The Mutarotation of Some Aldoses

A thesis presented to the University of Glasgow

for the degree of

DOCTOR OF PHITLOSOPHY
'by .

ROBERT BLATR WATKER

September, 1971. -Glasgow.



D "#S #

% & ) o+ ) + 4+
+ + - & &
& + & + )& / +
& + / + *&
1012 34, 0 ) (
/- ) * & & + + & 6 * )



To my parents.



Acknowledgements -

It is my pleasure to expreés my gratitude to Dr. B.
Capén for his advice and guidance in the course of these
studies, and for his timely encouragemént in times of
darkness. I should also like to express my sincere
thanks to Mrs. G. Wilsdn for the expert manner in which
she typed this thesis. My thanks are also due tc the
department and its staff for the use of'éhe excellent
'services.aﬁd'equipment and to the‘Science ﬁesearch Council
for an Industrial Studentship which has supported me during
the course of this thesis. Finally I should like to
express. my mést sincere gratitude to my fiance whose

patience "in the cause of science" has been remarkable!



Abstract

The kinetics of the mutarotation of a series of nine
5-substituted aldoses of the g—glucose configuration and five
2-substituted glucoses, catalysed by a wide range of catalysts
has been studied. It was found that substituents in the 5-position
of the pyranose ring had a much greater effect on the kinetics of
mutarotation than substituents in the 2-position of the ring. Electron
withdrawing substituents (in the 5-position) were found to enhance
the rate of the base catalysed mutarotation but to decrease the
rate of acid and water catalysed mutarotation.Reasons for this
are discussed with reference to the possible mechanisms of
mutarotation. Steric hindrance of general base catalysis of
mutarotation has been observed with the bases 2,6-lutidine, .
diethanolamine and tris—hydroxymethyl methylamine as catalysts.
Attempts have been made to establish conclusively the reasons for
this steric hindrance and to use it as a tool in distinguishing
between kinetically indistinguishable mechanisms of mutarotation.

The kinefic data of the acid and base catalysed mutarotation
of the 5-substituted aldoses have been fitted to linear free-energy
relatignships (Taft and Hammett Equations) and found to give, at
best, only a moderately good correlation. Reasons for this have
been suggested.

The spontaneous mutarotation of the anions of 6—deoxy—c<—2;

glucohepturonic acid and 6-9—(gfhydroxyphenyl)—/?12—glucose have



been found to be faster than anticipatéd on the basis of the
inductive effects of the substituent on the 5-position of the
ring. It is proposed that these rapid mutarotations result
frqm intramolecular catalysis by the carboxylate and phenolate
groups respectively. The possible mechanisms are discussed
and a preference expressed for that mechanism which involves
intramolecular general acid catalysis of the sugar anion in the
rate determining step, rather than the kinetically equivalent
true intramolecular general base catalysis.

A brief comment is made on the possibility of testing the
hypothesis of "tautomeric éatalysis”.

Finally, the appendix describes the atfempted preparation of
suitable substrates fér a kinetic investigation of the enzyme
ribonuclease A. Although a substrate for ribonuclease was
prepared in situ, the difficulty in preparation and isolation of

such substrates proved too great.
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1.1 Historical

The phenomeron of mutarotation in sugars has a long hiétory.
The discovery of this phenomenon has been credited to Dubrunfautq,
who in 1846 first observed the change in optical rotation of a
freshly prepared aqueous solution of<X—2fGlucose. Subsequent
studies by early workersz-4 established a similar change in sol-
utions of other sugars such as galactose and lactose. The term
"mutarotation'" was introduced by Lowry5 in 1899, and is a general
term denoting any change in the optical rotation of a solution.
As Pigman and Isbell6 point out in their review, mutarotations
have now been observed for a wide range of compounds such as
gelatin, X-amino nitriles, menthyl benzoylformate as well as for
many aldoses and ketoses. The hisforical background to many
Ffacets of the development of mutarotation in sugar chemistry has
been included in the review of Isbell and Pigman which is in two

6,7

parts , and so further information on the historical aspects of
mutérotation should be sought there. Suffice to say that despite
the enormous amount of work carried out on the subject, there is
still ﬁuch debate on certain aspects of the mechanism of mutarotation

(see later).

1.2 The Basis of Mutarotation

It is now clearly established that mutarotation in aldoses and
ketoses results from the interconversion of cyclic and acyclic forms

of the sugar. The rotational change shown by the X ~ ahd[g— pyranose
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forms of glucose , Xylose” and several'other sugars1o obey the

rate law for a first order reversible reaction, hence the mutarotation
reaction is presumably the interconversion of these two pyranose forms.
If the reaction is to proceed without ring opening then the mechanism
of mutarotation would require to be direct .exchange of the hydroxy-

group at C(1) with water (eq 1)

CHOH | CHOH :
2:

or the formation aﬁd subsequent capture b& water of a cyclic'carbonium

ion (eq 2) analogous to the mechanism for anomerisation of glycosidesqqnqq
and sugar acetatesq5.
C
ﬂfH Hf%f o
HO = — HO (2)
H H OH
HO .OH HO

Both these mechanisms are excluded by the observation16 that the rate
of oxygen exchange of glucose —1—180 with water is about 30 times
slower than the rate of mutarotation. Either of the above mechanisms

imply that the rate of oxygen exchange should equal the rate of




HO

mutarotation.

Thus it has been widely accepted that the basis of mutarotation
of glucoses is the interconversion of the K- and/g— pyranose forms
via an acyclic form which is pfesent in very small (barely detectab1e52)

concertrations (eq 3).

H,OH CHZOH H?H

2
— HO . H (3)
-~ H ~— H OH
, . A H
HO oH H o) O

As Capon16 points out, this mechanism is easily rationalised with the
observed rate of oXygen exchange, by virtue of the aldehydo-group of
the acyclic intermediate being captured by the hydroxy-group at C(5)
to reform the hemiacetal sugar linkage. Approximately‘one time in
15 however, the aldehydo-group is captured by water to yield the
hydrated acyclic aldehyde which undergoes oxygen exchange as statis-
tically expected one time in two. Isbell17 invokes a new and more
compligated concept of the same thing by postulating that the acyclic
aldehydo-forms are "pseudo-acyclic" intermediates with conformations
similar to the pareﬁt cyclic sugars. No evidence has been obtained
yet to support the validity of this concept, but it presents an
attractive possible hypothetical model for mutarotation reactions.

As recently as 1966, there has been the suggestion75 that

ring opening to the acyclic aldehyde does not form the basis of



mutarotation of pyranoses, but that reacéion occurs via a carbanion
intermediate derived by removal of the C(1) anomeric proton by base
leaving the hemiacetal ring intact. This clearly requires that
hydrogen-deuterium exchange at C(1) be at least as fast as mutarotation
and that the isotope effect resulting frém,the substitution of
deuterium for hydrogen at C(1) be of the.order commonly observed for
the rate determining transfer of a carbon bound hydrogen atom (typically
6-7). Dean76 has pointed out the improbability éf the high exchange
rate in the light of the gbsence of exchange of the more acidic proton
of triethylorthoformate in stong base77. Quite clearly the carbanion
postulate is impossible in the knowledge that the rate of mutarotation
of glucose-1-H is almost the same (in fact very slightly sloyer) as

the rate of mutarotation of glucose41-D in water and deuterium

73

oxide as solvents'”. The authors of this last piece of work

?3

also
showed that no exchange of the C(1)-hydrogen atom occurred in deuterium
oxide thus corroborating Dean's objection to the carbanion mechanism.
The mutarotations which form the studies of this thesis are
"simple" mutarotations, i.e. of the type discussed above. Many
aldoseé and ketoses undergo '"complex" mutarotations which differ from
those described above, in that other fofms of the sugar in question,
such as the furanose, aldehydo and aldehydrol forms, are present to
a significant extent, and interconversions between these forms, and
between them and the pyranose forms of the sugar, render the kinetics

of mutarotation rather complex. The basis of mutarotation in these



sugars again involves formstion of an acyclic intermediste as in
eq. 3, but capture cf the aldehydo-group by the hydroxy-group at
C(4) now competes effectively vwith capture by the hydroxy-group
at C(5) to form stable furanose forms of the sugar.

Many methods have been used to study mutarotation reactions.
The change in composition of the sugar solution as mutarotation

proceeds has been followed by the accompanying change in density18,

19 23

s infra red20 and NMqurspectra, szZ, solubility,
71,72

refractive index
gas-liquid chromotography and of course optiéal rotation. The
last named is by far the most useful and has been used in all the

studies in this thkesis.

1.3 Catalysis of mutarotation

The mutarotation reaction in a way is a landmark in the concepts
of general acid and general base catalysis. As early as the 1880's,

25

it was appreciated that acidszh and bases ~ accelerated mutarotation.
Later workers such as Bronsted and Guggenheim26 showed that catalysis
was not restricted to protons and hydroxide ions but was a property
of many acids and bases such as undissociated carboxylic acids and
their dissociated anions. The catalysis:by these molecules of
mutarotation was one of the first observations of the now widely
known concepts of general acid and general base catalysis. It was
shown that in a buffer solution the rate constant could be expressed
as

K peq = Xo kH30+(H30‘f) + Koy=(0H) + Xk, (A) + k(B) (4)

where A and B are the acidic and.basic forms of the buffer. It was



also realised that catalysis was much more‘effective when both an
acid and a base catalyst were present and that therefore amphoteric
solvents such as water wére much better catalysts than aprotic
solvents. Thus the rate of mutarotation of 2,5,4,6—tetra79—methyl-
cKj£~glucose is much greater in mixtures of pyridine and cresol than
in either or these solvents alone27. In féct mutarotation in dry
pyridine or dry cresol is very slow while mutarotation in pure water
proceeds at an appreciable rate. This is due to the amphoteric
nature of water.

Clearly by varying the buffer and pH.conditions suitably, certain
terms in equatiocn (4) become negligible and allow calculation of the
catalytic coefficients. All previous studies of this nature26’28’29’31
have shown that mufafotation is considerably more éusceptiblé to basic
catalysis than to acidic catalysis. For example, Brénsted and
!Guggenheim26 determined k and k; ,+ to be 8.8 x ’IO”5sec_’I and

-1

2.4 x 1072 1. mol 'sec” ! at 18° while Los and Simpson28 estimated

-1

kyo~ to be 25 l.mol_qsec at 15° (for ®-D-glucose).

7 points out that

In accordance with this observation, Isbell
the basic catalytic function of water predominates over the acidic
catalytic function. The most difficult of the catalytic coefficients
to measure accurately is kHO— since in alkaline solution the sugar
itself is appreciably ionised and the resulting glucosate ion is
catalytically activeBo. Early measurements of kHO- were wildly

incorrect due to lack of recognition of this fact, but more recent

determinations of kHO— are more accurate.
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An interesting example of base catalysed mutarctation was

32

reported”” recently. It represents the first reported case of
an intramolecularly catélysed mutarotation. The authors report
that the mutarotation of glucose 6-phosphate at pH 7.0 proceeds
at a rate 240 times that of a’—E—glucose; This they ascribe
to intramoleculzr general base catalysis'principally by the mono-
hydrogen orthophosphate ion HPth-. They present evidence for
this postulate by calculating the "effective concentration" of
phosphate arcund the C(1) of glucose 6—phosphateiand then
measuring the rate of mutérotation of tx%g—glucose in this con-
centration of inorganic phosphate‘buffer. Good agreement between
this rate and the rate of mutarotation of the giucose 6-phosphate
was obtained. Fufther evidence was the éimilarit& in the aetivation
energies for the mutarotation of glucose (22.2 kcal) and glucose
6-phosphate (21.8 kcal) which eliminates the possibility of the
phosphate group increasing the ring strain of the sugar, thereby
1oweripg the activation energy fpr the reacfion. - The existence
of intramolecular caFalysis in mutarotatién is one to which further
"attention will be given in this theéis. |

One of the proposals often made to explain the remarkable
efficiency of enzyme catalysis is that of concerted general acid-
base catalysis in two-proton transfer reactionsBB. Although' such

concerted catalysié has frequently been postulated, particularly

for reactions in non polar solvents (see later this section),



evidence for such a mechanism in aqueous.sblution has beern scant.

In recent years the catalysis by bifunctional catalysts,6such as
bicarbonate and phosphate,of the hydrolysis of 4-hydroxybutyranilide
has been ascribedaq to a cyclic concerted general acid~base catalysis

of the breakdown of the tetrahedral intermediate (Fig.1)

0 0.
g pi3
g o o’ Mo
Hoo Ho
o H o

RNH 0O RNH B

Fig. 1

!

| Similar bifunctional concerted acid-base catalysis has been postulated

in the hydration of acetaldehyde th and carbon dioxideu5 and in

several other reactionsq6. The existence of third order terms in
the rate equations required to explain the kinetics of enolization
36

of ketones35 and the ketonisaticn of oxalacetic acid are taken

by maﬁy authors to mean that a pathway involving concerted general
acid-base catalysis contributes at least to some extent to the
mechanism of these reactions.

Not swrprisingly, since mutarotation is a two-proton transfer
reaction, workers have attempted to find evidence in support of

such concerted catalysis in mutarotation. Despite a detailed
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examination, Swain et.al. could find no evidence for a third

crder term in the mutzrotation of o(—g—glucose in pyridine/
pyridinium agueous acetone buffers. Lienhard and Anderson38
investigated the catalysis of the rnutarotation of 0(—27glucose
by the monoznions of dicarboxylic acids, and found no unusually
high catalytic effect which could be interéreted as evidence of
concerted cyclic general acid-base catalysis. The catalysis
was of the megnitude expected by summing the catalytic effect
of an icnised and an unionised carboxy-group. Westheimer39
had earlier obtained similar results in the amino-acid catalysed
mutarotation ofcx—g—glucose.

However it appears that concerted general écidbbase catalysis
is more likely to Bé of significantvmechénistic iﬁpoftance in non
aqueous solvents. - The observation of Swain and Brownuo, that the
rate of mutarotation of 2,3,4,6-tetramethyl- ¢-D-glucose in dry
benzene was only slightly enhanced by the addition of catalysts
such as pyridine or phenol, but was greatly increased if both
fhese catalysts were added (cf. earlier observation by Lowry and
Faulkne#7),was intefpreted by these authors to mean that concerted
acid-tase catalysis was operating. They predicted fhat such
catalysis would be much more efficient if the phenolic and amine
group were constructed, with the necessary geometry for action,
in the same molecule. The now classical studiesqq of the

mutarotation of 2,3,4,6~tetramethyl- &-D-glucose in benzene

catalysed by 2-pyridone confirmed this prediction with striking



results. In 0.05M 2-pyridone the "observed rate' is more thah 50
times the "total rate" with a mixture of 0.05M pyridine and 0,05M
phenol, while with 0.001M 2-pyridone the rate was 7000 times that
calculated for 0.001M mixtures of pyridine and phenol. The
authors further point out that this large effect is obtained
despite the fact that 2-pyridone is one ten thousandth as strong
a base as pyridine and one hundredth as stong an acid as phenol.
These results have made this reaction the classic example of
concerted general acid-base catalysis and a médel for a possible
source of the efficiency of enzyme catalysis.

However several authcrs have disagreed with the concept of
concerted general acid-base catalysis postulated:in the pyridine-
rhenol catalysed réaétion. The studies 6f Pocker42 and more

recently Ronyq3

, have led these authors to postulate that catalysis
of mutarotation by pyridine-phenol mixtures is nét due to concerted
acid-base catalysis .but to general base catalysis by the phenoxide
ion within a pyridinium—pﬁenoxide ion pair. It is well known that
the nucleophilic strength of ionic species is greatly increased in
non polar solvents and that the mere presence of ion pairs often
greatly accelerates rates in non polar solvents. Therefore it
might not require a very high concentration of the pyridinium-
phenoxide ion pair to account for the increased rate of mutarotation.

Indeed evidence for a general base catalysed pathway in benzene

solution seems reasonable in that Rony also observes catalysis by

varicus aliphatic amine bases, and in addition notes that the

10.



1.

efficiency of the catalysis falls with'increasing steric hindrance
of the amine. For example, 1,ﬂ—diazabicyclo (2}2,2) octane
though a weaker base (pKa = 9.6) is sterically less hindered

than triethylamine (pKa = 10.7) and is approximately ten times
more effective a catalyst. Such steric hindrance to general

base catalysis is well known48’49.

Clearly the results observed by Swain and Brown for the
2-pyridone catalysed mutarotation of 2,3,4,6—tetrémethyl—0&£—
glucose in benzene cannot be explained by this ion pair hypothesis.
But again Rony50 disagrees with the authors! postulate ofvconcerted
acid~base catalysis and suggests that 2-pyridone derives its
catalytic powers from the fact that it is a tau%omeric molecule
and that such catélysis be preferably naﬁed "tautémeric catélysis".
Under this classification would come tke examples of bifunctional
catalysis by phosphate and bicarbonate already cited in this
section, as well as many othker examples of bifunctional catalySiSBO.
One of the strongest pieces of evidence for the postulate Qf
tautomeric catalysis is that 2-aminophencl has been reported as
being a very much poorer catalyst than 2-pyridone both in the

51

mutarotation reaction

50

acetate” . Since 2-aminophenol is a much stronger acid and

and in the aminolysis of p-nitrophenyl

base than 2-pyridone, Rony suggests that it is not the acid or
base strengths of these molecules which determine their catalytic

activity but their ability to exist as two tautomeric species.



However, Rony does agree with Swain and Bréwn in as much as he
suggests that the proton transfers involved in his postulated
tautomeric catalysis are concertedSO. A possible test of the
postulate of tzutomeric catalysis will be discussed later (see
page 297).

Bifunctional catalysis by 2-pyridone is by no means restricted
to mutarotaticn. It is well known as a catalyst in the chemical

53 54,55

synthesis of amides”™  and in pertide syntlesis

Catalysis of mutarotztion in aqueous solution has also been
~ observed when Lewis acids are present in-solution56’57. The
catalytic effect is proportional to the strength of the Lewis
acid (aluminium chloride » zinc chloride > magﬁesium chloride)
and the catalysis is.entirely associated with a more favourable
‘ entropy term. Heterogeneous catalysis of mutarotation by
’finely dispersed copper has also been oﬁserved58. Finally the
mutarotation of « jg—glucose in pyridine has been found to be
59

autocatalytic™”.

1.4 Isotope effects in mutarotation reactions

Isotope effects, arising from two sources - kinetic and
solvent isotope effects - yield information about the mechanisms
of many reactions. The kinetic isotope effect arises from
differences in the energy required to stretch the normal and
isotopic band in the corresponding transition states. The

solvent isotope effect arises when the isotopic compound is used



both as a reactant and a solvernt. It is Qell known that when
reactions are studied in water and in deuterium oxide, a large
kinetic isotope effect RH/kD will result if the bond joining the
isotopic atom to the substrate is formed or broken in the rate
deterniining step. Thus rate determining proton transfer is
associated with a large kinetic isotope effect (typically of the
order of 2-6). Similarly since the solvated deuteron is a
stronger acid thap the solvated proton66,,reactions which
involve a proton transfer from catalyst to substrate prior to
the rate determining steﬁ, are often chafacterised by an isotope
effect which is less than unity. ' Thus the size of the isotope
effect can give information about thevtiming of:proton transfer
steps in a mechanism°

Many studies have been made of the mutarotation of o ig—
glucose in deuterium oxide and in water, It has been found that
the value of kH/kD is dependent on the strength of the catalyst.
For example, typical values for kH/kD are 1.37 for catalysis by
H30+, 2.60 for catalysis by acetic acid and 3.87 for catalysis
by water7°

Explanations for these observed isotope effects vary.

Bonhoeffer6o and Bell61 proposed that the kH/lgD for H,O catalysis

3

could be explained by a slow proton transfer from the acid to the

ether oxygen of the sugar concerted with ring opening (Equation 4).



