Chapter 3

Towardsthe understanding of the factors
affecting cell transfection by

calix[4]arene guanidinium derivatives



3.1 Resaults

3.1.1 Synthesis and properties of structural variants of 5b
The results described @hapter 2 clearly indicate that compourtb (Fig. 3.1) is the best

calix[4]arene based vector for cell transfectiontbgsized so far.
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Fig. 3.1. Structural formula of compourisb.

In order to better understand the factors affecBNA condensation and cell transfection in
this series of ligands, several structural varisiovere performed, by synthesizing several
new ligands Fig. 3.2), whose properties are described in this chajfiest, compound32
having longer alkyl chains compared 8b was synthesized, to study the influence of the
distance between the macrocyclic cavity and theitipely charged head groups. The
synthetic strategy is similar to that followed fitr but the alkylation was carried out with N-

(6-bromohexyl)phthalimide.

H, Cl cl
HN 37 38 39

Fig. 3.2. Structural formulas of compoun@g, and36-39.
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As further modification, it was decided to introéugn additional positive charge at the upper

rim (see compound6), maintaining constant all the other structurareteteristics obb.

Scheme 3.1. Synthesis of derivativa6.
i) HNO;, glacial CHCOOH, dry DCM, N;

i) NH,NH,-H,0, Pd/C, abs EtOH, Nreflux;

iif) N,N'-di-Boc-N"-triflylguanidine, EtN,

CHCI,, N,, rt; iv) HCI 37%, 1,4-dioxane, rt.
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For this purpose, after the introduction of thehalfimido-propyl terminating chains, a mono-
nitration® reaction was carried ouS¢heme 3.1), using HNQ (65%) and glacial C¥COOH

in CH,Cl,. The reaction is known not to be particularly sgle since all the calixarene
aromatic rings have the same reactivity, but, astlethe phthalimide groups are stable under

these conditions. Thus, in order to isolate a fyatig amount of the mononitro derivatias,
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the reaction was carefully followed by TLC and §te@ when all the starting calixaree
disappeared and before a significant amount ohpition products formed, especially the
dinitro derivative. Anyway, a mixture of product@asvobtained, which was purified by flash
chromatography. In the following step the phthatimi groups were removed and
simultaneously the nitro group at the upper rim waduced to amine. In fact, using
NH2NH,-H,O in abs EtOH in presence of Pd/C 10% as catatysfgs possible to remove the
phthalimido group and reduce the nitro group, single step. Even in this case, however, the
work-up had to be done very quickly to avoid cadtation of the amino group at the lower
rim of 34. The reaction with hydrazine occurred in 12 h &sdyield was not quantitative
probably because some of the product was lostwater. The following reaction was the
functionalisation of all the amino groups with Bpmtected guanidine, using N,N’-di-Boc-
N”-triflylguanidine in CHCk and in presence of #4, in order to allow also the reaction of
the weakly nucleophilic aromatic amino group. Theogpession of the reaction was
monitored by TLC, using ninhydrin, to verify theegence of compounds having free amino
groups. After 48 h the reaction was complete aedtire compoun@5 was isolated by flash
chromatography. The last step to obt8Bhwas the deprotection ajuanidines from Boc
groups, always carried out with HCI 37% in dioxane.

Using similar synthetic methodologies developed floe cone conformeBb, we also
synthesized the larger and conformationally mobaéix[8]arene derivative87 (Fig. 3.2),
starting from native calix[8]arene. In the lastpsten HPLC purification was necessary,
because a by-product originated after the alkytateaction was impossible to be removed

before.

1) Mel, KHCO,,
MeOH, rt
HN é § NH, 2) DOWEX 11,
NH,  NH, H,O, rt
3 98%

Scheme 3.2. Synthesis of compourg®.

Moving further towards a better understanding @f ¢tontribution of each structural element
to the transfection efficiency &b, the cationic part was modified to see if it mustdngome
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specific characteristics. For this purpose, thenacalixareneb was fully protonated by 2 M
HCI to give38 (Fig. 3.2), which has positive charges dependent on theJytHthe other hand,
permethylation of3b (Scheme 3.2) gave compound®9 having four permanently charged
tetraalkyl ammonium head groups.

The permethylation reaction was initially performedthe presence of an organic base
(ButsN) as reported in literatufebut it was not complete even warming at 40 °Cskeveral
days. More successful was the reaction performetddrpresence of a relatively weaker base
(KHCO3) as reported by Chen and Benoiforfter several days of stirring at room
temperature, following the reaction by ESI-MS aedf@ming the final TCI" exchange using

a DOWEX 11 resin (Cl form), it was possible to &el39 in almost quantitative yield.

The'H NMR spectra in BO of compound$2, 36, 37, 38, 39 (Fig. 3.3, 3.4, 3.5, 3.6 and3.7
respectively) at room temperature are sh&%and36 at least up to 10QM, 38 and 39 at
least up to 1 mM). For calix[8]aren87 broadening occurred around 5 mM, due to
aggregation phenomena and not to conformationdl@nts since by dilution to 1 mM the
peaks become sharfi¢. 3.5). So, also for these compounds at the concenmtrgfi6® M)
used in the following studies, we did not considay aggregation of our ligands in water

solution.
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Fig. 3.3. 'H NMR spectrum (BO, 300 MHz, 298 K) 082.
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Fig. 3.4. '"H NMR spectrum (BO, 300 MHz, 298 K) 086 100uM.
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Fig. 3.5. '"H NMR spectrum (BO, 300 MHz, 298 K) 087 a)0.8 mM and b) 7.8 mM.
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Fig. 3.6. '"H NMR spectrum (BO, 300 MHz, 298 K) 088 1 mM.
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Fig. 3.7. '"H NMR spectrum (BO, 300 MHz, 323 K) 089 1 mM.
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3.1.2 Fluor escent guanidinium calix[4]arenes

Another important structural modification was tiroduction of a fluorophore at the upper
rim of the calix[4]areneébb to follow this vector into the cell by fluorescenor confocal
microscopy and better understand its fate and tBehamism determining the transfection
efficiency, even after the DNA release inside tledl. cThe compound€l8 and 50 were
therefore synthesized. The coumarin was chosetluaophore (displayed in blue) because
the wavelength of its emission should not interfertn the absorbance and emission of the
EGFP (displayed in green), expressed in our ctls the transfection experiments.

With the same purpose also ligab was synthesized, as a fluorescent analogue of the
previously reported upper rim guanidinium calixa®nwhich also showed transfection

activity.?

Fig. 3.8. Structural formulas of the fluorescent-calix[4]ageA8, 50, 55.

The lower rim guanidinium compound8 and50 differ only for a glycine unit, used 48 as
a spacer between the cavity and the fluorophoraddify its mobility and verify a possible
influence of the distance from the cavity in th@tphysical properties.
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To obtain compound8 the pentamin®4 was used as starting material, synthesized through
the reaction sequence outlinedSctheme 3.1.
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Scheme 3.3. Synthesis 0f18. i) N,N'-di-Boc-N"-triflylguanidine, CHCJ, N, rt; ii) Fmoc-Gly-OH, HOBt, DCC,
dry DMF, N,, rt; iii) piperidine 20% V/V, dry CHCI,, N,, rt; iv) 7-hydroxycoumarin-3-carboxylic acid, HQBt
DCC, dry DMF, N, rt; v) HCI 37%, 1,4-dioxane, rt.
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By exploiting the higher reactivity of aliphates aromatic NH groups $cheme 3.3), a
reasonable yield (47%) of compoudd, having a free amino group at the upper rim was
obtained when reactin@4 with N,N'-di-Boc-N*triflylguanidine. The yield was decreased
since the formation of small amount of the compyetpianidilated compound$) could not

be avoided.A previously attempted synthetic pathwaybtain43, starting from33 and
described irBcheme 3.4, failed.

BocHN § NHBoc N HBoc

/\/\O

BocN
NBoc
BocHN N <
BOCN%OCN NHBoc NHBoc
NHBoc
43

Scheme 3.4. i) NH,NH»,-H,O, abs EtOH, reflux, N ii) N,N'-di-Boc-N"-triflylguanidine, CHC}, N; iii) Boc
anhydride, dry DCM, W rt; iv) Pd/C, abs EtOH, H1.1 bar, rt and Pd/C, NNH,-H,O, abs EtOH, reflux, N v)
Pd/C, abs EtOH, H1.1 bar, rt.
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To obtain compoundO, the phthalimido groups were removed with JNH,-H,O and the
resulting amino groups were derivatized by reactiether with N,N'-di-Boc-N"-
triflylguanidine or Boc anhydride givingl or 42, respectively. Then, the attempts to reduce
both intermediates to the corresponding amino davigs43 and 44 with Pd/C and K or
NH:NH,-H,O were unsuccessful due to the unexpted loss of @otecting groups and
formation of several by-products as detected by-MSI Likely the Boc groups present on
the C=N moiety are rather unstable under thesecteduconditions.

Back to Scheme 3.3, the following step was a coupling reaction wille tFmoc protected
glycine, in presence of DCC and HOBt, in dry DMé&,give compound!5, followed by the
removal of the protecting group with piperidine welhigave46. The coupling with 7-
hydroxycoumarin-3-carboxylic acid followed, obtaigi47. After the purification from DCU,
the coumarin in excess and DCU-N-acylisourea, trenglinium groups were deprotected to
obtain the final compound8. No degradation of the coumarin lactone was oleserkor the
synthesis of 50 the guanidilated compoundl3 was immediately reacted with 7-
hydroxycoumarin-3-carboxylic acidS¢heme 3.5) getting 49, that was deprotected and

transformed in the guanidinium s&q.
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O
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NHBOCI H NHBoc NBoc NH é H\"/NHBOC
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Scheme 3.5. Synthesis 080. i) 7-hydroxycoumarin-3-carboxylic acid, HOBt, DC@ry DMF, N,, rt; ii) HCI
37%, 1,4-dioxane, rt.
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The synthesis of the upper rim guanidinium-coumaratixarene55 was in some way
suggested by the availability of the protecteduaigidine51 (Scheme 3.6). This was obtained
as unexpected by-product of the guanidilation reactof tetraamino-tetraoctiloxy
calix[4]arene performed with N,N'-di-Boc-N"-triflguanidine, not sufficiently reactive to

give the fully functionalized derivative.

o
o
o)
NHBoc O, H )~ NHBoc NH,
NHBoc gocn=( N =(NHBB<;CcHN BoeN=x{ > /
BOCN* BocHN BocN )= NH
= HN

NH

Scheme 3.6. Synthesis of derivativgb. i) Fmoc-Gly-OH, HOBt, DCC, dry DMF, Nrt; i) piperidine 20% V/V,
dry CHCl,, N, rt; iii) 7-hydroxycoumarin-3-carboxylic acid, H@BDCC, dry DMF, N, rt; iv) HCI 37%, 1,4-
dioxane, rt.
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The presence of glycine as spacer was plannediraldos case in order to minimize steric
repulsion during the condensation of coumarin vl scaffold and to avoid too close
proximity of the fluorophore and guanidinium chatggoups in the final product.

