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Abstract : The 24soxazoline ring has been incorporated as a new peptide bond surrogate into 
pseudodipeptide. An easy and versatile general method for the preparation of pseudodipeptiaks is described. 

The use of peptide bond surrogate is an established approach to overcoming the poor stability, lack of oral 

absorption,. and marginal ability to cross the blood-brain barrier in the use of peptides as therapeutic agents. 

These shortcomings have been attributed to the rapid degradation of peptides by peptidase.’ More than dozen 

peptide bond replacements2 have been studied to circumvent some of the therapeutic limitations of peptides. 

Among them, the use of 2-mGdaroline moiety as an amide bond isostere has paved the way for the utility of 

’ heterocycles as peptide bond isosteres. zi Recognizing the relationship among the amide (A) functional 

group, ketomethylene isostete W* (B), and imine (C) functional group, and as an extention of our 

A B C D 

involvement with 2-isoxazolines3. we have developed the 2-isoxazoline moiety (D) as an amide bond 

replacement. 

Synthesis of the psudodipeptides possessing 2-isoxazoline isosteres is envisioned in Fig. 1. The key 

feature in the reterosynthetic analysis is the asymmetric dipolar cycloadditions with u-amino nitrile oxides 

detived from various natural u-ammo acids. This strategy has several merits in the efficiency and versatility 

of the product formation, and the good control of the stereochemistry in the pseudodipeptides. 

Fig. 1. Xc=chiral auxiliary 

As precursors of the chiral dipoles, u-amino nitrile oxides, optically active N-protected u-amino 

aklehydes4 were needed. Various N-protected a-amino esters l-6 were prepared by standard methods5 in 
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good yield [ 1: 3 steps (46% overall) from L-Ser, 2 : 3 steps (40% overall) from L&r, 3 : 3 steps (48% 

overall) from L-Thr, 4 : 3 steps (46% overall) from L-'hr. 5 : 2-steps (87% overall) from L-La. 6 : 2 steps 

(74% overall) from L-Bhe]. The a-amino eseters 1-6 were converted to the corresponding a-amino 

aldehydes by DIBAL reduction under the condition a [DIBAL(l.S eq.), toluene, -78 “C. 1 h] or condition b 

[DIBAL(2.3 eq.), toluene, -78 “C, ktin]. Due to relative unstability of a-amino aldehydes,4 these 

compounds were directly transformed to the corresponding amino oximes 7-12 ( Eq. 1 ). Experimental 

results for the amino oxin& formation are listed in Table 1. 

D,BAL 

reduction ( Eq. 1) 

1-6 7- 12 

Table 1. Preparation of N-protected amino oximes 

amino lduction amino overaliyield 

ester X B, R2 ,Br condition OXiltle VW 

1 Boc -CH&Bu)O- H a 7 52 

2 Cbz -C(CH,XO- H b 8 53 

3 Boc -C(CH,)20- CH, b 9 61 

4 Boc H -0TBDMS CH, b 10 54 i 

5 Boc H -CH(CH,), H b 11 60 
6 Boc H -CJ-& H b 12 47 

a : DIBAL (1.5 eq.). toluene. -78 “C. lh , b : DIBAL (2.3 es.), toluene, -78 “C. 5 min. 

Asymrwtric dipolar cycloaddition of the nitrile oxides prepared in situ from the amino oxims 7-12 with 

N - acryloyl ( 2R )-bomane-10,2-wham or N -acryloyl ( 2s )-bornane-10,2-wham provided diasmmomeric 

mixtures of 2-isoxazoline cycloadducts ( Eq. 2 ). 

( Eq. 2 1 

7-12 major I3 - 19 minor 
Xc= ( 24? )- or ( 2S )-bomane-10,2-sultam 

Table 2. Asymmetric dipolarcycloadditions of a-amino niuile oxides 

amino major lIlti0 yield 
entry oxime X B, R2 R3 Xc cycloadduct (majorminor) (%) 

1 7 Boc -CH(r-Bu)O- H 2R 13 57 

2 7 Boc -CH(r-Bu)O- H 25 14 92 : 8 48 

3 8 Cbz -C(CH,)@- H 2R 15 66 

4 9 Boc -C(CH,&O- CH, 2R 16 76 
5 10 Boc H -0TBDMS CH, 2U 17 91:9 44 

6 11 Boc H -CH(CH,), H 2R 18 89: 11 61 

7 12 Boc H -C,H, H 2R 19 90: 10 69 
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Table 2 summm'izes some of experimental results. Diastemcmzric ratios (ca.90:10) we~ d e ~  by 
1H NMR and/or HPLC method, and the major cycloadducts 13-197 were isolated by the flash 

chromatography for further reactions. The absolute stereochemistry of the newly generated C12 streogenic 

center of major cycloadduct IS was rigorously determined as R by X-ray crystallography (Fi8.2).= The 

stereochemistry of C15 carbon was retained as the same sense as that of starting t-Ser. The stereochemistry 

of other major cycloedducts were tentatively assigned by analogy. 

Fife2. X-ray crystal smscture of cycloadduct 15 

The N-protected pscudodipeptides 20-24 (Fig.3) were prepared from the coaespoading cycloadducts in two 

steps [ 20 : 78% yield from 13. 21 : 83% yicld from 14, 22 : 47q~ yield from 16, 23 : 76% yield 

from 18, 24 : 69% yield from 19l. Thc first step involves the remov~ of chiral auxilim7 using LiOH in aq. 

THF' and next step is a simple csta~cation of the resulting cad~xylic acid. 

e o c  - e o c  "q ~.,,,~OCH= 
.o 7 o 7 "o o 

20 [a1=='=-!25.0 21 [al0==+74.7 22 [a]= = =-170.7 
( c 1.27, CHCI)) (c 1.10, CHCI~) (c 1.07. CHCIj) 

y o CY 

Fig. 3. 

23 [alo==-163.4 24 [ale"=- i 34.2 
(c 2.36, CLIO)) (c 0.86. CHCI)) 

In summary, we have developed a general synthetic method for the pseudodipcptide posscsing 

2-i~xazoline isosteres. This kind of a novel peptide bond surrogate will find various applications to the 

synthesis of enzyme inhibitors. 
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