CH OH

‘Since the DA bord will be strongef than the HA bond the ratio

kH/kD will be greater than unity as observed.
62,63

However other workers prefer a'@echanism which involves
pre-equilibrium proton tfansfer to the e£her oxygen with as a
consequence a relatively larger concentration of the sugar conjugate
acid in deuterium oxide. Were this thé only fa;tor tearing or. the
isotope effect, i£ would be expected to Be less tﬂan unity.‘ However
the rate determining step which follows this pre-equilibrium protén—
ation, involves the breaking of the anomeric O-H bond in water

(0-D bond in deuterium oxide) with simultaneous ring opening

(eq. 5), and this will obviously counterbalance the previous

effect with a resultant isotépe effect greater than one.

GH,OH

1,
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The theory behind tkese isotope effects has been laid out in

detail by Long and Bigelejsen63

and they show that the observed
increase in the isotope effect with decreasing strength of the
catalysing acid is wholly predicted by theory.

The very much higher isotope effect observed for water catalysis

may arise from a mechanism in which water molecules act as both acid

and base in a concerted mechanism (eq.6)

GH.OH 3
CGHOH o, CHPH -, 0 . HO
— HO =— HO (6)
HO 0., H =0
“H wo  H HO \
| HO
o o ;

Clearly two proton (deuteron) trensfers occur in the transition
state and the isotope effect will therefore be high.

On the otker hand it may arise merely through the operation of
the mechanism depicted by eq. 5, the large isotcpe effect being
anticipated because water is such a weak acid and the effect
discussed by Long and Bigeleisen would be expected to be at a
’maximum;

The more recent developments in isotope effects in mutarotation
have in the main been in the study of solvent isotope effects in
mixtures of water and deuterium oxide. The detailed theoretical

64,65

basis of such studies is complex and well documented . Recent



studies have been made by Long67, Huang68.and co-workers on the
mutarotaticn of 2,3,4,6—tetramethy1—«-ig—glucose in mixed H20~D20
solvents with a variety of catalysts. The main purpose of such
studies is to endeavour to distinguish between mechanisms which
involve sclvent molecules usually in a cyclic synchrornous
mechanism (see Fig. 2a) and those which do nof invoke the presence
of solvent molecules (Fig. 2b). Fig., 2 illustrates these

mechanisms for the transiticn state of a base catalysed mutarotation.

(@ | Fig.2 o)

Such cyclic synchronous mechanisms have been invoked by several
!

|
authors for mutarotation and for the closely analogous hydration

(dehydration) of aldehydes (hydrated). More will be said of this
in the subsequent section on the mechanism of mutarotation, but
suffice to say that studies in mixed H20-D20 solvents endeaveour

to find.evidence for the number of water molecules (if any) present
in the transition state of any particular mechanism by observing the
change in kn/kH with n (where n = atom fraction of deuterium in the

solvent and k:n/kH = rate constant observed in water containing atom

16.

fraction n of deuterium divided by the rate constant observed in water) .

The studies of Huang found no particular cyclic transition state



17

(either with one, two or tkree water molecﬁles) led to a better
fit of the observed results than did the conventional mechanism
of mutarotation. However the cyclic synchronous mechanisms do
lead to better values for the "fractionation factors" (to some
extent a reflection of the acidity of an exchangeable hydrogen
atom in the transition state) than fhe cdn%entional mechanism,
The doubt about the true physical significance of the fractionation
factor for =a hydrogen atom being transferred in the transition
state, and the presence of several adjustable parameters in the
calculations makes meaninéful conclusioné from these studies
unlikely. The difficulty in distinguishing between kinetically
indistinguishable mechanisms involving solvent éolecules still
remains. |

1.5 Mechanisms of mutarotation

One of the main problems associated with general acid and
general base catalysis is the problem of distinguishing between
kinetically indistinguishable mechanisms. Perhaps the first
obstacle to determining the mechanism of catalysis in these
reactions is to decide at what site the catalyst is acting.
Mutarotation being a classical example of general acid-base catalysis is,
not surprisingly, subject to these mechanistic problems. This
is illustrated below‘in equations (7) and (8) which show two

possible mechanisms for the general acid catalysed mutarotation

of & -D-glucose.



16.

CHPH |\, CH20H+H o CHPH ) |
HO
fast . H“O _slow, ) 7)

f
!

H 'HO Oy A/Al HO 0 HA

The evidence for the mechanism proceeding through an acyclic

aldehydo form has already been discussed (sectioh 1.2) and the
mechanisms shown illustrate the reaction path only as far as
this acyclic intermediate. The ring closure to give the
/g-anomer is a fast step and will occur by the same mechanistic
pathway shown for the reverse reaction inithe above mechanisms.
Ciearly these two mechanisms differ in the site of the
catalyst in the rate determining step and in the type of catalysis
occurring in the rate determining step. In reaction (7) a fast
pre-equilibrium proton transfer occurs and'the rate determining
step involves attack of the conjugate base of the catalyst on the

conjugate acid of the sugar with simultaneous ring opening. Such



catalysis amounts to specific acid catalysis-general base catalysis
of the reaction in the forward direction, and the catalyst is
situated beside the C-1 hydroxy-group in the rate determining
stepo.

The rate law for reaction (7) is

Rate = kS(SH+) (A7) ...(9) (where SH' is the conjugafe acid
of the. sugar S. The equilibrium constants for dissociation of

the generazl acid and of the conjugate acid of the sﬁgar are

@hHa) @)
KHA = TH—ID_— . and KSH+ .= W T (10)
Substituting these in equation (9). one obtains
Rate = k . :
o H X (s) ) ... e (1)

,In reaction (8) the proton transfer from the general acid to the
!
sugar occurs in the rate determining step with simultaneous ring

opening. Such catalysis is true general acid catalysis and in this

case the catalyst is situated near the sugar ring oxygen atom.
The rate law for reaction (8) is
Rate = ké (s)(HR)

which is identical to the rate law for reaction (7) shown in
. L _

equation (11) except that k, = k Kon

SG
KSH+‘

Thus despite the differences in mechanism and in the site of

19.
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the catalyst in the rate deternining steﬁ both reactions follow
identical razte laws and are indistinguishable by kinetic tests.

It is interesting to note that the reaction (?) which is specific’
acid-general base catalysed in the forward direction is general
acid catalysed in the reverse direction, while reaction (&) general
acid catalysed in the forward direction is specific acid-generzl
base catalysed in the reverse reaction. This is really a>con-
sequence of the law of microscopic reversibility wﬁereby both the
forward and reverse react%ons must pass through the same transition
state.

The same ambiguity of mechanism exists for general base
. catalysis. Equations (12) and (13) show two possible mechanisms

for the general base catalysed mutarctation of o -D-glucose.

CHZOH CHzOH _ CHZOH y B
HO .Slow HO fast  HO (12)
— 7 H ~— "H \
H . HO BH' HO 0
H*
B
CH.OH . C HZOH B

10 — " H slow "HO
H H HO HO

: t.
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Reaction (12) represents truegeneral base catalysis in the forward
direction while reacticn (13) represents specifié base-general écid
catalysis in the forward direction. The rate law for reaction
(12) will be

Rate = k (8)(B) ......... . (1)
while that for reaction (13) will be

Rate

"

k'(s7) (")

k; s (8) (B)

L= (8 (B) e, .(15)
Kpg* .

where Ks is the dissociation constant of the sugar and KBﬁ+ the

dissociation constant of the conjugate acid of the base catalyst.
Thus again it can be seen that the two mechanisms are kinetieally
indistinguishable.

There are of course several techniques fer resolving this
kinetic indistinguishability for some reactions 69(a). Perhaps
the most relevant cne in the case of the mutarotation reaction is
that of inspecting the reaction mechanism for thermodynamically
unstable reaction intermediates and calculating whether or not
‘this intermediate would react with another reactant at a rate
greater than the diffusion controlled limit. Thus Eigen7o
calculates that for the dehydration of acetaldehyde hydrate a
mechanism such as that depicted in equation (7) cannot kold for

water catalysis since then the reaction of the conjugate base of

the catalyst (HO™ for water as catalyst) with the conjugate acid



of the adlehyde hydrate would require to be faster than diffusion
controlled. Since the dehydration of an aldehyde hydrate is a
reaction highly analogous67 to the mutarotation of an aldose

this must cast some doubt upon a mechanism such as (7) for

69(Db)

acid catalysed mutarotation. Jencks points out the
possibility that catalysis by water may be an example not of acid
catalysis but of base catalysis, whence a mechanism such as (7)
would not be anticipated. He also calculates that for the
dehydration reaction, the reverse of the rate determining step

of mechanism (8) - reaction of the conjugate base of the catalyst
with the conjugate acid of the aldehyde - would require to be
faster than diffusich controlled. Thus by analogy, mechanism

(8) would appear to be prohibited for acid catalysed mutarotation.
Consideration of mectanisms (12) and (13) may lead to similar
conclusicns about the-viability of these mechanisms. A detailed
quantitative description of these calculations with respect to the
mutarotation oftx-g—glucose via all these mechanisms will be given
in the discussion section.

Due to the doubts cast on the acid and base catalysed

mechanisms by such calculations as those above of Eigen and Jencks,

other postulates have been made regarding the mechanism of such

69(b)

reactions. The "one-encounter'" mechanism is exactly
analogous to the mechanisms alreédy postulated except that in each

case the catalyst molecule brings about the fast proton transfer

22,



steps required in mechanisms (7), (8), (12) and (13) in the same
“encounter” with the sugar resctant as that in which the rate
determining step occurs. The diffusion controlled limit is thus
removed and any of the mechanisms may then occur.

A possibly more attractive way round the difficulties of the

stepwise mechanisms (7), (8), (12) and (13) is the postulate of
70

concerted mechanisms; The term "concerted" has been defined
as a correspondence between the motions of the protons involved

in the reaction within times less than 10_1O.seconds. To
postulate that the reaction is simultaneously acid and base
catalysed is clearly a way round the limiting values for diffusion
controlled reactions which are possible stumbling blocks in the
stepwise mechanisms. In aqueous sglution it is an even more
attractive postulate since one can easily formulate a me chanism

of concerted acid-base catalysis with water acting either as the
acid or as the base, thus utilising its amphoteric property. Such
mechanisms could possibly include several walter molecules in a
éyclic concerted mechanism. The catalyst "triggers" the reaction
and remains unchanged itself sitting outside the ring of water
molecules. Two such mechanisms for the mutarotation of glucose

might be envisaged as in equations (16) and (17)

235
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However it is difficult to recencile this mechanism at lesst

r‘Jfo‘r general base catalysis with the previously observed (and
further corroborated in the work reported here) steric hindrance
to general base catalysis. The existence of this steric hind-
rance suggests that the catalyst tase hust be fairly close to the

reaction centre so that some kind of cyclic mechanism such as (18)

might be preferred.

GHPH GHPH
H H H -
H (9’ _slow . HO H o~
HO Hl\ H \ b
H H -
O )



Such mechanisms where the catalytic molecule sits outside
a 'water shell' and acts as a catalyst by lining up the dipoles
of solvent water to a greater or lesser degree depending on the
strength of the catalyst, has received support from the work of
Schmidzg. He notes that the enthalpies cf activation of the
O+, formate, acetate,formic acid, acetic acid, glucosate

3

and hydroxide ion catalysed reactions were all very similar and that

water, H

differences in the catalytic coefficients of these species are

in general due to differences in the entropies of activation.

For example the catalytic coefficients for the glucosate ion and
for water were 1.0 and 4.9 x 10_61omoqusec?1 respectively and
their enthalpies of activation were 17.3& and 17.24 kcal/mol
respectively. Clearly the difference of over 105 in the rate
constants cannot te explained on the basis of activation enthalpies.
Schmid proposes that the catalyses by these species are essentially
catalyses by water - presumably proceeding by the same mechanism

as the water catalysed mutarotation - with the catalyst lining up

- the water molecules' dipoles to a greater or lesser degree which

{ reflecfs itself solély as an entropy factor. The same may not be
true for amine bases since it is interesting to note that a similar
analysis for ammonia as the catalytic species reveals that the
increase in catalytic coefficient for ammonia over that for water

(a factor of about 3 x 104) is due rather to a more favourable

25:



enthalpy difference than to an entropy factor alone.

Thus the mechanistic problem still very much unsolved for
the mutarotation reaction is the exact timing of the three
processes occurring, namely - addition of a proton to the ring
oxygen, breaking of the bornd between C(1) and the ring oxygen
(ring opening) and removal of a proton from the C(1) hydroxy
group. Definite proof regarding this will not be easily
obtained but an attempt to shine some light on this question of
the timing of these processes using structure - reactivity
relationships will be described in the work reported here.

The mechanism of mutarotatién in ncn aqueous solvents
has been fairly thoroughly outlined in sgction 1.3 and further
reference will be made to it in the discussion section.

1.6 Mutarotase

The mutarotation of certain sugars is known to be catalysed
by an enzyme which is found in the tissues of certain animals such
as the kidney and liver of rats. A similar enzyme was isolated

‘from penicillium notatum in preparations of D-glucose oxidase.

This ehzyme has been named 'mutarotase' and a small amount of work
has been carried out on mutarotations éatalysed by this enzyme.

From this work, mainly of Bentley and Bhate'73

y it appears
that the enzyme catalysed reaction is essentially similar to the
spontaneous or acid-base catalysed mutarctation. Similar isotope

effects were observed and by use of suitably labelled sugars, a

26.
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single displacement mechanism on C(1) was eliminated. The
enzyme clearly has some manner of specificity in that it appar-
ently acts as a catalyst in the mutarotation of sugars with the
g—gluco—or g—galacto—configurations74.

However meaningful work on this enzyme, which would appear
to have a proton-transferring function, must await the easy
availability of electrophoretically pure énzyme and ideally the

three dimensional structure as well.

The foregoing.discussion on aspects of mutarotation mgkes
no attempt to be a comprehensive review of the vast amount of work
which has been carried out on the subject. It merely highlights
some of the more interesting aspects of mutarotation and the main
points which are pertinent to the work reported here.b

As has already been mentiored structure-reactivity relation-
'ships form the basis of some of the work in this thesis and it
might therefore be useful to review briefly some of the pertinent
work in the area of free energy relationships.

1.7 Free Energy Relationships

One of the most commonly used techniques of probing intc the
mechanistic details of a particular reaction is to systematically

vary the structure of orne of the reactants, keeping the other
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variables of the reaction constant, and to study the kinetics of
this reaction as such structural changes are made. The kinetic
data are then expressed by one of many empirical equations, which
enable the effects of structure change to be rationalised and
predicted, and which are coften used as ah gid to distinguishing
between possible mechanisms for the reaction. These structure-
reactivity studies have given rise to the subject of "free energy
relationships!" which for the most pa?t take the form of linear
equations. The subject of linear free energy rélationships has

78-80

been fairly extensively geviewed and only those points which
provide a relevant background to fhe étudies prgsented in this thesis
will be included in'this brief survey.‘ |

It has been realised since their iﬁception that the tﬁeories
on structure-reactivity are concerned with the correlation of
potential energies of reacting systems. However real systems are
governed by both potential and kinetic energies and so it is not
entirely expected that the theories should give reliable predictions
of chemical reactivity. Yet the success of lineér free energy
relationships in corrélating reactivity Qith structural changes has
been very considerable. Such correlations are of great value in
storing and predicting rate and equilibrium data.

The variations of the standard free-energy change with a
variable x can be expressed by

daG = (AG) X <eveee.. (19)  at constant temperature.
(&dx ) T



For a finite change in x from some abitrary standard value X,

to Xq, the free energy qhange will be given by

AG, - &G = (84G)
1 (o] (6}( ) T (X1 - XO) oooooooo . (20)

This represents a linear relationship between G and x (and hence

between log k and x) provided (§AG) = gii remains constant within
(8x) T

the range of variation of x.

Since the transition state theory gives the relationship
between the rate cénstant (k) and the standard free energy of
activation (AG*).

log K = log RT -

AG* - L., (21)
Nh 2.3RT

then combining equation (20) and equation (21) then for the same

change in the variable x on a particular reaction A

A

log (k1/kO)A =g, .(xy-x) /23 RTy  eeeennns (22)

0

where gAX is the susceptibility of reaction A to changes in x.
Clearly for another reaction B a similar equation can be written:-
B
log (k1/kO)B =g - (xo - xq) / 2.3 RTp  eveeennes (23)
Combination of equations (22) and (23) leads to a linear free

energy correlation between the two reaction series A and B.

B
log (ky/kplp = B Ty
A

ngTB

log (k1/ko?A N =13

From eq. (24) can be readily seen the well quoted fact that all
linear free energy relationships are based on the criterion that

the free energy changes produced by a systematic variation of the

29.



reactant structure of a particular reaction are related in a linear
fashion to the free energy changes that the same variations bring
about in another reaction.

Clearly for the two reactions A and{B being carried out at
the same temperature, equation (24) predicts a linear relationship
between the frée energy changes created in the two reactions by
variation of x provided gz/gi remains constant throughout the
range of variation of x. If one of the reactions, say A, is
selected as a standard,equation (24) may be considered as a two
parameter equation

S -3

log (k1/k0)B = CX,

. where C = gz/gi = -the susceptibility of reaction B to changes

in x relative to the standard reaction A, and X, = log (k1/kO)A

1
;dependent only on the change in the variable x.

The foregoing is the derivation of a generalised relationship
for linear free energy relationshops set up by Wells in his review.
One of the necessary conditions for a linear relationship fo hold
is that_gz/gi be a constant, and the relative standard free energy
change can be factored into relative enthalpy and entropy changes,
we can say:-

AG = AH - T4S
o (6AG/6x)T = (8AH/S X)T. - T (8AS/ & x)T

Since gi = (8AGB/5 x)p and gi = (6AGA/5 x)T

then the requirement that, for a linear free energy relationship to

78
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hold, gi/gi should be constant then implies78 that the reactions
should fall under one of the following categories:-

a) (6AS/ 6 X)T
b) (dan/ 5x)p,

O whence the series are isoentropic.

O vhence the series are isoenthalpic.

c) (5AS/6X)T and (5AH/5X)T are linearly related and
the series are isokinetic.
As a measure of the lack of understanding of linear free energy
relationships it can be noted that the reaction chosen as the standard
reaction for Hammett relationships (see later) is not isoentropic
and'yet there are many reactions which correlate with this standard
reaction in a linear free energy felationship.

Further, it has been pointed out81 that a linear relationship
between enthalpy and entropy although helé by some82 to exis£, may
in fact arise from experimental errors in determining the enthalpy.

83

In any case examples are known -~ of reactions which exhibit linear
free energy relationships but whose entropies and enthalpies cannot
be correlated by the isokinetic relationship. And in taking this one

79

stage further, Ritchie and Sager ~ have examined much of the available
literature data to see whether many reactions can be classified as
obeyirg an isokinetic relationship and simultaneously be correlated
with a particular linear free energy relationship - namely the Hammett
ﬁquation. They found no reactions simﬁltaneously obeying these two

relationships, but found that there were many series of reactions which

obeyed one of the relationships but not the other.
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Thus itlappears that there are reaction series which will
obey a linear free energy relationship but are not isoentropic or
isokinetic (for example the ionisation of substituted benzoic and
acetic acids). Thus understanding of why the empirical free energy
relationships, which are really potential energy models, can correlate
rate and equilibrium déta in reactions where clearly kinetic energies
must also be taken into consideration is still lacking.

Perhaps the statistical mechanical treatment of Ritchie and
Sager79 holds at least part of the explanation. They found that
the relationship between entropy and enthalpy changes was temperature
dependent leading to an appreciable cancellation in AH - TAS at all
temperatures. They also claim to have shows that the free .energy
change of a system is a better meaéure of potential energy changes
than the enthalpy change.

1.8 The Hammett and Taft Equations

The_Hammett Equation was the first linear free energy relationship
proposed, and it correlated the rate data obtained for the side-chain
reactions of meta - or para - substituted derivatives of benzene84.

The Hammett equation takes the form for rate data :-

log (k/ko) =cp P ¢-())
where k is the rate constant for the side chain reaction of a meta -
or para - substituted benzene derivative, and k0 is the rate constant
for the same reaction of the unsubstituted (parent) benzene compound.

The relationship between equation (26) and the generalised equation (25)
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can be seen readily, and it can be appreciated that & corresponding
to log (k,l/ko)A in eq. 25, measures the effect of changing the
substituent, an effect which was considered to be purely a polar
effect in ggﬁg - and para - derivatives; P correspondirg to
gi/ng in the generalised equation measures the susceptibility of
the reactions to changes ing , relative to the standard reaction A,
Hammett chose the ionisation of benzoic acids in water at 25OC as
this standard reaction for which 67 was then defined as unity.

