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Abstract—To explore the influence of binding to human parainfluenza virus type 1 (hPIV-1), a series of 4-O-substituted Neu5SAc2en
derivatives 6a—e was synthesized and tested for their ability to inhibit hPIV-1 sialidase. Among compounds 6a—e, the 4-O-ethyl-
NeuSAc2en derivative 6b showed the most potent inhibitory activity (ICsy 6.3 pM) against hPIV-1 sialidase.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

N-Acetylneuraminic acid (Neu5Ac) and various related
derivatives, sialic acids, play an important role in various
biochemical and biological processes.! Influenza siali-
dase, a key enzyme responsible for propagation of the
influenza virus, is a target of drug design. Various 2-
deoxy-2,3-didehydro- N-acetylneuraminic acid (NeuSA-
c2en, 1) analogues have been synthesized as competitive
sialidase inhibitors.> Among them, 2,3-didehydro-2.4-
dideoxy-4-guanidinyl-N-acetylneuraminic acid (zanami-
vir) (2) and its analogues showed the most potent inhibi-
tory activity against sialidase.®* Human parainfluenza
virus type 1 (hPIV-1) is an important pathogen causing
upper and lower respiratory disease in infants and young
children,* however, there are no known potential inhibi-
tors of hPIV-1 infection.

NeuS5Ac2en derivatives with structural modifications at
C-4 position are particular candidates for the design of
potent inhibitors against various sialidases.’ We recently
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found that 4-O-thiocarbamoylmethyl-Neu5Ac2en (3)°
has strong inhibitory activity toward hPIV-1 sialidase
compared with 1 (Fig. 1).

As part of a program aimed at new sialidase inhibitors
against hPIV-1, we report here the synthesis of 4-O-
substituted NeuSAc2en derivatives 6a—e and their inhi-
bition of hPIV-1.

2. Results and discussion
2.1. Chemical synthesis

For the synthesis of 4-O-substituted analogues of
NeuSAc2en 6a—e, methyl S-acetamido-8,9-O-isopropyl-
idene-2,3,5-tri-deoxy-D-glycero-p-galacto-non-2-enopyr-
anosonate 47 was chosen as the starting material.
Selective 4-O alkylation of 4 with 1.5 molar equivalent
of methyl iodide in the presence of 5.0 molar equivalent
of silver oxide and 0.5 molar equivalent of tetra-n-buty-
lammonium iodide (TBAI) in dimethylformamide
(DMF) at room temperature gave one major product,
4-O-methyl derivative Sa, in 56% yield (Table 1, entry
1). The structural assignment of 5a was based on its
'"H NMR spectrum which showed the presence of one
additional methoxy group (6 3.40) and on the well-
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1 2 (Zanamivir) 3

Figure 1.

Table 1. Subsititution of 4-hydroxy group of 4

R-X
DMF
4

Entry R-X Condition Product  Yield (%)
1 Mel Ag,0, TBAl 5a 56

2 EtBr Ag,0O, TBAl 5b 45

3 n-PrBr Ag,0, TBAl 5c¢ 41

4 Allyl bromide Ag,0, TBAl 5d 69

5 Propargyl bromide Ag,O, TBAl Se N.R.#

6 Allyl bromide NaH 5d 52

7 Propargyl bromide NaH Se 56

N.R., No reaction.

known reactivity of OH-4 in compound 4.8 In a similar
manner, 4-0O alkylations of 4 with ethyl bromide, n-pro-
pyl bromide, and allyl bromide in the presence of silver
oxide gave 5b, 5c, and 5d in 45%, 41%, and 69% yields,
respectively (entries 2-4); however, the reaction of 4
with propargyl bromide in the presence of silver oxide
was unsuccessful (entry 5). The reactions of 4 with 2.0
molar equivalent of allyl bromide and propargyl bro-
mide using 1.3 molar equivalent of sodium hydride as
a base in DMF at 0 °C successfully gave 5d and Se in
52% and 56% yields, respectively (entries 6 and 7). Com-
pounds 5a—e showed a one-proton doublet in their 'H

