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BI-DIRECTIONAL SYNTHESIS OF OLIGOGUANIDINE TRANSPORT AGENTS
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TECHNICAL FIELD

This invention relates to the synthesis of oligoguanidine compounds. More
specifically, the invention relates to the synthesis of oligoarginine compounds that find

utility as transport agents.

BACKGROUND ART

While considerable structural diversity is found among drugs and probe molecules,
the physical properties of most of these agents with intracellular targets are restricted to a
narrow range to ensure transport through the polar extra-cellular milieu and the non-polar
lipid bilayer of the cell. Agents falling outside of this range must be tuned often through
iterative analogue synthesis to achieve the optimum balance of water solubility and
passive membrane transport. A promising approach directed at improving or enabling the
cellular uptake of drugs, drug candidates, or probe molecules possessing a wider range ot
physical properties involves the use of peptide-based molecular transporters to carry these
agents actively into cells. See Wender et al., Proc. Natl. Acad. Sci. USA 97:13003-13008
(2000); Mitchell et al., J. Peptide Res. 55:318-325 (2000); Prochiantz, Curr. Opin. Cell
Biol. 12:400-406 (2000); Lindgren et al., Trends Pharmacol. Sci. 21:99-102 (2000);
Schwartz et al., Curr. Opin. Mol. Ther. 2:162-167 (2000); Schwarze et al., Trends
Pharmacol Sci.,21, 45-48 (2000); and Schwarze et al., Trends Cell Biol. 10:290-295
(2000). Representative of this approach, homooligomers (7-9 mers) of L-arginine upon
conjugation to various probe molecules (e.g., fluorescein) or drugs (e.g., cyclosporin A)
provide highly water soluble conjugates that rapidly enter cells (e.g., human Jurkat). See
Wender et al., Proc. Natl. Acad. Sci. USA 97:13003-13008 (2000) and Mitchell et al., J.
Peptide Res. 55:318-325 (2000). In addition, drug conjugates of these arginine
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transporters have been shown to exhibit significant penetration into human skin and to
release their drug cargo in targeted T cells (Rothbard et al., Nature Medicine 6:1253-1257
(2000)).

The enormous potential of arginine based molecular transporters 1s limited for
several applications mainly by their availability and cost. Such homooligopeptides are
usually prepared using solid-phase peptide synthesis (e.g., Merrifield, J. Am. Chem. Soc.
85:2149-2154 (1963); Atherton et al., Solid-Phase Peptide Synthesis;, IRL: Oxford, Engl.
(1989); and Fields et al., Int. J. Pept. Prot. Res. 35:161-214 (1990)). Although this
approach is readily automated and allows for the synthesis and purification of long
peptides, it suffers drawbacks including high cost, limited scalability, and the need for

resin attachment and cleavage. In contrast, solution phase synthesis avoids the cost and

scale restrictions of resins and in the particular case of oligomers can be conducted using a

step-saving bidirectional strategy. Illustrative of the latter point, the uni-directional
synthesis of an octamer employing solid phase synthesis requires 14 steps (one coupling
and deprotection step for each added monomer), whereas a solution phase bi-directional
synthesis of the same octamer would require only seven steps (three coupling and four
deprotection steps). See, for example, Appella et al., J. Am. Chem. Soc. 121:7574-7581
(1999); Hungerford et al., J. Chem. Soc., Perkin Trans. 1, 3666-3679 (2000); and
Chakraborty et al., Tetrahedron Lett. 41:8167-8171 (2000). In the specific case of
arginine based peptides, solution phase synthesis offers the additional advantage of
avoiding the use of expensive protecting groups for the guanidinium subunit (e.g., Mtr,
Pmc and Pbf; see, respectively, Atherton et al., J. Chem Soc. Chem. Commun., 1062-1063
(1983); Ramage et al., Tetrahedron 47:6353-6370 (1991); and Carpino et al., Tetrahedron
Lett. 34:7829-7832 (1993)) required in solid phase synthesis.

However, in spite of the advances in the art, there remains a need for a method for
the preparation of arginine oligomers, or more generally oligoguanidines that is both cost

effective and scalable. The present invention addresses that need.

DISCLOSURE OF THE INVENTION

One aspect of the invention relates to a method for the preparation of an

oligoguanidine compound, comprising the steps of: (a) contacting an oligomer having a
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plurality of chemically tethered amines, wherein a portion of the tethered amines have
attached protecting groups, with a protecting group removal agent to remove each of the
protecting groups to produce an oligomer having a plurality of chemically tethered amines;

and (b) contacting said oligomer having a plurality of chemically tethered amines with a

guanidinylation reagent to convert each of said chemically tethered amines to a guanidinyl

group to produce an oligoguanidine compound.

Another aspect of the invention provides for the further step of converting the
oligoguanidine compound of step (b) to a salt, for example, a poly tritluoroacetate salt.

Yet another aspect of the invention pertains to a method for the preparation of an
oligoarginine compound from a suitably protected ornithine monomer, comprising the
steps of: (a) coupling two different suitably protected ornithine monomers to produce an
orthogonally protected coupled ornithine compound; (b) dividing the orthogonally
protected coupled ornithine compound into two portions and activating each of the
portions for amide coupling to produce two independently activated coupled ornithine
compounds; (¢) recombining the two independently activated coupled ornithine
compounds under conditions sufficient for amide coupling to produce a new orthogonally
protected coupled ornithine compound; (d) subjecting the product of step ¢) to dividing,
activating, and recombining for from zero to three times to produce an oligoornithine
compound having 4, 8 or 16 ornithine monomers in a linear configuration; and (e)
contacting the oligoornithine compound with a perguanidinylation reagent under
conditions sufficient to produce an oligoarginine compound.

Still another aspect of the invention relates to oligoguanidine compounds produced

by the aforementioned methods.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 illustrates a bi-directional synthesis scheme of a protected arginine octamer
from a protected ornithine monomer.

FIG. 2 illustrates a bi-directional synthesis scheme of a spaced protected arginine
octamer from a protected -Gly-Orn-Gly- subunit.

FIGS. 3A, 3B, 3C, and 3D illustrate the applicability of the

deprotection/perguanidinylation chemistry that is used in the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

I. DEFINITIONS AND NOMENCLATURE

Before describing detailed embodiments of the invention, it will be usetul to set
forth abbreviations and definitions that are used in describing the invention. The
definitions set forth apply only to the terms as they are used 1n this patent and may not be
applicable to the same terms as used elsewhere, for example in scientific literature or other
patents or-applications including other applications by these inventors or assigned to
common owners. The following description of the preferred embodiments and examples
are provided by way of explanation and illustration. As such, they are not to be viewed as

limiting the scope of the invention as defined by the claims. Additionally, when examples

are given, they are intended to be exemplary only and not to be restrictive. For example,

when an example is said to "include" a specific feature, that is intended to imply that it
may have that feature but not that such examples are limited to those that include that
feature.

It must be noted that, as used in this specification and the appended claims, the
singular forms "a", "an" and "the" include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to "a pharmacologically active agent”

includes a mixture of two or more such agents, reference to "a hydroxide-releasing agent”

‘includes mixtures of two or more such agents, and the like.

In describing and claiming the present invention, the following terminology will be
used in accordance with the definitions set out below.

As used herein, the term "oligoguanidine compound" refers to an oligomer of
subunits, each of which contain a chemically tethered guanidine group. Exemplary
subunits include arginine and arginine-like residues, as well as repeating groups such as
Gly-Arg-Gly (more generally X°-Arg-X° wherein each X’ is an amino acid that is devoid
of a guanidino group and Arg is meant to include D- or L-arginine as well as arginine-like
residues). An arginine-like residue has the general structural characteristics of an arginine
amino acid (including both D- and L- forms), but has up to 6 additional methylene groups
between the guanidino moiety and the a-carbon of arginine, or has up to 2 fewer

methylene groups between the guanidino moiety and the a-carbon of arginine.
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Accordingly, in one embodiment of the invention, an oligoguanidine compound has a

peptide backbone and the following formula A:

®@ NH,

H2N=<

I‘I\IH
A
(CH2)m (&)
PL{N' ﬁpz
H
O /n

5 wherein: m is an integer of from 1 to 12; n is an integer of from 4 to 16; P'isHora

nitrogen protecting group; and P is a protected or unprotected hydroxy or amino group.
In the formula above, the guandino group is illustrated as being charged. One of skill in
the art will appreciate that the extent to which an oligoarginine compound is charged will
depend on the environment in which it is present (including medium, pH, etc.) and all

10 charged and uncharged forms are contemplated by the present invention.

The term "oligoguanidine compound" is also intended to include numerous
variations of formula A, where the tether (side chain) is modified but the terminal
guanidine group (-HN-C(NH,)NH unprotonated or -HN-C(N H,)NH," protonated) remains
unchanged (n, P! and P? are as defined above). Modifications to the side chain include the

15 following substitutions:
® NH,
H2N=<
N
/\I("

YI

N
Y
P1~6N /%ﬁpz
H
O /n

where Y, Y' and Y" are independently C, O, N, S or B derivatives. Modifications can

H

include the positioning of double or triple bonds:

20
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Modifications can also include the addition of cyclic structures (a=0-5), and the ring

carbons may be further substituted:

As is shown above, 2 or 3 of the carbons in the arginine side chain may be included in the

cyclic structure.

