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Conditions have been developed for the multicomponent synthesis of di- and tetrapeptide (7) based on the unique reactivity of

o-isocyano

acetic acid (4 and its o -substituted derivatives) by an Ugi four-component, five-center reaction. Simply mixing 4, a carbonyl compound
(aldehyde or ketone, 8), and a secondary amine (9) (ratio: 1:1:2) in toluene in the presence of 1.5 equiv of ammonium chloride afforded the

desired product in good to excellent yield as a mixture of two diastereomers.

In 1921, Passerihipioneered the use of isocyanides and Incorporation of additional functionalities into the isocyanide
successfully developed a three-component synthesis ofderivatives would naturally increase further the versatility
o-acyloxycarboxamide by reaction of a carboxylic acid, an of these synthons and indeed many new functionalized
aldehyde, and an isonitrifeHowever, the most important isonitriles have been synthesizetf® Among them,a-iso-
breakthrough came in 1959 when Ugi described a four- cyano acetafg® (1, Figure 1) and-toluenesulfonylmethyl

component synthesis af-acylamino amide from an alde-
hyde, an amine, an acid, and an isocyardidéis reaction,

isocyanid&1°(TosMIC, 2) are notable examples. The names
of Schéllkopf and Van Leusen stand for many pioneering

named after Ugi (Ugi 4CR or U-4CR) has become one of developments in this field and particularly eametalated

the most investigated transformations during the past decade,
in conjunction with the enabling technologies such as high-

throughput screening and combinatorial chemistry.
The ability of isonitrile to undergo facila-addition with

a nucleophile and an electrophile under mild conditions made

it a popular reactant for the development of novel MCRs.
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a multicomponent synthesis of peptideby an Ugi four-
component, five-center reaction (AB€/pe, Scheme 1318

o NG 0\\8//0 % The Ugi reaction of isocyanoacetic acid has received only
NCQ&OMe ~ \©\ "‘Cw)kNRZR3 sporadic attention, and the only recorded example in the open
R, literature was the one reported from the group of Bossio,
1 2 3 Marcaccini, and Pepin®:?° The reaction of potassium iso-
X X cyanoacetate, an amine salt and a ketone in refluxing ethanol,

o} /Kro R/S/O was found to be limited in scope and was applicable only to
NC\HJ\OH RN o o I _poH anilines and ketones. When aliphatic aldehyde was used as
Ri s N{ 6 R carbonyl input, a very cqmplex reactipn mixture was pro-

! duced under these conditions. As a first step of our long-
_ S _ term project, we decided to reexamine this reaction using
Figure 1. Functionalized isocyanides. morpholine9a, heptanaBa, and potassium 2-isocyano-3-phen-
ylpropanoate4a as model substratésGuided by our pre-
vious work on isocyano acetamide, toluene was selected as
solvent in combination with a weak Bronstedt acid or Lewis
acid (Table 1}:** As is seen, by mixing compounds, 8a,

isocyanides. The importance @fmetalated isocyanides rests

partly on the nucleophilicty ofi-carbanion, to which elec-

trophilic centers can become attached, and partly on the fact

that the divalent isocyanide carbon makes subsequent het-

erocyclization possible. _
We have been working on the chemistry @fisocyano Table 1. Multicomponent Synthesis dfa: Effect of the

acetamides (3} and have uncovered its unique reactivity Additive, Solvent, and Temperatdre

profile that is completely different from that of-isocyano CN__CO,K CgH13CHO (8a) o/\ o0 Bn ho

acetated? This was illustrated by developing a number of o table 1 &NW)L )YN\)

novel MCRs for the synthesis of complex polyhetero- Bn -+ [ ] - N

cycled314and macrocycle¥ As a continuation of our work 4a N Coflis ©

in this field, we became interested in the reactivity of H ™ fa

o-isocyanoacetic acid (4) and its use in the development of entry solvent T (°C) additive yield® (%)

novel multicomponent reactions (Scheme 1). In a broad sense toluene "t NH,Cl 92
2 toluene rt 17
Scheme 1 4 toluene rt CSA 44
o0 = 5 EtOH rt NH,CI 30
1 o

CNYCozK RyR,NH (9) R{RN %N /S\/NF%R“ 6 toluene 60 °C NH.CI 83

Ry  + R,CHO H aReaction time: 18 h. Additive: 1.5 equi?lIsolated yield.

4 o (8) R, 0
7

and9atogether (ratio: 1:1:2) in toluene in the presence of

and in accord with our previous studies on isocyano acet- 1.5 €quiv of ammonium chloride (N&I, entry 1), the

amide, we envisaged a multicomponent synthesis of ox- dipeptide7awas isolated in 90% yield as a mixture of two
azolones1® (Figure 1) that, in principle, can be further func- diastereomer¥?*The dramatic effect of ammonium chloride
tionalized, either directly or via its tautomer 5-hydroxy
oxazoleb. As a prelude of this investigation, we report herein
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on the reaction outcome is readily seen if one compared th
results of entries 1 and 2. In fact, in its absence, the multi-

component reaction proceeded sluggishly to provide the ﬁ o Bn o O Bn 0
dipeptide in only 17% yield (entry 2). Other additives such QN% )ﬁfN\) Ph(CHz)Zw)LN)\WNJ
as lithium bromide and camphrosulfonic acid were less N N
efficient for this particular reaction. The superiority of toluene CoHis 72 00 % [ ] b 91 %

relative to ethanol as reaction medium is also evident since

the same reaction carried out in ethanol afforded the dipeptide@ O Bn Oo m (\o

(7a) in only 30% vyield (entry 5). The Passerini reaction, N N)ﬁfN
which is usually favored in a nonpolar aprotic solvent, was H

