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6-Acetamido-5-amino- and -5-guanidino-3,4-dehydro-N-(2-ethylbutyryl)-3-piperidinecarboxylic acids (8 and 9) have been synthesized starting
from natural siastatin B, a bacterial neuraminidase inhibitor isolated from Streptomyces culture in a stereospecific fashion. These compounds
are related to zanamivir and oseltamivir, inhibitors of influenza virus neuraminidases.

Two integral membrane glycoproteins, haemagglutinin (HA) glycosidase which cleaves theketosidic bond linking a
and neuraminidase (NA), on the envelope of the surface ofterminal neuraminic acid to the adjacent oligosaccharide
the influenza virus interact with receptors which contain residues of glycoproteins and glycolipiéihis cleavage is
terminal sialic acid residues of glycoproteins on the surface thought to facilitate transport of the virus through the mucus
of the host cell Infection by the influenza virus begins with ~ within the respiratory tract and to be involved in the elution
the attachment of HA to cellular receptors and subsequentof progeny virions from the infected cells and the prevention
fusion of viral and host cellular membrareA is a of self-aggregation of progeny viriorisThus, NA plays a
crucial role in the life cycle of the virus and it has been
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postulated that inhibitors of this enzyme should have antiviral  In the course of our studies on the relationships between
properties. Zanamivir (1) and oseltamivi2) (Figure 1) are the structure and biological activity of siastatin®@%(Figure

2) isolated from aStreptomycesulture as an inhibitor of
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o bacterial neuraminidase, we demonstrated, in 1993, that
N id gy cetineuraminic acid (5) 3-episiastatin B (7) (Figure 2) shows potent inhibitory
activities against influenza virus neuraminidases and the
Figure 1. Representative inhibitors of influenze virus neuramini-  influenza virus in vitro infectivitie® while several analogues
dases and\-acetylneuraminic acid. having the same equatorial carboxyl group @sact as
inhibitors only for bacterial neuraminidas€szrom the'H
NMR spectrum, it was assumed thatexists in a boat
conformation in an aqueous solution and also in a nonsolution
by molecular modeling using PM3/MOPAG!?2The lowest
energy boat conformer afwas also superimposed onto the
o-boat conformer ob (Figure 2) in a pocket of the active
site residue of the crystal structure of influenza virus
B/Beijing/1/87 neuraminidase complexed witpby a dock-
ing experiment using BIOCES/AMBER:1%2Under these

e . circumstances, we are interested in the synthesis of similarly
acetylneuraminic acidbj. Several analogues basedl:and

; . ) . functionalized analogues 6fto 1 and2 for development of
2 have been synthesized in the search for effective anti- 9 b

: ; X . anew class of influenza virus neuraminidase inhibitors. Here,
influenza agents, and it appears that 4-amino- and 4-guani-

. . . we describe the synthesis of 6-acetamido-5-amino- and -5-
dino-4H-pyran-6-carboxamidess (and 4) (Figure 1) also guanidino-3,4-dehydr&d-(2-ethylbutyryl)-3-piperidinecar-
exhibit strong inhibition particularly against influenza virus boxylic acids 8 and9) together with 3,4-dehydro-4-deoxy-
Qfgs;gigmmdases and show both in vitro and in vivo antiviral N-(2-ethylbutyryl)siastatin B 27) (Figure 2). First, we

potent inhibitors of neuraminidases from both influenza A
and B viruses and are currently used for treatment of
influenza viral infectiorf. This postulation was conceived
through a rational drug design based on the crystal structure
of influenza virus neuraminidase complexed with sialic
acid®” These results revealed the presence of a large
hydrophobic pocket as well as a hydrophilic pocket in the
region corresponding to the glycerol substituent Nf
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attempted the synthesis of analogue3gnd11) containing
an N-alkyl side chain related td and 2 (Scheme 1 and

Scheme 1
AcHNﬁ c AcHNN((/ 2 AcHNNr(/
—_— / CO,Me / COMe
CO,Me
BocHN OAc BocHN NH,
a( 12: R = C(0)OCH,Ph
13: R=H

b{ 14 R = CH,C(CH,CHy),

Reagents and conditions: a) Ho/10% Pd-C, MeOH, rt (98%)
b) Et,CHCHO, NaBH3CN, AcOH, MeOH, rt (96%) c) t-BuOK,
THF, 1t (76%) d) 4M HCl/dioxane, Et,0, 0°C, or CF;COOH, THF, 0°C

Scheme 2). Hydrogenolysis of the methyl estigrs14
prepared fron6 gave iminel3, which was transformed into
14 by N-alkylation with 2-ethylbutyraldehyde and NaBH
CN in excellent yield. Elimination of the acetate group of
14 proceeded smoothly upon treatment wHBUOK in THF
to afford thea,f-unsaturated estd5in 76% yield. However,
removal of the protectintert-butoxycarbonyl group with an
acid such as HCI in ether or trifluoroacetic acid in THF di
not result in the desired amirf®d but gave the unresolved
aromatized products. To confirm whether this kind of
N-alkylation generally results in aromatization or not in the
removal of protecting groups, we examined the preparation
of 11 starting from amind 3. Unfortunately, removal of the
protecting groups of esté7 was unsuccessful and gave the
unresolved aromatized products. Therefore, we turned our
attention to the synthesis of the imidesgi8d9) analogous

