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Abstract—Novel 9-fluoren-B-O-glycosides, designed as DNA-intercalating agents in structural correlation with antiviral tilorone
and anticancer anthracyclines, have been prepared with yields in f-anomers ranging between 25 and 63%. They have been screened
for antiproliferative, immunostimulating and antiviral properties against HSV-1 and HSV-2 viruses. Compounds displaying sig-
nificant antiviral activity against HSV-2 are acetylated 1 and deprotected 6 9-fluorenyl-O-D-arabinopyranoses, whereas 9-fluorenyl-
O-p-glucopyranose 3 is the most effective on HSV-1 replication, followed by 1 and 6. The conformational properties of these
compounds have been evaluated by molecular modelling techniques.

© 2004 Published by Elsevier Ltd.

1. Introduction

The trend of antitumoral and antiviral therapies of
today relies on a double approach: the combined
administration of chemotherapeutics and immunomo-
dulators able to counteract immunological disorders,
ground or consequence of the pathology.!

Titled 9-fluoren-B-O-glycosides, the synthesis and charac-
terization of which are reported, have been designed as a
sort of molecular hybrids of the intercalating antitumoral
anthracyclines (daunomycin, doxorubicin etc.) and tilorone
(2,7-bis2~(diethylamino)ethoxyfluoren-9-one), well-known
interferon (IFN)-inducent and antiviral agent.?

In the novel compounds the fluorenic chromophore
might be able to bind double-stranded DNA by inter-
calation reinforced by the sugar moiety in the same
B-configuration as in daunomycin.?

* A preliminary account of this work was presented at XIV Convegno
Nazionale — Divisione di Chimica Farmaceutica — Societa Chimica
Italiana, Salsomaggiore Terme, PR, Italy, 21-25 September 1998.

* Corresponding author. Tel.: +39-090-6766469; fax: =+ 39-090-
355613; e-mail: vigorita@pharma.unime.it
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Intercalating drugs are known to strongly bind to the
DNA of chromatin in the cell nucleus by slipping
between two base pairs of the double helix and forming
charge—transfer complexes with the nucleotides. The
four-membered ring system of daunomycin intercalates
into DNA and distorts the double helix: the replication
and transcription of genes are thus compromised, in
particular those encoding for important enzymes such
as topoisomerase.*

The mechanism of action of tilorone as well proves to
be linked to DNA-intercalation: in fact, slipping
between two adjacent base pairs of the minor groove, its
planar molecule alters DNA chemo-physical properties,
stimulating cytokines expression.> In particular, IFN-o
and IFN-B play important roles in host resistance to
viral infections.® They bind to IFN-a/B receptors that
are expressed in all cell types.” Activation of such
receptors modifies the transcriptional and translational
environment in cells inducing an antiviral state.®

Tilorone was marketed in USA as a potent IFN-inducer
and used for many years as an antiherpetic agent.’
Some severe side effects were subsequently ascertained;
in particular the onset of mucopolysaccharidosis which
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caused its withdrawal from trading. This effect was
related to the presence of the symmetrical side chains in
2 and 7 positions.'® In fact many non-symmetrically
substituted analogues maintain the IFN inducent poten-
tial of the parent drug, lacking this adverse property.!!

On the other hand, antitumoral anthracyclines are known
to display severe cardiotoxicity mainly linked to quinonic
B/C rings capable of generating noxious radical species.'?

In view of these aspects, the non-beneficial moieties of
parent drugs have been omitted in designing novel
fluorenic DNA intercalating compounds. Moreover, as
happens in several classes of xenobiotics, the insertion
of sugar moieties would confer better pharmacokinetics
and a more favourable toxicity profile.!* In fact we are
witnessing today a rapid growth of carbohydrate struc-
tures as new leads in pharmaceutical research, on the
basis of the increased knowledge of many cellular
processes in which carbohydrates are physiologically
involved.'*

In the present study we evaluated the novel 9-fluoren-p-
O-glycosides as antiviral agents (against HSV-1 and
HSV-2), IFN-a/p inducers and cytostatic agents.

Worldwide, 60-95% of the population is infected by
one or more viruses of the herpesviridae family. Herpes
simplex viruses types 1 and 2 determine diseases
appearing as dermatological, immunologic and neuro-
logical disorders.!?

