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ABSTRACT

The rate constants for the hydrolysis of some al-
kyl a- and B-D-fructofuranosides in agqueous perchloric
acid have been determined at various temperatures. The
effects of varying the aglycon structure on the hydrol-
ysis rate suggest, together with the markedly positive
entropies of activation, that the substrate, protonated
on the glycosidic oxygen atom, undergoes a rate-limit-
ing unimolecular heterolysis to form a glycosyl oxocar-
benium ion. The rate variations in mixtures of aqueous
perchloric acid and dimethyl sulfoxide are interpreted
as lending further support for the proposed mechanism.

INTRODUCTION

The hydrolytic cleavage of the glycosidic bond has
been the object of considerable interest ever since the
early investigations of Armstrongl_3 and Fischer.4 It
1s now generally accepted that the acid-catalyzed hy-
drolysis of glycopyranosides consists of rapid initial

protonation of the glycosidic oxygen atom followed by
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178 LONNBERG AND GYLEN

rate-limiting rupture of the glycosyl-oxygen bond with
formation of a cyclic oxocarbenium ion.s—7 However, if
the aglycon group is capable of forming a particularly
stable alkyl cation then alkyl-oxygen fission may take
place.s_lO

The mechanisms for the hydrolysis of glycofuranosi-
des have been less extensively studied than those of
glycopyranosides. We have previouslyll"14 suggested
that the acidic hydrolysis of aldofuranosides proceeds
by two concurrent pathways. Either the reaction in--
volves a rapid initial protonation of the ring-oxygen
and a rate-limiting opening of the five-membered ring,
all subsequent steps being fast, or the route described
for glycopyranosides is utilized. The latter mechanism
becomes more favorable with the increasing electron-
attracting nature of the aglycon group. Participation
of water as a nucleophilic reagent in the transition
state for the hydrolysis of aldofuranosides has been
repeatedly sugg’estedls_18 on the basis of the negative
entropies and volumes of activation obtained with some
methyl derivatives.

The hydrolysis of ketofuranosides exhibits posi-
tive Ag* and AY* Values,lg-23 in contrast to the hy-
drolysis of methyl aldofuranosides. Accordingly, rate-
limiting formation of a glycosyl oxocarbenium ion,
as in the cleavage of glycopyranosides, has been con-

sidered to be the most probable mechanism.6’22

The aim
of the present report is to obtain further evidence for
this assumption by examining the effects that varying
the polar nature of the aglycon group exerts on the hy-
drolysis rates of anomeric alkyl fructofuranosides. For
the same reason the rate variations in binary mixtures

of water and DMSO have been studied.
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RESULTS AND DISCUSSION

The kinetic data for the hydrolysis of alkyl a-
and B-D-fructofuranosides in aqueous perchloric acid at
different temperatures are given in Tables 1 and 2,
respectively. The values obtained for the entropy of
activation are all considerably positive, indicating
that the rate-limiting stage is unimolecular. Three
different pathways consistent with this requirement can
a priori be written for the hydrolysis of fructofurano-
sides (Scheme 1). Either the substrate, protonated on
the ring-oxygen, undergoes a rate-limiting ring-opening
(Route A), or protonation of the glycosidic oxygen atom
leads to rupture of the glycosyl-oxygen or alkyl-oxygen
bonds (Routes B and C]. The last mechanistic possibil-
ity appears highly unlikely, since a primary alkyl cat-
ion can hardly be more stable than a resonance stabi-
lized tertiary furanosyl cation. Routes A and B can be

distinguished by examining the influences of the struc-

SCHEME 1
H,COH B+ COH .+ H,COH o HyCOH . H,COH , H,COH
‘____... __._._L
’_—“”7' < HO % ‘!—fr——
OH OR
~ROH -R+
H COH H.,COH H,COH COH COH
H COH 2 o ‘3.+ ©
HO
Products

Route A Route B Route C



0TX(0T°0496°0) =

* HIHOE

‘¥ 2°86C 3V

M L (9T+#§9) = 4SV Pue ‘{_Tow ¥ (T°S+¥°60T) = $HV ‘1-S {_W

(4 2°862)3 6T "I98 Ul 3 — -uotjenbs snTusyiiy

Eli el >MIm *pIoe OTIOTUoSIad snosnbe W T°Q ut @wcﬂmuno S3URISUOD wymg I92pPIO-3SATI 9YL =

L T AR XX

8°0 P°6¢ [AR¥43

Z°0  9°T1T 2 €1¢

_ _ _ v0'0_ ¥L°T Z2°€£0¢
¥ +0G € T+t " #0T ¥0°0+ 8€°T 600°0+8%9°0 2° €62 TAUuzraixoyjzsp-g

r4 €0T z €€

8°0 £°2¢ z-gz¢g

82°0 8¢'L z2 ¢1¢

_ _ _ LO°0_ TL'T 2 e0¢
BCT+PS  §9TE+G790T 5I80°0+€88°0 €TI0 0+0S¥"0 7° €62 T&u3asn

