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Abstract

In pursuing a research on the antiviral and immunomodulatory activity of tilorone congeners, two new series of compounds were prepared
and pharmacologically explored: 9-fluorenone carboxyhydroxyesters, indicated as AG, and 9-fluorenone carboxyhydroxamides, indicated as
MG. Two of them, AG17 and MG3, were used as sugar acceptors in the transglycosylation reactions performed by o- and B-glucosidases
extracted from the marine mollusc Aplysia fasciata providing different o- and -, mono- and oligosaccharides. Then aglycons and saccharides
were assayed for cytotoxicity, for anti-herpes virus-2 properties on peripheral blood mononuclear cells (PBMC) and for their capability to trigger
human cells to produce antiviral cytokines such as IFNo and TNFa. Some promising compounds were individuated whereas the utility of the
biocatalytic procedures in the preparation of pure anomeric material was further focused.

© 2008 Elsevier Masson SAS. All rights reserved.
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1. Introduction

For a long time, researchers and clinicians have been at-
tracted by the possibility to control virus replication or tumoral
growth by taking advantage of the immune system processes.
Nowadays the immunopharmacology is going to be a central
part of 21st century medicine.

An immunomodulator is any substance that helps to regu-
late the immune system. This “‘regulation” is a normalisation
process, so that an immunomodulator helps to optimise
immune response. In fact, immunomodulators do not tend to
boost immunity, but to normalise it. Part of their benefit is
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due to their ability to naturally increase the production of
messenger molecules such as cytokines and chemokines,
which mediate and regulate the immune system [1].

The efficient elimination of a viral infection requires
a proinflammatory host response and development of type 1
immunity. This type of response is characterised by activation
of mononuclear cells and production of proinflammatory cyto-
kines such as interferons (IFN), tumor necrosis factor (TNF)
and interleukins (IL-12 and IL-18).

In fact, these cytokines, regulating the inflammatory and
immune responses, may induce an antiviral state in the cells
(i.e., via IFNs) or destroy virus-infected cells (i.e., via
TNFa), may stimulate cytotoxicity and cytokine production
by T-cells and NK cells, and may initiate development of
Thl cells (i.e., via IFNy, IL-12 and IL-18) [2].
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On the other hand, viruses have learned how to block cyto-
kine production, activity and signal transduction, in order to
evade the immune response of the host [3]. In fact many
viruses possess several mechanisms to counteract the antiviral
response raised by host immune system. Recently viral mech-
anisms of mimicry of cytokines and cytokine receptors have
been identified [4].

Herpes simplex viruses establish lifelong, latent infections
in the peripheral nervous system, thus escaping the immune
response and persisting in the host [5]. Moreover, herpes
viruses may reactivate from their latent state and cause severe
recurrent and chronic diseases [6]. In addition, the ever-
increasing number of immunocompromised (transplanted,
cancer or AIDS) patients, has highlighted the involvement of
herpes virus infections in these diseases [7]. On the other
hand, the intensive use of antivirals (acyclovir and congeners)
has led to the emergence of resistant viral strains, which are
commonly found in immunocompromised patients [8].

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

At cellular level, the IFN production can be caused by a se-
ries of interferences; among them, the DNA intercalation by
which planar aromatic or heteroaromatic agents, arranging
themselves among adjacent pairs of bases, alter the double
helix of DNA and consequently disturb the physiological func-
tions of many important DNA enzymes [9]. Several synthetic
compounds possessing IFN-inducing activity have been re-
ported in the search for novel agents that, due to intercalation,
induce IFN production which, in turn, might stimulate antiviral
and/or cytostatic effects in the cell [10]. Among them, tilorone,
2,7-bis[2(diethylamino)-ethoxy]-9H-fluoren-9-one, chosen as
lead compound in our continuing research, was the first low-
molecular weight IFN-inducer, orally effective in vivo against
some DNA and RNA viruses as well as against some cancers
[11]. Tilorone analogues, in which only a lateral basic chain
was present, have been explored by some of us [12]. In such
derivatives we designed to eliminate the symmetrical substitu-
tion pattern on the fluorenone skeleton, since it had been
reported as responsible for the onset of mucopolisaccaridosis,
the main ADR of tilorone [13] that, in turn, had been responsi-
ble for its withdrawing from the market [14].

In the novel compounds the presence of carbohydrate resi-
dues might have improved the intercalation mode, stabilising
the DNA/compound complexes, as it happens in antitumoral
anthracyclines, well-known intercalators [15].

Today, we can observe a renewed interest in carbohydrate
chemistry on the basis of great progress of glycobiology
[16]. In an ever-increasing number of drugs, the insertion of
sugar moieties improves solubility, pharmacokinetic and some-
times pharmacodynamic properties [17], and many examples
are reported of carbohydrate leads that are optimised in order
to develop innovative drugs [18].

In the stereocontrolled construction of glycosidic bonds,
which is a great challenge for organic synthetists, biocatalysis
offers many advantages. In particular, enzymatic strategies for
stereospecific construction of glycosidic bonds are mainly

based on the action of glycosyl hydrolases (endo- and exo-
glycosidases) or on the use of glycosyltransferases [19]. The
glycosyl hydrolases activities, present in several dozen enzy-
matic preparations, have been recently reviewed [20]. The
marine environment has been shown to be very interesting
for the isolation of new glycosyl hydrolases, not only for their
hydrolytic potential but also in synthesis. The mollusc Aplysia
fasciata is one of the most promising organisms among those
cited. In fact the hepatopancreas and visceral mass of this sea
hare contain a wide range of glycosyl hydrolases [21] (a-
glucosidase, P-galactosidase, B-glucosidase, B-mannosidase
and others) which have already been successfully used for
the hydrolysis and synthesis of glycosidic bonds. The forma-
tion of a-p-oligoglucosides (up to tetra- and pentasaccharides)
was recently reported [22,23].

