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The synthesis and characterization of a new series of catanionic multivalent analogs of GalCer is
described. These systems are based on phosphonic acid terminated dendrimers and N-hexadecylamino
lactitol moieties. Despite important structural differences that affect the dendrimers’ outer-shell, these
supramolecular assemblies showed a fairly comparable anti-HIV-1 activity. All compounds have submi-

cromolar ICsg in a cell-based HIV-infection model but also a high general cytotoxicity.
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1. Introduction

Dendrimers are receiving a constantly increasing attention
since the first synthesis was published by Vogtle and his co-work-
ers.! Their globular and well-defined structure and the relative
ease of discrete functionalization of their architecture make these
macromolecules attractive scaffolds for biomedical applications.?
Indeed, water-soluble dendrimers are efficient carriers of active
substances that can be entrapped within the dendrimer’s architec-
ture® or formulated with the latter.* Another option is to graft
covalently a drug or a pro-drug on the surface of a dendrimer,’
either with a complete capping of the surface, or in a statistical
manner,® leaving free sites to graft other molecules of interest like
targeting moieties and/or fluorescent tags.

In the specific field of dendrimers designed for antiviral pur-
poses,” these strategies based on covalent grafting or cargo loading
have also been developed with a special emphasis on multiva-
lency.®° For instance, poly(propyleneimine) (PPI) tuftsin-dendri-
mer conjugates, a natural phagocytosis stimulating peptide that
binds to macrophages, have been loaded with efavirenz.!® The
same authors have loaded mannose capped PPI dendrimers with
antiretroviral drug lamivudine and observed a significant increase
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of its activity, cellular uptake and a reduced cytotoxicity.!! Other
strategies include the use of dendrimers to transfect suitable
silencing RNA to infected lymphocytes and reduce HIV
replication.'?

The highly glycosylated glycoprotein gp120 present on the sur-
face HIV-1 is also a key target to block the virus infection. Its rec-
ognition by CD4(+) and the subsequent formation of a ternary
complex involving gp120, CD4 and co-receptors (namely CCR5
and CXCR4)'? is a pivotal step of the infection. In this regard,
Schengrund et al. have reported on randomly sulfonated galact-
ose-terminated PPl dendrimers'#'> as efficient in vitro binding
antagonists for HIV-1. Recently, dendrimeric oligomannose glycans
have been designed to mimic a mannose cluster identified as the
epitope recognized by the HIV-1-neutralizing monoclonal antibody
2G12. These dendrimeric oligomannose glycans were found to
strongly inhibit the binding of gp120 to 2G12.'® The virus can also
infect CD4(—) cells through gp120 binding to galactosylceramide
(GalCer).!” It has been shown that GalCer is directly interacting
with gp41,'® and that gp120 is also expressed at the surface of in-
fected cells.'® Consequently, the gp120/GalCer interactions have
become a relevant target in view of blocking both CD4(+)-mediated
and alternative CD4(—)-mediated infection pathways.2®?! In this
respect, anionic polymers?? and dendrimers®> have been used to
inhibit HIV-1 infection by preventing virus-cell fusion through
ionic interactions with the V3 loop of gp120 and led to barrier gels
for topical use that are currently under clinical trials,?* like Vivagel,
a gel based on poly-L-lysine dendrimers with naphtalene sulfonic
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terminations.?”> These gels are based on polyanionic compounds,
and to the best of our knowledge, none of them was designed with
specific targeting moieties able to disrupt the HIV-1-CD4 or HIV-1-
GalCer interactions.

In the past, we have developed a simple approach to design
multivalent GalCer analogs*?® based on catanionic systems,?’>°
that proved to be good HIV-1 inhibitors. The influence of the core
functionality of the PPH (poly(phosphorhydrazone)) dendrimeric
structure®! was clearly identified, and the bioactivities were found
to be core-dependent but not generation dependent. Noteworthy,
the influence of the outer-shell had not been studied to date. In this
respect, we present here a collection of new multivalent catanionic
systems based on various first generation phosphonic acid termi-
nated dendrimers and N-hexadecylamino-lactitol moieties in order
to evaluate the direct influence of the vicinity of the phosphonic
acid on the HIV-1 inhibitory properties of both the corresponding
mono sodium salts and the related catanionic assemblies.

2. Results and discussion
2.1. Chemistry

The general synthetic strategy is based on the conversion of dim-
ethylphosphonate terminated dendrimers 1a-G1 to 6a-G1 (G stands
for generation) to the corresponding poly-phosphonic acids 1b-G1
to 6b-G1 by means of a silylation-methanolysis procedure
(Fig. 1).3? The reaction proceeds cleanly in dilute acetonitrile solu-
tions (1-10 mmol L™!) in 24 h at room temperature, using 2.5-
3 equiv of bromotrimethylsilane per phosphonate.® In many cases,
attempts to shorten the reaction time by a temperature elevation re-
sulted in partial degradation of the dendrimeric structure. It is worth
noting that the reaction can also be run in dichloromethane without
major change. The acidic dendrimers were then converted to the
corresponding mono sodium salts 1¢c-G1 to 6¢-G1 (Fig. 1) by addition
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Figure 1. Collection of phosphonate-terminated dendrimers used as multivalent
catanionic GalCer precursors ((a) BrSiMes;, MeOH; (b) HONa).

of the stoichiometric amount of sodium hydroxide to a suspension of
the acidic dendrimers in water. Alternatively, the catanionic assem-
blies 1d-G1 to 6d-G1 (Fig. 2) were obtained quantitatively by adding
a stoechiometric amount of N-hexadecylamino-lactitol to the den-
drimers suspended in water or in a water-propanol mixture. All
compounds were fully characterized by multinucleus NMR. As pre-
viously reported, mass spectrometry is not compatible with the PPH
(poly-phosphorhydrazone) dendrimeric structures* used in this
study, nevertheless this technique was used for key intermediate
compounds.