Moreover, the even wider number of immunocompro-
mised, transplant, cancer or AIDS patients, has high-
lighted the involvement of herpesvirus infections in
these patients. On the other hand the intensive use of
antivirals (acyclovir and its congeners) has led to the
emergence of resistant viruses, which are commonly
found in severely immunocompromised patients.

Therefore novel drugs, possibly characterized by different
mechanisms of action and improved pharmacokinetic
features, are more and more required.
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2. Chemistry

A large number of bioactive natural compounds possess
B-glycosidic structures frequently containing one or
more D-glucose, b and L-arabinose, D-xylose, and D-
lyxose units.'® Thus we selected these sugars to prepare
our 9-fluoren-B-O-glycosides; classical glycosilation
methods, sometimes adequately modified, were used for
their preparation.

From a synthetic point of view, the crucial aspect of the
carbohydrate chemistry has always been the achieve-
ment of a good level of stereocontrol on the formation
of the glycosidic linkage. In addition, the multi-
functional carbohydrate molecules require the use of
protecting groups on the functionalities that must be
manipulated at a later stage of the synthesis.!”

We always used 9-fluorenol, obtained by commercial
9-fluorenone after reduction with NaBHy, as aglicone.
To prepare its glycosides, we employed at first the clas-
sical Koenigs—Knorr reaction, that has long been widely
used.!® The commercial sugars D-, L-arabinopyranoses,
and D-glucopyranose yielded tetra-O-acetyl derivatives
(as o/ anomer mixtures) (1a, 2a, 3a) from which glycosyl
bromides as pure o anomers (1b, 3b) or B anomer (2b)
were obtained. In this procedure glycosyl bromide is the
glycosyl donor and reacts with 9-fluorenol (alcoholic
acceptor) in the presence of an excess of a heavy metal
salt (HgO/HgBr») to give only the B-glycoconjugates 1,
2, 3 reported in Table 1 (Scheme 1 as a method). The
yield ranged between 40 and 52%.

A valuable alternative to Koenigs—Knorr method was
represented by the treatment of pyranose or furanose
derivatives with bases; this generates anomeric alcoh-
oxides, which are known to react with suitable nitriles,
providing stable O-alkyl imidates.'® Therefore the reaction
between 2,3,4,6-tetra-O-benzyl-glucopyranose and tri-
chloroacetonitrile, in presence of a weak base such as
potassium carbonate, allows the corresponding [-tri-
chloroacetimidate to be isolated in good yield: the
anomeric oxygen has been transformed into a good

5

O
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Scheme 1. (i) Ac,O, pyridine; (ii) HBr, CH;COOH; (iii) HgO, HgBr,, 9-fluorenol.
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Scheme 2. (i) TMS-CI, trietylammine, DMF; (ii) TMS-I, t.a.; (iii) 9-fluorenol, 2,6-diterbutylpyridine, CH,Cl,, 5 h, t.a.; (iv) CH;0OH.
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Table 1. Yelds, melting points, elementary analysis and synthetic methods of glycosides
Molecular formula mp (°C) Synthetic Yield in
method B-anomer
Elemental analysis Molecular weight
o~ ]
2,3.,4-tri-O-acetyl-B-O-(9-fluorenyl)-D-arabinopyranose 146-149 a 40%
0 Anal. for C,4H»405 (%): MW 440.45
OAc Calcd.: C=65.45, H=5.49
AcO Found: C=65.20, H=5.50
OAc
1
AcO
0]
AcO
AcO
0] @ 2,3,4-tri-O-acetyl-B-0-(9-fluorenyl)-L-arabinopyranose 134-136 a 54%
’ Anal. for Co4H405 (%): MW 440.45
Caled.: C=65.45, H=5.49
@ Found: C=65.25, H=>5.51
2
AcO
O
AcO
AcO o
AcO ’ 2,3.4,6-tetra-O-acetyl-B-O-(9-fluorenyl)-D-glucopyranose 120-123 a 52%
Anal. for C27H28010(0/0): MW 511.37
@ Caled.: C=63.28, H=>5.51
3 Found: C=63.05, H=5.53
O
HO
AP
HO ’
B-O-(9-fluorenyl)-D-xylopyranose 115-117 b 63%
Anal. for CgH 305 (%): MW 314.40
Calcd.: C=68.78, H=5.77
4 Found: C=69.04, H=5.74
HO
o O
’ B-O-(9-fluorenyl)-D-lyxopyranose 117-120 b 25%
Anal. for C1gH ;305 (%): MW 314.40
Caled.: C=68.78, H=5.77
5 Found: C=68.55, H=5.79
HO
-0
- ©
’ B-O-(9-fluorenyl)-D-arabinopyranose 102-105 b 45%
HO Anal. for CigH ;305 (%): MW 314.40
@ Caled.: C=68.78, H=5.77
6 Found: C=68.60, H=5.78
HO
N O
HO
HO o . B-O-(9-fluorenyl)-L-arabinopyranose 124-127 b 32%

