatola et al., J. Org. Chem. (1981) 46:2393-
2394 (1981). The resulting free amine can then be coupled to an
Fmoc-protected amino acid having the desired R'*? side chain using
standard conditions to produce 77. Removal of the Fmoc protecting
group is performed as described above. Reduction of the disulfide
using known methods (e.g., n-Bu,P and tetramethylguanidine (TMG)) and
subsequent reaction with an a-halo acid having the desired R*!' side
chain to form 78 is accomplished preferably by combining the
phosphine and a~halo acid with 77 in a solvent mixture containing
BuOH/DMF/H,0 in a preferred ratio of 5:3:2. Another preferred
solvent mixture is one in which butyl alcohol is replaced with
propyl alcohol. Other preferred reductants are dithiothreitol (DTT),
mercaptoethanol, or sodium borohydride. Macrocyclization involving
the amine and carboxylic acid functionalities of 78, using
benzotriazole~l-yl-oxy-tris-pyrrolidinophosphonium
hexaflurorphorosphate (PyBOP) as a carboxyl-activating agent as
described by Felix et al., Int. J. Pept. Protein Res. (1988) 31:231-
238 and 32:441-454, produces the solid supported f-turn mimetic 79.
It'will be appreciated by those of skill in the art that other well-
known activating reagents such as carbodiimides and
hydroxybenzotriazole (HOBT) may be used in place of PyBOP. Finally,
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removal of the desired class I P~turn 72 from the solid support is
performed by exposing the bound product 79 to a trifluoroacetic
acid/dimethyl sulfide solution. Each of the reference publications
cited above is incorporated herein by reference.

Reaction Scheme XIII below illustrates a specfic synthesis of a
class I P-turn mimetic. Fmoc-protected L-homocystine 80 is attached
to a solid support using the procedures just described. The Fmoc
protecting groups were removed with 20% piperidine in DMF and the
free amines were coupled with Fmoc-Phe-OPfp or Fmoc-(p-NO,)-Phe-OPfp
(OPfp = O-pentafluorophenyl) in dioxne/water solution containing
diisopropylethylamine (DIEA) as a base to form 8la and 81b
respectively. The disulfide and thiocalkylation to form 82a and 82b
were performed by treating the disulfides with excess
tributylphosphine and (S)-2-propionic acid along with
tetramethylguanidine in a solvent mixture of 5:3:2 PrOH/DMF/H,0.
Cycliztion was performed with PyBOP as discussed above. 'H NMR and
FAB mass spectrum analysis of the product indicated that the major
product was the cyclized monomer 83, although a small amout of dimer
84 was formed.
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REACTION SCHEME XIII
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A combinatorial library of different combinations of the
substituent groups R*' and R"*? is developed in a manner analogous to
that described above for the benzodiazepines and pfostaglandins.
Screening and cleavage are then likewise conducted in an analogous
manner. For example, as described above with respect to the
benzoodiazapines, the support would comprise a plurality of amino-
derivatized pins. Two or more Backbone structures-would be coupled
to said pins, and the support-bound Backbone structures would be
reacted with a plurality of amino acid derivatives to produce a
plurality of support-bound amides. The support-bound amides would
next be reacted with a plurality of first amino acid derivatives
after deprotection of the thiol functionality and cyclized to form
bound f$-turn mimetics which could be cleaved or assayed for
biological acitivity while attached to the pins.

The synthetic route to class II P-turns is shown in Reaction
Scheme XVI below. Class II P-turns are distinguished by a third side .
chain R*3, Thus, it will be apprecitated that yet more combinatorial
possibilities exist with class II turns as compared with class I
turns. As shown in the Reaction Scheme, an a~bromo amide 90 is bound
to a solid phase support using the standard conditions described by

‘Zuckerman (J. Bm. Chem. Soc., 1992, 114, 10646-10647, which is

incorporated herein by reference). Compound 90 carries the side
chain R'*? of the P-turn. This is reacted with a Backbone-containing
structure 91 having the general formula P,S-CRR'(CH,),CR''R'''-NH,
where P,is a thiol protecting group, R, R', R'' and R''' are
selected independently from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substitued aryl, heteroaryl, substituted
heteroaryl, alkoxy, amino, amido, or groups which together form an
alkly, aromatic or heteroaromatic ring, to form 92. A sample of
preferred compounds having such structures is shown below. As
discussed above, Backbone-containing structure 91 may include any of
the protecting groups known in the art (disulfide protecting groups
are illustrated here).
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Following the formation of 92, the next amino acid in the
B-turn is added to form 93 by reacting the corresponding N*-protected
amino acid bearing the Ri*? gide chain using the steps described above
5 for the class I turns (for example, activation of the carboxyl group,
e.g., using BOPCl, followed by reaction with 92 in DMF).
Deprotection of the amino moiety of 93, followed by deprotection and
reduction of the sulfur protecting group, yields 94. The addition of
an N°-protected amino acid carrying the R'*! side chain, yields 95,
10 which is cyclized under the conditions described above to form the

desired f-turn mimetic 96.
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Reaction Scheme XV illustrates the synthesis of two specific p-
turn mimetics 105 (Backbone = -(CH,),- and -(CH,);-). Supportrbound a-
bromo amide 100 is reacted with l-mercapto-3-amino-propane or 1-
mercapto-2-amino-ethane and triethyl amine in DMSO to form the
secondary amine 101. The amine is coupled to Fmoc-protected p-
nitrophenylalanine to make intermediate 102, whereupon the Fmoc group
is cleaved with piperidine followed with and the disulfide protecting
group is removed by reduction with tri~butylphophine to form the
thiol 103. Reaction of 103 with a-bromo propionic acid and
tetramethylguanidine leads to 104. The cyclization and cleavage of
104 to form the desired mimetic 105 is performed by activating the
carboxyl group with BOPCl, followed by reaction with TFA to cleave
the cyclized mimetic from the solid support. These transformations
are well documented in the art.



WO 94/06291

58
L DMSO, Et N
Br _—
P\N
H HS\/\/Nﬂz
100 B~
HO,

NO,

A . o
B . H
N N\(Cﬂz)n ‘
H n =23 ’
103
CH,
]/k Tetramethyl-
HO . as
Br guanidine
NO-2
0
0 CH 1. BOPCl
3
NH, OH 2. TFA

=t N AP

n=2,3

104

REACTION SCHEME

1. piperidine
2. (Bu),P, H0

-—

PCT/US93/08709

H
N. SR
1"NJL/ N AP
H

n=2,3

NHFmoc

NO»

o)
j\_/ NHFmocC
SR
Py MN(cHa)
H .

n= 2,3'

102



WO 94/06291 - PCT/US93/08709

10

15

20

25

59

Three alternative pathways to intermediate 92 are feasible in
addition to the sequence shown above. These alternatives are
illustrated below in Reaction Scheme XVI. 1In the first alternative
method, structure 110, the N*~-Fmoc-protected amino acid béaring the
R gide chain, is attached to a solid support using the standard
techniques described above. This may be followed by reaction with
trifluroracetic anhydride to form the trifluoroacetamide 11ll.
Deprotonation of the trifluoroacetamide followed by reaction with a
Backbone strucuture having the formula X-CRR'(CH,),CR''R'’''-NH, where
X is a leaving group such as halogen, tosyl, or the like (see March),
and R, R', R'' and R''' are selected independently from the group
consisting of hydrogen, alkyl, substituted alkyl, aryl, substitued
aryl, heteroaryl, substituted heteroaryl, alkoxy, amino, amido, or
groups which together form an alkly, aromatic or heteroaromatic ring,
yields strcuture 112. Reaction of 112 in basic medium, e.g., NaOH in
water, removes both the trifluroracetamide and the disulfide to
produce 92. Similarly, formation of bound element 110 may be
followed by removal of the protecting group as described above
followed by reaction with the just-descrbied Backbone structure to
yield 92 directly. Finally, 110 may be reacted with piperdine, agian

to remove the protecting group, followed by reaction with a Backbone

structure having the formula H(O)C-CRR'(CH,),CR''R'''~NH, where R, R',
R'' and R''' are selected independently from the group consisting of
hydrogen, alkyl, substituted alkyl, aryl, substitued aryl,
heteroaryl, substituted heteroaryl, alkoxy, amino, amido, or groups
which together form an alkly, aromatic or heterocaromatic ring, sodium
cyanborohydride and acetic acid in DMF to form 92.
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B.. Examples
The following generalized protocol follows Reaction Scheme XIV.

