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Use of Vilsmeier Reagent for the Solid-Phase Synthesis of
1,5-Disubstituted 4,5-Dihydro-H-imidazoles and Disubstituted
4,5-Dihydro-1H-imidazolylbenzimidazoles

Achyuta N. Acharya, Cattram Thai, John M. Ostresh, and Richard A. Houghten*

Torrey Pines Institute for Molecular Studies, 3550 General Atomics Court, San Diego, California 92121

Receied March 28, 2002

The solid-phase synthesis of novel imidazolines and dihydroimidazolylbenzimidazoles is described. Resin-
bound diamines, derived from resin-bound N-acylated amino acid amides, were cyclized using Vilsmeier
reagent to yield imidazolines following cleavage. Similarly, cyclization of resin-bound tetraamines having
two secondary amines and ardianiline yielded dihydroimidazolylbenzimidazoles following cleavage.

Introduction report a facile one-pot cyclization of a diamine having two

Considerable attention has been focused on the synthesiS€condary amines and a tetraamine having two secondary

of heterocycles, and nitrogen heterocycles in particular, since2Mines and ao-dianiline using Vilsmeier reagefitto yield
they exhibit diverse biological and pharmacological activi- "€ 1,5-disubstituted 4,5-dihydrdlimidazoles and disub-

ties12 Preparation of these heterocycles from amino acids Stituted 4,5-dihydro-B-imidazolylbenzimidazoles, respec-
or peptides has an added advantage that the well-defined!VelY: V|I+sme|er reagent is a chloromethyleneiminium salt
chemistry of amino acids and peptides can be utilized to [(CHs)2N" = CHCI, PQCI.] derived from the reaction

introduce diversity. Dihydroimidazoles are reported to exhibit f N,N-(ljgme_thylformamide and phosphorus oxychloride
a wide range of biological and pharmacological activifigs. ~ (POCH)-" This has mostly been used for synthesis of a large

Examples of such activities includereceptor stimulation, ~ umber of hgeterocycli_c compounds, cyclodehydration of
vasodepressor activityy-adrenergic inhibition, and sym- heterocyécleé, formylation of activated aromatic com-
pathomimetic, antihistaminic, histamine-like, and cholino- POUNds® and carbonyl compound$.This study highlights
mimetic activity and as a potent antagonist af;- the introduction of diversity at the N1 position of the
adrenoceptot. The dihydroimidazole moiety is reported to  dinydroimidazole moiety, which has heretofore been an
be an essential pharmacophore for exhibiting antihypergly- Underutilized position to introduce diversity.

cemic activitiess Dihydroimidazoles, such as midaglizole, Results and Discussion

deriglidole, and efaroxan, have been found to be potent () Synthesis of 1,5-Disubstituted 4,5-Dihydroimida-

antihyperglycemic agenfsBenzimidazole derivatives are . . .
. i oles.The synthetic approach for the solid-phase synthesis
reported to be a unique, potent, and broad-spectrum class Oﬁf 1,5-disubstituted 4,5-dihydroimidazoles is presented in

antirhino/enteroviral agentBenzimidazoles have also been Scheme 1. A Boc-amino acid was coupled tp-methyl-
reported to exhibit significant antiviral activity against herpes benzhydrylamine (MBHA) resin, followed by deprotection

viruses (HSV-1), human cytomegalovirus (HCM%A),in-

fluenza virusi® RNA virust!' anti-HIV activities? and of_the Boc group to generate compo_un(iSc_heme 1). The
antimicrobial acvtivity againsBtaphylococcus aureug. primary amine O.f the.resm—bound amino acid was N-af:ylated
coli, andCandida albicang!'? Benzimidazoles have been with a ca_rboxyllc acid to generate compow?n_d?edgctlon
reported to act as potent and selective topoisomerase L(;f;r';;azrean—botur&d dN-ac_yIéaltﬁd "?‘m'r;‘) acid amléie usmg_BH
inhibitors!3 selective neuropeptide Y Y1 receptor antago- Th 9‘?”?"" ed (';‘m”.] s avmgtWotsgcorjthar\i/.lamlr?es.
nists24 angiotensin 11 (All) inhibitors!® inhibitors of HCMV reaegersts:zagﬁ; droJ‘;‘rgi'gxar‘]’la; gr;":‘efatewéomp;r;@egr
replication’ and 5-H' antagonists in the isolated guinea pig Vilsmeier reagent was formed in situ by the reaction of DMF

