


REGIOSELECTIVE ALKYLATION OF ALCOHOLS FROM THE BIS-HETEROCYCLIC SMe-PYRIMIDINO-PYRANOSIDE PLATFORM


Abstract
This work contributes to the synthesis of new bis-heterocyclic platforms based on carbohydrates and nitrogenous heterocycles and to the study of their functionalization with a view to obtaining compounds of therapeutic interest. The study of the reactivity of the SMe-pyrimidino-pyranoside platform has enabled us to propose a new route for introducing spacer arms capable of mimicking natural peptides. 
The functionalization of the pyranose moiety was studied by benzylidene cleavage followed by regioselective alkylation of the alcohol in the 4 or 6-position via a 4,6-O-stannylene intermediate using dibutyltin oxide (Bu2SnO). Finally, this SMe-pyrimidino-pyranoside platform offers opportunities for introducing molecular diversity and appears to be an interesting tool for constructing biologically active molecules.
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Introduction
The natural ligands of a large number of macromolecular targets are peptide-based. Many peptides are known for their biological actions as neurotransmitters, neuromodulators, and hormones. Understanding their mechanisms of action and modulating their action in certain biological and pathological processes is a highly sought-after therapeutic approach. Their development as drugs is very limited due to their metabolic instability linked to their rapid degradation by endogenous peptidases. 1-3
Peptides, as neurotransmitters, neuromodulators, and hormones, influence many physiological processes by binding to receptors. Their role in the development of certain diseases has become increasingly clear over the past 30 years. The development of molecules capable of mimicking or blocking (agonists or antagonists, respectively) the action of these peptides appears to be a promising avenue for the development of therapeutic agents. However, the use of peptides for the development of new drugs is extremely limited given their pharmacological properties. Peptide-type ligands have limitations: on the one hand, low oral bioavailability and, on the other hand, low metabolic stability against hydrolysis by peptidases.4-6
Chemists have taken an interest in the problem of converting endogenous peptide ligands into small synthetic molecules with better bioavailability and metabolic stability in the hope of paving the way for the discovery of potential drugs. 
In recent years, saccharide derivatives have been developed as original platforms for the construction of peptidomimetics. Their rigid cyclic structures, chirality, and the presence of multiple hydroxyl functions are key elements in the creation of specific molecules capable of mimicking bioactive peptides.
The use of sugars as function distributors in the search for substances capable of mimicking a bioactive peptide is well established.8-10 In this context, we present work on regioselective alkylations of the sugar moiety of a bicyclic carbohydrate platform, the diol SMe-pyrimidino-pyranoside, for the construction of peptidomimetics.
1. Methodology 
Monosaccharides represent an important class of natural products and, together with amino acids, constitute the building blocks of natural polymers. 
Their structural characteristics lead to their widespread use in the architecture of natural molecular structures. Their cyclic structure gives them a certain rigidity, while the presence of multiple hydroxyl functions corresponds to as many functionalization positions. Their chirality provides different orientations to the hydroxyl functions and therefore to the substances linked to these functions. These three major advantages allow saccharide motifs to be used as platforms for the synthesis of compounds likely to exhibit biological activity. 
Interested in these multiple properties, some synthetic chemists have recently developed the use of sugars as asymmetric platforms for the creation of peptidomimetics, chiral platforms onto which different pharmacophores can be grafted. They are considered conventional analogues of peptides because they retain the side chains without mimicking the main chain and therefore the corresponding amide bonds.
Starting with the diol SMe-pyrimidino-pyranoside, 11, 12 it is possible to rapidly functionalize the sugar moiety through regioselective alkylation reactions of the alcohols in positions 4 or 6, introducing a new point of molecular diversity that is essential for the search for bioactive molecules. Exploring the reactivity of this platform will enable the rapid creation of small collections of molecular mimics involved in biological actions and associated pathologies. Alkylation of the hydroxide in positions 4 and 6 allows the introduction of a spacer arm necessary for anchoring.  