Table 2. Deprotection of 5a—e and inhibitory activities of 6a—e

o o HO OH
1) 80% AcOH cooH
HO- o) COOMe _ =~ HO»
AcH Y
2) 0.1 M KOH-MeOH 1)
O— . ~
R (1:1) R
5a-e 6a-e
Entry R Product  Yield (%) ICso (UM)?
1 ~Me 6a quant. 274
2 -Et 6b 59 6.3
3 —n-Pr 6¢ 85 26
4 —-CH,CH=CH, 6d 81 83
5 —-CH,C=CH 6e 97 29

# Inhibitory activities were determined by the method according to
Ref. 6b.

NMR spectrum at ¢ 6.02-6.07 (J54 2.3-3.0 Hz, H-3),
characteristic of the 2,3 double bond.

Hydrolysis of Sa—e with 80% aqueous acetic acid for 1 h
at 80 °C, followed by treatment with 0.1 M KOH-
MeOH (1:1) for 12h at room temperature afforded,
6a—d° and 6e in quant., 59%, 85%, 81%, and 97% yields
in two steps, after purification by chromatography on
silica gel and then desalting, followed by lyophilization
from a H,O suspension (Table 2).

2.2. Biological evaluation

The behavior of compounds 6a—e toward hPIV-1 siali-
dase was tested by our previously reported method.®
As may be seen in Table 2, interestingly, 4-O-ethyl-
Neu5Ac2en 6b showed the most potent inhibitory activ-
ity (ICsq 6.3 uM), although the degree of inhibition was
the same as that of 3 (ICso 7.5 uM). Compounds 6¢ and
6e showed almost the same inhibitory effects as 1 (ICs
30 uM). In the previous study,’® 4-guanidino-NeuSA-
c2en 2 had much lower inhibitory activity toward
hPIV-1 sialidase than that of 1. Compound 6d exhibited
decreased sialidase inhibition compared with 6b, 6c, 6e,
and compound 6a was practically inactive against
sialidase.

In conclusion, 4-O-alkylated Neu5Ac2en derivatives
6a—e having methyl, ethyl, n-propyl, allyl, and propar-
gyl groups at the C-4 position were synthesized via the
key compound 4. These compounds had inhibitory
activities against hPIV-1. The reason for the higher
inhibitory activity of compound 6b is unclear in this
study, but it is possible that hPIV-1 has a microsphere
that interacts with the C-4 position of Neu5SAc2en in
the cavity of the catalytic pocket in HN glycoprotein.
These findings should provide useful information for
the development of anti-human parainfluenza virus
compounds.

3. Experimental

All melting points are uncorrected. Optical rotations
were measured with a JASCO P-1030 (Japan) digital
polarimeter. IR spectra were recorded on a SHIMAD-
ZU IRPrestige-21 (Japan) spectrometer. 'H NMR
spectra were recorded with a JEOL ECA-500
(500 MHz) (Japan) instrument. '*C NMR spectra were
recorded with a JEOL ECA-500 (126 MHz) (Japan)
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instrument. Chemical shifts are expressed in ppm rela-
tive to MeySi (60 = 0) in CDCl; and in D,O referenced
to HOD (4.85 ppm) as internal standards. Fast-atom-
bombardment (FAB) mass spectra were obtained with
a JEOL JMS-700 (Japan) mass spectrometer in the
positive-ion mode using an NBA and thioglycerol ma-
trix. High-resolution mass spectra (HR-MS) were
recorded on a JEOL JMS-700 (Japan) instrument un-
der Fab conditions. Column chromatography was per-
formed on Silica Gel 60 (70-230 mesh, Merck).
Desalting was carried out with an ASAHI CHEMI-
CAL Micro Acylizer G1. All reactions were monitored
using TLC (Silica Gel 60F,s4, E. Merck, Germany) by
charring after spraying 5% H,SO,4 in MeOH and then
heating.

