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N-Boc-activated sulfahydantoin can be seen as glycine enolate equivalent. It appeared as a convenient
starting material for the stereocontrolled preparation of threonine homologues through an alkaline syn
aldolization involving a Boc migration. The methodology allowed the one-pot preparation of constrained
analogues of polyoxamic acid.

� 2008 Elsevier Ltd. All rights reserved.
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Figure 1. General structure for sulfahydantoins.
Sulfahydantoins (3-oxo-1,2,5-thiadiazole-1,1-dioxides) 1 (Fig. 1)
constitute as an emergent class of heterocycles, claimed as prote-
ase inhibitors (especially matrix proteinases) and ligand of MHC
class II,1–4 aglygones in pseudonucleoside analogues,5 phosphate
mimetic,6 or substructure in the constrained peptides.7

The synthesis of sulfahydantoins (in racemic and optically
active series) has been described starting from aldehydes, via a
Bucherer–Berg reaction,8 or by sulfamoylation and ring-closure of
a-amino acid esters.5,9 A huge diversity of sulfahydantoins was
thus obtained in solution or on solid support.10–12 We report,
herein, a new and efficient method for the preparation of 2-N-
substituted sulfahydantoins in three steps. The first step is a trans-
sulfamoylation13–15 ring-closure reaction, achieved in the presence
of chlorosulfonyl isocyanate (CSI), an amino acid such as glycine
methylester (H-Gly-OMe), and chloroethanol, to afford the corre-
sponding oxazolidinone-sulfonyl-amino acid esters 2 (Scheme 1).
In this particular system, the oxazolidinone moiety behaves as a
good leaving group under the action of a nucleophile. In the pres-
ll rights reserved.

+33 467144866.
ynter).
ence of benzylamine or (S)-(�)-a-methylbenzylamine, the corre-
sponding sulfahydantoin skeleton has been obtained, and the
protection at the 5-N-position was easily carried out with Boc2O
in the presence of DMAP, to afford activated sulfahydantoins 316

and the optically active (S)-417 in a satisfactory 50% overall yield
starting from CSI (Scheme 1).

Orthogonal groups such as benzyl or BOC can be selectively
removed in appropriate conditions (hydrogenolysis and acidic
treatment, respectively) to afford 2-N or 5-N-deprotected sulfa-
hydantoins, for further derivatisation. Sulfahydantoins can be
considered as glycine equivalents for stereocontrolled synthesis
of modified a-aminoacids. In this respect, the Boc-glycine het-
erocyclic derivative 316 was chosen as a convenient starting
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Scheme 1. Improved synthesis of Boc-activated sulfahydantoins.
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material to explore C–C condensation reactions. No examples are
reported on the synthesis of C-4-substituted sulfahydantoins via
an ionic condensation reaction involving the nucleophilic charac-
ter of glycine enolate equivalent. Various reaction conditions
were explored with the aim to achieve a C–C condensation reac-
tion on the C-4 position of the sulfahydantoin ring (e.g., alkyl-
ation, a-and b-hydroxyalkylation, acylation, and Michael
reaction). We also investigated the reaction by changing the nat-
ure of the group on the 5-N position of the heterocyclic system.
When a silyl group such as TBDMS was introduced, the enolate
formation in the same alkaline conditions was not allowed. The
aldolization reaction was successful when the 5-N position was
substituted with an activating electron-withdrawing group such
as Boc, in the presence of DBU (2.0 equiv) as a base and in
dichloromethane as solvent (from 0 �C to room temperature).
The scope of the reaction was investigated using different achiral
and chiral aldehydes with a stereocenter at the a-position, in or-
der to explore their possible effect on the stereochemical course
of the reaction, as reported in Scheme 2. In our hands, no alkyli-
denation-deacylation (Perkin–Sasaki-like reaction)18–22 reaction
was observed, in contrast with the previously described reac-
tions having N-acyl or N-Boc diketopiperazines (DKPs) as sub-
strates. Interestingly, the expected aldolization products 5 were
not detected in the crude, but recovered in the form of stable
products 6–12 (Scheme 2).

