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\BSl-R\CT 

hlethyl 2-amino-2-deoxy-x- and /3-u-glucofuranosidcs were isolated from rhe 

7roducrs of a FIxher giycosrdalion of 2-amino-2-droxy-D-glucose. WAcetylatlon 

gave crystalline methyl 2-acetamido-?-deoxy-z-o-glucof;lranoside, but the /? anomcr 

was syrupy [charscterired as the u-is@nitrobenzoare)]. The furanose structure was 

confirmed by periodate oxidation. The anomeric methyl 2-aceramido-2-deoxy-D- 

glucofuranosides Here hydrolysed at very similar rates, which were also similar to 

those for the methyl o-giucofilranosides and about double those for the methyl D-gluco- 

pyranosides. Comparison of the acid-caralysed hydrolysis of rhe methyl 2-amino-2- 

deoxy-D-glucofuranosides wit! that of the methyl D-_elucofuranosides shows an 

Inhibitins effect of the free amino group similar IO chat for the corresponding 

pyranosides. The rates of hydrolysis of the aminodeoxj- and acetamidodrohy- 

glucofuranosidrs were greater in deurerium oxide than in iiazer and this, together with 

the markedly negative entropies of activation. suggr’s~s that these compounds are 

hydrolysed by mechanisms similar to those pun forward for the kydrolbsis of aldo- 

furaosides. 

I NTRODUCTIOPU 

Methyl 2-amino-2-deoxy-P-D-glucofursnoside has been synthesised’.’ from 

2-amino-2-droxy-o-glucose hydrochloride :,,‘n the diethql dithioacetal derivative and 

is hydrolyzed more rapidly by acid than th e corresponding pyranoside. The same 

compound has been obtained’ irom 2-aceramido-3.6-U-benzy!idene-2-dcoxy-~-D- 

glucopyranose. and methyl 2-deouy-2-(3,S-dinitroanilino)-r-D-~lucofuranosidz was 

Isolated from the products formed by Lrea~ment of 2-deouy-2-(2.4-dinirroanilino)- 

X-D-&?lUCOSe with mzthanolic hydrogen chloride’. Methyl 2-amino-2-deo\y-r- and 

-P-D-glticofuianojides !!ere rentatively identified’ among the products obtained from 
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reaction of 2-amino-2-deoxy-D-glucose hydrochlonde with methanol in the presence 

of a strong cation-exchanger. A similar recbnique was used” to prepare the methyl 

2-acerrlmido-2-deo:~y~- and jY?-D-mannofuranosldes. 

While this manuscript HB~ in preparation, Jacquinet and Sinay’ reported the 

synthesis of methyl 2-acetamido-_ 7-deos@D-giucofunnoside from 2-phenyl+- 

(j,6-O-lsopropylidene-D-~lucofurano)-d’-ou~izoline”. Since the physical properties 

of their product dIffered from those pre\iously described, these authors reinvestigated 

some of the ear:ier syntheses I-’ and concluded that the earlier claims to have obtained 

furanose sugars were unfounded. 

Although much work has been done on the kinetics and mechanism of the 

acid-catalysed hydrolysis of glqcopyranosidesg-“, there hale been far fewer studies 

of the glycofuranosides ’ ’ and none on amlnodeo~~~glycofuranosides. However, the 

gro\\ing number of reports of the identification of furanose residues in glycoprotcins ” 
indicates a need for a more-complete knolvledge of the behaviour of these substances. 

ESPERIMENTAL 

Melting poiots wzre recorded with a Kofler block and are uncorrected. 

hleasurements of optical rotation (I-dm cell) were made wirh a Perkin-Elmer hfodcl 

I41 polarimetcr betiieen 18-20’. 

Preparafiolr qf the 2-anlitlo-2-riro.\ v-D-ghcosides. - A modification of the 

Fischer synthesis described by hlatsushimn and Miyaza1.i’ \vas used. Amberlire 

CC-lZO(H’) resin (Type I. 100-200 mesh) was recycled twice between the hydrogen 

and sodium form, then washed twice with methanol. stored ovtrni_&t In anhydrous 

methanol, isolated, and dried at 60’ in a vacuum oven. 

