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Abstract

The chemoselective introduction of fluorinated ntie® into biologically relevant scaffolds is now an
established strategy to modulate and to study tiopeoties of molecular leads. In this article we
propose, for the first time, the diversity orient®ghthesis of multivalent glycomimetics incorponati
hexafluorovaline through a straightforward multiqgonent sequential processich occurs with high

yield and in mild conditions. The same process b@sn successfully applied to the chemistry of



aminoglycosides producing a neomycin-hexafluorosatjalactose conjugate and providing a general,

efficient strategy to functionalized aminoglycosideith sugar-hexafluorovaline tags.

Keywords: Diversity Oriented Synthesis, Multicomponent Sysiee Multivalent Glycomimetic,

Fluorine, Aminoglycoside.

1. Introduction
The introduction of a fluorine atom or perfluoriedtgroups into chemical scaffolds is now a
standard strategy for modulating the chemical daogdHysical properties of molecular leads and
for studying the biological aspects associated withfluorine substitution/introduction, such as
metabolism, excretion properties, and fluorine-aonihg ligand binding interactiortsThis is due
to the unique properties of the fluorine atom, stiongest inductive effect compared to other
elements, its small size, and low polarizabilitgr fnstance, the highly fluorinated amino acids
hexafluorovaline (hfval) and hexafluoroleucine (btl), being often well tolerated, have been
used to modulate such properties of peptides armteips like their hydrophobicity,
acidity/basicity, folding and stabilit.Moreover,**F is the most stable and abundant fluorine
isotope, thus fluorinated peptides and proteins leareasily tracked with NMR and/or MRI
spectroscopy, even in living ceflsThus, since fluorine containing organic molecides almost
absent in naturé,there is great interest in developing new synthstrategies to introduce
selectively fluorinated moieties into chemical $olafs.
Multivalent glycomimetics are a class of very igtring compounds.Indeed, there is a growing
interest in glycosidase inhibition, and in elucidgtfundamental biological pathways through the
synthesis of glycomimetics. Multivalency can in@ealramatically the binding potency of the
corresponding monovalent ligands as already demmiedf However, despite such interest,
compared to monovalent glycomimetics, there arativaly few example in the literature of

multivalent glycosidase inhibitors, and no fluotid multivalent glycosidase inhibitors, probably



because they are not synthetically accessible iaasy way. One strategy to overcome such a
deficiency could be the development of straightlmdvmethodologies for the diversity oriented
synthesis (DOS) of these compoundmdeed, DOS, often combined with multicomponent
reactions (MCRSs), is an indispensable tool for modpharmaceutical and drug discovery
research programs because they offer the posgilbditaccess molecular complexity with a
minimum of effort, in addition to atom economy, og@nal simplicity, and bond-forming
efficiency® This is well evidenced by the growing applicatifrsuch strategies for the synthesis
of libraries of different collections of moleculd$owever, to the best of our knowledge, there are
no examples of DOS of multivalent, selectively finated glycomimetic$.

Very recently, in the frame of a research prograalidg with the discovery of novel MCRs for the
synthesis of heterocycfésand glycoconjugate’s, we have reported for the first time the MC
combinatorial synthesis of diversity oriented nfultctional glycomimeticsl-4, where the sugar
moieties were tethered through artificial linkenscls as aspartic acid, a hydantoin ring, or urea
frameworks (Figure 1) Herein we wish to report an extension of such @sec using commercially
available 4,4,4-trifluoro-3-trifluoromethyl(Tfm)-otonic acid in order to prepare multifunctional

glycomimetics where the Asp moiety b# is substituted by hfval.
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Figure 1. Multivalent glycomimetics containing hfVal
We propose that the introduction of hfVal in the ltimalent glycomimetic scaffolds can impart

interesting new properties to this intriguing cladsompounds such as, for instance, higher metabol



stability and lipophilicity and would facilitate ¢hinvestigation of target-ligand interactions thgbd°F
NMR spectroscopy.

2. Results and Discussion

4,4,4-Trifluoro-3-Tfm-crotonic acid is a commerdyahvailable fluorinated building block that, due t
the high electronegativity of the trifluoromethylogps, has been used for the synthesis of hfvVahami
acid derivatives throughnti-Michael addition ofN-nucleophiles?® Recently, our group has exploited
the reactivity of 4,4,4-trifluoro-3-Tfm-crotonic i@c8 for the synthesis of glycoconjugates containing
hfval 10 and11 through the MC sequential domino process depict&theme 1°! The reaction 08
with in situ generatedN-glycosyl, N’'-tert-butyl carbodiimides? produces intermediaté& which
undergoes intramoleculanti-aza-Michael reaction affording a second highlyctea intermediateB.
The latter step is totally regioselective when #teric hindrance of the twbl-substituents in the
carbodiimide framework is very different, namelpgramary versus a tertiary alkyl group. In the alzsen
of a N-nucleophile,9 intermediateB rearranges through an—&N acyl migration process affording
hydantoin scaffoldlO containing a hfVal moiety (path A, Scheme'1)nstead, in the presence I¥f
nucleophile9, such as amines, amino esters, or peptides, iathateB undergoes nucleophilic attack

leading to the formation of urea-hfVal-glycopepsd4 (path B, Scheme 1).
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Scheme 1. Mechanism of the domino MC process
Since this process is high yielding, totally reglestive and operationally very simple (MC
domino process which does not require high tempersat dry solvents, difficult purification

steps), we wished to exploit it for the synthegimaltivalent glycomimetics containing hfVal by



using N-glycosyl amines a#\-nuclophiles, and/or by introducing a new sugar etyiin the
carbodiimide framework.

Firstly, in order to be able to prepare divalentcgmimeticsl, we checked if the MC component
process works efficiently also by usiNgglycosyl amines as nucleophiles. Thus we reaCtguotected
amino-galactos@a with acid8 and DIC12 under the standard conditions (§HN as solvent, 0 °C) and
we were delighted to recover glycomimelRin very good yield as an equimolar mixture of episat

the hexafluorovaline stereocentre (Schem¥ 2).
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Scheme 2. MC process with glycosylamine as nucleophile

We explored also the possibility of running the qass with the corresponding deprotected
amino-galactos®b. However, probably because of its low solubility the reaction medium
(CH3CN, 0°C), the reaction produced the desired prodiiah very low yield (16%) along with
the formation of the undesired hydantoin in 76%dyisee Scheme 1, path A). We tried to raise
the yield of the process by adding a co-solventoider to increase the solubility of the
nucleophile. Indeed, in the presence of 10% Me®H yields were raised only to a 33% due to
the concomitant formation of the corresponding drB&l-OMe derivative arising from the
competitive nucleophilic attack of MeOH which isepent in large excess (Scheme 1, path B).

Thus we tried with less nucleophiltert-BuOH but without a real improvement (42% yield).



Disappointingly, even in the presence of highlygpdDMF the yields were raised only to 51%
(Scheme 2).

Once proved that the reaction works efficiently reweith O-protected N-glycosyl amines as
nucleophiles in the standard conditions, we apptieel process for the four-component sequential
synthesis of a library of divalent glycoconjugatesitaining hfVall starting from differenN-tert-butyl,
N’-glycosyl carbodiimideg, which are formedn situ by Staudinger reaction between sugar aziles

andtert-butyl isocyanat®, andN-glycosyl nucleophile8 (Table 1).

Table 1. MC combinatorial synthesis of multivalent glycongitics 1.
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4solated yields.”’An almost 3:1 diastereoisomeric mixturgdn almost 1.5:1 diastereoisomeric

mixture.’A 30% of the corresponding hydantoin was recovered.

