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ABSTRACT

1,2-Cyclic sulfamidates undergo regiospecific nucleophilic displacement with either methyl thioglycolate or r-amino esters, followed by
lactamization (thermal, base-mediated, or cyanide-catalyzed), to give thiomorpholin-3-ones and piperazin-2-ones.

Cyclic sulfates and cyclic sulfamidates represent a versatile
class of functionalized and enantiomerically pure electro-
philes. As a result, these reactive alkylating agents are finding
increasing synthetic applications across a range of areas.1

We previously reported the use of 1,3-cyclic sulfates as
components of a [3+ 3] annulation approach to piperidines.2

C,N-Bis nucleophiles, e.g., enolate1, enable a stepwise,
double displacement of a cyclic 1,3-cyclic sulfate2 to be
achieved in a regio- and stereocontrolled manner, providing
functionalized piperidines (Scheme 1).

However, there are issues with the second (intramolecular)
displacement (step b, Scheme 1), such as the ease of reaction
and the degree of enantiospecificity observed.3
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Scheme 1. Functionalized Piperidines via 1,3-Cyclic Sulfates
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1,2-Cyclic sulfamidates34 provide an attractive alternative
entry to N-heterocycles by allowing the key C-N bond
stereochemistry to be defined at the outset and retained. Our
approach is outlined in Scheme 2, using4 as the other

component, where a heteroatom nucleophile is adjacent to
an acetate moiety. This combination would allow a regio-
selective nucleophilic displacement to occur on3 (C-O bond
cleavage always being favored over C-N bond cleavage),
followed by lactamization (involving the adjacent acetate
fragment) to give a six-ringN-heterocycle.

This chemistry has been explored using both methyl
thioglycolate4aand a range ofR-amino esters (cf4b), which
leads to thiomorpholine and piperazine derivatives, respec-
tively. The synthesis of thiomorpholin-3-ones5 is outlined
in Scheme 3.5 Base-mediated reaction of methyl thioglycolate
4a with cyclic sulfamidate3a6 gave the thiomorpholin-3-
one5a in 97% yield. The optimized procedure used either
NaHCO3 or Cs2CO3 as a base, and after initial nucleophilic

displacement, acidic hydrolysis (of the intermediateN-
sulfate) was followed by neutralization and thermolysis to
achieve lactamization.

Similarly, the ephedrine-derived sulfamidate3b7 gave the
trans 5,6-disubstituted thiomorpholin-3-one5b8 in 85% yield,
the structure of which was confirmed by X-ray crystal-
lographic analysis (Figure 1). We were also interested in the
ability of a 3-substituted cyclic sulfamidate3c (the regio-
isomer of3a) to participate in this process. In the event, the
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Scheme 2

Scheme 3. Synthesis of Substituted Thiomorpholin-3-onesa

a Reagents and conditions: (a) NaHCO3, 1:1 THF/H2O or
Cs2CO3, THF; (b) 5 M HCl, rt, then NaHCO3; (c) PhMe, reflux, 3
h.

Figure 1. Structure of5b.
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racemic 6-substituted thiomorpholin-3-one5c, which is the
regioisomer of5a, was isolated in excellent yield.

The method is also applicable to bicyclic sulfamidates,
such as3d, which provided the corresponding bicyclic
thiomorpholinone5d in 35% yield. The synthesis of5d was
problematic because hydrolysis of the initially formed
N-sulfate was very slow under our standard reaction condi-
tions, and extended reactions times may have contributed to
the lower yield observed in this case.

R-Amino esters are also reactive toward 1,2-cyclic sulf-
amidates, and this provides a flexible entry to piperazine
derivatives9 (Scheme 4). Use of the (S)-phenylalanine-derived
1,2-sulfamidate3a as a prototype in reaction withN-tosyl
glycine ethyl ester6a gave the differentially protected
piperazin-2-one7a in 84% yield.

It was important to validate the ability of a base-sensitive
stereocenter to withstand the conditions used in this chem-
istry. This was established using amino esters6b and 6c
derived from (R)-and (S)-alanine, respectively. Reaction of
each amino ester with3a gave the correspondingtrans- and
cis-3,6-disubstituted piperazin-2-ones7b and7c, respectively.
In neither case was the other diastereomer detected, thus
demonstrating the stability of these epimerizable substrates
to the particular conditions used (however, see below).