The value of log (K/Ko), (where K = ionisation constant of the
substituted benzoic acid and Ko - ionisation constant of benzoic
acid itself) then defined © the vériable corresponding to x in the
generalised treatmept. By 1953, several hundréd reaction serie585
could be correlated with a fair degree of accurac& using this
equation. However, certain deviations from this linear relation-

ship were noted primarily in cases where the sugstituent and the reaction
centre could interact mesomerically. Thus the 6 values for certain
para - substituents were found to be unsuitable for some reactions.

This led to a mass of work in which new substituent constants such

as 0"+, o'_, Gn, 6; and 61 to name but a few were defined

and used in modified Hammett equaticns by various workers.86_88
It was fcund that linear free energy relationships such as
these simple Hammett equations did not hold in aliphatic and ortho-

substituted aromatic systems, an observation which was attributed

to the existence of steric effects in addition to the polar effects



previously noted. The separation of the polar and steric effects
in some of these systems was achieved by Taftgg. . Since this work
is of most relevance to the work reported in this thesis it will be
ugeful to summarise the main points briefly.

Taft chose as his field of study the hydrolysis of aliphatic
esters, and derived the following equation for evaluating the polar
effects of substituents R in tke rates of hydrolysis of esters

1
RCOZR :- _
1
c* = /2.486 (log (k/k ), = loglk/k ),) ceveiveeeee.. (27)
o'B o’ A
6* is a substituent constant indicating the net polar effect of
the substituent (corresponding to the rate constant k) relative to

that for the standard of comparisorn (ko R = CHB). The subscripts

LA .
B and A refer to otherwise identical alkaline and acidic hydrolysis.
The factor 2.48 is a constant introduced in an attempt to put the
polar effects so obtained on about the same scaie as for the Hammett
G values.

The relationship (27) is based on three assumptions:-
a) The relative free energy of activation may be treated as the
sum of independent contributiors from polar, steric and resonance
effects.
b) In corresponding acidic and basic reactidns, the steric and
resonance effects are the same.

c) The polar effects of substituents are markedly greater in the

basic than in the acidic series.

BL{'D



Certainly the first two assumptions are open to some doﬁbt.
The effects may not te independent of one another. e.g. there may
be steric inhibition of resonance. If the effects interact linear
analysis is unsuitable. However unless this simplifying assumption
is made, no great progress is possible, The validity of the
assumption is tested by the results obtained.

Assumption (b) lies at the heart of Taft's analysis. Taft

justified it by pointing out that the transition states for the

acidic and alkaline hydrolysis of esters only differed in the positions

of two protons (Fig. 3). Since the size of these protons is small,
he reasoned that the steric interaction in reaching the transition

state should be the same.

1 ’ 1
OH
R_é: ..... OR’ R—g""OR
OH OH
D | |

Acidic Transition State Basic Transition State

Fig. 3

However the assumption of these constant steric and resonance

20

effects has been criticised by Shorter. Some of the work carried

out by Shorter and his colleagues on the acid and base catalysed

hydrolysis of methyl trans - and cis - 4 - t - butylcyclohexane
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1 led them to suggest g

carboxylates in 1:3 dioxan - water
difference in the steric effects in the acidic and basic reactions

thus casting some doubt on Taft's assumption (b). Further work

mainly on ortho - substituted benzene derivatives (e.g. hydrolysis

92

P

of benzoates and esterification of benzoic acids and phenylacetic
acids93) led to the criticism that assumption (b) ignored the possible
. role‘of solvent. "Since the transition states of the acidic and
basic reactions carry opposite charges it is unlikely that the
solvation patterns will be so similar that the steric interactions
in both systems will be the same". The séme conclusion was reached
by Noyesgu whose studies showed that extreme differences in solvent
structure existed arpund ions of opposite’chargé. Further references
on the question of the validity of assumétion (v) gre given in Shorter's
reviewgo.

However Taft considers that the validity of the assumptions (a) -
(c) can be Judged by the final results he obtains and the success he
had in correlating the reactivity of aliphatic esters and ortho -
_substituted benzoates was undeniably considerable.

Assumption (c¢) receives support from the Hammett €> constants
for the hydrolysis of m - and p - substituted benzoates. The
values for base catalysed hydrolysis are very much larger than those
for acid catalysed hydrolysis where they lie close to zero in the
range -0.2 to +O°5,85 Taft uses this assumption, namely that the

susceptibility of ester hydrolysis to polar effects is virtually zero,

to postulate that the relative rate constants for acidic hydrolysis of
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a substituted ester to the standard ester are near quantitative
measures of the net steric effects between the two esters. ﬁe
defines a steric substituent Es by

E. = log (k/ko)A .............. .(28)
Es is a measure of the total steric effect associated with a givén
substituent relative to the standard of comparison which in Taft's
work is the CH3 group. Combining (27) and (28) gives the
equation A o

log (k/k )y = E_+ 2486 aeennnn.. vee..(29)

Once again the general validity of this definition of E.S is

193,95

in some doubt with the observations that pqlar effects sometimes
make significant cquributions to the term 1og(k/ko)A.

However Taft was able, using the parameters ¢* and ES aerived
as above, to correlate the rate constants fcr a large variety of

89

_ reactions “ with the equation
log (k/ko) = G¥. e* ceeeiiieineniee (30)

?* being the reaction conStant'analogous to the Hammett P constant.
 Coﬁformity to equation (30) implies that all‘effects other than polar
effects remain nearly constant throughout the reaction series.
Indeed equation(30) is not really a linear free energy relationship
for as defined o * measures "polar energy" which has been separated
out from free enefgies. This of course means that steric effects

of substituents must either be absent or constant within the range

considered. Clearly substituents which can resonate with the reaction

centre will cause breakdown of equation(30)as well. Thus equation



(30) represents a linear free energy - polar energy relationship
and if one accepts the postulate that polar, steric and resonance
effects are completely different, unrelated functions of structure,
then the demonstration of a simple proportionality between a series
of log k/ko values and the corresponding Taft polar substituent
constants * implies that only one variable, the polar effect, is
in operation. Deviations from this proportionality are taken by
Téft to be indicative of variable steric and/or }ésonance effects,
where the deviations are outwith the precision of ‘equation ( 30)
€ 1), This is not to say tha£ because equation (30) is found
to hold for a reaction series, there are no steric interactions
between the substituent and functiornal group. ; These steric
interactions may Behpresent but because ﬁhey make'the same contri-
butions to the free energies of both the reactants and the transition
state the free energy difference between the +two states will receive
no contribution from steric interactions. The number of reaction
series whicﬂ can be correlated with equation (30) confirm the existence
of this cancellation of steric effects.

Taft89 proposed that some reactions could be correlated with the
equation

log(‘k/ko) = O8E, ietreeiaeeae. (BT

where § = steric susceptibility constant. Clearly in such reactions
polar effects of substituents are taken to be negligible and

log (k/k,) is a measure of the steric effect of a substituent

relative to the standard of comparison. Such reactions - e.g. acid



catalysed methanolysis of A-napthyl esters - normally give a good
correlation with equation (31) over a very limited range of substituents.
Indeed in nearly every case the substituents are.all alkyl groups of
varying size. It is possible that the suscepfibility of these
reactions tq polar effects is zero, but it is interesting to note

73 that the substituent constant for

Ritchie and Sager's suggestion
all alkyl grouvps be the same - on Taft's scale they would all be
zero. This would of course also explain why a relationship such as
(31) could hold for the limited range of alkyl substituents. This
linear free energy - steric enérgy relationship (31) is thus ciearly
of rather limited applicability and it was suggestedg? that the
equation

log (k/ko) = &*. (2 +45.ES Ceeeiieieneeee (32)°
would have a wider range of applicability than either (30) or (31).
The equation implies that the relative free energy of activation
may be regarded as a sum of independent'contributions from polar and
steric effects. This follows also from the generalised equations of
Wells'78 given in section 1.7. In particular he notes that equation
,(25) can be extended to correlate rate data of reactions in which
more than one variable does not remain constant. This gives the
generalised equation

log-(k,]/ko)B = CX, + DY, wvhere in addition to the

symbols used in equation (25) D = g?/g? and measures the susceptibility
of the react{on B to changes in y relative to the standard reaction A

and Y1 = log (k1/kO)A dependent only on the change in the second
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variable y.

Equation (32) still depends on equations (28) and (31) as
accurate estimates of steric effects and behaviour. It has been
found to fit well the rate data for the alkaline transesterification

97

of 1-menthyl esters”’, and gives a poorer fit for the rate data for

98 89

the base catalysed hydrolysis of anilides. But Taft's prediction
that equation (32) was liable to be useful in correlating the effect
of structure on reactivity in other series has had disappointingly
little corroboration since it was made. An attempt to use this Taft
separation of polar and steric effects on the reactivity of the series
of sugars studied in this thesis will be described in the discussion.
That resonance effects have not been discussed in this brief survey

of the Taft and Hammett equations is because they are not relevaﬁt to
the discussion of the studies reporfed herin.. Full accounts on
78,89,90.

resonance effects can be readily obtained in existing reviews

1.9 The Bronsted Equation

The Brénsted equation was really the first linear free energy
relationship known, although at the time of its discovery it was not
appreciated as such. It was developed empirically td correlate the
acid aﬁd base strength of compounds with their effectiveness as
catalysts in general acid-base catalysed reactions (e.g. mutarotation
previously mentioned). It takes the form

ka=GA.K: : kb=GB.K‘g ;

where ka and kb are the rate constants of an acid or base catalysed

reaction respectively, Kav' Kb are the dissociation consfants of the



acid and base respectively, G is a constant for the reaction and &
andjg are proportionality constants for the acid and base catalysed
reactions respectively.

These equations are more often written :-

log k, = log G, +  log K g (55)
log kb = log GB —/3 log Ka )
29

It can be readily shown”” for many reactions that the existence of

a Bronsted relationship implies the existence of a free energy

relationship between the rate constant for one of the individual steps

~of the reaction and the equilibrium constant for this same step (rate

determining step). The proportiopality constants of and /6 are

equivalent to the term gz/gi in the generalised.quation (25) and

. measure the susceptibility of the reaction to acid .or base catalysis.
Another view of the Bronsted relationship is that it compares

the free energy of an equilibrium for complete proton transfer to

the free energy of a transition state which involves partial proton

transfer (equations (34) and (35).

B+ HA = BH + A~ N &5
S+ S~ .
S+HA —_— s ..-oHocoA 0""“"""(35)

Mﬁch debate exists as to the interpretation of the mégnitude of
[~ or,6 in a reaction correlated by the Bronsted relation. In a
kinetically specific acid catalysed reaction the observed rate is
proportional to only the hydroxonium ion and catalysis by other acids
is almost undetectable. This results in an & value of 1.0. At

the other extreme when the observed rate is independent of all acidic
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species including the hydroxonium ion (i.e. spontaneous reaction)

X will be O, For a reaction of this latter type the proton will

be very much on the proton donor, whereas with specific acid catalysis
the proton will be completely transferred. In general therefore as
we go from reactions which are not acid catalysed at all to reactions
which are general acid catalysed and finally to the specific acid
catalysed reactions one would expect o« to increase from O to 1.0.
Clearly it is a great temptation to correlate the o value with the

-

exact degree of proton transfer in the reaétion, and indeed one finds

100,101,111

authors who make just that interpretation.

In considering the validity of such interpretations it is worthwhile
considering the related Hammond postulateqoz' :This postulate states
that "if two states as for example, a transition state and an unstable
intermediate occur consecutively during a reaction process and have
nearly the same energy content, their interconversion will involve only
a small reorganisation of the molecular structures. The most obvious
deductions to be taken from this postulate are that endothermic processes
should have transition states resembling the products of the reaction
while exothermic processes should have transition states which bear
a closer.resemblance to the reactants. In the lafge majority of
reactions a situation intermediate to this pertains. These processes

are shown in Fig L, A represents the endothermic reaction, B the

exothermic and C the more usual thermally balanced reaction.
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Reaction Coordinate

To translate this into the sort of proton transfer reactions
which correlate with the Bronsted equation, we might consider that
fA represented a reaction such as B + H204===2 BE' + OH™ when B is
a very much weaker base than hydroxide ion. Similarly curve B might
represent a reaction such as H30+ + B ===-—==BHO + H20 when BHO is

a very much weaker acid than H30+. In the former reactidn the
Hammond postulate would predict that the transition state would be
"producé—like" and hence proton transfer would be considerably
advanced. In the latter reaction the transition state would be
"reactant-like" and proton transfer would not be far advanced. This
corresponds to the often quoted statement that if a proton is‘being

transferred from one basic site to another the transition state

will be such that the proton lies nearer the weaker base. Clearly

43,



L,

then on this basis, as the pK difference between the donor and
acceptor varied, the Hammond postulate would predict the position
of the proton to change. If one accepts this postulate, then
clearly it is contradictory to at the same time hold that the
Bronsted & or fs value, obtained by plotting rate constants for

acid catalysis (say) against the pK_ of a systematically varied

proton donor, is representative of an exact degree of proton
transfer in the transition state of that set of reactionms.

103

Kresgee points out that the Bronsted exponent & is the ratio
of substituent effects on fhe free energy.of activation of a proton
transfer process to substituent effects on its overall free energy
change. i.e. ratio of substituent effects on: AG* to those onAG®

'for the particular broton transfer process;. Althgugh it is.reasonable

"~ that the substituent effects on AG* be less than those on AG° there

Jis no real reason for supposing that the relationship between these
substituent effects be exactly linear - a condition which is required
if o is to accurately reflect the degree of proton transfer.

Eigen has calculated that for proton transfer reactions extending
over a wide range of pK differences between donor and acceptor, that the
Bronsted exponent should vary between O and 1. This is readily under-
Stoéd when one first considers reactions of the hydrated proton with

10k, 105. These studies

bases -~ a reaction which is well documented.
show that in most cases of the reaction of H30+ with a base the proton

transfer is diffusion controlled and hence the proton transfer is not
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rate limiting &« must be zero. Normally the pKa of the acid
formed by the transfer of a proton from H 0" to a base is much

3

higher than the pKH ot but when the opposite is true (e.g. pro-
3 .

tonation of acetals or carbonyls) then the proton transfer is

normally subject to specific acid catalysis with an o value of

1.0. Intermediate to these two extremes, when the pK difference
between the donor and acceptor is small, the rate of proton transfer
will depend on this difference and X will vary between O and 1.0.
Such variations in o as the pKa difference between donor and acceptor

106,107

changes have been observed, but in.addition there have been
several reported cases of proton transfers where the data are
correlated by a linear Bronsted plot with a unidue X value over

108-110 . As pfeviously mentioned

a very wide range bf'pKa.
mutarotation falls into this latter class and it is this observation
which prompts Eigen to propose a cyclic synchronbus mechanism invol-
ving solvent molecules.

The preceeding arguments regarding the position of the proton
in a proton transfer reaction are in conflict with the "éolvation
rule" of Swain et. 3}311 which in fact proposes that "a proton
being transferred from one oxygen (or nitrogen) to another should
lie in antentirely stable potential at the transition state and
be closer to the more basic oxygen atom ........" This is in

fact completely in contradiction to the Hammond postulate and all

the previous considerations of this section. The solvation rule
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appears to be based on the rather weak experimental evidence of
a three point Bronsted plot for the base catalysed formation of
tetrahydrofuran from 4-chlorobutanol. The points used in the plot
are the catalytic constants for water, borate and hydroxide ion
catalysis - just those points which are most frequently found to
deviate from more conventional Brénsted plots! The Bronsted
exponent is 0.25 which is taken by the authors to mean "that the
transfer of the alcoholic proton is about 25% complete at the
transition state." This being so.— with the proviso that the
statement is probably erroneous anyway (on the basis of this
section’s discussion) - the solvation rule if correct- would require
that the alcoholic oxygen be more basic than a ﬂydroxide ion at the
transition state. - éince this seems also to be hiéhly unlikély,
it would appear that if the solvation rule does have any theoretical
basis it is not the reaction of hydroxide ion with 4~-chlorobutanol.
As a final note of warning on the interpretétion of’Bansted
exponehts it should be noted that Bordwell et. al.112 have reported
that the base catalysed abstraction of a proton from substituted>ary1
nitro-alkanes yields Br6nstéd exponents of 1.31 and 1.61, the reverse
reactions having the corresponding slopes less than zero ;0.31 and
~-0.61. Thus this reaction demonstrates a greater sensitivity to
structural change in its rates than in the position of equilibrium.
Quite obviously the Bronsted exponent cannot be interpreted as the
degree of-proton transfer in the proton transfer reactions of these

carbon acids. Further recent work on these nitroalkanes have corroborated



this conclusion.

13
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General

Melting points were measured on a Kofler-Reichert hot
stage melting point apparatus and are uncorrecteé.

I.R. spectra were measured using a Perkin Elmer 237 spectro-
meter and were calibrated with a polystyrene film, |

N.M.R. spectra were determined as approximately 10% solutions
on a 60 MHz Varian A-60 spectrometer. Chemical shifts were
measured downfield from internal T.M.S. and are quoted in Hz.
The chemical shift quoted for multiplets is normally the centre of .
that multiplet,

Elemental analyses were determined by Mr. J. Cameron, University

of Glasgow, and are quoted as percentages.

 Preparation of 1,2{9-isopropylidene—cx—Q~glucofuraﬁose (1)

The acid catalysed condensation of glucose and acetone was
carried out by the method of Mehltretter EE-'EE-’114 with the
modification that after neutralisation of the reaction mixture,
filtration to remove sodium sulphate and removal of the solvent in
vacuo, the resulting red syrup was dissolved in ethyl acetate and
acidified with concentrated nitric acid (10 ml). On standing at
0° for several days the 1,2-0O-isopropylidene glucofuranose crystallised
out in 30% yield. The crude product was recrystallised from ethyl
acetate to give the pure product with m.p. 1590 (1it°114 161°).

N.M.R. (d-5 pyridine)

2 singlets - 79, 90 Hz (6), isopropylidene methyls;



multiplet =~ 257 Hz (2);

multiplet - 184 Hz (3);

2 doublets - 292, 376 Hz (2), Jab = LHz (H—Z and H-1);
singlet - 391 Hz (3), hydroxy-protons.

I.R. (Nujol Mull)

3440(s), 3320(s) (both OH stretch), 1282(m), 1270(m), 1245(m)
1225(s), 1160(m), 1114(w), 1085(s), 1062(s), 1038(s), 1004(s)
958(s) (C-0 stretches), 881(m), 865(m), 852(m), 790 e

Preparation of 1,2-O-isopropylidene-6-0-(p-toluenesulphonyl)=o-D-

glucofuranose (II).

Treatment of 1,2ﬁ9—isopropylidene—¢X-Qfglucqfuranose with
p-toluenesulphonyl chloride in pyridine using the method of Ohle

115

and Dickhauser yielded the desired product in 33% yield.

Recrystallisation from benzene gave the pure product with m.p. 106-107
(1it. 12 108°).

N.M.R. (Deuterochloroform)

2 singlets =~ 78, 88 Hz (6), isopropylidene methyls;

singlet - 149 Hz (3), aromatic methyl;

broad singlet - 189 Hz (2), hydroxy-protons;

multiplet - 254 Hz (5), (H-3, H-4, H-5, H-6);

2 doublets - 271, 355 Hz (2), (H-2, H-1);

AA' BB!' systeﬁ - 437, 445  L65, L7323 Hz (4); (p-substituted
aromatic ring protons)

I.R. (Nujol Mull)

3525 (OH stretch), 1600 (aromatic double bond str.), 1330,

o}

Lo,



1172 (8 = O stretch), 1220, 1102, 1067, 1022, 964, 905, 870,
829, 809, 791, 708 cm

Preparation of 6-azido-6-deoxy-1,2-0-isopropylidene-ox -D-

glucofuranose (II1).

