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Abstract: N-Alkyloxazolidines, readily prepared by condensation
of the parent carbonyl compounds with B-aminoalcohols, were
found to undergo three-component reactions with isocyanides and
carboxylic acids to give N-acyloxyethylamino acid derivatives in
good yield. The reaction allows the variation of substituents at five
different sites in the products through suitable choice of reagents.
Key words. amino alcohals, carboxylic acids, heterocycles, multi-
component reactions, ring opening

| socyanide based multicomponent reactions have provid-
ed awealth of highly useful sequencesfor the assembly of
compound libraries of particular interest to the pharma-
ceutical industry, and those which incorporate amino acid
or hydroxy acid motifs through the use of the well known
Ugi* and Passerini? reactions have proven to be especially
valuable. Numerous reviews? in recent years on the devel -
opment and application of isocyanide based multicompo-
nent reactions provide ample evidence of the burgeoning
interest in this rapidly evolving research area.

Within this framework, we were particularly interested in
the chemistry of oxazolidines 1, which readily undergo
ring opening to iminium ions 2 and subsequent nucleo-
philic addition in the presence of organometallic reagents*
and reducing agents.® In addition, Wilkins et al. have dem-
onstrated that Lewis acid activation of the oxazolidine
group will enable nucleophilic attack of furan and other
electron-rich aromatic compounds,® and in asimilar vein,
Griengl and Bleikolm have shown that enol ethers can add
into the oxazolidine ring to yield seven-membered ring
acetal derivatives.’

Given that iminium cations play a central role in the Ugi
reaction, we therefore reasoned, as shown in Scheme 1,
that activation of the oxazolidine ring with protic acid or
a Lewis acid would enable nucleophilic attack of an iso-
cyanide to give nitrilium cation 3. Subsequent direct cap-
ture of the carboxylic acid, followed by rearrangement via
transfer of the acyl group from the acyclic O-acyl imidate
to the pendant oxygen, in an analogous way to the Ugi or
Passerini reactions,*? would then provide an ethanol-
amine derived skeleton 5. Alternatively, ring closure of
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the alcohol to form amorpholinering 4, followed by acid-
catalysed ring opening with the carboxylic acid would
also lead to 5. The ethanolamine skeleton 5 therefore pro-
vides the opportunity for the introduction of diverse func-
tionality in at least five different locations. During the
course of our own preliminary study, a conceptually sim-
ilar approach using tethered bis(secondary amine) deriva-
tivesin an Ugi-type four component reaction was recently
disclosed by Giovenzanaet al.8
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Scheme 1

A range of oxazolidines’ was synthesised from the parent
carbonyl compounds by condensation with N-alkyletha-
nolamines, either by repeated concentration of an ethanol-
ic solution of the two components’® or by heating in
benzene or toluene under Dean-Stark water removal
conditions®!! (Scheme 2 and Table 1).
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Scheme 2 Reagents and conditions: a) R’NHCH,CH,OH, EtOH
(Method A) or RSNHCH,CH,OH, |, toluene or benzene, Dean—Stark
(Method B).

With the oxazolidines in hand, conditions were then in-
vestigated for the reaction of the p-toluadehyde deriva-
tive la with tert-butyl isocyanide and benzoic acid
(Scheme 3 and Table 2). Without addition of an acid cat-
alyst, the reaction was extremely slow, providing only a
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Tablel Synthesisof Oxazolidines

R! R? R® Method Yield Product
p-Me-CeH, H Me A 90% la
n-CgHys H Me B 73%? 1b
p-MeO-CeH,  H Me A 77%2 1c
p-NO,-CgH, H Me A 60%° 1d
p-Me-CgH, H PhCH, A 97% le
(CH,)s Me A 86%° 1f
p-Me-CgH, H t-Bu B 64%? 19

aThe product was purified by distillation.

14% yield of 5a after heating under reflux for 24 hours.
Since prolonged reaction times led to little improvement
inthisyield, acidic catalysts were investigated. Screening
awiderange of solventsusing Dowex acidicresin asacat-
alyst indicated that acetonitrile was optimal (only solvents
which gave appreciable yields of the desired product are
shown). Concurrently, p-TsOH was found to give a supe-
rior yield of the multicomponent product in THF. Finally,
these observations directed us to use a catal ytic amount of
p-TsOH in acetonitrile, which pleasingly provided the
multicomponent product 5a in 66% yield.'?
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Scheme3 Reagents and conditions. a) See Table 2.

Table2 Optimisation of the Multicomponent Reaction

Catalyst Solvent Conditions Yield
None THF reflux, 24 h 14%
Dowex THF reflux, 17 h 24%
Dowex MeCN reflux, 17 h 52%
Dowex MeOH reflux, 17 h 30%
Dowex DMF 100°C, 17 h 19%
Dowex EtOAC reflux, 17 h 38%
TsOH THF reflux, 24 h 56%
TsOH MeCN reflux, 24 h 66%

A variety of oxazolidines, isocyanides and carboxylic ac-
ids were then reacted under these conditions to yield the
ethanolamine derivatives 5a— in good to excellent yields
in most cases. Aliphatic and aromatic isocyanides were
well tolerated, and both aldehyde and ketone derived ox-
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azolidines readily reacted under the chosen conditions. A
range of carboxylic acids could also be employed, includ-
ing aliphatic, aromatic, and heterocyclic derivatives such
as 3-(3-indole)propionic acid (5g). Larger substituents at
R3, however, may lead to lower yields of the multicompo-
nent product (5l and 5n, Scheme 4 and Table 3).
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Scheme4 Reagents and conditions: a) R*NC, R®CO,H, TsOH (0.1
equiv), MeCN, 24 h, reflux.