The protocol describes a solid-phase synthesis using a particulate

resin. Translation of the protocol into a combinatorial synthesis

and screening is achieved in the same manner described above in the
benzodiazepine derivative examples.

General Conditions for Solid-Phase Chemistry

The support employed in solid-phase chemistry consisted of a
polyethylene glycol-polystyrene (PEG-PS) block copolymer with loading
levels of 0.17 and 0.26 milliequivalents (meq)/g and came protected
as the amine hydrochloride salt. Liquid reagents and reaction
solvents were added to the support via syringe and all solvents were
removed from the support via filtration cannula. The support was
rinsed for durations of 30 seconds unless otherwise indicated. Fmoc
protecting groups on support-bound compounds were removed according
to the general procedure detailed below. To the support, 20%
piperidine in DMF (10 mL/g of the support) is added and allowed to
react for 1 minute, then drained. An equivalent volume of 20%
piperidine in DMF is added and the reaction is allowed to proceed for

‘20 min to ensure complete deprotection. The solvent is drained and

the resin is rinsed with DMF (4 x 10 mL) and CH.Cl, (5 x 10 mL). The
Kaiser ninhydrin test was performed as described below. To a small
aliquot (710 mg) of resin in a test tube is added several drops of
each of the following solutions: KCN in pyridine (20 mM), ninhydrin
in EtOH (500 mg/10 mL), and phenol in EtOH (8 g/2 mL). The test tube
is heated at 70 ‘'C for several minutes and a positive result is
indicated by an intense blue color. The substitution level of the
support-bound material was determined by spectrophotometric analysis
of the Fmoc~-chromophore according to the procedure described by
Milligen.l Briefly, a known amount (several mg) of dry'resin is
deprotected in 0.4 mL of piperidine and 0.4 mL of CH,Cl,. After 30
min, 1.6 mL of MeOH and 7.6 mL of CH,Cl, are added to bring the total
volume to 10 mL. The absortpion at 301 nm relative to a blank
(prepared with the above reagents without the addition of resin) is
used to calculate the substitution level according to the equation:
meq/g = (By,/7800) x (10 mL/g of resin). The linkage of
support-bound material was severed and the compounds were liberated
as primary amides by the addition of and reaction with 10 mL of
90:5:5 TFA/H,0/Me,S for 1-3 h. Cleaved material was collected by
draining the solvent and combining it with subsequent rinses with
CH,Cl, (1 x 10 mL), and 1:1 CH,Cl,/MeOH (2 x 10 mL), and then

concentrating in vacuo.

Congtruction of Class I Turns
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1. Coupling the Backbone to_the Support

The structure prepared in this procedure is structure 76 of
Reaction Scheme XI.

A peptide reaction flask is charged with aminomethyi resin
(1.91 g, 1.51 mmol of crosslinked divinylbenzene-styrene, 200-400
mesh size, substitution level 0.79 milliequivalents/g), two
equivalents of an S-fluorenylmethyl protected, N-fluorenylmethoxy-
carbonyl protected cysteine analog (having the structure of the
desired backbone), and hydroxybenzotriazole (2.2 equivalents).
Anhydrous DMF is then added to provide a solution 0.2-0.4 M in the
protected cysteine derivative. The resulting mixture is vortexed for
0.5 hour to fully solvate the resin. Either diisopropylcarbodiimide
or benzotriazol-l-yl-oxy-tris(dimethylamino)-phosphonium hexafluoro-
phosphate (2.2 equivalents) is then added by syringe. The reaction
flask is stoppered and then vortexed until the Kaiser ninhydrin test
on approximately 10 mg of the solid support demonstrates that
coupling is complete (approximately 24 hours). The solvent and
agents are then fii%ered away from the solid support and the support
is rinsed five times with 20 mL dimethylformamide and five times with
20 mL CH,Cl,, then dried in vacuo for 12 hours.

2. Removal of the Protecting Grougs From the

Support-Bound Backbone (76) and Coupling to
the a-Amino Acid and the a-Halo Acid

This procedure results in structure 78.

The product of the Section 1 of this example is added to a round
bottom flask fitted with stir bar and filtration cannula. The flask
is flushed with nitrogen, and then degassed 50% piperidine in DMF is
added by the cannula. The resulting slurry is stirred for 2-24 hours
at ambient temperature, and the solution is then removed by the
cannula. The support is then washed five times with DMF; following
which a degassed 0.2-0.5 M solution of 10 equivalents of sodium
phenoxide or ethoxide in 2:1 ethanol /DMF is added. The appropriate
protected a-amino acid (5 mole equivalents) is then added, with
stirring. The resulting slurry is stirred under a nitrogen
atmosphere for 1-24 hours. The solution is then removed by the
cannula, and the support is washed with 5% acetic acid in DMF,
followed by three times with DMF and twice with CH,Cl,. The support-
bound intermediate (structure 77) is then diluted with a solution
0.2 M in the pentafluorophenyl ester of the appropriate Fmoc-
protected a-halo acid and 0.2 M in diisopropylethylamine in DMF. The
resulting mixture is stirred until the Kaiser ninhydrin test shows
that a free amine is no longer present (2-24 hours). The solution is
then removed by the cannula and the support is washed three times
each with DMF and CH,Cl,. The support-bound intermediate (structure
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78) prepared above is treated with 20% piperidine in DMF for twenty
minutes. This results in support-bound intermediate 79.

3. Cyclization to the B~Turn Mimetic

The solution containing 79 is removed by the cannula, and the
remaining support is washed five times each with DMF and CH,Cl,.
Cyclization is then performed by adding a 0.025-0.2 M solution of
benzotriazol=-l-yl-oxy-tris(dimethylamino)-phosphonium
hexafluorophosphate (BOPCl) in DMF and stirring for 4-12 hours,
followed by removal of the solution by the cannula. The BOPCl
solution is then added again, stirring is continued for another 4
hours and the solution removed. This process is repeated until no
free amines are observed as indicated by a Kaiser test. The result
is the support-bound product 72.

4. Coupling of the 4-{(R,S)-1-[1-(9H-Fluorenyl-9-yl)-
methoxycarbonylamino}-(2',4'-dimethoxybenzyl}-phenoxyacetic

Acid Linker to Support
Dry support (aminomethyl-substituted polyethylene glycol and

polystyrene block copolymer purchased from Rapp Polymere, Tiibingen,

‘Germany) (5.0 g , 0.17 meqg/g, 0.85 meq) was washed with DMF (1 x 20

mL), CH,Cl, (1 x 20 mL), 5% (i -Pr).EtN in CH,Cl, (3 x 20 mL), DMF (1 x
20 mL), and CH,Cl, (2 x 20 mL) to obtain the free base. The linker,
4-[(R,S)-1-[1-(9H~Fluorenyl-9~yl)-methoxycarbonylamino]-
(2',4'-dimethoxybenzyl)-phenoxyacetic acid, (0.92 g, 1.70 mmol) was
coupled to the support solvated in 17 mL of DMF by the addition of
260 mg (1.70 mmol) of HOBtel H,0 and 266 ml (1.70 mmol) of DICI.
After 12 h, the reaction solvent was drained and the resin was rinsed
with DMF (4 x 20 mL) and CH,Cl, (5 x 20 mL). A negative ninhydrin
test was observed and the substitution level was determined to be
0.12 meq/g (77%). Coupling of the linker to the support was
repeated for another batch'of resin (5.00 g, 0.26 meqg/g, 1.30 mmol).
The amount of reagents used was increased by a factor of 1.53. A
negative ninhydrin test was observed and the substitution level was
determined to be 0.20 meq/g (88%). _All mention of support

hereinafter refers to linker-functionalized support.

