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(57) ABSTRACT 

Antipathogenic benZarnide compounds having the formula 

R1 0 

wherein at least one of the R1 groups is F, Cl, CN or CF3 and 
R2, R3, Y, Z, In, and n are as de?ned herein. 
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ANTIPATHOGENIC BENZAMIDE COMPOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Ser. 
Nos. 60/342,309, ?led Dec. 21, 2001, and 60/298,206, ?led 
Jun. 13, 2001; the disclosures of Which are incorporated 
herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] This invention Was made With Government support 
under Grant No. N65236-99-1-5427 aWarded by the Space 
and Naval Warfare Systems Command. The Government 
has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] This invention relates to antipathogenic com 
pounds and methods for their use. 

[0005] 2. Description of Related Art 

[0006] A number of naturally occurring or synthetic com 
pounds bind to double stranded nucleic acid, especially 
double stranded DNA (“dsDNA”). Some bind to the major 
groove, While others bind to the minor groove. Still others 
intercalate betWeen adjacent base pairs. Combination bind 
ing modes are knoWn, in Which a compound has binding 
interactions With more than one nucleic acid site. 

[0007] It has been proposed to use dsDNA binding com 
pounds to regulate the eXpression of genes for medical 
purposes. If a disease is characteriZed by the overeXpression 
or undesired eXpression of a gene (e.g., an oncogene), in 
principle the disease can be treated by suppressing Wholly or 
partially the gene’s eXpression via the binding of a com 
pound to the gene or a promoter site thereof and interfering 
With transcription. Infections by pathogens such as fungi, 
bacteria, and viruses can be treated With compounds that 
interfere With the eXpression of genes essential for the 
pathogen’s proliferation. Or, in a disease characteriZed by 
non- or under-expression of a bene?cial gene, the eXpression 
of the bene?cial gene can be up-regulated With a compound 
that binds to the binding site of a repressor, displacing the 
repressor. 

[0008] The natural products distamycin and netropsin rep 
resent a class of DNA-binding compounds that has been 
studied over the years: 

[0009] Distamycin: R=H 

[0010] n=3 

[0011] Netropsin: R=H2N(C=NH)NHCH2 
[0012] n=2 

H 
R N 
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[0013] Structurally, distamycin and netropsin are het 
eroaromatic polyamides, having as their core structural 
motif N-methylpyrrole carboXamide residues. They bind to 
the minor groove, their crescent molecular shapes providing 
a conformational ?t Within the groove. The binding occurs 
With a preference for A,T rich dsDNA tracts. 

[0014] Many heteroaromatic polyamides have been syn 
thesiZed elaborating on the distamycin/netropsin motif, With 
the objective of enhancing or varying biological activity, 
increasing binding af?nity to dsDNA, and/or improving 
speci?city in base pair sequence recognition. See Bailly et 
al., Bioconjugate Chemistry 1998, 9 (5), 513-538, and 
Neidle, Nat. Prod. Rep. 2001, 18, 291-309. The use of 
synthetic heteroaromatic polyamides in therapeutics has 
been proposed, for example, in Dervan et al., US. Pat. No. 
5,998,140 (1999); Dervan et al., WO 00/15209 (2000); 
Dervan, WO 00/15773 (2000); and Gottesfeld et al., WO 
98/35702 (1998). 

BRIEF SUMMARY OF THE INVENTION 

[0015] This invention provides benZamide compounds 
having the formula 

(1) 
R1 

R1 R1 

1 (NR3—Y—co)m—Z(R2),, 
R 

R1 o 

[0016] including the pharmaceutically acceptable salts 
thereof. 

[0017] Each R1 is independently H, F, Cl, CN, CF3, OH, 
N(R2)2, OR2 or a substituted or unsubstituted (C1-C12)alkyl 
group, or a substituted or unsubstituted (C1-C12)heteroalkyl 
group, With the proviso that at least one R1 is F, Cl, CN, 
OCF3, OCFZH, or CF3 (preferably F, Cl, or OCFZH). Each 
R2 and R3 is independently H, a substituted or unsubstituted 
(C1-C12)alkyl group, or a substituted or unsubstituted (C1 
C12)heteroalkyl group. 
[0018] Each Y is independently a branched or unbranched, 
substituted or unsubstituted (C1-C5)alkylene group or a 
substituted or unsubstituted, aromatic or heteroaromatic ring 
system, Wherein the ring system has at least one of a 5- or 
6-member aromatic or heteroaromatic ring or fused 6,6 or 
6,5 aromatic or heteroaromatic rings, With the proviso that at 
least one Y is a substituted or unsubstituted 5-member 
heteroaromatic ring. 

[0019] Preferably, Y in the moiety —(NR3—Y—CO)— 
immediately adjacent to 

R1 

R1 R1 

R1 

R1 o 

[0020] is a 5- or 6-member heteroaromatic ring. 
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[0021] Subscript In is an integer from 1 to 25, inclusive, 
preferably from 1 to 6, more preferably from 2 to 4. 

[0022] Z is either O or N, With subscript n being 1 if Z is 
O and2ifZisN. 