Calcd.:C=68.78, H=5.77

@ Anal. for C;sH, 505 (%): MW 314.40
7 Found: C=69.04, H=5.75




Table 2. 'H NMR? data of glycosides

Compd H-1 H-2 H-3 H-4 H-5 H-5 H-9 fluor. OH Arom.
1 4,754 5.28-5.234 5.044 5.28-5.234 4.084® 3.589© 5.67 (s) 7.65-7.27
d,J=6.9 (m) (dd, J54=3.6 (m) (dd, Jax=3.3, (dd, Jgx=1.5, (m)
eq/ax) ax/eq, Jag=12.9) Jea=12.9)
./3‘2 =93
ax/ax)
2 4.75 5.25-5.22 5.02 5.25-5.22 4.07° 3.58¢ 5.66 (s) 7.62-7.26
(d, J=6.9 (m) (dd, J3,=9.3 (m) (dd, Jox=3.6, (dd, Jgx=1.8, (m)
ax/eq) ax/ax, Jag=12.9) Jea=12.9)
J3‘4 =3.6
ax/eq)
3 5.40 4.26-4.19 5.09 5.26 3.79-3.71 — 5.71 (s) 7.73-7.30
(d, J=6.9 (m) (t, J3‘4:J3’2:9.6 (t, J4‘3:J4_5:9‘6 (m) (dd, JAX:3~9> (m)
ax/ax) ax/ax) ax/ax)
4 4.67 3.57-3.42 5.18-5.02 5.18-5.02 4.32-4.10 4.32-4.10 5.68 (s) 5.18-5.02 7.68-7.26
(d, J1,=175 (m) (m) (m) (m) (m) (m), (m)
ax/ax) 4.32-4.10
(m)
5 5.23 4.25-3.80 4.25-3.80 4.25-3.80 4.25-3.80 4.25-3.80 5.65 (s) 2.20-1.40 7.66-7.28
(d, /=42 (m) (m) (m) (m) (m) (m) (m)
ax/eq)
6 5.494 5.71-5.639¢ 4.22-3.64%¢ 4.22-3.64%¢ 4.22-3.64%¢ 4.22-3.64%¢ 5.71-5.63 2.20-1.409%¢ 7.72-7.54
d,J=54 (m) (m) (m) (m) (m) (m) (m) (m) 7.46-7.22
eq/ax) (m)
5.33¢
d, J=5.1
eq/ax)
7 5.414 5.66-5.574¢ 4.30-3.65%¢ 4.30-3.65%¢ 4.30-3.65 4¢ 4.30-3.65%¢ 5.47 (s) 3.47-3.01 7.68-7.55
d,J=3.6 (m) (m) (m) (m) (m) (m) (m) 7.40-7.26
eq/ax) (m)
5.25¢
(d, J=438
ax/eq)

2(8) CDCl; solution; J values are expressed in hertz.

® A part of an ABX system.
¢ B part of an ABX system.
deconf. 'Cy.

¢ conf.

P8LI1
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Figure 1. Cytotoxicity percentage on WISH cell lines.
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Figure 2. Anti-HSV-2 activity on WISH cell-lines.

leaving group (‘activation step’).?’ Unfortunately, the
second reaction step, the synthesis of O-glycoside in pre-
sence of a catalytic amount of different acidic promoters
(BF3.0Et, in CH,Cl; at —20°C, TMSOT(f in CH,Cl, at
—78°C, AlCl; in CH,Cl, at —10°C),?! yielded no product,
probably because of the formation of adducts that pre-
vent subsequent glycosidation reaction.

Deprotected glycosides 4, 5, 6, 7 have been obtained
only as B-anomers by using the reaction of Uchiyama—
Hindsgaul, characterized by a very simple preparation of
the glycosyl donor, through the use of iodotrimethylsilane
(TMS-I)?? and, on completion, by the addition of methanol
to easily remove TMS-protecting groups without any
glycosyl bond cleavage?® (Scheme 2 as » method).

