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MACROCYCLIC MODULE COMPOSITIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This 1s a continuation-in-part of application Ser.
No. 10/071,377, filed Feb. 7, 2002, now abandoned.

FIELD OF THE INVENTION

10002] This invention is related to the fields of organic
chemistry and nanotechnology. In particular, 1t relates to
materials and methods for the preparation of synthons used
to construct macrocyclic module compositions.

BACKGROUND OF THE INVENTION

[0003] One area of nanotechnology is to develop chemical
building blocks from which hierarchical molecules of pre-
dicted properties can be assembled. An approach to making
chemical building blocks or nanostructures begins at the
atomic and molecular level by designing and synthesizing
starting materials with highly tailored properties. Precise
control at the atomic level 1s the foundation for development
of rationally tailored synthesis-structure-property relation-
ships which can provide materials of unique structure and
predictable properties. This approach to nanotechnology 1s
inspired by nature where, for example, from twenty common
amino acids found in natural proteins, more than 10’ stable
and unique proteins are made.

[0004] Nanotechnology has also been described by K. Eric
Drexler in Engines of Creation as “the knowledge and
means for designing, fabricating and employing molecular
scale devices by the manipulation and placement of indi-
vidual atoms and molecules with precision on the atomic
scale.” A quest of nanotechnology 1s to prepare molecular
architectures capable of performing on a nanometer scale
functions normally observed for large-scale constructs. For
example, rotaxanes and polyrotaxanes are molecules that are
interlocked, but not chemically bound to one another, which
act like nano-machines. In other examples, carbon nano-
tubes and similar constructs have been created which may
function as molecular scaffold units, or as transport chan-
nels, storage units, or encapsulators for various atoms and
molecules. The use of biological processes 1s also being
studied as an approach to the assembly of non-biological
nano-devices. For example, U.S. Pat. No. 5,468,851 dis-
closes building various structures from polynucleotide seg-
ments.

[0005] In U.S. Pat. No. 5,876,830 an approach to the

construction of macromolecular structures by coupling
molecular modules using connectors, spacers, and binders 1s
described. The modules were adhered to a surface and
reacted to form grids or nets on the surface.

[0006] International Patent Application WO 01/27028 Al
describes structural sub-units or synthons which could be
used to prepare molecular nanostructures, machines and
devices. Synthons used were closo-carboranes, which are
rigid polyhedral structures, selected for their availability and
requisite substitutional control and structural diversity.

[0007] Some aspects of nanotechnology are described in
Chemical Reviews, 1999(7).

[0008] One field that will benefit from nanotechnology is
filtration using membranes. Conventional membranes used
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in a variety of separation processes can be made selectively
permeable to various molecular species. The permeation
properties of conventional membranes generally depend on
the pathways of transport of species through the membrane
structure. While the diffusion pathway 1n conventional selec-
tively permeable materials can be made tortuous 1n order to
control permeation, porosity 1s not well defined or controlled
by conventional methods. The ability to fabricate regular or
unique pore structures of membranes 1s a long-standing goal
of separation technology.

[0009] In one example, the formation of selectively per-
meable membranes of monomolecular thickness was
described by Hendel, et al., Journal of the Amer. Chem. Soc.,
1997, 119:6909-18, who reported preparation of calix|6]
arenes and their deposition as Langmuir-Blodgett films on a
porous poly| I(trimethylsilyl)-1-propyne]| substrate, where
the calix| 6 Jarene molecules are not coupled or bound to each
other 1n the film. A selectively permeable membrane was
described for which the ratio of the normalized flux of
helium gas to nitrogen gas was found to significantly exceed
the conventional Graham’s law prediction.

[0010] Resistance to flow of species through a membrane
may also be governed by the flow path length. Resistance
can be greatly reduced by using a very thin film as a
membrane, at the cost of reduced mechanical strength of the
membrane material. Conventional membranes may have a
barrier thickness of at least one to two hundred nanometers,
and often up to millimeter thickness. In general, a thin film
of membrane barrier material can be deposited on a porous
substrate of greater thickness to restore material strength.

[0011] Membrane separation processes are used to sepa-
rate components from a fluid in which atomic or molecular
components having sizes smaller than a certain “cut-off”
size can be separated from components of larger size.
Normally, species smaller than the cut-off size are passed by
the membrane. The cut-off size may be an approximate
empirical value which retlects the phenomenon that the rate
of transport of components smaller than the cut-off size is
merely faster than the rate of transport of larger components.
In conventional pressure-driven membrane separation pro-
cesses, the primary factors affecting separation of compo-
nents are size, charge, and diffusivity of the components 1n
the membrane structure. In dialysis, the driving force for
separation 1s a concentration gradient, while 1n electrodialy-
sis electromotive force 1s applied to 1on selective mem-
branes.

[0012] Thus, what is needed is an approach to making
chemical building blocks or nanostructures from starting
materials with tailored properties.

SUMMARY OF THE INVENTION

[0013] In one aspect, a macrocyclic module composition
1s provided which may be made from three to about twenty-
four cyclic synthons. The synthons of the macrocyclic
module composition form a closed ring.

[0014] In some variations, a macrocyclic module compo-
sition may 1nclude functional groups for coupling to other
macrocyclic modules. A composition may include two or
more closed rings coupled together.

[0015] In other variations, one or more functional groups
may be coupled to one or more of the cyclic synthons of a
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macrocyclic module composition, the functional group(s)
located at the pore of the composition, where the macrocy-
clic module composition may have a first pore dimension in
a first conformation when a first group of substituents 1s
located at the pore and a second pore dimension 1n a second
conformation when a second group of substituents is located
at the pore.

[0016] In further variations, a composition may include a
closed ring, a functional group coupled to the closed ring at
the pore, and a selected species to be transported through the
pore.

[0017] In another aspect, a method is provided to make a
composition to transport selected species through the com-
position, by selecting a first cyclic synthon substituted with
at least one functional group and selecting from two to about
twenty-three additional cyclic synthons, then imncorporating
the cyclic synthons into a macrocyclic module composition
in which the functional group of the first cyclic synthon is
located at the pore of the composition.

[0018] In one variation, a macrocyclic module composi-
fion may be coupled to a solid support.

[0019] In one aspect, a macrocyclic module composition
1s provided having from three to twenty-four cyclic synthons
forming a closed ring of cyclic synthons which retains film
arca after a period of time on a Langmuir trough.

[0020] In another aspect, a linkage is formed between
coupled cyclic synthons.

[0021] In another aspect, a method for making a macro-
cyclic module composition 1s provided wherein a plurality
of a first cyclic synthon 1s contacted with a plurality of a
second cyclic synthon, and the macrocyclic module com-
position 1s 1solated therefrom. A linker molecule may be
contacted with the mixture of synthons.

[0022] In another variation, a method for making a mac-
rocyclic module composition 1s provided wherein a plurality
of a first cyclic synthon 1s contacted with a plurality of a
second cyclic synthon, and a plurality of the first cyclic
synthon 1s contacted with the mixture. The first cyclic
synthon may be supported on a solid phase.

10023] In another variation, a method for making a mac-
rocyclic module composition 1s provided wherein a plurality
of a first cyclic synthon 1s contacted with a plurality of a
second cyclic synthon, and a plurality of a third cyclic
synthon 1s contacted with the mixture. The first cyclic
synthon may be supported on a solid phase.

10024] In another variation, a method for making a mac-
rocyclic module includes a template for bringing together
synthons.

BRIEF DESCRIPTION OF THE DRAWINGS

10025] FIG. 1A shows a representation of an example of
the structure of an embodiment of a hexamer macrocyclic
module.

10026] FIG. 1B shows a representation of an example of
the structure of an embodiment of a hexamer macrocyclic
module.

10027] FIG. 2A shows an example of the Langmuir 1so-
therm of an embodiment of a hexamer macrocyclic module.
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[10028] FIG. 2B shows an example of the isobaric creep of
an embodiment of a hexamer macrocyclic module.

10029] FIG. 3A shows an example of the Langmuir iso-
therm of an embodiment of a hexamer macrocyclic module.

[0030] FIG. 3B shows an example of the isobaric creep of
an embodiment of a hexamer macrocyclic module.

DETAILED DESCRIPTION OF THE
INVENTION

0031] Synthons for Macrocyclic Modules

0032] As used herein, the term “alkyl” refers to a

branched or unbranched monovalent hydrocarbon radical.
An “n-mC” alkyl or “(nC-mC)alkyl” refers to all alkyl
ogroups containing {from n to m carbon atoms. For example,
a 1-4C alkyl refers to a methyl, ethyl, propyl, or butyl group.
All possible 1somers of an indicated alkyl are also included.
Thus, propyl includes 1sopropyl, butyl includes n-butyl,
1sobutyl and t-butyl, and so on. The term alkyl includes
substituted alkyls. As used herein, the term “substituted
alkyl” refers to an alkyl group with an additional group or
ogroups attached to any carbon of the alkyl group. Additional
ogroups attached to a substituted alkyl may include one or
more functional groups such as alkyl, aryl, acyl, halogen,
alkylhalo, hydroxy, amino, alkoxy, alkylamino, acylamino,
acyloxy, aryloxy, aryloxyalkyl, mercapto, both saturated and
unsaturated cyclic hydrocarbons, heterocycles, and others.

[0033] As used herein, the terms “R,”“R',” and “R"” in a

chemical formula refer to a hydrogen or an organic group,
cach mmdependently selected, unless stated otherwise.

[0034] As used herein, the term “aryl” refers to an aro-
matic group which may be a single aromatic ring or multiple
aromatic rings which are fused together, linked covalently,
or linked to a common group such as a methylene, ethylene,
or carbonyl, and includes polynuclear ring structures. An
aromatic ring or rings may include substituted or unsubsti-
tuted phenyl, naphthyl, biphenyl, diphenylmethyl, and ben-
zophenone groups, among others. The term “aryl” includes
substituted aryls.

[0035] As used herein, the term “heteroaryl” refers to an
aromatic ring(s) in which one or more carbon atoms of the
aromatic ring(s) are substituted by a heteroatom such as
nitrogen, oxygen, or sulfur. Heteroaryl refers to structures
which may include a single aromatic ring, multiple aromatic
rings, or one or more aromatic rings coupled to one or more
nonaromatic rings. It includes structures having multiple
rings, fused or unfused, linked covalently, or linked to a
common group such as a methylene or ethylene group, or
linked to a carbonyl as in phenyl pyridyl ketone. As used
herein, the term “heteroaryl” includes rings such as
thiophene, pyridine, 1soxazole, phthalimide, pyrazole,
indole, furan, or benzo-fused analogues of these rings.

[0036] As used herein, the term “saturated cyclic hydro-
carbon” refers to ring structures cyclopropyl, cyclobutyl,
cyclopentyl groups, and others, including substituted
ogroups. Substituents to saturated cyclic hydrocarbons
include substituting one or more carbon atoms of the ring
with a heteroatom such as nitrogen, oxygen, or sulfur.
Saturated cyclic hydrocarbons include bicyclic structures
such as bicycloheptanes and bicyclooctanes, and multicyclic
structures.
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[0037] Asused herein, the term “unsaturated cyclic hydro-
carbon” refers to a monovalent nonaromatic group with at
least one double bond, such as cyclopentene, cyclohexene,
and others, mcluding substituted groups. Substituents to
unsaturated cyclic hydrocarbons include substituting one or
more carbon atoms of the ring with a heteroatom such as
nitrogen, oxygen, or sulfur. As used herein, the term “cyclic
hydrocarbon™ includes substituted and unsubstituted, satu-
rated and unsaturated cyclic hydrocarbons, and multicyclic
structures. Unsaturated cyclic hydrocarbons mclude bicyclic
structures such as bicycloheptenes and bicyclooctenes, and
multicyclic structures.

[0038] As used herein, the terms “amphiphile” or
“amphiphilic” refer to a species which exhibits both hydro-
philic and lipophilic character. In general, an amphiphile
contains a lipophilic moiety and a hydrophilic moiety. An
amphiphile may form a Langmuir film.

10039] Examples of hydrophilic moieties include, without
limitation, hydroxyl, methoxy, phenol, carboxylic acids and
salts thereof, methyl and ethyl esters of carboxylic acids,
amides, amino, cyano, ammonium salts, monoalkyl-substi-
tuted amino groups, di-alkyl-substituted amino groups,
—NRR', —N=C, —NHR, sulfonium salts, phosphonium
salts, polyethyleneglycols, polypropyleneglycols, epoxy
gToups, acrylates, sulfonamides, nitro,
—OP(O)(OCH,CH,N"RR'R")O~, guanidinium, aminate,
acrylamide, and pyridintum. Such hydrophilic moieties may
include groups such as polyethylene glycols, or for example,
polymethylene chains substituted with alcohol, carboxylate,
acrylate, methacrylate, or

- COZ(CHQ)? \O/

10040] groups, where y is 1-6. Hydrophilic moieties may
also 1nclude alkyl chains having internal amino or substi-
tuted amino groups, for example, internal —NH—,
—NC(O)R—, or —NC(O)CH=CH,— groups. Hydro-
philic moieties may also include polycaprolactones, poly-
caprolactone diols, poly(acetic acid)s, poly(vinyl acetates)s,
poly(2-vinyl pyridine)s, cellulose esters, cellulose hydroxyl
ethers, poly(L-lysine hydrobromide)s, poly(itaconic acid)s,
poly(maleic acid)s, poly(styrenesulfonic acid)s, poly(a-
niline)s, or poly(vinyl phosphonic acid)s.

10041] Examples of lipophilic moieties include, without
limitation, linear or branched alkyls, including 1-28C hydro-
carbons. Examples of groups which may be coupled to a
synthon or macrocyclic module as a lipophilic group 1nclude
alkyls, —CH=CH—R, —C=C—R, —OC(O)—R,
—(C(0)0O—R, —NHC(O)—R, —C(O)NH—R, and
—O—R, where R 1s 4-18C alkyl. Each chain may indepen-
dently comprise, without limitation, alkenyl, alkynyl, satu-
rated and unsaturated cyclic hydrocarbons, or aromatic
oroups. Each chain may also contain, interspersed among
the carbons of the chain, one or more silicon atoms substi-
tuted with alkyl, alkenyl, alkynyl, saturated and unsaturated
cyclic hydrocarbons, or aryl groups. The carbon atoms of
cach chain may independently be substituted with one or
more fluorine atoms. The carbon atoms of an alkyl group
may be interrupted by one or more functional groups such
as, for example, S—, double bond, triple bond or
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—S1R'R"— groups, any of which may be substituted with
one or more fluorine atoms, and any combination of such
functional groups may be used.

[0042] As wused herein, the terms “coupling” and
“coupled” with respect to molecular moieties or species,
molecules, synthons, and macrocyclic modules refers to
their attachment or association with other molecular moi-
eties or species, atoms, molecules, synthons, or macrocyclic
modules, whether the attachment or association 1s speciiic or
non-specific, reversible or non-reversible, 1s the result of
chemical reaction, or the result of direct or indirect physical
interactions, complexation, charge transfer, or as the result
of magnetic, electrostatic, or electromagnetic interaction.
Coupling may be specific or non-specific, and the bonds
formed by a coupling reaction are often covalent bonds, or
polar-covalent bonds, or mixed 1onic-covalent bonds, and
may sometimes be Coulombic forces, 1onic or electrostatic
forces or 1nteractions.

[0043] As used herein, the term “functional group”
includes, but 1s not limited to, chemical groups, organic
groups, 1norganic groups, organometallic groups, aryl
oroups, heteroaryl groups, cyclic hydrocarbon groups,
amino (—NH,), hydroxyl (—OH), cyano (—C=N), nitro
(NO,), carboxyl (—COOH), formyl (—CHO), keto
(—CH,C(O)CH,—), alkenyl (—C=C—), alkynyl,
(—C=C—), and halo (F, Cl, Br and I) groups.

|0044] As used herein, the term “synthon” refers to a
molecule used to make a macrocyclic module. A synthon
may be substantially one isomeric configuration, for
example, a single enantiomer. A synthon may be substituted
with functional groups which are used to couple a synthon
to another synthon or synthons, and which are part of the
synthon. A synthon may be substituted with an atom or
oroup of atoms which are used to impart hydrophilic,
lipophilic, or amphiphilic character to the synthon or to
species made from the synthon. A synthon may be substi-
tuted with an atom or group of atoms to form one or more
functional groups on the synthon which may be used to
couple the synthon to another synthon or synthons. The
synthon before being substituted with functional groups or
ogroups used to impart hydrophilic, lipophilic, or amphiphilic
character may be called the core synthon. As used herein, the
term “synthon” refers to a core synthon, and also refers to a
synthon substituted with functional groups or groups used to
impart hydrophilic, lipophilic, or amphiphilic character.

[0045] As used herein, the term “cyclic synthon” refers to
a synthon having one or more ring structures. Examples of
ring structures include aryl, heteroaryl, and cyclic hydrocar-
bon structures mcluding bicyclic ring structures and multi-
cyclic ring structures. Examples of core cyclic synthons
include, but are not limited to, benzene, cyclohexadiene,
cyclopentadiene, naphthalene, anthracene, phenylene,
phenanthracene, pyrene, triphenylene, phenanthrene, pyri-
dine, pyrimidine, pyridazine, biphenyl, bipyridyl, cyclohex-
ane, cyclohexene, decalin, piperidine, pyrrolidine, morpho-
line, piperazine, pyrazolidine, quinuclhdine,
tetrahydropyran, dioxane, tetrahydrothiophene, tetrahydro-
furan, pyrrole, cyclopentane, cyclopentene, triptycene, ada-
mantane, bicyclo[2.2.1]heptane, bicyclo[2.2.1 |heptene,
bicyclo|2.2.2|octane, bicyclo[2.2.2]octene, bicyclo|3.3.0]
octane, bicyclo| 3.3.0]octene, bicyclo[3.3.1 Jnonane, bicyclo
[3.3.1|nonene, bicyclo| 3.2.2 Inonane, bicyclo|3.2.2 nonene,
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bicyclo|4.2.2 ]decane, 7-azabicyclo[2.2.1 Jheptane, 1,3-diaz-
abicyclo|[2.2.1 |heptane, and spiro[4.4 |nonane. A core syn-
thon comprises all isomers or arrangements of coupling the
core synthon to other synthons. For example, the core
synthon benzene includes synthons such as 1,2- and 1,3-
substituted benzenes, where the linkages between synthons
are formed at the 1,2- and 1,3-positions of the benzene ring,
respectively. For example, the core synthon benzene
includes 1,3-substituted synthons such as

L—,

X

F

[0046] where L is a linkage between synthons and the
2,4,5,6 positions of the benzene ring may also have sub-
stituents. A condensed linkage between synthons involves a
direct coupling between a ring atom of one cyclic synthon to
a ring atom of another cyclic synthon, for example, where
synthons M—X and M—X couple to form M—M, where M
1s a cyclic synthon and X 1s halogen; as for example when
M 1s phenyl resulting 1n the condensed linkage

aW;

[0047] As used herein, the term “activated acid” refers to
a —C(O)R moiety in which the R group is readily displaced
by a nucleophile to form a covalent bond between the
—(C(O)— and the nucleophile. Examples of activated acids
include acid chlorides, acid fluorides, p-nitrophenyl esters,
pentafluorophenyl esters, and N-hydroxysuccinimide esters.

|0048] As used herein, the term “amino acid residue”
refers to the product formed when a species comprising at
least one amino (—NH,) and at least one carboxyl
(—C(0)O—) group couples through either of its amino or
carboxyl groups with an atom or functional group of a
synthon. Whichever of the amino or carboxyl groups 1s not
involved 1n the coupling may be blocked with a removable
protective group.

0049] Macrocyclic Modules

0050] A macrocyclic module is a closed ring of coupled
synthons. To make a macrocyclic module, synthons may be
substituted with functional groups to couple the synthons to
form a macrocyclic module. Synthons may also be substi-
tuted with functional groups which will remain m the
structure of the macrocyclic module. Functional groups
which remain 1 the macrocyclic module may be used to
couple the macrocyclic module to other macrocyclic mod-
ules.

[0051] A macrocyclic module may contain from three to
about twenty-four cyclic synthons. In the closed ring of a
macrocyclic module, a first cyclic synthon may be coupled
to a second cyclic synthon, the second cyclic synthon may
be coupled to a third cyclic synthon, the third cyclic synthon
may be coupled to a fourth cyclic synthon, if four cyclic
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synthons are present 1n the macrocyclic module, the fourth
to a fifth, and so on, until an n™ cyclic synthon may be
coupled to its predecessor, and the n™ cyclic synthon may be
coupled to the first cyclic synthon to form a closed ring of
cyclic synthons. In one variation, the closed ring of the
macrocyclic module may be formed with a linker molecule.

[0052] A macrocyclic module may be an amphiphilic
macrocyclic module when hydrophilic and lipophilic func-
tional groups exist in the structure. The amphiphilic char-
acter of a macrocyclic module may arise from atoms 1n the
synthons, 1n the linkages between synthons, or in functional
ogroups coupled to the synthons or linkages.

[0053] In some variations, one or more of the synthons of
a macrocyclic module may be substituted with one or more
lipophilic moieties, while one or more of the synthons may
be substituted with one or more hydrophilic moieties,
thereby forming an amphiphilic macrocyclic module. Lipo-
philic and hydrophilic moieties may be coupled to the same
synthon or linkage 1n an amphiphilic macrocyclic module.
Lipophilic and hydrophilic moieties may be coupled to the
macrocyclic module before or after formation of the closed
ring of the macrocyclic module. For example, lipophilic or
hydrophilic moieties may be added to the macrocyclic
module after formation of the closed ring by substitution of
a synthon or linkage.

