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ABSTRACT

The rates of acid-catalysed hydrolysis of 1,2-O-alkyhdene-a-D-glucofuranoses
indicate that, for ohigosaccharide synthesis, cyclopentylidene and cycloheptylidene
acetals are better protecting groups than the 1sopropylidene residue Hydrolysis was
mmpeded by a nitrate group at position 5 and more so by one at position 3 The
hydrolyses were accompanied by a positive dnft in optical rotation, except for the
5-O-substituted compounds where the formation of D-glucopyranose derivatives
cannot occur

INTRODUCTION

1,2-O-Isopropylidene-a-D-glucofuranose derivatives have been used in the
synthesis of (1—-3)-'%, (1-5)-!2°%7 and (1—>6)-hnked® disaccharides For the
removal of the 1,2-O-1sopropylidene group, various conditions have been described'®,
but the yields of products never exceeded 75% In a few cases® ¢, the moderate yields
of unsubstituted disaccharides have been ascribed to partial hydrolysis of the inter-
glycosidic linkage

In synthesising (1—5)-linked disaccharnides?, quantitative removal of the
protecting groups from 5-0-(2-acetamido-2-deoxy-a-D-glucopyranosyl)-1,2-0-iso-
propylidene-a-p-glucofuranose by means of dilute, aqueous sulphuric acid also
caused considerable rupture of the interglycosidic hinkage We have therefore
investigated 1,2-acetals of enhanced acid-lability

RESULTS AND DISCUSSION

Reaction of p-glucofuranurono-6,3-lactone with a mixture of p-dioxane, cyclo-
pentanone, and 1ts diethyl acetal (generated n sifu by using triethy! orthoformate) in
the presence of mesitylenesulphonic acid gave the 1,2-O-cyclopentyhidene derivative
2a The 1,2-O-cyclohexylidene (4) and 1,2-O-cycloheptylidene (8) denvatives were
prepared in a similar manner
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Reduction of 2a, 4, and 8 with borane in tetrahydrofuran gave the cor-
respending 1,2-O-cyclopentylidene (5a), 1,2-O-cyclohexyhdene (6), and 1,2-O-
cycloheptyhidene (7) derivatives of a-p-glucofuranose as the main products

Since reductive cleavage of 1,3-dioxolanes to hydroxyethers by the borane-tetra-
hydrofuran complex can occur®, the identities of Sa, 6, and 7 were confirmed by
!H-n mr speciroscopy (Table ) In methyl sulphoxide-ds, the hydroxylic protons
gave sharp doublets (HO-3 and HO-5) and triplets or quartets (1HO-6), which dis-
appeared on deuterium exchange Compound 6 has been prepared previously by an
alternative route*°,

Methanolysis of 5a, 6, and 7 gave glucose only (gl ¢ -analysis’?) T1ec. of the
mother liquors revealed other components which were not further investigated.

Treatment of 2a with acetyl mitrate afforded 1,2-0O-cyclopentylidene-a-p-gluco-
furanurono-6,3-lactone 5-nitrate (2b), which was reduced with borane 1n tetrahydro-
furan to give 1,2-O-cyclopentylidene-a-p-glucofuranose 5-mtrate (8b) The structures
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of 2b and 5b were confirmed by 'H-n m r spectroscopy (Table I), the mitrate ester
causes a large downfield-shift of the H-5 doublet 1n 2b as well as of the H-5 multiplet
in the reduced compound Sb

1,2-0O-Isopropylidene-=-D-glucofuranose 3-mirate (3b) was obtamned by treat-
ment of 1,2 5,6-di-O-1sopropylidene-a-D-glucofuranose (1a) with acetyl nitrate
followed by selective hydrolysis of the 5,6-O-i1sopropylidene group The 'H-nmr
data for 3b are given 1n Table I

The acid-catalysed hydrolysis of cyclic acetals involves an A-1 mechanmism
For 1,2-0-alkyhideneglucofuranoses, protonation of the 1,3-dioxolare oxygen atoms
1s followed by ummolecular heterolysis, with the formation of a transition state having
much carbonium-ion character!® Water adds rapidly to yield glucosc and the ketone

The hydrolyses of 3b, 5a, 5b, 6, and 7 in acidified, aqueous propan-2-ol were
followed polanmetrically, the compounds are msufficiently sotuble 1 aqueous acid
Good first-order plots were obtained, and 7, 5 values are given i Table II Tlc
showed that no 2-propyl glucosides or other species were formed