Then, starting from compourid a synthetic procedure based on the same reactssusiled

in Scheme 3.3 from 43 to 48 was followed and compourib was obtained pure after HPLC
purification.

Compoundg!8 and50 are soluble in water, whilg5 is soluble in methanol but not in water,
because of the long alkyl chains and a lower nunabetharged groups compared to other
similar compounds prepared so fdH NMR spectra of48 in D,O at two different
concentrations suggest a possible aggregation piemmn involving the inclusion of
coumarin of a calixarene into the cavity of anotbee. A broadening of the signals is in fact
observable at 1 mM, which are on the contrary shafpl mM. Moreover signals relative to
the fluorophore undergo a downfield shift by didutitowards resonance values detectable in
the spectrum 085 in CD;OD, where intermolecular inclusion can be ruled dutH NMR in

D,0 of 50 at 100uM (Fig. 3.9)appears as sharp as &

Fig. 3.9. 'H NMR spectrum (BO, 300 MHz, 298K) 060 100pM.
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Fig. 3.10. *H NMR spectra (BO, 300 MHz, 298K) o018 a) 90uM and b) 1 mM.

Fig. 3.11. '"H NMR spectrum (CBOD, 300 MHz, 298K) 065.

For these molecules bearing fluorescent groups, whagelength and intensity of the

fluorescence emission were determined.
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Fluorescence of 48

900 -
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600 | —48 6x10-8 M in water"
500 4 ——48 4.4x10-8 M in PBS"
400 1 ———48 6.7x10-7 M in MED"
300 A
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390 440 490 540 590
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800 | —55 2x10-6 M in water (exc 407)
=55 2x10-6 M in PBS
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Fig. 3.12. Fluorescence spectra 48 (excitation at 354 nm in 0, 407 nm in PBS, 358 nm in MED30
(excitation at 365 nm in ¥, 417 nm in PBS, 420 nm in MED) and5 (excitation at 372 and 407 nm in®j,
413 nm in PBS, 358 nm in MED).
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First the UV spectra were registered to know theelength of their absorption maxima in
three different media: 0, phosphate buffer (PBS) and in the medium wheeecells grow
and used for transfection (MED). The values werentlused to select the excitation
wavelengths for recording the molecules for detaing the fluorescence spectfd. 3.12).

On the basis of these spect8,emits with a maximum at 449 nm (blue), with a vargh
intensity especially in the medium of cell growtlihe concentrations at which the
measurements were performed were much lower (8)) compared to those used for the
other two compounds (2xP0M). In principle it could be possible to study tfae of this
calixarene inside the cell. The same possibilityldde considered f&5, that shows a quite
high fluorescence emission intensity with a maxinatrd48.5 nm (blue), although at 210
M, much higher than that used #8. On the other hand, compoubd showed a different
behaviour, because it has a very low emission ete@x10° M, perhaps because the
proximity of coumarin to the cavity causes a siigaifit fluorescence quenching.

All these preliminary studies on fluorescent caligrene vectors are important for exploring
the possibility of tracking the cellular uptaketbése macrocycles and their DNA complexes.
Such studies are currently in progress and somamnimary results will be mentioned in the

next section, devoted to DNA binding and cell tfangon.

3.1.3 DNA binding and cell transfection studies

Compound32 showed characteristics similar to compohdn the capacity of binding DNA

although AFM studies revealed some peculiarities.

Fig. 3.13. AFM images (2x2um) of plasmid 0.5 nM in presence 8 a) 1uM, b) 2uM, c) 2uM + 10% EtOH,
d) 2uM, no DNA + 10% EtOH, e) M, no DNA.

At 1 uM concentration it forms DNA condensates of simfglaments Fig. 3.13a), probably
even a bit more efficiently thabb. Their size is increased when the ligand conceatras
increasedKig. 3.13b), but they again appear as single-filament coratesswhen a 10% of

ethanol is present in the incubation solutibig( 3.13c). In these conditions, also very small
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aggregates of few nm are present on the mica ®uvfdiich are lacking DNA filaments and
can then be related to calixarene aggregatesctntfee AFM analysis of calixarer82 alone
at the concentration @M, left in the deposition buffer in presence of 1@¥hanol for the
usual incubation time, reveals the presence o$dnee type of aggregatdsd. 3.13d), which
are bigger in absence of ethaneig; 3.13¢).

Rather surprisingly82, immediately tested as gene delivery vector foGpE-C1 plasmid
DNA, appeared less efficient th&h, both in the absence and in the presence of DORE (
3.14) and overall, it resulted strongly cytotoxic.

Fig. 3.14. Images obtained in presence of a) ligaB@IDOPE (5/10 uM), visualized with fluorescence
microscopy and bB2/DOPE (10/20uM), visualized with phase contrast microscopy, ihick nearly all the
cells are dead.

For a further elaboration of these results, the d&82 and5b obtained were compared also
by luciferase assay experimefid. 3.15). In this experiment, the vector containing theae
reporter is used to transfect cells. After a witile cells are lysed, and luciferine (luciferase
substrate), Mg and an ATP excess are introducekeircell extract. The possibly expressed
luciferase enzyme catalyses the oxidative carbdiwyleof luciferin causing luminescence,
which can be quantified by a luminometer or byiatgtation counter.

In fact as an alternative to EGFP expression, aismther type of plasmid can be used that
encodes for the luciferase protein; in this caseiinsfection efficiency is defined in terms of
fluorescence intensity, of a product of the enzymattivity of the luciferase itself, measured
after cell lysis.
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Fig. 3.15. Analysis of data for compoun&b and32obtained witHuciferase.

From this kind of experiments with luciferags and5b, in absence of DOPHEo not have a
very different transfection efficiency, while, imgsence of helpeBb confirmed to be much
more efficient even if the difference between th® tis not so large as found with the
previous method.

AFM images Fig. 3.16) relative to pentaguanidinium compouB@ evidenced the expected

strong interaction with plasmids which, howeveads to large aggregates (200-300 nm).

Fig. 3.16. AFM image (2x2um) of plasmid 0.5 nM in presence 38, 1 uM.

EMSA and AFM experiments were done also with thef@enationally mobile calix[8]arene
derivative37. In the gel plateskig. 3.17) 37 blocks all the DNA filaments in the well at 50
UM, as observed fdsb.
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Fig. 3.17. EMSA conducted with pEGFP-C1 plasmid and the liggihd

In AFM experiments37 showed a behaviour very similar 38, giving rise to condensates of
different sizes with DNA filaments={g. 3.18a,b) which partially relax by addition of EtOH
(Fig. 3.18c). The presence of the alcohol, as 32 determines also the formation of small

regular aggregates of calixarene both in presenderaabsence of DNA.

Fig. 3.18. AFM image (2x2um) of plasmid 0.5 nM in presence &t a) 0.5uM, b) 0.7uM, c¢) 0.5uM + 10%
EtOH, d) 0.5uM, no DNA + 10% EtOH.

The substitution of guanidinium units at the lowam with primary and quaternary
ammonium groups determined a dramatic loss of ieffcy in DNA binding and
condensation. As reported 89 in Fig. 3.19, even at a concentration of ligand 208 in

EMSA, DNA moves in the gel as the control withdgahd.
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Fig. 3.19. EMSA experiments conducted with pEGFP-C1 plasanid the ligand9.

Therefore the AFM experiments revealed that bo#seéhcompounds interact with the DNA
filaments, but have a low efficiency in their condation. For38, bearing primary
ammonium groups, different images were taken, myodifthe concentration (from foOto
5x10° M), the pH of the solution used for the calixaréA incubation and for the
deposition (5.9 and 7.4), eventually adding EtOB%1v/v), but without getting in any case

significant improvements in the capacity of genetatondensates$-(g. 3.20a).

Fig. 3.20. AFM images (2x21m) of plasmid 0.5 nM in presence @38 2.5x10° M + 10% EtOH at pH= 5.9, b)
395x10° M + 10% EtOH.

Also for 39 some experimental conditions were modified evemyef in particular the
concentration (from I8to 5x10° M), the incubation time and the presence or ndEt@iH.
But even for this compound no significant resultstéerms of DNA condensation were
obtained, although at least at 518 of cationic ligand, the interaction capacity arlg
modifies the filaments conformatiofif). 3.20b) compared to the typical relaxed situation of
DNA alone deposited onto mica.
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All these four derivative86-39 resulted unable to transfect rhabdomyosarcoma. detbom
the toxicity point of view37 resulted very cytotoxic. Considering the conforioral mobility

of this ligand, a modification in the preparatiohtbe usual formulation with DOPE was
made. While the incubation is always performedraftéxing the components in the order
ligand, DNA and then DOPE, f@&7 it was also tried to mix before ligand and DOPE&d a
then adding DNA. The idea was to allow DOPE tortefirst with the ligand, blocking it in
a defined conformation thus creating a “supramd&tuframework and allowing this
assembly to interact with DNA in a way more suigafur transfection. However, even after
this new protocol, no gene delivery was observéédpagh a drastic decrease of cytotoxicity
resulted, probably becau8& is sequestered by the helper lipid and is lesdadbla in the
interaction with cell.

The lower binding efficiency of both these ligavdss confirmed by EMSAKg. 3.21) even

if a further demonstration of the behaviour analafyboth compared t&b was obtained
because already at M there is a significant percentage of plasmid thatept in the well,
that reaches 100% when the calixarene ligand is MO For 50 a fluorescent spot was
observed at 20QM that, respect to the starting line, moved to apposite direction of the
usual DNA shift. This spot could be the fluoresckgand in excess and not bound to the

plasmids or also the DNA-ligand lipoplex in whidmettotal net charge becomes positive,

then moving towards the negative pole.

.
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Fig. 3.21. EMSA experiments conducted with pEGFP-C1 plasamnd ligand48 (upper row) and ligan&0
(lower row).
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Concerning the two coumarin containing compoud@land 50, the analysis made by AFM
and EMSA evidenced they have DNA complexation prioge similar to the liganéb.
Noticeable from the AFM images collected for exammlith 50 (Fig. 3.22), the DNA
condensation is evident, like fBb, if in the incubation solution is present the EtQom a
more quantitative point of view, the concentratatrwhich50 is able to generate condensates
(5x10° M) is 2.5 times that necessary fily, showing a lower efficiency.