ileum® The benzimidazole moiety is reported to be an 18.23 o
important scaffold for binding to the cavity at the protein ano_l POG™ NUC.IeOph'“C at_tacl_< by one of two secondary
amines of the resin-bound diamine to the chloromethylene-

protein interface of human growth hormone (hGH) and its iminium salt then led to loss of chloride to form the iminium

receptort’ o
Because of potential biological and pharmacological salt_. Subseque_nt.n.ucleophlllc.attack by th? second s_econdary
amine on the iminium salt with loss of dimethylamine led

applications of dihydroimidazoles and benzimidazoles, the o int lecul lizati due to the f i f

synthesis of substituted dihydroimidazoles and dihydroimi- on Irn ra:imo"ecfu \?rr Cgiilvzar'gnmbu? dorin eTr?rr?ii |c|)n (r)n

dazolylbenzimidazoles is considered worthwhile. Herein, we energetically favored five-memboere 9. The final com-
pound was cleaved from the solid support using anhydrous

* To whom correspondence should be addressed. Fax: 858-455-3804.H_F’ followed by eXtraCtio_n Wij[h 95% ace_tic aCi_d in® to
E-mail: rhoughten@tpims.org. give compound5. Ten individual 1,5-disubstituted 4,5-
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a(a) Boct-NHCH(RY)CO,H (6 equiv, 0.1 M, DMF), DIC (6 equiv), HOBLt (6 equiv), 2 h, room temp; (b) 55% TFA/45% DCM, 30 min, room temp; (c)
R2CO;H (10 equiv, 0.1 M, DMF), DIC (10 equiv), HOBt (10 equiv), overnight, room temp; (d) (§BRHF, 65°C, 72 h, (ii) piperidine, 65C, 20 h; (e)
DMF (10 equiv, 0.1 M, anhydrous dioxane), PQCL0 equiv), 110°C, 4 h; (f) HF, anisole, OC, 7 h.

Table 1. MW and RP-HPLC Purity Found for
1,5-Disubstituted 4,5-DihydroH-imidazoles

R

and®*C NMR spectroscopy. Following purification (in 0.05%
trifluoroacetic acid), the protonated dihydroimidazoleK{p
~ 9.5y were characterized as their corresponding trifluoro-

RN acetate salts. The appearance of one strong downfield proton
et o B viae MW Lo Purity signal ato ~9.9-10.3 ppm in the'H NMR spectra
(caled) (%) corresponded to the NH of the protonated dihydroimida-
52 3— O 65  188.1 1889 (M+H") 76 zolyl moiety? Negligible amounts of racemization<(%)
were observed as detected by’ NMR spectra during either
s HO-O @ 22 moemH) % BHs—THF reductiof? or POCk-mediated cyclizatiof in
se O V\@r°\ 60 2942 295.1 (M+HY) 79 conformity with our earlier observations.
s O 6 1501 ISLOQME T2 (i) Synthesis of Disubstituted 4,5-Dihydro-H-imida-
zolylbenzimidazoles.The synthetic strategy for the solid-
Se BN *—< 68 1822 I830(M+H) 76 phase synthesis of disubstituted 4,5-dihydktifnidazolyl-
s 0L O, 70 3122 328OMHY) 76 benzimidgzoles is out!ined in Scheme 2. The_primary amine
: of the resin-bound amino acidwas acylated using 4-fluoro-
S8y By 65 2002 2010 80 3-nitrobenzoic acid in the presence MN-diisopropylcar-
s =~ 70 2082 299.1 (M+H) 76 bodiimide (DIC) to generate compouisd The resin-bound
fluoronitro derivativet was treated with a primary amine in
5 §—< §_< 65 1682 16900 80 the presence df|,N'-diisopropylethylamine (DIEA) to gener-
5 WS L > 65 2602 261.1(M+H") 78 ate ano-nitroaniline 7 by displacement of the arylfluoro

aThe yields (by weight) obtained were greater than-80%
with respect to the initial loading of the resin (1.10 mequiv/g).
b Crude purity was determined from the relative peak areas (%) of
RP-HPLC chromatograms run on a gradient 61%% acetonitrile
in water (0.05% TFA) for 30 min at = 214 nm.

