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ABSTRACT: A novel multicomponent Ugi-type reaction for the synthesis of indole carboxamide amino amides from
aldehydes, amines, isocyanides, and indole-N-carboxylic acids, which were simply prepared from indoles and CO,, is described.
This method provides an expeditious and practical access to indole tethered peptide units, along with the achievement of
remarkable structural diversity and brevity. Gram-scale reaction was conducted to demonstrate the scalability, and the products

could be transformed to new indole derivatives.

Multicomponent reactions (MCRs) are defined as a
reaction process involving three or more reactants, and
almost all the atoms of the reactants are incorporated in the
final products." Due to the advantages of rendering sufficient
structural diversity, molecule complexity,” atom economy,” and
simple operation, the MCRs have been widely used in drug
discovery, natural products synthesis,” biology, and material
science.” The world-renowned multicomponent Ugi reaction
has been used as a useful tool in organic chemistry, especially
in peptides and complex macrocyclic compounds synthesis.’
Notably, the asymmetric Ugi reaction protocol has been well
established by Wulff, Wang, Zhu, and Tan, respectively.7
Interestingly, a Ugi-type five-component reaction was
developed since 1961.° This process involves the condensation
of an alcohol, an amine, a carbonyl compound, an isocyanide,
and CO, to deliver an a-(alkoxylcarbonylamino)amide.
Despite these advances, the investigation of the Ugi reaction
for synthesis of biological interesting molecules remains
interesting and importance.

As a type of significant privileged structure, indoles are
widely distributed in nature and exhibit various important
biological activities.” Typically, indole carboxamide amino
amide derivatives have been constantly researched in medicinal
chemistry (Scheme 1A). For example, indole carboxamide
amino amide derivatives I and II were selected as a GPR43
antagonist and TNF-a modulator, respectively.'® von Geldern
and co-workers reported that indole carboxamide amino amide
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Scheme 1. Ugi Reaction of Indole-N-carboxylic Acid
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derivative III is an endothelin antagonist with an ICsy of 5.9
nM against the endothelin-A receptor.'' Consequently, the
synthesis and functionalization of indoles have received
extensive attention.> Typically, MCR processes have been
frequently applied in indole synthesis and functionalization."

With respect to indoles in the Ugi reaction, the literature
mainly relies on a post-Ugi reaction cascade of the indole
ring,14 while the distinct and general reaction mode involving
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indole as fundamental building blocks are rarely reported.
During the course of our study toward indoles and MCRs,"”
we assumed that a rational MCR using a single reactant
replacement strategy for indoles could be realized, in which
indoles could be transformed to indole-N-carboxylic ac1ds and
act as versatile building blocks in the Ugi reaction.'® This
process would probably constitute a biologically valuable
indole carboxamide amino amide scaffold. Herein, we would
like to report a multicomponent Ugi-type reaction-enabled
synthesis of indole carboxamide amino amides (Scheme 1B).

We commenced our study by investigating 4-nitrobenzalde-
hyde 1a, aniline 2a, indole-N-carboxylic acid 3a, and benzyl
isocyanide 4a. Initially, these four reagents were mixed
together in methanol at room temperature, and a desired
product Sa was indeed formed in 53% yield (Table 1, entry 1).

Table 1. Reaction Optimization”

NO,
o]
ﬁH + Ph—NH, + @ + Bn-NC —> )k N\Bn
O,N COZH = Ph d
1a 2a 4a 5a
entry solvent additive t (°C) time (h) yield (%)
1 MeOH - 25 12 53
2 EtOH - 25 12 49
3 THF - 25 12 29
4 MeCN - 25 12 33
S toluene - 25 12 30
6 CH,Cl, - 25 12 39
7° MeOH 4 AMS 25 12 41
3 MeOH - 0 12 55
9 MeOH - 0 24 67
10 MeOH - -10 24 51
11° MeOH/CH,Cl, - 0 24 73
12°Y  MeOH/CH,Cl, TsOH 0 24 72

13%  MeOH/CH,Cl,  BF,—Et,0 0 24 39
“Reaction conditions: 1a (0.24 mmol), 2a (0.24 mmol), 3a (0.2
mmol), and 4a (0.24 mmol) were added to solvent (2 mL) and

stirred at corresponding temperature. k30 mg of 4 A molecule sieve
were added. “MeOH/CH,CL, = 2:1. 20 mol % additive was added.

The structure of Sa was identified by standard characterization
including 'H NMR, *CNMR, and mass spectrometry analysis.
The next survey of solvents showed that ethanol, THEF,
CH;CN, toluene, and CH,Cl, were inferior for leading to
lower yields (entries 2—6). Besides, the addition of 4 A MS in
methanol solution would also decrease the yield (entry 7).
Interestingly, when the reaction temperature was lowered to 0
°C, the reaction would give a slightly higher yield (entry 8,
55%). When the reaction time was extended to 24 h, the yield
would be improved to 67% (entry 9). When the reaction was
conducted at —10 °C for 24 h, the yield would decrease (entry
10). The next optimization showed that a mixed solvent of
methanol and CH,Cl, would be superior (entry 11).
Furthermore, the attempt to add TsOH and BF;—Et,O as
the catalyst failed and no improvements were observed (entries
12-13).