[0054] The amphiphilicity of a macrocyclic module may
be characterized in part by its ability to form a stable
Langmuir film. A Langmuir film may be formed on a
Langmuir trough at a particular surface pressure measured 1n
milliNewtons per meter (mN/m) with a particular barrier
speed measured in millimeters per minute (mm/min), and
the 1sobaric creep or change 1n film area at constant surface
pressure can be measured to characterize stability of the
film. For example, a stable Langmuir film of macrocyclic
modules on a water subphase may have an 1sobaric creep at
5-15 mN/m such that the majority of the film area 1s retained
over a period of time of about one hour. Examples of stable
Langmuir films of macrocyclic modules on a water subphase
may have 1sobaric creep at 5-15 mN/m such that about 70%
of the film area 1s retained over a period of time of about 30
minutes, sometimes about 70% of the film area 1s retained
over a period of time of about 40 minutes, sometimes about
70% of the film area 1s retained over a period of time of
about 60 minutes, and sometimes about 70% of the film area
1s retained over a period of time of about 120 minutes. Other
examples of stable Langmuir films of macrocyclic modules
on a water subphase may have i1sobaric creep at 5-15 mN/m
such that about 80% of the film area 1s retained over a period
of time of about thirty minutes, sometimes about 85% of the
f1lm area 1s retained over a period of time of about thirty
minutes, sometimes about 90% of the film area 1s retained
over a period of time of about thirty minutes, sometimes
about 95% of the film area 1s retained over a period of time
of about thirty minutes, and sometimes about 98% of the
film area 1s retained over a period of time of about thirty
minutes.

[0055] In one aspect, an individual macrocyclic module
may 1nclude a pore 1n 1ts structure. Each macrocyclic
module may define a pore of a particular size, depending on
the conformation and state of the module. Various macro-
cyclic modules may be prepared which define pores of
different sizes.
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[0056] A macrocyclic module may include a flexibility in
its structure. Flexibility may permit a macrocyclic module to
more easily form linkages with other macrocyclic modules
by coupling reactions. Flexibility of a macrocyclic module
may also play a role 1n regulating passage of species through
the pore of the macrocyclic module. For example, flexibility
may affect the dimension of the pore of a macrocyclic
module since various conformations may be available to the
structure. For example, a macrocyclic module may have a
certain pore dimension 1n one conformation when no sub-
stituents are located at the pore, and have a different pore
dimension 1n another conformation when one or more
substituents are located at the pore. Likewise, a macrocyclic
module may have a certain pore dimension in one confor-
mation when one group of substituents are located at the
pore, and have a different pore dimension in a different
conformation when a different group of substituents are
located at the pore. For example, the “one group” of sub-
stituents located at the pore may be three alkoxy groups
arranged 1n one regioisomer, while the “different group™ of
substituents may be two alkoxy groups arranged 1n another
regioisomer. The effect of the “one group” of substituents

Functional Group A
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located at the pore and the “different group” of substituents
located at the pore 1s to provide a macrocyclic module
composition which may regulate transport and filtration, in
conjunction with other regulating factors.

[0057] In making macrocyclic modules from synthons, the
synthons may be used as a substantially pure single 1somer,
for example, as a pure single enantiomer.

[0058] In making macrocyclic modules from synthons,
one or more coupling linkages are formed between adjacent
synthons. The linkage formed between synthons may be the
product of the coupling of one functional group on one
synthon to a complementary functional group on a second
synthon. For example, a hydroxyl group of a first synthon
may couple with an acid group or acid halide group of a
second synthon to form an ester linkage between the two
synthons. Another example 1s an 1mine linkage,
—CH=N—, resulting from the reaction of an aldehyde,
—CH=0, on one synthon with an amine, —NH,, on
another synthon. Examples of complementary functional
ogroups and linkages between synthons are shown 1n Table 1.

TABLE 1

Examples of functional eroups of synthons and synthon linkages

Functional Group B Linkage Formed

—NH, —C(O)H N=—CH—
—NH, —CO,H —NHC(O)—
—NHR —CO,H —NRC(O)—
—OH —CO,H —OC(0)—
—X —O Na O
—SH —SH S—S
—X —(NR)L1 —NR—
—X —S Na S
—X —NHR —NR—
—X —CH,Cul.1 —CH,—
—X —(CRR"),_;_¢Culi —(CRR"),—
synthon-X synthon-X synthon—synthon
—ONa —C(O)OR —C(0)0O—
—SNa —C(O)OR —C(O)S—
—X (= CH C= C—
(= CH (= CH = C—C=C—
—MgX —C(O)H —CH(OH)—
synthon-NH, /O\ OH H
‘ N
synthon synthon -~ synthon
synthon-MgX /O\ OH
synthon synthan\/ synthon
synthon synthon-X synthon
synthon
—C(O)H —C(O)H —HC=—CH—
(CH5),C=CH-synthon synthon-C(O)Cl O
synthon

synthon
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TABLE 1-continued

Examples of functional groups of synthons and synthon linkages

Functional Group A Functional Group B Linkage Formed
N=C=0 —NH, —NHC(O)NH—
N=—C=0 HO— —NHC(O)O—

—C(O)H —NHNH, —CH=N—NH—
—OH —OC(O)X —OC{0)0O—
(CH;),C—=CH-synthon synthon-SH S—synthon
synthon
(CH,),CHC{O)O-synthon synthon-CH(O)
synthon O
synthon
OH O
synthon-CH,C(O)OH synthon-CH,C({O)OH O O
synthon
OH
synthon
/= R,S1H-synthon R R
synthon /\/\ Si/
synthon \synthﬂn

synthon synthon Syﬂthﬂﬂﬁ— synthon

(Synthon A) (Synthon B) R (Synthon A)
< A
R R
R (Synthon B)
/(Synthmn A) /(Synthc:n B) (Synthon A)
Ph/ Ph/ Ph Ph
(Synthon B)

—OP(0)(OH), —OH —OP(0)(OH)O—
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[0059] In Table 1, R and R' represent hydrogen or organic
ogroups, and X 1s halogen or other good leaving groups.

[0060] In another variation, a macrocyclic module may
have functional groups for coupling to other macrocyclic

modules which were coupled to the macrocyclic module
after 1nitial preparation of the closed ring. For example, an
imine linkage of a macrocyclic module may be substituted
with one of various functional groups to produce additional
macrocyclic modules. Examples of linkages between syn-
thons having functional groups for coupling macrocyclic
modules are shown 1n Table 2.

TABLE 2

Examples of functional groups of synthons and synthon linkages

Functional
Group
of Macrocyclic Substituted
Module Linkage Reagent Linkage

Qi—N—Q, Q—N—Q,

A =§
/

H,
Q—C—N

0
o Cl)‘\/ 0

/

Q—CH—Q,

0 |
O
—*)’/

Q—CH—Q,

‘ O
OH o )'I\/

Qi— (‘:H_ Q2 Xx———-~=H Q 1= CH— Q2
) I
H
QI— (‘:H_ Qs —_— / Q—CH—Q,
X
X
\< />
\
Qq T Q- O Qi—N—Q,
H o O
=2
Cl R
R
Q—CH— Q> O Qi—CH—Q,
| O |
OH O
Cl R=a
R
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TABLE 2-continued

Examples of functional groups of synthons and synthon linkages

Functional
Group
of Macrocyclic Substituted
Module Linkage Reagent Linkage
Q—N—0Q2 O Q—N—Q

‘ )I\/\
I O
Cl Z ph

Ph
Q—CH—Q, O Q—CH—Q
| O |
o Cl / Ph ?
o

Ph

0061]

0062] The functional groups of synthons used to form
linkages between synthons may be separated from the
synthon by a spacer. A spacer can be any atom or group of
atoms which couples the functional group to the synthon,
and does not interfere with the linkage-forming reaction. A
spacer 1s part of the functional group, and becomes part of
the linkage between synthons. An example of a spacer 1s a
methylene group, —CH,—. The spacer may be said to
extend the linkage between synthons. For example, if one
methylene spacer were inserted in an 1mine linkage,
—CH=N—, the resulting 1mine linkage may be
—CH,CH=N—.

[0063] A linkage between synthons may also contain one
or more atoms provided by an external moiety other than the
two functional groups of the synthons. An external moiety
may be a linker molecule which may couple with the
functional group of one synthon to form an intermediate
which couples with a functional group on another synthon to
form a linkage between the synthons, such as, for example,
to form a closed ring of synthons from a series of coupled
synthons. An example of a linker molecule 1s formaldehyde.
For example, amino groups on two synthons may undergo

Mannich reaction 1n the presence of formaldehyde as the
linker molecule to produce the linkage —NHCH,NH—.

[0064] In one variation, a macrocyclic module may be a
closed ring composition of the formula:

CE—

[0065] wherein:

[0066] the closed ring comprises a total of from three to
twenty-four synthons Q; J 1s 2-23;

In Table 2, X 1s halogen.

[0067] Q' are synthons each independently selected
from the group consisting of (a) aryl synthons, (b)
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heteroaryl synthons, (c) saturated cyclic hydrocarbon

synthons, (d) unsaturated cyclic hydrocarbon synthons, -continued
(e) saturated bicyclic hydrocarbon synthons, (f) unsat- synthon synthon — CH—synthon
urated bicyclic hydrocarbon synthons, (g) saturated |
multicyclic hydrocarbon synthons, and (h) unsaturated - - O O
multicyclic hydrocarbon synthons; wherein ring posi- ’ ’
tions of each Q' which are not coupled to a linkage L j
are substituted with hydrogen or organic functional synthon
groups containing atoms selected from the group of C, synthon — CH—synthon
H, N, O, S1, P, S, B, Al, halogens, and metals from the synthon — CH—synthon
alkali and alkaline earth groups; | | (\}

[0068] Q2 is a synthon independently selected from the where G is halogen
group consisting of (a) aryl synthons, (b) heteroaryl q
synthons, (c¢) saturated cyclic hydrocarbon synthons, synthon — CH—synthon
(d) unsaturated cyclic hydrocarbon synthons, (¢) satu-
rated bicyclic hydrocarbon synthons, (f) unsaturated )\ synthon = N="synthon
bicyclic hydrocarbon synthons, (g) saturated multicy- ‘ O
clic hydrocarbon synthons, and (h) unsaturated multi- N ’ R ’

cyclic hydrocarbon synthons; wherein ring positions of
Q” which are not coupled to an L are substituted with

hydrogen or organic functional groups containing X

atoms selected from the group consisting of C, H, N, O, synthon — CH—synthon synthon ——N——synthon

S1, P, S, B, Al, halogens, and metals from the alkali and | o

alkaline earth groups; O O

, , and

[0069] L are linkages between the synthons each inde- Z/

pendently selected from the group consisting of syn- R

thon-synthon, —NRC(O)—, —OC(O)—, —O—, Ph

S—S—. S—, —NR—, A(CRR')IJ—, synthon—— CH——synthon
—CH,.NH—, —C(0)S—, —C(0)0—, —C=C—, O O

—(C=C—C=C—, —CH(OH)—, —HC=CH—,

—NHC(O)NH—, —NHC(0)O—, —NHCH,NH—, )
—NHCH,CH(OH)CH,NH—, .
—N=CH(CH,) ,CH=N—, —CH,CH(OH)CH,—,
—N=CH(CH,),CH=N— where h is 1-4, Ph
—CH=N—NH—, —O(C(0)O—, —OP(O)(OH)O—,
—CH(OH)CH,NH—, —CH(OH)CH ,—,
—CH(OH)C(CH;),C(0)0—, [0070] wherein p 1s 1-6;
[0071] wherein R and R' are each independently
OH H OH selected from the group of hydrogen and alkyl;
synthon ‘ /N\Symhm: SythHAI\/Sythnri wherein the linkages L are each independently con-

ficured with respect to the Q' and Q* synthons, each

O : : : : :
synthon S——synthon L having either of 1ts two possible configurations
_ \ synthon with respect to the synthons it couples together, the
T = ’ ’ forward and reverse configurations of the linkage
synthon / \Symhm synthon with respect to the immediately adjacent synthons to
which it couples, for example, Q',—NHC(0)—Q",,
and Q',—C(O)NH—Q",,, if the two configurations
synthon, are isomerically different structures. Synthons Q,
when independently selected, may be any cyclic

OH O - ; 1

O O synthon as described, so that the J synthons Q™ may
be found 1n the closed ring 1n any order, for example,
cyclohexyl--1,2-phenyl--piperidinyl--1,2-phenyl--1,
synthon \synth-::m 2-ph6ﬂy1--CYC10h6}{yl, and so o1, and the J linkages

synthon L. may also be mndependently selected and configured
synthon in the closed ring. The macrocyclic modules repre-

R

sented and encompassed by the formula include all

synthon synthon : stereoisomers of the synthons involved, so that a
R

synthon O

R R
synthon \ /
OH’ S1

2

wide variety ol stercoisomers of the macrocyclic
synthon module are 1ncluded for each closed ring composi-
tion of synthons.
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[0072] A macrocyclic module may include functional
ogroups for coupling the macrocyclic module to a solid
surface, substrate, or support. Examples of functional groups

of macrocyclic modules which can be used to couple to a
substrate or surface mclude amine, carboxylic acid, carboxy-

lic ester, benzophenone and other light activated crosslink-
ers, alcohol, glycol, vinyl, styryl, olefin styryl, epoxide,

thiol, magnesium halo or Grignard, acrylate, acrylamide,

diene, aldehyde, and mixtures thereof. These functional
groups may be coupled to the closed ring of the macrocyclic
module, and may optionally be attached by a spacer group.

Examples of solid surfaces include metal surfaces, ceramic
surfaces, polymer surfaces, semiconductor surfaces, silicon

waler surfaces, alumina surfaces, and so on. Examples of
functional groups of macrocyclic modules which can be

used to couple to a substrate or surface further include those
described 1n the left hand column of Tables 1 and 2. Methods
of mnitiating coupling of the modules to the substrate include

chemical, thermal, photochemical, electrochemical, and
irradiative methods.

[0073] Examples of spacer groups include polyethylene
oxides, polypropylene oxides, polysaccharides, polylysines,
polypeptides, poly(amino acids), polyvinylpyrrolidones,

polyesters, polyvinylchlorides, polyvinylidene {fluorides,

Oct. 23, 2003

polyvinylalcohols, polyurethanes, polyamides, polyimides,

polysulfones, polyethersulfones, polysulfonamides, and

polysulfoxides.

|0074] A substrate may have functional groups which
couple to the macrocyclic modules. The functional groups of

the substrate may be surface groups or linking groups bound
to the substrate, which may be formed by reactions which
bind the surface groups or linking groups to the substrate.
Surface groups may also be created on the substrate by a
variety of treatments such as cold plasma treatment, surface
ctching methods, solid abrasion methods, or chemical treat-
ments. Some methods of plasma treatment are given in
Inagaki, Plasma Surface Modification and Plasma Polymer-
ization, Technomic, Lancaster, Pa., 1996. The functional
ogroups of the macrocyclic modules and the surface may be
blocked with protecting groups until needed. In one varia-

tion, a photoreactive group such as a benzophenone group 1s
bound to the surface or substrate. The photoreactive group
may be activated with light, for example, ultraviolet light to
provide a reactive species which couples to a macrocyclic
module.

[0075] Examples of modules useful as building blocks are
shown 1n Table 3.

TABLE 3

FExamples of macrocyclic modules

Macrocyclic

Module

Hexamer la

Cio
NN
\E\
Z

NF

Structure

J
OH HO/‘ =
\N

O

OH
7 ‘ N
A
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Macrocyclic

Module

Hexamer 1dh

Hexamer 3 -
amine

H-N

10

TABLE 3-continued

Examples of macrocyclic modules

Structure

R=Cyy A
R
H,N NH,
e
™~
NH

| HN NH
\‘ A ﬁ(\/\/ 2
& OHHO 7
HT \NH

. e
OH HO
HN O

/\ OH O

H

d

O
NH-»

O

OCyg

/\Ilr OC 16
O
O
NH,
NH,

Oct. 23, 2003
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TABLE 3-continued

Examples of macrocyclic modules

Macrocyclic

Module Structure

Hexamer 1jh <_>

/
HN NH
Clﬁow/\‘/\) ‘ \/W/OCM

X
? \f\OHHO 7 ?
~N
HN

OCy6
Hexamer 2 -
amine/ester H-N CO-M
2 2-V1C
O
HN
NH
C160 e
O
5 O
OH HO

Meogc4< >\N P /§ >7NH2
/ 0 \

H,N x O CO-Me

OCyg
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TABLE 3-continued

Examples of macrocyclic modules

Macrocyclic
Module Structure

Hexamer 1dh -
acryl

“%Aﬁ >

and mixtures there of

L
N

Ci4
Octamer 51h - NH, H,N
aspartic OCys
MeOsC )\ CO>Me
O
O O
N ‘ N N
/
N N
H H
OH

NH

NH
: >—OC15
HN

O
O
HO
O
OH
HN—/™
MecO,C N NH
Y\”/ ‘ N NH,
L | \I.(\(

O CO,Me
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TABLE 3-continued

Examples of macrocyclic modules

Macrocyclic
Module

Octamer 4jh - OCq¢

acryl )\

0076] Macrocyclic Module Pores

0077] An individual macrocyclic module may include a
pore 1n 1ts structure. The size of the pore may determine the
size of molecules or other species which can pass through
the macrocyclic module. The size of a pore 1n a macrocyclic
module may depend on the structure of the synthons used to
make the macrocyclic module, the linkages between syn-
thons, the number of synthons 1n a module, the structure of
any linker molecules used to make the macrocyclic module,
and other structural features of the macrocyclic module
whether inherent 1n the preparation of the macrocyclic
module or added 1n later steps or modifications. Stereoisom-
erism of macrocyclic modules may also be used to regulate
the size of a pore of a macrocyclic module by variation of
the stereoisomer of each synthon used to prepare the closed
ring of the macrocyclic module.

[0078] The dimension of a pore in a macrocyclic module
may be varied by changing the combination of synthons
used to form the macrocyclic module, or by varying the
number of synthons in the closed ring. The dimension of a
pore may also be varied by substituents on the synthons or
linkages. The pore may therefore be made large enough or
small enough to achieve an effect on transport of species
through the pore. Species which may be transported through
the pore of a macrocyclic module include atoms, molecules,
biomolecules, 1ons, charged particles, and photons.

/ AN
NSOk

Structure

\
°C

N
O O
OCis
word N\

N

f

\

and mixtures there of

\

Y

OCq¢

[0079] The size of a species may not be the sole determi-
nant of whether 1t will be able to pass through a pore of a
macrocyclic module. Groups or moieties located in or near
the pore structure of a macrocyclic module may regulate or
affect transport of a species through the pore by various
mechanisms. For example, transport of a species through the
pore may be aflected by groups of the macrocyclic module
which interact with the species, by 1onic or other 1nteraction,
such as chelating groups, or by complexing the species. For
example, a charged group such as a carboxylate anion or
ammonium group may couple an oppositely-charged species
and affect its transport. Substituents of synthons in a mac-
rocyclic module may affect the passage of a species through
the pore of the macrocyclic module. Groups of atoms which
render the pore of a macrocyclic module more or less
hydrophilic or lipophilic may affect transport of a species
through the pore. An atom or group of atoms may be located
within or proximate to a pore to sterically slow or block the
passage of a species through the pore. For example,
hydroxyl or alkoxy groups may be coupled to a cyclic
synthon and located in the pore of the structure of the
macrocyclic module, or may be coupled to a linkage
between synthons and located 1n the pore. A wide range of
functional groups may be used to sterically slow or block the

passage of a species through the pore, including organic
functional groups containing atoms selected from the group




US 2003/01996638 Al

consisting of C, H, N, O, S1, P, S, B, Al, halogens, and metals
from the alkali and alkaline earth groups. Blocking and
slowing passage of a species through the pore may ivolve
reducing the dimension of the pore by steric blocking, as
well as slowing the passage of species by creating a path
through the pore which 1s not linear, and providing interac-
tion between the functional group and the species to slow
transport. The stereochemical structure of the portion of the
macrocyclic module which defines the pore and its interior
may also affect transport. Any groups or moieties which
affect transport of a species through the pore of a macrocy-
clic module may be introduced as part of the synthons used
to prepare the macrocyclic module, or may be added later by
various means. For example, S7-1 could be reacted with
CIC(O)(CH ),C(O)OCH,CH; to convert the phenol groups
to succinyl ester groups. Further, molecular dynamical
motion of the synthons and linkages of a partly flexible
macrocyclic module may affect transport of a species
through the pore of the module. Transport behavior may not
be described solely by the structure of the macrocyclic
module 1tself since the presence of the species which 1s to be
transported through the pore affects the flexibility, confor-
mation, and dynamical motions of a macrocyclic module. In
general, solvent may also affect transport of solutes through
a pore.

[0080] Macrocyclic modules and arrays of macrocyclic
modules may be useful 1n size exclusion separations, 10n
separation, gas separation, separation of enantiomers, small
molecule separation, water purification, filtration of bacteria,
fung1l, or viruses, sewage treatment, and toxin removal,
among other uses.

EXAMPLES

|0081] The following examples further describe and dem-
onstrate variations within the scope of the present invention.
All examples described in this specification, both in the
description above and the examples below, as well as in the
figures, are given solely for the purpose of illustration and
are not to be construed as limiting the present invention.

Oct. 23, 2003

While there have been described illustrative variations of
this invention, those skilled in the art will recognize that they
may be changed or modified without departing from the
spirit and scope of this 1nvention, and it 1s intended to cover
all such changes, modifications, and equivalent arrange-
ments that fall within the true scope of the invention as set
forth 1n the appended claims.

[0082] All chemical structures illustrated and described in
this specification, both in the description above and the
examples below, as well as 1n the figures, are mtended to
encompass and include all variations and 1somers of the
structure which are foreseeable, including all stereoisomers
and constitutional or configurational 1somers when the 1llus-
tration, description, or figure 1s not explicitly limited to any
particular 1somer.

[0083] AIll documents referenced herein, including appli-
cations for patent, patent references, publications, articles,
books, and treatises, are speciiically incorporated by refer-
ence herein 1n their enfirety.

0084] Methods to Prepare Cyclic Synthons

0085] To avoid the need to separate single configurational
or enanfiomeric 1somers from complex mixtures resulting
from non-speciiic reactions, stereospecific or at least stereo-
selective coupling reactions may be employed 1n the prepa-
ration of the synthons of this invention. The following are
examples of synthetic schemes for several classes of syn-
thons useful 1n the preparation of macrocyclic modules of
this nvention. In general, the core synthons are 1llustrated,
and lipophilic moieties are not shown on the structures,
however, 1t 1s understood that all of the following synthetic
schemes might encompass additional lipophilic or hydro-
philic moieties used to prepare amphiphilic and other modi-
fied macrocyclic modules. Species are numbered 1n relation
to the scheme 1n which they appear; for example, “S1-1”
refers to the structure 1 in Scheme 1.