[0023] Compound (I) has at least one basic group having 
a pKb of 12 or less or a quaterniZed nitrogen group. 

[0024] Preferably, each rnoiety —(NR3—Y—CO)— is 
independently selected from the group consisting of: 

[0025] (a) rnoieties M1 having the formula 

(Ha) 

(IIb) 

[0026] Wherein one of X1, X2, and X3 is a ring 
vertex selected from the group consisting of —O—, 
—S—, and —NR2—, and the other tWo of X1, X2, 
and X3 are ring vertices selected from the group 
consisting of=N— and =CR4—; 

[0027] (b) rnoieties M2 having the formula 

(III) 

H 
O R3 R15 

[0028] Wherein X is 0 or 1 and each R15 is inde 

pendently H, OH, NH2, or F; 

[0029] (c) rnoieties M3 having the formula 

[0030] Wherein each L is independently a divalent 
rnoiety separating —NH— and —(C=O)— by 3 or 
4 atoms; and 

(IV) 
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[0031] (d) rnoieties M4 having the formula 

R3 R4 

N R4 

R4 c 

4 u 
R O 

R3 R4 
l 
N R4 

\ 
| Of 
N / h: 

R4 o 
R3 R4 0 

II 
N c 

R4 R4 

R4 

0032 With the roviso that at least one rnoiet P y 

[0033] In the preceding forrnulae M1 to M4, R2 and R3 are 
as previously de?ned and each R4 is independently H, F, Cl, 
Br, I, CN, OH, NO2, NH2, a substituted or unsubstituted 
(C1-C12)alkyl group, or a substituted or unsubstituted (C1 
C12)heteroalkyl group. 

[0034] Preferably, the rnoiety —(NR3—Y—CO)— imme 
diately adjacent to the residue 

R1 

R1 R1 

R1 

R1 o 

[0035] is a rnoiety M1. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

[0036] FIGS. 1a-1c, 2a-2b, and 3 illustrate compounds 
according to this invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] Abbreviations and De?nitions 

[0038] The term “alkyl,” by itself or as part of another 
substituent, rneans, unless otherWise stated, a straight or 
branched chain, or cyclic hydrocarbon radical, or combina 
tion thereof, Which may be fully saturated, rnono- or poly 
unsaturated and can include di- and rnultivalent radicals, 
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having the number of carbon atoms designated (i.e. C1-C1O 
means one to ten carbons). Examples of saturated hydro 
carbon radicals include groups such as methyl, ethyl, n-pro 
pyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, cyclo 
hexyl, (cyclohexyl)methyl, cyclopropylmethyl, homologs 
and isomers of, for example, n-pentyl, n-hexyl, n-heptyl, 
n-octyl, and the like. An unsaturated alkyl group is one 
having one or more double bonds or triple bonds. Examples 
of unsaturated alkyl groups include vinyl, 2-propenyl, cro 
tyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4 
pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the 
higher homologs and isomers. 

[0039] The term “alkylene” by itself or as part of another 
substituent means a divalent radical derived from an alkane, 

as exempli?ed by —CH2CH2CH2CH2—. Typically, an alkyl 
(or alkylene) group Will have from 1 to 24 carbon atoms, 
With those groups having 10 or feWer carbon atoms being 
preferred in the present invention. A “loWer alkyl” or “loWer 
alkylene” is a shorter chain alkyl or alkylene group, gener 
ally having six or feWer carbon atoms. 

[0040] The terms “alkoxy,”“alkylamino” and “alkylthio” 
(or thioalkoxy) are used in their conventional sense, and 
refer to those alkyl groups attached to the remainder of the 
molecule via an oxygen atom, an amino group, or a sulfur 
atom, respectively. 

[0041] The term “heteroalkyl,” by itself or in combination 
With another term, means, unless otherWise stated, a stable 
straight or branched chain, or cyclic hydrocarbon radical, or 
combinations thereof, consisting of the stated number of 
carbon atoms and from one to three heteroatoms selected 
from the group consisting of O, N, Si and S, and Wherein the 
nitrogen and sulfur atoms may optionally be oxidiZed and 
the nitrogen heteroatom may optionally be quaterniZed. The 
heteroatom(s) O, N and S may be placed at any interior 
position of the heteroalkyl group. The heteroatom Si may be 
placed at any position of the heteroalkyl group, including the 
position at Which the alkyl group is attached to the remainder 
of the molecule. Examples include —CH2—CH2—O— 
CH3, —CH2—CH2—NH—CH3, —CH2—CH2— 
N(CH3)—CH3, —CH2—S—CH2—CH3, —CH2—CH2,— 
S(O)—CH3, —CH2—CH2—S(O)2—CH3, —CH=CH— 
O—CH3, —Si(CH3)3, —CH2—CH=N—OCH3, and 
—CH=CH—N(CH3)—CH3. Up to tWo heteroatoms may 
be consecutive, such as, for example, —CH2—NH—OCH3 
and —CH2—O—Si(CH3)3. Similarly, the term “heteroalky 
lene” by itself or as part of another substituent means a 
divalent radical derived from heteroalkyl, as exempli?ed by 
—CH2—CH2—S—CH2CH2— and —CH2—S—CH2— 
CH2—NH—CH2—. For heteroalkylene groups, heteroat 
oms can also occupy either or both of the chain termini (e.g. 
alkyleneoxy, alkylenedioxy, alkyleneamino, alkylenedi 
amino, and the like). Still further, for alkylene and het 
eroalkylene linking groups, no orientation of the linking 
group is implied. 