A mixture of resin (I 50 ,g) and 2-amino-3-d2oxy-o-o_lucose hydrochloride (I 5 g) 

in dry methanol (I .5 I) leas stirred under reflux for 9 h, with exclusion of moisture. 

The cooled mixture WBS titered and rhe resin wa3 washed with methanol (433 ml). 
The gJycosides were cluted with 0.8~ methanolic ammonia, and the eluate was 

concentrated at 40’ under reduced pressure to give a pale-buff syrup (13.7 g) which 

contained IO% of reducing sugar’ 3. 

Fracriotrarion of the I-amino-_ ~-rleo.y~-D-g/~lcos~~~~~. - Half of a solution of the 

foregoing ,nl>coside mixture in water (SO ml) was applied to a column (5 x 10 cm) of 

Deaciditc FF(HO-) resin which iias ihen eluted tiirh deionised, distilled, carbon 

dioxide-free water at U-46 ml;h. Fractions (30 ml) irere collected and those which 

showed oprlcal rotation were combined (total volume 1800 ml). and concentrated to 

give a pale suaw-coloured syrup that was free from reducing sugar. 

4 solution of a porrion (3 g) of rhe syrup in water bvas applied to. and eluted 

from, a column of Dowcu-I(HO-) resin (2% cross-linked, ZOO-400 mesh), as 

described by Neuberger and WilsonLJ. Fractions (!O ml) were collected. and 

monitored by measurement of optical rotation at 365 nm (Fig. I). Fractions containing 

the separated isomers were combined and concentrated at 40” under reduced pressure 

or by freeze-drying to give colourless syrups. With each manipulation, the furanoside 
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syrups became progressively darker In colour, as also happened on storage of solutions 

31 4” for periods longer rhan 21 days. However, these compounds were successfully 

srored as syrups for several months a~ -10”. 
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Fly? I. Elusion patlcrn on Do~eu-ItOH.) rcjln of the four isomeris mcih>I I-amino-l-dcoly- 

glucosldzj (clutlon tolumcs In parenrhesa) Peak 1, methyl 2.anilno.l.deouq-r-D-~ucop)rano~~d~ 

(570 ml); 2. methyl _‘-~rnlr~O-~-dco~~-~-D-Jucopvr3noj~dc (670 ml): 3. mcihvl 2-xm;no-2-deox)-/?-o- 
glucol’uranoslde (3-N ml): 4. methyl I-amino-l-duo~~-l-D-glu~ofursnoslde (I950 ml). 

Descending p.c. of the separated glycosides gave compact. single spots (Table r). 

Analysis of each fraction on rhe S-cm column of a Locarte hlinl amino acid analyzer 

[citrate butTer (pH 5.28). 0.35~. 50”: see hlcorc and Stein I61 gave a single peak for 

each substance. Elution times (mink Oa-pyranoside 123. /%pyranoside 107, a-furnnoside 

173, fi-furanoside I32 (c/:, 100 for 2-amino-2.deouy-D-glucose). 

TABLE I 

DEicEiuDlb~G P C. OF THE METHI L A~llhDDEOY~GLLICOSIDES AND 

THEIR /v-9CETI LATED DERIX XTI\Fs 

SOIL all” ;r-P.rrunosrdc /I-Pyranosrdz 

,Alerh)I hnrino-_‘-deo t!-D-ghrcosrd?s 
4 1.3db I.24 

B ’ ‘3 __ I 81 

Aferir1.1 .?-aceronrldo-?-de0 1.1 -D-plucosides 
4 1 AZ’ I -II 

1.30 I .16 

I 95 I.84 

1.18 I.28 

“A, I-bu~nol-pyrldlne-aicrlc acld-v.Jtcr to045 4 3@). f3. I -butanol-xctls acid-waler (4. I. I ); 

