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Abstract—The solid-phase synthesis of substituted (4,5-dihydro-1H-imidazole-2-yl)-1,3-dihydro-2H-benzimidazol-2-ones is described.
Following the amide reduction of a resin-bound (MBHA resin) amino acid, the primary amine was selectively acylated with 4-fluoro-3-
nitrobenzoic acid. Treatment with POCl;, displacement of the fluoro group, and reduction of the nitro group generated an o-dianiline.
Cyclization with 1,1-carbonyldiimidazole resulted in a benzimidazolone analogue, which was subsequently N-alkylated with an alkyl halide.
The compounds were cleaved from the solid-support using anhydrous HF and characterized by LC—MS and "H and '*C NMR spectroscopy.

© 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

The effectiveness of some well known drugs (for example,
the antimalarial drug chloroquine) has been undermined due
to drug-resistant bacterial strains' that necessitate the
discovery of newer therapeutic compounds. Development
of solid-phase synthetic techniques for the synthesis of
compounds ranging from peptides® to heterocycles® has
expedited the process of drug discovery. Benzimidazolones
are a unique class of building blocks exhibiting potent bio-
logical properties. Benzimidazolones are reported to be the
first potent opioid receptor-like (ORL-1) antagonists active
at nanomolar concentration® and also act as good NMDA
(N-methyl-p-aspartate) ~ antagonists.”  Examples  of
additional properties include activation of cystic fibrosis
transmembrane regulator (CFTR) and as potent Ca®*
activated potassium channel openers.' Examples of pharma-
cologically active dihydroimidazoles (imidazolines) include
a-receptor agonists/antagonists, a-adrenergic inhibitors,
vasodepressor agents, sympathomimetic agents, anti-
histaminic agents, antihypertensive agents,® anticancer
agents,” and potent antihyperglycemic agents.® Considering
the diverse biological and pharmacological activities of both
benzimidazolones and dihydroimidazoles described above,
development of solid-phase synthetic strategies of
substituted  (4,5-dihydro-1H-imidazole-2-yl)-1,3-dihydro-
2H-benzimidazol-2-ones were explored.

Keywords: solid-phase synthesis; dihydroimidazole; imidazoline; benzimi-

dazolone.
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2. Results and discussion

A Boc-L-amino acid was coupled to p-methylbenzhydryl-
amine (MBHA) resin sealed inside a polypropylene mesh
packet,” followed by deprotection of the Boc group to
generate the compound 1 (Scheme 1). Exhaustive reduction
of the resin-bound amino acid 1 by treatment with BH;—
THF'" generated diamine 2 having both a primary amine
and a secondary amine. The primary amine of the resin-
bound diamine 2 was selectively N-acylated with 4-fluoro-
3-nitrobenzoic acid in the presence of 2-(1H-benzotriazole-
1-y1)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HBTU) and N,N'-diisopropylethylamine (DIEA)."" The
resulting N-terminal acylated diamine 3 was treated with
phosphorous oxychloride (POCI;) to generate the dihydro-
imidazole analogue 4 via cyclodehydration of the in situ
formed imidoyl chloride intermediate.'”'> A negligible
amount of racemization as detected by 'H NMR was
observed for compound 4 following cleavage and purifica-
tion (i.e. at the carbon bearing R') in conformity with our
earlier observations.'"'* The resin-bound dihydroimidazole
analogue was treated with a primary amine in the presence
of DIEA to generate an o-nitroaniline 5 by displacement of
the fluoro group.'' Reduction of the nitro group with tin(IT)
chloride dihydrate (SnCl,-2H,0) in DMF!! generated
o-dianiline 6, which was treated with 1,1’-carbonyldiimida-
zole (COIm,) to obtain benzimidazolone derivative 7.
Complete cyclization was observed by LC-MS under
these experimental conditions. In order to introduce a
third position of diversity into the resin-bound benzimida-
zolone derivative 7, N-alkylation at the anilide nitrogen was
desired. Alkylation was carried out with an alkyl halide
(R*X, X=Br, I) in the presence of base. Several different
bases were tested. Primarily starting material was obtained
when alkylation was carried out in the presence of DIEA
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Scheme 1. Boc-NHCH(R)CO,H (6 equiv., 0.1 M, DMF), DIC (6 equiv.), HOBt (6 equiv.), 2 h, 1t; (b) 55% TFA/45% DCM, 30 min, rt; (c) (i) BH;—THF,
65°C, 72 h, (ii) piperidine, 65°C, 20 h; (d) 4-fluoro-3-nitrobenzoic acid (3 equiv., 0.06 M, DMF), HBTU (3 equiv.), DIEA (6 equiv.), 3 h, rt; (¢) POCl;
(10 equiv., 0.09 M, anhydrous dioxane), 110°C, 2.5 h; (f) RZNHZ (20 equiv., 0.2 M, DMF), DIEA (20 equiv.), 20 h, rt; (g) SnCl,-2H,0 (20 equiv., 0.5 M,
DMF), 14 h, rt; (h) COIm, (10 equiv., 0.1 M, DCM), overnight, rt; (i) DBU (10 equiv., 0.06 M, THF), 15 min, rt; R*X (X=I, Br) (10 equiv., 0.06 M, THF), 2 h,