3.1. Methyl 5-acetamido-2,6-anhydro-3,5-dideoxy-8,9-O-
isopropylidene-4-O-methyl-p-glycero-p-galacto-non-2-
enonate (5a)

Under argon compound 4 (90 mg, 0.26 mmol) was dis-
solved in anhydrous DMF (5 mL) and stirred for 1h
with freshly activated MS 4 A (0.30 g). To the mixture
were added methyl iodide (55 mg, 0.39 mmol), Ag,O
(302 mg, 1.3 mmol), and TBAI (48 mg, 0.13 mmol),
and the mixture was stirred for 2 days in the dark under
Ar. Insoluble materials were filtered off through Celite
545 and the filtrate was concentrated to dryness. The
residue was purified by silica gel chromatography using
AcOEt/n-hexane (2:1) to give the 4-O-methyl comzpound
5a (52 mg, 56%) as an amorPhous powder. [loc]f) 68 (c
1.7, CHCI3). IR (neat, cm™'): 1732, 1630. '"H NMR
(500 MHz, CDCl3) 6 1.36, 1.40 (s, each 3H, Me,C),
2.01 (s, 3H, NHACc), 3.40 (s, 3H, OMe), 3.80 (s, 3H,
OMC), 4.08 (dd, IH, Jgsga =45, J9a,9b =115 Hz,
H-9a), 4.12 (m, 2H, H-6 and H-7), 4.26 (m, 2H, H-4
and H-5), 5.65 (d, Jsnu = 8.0 Hz, NH), 6.07 (d, 1H,
J34=3.0Hz, H-3). FABHRMS m/z Calcd for
C6H26NOg (M+H)" 360.1658. Found: 360.1648.

3.2. Methyl 5-acetamido-2,6-anhydro-3,5-dideoxy-4-O-
ethyl-8,9-O-isopropylidene-p-glycero-p-galacto-non-2-
enonate (5b)

The reaction was carried out using compound 4
(102mg, 0.30 mmol) and ethyl bromide (164 mg,
1.5 mmol) in a manner similar to the preparation of
5a to give 5b (50 mg, 45%) as an amorg)hous powder,
[a]f)z 34 (¢ 0.11, CHCI;). IR (neat, cm™'): 3298, 1734,
1637. '"H NMR (500 MHz, CDCl;) 6 1.19 (t, 3H,
J=68Hz, OCH,CH;), 1.34, 1.38 (s, each 3H,
Me,C), 2.05 (s, 3H, NHAc), 3.53-3.59 (m, 2H, H-7
and OCH,CH3), 3.65 (m, 1H, OCH,CH3), 3.78 (s,
3H, OMe), 4.06 (dd, 1H, Jso=15.2, Jgem = 12.0 Hz,
H-9a), 4.12-4.15 (m, 3H, H-4, H-6, and H-9b), 4.21
(dd, 1H, J45=14.9, Jsnu = 7.5 Hz, H-5), 4.31 (ddd,
1H, J;5=11.5, Jso,=8.0Hz, H-8), 4.59 (d, 1H,
J7on = 2.9 Hz, OH), 5.86 (d, 1H, NH), 6.03 (d, 1H,
J34=29Hz, H-3). °C NMR (126 MHz, CDCl;) 6
15.5, 23.2, 25.3, 27.0, 48.1, 52.5, 63.5, 67.3, 714,
72.3,74.4, 77.0, 107.5, 109.2, 145.8, 162.4, 171.8. FAB-
HRMS m/z Caled for C7H,sNOg (M+H)* 374.1815.
Found: 374.1790.

3.3. Methyl 5-acetamido-2,6-anhydro-3,5-dideoxy-8,9-O-
isopropylidene-4- O-n-propyl-n-glycero-p-galacto-non-2-
enonate (5¢)