The a-p-glucosidase activity of Aplysia fasciata was used
here to synthesize a-glucosides of model fluorenones (AG17
and MG3), and the B-glucosidase activity from the same
organism was used to synthesize the corresponding B-
glucosides. In pursuing our research, on the basis of the
considerations above, we investigated the effects of new syn-
thetic 9-fluorenone containing compounds, and their mono-
and oligosaccharides on HSV2 replication in Peripheral Blood
Mononuclear Cells (PBMC).

In addition, we investigated whether anti-HSV2 activity,
observed in PBMC, could be correlated with the capacity to
trigger PBMC in releasing cytokines involved in antiviral
immune response such as TNFa and IFNa.

The extension of the structure/activity (SAR) study was
another of our objectives.

2. Chemistry

The synthesis of the 9-fluorenone-4-carboxyhydroxyesters
(indicated as AG) and 9-fluorenone-2-carboxamides (indicated
as MG) is depicted in Scheme 1.

In both series the lateral chains contain primary hydroxy
groups suitable to be enzymatically glycosylated. In particular
9-0x0-9H-fluorene-4-carboxyhydroxyesters AG13, AG16,
AG17 were obtained in moderate to low yields, by esterifica-
tion reaction between commercial 9-fluorenone-4-carboxylic
acid and an excess of appropriate diol; the use of an acid
catalyst was avoided because of unwanted rearrangements.
The synthesis of 9-oxo0-9H-fluorene-2-carboxyhydroxamides
(MG1—5) was carried out by reaction of commercial 2-
carboxy-9-fluorenone chloride with suitable aminoalcohols
in the presence of triethylamine. When possible, the same lat-
eral chains have been used in order to investigate the role
exerted by the type and/or substitution position on the biolog-
ical activity.

Table 1 collects analytical, physico-chemical and spectro-
scopic data relative to AG and MG fluorenones.

The enzymatic synthesis of the o~ and B-O-glucosides of
AG17 and MG3 fluorenones, used as sugar acceptors in trans-
glycosylation reactions, was performed by the use of crude ho-
mogenate preparations of the a-glucosidase and B-glucosidase
activities from Aplysia fasciata (Table 2).
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Scheme 1. Synthesis of 9-oxo-9H-fluorene-4-carboxyhydroxyesters AG 13, 16, 17 and 9-oxo-9H-fluorene-2-carboxyhydroxamides MG1-—S5.

Yields were satisfactory for the first enzyme showing an in-
teresting polyglucosylation as in other cases [22,23], but not
for the B-glucosidase; however both enzymatic reactions
were not optimized to achieve more appreciable yields.

It was previously demonstrated that the o-glucosidase from
A. fasciata was able to form mono- and diglucosides of pyri-
doxine in a reaction mixture where high concentration of malt-
ose was present [23]. The activity and the good resistance of
this enzyme in the presence of organic cosolvent DMSO up
to 10—20% was previously established [21].

Here this enzyme was used for the o-glucosylation of
AG17 and MG3 that were present in the reaction mixture at
8 mM concentration. For the former, up to trisaccharides

were formed (Table 2), while for both acceptors, isomaltoside
(AG17B1 and MG3A) and maltoside (AG17C1 and MG3B)
derivatives were obtained, in accord to the action of this en-
zyme on maltose and pyridoxine [23]. The satisfactory overall
yield of 30% obtained for AG17 drops down to 10% for MG3
probably due to the elongation of the spacer or different posi-
tion on aromatic moiety.

B-Glucosides of AG17 and MG3 were also formed exploit-
ing a B-glucosidase activity present in the crude homogenate
of A. fasciata. The harsh reaction conditions (13% organic sol-
vent, overall organic acceptor and donor, about concentration
300 mM) in which the enzymes operate are an encouraging
starting point toward optimization of these processes and can