Dispiacement of the sulphonic ester of 1,2-O-isopropylidene-
619—(B¥toluenesulphonyl)—cx—g—glucofuranoée with the azide ion
using the method of Cramer116 gave the desired product in 70%
yield. Recrystallisation from benzene yielded pure material

116

with m.p. 105° (lit. ° 104°). ‘ N

N.M.R. (Deuterochloroform)

2 singlets - 79,90 Hz (6), isopropylidene methyls;

broad singlet - 205 Hz (2), hydroxy-protons;

doublet - 21k Hz (2), Jy = 4ﬁz, ( H-65;
multiplet - 244 Hz (2), (H-5, H-3 or H-4);

doublet - 261 Hz (1), J,, = 2Hz, (H-4 or H-3);
2 doublets - 271, 356 Hz (2), J_ = 4Hz (H-2, H-1);

I.R. (Nujol Mull)

3540 (OH stretch), 2190 (N N stretch), 1225, 1170,
1

1085, -970, 910, 872, 805, 692 cm .
Analysis

Found C 43.88; H 5.98; N 16.89;

09H15N205 requires C 44,08; 'H 6.17; N 17.13%

Preparation of 3, 5 di1Q—acety1-6—azido—6deoxy—1,219 iSopropylidene-

& -D- glucofuranose (IV)

50.



11T was acetylated in the usual manner using pyridine and
acetic anhydride to yield the desired product (IV) in 90% yield
after recrystallisation from 50% methanol/water. m.p. 65-66°
(1it.""® 66-67°).

N.M.R. (Deuterochloroform)

2 singlets - 79, 92 Hz (6), isopropylidene methyls;
singlet - 123 Hz (6), acetyl methyls;
multiplet - 214 Hz (2), (H-6);

2 multiplets 267, 308 Hz (2), (1), (H-3, H-4, H-5);

2 doublets

322, 355 Hz (2), Jab = 4Hz, (H-2, H-1);

I.R. (Nujol Mull)

2130 (N = N stretch), 1740 (carbonyl stretch of acetates),
1240, 1080, 1030 (C-0 stretch), 970, 905, 875 cm .

Preparation of 6-acetamido-6-deoxy-1,2-0O-isopropylidene—-« -D-

glucofuranose (V)

IV was hydrogenated using Raney Nickel (W-2 grade117)

according to Cramer's116 procedure. After recrystallisation from

ethyl acetate the product (V) was obtained in 70% yield with

116

m.p. 164° (it © 164-5°).

N.M.R. (d-5-pyridine)

2 singlets - 74, 86 Hz (6), isopropylidene methyls;

singlet - 116 Hz (3), acetamido-methyl;

complex multiplets - 194 Hz - 279 Hz (7), (H-2, H-3, H-k,
H-5, H-6 and N-H);

doublet - 355 Hz (1), Iy = 3.5 Hz, (H-1)3

510



broad peak - 392 Hz (2), hydroxy-protons;

I.R. (Nujol Mull)

3450 (OH stretch), 3340 (NH stretch), 1643, (amide carbonyl

stretch), 1540 (NH bend), 1220, 1160, 1090, 1015, 955, 910, 865,

797 cm .

Preparation of 6—acetamido—6—deoxy;ﬁ3fQ—glucose (Vi)

Removal of the isopropylidene protecting group from V was
accomplished using the mild method of Goodman118 for the general
removal ofvacetal and ketal groups.

V (2.5 g) was dissolved in 90% (v:v) trifluoroacetic acid -
water (25 ml) and left for 15 minutes at room temperature. T.l.c.
in ethyl acetate/ethanol/water (8/2/1) revealed:quantitative con-
version in this time. The solvent was then evaporated in vacuo
(< 45°) and traces of water and trifluoroacetic acid were entrained
out by several coevaporations with absolute ethanol. The resulting
syrup was dissolvéd in absolute ethanol, ether added to incipient
turbidity and crystalline 6-acetamido-6-deoxy-glucose (1.6 g) was
obtained on leaving overnight at o°. Recrystallisation from

’ethanol yields pure material of m.p. 200 - 202°. Unlike the
6-acetamido-6~-deoxy~-glucose prepared by Cramer116 (m.p. 182-83°),
compound VI would Appear to be the "B" anomer. (N.M.R. and direction
of mutarotation confirm this).

Analysis |

Found c 43.26; AH 6.765 N 6.27;

08H15N06 requires C 43.44; H 6.83; N 6.33%
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N.M.R. (d-6-dimethylsulphoxide)

singlet - 100 Hz (3), acetamido-methyl;

complex multiplet - 166 - 206 Hz (6), hydroxy-protons and H-6;

2 multiplets - 254, 287 Hz (4), ring protons;
doublet - 389 Hz, (1), J_y, = 6 Hz, (H-1);
broad singlet - 463 Hz, (1), (N-H);

I.R. (Nujol Mull)

broad 3500 - 3100 (OH, NH stretch), 1630 (amide carbonyl
stretch) 1580 (N-H bend), 1170, 1075, 1035 (C-O stretches).

Preparation of 6-cyano-6-deoxy-1,2-0-isopropylidene-o -D-glucofuranose (VII)

1,2-0-isopropylidene-6-0-(p-toluenesulphonyl)- &X-D-glucofuranose
(10.0 g, 0.026 mol) was dissolved in acetone (80 ﬁl) and potassium
cyanide (3.9 g,0.06 ﬁol) in water (70 ml) was added.dropwise.' The
mixture was refluxed for 90 minutes, during which the reaction was
followed closely by t.l.c. in ethyl acetate. At %he end of 90
minutes the starting ester had reacted quantitatively and the acetone
was removed under reduced pressure. The remaining aqueous solution
was thoroughly extracted with ethyl acetate (6 x 80 ml). The combined
extracts were washed with water, dried over anhydrous sodium sulphate
and evaporated under reduced pressure to give a syrup which crystallised
overnight at o°. Recrystallisétion from benzene gave pure 6-cyano-6H-

deoxy-1,2-0-isopropylidene- & -D-glucofuranose (4.5g; 75%) m.p. 109°

119

(1it. 111-112°) R_ = 0.7 (ethyl acetate).
£

N.M.R. (deuterochloroform)




2 singlets - 79, 89 Hz (6), isopropylidene methyls;
multiplet - 167 Hz (2), (H-6);

broad singlet - 222 Hz (2), hydroxy-protons;

complex multiplets - 232-262 Hz (3), ring protons;
doublet - 271 Hz (1), J 4 = 4 Hz, (B-2);
doublet - 354 Hz (1), Jab ; 4 Bz, (H-1);

I.R. (Nujol Mull)

3500(s) (OH stretch), 2300(w) (C= N stretch), 1215, 1170, 1080,
1030 (C - O stretches), 900, 870, 790cm. '

Preparation of 6-cyano-6—deoxy—/5— D-glucose (VIII)

The isopropylidene group of VII was removed by the usual treat-
1
ment with 90% trifluoroacetic acid.’I 8 Coevaporation with ethanol
yielded whité crystalline material which can be recrystallised from

absolute ethanol to give the required product. (/3anomer) m.p. 148-

149° (1it. 20 147°) yield 8ct%.
Analzsis
Found : : C 44.40; H 5.77; N 7.40;

C7H11 5
N.M.R. (d-5 pyridine)

NO_ requires : C Lh.hs; H 5.86; N 7.40%

broad singlet - ~ 193 Hz (2), (H-6);

comblex multiplets - 225 - 195 Hz (4), ring protons H-2,H-3,H-4,H-5;

doublet - 318 Hz (1), Jab'=’6Hz, anomeric proton (}g );

very broad singlet - 435 Hz (4), hydroxy-protons;

I.R. (Nujol Mull)
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3440, 3300(s) (OH stretch), 2250(w) (C= N stretch), 1310(m),
1155(m), 1110(s), 1085(s), 1055(s), 10%30(m), 1015(m), (C-O stretches),
= :
880 cm.

Preparation of 6-deoxy-1,2-0O-isopropylidene- (X-D-gluco~hepturonic

acid (IX)

119 the hydrolysis

Following the p;ocedure of Prej and Szabolcs
of the nitrile group of VII was achieved:-~

VII (5g, 0.022 mol) was dissolved in a solution of barium
hydroxide (3.95g in ‘50 ml), and heated at 900 for 4 hours. The
solution was reduced in vacuo to approximately 10 ml and ethanol
(200 m1) was added. The solution was again reduced in vacuo to
approximately 20 ml and then diluted with ethanoll(250 ml). The
barium salt (5.8g ;'84%) of IX was thus précipitated, collected by

filtration, washed with ethanol and ether and dried in air.

Preparation of 6-deoxy-a-D-gluco-hepturonic acid (X)

119

The 1sopropy11dene group of IX was removed u51ng sulphuric acid,
to yield crude 6-deoxy-o -D-gluco-hepturonic acid (3.2g) which on

recrystallisation from absolute ethanol gave the pure product (mixed anomers)

yield 2.8 g, 7% overall. m.p. 175-177° (1it. 1?2 175-176°).
Analysis |

Found :  C 40.21;  H 5.94;

C7H1207 requires @ C 40.39; H 5.81%

N.M.R. (d-5 pyridine)

complex series of multiplets between 167 and 328 Hzj.



doublet - 349 Hz (aa%/5H), Ja = 3.5 Hz, anomeric

b
proton (of )
singlet - 500 Hz (5), hydroxy-and carboxy-protons;
The N.M.R. is difficult to interpret in detail at this level ofi
resolution Qithout further decoupling studies. However it appears
that a mixture of or and/g isomérs is present in the ratio of .
approximately 4/1 (o /B ). |

I.R. (Nujol Mull)

3520(m) (weakly H bended CH stretch), 3320(s) 3200(s) (strongly’
H bonded OH stretch), 1715(s) (carbonyl stretck), 1155(m), 1110(m),
1055(s), 1015(s) (C-0 stretches), also carboxylic acid OH stretching
3000 - 2500 cm.” | |

‘Preparation of 6-chloro-6-deoxy-methyl- ~D-glucoside (XI)

This compound was prepared ty the imprcved method of Evans,
Long and Parrish.121
Methyl sulphonyl chloride (7.95 ml) was added dropwise to &

stirred solution ofx-D-methyl gluccside in dry dimethyl formamide

(9.0g in 60 ml) at 65°. After 16 hours at this temperature thé
mixture was concentrated to a syrup and after dissolving in methanol
was treated with sodium methoxide to destroy formate esters. '
Chromatograpky on silica eluted with ethyl acetate/ethanol/water
(45/5/3) yielded the desired prcduct. Recrystallisation from
n-propanol gave white needles in 65% yield. m.p. 114° (1itoq21 113 -

114°),
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N.M.R. (d-5 pyridine)

singlet - 207 Hz (3), glucoside methyl protons;
complex multiplets - 227 - 277 Hz (6), (H-6 and ring protons);
doublet - 306 Hz (1), Jp = 3-5 Hz, (B-1);,

broad singlet - 407 Hz (3), (hydroxy-protons);

I.R. (Nujol Mull)

3480 (shoulder), 3420(s), broad absofption 3500 - 3100 (OH stretch),
1346(m), 1337(m), 1287(m), 1232(w), 1184(w), 1142(m), 1104(m), 1086(m),
1042(s), 1017(s), 951(m), 757(m), 748(m), 712(w), 667(m) cm !

Preparation of 6-chloro-6-deoxy--D-glucose (XII)

The glucoside XI wés hydrolysed to the corresponding free sugar
by a modification of the method of Helferich and Bredereck./lz2

6-Chloro-6—deoxy-methyl—cx~£—glucoside (3.5 g) was dissolved
in hydrochloric acid (10% by weight; 30 ml) and heated for three
ﬁours on a steam bath. The dark brown solution was treated with
animal charcoal, filtered and the filtrate neutralised with barium
carbonate. The aqueous solution was lyophilised and the resulting
residue extracted with boiling ethanol. The insoluble salts are

filtered off and the filtrate reduced in vacuo to yield a syrup

. which was crystallised with difficulty from acetone to give the

122 1

desired product (™ -anomer) m.p. 138° (1it. 25 - 136°) yield 60%.

N.M.R. (d-5-pyridine)

complex multiplets - 232 - 292 Hz (6), (H-6 and ring protons);
doublet - 346 Hz (1), Jab = 3.5 Hz, (H-1);

very broad peak - 300 - 470 Hz (4), hydroxy-protons;
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I.R. (Nujol Mull)

broad absorption 3600-3100(s), 1306(w), 1250(w), 1138(s), 1093(5),
1049(s), 1002(s), 953(m), 907(m), 839(w), 818(w), 763(m), 712(m),
660(m) cms |

Preparation of 6-O-methyl-c¢(~D-glucose (XIII)

1,2—9—Isopropylidene~6fg—(B—toluenesulphonyl)—(X-gfglucofuranose
(7.48 g, 0.02 mol) was dissolved ir absolute methanol and to this solution
was added sodium methoxide (3.24g, 0.06 mol) in absolute methanol (25 ml).
The reaction was left overnight at room temperature when t.l.c. in ethyl
acetate showed that the starting material (Rf = 0.85) was quantitatively

converted into a main product (Rf = 0.5) with two minor contaminants.

' The methanol was evaporated in vacuo and the residue was extracted with

dry acetone. The insoluble salts were filtered off and the filtrate
neutralised with hydrochloric acid. The precipitated salts were again
filtered off and the solvent evaporated in vacuo. The residue was
chromatographed on silica, eluted with ethyl acetate, to give the compound
with Rf = 0.5 pure. I.R. and N.M.R. spectra indicated that this compqund
was 1,2fg-isopropylidene—G—Q:methyl-0(12-g1ucofuranose but all attempts

to crystallise the compound failed.. Accordingly the isopropylidene group
was removed in the usual way to give crude 6—9-methy1—CXi2—g1ucosé (1.8g,
Lex) . Recrystallisation from ethanol gave pure product (1.5g) m.p. 141-2°

(18t 122 142-2°),

Analysis
Found K C 43.21; H 7.14;

C7H1406 requires : C 43.30; H 7027%
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N.M.R. (d-5 pyridine)

singlet - 206 Hz (3), methoxy pfotons;

complex multiplet -~ 246 Hz (4), (H-6, 2 ring protons);
complex multiplet - 284 Hz (2), (2 remaining ring protons);
doublet - 353 Hz (1), Iy =3 Hz, anpmeric proton;
broad singlet - Lo8 Hz (4), hydroxy-protons;

I.R. (Nujol Mull)

3420(s) (OH stretch), 1145(s), 1065(s), 1020(m) (C-O stretches),
870(w). |

Preparation of 6-0-phenyl-a-D-glucose (XIV)

Phenol (3.76g, 0.04 mol) was dissolved in dry dimethylformamide

(10 m1) and added dropwise to a cooled, stirred suspension of sodium
hydride (0.96g, 0.0k mol) in dry dimethylformamide (20 ml) in a flask
equipped with an efficient reflﬁx condenser. After evolution of hydrogen
has ceased,.1,2—9—isopropylidene—6—gf(E-toluenesulphonyl)—<X~£—g1ucofuranose
(7.5g, 0.02 mol) in dry DMF (10 ml) is added dropwise. The solution is
allowed to come to room temperature slowly and then heated in a water
bath at 45° for four hours.

| The reaction mixture is diluted with water (200 ml) and thorouéhly
extracted with ethyl acetate (6 x 100 ml). The combined extracts were
washed with O.S5N sodium hydroxide to remove the phenol present, then
washed with water (2 x 100 ml), dried over anhydrous sodium sulphate to
yield a pale yellow oil. T.l.c. in ethyl acetate reveals that the oil is
homogeneous. (yield 3.8g, 62%). As previously experienced,qzq this oil

proved extremely difficult tovcrystallise, and so was used for the next
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stage of the reaction without isoiation as a crystalline solid. Both
I.R. and N.M.R. spectra indicated the oil to be 1,2—Q—isopropylidene—6j9—
phenyl- o«-D-glucafuranose. |

The isopropylidene group was removed in the usual way to yield
crude 6-0O-phenyl glucose (3.0g, 90%) as a white cryétalliné material.

This was recrystallised from absolute ethanol to give 2.4g of pure
12k

6-O-phenyl- X -D-glucose. m.p. 161 - 162° (1it. ' 180°).
Analysis
Found : C 56.40; H 6.31;
C12H16O6requ1res : C 56.25; H 6.2%

N.M.R. (d-5-pyridine)

complex multiplets - 252 Hz, 285 Hz (6), (H-6 and ring protons);
doublet - 351 Hz (1), J4 = 3.5 Hz, (H-1 proton);
multiplet - 384-44L Hz (5), (aromatic protons) ;

singlet - 430 Hz (4), (hydroxy-protons);

I.R. (Nujol Mull)

3390(s) (0-H stretch), 1600, 1588 (aromatic skeletal stretch),
1498(m), 1235(s), 1143(m), 1120(s), 1079(m), 1060(m), 1052(m), 1035(s),
1018(m), 1000(m), 940(w), 885(m), 860(m), 812(m), 752(s) (mono-substituted
aromatic), 690(m) —

Preparation of 6-0-(o-hydroxyphenyl)-/#-D-glucose (XV)

6-0-(o-Hydroxyphenyl) glucose was prepared using the same method
as was used to prepare 6-O-phenyl-o -D-glucose with the following
alterations. Removal of catechol from the reaction products was not

effected by alkali washing since the desired product was also soluble in
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alkali. Instead, chromatography on silica eluted with 50% chlorcform/
ethyl acetate yielded pure 1,2~Q—isopropylid¢he—6-9-(g-hydroxyphenyl)-
0(1£—glucofuranose in 55% yield as a brown-red gum which could not be
induced to crystallise. Chromatography is also necessary since a

few minor by-products are formed in the reaction. N.M.R; and I.R. spectra
confirmed the identity and purity of the isolated material which was

used as a gum in the next stage in which the isopropylidene group was
removed in the usual manner. The resulting crude 6-0-(o-hydroxyphenyl)
—/e-gjglucose was recrystallised from ethanol/ether with difficulty to
yield a white crystalline material with m.p. 153 - 1540. O%erall yield

= g,

Analisis
Found .o C 53.03; H 5.91;
C12H16O7 requires: C 52.94;. H 5.92%

N.M.R. (d-5-pyridine)

broad singlet - 2k Hz (3), (ring protons);

complex multiplet - 283 Hz (3), (ring protons);

doublet - 309 Hz (1), Jab = 6.5 Hz, (anomeric proton);
complex multiplets -  393-441 Hz (4), (aromatic protons);

br;ad singlet - 400 - 550 Hz (5), (hydroxy protons);

I.R. (Nujol Mull)

3500 (shoulder), 3430(s), 3325(s) (OH stretch, H bonded), 1609,
1597, (C=C stretch), 1503(s), 1409(m), 1269(s), 1204(s), 1142(m), 1115(m),
1070(s), 1018(s), 927(m), 734(m) . '

Preparation of 6-deoxy-6-thioethyl-glucose (XVI)
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1,2-0-isopropylidene-6-0-(p-toluenesulphonyl)-glucofuranose
(7.5g, 0.02 mol) was dissolved in absolute ethanol (40 ml) and
sodium thioethoxide (3.4g, 0.04 mol) in absolute ethanol (30 ml) was
added dropwise with stirring. The soiution was stirred overnight
at room temperature and the resultant precipitate of sodium tosylate
filtered off and the filtrate evaporated in.vacuo. The residue is
thoroughly extracted with anhydrous ether; the precipitated excess
sodium ethoxide being filtered off. The combined ether extracts are
washed with water, dried over anhydrous sodium sulpﬁate and the ether
evaporated in vacuo leaving a pale brown glass (5.0g, 94%). The N.M.R,
(a) below shows clearly that this compound is 1,2-O-isopropylidene-6-

deoxy—6-thioethyl—o(—Q—glucofuranose.