[0042] The terms “cycloalkyl” and “heterocycloalkyl”, by 
themselves or in combination With other terms, represent, 
unless otherWise stated, cyclic versions of “alkyl” and 
“heteroalkyl”, respectively. Additionally, for heterocy 
cloalkyl, a heteroatom can occupy the position at Which the 
heterocycle is attached to the remainder of the molecule. 
Examples of cycloalkyl include cyclopentyl, cyclohexyl, 
l-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like. 
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Examples of heterocycloalkyl include 1-(1,2,5,6-tetrahydro 
pyridyl), l-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-mor 
pholinyl, 3-morpholinyl, tetrahydrofuran-2-yl, tetrahydrofu 
ran-3-yl, tetrahydrothien-2-yl, tetrahydrothien-3-yl, 1 
-piperaZinyl, 2-piperaZinyl, and the like. 

[0043] The terms “halo” or “halogen,” by themselves or as 
part of another substituent, mean, unless otherWise stated, a 
?uorine, chlorine, bromine, or iodine atom. Additionally, 
terms such as “haloalkyl,” are meant to include monoha 
loalkyl and polyhaloalkyl. For example, the term “halo(C1 
C4)alkyl” is meant to include tri?uoromethyl, 2,2,2-tri?uo 
roethyl, 4-chlorobutyl, 3-bromopropyl, and the like. 

[0044] The term “aryl” means, unless otherWise stated, a 
polyunsaturated, typically aromatic, hydrocarbon substitu 
ent Which can be a single ring or multiple rings (up to three 
rings) Which are fused together or linked covalently. The 
term “heteroaryl” refers to aryl groups (or rings) that contain 
from Zero to four heteroatoms selected from N, O, and S, 
Wherein the nitrogen and sulfur atoms are optionally oxi 
diZed, and the nitrogen atom(s) are optionally quaterniZed. A 
heteroaryl group can be attached to the remainder of the 
molecule through a heteroatom. Non-limiting examples of 
aryl and heteroaryl groups include phenyl, l-naphthyl, 
2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 
3-pyraZolyl, 2-imidaZolyl, 4-imidaZolyl, pyraZinyl, 2-ox 
aZolyl, 4-oxaZolyl, 2-phenyl-4-oxaZolyl, 5-oxaZolyl, 3-isox 
aZolyl, 4-isoxaZolyl, S-isoxazolyl, 2-thiaZolyl, 4-thiaZolyl, 
5-thiaZolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 
3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, S-benzothia 
Zolyl, purinyl, 2-benZimidaZolyl, S-indolyl, l-isoquinolyl, 
S-isoquinolyl, 2-quinoxalinyl, S-quinoxalinyl, 3-quinolyl, 
and 6-quinolyl. Substituents for each of the above noted aryl 
and heteroaryl ring systems are selected from the group of 
acceptable substituents described beloW. 

[0045] For brevity, the term “aryl” When used in combi 
nation With other terms (e.g., aryloxy, arylthioxy, arylalkyl) 
includes both aryl and heteroaryl rings as de?ned above. 
Thus, the term “arylalkyl” is meant to include those radicals 
in Which an aryl group is attached to an alkyl group (e.g., 
benZyl, phenethyl, pyridylmethyl and the like) including 
those alkyl groups in Which a carbon atom (e.g., a methylene 
group) has been replaced by, for example, an oxygen atom 
(e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(1-naphthy 
loxy)propyl, and the like). 

[0046] Each of the above terms (e.g., “alkyl,”“heteroalkyl, 
”“aryl” and “heteroaryl”) are meant to include both substi 
tuted and unsubstituted forms of the indicated radical. Pre 
ferred substituents for each type of radical are provided 
beloW. 

