3658 J. Med. Chem. 2004, 47, 3658—3664

Novel Dicationic Imidazo[1,2-a]pyridines and
5,6,7,8-Tetrahydro-imidazo[1,2-a]pyridines as Antiprotozoal Agents
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2-[5-(4-Amidinophenyl)-furan-2-yl]-5,6,7,8-tetrahydro-imidazo[1,2-a]pyridine-6-carboxami-
dine acetate salt (7) was synthesized from 2-[5-(4-cyanophenyl)-furan-2-yl]-imidazo[1,2-a]-
pyridine-6-carbonitrile (4a), through the bis-O-acetoxyamidoxime followed by hydrogenation
in glacial acetic acid. Compound 4a was obtained in four steps starting with two succesive
brominations of 2-acetylfuran first with N-bromosuccinimide, and second with bromine to form
o-bromo-2-acetyl-5-bromofuran (2) in a moderate yield. The product (3a), of the condensation
reaction between 6-amino-nicotinonitrile and 2, undergoes Suzuki coupling with 4-cyanophe-
nylboronic acid to furnish 4a in good yield. Acetate salt of 2-[5-(4-amidinophenyl)-furan-2-yl]-
imidazo[1,2-a]pyridine-6-carboxamidine (8a) was obtained from 4a, through the bis-O-
acetoxyamidoxime followed by hydrogenation in a mixture of ethanol/ethyl acetate. N-Methoxy-
2-{ 5-[4-(N-methoxyamidino)-phenyl]-furan-2-yl} -imidazo[1,2-a]pyridine-6-carboxamidine (6) was
prepared via methylation of the respective diamidoxime 5a with dimethyl sulfate. By these
approaches eight new diamidines and four potential prodrugs were prepared. All of the
diamidines showed strong DNA affinities as judged by high AT, values. Six of the eight
diamidines gave in vitro ICso values of 63 nM or less vs T. b. rhodesiense with two exhibiting
values of 6 nM and 1 nM. Also, six of the eight diamidines gave in vitro I1Cs, values of 88 nM
or less vs P. falciparum with two exhibiting values of 14 nM. Excellent in vivo activity in the
trypanosomal STIB900 mouse model was found for five of the diamidines on ip dosage; these
compounds gave 4/4 cures in this model. The oral activity of the prodrugs was modest with

only one showing 2/4 cures in the same mouse model.

Introduction

Aromatic diamidines exhibit broad-spectrum antimi-
crobial activity including effectiveness against the pro-
tozoan diseases caused by Trypanosoma sp and Plas-
modium sp.! Despite the broad activity shown by
aromatic diamidines, pentamidine (1) is the only com-
pound of this class to see significant human use.! 2,5-
Bis[4-(methoxyamidino)phenyl]furan (111a), a prodrug
of furamidine, [2,5-bis(4-amidinophenyl)furan] (11a), is
an effective antitrypanosomal compound which is cur-
rently entered into Phase 11 clinical trials as an oral
drug versus human African trypanosomiasis.! Recently,
we have studied alterations of the 2,5-phenyl groups of
furamidine by replacing phenyl group(s) with pyridyl
group(s) [e.g I1b and I11b]. Several prodrugs of these
aza-analogues show excellent oral activity in vivo which
are superior to that of their respective furamidines.2
These biologically active aromatic diamidines bind to
the minor groove of DNA at AT rich sites.3™° It is
thought that the minor groove binding leads to inhibi-
tion of one or more DNA dependent enzymes which
gives rise to the antimicrobial effect.192 A number of
effective aromatic diamidines include one or more
benzimidazole units as part of the aromatic framework
were studied.’®"® One of these benzimidazole ana-
logues, (1V), has been found to bind to DNA in an
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unusual stacked dimer array which offers the potential
for development of new gene regulation molecules.1’~20
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Given the promising properties of these various
benzimidazole aromatic diamidines, we decided to study
the effect of replacing the benzimidazole group with
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imidazo[1,2-a]pyridines or 5,6,7,8-tetrahydro-imidazo-
[1,2-a]pyridines. The imidazo[1,2-a]pyridine units ap-
pear as important building blocks in both natural and
synthetic bioactive compounds.21~23 Such alterations in
structure offer the potential to change the base pair
recognition on DNA binding and to yield different
pharmacokinetic profiles. We report the synthesis of
novel diamidino imidazo[1,2-a]pyridines and 5,6,7,8-
tetrahydro-imidazo[1,2-a]pyridines and their correspond-
ing N-hydroxy and N-methoxy analogues which are
potential prodrugs for this series and their evaluation
versus Trypanosoma b. rhodesiense (T. b. rhodesiense)
and Plasmodium falciparum (P. falciparum).

Chemistry

Compound 4a was obtained in four steps starting with
two successive brominations of 2-acetylfuran first with
N-bromosuccinimide, and second with bromine to form
2-bromo-1-(5-bromofuran-2-yl)-ethanone (2) in a moder-
ate yield (Scheme 1). A condensation reaction between
6-amino-nicotinonitrile and compound 2 gave 2-(5-
bromofuran-2-yl)-imidazo[1,2-a]pyridine-6-carbonitrile
(3a). A subsequent Suzuki coupling of 3a with 4-cy-
anophenylboronic acid furnished 4a in good yield. The
acetate salt of 2-[5-(4-amidinophenyl)-furan-2-yl]-5,6,7,8-
tetrahydro-imidazo[1,2-a]pyridine-6-carboxamidine (7)
was obtained from 2-[5-(4-cyanophenyl)-furan-2-yl]-imid-
azo[1,2-a]pyridine-6-carbonitrile (4a), through the bis-