The presence of compounds of type 5 was excluded because the
Ha-proton appeared as a doublet of doublets (in the range of 4.14–
5.95 ppm for all the compounds in the series), characterized by two
coupling constants, suggesting that a supplementary adjacent nu-
cleus should be present. The possibility of a coupling through four
bonds with the OH-proton was not probable, and a vicinal coupling
would have been possible only if the adjacent nitrogen atom would
be deprotected. Therefore, we speculated on the N–O acyl migra-
tion of the protecting group from the 5-N-position to the OH-
function, as already described.23,24
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This hypothesis may account the fact that the b-elimination
reaction leading to crotonization products (Perkin–Sasaki-like
reaction)19–22 is defavored, since the heterocycle is deactivated.
After Boc migration, the most acidic proton is the 5-N-hydrogen
and not more than one at the a-position, which would have been
pulled out by the base only if the Boc group was still present on
the 5-N-position. The reaction is irreversible by virtue of the differ-
ent roles played by the Boc residue: it behaves as an activating sys-
tem at the beginning of the reaction (N-Boc), and as a protecting
group (O-carbonate) after its migration. The mechanism is tenta-
tively presented below (Scheme 3). The process might be initiated
from intermediate A by the concerted aldolization/intramolecular
attack of the formed alkoxide onto the N-Boc-carbonyl moiety.
The unstable cyclic entity B might then rapidly evolve through
cleavage of the C–N and formation of C–O bond to form a stable
carbonate C.

It is noteworthy that the rearrangement involved the transition
from N-sp2 to a N-sp3 hybridization state, with a cis Ha–Ca–N–H
configuration, as shown by NMR data. In all cases and relatively
to CHa–CHb mutual relationship, the major (or exclusive) diaste-
reoisomer was the syn aldol,25 established on the basis of 3

J CHa–CHb values (1.46–2.90 Hz) and consistent with the small val-
ues already reported in the literature for similar systems26–29

(Fig. 2).
In the aldol reaction, it is usually assumed that the transition

states are rather ‘reactant-like’, however in our case the reaction
went through a ‘product-like’ non-chelated transition state. Three
contiguous chiral centers were formed starting from a prochiral
E-enolate to afford the syn-unlike products 6–12, conformation-
ally similar to the transition state, according to a diastereofacial
homoprochiral approach (Si–Si/Re–Re) conditioned by steric fac-
tors. In the case of propanal (compound 6, syn/anti 9:1, referred
to CHa–CHb relationship), variation of the reaction temperature,
reaction time or by introducing an asymmetric element on the
2-N position of sulfahydantoin nucleus as in 4 did not provide
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any improvement of the syn/anti diastereoselectivity observed in
the subsequent aldolization,30 which maybe due to the far dis-
tance of the chiral center and no asymmetric induction was ob-
served, since a mixture of two epimers (with a ratio 55/45) was
recovered. On the other hand, in the same reaction conditions as
for the synthesis of product 6, but by only changing the nature
of aldehyde, an excellent preference for the syn adduct was al-
ways observed (compounds 7–10, syn/anti 98:2). In the presence
of a chiral aldehyde, three chiral centers were created after the
aldolization reaction. Products 11 and 12 were recovered as a
mixture of epimers at Cc-position in a [Cc–Cb–Ca] anti/syn versus
[Cc–Cb–Ca] syn/syn, respectively, of 2:1 (for compound 11) and
3:1 (for compound 12), showing a preference for the anti adduct
in the [Cc–Cb] mutual relationship. The validation of the sequen-
tial deprotection approach was then given from the successive
acidic treatment (20% TFA in dichloromethane) followed by
hydrogenolysis (H2, Pd–C 5% in ethanol), providing 1331 and
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14,32 respectively, starting from 7 (only this example is reported
here, Scheme 4).

The isosteric similarity between the free sulfahydantoin moiety
and the carboxylate group is noteworthy in such last compound.

The putative mechanism of the stereocontrolled non-chelated
a-hydroxyalkylation, involving an opposite position of R group of
aldehyde and the bulky 5-N-Boc group leading to a syn diastereo-
facial preference observed under thermodynamic control condi-
tions, can be exemplified on compound 12 obtained from
Garner’s (R)-(+)-3-Boc-2,2-dimethyloxazolidine-4-carboxyalde-
hyde, and justified to the Felkin–Ahn type model I and II (Fig. 3).

