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Abstract—N-(B-Hydroxy)amides can be cyclised by reaction with diisopropylcarbodiimide (DIC) to give the corresponding 2-oxa-
zolines in high yields. The reaction requires only very mild Lewis-acid catalysis (5mol% Cu(OTf),) and can be accomplished with
simple heating, or in very short reaction times under microwave irradiation.

© 2004 Elsevier Ltd. All rights reserved.

Over the years, 2-oxazolines have emerged as a very
interesting class of heterocycles with an astonishingly
wide range of applications in synthetic organic chemis-
try.! Carboxylic acids as well as B-amino alcohols can
be protected as a 2-oxazoline,!'? and 2-oxazolines have
been used as building blocks in organic synthesis.?
Homochiral 2-oxazolines have been used as auxiliaries
for a number of applications.* Many examples of useful
homochiral ligands based on 2-oxazolines for a wide
range of transformations have been reported.*> In
addition, the 2-oxazoline ring occurs in natural products
and in drug-like compounds,® and has been employed as
a hydrolysable precursor for carboxylic acids in
prodrugs.’

Many synthetic procedures exist for the formation of 2-
oxazolines and new ones continue to be devel-
oped.!#d32¢ Starting from amino alcohols, reaction
with carboxylic acids,”%%" ortho esters,’¢ nitriles,3-f
imino ethers®® and acyl benzotriazoles®" have been re-
ported. The other major synthetic methods start from
B-hydroxy amides, with cyclisation achieved with a
number of reagents including Burgess’ reagent,’®P°
DAST,’® PPhy/DIAD®? and immobilised p-toluenesulfo-

Keywords: 2-Oxazoline; Isourea; Lewis acid; Microwave irradiation;

Carbodiimide.

*Corresponding author. Tel.: +44 23 8059 3816; fax: +44 23 8059
6805; e-mail: bruno.linclau@soton.ac.uk

"Present address: Serono Pharmaceutical Research Institute, 14
Chemin des Aulx, 1228 Plan-les-Ouates, Geneva, Switzerland.

*Southampton undergraduate project student.

0040-4039/$ - see front matter © 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2004.10.143

nyl chloride/Et;N.%%% Other methods include the reac-
tion between an aldehyde and a B-hydroxy azide.!°

As part of a research programme investigating the syn-
thetic utility of isoureas,'! we were intrigued by the pos-
sibility of using isoureas as intermediates in 2-oxazoline
synthesis. O-Alkylisoureas are easily formed by the
addition of an alcohol to a dialkylcarbodiimide under
copper catalysis.!? Isoureas, as such, are poor leaving
groups, and need to be activated by protonation. A typ-
ical example is the protonation of an O-alkylisourea by
a carboxylic acid, leading to the formation of a carboxyl-
ate anion that subsequently displaces the protonated
isourea moiety to give a carboxylic ester (Scheme 1).!
We have reported an alternative activation of isoureas
using acetyl halides (Cl, Br), ultimately leading to a
one-pot conversion of alcohols into alkyl halides.''
Isoureas derived from chiral, secondary alcohols are dis-
placed with inversion of configuration.!!13

There are very few examples of isoureas being used in
cyclisation reactions. Alexandre reported that heating
isoureas derived from vy-hydroxyketones leads to
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Scheme 1. Typical reaction of isoureas by protic activation, followed
by nucleophilic substitution.
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Scheme 2. Planned cyclisation of amide isoureas 2 to 2-oxazolines 3.

o, B-cyclopropyl ketones and 2,3-dihydrofurans.'* Gray-
son recently reported the synthesis of 2,5-dihydrofurans
from (Z)-1,4-dihydroxyalk-2-enes by monoaddition of
DCC, followed by heating the hydroxyisourea interme-
diate with 13mol% of trifluoroacetic acid.'?

It is known that amides do not react with isoureas. Nev-
ertheless, as amides have a similar acidity to ketones, we
envisioned that intra- or intermolecular activation of
isoureas 2 would be possible, and that the cyclisation
to form 2-oxazolines 3 as depicted in Scheme 2 would
be feasible without added acid. In this communication,
we report our results regarding this novel isourea trans-
formation.!® From the outset, it was envisioned that the
process would not be investigated starting from isolated
isoureas 2, but that 2 would be made in situ from the
corresponding N-(B-hydroxyethyl)amides 1, which are
easily synthesised from 2-aminoalcohols.

To this end, N-(2-hydroxy-1,1-dimethylethyl)benzamide
1b was reacted with 1equiv of diisopropylcarbodiimide
(DIC) under Cu(Il) catalysis to give the corresponding
O-alkylisourea 2b. The reaction could easily be moni-
tored by IR for disappearance of the carbodiimide band
at 2110cm ™! and the appearance of the isourea band at
1655cm ™', When judged complete, and without remov-
ing the copper salt, the isourea intermediate was heated
at 60°C for 2days. The appearance of a white crystalline
diisopropylurea precipitate 4 signalled that the reaction
had occurred. Purification by filtration followed by col-
umn chromatography gave 4,4-dimethyl-2-phenyl-2-
oxazoline 3b in 74% yield.