Table 1
Analytical, physico-chemical and "H NMR data of 9-fluorenone compounds AG and MG
Compound R M.p. (°C) Yield Formula Elementary analysis '"H NMR? data
(%)
AG13 4-CO—0—(CH,),0H  118—120 45 CgH204  Calc. %: C 71.64; H 4.47; O 23.88. 7.35—8.30 (m, 7H, ArH); 4.58 (m, 2H,
Found %: C 71.50; H 4.30; 23.88. COOCH,); 4.03 (m, 2H, CH,OH).
AG16 4-CO—0—(CH,);0H  56—59 15 CsH 404  Calc. %: C 72.34; H 4.96; O 22.69. 7.34—8.29 (m, 7H, ArH); 4.60 (t, 2H,
Found %: C 72.43; H 5.05; O 22.45. COOCH,, J =6.3); 3.84 (t, 2H, CH,OH,
J=06.3); 2.08 (m, 2H, COOCH,CH>).
AG17 4-CO—0—(CH,)4sOH  55-58 23 CigHis04  Calc.%: C 72.97; H 5.40; O 21.62. 7.32—8.29 (m, 7H, ArH); 4.46 (t, 2H,
Found %: C 72.95; H 5.46; O 21.67. COOCH,, J =6.6); 3.75 (t, 2H, CH,OH,
J=6.3); 1.93 (m, 2H, COOCH,CH»);
1.75 (m, 2H, HOCH,CH,).
MG1 2-CO—NH—(CH,),OH 162—164 90 CigH;3NO; Calc. %: C 71.91; H 4.86; N 5.24; O 17.97.  7.33—8.20 (m, 7H, ArH); 6,76 (br s, 1H,
Found %: C 72.10; H 4.97; N 5.13; O 18.11. NH); 3.88 (t, 2H, CH,OH, J =4.8); 3.68
(m, 2H, CH,N).
MG2 2-CO—NH—(CH,);0H 175—177 90 Cy7H;sNO5; Calc. %: C 72.59; H 5.33; N 4.98; O 17.08.  7.37—8.10 (m, 7H, ArH); 3.77 (t, 2H,
Found %: C 72.45; H 5.51; N 4.70; O 17.20. CH,OH, J =3.0); 3.67 (m, 2H, CH,N);
1.85 (m, 2H, CH,CH,0H).
MG3 2-CO—NH— 123—125 48 CgH7sNO, Calc. %: C 69.45; H 5.46; N 4.50; O 20.57. 7.28—8.09 (m, 7H, ArH); 3.81 (m, 2H,
(CH,),0(CH,),OH Found %: C 69.60; H 5.55; N 4.66; O 20.33. CH,OH); 3.71 (brs, 4H, CH,OCH,);
3.66 (m, 2H, CH,N).
MG4 2-CO—NH—(CH,),OH 140—143 44 CygH;sNO5; Calc. %: C 73. 22; H 5.76; N 4.74; O 16.27. 7.12—7.91 (m, 7H, ArH); 3.39 (t, 2H,
Found %: C 73.41; H 5.80; N 4.70; O 16.32. CH,OH, J =6.0); 3.20 (m, 2H, CH,N);
1.47 (m, 4H, CH,).
MGS5 2-CO—NH— 174—176 51 C7HsNO; Calc. %: C 72.59; H 5.33; N 4.98; O 17.08.  7.34—8.15 (m, 7H, ArH); 6.70 (brs, 1H,
CH,CHOHCH;3; Found %: C 72.40; H 5.40; N 5.20; O 16.90. NH); 4.07° (m, 1H, CH); 3.73° (m, 1H,

CH»); 3.33% (m, 1H, CH,); 1.29 (d, 3H,
J=6.3, CHs).

a

X part of an ABX system.
¢ B part of an ABX system.
A part of an ABX system.

(6) CDCl; solution, except for MG4 DMSO-d; solution; J values are expressed in hertz.
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Table 2
Structures of o- and B-glucosides

COO-(CH,),-OR

O.o CO-NH-(CH,),-0-(CH,),-OR
O

(6]
Compound R Compound R
AG17A1 —o-(Gle);
AG17B1 —a-Gle—(1,6)-Glc MG3A —a-Gle—(1,6)-Glc
AG17C1 —o-Gle—(1,4)-Glc MG3B —o-Gle—(1,4)-Gle
AG17D1 —a-Glc MG3C —a-Gle
AG178 —B-Glc MG3B —B-Glc

lead to interesting results although glucosides were obtained
with very low yields.

After chromatographic purification and usual acetylation
procedure, '"H NMR spectra and 2D COSY experiments for
the glucosidic derivatives allowed the unambigous structural
assignment. Usually in the COSY spectra, starting from the
anomeric proton signal of sugars and following the correla-
tions through pyranosidic protons, it is easy to detect glycosyl-
ation position for the upfield shift of the signal due to the
absence of the acetyl group (see Section 6).

3. Pharmacology

Like the previously studied series [12], these fluorenone
derivatives were submitted to a pharmacological screening to
evaluate cytotoxicity, IFNa and TNFea inducing properties
and antiviral activity against Herpes simplex virus type 2
(HSV2) on human PBMC.

The stability of the glycosides in the test media over the
assay timeframe was evaluated by TLC.

In Table 3 the effects of different concentrations of com-
pounds on cell viability are reported.

Table 3

Cytotoxicity percentage on human PBMC*

Compound 60 pg/mL 40 pg/mL 20 pg/mL
MG1 2 0 0
MG2 15 0 0
MG3 4 0 0
MG4 45 28 20
MGS5 5 0 0
MG3A 21 0 0
MG3B 18 0 0
MG3C 16 0 0
MG3p 6 0 0
AG13 14 [§ 0
AG16 41 22 0
AG17 38 21 0
AG17A1 42 19 0
AG17B1 52 29 0
AG17C1 69 37 26
AG17D1 57 38 22
AG178 7 0 0

? Results represent the means of three experiments using the cells of the
same donor. In all the experiments S.D. was less then 20%.

Data are represented as percentage of cytotoxicity of the
tested molecules at the concentrations of 60, 40 and 20 pg/
mL on PBMC. At the concentration of 60 pg/mL all com-
pounds were cytotoxic, the most cytotoxic being MG4. At
the concentration of 40 ng/mL, compounds MG1-3, MGS
and glucosides MG3A—C, as well as MG3p and AG178B
did not show cytotoxicity. At the concentration of 20 pg/mL,
only MG4, o mono-Glc, AG17C1 and o-Glc-(1—4)-Glc,
AG17D1 displayed cytotoxicity. On these bases, in the evalu-
ation of antiviral activity and IFNa and TNFa production, we
tested only the molecules and the concentrations which were
not cytotoxic.