rt, (a) and (b) were repeated twice; (j) HF, anisole, 0°C, 7 h.

and triethylamine (TEA). Alkylation using either NaH or
lithium terz-butoxide as the base yielded undesirable by-
products. Treatment with 1,8-diazabicyclo[5.4.0]undec-7-
ene (DBU) and the alkyl halide was found to yield final
products with improved purity. Thus, the resin-bound benzi-
midazolone derivative 7 was treated with DBU, followed by
treatment with an alkyl halide to generate alkylated benzi-
midazolone 8. The alkylation was repeated twice to ensure
complete reaction. The final product was cleaved from the
solid-support using anhydrous HF and extracted with 95%
acetic acid in water to give compound 9.

Thirty individual control compounds were prepared using
10 amino acids at the first (R') position of diversity, 15
amines at the second (R) position of diversity, and 8
alkyl halides at the third (R?) posmon of diversity. Amino
acids having either an extra amine functionality (e.g.
ornithine, lysine) or generating an extra amine functionality
after BH;—THF reduction (e.g. glutamine) were not
included due to undesirable N-acylation at the primary
amine during acylation with 4-fluoro-3-nitrobenzoic acid
(Scheme 1, step d). L34 Algo, serine, threonlne aspartic
acid, and glutarmc acid analogues at the first (R") position of
diversity yielded undesirable impurities during POCIj; treat-
ment (Scheme 1, step e).!!3!4 Thus, these amino acid
analogues were not included at the first (R') position of
diversity. Twenty-two selected compounds are presented
in Table 1. The compounds were obtained in moderate
yield and purity (Table 1). The steric and electronic nature
of alkyl halides (R*X) at the third position of diversity
influenced the purity of final products and also the type of
final products (i.e. yielding either a monoalkylated product
or a dialkylated product). The low purity of the final
compounds is due to formation of undesirable dialkylated
products. One representative LC—MS for compound 9h is

presented as Fig. 1. The compounds were purlﬁed by
preparative HPLC and characterized by 'H and *C NMR
spectroscopy. Neghglble amounts (<1%) of racemization
as detected by '"H NMR were observed for the final products.

Appearance of two proton signals 6 at 10 28 and 10.32 ppm
(assigned with one proton each) in the "H NMR spectra of
Ta (Rl——CH(CH3)2, R? =—(CH,);CH,) following cleavage
corresponded to the two (—NH) protons of the protonated
d1hydro1m1dazole In addition, appearance of a signal at
11.51 ppm in the "H NMR spectra of 7a corresponded to the
anilide proton. Disappearance of the proton signal 6 at
11.51 ppm with retention of signals 6 at 10.2-10.4 ppm in
the "H NMR spectra for compound 9 indicated that alkyl-
ation occurred at the anilide nitrogen. Alkyl halides such as
(0, m, and p)-cyanobenzyl bromide, 4-nitrobenzyl bromide,
3-chlorobenzyl bromide, 2,6-dichlorobenzyl bromide, and
methyl iodide yielded dialkylated products (Fig. 2) as
detected by LC—MS that corresponded to alkylation both
at the anilide nitrogen and the dihydroimidazole moiety."*
Appearance of a proton signal assigned to one proton & at
10.23 ppm in the 'H NMR spectra of dialkylated analogue
derived from 4-nitrobenzyl bromide (10, Fig. 2, where
R'=-CH;, R*=-(CH,);CH3) supported the alkylation of
the dihydroimidazole moiety ~ under these experimental
conditions.

