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Abstract: Some of simple carbohydrates and their derivatives are used for the
clinical 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 intermedi-
aries 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-glu-
cose 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 a-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. The
obtained compound was treated with N-bromosuccinimide (NBS) in dichloro-
methane in the presence of barium carbonate giving methyl 4-O-benzoyl-6-
-bromo-6-deoxy-a-D-glucopyranoside. In the next step, the obtained compound
was treated with tert-butyldimethylsilyl chloride (TBDMSCI) in pyridine, and
methyl  4-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-a-D-gluco-
pyranoside was further mesylated, and the 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; carbo-
hydrates.
INTRODUCTION

When there are two present OH groups in 1,2- or 1,3-positions in a mole-
cule, their protection can very often be achieved by forming acetals, ketals and
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ortho esters. This is particularly significant in the synthesis of carbohydrates.!-2
Some of simple carbohydrates and their derivatives are used for the clinical
treatment of various diseases.> The most often used procedure for their formation
is the treatment of glycol with the excess of aldehyde or ketone in the presence of
an acidic catalyst.# As acid catalysts gaseous hydrogen chloride can be used, sul-
phuric and p-toluenesulphonic 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 acetals and ketals into the reaction
mixture instead of aldehydes themselves and then perform the acid catalysed
exchange of acetal groups.# It is rarely possible to obtain acetals or ketals from
vicinal dihalogenides and glycols under the SN2 mechanism.©

Benzylidene acetals are mostly used in the carbohydrate chemistry!-2 and
they can be obtained by the treatment of carbohydrates and benzaldehydes with
the acid catalysts, such as hydrogen chloride, sulphuric acid, p-toluenesulphonic
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 hydroxyl groups is
tert-butyldimethylsilyl chloride (TBDMSCI). tert-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 ([dihexa-
EGim][OMs]/tert-amyl alcohol media system).8 This group is recommended for
the selective protection of nucleosides,” hexopyranosides!Y 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
frequent way of their synthesis is the treatment of an 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 the hydrolysis of carbonic ester using
any base. In the second step, it comes the attack of alkoxide ion on the C-atom to
which —OSO;R group is attached, which is followed by the closure of the epox-
ide ring, with the inversion of configuration at the electrophilic C-atom. Leaving
groups can also be the esters of sulphuric or nitric acids, halides, protonated
amino groups, diazonium ions, etc., beside the sulphonic ester.

Two epoxide derivatives in two different decades were synthesized at the
Laboratory for Organic Synthesis, Faculty of Sciences and Mathematics, Uni-
versity of Ni§, and the synthesis of one of them was published at the end of
1980s.12 Therefore, the novelty in this research is the synthesis of the second
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SYNTHESIS OF THE EPOXIDE DERIVATIVE 1 125

epoxide derivative methyl 3,4-anhydro-6-bromo-2-O-fert-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!2. It can be an inter-
mediary 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-butyldi-
methylsilyl-6-deoxy-a-D-allopyranoside.
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Fig. 1. Synthesis of methyl 3,4-anhydro-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-a-D-
-allopyranoside (8) from a-D-glucose.

EXPERIMENTAL
Apparatus
The NMR analyses were performed on a Bruker AC-250 instrument with the 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. The solutions were
prepared for NMR analyses in CDCly (Merck, Germany), purity 99.8 %. The chemical shifts
are referred to tetramethylsilane (TMS, g = 0.00 ppm) in CDCl;.

Synthetic procedures

Methyl o-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 favoured pyranoside was achieved with a prolonged reaction time and
refluxing.!3 In total, it was obtained 25.1 g methyl a-D-glucopyranoside (1), starting from 50 g
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(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.!4

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 the optimal quantity of hot ethanol 14.15 g methyl (R)-4,6-O-benzyl-
idene-a-D-glucopyranoside (2, yield 59 %), were obtained, m.p. 165 °C. The reported melting
point was in accordance with the previously published. 13-17

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 the modified Hanessian’s
procedure!® starting from 0.910 g (3.22 mmol) methyl (R)-4,6-O-benzylidene-a-D-glucopyr-
anoside (2), 0.364 g (1.84 mmol) BaCO; and 0.6825 g (3.83 mmol) N-bromosuccinimide
(NBS) and using dichloromethane as a solvent, instead of 1,1,2,2-tetrachloroethane. The obt-
ained crystals had m.p. 121-122 °C, which is in accordance with the previously published
value.!® The obtained substance was chromatographed on a silica-gel column using the eluent
chloroform:methanol = 15:1, and pure methyl 4-O-benzoyl-6-bromo-6-deoxy-a-D-glucopyr-
anoside (3) was obtained with the mass 0.73 g, yield 65.68 %.