The term "oligoguanidine compound" is also intended to include non-peptide
variations of formula A. Examples are shown below, where G is the guanidinyl side

chain, and n, P! and P* are as defined above.

G
P'——N p°
| P’ — 1P’
G O /,
G N

peptoid poly-p-phenylene
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G n G /,
polyethyleneimine polyethyleneglycol

G G
NN
O S

oxy-substituted dicyclohexyl ether

The backbone may also be a peptide-peptoid hybrid, a polyamide, an azapeptide (e.g.,
replacing the a-carbon with nitrogen), a peptide-urea hybrid, a polyenamine (P'-{N(G)-
[CH21,}. -P?, where v is from 1-8, for example v=2 is polyethylenimine, as shown above),
a polyoxamide, a hydrocarbon, a polyethylene/polypropylene ether, a carbohydrate and an
oxy-substituted dicyclohexyl ether (as shown above) backbone. These non-peptide
backbones may provide enhanced biological stability (for example, resistance to enzymatic
degradation in vivo). The backbone can also be a cyclic peptide or non-peptide system, for

example:

Similarly, a "polyamide oligomer having chemically tethered amines" refers to a
polypeptide compound having repeating units of one, two or three amino acid residues
wherein each of the repeating units has a sidechain amino group. The amino acids can be
a-, B-, v~ or 0-amino acids, but are selected so that at least one of the amino acids in each
subunit has a sidechain amino group (e.g., lysine, ornithine, homoornithine, and the like).
In one sense the polyamide oligomer having chemically tethered amines can be a

compound having the formula A':
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where m, n, P! and P? are as defined above, but the polyamide oligomer can also have
additional amino acids that are present to provide spacing between the tethered amine
residues. The side chain of the compound of formula A' can also be similarly modified as
described above for formula A, while the terminal amine group remains unchanged.
Additionally, oligomers of all D-isomers, all L-isomers and mixtures of D- and L-1somers
are within the scope of the formulas above.

As used herein, the term "modified oligoguanidine compound" refers to an
oligomer of éubunits, each of which contain a chemically tethered guanidine group that
has been chemically modified. Modification to the guanidine group can be done prior to
the synthesis by using an appropriate starting material (i.e., an oligomer having chemically
tethered "modified" amines) or while the compound is being synthesized. Alternately, an
oligoguanidine compound can be made as described herein, followed by modification of
the guanidine groups. Preferably, the modification occurs at the end of the synthests. In
this manner, numerous variations can be produced from a common intermediate. R can be
any suitable substituent, for example, H, alkyl, hydroxyl, cyano, alkoxy, =0, =S, -NO,,
halo, heteroalkyl, amine, thioether, -SH, aryl and heteroalkyl.



CA 02455951 2004-01-29

WO 03/014076 PCT/US02/24645
- Q.
@ NH, @ NH; @ NH-Acetyl
H2N=< RHN=< HN=<
NR II\IH NH
@ NH, |
H2N==< | — HN
HzN% HZN H2N=< j
NH ',\' N
SR R &
@ NH GI-) NH
= 2L LT
N O N
O | |
SN S
unmodifed | |
guanidine group
@ NH; © /NHZ @ /NHZ
HoN=—B_( — HNmS-\=O HszPi-——O
NH NH NH
II. ABBREVIATIONS

In describing and claiming the present invention, the following abbreviations will

be used in accordance with the definitions set out below.

- AcOH acetic acid
Bn benzyl
Boc tert-butoxycarbonyl
DMAP 4-(dimethylamino)pyridine
DMF N,N-dimethylformamide
DMSO dimethylsulfoxide
Et;N tricthylamine
EtOAc ethyl acetate
Fmoc O-fluorenylmethoxycarbonyl
MeOH methanol
Mir 4-methoxy-2,3,6-trimethylbenzenesulfonyl
NMM N-methylmorpholine

Orn ornithine
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Pbf 2.2.4.6,7-pentamethyldihydrobenzofuran-5-sulfonyl

PG protecting group

Pmc 2,2,5,7,8-pentamethylchroman-6-sultonyl

RP-HPLC reverse phase high performance liquid
chromatography

RT room temperature

TFA trifluoroacetic acid

THF tetrahydrofuran

/ benzyloxycarbonyl

III.  REACTIONS

A. GENERAL

FIG. 1 provides an illustration for the bi-directional synthesis of an arginine
octamer (when m=3) beginning with an orthogonally protected ornithine compound. The
protected ornithine compound i, is divided into two portions. The first portion 1s
deprotected to provide ii, while the second portion is deprotected to provide iii. The two
portions are then recombined with a suitable coupling reagent to provide the dipeptide iv.
Once again, the product is divided into two portions and the first portion is deprotected on
one terminus to provide v, while the second portion is deprotected on the carboxy terminus
to provide vi. Compounds v and vi are then coupled to provide the protected tetrapeptide
vii. One more sequence of divide into portions, selectively deprotect and couple, provides
the protected octapeptide x as an intermediate for the removal of P° protecting groups and
perguanidinylation chemistry provided in more detail below.

F1G. 2 illustrates a similar sequence applied to a -Gly-Orn-Gly- subunit, resulting
in a fully-protected form of (Gly-Orn-Gly),.

As can be seen from FIGS. 1 and 2, the bi-directional methods of the invention
provide for oligomers having 2, 4, 8, 16 or 32 subunits (if carried through sufficient
iterations). For longer or shorter oligomers than those just noted, any of the intermediate
compounds can be deprotected and coupled to single amino acids, tripeptides,
pentapeptides and the like.

The bi-directional methods described herein produce oligoguanidine compounds
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by a deprotection/perguanidinylation procedure that has now been demonstrated for
polyamide oligomers having a plurality of chemically tethered amines (e.g., oligomers
containing lysine, ornithine, homoornithine as well as their -, y- and 6-amino acid
counterparts). The scope of this transformation is illustrated in FIG. 3. In FIG. 34, a
suitably protected ornithine octamer is deprotected to provide the octamer having tethered
amine groups as shown. Perguanidinylation provides an arginine octamer. In one
embodiment of the invention, the deprotection and perguanidinylation is carried out in a
single reaction vessel as shown in Figure 3B. |

FIG. 3C illustrates the applicability to an oligomer of y-amino acids, while FIG. 3D
illustrates the applicability to spaced oligomers wherein. the spacing is provided by glycine
residues.

Another embodiment of the invention is illustrated in the scheme below, which
shows a general formula for oligoguanidine compounds, and its application to both spaced
oligoarginine compounds (derived from spaced oligomers having chemically tethered

amines) and contiguous oligoarginine compounds (derived from oligoornithine

compounds).
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j
(Z‘)S‘L
v
]
W——X'"——T
!
® NH; /
HoN={ @ NH,
ees HaN=(
NH
(CHZ)m \
1 H O H Q ) (CH2)m
P
p {N\]/U\N N\[) )n P1<<N/K” )PZ
y H 0O v H o /h
spaced oligoarginine compound oligoarginine compound
|
h N/
s
(CHZ)m II\IHZ
Ho D) H o R (CHa)m
p1IN N —p? \
Y O ¥ H O }n
spaced oligomer with chemically oligoornithine compound

tethered amines

The aforementioned discussion has focused on oligomers having a peptide
backbone, but it is understood that one of skill in the art will readily understand how to
apply the methods of the inventions to the synthesis of oligomers having a peptoid, poly-p-
phenylene, polyethyleneimine, polyethyleneglycol, peptide-peptoid hybrid, a polyamide,
azapeptide, a peptide-urea hybrid, polyenamine, polyenamine, hydrocarbon,

polyethylene/polypropylene ether, or carbohydrate backbone. The desired backbone can
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be purchased commercially or synthesized, then in a single step the chemically tethered
amine side chains can be added, followed by the addition of a protecting group removal
agent and a guanidinylation reagent to convert each of the protected amines to a

guanidinyl group, to produce an oligoguanidine compound.

B. SPECIFIC EMBODIMENTS OF THE METHODS OF THE INVENTION

Accordingly, one embodiment of the invention 1s a method for the preparation of
an oligoguanidine compound, comprising contacting an oligomer having chemically
tethered amines, at least a portion of which are protected, with a protecting group removal
agent and a guanidinylation reagent to convert each of said protected amines to a
guanidinyl group, to produce an oligoguanidine compound. More specifically, the method
may comprise the steps of (a) contacting an oligomer having a plurality of chemically
tethered amines, wherein a portion of the tethered amines have attached protecting groups,
with a protecting group removal agent to remove the protecting groups to produce an
oligomer having a plurality of chemically tethered amines; and (b) contacting the resulting
oligomer with a guanidinylation reagent to convert each of the chemically tethered amines
to a guanidinyl group to produce an oligoguanidine compound.

In some embodiments, the polyamide oligomer having chemically tethered amineé
will be 1solated and purified using methods such as 1on exchange chromatography, HPLC,
column chromatography and the like. This polyamide oligomer (tethered amine)
compound can be 1solated as a salt or in neutral form. However, 1n a preterred
embodiment, the polyamide oligomer compound having chemically tethered amines 1s not
1solated, but 1s carried on directly to step (b).

The method my optionally further comprise the step of converting the
oligoguanidine product to a salt, for example, a poly trifluoroacetate salt.