not observed under these conditions. It is interesting to note 7c. 81 % [ ] 7d, 56 %@
that potassium 2-isocyano-3-phenylpropandaevas only ’
partly soluble in toluene, and so was M. However, as
. : o o Bn o
the reaction proceedda was gradually dissolved and was K/N% )\[(N\) W)k )\W
completely consumed. The temperature had little or no effect N CeHya
on the yield of the product although the reaction proceeded 70 65 9% 7t 96 %
faster. Indeed, when the same reaction was carried out at 60 & oo R
°C, the desired dipeptidéa was isolated in 83% vyield. Ph(CH,) o) o) (\o
The scope of this reaction was next examined varying the 2 Zﬁ)L )\H/ bNT)LN N
structure of the three reactants (Figure 2). Some representa- CHJT O
79, 83 % 7h, 85 %
MeO o) 00 o) o
Isonitrile component (4) Amine component (9) HWNJ bNJJ\H NJ
O ~ @]
CNY002K [ j TH-SHbCI [ j 71,15 % 7i.32%
:2, i:gienzw 9a MeOZC/\lTlH.HCI | o | o (co Me
4c, X=phenyl 9 /N%Hﬁ(“\ PRCHale A N
c CeHys O Meo,Cc. N_ T 0
arbonyl component (8) 7K 77 % NN 71 66 %

0]

C¢H4sCHO ©/\/CHO O/CHO
8a 8b 8c W)L )Y h )\[(
CHO
O™ o O
MeO H 7m, 56 %° ™53 %

&d 8e 8f Figure 3. Isolated yields of analytically pure compoungéisolated

Figure 2. Structure of starting materials. as a mixture of two diastereomers in a 1:1 ratio.

amine in toluene followed by addition of aldehyde and iso-
cyanide provided the corresponding dipeptide in good yield.
@pparently, the stoichiometric amount of ;8tHCI gen-
erated in situ is enough to promote the reaction and seems
to play the same role as ammonium chloride. No diastereo-
selectivity was observed when optically purer-isocyano-
B-phenylpropionic acid (4a) was used as input. Three rep-
resentative isocyanoacetic acid derivatives{mn, 4a; H

4b; Ph,4c) derived from phenylalanine, phenylglycine, and

(22) Ammonium chloride promoted Ugi reaction: Cristau, P.; Vors, J. 9lycine were prepared and were found to be effective reaction
P.; Zhu, J.Org. Lett.2001,3, 4079—4082. partners.

(23) A representative procedure: A solution of amifia)((2.0 equiv) ; ; _
and aldehyde8a) (1.0 equiv) in dry toluene (0.12 M) was stirred at room A, pIaUSIb,Ie re_aCtl_on seque.nce that accounts for the for
temperature in the presence of 1.5 equiv off8Hor 15 min. The potassium  mation of dipeptide is shown in Scheme 2. Thus, condensa-
salt of a-substituted-isocyano acetic acid (4) (1.0 equiv) was added, and  tjon of an aldehyde8 and a secondary amir@ gave the
the reaction mixture was stirred for 18 h at room temperature under argon .
atmosphere. The toluene was then removed under reduce pressure. AftefMinium 10, which reacted with isonitrilé to afford the
dilution with water, the product was extracted with ethyl acetate. The nijtrilium intermediatell. Trappmg of the latter by an internal
combined organic extracts were washed with brine and dried owS®a parboxylate oxygen would prOVIde the oxazoldrzwhich

and the solvent was removed under reduced pressure. The crude produc - y I~ .
was purified by flash chromatography (silica gel, eluent: ethyl acetate). may be in equilibrium with the 5-hydroxyoxazole3. An

tive peptides synthesized are shown in Figué Bor the
carbonyl input, both aldehydes and ketones in the aromatic
and aliphatic series can be used, although ketones gave lowe
yield. Formaldehyde can also be used, thus incorporating a
glycine unit into the dipeptide. Amino esters are accepted
as an amine input leading to the formation of a tetrapeptide
in good vyield. Furthermore, when a hydrochloride salt of
amine was used as input, neutralization in situ with triethyl-
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Scheme 2. Plausible Reaction Sequence

-H,0 R \(’9 R
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9 10
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S
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e
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14 R

intermolecular nucleophilic attack of a second equivalent of
amine9 on the oxazolone would produdet which under-

ammonium salt, as well as the instability of the oxazolone
intermediate under strong acidic conditions. Weak Lewis acid
(LiBr) has no apparent effect on the reaction conversion.
Overall, this MCR can be considered as an Ugi 4CR (ABC
five-center reaction.

In conclusion, we have shown that potassium isocyano
acetic acid derivativegf can efficiently participate in a Ugi
4CR/five-center reactions leading to the formation of dipep-
tides or tetrapeptides. Polar protic solvents such as methanol
and trifluoroethanol have frequently been used as the reaction
medium for performing Ugi-type transformations. We pro-
vide herein a further example wherein nonpolar, aprotic
solvent (toluene) in combination with ammonium chloride
can be used advantageously. The weak acidity of ammonium
chloride might explain its ability to promote this MCR in
nonpolar aprotic solvert® We are currently exploiting the
potential reactivity of the intermediate oxazolone in order
to expand this chemistry to the synthesis of heterocycles.
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went fragmentation to afford the observed dipepfid&Ve
hypothesized that the role of the ammonium chloride was
to promote the formation of iminium intermediat&Qj.
Stronger Bronsted acid (CSA), when used in a stoichiometric
amount, affected the reaction conversion. This is due
probably to the protonation of amine input leading to inactive OL0479388
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