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ABSTRACT

Racemic derivatives ol z-amino acid f.v-thioenol ethers have
been synthesized [rom homoscerine through a y-climination on
asulfoxide derived from aspartaldehyde. Optically active deri-
vatives were clliciently prepared from /-methionine by a
Pummerer like reaction,

2-Amino acid B.y-cnol ethers T and their sulfur analogues 2 are com-
pounds ol biological interest: they are possible pyridoxal phosphate depen-
dent enzyme inhibitors because of the presence of the double bond in the
B.y-position.’ ’

Indeed. the oxvgen analogues 1 have shown antibiotic activity.” Both
types of compounds exhibit some antiproliferative activity because they act
as methionine analogues and inhibit S-adenosyvl methionine transferase.”
(Scheme 1)
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Scheme 1.

While several satislactory svnthetic solutions have been deseribed lor
the z-amino acid B.y-enol ether derivatives 1. only two very similar path-
ways exist for the sulfur analogues 2 (R=Mc). Starting from achiral dicthyl
acctamido malonate. the vinyl sulfide motety is obtamed by the elimination
of a methylsulfinyl group in the y-position (Scheme 2).° Actually. various
proportions ol the z.3-unsaturated isomers are obtained in this step: unlike
their oxygen analogues 1. compounds 2 are highly prone to isomerisation
into the more stable % f-unsaturated analogues. ™ The opucally active deri-
vatives are obtained through enzyme catalysed acid or amino group depro-
tections. Therefore. overall vields are very low. The problems experienced by
the groups involved in the synthesis ol derivatives 2 clearly show that it is a
real synthetic challenge.™
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Scheme 2.

In this paper. we describe two new routes to derivatives 2 from the
chiral pool: homoserine and methionine.

Racemic homoserine was first converted into the aspartaldehyde
derivative 3 following the literature procedure. ™7 The precursor sulloxide
S was obtained in good vield through dithioacetal formation™ followed by

sodium metaperiodate monooxidation. We have found optimal conditions
to perform the thermal climination of the sulfoxide” leading to the forma-
tion of the desired B.y-unsaturated z-amino acid derivatives 6 with a global
yicld of 50% without detecting the formation of the z.-unsaturated
isomers. (Scheme 3)

Nevertheless. the proceding route. although  successful. is  still
laborious."
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Scheme 3.

We have recently shown'" that L-methionine is a possible precursor to
optically active aspartaldehyde derivatives using a Pummerer like reaction'*
(a regioscelective a-chlorination to the sulfide using N-chlorosuccinimide)
followed by hydrolysis. Alternatively. we now report that optically active
2-amino-4-methylthio-3-butenoic acid (3. 4-dehvdro-L-méthionine™™) deriva-
tives can be cfliciently obtained from L-methionine using the same reuc-
tion'* (Scheme 4).

Phthaloyl protection'? was chosen to avoid any amine participation.
(N.O)-protected  L-methionine 7 is treated with N-chlorosuccinimide in
carbon tetrachloride. When the crude mixture of a-chlorosulfide intermedi-
ates is heated in dimethylformamide (70 C). the formation of the vinyl
sulfide 8 is observed resulting from acid catalysed dehvdrochlorination'*!?
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probably through the transient ionic species B in equilibrium with A in the
polar solvent dimethvlformamide (Scheme 3).
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Aflter purification by silica gel chromatography. major (/) isomer was
shown to have 90-91% cc based on chiral HPLC analysis (see experi-
mental part). The observed slight racemisation (compound 7 proved to be
96 98% ce''™) might be done to the well-known stercochemical instability off
these Boy-unsaturated z-amino acid derivatives,

In conclusion. the procedures desceribed herein allow the eflicient svn-
thesis of a-amino acids B.y-thioenol ethers derivatives with optimized steps.
The Pummerer strategy using L-methionine as starting material lead to the

protected optically active unsaturated analogue =3 A-dehvdro-L-methionine”
very quickly and efliciently without any detectable double bond isomerisa-
tion using cheap and casily handled reagents. Deprotection and variation
study on the amino protecting groups as well as generalization to other
thiocther derivatives ol commercially available optically active homocys-
teine are under investigations m our laboratory.

EXPERIMENTAL

All solvents and reagents were used as purchased. CCly and DMF were
stored over 4 A molecular sieves before use. Purifications by flash column
chromatography  were  performed  using silica gel 60 0.04 0.063 mm
(230-400 mesh) (Merck rel 9385). and TLC using silica gel 60F254. layer
thickness 0.2 mm on aluminum sheets.