A first series of PPH dendrimers 1-G1 to 3-G1 bearing phos-
phonic acid moieties and lateral alkyl chains was prepared accord-
ing to a phenol grafting procedure involving the use of tyramine-
based dimethyl-phosphonoacetate with a pendant alkyl chain of
variable length on the activated methylene position.>> The dendri-
mers 1a-G1 to 3a-G1 were converted to the corresponding phos-
phonic acids monosodium salts 1¢c-G1 to 3c-G1.

The dendrimeric catanionic systems were obtained by mixture
of the acidic terminated dendrimers with 12 equiv of N-hexade-
cylamino-lactitol in water. The reaction mixture evolutes from a
heterogeneous mixture, in which the phosphonic acid terminated
dendrimers are suspended, to a turbid and then clear solution.
Interestingly, the effect of the alkyl chain on the formation of the
catanionic assemblies was not linear. Indeed, 1d-G1 and 3d-G1
were obtained in 24 h, whereas 2d-G1 was obtained in three days.
In this respect, we have recently shown>® that the interactions of
the C3 alkyl chains of 2¢-G1 with the interior of the dendrimer
structure were weaker than the interactions of the C10 alkyl chains
of 3c-G1 with the same structure. This phenomenon can be ex-
plained by the localization of the alkyl chains of 3b-G1 which
can be assumed to be more tightly buried within the interior of
the structure. On the contrary, the C3 alkyl chains of 2b-G1 are less
pre-organized within the dendrimeric structure and have more
degrees of freedom. Consequently, the formation of the assembly
2d-G1 may be entropically more demanding. As expected for these
phosphorus-containing structures, all reactions were easily moni-
tored by 3'P NMR (Table 1), for instance the conversion of the par-
ent phosphonate moieties to the phosphonic acids is accompanied
on the >!P NMR spectra by a shielding of the corresponding singlet
from 28.2 ppm to 23.2 ppm in the case of 2-G1. Upon addition of
12 equiv of sodium hydroxide this singlet is shielded to 17.4 ppm
for 2¢-G1, while the formation of 2d-G1 is traduced by the appear-
ance of a singlet at 16.8 ppm. Remarkably, the other regions of the
spectrum, namely the singlets located in the 8-9 ppm and
62-64 ppm regions and attributed to the cyclotriphosphazene core
and the PS atoms of the divergent points, respectively, are not
affected by the whole procedure.

A new vinyl-dimethylphosphonate terminated dendrimer 4a-
G1 was also prepared, and successfully converted into the corre-
sponding vinyl-phosphonic acid capped dendrimer 4b-G1. The first
step involves a Horner-Wadsworth-Emmons reaction between
the aldehyde terminated PPH dendrimer G1 and tetramethyl-
methylene-gem-diphosphonate (Scheme 1) with sodium hydride
as a base. The reaction proceeds cleanly at room temperature,
and the removal of side product sodium dimethylphosphate was
performed by column chromatography. Again, the reaction was
followed by NMR, allowing us to observe the total disappearance
of the signals corresponding to the aldehyde proton of G1
(6('H)=9.97 ppm, §('3C)=189.9 ppm), and the appearance of
two sets of doublets on the 'H NMR spectrum at 6.10 ppm and
7.35 ppm, with a typical *Junrans = 17.4 Hz, corresponding, respec-
tively to the CsH4CH and CH-P proton of the vinyl group. The next
step was again followed by 3!P NMR, which shows the total disap-
pearance of the singlet located at 21.9 ppm attributed to the
POsMe, moieties of 4a-G1 and the appearance of a singlet at
13.6 ppm corresponding to the POsH, moieties of 4b-G1. The
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Figure 2. Collection of multivalent catanionic systems based on phosphonate-terminated dendrimers and hexadecylamino lactitol.