Methyl 4-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-o-D-glucopyranoside (4)
and methyl 4-O-benzoyl-6-bromo-3-O-tert-butyldimethylsilyl-6-deoxy-o-D-glucopyranoside (5).
The synthesis of compounds 4 and 5 started from 0.73 g (2.02 mmol) methyl 4-O-benzoyl-6-
-bromo-6-deoxy-a-D-glucopyranoside (3) and pyridine. They were put in round bottomed
flask and stirred by hand until the complete dissolution of the carbohydrate derivative. The
flask with the solution was left to cool down at 0 °C, and then 0.448 g (2.97 mmol) of
TBDMSCI was added into the previously dissolved substance and cooled at 0 °C. The react-
ion 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 pyri-
dine on vacuum evaporator using ethanol. The oil thus obtained was eluted on silica gel col-
umn with the mixture chloroform:methanol = 40:1. In this way three reaction products were
separated: methyl 4-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-a-D-glucopyr-
anoside (4, 150 mg, 15.42 %; 'H-NMR spectrum along with the assignment is available in the
Supplementary material to this paper, Fig. S-1), methyl 4-O-benzoyl-6-bromo-3-O-tert-butyl-
dimethylsilyl-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-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-3-O-mesyl-a-D-glucopyr-
anoside (6). 150 mg (0.32 mmol) of methyl 4-O-benzoyl-6-bromo-2-O-tert-butyldimethyl-
silyl-6-deoxy-a-D-glucopyranoside (4) was placed in round bottomed flask (100 mL) and dis-
solved in pyridine, and then cooled in ice bath to 0 °C, and then 0.06 mL (0.7752 mmol)
methanesulfonyl chloride (p = 1.48 g/mL) was added. The obtained mixture was left at 0 °C
for 24 h. The reaction was monitored using TLC and terminated by the addition of a 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. The
mass of the obtained substance 6 was 60 mg (34.36 %). 'H-NMR spectrum and the assign-
ments are available in the supplementary material (Fig. S-2).

Methyl 4-O-benzoyl-6-bromo-3-O-tert-butyldimethylsilyl-6-deoxy-2-O-mesyl-a-D-gluco-
pyranoside (7). 180 mg (0.38 mmol) methyl 4-O-benzoyl-6-bromo-3-O-tert-butyldimethyl-
silyl-6-deoxy-a-D-glucopyranoside (5) was put in the round bottom flask (100 mL) and dis-
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solved in pyridine, then cooled in ice bath to 0 °C and methanesulfonyl chloride (0.06 mL,
0.7752 mmol) was added. The obtained mixture was left 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. The mass of the obtained substance 5
was 80 mg (38.18 %).

Methyl 3,4-anhydro-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-o-D-allopyranoside (8).
Methyl 4-O-benzoyl-6-bromo-3-O-tert-butyldimethylsilyl-6-deoxy-2-O-mesyl-a-D-glucopyrano-
side (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-gluco-
pyranoside (6). Ethanol was added to both flasks, 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 the compound methyl 4-O-benzoyl-6-bromo-2-O-tert-butyldimethylsilyl-6-
-deoxy-3-0O-mesyl-a-D-glucopyranoside (6), because it possesses good leaving group in the
position 3, and the proof for it is TLC and the recorded "H-NMR spectrum (Supplementary
material, Fig. S-3). The 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

The anhydrous glucose was used as a starting material which was trans-
formed into methyl a-D-glucopyranoside (1) using dry, gaseous HCI. Reaction
was 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 evaporated to half
volume after the filtering of crystals and left to stay in the fridge overnight. The
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 %.

