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Abstract—The reaction of a-lithiated-2-alkyl-2-oxazolines 1-Li with aliphatic, aromatic and heteroaromatic N-cumyl nitrones
results in the stereoselective formation of N-cumyl-1,6-dioxa-2,9-diazaspiro[4,4]nonanes 3 which equilibrate with the hydroxylamino
derivatives 4. Such equilibrating mixtures can be easily transformed into b-amino alkanamides 5 under reductive conditions,
whereas acidic hydrolysis with trifluoroacetic acid (TFA) furnishes high yields of b-phenylamino alkanamides 6 via a cumene hydro-
peroxide-type rearrangement. Derivatives 5 and 6 provide a backbone of potentially useful unnatural b2,2,3-amino acids.
� 2007 Elsevier Ltd. All rights reserved.
Nucleophilic addition of oxazolinyl- and aryloxiranyl-
lithiums to nitrones proved to be a useful methodology
for the preparation of a new class of unnatural b-amino
acids,1 a-epoxy-b-amino acids,2 a,b-epoxy-c-amino
acids,3 [1,2]oxazetidines,4,5 and new molecular scaf-
folds.6 A drawback of this methodology is the removal
of the N-protecting group (deriving from the nitrone)
in the final product. In the present Letter we report on
the addition of a-lithiated 2-alkyl-2-oxazolines to N-
cumyl nitrones, which allow the preparation of new
functionalized compounds. The selection of N-cumyl
nitrones was suggested by the observation that N-cumyl
substituted-c-amino acids can be easily N-deprotected.3

Treatment of lithiated 2-methyloxazoline 1a-Li, gener-
ated by lithiation of 1a (s-BuLi, THF, �78 �C,
15 min),7 with N-cumylnitrone 2a,8,9 followed by an
acidic quenching, resulted in the formation of an equil-
ibrating mixture of N-cumyl-1,6-dioxa-2,9-diazaspi-
ro[4,4]nonane 3a and the hydroxylamine derivative 4a,
as ascertained by an IR and 1H, 13C NMR inspection.10
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Similarly, the reaction of lithiated 1b–d-Li with
aliphatic, aromatic and heteroaromatic N-cumyl nitro-
nes 2b–g furnished mixtures of 3b–l and 4b–l in good
to excellent yields (Table 1).

The formation of compounds 3 and 4, accordingly to a
reported mechanism,6 could be reasonably accounted
for with the nucleophilic addition of 1-Li to the C@N
double bond of nitrone 2 followed by the nucleophilic
attack of the hydroxylaminolate intermediate to the
C@N double bond of the oxazoline moiety (Table 1).

Unfortunately, the equilibrium established in the solu-
tion between 3 and 4 made difficult any estimation of
the stereoselectivity of the reaction of lithiated oxazo-
lines 1b-Li and 1d-Li either by NMR or other analytical
techniques (GC, HPLC). To get insight on the stereo-
selectivity, the mixtures of 3 and 4 were subjected to trans-
formations that did not involve the newly created
stereogenic centres (with the exception of the spiro car-
bon). Indeed, hydrogenation (H2, 10 atm, Pd/C, MeOH,
25 �C, 16 h)3 carried out on the mixtures of 3/4 resulted
in simultaneous cumyl group removal and N–O bond
cleavage giving b-amino alkanamides 5a–i in high yield
and high diastereoselectivity in the case of the conver-
sion of 3f–l/4f–l to 5d–i (Table 2).11
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Table 1. Reaction of a-lithiated oxazolines 1a–d-Li with nitrones 2a–g
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Oxazoline 1 R1 R2 Nitrone 2 R3 Mixture 3/4 Yielda,b (%)