[0086] An approach to preparing synthons of 1,3-Diami-
nocyclohex-5-ene 1s shown i1n Scheme 1. Enzymatically
assisted partial hydrolysis of the

SCHEME 1

CO,Me _pCOH NHZ

— —_— ‘
CO,Me \COZME: CO,Me
1 2 3
NHZ Ls, NHZ NHZ
N S -~ ‘
CO,H
O O
o 4
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-continued
NHZ f/, NHZ
—
HO CO-Me BocHN™ CO->Me
7 8
NHZ NHZ
/\/
e
H,NY NH, BocHN" ~ “NHTeoc
12 11

[0087] symmetrical diester S1-1 1s used to give enantio-
merically pure S1-2. S1-2 1s subjected to the Curtius reaction
and then quenched with benzyl alcohol to give protected
amino acid S1-3. Iodolactonization of carboxylic acid S1-4
followed by dehydrohalogenation gives unsaturated lactone
S1-6. Opening of the lactone ring with sodium methoxide
ogrves alcohol S1-7, which 1s converted with mversion of
conflguration to S1-8 1 a one-pot reaction mvolving mesy-
lation, SN,, displacement with azide, reduction and protec-
tion of the resulting amine with di-tert-butyl dicarbonate.
Epimerization of S1-8 to the more stable diequatorial con-
figuration followed by saponification gives carboxylic acid
S1-10. S1-10 1s subjected to the Curtius reaction. A mixed
anhydride 1s prepared using ethyl chloroformate followed by
reaction with aqueous NaN, to give the acyl azide, which 1s
thermally rearranged to the 1socyanate 1n refluxing benzene.
The 1socyanate 1s quenched with 2-trimethylsilylethanol to
orve differentially protected tricarbamate S1-11. Reaction
with trifluoroacetic acid (TFA) selectively deprotects the
1,3-diamino groups to provide the desired synthon S1-12.

|0088] In another variation, an approach to preparing
synthons of 1,3-Diaminocyclohexane 1s shown 1n Scheme

1a.

Oct. 23, 2003
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NHZ.
— -
BocHN™ “/COsMe
9
NHZ
s

BocHN™ “00,H

10

[0089] Some aspects of these preparations are given in
Suami et al., J. Org. Chem. 1975, 40, 456 and Kavadias et

al. Can. J. Chem. 1978, 56, 404.

[0090] In another variation, an approach to preparing
synthons of 1,3-substituted cyclohexane 1s shown 1n Scheme

1b.

SCHEME 1b

O

Fin-

O CO,Me
EI PLE/pH =7 Buffer _
CO,Me

CO,H

/\)k
‘ . SOCl,/MeOH
\/\'(

1) DPPA/Et3N/CgHg
r o
2) PhCH,OH

CO,Me

SCE

ME la

MCPBA

1) hydrazine

OH OH 2-methoxyethanol
NBS, H,O mono per- 1 N NaOH reflux, 4.5 h
phthalic acid 2) 12 M HCI, Hj, Pt(cat), EtOH:H,O (1+1)
ey, ey,
Br Br

HO OH HO OH HO OH
1) 4 eq CBzCl, NEt,
y _out
| 2 (Boc),0, DMAP | | * |
HQN\“ \/ ;HNHZ 3) PA/C (cat), Hy, HQNW \/ f#NHB-::-C Br.:an:HNi"‘whqh \/ K NH,




US 2003/01996638 Al

-continued

NHZ
(I MCPBA/CH;Cl
CO->Me

NHZ
4

TMSN3/BuyNF/p-Tol Sulfonic Acid

\COZME:

Neat/50° C.

Ns,, NHZ.
/'E:’l\ PMey/CH,CN
-
HO CO>Me

NaNy/NH,Cl/DMF
NHZ (Boc),O/EtyN/DMF
Y Two Separate Reactions
CO>Me
N; a NHZ
SHCIZ 2 HQO
MeOH/65° C
BocHN™ CO,Me
H,N NHZ
DIEA/ZCI
=
| DMAP/CH-Cl,
BocHN™ CO-Me
BzlO
+ ?
BzIlO

18

-

BzlO
O..,w“' CO>Men
A
OsMen
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-contiued
ZHN NHZ
LiOH/H,0O
THF
BocHN™ CO-Me

NHYZ
»

/\
BocHN™ \/\COQH
0

[0091] This synthon will remain “Z-protected” until the
macrocyclic module has been cyclized. Subsequent depro-
tection to yield a macrocyclic module with amine functional
groups 1s done by a hydrogenation protocol.

[0092] Norbornanes (bicycloheptanes) may be used to
prepare synthons of this invention, and sterecochemically
controlled multifunctionalization of norbornanes can be
achieved. For example, Diels-Alder cycloaddition may be

used to form norbornanes incorporating various functional

groups having specific, predictable stereochemistry. Enan-
tiomerically enhanced products may also be obtained
through the use of appropriate reagents, thus limiting the
need for chiral separations.

[0093] An approach to preparing synthons of 1,2-Diami-
nonorbornane is shown in Scheme 2. 5-(Benzyloxy-methyl)-
1,3-cyclopentadiene (S2-13) is reacted with

SCHEME 2

AW

15

BzlO BzlO

NHTeoc COsH

Z, W
If-) ““‘ 3 ¥

HTeoc
17 16

0,H
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17
10094] diethylaluminum chloride Lewis acid complex of
di-(1)-menthyl fumarate (582-14) at low temperature to give -continued
the diastereomerically pure norbornene S2-15. Saponifica- b’NHZ &COQH &COZME:
tion with potassium hydroxide 1in aqueous ethanol gives the £ _ - £ _ - £ _
diacid S2-16, which 1s subjected to a tandem Curtius reac- %;IHT&GC %;IHT&GC :';IHTWC
tion with diphenylphosphoryl azide (DPPA), the reaction ” 3 22
product 1s quenched with 2-trimethylsilylethanol to give the
biscarbamate S2-17. Deprotection with TFA gives diamine [0096] then quenched with benzyl alcohol to give differ-

S2-18.

[0095] Another approach to this synthon class is outlined
in Scheme 3. Opening of anhydride S3-19 with methanol 1n
the presence of quinidine gives the enantiomerically pure
ester acid S3-20. Epimerization of the ester group with
sodium methoxide (NaOMe) gives S3-21. A Curtius reaction
with DPPA followed by quenching with trimethylsilyletha-
nol gives carbamate S3-22. Saponification with NaOH gives

the acid S3-23, which undergoes a Curtius reaction,

SCHEME 3

Lb' O 5 | E 2CO>Me
A O £ :}COZME A 4

“ z -
T COH CO,H

O 20 21

) |

entially protected biscarbamate S3-24. Compound S3-24
can be fully deprotected to provide the diamine or either of
the carbamates can be selectively deprotected.

[0097] An approach to preparing synthons of endo, endo-
1,3-Diaminonorbornane 1s shown 1in Scheme 4. 5-Trimeth-
ylsilyl-1,3-cyclopentadiene (S4-25) is reacted with the
diethylaluminum chloride Lewis acid complex of di-(1)-
menthyl fumarate at low temperature to give nearly diaste-
reomerically pure norbornene S4-26. Crystallization of
S4-26 from alcohol results in recovery of greater than 99%
of the single diasterecomer. Bromolactonization followed by
silver mediated rearrangement gives mixed diester S4-28
with an alcohol moiety at the 7-position. Protection of the
alcohol with benzyl bromide and selective deprotection of
the methyl ester gives the free carboxylic acid S4-30. A
Curtius reaction results in trimethylsilylethyl carbamate
norbornene S4-31. Biscarbonylation of the olefin in metha-
nol, followed by a single-step deprotection and dehydration
orves the mono-anhydride S$4-33. Quinidine mediated open-
ing of the anhydride with methanol gives S4-34. Curtius
transformation of S4-34 gives the biscarbamate $S4-35,

which 1s deprotected with TFA or tetrabutylammonium
fluoride (TBAF) to give diamine S4-36.
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[0098] Another approach to this class of synthons is
outlined in Scheme 5. Benzyl alcohol opening of S3-19 1n
the presence of quinidine gives S5-37 1n high enantiomeric
excess. lodolactonization followed by NaBH, reduction
orves lactone S5-39. Treatment with NaOMe liberates the
methyl ester and the free alcohol to generate S5-40. Trans-
formation of the alcohol S5-40 to the inverted t-butyl
carbamate protected amine S5-41 1s accomplished in a

Vs

one-pot reaction by azide deplacement of the mesylate
S5-40 followed by reduction to the amine, which is pro-
tected with di-tert-butyl dicarbonate. Hydrogenolytic cleav-
age of the benzyl ester and epimerization of the methyl ester
to the exo configuration 1s followed by protection of the free
acid with benzyl bromide to give S5-44. Saponification of
the methyl ester followed by a trimethylsilylethanol
quenched Curtius reaction
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[0099] gives the biscarbamate S5-46, which 1s cleaved
with TFA to give the desired diamine S5-47.

[0100] An approach to preparing synthons of exo,endo-1,
3-Diaminonorbornane 1s shown in Scheme 6. p-Methoxy-
benzyl alcohol opening of norbornene anhydride S3-19 in
the presence of quinidine gives monoester S6-48 1 high
enantiomeric excess. Curtius reaction of the free acid gives
protected all endo monoacid-monoamine S6-49. Biscarbo-
nylation and anhydride formation gives exo-monoanhydride
S6-51. Selective methanolysis 1in the presence of quinine
orves S6-52. A trimethylsilylethanol quenched Curtius reac-
fion gives biscarbamate S6-53. Epimerization of the two
esters results 1n the more sterically stable S6-54. Cleavage of
the carbamate groups provides synthon S6-55.

Oct. 23, 2003

The functional groups may be selected so that a functional
ogroup of one type of synthon can couple only to a functional
oroup of the other type of synthon. When two types of
synthons are used, a macrocyclic module may be formed
having alternating synthons of different types. Scheme 7
illustrates a concerted module synthesis.

[0103] Referring to Scheme 7, 1,2-Diaminocyclohexane,
S’7-1, 1s a synthon having two amino functional groups for
coupling to other synthons, and 2,6-diformyl-4-dodec-1-
ynylphenol, S7-2, 1s a synthon having two formyl groups for

coupling to other synthons. An amino group may couple

SCHEME 6
O
ul”” .,
£ _ ( — £ “co,pPMB —> A “CO,PMB
'*’f,:, O . T::'
]f To,H NHTeoc
O 48 49
19 1
MeO,C MeO,C
HO 2C i ""5:? - —— ., - M EO 2C i '..:#&
CO,PMB %, CO,PMB
CO,PMB "
e’ O %, T
NHT < NHTeoc
o8 NHTeoc -
52 51
MeO»C MeO,C MeO,C,
% WCO2PMB %, CO,PMB
TeocHN ", — TechN\L — HQN\L
CO,PMB _
RIHTEGC -BIHTEDC NH»
53 54 55

[0101] Methods to Prepare Macrocyclic Modules

10102] Synthons maybe coupled to one another to form
macrocyclic modules. In one variation, the coupling of
synthons may be accomplished mm a concerted scheme.
Preparation of a macrocyclic module by the concerted route
requires at least two types of synthons, each type having at
least two functional groups for coupling to other synthons.

with a formyl group to form an 1mine linkage. In Scheme 7,
a concerted product hexamer macrocyclic module 1s shown.

[0104] In one variation, a mixture of tetramer, hexamer,
and octamer macrocyclic modules may be formed 1n the
concerted scheme. The yields of these macrocyclic modules
can be varied by changing the concentration of various
synthons in the reagent mixture, and among other factors, by
changing the solvent, temperature, and reaction time.



US 2003/01996638 Al

20

Oct. 23, 2003

SCHEME 7
+ —_—
H->N NH,
\ 2
/ ‘
O\/ \ /O
OH
1
N N
= Z
OH HO
A
N = N
™
NT NF ‘ N
N
Hexamer la
\/WW

[0105] The imine groups of S7-3 can be reduced, e.g. with
sodium borohydride, to give amine linkages. It the reaction
is carried out using 2,6-di(chlorocarbonyl)-4-dodec-1-
ynylphenol instead of 2,6-diformyl-4-dodec-1-ynylphenol,
the resulting module will contain amide linkages. Similarly,
if 1,2-dihydroxycyclohexane is reacted with 2,6-di(chloro-

carbonyl)-4-dodec-1-ynylphenol, the resulting module will
contain ester linkages.

[0106] In some variations, the coupling of synthons may
be accomplished 1n a stepwise scheme. In the stepwise

preparation of macrocyclic modules, a first type of synthon
1s substituted with one protected functional group and one
unprotected functional group. A second type of synthon 1s
substituted with an unprotected functional group that will
couple with the unprotected functional group on the first
synthon. The product of contacting the first type of synthon
with the second type of synthon may be a dimer, which 1s
made of two coupled synthons. The second synthon may
also be substituted with another functional group which 1s
either protected, or which does not couple with the first
synthon when the dimer 1s formed. The dimer may be
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1solated and purified, or the preparation may proceed as a
one-pot method. The dimer may be contacted with a third
synthon having two functional groups, only one of which
may couple with the remaining functional group of either the
first or second synthons to form a trimer, which 1s made of
three coupled synthons. Such stepwise coupling of synthons
may be repeated to form macrocyclic modules of various
ring sizes. To cyclize or close the ring of the macrocyclic
module, the n"* synthon which was coupled to the product
may be substituted with a second functional group which
may couple with the second functional group of a previously
coupled synthon that has not been coupled, which may be
deprotected for that step. The stepwise method may be
carried out with synthons on solid phase support. Scheme 8
illustrates a stepwise preparation of module SCS-1.

[0107] Compound S8&-2 is reacted with S8-3, in which the
phenol 1s protected as the benzyl ether and the nitrogen 1s
shown as protected with a group “P,” which can be any of
a large number of protecting groups well-known 1n the art,
in the presence of methanesulfonyl chloride (Endo, K

Takahashi, H. Heterocycles, 1999, 51, 337), to give S8-4.
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Removal of the N-protecting group give the free amine S8-5,
which can be coupled with synthon S8-6 using any standard
peptide coupling reaction such as BOP/HOBLt to give S8-7.
Deprotection/coupling 1s repeated, alternating synthons
S8-3 and S8-6 until a linear construct with eight residues 1s
obtained. The remaining acid and amine protecting groups

on the 8-mer are removed and the oligomer 1s cyclized, see

c.g., Caba, J. M., et al., J. Org. Chem., 2001, 66:7568
(PyAOP cyclization) and Tarver, J. E. et al.,J. Org. Chem.,
2001, 66:7575 (active ester cyclization). The R group is H
or an organic functional group, and X 1s N, O, or S.
Examples of solid supports include Wang resin, hydrogels,
silica gels, sepharose, sephadex, agarose, and 1norganic
solids. Using a solid support might simplify the procedure
by obviating purification of intermediates along the way.
The final cyclization may be done 1n a solid phase mode. A
“safety-catch linker” approach (Bourne, G. T, et al., J. Org.
Chem., 2001, 66:7706) may be used to obtain cyclization
and resin cleavage 1n a single operation.
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[0108] In another variation, a concerted method involves

contacting two or more different synthons and a linker -continued
R

molecule as shown 1in Scheme 9, where R may be an alkyl
ogroup or other lipophilic group. O

J
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)‘l\)‘\ [0109] In another variation, a stepwise linear method
H H

involves various synthons and a solid phase support as
shown 1n Scheme 10.
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in Scheme 11. This method can also be done without the

[0110] In another variation, a stepwise convergent method
solid phase support using trimers 1n solution.

involves synthon trimers and a solid phase support as shown
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SCHEME 11 -continued
_I_
_ _ _ Cyclized hexamer on resin
Linear trimer on resin
[0111] In another variation, a template method involves
> synthons brought together by a template as shown in

Scheme 12. Some aspects of this approach (and an Mg>*

template) are given in Dutta et al. Tnorg. Chem. 1998, 37,
5029.

Linear trimer in solution
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[0112] In another variation, a linker molecule method
involves cyclizing synthons 1n solution as shown in Scheme
13.
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[0113] Reagents for the following examples were obtained
from Aldrich Chemical Company and VWR Scientific Prod-
ucts. All reactions were carried out under nitrogen or argon
atmosphere unless otherwise noted. Solvent extracts of
aqueous solutions were dried over anhydrous Na,SO,. Solu-
fions were concentrated under reduced pressure using a
rotary evaporator. Thin layer chromatography (TLC) was
done on Analtech Silica gel GF (0.25 mm) plates or on
Machery-Nagel Alugram Sil G/UV (0.20 mm) plates. Chro-
matograms were visualized with either UV light, phospho-
molybdic acid, or KMnO,. All compounds reported were
homogenous by TLC unless otherwise noted. HPLC analy-
ses were performed on a Hewlett Packard 1100 system using
a reverse phase C-18 silica column. Enantiomeric excess
was determined by HPLC using a reverse phase (1)-leucine
silica column from Regis Technologies. All '[H] and *[C]
NMR spectra were collected at 400 MHz on a Varian
Mercury system. Electrospray mass spectra were obtained
by Synpep Corp., or on a Thermo Finnigan LC-MS system.

Example 1
0114] 2,6-Diformyl-4-bromophenol

0115] Hexamethylenetetramine (73.84 g, 526 mmol) was
added to TFA (240 mL) with stirring. 4-Bromophenol (22.74

g, 131 mmol) was added in one portion and the solution
heated in an oil bath to 120° C. and stirred under argon for

48 h. The reaction mixture was then cooled to ambient
temperature. Water (160 mL) and 50% aqueous H,SO, (80

mL) were added and the solution stirred for an additional 2
h. The reaction mixture was poured into water (1600 mL)
and the resulting precipitate collected on a Biichner funnel.
The precipitate was dissolved in ethyl acetate (EtOAc) and
the solution was dried over MgSO,. The solution was
filtered and the solvent removed on a rotary evaporator.
Purification by column chromatography on silica gel (400 g)
using a gradient of 15-40% ethyl acetate 1n hexanes resulted
in a 1solation of the product as a yellow solid (18.0 g, 60%).

[0116] 'H NMR (400 MHz, CDCL,) & 11.54 (s, 1 H, OH),
10.19 (s, 2 H, CHO), 8.08 (s, 2 H, ArH).

Example 2
0117] 2,6-Diformyl-4-(dodecyn-1-yl)phenol

0118] 2,6-Diformyl-4-bromophenol (2.50 g, 10.9 mmol),
1-dodecyne (2.00 g, 12.0 mmol), Cul (65 mg, 0.33 mmol),
and bis(triphenylphosphine)palladium)II) dichloride were
suspended 1n degassed acetonitrile (MeCN) (5 mL) and
degassed benzene (1 mL). The yellow suspension was
sparged with argon for 30 min and degassed Et;N (1 mL)
was added. The resulting brown suspension was sealed 1n a
pressure vial, warmed to 80° C. and held there for 12 h. The
mixture was then partitioned between EtOAc and KHSO,
solution. The organic layer was separated, washed with
brine, dried (MgSO,) and concentrated under reduced pres-
sure. The dark yellow o1l was purified by column chroma-
tography on silica gel (25% Et,O 1n hexanes) to give 1.56 g
(46%) of the title compound.

[0119] 'H NMR (400 MHz, CDCL,) 811.64 (s, 1 H, OH),
10.19 (s, 2 H, CHO), 7.97 (s, 2 H, ArH), 2.39 (t, 2 H, J=7.2
Hz, propargylic), 1.59 (m, 3 H, aliphatic), 1.43, (m, 2 H,
aliphatic), 1.28 (m, 11 H, aliphatic), 0.88 (t, 3 H, J=7.0 Hz,
CH,).

[0120] '°C NMR (400 MHz, CDCl,) & 192.5, 162.4,

140.3, 122.8, 116.7, 91.4, 77.5, 31.9, 29.6, 29.5, 29.3, 29.1,
28.9, 28.5, 22.7, 19.2, 14.1

[0121] MS (FAB): Calcd. for C,,H,,05 315.1960; found
315.1958 [M+H]".

Oct. 23, 2003

Example 3
0122] 2,6-Diformyl-4-(dodecen-1-yl)phenol

0123] 2,6-Diformyl-4-bromophenol (1.00 g, 4.37 mmol),
1-dodecene (4.8 mL, 21.7 mmol), 1.40 g tetrabutylammo-

nium bromide (4.34 mmol), 0.50 g NaHCO; (5.95 mmol),
1.00 g LiCl (23.6 mmol) and 0.100 g palladium diacetate

(Pd(OACc),) (0.45 mmol) were combined in 30 mL degassed
anhydrous dimethylformamide (DMF). The mixture was

sparged with argon for 10 min and then sealed 1n a pressure
vial which was warmed to 82° C. and held for 40 h. The

crude reaction mixture was partitioned between CH,Cl, and
0.1 M HCl solution. The organic layer was washed with 0.1
M HCI (2x), brine (2x), and saturated aqueous NaHCO,
(2x), dried over MgSO, and concentrated under reduced
pressure. The dark yellow o1l was purified by column
chromatography on silica gel (25% hexanes 1 Et,0) to give

0.700 g (51%) of the title compound as primarily the Z
ISOmer.

[0124] "H NMR (400 MHz, CDCL,) 611.50 (s, 1 H, OH),
10.21 (s, 2 H, CHO), 7.95 (s, 2 H, ArH), 6.38 (d, 1 H, vinyl),
6.25 (m, 1 H, vinyl), 2.21 (m, 2 H, allylic), 1.30-1.61 (m, 16
H, aliphatic), 0.95 (t, 3 H, J=7.0 Hz, CH,).

[0125] MS (FAB): Calced. for C,,H,,0O5 315.20; found
315.35 [M-HT".

Example 4

[0126] (1R,6S)-6-Methoxycarbonyl-3-cyclohexene-1-car-
boxylic Acid (S1-2)

[0127] S1-1 (15.0 g, 75.7 mmol) was suspended in pH 7
phosphate buffer (950 mL). Pig liver esterase (2909 units)
was added, and the mixture stirred at ambient temperature
for 72 h with the pH maintained at 7 by addition of 2M
NaOH. The reaction mixture was washed with ethyl acetate
(200 mL), acidified to pH 2 with 2M HCI, and extracted with
ethyl acetate (3x200 mL). The extracts were combined,

dried, and evaporated to afford 13.8 g (99%) of S1-2.