The reaction was carried out using compound 4
(111 mg, 0.32 mmol) and n-propyl bromide (198 mg,
1.6 mmol) in a manner similar to the preparation of 5a
to give 5¢ (51 mg, 41%) as an amorphous powder, [oc]f;
27 (¢ 0.16, CHCI5). IR (neat, cm™'): 3257, 1720, 1650.
'"H NMR (500 MHz, CDCl5) ¢ 0.90 (t, 3H, J = 7.5 Hz,
OCH,CH3), 1.35, 1.40 (s, each 3H, Me,C), 1.55-1.62
(m, 2H, CH,CH3), 2.06 (s, 3H, NHAc), 3.47 (m, 1H,
OCH,CH3), 3.54-3.79 (m, 2H, H-7 and OCH,CHj;),
379 (s, 3H, OMe), 4.07 (dd, 1H, Jgo,=5.2,
Jeem = 12.0 Hz, H-9a), 4.11-4.16 (m, 3H, H-4, H-6 and
H-9b), 4.24 (dd, 1H, J45=14.9, Jsnu = 7.5 Hz, H-5),
4.33 (ddd, 1H, J75=11.5, Jgo, = 8.0 Hz, H-8), 4.57 (d,
1H, J70n =3.5Hz, OH), 5.61 (d, 1H, NH), 6.04 (d,
1H, J54=2.9 Hz, H-3). *C NMR (126 MHz, CDCl;)
o 104, 23.0, 23.1, 25.2, 26.9, 47.9, 52.4, 67.2, 69.7,
71.4, 72.4, 74.3, 76.9, 107.3, 109.1, 145.7, 162.3, 171.7.
FABHRMS m/z Caled for C;gH3NOg (M+H)"
388.1971. Found: 388.1974.

3.4. Methyl 5-acetamido-2,6-anhydro-3,5-dideoxy-8,9-O-
isopropylidene-4- O-(2-propenyl)-p-glycero-n-galacto-
non-2-enonate (5d)

The reaction was carried out using compound 4
(166 mg, 0.48 mmol) and allyl bromide (174 mg,
5.5 mmol) in a manner similar to the preparation of 5a
to §ive 5d (128 mg, 69%) as an amorg)hous powder,
[a]ZD 32 (¢ 1.0, CHCl;). IR (KBr, cm™'): 1732, 1662.
H NMR (500 MHz, CDCIs) 6 1.36, 1.40 (s, each 3H,
Me,C), 2.02 (s, 3H, NHAc), 3.58 (dd, 1H, Js7=10.7,
J75=8.0 Hz, H-7), 3.80 (s, 3H, OMe), 4.09, 4.94 (m,
2H, H-6 and H-9a), 4.14-4.17 (m, 2H, H-8 and H-9a),
4.20-4.23 (m, 2H, H-5 and H-9b), 4.34 (dd, 2H,
Jla,2 = 23, Jlb,2 = 50, Jgem =13.5 HZ, CHZZCHCHzf),
5.24 (dd, 1H, J2’3a: 10, J3a,3b: 16.5 Hz, CHZZCH
CHz—), 5.32 (dd, 1H, J2,3b: 2.0 Hz, CHZZCHCHz—),
5.64 (d, 1H, Jsni = 6.5 Hz, NH), 5.89 (m, 1H, H-2),
6.05 (d, 1H, J54=2.5 Hz, H-3). FABHRMS m/z Calcd
for C;sH,sNOg (M+H)" 386.1815. Found: 386.1837.

For the preparation of 5d using allyl bromide and sodi-
um hydride, sodium hydride (22 mg, 0.92 mmol) at 0 °C
under Ar was added to a solution of 4 (245 mg,
0.71 mmol) and propargyl bromide (172 mg, 1.42 mmol)
in DMF (5 mL) was added, and the mixture was stirred
for 1 h. After the addition of MeOH (1 mL), the solvent
was concentrated to dryness. The residue was chromato-
graphed on silica gel using 50:1 CHCIl3;/MeOH to give 5d
(142 mg, 52%).

3.5. Methyl 5-acetamido-2,6-anhydro-3,5-dideoxy-8,9-O-
isopropylidene-4- O-(2-propynyl)-p-glycero-p-galacto-
non-2-enonate (5e)

