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Synthesis and Antiprotozoal Activity of Cationic 2-Phenylbenzofurans
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A series of cationically substituted 2-phenylbenzofurans 1—49 have been synthesized, and their in vitro
antiprotozoal properties against Trypanosoma brucei rhodesiense, Plasmodium falciparum, and Leishmania
donovani, as well as cytotoxicity against mammalian cells, have been evaluated. Eight dications exhibited
antitrypanosomal activities comparable to that of pentamidine and melarsoprol. Twenty-six compounds were
more active than pentamidine, and seven dications demonstrated increased activities against P. falciparum
than artemisinin. Five congeners were more active against L. donovani than pentamidine. Introduction of
methoxy or hydroxy groups in the 7- and/or 2'-position afforded derivatives that were highly selective against
T. b. rhodesiense, P. falciparum, and L. donovani. Fourteen 2-phenylbenzofurans displayed excellent in
vivo efficacies in the acute mouse model of trypanosomiasis, curing 3/4 or 4/4 animals at 4 x 5 mg/kg.
Diamidine 1 and di(N-isopropyl)amidine 45, administered at 4 x 1 mg/kg, exhibited potency comparable
to that of melarsoprol, providing 3/4 and 2/4 cures, respectively.

Introduction

Although many aromatic diamidines have been reported to
possess a wide range of antifungal and antiprotozoal properties,' ™ '*
only 1,5-bis(4-amidinophenoxy)pentane (pentamidine) has been
widely employed as a drug in humans. Pentamidine has been
used for more than 50 years against early stage Trypanosoma
brucei gambiense related human African trypanosomiasis (HAT®
or sleeping sickness)'>~'® as well as against antimony-resistant
leishmaniasis'®** and pneumonia caused by the opportunistic
pathogen Pneumocystis jiroveci (formerly P. carinii).'~** The
drug demonstrated some activity against selected strains of
malaria,>* 2° even though it was never approved to treat the
disease. Lack of oral bioavailability'” of pentamidine due to
the ionization of its two amidine groups at physiological pH
necessitates the parenteral administration, which is not practical
in remote areas where most cases of sleeping sickness and
leishmaniasis take place. Although several adverse effects, such
as hypotension, abdominal pain, vertigo, hypersalivation, hy-
poglycemia, nausea, and mild nephrotoxocity, have been
reported upon pentamidine administration,”” %’ the drug is fairly
well tolerated by patients.

In recent years, the number of treatment failures of malaria,
HAT, and leishmaniasis has increased because of development
of resistant strains of parasites. Reduced efficiency of the most
commonly used antimalarial remedies, such as chloroquine and
sulfadoxine-pyrimethamine, requires the use of drug combina-
tions or more expensive artemisinin-containing therapies to slow
the development of resistance.’® ** Also, many current anti-
malarial drugs are structurally related or have similar modes of
action, which explains the appearance of the shared mechanisms
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of resistance. This enhances the risk of development of cross-
resistance and clinical failure of newly introduced medications.**>°
Treatments for HAT and leishmaniasis require parenteral
administration and suffer from toxicity, poor efficacy, and
increasing number of treatment failures.'®?*7-3 This is cur-
rently the case for visceral leishmaniasis, although new options
for its treatment have recently become available.***° In addition,
the overlap of parasitic infections and HIV in different parts of
the world results in growing number of cases of dually infected
patients.*' ~*® The need for safe and affordable antiprotozoal
therapies capable of overcoming parasite resistance makes the
identification of new drug candidates an urgent priority.

In our continuing search for novel dicationic compounds with
enhanced antiprotozoal potency and lowered toxicity, we
investigated a series of dicationic 2-phenylbenzofurans 1—49,
many of which are structurally similar to the well-known DNA
fluorescent stain 4',6-diamidino-2-phenylindole (DAPI). In the
early 1970s, syntheses of DAPI as well as three 2-phenylben-
zofurans 1, 3, and 11 were reported*”*® and the antitrypanosomal
properties of 2-(4-amidinophenyl)-5-amidinobenzofuran (1),
2-(4-amidinophenyl)-6-amidinobenzofuran (11), and DAPI were
published.*” Here, we report the lead optimization of these
dications. All 2-phenylbenzofurans 1—49 were tested in vitro
against 7. b. rhodesiense (STIB900), chloroquine resistant
Plasmodium falciparum (K1), and axenic amastigotes of Leish-
mania donovani (MHOM/SD/62/1S-CL2p) and evaluated for
cytotoxicity against rat myoblast cells (L6). Compounds exhibit-
ing high antitrypanosomal activities in vitro underwent in vivo
screening in the STIB90O acute mouse model of trypanosomiasis.

Chemistry

Syntheses of compounds bearing cyano groups in the 5-posi-
tion of the benzofuran moiety and 4'-position of the phenyl ring
are based on the previously reported procedure by Dann,*” as
depicted in Scheme 1. Commercially available 5-bromosalicy-
laldehyde was reacted with a-bromo-p-tolunitrile followed by
base-catalyzed intramolecular ring closure to form 5-bromo-2-
(4-cyanophenyl)benzofuran (50). Compound 50 was treated with
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“ Reagents and conditions: (i) CuyO, pyridine, 100 °C, 15 h; (ii) hydroxylamine hydrochloride, pyridine; (iii) Ac,0, reflux, 15 h; (iv) pyridine hydrochloride,

120—140 °C, 3 h.

copper(I) cyanide in DMF at elevated temperature to yield
dinitrile 51.*” Conversion of nitrile 50 to an imidate ester under
modified Pinner conditions* followed by reactions with eth-
ylenediamine or 1,2-diaminobenzene afforded 2-phenylbenzo-
furans 52 and 53, bearing imidazoline and benzimidazole
cationic groups in the 4'-positions. Reaction of bromobenzo-
furans 52 and 53 with copper(I) cyanide in DMF at elevated
temperature yielded the corresponding nitriles 54 and 55.

Unfortunately, extensive application of this synthetic strategy
is constrained by limited availability of 6-bromosalicylaldehyde
as a starting material. Also, the aforementioned approach is only
suitable for preparation of compounds bearing an electron-
withdrawing group in the p-position of the phenyl ring.
Consequently, our attempts to use it for synthesis of m-sub-
stituted 2-phenylbenzofurans were unsuccessful.

An alternative method of synthesis of benzofurans involves
the palladium-catalyzed (Sonogashira reaction)*®>* or copper-
catalyzed (Castro reaction)*>>® interaction of o-halogenated
phenols with acetylenes. This approach allows greater structural
diversity and was therefore utilized to prepare 2-phenylbenzo-
furan congeners bearing cyano groups in the various positions

of the aromatic rings. The use of copper-catalyzed heteroan-
nulation (modified®”® Castro reaction) to synthesize substituted
2-phenylbenzofurans is depicted in Schemes 2—4.

4-Hydroxy-3-iodobenzonitrile (56)°° was prepared by iodi-
nation of 4-cyanophenol following the procedure of Edgar and
Falling.®® Syntheses of 4-ethynylbenzonitrile (57) and 3-ethy-
nylbenzonitrile (58) were previously reported.®’ Copper-
catalyzed heteroannulation of iodophenol 56 with phenylacet-
ylenes 57 and 58 under the conditions of the modified Castro
reaction afforded 5,4'- and 5,5'-substituted dinitriles 51 and 59
in moderate yields (Scheme 2).

A similar approach was employed to synthesize 6-substituted
derivatives. The commercially available 3-hydroxybenzoic acid
underwent iodination®® to 3-hydroxy-4-iodobenzoic acid, fol-
lowed by esterification to methyl benzoate 60 under acidic
conditions.®®> Methyl 4-ethynylbenzoate (61) and methyl 3-ethy-
nylbenzoate (62) were synthesized following the established
protocol.>® Todophenol 60 was reacted with phenylacetylenes
61 and 62 under modified Castro reaction conditions to provide
benzofuran diesters 63 and 64, which were directly converted
to dinitriles 65 and 66 by treatment with dimethylaluminum
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“Reagents and conditions: (i) Cu,O, pyridine, 100 °C, 15 h; (ii) pyridine hydrochloride, 120—140 °C, 3 h.

amide.®® A more expedient, one-step preparation of 65 and 66
involved modified Castro reactions between 3-hydroxy-4-
iodobenzonitrile (67)®* and phenylacetylenes 57 and 58, thus
circumventing the low-yield transformations of 63 and 64 to
65 and 66.

The synthesis of congeners bearing 7-methoxy and hydroxy
groups is depicted in Scheme 3. Commercially available
5-iodovanillin was reacted with the phenylacetylenes 57 and
68°' under modified Castro reaction conditions to form formyl-
benzofurans 69 and 70 in high yields. Reaction of compounds
69 and 70 with hydroxylamine hydrochloride in pyridine
afforded oximes 71 and 72, which were refluxed in Ac,0 to
form dinitriles 73 and 74. Compounds 73 and 74 underwent
O-demethylation by treatment with molten pyridine hydrochlo-
ride to yield 7-hydroxydinitriles 75 and 76.

o-lodophenols 56 and 67 were reacted with the methoxyphe-
nylacetylenes 68 and 77 to give the 2'-methoxy substituted
dinitriles 78—81 (Scheme 4). O-Demethylation using molten
pyridine hydrochloride afforded the corresponding 2'-hydroxy
derivatives 82—85.

Dicationic 2-phenylbenzofurans 1—4 and 6—49 (Table 1)
were synthesized by the modified Pinner method* (Scheme 5).
The dinitriles 51, 54, 55, 59, 65, 66, 73, 75, 76, 78—85 were
converted to imidate esters, which reacted with ethanolic
solutions of ammonia, isopropylamine, or ethylenediamine at
ambient temperature or with 1,2-diaminobenzene in refluxing
methanol. 5-(1H-Imidazol-2-yl)-2-[4-(1H-imidazol-2-yl)phenyl]-
benzofuran (5) was prepared from the corresponding 5-(4,5-
dihydro-1H-imidazol-2-yl)-2-[4-(4,5-dihydro-1H-imidazol-2-
yl)phenyl]benzofuran (3) by oxidation with o-iodoxylbenzoic
acid (IBX),® following a published protocol.®®

Results and Discussion

In the case of pentamidine analogues and cationic diphenyl-
isoxazoles, the introduction of the methoxy groups resulted in
enhanced antiprotozoal activities** and decreased cytotoxicities
of select compounds, therefore affording greater selectivity
toward specific parasites.®’ We designed several cationic
substituted 2-phenylbenzofurans with the methoxy and hydroxy
groups attached to the aromatic rings to evaluate how this
structural variation would affect antiprotozoal properties of
compounds 1—49. Dications 4—7, bearing aromatic cationic
groups, were synthesized to investigate the effect of the reduced
basicity and increased lipophilicity of these congeners on their
activities against different parasites. The results of the in vitro
testing against bloodstream form trypomastigotes of 7. b.
rhodesiense (STIB900), chloroquine resistant P. falciparum
(K1), and axenic amastigotes of L. donovani (MHOM/SD/62/
1S-CL2p) as well as the assessment of cytotoxicity of the
compounds 1—49 against rat myoblast cells (L6) are sum-
marized in Table 1 and compared to the results of pentamidine
and DAPI. Other controls employed were melarsoprol (7. b.

rhodesiense), chloroquine and artemisinin (P. falciparum), and
podophyllotoxin (L6). In addition to activities, three selectivity
indexes Slr, Slp, and SI;, reflecting the inhibition of the
particular parasite with respect to the L6 cells, were analyzed:
antitrypanosomal selectivity index Slr, expressed as the ratio
[ICso(L6-cells)/ICso(T. b. rhodesiense)]; antiplasmodial selectiv-
ity index Slp, expressed as the ratio [ICso(L6-cells)/ICso(P.
falciparum)]; and antileishmanial selectivity index SI;, expressed
as the ratio [ICso(L6-cells)/ICso(L. donovani)].

Cytotoxicity Study. 2-Phenylbenzofurans 1—49 displayed a
range of in vitro cytotoxicities with ICsy values varying from
0.8 uM to >221 uM. Di(N-isopropyl)amidines were less
cytotoxic than diamidines and diimidazolines.>*®' Replacement
of amidine groups in the 2-phenylbenzofuran 1 with benzimi-
dazole or imidazole moieties in dications 4 and 5 afforded
derivatives exhibiting cytotoxicities comparable to that of
diamidine 1. Compound 7, bearing a benzimidazole substituent
in the 4'-position of the phenyl ring, was 30-fold less cytotoxic
than dication 1.

The position of the cationic substituents mainly affected the
cytotoxicity of diamidines and diimidazolines but had lesser
effect on di(N-isopropyl)amidines. 5-Substituted diamidines and
diimidazolines exhibited lower cytotoxicity than the 6-substi-
tuted derivatives in all cases except diamidines 8 and 32 and
diimidazoline 34, which were more toxic than corresponding
6-substituted isomers 14, 44, and 46, respectively. Likewise,
diamidines and diimidazolines bearing one cationic group in
the 5'-position of the phenyl ring were less toxic than analogous
4'-substituted isomers except diamidine 44 and diimidazolines
3 and 46, which displayed higher cytotoxic ICsy values than
similar 5'-substituted derivatives 47, 10, and 49. Thus, 5,5'-
substituted diamidines 8 and 35 and 6,5'-substituted isomer 14
were 10-, 6-, and 160-fold less toxic than the corresponding
4'-substituted 2-phenylbenzofurans 1, 32, and 11. The position
of the cationic groups influenced the cytotoxicity of the
compounds 6 and 7. Attachment of the imidazoline moiety to
the 4'-position of the phenyl ring in the dication 6 afforded a
derivative nearly 10-fold more cytotoxic than compound 7,
bearing the imidazoline moiety in the 5-position of the benzo-
furan scaffold. Di(N-isopropyl)amidines exhibited comparable
cytotoxic ICsy values regardless of the position of cationic
fragments.

