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Abstract—Substitution of 7-OH by small hydrophobic groups on zanamivir resulted in the retaining of low nanomolar inhibitory
activities against not only influenza A virus sialidase but also influenza A virus in cell culture. These compounds were prepared by
treatment of the corresponding 7-substituted sialic acids derived from 4-modified N-acetyl-D-mannosamine (ManNAc) using
enzyme-catalyzed aldol condensation. © 2002 Elsevier Science Ltd. All rights reserved.

Influenza virus sialidase promotes virus release from
infected cells and facilitates virus spread within the
respiratory tract.! Zanamivir’> and oseltamivir phos-
phate® in Figure 1 have been approved for human use
as specific sialidase inhibitors for anti-influenza
drugs. Since the discovery of zanamivir, syntheses of 2-
deoxy-2,3-dideoxy-N-acetylneuraminic acid (Neu5Ac2en)
analogues, which are thought to be transition-state
analogues* of the enzyme reaction, have drawn con-
siderable attention for sialidase inhibitors over the past
decade. Several groups® reported the synthesis and
sialidase inhibitory activities of analogues related to
zanamivir and demonstrated that four substituents of
guanidine, carboxylic acid, acetamide, and a glycerol
side chain (especially the 8- and 9-hydroxyl groups) on
the dihydropyran ring made important contributions to
their binding activities to the sialidase. However, there
has been only one report of the biological properties
of 4-guanidino-7-substituted-Neu5Ac2en analogues, in
which there was no detailed evaluation.® X-ray studies
with sialidase have shown that the 8- and 9-hydroxyl
groups of sialic acid and inhibitors such as zanamivir
make hydrogen bonding interactions with the acidic
sites, but the 7-hydroxyl group does not form direct
hydrogen bonds with sialidase.”

Therefore, we were interested in the influence on siali-
dase binding of the replacement of the hydroxyl group
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at the C-7 position of Neu5Ac2en by lipophilic sub-
stituents. However, we have found that the chemical
synthesis of 7-substituted-Neu5Ac derivatives from
N-acetylneuraminic acid (Neu5Ac) is particularly difficult.

In fact, little chemistry has been reported at this posi-
tion.® In our attempts to find a reasonable solution to
this problem, we focused our attention on the enzyme-
catalyzed aldol condensation’ between 4-modified-N-
acetylmannosamines and sodium pyruvate in the
presence of NeuS5Ac aldolase. Herein, we now report
the synthesis of 4-guanidino-7-modified NeuS5Ac2en
derived from 4-modified-N-acetylmannosamines and
their biological activities.
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group gave the compounds 4a—4d as previously descri-
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6f: Ry=H,R3=F D-GIcNAc to bD-ManNAc). The synthesis of 7a-7g from

69:Ry=H,Ry=H 6a—6g were accomplished using conventional method-

Scheme 1. Reagents and conditions: (a) 3a: Bu,NFH,F3;, KHF,, ology'” and these compounds were transformed into
Dowex 50W (H") (28%); 3b: MeOH, Dowex 50W (H") (95%); 3c: 9a-9g by deprotection of the N-Boc group with
EtOH, Dowex 50W (H™) (82%); 3d: NaN3, Dowex S0W (H"), DMF CF3;COOH-CH,Cl,. Compound 7d was converted to 8

(72%)- (b) (i) CFsCOOH, AcyO, (ii) 3 N-HCI (60-70%): (c) NaOAc, : : U
A0 (80-90%): (d) NeusAc aldolase, sodium pyruvate, pH 7.5, 6a: by reduction of azide using Lindlar catalyst under H,

(72%); 6b: (73%); 6e: (30%); 6d: (80%); (¢) NeuSAc aldolase, sodium ~ atmosphere, followed by ~amidation  with =~ AcCl,

pyruvate, pH 10 (20%). CH3CH2COC1, CH3(CH2)6COC1, or CH3(CH2)14COC1
providing the corresponding amides, and their depro-
tection afforded 10a—10d, respectively. Compound 9h
was prepared from 8 by ester hydrolysis and deprotection
of the N-Boc group with CF;COOH-CH,Cl,.
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h 7a-7g The influenza A virus sialidase inhibitory and plaque
reduction activities of a range of 7-modified compounds
HO  NHa . are summarized in Table 1. Compounds 9a, 9b,'3 9c,
Y O| COOMe and 9d, C-7 modified derivatives of zanamivir posses-
AS:N < Naoc g HO RoRa sing relat'w@ly smgll qu llpOph!llfi substltuents? s'.howed
HN— \ S H o coon similar sialidase inhibitory activity to zanamivir. The
g NHBoc IS | result by von Itzstein’s group based on X-ray crystal-
AcHN” Y7 NH lographic studies of the complex of zanamivir binding
i HN4NH CF3COOH to influenza A virus sialidase that the C-7 hydroxyl
2 group has no direct interaction with the enzyme sup-
9a:R,=F,Ry=H ports our result that a small substituent can replace the
HO  NHCOR, 9b: R, = OMe, Ry = H hydroxyl group at the C-7 position without any influ-
. O -COOH 23; ﬁi;gftgiﬁ' ence on interaction with the enzyme. However, these
OH | 9e: Ry=F,Ry=F compounds exhibited slightly increased activity (2- to
AN ek ,coom 9f: Ry=H,Ry=F 10-fold) in a plaque reduction assay relative to zanami-
H, :ﬂf ?22 :'HRB'; 1 " vir. This result may suggest that the replacement of the
10a: Ry = CHy e C-7 hydroxyl group by lipophilic substituents would