5. N, N'-Di[ (9-fluorenylmethoxy)carbonyl]-L-homocystine (80)
A suspension of 3.00 g (11.0 mmol) of L-homocystine in 40 mL of

dioxane was stirred vigorously before the addition of 5.68 mL (45.0
mmol) of TMS-Cl. The reaction slurry was stirred 2 h before dilution
with 80 mlL of CH,Cl, and subsequent cooling in an ice-water bath. To
the cooled solution was added 6.21 g (24.0 mmol) of Fmoc-Cl and 7.84
mL (45.0 mmol) of (i ~Pr),EtN. After 12 h, the appearance of the
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reaction mixture had changed from a milky-white to a dark yellow but
remained opaque. The mixture was concentrated in vacuo and.
distributed between 150 mL of EtOAc and 150 mL of aqueous 1 M HCl.
The layers were separated and the EtOAc layer was washed.with aqueous
1 M HCl (3 x 40 mL). The combined aqueous layers were extracted with
EtOAc (3 x 40 mL). The organic layers were then combined,
concentrated in vacuo, and the resultant material was suspended in 50
mL of hot acetone and filtered. The filtrate was transferred to a
Buchner filtration funnel, washed with aqueous 1 M HCl (2 x 25 mL),
HO (2 x 25 mL), and ether (2 x 25 mL), and dried in vacuo to yield
2.55 g of a white solid, mp 213-214 'C. The combined washes were
concentrated in vacuo and rinsed as above to yield a second crop of
1.23 g (48% combined yield). IR (KBr pellet): 3310,'3000 (br), 1710
(br), 1520 em?'. 'H NMR (500 MHz, d,~DMSO): d 1.94-1.96 (m, 2),
2.10-2.12 (m, 2), 2.71-2.76 (m, 4), 4.07,-4.09 (m, 2), 4.21 (t, 2, J
=7.0), 4.29 (4, 4, J =5.9), 7.31 (t, 4, I =7.4), 7.40 (t, 4, J =
7.4), 7.70 (d, 4, 3 = 7.1), 7.87 (d, 4, J = 7.6). BC NMR (101 MHz,
d,-DMSO): d 30.3, 34.0, 46.7, 52.5, 66.0, 120.1, 125.2, 127.0, 127.6,
140.7, 143.8, 158.1, 173.4. BAnal. Calcd for CgH,N,0;S,: C, 64.03; H,

5.09; N, 3.93. Found: C, 63.67; H, 5.21; N, 4.01.

6. Synthesis of f-turn Mimetic (83a

Dry support (1.0 g, 0.20 mmol) was rinsed with DMF and then the
FMOC group was removed with 20% piperidine in DMF according the
general experimental procedure. Diprotected 80 (370 mg, 0.52 mmol)
was then coupled to the support in 5.2 mL of DMF by the addition of
80 mg (0.52 mmol) of HOBtelH,0 and 81 mL (0.52 mmol) of DICI. The
¢oupling was allowed to proceed 12 h and the solvent was drained and
the resin was rinsed with DMF (4 x 10 mL) and CH,Cl, (5 x 10 mL). A
negative ninhydrin test was observed and the substitution level was
determined to be 0.20 meq/g (100%). To the support-bound 80 (2.05g,
0.41 mmol), prepared as described above, was added a solution of 1.11
g (2.0 mmol) of Fmoc-Phe-OPfp in 20 mL of 90:10 NMP/H,0 followed by
174 mL (1.0 mmol) of (i -Pr),EtN. After 12 h, the solvent was
drained and the resin was rinsed with DMF (5 x 10 mL) and CHCl, (5 x
10 mL).‘ A negative ninhydrin test was observed. The Fmoc protecting
group of 8la was removed and the support-bound material was solvated
in 30 mL of 50:30:20 BuOH/DMF/H,0 and the solution was deoxygenated.
Under N,, 270 mL (3.0 mmol) of (S)-2-bromopropionic acid and 564 mL
(4.5 mmol) of tetramethylguanidine were added. The reaction vessel
was sealed under an atmosphere of N, with a rubber septum. After 12
h, the solution was drained and the resin was rinsed with 1:1 DMF/H,0
{2 x 10 mL), DMF (2 x 10 mL), and CH,Cl, (4 x 10 mL) to give 82a.
Half of the support-bound material 82a (1.00 g, 0.20 mmol) was
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carried on to cyclization. The resin was rinsed with DMF (1 x 15
min) and solvated in 20 mL of DMF. Cyclization was initiated by the
addition of 300 mL (1.5 % v/v) of (i -Pr),EtN and 312 mg (0.60 mmol)
of PyBOP. Ninhydrin tests performed at 2, 4, 6, 12, and 18 h were
used to monitor the progress of the reaction. A negative ninhydrin
test was observed after 18 h and the reaction was stopped. The
solvent was drained and the resin was rinsed with DMF (4 x 10 mL) and
CH,Cl, (5 x 10 mL). The material was cleaved from the support and
collected. The impure material was dissolved in 5 mL of 1:1
CH,C1,/MeOH and the precipitate was removed by filtration. The
filtrate was concentrated and analyzed by TLC to reveal one major
band (Rf= 0.25 using 90:10:1 CH,Cl,/MeOH/40% aqueous NHQOH). Spectral
analysis indicated that cyclic material was obtained, but the
distinction between monomer 83a and dimer 84a could not be made. H
NMR (500 MHz, d,~DMsO): d 1.06 (d, 3, J = 7.0), 1.98-2.04 (m, 1),
2.17-2.23 (m, 1), 2.35-2.40 (m, 2), 2.77 (44, 1, J = 8.8, 13.8), 2.98
(dd, 1, J = 5.7, 13.8), 3.44-3.49 (m, 1), 4.16-4.18 (m, 1), 4.58 (q,
1, J = 6.2), 6.65 (s, 1), 7.03 (s, 1), 7.16 (t, 1, J = 6.9),
7.20-7.28 (m, 4), 8.11 (4, 1, J = 7.8), 8.35 (d, 1, J = 8.4). HRMS

(EI): exact mass calcd for C,HyN;0;, 335.1303, found 335.1302.

7. [ (9-Fluorenylmethoxy)carbonyl ]-O-pentafluorophenyl-
p-nitro-L-phenylalanine.

