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Abstract: Some of simple carbohydrates and their derivatives are used clinically
for the treatment of various diseases. Epoxide derivatives, which can be obtained
by the intramolecular elimination of water from two vicinal hydroxyl groups, are
stable, but sufficiently reactive compounds very often used as intermediaries in
various syntheses. Synthesis of epoxide derivative, methyl 3,4-anhydro-6-
bromo-2-O-tert-butyldimethylsilyl-6-deoxy-a-D-allopyranoside ~ from a-D-
glucose was achieved. in high yields in the minimal number of synthetic steps.
Anhydrous glucose was used as a starting material which was transformed into
methyl o-D-glucopyranoside using dry, gaseous hydrogen chloride. Thus
obtained derivative was treated with benzaldehyde in the presence of zinc
chloride . as Lewis acid giving methyl (R)-4,6-O-benzylidene-a-D-
glucopyranoside. Obtained compound was treated with NBS (M-
bromosuccinimide) in dichloromethane in the presence of barium carbonate
giving methyl 4-O-benzoyl-6-bromo-6-deoxy-a-D-glucopyranoside. In the next
step obtained compound was treated with TBDMSCI (tert-butyldimethylsilyl
chloride) in pyridine, and methyl 4-O-benzoyl-6-bromo-2-O-tert-
butyldimethylsilyl-6-deoxy-a-D-glucopyranoside was further mesylated, and
obtained methyl 4-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-3-
O-mesyl-a-D-glucopyranoside was treated at the end with KOH to give methyl
3,4-anhydro-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-a-D-allopyranoside
(yield 78 %).

Keywords: D-allose derivative; 3,4-epoxide ring; selective silylation;
carbohydrates.

INTRODUCTION

When there are in the molecule two present OH groups in 1, 2 or 1, 3 positions,
very often their protection can be achieved in the form of acetals, ketals and ortho
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esters. It is particularly true in the synthesis of carbohydrates.'”* Some of simple
carbohydrates and their derivatives are used clinically for the treatment of various
diseases.’ The most often procedure for their formation is the treatment of glycol
with huge access of aldehyde or ketone in the presence of acidic catalyst.* Asacid
catalysts gaseous hydrogen chloride can be used, sulfuric and p-toluenesulfonic
acid (from protic acids), and the most frequently zinc chloride as Lewis acid.
Another way is to put anhydrous copper salt which binds water.’ The third way is
to introduce into the reaction mixture instead of aldehydes themselves their acetals
and ketals and then perform acid catalysed exchange of acetal groups.* Rarely it is
possible to obtained acetals or ketals from vicinal dihalogenides and glycols under
the Sx2 mechanism.®

Benzylidene acetals are mostly used in the carbohydrate chemistry'? and they
can be obtained by the treatment of carbohydrates and benzaldehydes with the acid
catalysts, such as hydrogen chloride, sulfuric acid, p-toluenesulfonic acid and zinc
chloride. Besides, it can be used dimethyl or diethyl-acetals of benzaldehyde in the
acid media. The main advantage of this group is that it can be removed by catalytic
hydrogenation, and the main disadvantage is that both possible diastereoisomers
can be obtained during benzylidation.

The most often used agent for the selective protection of hydroxy group is
tert-butyldimethylsilyl chloride (TBDMSCI). fert-Butyldimethylsilyl group’ is
appropriate for the temporary protection of hydroxyl groups because it is stable in
the wide region of the reaction conditions, and it can be easily removed by the
treatment with acids or fluoride ion, and tailor-made ionic liquids
([dihexaEGim][OMs]/tert-amyl alcohol media system).® This group is
recommended for the selective protection of nucleosides,” hexapyrananosides'®
and other carbohydrate derivatives.’

Epoxides or oxiranes can be obtained by the intramolecular elimination of
water from two vicinal hydroxyl groups. They are stable, but sufficiently reactive
compounds very often used as intermediaries in various syntheses.'' The most
often way of their synthesis is the treatment of a-hydroxy-sulfonic ester with bases.
The first step of the reaction is the formation of alkoxide ion, either by
deprotonation of hydroxyl group, or by hydrolysis of carbonic ester using any base.
In the second step it comes to the attack of alkoxide ion on C-atom to which it is
attached -OSO:R group and closure of the epoxide ring, with the inversion of
configuration at the electrophilic C-atom. Leaving groups can be beside sulphonic
ester, also esters of sulfuric or nitric acids, halogenides, protonated amino group,
diazonium ion, etc.