[0047] Substituents for the alkyl, heteroalkyl, aryl, and 
heteroalkyl radicals (including those groups often referred to 
as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, 
cycloalkyl, heterocycloalkyl, cycloalkenyl, and heterocy 
cloalkenyl) can be a variety of groups selected from: —OR‘, 
:0, =NR‘, =N—OR‘, —NR‘R“, —SR‘, halogen, 
—SiR‘R“R‘", —OC(O)R‘, —C(O)R‘, —COZR‘, 
—CONR‘R“, —OC(O)NR‘R“, —NR“C(O)R‘, —NR‘— 
C(O)NR“R‘", —NR“C(O)2R‘, —NH—C(NH2)=NH, 
—NR‘C(NH2)=NH, —NH—C(NH2)=NR‘, —S(O)R‘, 
—S(O)2R‘, —S(O)2NR‘R“, —CN and —NO2 in a number 
ranging from Zero to (2 m‘+1), Where m‘ is the total number 
of carbon atoms in such radical. R‘, R“ and R‘" each 
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independently refer to hydrogen, unsubstituted (C1-C8)alkyl 
and heteroalkyl, unsubstituted aryl, aryl substituted With 1-3 
halogens, unsubstituted alkyl, alkoxy or thioalkoxy groups, 
or aryl-(C1-C4)alkyl groups. When R‘ and R“ are attached to 
the same nitrogen atom, they can be combined With the 
nitrogen atom to form a 5-, 6-, or 7-membered ring. For 
example, —NR‘R“ is meant to include l-pyrrolidinyl and 
4-morpholinyl. From the above discussion of substituents, 
one of skill in the art Will understand that the term “alkyl” 
is meant to include groups such as haloalkyl (e.g., —CF3 and 
—CH2CF3) and acyl (e.g., —C(O)CH3, —C(O)CF3, 
—C(O)CH2OCH3, and the like). Preferably, the substituted 
alkyl and heteroalkyl groups have from 1 to 4 substituents, 
more preferably 1, 2 or 3 substituents. Exceptions are those 
perhalo alkyl groups (e.g., penta?uoroethyl and the like) 
Which are also preferred and contemplated by the present 
invention. 

[0048] Similarly, substituents for the aryl and heteroaryl 
groups are varied and are selected from: -halogen, —OR‘, 

—S(O)2R‘, —NH—C(NH2)=NH, —NR‘C(NH2)=NH, 
—NH—C(NH2)=NR‘, —S(O)R‘, —S(O)2NR‘R“, —N3, 
—CH(Ph)2, per?uoro(C1-C4)alkoxy, and per?uoro(C1 
C4)alkyl, in a number ranging from Zero to the total number 
of open valences on the aromatic ring system; and Where R‘, 
R“ and R‘" are independently selected from hydrogen, 
(C1-C8)alkyl and heteroalkyl, unsubstituted aryl and het 
eroaryl, (unsubstituted aryl)-(C1-C4)alkyl, and (unsubsti 
tuted aryl)oxy-(C1-C4)alkyl. 

[0049] TWo of the substituents on adjacent atoms of the 
aryl or heteroaryl ring may optionally be replaced With a 
substituent of the formula —T—C(O)—(CH2)q—U—, 
Wherein T and U are independently —NH—, —O—, 
—CH2— or a single bond, and q is an integer of from 0 to 
2. Alternatively, tWo of the substituents on adjacent atoms of 
the aryl or heteroaryl ring may optionally be replaced With 
a substituent of the formula —A—(CH2)r—B—, Wherein A 
and B are independently —CH2—, —O—, —NH—, —S—, 
—S(O)—, —S(O)2—, —S(O)2NR‘— or a single bond, and 
r is an integer of from 1 to 3. One of the single bonds of the 
neW ring so formed may optionally be replaced With a 
double bond. Alternatively, tWo of the substituents on adja 
cent atoms of the aryl or heteroaryl ring may optionally be 
replaced With a substituent of the formula —(CH2)S—X— 
(CH2)t—, Where s and t are independently integers of from 
0 to 3, and X is —O—, —NR‘—, —S—, —S(O)—, 
—S(O)2—, or —S(O)2NR‘—. The substituent R‘ in 
—NR‘— and —S(O)2NR‘— is selected from hydrogen or 
unsubstituted (C1-C6)alkyl. 

[0050] As used herein, the term “heteroatom” is meant to 
include oxygen (O), nitrogen (N), sulfur (S) and silicon (Si). 

[0051] The term “pharmaceutically acceptable salts” is 
meant to include salts of the active compounds Which are 
prepared With relatively nontoxic acids or bases, depending 
on the particular substituents found on the compounds 
described herein. When compounds of the present invention 
contain relatively acidic functionalities, base addition salts 
can be obtained by contacting the neutral form of such 
compounds With a sufficient amount of the desired base, 
either neat or in a suitable inert solvent. Examples of 
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pharmaceutically acceptable base addition salts include 
sodium, potassium, calcium, ammonium, organic amino, or 
magnesium salt, or a similar salt. When compounds of the 
present invention contain relatively basic functionalities, 
acid addition salts can be obtained by contacting the neutral 
form of such compounds With a sufficient amount of the 
desired acid, either neat or in a suitable inert solvent. 
Examples of pharmaceutically acceptable acid addition salts 
include those derived from inorganic acids like hydrochlo 
ric, hydrobromic, nitric, carbonic, monohydrogencarbonic, 
phosphoric, monohydrogenphosphoric, dihydrogenphos 
phoric, sulfuric, monohydrogensulfuric, hydriodic, or phos 
phorous acids and the like, as Well as the salts derived from 
relatively nontoxic organic acids like acetic, ascorbic, pro 
pionic, isobutyric, maleic, malonic, lactic, malic, glutamic, 
benZoic, succinic, suberic, fumaric, mandelic, phthalic, ben 
Zenesulfonic, p-tolylsulfonic, citric, tartaric, methane 
sulfonic, lactobionic, and the like. Also included are salts of 
amino acids such as arginate and the like, and salts of 
organic acids like glucuronic or galactunoric acids and the 
like (see, for example, Berge, S. M., et al, “Pharmaceutical 
Salts”, Journal ofPharmaceutical Science, 1977, 66, 1-19). 
Certain speci?c compounds of the present invention contain 
both basic and acidic functionalities that alloW the com 
pounds to be converted into either base or acid addition salts. 