Indeed, the reaction between glycosyl azidese and commercially availabléert-butyl
isocyanateb lead to the formation of the corresponding carinoidies 7a-e, respectively, upon
treatment with P§P in CHCN at rt (Staudinger reaction). The resulting cdripaides 7a-e can
also be isolated by quick flash chromatography @ratacterized. However, compountdse can

be usedn situ in order to achieve a four component sequentiatgss. In this case, once the
carbodiimide is formed (TLC monitoring), the temgere is cooled to 0°C and 2,4,6-
trimethylpyridine (TMP) followed by nucleophil@ and, finally, acid8 are added. The process
was very general, working efficiently either stagtifrom sugar azides (where the functional
group is attached to primary carbon 6 in hexosesdyon 5 in pentoses) leading to the formation
of multivalent glycomimetics having enzymaticallyalsle “CHNH," backbone mimicking
glycine (entries 1-4, Table 1§,or attached to the anomeric carbon through a Haittinker
(entries 5 and 6, Table 1). In all cases the reactias completely regioselective leading to the
formation of regioisomer$a-f as a mixture of diasteroisomers, which arose fiteemucleophilic
attack of the less sterically congested primidrglycosyl moiety in the intramoleculanti-aza-
Michael step (Scheme 1, path B)The yields were generally high except when glytarsjne9c
was used as nucleophile (entry 2, Table 1). Thesltevas due to the poor nucleophilicity of the
hemiacetalic amino group and scarce solubilitofas already stated in previous wotkSin
this way we were able to obtain a small librarysof divalent glycomimetics where the sugar

moieties are connected through a urea-hfVal linkbe reaction is very general, and any kind of
7



appropriately functionalized carbohydrates couldused, such as ribose, galactose, glucose,

glucosamine, and mannose.

In order to obtain other multivalent glycomimeticsntaining hfVal, where the sugar moieties are
connected with different scaffolds (DOS), we testhd same reaction starting with carbodiimides
having twoN-sugar substituents. In this way, considering thehetic pathway depicted in Scheme 1,
we would be able to obtain three new multivalegtgimimeticsj.e. divalent glycomimetic, 3 where
the carbohydrates are connected through a hydastaiifiold or a urea linker, respectively, and tieva
glycomimetic 4 where the sugar moieties are tethered throughea-hfival scaffold.N,N’-Disugar
carbodiimides 16 could be prepared starting from the correspondingar azides5 and sugar

isothiocyanate45 (Table 2).

Table 2. MC combinatorial synthesis of multivalent glyconetics2-4.
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3solated yields."An almost 1.5:1 diastereoisomeric mixtufédn almost 3:1 diastereoisomeric

mixture.

Accordingly, Staudinger reaction between ribosel@ba and isothiocyanaté5a lead to the
clean formation of carbodiimidisa along with PBPS (TLC monitoring). By addinigp situ TMP
followed by acid8, we obtained the formation of divalent glycomimeéa, as an almost 1.5:1
mixture of diasteroisomers, where the sugar maediee connected through a hydantoin ring
(entry 1, Table 2). Under the same conditions waiobd the formation of diglycohydantai

in very high yields starting with galactose azhkle and isothiocyanat&é5b (entry 2, Table 2).
Interestingly, the reaction carried out in the pree ofa-amino esters nucleophiles such as H-

Ala-OBn 17a and H-Leu-OBril7b furnished divalent glycodipeptid@gs,b, respectively (entry 3



and 4, Table 2). The latter reaction is particyl@romising because it permits the unprecedented
multicomponent synthesis of a class of very ininguscaffolds,i.e. divalent glycopeptides
incorporating the unnatural amino acid hfVal. Mareg the process works very efficiently also
starting from dipeptide nucleophiles such as H-Pée-OBn 17c leading to the one pot
formation of divalent glycotripeptides containingvhl 3c in high yields (entry 5, Table 2).
Finally, in order to demonstrate that this processlid also be exploited for the preparation of
more complicated trivalent glycomimetics, we tediieel reaction starting witln situ generated
symmetricN,N’-diglyco carbodiimidel6a,b and sugar nucleophil@a,d, respectively. We were
delighted that in this case the reaction also wafsctively giving rise to the formation of
trivalent glycomimeticgla,b in good yields (entries 6 and 7, Table 2). It mrth noting that, in
order to increase complexity, the synthesis of @tyitnetics2-4 could be also achieved starting
with asymmetric N,N’-diglyco carbodiimides. However, even if high yielg, due to the
similarity on the steric hindrance of tlidsubstituentsthe process lead to the formation of
mixtures of regioisomers that are difficult to segta (data not shown).

Beside the synthesis of multivalent glycomimetled, this process could be exploited as a general
procedure for the introduction of sugar-hfVal tag® biologically relevant molecules in a simpledan
convenient way. With this in mind, we sought to dtionalize aminoglycoside antibiotics.
Aminoglycosides are a class of polyaminosugars lwhselectively bind RNA® The selective
functionalization of such scaffolds has been exetbifor the synthesis of conjugates with better
characteristics, such as, for instance, activieyedivity, and ability to fight against aminoglgides
resistance? In this sense, the introduction of fluorinated s in the aminoglycoside scaffolds could
facilitate the investigation of RNA-ligand interamt throughF NMR spectroscop$f However,
besides the interest in the development of new tipedc ways to selectively functionalize
aminoglycosides, there are only a few examplesubata multicomponent one-pot procedure, and, to
the best of our knowledge, none of them are usetetbering aminoglycosides with fluorinated tabs.
Thus, the successful application of our procesantinoglycoside chemistry would provide a general

1C



way to selectively functionalize such moleculeshwather scaffolds (in this case carbohydrates)glon
with a fluorinated tag (hfval) with a practical op®t multicomponent procedure. Accordingly, we
decided to use neomycin derivati¥® as nucleophile in our multicomponent process. Uiodelight,
reacting carbodiimidesb in the presence of acil and neomycin derivativd8 under the same
conditions described abovies. TMP, CHCN at 0 °C, we obtained the clean regiospecifioation of

conjugatel9 in very good yield, as a mixture of diastereoistst{&cheme 33
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Scheme 3. Synthesis of neomycin-hfVal-galactose conjud&te

The application of this procedure for the combinatosynthesis of different aminoglycoside

conjugates bearing a hfVal probe will be studiedaro detail and reported in a forthcoming paper.

3. Conclusions

In conclusion, we have demonstrated that the MQeatipl process recently developed by us can also
be for the DOS of multivalent glycomimetics contagnhfVal amino acid. Indeed, the reaction between
in situ generatedN-glycosyl, N’-tert-butyl carbodiimides oN, N’-diglycosyl carbodiimides with 4,4,4-

trifluoro-3-Tfm-crotonic in the presence or absen€&-nucleophiles, such as-aminoesters, peptides

11



or glycosyl amines, gave rise to the clean forrmatbdi- or trivalent glycomimetics containing hfiva
where the glycosyl moieties are tethered trougfediht scaffolds, such as urea, hydantoin ring, and
urea-peptide linkers. The MC sequential domino @sscis completely regioselective, high yielding,
occurs under mild conditions, and is very genevakking efficiently with different sugars and linise
This process could also be exploited as a favoertdul to conjugate biological important compounds
with a sugar-hfval tag. For instance, the reactmformed using an appropriately functionalized
neomycin derivative such ds-nucleophile allowed us to obtain the synthesisaaieomycin-hfVval
conjugate in a very efficient way. The combinatosinthesis of different aminoglycoside-hfVal-sugar
conjugates and the determination of their antibvadtactivity and RNA interaction troughF NMR

spectroscopy is ongoing in our laboratories antilvéilreported in a forthcoming paper.

4. Experimental Section

4.1 General Methods: Commercially available reagent-grade solvents wemeployed without
purification. Primary glycosylazides5 were prepared following reported procedures.
Glycosylisothiocyanatd5 were prepared by aza-Wittig reaction with ,G5Glycosylamines9 were
prepared by catalytic hydrogenation of the corregpty azides. Neomycin derivatid® was obtained
as reported in ref. 19d8H NMR spectra were run on spectrometers operating0@ or 500 MHz.
Chemical shifts are expressed in p@) (sing tetramethylsilane (TMS) as internal staddar *H and
13C nuclei 4 and 8 = 0.00). ESIMS was performed with an Esquire 3@d@s ion-trap mass
spectrometer equipped with an ESI source. The I&tsp were obtained by a Varian 640 high-
performance FTIR spectrometer. Elemental analysieevobtained on FlashEA 1112 NC Analyzers.
TLC was run on silica gel 60 F254 Merck. Flash amatography (FC) was performed with silica gel 60

(60—200 mm, Merck).

