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ABSTRACT

Two syntheses of methyl 3-0-ethyl-z-D-glucopyranoside (6) are described
A comparison of then m r spectra of a series of substituted methyl «-p-glucopyrano-
sides in methyl sulfoxide-dg allows the assignment of chemucal shifts and coupling
constants to the hydroxyl protons in substituted methyl «-b-glucopyranosides

INTRODUCTION

During an investigation of the products obtained by the vinylation of methyl
a-D-glucopyranoside?, methyl 3-0-ethyl-a-D-glucopyranoside was required Several
syntheses have been described for the homologous methyl 3-O-methyl-x-D-gluco-
pyranoside3~® and the parent sugar, 3-0-ethyl-p-glucose’-8

The first of two synthetic methods used 1n this study was selected because of
mterest in the relation of n mr spectra and structures of the intermediate methyl
D-glucopyranosides The second confirmatory method was chosen for its simplicity

DISCUSSION

Synthests — In the first approach (see Scheme 1) methyl 4,6-O-benzylidene-
a-D-glucopyranoside (1) was p-toluenesulfonylated® ®°® to yield methyl 4,6-O-
benzyhdene-2-0-p-tolylsulfonyl-a-p-glucopyranoside (2) The nmr spectrum of
ester 2 1 chloroform-d shows the H-2 signal as a multiplet, apparently overlapped
by the signals of H-3 and H-5 Confirmation of the structure 1s provided by the
spectrum 1 methyl sulfoxide-d; (see Table I) Ethylation of compound 2 gave methyl
4,6- O-benzylidene-3-O-ethyl-2- O-p-tolylsulfonyl-a-D-glucopyranoside (3) Ethylation
of the 3-hydroxyl group causes the H-3 signal to be moved upfield'?, exposing the
quartet due to H-2 These compounds show only two of the three characteristic'*
a-glucopyranoside bands in their 1 r spectra (see Table IT)

Desulfonylation, or removal of the benzylidene group, from 3 was accomplished
by established methods3. When removal of the benzylidene group was performed
before desulfonylation, the intermediate methyl 3-0O-ethyl-2-O-p-tolylsulfonyl-
a-D-glucopyranoside (5) was obtained as a glass that has not yet been crystallized
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Other workers have encountered similar difficulties®. The specific rotation of the crude
product 5, [a]2? +70° (c 0.99, chloroform), 1s congruous with that reported for its
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TABLE I
N MR SPECTRA OF SUBSTITUTED METHYL &-D-GLUCOPYRANOSIDES
IN® METHYL SULFOXIDE-dg
Compound Aromatic PhCH H-1 Ring OMe 2-OR 3-OR’ 4-OR” 6-OR™
protons protons
Ts Ph
1t 254 442 5344 557675 668 486d 512d
(32 48) (6 6)
2¢ 2.10d 258 445 533d 557692 682 CHzAr 437d
(86 (35) 765 (6 53)
2524
3¢ 213d 262 442 526d 557690 695 CHszAr CH3CHa-
81) 3 4) 768 9 28t
2 53d aom
4° 255 436 5354 574674 669 498d CH3-CHa-
22 406 8 98t
70
(3 5464 6 10-690 671 511d CH3-CH25 38d 5 58t
22 “8) 898t G5 G8
a0
(methy! -D- 543d 6 15-690 667 518d 529d 5 38d 5 56t
glucopyranoside)? (3 4) [¢)) 52 G99 (58)

aChemucal shifts given as = values, J values are given 1n Hz and are enclosed in parentheses, external
standard Me4S1 at T = 10 0 checked before and after each measurement, d, doublet, m, muitiplet,
q, quartet, t, triplet ?Spectrum obtamed at 100 MHz fSpectrum obtained at 60 MHz.
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3-O-methyl homolog, [«]3° +79 5° (c 1 11, chloroform)® Compound 5was converted
into methyl 3-0-ethyl-a-D-glucopyranoside (6) by treatment with sodium amalgam
m methanol

TABLE 11
TYPES | AND 2a BANDS IN THE INFRARED SPECTRA OF CERTAIN METHYL &-D-GLUCOPYRANOSIDES

Compound Solvent Type 1 Type 2a
or dispersant (cm™1) (ecn™ 1)
1 CHCl3 9189 845
2 CHCl3 918 838
3 CHCl3 918 840
4 CHCl3 918 837
5 CClyq 915 83s
6 KBr 910 840
8 CCla 905 937

aPolystyrene showed a band at 1603 cm™ n all cases

When desulfonylation was effected prior to removal of the benzylidene group-
crystalline methyl 4,6-O-benzylidene-3- O-ethyl-a-D-glucopyranoside (4) was obtained
The 1r. spectrum of 4 1s i accord with the replacement of a p-tolylsulfonyloxy
substituent by a hydroxyl group, and the n m r spectrum coufirms the substitution
pattern (sece Table I) Hydrolysis of 4 gave a product (6) 1dentical with that obtained
from 5 The identity of 6 was confirmed by 1ts hydrolysis”*® to 3-0O-ethyl-D-glucose (7)