It would appear that the combination of a prochiral enolate and
a chiral aldehyde leads to a facial discrimination for the aldoliza-
tion reaction, in favor of a Si–Si or Re–Re approach for the two reac-
tion partners, to afford only a single product (1R,2S,3R,4R)-12 and
(1S,2R,3S,4S)-12 as a racemic mixture, instead of the predicted
eight compounds. The racemization reaction involving the Garner’s
(R)-(+)-3-Boc-2,2-dimethyloxazolidine-4-carboxyaldehyde was
due to the presence of 2 equiv of base, and it took place just before
the attack of the prochiral enolate. The preferred diastereoisomer
derived from a matched-pair; the totally mismatched-pair is ener-
getically not favored, being the bulky Boc groups in a sterically
demanding environment, for the exo-approach of aldehyde.

In order to confirm our hypothesis and to definitely assign the
configuration of the stereocenters, compound 12 was crystallized
at room temperature in a mixture i-PrOH/(i-Pr)2O and investigated
by X-ray structural analysis. X-ray structure of (1S,2R,3S,4S)-12
proved the favourite transition state model for a syn-unlike prod-
uct O-Boc-protected (Fig. 4).

Measured vicinal coupling constants are compatible with dihe-
dral angles in the X-ray structure: according to Karplus’ equation,
an angle /[H2–N2–Ca–Ha] of 3.3� is consistent with a coupling con-
stant of 9.6 Hz.

In conclusion, we have developed a rapid, highly diastereocon-
trolled matched synthesis of a series of syn-unlike products 6–12 in
only one step, starting from sulfahydantoin 3 and via a concerted
a-hydroxyalkylation/Boc-migration reaction. Compounds 6–12
can be considered as protected precursors of constrained ana-
logues of polyoxamic acid derivatives, that for their intrinsic struc-
ture, result stable and not subjected to any lactonization reaction.
Molecules 6–12 contain two or three chiral centers (depending on
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the nature of starting aldehyde), available only in one step. More
particularly, they can also be considered as useful chiral synthons
for the synthesis of optically active constrained analogues of b-hy-
droxy a-aminoacids that are potentially endowed with antibacte-
rial activity18 or as functionalized 1,2 or 1,2,3 polyhydroxylated
analogues of arabinonate, known to be potent phosphoglucoisom-
erase inhibitors.33,34

We are currently investigating the scope of this process and
applying it to the synthesis of other analogues of (+)-polyhydr-
oxyamino acids, constituting the side chain moiety of antifungal
polyoxin antibiotics, endowed with biological activity.35 Relating
results will be reported in a next communication.
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C3H-Het), 6.51 (m, 1H, CHb), 5.24 (d, 1H, 3J(Ha-NH) = 7.7 Hz, NH), 4.80 (dd, 2H,
2J = 15.5 Hz, CH2-Ar), 4.75 (d, 1H, 3J(Ha-NH) = 7.7 Hz, 3J(Ha-Hb) = 2.5 Hz, CHa), 1.43
(s, 9H, Boc). 13C NMR (CDCl3, 100 MHz) d (ppm): 164.95, 151.32, 137.22,
133.69, 128.44, 128.59, 128.75, 127.20, 127.07, 84.13, 70.09, 64.31, 44.93,
27.59. Compound 11: HPLC and NMR data on the crude showed two
diastereoisomers, in a 2/1 ratio; overall yield 47% (not separated). Data for
major product: 1H NMR (CDCl3, 400 MHz) d (ppm): 7.40 (m, 5H, Ar-H),
5.28 (dbr, 1H, 3J(Hb-NH) = 7.20 Hz, NH), 5.13 (dd, 1H, 3J(Hb-Hc) = 7.5 Hz,
3J(Ha-Hb) = 1.60 Hz, CHb), 4.75 (d, 1H, 2J = 15.5 Hz, CH2-Ar), 4.58 (dd, 1H,
3J(Ha-NH) = 7.2 Hz, 3J(Ha-Hb) = 1.6 Hz, CHa), 4.25 (ddd, 1H, 3J(Hc-Hb) = 7.5 Hz,
CHc), 4.13 (dd, 1H, 3J(Hd Hc) = 4.6 Hz, 3J(Hd’-Hd”) = 9.10 Hz, CHd’), 3.93 (dd, 1H,
CHd”), 1.48 (s, 3H, CH3), 1.43 (s, 3H, CH3), 1.35 (s, 9H, Boc), 1.30 (s, 3H, Boc);
Compound 12: (equimolar mixture of two enantiomers) Yield 50%; 1H NMR
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