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Abstrnct: The asymmetric syruhesis of (-)-Staaine is desmkl. The key step of the synthesis involves the 
co&kg of hkmhaceti d b&h the hwenc &t iwtd of mthyl aceUt4z. 

Since the dismnmy ofpepstaiin by Umezawa in 1970,l them has been a tzmendms level of inkrest in the 

design and synthesis of non-scissile peptide mimics. Pepstatin (1) is a murally occurring peptide produced by 

various Srreptomyces sp. that was ckmonstcated 2t,beapotcntinhibitarofasparticproteasessuchas,pcpsin, 

renin aud cathepsin D. Pcpstatin cuntaius the unusual amino acid statine (2) which has kcomc the prototypical 

hydroxymethylene isostere of the putative tetrahedral transitiou state (3) for peptide bond hydroly&. Most 

syntheses of statine and related hydmxymethylene peptide isosteres utilize the natural amim acid (in the case of 

statine. leucine) as a atking material which is homologated by two carbom.3 As part of a program aimed at 

significantly broadming the scope of functionality and stcreuzhemisay that could be incorporated into the 

hydroxymethylene manifold, we report in this paper, a new and potentially very general method for constructing 

this class of peptidCWnil&cs. 
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electrophilic and nucleophilic C-C bond-forming reactions CM the lactones 4. To illustrate this method, the 

synthesis of statine (2) and two related hydroxymethylene peptidc isosteres [9b and 9c) are mported herein. As 

shown in Schcmc 1, the sodium cnolatc of optically active lactonc 4 was alkylatcd with 1-isobutyl aiflatc to 

affordthealkvlntion~~Srrin78Rbyield.6TheMti’ -W (5hshown) wss the only diastereomer that 

NaN(SW&/THF 1. MEW, CH&I, -78oC 

-78% RX 2. (ACW, DMAP, Et3N 
w4 AC 

4 H II 

71. R = CYCH(Ct-& 

1. KCH, dioxarm, MeoH 
w 

2. @, NlB, MF, t-m 

8a, R e CH&l4(CH& 
sb, R = CH&yclohexyI) 
Ic,R=C& 

could be detected by 1H ntur analysis. Reduction of the lactone carbonyl with diisobutylaluminum hydride 

(DIBAH) in methylene ch@ide at low temperature gave the corresponding laoto which was immediately 

acetylated with acetic anhyd$de in the presence of N,Ndimethylaminopytidine (DMAP) and hiethyhunine to give 

the hemi-acetal6a in 79% o$@all yield from Sa, The acetates were formed (ii all cases) as a roughly @molar 

mixture of diastereamers a~+ were used in the subsequent couplings as a mixture. 7 The t-butyldimethylsilyl 

ketene ace&l 8 of methylaceWe was condensed 9 with da in the presence of zinc bromide in methylene chloride at 

-45 Oc + 0 Oc to furnish tha separable coupling products 7a and 8a in a 1: 4 ratio in 65% combined yield, The 

major diastereoisomer (&I) lwas shown to have the desired 2S,Wstereochemistry by conversion into swine. 

Thus, hydrolysis of the rnetJ1y1 ester into the conespondiig acid was accomplished with aqueous, methanolic 

KOH in dioxane; the crude &id was subsequently reduced with lithium in liquid ammonia to provide essentially 

optically pure (-)-statine (2) @ 69% yield. The synthetic and authentic 10 materials were shown to be iden tical by 

1H nmr, mobility on HPUJ gnd optical rotation. 

Application of this ~$&od to other hydroxymethylene isostaes is also illustrated in Scheme 1. Table 1 

summarizes the yields and dkreosckctivitieies for the synthesis of the methylcyclohexyl series (5b-9b) and the 



8- -7 

f a2CI%m3h 75 a2 1:4 58 69 

b =2OMd=xyO 70 85 1:4 75 82 

C a3 88 76 3:2 57 MD 

A~owled~tnt~ We 81c i&&cd &B the National Scium Fmmdtcion (CH.8 8717017) md &t Nati& 

Institutes of Health &B/f 40988) for pn>vibing financial sllppln we arc also grateful for nmr EpaztTx of(-)- 

Statine pnMded by Prof. Dan H. Rich (l.Jniversity of Wisconsin). 
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The requisite diphenyloxazinones utilizcdtoprrparccamporudssand~hanicalvaliants(It-Jlr)Mt 

commmially avGlaMe km Aldrich Chemkal Co.; i: mtalog #33-M-6 (CM Registry # 105228-46-4); 

ii catalog#33,187-2 (@AS Rcgisuy# 1lN.M~54-9): ilk camlogM%181-3 (CAS Registry I 112741-50. 
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WiththeN-t-Boc~iiiandiv;theJtsmdics~inprogrtss. 

1% mk+...& %+#& +,& 

0 = 0- o- C 
I II 111 iv 

1-Islobutyl txiflae wad I@ for the plqamioll of Jp; mcthylcyclohexyl UslatE was usled for the 

preparation of Sb; set: Beard, CD.; Baum, IL; Grakauskas, V.,J.Org.Ckm. (1973) 38.3673. Methyl 

iodide was used foa tM pqmation of!k see: ref. 4c. 

separation of the diaqcmmak amates (6) by silica gel cwtography, and subiecbing each iscmw 

scpmelyathecau#imgcmditionsgavcthesameratioofdias~ 7/8asthatobtaidfromthc 

Illixmrc;thiso~~haPbeen~~~asprwidingindirectevidamfortbeinvdvcmntofthe 

OxGmklaI iaus (10) as the restive clqhilic zpcies. 

Kita,Y.: I-hum, J.: IFujii, T.: Segawa, J.; Tanma, Y.,Syn!ksi.r (19811451. 

See, for qxam@e: a) &etq MT.; Mulkr-Stake, I-L, Lkbigs AmChem. (1983) 1726; for micws, see 

(adrehmccs citedti): a)Hermange.J-C.;Figaderc,B..Ten~~onAsyrrpn. (1993)4,1711; t0 
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in authentic sample M (->statinc was purchasd fmm Aldrich Chemical Co. Catalog # 34.8236: 

Clsw1itiA~Rslgisey#49642~-1. 
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