In certain embodiments, steps (a) and (b) are carried out in the same reaction
vessel, and may be carried out sequentially or concurrently. For example, an
oligoornithine compound having protecting groups on each of the w-amines can be treated
with a combination of a protecting group removal agent and a guanidinylation reagent to
provide the oligoarginine compound in a single step. As a result, it 1s not necessary for all

protecting groups to be removed prior to guanidinylation of a particular amine group. In
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one particularly preferred embodiment, an oligoornithine compound having trifluoroacetyl
protecting groups on each of the m-amines is contacted with both a protecting group
removal agent, preferably sodium carbonate, and with a guanidinylation reagent,
preferably pyrazole-1-carboxamidine hydrochloride. |

In other embodiments, the oligomer having chemically tethered amines 1s an
oligoornithine compound. In another embodiment, the oligoornithine compound 1s an
octaornithine compound (wherein "ornithine" refers to those compounds having longer or
side chains than ornithine, as well as ornithine itself), preferably produced by coupling of
two tetraornithine compounds, which are in turn preferably produced by coupling of two
ornithine dimers.

Still further preferred are those embodiments in which the protected oligomers are

polyamides having chemically tethered amines (in protected form), having the formula:

3
P\II\IH

(CH?.)m

O /n

where m, n, P! and P? are as defined above, and P’ is an amino-protecting group or in
combination with the hydrogen atom on the nitrogen atom to which P’ is attached forms a
bivalent amino-protecting group. Preferably m is an integer from 3 to 6, more preferably
from 3 to 5. In one particularly preferred group of embodiments, the protected polyamide
oligomer compound has the formula above wherein each repeating group is a D-1somer
(with stereochemistry corresponding to the D-amino acids).

Another embodiment of the invention is a method for the preparation of an
oligoarginine compound from a suitably protected ornithine monomer, comprising the
steps of: (a) coupling two different suitably protected ornithine monomers to produce an
orthogonally protected coupled ornithine compound; (b) dividing the orthogonally
protected coupled ornithine compound into two portions and activating each of the
portions for amide coupling to produce two independently activated coupled ornithine
compounds; (¢) recombining the two independently activated coupled orntthine

compounds under conditions sufficient for amide coupling to produce a new orthogonally
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protected coupled ornithine compound; (d) subjecting the product of step c) to dividing,
activating, and recombining for from zero to three times to produce an oligoornithine
compound having 4, 8 or 16 ornithine monomers in a linear configuration; and (e)
contacting the oligoornithine compound with a perguanidinylation reagent under
conditions sufficient to produce an oligoarginine compound.

In a more general sense, this couple, divide and activate, couple technology can be
applied to the assembly of other oligoguanidine compounds wherein each subumt or
monomer is selected from an ornithine (or other chemically tethered amine-containing
amino acid) and an ornithine that is flanked by one or two amino acids that do not have -
chemically tethered sidechain amines. The coupling reactions are performed by known
coupling methods using known solvents, such as N, N-dimethyl formamide, N-methyl
pyrrolidinone, dichloromethane, water, and the like. Exemplary coupling reagents include
O-benzotriazolyloxy tetramethyluronium hexafluorophosphate, dicyclohexyl
carbodiimide, bromo-tris (pyrrolidino) phosphonium bromide, N, N-dimethylamino
pyridine, 4-pyrrolidino pyridine, N-hydroxy succinimide, N-hydroxy benzotriazole, and so

forth.

C. EXEMPLARY METHOD OF THE INVENTION

Perguanidininylation has been described for the preparation of guanidinoglycosides
(Luedtke et al., J. Am. Chem. Soc. 122:12035-12036 (2000) and Feichtinger et al., J. Org.
Chem. 63:3904-3805 (1998)) and for the perguanidinylation of peptoids (Wender et al.,
Proc. Natl. Acad. Sci. USA, 97:13003-13008 (2000)). Perguanidininylation has now been
found to have utility in the preparation of oligoarginine derivatives and spaced arginine
transport reagents as described herein. .

For example, a suitable synthesis of the arginine octamer 1 was desired due to the
utility of this compound as a membrane transport reagent (Rothbard et al., WO 01/13957
and Cooke et al., WO 00/74701). In view of the perguanidinylation studies noted above,
octamer 1 could in principle be prepared from an ornithine octamer through a late stage

perguanidinylation reaction.
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® ® BocNH-Arg(NOz)-COZH
X© HzNYNHz X HZNYNHz

NH NH /’ HCls NHZ-Arg(NOZ)-COZMe
xX©
@ IR
HaN LA BocNH-Orn(PG)-COzH

6 4 PG=~7
6 PG = COCF3

. NH
®_1 HCl*NHz-Om (PG)-COR
X© HaNT “NH:
5 PG=ZR=Me
1 X=CF;CO; 7 PG = COCF;; R =Bn

Orthogonally protected ornithine monomers that are commercially available include
BocNH-Om(Z)-CO,H (4) and HCI°NH,-Om(Z)-CO,Me (5). Thus the orthogonal
protecting group strategy for ornithine utilized an acid-labile Boc group on the a-amine, a
hydrogenation-labile Z group on the 6-amine, and a base-labile methyl ester on the
carboxyl terminus. This strategy yielded promising results at the outset (initial couplings
and subsequent deprotections). However, the Z-protected ornithine tetramers, while
usetul, proved to have limited solubility in organic solvents, necessitating the use of large
volumes of solvent for scale up procedures.

In order to improve the solubilities of the ornithine oligomers, an alternative
protection strategy was developed. Incorporation of the base-labile trifluoroacetamide
protecting group on the 3-amine of ornithine provided more soluble compositions. In
addition to a-amine Boc protection, the remaining orthogonal protecting group was a
hydrogenation-labile benzyl ester on the carboxyl terminus. The requisite ornithine
monomers needed to pursue a bi-directional synthesis of 1, BocNH-Ormn(COCF,)-CO,H
(6) and HCI*NH,-Orn(COCF,)-CO,Me (7), were prepared from 4, as described in Scheme
1. Protecting group interconversion of the Z group of 4 to the corresponding
trifluoroacetamide of 6 was accomplished in quantitative yield by hydrogenation followed
by treatment with ethyl trifluoroacetate. Esterification of 6 was accomplished using a
known procedure (Kim et al., J. Org. Chem., 50:560-565 (1985)) by treatment with benzyl

chloroformate which gave the mixed carbonic anhydride followed by treatment with
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DMAP (20 mol%) to give 8 in quantitative yield. Finally, removal of the Boc group with
HC1 gave acid 7 in 98% yield.

Scheme 1
T I "
H oH =S, OB
BocHN BocHN R 4
o, O O
4 6 8 R =NHBoc

7 R = NH»HCI

(a) i) Pd/C, MeOH, H ; ii) EtQeCCFs, EtN (>99%); (b) i) CIC(O)OB
NMM, THF -15 °C: i) DMAP (>99%) (c) HCI, EtOAC (98%)

Bi-directional synthesis was then initiated by the coupling of acid 6 with amine 7
using isobutyl chloroformate for activation of 6 and NMM as a base, as shown in Scheme
2. This reaction proceeded smoothly to give the fully protected ornithine dimer 9 1n 97%
yield with sufficient purity after extractive work-up to be utilized directly in subsequent
reactions. Ornithine dimer 9 was divided into two equal portions. The first part was
hydrogenated giving 11 in quantitative yield, while the second part was treated with HCl
giving the amine hydrochloride salt 10 in 83% yield. Both compounds were of sufficient

purity after work-up to be utilized directly in the subsequent coupling.

Scheme 2
NH
13
6 17 — H\)L / / N
=R Rz BocHN
0O \L \11 O
L
O” (CF3
9 R1=NHBoc; R2=0Bn (97%) 12 Ry=NHBoc; Rx=0Bn (83%) 15 R =0OBn (83%)
10 Ry =NH»HCE Ro=0Bn (83%) 13 Rj=NH2*HCl; Re =OBn (>99%) 16 R = OH ( >99%)
11 Ry =NHBoc; Rs=0OH (>99%) 14 Ri=NHBoc;, FRe=0H (>99%)

(a) i) acid, i-BuOCOCILNMM, THF, DMF ii) amine, NMM; (b) HCI, EtOAc or dioxane; (c) h, Pd/C, MeOH

The ornithine dimers 10 and 11 were subsequently coupled with isobutyl

chloroformate and NMM and upon extractive work-up and purification through a short
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plug of silica gel gave the ornithine tetramer 12 in 83% yield. Compound 12 was readily
soluble 1n ethyl acetate on a multigram (4 g) scale. The fully protected tetramer 12 was
then divided into two equal portions and each was subjected to the appropriate conditions
for the preparation of the free acid 14 and the amine hydrochloride salt 13, respectively.
Coupling 13 and 14 in the usual fashion (1sobutyl chloroformate and NMM) proceeded
smoothly to give the fully protected ornithine octamer 15 i 83% yield and in sufficient
purity to be utilized in subsequent reactions. Hydrogenation of 1§ was successtul in
removing the benzyl ester, giving the free acid 16 in quantitative yield.