[0128] 'H NMR: (CDCL,) 8§ 232 (dt, 2 H, 2_- and
S.-H’s), 255 (dt, 2 H, 2_ - and 5_ -H’s), 3.00 (m, 2 H, 1-
and 6-H’s), 3.62 (s, 3 H, CO,Me), 5.61 (m, 2 H, 3- and
4-H’s).

Example 5

[0129] Methyl (1S, 6R)-6-Benzyloxycarbonylaminocy-
clohex-3-enecarboxylate (S1-3)

[0130] S1-2(10.0 g, 54.3 mmol) was dissolved in benzene
(100 mL) under N,. Triethylamine (13.2 g, 18.2 mL, 130.3
mmol) was added followed by DPPA (14.9 g, 11.7 mL, 54.3

mmol). The solution was refluxed for 20 h. Benzyl alcohol
(5.9 g, 5.6 mL, 54.3 mmol) was added and reflux continued
for 20 h. The solution was diluted with EtOAc (200 mL),
washed with saturated aqueous NaHCO; (2x50 mL), water
(20 mL), and saturated aqueous NaCl (20 mL), dried and
evaporated to give 13.7 g (87%) of S1-3.

[0131] 'HNMR: (CDCL,) 8 2.19 (dt, 1 H, 5,_-H), 2.37 (it,
2 H, 2,,-and 5_-H’s), 2.54 (dt, 1 H, 2_-H), 2.82 (m, 1 H,
1-H), 3.65 (s, 3 H, CO,Me), 4.28 (m, 1 H, 6-H), 5.08 (dd,
2 H, CH,AI), 5.42 (d, 1 H, NH), 5.62 (ddt, 2 H, 3- and
4-H’s), 7.35 (m, 5 H, Ar H’s).

Example 6

[0132] (1S, 6R)-6-Benzyloxycarbonylaminocyclohex-3-
enecarboxylic acid (S1-4)

[0133] S1-3 (23.5 g, 81.3 mmol) was dissolved in MeOH
(150 mL) and the solution cooled to 0° C. 2M NaOH (204
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mL, 0.41 mol) was added, the mixture allowed to come to
ambient temperature and then 1t was stirred for 48 h. The
reaction mixture was diluted with water (300 mL), acidified
with 2M HCI, and extracted with dichloromethane (250

mL), dried, and evaporated. The residue was recrystallized
from diethyl ether to give 21.7 (97%) of S1-4.

[0134] 'H NMR: (CDCL,) 8 2.20 (d, 1 H, 5__-H), 2.37 (d,
2H,2,,-and 5_-H’s),2.54 (d, 1 H, 2_,-H), 2.90 (br s, 1 H,
1-H), 4.24 (br s, 1 H, 6-H), 5.08 (dd, 2 H, CH,Ar), 5.48 (d,
1 H, NH), 5.62 (dd, 2 H, 3- and 4-H’s), 7.35 (m, 5 H, Ar
H’s).

Example 7

[0135] (1S,2R,4R,5R)-2-Benzyloxycarbonylamino-4-
iodo-7-0x0-6-oxabicyclo[ 3.2.1]octane (S1-5)

[0136] S1-4 (13.9 g, 50.5 mmol) was dissolved in dichlo-
romethane (100 mL) under N,, 0.5 M NaHCO, (300 mL),
KI (50.3 g, 303.3 mmol), and iodine (25.6 g, 101 mmol)
were added and the mixture stirred at ambient temperature
for 72 h. The mixture was diluted with dichloromethane (50
mL) and the organic phase separated. The organic phase was

washed with saturated aqueous Na,S,0; (2x50 mL), water
(30 mL), and saturated aqueous NaCl (20 mL), dried and

evaporated to afford 16.3 g (80%) of S1-5.

[0137] 'HNMR: (CDCl,) 8 2.15 (m, 1 H, 8__-H), 2.42 (m,
2 H, 3,,-and 8_-H’s), 2.75 (m, 2 H, 1- and3 -H’s), 4.12
(brs 1H 2H)441(t1H 4H)476(dd 1H 5-H), 4.92
(d, 1 H, NH)SOS(dd 2 H, CH,Ar), 7.35 (m, 5H , Ar H’s).

Example 8

[0138] (1S,2R,5R)-2-Benzyloxycarbonylamino-7-0x0-6-
oxabicyclo[3.2.1 Joct-3-ene (S1-6).

[0139] S1-5 (4.0 g, 10 mmol) was dissolved in benzene
(50 mL) under N,. 1,8-Diazabicyclo|[5.4.0Jundec-7-ene
(DBU) (1.8 g, 12 mmol) was added and the solution refluxed
for 16 h. The precipitate was filtered and the filtrate was
diluted with EtOAc (200 mL). The filtrate was washed with
1 M HCI (20 mL), saturated aqueous Na,S,0O; (20 mL),
water (20 mL), and saturated aqueous NaCl (20 mL), dried
and evaporated to give 2.2 g (81%) S1-6.

[0140] 'H NMR: (CDCL) $ 2.18 (d, 1 H, 8__-H), 2.39 (m,
1 H, 8.,-H), 3.04 (t, 1 H, 1-H), 4.70 (m, 1 H, 5-H), 4.82 (1,

1 H, 2-H), 5.15 (dd, 3 H, CH,Ar and NH), 5.76 (d, 1 H, 4-H),
5.92 (m, 1 H, 3-H), 7.36 (s, 5 H, Ar H'’s).

Example 9

[0141] (1S,2R,5R)-Methyl 2-Benzyloxycarbonylamino-5-
hydroxycyclohex-3-enecarboxylate (S1-7)

[0142] S1-6 (9.0 g, 33 mmol) was suspended in MeOH (90
mL) and cooled to 0° C. NaOMe (2.8 g, 52.7 mmol) was
added and the mixture stirred for 3 h during which time a
solution gradually formed. The solution was neutralized
with 2M HCI, diluted with saturated aqueous NaCl (200
mL), and extracted with dichloromethane (2x100 mL). The
extracts were combined, washed with water (20 mL) and
saturated aqueous NaCl (20 ml), dried, and evaporated. The

residue was flash chromatographed (silica gel (250 g), 50:50
hexane/EtOAc) to give 8.5 g (85%) of S1-7.

[0143] 'HNMR: (CDCl;) 8 1.90 (m, 1 H, 6,_-H), 2.09 (m,
1 H, 6.,-H), 2.81 (m, 1 H, 1H), 3.55 (s, 3H €O -Me), 4.15
(m, 1H 5-H),4.48 (1, 1 H, 2-H), 5.02 (dd, 2HCHAr)532
(d, 1 H, NH), 5.64 (dt, 1 H, 4-H), 5.82 (dt, 1 H, 3-H), 7.28
(S,SH,AIH’S).

Oct. 23, 2003

Example 10

[0144] (1S,2R,55)-Methyl 2-Benzyloxycarbonylamino-5-
t-butoxycarbonylaminocyclohex-3-enecarboxylate (S1-8).

[0145] S1-7 (7.9 g, 25.9 mmol) was dissolved in dichlo-
romethane (150 mL) and cooled to 0° C. under N,. Triethy-
lamine (6.3 g, 8.7 mL, 62.1 mmol) and methanesulfonyl
chloride (7.1 g, 62.1 mmol) were added and the mixture
stirred at 0° C. for 2 h. (n-Bu),NN; (14.7 g, 51.7 mmol) in
dichloromethane (50 mL) was added and stirring continued
at 0° C. for 3 h followed by 15 h at ambient temperature. The
mixture was cooled to 0° C. and P(n-Bu); (15.7 g, 19.3 mL,
77.7 mmol) and water (1 mL)were added and the mixture
stirred at ambient temperature for 24 h. Di-tert-butyl dicar-

bonate (17.0 g, 77.7 mmol) was added and stirring continued
for 24 h. The solvent was removed, the residue dissolved 1n

2:1 hexane/EtOAc (100 mL), the solution filtered, and
evaporated. The residue was flash chromatographed (silica
gel (240 g), 67:33 hexane/EtOAc) to give 5.9 g (56%) of
S1-8.

[0146] 'H NMR: (CDCL,) 6 1.40 (s, 9 H, Boc H’s), 1.88
(m, 1 H, 6,,-H), 2.21 (m, 1 H, 6, -H), 295(1]:1 1 H, 1-H),
3.60 (s, 3H CO.Me), 4.15(d, 1 H Boc NH), 450(1]:1 2 H,
2-and5H’S) 5.02(s,2 H, CH,Ar), 538((1 1 H, ZNH), 5. 65
(m, 2 H, 3- and 4-H’s), 7.30 (s, 5 H, Ar H"S).

Example 11

[0147] (1R,2R,5S)-Methyl 2-Benzyloxycarbonylamino-5-
t(butoxycarbonylaminocyclohex-3-enecarboxylate (S1-9)

[0148] S1-8 (1.1 g, 2.7 mmol) was suspended in MeOH
(50 mL). NaOMe (0.73 g, 13.6 mmol) was added and the
mixture refluxed for 18 h after which 0.5 M NH,CI (50 mL)
was added and the resulting precipitate collected. The filtrate
was evaporated and the residue triturated with water (25
mL). The insoluble portion was collected and combined with
the original precipitate to give 0.85 g (77%) of S1-9.

[0149] 'H NMR: (CDCl,) 8 1.38 (s, 9 H, Boc H’s), 1.66
(m,1H,6,-H),2.22(d,1H,6_,-H), 258(t 1 H, 1-H), 3.59
(3,3 H, CO -Me), 422 (br s, 1 H Boc NH), 450(1]:1 2 H 2-
and 5- H’s) 4.75 (d, 1 H, Z NH), 502(5 2 H, CH,Ar), 5.62
(s, 2 H, 3- and 4-H’s), 7.30 (s, 5 H, Ar H’S).

Example 12

[0150] (1R,2R,5S-)-2-Benzyloxycarbonylamino-5-t-bu-
toxycarbonylaminocyclohex-3-enecarboxylic acid (S1-10)

[0151] S1-9 (0.85 g, 2.1 mmol) was suspended in 50:50
MeOH/dichloromethane (5 mL) and cooled to 0° C. under
N, after which 2M NaOH (2.0 mL) was added and the
mixture stirred at ambient temperature for 16 h. The mixture
was acidified with 2M HCI1 upon which a white precipitate
formed. The precipitate was collected, washed with water

and hexane, and dried to give 0.74 g (90%) of S1-10.

[0152] 'H NMR: (CD,0D) & 1.42 (s, 9 H, Boc H’s), 1.66
(m,1H,6,-H),2.22(d,1H, 6.,-H),2.65(t, 1 H, 1-H), 4.18
(m, 1 H, 5-H), 4.45 (m, 1 H, 5-H), 5.04 (s, 2 H, CH,Ar), 5.58
(m, 2 H, 3- and 4-H’s), 7.35 (s, 5 H, Ar H’s).

Example 13

[0153] (1R,2R,5S5)-2-Benzyloxycarbonylamino-5-t-bu-
toxycarbonylamino-1-(2-trimethylsilyl)ethoxycarbony-
laminocyclohex-3-ene (S1-11)

[0154] S1-10(3.1 g, 7.9 mmol) was dissolved in THF (30
mL) under N, and cooled to 0° C. Triethylamine (1.6 g, 2.2

mL, 15.9 mmol) was added followed by ethyl chloroformate
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(1.3 g, 1.5 mL, 11.8 mmol). The mixture was stirred at 0° C.
for 1 h. A solution of NaN, (1.3 g, 19.7 mmol) in water (10

mL) was added and stirring at 0° C. was continued for 2 h.
The reaction mixture was partitioned between EtOAc (50
mL) and water (50 mL). The organic phase was separated,
dried, and evaporated. The residue was dissolved 1n benzene

(50 mL) and refluxed for 2 h. 2-Trimethylsilylethanol (1.0 g,

1.2 mL, 8.7 mmol) was added and reflux continued for 3 h.
The reaction mixture was diluted with EtOAc (200 mL),
washed with saturated aqueous NaHCO; (50 mL), water (20
mL), and saturated aqueous NaCl (20 mL), dried and

evaporated. The residue was flash chromatographed (silica
gel (100 g), 67:33 hexane/EtOAc) to give 3.1 g (77%) of

S1-11.

[0155] "H NMR: (CDCL,) 6-0.02 (s, 9 H, TMS), 0.90 (t, 3
H, CH,TMS), 1.40 (s, 9 H, Boc H’s), 238(1]:1 1 H, 6.,-H),
362(1]:1 1 H, 1-H), 408(1]:1 2 H, OCH,CH,TMS), 448(1]:1
1 H), 438(1]:1 1 H), 4.62 (m, 1H) 507(dd 2 H, CH,Ar),
5.18 (m, 1 H), 5.26 (m, 1 H), 5.58 (d, 1 H, oleﬁnic H), 5.64
(d, 2 H, olefinic H), 7.30 (s, 5, Ar H’s).

Example 14

[0156] (1R,2R,5S)-2-Benzyloxycarbonylamino-1,5-di-
aminocyclohex-3-ene (S1-12)

[0157] S1-11(2.5 g,4.9 mmol) was added to TFA (10 mL)
and the solution stirred at ambient temperature for 16 h after
which the solution was evaporated. The residue was dis-
solved in water (20 mL), basified to pH 14 with KOH and
extracted with dichloromethane (3x50 mL). The extracts
were combined, washed with water (20 mL), dried and

evaporated to give 1.1 g (85%) of S1-12.

[0158] 'H NMR: (CDCL) 8 1.30 (m, 1 H, 6__-H), 2.15 (br
d, 1H, 6_-H),2.68 (m, 1 H, 1-H), 3.42 (br s, 1 H, 5-H), 3.95
(m, 1 H, 2-H), 4.85 (d, 1 H, Z NH), 5.08 (t, 2 H, CIL Ar),
5.45 (d, 1 H, 4-H), 5.62 (d, 1 H, 3-H), 7.32 (s, 5 H, Ar H’s).
ESCI MS m/e 262 M+1.

Example 15

[0159] Isolation of S1b-2 was accomplished using the
following procedure: Using Schlenk technique 5.57 g (10.0
mmol) of methyl ester compound, S1b-1, was dissolved in
250 mL of THF. In another flask LiOH (1.21 g, 50.5 mmol)
was dissolved mn 50 mL water and de- gassed by bubbling N,
through the solution using a needle for 20 minutes. The
reaction was started transferring the base solution imto the
flask containing S1b-1 over one minute with rapid stirring.
The mixture was stirred at room temperature and work-up
initiated when the starting material S1b-1 was completely
consumed (Using a solvent system of 66% EtOAc/33%
Hexane and developing with phosphomolybdic acid reagent
(Aldrich #31,927-9) the starting material S1b-1 has an Rf of
0.88 and the product streaks with an Rf of approx. 0.34 to
0.64.). The reaction usually takes 2 days. Work-Up: The
THF was removed by vacuum transfer until about the same
volume 1s left as water added to the reaction, 1n this case 50
mL. During this the reaction solution forms a white mass
that adheres to the stir bar surrounded by clear yellow
solution. As the THF 1s being removed a separatory funnel
1s set up including a funnel to pour 1n the reaction solution
and an Erlenmeyer flask 1s placed underneath the separatory
funnel. Into the Erlenmeyer flask 1s added some anhydrous
Na,SO,. This apparatus should be set up before acidification
is started. (It is important to set up the separatory funnel and
Erlenmeyer flask etc. before acidification of the reaction
solution to enable separation of phases and extraction of the
product away from the acid quickly once the solution attains
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a pH close to 1. If the separation 1s not preformed rapidly the
Boc functional group will be hydrolyzed significantly reduc-
ing the yield.) Once the volatiles are sufficiently removed,
CH Cl, (125 mL) and water (65 mL) are added and the
reactlon flask cooled 1 an 1ce bath. The solution 1s stirred
rapidly and 5 mL aliquots of 1N HCI are added by syringe
and the reaction solution tested with pH paper. Acid 1s added
until the spot on the pH paper shows red (not orange) around
the edge indicating a pH is 1 to 2 has been achieved (The
solution being tested 1s a mixture of CH,Cl, and water so the
pH paper will show the accurate measurement at the edge of
the spot and not the center.) and the phases are separated by
quickly pouring the solution into the separatory funnel. As
the phases separate the stopcock 1s turned to release the
CH Cl, phase (bottom) into the Erlenmeyer flask and swirl
the ﬂask to allow the drying agent to absorb water 1n the
solution. (At this scale of this procedure 80 mL of 1N HCI
was used.) Soon after phase separation the aqueous phase 1s
extracted with CH,Cl, (2x100 mL), dried over anhydrous
Na SO, and the Volatﬂes removed to produce 5.37 g/9.91
mmoles of a beautiful white microcrystals reflecting a
99.1% vyield. This product can not be purified by chroma-
tography since that process would also hydrolyze the Boc
functional group on the column.

[0160] 'H NMR (400 MHz, CDCL,) $7.33, 7.25 (5H, m,
Ph), 6.30 (1H, d, NH), 5.97 (1H, d, NH), 5.10 (2H, m,
CH,Ph), 4.90 (1H, d, NH), 3.92, 3.58, 3.49 (1H, m, CHNH),
2.96, 2.48, 2.04, 1.95, 1.63 (1H, m, CH,CHNH), 1.34 (9H,
s, CCH.,).

[0161] IR (crystalline, cm™) 3326 br w, 3066 w, 3033 w;
2975 w, 2940 w sh, 1695 vs, 1506 vs, 1454 m sh, 1391 w,
1367 m, 1300 m sh, 1278 m sh, 1236 s, 1213 w sh, 1163 vs,
1100 w, 1053 m, 1020 m, 981 w sh, 910 w, 870 m, 846 w,
817 w, 775 w sh, 739 m, 696 m.

Example 16

[0162] Di-(1)-menthyl  bicyclo| 2.2.1 Jhept-5-ene-7-anti-
(trimethylsilyl)-2-endo-3-exo-dicarboxylate (S4-26)

[0163] To a solution of S4-25 (6.09 g, 0.0155 mol) in
toluene (100 mL) was added diethylaluminum chloride (8.6
mL of a 1.8 M solution in toluene) at —=78° C. under nitrogen
and the mixture was stirred for 1 hour. To the resulting
orange solution was added S2-14 (7.00 g, 0.0466 mol)
dropwise as a —78° C. solution in toluene (10 mL). The
solution was kept at =78° C. for 2 hours, followed by slow
warming to room temperature overnight. The aluminum
reagent was quenched with a saturated solution of ammo-
nium chloride (50 mL). The aqueous layer was separated
and extracted with methylene chloride (100 mL) which was
subsequently dried over magnesium sulfate. Evaporation of
the solvent left a yellow solid that was purified by column

chromatography (10% ethyl acetate/hexanes) to give S4-26
as a while solid (7.19 g, 0.0136 mol, 87% yield).

[0164] "H NMR: (CDCL,) 8-0.09 (s, 9 H, SiMe.,), 0.74-
1.95 (multiplets, 36 H, menthol), 2.72 (d, 1 H, c.-menthyl
carbonyl CH), 3.19 (bs, 1 H, bridgehead CH), 3.30 (bs, 1 H,
bridgehead CH), 3.40 (t, 1 H, a-menthyl carbonyl CH), 4.48
(d of t, 1 H, c-menthyl ester CH), 4.71 (d of t, 1 H,
a.-menthyl ester CH), 5.92 (d of d, 1 H, CH=CH), 6.19 (d
of d, 1 H, CH=CH).

Example 17

0165] 5-exo-Bromo-3-exo-(1)-menthylcarboxybicyclo
2.2.1]heptane-7-anti-(trimethylsilyl)-2,6-carbolactone (S4-
27)

[0166] A solution of bromine (3.61 g, 0.0226 mol) in
methylene chloride (20 mL) was added to a stirring solution
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of S4-26 (4.00 g, 0.00754 mol) in methylene chloride (80
mL). Stirring was continued at room temperature overnight.
The solution was treated with 5% sodium thiosulfate (150
mL), and the organic layer separated and dried over mag-
nesium sulfate. The solvent was evaporated at reduced
pressure, and the crude product purified by column chro-

matography (5% ethyl acetate/hexanes) to give S4-27 as a
white solid (3.53 g, 0.00754 mol, 99% yield).

[0167] 'H NMR: (CDCL,) 3-0.19 (s, 9 H, SiMe.), 0.74-
1.91 (multiplets, 18 H, menthol), 2.82 (d, 1 H, a-lactone
carbonyl CH), 3.14 (bs, 1 H, lactone bridgehead CH), 3.19
(d of d, 1 H, bridgehead CH), 3.29 (t, 1 H, a-menthyl
carbonyl CH), 3.80 (d, 1 H, a-lactone ester), 4.74 (d of t, 1
H, a-menthyl ester CH), 4.94 (d, 1 H, bromo CH).

Example 18

[0168] Bicyclo|[2.2.1 Jhept-5-ene-7-syn-(hydroxy)-2-exo-
methyl-3-endo-(1)-menthyl dicarboxylate (S4-28)

[0169] S4-27 (3.00 g, 0.00638 mol) was dissolved in
anhydrous methanol (150 mL), silver nitrate (5.40 g, 0.0318
mol) added and the suspension refluxed for 3 days. The
mixture was cooled, filtered through Celite and the solvent
evaporated to give an oily residue. Purification by column
chromatography gave S4-28 as a light yellow oil (1.72 g,

0.00491 mol, 77% yield).

[0170] "H NMR: (CDCL,) 8 0.75-2.02 (multiplets, 18 H,
menthol), 2.83 (d, 1 H, a-menthyl carbonyl CH), 3.03 (bs,
1 H, bridgehead CH), 3.14 (bs, 1 H, bridgehead CH), 3.53
(t, 1 H, a-methyl carbonyl CH), 3.76 (s, 3 H, CH,), 4.62 (d
of t, 1 H, a-menthyl ester CH), 5.87 (d of d, 1 H, CH=CH),
6.23 (d of d, 1 H, CH=CH).