Melting points were determined on a Mettler FP 62 apparatus and are
corrected. Optical rotations were measured on a Perkin Elmer 241 polari-
meter in a lem celll IR spectra were obtained using a Nicolet 205 FT-IR
spectrometer. 'H and “CNMR spectra were recorded on a Bruker AM 200
spectrometer. Chemical shifts are reported as o values (ppm) relative o
internal tetramethylsilanc.

Chiral HPLC analysis was performed using a 25¢m x 0.46.cm Chiracel
Ol column from Daicel.

Benzyl (2RS )-2-Benzyloxycearbonylamino-4,4-dibenzy Ithiobutanoate (4):
Racemic  aldehyvde 3T (163 ¢ 47mmol). benzyl mercaptan (S.3mL.
47mmol) and TsOH (0.2g. I mmol) in toluene (110ml) are refluxed in a
flask fitted with a Dean-Stark apparatus. After 12 h. the reaction mixture is
washed with satd. aq. sodium carbonate then with water. The organic phase
is dried (Nu-SOy). filtered and evaporated to leave an oily residue.
Purification by silica gel flash chromatography gives an oil (19g. 70%).
Crystallization of dithioacetal 4 occurs in E6-O pentane: mp =65 C.

'HNMR (200 MHz. CDCl3):8="2.10 2.50 (m. 2H. CFlL): 3.55 (br (.
IH. J=7.6 Hz. SCHS): 3.65 390 (m. 4H. SCHa): 4.6-(m. 1. CHN):
5.00-5.30 (m. SH. NH. OCH=): 7100 7.50 (m. 20H. Flpom ).

BCNMR (50.3MHz CDCli): 8= 34.7: 35.1: 37.8 (CHa. SCHa): 46.5
(SCHS): 52,3 (CHN): 66.9: 67.3 (OCHa): 127.0-137.0 (Cirom.): 135,06
(NHCO2Bn): 171.2 (CO-Bn).

MS (DCIL. NH3): m 2 389 (M +NHp* . 497 (M-PhCH 4+ NHy)*. 480
(M-PhCH; 4+ H)*. 465 (M-BnSH + NHy)". 448 (M-BnSH + H)".

Analysis: caled CaiITi::NOGSar C:09.320 H:5.82: N:2.45: found:
C:69.11: H:5.88: N:2.51.



5:1) o give 8 (202 W%, (L) (Z)~6.71 by '"HNMR anulysis) as a

colorless o1l

ELOat 0 C.mp=74 76 C. [7.|f‘,’=+|1 (c=1.2. CHCE).

Optical purity ol the major (/) isomer is 90-91% ¢¢ based on HPLC
analysis over a 25em x 0.46 ¢cm Chiracel OJ column using hexane-isopropyl
alcohol (70:30) as cluent and a flow rate of approximately I mL min . The
peak assignment was conlirmed by co-injections of the R-1isomer synthesized
by the same method. The S-isomer elutes with a retention time ol 38 min
while the R-isomer has a retention time ol 32 min.

8E: IHNMR (200 MHz. CDCI3): 8 =2.29 (s. 3H. CH:S). 3.78 (s, 3H.
CO-CH3). 53,46 (d. 111, J =851z CHN). 3.87 (dd. 1H. J=8511s. I5Hz.
CH=C//-CHN). 649 (d. IH. J=I13Hz. S-CH=CIl). 7.70 790 (m.
4H. Pht).

BCNMR (30.3MHz, CDCly): 6=14.2 (CHsS). 33.0. 33.7 (CHN.
CO-CHR) T3.6(SCH=CH) T23.5(CH yom)- T3LS(Cyam) T33.0(SCH=CH).
1341 (CH ). 1669, 168.6 (CO).

MS (DCL NH ) m 2 292 (M +H) ' 309 (M + NIy '.

IR (KBr. cm ') 3070. 3040. 2960. 2920, 2900. 1775, 1740. 1735, 1630.
1620. 1470. 1420, 1390.

Analysis: caled  CyHaNOGS: C:37.72: H:4.50: N:4S1: found:
C:57.55: H:4.56: N:4.73

For comparison and (/) (/) ratio determination: "HNMR: 8Z: 5.75
(d. J=8Hz). 6.14 (dd. /=8, 94 Hz). 633 (d. /=9.4117). 87 was [lully
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