Figure 1. Regioselective alkylation 

Using the SMe-pyrimidino-pyranoside platform freed from its benzyl acetal,11 we explored the reactivity of diol-4,6 with regard to alkylation via a 4,6-O-stannylene using dibutyltin oxide (Bu2SnO).13 Several halogenated derivatives (Me, CH2-CH=CH2, CH2COOEt, CH2COOMe, and CH2COOtBu) were used to develop the regioselective alkylation of hydroxyls 4 and 6. The selective functionalization of these alcohol functions was not trivial given the similar reactivity of the primary alcohol (OH6) and the secondary allylic alcohol (OH4).19
2. Alkylation by formation of a stannylene acetal
In general, the alkylation of compounds possessing a primary alcohol function via dibutylstannylene acetal leads to the alkylation product on this function.13-15
This method allowed us to introduce methyl and allyl groups regiospecifically15-19 at position 6. Using ethyl and tert-butyl bromoacetates, we observed a decrease in regioselectivity, leading to the formation of alkylation products in positions 6 and 4, as well as a 5% dialkylated product. It is clear that regioselectivity depends on the nature of the alkylating agent (Table 1).


Scheme 1. i) a) Bu2SnO, toluene, 110°C, b) RX, CsF, DMF, 80°C
Table 1. Stannylene alkylation
	Input    
	  R    
	6-alkylated (%)  
	4-alkylated (%)  
	Dialkylated (%)

	1
	Me
	57
	_
	_

	2
	CH2-CH=CH2
	61
	_
	_

	2
	CH2COOtBu
	45
	24
	6

	4
	CH2COOEt
	44
	30
	4



This reaction with methyl bromoacetate unexpectedly yielded the brominated ester shown below, corresponding to a nucleophilic addition to the ester moiety (Scheme 2).


Scheme 2. Nucleophilic addition to the ester moiety
Although it does not meet our expectations, this compound has a brominated spacer arm that is labile but can be functionalized.
This is an indirect method for the selective acylation and alkylation of one or more hydroxyl functions of a polyol. The reagent used is dibutyltin oxide (Bu₂SnO), which reacts with diols under reflux to form a stannylene. The reaction is often carried out using non-polar solvents (benzene, toluene, etc.). In these solvents, stannylene is in dimer form and the oxygen monocoordinated to tin is more accessible and also more nucleophilic, and will therefore be the most reactive. In general, the most electronegative oxygen occupies the apical position, while the second is in the equatorial position. CCM monitoring is impossible because stannylene undergoes hydrolysis to produce the starting diol, so the reaction mixture is treated directly with alkyl halides to obtain a monosubstituted product.
Many authors have used this method to achieve regioselective alkylation or acylation at position 6 of a 4,6-diol using different operating conditions. It should be noted that these reactions have been successfully described for 2,3-glycals involving a primary alcohol and an allylic secondary alcohol, a case very similar to ours.13-19 We have chosen esters that have a dual functionality: the bromoalkane moiety as an anchor point on the sugar moiety and the ester end, which after reduction can lead to a primary alcohol precursor for the introduction of different functions.19-24
The reactivity of the pyranose moiety of the SMe-pyrimidino-pyranoside platform has been well studied and mastered. Acid hydrolysis of benzylidene allowed us to exploit the possibility of functionalizing the pyranose moiety by introducing functionalized chains on the secondary alcohols in position 4 and primary alcohols in position 6.


3. Results & discussion
3.1.  General information
Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker AC250 instrument at 250 MHz for proton (1H) and at 62.9 MHz for carbon (13C). Some spectra were recorded on a Bruker DRX400 instrument at 400 MHz for the 1H proton and at 100.6 MHz for the 13C carbon. Chemical shifts are given in ppm. The spectra were recorded in the following deuterated solvent: CDCl3. Chemical shifts (δ) are given in parts per million (ppm) relative to tetramethylsilane (TMS) and coupling constants are given in Hertz (Hz). Signal multiplicity is noted with the designations: s (singlet), d (doublet), t (triplet), q (quadruplet), m (multiplet), app (apparent signal). 
Mass spectra (MS) are recorded on a Trio-1000 Thermo Quest device using the electrospray ionization technique, in positive (+) or negative (-) mode. High-resolution spectra labeled ESI-HRMS are recorded on a Micro Waters QTOF device.