3. Conclusion

The solid-phase synthesis of substituted (4,5-dihydro-1H-
imidazole-2-yl)-1,3-dihydro-2H-benzimidazol-2-ones have
been presented. Substituted dihydroimidazoles are prepared
from the resin-bound reduced amino acids via cyclization of
the in situ formed imidoyl chloride intermediates. These
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Table 1. MW and RP-HPLC purity found for substituted (4,5-dihydro-1H-imidazole-2-yl)-1,3-dihydro-2H-benzimidazol-2-ones 9
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Product MW (calcd) MW (found) Purity (%)°

Rl
9a — PN §/\©\F 65 380.5 381.3 (M+H") 76
9 e~ PN §/\©\ 68 408.5 409.3 (M+H") 78
F
c ; ! 64 4706 4713 (M+HY) 70
9
F
9d §/FD N 3/\©\F 66 4745 4753 (M+H") 65
9e 3\(\ oSS §/\©\ 67 4225 4232 (M+H") 72
F
of — PN 3/\©\ 68 394.5 3952 (M+H") 76
F
9g — ;—< YU 70 366.4 3672 (M+H") 76
F

oh — o §n 72 382.4 3833 (M+H") 80
F
9% — §/\©/ §/\©\ 68 4285 4292 (M+H") 69
F
o - } 3/\©\ 65 4445 4452 (M+H™) 78
~o E
ok — ;—{oj §/\©\ 66 408.5 409.3 M+H") 72
E
ol - g/\©\ §/\©\ 68 4489 4492 (M+H") 63
Cl F
om - PN i’\@( 68 376.5 377.3 (M+H") 64
on - NN i/\@ 68 376.5 377.3 (M+H") 60
% 3/\©\ TN §/\©\ 60 4910 4932 (M+H") 60
Cl E
9p 2/\0 N §/\© 62 462.6 4632 (M+H") 52
E
9% i PN §/\© 60 506.6 507.3 (M+H") 53
E
§ O~
or ;_ PN ﬁ 62 4225 4233 (M+H") 55
SN
0 s ; 2N +
s — PN 61 3925 3932 (M+H") 54
ot — PN A 65 312.4 3132 (M+H") 52
; F
9 ;— N /\Q/ 68 398.5 399.2 M+H") 52
F
9y ;__ }/\/\

}
/\O\K 64 418.6 419.3 M+H") 55

* The yields (by weight) obtained were greater than 60—72% with respect to the initial loading of the resin (1.15 mequiv./g).
® Crude purity was determined from the relative peak areas (%) of HPLC chromatograms run with a gradient of 5-95% acetonitrile in water (0.05% TFA) for
30 min at A=214 nm.
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Figure 1. LC-MS of compound 9h derived from L-Ala, 2-methoxyethylamine, 4-fluorobenzylamine for R', R?, and R, respectively.
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Figure 2. Structure of the dialkylated product (10), 1-butyl-5-[5-methyl-1-
(4-nitrobenzyl)-4,5-dihydro- 1 H-imidazol-2-yl1]-3-(4-nitrobenzyl)-1,3-di-
hydro-2H-benzimidazol-2-one.

approaches could be extended to prepare combinatorial
libraries using the ‘libraries from libraries” approach.'

