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INTRODUCTION

Nucleic acids (NA) store and convey genetic information in all living organisms. Nucleosides, as constitutive units of NA, have attracted interest of medicinal chemists who have designed and synthesized numerous analogues of these natural riboside compounds, which have proved useful as therapeutic agents, and especially as antiviral drugs. 1,2 Among those, ribavirin (RBV) 1 (Figure 1), a nucleoside analogue bearing a non-natural 3carbamoyl-1,2,4-triazole heterocycle as nucleobase, was discovered more than 40 years ago. This important drug is characterized by a broad-spectrum activity profile on several DNA and RNA viruses. 3,4 Recently, its interest as a potent anticancer therapeutic has also been highlighted. 5 Although its mechanism of action remains elusive, RBV has proved especially useful in the treatment of Hepatitis C Virus (HCV) in combination with interferon-or in combination with other drugs such as sofosbuvir. RBV has also been used in the treatment of other viral infections resulting in the compound to be added to the WHO model list of essential medicines. [START_REF]WHO | WHO Model Lists of Essential Medicines[END_REF] Nevertheless, the use of RBV has been limited by numerous side effects, notably anemia in 30% of the cases. 7 In order to improve this poor toxicity profile, several RBV analogues were developed including pyrazole, imidazole or tetrazole ribonucleosides. 8,9,10 Recently, the RBV analogue SRO91 2 (Figure 1), a C-linked nucleoside bearing a 5-carbamoyl-1,2,3-triazole ring has demonstrated interesting antitumoral properties as well as an improved therapeutic index. 11 This family of analogues possesses an enzymatically stable C-C anomeric linkage and has lately received considerable attention following the discovery of the anti HCV analogue 3 and subsequent remdesivir (RDV) 4

development. 12 RDV is an adenosine nucleotide prodrug which displays activity against several emerging viruses such as respiratory syncytial virus (RSV), HCV. 13 Thereby RDV was tested as an investigational new drug for severe forms of SARS-CoV-2 14 , exemplifying again the key role of nucleoside analogues, which still lead the fight against viral pathogens. 15 Interestingly, the presence of the 1'-CN moiety in RDV was found critical for activity, and also provided selectivity for viral polymerases over human ones. 16 Emerging viruses are known to be responsible for new epidemics such as Ebola virus (EBOV)

or SARS-corona virus (SARS-CoV-2) and since efficient and safe antivirals are still of interest, we designed a family of C-1,2,3-triazole analogues, structurally related to SRO91, but bearing a 1'-CN moiety. In addition, this original series of 1,2,3-triazole-modified Cnucleosides can also offer various substitution patterns in the 4-position of the heterocyclic ring, which might impact selectivity or afford broad spectrum antiviral coverage (Figure 1, compound 5) as earlier proposed by Boechat et al. in the development of RBV 1,2,3-triazole analogues. 17

RESULTS AND DISCUSSION

Although the pharmacological interest in C-nucleosides is quite recent, several methodologies to target these structures are already described in the literature. 18 Among them, the addition of a metalated heterocycle onto a properly protected ribonolactone, followed by diastereoselective reduction of the resulting lactol, remains the most direct and exploited approach. This, was recently illustrated with the synthesis of the anti-HCV analogue 3. 12 Recently, practical synthesis 19 and large scale process 20 of key RDV intermediates were also published. In fact, it appears that the results obtained from this strategy are hardly predictable and depend on both the nature of the heterocycle and the lactone substrate. In the synthesis of RDV, the presence of the acidic 2'hydrogen of the lactone substrate proved to be highly problematic, resulting in low yields and difficulty in the scale-up. 16 Being aware of these drawbacks and having experienced them during the early investigation phase, we selected a less convergent approach from a versatile intermediate 6 featuring a simple ethynyl motif, which could afford the 1,2,3-triazole nucleobase (Scheme 1).

Scheme 1 : Linear strategy towards targeted 1'-CN-1,2,3-triazolyl C-nucleoside analogues 5

The efficient control of the anomeric configuration, set up during the cyanation of the anomeric carbon, has been pivotal to our success in the synthesis of a new family of 1'-CN-C-1,2,3-triazole analogues. Taking in account the work of Codée 21 and Woerpel 22 on ribofuranosyl oxocarbenium ions conformation and reactivity, we first selected the perbenzylated ribonolactone 7 as our carbohydrate starting unit. Such benzylic ether protection seems appropriate, as it favours nucleophilic attacks on 1'-substituted lactols, at low temperature, with a high selectivity, 23 while providing the thermal and chemical stability required for further triazole functionalisation via C-C cross coupling reactions. Our approach begins with the introduction of the ethynyl moiety, essential for the construction of the 1,2,3-triazole ring via Copper(I)-catalyzed Azide-Alkyne Cycloaddition (CuAAC). This was achieved on the gram scale and in quantitative yield using lithium trimethylsilylacetylenide as an acetylene equivalent. After CsF mediated desilylation, the desired alkynyl ketose 8, isolated as a mixture of lactols and the corresponding ketone was obtained (Scheme 2). 24 The anomeric cyano group was then diastereoselectively introduced under classic conditions, 12 to afford 6 as a single diastereoisomer, but with a moderate 20% yield (Scheme 2, a). Several reaction conditions (Lewis acid/solvent/temperature) were then investigated and after careful optimization, it was observed that a fine control of the temperature was essential to effectively introduce the cyano group. Nevertheless, from alkynyl ketose 8, yields never exceeded 50% (Scheme 2, b). To avoid the presence of the ynone in the reaction medium we performed a Fisher glycosylation prior to 1'-CN introduction, and obtained methyl ribosides 9 and 9 , in a 3:7 ratio. They were then both subjected to our optimized cyanation procedure without any improvement.