Nitro-L-phenylalanine (5.00 g, 22.0 mmol) was Fmoc~protected
with 11.1 mL (88.0 mmol) of TMS-Cl, 7.66 mL (44.0 mmol) of (i
-Pr),EtN, and 6.23 g of (24.1 mmol) of Fmoc-Cl in 50 ml of CH)Cl,
usign standard techniques. The mixture was then concentrated in
vacuo and acidified by the addition of concentrated HCl in the
presence of 150 mL of H,0 and 75 mL of EtOAc. The aqueous layer was

extracted with EtOAc (3 x 75 mL). The organic extracts were combined
and the material which .had precipitated was collected by filtration
(4.02 g upon drying). The filtrate was concentrated in vacuo,
suspended in EtOAc, and refiltered to recover a second crop of 0.70 g
(50% combined yield) of Fmoc~-(p-NO,)-L-Phe which was used without
further'purification. To an ice-cold solution of 2.27 g of DCCI
(11.0 mmol) in 35 mL of dioxane was added 3.68 g (20.0 mmol) of
pentafluorophenol followed in about 5 min by the addition of 4.34 g
(10.0 mmol) of Fmoc-(p-NO,)~L-Phe suspended in 15 mL of dioxane. The
reaction flask remained on ice and was stirred for 12 h with gradual
warming to rt. The solution was filtered to remove
N,N'-dicyclohexylurea which had precipitated. The filtrate was then
concentrated in vacuo to afford impure material which was purified by
flash-chromatography on 300g of silica gel with 70:30 hexanes/EtOAc
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(2 L) to afford 3.14 g (44% from Fmoc-(pNO,)-L-Phe, 22% overall) of a
white, flaky solid, mp 143-145 'C. IR (KBr pellet): 1795, 1710 (br},
1520 cm'!. 'H NMR (500 MHz, €DCl;): d 3.30 (dd, 1, J = 6.5, 14.0),
3.42 (dd, 1, 3 = 5.8, 14.0), 4.20 (t, 1, J = 6.3), 4.48 (dd, 1, J =
6.4,:10.5), 4.55 (44, 1, J = 6.7, 10.5), 5.02-5.06 (m, 1), 5.21 (4,
1, J = 8.2), 7.26-7.37 (m, 4), 7.41 (t, 2, I = 7.4), 7.54 (4, 2, J =
7.5), 7.78 (4, 2, J = 7.5), 8.16 (4, 2, J = 8.3). C NMR (101 MHz,
¢pCl,;): 4 37.7, 47.1, 54.2, 67.5, 120.0, 123.9, 124.8, 127.1, 127.9,
130.2, 141.4, 142.1, 143.0, 147.2, 155.6, 196.3. Anal. Calcd for
CyHN,OFs: C, 60.21; H, 3.20; N, 4.68. Found: C, 60.43; H, 3.08; N,
4.51.

8. Synthesis of f-turn Mimetic (83b

The P-turn mimetic 83b was synthesized identically according to
the synthesis of 83a above substituting Fmoc-(pNO,)-L-Phe for
Fmoc-L-Phe. HPLC analysis (Rainin Dynamax, Microsorb 5 mm C18 column
with UV detection at 274 nm) with a 40 min elution gradient from 30%
MeOH in H,0 to 80% MeOH in H,0 revealed two compounds (tgz = 13.79 min,
area = 91.4%; tz = 20.90 min, area = 4.57%) postulated to be the

monomer 83b and dimer 84b, respectively. Preparative HPLC employing a

Rainin Dynamax, Microsorb C18 column provided purified material. 'y
NMR (400 MHz, d,~DMSO, 150 ‘c): d 1.28 (d, 3, J = 6.9), 1.81-1.90 (m,
1), 2.11-2.19 (m, 1), 2.55-2.61 (m, 2), 3.14 (dd, 1, J = 8.4, 14.5),
3.35 (dd, 1, J = 6.4, 14.9), 3.51 (g, 1, J = 6.9), 4.27-4.36 (m, 1),
4.50-4.58 (m, 1), 6.64 (br s, 2), 6.85 (br s, 1), 7.54 (4, 2, J =
8.6), 7.97 (br s, 1), 8.09 (d, 2, J = 8.6). HRMS (FAB): exact mass
calcd for C,H,NO; (MH") 381.1234, submitted (found 381.0 LRMS).

Synthesis of Class II Turn Mimetics
1. Coupling the a-bromo Acid (i + 3 residue) to the Solid

Support
The resin coupled with the 4-[(R,S)-1-[1-(9H-Fluorenyl-9-yl)-
methoxycarbonylamino}-(2',4"'~dimethoxybenzyl }-phenoxyacetic Acid
linker prepared as described above was solvated with DMF and then
the FMOC protecting group was removed by treatment with 20%
piperidine in DMF according to the general procedure. A solution of
0.3 M solution of bromocacetic acid (6 equiv) in DMF was added to the
resin followed by 6.6 equiv of diisopropyl carbodiimide. The
coupling was allowed to proceed for 12 h. After the solvent was
drained the resin was rinsed with DMF (x4) and CHCl, (x5). If
ninhydrin tests indicates that the reaction is not complete then the
coupling reaction is repeated.
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2. Introduction of the Backbone Component
The resin prepared above is washed once with DMF and once with DMSO.

Then, a solution of the backbone element, containing a free amine or
amine hydrochloride and a thiol protected as a disulfide, (> 5 equiv)
as a 1.0 M solution in DMSO is added to the solid support followed by
addition of tetramethylguandidine (>5 equiv) as a 1.0 M solution in
DMSO. The resulting mixture is stirred at room temperature for 24 h.
After the resin is drained, the resin is rinsed with DMF (4x) and
CH,Cl, (4x).

3. Introduction of the FMOC-prtoected Amino Acid (the i + 2
Side-chain)

Dry resin from the step above is rinsed with DMF (2 x). To the resin
is then added a DMF soln that is 0.33 M in FMOC protected amino acid
(> 5 equiv), 0.33 M in PyBOP (> 5 equiv), 0.15 M in
hydroxybenzotriazole (> 5 equiv) and 0.66 M in diisopropylethylamine
(> 10 equiv). The reaction was stirred overnight at room
temperature. After draining rxn soln, resin was rinsed with DMF (4x)
and with CH,Cl, (4x). 1If ninhydrin test shows no free amine carried

on to next step, if the tests indicates that there is free amine then

‘the reaction is repeated.

4. Thiol Alkylation With an a-bromo Acid (introduction of the
i + 1 Residue)
The FMOC protecting group was removed under standard conditions. The

resin was then solvated in a comixture of 5:3:2 n-propanol,/ DMF/H,0.
The slurry is deoxygenated by bubbling N, through the slurry for 20
min. The following reagents are then added in the order listed:
tributylphosphine (> 5 equiv, a final concentration of 0.1 M),
a-bromo acid (> 5 equiv, a final concentration of 0.1 M), and
tetramethylguandine (> 7.5 equiv, a final concentration of 0.1 M).
The reaction was stirred errnight under N,, and then the reaction
mixture was diluted with approx. one volume of H,0, and then drained.
The resin was then rinsed with DMF (4x) and CH,Cl, (4x).

5. Cvclization to Provide the Support-bound f-turn Mimetic

The resin was rinsed with DMF , and then solvated in DMF.
Cyclization was initiated by addition of PyBOP (> 5 equiv, a final
concentration of 0.03 M) and diisopropylethylamine 1.5%
volume/volume. After stirring overnight the reaction solution is
drained and the support is rinsed with DMF (4x) and with CH,C1l, (4x).
If the ninhydrin test is positive the reaction is repeated until a
negative test is observed.
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6. Cleavage of the f-Turn From the Resgin

Product is cleaved from the resin by additon of 10 mL of the
following cleavage cocktail: 7/3/0.5/0.5 trifluoroacetic
acid/CH,Cl,/H,0/dimethyl sulfide followed by stirring for approx. 6 h.
The cleavage solution was then combined with resin rinses, 1 x CH)CI,,

and 2 x CH,.Cl, and methanol comixture, and concentrated in yacuo.

Purification by preparative reverse phase HPLC employing a Rainin 22
mm x 25 cm C;3 column provided pure cyclic monomer and pure cyclic

dimer as the two predominate products.

V. Glycerol-Based Compounds

A. Description
The techniques of the present invention lend themselves

naturally to the synthesis of substances having a glycerol-based
framework. Over 11,000 such compounds were reported in the chemical
literature between 1980 and 1990 alone. These compounds include:
andrenergic receptors used to treat glaucoma, hypertension,
arrhythmia, and angina, phospholipase A, inhibitors,

radiosensitisors, HIV protease inhibitors, 5-lipoxygenase inhibitors,

bactericidal antirust agents and mesogenic materials.

