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Synthesis of D-Glucose Derived Oxetane : 1,2-O-Isopropylidene-4-(S)-3-O,4-C-
Methylene-5-O-Methanesulfonyl-b-L-Threo-Pento-1,4-Furanose
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Abstract: D-glucose was converted to 1,2-O-isopropylidene-a-D-xylo-pentodialdo-1,4-furanose 4 which

on aldol-crossed Cannizzaro reaction gave triol 5. Selective mesylation of both the primary hydroxyl

groups in the presence of secondary hydroxyl group followed by treatment of the dimesylate 6 with 1M

sodium hydroxide gave the oxetane derivative 2 in good yield.
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INTRODUCTION

Oxetane refers both to the parent compound and

the class of heterocyclic compounds having a four-

membered ring with three carbon atoms and one

oxygen atom. Paclitaxel (Taxol), a natural product

containing an oxetane ring, is a drug used to treat

certain types of cancer.  Interest in the oxetane[1]

system stems primarily from the fact that the

experimentally derived effective ring puckering

potential possesses a small barrier to ring planarity[2,3]

Several theoretical studies have been performed on the

oxetane system in attempts to reproduce and identify

the physical origins of the barrier to ring planarity.[4]

In a recent work,  Sellers et al. reported results of[5]

local correlation calculations that show that the

electron correlation makes a negative contribution to

the quadratic potential constant of the ring puckering

potential. 

Moreover, oxetane rings with conformationally

restricted  nucleosides have been intensively

investigated as building blocks for oligonucleotides

(ON’s) with potential therapeutic and diagnostic

applications.  Especially nucleic acid analogues based[6,7]

on nucleoside monomers with the carbohydrate

moieties  strongly restricted in bi- or tricyclic

systems  have attracted significant attention with[8]

tricyclo- DNA  and LNA (locked nucleic acid, e.g. 1)[9]

as prime examples.  Thus, both with oxetane ring[10]

have demonstra ted  improved  rec o gnit io n  o f

complementary RNA, the latter with unprecedented

affinity, and both have demonstrated promising in vitro

and  in  v ivo  resu lts  as po tential  antisense

therapeutics.  Various laboratories have used[6,11,12]

furanoid sugar amino acids (SAAs) for the introduction

of conformational restric tion in pep tide-like

oligomers.   It  was envisaged that the introduction[13]

of a bridging methylene function (like oxetane as in 1)

over  the  five-membered ring of SAAs would

stabilizes a south conformation of the furan ring.

Consequently, incorporation of such a bridged SAA

into peptides should result in more rigid three-

dimensional structures, which might have enhanced

recognition properties. 

Fig. 1: 

Insp ired  by these observations, 1 ,2 -O -

i s o p r o p y l id e n e - 4 - ( S ) - 3 - O , 4 - C - m e t h y l e n e -5 - O -

methanesulfonyl-β-L-threo-pento-1,4-furanose (2) was

synthesized from readily available D-glucose and can

be used for the synthesis of novel conformationally

restricted nucleosides and LNA.
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MATERIALS AND METHODS

Materials:

General Experimental Procedures: Elemental

analyses were carried out with C,H-analyzer. Melting

points were recorded with Thomas Hoover melting

point apparatus and are uncorrected. Thin layer

chromatography (t.l.c.) was performed on Kieselgel

254GF  and visualization was accomplished by spraying

2 4the plates with 1% H SO  followed by heating the

plates at 150-200 C until coloration took place. IR0

spectra were recorded with FTIR as a thin film or

using KBr pellets and are expressed in cm .  H (300-1 1

MHz) and C (75 MHz) NMR spectra were recorded13

3 using CDCl as a solvent. Chemical shifts were

reported in d unit (ppm) with reference to

tetramethylsilane as an internal standard and J values

are given in Hz. The assignments of the signals were

confirmed by decoupling and DEPT experiments.

Column chromatography was carried out with silica gel

(100-200 mesh). All reagents used were commercially

available (Aldrich) and were used as received unless

otherwise specified.

Synthesis: 1,2-O-isopropylidene-4-C-(hydroxymethyl)-β-

L-threo-pento-1,4-furanose (5): To a solution of the

aldehyde 4 (2.0 g, 10.60 mmol) in THF-water (50 mL,

2:1) was added sodium hydroxide (0.576 g, 14.40

mmol) in  water  (10  mL), formaldehyde solution

(37-41% w/v,  Merck) (0.476 g, 15.95 mmol),

respectively and the  reaction  mixture was stirred at

25 ºC for 10 h. The reaction mixture was neutralized

with formic acid (0.5 mL) and evaporated to dryness.

