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U-4C-3CR versus U-5C-4CR and stereochemical outcomes using
suitable bicyclic f-amino acid derivatives as bifunctional
components in the Ugi reaction
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Abstract—Intramolecular Ugi reactions with bicyclic B-amino acids have been performed and the effects of the configuration and
N-alkylation have been studied. We have proven that preferential ring contraction or nucleophilic attack by the solvent depend not
only on the presence of N-alkylation but also on the relative disposition of the carboxyl group and the amine. Excellent results in
terms of stereoselectivity have been obtained in the case of N-alkyl-3-exo-amino-7-oxabicyclo[2.2.1]-2-endo-carboxylic acids.

© 2003 Elsevier Ltd. All rights reserved.

The Ugi four-component reaction (U-4CR) is a valuable
tool in organic chemistry for generating a-amino acid
derivatives in a very straightforward manner by con-
densing an aldehyde, an amine, a carboxylic acid and an
isocyanide in one pot.! Intramolecular versions of the
Ugi reaction have also been reported, where two of the
four functional groups are present on the same mole-
cule. The possibility of generating B-lactam rings using
B-amino acids as bifunctional compounds is known as
the Ugi-4-centre-3-component reaction (U-4C-3CR).2 T
This reaction evolves through a seven-membered ring
intermediate (Fig. 1, R®*=H, n=2),> to give the
B-lactam derivative via a ring-contraction step.
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Figure 1. Cyclic intermediate for Ugi intramolecular reactions with
o- and B-amino acids.
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It has been reported that a-amino acids can react in an
intramolecular version of the Ugi reaction (Ugi-5-cen-
tre-4-component reaction, U-5C-4CR)* via a similar
mechanism; in this case the six-membered ring inter-
mediate (Fig. 1, R?=H, n = 1) cannot evolve via a ring
contraction but reacts with a nucleophile, such as
methanol used as the solvent, to give, a,o'-imino dicar-
boxylic acid derivatives with very high conversions and
good diastereoselectivities.®* T This reaction has been
reported with various o-amino acids, mainly with pri-
mary amino groups, although proline®®" is also reported
to react in the same way.

We recently became interested in the synthesis of
pharmacologically relevant molecules via the Ugi multi-
component reaction and therefore we have investigated
both the classical condensation and its intramolecular
versions. In this communication we report the results
that we have obtained performing the intramolecular
Ugi reaction with racemic B-amino acid derivatives of
general formula 1 (Fig. 2), where the amino group can
be either primary or secondary and the carboxyl group
either exo or endo. The alkylated amine, reacting with
an aldehyde, would form an iminium zwitter ionic
species analogous to that formed when proline is
employed in the same reaction, while the primary
amine would react like any other amino acid. The
choice for compounds of formula 1 was made in order
to have a rigid scaffold, able in principle to exert more
influence on the stereoselectivity than would flexible
counterparts.
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Figure 2. General formula for B-amino acid derivatives employed in
the Ugi intramolecular reactions.

Compound 1a was obtained from methyl 3-exo-(benzyl
oxycarbonyl)amino-7-oxabicyclo[2.2.1]-2-exo-carboxyl-
ate 2 in two steps and was reacted with different com-
binations of aldehydes and isocyanides to give, as
expected, the corresponding bicyclic B-lactams 3a—f
(Scheme 1). However, an examination of the diastereo-
meric ratio, determined by NMR analysis, revealed that
the de’s were disappointingly not higher than 42%
(Table 1).* We recently came across a paper by Fulop
and co-workers® where they reported similar results with
analogous bicyclic amino acids.

We then attempted the synthesis of the N-methylated cis
amino acid, but when we treated compound 2 with
sodium hydride and methyl iodide, we isolated, as the
sole product, the endo N-methyl epimer 5 (Scheme 2).
This epimerisation is most likely taking place on the
methylated product 4, by deprotonation of the more
acidic carbon, that is the one alpha to the carboxyl
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Scheme 1. Synthesis of amino acid 1a and subsequent Ugi reactions.

Table 1. Results obtained in the Ugi reaction with scaffold 1a

Compound R! R? Yield (%) Dr

3a i-Pr t-Bu 96 67:33
3b i-Pr n-Bu 84 68:32
3¢ Ph t-Bu 78 71:29
3d Ph n-Bu 84 71:29
3e Bn t-Bu 95 52:48
3f Bn n-Bu 90 50:50

o)
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AiCOZMe

group; in fact compound 2, when treated with sodium
hydride in the absence of methyl iodide, epimerised only
after prolonged exposure, since in this case the more
acidic proton is the NH, and epimerisation can only
occur via the dianionic species.

Before looking for alternative procedures to obtain the
cis compound, we decided to investigate the reactivity of
amino acid 1b, obtained from 5 in two steps by analogy
with 1a, in the Ugi reaction. We found that this
N-alkylated-amino acid reacted smoothly with isovaleric
aldehyde and fert-butyl isocyanide and after 24h at
room temperature the main product was found to be the
methyl ester 6a. In this case the postulated cyclic inter-
mediate (Fig. 1, R=alkyl, n =2), being unable to
undergo intramolecular ring contraction to the corre-
sponding B-lactam, preferably reacted intermolecularly
with methanol, in analogy with a-amino acids, to
generate the corresponding methyl ester (Scheme 2).

However, the most interesting outcome of this reaction
was that, after an accurate NMR analysis, only one
diastereoisomer was detected, while compound 1a, with
the same aldehyde and isocyanide, gave two diastereo-
isomers with dr 2:1.

