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A New Method for Hydroxymethylene Peptide Isostere
Synthesis: Asymmetric Synthesis of Statine
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Abstract: The asymmetric synthesis of (-)-Statine is described. The key step of the synthesis involves the
coupling of hemi-acetal & with the kerene silyl acetal of methyl acetate.

Since the discovery of pepstatin by Umezawa in 1970,1 there has been a tremendous level of interest in the
design and synthesis of non-scissile peptide mimics. Pepstatin (1) is a naturally occurring peptide produced by
various Streptomyces sp. that was demonstrated 2 to be a potent inhibitor of aspartic proteases such as, pepsin,
renin and cathepsin D. Pepstatin contairs the unusnal amino acid statine (2) which has become the prototypical
hydroxymethylene isostere of the putative tetrahedral transition state (3) for peptide bond hydrolysis. Most
syntheses of statine and related hydroxymethylene peptide isosteres utilize the natural amino acid (in the case of
statine, leucine) as a starting material which is homologated by two carbons.3 As part of a program aimed at
significantly broadening the scope of functionality and stereochemistry that could be incorporated into the
hydroxymethylene manifold, we report in this paper, a new and potentially very general methed for constructing
this class of peptidomimetics.
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The method employed relies on the ready availability 4 of the alkylated oxazinones (5) that can be prepared
from the commercially available 3 glycine templates (4). A wide varicty of a-"R" groups can be introduced via
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electrophilic and nucleophilic C-C bond-forming reactions on the laciones 4. To illustrate this method, the
synthesis of statine (2) and two related hydroxymethylene peptide isosteres (9b and 9¢) are reported herein, As
shown in Scheme 1, the sodium cnolate of optically active lactonc 4 was alkylated with 1-isobutyl triflate to
afford the alkylation product Sa in 78% yield. 6 The anti-isomer (5a, shown) was the only diastereomer that

SCHEME 1

NaN(SiMeJ) »/ THF 1. DIBAH, CH.LI,, -768°C
78°C RX o 2 (AS)D, DMAP, EIN
", CH.CL
R
58, R = CHLCH(CHg)a 68. R = CH,CH(CH)
3e A - grycycichey) 8b; R = G i4cveionaiy)
6¢c,R= GHa
H
., ~C02CHs
f)SiMazthu R
7a, R = CH,CH(CH,),
7b. R = CH;(cyclohexyl)
OCHs + 7c.n-cwq v
ZnBr, CHClL,
-45°C »0°C

1. KOH, dioxane, MeOH

CBz ~ 020H3 2. L, NH,, THF, t-BuOH Hz COH
% §
", HG H
R ga R« CHLHCHY)
8bR= CHz(cyclohexy!) 2, R = CH,CH(C
8cR= 8b, R = CH{cyclohexyl)
8¢, R=CHs

could be detected by 1H nmr analysis. Reduction of the lactone carbonyl with diisobutylaluminum hydride
(DIBAH) in methylene chlpride at low temperature gave the corresponding lactol which was immediately
acetylated with acetic anhydride in the presence of N.N-dimethylaminopyridine (DMAP) and triethylamine to give
the hemi-acetal 6a in 79% overall yield from Sa. The acetates were formed (in all cases) as a roughly equimolar
mixture of diastereomers and were used in the subsequent couplings as a mixture. 7 The t-butyldimethylsilyl
ketene acetal 8 of methylacetate was condensed 9 with 6a in the presence of zinc bromide in methylene chloride at
-45 oC — 0 °C to furnish the separable coupling products 7a and 8a in a 1 : 4 ratio in 65% combined yield. The
major diastereoisomer (8a) was shown to have the desired 28,358-stereochemisiry by conversion into statine.
Thus, hydrolysis of the methyl ester into the corresponding acid was accomplished with aqueous, methanolic
KOH in dioxane; the crude acid was subsequently reduced with lithium in liquid ammonia to provide essentially
optically pure {-)-statine (2) in 69% yield. The synthetic and authentic 10 marerials were shown to be identical by
IH nmr, mobility on HPLC 4nd optical rotation.
Application of this method to other hydroxymethylene isosteres is also illustrated in Scheme 1. Table 1
summarizes the yields and diastereoselectivities for the synthesis of the methylcyclohexyl series (5b-9b) and the
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methyl series (5¢-9¢). The diastercoselectivity of the ketenesilyl acetal coupling to the methylcyciohexyl
derivative 6b closely paralicled the level of selectivity observed for 6a. However, the methy! derivative (6¢) gave
& preponderance of the anti-diastercoisomer 7¢ over the sys-diastereoisomer 8c (3 : 2 ratio). The change in
diastereoselectivity can be rationalized by considering the conformations of the two relevant oxonium ions (10s
and 10b) that arc presumably generated from 6 in the Lewis acid-mediated couplings.? In the isobutyl and
methyleyclohexyl systems, the steric bulk of the branched side chain is envisioned o favor conformer 10a which
places the CH2R' group in a pscudoaxial disposition and minimizes A-1,3 strain and 1,3-diaxial compression
between the CH2R' group, the carbobenzyloxy group and the C-5 ring methine, respectively (see 10a); attack of
the ketenesilyl acetal should proceed from the pro-(S) face. In the methyl system (6c¢), it appears that the
equilibrium between the conformers (10a / 10b) is shifted to favor 10b where, the less bulky methyl group
adopts a pscudo-cquatorial orientation and positions the C-6 phenyl fing axial and thus shielding the pro-(S) face
from nucleophilic attack (Scheme 2). )
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Table 1
Series R 5 (%) 6 (%) RATIO (7 : 8) 7+8((%) 2/9{%)
2 CH2CH(CH3)? 75 82 1:4 58 69
b CHa(cyclobexyl) 70 8§ 1:4 75 82
3 CH3 88 76 3:2 57 ND

Efforts are currently underway in these Iaboratorics to further explore the utility of this approach to
synthesizing a varicty of hydroxymethyleac, hydroxyethylene and related peptidomimetics in optically pure and
stereodefined form; these studies will be reported on in due course.
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