Conversion of 16 into the target 1, can be accomplished either in a stepwise fashion
(deprotection then perguanidinylation), or via a single operation. Since aqueous sodium
carbonate has previously been utilized to ettect the deprotection of trifluoroacetamides,
(Boger et al., Org. Chem. 54:2498-2502 (1989)) and also as one of the reagents in the
guanidinylation of amines, (Wender et al., Proc. Natl. Acad. Sci. USA 97:13003-13008,
(2000) and Bernatowicz et al., J. Org. Chem. 57:2497-2502 (1992)) a single step process
was investigated. Thus, treatment of the octaornithine derivative 16 with sodium
carbonate and pyrazole-1-carboxamidine hydrochloride (17) in aqueous methanol

proceeded to give the octaarginine derivative 18 in 51% isolated yield after purification by

RP-HPLC "(99+% purity) and lyophilization, as shown in Scheme 3.

Scheme 3
S 5 © v
X HZNYNHZ X HZNYNHZ
NH NH
a b
1 BocHN “ = H oF
; O N 5 O
) R
A o)
HCl*HN™ "NFH2 X0 HZNJ\NHZ
i 18 X =CR,CO,

(a) 17, Na,COs, aq. MeOH, 55 °C (51%): (b) TFA (>99%)

Significantly, eight trifluoroacetamides were converted to eight guanidines in one
step (16 transformations overall) under mild conditions. Finally, the synthesis was

completed by treatment of 18 with TFA which gave the desired octaarginine product 1 1n
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quantitative yield. Octaarginine 1 was identical in all respects to an authentic sample

prepared using Fmoc-based solid-phase synthesis.

IV.  PROTECTING GROUPS AND PROTECTING GROUP REMOVAL AGENTS

As noted above, step (a) of the method of the invention involves contacting an
oligomer having a plurality of chemically tethered amines (a portion of the tethered amines
having attached protecting groups), with a protecting group removal agent to remove the
protecting groups.

The precise conditions and reagents or agents used in this step will depend on the
nature of the protecting groups to be removed. Protecting groups selected for the
protection of the sidechain- or chemically tethered amine groups are generally those
groups that can be removed in the presence of protecting groups in other portions of the
oligomer (e.g., the amino or carboxy terminii). Such protecting groups are often referred
to as "orthogonal." Generally, the reagents and conditions can be employed by following
the guidelines in such protecting group treatises as Greene and Wuts, Protective Groups in
Organic Synthesis, 3rd ed., John Wiley & Sons, New York NY (1999), and the references
cited therein.

In one embodiment of the invention, the protecting groups on each of the
chemically tethered amines are selected from trifluoroacetyl groups, benzyloxycarbonyl
groups, and ~butoxycarbonyl groups.

Accordingly, protecting group removal agents will be selected according to the
protecting group used. For example, a suitable protecting group removal agent for use
with trifluoroacetyl groups is sodium carbonate, preferably in an aqueous alcohol solvent,
more preferably in aqueous methanol. Similarly, though less preterred, catalytic
hydrogenation can be used (H, as the protecting group removal agent) to cleave benzyl
carbamate (Cbz or simply Z) groups as well as benzyl groups directly attached to the
amines. Acids, such as trifluoroacetic acid, can be used to remove 7-butoxycarbonyl
groups. Still other methods can be used in accordance with the present invention and are
well-known to those of skill in the art.

The step of removing the protecting group on the tethered amines can result 1n the

formation of counterions, which include by way of illustration and not limzitation,
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fluorescein, acids having a pKa < 13 such as trifluoroacetyl groups (CF;COO-), halo
groups (Cl-, F-, Br-, I-), and groups derived from carboxylates (e.g., CH;COO-),
carbonates, bicarbonates, phosphates, phosphonates, sulfates, sulfonates, sultides, borates,
silicates, nitrates, nitrites, phenoxides, azides, thiophenoxides, periodates and
hypochlorites; and anionic (negatively charged groups) such as SiF¢- and BF,-. These
counterions can be used alone or can be covalently linked to polycarboxylates, poly-
phosphates (as found in nucleic acids and their analogues), polysulfates,

polyphosphate/halide combinations and so forth.

V. GUANIDINYLATION REAGENTS

As noted above, step (b) of the method of the invention involves contacting the
oligomer having a plurality of chemically tethered amines, with a guanidinylation reagent
to convert each of the chemically tethered amines to a guanidinyl group to produce an
oligoguanidine compound.

Any guanidinylation reagent useful for converting an amino group to a guanidino
group can be used in the present invention. Preferably, the guanidinylation reagent is a
salt of pyrazole-1-carboxamidine. Most preferably, the guanidinylation reagent 1s

pyrazole-1-carboxamidine hydrochloride. Other suitable guanidinylation reagents are

described in Bernatowicz et al., J. Org. Chem. 57:2497-2502 (1992).

VI. CoMPOUNDS PRODUCED BY THE METHODS OF THE INVENTION

In a general sense, the present invention provides a method for the preparation of

compounds having the formula (I):

Wl [ -

wherein r is an integer of from 4 to 24; T1s a protected or unprotected hydroxy group; and
W is H or a protecting group. In the subunit portion (enclosed by brackets), s 1s 0 or 1;
each X' is an amino acid backbone subunit (e.g. -NH-CH-C(O)-), and i is an integer of

from 1 to r and denotes the position downstream of W; each Y is selected from H, an
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amino acid sidechain, aryl, and heteroaryl, when s 1s 0; or is selected from C,-zalkylene,
C,-salkenylene, C,-.alkynylene, C,-sheteroalkylene, C;-scycloalkylalkylene, C,-
.spirocycloalkylene, arylene, heteroarylene, and combinations thereof, when s 1s 1; each Z
1s a guanidino or guanidinium group.

For example, the bi-directional method of synthesis described herein can be
applied to the preparation of oligoarginine compounds (e.g., polymers of 4, 8 or 16
arginine residues) and spaced arginine compounds (e.g., compounds having the formula
(X°-Arg-X"), or (X’-Arg), wherein q is an integer, typically an even integer of 2, 4, 6, 8,
etc, more preferably 2, 4, 6, 8 or 16, and each X’ is an amino acid other than arginine or a
guanidine-containing amino acid). In one embodiment, Arg is D-arginine, L-arginine, D-
hon.l.oarginine or L-homoarginine.

Accordingly, the present invention can be used to prepare, for example, a heptamer
or octamer of L-arginine (R7 or R8), D-arginine (r7 or 18), (Gly-Arg-Gly)-(Gly-Arg-Gly)-
(Gly-Arg-Gly)-(Gly-Arg-Gly) (wherein Gly-Arg-Gly is the repeating subunit), and shorter
or longer oligomers, typically having from 4 to 20 guanidino-containing subunits. In this
manner, the methods of the invention can be used to prepare a variety of oligoguanidine
compounds including those consisting essentially of from eight to sixteen amino acid
residues, where from four to eight of the residues are arginine residues.

Of course, further elaboration of the terminal functional groups (W and T) can lead
to compounds having a protected or unprotected linking group, or a linking group having
an attached biologically active agent.

In still other embodiments, the oligoguanidine compound that 1s produced has at
least four, preferably at least six, and more preferably at least eight arginine residues,
wherein each of the arginine residues is either a D- or L-isomer of the naturally-occurring
arginine amino acid. These arginine residues can be contiguous or non-contiguous. For
example, the oligoguanidine compound can have at least four or more contiguous arginine
residues or the compound can have at four or more non-contiguous arginine residues.

In another embodiment, the oligoguanidine compound that is produced 1s
converted to a poly trifluoroacetate salt. In general, this conversion is accomplished by
contacting the oligoguanidine compound with a suitable amount of trifluoroacetic acid,

typically in an aqueous or aqueous/organic mixture.
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The couple, divide and activate, couple method described above, find particular
utility in producing oligoguanidine compounds wherein each subunit or monomer 1S
selected from an ornithine (or other chemically tethered amine-containing amino acid) and
an ornithine that 1s flanked by one or two amino acids that do not have chemically tethered
sidechain amines. Accordingly, in one embodiment of the invention, the oligoarginine
compound that 1s prepared has a formula selected from the group consisting of
(X -Arg-X"), and (X°-Arg), wherein each X’ is an amino acid residue that does not have a
guanidino moiety; each Arg is selected from the group consisting of D-arginine and L-
arginine; and t 1s an integer selected from 4, 8, 16, 32 and so forth, but 1s preferably 4, 8,
or 16. One of skill in the art will appreciate that the ornithine monomers used to prepare
this latter group of oligoarginine compounds are subunits having formula selected from
(X°-Orn?-X°) and (X°-Orn®) wherein Orn® refers to a suitably protected ornithine and each
X' is an amino acid residue that does not have a guanidino moiety or a sidechain amino
group (e.g. Lysine). Preferably, each X' is selected from the group consisting of glycine,
B-alanine, 4-aminobutyric acid, S-aminovaleric acid and 6-aminocaproic acid. In still
further preferred embodiments, the oligoarginine compound has a formula of (X"-Arg),,
each X’ is selected from the group glycine, B-alanine, 4-aminobutyric acid, 5-aminovaleric
acld and 6-aminocaproic acid and t1s 8 or 16. In a further preferred embodiment, the
oligoarginine compound is an octamer of D-arginine or has the formula (X’-Arg),, wherein

each X'is glycine, Arg is D-Arg and t is 8.

VII. CONJUGATES WITH COMPOUNDS PRODUCED BY THE METHODS OF THE INVENTION
As noted above, oligoguanidine compounds find utility as transport agents.
Accordingly, the invention also relates to the oligoguanidine compounds described herein,
that are chemically tethered to a therapeutic agent (which includes active agents and

prodrugs thereof).

