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A series of chiral 3-aminoxy acids or amides with various side chains have been synthesized via
two different approaches. One is the Arndt—Eistert homologation approach, using chiral oc-aminoxy
acids as starting materials. The other approach, utilizing the enantioselective reduction of 5-keto
esters catalyzed by baker’s yeast or chiral Ru(ll) complexes, produces chiral 53-aminoxy acids with
nonproteinaceous side chains. The oligomers of 53-aminoxy acids can be readily prepared using

EDCI/HOALt as the coupling reagent.

Introduction

Due to the interest in structural modifications of
o-amino acids, there have been numerous explorations
of unnatural oligomers with well-defined secondary
structures (foldamers).t Extensive studies have indicated
that g-peptides and y-peptides, analogues of a-peptides,
can adopt discrete secondary structures that are analo-
gous to the secondary structures (including helices, turns,
and sheets) found in proteins and peptides.?3

In our endeavor to search for novel foldamers, a-ami-
noxy peptides and S-aminoxy peptides were designed by
replacing the -carbon of S-amino acids and the y-carbon
of y-amino acids, respectively, with an oxygen atom.
Previous studies of our group have revealed a strong
eight-membered-ring hydrogen bond formed between
adjacent a-aminoxy acid residues (the o-N—O turn).*
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Furthermore, homochiral and heterochiral oligomers of
a-aminoxy acids formed novel 1.8g helices and reverse
turns, respectively.> Compared with a-aminoxy acids,
p-aminoxy acids have an extra carbon atom in the
backbone, thus allowing for more variations in the
substitution patterns of peptides and offering opportuni-
ties to modulate hydrogen-bonding properties. Similar to
p-amino acids, fS-aminoxy acids can be divided into
several subclasses according to their backbone substitu-
tion patterns (Chart 1). We have reported that j322-
aminoxy peptides of 3-aminoxy-2,2-dimethyl propionic
acid can adopt a helical conformation that has ap-
proximately 1.7 residues per turn and contains a network
of nine-membered-ring hydrogen bonds between back-
bone C=0; and NHj;, (1.75 helix).®2 Our recent studies
showed that the 3-N—O turns and 3-N—0O helices, which
have been found in peptides of $>2-aminoxy acids, are
also present in the 3-aminoxy peptides. Also, in the
B-N—0 turns and 3-N—O helices induced by 33-aminoxy
acids, the N—O bond could be either anti or gauche to
the C,—C; bond depending on the size of the side chains,
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CHART 1
l:{ Rl R] R2
HZN\O /\/COZH HZN\O /\E/COZH HZN\O )\KCOZH HZN\O /Q/COZH HZN\O /\\\<C02H
R Rz Rl RZ
[33_ BZ_ 62,3_ [_))3,3_ BZ,Z_
SCHEME 12

1-5
1 Pg=Phth, R=CIH,CH(CH;),
2 Pg=Fmoc, R =CH,CH(CH;),
3 Pg=Cbz, R=CH,CH(CH;),
4 Pg=Cbz, R=CH(CH;),
5 Pg=FEtOCO, R = CH(CH;),

6-10

6 Pg=Phth, R=CH,CH(CH;),
7 Pg=Fmoc, R =CH,CH(CHj),
8 Pg=Cbz R = CH,CH(CH;),
9 Pg=Cbz, R = CH(CH3;),

10 Pg=EtOCO, R =CH(CHj),

a(a) TFA, CHCly; (b) (i) CICOzEt, EtsN, THF (ii) CH2Np, ether; 77—84% overall yield.