4.2 Synthesis of divalent glycomimetics 1: general procedure. To a solution of glycosylazide

(1 equiv.) in CHCN (0.1 M)tert-butyl isocyanate (1.05 equiw)followed by PBP (1.05 equiv.)

12



were added at rt. The solution was stirred untimplete formation of the corresponding
carbodiimide7 was achieved (TLC monitoring). The temperature lwagred to 0 °C and TMP
(1 equiv.), a solution of glycosylami®e(1 equiv.) in a minimum amount of GEN followed by

a solution of 4,4,4-trifluoro-3-Tfm-crotonic ackl (1 equiv.) in a minimum amount of GEN
were added. The temperature was slowly left tored@nd the reaction, when finished (TLC
monitoring,ca. 3 h), was quenched with a 1M solution of HCI. Thixture was extracted with
AcOEt, the organic phases collected, dried ovesSR filtered, the solvent removed under

reduced pressure and the crude purified by flasbnchtography.

la: Major diastereoisomerR; = 0.29 (hexane/ AcOEt 80:20); FTIR (neatl779, 1756, 1726 chm'H
NMR (400 MHz, CDCY), &: 8.44 (br s, 1H), 5.49-5.46 (m, 2H), 5.11 (s, 1453 (d,J = 5.6 Hz, 1H),
4.59 (dd,J = 8.0 and 2.4 Hz, 2H), 4.53 (@= 5.6 Hz, 1H), 4.38-4.36 (m, 1H), 4.29 (dd, J 2 &nd 2.4
Hz, 1H), 3.98-3.96 (m, 1H), 3.89-3.86 (m, 1H), 3(473H), 3.33-3.31 (m, 1H), 2.90-2.88 (m, 1H),9L.4
(s, 3H), 1.49 (s, 3H), 1.47 (s, 3H), 1.41 (s, 3HB5 (s, 3H), 1.32 (s, 3H), 1.30 (s, 12HC NMR
(100.6 MHz, CDGJ) &: 168.3, 154.9, 123.1 (d,= 281.7 Hz, CF), 112.6, 111.5, 109.4, 108.5, 96.2,
87.0, 84.4, 71.4, 70.8,70.5, 70.4, 56.0, 51.4, 45eptet,J = 25.8 Hz ), 40.4, 29.0, 26.3, 25.9, 25.7,
24.9, 24.7;, ESIrf/z) 774.7 [M+Na, (100)]; Anal. calcd. for §H47FeN3O11: C 49.53, H 6.30, N 5.59;
found: C 49.53, H 6.32, N 5.6M0inor diasterecisomer; = 0.22 (hexane/ AcOEt 80:20); FTIR (neat)
v 1781, 1754, 1722 ¢ *H NMR (400 MHz, CDCY), §: 7.12 (br s, 1H), 5.77 (s, 1H), 5.49 (= 5.2
Hz, 2H), 5.11 (s, 1H), 4.98 (s, 1H), 4.60-4.56 PH), 4.41-4.39 (m, 1H), 4.32-4.28 (m, 2H), 4.15,(@d
= 8.0 and 2.0 Hz ,1H), 3.97-3.94 (m, 1H), 3.47-3@¥ 3H), 3.41 (s, 3H), 3.24 (dd= 16.4 and 5.2 Hz
1H), 1.49 (s, 3H), 1.49 (s, 3H), 1.47 (s, 3H), 1(¢53H), 1.35 (s, 9H), 1.34 (s, 3H), 1.32 (s, 35,
NMR (100.6 MHz, CDGJ) §: 168.0, 157.0, 123.3 (d,= 281.5 Hz, CF), 112.9, 110.3, 109.4, 108.7,
96.3, 85.8, 84.5, 82.1, 71.3, 70.9, 70.5, 65.45,551.5, 46.9 (s) = 26.1 Hz ), 40.2, 29.0, 26.5, 26.0,
25.9, 25.1, 24.9. 24.4; ESin(z) 774.6 [M+Na, (100)]; Anal. calcd. for £H47FsN3Os1: C 49.53, H

6.30, N 5.59; found: C 49.55, H 6.31, N 5.58.
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4.3 Synthesis of divalent glycomimetics 2: general procedure. To a solution of glycosylazide
(1 equiv.) in CHCN (0.1 M) a solution of glycosylisothiocyanardfe (1.05 equiv.) in a minimum
amount of CHCN followed by PBP (1.05 equiv.) were added at rt. The solution staeed until
complete formation of the corresponding carbodigmlé was achieved (TLC monitoring). A
solution of 4,4,4-trifluoro-3-Tfm-crotonic aci@ (1 equiv.) in a minimum amount of GEIN was
added at rt and the resulting solution stirredluhé reaction was finished (TLC monitoringg.

3 h). The reaction was quenched with a 1M solutbriHCI. The mixture was extracted with
AcOEt, the organic phases collected, dried ovesSR filtered, the solvent removed under

reduced pressure and the crude purified by flasbnchtography.

2a: Mixture of two diastereoisomers:;; R 0.24 (hexane/ AcOEt 80:20); FTIR (neat)l777,
1754, 1728 cnl; *H NMR (400 MHz, CDCY), major diastereoisomes: 4.96 (s, 2H), 4.75 (s,
1H), 4.63-4.61 (m, 4H), 4.34-4.32 (m, 2H), 4.09,(d¢= 12.0 and 4.8 Hz, 1H), 3.95-3.92 (m,
1H), 3.71-3.68 (m, 2H), 3.36 (s, 3H), 3.35 (s, 3Bi)L2 (dd,J = 12.0 and 6.4 Hz, 1H), 1.44 (s,
3H), 1.43 (s, 3H), 1.31 (s, 3H), 1.29 (s, 3hhinor diastereoisomeb: 4.95 (s, 2H), 4.75 (s, 1H),
4.63-4.61 (M, 4H), 4.34-4.32 (m, 1H), 4.31-4.29 (), 3.95-3.92 (m, 2H), 3.71-3.68 (m, 2H),
3.40-3.37 (m, 1H), 3.37 (s, 3H), 3.32 (s, 3H), A&8&H), 1.47 (s, 3H), 1.32 (s, 3H), 1.27 (s, 3H);
13C NMR (100.6 MHz, CDG) &: 169.0, 156.5, 156.0, 113.1, 112.5, 110.5, 1101D,0, 109.8,
85.2, 85.0, 84.6, 83.8, 83.4, 83.3, 82.3, 82.21,821.9, 56.0, 55.5, 55.4, 55.3, 55.1, 48.8 (septet
J=28.2 Hz), 45.9, 44.7, 42.9, 42.7, 29.6, 26.65286.4, 26.3, 25.1, 25.0, 24.9, 24.8 ; 58I2)
645.2 [M+Na, (100)]; Anal. calcd. for £H3FsN2O10: C 46.31, H 5.18, N 4.50; found: C 46.33,

H 5.20, N 4.53.

4.4 Synthesis of divalent glycomimetics 2: general procedure. To a solution of glycosylazide
(1 equiv.) in CHCN (0.1 M) a solution of glycosylisothiocyanardfe (1.05 equiv.) in a minimum
amount of CHCN followed by PBP (1.05 equiv.) were added at rt. The solution steeed until
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complete formation of the corresponding carbodiaiié was achieved (TLC monitoring). The
temperature was lowered to 0 °C and TMP (2 equsald a-aminoester hydrochlorid&7 (1
equiv.) followed by a solution of 4,4,4-trifluore-l¥m-crotonic acid8 (1 equiv.) in a minimum
amount of CHCN were added. The temperature was slowly lefe&ei rt and the reaction, when
finished (TLC monitoringca. 3 h), was quenched with a 1M solution of HCI. Thixture was
extracted with AcOEt, the organic phases collectited over NgSQ,, filtered, the solvent

removed under reduced pressure and the crudequlb{i flash chromatography.