Table 1 carries analytical and physical data of glyco-
sides 1-7, whereas Tables 2 and 3 contain 'H- and '3C
NMR data respectively.

3. Results and discussion

3.1. Antiviral and cytotoxicity assays

The cytotoxicity test was performed using trypan blue
staining and WISH cell lines. The results were expressed
as percentage of stained (dead) cells. Results presented
in Figure 1 show that compounds 1, 2, 3, 6, 7, tested at
concentrations of 1 and 0.5 pg/mL, did not induce

3 6 7

appreciable cytotoxicity (within 2%). Compounds 4 and 5
were not tested because of their low solubility in aqueous
systems such as those required in cell cultures.

3.2. Plaque reduction and HSV-2 replication assay

HSV-2 replication was compared in WISH cells
untreated or treated with compounds 1, 2, 3, 6, 7. As
shown in Figure 2, compounds 1 and 6 at a concen-
tration of 1 pg/mL inhibited HSV-2 replication by 59%
and 66% respectively (p <0.05), whereas compounds 3
and 7 at the same concentration by 42% and 36%
respectively (p <0.05). Moreover, compounds 1, 3 and 6
showed a dose-dependent inhibition of virus replication:
in fact at a concentration of 0.5 pg/mL they displayed a
lower antiviral activity than at a concentration of 1 ug/
mL (but significative when compared to control virus
p<0.05). Compound 2 did not manifest any significant
inhibition on HSV-2 replication.

3.3. Plaque reduction and HSV-1 replication assay

HSV-1 replication was compared in WISH cells
untreated or treated with compounds 1, 2, 3, 6, 7 at two
different concentrations. As shown in Figure 3, com-
pound 3 at a concentration of 1 pg/mL inhibited HSV-1
replication by 80% (p<0.05), whereas compounds 1
and 6 at the same concentration, compared with virus
control, inhibited HSV-1 replication by 41% and 30%
respectively (p<0.05). Furthermore, the inhibition of
HSV-1 replication induced by compounds 1, 3 and 6
were dose-dependent: in fact, at a concentration of 0.5
pg/mL the compounds displayed a lower antiviral
activity. Compounds 2 and 7 did not show any sig-
nificant inhibition on HSV-1 replication.

3.4. IFN &/ production

Supernatants harvested from U937 cells, pre-treated
with tested compounds 1-7 and then infected with HSV-
1 or HSV-2, were analysed for the presence of IFN o/f.
Our data demonstrated that none of the tested com-
pounds induced appreciable amounts of IFN a/f.
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Figure 3. Anti HSV-1 activity on WISH cell-lines.
3.5. Anticancer in vitro pre-screen

The in vitro primary antitumor screening* consisted of
the evaluation of the effects of each compound against 3
tumoral cell lines: MCF7 (breast), NCI-H460 (lung) and
SF-268 (CNS). Such a 3-cell lines, one-dose assay,
which has been in use by Developmental Therapeutics
Program (DTP) of US-NCI for the evaluation of
combinatorial libraries, has proven to be an effective
antiproliferative pre-screen. Each cell line was inoculated
and preincubated on a microliter plate. Test agents were
then added at a single concentration (10~* M) and the
culture incubated for 48 h. End point determinations
were made with sulforhodamine B, a protein-binding
dye.

Results for compounds 1, 2, 3, 4, 5 are reported as
percentage of growth of the treated cells when compared
to the untreated control cells (Fig. 4). None of them
reached the level of 32% growth reduction, assigned by
US-NCI to pass examined compounds for evaluation in
the full panel of 60 cell lines.

Compound 2 however reached 60% for two over three
lines, followed by compound 3, relatively to MCF7
breast cell line.

3.6. Conformational search study

The conformational search was carried out by mole-
cular mechanics techniques coupled to the analysis of

the averaged solvent accessible surface area (ASASA)
computed onto the fluorene moiety. This descriptor
was considered as able to take into account the
putative mechanism of action of these compounds
that could intercalate the duplex DNA by the fluorene
moiety.

On the other hand, ASASA allowed the estimation of
the degree of exposition of the planar tricyclic ring to
the aqueous solvent, providing an indirect measure of
pharmacokinetic properties of our compounds in which
the fluorene lipophilic moiety is linked to hydrophilic
sugar rings.