The oligoguanidine compounds can be tethered to the therapeutic agent in a variety
of different ways, as is illustrated below, where T is the oligoguanidine transporter of the
invention, D 1s a suitable therapeutic agent, L 1s a linker, RL 1s a releasable linker (e.g.,
cleavable in vivo) and PD 1s a prodrug:

Transporter-drug conjugate, T-D — T-D, where T-D 1s active;
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Transporter-linker-drug conjugate, T-L-D — T-L-D, where T-L-D is active;

Transporter-releasable linker-drug conjugate, T-RL-D — RL + D, where 1-
RL is cleaved and D 1is active; and

Transporter-releasable linker-prodrug conjugate, T-RL-PD — T-RL + PD
— D, where D 1s acftive.
As noted in the examples above, the therapeutic agents can be linked to transport agent of
the invention in numerous ways, including a direct bond (e.g., with a carbodiimide) or by
means of a linking moiety. In particular, carbamate, ester, thioether, disulfide, and
hydrazone linkages are generally easy to form and suitable for most applications. In
addition, various functional groups (e.g., hydroxyl, amino, halogen, etc.) can be used to
attach the therapeutic agent to the transport agent. To help minimize side-reactions, the
guanidino moieties can be blocked using conventional protecting groups, such as
carbobenzyloxy groups (CBZ), di-t-BOC, PMC, Pbf, N-NO,, and the like. For those
therapeutic agents that are inactive until the attached transport agent is released, the linker:
is preferably a readily cleavable linker, meaning that it is susceptible to enzymatic or
solvent-mediated cleavage in vivo. For this purpose, linkers containing carboxylic acid
esters and disulfide bonds are preferred, where the former groups are hydrolyzed
enzymatically or chemically, and the latter are severed by disulfide exchange, e.g., in the
presence of glutathione.

Non-covalent variations of any of the foregoing are also contemplated by the
invention, for example:

Transporter-drug complex, TeeD — T + D, where D 1s active.

Therapeutic agents that can benefit from the transport agents of the invention
include both small organic molecules and macromolecules (e.g., nucleic acids,
oligonucleotides, polynucleotides, peptides, polypeptides and proteins). Exemplary
therapeutic agents include local and systemic anti-cancer agents, antibiotics, antisense
drugs, protease inhibitors, and so forth. In addition, there are numerous releasable linkers
that can be used with the transporter compounds of the invention, such as phosphatases,
proteases, esterases, redox compounds, photochemical agents, nucleophilic agents, acidic

compounds, and so forth. Release of the therapeutic agent can be the result of enzymatic

as well as non-enzymatic action.
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EXAMPLES

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of synthetic organic chemistry, biochemistry, and the like, which
are within the skill of the art. Such techniques are explained fully in the literature. See,
for example, Oligonucleotide Synthesis (M. J. Gait, ed., 1984); Nucleic Acid Hybridization
(B. D. Haines & S. J. Higgins, eds., 1984); Kirk-Othmer's Encyclopedia of Chemical
Technology; and House's Modern Synthetic Reactions. _

The following examples are put forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how to make and use the
compositions/compound/methods of the invention. Efforts have been made to ensure
accuracy with respect to numbers (e.g., amounts, temperature, etc.) but some experimental
error and deviations should, of course, be allox;ved for. Unless indicated otherwise, parts
are parts by weight, temperature is degrees centigrade and pressure is at or near

atmospheric. All components were obtained commercially unless otherwise indicated.

GENERAL METHODS

BocNH-Orn(Z)-OH (4) was purchased from Novabiochem. All reagents and
solvents were purchased from commercial sources and utilized without further
purification. Analytical TLC was performed with 0.25 mm silica gel 60F plates with
fluorescent indicator (254 nm). Plates were visualized by ultraviolet light and treatment
with either ammonium molybdate stain (prepared by combining 90 g of ammonium
molybdate, 6 g of cerium sulfate, and 1800 mL of 10% H,SO,) or potassium permanganate
stain (prepared by combining 8 g of KMnO,, 60 g of K,CO,, 16 mL of 5% NaOH, and 900
mL H,0). RP-HPLC was performed with a Varian ProStar 210/215 HPLC using either a
preparative column (Alltec Alltima C18, 250 x 22 mm) or analytical column (Vydak C13,
150 x 4.6 mm) with ultraviolet detection of product (A =214 nm). The products were
eluted utilizing a solvent gradient (solvent A = 0.1% TFA/H,0; solvent B = 0.1%
TFA/CH,CN). Melting points were taken in open capillary tubes utilizing a Thomas
Hoover uni-melt apparatus. NMR spectra were measured on a Varian GEM-300 (‘"H NMR
at 300 MHz: *C NMR at 75 MHz) magnetic resonance spectrometer. Data for 'H NMR
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spectra are reported as follows: chemical shift, multiplicity (s = singlet, br s = broad
singlet, d = doublet, t = triplet, q = quartet, and m = multiplet), integration, and coupling
constant (Hz). Data for *C NMR spectra are rei)orted in terms of chemical shift relative to
residual solvent peak (Ds-DMSO = 39.5 or CD,CN = 1.3). Infrared spectra were recorded
on a Perkin-Elmer 1600 Series FTIR. High resolution mass spectra (HRMS) were
recorded at the NIH regional mass spectrometry facility at the University of California,
San Francisco. Mass spectra utilizing electrospray ionization (ES-MS) were recorded at
the mass spectrometry lab at Stanford University utilizing a Flnm gan LCQ quadrupole 1on

trap mass spectrometer.

GENERAL PROCEDURE A: DEPROTECTION OF BOC-AMIDES
To a RT stirred solution of Boc-amide (5.0 mmol) in EtOAc (150 mL) or dioxane
(300 mL) was bubbled in HCI gas (from a lecture bottle). The reaction mixture was stirred
until TLC showed the consumption of the starting material. The desired product was
obtained from the reaction mixture (containing precipitate) either by filtration or

evaporation of the solvent and used without further purification.

GENERAL PROCEDURE B: DEPROTECTION OF BENZYL ESTERS
To a degassed solution of benzyl ester (5.0 mmol) in MeOH (150 mL) was added
Pd/C (10% Pd, 250 mg, 0.23 mmol) followed by hydrogen gas (1 atm, balloon). The
reaction mixture was stirred at RT until TLC showed complete consumption of the starting
material. The reaction mixture was then filtered through Celite and the solvent was

removed in vacuo to give the desired product which was used without further purification.

GENERAL PROCEDURE C: AMIDE COUPLING
To a room temperature stirred solution of acid (10 mmol) in THF (10 mL) was
added DMF (200 mL) and NMM (10.5 mmol). The reaction mixture was cooled to -40°C
and then was treated with a solution of isobutyl chloroformate (10.5 mmol) in THF (10
mL). After stirring at -40°C for 1 h, the reaction mixture was treated with a solution of
amine (10 mmol) and NMM (10 mmol) in DMF (20 mL). The reaction mixture was then

allowed to slowly warm up to RT and stirred until TLC revealed the consumption of the
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starting acid. The reaction mixture was then treated with copious amounts of EtOAc (1 L)
and water (1 L). The organic layer was separated and aqueous layer was exiracted with
EtOAc (2 x 500 mL). The combined organic layers were washed with an aqueous solution

of HCI (0.1 M, 2 x 500 mL), an aqueous solution of NaHCO; (5% 'w/v, 2 x 500 mL), brine

(2 x 500 mL), and dried over magnesium sulfate. The crude material thus obtained was

then purified further as indicated to give the desired product.

EXAMPLE 1
Synthesis of BocNH-Orn(COCF,)-CO,H (6)

OYCF:;

NH

BocHN OF

O
To a degassed solution of acid 4 (25 g, 68 mmol) in MeOH (250 mL) was added

Pd/C (10% Pd, 350 mg, 0.33 mmol) followed by hydrogen gas (1 atm, balloon). The
reaction mixture was stirred at RT for 12 h by which time TLC showed complete
consumption of the starting material. The balloon of hydrogen was then removed and
MeOH (100 mL), ethyl trifluoroacetate (14.6 g, 103 mmol), and Et;N (13.8 g, 136 mmol)
were added. The reaction mixture was stirred an additional 9 h and the resulting black
suspension was filtered through Celite. A portion of the solvent was then removed ir
vacuo. The remaining solution (100 mL) was treated with water (150 mL) and EtOAc
(100 mL). The organic layer was removed and the aqueous layer was then carefully
acidified by the addition of an aqueous solution of HCI (2M). The aqueous layer was
extracted with EtOAc (5 x 80 mL), and the combined organic extracts were then washed
with an aqueous solution of HCI (0.1 M, 4 x 200 mL), brine (200 mL), and dried over
magnesium sulfate. Removal of the solvent in vacuo gave the desired product 6 as a
viscous oil (22.4 g, 68 mmol, quantitative yield): (Sakarellos et al., J. Org. Chem. 43: 293~
296 (1978), viscous oil); R; = 0.65 (65:31:4 EtOAc/hexane/AcOH); 'H NMR (300 MHz,
D.-DMSO) & 12.50 (brs, 1 H), 9.41 (t, 1 H,J=3.2 Hz), 7.11 (d, 1 H, J=4.8 Hz), 3.84-
3.87 (m, 1 H), 3.15-3.19 (m, 2 H), 1.51-1.69 (m, 4 H), 1.38 (s, 9 H) ppm; “C NMR (75
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MHz, D.-DMSO0) & 174.1, 156.2 (q, J= 35 Hz), 155.7, 116.0 (q, /= 286 Hz), 78.1, 53.2,
38.9, 28.2, 25.2 ppm; IR (thin film) 3316, 1709 cm™; HRMS calculated (M-Boc,
C.H,,F.N,0,) 227.0644, found 227.0633.