8 €61 AR

€T 6°LE AR AS

Z2°0  9°ZT AR

_ _ _ £0°0_ Sg€°¢€ z° €o0¢
8 +26 9°Z+9° 70T 60°0+ ¥G°T ZTO0°0+80L°0 7°€62 TAU3g

4 €61 AKX A

Z°0 0°8¢ AR AL

_ _ _ 9°0_ F°€T 7' £0¢
PT+E9 Z v+ 90T IS0+ ¥E" 9 90°0+ Z1°€ AR X4 TAdoadost

O

Tow L ¥ r L Tow £y 1-5 (W 0T (.S W 0T m 0okTEY

3 *m< 3 *m< mAM 2°862) MM I

s SopTISouURINFO3ONII-g-0 TANIY JO STSATOIPAH OTPTIOY 9Uya I0J uoTlvaT3loy o sordorjuxm
pue sortdleylug 3aYy3x pue

1102 Alenuer €z 9¢:ZT @I Ppapeo |uwog

‘seanjexadws] JUSISIITU IB SIURISUOD) 93EY ISPIO-PUODIDS
T dT19VYd4



"1-TOW .M £ (L#SE) = SV ‘-TOW O (T°g+S°T0T) = 4HY ‘{_S 7-W ¢-0Tx(6T0°0+0ZL"0)

= (M 2°86Z)Y €2 "Iy ul W *T TdeL UT S930U30037 mﬁﬂﬁﬂommwuuoo Y3} S°8 mu.ﬂnm\.m
sz 9°08 zTgee
§°0  0°1Z AR ¥4
LT°0 0€°9 AR 83
_ - _ 20°0_ 28T z°€0¢€
v +vS vTT+TLOT 9Z0°0+I¥L°0 ¥00°0+£SE"0 2 €62 TAYILAXOU3IOW-
6°C TI°6L AR
€°0 ¥°0¢ AR¥A
90°0 0T°§ T ETE
_ - _ V0" 0_ T€°T 2 €0¢
B2 29 6 T+6760T BOEOT0+TEY"0  S00°0+80E" 0 (AR X X4 TAy3su
S 70T AR
§°0 9°82 zeeze
€T°0 0L"L z°€TE
_ _ _ 20'0_ 18T AR
Z +L9 ¥ 0+9°0TT 800°0+¥S8°0 9007 0+Z6€E°0 AR X34 TAuyad
L 24! AR N4
€7 LTy (ARAL
_ — - z°0_ v°01 g g0¢g
TT+L9 S*E+0°90T VETO+ TT°S  S0°0+ 2T¥'C AR X4 TAdoados1
O O s s
Tow L AL 7-ToW 3 - - 0T S W 0T A 0ok EY
5 &SV 5 $HY g g7 86 1 I

*soprsoueinzojonid-d-¢y TAMTY 3O STSATOIPAH OIPIOY Oyl I0J UOTIeaTioy Jo sordoxjug
pue soTdreyluld 9yl pur ‘saanjexsdud] JUSIVIITA 3B SIURISUOD 38 ISPIO-PUODDS

¢ dTdYD

1102 Alenuer €z 9¢:ZT @I Ppapeo |uwog



12: 36 23 January 2011

Downl oaded At:

182 LONNBERG AND GYLEN

ture of the aglycon group on the hydrolysis rate. Reac-
tion A is markedly susceptible to the polar nature of
the aglycon moiety, because both the basicity of the
ring-oxygen and the stability of the acyclic oxocarbe-
nium ion are decreased with the increasing electroneg-
ativity of this group, the latter factor being more de-
cisive. For example, the rate of reaction (1) of acy-

clic acetals is continuously diminished with the in-

+ + 2
rlocH . 0r? i~ RlOCHZHR2 ZHOR Rlo—’;—cnz (1)

2 -H

creasing electron-attracting ability of the nondepart-
ing alkyl group, Rl.24 The relative rate constants for
the isopropyl, ethyl, methyl and 2-methoxyethyl deri-
vates have been shown to be 22.1, 4.48, 1.00 and 0,201,
respectively.24 Alkyl B8-D-xylofuranosides, suggested

to react by Route A, exhibit a similar dependence of
reactivity on the structure of the aglycon group.ll In
contrast, the polar nature of the aglycon moiety does
not markedly affect the rate of reaction B, since the
effects on the pre-equilibrium protonation and the rate-
limiting heterolysis are opposite. For example, in the

hydrolysis of alkyl glycopyranosi‘des,25_27

and 2-alkoxy-
tetrahydrofurans and -pyrans28 these two influences al-
most completely cancel each other. As seen from Table 3,
with each series of compounds the hydrolysis rate goes
through a minimum on going from the isopropyl to ethyl,
methyl and 2-methoxyethyl derivatives.

