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Abstract 
We have developed new asymmetric and enantioselective routes for the preparation of a variety of 

conformationally constrained peptidomimetic building blocks. These molecules include a-methylcysteine, 
a-methylthreonine, do-threonine, a$-dimethylcysteine, a,P-dimethyltryptophan, twisted amide, and 
substituted lanthionine structures. It has been shown that these molecules are very useful building blocks 
for the peptidomimetic drug design. 

In the past two decades, a wide variety of naturally occurring peptides have been discovered. These 
peptides play very important biological roles as hormones, enzyme inhibitors, substrates, neurotransmitters 
and immunomodulators among others. After binding to their corresponding receptors or enzymes, they can 
influence cell-cell communication and control a series of vital functions such as metabolism, immune 
defense, digestion, respiration, sensitivity to pain, reproduction, behavior, and electrolyte levels. Thus, 
extensive studies have been undertaken in an effort to understand the physiological effects of these peptidic 
molecules toward the design of new peptide-based therapeutic agents. 

For peptide-based drug design, there are several major considerations that limit clinical applications 
such as: (1) rapid degradation by many specific or nonspecific peptidases under physiological conditions; 
(2) conformational flexibility which allows a peptide to bind to more than one receptor or receptor subtype 
leading to undesirable side effects; (3) poor absorption and transportation because of their high molecular 
mass or the lack of specific delivery systems, especially for some peptides which require the passage 
through the blood-brain-barrier (BBB) to act in the central nervous system (CNS). In an effort to 
counteract these problems, peptidomimetic drug design has emerged as an important tool for both peptide 
chemists and medicinal chemists. This approach has evolved as an interdisciplinary scientific endeavor 
combining organic chemistry, biochemistry and pharmacology. 1 

As one of the major efforts in organic chemistry, a variety of molecules have been designed to 
mimic the secondary structures of peptides, such as &helices, P-turns, and P-sheets. In order to explore 
the structure-activity relationships (SAR) of bioactive peptides, a number of strategies have been developed 
by incorporation of conformationally constrained amino acids, modification of the peptide backbone by 
amide bond isosteres, cyclizations, attachment of pharmacophores to a template or scaffold, and the 
synthesis of nonpeptide analogs. As a result of such endeavors, the advantage of peptidomimetics over the 
native peptides has been demonstrated by increasing the potency and selectivity, decreasing the side effects, 
improving oral bioavailability, and the half-life of the activity through minimizing enzymatic degradation.1 
In this paper, we describe our recent efforts on design of peptidomimetic building blocks. 
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1. Asymmetric synthesis of a-methylcysteines via chiral aziridines 
The use of chiral a,a-disubstituted amino acids in a peptide can severely restrict the conformations 

of the peptide backbone. Among them, a-methylcysteine and derivatives are attractive target molecules 

because they can form further constrained cyclic structures via disulfide bridge formation. In addition, 
Heathcock and Pattenden showed that a-methyl cysteine is an important building block for a new family of 
natural products, thiangazole, tantazoles and mirabazoles, which exhibit antitumor and anti-HIV- I 
activities. 2 

Because of the labile nature of the sulfhydryl group, very few routes have been reported for the 
asymmetric synthesis of a-methyl ~ys t e ine .~  Our desire to prepare protected a-substituted amino acids 
suitable for peptide syntheses led us to explore a general synthetic strategy. We have recently developed a 
new asymmetric synthesis of protected a-methyl cysteine derivatives based on chiral aziridine synthons.3 

0 
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71 % 63% 
Scheme 1 
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Starting with the allylic alcohol, 2-methyl-2-propen- 1-01 (Scheme 1). the (R)-2-methylglycidol(l) 
was readily obtained in high enantiomeric purity by Sharpless asymmetric epoxidation.4 Oxidation of (1) 
with ruthenium(V1II) oxide provided the corresponding carboxylic acid (2, R1 =H). The carboxylic acid 
was converted without further purification to the benzyl ester (2) by the standard carbodiimide esterification 
method. Treatment of benzyl (S)-2-methyl-2-oxirane carboxylate (2) with sodium azide resulted in 
regioselective ring opening to form the azido alcohol (3). Refluxing the azido alcohol (3) with 
triphenylphosphine in acetonitrile generated the benzyl aziridinecarboxylate (4). Overall, the transformation 
of the epoxide to the aziridine occurs with no loss of enantiomeric purity and in good to excellent overall 
yields. 