The effect of the methoxy and hydroxy groups on the
cytotoxicity of the 2-phenylbenzofurans 1—49 depended on the
type and the position of the cationic substituents. For instance,
introduction of the methoxy and hydroxy substituents in either
the 7-position of the benzofuran or 2'-position of the phenyl
ring of the 5,4'-substituted diamidine 1 resulted in a 15- to 100-
fold reduction in cytotoxicity (derivatives 17, 20, 26, and 32).
However, diamidine 23, bearing hydroxy groups in both the 7-
and 2'-positions, was equally cytotoxic as compound 1. Among
5,5'- and 6,4'-substituted diamidines, dications bearing methoxy
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Table 1. Structures, Cytotoxicity, and in Vitro Antiprotozoal Activity of 2-Phenylbenzofurans 1—49

Cytotox.2 T. b. rhodesiense” P. falciparum’ L. donovani’
Compd  Structure ICso ICsx S  ICs, SL¥  ICx SL”
M) M) M) (uM)
1 NH - 190 0.003 633 0.047 40 099 2
HoN A
-0,
2 NH . 108 0.125 >1584 0.073 >2712 16 125
HN 3
o0
3 N 39.7 0.189 210 0.001 39700 21 2
N 3\ ;>
MO~
H
4 Q" 6.7 0249 27 0.031 216 >100 0.1
S O0-0O-40
5 N 33 0.606 5 0.033 100 >100 0.03
N N
OO
H
6 Q” 6.1 0122 50 0.040 153 57 1
1l
N A N
-0
7 Y . 59.3 0228 260 0.061 972 >100 0.6
N’
TO-0O40
8 NH N, 212 0.024 883 0.019 1116 58 4
HoN A
-0
9 NH AN 199 0473  >421 0331 >601 13 15
HN A )
QOO
10 Ny 339 0.078 435 0.076 446 24 1.5
(‘(‘l -NH
oo
s}
1 A NH O 0.80 0.007 114 0.003 267 3.1 03
NH,
12 N NH 199 0.148  >1345 0015 >13267 12 17
HNY _<
13 N NN 450 0319 14 0.109 41 >50 0.1
eesavas
NH
14 N, 131 0.021 6238 0004 32750 14 9
3
w S IO
NH,
15 AN >200 0534  >375 0059 >3390 24 8
3\
w3~
HNj/
16 N\/ﬁ 12.8 0.333 38 0.205 62 >100 0.1
NH
A\
W)
NH
17 NH - 30.7 0.006 5117 0.006 5117 3.0 10
HoN A
-0,
OMe
18 NH >190 0.090 >2111 0.048 >3958 15 12
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Table 1. Continued
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Cytotox.® T. b. rhodesiense” P. falciparum’ L. donovani’
Compd  Structure ICoo 1Co SI” ICo S ¥ ICao SL”
(M) (M) (eM) (uM)
19 <\\N 19.9 0.124 160 0.032 622 45 5
N A N
H O g O /N]
OMe A
20 NH 184 0.003 61333  0.047 3915 53 35
HoN N NH
O d O NH,
OH
21 NH >185 0.028 >6607  0.056 >3304 20 9
N N NH
SsSvg
OH
22 (‘{“ >203 0.004  >50750 0.022 >9227 74 27
OO
d N
OH H
23 NH " 2.10 0.018 117 0.061 34 14 0.2
H,N N\
o HO
24 NH " >179 0.023 >7783 0310 >577 46 4
HN N\
O o O NH
oH  HO —<
25 (\(“ >193 0.010 >19300 0.030 >6433 16 12
AGOSO=S
d N
oy HO H
26 NH " 157 0.003 52333 0.003 52333 2.0 80
H N A
O o O NH,
MeQ
27 NH - 98.1 0.074 1326 0.020 4905 1.5 67
HN A
L0~
Med —<
28 (\\N 7.40 0.247 30 0.031 239 60 0.1
OO0
d N
MeO H
29 NH AN NHy 179 0.002 89500  0.040 4475 5.7 31
HN A
-0
MeC
30 NH AN NH >179 0.155 >1155 0250 >716 25 7
QOO
o
MeC
31 Ny 30.8 0.027 1141 0.065 474 >50 0.6
(‘(‘l N
N
g \%‘
o
MeQ
32 NH " 333 0.002 16650  0.004 8325 1.8 19
H,N AN
O o O NH,
HO
33 NH " >183 0.021 >8714  0.028 >6536 1.8 101
HN AN
0~
HO —<
34 (‘\N 150 0.008 18750  0.006 25000 5.8 26
esTeRs
H
35 NH >217 0.005 >43400 0.793 >274 20 11

z
T
5

I
3
z
O Z
I
. O,
Oz
z
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Table 1. Continued
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Cytotox.# T. b. rhodesiense” P. falciparum’ L. donovani’
Compd  Structure ICo ICoo SI’ ICo  SI;° ICo S
(uM) (M) (aM) (M)
36 NH ™ >180 1.005  >179 0.516 >349 40 5
HN A )
b Qe Y,
nd
37 N/ﬁ >199 0.227 >877 0.023 >B8652 57 4
({\l }-NH
NGV,
d
Hd
38 AN NH 108 0.003 36000 0.020 5400 3.7 29
Wessose
NH, Med
39 A NH >181 0.054 >3352 0206 >879 32 6
HNNH
HNY MeO —<
40 A N 4.40 0.049 90 0.077 57 >100  0.04
NN]
&NH Med H
41 N NH, 128 0.011 11636  0.018 7111 3.6 36
N
w I
NH, MeC
42 HN NH >175 0.929 >188 0.293 >597 54 3
3 )
e I
HNY MeQ'
43 N 11.1 0.017 653 0.074 150 34 0.3
NH
N
I
. Med
44 A NHO 221 0.004 >55250 0.070 >3157 29 8
w S0,
NH, HO
45 A NH o >183 0.009 >20333 0597 >307 39 5
w I,
HNY HO _Q
46 A\ N >193 0.011 >17545 0.098 >1969 13 15
& 0
NH Ho "
47 HN, NH, 164 0.029 5655 0.378 434 41 4
N
w IO
NH; Ho
48 N - >187 5.101 >37 0.636 >294 >100 2
N
w I
HN]/ Hd
49 Nﬁ >189 0.083 >2277  0.103 >1835 35 6
NH
A
WSS
&NH HO
PMD* 46.6 0.003 15533 0.058 803 1.8 25
DAPI® 0.86 0.017 51 0.003 287
MLSP* 7.78 0.004 1945
c? 117 0124 944
ATMS® 450 0.006 75000
PPTY 0.019

“PMD, pentamidine. ” DAPI, 4',6-diamidino-2-phenylindole. ¢ MLSP, melarsoprol. ¢ CQ, chloroquine. ¢ ATMS, artemisinin. / PPT, podophyllotoxin.

& Cytotoxicity (L6 rat myoblast cells). Average of duplicate determinations.

76

" Trypanosoma brucei rhodesiense (STIB900). Average of duplicate

determinations.””"7* / Selectivity index”’ for T. b. rhodesiense (SIy), expressed as the ratio [ICso(L6)/ICso(T. b. rhodesiense)].” Chloroquine resistant Plasmodium
falciparum (K1). Average of duplicate determinations.””® * Selectivity index’° for P. falciparum (Slp), expressed as the ratio [ICso(L6)/ICso(P. falciparum)).
! Leishmania donovani (MHOM/SD/62/1S-CL2p) axenic amastigotes. Average of duplicate determinations.”*”> ™ Selectivity index”° for L. donovani (SI.),
expressed as the ratio [ICso(L6)/ICso(L. donovani)].
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Scheme 5¢
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“ Reagents and conditions: (i) 1,4-dioxane, EtOH, HCI, 1—3 days; (ii) appropriate amine, EtOH, 1—2 days.

(29 and 38) or hydroxy groups (35 and 44) in the 2'-position of
the phenyl ring exhibited lower cytotoxicity than compounds 8
and 11, respectively. Thus, 2'-hydroxy substituted dication 44
was 270-fold less toxic than 2-phenylbenzofuran 11. In the case
of 6,5'-substituted diamidines, addition of the methoxy (41) or
hydroxy (47) groups in the 2'-position of the molecule had little
effect on toxicity. Attachment of the methoxy or hydroxy
substituents to the 7- or/and 2'-positions of the aromatic rings
resulted in slightly increased cytotoxicity of di(N-isopropyl)a-
midines relative to 2-phenylbenzofurans 2, 9, 12, and 15.
Diimidazolines 19, 28, 31, 40, and 43 bearing methoxy
substituents were more cytotoxic than the parent compounds 3,
10, 13, and 16 regardless of the position of the cationic
fragments, while the introduction of hydroxy groups afforded
dications with lower cytotoxicity. For example, 2'-hydroxy
substituted diimidazoline 46 was nearly 40-fold less toxic than
the 2-phenylbenzofuran 13.

Antitrypanosomal Activity. All compounds 1—49 exhibited
in vitro antitrypanosomal potencies ranging from 2 nM to 5.1
uM with only two dications in the group showing ICs, values
exceeding 1 uM. Ten diamidines (1, 11, 17, 20, 26, 29, 32, 35,
38, and 44), one di(N-isopropyl)amidine (45), and three diimi-
dazolines (22, 25, and 34) displayed antitrypanosomal ICs
values equal to or less than 10 nM. Eight of these dications (1,
20, 22, 26, 29, 32, 38, and 44), all diamidines except diimida-
zoline 22, demonstrated antitrypanosomal potencies comparable
to or lower than that of melarsoprol (ICsp = 4 nM). Six
2-phenylbenzofurans (1, 20, 26, 29, 32, and 38) exhibited
antitrypanosomal activities equal or superior to that of penta-
midine (ICso = 3 nM). 5-Substituted diamidines 29 and 32,
bearing methoxy and hydroxy groups in the 2'-position of the
phenyl ring, respectively, were the most potent compounds in
the series, with antitrypanosomal ICs values of 2 nM.

Generally, diamidines were more active in vitro against 7.
b. rhodesiense than di(N-isopropyl)amidines and diimidazo-
lines.>*¢-67%%  Antitrypanosomal potency of 5'-substituted
dications decreased in the order Am > Im > i-PrAm, whereas
for compounds bearing one cationic group in the 4'-position of
the phenyl ring there was no apparent correlation between the
type of cationic substituents and activities against 7. b. rhod-
esiense. Replacement of the amidine groups in 2-phenylben-
zofuran 1 with aromatic cationic moieties resulted in a 40- to
200-fold decrease of antitrypanosomal activities (compounds
4-17).

The position of the cationic groups affected the antitrypano-
somal properties of 2-phenylbenzofurans 1—49. Thus, 5-sub-
stituted diamidines and di(N-isopropyl)amidines were more
active against 7. b. rhodesiense than 6-substituted derivatives
except diamidine 8 and di(N-isopropyl)amidines 27 and 33,
which displayed lower antitrypanosomal potencies than the
corresponding 6-substituted isomers 14, 39, and 45. In the case
of diimidazolines, 6-substituted derivatives 40, 43, and 49

revealed higher antitrypanosomal activities relative to the
5-substituted derivatives 28, 31, and 37, respectively. Com-
pounds bearing one cationic group in the 4'-position of the
phenyl ring exhibited higher activities against 7. b. rhodesiense
relative to 5'-substituted 2-phenylbenzofurans in all cases except
for dications 3, 26, 28, and 40, which were less active against
trypanosomes than the corresponding isomers 10, 29, 31, and
43, respectively.

In many cases, the attachment of the methoxy and hydroxy
groups resulted in enhanced antitrypanosomal activity of 2-phe-
nylbenzofurans. 5,4'-Substituted dications 17, 20, 26, and 32
with the methoxy or hydroxy groups in the 7-position of the
benzofuran moiety or 2'-position of the phenyl ring exhibited
antitrypanosomal activity comparable to that of the diamidine
1. Among the 5,5'-, 6,4'-, and 6,5'-substituted diamidines,
derivatives bearing methoxy groups in the 2'-position of the
phenyl ring were the most potent against 7. b. rhodesiense. For
example, 2'-methoxy substituted diamidine 29 exhibited 12-
fold increase in the antitrypanosomal activity compared to the
diamidine 8. However, diamidine 23 bearing two hydroxy
groups in the 7- and 2'-positions was 6-fold less as potent against
T. b. rhodesiense as 2-phenylbenzofuran 1. 4'-Substituted di(N-
isopropyl)amidines and diimidazolines, bearing hydroxy groups
in the 7- or/and 2'-positions, displayed higher antitrypanosomal
activities than those with methoxy groups and the parent
dications 2 and 3. Thus, 2'-hydroxy substituted di(N-isopropyl)-
amidines 33 and 45 revealed antitrypanosomal potencies 6- and
16-fold greater than 2-phenylbenzofurans 2 and 12. Likewise,
attachment of methoxy groups to the 7-position of the benzo-
furan ring in the diimidazoline 22 or to the 2'-position of the
phenyl ring in the diimidazoline 34 resulted in increases activity
against 7. b. rhodesiense by 47- and 24-fold, respectively,
relative to the parent dication 3.

All compounds 1—49 were selective against the Trypanosoma
parasite (selectivity index’® SIr, defined as a ratio of cytotoxic
ICs to antitrypanosomal ICs values, varied from 5 to 89 500).
Twelve dications (20, 22, 25, 26, 29, 32, 34, 35, 38, 44—46)
displayed antitrypanosomal selectivity indexes SIt greater than
that of pentamidine (SIp = 15533).

Diamidines usually exhibited higher antitrypanosomal selec-
tivity indexes SIy compared to di(N-isopropyl)amidines and
diimidazolines. However, in the series of 5,4'- and 6,4'-
substituted dications, di(N-isopropyl)amidines 2 and 12 were
the most selective against 7. b. rhodesiense. Also, among 5,4'-
substituted derivatives bearing hydroxy groups in the 2'- or/
and the 7-positions of the aromatic moieties, diimidazolines 22
and 34 displayed the highest antitrypanosomal selectivity.
2-Phenylbenzofurans 4—7 bearing aromatic cationic moieties
were 2- to 126-fold less selective against 7. b. rhodesiense than
dication 1.

The relative antitrypanosomal selectivity of 5- and 6-substi-
tuted dications as well as 4'- and 5'-substituted isomers depended
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on the type of the cationic substituents and the presence or
absence of the methoxy and hydroxy groups in the molecules.
5-Substituted 2-phenylbenzofurans were more selective against
T. b. rhodesiense compared to the 6-substituted congeners in
all cases except diamidines 8 and 32, di(N-isopropyl)amidines
27 and 33, and diimidazolines 28 and 37, which displayed lower
antitrypanosomal selectivity indexes Slt than the corresponding
6-substituted isomers 14, 44, 39, 45, 40, and 39, respectively.
In the case of diamidines and diimidazolines, relative antitry-
panosomal selectivities of 4'- and 5'-substituted isomers were
affected by the presence or absence of methoxy or hydroxy
substituents in the molecules. For instance, 5,5'-substituted
diamidines 8, 29, and 35 as well as the 6,5'-substituted diamidine
14 were more selective against 7. b. rhodesiense than the
corresponding 4'-substituted isomers 1, 26, 32, and 11. Similarly,
5,5'- and 6,5'-substituted diimidazolines 10, 16, 31, and 43
exhibited higher selectivity indexes Slt than 4'-substituted
derivatives 3, 13, 28, and 40, respectively. All other 4'-
substituted 2-phenylbenzofurans exhibited higher antitrypano-
somal selectivity indexes SIt than corresponding 5'-substituted
dications.

Addition of the methoxy or hydroxy groups to the 2'- or/and
7-position of the aromatic rings in many cases improved
selectivity of 2-phenylbenzofurans 1—49 against 7. b. rhod-
esiense. 5,4'-Substituted dications bearing the methoxy or
hydroxy groups in the 7-position of the benzofuran ring
displayed increased antitrypanosomal selectivity compared to
dications 1—3 in all cases except diimidazoline 19 and diamidine
23. Thus, 7-hydroxy substituted diamidine 20 and diimidazoline
22 exhibited antitrypanosomal selectivity indexes Sl that were
97- and 242-fold greater than those of the compounds 1 and 3,
respectively. In the cases of 5,4'- and 5,5'-substituted diamidines
bearing methoxy and hydroxy groups in the 2'-position of the
phenyl ring, the antitrypanosomal selectivity increased in the
order H < OH < OMe. Thus, 2'-methoxy substituted dications
26 and 29 were approximately 80- and 100-fold more selective
against 7. b. rhodesiense than corresponding diamidines 1 and
8. The diamidine 29 not only exhibited the highest selectivity
index Sl of 89 500, which was nearly 6-fold greater than that
of pentamidine (SIt = 15 533), but also was one of two the
most potent compounds in the series, displaying an antitrypa-
nosomal ICsy value of 2 nM. In the case of all 6,4'-substituted
dications, antitrypanosomal selectivity indexes Slt increased in
the order H < OMe < OH. For example, the antitrypanosomal
selectivities of 2-hydroxy substituted diamidine 44 and diimi-
dazoline 46 were nearly 500 times and more than 1200 times
greater than that of the corresponding dehydroxy compounds
11 and 13, respectively. The introduction of the hydroxy group
in the 7- and/or 2'-position of the aromatic moieties of the 4'-
substituted di(N-isopropyl)amidines improved their antitrypa-
nosomal selectivity indexes SIr. In the case of 5'-substituted
isomers, however, such transformation reduced the selectivity
of dications against the parasite compared to 2-phenylbenzo-
furans lacking substituents in the 2'-position.

Antiplasmodial Activity. Dications 1—49 exhibited potencies
against P. falciparum with in vitro ICs values ranging from 1
to 793 nM (Table 1). Only 13 compounds in the series displayed
antimalarial 1Csy values exceeding 100 nM. Twenty-six com-
pounds (1, 3—6, 8, 11, 12, 14, 17—22, 25—29, 32—34, 37, 38,
and 41) exhibited antiplasmodial activities higher than penta-
midine (ICsyp = 58 nM). Twelve compounds (3, 8, 11, 12, 14,
17, 26, 27, 32, 34, 38, and 41) demonstrated in vitro antiplas-
modial 1Csy values equal to or less than 20 nM. This group
included eight diamidines (8, 11, 14, 17, 26, 32, 38, and 41),
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two di(N-isopropyl)amidines (12 and 27), and two diimidazo-
lines (3 and 34). Seven of these dications (3, 11, 14, 17, 26,
33, and 34), all diamidines except diimidazolines 3 and 34,
exhibited antiplasmodial ICsy values superior to that of arte-
misinin (ICsp = 6 nM). Diimidazoline 3, bearing cationic
substituents in the 5-position of the benzofuran moiety and the
4'-position of the phenyl ring, was the most potent compound
in the series, with an antiplasmodial ICsy value of 1 nM.