The reaction was carried out using compound 4
(270 mg, 0.78 mmol) in a manner similar to the prepara-
tion of 5d using sodium hydride as a base to give 5e as
an amorphous powder, [oc]f)4 48 (¢ 0.90, CHCIy). IR
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(KBr, cm™'): 3275, 1724, 1635. '"H NMR (500 MHz,
CDCls) 6 1.36, 1.40 (s, each 3H, Me,C), 2.09 (s, 3H,
NHAc), 2.53 (t, 1H, J=2.3 Hz, C=CH), 3.55 (dd,
lH, J7,0H = 29, J7,8 =8.0 HZ, H-7), 3.79 (S, 3H,
OMe), 4.054.11 (m, 2H, H-6 and H-9a), 4.13-4.18
(m, 2H, H-5 and H-9b), 4.23, 4.33 (dd, each 1H,
J =123, Jgem = 16.7 Hz, OCH,C=), 4.36 (m, 1H, H-8),
4.42 (dd, 1H, J54=2.3, J45=8.0Hz, H-4), 4.61 (br,
1H, OH), 564 (d, 1H, Jsnu =7.5Hz, NH), 6.02 (d,
1H, H-3). >*C NMR (126 MHz, CDCl3) § 23.3, 25.3,
271 48.6, 52.5, 56.0, 67.3, 70.3, 72.6, 74.2, 75.5, 77.5,
79.7, 106.9, 109.2, 146.0, 162.3, 172.7. FABHRMS m/z
Caled for C;sH,NOg (M+H)* 384.1658. Found:
384.1663.

3.6. 5-Acetamido-2,6-anhydro-3,5-dideoxy-4- O-methyl-p-
glycero-n-galacto-non-2-enonic acid (6a)

Compound 5a (17 mg, 0.047 mmol) was dissolved in
80% aqueous AcOH (2mL). After stirring for 1h at
80 °C, the reaction solution was concentrated to dry-
ness, the residue was dissolved in a solution of 0.1 M
KOH in MeOH (1:1) (2 mL) at 0 °C, and the mixture
was stirred for 12 h at room temperature. The reaction
solution was adjusted to pH 2 with Amberlite 120
(H™), the solution was filtered to remove the resin, and
the filtrate was concentrated in vacuo. The residue was
purified by silica gel column chromatography using
CHCI3/MeOH/H,0 (65:35:5) to give 6a (14 mg, quant.)
after desalting with an AC Micro Acylizer Gl and
lyophilization from a H,O suspension. IR (neat,
em '): 3263, 1718, 1637. '"H NMR (500 MHz, D,0) ¢
1.93 (s, 3H, NHAc) 3.29 (s, 3H, OMe), 3.47-3.53 (m,
2H H-7 and H-9a), 3.76 (dd, 1H, Jgo,=1.7,
Jeem = 12.0 Hz, H-9b), 3.81 (m, 1H, H8) 3.98 (dd,
1H, J45=06.3, Jsc=12.0 Hz, H-5), 4.18 (d, 1H, H-6),
428 (dd, 1H, J54=2.3Hz, H-4), 5.71 (d, 1H, H3)
FABHRMS m/z Caled for Ci,H9NOgNa (M+Na)
328.1008. Found: 328.1079.

3.7. 5-Acetamido-2,6-anhydro-3,5-dideoxy-4- O-ethyl-p-
glycero-p-galacto-non-2-enonic acid (6b)

The reaction was carried out using compound 5Sb
(50 mg, 0.13 mmol) in a manner similar to the prepara-
tion of 6a to give 6b (25 mg, 59%) as an amorphous
powder, [rx] 90 (¢ 0.12, CH30H). IR (neat, cm™):
3392, 1735, 1624. "H NMR (500 MHz, D,0) § 1.19 (t,
3H, J=6.8 Hz, OCH,CHs;), 1.96 (s, 3H, NHACc), 3.43
(m, 1H, OCH,CH,), 3.53-3.61 (m, 3H, H-7, H-9a, and
OCH2CH2), 3.79 (dd, 1H, J8,9b :2.3, Jgem: 12.0 HZ,
H-9a), 3.84 (ddd, 1H, J;5=19.2, Jgop = 5.8 Hz, H-8),
4.11 (dd, 1H, J45=8.6, J56=10.9 Hz, H-5), 4.17 (d,
1H, H-6), 4.28 (dd, 1H, J54=2.3 Hz, H-4), 5.85 (d,
1H, H-3). FABHRMS m/z Caled for C;3H;NOgNa
(M+Na)* 342.1165. Found: 342.1163.