Fig. 3.22. AFM images (2x2um) of plasmid 0.5 nM in presence of ligad@da) 10° M, b) 5x10° M, c) 5x10°
M + 10% EtOH.

After these preliminary binding experimend8,and50 were obviously tested for transfection
but we were strongly disappointed because no dglaeall was observed.

Moreover, during transfection attempts, b48and50 were not emittingpnce incubated with
the cells. Though being not able to transfect,cdlexarene was expected to emit in the blue,
while nothing was visible. Actually, from fluoresu studies described before, this result
could be somehow understandable30y which gave a very low emission intensity, while i
Is unexpected fod8, that is the one with the highest emission efficie between the three
derivatives bearing coumarin.

A test to reveal the fluorescence of the two conmaguwith the microscopy used to follow
the transfection evolution confirmed that nothingswvisible with samplé0. With 48
instead, dissolved in the medium for the cell glgwh presence of DNA and DOPE, little
fluorescent blue spots were observed. Unfortunadketyemission was not detectable anymore
in presence of the cells.

An experiment was performed with a mixtureSbfand48, in the order to exploit the former
as vector and the latter as probe, hoping its wremaknt in the formation of condensates, but

no blue fluorescence was observed.
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The AFM image of the upper rim guanidinium calixseeb5 evidenced a significant
interaction capacity with the plasmid already at® 1@ (Fig. 3.22) and the encouraging

presence of some condensates.

Fig. 3.23. AFM image (2x2um) of plasmid 0.5 nM in presence of the ligd%10°® M.

Nevertheless, as the other two fluorescent guanidircalix[4]arenes55 did not result able
to transfect cells neither in absence nor in presesf the helper DOPE. In this case some
aggregates were observed that stay outside the aedl emit, as foreseen, in the bl&eg(
3.24), but inactivity as vector cancels for the momany possibility to use it as probe to

follow the delivery process.

Fig. 3.24. Images obtained in presence 068)DOPE (10uM/20 uM), visualized with fluorescence microscopy
and b)55/DOPE (10uM/20 uM) visualized with phase contrast microscopy.

3.2 Discussion

Different modifications of the structure &b were carried out and studied. When an
additional positive charge was introduced at thpeapim (compounds6) it resulted not
useful in terms of transfection, although the tdyicdecreased compared tabh. An
explanation of this behaviour can be found in tHeMAexperiments, which show th&6
forms large aggregates probably not able to clfuss¢ll membrane. The additional charge at
the upper rim changes the polarity of this sidehef molecule which could be important for
an efficient interaction with the helper lipid DOP&Ssential for the activity &b. For other
reasons, in particular the conformational freedal®o calix[8]arene probably does not own a

defined apolar cavity, and also this ligand doesshow transfection activity although, 33
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shows ability in giving small condensates of DNAe§e two compounds, with respect to this
property, evidence moreover that condensation mometric “blobs” of nucleic acid is a
necessary but not sufficient preliminary conditidor gene delivery. Reduction of
lipophilicity and availability of calixarene cavitipok as important drawbacks, and in line
with this, the fluorescent calix[4]arend8 and50, having a polar and hindering fluorophore
at the upper rim, do not transfect as well. Addisibinteresting information was obtained
studying the properties @8 and 39, which have four positive charges at the lower, rim
different from guanidinium groups. The EMSA expegims done with these two derivatives
confirmed that their capacity of binding DNA is lemcompared t&b. While in fact this last
compound showed to hold a large amount of DNA ia tell already at 5QuM, for
compound39, even at 20QuM, the DNA continues to move on the gel like in effose of
ligand.

Because of their inability of compacting DNA, theot compounds showed a total
inefficiency of transfection even if they are ngtatoxic. In summary the presence of positive
charges is not sufficient to make the calixareg@ad non viral vector for transfection, but it
IS necessary to have a functional group with speciharacteristics like the guanidinium
cation, which stays protonated in a larger pH rahg@ primary ammonium groups and that
has a geometry clearly more suitable to a properaction with DNA. For these non viral
vectors based on the calix[4]arene scaffold thengliium group revealed to be fundamental
for the DNA binding and the transfection.

Since the fluorescent calix[4]arené® 50 and55 so far were not of help in finding the fate
and mechanism that determines the transfectiortiafity, we decided to acquire, in
collaboration with the group of Prof. Piero Bagiiaf the University of Florence, some
additional chemico-physical data on the guanidinicaiixarenes and their complexes with
DNA in the absence and in the presence of DOPE.nkk#e, Prof. Gaetano Donofrio in

Parma, will perform biological tests aimed at thene goal.

3.3 Conclusions

Starting from the reference compoustiwhich revealed to be the best non viral vectoetas
on the calixarene scaffold obtained so far, newonat calix[4]arenes were synthesized
modifying, stepwise, different structural featureach as i) increasing the distance between
positive charges and calixarene cavity; ii) addegpositive charge at upper rim; iii)

increasing the macrocycle size; iv) substituting tuanidinium group with a different
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cationic group; V) linking to the ligand a fluoragie group to use the product as probe in the
cellular tests.

The products obtained were all characterized by-MSIand*H NMR and **C NMR
spectroscopy and their ability to interact with DNi&vough AFM and EMSA experiments
were studied. Then, through transfection tests taed by fluorescence and contrast phase
microscopy, their capacity to act as non-viral vestwas evaluated. It resulted clear that all
these more or less subtle structural changes niase tcompounds worse vectors compared
to 5b, but important information was obtained aboutgtractural requirements, necessary to
assure transfection efficiency to this class of ationic lipids.

Unfortunately, the fluorescent produd®, 50 and55 do not act as probes because not able to

deliver DNA to cells and/or not fluorescent wheedign transfection experiments.

3.4 Experimental section

All the reactions were carried out under a nitroggmosphere. All dry solvents were
prepared according to standard procedures anddstmer molecular sieves. Melting points
were determined on an Electrothermal apparatusyiiilaries sealed under nitrogeii and
3C NMR spectra were recorded on Bruker AV300 and @ 3pectrometers (partially
deuterated solvents were used as internal standMess spectra were recorded in ESI mode
on a single quadrupole instrument SQ Detector, Wateapillary voltage 3.8 kV, cone
voltage 30-160 eV, extractor voltage 3 eV, sourtmlb temperature 80 °C, desolvation
temperature 150 °C, cone and desolvation gakf(div rates 1.6 and 8 L/min, respectively).
UV and Fluorimetric experiments were performed enkih EImer UV-Vis Lambda BIO 20
spectrophotometer and LS55 Perkin Elmer fluorimetespectively. TLC was performed on
Merck 60 F254 silica gel and flash column chromedpby on 230-240 mesh Merck 60 silica

gel.
N-(6-Bromohexyl)phthalimide (97%) was purchaseahrfralfa Aesar.

General procedure for the alkylation of calix[4]larene 1b with N-(w
bromohexyl)phthalimide and calix[8]arene with N-(3-bromopropyl)phthalimide (see

Experimental section in Chapter 2).

25,26,27,28-T etr akis(6-phthalimidohexyloxy)calix[4]ar ene (2d).
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The crude compound was purified by preparative Tél@ent: hexane/ethyl acetate= 1:1) to
obtain the pure product as a light yellow oil i@ yield.

'H NMR (300 MHz, CDC}) 7.81-7.75 (m, 8H, Pht), 7.68-7.64 (m, 8H, PBt59-6.50 (m,
12H, AH), 4.38 (d,J = 13.3 Hz, 4H, ArG1,Ar), 3.85 (t,J = 7.4 Hz, 8H, OEl,), 3.66 (t,J =
7.1 Hz, 8H, Gi,N), 3.11 (d,J = 13.3 Hz, 4H, Ar®,Ar) 1.95-1.80 (m, 8H, OC}CH,), 1.75-
1.64 (m, 8H, E,CH;N), 1.50-1.30 (m, 16H, OCMEH,CH,CH,). *C NMR (75 MHz,
CDCl;) 6168.2, 156.4, 135.0, 133.7, 132.1, 130.9, 128.8,1221.8, 74.7, 37.9, 31.0, 30.0,
28.7, 26.9, 25.7. MS (ESI): calculated for [M + Najz = 1363.6, founan/z= 1364.4.

49,50,51,52,53,54,55,56-Octakis(3-phthalimidopr opoxy)calix[8]ar ene (2€).

It was synthesized according to a literature procetiure

Synthesis of 5-Nitro-25,26,27,28-tetr akis(3-phthalimidopr opoxy)calix[4]ar ene (33).

To a solution of calix[4]aren2b (1 g, 0.85 mmol) in dry C}Cl, (20 mL) and glacial acetic
acid (1.52 mL, 37.94 mmol), 65% HN@0.52 mL, 7.47 mmol) was added. The reaction
mixture turned pink and it was stirred for 2 h abm temperature. The black solution was
quenched by addition of distilled water (30 mL) avidorously stirred for 30 min. The
organic orange layer was separated and washedlistithed water (50 mL) and the separated
aqueous layer was extracted with £ (50 mL). The combined organic phases were dried
over anhydrous N&O, and the solvent distilled off under reduced pressilihe crude was
purified by flash chromatography (eluent: cyclohex@thyl acetate= 5:4.8) to obtain the
product as a pale yellow foam in 46% yield.

Mp: 107-110 °C'H NMR (300 MHz, CDC}) 8 7.73-7.52 (m, 16H, Pht), 7.08 (s, 2H,HAIn
ortho to NQ), 6.92-6.78 (m, 6H, A), 6.20 (s, 3H, AH opposite to ArNQ), 4.53 (d, 2H,] =
14.4 Hz ArCH,Ar), 4.44 (d, 2HJ = 13.9 Hz, Ar®,Ar), 4.27-3.83 (m, 16H, OB,CH,CH,),
3.23 (d, 2HJ = 14.4 Hz, Ar®,Ar), 3.18 (d, 2HJ = 13.9 Hz, Ar®H,Ar), 2.36-2.23 (m, 8H,
OCH,CH,). *C NMR (75 MHz, CDCJ) 5168.1, 161.1, 156.9, 155.6, 142.6, 136.4, 135.8,
134.7, 133.7, 133.6, 133.5, 132.1, 132.0, 129.8.7,2127.8, 123.3, 123.1, 122.9, 122.7,
121.9, 73.0, 72.6, 35.5, 35.3, 35.2, 31.2, 31.07,220.6. MS (ESI): calculated for [M + Na]
m/z = 1240.4, founan/z = 1241.0.

General procedurefor theremoval of the phthaloyl protecting groups (seeExperimental

section in Chapter 2).
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25,26,27,28-T etr akis(6-aminohexyloxy)calix[4]ar ene (3d).

