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Allium species such as onions (Allium cepa) and garlic (Allium
sativum) contain a variety of sulfur compounds which exhibit
significant biological activities including .an‘[icarcinogenjc,1 anti-
tumorigenic,2 an‘timutagenic,3 antimicrobial,4 immunomodul-
atory,za cardiovascular-protective,” and antioxidant effects.’
Several S-alk(en)yl-L-cystein sulfoxides have been reported
to be present in genus Allium in the form of nonprotein sulfur
amino acids.” 77 rans-S-1-propenyl-L-cystein sulfoxide (isoalliin,
1) has been isolated from onions,™® and it has been shown to be
the precursor of the lachrymatory properties of A/lium cepa by
the action of the enzyme alliinase on the conversion of odorless
trans-S-1-propenyl-L-cystein sulfoxide into the corresponding
volatile thiosulfinate.”

Quantification of S-alk(en)yl-L-cystein sulfoxides is an im-
portant issue in A//ium research. The unusual amino acid trans-
S-1-propenyl-L-cystein sulfoxide (1) is in demand in the field of
Allium chemistry including metabolism and biological studies,”
and serves as a standard for determination of S-alk(en)yl-L-
cystein sulfoxides. Herein, we describe the facile synthesis of
trans-S-1-propenyl-L-cystein sulfoxide in three steps.

The synthesis of trans-S-1-propenyl-L-cystein sulfoxide (1)
was reported by three research groups. Nishimura and co-work-
ers'’ performed the isomerization of a terminal triple bond
(ethyl prop-2-ynyl sulfide) to ethyl prop-1-ynyl sulfide and the
subsequent reductive coupling with alkyl chloride as key re-
action steps. Parry and Sood"! reported the synthesis of com-
pound 1 in five steps without presenting a detail experimental
description. They also used the isomerization of a terminal triple
bond (benzyl prop-2-ynyl sulfide) to benzyl prop-1-ynyl sulfide
in the scheme of synthesis of 1. Namyslo and Stanitzek'? util-
ized palladium-catalyzed coupling of a thiol with alkenyl bro-
mide and completed the synthesis of compound 1 in five steps.

Our synthesis started with the formation of vinylsulfide 3
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from the commercially available (E)-1-bromo-1-propene (2),
which by treatment with #~-BuLi and the successive addition of
dibenzyl disulfide afforded (£)-1-(benzylthio)-1-propen (3)
(Scheme 1).13 The isomerically pure trans-(1-propen) com-
pound 3 was obtained providing the characteristic large NMR
coupling of the trans-olefinic protons (/= 15.0 Hz). Reduc-
tive cleavage of a C-S bond in compound 3 by Na in liquid
NHj; followed by addition of 3-chloro-L-alanine hydrochloride
gave trans-S-1-propenyl-L-cystein (4). 1 Finally, the oxidation
of sulfide 4 by aqueous hydrogen peroxide provided sulfoxide
1 in a quantitative yield. Compound 1 was obtained as a mixture
of two diastereomers with a new formed sulfur chiral center.
The structure of 1 was confirmed by a comparision with those
in the literature.”"?

In summary, a natural amino acid, trans-S-1-propenyl-L-
cystein sulfoxide (1) was synthesized from (E)-1-bromo-1-pro-
pene in a concise way, via the sequential (i) the formation of
vinylsulfide from lithiated propene and disulfide, (ii) reductive
cleavage/alkylation of vinylsulfide, (iii) sulfide oxidation to
sulfoxide. This compound is widely used as a reference for
studies on Allium chemistry including biosynthesis of S-alkenyl-
L-cystein sulfoxides, metabolism studies and biological in-
vestigations.

Experimental

Compound 3. To a solution of #~-BuLi (35.6 mLofa 1.7M
solution in pentane, 60.5 mmol) in THF (80 mL) at—78 °C was
added (£)-1-bromo-1-propene (2) (2.4 mL, 27.9 mmol). After
30 min, dibenzyl disulfide (6.56 g, 26.6 mmol) was added, and
the reaction mixture was stirred at 0 °C for 1 h. The reaction
was quenched by addition of propylene oxide (20 mL) and the
mixture was stirred for 30 min. The reaction mixture was pour-
ed into a 15% NaOH solution, extracted with hexane, washed
with brine, dried over MgSQs, and concentrated in vacuo. The
residue was purified by silica gel column chromatography
(hexane as an eluent) to give 2.1 g (48%) of compound 3: 'H
NMR (300 MHz, CDCls) 6 7.35-7.24 (m, 5H), 5.93 (br.dd, J=
15.0, 1.2 Hz, 1H), 5.71 (dq, J=15.0, 6.9 Hz, 1H), 3.85 (s, 2H),
1.73 (dd, J = 6.9, 1.2 Hz, 3H); °C NMR (75 MHz, CDCl3) &
137.8,128.7,128.4,127.1,126.9, 122.8, 37.5, 18.4; HRMS (EI)
m/z 164.0658 [(M)+, calcd for CioH2S 164.0660].

Compound 4. Ammonia was condensed into a two-necked
flask fitted with a dry ice-isopropyl alcohol condenser, which
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contained a solution of compound 3 (2.0 g, 12.2 mmol) in ethyl
ether (4 mL). The mixture was cooled to —42 °C in a dry ice-
CH;CN bath and small pieces of sodium (0.82 g, 35.6 mmol)
were added until the blue color was persisted for 20 min. Solid
ammonium chloride was added to destroy the excess of sodium
until the blue color disappeared. The ammonia was evaporated
by a stream of argon, and the residue was dissolved in THF and
cooled to 0 °C. 3-Chloro-L-alanine hydrochloride (1.9 g, 12.0
mmol) was added, and the reaction mixture was stirred for 18 h
at room temperature and poured into water. The mixture was
adjusted to be pH 5 - 6 using acetic acid, added to strongly acidic
Amberlite and sirred for 10 min. The ion exchanger was filtered
by washing with water and MeOH. The filtered ion exchanger
was washed with 4N-NH4OH solution and the collected solu-
tion was concentrated in vacuo to yield 0.53 g (27%) of com-
pound 4: 'H NMR (300 MHz, D;0) & 5.91-5.83 (m, 2H), 3.82
(m, 1H), 3.17 (dd, J=14.7,3.6 Hz, 1H),2.99 (dd, J=14.7, 8.1
Hz, 1H), 1.67 (d, J=4.2 Hz, 3H); "C NMR (75 MHz, D,0) &
172.1,131.8, 120.1, 53.9, 33.2, 17.6.

Compound 1 (isoalliin). To a solution of compound 4 (0.4 g,
2.5 mmol) in H,O (35 mL) at 0 °C was added 30% H,O, (0.29
mL, 2.6 mmol). The mixture was stirred at room temperature
for 16 h and concentrated in vacuo to give 0.43 g (99%) of
compound 1: 'H NMR (300 MHz, D,0) 8 6.69-6.54 (m, 2H),
6.47-6.39 (m, 2H), 4.11-4.01 (m, 2H), 3.57-3.15 (m, 4H), 1.91
(d,J=6.9 Hz, 3H), 1.87 (d,/=6.9 Hz, 3H); °C NMR (75 MHz,
D,0) 8 171.6, 171.5, 143.6, 142.8, 130.4, 129.1, 52.5, 51.1,
50.5,49.9,17.4, 17.3.
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