4. Results and discussion

The results concerning the inhibition of HSV2 replication
are reported in Table 4.

The addition of MG1—3, MGS5, MG3A—C and MG3p to
PBMC resulted in a decrease in HSV2 replication. In particu-
lar, the most marked effect on viral replication was observed in
the presence of 40 pg/mL of compounds MG2, MG3 and

Table 4

Anti-HSV-2 activity (PFU/mL) on human PBMC*

Compound 40 pg/mL 20 pg/mL
MG1 3.7 x 10** 4.8 x 10**
MG2 4.1 x 103 6.5 x 10%*
MG3 3.9 x 103 53 x 10>
MG5 3.5 x 10°* 6 x 10%*
MG3A 3.5 x 10** 4.2 x 10**
MG3B 3.2 x 10** 53 x 10*

MG3C 3.4 x 10* 6 x 10*

MG3B 3.6 x 10™* 4.9 x 10**
AG13 nd® 5.8 x 10*

AG16 nd® 6 x 10*

AG17 nd® 7.1 x 10*

AG17A1 nd® 7 x 10*

AG17B1 nd® 6.8 x 10*

AG17B 3.6 x 10** 7.8 x 10*

Virus control 9.2 x 10*

In all the experiments S.D. was less then 20%.
*p < 0.05 vs virus control.

? Results represent the means of three experiments using the cells of the
same donor.

® nd: not-determined because cytotoxic.
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MG5 which produced 4.1 x 10°, 3.9 x 10* and 3.5 x 10°
PFU/mL, respectively, vs 9.2 x 10* PEU/mL of untreated cells
(p <0.05). At the concentration of 40 pg/mL, also glucosides
from MG3 significantly influenced the HSV2 replication with
a reduction of viral replication from 62% (isomaltoside
MG3A) to 65% (maltoside MG3B). MG3A and MG3B
were also effective at 20 pg/mL. Monoglucosides MG3C
and MG3p were almost equipotent at both doses.

On the contrary compounds AG, tested only at the concen-
tration of 20 pg/mL, because cytotoxic at higher concentra-
tions, were not effective in inhibiting viral replication, except
B-mono-Glc AG17 that at 40 pg/mL provided the significant
reduction of HSV2 replication (Table 4). It is interesting to note
the beneficial effects exerted by the presence of a glucose unit
in B-configuration on AG17 structure. The same favourable
trend was observed in the evaluation of cytotoxicity (Table 3)
as well as in the production of cytokines by PBMC (Table 5).

Table 5
IFNa and TNFa production by PBMC at 24 and 48 h after incubation in pres-
ence of compounds AG and MG"

Compound IFNa IFNa TNFa TNFo
pg/mL pg/mL pg/mL pg/mL
24 h 48 h 24 h 48 h

MG1

20 pg/mL <4.8 11 <5.8 13

40 pg/mL 9 29 14 36
MG2

20 pg/mL <4.8 7 <5.8 40

40 pg/mL 13 37 27 51
MG3

20 pg/mL <4.8 21 <5.8 17

40 pg/mL 6 38 24 48
MGS5

20 pg/mL <4.8 18 <5.8 20

40 pg/mL 21 45 14 33
MG3A

20 pg/mL <4.8 14 <5.8 16

40 pg/mL <4.8 25 <5.8 21
MG3B

20 pg/mL <4.8 10 <5.8 18

40 pg/mL <4.8 30 <5.8 27
MG3C

20 pg/mL <4.8 17 <5.8 14

40 pg/mL <4.8 31 <5.8 30
MG3p

20 pg/mL <4.8 17 9 31

40 pg/mL 8 31 13 39
AG13

20 pg/mL <4.8 16 <5.8 21
AG16

20 pg/mL <4.8 8 <5.8 11
AG17

20 pg/mL <4.8 12 <5.8 6
AG17A1

20 pg/mL <4.8 14 <5.8 9
AG17B1

20 pg/mL <4.8 9 <5.8 15
AG178

20 pg/mL <4.8 10 <5.8 18

40 pg/mL <4.8 29 <5.8 30

# Results represent the means of three experiments using the cells of the
same donor. In all the experiments S.D. was less then 20%.

Similarly, in the previously investigated 9-fluorenone-2-car-
boxyhydroxyesters, the insertion of a B glucose unit had put
at zero the cytotoxicity also at the concentration of 100 pg/
mL, and improved other pharmacological properties [12a].

In order to assess whether the observed antiviral activity
might be related to an immunomodulatory activity of the com-
pounds, the production of cytokines IFNa and TNFa involved
in the immune surveillance toward virus infection, was evalu-
ated. The results are shown in Table 5.

Appreciable levels of such cytokines were detected in su-
pernatants from PBMC at 48 h post treatment with active com-
pounds MG2, MG3, MGS followed by MG1, glucosides
MG3A—C and MG3p. Moreover, their effects were dose-
and time-dependent.

By comparing aglycon MG3 with its glucosides, the greater
effectiveness of the aglycon was evident.

In contrast, derivatives AG, assayed only at the concentra-
tion of 20 pg/mL, induced the production of a lower amount of
cytokines, except B-monoglucoside that, in both concentra-
tions, produced relevant amounts of IFNa and, even more,
TNFa. This datum was closely related with its significant
antiviral activity displayed at the concentration of 40 pg/mL.