Diamidines and diimidazolines usually exhibited higher
antimalarial potency in vitro than di(N-isopropyl)amidines.
Replacement of the amidine groups in the 2-phenylbenzofuran
1 with aromatic cationic substituents reduced antiplasmodial
activities of the compounds 4—7.

The position of cationic groups influenced the antiplasmodial
properties of compounds 1—49. 6-Substituted diamidines and
di(N-isopropyl)amidines without the methoxy or hydroxy groups
in the 2'-position of the phenyl ring were more active against
P. falciparum than corresponding 5-substituted derivatives.
However, among the 2'-methoxy and 2'-hydroxy substituted
diamidines and di(N-isopropyl)amidines, compounds bearing
cationic substituents in the 5-position of the benzofuran ring
displayed higher antiplasmodial activities relative to the 6-sub-
stituted congeners in all cases except diamidines 29 and 35,
which were less active against P. falciparum than the corre-
sponding 6-substituted dications 41 and 47. All 5-substituted
diimidazolines exhibited antiplasmodial activities greater than
that of the 6-substituted derivatives. 2-Phenylbenzofurans bear-
ing one cationic group in the 4'-position of the phenyl ring
generally demonstrated higher antiplasmodial activities com-
pared to their 5'-substituted counterparts apart from diamidines
1 and 38 as well as diimidazoline 40, which were less effective
against P. falciparum than the corresponding dications 8, 41,
and 43.

Addition of methoxy and hydroxy substituents improved
antiplasmodial activities of some dications. For 5,4'-substituted
diamidines and di(N-isopropyl)amidines antiplasmodial poten-
cies increased in the order H < OH < OMe regardless of the
position of the methoxy and hydroxy groups. For example,
7-methoxy substituted diamidine 17 displayed antiplasmodial
activity nearly 8-fold greater than the dication 1. Similarly, the
diamidines 26 and 32 bearing methoxy and hydroxy groups in
the 2'-position were 16- and 12-fold more active against P.
Jalciparum than compound 1. However, addition of two hydroxy
groups to the 7- and 2'-position of the aromatic moieties in
2-phenylbenzofurans resulted in decreased antiplasmodial activi-
ties regardless of the nature of the cationic groups.

While the introduction of the methoxy and hydroxy groups
increased antiplasmodial activities of selected 2-phenylbenzo-
furans, such as 5,4'-substituted diamidines and di(N-isopropyl)-
amidines as well as 5,5'-, 6,4'-, and 6,5'-substituted diimida-
zolines, in some cases this structural modification afforded
congeners with lower potencies against P. falciparum compared
to the dications without methoxy or hydroxy substituents. For
example, antiplasmodial activities of 5,5'-, 6,4'-, and 6,5'-
substituted diamidines, 6,4'-, and 6,5'-substituted di(N-isopro-
pyl)amidines, as well as 5,4'-substituted diimidazolines de-
creased in the order H > OMe > OH relative to the corre-
sponding demethoxy and dehydroxy analogues.

All dications 1—49 were selective against P. falciparum
(selectivity index”® Slp, defined as a ratio of cytotoxic ICsg to
antiplasmodial ICsq values, varied from 34 to 52 333). Twenty-
six dications (2, 3, 7, 8, 12, 14, 15, 17, 18, 20—22, 2527, 29,
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32—34, 3739, 41, 44, 46, 49) displayed antiplasmodial
selectivity indexes Slp greater than that of pentamidine (SIp =
803).

Diamidines and diimidazolines usually exhibited higher
antimalarial selectivity indexes SIp than di(N-isopropyl)amidines.
Compounds 4—7 bearing aromatic cationic fragments displayed
reduced antiplasmodial selectivity, except compound 7, which
was slightly more selective against P. falciparum than
pentamidine.

The relative antiplasmodial selectivity of 5- and 6-substituted
dications as well as 4'- and 5'-substituted congeners depended
on the type of the cationic scaffolds and the presence of methoxy
and hydroxy groups in the molecules. For instance, 6-substituted
diamidines and di(N-isopropyl)amidines lacking methoxy and
hydroxy groups in the 2'-position exhibited higher antiplasmo-
dial selectivity indexes SIp than their 5-substituted counterparts,
while 5-substituted diimidazolines were more selective against
P. falciparum compared to the 6-substituted analogues. Among
the 2-phenylbenzofurans containing 2'-methoxy and hydroxy
groups, compounds bearing cationic substituents in the 5-posi-
tion of the benzofuran ring displayed higher antimalarial
selectivity in all cases except diamidines 29 and 35, which were
less selective against P. falciparum than corresponding 6-sub-
stituted isomers 41 and 47. In the case of diamidines and
diimidazolines, antiplasmodial selectivities of 4'- and 5'-
substituted isomers depended on the presence or absence of
methoxy or hydroxy groups in the molecules. For instance, 6,5'-
substituted diamidines 14 and 41 and diimidazolines 16 and 43
were more selective against P. falciparum than the correspond-
ing 6,4'-substituted isomers 11, 38, 13, and 40. Similarly, 5,5'-
substituted diamidine 8 and diimidazole 31 exhibited higher
selectivity indexes SIp than 5,4'-substituted derivatives 1 and
28, respectively. In all other cases diamidines and diimidazolines
bearing one cationic group in the 4'-position of the phenyl ring
were more selective against the parasite than the 5'-substituted
isomers. All 4'-substituted di(N-isopropyl)amidines exhibited
higher antiplasmodial selectivity indexes SlIp than corresponding
5'-substituted dications.

In general, the position of the methoxy or hydroxy group in
the 7- or 2'-position of the aromatic rings increased selectivity
of some 2-phenylbenzofurans 1—49 against P. falciparum.
Among 5,4'-substituted diamidines and di(N-isopropyl)amidines
the selectivity against P. falciparum increased in the order H
< OH < OMe. Thus, 7-methoxy and hydroxy substituted
diamidines 17 and 20 exhibited antiplasmodial selectivity
indexes Slp that were almost 130- and 100-fold greater than
that of dication 1. Similarly, 2'- methoxy and hydroxy substi-
tuted dications 26 and 32 were 1300- and 200-fold more
selective against P. falciparum than the diamidine 1. Diamidine
26 not only was among the most potent compounds in the series,
with an antiplasmodial ICsy value of 3 nM, but also was the
most selective dication in the group, exhibiting an antiplasmodial
selectivity index 65 times greater than that of pentamidine.
However, introduction of two hydroxy groups in the 7- and 2'-
positions of the aromatic moieties reduced the selectivity of
diamidine 23 and di(N-isopropyl)amidine 24 compared to
dications 1 and 2. In the case of diimidazolines, antiplasmodial
selectivity indexes Slp of 5,5'-, 6,4'-, 6,5'-substituted derivatives
increased in the order H < OMe < OH. For example, the
introduction of hydroxy groups in the 2'-position of the phenyl
ring afforded diimidazolines 46 and 49, which were 48- and
30-fold as selective against P. falciparum as dications 13 and
16, respectively. However, in several cases the introduction of
methoxy or hydroxy groups in the 2'-position of the phenyl ring
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reduced antiplasmodial selectivity indexes SIp of selected
2-phenylbenzofurans. Thus, 5,5'-substituted diamidines and
di(N-isopropyl)amidines with the 2'-hydroxy group in the
molecules were less selective against the parasite compared to
the corresponding analogues lacking substitution in the 2'-
position. In the case of 6,5 -substituted diamidines as well as
6,4'- and 6,5'-substituted di(N-isopropyl)amidines, antiplasmo-
dial selectivity of the dications decreased in the order H > OMe
> OH.

Antileishmanial Activity. All 2-phenylbenzofurans except
dications 4, 5, 7, 16, 40, and 48 were active in the L. donovani
axenic amastigote assay, demonstrating activities ranging from
0.99 to 60 uM. Diamidines 1, 26, and 32 as well as di(N-
isopropyl)amidines 2, 27, and 33 displayed antileishmanial ICs,
values less than 2 uM. All these six compounds were 5,4'-
substituted derivatives with or without methoxy or hydroxy
groups in the 2'-position of the phenyl ring. Five 2-phenylben-
zofurans (1, 2, 27, 32, and 33) exhibited antileishmanial ICs
values equal or greater than that of pentamidine (ICso = 1.8
uM). Diamidine 1 revealed the highest antileishmanial potency
in the series, exhibiting an ICsy value of 0.99 uM.

In general, substitution on the amidine groups resulted in
decreased activity of the compounds 1—49 against L. donovani
axenic amastigotes, although exceptions did occur. 2-Phenyl-
benzofurans 4—7 bearing aromatic cationic substituents pos-
sessed no antileishmanial activity except compound 6, with an
ICsp value of 5.7 uM.

The position of the cationic moieties had significant effect
on antileishmanial properties of 2-phenylbenzofurans 1—49.
Compounds bearing one of the cationic groups in the 5-position
of the benzofuran ring were more potent against L. donovani
than 6-substituted derivatives in all cases except diamidine 29
and diimidazolines 31 and 37, which displayed lower antile-
ishmanial activity than the corresponding 6-substituted isomers
41, 43, and 49, respectively. Similarly, 4'-substituted 2-phenyl-
benzofurans exhibited higher activities against L. donovani
compared to compounds having one cationic group attached to
the 5'-position of the phenyl ring on all occasions except for
diamidine 38 and diimidazolines 28 and 40, which displayed
lower antileishmanial activities than corresponding dications 41,
31, and 43.

Introduction of methoxy and hydroxy substituents in the 2'-
position of the phenyl ring and in the 7-position of the
benzofuran moiety resulted in decreased antileishmanial activi-
ties of the 5,4'-substituted diamidines.?* For example, diamidine
23 containing two hydroxy groups attached to the 7- and the
2'-position of the molecule was 14 times less active against L.
donovani than dication 1. In the series of 5,5'- and 6,5'-
substituted diamidines and 5,4'-substituted di(N-isopropyl)a-
midines, compounds bearing hydroxy groups in the 2'-positions
of the phenyl ring displayed lower antileishmanial activities than
parent dications 8, 14, and 2. However, the introduction of the
2'-methoxy substituent in the molecules of the aforementioned
dications afforded congeners with improved potency against L.
donovani. Thus, 2'-methoxy substituted diamidine 41 revealed
an antileishmanial activity nearly 4 times greater than dication
14. Antileishmanial activities of 6,4'-substituted diamidines,
5,5'-,6,4'-, and 6,5'- substituted di(N-isopropyl)amidines as well
as 5,5'-substituted diimidazolines decreased in the order H >
OMe > OH.

All 2-phenylbenzofurans, except dications 4—7, 10, 11, 13,
16, 23, 28, 31, 40, and 43, were selective against L. donovani
and displayed selectivity indexes’® (SIp, defined as a ratio of
cytotoxic ICsp to antileishmanial ICsy values) ranging from 2
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to 125. Ten dications (2, 20, 22, 26, 27, 29, 33, 34, 38, and 41)
revealed antileishmanial selectivity indexes SI; greater than that
of pentamidine (SI, = 25).

Diamidines and di(N-isopropyl)amidines generally exhibited
higher antileishmanial selectivity indexes SIj, than diimidazo-
lines. Dications 4—7 bearing aromatic cationic motifs did not
show any selectivity against L. donovani.

Antileishmanial selectivity of 5- and 6-substituted dications
as well as 4'- and 5'-substituted isomers depended on the type
of the cationic substituents and the presence or absence of
methoxy and hydroxy groups in the molecules. Compounds
bearing cationic groups at the 5-position were more selective
against L. donovani in all cases except diamidines 8 and 29
and diimidazoline 37, which displayed lower antileishmanial
selectivity indexes SIi, than corresponding 6-substituted isomers
14, 41, and 49. Likewise, 4'-substituted 2-phenylbenzofurans
usually exhibited higher antileishmanial selectivity indexes SIj,
than corresponding 5'-substituted isomers apart from 5,4'-
substituted diamidine 1 and 6,4'-substituted diamidines 11 and
38, which were less selective against L. donovani than corre-
sponding 5'-substituted derivatives 8, 14, and 41.

Introduction of the methoxy and hydroxy substituents affected
the antileishmanial selectivity of the 2-phenylbenzofurans 1—49.
5,4'-Substituted diamidines and diimidazolines bearing methoxy
or hydroxy groups in the 7-position of the benzofuran ring were
more selective against L. donovani than dications 1 and 3 in all
cases except diamidine 23, which contained hydroxy groups
both in 7- and in 2'-positions of the aromatic moieties. For
example, 7-hydroxy substituted diamidine 20 and diimidazoline
22 revealed antileishmanial selectivity indexes SI;, that were
18- and 14-fold greater than those of compounds 1 and 3,
respectively. Conversely, di(N-isopropyl)amidines with substit-
uents in the 7-position of the benzofuran ring exhibited reduced
antileishmanial selectivity indexes compared to the compound
2. Thus, di(N-isopropyl)amidine 24, bearing the hydroxy groups
in the 7- and 2'-position of the molecule, was 31-fold less
selective against L. donovani than dication 2. Introduction of
the methoxy and hydroxy groups at the 2'-position of the phenyl
ring also improved selectivity indexes Sl of some cationic
2-phenylbenzofurans. Antileishmanial selectivity of 5,4'-, 5,5'-,
and 6,4'-substituted diamidines bearing methoxy and hydroxy
groups in the 2'-position of the phenyl ring increased in the
order H < OH < OMe. For example, 2'-methoxy substituted
dications 26 and 29 were 42- and 9-fold more selective against
L. donovani than corresponding diamidines 1 and 8. The
attachment of the hydroxy group to the 2'-position of the phenyl
ring of diimidazolines increased their antileishmanial selectivity
compared to unsubstituted dications, while the addition of the
2'-methoxy substituent resulted in less selective compounds.
Thus, 2'-hydroxy substituted diimidazoline 34 exhibited the
antileishmanial selectivity index SIp that was nearly 14-fold
higher than that of dication 3. In the case of di(N-isopropyl)a-
midines, the introduction of the 2'-methoxy or hydroxy groups
in the molecules reduced selectivity of these dications against
L. donovani. Thus, di(N-isopropyl)amidine 2 not only was more
active than pentamidine against L. donovani but also displayed
the highest selectivity index in the series (SIp = 125), which
was 5-fold greater than that of pentamidine.

