
l?icwrganic &Medicinal Chnislry LetIers. Vo1.3. No.8. pp. 1609-1614. 1993 
Printed in Great Britain 

O!XO-894X/93 $6.00 f .OO 
0 1993 Pngamon Press Ltd 

A CONCISE ENANTrOSELECTIVE SYNTHESIS OF tmns-OLEFIN 
DIPEPTIDE ISOSTERES 

Richard Beresis and James S. Panek* 
Department of Chemistry 

Metcalf Center for Science and Engineering 
Boston University 

Boston, Massachusetts 02215 

(Received in USA 12 April 1993) 

Abstract. A new asymmetric synthesis of rrans-olefin dipeptide isosteres is described which utilizes chin-d 
ahylsilane based-bond construction methodology involving a Lewis acid promoted electrophilic addition of chiral 
Q-crotylsilanes to the formaldehyde equivalent s-trioxane. The reaction results in the simultaneous introduction 
of a trans double bond and both amino acid side chains with high levels of diastereo- and enantioselection. The 
derived isostere units were incorporated into tetrapeptides and their inhibitory constants determined against the 
HIV-1 protease. 

The replacement of the amide bond linkage with a trans-olefin has proven to be a useful config~a~onally 

biased structural mimic for the construction of peptide Iinkages in a number of different enzyme inhibitors.1 

Among the several types of known isosteric units, the rruns-olefin has been of particular interest because it can 

simulate the three-dimensional geometry provided by the amide back bone while decreasing the peptide character 

of these molecules. A combination of factors make these molecules less susceptible to biodegradation, including 

the fact that the rrart.r-olefin does not have the capability for hydrogen bonding interactions, and unlike an amide 

bond will not undergo proteolytic cleavage at that position. The objective of such a design concept is the eventual 

production of certain enzyme inhibitors which exhibit improved oral absorption and an enhanced pharmacokiietic 

profile. A further design consideration which may have implications in the development of HIV protease 

inhibitors, involves the terminal carboxylate groups of this isostere class that can lead to a pseudo C2-s~e~c 

isostere which takes advantage of the two fold symmetry of the HIV-protease enzyme.2 A comparison between 

the contributing resonance structures of the amide linkage and the incorporated nuns-olefin isostere produced in 

this study is illustrated in equation 1. 

In considering a chemical synthesis of dipeptide isosteres containing a rruns-olefin, two probiems must be 

addressed; [i] an E-selective olefination process and; [ii] the stereoselective introduction of the a-side chains of 

associated amino acids. The lack of general efftcient syntheses of trans olefins bearing allylic stereocenters has 

impeded their development as peptidomimetics. Reports describing stereoselective approaches to these isosteric 

units generally rely on the use of modified L-amino acid derivatives as the source of absolute chirality which 

typically leaves the problem of the introduction of the second a-side chain of the associated amino acid. This 

issue takes on greater importance since it has been established that a key factor in determining the level of 
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bioactivity is the presence of the second stereogenic center. In this regard, the second amino acid side chain is 

necessarily introduced in a separate step with varying levels of stereocontroI.3 Equations 2 and 3 serve to 

illustrate p~to~ical reaction sequences for the preparation of trans olefin isosteres. A Julia-Ly~go coupling 

protocol has been utilized for the construction of the trans-double bond which involves the condensation of a 

lithiated g-amino sulfone (derived from an amino acid) with a chiral a-substituted aldehyde (eq. 2).4 Although 

the E selectivity is generally high for the oxidation-step, the overall reaction is often compromised by competing 

p-elimination of the amino group producing a vinylsulfone. 

Julia-Lythgo coupling 
r -I 

RI 

BocN % 
tt 

Li + HVOP _I,,~~OPl- EWiN~OP t2) 

SO,Ph 

L p-bydroxy sulfone ’ 

Ibuka and coworkers5 have reported that boron trifluoride*organocopper reagents can be used for the 

introduction of the a-side chains of the trunk olefin isostere. The reaction is thought to proceed by an anti-SN~’ 

displacement pathway of &amino-y-mesyloxy-a&unsaturated esters and represents a highly stereoselective 

process for the introduction of one of the isostere side chains feq. 3). 