O-acetoxyamidoxime followed by hydrogenation in gla-
cial acetic acid. Intrestingly, 2-[5-(4-amidinophenyl)-
furan-2-yl]-imidazo[1,2-a]pyridine-6-carboxamidine ac-
etate salt (8a) was obtained from 4a, through the bis-
O-acetoxyamidoxime followed by hydrogenation in a
mixture of ethanol/ethyl acetate. Thus, by choice of
hydrogenation solvent the saturated or unsaturated
imidazo[1,2-a]pyridine can be obtained. A recent study
of the effect of solvent on the course of catalytic
hydrogenation of nitrogen heterocyles illustrates the
potential of such approaches.?* In a similar way, dia-
midine 8b was prepared starting from 4b which was
obtained by an analogous procedure to that described
for 4a employing 2-(5-bromofuran-2-yl)-8-methyl-imi-
dazo[1,2-a]pyridine-6-carbonitrile (3b) instead of 3a.
However, in this case, the tetrahydro analogue of the
diamidine 8b was not obtained by using acetic acid as
the hydrogenation solvent as described for the diamidine
7, and this may be due to the steric effect of the methyl
group.?* The potential prodrug, N-methoxy-2-{5-[4-(N-
methoxyamidino)-phenyl]-furan-2-yl} -imidazo[1,2-a]py-
ridine-6-carboxamidine (6), was prepared via methyla-
tion of the respective diamidoxime 5a with dimethyl
sulfate in aqueous sodium hydroxide solution at 0 °C
in a reasonable yield (Scheme 1). The hydrochloride
salts of the amidoximes, 5a and 6 were made by passing
hydrogen chloride gas into ethanolic solution of their
free bases.
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As part of this study we also prepared target diami-
dines containing 1,4-phenyl and 1,3-phenyl rings in-
stead of the furan ring as the spacer. As shown in
Scheme 2, the synthesis of 2-(4'-amidinobiphenyl-4-yl)-
5,6,7,8-tetrahydro-imidazo[1,2-a]pyridine-6-carboxami-
dine acetate salt (13a) employed an analogous synthe-
tic approach to that used for 7 starting from the
corresponding bis-O-acetoxyamidoxime. The required
dinitrile 10a was obtained using a similar synthetic
approach to that employed for 4a by starting with 4-bro-
mophenacyl bromide instead of 2 in the preparation
of 2-(4-bromophenyl)-imidazo[1,2-a]pyridine-6-carboni-
trile (9a). On the other hand, the synthesis of 2-(4'-
amidinobiphenyl-4-yl)-imidazo[1,2-a]pyridine-6-carbox-
amidine (14a) employed the analogous synthetic ap-
proach as used for 8a. N-Methoxy-2-[4'-(N-methoxyam-
idino)-biphenyl-4-yl]-imidazo[1,2-a]pyridine-6-carbox-
amidine (12), a potential prodrug of diamidine 14a, was
prepared in a similar way to that of 6 starting with the
respective diamidoxime 11a. The hydrochloride salts of
the amidoximes 1la and 12 were made by passing
hydrogen chloride gas into ethanolic solution of their
free bases.

Biological Results

Table 1 contains the results from the DNA binding
studies for the new diamidines and the in vitro results
for the compounds tested against T. b. rhodesiense and
P. falciparum. The diamidines 8a, 8b, 14a, 14b, and
14c all contain the unsaturated imidazo[1,2-a]pyridine
unit and consistent with the presence of the planar

aromatic systems show high DNA affinities as reflected
by large AT, values (24 to > 27). Changing the central
ring from furanyl to 1,3-phenylene or 1,4-phenylene does
not result in major differences in the observed DNA
affinity. The diamidino tetrahydroimidazo[1,2-a]pyri-
dine analogues 7, 13a, and 13b all exhibit somewhat
lower AT, values (15 to 21) than their unsaturated
analogues. This diminution in DNA affinity is consistent
with the presence of partially saturated rings which
deviate from planarity and thus do not form as effective
stacking partners with the walls of the minor groove.
Although the saturated analogues exhibit lower ob-
served DNA affinity than their unsaturated counter-
parts, the affinities are relatively strong when compared
to pentamidine (AT, = 12).2 It is well-known that due
to much lower pK values, the N-hydroxy and N-methoxy
potential prodrugs of amidines do not bind well to DNA;?
a representative example (12) of this class of compounds
was evaluated and gave a ATy, value of only 0.3.

The in vitro evaluation of these compounds (Table 1)
shows quite promising results against both T. b. rhod-
esiense and P. falciparum. Six of the eight diamidines
gave ICso values of 63 nM or less against T. b. rhod-
esiense. Two of the unsaturated analogues 8b and 14a
gave quite low ICsp values of 6 and 1 nM against T. b.
rhodesiense. Six of the eight diamidines gave 1Cs values
of 88 nM or less against P. falciparum. The two most
active compounds in vitro against P. falciparum are 8a
and 13a, and both gave an ICsp value of 14 nM. One of
these is a saturated analogue and the other is unsatur-
ated. As expected, the prodrug molecules show es-
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Table 1. DNA Affinities and in Vitro Anti-Protozoan Data
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ATm2 T. b. rhodesiense:P P. falciparum:®
code L B R A poly(dA.dT), 1Cs09, NM 1Cs0, NM
| na na na (C=NH)NH; 12.6 2.2 NT
Ila na na na (C=NH)NH; 25 45 15.5
lla na na na (C=NOMe)NH, 14.6 x 103 11.4 x 103
8a 2,5-furanyl unsatd H (C=NH)NH; 26.2 63 14
5a 2,5-furanyl unsatd H (C=NOH)NH; 2.2 x 103 1.6 x 108
8b 2,5-furanyl unsatd Me (C=NH)NH_ >27 6 88
7 2,5-furanyl satd H (C=NH)NH; 15.6 52 1.2 x 108
6 2,5-furanyl unsatd H (C=NOMe)NH; 3 x 103 2.8 x 103
14b 1,3-phenylene unsatd H (C=NH)NH; >27 22 107
1l4c 1,3-phenylene unsatd Me (C=NH)NH_ >27 49 86
13b 1,3-phenylene sat'd H (C=NH)NH_ 19.1 226 86
1l4a 1,4-phenylene unsat'd H (C=NH)NH; 24.2 1 43
13a 1,4-phenylene sat'd H (C=NH)NH_ 21.3 116 14
1la 1,4-phenylene unsat'd H (C=NOH)NH_ >166 x 108 521
12 1,4-phenylene unsat'd H (C=NOMe)NH; 0.3 5.3 x 103 395

a See ref 2. P Average of duplicate determinations, see ref 2.