'N.M.R.(a) (Deuterochloroform) o
triplet - | 76 Hz (3), J=7.5 Hz, (methyl pfotons of
;o C-5 side chain);
2 singlets - 79, 89 Hz (6), isopropylidene methyls;
quartet - 156 Hz (2), J=7.5 Hz, (methylene of
thioethyl group);
doublet - 172 Hz (2), J=4 Hz, (H-6);

complex multiplet - 240 Hz (2), (ring protons);

broad singlet - 261 Hz (1), (ring proton);
doublet - 269 Bz (1), J, = 3.5 Hz, (H-2);
doublet - 35 Hz (1), J = 3.5 g, (H-1);
broad peak - 368 Hz (2), (hydroxy-protons);

However all attempts to crystallise this glass failed and so
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tke isopropylidene group‘was removed using sulphuric acidﬂ9 yielding
6-deoxy-6-thioethyl glucose (4.0 g, 80%) aé an oil which defied all
attempts to crystallise it over a period of eighteen months. The
N.M.R.((b)below) showed the presence of both the "&" and "A" anomers.

N.M.R. (b) (d-5 pyridine)

triplet - 72 Hz (3), Jab = 8 Hz, (methyl protons);
complex series of multiplets between 140 Hz and 304 Hz which

correspond to the ring and methylene protons of both isomers

present;
doublet - 315 Hz (%), Jab = 6 Hz, (B apomeric proton);
doublet - 348 Hz (1), Jab = 3.5 Hz (x anomeric proton);

broad peak - 399 Hz (L), (hydroxy-protons);

Preparation of 2-O-methyl-A-D-glucose (XVII)

This compound was prepared by the four'stage synthetic sequence
of Hodge and Rist125 in an overall 7% yield compared with.the authors!
10%. The only alteration in the exﬁerimental procedure was that in _
thé final stage, the preparation of 2fg—methyl-/912—glucose from
B—(2—9-methy172-glucosyl)-piperidine, the desired product could not be
obtained crystélline unless the reaction mixture was purified by column
chromatoéraphy on silica eluted with ethyl acetate/ethanol/water (8:2:1).
The sugar then crystallised readily from ethanol-ethyl acetate to give
the desired product in 7% yield (based on penta-acetyl-ﬁg12-glucose)
m.p. 159-60° (lit125 160°). Despite several recrystallisations the

ﬁg—anomer could not be obtained pure but cocrystallised with the X-anomer.

Analysis
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Found : C 43.10;  H 7.2k;
C7H1406 requires : C 43,320; H7.27%

N.M.R. (d-5 pyridine)

The N.M.R. spectrum is complicated by the fact that two isomers
are present. The main features are the two doublets corresponding to
the «( and /Banomers.

O :- 354 Hz, Jab = 3.5 Hzj /5:-'314 Hz, Jab = 7.5 Hz;
Ratio /B = 3

I.R. (Nujol Mull)

3540, 3325 (s), (OH stretch), 1365(s), 1330(w), 1278(w), 1263(w),
1220(m), 1194(w), 1163(s), 1128(s), 1094(s), 1073(s), 1033(s), 971(s),
933(m), 921(m), 878(x), 789(m), 756(m), 720(m), 664(m) om:

Preparation of 2-deoxy-2-(p-toluenesulphonamido)glucose (XVIII)

The procedure of Takiura and Nakaniski126 yielded the deéired
product as follows:-

2-amino-2~-deoxy-glucose hydrochloride (6.3 g; 0.03 mol) and
p-toluenesulphonyl chloride (5.8 g, 0.03 mol) were stirred together
in a mixture of 50% aqueous acetone (40 ml). Sodium bicarbonate
(5.2 g) was added and the mixture stirred overnight at room temperature.
The reaction mixture was then evaporated in vacuo and the residue
extracted with absolute ethanol. The insoluble salts were filtered
off leaving approximately 8 grams of an oily residue which on t.l.c.
(solvent - ethyl acetate/ethanol/water; 45/5/3) is very nearly homogeneous
with R, = 0.5. Due to difficulty experienced in removing completely the

£

inorganic salts, this crude reaction product was chromatographed on a




silica column eluted with ethyl acetate/ethanol/water (40/10/3),
whence pure crystalline material was obtained. This was recrystallised

from ethyl acetate/ethanol to give very fine needle crystals with

m.p. 168 - 69° (1it12° 168-69°) yield (3.0 g, 29%).
Analysis
Found -  CcUL5.24; H 5.91; N 3.88

C13H19NSO7 requires C 46.85; H 5.71; N 4.20%
Despite prolonged drying at 120° in vacuo, the elements of water
could not be removed from this compound.

N.M.R. (d-5 pyridine)

singlet - 128 Hz (3), (aryl methyl);
broad complex multiplets - 230 - 300 Hz (6):(ring protons) ;
very broad absﬁfption - 230 - 440‘Hz, (5),'(hydroxy and N-H
protons);
AA' BB' system - k2o, 429, 482, 491 Hz (4), (p-substituted
‘ aromatic ring protons);
broad singlet - 337 Hz (1), (H-1).

I.R. (Nujol Mull)

3600 (shoulder) 3450(s), 1600(w), 1328(s), 1155(s), 1125(s),
1090(s), 1065(s), 1029(s), 1005(s), 956(w), 920(m), 857(m), 826(s),
790(m), 685(s) cm:
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3.1 Kinetic Experimental

(a) Soluticns and Buffers

All chemicals used for the preparation of buffered and other
solutions were of the highest grade commercially available. Analar
pyridine was dried by refluxing over potassium hydroxide and fractiorally
distilling twice with a Fenske column. L-methylpyridine obtained
from Koch-Light Ltd. was similarly purified. UL4-acetylpyridine (Koch-
Light Ltd.) was fractionally distilled several times and 4—ethox§pyridine
was prepared by refluxing l4-chloropyridine hydrochloride (Koch-Light Ltd.)
with three equivalents of sodium ethoxide in ethanol, the product again
being purified by several fractional distillations. A11 these L-substituted
pyridines were subjected to vapor phase chromatographybto check their
- purity. A1l were found to be homogeneous. - details in Table, 222.
2,6-1lutidine was purified and checkea in the éame way as pyridine.
Morpholine and diethanolamine (B.D.H. Ltd.) were purified by refluxing
over potassium hydroxide and fractionally distilling. Tris obtained
from B.D.H. Ltd. was used without further purification. For all buffer
solutions only degassed distilled water was used and the ionic strength
Qas maintained at a particular ionic strength with potassium chloride.

DZO and 20% DC1 were purchased from Koch-Light, and the purity of
the solutions checked by adding dioxan as a standard and measuring the

quantity of water by N.M.R. This was always less than 0.%%.

(b) pH measurements

The pH of all buffer solutions was measured at the temperature of

the kinetic experiment with a Radiometer model 26 pH meter, with an




external temperature compensator. A Radiometer type G 202C glass
electrode was used together with a type K401 calomel electrode.‘ The
pH meter was standardised against commercial standard buffers com-
plying to BS, 1647, 1961.

(¢) Polarimetric Rate Determinations

All of the reported rate constants were determined on a Perkin
Elmer 141 polarimeter fitted with a transmitting potentiometer which
allowed the optical rotation to be continuously monitored on a strip
chart recorder. The reaction cell of the polarimeter was equipped
with a water jacket through which water at a constant temperature was
circulated from a Lauda electronic thermostatting bath. The tempera-
ture difference between the reaction cell and thé bath was measured
using a thermocoupié.and was found to be less than 0.1° at 250. The
temperature in the bath was measured with a Natiornal Physical Laboratory
calibrated thermometer.

The output from the polarimeter was fed into a Solartron Compact
Data Logger which digitised the optical rotatioﬁ reading. The latter
was then transferred on to 5-channel paper tape, via a Creed punch,
at convenient time intervals. Normally between 100 and 700 values
were punched but for kinetic measurements read off the chart recorcer
between 30 and 50 vaiues were taken.

The first order rate constants were determined using a generalised
least squares program, written by Dr. B. Capon following the procedure

of Wentworth127 and Deminngg. This program was written to fit the

67.
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function

k = (1/t)1n (ro- rco) / (rt -r )

oo

where t and rt are variaﬁles and k, r, and o are constants

r, = initial rotation, I, = equilibrium rotation, r, is the
rotation at time t. Evaluation was performed on an English
Electric KDF 9 compﬁter. The slopes and'in£ercepts of plots of
kobsd. against buffer concentration were also determined by a gereral-

ised least squares procedure.

(d) Non Aqueous Solvents

The dioxan used was ﬁerck 'spectrogréde' dioxan and was ﬁsed
without further purification. Analar sodium dried benzene was
further dried by refluxing with phosphorus pentoxide and fractional
.digtillation. | | .

(e) Substrates

1
I

The sugars not prepared as detailed in the experimental section,
Qere obtained commercially from Koch Light Ltd. and B.D.H. Ltd. They
were further purified by recrystallisation from aqueous alcohol.
(f) Procedure

The buffer was equilibrated in the thérmosfatting temperature
bath for half an hour before use. Approximately 1 ml was pipetted
into an ampoule containing approximately 0.02 moles of the sugar which
was quickly dissolved. The solution was immediately pipetted with a fine
pipette into the reaction cell whose volume was just less than 1 ml.
Any air bubbles trapped in the cell were removed by shaking. The

optical rotation changes were normally followed at a wavelength of




365 nm (mercury vapor lamp) to obtain the largest possible rotational
change, but where the solution of substrate absorbed in that region of

the U.V. spectrum, a higher wavelength had to be used.

(g) N.B. 1In all the following results tables, the units of kobsd

and kc are sec—1 unless otherwise statéd,

alc.




3.2 Results




Table 1

The HC1l catalysed mutarotation of 6-deoxy0(-2—glucose at 250

in water, I = 0.1M.

(H:o+)g P ko x 107 k. x 100
0,100 0,98 2.57, 2.77 2.72
0.080 1,09 2.31, 2,36 2.36
0.060 1.21 2.0k, 1.88 1.99
0,040 1.40 1.66, 1.68 1.63
0.020 1.68 1,28, 1.31 1.27
0.010 1,98 - 1.08, 1;08' 1,09
kH;O+ - 1.808 x 1072 ¥ sec™! S. Do = 0,65%

int = 9.09 x 107 sec™" i 8. Do = 0.35%

Table 2

The HC1l catalysed mutarotation of o -D-xylose at 250 in water,

I = 0.10M.
(H§O+)§ Bl kg X 107 k. % 10°
+ 0,100 0.98 Lo78, 4.8 k.79
0.080- 1,09 4,10, b1 4,10
0.060 1.21 334, 3.36 341
0.040 1.40 2.73, 2.76 2,72
0.020 1.68 2.0k, 2.0k 2.03
0.010 1,98 1.67, 1.63 1.68
kH30+ = 2459 x 102 M ' sec”! 3 S.D. = 0.4o%
' - 1.33 x 1070 sec” ;. 8.D. = 0.3%

int
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Table 3

The HC1l catalysed mutarotation of xx-D-glucose at 250 in water,

I = 0.10M.

(H30+)y

0,100
0.080
0.060
0,040
0.020
0.010
kH30+

kint

Il

]

PH>5 Kobsd. * 10"
0,98 15.91, 14.81
1.09 12.85, 12.62
1021 10.74, 10.70
1.40 8.41, 8.02
1.68 6.34, 6.24
1.98 k.95, 5.25
1,106 x 102 M1 gec™ ! :
4,00 x 107 sec™ ;

L
calco. x 10

15.07

12.85

10,64
8.42
6.21
5.1
0.86%
0.87%

n

The HCl catalysed mutarotation of 619—methyl—0(ﬂ2—glucose at 250

in water, I = O.1M.

(H,0")M

2 =

0.100
0,080
0,060
0,040
0,020

0.010

+
1,0

kint

I

Pos
0.98
1.09
1.21
1.40
1.68
1.98
8.66 x 1072 M

3.4k x 107 sec

I
kobsd. x 10

11.91, 12.15
10.53, 10.21
8.76, 8.71
6.97, 6.74
5.20, 5,20
L,28, L.31

-1
sec

-1

e




Table 5

The HCl catalysed mutarotation of 6-acetamido—6~deoxy-/g—£f

glucose at 25° in water, I = 0,10M

(H,0)M P, ko g % 10" K o, X 10
0,100 0.98 . 10,02 10.23
0,080 1.09 18,80 8.69
0,060 1.21 7,16 7.15
0,040 1,40 . 5.63 5,61
0,020 1.68 3.95 ',06
0.010 1.98 . .3030 ‘ 3.28
kH30+ = 7.72x 102 ¥ sec” S5 5. = 1M
int. = 2.51x 107" sec™” ; S.D. = 1.6%%

Table 6
The HC1l catalysed mutarotation of 6fg~phenyl—cx12-glucose at

25° in water, I = 0.10M.

ffgff}% Py Kopsd. * 10" Keate. X 10"
6.100. 0;98 11.17, 11.07 11.05
0.080 1.09 9.77, 9.45 9.46
0.060 1,21 7.62, 7.93 7.87
0.040 1.40 6.26, 6,14 6.29
0.020 1.68 4.85, k.77 k.70
0.010 1.98 3.91, 3.86 3.90
kH30+ = ook x 100 M sec™! 5.D. = 0057%

‘ = 3.0 x 107 sec™” ; S. D. = 0.5%

int.
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Table 7
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The HC1 catalysed mutarotation of 6—chloro-6—deoky-0(—Q—glucose at

250 in water,

(H§o+)_r4

0,100
0.080
0.060
0.040
0.020
0,010
kH36+

int.

= 0.10M .
PHy5 Kobsd. * 10°
0.98 8.57, 8.49
1.09 7.28, 7.22
1.21 6.11, 6.25
1.40 4,88, 4.97

| 1.68 , 3.77, 3.68
1.98 3.0k, 3.16

6.07 x 1072 M| sec™' S.D.
2.48 X 10”4 sec” ! ; S.D.
Table 8

0.84%
0.55%

The HC1 catalysed mutarotation of 6-deoxy-o{-D-gluco-hepturoric acid

at 25° in water, I = 0.10M

(Hz°+ M

0.100
0,080
0,060
0.040
0.020
0.010
0"

int.

Pig Kobsd, * 10"
0.98 7.49, 7.61
1.09 6.48, 6.58
1.21 5.36, 5.36
1.40 4,13, 4.38
1.68 3.16, 3.26
1.98 2.85, 2.83
5.16 x 10> M) sec”| ;  S.D.
2.28 x 107" sec” ; S.D.

C.61%
0.47%




Table

9.

The HC1l catalysed mutarotation of 6-cyano-6 deoxy-/Z-D-glucose at

o .
25" in water,

H.0" )M
( 3 )M

0.100
0.080
0.060
0.040
0.020
0.010
kH30+

int.

I = 0.10M.

Phos
0.98
1.09
1.21
1.40
1.68
1.98
2.98 x 1072 M|

1.34 x 10—4 sec

-1

sec.

-1

10

Table

0.7C%
0.49%

The HCl catalysed mutarotation oglg—Gentiobiose at 250 in water,

|
I = 0.10M

(H30+)m
0.100
0,080
0.060
0.040
0.020
0.010
kH30+

kint.

1]

P
0.98
1.09
1.21
1.50
1.68
1.98
9.82 x 1072 M|

3.68 x 'IO"L‘L sec

-1
sec

-1

kobsd.

x 10

13.43,
11.46,
9.59,
7.58,
5.69,
k.77,

13.27
11.84
9.65
7.55
5.45
4,5k
S.D.

S.D.

L
calc. x 10

13,49
11.53
9.57
7.60
5.6k
4,66
0.7%%

0.61%
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Table 12

The Tris catalysed mutarotation of ¢-D-glucose at 25° in water,

I = 0.10M.

(Tris)M

0.060
0.048
0.036
0.02k
0.012

C.006
k‘I'ris

kint.

The Tris catalysed mutarotation

i
I = 0.10M.

(Tris) M

0.0€0
0.050
0.040
0.030

0.010

kTris

kint.

i

n

(Tris) : (Tris H')

Pos

8.08
8.10
8.10
8.11
-8.10
8.11

1.4% x 1072

P25

8.33
8.33.
8.32
8,34
8.34

1.48 x 1072

5.70 x “lo'l+ sec

-1

M

Table 1

M

‘5.04 x 10_4 sec

(Tris) : (TrisH')

-1

-1

sec
-1

3

1l

-1

100.

of «-D-glucose at 250 in water,

0.6.
Kobsa. * 10" Keale, X 19
13.67, 13,75 13,64
11.96 11.92

10.2#, 10,29 10.20

8.50, 8.49 8.48
6.76, 6.74 ' 6.76

7 5.9 5.90

; S.D. = 0.84%

;5 S.D. = 0.4

kobsd. x 104 kcalc. X 104
14.57 14,57
13.05 13.09
1.6 11.61
10.16 10,14

7.18 7.18
; S.D. = 1.2%
; S.D. = 0.68%
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Table 14

The Tris catalysed mutarotation ofcx-g—gluéose at 250 in water,

I = 0,10M.

(Tris)M

0.068
0.051
0.034
0,017
-0.0085

kTris

kint.

i

i

(Tris) : (Tris H') = 1.7.

1.44 x 107

7,04 x 10‘“

Phs
8.56
8.57
8.57
8.57
8.55

2 11 oo

-1
sec

Table 15

The Tris catalysed mutarotation ofO(jg-glucbse at 250 in water;

I = 0.10M.
I

(Tris)M

0.102
0.085
0.068
0,051
0.034

0.017

kTris

kint.

(Tris)

: (Tris H+)

pH

Z22

1.48 x 107

9.75 x 10‘”

8.87
8.87
8.87
8.87
8.875
8.88

e M—1 sec-1

-1
sec

3.k,

Kobsa. * 10" calc. 10"
16.85 16.83
v1&.36 14,38
11.94 11.94

9.50 9.49
8.19 8419
S.D. = 1.3%
S.D. = 0.68%

Kopag, * 1 Fgayo, ¥ 10

2.47, 2.52 2.48

2.22, 2.23 2.25

1.99, 2.00 1.98

1,68, 1.7% 1,73

1.49, 1.48 1.43

1.23, 1.22 1.23

S.D. = 1.2%
S.D. = 0.87%%
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Table 16

The Tris catalysed mutarotation of &t -D-glucose at 250 in water,

I =0.,10M. (Tris) : (Tris H') = 6.6.

(Tris) Bl kg %100 k. x10°
0.132 9.17 3:85,_3.48 3.63
0,106 9.17 3.09, 3.14 3.19
0.079 9.17 2.69, 2.72 2.73
0.053 , 9.16 2.32, 2.26 ~2.29
0.026 9.16 1}89, 1.88 1.83
0.013 9.14 . 1.58, "1.59 1.61
Kppig = 1469 x 1072 M sec™ ;. S.D. = 0.81%

. = 1439 x 107 sec | . S.D. = 0:5%

Table 17

The Tris catalysed mutarotation of 6—deoxy—a*{}glucose at 250 in water,

I=0.10M. (Tris) : (Tris) = 0.6,

(Tris)M ffgz k., g X 100 ko x 10
0,060 8.08 _ 1.56 1.57
0.048 8.10 1.4? , 144
0.036 8.10 | 1.32 1.31
0,024 8.1 1.17 1.18
0.012 8.10 4 1.06 - 1.05
0.006 8.11 | 0.99 | 0.99
Kpoig = 1.07 X 1024V sec™? ;  s.D. = 0.95%

k = 9.23 x 10 sec™” s S.D. = 0.15%

int.



Table 18
The Tris catalysed mutarotation of 6-deoxy-of{§—glucose at 250 in

water, T = 0.1 M.  (Tris):(Tris E') = 1.0.

(Tris)M g K g X 10° k. X 107
0.060 8.33 1.63 1.61
0.050 8.33 .50 B
0.040 8.32 1.39 .40
0.030 | 8;34 1.27 1.9
' 0.010 8.34 1.08 1.08
kpss = 107 x 1072 M gec”] ; S.D.. = 1.09%
int, = %71 x 107" gec™” 3 S.D. = 0.3%
Table 19

The Tris catalysed mutarotation of 6—deoxy— o-D-glucose at 250 in water,

I =0.10M. (Tris):(Tris H) = 1.7.