In detail, after building the 3-D structures of each
compound, we proceeded with the exploration of the
internal degrees of freedom by Monte Carlo (MC)
randomization of any rotatable bond, including those
pertinent to the sugar ring. 5000 conformations were
generated and energy minimized with the AMBER*
force field using the notation of all the atoms and the
implicit model of solvation GB/SA water® as
implemented in Macro Model ver. 7.2.° The con-
vergence in the conformational search was evaluated
for each molecule using the averaged number of
duplicate conformers (AND). Usually an AND value
higher than 2 indicates a good conformational space
exploration.

In the most flexible case, compound 3, AND was 1.9, so
we repeated the MC search of this molecule running

B NCI-H460 (lung)
B MCF7 (breast)
0O SF-268 (CNS)

120
Py
X w 100
=3
=
e = g0 4]
=
e W@
=‘-'
2% 60
g&
52 40 4 —
z =
5 20 L
Q
O—I— L Ll

1 2 3

Figure 4. Anticancer in vitro pre-screen (107* M).




13C NMR?® data of glycosides

Table 3.

CH-arom.

CH-9 fluor.

CO0 CH,COO

C quat.

CH-1 CH-2 CH-3 CH-4 CH-5 CH,-5 CH,-6

Compd

129.23, 127.65, 127.31, 126.18,

100.56

22.39, 21.54, 19.47

142.49, 141.25, 170.53, 168.84, 168.21

67.58

69.37

81.63

70.23

81.71

125.65, 119.95, 119.92, 119.78

140.57, 139.62

142.59, 142.51, 170.42, 169.96, 169.32 21.02, 20.88, 19.93 100.56 129.25, 129.23, 127.66, 127.33,

63.00

70.24 81.63 67.59

81.70

126.20, 125.66, 119.93, 119.79
129.66, 128.38, 127.84, 125.96,

125.16, 125.07, 123.80, 120.28
129.27, 129.25, 127.69, 127.43,

140.51, 139.63
142.06, 141.45,

98.50

24.89, 23.85,

174.20, 172.34,

61.80

71.02 73.25 69.80 67.86

81.59

20.76, 19.84

170.83, 168.56

140.19, 139.63
143.24, 142.90,

142.40, 140.55

89.27

62.74

70.12

80.65

79.50

82.30

126.35, 125.76, 120.03, 119.89

129.35, 129.22, 127.62, 127.38,

88.58

143.39, 142.64,
142.05, 140.15

63.12

78.92 80.97 70.36

81.76

126.30, 125.69, 119.98, 119.82

195)

126.02

129.58, 128.72, 127.82,

88.62

143.09, 142.80,

62.45

79.24 81.13 70.50

82.49

s

129.58, 127.82, 126.03, 125.81,

o
=
I
-
N
le)
a
—
<
°
e
I
—
]
vy

—
[\l

142.10, 140.20
143.18, 142.61,
142.10, 140.73

88.66

62.39

79.40 81.20 70.60

82.45

125.63, 125.21, 124.63, 120.12

4(8) CDCl; solution, 75.46 MHz.
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Table 4. Summary of the Monte Carlo conformational search con-
ditions and results

Compd RB* MC ite® NCONF¢ AND¢
1 7 5000 380 8.06
2 7 5000 370 8.19
3 9 15,000 3697 3.48
4 7 5000 452 9.15
5 7 5000 496 7.84
6 7 5000 404 10.08
7 7 5000 408 9.98

4 Number of rotatable bonds.

®Monte Carlo iterations.

¢ Number of conformers within 12.5 kcal/mol.

dAveraged number of duplicates with RMS (root mean square)
deviation computed on the atomic coordinates lower than 0.25 A and
with energy difference lower than 1 kcal/mol.

15,000 iterations and increasing its AND to 3.48. In all
other cases AND was higher than 7.

In Table 4 the MC simulation conditions and results are
summarized.

For all conformers, the solvent accessible surface area,
according to the water property suggested by the Macro
Model program, was performed, considering the inter-
action with a 1.4 A radius probe. The fluorene moiety
atoms were selected and the averaged value (ASASA)
was computed for each compound (Fig. 5).

As indicated in Figure 5, we found three different kinds
of fluorene moiety solvent accessibility. Compounds 4-7
showed the higher ASASA values associated to low
variability. Vice versa, 3 demonstrated the lowest averaged
solvent accessible surface area and the highest varia-
bility. Finally, compounds 1 and 2 proved to have an
intermediate behaviour.