Table 2. In Vivo Anti-Trypanosomal Activity of
Imidazo[1,2-a]pyridines and
5,6,7,8-Tetrahydro-imidazo[1,2-a]pyridines Analogues in the
STIB900 Mouse ModelaP

dosage dosage survival
compound route® (mg/kg) curesd (days)®
pentamidine(l) ip 20 0/4 40.8
furamidine (l1a) ip 20 0/4 52.5
Ila po 100 4/4 >60
8a ip 20 4/4 >60
5a po 50 1/4 >19.5
8b ip 20 4/4 >60
7 ip 20 4/4 >60
5 2/4 >51
6 po 100 2/4 >39.5
14b ip 20 4/4 >60
l4c ip 20 3/4 >50
1l4a ip 20 4/4 >60
13a ip 10 3/4 >51.5
1lla po 75 0/4 28
12 po 75 0/4 20

a See ref 2 for details of STIB900 model. PICso value for 13b
did not meet criteria for entry into animal studies. ¢ip = intrap-
eritoneal; po = oral. “{Number of mice that survive and are parasite
free for 60 days. ®Average days of survival; untreated control
animals expire between day 7 and 8 postinfection.

sentially no in vitro activity due to the absence of the
enzymes needed for bioconversion to the active diami-
dines.

The in vivo activities of these compounds in the
STIB900 model for acute T. b. rhodesiense infection are
shown in Table 2. The standard drugs | and lla are not
very effective on ip or po administration due to poor
pharmacokinetic profiles consistent with their dicationic
nature. The pharmacokinetic profiles of dicationic mol-
ecules are quite variable depending upon structure. In
this model, five of the diamidines (8a, 8b, 7, 14b, 14a)
give 4/4 cures and one 14c gives 3/4 cures on ip dosage.
These are highly active diamidines that clearly merit
expanded evaluation. The four prodrugs (5a, 6, 11a, 12)
showed only moderate in vivo effectiveness on oral
dosage. The most effective compound 6 gave 2/4 cures
at 100 mg/kg. This is in contrast to the prodrug Illa
and a number of the azafuramidine prodrug analogues?
that achieve 4/4 cures. Currently, it is unclear why the

prodrugs described here are not very effective. It has
been previously noted that similar prodrugs of related
benzimidazole analogues are also not effective.2> Me-
tabolism studies are underway to attempt to gain
insight into this result.

A new class of diaryl diamidines have been prepared
which show strong DNA affinity and high in vitro
activity against T. b. rhodesiense and P. f. The diami-
dines show excellent in vivo activity against T. b.
rhodesiense on ip dosage. The oral activity of the
potential prodrugs is only modest. Given the potent in
vivo activity of the diamidines, the study of other
prodrug approaches to provide orally active compounds
of this type are merited.

Experimental Section

Biology. The DNA binding studies and both the in vitro
and in vivo antiprotozoan studies were performed as previously
described.? Both ip and po dosage for the in vivo model used
drug candidate dissolved in 10% DMSO—water solution.

Chemistry. Melting points were recorded using a Thomas-
Hoover (Uni-Melt) capillary melting point apparatus and are
uncorrected. TLC analysis was carried out on silica gel 60 Fzs4
precoated aluminum sheets and detected under UV light. *H
and 8C NMR spectra were recorded employing a Varian
GX400 or Varian Unity Plus 300 spectrometer, and chemical
shifts (6) are in ppm relative to TMS as internal standard.
Mass spectra were recorded on a VG analytical 70-SE spec-
trometer. Elemental analyses were obtained from Atlantic
Microlab Inc. (Norcross, GA) and are within +£0.4 of the
theoretical values. The compounds are reported as salts and
analyzed for fractional moles of water and/or ethanol of
solvation. In each case proton NMR showed the presence of
indicated solvent(s). All chemicals and solvents were purchased
from Aldrich Chemical Co., Fisher Scientific, Frontier., or
Lancaster.

1-(5-Bromofuran-2-yl)-ethanone (1). To a solution of
2-acetylfuran (2.2 g, 20 mmol) in DMF (20 mL) was added
portionwise N-bromosuccinimide (3.91 g, 22 mmol) with stir-
ring. The reaction mixture was stirred overnight, and then
poured onto cold water. The product was extracted with ether
(200 mL, 3 x). Yield 61%, mp 92—93 °C (hexanes/ether, lit.?
mp 94-95 °C). 'H NMR (CDClg); 6 2.45 (s, 3H), 6.49 (d, J =
3.9 Hz, 1H), 7.12 (d, J = 3.6 Hz, 1H). 13C NMR; ¢ 185.4, 154.4,
128.2, 118.9, 114.3, 25.7.