4. Experimental

Boc-L-amino acids, 2-(1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HBTU), and
N-hydroxybenzotriazole (HOBt) were purchased from
Calbiochem—Novabiochem Corp. (San Diego, CA), and
Bachem Bioscience, Inc. (Philadelphia, PA). p-Methyl-
benzhydrylamine (MBHA) resin (1% divinylbenzene,
100-200 mesh, 1.15 mequiv./g substitution) and N,N’-
diisopropylcarbodiimide (DIC) were purchased from
Chem Impex, Int. (Wood Dale, IL). HF was purchased
from Air Products (San Marcos, CA). Alkyl halides and
anhydrous solvents were purchased from Aldrich Chemical
Co. (Milwaukee, WI). All amino acids used had the
L-configurations unless otherwise noted.

Analytical reverse-phase high-pressure chromatography
(RP-HPLC) was carried out on a Beckman System Gold
Instrument (Fullerton, CA). Purification of the samples

was carried out using a Vydac 218TP54 CI18 column of
0.46x25 cm®. All HPLC experiments were performed
using gradient conditions of two eluents: solvent A (H,O
with 0.05 % TFA) and solvent B (CH;CN with 0.05% TFA).
Flow rates were maintained at 1.0 and 6.0 mL/min for
analytical and preparative chromatograms, respectively, at
A=214 nm. LC-MS (APCI) was recorded on a Finnigan
Mat LCQ mass spectrometer (ThermoQuest Corporation,
CA) at 214 nm using a Betasil C18, 3 pum, 100 A,
3%50 mm? column.

4.1. Typical procedure for the individual synthesis of
substituted (4,5-dihydro-1H-imidazole-2-yl)-1,3-dihydro-
2H-benzimidazol-2-ones

100 mg of MBHA resin was sealed inside a polypropylene
mesh packet.” Polypropylene bottles were used for all the
reactions. The resin was washed with dichloromethane
(DCM) followed by neutralization with 5% DIEA in
DCM and washed with DCM.

(a) Coupling of Boc-L-amino acid to MBHA resin. Boc-L-
amino acid (6 equiv., 0.1 M, DMF) was coupled to MBHA
resin using DIC and HOBt (6 equiv. each) for 2 h at room
temperature, followed by washes with DMF (3 times) and
DCM (3 times). The Boc group was deprotected using 55%
trifluoroacetic acid (TFA) in DCM for 30 min, followed by
washes with DCM (2 times), IPA (2 times), and DCM (3
times). (b) Exhaustive reduction of the resin-bound amino
acid with BH;—THF. Exhaustive reduction of the resin-
bound amino acid was carried out in 50 mL glass conical
tubes under nitrogen. To each tube was added boric acid
(12 equiv.), followed by trimethyl borate (12 equiv.).
Borane—THF complex (1 M, 40 equiv.) was added slowly.
After cessation of hydrogen evolution, the resin packet was
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added and the capped tubes were heated at 65°C for 72 h,
followed by decantation of the reaction solution and
quenching with MeOH."" Following washes with MeOH
(4 times), the resin was treated with piperidine at 65°C for
20 h to disproportionate the borane complexes.' Following
decantation of the piperidine—borane solution, the resin was
washed with DMF (4 times), DCM (4 times) and MeOH (2
times) and dried. (c) Selective N-acylation at the primary
amine with 4-fluoro-3-nitrobenzoic acid. The resin-bound
diamine was treated with 4-fluoro-3-nitrobenzoic acid
(3 equiv., 0.06 M, DMF) in the presence of HBTU
(3 equiv.) and DIEA (6 equiv.) for 3 h at room temperature.
The resin was washed with DMF (4 times), DCM (2 times),
IPA (2 times), and DCM (3 times). Completeness of the
coupling was verified by the ninhydrin test.' (d) Cyclization
using POCI;. The dehydrative cyclization of the resin-
bound amide was carried out in 50 mL conical tubes
under nitrogen. To each tube the resin packet and POCl;
(10 equiv., 0.09 M, anhydrous dioxane) was added. The
capped tubes were heated at 110°C for 2.5 h. The resin
was washed with dioxane, DMF and MeOH (5 times
each), IPA (2 times), and DCM (3 times) and dried.
(e) Displacement of the fluoro group. The resin-bound
dihydroimidazole analogue 4 was treated with a primary
amine (20 equiv., 0.2 M, DMF) in the presence of DIEA
(20 equiv.) for 18 h at room temperature, followed by
washes with DMF (4 times), DCM (2 times), IPA (2
times), and DCM (2 times). (f) Reduction of the nitro
group. The resin-bound o-nitroaniline 5 was treated with
tin(I) chloride dihydrate (20 equiv., 0.5 M in DMF) for
14 h at room temperature, followed by washes with DMF
(8 times), MeOH (2 times), and DCM (3 times) to generate
the o-dianiline analogue 6. (g) Formation of benzimidazo-
lone. The o-dianiline analogue 6 was cyclized by treatment
with COIm, (10 equiv., 0.1 M, DCM, overnight), followed
by washes with DCM (4 times), IPA (2 times), and DCM (3
times). (h) Alkylation with an alkyl halide. The resulting
resin-bound benzimidazolone analogue 7 was treated with
1,8-diazabicyclo[5.4.0]Jundec-7-ene  (DBU) (10 equiv.,
0.06 M, THF) for 15 min, followed by decantation of the
base solution and treatment with an alkyl halide (R'X,
X=Br, I) (10 equiv., 0.06 M, THF) for 2 h at room tempera-
ture. Following decantation, the base and alkylation treat-
ments were repeated twice and the resin was washed with
DMEF (4 times), DCM (2 times), IPA (2 times), and DCM (3
times).