With this preliminary result in hand, further optimisa-
tion was carried out (Table 1). N-(B-Hydroxy-
ethyl)amide 1a in THF was mixed with DIC (1equiv)
and Cu(OTf),, and refluxed for the times indicated.
The reaction was incomplete after 24h, with 63% iso-
lated yield after chromatography (entry 1). However,
complete reaction could be achieved after refluxing for
48h (92%, entry 2), but when the reaction time was
too long, product degradation was observed (entry 3).
Subjecting N-(B-hydroxyethyl)amide 1c¢ to the optimal
conditions (48h) yielded the corresponding oxazoline
3c in 97% yield (entry 4). Despite the high yields, the
reaction time required was a drawback to the utility of
the process. Hence, the reaction was investigated in
1,4-dioxane as a higher boiling solvent (Table 2).

When the reaction was carried out at reflux for 20h, a
yield of 81% was obtained (entry 1). This was improved
after increasing the amount of catalyst (entry 2) or

Table 1. Formation of 2-oxazolines in THF (reflux) with DIC (1 equiv)
and Cu(OTf), (5mol%)

Entry  Starting material Time  Product Yield®
(h) (o)

1 la 24 3a 63

2 la 48 3a 92

3 1a 72 3a 68°

OH

(0] _<O
4 )/ 48 Ph— j
Ph)J\H .'"/( N

1c 3c

#Tsolated yield after chromatography.
> 6mol% Cu(OTH),.

97

",

Table 2. Formation of 2-oxazolines in 1,4-dioxane (reflux) with DIC
(1equiv) and Cu(OTf), (5mol%)’

Entry  Starting material ~ Time  Product Yield®
(h) (o)
1 1a 20 3a 81°
la 18 3a 96°
3 la OH 5 3a 97
o] /Q /<O
4 5 Ph—\ 97
Ph)J\N N
1b H 3b
5 1c OH 5 3c 93
0] o)
6 e /E 6 Ph—{ l 98®
Ph N Ph N Ph
1d H 3d
oPh-. OH O uPh
7 L /[ 6 P l 784
Ph N Ph N Ph
le H 3e

#Tsolated yield after chromatography.
> 6mol% Cu(OTf),.

€8mol% Cu(OTf),.

4 Trans:cis ratio: >95:<5.

reducing the reaction time to just 5h (entry 3). A num-
ber of other N-(B-hydroxyethyl)amide substrates were
investigated under these conditions, with excellent re-
sults when o-substitution was present (entries 4-6).
The yield was somewhat decreased when B-substitution
was present (entry 7).

We have demonstrated in earlier work that both isourea
formation, as well as isourea displacements, can be
achieved efficiently, with very short reaction times, un-
der microwave irradiation.'! Hence, we were keen to
investigate whether the whole reaction sequence from
1 to 3 could be carried out in this way in the hope of
shortening reaction times further (Table 3).

We were delighted to find that mixing 1a or 1b with DIC
and Cu(OTY),, followed by heating for only 5Smin at
150°C in a focused microwave oven, yielded 3a,b in
87% and 93% isolated yields, respectively, after chroma-
tography (entries 1 and 2). Performing the reaction at
lower temperatures gave lower yields despite doubling
the reaction time (entry 3 vs 2). When la was heated
in a microwave oven in the absence of DIC, no reaction
was observed. Substitution at the o-position generally
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Table 3. Microwave-assisted cyclisation to 2-oxazolines in THF with DIC (1equiv) and Cu(OTf), (5mol%)'®

Entry Starting material Time (temp) (min, °C) Product Yield® (%)

1 1a 5 (150) 3a 87

2 1b 5 (150) 3b 93

3 1b 10 (120) 3b 61

4 1c 5 (150) 3c 92

5 1d o OH 5 (150) 3d o 87

6 i 5.(100) + 10 (175) PhCH,—< l 79

PhCHz~ “N” “Ph N pp
H 3f

7 1g 15 (150) 3g 83°

8 1h 5 (150) 3h 88

9 1i 5 (150) 3i 86°
#Tsolated yield after chromatography.
® Trans:cis ratio: >95:<5.
¢ Trans:cis ratio: 1:4. Combined yield of both isomers.
posed no problem (entries 2-5). However, cyclisation of iPr HN—iPr iPr
substrates with an aliphatic R;-substituent (PhCH»-) NH oPh. 0~ PhH
was slightly more difficult and required higher reaction Ph,, O—( — ®NH — 0=<
temperatures and/or longer reaction times (entries 6 Q )L J\N
and 7). Cyclisation of 1g and 1h (derived from Ph™ N7 iPr OMe H (lDMe ’Pr
(1R,2S)-norephedrine) yielded a single diastereoisomer, OMe 5 6 4
with slightly lower yields because of the B-substitution 2i H@ )
(entries 7 and 8 and Scheme 3). As a trans-substituted i l - H@ lmtat'on
oxazoline was obtained (as confirmed by comparison . Hph
with literature data), the cyclisation must have occurred 8i ® o
with inversion of configuration, consistent with the ex- ai -H PR G/)r
pected Sn2 process. ) ~— Ph" N /(I)Me