2-Bromo-1-(5-bromofuran-2-yl)-ethanone (2). To a solu-
tion of 1-(5-bromofuran-2-yl)-ethanone (1.88 g, 10 mmol) in 12
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mL of dioxane/ether (1:2) with cooling at 0—5 °C and stirring
was portionwise added bromine (0.52 mL, 10 mmol) over 1 h.
The reaction mixture was further stirred with cooling, and
after TLC indicated complete bromination, the reaction mix-
ture was diluted with ether (50 mL) and water (100 mL). The
ethereal layer was separated, washed with 1 M sodium
bicarbonate aqueous solution, and dried over Na,SO.. The
ether extract was distilled off to afford 2 in 65% yield, mp 96—
97 °C (hexanes/ether, lit.?” mp 98.5—99.5 °C). 'H NMR (CDCly);
0 4.24 (s, 2H), 6.55 (d, J = 3.6 Hz, 1H), 7.27 (d, J = 3.6 Hz,
1H). 8C NMR; 6 179.0, 151.9, 129.4, 121.1, 115.0, 29.5.
2-(5-Bromofuran-2-yl)-imidazo[1,2-a]pyridine-6-carbo-
nitrile (3a). A mixture of 6-amino-nicotinonitrile (1.19 g, 10
mmol) and 2-bromo-1-(5-bromofuran-2-yl)-ethanone (2.66 g, 10
mmol) in ethanol (50 mL) was refluxed for 24 h. The precipi-
tated salt was filtered suspended in water and neutralized
with aqueous NaHCOg3 solution. The free base precipitate was
filtered, and dried to furnish 3a in 74% yield, mp 212—214 °C
(EtOH). 'H NMR (DMSO-de); 6 6.75 (d, J = 3.6 Hz, 1H), 6.98
(d,J=3.6 Hz, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.71 (d, J = 8.4
Hz, 1H), 8.29 (s, 1H), 9.30 (s, 1H). 3C NMR; ¢ 150.5, 144.2,
137.3, 134.3, 125.4, 121.9, 117.2, 116.9, 113.9, 110.4, 109.8,
97.2. MS (m/z, rel int); 288 (M*, 100), 161 (8). Anal. (CioHe-
BrNzO) C, H.
2-[5-(4-Cyanophenyl)-furan-2-yl]-imidazo[1,2-a]pyri-
dine-6-carbonitrile (4a). To a stirred solution of 3a (10
mmol), and tetrakis(triphenylphosphine)palladium (350 mg)
in toluene (20 mL) under a nitrogen atmosphere was added
10 mL of a 2 M aqueous solution of Na,CO; followed by
4-cyanophenylboronic acid (1.64 g, 12 mmol) in 10 mL of
methanol. The vigorously stirred mixture was warmed to 80
°C for 24 h and then cooled, and the precipitate was filtered.
The precipitate was partitioned between methylene chloride
(500 mL) and 2 M aqueous Na,COs (50 mL) containing 6 mL
of concentrated ammonia. The organic layer was dried (Nag-
SO,) and then concentrated to dryness under reduced pressure
to afford 4a. Yield 82%, mp 298—300 °C (DMF). 'H NMR
(DMSO-dg); 6 7.11 (d, J = 3.6 Hz, 1H), 7.37 (d, J = 3.6 Hz,
1H), 7.53 (d, J = 9.6 Hz, 1H), 7.72 (d, J = 9.6 Hz, 1H), 7.90 (d,
J = 8.4 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H), 8.45 (s, 1H), 9.32 (s,
1H). 3C NMR; 6 152.0, 150.4, 145.1, 138.6, 135.0, 134.4, 133.6,
126.1,124.6,119.5,118.0, 117.6, 112.2, 111.3, 110.2, 98.1. MS
(m/z, rel int); 310 (M*, 100), 281 (10), 208 (5), 180 (10). High-
resolution mass calcd. for Ci1gH10N4O: 310.08546. Observed:
310.07852. Anal. (C19H10N40) C, H, N.
N-Hydroxy-2-{5-[4-(N-hydroxyamidino)-phenyl]-furan-
2-yl}-imidazo[1,2-a]pyridine-6-carboxamidine Hydro-
chloride Salt (5a). A mixture of hydroxylamine hydrochloride
(5.2 g, 75 mmol, 10 eq.) in anhydrous DMSO (40 mL) was
cooled to 5 °C under nitrogen and potassium tert-butoxide (8.4
g, 75 mmol, 10 equiv) was added in portions. The mixture was
stirred for 30 min. This mixture was added to the bis cyano
derivative 4a (7.5 mmol, 1 equiv). The reaction mixture was
stirred overnight at room temperature. The reaction mixture
was then poured slowly onto ice—water (200 mL). The pre-
cipitate was filtered and washed with water to afford 5a (free
base) in 96% yield, mp 207—210 °C. 'H NMR (DMSO-ds); o
5.85 (s, 2H), 5.97 (s, 2H), 6.97 (d, J = 3.6 Hz, 1H), 7.14 (d, J
= 3.6 Hz, 1H), 7.54—7.56 (m, 2H), 7.76 (d, J = 8.4 Hz, 2H),