3.8. 5-Acetamido-2,6-anhydro-3,5-dideoxy-4- O-n-propyl-
p-glycero-p-galacto-non-2-enonic acid (6¢)

The reaction was carried out using compound 5S¢ (51 mg,
0.13 mmol) in a manner similar to the preparation of 6a
to give 6¢ (37 mg, 85%) as an amorphous powder, [oc]f)s

48 (¢ 0.25, CH;0H). IR (neat, cm_l) 3313, 1717,
1630. 'H NMR (500 MHz, D,O) & 0.80 (t, 1H,
J=17.5Hz, CH,CH3), 1.43-1.50 (m, 2H, CH2CH3),
1.96 (s, 3H, NHAc), 3.43 (m, 1H, OCH2CH2), 3.53-
3.61 (m, 3H, H-7, H-9a, and OCH,CH,), 3.79 (dd,
1H, Jsob = 23 Jgem 12.0 Hz, H-9a), 3.84 (ddd, 1H,
J78=9.2, Jgob = 5.8 Hz, H-8), 4.11 (dd, 1H, J45= 8.6,
Js6=10.9 Hz, H-5), 4.17 (d, 1H, H-6), 428 (dd, 1H,
J34=2.3Hz, H-4), 5.85 (d, 1H, H 3). FABHRMS m/z
Caled for C4H,4uNOg (M+H)" 334.1502. Found:
334.1501.

3.9. 5-Acetamido-2,6-anhydro-3,5-dideoxy-4-O-(2-prope-
nyl)-p-glycero-p-galacto-non-2-enonic acid (6d)

The reaction was carried out using compound 5d
(50 mg, 0.13 mmol) in a manner similar to the prepara-
tion of 6a to give 6d (35 mg, 81%) as an amorphous
powder. IR (neat, em™Y): 3298, 1734, 1637. '"H NMR
(500 MHz, D,O) ¢ 1.92 (s, 3H, NHACc), 3.50-3.53 (m,
2H, H-7 and H-9a), 3.69 (s, 3H, OMe), 3.74 (dd, 1H,
Js0= 1.7, Jeem =12.0 Hz, H-9b), 3.79 (m, 1H, H-8),
3.96 (dd, 1H, J45=6.3, Jsc = 12.0 Hz, H-5), 4064 10
(m, 2H, H-6 and C=CCH,-), 4.17 (d, 1H, C=CCH -
), 430 (dd, 1H, J34=23Hz, H-4), 514 (d, 1H,
J=117.2 Hz, =CH2), 519 (d, 1H, J=10.3 Hgz,
=CH,), 5.78 (m, 1H, CH=CH,), 6.05 (d, 1H, H-3).
FABHRMS m/z Caled for C;4H,NOgNa (M+Na)"
354.1165. Found: 354.1172.

3.10. 5-Acetamido-2,6-anhydro-3,5-dideoxy-4- O-(2-pro-
pynyl)-p-glycero-p-galacto-non-2-enonic acid (6e)

The reaction was carried out using compound 5e (41 mg,
0.107 mrnol) in a manner similar to the preparation of
6a to give 6e (34 mg, 97%) as an amorphous powder,
[or ]25 31 (¢ 0.12, CH30H). IR (neat, cm™'): 3257, 1734,
1637. '"H NMR (500 MHz, D,0) 6 1.97 (s, 3H, NHACc),
2.83 (t, 1H, J = 2.3 Hz, C=CH), 3.53-3.57 (m, 2H, H-7
and H-9a), 3.78 (dd, 1H, Jgo =2.3, Jgem =12.0 Hz, H-
9a), 3.84 (ddd, 1H, J;5=9.2, Js o, = 6.3 Hz, H-8), 4.09
(dd, 1H, Jy5= 86 Js6=10.9 Hz, H-5), 421 (d, 1H,
H-6), 424 (dd, each 1H, Jyem = 16.7 Hz, OCH,C), 447
(dd, 1H, J54=2.3 Hz, H4) 5.89 (d, 1H H-3). FAB-
HRMS /= Caled for C14H20NOg (M+H) 330.1189.
Found: 330.1261.
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