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Replacement of the amide bond linkage with an (E)- 
olefin is a proven useful configurationally biased struc- 
tural mimic for the construction of peptide linkages in a 
number of different enzyme inhibitors1 These analogs 
of biologically active peptides offer distinct advantages 
over the naturally occurring compounds, including lower 
enzymatic degradation, increased oral bioavailability, and 
a prolonged duration of action.2 The amide linkage is 
the primary target for enzymatic degradation; therefore, 
structural modifications at this site may lead to enhanced 
metabolic stability. In addition, interest has emerged in 
peptidomimetics of inverso D-peptides which are resistant 
to the action of cellular proteases, thereby making them 
attractive drug candidates3 The structural similarities 
between the contributing resonance structures of the 
amide linkage and the incorporated (E)-olefin isostere 
produced in this study are illustrated in eq 1. 

(E)-Olefin isosteres have been shown to be useful 
replacements for the amide linkage in drug candidates 
as the (E)-CR=CH group closely approximates the bond 
lengths, angles, and rigidities of the natural structural 
type. (E)-Olefin peptide mimetics require the generation 
of a stereocenter at the a-position of a 5-amino-3-hexenoic 
acid derivative; therefore, any successful chemical syn- 
thesis of dipeptide isosteres must address an (E)-selective 
olefination process and also allow for the stereoselective 
introduction of the a-side chains of the associated amino 
acids. The lack of general efficient syntheses of (E)- 
olefins bearing bis-allylic stereocenters has impeded their 
development as peptidomimetics, and reports describing 
stereoselective approaches to these isosteric units are 
rare.4 These methods generally rely on the use of 
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modified amino acids as the source of chirality which 
typically lead to difficulties in the introduction of the 
second a-side chain of the associated amino acid. 

We have previously demonstrated the use of stereo- 
controlled reactions to prepare related dipeptide deriva- 
tives possessing a pseudo C2-symmetric axis5 and now 
wish to disclose a new concise stereocontrolled route to 
these isosteres which may increase their availability for 
drug discovery programs. 

Recent efforts in our laboratories have demonstrated 
that chiral (E)-crotylsilanes act as useful carbon nucleo- 
phile equivalents in highly diastereo- and enantioselec- 
tive condensation reactions with aldehydes, acetals, and 
certain electrophilic alkenes. These experiments have 
culminated in efficient methods for the asymmetric 
synthesis of functionalized homoallylic ethers, tetrahy- 
drofurans, y-alkoxy-a-amino acid synthons, and tetra- 
substituted cyclopentanes.6 The stereocontrolled syn- 
thesis of (E)-olefin dipeptide isosteres provides a further 
application of our crotylsilane methodology. This meth- 
odology is capable of solving the problems of stereocontrol 
in the installation of the (&double bond and introduction 
of a variety of alkyl, alkoxy, and allyl groups (amino acid 
side chains) in either a syn or anti stereochemical rela- 
tionship through the stereocontrolled addition of the 
nitrogen-based cation, N02+. Olah and Rochin have 
previously demonstrated the feasibility of this type of 
electrophilic substitution through nitration of unfunc- 
tionalized and achiral allyl silane^.^ In a related study, 
we have documented a stereocontrolled route for the 
formation of chiral A2-isoxazolines through nitrosium 
tetrafluoroborate promoted [3 + 21 annulations of (E)- 
crotylsilanes.8 

The present study illustrates the utility of these chiral 
silane reagents in the development of an effective method 
for the asymmetric synthesis of (E)-olefin dipeptide 
isosteres. Six (E)-crotylsilanes la-f were examined to 
establish the viability of this approach for the production 
of a series of related dipeptide isosteres. Previous 
research conducted in our laboratory has accessed silanes 
possessing syn or anti configurations and a variety of 
alkyl and alkoxy functionalities, as well as developed 
routes that may easily be applied to the synthesis of novel 
(E)-crotyl~ilanes.~ The synthesis of the individual dipep- 
tide isosteres is shown in Scheme 1 and is illustrated with 
a substrate possessing anti stereochemistry. The chiral 
silane reagents undergo smooth uncatalyzed condensa- 
tion with nitronium tetrafluoroborate to afford the cor- 
responding allylic nitro compounds 2a-f which are 
isolated as chromatographically pure materials. The 
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Scheme 2 Table 1. Asymmetric Synthesis of (E)-Olefin Dipeptide 
Isosteres 

(E)-crotylsilane major product 
entry ( a b .  stereochem) ( R I ,  R2)  (overall % yield 4a; deb) 