7.82 (d, J = 8.4 Hz, 2H), 8.35 (s, 1H), 8.80 (s, 1H), 9.70 (s,
1H), 9.83 (s, 1H). 13C NMR; 6 152.1, 150.3, 149.2, 148.5, 144.7,
136.9, 132.1, 130.2, 125.8, 124.1, 123.7, 123.0, 119.2, 115.6,
109.5, 109.1, 108.5. (5a, hydrochloride salt), mp 289—291 °C.
Anal. (C19H16N603-3.0HCI-1.9H20) C, H, N, ClI.
N-Methoxy-2-{ 5-[4-(N-methoxyamidino)-phenyl]-furan-
2-yl}-imidazo[1,2-a]pyridine-6-carboxamidine Hydro-
chloride Salt (6). To a solution of 5a (1.12 g, 3 mmol) in
dioxane (5 mL) and 2 N NaOH (24 mL) at 0—5 °C was slowly
added dimethyl sulfate (9 mmol) in dioxane (5 mL). The
reaction mixture was further stirred for 2 h and then extracted
with ethyl acetate (200 mL, three times). The solvent was
evaporated, and the residue was purified (SiO,, hexanes/
EtOAc, 2:8) to give 6 (free base) in 43% yield, mp 126—127
°C. 'H NMR (DMSO-dg); 6 3.77 (s, 6H), 6.12 (s, 2H), 6.23 (s,
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2H), 6.99 (d, J = 3.6 Hz, 1H), 7.18 (d, J = 3.6 Hz, 1H), 7.55 (s,
2H), 7.76 (d, 3 = 8.4 Hz, 2H), 7.82 (d, J = 8.4 Hz, 2H), 8.38 (s,
1H), 8.84 (s, 1H). *C NMR; 6 152.1, 150.6, 149.2, 148.9, 144.8,
137.0, 131.3, 130.7, 126.2, 124.7, 123.8, 123.0, 118.4, 115.7,
109.6, 109.2, 108.7, 60.7, 60.6. MS (m/z, rel int); 404 (M*, 100),
373 (10), 357 (50), 326 (20), 310 (25). High-resolution mass
calcd. for C1H20NeO3: 404.15969. Observed: 404.15957. (6,
hydrochloride salt), mp 208—209 °C. Anal. (Cz1H20NgO3-
3.0HCI-1.5H;0) C, H, N.
2-[5-(4-Amidinophenyl)-furan-2-yl]-5,6,7,8-tetrahydro-
imidazo[1,2-a]pyridine-6-carboxamidine Acetate Salt
(7). To a solution of 5a (1 mmol) in glacial acetic acid (10 mL)
was slowly added acetic anhydride (0.35 mL). After the
mixture was stirred overnight, TLC indicated complete acy-
lation of the starting material, and then the solvent was
evaporated under reduced pressure. To the formed product (the
product of acylation step) in glacial acetic acid (20 mL) was
added 10% palladium on carbon (80 mg), and then the mixture
was placed on Parr hydrogenation apparatus at 50 psi for 6 h
at room temperature. The reaction mixture was filtered
through Hyflo, and the filter pad washed with water. The
filtrate was evaporated under reduced pressure, and the
precipitate was collected and washed with ether to give 7 in
86% yield, mp 195—197 °C. *H NMR (D,O/DMSO-dg); 6 1.80—
2.10 (br s, 2.8 x CH3 + 3H), 2.80 (br s, 1H), 3.07 (br s, 1H),
4.10 (br s, 1H), 4.37 (br s, 1H), 6.64 (d, J = 3.6 Hz, 1H), 7.22
(d, 3 = 3.6 Hz, 1H), 7.57 (s, 1H), 7.81—7.90 (m, 4H). MS (m/z,
rel int); 348 (M*, 5), 314 (100), 300 (5), 261 (8). Anal.
(C19H20N60‘2.8ACOH’2.0H20) C, H, N.
2-[5-(4-Amidinophenyl)-furan-2-yl]-imidazo[1,2-a]py-
ridine-6-carboxamidine Acetate Salt (8a). To a solution
of 5a (1 mmol) in glacial acetic acid (10 mL) was slowly added
acetic anhydride (0.35 mL). After the mixture was stirred
overnight, TLC indicated complete acylation of the starting
material, and then the solvent was evaporated under reduced
pressure. To the formed product (the product of acylation step)
in a mixture of ethanol/EtOAc (50 mL, 1:1) was added 10%
palladium on carbon (80 mg), and then the mixture was placed
on Parr hydrogenation apparatus at 50 psi for 4 h at room
temperature. The reaction mixture was filtered through Hyflo
and the filter pad washed with water. The filtrate was
evaporated under reduced pressure, and the precipitate was
collected and washed with ether to give 8a in 71% yield, mp
257—-259 °C.'H NMR (D,O/DMSO-dg); 6 1.76 (s, 2.7 x CH3 of
acetate), 7.09 (d, J = 3.6 Hz, 1H), 7.36 (d, J = 3.6 Hz, 1H),
7.59 (d,J =9.6 Hz, 1H), 7.71 (d, 3 = 9.6 Hz, 1H), 7.89 (d, J =
8.4 Hz, 2H), 8.00 (d, J = 8.4 Hz, 2H), 8.52 (s, 1H), 9.13 (s,