In the second synthetic method (see Scheme 2), 3-0-ethyl-1,2 5,6-di-O-1s0-
propyhdene-a-p-glucofuranose (10), 2 known compound”3, was treated with methan-
olic hydrochloric z2cid to yield 6, identical with methyl 3-O-ethyl-a-p-glucopyranoside
prepared by the fii st method

Me Me
2] /L H
Me—7
Meg/ o—q Me ?O ” M
Ethyl MeOH
sulfa —_— - 6
HO KOH EtO
Me Me
° 10
Scheme 2

The nm r. spectra in methyl sulfoxide-dg¢ — The usefulness of highly purified
and neutral solvents for the detection of vicinal H-O-C-H sphttings has been recorded
in a number of publications'?>”2? Chapman and King have shown that primary,
secondary, and tertiary hydroxyl protons can be easily and conclusively differentiated
by n m.r. when methyl sulfoxide-ds is used as the solvent'® Variance in the coupling
constants of different alcohols has been recorded™® %2, and 1t1s likely that the Karplus

Carbohyd Res, 8 (1968) 148-156



METHYL 3-O-ETHYL 0-p-GLUCOP YRANOSIDE 151

equation®® should hold qualitatively for the H-O-C-H system!® 2! The advantage
of this solvent for n m r. studies on saccharides has been utilized by Casu et al.!7*1%:2?,
who have been able to assign, conclusively, the 1-OH, H-1, and 6-OH protons for
«-D-glucopyranose, and assign tentatively, the 2-OH, 3-OH, and 4-OH protons for
methyl o-D-glucopyranoside The 2-OH proton was assigned the Iargest couphing
constant on the assumption?! that “this hydroxyl would be most affected by the
changes 1o the stereochemistry at C-1” The 3-OH and 4-OH protons have been
assigned on the basis of Perlin’s work?? Perlin reported that double-resonance
experiments confirmed these assignments for «-D-glucopyranose, that 1s, the signals
of the 1-OH. C-1, 4-OH, 3-OH, 2-OH, and 6-OH protons appear at progressively
higher field Based on these assignments, the results of the present investigation
suggest that, proceeding from «-p-glucose to the «-D-glucopyranoside, a change 1n
the order of the 2-OH and 4-OH signals occurs (see Table I) Perlin and Casu and
co-workers have shown that analysis of the hydroxy! region of nmr spectra of
saccharides gives valuable information concerning the substitution patterns of the
sugars The present investigation extends this approach

a-ou 1 6-0H

2-0OH 3-OH H-1 2-;:1 & A m
Methyl 4,6-0—benzylidene— Methy! 3-0-ethyl-Q-D-glucopyranoside

- a-0D- glucopyranoside (1)

2-OH H-1 a-onH-

! AL oo
o

2-0On 3-0OH

486 53s T 545 560 T

Methy! 4,6-0-benzyhidene-3-0-ethyl- Methyl @-D-glucopyranoside

-@-D-glucopyranoside (4)

Fig la Nmr spectra of methyl 4,6-O-benzylidene-x-p-glucopyranoside (1) and methyl 4,6-0-
benzyhidene-3-O-ethyl-a-D-glucopyranoside (4) mm methyl sulfoxide-ds at 100 HMz

Fig 1b N mr spectra of methyl 3-O-ethyl-«-D-glucopyranoside (6) and methyl a-p-glucopyranoside
i methyi suifoxide-dg at 100 MHz
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A comparison of the n.m r spectra of compounds 1, 4, and 6 (Figs 1aand 1b)
leads to the assignments indicated for the hydroxyl protons Although these assign-
ments are not unequivocal, it seems unlikely that both the line-position and couphng
constant of the 2-OH would shift in compounds 4 and 6 Inspection of Corey-Pauling
and Buchi-Dreiding models revealed that the environment of the 2-OH is very similar
i these two compounds. Although the precise spatial position of the 1-OMe group
cannot be thus determined, the regular effect of the axial O-1 atom on the H-3 and
H-5 axial protons 1n a-D-glucopyranosides'® mdicates that an electron pair on this
oxygen atom 1s so oriented as to be approximately equidistant between the two, and,
therefore, the methoxyl group may also have a favored orientation The effect of
an oriented 1-OMe group would be to limit the environment of the 2-OH group
Positioming of a 3-OEt group as in compounds 4 and 6 would further limut the environ-
ment of the 2-OH group, and a very obvious decrease in the H-1-H-2 coupling
constant for compcunds 4 and 6 can be seen The assignments for the hydroxyl groups
of methyl «-D-glucopyranoside (see Fig 1b) are consistent with the above pattern
The 1t spectra of these compounds have the same characteristics i the 3600-
3400 cm ™! region as have been reported previously'” 1 2!

