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Abstract: An original and efficient stereocontrolled synthesis of ribonucleosidic homo- and heterodimers
has been achieved from inexpensive D-xylose. This successful strategy involved the sequential introduction
of nucleobases, using two sterecocontrolled N-glycosidation reactions, from a common two-furanoside
amide-linked scaffold offering the possibility of obtaining any given base sequence. The pertinence of this
approach is illustrated through the preparation of the homodimers UU-34 and TT-35 in 18 steps with an

excellent overall yield of more than 10% from D-xylose while the heterodimer route led to UT-39 in 19 steps

with around 10% overall yield.

Key words: D-xylose, glycosylation, azide reduction, amide formation, ribonucleosidic dimers, antisense,
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1-Introduction

Since the pioneering work of Zamecnik and Stephenson' major advances have been made in the
development of chemically modified oligonucleotides as a novel strategy for drug discovery” in various gene
silencing technologies, such as antisense,’ antigene4 and RNA interference®’. In 1998, the first antisense
drug, the phosphorothioate oligonucleotide Vitravene™ (ISIS 2922), was approved for the treatment of
AIDS-related cytomegalovirus (CMV) retinitis.® Five years later, a second antisense phosphorothioate
oligonucleotide drug Kynamro™ (ISIS 301012) was approved to treat homozygous familial
hypercholesterolemia (HoFH), a genetic defect that leads to high cholesterol levels.” Currently, more than 40
antisense therapies are in clinical trials for diseases such as cancer, diabetes and neurodegenerative

. 8
diseases.
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Figure 1. Natural phosphodiester linkage in natural DNA A and RNA B strands and amide linkages C and
D proposed as a substitute for the phosphodiester in oligodeoxynucleotides and oligoribonucleotides,

respectively.

In the last two decades, a large variety of chemically modified oligonucleotides have been designed,
synthesized and evaluated in order to improve properties such as nuclease resistance to degradation in
biological fluids, biodistribution and pharmacokinetics, while keeping the affinity and specificity towards
the targeted RNA messenger or RNA interference.” Among these, the oligonucleotides modified with non-

ionic phosphate linkage mimics offered various advantages, especially an increase in hydrophobicity due to
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the reduced global charge.'” In this context, earlier studies showed that the C3’-CH,-CO-NH- C5’
internucleoside amide linkage (C, Figure 1), first synthesized and patented'' by De Mesmacker and co-
workers at CIBA in 1992, does not disturb the thermal stability of DNA/RNA duplexes.'""'* In fact, with
oligodeoxynucleotides, this amide linkage improved the binding affinity by Watson-Crick base pairing for
RNA complements, as measured by increased duplex stability in thermal denaturation experiments (Atm per
modification: +0.4 to +0.9 °C). Moreover, these modified oligodeoxynucleotides displayed remarkable
resistance to enzymatic degradation relative to reference strands. It was also reported that this modified
internucleoside amide linkage, such as in C, with an additional methyl substituent at C5’ having the S
configuration improved the thermal stability of duplexes with RNA (Atm per modification: +1.0 to +1.4 °C)
compared to the R configuration (Atm per modification: —3.6 to —4.9 °C)." It should also be pointed out that
the other four possible structural isomers of amide dimers between the C3’ of the upper base and the C5’ of
the lower base have been prepared and evaluated by the same group.'"'* More recently, Rozners'® and
Iwase'® showed that this same internucleoside amide linkage C3’-CH,-CO-NH- C5’, such as in dimer D in
RNA strands, does not disturb the A-type structure of the corresponding RNA/RNA duplexes (Atm per
modification: —0.2 to +0.7 °C). As previously mentioned for the DNA series, amide-linked RNA is

remarkably resistant to nuclease-mediated cleavage.

In the quest for ideal backbone replacements, various neutral linkages containing the amide function, such as
the phosphodiester mimic, have been extensively studied for potential nucleic acid-based therapeutic
applications.'”"” Among them, the C3’-CH,-CO-NH- C5’ internucleoside amide linkage present in dimers C
and D (Figure 1) seems to be one of the most promising achiral non-ionic phosphate linkage mimic
candidates of chemically modified nucleosides developed so far. It is worth noting that in both deoxyribo-
and ribo-oligonucleotides with the C3’-CH,-NH-CO- C5’ internucleoside amide linkage, one of the other
four possible structural isomers of amide dimers between the C3’ of the upper base and the C5’ of the lower
base displayed very similar binding affinities compared to the C3’-CH,-CO-NH- C5’ internucleoside amide

linkage present in dimers C and D (see Figure 1).
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In general, the amide-linked deoxyribonucleoside dimers, such as in C (see Figure 1), have been obtained
from the commercially available natural nucleosides. In this way, the carboxylic acid monomers were
efficiently synthesized by free-radical allylation at C3” with total a-diastereoselectivity from 5'-O-protected
2'-deoxynucleoside precursors.'® This key step was followed by successive oxidation reactions to provide
the desired acid monomer. This is in sharp contrast to the synthesis of amide-linked ribonucleoside dimers
D, for which the reaction applied to 2’,5’-di-O-protected ribonucleoside intermediates led to the desired
products contaminated by the other diastereoisomer arising from free-radical allylation at C3’ on the B-face.
Consequently, in this series, the synthesis of these required carboxylic acid monomers has been largely
reported from sugars, mainly D-xylose or D-glucose.”” As previously mentioned, this sugar route to prepare
the required carboxylic acid monomers of amide-linked ribonucleoside dimers D turned out to be more
efficient: from a protected a- D-erythro-pentofuranos-3-ulose intermediate, a sequence of the Wittig-Horner
reaction followed by diastereoselective hydrogenation provided the desired glycosyl precursor, which was
then involved in an N-glycosylation to introduce the desired nucleobase. At the final stage, these amine and
carboxylic acid monomers are assembled using well established peptide coupling chemistry and, after
protecting group manipulation, their protected phosphoramidite dimeric blocks are incorporated into the
desired amide-linked RNA strands according to standard solid-phase oligomerization on RNA synthesizers.
To be complete, it should be noted that an original approach concerning the synthesis of RNA sequences
containing up to three consecutive internal amide linkages such as in C has been published by Rozners and
co-workers.”” From the 5°-N-MMT (4-methoxytrityl) aminouridine-3’-phosphoramidite monomer, these
authors used a combination of standard solid-support automated phosphoramidite chemistry and manual
addition of 5’-amino-3'-carboxymethyluridine derivative and 5-O- MMT 3’-carboxymethyluridine
monomers, as their activated carboxylic ester derivatives formed separately under conventional peptide

coupling conditions.

2-Results and discussion
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As part of our interest in the synthesis of modified nucleosides, we initiated a new program for the efficient
and general preparation of amide-linked ribonucleoside dimers D, with the aim of avoiding the fastidious
preparation of each of the four monomeric building block amine and carboxylic acid nucleoside precursors
required to access any given base sequence. To reach this goal, our retrosynthetic analysis of these protected
amide-linked ribonucleoside dimers D, delineated in Scheme 1, relied on an original sequential introduction
of a nucleobase sequence from a common two-furanoside amide-linked scaffold 4. It should be highlighted
that the later-stage stereocontrolled implantation of nucleobases avoids the tedious manipulations of various
sensitive protected nucleoside derivatives, which greatly facilitates both the synthesis and the purification.
The crucial issue of this strategy was the stability of the isopropylidene protecting group in the 1,2 positions
of the upper furanose in 4, under the Vorbriiggen N-glycosylation®' conditions required to introduce the first
nucleobase. Then, it was also expected that further transformations, including acetolysis and a second
Vorbriiggen N-glycosylation, should be compatible with the various chemical functionalities on this
advanced intermediate 3. The successful implementation of this strategy would provide amide-linked

ribonucleoside dimers 1 with all possible combinations of nucleobases from a common scaffold 4.
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Scheme 1. Retrosynthetic analysis of protected amide-linked ribonucleoside dimers 1.

1 2 3 4

As a prelude to this approach, a straightforward synthesis of the amide-linked ribonucleoside homodimers
such as 1 (Base'=Base?) was investigated using a similar strategy from a tetraacetate scaffold 7 in which a
one-pot double Vorbriiggen transglycosylation with a suitable single type of base provided the desired

homodimer, as outlined in Scheme 5.% It should be pointed out that the convergent synthesis of the common
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scaffold 4 and its related tetraacetate analogue 7, as outlined in Schemes 4 and 2 respectively, is based on

the same building blocks that are readily available from D-xylose.

The first common glycosyl donor 7 was prepared as depicted in Scheme 2. The synthesis of both amine 19
and acid 6 monomers started from the known TBDPS-protected 3-ulose 9 derivative, which was readily
obtained according to a known procedure from D-xylose by a four-step sequence along with an optimized
scalable oxidation step. Our synthesis commenced with acetalization of D-xylose,” followed by selective
cleavage of the 3°,5’-acetal as described by Bozo and co-workers™ and finally selective protection of the
resulting primary alcohol function with TBDPSCI® to furnish the secondary alcohol 8 in 70% overall yield.
The latter was oxidized into its corresponding ketone 9 in quantitative yield with a TEMPO/BAIB* system
under mild conditions. It should be pointed out that this oxidation procedure was more efficient on a large

scale (up to 10 g) than conventional methods such as CrOs/pyridine/Ac,0, PCC, or Swern oxidation.
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36 Scheme 2. Conditions: (a) H,SO4, CuSQOy4, acetone, rt, 40 h; (b) HCI, MeOH, 40 °C, 2 h, quant. for two
38 steps; (c) TBDPSCI, imidazole, DMF, tt, 48 h, 70%; (d) BAIB, TEMPO, DCM (0.6 M), rt, 40 h, quant. (e)
NaBH,, EtOH/water (9:1), rt, 16 h, 95%, dr > 95:5; (f) NaH, BnBr, THF, rt, 16 h, 92%; (g) TBAF, THF, 4
43 °C, 3 h then rt, 16 h, 80%; (h) MsCl, pyridine, rt, 3 h, quant.; (i) NaN3;, DMF, 90 °C, 3 h, 95%; (j) H; (atm.
45 press.), Pd/C (5 wt.%), EtOH, rt, 4 h, 94%; (k) PhsP=CHCO,Et, DCM, rt, 24 h, 95%, dr > 95:5; (1) TBAF,
47 THF, 4 °C, 3 h, then rt, 2 h, 92%; (m) H, (atm. press.), Pd/C (5 wt.%), EtOH, rt, 24 h, quant.; (n) NaH,
49 BnBr, DMF, 1t, 20 h, 84%; (o) LiOH, dioxane/water (1:1), rt, 22 h, quant.; (p) TBTU, HOBt, Et;N, CH3;CN,
52 5 °C, 30 min, then 19, Et;N, 5 °C to rt, 16 h, quant.; (q) Ac,O, CSA (0.05 eq.), AcOH, 85 °C, 1 h, then CSA

54 (0.05 eq.), 85 °C, 3 h, 39%.
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At this juncture, having in hand this common ketone 9, we turned our attention toward the synthesis of the
carboxylic acid synthon 6. In accordance with our plan, the 5-O-TBDPS-1,2-O-isopropylidene-a-D-erythro-
pentofuranos-3-ulose derivative 9 was treated with [(ethoxycarbonyl)-methylene]triphenylphosphorane in
DCM to provide stercoselectively the (Z)-o,B-unsaturated ester 10 in 95% yield. Although of no
consequence to the synthesis, the Z geometry of the ester was confirmed from the 'H and *C NMR spectra,
which were in agreement with the reported data.”” At this point, we envisaged that diastereoselective
reduction of the double bond could be carried out directly from the fully protected intermediate 10 to
provide the desired 3o diastereoisomer.”® All attempts to reduce this a,B-unsaturated ester 10, either by
hydrogenation or with NaBHy4, led to a diastereomeric mixture. At this point, prompted by Robins’s

reports,'*

the silyl group of 10 was cleaved with tetrabutylammonium fluoride (TBAF) and the
corresponding primary alcohol 11 was engaged in the reduction step. Classic catalytic hydrogenation of 11
under atmospheric pressure in the presence of 5% palladium on charcoal in EtOH at room temperature
afforded the saturated ester 12 in 87% crude yield as the sole diastereoisomer according to 'H and >C NMR
analyses. This result suggested that the alcohol function at C5 in intermediate 11 is able to bind to the
heterogeneous catalyst surface to exert stereochemical control of hydrogen addition to the olefin with a high
level of diastereoselectivity. We also anticipated that upon switching the protecting group from silyl- to
benzyl-ether would remedy the partial cleavage of the 5-O-TBDPS group under the acidic conditions of the
acetolysis reaction (vide infra) as observed in our preliminary investigations. Finally, benzylation of the
primary alcohol 12 under classic conditions furnished the expected benzylether 13 in 84% yield, which upon
treatment with LiOH led quantitatively to the key acid synthon 6. With the synthesis of the acid 6 secured in
nine steps from D-xylose with an excellent overall yield of 50%, we began to focus our attention on the
synthesis of the amine monomer 19. Preparation of the amine 19 began with a diastereoselective reduction
of the key ketone intermediate 9 and subsequent benzylation of the resulting alcohol function at C3 in 14,
followed by fluoride-mediated cleavage of the silylether. Finally, activation of the liberated alcohol as a
mesylate led to compound 17 in 50% overall yield.” Nucleophilic displacement of the 5-O-mesylate group

of 17 with sodium azide gave the desired azido derivative 18, which was then reduced to provide the

corresponding amine monomer 19 in 90% overall yield for this two-step sequence. It is noteworthy that the
8
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palladium on a charcoal source had no influence on the chemoselectivity of this catalytic hydrogenation
reaction, which was run at various scales with no problem. This key amine monomer 19 was synthesized in
six steps from the intermediate ketone 9 and in ten steps from D-xylose with a very good yield of 45%. With
the synthesis of both amine 19 and acid 6 monomers secured, the stage was then set for the coupling reaction
to give the first amide-linked glycosyl donor 7. The targeted amide-linked pentose dimer 20 was isolated in
near quantitative yield upon treatment of acid 6 with amine 19 monomers with a coupling reagent cocktail of
2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU), 1-hydroxybenzotriazole
(HOBt) and Et;N in DCM.*® Next, conversion of both 1,2-O-isopropylidene protection groups of compound
20 into its corresponding peracetylated glycosyl donor proved to be problematic to provide our amide-linked
dimer 7. Most of the common protocols to perform this latter transformation involve acidic cleavage
(AcOH, TFA, H,SOy) of the acetonide followed by acetylation of the resulting 1,2-diol with Ac,O in a one-
pot or sequential reaction.’' From dimer 20, extensive optimization of this crucial transformation in our plan,
with regard to the acid component (AcOH,* TFA,* H,S0,**), revealed that a one-pot two-step sequence
with camphorsulfonic acid (CSA)* in a mixture of AcOH and Ac,0O was the most efficient in our hands.
Obviously, acid additives significantly influenced the reaction. However, after silica gel column
chromatography purification, the yields of this acetolysis reaction leading to the tetraacetylated dimer 7 were
modest (39%) (vide infra). This tetraacetylated dimer 7 was finally obtained in 17 steps from D-xylose and

with an 18% overall yield.

In addition to our acetolysis optimization, suspecting that the pendant amide moiety at C3 in dimer 20 could
interfere®® with the course of this transformation, we explored this process with model substrates 21 and 22,

as well as a more advanced model 23. Our more relevant findings are presented in Scheme 3.
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Scheme 3. Conditions: (a) AcOH aq (or TFA aq), 90 °C, 6 h—24 h then Ac,O, pyridine, rt, 20 h; (b) Ac,0O,

CSA (0.1 eq.—0.2 eq.), AcOH, 80 °C, 40 min—4 h.

Acetonide deprotection of the amide 21 with aqueous AcOH followed by acetylation with Ac,0 in pyridine
resulted in a mixture of the lactone 24"°**7 in 45-50% yield, as well as a bridged heterotricyclic lactam 25,
arising from an intermolecular N-glycosidation with the nitrogen atom of the amide function, in 25% yield
(Scheme 3, eq 1). To avoid the possibility of intramolecular amide cyclization at the anomeric position, the
N-methyl derivative 22 was subjected to a standard two-step acetolysis. Only the lactone 24 was isolated in
50% yield after purification (Scheme 3, eq 2). Under the same acetolysis conditions, the more advanced
model 23 led only to the formation of the lactam 27 in 32% yield (Scheme 3, eq 3). The formation of the
bridged heterotricyclic lactams 25 and 27 resulted from the intramolecular nucleophilic attack of the N-H of
the amide parents 21 and 23 on the furanose oxocarbenium ion formed by acid-promoted cleavage of the
acetonide moiety and subsequent elimination of water. The structures of 24-25 and 27 were assigned by

extensive NMR study (see Supporting Information for details).

In the second set of experiments on these model substrates 21-23, a one-pot two-step acetolysis in the
presence of CSA afforded the desired 1,2-di-O-acetate adducts 26 and 28-29 (Scheme 3, eq 4-6) as an
anomeric mixture in moderate to good yields after purification. As will be seen, we later found that
substantial decomposition of these 1,2-di-O-acetate derivatives occurred during silica gel column

chromatography purification.

With an efficient preparation of our first glycosyl dimer 7 in hand, we next turned our efforts to the
production of the second key dimer 4 as depicted in Scheme 4. Based on our previous experience, as
discussed above, our optimized conditions of acetolysis were applied to the azido intermediate 18 to yield
the corresponding 1,2-di-O-acetate compound 30. Analysis of the "H NMR spectrum of this latter crude
reaction mixture clearly indicated that the only product of this transformation was the required
azidodiacetate 30 (>95% crude yield, >95% purity). Surprisingly, silica gel chromatography purification
afforded only a modest 50% yield of the desired pure compound 30. To avoid loss of product during silica
gel purification, the organic layer was washed around ten times during the workup with an aqueous saturated

11
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solution of NaHCOj; to provide the azidodiacetate 30 in 87% crude yield, which was directly used without
further purification. With this azidodiacetate 30 in hand, we explored its reduction under hydrogenation
conditions (1 atm. Hy, 5% palladium on charcoal, THF, rt) into the corresponding amine 5 required for the
amide coupling reaction to provide the dimeric amide framework 4. Unfortunately, under these conditions, a
mixture of products whose structures were tentatively assigned as amine 5 (M = 323) and acetamides 31 or
31’ (M = 323) arising from the migration of acetate® was obtained.” Attempts to reduce the azide 30 using
the Staudinger reaction led to the formation of the corresponding unusual stable iminophosphorane
intermediate, which clearly could not be hydrolyzed into the amine 5. However, to circumvent the acetate
migration, we ultimately found that the most efficient route to the amide-linked dimer 4 was the three-
component Staudinger-Vilarrasa ligation from the carboxylic acid 6 and azide 30.*° A first experiment
employing a catalytic variant'' of this Staudinger-Vilarrasa coupling reaction with PySeSePy as activator
afforded the targeted dimer 4 in a modest yield of 37%. In accordance with the work of Strazewski, "
reaction between the azide 30 and trimethylphosphine provided the corresponding aza-ylide intermediate,
which was then treated by addition of the corresponding activated ester of the parent acid 6 formed in situ by
exposure to DIC and HOBt in THF at room temperature. Under these optimized conditions, the amide-
linked dimer 4 was isolated in 65% yield after purification on silica gel chromatography. Thus, synthesis of

the second glycosyl dimer 4 was achieved in 16 steps with an overall yield of 30% from D-xylose.