OMs 
BocNHJ+m Me R&u(CN)LI*BF~ 

2 

R1 

Research conducted in our laboratories has established the ability of chiral (0crotylsilanes as useful carbon 

nucleophiles in highly diastereo- and enantioselective condensation reactions with aldehydes, acetals and certain 

electrophilic alkenes. Those experiments have culminated in an efficient method for the asymmetric synthesis of 

functional&d homoallylic ethers,6 te~ahydrofurans,7 ~-alkoxy-a-amino acid synthons,8 and tetrasubstituted 

cyclo~n~nes.9 Jn looking ahead to the application of our chiral aliylsilane bond cons~ction methodology in the 

synthesis of rrans-olefin dipeptide isosteres, it should be capable of providing a solution to the problem of 

stereocontrol in the introduction of the a-side chains as well as the configuration of the double bond. This 

methodology provides for the introduction of a variety of alkyl groups (amino acid side chains) in either a syn or 

anti stereochemical relationship and allows the simultaneous introduction of the tram double bond in a single 

operation. The fact that the derived primary alcohol 3 would provide the necessary chemical flexibility for 

incorporation into a peptide fragment should further enhance the utility of this process. The present study 

illustrates the utility of these chiral silane reagents in the development of an effective method for the asymmetric 

synthesis of rruns-olefin dipeptide isosteres. Six (E)-crotylsilanes la-f were examined to establish the viability 

of this approach for the pr~uction of a series of related trans-olefin dipeptide isosteres. 10 The syntheses of the 

individual dipeptide isosteres using syn and anti- (E)-crotylsilanes are provided in Scheme 1 and is illustrated 

with a substrate possessing anri stereochemistry. Because the substituted tetrahydrofurans 2 were obtained as 
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the major product from the initial asymmetric condensation with s-trioxane, a stronger Lewis acid was necessarily 

employed in a second step to ensure complete conversion to the homoallylic alcohol 3. The choice of s-trioxane 

as the formaldehyde equivalent was based on literature precedent established in chiral allylsilane methodol~gy.~* 

As expected the chiral silane reagents underwent smooth a&SE’ addition to s-trioxane catalyzed by the action of 

AlCl3 to afford the tetrahydrofuran 2. 12 Subsequent Lewis acid catalyzed ring opening with SbCls (2.0 equiv) 

produced the desired isostere 3 in high yield and high levels of stereoselectivity. Attempts to obtain the 

homoallylic alcohol directly in good yield via Lewis acid catalyzed condensation proved unsuccessful.14 

Scheme 1 

R2 
A,dmw + o-o A& (2.5 eqW 

M&iPh LO’ CH2C12, -30 “C 

SbCb (2.0 equiv) 

CH&12, -78 “C, 15h 
R, 0 

anti-SE’ - 

addition 

entry 

(E)-crotylsilanea 

(RI, R2) % yield 2b 
diastereomeric 

ratio 2c 
(abs. stereo- 

% yield 3b them. 3) 

1. (2S, 3R)-la; Me, Me 

2. (2S, 3S)-lb; Me, Me 

3. (2S, 3R)-lc; Me, Bn 

4. (2R, 3S)-ld; Me, Bn 

5. (2R, 3S)-le; Me, iPr 

6. (2R, 3S)-lf; @r, Bn 

91 

79 

81 

83 

89 

X50: 1 95 (2R, 5S)-3a 

x50: 1 92 (2R, 5R)-3b 

X50: 1 87 (2R, 5S)-3c 

>50: 1 76 (2S, 5R)-3d 

>50:1 77 (2S, 5R)-3e 

>50:1 51d (2S, 5R)-3f 

(a) The (b)-crotylsilamer were prepared by electrophilrc addltmn to chiral P-(phenyldimethyl)sdyl ester enolates la. k-f. or by Ireland- 

Claisen Rearrangement lb. See ref IO. (b) All yields are based on pure materials isolated by chromatography (SiO2). (c) Ratios of 

products were determined by 1~ NMR (400 MHz) operating at S/N of >200:1. (d) Alummum trichloride (AICl3) add&n gave a 1:l mixture of 

tetrahydrofuran and homoallylic alcohol. The combmed yield after ring opening is given. 

