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The nitrogen-containing heterocycles comprising morpho-
lines, thiomorpholines, and piperazines are some of the most
important pharmacophores in medicinal chemistry.[1] How-
ever, the direct synthesis of such compounds by alkylation of
b-amino alcohols/thiols/amines with 1,2-dihalo derivatives is
often fraught with low yields and side reactions.[2] 1,2-
Dihalogen derivatives are generally poor electrophiles and
reactions are often accompanied by competing elimination
processes. A solution to this problem is to carry out a three-
step sequence employing an a-halogen acid halide as the
electrophile.[3] Following amide formation and intramolecular
alkylation, reduction finally furnishes the required hetero-
cycles. Herein, we describe the application of a novel concept
to prepare these pharmacologically important heterocycles
from b-amino alcohols/thiols/amines in one step and high
yield.

We reasoned that soft electrophiles operating under less
basic conditions would minimize competing elimination
pathways and therefore considered the possibility of employ-
ing Michael acceptors. This led us to vinyl onium salts (e.g., 1).
We expected that, following conjugate addition of one of the
heteroatoms, an ylide 4 would be generated that could
undergo proton transfer with the other heteroatom
(Scheme 1). The heteroatom anion generated, 5, would then
attack the onium ion electrophile to effect ring-closure and

produce the required heterocycle. Although vinyl onium salts
have been employed in three-component coupling reactions
with nucleophiles and electrophiles,[4] their potential to react
according to the pathway shown in Scheme 1 has not
previously been recognized.[5]

Of the readily available vinyl onium salts, it was thought
that sulfonium and phosphonium would be better at promot-
ing the conjugate addition step than ammonium since the
ylide intermediate is better stabilized.[6] However, to promote
cyclization leaving group ability of the onium is critical and
this falls in the order S>N @ P.[7] These considerations led us
to examine vinyl sulfonium salts, and in particular diphenyl
vinyl sulfonium salt 1.[4c,8] This salt was easily prepared
through a modified procedure as shown in Scheme 2.[9] In this

modification, the conventional 5 day reflux has been replaced
by a 5 h reflux using toluene in place of CH2Cl2 and the Ag2O
base has been replaced with inexpensive KHCO3 in a THF/
H2O mixture. After a short reaction time clean elimination
occurred with this base although after a few hours the product
of water addition began to be observed.[10]

A range of amino alcohols 2a–f bearing sulfonamide
residues[11] with different degrees of substitution and stereo-
chemistry were tested (Table 1, entries 1–6). In all cases
morpholines 3a–f were obtained in very high yield. This novel
process is especially noteworthy for its simplicity of reaction
conditions (Et3N, CH2Cl2, RT) and workup. Evaporation of
the reaction mixture and simple chromatography allowed
easy separation of the nonpolar by-product (Ph2S) from the
polar morpholine. Although limited to sulfonamides, the use
of the more easily cleaved nosylamide is noteworthy (Table 1,
entry 6).

No such limitations applied to the reactions of b-amino-
thiols. A range of b-aminothiols 2g–i bearing different levels
of functionality and substitution were smoothly converted
into the corresponding thiomorpholines in near quantitative
yield (Table 1, entries 7–9). The products were easily isolated
in this case by an acid/base wash to give essentially pure
material.

Scheme 1. Proposed annulation reaction for heterocycle synthesis
mediated by vinyl sulfonium salt 1.

Scheme 2. Synthesis of diphenyl vinyl sulfonium salt 1.
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Piperazines were also effectively synthesized by using this
process starting from 1,2-diamines 2 j,k or the corresponding
tosylamide analogues 2 l,m (Table 1, entries 10–13). In the
case of cyclohexanediamine, benzoylation of the piperazine
was carried out to assist isolation and purification of the

product (Table 1 entry 10). For the 1,2-bis-sulfonamides it was
found that 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) gave
higher yields that Et3N.

Substrates with potentially epimerizable stereogenic cen-
ters (Table 1, entries 3, 8, and 9) did not undergo any
detectable racemization, presumably because of the mild
reaction conditions employed.

The mechanism of this novel process is believed to be as
shown in Scheme 1. In the case of the morpholine synthesis,
the question of which nucleophile added first was demon-
strated by the isolation of the intermediate sulfonium salt
protonated 5 f (X = O, R1 = Ph, R2 = Me, R3 = Ns) which
clearly showed that sulfonamide adds first to the vinyl
sulfonium salt 1. In the case of the b-aminothiols we believe
that the thiol adds first because in the corresponding reactions
of unprotected b-amino alcohols, aziridines were formed from
initial reaction of the primary amine to the vinyl sulfonium
salt.[12]

Finally, the synthetic utility of this methodology is
illustrated in a short, highly efficient synthesis of morpho-
line-(3S)-carboxylic acid,[13] an important motif in a broad
range of biologically active molecules.[14] Thus, sulfonamide
protection[15] of l-serine methyl ester hydrochloride (95%),
followed by reaction with diphenyl vinyl sulfonium salt 1 gave
the required morpholine 3c in 97% yield. Detosylation,[16] 9-
fluorenylmethoxycarbonyl (Fmoc) protection and hydroly-
sis[13] of the ester gave the morpholine amino acid 6, suitably
protected for standard coupling reactions, in 84% overall
yield (Scheme 3) and without any racemization along the
reaction sequence.

In conclusion, we have developed a new strategy for the
concise synthesis of morpholines, thiomorpholines, and piper-
azines from the corresponding b-amino alcohols/thiols/
amines. This simple, one-step protocol avoids any redox
processes making it compatible with a much broader range of
functional groups. The bis-electrophile employed to form the
heterocycles is diphenyl vinyl sulfonium triflate 1. This study
represents the first occasion where the potential of a vinyl
sulfonium salt to act as a bis-electrophile to form a six-
membered ring has been recognized and then utilized with
considerable success. Indeed, we believe that this novel
protocol will become the method of choice for the synthesis of
these pharmacologically important heterocycles.
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Table 1: Synthesis of morpholines, thiomorpholines, and piperazines
using diphenyl vinyl sulfonium salt 1.

Entry Substrate Product Yield [%][a]

1 2a 3a 94

2 2b 3b 96

3 2c 3c 97

4 2d 3d 96

5 2e 3e 98

6 2 f 3 f 98

7 2g 3g 98

8 2h 3h 96

9 2 i 3 i 94

10 2 j 3 j 98[b]

11 2k 3k 91

12 2 l 3 l 99[c]

13 2m 3m 98[c]

[a] Yields of isolated products. [b] Isolated after benzoylation (see
Supporting Information for details). [c] DBU (2 equiv) was used as a
base.

Scheme 3. Synthesis of the enantiopure Fmoc morpholine-(3S)-carbox-
ylic acid 6. a) TsCl (1.1 equiv), NEt3 (2.4 equiv), 95%; b) 1, NEt3
(2 equiv), CH2Cl2, 0 8C–RT, 15 h, 97%; c) PhOH (2 equiv), 45% HBr in
CH3COOH, 16 h, RT, 94%; d) Fmoc-Cl (1.1 equiv), NaHCO3 (3 equiv),
99%; e) 5m HCl, dioxane, 16 h, reflux, 98%.
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