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ABSTRACT

A three-component reaction of an  o,a-disubstituted  a-isocyanoacetamide, an aldehyde and an amino alcohol afforded the 5-iminooxazoline,
which, upon saponification, cyclized under acidic conditions to provide the macrocyclodepsipeptide in good overall yield.

Over the past decades, a multitude of efficient synthesis both nucleophile and electrophile is an ideal starting material
strategies have been developed enabling the rapid construcfor the development of novel MCRand indeed formed the
tion of complex structures under mild conditiohét the basis of the well-known Passefirind Ugi reactioné.A
forefront of these chemical methodologies are multicompo- conceptually simple approach to further increase the versatil-
nent reactions (MCR$)which create molecular complexity ity of these powerful transformations is the use of function-
and diversity from readily accessible starting materials in alized isocyanides. We have been exploiting the peculiar
one single operation. The isocyanide capable of reacting withreactivity profiles ofa-isocyanoacetamidésy-isocyanoace-
— . : ; tic acids® O-isocyanobenzamidésnda-isocyanoacetaté$
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component reaction oft,a-disubstitutedo-isocyanoacet-
amides (13 with an aldehyde and an amine leading to
5-iminooxazoline (2) (Figure 1). The structural features
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Figure 1. Froma,a-disubstitutecr-isocyanoacetamide to 5-imi-
nooxazoline and macrocyclodepsipeptide.

incorporated inl, that is, a secondary amide and a double

substitution at thex-position, were designed to guarantee

the occurrence of the projected reaction sequence. W

document also the subsequent transformatio tf mac-
rocyclodepsipeptidedf under mild acidic conditions by using
the 5-iminooxazoline as an internal activator of the vicinal
carboxylic acid.

The requisiten,a-disubstitutedi-isocyanoacetamideg

are prepared as shown in Scheme 1. The Ugi reaction of

Scheme 1. Synthesizedy,a-Disubstitued
a-lsocyanoacetamides
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ketone (4), ammonium format&), and isocyanoacetate (6)
in methanol at 60C** afforded the adduct. Dehydration
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of formamide7 (POCk, TEA, CH,Cl,, —30 °C)*? yielded
the desired isocyanidd)(in excellent yield (Scheme 1). Four
dipeptidic a,a-dialkyl a-isocyanoacetamides were synthe-
sized following this two-step sequence with overall yields
ranging from 45% to 60%. It is interesting to note that the
Ugi reaction does not suffer from steric efféétand that
this protocol could potentially constitute a very efficient way
for the synthesis poly-Aibo-aminoisobutyric acid) peptides,
not easily accessible by conventional peptide chemiétry.
The reaction oflawith heptanal 8a) and morpholine4a)
was next examined. In methanol, the undesired isomerization
of latook place predominantly to afford the 5-iminooxazo-
line 10 in 47% vyield. Gratifyingly, when the reaction was
performed in toluene in the presence of ammonium chlo-
ride >%a three-component condensation occurred to provide
the 5-iminooxazoline Za) in 62% isolated vyield® A
plausible reaction scenario that accounts for the formation
of 2ais shown in Scheme 2. Thus, condensatio®@aand

Scheme 2. Three-Componenent Synthesis of 5-Iminooxazoline
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9awould give the iminium ionl1, which would react with
isonitrile (1a) to afford the nitrilium intermediatel?).
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Trapping of the latter by the internal amide oxygen would NMR analysis of the crude reaction mixture. The moderate
produce the 5-iminooxazoline (2a). The alternative nucleo- isolated yields were due to their partial degradation during

philic attack by nitrogen leading to imidazolinod8 was purification. Indeed, 5-iminooxazolines are known to be very

not observed, probably due to the hard electropilic nature of sensitive to the acid, and flash chromatography has to be
the nitrilium intermediaté.l” The structure of2a was performed using neutral alumina (Brockmann grade lll) as

confirmed by its hydrolysis under mild acidic conditions (1 support. Nine other iminooxazolines were synthesized and
N HCI, acetone, room temperature) affording the tripeptide were engaged, without purification, in the subsequent
14 in a quantitative yield (Scheme 3 Only one isomeric transformations (cf. Figure 3).