Table 1

31p NMR chemical shifts for the phosphorus atoms of compounds 1n-G1 to 6n-G1 (n=a to d)

Entry Compound 5 31P (CDCl5, n=a) 53'P (CD;0D, n=b) 6 31P (D,0/CDsCN, n=c) 5 31P (D,0/CD5CN, n=d)
[P=N]s POsMe, P(S) [P=N]s POsH, P(S) [P=N]s POsHNa P(S) [P=N]s POsHL P(S)
1 1n-G1 8.4 25.4 62.8 9.3 19.5 62.7 9.7 13.8 64.0 9.2 13.4 63.6
2 2n-G1 8.4 282 62.9 9.3 232 62.8 9.9 17.4 64.0 9.4 16.8 63.7
3 3n-G1 8.4 28.1 63.0 9.3 22.4 62.7 9.0 17.8 64.0 9.2 17.3 62.8
4 4n-G1 8.2 21.9 62.9 8.2 13.6 62.2 9.8 12.5 63.6 9.1 11.0 62.8
5 5n-G1 8.9 239 62.4 9.1 20.1 62.8 9.0 15.9 64.8 8.6 15.9 63.5
6 6n-G1 8.3 26.9 63.1 9.5 10.4 66.3 9.6 6.8 64.2 8.6 7.2 63.0
r N/ o a-hydroxyphosphonate and bismethylene-phosphonate end-
[N=P]3——O—®—// b o—@—// groups, respectively were synthesized®? according to a similar
61 g AR strategy. Similarly to previous series, the >'P NMR was intensively
Me-0-P” PO -Mes. HN used to follow all reactions, and the expected catanionic dendri-
©203 aviez, HiNa mers 5d-G1 and 6d-G1 presenting, respectively 12 and 24 GalCer
[ N4 analogs on their outer-shell were readily obtained and fully char-
N PO3Me; & y y
[N=p]3——oOJ j:%o@f acterized by multinucleus NMR.
4
4a-G1 S 216

Scheme 1. Synthesis of dendrimer 4a-G1.

monosodium salt 4c-G1 and the catanionic assembly 4d-G1 were
easily obtained as described above, and the chemical shifts ob-
served on the 3'P spectra, along with 'H and '3C NMR analysis were
consistent with the expected structures. In particular, the phos-
phorus atoms of the phosphonate groups were found to resonate
at 12.5 and 11.0 ppm, respectively on the *'P NMR spectra. The
series of dendrimers 5a-G1 to 5¢-G1 and 6a-G1 to 6¢-G1 having

2.2. HIV-1 inhibitory activity

The Xc-G1 (X =1-6) series of mono sodium salt compounds
were assayed in vitro on a CEM-SS cell-line to assess their inhibi-
tory effect against HIV-1 (Table 2, entry 1-6).3-38 Interestingly,
none of these compounds was found to be toxic in the whole range
of concentrations (1 x 1077 to 1 x 10~*mol L™!). Consequently,
the measured ICsq can be correlated to an effective antiviral activ-
ity. Among this series, the ICso values were found to slightly de-
pend on the chemical nature of phosphonate’s vicinity. The
influence of the alkyl chain (Table 2, entries 1-3) has already been
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Table 2
Classical HIV-1 inhibition and cytotoxicity results for compounds 1¢-G1 to 6¢-G1, and
1d-G1 to 6d-G1

Entry Compound HIV-1 inhibition ICsp, Cytotoxicity CCsp, T.IP

pM? pM?
1 1c-G1 25%° >100 >4
2 2¢-G1 1.5% >100 >67
3 3c-G1 16%° >100 >6
4 4c-G1 0.65 >100 >153
5 5¢-G1 50 >100 >2
6 6¢-G1 20 >100 >5
7 1d-G1 0.40 1.9 4.8
8 2d-G1 0.33 15 45
9 3d-G1 0.31 6.1 19.7
10 4d-G1 0.25 1.6 6.4
11 5d-G1 0.21 1.2 4
12 6d-G1 0.16 1.1 6.9

¢ Values are means of two or three experiments, standard deviation 10%.
b In vitro therapeutic index (CCso/ICsp).

evoked in a previous paper, and was assumed to be linked to its
propensity to interact with the lipophilic region of the V3 loop of
gp120.3> Compounds 5¢-G1 and 6¢-G1 (Table 2, entry 5 and 6)
show a relatively low HIV-1 inhibitory activity, in the range of that
of 1¢c-G1 and 3c-G1 (Table 2, entry 1 and 3), whereas the vinyl-
phosphonate terminated dendrimer (Table 2, entry 4) exhibit a
good inhibitory activity (650 nmol L~!) which is in the range of
activity of two candidate polyanion compounds in clinical trials,*®
PRO 2000 and dextrin sulphate (DxS). The Therapeutic Index of 4c-
G1 measured by default at 153 is one order of magnitude lower
than the target value of 1000, whereas all other compounds, for
which the therapeutic indices (TIs) are too low, might induce
mucosal irritation or inflammation that can be responsible for an
increased HIV transmission.*!

The Xd-G1 (X=1-6) series of catanionic multivalent GalCer
analog compounds were assayed according to the same procedure
(Table 2, entries 7-12). All compounds exhibit a relatively good
anti-HIV-1 activity between 0.16 uM (Table 2, entry 12) and
0.40 uM (Table 2, entry 7), but their TIs is dramatically affected
by CCsq values that are less than tenfold the value of ICsq, except
in case of 3d-G1 (Table 2, entry 9). The fact that the latter present
a lower toxicity than its concurrent multivalent analogs is not fully
understood. One possible explanation could reside in the possible
lack of stability of the supramolecular assemblies in cell cultures.
As a result, the system could eventually disassemble into dendri-
meric phosphonates for which no cytotoxicity has been observed
(Table 2, entries 1-6), and free N-hexadecylaminolactitol that
could be responsible for the relatively high CCso. Assuming that a
putative complete disassembly of the catanionic systems would
lead to 12 free N-hexadecylaminolactitol, the relative CCsq of the
dissembled Xd-G1 series should then be corrected by a factor of
12-fold, leading to CCsq that are in the range of N-hexadecylamino
lactitol which is known to be cytotoxic on CEM-SS cells in the 10
~4_10>mol L' range due to its detergent properties.® Accord-
ingly, the supramolecular assembly 3d-G1 can be assumed to be
more stable than the other thanks to the presence of a C10 alkyl
chain close to the phosphonic acid, which could consolidate the
lipophilic interaction between this C10 alkyl chain and the alkyl
chain of the N-hexadecylaminolactitol.