(Tris)M Py Xobsd. * 100 k% 10°
0.068 8.56 1.71 o ‘ 1.76
0.051 8.57 '1.58, 1.57 1.57
0,03k 8.57 1.50, 1.41 1.38
0.017 8.57 '- 1,20 1,20
0.0085 8.55 1.10, 1.09 1.10
Kpoig = 1410 X 1072 u" secf1‘ . S.. = 0.97%

S.D. 0.28%

]

-e

1.01 x 1072 sec'1

int

O
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Table 20
The Tris catalysed mutarotation of 6-deoxy-o-D-glucose at 250 in

water, T = 0.10M.  (Tris):(Tris H') = 3.k,

fffffi% P Kobsa. * 10’ Kealc, * 10°
0,102 8.87 2.26 2.27
0.085 8.87 . 2.07 2.08
0.068 8.87 1.90 1.89
0.051 . 8.87 1.72 . 1.70
0.03k4 8.875 1.52 1.51
0.017 8.88 ' 1.32 - 1.32
Kpoig = 1472 x 102 M sec” ; S.D. = 1.15% |
k., = 1.13x 1072 sec”] . S.D. = O.43%
Table 21

o}
The Tris catalysed mutarotation of 6—deoxy—cx—£—glucose at 25

in water, I = 0.M. (Tris):(Tris H') = 6.6.
(Tris)M P, 'kobsd. x 103L K 1. X 10°
0.132 9.17 2.90 2.86
0.106 9.17 2.51 2.56
0.079 9.17 2.25 2.25
0.053 9.16 1.95 1.95
0.026 9.16 _ . 1.67 1.65
0.013 9.1k 1.48 1.50
Kpogg = 1014 x 102w see™d ;8D = 1.0%

= 1.35 x 107 sec | . S.D. = O.hhg

int.




Table 22

The Tris catalysed mutarotation of &~D-xylose at 25°in water,

I = 0.10M.

(Tris)M

0,060
0.048
0.036
0.024
0.012
0.006

kTris

kint.

The Tris catalysed mutarotation of of-D-xylose

I = 0.10M.

(Tris)M

0.060
0.050
0.040
0.030
0.010

kTris

kint.

(Tris):(Tris H+) = 0.6.

Phog
8.08
8.10
8.10

8.1
'8.10
8.11

8.01 x 10

2.06 x 'IO_3 sec

2 M-1

-1
sec H

/'

Table 2%

(Tris):(Tris H) = 1.0.

PHs
8.33
8.33
8.32
8.3k
8.3k

8.29 x 1072 M

2.42 x 10™2 sec

-1
sec H

-1

X obsd. x 107 Kealc. * 107
6.84, 6.92 6.87
5.84, 5.87 5.91
4,93, 5.0% k.95
k.03, k.00 3.99
3.00,»3.04 3.03
2.5k, 2.57 2.5k
S.D. = 0.62%
S.D. = 0.49%
at 25° in water,
Kobsd. * 100k %10
7.22, 7.19 7.39
6.57, 6.61 6.56
5.82, 5.76 5.73
5.01, 4.92 4,90
3.28, 3,16 3.25
S.D. = 0.73%
S.D. = 0.62%




Table 24
The Tris catalysed mutarotation of &-D-xyclose at 250 in water,

I =0.10M. (Tris):(Tris H') = 1.7.

(Tris)M Pl K, o x10° k. x10°
0.068 8.56 8;63, 8.69 8.68
0.051 8.57- 7.28, 7.31 7,31
0.03h4 8.57 5.95, 5.94 5.95
0.017 8.57 L.57, k67 . k.58
0.0085 .8.55 3.88, 3.80 , 2.85
Koo = 8.04 x 107 M sscT! 3 S.D. = 0.7%%

int. = 3:21% 1072 sec” ;- S.D. = 0.37%

Table 25

The Tris catalysed mutarotation of«x-Q}xylose at 250 in water,

I =0.10M. (Tris):(Tris H') = 3.k,

k

(Tris)M By k, o %100 k%107
0.102 8.87 13.70, 13.47, 12.88 13.61
0.085 8.87 11.96, 12.28, 12.22 12.16
0.068 | 8.87 10.69, 10.65, 11.10 10.70
0.051 | 8.87 9.34, 9.30 9.25
0.03k 8.875 7.79, 7.99, 7.71 7.79
0.017 8.88 6.42, 6.40, 6.12 | 6.33
Kpogg = 8456 x 1028 st ;  s.D. = 0.73%.

= 4.88 x 1072 sec” : 8.0, = 0.5%.

int.




Table 26

The Tris catalysed mutarotation of & -D-xylose at 250 in water,

-1

= 6.6.
Kobsd., X 10°

14,47 14,62
12.63,12.43,12.23
10.69, 10.68
8.97, 8.81

: S.D. = 1.91%.

; S.DL = 0.62%

Table 27

3
kcalc. x 10

14.91
12.65
10.30

9.17

catalysed mutarotation of 619—methyl-0(—£—glucose at 250 in

Kopsd. x 10°

13.62
1M.44
9.67
7.59
6.06
L9

I=0.10M.  (Tris):(Tris H')
(Tris)M PH2§
0.079 9.17
0.053 9.16
0.026 9.16
0.013 9.1k

-2 -1
Kppis = 8.69 x 10 © M ' sec

int. = 8.0& x 1072 sec™

The Tris
water, I = 0,10M. (Tris):(Tris E') = 0.6.
(Tris)M PH,;
0.060 8.08
0.048 8.10
0.03%6 8.10
0,024 8.11
0.012 8.10
0,006 8.11
kTris = 1.56 x ‘IO“2 M_1 sec

n

int,

4,01 x 10-4 sec-1

i  S.D. 0.92%

0.8%%.

)

H S.D.
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Table 28

!
The Tris catalysed mutarotation of 6-0-methyl- e-D-glucose at 250

in water, I = 0.10M.  (Tris):(Tris H') = 1.0. |
(Tris)M ffgé K 1ed. x 10" K 10, X 10t
0.0€0 8.33 13.83 13.90
0.050 8.33 | 12.32 12.31
0.040 8.32 10.82 ‘ 10,72
0.030 8.3k 19.03 . 9.13.
0.010 .34 5.95 5.94
Koo = 1.59 x 102y sec™? ;5D = 0.9% ‘
int. = L, 35 x do‘4 sec™ | ;' S.D. = 1101%
Table 29

The Tris catalysed mutarotation of 619-methyl—o(12—glucose at 250

in water, I = 0,10M. (Tris):(Tris ") = 1.7.

(Tris)M £§§2 K bed. x 10" K 1. ¥ 10"
0.068 8.56 15.67  15.85
0.051 8.57 13.07 . 13.16
0.034 . 8.57 10.60 10.46
0.017 8.57 7.81 7.77
0.0085 | 8.55 6.30 6.34
Kpo = 159 x 1072 M sec”? ;3 S.D. = 0.9%

- 5.07 x 107" sec”! . S.D. = 0.76%.

int.

8ir, '




Table 30
The Tris catalysed mutarotation of 6-0-methyl- or-D-glucose at 250

in water, I = 0.10M. (Tris):(Tris i) = 3.4,

(Tris)M Bl kg X100 ko x10°
0.102 8.87 2.28 . ' 2.29
0.085 8.87 .02 2.03
0.068 8.87 1.77 1.76
0.051 ' 8.87 1.48 1.49
0.03k 8.875 1.24 1.22
0,017 8.88 0.9k 0.96
ppig = 157 % 1072 M sec™ s S.D. = 1.26%.

k, . = 6.88x 107 §ec'1 s S.D. = {.31%.

Table 31

The Tris catalysed mutarotation of 6-O-methyl- ox-D-glucose at 250

in water, I = 0.10M.  (Tris):(Tris H') = 6.6.

(Tris)M Bl kg x10° ko x10°
0.132 9.17 3.22, 3.17 3.20
0.106 9.17 2.75 2.78
0.079 9.17 2.38 2,34
0.026 9.16 1.50 1.48
0.013 9.1k 1.26 1.27
kp .o = 1.62x 102 sec™t 5 S.D. = 0.8%

Kb, = 1.06 x 10~ sec | 3 S.D. = 007_2%.




Table 32
The Tris catalysed mutarotation of 6—acetamido—6—deoxyj;?—Q-glucose at

25° in water, I = 0.10M. (Tris):(Tris H') = 1.0.

(Tris)M P kg % 10° ki, X 107
0.060 8.33 1,56 1.58
0.050 8.33 A '1.43 1.42
0.040 8.32 1.27 1.26
0.0320 8.3k 1.10 1,10
0.010 8.34 0.77 0.78
kppq, = 160 x 102 M sec™t ;3 S.D. = 2.6%

ki#t. = 6.19 x 1074 sec™ ;  S.D. = 2755%

Table 33
The Tris catalysed mutarotation of 6-acetamido-6-deoxy-£ -D-glucose

at 25° in water, I = 0.10M. (Tris):(Tris H') = 1.7.

(Tris)¥ Piog Kobsd. * 100 kg, % 107
0.068 8.56 1.86 1.90
0.051 8.57 1.67 1.60
0.03k4 . 8.57 1.30 1.31
0.017 8.57 0.97 1.02
10.0085 : 8.55 0.90 0.87
Kpogg = 1472 X 10281 sec™? 3 s.D. = 2.38%.

= 7.28 x 107" sec” . S.D. = 1.56%.

int.
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Table 34

e

The Tris catalysed mutarotation of 6—acetamido—6—deoxy1[§—Q—glucose

at 25° in water, I = 0,10M. (Tris):(Tris H') = 3.4.

(Tris)M PH kg X100 ko x10°
0.102 8.87 2.70, 2.79 2.75
0.085 8.87 2.2 2.45
0.051 8.87 1.90 1.86
0.034 8.875 ' 1,58 1.56
0.017 8.88 1.26 1.27
Kpoig = 175 x 10 M secT! 5 S = 1.7

int. = 9.71 x 107" sec™” i  S.D. = 1.34%.

Table 35

The Tris catalysed mutarotation of 6-acetamido—6-deoxy7/9—Q—glucose

at 25° in water, I = 0.10M.  (Tris):(Tris 5') = 6.6.

int.

(Tris)M Pl ko g X100 ko x 107
0.132 9.17 b7 4.78
0.106 9.17 b.31 L,30
0.079 9.17 | 4,11 3.81 .
0.053 9.16 3.33 3.33
0.026 9.16 2.92 2.83
0.013 9.14 2.49 2.59
Mgy = 18hx 1072 M secT 3 SD. = 3.5
k = 2.35 x 1072 sec™’ ; S.D. = 2.19%.




Table 36
The Tris catalysed rutarotation of 6-0-phenyl- & -D-glucose at 250 in

water, I = 0.10M.  (Tris){Tris H') = 0.6.

(Tris)M 2522 K psd. ¥ 10t K o1c. X 10"
0.060 8.08 23,13, 22.92 22.70
0.048 8.10 18.45, 18.37 18.97
0.036 8.10 15.61, 15.47 A 15.24
0.024 8.1 ' 11.59, 11.93 11.51
0.012 8.10 .44, 7.47 7.78
0.006 8.11 5.94, 5.96 5.91
kppig = 311 x 1072 w1 gec™” ;- S.D. = 0,54%

k, o= b.05x 107" sec™ ;  S.D. -= 0.67%.

Table 37

The Tris catalysed mutarotation of 6—9_—pheny1— o —_E-ngucose at 25O

in water, I = 0,10M.  (Tris):(Tris H') = 1.0.

int.

(Tris)M ffgz K psq. X 10" K, 1o, X 10"
0.060 8.33 2k.26, 24.25 21,78
0.050 - 8.33 21.69, 21.48 21.43
0.040 8.32 17.97, 18.08 18.08
0.030 8.34 14.95, 15.05 .73
0.010 8.34 7.93, 8.0k -8.03
Kpoio = 3.35 % 107 M1 see™? ;3 S.D. = 0.83%

= 4.69 x 107 sec”] ; 8.0, = 1.5%%.
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Table 38
The Tris catalysed mutarotation of 6-O-phenyl-o(-D-glucose at 25°

in water, I - 0.10M. (Tris):(Tris H') = 1.7.

(Tris)M P kg X107 k_ o ox10°
0.068 8.56 2,91, 2.86 2.89
0.051 8.57 = 2.33; 2.29 2,32
0.034 8.57 1.75, 1.73 1.75
0.017 | 8.57 : 1.17, 1.18 . 1.17
0.0085 8.55 : ' 0.86, 0188 0.87
Kppis = 3.38 x 1072 M1 gec™! ; s.D. = 0.74%.

k. . = 5.98x 107" gec™ s, - 0.74%.

Table 39
The Tris catalysed mutarotation of 6-O-phenyl--D-glucose at 250 in

water, I = 0.10M. (Tris):(Tris BY) = 3.L.

(Tris)M Pl o K og, ¥ 100 kg x 107
0.102 8.87 b3, b4 b3
0.085 8.87 3.79, 3.81 3.84
0.068 - 8.87 3.29, 3.32 3.25
0.051 8.87 2.68, 2.6k 2.65
0.034 8.875 2.13, 1.99 | 2.05
0.017 8.88 1.47, 1.46 1.46
Kpoip = 3.50 x 107 M1 sec™? 3 S.D. = 0.68%.

k= 8.68x 107 sec” i S0, = 1.07.




Table 4LC.
The Tris catalysed mutarotation of 6-0-phenyl-c¢-D-glucose at 25o in

water, I = 0,10M.  (Tris):(Tris H') = 6.6.

(Tris)M Bl kg x107 ko x 100
0.132 9.17 5.99, 6.1 6.17
10,106 9.17 5.33, 5.35 5.26
0.079 9.17 48, bho I3
0.053 '9.16 : 3.38, 3.39 341
0.026 9.16 2.49, 2.43 2.46
0.013 ‘ 9.1k 2.04, 1.98 2.01.
Kppig = 3-50 x 107° M ! sec”" ;  S5.D. = 0.81%. |

kv = 1.55x 1072 sec” ; S.D. = 0.7%.

Table 41
The Tris catalysed mutarotation of 6—chloro—6—deoxy—c(—gfglucose at

25° in water, I = 0.10M.  (Tris):(Tris ) = 0.6.

(Tris)¥ P K pog. X 10° k;alc. x 107
0.060 8.08 3.68, 3.65 3.61
0.048 - 8.10 2.97, 2.98 3.03
0.036 8.10 ; 2.49, 2.48 2.45
0.024 8.11 1.85, 1.87 1.87
0.012 8.10 1.28, 1.30 1,29
0.006 8. 1.00, 0.99 0.99
Kppig = 4485 x 107 M see™? 3 s = 0.81%.

k. = 7.03 x 107" sec™" ; S.D. = 0.72%.

int.
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Table k2
The Tris catalysed mutarotation of 6-chloro-6-deoxy-« -D-glucose at

25° in water, I = 0.10M. (Tris):(Tris H') = 1.0.

(Tris)M Bl Koo X100 ko x 107

0.060 8.33 3.98, 3.89 3.99

0.050 8.33 3.53, 3.47 3.49

0.040 8.32 2.98, 2.98 2.99

0.03%0 8.3 2.49, 2.56 2.b9 |
0.020 8.34 1.48, 1.48 1.48 |
kp oo = 5.02 x 1072 M sec”! 3 S.D. = 0.83%. |
ki o = 9.81x 107 sec™! 3 8.D. = 0.9&%.

Table 43 : . , |

The Tris catalysed mutarotation of 6-chloro-6-deoxy-~«-D-glucose at

25° in water, I - 0.10M. (Tris):(Tris E') = 1.7.

(Tris)M PH,o K ped. ¥ 10° K 10, X 10°

o.o68- 8.56 5.13, 5.19 5.15 |
0.051 8.57 k.16, 4,15 L, 21 j
0.034 . 8.57 3.31, 3.32 3,26 |
0.017 8.57 2.18, 2.33 2.32 |
0.0085 ‘ 8.55 1.83, 1.80 e |
Kpoig = 555 x 102 M sec™t 3 8.D. = 0.72%.

k - 1.38 x 1072 sec™ . S.D. = 0.60%.

int.



Table L&,
The Tris catalysed mutarotation of 6-chloro-6-deoxy-ox-D-glucose

at 25° in water, I = 0.10M. (Tris):(Tris H') = 3.4.

(Tris)M B kg X100 ko ox 107
0.102 8.87 8.25, 8.07 8.25
0.085 8.87 7.22, 7.20 7.35
0.068 . 8.87 6.44, 6.59 © 6.45
0.051 8.87 5.61, 5.68 5.55
0.034 8.875 4,70, L4.71 - 4,65
0.017 8.88 3.73, 3.69 3.75
Kpnig = 530 % 1072 M sec” ;- S.D. = 0.90%.

k, . = 2.85x 1072 sec™ ! s S.D. = 0.70%.

Table 45.

The Tris catalysed mutarotation of 6-chloro—6—deoxy7<X%£-glucose at 25°

in water, I = 0.10M. (Tris):(Tris ) = 6.6.

(Tris)M By k4 ¥ 10° k. x 107
0.132 9.17 12.26, 12.24 12.85
0.106 9.17 11.09, 10.90 - 11.28
0.079 | 9.17 9.56, 9.79 .9.64'
0.053 9.16 8.43, 8.33 8.08
0.026 9.16 6.84, 6.6 6.43
0.013 9.14 5.70, 5.41 5.65
Kppig = 6405 x 102"V sec™? 3 S.D. = 0.98%.

k = 4.86 x 1077 sec” . S.D. = 0.55%.

int.
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Table 46,
The Tris catalysed mutarotation of 6-cyano—6—deoxy-/?—Q-glucose at

25° in water, T = 0.10M. (Tris):(Tris H') = 0.6.

(Tris)M P ko o x10° ko x 107
0.060 8.08 6.60, 6.52, 6.72 6.75
0.048 | 8.10 5.62, 5.79 5.80
0.036 8.10 4,92, 4.97 4.85
0.024 | : 8.1 3.91, 3.95, 4.03 - 3.90
0.012 8.10 2.93, 3.01 2.95‘
0.006 8.11 2.38, 2.37 2.48 |
Kpo o = 7.92 % 102 M sec™t ;. S.D. = 1.206.

int. = 2:00x 1072 sec” 3 S.D. = 1.3%.

Table 47

The Tris catalysed mutarotation of 6-cyano—6—deoxy-/3-Q—glucose

at 25° in water, I = 0.10M. (Tris):(Tris E') = 1.0.

(Tris)M Py kg X100 ko x10°
0.060 8.33 8.10, 7.98 8.21
0.050 8.33 7.09, 7.46 .36
0.0b0 8.32 6.61, 6.46 6.50
0.030 8.3h 5.88, 5.82 5.64
0.010 8.3h4 3.89, 3.98 3.93
kppig, = 8456 x 1072 ¥ sec™ i S.D. = 1.47%.

k = 3.08 x 107" sec™ i S.D. = 1.17%,

int.

\0
AN




Table 48
The Tris catalysed mutarotation of,6-cyano-6fdeoxy7z?-Q—glucose at

25° in water, I = 0.10M. (Tris):(Tris H') = 1.7.

) 3 3
(Tris)M pH25 K psa, X 10 k 1., ¥ 10
0.068 8.56 11,15, 11.23 11.32
0,051 8.57 9.35, 9.71 9.72
0.034 8.57 8.16, 8.53 8.12
0,017 , 8.57 6.74, 6.65 - 6.53
0.0085 8.55 5.54, 5.76 5.68
Kp oo = 9.39 x 10> M sec”! 3  S.D. = 2.25%.
ko4 = L.9% x 107 sec™ ! ;- S.D. = 1.05%.

Table 49

The Tris catalysed mutarotation of 6—cyano—6—deoxy—/3—B—glucose

at 25° in vater, I = 0.10M. (Tris):(Tris H') = 3.k.

. : 3 3
(Tris)M PH,c kg, X 10 K 1., ¥ 10
0.051 8.87 15.72, 16.04, 15.92 15.76

16.00
0.042 8.87 14.93, 14.99, 14.20 14.65
0-634 8.875 13,84, 13.40, 13.57 13.67
' 13.00
0.017 8.88 11.23, 11.77, 11.87 11.57
11.70
0.0085 8.88 10.77, 10.32 A 10,47
Kppsg = 12,31 x 1072 M7 sec”! 3 S.D. = 2.7%%
= 9.48 x 1077 sec” . S.D. = 1.08%.

int.