Example 19

0171] 2-exo-Methyl-3-endo-(1)-menthylbicyclo[2.2.1]
hept-5-ene-7-syn-(benzyloxy) dicarboxylate (54-29)

0172] Benzyl bromide (1.20 g, 0.0070 mol) and silver
oxide (1.62 g, 0.0070 mol) were added to a stirring solution
of S$4-28 (0.490 g, 0.00140 mol) in DMF (25 mL). The
suspension was stirred overnight and then diluted with ethyl
acetate (100 mL). The solution was washed repeatedly with
water followed by 1 N lithium chloride. The organic layer
was separated and dried with magnesium sulfate. The sol-
vent was evaporated under reduced pressure and the crude

product was purified by column chromatography on silica
gel to give S4-29 as an oil (0.220 g, 0.000500 mol, 36%
yield).

[0173] 'H NMR: (CDCL,) 8 0.74-2.08 (multiplets, 1-8 H,
menthol), 2.83 (d, 1 H, a-menthyl carbonyl CH), 3.18 (bs,
1 H, bridgehead CH), 3.44 (bs, 1 H, bridgehead CH), 3.52
(t, 1 H, bridge CH), 3.57 (s, 3 H, CH,), 3.68 (t, 1 H,
a.-methyl carbonyl CH), 4.42 (d of d, 2 H, benzyl —CH,—),
4.61 (d of t, 1 H, a-menthyl ester CH), 5.89 (d of d, 1 H,
CH=CH), 6.22 (d of d, 1 H, CH=CH), 7.25-7.38 (m, 5 H,
C.H,).

Example 20

[0174] Bicyclo|2.2.1 |hept-5-ene-7-syn-(benzyloxy)-2-
exo-carboxy-3-endo-(1)-menthyl carboxylate (S4-30)

[0175] S4-29 (0.220 g, 0.00050 mol) was added to a
mixture of tetrahydrofuran (1.5 mL), water (0.5 mL), and
methanol (0.5 mL). Potassium hydroxide (0.036 g, 0.00065
mol) was added and the solution stirred at room temperature
overnight. The solvent was evaporated under reduced pres-

sure¢ and the residue purified by column chromatography
(10% ethyl acetate/hexanes) to give S4-30 (0.050 g, 0.00012

mol, 23% yield).
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[0176] "H NMR: (CDCL,) 8 0.73-2.01 (multiplets, 18 H,
menthol), 2.85 (d, 1 H, a-menthyl carbonyl CH), 3.18 (bs,
1 H, bridgehead CH), 3.98 (bs, 1 H, bridgehead CH), 3.53
(bs, 1 H, bridge CH), 3.66 (t, 1 H, a.-methyl carbonyl CH),
444 (d of d, 2 H, benzyl —CH,—), 4.63 (d of t, 1 H,
o.-menthyl ester CH), 5.90 (d of d, 1 H, CH=CH), 6.23 (d
of d, 1 H, CH=CH), 7.25-7.38 (m, 5 H, C,Hj).

[0177] Mass Spec: calculated for C, H;,0< 426.24; found
425.4 (M-1) and 851.3 (2M-1).

Example 21

[0178] Bicyclo|[2.2.1 |hept-5-ene-7-syn-(benzyloxy)-2-
exo-(trimethylsilylethoxycarbonyl)-amino-3-endo-(1)-men-
thyl carboxylate (54-31)

[0179] To a solution of S4-30 in benzene is added triethy-
lamine and diphenylphosphoryl azide. The solution 1is
refluxed for 24 hours then cooled to room temperature.
Trimethylsilylethanol 1s added, and the solution refluxed for
an additional 48 hours. The benzene solution 1s partitioned
between ethyl acetate and 1 M sodium bicarbonate. The
organic layers are combined, washed with 1 M sodium
bicarbonate and dried over sodium sulfate. The solvent 1s
evaporated under reduced pressure to give the crude Curtius
reaction product.

Example 22

[0180] Bicyclo|[2.2.1 |heptane-7-syn-(benzyloxy)-2-eXo-
(trimethylsilylethoxycarbonyl)-amino-3-endo-(1)-menthyl-
5-exo-methyl-6-exo-methyl tricarboxylate (S4-32)

[0181] S4-31, dry copper(Il) chloride, 10% Pd/C, and dry
methanol are added to a flask with vigorous stirring. After

degassing, the flask 1s charged with carbon monoxide to a
pressure just above 1 atm., which 1s maintained for 72 hours.

The solids are filtered and the residue worked up 1n the usual
way to afford the biscarbonylation product.

Example 23

[0182] Bicyclo|[2.2.1 heptane-7-syn-(benzyloxy)-2-eXo-
(trimethylsilylethoxycarbonyl)-amino-3-endo-(1)-menthyl-
carbox-5-ex0-6-exo-dicarboxylic anhydride (54-33)

[0183] A mixture of S4-32, formic acid, and a catalytic
amount of p-toluenesulfonic acid is stirred at 90° C. over-
night. Acetic anhydride 1s added and the reaction mixture
refluxed for 6 hours. Removal of the solvents and washing
with ether gives the desired anhydride.

Example 24

[0184] Bicyclo|[2.2.1 |heptane-7-syn-(benzyloxy)-2-exo-
(trimethylsilylethoxycarbonyl)-amino-3-endo-(1)-menthyl-
6-exo-carboxy-5-exo-methyl dicarboxylate (S4-33)

|0185] To a solution of S4-32 in equal amounts of toluene
and carbon tetrachloride 1s added quinidine. The suspension
is cooled to —65° C. and stirred for 1 hour. Three equivalents
of methanol are slowly added over 30 minutes. The suspen-
sion 1s stirred at —65° C. for 4 days followed by removal of
the solvents under reduced pressure. The resulting white
solid 1s partitioned between ethyl acetate and 2M HCI. The
quinine 1s recovered from the acid layer and S4-33 obtained
from the organic layer.

Example 25
[0186] Bicyclo[12.2.1 heptane-7-syn-(benzyloxy)-2-exo-
(trimethylsilylethoxycarbonyl)-amino-3-endo-(1)-menthyl-
6-exo-(trimethylsilylethoxycarbonyl)amino-5-exo-methyl
dicarboxylate (54-35)

[0187] To a solution of S4-34 in benzene i1s added triethy-
lamine and diphenylphosphoryl azide. The solution 1is
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refluxed for 24 hours. After cooling to room temperature,
2-trimethylsilylethanol 1s added and the solution refluxed for
48 hours. The benzene solution 1s partitioned between ethyl
acetate and 1M sodium bicarbonate. The organic layers are
combined, washed with 1M sodium bicarbonate, and dried
over sodium sulfate. The solvent 1s evaporated under
reduced pressure to give the crude Curtius reaction product.

Example 26

[0188] endo-Bicyclo[2.2.1 |hept-5-ene-2-benzylcarboxy-
late-3-carboxylic acid (§5-37)

[0189] Compound S3-19 (4.00 g, 0.0244 mol) and quini-
dine (8.63 g, 0.0266 mol) were suspended in equal amounts
of toluene (50 mL) and carbon tetrachloride (50 mL). The
suspension was cooled to =55° C. after which benzyl alcohol
(7.90 g, 0.0732 mol) was added over 15 minutes. The

reaction mixture became homogenous after 3 hours and was
stirred at =55° C. for an additional 96 hours. After removal

of the solvents, the residue was partitioned between ethyl
acetate (300 mL) and 2M hydrochloric acid (100 mL). The
organic layer was washed with water (2x50 mL) and satu-
rated aqueous sodium chloride (1x50 mL). Drying over

magnesium sulfate and evaporation of the solvent gave
S5-37 (4.17 g, 0.0153 mol, 63% yield).

[0190] 'H NMR: (CDCL,) & 1.33 (d, 1 H, bridge CH,),
1.48 (d of t, 1 H, bridge CH,), 3.18 (bs, 1 H, bridgehead
CH), 3.21 (bs, 1 H, bridgehead CH), 3.33 (1, 2 H, a-acid
CH),4.98 (dof d, 2H, CH,Ph), 6.22 (d of d, 1 H, CH=CH),
6.29 (d of d, 1 H, CH=CH), 7.30 (m, 5 H, C,HJ).

Example 27

[0191] 2-endo-Benzylcarboxy-6-exo-iodobicyclo[2.2.1]
heptane-3,5-carbolactone (S5-38)

[0192] S5-37(4.10 g, 0.0151 mol) was dissolved in 0.5 M
sodium bicarbonate solution (120 mL) and cooled to 0° C.
Potassium 1odide (15.0 g, 0.090 mol) and 1odine (7.66 g,
0.030 mol) were added followed by methylene chloride (40
mL). The solution was stirred at room temperature over-
night. After dilution with methylene chloride (100 mL),
sodium thiosulfate was added to quench the excess 10dine.
The organic layer was separated and washed with water (100
mL) and sodium chloride solution (100 mL). Drying over
magnesium sulfate and evaporation of the solvent gave

S5-38 (5.44 g, 0.0137 mol, 91% yield).

[0193] 'H NMR: (CDCl,) & 1.86 (d of q, 1 H, bridge
—CH,—), 2.47 (d of t, 1 H, bridge —CH,—), 2.83 (d of d,
1 H, a-lactone carbonyl CH), 2.93 (bs, 1 H, lactone bridge-
head CH), 3.12 (d of d, 1 H, a.-benzyl ester CH), 3.29 (m,
1 H, bridgehead CH), 4.63 (d, 1 H, a-lactone ester CH), 5.14
(dof d, 2 H, CH,Ph), 5.19 (d, 1 H, 1odo CH), 7.38 (m, 5 H,
C.Hy).

Example 28

[0194] 2-endo-Benzylcarboxy-bicyclo[2.2.1 Jheptane-3,5-
carbolactone (§5-39)

[0195] S5-38 (0.30 g, 0.75 mmol) was placed in DMSO
under N,, NaBH, (85 mg, 2.25 mmol) added and the
solution stirred at 85° C. for 2 h. The mixture was cooled,
diluted with water (50 mL) and extracted with dichlo-
romethane (3x20 mL). The extracts were combined, washed
with water (4x15 mL) and saturated aqueous NaCl (10 mL),
dried, and evaporated to give 0.14 g (68%) of S5-39.
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Example 29

[0196] 5-endo-hydroxybicyclo|2.2.1 |heptane-2-endo-
benzyl-3-endo-methyl dicarboxylate (S5-40)

10197] Compound S5-39 is dissolved in methanol and

sodium methoxide added with stirring. Removal of the
solvent gives S5-40.

Example 30

[0198] Bicyclo|2.2.1 [heptane-2-endo-benzyl-3-endo-me-
thyl-5-exo-(t-butoxycarbonyl)-amino dicarboxylate (S5-41)

[0199] In a one-pot reaction S5-40 i1s converted to the
corresponding mesylate with methanesulfonyl chloride,
sodium azide added to displace the mesylate to give exo-
azide, which 1s followed by reduction with tributyl phos-
phine to give the free amine, which 1s protected as the t-Boc
derivative to give S5-41.

Example 31
[0200] Bicyclo|2.2.1 [heptane-2-endo-carboxy-3-exo-me-
thyl-5-exo-(t-butoxycarbonyl)-amino carboxylate (S5-42)
[0201] The benzyl ether protecting group is removed by
catalytic hydrogenolysis of $5-41 with 10% Pd/C 1n metha-

nol at room temperature for 6 hours. Filtration of the catalyst
and removal of the solvent yields crude S5-42.

Example 32

[10202] Bicyclo|2.2.1 [heptane-2-endo-carboxy-3-exo-me-
thyl-5-exo-(t-butoxycarbonyl)-amino carboxylate (55-43)

[0203] Sodium is dissolved in methanol to generate
sodium methoxide. $5-42 1s added and the mixture stirred at
62° C. for 16 hr. The mixture 1s cooled and acetic acid added
with cooling to neutralize the excess sodium methoxide. The
mixture 1s diluted with water and extracted with ethyl
acetate. The extract 1s dried and evaporated to give S5-43.

Example 33

[0204] Bicyclo|2.2.1 ]heptane-2-endo-benzyl-3-exo-me-
thyl-5-exo-(t-butoxycarbonyl)amino dicarboxylate (S85-44)

[0205] Compound S5-43 is reacted with benzyl bromide
and cesium carbonate 1n tetrahydrofuran at room tempera-
ture to give benzyl ester S5-44, which 1s 1solated by acid
work-up of the crude reaction mixture.

Example 34

[0206] Bicyclo|2.2.1 |heptane-2-endo-benzyl-3-exo-car-
boxy-5-exo-(t-butoxycarbonyl)-amino carboxylate (S5-45)

[10207] Compound S5-44 is dissolved in methanol and
cooled to 0° C. under N,. 2M NaOH (2 equivalents) 1s added
dropwise, the mixture allowed to come to ambient tempera-
ture and 1s stirred for 5 h. The solution 1s diluted with water,
acidified with 2M HCI and extracted with ethyl acetate. The
extract 1s washed with water, saturated aqueous NaCl, dried
and evaporated to give S5-45.

Example 35

[0208] Bicyclo|[2.2.1 heptane-2-endo-benzyl-3-exo-(trim-
ethylsilylethoxycarbonyl)amino-5-¢xo-(t-butoxycarbony-
)amino carboxylate (S5-46)

[10209] To a solution of S5-45 in benzene is added triethy-
lamine and diphenylphosphoryl azide. The solution 1is
refluxed for 24 hours and then cooled to room temperature.
Trimethylsilylethanol 1s added and the solution refluxed for
48 hours. The solution 1s partitioned between ethyl acetate
and 1M sodium bicarbonate. The organic layer 1s washed
with 1M sodium bicarbonate and dried over sodium sulfate.
The solvent 1s evaporated under reduced pressure to give
crude Curtius product S5-46.
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Example 36

[0210] endo-Bicyclo|2.2.1 Jhept-5-ene-2-(4-methoxy)ben-
zylcarboxylate-3-carboxylic acid (56-48)

[0211] Compound S3-19 and quinidine are suspended in
equal amounts of toluene and carbon tetrachloride and
cooled to =55° C. p-Methoxybenzyl alcohol 1s added over 15
minutes and the solution stirred at —=55° C. for 96 hours.
After removal of the solvents, the residue 1s partitioned
between ethyl acetate and 2 M hydrochloric acid. The
organic layer 1s washed with water and saturated aqueous
sodium chloride. Drying over magnesium sulfate and
removal of the solvent gives S6-48.

Example 37

[0212] endo-Bicyclo|2.2.1 Jhept-5-ene-2-(4-methoxy)ben-
zyl-3-(trimethylsilylethoxycarbonyl)amino carboxylate (S6-
49)

10213] To a solution of S6-48 in benzene 1s added triethy-
lamine and diphenylphosphoryl azide. The solution 1is
refluxed for 24 hours, cooled to room temperature, trimeth-
ylsilylethanol 1s added, and the solution 1s refluxed for an
additional 48 hours. The benzene solution 1s partitioned
between ethyl acetate and 1 M sodium bicarbonate. The
organic layers are combined, washed with 1 M sodium
bicarbonate, and dried with sodium sulfate. The solvent 1s
evaporated under reduced pressure to give crude Curtius

product S6-49.

Example 38

[0214] Bicyclo[2.2.1 Jheptane-2-endo-(4-methoxy)benzyl-
3-endo-(trimethylsilylethoxycarbonyl)amino-5-exo-methyl-
6-exo-methyl tricarboxylate (S6-50).

[0215] S6-49, copper(ll) chloride, 10% Pd/C, and dry
methanol are added to a flask with vigorous stirring. After
degassing the suspension, the flask 1s charged with carbon
monoxide to a pressure just above 1 atm. The pressure of
carbon monoxide 1s maintained over 72 hours. The solids are
filtered off, and the crude reaction mixture worked up 1 the
usual way to afford $6-50.

Example 39

[0216] Bicyclo[2.2.1 Jheptane-2-endo-(4-methoxy)benzyl-
3-endo-(trimethylsilylethoxycarbonyl)amino-5-exo-6-exo-
dicarboxylic anhydride (§6-51).

10217] S6-50, formic acid, and a catalytic amount of
p-toluenesulfonic acid is heated at 90° C. overnight. Acetic
anhydride 1s added to the reaction mixture, and 1t 1s refluxed

for an additional 6 hours. Removal of the solvents and
washing with ether affords S6-51.

Example 40

[0218] Bicyclo[2.2.1 |heptane-2-endo-(4-methoxy)benzyl-
3-endo-(trimethylsilylethoxycarbonyl)amino-5-exo-car-
boxy-6-exo-methyl dicarboxylate (86-52).

[0219] To a solution of S6-51 in equal amounts of toluene
and carbon tetrachloride 1s added quinine. The suspension 1s
cooled to —65° C. and stirred for 1 hour. Three equivalents
of methanol are added slowly over 30 minutes. The suspen-
sion is stirred at —65° C. for 4 days followed by removal of
the solvents. The resulting white solid 1s partitioned between
cthyl acetate and 2 M HCI, with S6-52 worked up from the

organic layer.
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Example 41

[0220] Bicyclo|[2.2.1 |heptane-2-endo-(4-methoxy)benzyl-
3-endo-(trimethylsilylethoxycarbonyl)amino-5-exo-(trim-
ethylsilylethoxycarbonyl)amino-6-exo-methyl  dicarboxy-
late (S6-53).

[10221] To a solution of S6-52 in benzene is added triethy-
lamine and diphenylphosphoryl azide. The solution 1is
refluxed for 24 hours then cooled to room temperature.
2-Trimethylsilylethanol 1s added, and the solution 1s refluxed
for an additional 48 hours. The benzene solution 1s parti-
tioned between ethyl acetate and 1 M sodium bicarbonate.
The organic layers are combined, washed with 1 M sodium
bicarbonate, and dried with sodium sulfate. The solvent 1s
evaporated under reduced pressure to give S6-53.

Example 42
[0222] Bicyclo|[2.2.1 |heptane-2-exo-(4-methoxy)benzyl-
3-endo-(trimethylsilylethoxycarbonyl)amino-5-exo-(trim-
ethylsilylethoxycarbonyl)amino-6-endo-methyl dicarboxy-
late (S6-54).

[10223] To a solution of S6-53 in tetrahydrofuran is care-
fully added potassium tert-butoxide. The basic solution is
refluxed for 24 hours followed by addition of acetic acid.
Standard extraction methods give the double epimerized

product S6-54.

Example 43
[0224] Preparation of hexamer:

Ny
Br\/\/ AN Br

\f\OH HO/ Z
T = X

T

OH

A
A
T

Hexamer la-Br

>

[0225] To 0.300 g (1R, 2R)-(-)-trans-1,2-diaminocyclo-
hexane (2.63 mmol) in 5 mLL CH,Cl, at 0° C. was added
0.600 g of 2,6-diformyl-4-bromophenol (2.62 mmol) in 5
mL of CH,Cl,. The yellow solution was allowed to warm to
room temperature and stirred for 48 hours. The reaction
solution was decanted, and added to 150 mL of methanol.
After standing for 30 minutes, the yellow precipitate was
collected, washed with methanol, and air-dried (0.580 g;
72% yield).

[0226] 'H NMR (400 MHz, CDCL,) § 14.31 (s, 3 H, OH),
8.58 (s, 3 H, CH=N), 8.19 (s, 3 H, CH=N), 7.88 (d, 3 H,
J=2.0 Hz, ArH), 7.27 (d, 3 H, J=2.0 Hz, ArH), 3.30-3.42 (m,
6 H, CH,—CH—N), 1.41-1.90 (m, 24 H, aliphatic).

10227] MS (FAB): Calcd for C,,H, .N.O,Br, 923.115;
found 923.3 [M+H]".
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Example 44
[0228] Preparation of hexamer:

N
jo
3
o)
/

OH HO

Hexamer la

10229] To 0.300 g (1R, 2R)-(-)-trans-1,2-diaminocyclo-

0.826 g of 2,6-diformyl-4-(1-dodec-1-yne)phenol (2.63

mmol) in 6 mL of CH,Cl,. The orange solution was stirred

at 0° C. for 1 hour and then allowed to warm to room
temperature after which stirring was continued for 16 hours.

The reaction solution was decanted and added to 150 mL of
methanol. A sticky yellow solid was obtained after decanting

the methanol solution. Chromatographic cleanup of the
residue gave a yellow powder.

[0230] "H NMR (400 MHz, CDCL,) 3 14.32 (s, 3 H, OH),
8.62 (s, 3 H, CH=N), 8.18 (s, 3 H, CH=N), 7.84 (d, 3 H,
J=2.0 Hz, ArH), 7.20 (d, 3 H, J=2.0 Hz, ArH), 3.30-3.42 (m,
6 H, CH,—CH—N), 2.25 (t, 6 H, J=7.2 Hz, propargylic),
1.20-1.83(m, 72 H, aliphatic), 0.85 (t, 9 H, J=7.0 Hz, CH.,,).

[0231] °C NMR (400 MHz, CDCL,) 8 163.4,161.8, 155.7,
136.9, 132.7, 123.9, 119.0, 113.9, 88.7, 79.7, 75.5, 73.2,
33.6,33.3,32.2,29.8,29.7,29.6,29.4,29.2,29.1, 24.6, 24.5,
22.9, 19.6, 14 4.

[0232] MS (FAB): Calcd for C,gH; oN,O; 1177.856;
found: 1177.8 [M+H]".

hexane (2.63 mmol) in 6 mL CH,CI, at 0° C. was added

33

Example 45

[0233] Preparation of hexamer:

CH;3(CHj)o

HO

(CH,)oCHj

Hexamer 1d-C12

Oct. 23, 2003

(CH3)oCH3
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[0234] To 0.240 g of 2,6-diformyl-4-(1-dodecene)phenol
(0.76 mmol) in 10 mL of benzene was added a 10 mLben-
zene solution of (1R,2R)-(-)-trans-1,2-diaminocyclohexane

(0.087g, 0.76 mmol). The solution was stirred at room
temperature for 48 hours shielded from the light. The orange

solution was taken to dryness and chromatographed (silica,
50/50 acetone/Et,0) to give a yellow sticky solid (33%
yield).

[0235] "H NMR (400 MHz, CDCL,) 8 14.12 (s, 3 H, OH),
8.62 (s, 3 H, CH=N), 8.40 (s, 3 H, CH=N), 7.82 (d, 3 H,
J=2.0 Hz, ArH), 7.28 (d, 3 H, J=2.0 Hz, ArH), 6.22 (d, 3 H,
vinyl), 6.05 (d, 3 H, vinyl), 3.30-3.42 (m, 6 H, CH,—CH-
N), 1.04-1.98(m, 87 H, aliphatic).