Reaction Scheme XVII illustrates the general approach to
synthesizing a combinatorial library of glycerol-based compounds on a
solid support, such as beads or pins. Starting with support-bound
pyranyl-glycerol derivative 100, having derivatized hydroxyl groups
P,0- and P,0~, a first reagent Nu, may be substitued for P,0- as shown
in structures 101 or the P,0-~ group may first be oxidized, so that
reaction with Nu, leads to the addition product 102. These steps may
be performed using techniques which are known in the art. See,
Hanson, R.M., Chemical Reviews, 1991, 91, p. 437, which is
incorporated by reference. Similarly, a second nucleophile Nu, may
be substituted for P,0- or added to the oxidized compound to form
compounds 103-107. Cleavage from the substrate under conditions
substantially as described above leads to the free compounds (not
shown). Preferred nucleophiles include alkoxides, phenoxides and
amines.

The extension of these reactions is consistent with the
descriptions provided above. Attachment of compound 130 and/or its
oxidized analog, to amino-derivatized pins would follow substantially
the procedures described above. The bound structures may then be
reacted with a plurality of first nucleophiles to form various bound
substitution and/or addition variants. These compounds may be
derivatized further by oxidation and/or reaction with a second
nucleophile to produce still more substituted glycerol derivatives.
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These compounds may then be removed from the support on assayed in
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B. Examples
Reaction Schemes XVIIIA and XVIIIB demonstrate the application

of the methods of the invention to the synthesis of a glycerol-based
compound. Starting with dihydropyran 110, reaction with sodium
hydride and sodium chloroacetate leads to compound 111. Reaction of
111 with cyanochloromethane in DMF at 60°'C yields the cyanomethyl
ester 112. This is reacted with 1-(triisopropylsilyl)-3-tosyl-
glycerol to form compound 113. Reaction of 113 with the amine-
derivatized support in DMF at 60°'C forms the support-bound structure
114. As shown in Reaction Scheme XIVB, the tosyl group is replaced
with a phenoxy moiety by reaction of 114 with sodium phenoxide in DMF
at 65°C to make 115. Reaction of 115 with tetra-butylamonium
flouride (TBAF) followed by reaction with p-
nitrophenylsulfonylchloride in pyridine and then reaction with tert-
butylamine forms 116. Clevage from the support and formation of the
desired glycerol derivative, 1-(tert-butylamonium)=-3-phenoxyglycerol
chloride, 117 is achieved by reaction of 116 with butyl alcohol and
HCl.
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VI. Pin Based Synthesgis
Preferably, the techniques described above are used to

synthesize more than 3, preferably more than 5, preferably more than
10, more preferably more than 50, more preferably more than 100, and
more preferably more than 1,000 different molecules simultaneously.
Fig. 1 illustrates apparatus for preparation of the various
compositions described herein. Such apparatus is described in
greater detail in association with the synthesis of peptides in
Geysen et al., J. Immun. Methods (1987) 102:259-274, incorporated
herein by reference for all purposes. The method utilizes a
substrate 201 having a plurality of pins or other extensions 204.

The pins are each inserted simultaneously into individual reagent
containers 206 in tray 208. It will be recognized that only a few
pins/trays are shown in Fig. 1, but in most embodiments a large array
of such pins/containers will be provided. In a common embodiment, an
array of 96 pins/containers is utilized.

Each tray is filled with a particular reagent for coupling in a
particular chemical reaction on an individual pin. Accordingly, the
trays will often contain different reagents. Since the éhemistry
disclosed herein has been established such that a relatively similar

‘set of reaction conditions may be utilized to perform each of the

reactions, it becomes possible to conduct multiple chemical coupling
steps simultaneously.

Fig. 2 illustrates the method utilized to form the various
molecules discussed herein. As shown, in the first step of the
process the invention provides for the use of substrate(s) on which
the chemical coupling steps are conducted. As shown therein, the
substrate is optionally provided with linker molecules 220 having
active sites 222. 1In the particular case of benzodiazepines, for
example, the linker molecules may be selected from a wide variety of
molecules such as HMPA. The active sites are optionally protected
initially by protecting groups 224. BAmong a wide variety of
protecting groups are materials such as Fmoc, BOC, t-butyl esters,
t-butyl ethers, and the like. Various exempiary protecting groups
are described in, for example, Atherton et al., Solid Phase Peptide
Synthesis, IRL Press (1989), incorporated herein by reference. 1In
some embodiments, the linker molecule may provide for a cleavable
function by way of, for example, exposure to acid or base.

The substrate includes a plurality of spatially addressable
regions such as 226a and 226b. 1In the particular embodiment
described herein, the regions 226a and 226b are pins extending from a
common substrate.

In an initial step, one or more of the regions of the substrate
are activated by removal of the protecting groups. It will be
recognized that both regions may be activated in some embodiments
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simultaneously, or the regions may be individually activated. 1In the
case of pin-based techniques, the regions may be activated by, for
example, dipping selected pins in trays having an appropriate
activating agent. In the particular case of acid labile'protecting
groups, such activating agents may include acid, while in the case of
base labile groups, such agents may include base.

Thereafter, a first portion of a molecule to be synthesized is
added to the support. 1In the particular case of benzodiazepine
synthesis, for example, the first portion will be a substituted amino
benzophenone in many cases. The first portion of the molecule to be
synthesized is provided with an active site, such as an amino site in
the case of amino benzophenones, which is preferably protected by an
appropriate protecting group. The protecting group on the first
portion of the molecule to be synthesized will in some cases be the
same as the protecting group on the substrate, although in many cases
a different protecting group will be utilized. Appropriate
protecting groups for an amino group on an amino benzophenone are
described in Atherton et al., previously incorporated herein by
reference. In the case of pin-based synthesis the first portion of
the molecule to be added is coupled by way of dipping the appropriate

‘pins in an a tray having containers with the appropriate material to

be added. In most cases, the various regions will be coupled to
different molecules, represented by A and B in Fig. 2. For example,
in the case of benzodiazepine synthesis, A and B will be represented
by different amino benzophenones.

A and B will be coupled at the same time in many embodiments,
although the regions 226a and 226b may, alternatively, be activated
at different times, in which case the entire surface may be washed
with, for example, A after region 226a is activated followed by
activation of region 226b and washing of both regions with B. Since
A and B are also protected, undesirable coupling will not take place
in the regions where it is not desirable. It will be recognized by
those of skill in the art that additional steps of washing and the
like will be desirable in some embodiments, bﬁt are not illustrated
in Fig. 1 for the sake of simplicity.

Thereafter, an additional activation step is conducted by
removal of the protecting groups from the molecule portions A and B
either at the same or different times. In the case of Fmoc
protecting groups, for example, such activation will be conducted by
exposure to, for example, a basic solution. Thereafter, an
additional coupling step is performed in which molecule portions C
and D are added to the molecule portions A and B respectively. In
the particular case of benzodiazepine synthesis, for example, the
molecule portions C and D will be represented by activated acyl
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fluoride derivatives of Fmoc-protected natural or unnatural amino
acids.

Thereafter, optional additional coupling steps, cyclization
steps, or the like are performed on the growing molecules. For
example, in the case of benzodiazepines, the additional steps will
normally include removal of the Fmoc protecting group using base
followed by exposure to 5% acetic acid in DMF for cyclization,
followed by alkyation of the amide nitrogen.

Since a wide array of substituted amino benzophenone groups, and
a wide array of acyl fluoride amino acid derivatives are readily
available, the synthesis technique herein results in an array of
materials on the substrate that are at known locations on the
substrate and which may be effectively used in screening studies to
determine which of the synthesized materials show significant
affinity for a receptor or receptors of interest. As shown in
Fig. 2, receptor affinity is studied by exposing the substrate to the
receptor or receptors of interest, and determining where the receptor
has bound to the substrate. In some embodiments, the location of the
receptor on the substrate may be conveniently located by labelling
the receptor with an radioactive or fluorescent label, and scanning

‘the surface of the substrate for the presence of the receptor. In

some embodiments, the receptor of interest may be unlabelled, but
later exposed to a second receptor that is labelled and known to be
complementary to the receptor of interest. As indicated in Fig. 2,
the receptor will bind to the molecules that are complementary to the
receptor (such as AB in Fig. 1) while it will not bind to other
molecules on the substrate (such as BD in Fig. 1l). Accordingly, the
present method provides an effective way to identify ligands that are
complementary to a receptor. )

In alternative embodiments, the synthesized benzodiazepine is
cleaved and screened in solution, using the methods described in
detail above.