All the resin-bound compounds were cleaved using
anhydrous HF in the presence of anisole for 7 h at 0°C,"”
followed by extraction with 95% acetic acid in water and
lyophilized.

4.1.1. 1-Butyl-5-(4-isopropyl-4,5-dihydro-1H-imidazol-
2-yl]-1,3-dihydro-2H-benzimidazol-2-one (7a). '"H NMR
(500 MHz, DMSO-dg) 6 0.87-0.95 (m, 6H), 1.27-1.43 (m,
4H), 1.58-1.66 (m, 4H), 3.62-3.65 (m, 1H), 3.82-3.85 (m,
2H), 4.05-4.09 (m, 1H), 4.32-4.37 (m, 1H), 7.42-7.43 (d,
J=7.9 Hz, 1H), 7.58 (s, 1H), 7.65-7.67 (d, J=7.8 Hz, 1H),
10.28 (s, 1H), 10.32 (s, 1H), 11.51 (s, 1H).

4.1.2. 1-Butyl-3-(4-fluorobenzyl)-5-(4-methyl-4,5-dihydro-
1H-imidazol-2-yl)-1,3-dihydro-2H-benzimidazol-2-one
(9a). '"H NMR (500 MHz, DMSO-d;) 6 0.89 (t, J=7.6 Hz,

3H), 1.26-1.31 (m, 2H), 1.34-1.36 (d, J=6.5 Hz, 3H),
1.64-1.67 (m, 2H), 3.55-3.59 (dd, J=8.0, 11.1 Hz, 1H),
3.93 (t, J=7.1 Hz, 2H), 4.10 (t, J=11.0 Hz, 1H), 4.45—
4.47 (m, 1H), 5.04 (m, 2H), 7.19 (t, J=8.9 Hz, 2H), 7.35—
7.38 (dd, J=5.6, 8.6 Hz, 2H), 7.53-7.55 (d, J=8.4 Hz, 1H),
7.71-7.75 (m, 2H), 10.27 (s, 1H), 10.38 (s, 1H). °C NMR
(125 MHz, DMSO-ds) & 0.9, 13.1, 13.5, 19.3, 20.5, 29.8,
40.6, 43.4, 50.9, 52.8, 107.4, 108.5, 115.5, 115.6, 122.8,
128.9, 129.3, 153.6, 163.6.