dihydro-1H-imidazoles were prepared derived from six
amino acids i(-Ala, L-lle, L-Phe, p-fluoro-L-phenylalanine,
L-norvaline, and.-Val) at the first (R) position of diversity

group?82” Reduction of the aromatic nitro group using
tin(ll) chloride dihydrate (SnGi2H,0)*” generated aro-
dianiline 8. Exhaustive reduction of amide bonds&fvith
BH3—THF?? generated tetraamin& The resin-bound tet-
raamine was treated with Vilsmeier reagéDMF in the
presence of POg)Ito generate compourid. Two aliphatic
secondary amines cyclized to form the dihydroimidazole
moiety as described above. Similarly, tbalianilines also
cyclized concomitantly to form a stable benzimidazole

and eight different carboxylic acids (phenylacetic acid;4,4 moiety. The compounds were cleaved from the solid support
bipheny|carboxy|ic acid, 3_methoxypheny|acetic acid, cy- using anhydrous HF and extracted with 95% acetic acid in
clopentylacetic acid, isobutyric acid, 4-methoxyphenylacetic water to yield11.

acid, heptanoic acid, and cyclohexanebutyric acid) at the Twelve control compounds were prepared using nine

second (R) position of diversity (Table 1). Negligible
amounts of starting material were observed by-IMS and

reverse-phase high-pressure liquid chromatography (RP-

HPLC). The lower than expected yields (600%, see Table

amino acids i(-Val, L-norvaline, L-cyclohexylglycine, L-
phenylglycine,L-norleucine,L-lle, p-iodo--phenylalanine,
p-chloro+i-phenylalanine, and cyclohexylalanine) at the first
(RY) position of diversity and seven primary amines (hexyl-

1) are attributed to premature cleavage of the products dueamine, benzylamine, 3-fluorophenylethylamine, 4-methoxy-

to generation of HCI during POglreatment* The reaction
stoichiometry of a 10 equiv excess of anhydrous DMF in
the presence of a 10 equiv excess of PO@lanhydrous
dioxane (110°C, 4 h) was found to yield the final products
in high purity and reasonable yield (Table 1).

The compounds were purified by RP-HPLC and charac-
terized by high-resolution mass spectra (HRM&) NMR,

benzylamine, 2,4-dichlorophenylethylamine, 4-chlorobenzyl-
amine, and phenylethylamine) at the second) (Bosition

of diversity. Negligible amounts {1%) of uncyclized
material were observed by I-€MS and RP-HPLC. The final
compounds were obtained in moderate yield and good purity
(see Table 2). The final compounds were purified and were
characterized byH NMR and 3C NMR spectroscopy.
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a(a) 4-Fluoro-3-nitrobenzoic acid (10 equiv, 0.1 M, DMF), DIC (10 equiv), overnight, room temp;2{tHiR(20 equiv, 0.2 M, DMF), DIEA (20 equiv),
overnight, room temp; (c) Sn€PH,O (20 equiv, 0.5 M, DMF), 14 h, room temp; (d) (i) BHTHF, 65°C, 72 h, (ii) piperidine, 65C, 20 h; (e) DMF (20
equiv, 0.2 M, anhydrous dioxane), PQE20 equiv), 110°C, overnight; (f) HF, anisole, 0C, 7 h.

Table 2. MW and RP-HPLC Purity Found for Disubstituted  products, this approach could be extended to prepare a

4,5-Dihydro-H-imidazolylbenzimidazoles combinatorial librar§® of thousands of compounds.
R\z R
So0e
O Experimental Section
Product R vietd® | MW | MW (found) | PUFiY Boc-amino acids and\-hydroxybenzotriazole (HOBt)
(caled) ) were purchased from Calbiochem-Novabiochem Corp. (San
la - 68 3263 WIMH) T2 Diego, CA) and Bachem Bioscience, Inc. (Philadelphia, PA).
b e 68 3462 3467 (M+HH T8 p-Methylbenzhydrylamine (MBHA) resin (1% divinylben-

zene, 106-200 mesh, 1.1 mequiv/g substitution) aNgN'-

e diisopropylcarbodiimide (DIC) were purchased from Chem

64 3782 378.8 (M+H") 70

b

11d 208 66 4022 4028 (M+HY) 65 Impex, International (Wood Dale, IL). All other reagents and
% anhydrous solvents were purchased from Aldrich Chemical
11e ;A/Q 67 4481 4499(M+H") 73 Co. (Milwaukee, WI). Analytical RP-HPLC was carried out

: on a Beckman system Gold instrument (Fullerton, CA).