EXAMPLE 2

Synthesis of BocNH-Orn(COCF;)-CO,Bn (8)
CF,

7

NH

OBn
BocHN

O

A modification of a known procedure was followed (Kim et al., J. Org. Chem.

1985 50, 560-565). To a RT stirred solution of acid 6 (11.3 g, 34.6 mmol) in THF (100

mL) was added NMM (3.50 g, 34.6 mmol) and the reaction mixture was cooled to -15°C
(NaCl/ice/water bath). To the cooled reaction mixture was added a solution of benzyl
chloroformate (6.17 g, 36.1 mmol) in THF (5 mL). After stirring at -15°C for 2 min, the
reaction mixture was warmed to 0°C (ice/water bath) and stirred for 15 min. To the
reaction mixture was added DMAP (1.05 g, 8.65 mmol) and reaction mixture was allowed
to warm to RT and stirred for 2 h. The reaction mixture was then treated with EtOAc (100
mL), water (100 mL), and carefully acidified with an aqueous solution of HCI (1 M). The
organic layer was separated and washed with an aqueous solution of HCI (0.1 M, 2 x 50
mL). The combined aqueous layers were then extracted with EtOAc (2 x 100 mL). The
combined organic layers were washed with an aqueous solution of NaHCO; (5% w/v, 4 X
50 mL), brine (100 mL), and dried over magnesium sulfate. Removal of the solvent in
vacuo gave the desired product 8 as a white amorphous solid (14.2 g, 33.9 mmol, 98%
yield): mp 72-73.5°C; R;= 0.58 (3:7 EtOAc/hexane); '"H NMR (300 MHz, D,~-DMSO) &
9.39 (t, 1 H, J=5.1 Hz), 7.32-7.37 (m, 5 H), 5.04-5.16 (m, 2 H, rotamers), 3.94-4.06 (m, 1
H), 3.12-3.18 (m, 2 H), 1.45-1.70 (m, 4 H), 1.36 (s, 9 H) ppm; “C NMR (75 MHz, D,-
DMSO) 5 172.4, 1562 (q, J = 35 Hz), 155.6, 136.0, 128.4, 128.0, 127.7, 116.0 (q, I = 286
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Hz), 78.3, 65.8, 53.4, 28.2, 27.8, 25.0 ppm (CH,-NHCOCF; peaks obscured by residual
D.-DMSO); IR (thin film) 3333, 1709 cm™; HRMS calculated (M + 2H - Boc,
C,H,F;N,0,) 319.1270, found 319.1215.

EXAMPLE 3
Synthesis of HCI*NH,-Orn(COCEFE;)-CO,Bn (7)

oﬁ/c;f3

NH

HC,’ HzN el
O

General procedure A with protected ornithine 6 (14.2 g, 33.9 mmol), EtOAc (150
mL), and reaction time = 12 h. Evaporation of the solvent gave the desired product 7 as a
white powder (12.0 g, 33.8 mmol, quantitative yield): mp 187-188 °C; R;=0.33 (25:1
EtOAc/Et,N); 'H NMR (300 MHz, D.-DMSO0) 8 9.61 (t, 1 H, J=3.3 Hz), 8.71 (br s, 3 H),
7.36-7.43 (m, 5 H), 5.24 (s,2 H),4.11 (t, 1 H,J=3.8 Hz), 3.17-3.21 (m, 2 H), 1.81-1.86
(m, 2H), 1.62-1.68 (m, 1 H), 1.52-1.56 (m, 1 H) ppm; “C NMR (75 MHz, D,-DMSO) &
169.3, 156.3 (q, J=35 Hz), 135.2, 128.5, 128.4, 116.0 (q, J= 286 Hz), 67.1, 51.6, 38.5,
27.4,24.0 ppm; IR (thin film) 3314, 3211, 1740, 1699 cm™; HRMS calculated (M + H,
C,,H;F;N,0;) 319.1270, tound 319.1257.

EXAMPLE 4
Synthesis of BocNH-(Orm(COCF,)),-CO,Bn (9)

YCFQ,

0
NH
e
BocHN Nj)kosn
O '\k

NH

PN

0“ “CF,

General procedure C with acid 6 (4.69 g, 14.3 mmol) and amine 7 (5.01 g, 14.3

mmol). After work-up, removal of the solvent in vacuo gave the desired product 9 as a
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white powder (8.75 g, 13.9 mmol, 97% yield): mp 160-162°C; R¢=0.80 (1:1
EtOAc/hexane); 'H NMR (300 MHz, D,-DMSO) § 9.44 (1,1 H,J=3.2Hz),9.40 (t, 1 H,J
=3.2 Hz), 8.27 (d, 1 H, J=4.2 Hz), 7.32-7.39 (m, 5 H), 6.90 (d, 1 H, J=4.8 Hz), 5.11 (s,
2 H), 4.31-4.35 (m, 1 H), 3.94 (br m, 1 H), 3.10-3.19 (m, 4 H), 1.72-1.76 (m, 1 H), 1.37-
1.66 (m, 7 H), 1.37 (s, 9 H) ppm; “C NMR (75 MHz, D,-DMSO0) 6 172.4,171.7,156.3
(q, J=135 Hz), 155.3, 135.9, 128.4, 128.1, 116.0 (g, J= 286 Hz), 78.1, 66.0, 53.7, 51.6,
29.2.28.2.28.1,25.0, 24.8 ppm (CH,-NHCOCF, peaks obscured by residual D-DMSO);
IR (thin film) 3313, 1704 cm™; HRMS calculated (M + 2 H —Boc, C,;H,;,F¢N,O5)
529.1886, found 529.1889.

EXAMPLE 5
Synthesis of HC1*NH,-(Orn(COCF;)),-CO,Bn (10)

YCF?,

O
NH
H O
N
HCI‘HzN \=)J\OBH
O -ﬁ\

NH

PN

0% CF,

See general procedure A with protected di-ornithine 9 (3.8 g, 6.0 mmol), EtOAc
(150 mL), reaction time = 12 h. After filtration of the reaction mixture, washing the solid
(FtOAc), and drying in vacuo, the desired product 10 was obtained as a whate powder (2.9
g, 5.0 mmol, 83% yield): mp 191-194°C; '"HNMR (300 MHz, D-DMSO) & 9.52-9.64 (m,
2 H), 9.04-9.11 (m, 1 H), 8.35 (brs, 3 H), 7.30-7.38 (m, 5 H), 5.12 (s, 2 H), 4.32-4.40 (m,
1 H), 3.80-3.88 (m, 1 H), 3.06-3.25 (m, 4 H), 1.49-1.84 (m, 8 H) ppm; BC NMR (75 MHz,
D.-DMSO) & 171.2,168.9, 156.3 (q, /= 35 Hz), 135.8, 128.5, 128.2, 128.0, 116.0 (9, /=
286 Hz), 66.2, 51.8, 51.6, 38.6, 28.5, 27.8, 24.7, 23.8 ppm (CH,-NHCOCF, peaks
obscured by residual D,-DMSO); IR (thin film) 3305, 1701, 1659 cm™; HRMS calculated
M + H, C,;H,,F,N,0;) 529.1886, found 529.1831.
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EXAMPLE 6
Synthesis of BocNH-(Orn(COCF;)),-CO,H (11)

O
NH
e
N
BocHN \.,;/'LOH
O '\k

NH

PN

0% CF,

See general procedure B with protected di-ornithine 9 (3.8 g, 6.0 mmol) and

5 reaction time = 12 h. After work-up, the desired product 11 was obtained as a white foam
(3.3 g, 6.0 mmol, quantitative): mp 149-151°C; R;= 0.44 (65:31:4 EtOAc/hexane/AcOH);
'"H NMR (300 MHz, D,-DMSO) & 9.35-9.48 (m, 2 H), 8.00-8.06 (m, 1 H), 6.85-6.93 (m, 1
H), 4.14-4.23 (m, 1 H), 3.86-3.94 (br m, 1 H), 3.12.3.22 (m, 4 H), 1.44-1.76 (m, 8 H), 1.35
(s, 9 H) ppm; *C NMR (75 MHz, D-DMSO0) 8 173.4, 172.1, 157.0 (q, J = 35 Hz), 155.5,

10 116.0 (q, J= 286 Hz), 78.1, 53.8, 51.4, 39.0, 38.8, 29.2, 28.4, 28.2, 25.0, 24.8 ppm; IR

(thin film) 3309, 1713 cm™; HRMS calculated (M — #-BuO, C,sH;F¢N,O¢) 465.1209,
found 465.1205.