12
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Scheme 4. Conditions: (a) Ac,O, CSA (0.05 eq.), AcOH, 85 °C, 1 h, then CSA (0.05 eq.), 85 °C, 1 h, 87%
(ou:p = 15/85); (b) H, (atm. press.), Pd/C (5 wt.%), THF, 3 h, total conversion; (c) Me;P then 6, DIC, HOBY,

THF, rt, 4 h, 65%.

Then, we proceeded to evaluate our plan for a one-pot and sequential introduction of the nucleobases as
outlined in Scheme 5. In the first instance, we examined the preparation of ribonucleosidic homodimers

from the amide-linked sugar dimer precursor 7.
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Scheme 5. Conditions: (a) base, BSA, CH;CN, 60 °C, 1 h, then TMSOT{, CH;CN, reflux, 2 h, 62% for
thymine, 56% for uracil; (b) H, (atm. press.), Pd/C (30 wt%), EtOH, 24 h, 93% for 34, 71% for 35; (c)
thymine, BSA, CH;CN, 60 °C, 1 h, then TMSOT{, CH;CN, rt, 24 h, 89%; (d) Ac,0O, CSA (0.05 eq.), AcOH,

85 °C, 1 h, then CSA (0.05 eq.), 85 °C, 3 h; (e) uracil, BSA, CH;CN, 60 °C, 1 h, then TMSOTY, CH3;CN, rt,

26 h, 83%, for 2 steps. (f) K,COs, MeOH, 1t, 4 h, quant.

To this end, the tetraacetate glycosyl donor 7 was submitted to a double one-pot Vorbriiggen N-
glycosylation with uridine. According to standard Vorbriiggen N-glycosylation protocols,”' the glycosyl
donor 7 was reacted with Dbis(trimethylsilyl)uracil, formed in situ by silylation of wuracil with
bis(trimethylsilyl)acetamide (BSA), and trimethylsilyltriflate (TMSOTY) as a promoter, in freshly distilled
acetonitrile at 60 °C, to give stereoselectively the B-configured protected homodimer UU-32 in 56% yield
after purification. Importantly, the anchimeric assistance of the 2-O-acetyl group in this Vorbriiggen type
coupling prevented the formation of an anomeric mixture and led to the exclusive formation of the amide-

backbone uracil protected ribodinucleoside 32 as the B-anomer. The same transformation using thymine
14
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resulted in essentially identical efficiency with a 62% yield of the homodimer TT-33. To finish, cleavage of
the benzyl protecting groups in UU-32 and TT-33 under classic hydrogenolysis conditions proceeded
smoothly to furnish the target homodimers UU-34 and TT-35 in 93% and 71% yields, respectively. It should
be noted that no cleavage by ethanolysis or migration of the acetyl group at C3’ in both nucleosides, due to
the slightly acidic nature of the palladium on charcoal catalyst, was observed during this transformation.
Following the successful synthesis of the homodimers UU-34 and TT-35, our efforts were focused on our
ultimate goal, which was the preparation of a heterodimer to validate our strategy. At this point, the
Vorbriiggen N-glycosylation with thymine, using the previous conditions, was performed on the glycosyl
donor 4 to furnish the intermediate 36 in an excellent yield of 89% after purification. Then, this latter
glycosyl donor 36 was subjected to previously optimized acetolysis conditions and the resulting diacetate
intermediate 37 was directly engaged without further purification in the last Vorbriiggen N-glycosylation
step with uracil to afford stereoselectively the desired heterodimer UT-38 in 83% overall yield, after silica
gel chromatography. Cleavage of the acetate groups in dimer 38 by classic methanolysis furnished the
benzyl protected dimer 39 in quantitative yield. It should be pointed out that orthogonal deprotection of
dimers 32, 33 and 38 afforded efficiently the corresponding partially protected dimers 34, 35 and 39 in good

yields.

3-Conclusion

To the best of our knowledge, the work reported here is the first example of the synthesis of nucleosidic
heterodimers with an internucleoside amide linkage, such as dimers D, via the sequential introduction of
pyrimidine bases using two stereocontrolled N-glycosidation reactions on a two-furanoside platform
precursor 4. From D-xylose, homodimers UU-34 and TT-35 were obtained in 18 steps with excellent overall
yields of more than 10% while the heterodimer route led to UT-39 in 19 steps with an overall yield of

around 10%.

The present preliminary investigation demonstrates the feasibility of our original strategy to introduce all

four natural nucleobases into both top and bottom sugars of the dimer platform 4, potentially leading to the

15
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16 possible combinations. The extension of this strategy to the preparation of dimers bearing various or

original bases other than thymine and uracil is underway.
Experimental Section

General information: All solvents were reagent grade. Solvent used for -chromatography
(Dichloromethane, ethyl acetate and petroleum ether) were distilled on a rotavapor. Acetonitrile was freshly

distilled from calcium hydride under argon.

Purifications were performed with flash column chromatography on silica gel or with flash chromatography

instrument. TLC was performed on silica gel 60 F 254 analytical plates, compounds were detected by UV (A
=254 nm).

'H and “C NMR spectra were recorded with 300 MHz spectrometer fitted with a 5 mm i.d. BBO probe
carefully tuned to the recording frequency of 300.13 MHz (for lH) and 75.47 MHz (for BC), the temperature
of the probe was set at room temperature (around 293-294 K), on the spectrometer fitted with a 5 mm i.d.
BBFO+ probe carefully tuned to the recording frequency of 400.13 MHz (for 1H) and 100.61 MHz (for 13C),
the temperature of the probe was set at 303 K, on the 500 MHz spectrometer fitted with a 5mm i.d. *C/'H
cryoprobe carefully tuned to the recording frequency of 500.13 MHz (for 'H) and 125.76 MHz (for "*C), the
temperature of the probe was set at 303 K. The spectra are referenced to the solvent in which they were run
(7.26 ppm for 'H CDCl; and 77.16 ppm for *C CDCls, 2.50 ppm for 'H DMSO-ds and 39.52 ppm for °C
DMSO-dg, 3.31 ppm for 'H CD;0D and 49.00 ppm for °C, 7.16 ppm for '"H C¢Dg and 128.06 ppm for °C
CgDg). Chemical shifts (0) are given in parts per million (ppm), and coupling constants (/) are given in Hz.
Multiplicity of signals is indicated as following: s (singlet), d (doublet), t (triplet), q (quadruplet), m
(multiplet), brs (broad singlet), dd (doublet of doublet), dt (doublet of triplet). All assignments were
confirmed with the aid of two-dimensional experiments both homonuclear 1H-1H (COSY) and
heteronuclear 1H-13C (HSQC and HMBC) correlation spectroscopy , standard pulse programs were used. In

case of dimer, we used the symbol A for the upper unit and B for the lower unit.

16
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Low resolution mass spectrometry (MS) were recorded on a quadripolar spectrometer (coupled with a
TracUltra GC apparatus) for Chemical lonization (CI), on a TOF spectrometer for ElectroSpray lonisation

(ESI).

High resolution mass spectrometry (HRMS) were recorded on an electro-magnetic spectrometer (for CI), on

a TOF spectrometer (for ESI+ and MALDI+).

Optical rotation data were obtained on a polarimeter, in a 100 mm cell, under Na lamp radiation at 20 °C.

1,2-O-isopropylidene-3-deoxy-3-(1,2-0-acetyl-3-O-benzyl-5-deoxy-5-acetamido- fribosyl)-5-O-benzyl-

a-D-ribofuranose (4): Acid 6 (1.3 eq., 0.74 mmol, 239 mg) and HOBt.H,O (1.3 eq., 0.74 mmol, 100 mg)
were co-evaporated with toluene and then diluted with THF (7 mL), cooled down to 0 °C under N, for 10
min. DIC (1.25 eq., 0.7 mmol, 88 mg) was added and the reaction mixture was stirred at 0 °C for 15 min and
then 10 min at room temperature. A 1 M solution of trimethylphosphine in THF (2 eq., 1.14 mmol, 1.14 mL)
was added to azide 30 (1 eq, 0.57 mmol, 200 mg) in THF (7 mL) and the reaction mixture was stirred at
room temperature for 5 min. The acid mixture was added to the iminophosphorane solution and stirred for 4
h at room temperature. The mixture was concentrated under reduced pressure, diluted with toluene (20 mL)
and washed with water (2 x 20 mL) to eliminate urea. The organic layer was dried over Na,SOys, filtered,
concentrated under reduced pressure. The crude was purified by flash column chromatography (DCM/i-
PrOH: 99.5/0.5 to 95/5) to give 4 as a beige sticky oil (225 mg, 0.36 mmol, 65%). TLC (DCM/i-
PrOH:95/5): R¢ = 0.40. '"H NMR (400 MHz, CDCl,) of two anomers o/f in a 20/80 ratio: & (ppm) = 7.36—
7.28 (m, 10H, Ha), 6.30 (d, Jig2s = 4.5 Hz, 0.2H, Hig,), 6.11 (s, 0.8H, Higg), 5.89 (m, 1H, NHamide), 5.80
(d, J=3.9 Hz, 1H, Hix), 5.27 (d, Jog38 = 4.4 Hz, 1H, Hygp), 5.07 (dd, Jog38 = 6.5 Hz and Jig 8 = 4.5 Hz,
1H, Hopy), 4.69 (t, J = 3.7 Hz, 1H, Hj4), 4.59 (d, Jeem = 11.1 Hz, 1H, CH,Pha,), 4.58-4.56 (m, 2H, CH,Phg),
4.46 (d, Jeem = 11.1 Hz, 1H, CH,Phyy,), 4.15-4.10 (m, 1H, Hyg), 4.01 (d, Jog38 = 4.4 Hz, 1H, H3p), 3.96-3.91
(m, 1H, Haa), 3.65-3.41 (m, 4H, Hsa and Hsg), 2.45-2.37 (m, 2H, Hss and CHH'CO), 2.31-2.24 (m, 1H,
CHH'CO), 2.12 (s, 3H, Mexc), 2.08 (s, 3H, Meac), 1.49 (s, 3H, Meaccionide), 1.31 (5, 3H, Meacetonide). ~C
NMR (100 MHz, CDCl3): 6 (ppm) = 171.2 (COumige), 169.8 (COxc), 168.9 (COac), 138.0 (Crvan), 137.2

(Civan), 128.6 (Car), 128.5 (Ca), 128.1 (Cyr), 127.8 (Car), 111.5 (Crviacetonide))s 105.0 (Cia), 98.6 (Cigp), 94.3
17
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(Cipa) 81.2 (C2a), 80.9 (Cup), 80.1 (Caa), 77.8 (Csp), 73.6 (CH,Ph), 73.6 (Capp), 73.6 (CH,Ph), 70.9 (Capa),
70.0 (Csa), 42.4 (C3a), 41.4 (Csg), 32.0 (CH,CO), 26.8 (Meacctonide), 26.4 (Meacctoniqe), 21.1 (Meac), 20.7
(Meac). MS (CIN): m/z = 628.4 Da [MH]", 570.3 Da [MH-acetone] . HRMS (MALDI": DHB, PEG 600):

calcd for C33H41N1011Na =650.2572 Da, found 650.2577 Da.

1,2-O-isopropylidene-3-deoxy-3-C-carboxymethyl-5-O-benzyl-a-D-ribofuranose (6): To a solution of 13
(1 eq, 1.86 mmol, 650 mg) in a 1:1 mixture dioxane/water (40 mL) was added LiOH (20 eq, 37.2 mmol,
1.56 g). The mixture was stirred at room temperature for 48 h, then diluted with DCM (40 mL) and acidified
with HCI 2N (16.8 mL) until pH=2. The aqueous layer was extracted with DCM (3 x 20 mL), the combined
organic layers were dried over Na,SQOy, filtered and concentrated under reduced pressure to give the desired
compound as a brown oil (600 mg, 1.86 mmol, quantitative). TLC (DCM): Ry = 0.09. "H NMR (300 MHz,
CDCl3): 6 (ppm) = 7.38-7.33 (m, 5SH, H,), 5.85(d, J1»,=3.8 Hz, 1H, H,), 4.80 (t, J;1» = J,3=3.8 Hz, 1H, H,
), 4.61 (d, Jeem = 12.2 Hz, 1H, CH,Ph), 4.53 (d, Jgem = 12.2 Hz, 1H, CH,Ph), 3.94 (dt, J34 = 10.1 Hz and
Jasa =Jasp =4.2 Hz, 1H, Hy), 3.66 (dd, Jeem = 10.8 Hz and J4 5, = 3.8 Hz, 1H, Hs,), 3.56 (dd, Jeem = 10.8 Hz
and Js 5, = 4.2 Hz, 1H, Hsy), 2.71 (dd, Jgem = 17.8 Hz and J3 5, = 10.8 Hz, 1H, H, (CH,CO)), 2.47-2.36 (m,
2H, H, (CH,CO) and H;), 1.49 (s, 3H, Meacetonide)s 1.32 (s, 3H, Meacetoniae). ~C NMR (75 MHz, CDCl;): &
(ppm) = 177.2 (CO), 138.0 (Crv(ar), 128.6 (Car), 127.9 (Car), 111.8 (Crv(acetonide)) 105.0 (Cy), 81.0 (C»), 79.6
(C4), 73.7 (CH,Ph), 69.4 (Cs), 41.6 (C3), 29.6 (CH,CO,H), 26.8 (Meacetonide)s 26.5 (Meacetonide). MS (ESI'):
m/z = 345.1 Da [MNa]". HRMS (ESI"): calcd for C;7H2,06Na = 345.1314 Da, found = 345.1314 Da. [a]p>’

= +33.3 (CHCL;, ¢ = | g/100mL).

1,2-0-acetyl-3-deoxy-3-(1,2-0-acetyl-3-O-benzyl-5-deoxy-5-acetamido-S-D-ribosyl)-5-O-benzyl-4-D-

ribofuranose (7): To a solution of 20 (1 eq, 0.41 mmol, 240 mg) in acetic acid (18 mL) was added acetic
anhydride (80 eq, 32.8 mmol, 3 mL), camphor sulfonic acid (0.05 eq, 0.02 mmol, 4.7 mg). The mixture was
stirred for 4 h at 80-85 °C, then another portion of camphor sulfonic acid (5% weight, 0.02 mmol, 4.7 mg)
was added and stirring was pursued for 1 h. The reaction mixture was diluted with DCM (15 mL), washed
with water (3 x 20 mL) and a saturated aqueous solution of NaHCO; (3 x 20 mL). The organic layer was
dried over Na,SOy, filtered, concentrated under reduced pressure and co-evaporated with toluene (20 mL)
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then Et,O (20 mL). The crude was purified by flash column chromatography (Et,O/Petroleum Ether: 90/10)
to give the desired compound as a single diastereoisomer as a beige oil (110 mg, 0.16 mmol, 39%). TLC
(Et;0): Ry = 0.18. "H NMR (400 MHz, CDCLs): & (ppm) = 7.35-7.30 (m, 10H, H,,), 6.10 (s, 1H, H;), 6.07
(s, 1H, Hy), 5.78 (t, Jnuss = 5.7 Hz, 1H, NHamide), 5.29-5.27 (m, 2H, H»), 4.60—4.54 (m, 4H, 2CH,Ph), 4.13—
4.08 (m, 2H, Ha), 3.97 (dd, J = 8.1 Hz and J = 4.4 Hz, 1H, H3g), 3.67-3.58 (m, 3H, 2Hs4 and Hsp), 3.32—
3.26 (m, 1H, Hsg), 2.96-2.88 (m, 1H, Hsya), 2.37-2.31 (m, 2H, CH,CO), 2.09 (s, 3H, Mea.), 2.07 (s, 6H,
Meac), 1.95 (s, 3H, Meac). “C NMR (100 MHz, CDCls): & (ppm) = 170.4 (COqmide), 169.88 (COa.), 169.84
(COac), 169.5 (CO4c), 169.1 (COx), 138.1 (Crv@ar), 137.2 (Crvian), 128.7 (Cyr), 128.6 (Cyr), 128.6 (Cy),
128.5 (Car), 128.4 (Cy), 128.2 (Cyp), 128.1 (Cyy), 127.8 (Cup), 127.8 (Cyp), 127.7 (Cy), 98.8 (Cy), 98.7 (C)),
83.6 (Csa), 80.8 (Can), 78.2 (C3p), 77.9 (Caa), 73.62 (CH,Ph), 73.58 (Css), 73.5 (CH,Ph), 71.9 (Csa), 42.2
(Csg), 39.0 (Csp), 32.4 (CH,CO), 21.2 (2Mey.), 20.8 (2Mes.). MS (MALDI': DHB): m/z = 694.2 Da
[MNa]". HRMS (MALDI": DHB, PEG 600): calcd for C34Hy;N;03Na = 694.2470 Da, found 694.2450 Da.

[a]p?® =+8.7 (CHCls, ¢ = 1.5 g/100mL).

1,2-O-isopropylidene-5-O-tert-butyldiphenylsilyl-a-D-xylofuranose (8): The precursor of 8, the 1,2-O-
isopropylidene-a-D-xylofuranose, was obtained as followed. To 350 mL of reagent acetone were added
successively: sulfuric acid concentrated (2 mL), copper sulfate (1.88 eq, 250 mmol, 40 g) and xylose (1 eq,
133 mmol, 20 g). The reaction was stirred at room temperature for 48 h. The mixture was filtered,
NH4OHconc. (25%, 6.4 mL) was added, the mixture was filtered, dried over Na,SQ,, filtered and
concentrated under reduced pressure. The residue was diluted with methanol (150 mL) and HC1 0.1 N (44
mL) was added. The reaction was stirred at 40 °C for 2 h and quenched with NaHCOs (6.3 g until neutral
pH). The mixture was filtered and concentrated under reduced pressure. The residue was co-evaporated with
EtOH/toluene, was diluted with DCM, dried over Na,SQ,, filtered and concentrated under reduced pressure
to obtain the desired 1,2-O-isopropylidene-a-D-xylofuranose (25.3 g, 133 mmol, quantitative). '"H NMR
(300 MHz, CDCl3): 6 (ppm) = 5.96 (d, J1» = 3.6 Hz, 1H, H;), 4.51 (d, Ji1» = 3.6 Hz, 1H, H,), 3.34 (br, 1H,
H3), 4.15 (q, Ja50 = Jasp = Ja3 = 3.2 Hz, 1H, Ha), 4.08 (d, Jsa 5o = 12.2 Hz, 1H, Hs,), 3.50 (d, Jsa50 = 12.2 Hz,
1H, Hsp), 1.47 (s, 3 H, Meacetoniae), 1.31 (s, 3 H, Meqcetonize). C NMR (75 MHz, CDCls): & (ppm) = 112.1
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(Crv), 105.6 (C)), 85.8 (Cy), 83.8 (Cy), 79.00 (C3), 66.3 (Cs), 27.00 (Meqcctonide)s 26.3 (Meqcetonide)- MS (CI'):
m/z = 208 Da [MNH,]", 191 Da [MH]". MS (ESI'): m/z = 213.1 Da [MNa]". HRMS (ESI"): calcd for

CgH1405Na =213.0739 Da, found = 213.0739 Da.