Table 3 also records the relative rate constants
for the hydrolysis of anomeric alkyl fructofurancsides.
The structural effects closely resemble those reported
for glycopyranosides. In fact, the only significant
difference is the slightly greater rate-enhancing ef-
fect of the isopropyl group with fructofuranosides.

The latter finding can possibly be accounted for by
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FIG. 1: Rate variation for the acid-catalyzed hydrolysis
of methyl a- (filled circles] and g-D-fructofuranosides
(open circles) in binary mixtures of water and DMSO at
313.2 K.

different sensitivities to the steric properties of the
aglycon group. The anomeric carbon atom bears a hydroxy-
methyl group in fructofuranosides and a hydrogen atom
in glycopyranosides. Consequently, the reaction center
of the hydrolysis of the former compounds is more crowd-
ed, and the rate-limiting departure or the relatively
bulky isoporoxy group may be an exceptionally facile
process.

We have shown previously that the rate variations
of the acid-catalyzed hydrolysis of alkyl aldofuranosi-
des in binary mixtures of water and DMSO fall into two

11,12

distinct groups. The reactions suggested to occur
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by Route A undergo continuous rate-retardations with the
increasing concentration of the organic'component. In
contrast, the hydrolysis rates of the compounds assumed
to utilize Route B pass through broad minima in solu-
tions containing approximately equal mole fractions of
water and DMSO. As seen from Fig. 1, the hydrolyses of
anomeric fructofuranosides respond to changes in the
solvent composition in a manner that closely resemble
the latter kind of behavior. However, the rate-acceler-
ation in DMSO-rich solutions are larger than those in
the hydrolysis of aldofuranosides. Although qualitative
similarities of the solvent effects cannot be regarded
as convincing evidence for the similarity of mechanisms,
it is reassuring that this approach does not argue
against the conclusions drawn on the basis of structural
effects.

In summary, the preceding discussion lends some ad-
ditional support for the suggestion that alkyl ketofu-
ranosides are hydrolyzed by rate-limiting formation of

glycosyl oxocarbenium ions.
EXPERIMENTAL

The alkyl fructofuranosides employed in kinetic
measurements were obtained by ion exchange chromatogra-
phy29 (Dowex 1X2 resin, mesh 200-400, OH form) of fu-
ranoside-rich syrups prepared by Fischer glycosidation.
The purity of the furanoid anomers was checked by TLC
on silica gel 60 (CHC13—CH3OH 7:3, v/v) and 13C NMR
spectroscopy. These data are presented in Table 4 to-
gether with the results of the elemental analyses.

The kinetic measurements were performed as de-

11

scribed earlier with the exception that aliquots of

1 cm3 were withdrawn.



LONNBERG AND GYLEN

“0€°F9Y UT eIBp 9y} YITM JUSJISTSUOD 1 * (A/A) €:if mOMmolmHUmU jusnia ~%¥oumzv

09 ToHb EOTITTIS U0 3 *sosayjuared ut ssnfeA pajeinoied 3 *gea woxy wdd se p¢qg ul z
(z9°L) (8€°S¥H) S°¢CL d 1hyze

SS°0 ¥o° L 0G°S¥y ‘T°T9 ‘0765 ¥%°€9 T°T8 L°GL 6°LL L°¥OT T°T9 -Kxoy3rsn-¢
{z9*L) (8€£°S¥) i ARAA o TAyze

S9°0 9% L L0'Sy ‘0°T9 ‘0°09 €°T9 TI'¥8 €°8L L°TI8 T 60T Z°6G ~Axoy3sn-z
(LgoL) (0€°€w)

0v° 0 Ly L (/)% 86V 9°€9 Z°T8 0°9L 8°LL L'¥OT L°09 g TAY3IOW
(Lz L) (0€°€F)

£€5°90 LZ°L  8F°t¥ pl'6Yy T1°¢Z9 T°¥8 Z°8L 6708 0°60T L°8S 0 TAUISKH
(5e°L) (ST 9%)

I6°0 8L 69°6¥ £°86 ‘L°ST 8°€9 Z°28 Z°9L 9°LL 8°¥0T Z°'19 g 1Ayam
(GL°L) (ST°9%)