Thus, we turned our attention to the Nicholas reaction, which has recently been applied to the synthesis of 1-ethynyl-2-deoxyribose. 25 Satisfyingly, after thorough optimisation, a scalable two step sequence was developed in which the dicobalt hexacarbonyl complex 10 is generated from ethynyl precursor 8. This is followed by another two-step, one-pot procedure consisting of cyanation of the anomeric position followed by CAN mediated demetallation, to yield the desired C,C furanoside 6 in 80% yield. Those results point out the negative effect of the terminal alkyne function in these cyanation conditions.

Although we were delighted with this result, we decided to seek an alternative route, in order to circumvent three main drawbacks: 1) the use of toxic cobalt reagents; 2) the extreme care required during the reaction and its work up, complicated by cerium salts; 3) the possible competition between the alkyne and cyano moieties during the cycloaddition. Thus, we sought to investigate a less convergent approach in which the expected triazole ring would be installed before the cyano group.

From a practical point of view, we selected methyl riboside 9 as starting material to study the CuAAC reaction (Scheme 3). NaN3 and TMSN3 were first evaluated as partners but did not give satisfactory results. Several alkyl azides were then tested (BnN3, PMBN3, DMBN3, AllylN3, POMN3), which reacted well in each case. From a strategic point of view, azidomethyl pivalate (POMN3) was selected as the reagent of choice, as its removal was easily performed with methanolic ammonia solution without affecting the anomeric cyano moiety. 26 Thus, using CuI as catalyst, and with AcOH as a proton source, the triazole 11a was obtained in 86% yield from 9. Gratifyingly, applying our optimized protocol for the cyanation, we could then obtain the desired fully protected analogue (12a) in high yield on gram scale. This route led us to consider the decoration of the triazole ring via two approaches. First, a tandem CuAAC/functionalisation reaction, which takes advantage of the possibility to trap the transient copper triazolide intermediate, with a selected electrophile. 27 Iodotriazole 11b

was easily obtained by performing a tandem cycloaddition reaction on the major anomer 9 , in the presence of recrystallized N-iodosuccinimide (Scheme 4). 28 From 9 and using Nchlorosuccinimide as the electrophilic source, the tandem approach also allowed us to access to the chloro analogue 11c, providing that CuI was replaced by copper-thiophene carboxylate (CuTC), to avoid halide exchange during the reaction. Surprisingly, no reaction was observed when CuCl was used as the catalyst. Then, based on the methodology recently developed by Tsui and collaborators, we also investigated the introduction of a trifluoromethyl motif (CF3) on the triazole ring during the course of the cycloaddition, and successfully accessed analogue 11d, albeit with moderate yield (Scheme 4). 30

Scheme 3 : Alternative route towards fully protected quaternary 1'-CN triazole analogue 12a Scheme 4 : Reactions and conditions : a) NIS (3 eq), POMN3 (1.2 eq), CuI (1.2 eq), DIPEA, (5 eq), ACN, RT; b) NCS (3 eq), POMN3 (1.2 eq), CuTC (0.5 eq), DIPEA, (5 eq), ACN, RT; c) TMSCF3 (4 eq), Ag2CO3 (2 eq), POMN3 (1.2 eq), CuI (0.4 eq), NEt3

(5 eq), 1,10-phenanthroline (0.4 eq), DMF, 0°C → RT; d) TMSCN (4 eq), BF3.Et2O (3 eq), DCM, -70 → 0°C

Unfortunately, using other electrophilic sources such as N-fluorobenzenesulfonimide (NFSI), Selectfluor®, N-trifluoromethylthiosaccharin, 31 1-cyanobenzotriazole or cyanogen bromide, we failed to introduce fluorine, thiotrifluoromethyl and cyano moieties on the triazole. These last results seem to illustrate the limits of this electrophilic functionalisation at the C-4 position of the heterocyclic ring. Nevertheless, compounds 11b-d were submitted to the cyanation procedure and were successfully converted into the corresponding 1'-CN analogues 12b-d, in a diastereoselective fashion, and with satisfying yields, ranging from 60 to 83%.

Taking advantage of the iodinated analogue 12b as a valuable precursor, we examined other functionalisation in C-4 position by classical C-C cross coupling reactions (Scheme 5).