i Samples were analyzed using a Vydac 218TP54 C18 column

68 326.3  326.8 (M+H") 76

G IIEET 88 ] 1A,
e

11g 63 3403 3413 (M+H) 80 (0.46 cm x 25 cm). LC-MS (ESI) was recorded on a
1 65 3663 36690MHEY 76 Finnigan Mat LCQ mass spectrometer (ThermoQuest Cor-
3 poration, CA) at 214 nm using a Betasil C18;®, 100 A,
11i VVQ 69 5880 589.1(M+H") 70 3 mm x 50 mm column. Preparative RP-HPLC was
. performed on a Waters DeltaPrep preparative HPLC (Mil-
1 - 0 63 4282 4¥2MaD T lipore) using a Vydac 218TP1022 C18 column (2.2 em
11k ~C, 70 4202 4203(M+H) 71 25 cm). High-resolution mass spectra (HRMS) were recorded
at the Mass Spectrometry Facility of the University of
aThe yields (by weight) obtained were greater than-80% California at Riverside.

with respect to the initial loading of the resin (1.10 mequiv/g). . .
b Crude purity was determined from the relative peak areas (%) of (1) General Procedure for the Individual Synthesis of

HPLC chromatograms run with a gradient of85% acetonitrile ~ 1,5-Disubstituted 4,5-Dihydro-H-imidazoles. A total of

in water (0.05% TFA) for 30 min at = 214 nm. 100 mg of MBHA resin was sealed inside a polypropylene
mesh packet® Polypropylene bottles were used for all

Negligible amounts €1%) of racemization were observed reactions. The resin was washed with dichloromethane

for the final compounds byH NMR spectra. (DCM), followed by neutralization with 5% diisopropyl-
ethylamine (DIEA) in DCM and washing with DCM.

(a) Coupling of Boc+.-amino Acid to MBHA Resin and
The efficient synthesis of 1,5-disubstituted 4,5-dihydro- N-Acylation. A Boc-L-amino acid (0.66 mequiv) in DMF
1H-imidazole and disubstituted 4,5-dihydré+imidazolyl- (6.6 mL) was coupled to MBHA resin using DIC (10&,
benzimidazole from resin-bound amino acids has been0.66 mequiv) and HOBt (101 mg, 0.66 mequivy @ h at
described. Vilsmeier reagent was successfully used to prepar¢éoom temperature, followed by washes with DMF (three
these heterocycles from diamines and tetraamines withouttimes) and DCM (three times). The Boc group was depro-
introduction of a formyl group. It is interesting to note that tected using 55% TFA in DCM for 30 min, followed by
in the case of tetraamine, the two different sets of amines neutralization using 5% DIEA in DCM. The primary amine
(i.e., two aliphatic secondary amines amdianilines) were was N-acylated using a carboxylic acid (1.1 mequiv) in DMF
cyclized concomitantly without any trace of undesirable (11 mL) in the presence of DIC (172, 1.1 mequiv) and
byproducts. Because of the reasonable purity of the final HOBt (168 mg, 1.1 mequiv), followed by washes with DMF

Conclusion
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(four times) and DCM (three times). A negative ninhydrin

tesB established the completeness of the coupling reactions.

(b) Exhaustive Reduction of Amide Groups by BH—
THF. Exhaustive reduction of the N-acylated amino acid
amide (0.22 mequiv of amide) was carried out in 50 mL

Journal of Combinatorial Chemistry, 2002, Vol. 4, No. 499

mequiv) in DMF (11 mL), followed by washes with DMF
(four times), IPA (two times), and DCM (three times).
(c) Reduction of Aromatic Nitro Group. The resin-bound
o-nitroaniline derivative was treated with tin(ll) chloride
dihydrate (20 equiv, 0.5 M) in DMF for 14 h at room

glass conical tubes under nitrogen. To each tube was addedemperature, followed by washes with DMF (eight times),

the resin packet and boric acid (179 mg, 1.32 mequiv)
followed by trimethyl borate (29@L, 1.32 mequiv). Bo-
rane-THF complex (8.8 mL of 1 M, 4.4 mequiv) was added
slowly. After cessation of hydrogen evolution, the capped
tubes were heated at 88 for 72 h, followed by decantation
of the reaction solution and quenching with methanol
(MeOH). Following washes with DMF and MeOH (four
times), the resin was treated with piperidine at’65for 20

h to disproportionate the borane compleX&3he piperi-

MeOH (two times), and DCM (two times).

(d) Exhaustive Reduction of Amide Groups with BH;—
THF. Exhaustive reduction of the resin-bound N-acylated
amino acid amide was carried out in the same manner as
described above in section 1b.