Whnlmcm 3rr.~ paper, detrclion \\lrh ninhtdrin In acelone or alhaline silver nllrale”. bRtz~;~~, 

t’aluej. ‘Rc,I.N,. . 
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/ilef/Jyl 2-amino-2-deolc) -D-gfUCOfUfUROSidt’S. - Attempts IO crystallize the 

methyl 2-amino-Z-deoxy-o-glucofuranosides, as the free amino compounds, hydro- 
chlorides, or sulphares, were unsuccessful and were complicated by the ease \\ith which 
these compounds decomposed. They were quantified by titration to pH 3.5 with 
hydrochloric acid. Optical rotations were determined on syrups ithich had beeq 
dried over phosphorus peataoxide at 78.5”: /I anomer (I), [u]:” - 86”. [z]$j5 -252” 
(r I, water); lit.7 m.p. 125-127”, [a];” -65” (c I, methanol); Q anomer (2). [=I;’ 
+ IOY, [a]::, +303” (c 1, water). 

Acetic anhydride (0.3 ml) was added to a stirred mixture of 2 in water (I 5 ml). 
methanol (1.5 ml), and Dowex-I(COf-) resin (5 g. 29b cross-linked. 2M mesh) 
at 0”. After 90 min, the mixture was poured into a column (2x 14cm), and the resin 
was washed with water (3 x 20 ml). The filtrate and washings were combined and 
concentrated. and the resulting, colourless syrup was crystallized from me~hanol-ethyl 
acetate (1:2) to give methyl 2-acetamido-2-deoxy-;r-D-glucofuranoside (3). m.p. 139- 
141°, [&” + IX”, [ill& -1-318” (c I, water). Dissolution of 3 (IOpmol) in O.lhr 
sodium metaperiodate (2 ml) at 0” liberated 9.6 pmol of formaldehyde in I5 min”. 

Anal. Calc. for C,H, 7NOti: C, 45.95; H, 7.28: N. 5.95. Found: C, 46.01: 
H, 7.41 ; N, 6.03. 

N-Acetylation of 1, as described above. gave merhyl 3-acetamido-2-deoxy-/3-D- 
glucofuranoside (4) as a syrup, [a];” - 37”, [x]\:, - 101” (c I, water); lit.’ [,z]i’ - 52’ 

(c 1, water); which gave 0.98 mol. of formaldehyde on periodate otidation. Trear- 

ment7 of 4 with p-niuobenzoyl chloride gave a u-is@-nitrobrozonte), m-p. 113.5 
I 14.S0, [&O -160”, [q]it, -390’ (c 0.9:. chloroform): lit.’ m.p. 115-I 16”, [z];’ 
- 142.5” (c 1, chloroform). 

Both 3 and 4 gale compact, single spots on descending p.c. (Table I): and could 
be separated on Dobes-I (elution volumes. 2680 and 880 ml. respectively). 

f\‘i~~e~ic ??leaS!rreme!ltS. - (a) Jift’th~‘/ .?-amino-2-deo.vpD-gfucofirranosides. To 

aliquots (I ml) of M hydrochloric acid frozen at -70’ in glass tubes, solutions of the 

glycoside (IO-50 ~1) containing 21) jlrnol were added. The tubes were sealed and then 
rhermosrated at the desired temperature (+0.2’). At intervals, tubes were cooled and 

opened, and O.Snr sodium carbonate (I ml) was added. Reducing sugar was then 
estimated by the Hanes18 modification of the Hngedorn-Jensen’9 method. First- 
order rate constants were calculated according to Guggenheim”, or from the 
integrated first-order rate equation, by the method of least squares, from a smooth 
curve drawn through the experimental points. 

(6) MerhJd 2-aceIamido-2-deo.~~~-D-glucu/uranosides. The hydrolyses were 
followed polarimetrically; no hydrolysis of the acetamido group occurred under the 
conditions used, as measured by the ninhydrin reaction”. 

Solutions of the glycoside (100 ~1) containing 20 pmol were mixed (time zero) 

with portions (I ml) of acid at the reaction temperature and transferred rapidly to the 
polarimeter cell. hla?clmum defle,x.ion was reached in 3045 set and the subsequent 
procedure was the same as that described elsewhere2’. 