Among the selected reactions evaluated for the incorporation of the ethynyl and cyclopropyl moieties such as Sonogashira and Suzuki-Miyaura cross couplings, only the Stille reaction allowed us to access to the analogues 12e and 12f with success. 32,33 Unfortunately, using Bu3SnCN as the Stille partner, or a Negishi coupling, we failed at introducing a cyano moiety on the triazole ring. 34 Finally, we turned to a copper-promoted Rosenmund-von Braun reaction which successfully delivered the desired analogue 12g. 35 Attempting to use a Suzuki-Miyaura coupling as a versatile tool to access to biaryl systems, selected reaction conditions (12a, N-methylpyrazole boronic acid, (Pd2(dba)3 cat., base, DMF/H2O, 90 °C, overnight) did not yield the desired compound 12h as we observed the removal of the POM protecting group, which proved to be problematic for the final deprotection step with boron trichloride. We then performed the reaction on the furanoside 11b, which allowed to protect the POM from hydrolysis, resulting in biaryl 11h, which was efficiently cyanated to deliver the 1'-CN-pyrazolotriazole analogue 12h. Finally, the different analogues 12a-h obtained from the two approaches were successfully deprotected, taking care to avoid hydrogenolysis in order to prevent further reduction of the anomeric cyano substituent. For this purpose, benzyl groups were first removed using a BCl3 solution at -70 °C, to furnish compounds 13a-h (Scheme 6). 12 1 H-1 H NOESY experiment revealed a signal arising from H2'-furanose and H5-triazole due to their proximity, underlying so the cis-vicinal position of H2' and triazole and consequently the -CN stereochemistry of the compounds 13. It is noteworthy to mention that in this deprotection step, the work up also had to be performed at low temperature to avoid partial to total hydrolysis of the 1'-CN group to its 1'-CONH2 analogue (See SI, S3).

Having established the scope and limitations of the two different approaches for the functionalisation of the triazole ring, we were then interested in the preparation of a RBV analogue, bearing the key CONH2 motif. Given our achievements in C-C cross coupling reactions, we turned to CO insertion methodologies from iodotriazole 12b (Erreur ! Source du renvoi introuvable.). Unfortunately, despite several tested conditions (CO source, catalyst or temperature) we never observed the formation of carbonylated analogues 12i or 12j (Scheme 7). [START_REF] Cheng | Pyrido (2, 3-D) Pyrimidin0ne Compounds and Their Use as Pi3 Inhibitors[END_REF]37 Scheme 6 : Synthesis of 1'-CN triazole analogues 5a-h

Gratifyingly, methyl propiolate derivative 14 was obtained in 94% yield. It was then engaged into a

Huisgen cycloaddition with POMN3 to furnish a mixture of the corresponding 1,5-and 1,4-adducts 11i and 11'i. After separation by column chromatography, the triazole derivatives were submitted to the cyanation protocol. The 1,5-adduct 11i reacted as previously observed and furnished fully protected 1'-CN-RBV analogue 12i. On the contrary, no reaction was observed with 1,4-adduct 11'i.

This lack of reactivity could be attributed to a higher steric hindrance around the anomeric carbon, generated by the presence of these bulky POM and CO2Me substituents on the 1,4-positions of the triazole ring. Benzyl protecting groups were removed with success to deliver the N-POM compound 13i with 63 % yield. We then expected that treatment of this latter with a methanolic ammonia solution could induce both POM deprotection and ester aminolysis to deliver the 1'-cyano strict analogue of SRO91. Unfortunately, under mild conditions, no aminolysis was observed and the ester analogue 5i was obtained with 80 % yield. Using higher temperatures or other ammonia sources mainly lead to degradations, without delivering the desired carbamoylated analogue.

CONCLUSION

Developing a less convergent approach than the classical direct addition of a preformed nucleobase onto a desired protected ribonolactone, we were able to perform reliable and scalable syntheses of a series of nine novel 1'-CN-1'-triazolyl C-nucleoside analogues 5a-i, among which an ester RBV analogue 5i, Applying pre-, simultaneous or postfunctionalisation strategies, various substituents were introduced with success on the triazole ring including halogens, fluorinated substituents, electron donating and withdrawing groups or aromatic ring. These new nucleoside derivatives might exhibit promising antiviral and/or anticancer activity which is under investigation. In a flask, copper thiophene-2-carboxylate, CuTC (416 mg, 2.18 mmol, 0.5 eq), DIPEA (3.80 mL, 21.81 mmol, 5 eq) and NCS (1.75 g, 13.08 mmol, 3 eq) were added to a solution of POMN3 (0.8 mL, 5.23 mmol, 1.2 eq) and 9α (2.00 g, 4.36, 1 eq) in ACN (34 mL, 0.05 M).

The resulting green solution was stirred until full completion. It was diluted with EtOAc and quenched with a 0.5 M EDTA solution. After 20 min of additional stirring, the two layers were separated, the aqueous layer was extracted with EtOAc, and combined organic layers were washed with a saturated aqueous NH4Cl solution, dried over Na2SO4, filtered and concentrated under reduced pressure. Tributyl(cyclopropyl)stannane (173 mg, 0.55 mmol, 5 eq) and Pd2(dba)3 (10 mg, 0.01 mmol, 0.1 eq) were added to a solution of 12b (77 mg, 0.11 mmol, 1 eq) in dry and degassed ACN (1 mL, 0.1 M). The reactor tube was sealed and the reaction mixture was stirred overnight at

Figure 1 :

 1 Figure 1 : RBV, selected C-nucleoside examples and targeted analogues 5, with pharmacomodulations on the 4-position of the 1,2,3-triazole ring

Scheme 2 :