To a cooled solution of 1,2-O-isopropylidene-a-D-xylofuranose (1 eq, 36.8 mmol, 7g) and imidazole (2.2 eq,
81 mmol, 5.5 g) in DMF (70 mL) was added tert-butyldiphenylsilyl chloride (1 eq, 36.8 mmol, 9.5 mL).
After stirring at room temperature for 48 h, the reaction was quenched with Et,O (70 mL) and water (70
mL). The aqueous layer was extracted with Et;0 (3 x 70 mL) and the combined organic layers were washed
with brine (5 x 70 mL), dried over Na,SOs, filtered and concentrated under reduced pressure. The crude was
poured into pentane, after 1 h at —18 °C the colorless solid was filtered to obtain the desired compound (11.3
g, 25 mmol, 70%). Spectroscopic data of this compound 8 were consistent with those reported in the
literature™. Mp: 91-92 °C. TLC (DCM): Ry = 0.35. "H NMR (300 MHz, CDCl3): & (ppm) = 7.73-7.66 (m,
4H, Hyy), 7.48-7.37 (m, 6H, Hy), 6.02 (d, J1» = 3.7 Hz, 1H, H;), 4.55 (d, J12 = 3.7 Hz, 1H, H»), 4.38 (d, J34
=2.0 Hz, 1H, Hy), 4.14-4.10 (m, 3H, Hs, Hs,, Hsp), 4.07 (d, Jous = 3.3 Hz, 1H, OH), 1.47 (s, 3H, Meacetonide)s
1.33 (s, 3H, Meucetonice), 1.05 (s, 9 H, Mes,). *C NMR (75 MHz, CDCls): & (ppm) = 135.8 (C.), 135.6
(Car), 132.6 (Crvar), 132.0 (Crvar), 130.2 (Cqr), 128.1 (Car), 111.7 (Crvacetonide)), 105.1 (Cy), 85.6 (C»), 78.5
(C3), 77.1 (C4), 63.0 (Cs), 26.9 (Meqcetonide)s 26.8 (Mepu), 26.3 (Meacetonide)s 19.2 (Civisu). MS (ESI'): m/z =

451.2 Da [MNa]". HRMS (ESI"): caled for Ca4H3,05SiNa = 451.1917 Da, found = 451.1923 Da.

1,2-O-isopropylidene-3-deoxy-3-keto-5-O-tert-butyldiphenylsilyl-a-D-xylofuranose (9): To a solution of
1,2-0O-isopropylidene-5-O-tert-butyldiphenylsilyl-o-D-xylofuranose 8 (1 eq, 23.3 mmol, 10 g) in DCM (40
mL) were added BAIB (1.1 eq, 25.6 mmol, 8.3 g) and TEMPO (0.1 eq, 2.3 mmol, 350 mg). After 36 h, the
mixture was diluted with DCM (20 mL), quenched with Na,S,0; (20 mL) and extracted with DCM (4 x 20
mL). The combined organic layers were dried over Na,SQ,, filtered and concentrated under reduced
pressure. The crude was purified by flash column chromatography (Petroleum Ether/Et,O, 1/0 to 4/1) to
obtain the desired compound as a beige oil (10 g, 23.4 mmol, quantitative). Spectroscopic data of this
compound 9 were consistent with those reported in the literature”. TLC (DCM): R¢ = 0.35. "H NMR (300
MHz, CDCl3): 6 (ppm) = 7.69-7.66 (m, 2H, H,), 7.62-7.59 (m, 2H, Hy), 7.43-7.39 (m, 6H, H,,), 6.26 (d,
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Ji2=4.5Hz, 1H, H)), 443 (dd, J1, = 4.5 Hz and J,4 = 1.0 Hz, 1H, H,), 4.40-4.35 (m, 1H, Hy), 3.92 (dd,
Jgem =11 Hz and Jy 5, = 1.8 Hz, 1 H, Hs,), 3.85 (dd, Jeem = 11 Hz and Jy 5, = 2.0 Hz, 2H, Hsy), 1.48 (s, 3H,
Meacetonide)s 1.47 (s, 3H, Meacetonize), 1.00 (s, 9 H, Megy). “C NMR (75 MHz, CDCls): & (ppm) = 211.1
(CO), 135.7 (Cy), 135.6 (Cay), 132.5 (Cryan), 132.3 (Crvian), 130.1 (Cyp), 130.1 (Cy), 128.0 (Cyy), 114.4
(Crvacetonide), 103.9 (C1), 81.7 (Ca), 77.3 (C2), 64.6 (Cs), 27.9 (Meacetonide), 274 (Meacetonide), 26.8 (Memu),
19.2 (Crvsu). MS (CT"): m/z = 444.0 Da [MNH,]", MS (EST"): m/z = 481.2 Da [M+MeOH+Na]". HRMS
(ESIM): caled for CpsH3406SiNa = 481.2022 Da, found = 481.2028 Da. [a]p™ = +76.9 (CHCL, ¢ = 1.7

g/100mL).

1,2-O-isopropylidene-3-deoxy-3-C-(Z)-ethoxycarbonylmethylene-5-O-ter-butyldiphenylsilyl-a-D-
xylofuranose (10): To a solution of 9 (leq, 10.5 mmol, 4.5g) in DCM (30 mL) was added
(carbethoxymethylene) triphenylphosphorane (1.15 eq, 12.07 mmol, 4.2 g). After stirring under argon at
room temperature for 30 min the mixture became pink. After stirring for 24 h the mixture was concentrated
and the residue was diluted with Et;O (100 mL) and stirred for 30 min. Triphenylphosphine oxide was
filtered, the organic layer was dried over Na,SOs, filtered and concentrated under reduced pressure. The
crude was purified by flash column chromatography (DCM) to obtain the desired compound as a yellow oil
(5.0 g, 10 mmol, 95%). TLC (DCM): Ry = 0.64. "H NMR (300 MHz, CDCLs): & (ppm) = 7.67-7.61 (m, 4H,
Har), 7.44-7.37 (m, 6H, Hy), 5.99 (d, J12 =4.1 Hz, 1H, Hy), 5.97 (t, Jen2 = Jeua = 1.7 Hz, 1H, CH=C), 5.71
(dt, J12 =4.1 Hz and J,4 = Jeno = 1.7 Hz, 1H, Hy), 4.90 (tt, Jasa = Jasp = 3.5, Jao = Jacu = 1.7, 1 H, Hy),
4.27 (q,J=7.1 Hz, 1H, CH,CH3), 4.26 (q, J= 7.1 Hz, 1H, CH,CH3), 3.86 (dd, Jeem = 10.9 Hz and J4 5, = 3.8
Hz, 1 H, Hs,), 3.71 (dd, Jgem = 10.9 Hz and Jy4 5, = 3.2 Hz, 1H, Hsp), 1.49 (s, 3H, Meéacctonize), 1.45 (s, 3H,
Meéacetonide), 1.33 (t, J = 7.1 Hz, 3H, CH,CHs), 1.03 (s, 9H, /Bu). *C NMR (75 MHz, CDCls): & (ppm) =
165.1 (CO), 156.8 (C3), 135.74 (Caro)), 135.70 (Caro)), 132.9 (Crv), 130.0 (Carm), 129.8 (Carmy), 127.9
(Carpy), 116.9 (CHCO,Et), 113.1 (Crv(acetonide))> 105.8 (C1), 81.5 (Cy), 79.1 (C»), 66.2 (Cs), 60.8 (CH,CH3),
27.7 (Meacetonide)s 27-4 (Meqcetonide)> 26.9 (Memy), 19.3 (Crvw), 14.3 (CH,CH3). MS (ESI'): m/z = 519.2 Da
[MNa]". HRMS (ESI"): caled for CogH3¢06SiNa = 519.2178 Da, found = 519.2179 Da. [a]p>’ = +47
(CHCI3, ¢ =1 g/100mL).
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1,2-O-isopropylidene-3-deoxy-3-C-ethoxycarbonylmethylene-a-D-xylofuranose (11): To a solution of 10
(1 eq, 12.9 mmol, 6.4 g) in THF (100 mL) at 0 °© C was added TBAF (1.2 eq, 15.5 mmol, 1M solution in
THF). The brown reaction mixture was stirred under argon at 4 °C for 3 h. The cold bath was removed and
the reaction mixture was stirred at room temperature for 2 h. The reaction was quenched with a saturated
aqueous solution of NaHCO; (100 mL), extracted with DCM (3 x 80 mL), dried over Na,SOy,, filtered and
concentrated under reduced pressure. The crude was purified by flash column chromatography
(DCM/Petroleum Ether: 9/1 then DCM/MeOH: 100/0 to 96/4) to give the desired compound as a yellow oil
(3.06 g, 11.86 mmol, 92%). Spectroscopic data of this compound were consistent with those reported in the
literature®”. TLC (DCM/MeOH:99/1): Ry = 0.18. "H NMR (300 MHz, CDCl3): & (ppm) = 5.92 (d, J;, = 4.2
Hz, 1H, H;), 5.90 (t, Jcups = Jens = 1.8 Hz, 1H, CH=C), 5.75-5.68 (m, 1H, H,), 4.92-4.86 (m, 1H, H,), 4.23
(g, J=7.1 Hz, 2H, CH,CH3), 3.92 (dd, Jgem = 12.2 Hz and J4 5, = 3.3 Hz, 1H, Hs,), 3.72 (dd, Jeem = 12.2 Hz
and Jysp = 4.3 Hz, 1H, Hsp), 1.50 (s, 3H, Meacetonide), 1.42 (s, 3H, Meacetonide)s 1.30 (t, J = 7.1 Hz, 3H,
CH,CH3). C NMR (75 MHz, CDCL): & (ppm) = 164.9 (CO), 154.6 (C3), 116.9 (CHCO,Et), 113.0
(Civiacetonide)), 105.0 (Cy), 80.5 (C4), 78.5 (Cy), 63.1 (Cs), 61.0 (CH2CHs3), 27.5 (Meacetonide)> 27-2 (Meacetonide),
14.3 (CH,CH;). MS (ESI"): m/z = 281.1 Da [MNH,4]". HRMS (ESI"): calcd for C;,H;304Na = 281.1001

Da, found = 281.1005 Da.

1,2-O-isopropylidene-3-deoxy-3-C-[(ethoxycarbonyl)methyl]-a-D-ribofuranose (12): To a solution of 11
(8.5 mmol, 2.2 g) in EtOH (35 mL) was added 10% Pd/C (5% weigth, 110 mg). The reaction was stirred
under an atmosphere of hydrogen (1 bar) at room temperature for 24 h. The mixture was filtered and
concentrated under reduced pressure to give 12 as a single product (2.2 g, 8.5 mmol, quantitative).
Spectroscopic data of this compound were consistent with those reported in the literature.®® TLC
(DCM/Et,0:9/1): Ry = 0.40. "H NMR (300 MHz, CDCls): & (ppm) = 5.82 (d, J1» = 3.9 Hz, 1H, H)), 4.78 (t,
Ji2=J23=3.9 Hz, 1H, H,), 4.16 (q, J = 7.1 Hz, 2H, CH,CHj3), 3.89-3.85 (m, 2H, H4 and Hs,), 3.56 (dd,
Jeem = 13.2 Hz and J4 5, = 4.2 Hz, 1H, Hs,), 2.70 (dd, Jgem = 16.3 Hz and J = 7.9 Hz, 1H, CH,CO), 2.49-2.34
(m, 2H, CH,CO, Hj3), 1.98 (brs, 1H, OH), 1.49 (s, 3H, Meacetonide), 1.32 (s, 3H, Meacetonide), 1.27 (t, J = 7.1
Hz, 3H, CH,CH;). ®C NMR (75 MHz, CDCl3): & (ppm) = 172.5 (CO), 111.9 (Cry(acctonide))s 104.9 (Cy), 81.8
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(Cy), 81.5 (Cy), 61.5 (Cs), 61.0 (CH,CH3), 39.8 (C3), 30.0 (CH,CO,Et), 26.8 (Meéscetonide)s 26.4 (Meacetonide),
14.3 (CH,CH3). MS (ESI"): m/z = 283.1 [MNa]". HRMS (ESI"): calcd for C;;H,00sNa = 283.1158 Da,

found = 283.1160 Da. [a]p>" = +59.4 (CHCls, ¢ = 1 g/100mL).

1,2-O-isopropylidene-3-deoxy-3-C-[(ethoxycarbonyl)methyl]-5-0-benzyl-a-D-ribofuranose (13): To a
solution of 12 (1 eq, 3.8 mmol, 1 g) in dry DMF (30 mL) at 0 °C was added slowly NaH (1.2 eq, 4.61 mmol,
185 mg of a 60% suspension in oil). The mixture was stirred under argon at 5 °C for 10 min and then was
added BnBr (1.5 eq, 5.8 mmol, 0.70 mL). The cold bath was removed and the reaction mixture was stirred at
room temperature until completion (TLC monitoring) and then cooled to 0 °C. The reaction mixture was
quenched with NH4CI (30 mL) and extracted with Et,O (3 x 30 mL). The combined organic layers were
washed with brine (5 x 30 mL), dried over Na,;SOy, filtered and concentrated under reduced pressure. The
crude was purified by flash column chromatography (DCM/Petroleum Ether: 9/1 to 9/0) to give the desired
compound as a yellow oil (1.1 g, 3.14 mmol, 84%). TLC (DCM/Et,0:9/1): Ry = 0.31. "H NMR (300 MHz,
CDCl3): 6 (ppm) = 7.37-7.28 (m, 5H, Hy,), 5.84 (d, J12 = 3.9 Hz, 1H, H,), 4.78 (dd, J1», = 3.9 Hz and J,3 =
3.9 Hz, 1H, H,), 4.60 (d, Jeem = 12.2 Hz, 1H, CH,Ph), 4.53 (d, Jgem = 12.2 Hz, 1H, CH,Ph), 4.13 (q, J=7.1
Hz, 2H, CH,CH3), 3.97-3.92 (m, 1H, Hy), 3.65 (dd, Jeem = 10.8 Hz and J45, = 3.5 Hz, 1H, Hs,), 3.53 (dd,
Jgem = 10.8 Hz and Jy 5 = 4.4 Hz, 1H, Hsp), 2.64 (dd, Jgem = 15.9 Hz and °J = 9.4 Hz, 1H, CH,CO), 2.44—
2.31 (m, 2H, CH,CO, Hs), 1.49 (s, 3H, Meacetonide)s 1.31 (s, 3H, Meacetonide), 1.26 (t, J = 7.1 Hz, 3H,
CH,CHj3). ”C NMR (75 MHz, CDCl3): & (ppm) = 172.2 (CO), 138.1 (Crv(an), 128.7 (Car), 128.5 (Cy), 127.8
(Car), 127.1 (Car), 111.7 (Crv(acetonide)), 105.0 (Cy), 81.2 (Cy), 79.8 (C4), 73.6 (CH,Ph), 69.5 (Cs), 60.7
(CH,CHs), 41.7 (C3), 29.9 (CH,CO;Et), 26.8 (Meacetonide)> 26.5 (Meacetonide)s 14.3 (CH,CHz). MS (ESI'): m/z
=373.1 Da [MNa]". HRMS (ESI+): calcd for C9H,0¢Na = 373.1627 Da, found = 373.1631 Da. [a]p>’ =

+31.6 (CHCls, ¢ = 1 g/100mL).

1,2-O-isopropylidene-5-O-tert-butyldiphenylsilyl-a-D-ribofuranose (14): To a solution of 9 (1 eq, 2.2
mmol, 950 mg) in a mixture of EtOH/water 9/1 (13.5 mL/1.5 mL) at 0 °C was added NaBH4 (3.6 eq, 8.3
mmol, 317 mg) portion-wise. The reaction mixture was stirred overnight at room temperature. The reaction

mixture was concentrated under reduced pressure, diluted in mixture DCM/NH4Cl (25 mL/25 mL) and
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stirred for 30 min. The aqueous layer was extracted with DCM (25 mL), the combined organic layers were
washed with NH4Cl, water and brine, then dried over Na,SO,, filtered and concentrated under reduced
pressure to give the desired compound as a pink oil (900 mg, 2.1 mmol, 95%). Except for the H-3 and H-4
attribution, spectroscopic data of this compound were consistent with those reported in the literature.** TLC
(DCM/PE:9/1): Ry = 0.40. "H NMR (300 MHz, CDCl3): & (ppm) = 7.71-7.67 (m, 4H, H,,), 7.41-7.37 (m,
6H, Ha), 5.85 (d, J12 =3.9 Hz, 1H, H,), 4.61 (dd, J3=5.0 Hzand J,, =3.9 Hz, 1H, H, ), 4.14 (dd, J34 =
8.1 Hz and J>3 = 5.0 Hz, 1H, H3), 3.98-3.93 (m, 1H, Hs,), 3.88-3.82 (m, 2H, Hs, and Hy), 2.30 (brs, 1H,
OH), 1.56 (s, 3H, Meacetonice), 1.38 (5, 3H, Meacetonice), 1.05 (s, 9H, Megsa). *C NMR (75 MHz, CDCLy): &
(ppm) = 135.8 (Cy), 135.7 (Ca), 133.5 (Crvan), 133.3 (Crvian), 129.8 (Cyr), 127.8 (Cyr), 112.7 (Cry(acetonide))s
104.3 (Cy), 81.4 (Cy), 78.9 (C3), 71.4 (Ca), 62.5 (Cs), 26.9 (Meacetonide), 26.9 (Memsy), 26.8 (Meacetonide), 19.4
(Crvisw)- MS (ESI'): m/z = 451.2 Da [MNa]". HRMS (ESI"): calcd for Cp4H3,05SiNa = 451.1911 Da,

found = 451.1904 Da. [o]p>" = +28.2 (CHCls, ¢ = 1 g/100mL).