[0052] The neutral forms of the compounds may be regen 
erated by contacting the salt With a base or acid and isolating 
the parent compound in the conventional manner. The parent 
form of the compound differs from the various salt forms in 
certain physical properties, such as solubility in polar sol 
vents, but otherWise the salts are equivalent to the parent 
form of the compound for the purposes of the present 
invention. 

[0053] In addition to salt forms, the present invention 
provides compounds Which are in a prodrug form. Prodrugs 
of the compounds described herein are those compounds 
that readily undergo chemical changes under physiological 
conditions to provide the compounds of the present inven 
tion. Additionally, prodrugs can be converted to the com 
pounds of the present invention by chemical or biochemical 
methods in an ex vivo environment. For example, prodrugs 
can be sloWly converted to the compounds of the present 
invention When placed in a transdermal patch reservoir With 
a suitable enZyme or chemical reagent. 

[0054] Certain compounds of the present invention can 
exist in unsolvated forms as Well as solvated forms, includ 
ing hydrated forms. In general, the solvated forms are 
equivalent to unsolvated forms and are intended to be 
encompassed Within the scope of the present invention. 
Certain compounds of the present invention may exist in 
multiple crystalline or amorphous forms. In general, all 
physical forms are equivalent for the uses contemplated by 
the present invention and are intended to be Within the scope 
of the present invention. 

[0055] Certain compounds of the present invention pos 
sess asymmetric carbon atoms (chiral centers) or double 
bonds; the racemates, diastereomers, geometric isomers and 
individual isomers are all intended to be encompassed 
Within the scope of the present invention. 
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[0056] The compounds of the present invention may also 
contain unnatural proportions of atomic isotopes at one or 
more of the atoms that constitute such compounds. For 
example, the compounds may be radiolabeled With radio 
active isotopes, such as for example tritium (3H), iodine-125 
(1251) or carbon-14 (14C). All isotopic variations of the 
compounds of the present invention, Whether radioactive or 
not, are intended to be encompassed Within the scope of the 
present invention. 

[0057] In the discussions beloW, reference is made to 
dsDNA as the nucleic acid, but it is to be understood that the 
invention is not limited to dsDNA and is applicable to other 
nucleic acids, i.e., ribonucleic acid. 

[0058] Compounds 
[0059] Compounds (I) of this invention are poly- or oli 
goamides having a benZamide unit and heteroaromatic car 
boxamide units. 

[0060] Compounds (I) are believed to be DNA-binding 
compounds, Which bind to the minor groove of dsDNA. 
Different polyamide-dsDNA binding modes are possible. In 
the simplest mode, often referred to as the 1: 1 binding mode, 
a single polyamide molecule ?ts in the channel formed by 
the minor groove. In What is referred to as the 2:1 binding 
mode, tWo polyamide molecules ?t side-by-side in the minor 
groove, preferably aligned in an antiparallel manner (i.e., 
With one polyamide being aligned N-to-C and the other 
polyamide being aligned C-to-N, Where “C” and “N” refer 
to the carboxy and amino termini, respectively of the polya 
mides). Lastly, in What is referred to as a “hairpin” binding 
mode, a single polyamide molecule that has a more or less 
centrally positioned ?exible moiety (i.e., a moiety M3, as 
discussed in greater detail hereinbeloW) folds around itself 
to adopt a hairpin conformation When it is bound to the 
minor groove, so that a ?rst portion of the polyamide at one 
side of the hairpin turn is adjacent to a second portion of the 
polyamide at the other side of the hairpin turn. 

[0061] In formula (I) 

(1) 
R1 

R1 R1 

1 (NR3—Y— co)m— Z(R2),, 
R 

R1 o 

the residue 

R1 

R1 R1 

R1 

R1 0 
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[0062] preferably is selected from the group consisting of 

Fm C1 W 
F O F O 

O 0 

C1 C1 

and . 

Cl 

0 O 

Moieties M1, described by formulae IIa and IIb 

(IIa) 

(H11) 

[0063] provide preferred heteroaromatic polyamide build 
ing blocks. Moieties M1 are 5-membered ring heteroaro 
matic moieties, the selection of X1, X2, and X3 determining 
the type of heteroaromatic ring. Exemplary heteroaromatic 
rings include imidaZole, pyrrole, pyraZole, furan, isothiaZ 
ole, oxaZole, isoxaZole, thiaZole, furaZan, 1,2,3-thiadiaZole, 
1,2,4-thiadiaZole, 1,2,5-thiadiaZole, 1,3,4-thiadiaZole, 1,2,3 
triaZole, 1,2,4-triaZole, 1,3,4-oxadiaZole, 1,2,4-oxadiaZole, 
and thiophene. 