1215

TABLE I

HALF-LIVES (1) OF 1 2-(0-ALKNYLIDENE-%-D-GLUCOFURANOSES AND DERIVATIVES THEREOF

Compound 033 H.SO4 1 Compound 0 527 H2S0, in nater®
water—propan-2-ol (65 35)°

3a 19 68 3a 547¢

3b 929 3¢3 32¢

5a 778 347 564

5b 1127

6 124 1

7 953

At 19 3 , deviation frc m the mean <2% %At 20 0°, estimated error 10% “Recalculated to be valid
at an Hg value of +0 11 “The rate was deterrmuned by time-dependent quantitative glc after
trimethylsilylation estimated error 20%

The rate for 3a 1s considerably larger 1n aqueous acid than 1n the mixed solvent
(Table II) No data are available for Hammett’s acidity function (H)*? of sulphuric
acid 1n propan-2-ol-water mixtures However, Braude and Stern!® demonstrated that
— Hy went through a mumimum with changing water content at a fixed concentration
of mineral acid in ethanol, p-dioxane, and acctone Siumular behaviour for acidified
propan-2-ol-water mixtures would be expected

The nitrate group at position 3 resulted in a marked decrease of the rate
(k3,lksp, =4 76), whereas the same substituent at C-5 has hittle effect (kg,(k s, = 1 45)
Electron-withdrawing substituents 1n the sugar motety may affect the overall rate by
(a) lowering the standing concentration of the conjugate acid, and (b) facilitating or
retarding the unimolecular heterolysis, depending on the site of protonation These
effects cancel out in the overall rate in related, acid-catalysed, hydrolytic systems'* 17
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The isopropyhdene group 1n 3b is almost as stable as the cyclohexylidene group
1n 6, yet it can be removed under milder conditions after removal of the nitrate ester

The cyclopentylidene (5a) and cycloheptylidene (7) acetals hydrolyse more
rapidly than the cyclohexylidene acetal (6) The differences in the rates of hydrolyses
of related cyclic acetals have been discussed!? 1% in terms of changes of ring-torsional
and bond-angle stramns m the transition state However, cycloheptylideneuridine
hydrelyses faster than cyclopentyhdeneunidine!?, whereas the reverse order of
reactivity holds true 1n the present series This finding sirongly indicates that the
changes 1n bond angle in the transition state are mediated by the sugar moiety and do
not follow the general trend!? for the diethyl acetals of the ketones

If HO-51s blocked (R? # H), as in the monosaccharide derivatives 5b and 1n the
(1-5)-linked disaccharides 3c® and 3d7, a glucopyranose derivative cannot be
formed and there 1s a negative dnft in optical rotation during the reaction 'H-N mr
spectroscopy of the (1 —5)-linked disaccharnides in deuterium oxide demonstrated that
both anomeric furanose forms were present in about equal amounts’ '° Thus, the
observed molecular rotation roughly equals its B value (0 5[M],+05[M];) In
accordance with Hudson’s rule, the molecular rotation of a (1 —5)-linked disaccharide
should be considerably lower than the values for the respective {1-2)-, (1-3)-,
(1->4)-, and (1--6)-linked pyranoid analogues (¢f Ref 18)

EXPERIMENTAL

General methods — Melung points were determined on a Mettler FP5/FP51
photoelectric melting-point apparatus Specific rotations were determined at ambient
temperature with a Perkin-Elmer 141 Polarmmeter 'H-Nmr spectra (internal
Me,S1) were recorded with Varian EM360 and EM390 spectrometers, and 1 r spectra
with a Pye Unicam SP1100 spectrophotometer Solutions were concentrated at 40°
{(bath)/ ~12 mmHg T 1c was performed on silica gel (Schleicher & Schull TL C
Ready Plastic Foil FR-1500), with conventional detection by charring with sulphuric
acid Column chromatograpny was performed on silica gel (Merck Kieselgel 60
230-400 mesh) with A, ethyl ether, B, ethyl ether-light petroleum (b p 40-60°) (1 3)
and C, asin B, ratio 3 1

Kimetic methods — Reactions were followea at 546 nm by using a Zeiss
precision polarnimeter Jacketed tuocs were used to ensure a constant temperature
(20 1°) Halflives (z, 5, h) were computea by regression analysts of In |, —x_. | te2s5us
time (7) straight-line plots using a Hewlett-Packard 9100B calculator The method of
Guggenheim?® gave the same results In raost cases, the optical rotations to be
expected at infimite time were checked by actual measurements

