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Conversion of isomeric 2:3 adducts (aminoacid–formaldehyde) to
N-acyl-pseudoprolines derivatives
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Abstract—Reaction of acyl chlorides or acid anhydrides with isomeric 2:3 adducts derived from condensation of LL-serine (1a), LL-
threonine (1b) and LL-cysteine (1c) methyl esters with formaldehyde afforded N-acyl-pseudoprolines 7–19 in various yields. These
2:3 adducts can be considered as synthetic equivalents of oxaproline and thiaproline moieties. The present work revealed the ver-
satile behaviour of the two 2:3 adducts as a consequence of the ring-chain tautomerism occurring in the five- and/or seven-membered
rings.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 1. Reagents and conditions: (i) R1R2C@O, Et3N, CH2Cl2, rt;

(ii) (HCHO)3, Et3N, CH2Cl2, rt; (iii) R 0COCl, Na2CO3, H2O/CH3CN.
Condensation of carbonyl compounds (R1 5 H and/or
R2 5 H) with primary b-hydroxyamine moieties affor-
ded NH-free oxazolidines type 2 (X = O: oxaproline)
(Scheme 1), which are generally poorly stable and non-
isolable. The latter proved to exist as a tautomeric mix-
ture with the imine open-chain forms type 3,1 in contrast
to sulfur derivatives (X = S: thiaproline).2 Depending on
the experimental conditions, condensation of formalde-
hyde (R1 = H and R2 = H) has been reported to afford
isomeric 2:3 adducts:3 N,N-methylenebis(oxazolidine)
derivatives type 5 (X = O) and/or isomeric 1,6-diaza-
3,9-dioxabicyclo[4.4.1]undecane structures type 6
(X = O), instead of the expected oxazolidines type 4
(X = O).

Common strategic routes to N-substituted pseudopro-
lines are prone to ring-chain tautomerism and/or com-
peting reactions.4 In a recent paper, we reported that
2:3 adducts 5b (X = O; R = CH3) and/or 6b (X = O;
R = CH3) derived from LL-threonine methyl ester 1b
could be converted into N-acyloxaprolines 13 and 14,5

which are usually prepared by cyclocondensation of N-
monoacylated aminoesters with carbonyl compounds.
Such observation prompted us to examine the scope of
this approach, since these N-acyl derivatives have poten-
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tial in various fields6,7 including development of peptides
mimics.8 The procedure has now been investigated on
similar and easily accessible 2:3 adducts 6a9 (X = O;
R = H) and 5c10 (X = S; R = H) derived from LL-serine
methyl ester 1a and LL-cysteine methyl ester 1c,
respectively.
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Table 1.

Starting 2:3

adducts

X R R0 Product Yield

(%)

6a O H CH3 7 31

O H C6H5 10 6

5b and/or 6b O CH3 CH3 13 705

O CH3 C6H5 14 605

O CH3 p-OMe-C6H4 15 54

O CH3 p-NO2-C6H4 16 58

5c S H CH3 17 71

S H C6H5 18 83

S H p-OMe-C6H4 19 56
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Scheme 2.
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The reaction was performed in water/acetonitrile at
room temperature overnight with various acylating
agents according to previous procedure5 and the results
listed in Table 1. All products were isolated on silica gel
column chromatography and gave satisfactory spectro-
scopic data.11 Mass spectrum in positive FAB ionization
mode displayed the molecular ion [M+H]+ and the frag-
ments [M+H�R 0C@O]+ and [R 0C@O]+ resulting from
the amide bond scission. As already reported for com-
pounds 13 and 14,5 1H NMR spectra of the novel com-
pounds 7, 10 and 15–19 displayed the expected
deshielding of intracyclic protons that are closed to the
N–C@O grouping and the duplication of NMR signals
reflecting the existence of two syn/anti-rotational iso-
mers (Scheme 1). This was confirmed by NMR signals
coalescence upon raising temperature.

As shown in Table 1, condensation with 2:3 adduct 5c
afforded compounds 17–19 in satisfactory yields (56–
83%). The latter were very closed to those obtained
when starting from the thiaproline 4c (X = S; R = H).
Therefore, the potential of this procedure seemed to be
confirmed.

For LL-threonine derivatives 5b/6b, the conversion
occurred with yields ranging from 54% to 70%. Similar
yields (±5%) were obtained when starting from either
pure isomers 5b and 6b or from the equilibrium mixture,
thus allowing to bypass the separation step. In contrast,
using the same conditions, isomer 6a afforded a mixture
of N-acylated and N,O-diacylated by-products 8/9 and
11/12,12 besides the expected compounds 7 or 10, respec-
tively. Formation of these by-products gave clear-cut
evidence of the existence of a ring-chain tautomerism
occurring in the N–C–O grouping of the seven-mem-
bered rings (Scheme 2).

The efficiency of the procedure in the case of pure
bicyclic derivative 6b should be ascribed to its rapid
isomerization10 into N,N-methylenebis(oxazolidine)
isomer 5b via transient open-chain forms. In contrast,
the slow conversion10 6a ! 5a should favour their
decomposition into their parent aminoester 1a as
demonstrated for similar derivatives.13 Subsequent acyla-
tion led to the by-products 8/9 or 11/12. The overall
experiments suggested that N,N-methylenebis(oxa- or
thiazolidine) structures type 5 are the more reactive
forms.
The present findings open an alternative way to prepare
N-acyl-pseudoprolines derived from LL-threonine and
LL-cysteine. Further investigations are in progress for
the particular but not definitive case of LL-serine. These
results supported the expectations that N,N-methylene-
bis(oxazolidine) and 1,6-diaza-3,9-dioxabicyclo[4.4.1]-
undecane structures could be considered as synthetic
equivalents of the non-isolable oxaprolines 4a and 4b.
This procedure will be extended to the synthesis of
pseudopeptides containing pseudoproline residues.
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