Infection of untreated PBMC with HSV2 did not induce
any cytokine production.

In general the marked cytokine production observed in
PBMC treated with all effective compounds might be closely
related to the observed antiviral activity. Whereas, the low
cytokine production by PBMC treated with ineffective com-
pounds is correlated with marked amounts of viruses similar
to those obtained in virus control.

Taken together the results discussed so far demonstrate that
9-fluorenone-2-carboxamides MG, except MG4, possess bet-
ter pharmacological profiles than those of carboxyesters AG.

In order to explore the role exerted by the nature of substit-
uents on fluorenone moiety, we have compared 2-carboxa-
mides MG with the previously explored 2-carboxyesters
[12a]. Compounds MG proved to be slightly more cytotoxic
than the corresponding 2-carboxyesters. In fact, at 60 ng/mL,
they displayed percentages from 45% (MG4) to 2% (MG1),
whereas corresponding esters, assayed at a concentration of
100 pg/mL, had displayed percentages from 24% to 8% [12a].

Moreover, 9-fluorenone-4-carboxamides explored in a pre-
cedent note had shown a general greater cytotoxicity than MG
compounds, following the same trend that was observed also
in the series of 2- and 4-substituted carboxyesters. This sug-
gests that in general the substitution in position 4 of the aro-
matic moiety, produces an increase in cytotoxicity, while
anti-HSV2 activity and cytokines production decrease [12b].

The main SAR that can be drawn from the evaluation of glu-
cosides and oligosaccharides, is that the B-configuration is
always able to confer the most interesting features, along
with scarce or no cytotoxicity. This finding proved to be inde-
pendent of the type of lateral chain and the substitution in po-
sition 2 or 4 of fluorenone skeleton. In fact, similar levels of
cytotoxicity were displayed by MG3B and AG17P. As above
said, the same trend was evident in anti-HSV?2 and in cytokines
production evaluation (Tables 3—5), whereas B-glucosides of
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previously studied 9-fluorenone-2-carboxyhydroxyesters had
also displayed good profiles [12a].

In contrast, o-glucoconjugates obtained by MG3 and AG17
aglycons, exhibited worse pharmacological profiles than B-
isomers. However, derivatives MG are still better than AG
ones (Tables 3—5). Among these latter, the mono-Glc
AG17D1 and the 1,4-disaccharide AG17C1 were found to
be the most cytotoxic, thus not further evaluated.

A conformational analysis, as in previously explored fluo-
renones [12a,b] along with molecular docking procedures
are in progress to try to rationalise at molecular level, the
results so far obtained.

5. Conclusions

Since the immune system plays a fundamental role in host
defense against pathogens as well as against tumors, a safe
compound with immunomodulatory property for clinical use
has become a major goal of many research groups. It is
well-known that efficient elimination of viruses relies on the
ability of the infected host to mount a proinflammatory im-
mune response and develop a Thl-type immunity that is
able to restrict viral replication [25]. This response is strictly
characterized by the activation of monocytes/macrophages,
natural killer cells, cytotoxic T-lymphocytes and production
of proinflammatory cytokines and chemokines, including
IFNs, TNFa and various interleukins.

In this context 9-fluorenone-2-carboxamides MG1-—3,
MGS5 and MG3A—C and MG3pB were found to be able to
inhibit virus replication in PBMC probably by up-regulating
expression of peculiar cytokines such as IFNa and TNFa:
thus they may contribute to improve immune surveillance of
PBMC toward HSV2 infection.

Better activity profiles were observed in 2-carboxamides
MG than in 4-carboxyesters AG. By comparing these results
with our previous results relative to 2-carboxyesters [12a]
and 4-carboxamides [12b], we have deduced that the 2 substi-
tution on 9-fluorenone skeleton is more beneficial than that in
4 position. Furthermore the amidic nature of lateral chain also
have a positive role that is conserved in the previously studied
4-carboxamides, whose interesting DNA binding properties
have been recently reported [26].

On the whole the data here presented point out the possible
use of some 9-fluorenone-2-carboxamides in the elicitation of
therapeutic responses in clinical settings of viral diseases as
well as in immunocompromised host.

6. Experimental protocols
6.1. General chemistry

Melting points were determined with a Kofler—Reichert
hot-stage apparatus and are uncorrected. Precoated silica gel
plates F 254 for analytical controls and chromatographic col-
umns 70—230 mesh SiO, were used for separations. Chro-
matographic purification of crude glucosides was performed
by reverse-phase column chromatography (Lobar RP-18).

Elemental analyses (C, H, N), determined by means of a C.
Erba mod. 1106 elem. analyzer, were within £0.4% of theory.

Nuclear magnetic resonance (NMR) spectra were recorded
on Bruker instruments at 600, 400, and/or 300 MHz. Samples
for NMR analysis were dissolved in the appropriate solvent
and the downfield shift of the signal of the solvent was used
as internal standard.

Electrospray ionization mass spectrometry (ESIMS) spectra
were obtained on a Q-Tof mass spectrometer, Micro (Micromass).

The enzymes were obtained as previously reported [21] from
the marine mollusc Aplysia fasciata. Partially purified or simply
concentrated crude homogenates were used. Analytical scale
reactions to assess aptness of biocatalysts were conducted by
using enzymes in presence of organic solvent and acceptors.