Thus obtained methyl a-D-glucopyranoside (1) was treated with benzalde-
hyde in the presence of ZnCl,, as a Lewis acid giving methyl (R)-4,6-O-benzyl-
idene-a-D-glucopyranoside (2, Fig. 1). The procedure was performed according
to the instructions from Hall’s method,!5 according to which it was firstly formed
the complex between anhydrous ZnCl, and benzaldehyde, and then methyl a-D-
-glucopyranoside was added. The yields were different in this reaction and dep-
ended obviously on the purity of benzaldehyde, the presence of moisture in
obtained methyl a-D-glucopyranoside, the heating and the presence of moisture
in ZnCl,. Therefore, to get yields around 65 % it is necessary each component to
be maximally clean and dry.

The obtained methyl (R)-4,6-O-benzylidene-a-D-glucopyranoside (2) was
treated with N-bromosuccinimide (NBS) in dichloromethane in the presence of
BaCO3.19 This reaction is very useful and important because the inactive benz-
ylidene acetal in the position 6 was replaced by Br group in one step, which is
easily reduced in the necessary CHz group, and the alkaline labile benzoyl group
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remained in the position 4. Using the alkaline hydrolysis of benzoyl group
obtained alkoxide ion easily closes epoxide of allo-configuration taking out
trans-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,O3 column. BaCO3 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 the completion of the reaction, the insoluble BaCO3
was filtered off and separated and after the evaporation of the solvent the oil was
obtained. After the silica-gel chromatography methyl 4-O-benzoyl-6-bromo-6-
-deoxy-o-D-glucopyranoside (3) was obtained as a solid, yield 65.68 % (Fig. 1).
Its melting point was in good agreement with the reported values.!8

In the next step, the obtained compound was treated with TBDMSCI in pyri-
dine, in a way that the compound was dissolved in pyridine, cooled at 0 °C in ice
bath, and then TBDMSCI was added in a ratio 1.4 mol TBDMSCI to 1 mol of the
compound. Three products were obtained: 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-o-D-glucopyranoside (5), and methyl
4-0-benzoyl-6-bromo-6-deoxy-2,3-di-O-tert-butyldimethylsilyl-a-D-glucopyran-
oside (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 to
1 mol silyl substrate. The reaction mixture was left at 0 °C for 24 h, and then
upon the completion of the reaction, which flow was monitored using TLC, the
obtained products (6 and 7) were isolated and separated on a silica gel column
using chloroform as an eluent.

The structure of these two compounds was not checked 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 the hydrolysis of benzoyl group takes place. Another compound having
OMs group in the position 3 after hydrolysis closes into the 3,4-epoxide ring with
allo-configuration (8, Fig. 1). This compound was characterized using H-NMR
which spectrum is available in the Supplementary material (Fig. S-3). The
simulated 'H-NMR spectrum of the same compound using NMRium?20 is also
available in the Supplementary material (Fig. S-4), which was useful during the
assignment process.

Earlier, based on in vivo studies, epoxides were considered to possess toxic-
ity and poor pharmacokinetics.2! However, the 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) and TNP-470 (an anti-cancer candidate), clearly showed the role of the
epoxide moiety in drug potency.?? The obtained epoxide derivative can be used,
therefore, as an intermediary in the syntheses of biologically active molecules.

CONCLUSION

Epoxide derivatives are stable, but sufficiently reactive compounds to be
used as intermediaries in syntheses. The synthesis of the epoxide derivative
(methyl 3,4-anhydro-6-bromo-2-O-tert-butyldimethylsilyl-6-deoxy-a-D-allopyr-
anoside) from a cheap starting material (a-D-glucose) was achieved in a high
yield and the by minimal number of synthetic steps.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/12572, or from the corres-
ponding author on request.

Acknowledgements. Authors want to thank all undergraduate students at Department of
Chemistry, Faculty of Sciences and Mathematics, University of Ni§, Ni§, Republic of Serbia,
for 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
Nis, Ni§, Republic of Serbia, and performed minor contributions to the synthesis. Special
thanks to prof. dr Jano§ Canadi from University of Novi Sad, Republic of Serbia, who rec-
orded the NMR spectra.