Stimulated by this very promising result and in order to
test the generality of the method, we decided to inves-
tigate the reaction with a wide combination of aldehydes
and isocyanides. We were delighted to find that all the
reactions were clean and reached a satisfying conversion
within 72h at room temperature and in all cases, even
when extremely unbulky aldehydes and isocyanides were
employed, only one diastereoisomer could be detected,®
within the limits of the NMR sensitivity (Table 2),*
meaning that this N-methylated trans amino acid could
completely control the stereochemistry of the newly
formed stereocentre.

With these extremely interesting results in hand, we
decided to investigate if the observed stereoselectivity
was due mainly to the frans configuration or to the
presence of an N-alkyl group, or to the combination of
the two effects. To this end we synthesised the rrans
amino acid 1c¢ and the corresponding N-propylated cis
derivative 1d: the first was obtained by prolonged
exposure of 2 with sodium hydride, followed by ester
hydrolysis and Cbz deprotection, and the latter was
obtained from compound 1la by reductive amination
with propanal (Scheme 3). Both compounds were sub-
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Scheme 2. Synthesis of amino acid 1b and subsequent Ugi reactions.
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Table 2. Results obtained in the Ugi reaction with scaffold 1b*

Compound R! R? Yield (%)
6a i-Pr t-Bu 50
6b i-Pr n-Bu 90
6c i-Pr Bn 70
6d i-Pr (CH;),CO, Me 90
6e i-Bu t-Bu 60
6f i-Bu Bn 96
6g Et t-Bu 50
6h Et n-Bu 60
6i Bn t-Bu 50
6j Bn n-Bu 94
6k Ph t-Bu 58
6l Ph n-Bu 93

#In all cases the dr was higher than 95:5.

1) NaOHgg, dioxane

[0} [0}
NHCbz NaH, THF NHCbz 2) Pd/C, H,, MeOH
AﬁCOQMe -

46% 82%

2 7 CO,Me
L
o @ 1 2 (o] 5\« ~R
NH;  R'-CHO, R™NC, MeOH NG
o]
1c cog9 8a-c  CO,Me
o] @ o] H,®
Ii _NHj propanal, NaBH;CN, MeOH N
C0,O LEZ o
2 81% C0
1a 1d

R'-CHO, R?NC, MeOH

R'" H
o /{,\(N\Rz
L‘i :

o)
CO,Me

9a-c

Scheme 3. Synthesis of amino acids 1c and 1d and subsequent Ugi
reactions.

jected to Ugi reactions with various aldehydes and iso-
cyanides and in these cases not only were the diastereo-
selectivities lower but also the conversion yields fell
(Table 3).*

Particularly interesting was the case of compound Ic,
although the amino group was not alkylated, the trans
configuration did not allow ring contraction, and a
methyl ester was isolated in analogy with 1b. In a recent
paper’ it was reported that trans cyclic B-amino acids
did not react at all in such a reaction. Only in the case of
the reaction with tert-butyl isocyanide and isobutyr-
aldehyde was the expected methyl ester 8a not obtained,
while a small amount of a compound with an NMR
spectrum consistent with a trans B-lactam was isolated.

Table 3. Results obtained in the Ugi reaction with scaffolds 1¢ and 1d

Compound  R! R? Yield (%) Dr

8a i-Pr t-Bu See text —

8b i-Pr n-Bu 26 >95:5
8c i-Bu Bn 56 76:24
9a i-Pr t-Bu 5 >95:5
9b i-Pr n-Bu 28 89:11
9c i-Bu Bn 47 75:25

In order to study in more detail the surprising results
obtained with compound 1b, we looked also for alter-
native N-alkyl groups that could be removed at the end
of the condensation (e.g., by hydrogenolysis). Com-
pound 2 was treated with benzyl bromide and sodium
hydride and the resulting frans derivative 10 was
hydrolysed and selectively hydrogenolysed (Scheme 4).
Also in this case, after condensation of 11 with different
isocyanides and aldehydes, only one diastereoisomer
could be detected by NMR, although yields were found
to be lower, probably due to the higher steric hindrance
of the benzyl group (Table 4).*

In a final series of experiments a Ugi reaction was
performed on the unsaturated derivative 13, prepared by
modifying a literature procedure, and the sole dia-
stereoisomer obtained (14) was subjected to retro Diels—
Alder reaction and enamine hydrolysis to give the amino
acid derivative 16 (Scheme 5). These results proved that
compounds such as 13, in their optically active form,’
could be efficiently used as chiral auxiliaries in the
stereoselective synthesis of a-amino amides via multi-
component Ugi reactions.
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Scheme 4. Synthesis of amino acid 11 and subsequent Ugi reactions.

Table 4. Results obtained in the Ugi reaction with scaffold 11*

Compound R! R? Yield (%)
12a i-Pr t-Bu 11
12b Bn n-Bu 55
12¢ Ph t-Bu 30
12d Bn t-Bu 49

#In all cases the dr was higher than 95:5.
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Scheme 5. Ugi reaction with an unsaturated bicyclic amino acid and
subsequent removal of the chiral auxiliary.
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In conclusion this paper reports for the first time the
different reactivities of bicyclic f-amino acids in the
intramolecular Ugi reaction. We have demonstrated that
configuration and N-alkylation can play an important
role in the outcome of the reaction and we have obtained
excellent results in terms of diastereoselectivity with
compound 1b. Finally, we have proven that compounds
such as 13 can be successfully employed as chiral auxil-
iaries and removed at the end of the condensation under
very mild conditions. We are currently preparing opti-
cally active compounds such as 1b and 137 in order to
obtain, via an intramolecular Ugi reaction, chiral amino
acid derivatives and we will investigate, on a molecular
basis, with the aid of molecular modelling tools, the
reasons for the high stereoselectivity observed. This will
hopefully clarify some of the obscure points on the
mechanism of the Ugi reaction that are, after about
50 years from its discovery, still debated.
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