3. Conclusions

We have described the preparation of a series of dendrimeric
GalCer analogs based on catanionic assemblies of N-hexadecylami-
nolactitol moieties and phosphonic acid dendrimers. These com-
pounds, along with their mono sodium salts and dendrimeric
precursors have been extensively studied by multinucleus NMR.

In particular, the 3'P NMR has proven to be an efficient tool to
monitor all chemical transformations, and the collected chemical
shifts of the terminal phosphonate (or phosphonic acid) moieties
gathered in Table 1 present a coherent set of chemical shifts in
agreement with previous works.*?> The in vitro HIV-1 inhibitory
properties on CEM-SS cells of the monosodium salt series are in
agreement with previous observations for polyanionic dendrimers
or linear polymers,?* but all compounds suffer from low TIs values
that prevent them from being so-called promising candidates. Nev-
ertheless, our results show unambiguously that the local environ-
ment of the negative charges, that is the chemical nature of the
phosphonate neighboring groups, strongly influences the inhibi-
tory properties. On the contrary, this environment has a lower im-
pact on the biological activity of catanionic multivalent analogs.
Actually, the GalCer analog series show good HIV-1 inhibitory
properties, but quite low TIs were measured for these compounds,
due to relatively high CCsq values, probably related to a lack of sta-
bility of the assemblies in vitro. Further experiments are currently
under study to assess the fact that the length of an alkyl chain lo-
cated close to the phosphonic acid end-groups could increase the
in vitro stability of the supramolecular assembly. In this respect,
multivalent GalCer systems based on supramolecular assemblies
appear as a valuable strategy to develop original anti-HIV-1 candi-
dates, given that their in vitro stability can be significantly
increased.

4. Methods
4.1. Chemistry

4.1.1. General

All manipulations were carried out using standard high-vacuum
and dry-argon techniques. Chemicals were used as received and
solvents were dried and distilled by routine procedures.** 'H, 13C,
19F and 3'P NMR spectra were recorded at 25 °C with Bruker AC
200, AV 300, DPX 300, AV 400 or AV500 spectrometers. The follow-
ing abbreviations were used in reporting spectra: s =singlet,
d =doublet, t=triplet, q = quartet, m = multiplet, dd = doublet of
doublets. References for NMR chemical shifts are 85% H3;PO,4 for
3P NMR and SiMe, for 'H and '*C NMR. The attribution of '*C
NMR signals was done using Jmod, 2D 'H-!3C HSQC, 'H-'3C HMBC
and "H-3'P HMQC, Broad Band or CW 3'P decoupling experiments
when necessary. Mass spectrometry was recorded on a Finnigan-
mat TSQ 7000. The numbering schemes used for NMR are depicted
in Figure 3. PPH dendrimer precursors***° and N-hexadecylami-
nolactitol*® were prepared according to published procedure.

4.1.2. Synthesis of phosphonate capped dendrimers Xa-G1
(X=1-6)

Dendrimers 1a-G1 to 3a-G1,%° 5a-G1 and 6a-G1 were prepared
according to published procedure.? Dendrimer 4a-G1 was pre-
pared as follows: to a suspension of NaH (141 mg, 5.840 mmol)
in THF (10 mL) was added dropwise tetramethyl-methylene-gem-
diphosphonate. Then, this solution was dropped into a solution
of G1 (1383 mg, 5.840 mmol) in THF (5 mL) at 0 °C. The mixture
was stirred at rt overnight and was evaporated to dryness. The
white residue was diluted in water (150 mL) and extracted with
chloroform (3 x 50 mL). The organic phase was washed with brine
(50 mL), separated, dried over Na,SOy,, filtered and concentrated to
dryness under reduced pressure. The residue was purified by silica
gel flash chromatography (CH,Cl,/MeOH, 95:5, R= 0.26) to obtain
4a-G1 as a white powder (779 mg, 54%). 3'P {'"H} NMR (CDCls,
75.5 MHz): 6=8.2 (s, N3P3), 21.9 (s, POsMe;), 61.9 (s, P=S) ppm;
'H NMR (CDCls, 300.1 MHz): §=3.28 (d, 3Jpy=9.6Hz, 18H,
NCH3), 3.74 (d, 3Jpy=10.8Hz, 72H, OCH;), 6.10 (dd,
2oy =3Jun = 17.4 Hz, 12H, PCH), 7.01 (d, 3Jun = 6.3 Hz, 12H, C2H),
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7.17 (d, *Jun = 6.9 Hz, 24H, C2H), 7.35 (t, }Juy = 20.7 Hz, 12H, ArCH),
7.39 (d, *Jun = 6.9 Hz, 24H, C;H), 7.61 (br d, 3Juy = 8.1 Hz, 18H, CoH,
CH=N) ppm; '*C {'H} NMR (CDCls, 75.5MHz): 5=33.0 (d,
Ypc=12.1Hz, NCH3), 52.5 (d, }pc=5.3Hz, OCH3), 112.8 (d,
Upc=192.5 Hz, PCH), 121.4 (s, C3), 121.8 (d, 3Jpc =4.5Hz, C3),
128.3 (s, C3), 129.1 (s, C3), 132.0 (s, C3), 132.3 (s, C3), 139.0 (d,
3Jpc = 15.1 Hz, N=CH), 148.1 (d, %Jpc = 6.8 Hz, ArCH), 151.4 (s, C}),
151.9 (d, ?Jpc = 6.8 Hz, C}) ppm.