 2 Scheme 2 : Synthesis of carbohydrate 6, bearing alkyne and cyano substituents at the anomeric carbon via classic cyanation or Nicholas protocols

Scheme 5 :

 5 Scheme 5 : Reactions and conditions : a) Bu3SnCCTMS (5 eq), Pd2(dba)3 (10 mol%), ACN, 90 °C, overnight, ; b) Bu3SnC3H5 (5 eq), Pd2(dba)3 (10 mol%), ACN, 90 °C, overnight; c) CuCN (3 eq), 1,10-phenanthroline (0.4 eq), DMF, 150 °C, overnight; d) N-methylpyrazole boronic acid (3 eq), Pd2dba3 (20 mol%), K3PO4 (3 eq), DMF/H2O, 90 °C, overnight, 67 %; e) TMSCN (4 eq), BF3.Et2O (3 eq), DCM, -70 → 0°C

Scheme 7 :From 8 :

 78 Scheme 7 : Reactions and conditions : a) n-BuLi (1.3 eq), ClCOOMe (1.1 eq), THF, -78 °C; b) POMN3 (1.2 eq), Toluene, 110 °C, overnight; c) TMSCN (4 eq), BF3.Et2O (3 eq), DCM, -70 → 0 °C; d) BCl3 (1M, 4 eq), DCM, -70 °C; e) NH3 (7M in MeOH), MeOH, RT.

  To a stirring solution of CuI (159 mg, 0.83 mmol, 0.4 eq), 1,10phenanthroline (150 mg, 0.83 mmol, 0.4 eq) and Ag2CO3 (1.15 g, 4.17 mmol, 2 eq) in dry DMF, at 0 °C were added NEt3 (1.5 mL, 10.42 mmol, 5 eq), TMSCF3 (1.23 mL, 8.34 mmol, 4 eq), POMN3 (393 mg, 2.50 mmol, 1.2 eq) and finally 9α (955 mg, 2.08 mmol, 1 eq). The reaction mixture was allowed to reach RT and stirred as such overnight. It was diluted with EtOAc and quenched with a 0.5 M EDTA solution. After 20 min of additional stirring, the two layers were separated, the aqueous layer was extracted with EtOAc, and combined organic layers were washed with a saturated aqueous NH4Cl solution, with brine, dried over Na2SO4, filtered and concentrated under reduced pressure. The obtained residue was purified by flash column chromatography on silica gel [PE/EtOAc, 7:3] to afford 11d (647 mg, 0.95 mmol, 45% yield) as a clear oil. 1 H NMR (500 MHz, CDCl3, 303 K): δ (ppm) 7.37-7.21 (m, 15H, HAr), 6.37 (d, Jgem = 11.0, 1H, N-CH2Bn), 6.29 (d, Jgem = 11.0, 1H, N-CH2Bn), 4.75 (d, Jgem = 11.9, 1H, CH2Bn), 4.67 (d, Jgem = 12.4, 1H, CH2Bn), 4.64 (d, Jgem = 11.9, 1H, CH2Bn), 4.51 (d, Jgem = 12.3, 1H, CH2Bn), 4.47 (s, 2H, CH2Bn), 4.42 (m, 1H, H4'), 4.27 (d, 3 J2'-3' = 6.8, 1H, H2'), 3.92 (dd, 3 J3'-2' = 6.8, 3 J3'-4' = 4.9, 1H, H3'), 3.53 (s, 3 J5'-4' = 1.6, 1H, H5'), 3.52 (s,