[0236] MS (FAB): Caled for C,;H,,.N.O, 1183.90;
found: 1184.6 [M+H]".

Example 46

[0237] Preparation of tetramer:

¢

NH HN

Tetramer 2-phenyl
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[0238]

Preparation of hexamer:

2

HN NH

F
oL
HN NH
A~ O
<_>\NJ\©/“\N
H H

Hexamer 6-phenyl

[0239] Triethylamine (0.50 mL, 3.59 mmol) and (1R,
2R)-(-)-trans-1,2-diaminocyclohexane (0.190 g, 1.66
mmol) were combined in 150 mL EtOAc and purged with
N for 5 minutes. To this solution was added 0.331 g
isophthalolyl chloride (1.66 mmol) dissolved in 100 mL
EtOAc dropwise over six hours. The solution was filtered
and the filtrate taken to dryness. TLC (5% methanol/
CH,Cl,) shows the product mixture to be primarily com-
posed of two macrocyclic compositions. Chromatographic

separation (silica, 5% methanol/CH,Cl,) gave the above
tetramer (0.020 g, 5% yield) and hexamer (about 10%).

0240] Tetramer:

0241] 'H NMR (400 MHz, CDCL,) & 7.82 (s, 1 H), 7.60
(br s, 2 H), 7.45 (br s, 2 H), 7.18 (br s, 1 H), 3.90 (br s, 2
H), 2.22 (d, 2H), 1.85 (m, 4 H), 1.41 (m, 4 H).

[0242] MS (ESI): Calcd for C,gH;3N,0, 489.25; found
489.4 |[M+H]J".

0243] Hexamer:

0244] MS (ESI): Caled for C,,H,(N.O, 733.37; found
733.5 [M+H]J".

Example 47

[0245] Preparation of macrocyclic modules from benzene
and cyclohexane cyclic synthons:

(o

X
HH\KH/YH + nHzﬁzm S

O OMe O
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-continued

n = 2, Tetramer 1f-methoxy
n = 3, Hexamer 1f-methoxy
n = 4, Octamer 1{-methoxy

[0246] n=2, Tetramer 1 f-methoxy
10247] n=3, Hexamer 1 f-methoxy
[0248] n=4, Octamer 1 f-methoxy

10249] To a 5 mL dichloromethane solution of 4-dodecyl-
2,6-diformyl anisole (24 mg; 0.072 mmol) was added a 5 mL
dichloromethane solution of (1R, 2R)-(-)-trans-1,2-diami-
nocyclohexane (8.5 mg; 0.074 mmol). This solution was
stirred at room temperature for 16 hours and then added to
the top of a short silica column. Elution with diethyl ether
and then removal of solvent led to the 1solation of 22 mg of
an oif-white solid. Positive 10n electrospray mass spectrom-

etry demonstrated the presence of the tetramer (m/z 822,
MH™), hexamer (m/z 1232, MH™), and the octamer (m/z

1643, MH™) in the off-white solid. Calculated molecular
weights were as follows: tetramer+H (Cs,HgsN,O,,
821.67); hexamer+H (Cg,,H,,-N.O,, 1232.00); octamer+H
(C0sH160NgO,, 1643.33).

Example 48

[0250] Without intending to be bound by any one particu-
lar theory, one method to approximate pore size of a
macrocyclic module is quantum mechanical (QM) and
molecular mechanical (MM) computations. In this example,
macrocyclic modules having two types of synthons, “A” and
“B,” were used and all linkages between synthons were
assumed to be the same. For the purposes of QM and MM

37
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computations, the root mean square deviations in the pore
arcas were computed over dynamic runs.

[0251] For QM, each module was first optimized using the
MM+ force field approach of Allinger (JACS, 1977,
99:8127) and Burkert, et al., (Molecular Mechanics, ACS
Monograph 177, 1982). They were then re-optimized using
the AM1 Hamiltonian (Dewar, et al., JACS, 1985, 107:3903;
Dewar, et al., JACS, 1986, 108:8075; Stewart, J. Comp.
Aided Mol. Design, 1990, 4:1). To verify the nature of the
potential energy surface in the vicinity of the optimized
structures, the associated Hessian matrices were computed
using numerical double-differencing.

[0252] For MM, the OPLS-AA force field approach (Jor-
gensen, et al., JACS, 1996, 118:11225) was used. For imine
linkages, the dihedral angle was confined to 180°+10°. The
structures were minimized and equilibrated for one picosec-
ond using 0.5 femtosecond time steps. Then a 5 nanosecond
dynamics run was carried out with a 1.5 femtosecond time
step. Structures were saved every picosecond. The results
are shown 1n Tables 4 and 5.

[0253] Macrocyclic module pore areas derived from QM
and MM computations for various linkages and macrocyclic
module pore size are shown in Table 4. In Table 4, the
macrocyclic modules had alternating synthons “A” and “B.”
Synthon “A” 1s a benzene synthon coupled to linkages L at
1,3-phenyl positions, and Synthon “B” 1s shown 1n the
left-hand column of the table.

TABLE 4

Pore areas for various macrocyclic modules (A”)

TETRAMER TETRAMER HEXAMER HEXAMER  OCTAMER OCTAMER
SYNTHON B QM MM QM MM QM MM
trans-1,2- imine (trans) Imine (trans)
cyclohexane 14.3 A2 132 = 1.4 A?
trans-1,2- Acetylene
cyclohexane 14.3 A?
trans-1,2- Amine Amine
cyclohexane 3.1 AZ 13.9 = 1.9 A2
trans-1,2- Amide Amide
cyclohexane 19.7 AZ 17.5 = 2.0 A?
trans-1,2- Ester Ester
cyclohexane 18.9 A? 19.6 = 2.0 A?
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TABLE 4-continued

Pore areas for various macrocyclic modules (A?)

TETRAMER TETRAMER

SYNTHON B QM MM

FEquatorial-1,3-
cyclohexane
FEquatorial-1,3-
cyclohexane
Equatorial-1,3-
cyclohexane
Equatorial-1,3-
cyclohexane
Equatorial-3-
amino-
cyclohexene

imine (trans)
OXygen-
oxygen
distance

2481 A

distance
37 + 3A

trans-1,2-
pyrrolidine
Equatorial-1,3
piperidene
Endo-exo-1.2-
bicycloheptane
Endo-endo-1,3-
bicycloheptane
Endo-exo-1,3-
bicycloheptane
Equatorial-1,3-
cyclohexane
Endo-endo-1,3-
bicyclooctene
Endo-exo-1,3-
bicyclooctene
Equatorial-3,9-
decalin

imine (trans)
OXygen-oxygen

HEXAMER
QM

imine (trans)
18.1 A2
Amine
14.7 A?
Amide
24.8 A2
Ester
22.9 A?

imine (trans)
18.4 A?

imine (trans)
10.4 AZ
imine (trans)
19.2 A?
imine (trans)
11.1 A?
imine (trans)
18.8 A2
[mine
19.5 AZ
Amine
9.8 A?
imine (trans)
18.9 AZ
imine (trans)
15.6 A2
imine (trans)
354 A?

HEXAMER
MM

[mine (trans)

21.8 = 1.6 A?

Amine
19.9 + 26 A”
Amide

21.7 + 1.8 A2

Ester
22.8 + 24 A
[mine (trans)

21.0 = 1.5 A2

[mine (trans)
92 x 14 A?
[mine (trans)
209 = 11 A?
[mine (trans)
14.1 = 11 A?
[mine (trans)

207 + 1.4 A2
Imine

10.1 + 49 A2

Amine
9.9 + 2.4 A’
[mine (trans)

21.6 + 1.5 A2

[mine (trans)
187 + 1.6 A
[mine (trans)

40.0 + 2.2 A2

10254] Further macrocyclic module pore areas derived

from QM and MM computations for various

linkages and

macrocyclic module pore size are shown 1n Table 5. In Table

5, the macrocyclic modules had alternating synthons “A”
and “B.” In Table 5, Synthon “A” 1s a naphthalene synthon
coupled to linkages L at 2,7-naphthyl positions, and Synthon

“B” 1s shown 1n the left-hand column of the table.

TABLE 5

Pore areas for various macrocyclic modules (A7)

HEXAMER
SYNTHON B QM
Trans-1,2- imine (trans)
cyclohexane 3.5 AZ
Endo-endo-1,3- imine (trans)
bicycloheptane 30.1 A2

HEXAMER

MM

imine (trans)
25.4 = 49 A?
imine (trans)
30.0 = 3.6 A?

0255] An example of the energy-minimized conforma-

tions of some hexamer macrocyclic modules having groups

of substituents are shown 1n FIGS. 1A and 1B. Referring to
FIG. 1A, a Hexamer 1-h-(OH); is shown having a group of
—OH substituents. Referring to FIG. 1B, a Hexamer 1-h-
(OEt); 1s shown having a group of —OEt substituents. The

differences 1 pore structure and area between these two
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OCTAMER OCTAMER

QM

MM

imine (trans) Imine (trans)
66.2 A?

745 = 7.7 A?

imine (trans) Imine (trans)
56.7 A2

60.5*-8.3 A2

examples, which also reflect conformational and flexibility

daft

‘erences, are evident. This macrocyclic module results 1n

a composition which may be used to regulate pores. Selec-

fion of ethoxy synthon substituents over hydroxy synthon

substituents for this hexamer composition 1s a method which

may be used for transporting selected species.

HN NH
X ‘ X
7 OH  HO 7
N SNm
OH
/N
N ‘ N
H H
AN

Hexamer 1-h-(OH);
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-continued

HN NH
T T
N o . S

-

N k /
0
=z
AN

IO

Hexamer 1-h-(OEt),

[0256] The pore size of macrocyclic modules was deter-
mined experimentally using a voltage-clamped bilayer pro-

[onic species

Oct. 23, 2003

cedure. A quantity of a macrocyclic module was inserted
into a lipid bilayer formed by phosphatidylcholine and

phosphatidylethanolamine. On one side of the bilayer was

placed a solution containing the cationic species to be tested.
On the other side was a solution containing a reference

cationic species known to be able to pass through the pore

of the macrocyclic module. Anions required for charge

balance were selected which could not pass through the

pores of the macrocyclic module. When a positive electrical
potential was applied to the solution on the side of the lipid
bilayer containing the test species, 1if the test species passed

through the pores in the macrocyclic modules, a current was

detected. The voltage was then reversed to detect current due
to transport of the reference species through the pores,

thereby confirming that the bilayer 1s a barrier to transport

and that the pores of the macrocyclic modules provide
transport of species.

10257] Using the above technique, a hexameric macrocy-
clic module comprised of 1R,2R-(-)-transdiaminocyclohex-
ane and 2,6-diformal-4-(1-dodec-1-ynyl)phenol synthons,
having imine groups as the linkages (the first module in
Table 3) was tested for transport of various ionic species.
The results are shown 1n Table 6.

TABLE 6

Voltage-clamped bilayer test for macrocyclic module pore size

Calculated van der
Calculated van der Waals radius of 1onic

Waals radius of species with one

water shell (A)

Does 10onic species

ionic species (A) pass through pore?

Na* 1.0 2.2 Yes
K* 1.3 2.7 Yes
Ca™" 1.0 2.7 Yes
NH,* 1.9 2.9 Yes
Cs* 1.7 3.0 Yes
MeNH," 2.0 3.0 Yes
EtNH_* 2.6 3.6 No
NMe,* 2.6 3.6 No
Aminoguanidinium 3.1 4.1 No
NEt,* 3.9 4.4 No
Choline 3.8 4.8 No
Glucosamine 4.2 5.2 No
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[0258] The results in Table 6 show that the cut-off for
passage through the pore 1n the selected module 1s a van der
Waals radius of between 2.0 and 2.6 A. In Table 4, the QM
and MM computed pore sizes are given as areas. Using the
equation for area of a circle, A=nr”, the computed area of the
pore 1n the first module of Table 4, 14.3 AZ, orves a value for
rof2.13 A. Tons having van der Waals radi of less than 2.13
A would be expected to traverse the pore and those with
larger radi would not, and that 1s what was observed.
CH,NH,™, having a radius of 2.0 A, passed through the pore
while CH,CH,NH.*, with a radius of 2.6 A, did not.
Without being held to a particular theory, and recognizing,
that several factors influence pore transport, the observed
ability of hydrated 1ons to pass through the pore may be due
to partial dehydration of the species to enter the pore,
fransport of water molecules and 1ons through the pore
separately or with reduced interaction during transport, and

Oct. 23, 2003

re-coordination of water molecules and 10ns after transport.
The details of pore structure, composition, and chemistry,
the flexibility of the macrocyclic module, and other inter-
actions may affect the transport process.

Example 49

[10259] Pore properties of 1,2-imine-linked and 1,2-amine-
linked hexamer macrocyclic modules are illustrated 1n Table
7. Referring to Table /7, the bilayer clamp data indicates that
the passage and exclusion of certain species through the pore
of the modules correlates with the computational size of the
pores. Further, these surprising data show that a very small
change 1n the placement of atoms and/or structural features
can lead to a discrete change in transport properties and
allow regulation of transport through the pore by variation of
synthons and linkages among other factors.

TABLE 7

Voltage-clamped bilayer test for macrocyclic module pore size

Radius of
solute with
H,O Hexamer la Hexamer 1jh
Radius of (radius of 2°¢ hydration (1,2-imine) (1,2-amine)
Solute species Solute shell in parentheses) Radius = 3.3A Radius = 3.9A
Li* 0.6 2.0 (5.6) No Yes
Na* 1.0 2.2 Yes Yes
K* 1.3 2.7 Yes Yes
Ca** 1.0 2.7 Yes Yes
Mg=* 0.7 2.8 (5.5) No Yes
NH," 1.9 2.9 Yes Yes
Cs™ 1.7 3 Yes Yes
MeNH,;" 2 3 Yes Yes
EtNH,™* 2.6 3.6 No Yes
NMe," 2.6 3.6 No Yes
Aminoguanidine 3.1 4.1 No Yes
Choline 3.8 4.8 No Yes
NEt," 3.9 4.4 No No
Glucosamine 4.2 52 No No
NPr,* — — — No
Cio N ﬁ Cio
7 OH HO =
X

| o
< >\N/\)\/\N/<
\
X

Cio

Hexamer 1a - 1,2-1mine
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TABLE 7-continued

Voltage-clamped bilayer test for macrocyclic module pore size

Radius of
solute with

H,O Hexamer la
Radius of (radius of 2" hydration (1,2-imine)

Solute species Solute shell in parentheses)
HN NH
0 \\
Coe ‘ X ‘ X
O
N o 0" N

NH

HN/
O Sk
N/\ﬁ‘\/\N/< >
H ‘ H
X7

YO
O
™~
Cie

Hexamer 1jh - 1,2-amine

Example 50

0260] The Langmuir isotherm and isobaric creep for

hexamer la-Me are shown in FIGS. 2A and 2B, respec-
fively.

H;O CH,4

OH HO

SOV y

o
=z
b

Hexamer 1a-Me
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Hexamer 1jh
(1,2-amine)
Radius = 3.3A Radius = 3.9A

\Cm
-continued
N N
H3C(H2C) 14 N )‘ ‘ AN /(CH2)14CH3
/\OH HO /
N/ \N
| ol |
< N F ‘ \N/< >
N
(CH3)14CH3

Hexamer 1a-C15

[0261] The relative stability of the Langmuir film of

Hexamer la-Me 1s 1illustrated by the isobaric creep data
shown in FI1G. 2B. The area of the film decreased by about
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30% after about 30 min at 5 mN/m surface pressure. The mN/m surface pressure, and by about 2% after about 60 min.
Langmuir 1sotherm and 1sobaric creep for Hexamer 1a-C15 The collapse pressure was about 18 mN/m for Hexamer
are shown 1 FIGS. 3A and 3B, respectively. The relative 1a-C15.
stability of the Langmuir film of Hexamer 1a-C15 1s 1llus-

trated by the 1sobaric creep data shown in FIG. 3B. The arca

of the film decreased by about 1-2% after about 30 min at 10 [0262]

Example 51

OCi¢

X 1 Metal Template
‘ * 2. NaBH g
: 4
O\/ AT

/ 0\

H,N MH
OH 2 2
: 4
OC g
O
N R N
H H
OH
HN NH

o _< \\ /\ OH HO /_

O
NH N
OH
N/\ / N
H ‘ H
AN
YO
OCi¢

Octamer 4jh
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10263] Templated Imine Octamer. To a 3 neck 100 mL
round bottomed flask with stirbar, fitted with condenser and

addition funnel under argon, amphiphilic dialdehyde phenol
1 (500 mg, 1.16 mmol) was added. Next, Mg(NO,),. 6 H,O

(148 mg, 0.58 mmol) 2 and Mg(OAc),. 4 H,O (124 mg, 0.58
mmol) were successively added. The flask was put under
vacuo and backfilled with argon 3x. Anhydrous methanol
was transferred to the flask via syringe under argon and the
resulting suspension stirred. The mixture was then refluxed

for 10 min affording a homogeneous solution. The reaction

was allowed to cool to room temperature under positive
argon pressure. (1R, 2R)-(-)-trans-1,2-diaminocyclohexane
4 was added to the addition funnel followed by cannula
transfer of anhydrous MeOH (11.6 mL) under argon. The
diamine/MeOH solution was added to the stirred homoge-

neous metal template/dialdehyde solution drop wise over a

pertod of 1 h affording an orange oil. The addition funnel
was replaced with a glass stopper and the mixture was
refluxed for 3 days. The solvent was removed 1n vacuo

atfording a yellow crystalline solid that was used without
further purification.

43
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[0264] Amine Octamer. To a 50 mL schlenk flask with
stirbar under argon Imine Octamer (314 mg, 0.14 mmol) was
added. Next anhydrous THF (15 mL) and MeOH (6.4 mL)

were added via syringe under argon and the suspension

stirred at room temperature. To the homogeneous solution,
NaBH, (136 mg, 3.6 mmol) was added in portions and the
mixture stirred at room temperature for 12 h. The solution
was filtered, followed by addition of 19.9 mLL H,O. The pH
was adjusted to ca. 2 by addition of 4 M HCI, then 6.8 mL
of an ethylenediamine tetraaceticacid disodium salt dihy-
drate (0.13 M in H,0O) was added and the mixture stirred for
5 min. To the solution, 2.0% ammonium hydroxide was
added and stirring continued for an additional 5 min. The

solution was extracted with ethyl acetate (3x100 mL) the
organic layer separated, dried over Na,SO, and the solvent

removed via rotoevaporation affording a pale yellow solid.

Recrystallization from chloroform and hexanes afforded the
Amine Octamer. Molecular weight was confirmed by

ESIMS M+H=experimental=2058.7 m/z, calcd=2058.7 m/z.

Example 52
[0265]
|
O
‘ ¢, NaBH;
O
OH HO

OH

Cis

Hexamer 17-1,2-imine
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-continued

44

~N

HN

OH

‘ O

~
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NH

HO

Ve

X

‘ Cis

F

NH

Cis

Hexamer 1jh-1,2-amine

[0266] Hexamer 1j. The two substrates, (-)-R,R-1,2-trans-
diaminocyclohexane (0.462 mmol, 0.053 g) and 2,6-di-

formyl-4-hexadecyl benzylphenol carboxylate (0.462 mmol,

0.200 g) were added to a 10 mL vial containing a magnetic
stirbar followed by the addition of 2 mL of CH,Cl,. The
yellow solution was stirred at room temperature. After 24 h
the reaction solution was plugged through silica gel with
diethyl ether, and the solvent removed via roto-evaporation.
(232 mg; 98% yield). "H NMR (400 MHz, CDCL,): § 14.11
(s, 3 H, OH), 8.67 (s, 3 H, CH=N), 8.23 (s, 3 H, CH=N),
7.70 (s, 3 H, ArH), 7.11 (s, 3 H, ArH), 4.05-3.90 (1, 6 H,
*J=6.6 Hz, CH,C(O)OCH,(CH,),,CH,), 344 (s, 6 H,
CH,C(O)OCH,(CH,),,CH;), 3.30-3.42 (m, 6 H, CH,—
CH—N), 1.21-1.90 (m, 108 H, aliphatic) 0.92-0.86 (t, 9 H,
*j=6.6 Hz. ESIMS (+) Caled for C, H,5;N.O,: 1533;
Found: 1534 [M+H]".

[0267] Hexamer 1jh. To a 100 mL pear-shaped flask with
magnetic stirbar under argon, Hexamer 1j (0.387 mmol,
0.594 g) was added and dissolved in THF:MeOH (7:3, 28:12
mL, respectively). Next, NaBH, (2.32 mmol, 0.088 g) was
added slowly 1n portions at room temperature for 6.5 h. The
solvent was removed by roto-evaporation, the residue dis-
solved 1n 125 mL ethyl acetate and washed 3x50 mL of H,O.
The organic layer was separated, dried over Na,SO, and the
solvent removed by roto-evaporation. The resulting residue

was recrystallized from CH,Cl, and MeOH affording a
white solid (0.440 g; 74% vyield). "H NMR (400 MHz,
CDCL,): 8 6.86 (s, 6 H, ArH), 4.10-4.00 (t, 6 H, °J=6.6 Hz,
CH,C(0)OCH,(CH,),,CH,), 3.87-3.69 (dd, 6 H, °J=13.7
Hz, °J (CNH)=42.4 Hz CH,—CH—N), 3.43 (s, 6 H,
CH,C(O)OCH,(CH,), ,CH,), 2.40-2.28 (m, 6 H, aliphatic),
2.15-1.95 (m, 6 H, aliphatic), 1.75-1.60 (m, 6 H, aliphatic),
1.60-1.55 (m, 6 H, aliphatic) 1.37-1.05 (m, 84 H, aliphatic)
0.92-0.86 (t, 9 H, °J=6.8 Hz. ESIMS (+) Calcd for
CocH,6:NOy: 1544; Found: 1545 [M+H]T".