The pure compound was obtained as a white sold% yield.

Mp: 140-143 °C*H NMR (300 MHz, CDCJ) & 6.61-6.52 (m, 12H, A), 4.41 (d,J = 13.3
Hz, 4H, ArCHAr), 3.87 (t,J = 7.4 Hz, 8H, O€l,), 3.13 (d,J = 13.3 Hz, 4H, Ar€El,Ar), 2.70

(t, J=6.6 Hz, 8H, EI,NH,), 1.96 (bs, 8H, M), 1.97-1.85 (m, 8H, OC}€H,), 1.58-1.35 (m,
24H, OCHCH,CH,CH,CH,). **C NMR (75 MHz, CDCY) 5 156.4, 135.0, 128.1, 121.9, 74.8,
42.1, 33.7, 31.0, 30.2, 27.1, 26.1. MS (ESI): daled for [M + NaJ nvVz = 843.6, foundwz

= 843.9.

49,50,51,52,53,54,55,56-Octakis(3-aminopropoxy)calix[8]ar ene (3e).
It was synthesized according to literature procedur

5-Nitro-25,26,27,28-tetr akis[ 3-aminopr opoxy]calix[4]ar ene (40).

The pure compound was obtained as a yellow oilli Sield.

'H NMR (300 MHz, CDC}): 5 7.09 (s, 2H, Ar), 6.98-6.88 (m, 4H, Af), 6.88-6.81 (m, 2H,
ArH), 6.21 (s, 3H, AH), 4.43 (d,J = 13.4 Hz, 2H, ArEi,Ar), 4.38 (d,J = 13.4 Hz, 2H,
ArCH,Ar), 4.15-3.93 (m, 6H, OB,), 3.83 (t,J = 6.7 Hz, 2H, O€l,), 3.22 (d,J = 13.4 Hz,
2H, ArCH,Ar), 3.18 (d,J = 13.4 Hz, 2H, ArE,Ar), 2.94 (q,J = 6.9 Hz, 4H, OChCH,CH)),
2.79 (t,J = 7.0 Hz, 4H, OCKCH,CH,), 2.12-1.92 (m, 8H, OC}H,), 1.73 (bs, 2H, N,).
3C NMR (75 MHz, CDCY): 5 161.0, 156.8, 155.4, 142.6, 136.4, 135.7, 13433,8, 129.5,
128.6, 127.8, 123.2, 122.6, 121.8, 73.2, 72.8,,729%4, 39.2, 34.1, 33.9, 31.0, 30.9. MS
(ESI): calculated for [M + H]m/z = 698.4, foundn/z = 698.6.

General procedure for the guanidilation at the lower and upper rim, see the

Experimental Section in Chapter 2.

25,26,27,28-T etr akig 6-(bis-Boc-guanidine)hexyloxy]calix[4] ar ene (4d).

The residue was purified by flash column chromadphy on silica gel (eluent: from Gé&l;
to CHCl,/ethyl acetate= 98:2) to obtain the pure produ eslourless oil in 63% yield.
'H NMR (300 MHz, CDC{) 3 11.50 (s, 4H, BocN), 8.30 (bs, 4H, CbNH), 6.61-6.52(m,
12H, AH), 4.40 (d,J = 13.3 Hz, 4H, Ar®i,Ar), 3.87 (t,J = 7.3 Hz, 8H, OEl,), 3.44-3.38
(m, 8H, GH,NH>), 3.14 (d,J = 13.3 Hz, 4H, ArG,Ar), 1.95-1.80 (m, 8H, OC}CH,), 1.65-
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1.50 (m, 8H, ©,CH,NH,), 1.49 (s, 36HtBu), 1.48 (s, 36H1Bu), 1.48-1.30 (m, 16H,
OCH,CH,CH,CH,). *°C NMR (75 MHz, CDC}) & 163.5, 156.4, 156.0, 153.2, 135.0, 128.1,
121.9, 82.9, 79.1, 74.6, 40.8, 31.0, 29.9, 29.12,288.0, 26.9, 25.7. MS (ESI): calculated for
[M + Na]* mz= 1812.1, foundnz= 1812.7.

49,50,51,52,53,54,55,56-Octakig 3-(bis-Boc-guanidine)propoxy] calix[ 8] ar ene (4€).

The residue was purified by flash column chromadphy on silica gel (eluent: from Gé&l,

to CHCl,/ethyl acetate= 92:8) to obtain the pure produc eslourless oil in 20% yield.

'H NMR (300 MHz, CDCJ) 8 11.50 (s, 8H, BocN), 8.59 (t,J = 5.2 Hz, 8H, CHNH), 6.98
6.65 (M, 24H, AH), 4.12 (s, 16H, Ar€Ar), 3.95-3.45 (m, 32H, OB,CH,CH,), 2.17-1.80
(m, 16H, OCHCH,), 1.46 (s, 72H{Bu), 1.43 (s, 72HtBu). *C NMR (75 MHz, CDCJ) &
163.6, 156.1, 154.5, 153.0, 134.3, 134.1, 128.8,3182.7, 78.9, 71.3, 38.3, 31.2, 29.7, 28.2,
28.0. MS (ESI): calculated for [M + 2H]nv/z = 1621.9, founan/z = 1622.4.

5-(Bis-Boc-guanidine)-25,26,27,28-tetr akig 3-(bis-Boc-guanidine)pr opoxy]calix[4] arene
(35).

The residue was purified by flash column chromaiphy on silica gel (eluent: from Gal,

to CHCl,/ethyl acetate= 99:1) to obtain the pure produc eslourless oil in 34% yield.

'H NMR (300 MHz, CDC}) 511.53, 11.51, 11.48 (3xs, 5HHBoc), 9.76 (s, 1H, ArN),
8.45-8.30 (m, 4H, ChNH), 6.74 (s, 2H, AHCNH), 6.77-6.48 (m, 9H, Af), 4.37 (dJ = 13.5
Hz, 2H, ArCHAr), 4.33 (d,J = 13.5 Hz, 2H, ArEi,Ar), 4.03-3.86 (m, 8H, OR,), 3.73-3.42
(m, 8H, GH,N), 3.18 (d,J = 13.5 Hz, 2H, Ar€l,Ar), 3.17 (d,J = 13.5 Hz, 2H, ArEl,Ar),
2.26-2.10 (m, 8H, OC¥CH,), 1.51, 1.47, 1.46 (3xs, 90kBu). *C NMR (75 MHz, CDCJ)
0163.5, 156.1, 156.0, 153.3, 153.1, 135.2, 134.4,5,3130.6, 128.4, 128.2, 122.6, 122.3,
122.0, 83.2, 82.8, 79.1, 78.9, 72.1, 72.0, 37.80,329.8, 29.6, 28.2, 28.0. MS (ESI):
calculated for [M + H + N&[ nmvz 951.0, foundnz 951.6, calculated for [M + 2N&] m/z
962.0, foundn/z 962.6.

5-Nitro-25,26,27,28-tetr akig 3-(bis-Boc-guanidine)pr opoxy]calix[4] ar ene (41).

The crude was purified by flash column chromatogyapn silica gel (eluent: Ci€l,
CH.Cly/ethyl acetate = 99:1) to obtain the pure prodad aolourless oil in 55% vyield.

'H NMR (300 MHz, CDCJ): & 11.52-11.42 (m, 4H, NBoc), 8.40 (t,J = 5.2 Hz, 2H,
NHC=N), 8.35 (tJ = 5.2 Hz, 2H, MC=N), 7.09 (s, 2H, AHCNGO,), 6.95-6.85 (m, 4H, At),
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6.82 (t,J = 7.3 Hz, 2H, AH), 6.21 (s, 3H, AH), 4.42 (d,J = 14.0 Hz, 2H, Ar€l,Ar), 4.35 (d,

J = 13.8 Hz, 2H, ArGi,Ar), 4.14-3.95 (m, 6H, OB,), 3.83 (t,J = 6.7 Hz, 2H, OEl,), 3.68-
3.42 (m, 8H, OCKHCH,CH,), 3.24 (d,J = 14.0 Hz, 2H, Ar€l,Ar), 3.18 (d,J = 13.8 Hz, 2H,
ArCH,Ar), 2.25-2.05 (m, 8H, OCKCH,), 1.47, 1.45, 1.43 (3xs, 72kBu). °C NMR (75
MHz, CDCk): & 163.5, 160.8, 156.6, 156.1, 156.0, 155.2, 153126, 136.2, 135.7, 134.6,
133.7, 129.6, 128.7, 127.8, 123.3, 122.8, 121.9),82.9, 79.0, 78.9, 72.6, 72.1, 72.0, 37.9,
37.6, 37.4, 31.1, 31.0, 29.9, 29.7, 28.2, 28.0. (&Sl): calculated for [M + N&]mz =
1688.9, foundn/z = 1689.6.

5-Amino-25,26,27,28-tetr akig 3-(bis-Boc-guanidine)pr opoxy]calix[4]ar ene (43).

The crude was purified by flash column chromatogyapn silica gel (eluent: Ci€l,
CH,Cl,/ethyl acetate = 98:2) to obtain the pure prodad aolourless oil in 66% vyield.

'H NMR (300 MHz, CDC} ): & 11.48 (bs, 4H, NBoc), 8.38 (bs, 4H, NC=N), 6.70-6.50
(m, 9H, AH), 5.92 (s, 2H, AHCNH,), 4.38 (d,J = 13.6 Hz, 2H, ArEl,Ar), 4.29 (d,J = 13.3
Hz, 2H, ArCHAr), 3.95 (bt, 6H, OEl,), 3.87 (t,J = 6.9 Hz, 2H, OEl,), 3.68-3.50 (m, 8H,
NCH,), 3.19 (d,J = 13.6 Hz, 2H, ArEi,Ar), 3.05 (d,J = 13.3 Hz, 2H, Ar€i,Ar), 2.27-2.07
(m, 8H, OCHCH,), 1.47 (s, 36H{Bu), 1.46 (s, 36H{Bu). **C NMR (75 MHz, CDCJ): &
163.5, 156.1, 156.0, 153.1, 149.0, 140.6, 135.3,8,3.28.2, 122.1, 121.9, 115.4, 82.8, 78.9,
72.0, 39.8, 31.0, 29.8, 29.7, 28.6, 28.2, 28.0.(ESl): calculated for [M + Hlm/z = 1636.9,
foundm/z=1637.1, calculated for [M + Najwz = 1658.9, founanz = 1659.5

5,11,17-Tris(bis-Boc-guanidine)-23-amino-25,26,27,28-tetr aoctyloxycalix[4]arene (51).