In Vivo Antitrypanosomal Activity. Select 2-phenylben-
zofurans exhibiting promising in vitro activities against 7. b.
rhodesiense were evaluated in the STIB90O animal model of
African trypanosomiasis (Table 2). Initial screening was con-
ducted using intraperitoneal dosing at 20 mg/kg daily for 4 days.
However, because of the high curative rate and a significant
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Table 2. Activity of Select 2-Phenylbenzofurans in the STIB900 Mouse
Model of Trypanosomiasis

in vivo”
in vitro, dose survival
compd ICso (nM)“ (mg/kg)“ cures? (days)”
melarsoprol 4 4 x8 4/4 >60
4x2 4/4 >60
4 x1 2/4 >51.5
pentamidine 3 4 x 20 2/4 >57.5
4x5 2/4 >45
DAPI 17 4 %20 4/4 >60
4x5 0/4 >40.8
1 3 4 x5 3/4 >53
4 x1 3/4 >56
1x10 2/4 >51.8
2 125 4 x5 3/4 >53
4 x1 0/4 15.3
1 x 10 0/4 18.3
3 189 4 %20 0/4 11
4 249 4 x5 0/4 5.5
6 122 4 x5 0/4 11
11 7 4x5 4/4 >60
4 x1 0/4 26.5
1x10 1/4 >39.5
12 148 4 x5 1/4 >38.5
14 21 4 x5 0/4 33
17 6 4 x5 4/4 >60
4x1 0/4 27.3
1x10 2/4 >44
19 124 4 %20 0/4 11.5
20 3 4 x5 4/4 >60
4x1 1/4 >30.8
1 x 10 1/4 >43
21 28 4 x5 4/4 >60
4 x1 0/4 19.8
1x10 2/4 >36.3
22 4 4 x5 3/4 >49.8
4x1 1/4 >39
1x10 3/4 >51.3
23 18 4 x5 3/4 >56.8
4 x1 1/4 >335
1 x 10 2/4 >49.5
24 23 4 x5 4/4 >60
4 x1 0/4 26.3
1 x 10 2/4 >50.7
25 10 4x5 0/4 >21
26 3 4 x5 2/4 >47
27 74 4x5 0/4 >39
29 2 4 x5 2/4 >57
31 27 4 x5 0/4 8.5
32 2 4 x5 3/4 >54.5
4x1 0/4 34.8
1x10 2/4 >55.3
33 21 4 x5 3/4 >50.5
4x1 0/4 18.5
1 x 10 0/4 26.8
34 8 4x5 3/4 >60
4 x1 0/4 20
1 x 10 0/4 23.5
35 5 4 x5 4/4 >60
4 x1 0/4 26
1x10 2/4 >51.5
38 3 4 x5 1/4 >34.5
39 54 4 x5 1/4 >38
40 49 4 x5 0/4 7
41 11 4x5 1/4 >48
43 17 4 x5 0/4 25
44 4 4 x5 2/4 >39
45 9 4 x5 3/4 >55.5
4 x1 2/4 >46.5
1 x 10 3/4 >51.8
46 11 4x5 0/4 23
47 29 4 x5 1/4 >36
49 83 4 x5 0/4 14

“ Average of duplicate determinations. ® STIB900 acute mouse model.”
¢ Intraperitoneal administration. “ Number of mice that survive and are
parasite-free for 60 days. ¢ Average days of survival; untreated controls
expired between days 7 and 8 after infection.

increase in the survival time of the infected animals, the
administered amount was reduced to 5 mg/kg daily for 4 days.
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Even at this very low dosage 17 2-phenylbenzofurans (1, 2,
11, 17, 20—24, 26, 29, 32—35, 44, and 45) displayed excellent
in vivo efficacies, curing 2/4 animals or better. In addition,
dications 12 and 14 provided 3/3 and 3/4 cures, respectively,
when administered intraperitoneally at 20 mg/kg for 4 days (data
not shown).

Diamidines and di(N-isopropyl)amidines usually exhibited
higher in vivo efficacies than diimidazolines. For example,
diamidine 1 and di(N-isopropyl)amidine 2 provided 3/4 cures
when administered intraperitoneally at 5 mg/kg for 4 days, while
diimidazole 3 was inactive even at the dose of 20 mg/kg.

The position of attachment of cationic substituents influenced
the efficacies of 2-phenylbenzofurans in the acute mouse model
of trypanosomiasis. Thus, 5-substituted dications were more
effective in vivo than 6-substituted analogues and 4'-substituted
derivatives exhibited higher potencies than 5'-substituted iso-
mers. Overall, 12 out of 17 compounds active in the acute mouse
model had their cationic moieties attached to the 5- and 4'-
position of the aromatic rings.

Introduction of methoxy and hydroxy groups improved in
vivo potencies of 2-phenylbenzofurans. For example, diamidine
20 and di(N-isopropyl)amidine 21 bearing the hydroxy group
in the 7-position of the benzofuran moiety displayed improved
antitrypanosomal efficacy relative to that of dications 1 and 2,
curing 4/4 animals. Likewise, 7-hydroxy substituted and 2'-
hydroxy substituted diimidazolines 22 and 34 cured 3/4 animals,
while the aforementioned 2-phenylbenzofuran 3 was inactive
in the STIB900 model.

Fourteen dications providing 3/4 or 4/4 cures when admin-
istered at 5 mg/kg daily for 4 days were tested at an even lower
intraperitoneal dosage of 1 mg/kg daily for 4 days as well as at
a single-dose administration of 10 mg/kg. In the single-dose
regimen, seven dications (1, 17, 21, 23, 24, 32, and 35) provided
2/4 cures, while 7-hydroxy substituted diimidazoline 22 and 2'-
hydroxy substituted di(N-isopropyl)amidine 45 cured 3/4 mice.
Among the five 2-phenylbenzofurans (1, 20, 22, 23, and 45)
retaining curative ability in vivo at the regiment of 1 mg/kg
daily for 4 days, diamidine 1 and di(N-isopropyl)amidine 45
exhibited in vivo activity comparable to that of melarsoprol,
providing 3/4 and 2/4 cures, respectively.

Conclusions

We have reported the synthesis and the in vitro evaluation
of the antiprotozoal properties of cationic substituted 2-phenyl-
benzofurans 1—49 against Trypanosoma brucei rhodesiense,
Plasmodium falciparum, and Leishmania donovani as well as
the cytotoxicity study of these compounds against mammalian
cells. In our screens, diamidines usually exhibited higher
antitrypanosomal, antimalarial, and antileishmanial activities
compared to di(N-isopropyl)amidines and diimidazolines. Re-
placement of the amidine groups with aromatic cationic moieties
afforded more cytotoxic congeners with decreased antiparasitic
activity. The position of attachment of cationic groups influenced
the antiprotozoal properties of 2-phenylbenzofurans. Generally,
5-substituted dications were more active against 7. b. rhod-
esiense, P. falciparum, and L. donovani than the 6-substituted
congeners, and 4'-substituted derivatives exhibited higher activi-
ties than 5'-substituted isomers. In our cytotoxicity study,
however, 5,5'-substituted dications displayed higher antiparasitic
selectivity than 5,4'-substituted congeners. Introduction of the
methoxy or hydroxy substituents in the 7- or 2'-position of select
2-phenylbenzofurans reduced their cytotoxicity, enhanced an-
tiprotozoal activity, or achieved both, providing derivatives with
higher selectivity against 7. b. rhodesiense, P. falciparum, and
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L. donovani. Promising antiprotozoal activity of cationic
substituted 2-phenylbenzofurans in vitro, excellent potency in
the acute mouse model of trypanosomiasis and the reduced
cytotoxicity compared to pentamidine warrant further investiga-
tion of this class of compounds.

Experimental Section

General Experimental Information. In vitro antitrypanosomal,
antiplasmodial, and antileishmanial activities and cytotoxicities were
determined following established protocols.””'~’¢ In vivo antit-
rypanosomal testing was conducted as previously described.” All
chemicals and solvents were purchased from Aldrich Chemical Co.,
Fisher Scientific, or Acros Organics and were used without further
purification. Uncorrected melting points were measured on a
Thomas-Hoover capillary melting point apparatus. "H NMR spectra
were recorded on a Varian Gemini 2000 spectrometer operating at
300 MHz. Chemical shifts are reported in ppm relative to
tetramethylsilane. Anhydrous ethanol was distilled over Mg/l,
immediately prior to use. Reaction mixtures were monitored by
TLC using Whatman silica gel 250 um UV,s4 plates or by reverse
phase HPLC. Organic layers of extraction mixtures were washed
with saturated NaCl solution and dried over Na,SO4 or MgSOy
before being evaporated under reduced pressure. Flash column
chromatography was performed using Davisil grade 633, type 60A
silica gel (200—425 mesh). Analytical HPLC chromatograms were
recorded on an Agilent 1200 chromatograph using an Agilent
Zorbax Rx C8 column (4.6 mm x 75 mm, 3.5 ym) and UV
photodiode array detection at 230, 254, 265, 290, and 320 nm. The
column temperature was maintained at 40 °C. Mobile phases
consisted of mixtures of acetonitrile (0—75%) in water containing
formic acid (80 mM), ammonium formate (20 mM), and triethy-
lamine (15 mM). Flow rates were maintained at 1.5 mL/min. In
method A, the concentration of acetonitrile was increased linearly
from 0 to 22.5% over 6 min and then from 22.5 to 56.25% over 4
min and finally maintained for 1 min. In method B, the concentra-
tion of acetonitrile was increased linearly from 22.5 to 75% over
10 min and then maintained for 2 min.

Preparative Reverse Phase HPLC. Preparative Reverse Phase
HPLC was performed on a Varian ProStar Chromatography
Workstation configured with two PS-215 pumps fitted with 50 mL
pump heads, a Dynamax Microsorb C18 (60 A) column (41.4 mm
x 250 mm, 8 um), PS-320 variable wavelength UV —vis detector,
and a PS-701 fraction collector. Mobile phases consisted of mixtures
of acetonitrile (0—75%) in water containing formic acid (40 mM)
and ammonium formate (10 mM). Flow rates were maintained at
40 mL/min. Detector wavelengths and mobile phase gradients were
optimized for the individual compounds. Select fractions were
analyzed for purity as described above for analytical HPLC.
Residues of evaporated pooled purified fractions were reconstituted
in water and lyophilized on a VirTis BenchTop 6K lyophilizer.
The lyophilized compounds were dissolved in ethanol and converted
into HCI salts with aqueous HCI.

Flash Chromatography of Amidines on C;s Reversed Phase
Silica Gel. The chromatographic column was half-filled with
acetonitrile and packed with a slurry of Cg silica gel (70 g) in
acetonitrile (70—100 mL). The excess acetonitrile was drained out,
and the top of the column was covered with a 2 cm pad of sand.
The column was equilibrated with 150 mL of initial mobile phase
that consisted of water containing formic acid (40 mM) and
ammonium formate (10 mM). A concentrated reaction mixture was
dissolved in the initial mobile phase. In the case of low solubility,
heating of the mixture and/or addition of a small amount of
methanol as a cosolvent was performed. After the reaction mixture
was applied to the column, the elution began with initial mobile
phase (150 mL) to remove the excess amine and then with a mobile
phase consisting of a mixture of acetonitrile (0—75%) in water
containing formic acid (40 mM) and ammonium formate (10 mM).
Acetonitrile concentrations varied for each individual compound
and contained 50—70% of calculated amount of acetonitrile at the
point of the retention time of the compound in analytical method
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A. After the purification was completed, the column was washed
with acetonitrile (3 x 100 mL), ethanol (100 mL), deionized water
(2 x 100 mL) and kept in acetonitrile or acetonitrile—water mixture.
Select fractions were analyzed for purity as described above for
analytical HPLC. Residues of evaporated pooled purified fractions
were reconstituted in water and lyophilized on a VirTis BenchTop
6K lyophilizer. The lyophilized compounds were dissolved in
ethanol and converted into HCI salts with aqueous HCI.

Elemental analyses were performed by Atlantic Microlab,
Norcross, GA, and were within 0.4% of calculated values.

General Procedure for Syntheses of Diamidines (1—3, 8—49).
2-(4-Amidinophenyl)-5-amidinobenzofuran Dihydrochloride
(1).*” A mixture of dry 1,4-dioxane (100 mL) and dry EtOH (40
mL) in a three-neck 500 mL flask equipped with a gas inlet tube,
a thermometer, and a drying tube was saturated with gaseous HCl
at 0 °C. 2-(4-Cyanophenyl)benzofuran-5-carbonitrile (51) (5.00 g,
20.5 mmol) was added in one portion, the flask was sealed, and
the mixture was stirred at ambient temperature until the starting
material was no longer detectable by HPLC. The reaction mixture
was diluted with dry ether and a solid product was filtered off under
argon, washed with diethyl ether, and dried under high vacuum to
afford a diimidate ester (8.37 g, 100%), which was reacted
immediately with appropriate amines.

To a suspension of the diimidate ester (2.00 g, 4.89 mmol) in
dry EtOH (30 mL) was added dry EtOH saturated with gaseous
ammonia (20 mL), and the reaction mixture was stirred at ambient
temperature. The progress of the reaction was monitored by HPLC.
Upon completion, the reaction mixture was concentrated to give
crude product, which was purified by preparative HPLC to afford
1 as a white solid (1.14 g, 66%): mp >350 °C (lit.*” 355—358
°C). "H NMR (DMSO-ds) 6 9.55 (br s, 4H), 9.37 (br s, 4H), 8.30
(d, J= 1.6 Hz, 1H), 8.21 (d, J = 8.8 Hz, 2H), 8.05 (d, / = 8.8 Hz,
2H), 7.94 (s, 1H), 7.93 (d, J = 8.8 Hz, 1H), 7.87 (dd, J/ = 8.8 and
1.6 Hz, 1H). HPLC (method A) g = 4.04 min (100 area %). Anal.
(C16H14N4O+2HCI-0.4H,0) C, H, N, CL

2-(4-N-Isopropylamidinophenyl)-5-N-isopropylamidinoben-
zofuran Dihydrochloride (2). White solid (0.67 g, 42%): mp
355—357 °C. 'H NMR (DMSO-dq) 6 9.77 (br s, 1H), 9.70 (d, J =
7.5 Hz, 1H), 9.63 (br s, 1H), 9.57 (br s, 1H), 9.30 (br s, 1H), 9.24
(brs, 1H), 8.19 (d, J/ = 8.2 Hz, 1H), 8.18 (s, 1H), 8.17 (d, J = 1.6
Hz, 1H), 7.92 (d, J = 8.8 Hz, 4H), 7.74 (dd, J = 8.2 and 1.6 Hz,
1H), 4.16 (m, 2H), 1.31 (d, J = 6.3 Hz, 6H), 1.30 (d, / = 6.3 Hz,
6H). HPLC (method A) tg = 6.20 min (100 area %). Anal.
(C22H20N4O'2HC]'2.3H20) C, H, N, C]

5-(4,5-Dihydro-1H-imidazol-2-yl)-2-[4-(4,5-dihydro-1H-imid-
azol-2-yl)phenyl]benzofuran Dihydrochloride (3).*® White solid
(1.12 g, 76%): mp >350 °C (lit.*® no melting point). 'H NMR
(DMSO-ds) 6 10.95 (s, 4H), 8.55 (d, J = 1.6 Hz, 1H), 8.25 (s,
4H), 8.10 (dd, J = 8.2 and 1.6 Hz, 1H), 7.99 (s, 1H), 7.97 (d, J =
8.2 Hz, 1H), 4.03 (s, 8H). HPLC (method A) g = 5.19 min (100
area %). Anal. (CyH;sN4O-2HCI-1H,0) C, H, N, CIL

2-(3-Amidinophenyl)-5-amidinobenzofuran Dihydrochloride
(8). White solid (0.17 g, 33%): mp 294—296 °C. '"H NMR (DMSO-
de) 0 9.70 (s, 2H), 9.53 (s, 2H), 9.46 (s, 2H), 9.33 (s, 2H), 8.52
(dd, J = 1.6 and 1.6 Hz, 1H), 8.32 (d, J = 7.7 Hz, 1H), 8.31 (s,
1H), 7.94 (d, J = 8.8 Hz, 1H), 7.93 (d, J = 7.7 Hz, 1H), 7.88 (s,
1H), 7.85 (dd, J = 8.8 and 1.6 Hz, 1H), 7.79 (dd, J = 7.7 and 7.7
Hz, 1H). HPLC (method A) g = 4.23 min (100 area %). Anal.
(Cy6H14N4O-2HC1-1.2H,0+0.1EtOH) C, H, N, CL

