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ABSTRACT

A practical synthesis of sultams was developed via intramolecular sulfonamide dianion alkylation. This method has been applied toward the
synthesis of chiral sultams, which are synthetically valuable as chiral auxiliaries.

The sulfonamide functional group stands out as one of the
most important pharmacophores and is found in useful
therapeutic agents.1 Recently, cyclic sulfonamides (sultams)
have received significant attention due to their biological
activity and diverse medicinal uses.2 Beyond their signifi-
cance in the treatment of disease, sultams have also been
employed with considerable success as chiral reagents and
auxiliaries.3 Despite the utility of these compounds, an
efficient route for the preparation of cyclic sulfonamides has
not been realized.

The reported syntheses of 1,4-butanesultam and 1,3-
propanesultam, which utilized chloroalkanesulfonyl chloride
intermediates, required multistep sequences and inconvenient

reagents such as PCl5 and chlorine.4 Although various
protocols for synthesis of the substituted sultams have been
developed using as a key ring formation step either C-N
bond formation5 or C-C bond formation,6 these methods
have been limited to a specific class of substrates. Herein,
we describe a general and widely applicable solution for the
synthesis of sultams via sulfonamide dianion alkylation and
application to the preparation of the chiral sultams.
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We envisioned a retrosynthetic strategy (Scheme 1)
whereby1 might arise from sulfonamide dianion alkylation

without protection of the nitrogen atom.7 This approach
depended on the desired C-C bond-forming reaction oc-
curring in preference to azetidine (four-membered ring)
formation. 3-Bromopropylsulfonamide would be available
from methanesulfonylation of bromopropylamine3.

To test the proposed hypothesis, 3-bromopropylmethane
sulfonamide (2b) was prepared by treatment of commercially
available bromopropylamine-HBr (3b) and methanesulfonyl
chloride in the presence of 2 equiv of triethylamine (>98%).
Gratifyingly, the intramolecular sulfonamide dianion alkyl-
ation was readily initiated with in situ generated LDA8 by
treatment ofn-BuLi (2.2 equiv) and diisopropylamine (0.25
equiv) in the presence of bromosulfonamide at-30 °C.
Subsequent aging of the reaction mixture at 0°C for 1 h
gave the desiredδ-sultam1 in 85% overall yield. Exposure
of all substrates of haloalkanesulfonamides to thein situ
generated LDA in THF led to the formation of the desired
δ-sultams in high yield (Table 1).

Of particular note is that the formation of the azetidine
was not detected in crude reaction mixtures. Thus, protection

of the nitrogen atom was not required for the six-membered
sultam synthesis.

The byproduct detected was the anticipated HBr-eliminated
olefin. Interestingly, the olefin byproduct was suppressed by
employing 1.0 equiv of diisopropylamine (entry 2). Chloro-
propylethanesulfonamide5c, which was derived from a
readily available 3-chloropropylamine-HCl (3c) and ethane-
sulfonyl chloride, also afforded the desired cyclization
product effectively (entry 4).

Based on the successful six-membered sultam synthesis,
we were hopeful that with extension of this methodology it
would be possible to perform functionalized five-membered
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Scheme 1. Retrosynthetic Analysis

Table 1. Synthesis of Six- and Five-Membered Sultam from
Precursor Haloalkylamine and Sulfonyl Chloridea

a See the Supporting Information for a detailed procedure.b TEA (2
equiv), MeSO2Cl (1 equiv), THF, 5 to 10°C, 1.5 h.c Diisopropylamine
(0.25 equiv),n-BuLi (2.2 equiv), THF,-30 to 0°C, 4 h.d Isolated yield.
e 1.0 equiv of diisopropylamine was used.

Table 2. Synthesis of Five-Membered Chiral Sultams and
Halosulfonamides fromâ-Amino Alcohols Precursors

a CH3SO2Cl (2 equiv), TEA, THF; NaCl, DMF, 75 or 95°C, 16 h.
b Diisopropylamine (0.25 equiv),n-BuLi (2.2 equiv),-50 to 0°C, 4 h.
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sultam synthesis using the corresponding bromoethane-
sulfonamide. Treatment of the bromoethanesulfonamide10b
with diisopropylamine andn-BuLi at -50 °C followed by
warming to 0°C over 4 h gave the desired sultam11 in
55% yield (entry 6). In the case of the five-membered sultam
cyclization reaction, aziridine formation was a competitive
reaction pathway even at<-65 °C. This undesired aziridine
formation can be suppressed with the use of chloride10c,
affording 11 in 75% yield.

At this point, we investigated a general method for the
efficient preparation ofâ-haloalkanesulfonamides from
â-amino alcohols. Direct halogenation of the unprotected
â-amino alcohols using PCl5 or SOBr2 gave the desired halide
in moderate yields and required tedious purification. At-
tempted selective mono-N-sulfonylation ofâ-amino alcohols
with a primary hydroxyl group such as 2-amino-3-phenyl-
1-propanol18 (Table 2) gave mixtures of products which
required chromatographic separation.

Fortunately, it was found thatN,O-bis-methanesulfonyl-
ation of amino alcohols followed by SN2 displacement with
sodium halide in DMF gave the desired haloalkanesulfon-
amides in high yield9 (Scheme 2).

In this way, a variety ofâ-chlorosulfonamides, including
both acyclic (Table 2, entries 1-3) and cyclic (entry 4) were
prepared from commercially available chiralâ-amino alco-
hols in high yield. In the case ofcis-aminoindanol, the
hydroxyl group can be converted to itstrans-â-halo-N-
sulfonamide (sultam precursors) with inversion of configu-
ration (entry 4).

With chiral chlorosulfonamides in hand, we tried the
sulfonamide dianion alkylation as shown in Table 2. Under
the optimized reaction conditions, the chlorosulfonamides
effectively cyclized to form the five-membered chiral sul-
tams. These results are indicative of the versatility of this
methodology for functionalized chiral sultam syntheses. The
readily availablecis-aminoindanol derived chlorosulfonamide
gave thecis-fused sultam26 in 70% yield which may have
further application in asymmetric synthesis.

In conclusion, we have developed a practical and high-
yielding method for the efficient synthesis of sultams. This
key sulfonamide dianion alkylation was applied to the
synthesis of chiral sultams from available nonracemic amino
alcohols.

Supporting Information Available: Information on
experimental procedures and compound characterization.1H
and13C NMR spectra for obtained compounds. This material
is available free of charge via the Internet at http://pubs.acs.org.
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Scheme 2. General Method for the Preparation of a Chiral
â-Halosulfonamide
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