The residue was purified by flash column chromadphy on silica gel (eluent: from Gé&l,
to CH,Cl,/ethyl acetate = 98:2) to obtain the pure prodad aght orange solid in 70% vyield.
Mp: >250 °C dec!H NMR (300 MHz, CDCJ) & 11.71 (s, 2H, BocN), 11.52 (bs, 1H,
BocNH), 10.28 (s, 2H, ArM), 9.36 (s, 1H, ArMi), 7.30 (s, 4H, A), 6.19 (s, 4H, AH),
5.42 (s, 4H, AH), 4.37 (dJ= 13.6 Hz, 2H, Ar®i,Ar), 4.33 (d,J = 13.9 Hz, 2H, ArE,Ar),
4.05-3.90 (mA4H, O,), 3.65-3.50 (m, 4H, OK,), 3.10 (d,J = 13.6 Hz, 2H, ArE,Ar),
3.02 (d,J = 13.9 Hz, 2H, Ar®,Ar) 2.90 (bs, 2H, ArMl,), 1.95-1.70 (m, 8H, OC}CH,),
1.55-1.41 (4xs, 54HBu), 1.35-1.10 (M, 40H, O(GHH(CH>)s), 0.95-0.80 (m, 12H, Bs). °C
NMR (75 MHz, CDC}) 6 163.6, 155.2, 153.8, 153.6, 153.4, 153.2, 148.9,.714137.4,
136.8, 133.4, 133.3, 130.2, 130.1, 123.5, 122.@,3,2114.1, 83.4, 82.9, 79.3, 79.0, 75.2,
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75.0, 31.9, 31.2, 31.1, 30.5, 30.4, 30.0, 29.97,229.4, 28.2, 28.1, 26.7, 26.6, 25.9, 22.7,
22.6, 14.0. MS (ESI): calculated for [M + Nailvz = 1659.1, founan/z = 1660.9.

Synthesis of 25,26,27,28-T etr akis(3-aminopropoxy)calix[4]ar ene, tetrachloride (38).

A solution of calix[4]aren&b (0.23 g, 0.2 mmgland hydrazine monohydrat2.99 mL, 40
mmol) in absolute ethanol (6.2 mL) was refluxed ovenhighe solvent was removed under
reduced pressure and the residue was dissolv&Hy&l, (10 mL) and distilled water (10
mL). The organic layer was separated and the wditase was extracted wi@H,Cl, (3%x10
mL). The combined organic layers were dried ovenydmous NaSO, and the residue
dissolved in2 M HCI (2 mL). The pure compound was obtained after evaporatiothef
solvent under reduced pressure to obtain a whiié i5033% yield.

Mp: >250 °C dec'H NMR (300 MHz, CROD): & 6.65-6.55 (m, 12H, A), 4.38 (d,J =
13.4 Hz, 4H, Ar®,Ar), 4.04 (t,J = 7.2 Hz, 8H, OEl,), 3.23 (d,J = 13.4 Hz, 4H, ArEi,Ar),
3.17 (t,J = 8.1 Hz, 8H, ®,N"), 2.33 (quintJ = 7.5 Hz, 8H, OCKCH,). *H NMR (300 MHz,
D,O) 6 6.88 (d, 8H,J = 7.3 Hz, AH), 6.79-6.74 (m, 4H, Ad), 4.39 (d,J = 13.3 Hz, 4H,
ArCH,Ar), 4.14 (t,J = 7.2 Hz, 8H, OEl,), 3.23 (dJ = 13.3 Hz, 4H, ArGi,Ar), 3.17 (t,J =
7.4 Hz, 8H, ®,N"), 2.26 (quintJ = 7.8 Hz, 8H, OCKCH,). *C NMR (75 MHz, CROD) 5
157.2, 136.3, 129.9, 124.0, 73.4, 38.8, 32.3, 2d$5.(ESI): calculated for [M + H — 4HCI]
m'z = 653.4, foundwz = 653.6, calculated for [M + Na - 4HClwWz = 675.4, foundwz =
675.5.

Synthesis of 25,26,27,28-T etr akig 3-(trimethylammonium)pr opoxy] calix[4] ar ene,
tetrachloride (39).

The tetraminocalix[4]aren8db (0.26 g, 0.4 mmol) was dissolved in MeOH (8 mMLH®O;
(0.41 g, 4.1 mmol) and Mel (0.8 mL, 12.7 mmol) wadded and the mixture was stirred at
room temperature. The reaction was followed by nsgaestroscopy and stopped after 7 days.
MeOH/CHCIl, = 9:1 (10 mL) was added, the unsoluble inorganits szere filtered off and
the tetralkylammonium salt was obtained after evafpon of the solvent under reduced
pressure. The residue was dissolved (0.53 g, 0.4l)rimH,O (5 mL), and 5 mL of a ClI
DOWEX11 resin were added and stirred for 30 minteAfemoval of the resin, the pure
compound39 was obtained by evaporation of the solvent undduaged pressure. A white

solid can be obtaineth 98% yield liophilizing this residue
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'H NMR (400 MHz, CROD, 298 K):& 6.70-6.60 (m, 12H, Af), 4.43 (d,J = 13.8 Hz, 4H,
ArCH,Ar), 4.19 (t,J = 7.0 Hz, 8H, OEly), 3.70-3.60 (m, 8H, OCIH,CH,), 3.35 (d,J =
13.8 Hz, 4H, ArGi,Ar), 3.26 (s, 36H, El3), 2.39 (quint,d = 7.0 Hz, 8H, OCKLCH,). H
NMR (300 MHz, RO, 323K): & 6.84-6.79 (m, 12H, Ad), 4.38 (d,J = 13.6 Hz, 4H,
ArCH,Ar), 4.24 (t,J = 6.8 Hz, 8H, OBl,), 3.46 (dJ = 13.6 Hz, 4H, Ar€l,Ar), 3.42-3.28 (m,
8H, OCHCH,CH,), 3.14 (s, 36H, B3), 2.40-2.24 (m, 8H, OC}H,). °C NMR (75 MHz,
CD:OD) 3 155.0, 134.8, 128.4, 122.5, 70.6, 63.7, 52.5, 3317. MS (ESI): calculated for
[M + 4H — 4CIf* miz = 207.2, foundz = 206.3.

Synthesis of 5-Nitro-25,26,27,28-tetr akig 3-(Boc-amino)propoxy]calix[4]arene (42).

To a solution of calixarend0 (87 mg, 0.125 mmol) in dry Gi&l, (8 mL), Boc anhydride
(0.122 mL, 0.5 mmol) was added. The mixture wagestifor 24 h and the solvent removed
under reduced pressure. The crude was purifiedalsia tolumn chromatography on silica gel
(eluent: CHCI,, CH,CI,/EtOAc= 95:5) to obtain the pure product as a wkiéd in 52%
yield.

Mp: 172-174 °CH NMR (300 MHz, CDC}): & 7.09 (s, 2H, AHCNG,), 7.02-6.75 (m, 6H,
ArH), 6.21 (s, 3H, AH), 5.71 (bs, 2H, NBoc), 5.62 (bs, 1H, NBoc), 5.49 (bs, 1H,
NHBoc), 4.37 (dJ = 14.0 Hz, 2H, ArEl,Ar), 4.32 (d,J = 14.3 Hz, 2H, ArEl,Ar), 3.94 (q,J

= 7.5 Hz, 4H, O®,), 3.85 (bt, 2H, O6.), 3.74 (t,J = 5.7 Hz, 2H, OEl,), 3.42 (bs, 4H,
OCH,CH,CHy), 3.27-3.06 (m, 4H, C¥CH,CHy), 3.19 (d,J = 14.0 Hz, 2H, Ar€El,Ar), 3.14
(d, J = 14.3 Hz, 2H, Ar®i,Ar), 2.20-1.95 (m, 8H, OCHCH,), 1.44 (s, 36HBu). *C NMR
(75 MHz, CDC}): 6 161.0, 156.8, 155.4, 142.6, 136.4, 135.7, 1343B.6, 129.5, 128.6,
127.8, 123.2, 122.6, 121.8, 73.2, 72.8, 72.6, 33942, 34.1, 33.9, 31.0, 30.9. MS (ESI):
calculated for [M + H] n/z = 698.4, foundn/z = 698.6.

General procedure for the coupling reaction (see theExperimental Section in Chapter
4).

Synthesis of 5-[(N-Fmoc-Gly)amino]-25,26,27,28-tetr akig[ 3-(bis-Boc-
guanidine)propoxy]calix[4]arene (45).
The crude was purified by preparative TLC (eluémixane/ethyl acetate = 3:2) to obtain the

pure product as a colourless oil in 65% yield.
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'H NMR (300 MHz, CDCJ): 5 11.49 (s, 4H, NBoc), 8.56-8.26 (m, 4H, N=CH), 7.76 (d,J

= 7.4 Hz, 2H, AH Fmoc), 7.59 (dJ = 7.2 Hz, 2H, AH Fmoc), 7.39 (tJ) = 7.3 Hz, 4H, AH
Fmoc), 7.35-7.15 (m, 5H, Ar Fmoc and ArM), 6.80-6.48 (m, 9H, Ai), 6.49 (s, 2H,
ArHNH), 5.47 (bs, 1H, NCOO), 4.44 (dJ = 6.9 Hz, 2H, CO0O8.,), 4.36 (d, 2HJ = 13.4
Hz, ArCHAr), 4.35 (d, 2HJ = 13.4 Hz, ArG1,Ar), 4.22 (t, 1H,J = 6.9 Hz, COOCHKCH),
4.15-3.80 (m, 10H, OB, and CO®i,), 3.70-3.38 (m, 8H, OC}CH,CH,), 3.17 (d, 2HJ =
13.4 Hz, ArGH,Ar), 3.16 (d, 2H,J = 13.4 Hz, ArG,Ar), 2.30-2.05 (m, 8H, OCHCH,), 1.47

(s, 36H,tBu), 1.46 (s, 36HtBu). *C NMR (75 MHz, CDCJ): 5 166.1, 163.5, 156.6, 156.1,
155.9, 153.2, 153.0, 143.6, 141.2, 135.3, 135.4,.613131.1, 128.6, 128.4, 128.2, 127.7,
127.1, 125.0, 122.4, 121.8, 120.4, 120.0, 82.9),7R2.1, 67.3, 47.0, 45.3, 37.9, 31.0, 29.9,
29.7, 28.2, 28.0. MS (ESI): calculated for [M +"Hjvz = 1616.0, foundwz = 1616.8,
calculated for [M + Na]m/z = 1938.0, founa/z = 1938.8.

Synthesis of  5,11,17-Tris(bis-Boc-guanidine)-23-[(N-Fmoc-Gly)amino]-25,26,27,28-
tetraoctyloxycalix[4]arene (52).

