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STEREOSELECTIVE SYNTHESIS OF STATIN ANALOGUES.
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Abstract. Statin analogues can be synthesized stereoselectively (diastereomeric ratios
up to 4:1) starting from malic acid. The key step involves an unprecedented cis-selective
allylation of an a-alkoxy N-acyliminium ion.

The peptide pepstatin is a strong competitive inhibitor of aspartyl proteases.! Its biological activity is
largely due to the presence of the unusual y-aminoacid statin 1, wich is believed to behave as a transition state
analogue of the scissile dipeptide unit of the natural substrates. Peptides containing the statin analogues 2-4,
where the iPr group has been replaced by a more lipophilic residue, were found to be even more active than
pepstatin itself in inhibiting human renin, the aspartyl protease which cleaves angiotensinogen to begin the
cascade of the renin-angiotensin system.2
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Due to the crucial role of renin in regulating blood pressure, in recent years a great deal of efforts has
been devoted to designing practical syntheses of statin and its analogues.3 Almost all the published methods,
however, are based on the use of natural aminoacids as starting materials, and on their elongation with some
sort of acetate equivalent. Such an approach poses severe limitations to the number and type of R residues that
can actually be introduced. We reasoned that cis-selective alkylation of an acyliminium ion 6 (Scheme 1) to
give lactam 5 (a known intermediate en route to statin®*-39) would allow a lot more of flexibility in the choice
of R residues. The precursor to 6, in tum, ought to be accessible in enantiomerically pure form from the
inexpensive (S)-malic acid. However, cis-selective intermolecular alkylation of cyclic acyliminium ions like 6
are unprecedented in the literature.¢ We therefore set about to find the best conditions for cis selectivity by
using (%)-malic acid as starting material and trimethy] allylsilane as a model alkylating agent.
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a. PhCH,NH, in refluxing xylene (70%). b. NaBH,, EtOH, 0°C, 10 min, followed by IN H,SO, in EtOH. c.
AcCl, Py, CH,Cl,, 1h, RT. d. NaBH ,;, MeOH, followed by sat. NaHCO;. e. PhCH,Br, Ag,0, Et,0.

Imide 7 (Scheme 2) was obtained in 70% yield from malic acid by a modification of the known
procedure.” Lactams 8a-b and 9a-b were synthesized from 7 by alcohol protection / regioselective reduction®
sequences, as shown in Scheme 2.2 In all cases a mixture of two stereoisomers was obtained upon treatment
with NaBH,. Products arising from reduction of the less electrophilic carbonyl group were not detected.

Acid catalyzed allylsilane addition to acetates 8a and 8b gave rise to amide 10° with moderate rans
selectivity!? (Table 1, Entries 1-3).

Table 1. Addition of trimethylallylsilane to 8 and 9.2

Entry  Subst. Lewis acid® Conditions Prod. trans/cis® Conv.(%)%
1 8a Me;SiOTS 24h, RT 10 31 80(73)

2 8b Me,SiOTf 3h,-20°C 10 2.5:1 90 (81)

3 8b BF;Et,0 3h,-20°C 10 2:1 90

4 9a Me;SiOTE 3h,RT 11 1:1 99 93)

5 % snCl, 3h, RT - - Z

6 9b SnCl, 12h, RT 11 1:2 9

7 9b MgBr, 12h, RT 11 1:1.4 93 (89)

8 9 MgBr, 18h, RT 11 1:1.7¢ 99

a. Unless otherwise stated, all reactions were performed in dry CH,Cly, adding the Lewis acid to a
solution of the substrate and 4 eq. of allylsilane in the presence of 4A molecular sieves. b. Me;SiOTf:
0.25 eq.; BF;Et)0: 1 eq.; SnCl, and MgBr;: 2.5 eq. c. As determined by 'H NMR and/or GLC. d. As
determined by NMR of the crude reaction mixtures. Isolated yields are in brackets. e. Reaction
performed in toluene.

This observation can be explained by the known ability of acetoxy groups to bridge to adjacent cationic
centers,!! thus favoring trans addition. This interpretation is also supported by the fact that no selectivity is
observed upon Me,;SiOTf catalyzed addition of allylsilane to benzylether 9a (Table 1, Entry 4, cf. Entry 1).
Prevalent formation of the cis isomer was eventually obtained by switching to different Lewis acids. Choice of
the proper combination of leaving group and Lewis acid is crucial : for instance SnCl, cannot promote the
allylation of 5-ethoxy lactam 9a (Table 1, Entry 5), but gives 99% conversion to 117 and 2:1 cis selectivity!2
with the 5-acetoxy derivative 9b and allylsilane (Table 1, Entry 6).
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Table 2, Addition of tributylallyltin to 9b.*

Entry Lewis acid Conditions 11 Solvent Yields(%)®
transicis®
SnC14 18h, RT = CHzClz =
2 MgBr, 3h, RT 1:2 CH,Cl, 88
3 MgBr, 18h, RT 1:4 Toluene 85

a. The reactions were performed by adding 2.5 eq. of the indicated Lewis acid to a solution of 9b and 3
eq. of tin reagent in the indicated solvent at 0°C. The resulting mixture was kept at RT for the indicated
time, before quenching with phosphate buffer. b. As determined by GLC on the crude reaction mixtures.
c. Isolated yields.

The nature of the nucleophile was also found to be influential: tributylallyltin proved to be superior to
trimethylallylsilane in the MgBr, catalyzed addition to 9b (cfr. Table 1, Entry 7 and Table 2, Entry 2). Finally,
the best cis selectivity was achieved by promoting the allyltin reaction with MgBr, in a toluene solution (Table
2, Entry 3). This reaction, albeit slowed down by the low solubility of the intermediates in such medium, gave
rise to 11 in 85% yield and 4:1 cis:trans ratio.

From 11, lactam 14 was obtained through ordinary functional group manipulations (Scheme 3).

Scheme 3.
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Double bond reduction of a 3:1 cis-11:trans-11 mixture (H,, Pd-C, 95%) followed by removal of the
benzyl groups (Na, liq.NH,, THF, -78°C, 70%) gave rise to alcohol 12.° The corresponding silylethers cis-13
and trans-13 could be easily separated by flash chromatography (20/80 hexane/AcOEt). From pure cis-13 the
Boc derivative 147 was isolated in 85% yield upon treatment with Bocy,O (cat. DMAP, TEA, CH,Cly, RT,
1h),!3 thus completing the formal synthesis of the syn amino alcohol 332

In summary, we have proved that statin analogues can be prepared with stereoselectivity up to 4:1 by
acid catalyzed allylation of the malic acid derived 5-acetoxy lactam 9b. Further work is in progress to expand
the scope of the method to more lipophilic R residues as well as to understand the reasons of the observed cis
selectivity.
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