which contrasts only the anti conformation found in 22- SCHEME 22
aminoxy peptides.®® To gain rapid access to chiral 53- o
aminoxy peptides with a diversity of side chains, a ® ) }/
general synthetic scheme is required. Here, we report our o 4 0 0 ”%‘Nn-,.&n
efforts on the synthesis of chiral g3-aminoxy acids or @[‘i”_{g ﬁg}é a mu_oe H H
amides and their oligomers. q :
o o}
Results and Discussion o
Since the Arndt—Eistert homologation method has ? %‘}7/ 2 H>:(_<
been successfully employed in the synthesis of g-amino N CQN_%”' S =co_ @:iﬂ_o H
acids from natural a-amino acids with nearly no racem-
o 0

ization,” we applied this method to synthesize chiral
B-aminoxy amides from chiral o-aminoxy acids. Following
the reported procedures, we synthesized the protected
chiral a-aminoxy acids 1—5 of proteinaceous side chains
in high optical purity starting from the corresponding
chiral a-amino acids.®® The treatment of 1—5 with TFA
in CH,CI, gave the free acids, which were then converted
to the mixed anhydrides with EtsN/CICO,Et. Subsequent
reaction with diazomethane afforded diazoketones 6—10
(Scheme 1). Seebach et al. reported that the treatment
of a-amino diazoketones in THF with a nucleophile in
the presence of 0.1 equiv of a silver salt and Et;N at —20
to 0 °C gave B-amino acids and their derivatives.”®
Unfortunately, under the same experimental conditions,
o-aminoxy diazoketone 6 gave an abnormal rearrange-
ment product 12 in 69% yield instead of the desired 3°-
aminoxy acids (Scheme 2).

The abnormal rearrangement product is proposed to
come from cyclopropanone intermediate 11, as shown in
Scheme 2. At —20 to 0 °C, a-aminoxy diazoketone 6 might
form cyclopropanone 11 rather than a ketene, and 11
then might suffer decarbonylation to give olefin 12. As
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913. (c) Ye, T.; Mckervey, M. A. Chem. Rev. 1994, 94, 1091.
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2 (a) CF3CO2Ag, EtsN, THF, —20 °C, 69% yield.

in other Wolff rearrangement reactions, the function of
the silver salt is not well understood. To facilitate the
ketene formation and suppress the cyclopropanone for-
mation, the reaction temperature was further lowered
to —78 °C. Diazoketone 7 underwent Wolff rearrange-
ment in the presence of iso-butylamine (1.5 equiv),
PhCO,Ag (0.1 equiv), and Et;N (3.0 equiv) at —78 °C to
give diamide 16 in 58% yield (Scheme 3). Treatment of
diazoketones 8—10 with PhCO,Ag (0.1 equiv) in Et3N (3
equiv) in the presence or absence of H,O or MeOH at —78
°C gave 33-aminoxy lactams 13—15 in 64—98% yield and
95—-98% ee (Scheme 3). The lactams were formed prob-
ably because the oxy-amide anion is more nucleophilic
than methanol and water. The lactams can be opened
by amines in refluxing THF or toluene in the presence
of DMAP to give diamides 17—22 in 59—97% yield. These
results indicate that %-aminoxy amides can be synthe-
sized in high optical purity from chiral a-aminoxy acids
using the Arndt—Eistert homologation method.
Aminoxy triamide 24, containing two 53-aminoxy acid
residues, was synthesized according to Scheme 4. Di-
amide 17 was deprotected at the N-terminus with HBr
in acetic acid, and the resulting free f%-aminoxy amine
23 was subsequently refluxed with DMAP and lactam
13 in THF to afford triamide 24 in 72% overall yield.
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SCHEME 32
o}

pgHN~C CHN,

7 Pg=Fmoc

o)