The residue was purified by preparative TLC (eluetityl acetate/hexane= 1:3) to obtain the
pure product as a colourless oil in 41% yield.

'H NMR (300 MHz, CDCJ) 8 11.71 (s, 2H, BocN), 11.15 (bs, 1H, BocN), 10.34 (s, 2H,
ArNHCN), 9.60 (bs, 1H, ArNCN), 8.30 (s, 1H, ArMCO), 7.73 (d,J = 7.5 Hz, 2H,
ArFmoc), 7.56 (dJ = 7.6 Hz, 2H, ArFmoc), 7.45 (d,= 2.1 Hz, 2H, ArH),7.37 ¢, J=7.5
Hz, 2H, ArFmoc), 7.28-7.25 (m, 4H, ArFmoc and ArB)38(s, 2H, AH), 6.00(s, 2H, AH),
5.51 (bs, 1H, NHHCOO), 4.41 (dJ = 13.6 Hz, 2H, ArGi,Ar), 4.37 (d,J = 13.1 Hz, 2H,
ArCHAr), 4.28 (d,J = 6.9 Hz, 2H, Gi,Fmoc), 4.20-4.10 (m, 1H, K Fmoc), 4.10-3.90 (m,
4H, OHy), 3.76-3-50 (m, 6H, OB, and GH,Gly), 3.17 (d,J = 13.6 Hz, 2H, ArCl,Ar), 3.06

(d, J = 13.1 Hz, 2H, ArG®,Ar), 2.00-1.70 (m, 8H, OCHCH,), 1.65-1.10 (94H{Bu and
O(CH,)2(CH>)s), 0.90-0.88 (m, 12H, B3). **C NMR (75 MHz, CDCJ) 5 165.8,163.5, 154.9,
153.3, 153.0, 143.9, 141.1, 137.3, 136.2, 133.8,413130.5, 130.3, 127.5, 127.0, 125.2,
122.7, 122.4, 122.1, 121.8, 119.8, 83.4, 79.3,,766/0, 66.8, 47.1, 43.2, 31.9, 31.3, 30.4,
30.0, 29.8, 29.7, 29.4, 28.2, 28.0, 27.9, 26.65,2%6.9, 22.7, 22.6, 14.1. MS (ESI): calculated
for [M + Na]' m/z=1961.2, founaz = 1962.1.

General procedure for the removal of the Fmoc protecting groups (see theExperimental
Section in Chapter 4).
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5-Glicinylamino-25,26,27,28-tetr akig 3-(bis-Boc-guanidine)pr opoxy] calix[4] ar ene (46).

The product is used without further purificatiordathe identity of the product was checked
by ESI-MS.

MS (ESI): calculated for [M + H]m/z = 1693.9, foundwz = 1694.6, calculated for [M +
Na]" myz = 1715.9, founan/z = 1715.8.

5,11,17-Tris(bis-Boc-guanidine)-23-glicinylamino-25,26,27,28-tetr aoctyloxycalix[4]ar ene
(53).

The product is used without further purificatiordathe identity of the product was checked
by ESI-MS.

MS (ESI): calculated for [M + NaJm/z = 1739.1, founanwz= 1739.7.

General procedure for the coupling reaction (see theExperimental Section in Chapter
4).

5-[(7-hydr oxycoumarin-3-car bonyl)glicinylamino]-25,26,27,28-tetr akig 3-(bis-Boc-
guanidine)propoxy]calix[4]arene (47).

The crude was purified by preparative TLC (eludr@xane/ethyl acetate= 4:7) to obtain the
pure product as a colourless oil in 13% yield.

'H NMR (300 MHz, CDCY): 3 11.51 (s, 4H, NMBoc), 9.49 (t, 1H,) = 5.4 Hz, COCKNH),
8.94 (s, 1H, GBICCOCou), 8.60-8.30 (m, 5H, N=GNand ArNH), 7.49 (d, 1HJ = 8.6 Hz,
ArHCou), 6.99 (s, 2H, AICNH), 6.94 (ddJ = 8.7,2.1 Hz, 1H, CHEICOHCou), 6.86-6.68
(m, 3H, AH), 6.83 (dJ= 1.8 Hz, 1H, GZICOCCou), 6.41-6.23 (m, 6H, HAj, 4.42 (d, 2H,]

= 4.8 Hz, NHCOG,), 4.31 (d, 2H,J = 13.6 Hz, ArGl,Ar), 4.17 (d, 2H,J = 13.5 Hz,
ArCHAr), 4.18-3.85 (m, 6H, 0O8,), ), 4.18-3.85 (tJ = 6.9 Hz, 2H, OEl,), 3.63-3.39 (m,
8H, OCHCH,CH,), 3.13 (d, 2H,J = 13.6 Hz, ArCGi,Ar), 2.90 (d, 2H,J = 13.5 Hz,
ArCH,Ar), 2.30-2.02 (m, 8H, OC}CH.), 1.48, 1.47 (2xs, 72HBu). **C NMR (75 MHz,
CDCl): 6 166.6, 164.3, 163.6, 163.4, 163.3, 163.2, 16156,9, 156.7, 156.2, 156.1, 156.0,
155.0, 153.2, 153.1, 136.0, 135.7, 133.7, 133.2.113131.3, 128.7, 127.9, 122.4, 122.0,
120.2, 115.0, 112.8, 111.3, 103.1, 83.1, 82.9,,78930, 78.4, 72.2, 71.8, 44.7, 38.0, 37.9,
30.9, 30.8, 29.8, 29.6, 28.2, 28.0. MS (ESI): datted for [M + 2Na]* m/z = 963.5, found
m/z = 964.0.

117



Synthesis of 5-[(7-hydroxycoumarin-3-carbonyl)amino]-25,26,27,28-tetr akig[ 3-(bis-Boc-
guanidine)propoxy]calix[4]ar ene (49).

The crude was purified by preparative TLC (eluérixane/ethyl acetate = 1:1) to obtain the
pure product as a light green oil in 49% yield.

'H NMR (300 MHz, CDCY): 5 11.62, 11.55, 11.50 (3xbs, 4HHBoc), 10.48 (s, 1H, ArN),
8.90 (s, 1H, BICCOCou), 8.68 (1) = 5.7 Hz, 1H, CKHNH), 8.49 (t,J = 5.1 Hz, 2H, ChNH),
8.40 (t,J = 5.4 Hz, 1H, CKNH), 7.53 (d,J = 8.8 Hz, 1H, AHCou), 7.00 (s, 2H, AINH),
6.88 (ddJ = 8.7,2.1 Hz, 1H, CHEICOHCou), 6.85 (dJ = 8.0 Hz, 2H, AH), 6.74 (tJ=7.5
Hz, 1H, AH), 6.70 (d,J = 2.0 Hz, 1H, EICOCCou), 6.40-6.22 (m, 6H, A, 4.34 (d,J =
13.4 Hz, 2H, Ar®,Ar), 4.22 (d,J = 13.5 Hz, 2H, ArElAr), 4.15-3.92 (m, 4H, OR,), 3.84

(t, J = 6.5 Hz, 4H, O@l,), 4.73-3.42 (m, 8H, OCICH,CH,), 3.14 (d,J = 13.4 Hz, 2H,
ArCH,Ar), 3.00 (d,J = 13.5 Hz, 2H, Ar€l,Ar), 2.35-2.12 (m, 8H, OCHCH,), 1.50, 1.48,
1.46, 1.44 (4xs, 72HBuU). *C NMR (75 MHz, CDCJ): 5 163.6, 163.4, 163.0, 159.6, 156.7,
156.5, 156.3, 156.1, 155.0, 153.2, 153.1, 148.8,93135.8, 133.5, 133.3, 132.1, 131.2,
128.7, 127.8, 122.4, 122.2, 120.5, 115.0, 113.2,0,1103.1, 83.2, 83.0, 82.9, 79.5, 79.1,
79.0, 72.2, 71.9, 38.0, 30.9, 29.9, 29.6, 28.20.28IS (ESI): calculated for [M + Az =
1824.9, foundwz = 1825.5, calculated for [M + Najwz = 1846.9, foundn/z = 1847.9.

5,11,17-Tris(bis-Boc-guanidine)-23-{[ (7-hydr oxycoumarin-3-car bonyl)glicinylJamino}-
25,26,27,28-tetr aoctyloxycalix[4]arene (54).

The residue was purified by preparative TLC. (etu€H,Cl,/MeOH= 40:1) to obtain the
pure product as a yellowish oil in 37% vyield.

'H NMR (300 MHz, CDCJ) 5 11.70 (bs, 3H, NBoc), 11.70 (bs, 2H, NBoc), 11.10 (bs, 1H
NHBoc), 10.38 (s, 3H, BCou and ArNH), 9.70 (s, 1H, Ari), 8.86 (bt, 1H, CONCH),),
8.59 (bs, 1H, ArlICO), 8.23 (s, 1H, BCCOCou), 7.45 (d) = 2.3 Hz, 2H, AH), 7.30 (dJ

= 2.2 Hz, 2H, AH), 7.10 (d,J = 8.7 Hz, 1H, GICHCOHCou), 6.75 (dd] = 8.6,2.2 Hz, 1H,
CHCHCOHCou), 6.61 (dJ = 2.1 Hz, 1H, GHICOCCou), 6.38 (s, 2H, M), 6.03 (s, 2H,
ArH), 4.41 (d,J = 12.6 Hz, 2H, Ar®,Ar), 4.37 (d,J = 13.1 Hz, 2H, ArGi,Ar), 4.15-4.02
(m, 4H, OMH,), 3.86 (d,J = 5.5 Hz, 2H, ®1,Gly), 3.77-3.75 (m, 4H, 08,), 3.18 (d, 2HJ =
13.1 Hz, ArGHAr), 3.06 (d, 2H,J = 12.6 Hz, Ar®Ar), 2.05-1.20 (m, 102H,
OCH,CH,CH,CH,CH,CH,CH, and tBu), 1.07-0.82 (m, 12H, ). *C NMR (75 MHz,
CDCls) 6 168.0, 164.2, 163.5, 163.1, 162.5, 161.5, 156.4,915153.6, 153.5, 153.3, 153.1,
152.8, 147.7, 137.2, 136.9, 136.5, 136.2, 134.8.6,3130.6, 130.5, 130.0, 122.7, 122.5,
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122.1, 121.9, 115.2, 112.6, 110.8, 103.3, 83.%,8®.8, 79.4, 75.7, 75.1, 41.8, 31.9, 31.3,
30.4, 30.0, 29.8, 29.7, 29.4, 28.1, 26.6, 26.51,282.7, 22.6, 14.1. MS (ESI): calculated for
[M + Na]" nv/z=1927.1, founan/z = 1927.8.