3a: Major diastereoisomerR; = 0.34 (hexane/ AcOEt 70:30); FTIR (neat)l769, 1753, 1723
cm*; '*H NMR (400 MHz, CDCJ), &: 8.11 (br s, 1H), 7.38-7.35 (m, 5H), 6.57 (s, 15i%8 (d,J

= 4.3 Hz, 1H), 5.44 (d] = 4.2 Hz, 1H), 5.18 (d] = 12.1 Hz, 1H), 5.11 (d = 12.1 Hz, 1H), 4.78
(br s, 1H), 4.65-4.56 (m, 3H), 4.31-4-28 (m, 2HRH%4.22 (m, 2H), 4.11 (¢l = 7.0 Hz, 1H),
3.40-3.38 (m, 4H), 1.47 (s, 6H), 1.45 (s, 3H), 1(g33H), 1.36 (s, 6H), 1.33 (s, 3H), 1.30-1.26
(m, 6H);*C NMR (100.6 MHz, CDG) &: 172.5, 167.5, 160.0, 136.0, 128.9, 128.6, 12B3,7
(q,J = 282.2 Hz), 123.2 (q] = 282.2 Hz), 110.0, 109.6, 109.4, 109.0, 96.68,721.3, 71.2, 70.9,
70.7, 67.2, 66.4, 65.4, 48.8, 47.4 (seplet, 26.5 Hz), 41.6, 26.4, 26.3, 26.2, 26.0, 25.3225
24.9, 24.6, 17.9; ESh{/z) 936.3 [M+Na, (100)]; Anal. calcd. for &HssFeN3O14: C 52.57, H
5.85, N 4.60; found: C 52.58, H 5.82, N 4.68nor diastereoisomerR; = 0.30 (hexane/ AcOEt
70:30); FTIR (neaty 1770, 1761, 1721 ch*H NMR (400 MHz, CDCJ), &: 7.65 (br s, 1H),
7.38-7.35 (m, 5H), 6.34 (br s, 1H), 5.49 J& 5.08 Hz, 1H), 5.47 (d] = 5.03 Hz, 1H), 5.18 (d}

= 12.1 Hz, 1H), 5.11 (dl = 12.1 Hz, 1H), 4.56-4.54 (m, 2H), 5.45 (seplet, 7.0 Hz, 1H), 4.30-
4.26 (m, 2H), 4.22-4.19 (m, 2H), 3.97-3.94 (m, 18i85-3.83 (m, 1H), 3.55-3.54 (m, 1H), 3.23-
3.21 (m, 2H), 1.44 (s, 6H), 1.42 (s, 3H), 1.366(8), 1.33 (s, 3H), 1.13 (s, 6H), 1.29 (s, 3H), 1.20
(s, 3H);*3C NMR (100.6 MHz, CDG) §: 171.9, 168.0, 135.9, 128.9, 128.7, 128.5, 128,83 €
281.0 Hz), 123.3 (q) = 282.2 Hz), 109.8, 109.6, 109.5, 108.9, 96.76,986.5, 72.2, 71.9, 71.3,

70.94, 70.91, 69.2, 67.3, 67.2, 49.4, 46.6 (septet26.7 Hz), 41.5, 26.4, 26.3, 26.1, 25.3, 24.8,
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24.5; ESI (/z)936.2 [M'+Na, (100)]; Anal. calcd. for gHs3FeN3O14: C 52.57, H 5.85, N 4.60;

found: C 52.59, H 5.86, N 4.58.

4.5 Synthesis of trivalent glycomimetics 4: general procedure. To a solution of glycosylazide

5 (1 equiv.) in CHCN (0.1 M) a solution of glycosylisothiocyanant® (1.05 equiv.) in a
minimum amount of CECN followed by PBP (1.05 equiv.) were added at rt. The solution was
stirred until complete formation of the correspongdicarbodiimidel6 was achieved (TLC
monitoring). The temperature was lowered to 0 °@ aMP (2 equiv.), a solution of
glycosylamine9 (1 equiv.) followed by a solution of 4,4,4-triflt@3-Tfm-crotonic acidd (1
equiv.) in a minimum amount of GBN were added. The temperature was slowly lefe&zih rt
and the reaction, when finished (TLC monitoring, 3 h), was quenched with a 1M solution of
HCI. The mixture was extracted with AcOEt, the anigaphases collected, dried over,8ay,
filtered, the solvent removed under reduced pressand the crude purified by flash

chromatography.

4a: Mixture of two diastereoisomers; R0.21 (hexane/ AcOEt 20:80); FTIR (neat] 778, 1755,
1721 cm*; *H NMR (400 MHz, CDCJ), major diastereoisomes: 6.01 (br s, 1H), 5.46 (d,= 5.1 Hz,
1H), 5.14 (s, 1H), 4.97 (s, 1H), 4.62-4.54 (m, 6#),8-4.15 (m, 3H), 4.14-4.11 (m, 2H), 3.91-3.90 (m
1H), 3.84 (d,J = 9.2 Hz, 1H), 3.78-3.76 (m, 1H), 3.53-3.50 (m,)2Bl42 (s, 3H), 3.37 (s, 3H), 3.25-
3.22 (m, 2H), 3.08-3.05 (m, 1H), 1.48 (s, 3H), 1(453H), 1.39 (s, 3H), 1.34 (s, 3H), 1.31 (s, 3HRO
(s, 3H), 1.29 (s, 3H), 1.28 (s, 3Hpinor diastereoisome: 6.38 (br s, 1H), 5.49 (d,= 5.2 Hz, 1H),
5.14 (s, 1H), 4.96 (s, 1H), 4.62-4.54 (m, 6H), 44185 (m, 3H), 4.14-4.11 (m, 2H), 3.91-3.90 (m, 1H)
3.84 (d,J = 9.2 Hz, 1H), 3.78-3.76 (m, 1H), 3.53-3.50 (m,)2Bi48 (s, 3H), 3.41 (s, 3H), 3.25-3.22 (m,
2H), 3.08-3.05 (m, 1H), 1.47 (s, 3H), 1.44 (s, 3HRI (s, 3H), 1.34 (s, 3H), 1.31 (s, 3H), 1.30B(3),
1.29 (s, 3H), 1.28 (s, 3H};°’C NMR (100.6 MHz, CDGQ) &: 168.1, 167.6, 158.2, 156.0, 123.2 Jo7

280.7 Hz), 123.0 (¢J = 281.4), 113.1, 112.8, 112.4, 112.3, 111.4, 11018.2, 110.0, 109.4, 109.3,
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108.6, 108.5, 96.3, 96.2, 86.5, 86.2, 85.6, 8543,884.5, 82.0, 81.9, 81.7, 71.5, 71.4, 70.9, , 76658,
65.6, 60.3, 57.9, 56.8, 55.8, 55.2, 55.1, 53.84,547.0, 46.7, 46.5, 46.3, 46.0, 45.8, 44.2, 4806,
40.3, 26.5, 26.4, 26.35, 26.31, 25.9, 25.8, 255M0,24.9, 24.8, 24.7, 24.6, 24.4, 24.3; ESBIz)904.7
[M*+Na, (100)]; Anal. calcd. for £gHs3FsN3Oss: C 49.03, H 6.06, N 4.77; found: C 49.00, H 6.88,

