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ABSTRACT 

The rates of acid-catalysed hydrolysis of 1,2-0-alkyhdene-a-u-glucofuranoses 
Indicate that, for ohgosaccharlde synthesis, cyclopentyhdene and cycloheptyhdene 
acetals are better protecting groups than the lsopropylldene residue Hydrolysis was 
Impeded by a nitrate group at position 5 and more so by one at posltlon 3 The 
hydrolyses were accompanied by a positive dnft m optical rotation, except for the 
5-O-substituted compounds where the formation of D-glucopyranose denvatlves 
cannot occur 

INTRODUCTION 

1,2-O-Isopropyhdene-a-D-glucofuranose denvatives have been used in the 
synthesis of (1-+3)-lm5, (l-+5)-’ 3 “, and (l-+6)-lInked* dlsaccharldes For the 
removal of the 1,2-O-lsopropyhdene group, various condltlons have been descnbedlm6, 
but the yields of products never exceeded 75% In a few cases* 4, the moderate yields 
of unsubstituted dlsacchandes have been ascrlbed to partial hydiolysls of the mter- 
glycosldlc lmkage 

In syntheslsmg (l-+5)-linked dlsacchandes’, quantitative removal of the 
protecting groups from 5-O-(2-acetamido-2-deoxy-a-D-glucopyranosyl)-1,2-0-lso- 
propyhdene-a-D-glucofuranose by means of dilute, aqueous sulphunc acid also 
caused considerable rupture of the mterglycosldlc linkage We have therefore 
investigated 1 ,Zacetals of enhanced aad-lability 

RESULTS AND DISCUSSION 

Reaction of D-glucofuranurono-6,3-Iactone with a mixture of p-dloxane, cyclo- 
pentanone, and Its dlethyl acetal (generated zn sztu by usmg tnethyl orthoformate) m 
the presence of mesltylenesulphomc acid gave the 1,2-O-cyclopentyhdene denvatlve 
2a The 1,2-0-cyclohexyhdene (4) and 1,2-O-cycloheptyhdene (8) denvauves were 
prepared rn a similar manner 
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1aR= H 

tbR = NO2 

2aR= H 

2b R = NO2 

30 R’= H,R2= H,R3= H 

3bR’= NOp,$= H.R3= H 

3~ R’ = H , R* = ,Y- D-GICJJ, R3 = H 

36 R’ = H, R2= 4- ‘J-GKpNAC,R3 = H 

5a R’s r,R*= H Rx= H 6 

6b R’= H dL= NOZR3= H 

H3 

Reduction of 2a, 4, and 8 with borane in tetrahydrofuran gave the cor- 

respcndrng 1,2-O-cyclopeutyhdene @a), 1,2-O-cyclohexyhdene (6), and 1,2-U- 
cyclohep@hdene (7) denvatlves of a-D-glucofuranose as the mam products 

Smce reductive cleavage of I ,3-loxolanes to hydroxyethers by the borane-tetra- 
hydrofuran complex can occur’, the Identities of 5a, 6, and 7 were confirmed by 
‘H-n m r spectroscopy (Table 1) In methyl sulphoxlde-d6, the hydroxyhc protons 

gave sharp doublets (HO-3 and HO-5) and tnplcts or quartets (HO&), which d~s- 
appeared on deutenum exchange Compound 6 has been prepared previously by an 
dterUahVe fOUteio. 

Methanolysls of Sa, 6, and 7 gave glucose only (g 1 c -analysis’ ‘) T I c. of the 
mother hquors revealed other components which were not further mveshgated. 

Treatment of 28 with acetyl nitrate afforded 1,2-O-cyclopentyhdene-a-D-@uco- 
furanurono-6,34actone 5-mtrate (2b), which was reduced with borane m tetrahydro- 
furan to gve 1,2-O-cyclopentyhdene-a-o-glucofuranose 5-mtrate (5b) The structure- 
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of 2b and 5b were confirmed by ‘H-n m r spectroscopy (Table I), the rutrate ester 
causes a large downfield-shift of the H-5 doublet m 2b as well as of the H-5 multlplet 

m the reduced compound Sb 
1,2-0-Isopropyhdene-s-D-glucofuranose 3-nitrate (3b) was obtamed by treat- 

ment of I,2 5,6-dl-O-isopropyhdene-cr-D-glucofuranose (la) wrth ace@ mtrate 
followed by selective hydrolysis of the 5,6-O-Isopropyhdene group The ‘H-n m r 
data for 3b are gven m Table I 

The acid-catalysed hydrolysis of cychc acetals involves an A-l mechan~sm’2-‘5 
For 1,2-0-alkyhdeneglucofuranoses, protonatlon of the I ,3-dloxolane oxygen atoms 
1s followed by ummolecular heterolysls, with the formation of a transItIon state having 

much carbomum-ion character l5 Water adds rapidly to yreld glucose and the ketone 
The hydrolyses of 3b, 5, 5b, 6, and 7 m aadlfied, aqueous propan-2-01 were 

follo\\ed polanmetncally, the compounds are msufliclently soluble m aqueous acid 

Good first-order plots were obtamed, and to 5 values are given !n Table II T 1 c 

showed that no 2-propyl glucosIdes or other species were formed 

TABLE II 

HALF-LIVES (h) OF 1 ?-O-ALhYLIDENE-r*-D-GLUCOFURANOSES AND DERIVATIVES THEREOF 

Comporrnd 0 53x1 f&SO, In 
Ibarer-propan-2-oi (65 35)” 