(e) Cyclization Using Vilsmeier ReagentCyclization of
the tetraamine was performed as described above in section
1c with DMF (170uL, 1.1 mequiv), POGI (206 uL, 1.1
mequiv), and anhydrous dioxane (11 mL) and heating at 110

dine—borane complexes were removed by decantation of the °C overnight.

solution, and the resin was washed with DMF (four times),
DCM (four times), and MeOH (two times).

(c) Cyclization of the Diamine with Vilsmeier Reagent.
Cyclization of the diamine was carried out in 50 mL conical

The resin-bound 1,5-disubstituted 4,5-dihydig-imida-
zole benzimidazoles were cleaved from the solid support
using anhydrous HF in the presence of anisole &t @or 7
h2tand the cleaved products were extracted with 95% acetic

tubes under nitrogen. To each tube the resin packet, DMFacid in HO and lyophilized.

(85 uL, 1.1 mequiv), POGI (103 uL, 1.1 mequiv), and

1-Hexyl-55[(59)-5-isopropyl-4,5-dihydro-1H-imidazol-

anhydrous dioxane (11 mL) were added. The capped tubesl-yllmethyl}-1H-benzimidazole (11a)!H NMR (500 MHz,

were heated at 118C for 4 h, followed by decantation of
the reaction solution. The resin was washed with dioxane
(two times), DMF and MeOH (four times each), DCM (two
times), IPA (two times), and DCM (four times).

The resin-bound 1,5-disubstituted 4,5-dihydig-imida-

DMSO-dg): 6 0.78-0.86 (m, 9H), 1.231.27 (m, 6H),
1.83-1.86 (m, 2H), 2.252.27 (m, 1H), 3.76-3.73 (dd,J
= 8.0 Hz,J = 12.2 Hz, 1H), 3.82 () = 12.1 Hz, 1H),
3.92-3.96 (M, 1H), 4.38 (tJ = 7.1 Hz, 2H), 4.64-4.67 (d,
J=14.9 Hz, 1H), 5.085.03 (d,J = 15.0 Hz, 1H), 7.53

zoles were cleaved from the solid support using anhydrous 7-24 (d.J = 9.2 Hz, 1H), 7.9+-7.92 (m, 2H), 8.75 (s, 1H),

HF in the presence of anisole at°C for 7 h3! and the
cleaved products were extracted with 95% acetic acic,d H
and lyophilized.

(59)-5-Methyl-1-(2-phenylethyl)-4,5-dihydro-1H-imida-
zole (5a).'H NMR (500 MHz, DMSOsdg): 6 1.28-1.29
(d, J = 6.5 Hz, 3H), 2.872.99 (m, 2H), 3.42-3.46 (dd,J
= 8.2 Hz,J = 11.6 Hz, 1H), 3.66-3.66 (m, 1H), 3.7+
3.77 (m, 1H), 3.953.99 (t,J = 11.5 Hz, 1H), 4.254.31
(m, 1H), 7.23-7.35 (m, 5H), 8.29 (s, 1H), 9.98 (s, 1H).).
13C NMR (125 MHz, DMSOs): 6 17.6, 39.2, 45.5, 51.0,
55.4,126.7,128.6, 128.8, 137.6, 156.9, 157.0. HRMS (DEI)
m/z. 189.1385 found ([M+ H]*), 189.1392 calculated for
CioHiN2 (M + H]).

(2) General Procedure for the Individual Synthesis of
Disubstituted 4,5-Dihydro-1H-imidazolylbenzimidazoles.
Coupling of a Boa--amino acid to MBHA resin and
deprotection of the Boc group is described above in section
la.

(a) N-Acylation Using 4-Fluoro-3-nitrobenzoic Acid.
The primary amine of the resin-bound amino acid was
N-acylated using 4-fluoro-3-nitrobenzoic acid (204 mg, 1.1
mequiv) in the presence of DIC (174, 1.1 mequiv) in
DMF (11 mL), followed by washes with DMF (three times),
IPA (two times), and DCM (three times). The completeness
of the coupling reaction was monitored by the ninhydrin
test30

(b) Displacement of the Arylfluoro Group. The resin-
bound fluoronitro derivative was treated with a primary
amine (2.2 mequiv) in the presence of DIEA (384, 2.2

9.10 (s, 1H), 10.52 (s, 1H}3C NMR (125 MHz, DMSO-

de): 6 13.6, 13.8, 17.3, 21.9, 25.5, 26.1, 28.9, 30.6, 42.2,
455, 48.1, 63.1, 112.5, 117.3, 124.9, 130.3, 132.3, 136.7,
143.4, 157.9.
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