EXPERIMENTAL

General — Melting pomnts are uncorrected T1c was performed on silica
gel G (E Merck, Germany) with benzene—ethanol or benzene-butyl alcchol mixtures
The plates were developsd by spraymg the dried chromatogram with a 10% (w/v)
solution of phosphomolybdic acid, followed by heating for S min at ca 100°. Ir
spectra were recorded with a Perkin—Elmer Infracord spectrometer, model 137,
and optical rotations were measured with a Bendix Automatic polanimeter or a
Rudolph polarimeter Model 80 N m r spectra were recorded with Varian Associates
A-60 and HA-100 spectrometers (60 and 100 MHz), with tetramethylsilane (v = 10 00)
as the internal or external standard Methyl sulfoxide-d; and chloroform-d were
obtained from Merck, Sharp and Dohme, Ltd , Canada, and were used without
purification Most of the samples for n m r studies were degassed The assignment
of all hydroxy! peaks was confirmed by deuterium oxide exchange Elemental analyses
were performed by Schwarzkopf Microanalytical Laboratory, Woodside, New York

Methyl 4,6-O-benzyhdene-a-D-glucopyranoside (1) — The preparation of this
compound has been described®*, mp 161°, [¢]3° +95° (¢ 1, ethanol)

Methyl 4,6-O-benzylidene-2-O-p-tolylsulfonyl-a-D-glucopyranoside (2) — Ths
compound was prepared by the method of Bolliger and Prins®, mp 153-154°,
[xil® +61° (c 275, chloroform) Itsir spectrum showed v{H¢: 3600 (OH), 1370,
1145 cm™! (sulfonic ester), and other charactenistic bands given 1n Table IT

Methyl 4,6-O-benzylidene-3-O-ethyl-2-O-p-tolylsulfonyl-a-D-glucopyranoside (3)
— A solution containing 50 ml of N,N-dmmethylformamide, 20g (4 6 mmoles)
of 2, and 2.0 ml (25 mmoles) of ethyl 10dide was stirred with 4 2 g (18 mmoles) of
silver oxide for 28 h at room temperature The mixture was filtered and the filtrate
evaporated to dryness The crude product, vield 14 g (66%), was recrystallized to
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constant rotation from ether contamning a few drops of petroleum ether (b p 40-60°),
mp 108-109°, [«]3? +45° (¢ 1, chloroform) On t1 c. with 49.1 butyl alcohol-benzene,
the product showed one spot having an Ry value much greater than that of 2 The

1 r. spectrum showed vSic ™ 1370 and 1160 cm ™! (sulfonic ester), but no OH absorption

at 3600 cm™! (see Table II)

Anal Calc for C,3H,30,S C, 5948; H, 603, S, 690 Found C, 59 79;
H,614;85,692

Methyl 4,6-O-benzylidene-3-O-ethyl-a-D-glucopyranoside (4) — To a stirred
solution of 25ml of methanol contaiming 500 mg (1 1 mmoles) of 3 was added,
in five equal portions, 20 g of 2 5% sodium amalgam during 4 h. The soluuon was
decanted from the mercury, mixed with water, and rendered neutral with carbon
dioxide After evaporation of the aqueous methanol, the residue was extracted with
chloroform The extract was washed with water. dried (sodium sulfate), and evapo-
rated Addition of ether to the resulting syrup caused formation of a precipitate
which was recrystallized from chloroform—ether to yield 281 mg (84%) of crystals,
mp 168-169°, [a]f? +1111° (¢ 099, chloroform) It showed one spot having an
R value much smaller than that of 3 on t1¢ with 1 49 butyl alcohol-benzene Itsir
spectrum showed v {" 3600 cm™' (OH), and other characteristic bands given m
Table II

Anal Calc for C,4H,,04 C, 6194, H, 797 Found C, 61 86, H, 8 08

Methyl 3-O-ethyi-2-O-p-tolylsulfonyl-a-p-glucopyranoside (5) A muxture
of 10 g (22 mmoles) of 3 with 8.5 ml of 0 005M sulfuric acid in 8 5 ml of methanol
was stirred for 1 h at room temperature After neutralization of the acid with barium
carbonate, and filtration, the solution was evaporated, starting material (02 g) was
recovered. The filtrate was evaporated to dryness under diminished pressure to yield
045 g of product (69%, based on starting materal recovered) as a glass, [a]22 +70°
(c099, chloroform) Its 1r spectrum showed v<<™ 3550 (OH), 1380, 1182cm™!
(sulfonic ester), and other characteristic bands given in Table II The product showed
only one spot on tlc with 1 19 butyl alcohcl-benzene