EXAMPLE 7
15 Synthesis of BocNH-(Orm(COCF,)),-CO,Bn (12)

CF4 CFj
il
H
N

O O
NH
e
N
BocHN \)Lﬁ
O "\L O

NH NH

oél\cF3 oékCF3
See general procedure C with acid 11 (2.60 g, 4.82 mmol) and amine 10 (2.72 g,

\E)?\OBn
i

4.82 mmol). After work-up, the crude solid was taken up in solution (9:1 EtOAc/MeOH)
and passed through a short plug of silica gel. Removal of the solvent in vacuo gave the

20 desired product 12 as a white powder (4.20 g, 4.00 mmol, 83% yield): mp 197-198°C; R, =
x (solvent); 'H NMR (300 MHz, D,-DMSO) 6 8.72-8.77 (m, 4 H), 7.72(d, 1 H,J="7.5
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Hz), 7.39 (d, 1 H, J=7.8 Hz), 7.17 (d, 1 H, J= 7.8 Hz), 6.66-6.73 (m, 5 H), 6.33 (d, 1 H,J
= 8.1 Hz), 4.45 (s, 3 H), 3.95 (i, 1H), 3.15 (m, 8H), 1.30-1.74 (m, 25H) ppm; “C NMR
(75 MHz, D-DMSO0) § 172.3, 171.9, 171.6, 171.2, 156.2 (g, J = 35 Hz), 155.4, 135.9,
128.4. 128.1, 127.9, 116.0 (g, J = 286 Hz), 78.2, 66.0, 54.0, 51.8, 51.7, 51.6, 29.8, 29.6,

5 29.0, 28.1,27.9, 25.0, 24.8, 24.7, 18.9 ppm (CH,-NHCOCF; peaks obscured by residual
D,-DMSO); IR (thin film) 3306, 1707 cm™; HRMS calculated (M + H, CyoHgy;F1,N3O11)

1049.4, found 1049.0.
EXAMPLE 8
10 Synthesis of HCleNH,-(Orn(COCF,)),-CO,Bn (13)
O~ CF3 OYCFS

CF3 CF3
See general procedure A with protected tetra-ornithine 12 (2.0 g, 1.9 mmol),
dioxane (300 mL), and réaction time = 18 h. After concentration of the solvent in vacuo,
the desired product 13 was obtained as a yellow amorphous solid (1.9 g, 1.9 mmol,
15 “quantitative yield): mp 238-240°C; 'H NMR (300 MHz, D,-DMSO) & 9.44-9.51 (m, 4 H),
8.62 (d, 1 H,J=7.8 Hz), 8.44 (d, 1 H,J=7.2 Hz), 8.15-8.20 (m, 4 H), 7.30-7.35 (m, 5 H),
5.09 (s, 2 H), 4.26-4.35 (m, 3 H), 3.75-3.81 (m, 1 H), 3.10-3.20 (m, 8 H), 1.40-1.72 (m, 16
H) ppm; *C NMR (75 MHz, D-DMSO0) & 171.7, 171.6, 170.8, 168.3, 156.2 (q, J= 36
Hz), 135.8, 128.4, 128.1, 127.8, 116.0 (q, J = 286 Hz), 66.4, 66.0, 52.2,51.9,51.7, 29.6,
20 29.5, 28.64, 28.56, 27.9, 24.8, 24.7, 24.0 ppm (CH,-NHCOCF; peaks obscured by residual
D.-DMSO); IR (nujol mull) 3302, 2914, 1702, 1671, 1641, 1562, 1528, 1461, 1377, 1182,
724 cm™'; ES-MS (+ ionization) calculated (M + H, CssH,sF,N3O5) 949.3, found 949.4.
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EXAMPLE 9

Synthesis of BocNH-(Om(COCF3))4-C02H (14)

CF3 CF3
BocHN dN \)J\ ’gi \)LOH

NH NH

OAC Fa O)\C F3

See general procedure B with protected tetra-ornithine 12 (2.0 g, 1.9 mmol) and

5 reaction time = 16 h. After work-up, the desired product 14 was obtained as a white foam
(1.8 g, 1.9 mmol, quantitative yield): mp 90-105°C; R;= 0.34 (65:31:4
EtOAc/hexane/AcOH); '"H NMR (300 MHz, D,-DMSO) & 9.34-9.43 (m, 4 H), 8.17 (d, 1
H,J=75Hz),802(d,1H,J=8.1Hz),782(d,1H,/=8.1Hz),698(d,1H,J=7.38
Hz), 4.23-4.30 (br m, 2 H), 4.12-4.18 (m, 1 H), 3.85-3.90 (m, 1 H), 3.10-3.18 (br m, 8 H),

10 1.47-1.68 (m, 16 H), 1.35 (s, 9 H) ppm; “C NMR (75 MHz, D,-DMSO) § 173.2,171.9,
171.4,171.2,156.2 (q,J= 35 Hz), 155.4, 116.0 (q, J =286 Hz), 78.2, 54.0, 51.9 (2 ),
51.5,39.4, 38.8, 29.8, 29.6, 29.0, 28.3, 28.1, 25.0, 24.9, 24.8, 24.7 ppm (CH,-NHCOCF,
peaks obscured by residual D,-DMSO); IR (thin film) 3306, 1709, 1664 cm™; ES-MS (+
ionization) calculated (M + H, C;;H,,F,,N;O,;) 959.3, found 959.3.

15

EXAMPLE 10
Synthesis of BocNH-(Orn(COCF3))8-CO Bn (15)

BOCHN/dN\/u\ )q‘r/N\)L /é /d \/U\OBn
\L \L \L

F3 0 c F3 CF3 F3

See general procedure C with acid 14 (300 mg, 0.313 mmol) and amine 13 (308
20 mg, 0.313 mmol). After work-up, the desired product 15 was obtained as a white
amorphous solid (490 mg, 0.259 mmol, 83% yield): mp 225-226°C (dec); R;=0.75 (95:5
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EtOAc/MeOH); 'H NMR (300 MHz, D;-DMSO) & 9.30-9.45 (m, 7 H), 8.37 (d, 1 H, J =
6.6 Hz), 7.90-8.08 (m, 4 H), 7.84 (d, 1 H, J= 7.5 Hz), 7.25-7.36 (m, 5 H), 6.97 (m, 1 H, J
= 7.5 Hz), 5.09 (s, 2 H), 4.20-4.35 (m, 7 H), 3.82-3.91 (m, 1 H), 2.99-3.18 (m, 16 H), 1.25-

1.80 (m, 32 H), 1.35 (s, 9 H) ppm; *C NMR (75 MHz, D-DMS0) § 172.0,171.7,171.6,

171.4,171.3,171.2, 156.3 (q, J= 35 Hz), 155.4, 135.9, 128.4, 128.1, 127.9,116.0 (q, J =
286 Hz), 78.2, 66.0, 54.1, 52.1, 51.8, 51.7,29.7, 29.4, 29.0, 28.1, 28.0, 25.0, 24.8, 18.9
ppm (CH,-NHCOCF, peaks obscured by residual D-DMSO); IR (thin film) 3293, 3100,
29441705, 1659, 1548, 1444, 1370, 1156 cm™; ES-MS (+ ionization) calculated (M + H,
CeHeoF,uNO;5) 1889.6, found 1889.2.

EXAMPLE 11
Synthesis of BocNH—(Om(COCF3))8-CO H (16)

ATAYA d L,
\L I \L

CF3 O CF3 CF3 o

See general procedure B with protected octa-ornithine 15 (36 mg, 0.019 mmol),
Pd/C (10%, 10 mg, 0.0094 mmol), MeOH (3 mL), and reaction time = 3 h. After work-up,
the desired product 16 was obtained as a white powder (34 mg, 0.019 mmol, quantitative
yield): mp 235-239°C (dec); R, = 0.80 (4:1 EtOAc/MeOH); 'H NMR (300 MHz, 2:1
CD,CN/D,0) & 8.70-8.79 (m, 3 H), 7.55-7.68 (m, 4 H), 4.08-4.26 (m, 7 H), 3.21 (br m, 16
H), 1.49-1.74 (m, 32 H), 1.35 (s, 9 H) ppm; “C NMR (75 MHz, 2:1 CD,CN/D,0) 8 175.6,
174.8,174.7,174.6, 174.1, 173.6, 173.5, 173.4, 158.5 (q, /=36 Hz), 157.7,117.0 (q, J =
280 Hz), 81.2, 56.1, 55.5, 55.2, 54.9, 54.4, 53.9, 53.4, 53.0, 39.9 (m), 25.5-29.4 (m) ppm;
IR (thin film) 3305, 1704, 1658 cm™; ES-MS (- ionization) calculated (CgHgsF,4N;601, -
H) 1798.6, tound 1799.2.
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EXAMPLE 12
Synthesis of BocNH-Arg,-CO,H (*8TFA salt) (18)

Xe HQN NHo X HZN NH, Xe HzN NH, Xe HzN NH-

Mdu AVATAS
\L \L \L

NHo XeHoN NH2 X HQN NHo Xe HzN NHo»