( 4 - 4 ( 3 (

 443 ((2R,3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)-2-cyanotetrahydrofuran-2-yl)-5-(trifluoromethyl)-1H-1,2,3-triazol-1-yl)methyl pivalate (12d). Prepared following the same procedure as for 12a, starting from 11d (650 mg, 0.95 mmol, 1 eq) and affording 12d (416 mg, 0.61 mmol, 65% yield) as a yellowish oil. 1 H NMR (500 MHz, CDCl3, 303 K): δ (ppm) 7.41-6.94 (m, 15H, HAr), 6.19 (d, Jgem = 10.7, 1H, N-CH2), 6.05 (d, Jgem = 10.7, 1H, N-CH2), 5.15 (d, 3 J2'-3' = 4.8, 1H, H2'), 4.95 (d, Jgem = 11.5, 1H, CH2Bn), 4.82 (d, Jgem = 11.5, 1H, CH2Bn), 4.64 (d, Jgem = 12.0, 1H, CH2Bn), 4.42 (m, 1H, H4'), 4.40 (d, Jgem = 12.0, 1H, CH2Bn), 4.23 (d, Jgem = 12.0, 1H, CH2Bn), 4.20 (d, Jgem = 12.0, 1H, CH2Bn), 4.00 (dd, 3 J3'-2' = 4.8, 3 J3'-4' = 4.8, 1H, H3'), 3.44 (dd, Jgem = 11.0, 3 J5'-4' = 3.0, 1H, H5'), 3.40 (dd, Jgem = 11.0, 3 J5'-4' = 3.1, 1H, H5'), 1.14 (s, 9H, t-Bu). 13 C NMR (125 MHz, CDCl3, 303 K): δ (ppm) 176.CO), 145.1 (C4), 137.8, 137.7, 137.3, 128.6 (2C), 128.6 (2C), 128.6 (2C), 128.5 (2C), 128.2, 128.1 (2C), 128.0, 127.8, 127.4 (2C), 127.1 (q, 2 JF-C = 43.1, C4), 119.2 (q, 1 JF-C = 270.7, CF3), 116.3 (CN), 84.0 (C4'), 81.7 (C2'), 76.8 (C3'), 76.5 (C1'), 74.0 (CH2Bn), 73.3 (CH2Bn), 73.0 (CH2Bn), 71.1 (N-CH2), 68.7 (C5'), 39.0 (C(Me)3), 26.9 (3C, t-Bu). 19 F NMR (282 MHz, CDCl3, 303 K): δ (ppm) -56.7. MS (ESI + ): m/z = 701.3 [M+Na] + . HRMS (ESI + ): calcd for [M+H] + C36H37N4O6F3Na = 701.2563; found 701.2559. tributylstannyl)ethynyl)silane (0.25 mL, 0.70 mmol, 5 eq) and Pd2(dba)3 (13 mg, 0.01 mmol, 0.1 eq) were added to a solution of 12b (100 mg, 0.14 mmol, 1 eq) in dry and degassed ACN (1.5 mL, 0.1 M). The reactor tube was sealed and the reaction mixture was stirred overnight at 90 °C. It was brought back to RT, diluted with Et2O and filtered over a celite plug which was washed with Et2O several times. The combined organic layers were washed with a saturated aqueous NaF solution several times, dried over Na2SO4, filtered and concentrated under reduced pressure. The obtained residue was purified by flash column chromatography on silica gel [PE/EtOAc, 7:3] to afford 12e (40 mg, 0.06 mmol, 43% yield) as a brownish oil. 1 H NMR (400 MHz, CDCl3, 303 K): δ (ppm) 7.38-7.15 (m, 15H, HAr), 6.21 (d, Jgem = 10.4, 1H, N-CH2), 6.16 (d, Jgem = 10.4, 1H, N-CH2), 4.99 (d, 3 J2'-3' = 5.4, 1H, H2'), 4.77 (d, Jgem = 11.7, 1H, CH2Bn), 4.69 (d, Jgem = 12.0, 1H, CH2Bn), 4.66 (d, Jgem = 11.7, 1H, CH2Bn), 4.50 (d, Jgem = 12.0, 1H, CH2Bn), 4.49 (m, 1H, H4'), 4.44 (d, Jgem = 12.2, 1H, CH2Bn), 4.38 (d, Jgem = 12.2, 1H, CH2Bn), 4.07 (dd, 3 J3'-2' = 5.4, 3 J3'-4' = 4.4, 1H, H3'), 3.52 (dd, Jgem = 10.8, 3 J5'-4' = 2.3, 1H, H5'), 3.48 (dd, Jgem = 10.8, 3 J5'-4' = 2.2, 1H, H5'), 1.19 (s, 9H, t-Bu), 0.26 (s, 9H, SiMe3). 13 C NMR (100 MHz, CDCl3, 303 K): δ (ppm) 176.6 (CO), 144.C4), 138.0, 137.8, 137.3, 128.5 (6C), 128.3 (2C), 128.0, 128.0 (2C), 127.9, 127.8, 127.6 (2C), 121.9 (C5), 115.6 (CN), 114.0 (CCSiMe3), 86.0 (CCSiMe3), 84.1 (C4'), 82.1 (C2'), 77.2 (C3'), 76.5 (C1'), 73.7 (CH2Bn), 73.5 (CH2Bn), 72.8 (CH2Bn), 69.5 (N-CH2), 69.3 (C5'), 39.0 (C(Me)3), 27.0 (3C, t-Bu), -0.6 (SiMe3). MS (ESI + ): m/z = 707.3 [M+H] + . HRMS (ESI + ): calcd for [M+H] + . C40H47N4O6Si = 707.3265; found 707.3270.

  The obtained residue was purified by flash column chromatography on silica gel [PE/EtOAc, 7:3] to afford 11c (1.35 g, 2.07 mmol, 50 % yield) as a light oil. 1 H NMR (300 MHz, CDCl3, 298 K): δ (ppm) 7.39-7.05 (m, 15H, HAr), 6.16 (d, Jgem = 10.8, 1H, N-CH2), 6.10 (d, Jgem = 10.8, 1H, N-CH2), 4.67 (d, Jgem = 12.4, 1H, CH2Bn),