A more hindered variant, such as6d, gave piperazinone
7d, and in this case, lactamization was successfully carried
out under both thermal and base-mediated conditions in 50
and 78% yields, respectively. The ephedrine-derived sulf-
amidate3b, which now requires the amino ester to displace
at a secondary center, did react with6a to give the
5,6-disubstituted piperazin-2-one7e in 25% yield.10 While
azide ion is known to react well with secondary cyclic
sulfamidates, amine nucleophiles do require significantly
more forcing conditions.11

An important issue associated with this approach to the
synthesis of substituted piperazines became apparent with

(S)-proline ethyl ester6e and ethyl (S)-pyroglutamate6f.
Reaction of3a with 6e gave, after hydrolysis, the initial
adduct8. Thermal lactamization (xylene, reflux) was slow
and very inefficient, but7f was isolated without epimeriza-
tion at C(8a) being detected. More rapid (and essentially
quantitative) lactamization of8 was achieved using NaOMe
(in MeOH); however, under these conditions,7f was obtained
as a 1:1 mixture of diastereomers, epimeric at C(8a) (Scheme
5).

These problems (slow lactamization vs facile epimeriza-
tion) were overcome by using catalytic sodium cyanide12 to
promote the final ring-closure step (of8), which gave7f as
a single diastereomer in 50% yield.

Analogous problems were encountered when ethyl (S)-
pyroglutamate6f was employed and were also solved using
catalytic cyanide to achieve lactamization, and under these
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Scheme 4. Synthesis of Substituted Piperazin-2-onesa

a Reagents and conditions: (a) NaH or Cs2CO3, DMF; (b) 5 M
HCl, rt, then NaHCO3; (c) PhMe, reflux, 18 h; (d) NaOEt, EtOH,
reflux. bYield using thermal lactamization.cYield under base-
mediated lactamization conditions.
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conditions, the bicyclic adduct7g was isolated as a single
diastereomer in 63% overall yield.13

The use of primary amino ester6g failed to react with3a
to give the desired piperazine product9. In this case, a facile
double N-alkylation of6g occurred, which could not be
suppressed. This led to the 2:1 adduct10 in 60% yield (based
on 3a) (Scheme 6). In this case, formation of oxazolidinone
11 (11%) was observed, which arises from the use of
NaHCO3.14

In summary, 1,2-cyclic sulfamidates, which are easily
prepared from the corresponding 1,2-amino alcohols, provide
a flexible and generally efficient entry to a range of
N-heterocycles based on thiomorpholines and piperazines,
the scope of which is reflected by the range of sulfamidates
used. It is important to appreciate the advantages that 1,2-
cyclic sulfamidates offer over related electrophiles such as
aziridines. Sulfamidates readily undergo a regiospecific
displacement (compare3aand3c, Scheme 3), and application
of this chemistry to provide other classes ofN-heterocycles
is currently underway.
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OL027418H(13) In the case of7f, NaCN in MeOH at reflux was more efficient than
use of EtOH at 50°C. Formation of7g via thermal lactamization (xylene,
5 days, reflux) proceeded in 48% yield, and no stereochemical scrambling
at C(8a) was observed. Piperazine7g was also isolated in 50% yield using
NaCN (10 mol %) in MeOH at reflux. Cyanide may mediate lactamization
via transesterification when MeOH is used as a solvent, but7g was formed
efficiently using EtOH as a solvent.

(14) This is a known process,4c but attempts to prevent production of11
(a major byproduct under our standard conditions) using NaOH led to low
mass recovery. Also, lactamization to give10 occurred directly following
neutralization.

Scheme 5. Synthesis of Bicyclic Piperazinones. Base vs
Thermal vs Cyanide-Mediated Lactamizationa

a Reagents and conditions: (a) NaH, DMF, rt; (b) 5 M HCl, rt,
then NaHCO3; (c) xylene, reflux,>24 h (<10%); (d) NaOMe,
MeOH; (e) NaCN (5-10 mol %), MeOH, reflux; (f) NaCN (5-10
mol %), EtOH, 50°C.

Scheme 6. Use of Primary Amino Ester Nucleophilesa

a Reagents and conditions: (a) DIPEA, EtOH, rt; (b) 5 M HCl,
rt, then NaHCO3.
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