4.1.3. 1-Butyl-5-(4-sec-butyl-4,5-dihydro-1H-imidazol-2-
yl)-3-(4-fluorobenzyl)-1,3-dihydro-2H-benzimidazol-2-
one (9¢). '"H NMR (500 MHz, DMSO-dg) 6 0.87-0.93 (m,
6H), 1.15-1.19 (m, 2H), 1.26—1.31 (m, 3H), 1.48—1.52 (m,
2H), 1.63—-1.70 (m, 3H), 3.73-3.77 (dd, J=8.3, 11.5 Hz,
1H), 3.93 (t, J=7.0Hz, 1H), 4.00 (t, J=11.6 Hz, 2H),
4.29-4.33 (m, 1H), 5.01-5.09 (m, 2H), 7.18 (t, J=8.8 Hz,
2H), 7.35-7.38 (dd, J=5.8, 8.5 Hz, 2H), 7.53-7.54 (d,
J=83Hz, 1H), 7.74-7.76 (dd, J=3.4, 11.6 Hz, 2H),
10.27-10.32 (s, 2H).

4.1.4. 3-(4-Fluorobenzyl)-1-(2-methoxybenzyl)-5-(4-
methyl-4,5-dihydro-1H-imidazol-2-yl)-1,3-dihydro-2H-
benzimidazol-2-one (9j). '"H NMR (500 MHz, DMSO-d,)
6 1.33-1.34 (d, J=6.1 Hz, 3H), 3.54-3.57 (dd, J=7.9 Hz,
1H), 3.79 (m, 3H), 4.09 (t, J/=11.0 Hz, 1H), 4.44-4.46 (m,
2H), 5.07-5.10 (d, J/=11.6 Hz, 3H), 6.87 (t, J=7.3 Hz, 1H),
6.98-6.99 (d, J=7.6 Hz, 1H), 7.02-7.03 (d, J=8.3 Hz, 1H),
7.18-7.21 (dd, J=8.8, 15.9 Hz, 2H), 7.26-7.32 (m, 2H),
7.38-7.41 (dd, J=5.7, 8.6 Hz, 2H), 7.64-7.66 (m, 1H),
7.77-17.78 (d, J=1.4 Hz, 1H), 10.27 (s, 1H), 10.39 (s, 1H).

4.1.5. 1-(4-Chlorobenzyl)-3-(4-fluorobenzyl)-5-(4-methyl-
4,5-dihydro-1H-imidazol-2-yl)-1,3-dihydro-2H-benz-
imidazol-2-one (91). '"H NMR (500 MHz, DMSO-dg) &
1.33-1.34 (d, J=6.1 Hz, 3H), 3.54-3.58 (dd, J=7.9,
10.9 Hz, 1H), 4.09 (t, J=10.9 Hz, 2H), 4.45-4.48 (m,
2H), 5.08 (s, 1H), 5.16 (s, 1H), 7.20 (t, J/=8.8 Hz, 2H),
7.35-7.42 (m, 4H), 7.46-7.48 (d, J/=8.3 Hz, 1H), 7.66—
7.68 (m, 2H), 7.77 (s, 2H), 10.28 (s, 1H), 10.41 (s, 1H).

4.1.6. 1-Butyl-5-[5-methyl-1-(4-nitrobenzyl)-4,5-dihydro-
1H-imidazol-2-yl]-3-(4-nitrobenzyl)-1,3-dihydro-2H-
benzimidazol-2-one (10). 'H NMR (500 MHz, DMSO-ds)
6 0.88 (t, J=7.2 Hz, 3H), 1.27-1.34 (m, 4H), 1.63-1.66 (m,
2H), 3.56-3.60 (m, 2H), 3.92 (t, J=6.9 Hz, 1H), 4.11-4.15
(m, 2H), 4.28-4.31 (m, 1H), 4.77 (s, 2H), 5.19 (s, 2H), 6.52
(m, 2H), 7.38-7.42 (m, 3H), 7.51-7.53 (m, 3H), 8.11-8.14
(dd, J/=2.8 Hz, J=8.8 Hz, 3H), 10.61 (s, 1H).

5. Supporting information

LC-MS and 'H and "*C NMR of selected compounds are
available.
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