1,2-O-isopropylidene-3-0-benzyl-5-O-tert-butyldiphenylsilyl-a-D-ribofuranoese (15): To a solution of 14
(1 eq, 2.1 mmol, 900 mg) in dry THF (30 mL) at 4 °C was added NaH (1.2 eq, 2.52 mmol, 101 mg of a 60%
suspension in oil) under argon and portion-wise. Benzyl bromide (1 eq, 2.1 mmol, 900 mL) was then added
slowly. The reaction mixture was stirred overnight at room temperature. The mixture was diluted with Et,0,
washed with NH4Cl, water and brine then dried over Na,SO,, filtered and concentrated under reduced
pressure. The crude was purified by flash column chromatography (Petroleum Ether/AcOEt: 9/1) to give the
desired compound as a colorless oil (1 g, 1.93 mmol, 92%). TLC (PE/AcOEt: 9/1): Rg=0.21. "H NMR (300
MHz, CDCl;): 6 (ppm) = 7.68-7.65 (m, 4H, Haxpn)), 7.43-7.30 (m, 11H, Haxpn, n)), 5.77 (d, Ji2 = 3.6 Hz,
1H, Hy), 4.78 (d, Jeem = 12.1 Hz, 1H, CHH'Ph), 4.60 (d, Jeem = 12.1 Hz, 1H, CHH'Ph), 4.61 (t, Ji2 = Jo3 =
4.0 Hz, 1H, Hy), 4.14 (dt, J34 = 8.8 Hz and J45s = 2.3 Hz, 1H, Hy), 4.06 (dd, J34 = 8.8 Hz and J,3 =4.1 Hz,
1H, H3), 3.98 (dd, Jeem = 11.8 Hz and J4 5, = 1.6 Hz, 1H, Hs,), 3.80 (dd, Jeem = 11.8 Hz and Jy 5, = 2.7 Hz,
1H, Hsp), 1.60 (s, 3H, Meacetonide), 1.38 (5, 3H, Meacetonige)s 1.01 (s, 9H, Mesa). *C NMR (75 MHz, CDCly):
o (ppm) = 137.9 (Cry(sn)), 135.8 (Cyr), 135.7 (Car), 133.7 (Crvan), 133.3 (Crvean), 129.77-127.77 (Cyr), 113.0
(Civ(acetonide))s 104.3 (Cy), 79.7 (Cs), 77.8 (Cs), 76.8 (C3), 72.4 (CH,Ph), 61.9 (Cs), 27.1 (Meacetonide), 26.9
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(Mepa), 26.7 (Meacetonide)s 19.5 (Crvmuy). MS (CI): m/z = 536.2 Da [MNH,4]" ; (ESI'): m/z = 541.2 Da
[MNa]”. HRMS (ESI"): caled for C3H3s05SiNa = 541.2386 Da, found = 541.2390 Da. [a]p®’ = +8.9

(CHCLs, ¢ = 1 g/100mL).

1,2-O-isopropylidene-3-0-benzyl-a-D-ribofuranose (16): To a solution of 15 (1 eq, 1.6 mmol, 800 mg) in
THF (20 mL) at 0 °C was added TBAF (1.1 eq, 1.8 mmol, 1.8 mL of a 1M solution in THF). The yellow
reaction mixture was stirred at 4 °C for 3 h, then at room temperature overnight. The reaction mixture was
quenched with a saturated aqueous solution of NaHCO; (15 mL), extracted with DCM (3 x 15 mL), dried
over Na,SOy, filtered and concentrated under reduced pressure. The crude was purified by flash column
chromatography (DCM/ MeOH: 98/2 to 97/3) to give the desired compound as an orange oil (360 mg, 1.28
mmol, 80%). TLC (DCM/MeOH:98/2): R¢ = 0.35. "H NMR (300 MHz, CDCl;): & (ppm) = 7.38-7.30 (m,
5H, Har), 5.72 (d, J12 = 3.6 Hz, 1H, H,), 4.77 (d, Jeem = 11.9 Hz, 1H, CHH'Ph), 4.59 (d, Jgem = 11.9 Hz, 1H,
CHH'Ph), 4.57 (dd, Jo3 =4.3 Hz and J,, = 3.6 Hz, 1H, H»), 4.11 (dt, J34 = 9.1 Hz and J4 5, = J45p = 2.7 Hz,
1H, Hy), 3.91 (dd, Jeem = 12.5 Hz and Js 5, = 2.4 Hz, 1H, Hs,), 3.84 (dd, J34 =9.1 Hz and J,3 = 4.3 Hz, 1H,
H3), 3.64 (dd, Jgem = 12.5 Hz and Jy 5, = 3.0 Hz, 1H, Hsp), 1.73 (brs, 1H, OH), 1.60 (s, 3H, Meacetonidge), 1.36
(s, 3H, Meacetonide). ~C NMR (75 MHz, CDCL3): & (ppm) = 137.7 (Cryv(an), 128.6 (Car), 128.2 (Carp), 128.1
(Car), 113.2 (Crv(acetonide), 104.2 (Cy), 78.9 (Cs), 77.7 (Cy), 76.7 (Cs3), 72.5 (CHyPh), 60.7 (Cs), 27.0
(Meéacetonige), 26.6 (Meacetoniae). MS (ESI): m/z = 303.1 Da [MNa]", 583.2 Da [2MNa]". HRMS (ESI"): calcd

for C15H00sNa = 303.1208 Da, found 303.1210 Da. [al]p?’ = +54 (CHCLs, ¢ = 1 g/100mL).

1,2-O-isopropylidene-3-0-benzyl-5-O-mesyl-a-D-ribofuranose (17): To a solution of 16 (1 eq, 4.5 mmol,
1.27 g) in pyridine (18 mL) at 0 °C was added dropwise mesylchloride (2 eq, 9 mmol, 0.7 mL). The mixture
was stirred overnight under argon. The reaction mixture was quenched with water (2 mL), concentrated
under reduced pressure and co-evaporated with toluene (20 mL). The residue was diluted with DCM (30
mL), washed with a saturated aqueous solution of NaHCO; (3 x 20 mL), brine (1 x 20 mL) then dried over
Na,SQ,, filtered and concentrated under reduced pressure to obtain the desired compound as a brown oil
(1.64 g, 4.5 mmol, quantitative). TLC (PE/AcOEt: 9/1): R¢= 0.25. "H NMR (300 MHz, CDCl;): J (ppm) =
7.38-7.33 (m, 5 H, Hay), 5.73 (d, J12 = 3.6 Hz, 1H, Hy), 4.77 (d, Jgem = 11.8 Hz, 1H, CHH'Ph), 4.58 (d, Jgem =
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11.8 Hz, 1H, CHH'Ph), 4.57 (t, Ji2 = Jo53 = 4.0 Hz, 1H, Hy), 4.48-4.43 (m, 1H, Hs,), 4.27 (dd, Jeem = 13.3
Hz and Jy 5, = 4.0 Hz, 1 H, Hs), 4.24 (ddd, J34 = 9.0 Hz, Jy 5, = 4.0 Hz and Jy 5, = 1.8 Hz, 1H, Hy), 3.76 (dd,
Jia4 = 9.0 Hz and J,3 = 4.0 Hz, 1H, Hj), 2.98 (s, 3H, MeSO,), 1.59 (s, 3H, Meucctoniae), 1.37 (s, 3H,
Meéqcetonide). C NMR (75 MHz, CDCly): § (ppm) = 137.2 (Cryan), 128.8 (Car), 128.4 (Cyp), 128.3 (Cy),
113.5 (Crviacetonidey)s 104.3 (C1), 77.4 (Cy), 77.0 (C3), 76.4 (C4), 72.6 (CH,Ph), 67.8 (Cs), 37.7 (MeS0O,), 26.9
(Meéacetonige)s 26.6 (Meacetonide). MS (ESIN): m/z = 381.1 Da [MNa]". HRMS (ESI"): calcd for C;sH2,07SNa

=381.0978 Da, found 381.0977 Da. [a]p>* = +8.1 (CHCLs, ¢ = 1 g/100mL).

1,2-O-isopropylidene-3-0-benzyl-5-azido-a-D-ribofuranose (18): To a solution of 17 (1 eq, 3.2 mmol,
1.16 g) in DMF (30 mL) was added sodium azide (1.5 eq, 4.8 mmol, 312 mg) at 0 °C. The reaction mixture
was stirred 3 h at 90 °C. The mixture was quenched with water (30 mL), extracted with Et;0O (3 x 30 mL).
The combined organic layers were washed with brine, then dried over Na,SOs, filtered and concentrated
under reduced pressure to give the desired compound as a yellow oil (940 mg, 3.07 mmol, 95%). TLC
(DCM/PE: 7/3): Ry = 0.54. "H NMR (300 MHz, CDCl;): & (ppm) = 7.38-7.32 (m, 5H, H,y), 5.75 (d, Ji2 =
3.6 Hz, 1H, Hy), 4.77 (d, Jgem = 11.9 Hz, 1H, CHH'Ph), 4.58 (t, Jo3 = Ji12 = 3.9 Hz, 1H, H»), 4.55 (d, Jeem =
11.9 Hz, 1H, CHH'Ph), 4.22-4.16 (m, 1H, Ha), 3.77 (dd, J34 = 8.9 Hz and J,3 = 4.2 Hz, 1H, H3), 3.66 (dd,
Jeem = 13.5 Hz and J,4 5, = 2.6 Hz, 1H, Hs,), 3.24 (dd, Jgem = 13.5 Hz and J4 5, = 3.9 Hz, 1H, Hsy), 1.59 (s, 3H,
Meqcetonide)s 1.36 (s, 3H, Meacetonide). "C NMR (75 MHz, CDCly): & (ppm) = 137.4 (Cry@an), 128.7 (Ca),
128.4 (Carp)), 128.2 (Car), 113.4 (Crv(acetonidae)), 104.2 (Cy), 77.9 (Cs), 77.5 (Ca), 77.4 (C>), 72.5 (CH,Ph), 50.6
(Cs), 26.9 (Meacctonide), 26.6 (Meaceionide)- MS (ESI"): m/z = 328.1 Da [MNa]". HRMS (ESI"): calcd for

C15H1oN304Na = 328.1268 Da, found 328.1264 Da. [a]p>’ =+158.3 (CHCl;, ¢ = 1 g/100mL).

1,2-O-isopropylidene-3-0-benzyl-5-amino-a-D-ribofuranose (19): The compound 18 (1.1 mmol, 340 mg)
was hydrogenated in the presence of 10% Pd/C (5% weigth, 17 mg) in EtOH (5 mL) under a hydrogen
atmosphere. After stirring at room temperature for 4 h, the TLC analysis (DCM) showed disappearance of
the starting material. The mixture was filtered and concentrated under reduced pressure to give the desired
compound as a light brown oil (290 mg, 1.04 mmol, 94%). "H NMR (300 MHz, CDCL): & (ppm) = 7.35—
7.28 (m, 5SH, Hy), 5.72 (d, J1, = 3.7 Hz, 1H, H,), 4.80 (d, Jeem = 12.0 Hz, 1H, CHH'Ph), 4.60 (t, Ji, = Jo3 =
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4.1 Hz, 1H, Hy), 4.54 (d, Jgem = 12.0 Hz, 1H, CHH'Ph), 4.05 (ddd, J34 = 9.0 Hz, Jy5 = 5.4 Hz and Jy 5, = 3.2
Hz, 1H, Hy), 3.64 (dd, J3.4 = 9.0 Hz and J»3 = 4.3 Hz, 1H, H3), 3.04 (dd, Jgem = 13.8 Hz and Ju 5, = 3.4 Hz,
1H, Hs,), 2.73 (dd, Jeem = 13.8 Hz and Jys, = 5.4 Hz, 1H, Hs), 1.60 (s, 3H, Mescetonide)s 1.36 (s, 3H,
Meaceionide). "C NMR (75 MHz, CDCL3): & (ppm) = 137.7 (Crygan), 128.6 (Car), 128.5 (Car), 128.14 (Ca),
128.06 (Car), 128.0 (Car), 113.0 (Cry(acetonide))> 104.1 (C1), 79.5 (C3), 78.2 (Cy), 77.5 (Cy), 72.1 (CH,Ph), 42.5
(Cs), 26.8 (Meaceionide)s 26.6 (Meacetoniaze)- MS (ESI"): m/z = 280.2 Da [MH]". HRMS (ESI"): calcd for

C15sH2oN 04 = 280.1549 Da, found 280.1546 Da. [a]p™® = +53.8 (CHCl3, ¢ = 1 g/100mL).

1,2-O-isopropylidene-3-(1,2-O-isopropylidene-3-0O-benzyl-5-deoxy-5-acetamido-a-D-ribosyl)-5-O-

benzyl-a-D-ribofuranose (20): To a solution of 6 (1 eq, 1.5 mmol, 483 mg) in DCM (18 mL) at 0 °C was
added TBTU (1.4 eq, 2.1 mmol, 690 mg), HOBt.H,O (0.5 eq, 0.75 mmol, 100 mg) and triethylamine (1.1
eq, 1.65 mmol, 230 pL). The mixture was stirred under argon for 30 min at 5 °C. The amine 19 was then
added (1 eq, 1.5 mmol, 419 mg) followed by triethylamine (1.1 eq, 1.65 mmol, 230 pL), and the reaction
mixture was stirred overnight at room temperature. The reaction mixture was quenched with water (35 mL),
extracted with DCM (3 x 35 mL) and the combined organic layers were washed with brine (2 x 30 mL),
dried over Na,;SQy, filtered and concentrated under reduced pressure. The crude was diluted with toluene
and washed with water (3 x 30 mL) to eliminate urea. The organic layer was dried over Na,SOy, filtered and
concentrated under reduced pressure. The crude was purified by flash column chromatography (DCM to
DCM/MeOH: 99/1) to give the desired compound as a beige sticky oil (880 mg, 1.5 mmol, quantitative).
TLC (DCM/MeOH: 98/2): Ry = 0.21. '"H NMR (300 MHz, CDCls): &§ (ppm) = 7.41-7.29 (m, 10H, H,,),
5.83 (dd, Jxu,sBa = 5.6 Hz and Jnwsep = 4.3 Hz, 1H, NHamidge), 5.74 (d, Jia2a = 3.8 Hz, 1H, Hy4), 5.67 (d,
Jisos = 3.7 Hz, 1H, Hi), 4.78 (d, Jeem = 12.3 Hz, 1H, CHH'Phg), 4.60 (d, Jeem = 12.3 Hz, 1H, CHH'Phg),
4.59 (d, Jgem = 12.3 Hz, 1H, CHH'Ph,), 4.54 (d, Jeem = 12.3 Hz, 1H, CHH'Ph,), 4.50 (t, Jis28 = J2B38 = 3.9
Hz, 1H, Hjg), 4.36 (t, Jia24 = Jaa3a = 3.8 Hz, 1H, Hja), 4.16-4.10 (m, 1H, Hup), 3.93-3.88 (m, 1H, Hya),
3.70-3.61 (m, 2H, Hsa, and Hsg,), 3.55-3.45 (m, 3H, Hsap, Hspy and Hsg), 2.42-2.23 (m, 2H, H3a, CHH'CO),
2.26-2.20 (m, 1H, CHH'CO), 1.59 (s, 3H, Meacetonide), 1.46 (s, 3H, Meacetonide), 1.36 (s, 3H, Meacetonide)s 1.23
(s, 3H, Méacetonize). ~C NMR (100 MHz, CDCl3): & (ppm) = 171.1 (COumige), 138.1 (Crv@ar), 137.6 (Crvan),
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128.7 (Car), 128.6 (Ca), 1282 (Ca), 128.1 (Ca), 127.9 (Ca),127.9 (Cap), 113.4 (Crviacetonide))s 111.6
(Crviacetonidey)s 105.2 (Cia), 104.2 (Cip), 81.2 (Caa), 80.3 (Cyn), 78.5 (Csp), 77.7 (Cap), 77.4 (Cap), 73.7
(CH,Phy), 72.4 (CH,Phg), 70.0 (Csa), 42.7 (Csa), 39.7 (Csg), 32.5 (CH,CO), 26.91 (Meacetonide), 26.88
(Meéacetonige), 26.63 (Meacetonide)s 26.61 (Meaceionide): MS (CI'): m/z = 584.4 Da [MH]", 601.4 Da [MNH,] .
HRMS (MALDI": DHB, PEG 600): calcd for C3;Hs N;OoNa = 606.2674 Da, found 606.2662 Da. [a]p>’ =

+25 (CHCls, ¢ = 1 g/100mL).

1,2-O-isopropylidene-3-deoxy-3-propylacetamido-5-0O-benzyl-a-D-ribofuranose (21): To a cooled
solution (0 °C) of 6 (1 eq, 1.86 mmol, 600 mg) in DCM (30 mL) was added TBTU (1.4 eq, 2.6 mmol, 840
mg), HOBt.H,0O (0.5 eq, 0.9 mmol, 126 mg) and triethylamine (1.1 eq, 2 mmol, 285 pL). The mixture was
stirred for 30 min at 5 °C. Then was added propylamine (1.5 eq, 2.8 mmol, 230 pL) and triethylamine (1.1
eq, 1.24 mmol, 285 pL), the mixture was stirred overnight at room temperature. The reaction was quenched
with water (40 mL), extracted with DCM (3 x 40 mL) and the combined organic layers were washed with a
saturated aqueous solution of NaHCO; (2 x 40 mL) and brine (2 x 40 mL), dried over Na;SOy, filtered and
concentrated under reduced pressure. If necessary, the crude was diluted with toluene and washed with
water (3 x 40 mL) to eliminate urea. The organic layer was dried over Na,SOy, filtered and concentrated
under reduced pressure to obtain the desired compound as a yellow oil (570 mg, 1.578 mmol, 74%). TLC
(DCM): Ry= 0.84. "H NMR (300 MHz, CDCLs): & (ppm) = 7.33-7.32 (m, 5H, H,,), 5.83 (d, Ji, = 3.7 Hz,
1H, H,), 5.71 (brs, 1H, NHamiqe), 4.69 (d, J12 = 3.7 Hz, 1H, H»), 4.56 (s, 2H, CH,Ph), 3.95 (ddd, J34 = 8.9
Hz and Jy 5, = Jasp = 4.4 Hz, 1H, Hy), 3.64 (dd, Jeem = 10.7 Hz and J4 5, = 3.5 Hz, 1H, Hs,), 3.53 (dd, Jeem =
10.7 Hz and Ju4 5, = 4.8 Hz, 1H, Hsy,), 3.25 (dq, Jeem = 18.0 Hz and JuacHonH),Ha(CH2CH3) = JHa(CH2NH), Hb(CH2CH3)
= JHaccH2nH)NH = JHaccrnmNg = 6.6 Hz, 1H, Hacrongy), 3.14 (dq, Jeem = 18.0 Hz and Juy(cHanm), Ha(CH2CH3) =
JHb(CH2NH),Hb(CH2CH3) = JHb(CH2NH),NH = JHbcHanm),Ne = 6.6 Hz, 1H, Hychong), 2.44-2.37 (m, 2H, Hacaco) and
H3), 2.28-2.18 (m, 1H, Hycn2co)), 1.50 (q, Jemz,cns = 7.4 Hz, 2H, CH,CH3), 1.50 (s, 3H, Meacetonide), 1.31 (s,
3H, Meacetonide), 0.91 (t, Jema.cus = 7.4 Hz, 3H, CH,CH3). *C NMR (75 MHz, CDCls): & (ppm) = 170.1
(COuamide)> 137.0 (Crv@ar), 128.9 (Car), 127.5 (Car), 126.9 (Car), 126.8 (Car), 110.7 (Crviacetonide)), 104.0 (Cy),

80.3 (C2), 79.3 (C4), 72.7 (CHsPh), 69.0 (Cs), 41.8 (C3), 40.4 (NH-CH,), 31.6 (CH,CO), 25.8 (Mescetonide)s
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25.5 (Meacetonide), 21.9 (CH,CH3), 10.4 (CH,CH3). MS (ESI'): m/z = 386.2 Da [MNa]". HRMS (ESI"): calcd

for C20H29N105Na =386.1943 Da, found = 386.1945 Da.