A poor correlation constant (r) and a large standard-deviation on ¢y 5 was
obtained for 3d Therefore, the rate for 3d was calculated by measuring peak areas
in glc after trimethylsilylation”

1,2-0-Cycloalky hdene dermwatwes of wo-b-glucofuranurono-6,3-lactone — (a)
Freshly distilled cyclopentanone (60 mi) was added dropwise to a stirred solution
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(0°) of mesitylenesulphonic acid (1 g) in p-dioxane (100 mli) and triethy! orthoformate
(15m]l> The mixture was then kept at room temperature for 2h Finely powdered
p-glucofuranurono-6,3-lactone (10 g, 56 § mmol) was added, and the suspension was
vigorously stirred until a clear solution was obtamned (2448 h) The solution was
neutralized with triethylamine, and concentrated A solution of the syrupy residue in
chloroform (100 ml) was washed with water (100 ml) The aqueous layer was extracted
with chloroform (3 x 50 ml) The corabined chloroform layers were dried (MgSO,),
treated with decolounzing carbon, filtered through diatomaceous earth, and con-
centrated Treatment of the resitdue with ethyl ether afforded crystaliine 2a The
mother liquor was chromatographed on a column of siica gel (solvent A4) to give
more 2a Recrystallisation from ethanol gave 1,2-O-cyclopentylidene-a-D-gluco-
furanurono-6,3-lactone (2a, 8 3 g, 60%), m p 112 5-114 5°, [¢]p +353° (¢ 6, chioro-
form), +hBr 3420 (OH, sharp) and 1780 cm™! (C=0, lactone) (Found C, 5445,
H,588,0,3898 C,,H,.O¢calc C, 5454, H, 583, O, 3963%)

The ‘H-n m 1 data (Table I) were consistent with the allocated structure

(6) Using a procedure simalar to that 1n (@), but with 60 ml of cyclohexanocne,
1,2-O-cyciohexyhdene-a-D-glucofuranurono-6,3-lactone (4, 3 8 g, 26%) was obtained,
mp 145-146° (from ether-hexane), [z]p +47° (¢ 2 6, chloroform), vREf 3450 (OH,
sharp) and 1780 cm~* (C=0, lactone) (Found C, 56 41, H, 6 25, O, 36 82 C;,H,¢0s
cale C, 5625, H, 629, O, 37 46%)

For 'H-nmr data, see Table I

(¢) Using a procedure similar to that in (@), but with 40 m! of cycloheptanone,
1,2- O-cycloheptylidene-«-D-glucofuranurono-6,3-lactone (8, 85g, 55%) was
obtamned, m p 121 5-122° (from ether—hexane), [a]p, +48° (¢ 3, chloroform), vibr 3415
(CH sharp) and 1780 cm ™! (C=0, lactone) (Found C, 5777, H, 6 70, O, 35 53
C,3H,s04 calc C,5777,H, 671, O, 35 52%)

For *H-nm r data, see Table I

1,2-G-Isopropylidene-a-D-giucofuranose 3-mitrate (3b) — A solution of acetyl
nitrate [prepared at —15° from fumung nitric acid (8 ml, sp gr 1 50) and acetic
anhydrnide (20 ml)] was added dropwise with stirring to a suspension of ia (20 g,
77 mmol) 1n acetic anhydnide (45 ml) The temperature was kept below 0° After a
further 10 mun at 0°, the solution was poured inte ice-water (750 ml) The o1l which
separated was dissolved 1n ether (200 ml), and the solution was successively washed
with 100-ml portions of ice-water, cold 15% aqueous potassium carbonate (2 X ), and
water, then dried (MgSQ0,), and concentrated to give 1,2 5,6-di-O-1sopropylidene-o-
D-glucofuranose 3-nitrate (1b, 23 g, 98%), as an oil, {&]y —38° (¢ 3, chloroform),
which contained acetic anhydride, ether, and other products, but was suitable for the
preparation of 3b

A mixture of 1b {23 g, 75 mmol), methanol (110 ml}, and 0 5% aqueous
sulphuric acid (50 ml) was stirred vigorously until the solution became clear (~20 h)
Tlc (solvent C) after 40 h indicated the presence of 1b and D-glucose 3-mitrate
(R 00) 1n about equal, but small, amounts The solut.on was neutralized with