X=TFA

X‘HzN)\

To a solution of 16 (143 mg, 0.080 mmol) in MeOH (3 mL) was added sodium
carbonate (345 mg, 3.26 mmol), pyrazole-1-carboxamidine hydrochloride (17) (478 mg,
3.26 mmol), and deionized water (6 mL). The solution was heated at 55°C for 36 h and
then the reaction mixture was carefully acidified by the addition of TFA (to pH ~ 4). The
solvent was removed in vacuo giving a white residue which was puritfied using RP-HPLC
(isocratic: 5% solvent A, 5 min; gradient: 5% solvent A to 50% solvent A, 19 min).
Lyophilization of the major product (R, = 15.2 min) gave the desired product as a white
powder 18 (93 mg, 0.041 mmol, 51% yield): analytical RP-HPLC (gradient: 5% solvent
A to 95% solvent A, 15 min) R, = 4.64 min, 99+% purity; 'H NMR (300 MHz, D,-DMSO)
5 8.20-8.28 (m, 3 H), 4.05-4.22 (m, 7 H), 3.80-3.90 (m, 1 H), 2.99-3.10 (m, 16 H), 1.40-
1.82 (m, 32 H), 1.26 (s, 9 H) ppm; “C NMR (75 MHz, D&~-DMSO) 6 169.7, 168.0, 167.92,
167.89, 167.8, 157.5 (q, J = 36 Hz, TFA C=0), 152.1, 151.3, 111.0 (g, J = 290 Hz, TFA
CF.), 76.2,49.2,48.0,47.9, 47.1,35.1,22.9,22.3,22.2, 19.1 ppm; ES-MS (- ionization)
calculated (Cy;H,,N;,0;, - H) 1365.9, found 1365.8.
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EXAMPLE 13

Synthesis of 9TFANH,-Arg,-CO,H (1)

XH2N NH, XHZN NH., XHZN NH., XHZN NH,

Wé%ﬂxéwd%H
\L \L \L \L

XHQN NH, XHQN NH XHZN NH, XH2N NH,

A solution of 18 (85 mg, 0.037 mmol) in trifluoroacetic acid (3 mL) with 150 pL

X=TFA

of triisopropyl silane was stirred at RT for 30 min. To the reaction mixture was added
deionized water (3 mL) and the solvent was then removed by lyophilization. The resulting
crude residue was purified by RP-HPLC (isocratic: 5% solvent A, 5 min; gradient: 5%
solvent A to 50% solvent A, 19 min). Lyophilization of the major product (R, = 12.8 min)
gave the desired product 1 (85 mg, 0.037 mmol, >99% yield) as a white powder: analytical
RP-HPLC (gradient: 5% solvent A to 95% solvent A, 15 min) R, = 4.6 min, 99+% purity;
mp 105-108 °C; '"H NMR (300 MHz, D,0) & 8.33-8.50 (m, 3 H), 4.12-4.25 (m, 7 H), 3.90
(t, 1 H, J=6.6 Hz), 3.02-3.10 (m, 14 H), 2.87 (t, 2 H, J= 6.3 Hz), 1.40-1.82 (m, 32 H)
ppm; *C NMR (75 MHz, D,0) & 169.9, 168.0, 167.9, 167.7, 164.1, 157.6 (g, J = 35 Hz,
TFA C=0), 151.4,111.0 (g, J=290 Hz, TFA CF,), 48.1, 48.0,47.8,47.3,47.1, 35.2, 35.1,
35.0, 33.5, 23.0, 22.9,22.7,22.3, 19.1, 18.9, 18.1, 17.9 ppm; ES-MS (- 1onization)
calculated (C,;H,eN;,0,- H) 1265.8, found 1265.9.

It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview

of this application and scope of the appended claims.
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CLAIMS

A method for the preparation of an oligoguanidine compound, comprising:

(a) contacting an oligomer having a plurality of chemically tethered
amines, wherein a portion of said tethered amines have attached protecting groups,
with a protecting group removal agent to remove said protecting groups to produce
an oligomer having a plurality of chemically tethered amines; and

(b) contacting said oligomer having a plurality of chemically tethered
amines with a guanidinylation reagent to convert each of said chemically tethered

amines to a guanidinyl group to produce an oligoguanidine compound.

The method of Claim 1, wherein the guanidinylation reagent is a salt of pyrazole-1-

carboxamidine.

The method of Claim 1, wherein the protecting groups on each of the chemically

tethered amines are trifluoroacetyl groups.

The method of Claim 1, wherein both of the contacting steps are conducted in a

single reaction vessel.

The method of Claim 1, wherein the contacting steps are carried out sequentially.

The method of Claim 1, wherein the contacting steps are carried out concurrently.

The method of Claim 1, wherein the oligomer has a peptide backbone.

The method of Claim 7 wherein the peptide backbone is a cyclic peptide backbone.

The method of Claim 7, wherein the oligomer is an oligoornithine compound.
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The method of Claim 9, wherein the oligoornithine compound is an octaornithine

compound and 1s produced by coupling of two tetraornithine compounds.

The method of Claim 10, wherein each of the tetraornithine compounds are

produced by the coupling of two ornithine dimers.

The method of Claim 1, wherein the oligomer has a non-peptide backbone selected
from the group consisting of peptoid, poly-p-phenylene, polyethyleneglycol,
peptide-peptoid hybrid, a polyamide, azapeptide, a peptide-urea hybrid,
polyenamine, polyoxamide, hydrocarbon, polyethylene/polypropylene ether,
carbohydrate, and oxy-substituted dicyclohexyl ether.

The method of Claim 12, wherein the non-peptide backbone is a cyclic non-peptide

backbone.

The method of Claim 1, wherein the oligoguanidine compound has at least four

arginine residues.

The method of Claim 14, wherein the oligoguanidine compound has at least six

arginine residues.

The method of Claim 15, wherein the oligoguanidine compound comprises at least

eight arginine residues that are contiguous.

The method of Claim 16, wherein the oligoarginine compound is an octamer of

D-arginine or L-arginine.

The method of Claim 14, wherein the oligoguanidine compound comprises from

four to eight arginine residues that are non-conti guous.
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The method of Claim 1, wherein the oligoguanidine compound consists essentially
of from eight to sixteen amino acid residues, wherein from four to eight of the

amino acid residues are arginine residues.

The method of Claim 14, wherein the arginine residues are selected from the group

consisting of D-arginine, L-arginine, D-homoarginine and L-homoarginine.

The method of Claim 20, wherein the arginine residues are selected from the group

consisting of D-arginine and L-arginine.

The method of Claim 1, wherein the oligoguanidine compound has a formula
selected from the group consisting of (X’-Arg-X"), and (X’-Arg), wherein each X’
1s an amino acid residue that does not have a guanidino moiety; Arg is selected
from the group consisting of D-arginine, L-arginine, D-homoarginine and -

homoarginine; and q is an integer selected from 2, 4, 6, 8 and 16.

The method of Claim 22, wherein the oligoguanidine compound has the formula

(X-Arg-X°),.

The method of Claim 22, wherein the oligoguanidine compound has the formula

(X’-Arg)..

The method of Claim 14, wherein the side chains of the arginine residues are

modified.

The method of Claim 23, wherein the side chains of the arginine residues are

modified to include a C, O, N, S or B derivative.

The method of Claim 25, wherein the side chains of the arginine residues are

modified to include a double or a triple bond.
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28.  The method of Claim 25, wherein the side chains of the arginine residues are

modified to include a cyclic structure.
29.  The method of Claim 1, wherein the guanidinyl groups are modified.

30.  The method of Claim 1, which further comprises the step of converting the

oligoguanidine compound to a salt.

31.  The method of Claim 30, wherein the salt 1s a poly trifluoroacetate salt.
10
32. A compound comprising an oligoguanidine compound prepared according to

Claim 1 that 1s chemically tethered to a therapeutic agent.

33. A compound comprising an oligoguanidine compound prepared according to

15 Claim 20 that 1s chemically tethered to a therapeutic agent.

34. A method of preparing an oligoarginine compound from a suitably protected
ornithine monomer, comprising:

(a) coupling two different suitably protected ornithine monomers to

20 produce an orthogonally protected coupled ornithine compound;

(b) dividing said orthogonally protected coupled ornithine compound into
two portions and activating each of said portions for amide coupling to produce
two independently activated coupled ornithine compounds;

(c) recombining said two independently activated coupled ornithine

25 compounds under conditions sufficient for amide coupling to produce a new
orthogonally protected coupled ornithine compound;

(d) subjecting the product of step c) to said dividing, activating, and
recombining for from zero to three times to produce an oligoornithine compound
having 4, 8 or 16 ornithine monomers in a linear configuration; and

30 (e) contacting said oligoornithine compound with a perguanidinylation

reagent under conditions sufficient to produce an oligoarginine compound.
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The method of Claim 34, wherein the oligoguanidine compound comprises at least

eight arginine residues that are contiguous.

The method of Claim 35, wherein the oligoarginine compound is an octamer of

D-arginine.

The method of Claim 34, wherein the oligoarginine compound has a formula
selected from the group consisting of (X°-Arg-X’), and (X°-Arg), wherein each X°
1s an amino acid residue that does not have a guanidino moiety; Arg is selected

from the group consisting of D-arginine and L-arginine; and t is an integer selected

from 4, 8 and 16.

The method of Claim 34, wherein each X" is selected from the group consisting of
glycine, 3-alanine, 4-aminobutyric acid, 5-aminovaleric acid and 6-aminocaproic

acid.

The method of Claim 34, wherein the oligoarginine compound has a formula of
(X°-Arg), and each X’ is selected from the group glycine, B-alanine, 4-aminobutyric

acid, S-aminovaleric acid and 6-aminocaproic acid.

The method of Claim 34, wherein the oligoarginine compound has a formula of
(X -Arg),, each X° is selected from the group glycine, B-alanine, 4-aminobutyric

acid, S-aminovaleric acid and 6-aminocaproic acid and t is 8 or 16.
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