Two epoxide derivatives in two different decades were synthesized at the
Laboratory for Organic Synthesis, Faculty of Sciences and Mathematics,
University of Ni§ and the synthesis of one of them was published at the end of
1980s."? Therefore, the novelty in this research is the synthesis of the second
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epoxide derivative methyl 3,4-anhydro-6-bromo-2-O-tert-butyldimethylsilyl-6-
deoxy-a-D-allopyranoside (Fig. 1) from a-D-glucose where it was obtained in
similar yields to the previously published epoxide derivative'?. It can be an
intermediary in the synthesis of biologically active compounds. To the best of our
knowledge, two new compounds not previously reported were synthesised in this
work: methyl 4-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-3-O-
mesyl-a-D-glucopyranoside  and  methyl  3,4-anhydro-6-bromo-2-O-tert-
butyldimethylsilyl-6-deoxy-a-D-allopyranoside.

EXPERIMENTAL
Apparatus

The NMR analyses were performed on a Bruker AC-250 instrument with standard Bruker
software. All analyses were carried out using regular 5 mm NMR tubes.

Reagents

All chemicals used for syntheses were of the analytical reagent grade. Solutions were
prepared for NMR analyses in CDCl; (Merck, Germany), purity 99.8 %. The chemical shifts
are referred to tetramethylsilane (TMS, 6x= 0.00 ppm) in CDCls.

Synthetic procedures

Methyl a-D-glucopyranoside (1). Methyl a-D-glucopyranoside (1) was synthesized from
a-D-glucose using Fisher glycosidation method with methanolic HCI, where the formation of
the thermodynamically favored pyranoside was achieved with a prolonged reaction time and
refluxing.'® In total, it was obtained 25.1 g methyl a-D-glucopyranoside (1) starting from 50 g
(0.2775 mol) a-D-glucose. The yield was 46.58 %. m.p. 164-165 °C. The melting point was in
accordance with the previously reported data.'*

Methyl (R)-4,6-O-benzylidene-a-D-glucopyranoside (2). Methyl (R)-4,6-O-benzylidene-
a-D-glucopyranoside (2) was synthesised using the procedure reported by Hall"®, starting from
16.5 g (0.121 mol) anhydrous ZnCl,, 25 mL (0.2462 mol) benzaldehyde (p=1.045 g/mL) and
16.5 g (0.0851 mol) powdered methyl a-D-glucopyranoside (1). The crude product was
recrystallized with optimal quantity of hot ethanol. It was obtained 14.15 g methyl (R)-4,6-O-
benzylidene-a-D-glucopyranoside (2) (yield 59 %), m.p. 165 °C. The reported melting point
was in accordance with the previously published. *7

Methyl 4-O-benzoyl-6-bromo-6-deoxy-o-D-glucopyranoside (3). Methyl 4-O-benzoyl-6-
bromo-6-deoxy-a-D-glucopyranoside (3) was prepared according to modified procedure
published by Hanessian'® where we started from 0.910 g (3.22 mmol) methyl (R)-4,6-O-
benzylidene-a-D-glucopyranoside (2), 0.364 g (1.84 mmol) BaCO; and 0.6825 g (3.83 mmol)
NBS and used dichloromethane as a solvent instead of 1,1,2,2-tetrachloroethane. Obtained
crystals have m.p.=121-122 °C, which is in accordance with the previously published value.'®
Obtained substance was chromatographed on silica-gel column using the eluent chloroform:
methanol=15:1, and pure methyl 4-O-benzoyl-6-bromo-6-deoxy-a-D-glucopyranoside (3) was
obtained with the mass 0.73 g, yield 65.68 %.

Methyl 4-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-a-D-glucopyranoside
(4) and methyl 4-O-benzoyl-6-bromo-3-O-tert-butyldimethylsilyl-6-deoxy-a-D-glucopyrano-
side (5). 0.73 g (2.02 mmol) methyl 4-O-benzoyl-6-bromo-6-deoxy-a-D-glucopyranoside (3)
and pyridine was put in round bottomed flask and stirred by hand until the complete dissolution
of the carbohydrate derivative. Flask with the solution was left to cool down at 0 °C, and then
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0.448 g (2.97 mmol) TBDMSCI was added into previously dissolved substance and cooled at 0
°C. The reaction mixture was left at room temperature for 8 days and followed using TLC with
the mobile phase chloroform : methanol = 15 : 1. The reaction was terminated by the
evaporation of pyridine on vacuum evaporator using ethanol. Thus obtained oil was eluted on
silica gel column with the mixture chloroform : methanol = 40 : 1. In this way three reaction
products were separated: methyl 4-O-benzoyl-6-bromo-2-O-fert-butyldimethylsilyl-6-deoxy-o-
D-glucopyranoside (4) (150 mg, 15.42 %) ('"H NMR spectrum together with the assignment is
available in the Supplementary Material (Figure S1)), methyl 4-O-benzoyl-6-bromo-3-O-tert-
butyldimethylsilyl-6-deoxy-a-D-glucopyranoside (5) (180 mg, 18.51 %) and methyl 4-O-
benzoyl-6-bromo-6-deoxy-2,3-di-O-tert-butyldimethylsilyl-a-D-glucopyranoside (50 mg, 4.1
%).