With the aid of a Lewis acid, the ring opening of benzyl aziridine-2-carboxylate with a thiol 
predominantly occurs at C-3 in an S N ~  fashion. Regioselective ring opening of the chiral aziridine (4) with 
4-methoxy-'ol-toluenethiol and boron trifluoride etherate resulted in the desired (S) a-methyl cysteine(5). 
The enantiomers of (1) through (5) were also synthesized based on Scheme 1 using diethyl L-tartrate in the 
Sharpless asymmetric epoxidation. Both enantiomers were obtained in excellent optical purities. These 
protected a-methyl cysteine derivatives are useful building blocks for peptide synthesis. 

2. Stereoisomeric synthesis of a-methylthreonines 
Among the naturally occurring amino acids, serine and threonine are unique residues because the 

hydroxyl groups in their side chain are crucial linkages in glycopeptides and phosphopeptides.5 It has been 
shown that 0-glycosylation of serine and threonine in peptide or protein structures can not only influence 
the physical properties as well as the conformations, but also protect these conjugates against proteolytic 
attack. Moreover, the carbohydrate portions of the glycoproteins have been found to be important 
recognition labels, e.g., in infectious processes, cell differentiation, and the regulation of cell growth.5a On 
the other hand, the phosphopeptides and proteins formed through 0-phosphonation on serine and threonine 
represent a important family of molecules such as enzymes, growth factors receptors, cytosketetal 
contractile, and oncogenic proteins.5b Our goal is to design four stereoisomeric a-methyl threonines as a 

new set of conformationally constrained linkages in the drug design of glycopeptides and phosphopeptides. 

0 1996 IUPAC, Pure and Applied Chernistry68, 1303-1308 



Peptidomimetic drug design 1305 

0 

Benzyl Tiglate 

(1 ) H$Pd-C - ">OH 111.. 

(2) (Bm)20 Bm- N 
nBuOH H O  

OBZl (1) Acetone/H20* NaN3 
(2) Hydrolysis, 

0 Ether, 2O0hH2SOJH20 

"x OBzl 

0 
10 8 

Total Yield = 66% 

(1) NaN3/DMFnO"C 
(1) LiBr/DMF 
(2) Hydrolysis, 

0 
H&oBz' (2) Hz/Pd-C 

Ether 0 (3) (BOC)~O/ nBuOH 

11 20%H2S04/H20 

Total Yield = 60% 

Starting with benzyl tiglate (60mmol), the Sharpless AD reaction6 with AD-mix-a in the presence 
of methanesulfonamide proceeds smoothly to give diol6 (Scheme 2) with excellent optical purity (>98% 
ee). The diol6 is converted to its 2.3-cyclic sulfite 7 with SOC12 and oxidized to cyclic sulfate 8 in a one- 
pot fashion. Nucleophilic substitution then occurs at the a-C of 8 with clean inversion of chirality. Acidic 
hydrolysis provides the desired a-azido ester 9. Compound 9 readily undergoes catalytic hydrogenation to 
produce the enantioisomerically pure (2s. 3s) 2-methylthreonine 10. The X-ray diffraction derived 
structure of 10 proves the correct stereochemistry of the final product. In addition, the cyclic sulfate 8 can 
be converted to its diastereoisomer, (2R, 3s) 2-methylthreonine 11 by two sequential inversion steps with 
LiBr and NaN3. This method provides a new route to prepare four stereoisomers of a-methylthreonine 
derivatives using the corresponding azido alcohols. 