1,2-O-isopropylidene-3-deoxy-3-propyl-N-methyl-acetamido-5-O-benzyl-a-D-ribofuranose (22): To a
cooled solution of 6 (1 eq, 1.55 mmol, 500 mg) in DCM (30 mL) was added TBTU (1.4 eq, 2.17 mmol, 600
mg), HOBt.H,O (0.5 eq, 0.78 mmol, 90 mg) and triethylamine (1.1 eq, 1.7 mmol, 200 pL). The mixture was
stirred for 30 min about 5 °C. Then was added methylpropylamine (1.5 eq, 2.32 mmol, 210 pL) and
triethylamine (1.1 eq, 1.7 mmol, 200 pL), the mixture was stirred overnight at room temperature. The
reaction was quenched with water (30 mL), extracted with DCM (3 x 30 mL) and the combined organic
layers were washed with a saturated aqueous solution of NaHCO; (2 x 40 mL) and brine (2 x 30 mL), dried
over Na,SOq, filtered and concentrated under reduced pressure. The crude was purified by flash column
chromatography (DCM/Et,0O, 99/1) to obtain the desired compound as a colorles oil (375 mg, 1 mmol,
65%). TLC (DCM/Et,0: 9/1): R¢=0.34. "H NMR (400 MHz, CDCl;) of two rotamers in 1/1 ratio: & (ppm)
=7.37-7.29 (m, 5H, Hy), 5.82 (d, Ji» = 3.8 Hz, 0.5H, H,), 5.81 (d, J1, =3.8 Hz, 0.5H, H,), 4.83 (t, Ji2, = /23
=4.2 Hz, 1H, H,), 4.56-4.55 (m, 2H, CH,Ph), 4.02-3.96 (m, 1H, H), 3.65-3.56 (m, 2H, Hs), 3.41-3.16 (m,
2H, CHoNMe), 2.92 (s, 1.5H, NMe), 2.90 (s, 1.5H, NMe), 2.70-2.59 (m, 2H, Hacmzcoy, Hz), 2.34 (dd, Jeem =
15.9 Hz and Jemus = 3.5 Hz, 0.5H, Hpcmzco)), 2.29 (dd, Jgem = 15.9 Hz and Jemons = 3.5 Hz, 0.5H,
Hy(c2co)), 1.60-1.49 (m, 2H, CH,CHj3), 1.48 (s, 1.5H, Meacetonide), 1.47 (s, 1.5H, Meéacetonide), 1.29 (s, 3H,
Meéqcetonide)> 0.88 (t, Jema.cns = 7.4 Hz, 1.5H, CH,CHs), 0.87 (t, Jewa.cns = 7.4 Hz, 1.5H, CH,CH3). ®C NMR
(100 MHz, CDCl3): 6 (ppm) = 170.99 (COamide), 170.98 (COamide), 138.3 (Crviar), 138.2 (Crvian), 128.6 (Cur),
128.5 (Car), 128.5 (Ca), 127.9 (Cu), 127.8 (Car), 127.7 (Car), 127.1 (Ca), 111.4 (Crviacetonide)), 111.4
(Crv(acetonide))s 105.2 (Cy), 105.1 (Cy), 81.5 (Cy), 80.0 (Ca), 79.9 (Cs), 73.7 (CH,Ph), 73.6 (CH,Ph), 70.7 (Cs),
70.5 (Cs), 51.6 (CH:NMe), 49.6 (CH,NMe), 42.9 (Cs), 42.7 (Cs), 35.4 (CH,CO), 33.5 (CH,CO), 29.0
(NMe), 28.5 (NMe), 26.88 (Meaccionide), 26.86 (Meacctonide), 26.48 (Meacctonide), 26.46 (Meacctonice), 21.5
(CH,CHj3), 20.7 (CH,CH3), 11.3 (CH,CH3), 11.2 (CH,CH3). MS (ESI'): m/z = 400.2 Da [MNa]', 777.4 Da
[2MNa]". HRMS (ESI"): calcd for Cy H3N;OsNa = 400.2094 Da, found = 400.2103 Da. [a]p®® = +13.6
(CHCI3, ¢ =1 g/100mL).
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5’-O-trityl-thymidine: To a solution of thymidine (1 eq, 20 mmol, 4.8g) in dry pyridine (25 mL) at 80 °C
were added trityl chloride (1.2 eq, 24.4 mmol, 6.8 g) and DMAP (0.025 eq, 0.5 mmol, 60 mg) under argon.
The mixture was stirred overnight at 80 °C, then cooled to room temperature. The reaction mixture was
poured into iced-cooled water (1 L) and filtered. The solid was freeze-dried to obtain the desired compound
as a colorless solid (7.2 g, 14.86 mmol, 74%). Mp = 125 °C. TLC (DCM/MeOH: 94/6): R¢=0.61. '"H NMR
(300 MHz, CDCl3): 6 (ppm) = 10.08 (s, 1H, NHr), 7.35-7.23 (m, 16H, H,, He), 6.48 (dd, Ji2 = 7.4 Hz and
Jir2a=06.1 Hz, 1H, H}), 4.64 (dt, Jov3° = 6.2 Hz and Jy, 3 = J34 = 3.0, 1H, H3), 4.14 (q, J34 = Ja 5 = Ja 5
=3.0 Hz, 1H, Hy'), 3.50 (dd, Jeem = 10.6 Hz and Jy 5, = 3.0 Hz, 1H, Hs,), 3.40 (dd, Jgem = 10.7 Hz and Js- 5,
= 3.3 Hz, 1H, Hs»), 2.50 (ddd, Jeem = 13.6 Hz, Jy» 2, = 6.1 Hz and J»,3» = 3.2 Hz, 1H, Hy-,), 2.34 (ddd, Jgem =
13.8 Hz, Ji 2 = 7.4 Hz and Jyv3 = 6.5 Hz, 1H, Hy), 1.50 (d, Jsnmer) = 0.9 Hz, 3H, Mer). ®C NMR (75
MHz, CDCL): 6 (ppm) = 164.4 (Cy), 149.3 (Cy), 143.4 (Crv@ar), 136.2 (Cg), 128.6-127.3 (Cyr), 111.0 (Cs),
87.3 (C3), 86.3 (Cy), 84.8 (Cy), 63.8 (Cs), 41.0 (C2), 11.8 (Mer). MS (ESI"): m/z = 507.2 Da [MNa]’, 991.4

Da [2MNa]". HRMS (ESI"): calcd for Co9H,3N,0sNa = 507.1890 Da, found = 507.1897 Da.

1,2-O-isopropylidene-3-deoxy-3-(2'-deoxy-3'-O-benzyl-5'-deoxy-5'-acetamido-thymidinyl)-5-O-benzyl-
a-D-ribofuranose (23): The compound 23 was obtained by peptide coupling from carboxylic acid 6 and the
3’-0-benzyl-5’-amino-thymidine obtained as followed. To a solution of 5’-O-trityl-thymidine (1 eq, 2.67
mmol, 1.3 g) in a 2:1 mixture of benzene/dioxane (15 mL) were added KOH (10 eq, 26.7 mmol, 1.5 g) and
benzyl chloride (1.5 eq, 4 mmol, 0.46 mL) under argon. The mixture was stirred at reflux for 3 h then
quickly filtered. It was diluted with DCM (20 mL), washed with HCI 0.5 N water (2 x 20 mL) and the
aqueous layer was extracted with DCM (20 mL). The combined organic layers were washed with water (2 x
20 mL) and brine (2 x 20 mL), dried over Na,SOy, filtered and concentrated under reduced pressure. The
crude of the desired 3°-O-benzyl-5’-O-trityl-thymidine was used in the next step without further purification.
TLC (DCM/MeOH: 97/3): R¢= 0.60. "H NMR (300 MHz, CDCLy): & (ppm) = 8.04 (brs, 1H, NHy), 7.57
(d, J=1.2 Hz, 1H, Hg), 7.39-7.27 (m, 20H, Hy), 6.37 (dd, J12,b = 7.9 Hz and J; 2, = 5.8 Hz, 1H, Hy), 4.54 (d,
Jeem = 11.9 Hz, 1H, CHH'Ph), 4.45 (d, Jeem = 11.9, 1H, CHH'Ph), 4.31 (ddd, Jop3 = 6.1 Hz, J34 = 2.8 Hz
and Jy»,3 = 2.5 Hz, 1H, Hz), 4.18 (q, J3.4 = Ja 52 = Ja sp = 2.8 Hz, 1H, Hy), 3.46 (dd, Jeem = 10.6 Hz and J4: 5
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= 2.8 Hz, 1H, Hsy), 3.31 (dd, Jgem = 10.6 Hz and Ja 51 = 3.1 Hz, 1H, Hsp), 2.54 (ddd, Jgem = 13.6 Hz, Jy124 =
5.7 Hz and Jy 3 = 2.5 Hz, 1H, Hy,), 2.20 (ddd, Jgem = 13.6 Hz, Ji2 = 7.9 Hz and Jow 3 = 6.1 Hz, 1H, Hay),
1.45 (d, Jsmecr = 1.1 Hz, 3H, Mer). ®C NMR (75 MHz, CDCL3): & (ppm) = 163.7 (Cy), 150.1 (C,), 143.5
(Crvn), 137.5 (Cg), 135.7 (Crvean), 128.8-127.4 (Cy), 111.3 (Cs), 85.1 (Cy), 84.2 (Cy), 78.8 (C3), 71.5
(CH,Ph), 64.0 (Cs), 38.2 (Cy), 12.0 (Mer). MS (ESI"): m/z = 597.2 Da [MNa]". HRMS (ESI"): calcd for

C36H3405N;Na = 597.2360 Da, found = 597.2363 Da.

A solution of this 3’-O-benzyl-5’-O-trityl-thymidine in acetic acid 80% (15 mL) was refluxed for 20 min.
The mixture was co-evaporated with water (2 x 10 mL), diluted with DCM and washed with a saturated
aqueous solution of NaHCOj; until pH = 9. The organic layer was dried over Na,SQ,, filtered and
concentrated under reduced pressure to obtain the desired 3’-O-benzyl-thymidine (400 mg, 1.2 mmol, 45%
for two steps). TLC (DCM/MeOH: 97/3): Ry = 0.37. 'H NMR (300 MHz, CDCls): & (ppm) = 8.48 (brs,
1H, NHr), 7.39-7.29 (m, 6H, H¢, Har), 6.12 (dd, Ji-2> = 7.3 Hz and Jy»» = 6.1 Hz, 1H, Hy), 4.58 (d, Jgem =
11.7 Hz, 1H, CHH'Ph), 4.52 (d, Jeem = 11.7Hz, 1H, CHH'Ph), 4.29 (dt, Joa3 = 6.2 Hz and Jop 3 = J3.4 = 3.1
Hz, 1H, H3), 4.17 (q, J = 2.9 Hz, 1H, Hy4), 3.93 (dd, Jgem = 11.8 Hz and J4 5, = 2.7 Hz, 1H, Hsy), 3.75 (dd,
Jeem = 11.8 Hz and Jy4 s, = 2.9 Hz, 1H, Hsy,), 2.41-2.35 (m, 1H, H»), 1.91 (d, Jsmer) = 1.1 Hz, 3H, Mer). Bc
NMR (75 MHz, CDCl3): 6 (ppm) = 163.7 (Cs), 150.4 (C,), 137.1 (Cs), 137.7 (Crv(an), 128.7 (Cyr), 128.2
(Car), 127.8 (Cqar), 111.2 (Cs), 87.6 (Cy), 85.3 (Cy), 78.8 (Cs3), 71.8 (CH,Ph), 63.0 (Cs), 37.3 (Cy), 12.6
(Mer). MS (ESI"): m/z = 355.1 Da [MNa]". HRMS (ESI"): calcd for C;7H,0N,0OsNa = 355.1270 Da, found

=355.1273 Da. Spectroscopic data of this compound were consistent with those reported in the literature.*

To a cooled solution (0 °C.) of 3’-O-benzyl-thymidine (1 eq, 3 mmol, 1 g) in pyridine (12 mL) was added
dropwise methanesulfonyl chloride (2 eq, 6 mmol, 465 pL). The cold bath was removed and the mixture
was stirred at room temperature under argon for 3 h. The reaction mixture was quenched with water (2 mL)
then co-evaporated with toluene (2 x 5 mL). The residue was diluted with DCM (20 mL), washed
successively with a saturated aqueous solution of NaHCO; (2 x 15 mL) and brine (2 x 15 mL), dried over
Na,SQy, filtered and concentrated under reduced pressure to give the desired 3’-O-benzyl-5’-O-mesyl-

thymidine as a brown oil (1.2 g, 2.9 mmol, 96%). TLC (DCM/MeOH: 97/3): R¢=0.48. "H NMR (300 MHz,
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CDCl): 6 (ppm) = 8.80 (brs, 1H, NHr), 7.38-7.32 (m, 6H, H,: and Hg), 6.30 (dd, J1>2, = 7.5 Hz and J;- 2o, =
6.3 Hz, 1H, Hy), 4.60 (d, Jeem = 11.7 Hz, 1H, CHH'Ph), 4.51 (d, Jgem = 11.7 Hz, 1H, CHH'Ph), 4.46 (dd, Jeem
= 11.2 Hz and Jy 5, = 2.7 Hz, 1H, Hsy), 4.35 (dd, Jgem = 11.2 Hz and Jy 51, = 3.2 Hz, 1H, Hsy,), 4.28-4.23 (m,
2H, Hy, Hy), 3.04 (s, 3H, MeS0,), 2.49 (ddd, Jgem = 13.8 Hz, Ji125 = 6.3 Hz and Jy, 3 = 2.9 Hz, 1H, Hy,),
2.13 (ddd, Jgem = 13.8 Hz, Jy:2 = 7.5 Hz and Jaw 3 = 6.1 Hz, 1H, Hay), 1.94 (d, Jomer) = 1.1 Hz, 3H, Mer).
BC NMR (75 MHz, CDCl3): & (ppm) = 163.9 (C4), 150.6 (Cy), 137.7 (Crvian), 136.6 (Ce), 129.7 (Caxo)),
128.9 (Car(my)» 128.5 (Carp)), 111.2 (Cs), 86.2 (Cy), 85.8 (Cy), 78.4 (C3), 72.0 (CH,Ph), 66.5 (Cs), 37.4 (Me
SO,), 36.7 (C»), 12.3 (Mer). MS (ESI"): m/z=411.1 Da [MH]", 821.2 Da [2MH]". HRMS (ESI"): calcd for

CisH23N,04S, =411.1221 Da, found =411.1221 Da.

To a solution of 3’-O-benzyl-5’-O-mesyl-thymidine (1 eq, 3 mmol, 1.2 g) in DMF (25 mL) was added
sodium azide (1.5 eq, 4.5 mmol, 293 mg). The mixture was stirred for 2 h at 85 °C, then cooled to room
temperature and quenched with brine (30 mL). The aqueous layer was extracted with Et,O (2 x 30 mL) and
the combined organic layers were washed with brine (5 x 30 mL), dried over Na;SQ,, filtered and
concentrated under reduced pressure to give the desired 3’-O-benzyl-5’-azido-thymidine as a colorless oil (1
g, 2.8 mmol, 93 %). TLC (DCM/Et,0: 7/3): Ry = 0.55. "H NMR (300 MHz, CDCl5): & (ppm) = 8.40 (brs,
1H, NHry), 7.40-7.30 (m, 6H, H,; and Hg), 6.27 (dd, J1- 2, = 7.5 Hz and J;- 2, = 6.2 Hz, 1H, Hy), 4.59 (d, Jgem
= 11.7 Hz, 1H, CHH'Ph), 4.49 (d, Jeem = 11.7 Hz, 1H, CHH'Ph), 4.17-4.13 (m, 2H, Hj and Hy), 3.70 (dd,
Jeem = 13.1 Hz and J4 5, = 3.1 Hz, 1 H, Hsy), 3.49 (dd, Jeem = 13.1 Hz and Js 5, = 3.2 Hz, 1H, Hsy), 2.47
(ddd, Jgem = 13.8 Hz, J12w = 6.2 Hz and Jyu 3 = 2.7 Hz, 1H, Hyy), 2.16-2.07 (m, 1H, Hay), 1.94 (d, Jome(r) =
1.1 Hz, 3H, Mey). C NMR (100 MHz, CDCl;): & (ppm) = 163.8 (Cy4), 150.4 (C,), 137.0 (Cy), 135.4
(Crvan), 132.3 (Car), 132.1 (Cyr), 128.7 (Car), 128.6 (Cqar), 111.0 (Cs), 85.5 (Cy and Cy), 79.1 (C3), 71.6
(CH,Ph), 62.7 (Cs), 37.6 (C2), 12.6 (Mer). MS (ESI'): m/z = 358.1 Da [MH]", 715.2 Da [2MH]". HRMS

(ESI+): caled for C17H20NsO4 = 358.1510 Da, found = 358.1515 Da.

To a solution of 3’-0-benzyl-5’-azido-thymidine (6.8 mmol, 2.3 g) in EtOH (25 mL) was added 10% Pd/C
(5% weight, 115 mg). The reaction was stirred under hydrogen atmosphere (1 bar) at room temperature for 3

h. The mixture was filtered and concentrated under reduced pressure to give the desired precursor 3’-O-
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benzyl-5’-amino-thymidine as a colorless powder (2.25 g, 6.8 mmol, quantitative). Mp = 96-97 °C. TLC
(alumin, DCM/MeOH: 94/6): Ry = 0.48. "H NMR (300 MHz, CDCl;): & (ppm) = 8.01 (s, 1H, NHy), 7.39—
7.30 (m, 6H, Har, He), 6.23 (t, Ji-» = 6.9 Hz, 1H, Hy), 4.58 (d, Jgem = 11.8 Hz, 1H, CHH'Ph), 4.51 (d, Jeem =
11.8 Hz, 1H, CHH'Ph), 4.14-4.09 (m, 1H, Hy), 4.04—4.00 (m, 1H, Hy), 3.04 (dd, Jeem = 13.6 Hz and J4 5, =
4.1 Hz, 1H, Hsy), 2.90 (dd, Jgem = 13.6 Hz and J4 s = 5.4 Hz, 1H, Hsy), 2.45 (ddd, Jgem = 13.7 Hz, Jy12a =
6.3 Hz and Jy,3 = 3.3 Hz, 1H, Hay4), 2.13 (dt, Jeem = 13.9 Hz and Jy 2 = Jov 3 = 7.1Hz, 1H, Hay), 1.92 (brs, 3
H, Mer). *C NMR (100 MHz, CDCly): & (ppm) = 164.0 (C4), 150.5 (C3), 137.6 (Crvean), 135.9 (Ce), 128.7
(Car), 128.1 (Carp)), 127.8 (Car), 111.3 (Cs), 85.3 (Cyr and Cy), 78.8 (C3), 71.8 (CH,Ph), 43.9 (Cs), 37.6 (Cy),
12.7 (Mer). MS (MALDI": DHB): m/z = 332.2 Da [MH]". HRMS (MALDI": DHB, PEG 200): calcd for

C17H22N304 =332.1605 Da, found 332.1601 Da.

