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Reaction of bromoethylsulfonium salt with 1,2-/1,3-aminoalcohols gave six- and seven-membered rings in good-to-excellent yields. The reactions
proceed through generation of a vinyl sulfonium salt followed by annulation to give 1,4-heterocyclic compounds such as morpholines and
benzoxazepines in a simple procedure. The method accommodates a range of nitrogen substituents and the amino alcohol can be substituted
by amino thiols and diamines to give thiomorpholines, piperazines and benzodiazepines.

Heterocyclic compounds particularly morpholines, thiomor-
pholines and piperazines are some of the most important
biologically active compounds.* However, the synthesis of
such compounds in an efficient and straightforward manner
is not trivial. For instance when using 1,2-dihaloderivatives
to create the heterocycle low yields and side-reactions are
often reported.?
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As part of our ongoing research into the chemistry of vinyl
sulfonium salts® we recently reported an efficient method
for the synthesis of these pharmacologically important
components from B-heteroamino compounds.* A range of
N-tosyl morpholines were synthesized in good yield from
the reaction of -amino acohols with diphenyl vinyl sulfo-
nium salt 1. The proposed mechanism for the reaction is
shown in Scheme 1. The cascade of events is initiated by

Scheme 1. Proposed Mechanism for Morpholine Synthesis
Using Vinyl Sulfonium Salt 1
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nucleophilic attack of the amide on the electrophilic sulfo-
nium salt which forms an intermediate sulfur ylide 2.° A
proton transfer unmasks a second electrophilic center and
creates a potent nucleophile, leading to the heteroatom
displacing the sulfide from 3 and forming the desired
heterocyclic product.

Although this method was highly effective for a range of
N-tosyl amino alcohals, it suffers from the need to prepare
and isolate the sensitive, oily vinyl sulfonium salt—an
especially challenging problem on a large scale. We now
report that in fact this annulation chemistry can be conducted
with the stable crystalline salt 4 which is easily prepared on
a large scale, and that the reaction is no longer limited to
tosyl sulfonamides. Furthermore, we have extended the scope
of this annulation reaction to include the pharmacologically
important 7-membered ring heterocycles (e.g., benzodiaz-
epines).

As noted above, the main problem associated with the
annulation reaction shown in Scheme 1 was the sensitive
nature of the oily vinyl sulfonium salt 1. Since the vinyl
sulfonium salt is generated by base from bromoethylsulfo-
nium salt 4 and base is employed in the annulation reaction
we wondered whether the sulfonium salt 4 could be used
directly in the process. This would have a major advantage
since the salt 4 is afree-flowing crystalline material, easy to
handle, facile to prepare on a large scale, and now com-
mercially available.®

Initial investigations focused on identifying a suitable base
for the proposed in situ protocol (Table 1) using the easily

Table 1. Optimization of the Base in the Annulation Protocol
Using the Bromoethyl Sulfonium Salt 4

OTf

Br +
" gpPh,
Ph/,[OH 4 (1 2 equlv) Phh[O]
W Base -
N+H CH,Cl,, 15 h N
s s
5a 0°Ctort 6a
entry base equiv yield (%)
1 Et;N 6 30
2 DBU 6 74
3 NaH 6 72
4 DBU 3.5 86
5 NaH 3.5 87
6 DBU 3.1 77
7 NaH 3.1 71

accessible norephedrine-derived sulfonamide 5a as a model
substrate. The required morpholine 6a was obtained in good
yield using bases such as NaH and DBU (entries 2 and 3)
but not with EtsN (entry 1), which had been the base of
choice in our earlier studies using 1. The poor performance
is presumably due to EtzN not promoting a clean elimination
process in the conversion of bromoethyl sulfonium salt to
the vinyl sulfonium salt. The yields were further optimized
by adjusting the number of equivalents of base and it was
found that 3.5 equiv gave the best yields (entries 4 and 5).