1a H H 2a p-MeC6H4 3a/4a 60c

1b H CH3 2b C6H5 3b/4b 93
1b H CH3 2a p-MeC6H4 3c/4c 72
1c CH3 CH3 2b C6H5 3d/4d 50
1c 00 00 2c p-ClC6H4 3e/4e 93
1d C2H5 CH3 2b C6H5 3f/4f 96
00 00 00 2a p-MeC6H4 3g/4g 89
00 00 00 2c p-ClC6H4 3h/4h 66
00 00 00 2d p-MeOC6H4 3i/4i 58
00 00 00 2e 2-Furyl 3j/4j 67
00 00 00 2f C6H11 3k/4k 67
00 00 00 2g CH3(CH2)6 3l/4l 59

a An inseparable mixture of equilibrating spirocyclic and hydroxylamino forms was always obtained.
b Isolated yields after flash column chromatography.
c Oxazolinylstyrene was also isolated (see Ref. 6).

Table 2. Preparation of b-aminoalkanamides 5 and b-phenylaminoalkanamides 6
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Table 2 (continued)

Mixture 3/4 b-Aminoalkanamide 5 Yielda (%) b-Phenylaminoalkanamide 6 Yielda (%) drb
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a Isolated yield.
b Diastereomeric ratio (dr) calculated by 1H NMR analysis on the crude reaction mixtures. The same dr has been always found for both

transformations.
c Under acidic conditions, an elimination reaction occurs and the corresponding oxazolinylstyrene has been isolated (see Ref. 6).
d Separable mixture of diastereomers (silica gel, petroleum ether/AcOEt).
e Compound spectroscopically characterized as N-Boc derivative.
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It is worth noting that the structure of an unnatural
b2,2,3-amino acid (according to Seebach’s definition) is
embedded in the backbone of the b-amino alkanamides
5a–i, a kind of substances which are not easy to obtain
and that could be of interest either from a biological or a
structural point of view.12

As reported, when a mixture of 3a/4a was treated with
silica gel or with TFA in dioxane/H2O at rt for 24 h, a
stereoselective elimination of cumylhydroxylamine took
place giving oxazolinylstyrene (95% yield; trans/cis ratio
>99:1) as the main product.6 In contrast, when a mix-
ture of 3b/4b was treated with TFA, under the same
experimental conditions a different transformation
occurred leading in a good yield and reasonable diaste-
reoselectivity to the b-phenylamino hydroxyalkylamide
6a (Table 2). Similarly, the mixtures 3e–l/4e–l were con-
verted into b-phenylaminoamides 6b–i upon hydrolysis
with TFA or Amberlist-15 (Table 2).13 Conversion of
mixtures 3/4 into 6 might be explained with a cumene
hydroperoxide-type rearrangement14,15 involving a pheno-
nium ion resulting from the C to N phenyl migration
simultaneously to the TFA-promoted N–O bond cleav-
age of 3. Then, the phenonium ion would be attacked by
H2O ending up with the formation of the b-amino amide
6 (Scheme 1).

Once more, the conversion of the mixtures of 3f–l/4f–l to
6c–i was highly diastereoselective (Table 2).

The results obtained clearly demonstrate that the reac-
tion of 1d-Li (R1 = C2H5, R2 = CH3) with nitrones is
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Scheme 1. Rearrangement of 3 to 6.
highly stereoselective, according to what is reported
for other lithiated oxazolines;1–4,6 the slightly lower
diastereoselectivity (dr: 70:30, Table 2) observed in the
reaction of lithiated oxazoline 1b-Li (R1 = H,
R2 = CH3) likely could be the result of a substituent
effect on the lithiated carbon.

In conclusion, in this Letter we report a very simple and
efficient preparation of b-amino- and b-phenylamino
alkanamides (potential precursors of b2,2,3-amino
acids)16 based on the addition of a-lithiated-2-alkyl-2-
oxazolines to cumyl nitrones followed by reduction
and hydrolysis, respectively. The usefulness of the cumyl
group that can be easily introduced and removed under
different reaction conditions is remarkable. The chiral
version of the above synthetic procedure leading to opti-
cally active b-amino- and b-phenylamino alkanamides is
described in the following paper.
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