4.76.
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13: Mixture of two diastereoisomers: Ry = 0.38 (hexane/ AcOEt 60:40); *H NMR (400 MHz,
CDCl3), major diastereoisomer 6: 8.25 (br s, 1H), 5.48 (t, J = 4.8 Hz, 1H), 4.67 (m, 2H), 4.57 (d, J
= 2.0 Hz, 1H), 4.36 (m, 1H), 4.27 (m, 1H), 4.13 (m, 1H),3.97 (m, 1H), 3.82 (m, 2H), 3.57 (m, 2H),
3.35 (m, 1H), 1.44 (m, 6H), 1.28 (m, 18H); minor diastereoisomer &: 8.25 (br s, 1H), 5.48 (t, J =
4.8 Hz, 1H), 4.67 (m, 2H), 4.55 (d, J = 2.4 Hz, 1H), 4.36 (m, 1H), 4.27 (m, 1H), 4.13 (m, 1H),3.97
(m, 1H), 3.82 (m, 2H), 3.57 (m, 2H), 3.23 (m, 1H), 1.44 (m, 6H), 1.28 (m, 18H); *C NMR (100.6
MHz, CDCly) &: 169.3, 158.1, 123.0 (q, J = 281.2 Hz, CF3 ), 122.8 (q, J = 284.1 Hz, CF3 ), 109.3,
108.4, 108.3, 96.3, 96. 2,71.2, 70.8, 70.6, 65.9, 65.8, 56.2, 55.9, 50.2, 50.0, 47.0 (s, J = 25.9 Hz ),
40.0, 39.8, 25.9, 25.8, 25.7, 24.8, 24.3, 23.0, 21.2, 20.7, 20.5 ; ESI (m/z) 616.3 [M"+Na, (100)];
Anal. calcd. for Cy4H37FsN3O7: C 48.56, H 6.28, N 7.08; found: C 48.58, H 6.30, N 7.09.

1b: Mixture of two diastereoisomers: R; = 0.27 (hexane/ AcOEt 60:40); *H NMR (400 MHz,
CDCI3), major diastereoisomer &: 8.44 (br s, 1H), 5.47 (s, 1H), 5.26-5.19 (m, 2H), 5.07-54.92 (m,
2H), 4.60-4.53 (m, 4H), 4.30 (m, 1H), 4.22 (m, 1H), 4.05-4.00 (m, 2H), 3.78 (m, 1H), 3.45 (m, 1H),
3.40 (s, 3H), 3.20 (dd, J = 16.0 and 3.6 Hz, 1H), 2.03-1.94 (four s, 12H), 1.47 (s, 3H), 1.31 (s, 3H),
1.30 (s, 9H); minor diastereoisomer &: 8.42 (br s, 1H), 5.47 (s, 1H), 5.26-5.19 (m, 2H), 5.07-54.92
(m, 2H), 4.60-4.53 (m, 4H), 4.30 (m, 1H), 4.22 (m, 1H), 4.05-4.00 (m, 2H), 3.78 (m, 1H), 3.45 (m,
1H), 3.38 (s, 3H), 3.00 (m, 1H), 2.03-1.94 (four s, 12H), 1.53 (s, 3H), 1.31 (s, 3H), 1.28 (s, 9H); °C
NMR (100.6 MHz, CDCls) &: 170.45, 170.41, 169.9, 169.8, 169.7, 169.6, 169.4, 168.3, 122.9 (q, J
=279.7 Hz), 1225 (q, J = 278.5 Hz), 113.4, 112.8, 110.7, 110.3, 87.0, 86.6, 85.2, 84.1, 84.0, 83.7,
82.0, 78.2, 73.8, 73.3, 73.2, 73.1, 70.5, 70.4, 68.3, 68.2, 61.8, 55.8, 55.3, 54.3, 51.6, 51.5, 47.0
(septet, J = 26.1 Hz), 45.8 (septet, J = 28.2 Hz), 29.4, 28.9, 28.8, 26.5, 26.3, 24.9, 24.7, 20.5, 20.4,
20.3, 20.1, ; ESI (m/z) 862.6 [M++Na, (100)], Anal. calcd. for C33H47FgN3O15: C 47.20, H 5.64, N
5.00; found: C 47.23, H 5.62, N 4.99.

1c: Mixture of two diastereoisomers: R; = 0.24 (hexane/ AcOEt 80:20); ‘H NMR (400 MHz,
CDCl3), major diastereoisomer 6: 5.53 (d, J = 4.8 Hz, 1H), 4.96 (s, 1H), 4.60 (m, 4H), 4.32 (m,
1H), 4.24 (m, 2H), 3.98 (m, 1H), 3.68 (m, 2H), 3.50 (m, 1H), 3.37 (s, 3H), 3.36 (m, 1H), 3.10 (m,
2H), 1.46-1.45 (three s, 9H), 1.35-1.33 (three s, 9H), 1.32 (s, 9H); minor diastereoisomer &: 5.52
(d, J =4.6 Hz, 1H), 4.95 (s, 1H), 4.60 (m, 4H), 4.32 (m, 1H), 4.24 (m, 2H), 4.01 (m, 1H), 3.71 (m,
2H), 3.50 (m, 1H), 3.37 (s, 3H), 3.38 (m, 1H), 3.10 (m, 2H), 1.46-1.45 (three s, 9H), 1.35-1.33
(three s, 9H), 1.29 (s, 9H); *C NMR (100.6 MHz, CDCls) &: 168.6, 167.7, 162.6, 158.3, 156.2,
123.0 (q, J = 283.7 Hz), 112.35, 112.30, 109.8, 109.7, 109.6, 109.5, 109.4, 109.2, 96.3, 96.2, 96.1,
85.5, 85.4, 85.3, 85.2, 82.2, 71.6, 71.5, 70.8, 70.7, 70.6, 70.5, 70.4, 70.3, 68.6, 55.1, 51.25, 51.22,
46.4 (septet, J = 26.1 Hz), 42.7, 36.4, 29.4, 28.9, 28.8, 28.3, 26.4, 26.3, 26.0, 25.9, 25.8, 25.7, 25.6,
25.0, 24.8, 24.7, 24.3, 24.1; ESI (m/z) 774.6 [M++Na, (100)], Anal. calcd. for C3;H47FgN3O11: C
49.53, H 6.30, N 5.59; found: C 49.55, H 6.31, N 5.60.

1d: Mixture of two diastereoisomers: R; = 0.58 (hexane/ AcOEt 50:50); 'H NMR (400 MHz,
CDCl3), major diastereoisomer 6: 7.27 (m, 6H), 6.27 (br s, 1H), 5.63 (d, J = 10.4 Hz, 1H), 5.32 (m,
1H), 4.94 (m, 2H), 4.86 (m, 1H), 4.75 (s, 1H), 4.56-4.28 (m, 6H), 4.19 (m, 1H), 3.52 (m, 2H), 3.47
(s, 3H), 3.21 (m, 2H), 1.84 (s, 3H), 1.46 (s, 3H), 1.35-1.12 (three s, 30H); minor diastereoisomer &:
7.27 (m, 6H), 5.98 (br s, 1H), 5.60 (d, J = 10.4 Hz, 1H), 5.32 (m, 1H), 4.94 (m, 2H), 4.86 (m, 1H),
4.78 (s, 1H), 4.56-4.28 (m, 6H), 4.08 (m, 1H), 3.52 (m, 2H), 3.32 (s, 3H), 3.21 (m, 2H), 1.83 (s,
3H), 1.42 (s, 3H), 1.35-1.12 (three s, 30H); **C NMR (100.6 MHz, CDCls) &: 178.6, 178.5, 177.0,
176.9, 169.7, 167.6, 167.3, 162.5, 158.7, 135.9, 128.8, 128.7, 128.6, 128.5, 128.2, 128.0, 127.9,



123.0 (g, J = 284.8 Hz), 122.7 (q, J = 285.7 Hz), 112.4, 109.9, 109.8, 96.4, 95.9, 95.8, 85.7, 85.5,
85.4, 85.3, 82.1, 82.0, 70.8, 70.4, 70.3, 70.2, 70.0, 69.9, 69.8, 69.7, 69.6, 69.4, 68.9, 68.5, 55.3,
55.1, 51.8, 51.7, 51.1, 50.9, 47.7 (septet, J = 25.1 Hz), 43.5, 42.7, 42.5, 38.9, 38.8, 36.4, 31.4, 29.6,
29.3, 29.1, 29.0, 28.6, 28.4, 28.3, 27.0, 26.9, 26.5, 26.4, 26.3, 24.8, 23.0, 22.9, 22.8; ESI (m/z)
993.8 [M++Na, (100)], Anal. calcd. for CaaHgaFsN4O13: C 54.43, H 6.64, N 5.77; found: C 54.45, H
6.65, N 5.80.