Thin-layer chromatography is performed on Merck Kieselgel 60 F254 silica plates. The plates are developed under UV light and by spraying with a solution suitable for the compounds observed, which may be:  a phosphomolybdic acid solution or a ninhydrin solution in ethanol.
Silica column chromatography was performed on Merck SI 60 silica gel (63-200 μM) for open columns and 60H (5-40 μM) for preparative HPLC columns. The HPLC columns used were 20 mm diameter, 80 mm columns compressed at 8 bars. Some separations were performed by flash chromatography controlled by Gilson 712 HPLC software with silica 60 (40-63 μM).
3.2.  Operating procedure
In a flask fitted with a Dean Stark condenser, 0.2 g of the diol (0.77 mmol) and 1.5 eq of dibutyltin oxide (0.29 g, 1.15 mmol) are added to 3 mL of toluene, and the mixture is brought to reflux. Once the mixture became clear, the toluene was evaporated and the mixture was resolved with 3 mL of DMF. 2.2 eq of the alkyl halide (1.7 mmol) and 1.5 eq of cesium fluoride (175 mg, 1.15 mmol) are added, and the reaction is carried out at 90°C for 12 hours. After evaporation to dryness, the crude reaction product is purified by silica gel chromatography.
Compound 1 : (5S,7R,8S)-7-((allyloxy)methyl)-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-8-ol


Picture 1 :  (5S,7R,8S)-7-((allyloxy)methyl)-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-8-ol

1H NMR (CDCl3, 250 MHz) :  2.58 (s, 3H, SMe), 3.57 (s, 3H, OMe), 3.85 (brd, 1H, H6, J6-5 = 4.8 Hz), 3.88 (brd, 1H, H6’, J6’-5 = 2.5 Hz), 4.06 (ddd, 1H, H5, J5-4 = 9.9 Hz, J5-6 = 4.8 Hz, J5-6’  = 2.5 Hz), 4.15 (ddd, 2H, 2H9, J9-10= 5.5 Hz, J9-11 = 2.1 Hz, J9-11’ = 1.2 Hz), 4.63 (d, 1H, H4 J4-5 = 9.9 Hz), 5.22 (ddt, 1H, H11’, J11’-10 = 10.6 Hz, J11-11’= 3.2 Hz, J11’-9 = 1.2 Hz), 5.34 (ddt, 1H, H11, J11-10 = 19.0 Hz, J11-11’ = 3.2 Hz, J11-9 = 2.1 Hz), 5.58 (s, 1H, H1), 5.97 (ddt, 1H, H10, J10-11 = 19.0 Hz, J10-11 = 10.6 Hz, J10-9 = 5.5 Hz), 8.39 (s, 1H). 
13C NMR (CDCl3, 62.9 MHz) : 14.4 (SMe), 56.1 (OMe), 65.3 (C5), 69.1 (C6), 70.3 (C4), 72.8 (C9), 96.2 (C1), 117.4 (C11), 121.7 (C2), 134.7 (C10), 156.1 (C7), 164.9 (C3), 173.2 (C8).
HRMS (ESI+) : 321.0847 (calculated for C13H18N2Na04S [M+Na]+: 321.0879).
Compound 2 : tert-butyl 2-(((5S,7R,8S)-7-(hydroxymethyl)-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-8-yl)oxy)acetate




Picture 2 :  tert-butyl 2-(((5S,7R,8S)-7-(hydroxymethyl)-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-8-yl)oxy)acetate
1H NMR (CDCl3, 250 MHz) :  1.50 (s, 9H, C(CH3)3), 2.58 (s, 3H, SMe), 3.54 (s, 3H, OMe), 3.87-4.12 (m, 2H, H5, H6), 4.20-4.35 (m, 1H, H6’), 4.50 (d, 1H, H9, J9 9’ = 17.9 Hz), 4.64 (d, 1H, H4, J4-5 = 9.8 Hz), 5.09 (d, 1H, H9, J9 9’ = 17.9 Hz ), 5.50 (s, 1H, H1), 8.35 (s, 1H, H7). 
13C NMR (CDCl3, 62.9 MHz) : 14.5 (SMe), 28.2 (3C, C(CH3)3), 56.1 (OMe), 61.7 (C5), 69.4 (C6), 70.3 (C4), 71.6 (C9), 83.1 (C(CH3)3), 96.4 (C1), 122.3 (C2), 156.1 (C7) , 165.5 (C3), 172.0 (C8), 172.9 (CO).
HRMS (ESI+) : 395.1221 (calculated for C16H24N2NaO6S[M+Na]+ : 395.1247).
Compound 3 : tert-butyl 2-(((5S,7R,8S)-8-hydroxy-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-7-yl)methoxy)acetate