to 4H-pyran-6-carboxamide8 @nd4), the alternative potent
inhibitors particularly of influenza virus A neuraminidases
(Figure 1 and Figure 2). This strategy was improved by
shortening the number of steps in the above synthesis
(Scheme 3). The desired,S-unsaturated estet9 was
prepared in 84% yield by reaction of 2-ethylbutyryl chloride
in pyridine and subsequent treatment with DBU in benzene
starting from siastatin B methyl estei§) 1*° Basic hydrolysis

d

Scheme 2
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16 17: R,R' = C(CHa)p,

c R" =Boc, R"=Me

i1: R=R'=R"=R"=H

Reagents and conditions: D-1,2-O-isopropylidene-sn-
glyceraldehyde, NaBH,CN, AcOH, MeOH, rt (89%)

b) +BuOK, THF, 1t (97%) c) 0.1M NaOH/MeOH, rt,
then AcOH (pH 6)
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Reagents and conditions: a) (i) Et,CHCOCI, Py, rt (ii) DBU, PhH (84%)
b) 2M NaOH/H,0-MeOH (1:1), rt (100%) ¢) PhaCNg, MeOH, rt (87%)
d) Dess-Martin periodinane, CH,Cly, rt (85%) e) NaBH,, MeOH,
-10°C—=10"C (94%) 1) HNy, PhaP, EtO,CN=NCO,£t, PhH, rt (70%)

g) PhaP, CHLCN, t, then H,0 (72%) h) CF. COzl-f CH,Cl, (98%)

i) (BosNH),C=S, HgCly, EtN, DMF. t (58%)

of 19 gave then,S-unsaturated acid0, which was protected
with an easily removable diphenylmethyl group to afford
21in a good yield. After several unsuccessful attempts of
direct epimerization of the hydroxy group, attention was
directed to the general two-step epimerization by oxidation
and reduction. The DesdVartin oxidatiort® of 21 yielded
enone 22 in 85% vyield. Reduction of22 with sodium
borohydride was stereoselectively carried out to furnish allyl
alcohol 23 in excellent yield. Introduction of an equatorial
amino group was best achieved by Mitsunobu reatiiwith
HNj3 in benzene followed by treatment with Phin CH,CN

to give 25in a good yield. Removal of a protecting group
with CRCOH in CH,CI, resulted in the desired 4-amino
product 8 in excellent yield. Compound was further
functionalized with a guanidino group upon treatment with
N,N'-bis(tert-butyloxycarbonyl)thiourea in the presence of
HgCl'" to afford 26 in 58% vyield. Compound26 was
straightforwardly converted into the 4-guanidino prod@ct
with acid. Compoun@0was also transformed into thef-
unsaturated methyl est@7 by treatment with TMSCI in
MeOH in 75% vyield.

A preliminary biological evaluation was carried out on
compounds8, 9, 20, 27, and the general standard inhibitor,
2,3-dehydro-2-deoxy-N-acetylneuraminic a2l Unfortu-
nately, compoundg, 9, 20, and27 were found to be inactive
when inhibitory activities of neuraminidases from influenza
virus A/PR/8/34 (H1N1), A/Japan/307/56 (H2N2), A/Aichi/
2/68 (H3N2), and B/Yamagata/16/88 and also frGtastrid-
ium perfringeng0% at 2.4x 10? uM, compounds; 1.5 x
10> uM, compound9; 3.4 x 1% uM, compoundl12; and

(15) Dess, D. B.; Martin, J. Cl. Org. Chem1983,48, 4155.
(16) For a review, see: Mitsunobu, Gynthesid981, 1.
(17) Kim, K. S.; Qian, L.Tetrahedron Lett1993,34, 7677.
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3.2 x 1% uM, compound 27) were evaluated, while
compounc28 was moderately active against these neuramini-
dases (IG 110, 27, 24, 2.4, and 24M, respectively).&1°
The inactivities of8, 9, 20, and27 can be explained from
their 'H NMR spectra. The small coupling constads { =

0 Hz) in comparison to the large coupling constalits(=

6.4 Hz) of 29! clearly indicates that these compounds
preferentially adopt the half-chair conformation A (Figure
3) in solution as the conformational flip is generally seen in
the imide- or carbamate-fashioned functionalization of imino
group of5.121%20This is distinct from the normally preferred
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Med. Chem.1997, 40, 2626. (b) Satoh, T.; Nishimura, Y.; Kondo, S;
Takeuchi, T.; Azetaka, M.; Fukuyasu, H.; lizuka, Y.; Ohuchi, S.; Shibahara,
S.J. Antibiot.1996,49, 321. (c) Nishimura, Y.; Satoh, T.; Kudo, T.; Kondo,
S.; Takeuchi, TBioorg. Med. Cheml996,4, 91. (d) Satoh, T.; Nishimura,
Y.; Kondo, S.; Takeuchi, TCarbohyd. Res1996,286, 173. (e) Shitara,
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Bioorg. Med. Chem1999, 1241.
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Figure 3. Two half-chair conformers o8, 9, and27.

half-chair conformation B (Figure 3) which must be adopted
upon binding of influenza virus neuraminidases as seen in
1,2, 3,4, and2857821Substitution around siastatin B)(is

in progress to probe the requirements of structural binding
to neuraminidases.
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