4.1.3. Synthesis of phosphonic acid capped dendrimers Xb-G1
(X=1-6)

Dendrimers 1a-G1 to 3a-G1,%° 5a-G1 and 6a-G1 were prepared
according to published procedure.>? Dendrimer 4b-G1 was pre-
pared as follows: to a vigorously stirred solution of 4a-G1
(200 mg, 0.048 mmol) in dry acetonitrile (10 mL) bromotrimeth-
ylsilane (192 pL, 1.440 mmol) was added at 0°C. The mixture
was stirred for 12 h at rt, and then evaporated to dryness under re-
duced pressure. The crude residue was washed twice with metha-
nol (15 mL) for 1 h at rt and evaporated to dryness under reduced
pressure. The resulting white solid was washed with water, meth-
anol and Et,0 to afford 4b-G1 as a white solid (57 mg, 31%). 3'P
{'H} NMR (DMSO-ds, 121.5MHz): §=8.2 (s, N3P3), 13.6 (s,
POsMe;,), 62.2 (s, P=S) ppm; 'H NMR (DMSO-ds, 300.1 MHz):
6=329 (d, 3py=108Hz, 18H, NCH;), 641 (dd,
2o = 3Jun = 18.2 Hz, 12H, PCH), 7.01-7.25 (m, 48H, C2H, C2H and
ArCH), 7.56 (d, 3Jyu=8.4Hz, 24H, CH), 7.64 (d, Juy=8.4Hz,
12H, C2H), 7.86 (br s, 6H, CH=N) ppm; '*C {'"H} NMR (DMSO-ds,
755MHz): 6=333 (d, ¥pec=119Hz, NCH;), 1213 (d,
Upc = 181.6 Hz, PCH), 121.4 (s, C3), 121.7 (br s, C3), 128.8 (s, C3),
129.4 (s, C}), 132.4 (s, Cp), 133.3 (d, *Jpc = 22.4 Hz, C}), 141.0 (br
s, N=CH), 142.1 (br s, ArCH), 151.0 (s, C}), 151.1 (s, C;) ppm.

4.1.4. Synthesis of sodium phosphonate capped dendrimers Xc-
G1 (X =1-6)

Dendrimers 1a-G1 to 3a-G1,3° 5a-G1 and 6a-G1 were prepared
according to published procedure.®? Dendrimer 4¢-G1 was pre-
pared as follows: the sodium monosalt form was obtained by add-
ing aqueous sodium hydroxide (0.1023 N, 3.09 mL) to a suspension
of 4b-G1 (100 mg, 0.026 mmol) in water (5 mL) at 0 °C. The solu-
tion was filtered on micropore (1.2 um) and lyophilized to give
4c¢-G1 as a white powder (96 mg, 91%). 'P {'H} NMR (D,0/CDsCN,
3:1, 121.5 MHz): 6 =8.2 (s, N3P3), 12.5 (s, POsMe,), 63.6 (s, P=S)
ppm; 'H NMR (D,0/CDsCN, 3:1, 300.1 MHz): =328 (d,
3Jou=9.0Hz, 18H, NCHs), 6.36 (dd, %Jpy=">Juy=15.0Hz, 12H,
PCH), 7.00-7.08 (m, 48H, C2H, C2H and ArCH), 7.45 (d, 3y = 6.0 Hz,
24H, C3H), 7.61 (br s, 12H, CH), 7.82 (br s, 6H, CH=N) ppm; '3C
{'H} NMR (D,0/CD5CN, 3:1, 125.8 MHz): §=32.8 (br s, NCHs),
113.9 (br s, PCH), 121.4 (br s, C3), 122.5 (br s, C3), 124.0 (s, C3),
1286 (s, C3), 132.2 (s, C3), 134.1 (s, C¥), 139.8 (br s, ArCH and
CH=N), 151.4 (br s, C; and C}) ppm.