le: Mixture of two diastereoisomers: R; = 0.37 (hexane/ AcOEt 50:50); ‘H NMR (400 MHz,
CDCl3), major diastereoisomer &: 7.32 (br s, 1H), 5.28 (m, 2H), 5.22 (m, 1H), 4.97 (d, J = 2.8 Hz,
1H), 4.80 (d, J = 2.0 Hz, 1H)4.36 (m, 1H), 4.27 (m, 1H), 4.13 (m, 1H),3.97 (m, 1H), 3.82 (m, 2H),
3.57 (m, 2H), 3.35 (m, 1H), 1.44 (m, 6H), 1.28 (m, 18H); minor diastereoisomer &: 8.25 (brs, 1H),
548 (t, J=4.8 Hz, 1H), 4.67 (m, 2H), 4.55 (d, J = 2.4 Hz, 1H), 4.36 (m, 1H), 4.27 (m, 1H), 4.13
(m, 1H),3.97 (m, 1H), 3.82 (m, 2H), 3.57 (m, 2H), 3.23 (m, 1H), 1.44 (m, 6H), 1.28 (m, 18H);*C
NMR (100.6 MHz, CDCls) 6: 169.3, 158.1, 123.0 (q, J = 281.2 Hz, CF3 ), 122.8 (q, J = 284.1 Hz,
CF3), 109.3, 108.4, 108.3, 96.3, 96. 2,71.2, 70.8, 70.6, 65.9, 65.8, 56.2, 55.9, 50.2, 50.0, 47.0 (s, J =
25.9 Hz), 40.0, 39.8, 25.9, 25.8, 25.7, 24.8, 24.3, 23.0, 21.2, 20.7, 20.5 ; ESI (m/z) 616.3 [M*+Na,
(100)]; Anal. calcd. for C3sHs3FsN3O16: C 48.16, H 5.95, N 4.68; found: C 48.17, H 5.97, N 4.67.

1f: Major diastereoisomer: R; = 0.45 (hexane/ AcOEt 50:50); *H NMR (400 MHz, CDCls), &: 7.80
(s, 1H), 6.25 (br s, 1H), 5.83 (d, J = 9.6 Hz, 1H), 5.42 (t, J = 9.6 Hz, 1H), 5.37 (t, J = 9.6 Hz, 1H),
5.26 (t, J = 9.6 Hz, 1H), 4.93 (s, 1H), 4.49 (m, 2H), 4.42 (br s, 1H), 4.37 (dd, J = 12.2 and 4.4 Hz,
1H), 4.25 (m, 1H), 4.21 (m, 2H), 4.00 (m, 2H), 3.95 (m, 1H), 3.34 (s, 3H), 3.22 (m, 1H), 2.11 (s,
3H), 2.08 (s, 3H), 2.05 (s, 3H), 1.89 (s, 3H), 1.60 (s, 3H), 1.45 (s, 3H), 1.33 (s, 9H); °C NMR
(100.6 MHz, CDCl3) 6: 170.3, 169.9, 169.2, 168.7, 167.9, 155.9, 144.8, 122.8 (q, J = 282.1 Hz),
121.6, 112.4, 109.9, 86.1, 85.9, 85.2, 85.1, 81.8, 75.4, 72.5, 70.9, 67.8, 61.2, 60.3, 55.2, 51.5, 46.6
(septet, J = 27.2 Hz), 42.5, 29.6, 28.9, 28.3, 26.4, 24.8, 20.9, 20.4, 20.0, 14.2; ESI (m/z) 943.7
[M++Na, (100)], Anal. calcd. for C3sHsoFsNeO15: C 46.96, H 5.47, N 9.13; found: C 46.98, H 5.48,
N 9.11.

Minor diastereoisomer: R; = 0.38 (hexane/ AcOEt 50:50); *H NMR (400 MHz, CDCls), &: 7.71 (s,
1H), 5.97 (br s, 1H), 5.81 (d, J = 9.2 Hz, 1H), 5.43 (t, J = 9.2 Hz, 1H), 5.35 (t, J = 9.2 Hz, 1H), 5.25
(t, J =9.2 Hz, 1H), 4.97 (s, 1H), 4.57 (d, J = 6.0 Hz, 1H), 4.53 (d, J = 6.0 Hz, 1H), 4.49 (br s, 1H),
4.39 (d, J = 13.2 Hz, 1H), 4.32 (dd, J = 12.8 and 5.2 Hz, 1H), 4.21 (m, 1H), 4.18 (d, J = 13.2 Hz,
1H), 4.00 (m, 2H), 3.67 (m, 1H), 3.41 (s, 3H), 3.23 (m, 1H), 2.11 (s, 3H), 2.08 (s, 3H), 2.05 (s, 3H),
1.86 (s, 3H), 1.68 (s, 3H), 1.47 (s, 3H), 1.30 (s, 9H); *C NMR (100.6 MHz, CDCls) &: 170.4, 169.9,
169.3, 168.5, 167.9, 155.9, 144.5, 123.0 (q, J = 282.7 Hz), 121.2, 112.4, 109.1, 86.0, 85.6, 85.5,
82.0, 75.4, 75.3, 72.5, 70.4, 67.6, 61.4, 55.5, 51.5, 46.7 (septet, J = 26.2 Hz), 42.3, 29.7, 28.9, 26.3,
24.7, 20.6, 20.5, 20.0; ESI (m/z) 943.7 [M"+Na, (100)]; Anal. calcd. for C3sHsoFsNgO1s: C 46.96, H
5.47, N 9.13; found: C 46.96, H 5.49, N 9.14.

2b: Mixture of two diastereoisomers: R; = 0.24 (hexane/ AcOEt 80:20); 'H NMR (400 MHz,
CDCl3), major diastereoisomer 6: 5.41 (d, J = 5.2 Hz, 1H), 5.38 (d, J = 4.8 Hz, 1H), 4.62 (s, 1H),
456 (m, 2H), 4.24 (m, 2H), 4.14 (m, 4H), 3.82 (m, 2H), 3.46 (m, 1H), 3.21 (dd, J = 14.8 and 5.2
Hz, 1H), 1.44-1.37 (four s, 12H), 1.30-1.24 (four s, 12H); minor diastereoisomer o:5.46 (d, J =5.2
Hz, 1H), 5.38 (d, J = 4.8 Hz, 1H), 4.91 (s, 1H), 4.56 (m, 2H), 4.24 (m, 2H), 4.14 (m, 4H), 3.82 (m,
2H), 3.45 (m, 2H), 1.44-1.37 (four s, 12H), 1.30-1.24 (four s, 12H); 3C NMR (100.6 MHz, CDCls)



6. 169.7, 169.6, 169.5, 157.2, 156.8, 122.8 (q, J = 281.5 Hz), 122.3 (q, J = 280.8 Hz), 109.9, 109.8,
109.7, 109.5, 109.0, 108.7, 108.7, 108.5, 96.3, 96.23, 96.20, 96.1, 71.5, 71.4, 71.3, 71.1, 70.9, 70.8,
70.7, 70.5, 70.44, 70.40, 70.3, 66.9, 64.6, 64.3, 63.6, 57.2, 57.1, 55.4, 49.2 (septet, J = 28.5 Hz),
48.9 (septet, J = 27.9 Hz), 42.2, 42.1, 42.0, 40.2, 39.9, 29.6, 26.0, 25.9, 25.8, 25.76, 25.70, 25.05,
25.03, 24.7, 24.6, 24.55, 2451, 24.3 ; ESI (m/z) 757.1 [M'+Na, (100)]; Anal. calcd. for
C3zoH40FsN2012: C 49.05, H 5.49, N 3.81; found: C 49.02, H 5.50, N 3.79.