Picture 3 : tert-butyl 2-(((5S,7R,8S)-8-hydroxy-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-7-yl)methoxy)acetate
1H NMR (CDCl3, 250 MHz) :  1.49 (s, 9H, C(CH3)3), 2.57 (s, 3H, SMe), 3.55 (s, 3H, OMe), 3.90-4.08 (m, 3H, H5, H6, H6’), 4.07 (d, 1H, H9, J9 9’ = 16.5 Hz), 4.15 (d, 1H, H9’, J9 9’= 16.5 Hz), 4.75 (d, 1H, H4, J4-5 = 9.7 Hz), 5.56 (s, 1H, H1), 8.37 (s, 1H, H7). 
13C NMR (CDCl3, 62.9 MHz) :  14.3 (SMe), 28.2 (3C, C(CH3)3), 55.0 (OMe), 65.1 (C5), 69.1 (C6), 70.1 (C4), 70.5 (C9), 82.1 (C(CH3)3), 96.3 (C1), 121.7 (C2), 155.9 (C7), 164.8 (C3), 169.9 (C8), 173.2 (CO).
HRMS (ESI+) : 395.1246 (calculated for C16H24N2Na06S[M+Na]+: 395.1247).
Compound 4 : tert-butyl 2-(((5S,7R,8S)-8-(2-(tert-butoxy)-2-oxoethoxy)-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-7-yl)methoxy)acetate



Picture 4 :  tert-butyl 2-(((5S,7R,8S)-8-(2-(tert-butoxy)-2-oxoethoxy)-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-7-yl)methoxy)acetate

1H NMR (CDCl3, 250 MHz) : 1.48 (s, 9H, C(CH3)3), 1.49 (s, 9H, C(CH3)3), 2.55 (s, 3H, SMe), 3.53 (s, 3H, OMe), 4.00-4.10 (m, 2H, H6, H6’), 4.11 (s, 2H9), 4.15-4.25 (m, 1H, H5), 4.62 (d, 1H, H4, J4-5 = 9.7 Hz), 4.70 (s, 2H10), 5.50 (s, 1H, H1), 8.33 (s, 1H, H7). 
Compound 5 : ethyl 2-(((5S,7R,8S)-7-(hydroxymethyl)-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-8-yl)oxy)acetate



Picture 5:  ethyl 2-(((5S,7R,8S)-7-(hydroxymethyl)-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-8-yl)oxy)acetate
1H NMR (CDCl3, 250 MHz) :  1.31 (t, 3H11, J11-10 = 7.3 Hz), 2.58 (s, 3H, SMe), 3.54 (s, 3H, OMe), 3.85-4.05 (m, 2H, H5, H6), 4.20-4.35 (m, 3H, H6’, 2H10), 4.64 (d, 1H, H9, J9-9’ = 17.5 Hz), 4.65 (d, 1H, H4, J4-5 = 9Hz), 5.21 (d, 1H, H9’, J9-9’ = 17.5 Hz ), 5.50 (s, 1H, H1), 8.35 (s, 1H, H7). 
13C NMR (CDCl3, 62.9 MHz) :  14.3 (C11), 14.5 (SMe), 56.1 (OMe), 61.7 (C10), 61.8 (C5), 69.2 (C6), 70.2 (C4), 71.7 (C9), 96.4 (C1), 122.3 (C2), 156.2 (C7) , 165.2 (C3), 172.5 (C8) , 173.0 (CO).
MS (ESI) m/z : 345 (10, [M+H]+), 367 (100, [M+Na]+).
Compound 6 : ethyl 2-(((5S,7R,8S)-8-hydroxy-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-7-yl)methoxy)acetate