[0064] The circle in the ?ve-membered rings of formulae 
11a and 11b is meant to indicate the presence of tWo double 

bonds, Which, in some embodiments, can move Within the 
ring. 

[0065] Preferred moieties M1 are IIc (hereinafter “Py”), 
formally derived from 1-methyl-4-aminopyrrole-2-carboxy 
lic acid, IId (hereinafter “Hp”), formally derived from 
1-methyl-3-hydroxy-4-aminopyrrole-2-carboxylic acid, and 
He (hereinafter “Im”), formally derived from 1-methyl-4 
aminoimidaZole-2 carboxylic acid: 
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(IIc) 

%% I}, 
| | 
CH3 0 

OH (IId) 

9U 
N C 

| H 
CH3 0 

(He) 
g 

3 N / x 
N C 

| H 
CH3 0 

[0066] It has been shown by Dervan and co-workers (see, 
e.g., Dervan, US. Pat. No. 6,143,901 (2000); Dervan et al., 
WO 98/37066 (1998); White et al., Nature 391, 468 (1998); 
White et al., Chem. Biol. 1997, 4, 569) that, in a 2:1 binding 
mode to dsDNA, moieties Py, Im, and Hp moieties can be 
used to recognize speci?c dsDNA base pairs, giving rise to 
a set of “pairing rules” correlating heteroaromatic moiety 
pairs and DNA base pairs. These pairing rules are summa 
riZed below: 

Heteroaromatic Pair dsDNA Base Pair(s) Recognized 

[0067] Such recognition can lead to sequence-speci?c 
dsDNA binding, enabling the design of compounds (I) that 
target predetermined DNAbase pair sequences, for example, 
a speci?c promoter site or a sequence characteristic of a 
gene. 

[0068] Optionally, compound (I) can include one or more 
moieties M2 

(III) 

R3 R15 

[0069] A moiety M2 can function as a “spacer” for adjust 
ing the positioning of the heteroaromatic moieties M1 or M4 
relative to the dsDNA base pairs at the binding site. As a 
compound (I) binds in the minor groove, the alignment of 
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heteroaromatic moieties M1 and M4 with the DNAbase pairs 
with which they to interact of optimal binding or sequence 
recognition may drift as the number of heteroaromatic 
moieties M1 and M4 increases .Alternatively, incorporation 
of a moiety M2 adds ?exibility to compound (I), allowing its 
curvature to more accurately match that of the minor groove. 
The incorporation of one or more ?exible moieties M2 
relaxes the curvature of the compound backbone, permitting 
larger compounds (I) to bind to longer sequences of DNA. 
In some preferred embodiments a moiety M2 is present for 
every 4 to 5 heteroaromatic moieties M1 or M4, more 
preferably interrupting long sequences of M1 and/or M4 
groups. 

[0070] Preferred moieties M2 are those corresponding to 
glycine (x=0 in formula III, depicted as IIIa below) and 
[3-alanine (n=1 and R15=H in formula III; depicted as IIIb 
below, hereinafter “[3”), with the latter being especially 
preferred. 

N— CH2— c 
H II 

o 

(IIIa) 

(IIIb) 

[0071] Moieties M2 in which x=1 and R15=OH, NH2, or F 
can be used to alter the binding af?nity and speci?city 
(relative to P-alanine), as disclosed in Floreancig et al., J. 
Am. Chem. Soc., 2000, 122, 6342; the disclosure of which is 
incorporated herein by reference. 

[0972] When present in compound (I), optional moieties 
M (formula IV) 

(IV) 

R3 o 

[0073] have a group L providing a spacer of 3 to 4 atoms 
between —NH— and —C(=O)— and can be used to 
introduce a hairpin turn into compound See Mrksich et 
al.,]. Am. Chem. Soc. 1994, 116, 7983. Exemplary moieties 
M3 include: 

ii 5% 
(IVa) 
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-continued 

HN—C 

n 
O 

N% H 

QC 
H N u 2 0 

(Nb) 

(IVc) 

(IVd) 

(IVe) 

(1V0 

(IVg) 

(IVh) 

(IVi) 

Dec. 25, 2003 

-continued 
(IVJ') 

HN 

(Wk) 

(IVl) 

O 

[0074] Moieties IVa (hereinafter “y”), corresponding to 
y-aminobutyric acid, and IVc, corresponding to 2,4-diami 
nobutyric acid, are preferred. Selecting one enantiomer or 
the other of moieties M3 that are chiral allows stereochemi 
cal control of the binding of polyamides to the minor groove, 
for example as disclosed in Baird et al., WO 98/45284 
(1998) in respect of R-2,4-diaminobutyric acid and S-2,4 
diaminobutyric acid (corresponding to R-IVc and S-IVc, 
respectively). 