Determination of the ionisafiorr conscants of the methJ”/ 2-anzitlo-2-deoy_pD- 
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yhrco/irranosidt~s. - A solution of each glycoslde in deionised. distilled. carbon 

dioxide-free water (I ml), containing 300 jrmol, was titrated with M hydrochloric acid 

at 25 +_O. I” under nitrogen. The acid was added In IO-/l1 portions, the solution was 

stirred for 30 set, and the DH was measured with a Beckman Research hlodel pH 

meter (5ensitibity. 0.001 pH unit) equipped with a combination electrode. The 

dissociation constants, calculated according to the procedure of Albert and Scrjeant’“, 

and also from a plot of log ([HA]/[A-1) against Hf. are given in Table II. 

TABLE II 

SUgW 

hlcth)l I-amlno-l-drox~-a-D-~lu~o~ur~rlo5id~ 
hlcthyl 2-amino-9--deo~y-8-D_ducoiur~no~idc 
hlcrhyl 7-nmino-l--deoTy-il-D-~uiop47anoslde 
hlcthyl 2-~mlno-2-d~ouy-~-o-~licopyianosidc 
I-Amino-l-dco~y-x-D-~ucopSranose 
~-P.mlno-2-deouy-~-D-~~ucopyranose 

PK 

l.b5’ 
6.75” 
7.53’L. 7.55 
7.733’, 7.14-‘O 
7.71 iq 
7 71=9 ._ 

‘hlcasurcments on anomzric pairs t\cre made 31 rhc 53mr: Ionic strength Dara ilom Rcl. 31 were 
mcuurecl at 11.. all olhcrs 31 25.. 

Dl.SCUS!SlON 

The order of elution from Dower-I (HO-) resin of the four methyl Z-nmino- 

I-deoxy-D-glucosides (Fig. I) reflects rheir relative acidities”. If ” the separation of 

pyranosides is largely dependent on the extent of ionisation of the ring hydrokyl 

groups, then the ionisation of These in Lhe fursnosidcs must be enhanced since the 

furanosldes were cluted after the pjranosides. Furanoid derivatibrs are more flr.Gblz 

rhan the corresponding 6-membered rings”‘. apd for D-ribofuranose derivatives, the 

envelope forms ‘E or A E were generally preferred “.“. This departure from planarity 

IS of the order’” of 0.5-0.6 A; together with the fact that In the I-aminofuranosldes 

HO-3 is LIE only hydrovyl group attached to a ring carbon atom. this may account 

for the slightly greater acidity of the /I-furanoside compared with the /I-pbsrancside. 

The markedly pester acldlty of the r-furnnoside is probably due to inreraction 

between the dipoles associated \bith the C-O-3 and C-O-I bonds, which in a furnnoside 

tvould tend to reinforce rather than oppose each other. 

The values obtained for the acid dissociation constants of 1 and 2 are given in 
Table II, together wirh values reported for the corresponding pyraosides. The order 

of magnitude of a dissociation constant can be calculated as described by Clarke and 

Pcrrin”. With cycloheuqlamine as the reference compound, Inouye”’ calculated the 

PA values of a number of aminodeoiy sugars. IO a simiiar manner, we have calculated 

the ph’ value of 1 by successive subtraction of 2.2 units for the effect of hleO-I and 

tie ring oxygen, and 0.1 unit for the eHect cf the rin, 0 oxygen, from the vslue of 9.23 

for the pK of trans-I-amino-2-hydroxycyclopenrnne3”. This procedure gave a 

theoretical value of 6.95, which compares favourably with that cf 6.75 obtained by 
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experiment (Table IT). The higher value of 7.65 found for the pli of the z nnomcr is 
probnb!y due to hydrogen bonding or other similar Interaction between the glycosidic 
cxygen and the amino group. since the strongest non-bonded interaction in a furanose 
ring would be expected to be between vicinal cLs substituentc33 on C-i and C-2 in 2. 

