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Readily available p-tolylsulfinimines undergo highly stereoselective [3 + 2] cycload-
ditions with azomethine ylides generated from α-iminoesters and LDA to produce
N-sulfinylimidazolidines. In the presence of Lewis acids, p-tolylsulfinimines react
with glycine iminoester enolates to produce N-sulfinylimidazolidines, after cycliza-
tion of open chain intermediates. These mechanistically diverse processes take place
with excellent regio-, stereo-, and facial selectivities, and the latter is opposite to most
known reactions involving sulfinimines. Some of the resulting imidazolidines have
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been transformed into examples of a novel class of nonsymmetrical vicinal diamines
using reductive and/or hydrolytic protocols.

Keywords 1,2-Diamines; asymmetric cycloadditions; imidazolidines; sulfinimines

INTRODUCTION

Vicinal diamino compounds have attracted the attention of many or-
ganic chemists because of their vast applications. Indeed, vicinal di-
amino compounds are frequently found among bioactive compounds
either from natural or nonnatural sources and many of them have
found multiple applications within the pharmaceutical industry.1 Al-
ternatively, enantiopure imidazolidines and imidazolidinones have also
been used as chiral auxiliaries in a number of different processes, and
1,2-diamino compounds have played a pivotal role in the development
of asymmetric synthesis.1 For these reasons, we have focused our atten-
tion on the development of a new and general route for the synthesis
of 1,3-imidazolidines and 1,2-diamines based on the enantioselective
construction of the imidazolidine ring that will be used subsequently
as a source of vicinal diaminocompounds. Most of the known routes to
obtain enantiopure imidazolidines involve the condensation between
aldehydes and chiral 1,2-diamines, which is often limited to the use of
C2-symmetrical diamines to reduce the number of resulting stereoiso-
mers. However, the success of this strategy requires an efficient access
to optically pure vicinal diamines.

Enantiopure sulfinimines, readily available in both enantiomeric
forms, are versatile intermediates for enantioselective syntheses of a
variety of targets.2 These desirable features, along with our interest
in the development of sulfur-directed methodology, attracted our atten-
tion to these intermediates as potential precursors to chiral nonracemic
imidazolidines. Our methodology entails the highly diastereoselective
[3 + 2] cycloaddition between sulfinimines 1, and α-iminoesters derived
azomethine ylides 2, to produce enantiopure N-sulfinylimidazolidines
(Scheme 1). Subsequently, some of these cycloadducts were readily
transformed into nonsymmetrical vicinal diamino compounds.

RESULTS AND DICUSSION

To carry out our study we selected sulfinimines 1a–d and iminoesters
2a–c (Scheme 1). After considerable experimentation it was found that
generating the azomethine ylides with LDA at 0◦C, followed by adding
the sulfinimines and allowing the reaction to warm up to approximately
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Cycloadditions of p-Tolylsulfinimines and α-Iminoesters 1231

SCHEME 1 1,3-Dipolar cycloaddition between azomethine ylides and enan-
tiopure sulfinimines. [a]Except for 3e and 3f, combined yields are given. [b]Ratios
measured by integration of the crude 1H NMR spectra.

4◦C, produced just two of the eight possible 1,3-imidazolidines, 3a–f
and 4a–f, as a highly diastereoselective mixture (from 95:5 to 98:2)
with yields between 53% and 80%.3 The definitive proof of the facial
outcome of the process was established by an X-ray diffraction analysis
of 3a. Furthermore, to secure that both imidazolidines 3a and 4a were
diastereofacial isomers with respect to the sulfinyl group, they were
independently oxidized to enantiomeric N-sulfonylimidazolidines with
identical optical rotation but opposite sign.

The remarkably high stereoselectivity found, along with the absence
of any detectable open chain intermediates in the reaction, made us
consider a 1,3-dipolar pathway for the process with an endo approach
that allows for an overlap of the ester (ylide) and the aromatic group
R1 (sulfinimine) to the less-hindered si face of sulfinimines 1 on the
side of the sulfur lone pair, as shown in Figure 1, to provide 3a–f as
the predominant cycloadducts. Additionally, we found that our process
displayed a remarkable facial selectivity opposite to that observed for
most other additions of enolates to p-tolylsulfinimines.

To extend the scope of our methodology, a number of different Lewis
acids was tested4 and we found that the use of freshly distilled BF3·OEt2
gave rise to a satisfactory isolated yield of a mixture of diastereomeric
imidazolidines 6a–j and 7a–j along with small amounts (5–10%) of

FIGURE 1 Stereochemical outcome for the 1,3-dipolar cycloaddition process.
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1232 A. Viso et al.

SCHEME 2 Lewis acid-mediated cyclizations between glycine iminoesters and
p-tolylsulfinimines. [a]Optionally, step 4 can accelerate (1–2 h) the cyclization
with comparable ratios and yields. [b]Measured by integration of the 1H NMR
spectra of the crude. [c]Combined yield of pure imidazolidines 6 and 7.