The residue thus obtained  was  extracted  with  hot

4ethyl acetate (3×30 mL), dried (MgSO ) and

concentrated. Purification of the syrupy residue by

column chromatography (n-hexane/ethyl acetate = 2/3)

gave triol 5 (0.773 g, 33%) as a white solid, mp. 98-

f99 ºC (lit.[14a] mp. 98-100 ºC). R  = 0.16 (n-

Dhexane/ethyl acetate = 2/3). [α]   = -5.73 (c 0.34,

DMeOH) (lit[14b] [α]  = –7.5, c 4, ethanol). IR (KBr)

= 3480-3300 (br, OH) cm . The H NMR (300 MHz,-1 1

2 2D O) and C NMR (75 MHz, D O) spectra were13

found in complete agreement with that of reported

data .[15]

1 ,2 -O -Isopropylidene-4-C -(m e th a n e su lfo n y lo -

xymethyl)-5-O-methanesulfonyl-b-L-threo-pento-1,4-

furanose (6): To a solution of triol 5 (0.5 g, 2.27

mmol) in dry pyridine (2 mL) was added

methanesulfonyl chloride (0.39 mL, 4.99 mmol) at 0

ºC and stirred at this temperature for 5 h. After

adding a little ice water the reaction mixture was

4extracted with DCM, dried (MgSO ), concentrated and

chromatography with n-hexane/ethyl acetate (8/266/4)

gave dimesylate 6 (0.624 g, 73%) as solid, mp 132-

f 133 ºC. R  = 0.56 (n-hexane/ethyl acetate = 1/4). IR

2(KBr) = 3390-3400 (br band, OH), 1348 cm  (SO ).-1

D 3[a]  = -8.0 (c 0.25, CHCl ). H NMR (300 MHz,1

3CDCl ):  d 5.98 (1H, d, J = 3.6 Hz, H-1), 4.64 (1H,

d, J = 3.6 Hz, H-2), 4.55 (1H, d, J = 11.0 Hz,

A B A BCH H OMs), 4.47 (1H, d, J = 10.6 Hz, CH H OMs),

A B4.37 (1H, d, J = 11.0 Hz, CH H OMs ), 4.34 (1H, s,

A BH-3), 4.32 (1H, d, J = 10.6 Hz, CH H OMs ), 3.12

2 3 2 3(3H, s, SO CH ), 3.09 (3H, s, SO CH ), 2.82 (1H, br

2 3s, exchange with D O, OH), 1.60 (3H, s, CH ), 1.57

3 3(3H, s, CH ). C NMR (75 MHz, CDCl ): d 112.913

2(CMe ), 105.8 (C-1), 86.7 (C-2 and C-4), 75.6 (C-3),

2 2 2 367.6, 66.4 (CH OMs), 37.9, 37.6 (CH OSO CH ), 26.3,

2 11 20 2 1025.7 (CMe ). Anal. Calcd. for C H S O : C, 35.10;

H, 5.36%; found: C, 35.33; H, 5.39%.

Further elution with n-hexane/ethyl acetate

(6 /464 /6 )  gave  an  insep arab le  m ix ture  o f

monomesylates 7a,b (0.13 g, 19%) as a thick liquid.

1,2-O-Isopropylidene-4-(S)-3-O,4-C-methylene-5-O-

methanesulfonyl-b-L-threo-pento-1,4-furanose (2):

Dimesylate 6 (0.5 g, 1.33 mmol) was dissolved in 1,4-

dioxane (13.3 mL) and 1M aqueous sodium hydroxide

(13.3 mL) was added. After stirring for 1 h at 25 ºC

TLC showed complete conversion of the starting in a

slightly faster running product. The reaction mixture

was neutralized with acetic acid, concentrated and

traces of water were removed from the residue by co-

evaporation with toluene (3´5 mL). Chromatography

with n-hexane/ethyl acetate (9/167/3) provided the

foxetane derivative 2 (0.335 g, 90%) as thick syrup. R

= 0.44 (n-hexane/ethyl acetate = 1/1). IR (neat) =

2 D 31373 cm  (SO ). [β]  = +1.71 (c 1.75, CHCl ). H-1 1

3NMR (300 MHz, CDCl ):  d 6.25 (1H, d, J = 3.5 Hz,

H-1), 5.07 (1H, s, H-3), 4.72 (1H, d, J = 3.5 Hz, H-

A B2), 4.71 (1H, d, J = 7.7 Hz, O-CH H ), 4.44 (2H, br

2 A Bs, CH OMs), 4.38 (1H, d, J = 7.7 Hz, O-CH H ),

2 3 33.09 (3H, s, SO CH ), 1.52 (3H, s, CH ), 1.37 (3H, s,

3 3 2CH ). C NMR (75 MHz, CDCl ): d 114.9 (CMe ),13

108.0 (C-1), 87.1 (C-2), 85.7 (C-4), 83.9 (C-3), 78.5

2 2 3(CH OMs), 67.9 (O-CH ), 26.5, 27.7, 37.7 (CH ).

10 16 7Anal. Calcd. for C H SO : C, 42.85; H, 5.75%;

found: C, 42.88; H, 5.78%.