10b: R, = CHyCH, make it easier to access the cell membrane or active site
10c: Ry = (CHp)gCH3

10d: R4 = (CH,)14CHs compared to zanamivir. Compound 9h having a basic
substituent and compound 9g having no substitution at

Scheme 2. Reagents and conditions: (a) MeOH, Dowex 50W (H™) the C-7 position exhibited slightly decreased activity

(80-90%); (b) AcyO, AcOH, cat. H,SO4 (10:10:1, v/v) (80-90%); (c)

NaNj, Dowex SOW (H ') DMF (80-90% accompanied by their epi- against influenza A virus sialidase. Furthermore, a var-
mer at C-4 position of 5-7%); (d) Lindlar cat. H, EtOH (70-80%); (¢) iation of amide derivatives influenced their activity.
N, N'-bis(tert-butoxycarbonyl)-1 H-pyrazole-1-carboxyamidine (95%); Thus, 10a, 10b, and 10c¢ were tolerated with little change

() NaOMe, MeOH (95%); (g) (i) NaOH; (ii) CF3COOH-CH,Cl, (90~ in activity against influenza A virus sialidase. However
100%): (h) Lindlar catalyst, Hy, EtOH (70-80%): (i) 10a: AcCI, TEA Vvity ag tiehza A viru - JLowever,

(95%): 10b: CH;CH,COCL. TEA (95%): 10¢: CHy(CHa)COCL TEA further homologation to 10d resulted in significant loss
(82%); 10d: CH3(CH,);4COCIl, TEA (80%); (j) (i) NaOH; (ii) of enzyme activity. Difluoro derivative 9e, closely
CF3;COOH-CH,Cl, (90-100%). resembling the structure of 9a, exhibited 20-fold
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Table 1. Sialidase inhibitory and plaque reduction activities of 4-guanidino-7-substituted NeuAc5Ac2en derivatives [ICsy (ng/mL)]

OHR'R?
K)"\:‘Ej/coori
E |
AN
HN
—=NH
H,N
R! R? Sialidase inhibition assay!'® Plaque reduction assay>’
A/PR/8/34 A/Yamagata/32/89

Zanamivir OH H 1.8-20 (1.0) 1.0-20 (1.0)?
9a F H 0.8 (0.44) 1.8 (0.43)
9b OMe H 6.1(1.2) 3.0 (0.15)
9¢ OFt H 14.6 (0.73) 0.7 (0.14)
9d N; H 1.6 (0.5) 0.3 (0.1)
9h NH, H 37.4 (4.0) 20.0 (5.7)
10a NHAc H 18.1 (2.0) NDP
10b NHCOCH,CH; H 48.0 (5.2) 100 (20)
10¢ NHCO(CH,)sCHs H 47 (5.1) 80.0 (16)
10d NHCO(CH,),,CH; H 479 (52) 400 (80)
9e F F 40.0 (10) 10.0 (10)
9g H H 10.0 (2.5) 4.0 (4.0)

4Since 1Cs, values varied depending on the experiments, the relative potencies of the compounds to zanamivir are shown in the parentheses, based
on the ICs, values of zanamivir as a reference. ICs, values of zanamivir in enzyme inhibition and plaque reduction were 1.8-20 and 1.0-20 ng/mL,

respectively.
PND, not determined.

decrease in influenza A virus activity compared to 9a.
We postulated the bulkiness and the electronegativity of
the difluoro substituent of 9e influenced the structural
conformation. Further investigation into the structure
activity relationship of C-7 substituted compounds is
detailed in the accompanying article.

In summary, a series of zanamivir derivatives possessing
C-7 substituted glycerol side chains were synthesized
using enzyme-catalyzed aldol condensation and eval-
uvated in vitro. The compounds 9a, 9b, 9¢, and 9d
exhibited very good inhibitory activity against influenza
A virus sialidase. Furthermore, replacement of the C-7
hydroxyl group of zanamivir by small lipophilic sub-
stituents (F, OMe, OEt, N3) improved influenza A virus
plaque reduction activity.
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