	4.61 (d, Jgem = 12.2, 1H, CH2Bn), 4.57 (d, Jgem = 12.2, 1H, CH2Bn), 4.56 (d, Jgem = 11.9, 1H,
	CH2Bn), 4.53 (d, Jgem = 12.4, 1H, CH2Bn), 4.53 (d, Jgem = 11.9, 1H, CH2Bn), 4.35 (m, 1H, H4'),
	3.96 (d, 3 J2'-3' = 6.8, 1H, H2'), 3.86 (dd, 3 J3'-2' = 6.8, 3 J3'-4' = 3.8, 1H, H3'), 3.52 (d, 3 J5'-4' = 4.7,
	2H, H5') 3.33 (s, 3H, OMe), 1.16 (s, 9H, t-Bu). 13 C NMR (100 MHz, CDCl3, 303 K): δ (ppm)
	176.7 (CO), 141.8 (C4), 138.3, 138.2, 137.8, 128.5 (2C), 128.4 (2C), 128.4 (2C), 128.3 (2C),
	128.2 (2C), 127.8, 127.8 (4C), 125.3 (C5), 103.0 (C1'), 82.9 (C2'), 82.6 (C4'), 75.7 (C3'), 73.6
	(CH2Bn), 72.9 (CH2Bn), 72.4 (CH2Bn), 70.1 (N-CH2), 68.7 (C5'), 50.6 (OMe), 39.0, 27.0 (3C,

t-Bu). MS (ESI + ): m/z = 672.25 [M+Na] + . HRMS (ESI + ): calc.for [M+Na] + C35H40ClN3O7Na =672.2457; found 672.2457.

((2R,3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)-2-cyanotetrahydrofuran- 2-yl)-5-iodo-1H-1,2,3-triazol-1-yl)methyl pivalate (12b). Prepared

  