N-sulfinyldiaminoesters produced by hydrolysis of iminoester interme-
diate 5 (Scheme 2). It should be pointed out that cycloadducts 6a–i
and 7a–i are not the primary reaction products (1H NMR) but they are
formed fairly rapidly upon standing in CHCl3 solution at room temper-
ature. These results may be rationalized in terms of a stepwise process
initiated by addition of an iminoester-derived enolate to the sulfinimine
and followed by cyclization of the open chain intermediate 5, presum-
ably promoted by the presence of trace amounts of acidic species in
solution.

The predominant facial outcome was establised by an X-ray analysis
of a derivative of 6a. This process may be accounted for in terms of
addition of the chelated iminoester enolate on the less hindered si face
of sulfinimines 1, upon activation by the Lewis acid (Figure 2). The
trans stereochemistry around the C4 C5 bond may be accounted for
by an open transition state with the less crowded arrangement of the
substituents, although at this point we cannot rule out coordination of
the sulfinyl oxygen with the lithium atom of the enolate.

The N-sulfinylimidazolidines obtained are nicely functionalized
since both nitrogen atoms are already differentiated and the ester group
should be an additional handle for synthetic applications. Consequently
we envisioned that selective removal of the aminal moiety would

FIGURE 2 Stereochemical outcome of the Lewis acid-mediated condensation.
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Cycloadditions of p-Tolylsulfinimines and α-Iminoesters 1233

provide an efficient access to syn N-sulfinyldiaminoesters (Scheme 3).5

However, because the sulfinamide group is labile to acidic media, find-
ing selective conditions was an additional challenge.

SCHEME 3 Synthesis of syn α,β-diaminoesters from N-sulfinylimidazo-
lidines.

Consequently, we focused on the search of optimal conditions for
the selective hydrolysis process and we found that treatment of im-
idazolidines 6 with aqueous H3PO4 in THF provided good yields of
N-sulfinyldiaminoesters 8a–f. In contrast, when using aqueous HCl,
TFA/MeOH, or H3PO4/MeOH, the simultaneous removal of the sul-
finamide and the aminal took place, affording good yields of di-
aminoesters 9a–f. These results point to H3PO4 as the reagent of choice
for these transformations because of a combination of a suitable acidity
and a low nucleophilicity of the phosphate counterion that prevents the
attack on the sulfur atom.

Alternatively, reductive conditions appeared to be suitable to
transform our 1,3-imidazolidines 6 into 1,2-diamines. The carboxy-
late moiety reacted smoothly with LiAlH4 to produce N-benzyl-N-
sulfinyldiaminoalcohols 11a–i (Scheme 4).6 This unexpected finding
allowed for the straightforward differentiation of both nitrogen atoms
with synthetically useful protecting groups. This process may be under-
stood in terms of initial reduction of the ester functionality followed by
aminal cleavage via an N-metalated intermediate and reduction of the

SCHEME 4 Reductive cleavage of the aminal moiety.
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transient imino group thus generated. To further probe this hypothesis
we surveyed a number of reducing agents in pursuit of the selective re-
duction of the ester while preserving the heterocyclic structure. Thus,
the use of NaBH4/LiI gave a good yield of imidazolidine 10a which, upon
treatment with LiAlH4 in Et2O, afforded diaminoalcohol 11a.

In summary, we have developed two new, highly diastereoselective
methods for the synthesis of enantiopure N-sulfinylimidazolidines that
rely on a diastereoselective [3 + 2] cycloaddition of enantiopure sulfin-
imines and α-iminoesters promoted or not by the presence of BF3·OEt2.
Subsequently, we have undertaken the study of the transformation of
the resulting N-sulfinylimidazolidines into a variety of differentially
protected vicinal diamines using reductive and/or hydrolytic protocols.

REFERENCES

[1] D. Lucet, T. Le Gall, and C. Mioskowski, Angew. Chem., Int. Ed. Engl. 37, 2580 (1998).
[2] a) F. A. Davis, P. Zhou, and B.-C. Chen, Chem. Soc. Rev., 27, 13 (1998); b) J. A. Ellman,

T. D. Owens, and T. P. Tang, Acc. Chem. Res., 35, 984 (2002).
[3] a) A. Viso, R. Fernández de la Pradilla, C. Guerrero-Strachan, M. Alonso, M. Martı́nez-
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M. Alonso, J. Org. Chem., 69, 1542 (2004).

[6] A. Viso, R. Fernández de la Pradilla, A. García, C. Guerrero-Strachan, M. Alonso, M.
Tortosa, A. Flores, M. Martı́nez-Ripoll, I. Fonseca, I. André, A. Rodrı́guez, Chem.—
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