RESULTS AND DISCUSSION

Synthesis of Triol 5: D-Glucose was converted in to

1,2-O-isopropylidene-a-D-xylo-petodialdo-1,4-furanose

(4) using the literature procedure  as shown in[14a,15]

Scheme 1. The requisite 4-C-hydroxymethyl-b-L-threo-

pento-1,4-furanose (5) was prepared from 4 by using

aldol - crossed Cannizzaro reaction. The applicability

of aldol - crossed  Cannizzaro reaction for

carbohydrate 
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2 4 2 4 2 2Scheme 1: Synthesis of triol 5 (a) dry Me CO, CuSo , H SO , 25 C, 30h, 62%, (b) i.Me CO-H O(1:1), 10%o

2 4 2H SO , 25 C, 4h, 95%; ii. NaIO , 25 C, 1h, 98%; (c) HCHO, NaoH, THF-H O, 25 C, 10h, 33%o 4 o o

Scheme 2: Synthesis  of  oxetane  2 (a) MsCl, pyridine, 0 C, 5 h, 73%; (b) 1M NaOH, 1,4-dioxane, 25 C,o o

1h, 90 Co

and  nucleoside  synthesis,  for the introduction of

hydroxymethyl functionality, is known in the

literature.  Thus, D-xylo-petodialdose 4, which is[16]

prone for the aldol self-condensation,  was employed[16b]

as one of the reactants. Formaldehyde was selected as

the second reactant for the mixed aldol reaction

because self-additions, as well as mixed-additions, are

possible in an aldol synthesis involving unlike carbonyl

containing substances. However, if one of the reactants

(formaldehyde) has no a-hydrogen atoms, it is

restricted to the role of adding to the activated a-

carbon atom of the other reactant  to form[14b]

condensation product. The condensation product then

gets reduced by a second molecule of formaldehyde

through a crossed - Cannizzaro reaction to furnish the

hydroxymethyl product. 

Having known this fact, the reaction of 4 with

excess formaldehyde and sodium hydroxide in THF-

water for 10 h followed by chromatographic

purification using  n-hexane/ethyl  acetate = 2/3 as

eluant gave 5 as a white solid, mp 98-99 ºC in 33%

yield (Scheme 1). In an attempt to improve the yield

using Well et al procedure  i.e. reduction of the[17]

initially formed b-hydroxy aldehyde by addition of

4NaBH  to the reaction mixture after 1 h was not

successful. Instead, an inseparable complex mixture

was obtained with this substrate 4. 

Synthesis of Oxetane Derivative 2: Having the triol

5 in hand, the selective sulfonylation of both the

primary hydroxyl groups in the presence of secondary

hydroxyl group (3-OH) was performed with two molar

eq. of methanesulfonyl (mesyl) chloride in dry pyridine

at 0 ºC for 5 h (Scheme 2). Usual work-up and

chromatography gave the dimesylate 6 as solid, mp

132-133 ºC with little amount of inseparable

monomesylates (7a,b). The IR spectrum of compound

6 showed bands at 3390-3400 (br, OH) and 1348 cm-1

2(SO ) indicating the attachment of mesyl groups in the

molecule. In the H NMR spectrum two three proton1

singlets at d 3.12 and 3.09 were indicative for the

attachment of two methanesulfonyl groups in the

molecule. Downfield shift of all the methylene protons

2(2´CH OMs) to d 4.35~4.55 from their usual positions

(d 3.57- 3.77)  indicated the attachment of the mesyl[15]

groups to the primary hydroxyl groups. C NMR13

spectrum and elemental analyses were in agreement

with the structure accorded to compound 6.

Dimesylate 6 on treatment with 1M aqueous

sodium hydroxide in 1,4-dioxane for 1 h at 25 ºC
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followed by chromatography provided the oxetane

derivative 2 as a thick syrup in good yield. In its IR

2a band at 1373 cm  corresponding to SO  stretching-1

and absence of any band in the hydroxyl region

indicated the formation of oxetane ring in the

molecule. In the H NMR spectrum a three-proton1

singlet at d 3.09 indicated the presence of only one

2mesyl group i.e. one -CH OMs group in 2 and these

two methylene protons appeared in the normal position

at d 4.44. Whereas, the other two methylene protons

2(-CH O-) appeared as two doublets (J = 7.7 Hz) at d

4.77 and 4.38. Since, 3-OH group is b-oriented, it can

easily displaced the mesyl group from the same face

2i.e. from b-oriented -CH OMs. Thus, the oxetane ring

2must be formed between C-3 and b-CH  resulting S

configuration at C-4.

Conclusion: Thus, a convenient method for the

synthesis of D-glucose derived oxetane 2 in the

furaniod ring system has been described. The oxetane

2 can be used for the preparation of a number of

novel conformationally restricted nucleosides and LNA.
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