The effectiveness of this approach for the incorporation of these isosteric units into peptide fragments has 

been demonstrated employing (L)-valine as the amino acid used to cap the terminal carboxylates of the isostere 

unit. The assemblage of the six tetrapeptides proceeded according to the general sequence outlined in scheme 2 

and is illustrated for the anti diastereomer. The resulting primary alcohols 3 were oxidized with Jones reagent 

(2.0 equiv, acetone, 0 OC) producing the monoacid-ester (yields of 68-73%) without any appreciable amounts of 
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racemization as determined by inspection of the ‘H-NMR. The derived mono acid-esters were hydrolyzed under 

acidic conditions (3 N HCl-THF, 3:1, reflux, Sh) to yield the diacids 4, with complete conversion being 

observed. Under base catalyzed hydrolysis conditions, the substrates underwent extensive epimetization. The 

tetrapeptides 5 were produced in yields ranging from 67 to 87% by coupling of the diacids 4 with two molar 

equivalents of L-valine methyl ester with carboxylate activation by dicyclohexylcarbodiimide in the presence of 

the racernization inhibitor HOJ3T. 

Scheme 2 

HOdCofle ;: Joo;~a,Ho,C~w~H (L)-va’ine methy’ estar 
DCC, HOBT 

R1 9 R1 4 

trans-olefin isostem 

entry (RI & R2) 

% yielda 4 

from 3 

tetrapeptide 

5 RtlR2 b % yielda 5 Kt (PM) 

1. anti-3a; Me, Me 69 Sa; Me/Me 71 _C 

2. syn-3b; Me, Me 73 5b; Me/Me 68 _C 

(RI Br R2 wl 

3. an&3c; Me, Bn 65 SC; Me/Bn 67 >67 

4. antidd; Me, Bnd 73 5d; Me/Bn 79 _C 

5. anti-3e; Me, $9 68 Se; Me / iPr 87 >67 

6. anti-3f; &, Bn 72 Sf; ‘Pr/Bn 74 5 

(a) AU yields are based on pure materials iwlakd by chromatography (502). (b) All reactions were carned out m dwlled CH2C12 (0.2 M) 
from 0 T + rt for 24h under Nz (c)The KI’s were not detcrmmcd for these compounds (d) Reactmn run wth the enamiomer of 3e 

The inhibitory constants (Ki’s) for compounds 3c, 3e and 3f were determined using an end-point hplc assay 

with purified HIV-I protease (HTVP). ‘5 The Ki values are listed in the table accompanying scheme 2 and 

represent the dissociation constants for the protease-inhibitor complex. Of the three compounds tested for HIV 

protease inhibition activity only 3f exhibited moderate potency. Due to the insolubility of compounds 3c and 

3e the IC50 values could not be reached and therefore only an approximate Ki value is reported. 

In summary, the experiments described have demonstrated that chiral allylsilane bond construction 

methodology is useful for the asymmetric synthesis of tvcans-olefin dipeptide isosteres. High levels of 

stereocontrol are reached in the introduction of amino acid side chains (RI and R2). Depending on the 

stereochemistry of the R-groups on the silane reagent either syn or and- orientations can be introduced into the 

isosteric unit. Further studies concerning the synthesis of peptides containing tram olefrn dipeptide isosteres as 

well as their effectiveness as inhibitors of HIV-1 protease will be reported in due course. 
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