Anal Cale for C;gH,,058 C, 5105; H, 643, S, 852 Found C, 5131,
H, 625, S, 863

Methyl 3-O-ethyl-o-pD-glucopyranoside (6) from methyl 4,6-O-benzylidene-
3-O-ethyl-o-D-glucopyranoside (4) — A mxture of 0 75 g (3 4 mmoles) of 4 1n 15 ml
of 005 sulfuric acid 1n methanol was stirred for 1 h at room temperature After
neutralization of the acid with barium carbonate, and filtration, concentration of
the filtrate gave some unchanged starting material The filtrate was evaporated under
dimunished pressure to yield 035 g of product (70%, based on starting material
recovered), mp 139-140° [a]3® +152° (c 1, ethanol) The 1r. spectrum showed
vEEr 3450 (OH), 1000 cm ™!, and other characteristic bands ewven 1 Table I The
product showed only one spot on t1c with 14 ethanol-benzene, and glc of the
O-(trimethylsilyl) derivative gave a single peak from each of several different columns?

Anal. Calc for CoH, 306 C, 48 64, H, 8 16 Found. C, 48 55, H, 795.

Methyl 3-O-ethyl-a-D-glucopyranoside (6) from methyl 3-0O-ethyl-2-O-p-
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tolylsulfonyl-o-p-glucopyranoside (5) — Desulfonylation of 5 was accomplished by
use of sodium amalgam as described for the preparation of 4 From 0 5 g (1.3 mmoles)
of 5, the syrup that resulted after evaporation of the methanol was crystallized from
methanol-ether to yield 025 g (85%) of crystaline product, mp 137-140° [«)3?
+152° (¢ 1, ethanol) The products obtained from 4 and § were identical with each
other, as shown by mp, mixed mp, 1t and nmr spectra, and tic and glc

3-O-Ethyl-D-glucose (7) — A muxture of 01 g (0 5 mmole) of 6 and 15 ml of
M sulfuric acid was stirred for two days at room temperature After neutralization
of the acid with barium hydroxide, evaporation of the filtrate gave crude 3-O-ethyl-
p-glucose, 0 06 g (67%) Recrystallization from ethanol yielded a crystalline product,
m.p 156-157° (ht.® 155 5-157 5°), [«3> +61° (equil, ¢ 1, ethanol)

Methyl 4,6-O-benzylidene-2,3-di~O-p-tolylsulfonyl-o-D-glucopyranoside (8) —
The preparation of this compound has been described?®, m p 147-148°, vCHC1 1370
and 1160 cm™?! (sulfonic ester), and other characteristic bands as given 1n Table II

1,2 5,6-Di1-O-1sopropylidene-a-D-glucofuranose (9) — The preparation of this
compound has been described?®, mp 109-110°

3-O-Ethyl-1,2 5,6-di-O-1sopropylidene-a-D-glucofuranose (10) — To a solution
of 26 g (0 1 mole) of 9 1n 300 ml of tetrahydrofuran was added 30 ml of ethyl sulfate
and 25 g of powdered sodium hydroxide The muxture was boiled for 3 h under
reflux with rapid stirring, and then cooled A second addition of 30 ml of ethyl
sulfate and 25 g of powdered sodium hydroxide was made, followed by boiling
for 3 h under reflux, with stirring After filtration, and the removal of tetrahydrofuran
and ethyl sulfate by distillation, the residue was passed through an alumna column
to yield 26 g (86%) of a hquid, v§HT2 2090 s, 2940 sh, 1475 m, 1440 m, 14055, 13805,
1365s, 1340 m, 1285 m, 1250s, 1215s, 1195s, 1165s, 1122s, 1080 vs, 1020 vs,
920 vs, 890 m, and 850 ms cm ™!

Methyl 3-O-ethyl-a-D-glucopyranoside (6) from 3-O-ethyl-1,2 5,6-di-O-150-
propylidene-a-pD-glucofuranose (10) — A solution of 26 g (0 | mole) of 10 in 9 ml
of conc hydrochloric acid and 300 m! of methanol was refluxed overmight After
neutralization of the acid with sodium hydrogen carbonate, the suspension was
filtered, and the filtrate was dried (magnesium sulfate), and evaporated to yield 19 g
(95%) of a sohd Repeated recrystallization from methanol gave a crystalline product,
14 g (70%), which was 1dentical in all respects with 6 prepared as described previously
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