500

4

Surface area (A%
E
KL

=

380

R L — . L L L

1 2 3 4 H ] 1
Compound

Figure 5. Fluorene ASASA results for compounds 1-7. Bar plots refer
to the averaged solvent accessible surface area in A? for the fluorene
moiety. Error bars regard the maximum and minimum ASASA values
in the conformational ensemble generated in the Monte Carlo search.
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4 5

6 7

Figure 6. Energy global minimum conformers of compounds 1-7 (CPK models) obtained in the Monte Carlo conformational search.

In Figure 6 the comparison of the energy global minimum
conformers of all compounds is depicted.

Both Figures 5 and 6 clearly show the high capability of
compound 3 to hinder the fluorene moiety. Such an
observation suggests a possible better diffusion through
biomembranes that will be evaluated with appropriate
methods in a future communication.

4. Conclusion

Taken together, our results allow some considerations
to be preliminarily pointed out.

Compounds displaying significant antiviral activity
against HSV-2 are acetylated 1 and deprotected 6 9-
fluorenyl-O-p-arabinopyranoses, whereas 9-fluorenyl-
O-D-glucopyranose 3 is the most effective on HSV-1
replication, followed by 1 and 6.

At a concentration of 1 mcg/mL, deprotected com-
pounds 6 and 7 are less cytotoxic than equivalent
acetylated compounds 1 and 2 and show a better inhi-
bition on HSV-2 virus replication.

Apparently the presence of L-arabinose moiety is not
beneficial, in fact compounds 1 and 6 appear to have a
greater inhibitor effect than L-arabinopyranosides 2 and
7 on HSV-1 and HSV-2 replication.

As regards antitumor screening, only the most cytotoxic
compound 2 (2,3,4-tri-O-acetyl-p-O-(9-fluorenyl)-L-ara-
binopyranose), reduces the growth of the treated cells
by 59% (SF-268 cell line) and 60% (breast cell line)
without reaching, however, the stated criterion of 32%.%*

On the contrary 2,3,4,6-tetra-O-acetyl-f-O-(9-fluor-
enyl)-D-glucopyranose 3, deprived of cytotoxicity (Fig.
1), inhibits only MCF-7 (breast) cell line.

The presence of 5-CH,OH in the sugar ring of 3 could
be invoked as responsible for its better profile. Other
congener fluoren-O-B-glucosydes with D-glucose moiety
linked at the end of a lateral chain in position 2 of
fluorene ring, present similar biological features.?’

In apparent accordance, the conformational study of 3
reveals that the fluorene moiety is partially hindered by
the acetylated sugar, thus contributing to improve
pharmacokinetics. The larger conformational variability
of 3 with respect to other compounds shouldn’t exclude
the possibility of a productive duplex DNA intercala-
tion, rationalizing its pharmacological profile.

Compounds 4-7 should be able to achieve a faster DNA
recognition and intercalation but the exposition of the
fluorene moiety to the solvent could cause a reduced
diffusion through biomembranes. Finally, compounds 1
and 2 show ASASA values higher than 3 but lower than
4-7 with intermediate conformational variability.

The on-going in vitro intercalation tests and docking
studies with duplex DNA sequences will be useful to
clarify the mechanism of action to establish a rational
design of new analogues.

Likewise these preliminary biological screening results
will help the optimisation work in this new series of
compounds.

5. Experimental

5.1. General chemistry

'"H NMR and '3C NMR spectra were recorded on a
Varian 300 spectrometer at 300 and 75.6 MHz respec-
tively, using the residual CHCI; peak at 7.26 ppm for
'H and the central peak of CDCl; at 77 ppm for 3C as
reference lines. Coupling constants (J) are given in Hz.
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Melting points are uncorrected. TLC controls were carried
out on precoated silica gel plates (F 254 Merck).

CHCl;, CH,Cl,, Ethyl acetate, THF, pyridine, acetic
anhydride, N,N-dimethylformamide (DMF) and triethyl-
amine were dried following standard procedures. All
glycosylation reactions were carried out under N,
atmosphere in oven-dried glassware.