To a cooled solution of 6 (1 eq, 1.76 mmol, 570 mg) in DCM (12 mL) was added TBTU (1.4 eq, 2.4 mmol,
791 mg), HOBt.H,O (0.5 eq, 0.88 mmol, 119 mg) and triethylamine (1.1 eq, 1.93 mmol, 263 pL). The
mixture was stirred for 30 min at 5 °C then was added a solution of 3’-O-benzyl-5’-amino-thymidine (1 eq,
1.76 mmol, 590 mg) in DCM (10 mL) and triethylamine (1.1 eq, 1.93 mmol, 263 pL). The mixture was
stirred at room temperature overnight. The reaction was quenched with water (50 mL), extracted with DCM
(3 x 50 mL) and the combined organic layers were washed with a saturated aqueous solution of NaHCO; (2
x 50 mL) and brine (2 x 50 mL), dried over Na,SQy, filtered and concentrated under reduced pressure. If
necessary, the crude was diluted with toluene and washed with water (3 x 50 mL) to eliminate urea. The
organic layer was dried over Na,SOy, filtered and concentrated under reduced pressure to give the desired
compound 23 as a beige amorphous solid (1 g, 1.57 mmol, 89%). TLC (Et,O/i-PrOH: 98/2): Ry = 0.34. 'H
NMR (400 MHz, CDCls): 6 (ppm) = 8.06 (brs, 1H, NHy), 7.38-7.30 (m, 10H, Hy,), 7.09 (d, Jemer) = 1.2
Hz, 1H, Heg), 6.50—6.44 (m, 1H, NHamige), 5.94 (dd, Ji2s = 7.9 Hz and Jys 28 = 6.4 Hz, 1H, H;), 5.82 (d,
Jiaoa=3.7Hz, 1H, H},), 4.69 (t, "J = 4.1 Hz, 1H, H,,), 4.57 (AB syst., J = 11.8 Hz) 2H, CH,Ph), 4.51 (AB
syst., J = 11.0 Hz, 2H, CH,Ph), 4.14-4.11 (m, 1H, Hyg), 4.08-4.05 (m, 1H, H3p), 3.98-3.94 (m, 1H, Hsa),
3.70-3.63 (m, 2H, Hsa, Hsg), 3.55 (dd, Jeem = 10.9 Hz and Jsa 5o = 4.7 Hz, 1H, Hsy), 3.43 (dt, Jeem = 14.2
Hz and Jyg 58 = Jnnss = 4.2 Hz, 1H, Hsg), 2.51-2.28 (m, 5H, Hy's, H3a, CH,CO), 1.93 (d, Jsgmer) = 1.2
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Hz, 3H, Mer), 1.48 (s, 3H, Meuewonide)s 1.28 (s, 3H, Meucewonide). *C NMR (100 MHz, CDCly): & (ppm) =
171.7 (COunige)s 163.2 (Cap), 150.1 (Cap), 138.1 (Crv(an), 137.5 (Ce)s 137.4 (Crvian), 128.7 (Cur), 128.6 (Ca),
128.3 (Car), 127.9 (Car), 127.8 (Car), 111.6 (Csp), 111.5 (Crviacetonide)), 105.1 (C1a), 88.8 (Cip), 83.6 (Cun),
81.3 (Can), 80.2 (Can), 79.6 (Csp), 73.7 (CHsPh), 72.0 (CHyPh), 69.9 (Csp), 42.5 (Csn), 41.7 (Cs), 36.4
(Con), 32.1 (CH,CO), 26.9 (Meueionide), 26.6 (Meuceonice), 12.6 (Mer). MS (ESI'): m/z = 658.3 Da

[M+MeOH+Na]+. HRMS (ESI+): calcd for C34H41N309Na = 658.2740 Da, found = 658.2747 Da.

Attempt to acetolysis of 21 (formation of by-products 24 and 25): A solution of 21 (1 eq, 0.72 mmol, 260
mg) in acetic acid / water (4 mL / 1 mL) was stirred for 6 hours at 90 °C and then co-evaporated with
pyridine. The crude was diluted with pyridine and acetic anhydride (17 eq, 12.6 mmol, 1.1 mL) was added.
The mixture was stirred for 20 hours at room temperature, and then iced water was added. The aqueous layer
was extracted with Et;O (3 x 10 mL) and the combined organic layers were washed with water (2 x 15 mL)
and HCl 0.2 N (15 mL), then dried over Na,SO,, filtered and concentrated under reduced pressure. The
crude was purified by flash column chromatography (DCM/Et,0, 95/5 to 85/5) to obtain compound 24 as a

single isomer (80 mg, 0.26 mmol, 45%) and 25 (52 mg, 0.15 mmol, 26%).

(3aR,4S,6aR)-4-((benzyloxy)methyl)-2-oxohexahydrofuro[3,4-b]furan-6-yl acetate (24): TLC
(DCM/Et,0: 8/2): Ry = 0.82. "H NMR (400 MHz, CDCl3): § (ppm) = 7.37-7.30 (m, 5H, Hy,), 5.33 (s, 1H,
H,), 4.90 (d, /o3 = 6.3 Hz, 1H, H,), 4.56 (s, 2H, CH,Ph), 4.24-4.20 (m, 1H, H,), 3.63 (dd, Jgem = 9.9 Hz and
Jasa =5.2 Hz, 1 H, Hs,), 3.50 (dd, Jeem = 9.9 Hz and J,4 5, = 6.7 Hz, 1H, Hsp), 3.16-3.11 (m, 1H, Hj), 2.84
(dd, Jeem = 18.2 Hz and Juacr2coy3 = 9.1 Hz, 1H, Hacwuaco), 2.52 (dd, Jgem = 18.2 Hz and Jupcr2co)3 = 2.1
Hz, 1H, Hbcioco), 2.00 (s, 3H, Meac). *C NMR (100 MHz, CDCls): & (ppm) = 174.9 (CO), 169.1 (COxc),
137.8 (Crvan), 128.7 (Car), 128.1 (Cyr), 127.8 (Car), 99.9 (Cy), 87.4 (Cy), 86.9 (Cy), 73.7 (CH,Ph), 72.0 (Cs5),
40.1 (C3), 34.0 (CH,CO), 21.2 (Meac). MS (CI'): m/z = 324.1 Da [MNH,4]"; (CI'): m/z = 340.9 Da [M+CI] ",
(MALDI": DHB): m/z = 307.2 Da [MH] ". HRMS (MALDI": DHB, PEG 200): calcd for C;cH 90 =

307.1178 Da, found 307.1176 Da.

(185,5R,6S5,8R)-6-((benzyloxy)methyl)-3-0x0-2-propyl-7-oxa-2-azabicyclo[3.2.1]octan-8-yl acetate (25):

TLC (DCM/Et,0: 8/2): Ry= 0.57. "H NMR (400 MHz, CDCL3): & (ppm) = 7.25-7.38 (m, 5H, Hyy), 5.17 (dd,
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Jia=43Hzand J,;=0.7 Hz, 1H, H)), 5.10 (t, Jo5 = 4.8 Hz and J; » = 4.3 Hz, 1H, H,), 4.58 (d, Jgem = 12.1
Hz, 1H, CH,Ph), 4.52 (d, Jgem = 12.1 Hz, 1H, CHyPh), 4.12 (t, Jy5a = Jaso = 4.5 Hz, 1H, Hy), 3.54 (dd, Jgem =
10.4 Hz and Jy 5, = 4.8 Hz, 1H, Hs,), 3.50 (dd, Jgem = 10.4 Hz and J4 5, = 4.3 Hz, 1H, Hsp), 3.47-3.43 (m, 1H,
CH,N), 3.26-3.16 (m, 1H, CH,N), 2.81 (dd, Jgem = 17.8 Hz and Juacinco)s = 4.5 Hz, 1H, Hycimacoy), 2.70—
2.63 (m, 1H, H3), 2.39 (dd, Jgem = 17.8 Hz and Jimcracoys = 1.5 Hz, 1H, Hycmaco)), 2.07 (s, 3H, Mea,),
1.57-1.43 (m, 2H, CHaypp), 0.87 (t, Jem.cnz = 7.4 Hz, 3H, Mep,). *C NMR (100 MHz, CDCl3): & (ppm) =
170.4 (COumige), 169.1 (COA), 137.8 (Crvian), 128.6 (Car), 128.0 (Cyy), 127.8 (Cyy), 85.4 (C)), 81.8 (Cy4), 73.8
(CH,Ph), 71.3 (Cs), 70.2 (Cy), 48.0 (CH,N), 36.4 (CH,CO), 36.1 (C3), 22.0 (CHypy), 20.8 (Meac), 11.3
(Mep;). MS (CT"): m/z = 348.1 Da [MH]" ; (CI'): m/z = 382.1 Da [M+Cl] ", (MALDI: DHB): m/z = 348.2
Da [MH] ", 370.2 [MNa]". HRMS (MALDI": DHB, PEG 200): calcd for C;oH;6N;0s = 348.1805 Da, found

348.1802 Da.

1,2-0-acetyl-3-deoxy-3-propylacetamido-5-O-benzyl-4-D-ribofuranose (26): To a solution of 21 (1 eq,
0.41 mmol, 150 mg) in acetic acid (3 mL) was added acetic anhydride (40 eq, 16.4 mmol, 1.5 mL), camphor
sulfonic acid (0.1 eq, 0.04 mmol, 9 mg). The latter mixture was stirred for 20 min at 80 °C, a second portion
of camphor sulfonic acid (0.1 eq, 0.04 mmol, 9 mg) was added and stirring was pursued for 20 min. The
mixture was concentrated under reduced pressure, diluted with DCM (15 mL) and washed with water (2 x
20 mL) and a saturated aqueous solution of NaHCO; (2 x 20 mL). The organic layer was dried over Na,;SO4,
filtered, concentrated under reduced pressure. The crude was purified by flash column chromatography
(DCM/Et,0, 90/10) to obtain the desired compound as a single isomer as an orange oil (50 mg, 0.12 mmol,
30%). TLC (DCM/Et,0: 9/1): Ry = 0.27. "H NMR (400 MHz, CDCls): & (ppm) = 7.34-7.27 (m, 5H, H,,),
6.07 (s, 1H, H;), 5.58 (brs, 1H, NH), 5.26 (d, Jo3 = 4.7 Hz, 1H, H,), 4.56 (s, 2H, CH,Ph), 4.12 (dt, J34=9.5
Hz and J4 5, = J45b = 4.8 Hz, 1H, Hy), 3.63-3.58 (m, 2H, Hs), 3.22-3.10 (m, 2H, CH,NH), 2.94-2.87 (m, 1H,
H3), 2.37-2.29 (m, 2H, CH,CO), 2.09 (s, 3H, Mex.), 1.95 (s, 3H, Meac), 1.47 (q, Jema,cnz = 7.3 Hz, 2H,
CH,CH3), 0.89 (t, Jemocus = 7.3 Hz, 3H, CH,CH;). *C NMR (100 MHz, CDCl;): & (ppm) = 170.3
(COamide), 170.0 (COaxc), 169.5 (COxc), 138.2 (Crv@n), 128.5 (Car), 127.8 (Cyr), 127.78 (Car), 98.8 (Cy), 83.7
(Cy), 78.1 (Cy), 73.5 (CH2Ph), 71.9 (Cs), 41.5 (CH,NH), 39.0 (Cs), 32.7 (CH,CO), 22.9 (CH,CH3), 21.2
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(Mea), 20.8 (Meac), 11.4 (CH,CH;). MS (CI'): m/z = 4082 Da [MH]', 348.1 Da [MH-AcOH]" ;
(MALDI": DHB): m/z = 430.2 Da [MNa], 348.2 Da [MH-AcOH]". HRMS (MALDI': DHB, PEG 400):

caled for C»;Hp9N;O7Na = 430.1836 Da, found 430.1837 Da.

2-0-acetyl-1,3-deoxy-3-(2'-deoxy-3'-0O-benzyl-5'-deoxy-5'-cycloacetamido-thymidinyl)-5-O-benzyl-a-

D-ribofuranose (27): A solution of acetonide 23 (1 eq, 0.31 mmol, 200 mg) in trifluoroacetic acid / water
(2.4 mL / 0.6 mL) was stirred for 24 hours at room temperature. The reaction mixture was diluted with DCM
then washed successively with water and a saturated aqueous solution of NaHCO3;, and dried over Na,SOs.
The crude was co-evaporated with pyridine, diluted in pyridine (5 mL). Acetic anhydride (20 eq, 6.3 mmol,
0.8 mL) was added to the solution and the reaction mixture was stirred for 20 h at room temperature. The
reaction mixture was diluted with DCM (10 mL), washed with water and HCl 1IN (15 mL), dried over
Na,SQ,, filtered and concentrated under reduced pressure. The crude was purified by flash column
chromatography (DCM/Et,0, 6/4 to 0/10) to give compound 27 as a beige oil (65 mg, 0.10 mmol, 32%).
TLC (DCM/Et,0: 6/4): R = 0.21. "H NMR (400 MHz, CDCl3): & (ppm) = 8.88 (s, 1H, NHy), 7.43 (d,
Jesmery = 1.0 Hz, 1H, Hep), 7.37-7.30 (m, 10H, H,,), 6.23 (dd, Jis28p = 8.1 Hz and Jyp 28, = 5.6 Hz, 1H,
Hig), 5.36 (d, Jiaoa = 4.1 Hz, 1H, H,4), 5.07 (t, °J = 4.8 Hz, 1H, H,4), 4.47-4.59 (m, 4H, 2xCH,Ph), 4.14—
4.10 (m, 1H, Hyg), 4.01-3.96 (m, 2H, Hsp and Hsa), 3.82 (dd, Jeem = 14.2 Hz and Jsp 58, = 8.8 Hz, 1H,
Hsga), 3.51-3.49 (m, 2H, Hsa), 3.41 (dd, Jeem = 14.2 Hz and Jsg 5By = 3.4 Hz, 1H, Hsgyp), 2.83 (dd, Jgem =
17.9 Hz and Jcmoco3a = 4.2 Hz, 1H, CHH'CO), 2.69-2.67 (m, 1H, H3a), 2.47 (ddd, Jgem = 13.8 Hz, JiB 282 =
5.6 Hz and Jyg,38 = 2.5 Hz, 1H, Hyp,), 2.41 (d, Jeem = 17.9 Hz, 1H, CHH'CO), 1.99 (s, 3H, Mex.), 1.95 (d,
Jesmer) = 1.0 Hz, 3H, Mer). *C NMR (100 MHz, CDCl;): & (ppm) = 170.6 (COac), 169.8 (COumige), 163.9
(C4p), 150.3 (Cap), 137.7 (Crv@ar), 137.4 (Crvan), 135.8 (Cep), 128.7 (Cqr), 127.8 (Cyy), 127.8 (Cyp), 111.3
(Csg), 85.6 (Ci), 84.6 (Cia), 81.8 (Csn), 81.7 (Cym), 79.6 (Csm), 73.7 (CH,Ph), 71.6 (CH,Ph), 71.1 (Csa),
70.1 (Caa), 47.1 (Csp), 37.1 (Cap), 36.4 (CH,CO), 36.0 (Csa), 20.7 (Meac), 12.4 (Mer). MS (MALDI':
DHB): 642.3 [MNa]’, 620.3 [MH-H,0]". HRMS (MALDI': DHB, PEG 600): calcd for C33H3/N;0oNa =

642.2427, found 642.2411.
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1,2-0-acetyl-3-deoxy-3-propyl-V-methyl-acetamido-5-O-benzyl-D-ribofuranose (28): To a solution of
22 (1 eq, 0.45 mmol, 170 mg) in acetic acid (3 mL) was added acetic anhydride (40 eq, 18 mmol, 1.7 mL),
camphor sulfonic acid (0.02 eq, 0.009 mmol, 2 mg). The mixture was stirred for 90 min at 80 °C, then three
portions of camphor sulfonic acid (0.05 eq, 0.02 mmol, 5 mg each portion) were added every hour. After
stirring for 4 h, the mixture was concentrated under reduced pressure, diluted with DCM (15 mL) and
washed with water (2 x 20 mL) and a saturated aqueous solution of NaHCOj3 (2 x 20 mL). The organic layer
was dried over Na,SQy, filtered, concentrated under reduced pressure. The crude was purified by flash
column chromatography (eluent: DCM/Et,0, 95/5, v/v) to obtain the desired compound as a colorless oil (82
mg, 0.19 mmol, 75% from 0.26 mmol remaining in the mixture after GC samples). TLC (DCM/Et,0: 8/2):
R¢=0.46. "H NMR (300 MHz, CDCl3) mixture of two anomers in a 85:15 ratio: o (ppm) = 7.35-7.31 (m,
5H, Hy), 6.42 (dd, Ji, =4.3 Hz and J,3 = 1.0 Hz, 0.15H, Hj,), 6.09 (s, 0.85H, Hip), 5.41 (dd, J,3= 8.4 Hz
and J» = 4.4 Hz, 0.15H, Hy,), 5.33 (d, /o3 = 4.7 Hz, 0.85H, Hz), 4.58-4.57 (m, 0.3H, CH,Ph,), 4.56-4.54
(m, 1.7H, CH,Phg), 4.23-4.20 (m, 0.15H, Ha,), 4.19-4.12 (m, 0.85H, Hag), 3.66-3.58 (m, 2H, Hs), 3.32—
3.15 (m, 2H, CH;NMe), 3.00-2.94 (m, 1H, Hj), 2.57-2.46 (m, 2H, CH,CO), 2.09 (s, 0.9H, Mexc,), 2.08 (s,
2.1H, Meacp), 2.07 (s, 0.9H, Meacp), 2.06 (s, 2.1H, Meac,), 1.57-1.47 (m, 2H, CH,CH3), 0.90-0.84 (m, 3H,
CH,CH;). *C NMR (75 MHz, CDCl3): & (ppm) = 170.2 (COunige), 169.8 (COxc), 169.6 (COx.), 138.2
(Civan), 128.5 (Cap), 127.7 (Car), 98.8 (C1), 83.4 (Cap), 83.2 (Csa), 78.1 (Cap), 77.4 (Cay), 73.5 (CH,Ph), 72.4
(Cs), 72.3 (Cs), 51.4 (CH,NMe), 49.6 (CH,NMe), 39.3 (Cs), 39.0 (Cs), 29.5 (CH,CO), 28.9 (CH,CO), 21.6
(CH,CH3), 21.3 (NMe), 20.9 (Me,), 20.6 (CH,CH3), 11.3 (CH,CH3), 11.2 (CH,CH3). MS (CI'): m/z =
422.3 [MNH;]", 462.2 [MNH;3-AcOH]™ ; (ESI'): m/z = 444.2 Da [MNa]". HRMS (ESI"): calcd for

C2H31N1O7Na = 444.1998 Da, found = 444.2002 Da.