Methyl 4-0-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-3-O-mesyl-o-D-
glucopyranoside (6). 150 mg (0.32 mmol) methyl 4-O-benzoyl-6-bromo-2-O-tert-
butyldimethylsilyl-6-deoxy-a-D-glucopyranoside (4) was placed in round bottomed flask (100
mL) and dissolved in pyridine, and then cooled in ice bath to 0 °C, and then added 0.06 mL
(0.7752 mmol) methanesulfonyl chloride (p=1.48 g/mL). The obtained mixture was left at 0 °C
for 24 h. The reaction was monitored using TLC and terminated by the addition of small
quantity of water. Pyridine from the reaction mixture was removed by the co-evaporation with
ethanol, and obtained oil was put on the silica gel column and eluted using chloroform. Mass of
the obtained substance (6) was 60 mg (34.36 %). '"H NMR spectrum and the assignments are
available in the Supplementary Material (Figure S2).

Methyl 4-0-benzoyl-6-bromo-3-O-tert-butyldimethylsilyl-6-deoxy-2-O-mesyl-o-D-
glucopyranoside (7). 180 mg (0.38 mmol) methyl 4-O-benzoyl-6-bromo-3-O-tert-
butyldimethylsilyl-6-deoxy-a-D-glucopyranoside (5) was put in the round bottom flask (100
mL) and dissolved in pyridine, then cooled in ice bath to 0 °C and added methanesulfonyl
chloride (0.06 mL, 0.7752 mmol). Obtained mixture was left to stand at 0 °C for 24 h. The
reaction was monitored using TLC and interrupted by the addition of small quantity of water.
Pyridine was removed from the reaction mixture by co-evaporation with ethanol, and the
obtained oil was put on silica gel column and eluted using chloroform. Mass of the obtained
substance (5) was 80 mg (38.18 %).

Methyl 3,4-anhydro-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-a-D-allopyranoside
(8). Methyl 4-O-benzoyl-6-bromo-3-O-tert-butyldimethylsilyl-6-deoxy-2-O-mesyl-a-D-
glucopyranoside (7) was put in the round bottomed flask (100 mL), and the same operation was
performed for methyl 4-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-3-O-mesyl-
a-D-glucopyranoside (6). To both flasks, ethanol was added in the quantity to dissolve the
substance, and into thus obtained solutions 0.06 g (1.0693 mmol) KOH was added. The reaction
was heated for 15 min at 70 °C which is enough time for the reaction to proceed quantitatively;
it was monitored using TLC and chloroform as the mobile phase. Only one of those two makes
epoxide, and it is compound methyl 4-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-
deoxy-3-O-mesyl-a-D-glucopyranoside (6) because it possesses good leaving group in the
position 3, and the proof for it is TLC and recorded 'H NMR spectrum (Supplementary Material
Figure S3). Mass of the obtained epoxide (methyl 3,4-anhydro-6-bromo-2-O-tert-
butyldimethylsilyl-6-deoxy-a-D-allopyranoside) (8) is 30 mg (yield 78 %).

RESULTS AND DISCUSSION

Anhydrous glucose was used as a starting material which was transformed
into methyl o-D-glucopyranoside (1) using dry, gaseous HCIl. Reaction was
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performed in a such a way that 50 g anhydrous glucose was refluxed for 72 h giving
after cooling pure crystalline methyl a-D-glucopyranoside (1) (m.p. 164 °C).(Fig.
1). Yield of the first harvest was 16.5 g. The filtrate was after filtering of crystals
evaporated to half volume and left to stay in the fridge overnight. Obtained crystals
were filtered and dried; 8.6 g methyl a-D-glucopyranoside (1) was obtained in the
second harvest. Total yield of this reaction was 46.58 %.
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Fig. 1. Synthesis of methyl 3,4-anhydro-6-bromo-2-O-fert-butyldimethylsilyl-6-deoxy-o-D-
allopyranoside (8) from a-D-glucose