Table 50
The Tris catalysed mutarotation oﬁ/?-Gentiobiose at 250 in water,

I =0.10M. (Tris):(Tris H') = 0.6.

(Tris)M PHg K psd. ¥ 10" K 1., X 10
0.060 8.08 25.74 . 25.87
0.048 8.10 21.83 L 21.9
0.036 8.10 18.43 18.0k4
0.02k 8.11 14.13 ' k12
0.012 8.10 10,21 o 10.20
0.006 -~ 8.11 8.2k - . 8.2k
kpo = 326 x 1072 M " secT 5. 8D, = 1.4 |
kL = 6.28 x 107 sec” ;  S.D. = 0.9%%.

Table 51
TQe Tris catalysed mutarotation of/e-Gentiobiose at 25o in water,

I =0,10M. (Tris):(Tris H') = 1.0.

int,

{rie PH5 Koped, X 1° Kegro. * 10°
0.060 8.33 2,80 2.83
0.050 | 8.33 2.54 2.49
0.0b0 8.32 2.13 2.15
0.030 8.3k 1.83 1.81
0.010 8.3k 1.1k 11k
kppig = 3439 x 1072 ¥ sec™" ;  S.D. = 1.38%.

= 7.9 x 107 gec™" ; S.D. = 1.04%,



Table 52

The Tris catalysed mutarotation oﬁ/?—Gentiobiose at 250 in water,

I = 0.1CM. (Tris):(Tris H') = 1.7.

(Tris)M pHyg kg X100 ko x 100
0.068 8.56 3.32 3.39
0.051 8.57 2.84 2.80
0.034 8.57 ©2.26 2.21
0.017 8.57 1.61 : 1.62
0.0085 8.55 1.31 . 1,31
kppis = 3447 x 1072 M1 ge¢™! ;i  S.D. = 2.5%.

int, = 1:03x 1072 sec™ ;- S.D. = 1.h6%.

Table 53

e o .
'The Tris catalysed mutarotation of/g—Gentloblose at 25 in water,

I~ 0.10M. (Tris):(Tris H') = 3.k.

(Tris)M o '.fggg . kK, 4 X 100 ko X 10°
0.102 8.87 5.39 5.4
0.085 8.87 - 4,79 4,81
0.068 8.87 b2z k.21
0.051 | 8.87 3.66 3.61
0.034 8.875 2.96 " 3.00
0.017 8.88 2.38 2,40
Kppis = 3o0M x 1072 b sec”! i S.D. = 2.75%.

]

1.80 x ’10“3 sec_1 H S.D.

3.45%,

kint.



Table 54

The Tris catalysed mutarotation of/g-Gentiobiose at 25°'in water,

I=0.10M. (Tris):(Tris ) = 6.6.

(Tris)M My Tk, g x 100 kL x 100
0.132 | 9.17 | 7.73, 7.67 7.75
0.106 9.17 7.00, 6.95 6.88
0.079 9.17 5.80, 5.99 5.98
0.053 9.16 ' 5.10, 5.02 5.12
0.026 9.16 hookh k.22
Kpio = 333 x 102 M sec” 5 S.D. = 2.20%

k. =336 x 107 sec 3 SD. =

int

1.65%.
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The hydroxide ion catalysed mutarotation of 6-deoxy-

Table 56

25° in water, I = 0.10M.

Pyg
9.16
8.87
8.56
8.33
8.10
kow= =

]

k int. =

(0H7) x 106

14,45
7041_
3.63
2.14
1.26

-1 -1
32.7 M sec H

0.89 x 107> sec™ ;

Table 57

k

X

int.

S.D.

"~ S.D.

1.35
1.13
1.01
0.97

0.92

1O3

1.61%.
0.25%.

rgfglucose

calc.

at

10

1.36
1.13

1.01

0.96

0.93

The hydroxide ion catalysed mutarotation oftx—g-xylose at 250 in

water, I = 0.1QM,

PHog
9.6
8.87
8.56
8.33
8.10

e
i
n

(o) x 1o6

1445
7,41
- 3.63
2.1k
1.26

1 -1

2 u 7 gec 3

4.6 x 10

1.48 x 107 sec—1 ;

1.0%.

0.91%.

calc.

8.1k
4,89
3.5
2.46

2.06




100.

Table 58

The hydroxide ion catalysed mutarotation of x~-D-glucose at 250 in

water, I = O.10M.

- 6 3 3
PH, . (0OH™) x 10 k. . X 10 K, 1, X 10
8.87 7.41 0.98 0.99
8.56 3.63 _ 0,70 0,69
8.33 2.14 0,57 . 0,57
8.10 1,26 0,50 0,50
ko= = 799 M1 sec” ; S.D. = 1.88%;
k'int. = L,00 x 10“4 sec ; S.D. = 0.90%.

Table 59

The hydroxide ion catalysed mutarotation of 6~0-methyl- &-D-glucose -

at 250 in water, I = 0.10M.

PHo (0E") x 10° ok, X 10° kg, X 107
9.16 kbs 1.06 1.05
8.87 7.4 0.69 R 0.70
8.56 3,63 0.51 - 0.51
8.35 . PR 0.1k 0.1k
8.10 1.26 0.40 0.40
Ko = 49.5 ' sec™? 3 8. = 1.55%

-1

int. 3.34 x 10—4,sec

S.D. = 009%.
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Table 60
The hydroxide ion catalysed mutarotation of 6-acetamido-6fdeoxy-/3—2-

glucose at 250 in water, I = 0,10M.

O~ 6 a3

pH25 (OH") x 10 ki 4 X 10° k.1, X 10
9,16 1 45 2.35 2,54

8.87 : 7141 ‘ 0.97 1.1

8.56 3,63 0.73% 0,71

8.33 2.14 0.62 _ 0.46
kg = 103.3 M sec™? S.D. = 3.30%.

int = 3,48 x 10’” sec™ V- S.D.. = 4 ,86%.

Table 61

The hydroxide ion catalysed mutarotation of 6—9—pheny1—¢Xﬂ2—g1ucose

at 25° in water, I = 0.10M.

2 (0E") x 10° k. x 107 k. X 107
9.16 14 45 1.55 1.50

8.87 7.4 0.87 0.9

8.56 3.63 0.60 "~ 0.60

8.33 2.14 o.k7 0,47

8.10 . _ 1.26 0.40 0.40

kg~ = 83.9M secT' ;8D = 1.26%

k - 2.93x10 " sec™'; 8., = 1.15%.

int.
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Table 62
The hydroxide ion catalysed mutarotation of 6-chlcro-6-deoxy-o-D-

glucose at 250 in water, I = 0.10M.

P (o8™) x 10° K, % 107 k., * 100
9.16 14 .45 4,86 _ 4,93
8.87 7.41 2.85- | 2.67
8.56 3.63 | 1.38 | 1,45
8.33 2.14 0,98 ' 0.98
‘8.10 1.26 0.70 ' 0,69
ko = 521 x 10° MV sec™' 5  S.D. 0.9k

k;nt. = 2.88 x 107" sec™! 5 S.D. = 2.73%0

Table 63
The hydroxide ion catalysed mutarotation of 6-cyano—6—deoxy—/3—Q—glucose

at 25° in water, I = 0.10M.

fﬁéﬁ (0H7) x 10° LN 10° Koo1o. X 10”
8.87 7.41 9.48 9.52
8.56 3,63 4,93 4.90
8.33 , 2,1 : %08 3.08
8.10 1.26 2.00 2.00
ko= = 1.22 x 10w sec™] ; S.D. = 1.56%.

k' = 4,63 x 107" sec™ i S.D. = 9.50%.
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Table 64

The hydroxide ion catalysed mutarotation of}g-Gentiobiose at 25o

in water, I = O.10M.

Ph -(-or’). x 10° ko, X100 k. x10°
9.16 1k 45 L 3.3 | 3.21
8.87 7.4 : 1.80 - 1.8%
8-.,56 3; 63 o1 003 1 -Oé

8.7 2,14 0.80 . 0.80
6.10 1.26 0.63 0.62
O 10° M-"'l sec” ! ;  S.D. = 1.9%.

k! = 3.78 x 107" sec™! i S.D. = 2.25%.

int.
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Table 66

The pyridine catalysed mutarotation of 6-deoxy-o¢ -D-glucose at 250

in water, I = 0.10M.

(Pyridire)M

pH

22
0,100 5.95
0,080 5.93
0.060 5.94
0.040 5.92
0,020 5.92
0.010 5.94
kpy = 5.8h x 12 M se

it

k:’@nt°

8.75 x 10_4 sec—1

(Pyridire): (Pyridinium’) =

-1

C

Cand
kobsd. x 10

1,45, 1.46
1.29, 1.32
1.23, 1.28
1.14, 1,08
1.02, 0.95
0.90, 6,94
;  S.D. 1.7%.

0.68%.

Il

H S.D.

Table 67

4:1,

K x 107

calco

1.46
1034
1.23
1.11
0.99

0.93

| ) o .
Thé pyridine catalysed mutarotation of 6-deoxy-o<i2—glucose at 25 in

water, I = 0.10M.

Kipg, = 8.96 x 107

int

(Pyridine)M fgéé

0.100 5.68

0.080 5.70

0.060 5.72

0.040 5072

0,020 5.72

0,010 5.73
Kpy = 5.50 x 1072 w7 sec

¢ -1
sec

(Pyridine):(Pyridinium ) =

-1

2:1.

3
10
K bsd. *

1.46, 1.45
1.34, 1.32
1.22, 1.23
1.12, 1.1
1.00
0.97
2,0%.
0.66%.

0.9k,

S.D.

n

-e

i

S.D.

-e

k

3
calc. x 10

1.45
1,34
1.23
1.12
1,00

0.95
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Table 68

The pyridine catalysed mutarotation of 6-deoxy—cx-2-glucose‘at 250 in

water, I = 0.1CM. (Pyridine){Pyridirium’) = 1:1.

. : . b)
(Pyridire)M pH25 kobsd. x 107 K o1e. * 10
0.100 5.33 1.47, 1.45 1.45
0,080 5.33 1.30, 1.34 1,34
0,060 5.34 1.22, 1.19 1.22
0.040 5.36 1.13, 1.1k : 1,11
0,020 5,37 1,00, 0,98 0.99
0.010 5.38 ' 0.92, 0.91 0.9k
ku = 5.73%3 x 1072 M--1 sec—1 ;s S.D. = 1.70%.

K= 879 x 107 sec™ . S.D. = 0.6%
Table 69

. o
Thé pyridine catalysed mutarotation of 6—deoxy—cx—£;glucose at 25 in

water, I = 0.1CM. (Pyridine):(Pyridinium+) = 1:2,

(Pyridine)M 2522 ' kdbsa. x 100 Koo1c. ¥ 107
0.050 L.96 1.16, 1.18 1.18
0.040 4,99 1.13, 1.4 1.12
0.030 | 4,99 1.02, 1.10 1.06
0,020 5.03 1.01, 0,97 0.99
10,010 ) 5;03 0.96, 0.94 0.9k
0.005 5.03 0.90, 0.91 0,91
aku = 6,07 x 1070 M sec™ | ;  8.D. = 3.15%. |
‘kint.= 8.78 x ’IO-)+ sec | ; $.D. = 0.6%.



Table 70
The pyridine catalysed mutarotation ofe( -D-xylose at 250 in water,

I = 0.70M. (Pyridine):(Pyridirium’) = L4:1.

(Pyridine)M Bl kg ¥ 10° k. x 107
0,100 5.95 2.88, 2.76 2.82
0.080 5.93 2.51, 2.54 2.53
0.060 5.94 2.23, 2.23 ‘ 2.23
0.040 5.92 1.92, 1.94 _ 1.93
0.020 5.92' 1.69, {,60 o 1.63
0,010 5.94 . . 1.b9, 1.46 1.49

ko = 149 x 162 ¥ ! sec s . S8.D. = 1.5%.

ko= 1.3k x 1072 sec” : S.D. = 0.71%.

Table 71

The pyridire catalysed mutarotation of &-D-xylose at 25° in water,

T=0,10M. (Pyridine){Pyridinium') = 2:1.

(Pyridine)M Pl K ped. X 10° K. o10. X 10°
0100 5.68 2.88, 2.83 2.8k
0,080 5,70 2.54, 2.54 2.5h
0.060 ‘ 5.72 . . 12,18, 2.29 | 2,24
0.040 5.72 1.88, 1.96 1.9k
0.020 5,72 _ 1.65, 1.64 1.6k
0,010 5,73 1,48, 1.49 1,48
kpy = 1450 x 1072 K7 sec! 3 S.D. = 1.40%

-e

tkint°= 1.3 x 102 sec"1 s.D, = 0966?6°

107.
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Table 72

The pyridine catalysed mutarotation of X-D-xylose at 250 in water,

I=0.10M, (Pyridine):(Pyridinium’) = 1:1.
(Pyridine) P, ko, x 107 ki, % 100
0,100 5.33 - 2.86, 2.87 2.89
0,080 5033 2.55, 2.56 2.57
0,060 534 , 2.28, 2.29 2.25
0.040 5.36 | 1,99, 1.97 1.94
0.020 5¢37 1.59, 1.58 1.62
0.010 5.38 1.45, 1.48 1.46
kpy = 1.60 x 1072 M sec”] i . S.D. = 1.2%.
kL= 1430 x 1072 sec™ ;. S.D. = 0.60%.

Table 73

The pyridine catalysed mutarotation of X-D-xylose at 250 in water,

I=0.10M. (Pyridine):(Pyridinium’) = d:2.

(Pyridine)M B - k. %107 k .. %107
0.050 496 2.04, 2.03 2.06
0.040 4,99 1.89 1.91
0,030 4,99 1.79 1275
0.020 5.03 1.61 1.60
0,010 5.03% 146 1.45
00905 5.03 . 1.31 1.38

kpy = 152 x 1072 ™" sec™ ;8. = 1.76%.

-

int.t 1,30 x 10—3 sec"1 §.D. = 0.33%%.



Table 74

The pyridine catalysed mutarotation of x-D-glucose at 250 in water,

I = 0.1CM. (Pyridine):(Pyridirium') = 2:1.

(Pyridine)M f§§2 K psd. ¥ 104 K 1c. X 104
0,100 5.68 10.07, 9.89 1C.05
0.080 5.70 8.85, 8.86 8.87
0,060 5.72 7.49, 7.70 7.69
0.0L0 5.72 6.61, 6.58 6.51
0.020 5.72 5.27, 5.32 5.33
0.010 5.73 L,68 L.,73
ku = 5.91x 102 ¥ sec” ;i 8.D. = 1319%'

ipp, = ek x 1074 sec™ . S.D. = 0.76%.

Table 75

o .
The pyridire catalysed mutarotation ofox-D-glucose at 25~ in water,

I =0.1CM. (Pyridine):(Pyridinium ) = 1:1.

(Pyrid%§31¥ PHyo K psd. X 10" K 10, ¥ 10t
0.100 5.33 10.04, 10.17 10.12
0.080 _ 5.33 8.84, 8.90 8.92
0.06C 5.34 7.74,  7.77 772
0.040 5.36 6.38, 6.54 6.52
0.020 5.37 5.37, 5.41 5.32
0.010 5,38 L.6h, L.66 4,72
kpy = 6.00x 107w sec” 5 S.D. = 1.04.

k = 412 x 107 sec” i S.D. = 0.58%.

int.
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Table 76

The pyridine cetalysed mutarotaticn ofo-D-glucose at 250 in water,

I=0.1CM. (Pyridire):(Pyridinium’) = 1:2.
(Pyridine)M fﬁff kobsd. < 10 ko x 10t
0,050 Lhooe 7.15, 7.1k 7012
0.040 k.99 6.5%, 6.4k4 . 6.52
0,C30 4,99 © 5.93, 5.97 5.92
0.020 5.03 5.33, 5.29 5.%2
0.010 5.C3 ' 4.81, 4.65 k.72
0.C05 5.03 k.50, L.34 L 41
kpy = 6.02 % 1607 M sec™ 3 S.D. = 1.5%.
Kipp.= 11 x 107" sec™" . S.D. = 0.66%.

Table 77

The pyridine catalysed mutarotation of 6-O-methyl -gx—gfglucose at

25° in water, I = 0,10M. (Pyridine):(Fyridinium') = bU:1.
(nyidine)y PHs K pog, ¥ 10" ko X 10t
0,080 5.93 9.19 8.92
0.060 5.94 7.5% 7.56
0,040 | 5.92 6.12 6.21
0.020 5,92 L 4,87 4.85
0.010 5.9 | 4,18 4,18

kpy = 6.77 x 1077 M1 sec™! i S.D. = 1.37%.

kint.= 3,50 x 10—4‘sec—1 : S.D. = 0.52%.

110,
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Table 78

The pyridire catalysed mutarotation of 6-C--methyl-o-D-glucose at 250

in water, I = 0.10M. (Pyridire):(Pyridinium') = 2:1.

o L L
(Pyridire)M pH2§ kobsd. x 10 kcalc. x 10
0,100 5.68 1C.89 10.91
0.080 5.70 9.55 9,41
0.060 5.72 7.56 . 7,91
0.0LC 5.72 6.52 6ol2
0,02C 5.72 b2 4,92
0.C10 5.73 k.17 4,17
ku = 7.48 x 165 M-1 sec-1 ; -8.D. = 0.80%.
kint.= 342 x 10_4 sec—1 : s.D. = 0.42%.

Table 79

. e
The pyridine catalysed rmutarotation of 6fg—methy1-CX—£fglucose at 25

in water, I = 0.1CM. (Pyridine):(Pyridinivm) = 1:1.

(Pyridine)M f§§§ K ped. X 10t K. 1c. xﬂoLf
0.100 5.3% 11.39 11.29
0.060 5.3k 6.1 8.16
0.0k0 ‘ 5,36 6.55 ~. .6.59’
0.020 5,37 5.03 5,02
0.01C 5,38 k.25 bo 2k
kpy = 7.8 x 102w sec™? 3 5.D. = 1.16%.

k., .= 3,46 x 107" sec™’ ;  S.D. = 0.9%.

int,
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Table 80

The pyricine catalysed mutarotation of €-O-methyl-e -D-glucose at 25°

in water, I = O.10M. (Pyridine):(?yridinium+) = 1:2.
(Pyridine)M fﬁéﬁ K pod., * 100 koo x 100
0,05C k.96 7.07 7.2k
0,040 4,99 6.32 6.51
0,030 L, 99 6,02 5.77
0.020 5.03 5.20 ‘ 5.03
0.010 5.03. 4,18 k.20
0,005 5.03 -~ 3.89 3.94
ku = 7.35 x 102 M) sec”] ; S.D. = 1.3%. |

intS 2+97 % 10"4 sec™ | ; S.D. = 0.65%.

Table 81

The pyridine cstalysed mutarotation of 6—acetamido—6-deoxy78-ig—glucose

at 25° in water, I = 0.10M. (Pyridine):(Pyridirium') = 4:1.

(Pyridine )M Phog Kobsa. * 10" Kealc, * 10"
0.080 5.93 8.29 N 8.20
0.060 5.9k 7.08 6.75
o.bho ' 5.92 5.00 5.31
0.020 5,92 3.72 3.87
0.010 5.94 3,40 315

kpy = 7.21 x 102 M"Y sec™t 3 S.D. = 2.68%.

k., .= 2,43 x 107" sec™ ;S = W7

int,



Table 82

The pyridine catalysed mutarotation of 6'£Ppheny1—0(ﬁ2—glucose at 25o

in water, I = 0.10M.  (Pyridine):(Pyridinium Yy o= 2:1,

. Ly L
(Pyridine)M pH25 kobsd. x 10 Koo1e, X 10
0.100 5.68 19.68, 18.36 18.71
0.08¢C 5.70 15.74 15.67
0.060 5.72 12.89, 11.79 o 12.62
0,00 5.72 9.62, 9.37 9.57

© 0.020 5.72 6.52, 6.37 6.53
0.010 5.73 5.15, 4,87 5.00
ku = 1.52 x 1072 M gec™ ; S.D. = 0.6%.