6.2. General synthesis of 9-oxo-9H-fluorene-4-
carboxyhydroxyesters (AG13, 16, 17)

An excess of appropriate diol (30 ml) was added to 9-fluore-
none-4-carboxylic acid (0.5 g, 2,23 mmol). The mixture was
stirred at room temperature for 12 h, then the solution was evap-
orated under vacuum. The residue was dissolved in CH,Cl, and
washed with a saturated solution of NaHCO; and then with
distilled water. The organic layer was dried over anhydrous
Na,SO, and evaporated under vacuum. The product was puri-
fied by silica gel chromatography (CH,Cl,/CH3O0H 9:1).

The analytical, physico-chemical and spectroscopic data of
compounds AG are collected in Table 1.

6.3. General synthesis of 9-oxo-9H-fluorene-2-
carboxyhydroxamides (MGI—S5)

A solution of appropriate aminoalcohol (6 mmol) and trie-
thylamine (0.42 ml, 3 mmol) in anhydrous CH,Cl, was added
to a solution of 9-oxo-9H-fluorene-2-carbonyl chloride (0.5 g,
2 mmol) in anhydrous CH,Cl, (10 ml). The mixture was
stirred at room temperature for 24 h and then washed with
distilled water. The organic layer was dried over anhydrous
Na,SO,4 and the solvent was evaporated under vacuum. The
residue was purified by silica gel chromatography (CH,Cl,/
CH;0H 9:1) or by crystallization from CH3;O0H.

Their analytical, physico-chemical and spectroscopic data
are collected in Table 1.

6.4. Enzymatic reactions

a and B-Glucosidations of AG17 and MG3 were performed
by the use of crude homogenate of Aplysia fasciata in presence
of organic cosolvent. After purification, the glycosides were
TLC pure and presented homogeneous proton NMR spectra;
ionization mass spectra confirm their molecular weights. After
usual acetylation procedure, "H NMR and 2D COSY spectra
allowed the unambigous structure assignment.

6.4.1. Synthesis of a-glucosides of AG17
AG17 (50 mg, 0.169 mmol) dissolved in 100 pul of DMSO
was added to 20 ml of 500 mM maltose solution in phosphate
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buffer (50 mM, pH 5.8). Partially purified crude homogenate
(150 pl) of Aplysia fasciata containing o-glucosidase (31 U/
pl) was added to the resulting suspension in three portions dur-
ing reaction time. The mixture was stirred at 34 °C for 24 h.
TLC monitoring was performed by using EtOAc/MeOH/H,0
70:20:10 by vol. Chromatographic purification of the reaction
mixture was based on reverse-phase column chromatography
(Lobar RP-18), which efficiently separated the chromophoric
products from maltose, glucose, and oligosaccharides pro-
duced by maltose bioconversion. The latter eluted first in
water while increasing gradients of methanol allowed the sep-
aration of different a-glucosides of the acceptor used. Acety-
lation was conducted by standard procedures using Ac,O/
pyridine for 24 h.

The products were formed in a total yield of about 30% with
respect to aglycone added and were composed by AG17D1
(13%), two different disaccharides AG17B1 and AG17C1
(14%, 75:25 ratio, respectively) and a trisaccharide AG17A1
(3%) as indicated by mass spectra of acetylated derivatives
(AG17D1 64927 M+ +Na®, AG17B1 937.64 M" + Na™,
AG17C1 937.64, AG17A1 122592 M" + Na™). The intergly-
cosidic linkages were established by 2D NMR spectroscopy.
Coupling constants of the newly formed anomeric linkages
secured for a-configuration and aromatic rings show signals
in accord with the proposed structures.

AG17D1. Saccharidic moiety 6 "H (*C): H1 5.09 (95.80),
H2 4.87 (70.91), H3 5.49 (70.17), H4 5.05 (68.63), HS5 4.02
(67.31), H6 4.08—4.25 (61.94). Spacer moiety: 6 'H (*C):
CH,—0—a-Glc 3.77-3.47 (68.02), CH,—CH,—0—a-Glc
1.80 (25.51), CH,—CH,—0O—aromatic 1.92 26.00, CH,—O—
aromatic 4.45 (65.15).

AG17C1. Saccharidic moiety 0 'H: O—a-Glc—(1,4)-Glec,
H1 5.43, H2 4.86, H3 5.38, H4 5.08, H5 4.05, H6 4.27—
4.47; O—oa-Glc—(1,4)-Glc, H1 4.98, H2 4.75, H3 5.54, H4
3.98, HS 4.02, H6 4.30—4.16. '>C: 95.65 x 2, 72.88, 72.63,
71.44,70.01, 69.36, 68.51, 68.05, 67.69, 62.81, 61.45. Spacer
moiety 6 "H (*C): CH,—0—0a-Glc 3.80—3.50 (68.14), CH,—
CH,—O—a-Glc 1.81 (25.49), CH,—CH,—O—aromatic 1.90
(26.00), CH,—O—aromatic 4.45 (65.22).

AG17B1. Saccharidic moiety 0 '"H: 0—a-Gle—(1,6)-Gle,
HI1 5.12, H2 4.85, H3 5.43, H4 5.06, H5 4.10, H6 4.20—
4.30; O—a-Glc—(1,6)-Glc, H1 5.06, H2 4.80, H3 5.50, H4
5.02, H5 4.02, H6 3.73—3.53. °C: 95.5, 95.4, 71.0, 70.7,
70.2, 69.3, 68.2, 67.9, 67.4, 66.1, 65.3 60.9. Spacer moiety
6 'H (**C): CH,—0—0a-Glc 3.49—3.83 (68.02), CH,—CH,—
O—a-Glc 1.82 (25.53), CH,—CH,—O-—aromatic 1.92
(25.99), CH,—O—aromatic 4.45 (66.1).

