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Abstract : The 2-isoxazoline ring has been incorporated as a new peptide bond surrogate into
pseudodipeptide. An easy and versatile general method for the preparation of pseudodipeptides 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 replacements’ have been studied to circumnvent some of the therapeutic limitations of peptides.
Among them, the use of 2-jmidazoline moiety as an amide bond isostere has paved the way for the utility of

' heterocycles as peptide bond isosteres.¥ Recognizing the relationship among the amide (A) functional
group, ketomethylene isostere™*® (B), and imine (C) functional group, and as an extention of our
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involvement with 2-isoxazolines®, 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 o-amino nitrile oxides
derived from various natural o-amino 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.
R .

(o]
* . _ R / Xc
XHN \ OH — * .- + /\|(
¥ o]
N—O XHN CsN-O
Fig. 1. . Xc=chiral auxiliary

As precursors of the chiral dipoles, a-amino niwrile oxides, optically activé N-protected o-amino
aldehydes* were needed. Various N-protected «t-amino esters 1-6 were prepared by standard methods® in

6811



6812

good yield [ 1 : 3 steps (46% overall) from L-Ser, 2 : 3 steps (40% overall) from L-Ser, 3 : 3 steps (48%
overall) from L-Thr, 4 : 3 steps (46% overall) from L-Thr, § : 2-steps (87% overall) from L-Leu, 6 : 2 steps
(74% overall) from L-Phe]. The o-amino eseters 1-6 were converted to the corresponding o-amino
aldehydes by DIBAL reduction under the condition a [DIBAL(1.5 eq.), toluene, -78 °C, 1 h] or condition b
[DIBAL(2.3 eq.), toluene, -78 °C, 5min]. Due to relative unstability of «a-amino aldehydes,* these
compounds were directly transformed to the corresponding amino oximes 7-12 ( Eq. 1 ). Experimental
results for the amino oxime® formation are listed in Table 1.
X o x
A { o~ OCHs DIBAL - Ry _N “““H NHOHHCI o ( CH=N-OH

educton ~ ™ NeTO; - (Eq.1)
Rz Rs R; R, R,
1-6 ' 7 -12
Table 1. Preparation of N-protected amino oximes
amino reduction amino overall yield
ester X R, R, - Ry condition oxime (%)
1 Boc -CH(-Bu)O- H a 7 52
2 Cbz -C(CH,),0- H b 8 53
3 Boc -C(CH,),0- CH, b 9 61
4 Boc H -OTBDMS CH, b 10 54"
5 Boc H -CH(CH;), H b 11 60
6 Boc H -CH, H b 12 47

a:DIBAL (1.5 eq.), toluene, -78 °C, 1h, b :DIBAL (2.3 eq.), toluene, -78 °C, 5 min.

Asymmetric dipolar cycloaddition of the nitrile oxides prepared in situ from the amino oximes 7-12 with
N - acryloyl (2R )-bornane-10,2-sultam or N -acryloyl ( 25 )-bornane-10,2-sultam provided diastereomeric
mixtures of 2-isoxazoline cycloadducts ( Eq. 2 ).

A ( JCHeN-OH |\ e Re
R "Ry pyridine EfaN Xc N R‘ + /\_/)J( (Eq.2)
THF toluene o-

7-12 major 13- 19 minor
Xc= (2R )- or ( 2§ )-bornane-10,2-sultam

Table 2. Asymmetric dipolar cycloadditions of c-amino nitrile oxides

amino major ratio yield
entry oxime X R, R, R, Xc cycloadduct (major:minor) (%)

1 7 Boc -CHeBwO- H 2R 13 - 57
2 7 B -CH¢BwO- H 2§ 14 92:8 48
3 8 Chkz -CCH)0O- H R 15 - 66
4 9 Boc -C(CH)O- CH, 2R 16 - 76
5 10 Boc H -OTBDMS CH, 2R 17 91:9 44
6 11 Boc H -CH(CH), H 2R 18 89: 11 61
7 2R 19 90 : 10 69

12 Boc H -CH H
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Table 2 summarizes some of experimental results. Diastercomeric ratios (ca.'90:10) were determined by
IH NMR and/or HPLC method, and the major cycloadducts 13-197 were isolaed by the flash
chromatography for further reactions. The absolute stereochemistry of the newly gencrated C12 streogenic
center of major cycloadduct 1S was rigorously determined as R by X-ray crystallography (Fig.2).* The
stereochemistry of C15 carbon was retained as the same sense as that of starting L-Ser. The stereochemistry
of other major cycloadducts were tentatively assigned by analogy.

Fig.2. X-ray crystal structure of cycloadduct 15

The N-protected pseudodipeptides 20-24 (Fig.3) were prepared from the corresponding cycloadducts in two
steps [20: 78% yield from 13, 21: 83% yicld from 14, 22 : 47% yield from 16, 23: 76% yicld
from 18, 24 : 69% yield from 19]. The first step involves the removal of chiral auxiliary using LiOH in aq.
THF® and next step is a simple esterification of the resulting carboxylic acid.

Boe " Boc -Qi, QCH,
EToan wll i as sl g

0= o HO"VCH,
20 {a)*=-1250 21 [a],*=+74.7 22 [ =170.7

(¢ 1.27, CHCl,) (c 1.10, CHCl)) (c L.07,. CHCl,)

Y: 0 g
23 [a)y*=-163.4 4 [o]p=-134.2
(c 2.36. CHQC,) (c 0.36, CHC),)

Boe NH&OGHG Boc NH \/ufDCHS
~ . [s)

Fig. 3.

In summary. we have developed a general synthetic method for the pseudodipeptide possesing
2-isoxazoline isosteres. This kind of a novel peptide bond surrogate will find various applications to the
synthesis of enzyme inhibitors,
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the Cambridge Crystallographic Data Center.
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