b
PgHN/O\‘)]\CHNZ - .
1

R

8-10

8 Pg=Cbz, R'=CH,CH(CH;),
9 Pg=Cbz, R'=CH(CH;),
10 Pg=EtOCO, R! = CH(CH;),

H 17 Pg=Cbz,

0 N. =
PgHN \l/\ﬂ/ R2 18 Pg=Cbyz
R! le} 19 Pg=Cbz,
20 Pg=Cbz,
17-22 21 Pg=Cbz,

22 Pg=FEtOCO, R' = CH(CH;),,

_
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II4\)\
PgHN/O N

16 Pg=Fmoc

O 1
PgN \\\\R c
} ; J—

o)
13-15

13 Pg=Cbz, R!=CH,CH(CH;),
14 Pg=Cbz, R!=CH(CH;),
15 Pg=EtOCO, R! = CH(CHj;),

R! = CH,CH(CH3),, R? = CH,CH(CH3),
R' = CH,CH(CH;),, R®=p - OMeCgH,
R! = CH,CH(CH3),, R?=p - MeCgH,

R'=CH(CH3);,  R®=CH,CeH,
R'=CH(CH3),, R?=p-CICeH,
R%=p - MeCgHy

a 2Ag, EtsN, , FBUNH2, — ) 0 yiela; 2Ag, EtsN, , T , 64—396% yield; (C ) 2, or
a PhCO,Ag, EtzN, THF, i-BuNH 78 °C, 58% yield; (b) PhCO2Ag, EtsN, THF, —78 °C, 64—98% yield DMAP, R2NH,, THF

toluene, reflux, 59—97% yield.

SCHEME 42
(o)

J .o ﬁ\)\ —>a -0 ﬁ\)\
PhCH,0” "N~ HN
H o le}

17 23
O .
CbzN B )\
)"\ v/ 0 u £ 9
O 13 0 N >
PhCHZO)J\N \O/\)J\N
b H 0 H

24

a(a) (i) HBr, HOAc (ii) Na2CO3, H20; (b) DMAP, THF, reflux,
72% overall yield.

To synthesize chiral $3-aminoxy acids with nonpro-
teinaceous side chains, another scheme has been devel-
oped that utilizes chiral g-hydroxy esters rather than
o-aminoxy acids as the starting materials.

Optically active s-hydroxy esters can be prepared by
asymmetric reduction of 3-keto esters using either chemi-
cal'® or enzymatic methods.* In our study, -keto esters
were reduced to S-hydroxy esters in high optical purity

(10) (a) Soai, K.; Yamanoi, T.; Hikima, H.; Oyamada, H. J. Chem.
Soc., Chem. Commun. 1985, 138. (b) Noyori, R.; Ohkuma, T.; Kitamura,
M.; Takaya, H.; Sayo, N.; Kumobayashi, H.; Akutagawa, S. 3. Am.
Chem. Soc. 1987, 109, 5856. (c) Noyori, R.; Ikeda, T.; Ohkuma, T.;
Widhalm, M.; Kitamura, M.; Takaya, H.; Akutagawa, S.; Sayo, N.;
Saito, T.; Taketomi, T.; Kumobayashi, H. 3. Am. Chem. Soc. 1989, 111,
9134. (d) Burk, M. J.; Harper, T. G. P.; Kalberg, C. S. 3. Am. Chem.
Soc. 1995, 117, 4423. (e) Zhang, Z.-G.; Qian, H.; Longmire, J.; Zhang,
X.-M. J. Org. Chem. 2000, 65, 6223. (f) Genét, J. P.; Ratovelomanana-
Vidal, V.; Cafio de Andrade, M. C.; Pfister, X.; Guerreiro, P.; Lenoir,
J. Y. Tetrahedron Lett. 1995, 36, 4801.

SCHEME 52
0O o a OH O
B 2
RI/U\/U\ _R? Rl/\)J\O/R
25-26 27-28
25 R'=CH;, R?>=C(CH;), 27 63% yield, 93% ee

26 R'= CH,CHs, R®= CH; 28 100% yield, 99% ee

27 47

2 (a) (i) Baker's yeast, petroleum, H,O or (ii) RuBr;[(S)-binap],
H, (1 atm), MeOH; (b) PhthN—OH, DIAD, PPhs, THF, —40 °C,
54% yield.

using a chiral Ru(ll) catalyst'®f or baker’s yeast (Scheme
5).11%i The key step for introducing the N—O segment of
the -aminoxy acids was a Mitsunobu reaction!? between
N-hydroxyphthalimide and g-hydroxy esters; unfortu-
nately, only elimination product 47 was formed in 54%
yield at —40 °C (Scheme 5).