5.2. Synthesis of 1,2,3,4-tetra-O-acetyl-L-arabinose (2a)

Acetic anhydride (2.5 mL, 6.66 mmol), pyridine (1.05
mL, 13.32 mmol) and 4-dimethylaminopyridine (cata-
lytic amount) were added to sugar (1 g, 6.66 mmol) in
dry CH,Cl, (3 mL) and maintained at room temper-
ature for 24 h. The mixture was then neutralized with
diluted HCI and the resulting crude was concentrated
and put through a flash silica gel column (CH,Cly-
CH;0H 25:1). The final product was isolated, con-
centrated as a mixture of o and  anomers (2.07 g, 6.50
mmol, 100%) and characterized by spectroscopic (‘H
NMR) method.

Compounds 1a and 3a were prepared according to the
same procedure.

5.3. Synthesis of 1-Br-2,3,4-tri-O-acetyl-f3-1L-arabinose
(2b)

A solution of HBr/acetic acid 30% (1.27 g, 90 pL,
15.7 mmol) was added to 2a (500 mg, 1.57 mmol)
at 0°C. The mixture was stirred at room temperature
for 2-3 h, then dissolved in CH,Cl,, washed with
ice-water and sat. NaHCO;, dried over anhydrous
Na,SO,4. Evaporation gave product 2b (501 mg, 1.47
mmol, 94%, B anomer only) which requires no further
purification.

Compounds 1b and 3b were prepared according to the
same procedure.

5.4. Synthesis of 2,3,4-tri-O-acetyl-3-0-(9-fluorenyl)-L-
arabinose (2)

HgO (27,3 mg, 0.13 mmol), HgBr, (catalytic amount)
and 9-fluorenol (23 mg, 0.13 mmol) were added to a
solution of 1-Br-2,3,4-tri-O-acetyl-B-L-arabinose 2b (45
mg, 0.13 mmol) in anhydrous CH,Cl, (5 mL) under
nitrogen with stirring at room temperature for 72 h.
After 10 days the mixture was filtered and evaporated
under vacuum. The solid residue was dissolved in
CH;0H, purified by flash chromatography on silica gel
(petroleum ether-ethyl acetate 2:1) to afford 2 as a solid
(18 mg, 0.04 mmol, 54%).

Compounds 1 and 3 were prepared according to the
same procedure.

5.5. Synthesis of 1,2,3,4-tetra-O-trimethylsilyl-D-xylo-
pyranose (4a)

Chlorotrimethylsilane (2.11 mL, 16.65 mmol) was
added at 0°C to a stirred solution of sugar (500 mg,

3.33 mmol) and triethylamine (2.32 mL, 16.65 mmol) in
dry DMF (3 mL), and the reaction mixture was stirred
for 4 h at room temperature. N-hexane (50 mL) and
crushed ice (20 mL) were added to the reaction mixture
successively, and the organic layer was extracted with
ice-water (6x15 mL), dried over Na,SO4 and evapo-
rated in vacuum to afford 4a (1.27 g, 2.91 mmol, 88%)
as an oil.

Compounds 5a, 6a and 7a were prepared according to
the same procedure.

5.6. Synthesis of (3-O-(9-fluorenyl)-D-xylopyranose (4)

Iodotrimethylsilane (580 mg, 417 pL, 2.91 mmol) was
added at room temperature to a stirred solution of
1,2,3,4-tetra-O-trimethylsilyl-D-xilose 4a (1.27 g, 2.91
mmol) in dry CH,Cl, (5 mL). After 20 min the reaction
mixture was added to the solution of 9-fluorenol (1.060
g, 5.82 mmol) and 2,6-di-ter-butylpyridine (560 mg, 650
pL, 2.91 mmol) in dry CH,Cl, (7 mL) and stirred for 24
h at room temperature. After removing TMS groups
with CH3;0H (4 mL), the reaction mixture was neu-
tralized with pyridine, concentrated and purified by
silica gel chromatography (petroleum ether—ethyl acetate
2:1) to give product 4 as an oil (575 mg, 1.83 mmol,
63%). Compounds 5, 6 and 7 were prepared according
to the same procedure.

5.7. Antiviral activity

The experiments were performed by adding different
concentrations (1.0 and 0.5 ug/mL) of compounds to
the in vitro WISH cells. After an incubation period of
24 h, the WISH cells were infected with HSV-2 or HSV-
1 at a multiplicity of infection (M.O.1.) 0.1 PFU/mL
cell. After 1 h, unabsorbed viruses were removed by
washing twice with phosphate buffer solution (PBS) and
cell cultures were further incubated in the medium con-
taining the molecules at concentrations of 1.0 and 0.5
pg/mL. After 24 h, total yield of virus (cell-associated
and surnatant) was determined by plaque titration on
WISH cells and expressed as plaque forming unit per
mL (PFU/mL).