R 2  R2 

R 1 v C 0 2 M e  CbzHN WMe 0 
MepSiPh RI 

1.  la (3R) ;  (Me. H) (5R)-4n (36: > 3 0 : l )  

2 .  l b  (2R.  3s) ;  (Me. Me) (2s. 5R)-4b (20;  > 3 0 1 )  

3 .  IC ( 2 R ,  3s); (Me, allyl) ( 2 s .  5R)-4c (25;  > 3 0 1 )  

4 .  IdC (ZR, 3s): (iPr, Me) ( 2 s .  5R)-4d (18: > 3 0 1 )  

q2 R2 
R1-C02Me CbzHN- 

l e  ( 2 R .  3R);  (Me, Me)  

MepSiPh R i  0 

5 .  ( 2 s .  5S)-4e (45; > 30: l )  

6 .  1f ( 2 R .  3R); (Me, OMc) ( 2 S ,  5S)-41(41; > 3 0 : l )  

(a) Overall unoptimized yield for the 3 step-sequence based on pure materials isolated 
by chromatography (SiOz). (b) Ratios of products were deter in id  by IH NMR (400 MHz) 
operating at S/N of >200:1. (c) Silane Id was prepared by an analogous Claisen strategy 
procedure starting from 4-methyl- I-pentyn-3-01. 

chirality of the emerging nitro-bearing center solely 
originates from and is controlled by the nature of the silyl 
stereocenter in an anti-&' addition process.1° Subse- 
quent reduction of the allylic nitro compounds using Zn/ 
HCl furnishes the allylic amines 3. The crude amines 
were N-acylated with carbobenzoxy chloride to yield the 
allylic carbamates as the desired isosteres 4a-f in good 
overall yields with high levels of stereoselectivityll and 
excellent levels of 1,lremote asymmetric induction. The 
results of the dipeptide isostere synthesis are sum- 
marized in Table 1. 

In these examples, solid N0zBF4lZ (1.1 equiv) in 
anhydrous CHzClz was determined to be the most effec- 
tive nitrating agent-solvent combination for efficient 
electrophilic substitution and formation of the allylic nitro 
compounds in yields ranging between 40 and 66%. The 
modest yields in the nitration step were primarily due 
to partial desilation of the starting crotylsilane induced 
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by the presence of free fluoride ion in solution. The 
amount of desilation was partially reduced by allowing 
the mixture to slowly warm to room temperature over 
10 h and diluting with an aqueous saturated NaHC03 
solution. The allylic nitro compounds proved to be 
especially labile and were subject to partial decomposition 
during column chromatography and under strongly basic 
conditions. Attempts to carry out the asymmetric nitra- 
tion reaction on substrates containing benzyl substituents 
(Rz = Bn) failed, due to competing nitration of the 
aromatic ring.13 Reduction of the labile allylic nitro 
compounds proved to be an unexpectedly difficult trans- 
formation. Numerous conditions were surveyed to cleanly 
effect this reduction including transfer hydr~genation,'~ 
C O C ~ ~ - ~ H Z O / N ~ B & , ~ ~  Fdacetic acid,16 and NaBHd/S,17 all 
of which resulted in complex mixtures. The transforma- 
tion was finally accomplished using Zn/HCl in methanol 
at 0 "C which cleanly afforded the allylic amines in crude 
yields on the order of 95%. The crude amines were 
immediately N-acylated with carbobenzoxy chloride (Cbz- 
C1) followed by purification by chromatography on silica 
gel to give the allylic carbamate isosteres. 

The potential utility of this technology is illustrated 
with a short synthesis of a structural mimetic of the 
tripeptide sequence Cbz-Ala[Y(E)-CH%HlGly-Leu-OMe. 
Our interest in this structural class arises from a recent 
report demonstrating potent inhibition of the zinc en- 
dopeptidase thermolysin by similar peptid~mimetics.~j 
The synthesis of the tripeptide analog 6 was accom- 
plished by methyl ester hydrolysis of 4a using LiOH 
followed by coupling of the derived acid Sa with the 
methyl ester of L-leucine as illustrated in Scheme 2. 

In summary, the asymmetric nitration of chiral (E)- 
crotylsilanes with N02BF4 provides a highly diastereo- 
and enantioselective method for the asymmetric synthe- 
sis of (E)-olefin dipeptide isosteres and continues to 
expand the scope and utility of this developing chiral 
allylsilane methodology. 
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