HYDROLYSIS OF 1,2-0-ALK YLIDENE-¢(-D-GLUCOFURANOSES 343

Dowex 1 X2 (HO™) resin, filtered and concentrated A soiwution of the resulting,
clear syrup in ethyl ether was treated with silicic acid (0 5 g) to remove D-glucose
3-nitrate and water, filtered, and diluted with hexane to give 3b (17 g, 85%), m p 70—
70 5°, [o]p —25° (¢ 2, p-dioxane), vABI 3450, 3500 (OH, sharp). 1640, and 1275cm™!
(itrate) (Found C, 4090, H, 583, N, 519 CgH,sNO;g calc C, 4076, H, 570,
N, 528%)

For 'H-n mr data, see Table I

1,2-0O-Cyclopentyhidene-a-D-glucofuranurono-6,3-lactone 5-nitrate (2b) — A
solution of acetyl nitrate [prepared from mitric acid (I ml) and acetic anhydride
(4 m1)] was added to a solution of 2a (2 4 g, 10 mmol) 1n acetic anhydride (6 ml) The
mixture was kept at 0° for 10 min, then poured 1nto ice-water (100 ml), and vigorously
shaken for 5 min The product was coilected, washed with 1ce~water, and dried over
KOH 1 vacuo to give 2b (25g, 88%), mp 112-113° (from chloroform-ether),
[«]p +76° (¢ 3, chloroform), vKEf 1800 (C=0, lactone), 1650 and 1275 cm ™! (nitrate)
(Found C,4605,H,451,N,469, 0,4448 C,;H,;NO;g calc C, 4600, H, 4 56,
N, 4 88, O, 44 56%).

For ‘H-nmr Aata, see Table I

1,2-O-Cyclopentylidene-o-D-glucofurancse (Sa) — A solution of 2a (48 g
(20 mmol) 1n dry tetrahydrofuran was flushed with nitrogen and cooled to —60°
M Borane in tetrahydrofuran (38 mil) was slowly added with stirring at below —40°
The mixture was allowed to reach room temperature in 3 h, methanol was then added
to destroy the excess of borane, and the solution was concentrated Boric acid was
removed from the residue by evaporation of methanol three times therefrom
Crystallization of the product from ethanol-light petroleum (b p 40-60°) afforded
S5a(25g,51%), mp 163-164°, [«], +6° (¢ 3, p-dioxane) (Found C, 53 50, H, 7 41,
0,3908 C,H,304calec C, 5363, H, 737, O, 38 98%)

For 'H-nmr data, see Table I

1,2-O-Cyclohexylidene-a-p-glucofuranose (6) — Compound 4 (5 g, 20 mmol)
was reduced, as described for 2a, to give 6 (24 g, 47%), mp 151-151 5° [from
ethanol-light petroleum (b p 40-60°)], [l +2 5° (¢ 3, p-dioxane), it ' mp 152~
153°, [a]p +4° (acetone)

For 'H-nmr data, see Table 1

1,2-O-Cyclcheptylidene-a-D-glucofuranose (7) — Compound 8 (5 4 g, 20 mmol)
was reduced, as described for Sa, to give 7 (455 g, 83%), mp 151 5-152 5° (dec)
[from ethanol-light petroleum (b p 40-60°)], [«j3° +6° (¢ 3, p-dioxane) (Found
C, 5672, H, 808, O, 3508 C,;H,,0, calc C, 5692, H, 808, O, 34 99%)

For 'H-nmr data, see Table I

1,2 O-Cyclopentylidene-a-D-glucofuranose 5-nitrate (5b) — A solution of 2b
(4 3 g, 15 mmol}) in tetrahydrofuran (15 ml) was reduced with borane-tetrahydrofuran
complex (22 ml), and further processed as described for Sa, to give 5h, (41 g, 94%),
mp 118-119° (from ethyl acetate-hexane), [«]p, +7° (¢ 3, chloroform), v&8" 3450

(OH, sharp), 1640 and 1275 cm~! (mtrate), no lactone absorption was observed
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(Found C, 4501, H, 594, N, 455, O, 4321 C,;H,,NCq calc C, 4536, H, 5 88,
N, 481, O, 43 95%)
For 'H-nmr data, see Table I
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