4.1.5. Synthesis of catanionic dendrimers Xd-G1 (X =1-6)
1d-G1: Dendrimer 1b-G1 (50 mg, 0.011 mmol) was added to a
solution of N-hexadecylaminolactitol (75 mg, 0.132 mmol) in dis-
tilled water (10 mL). After 3 days stirring at rt, the colorless homo-
geneous solution was freeze-dried to afford 1d-G1 as a white
powder (124 mg, 100%). >'P {'H} NMR (D,0/CDsCN, 3:1, 121.5

MHz): 6=9.2 (s, N5P5), 13.8 (s, POsMe,), 64.0 (s, P=S) ppm; 'H
NMR (D,0/CD;COCDs, 1:3, 500.1 MHz): 6 =0.77 (br s, 36H, CHs),
1.12 (br s, 312 H, C.oH,), 1.60 (br s, 24H, C,H,), 2.56-2.68 (m,
48H, ArCH, and PCH;), 2.93 (br s, 48H, C,H and C,H), 3.17-3.28
(m, 42H, NHCH, and NCH3), 3.41-3.99 (m, 156H, CHOH, CH,OH
and CHgnom), 6.83 (br s, 12H, C2H), 7.02 (br s, 24H, C2H), 7.09 (br
s, 24H, C3H), 7.59 (br s, 12H, CiH), 7.69 (br s, 6H, CH=N) ppm;
13C NMR (D,0/CD5CN, 3:1, 75.5 MHz): 8 =14.1 (s, CHs), 22.9 (s,
C,), 26.2 (s, Cp), 26.9 (s, Cc), 29.8 (s, Cq), 30.2 (br's, Cemm), 32.2 (s,
Cn), 32.9 (d, %pc=19.5Hz, CHsN), 343 (s, ArCH,), 383 (d,
oc = 197.3 Hz, PCH), 41.2 (s, NHCH,), 42.3 (s, Ca), 43.5 (s, Cy),
60.4 (s, CH,OH), 61.2 (s, CH,OH), 68.7 (s, CHOH), 70.3 (s, CHOH),
71.4 (s, CHOH), 71.5 (s, CHOH), 72.8 (s, CHOH), 75.5 (s, CHOH),
78.7 (s, CHO), 78.9 (s, CHO), 103.1 (s, Canom), 121.3 (s, C?), 121.6
(s, C3), 128.6 (s, C3), 130.3 (s, C3), 132.7 (s, Cg), 137.2 (s, C}),
140.0 (br s, CH=N), 148.9 (d, %Jpc = 7.6 Hz, C}), 151.2 (s, Cy), 171.1
(s, CONH) ppm.

2d-G1: Dendrimer 2b-G1 (50 mg, 0.010 mmol) was added to a
solution of N-hexadecylaminolactitol (68 mg, 0.120 mmol) in dis-
tilled water (10 mL). After 3 days stirring at rt, the colorless homo-
geneous solution was freeze-dried to afford 2d-G1 as a white
powder (118mg, 100%). 3'P {'H} NMR (D,0/CDsCN, 3:1,
121.5 MHz): § =9.4 (s, N3P3), 16.8 (s, POsMe,), 63.7 (s, P=S) ppm;
'H NMR (D,0/CD5(CO)CDs, 1:3, 500.1 MHz): §=0.90 (t,
3Jun = 6.5 Hz, 36H, CHs), 0.94 (t, *Juu = 6.5 Hz, 36H, CHs), 1.24-
1.44 (br s, 360H, CH3CH, and C.,H), 1.53-1.88 (m, 48H, CHCH,
and CpH), 2.68-2.91 (m, 36H, ArCH, and CHP), 3.06-3.17 (m,
48H, C,H, and CyH,), 3.18-3.29 (m, 18H, NCH;), 3.32-3.48 (m,
48H, NHCH,), 3.58-4.08 (m, 120H, CHOH and CH,0H), 4.31 (br s,
12H, CHgpom), 6.91 (d, 3Juy=8.0Hz, 12H, CH), 7.11 (d,
3Jun = 8.0 Hz, 24H, C*H), 7.17 (d, Jun = 8.5 Hz, 24H, C3H), 7.67 (d,
3Jun=7.0Hz, 12H, CH), 7.77 (br s, 6H, CH=N) ppm; '*C {'H}
NMR (D,0/CD5(CO)CDs, 1:3, 125.6 MHz): 6=13.7 (s, CHs), 13.8
(s, CHs), 22.4 (s, CH3CH.), 22.6 (s, Co), 25.6 (s, Cp), 26.6 (s, C),
29.1 (s, CqHa), 29.5 (br s, Ce.m), 31.2 (d, ¥Jpc = 16.2 Hz, NCH3), 31.8
(d, 3Jpn = 16.2 Hz, CHCH,), 31.9 (s, Cy), 34.7 (s, ArCH,), 39.7 (d,
Ypc=75.5Hz, PCH), 41.0 (s, NHCH,), 48.1 (s, C,), 49.9 (s, Cy),
61.5 (s, CH,0H), 62.1 (s, CH,0H), 67.9 (s, CHOH), 69.0 (s, CHOH),
70.8 (s, CHOH), 71.2 (s, CHOH), 72.9 (s, CHOH), 75.6 (s, CHOH),
78.7 (s, CHO), 103.1 (s, Canom), 121.1 (s, C?), 121.2 (s, C2), 128.3 (s,
C3), 129.8 (s, C3), 132.6 (s, C3), 136.5 (s, C}), 138.9 (br s, CH=N),
149.1 (d, ?Jpc = 6.9 Hz, C}), 151.0 (br s, Cj), 168.9 (s, CONH) ppm.

