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Abstract. (E)-Methoxy alkenes derived from N-Boc or N-Cbz a-amino acids undergo stereoselective addition of phenyl
seleny] chloride in the presence of Ti(Oi-Pr)4 and LiCl to give the corresponding phenylselenyl aldehydes that can be
easily transformed into new enantiomerically pure amino acids containing an aziridine ring. © 1999 Elsevier Science Ltd.
All rights reserved.
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The search for lead structures for the discovery of new effective proteinase inhibitors is one
of the major tasks of contemporary organic chemistry.! Recently we described the preparation
of a new class of peptidomimetics containing an epoxide in the place of the peptidic bond
following the general synthetic scheme described in scheme 1.2
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The key step of the synthesis was the addition of phenyl selenyl chloride, in the presence of
Na,CO;3, to chiral vinyl ethers derived from protected o-amino aldehydes. This reaction gave a
mixture of two diastereoisomers that were separated by column chromatography on silica gel
and then transformed into the corresponding epoxides. As one of the two isomers showed
higher activity as an inhibitor of cysteine proteases,3 we decided to explore the possibility of
controlling the diastereoselectivity during the addition of phenyl selenyl chloride. The low level
of stereoselectivity observed could be related to the difference in steric hindrance between the
R and the NHBoc or NHCbz groups linked to the stereogenic centre. Moreover, the rotation of
the ¢ bond in the allylic group could be considered as another source for low selectivity.

At first, we observed that the stereochemistry of the double bond in the starting material had
no influence on the diastereomeric composition of the final adduct. Starting either from the £
or the Z isomers, we always obtained the corresponding selenyl aldehydes with comparable
diastereomeric excess (de).
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In one case (1f) the two diastereomeric products were separated and stirred in the presence
of Na;CO3 for 12 h and no epimerisation was observed, demonstrating that the selenyl
aldehydes are stereochemically stable to the reaction conditions.

The presence in compounds 1a-f of two groups that can behave as Lewis bases led us to
try the use of a chelating Lewis acid that should prevent rotation around the ¢ bond.
Experiments carried out with strong Lewis acids such as ZnCl;, MgCl; or TiCly; were
discouraging as the aldehyde § was not obtained. The strong competition between the Lewis
acid and the Na;CO3 employed, indispensable in the reaction,> was certainly responsible for
that failure. When we used Ti(Oi-Pr)4 we observed the formation of small amounts of the
desired aldehyde S together with larger quantites of the mixed acetal 4.
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These two products came from a competition, between the ligand of Ti(Oi-Pr)s complexed
to the Boc group and the chloride of the PhSeCl, in the nucleophilic opening of the selenonium
intermediate 2. While the chloride 3 was easily transformed into the aldehyde 5 by Na,CO;, the
acetal 4 was stable to the basic conditions and was recovered unchanged at the end of the
reaction.

We tried to invert this unfavourable product ratio by increasing the amount of chloride ions
in solution. We found that when the reaction was carried out at -78°C in THF, in the presence
of 10 eq. of LiCl, we were able to isolate the desired phenyl selenyl aldehydes 5 in acceptable
yield and good de (see Table). The values of de were easily determined by 'H NMR analysis of
the crude. The signals of the diastereomeric aldehydes at § = 9.0-9.5 (-CHO) were always well
separated and could be simply integrated to estimate the ratio. The stereochemistry of the
products was determined by reduction of compounds Sa-c into alcohols 6a-c followed by
deprotection and cyclisation with carbonyldiimidazole (CDI) and imidazole to give the cyclic
urethanes 7a-c. The !H NMR spectra of 7a-¢ in CDCl3-D,0 showed a vicinal coupling
constant of 6 - 8 Hz, typical for an axial-axial relationship in a six membered ring.6
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Table 1. Stereoselective addition of PhSeCl to methoxy alkenes derived from protected a-amino acids in the
presence of Ti(Oi-Pr)4, LICl and Na;CO4

Ti(Oi-Pr)4, LiCI BocHN
§HBoc PhSeCl, Na;COa RYHO
RN oMe 5 SePh
1
Starting amino acid Alkene ® Product yield (de)®
NHBoc NHBoc
i H 73% (75
{L)-N-Boc-Ala-OH AN 0OMe /YCHO (75)
1a 5a  Seph
(L)-N-Boc-Phe-OH A~ome HO
1b 55 Seph
NHBoc NHBoc 71% (92)
-N-Boc-Val-OH ’ : HO
(L)-N-Boc-Val-O Y\/\OMe \|/\rc
1c 5¢ SePh
NHBoc NHBoc
-N-Boc-lle-OH ; A HO 73% (94
(L)-N-Boc-lle-O /Y\/\OMB /\]/\‘/C (94)
(L)-Ser-OH
77% (92)
1)-Cbz-Trp-OH
(L-Coz-Tp-0 69% (85)
NHBoc
{L)-N-Boc-Gly-Phe-OH HNLO HULO
NP NoMe : HO 55% (90)
1g 5g SePh

a) Compounds 1a-g were prepared, according to 'ref. 2, from the N-protected amino aldehyde via a Wittig
reaction of the ylide generated from MeOCH,PPh3Cl and NaN(SiMes)z. The products were always obtained as a
mixture of the E/Z isomers in approximatively 8/2 ratio. b) Yields of isolated and fully characterized products. For
the determination of the de see text. The relative stereochemistry of compound 5d-g was assigned by analogy
with products 5a-c¢

The stereochemistry observed suggests that the Ti(Oi-Pr)s may coordinate to the protecting

group of the nitrogen leaving the face opposite to the nitrogen accessible for the attack of
PhSeCl.7
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The aldehydes obtained with this reaction are valuable synthetic intermediates that can be
transformed into the corresponding epoxides? or, as described in scheme 4 for Sa-c, oxidized
with 4 eq of MCPBA in MeOH in the presence of Na;COj3 at 0°C to give, after acidification
and extraction with ethyl acetate, the aziridine carboxylic acids 8a-c in acceptable yields.3 In
this case variable amounts (5-15%) of the unsaturated N-Boc amino acids 9a-c¢ were also
isolated after column chromatography on silica gel.
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Scheme 4

Compounds 8a-c are conformationally constrained amino acid derivatives, suitable for
introduction into a peptidic structure, that may have several applications in the field of
peptidomimetics and enzyme inhibitors.®
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