	(2C), 128.3 (2C), 128.3 (2C), 127.8, 127.8, 127.7, 125.6 q, 2 JC-F = 42.3, C4), 119.7 (q, 1 JC-F = with a thermometer and flushed with argon, TMSCN (0.55 mL, 4.42 mmol, 4 eq), followed 72.8 (CH2Bn), 71.2 (N-CH2), 68.6 (C5'), 38.9 (C(Me)3), 27.0 (3C, t-Bu). MS (ESI + ): m/z =
	269.4, CF3), 103.2 (C1'), 82.6 (C2'), 82.0 (C4'), 75.5 (C3'), 76.2 (CH2Bn), 73.0 (CH2Bn), 72.4 by BF3.Et2O (0.41 mL, 3.31 mmol, 3 eq) were added dropwise to a stirring solution of 11a 737.2 [M+H] + . HRMS (ESI + ): calcd for [M+H] + C35H38N4O6I =737.1836; found 737.1844.
	(CH2Bn), 71.9 (N-CH2), 70.0 (C5'), 51.0 (OMe), 39.0 (C(Me)3), 26.9 (3C, t-Bu). 19 F NMR (680 mg, 1.10 mmol, 1 eq) in dry DCM (13 mL, 0.08 M) at -70 °C. The resulting mixture
	(282 MHz, CDCl3, 303 K): δ (ppm) -55.7 (CF3). MS (ESI + ): m/z = 706.3 [M+Na] + . HRMS was stirred as such for 5 min after which it was suddenly warmed to 0 °C and stirred as such
	(ESI + ): calcd for [M+Na] + C36H40N3O7F3Na = 706.2716; found 706.2721. until full completion. It was then poured onto a cold stirring saturated aqueous NaHCO3 (4-((2R,3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)-2-cyanotetrahydrofuran-
	solution. After 10 min stirring, the two layers were separated and the aqueous one was 2-yl)-5-chloro-1H-1,2,3-triazol-1-yl)methyl pivalate (12c). Prepared following the same
	extracted with DCM. The combined organic layers were washed with brine, dried over procedure as for 12a, starting from 11c (1.39 g, 2.13 mmol, 1 eq) and affording 12c (826 mg,
	Na2SO4, filtered and concentrated under reduced pressure. The obtained residue was purified 1.28 mmol, 60% yield) as a yellowish oil. 1 H NMR (400 MHz, CDCl3, 303 K): δ (ppm) 7.36-
	(4-((2R,3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)-2-by flash column chromatography on silica gel [PE/EtOAc, 7:3] to afford 12a (535 mg, 0.88 7.01 (m, 15H, HAr), 6.13 (d, Jgem = 10.8, 1H, N-CH2), 6.06 (d, Jgem = 10.8, 1H, N-CH2), 5.20
	methoxytetrahydrofuran-2-yl)-5-(1-methyl-1H-pyrazol-4-yl)-1H-1,2,3-triazol-1-mmol, 80% yield) as a yellowish oil. 1 H NMR (300 MHz, CDCl3, 298 K): δ (ppm) 7.92 (s, (d, 3 J2'-3' = 5.2, 1H, H2'), 4.81 (d, Jgem = 11.8, 1H, CH2Bn), 4.73 (d, Jgem = 11.8, 1H, CH2Bn),
	yl)methyl pivalate (11h). K3PO4 (172 mg, 0.81 mmol, 3 eq), Pd2(dba)3 (49 mg, 0.05 mmol, 1H, H5), 7.35-7.20 (m, 15H, HAr), 6.12 (d, Jgem = 10.6, 1H, N-CH2), 6.04 (d, Jgem = 10.6, 1H, 4.69 (d, Jgem = 12.0, 1H, CH2Bn), 4.47 (d, Jgem = 12.0, 1H, CH2Bn), 4.46 (m, 1H, H4'), 4.39 (d,
	0.2 eq), 1-methyl-1H-pyrazole-4-boronic acid (102 mg, 0.81 mmol, 3 eq) and a drop of water N-CH2), 4.77 (d, Jgem = 11.8, 1H, CH2Bn), 4.71 (d, 3 J2'-3' = 4.6, 1H, H2'), 4.66 (d, Jgem = 11.8, Jgem = 12.0, 1H, CH2Bn), 4.32 (d, Jgem = 12.1, 1H, CH2Bn), 4.05 (dd, 3 J3'-2' = 5.2, 3 J3'-4' = 4.8,
	were added to a solution of 11b (200 mg, 0.27 mmol, 1 eq) in DMF (2 mL, 0.07 M). The 2H, 2xCH2Bn), 4.52 (d, Jgem = 11.8, 1H, CH2Bn), 4.48 (m, 1H, H4'), 4.46 (d, Jgem = 11.8, 1H, 1H, H3'), 3.49 (dd, Jgem = 10.9, 3 J5'-4' = 3.6, 1H, H5'), 3.42 (dd, Jgem = 10.9, 3 J5'-4' = 3.7, 1H,
	reactor was sealed and the reaction mixture was stirred overnight at 120 °C. It was brought CH2Bn), 4.43 (d, Jgem = 11.8, 1H, CH2Bn), 3.88 (dd, 3 J3'-2' = 4.6, 3 J3'-4' = 4.1, 1H, H3'), 3.63 (dd, H5'), 1.22 (s, 9H, t-Bu). 13 C NMR (100 MHz, CDCl3, 303 K): δ (ppm) 176.7 (CO), 138.9
	back to RT, diluted with Et2O and filtered over a celite plug. The filtrate was washed with a saturated aqueous NH4Cl solution and with brine several times. It was then evaporated to (C4), 137.9, 137.8, 137.2, 128.5 (4C), 128.5 (2C), 128.4 (2C), 128.1, 128.1 (2C), 128.0, 127.8, Jgem = 10.8, 7, 127.6, 126.9 (C5), 115.8 (CN), 84.3 (C4'), 81.7 (C2'), 76.9 (C3'), 76.1 (C1'), 73.8 (CH2Bn), 73.5
	dryness and the obtained residue was purified by flash column chromatography on silica gel 137.1, 128.5 (6C), 128.4 (2C), 128.1, 128.0 (6C), 125.4 (C5), 117.3 (CN), 83.6 (C4'), 83.0 (CH2Bn), 72.8 (CH2Bn), 69.0 (N-CH2), 68.6 (C5'), 39.0 (C(Me)3), 27.0 (3C, t-Bu). MS (ESI + ):
	[PE/EtOAc, 7:3] to afford 11h (125 mg, 0.18 mmol, 43 mg, 67% yield) as a yellow oil. 1 H (C2'), 77.8 (C1'), 77.7 (C3'), 73.8 (CH2Bn), 73.6 (CH2Bn), 72.7 (CH2Bn), 70.0 (N-CH2), 68.9 m/z = 645.2 [M+H] + . HRMS (ESI + ): calcd for [M+H] + C35H38ClN4O6 = 645.2480; found
	NMR (400 MHz, CDCl3, 303 K): δ (ppm) 7.57 (s, 1H, H7), 7.54 (s, 1H, H8), 7.34-6.93 (m, (C5'), 38.9 (C(Me)3), 27.0 (3C, t-Bu). MS (ESI + ): m/z = 633.3 [M+Na] + . HRMS (ESI + ): 645.2473.
	15H, HAr), 6.23 (d, Jgem = 10.6, 1H, N-CH2), 5.95 (d, Jgem = 10.6, 1H, N-CH2), 4.51 (d, Jgem = calcd for [M+Na] + C35H38N4O6Na = 633.2689; found 633.2687.
	12.0, 1H, CH2Bn), 4.49 (d, Jgem = 11.8, 1H, CH2Bn), 4.47 (d, Jgem = 12.0, 1H, CH2Bn), 4.38 (d,
	Jgem = 11.8, 1H, CH2Bn), 3.25 (dd, 3 J3'-4' = 8.6, 3 J3'-2' = 4.2, 1H, H3'), 4.23 (m, 1H, H4'), 4.21
	(d, Jgem = 11.6, 1H, CH2Bn), 4.13 (d, 3 J2'-3' = 4.2, 1H, H2'), 4.07 (d, Jgem = 11.6, 1H, CH2Bn), 3.77 (s, 3H, N-Me), 3.67 (dd, Jgem = 10.6, 3 J5'-4' = 3.0, 1H, H5'), 3.53 (dd, Jgem = 10.6, 3 J5'-4' = (4-following the same
	5.9, 1H, H5'), 3.18 (s, 3H, OMe), 1.16 (s, 9H, t-Bu). 13 C NMR (100 MHz, CDCl3, 303 K): δ procedure as for 12a, starting from 11b (1.78 g, 2.40 mmol, 1 eq) and affording 12b (1.4 g,
	(ppm) 176.6 (CO), 141.1 (C4), 139.4 (C7), 138.3, 137.7, 137.6, 132.4 (C5), 131.8 (C8), 128.4 1.99 mmol, 83% yield) as a yellowish oil. 1 H NMR (300 MHz, CDCl3, 298 K): δ (ppm) 7.43-
	7.05 (m, 15H, HAr), 6.19 (d, Jgem = 10.8, 1H, N-CH2), 6.04 (d, Jgem = 10.8, 1H, N-CH2), 5.14 (2C), 128.3 (2C), 128.2 (2C), 127.9 (5C), 127.7, 127.6 (3C), 107.6 (C6), 106.5 (C1'), 82.4 (C2'), 80.6 (C4'), 79.4 (C3'); 73.3 (CH2Bn), 73.0 (CH2Bn), 72.9 (CH2Bn), 71. (C5'), 69.5 (N-CH2), (d, 3 J2'-3' = 5.2, 1H, H2'), 4.92 (d, Jgem = 11.9, 1H, CH2Bn), 4.80 (d, Jgem = 11.9, 1H, CH2Bn),
	4.69 (d, Jgem = 11.9, 1H, CH2Bn), 4.48 (m, 1H, H4'), 4.46 (d, Jgem = 12.0, 1H, CH2Bn), 4.37 (d, 49.9 (OMe), 39.0 (N-Me), 38.7 (C(Me)3), 26.9 (3C, t-Bu). MS (ESI + ): m/z = 696.3 [M+H] + . HRMS (ESI + ): calcd for [M+H] + C39H46N5O7Na = 696.3397; found 696.3411. Jgem = 12.1, 1H, CH2Bn), 4.31 (d, Jgem = 12.1, 1H, CH2Bn), 4.05 (dd, 3 J3'-2' = 5.2, 3 J3'-4' = 5.1,
	1H, H3'), 3.52 (dd, Jgem = 11.0, 3 J5'-4' = 3.3, 1H, H5'), 3.42 (dd, Jgem = 11.0, 3 J5'-4' = 3.4, 1H,
	(4-((2R,3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)-2-cyanotetrahydrofuran-
	2-yl)-1H-1,2,3-triazol-1-yl)methyl pivalate (12a). In an oven dried 2 necked flask equipped 116.0 (CN), 84.0 (C4'), 81.3 (C2'), 80.5 (C5), 76.9 (C1'), 76.8 (C3'), 73.8 (CH2Bn), 73.4 (CH2Bn),