VII. Bead Based Synthesis _
In an alternative embodiment of the invention a similar series

of chemical coupling/cyclization steps are conducted, except that the
synthesis steps are conducted on discrete solid substrates such as

_beads. A general approach for bead based synthesis in conjunction

—_— =t

with peptides is described in Lam et al "A new type of synthetic
beptide library for identifying ligand-binding activity,” Nature
(1991) 354:82-84, incorporated herein by reference for all purposes,
and further described in PCT application no. 92/00091 and Houghten et
al., "Generation and use of Synthetic Peptide Combinatorial Libraries
for Basic Research and Drug Discovery," Nature (1991) 354:84-86, and
also incorporated herein by reference for all purposes '
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Fig. 3 illustrates the synthesis of molecules such as
benzodiazepines on such beads. A large plurality of beads 230 are
suspended in a suitable carrier (such as water) in a container 232.
Although only a single bead is illustrated in Fig. 3 for the purposes
of simplifying the illustration, it will be recognized that a large
number of beads are utilized. The beads are provided with optional
linker molecules 234 having an active site 236. The active site is
protected by an optional protecting group P.

In a first step of the synthesis, the beads are divided for
coupling into containers 238, 240, and 242. The protecting groﬁps
are then removed and a first portion of the molecule to be
synthesized is added to the various containers. For example, in the
case of benzodiazepines, the first portion of the molecule to be
synthesized may be various Fmoc protected substituted amino
benzophenones, represented herein by A, B, and C. The first portion
of the molecules to be synthesized comprise active sites protected by
a protecting group P.

Thereafter, the various beads are appropriately washed of excess
reagents, and remixed in container 244. Again, it will be recognized
that by virtue of the large number of beads utilized at the outset,

‘there will similarly be a large number of beads randomly dispersed in

the container 244, each having a particular first portion of the
monomer to be synthesized on a surface thereof. For the purpose of
simplifying the illustration, the beads and linker molecules are not
shown in the bottom portion of Fig. 3.

Thereafter, the various beads are again divided for coupling in
containers 246, 248, and 250. The beads in container 246 are
deprotected and exposed to a second portion of the molecule to be
synthesized, represented by D, while the beads in the containers 248
and 250 are coupled to molecule portions E and F respectively. 1In
the particular case of benzodiazepine synthesis, molecule portions D,
E, and F would be, for example, acyl fluoride derivatives of natural
or natural amino acids. Accordihgly, molecules AD, BD, and CD will
be present in container 246, while AE, BE, and CE will be present in
container 248, and molecules AF, BF, and CF will be present in
container 250. Each bead, however, will have only a single type of
molecule on its surface. In the particular embodiment shown in Fig.
3, all of the possible molecules formed from the first portions A, B,
C, and the second portions D, E, and F have been formed.

Optionally, the beads are then recombined into container 52.
Additional steps such as cyclization, and the like are conducted on
the completed polymer molecules.

Thereafter, the beads are exposed to a receptor of interest. 1In
a preferred embodiment the receptor is fluorescently or radioactively
labelled. Thereafter, one or more beads are identified that exhibit
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significant levels of, for example, fluorescence using one of a
variety of techniques. For example, in one embodiment, mechanical
separation under a microscope is utilized. The identity of the
molecule on the surface .of such separated beads is then identified
using, for example, NMR,.electron impact mass spectrometry, or the
like. .. ; : e

-In alternative embodiments-the identity of the molecule that is
complementary to the receptor is determined with respect to the "bin"
or container in which the labelled receptor is located. For example,
by exposing the molecules in containers 246, 248, and 250 to the
labelled receptor, the identity of one terminal portion of the
molecule may be identified. For example, if fluorescence is noted
after exposure to the molecules in container 246, but not 248 or 250,
it is readily determined that the terminal molecule that produces a
complementary receptor is "D." Thereafter, one will synthesize all
of the molecules AD, BD, and CD in separate containers. . The identity‘
of the other terminal portion of the molecule can then be determined
by identifying where receptor binding is located among these
molecules. .

"VIII. Light Directed Synthesis

In an alternative embodiment, different P-turn mimetics or other
materials are synthesized on a substrate using light directed
techniques as shown in Fig. 4, preferably using wavelengths of light
greater than 400 nm and more preferably more than 500 nm. As shown
therein, the substrate is similarly provided with protecting groups,
optionally coupled to the substrate via linker molecules. In this
case, the protecting groups are removable upon exposure to light.
Accordingly, the protecting groups in a first selected region are
removed by exposing the first selected region to light, but not
exposing the second selected region to light. As illustrated in
Fig. 4, this selective irradiation step may be accomplished through
the use of a mask such as the masks commonly used in the
semiconductor industry. Such techniques are described in greater
detail in U.S. Patent No. 5,143,854 (Pirrung et al.), incorporated
herein by reference for all purposes.

Thereafter, the entire substrate or a part thereof is exposed to
a first portion of the molecule to be synthesized (indicated by A in
Fig. 4). In the case of benzodiazepines, the first portion of the
molecule will, for example, be substituted amino benzophenones with
appropriate light, base, or acid labile protecting groups.
Thereafter, second regions of the substrate are exposed to light
using the same or a different mask, and B is coupled to these
regions. Coupling of the portions C and D follows in a similar
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manner, wherein C and D are representative of, for example, activated
acyl fluoride derivatives of Fmoc protected amino acids.

In a similar manner to that shown in Fig. 1, the substrate is
then exposed to a receptor of interest that is appropriafely labelled
with, or coupled to another receptor with a label, such as a
fluorescent or radioactive label. The substrate is then scanned to
determine the location of the label. From knowledge of the
composition of the molecule synthesized at each site, it becomes
possible to identify the molecule(s) that are complementary to the
receptor. P

IX. Conclusion

The above description is illustrative and not restrictive. Many
variations of the invention will become apparent to those of skill in
the art upon review of this disclosure. Merely by way of example a
wide variety of process times, reaction temperatures, and other
reaction conditions may be utilized, as well as a different ordering
of certain processing steps. The scope of the invention should,
therefore, be determined not with reference to the above description,
but instead should be determined with reference to the appended

‘claims along with their full scope of equivalents.
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WHAT IS CLAIMED IS:

1. An array comprising a plurality of benzodiazapines at
selected, known positions on a substrate wherein each of‘said
benzodiazapines is substantially pure within each of said selected
locations and has a composition different than selected other
benzodiazapines on said substrate.

2. The array of claim 1, wherein said substrate comprises
amino-derivatized polyethylene pins.

3. A method of synthesizing benzodiazapines, comprising the

steps of

(a) coupling an aminobenzophenone to a substrate, said
aminobenzophenone comprising an amino protecting group;

(b) removing said amino protecting group to form a free
amine;

(c) coupling an amino acid derivative to said free
amine to form an amide; and

(d) cyclizing said amide to form a benzodiazapine.

4, The method of claim 3, wherein said aminobenzophenone is

a 2-aminobenzophenone.

5. The method of claim 4, wherein said protecting group is
Fmoc.

6. The method of claim 4, wherein said amino acid derivative

is an acyl fluoride amino acid derivative.

7. The method of claim 4, wherein said cyclizing includes
reacting said amide first with a solution containing about 20%
pyridine and second with a solution containing about 5% acetic acid
in butanol by volume at a temperature of abouﬁ 85°C.