258

Having found suitable conditions, the scope of this new
methodology was explored (Table 2). As with the method

Table 2. Scope of the Annulation Reaction Using Bromoethyl
Sulfonium Salt 4
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using preformed 1, N-sulfonyl-protected amino a cohols were
converted into morpholines in good-to-excellent yields
(entries 1, 2 and 4). However the methodology is no longer
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limited to tosyl sulfonamides.” For instance, the more easily
cleaved SES group® was aso found to be suitable, giving
access to N-SES-substituted morpholines (entries 3 and 5).
The SES-protected morpholine 6f (from entry 5, Table 2)
was easily converted to the Fmoc-protected morpholine 7,
an important building block for arange of biologically active
compounds (Scheme 2).° In a broad ranging study of the

Scheme 2. Application of Methodology to the Synthesis of
Fmoc-Morpholine (3S) Carboxylate 7
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range of N-substituents'® that were compatible with the
annulation process it was discovered that N-aryl groups could
successfully be employed. Thus treatment of N-aromatic and
N-heteroaromatic 3-amino a cohols with bromoethy! sulfo-
nium salt and NaH in CH,Cl, yielded the required morpho-
lines in good-to-excellent yields (entries 6, 7 and 8).
Morpholines with N-aromatic and N-heteroaromatic groups
are common motifsin molecules of pharmaceutical interest,*
and this new methodology provides a facile route for their
preparation.
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This simple method was also effective for the synthesis
of thiomorpholines™ and piperazines from 8-amino thiol and
bis-tosylamides, respectively, in excellent yields (entries 9
and 10). Moreover, no chromatography was required for the
purification of thiomorpholine, which was isolated asits HCI
salt after the work up. It is noteworthy that no racemization
of potentially labile chiral centers bearing acidic protons was
detected under these mild conditions (entries 4, 5 and 9).

Although one can draw a plausible mechanism involving
successive Sy2 displacements of diphenylsulfide and bromide
from 4, we believe that the reactions proceed through
formation of vinyl sulfonium salt 1 followed by conjugate
addition to 1 as in Scheme 1. Indeed, by monitoring the
reaction using '"H NMR, 1 was clearly identified.™

Finally, after the successful application of this methodol-
ogy to the synthesis of 6-membered 1,4-heterocyclic com-
pounds, its extension to the synthesis of more challenging
7-membered heterocycles™ 9 was explored. Such com-
pounds, especially when fused to an aromatic group,
represent a “privileged motif” in medicinal chemistry X418
For example, the 1,4-benzodiazepine family show a broad
spectrum of therapeutic activity® including dampening of
the central nervous system (e.g., valium), muscle relaxant,
antibiotic, antiulcer, anti-HIV agent, and Ras farnesyltrans-
ferase inhibitors. We therefore targeted tetrahydro 1,4-
benzodiazepines and 1,4-benzoxazepines in our study. Grati-
fyingly, employing N-tosyl 1,3-amino alcohols and 1,3-
diaminesin this simple protocol yielded 1,4-oxazepines and
1,4-diazepines in moderate-to-excellent yields (Table 3). The

Table 3. Synthesis of 1,4-Benzoxazepines and

1,4-Benzodiazepines
oTf
Br~_ 2 SPh,
@YH 4 _ 402equv) @\)
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@2.2 equiv of bromoethyl sulfonium salt and 5.5 equiv of NaH are
used.
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mixed N-tosyl/N-SES 1,3-diamine 8d was a so employed and
again the 1,4-diazepine 9d was formed in excellent yield.
This heterocycle bears orthogonally protected amines which
can be deprotected and derivatized as required.

In summary, a new protocol for the efficient synthesis of
6- and 7-membered heterocyclic compounds from readily
available amino alcohols/thiols and diamines has been
described. This methodology shows considerable scope as a
wide range of amino substituents can be used in the reaction.
Bromoethyl sulfonium salt 4 was employed as an effective
reagent to generate vinyl sulfonium salt 1 in situ for this
simple annulation reaction. Pharmacologically important
morpholines, thiomorpholines, piperazines, benzoxazepines
and benzodiazepines were obtained in good-to-excellent
yields using this practical, mild procedure.
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