3b: Mixture of two diastereoisomers: R; = 0.35 (hexane/ AcOEt 60:40); 'H NMR (400 MHz,
CDCl3), major diastereoisomer o: 8.21 (br s, 1H), 7.34 (m, 5H), 6.60 (br s, 1H), 5.16 (d, J = 12.0
Hz, 1H), 5.12 (d, J = 12.0 Hz, 1H), 5.00 (s, 1H), 4.97 (s, 1H), 4.62-4.57 (m, 7H), 4.28 (t, J = 6.0 Hz,
1H), 4.00 (m, 1H), 3.48 (m, 1H), 3.44 (s, 3H), 3.40 (s, 3H), 3.33 (m, 1H), 1.63 (m, 3H), 1.47 (s,
3H), 1.46 (s, 3H), 1.30 (s, 3H), 1.29 (s, 3H), 0.91 (m, 6H); minor diastereoisomer &: 7.52 (br s,
1H), 7.34 (m, 5H), 6.16 (t, J = 5.6 Hz, 1H), 5.17 (d, J = 12.0 Hz, 1H), 5.11 (d, J = 12.0 Hz, 1H),
5.04 (s, 1H), 4.97 (s, 1H), 4.62-4.57 (m, 7H), 4.34 (dd, J = 8.4 and 6.0 Hz, 1H), 4.00 (m, 1H), 3.48
(m, 1H), 3.41 (s, 3H), 3.40 (s, 3H), 3.06 (m, 1H), 1.63 (m, 3H), 1.47 (s, 3H), 1.46 (s, 3H), 1.33 (s,
3H), 1.31 (s, 3H), 0.91 (m, 6H); *C NMR (100.6 MHz, CDCls) &: 171.9, 171.6, 167.8, 167.3,
158.3, 156.2, 135.6, 135.5, 128.5, 128.4, 128.3, 128.28, 128.21, 128.1, 128.0, 122.7 (q, J = 289.2
Hz), 122.4 (q, J = 282.6 Hz), 113.1, 112.9, 112.3, 112.2, 111.4, 110.4, 110.3, 110.2, 87.0, 86.3,
86.2, 85.6, 85.4, 84.6, 84.4, 82.3, 82.0, 66.9, 66.8, 56.0, 55.8, 55.3, 55.2, 51.5, 51.4, 46.6 (septet, J
= 26.8 Hz), 46.0 (septet, J = 26.5 Hz), 44.0, 43.8, 41.2, 40.8, 26.5, 26.4, 26.3, 24.9, 24.8, 24.7, 24.6,
22.7,21.7,21.6; ESI (m/z) 866.1 [M*+Na, (100)]; Anal. calcd. for C3;Hs;FsN301,: C 52.67, H 6.09,
N 4.98; found: C 52.68, H 6.10, N 4.96.

3c: Major diastereoisomer: R; = 0.34 (hexane/ AcOEt 40:60); *H NMR (500 MHz, CDCls), §: 7.58
(brs, 1H), 7.37-7.22 (m, 10H), 6.12 (br s, 1H), 5.18 (d, J = 12.5 Hz, 1H), 5.14 (d, J = 12.5 Hz, 1H),
4.97 (s, 1H), 4.86 (m, 1H), 4.64-4.47 (m, 8H), 4.28 (m, 1H), 3.75-3.68 (m, 2H), 3.44 (s, 3H), 3.41
(m, 2H), 2.99 (m, 2H), 2.96 (m, 3H), 1.71 (m, 1H), 1.57 (m, 2H), 1.49 (s, 3H), 1.45 (s, 3H), 1.31 (s,
3H), 1.26 (s, 3H), 0.92 (d, J = 6.5 Hz, 3H), 0.90 (d, J = 6.5 Hz, 3H); *C NMR (100.6 MHz, CDCls)
6:171.8, 170.6, 167.9, 137.0, 135.8, 128.7, 128.5, 128.4, 128.1, 128.0, 126.6, 123.6 (g, J = 280.7
Hz), 123.2 (q, J = 281.7 Hz), 113.1, 112.4, 110.9, 110.8, 86.3, 85.8, 84.1, 81.9, 81.3, 66.7, 58.8,
55.8, 55.5, 54.2, 53.4, 51.4, 46.1 (septet, J = 26.2 Hz), 43.4, 40.8, 37.0, 29.6, 26.4, 26.2, 24.8, 24.4,
22.6, 22.1; ESI (m/z) 1013.4 [M"+Na, (100)]; Anal. calcd. for C4eHgoFsN4O13: C 55.75, H 6.10, N
5.65; found: C 55.76, H 6.09, N 5.67.

Minor diastereoisomer: R; = 0.28 (hexane/ AcOEt 40:60); *H NMR (400 MHz, CDCls), &: 7.30-
7.17 (m, 12H), 6.52 (br s, 1H), 6.02 (br s, 1H), 5.08 (s, 2H), 4.93 (s, 1H), 4.91 (s, 1H), 4.58-4.49
(m, 6H), 4.34 (q, J = 7.2 Hz, 1H), 4.23 (t, J = 6.8 Hz, 1H), 4.17 (m, 1H), 3.42 (m, 1H), 3.34 (s, 3H),
3.33 (s, 3H), 3.20-3.14 (m, 4H), 1.65-1.52 (m, 5H), 1.43 (s, 3H), 1.42 (s, 3H), 1.27 (s, 3H), 1.26 (s,
3H), 0.86 (d, J = 6.8 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H); *C NMR (100.6 MHz, CDCl5) §: 172.3,
169.8, 167.3, 158.1, 137.3, 135.6, 129.1, 128.5, 128.4, 128.2, 128.0, 126.7, 123.2 (q, J = 284.7 Hz),
113.4,112.4,110.5, 110.1, 86.2, 85.4, 84.5, 81.9, 81.8, 66.7, 56.1, 56.0, 55.1, 51.1, 46.7 (q, J = 27.2
Hz), 44.0, 41.1, 36.3, 29.6, 26.5, 26.4, 24.9, 24.8, 24.7, 24.6, 22.7, 21.8, ; ESI (m/z) 1013.4
[M*+Na, (100)]; Anal. calcd. for C4sHeoFsN4O13: C 55.75, H 6.10, N 5.65; found: C 55.75, H 6.11,
N 5.66.



4b: Mixture of two diastereoisomers: R; = 0.18 (hexane/ AcOEt 20:80); *H NMR (400 MHz,
CDCl3), major diastereoisomer 6: 5.58 (d, J = 5.2 Hz, 1H), 5.54 (d, J = 4.8 Hz, 1H), 5.30 (s, 1H),
5.28 (s, 1H), 5.23 (m, 1H), 4.80 (d, J = 2.0 Hz, 1H), 4.59 (m, 2H), 4.32 (m, 1H), 4.29 (m, 2H), 4.26
(m, 1H), 4.11 (m, 2H), 3.98 (m, 2H), 3.84 (m, 2H), 3.74 (m, 1H), 3.49 (m, 3H), 3.21 (m, 3H), 2.16
(s, 3H), 2.11 (s, 3H), 2.41 (s, 3H), 1.99 (s, 3H), 1.84 (m, 2H), 1.46 (s, 3H), 1.45 (s, 9H), 1.35 (s,
3H), 1.34 (s, 6H), 1.27 (s, 3H); *C NMR (100.6 MHz, CDCls) &: 170.6, 169.9, 169.7, 168.2, 122.9
(9, J =280.7 Hz), 109.5, 109.3, 108.5, 97.5, 96.3, 96.1, 71.5, 70.9, 70.7, 70.5, 70.4, 69.6, 69.1, 68.5,
66.7, 66.2, 65.9, 62.5, 46.3, 46.1, 45.8, 37.2, 29.3, 28.9, 26.0, 25.9, 25.8, 25.0, 24.96, 24.89, 24.3,
24.1, 20.8, 20.7, 20.6, 20.5; ESI (m/z) 1123.1 [M*+Na, (100)]; Anal. calcd. for C47HgFsN3O2,: C
49.52, H5.92, N 3.69; found: C 49.50, H 5.94, N 3.70.