AG17A1. Saccharidic and aglycon moieties 6 "H: anomeric
signals 5.07 x 2, 5.14, H2 4.75—4.89 (three protons), H3 5.42—
5.53 (three protons), H4 5.01—5.10 (three protons), H5 4.01—
4.10 and H6 external (seven protons) 4.11—4.33, H6 internal
and CH,—O—o-Glc 3.47—3.90 (seven protons), CH,—O—
aromatic 4.47. Selective '*C NMR signals: 95.46 x 2 and 95.65
anomeric signals, 61.86 (C6 external glucose moiety), 66.15,
65.99 (C6 of the two internal glucose moiety), CH,—O—a-Glc
3.80—3.50 (67.88), CH,—O—aromatic 4.45 (65.32), CH,—
CH,—0—a-Glc (25.55), CH,—CH,—0O—aromatic (26.00).

6.4.2. Synthesis of a-glucosides of MG3

MG3 (50 mg, 0.161 mmol) dissolved in 200 pl of DMSO
was added to 20 ml of maltose solution 1 M in phosphate
buffer (50 mM, pH 5.8). Partially purified crude homogenate
(150 ul) of Aplysia fasciata containing a-glucosidase (31 U/
pl) was added, to the resulting suspension, in three portions
during reaction time. The mixture was stirred at 34 °C for
48 h. TLC monitoring was performed by using EtOAc/
MeOH/H,0O 70:20:10 by vol. Chromatographic purification
of the reaction mixture was based on reverse-phase column
chromatography (Lobar RP-18), which efficiently separated
the chromophoric products from maltose, glucose, and oligo-
saccharides produced by maltose bioconversion. The latter
eluted first in water, while increasing gradients of methanol
allowed the separation of different a-glucosides of the accep-
tor used. Acetylation was conducted by standard procedures
using Ac,O/pyridine for 24 h.

The products were formed in a total yield of about 10%
with respect to aglycon added and were composed by the
monoglucoside MG3C (4%), two different disaccharides
MG3B and MG3A (6.5%, 30:70 ratio, respectively) and traces
of different trisaccharides as judged by Ryin TLC.

The mass spectra of acetylated derivatives of MG3C
(664.56 M" +Na™), MG3B and MG3A (952.84 M* + Na™)
secured on monosaccharidic and disaccharidic nature of the
products. The interglycosidic linkages were established by
2D NMR spectroscopy. Coupling constants of the newly
formed anomeric linkages secured for o-configuration and
aromatic rings show signals in accord with the proposed
structures.

MG3C. Saccharidic moiety 6 "H ('*C): H1 5.25 (95.5), H2
4.85 (71.0), H3 5.51 (69.8), H4 5.05 (68.7), H5 4.11 (67.2), H6
4.13—4.22 (62.0). Spacer moiety 6 "H (**C): —NH—CH,—
CH,—0O—CH,—CH,—a-Glc 3.62 (40.0), —NH—CH,—CH,—
O—CH,—CH,—a-Glc 3.67—3.75 (69.9, 70.6), —NH—CH,—
CH,—0—CH,—CH,—a-Glc 3.71-3.79 (67.0).

MG3B. Saccharidic moiety 6 'H: O—a-Glc—(1,4)-Glc, H1
5.42, H2 4.88, H3 5.38, H4 5.08, HS 4.09, H6 4.09—4.26; O—
a-Gle—(1,4)-Glc: H1 5.18, H2 4.76, H3 5.57, H4 4.09, H5
426, H6 4.26—4.48. Spacer moiety 6 'H: —NH—CH,—
CHz_O_CHZ_CHz_a-GIC 361, _NH_CHz_CHz_O_
CH,—CH,—0a-Glc 3.65—3.74, —NH—CH,—CH,—0—CH,—
CH,—a-Glc 3.70—3.80.

MG3A. Saccharidic moiety 6 '"H: 0—a-Gle—(1,6)-Gle, H1
5.22,H2 4.78, H3 5.53, H4 4.95, H5 4.13, H6 3.75—3.56; O—
a-Gle—(1,6)-Glc: H1 5.13, H2 4.88, H3 5.49, H4 5.04, HS
4.13, H6 4.13. Spacer moiety 6 "H: —NH—CH,—CH,—0—
CHQ_CHQ_Q-GIC 375, _NH_CHQ_CHZ_O_CHQ_CHZ_
a-Glec 3.70—3.74, —NH—CH,—CH,—0—CH,—CH,—a-Glc
3.70—3.85.

6.4.3. Synthesis of (3-glucosides of AG17 and MG3

AG17 (90 mg, 0.304 mmol) or MG3 (90 mg, 0.29 mmol) and
p-nitrophenyl-B-p-glucopyranoside (30.5 mg, 0.101 mmol) dis-
solved in 300 pul of DMSO were added to 2 ml of phosphate
buffer (50 mM, pH 6); 1 ml of concentrated crude homogenate
of visceral mass of A. fasciata (6 mg/ml total proteins) containing
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B-glucosidic activity was added to this suspension under stirring.
The formation of products was monitored by TLC in CHCl/
MeOH/H,O (65:25:4 by vol). When the donor, p-nitrophenyl
B-p-glucopyranoside, was exhausted (2.5 h), chromatographic
purification of the reaction mixture was performed based on
reverse-phase column chromatography (Lobar RP-18); it effi-
ciently separated both the product and remaining aglycon from
glucose. The products AG17-B-Gle (1.4 mg, 3% yield with
respect to donor) and MG3-B-Gle (1.1 mg, 2.3% yield with
respect to donor), were then obtained pure by preparative TLC.