Example 53
[0268]

N

N
| |
ch\ ‘ N ‘/\ /CH3
/ OH HO/\/
7 N

( T

OH

NZ

CH,

Hexamer la-Me-1,2-immine

[0269] Hexamer 1A-Me. A solution of 2-hydroxy-5-me-
thyl-1,3-benzenedicarboxaldehye (53 mg, 0.32 mmol) in
dichloromethane (0.6 mL) was added to a solution of
(1R,2R)-(-)-1,2-diaminocyclohexane (37 mg, 0.32 mmol)
in dichloromethane (0.5 mL). The mixture was stirred at

ambient temperature for 16 h, added dropwise to methanol
(75 mL) and chilled (4° C.) for 4 h. The precipitate was

collected to afford 71 mg (92%) of hexamer 1A-Me. 'H
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NMR (CDCl;): & 13.88 (s, 3H, OH), 8.66 (s, 3H,
ArCH=N), 8.19 (s, 3H, ArCH=N), 7.52 (d, 3H, J=2 Hz, Ar
H), 6.86 (d, 3H, J=2 Hz, Ar H), 3.35 (m, 6H, cyclohexane
1,2-H’s), 2.03 (3, 9H, Me), 1.6-1.9 (m, 18H, cyclohexane
3 ,0-H and 4,.5..-H’s), 1.45 (m, 6H, cyclohexane 4,

-H’s) 13CNMR 6 63. 67,159.55,156.38,134.42, 129.75,
127. 13, 119.00, 75.68, 73.62, 33.68, 33.41, 24.65, 24.57,

20.22; ESI(+) MS m/e (%) 727 M+H (100); IR 1634 cm™".

The claamed invention 1s:
1. A macrocyclic module composition comprising;:

from three to about twenty-four cyclic synthons coupled
to form a closed ring;

at least two functional groups for coupling the closed ring
to complementary functional groups on at least two
other closed rings;

wherein each functional group and each complementary
functional group comprises an organic functional group
containing atoms selected from the group consisting of

C, H,N, O, S1, P, S, B, Al, halogens, and metals from
the alkali and alkaline earth groups.
2. The composition of claim 1, comprising at least two
closed rings coupled through said functional groups.
3. The composition of claim 1, comprising at least three
closed rings coupled through said functional groups.
4. A macrocyclic module composition comprising;:

from three to about twenty-four cyclic synthons coupled
to form a closed ring defining a pore;

the closed ring having a first pore dimension in a first
conformation when a first group of substituents is
located at the pore and a second pore dimension in a
second conformation when a second group of substitu-
ents 1s located at the pore;

wherein each substituent of each group comprises an
organic functional group containing atoms selected
from the group consisting of C, H, N, O, S1, P, S, B, Al,
halogens, and metals from the alkali and alkaline earth
gTOUpPS.

5. A composition, comprising:

(a) from three to about twenty-four cyclic synthons
coupled to form a closed ring defining a pore;

(b) at least one functional group coupled to the closed ring
at the pore and selected to transport a selected species
through the pore, wherein the at least one functional
group comprises an organic functional group contain-
ing atoms selected from the group consisting of C, H,
N, O, S1, P, S, B, Al, halogens, and metals from the

alkali and alkaline earth groups;

(c) a selected species to be transported through the pore.

6. The composition of claim 5, wherein the selected
species 1s selected from the group of ovalbumin, glucose,
creatinine, H,PO,~, HPO,~*, HCO,~, urea, Na*, Li*, and
K™,

7. A method of preparing a composition to transport a
selected species through the composition, comprising:

selecting a first cyclic synthon, wherein the first cyclic
synthon 1s substituted with at least one functional group
comprising an organic functional group containing
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atoms selected from the group consisting of C, H, N, O,
S1, P, S, B, Al, halogens, and metals from the alkali and
alkaline earth groups;

selecting from two to about twenty-three additional cyclic
synthons;

incorporating the first cyclic synthon and the additional
cyclic synthons 1nto a macrocyclic module composition
comprising:

from three to about twenty-four cyclic synthons
coupled to form a closed ring defining a pore;

wherein the at least one functional group of the first
cyclic synthon 1s located at the pore of the macro-
cyclic module composition and 1s selected to trans-
port the selected species through the pore.

8. The composition as 1n any one of claims 1-4 coupled to
a solid support selected from the group of Wang resins,
hydrogels, aluminas, metals, ceramics, polymers, silica gels,
sepharose, sephadex, agarose, inorganic solids, semiconduc-
tors, and silicon wafers.

9. The composition as 1n any one of claims 1-4, wherein
the macrocyclic module composition retains at least 85% of
film area after thirty minutes on a Langmuir trough at 5-15
mN/m.

10. The composition as 1n any one of claims 1-4, wherein
the macrocyclic module composition retains at least 95% ot
f1lm area after thirty minutes on a Langmuir trough at 5-15
mN/m.

11. The composition as 1n any one of claims 1-4, wherein
the macrocyclic module composition retains at least 98% of
f1lm area after thirty minutes on a Langmuir trough at 5-15
mN/m.

12. The composition as 1n any one of claims 1-5, wherein
the cyclic synthons are each independently selected from the
oroup consisting of benzene, cyclohexadiene, cyclohexene,
cyclohexane, cyclopentadiene, cyclopentene, cyclopentane,
cycloheptane, cycloheptene, cycloheptadiene, cyclohep-
tatriene, cyclooctane, cyclooctene, cyclooctadiene, cyclooc-
tatriene, cyclooctatetraene, naphthalene, anthracene, phe-
nylene, phenanthracene, pyrene, triphenylene,
phenanthrene, pyridine, pyrimidine, pyridazine, biphenyl,
bipyridyl, decalin, piperidine, pyrrolidine, morpholine, pip-
crazine, pyrazolidine, quinuclidine, tetrahydropyran, diox-
ane, tetrahydrothiophene, tetrahydrofuran, pyrrole, trip-
tycene, adamantane, bicyclo|2.2.1 [heptane, bicyclo|2.2.1]
heptene, bicyclo[ 2.2.2 Joctane, bicyclo[ 2.2.2 Joctene, bicyclo
[3.3.0]octane, bicyclo|3.3.0]octene, bicyclo|3.3.1|nonane,
bicyclo|3.3.1|nonene, bicyclo[3.2.2 Jnonane, bicyclo|3.2.2]
nonene, bicyclo[4.2.2]decane, 7-azabicyclo[2.2.1 Jheptane,
1,3-diazabicyclo| 2.2.1 |heptane, and spiro|4.4 [nonane.

13. The composition as 1 any one of claims 1, 4, or 5,
wherein each coupled cyclic synthon 1s independently
coupled to two adjacent synthons by a linkage selected from
the group consisting of (a) a condensed linkage, and (b) a
linkage selected from the group consisting of —NRC(O)—,

—0C(0)—, —0—, —S—S—, —S—, —NR—,
—(CRR),—, —CH,NH—, —C(0)S—, —C(0)0—,
— C=C—, —C=C—C=C—, —CH(OH)—, —HC=CH—,
— NHC(O)NH—, —NHC(0)0—, —NHCH,NH—,

—NHCH,CH(OH)CH,NH—, —N=CH(CH,), CH=N—,

—CH,CH(OH)CH,—,
— CH=N—NH—,

1S 1-4,
—OP(O)(OH)O—
—CH(OH)CH,—,

N=CH(CH,),,CH=N— where h
—0OC(0)0O—,

—CH(OH)CH,NH—,
—CH(OH)C(CH;),C(0)O—,
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O O
R R
Q \./
OH:‘ 1 2
Q
R Q 7
Q{}Q; § Ph—<  >—FPh,
R
2 Q
Q—CH—Q Q—CH—Q
| Q—CH—Q
O O |
> | | > (7 >
where G 1s halogen
/ H
Q—CH—Q
Q—CH—Q

\ R
O N—0 Q—(‘SH—Q
o O O
)
Ph

wherein p 1s 1-6;

wherein R and R' are each independently selected from
the group of hydrogen and alkyl;

wherein the linkage 1s independently configured in either
of two possible configurations, forward and reverse,
with respect to the synthons 1t couples together, if the
two configurations are different structures;

wherein Q 1s one of the synthons connected by the
linkage.

14. A closed ring composition of the formula:

LﬁQl]J I QZ_L.)

wherein:
J 1s 2-23;

Q' are synthons each independently selected from the
group consisting of (a) phenyl synthons coupled to
linkages L at 1,2-phenyl positions, (b) phenyl synthons
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coupled to linkages L at 1,3-phenyl positions, (c) aryl
synthons other than phenyl synthons, (d) heteroaryl
synthons other than pyridinium synthons, (¢) saturated
cyclic hydrocarbon synthons, (f) unsaturated cyclic
hydrocarbon synthons, (g) saturated bicyclic hydrocar-
bon synthons, (h) unsaturated bicyclic hydrocarbon
synthons, (1) saturated multicyclic hydrocarbon syn-
thons, and (j) unsaturated multicyclic hydrocarbon syn-
thons; wherein ring positions of each Q" which are not
coupled to a linkage L are substituted with hydrogen or
organic functional groups containing atoms selected
from the group of C, H, N, O, 81, P, S, B, Al, halogens,
and metals from the alkali and alkaline earth groups;

Q° is a synthon independently selected from the group
consisting of (a) aryl synthons other than phenyl syn-
thons and naphthalene synthons coupled to linkages L
at 2,7-naphthyl positions, (b) heteroaryl synthons other
than pyridine synthons coupled to linkages L at 2,6-
pyridino positions, (c¢) saturated cyclic hydrocarbon
synthons other than cyclohexane synthons coupled to
linkages L at 1,2-cyclohexyl positions, (d) unsaturated
cyclic hydrocarbon synthons other than pyrrole syn-
thons coupled to linkages L at 2,5-pyrrole positions, (¢)
saturated bicyclic hydrocarbon synthons, (f) unsatur-
ated bicyclic hydrocarbon synthons, (g) saturated mul-
ticyclic hydrocarbon synthons, and (h) unsaturated
multicyclic hydrocarbon synthons; wherein ring posi-
tions of Q* which are not coupled to an L are substituted
with hydrogen or organic functional groups containing
atoms selected from the group consisting of C, H, N, O,
S1, P, S, B, Al, halogens, and metals from the alkal1 and
alkaline earth groups;

L are linkages between the synthons each independently
selected from the group consisting of (a) a condensed

linkage, and (b) a linkage selected from the group
consisting of —NRC(O)—, —OC(0O)—, O—,
S—S—, S—, —NR—, —(CRR') —,
—CH,NH—, —C(0)S—, —C(0)0—, —C=C—,
—C=C—C=C—, —CH(OH)—, —HC=CH—,
—NHC(O)NH—, —NHC(0)O—, —NHCH,NH—,
—NHCH,CH(OH)CH,NH—,
N=CH(CH,) ,CH=N—, —CH,CH(OH)CH,—,
N=CH(CH,),,CH=N where h i1s 1-4,
—CH=N—NH—, —OC(0)O—, —OP(O)(OH)O—,
—CH(OH)CH,NH—, —CH(OH)CH,,—,
—CH(OH)C(CH,),C(0)O—,

O
Q’ S—Q°
QY
/ \ >—% / \
QY
O O

R R
Qv \ /

OH’ S1 g
Q?/\/ --..\Qy

QY
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-continued
¥
R QY 2
Q?& Q}F . ) Ph Ph »
R QY O
Q*—CH—Q¥ Q'—CH—
| OY— CH— QY
O O |
» | | » (7 »
/ where G 1s halogen
H
QY— CH— Q¥
QY— CH— QY

Q’—N Q
)\ |
O O O
‘ e R e e
A
N :
Q*—N—Q¥ e

. o
, and ;,
/ -
Ph P

h

wherein p 1s 1-6;

wherein R and R' are each independently selected from
the group of hydrogen and alkyl;

wherein linkages L are each independently configured 1n
cither of two possible configurations, forward and
reverse, with respect to the synthons it couples together,
if the two configurations are different structures;

wherein y 1s 1 or 2, and QQ” are each independently one of

the Q" or Q° synthons connected by the linkage.

15. The composition of claim 14, wherein the organic
functional groups are each independently selected from the
group consisting of hydrogen, an activated acid, —OH,
—(C(O)OH, —C(O)H, —C(O)OCH,, —C(0)CI, —NRR,
—NRRR", —MgX, —Li, —OL1, —OK, —ONa, —SH,
—(C(O)(CH,),C(O)OCHs;, —NH-alkyl-
C(O)CH,CH(NH,)CO,-alkyl, —CH=CH,, —CH=CHR,
—CH=CR,, 4-vinylaryl, —C(0O)CH=CH,,
—NHC(O)CH=CH,,, —C(O)CH=CH(C_H.,),

—— (CH,CH50), — (CHy)s

\/ \/

O O
—— O(CH,CH,0), ,J and —o(cH :
(CHy,CH,0O) \O/ (CHa)s \O/

—OH, —OC(O)CH,),C(0)OCH,, —OC(0)CH=CH.,
—P(O)(OH)(OX), —P(=0)(07)O(CH,),NR;™;

wherein R are each independently selected from the group
consisting of hydrogen and 1-6C alkyl; X 1s selected
from the group consisting of Cl, Br, and I; r1s 1-50; and
s 1s 1-4.
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16. The composition of claim 14, wherein the macrocyclic
module composition retains at least 85% of film area after
thirty minutes on a Langmuir trough at 5-15 mN/m.

17. The composition of claim 14, wherein the macrocyclic
module composition retains at least 95% of film area after
thirty minutes on a Langmuir trough at 5-15 mN/m.

18. The composition of claim 14, wherein the macrocyclic
module composition retains at least 98% of film area after
thirty minutes on a Langmuir trough at 5-15 mN/m.

19. A closed ring composition of the formula:

L['QlﬂJ_L_QZ_LD

wherein:
J 1s 2-23;

Q' are synthons each independently selected from the
group consisting of (a) phenyl synthons coupled to
linkages L at 1,2-phenyl positions, (b) phenyl synthons
coupled to linkages L at 1,3-phenyl positions, and (c)
cyclohexane synthons coupled to linkages L at 1,2-
cyclohexyl positions; wherein ring positions of each Q*
which are not coupled to a linkage L are substituted
with hydrogen or organic functional groups containing
atoms selected from the group of C, H, N, O, S1, P, S,
B, Al, halogens, and metals from the alkali and alkaline
carth groups;

Q° is a cyclohexane synthon coupled to linkages L at
1,2-cyclohexyl positions; wherein ring positions of Q<
which are not coupled to an L are substituted with
organic functional groups containing atoms selected
from the group consisting of C, H, N, O, S1, P, S, B, Al,
halogens, and metals from the alkali and alkaline earth
oTOUPS;

L are linkages between the synthons each independently
selected from the group consisting of (a) a condensed

linkage, and (b) a linkage selected from the group
consisting of —NRC(O)—, —OC(0O)—, O—,

S—S—, S—  —NR—, —(CRR)—,
— CH,NH—, —C(0)S—, —C(0)0—, —C=C—,
—(C=C—C=C—, —CH(OH)—, —HC=CH—,

— NHC(O)NH—, —NHC(0)0—, —NHCH,NH—,
— NHCH,CH(OH)CH,NH—,
N=CH(CH,) CH=N—,
N=CH(CH,), CH=N

— CH=N—NH—, —OC(0)0—,
— CH(OH)CH,NH—,

— CH(OH)C(CHS),C(0)0—,

\_/Qi B Q?: >_<S—Qy?
/ \QY " QY

—CH,CH(OH)CH,,—,
where h 18 1-4,
OP(O)(OH)O—,
—CH(OH)CH,,—,
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O O
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Q. \S_/
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QY
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Q’—CH—Q¥ Q' —CH—CQ’

| OY— CH— QY
O O |
> | | > (7 >
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H
QY— CH— QY
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Q*—N Q’ ‘
‘ O O O
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R
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QY— CH— QY

Q—N—CQ
O O O

/ , and
/
Ph bh

wherein p 1s 1-6;

wherein R and R' are each independently selected from
the group of hydrogen and alkyl;

wherein linkages L are each independently configured 1n
cither of two possible configurations, forward and
reverse, with respect to the synthons it couples together,
if the two configurations are different structures;

wherein y 1s 1 or 2, and Q” are each imndependently one
of the Q' or Q* synthons connected by the linkage.
20. The composition of claim 19, wherein the organic
functional groups are each independently selected from the
group consisting of hydrogen, an activated acid, —OH,
—C(O)OH, —C(O)H, —C(O)OCH,, —C(0O)CI, —NRR,
—NRRR™, —MgX, —L1, —OL1, —OK, —ONa, —SH,
—C(0O)(CH,),C(O)OCHs;, —NH-alkyl-
C(O)CH,CH(NH,)CO,-alkyl, —CH=CH,, —CH=CHR,
—CH=CR,, 4-vinylaryl, —C(0O)CH=CH,,
—NHC(O)CH=CH,,, —C(O)CH=CH(C/H,),

— (CH,CH,0), — (CHy),

N/ N/

O O
_O(CHZCHQO)T \O/ 5 and _O(CH2)5 \O/ )
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—OH, —OC(0)(CH,),C(O)OCH,, —OC(0)CH=CH.,,
—P(O)(OH)(OX), —P(=0)(07)O(CH,),NR;™;

wherein R are each independently selected from the group
consisting of hydrogen and 1-6C alkyl; X 1s selected
from the group consisting of Cl, Br, and I; r 1s 1-50; and
s 1s 1-4.

21. The composition of claim 19, wherein the macrocyclic
module composition retains at least 85% of film area after
thirty minutes on a Langmuir trough at 5-15 mN/m.

22. The composition of claim 19, wherein the macrocyclic
module composition retains at least 95% of film area after
thirty minutes on a Langmuir trough at 5-15 mN/m.

23. The composition of claim 19, wherein the macrocyclic
module composition retains at least 98% of film area after
thirty minutes on a Langmuir trough at 5-15 mN/m.

24. A closed ring composition of the formula:

:QI]J L QZ—L:

wherein:
J 1s 2-23;

Q' are synthons each independently selected from the
group consisting of (a) phenyl synthons coupled to
linkages L at 1,4-phenyl positions, (b) aryl synthons
other than phenyl synthons, (c) heteroaryl synthons, (d)
saturated cyclic hydrocarbon synthons, (¢) unsaturated
cyclic hydrocarbon synthons, (f) saturated bicyclic
hydrocarbon synthons, (g) unsaturated bicyclic hydro-
carbon synthons, (h) saturated multicyclic hydrocarbon
synthons, and (1) unsaturated multicyclic hydrocarbon
synthons; wherein at least one of Q" is a phenyl synthon
coupled to linkages L at 1,4-phenyl positions, and
wherein ring positions of each Q' which are not
coupled to a linkage L are substituted with organic
functional groups containing atoms selected from the
oroup of C, H, N, O, S1, P, S, B, Al, halogens, and
metals from the alkali and alkaline earth groups;

Q” is a synthon independently selected from the group
consisting of (a) aryl synthons other than phenyl syn-
thons and naphthalene synthons coupled to linkages L
at 2,7-naphthyl positions, (b) heteroaryl synthons, (c)
saturated cyclic hydrocarbon synthons other than
cyclohexane synthons coupled to linkages L at 1,2-
cyclohexyl positions, (d) unsaturated cyclic hydrocar-
bon synthons, (¢) saturated bicyclic hydrocarbon syn-
thons, (f) unsaturated bicyclic hydrocarbon synthons,
(g) saturated multicyclic hydrocarbon synthons, and (h)
unsaturated multicyclic  hydrocarbon  synthons;
wherein ring positions of Q* which are not coupled to
an L are substituted with hydrogen or organic func-
tional groups containing atoms selected from the group
consisting of C, H, N, O, S1, P, S, B, Al, halogens, and
metals from the alkali and alkaline earth groups;

L are linkages between the synthons each independently
selected from the group consisting of (a) a condensed
linkage, and (b) a linkage selected from the group
consisting of —NRC(O)—, —OC(O)—, O—,

S—S—, S—, —NR—, —(CRR") —,
—CH,NH—, —C(0)S—, —C(0)0—, —C=C—,
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—C=C—C=C—, —CH(OH)—, —HC=CH—,
—NHC(O)NH—, —NHC(0)O—, —NHCH,NH—,
—NHCH,CH(OH)CH,NH—,
N=CH(CH,),CH=N—, —CH,CH(OH)CH,—,
N=CH(CH,),CH=N— where h is 1-4,
—CH=N—NH—, —OC(0)O—, —OP(O)(OH)O—,
—CH(OH)CH,NH—, —CH(OH)CH,—,
—CH(OH)C(CH;),C(0)O—,

QY y S—QY
\ >‘—Q
> i@» /\, > i@»
O O
R R
Q¥ \./
e 1 e
OH y/\/ Ny
Q Q
QY
R QY &
Q?{}Qy: i§ : Ph{}m
R QY O
Q*—CH—@Q¥ Q—CH—CQ’
| QY—(‘:H—Q}’
O O
> || > (7 >
where G 1s halogen
F
H
QY— CH— QY
B
7 ‘ O O O
2 R 2 2
\ I
N :
Q—N—Q Qy_TH_Qy
O O O
/ , and :
Ph Bh

wherein p 1s 1-6;

wherein R and R' are each independently selected from
the group of hydrogen and alkyl;

wherein linkages L are each independently configured 1n
cither of two possible configurations, forward and
reverse, with respect to the synthons it couples together,
if the two conifigurations are different structures;

wherein y 1s 1 or 2, and QQ” are each independently one of
the Q' or Q” synthons connected by the linkage.

25. The composition of claim 24, wherein the organic
functional groups are each independently selected from the

group consisting of hydrogen, an activated acid, —OH,
—C(O)OH, —C(O)H, —C(O)OCH,;, —C(0)CI, —NRR,
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—NRRR"*, —MgX, —Li1, —OLi1, —OK, —ONa, —SH,
—C(O)(CH,),C(O)OCHs,, —NH-alkyl-
C(O)CH,CH(NH,)CO,-alkyl, —CH=CH,, —CH=CHR,
—CH=CR,, 4-vinylaryl, —(C(O)CH=CH,,
—NHC(O)CH=CH,, —C(O)CH=CH(C H;),

_ (CHZ)S_W ,

O

—O(CHy)s _v :

O

— (CH,CH,0), _W :

O
—— O(CH,CH70), \O / , and

—OH, —OC(0)(CH,),C(O)OCH,, —OC(0)CH=CH.,,
—P(O)(OH)(0X), —P(=0)(0")O(CH,)’NR;™;

wherein R are each independently selected from the group
consisting of hydrogen and 1-6C alkyl; X 1s selected
from the group consisting of Cl, Br, and I; r 1s 1-50; and
s 1s 1-4.