Cornpound 0 52hl H2S01 In u,ate@ 

3n 1965 3a 5 47” 
3b 92 9 3c3 3 2= 
Sa 7 78 3d' 5 6“ 
5b II 27 
6 124 1 
7 9 53 

“At 19 3 , deklatton frcm the mean ~2% bAt 20 O”, estimated error 10% ‘Recalculated to be valid 
at an H, vJue of +O 1 I ‘The rate \\as determmed by tune-dependent quantitative g I c after 
tr~methyls~lylatlon estunated error 20% 

The rate for 3a IS considerably larger m aqueous acid than m the mixed solvent 
(Table II) No data are avaIlable for Hammett’s acldlty function (N,)’ 3 of sulphunc 
acid In propan-2-ol-water mixtures However, Braude and StemI demonstrated that 
-H, went through a mmlmum with changmg water content at a fixed concentration 

of mmeral acid m ethanol, p-dloxane, and acetone SlmlIar behavlour for acldlfied 
propan-2-ol-water mixtures would be expected 

The nitrate group at posItIon 3 resulted In a marked decrease of the rate 

(kJ,/ksb = 4 76), whereas the same substltuent at C-S has httle effect (k5Jksb = 1 45) 
Electron-wtlthdrawmg substltuents m the sugar moiety may affect the overall rate by 
(a) lowering the standmg concentration of the conjugate acid, and (b) faclhtatmg or 
retarding the ummolecular heterolyws, dependm, c on the site of protonatlon These 

effects cancel out m the overall rate m related, acid-catalysed, hydroly&c systemsi I7 
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The lsopropyhdene group m 3b IS almost as stable as the cyclohexyhdene group 
m 6, yet it can be removed under milder condltlons after removal of the nitrate ester 

The cyclopentyhdene (Sa) and cycloheptyhdene (7) acetals hydrolyse more 
rapidly than the cyclohexyhdene acetal (6) The differences m the rates of hydrolyses 
of related cychc acetals have been dlscussed’ ’ 1 ’ m terms of changes of ring-torslonal 
and bond-angle strains In the transltlon state Howebeer, cycloheptyhdeneundme 
hydrolyses faster than cyclopentyhdeneurldme * ‘, whereas the reverse order of 
reactlvlty holds true m the present series This findmg strongly mdlcates that the 
changes In bond angle rn the transltlon state are medlated by the sugar moiety and do 
not follow the general trend” for the dlethyl acetals of the ketones 

If HO-5 1s b!ocked (R’ # H), as m the monosaccharide derlvatlves 5b and m the 
(1+5)-hnked dlsaccharldes 3c3 and 3d7, a glucopyranose derivative cannot be 
formed and there IS a negative drift in optlcal rotation during the reaction ‘H-N m r 
spectroscopy of the (1 +5)-lmked dlsaccharldes m deutermm oxide demonstrated that 
bot!l anomerlc furanose forms \%ere present m about equal amounts’ l9 Thus, the 
observed molecular rotation roughly equals Its B value (0 5[M],+O 5[M]& In 
accordance with Hudson’s rule, the molecular rotation of a (l-+5)-lmked dlsaccharlde 
should be con>lderably lower than the values for the respective (l-+2)-, (1+3)-, 
(l-+4)-, and (I-+6)-lmked pyranold analogues (cf Ref 18) 

General methods - Meltmg points were determined on a Mettler FP5/FP51 
photoelectrlc meltmg-comt apparatus Specific rotations were determined at amblent 
temperature t\!th a Perkm -Elmer 141 Polarlmeter ‘H-N m r spectra (internal 
Me,Sl) were recorded with Varian EM360 and EM390 spectrometers, and I r spectra 
with a Pye Umcam SPl 100 spectrophotometer Solutions were concentrated at 40” 
(bath)/ - 12 mmHg T 1 c was performed on slhca gel (Schlelcher & Schull T L C 
Ready Plastxc Fo11 FR-1500), with conventIona detection by charrmg with sulphurlc 
acid Column chromatograpny was performed on slhca gel (Merck Kleselgel 60 
230-400 mesh) with A, ethy1 ether, B, ethyl ether-light petroleum (b p 40-60’) (1 3) 

and C, as m B, ratlo 3 1 
Kmetrc methods - ReactIons were followea at 546 nm by using a Zeiss 

preclslon polarlmeter Jacketed tuDcs were used to ensure a constant temperature 
(+_O lo) Half lives (to s, h) were computea >y regresslon analysis of In I c*,-- Q, I z etszts 

time (1) straight-lme plots usmg a Hewlett-Pxcbard 9lOOB calculator The method of 
Guggenheim” gave the same results In r,lost cases, the optical rotations to be 
expected at mfimte time were check& 5, actual measurements 