19: Mixture of two diastereoisomers: R = 0.23 (CHCIs/CH;OH 95:5); *H NMR (400 MHz,
CD30D), major diastereoisomer 6: 6.36 (br s, 1H), 6.34 (br s, 1H), 5.59 (s, 1H), 5.26 (br s, 1H),
5.16 (d, J = 2.8 Hz, 1H), 4.92 (s, 1H), 4.39 (m, 1H), 4.31 (m, 1H), 4.19 (m, 3H), 4.09 (m, 2H), 3.89
(m, 3H), 3.76 (m, 2H), 3.69 (m, 1H), 3.47-3.17 (m, 15H), 2.89 (m, 2H), 2.68 (m, 2H), 1.97 (m, 1H),
1.47-1.28 (eleven s, 102H); minor diastereoisomer 6: 6.36 (br s, 1H), 6.34 (br s, 1H), 5.58 (s, 1H),
5.26 (br s, 1H), 5.14 (d, J = 2.6 Hz, 1H), 4.92 (s, 1H), 4.39 (m, 1H), 4.31 (m, 1H), 4.19 (m, 3H),
4.09 (m, 2H), 3.89 (m, 3H), 3.76 (m, 2H), 3.69 (m, 1H), 3.47-3.17 (m, 15H), 2.89 (m, 2H), 2.68 (m,
2H), 1.97 (m, 1H), 1.47-1.28 (eleven s, 102H); **C NMR (100.6 MHz, CDCls) &: 168.3, 168.0,
157.5, 157.1, 156.8, 156.3, 122.7 (q, J = 282.3 Hz), 122.3 (g, J = 282.7Hz), 109.3, 109.2, 109.0,
99.3, 98.0, 96.5, 96.4, 96.2, 85.7, 81.2, 80.1, 79.3, 79.0, 78.0, 74.3, 74.1, 74.0, 73.2, 72.1, 72.0,
71.6,71.2, 70.8, 70.7, 70.5, 70.4, 70.2, 67.5, 66.1, 55.6, 52.9, 51.0, 50.9, 50.8, 50.4, 45.9 (septet, J
= 27.2 Hz), 41.4, 40.3, 39.6, 34.4, 34.1, 30.9, 30.8, 28.2, 28.0, 27.7, 27.5, 27.4, 27.3, 25.6, 25.2,
25.1, 24.9, 24.8, 24.0, 239, 23.2; ESI (m/z) 1846.0 [M'+Na, (71)]; Anal. calcd. for
C77H129F6N90318: C50.73,H7.13, N 6.92; found: C 50.70, H 7.15, N 6.89.
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Analysis Name  av 1d78b.d Acquisition Date  10/29/13 16:02:38 Operator Walter Panzeri
Sample Name Method Copy of _D1esquirew MS Instrument esquire3000plus
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Richiedente: Volonterio
Intens,, +MS, 0.0-0.4min (#5-#41
*10 7746
4
1
2
14
752.6
0 . ‘ L
100 200 300 400 500 600 700 ano miz

Bruker Daltonics DataAnalysis 3.1 printed 10/29/13 16:15:47 Page 1of 1



OAc

AcO

AcO

1100

1000

900
800

700

600

500

400

300

200

100

0

| -100

LTT
982'T
00€'T
cIET
L1€T
€8T

605°T

€0

8Te
€6T°E
veee
€€2'E
LIEE
E0V'E

8SL°E
LE

LLE
€8L°€
88L°E

T6L°€

6207
Se0Y
S50~
ey
125
1657
sy
885y
€09
SLEY
8105 7
910°
omw.mN
6675
0925/

9ev'S

9 N
6Tr8 =
Uz

10

W 87'5¢
W or'9

% 1092

15

20

25

6.0
00T
6T'L

35

M\ €0°T

4b

SL'9

45

wL

5.0

19°0T

65

70

75

85

el

9.0

f1 (ppm)



2IEY8RYH |8 89| INIE N N N T U v
32882888 4 58 888§ B E833ERORRES O BB I B3RS SS9 Y INKVEII ST
= | VN NE I e R e N Y e N 2500
| 2000
| 1500
| 1000
\ ‘ | 500
|
|
i ‘\‘
[
170 160 150 140 130 120 110 100 ) 8 7 ) 5 ) 3h 2
f1 (ppm)
-L.G.S. - Laboratorio Grandi Strumenti - Display Report
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Analysis Name av 2581a.d Acquisition Date 0371214 16:21:59 Operator Walter Panzeri
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Richiedente: Volonterio
Intens, +MS, 0.0-0.4min (R2#29
*10 0437
5
4
34
o
1
740.6
7205 t
100 200 300 400 500 600 700 800 ato 1000miz
Bruker Daltonics DataAnalysis 3.1 printed 03712114 16:23:12 Page 1 of 1



1600

1500

1400

1300
1200

1100

1000

-100

B6CT
80ET]
89V'T

9T

0087\

2987

61027\

150
¥80'C
180C
111%4

154

minor diast.
\

OAc
OAc
sa2eg
SHSe 8
5888 W

RS

AcO
OAc
ESNC

oL

fjff

sS SSS T /// /I/

4841

LLE

67'C

e

e

£9'6

00T

L0€

76'0

STT

LI A e A

-

8TT

€T
0T
027

T

M\ 60T

f1 (ppm)



| 21uuu

155.92
144.46
124.43
112.39
109.82
85.60

85.56

@

42
61
61.44
55.36
51.55

86.01

[ 20000

—T12162
12117

s
72
~70
~Us5.25
/4.
N
42
J
<

~8201

[ 19000
[ 18000
[ 17000
[ 16000
[ 15000
[ 14000
[ 13000
[ 12000
[ 11000
[ 10000
[ 9000
[ 8000
[ 7000
[ 6000
[ 5000
[ 4000
[ 3000

i [ 2000

hj [ 1000
|
| m A .LJ‘LAA ‘ ‘ LMO

m.
W oyl ol o

[ -1000

[ -2000

170 160 150 140 130 120 110 100 9 8 7 ) ) 4 ) P
f1 (ppm)

-L.G.S. - Laboratorio Grandi Strumenti - Display Report

Analysis Name  av 2581b.d Acquisition Date  03/18/14 13:51:49 Operator Walter Panzeri
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Analysis Info
Analysis Name  av chi.d Acquisition Date  02/02/12 15:16:26 Operator Walter Panzeri
Sample Name Method Copy of _D1walt Instrument esquire3000plus
Comment 1 mg/mL dil 1:100 MeOH 07.09.11.MS
Richiedente: Volonterio
Acquisition Parameter
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Analysis Name av 2094 d Acquisition Date  04/10/15 14:23:38 Operator ‘Walter Panzeri
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Analysis Name av 2623.d Acquisition Date  02/18/15 13:38:15 Operator Walter Panzeri
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Analysis Name av 2625b.d Acquisition Date  03/06/15 15:19:38 Operator ‘Walter Panzeri
Sample Name Method Copy of _01tmix_posneg Instrument £esquire3000plus
Comment 1 mg/mi dil 1:100 MeQH ImMS
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Analysis Name  av 2625¢.d Acquisition Date  03/06/15 15:25:43 Operator Walter Panzeri
Sample Name Method Copy of _01tmix_posneg Instrument esquire3000plus
Comment 1 mg/mi dil 1:100 MeQH ImMS

Richiedente: Volonterio
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-L.G.S. - Laboratorio Grandi Strumenti - Display Report
Analysis Name  av 2528.d Acquisition Date  11/14/13 10:16:08 Operator Administrator
Sample Name Method Copy of _01esquirew.MS Instrument esquire3000plus
Comment 1 mg/mi dil 1:100 MeOH
Richiedente: Volonterio
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-L.G.S. - Laboratorio Grandi Strumenti - Display Report
Analysis Name  av 2626 bis.d Acquisition Date  03/13/15 10:28:03 Operator Walter Panzeri
Sample Name Method Copy(3) of _01tmix_posneg Instrument esquire3000plus
Comment 1 mg/ml dil 1:100 MeOH hm.MS
Richiedente: Fronza
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