Thus obtained methyl a-D-glucopyranoside (1) was treated with benzaldehyde
in the presence of ZnCl, as Lewis acid giving methyl (R)-4,6-O-benzylidene-a-D-
glucopyranoside (2) (Fig. 1). The procedure was performed according to
instructions from D. M. Hall’s method,'” according to which it was firstly formed
the complex between anhydrous ZnCl, and benzaldehyde, and then added methyl
a-D-glucopyranoside. The yields were different in this reaction and depended
obviously on the purity of benzaldehyde, the presence of moisture in obtained
methyl a-D-glucopyranoside, warming, the presence of moisture in ZnCl.
Therefore, to get yields around 65 % it is necessary each component to be
maximally clean and dry.

Obtained methyl (R)-4,6-O-benzylidene-a-D-glucopyranoside (2) was treated
with NBS (N-bromosuccinimide) in dichloromethane in the presence of BaCOs."
This reaction is very useful and important because in one step from inactive
benzylidene acetal in the position 6 Br group was introduced which is easily
reduced in necessary CHj; group, and in the position 4 alkaline labile benzoyl group
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was left. Using alkaline hydrolysis of benzoyl group obtained alkoxide ion easily
closes epoxide of allo-configuration taking out frans-3-O-mesyl group. The
reaction was performed in such a way that 0.91 g (3.22 mmol) methyl (R)-4,6-O-
benzylidene-a-D-glucopyranoside (2) was treated with 0.6825 g freshly prepared
NBS in 35 mL dichloromethane previously dried through Al,O; column. BaCO:;
was also added into the reaction (0.364 g, 1.84 mmol). The mixture was refluxed
with stirring for 2.5 h and followed the changes using TLC. After completion of
the reaction, we filtered off and separated insoluble BaCOs and after the
evaporation of the solvent we got the oil. After silica-gel chromatography methyl
4-0O-benzoyl-6-bromo-6-deoxy-a-D-glucopyranoside (3) was obtained as a solid
(yield 65.68 %) (Fig. 1). Its malting point was in good agreement with the reported
values.'®

In the next step obtained compound was treated with TBDMSCI in pyridine,
in a way that the compound was dissolved in pyridine, cooled at 0 °C in ice bath,
and then added TBDMSCl in a ratio 1.4 mol TBDMSCI on 1 mol of the compound.
We got three products: methyl 4-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-
6-deoxy-a-D-glucopyranoside  (4), methyl 4-O-benzoyl-6-bromo-3-O-tert-
butyldimethylsilyl-6-deoxy-a-D-glucopyranoside (5), and methyl 4-O-benzoyl-6-
bromo-6-deoxy-2,3-di-O-tert-butyldimethylsilyl-o-D-glucopyranoside (Fig. 1).
This mixture of products was separated on silica-gel column using the eluent
chloroform : methanol =40:1.

Both monosilyl derivatives were mesylated. To the cooled pyridine solution
of silyl derivatives, mesyl chloride was added in a ratio 2.4 mol mesyl chloride: 1
mol silyl substrate. Reaction mixture was left at 0 °C for 24 h, and then upon the
completion of the reaction, which flow was monitored using TLC, obtained
products (6, 7) were isolated and separated on silica gel column using chloroform
as an eluent.

We did not bother about the structure of these two compounds because in the
next step by the treatment with the base, the compound having TBDMS in position
3, cannot close the epoxide upon the attack of the alkoxide ion in position 4, and
only hydrolysis of benzoyl group takes place. Another compound having OMs
group in the position 3 after hydrolysis closes 3,4-epoxide ring with allo-
configuration (8) (Fig. 1). This compound was characterized using '"H NMR which
spectrum is available in the Supplementary information (Figure S3). The simulated
"H NMR spectrum of the same compound using NMRium? is also available in the
Supplementary information (Figure S4), which was useful during the assignment
process.

Earlier, based on in vivo studies, epoxides were considered to possess toxicity
and poor pharmacokinetics.”’ However, recent studies on compounds, such as
fosfomycin (an antibiotic for the treatment especially of lower urinary tract
infections), carfilzomib (an anti-cancer medication), fumagillin (an antimicrobial
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agent), TNP-470 (an anti-cancer candidate), clearly showed the role of epoxide
moiety in drug potency.”” The obtained epoxide derivative can be used, therefore,
as an intermediary in the syntheses of biologically active molecules.