8. The method of claim 3, wherein said substrate comprises
amino-derivatized polyethylene pins.

9. The method of claim 3, further comprising the step of
reacting said amide with a compound having the formula RX, wherein R
is selected from the group consisting of alkyl, aryl, or heteroaryl,

and X is halogen.

10. The method of claim 3, further comprising the step of
cleaving said benzodiazapine from said support.
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1l1. A method of synthesizing benzodiazapines and analogs
thereof, comprising the steps of :

(a) coupling a first compound to a substrate, said
first compound including a first substituent selected from the group
congisting of acyl halide or organometallic, and a second substituent
selected from the group consisting of amino, protected amino, nitro,
halogen, hydroxyl, azide, -O0SO,R, -OR, -SR, hydrogen, alkyl, aryl,
heteroaryl, substituted alkyl, substituted aryl, substitued
heteroaryl and -N=NAr where R is alkyl and Ar is aromatic;

(b) reacting said first compound with a second compound
under conditions effective to form a ketone, said second compound
including a first substituent selected from the group consisting of
acyl halide or organometallic, and a second substituent selected from
the group consisting of amino, substituted amino, nitro, halogen,
hydroxyl, azide, -O0SO,R, -OR, -SR, hydrogen, alkyl, aryl heteroaryl,
substituted alkyl, substituted aryl or substitued heterocaryl and -
N=NAr where R is alkyl and Ar is aromatic;

provided that if said first compound includes an acyl
halide substituent, then said first substituent of said second
compound is organometallic and vice versa, and further provided that

‘one of said second substituents of either of said compounds must be

selected from the group consisting of amino, substituted amino,
nitro, halogen, hydroxyl, azide, -0SO,R, ~OR, -SR, and -N=NAr where R
is alkyl and Ar is aromatic and be located adjacent said first
substituent;

(c) forming a free amine;

(4a) coupling an amino acid derivative to said free
amine to form an amide; and

(e) cyclizing said amide to form a benzodiazapine or
benzodiazapine analog.

12. The method of claim 11, wherein said organometallic
substituent is selected from the group consisting of trialkyltin or
triaryltin.

13. The method of claim 11, wherein said first and said
second compounds are selected from the group consisting of aryl,
heteroaryl, substitued aryl, substituted heteroaryl, cycloalkyl and
substituted cycloalkyl.

14. _The method of claim 12, wherein said first compound is a
subsituted aryltrimethyltin, and said second compound is a substitued
aryl chloride.
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15. The method of claim 14, wherein said amino acid
derivative is an acyl fluoride amino acid derivative.

16. The method of claim 15, wherein said cyclizing includes
reacting said amide first with a solution containing about 20%
pyridine and second with a solution containing about 5% acetic acid
in butanol by volume at a temperature of about 85°C.

17. The method of claim 11, wherein said substrate comprises
amino-derivatized pins.
18. The method of claim 11, further comprising the step of

cleaving said benzodiazapine from said support.

1s. The method of claim 11, further comprising the step of
reacting said amide with a compound having the formula RX, wherein R
is selected from the group consisting of alkyl, aryl, or heteroaryl,
and X is halogen.

20. A method of synthesizing prostaglandins, comprising the

(a) binding a benzyl halide derivative to a solid support
to form a bound benzyl halide derivative;

(b) reacting said bound benzyl halide derivative with a
dihydropyran derivative to form thereby a benzyldihydropyranyl ether;

(c) reacting said benzyldihydropyranyl ether with a p-
hydroxycyclopentenone to form thereby a f-hydroxycyclopentenone
pyranyl ether; and

(d) reacting said P-hydroxycyclopentenone pyranyl ether
with an alkylcuprate and an alkyl halide to form thereby a support-

bound prostaglandin.

21. The method of claim 20, further comprising the step of
cleaving said support-bound prostaglandin from said support to form
thereby a free prostaglandin.

22. The method of claim 20, wherein said solid support
comprises amino-derivatized pins.

23. A method of synthesizing prostaglandins, comprising the

steps of:
(a) binding a dihydropyran derivative to a solid support
to form a bound dihydropyran derivative;
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(b) reacting said bound dihydropyran derivative with a p-
hydroxycyclopentenone to form thereby a P-hydroxycyclopentenone
pyranyl ether; and - -

_ .{c) reacting said P-hydroxycyclopentenocne pyianyl ether
with an alkylcuprate and an alkyl halide to form thereby a support-
bound prostaglandin.

24. The method of claim 23, further comprising the step of
cleaving said support-bound prostaglandin from said support to form
thereby a free prostaglandin.

25. The method of claim 23, wherein said solid support

comprises amino-derivatized pins.

23. A method of synthesizing P-turn mimetics on a solid
support, comprising the steps of:
(a) attaching to said support a Backbone structure
having the general formula P,S-CRR'(CH,),CR''R'''-NHP, where P, and P,
are selected from the group consisting of amine and thiol protecting
groups respectively; and R, R', R'' and R''' are selected

"independently from the group consisting of hydrogen, alkyl,

substituted alkyl, aryl, substitued aryl, heteroaryl, substituted
heteroaryl, alkoxy, amino, amido, carboxyl, or groups which together
form an alkly, aromatic or heterocaromatic ring, and n is 0, 1, 2, or
3, provided that at least one of R, R', R'' and R''' is carboxyl, or
acyl to form thereby a support-bound Backbone structure;

(b) removing said amine protecting group P, to form a

free amine, and reacting said amine with a first amino acid

‘derivative to form thereby an support-bound amide;

(c) removing said thiol protecting group P, to form a
free thiol, and reacting said thiol with a second amino acid
derivative to form thereby a support-bound thioether; and

(e) reactiﬁg said support-bound thioether under
conditions effective to cyclize said support-bound thioether to form
a support-bound P-turn mimetic.

24. The method of claim 23, further comprising the step of
cleaving said support-bound P-turn mimetic from said support to form
thereby a free f-turn mimetic.

. - 25, The method of claim 23, wherein said support comprises a
plurality of amino-derivatized pins.
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26. The method of claim 25 wherein said step of forming a
support-bound Backbone structure comprises attaching two or more
Backbone structures to said pins.

5 27. The method of claim 26, wherein said support-bound
amines are reacted with a plurality of first amino acid derivatives.

28. The method of claim 27, wherein said support-bound
thiols are reacted with a plurality of second amino acid derivatives.
10
29. The method of claim 23, wherein said support comprises a
polyethylene glycol and polystyrene block copolymer.

30. A method of synthesizing P-turn mimetics on a solid
15 support, comprising the steps of:

(a) attaching a first substituted a-halo acetic acid
derivative to said support to form a support-bound a-halo acetamide;

(b) réacting said support-bound substitued a-halo
acetamide with a Backbone structure having the general formula P,S-

20 CRR' (CH,;),CR''R'''=NH, where P, is selected from the group consisting
‘"of thiol protecting groups; and R, R', R'' and R''' are selected
independently from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substitued aryl, heteroaryl, substituted
heteroaryl, alkoxy, amino, amido, carboxyl, acyl or groups which

25 together form an alkly, aromatic or heteroaromatic ring, and n is O,
1, 2, or 3, to form a support-bound amine;

(c) reacting said support-bound amine with a first amino
acid derivative under conditions effective to form a support-bound
amide;

30 (d) removing said thiol protecting group to form a free
thiol; '

(e) reacting said free thiol with a second substituted
a-halo acetic acid derivative to form thereby a support-bound
thioether; and

35 "(f) reacting said thioether under conditions effective
to cyclize the same to form thereby a support-bound P-turn mimetic.

31. The method of claim 30, further comprising the step of
40 cleaving said support-bound P-turn mimetic from said support to form

thereby a free f-turn mimetic.