5.8. Cytotoxicity test

WISH cells in RPMI 1640 containing 5% heat-inacti-
vated fetal serum, were seeded at 3x10* per well in 96-
well micro plates and incubated overnight at 37°C in an
atmosphere of 5% CO, in air. The compounds were
diluted in EtOH at a concentration of 1.0 pg/mL, and
the further dilutions of the compounds were made in
RPMI-1640 cell medium; 100 uL of each dilution (1.0
and 0.5 pg/mL) was added in triplicate to the cells. The
next day, cell survival was assessed by fixing and stain-
ing the cells with crystal violet (0.2% in 20% methanol).
After washing and drying, 100 pL of 1% sodium dode-
cylsulphate were added to each well to solubilize the
stained cells. The absorbance of each well was read at
490 nm with Micro Elisa Auto reader. Percentage cyto-
toxicity was calculated as 1—(Ay99 of sample/Ay9g of
control) x100.
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5.9. Viruses

Herpes simplex virus type-2 (HSV-2) and Herpes sim-
plex virus type-1 (HSV-1) were prepared on WISH cells.
Virus titer was determined by assaying for PFU/mL on
WISH cells.

5.10. U937 cells culture and differentiation

The human monocytic cell line U937 was a kind gift
from Prof. J.P. Liautard, INSERM, University of
Montpellier 11, France.

The cells were maintained in culture at 37°C in 5% CO,
atmosphere in RPMI 1640 medium supplemented with
50 mM 2-mercaptoethanol, 1| mM pyruvate, | mM non-
essential aminoacids, 1 mM HEPES, gentamycin (50
mcg/mL) and 10% heat inactivated FCS (all reagents
from Seromed, Milan, Italy). The cells (3x10° per well)
were differentiated for 72 h with 100 nM 10a,25-dihy-
droxyvitamin D3 (VD) (Calbiochem, Milan, Italy) plus
100 nM all-transretinoic acid (RA) (Sigma, Milan,
Italy) in tissue culture multi-well plates (Sigma, Milan,
Italy). VD and RA were dissolved in absolute ethanol
and stored at —80°C at an initial concentration of 103
M. The final concentration of ethanol had no effects on
cell growth and differentiation. After 72 h of incubation
with VD-RA, differentiation was complete, and most
cells were adherent. Differentiation was confirmed by
growth inhibition, morphological changes, increased
phagocytosis of C. albicans. Culture media and reagents
tested for the presence of endotoxin by E-Toxate kit
(Sigma) were found to contain 10 pg of endotoxin per
mL. All media were free of Mycoplasma.

5.11. IFN-«/ titer

WISH cell lines and vesicular stomatitis virus (VSV)
were used to measure the levels of IFN-o/p in all the
U937 cell supernatants. All IFN titers were corrected
against standard (recombinant human IFN-o/f, specific
activity: 1 107 U/mg, Genzyme, Milan, Italy). One unit
of IFN-ao/f was defined as the reciprocal value of
the hzigghest dilution reducing the cytopathic effect by
50%.

5.12. Statistical evaluation

Results are expressed as the mean of four experi-
ments £ standard deviation (SD). Data were analysed by
one-way analysis of variance (ANOVA) and Student—
Newman—Keuls test.

5.13. Anticancer in vitro pre-screen

The in vitro disease-oriented primary antitumor screen-
ing performed in the US-National Cancer Institute
(NCI) Laboratories of Bethesda—Maryland,>* consists
of the evaluation of the effects of each compound
against 3 tumoral cell lines: MCF7 (breast), NCI-H460
(lung) and SF-268 (CNS). These 3-cell lines, one-dose
assay have been in use by Developmental Therapeutics
Program (DTP) for several years for the evaluation of

combinatorial libraries and has proven to be an effective
pre-screen.

In the current protocol, each cell line is inoculated and
preincubated on a microliter plate. Test agents are then
added at a single concentration (10~* M) and the cul-
ture incubated for 48 h. End point determinations are
made with sulforhodamine B, a protein-binding dye.
Results for each test agent are reported as the percent of
growth of the treated cells when compared to the
untreated control cells. Compounds which reduce the
growth of any one of the cell lines to 32% or less
(negative numbers indicate cell-kill) are passed for eval-
uation in the full panel at 60 cell lines over a 5-log dose
range.
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