AG17-B-Glc. 6 'H: 7.4—8.4 (aromatic signals), 4.5 CH,—
O—aromatic, 4.3 (J=7.8 Hz, H1 glucose), 4.1-3.1 CH,—
O—oa-Glc and H2—H6 glucose, 1.8—1.9 CH,—CH,—0O—a-
Glc and CH,—CH,—0O—aromatic.

MG3-B-Gle. 6 'H: 7.4—8.2 (aromatic signals), 4.4
(/=7.8Hz, H1 glucose), 4.2—3.1 spacer arm protons and
H2—H6 of glucose. Selected >*C NMR signals: 104.5 (C1
glucose), 62.80 (C6 glucose), 40.9 (—NH—CH,—spacer arm).

6.4.4. Isolation of human peripheral blood mononuclear
cells (PBMC) and compound treatment

PBMC were isolated from freshly collected buffy coats of
healthy blood donors (Centro Trasfusionale, Policlinico Uni-
versitario “G. Martino”’, Messina, Italy), after centrifugation
over Ficoll-Hypaque gradient. PBMC were washed three times
in RPMI 1640 medium and cultured in 24-well plates at a con-
centration of 2 x 10° cells/ml per well in RPMI 1640 medium.
PBMC were cultured at 37 °C in 5% CO, atmosphere, in
RPMI 1640 supplemented with 50 mcg/ml gentamicin and
5% fetal calf serum (FCS). All tested compounds were diluted
in DMSO at a concentration of 0.1 mg/mL, and then diluted in
RPMI 1640 medium to obtain the final concentrations em-
ployed. PBMC were then treated with the compounds at differ-
ent concentrations.

Lipopolysaccharide (LPS) from E. coli strain 055:B5 was
used as positive control.

The supernatants were harvested 24 and 48 h post treat-
ment, aliquoted and stored at —80 °C until cytokine analysis.

6.5. Cytotoxicity test

To determine the effect of different concentrations of title
compounds on cells viability, a colorimetric assay was used
as described by Mosmann [24]. The assay is based on the tet-
razolium salt 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zoliumbromide (MTT), a pale yellow substrate that is
cleaved by active mitochondria to produce a dark blue forma-
zan product. PBMC were seeded onto 96-well culture plates at
a number of 10* per well. After 4 h of incubation to allow
seeding of the cells, various concentrations of compounds
were added into each well. The plate was incubated at 37 °C
with atmosphere of 5% of CO, for 48 h. Then the medium
was discarded and the MTT reagent was added. The plate
was re-incubated at 37 °C for an additional 3 h to allow the
development of formazan. The microplates were read with
a microelisa reader using a wavelength of 570 nm. Cytotoxic-
ity percentage was calculated as follows:

1 — [(experimentalOD — lysiscontrolOD)/(cellcontrolOD
— lysiscontrolOD)] x 100.

6.6. Virus

HSV-type 2 was used throughout the study. HSV2 infection
was propagated on WISH cell lines. Viral stocks were
prepared by pelletting infected cells exhibiting cytopathic
effect, and freezing aliquots at —80 °C. The virus titre was
assessed on WISH cells and expressed as plaque forming
unit (PFU) per mL.

6.7. Limulus test

All culture media, reagents and water, were tested for the
presence of endotoxin by E-Toxate kit (Sigma), and found to
contain <10 pg endotoxin per mL.

6.8. Treatment and infection

In order to evaluate antiviral activity, PBMC were seeded
onto 24-well culture plates at a density of 2 x 10° cells per
well. Then, PBMC were added with compounds (40 and
20 pg/mL) and incubated for 24 h at 37 °C in 5% CO,. After
this period, cells were infected with HSV2 at a multiplicity of
infection (MOI) 0.1 and incubated for further 24 h at 37 °C in
5% CO,. Then the plates were frozen and thawed three times
in order to release the intracellular virus. Cell lysates and
supernatants were kept at —80 °C until virus titration. The
virus titre was expressed as plaque forming unit (PFU) per mL.

6.9. Cytokine evaluation

In a second series of experiments, we evaluated the produc-
tion of IFNa and TNFa by PBMC added with compounds at
the concentrations of 40 and 20 pg/mL. After 24 and 48 h of
incubation at 37 °C in 5% CO,, supernatants from untreated
and treated PBMC were harvested, centrifuged and kept at
—80 °C. The titration of IFNa and TNFa was performed by
an immunoenzymatic method (ELISA) from Bender MedSys-
tems (Milan, Italy). The limit of detection of the assay was
<4.8 pg/mL for IFNo and <5.8 pg/mL for TNFa.

6.10. Statistical evaluation

Results are expressed as the mean =+ standard deviation
(S8.D.) of four experiments. Data were analysed by one way
analysis of variance (ANOVA) and the Student—Newman—
Keults test. Differences were considered statistically signifi-
cant for P value <0.05.
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