1H). MS (m/z, rel int); 344 (M*, 5), 327 (20), 310 (100), 290
(55). Anal. (C19H16N6O+2.7AcOH-2.0H,0) C, H, N.
6-Amino-5-methylnicotinonitrile. A mixture of 2-amino-
5-bromo-3-methylpyridine (15.49 g, 82.8 mmol) and Cu(1)CN
(9.27 g, 103.5 mmol) in DMF (160 mL) was heated at 150 °C
for 24 h. The reaction mixture was poured onto water, and
the solid which formed was extracted by using ethyl acetate
(600 mL, 3 times) from aq NH,OH. The solvent was evaporated
and the precipitate purified by chromatography (SiO,, hexanes/
EtOAc 4:6). Yield 70%, mp 198—200 °C, (lit.?® mp 203—205
°C, lit.?° melting point not reported via palladium-catalyzed
cyanation).
2-(5-Bromofuran-2-yl)-8-methyl-imidazo[1,2-a]pyridine-
6-carbonitrile (3b). The same procedure described for 3a was
used employing 6-amino-5-methylnicotinonitrile instead of
6-amino-nicotinonitrile. Yield 72%, mp 204.5—205 °C. 'H NMR
(DMSO-de); 6 2.52 (s, 3H), 6.74 (d, J = 3.6 Hz, 1H), 6.98 (d, J
= 3.6 Hz, 1H), 7.36 (s, 1H), 8.26 (s, 1H), 9.16 (s, 1H). 13C NMR;
0 150.6, 144.8, 136.7, 131.9, 127.4, 123.3, 121.6, 117.0, 113.8,
110.4, 110.1, 97.1, 16.3. Anal. (C,3HsBrNzO) C, H.
2-[5-(4-Cyanophenyl)-furan-2-yl]-8-methyl-imidazo[1,2-
a]pyridine-6-carbonitrile (4b). The same procedure de-
scribed for 4a was used starting with 3b. Yield 77%, mp 276—
277 °C. 'H NMR (DMSO-de); 6 2.54 (s, 3H), 7.12 (d, J = 3.6
Hz, 1H), 7.38 (s, 1H), 7.39 (d, 3 = 3.6 Hz, 1H), 7.91 (d, J = 8.4
Hz, 2H), 7.99 (d, J = 8.4 Hz, 2H), 8.45 (s, 1H), 9.19 (s, 1H).
3C NMR; 6 151.1, 149.7, 144.9, 137.2, 133.6, 132.8, 132.0,
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127.4, 123.8, 123.3, 118.8, 117.0, 111.4, 111.0, 110.3, 109.3,
97.1, 16.3. MS (m/z, rel int); 324 (M*, 100), 295 (7), 222 (8),
194 (15), 162 (15). High-resolution mass calcd for CyoH12N4O:
324.10111. Observed: 324.10070.
N-Hydroxy-2-{5-[4-(N-hydroxyamidino)-phenyl]-furan-
2-yl}-8-methyl-imidazo[1,2-a]pyridine-6-carboxami-
dine (5b). The same procedure described for 5a was used
starting with 4b. Yield 92%, mp 255—-258 °C. 'H NMR (DMSO-
de); 6 2.54 (s, 3H), 5.91 (br s, 4H), 6.99 (d, J = 3.6 Hz, 1H),
7.15(d, J = 3.6 Hz, 1H), 7.41 (s, 1H), 7.78 (d, J = 8.7 Hz, 2H),
7.83 (d, J = 8.7 Hz, 2H), 8.36 (s, 1H), 8.68 (s, 1H), 9.73 (s,
1H), 9.79 (s, 1H). 13C NMR; 6 152.0, 150.4, 149.4, 148.7, 145.2,
136.4, 132.0, 130.3, 125.8, 125.1, 123.0, 121.9, 119.1, 110.1,
1089, 1084, 16.7. Anal. (C20H13N503'0.5H20) C, H.
2-[5-(4-Amidinophenyl)-furan-2-yl]-8-methyl-imidazo-
[1,2-a]pyridine-6-carboxamidine Acetate Salt (8b). The
same procedure described for 8a was used, starting with 5b.
Yield 68%, mp 229—231 °C. 'H NMR (D,O/DMSO-ds); 6 1.84
(s, 3 x CHa), 2.58 (s, 3H), 7.02 (d, J = 3.6 Hz, 1H), 7.24 (d, J
= 3.6 Hz, 1H), 7.48 (s, 1H), 7.82—7.92 (m, 4H), 8.40 (s, 1H),
8.89 (S, 1H) Anal. (CzoH13N50-3.0ACOH-1.35H20) C, H, N.
2-(4-Bromophenyl)-imidazo[1,2-a]pyridine-6-carboni-
trile (9a). The same procedure described for 3a was used,
employing 4-bromophenacyl bromide instead of 2-bromo-1-(5-
bromofuran-2-yl)-ethanone (2). Yield 67%, mp 262—264 °C. *H
NMR (DMSO-de); 6 7.73 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 9.6
Hz, 1H), 7.87 (d, 3 = 9.6 Hz, 1H), 7.97 (d, J = 8.4 Hz, 2H),
8.69 (s, 1H), 9.48 (s, 1H). Anal. (C14HsBrN3;) C, H.
2-(4'-Cyanobiphenyl-4-yl)-imidazo[1,2-a]pyridine-6-
carbonitrile (10a). The same procedure described for 4a was
used, starting with 9a. Yield 78%, mp 276—278 °C. *H NMR
(DMSO-dg); 6 7.51 (d, 3 = 9.0 Hz, 1H), 7.76 (d, J = 9.0 Hz,
1H), 7.87 (d, J = 7.8 Hz, 2H), 7.92—7.98 (m, 4H), 8.14 (d, J =
7.8 Hz, 2H), 8.58 (s, 1H), 9.33 (s, 1H). 13C NMR; 6 145.6, 144.2,