[0075] Yet another class of moieties M3is represented by 
the formula 

R3 o 

[0076] (R3 as previously de?ned) 

[0077] While the group L preferably provides a 3-atom 
separation betWeen the —NH— and the —(C=O)—, a 
4-atom separation is also permissible, as illustrated by a 
S-aminovaleric acid residue (i.e., L equals —(CH2)4—): 

22 

0:0 
[0078] L can have pendant groups, Which serve to enhance 
solubility or function as attachment points for other groups 
(e.g., IVc, IVd, IVg, IVh, IVk, IVl). The 3 to 4 atoms can be 
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part of a larger group, Which provides conformational rigid 
ity (e.g., IVj). The 3 to 4 atoms can comprise carbon atoms 
only or it can include heteroatoms (e.g., IVb, IVe, IVi). 

[0079] Moieties M4 optionally can be used to introduce a 
aromatic or heteroaromatic residues other than M1 into 
compound (I), in particular aryl-benZimidaZole, pyridinyl 
carboxamide, or benZamide residues. 

[0080] The group Z(R2)n can be vieWed as a terminal 
group, forming an amide or ester cap at the C-terminus of 
compound In the case of Z=N, the tWo groups R2 can 
be linked to each other to form a cyclic structure. A group 
Z(R2)n can contain a basic group (as de?ned hereinbeloW). 
Examples of suitable groups Z(R2)n containing a basic group 

Z 

R25 

WMTMMTWMTW “MTWWTW 
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Examples of suitable groups Z(R2)n not containing a basic group 
include: 

25 

I 

OH 

_ 90 $0 
S\N/ CH3 

WZEWWTW 
N 

[0081] In the foregoing formulae, r is an integer ranging 
from 2 to 8, inclusive (preferably 2 to 6), and each R25 is 
independently H, CH3, CH2CH3, CH2CH2CH3, or 
CH(CH3)2. 
[0082] Compounds of this invention having such groups 
Z(R2)n preferably have a basic group having a pKb of 12 or 
less or a quaterniZed nitrogen group located in a moiety M1 
or M4 or in the N-terminal benZamide group. 

[0083] The classi?cation of the 5-amino-3-methylisothia 
Zole group as a “nonbasic” Z(R2)n group is someWhat 
arbitrary, as its pKb is marginal, normally around 12-13 (i.e., 
pKa 1-2) and depending on the molecular structure of the 
entire compound, it may qualify or not as a basic group as 
such is de?ned herein. Preferably, Where a 5-amino-3 
methylisothiaZole is present, the compound has a basic 
group elseWhere in the molecule, for example pendant from 
a moiety M1 or M4, as exempli?ed by compounds C-21 to 
C-25, D-1, D-6, D-8, D-15 to D-24, D-28 to D-29, and E-7, 
infra. 

[0084] The preceding illustrative formulae of basic and 
nonbasic groups Z(R2)n have been draWn With Z as N and n 
as 2 for convenience. Those skilled in the art Will appreciate 
that in these formulae the residue NR25 can be replaced With 
O to give the corresponding groups Z(R2)n in Which Z is O 
and n is 1. Where Z is O, preferably the adjacent moiety Y 
is Py. 

[0085] As used herein With reference to groups R2 and R3, 
“substituted or unsubstituted (C1-C12)alkyl group, or a sub 
stituted or unsubstituted (C1-C12)heteroalkyl group” 
includes not only conventional alkyl or cycloalkyl groups 
such as methyl, ethyl, propyl, isopropyl, butyl, s-butyl, 
isobutyl, t-butyl, cyclopentyl, cyclohexyl, and pentyl, but 
also unsaturated C1 to C12 groups, having for example 
aromatic, alkenyl, or alkynyl groups (e.g., phenyl, benZyl, 
vinyl, cyclohexenyl, etc.). One or more backbone carbons 
can be replaced by heteroatoms. There may be present 
functionalities such as hydroxy; oxo (=0); primary, sec 
ondary, or tertiary amine (e.g., —NH2, —NH(CH3), 
—N(CH3)2); quaternary ammonium (e.g.,—N(CH3)3+); 
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alkoXy (e.g., methoXy, ethoXy); acyl (e.g., —C(=O)CH3); 
amide (e.g., —NHC(=O)CH3); thiol; thioether (e.g., 
—SCH3); sulfoXide; sulfonamide (e.g., —SO2NHCH3); 
halogen (e.g., F, Cl); nitro; and the like. Exemplary speci?c 
R1 and R2 groups include methyl, tri?uoromethyl, ethyl, 

(A) 
R1 

acetyl, methoXy, methoXyethyl, ethoXyethyl, aminoethyl, 
hydroXyethyl, propyl, hydroXypropyl, cyclopropyl, isopro 
pyl, 3-(dimethylamino)propyl, butyl, s-butyl, isobutyl, t-bu 
tyl, pentyl, cyclopentyl, vinyl, allyl, ethynyl, propynyl, and 
the like. 