2-(3-N-Isopropylamidinophenyl)-5-N-isopropylamidinoben-
zofuran Dihydrochloride (9). White solid (0.34 g, 53%): mp
265—268 °C. 'H NMR (DMSO-ds) 6 9.87 (d, J = 7.5 Hz, 1H),
9.71 (s, 1H), 9.70 (d, J = 7.5 Hz, 1H), 9.57 (s, 1H), 9.39 (s, 1H),
9.25 (s, 1H), 8.37 (s, 1H), 8.29 (dd, J = 7.7 and 1.6 Hz, 1H), 8.18
(d, J = 1.6 Hz, 1H), 7.92 (d, J = 8.8 Hz, 1H), 7.87 (s, 1H), 7.82
(dd, J = 7.7 and 1.6 Hz, 1H), 7.77 (dd, J = 7.7 and 7.7 Hz, 1H),
7.73 (dd, J = 8.8 and 1.6 Hz, 1H), 4.16 (m, 2H), 1.32 (d, J = 6.3
Hz, 6H), 1.31 (d, J = 6.3 Hz, 6H). HPLC (method A) r = 6.14
min (98.0 area %). Anal. (C,,HysN,O+2HCI1-0.9H,0) C, H, N, Cl.
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5-(4,5-Dihydro-1H-imidazol-2-yl)-2-[3-(4,5-dihydro-1H-imid-
azol-2-yl)phenyl]benzofuran Dihydrochloride (10). White solid
(0.28 g, 56%): mp 356—358 °C. '"H NMR (DMSO-dg) 6 11.04 (br
s, 4H), 8.90 (s, 1H), 8.54 (d, J/ = 1.6 Hz, 1H), 8.31 (d, / = 7.7 Hz,
1H), 8.15 (d, J = 8.2 Hz, 1H), 8.08 (dd, / = 8.2 and 1.6 Hz, 1H),
7.95 (d, J = 8.2 Hz, 1H), 7.94 (s, 1H), 7.82 (dd, J = 7.7 and 7.7
Hz, 1H), 4.06 (s, 4H), 4.04 (s, 4H). HPLC (method A) tr = 5.27
min (100 area %). Anal. (CyH;sN,O-2HCIl-1H,0) C, H, N, Cl.
2-(4-Amidinophenyl)-6-amidinobenzofuran Dihydrochloride
(11).*” White solid (1.07 g, 62%): mp >355 °C (lit.*” 365—370
°C). '"H NMR (DMSO-ds) 6 9.56 (br s, 4H), 9.34 (br s, 4H), 8.28
(s, 1H), 8.22 (d, J = 8.2 Hz, 2H), 8.04 (d, J = 8.2 Hz, 2H), 7.96
(d, J = 8.2 Hz, 1H), 7.90 (s, 1H), 7.82 (dd, J = 8.2 and 1.6 Hz,
1H). HPLC (method A) g = 4.02 min (100 area %). Anal.
(C16H14N4O+2HCI-1.2H,0) C, H, N, Cl.
2-(4-N-Isopropylamidinophenyl)-6-N-isopropylamidinoben-
zofuran Dihydrochloride (12). White solid (0.27 g, 24%): mp
338—340 °C. '"H NMR (DMSO-de) 0 9.71 (br s, 6H), 8.19 (d, J =
8.2 Hz, 2H), 8.17 (s, 1H), 7.93 (d, J = 8.2 Hz, 3H), 7.88 (s, 1H),
7.69 (dd, J = 8.2 and 1.6 Hz, 1H), 4.15 (m, 2H), 1.32 (d, J = 6.3
Hz, 6H), 1.31 (d, J = 6.3 Hz, 6H). HPLC (method A) r = 6.06
min (100 area %). Anal. (Cy,Hp¢N4O+-2HCI-0.9H,0) C, H, N, Cl.
6-(4,5-Dihydro-1H-imidazol-2-yl)-2-[4-(4,5-dihydro-1H-imid-
azol-2-yl)phenyl]benzofuran Dihydrochloride (13). White solid
(0.51 g, 47%): mp >330 °C (dec). 'H NMR (DMSO-ds) 6 10.95
(s, 4H), 8.52 (s, 1H), 8.28 (d, J = 8.2 Hz, 2H), 8.23 (d, / = 8.2
Hz, 2H), 8.01 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.93
(s, 1H), 4.04 (s, 8H). HPLC (method A) g = 5.15 min (100 area
%). Anal. (Cy0HsN4O-2HCI1-1.8H,0) C, H, N, CL.
2-(3-Amidinophenyl)-6-amidinobenzofuran Dihydrochloride
(14). White solid (1.07 g, 62%): mp >355 °C. '"H NMR (DMSO-
dg) 6 9.51 (br s, 8H), 8.51 (br s, 1H), 8.32 (d, J = 8.2 Hz, 1H),
8.27 (s, 1H), 7.97 (d, J = 8.2 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H),
7.84 (s, 1H), 7.81 (dd, J = 8.2 and 8.2 Hz, 1H), 7.80 (dd, J = 8.2
and 1.6 Hz, 1H). HPLC (method A) g = 4.08 min (100 area %).
Anal. (C|6H14N40‘2HC1'0.3H20) C, H, N, CL
2-(3-N-Isopropylamidinophenyl)-6-N-isopropylamidinoben-
zofuran Dihydrochloride (15). White solid (0.35 g, 41%): mp
325—327 °C. 'H NMR (DMSO-dg) 6 9.91 (d, J = 7.5 Hz, 1H),
9.75 (d, 1H), 9.74 (s, 1H), 9.64 (s, 1H), 9.40 (s, 1H), 9.29 (s, 1H),
8.37 (dd, J = 1.6 and 1.6 Hz, 1H), 8.28 (dd, J = 7.7 and 1.6 Hz,
1H), 8.17 (s, 1H), 7.93 (d, J = 8.2 Hz, 1H), 7.84 (s, 1H), 7.83 (dd,
J=7.7and 1.6 Hz, 1H), 7.78 (dd, J = 7.7 and 7.7 Hz, 1H), 7.69
(dd, J = 8.2 and 1.6 Hz, 1H), 4.13 (m, 2H), 1.31 (d, / = 6.3 Hz,
6H), 1.30 (d, J = 6.3 Hz, 6H). HPLC (method A) r = 6.01 min
(100 area %). Anal. (C5,H,sN4O+2HC1-0.8H,0) C, H, N, Cl.
6-(4,5-Dihydro-1H-imidazol-2-yl)-2-[3-(4,5-dihydro-1H-imid-
azol-2-yl)phenyl]benzofuran Dihydrochloride (16). White solid
(0.81 g, 74%): mp >330 °C (dec). '"H NMR (DMSO-d) 6 11.11
(br s, 4H), 8.86 (s, 1H), 8.53 (s, 1H), 8.32 (d, J = 7.7 Hz, 1H),
8.16 (d, J = 7.7 Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 797 (d, J =
8.2 Hz, 1H), 7.86 (s, 1H), 7.82 (dd, J = 7.7 and 7.7 Hz, 1H), 4.05
(s, 4H), 4.03 (s, 4H). HPLC (method A) g = 5.16 min (100 area
%). Anal. (C20H13N40‘2HC1'1.4H20) C, H, N, Cl.
2-(4-Amidinophenyl)-5-amidino-7-methoxybenzofuran Dihy-
drochloride (17). White solid (0.40 g, 54%): mp 303—305 °C. '"H
NMR (DMSO-dg) 6 9.57 (br s, 4H), 9.34 (br s, 2H), 9.29 (br s,
2H), 8.19 (d, J = 8.2 Hz, 2H), 8.02 (d, J = 8.2 Hz, 2H), 7.91 (s,
1H), 7.89 (s, 1H), 7.52 (s, 1H), 4.11 (s, 3H). HPLC (method A)
= 4.59 min (100 area %). Anal. (C;7H;6N4O,+1.9HCI-1.5H,0) C,
H, N, CL
2-(4-N-Isopropylamidinophenyl)-5-N-isopropylamidino-7-
methoxybenzofuran Dihydrochloride (18). White solid (0.48 g,
54%): mp 330—331 °C (dec). "H NMR (DMSO-ds) 6 9.73 (br s,
2H), 9.59 (br s, 2H), 9.21 (br s, 2H), 8.17 (d, J = 8.2 Hz, 2H),
791 (d, J = 8.2 Hz, 2H), 7.88 (s, 1H), 7.74 (s, 1H), 7.39 (s, 1H),
4.11 (m, 2H), 4.09 (s, 3H), 1.31 (d, J/ = 6.0 Hz, 6H), 1.30 (d, J/ =
6.0 Hz, 6H). HPLC (method A) g = 6.55 min (100 area %). Anal.
(C23H23N402'2HC1'0.4H20) C, H, N, ClL
5-(4,5-Dihydro-1H-imidazol-2-yl)-2-[4-(4,5-dihydro-1H-imid-
azol-2-yl)phenyl]-7-methoxybenzofuran Dihydrochloride (19).
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White solid (0.68 g, 80%): mp >350 °C. '"H NMR (DMSO-dg) &
10.84 (br s, 4H), 8.24 (d, J = 8.2 Hz, 2H), 8.18 (d, J = 8.2 Hz,
2H), 8.10 (s, 1H), 7.97 (s, 1H), 7.78 (s, 1H), 4.10 (s, 3H), 4.04 (s,
4H), 4.03 (s, 4H). HPLC (method A) tg = 5.66 min (100 area %).
Anal. (C21H20N402‘2HC1' 17H20) C, H, N, ClL
2-(4-Amidinophenyl)-5-amidinobenzofuran-7-ol Dihydrochlo-
ride (20). White solid (0.23 g, 40%): mp >350 °C (dec). '"H NMR
(DMSO-ds) 0 11.12 (br s, 1H), 9.55 (br s, 2H), 9.38 (br s, 4H),
9.20 (br s, 2H), 8.20 (d, J = 8.2 Hz, 2H), 8.04 (d, / = 8.2 Hz, 2H),
7.85 (s, 1H), 7.66 (s, 1H), 7.26 (s, 1H). HPLC (method A) r =
3.90 min (100 arca %) Anal. (C16H14N402'2.1HC1'0.6H20) C, H,
N, CL
2-(4-N-Isopropylamidinophenyl)-5-N-isopropylamidinoben-
zofuran-7-ol Dihydrochloride (21). White solid (0.20 g, 28%):
mp 321—323 °C (dec). '"H NMR (DMSO-ds) 6 11.14 (br s, 1H),
9.74 (d, J = 7.7 Hz, 1H), 9.59 (d, J = 7.0 Hz, 2H), 9.43 (br s, 1H),
9.24 (br s, 1H), 9.09 (br s, 1H), 8.17 (d, J = 8.2 Hz, 2H), 7.92 (d,
J = 8.2 Hz, 2H), 7.83 (s, 1H), 7.54 (d, J = 1.6 Hz, 1H), 7.17
(d, J = 1.6 Hz, 1H), 4.10 (m, 2H), 1.30 (d, J = 6.0 Hz, 6H), 1.29
(d, J = 6.0 Hz, 6H). HPLC (method A) tg = 5.77 min (100 area
%). Anal. (C22H26N402'2HC1‘2H20) C, H, N, Cl.
5-(4,5-Dihydro-1H-imidazol-2-yl)-2-[4-(4,5-dihydro-1H-imid-
azol-2-yl)phenyl]benzofuran-7-ol Dihydrochloride (22). White
solid (0.30 g, 47%): mp 329—330 °C (dec). "H NMR (DMSO-dy)
0 11.13 (br s, 1H), 10.77 (br s, 4H), 8.23 (br s, 4H), 7.88 (s, 2H),
7.39 (s, 1H), 4.02 (s, 4H), 3.99 (s, 4H). HPLC (method A) tr =
5.03 min (100 area %). Anal. (C,0HgN4O,-2HCI-1.4H,0) C, H,
N, CL
2-(4-Amidino-2-hydroxyphenyl)-5-amidinobenzofuran-7-ol Di-
hydrochloride (23). White solid (0.46 g, 44%): mp 333—335 °C
(dec). "H NMR (DMSO-ds) 0 9.60—8.60 (br s, 8H), 8.11 (d, J =
8.2 Hz, 1H), 7.68 (s, 1H), 7.67 (d, J = 1.6 Hz, 1H), 7.50 (d, J =
1.6 Hz, 1H), 7.40 (dd, J = 8.2 and 1.6 Hz, 1H), 7.21 (d, J = 1.6
Hz, 1H). HPLC (method A) g = 4.08 min (100 area %). Anal.
(C16H14N4O3'2HC]° 16H20) C, H, N, CI.
2-(2-Hydroxy-4-N-Isopropylamidinophenyl)-5-N-isopropyla-
midinobenzofuran-7-ol Dihydrochloride (24). Yellow solid (0.52
g, 41%): mp 319—320 °C. 'H NMR (DMSO-ds) 6 11.61 (s, 1H),
11.04 (s, 1H), 9.70 (d, J = 7.7 Hz, 1H), 9.57 (d, J = 8.0 Hz, 1H),
9.52 (s, 1H), 9.41 (s, 1H), 9.19 (s, 1H), 9.08 (s, 1H), 8.08 (d, J =
8.2 Hz, 1H), 7.65 (s, 1H), 7.55 (d, / = 1.6 Hz, 1H), 7.46 (d, J =
1.6 Hz, 1H), 7.32 (dd, / = 8.2 and 1.6 Hz, 1H), 7.14 (d, J = 1.6
Hz, 1H), 4.08 (m, 2H), 1.28 (d, J = 6.0 Hz, 12H). HPLC (method
A) R = 5.92 min (100 area %) Anal. (C22H26N4O3'2HC1'2H20)
C, H, N, Cl.
5-(4,5-Dihydro-1H-imidazol-2-yl)-2-[4-(4,5-dihydro-1H-imid-
azol-2-yl)-2-hydroxyphenyl]benzofuran-7-ol Dihydrochloride
(25). Yellow solid (0.65 g, 55%): mp >360 °C (dec). 'H NMR
(DMSO-ds) 6 8.17 (d, J = 8.2 Hz, 1H), 7.91 (d, J = 1.6 Hz, 1H),
7.68 (s, 1H), 7.65 (d, J = 1.6 Hz, 1H), 7.61 (dd, J = 8.2 and 1.6
Hz, 1H), 7.40 (d, J = 1.6 Hz, 1H), 4.00 (s, 8H). HPLC (method
A) tg = 5.19 min (100 area %). Anal. (CyoHsN,O3+2HCI-1.7H,0)
C, H, N, CL
2-(4-Amidino-2-methoxyphenyl)-5-amidinobenzofuran Dihy-
drochloride (26). White solid (0.50 g, 65%): mp 337—338 °C (dec).
"H NMR (DMSO-ds) 6 9.70—9.15 (br s, 8H), 8.26 (d, J = 1.6 Hz,
1H), 8.16 (d, J = 8.2 Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.83 (dd,
J=28.2and 1.6 Hz, 1H), 7.74 (s, 1H), 7.73 (d, J = 1.1 Hz, 1H),
7.64 (dd, J = 8.2 and 1.1 Hz, 1H), 4.16 (s, 3H). HPLC (method
A) R = 4.57 min (100 area %) Anal. (C17H16N402'2HC1'0.2H20)
C, H, N, Cl.
2-(4-N-Isopropylamidino-2-methoxyphenyl)-5-N-isopropyla-
midinobenzofuran Dihydrochloride (27). White solid (0.80 g,
87%): mp 325—326 °C (dec). '"H NMR (DMSO-ds) 6 9.90—9.12
(brs, 6H), 8.16 (d, J = 1.6 Hz, 1H), 8.14 (d, J/ = 8.2 Hz, 1H), 7.89
(d, J = 8.2 Hz, 1H), 7.73 (dd, J = 8.2 and 1.6 Hz, 1H), 7.72 (s,
1H), 7.65 (d, / = 1.1 Hz, 1H), 7.53 (dd, J = 8.2 and 1.1 Hz, 1H),
4.17 (s, 3H), 4.16 (m, 2H), 1.32 (d, J/ = 6.0 Hz, 6H), 1.31 (d, J =
6.0 Hz, 6H). HPLC (method A) g = 6.79 min (100 area %). Anal.
(C23H28N402’2HC1' 11H20) C, H, N, Cl.
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5-(4,5-Dihydro-1H-imidazol-2-yl)-2-[4-(4,5-dihydro-1H-imid-
azol-2-yl)-2-methoxyphenyl]benzofuran Dihydrochloride (28).
White solid (0.60 g, 70%): mp >350 °C (dec). '"H NMR (DMSO-
de) 0 10.86 (br s, 4H), 8.48 (s, 1H), 8.18 (d, J = 8.2 Hz, 1H), 8.03
(s, 1H), 8.02 (d, / = 8.2 Hz, 1H), 7.93 (d, J/ = 8.2 Hz, 1H), 7.81
(d, J= 8.2 Hz, 1H), 7.73 (s, 1H), 4.15 (s, 3H), 4.04 (s, 8H). HPLC
(method A) g = 5.74 min (100 area %). Anal. (Cy;Hyo-
N,0,:2HCI-2H,0) C, H, N, Cl.