143.9, 137.9, 134.3, 133.2, 132.8, 127.5, 127.4, 126.6, 125.0,
118.8, 117.4, 117.1, 110.9, 110.0, 97.1. MS (m/z, rel int); 320
(M*, 100), 293 (5), 217 (8), 190 (8), 160 (10). High-resolution
mass calcd. for C21H12N4: 320.10620. Observed: 320.10275.
Anal. (C21H12N4'0.25H20) C, H, N.
N-Hydroxy-2-[4'-(N-hydroxyamidino)-biphenyl-4-yl]-
imidazo[1,2-a]pyridine-6-carboxamidine Hydrochloride
Salt (11a). The same procedure described for 5a was used
starting with 10a. Free base yield 97%, mp 300—302 °C. 'H
NMR (DMSO-dg); 6 5.86 (s, 2H), 5.94 (s, 2H), 7.55 (s, 2H),
7.72—7.80 (m, 6H), 8.07 (d, J = 8.1 Hz, 2H), 8.47 (s, 1H), 8.80
(s, 1H), 9.69 (s, 1H), 9.83 (s, 1H). 3C NMR; ¢ 150.4, 148.5,
144.6, 144.4, 139.9, 138.7, 133.0, 132.3, 126.8, 126.16, 126.11,
125.9, 124.0, 123.2, 119.0, 115.8, 110.0. (11a, hydrochloride
salt), mp 291-293 °C. Anal. (C;;H1sN¢O,-3.0HCI-1.9H,0-
0.25EtOH) C, H, N.
N-Methoxy-2-[4'-(N-methoxyamidino)-biphenyl-4-yl]-
imidazo[1,2-a]pyridine-6-carboxamidine Hydrochloride
Salt (12). The same procedure described for 6 was used
starting with 11a. Free base yield 48%, mp 224-226 °C
(SiO2: hexanes/EtOAc; 2:8). *H NMR (DMSO-dg); d 3.77 (s,
3H), 3.79 (s, 3H), 6.12 (s, 2H), 6.23 (s, 2H), 7.50—7.59 (m, 2H),
7.77 (s, 4H), 7.81 (d, J = 8.4 Hz, 2H), 8.09 (d, J = 8.4 Hz, 2H),
8.50 (s, 1H), 8.83 (s, 1H). 13C NMR; 6 150.6, 148.8, 144.6, 144.5,
140.3, 138.5, 133.0, 131.4, 126.8, 126.2, 126.1, 126.0, 124.5,
123.2, 118.1, 115.8, 110.0, 60.6, 60.5. MS (m/z, rel int); 414
(M, 60), 384 (10), 367 (50), 320 (100), 294 (10). High-resolution
mass calcd. for Ca3sH22NgO2: 414.18042. Observed: 414.18122.
(12, hydrochloride salt), mp 234—236 °C. Anal. (C23H22NgO>-
3.0HCI-1.4H,0-0.25EtOH) C, H, N.
2-(4-Amidinobiphenyl-4-yl)-5,6,7,8-tetrahydro-imidazo-
[1,2-a]pyridine-6-carboxamidine Acetate Salt (13a). The
same procedure described for 7 was used starting with 11a.
Yield 85%, mp 240—242 °C. 'H NMR (D,O/DMSO-ds); 6 2.03
(brs, 3 x CH3 + 3H), 2.86 (br s, 1H), 3.03 (br s, 1H), 4.16 (br
s, 1H), 4.36 (br s, 1H), 7.57 (s, 1H), 7.75—7.77 (m, 2H), 7.85—
7.91 (m, 6H). Anal. (C1H22Ng*3.0AcOH-1.5H,0) C, H, N.
2-(4'-Amidinobiphenyl-4-yl)-imidazo[1,2-a]pyridine-6-
carboxamidine acetate salt (14a). The same procedure
described for 8a was used, starting with 11a. Yield 81%, mp
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243-246 °C. 'H NMR (D,O/DMSO-dg); 6 1.90 (s, 3 x CHy),
7.61-7.69 (m, 2H), 7.89—7.94 (m, 6H), 8.13 (s, 2H), 8.62 (s,
1H), 9.12 (s, 1H). MS (m/z, rel int); 354 (M*, 10), 321 (100),
311 (90), 296 (35). Anal. (C2:H1sNg-3.0AcOH-2.5H,0) C, H, N.
2-(3-Bromophenyl)-imidazo[1,2-a]pyridine-6-carboni-
trile (9b). The same procedure described for 9a was used,
employing 3-bromophenacyl bromide instead of 4-bromophen-
acyl bromide. Yield 64%, mp 205—206.5 °C. *H NMR (DMSO-
de); 0 7.43—7.47 (m, 1H), 7.52—7.58 (m, 2H), 7.75—7.78 (m,
1H), 8.03 (s, 1H), 8.22 (s, 1H), 8.61—8.65 (m, 1H), 9.37 (s, 1H).
13C NMR; 6 144.6, 144.1, 135.2, 134.3, 130.9, 128.3, 125.1,
124.7,122.2, 117.5, 116.9, 111.2, 97.2. MS (m/z, rel int); 298
(M*, 100), 161 (10). Anal. (C14HgBrNs) C, H.
2-(4'-Cyanobiphenyl-3-yl)-imidazo[1,2-a]pyridine-6-
carbonitrile (10b). The same procedure described for 4a was
used, starting with 9b. Yield 61%, mp 290—292 °C. 'H NMR
(DMSO-dg); 0 7.48—7.63 (m, 2H), 7.74—7.78 (m, 2H), 7.92—
7.99 (m, 4H), 8.08 (d, J = 7.8 Hz, 1H), 8.36 (s, 1H), 8.64 (s,
1H), 9.33 (s, 1H). 13C NMR; 6 146.7, 145.0, 144.9, 139.6, 135.0,
134.5, 133.6, 130.5, 128.4, 127.8, 126.9, 125.7, 125.2, 119.5,
118.2,117.8,111.7, 110.9, 97.9. MS (m/z, rel int); 320 (M™, 100),
297 (3), 217 (5), 190 (8), 160 (10). High-resolution mass calcd.
for C21H12N4: 320.10620. Observed: 320.10619. Anal. (Cle12N4)