1,2-0-acetyl-3-deoxy-3-(2'-deoxy-3'-O-benzyl-5'-deoxy-5'-acetamido-thymidinyl)-5-O-benzyl- 5-D-

ribofuranose (29): To a solution of 23 (1 eq, 0.28 mmol, 180 mg) in acetic acid (4 mL) were added acetic
anhydride (40 eq, 11.2 mmol, 1.1 mL) and camphor sulfonic acid (0.05 eq, 0.01 mmol, 3.2 mg). The mixture
was stirred for 1 h at 90 °C and another portion of camphor sulfonic acid (0.05 eq, 0.01 mmol, 3.2 mg) was

added. The mixture was stirred for 1 h then concentrated under reduced pressure, diluted with DCM (15 mL)
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and washed with a saturated aqueous solution of NaHCO; (3 x 20 mL). The organic layer was dried over
Na,SQy, filtered, and concentrated under reduced pressure. The crude mixture was purified by flash column
chromatography (DCM/iPrOH, 96/4) to give 29 as a light brown solid (85 mg, 0.12 mmol, 43%). The
compound 29 was isolated as a single isomer. Mp = 75-76 °C. TLC (Et,O/i-PrOH: 98/2): Ry = 0.10. 'H
NMR (400 MHz, CDCls): 6 (ppm) = 8.29 (brs, 1H, NHy), 7.35-7.30 (m, 10H, Hy), 7.05 (d, Jegmer) = 0.9
Hz, 1H, Heg), 6.58-6.55 (m, 1H, NHamige), 6.07 (s, 1H, Hja), 5.80 (t, Jis2s = 7.1 Hz, 1H, H;B), 5.26 (d,
Joaza = 4.7 Hz, 1H, Haa), 4.57 (AB syst., J = 12.2 Hz, 2H, CH,Ph), 4.52 (AB syst., J = 11.6 Hz, 2H,
CH,Ph), 4.16-4.09 (m, 3H, Hsa, H3p and Hup), 3.69-3.63 (m, 1H, Hsp), 3.62-3.61 (m, 2H, Hsy), 3.44-3.37
(m, 1H, Hsg), 2.98-2.92 (m, 1H, Hja), 2.54-2.45 (m, 1H, H,g), 2.39-2.37 (m, 2H, CH,CO), 2.36-2.30 (m,
1H, Hyp), 2.08 (s, 3H, Meac), 1.96 (s, 3H, Meac), 1.93 (d, Jopmery = 0.9 Hz, 3H, Mey). *C NMR (100
MHz, CDCl3): 6 (ppm) = 171.0 (COamidge), 170.0 (CO4xc), 169.5 (COxc), 163.3 (Cyp), 150.3 (Cyp), 138.3
(CeB), 138.2 (Crv@an), 137.5 (Crvan), 128.74-127.74 (Cqr), 111.5 (Csp), 99.0 (Cia), 90.0 (Cyp), 83.6 (C4 or
Cy), 83.4 (C4 or Cy), 79.5 (C3p), 77.7 (Caa), 73.5 (CH,Ph), 72.2 (CH,Ph), 71.7 (Csa), 41.7 (Csp), 39.0
(C3a), 36.4 (Cap), 32.2 (CH,CO), 21.2 (Meac), 20.9 (Mea.), 12.4 (Mer). MS (CI'): m/z = 680.4 Da [MH]",
620.4 Da [MH-AcOH]"; (MALDI: DHB): 702.3 [MNa]". HRMS (MALDI: DHB, PEG 600): calcd for

Cs35H41N30;1Na = 702.2633, found 702.2610.

1,2-0-acetyl-3-O-benzyl-5-deoxy-5-azido-D-ribofuranose (30): To a solution of 18 (1 eq, 2.95 mmol, 900
mg) in acetic acid (33 mL) was added acetic anhydride (40 eq, 118 mmol, 11 mL), camphor sulfonic acid
(0.05 eq, 0.15 mmol, 34 mg). The reaction mixture was stirred for 1 h at 80 °C and a second portion of
camphor sulfonic acid (0.05 eq, 0.15 mmol, 34 mg) was then added. The reaction mixture was stirred at 80
°C for an additional 1 h, then diluted with DCM (40 mL), washed with water (2 x 50 mL) and a saturated
aqueous solution of NaHCO; (5 x 50 mL). The organic layer was dried over Na,SQOy, filtered, concentrated
under reduced pressure. The crude was co-evaporated three times with toluene to obtain the desired
compound as a beige oil (900 mg, 2.58 mmol, 8§7%). TLC (DCM/EP: 7/3): Ry= 0.37. "H NMR (400 MHz,
CDCl) of two anomers o/ in 15/85 ratio: o (ppm) = 7.36—7.28 (m, SH, Hy,), 6.39 (d, Ji» = 4.5 Hz, 0.15H,

Hy,), 6.15 (s, 0.85H, Hyp), 5.32 (d, Jo3 = 4.2 Hz, 0.85H, Hap), 5.15 (dd, o3 = 6.5 Hz and J;, = 4.5 Hz,
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0.15H, Hy,), 4.63 (d, Jgem = 11.3 Hz, 1H, CHyPh), 4.46 (d, Jgem = 11.3 Hz, 1H, CH,Ph), 4.29-4.26 (m,
0.15H, Hy,), 4.27 (dd, J34 = 8.1 Hz and J,5 = 4.2 Hz, 0.85H, Hsp ), 4.21 (dt, J34 = 8.1 Hz and Jy 5, = Jasp =
3.2 Hz, 0.85H, Hag), 4.02 (dd, J>5 = 6.5 Hz and J3 4 = 5.0 Hz, 0.15H, Hs,), 3.63 (dd, Jgem = 13.7 Hz and Js 5,
= 3.0 Hz, 0.85H, Hs,p), 3.44 (dd, Jgem = 13.3 Hz and Jy 5, = 3.6 Hz, 0.15H, Hs,,), 3.15 (dd, Jgem = 13.7 Hz
and Jysp = 3.5 Hz, 0.85H, Hspp), 3.12 (dd, Jeem = 13.3 Hz and Jy 5, = 4.2 Hz, 0.15H, Hsp,), 2.13 (s, 2.55H,
Mepep), 2.11 (s, 0.45H, Meacy), 2.09 (s, 2.55H, Meacp), 2.07 (s, 0.45H, Mepe,). “C NMR (100 MHz,
CDCls): & (ppm) = 170.2 (Caca), 170.0 (Cace)s 169.8 (Cacp), 169.1 (Cacp), 137.2 (Crvean), 128.6 (Cyy), 128.3
(Car), 128.3 (Car), 128.1 (Cay), 98.4 (C1p), 94.6 (C1a), 81.5 (Cas), 80.9 (Cap), 76.6 (Csp), 75.8 (Csa), 73.6 (Cap),
73.5 (CH,Ph), 71.0 (Cay), 51.7 (Css), 51.1 (Csp), 21.1 (Meacp), 21.0 (Meacy), 20.8 (Meacp), 20.6 (Meac,). MS
(ESI"): m/z = 372.1 [MNa]", 290.1 [MH-AcOH]", 721.2 [2MNa]". HRMS (ESI"): calcd for C;¢HoN3ONa

=372.1166, found 372.1179.

2’-0-acetyl-3’-deoxy-3'-(2'-O-acetyl-3'O-benzyl -5'-deoxy-5'-acetamido- f-uridyl)-5’-O-benzyl- 3

uridine (32): To a solution of uracil (3 eq, 0.45 mmol, 51 mg) in freshly distilled acetonitrile (4 mL) were
added 7 (1 eq, 0.15 mmol, 100 mg) under argon then BSA (12 eq, 1.8 mmol, 440 pL). The reaction mixture
was stirred for 1 h at 60 °C, then cooled to 5 °C before adding TMSOTT (4 eq, 0.6 mmol, 108 puL). The
reaction was stirred for 2 h at reflux then diluted with DCM (10 mL) and cooled to 5 °C before adding a
saturated aqueous solution of NaHCO;. The aqueous layer was extracted with DCM (2 x 10 mL) and the
combined organic layers were washed with brine (2 x 10 mL), dried over Na,SOy, filtered and concentrated
under reduced pressure. The crude was purified by flash column chromatography (DCM/MeOH: 99/1 to
95/5 for the first chromatography; and DCM/i-PrOH:, 96/4, for the second) to give the desired compound as
a beige oil (65 mg, 0.084 mmol, 56%). TLC (DCM/i-PrOH: 95/5): R¢= 0.58. "H NMR (400 MHz, CDCl5):
o (ppm) = 9.94 (brs, 1H, NHy), 9.43 (brs, 1H, NHy), 7.85 (d, Jsa6a = 8.1 Hz, 1H, Hga), 7.32-7.29 (m, 10H,
H.), 7.14 (d, Jsges = 8.0 Hz, 1H, H¢p), 6.71 (dd, Jnnsas = 6.8 Hz and Jxpsvs = 3.2 Hz, 1H, NHamige), 5.96
(d, Jiapa =2.2 Hz, 1H, Hya), 5.70 (dd, Jsg e = 8.0 Hz and Jsgnuw) = 1.9 Hz, 1H, Hsg), 5.54 (dd, Jya3a =
5.8 Hz and Jyaoa = 2.2 Hz, 1H, Haa), 5.45 (dd, Jos 38 = 6.5 Hz and Jis28 = 3.1 Hz, 1H, Hyp), 5.36 (dd,

Jsaea = 8.1 Hz and Jsanuw) = 2.0 Hz, 1H, Hsa), 5.26 (d, Jis2s = 3.1 Hz, 1H, Hig), 4.60—4.47 (m, 4H,
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2xCH,Ph), 4.35 (t, Jopss = Jypas = 6.5 Hz, 1H, Hyg), 4.15-4.08 (m, 2H, Hya and Hyp), 3.89 (dd, Jeem =
11.0 Hz and Jyasaa = 2.2 Hz, 1H, Hsaa), 3.76 (ddd, Jyem = 14.5 Hz, Jtiamideyssa = 6.8 Hz and Jya spa = 3.2
Hz, 1H, Hspa), 3.65 (dd, Jeem = 11.0 Hz and Jya sap = 2.4 Hz, 1H, Hsap), 3.45 (dt, Jeem = 14.5 Hz and Jg s
= Jsponi = 3.2 Hz, 1H, Hspy), 3.07-3.00 (m, 1H, Hy), 2.40 (dd, Joem = 15.4 Hz and Jiza piaccico) = 7.6 Hz,
1H, Hyctnco)), 2.22 (dd, Jgem = 15.4 Hz and Jiza pv(crco) = 6.3 Hz, TH, Hycrnco)), 2.13 (s, 3H, Meag), 2.06
(s, 3H, Mea,). *C NMR (100 MHz, CDCls): & (ppm) = 170.9 (COumige), 170.4 (COacw), 170.2 (COAca),
163.6 (Cap), 163.3 (Cya), 151.0 (Caa), 150.5 (Cap), 143.8 (Cep), 140.4 (Cea), 137.5 (Civian)s 137.4 (Crvian),
128.7 (Car), 128.6 (Car), 128.4 (Cyp), 128.1 (Cap), 102.9 (Csp), 102.5 (Csa), 95.6 (Cip), 89.1 (Cya), 83.7
(Can), 81.2 (Cyp), 77.4 (Can), 76.1 (C3p), 74.1 (CH,Ph), 73.9 (CH,Ph), 73.8 (Cap), 69.1 (Csa), 39.7 (Csp),
37.8 (C3a), 32.2 (CH,CO), 20.9 (Meaa)), 20.8 (Meaes). MS (ESI'): m/z = 798.3 Da [MNa]". HRMS
(EST'): caled for C3sHyNsOj3Na = 798.2599 Da, found 798.2582 Da. [ap?® = +11.6 (CHCls, ¢ = 0.203

g/100mL).

2’-0-acetyl-3’-deoxy-3'-(2'-0O-acetyl-3'O-benzyl -5'-deoxy-5'-acetamido- fribothymidinyl)-5’-O-

benzyl-f-ribothymidine (33): To a solution of thymine (3 eq, 0.45 mmol, 56 mg) in freshly distilled
acetonitrile (4 mL) were added 7 (1 eq, 0.15 mmol, 100 mg) under argon then BSA (12 eq, 1.8 mmol, 440
uL). The reaction mixture was stirred for 1 h at 60 °C, then cooled to 5 °C before adding TMSOTT (4 eq, 0.6
mmol, 108 pL). The reaction mixture was stirred for 2 h at reflux then diluted with DCM (10 mL) and
cooled to 5 °C before adding a saturated aqueous solution of NaHCO; (10 mL). The aqueous layer was
extracted with DCM (2 x 15 mL) and the combined organic layers were washed with brine (2 x 15 mL),
dried over Na,SO,, filtered and concentrated under reduced pressure. The crude was purified by flash
column chromatography (DCM/MeOH: 99/1 to 95/5 for the first chromatography; and DCM/i-PrOH: 96/4,
for the second) to give the desired compound as a beige sticky oil (75 mg, 0.093 mmol, 62%). TLC (DCM/i-
PrOH: 95/5): Ry = 0.35. "H NMR (400 MHz, CDCls): & (ppm) = 9.65 (brs, 1H, NHy), 9.06 (brs, 1H, NHr),
7.57 (d, Joamer) = 0.9 Hz, 1H, Hea), 7.36-7.28 (m, 10H, Hy,), 6.94 (d, Jeg me(m) = 0.8 Hz, 1H, Hgg), 6.71 (dd,
JInnsas = 6.9 Hz and Jnpsvs = 2.7 Hz, 1H, NHamide), 6.00 (d, Jra2a = 2.6 Hz, 1H, Hy), 5.56 (dd, Joa3a =
6.1 Hz and Jya2a = 2.6 Hz, 1H, Ha4), 5.48 (dd, J23s = 6.3 Hz and Jis2s = 2.9 Hz, 1H, Hyp), 5.18 (d,
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Jios = 2.9 Hz, 1H, H;), 4.62-4.53 (m, 4H, 2xCH,Ph), 4.42 (t, Jyp 38 = Jypas = 7.2 Hz, 1H, Hyg), 4.12—
4.11 (m, 1H, Hyp), 4.10-4.09 (m, 1H, Hup), 3.88 (dd, Jeem = 11.1 Hz and Jya 540 = 2.0 Hz, 1H, Hsa,), 3.79
(ddd, Jgem = 14.5 Hz, Jnniamide)s8a = 6.9 Hz and Jya spa = 2.8 Hz, 1H, Hsga), 3.63 (dd, Jgem = 11.1 Hz and
Jyasab= 2.6 Hz, 1H, Hsap), 3.40 (dt, Jyem = 14.5 Hz and Jy smp = Jsponu = 2.7 Hz, 1H, Hsgy), 3.15-3.05 (m,
1H, H3), 2.40 (dd, Jeem = 15.4 Hz and Juza sacizco) = 8.0 Hz, TH, Hycraco))s 2.22 (dd, Jgem = 15.4 Hz and
Juzamcizco) = 6.0 Hz, 1H, Hyciacoy), 2.16 (s, 3H, Meaca)), 2.06 (s, 3H, Meaes)), 1.91 (d, Jepnmer) = 0.8
Hz, 3H, Merg), 1.57 (d, Jeamem = 0.8 Hz, 3H, Mers)). “C NMR (100 MHz, CDCLy): & (ppm) = 170.82
(COumide); 170.4 (COacm)), 170.2 (COaca)), 164.1 (Cyp), 163.5 (Csa), 151.2 (C2a), 150.7 (Cap), 139.9 (Cep),
137.6 (Crvian)> 137.5 (Crvian), 135.9 (Cea), 128.7 (Cap), 128.6 (Cu), 128.4 (Cy), 127.9 (Cyp), 111.6 (Csp),
111.6 (Csa), 96.2 (Cim), 89.1 (Cya), 83.4 (Cqn), 81.2 (Cyp), 77.6 (Caa), 76.1 (C3g), 74.2 (CH,Ph), 74.0
(Cam), 73.9 (CH2Ph), 69.3 (Cs4), 39.7 (Css), 38.0 (C3), 32.2 (CH,CO), 21.0 (Meac(a)), 20.9 (Meaqs)), 12.4
(Merg)), 12.2 (Mera)). MS (ESI"): m/z = 826.3 Da [MNa]", 804.3 Da [MH]". HRMS (ESI"): calcd for
C4H45N5013Na = 826.2906 Da, found = 826.2884 Da., calcd C40H46NsO13 = 804.3087 Da, found 804.3065

Da. [a]p?* = —28 (CHCl3, ¢ = 0.1 g/100mL).

2’-0-acetyl-3’-deoxy-3'-(2'-0O-acetyl-5'-deoxy-5'-acetamido-S-uridyl)-f-uridine (34): The compound 32
(0.058 mmol, 45 mg) was hydrogenated in the presence of 10% Pd/C (30% weight, 14 mg) in EtOH (5 mL)
under an atmosphere of hydrogen. After stirring at room temperature for 24 h, the mixture was filtered,
washed with EtOH and concentrated under reduced pressure to give the desired compound as a colorless
amorphous solid (32 mg, 0.054 mmol, 93%). TLC (DCM/i-PrOH: 95/5): R¢ = 0.3. "H NMR (300 MHz,
MeOD): 6 (ppm) = 8.03 (d, Jsa6a = 8.0 Hz, 1H, Hga), 7.66 (d, Jsges = 8.1 Hz, 1H, Hep), 5.80 (d, JipoB =
4.6 Hz, 1H, Hig), 5.76 (d, Jiapa = 1.5 Hz, 1H, Hy4), 5.72-5.67 (m, 2H, Hsg and Hsa), 5.42 (dd, Joa3a =
6.1 Hz and Jya2a = 1.5 Hz, 1H, Hyn), 5.28 (dd, Jos 38 = 6.0 Hz and Jy528 = 4.6 Hz, 1H, Hy), 4.30 (dd,
J3s = Jygas = 0.0 Hz, 1H, Hsg), 3.98-3.92 (m, 3H, Haa, Hsp and Hsna), 3.70 (dd, Jeem = 12.5 Hz and
Jaasap = 2.9 Hz, 1H, Hsap), 3.45-3.56 (m, 2H, Hsgp), 2.96-2.90 (m, 1H, Hsy), 2.44-2.39 (m, 2H, CH,CO),
2.11 (s, 6H, 2xMen,). *C NMR (75 MHz, MeOD): & (ppm) = 173.7 (COumiae), 171.8 (COxcm)), 171.5

(COaca), 166.2 (Cap), 166.0 (Cyp), 152.1 (Caa), 152.0 (Cap), 143.9 (Cep), 142.7 (Cea), 103.1 (Csp), 102.5
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(Csa), 915 (Cya), 91.1 (Cip), 86.0 (Can), 83.9 (Cyp), 79.2 (Can), 76.1 (Cap), 70.9 (Cyp), 61.6 (Csa), 41.8
(Csp), 38.3 (C3a), 322 (CH,CO), 20.7 (Meaca), 20.6 (Meagn). MS (ESI): m/z = 618.2 Da [MNa]".