H3BO[
CHUHTE3A METHUJI 3,4-AHXUPO-6-6POMO-2-O-TEPL]-BYTUIOUMETWUJICUJINII-6-JE-
OKCH-o-D-AJIOITUPAHO3UIA U3 o-D-TJIYKO3E

'HOPRE IJIMIINH, OJITA JOBAHOBWHR, TOPJAHA CTOJAHOBHWE, ATEKCAHIPA )KMBKOBUR,
HOPATAH CTOJAHOBWER, MAPMHA ITABJIOBWE u BUJbAHA APCHR

Heuapman 3a xemujy, IIpupogno—matiemawiuuku Gaxyniteiti, Ynugepsuiteir y Huwy, Buweipagceka 33,
18000 Huw

Hexu jemHOCTaBHHU yIJb€HH XUIPATH U HBUXOBU JIEPUBATH C€ KOPUCTE KIMHUYKU Y TPeT-
MaHy pa3nnuuTHX donecty. ENOKCUHYM fepuBaTH, KOjU ce MOTY JOOUTH MHTPaMOJIEeKyJICKOM
€IMMMHALMjOM BOJE W3 [IBE BUIMHAIHE XUIPOKCHIHE Ipyne Cy CTaduiaHa, aad NOBOJBHO
peaKkTHBHA jefUbema Koja Ce YeCTO KODUCTE Ka0 MHTEPMENUjepH Y PasIMuWTUM CHHTE3aMa.
CuHTe3a enoKCHAHOT JepuBata, MeTuI 3,4-aHXUAPO-6-Opomo-2-O-iepy-OyTUnauMeTHICH-
JIUT-6-A€0KCU--D-aJI0ONUpaHo3Huaa U3 a-D-TJIyKO3€e je OCTBapeHa Y BUCOKOM IPUHOCY Y MUHU-
MaJHOM OpOjy CHHTETHYKHX KOopaka. AHXHIpOBaHa IJIyKo3a je KopuirheHa kao MOJa3HU
MaTepHjan Koju je TpaHCHOPMHUCAH ¥ METHI-@-D-TITyKOMHUPAHO3UT KopUltheweM CyBOT, raco-
BUTOT XJIOPOBOJOHMKA. Tako fI00MjeHH AepHBar je TPeTUpaH ca DeH3aNAeXUOM y IPUCYCTBY
UHMHK XJI0pUfa kao JIyncose kucenuHe fajyhu metui-(R)-4,6-O-0eH3ununen-a-D-IIyKonupa-
Ho3uz. JodujeHo jenumemne je TpeTupaHo ca N-dpomcykuuHumunom (NBS) y puxinopmerany
y IpUcycTBy dapHjym-kapdoHara majyhu metuin-4-O-0eH30u1-6-6pomMo-6-1€0KCH-a-D-TIyKO-
nupaHo3un. Y cienehoj dasu modujeHo jenvmerme je TPETUPAHO Ca iepy-OyTHIOUMETHI-
cunun-xnopunom (TBDMSCI) y nupununy, u metun 4-O-5eH30un-6-dpomo-2-O-iwepy-dytumn-
OUMETHICHIINI-6-1e0KCH--D-TJIyKOIUPaHO3U/, je fa/beé MEe3WIOBaH, U JodujeHu meTwn-4-O-

-deHsoun-6-dpomo-2-O-iepy-Oy TUNIUMETHIICUITIN-6-[E0KCH-3-0-ME3UIT--D-TITyKONUPaHO3U ]
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1130 GLISIN ef dl.

je Tperupan ca KOH Ha kpajy, majyhu mertunn-3,4-auxunpo-6-dpomo-2-O-iiepy -0y THIIUMET-
WICHIIWI-6-Ie0KCH-a-D-anonupaHo3u (mpuHoc 78 %).

(Ipummbeno 31. asrycra 2023, pesuaupano 8. janyapa, npuxsaheno 24. anpuna 2024)
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