32. The method of claim 30, wherein said support comprises a
plurality of amino-derivatized pins.
45
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33. The method of claim 32, wherein said step of forming a
support~bound Backbone structure comprises attaching two or more

Backbone structures to said pins.

34. The method of claim 33, wherein said support-bound
amines are reacted with a plurality of substitued amino acids.

35. The method of claim 34, wherein said support-bound
thiols are reacted with a plurality of substitued a-halo amino acids.

36. The method of claim 30, wherein said support comprises a
polyethylene glycol and polystyrene block copolymer.

37. A method of synthesizing P-turn mimetics on a solid
support, comprising the steps of:

(a) attaching an protected amino acid derivative to said
support to form a support-bound protected amino acid derivative;

(b) removing said protecting group to form a free amine
and reacting said amine with trifluoroacetic anhydride to form an
activated amide;

(c) deprotonating said activated acetamide and reacting
same with a Backbone structure having the general formula PS-

CRR' (CH,),CR''R'''=X where P, is selected from the group consisting of
thiol protecting groups; R, R', R'' and R''' are selected
independently from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substitued aryl, heteroaryl, substituted
heteroaryl, alkoxy, amino, amido, carboxyl, or groups which together
form an alkly, aromatic or heteroaromatic ring; n is 0, 1, 2, or 3,
to form a support-bound amine; and X is selected from the group
coneisting of leaving groups, to form thereby a trifluorocacetamide;
and removing said trifluroracetamide to form a support-bound amine;

(d) reacting said support~bound amine with a first amino
acid derivative under éonditions effective to form a support-bound
amide;

(e) removing said thiol protecting group to form a free
thiol;

(f) reacting said free thiol with a second substituted
a-halo acetic acid derivative to form thereby a support-bound
thioether; and

(g) reacting said thioether under conditions effective
to cyclize the same to form thereby a support-bound f-turn mimetic.
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38. The method of claim 37, further comprising the step of
cleaving said support-bound f-turn mimetic from said support to form -

thereby a free P-turn mimetic.

39. The method of claim 37, wherein said support comprises a
plurality of amino-derivatized pins.

40. The method of claim 39, wherein said step of forming a
support-bound Backbone structure comprises attaching two or more
Backbone structures to said pins.

41. The method of claim 40, wherein said support-bound
amines are reacted with a plurality of substitued amino acids.

42. The method of claim 41, wherein said support-bound
thiols are reacted with a plurality of substitued a-halo acetic
acids.

43. The method of claim 37, wherein said support comprises a
polyethylene glycol and polystyrene block copolymer.

44. A method of synthesizing P-turn mimetics on a solid
support, comprising the steps of:

(a) attaching an protected amino acid derivative to said
support to form a support-bound protected amino acid derivative;

(b) deprotecting said support-bound amino acid
derivative and reacting same with a Backbone structure having the
general formula P,S~-CRR'(CH,),CR''R'''=X where P, is selected from the
group consisting of thiol protecting groups; R, R', R'' and R''' are
selected independently from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substitued aryl, heteroaryl, éubstituted
heteroaryl, alkoxy, amino; amido, carboxyl, or groups which together
form an alkly, aromatic or heteroaromatic ring; n is 0, 1, 2, or 3,
to form a support-bound amine; and X is selected from the group
consisting of leaving groups;

(c) reacting said support-bound amine with a first amino
acid derivative under conditions effective to form a support-bound
amide;

(d) removing said thiol protecting group to form a free
thiol;

(e) reacting said free thiol with a second substituted
a-halo acetic acid derivative to form thereby a support-bound
thioether; and

(f) reacting said thioether under conditions effective
to cyclize the same to form thereby a support-bound f-turn mimetic.
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45, The method of claim 44, further comprising the step of
cleaving said support-bound P-turn mimetic from said support to form
thereby a free P-turn mimetic.

46. The method of claim 44, wherein said support comprises a
plurality of amino-derivatized pins.

47. The method of claim 46, wherein said step of forming a
support-bound Backbone structure comprises attaching two or more
Backbone structures to said pins.

48. The method of claim 47, wherein said support-bound
amines are reacted with a plurality of substitued amino acids.

49. The method of claim 48, wherein said support-bound
thiols are reacted with a plurality of substitued a-halo acetic

acids.

50. The method of claim 44, wherein said support comprises a

' polyethylene glycol and polystyrene block copolymer.

51. A method of synthesizing f-turn mimetice on a solid
support, comprising the steps of:

(a) attaching an protected amino acid derivative to said
support to form a support-bound protected amino acid derivative;

(b) deprotecting said support-bound amino acid
derivative and reacting same with a Backbone structure having the
general formula P,S-CRR'(CH,),CR''R'''-C(O)H where P, is selected from
the group consisting of thiol protecting groups; R, R', R'' and R''’
are selected independently from the group consisting of hydrogen,
alkyl, substituted alkyl, aryl, substitued aryl, heteroaryl,
substituted heteroaryl, alkoxy, amino, amido, carboxyl, or groups
which together form an alkly, aromatic or hetercaromatic ring; n is
0, 1, 2, or 3, to form a support-bound amine; a cyanoborohydride salt
and acetic acid to form thereby a support-bound amine;

(c) reacting said support-bound amine with a first amino
acid derivative under conditions effective to form a support-bound
amide;

(d) removing said thiol protecting group to form a free
thiol; v

(e) reacting said free thiol with a second substituted
a-halo acetic acid derivative to form thereby a support-bound
thioether; and
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(f) reacting said thiocether under conditions effective
to cyclize the same to form thereby a support-bound f-turn mimetic.

52. The method of claim 51, further comprising the step of
cleaving said support-bound P-turn mimetic from said support to form
thereby a free P-turn mimetic.

53. The method of claim 51, wherein said support comprises a
plurality of amino-derivatized pins.

54. The method of claim 53, wherein said step of forming a
support-bound Backbone structure comprises attaching two or more
Backbone structures to said pins.

55. The method of claim 54, wherein said support-bound
amines are reacted with a plurality of substitued amino acids.

56. The method of claim 55, wherein said support-bound
thiols are reacted with a plurality of substitued a-halo acetic

" acids.

57. The method of claim 51, wherein said support comprises a
polyethylene glycol and polystyrene block copolymer.

58. A method of synthesizing glycerol derivatives on a solid
support, comprising the steps of:

(a) forming a support-bound glycerol derivative;

(b) reacting said support-bound glycerol derivative with
a first reagent to form a support-bound first substituted glycerol
derivative, said first substituted glycerol derivative selected from
the group consisting of 3-substitued-1,2-dihydroxypropanyl or 1-
substituted glyceryl; énd _

(c) reacting said first substituted glycerol derivative
with a second reagent to form a support-bound second substituted
glycerol derivative, said second substituted glycerol derivative
selected from the group consisting of 1,3~disubstituted-2-
hydroxypropanyl, 1,3-disubstitued-1,2-dihydroxypropanyl, or 1,3~
disubstituted glyceryl.

59. The method of claim 26, further comprising the step of
cleaving said support-bound second substituted glycerol derivative
from said support to form thereby a free glycerol derivative.
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60. The method of claim 26, wherein said support is comprised

of amino-derivatized pins.

61. A method of forming a plurality of glycerol derivatives
on a solid support, comprising the steps of:

(a) attaching a glycerol derivative to a solid support
to form a bound glycerol derivative;

(b) reacting said bound glycerol derivative with a
plurality of first nucleophiles to form a first set of bound glyverol
variants; and

(c) reacting said first set of bound variants with a
plurality of second nucleophiles to produce a second set of bound
variants.

62. The method of claim 61, further comprising the step of
removing said second set of bound variants.

63. The method of claim 61, wherein said solid support

comprises amino-derivatized pins.

64. The method of claim 61, further comprising the step of
oxidizing one or more of said the glycerol derivative.

65. The method of claim 61, further comprising the step of
oxidizing one or more of said first set of bound derivatives.
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