With the optimized reaction conditions in hand, we next
investigated the substrate scope. As shown in Scheme 2,
various aldehydes proceeded well in this MCR, and valuable
functional groups such as cyano, methoxy, fluoro, chloro, and
bromo were tolerated (Sb—S5f). 2-Naphthyl aldehyde and
heterocyclic aldehydes with the scaffolds of pyridine, indole,

Scheme 2. Substrate Scope”
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“Reaction conditions: 1 (0.24 mmol), 2 (0.24 mmol), 3 (0.2 mmol),
and 4 (0.24 mmol) were added to solvent (MeOH/CH,Cl, = 2:1, 2
mL) under argon and stirred at 0 °C for 24 h. Yields refer to isolated
products.

furan, and thiophene were compatible in this process to deliver
the products in good yields (Sh—Sk). In addition, the
unsaturated cinnamaldehyde was also applicable (S1). The
aliphatic aldehydes including 3-phenylpropanal and isobutyr-
aldehyde could engage in this MCR well (Sm and $n).
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Meanwhile, a variety of amines were also subjected to this
process. For anilines, the ortho-, meta-, and para- substitutions
were tolerable and various functional groups such as alkane,
fluoro, chloro, trifluoromethyl, trifluoromethoxy, and alkyne
exhibited tolerance (S0—5w). Among them, the electron-
donating groups could give higher yields than the electron-
withdrawing groups. Moreover, the alkyl amines such as 3,4-
dimethoxyphenylethyl amine, benzyl amine, and furan-2-
ylmethanamine could participate in this MCR smoothly to
produce the products in moderate to good yields (5x—5z). On
the other hand, various functionalized indoles could be easily
transformed to indole-N-carboxylic acids upon carboxylation
with CO,. These structural differential and functionalized
indole-N-carboxylic acids could well engage in this MCR to
assemble with aldehydes, amines, and isocyanides for rapid
entry to functionalized indole-N-carboxamides in moderate to
good yields (Sa’—5f"). The methoxy, chloro, bromo, protected
alcohol and amine were also compatible, and these functional
groups could offer ample opportunity for late-stage derivatiza-
tion. Finally, the scope of isocyanides was also tested. Besides
the benzyl isocyanide, the cyclopentanyl isocyanide, phenyl
isocyanide, and methyl glycine ester derived isocyanide were
well applicable in this four-component MCR to furnish the
corresponding products in good yields (5g'—S5i’). Given the
importance of indole derivatives in natural products and drug
discovery, this method provides a simple and distinct access to
these molecules from rapidly accessible starting materials.
Meanwhile, we also investigate this MCR scope by
employing dihydroisoquinolines to replace imines.'” As
shown in Scheme 3, the dihydroisoquinoline 6a could

Scheme 3. Substrate Scope with Dihydroisoquinolines”
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“Reaction conditions: 3 (0.3 mmol), 4 (0.24 mmol), and 6 (0.2
mmol) were added to solvent (MeOH/CH,Cl, = 2:1, 2 mL) under
argon and stirred at 0 °C for 24 h. Yields refer to isolated products.

participate in this MCR smoothly to assemble with indole-N-
carboxylic acid 3a and benzyl isocyanide 4a under modified
reaction conditions, and this could deliver the desired indole
carboxamide amino amide products in moderate to good yields
(7a—7f). Various substitutions in the indole ring, including
benzyloxy, methoxy, bromo, methyl, and protected alcohol,
were tolerable. In addition, a variety of dihydroisoquinolines
were also tested. The dimethoxy-substituted dihydroisoquino-
line 6b and tetrahydrocarboline 6c were found to be well
applicable in this process, and the corresponding products

could be furnished in moderate yields (7g—7j). Considering
the importance of indoles and dihydroisoquinolines in organic
synthesis and medicinal chemistry, this method offered an
expeditious entry to these molecules.

Furthermore, the scalability of this method was investigated
(Scheme 4A). For example, a four-component reaction of

Scheme 4. Gram-Scale Reaction and Synthetic Application
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aldehyde 1a, amine 2a, indole-N-carboxylic acid 3f, and
isocyanide 4a was conducted in 10 mmol scale, while the
product 5d’ could be obtained in 83% yield (4.2 g).
Meanwhile, the three-component reaction of indole-N-
carboxylic acid 3a, isocyanide 4a, and dihydroisoquinoline 6a
was also carried out in 10 mmol scale to deliver the product 7a
in 85% yield with a simple recrystallization treatment (3.5 g).
Therefore, this Ugi reaction of indole-N-carboxylic acids could
be easily scaled up demonstrating it is a practical method. On
the other hand, synthetic application was also established.
Product 5d” could be applied to peptide synthesis by reduction
and further coupling with Boc-L-alanine to deliver compound 9
(Scheme 4B). Additionally, the indole ring of Sa was
brominated with NBS to give the derivate 10 (Scheme 4C).
Based on these results, a plausible reaction mechanism was
proposed (Figure 1). Initially, the aldehyde 1 would condense
with amine 2 to deliver imine A, which would be protonated
by indole-N-carboxylic acid 3 to give iminium species B and
anion C. Then the isocyanide 4 would undergo addition to B
and give intermediate D, which would engage in further
addition by C to provide E. Finally, a Mumm rearrangement of
E would furnish the product § to constitute the Ugi reaction
process. Therefore, the utilization of indole-N-carboxylic acid 3
could introduce the privileged indole scaffolds to this MCR
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Figure 1. Proposed reaction mechanism.

process for the rapid synthesis of indole carboxamide amino
amides.

In summary, a multicomponent reaction for the synthesis of
indole carboxamide amino amides has been successfully
developed. This protocol offers a rapid approach to indole
tethered peptide units, along with the achievement of
remarkable structural diversity and brevity. The process is
also featured with readily available starting materials, simple
operation and good scalability, and would be synthetic useful
in organic synthesis and medicinal chemistry.
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