To avoid the undesired a,3-elimination reactions, chiral
p-hydroxy esters 27 and 28 were first reduced with

(11) (a) Csuk, R.; Glanzer, B. I. Chem. Rev. 1991, 91, 49. (b)
Rodriguez, S.; Schroeder, K. T.; Kayser, M. M.; Stewart, J. D. J. Org.
Chem. 2000, 65, 2586. (c) Hayakawa, R.; Nozawa, K.; Kimura, K.;
Shimizu, M. Tetrahedron 1999, 55, 7519. (d) Dahl, A. C.; Fjeldberg,
M.; Madsen, J. @. Tetrahedron: Asymmetry 1999, 10, 551. (e) Hay-
akawa, R.; Nozawa, K.; Shimizu, M.; Fujisawa, T. Tetrahedron Lett.
1998, 39, 67. (f) Medson, C.; Smallridge, A. J.; Trewhella, M. A.
Tetrahedron: Asymmetry 1997, 8, 1049. (g) Rotthaus, O.; Kruger, D.;
Demuth, M.; Schaffner, K. Tetrahedron 1997, 53, 935. (h) Dahl, A. C.;
Madsen, J. @. Tetrahedron: Asymmetry 1998, 9, 4395. (i) North, M.
Tetrahedron Lett. 1996, 37, 1699.
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SCHEME 62
OH O OH
R > a B
Rl/\)J\O’R - Rl/\/\OH
27-28 29-30
27 Rl=CH;, R?>=C(CH3);

28 R!= CH,CHs, R? = CH;

O Rl

6}
33-34

O Bl
d e €
CLgron == O™
6}

35-36

Yang et al.

~
e
jan)
@]
o

_—

31-32

@;fN_o on
0]

37-38

37 R'=CH;
38 R!=CH,CH;

a (a) LiAlHg4, Et,0, 56—89% yield; (b) TrCl, DMAP, DMF, EtsN, 92—97% yield; (c) PhthN—OH, PPhs, DIAD, THF, 74—94% yield; (d)
HCOOH, CHCl,, 73—75% yield; (e) NalO4, RuO,-xH,0 and CH3CN/CCl4/H,O/acetone (1/1/1.4/0.3).

SCHEME 72

e} B‘l 0
A a
©:;<N—O/\)J\OH
o)

37-38

X b
@N—o/\)m _—
H
(0]

39-40

Ve Ve
R c -
H2N—O/\)J\N )YN\O/\)I\N
H o H

41-42

43R! =CH;,

4344
30% overall yield

44R'=CH,CH;, 39% overall yield

A0
Q{(N_O/\J\N _b HZN_O/\)L
e} 39

P o0
H H
. o) N
N—O/\)kN/W
H o
(0]

45

O - 0
@QN—O/\)J\OH
S PN
N
H

d
41

H = 9 H

b, ¢ X 0} N
)}(N\O/\)J\N/ W
o) H o)

46 27% overall yield

a (a) EDCI/HOAU/CHCly/cyclohexylamine; (b) NH2NHz-H>0, MeOH, CH,Cl,; (c¢) EDCI, HOAt, CHxClI;, (CH3),CHCOOH; (d) EDCI,

HOAt, CHCl..

lithium aluminum hydride to diols 29 and 30 in 56 and
89% vyield, respectively (Scheme 6). Selective protection
of the primary hydroxyl group of diols with a trityl group
provided 31 and 32 in 92 and 97% yield, respectively.
The secondary hydroxyl groups in 31 and 32 were
converted to phthaloyl aminoxy groups through a Mit-
sunobu reaction in 74—94% yield with an inversion of
the configuration at the -carbon, and subsequent depro-
tection and oxidation produced N-protected S-aminoxy
acids 37 and 38, respectively. The phthaloyl group can
be easily removed with hydrazine hydrate, which makes
37 and 38 ideal building blocks for peptide synthesis.

Following our previously reported protocols for a-ami-
noxy peptide coupling,5®8 we obtained diamides 43 and
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44 and even triamide 46 in high overall yield using EDCI/
HOAt as the coupling reagent®® (Scheme 7).

In summary, we have developed two schemes for the
efficient synthesis of chiral s3-aminoxy acids or amides
and their oligomers. These synthetic schemes should
allow for the rapid construction of combinatorial libraries
of peptides containing 3-aminoxy acids for drug screen-
ing.
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