General procedure for the removal of the Boc protecting groups (see theExperimental
Section in Chapter 2).

25,26,27,28-T etr akis(6-guanidiniumhexyloxy)calix[4]ar ene, tetrachloride (32).

The pure compound was obtained as a white powdgf% yield.

Mp >250 °C dec'H NMR (300 MHz, CQOD) d 6.62-6.46 (m, 12H, Af), 4.51 (d,J = 13.2
Hz, 4H, ArCHAr), 3.92 (t,J = 7.3 Hz, 8H, OEl,), 3.19 (t,J= 7.0 Hz, 8H, Ei;N), 3.13 (d,J

= 13.2 Hz, 4H, ArEi,Ar), 2.03-1.87 (m, 8H, OCHCH,), 1.72-1.38 (m, 8H, B,CH,N), 1.57-
1.41 (m, 16H, OChLCH,CH,CH.). *H NMR (300 MHz, DO) & 6.89 (d,J = 7.6 Hz, 8H,
ArH), 6.73 (t,J = 7.6 Hz, 4H, AH), 4.44 (d,J = 13.1 Hz, 4H, ArEl,Ar), 4.00 (t,J = 6.8 Hz,
8H, OH,), 3.22 (t,J = 6.3 Hz, 8H, Ei;N), 3.33 (d,J = 13.1 Hz, 4H, Ar€El,Ar), 2.06-1.95
(m, 8H, OCHCH,), 1.71-1.57 (m, 8H, B,CH.N), 1.57-1.41 (m, 16H, OCI}H,CH,CH)).

3C NMR (75 MHz, CROD) 5 158.9, 158.0, 136.5, 129.6, 123.4, 76.2, 42.9,321.6, 30.4,
28.2, 27.5. MS (ESI): calculated for [M + H — 4 HQivz = 989.7, foundwz = 989.8, [M +
Na - 4 HCI] m/z=1011.7, founawz = 1011.8.

5-guanidinium-25,26,27,28-T etr akis(3-guanidiniumpropoxy)calix[4]ar ene, pentachloride
(36).

The pure compound was obtained as a light yellowdeao in quantitative yield. Hygroscopic.
'H NMR (300 MHz, CROD) 58.80 (s, 1H, ArN), 7.85-7.70 (m, CbNH), 7.10-6.98 (m,
4H, ArH), 6.86 (t,J = 7.5 Hz, 2H, AH), 6.46-6.32 (m, 3H, Afl), 6.23 (s, 2H, AHCNH),
4.44 (d,J = 13.2 Hz, 4H, ArElAr), 4.17 (t,J = 7.2 Hz, 4H, OE,), 4.03-3.87 (m, 4H,
OCH,), 3.50-3.32 (m, 8H, BN), 3.33-3.20 (m, 4H, Ar8Ar), 2.35-2.12 (m, 8H,
OCH,CH,). *H NMR (300 MHz, DO): 57.22-7.12 (m, 4H, At), 6.97 (t, 2H,J = 7.5 Hz,
ArH), 6.54 (s, 3H, A), 6.37 (s, 2H, A), 4.40 (d, 4H, = 13.4 Hz, ArGi,Ar), 4.18 (t, 4H,
J=7.1Hz, OCH), 3.99 (t, 2HJ = 6.9 Hz, OC®,), 3.96 (t, 2HJ = 6.9 Hz, OEl,), 3.48-3.28
(m, 12H, NHQH, and ArCH.Ar), 2.35-2.16 (m, 8H, OCKH,). *C NMR (75 MHz,
CD3;0D): 6159.0, 158.3, 157.7, 156.8, 156.1, 137.9, 137.%,113.35.4, 130.8, 130.4, 130.0,
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129.3, 126.0, 124.3, 123.8, 74.1, 73.9, 73.5, 402, 32.3, 31.2, 31.0. MS (ESI): calculated
[M + H - 5HCI]* m/z 878.5, foundwz 878.7.

49,50,51,52,53,54,55,56-Octakis(3-guanidiniumpropoxy)calix[8]ar ene, octachloride (37).
The crude (36 mg, 1.9xT0mmol) was dissolved in water (9 mL) and purifieg semi-
preparative RP-HPLC, with a;&column, after having found the correct gradienthwan

analytical Go.

=  Column: analytical G, “Jupiter 4u Proteo 90A”
» Particlesdiameter: 4 um
= Porosity: 90 A
= Dimensions: 250x4.6 mm
= Detector: UV-visible atA = 254 nm
= Eluentsmixture: A: 100% HO + 0.05% TFA
B: 100% &N + 0.05% TFA

» Injection Volume: 5 puL

= Gradient:

Time (min) Flow %A %B
- 4.00 mL/min 70% 30%
20 4.00 mL/min 40% 60%
25 4.00 mL/min 40% 60%

VWD1 A, Wavelength=254 nm (LAB192\VB96E.D)
mAU

~
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= Retention time: 4.656 min

= Column: semi-preparative “Jupiter 4u Proteo 90A>C
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» Particlesdiameter: 4 um
=  Porosity: 90A
= Dimensions. 25010 mm
= Detector: UV-visible atA = 254 nm
= Eluentsmixture: A:100% HO + 0.05% TFA
B: 100% €N + 0.05% TFA
= Injection volume: 300pL

= Gradient:

Time (min) Flow %A %B
- 4.00 mL/min 70% 30%
20 4.00 mL/min 40% 60%
25 4.00 mL/min 40% 60%

= Retention time: 5.563 min

VWD1 A, Wavelength=254 nm (LAB192\VB99AH.D)
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The fractions corresponding to pure product welkeced and the solvent was evaporated
under reduced pressure. The residue was taken tihtes with 10 mM HCI (3x5 mL) and
each time the volatiles were removed at the rotawnap

The pure compound was obtained as a white powd&f% yield.

Mp: >250 °C dec.'H NMR (300 MHz, CROD) & 6.85 (s, 24H, AH), 4.06 (s, 16H,
ArCH>Ar), 3.88 (bt,16H, OH,), 3.36 (bt, 16H, OCKCH,CH>), 2.03 (bsJ = 6.2 Hz, 16H,
OCH,CH,). *H NMR (300 MHz, DO) 5 6.91(s, 24H, AH), 4.04 (s, 16H, ArB.Ar), 3.88 (t,
J=5.9 Hz, 16H, OEl,), 3.24 (t,J = 6.7 Hz, 16H, OCHCH,CH>), 1.98 (quint,J = 6.2 Hz,
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16H, OCHCH.,). 3¢ NMR (75 MHz, CROD) 6158.9, 156.4, 135.8, 130.5, 125.8, 71.9,
40.1, 31.2, 30.8. MS (ESI): calculated for [M + 2BHCI]"™" m/z = 821.5, foundwz = 822.0

5-[(7-hydr oxycoumar in-3-car bonyl)glicinylamino]-25,26,27,28-tetr akig[ 3-(bis-Boc-
guanidine)propoxy]calix[4]arene, tetrachloride (48).

The pure compound was obtained as pale yellown@DRo yield.

'H NMR (300 MHz, CROD): & 8.73 (s, 1H, EICCOCou), 7.61 (d, 1H) = 8.4 Hz,
ArHCou), 6.82 (ddJ = 9.0,2.1 Hz, 1H, CHEICOHCou), 6.87-6.68 (m, 8H, A, 6.70 (d,J

= 3.3 Hz, 1H, GZICOCCou), 6.51 (s, 3H, Af), 4.41 (d, 2H,) = 13.5 Hz, ArGH-Ar), 4.40 (d,
2H,J = 13.5 Hz, Art1,Ar), 4.13 (s, 2H, NHCO8,), 4.06 (t,J= 7.5 Hz, 4H, OEl,), 4.00 (t,

J = 6.9 Hz, 4H, OE,), 3.45-3.35 (m, 8H, OCHCH,CH,), 3.23 (d, 2H,J = 13.5 Hz,
ArCHAr), 3.21 (d, 2H,J = 13.5 Hz, ArGAr), 2.31-2.14 (m, 8H, OCHCH,).

'H NMR (300 MHz, DO): 8 8.79 (s, 1H, BICCOCou), 7.61 (d, 1H] = 8.4 Hz, AHCou),
6.82 (dd,J = 9.0,2.1 Hz, 1H, CHEICOHCou), 6.87-6.68 (m, 8H, A, 6.70 (dJ = 3.3 Hz,
1H, CHCOCCou), 6.51 (s, 3H, Af), 4.41 (d, 2H,J = 13.5 Hz, ArG,Ar), 4.40 (d, 2HJ =
13.5 Hz, ArGH,Ar), 4.13 (s, 2H, NHCO8)), 4.06 (t,J= 7.5 Hz, 4H, OEly), 4.00 (t,J= 6.9
Hz, 4H, OCH,), 3.45-3.35 (m, 8H, OC¥H,CH>), 3.23 (d, 2HJ = 13.5 Hz, ArGi,Ar), 3.21

(d, 2H,J = 13.5 Hz, ArGi,Ar), 2.31-2.14 (m, 8H, OCKCH,). *C NMR (75 MHz, CROD):

0 168.7, 165.9, 164.9, 163.0, 158.7, 158.4, 15756,Q, 153.7, 149.9, 136.5, 136.1, 135.7,
133.8, 133.0, 129.9, 129.8, 129.5, 123.7, 123.5,7,215.7, 114.3, 112.8, 103.1, 73.2, 44.2,
40.0, 32.1, 30.9, 30.8. MS (ESI): calculated for fMH — 4HCI] nvz =1081.5, foundwz =
1081.5.

5-[(7-hydr oxycoumar in-3-car bonyl)amino]-25,26,27,28-tetr akig[ 3-
guanidinylpropoxy]calix[4]arene, tetrachloride (50).

The pure compound was obtained as a white powdguantitative yield.