Table3 Multicomponent Reactions

OxazolidineR* R® Yield Product
la t-Bu Ph 66% 5a
la t-Bu Et 64% 5b
la c-CgHyy Ph 71% 5c
1b t-Bu Ph 80% &d
1b t-Bu Et 78% 5e
1b ¢-CeHyy Ph 48%  5f
1b t-Bu 2-(3-indole)ethyl 44% 59
1b 2,6-dimethylphenyl Et 42% 5h
1b 4-MeOCgH, Ph 45% 5i
1c t-Bu Ph 68% 5
1d t-Bu Ph 47% 5k
le t-Bu Ph 44% 5l
1f t-Bu Ph 63% 5m
19 t-Bu Me 20% 5n

An attempt to combine the oxazolidine synthesiswith the
multicomponent reaction in a four-component reaction of
N-methylethanolamine, heptanal, tert-butyl isocyanide
and benzoic acid gave a 13% yield of the desired multi-
component product, together with a 25% yield of the lac-
tone 6 (Scheme5). The formation of lactone 6 provides
strong evidence that the intermediate 3 must readily cyc-
liseto morpholine 4 and that the two products5d and 6 are
the result of a subsequent nucleophilic attack by benzoic
acid and water, respectively. A subsequent reaction car-
ried out in the absence of the carboxylic acid component
gavethelactone 6 in 36% yield. The formation of 6 offers
a complementary multicomponent approach to morpho-
lin-2-one derivatives, to that reported by Kim et al., in-
volving an Ugi-type reaction of glycolaldehyde dimer.™®
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Scheme 5 Reagents and conditions: @ p-TsOH (0.1 equiv),
PhCO,H (1 equiv), t-BuNC (1 equiv), MeCN, reflux, 13% (5d), 25%
(6); b) p-TsOH (1 equiv), t-BuNC (1 equiv), MeCN, reflux 36% (6).

In summary, anovel multicomponent reaction between an
oxazolidine, anisocyanide, and a carboxylic acid has been
developed which provides ethanolamine derivatives in
good yield and readily allows the variation of functional
groups at five different sites within the product. The N-
acyloxyethylamino acid derivatives 5 provide a comple-
mentary product structure to those which are produced by
the well established Ugi and Passerini reactions and we
therefore anticipate that the reaction will be of value for
compound library synthesis. Further work isunderway on
the extension of this and other related multicomponent re-
actions.
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Oxazolidine Preparation (Method A); General
Procedure. A solution of the amino alcohol (20 mmol) and
aldehyde (20 mmal) in EtOH (20 mL) was stirred at r.t. for
90 min. The solvent was removed under reduced pressure;
EtOH (3 x 10 mL) was added, then removed under reduced
pressure repeatedly. The product was then dried under high
vacuum to give the oxazolidine as a colourless oil.
Oxazolidine Preparation (Method B); General
Procedure. A trace of iodine was added to a solution of
amino alcohol (174 mmol) and aldehyde (174 mmol) in
anhyd benzene (125 mL). The reaction mixture was heated
under Dean-Stark water-removal conditions for 90 min.
After removal of the solvent under reduced pressure the
residue was distilled under reduced pressure to give the
oxazolidine as a colourless oil.

M ulticomponent Reaction; Typical Procedure. 2-Hexyl-
3-methyloxazolidine (1b, 343 mg, 2 mmol), benzoic acid
(244 mg, 2mmol), p-TsOH (38 mg, 0.2 mmol) and tert-butyl
isocyanide (166 mg, 2 mmol) were added to MeCN (5 mL)
and refluxed under an atmosphere of nitrogen for 21 h.
Excess solvent was removed under reduced pressure and the
crude product was purified by column chromatography (PE—
EtOAC, 4:1) to yield 2-[(tert-butylcarbamoylheptyl)methyl-
amino]ethyl benzoate (5d, 599 mg, 80%) asacolourlessail.
R: 0.34 (hexanes—EtOAc, 2:1). IR: 3365 br (NH), 3026,
2948, 2926, 2856 (CH), 1724, 1674 (C=0), 1506 (NH)
cmt, IH NMR (CDCl;, 300 MH2): $ =0.74 (3H,t,J=6.9
Hz, Me), 1.16 (9 H, s, t-Bu), 1.17-1.41 (6 H, m, 3 x CH,),
1.44-1.59 (2H, m, CH,), 1.62-1.77 (2H, m, CH,), 2.23 (3
H, s, NMe), 2.77-2.87 (3 H, m, CH,N, CHN), 4.32-4.47 (2
H, m, CH,0), 6.62 (1 H, br s, NH), 7.40 (2H, t, J=7.8 Hz,
m-ArH), 7.53 (1 H, t, J= 7.8 Hz, p-ArH), 8.00 (2H, d, J=
7.8Hz, 0-ArH). 3C NMR (75 MHz, CDCl,): § = 14.0, 22.5,
27.2,27.4,28.6, 29.5, 31.6, 38.3, 50.2, 53.7, 62.7, 68.9,
128.3, 129.5, 130.0, 133.0, 166.4, 172.2. MS (FAB): m/z
(%) = 378 (18), 377 (74, M + H*), 375 (5), 277 (18), 276
(100), 154 (8). HRMS (FAB): m/z calcd for C,,H5;N,O5 [M
+ H]*: 377.28042; found: 377.28061.
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