Picture 6  : ethyl 2-(((5S,7R,8S)-8-hydroxy-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-7-yl)methoxy)acetate
1H NMR (CDCl3, 250 MHz) :  1.29 (t, 3H11, J11-10 = 7.3 Hz), 2.57 (s, 3H, SMe), 3.55 (s, 3H, OMe), 3.90-4.10 (m, 3H, H5, 2H10), 4.15-4.30 (m, 4H, H6, H6’, H9, H9’), 4.71 (d, 1H, H4, J4-5 = 9.7 Hz) 4.72 (d, 1H, OH4, J4-OH4 = 6.9 Hz ), 5.56 (s, 1H, H1), 8.37 (s, 1H, H7). 
13C NMR (CDCl3, 62.9 MHz) :  14.3 (C11), 14.3 (SMe), 56.0 (OMe), 61.1 (C10), 65.1 (C5), 68.9 (C6), 70.3 (C4), 70.4 (C9), 96.3 (C1), 121.7 (C2), 156.0 (C7), 164.7 (C3), 170.6 (C8) , 173.2 (CO).
MS (ESI) m/z : 345 (10, [M+H]+), 367 (100, [M+Na]+).
Compound 7 : ethyl 2-(((5S,7R,8S)-8-(2-ethoxy-2-oxoethoxy)-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-7-yl)methoxy)acetate



Picture 7 : ethyl 2-(((5S,7R,8S)-8-(2-ethoxy-2-oxoethoxy)-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-7-yl)methoxy)acetate
1H NMR (CDCl3, 250 MHz) :  1.30 (t, 6H, 3H11, 3H14, J11-10 = J14-13 =7.3 Hz), 2.56 (s, 3H, SMe), 3.55 (s, 3H, OMe), 3.90-3.95 (m, 2H, H6, H6’), 4.23 (q, 4H, 2H10, 2H13, J11-10 = J14-13 = 7.3 Hz), 4.25-4.38 (m, 1H, H5), 4.51 (d, 1H, H4, J4-5 = 9.8 Hz), 4.62-4.78 (m, 3H, H9, H9’, H12), 4.96 (d, 1H, H12, J12-12’ = 16.8 Hz), 5.48 (s, 1H, H1), 8.36 (s, 1H, H7). 
Compound 8 : (5R,7S,8R)-8-hydroxy-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-7-yl)methyl 2-bromoacetate


Picture 8 :   (5R,7S,8R)-8-hydroxy-5-methoxy-2-(methylthio)-7,8-dihydro-5H-pyrano[4,3-d]pyrimidin-7-yl)methyl 2-bromoacetate

1H NMR (CDCl3, 250 MHz) :  2.59 (s, 3H, SMe), 3.58 (s, 3H, OMe), 3.90-3.95 (m, 2H, H6, H6’), 4.10-4.20 (m, 1H, H5), 4.45-4.60 (m, 2H, H9, H4), 4.66 (d, 1H, H9’, J9’-9 = 16.4 Hz), 5.57 (s, 1H, H1), 8.41 (s, 1H, H7).
13C NMR (CDCl3, 62.9 MHz) :  14.5 (SMe), 25.7. (C9), 56.3 (OMe), 65.2 (C5), 65.4 (C4), 69.1 (C6), 96.2 (C1), 121.5 (C2), 156.3 (C7), 164.0 (C3), 167.2 (C8), 173.5 (CO).
[bookmark: _Toc216085146][bookmark: _Toc216175805][bookmark: _Toc216584762][bookmark: _Toc217121616][bookmark: _Toc217128616]MS (ES+) m/z: 379 (60, [M+H]+), 381 (60, [M+H]+), 401 (95, [M+Na]+, 403 (95, [M+Na]+
Conclusion
The development of new fused heterocyclic-sugar platforms is attracting growing interest in the literature. Sugars, due to their chirality and molecular diversity, are excellent candidates as central bodies for the preparation of rigid heterocyclic bicycles. This concept has two advantages: on the one hand, finding effective chemical methods to generate such compounds is a challenge for the chemistry community. On the other hand, these original structures are interesting candidates for the search for compounds of biological interest. Our work addresses this issue and aims to prepare original bicyclic carbohydrate platforms using a rapid and effective approach.
The exploration of the reactivity of the sugar moiety of the SMe-pyrimidino-pyranoside platform has been successful and has led to the development of its functionalization.
The 4,6-diol obtained by acid hydrolysis of benzylidene can be alkylated regioselectively by simply modifying the reaction conditions. This platform is therefore very interesting and should enable the construction of new molecules capable of undermining short peptide sequence.
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