A poor correlation constant (r) and a large standard-devlatlon on to j was 
obtamed for 3d Therefore, the rate for 3d was calculated by measuring peak areas 
m g 1 c after tnmeth_*rlsllylatlon’ 

i,2-0-Cjcloaik) lzdene de) zcatlves of u-D-glucofitranllrono-6,3-i~ctone - (a) 

Freshly dIstilled cyclopentanone (60 ml) was added dropwlse to a stu-red solution 
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Dowex 1 X2 (HO-) resm, filtered and concentrated A somuon of the resultmg, 
clear syrup m ethyl ether was treated with silicic acrd (0 5 g) to remove D-ghCOSe 

3-mtrate and water, filtered, and drluted wrth hexane to gave 3b (17 g, 85%), m p 70- 

70 5”, kalD -225” (c 2, p-dtoxane), v,, bBr 3453, 3500 (OH, sharp). 1640, and 1275 cm-’ 
(mtrate) (Found C, 40 90, H, 5 83, N, 5 19 CsH, sNOs talc C, 40 76, H, 5 70, 
N, 5 28%) 

For ‘H-n m r data, see Table I 

I,2-O-Cyclopentyl~dene-cr-D-g~ucofuranurono-6,3-lactone hutrate (2b) - A 
solutron of acetyl mtrate lprepared from mtnc acid (1 ml) and acettc anhydride 
(4 ml)] was added to a solutron of 2a (2 4 g, 10 mmol) m acettc anhydnde (6 ml) The 
mrxture was kept at 0” for 10 mm, then poured into Ice-water (100 ml), and vigorously 
shaken for 5 mm The product was collected, washed wrth Ice-water, and dned over 
KOH 111 tiacuo to give 2b (2 5 g, 88%), m p 112-l 13” (from chloroform-ether), 
[ah, 1-76” (c 3, chloroform), v,,, kBr 1800 (GO, lactone), 1650 and 1275 cm-’ (mtrate) 
(Found C,4605,H,4il,N,469,0,4448 C,,H,,NO,calc C,4600, H,456, 
N, 4 88, 0,44 56%). 

For ‘H-n m r data, see Table r 

I,2-O-Cyclopentylrdene-a-D-glucofuranose (5a) - A solution of 2a (4 S g’ 
(20 mmol) in dry tetrahydrofuran was flushed wrth nitrogen and cooled to -60” 
M Borane in tetrahydrofuran (38 ml) was slowly added with stlrnng at below -4.0” 
The mrxture was allowed to reach room temperature m 3 h, methanol was then added 
to destroy the excess of borane, and the solutron was concentrated Bone acrd was 
removed from the residue by evaporatton of methanol three times therefrom 
Crystalhzatron of the product from ethanol-hght petroleum (b p 40-60”) afforded 
5a (2 5 g, 5l%j, m p I63-164”, [aID +6” (c 3, p-dloxane) (Found C, 53 50, H, 7 41, 
0,3908 C,,H,,Oscalc C, 5363, H,737, 0, 3898%) 

For ‘H-n m r data, see Table I 
1,2-0-Cyc~ohexy~zdene-a-D-ghcofuranose (6) - Compound 4 (5 g, 20 mmol) 

was reduced, as described for Za, to grve 6 (2 4 8, 47%), m p I S-151 5” [from 
ethanol-light petroleum (b p 40-60”)], [a]n +2 5” (c 3, p-dtoxane), ht lo m p 152- 
153”, [aID +4” (acetone) 

For ‘H-n m r data, see Table I 

1,2-O-Cycloheptylzdene-a-D-glucofuranose (7) - Compound 8 (5 4 g, 20 mmol) 
was reduced, as described for 5a, to grve 7 (4 55 g, 83%), m p 151 5-152 5” (dec) 
[from ethanol-hght petroleum (b p M--60”)], [aji’ f6” (c 3, p-dloxane) (Found 
C, 56 72, H, 8 08, 0, 35 08 C,,H,,O, talc C, 56 92, H, 8 08, 0, 34 99%) 

For ‘H-n m r data, see Table I 

I,2 O-Cyclopentylrdene-a-D-glucofuranose 5-nitrate (Sb) - A solutron of 2b 
(4 3 g, 15 mmol) m tetrahydrofuran (15 ml) was reduced wrth borane-tetrahydrofuran 
compiex (22 ml), and further processed as descrrbed for Sa, to gave 5b, (4 1 g, 94%), 
m p 118-119” (from ethyl acetate-hexane), [a]n +7” (c 3, chloroform), vgz 3450 
(OH, sharp), 1640 and 1275 cm-’ (mtrate), no lactone absorption was observed 
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(Found C, 45 01, H, 5 94, N, 4 55, 0,43 21 CllH,,N08 talc C, 45 36, H, 5 88, 

N, 4 81, 0,43 95%) 
For ‘H-n m r data, see Table I 
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