2-(5-Amidino-2-methoxyphenyl)-5-amidinobenzofuran Dihy-
drochloride (29). White solid (0.57 g, 78%): mp 252—254 °C (dec).
"H NMR (DMSO-ds) 6 9.49 (br s, 2H), 9.48 (br s, 2H), 9.27 (br s,
2H), 9.24 (br s, 2H), 8.47 (d, / = 2.2 Hz, 1H), 8.27 (d, / = 1.6 Hz,
1H), 7.98 (dd, J = 8.8 and 2.2 Hz, 1H), 7.92 (d, J = 8.2 Hz, 1H),
7.83 (dd, J = 8.2 and 1.6 Hz, 1H), 7.66 (s, 1H), 7.49 (d, J = 8.8
Hz, 1H), 4.14 (s, 3H). HPLC (method A) tg = 4.52 min (100 area
%). Anal. (C17H16N402'2HC1' 13H20) C, H, N, ClL

2-(5-N-Isopropylamidino-2-methoxyphenyl)-5-N-isopropyla-
midinobenzofuran Dihydrochloride (30). White solid (0.48 g,
54%): mp 240—242 °C (dec). 'H NMR (DMSO-ds) 6 9.68 (d, J =
8.0 Hz, 2H), 9.54 (d, J = 8.2 Hz, 2H), 9.20 (d, J = 8.5 Hz, 2H),
8.34 (d, J = 2.2 Hz, 1H), 8.16 (d, J = 1.6 Hz, 1H), 791 (d, J =
8.2 Hz, 1H), 7.86 (dd, J = 8.8 and 2.2 Hz, 1H), 7.72 (dd, J = 8.2
and 1.6 Hz, 1H), 7.67 (s, 1H), 7.47 (d, J = 8.8 Hz, 1H), 4.13 (s,
3H), 4.12 (m, 2H), 1.31 (d, J = 6.0 Hz, 6H), 1.30 (d, / = 6.0 Hz,
6H). HPLC (method A) tg = 6.65 min (100 area %). Anal.
(C23H23N402'2HC1°2.1H20) C, H, N, Cl.

5-(4,5-Dihydro-1H-imidazol-2-yl)-2-[5-(4,5-dihydro-1H-imid-
azol-2-yl)-2-methoxyphenyl]benzofuran Dihydrochloride (31).
White solid (0.55 g, 67%): mp 329—330 °C (dec). 'H NMR
(DMSO-ds) 6 10.68 (br s, 4H), 8.63 (d, J = 2.2 Hz, 1H), 8.43 (d,
J=1.6 Hz, 1H), 8.12 (dd, J = 8.8 and 2.2 Hz, 1H), 7.99 (dd, J =
8.8 and 1.6 Hz, 1H), 7.93 (d, J = 8.8 Hz, 1H), 7.68 (s, 1H), 7.56
(d, J = 8.8 Hz, 1H), 4.16 (s, 3H), 4.04 (s, 4H), 4.02 (s, 4H). HPLC
(method A) fg = 5.66 min (100 area %). Anal. (CpHyoNy-
0,+2HCI-0.9H,0) C, H, N, CL

2-(4-Amidino-2-hydroxyphenyl)-5-amidinobenzofuran Dihy-
drochloride (32). White solid (0.41 g, 56%): mp 346—347 °C (dec).
"H NMR (DMSO-ds) 6 11.67 (br s, 1H), 9.47 (br s, 4H), 9.26 (br
s, 4H), 8.28 (d, J = 1.6 Hz, 1H), 8.08 (d, / = 8.2 Hz, 1H), 7.90 (d,
J = 8.8 Hz, 1H), 7.81 (dd, J = 8.8 and 1.6 Hz, 1H), 7.74 (s, 1H),
7.53 (d, J = 1.1 Hz, 1H), 7.39 (dd, J = 8.2 and 1.1 Hz, 1H). HPLC
(method A) g = 4.22 min (100 area %). Anal. (C;cH;4sNy-
0,°2HCI-1.9H,0) C, H, N, CI.

2-(2-Hydroxy-4-N-Isopropylamidinophenyl)-5-N-isopropyla-
midinobenzofuran Dihydrochloride (33). White solid (0.65 g,
74%): mp 317—318 °C (dec). "H NMR (DMSO-de) 6 11.67 (br's,
1H), 9.70 (d, J = 8.2 Hz, 1H), 9.67 (d, J = 7.7 Hz, 1H), 9.51 (br
s, 2H), 9.16 (br s, 2H), 8.15 (d, J = 1.6 Hz, 1H), 8.06 (d, J = 8.2
Hz, 1H), 7.88 (d, J = 8.8 Hz, 1H), 7.72 (s, 1H), 7.70 (dd, J = 8.8
and 1.6 Hz, 1H), 7.48 (d, J = 1.1 Hz, 1H), 7.30 (dd, J/ = 8.2 and
1.1 Hz, 1H), 4.10 (m, 2H), 1.30 (d, J = 6.0 Hz, 6H), 1.29 (d, J =
6.0 Hz, 6H). HPLC (method A) fg = 6.40 min (100 area %). Anal.
(C22H26N402’2HC]°2.2H20) C, H, N, ClL.

5-(4,5-Dihydro-1H-imidazol-2-yl)-2-[4-(4,5-dihydro-1H-imid-
azol-2-yl)-2-hydroxyphenyl]benzofuran Dihydrochloride (34).
White solid (0.57 g, 68%): mp >360 °C. '"H NMR (DMSO-ds) &
11.78 (br s, 1H), 10.83 (br s, 4H), 8.52 (d, / = 1.6 Hz, 1H), 8.10
(d, J = 8.2 Hz, 1H), 8.05 (dd, J/ = 8.8 and 1.6 Hz, 1H), 7.94 (d, J
= 8.8 Hz, 1H), 7.74 (s, 1H), 7.64 (s, 1H), 7.57 (d, J = 8.2 Hz,
1H), 4.03 (s, 4H), 4.01 (s, 4H). HPLC (method A) ftr = 5.36 min
(100 area %). Anal. (C0H;sN4O,+2HCI-1H,0) C, H, N, Cl.