[0086] Compound (I) has a basic group having a pKb of 12 
or less or a quaterniZed nitrogen group. (Or, stated con 
versely, the conjugate acid of the basic group has a pKa 
greater than 2 (pKa=14—pKb).) Preferably, the pKb is less 
than 10, more preferably less than 5. A pKb of less than 12 
ensures that compound (I) is protonated under the conditions 
in Which it interacts With a nucleic acid. Preferably the basic 
group is a nitrogenous group, for eXample an amine, an 
amidine, a guanidine, a pyridine, a pyridaZine, a pyraZine, a 
pyrimidine, an imidaZole, or an aniline. Primary, secondary, 
or tertiary aliphatic amines are preferred. Exemplary quat 
erniZed nitrogen groups include alkyl pyridinium and tet 
raalkyl ammonium groups such as: 

\ _ 

$9 gill /> égmos V \CH3 \ 

W G) 
/ N\) (W = CH2, 0, s) 

[0087] A basic/quaterniZed nitrogen group may improve 
the transport of the compounds of this invention across 
cellular and nuclear membranes, to reach dsDNA in the 
nucleus. See Rothbard et al., WO 98/52614 (1998), Which 
discloses that guanidine or amidino side chain moieties 
enhance transport across biological membranes. Another 
possible bene?t is improved binding af?nity to the nucleic 
acid, via ionic interactions With backbone phosphate groups. 
See Baird and Dervan, WO 98/37087 (1998) and Bruice et 
al., U.S. Pat. No. 5,698,674 (1997). Lastly, the protonated 
basic or quaterniZed nitrogen group increases solubility. 

[0088] Preferably, the basic or quaterniZed nitrogen group 
is present Within the C-terminal group Z(R2)n, but it may be 
present elseWhere in the molecule, for eXample as part of a 
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group R1 or R2 in M1 or M4. Or, multiple basic or quater 
niZed nitrogen groups may be present, at different locations 
on compound 

[0089] In a preferred embodiment, compound (I) is 
according to formula (Ia): 

(Ia) 

[0090] Wherein M2, M3, R1, R2, Z and n have the same 
meanings as previously assigned; each A is independently 
M or M4; each of a, c, e, g and h is an integer independently 
from 0 to 4, inclusive; and each of b, d, and f is indepen 
dently 0 or 1, With the proviso that at least one Ais M1. The 
sum of a, c, e, and g is preferably at least 2, more preferably 
at least 3. In another preferred embodiment, each of b, d, and 
f is 0. 

[0091] In another preferred embodiment, compound (I) is 
according to formula (Ib): 

(1b) 
R1 

R1 R1 
R3 
/ 
N 

R1 V—X3 
R1 0 X0 Z(R2)n 

[0092] Wherein X1, X2, X3, R1, R2, R3, Z, and n have the 
meanings previously assigned and i is an integer from 1 to 
4, inclusive (preferably 2 or 3). In a preferred subgenus, the 
?rst S-member heterocyclic ring (reading from left to right) 
is an unsubstituted pyrrole While subsequent S-member 
heterocyclic rings are N-methylpyrroles, i.e., according to 
formula (Ic): 

(16) 

R1 
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[0093] R1, R2, i, Z and n have the meanings assigned 
previously. Examples of compounds according to formula 
(Ic) are provided in Table A: 

TABLE A 

Illustrative Compounds Ic 

R1 

R1 R1 

R1 Z(R2) 
Compound n 

R1 o 

F O 

Ref. 

A-1 F 

A-Z Same 4 Same 

A-3 (31W 3 Same 
F O 

A-4 Same 3 H 
N 
\/\ N 

A-S Same 3 H 
N CH3 
\/\ N 

0 

CH3 

A-6 Same 3 H 
N %/ \/\ N/\ 

K/ S 
A-7 Same 3 H 

if \ 
/ N 

A-8 Same 3 H 
N 

A-9 Same 3 H 
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TABLE A-continued 

Illustrative cornEounds Ic 

R1 

R1 R1 

1 
R Z<R2>n 

Compound 
Ref. R1 0 1 

A-19 Same 2 H 
N 
\/\ N 

A-ZO Same 2 H 
N 

\/\N/\CH3 

CH3 

A-21 Same 2 H 
N 

\/\N/\ K» 
A-22 Same 2 H 

N 
\/\ N 

F 

F 

A-23 Same 2 H 
N 
\/\ N 

OH 

A-24 Same 3 H 

N \ I N 

/ 

A-ZS Same 2 H 
N 

ii \ 
/ N 

A-26 C1 3 C1 

C1 

F O O 

A-27 Same 4 H 
N 
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TABLE A-continued 

Illustrative Compounds (Ic) 

R1 

R1 R1 

R1 Z(R2) 
Compound n 

R1 0 Ref. i 

A-28 Same 3 g CH3 

\/\® N /\ 
K/O 

A-29 Same 3 H 

75:; N\/\ N/\S 

A-3O c1 3 H 
N g/ \/\ N 

C1 K/0 
O 

A-31 Um 3 Same 
O 

0 

A62 mm 3 Same 

A 33 C1 3 Same 

0/‘ 
K/ N\/\/ NH O 

A-34 C1 3 Same 










































































