SUPPLEMENTARY MATERIAL

Additional data are available electronically at the pages of journal website:
https://www.shd-pub.org.rs/index.php/JSCS/article/view/12572, or from 'the corresponding
author on request.
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their help on the synthesis, and also graduated students who took final work in organic synthesis
at Department of Chemistry, Faculty of Sciences and Mathematics, University of Ni§, Ni§,
Republic of Serbia, but performed minor contributions to the synthesis. Special thanks to prof.
dr Jano$ Canadi from University of Novi Sad, Republic of Serbia who recorded NMR spectra.

H3BOJ

CHUHTE3A METHUIJI 3,4-AHXUIPO-6-BPOMO-2-O-TEPL-BYTUJIIUMETUJICUITNUJI-6-
JNEOKCH-a-D-AJIOITMPAHO3UIA U3 a-D-TJIYKO3E

BOPBE IVTMIIWH, OJITA JOBAHOBWU|, TOPIAHA CTOJAHOBHR, AJIEKCAHIPA JXHUBKOBUHR, JPATAH
CTOJAHOBHTE, MAPUHA ITABJIOBWR Y BUJbAHA APCUR*

Hetuapmman 3a xemujy, IIpupogno-matiemaiiuuxy Gaxyniieti, Ynueep3uiieii y Huwy, Buweipagcxa 33,
18000 Huw, Peuydnuxa Cpouja.

Hexu jefHOCTaBHU YIJb€HU XUAPATH U BUXOBU JEPUBATH C€ KOPUCTE KIMHUYKH Y TPDETMaHy
pasnuuuTUX OosiecTd. ETNOKCHUIOHM [epuBaTH, KOjU Ce MOTY JOOUTH HHTPaMOJIEKYJICKOM
€MMUHALIMjOM BOJE W3 [IB€ BUIMHAIHE XUJPOKCWIHE IpyIe, Cy CTadWIHW, aiu AOBOJBHO
PeaxTHBHA jefuHeHa Koja Ce YecTo KOpUCTe Kao MHTepMeIUjepH Y PaslIuuUuTHM CHHTe3aMa.
CrHTe3a emnoKCHUIHOT NepuBaTta, MeTun 3,4-aHxXungpo-6-dpomo-2-O-iepy-OyTUaIUM eTUIICUIHIT-
6-neokcu-a-D-anonyupaHosuza U3 a-D-IIyko3e je ocTBapeHa y BUCOKOM PUHOCY Y MUHMMAaJIHOM
Opojy CMHTEeTUUYKUX Kopaka. AHXUIpOBaHa IIyKo3a je kopuuiheHa kao Mola3Hu MaTepujai Koju
je _TpaHchopmHcaH Yy MeTW1 o-D-IIykonmupaHo3us Kopuurhewmem CyBOI, TaCOBHUTOT
XJIOpPOBOZIOHUKA. Tako [oOMjeHH HepuBaT je TPeTHpaH ca OeH3alIneXUIoM Y INPUCYCTBY LMHK
xynopuga kao Jlyucose kucenuHe majyhu metun (R)-4,6-O-6eH3unupeH-o-D-LIyKomupaHO3UL.
HobujeHo jemumemwe je Tperrpano ca HBC (N-OpoMcyKUMHMMHUIOM) Yy IUXIODMETaHy Y
npucyctBy  Oapujym-kapboHata  majyhu  metun-4-O-GeH3onn-6-6pomo-6-deokcu-a-D-
rykonupano3un. Y cnenehoj dasu nodujeHo jemumere je TpetupaHo ca TBDMSCI (imepy-
OyTUIIUMETWICHIWI-XJIOPUIOM) Y THUpPUINHY, U MeTun 4-O-deHszouwsn-6-6pomo-2-O-tuepy-
OyTHUII MM eTUIICUITHIT-6-1e0KCH--D-TyKOMUpaHO3U je fabe Me3WI0BaH, U JodujeHn MeTu 4-
0O-denzonn-6-6pomo-2-O-itepy-Oy T IUMETUII CUITII-6-Te oK cH- 3-O-me3ui-a- D-TIykomupaHo-
3ung je TperupaH Ha kpajy ca KOH pmajyhu merun 3,4-anxuznpo-6-6pomo-2-O-tuepy-
OyTUIIMMETHIICHINII-6-1e0KCH-a-D-anonupano3us (mpuHoc 78 %).

(ITpumrpeno 31. aBrycra 2023; peBunupano 8. janyapa 2024; mpuxsaheno 24. anpuia 2024.)
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