2-(5-Amidino-2-hydroxyphenyl)-5-amidinobenzofuran Dihy-
drochloride (35). White solid (0.30 g, 44%): mp 323—325 °C (dec).
"H NMR (DMSO-d) 6 12.19 (br s, 1H), 9.46 (br s, 2H), 9.35 (br
s, 2H), 9.22 (br s, 2H), 9.08 (br s, 2H), 8.42 (d, J/ = 2.2 Hz, 1H),
8.26 (d, J = 1.6 Hz, 1H), 791 (d, J = 8.2 Hz, 1H), 7.81 (d, J =
8.8 Hz, 1H), 7.80 (d, J = 8.8 Hz, 1H), 7.68 (s, 1H), 7.38 (d, J =
8.2 Hz, 1H). HPLC (method A) g = 3.85 min (100 area %). Anal.
(C16H14N402’2.1HC1'2.4H20) C, H, N, CIL.
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2-(2-Hydroxy-5-N-Isopropylamidinophenyl)-5-N-isopropyla-
midinobenzofuran Dihydrochloride (36). White solid (0.39 g,
45%): mp 273—275 °C (dec). 'H NMR (DMSO-ds) 6 12.11 (br s,
1H), 9.65 (d, J = 8.2 Hz, 1H), 9.55 (d, J = 8.2 Hz, 1H), 9.53 (br
s, 1H), 9.42 (br s, 1H), 9.21 (br s, 1H), 9.08 (br s, 1H), 8.27 (d, J
=2.2Hz, 1H), 8.15(d, J = 1.6 Hz, 1H), 7.89 (d, / = 8.8 Hz, 1H),
7.72—7.65 (m, 2H), 7.67 (s, 1H), 7.40 (d, J = 8.8 Hz, 1H), 4.13
(m, 2H), 1.30 (d, J = 6.0 Hz, 12H). HPLC (method A) tx = 6.00
min (100 area %). Anal. (C5,H,6N40,+2HCI+1.2H,0+0.6EtOH) C,
H, N, CL
5-(4,5-Dihydro-1H-imidazol-2-yl)-2-[5-(4,5-dihydro-1H-imid-
azol-2-yl)-2-hydroxyphenyl]benzofuran Dihydrochloride (37).
White solid (0.52 g, 67%): mp 278—280 °C (dec). 'H NMR
(DMSO-dg) 0 12.40 (br s, 1H), 11.00—10.50 (br s, 4H), 8.58 (d, J
=2.2Hz, 1H), 8.47 (d, J = 1.6 Hz, 1H), 8.03 (dd, /= 8.8 and 1.6
Hz, 1H), 8.00 (dd, J = 8.2 and 2.2 Hz, 1H), 7.90 (d, / = 8.2 Hz,
1H), 7.66 (s, 1H), 7.40 (d, J = 8.8 Hz, 1H), 4.03 (s, 4H), 4.00 (s,
4H). HPLC (method A) g = 5.13 min (100 area %). Anal.
(CxH;sN40,+2HCI1-1.8H,0) C, H, N, CL
2-(4-Amidino-2-methoxyphenyl)-6-amidinobenzofuran Dihy-
drochloride (38). Light-yellow solid (0.39 g, 56%): mp >300 °C
(dec). '"H NMR (DMSO-ds) 6 9.66 (s, 2H), 9.52 (s, 2H), 9.38 (s,
2H), 9.30 (s, 2H), 8.24 (s, 1H), 8.16 (d, J = 8.2 Hz, 1H), 7.95 (d,
J =82 Hz, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.78 (s, 1H), 7.74 (s,
1H), 7.66 (d, J = 8.2 Hz, 1H), 4.16 (s, 3H). HPLC (method A)
= 4.76 min (100 area %). Anal. (CsHsN4O,+2HCI-1.7H,0) C,
H, N, CL
2-(4-N-Isopropylamidino-2-methoxyphenyl)-6-N-isopropyla-
midinobenzofuran Dihydrochloride (39). White solid (0.46 g,
57%): mp >250 °C (dec). "H NMR (DMSO-ds) 6 9.84 (d, J = 7.7
Hz, 1H), 9.71 (s, 1H), 9.67 (d, J = 8.2 Hz, 1H), 9.56 (s, 1H), 9.31
(s, 1H), 9.21 (s, 1H), 8.14 (d, J = 8.2 Hz, 1H), 8.13 (s, 1H), 7.93
(d, J = 8.2 Hz, 1H), 7.73 (s, 1H), 7.67 (d, J = 8.2 Hz, 1H), 7.65
(s, 1H), 7.54 (d, J = 8.2 Hz, 1H), 4.16 (s, 3H), 4.13 (m, 2H), 1.32
(d, J = 6.0 Hz, 6H), 1.30 (d, J = 6.0 Hz, 6H). HPLC (method A)
R = 6.82 min (987 area %) Anal. (C23H28N402'2HC1' 17H20)
C, H, N, CL
6-(4,5-Dihydro-1H-imidazol-2-yl)-2-[4-(4,5-dihydro-1H-imid-
azol-2-yl)-2-methoxyphenyl]benzofuran Dihydrochloride (40).
Light-yellow solid (0.51 g, 65%): mp >255 °C (dec). '"H NMR
(DMSO-dg) 6 11.08 (s, 2H), 10.90 (s, 2H), 8.46 (s, 1H), 8.20 (d,
J = 8.2 Hz, 1H), 8.03 (d, J = 1.1 Hz, 1H), 7.99 (d, J = 8.8 Hz,
1H), 7.97 (d, J = 8.8 Hz, 1H), 7.83 (dd, J = 8.2 and 1.1 Hz, 1H),
7.77 (s, 1H), 4.14 (s, 3H), 4.05 (s, 8H). HPLC (method A) rr =
5.79 min (99.1 area %). Anal. (C;;HpN4O,-2.4HCI-3.1H,0) C,
H, N, CL
2-(5-Amidino-2-methoxyphenyl)-6-amidinobenzofuran Dihy-
drochloride (41). Purple solid (0.41 g, 59%): mp >230 °C (dec).
"H NMR (DMSO-ds) 6 9.55 (s, 2H), 9.53 (s, 2H), 9.32 (s, 2H),
9.26 (s, 2H), 8.46 (s, 1H), 8.24 (s, 1H), 8.00 (d, J/ = 8.8 Hz, 1H),
7.95 (d, J = 8.2 Hz, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.68 (s, 1H),
7.50 (d, J = 8.8 Hz, 1H), 4.14 (s, 3H). HPLC (method A) tz =
5.03 min (100 area %). Anal. (C;7H;¢N4O,+2.1HCI-1.7H,0) C, H,
N, CL
2-(5-N-Isopropylamidino-2-methoxyphenyl)-6-N-isopropyla-
midinobenzofuran Dihydrochloride (42). White solid (0.35 g,
41%): mp >240 °C (dec). "H NMR (DMSO-dg) 6 9.71 (br s, 2H),
9.57 (br s, 2H), 9.21 (s, 1H), 9.16 (s, 1H), 8.31 (d, / = 1.6 Hz,
1H), 8.14 (s, 1H), 7.93 (d, / = 8.2 Hz, 1H), 7.87 (dd, J = 8.8 and
1.6 Hz, 1H), 7.68 (s, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.48 (d, J =
8.8 Hz, 1H), 4.13 (m, 2H), 4.12 (s, 3H), 1.31 (d, / = 6.0 Hz, 12H).
HPLC (method A) g = 6.66 min (100 area %). Anal.
(C23H2sN40,+2.1HC1-2.6H,0) C, H, N, CL
6-(4,5-Dihydro-1H-imidazol-2-yl)-2-[5-(4,5-dihydro-1H-imid-
azol-2-yl)-2-methoxyphenyl]benzofuran Dihydrochloride (43).
Light-yellow solid (0.61 g, 77%): mp 252—255 °C. '"H NMR
(DMSO-ds) 6 11.08 (s, 2H), 10.88 (s, 2H), 8.64 (s, 1H), 8.50 (s,
1H), 8.21 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.8 Hz, 1H), 7.95 (d,
J = 8.2 Hz, 1H), 7.66 (s, 1H), 7.53 (d, J = 8.8 Hz, 1H), 4.14 (s,
3H), 4.03 (s, 8H). HPLC (method A) fr = 5.95 min (100 area %).
Anal. (C21H20N402'2HC1'2.5H20) C, H, N, Cl.
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2-(4-Amidino-2-hydroxyphenyl)-6-amidinobenzofuran Dihy-
drochloride (44). Light-yellow solid (0.31 g, 45%): mp >300 °C
(dec). "H NMR (DMSO-ds) 6 11.70 (s, 1H), 9.49 (s, 4H), 9.27 (s,
4H), 8.23 (s, 1H), 8.09 (d, J = 7.7 Hz, 1H), 7.95 (d, J = 8.2 Hz,
1H), 7.78 (d, J = 7.7 Hz, 1H), 7.56 (s, 1H), 7.52 (d, J = 1.6 Hz,
1H), 7.39 (dd, J = 8.2 and 1.6 Hz, 1H). HPLC (method A) r =
4.08 min (100 area %). Anal. (C;¢H14N4O,+2HCI1-2.2H,0) C, H,
N, CL
2-(2-Hydroxy-4-N-Isopropylamidinophenyl)-6-N-isopropyla-
midinobenzofuran Dihydrochloride (45). White solid (0.41 g,
48%): mp 258—261 °C. "H NMR (DMSO-ds) 6 11.75 (s, 1H), 9.73
(d, J = 8.2 Hz, 1H), 9.68 (d, J = 8.2 Hz, 1H), 9.57 (s, 1H), 9.55
(s, 1H), 9.25 (s, 2H), 8.13 (s, 1H), 8.06 (d, J = 8.2 Hz, 1H), 7.92
(d, J = 8.2 Hz, 1H), 7.73 (s, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.50
(s, 1H), 7.31 (d, J = 8.2 Hz, 1H), 4.17 (m, 2H), 1.31 (d, J = 6.0
Hz, 6H), 1.29 (d, J = 6.0 Hz, 6H). HPLC (method A) r = 6.08
min (100 area %) Anal. (C22H26N402'2.1HC1'2.1H20) C, H, N,
Cl.
6-(4,5-Dihydro-1H-imidazol-2-yl)-2-[4-(4,5-dihydro-1H-imid-
azol-2-yl)-2-hydroxyphenyl]benzofuran Dihydrochloride (46).
Yellow solid (0.45 g, 57%): mp 255—257 °C. "H NMR (DMSO-
de) 0 11.76 (s, 1H), 10.76 (s, 2H), 10.70 (s, 2H), 8.41 (s, 1H), 8.15
(d, J = 8.2 Hz, 1H), 8.00 (d, J/ = 8.2 Hz, 1H), 7.92 (dd, J = 8.2
and 1.1 Hz, 1H), 7.80 (s, 1H), 7.56 (d, J = 1.1 Hz, 1H), 7.54 (dd,
J=282and 1.1 Hz, 1H), 4.04 (s, 4H), 4.01 (s, 4H). HPLC (method
A) IR = 5.21 min (980 area %) Anal. (C20H18N402'2.3HC1'2H20)
C, H, N, ClL.
2-(5-Amidino-2-hydroxyphenyl)-6-amidinobenzofuran Dihy-
drochloride (47). White solid (0.31 g, 45%): mp >300 °C (dec).
'"H NMR (DMSO-dy) 6 12.16 (s, 1H), 9.48 (s, 2H), 9.38 (s, 2H),
9.22 (s, 2H), 9.07 (s, 2H), 8.39 (s, 1H), 8.20 (s, 1H), 7.95 (d, J =
7.7 Hz, 1H), 7.80 (d, J = 7.7 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H),
7.69 (s, 1H), 7.35 (d, J = 8.2 Hz, 1H). HPLC (method A) tr =
4.09 min (100 area %). Anal. (C;sH4N4O,-2HC1-2H,0) C, H, N,
CL
2-(2-Hydroxy-5-N-Isopropylamidinophenyl)-6-N-isopropyla-
midinobenzofuran Dihydrochloride (48). White solid (0.48 g,
57%): mp >275 °C (dec). '"H NMR (DMSO-dg) 6 12.12 (s, 1H),
9.69 (d, J = 8.2 Hz, 1H), 9.62 (d, J = 8.2 Hz, 1H), 9.59 (s, 1H),
9.46 (s, 1H), 9.23 (s, 1H), 9.10 (s, 1H), 8.25 (d, J/ = 2.2 Hz, 1H),
8.13 (s, 1H), 7.92 (d, J = 8.2 Hz, 1H), 7.69 (dd, J = 7.7 and 2.2
Hz, 1H), 7.68 (s, 1H), 7.66 (d, J = 7.7 Hz, 1H), 7.40 (d, J =
8.2 Hz, 1H), 4.13 (m, 2H), 1.32 (d, J = 6.0 Hz, 6H), 1.30 (d, J =
6.0 Hz, 6H). HPLC (method A) fr = 5.84 min (98.7 area %). Anal.
(C22H25N402‘2.1HC1' 15H20) C, H, N, CL
6-(4,5-Dihydro-1H-imidazol-2-yl)-2-[5-(4,5-dihydro-1H-imid-
azol-2-yl)-2-hydroxyphenyl]benzofuran Dihydrochloride (49).
Tan solid (0.45 g, 57%): mp 270—273 °C. "H NMR (DMSO-ds) 0
12.41 (s, 1H), 11.06 (s, 2H), 10.73 (s, 2H), 8.58 (d, / = 1.6 Hz,
1H), 8.48 (s, 1H), 8.01 (dd, / = 8.8 and 1.6 Hz, 1H), 7.98 (d, J =
8.8 Hz, 1H), 7.96 (d, J = 8.8 Hz, 1H), 7.69 (s, 1H), 7.42 (d,
J = 8.8 Hz, 1H), 4.03 (s, 4H), 4.00 (s, 4H). HPLC (method A) tr
= 5.24 min (98.5 area %). Anal. (CyoH;3N4O,+2.3HCI-2.6H,0)
C, H, N, CL
5-(1H-Benzimidazolyl)-2-[4-(1H-benzimidazolyl)phenyl]ben-
zofuran Dihydrochloride (4). A mixture of an imidate ester (1.91
g, 4.66 mmol), prepared from 51 (1.20 g, 4.91 mmol) following
the procedure described above for 1, and 1,2-diaminobenzene (1.11
g, 10.3 mmol) in dry MeOH (100 mL) was refluxed overnight. A
precipitate formed, was separated, washed with ether, and dried to
give 4 as a yellow solid (1.75 g, 75%): mp >340 °C (dec). 'H
NMR (DMSO-dq) 6 8.57 (d, J = 1.6 Hz, 1H), 8.36 (d, J = 8.8 Hz,
2H), 8.24 (dd, J = 8.8 and 1.6 Hz, 1H), 8.20 (d, J = 8.8 Hz, 2H),
791 (d, J = 8.8 Hz, 1H), 7.81 (s, 1H), 7.80—7.65 (m, 4H),
7.36—7.25 (m, 4H). HPLC (method A) g = 5.24 min (98.5 area
%). Anal. (CosH3N4O-2HCI1-1.8H,0) C, H, N, CL
5-(1H-Imidazol-2-yl)-2-[4-(1H-imidazol-2-yl)phenyl]benzofu-
ran Dihydrochloride (5). To a suspension of 3 (free base) (2.38
g, 7.20 mmol) in dry DMSO (60 mL) was added o-iodoxylbenzoic
acid®® (8.05 g, 28.8 mmol), and the mixture was stirred at 50—60
°C for 48 h. Saturated aqueous Na,S,0; (30 mL) was added upon
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cooling, and the mixture was basified with 1 M KOH (50 mL),
diluted with iced water (300 mL), and stirred for 1 h. A precipitate
formed, was separated, washed with water, and dried. The crude
product was recrystallized from DMF and converted to a hydro-
chloride salt by recrystallization from 1 M HCI/EtOH to give § as
a tan solid (1.33 g, 46%): mp >340 °C (dec). '"H NMR (DMSO-
de) 0 8.61 (d, J = 1.6 Hz, 1H), 8.37 (d, J = 8.8 Hz, 2H), 8.25 (d,
J = 8.8 Hz, 2H), 8.22 (dd, J = 8.8 and 1.6 Hz, 1H), 7.97 (d, J =
8.8 Hz, 1H), 7.91 (s, 1H), 7.85 (s, 2H), 7.82 (s, 2H). HPLC (method
A) tr = 5.82 min (98.2 area %). Anal. (C,0H4N4O+2HCI-1.8H,0)
C, H, N, CL
5-(1H-Benzimidazolyl)-2-[4-(4,5-dihydro-1H-imidazol-2-yl)phe-
nyl]benzofuran Dihydrochloride (6). A mixture of 52 (2.60 g,
7.62 mmol) and copper(I) cyanide (2.05 g, 22.9 mmol) in dry DMF
(100 mL) was refluxed for 48 h under an Ar atmosphere. The
reaction mixture, after successive treatments with ethylenediamine
and sodium cyanide solutions, was filtered, and a solid residue was
washed with 15% aqueous NHj (3 x 150 mL) and water. The dry
solid was recrystallized from DMF to give 5-cyano-2-[4-(4,5-
dihydro-1H-imidazol-2-yl)phenyl]benzofuran (54), which was con-
verted to an imidate ester following the procedure described above
for 1. A mixture of the imidate ester (1.15 g, 2.83 mmol) and 1,2-
diaminobenzene (0.34 g, 3.11 mmol) in dry MeOH (60 mL) was
refluxed overnight. A precipitate formed, was separated, washed
with ether, and dried to give 6 as a tan solid (0.39 g, 23%): mp
>350 °C (dec). '"H NMR (DMSO-dg) 6 10.84 (br s, 2H), 8.78 (d,
J =1.6 Hz, 1H), 8.40 (dd, J = 8.8 and 1.6 Hz, 1H), 8.25 (d, J =
8.8 Hz, 2H), 8.20 (d, J = 8.8 Hz, 2H), 8.03 (d, / = 8.8 Hz, 1H),
8.01 (s, 1H), 7.90—7.80 (m, 2H), 7.60—7.45 (m, 2H), 4.03 (s, 4H).
HPLC (method A) rr = 7.78 min (98.5 area %). Anal.
(C24H13N40'2HC1' 17H20) C, H, N, CI.
2-[4-(1H-Benzimidazolyl)phenyl]-5-(4,5-dihydro-1H-imidazol-
2-yl)benzofuran Dihydrochloride (7). A mixture of 53 (2.51 g,
6.45 mmol) and copper(I) cyanide (1.73 g, 19.3 mmol) in dry DMF
(120 mL) was refluxed for 48 h under an Ar atmosphere. The
reaction mixture, after successive treatments with ethylenediamine
and sodium cyanide solutions, was filtered, and a solid residue was
washed with 15% aqueous NHj (3 x 150 mL) and water. The dry
solid was recrystallized from DMF to give 5-cyano-2-[4-(1H-
benzimidazolyl)phenyl]benzofuran (55), which was converted to
an imidate ester following the procedure described above for 1. A
mixture of the imidate ester (1.41 g, 3.10 mmol) and ethylenedi-
amine (2 mL) in dry EtOH (50 mL) was stirred at ambient
temperature for 48 h. The reaction mixture was concentrated and
the residue was purified by preparative HPLC to give 7 as a tan
solid (0.12 g, 4%): mp >340 °C (dec). 'H NMR (DMSO-ds) &
10.72 (s, 4H), 8.47 (d, J = 8.8 Hz, 2H), 8.46 (s, 1H), 8.29 (d, J =
8.8 Hz, 2H), 8.00 (s, 2H), 7.93 (s, 1H), 7.80 (m, 2H), 7.48 (m,
2H), 4.04 (s, 4H). HPLC (method A) g = 8.29 min (100 area %).
Anal. (C4HsN4O-2HCI1-3H,0) C, H, N, CL
5-Bromo-2-[4-(4,5-dihydro-1H-imidazol-2-yl)phenyl]benzofu-
ran (52). A mixture of an imidate ester (3.48 g, 9.14 mmol),
prepared from 5-bromo-2-(4-cyanophenyl)benzofuran 50 following
the procedure described above for 1, and ethylenediamine (5 mL)
in dry EtOH (100 mL) was stirred at ambient temperature overnight
and then refluxed for 2 h. A precipitate formed, was separated,
rinsed with ether, and dried. The residue was washed with 1 M
NaOH (50 mL), water, EtOH, and dried to give crude product,
which was recrystallized from EtOH/DMEF to afford 52 as a white
solid (2.93 g, 94%): mp 298—300 °C. "H NMR (DMSO-ds) 6 7.98
(d, J = 8.8 Hz, 2H), 7.95 (d, / = 8.8 Hz, 2H), 7.90 (d, / = 1.9 Hz,
1H), 7.63 (d, J = 8.8 Hz, 1H), 7.52 (s, 1H), 7.49 (dd, J = 8.8 and
1.9 Hz, 1H), 7.05 (br s, 1H), 3.63 (s, 4H). HPLC (method B) tr =
4.87 min (100 area %). Anal. (C{7yH;3BrN,O) C, H, N, Br.
5-Bromo-2-[4-(1H-benzimidazolyl)phenyl]benzofuran (53). A
mixture of an imidate ester (3.48 g, 9.14 mmol), prepared from 50
following the procedure described above for 1, and 1,2-diami-
nobenzene (1.10 g, 10.2 mmol) in dry MeOH (100 mL) was
refluxed overnight. A precipitate formed, was separated, rinsed with
ether, and dried. The residue was washed with 1 M NaOH (50
mL), water, EtOH and dried to give crude product, which was

Journal of Medicinal Chemistry, 2008, Vol. 51, No. 21 6941

recrystallized from EtOH/DMF to afford 53 as a white solid (3.04
g, 85%): mp 300—301 °C. "H NMR (DMSO-ds) 6 8.32 (d, J =
8.5 Hz, 2H), 8.13 (d, J = 8.5 Hz, 2H), 7.92 (d, J/ = 2.0 Hz, 1H),
7.65 (d, J = 8.8 Hz, 1H), 7.60 (m, 2H), 7.57 (s, 1H), 7.50 (dd, J
= 8.8 and 2.0 Hz, 1H), 7.23 (m, 2H). HPLC (method B) 1 = 8.47
min (100 area %). Anal. (C;;H3BrN,0-0.4H,0) C, H, N, Br.

General Procedure for the Copper-Mediated Heteroannula-
tion. 2-(4-Cyanophenyl)benzofuran-5-carbonitrile (51).*7*% A
mixture of methyl-4-hydroxy-3-iodobenzonitrile (56) (9.80 g, 40.0
mmol), 4-ethynylbenzonitrile (57) (6.00 g, 47.2 mmol), and
copper(I) oxide (3.43 g, 24.0 mmol) in dry pyridine (180 mL) was
refluxed overnight. The mixture was allowed to cool and concen-
trated. The residue was diluted with 1 M HCI (50 mL), and a brown
precipitate was filtered off and washed with water, 10% aqueous
ammonia, water, and EtOH. The product was purified by flash
chromatography, eluting with CHCl; followed by recrystallization
from MeCN to afford 51 as a white solid (4.24 g, 43%): mp
230—232 °C. (lit.*” 243—245 °C, 1it.*® 235—240 °C). 'H NMR
(DMSO-dg) 6 8.32 (d, J = 1.6 Hz, 1H), 8.14 (d, J = 8.2 Hz, 2H),
8.01 (d, J = 8.2 Hz, 2H), 7.90 (d, J = 8.8 Hz, 1H), 7.84 (dd, J =
8.8 and 1.6 Hz, 1H), 7.83 (s, 1H). HPLC (method B) rr = 8.31
min (100 area %). Anal. (C;cHsN,O) C, H, N.

2-(3-Cyanophenyl)benzofuran-5-carbonitrile (59). Purification
was by flash chromatography, eluting with hexanes/CHCls, to give
59 as a white solid (1.50 g, 45%): mp 173—175 °C. '"H NMR
(DMSO-dg) 6 8.46 (dd, J = 1.6 and 1.6 Hz, 1H), 8.31 (d, J = 1.1
Hz, 1H), 8.28 (dd, J = 8.2 and 1.6 Hz, 1H), 7.93 (dd, J = 8.2 and
1.1 Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.83 (dd, / = 8.2 and 1.6
Hz, 1H), 7.78 (s, 1H), 7.76 (dd, J = 8.2 and 8.2 Hz, 1H). HPLC
(method B) g = 8.38 min (100 area %). Anal. (C;¢HgN»-
0-0.1EtOH) C, H, N.

Methyl-2-(4-(methoxycarbonyl)phenyl)benzofuran-6-carbox-
ylate (63). Purification was by flash chromatography, eluting with
CH,Cl,, to give 63 as a white solid (11.0 g, 71%): mp 200—202
°C. '"H NMR (DMSO-ds) 6 8.21 (s, 1H), 8.13 (s, 2H), 8.12 (s,
2H), 7.92 (dd, J = 8.2 and 1.1 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H),
7.78 (s, 1H), 3.91 (s, 3H), 3.90 (s, 3H). HPLC (method B) r =
9.58 min (100 area %). Anal. (C;gH;405) C, H.

Methyl-2-(3-(methoxycarbonyl)phenyl)benzofuran-6-carbox-
ylate (64). Purification was by flash chromatography, eluting with
hexanes/CH,Cl,, to give 64 as a white solid (5.30 g, 69%): mp
159—161 °C. 'H NMR (DMSO-ds) 6 8.49 (dd, J = 1.6 and 1.6
Hz, 1H), 8.26 (dd, J = 8.2 and 1.6 Hz, 1H), 8.22 (s, 1H), 8.03 (dd,
J=28.2and 1.6 Hz, 1H), 7.90 (dd, J = 8.2 and 1.1 Hz, 1H), 7.81
(d, J = 8.2 Hz, 1H), 7.73 (d, J = 1.1 Hz, 1H), 7.71 (dd, J = 8.2
and 8.2 Hz, 1H), 3.93 (s, 3H), 3.90 (s, 3H). HPLC (method B)
= 9.59 min (100 area %). Anal. (C;3sH405) C, H.