The anomers 1 and 2 were hydrolysed at very similar rates (Table 111). in 
contrast to the aminodeoxypyranosides where the rate for the ,!I anomer is 2-5 times 
that for the Q aoomer. For the methyl D-glucofuranosides, the a anomer is 
hydrolysed appro?rimately three times faster than the /3 anomer3R (Table IV), whereas 

for 3 and 4, the /3 nnomer is hydrolysed at about twice th? rate of the G anomer. 
Comparison of the acid-catalysed hydrolysis of the amino- and acetamido-furanosides 
(Table m) with that of the methyl o-giucofuranosides shobs an inhibiting effect of the 
free amino group on the reaction rate similar to that”’ (Table IV) for the cor- 
responding pyranosides. From the data in Table IV. it appears that 3 and 1 are 
hydrolysed at rates very similar to those of the methyl D-glucofuranosides, vvherear 
the rates of hydrclysis of 1 and 2 are about double those of the methyl D-giuco- 

pyranosidcs. However, the rate constants for the gJucofuranosides were obtained with 
perchloric acid as catalyst, and caution must be exercised when comparing results 
obtained with one acid with those obttined \\ith a diRerent acid3 ‘. 

TABLE 111 

THE KINETICS OF HYDROL\SIS OF THE METHI L A~llNODEO.YY-D-GLUCOFUR~~O~lDiS IN 

‘if HI DROCHLOIUC ACID 

Temperarure 10’ L .s- ’ JH’ dS_ 
(degrees) (ILJ. mot- ‘. h’- ‘) (J. n/o/- ’ . K - ’ ) 

2-Amino-2-dcoxy-z- 70 0.66 69.5 -128d 
80 1.33 

2-Ammo-2-deouy$- 70 0.73 61.2 -1467 
80 I.?8 

2-Acewmdo-I?- 35 5.05 81 7 -41.5 
deoxy-ir- 15 l-l.3 

‘-Acetartudo-2- 35 1 I.15 84.5 - 26.9 
deohy-jI- 45 32.5 

The rates of hydrolysis of I-4 were qcatcr in D,O than in H,O (Table ii). 
These data suggesr that a rapid, initial. proton transfer occurs to form a conjugate 
acid of the furanoside in which either the glycosidic oxygen or the ring oxygen is 
protonated, and which is followed by a slow exchange of the proton finally removed3h. 
If the reaction mechanism is written as 

S+HA _ SH++A- 

SH+ + H,O 
5lJW 

- products, 

then the solvent isotope ratios are of the order to be expected when water is a reactant 
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in the .slow step’ ‘I. The large negative entropies of activation for the hydrolysis of 
these compounds (Table III) indicate an A3 mechanism. which, by definition. is one 
in which a pre-equilibrium protonsrion by hydronium ion is follov;ed by a rate- 
determining attack of water on the transition stare. Hence, it appears that the methyl 
aminodeohyfuranosides are hydrolyzed by mechanisms similar to those put fontnrd 
by Capor- and l-hacker” for the hydroly sis of non-amino aldofurranosides. Three 
possible reaction mechanisms have been suggesred’0.3R, namely, a simple A’I 
mechanism, or two involving ring opening, with either the reversible formation of a 
carbonium ion or a concerted process. At present, the available evidence is insufficient 
to distinguish between these possibilities. 

TABLE V 

SOLW3T ISOTOPE EFFECT FOR T?3E .ACID-CATALYSED H1-DROl.YSlS OF 

THE METHYL ~~IlhODEOY’I’GLUCOF~IUNOSJD~ IN hf DElTlTRA-i-ED HYDROCHLORIC ACID” 

IVk s-1 Ll,o+iLtJ,o+ 

I-fbTilllO-?-dKJ\y-it-D SO 

2-.4rruno-l-deoxy-/3-o EO 

2-Acetsmido-‘-deoTy-~-D 35 

l-Ac~lcunido-3,-deoxy-~-D 35 

OFor rate constam ID h! HCI, see Table 111. 

-I 52 3.39 

3 52 2.55 

9. I I.SO 

13.95 I.25 
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