However, a lower level of diastereoselectivity was ob-
served with amide 1i, derived from (1S,2S)-2-amino-3-
methoxy-1-phenyl-1-propanol. Only a 4:1 ratio in
favour of the expected cis-substituted oxazoline over
the trans-substituted isomer was observed in this case
(entry 9 and Scheme 3).

We also sought to verify whether the copper(Il) Lewis
acid, in addition to catalysing the isourca formation,
played a role in the cyclisation step. In the event, amide
la was reacted with DIC at room temperature in the
presence of the usual quantity of copper(Il) triflate.
After 4h, IR and TLC analysis showed that both carbo-

DIC Ph
o OH , u(OTh,
J\ R—<\ only one diastereomer
R” N7 THF Ho 7 observed
H
1g R = CHoPh 39 R =CH,Ph
1ﬁﬂ=gh2 3h R=Ph
Ph, _OH 0 Ph
o - OTf
P j Ph—4 j + Ph-—<\ j'
PN THF, o " N™
OMe OMe . OMe
. 3i 3j
1i
4:1 ratio

Scheme 3. Diastereoselective formation of oxazolines derived from
(1R,2S)-norephedrine and (1S,25)-2-amino-3-methoxy-1-phenyl-1-
propanol.

Scheme 4. Suggested mechanism for the 2-oxazoline formation.

diimide and 1a had been consumed, forming the corre-
sponding isourea 2a (major) plus a minor amount of
cyclised product 3a. At this point the copper catalyst
was removed by filtration through an alumina plug,
using DCM as eluant. The solution was concentrated
under vacuum, placed in a microwave vial and subjected
to the usual conditions. TLC analysis indicated com-
plete conversion of the isourea to the oxazoline, and
subsequent column chromatography afforded pure 3a
in 84% yield. This suggests that the copper species does
not play a significant role in the second step of the
reaction.

Based on the above, and on the stereochemical findings
described in Scheme 3, we suggest a mechanism in which
the isourea moiety necessarily has to be activated before
cyclisation takes place (Scheme 4).

Given the basicity of isoureas, an intermolecular acid—
base reaction would take place leading to the protonated
intermediate 5, upon which cyclisation can occur to give
the 2-oxazoline product 3i with inversion of configura-
tion at the reacting centre. However, because the urea
is a good leaving group, the reaction could proceed
through an Sy1-type mechanism featuring 6, especially
when the cation is stabilised by a phenyl group. The for-
mation of 3j can thus be explained by a subsequent rota-
tion about the C-C bond to give 7, followed by
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cyclisation. Given the pK, value of ureas, we believe it is
very unlikely that an unactivated isourea can dissociate,
even when benzylic. Interestingly however, only one
oxazoline diastereomer was observed starting from le,
g and h, which also contain a secondary benzylic alcohol
moiety. Hence, the actual cyclisation mechanism is
dependent on structural features. With primary alcoh-
ols, a true Sy2 process will take place. With secondary
benzylic alcohols, an Sy2 mechanism still operates but
if a-substitution is present, unfavourable steric interac-
tions may tilt the balance towards an Sy1-type process.
In this way, rotation can relieve steric strain that other-
wise would build up in the formation of cis-substituted
2-oxazolines. Given that 3j is still the minor diastereo-
isomer, the inversion process is still the major pathway
even with 5 (Scheme 4). Further research to investigate
these mechanistic aspects is in progress.

In conclusion, we have discovered that N-(B-hydroxy-
ethyl)amides can be cyclised to the corresponding 2-
oxazolines by converting them into the corresponding
O-alkylisoureas in situ, followed by thermally induced
cyclisation. It was shown that the cyclisation proceeded
in good to excellent yields after Sh reflux in 1,4-diox-
ane,'” and in merely 5min under microwave irradiation
(150°C)."® The reaction is easier with aromatic amides,
and substitution on the other carbon atoms of the ring
is allowed. Inversion of configuration is observed with
good to excellent selectivity. Based on the stereochemi-
cal observations with chiral substrates, we propose a se-
quence in which the isourea moiety is protonated prior
to the actual cyclisation reaction, which proceeds via
an SN2 mechanism, however, in particular cases having
appreciable Sy1 character.
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