3d-G1: Dendrimer 3b-G1 (50 mg, 0.008 mmol) was added to a
solution of N-hexadecylaminolactitol (55 mg, 0.096 mmol) in dis-
tilled water (10 mL). After 3 days stirring at rt, the colorless homo-
geneous solution was freeze-dried to afford 3d-G1 as a white
powder (104mg, 100%). 3'P {'H} NMR (D,0/CDsCN, 3:1,
121.5 MHz): § =9.2 (s, N3P3), 17.3 (s, POsMe;), 62.8 (s, P=S) ppm;
TH NMR (CD30D, 125.6 MHz): 5 = 0.86 (br s, 36H, CHs), 0.93 (br s,
36H, CHs3), 1.23-1.49 (m, 504H, CH, and C..H), 1.51-1.68 (m,
24H, CyH), 1.80 (br s, 24H, ArCH,), 2.08-2.09 (m, 24H, CHCH,),
2.51-2.67 (m, 12H, CHP), 2.73-2.92 (m, 18H, NCH3), 3.11 (br s,
48H, C,H, and CyH,), 3.12-3.49 (m, 24H, NHCH,), 3.55-3.99 (m,
156H, CHOH, CH,0H and CHgpnom), 6.81-7.93 (m, 12H, C2H), 7.03-
7.38 (m, 48H, C2H and C2H), 7.64 (br s, 12H, C2H), 7.71 (br s, 6H,
CH=N) ppm; 3C{'H} NMR (D,0/CD;COCDs, 1:3, 125.6 MHz):
8=13.7 (s, CHs), 13.9 (s, CH3), 22.1 (s, C,), 22.3 (s, CHy), 26.0 (s,
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Cp), 26.6 (s, Cc), 28.3 (brs, CHCH,), 29.3 (s, C4H>), 29.5 (br's, CH, and
Cem), 31.7 (s, CHy), 319 (s, Cn), 345 (s, ArCH,), 37.5 (d,
oc = 75.5 Hz, PCH), 40.6 (s, NHCH,), 48.1 (s, Ca), 50.0 (s, Cy),
61.4 (s, CH,0H), 62.1 (s, CH,OH), 68.1 (s, CHOH), 69.0 (s, CHOH),
70.7 (s, CHOH), 71.2 (s, CHOH), 72.8 (s, CHOH), 75.6 (s, CHOH),
78.9 (s, CHO), 103.1 (s, Canom)» 121.1 (br s, C2 and C?), 128.0 (br s,
C2), 129.8 (s, C3), 134.5 (s, C3), 136.8 (s, C3), 139.1 (s, CH=N),
149.2 (s, (1), 152.3 (s, Cp), 173.5 (s, CONH) ppm.

4d-G1: Dendrimer 4b-G1 (50 mg, 0.013 mmol) was added to a
solution of N-hexadecylaminolactitol (88 mg, 0.156 mmol) in
distilled water (10 mL). After 3 days stirring at rt, the colorless
homogeneous solution was freeze-dried to afford 4d-G1 as a white
powder (137 mg, 100%). >'P {'H} NMR (D,0/CDsCN, 3:1, 121.5
MHz): 6=9.1 (s, N3P3), 11.0 (s, POsMe;), 62.8 (s, P=S) ppm; 'H
NMR (D,0/CD5COCD3, 1:3, 500.1 MHz): 6 =0.98 (br s, 36H, CH3),
1.18 (br s, 312 H, Cc_oH,), 1.69 (br s, 24H, C,H,), 2.64-2.93 (m,
84H, ArCH,, PCH,, C,H and CyH), 3.33-3.49 (m, 42H, NHCH; and
NCH3), 3.41-4.15 (m, 120H, CHOH and CH,0OH) 4.15 (br s, 12H,
CHanom), 6.29 (br s, 12H, CHP), 7.00 (br s, 36H, C2H and C2H), 7.35
(br s, 24H, C3H), 7.53 (br s, 12H, C2H), 7.67 (br s, 6H, CH=N)
ppm; '3C {'H} NMR (D,0/CDsCN, 3:1, 100.6 MHz): 6=14.1 (s,
CHs), 22.9 (s, Co), 26.2 (s, Cp), 27.0 (s, Cc), 29.8 (br s, Cq), 30.3 (br
S, Ce.m), 32.3 (br s, C,), 32.8 (br s, CH3N), 48.2 (br s, C,), 50.3 (br
s, Cy), 61.4 (s, CH,OH), 62.8 (s, CH,OH), 67.3 (s, CHOH), 69.0 (br
s, CHOH), 70.6 (br s, CHOH), 71.3 (s, CHOH), 72.9 (br s, CHOH),
75.4 (br s, CHOH), 80.1 (br s, CHO), 103.2 (br s, Canom), 121.6 (br
s, C5 and C?), 124.5 (s, CHP), 126.4 (s, C3), 128.5 (s, C3), 132.6 (s,
Cg), 134.7 (br s, C7), 139.4 (br s, ArCH, CH=N), 147.7 (br s, C}),
150.8 (s, C}) ppm.

