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) The a-configuration of the p-glucopyranose moiety in sucrose has heen confirmed by the application of the Hudson’s
isorotation rules. Evidence is presented that the hydrolysis of sucrose by invertase proceeds without Walden inversion,

The assignment of the a-configuration to the b-
glucopyranose component of sucrose was made on
the basis of the classical studies of Hudson! on the
inversion of sucrose with massive amounts of in-
vertase. Under the conditions employed, the rate of
inversion was near its maximum and the rate of
mutarotation of the liberated p-glucose was near its
minimum, while the p-fructose component equili-
brated rapidly but measurably. Thus it was demon-
strated that prior to mutarotation (downward), the
specific rotation of the initially liberated p-glucose,
[@lb+110 = 2°, was identical with the optical
activity of the form, now known as a-p-glucopyran-
ose, [a]p+109°. These experiments and the subse-
quent work of Bailey and Hopkins? also indicated
that before mutarotation, the process of enzymic
hydrolysis is not accompanied by an appreciable
change in the optical activity and the initial rota-
tion of the newly produced p-fructose (mutarotat-
ing in the levo direction) must be [alp+15 1o
+17°. On the implicit assumption that enzymic
hydrolysis of a glycosidic bond is not accompanied
by Walden inversion,? the former datum has con-
stituted the main proof for the « configuration of
the p-glucose moiety in sucrose. The 8- configura-
tion of the fructofuranose component has been
established by the observation that only g-p-fruc-
tofuranosides are hydrolyzed by invertase.*

In isosucrose the reverse configurations are in-
dicated by the action of a B-p-glucosidase from
Aspergillus niger and the negative evidence that
it is not hydrolyzed by invertase.®* The above ex-
periments on the configuration of sucrose and iso-
sucrose have been reviewed by Levi and Purves.®

Recently it has been noted that the enzymic
cleavage of a glycosidic bond may be accompanied
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by Walden inversion.”~® A well known example is
provided by the action of g-amylase on amylose
with the liberation g-maltose.’® Thus the experi-
ments of Hudson do not constitute an unequivo-
cal proof for the « configuration of the p-glucose
component of sucrose. In this communication evi-
dence will be presented that the action of invertase
on sucrose is not accompanied by Walden inversion
and the a-configuration of the p-glucopyranose will
be confirmed through the application of Hudson’s
isorotation rules.!* An application of these rules to
sucrose has been made by Klages and Niemann.!?
However, at that time the required p-fructofurano-
side derivatives were not characterized and the
conclusions attained were based upon optical rota-
tions, in part assumed, which were grossly in
error.

According to the isorotation rules, the molecular
rotation of the theoretically possible sucrose isomers
can be formulated as follows.

[M]a,a=G+A +F 4+ B
Mag=G+A+F—~B
Mlga =G —A +F + B
Mlgg=G —-—A+F—-B

In these equations G and F represent the molecular
rotation of p-glycopyranose and p-fructofuranose
residues and A and B represent the contribution of
the corresponding glycosidic centers. The approxi-
mate value of these factors can be calculated from
the molecular rotations of the methyl p-glucopyran-
osides and methyl bp-fructofuranosides listed in
Table 1.

In Table II the rotations of sucrose and iso-
sucrose have been compared with the calculated
rotations of the four possible isomers. In this table
the extreme rotations of the &, and 8,8 isomers are
in gross disagreement with those of sucrose and iso-
sucrose, its one known isomer. Thus sucrose, having
an established g-p-fructofuranosyl component, must
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TABLE 1
OrricaL RotaTioNs oF METHYL D-GLUCOPYRANOSIDES AND METHYL D-FRUCTOFURANOSIDES

Rotation of the free glycoside

Rotation of the tetraacetate

in H,O in CHCl,
Glycoside [elp Ref. [M]p [alp Ref. [M]p
Methyl a-p-glucopyranoside +157.9° +30,600° +130.6° +47,300°
Methyl g-p-glucopyranoside - 32.5 — 6,300 — 18.3 - 6,600
Methyl a-p-fructofuranoside + 93 (4, 13, 14) +18,000 + 88.1 (4) -+31,900
Methy! g-p-fructofuranoside® — 47 (13-15) — 9,100 - 2¢° (15) — 9,400

& Methyl g-p-fructofuranoside and its tetraacetate are not, as yet, known in crystalline form. The others are crystalline.

? Methanolic solution.

TABLE II
OpT1CAL ROTATION OF SUCROSE AND ITs ISOMERS

Sucrose Rotation of the sugar in H,O Rotation of the octaacetate in CHCl;
isomers [elp Ref. Ml [e]p Ref. [M]lp
a0 +142°¢ -+48,600° +4117°¢ +79,200°
a,B + 63 +21,500 + 56¢ +37,900
B, + 34¢ +11,700 + 37¢ +25,300
8,8 — 45¢ —15,400 — 248 —16,000
Sucrose + 66.5° +22,700 + 60° -+40,700
Isosucrose + 34 (16) +11,600 + 20° (16) +13,600

@ Cale’d values; (30,600 4- 18,000 = 48,600) =+ 342 = 142. ® Exptl. values.

be the «,8 isomer and conversely, the isosucrose,
which is known to have a g-p-glucopyranosyl en-
tity, should be the 8, form. The «,8 configuration
of sucrose is in agreement with the data obtained
from the x-ray analysis of crystalline sucrose sodium
bromide dihydrate.?”

If we accept the glycosidic configurations of
sucrose and isosucrose as ,3 and §,a, respectively,
then it may be calculated that the contribution of
the p-fructofuranose residue (F) to the molecular
rotation of the corresponding methyl glycosides
will be approximately -+ 5000.

Mlag =G+ A +F — B = 22700
[Mge =G~ A+ F + B = 11,600
2G +2F = 34,300
G+ A = 30,600
G~ A = —6300
24 = 24,300
2F = 34,300 — 24,300 = 10,000
F = 5,000

Then, since F + B = 18,000

B = 18,000 — 5,000 = 13,000
F ~ B = 5000 — 13,000 = —8,000

and

—8,000 + 104 = —41°.

This calculated value, —41°, for the specific
rotation (A 5892.5 A., 20°, water) of the as yet
uncrystallized methyl g-p-fructofuranose, compares
favorably with the [a]p —50°1%% and —47°* ob-
tained for the sirupy but ehromatographically puri-
fied* substance.

A further implication of this calculation is that
the initially liberated p-fructofuranose, [a]p +15°
to +17°, produced by the enzymic inversion of
suerose, is very probably the 8-p anomer.

The conclusion that the enzymic cleavage of
sucrose by invertase is not accompanied by Walden
inversion, is justified by the above considerations
and by the experimental fact that the process of
hydrolysis before mutarotation of the products is
not accompanied by an appreciable change in the
optical rotation.
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