C, H.
N-Hydroxy-2-[4'-(N-hydroxyamidino)-biphenyl-3-yl]-
imidazo[1,2-a]pyridine-6-carboxamidine (11b). The same
procedure described for 5a was used, starting with 10b. Yield
94%, mp 252—254 °C. *H NMR (DMSO-dg); 4 5.89 (s, 2H), 5.98
(s, 2H), 7.52—7.58 (m, 3H), 7.67 (d, 3 = 8.1 Hz, 1H), 7.78 (d, J
= 8.7 Hz, 2H), 7.83 (d, J = 8.7 Hz, 2H), 8.00 (d, J = 7.8 Hz,
1H), 8.31 (s, 1H), 8.57 (s, 1H), 8.81 (s, 1H), 9.72 (s, 1H), 9.86
(s, 1H). 3C NMR; 6 150.5, 148.5, 144.6, 144.5, 140.3, 139.9,
134.3, 132.4, 129.3, 126.3, 125.9, 124.8, 123.9, 123.6, 123.2,
1190, 115.8, 110.1. Anal. (C21H13N602'2.0H20) C, H.
2-(4'-Amidinobiphenyl-3-yl)-5,6,7,8-tetrahydro-imidazo-
[1,2-a]pyridine-6-carboxamidine Acetate Salt (13b). The
same procedure described for 7 was used, starting with 11b.
Yield 65%, mp 236—238 °C. *H NMR (D,O/DMSO-dg); 6 1.90—
2.17 (br s, 3 x CH3 + 3H), 2.79 (br s, 1H), 3.03 (br s, 1H), 4.11
(brs, 1H), 4.33 (br s, 1H), 7.48 (t, 3 = 7.5 Hz, 1H), 7.57 (d, J
= 8.1 Hz, 1H), 7.71 (s, 1H), 7.79 (d, J = 7.5 Hz, 1H), 7.90—
7.96 (m, 4H), 8.09 (s, 1H). Anal. (C21H22Ng-3.0AcOH-2.85H,0-
0.25EtOH) C, H, N.
2-(4-Amidinobiphenyl-3-yl)-imidazo[1,2-a]pyridine-6-
carboxamidine Acetate Salt (14b). The same procedure
described for 8a was used, starting with 11b. Yield 57%, mp
233—235 °C. 'H NMR (D,O/DMSO-dg); 6 1.87 (s, 3 x CHs),
7.55—7.69 (m, 4H), 7.72—7.92 (m, 4H), 8.05 (d, J = 7.5 Hz,
1H), 8.33 (s, 1H), 8.56 (s, 1H), 9.03 (s, 1H). Anal. (C21H1sNe-
3.0AcOH-0.9H,0) C, H, N.
2-(3-Bromophenyl)-8-methyl-imidazo[1,2-a]pyridine-6-
carbonitrile (9c). The same procedure described for 9b was
used, employing 6-amino-5-methylnicotinonitrile instead of
6-amino-nicotinonitrile. Yield 70%, mp 168—169.5 °C. 'H NMR
(DMSO-dg); 6 2.55 (s, 3H), 7.36 (s, 1H), 7.43 (t, J = 7.8 Hz,
1H), 7.55 (d, 3 = 7.8 Hz, 1H), 8.01 (d, J = 7.8 Hz, 1H), 8.20 (s,
1H), 8.57 (s, 1H), 9.20 (s, 1H). MS (m/z, rel int); 312 (M*, 60),
175 (100), 135 (10). Anal. (C1sH10BrNs) C, H.
2-(4'-Cyanobiphenyl-3-yl)-8-methyl-imidazo[1,2-a]py-
ridine-6-carbonitrile (10c). The same procedure described
for 4a was used, starting with 9c. Yield 78%, mp 236—238
°C. 'H NMR (DMSO-dg); 6 2.56 (s, 3H), 7.34 (s, 1H), 7.60 (t, J
= 7.8 Hz, 1H), 7.73 (d, 3 = 7.8 Hz, 1H), 7.97 (s, 4H), 8.10 (d,
J = 7.8 Hz, 1H), 8.34 (s, 1H), 8.64 (s, 1H), 9.21 (s, 1H). 3C
NMR; 6 145.2, 144.7, 144.3, 138.7, 133.8, 132.8, 131.9, 129.6,
127.6, 127.5, 126.9, 126.1, 124.3, 122.8, 118.8, 117.1, 111.4,
110.1, 96.9, 16.3. Anal. (Cx2H14N4) C, H.
N-Hydroxy-2-[4'-(N-hydroxyamidino)-biphenyl-3-yl]-8-
methyl-imidazo[1,2-a]pyridine-6-carboxamidine (11c).
The same procedure described for 5a was used, starting with
10c. Yield 97%, mp 193—-195 °C. *H NMR (DMSO-dg); 6 2.56
(s, 3H), 5.89 (s, 2H), 5.93 (s, 2H), 7.39 (s, 1H), 7.55 (t, 3 = 7.8
Hz, 1H), 7.66 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 9 Hz, 2H), 7.83
(d, 3 =9 Hz, 2H), 8.02 (d, J = 7.8 Hz, 1H), 8.29 (s, 1H), 8.56
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(s, 1H), 8.66 (s, 1H), 9.72 (s, 1H), 9.78 (s, 1H). °C NMR; 6
150.4, 148.6, 145.1, 144.0, 140.3, 139.9, 134.5, 132.4, 129.3,
126.4, 125.8, 125.2, 124.8, 123.6, 121.8, 121.5, 118.9, 110.6,
16.7.

2-(4'-Amidinobiphenyl-3-yl)-8-methyl-imidazo[1,2-a]-
pyridine-6-carboxamidine Acetate Salt (14c). The same
procedure described for 8a was used starting with 11c. Yield
81%, mp 237—239.5 °C. 'H NMR (D,O/DMSO-ds); 6 1.75 (s, 3
x CHs), 2.54 (s, 3H), 7.43 (s, 1H), 7.62 (t, J = 7.8 Hz, 1H),
7.74 (d, 3 = 7.8 Hz, 1H), 7.95-7.99 (m, 4H), 8.11 (d, J = 7.8
Hz, 1H), 8.38 (s, 1H), 8.72 (s, 1H), 9.01 (s, 1H). Anal. (C2;HzoNe*
3.0AcOH-0.5H,0) C, H, N.
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