26. A closed ring composition of the formula:

- - mn O o -
- LY
F

X ‘ RY
\/\/ R
] >
). ¢
X /\X
yd
wherein:
Q 1s
_ . _

L ,

\‘ N

x” 7 X
y4

J 1s from 1-22, and n 1s from 1-24;

X and R"™ are each independently selected from the group
consisting of organic functional groups containing
atoms selected from the group consisting of C, H, N, O,
S1, P, S, B, Al, halogens, and metals from the alkali and
alkaline earth groups;

Z are each independently hydrogen or a lipophilic group;

[L are linkages between synthons each independently
selected from the group consisting of (a) a condensed
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linkage, and (b) a linkage selected from the group

consisting of —N=CR—, —NRC(O)—, —OC(O)—,
00—, —$—S—, —S—, —NR—, —(CRR’) —,
—CH.NH—, —C(0)S—, —(C(0)0—, —C=C—,
—C=C—C=C—, —CH(OH)—, —HC=CH—,
—NHC(O)NH—, —NHC(0)O—, —NHCH,NH—,
—NHCH,CH(OH)CH,NH—,
N=CHCH,CH=N N=CH(CH,), CH=N

where h is 1-4, —CH=N—NH—, —OC(0)O—,
—P(O)(OH),0—, —CH(OH)CH,NH—,
—CH(OH)CH,—, —CH(OH)C(CH,),,C(0)O—,
O
Q S—Q
Q \ Q
/N
O O
R R
Q \S_/
OH? 1 e
Q
Q

wherein p 1s 1-6;

wherein R and R' are each independently selected from
the group of hydrogen and alkyl;

wherein linkages L are each independently configured 1n
cither of two possible configurations, forward and
reverse, with respect to the synthons it couples together,
if the two configurations are different structures.

27. The composition of claim 26, wherein X and R" are

cach 1ndependently selected from the group consisting of
hydrogen, an activated acid, —OH, —C(O)OH, —C(O)H,

S0
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—C(0O)OCH;, —C(0)Cl, —NRR, —NRRR", —MgX,
—1L1, —OL.1, —OK, —ONa, —SH,
—C(O)(CH,),C(O)OCHs,, —NH-alkyl-
C(O)CH,CH(NH,)CO,-alkyl, —CH=CH,, —CH=CHR,
—CH=CR,, 4-vinylaryl,

— (CH,CH;0), _v :

O

— O(CH,CH,0);, \O / ,

—C(0)CH=CH.,,
—C(0)CH=CH(C .H.,),

— NHC(O)CH=CH,,

and

— (CHy)y \/: — O(CHy)s \/,-,
O O

—OH, —OC(0)(CH,),C(0)OCH,;, —OC(0)CH=CH.,,
and, —P(O)(OH)(0X), —P(=0)(0")O(CH,).NR,*;

wherein R are each independently selected from the group
consisting of hydrogen and 1-6C alkyl; X 1s selected
from the group consisting of Cl, Br, and I; r 1s 1-50; and
s 1s 1-4.

28. A closed ring composition of the formula:

wherein:

T

J 1s from 1-22, and n 1s from 1-48;

-
P
AN

X

.

PN

Y
X
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X and R" are each independently selected from the group
consisting of organic functional groups containing
atoms selected from the group consisting of C, H, N, O,
S1, P, S, B, Al, halogens, and metals from the alkali and
alkaline earth groups;

Z are each independently hydrogen or a lipophilic group;

L are linkages between the synthons each independently
selected from the group consisting of (a) a condensed

linkage, and (b) a linkage selected from the group
consisting of —NRC(O)—, —OC(O)—, —O—,

5S— N ’ _NR_: A(CRR’)IJ_?
— CH.NH—, —C(0)S—, —C(O)—, —C=C—,
— C=C—C=C—, —CH(OH)—, —HC—CH—,

—NHC(O)NH—, —NHC(0)O—, —NHCH,NH—,
—NHCH,CH(OH)CH,NH—,

N=CH(CH,),CH=N—, —CH,CH(OH)CH,—,
N=CH(CH,),CH=N— where h is 1-4,
—CH=N—NH—, —OC(0)O—, —OP(O)(OH)O—,
—CH(OH)CH,NH—, —CH(OH)CH,—,
—CH(OH)C(CH;),C(0)O—,

O
Q S—Q
\ Q
) i@ Vo > i@
Q
O O
R R
Q \S_/
OH! 1 2
Q
R Q ?
Q{}Q; i} Ph—<  >—FPh,
R
2 Q
Q—CH—Q Q—CH—Q
| Q—CH—Q
O O |
> || > (t >
where G 1s halogen
F o
Q— CH—Q
D B L
O O O
‘ » R » 3
AN
R
AN
O—N—0O Q—(‘:H—Q
O O O
/ , and :
=
Ph bh

wherein p 1s 1-6;

wherein R and R' are each independently selected from
the group of hydrogen and alkyl;
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wherein linkages L are each imndependently configured 1n
cither of two possible configurations, forward and
reverse, with respect to the synthons it couples together,
if the two configurations are different structures.

29. The composition of claim 28, wherein X and R™ are
cach mdependently selected from the group consisting of
hydrogen, an activated acid, —OH, —C(O)OH, —C(O)H,
—C(O)OCH,;, —C(0)Cl, —NRR, —NRRR", —MgX,
—1L1, —OLi, —OK, —ONa, —SH,
—C(0O)(CH,),C(O)OCHs;, —NH-alkyl-
C(O)CH,CH(NH,,)CO,-alkyl, —CH=CH,, —CH=CHR,
—CH=CR,,, 4-vinylaryl,

— (CH,CH,0), ,,
(CH,CH,0) \O/

—— O(CH,CH,0), ,J
(CHy,CH,0) \O/

—C(0)CH=CH.,,
—C(0)CH=CH(CH.),

— NHC(O)CH=CH.,

— (CHy)y \ /: and — O(CHy)s \ /,-,
O O

—OH, —OC(0)(CH,),C(0)OCH,;, —OC(0)CH=CH.,,
and, —P(O)(OH)(0X), —P(=0)(0")O(CH,).NR ,*;

wherein R are each independently selected from the group
consisting of hydrogen and 1-6C alkyl; X 1s selected
from the group consisting of Cl, Br, and I; r 1s 1-50; and
s 1s 1-4.

30. The composition of claim 14 having the formula:

—————
-l"'—- -“""-..
.
iy

R Qj
RY .-"
N L L=
yd
). 4 X
wherein:
RY -
L L »
, \
P
Qis B X X

J 1s from 1-11, and n 1s from 1-12;
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X and R" are each independently selected from the group
consisting of hydrogen, an activated acid, —OH,
—C(O)OH, —C(O)H, —C(O)OCH,, —C(0){l,
—NRR, —NRRR™, —M¢gX, —Ii1, —OL1, —OK,
—ONa, —SH, —C(O)(CH,),C(O)OCH;, —NH-
alkyl-C(O)CH,CH(NH,)CO,-alkyl, —CH=CH,,
—CH=CHR, —CH=CR,, 4-vinylaryl,
—C(0O)CH=CH,, —NHC(O)CH=CH.,,

—C(O)CH=CH(C4Hy),

N/

— (CH,CH,0); — (CHy)s

VAR

—OC(0)(CH,,),C(0)OCH,, —OC(0O)CH=CH.,

—— O(CH,CH,0); \ / and ——O(CHy);

7

—P(0)(OH)(OX), —P(=0)(0”" )O(CH,),NR;*

wherein R are each independently selected from the group
consisting of hydrogen and 1-6C alkyl; X 1s selected

from the group consisting of Cl, Br, and I; r 1s 1-50; and
s 18 1-4;

Z are each independently hydrogen or a lipophilic group;

L. are linkages between synthons each independently
selected from the group consisting of (a) a condensed
linkage, and (b) a linkage selected from the group

consisting of —NRC(O)—, —OC(O)—, —O
S—S—, S —NR—, A(CRR) —,
—CH,NH—, —C(O)S— —C(O)O— —(C= C—,
—C=C—C=C—, —CH(OH)—, —HC=CH—,
—NHC(O)NH—, —NHC(0)O—, —NHCH,NH—,
—NHCH,CH(OH)CH,NH—,
N=CH(CH, ) CH=N—, —CH,CH(OH)CH,—,
‘\T—CH(CHQ)h H=N— where h is 14,
—CH=N—NH—, —O(C(0)O—, —OP(O)(OH)O—,
—CH(OH)CH,NH—, —CH(OH)CH,—,
—CH(OH)C(CH;),C(0)0O—,
O
Q >_?_ S—Q
:_: Q > :
Q Q
Q
O O
R R
? OH \S'/
a 1 a
Q
R Q Q
Q—CH—Q QR—cHL-Q 0
| Q—CH—Q
O O |
s || s (7 s
where G 1s halogen
s o

S2
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-continued

X
R
N
O—N—O Q_(‘:H_Q
o 0 0
/ , and .
/

wherein p 1s 1-6;

wherein R and R' are each independently selected from
the group of hydrogen and alkyl;

wherein linkages L are each independently configured 1n
cither of two possible configurations, forward and

reverse, with respect to the synthons it couples together,
if the two configurations are different structures.

31. The composition of claim 19 having the formula:

________
- -~

Q
1“‘ . ’:;
L Lﬁ’
V4
X X
wherein:
R™ B
L L
\:
| 2 g
| / 0\
Qs _ X X |

J 1s from 1-11, and n 1s from 1-12;
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X and R" are each independently selected from the group
consisting of hydrogen, an activated acid, —OH,

—C(O)OH, —C(O)H, —C(O)OCH;,

—NRR, —NRRR*, —MgX, —Li, —O
—ONa, —SH,
alkyl-C(O)CH,CH(NH,)CO,-alkyl,
—CH=CHR, —CH=CR,,
—C(O)CH=CH,, —NHC(O)CH=CH,,

—C(O)CH=CH(C4Hy),

N/

— (CH,CH,0); — (CHy)s

—C(0)(CHL),C(0)OCH,,
—CH=CH,,
4-vinylaryl,

—C(0)Cl,
Li, —OK,
—NH-

VAR

—OC(0)(CH,,),C(0)OCH,, —OC(0O)CH=CH.,

—— O(CH,CH,0); \ / and ——O(CHy);

—P(O)(OH)(OX),

7

P(=0)(0"" )O(CH,).NR5"

wherein R are each independently selected from the group

consisting of hydrogen and 1-6C alkyl; X

1s selected

from the group consisting of Cl, Br, and I; r 1s 1-50; and

s 18 1-4;
7. are each independently hydrogen or a lipop.

n1lic group;

L are linkages between the synthons each 1nc

ependently

S3
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-continued
Q—CH—Q
L e
O O O
‘ » R » »
X
R
AN
O—N—O Q—(‘:H—Q
O O O
/ , and .
/
Ph Bh

wherein p 1s 1-6;

wherein R and R' are each independently selected from
the group of hydrogen and alkyl;

wherem linkages L are

cither of two possi

cach independently configured in
ble configurations, forward and

reverse, with respect

to the synthons 1t couples together,

crent structures.

if the two configurations are difl

selected from the group consisting of (a) a condensed
linkage, and (b) a linkage selected from the group

consisting of —NRC(O)—, —OC(O)—, —O
S—S—, S —NR—, —(CRR') —,
—CH,NH—, —C(O)S— —C(O)O— —C= C—,
—C=C—C=C—, —CH(OH)—, —HC=CH—,
—NHC(O)NH—, —NHC(0)O—, —NHCH,NH—,
—NHCH,CH(OH)CH,NH—,
N=CH(CH,)’CH=N—, —CH,CH(OH)CH,—,
N=CH(CH,),CH=N— where h is 1-4,
—CH=N—NH—, —OC(0)O—, —OP(O)(OH)O—,

— CH(OH)CH,NH—,
— CH(OH)C(CH,),C(0)0—,

— CH(OH)CH,—,

O
Q S—Q
Q
Q
: o /o \, :
R R
Q \S_/
OH:‘ 1 2
Q
R Q ?
Q{}Q; ié Ph{}f’h;
R
2 Q
Q—CH—Q Q—CH—Q
Q—CH—Q
O O |
> || > (7 >
where G 1s halogen
/

32. The compost

wherein:

J 1s from 1-11,

1on of claim 14 having the formula:

--------
------
-

RII

and n 1s from 1-12;



US 2003/01996638 Al

X is —NX'— or —CX*X°, where

X is selected from the group consisting of an amino
acid residue, —CH,C(O)CH,CH(NH2)CO,-alkyl,
and —C(O)CH=CH.;

X* and X° are each independently selected from the
group consisting of hydrogen, —OH, —NH,, —SH,
—(CH,),0OH, —(CH,)NH, and —(CH,)SH,
wherein t is 1-4, and X* and X° are not both hydro-
gen,

R" are each independently selected from the group con-

sisting of hydrogen, an activated acid, —OH,
—C(O)OH, —C(O)H, —C(O)OCH,, —C(0)(l,
—NRR, —NRRR"*, —MgX, —Li, —OLi, —OK,
—ONa, —SH, —C(O)(CH,),C(O)OCH,, —NH-
alkyl-C(O)CH,CH(NH,)CO,-alkyl, —CH=CH.,,
—CH=CHR, —CH=CR,, 4-vinylaryl,
—C(0O)CH=CH,,, —NHC(O)CH=CH.,,

—C(0)CH=CH(CH.,),

— (CH,CH,0); \ / — (CHy); \ /
O(CH,CH,0); \ / — O(CHjy); \ /
and
—OH, —OC(O)(CH,),C(O)OCH,,

—OC(0)CH=CH,, —P(0)(OH)(0X), — P(=0)(0>"
)O(CH,).NR,*;

wherein R are each independently selected from the group
consisting of hydrogen and 1-6C alkyl; X 1s selected

from the group consisting of Cl, Br, and I; r 1s 1-50; and
s 1s 1-4;

Z are each independently hydrogen or a lipophilic group;

L. are linkages between synthons each independently
selected from the group consisting of (a) a condensed
linkage, and (b) a linkage selected from the group

consisting of —NRC(O)—, —OC(O)—, —O
S—S—, S —NR—, —(CRR") —
—CH,NH—, —C(O)S— —C(0)0—, —C= C—
—C=C—C=C—, —CH(OH)—, —HC=CH—,
—NHC(O)NH—, —NHC(0)O—, —NHCH,NH—,
—NHCH,CH(OH)CH,NH—,
N=CH(CH,) CH=N—, —CH,CH(OH)CH,—,
N=CH(CH,),CH=N— where h is 1-4,
—CH=N—NH—, —O(C(0)O—, —OP(O)(OH)O—,
—CH(OH)CH,NH—, —CH(OH)CH,—,
—CH(OH)C(CH,),C(O)O—,
O
Q S—
. Q
=X
Q
O O
R R
? OH’ \Si/ -"
SR

4
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-continued

R Q 2

Q4< >7Q; § , Ph Ph,
R
< Q
Q—CH—Q Q—CH—Q
| Q—(‘ZH—Q

| | s (7 s

O—N—O Q_(‘:H—Q
O O O
/ , and :
/
Ph

wherein p 1s 1-6;

wherein R and R' are each independently selected from
the group of hydrogen and alkyl;

wherein linkages L are each independently configured in
cither of two possible configurations, forward and
reverse, with respect to the synthons it couples together,
if the two configurations are different structures.

33. The composition of claim 14 having the formula:

-----
-------
- [

'lIi Rﬂ ;
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J5
wherein:
- -continued
) O O 2R
R o \S /
1
OH, Q/\/ .
L
L
Z
X
X
S Y — 2
Q— CH—Q, Q— CH—Q, Q—CH—Q,
J 1s from 1-11, and n 18 from 1-12; | |
O O G
X and R“ are cach mndependently Selt?cted from the group | | where G is halogen
consisting of hydrogen, an activated acid, —OH,
—C(O)OH, —C(O)H, —C(O)OCH,, —C(0)Cl, F it
—NRR, —NRRR™, —MgX, —ILi1, —OL1, —OK, 0—CH—O. 0O—N—Q 0—CH—O.
—ONa, —SH, —C(O)(CH,),C(O)OCH;, —NH- |
alkyl-C(O)CH,CH(NH,)CO,-alkyl, —CH=CH,, /|\ R O O
—CH—CHR, _—CH—CR., A-vinylaryl, 7 0
—C(0O)CH=CH,, —NHC(O)CH=CH,, ‘
—C(O(CH=CH(C,H), \E R
— (CH,CH,O); — (CHy)s > —OH, N
\/ \O/ Q—N—Q, and Q—CH—Q
O O O
—OC(0O)(CH,),C(O)OCH;, —OC(O)CH=CH.,, /
/
EE— > d — O(CH 3 » Ph
O(CH,CH,O); \ / an (CHp) \ / -
—P(O)(OH)(OX), —P(—0)(0™* )O(CH,),NR;* wherein p is 16
wherein R are each independently selected from the group wherein R and R' are each independently selected from
consisting of hydrogen and 1-6C alkyl; X 1s selected the group ot hydrogen and alkyl;
fr(:_)m th(?’ group consisting of C1, Br, and ; r1s 1-50; and wherein linkages L are each independently configured in
s 1s 1-4; : . )
| | - either of two possible configurations, forward and
Z and Y are each independently hydrogen or a lipophilic reverse, with respect to the synthons it couples together,
group, if the two configurations are different structures.
L are linkages between the synthons each independently 34. The composition of claim 14 having the formula:
selected from the group consisting of (a) a condensed
linkage, and (b) a linkage selected from the group e
consisting of —NRC(O)—, —OC(O)—, —O HH\QJ
S—S—, S —NR—, —(CRR') —,
—CH,NH—, —C(O)S— —(C(0)0—, —Cs= C—, /
—C=C—C=C—, —CH(OH)—, —HC=CH—, \
—NHC(O)NH—, —NHC(0)O—, —NHCH,NH—, '
—NHCH,CH(OH)CH,NH—, ' ;
N=CH(CH,),CH=N—, —CH,CH(OH)CH,—, R™ .
\T—CH(CHQ)hCH—N— where h 1s 1-4,
—CH=N—NH—, —O(C(0)O—, —OP(O)(OH)O—,
—CH(OH)CH,NH—, —CH(OH)CH,,—, T -
—CH(OH)C(CH;),C(0)O—,

S—Q,
: : Y X X
Q



US 2003/0199688 Al
wherein:
R™ B
L L
V4
Q1s _ Y X X_

J 1s from 1-11, and n 1s from 1-12;

X and R" are each independently selected from the group
consisting of hydrogen, an activated acid, —OH,
—C(O)OH, —C(O)H, —C(O)OCH,, —C(0){l,
—NRR, —NRRR™, —M¢gX, —I1i1, —OL1, —OK,
—ONa, —SH, —C(O)(CH,),C(O)OCH;, —NH-
alkyl-C(O)CH,CH(NH,)CO,-alkyl, —CH=CH,,
—CH=CHR, —CH=CR,, 4-vinylaryl,
—C(0O)CH=CH,, —NHC(O)CH=CH.,,

— (CH,CH0); \O / >~ (CHy); \O / , —OH,

— O(CH,CH,0); \O / and ——O(CH.,); \O / :

—C(0)CH=CH(CH.), —OC(O)(CH,),C(0)OCH,,
—0C(0)CH=CH,, —P(O)(OH)(0X), —P(=0)(0*"
JO(CH,),NR,™;

wherein R are each independently selected from the group
consisting of hydrogen and 1-6C alkyl; X 1s selected
from the group consisting of Cl, Br, and I; r1s 1-50; and
s 18 1-4;

Z. and Y are each mndependently hydrogen or a lipophilic
group;

L. are linkages between synthons each independently
selected from the group consisting of (a) a condensed
linkage, and (b) a linkage selected from the group

consisting of —NRC(O)—, —OC(O)—, —O—,
S—S—, S—, —NR—, —(CRR") —,
—CH,NH—, —C(0)S—, —C(0)0—, —C=C—,
—C=C—C=C—, —CH(OH)—, —HC=CH—,
—NHC(O)NH—, —NHC(0)O—, —NHCH,NH—,
—NHCH,CH(OH)CH,NH—,
N=CH(CH,),CH=N—, —CH,CH(OH)CH,—,
N=CH(CH,),CH=N— where h is 1-4,
—CH=N—NH—, —OC(0)O—, —OP(O)(OH)O—,
—CH(OH)CH,NH—, —CH(OH)CH,—,

— CH(OH)C(CH,),C(0)0—,
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O
\ /o_, \ >—Q, \ /S—o_,
/N N /N
O O R R
\ /
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wherein p 1s 1-6;

wherein R and R' are each independently selected from
the group of hydrogen and alkyl;

wherein linkages L are each independently configured 1n
cither of two possible configurations, forward and
reverse, with respect to the synthons it couples together,
if the two configurations are different structures.
35. A method for making a macrocyclic module compo-
sition comprising:

(a) providing a plurality of a first cyclic synthon;

(b) contacting a plurality of a second cyclic synthon with
the first cyclic synthons;

(¢) 1solating the macrocyclic module composition.

36. The method of claim 35, further comprising contact-
ing a linker molecule with the mixture in (a) or (b).

37. A method for making a macrocyclic module compo-
sition comprising:

(a) providing a plurality of a first cyclic synthon;
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(b) contacting a plurality of a second cyclic synthon with
the first cyclic synthons;

(¢) contacting a plurality of the first cyclic synthon with
the mixture from (b).
38. A method for making a macrocyclic module compo-
sition comprising:

(a) providing a plurality of a first cyclic synthon;

(b) contacting a plurality of a second cyclic synthon with
the first cyclic synthons;

(¢) contacting a plurality of a third cyclic synthon with the
mixture from (b).
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39. The method of claim 37 or 38, further comprising
supporting a cyclic synthon or coupled synthons on a solid
phase.

40. A method for making a macrocyclic module compo-
sition comprising;:

(a) contacting a plurality of cyclic synthons with a metal
complex template;

(b) isolating the macrocyclic module composition.
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