3 J5'-4' = 2.2, 1H, H5'), 3.44 (s, 3H, OMe), 1.20 (s, 9H, t-Bu).

13 

C NMR (100 MHz, CDCl3, 303 K): δ (ppm) 176.5 (CO), 148.8 (C4), 138.2, 138.2, 137.9, 128.4 (2C), 128.4 (2C), 128.3 3 J5'-4' = 3.5, 1H, H5'), 3.56 (dd, Jgem = 10.8, 3 J5'-4' = 3.5, 1H, H5'), 1.19 (s, 9H, t-Bu). 13 C NMR (75 MHz, CDCl3, 298 K): δ (ppm) 177.5 (CO), 145.4 (C4), 137.9, 137.H5'), 1.20 (s, 9H, t-Bu). 13 C NMR (75 MHz, CDCl3, 298 K): δ (ppm) 176.7 (CO), 146.6 (C4), 137.9, 137.7, 137.3, 128.5 (6C), 128.5 (2C), 128.1, 128.1 (2C), 128.0, 127.8, 127.5 (2C),

Acknowledgements

This work was funded by Janssen-CILAG with a PhD grant for PS.

Notes and references

washed with Et2O several times. The combined organic layers were washed with a saturated aqueous NaF solution several times, dried over Na2SO4, filtered and concentrated under reduced pressure. The obtained residue was purified by flash column chromatography on silica gel [PE/EtOAc, 7:3] to afford 12f (33 mg, 0.05 mmol, 50% yield) as a clear oil. (N-CH2), 69.2 (C5'), 39.0 (C(Me)3), 27.0 (3C, t-Bu), 6.5 (C7 or C8), 6.1 (C7 or C8), 3.3 (C6). and 1,10-phenantroline (7 mg, 0.04 mmol, 0.3 eq) were added to a solution of 12b (100 mg, 0.14 mmol, 1 eq, previously dried by coevaporation with toluene) in dry DMF (2 mL, 0.07 M). The reactor tube was sealed and the reaction mixture was stirred overnight at 150 °C. It was brought back to RT, diluted with Et2O and quenched with a 0.5 M aqueous EDTA solution. After 10 min stirring, the two layers were separated and the aqueous one was extracted with Et2O. The combined organic layers were washed with brine, dried over Na2SO4, filtered and concentrated under reduced pressure. The obtained residue was purified by flash column chromatography on silica gel [PE/EtOAc, 7:3] to afford 12g (43 mg, 0.07 mmol, 50% yield) as a brownish oil. Prepared following the same procedure as for 13a, starting from 12c (763 mg, 1.18 mmol, 1 eq) and affording 13c (239 mg, 0.64 mmol, 54% yield) as a clear foam. 1 eq) was dissolved ACN/H2O mixture (1.5 mL/25 μL, 0.9 M) and cooled to 0 °C. CsF (24 mg, 0.16 mmol, 1.2 eq) was added and the reaction mixture allowed to reach RT. It was stirred as such for 30 min and then quenched with water. The resulting mixture was extracted with Et2O. The combined organic layers were washed with brine, dried over Na2SO4, filtered and concentrated under reduced pressure. Then, the obtained residue was treated following the same procedure as for 13a, affording 13e (50 mg, 0.14 mmol, 58% yield) as a clear foam. 

MS (ESI