Scheme 3. Acidic Hydrolysis of 5-Iminooxazoline
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The scope of this protocol was next examined by varying 7& W 7<§
the structure of aldehydes, amines, and isocyanides. The
reaction turned out to be quite general and a variety of (40%) 3g (27%)
functionalities such as acetate, free hydroxy group, carbam-
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2b 50% 2¢ R = Me (68% the stoichiometric amount of E-HCI generated in situ
2d R = Bn (55%) played the same role as ammonium chloride in promoting

0 ,—COOMe . - X :
J_)=N chemistry of 5-iminooxazoline. In analogy to the 5-amino
oxazole, we speculated that we might be able to use this

Ph" N
/\/\/OSOOM \N/—OOMe the three-component reaction.
Ekr S & ° Besides its hydrolysis to peptide, little is known about the

o2 — OAC o549, heterocycle as an internal activator of the vicinal carboxylic
acid and consequently, develop an efficient macrocyclization
Figure 2. Three-component synthesis of 5-iminooxazoline. protocol (Scheme 4% The projected reaction sequence is
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Scheme 4. Macrocyclization Using 5-Iminooxazoline as an
Internal Activator of the Terminal Carboxylic Acid
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depicted in Scheme 4. Thus protonation of exocyclic imine
would provide the iminium specidls$ that could be trapped
either by an external nucleophile {B) leading to simple

our delight, stirring an acetonitrile solution of the crude
carboxylic acid (c= 0.001 M) in the presence of trifluoro-
actetic acid (50 equiv) afforded the macrocyclodepsipeptide
3ain 46% overall yield.

The macrocycles synthesized by this three-step sequence
are listed in Figure 3. As is seen, the 14-, 15-, and
16-membered macrocycle3—j) with different substituents
at the peripheral of the cycle were readily synthesized starting
from simple aldehydes, amines, and dipeptidic isocyanides
in overall yields ranging from 27 to 54%. Even with sterically
very hindered substrates, cyclization still worked to provide
the desired macrocycles (3d,g). Although the overall yield
was moderate, the chemical yield per chemical bond
produced remained excellent (1-C, 1 C—N, 1 C-0O in
3CR and 1 C—0 in macrocyclization).

In summary, we have developed a new three-component
synthesis of 5-iminooxazolines starting from aldehydes,
amines, ando,a-disubstituteda-isocyanoacetamides and
documented their subsequent transformation to macrocycles.
The entire sequence was realized under very mild conditions

hydrolysis or under favorable circumstance, by the neighbor- Without using exotic reagents. In the macrocyclization step,

ing carbonyl oxygen leading to spirolacton&7]. Being
highly electrophilic, the carbonyl carbon of intermediafe

the 4,4-disubstituted 5-iminooxazoline, after serving as an
internal activator of the vicinal carboxylic acid, was concur-

could subsequently be attacked by the tethered nucleophile”®ntly converted tat,o-disubstituted amino acid and became
leading to, after fragmentation, the desired macrocyclodep-an integral part of the resulting peptide backbone. The

sispeptide (37° The formation of spirolactone could in

chemistry developed herein could be particularly efficient

principle reduce the entropy loss during the cyclization and for the synthesis of macrocyclopeptides having Aib residues

consequently favor the macrocyclizatitin.
The realization of this transformation is shown in Scheme
5. The three-component reactionla, 8a, and amino alcohol

Scheme 5. Macrolactonization under Acidic Conditions

n-CgH13CHO H
ga + cN N._ COOMe
Ph/\N/\/\/OH 0O 1a
H 9b 0.0
a) toluene, rt J/\/ :/I/
b) KOH, MeOH-H,O Ph™ N HN

c) TFA, MeCN
46% overall yield

N
C6H13/%( 7&0
0 3a

9b afforded the expected 5-iminooxazoline which, without
purification, was hydrolyzed (1.0 equiv KOH, MeGHH,0,

that are otherwise not easily accessiBle.
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