Z9°¢ L L L8°GY TI°09 ‘8°ST €°29 L°€8 T°8L L°T8 0°60T ¥°8S v TAU3m
(LT*8) (S9°8¥) T°L9

85°0 €2°8 G9°8F ‘L°ST ‘S°ST 6°Y9 9°C8 6°9L 6°LL 0°90T L°79 9 TAdoadost
(L1°8) (59°8%) 9°L9

69°0 T8 LE*8Y ‘S°GTZ ‘¥°GT T°€9 T'¥8 G°8L T°E€8 TI'OTIT ¢°¢9 o TAdoadosr

$H F3e) ()9 (92)9 (gD)9 (¥D)e (€2}9 (Z2)9 (1D0)¢
mmm punoduo)
MGOﬂuﬂmomﬁou 253ITUS NN Um.H

186

*poxedsaig seprsourinolonii-g TANTY 92Ul IOJ
e3eQ OTL pue suoT3Tsodwo) T[ejusWSTH ‘S3IFTYS TeOTWSYD AN O

¥ dI9YL

€T

1102 Alenuer €z 9¢:ZT @I Ppapeo |uwog



12: 36 23 January 2011

Downl oaded At:

ANOMERIC ALKYL FRUCTOFURANOSIDES 187

REFERENCES

10.

11.

12.

13.

14.

15.
ls6.

17.

18.

19.

20.

21.

E. F. Armstrong and E. F. Caldwell, Proc. Roy. Soc.
London, 73, 526 (1904).

E. F. Armstrong and E. F., Caldwell, Proc, Roy. Soc.
London, 74, 184 (1904).

E. F. Armstrong, Proc. Roy. Soc. London, 74, 188
(1904).

E. Fischer and H. Strauss, Ber. Dtsch. Chem. Ges.,
45, 2467 (1912).

J. N. BeMiller, Adv. Carbohydr. Chem., 22, 25 (1967).
B. Capon, Chem. Rev., 69, 407 (1969]}.

A. F. Bochkov and G. E. Zaikov,"Chemistry of the
0-Glycosidic Bond: Formation and Cleavage," Pergamon,
Oxford, 1979, p. 177.

C. Armour, C. A. Bunton, S. Patai, L. H. Selman and
C. A. Vernon, J. Chem. Soc., 412 (1961).

D. Cocker, L. E. Jukes and M. L. Sinnott, J. Chem.
Soc., Perkin Trans. 2, 190 (1973).

P. M. Collins, W. G. Overend and B. A. Rayner, J.
Chem. Soc., Perkin Trans. 2, 310 (1973).

H. L&nnberg, A. Kankaanperd and K. Haapakka,
Carbohydr. Res., 56, 277 (1277).

H. Ldnnberg and A. Kulonpdd, Acta Chem. Scand. A,
31, 306 (1977).

H. Lonnberg and L. Valtonen, Finn. Chem. Lett., 209
(1978} .

H. Ldnnberg and M. Arminen, Finn. Chem. Lett., 244
(1978) .

B. Capon and D. Thacker, J. Chem, Soc. B, 185 (1967).

D. M. L. Morgan and A. Neuberger, Carbohydr. Res.,
53, 167 (1977).

J. N. BeMiller and D. J. Nalin, Carbohydr. Res.,
70, 319 (1979].

N. S. Isaacs and B. Capon, J. Chem. Soc., Perkin
Trans. 2, 101 (1982).

L, J. Heidt and C. B. Purves, J. Am. Chem. Soc.,
60, 1206 (1938).

F. A. Long, J. G. Pritchard and F. E. Stafford,
J. Am. Chem, Soc., 79, 2362 (1957].

E. Whalley, Trans. Faraday Soc., 55, 798 (1959).




12: 36 23 January 2011

Downl oaded At:

188

22,
23.

24,

25,
26,

27.

28.

29,

30.

LONNBERG AND GYLEN

J. Szejtli, Staerke, 24, 321 (1972).

J. Szejtli, R. D. Henriques and M. Castineira,
Acta Chim. Acad. Sci. Hung., 72, 459 (1972).

P. Salomaa, Ann, Acad. Sci. Fenn. Ser. & II, 103,
1 (1961).

T. E. Timell, Can. J. Chem., 42, 1456 (1964).

C. K. DeBruyne and F. Van Wijnendaele, Carbohydr.
Res., 6, 367 (1968).

C. K. DeBruyne and G. Van der Groen, Carbohydr.
Res., 25, 59 (1972).

A. Kankaanperd and K. Miikki, Suom. Kemistil. B,
41, 42 (1968).

P. W. Austin, F. E. Hardy, J. G. Buchanan and
J. Baddiley, J. Chem. Soc., 5350 (1963).

S. J. Angyal and G. S. Bethell, Aust. J. Chem., 29,
1249 (1976).