'H NMR (300 MHz, CROD): & 10.36 (s, 1H, ArMl), 8.79 (s, 1H, ECCOCou), 7.72 (bs,
N=CNH), 7.69 (d,J = 8.7 Hz, 1H, AHCou), 6.90 (ddJ = 8.7,2.3 Hz, 1H, CHEICOHCou),
6.88-6.67 (m, 8H, Atl), 6.70 (d,J = 2.4 Hz, 1H, AHCou), 6.46 (s, 3H, Af), 4.43 (d, 2H,
= 13.4 Hz, ArGH,Ar), 4.42 (d, 2HJ = 13.3 Hz, Ar®H,Ar), 4.20-3.92 (m, 8H, OB,), 3.55-
3.30 (m, 8H, OCKCH,CH,), 3.25 (d, 4HJ = 13.3 Hz, Ar¢,Ar), 3.23 (d, 4HJ = 13.4 Hz,
ArCH,Ar), 2.32-2.15 (m, 8H, OC}CH,). '*H NMR (300 MHz, BO): & 8.63 (s, 1H,
CHCCOCou), 7.62 (dJ = 8.8 Hz, 1H, AHCou), 7.11 (tJ = 8.0 Hz, 4H, AH), 6.93 (t,J =
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7.4 Hz, 2H, AH), 6.87 (d,J = 8.1 Hz, 1H, CHEICOHCou), 6.72 (s, 1H, ACou), 6.41 (s,
2H, ArH), 6.35-6.26 (m, 3H, At), 4.34 (d, 2H,) = 13.8 Hz, ArGi,Ar), 4.30 (d, 2H,J = 13.2
Hz, ArCH,Ar), 4.15-4.02 (m, 4H, OB,), 3.93 (t,J = 6.5 Hz, 2H, O@l,), 3.83 (1,J = 6.4 Hz,
2H, OCH,), 3.43-3.18 (m, 12H, OCHLH,CH, and ArCH,Ar), 2.25-2.16 (m, 8H, OCHCH,).
3¢ NMR (75 MHz, CROD): 4 166.2, 163.9, 162.0, 159.0, 158.6, 158.0, 1552,5], 150.3,
137.0, 136.7, 136.5, 135.9, 133.4, 133.3, 130.8,213129.6, 124.0, 123.7, 122.7, 122.6,
116.2, 114.9, 113.3, 103.4, 73.5, 40.3, 32.5, 1@, 31.1. MS (ESI): calculated for [M + H
- 4HCI]" m/z = 1824.5, founanwz = 1824.8, calculated for [M + Najwz = 1046.5, founanz
=1047.8.

5,11,17-Trisguanidinium-23-{[ (7-hydr oxycoumarin-3-car bonyl)glicinyl]amino}-
25,26,27,28-tetr aoctyloxycalix[4]arene, trichloride (55).
The crude (18 mg, 1.3x¥0mmol) was dissolved in methanol (6 mL) and pudfley semi-
preparative RP-HPLC, with a;&€column, after having found the correct gradiemditions
with an analytical & column.

= Column: semi-preparative “Jupiter 4u Proteo 90A»C

= Particlesdiameter: 4 um

= Porosity: 90A

= Dimensions: 250x10 mm

= Detector: UV-visible atA = 254 nm

= Eluentsmixture: A: 100% HO + 0.05% TFA

B: 100% MeGHD.05% TFA

» Injection volume: 300puL

= Gradient:
Time (min) Flow %A %B
- 4.00 mL/min 20% 80%
20 4.00 mL/min 0% 100%
25 4.00 mL/min 0% 100%

= Retention time: 13.98 min
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VWD1 A, Wavelength=254 nm (LAB192\VB107AD.D)
mAU
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'H NMR (300 MHz, CROD) 58.80 (s, 1H, EICCOCou), 7.71 (dJ = 8.4 Hz, 1H,
CHCHCOHCou), 6.91 (dd) = 8.4, 2.7 Hz, 1H, CHECOHCou), 6.89-6.82 (m, 6H, A,
6.81 (d,J = 2.4 Hz, 1H, GICOCCou), 6.50 (s, 2H, Af), 4.50 (d,J = 12.6 Hz, 2H,
ArCH,Ar), 4.37 (d,J = 13.5 Hz, 2H, Ar®,Ar), 4.17 (s, 2H, E,Gly), 4.09-3.98 (m, 4H,
OCH,), 3.90 (t,J = 6.9 Hz, 2H, OEl,), 3.84 (t,J = 6.0 Hz, 2H, OEl,), ArCH,Ar under the
CD;0D, 2.13-1.88 (m, 8H, OCi€H,), 1.65-1.10 (m, 40H, OCIHEH,CH,CH,CH,CH,CHy),
0.97-0.89 (m, 12H, Bs). **C NMR (75 MHz, CROD): 5 169.2, 166.3, 165.5, 163.3, 158.7,
158.2, 157.9, 157.7, 157.5, 156.5, 154.5, 150.8.913138.4, 137.6, 135.9, 133.9, 133.4,
130.1, 130.0, 127.2, 127.1, 126.6, 121.9, 116.4,4,1113.0, 103.4, 77.3, 77.1, 44.7, 33.6,
32.0, 31.9, 31.6, 31.3, 31.2, 28.1, 27.9, 24.28.1MS (ESI): calculated for [M -3 HCI +
2H]™ mVz = 652.9, foundn/z = 653.0.

DNA preparation and storage. Plasmid DNA was purified through cesium chloridadient
centrifugation (T. Maniatis, E.F. Fritsch, J. Saodk, in Molecular Cloning: A Laboratory
Manual, 2nd edition, Cold Spring Harbor Laboratory: Newrlk, 1989). A stock solution of
the plasmid 0.35@M in milliQ water (Millipore Corp., Burlington, MA)was stored at -20
°C.

Electrophoresis mobility shift assay (EM SA)

Binding reactions were performed in a final voluafel4 uL with 10 pL of 20 mM Tris/HCI

pH 8, 1uL of plasmid (1pug of pEGFP-C1) and 3IL of compound at different final
concentrations, ranging from 25 to 2AM. Binding reaction was left to take place at room
temperature for 1 h; gL of 1 g/mL in HO of glycerol was added to each reaction mixture
and loaded on a TA (40 mM Tris—Acetate) 1% agagedeAt the end of the binding reaction
1 pL (0.01 mg) of ethidium bromide solution is add@&te gel was run for 2.5 h in TA buffer
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at 10 V/icm. EDTA was omitted from the buffers besmut competes with DNA in the

reaction.

Ethidium Bromide Displacement Assays. Fluorescence studies (excitation at 530 nm,
emission at 600 nm) were performed collecting thession spectra of buffer solutions (4
mM Hepes, 10 mM NaCl) of 50 mM ethidium bromidedtere fluorescence = 0), mixture of
0.5 nM plasmid DNA (pEGFP-C1) and 50 mM ethidiunorbide (relative fluorescence = 1)

and after addition of increasing amounts of guamioin ligand.

Sample preparation and AFM imaging. DNA samples were prepared by diluting the
plasmid DNA to a final concentration of 0.5 nM iepbsition buffer (4 mM Hepes, 10 mM
NaCl, 2 mM MgC}, pH = 7.4) either in the presence or absencegahlis. When needed,
ethanol at a defined concentration was added tadép®sition buffer prior to addition of
DNA and calixarenes. The mixture was incubatedSfoninutes at room temperature, then a
20 uL droplet was deposited onto freshly-cleaved rubiganiTed Pella, Redding, CA) for 1.5
min. The mica disk was rinsed with milliQ water added with a weak nitrogen stream.
AFM imaging was performed on the dried sample witianoscope I[lIA Microscope (Digital
Instruments Inc. Santa Barbara, CA) operating ppitag mode. Commercial diving board
silicon cantilevers (NSC-15 Micromash Corp., Estgnvere used. Images of 512x512 pixels
were collected with a scan size ofugn at a scan rate of 3-4 lines per second and were

flattened after recording using Nanoscope software.

Céll culture and transient transfection assay. The human rhabdomyosarcoma cell line RD-
4, obtained from David Derse, National Cancer tosti Frederick, Maryland, was
maintained as a monolayer using growth medium aong; 90% DMEM, 10% FBS, 2 mM
[-glutamine, and 100 IU/mL penicillin, 1@g/mL streptomycin. Cells were subcultured to a
fresh culture vessel when growth reached 70-90%lwamce (i.e. every 3-5 days) and
incubated at 37 °C in a humidified atmosphere d¥%9air-5% CQ. Transfections were
performed in 6 well plates, when cells were 80%flo@mt (approximately 3x105 cells) on
the day of transfection. 3g of plasmid, and different concentration of liganvdere added to

1 mL of serum-free medium, mixed rapidly and indeblaat room temperature for 20 min.
Each mixture was carefully added to the cells foitgy the removal of the culture medium
from the cells. Lipoplex formulations were perfomnadding DOPE to plasmid-ligand

125



mixture at 1: 2 ligand: DOPE molar ratio, whereahg concentration was kept to fuM.
LTX ™ transfection reagent was used according to matwréats protocol as positive
transfection control. The mixture and cells wereuimated at 37 °C in a humidified
atmosphere of 95% air-5% G@r 5 h. Finally, transfection mixture was remowaet 3 mL

of growth medium added to each transfected well leftdto incubate for 72 h. Five fields
were randomly selected from each well without viegvthe cells (one in the centre and one
for each quadrant of the well) and examined. Tlaasfiected cells were observed under
fluorescence microscope for EGFP expression. Eaglerenent was done three times.
Statistical differences between treatments werecutaled with Student's test and
multifactorial ANOVA.

Vero (African green monkey, ATCC CRL-1586), BoM&oYine macrophage, obtained from
J. Stabel, National Animal Disease Center, Ames, USA), N2a (Mouse neuroblastoma,
ATCC CCL-131), AUBEK (bovine foetal kidney cell Bn ATCC CCL 163) and hMSC
(human mesenchymal stem cells, obtained from Ra,Sahiversity of Parma, Italy) were
grown in EMEM medium containing NEAA, 10% FBS, 2 mblutamine, 100 U/mL
penicillin and 10Qug/mL streptomycin. All cultures were incubated @t°® in a humidified

atmosphere containing 5% @Qransfection were performed as described for Ri2is.

MTT survival assay for cell viability determination. Following transfection, complete
medium (90% DMEM, 10% FBS, 2 mM I-glutamine, and1Q@/mL penicillin, 10 ug/mL
streptomycin) containing MTT (5 mg/mL) was addedhe culture for 4 h. Then, after the
addition of an equal volume of solubilisation s@uat(10% SDS in HCI 0.01 M) cells were
incubated at 37 °C overnight. Specific optical dignsas measured at 540 nm, using 690 nm
as reference wavelength in an SLT-Lab microrea8atzpurg, Austria). Each experiment
was done three times and each treatment was padomith eight replicates. Statistical
differences among treatments were calculated witdet's test and multifactorial ANOVA.

Luciferasereporter assay

Luciferase reporter assay was performed with a Dualferase Reporter Assay System kit
(Promega) with minor modifications. Following tresnts, cells were washed with PBS,
lysed with 100ul of lysis passive buffer by freeze-thawing at -°80 10ul of the cell lysate
was added to 5@ of LAR and Luciferase activity were determinedtiwa PerkinElmer

Victor Multilabel Counter, according to the manutaer's specifications. Individual assays
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were normalized foRenilla Luciferase activity with a second reading, add0gl of Stop &

Glo substrate.
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