5d-G1: Dendrimer 5b-G1 (50 mg, 0.013 mmol) was added to a
solution of N-hexadecylaminolactitol (88 mg, 0.156 mmol) in dis-
tilled water (10 mL). After 3 days stirring at rt, the colorless homo-
geneous solution was freeze-dried to afford 5d-G1 as a white
powder (138 mg, 100%). >'P {'"H} NMR (D,0/CD5CN, 3:1, 121.5
MHz): 6 =8.6 (s, N5P3), 15.9 (s, POsMe,), 63.5 (s, P=S) ppm; 'H
NMR (D,0/CD5(CO)CD5, 1:3, 500.1 MHz): §=1.02 (br s, 36H,
CHs), 1.39 (br s, 336 H, Cp.oH,), 2.59-3.19 (m, 48H, C.H and
CyH), 3.36-3.63 (m, 18H, NCH3), 3.65-4.29 (m, 156H, CHOH,
CH,OH and CHOHP), 7.31 (br s, 36H, C3H and C3H), 7.60 (br s,
24H, C3H), 7.81 (br s, 18H, C3H and CH=N) ppm; '>C {'H} NMR
(D,0/CD;CN, 3:1, 75.5 MHz): & = 14.1 (s, CHs), 22.9 (s, C,), 25.9 (s,
Cp), 27.0 (s, Cc), 29.8 (s, Cq), 30.3 (br s, Cemm), 32.3 (br's, Cp), 32.8
(br s, CH3N), 46.7 (s, C,), 48.3 (br s, Cy), 61.4 (br s, CH,OH), 62.5
(br s, CH,0H), 68.0 (s, CHOH), 69.1 (br s, CHOH), 71.3 (br s, CHOH
and CHOHP), 72.8 (br s, CHOH), 75.5 (br s, CHOH), 80.0 (br s, CHO),
103.4 (br s, CHanom), 120.7 (br s, C3 and C?), 128.8 (br s, C2 and C3),
132.3 (br s, CH=N), 138.7 (br s, C37), 140.4 (s, C3), 149.3 (br s, C}),
151.1 (br s, C}) ppm.

6d-G1: Dendrimer 6b-G1 (50 mg, 0.009 mmol) was added to a
solution of N-hexadecylaminolactitol (123 mg, 0.216 mmol) in dis-
tilled water (10 mL). After 3 days stirring at rt, the colorless homo-
geneous solution was freeze-dried to afford 6d-G1 as a white
powder (170mg, 100%). 3'P {'H} NMR (D,0/CDsCN, 3:1,
121.5 MHz): 6 = 8.6 (s, N3P3), 7.2 (s, POsMe;), 63.0 (s, P=S) ppm;
'H NMR (D,0/CD5COCD;, 1:3, 500.1 MHz): 6=0.93 (br s, 72H,
CHs;), 1.32 (br s, 624H, C.oH>), 1.73 (br s, 48H, C,H,), 2.82-3.06
(m, 96H, C,H and C,H), 3.24-3.46 (m, 66H, NCH,P and NCHs),
3.63-4.20 (m, 288H, CHOH and CH,0H), 4.51 (br s, 24H, CHgyom),
6.89-7.12 (m, 12H, CZH), 7.20 (br s, 24H, C2H), 7.40 (br s, 12H,
C3H), 7.73 (br s, 12H, C3H), 7.89 (br s, 6H, CH=N) ppm; '>C {'H}
NMR (D,0/CD5CN, 3:1, 125.8 MHz): &= 14.0 (s, CHs), 22.8 (s, C,),
26.0 (s, Cp), 26.8 (s, C¢), 29.7 (s, Cq), 30.2 (br s, Co.y, and ArCH,),
32.2 (s, Cy), 32.7 (br s, CH3N), 47.9 (br s, C,), 50.1 (br s, Cy), 53.1
(br's, NCH,P), 57.4 (brs, CH,N), 61.3 (s, CH,OH), 62.2 (br s, CH,OH),
67.8 (br s, CHOH), 68.8 (br s, CHOH), 71.1 (br s, CHOH), 72.8 (br s,
CHOH), 75.3 (br's, CHOH), 77.2 (br s, CHOH), 79.7 (br s, CHO), 103.2

(br's, Canom)» 121.5 (br's, C3 and C?), 128.3 (br s, C3), 130.6 (br s, C3),
132.5 (brs, C3), 134.5 (brs, C}), 139.2 (br s, CH=N), 149.6 (br s, C}),
151.0 (br s, Cy) ppm.

4.2. Antiviral assays

CEM-SS cells were cultured in RPMI medium supplemented
with 10% fetal calf serum (heated at 56 °C for 30 min). CEM-SS cells
were infected with HIV-1 LAI and the production of virus was eval-
uated after five days, by measuring the reverse transcriptase (RT)
which expresses the presence of HIV in the supernatant culture
medium. RT inhibition percentage, providing ICsq values (concen-
tration of drug at which virus production is inhibited by 50%),
was determined in comparison with the non-treated cells. The
cytotoxicities evaluation is based on the viability of the non-in-
fected cells using a colorimetric assay. This colorimetric MTT test
is based on the capacity of living cells to reduce MTT to formazan.
The produced quantity of formazan (characterized by OD540) is di-
rectly proportional to the number of living cells and to the CCsq
(concentration at which 0D540 was reduced by half).
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