HRMS (ESI"): caled for Co4Hy0N50,3Na = 618.1654 Da, found 618.1647 Da.

2’-0-acetyl-3’-deoxy-3'-(2'-0O-acetyl-5'-deoxy-5'-acetamido-S-ribothymidinyl)-f~ribothymidine  (35):
The compound 33 (0.05 mmol, 40 mg) was hydrogenated in the presence of 10% Pd/C (30% weight, 12 mg)
in EtOH (5 mL) under an atmosphere of hydrogen. After stirring at room temperature for 24 h, the mixture
was filtered, washed with EtOH and concentrated under reduced pressure to give the desired compound as a
colorless amorphous solid (22 mg, 0.035 mmol, 71%). TLC (DCM/i-PrOH: 95/5): R¢= 0.2 "H NMR (400
MHz, MeOD): ¢ (ppm) = 7.82 (d, Jme(ry.6a = 1.1 Hz, 1H, Hga), 7.47 (d, Jmery68 = 1.1 Hz, 1H, Heg), 5.79 (d,
Jisas =4.9 Hz, 1H, Hy), 5.77 (d, Jia2a = 1.9 Hz, 1H, Hy), 5.37 (dd, J2a3a = 6.3 Hz and Jya 24 = 1.9 Hz,
1H, Hax), 5.27 (dd, Jo 38 = 5.9 Hz and Jis 28 = 4.9 Hz, 0.8H, Hagr1y), 5.05 (dd, Jog38 =5.9 Hz and Ji5 28
=4.2 Hz, 0.2 H, Hypro)), 4.51 (t, Jog 38 = J3sas = 5.9 Hz, 0.2H, H3pr2)), 4.30 (t, /o538 = J3848 = 5.9 Hz,
0.8H, H3pr1)), 3.97-3.94 (m, 2H, Haa, Hag), 3.92 (dd, Jgem = 12.5 Hz and Jya 542 = 2.2 Hz, 1H, Hspa), 3.71
(dd, Jgem = 12.5, Jaa sab = 2.9 Hz, 1H, Hsap), 3.63-3.57 (m, 1H, Hsga), 3.47 (dd, Jeem = 14.3 Hz and J43 58
= 3.7 Hz, 1H, Hsgp), 3.01-2.94 (m, 1H, H3x), 2.50-2.36 (m, 2H, CH,CO), 2.11 (s, 3H, Meac), 2.09 (s, 3H,
Meyo), 1.88 (brs, 6H, Mer). C NMR (100 MHz, MeOD): & (ppm) = 173.7 (COumige), 171.8 (COacw))s
171.5 (COac(a)), 166.4 (Csp), 166.3 (Can), 152.4 (Caa), 152.1 (Cop), 139.4 (Cgp), 138.4 (Cea), 112.0 (Csp),
111.4 (Csa), 91.3 (Cya), 90.9 (Cyg), 85.9 (Cqa), 83.9 (Cyp), 79.2 (Cap), 76.0 (Cyp), 71.0 (Csp), 61.7 (Csa),
42.0 (Csp), 38.4 (C3a), 32.5 (CH,CO), 20.6 (Mea,), 20.5 (Mea,), 12.4 (Mer), 12.2 (Mer). MS (ESI"): m/z =
624.2 Da [MH]", 646.2 Da [MNa]", 1247.4 Da [2MH]", 1269.4 Da [2MNa]". HRMS (ESI"): calcd for

C26H34N5013 =624.2147 Da, found 624.2143 Da.

1,2-O-isopropylidene-3-deoxy-3-(2'-O-acetyl-3'-O-benzyl-5'-deoxy-5'-acetamido-S-ribothymidinyl)-5-

O-benzyl-a-D-ribofuranose (36): To a solution of thymine (3 eq, 1.01 mmol, 126 mg) in freshly distilled
acetonitrile (8§ mL) were added 4 (1 eq, 0.29 mmol, 180 mg) then BSA (6 eq, 1.74 mmol, 495 uL) under
argon. The reaction mixture was stirred for 1 h at 60 °C, then cooled to 5 °C before adding TMSOTT (2 eq,

1.35 mmol, 243 pL). The reaction was stirred for 2 h at reflux then diluted with DCM (25 mL) and cooled to
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5 °C before adding a saturated aqueous solution of NaHCO3 (25 mL). The aqueous layer was extracted with
DCM (2 x 25 mL) and the combined organic layers were washed with water (to eliminate thymine) and
brine (2 x 25 mL), dried over Na,SO,, filtered and concentrated under reduced pressure. The crude was
purified by flash chromatography (Petroleum Ether/AcOEt: 1/1 to 0/1) to give the desired compound as a
colorless sticky foam (180 mg, 0.26 mmol, 89%). TLC (AcOEt/PE: 7/3): Ry= 0.37 'H NMR (400 MHz,
CDCl): 6 (ppm) = 8.54 (brs, 1H, NHr), 7.35-7.30 (m, 10H, Hy,), 6.97 (d, Jegme(ry = 1.1 Hz, 1H, Hgp), 6.23
(m, 1H, NHamige), 5.82 (d, Jiapa = 3.7 Hz, 1H, Hja), 5.46 (dd, Jog38 = 6.2 Hz and J>p,18 = 3.5 Hz, 1H,
Hap), 5.40 (d, Jis2p = 3.5 Hz, 1H, H;p), 4.75 (t, Joa.1a = J2a3a = 4.0 Hz, 1 H, Hja), 4.58-4.56 (AB syst.,
Jeem = 12.1 Hz, 2H, CH,Ph), 4.54-4.52 (AB syst., Jeem = 11.1 Hz, 2 H, CH,Ph), 4.26 (t, J3828 = J3B48 = 6.7
Hz, 1H, Hjp), 4.10-4.06 (m, 1H, Hyp), 3.98-3.94 (m, 1H, Hya), 3.69-3.65 (m, 1H, Hsg,), 3.64-3.62 (m, 1H,
Hsaa), 3.56 (dd, Jeem = 10.9 Hz and Jsap4a = 4.7 Hz, 1H, Hsap), 3.51-3.45 (m, 1H, Hsgy), 2.51 (dd, Jgem =
14.3 Hz and Juacr2c0o)3a = 9.9 Hz, 1H, Hacracoy), 2.46-2.39 (m, 1H, Hsza), 2.26 (dd, Jeem = 14.3 Hz and
J3amvcizco) = 3.9 Hz, 1H, Hycmaco)), 2.10 (s, 3H, Meac), 1.92 (d, Jmer) 6 = 1.1 Hz, 3H, Mer), 1.50 (s, 3H,
Mecetonide)s 1.30 (8, 3H, Megeetonide). C NMR (100 MHz, CDCls): & (ppm) = 170.7 (COqmiac), 169.2 (COac),
162.4 (Csp), 149.1 (Csp), 137.6 (Ceg), 137.2 (Crv@ar), 136.3 (Crvan), 127.7 (Car), 127.7 (Car), 127.6 (Cy),
127.5 (Car), 127.5 (Car), 127.4 (Car), 127.3 (Car), 127.3 (Car), 126.9 (Car), 126.8 (Cyr), 110.70 (Cryiacetonide))s
110.56 (Csg), 104.13 (C1a), 92.89 (CyB), 80.42 (C2a), 80.3 (Cym), 79.3 (Csa), 75.5 (C3), 73.0 (CH,Ph), 72.8
(Cym), 72.7 (CH,Ph), 68.9 (Csa), 41.4 (Csa), 39.3 (Csm), 30.9 (CH,CO), 25.9 (Meéacetonide)> 25.6 (Meacetonide)s
19.9 (Mea.), 11.5 (Mer). MS (ESI): m/z = 694.3 Da [MH]", 636.3 Da [MH-acetone]”. HRMS (ESI"): calcd

for C3sH4N30,; = 694.2976 Da, found = 694.2967 Da. [a]p>* = +11.3 (CHCl3, ¢ = 1 g/100mL).

To a solution of 36 (1 eq, 0.24 mmol, 170 mg) in acetic acid (15 mL) was added acetic anhydride (40 eq, 9.6
mmol, 960 pL), camphor sulfonic acid (0.05 eq, 0.01 mmol, 3 mg). The mixture was stirred for 1 h at 80 °C
and a second portion of camphor sulfonic acid (0.05 eq, 0.01 mmol, 3 mg) was then added. The reaction
mixture was stirred for an additional 1 h, then diluted with DCM (15 mL), washed with water (2 x 15 mL)

and a saturated aqueous solution of NaHCO; (5 x 10 mL). The organic layer was dried over Na,SOu,
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filtered, concentrated under reduced pressure. The crude was co-evaporated three times with toluene and

then directly engaged in Vorbriiggen coupling reaction.

2’-0-acetyl-3’-deoxy-3'-(2'-0-acetyl-3'O-benzyl -5'-deoxy-5'-acetamido-Aribothymidinyl)-5’-O-
benzyl-f-uridine (38): The compound 38 was obtained by Vorbriiggen coupling between uracil and 1,2-0-
acetyl-3-deoxy-3-(2'-O-acetyl-3'-O-benzyl-5'-deoxy-5"-acetamido-Fribothymidinyl)-5-O-benzyl-a-D-
ribofuranose (37) obtained as followed. To a solution of 36 (1 eq, 0.24 mmol, 170 mg) in acetic acid (15
mL) was added acetic anhydride (40 eq, 9.6 mmol, 960 pL), camphor sulfonic acid (0.05 eq, 0.01 mmol, 3
mg). The mixture was stirred for 1 h at 80 °C and a second portion of camphor sulfonic acid (0.05 eq, 0.01
mmol, 3 mg) was then added. The reaction mixture was stirred for an additional 1 h, then diluted with DCM
(15 mL), washed with water (2 x 15 mL) and a saturated aqueous solution of NaHCOs3 (5 x 10 mL). The
organic layer was dried over Na,;SQy, filtered, concentrated under reduced pressure. The crude was co-

evaporated three times with toluene and then directly engaged in Vorbriiggen coupling reaction.

To a solution of uracil (1.5 eq, 0.36 mmol, 41 mg) in freshly distilled acetonitrile (12 mL) under argon were
added 37 (1 eq, 0.24 mmol if quantitative reaction) then BSA (6 eq, 1.4 mmol, 355 pL). The mixture was
stirred for 1 h at 60 °C, then cooled to 5 °C before adding TMSOTf (1.5 eq, 0.36 mmol, 65 uL). The
reaction mixture was stirred for 26 h at room temperature then diluted with DCM (15 mL) and cooled to 5
°C before adding a saturated aqueous solution of NaHCO3 (15 mL). The aqueous layer was extracted with
DCM (2 x 15 mL) and the combined organic layers were washed with brine (2 x 15 mL), dried over Na,;SOq,
filtered and concentrated under reduced pressure. The crude was purified by flash chromatography
instrument (Petroleum ether/AcOEt: 3/7 to 0/10) to give the desired compound as a colorless foam (157mg,
0.2 mmol, 83% for two steps). TLC (AcOEt/PE: 7/3): Ry = 0.2. "H NMR (300 MHz, CDCls): ¢ (ppm) =
10.00 (brs, 1H, NHy), 9.51 (brs, 1H, NHy), 7.83 (d, Jsasa = 8.1 Hz, 1H, Hga), 7.33-7.29 (m, 10H, H,,), 6.95
(brs, 1H, Heg), 6.78—6.77 (m, 1H, NHamiqe), 5.98 (d, Jia2a =2.1 Hz, 1H, Hya), 5.53 (dd, Joa 34 = 5.9 Hz and
Jiraza =2.1 Hz, 1H, Hya), 5.47 (dd, Jog 38 = 6.2 Hz and J;5 > = 3.0 Hz, 1H, Hy), 5.38 (d, Jsa6a = 8.1 Hz,
1H, Hsa), 5.22 (d, Jis28 =2.9 Hz, 1H, H;3), 4.60—4.49 (m, 4H, 2xCH,Ph), 4.40 (t, /25 3B = J3s4B = 6.8 Hz,
1H, H3g), 4.14-4.09 (m, 2H, Hya, H4m), 3.88 (dd, Jeem = 11.0 Hz and Jya 542 = 2.1 Hz, 1H, Hsa,), 3.80-3.74
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(m, 1H, Hsg), 3.65 (dd, Jeem = 11.0 Hz and Jya sap = 2.1 Hz, 1H, Hsp), 3.45-3.41 (m, 1H, Hsg), 3.15-3.05
(m, 1H, H3), 2.42 (dd, Jeem = 15.4 Hz and Ju3a Hacchz2co) = 7.6 Hz, 1H, Hachaco)), 2.23 (dd, Jgem = 15.4 Hz
and Jusya mvcrzco) = 6.1 Hz, 1H, Hycracoy), 2.15 (s, 3H, Meaca)), 2.07 (s, 3H, Meacm)), 1.88 (d, Jome(r) =
0.8, 3H, Merg)). “C NMR (75 MHz, CDCl): & (ppm) = 170.8 (COumide), 170.4 (COacw)), 170.1 (COx¢())s
164.4 (Csg), 163.2 (Csa), 151.1 (Cra), 150.7 (Cap), 140.4 (Csa), 139.8 (Ceg), 137.5 (Civ@ar), 137.5 (Civan),
128.7 (Car), 128.6 (Cy), 128.4 (Cy), 128.3 (Cyr), 128.2 (Cyr), 128.1 (Cyr), 111.5 (Csp), 102.7 (Csa), 95.8
(Cim), 89.1 (Cya), 83.6 (Cyaa), 81.2 (Cap), 77.8 (C2a), 76.1 (C3m), 74.1 (CH,Ph), 74.0 (C28), 73.9 (CH,Ph),
69.1 (Csa), 39.8 (Csg), 37.8 (C3a), 32.1 (CH,CO), 20.93 (Meac), 20.85 (Meac), 12.3 (Mer)). MS (ESI):
m/z=812.3 Da [MNa]+, 790.3 Da [MH]+. HRMS (ESI+): calcd for C39H43N503Na = 812.2755 Da, found =

812.2754 Da. [a]p>® =—1.8 (CHCLs, ¢ = 0.5 g/100mL).

3’-deoxy-3'-(5'-deoxy-5"-acetamido-S-ribothymidinyl)-f-uridine (39): To a solution of 38 (40 mg, 0.05
mmol) in MeOH, was added K,COs (1.5 eq, 0.07, 10 mg). The mixture was stirred at room temperature for
4 h and concentrated under reduced pressure to obtain the desired compound as a colorless foam (35mg,
0.05 mmol, quant). TLC (DCM/i-PrOH: 95/5): R¢= 0.25. "H NMR (500 MHz, MeOD): o (ppm) = 8.17 (d,
Jsaea = 8.1 Hz, 1H, Hga), 7.44 (d, Jsgmer) = 1.1 Hz, 1H, Hep), 7.41-7.27 (m, 10H, Hy,), 5.78 (d, Jis 28 = 5.2
Hz, 1H, Hyg), 5.70 (s, 1H, Hya), 5.17 (d, Jsaea = 8.1 Hz, 1H, Hsa), 4.73 (d, Jeem = 11.6 Hz, 1H, CH,Ph),
4.59 (d, Jeem = 11.6 Hz, 1H, CH,Ph), 4.60-4.57 (AB syst. Jeem = 11.2, 2 H, CH,Ph), 4.36 (t, 238 = JiB2B =
5.2 Hz, 1H, Hy), 4.21 (d, J2a3a = 5.0 Hz, 1H, Hyy), , 4.15-4.10 (m, 2H, Has, Hsg), 3.97 (dd, Jeem = 11.3
Hz and Jya saa = 2.2 Hz, 1H, Hsaa), 3.92 (t, JoB 38 = J3s4s = 5.2 Hz, 1H, H3p), 3.66 (dd, Jgem = 11.3 Hz and
Jaasab = 2.2 Hz, 1H, Hsap), 3.56 (dd, Jgem = 14.3 Hz and Jyp 58, = 6.3 Hz, 1H, Hsg), 3.40 (dd, Jeem = 14.3
Hz and J4p 58, = 4.2 Hz, 1H, Hsg), 2.70-2.64 (m, 1H, H34), 2.54 (dd, Jeem = 14.9 Hz and Ju3'a Ha(cH2c0) = 8.8
Hz, 1H, Hacmacoy), 2.25 (dd, Jeem = 14.9 Hz and Juza nvcrzco) = 5.7 Hz, 1H, Hychacoy), 1.88 (d, Jogmer) =

1.1 Hz, 3H, Merm)). “C NMR (125 MHz, MeOD): & (ppm) = 174.4 (COumige), 166.4 (Cap), 166.3 (Cyp),
152.6 (Caa), 152.2 (Cap), 142.4 (Cga), 139.30 (Crvan), 139.28 (Civian), 138.9 (Cep), 129.5 (Car), 129.4 (Cy),
129.3 (Ca), 129.1 (Car), 129.0 (Car), 128.9 (Cyp), 111.9 (Csa), 101.3 (Csp), 93.4 (Cia), 92.6 (Ci), 85.2
(Caa), 82.2 (C4m), 79.2 (C3m), 78.0 (C2a), 74.6 (Cap), 73.7 (CHoPh), 73.6 (CH,Ph), 69.4 (Csa), 42.0 (Csp),
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38.9 (Cyw), 32.1 (CH,CO), 12.3 (Mer). MS (ESI'): m/z = 728.3 Da [MNa]". HRMS (ESI"): calcd for

C35H39N50;Na = 728.2544 Da, found = 728.2531 Da. [on]D20 =+2.4 (MeOH, ¢ = 1.1 g/100mL).

Supporting Information

NMR elucidation of structure for compounds 24, 25 and 27 are presented in supporting information as well
as NMR spectra for compound 4, 6-23, 26, 28-30, 32-36, 38-39. This material is available free of charge

via the Internet at http://pubs.acs.org.
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