3. Asymmetric synthesis of allo-threonines 
In addition to the importance of serine and threonine addressed above, it has been shown that the 

nonproteinogenic L-do-threonine and D-do-threonine are useful building blocks for a wide variety of 
bioactive peptides, such as the phytotoxic syringopeptins, the antiviral agent viscosin, the antibiotic 
cyclodepsipeptide complex CDPC 35 10, and glycopeptidolipid antigens from infectious diseases 
particularly in AIDS patients.5c- 5d The use of these amino acids has been hampered by synthetic 
difficulties. As an extension of the above strategy, we have synthesized the do-threonine analogs starting 
with benzyl crotonate (Scheme 3). Starting with benzyl crotonate, the Sharpless AD reaction6 with AD- 
mix-p in the presence of methanesulfonamide proceeds smoothly to give diol 12 with excellent optical 
purity (>99% ee). The diol 12 is converted to its 2,3-cyclic sulfite 13 with SOCl2 and oxidized to cyclic 
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sulfate 14 in a one-pot fashion. Nucleophilic substitution then occurs at the a-C of 14 with clean 
inversion of chirality. Acidic hydrolysis provides the desired a-azido ester 15. Compound 15 readily 

undergoes catalytic hydrogenation to produce the enantioisomerically pure (2R, 3R) do-threonine 16. 
This efficient method can provide the do-threonine in 30 mmol scale and high optical purity which we 
anticipate will provide large amounts of L- and D-do-threonines in a facile manner. 

4. Asymmetric synthesis of a,P-dimethylcysteines and a,P-dimethyltryptophans 
The a$-dimethylcysteine and tryptophan peptidomimetics represent another family of novel 

building blocks. Because of their labile side chains and chirality requirement, they cannot be prepared by 
conventional routes. Using the chemistry we developed in our laboratory (Scheme 4), these molecules 
can be synthesized efficiently and stereospecifically. The a-azido ester 9 can be stereospecifically 
transformed to the actived benzyloxylcarbonyl protected aziridine-carboxylate 17 Compound 17 is a very 
important synthon for the synthesis of a$-dimethylatedtryptophan 18 and cysteine 19. Based on this 

method, four stereoisomers of cysteine and tryptophan analogs can be prepared using the corresponding 
azido alcohols. 
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5. Synthesis of twisted amide containing building blocks 
Recently, we developed a new model to study the conversion of cis-trans amide conformation in 

peptide structures.7 This approach involves the incorporation of aziridine building blocks into peptide 
sequence. It has been shown that a tilted amide exists in the ground state of the structure by X-ray 
diffraction and 1 3C-NMR investigation. Recently, several groups reported that aziridine-containing 
peptides were effective cysteine protease inhibitors.* The following compounds (Scheme 5) have been 
prepared and are currently being tested for bioactivity: 
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6. Stereoisomeric synthesis of orthogonally protected lanthionine building blocks 
Lanthionine is an unusual amino acid composed of two alanine-like residues bridged by a sulfide 

bond. This analog of cystine with a monosulfide structure is an important building block in natural 
biologically active peptides called "lantibiotics".9 It can also be used as a novel conformationally 
constrained peptidomimetic structure in drug design. To date, only few routes leading to orthogonally 
protected lanthionines have been reported . We have developed a most efficient strategy to generate 
lanthionines by regioselective ring opening of N-benzyloxycarbonyl(Cbz)-serine p-lactone with cysteine 
derivatives in the presence of Cs2CO3 in DMF (Scheme 6).1° 
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In order to constrain the lanthionine bridge in these analogs, a variety of substituents have been 
incorporated into the structures (Scheme 7). These building blocks are very useful in cyclic peptide 
molecules. Incorporation of the lanthionine building blocks into several bioactive peptides have generated 
very potent and selective ligands (Figure 1) which are very promising candidates as new drug agents. 

Enkephalin Analogs 

Figure 1 
Tyr-NH-CH-CO-Gly-Phe-NH-C!l-COOH 

Dermorphin-Deltorphin Analogs Tyr-NH-CH-CO-Phe-NH-CH-COOH 

Oxytocin Analogs NH~-CH-CO-Tyr-Ile-GIn-Asn-NH-C~H-CO-Pro-L-Gly-NH~ 

Sandostatin Analogs D-Phe-NH-CH-CO-Phe-D-Trp-Lys-Thr-NH-CH-CO-Thr-01 

R = H, CH3, or other akyl groups 

In conclusion, we have demonstrated new asymmetric and enantioselective routes for the 
preparation of novel peptidomimetic building blocks. These building blocks can be incorporated into 
peptidic structures to yield molecules with excellent biological activities. In our continuing research effort, 
we are actively working on new pharmaceutical agents using the peptidomimetic building blocks obtained 
by the stereospecific reactions described in this presentation. 
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