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When allylamine is used as the amino input in Ugi—Smiles couplings of o-nitrophenols, the resulting adducts can be deallylated by a palladium-
catalyzed process leading to a formal Ugi—Smiles coupling with ammonia. This new sequence, combined with hydrogenolysis of the nitro
group, offers an interesting multicomponent entry to benzotriazole and benzimidazole scaffolds.

Since the pioneering work of Ugi, the use of isocyanides
has been strongly associated with the multicomponent
formation of peptide derivatives.* While carboxylic acids are
the most popular acidic components, Ugi demonstrated very
early that these couplings could be extended to different
acidic partners. We recently disclosed the use of electron-
deficient phenols as acidic partners in Ugi-type reactions
(Scheme 1).? Starting from o-nitrophenol, the hydrogenolysis
of the Ugi adduct affords an interesting approach to the
synthesis of benzofused heterocycles as shown by the
preparation of quinoxaline derivatives (Scheme 1).2 However,
the substitution of primary amines by ammonia® in such a
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sequence could afford a much wider access to o-phenylene-
diamine-related heterocycles.

Scheme 1. Ugi—Smiles Coupling Followed by Azepine
Formation
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As previoudly reported for the Ugi reaction, the poor results
obtained with ammonia (probably due to the formation of side
products)® have led chemists to choose “convertible primary
amines’ such as nitrobenzylamine® that can be deprotected after
Ugi reaction. In our case, we believed that the electron-
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withdrawing effect of the N-nitrophenyl group offered interest-
ing opportunities for various primary amines to act as suitable
ammonia equivalents. After several deceiving attempts with
benzylamines, alylamine was selected owing to its well-known
facile dedllylation. These deprotections are usualy performed
under palladium catalyss, the alyl residue being trapped either
by the solvent or by an additional nucleophile in the medium.”
A Pd/C-sulfonic acid system™ was selected as it combines the
interest of activating the amine while destructing remaining
traces of isocyanide.® Thus, after completion of the Ugi—Smiles
step, the mixture was treated with 1 equiv of p-toluenesulfonic
acid (PTSA) followed by addition of palladium on carbon (10%
Pd/C). After additiona hesting for 1 day, the expected secondary
anilines were isolated in fair to good yields (entries 1—9, Table
1.

Table 1. Ugi—Smiles Formation of Secondary Anilines
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2 Ugi—Smilesreaction (2 mmol scale, 1 M in methanol) was performed
with equimolar amount of reagents and left for 1 day at 60 °C. PTSA (1
equiv) in methanol (2 mL) was then added before addition of 10% Pd/C
(20 mol %). The resulting mixture was heated at 60 °C for 24 h before
workup. ® The Ugi—Smiles step required a 10 day heating for completion.

o-Phenylenediamine derivatives are important starting
materials for the preparation of various benzofused hetero-
cycles such as benzotriazoles’or benzimidazoles.® These two
families have been the focus of many synthetic efforts due
to their potential in medicinal chemistry.™* To reach such
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scaffolds, adducts obtained after the Ugi —Smiles/deallylation
sequence were quantitatively reduced to o-phenylenediamine
through catalytic hydrogenation under flow conditions. The
products were not isolated but directly converted to benzo-
triazoles under treatment with sodium nitrite and acetic acid
(Table 2). Besides their potential biological activities,* these
new a-benzotriazolyl amides may find interesting applica-
tions in the synthesis of pyridones.™®

Alternatively, two different benzimidazole families have
been prepared from these o-phenylenediamines either under
treatment with CS, or by adding aldehydes under oxidative
conditions (Table 3). For the preparation of mercaptobenz-
imidazoles (entries 1 and 2, Table 3), severa procedures are
available according to the sulfur reagent. Carbon disulfide
was preferred over thiocarbonyldiimidazole™ or thiophos-
gene.’® Additions with this reagent are usually performed
either in hot DMF’ or in refluxing ethanol in the presence
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Table 2. Benzotriazoles from Ugi—Smiles Intermediates

2 0
R’ R ; R2 0]
3 R
Ny NHR NHR®
@E 1) Hy, PdIC, MeOH @:N\
N
NO, 2 2) AcOH, NaNO, N 3
starting product®
entry aniline R! R? R3 (yield, %)
1 2a H CHgiPr Cy 3a (64)
2 2b H CHyPr tBu 3b (91)
3 2e H Et 4-CIPhCH, 3c (89)
4 2g H 4CIPh  Cy 3d (95)
5 2i Et Me Cy 3e (74)

2 Typical procedure: 1 mmol of aniline was treated in MeOH with H,
under flow conditions on a Pd/C (10%) cartridge (rt, H> 1 atm, 1 mL/min).
Evaporation of the solvent followed by stepwise addition of acetic acid
and sodium nitrite afforded product after hydrolysis and extraction of the
mixture.

of sodium or potassium hydroxide.*® We found that the
addition—cyclization step could be much more eesily achieved
by simply heating the phenylenediamine under microwave
conditions with an excess of CS; in ethanol at 120 °C for
15 min. In the case of 2-arylbenzimidazoles (entries 3 and
4, Table 3), the best conversion was obtained with a
palladium-catalyzed oxidation in DMF under air. Indeed, 2a
was converted to 4c in a 72% isolated yield, whereas alower
50% yield was obtained under heating in nitrotoluene at 160
°C. With aliphatic aldehydes, similar conversion was better
achieved at room temperature with pyridine as solvent (entry
5, Table 3). These preparations of benzimidazoles (4c, 4d,
4e) with three steps involving palladium catalysis illustrate
the power of the latter in heterocyclic synthesis.

This study brings forward a new preparation of benzofused
heterocycles with four points of diversity, the allyl moiety
initially lost being replaced by a new component during the

(18) Devivar, R.V.; Kawashima, E.; Revankar, G. R.; Breitenbach, J. M ;
Kreske, E. D.; Drach, J. C.; Townsend, L. B. J. Med. Chem. 1994, 37,
2942-2949.
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Table 3. Benzimidazoles from Ugi—Smiles Intermediates

RZ _CONHR' RZ\(CONHR1

R3 T\I/H 1) H,, Pd/C, MeOH R3 N
X
NO, microwave
2 2 R*CHO, O, 4
X =8H, R*
starting product
entry aniline R! R? R? X (yield, %)

1 2a Cy CHyiPr H SH 4a (84)*
2 2f tBu Ph H SH 4b (40)*
3 2a Cy CHyPr H  4-NO,Ph  4c (72)°
4 2¢ Cy 4-CIPh Me 4-ClPh 4d (56)°
5 2¢ Cy CHyiPr Me CHy-i-Pr 4e (52)°

aTypica procedure: Deallylated Ugi—Smiles adduct (1 mmol) was
treated in MeOH with H, under flow conditions on a Pd/C (10%) cartridge
(rt, 1 atm H,, 1 mL/min). After evaporation of the solvent, the product was
heated under microwave conditions (120 °C, 15 min) with CS; (3 equiv)
in ethanol (0.3 M). P Deallylated Ugi—Smiles adduct was reduced as in
footnote a followed by heating overnight at 100 °C with an aromatic
aldehyde and catalytic Pd(OAc), in DMF under air. © Same procedure as
footnote b except DMF was replaced by pyridine (rt for 3 days).

last step of the sequence. In the context of lead discovery, it
further demonstrates the utility of multicomponent reactions
for the search of efficient synthetic routes toward privileged
medicinal scaffolds. We are currently extending these
procedures to the use of hydroxypyridines and hydroxypy-
rimidines in place of o-nitrophenol, with the expected
formation of scaffolds of higher biological interest.
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