2-(4-Cyanophenyl)-5-formyl-7-methoxybenzofuran (69). Pu-
rification was by flash chromatography, eluting with hexanes/
CH,Cl,, to give 69 as a white solid (5.00 g, 69%): mp 198—200
°C (CHCIy/EtOH). '"H NMR (DMSO-ds) 6 10.04 (s, 1H), 8.11 (d,
J = 8.8 Hz, 2H), 7.99 (d, J = 8.8 Hz, 2H), 7.96 (d, J = 1.1 Hz,
1H), 7.88 (s, 1H), 7.46 (d, J = 1.1 Hz, 1H), 4.06 (s, 3H). HPLC
(method B) g = 8.09 min (100 area %). Anal. (C;;H;;NO3+0.8H,0)
C, H, N.

2-(4-Cyano-2-methoxyphenyl)-5-formyl-7-methoxybenzofu-
ran (70). Purification was by flash chromatography, eluting with
hexanes/CH,Cl,, to give 70 as a white solid (6.63 g, 80%): mp
310—312 °C (DMF). 'H NMR (DMSO-ds) 6 10.03 (s, 1H), 8.07
(d, J = 8.2 Hz, 1H), 7.93 (s, 1H), 7.69 (s, 1H), 7.67 (s, 1H), 7.55
(d, J = 8.2 Hz, 1H), 7.46 (s, 1H), 4.08 (s, 6H). HPLC (method B)
tr = 8.78 min (100 area %). Anal. (C;sH3NO,) C, H, N.

2-(4-Cyano-2-methoxyphenyl)benzofuran-5-carbonitrile (78).
Yellow solid (8.72 g, 92%): mp 282—283 °C (DMF). 'H NMR
(DMSO-ds) 6 8.29 (d, J = 1.6 Hz, 1H), 8.12 (d, J = 8.2 Hz, 1H),
7.88 (d, J = 8.2 Hz, 1H), 7.83 (dd, J = 8.2 and 1.6 Hz, 1H), 7.75
(d, J = 1.1 Hz, 1H), 7.68 (s, 1H), 7.61 (dd, J = 8.2 and 1.1 Hz,
1H), 4.08 (s, 3H). HPLC (method B) g = 8.86 min (100 area %).
Anal. (C17H10N202) C, H, N.
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2-(5-Cyano-2-methoxyphenyl)benzofuran-5-carbonitrile (79).
Yellow solid (8.72 g, 92%): mp 220—222 °C (DMF). 'H NMR
(DMSO-dg) 6 8.29 (d, J = 1.6 Hz, 1H), 8.24 (s, 1H), 7.94 (dd, J
= 8.2 and 1.6 Hz, 1H), 7.84 (d, J = 8.8 Hz, 1H), 7.80 (dd, / = 8.2
and 1.6 Hz, 1H), 7.56 (s, 1H), 7.43 (d, J = 8.8 Hz, 1H), 4.10 (s,
3H). HPLC (method B) x = 8.57 min (100 area %). Anal.
(C17H10N20,) C, H, N.

2-(4-Cyano-2-methoxyphenyl)benzofuran-6-carbonitrile (80).
Purification was by flash chromatography, eluting with CHCl;, to
give 80 as a yellow solid (3.79 g, 41%): mp 256—258 °C (CHCl,).
'"H NMR (DMSO-dg) 6 8.26 (s, 1H), 8.09 (d, J = 7.7 Hz, 1H),
7.90 (d, J = 8.2 Hz, 1H), 7.74 (s, 1H), 7.70 (d, J = 7.7 Hz, 1H),
7.69 (s, 1H), 7.60 (d, J = 8.2 Hz, 1H), 4.08 (s, 3H). HPLC (method
B) R = 8.81 min (100 area %) Anal. (C17H10N202) C, H, N.

2-(5-Cyano-2-methoxyphenyl)benzofuran-6-carbonitrile (81).
Purification was by flash chromatography, eluting with CHCl;, to
give 81 as a yellow solid (5.10 g, 57%): mp 197—198 °C (EtOAc).
"H NMR (DMSO-dq) 6 8.30 (s, 1H), 8.24 (s, 1H), 7.96 (d, J = 8.8
Hz, 1H), 7.89 (d, J = 8.2 Hz, 1H), 7.70 (d, J = 8.2 Hz, 1H), 7.62
(s, 1H), 7.44 (d, J = 8.8 Hz, 1H), 4.10 (s, 3H). HPLC (method B)
IR = 8.53 min (100 area %) Anal. (C17H10N202) C, H, N.

2-(4-Cyanophenyl)benzofuran-6-carbonitrile (65).*” Method
1. Conversion of Benzofuran Esters to Dinitriles with Dimethy-
laluminum Amide. Anhydrous NH; was bubbled through dry
o-xylene (280 mL) for 20 min at 0 °C. A 2.0 M solution of AlMes
in toluene (120 mL, 240 mmol) was added, and the NH; was passed
through the mixture for 20 min. Then the solution was stirred at
room temperature for 1 h. Methyl-2-(4-(methoxycarbonyl)phenyl)-
benzofuran-6-carboxylate (63) (16.4 g 52.8 mmol) was added in
one portion. The mixture was stirred at 100—110 °C for 3 h, allowed
to cool to ambient temperature, and diluted with CHCl; (400 mL).
Water (100 mL) was added dropwise with vigorous stirring, and a
formed precipitate was filtered off. The filtrate was concentrated
to give crude product, which was purified by flash chromatography,
eluting with hexanes/CH,Cl,, to give 65 as a white solid (3.70 g,
29%): mp 243—245 °C (acetone) (lit.*” 221—223 °C). 'H NMR
(DMSO-dg) 6 8.30 (br s, 1H), 8.14 (d, J = 8.2 Hz, 2H), 8.02 (d, J
= 8.2 Hz, 2H), 7.90 (d, J = 8.2 Hz, 1H), 7.85 (s, 1H), 7.72 (dd, J
= 8.2 and 1.6 Hz, 1H). HPLC (method B) g = 8.38 min (100 area
%). Anal. (C;6HgN,O) C, H, N.

Method 2. Copper-Mediated Heteroannulation. Following the
procedure described above for 51, 65 was prepared from 3-hydroxy-
4-iodobenzonitrile (67) (6.00 g, 24.5 mmol), 57 (3.74 g, 29.4 mmol),
and Cu,O (2.10 g, 14.7 mmol) in pyridine (120 mL). Crude product
was purified by flash chromatography, eluting with hexanes/CH,Cl,,
to give 65 as a white solid (4.57 g, 76%).

2-(3-Cyanophenyl)benzofuran-6-carbonitrile (66). Following
the procedure described above for 65 in method 1, 66 was prepared
from 64 (15.5 g, 50.0 mmol) as a white solid (3.65 g, 30%): mp
204—205 °C (acetone). '"H NMR (DMSO-dg) 6 8.45 (d, J = 1.6
Hz, 1H), 8.28 (s, 1H), 8.27 (d, J = 8.2 Hz, 1H), 7.93 (d, J = 7.7
Hz, 1H), 791 (d, J = 7.7 Hz, 1H), 7.79 (s, 1H), 7.76 (dd, J = 8.2
and 8.2 Hz, 1H), 7.71 (dd, J = 8.2 and 1.6 Hz, 1H). HPLC (method
B) tg = 8.40 min (100 area %). Anal. (C;sHgN,O) C, H, N.

Following the procedure described above for 51, 66 was prepared
from 67 (6.00 g, 24.5 mmol), 58 (3.74 g, 29.4 mmol), and Cu,O
(2.10 g, 14.7 mmol) in pyridine (120 mL). Crude product was
purified by flash chromatography, eluting with hexanes/CH,Cl,, to
give 66 as a white solid (3.53 g, 59%).

General Procedure for Synthesis of Oximes (71, 72). 2-(4-
Cyanophenyl)-5-formyl-7-methoxybenzofuran Oxime (71). A
mixture of 69 (4.28 g, 15.4 mmol) and NH,OH-HCl (1.18 g, 17.0
mmol) in dry Py (70 mL) was stirred at ambient temperature for
2 h. The mixture was diluted with iced water and stirred for 1 h. A
precipitate formed, was separated, washed with water, and dried.
Recrystallization was from CHCl; to yield 71 as a white solid (3.56
g, 79%): mp 205—206 °C (CHCl;). '"H NMR (DMSO-de) 6 11.19
(s, 1H), 8.23 (s, 1H), 8.08 (d, J = 8.8 Hz, 2H), 7.97 (d, J = 8.8
Hz, 2H), 7.73 (s, 1H), 7.46 (d, J = 1.6 Hz, 1H), 7.29 (d, J = 1.6
Hz, 1H), 4.01 (s, 3H). HPLC (method B) trg = 7.11 min (100 area
%). Anal. (C17H12N203) C, H, N.

Bakunov et al.

2-(4-Cyano-2-methoxyphenyl)-5-formyl-7-methoxybenzofu-
ran Oxime (72). White solid (5.16 g, 80%): mp 255—257 °C. 'H
NMR (DMSO-dg) 6 11.17 (s, 1H), 8.21 (s, 1H), 8.05 (d, J = 7.7
Hz, 1H), 7.69 (s, 1H), 7.59 (s, 1H), 7.56 (d, J = 7.7 Hz, 1H), 7.46
(s, 1H), 7.27 (s, 1H), 4.06 (s, 3H), 4.00 (s, 3H). HPLC (method B)
tr = 7.66 min (100 area %). Anal. (C;3H;4sN>O4+0.5H,0) C, H, N.

General Procedure for Synthesis of Dinitriles (73, 74).
2-(4-Cyanophenyl)-7-methoxybenzofuran-5-carbonitrile (73). A
mixture of 71 (4.00 g, 13.7 mmol) in acetic anhydride (100 mL)
was refluxed overnight. The reaction mixture was cooled, diluted
with water (100 mL), and stirred for 1 h at ambient temperature. A
precipitate formed, was separated, washed with water, dried, and
recrystallized from CHCl; to yield 73 as a tan solid (3.35 g, 90%):
mp 251—253 °C. "H NMR (DMSO-dg) 6 8.10 (d, J = 8.8 Hz,
2H), 7.98 (d, J = 8.8 Hz, 2H), 7.87 (d, J = 1.1 Hz, 1H), 7.78 (s,
1H), 7.47 (d, J = 1.1 Hz, 1H), 4.04 (s, 3H). HPLC (method B) &
= 8.48 min (100 area %). Anal. (C7H;o(N,0O,+0.1H,0) C, H, N.

2-(4-Cyano-2-methoxyphenyl)-7-methoxybenzofuran-5-carbo-
nitrile (74). Tan solid (7.15 g, 84%): mp 325—326 °C (DMF). 'H
NMR (DMSO-dg) 6 8.07 (d, J = 8.2 Hz, 1H), 7.84 (s, 1H), 7.70
(s, 1H), 7.63 (s, 1H), 7.57 (d, J = 8.2 Hz, 1H), 7.43 (s, 1H), 4.08
(s, 3H), 4.05 (s, 3H). HPLC (method B) g = 9.09 min (100 area
%). Anal. (C]gH]zNzO}) C, H, N.

General Procedure for the Demethylation of 2-Phenyl Ben-
zofurans 75, 76, 82—85. 2-(4-Cyanophenyl)-7-hydroxybenzofu-
ran-5-carbonitrile (75). To molten pyridine hydrochloride (12 g)
was added 73 (2.00 g, 7.29 mmol), and the reaction mixture was
kept at 160—180 °C for 3 h, cooled to 80—90 °C, and diluted with
water (100 mL). A precipitate formed, was separated, washed with
water, and dried to give 75 as a gray solid (1.58 g, 83%): mp
330—332 °C (DMF). '"H NMR (DMSO-dg) 6 11.09 (s, 1H), 8.14
(d, J = 8.8 Hz, 2H), 8.02 (d, J = 8.8 Hz, 2H), 7.77 (s, 1H), 7.73
(d, J = 1.6 Hz, 1H), 7.12 (d, J = 1.6 Hz, 1H). HPLC (method B)
tr = 6.85 min (100 area %). Anal. (C;cHsN,O,+0.1H,0) C, H, N.

2-(4-Cyano-2-hydroxyphenyl)-7-hydroxybenzofuran-5-carbo-
nitrile (76). Gray solid (2.83 g, 78%): mp >360 °C (EtOH/DMF).
'"H NMR (DMSO-dy) 0 11.49 (s, 1H), 11.00 (br s, 1H), 8.06 (d, J
= 8.2 Hz, 1H), 7.71 (d, J = 1.1 Hz, 1H), 7.64 (s, 1H), 7.45 (dd, J
=82 and 1.1 Hz, 1H), 7.35 (d, J = 1.6 Hz, 1H), 7.08 (d, J = 1.6
Hz, 1H). HPLC (method B) g = 5.99 min (100 area %). Anal.
(C16HsN,05+0.4H,0) C, H, N.

2-(4-Cyano-2-hydroxyphenyl)benzofuran-5-carbonitrile (82).
Gray solid (3.19 g, 84%): mp 302—303 °C (EtOH/DMF). "H NMR
(DMSO-dg) 6 11.51 (s, 1H), 8.28 (d, J = 1.6 Hz, 1H), 8.02 (d, J
= 8.2 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.80 (dd, J = 8.2 and 1.6
Hz, 1H), 7.70 (s, 1H), 7.43 (dd, J = 8.2 and 1.1 Hz, 1H), 7.36 (d,
J = 1.1 Hz, 1H). HPLC (method B) tg = 7.54 min (100 area %).
Anal. (C;sHgN,0,) C, H, N.

2-(5-Cyano-2-hydroxyphenyl)benzofuran-5-carbonitrile (83).
White solid (3.21 g, 86%): mp 257—260 °C (EtOAc). '"H NMR
(DMSO-ds) 6 11.93 (s, 1H), 8.26 (s, 1H), 8.24 (d, J = 1.6 Hz,
1H), 7.84 (d, J = 8.2 Hz, 1H), 7.78 (dd, J = 8.2 and 1.6 Hz, 1H),
7.75 (dd, J = 8.2 and 1.1 Hz, 1H), 7.59 (s, 1H), 7.19 (d, J = 8.2
Hz, 1H). HPLC (method B) g = 7.13 min (100 area %). Anal.
(C16HsN,0,+0.2 EtOAc) C, H, N.

2-(4-Cyano-2-hydroxyphenyl)benzofuran-6-carbonitrile (84).
White solid (1.52 g, 80%): mp >300 °C (EtOH). 'H NMR (DMSO-
de) 0 11.57 (s, 1H), 8.26 (s, 1H), 8.05 (d, J = 8.2 Hz, 1H), 7.92 (d,
J =8.2 Hz, 1H), 7.74 (s, 1H), 7.71 (d, J = 8.2 Hz, 1H), 7.44 (d,
J = 8.2 Hz, 1H), 7.36 (s, 1H). HPLC (method B) tx = 7.44 min
(100 area %). Anal. (C;cHgN,O,+0.3EtOH) C, H, N.

2-(5-Cyano-2-hydroxyphenyl)benzofuran-6-carbonitrile (85).
White solid (1.56 g, 82%): mp >300 °C (EtOH). 'H NMR (DMSO-
de) 0 11.99 (s, 1H), 8.25 (d, J = 1.6 Hz, 1H), 8.24 (s, 1H), 7.90 (d,
J =8.2Hz, 1H), 7.76 (dd, J = 8.6 and 1.6 Hz, 1H), 7.70 (dd, J =
8.2 and 1.1 Hz, 1H), 7.65 (d, J = 1.1 Hz, 1H), 7.20 (d, J = 8.6 Hz,
1H). HPLC (method B) r = 7.07 min (100 area %). Anal.
(C16H8N202'0.2 Hzo) C, H, N.
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