Kine. = 3.48 x 107" sec | S S.D. = 0.77%.
Table 83

o
The pyridine catalysed mutarotation of 619-phenyl—<X—2fg1ucose at 25

in water, I = 0.10M.  (Pyridine):(Pyridinium') = 1:1."
(Pyridine)M pH,g Ky, X 10" kcalc. x 10"
0.100 5.33 19.55 19.62
0.080 5.33 16.32 16.28
0.060 ' 5.3k 12.90 12.94
0.040 5.36 9.69 9.61
0.02C 5.37 6.27 ‘ 6.27
0.010 5.38 ’ 4,60 4,60
kpy = 1.67 x 102w gec”? 3 S.D. = 0.80%.

int, = 2493 x 1074 sec™? . 8.0 = 1.17%%.
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Table 84
The pyrjdine catalysed mutarotation of 659~phenyl-(x-2—glucose at 250

in water, I = O.1CM. (Pyridine):(Pyridinium+) = 1:2,

(Pyridine)M pH§ K psd. X 10" K a1c. X 10t
0.050 4,96 12.20 ’ 12.13%
0,040 b9 - 9.83 1003k
0.030 k.99 8.92 8.56
0.020 5.03 6.90 6,77
0.010 5.03 | | 5.21 k4,98
0.005 ' 5.0% 4,01 4,09
kpy = 179 % 102 M7 sec”t 'S.D..' = 0.95%.

iot, = 3020 X 107 sec | ;  S.D. = 0.82%.

Table 85

The pyridine catalysed mutarotation of 6—chloro—6—deoxy&(x—g—glucose

at 25° in water, I = 0.10M. (Pyridine):(Pyridinium’) = U:1.
(Pyrid:{ne)g P ko 4. X 10" k1. % 10"
0,100 5.95 13.32, 13.11 13,42
0.080 , 5.9% 11.31, 11.k2 11.25
Onoéo : 5.94 9.14, 8.91 9.07
0,040 5.92 6.95, 6.81 6.90
0.020 5.92 4,65, k.82 k.73
0,010 5.94 - 3.60 3.6k
kpy = 1,09 x 1072 M gee” 5 8.D. = 0.9%%.

k = 2.55 x 107" sec”] ; 8.0, = 1.hok.

int.



Table 86

The pyridire catalysed mutarotation cf €-chloro-6-deoxy- & -D-glucose

at 25° in water, I = 0.10M.

(Pyridine)M ffgg
0,1C0 5.68
0.080 5.70
0,06C 5.72
0,040 5072
0,020 5.72
0.010 5.73
kpy = 1.05 x 1072 w7
| kg, = 257 % 107" sec

sec
-1

-1

(Pyridine): (Pyridinium’) = 2:1.
Kobsa. * 10" calc. ¥ 10"
13.20, 13.13 13.10
11.01, 10.66 11.00
8.80, 8.66 8.89
6.93, 6.67 6.78
L.,63, 5.0% 4,68
3.47, 3.63 3.62
; S.D. = 0.81%.
; .S,D.A = 1.02%.
Table 87

_The pyridine catalysed mutarotatior of 6-chloro-6-deoxy- &-D-glucose
i =

' N
at 25° in water, I = 0,10M. (Pyridine):(Pyridinium )

(Pyridine)M. PH
0.100 5.33
0,080 5.33
0.060 5.3k
0.040 5.36
0.020 5.37
0.010 5.38
kpy = 1.02x 072 M

’kint.

2.62 x 10’“ sec

sec
-1

-1

I
1
kobsd. x 10

12.41, 12.56
10.84, 10.71
8.78, 8.85
6.72, 6.78
4,80, k.78
3.57, 357
S.D. = 0.78%.

s.D. = 1.04%.

= 1:10

L
calc. x 10

12.83
10.79
8.7h
6.70
L.66
3.64
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Table 88
The pyridine catalysed mutarotation of €-chloro-6-deoxy- -D-glucose

at 25° in water, I = 0.10M.  (Pyridine):(Eyridinium’) = 1:2.

(Pyridire)M. sz5 K peq. X 10“' K. o1c. ¥ 10"
0.050 4.96 8.08 7.65
0,050 h.99 6.6 6.64
0,030 4,99 _ 5.49 5.62
0.020 5,03 L, 5k 4,61
0.010 5.03 3.68 3.59
0,005 5.03 3,08 3.09

kp, = 1.01x 1072 M sec” ;  S.D. = 1.h40%.

king, = 2.58 x 1o’LP sec” ] ; .S.D. = 0.81%.

Table 89
The pyridine catalysed mutarotation of 6-cyano-6-deoxy-B-D-glucose

at 25° in water, I = 0.10M. (Pyridine):(Pyridinium+) = bi1,
L L

(Pyridine)M P Kopsa. * 10 Kea1e, * 10
0,100 5.95 11.16, 11.58 11.58
0.080 5.93 9.57, 9.43 9.58
0.060 . 5.94 ‘ 7.59, 7.56 7:58
0.040 5.92 5.87, 5.62 5.57
0,020 5.92 3.57, 3.60 357
0.010 5.9k 2.57, 2.54 2-_57
kpy = 1,00 x 1072 M sec”! 3 S.. = 0.77%.

k. . = 1.57 x 107 sec” ;- S.D. = 1.22%.

int,



Table 90

The pyridine catalysed mutarotaticn of 6-cyano-6—deoxy—/gﬁg-glucose at

25% in water, I = 0.10M. (Pyridine):(Pyridinium’) = 2:1.

(Pyridine)M ffiii_ K ped. X 104 LR 104
0.100 5.68 11.60, 11.02 11.26
0.080 5.70 9.35, 9.25 9.29
0.060 5.72 7.36, 6.95 7.32
0,040 5.72 . 5.40, 5.51 . 5.35
0.020 5.72 - 3.48, 3.3%0 3.38
0.010 5.73 2.36, 2.48 2.40
kpy = 9.8k x 102 u "V see™? 5 8.D. = 0.6%%.

ki, = 1.41 x 10’4 sec ) ; S.D. = 1.26%.

Table 91°
The pyridine catalysed mutarotation of 6—cyano-6-deoxy-/3—Q—glucose

at 25° in water, I = 0.10M. (Pyridine):(Pyridinium+) = 1:1.

(Pyridine)M f§§2 K peq. ¥ 10& Koo1c. ¥ 10t
0,100 5.33 10,84, 10.90 10,96
0.080 5.33 8.85, 8.95 9.06
0.060 5.3 7.39, 7.39 7.16
0.040 5.36 5.32, 5.48 5.26
0.020 5.37 3.3k, 3.50 , 3.37
0.010 5.38 : 2.36, 2.41 2,42
Koy = 9.49 x 1072 M sec”] ; S.D. = 0.6%.

kig = 147 x 107" sec™ i S8.D. = 1.28.



Table 92

The pyridire catalysed mutarctation of 6—cyano—6—deoxy-;3-D-glucose

at 25° in water, I = 0.1CM.  (Pyridire):(Pyridinium’) = 1:2.

. 4 4
(Pyridine)M. pH22 K bsa. X 10 K 10, * 10
0.05C k.96 5.71 ' 5.95
0.040 4.99 5.16 5.0
0.030 4.99 4,19 k12
0.020 | 5.03 3.29 ~ 3.21
0.010 5.03 2.30 2.30
0.005 5.03 1.83 - 1.83
kpy = 912 x 1028V sec™? 3 8.D. = 1.0%.
k== 139 x 15% sec”! . 8.D. = 1.5%%.

Table 93

The pyridine catalysed mutarotation of/S—Gentiobiose at 250 in water,

I = 0.1cH. (Pyridine):(Pyridinium+) = L:1,

(Pyridine)M PH o Kobsd. * 10! calc. * 10"
0,080 5.93 12.13 12.02
0-066 5.94 9.95 9.98
0.040 | 5.92 7.88 7.94
0.020 5.92 5.76 5.89
0.010 5.94 4,89 .87
ku = 10.22 x 1070 M7 sec” ;  S.D. = .43,

1.2%%.

1
1]

-e

int, = 385 x 107" sec™! S.D.
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Table 94

The pyridire catalysed mutarotation of/g—Gentiobiose at 250 in water,

I=0.10M. (Pyridine):(Pyridinium’) = 2:1.

. k4 I
(Pyridine)M pH25 kobsd. x 10 kcalc. x 10
0,100 5.68 13.80. 13.82
0,080 5.70 11.99 11.87
0.060 , 5.72 9.75 9.9
0.040 5.72 7.88 . 7.96
0.020 5.72 | 6.29 6.00
0.010 5.73 4,84 . 5.02
kpy = 9478 x 102V see™? 3 8.D. = 1.25%.
int. = Lok x 10_4 sec” ! ; S.D. = 1.30%.

Table 95 -

The pyridine catalysed mutarotation oﬁ/g-Gentiobiose at 250 in water,

I=0,10M. (Pyridine):(Pyridinium') = 1:1.

(Pyridine)M fE%é K psd. ¥ 10* K .16, ¥ 10"
0.100 5.33 13.90 13.98
0.080 5,33 11.76 | 11.94
0,060 ' 5.34 9.98 9.90
0,040 5.36 7.91 7.86
0,020 5.37 5.84 5.82
0.010 5,38 L 77 4,80
kpy = 10.21x 100 M sec” ;8D = 1.3%.

K. = 3.78 x 10~ sec”] . S.D. = 1.24%.

int,



Table 96

The pyridine catalysed mutarotation of/g-Gentiobiose at 250 in

int,

= 0.48%.

water, T = 0.10M. (Pyridine):(Pyridinium’) = 1:2.
(Pyridine)M PHyg Koped. * 10" vale, X 10
0,050 k.96 8.‘45 8.50
0.040 k.99 7.49 7.53
0.030 L. 99 6.50 6.55

- 0.020 5.03 5.63 5.57
0.010 5.03 4.63 4.60
0.005 5.0% 4,09 L, 11
kpy = 9,75 x 107> M sec-j ' S.D. = 1.03%.
k = 3%.6% x 10—h sec-1 s.D.

120,
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Table 98
The morpholine catalysed mutarotation of 6-deoxy- -D-glucose

at 25° in water, I = 0.10M. (Morpholine) : (Morpholinium') = 1:b.

(orpboline)M  PH, K pog, X 100 k. % 107
0,025 8.18 - T 3,25 3.23
0.020 8.18 2.76 2.76
0.015 8.17 2.18 ' 2.30
0.010 - 8.2 - 1.90 _ 1.8k
0.005 8.21 1.39 1.37
0.0025 8.22 1.13 N 11k
Kyorpn, = 927 % 1072 M sec”! 3 8.D. = 0.7%.

int. = 9.08 x 10’4 sec | ; S.D. = 0.5%.

Table 99

The morpholine catalysed mutarotation of0(12—xylose at 250 in water,

I = 0.10M. (Morpholine):(Morpholinium+) = 1:b.

(Morpholine)d  pH,g k, g x 107 k. x 107
0.020 8.18 \42.02 11.79
0.015 8.17 _ 9.k, 9.45 9.45
0.010 8.22 7.1%, 7.11 7.11
0.005 8.21 4,73, 4,66 L 77
0.0025 8.22 3.80, 3.85 3.60
kMorph. = 46 .82 x 1072 MV sec” ; S8.D. = 0.60%.

Kint. = 2,43 x 1072 sec™" i S.D. = 0.57%.



Table 100

The morpholine catalysed mutarotation of &« -D-glucose at 250 in

water, I = 0.10M. (Morpholine):(Morpholinium') = 1:L.

(Morpholine)M. pH25

0.025 8.18

0.020 8.18

0.015 8.17

0.010 8.22

0.005 8.21

0.0025 8.22

kMorph. = 10.98 x 1072 w7 sec‘T

kint. = L,75 x ’IO.'L+ sec-1
Table 1071

The morpholine catalysed mutarotation of 6-O-methyl-0(12—glucose

T
at 25° in water, I = 0.10M. (Morpholine):(Morpholinium') = 1:k4.

(Morpholine)M P, o

0.025 8.18

0.020 8.18

0,015 8.17

0.010 8.22

0.005 8.21

0.0025 8.22

Kyorpn, = 13+28 x 1072 M
-1

int.

3,51 x 10’4 sec

-1

obsd.
3.88
2.88
2.28
1.72
0.99
0.70

s.D.

S.D.

1}

k X ’IO3 k

x 1

calc.

Kopea, * 10 Koo, ¥ 107
3.26 3.22
2.6k 2.67
2.0k 2.12
1.63 1.57
1.02 1.02
0.75 0.75

;. S.D. = 0.6%.

';. S.D. : = 0.8%.

03

0.8%%.
2.54%.

3.67
3.01
2.3k
1.68
1.01

0.68



Table 102
The morpholine catalysed mutarotation of 6-acetamido-6—deoxy—/3nD—

o .
glucose at 25 in water, I = O.10ﬂ.(Morpholine):(Morpholinium+) = 1:2.

(Morpholine)¥ i, ko x 107 k. x 107
0,050 8.40 5.42 5.54
0.040 8.40 b.57 4,58
0.030 8.45 3.68 3.62
0.020 8;44 2,70 , 2.66
0.010 8. Lk 5067 . 1,70
0.005 8.47 . 1.23 .22

Ky orph. 9.58 x 102 M ' sec™) . ;  S.D. = 0.8%%.

L = 7.45 x 'IO'L+ sec” ; - S.D. F 1.8%.

Table 1C3

,The morpholine catalysed mutarotation of GfQ—phenyl—cx-gfglucose

<

L+
at 25° in water, I = 0.10M. (Morpholine):(Morpholinium ) = 1:k,

(Morpholine)M. Pl kK, g X 10° ki X 10°
0.025 8.18 8.89, 8.57 8.94
0.020 8.18 7.39, 6.96 7.2%
0.015 8.17 5.63, 5.39 5.52
0.010 8.22 3.88, 3.91 %.81
0.005 8.21 2.19, 2.1k 2.10
0.0025 8.22 1.20 1.2k
kMorph. = 34,23 x 102y sec™t 5 S.D. = 0.6%.

= 3.86 x 107 sec™! ;  S.D. = 3.88%%.

int,
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Table 104

The morpholine cstalysed mutarotation of’6é-chloro-6-deoxy~- X-D-glucose

at 25° in water, I = 0.1CM. (Morpholine):(Norpholinium ) = 1:bk.

. ‘ 3 3
(Morpholine)M ]_:)H25 kobsd. x 10 kcalc. x 10
0.020 8.18 9.65, 9.65 9.65
0,015 8.17 7.39, 7.38 7.5%
0.010 8.22 5.55, 5.51 5.37
6.005 8.21 3.18, %.21 | 3.23
0.0025 - 8.22 2.05, 2.20 ' 2.15
Myopn, = 12:85 x 102 ¥ sec™!  ;  8.D. = 0.71%.
L = 1.08 x 107 sec | B S.D. = 1.74%.

Table 105

The morpholine catél'ysed mutarotation of '6—cyano—6'-deoxy75 -D-glucose

“at 25° in water, I = 0.10M. (Morpholine):(Morpholinium') = 1:k.

(Morpholine)¥ Pl k, g % 107 k. x10°
0.020 8.18 12.96 12.81
0.015 8.17 10.28, 10.12 10,24
0.010 8.22 7.69, 7.73 7.66
0,005 - 8.21 5.06, 14.99 5,09
0.0025 8.22 73,80, 3.85 3.81
Kyoppn, = 57+ X 1028V sec™? 3 S.D. = 0.9%.

kigp, = 2.52x 1072 sec” ; 5.D. = 1.05%.
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Table 106

The morpholine catalysed mutarotation of/g-Gentiobiose at 250

in water, I = 0.10M. (Morpholine):(Morpholinium') = 1:k.

(Morpholine)¥ i, kg %107 ko x 107
0.025 8.18 6.66 6.7
0.020 8.18 5.25 5.29
| 0.015 8.17 ' 3.98 4,10
0,010 8.22 2.99 | 2.92
0.005 8.1 R . 1.73
0.0025 8.22 1.4 101k
Kyopph, = 23:71 % 102 M1 sec™t ;8D = 0.78%.

k = 5.46 x 10" sec”™” ;  S.D. = 2.40%.

int.




127.¢

UOGJIBY) JO BIBD WOJIF POATISD

62l
X+ gL'O* GL°O+  LLO% lO0*0+  L0*O+  60°0+ 00°0  G0°O- o
Arlomm rlZv
. d
WAl wht LG GgTh  C2UH 96°6 gz <L g6°0L 1g°9h L2°6 oL % HAIOHy
SO m90%Ho-  NO%HO- TOCHO- UAOCHO- OVHNCHO- “HOOSHO-  HOCHO-  H-  “HO- X

HO H

H
SJe8ns JO SotlJdes oUy 403 outrroudaow Kq StSATe3ed J0J SIUSTOTIFS00 OT3ATe3}ed Jo uostaeduwo)

H
X ———
L0l °TqeL



Table 108

The dietkanolamine catalysed mutarotation of 6-deoxy-o -D-gluccse

at 25° in water, I = 0.10M. (B) :(BH') = 1:5.
(Diethanclamine )M P, kg X 10° ko X 10?
0.020 8.34 1.79, 1.77 1.77
0.016 8.34 1.63, 1.65 1.62
0.012 8.35 147, 1.45 1.47
0.008 8.36 1.30, 1.33 1.32
0.004 8.37 1.16, 1.13 1.17
0.002 , 8.37 1.10, 1.10 1.09
ky, = 3.76 x 1070 M ' sec”'  ;  S.D. = 0.66%.
kb, = 102 x 1072 sec”] i  S.D. = 0.1%%.

Table 1C9

. o .
The diethanolamine catalysed mutarotation of & -D-xylose at 25 in

~water, T = 0.1CM. (B):(BH') = 1:5.

(Diethanolamine)M.  pH K psd. X 107 Kealc, X 0’
- 0.020 8.34 8.2k, 8.09 8.29
0.016 8.3k 2,18, 7.25 7.2k
0.012 8.35 6.36, 6.32 6.19
0.008 8.36 5.31, 5.28 Sk
0.004 - 8.37 3,91, 3.94 k.09
0.002 . 8.37 3.62, 3.57 3,57
ky = 26.21x 102" sec™? ;8D = 0.50%.

kjnt. = 3.05 x '\O.-3 M-1 sec 3 s.D. = 0.21%.
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Table 110

The diethanolamine catalysed mutarotation of &-D-gluccse at 25°

in water, I = 0.10M. (B):(BH') = 1:5.

(Diethanolamine)H. i, K oq, X 100 ko x 107
0.020 8.3k 1.80 1.82
0.016 8.34 1.51 1.57
0.012 8.35 1.33 - 1.33
0.008 8.36 1.14 1.09
0.004 | 8.37 0.84  0.8u
0.002 8.37 0,72 0.72

kg = 6.07 x 1072 ¥ sec™! ;  S.D. = 0.80%.

k = 6.02 x 107" sec” i S.D. = Q.57%.

int.
Table 111.

The diethanolamine catalysed mutarotation of 6—Q—methyl-<x-2-glucose

at 25° in water, I = 0.10M. (B):(BE') = 1:5.
x 10° k x 10°

(Diethanolamine)M PH Ky od, e,
0.020 8.34 © 1,85 1.89
0.016 8.3k 1.56 1.59
0.012 8.35 1.28 1,29
0.008 8.36 1.0k 1,00
0.00k 8.37 0.70 0,70
0.002 8.37 0.55 0.55
kp = 7.40x 1072 M~ sec™" : 8.0, = 1.02%.

0.98%.

kint. = ’4'05 X 10-4 Sec—1 ; S“D'




Table 112

The diethanolamine catalysed mutarotation of 6-acetamido-6-deoxy-

xg—g-glucose at 250 in water, I = O.1QM.

(Diethanolamine )M PH,
0,020 8.34
0.016 8.34
0.012 8.35
0.008 8.36
0,004' 8,37
0,002 8.37
ky = 7.19x 1072 M sec”!
k; ¢, = 531 x 10 sec” !

Table 113

3
kobsd. x 10

1,96
1.65
1.b2
1,10
0.8
0.67
S.D. 0.9%,

0.90%.

S.D.

(B):(BH') = 1:5.

k X ’lO3

calc.,
1.97
1,68
1.29
1,11
0.82

0,68

The diethanolamine catalysed mutarotation of 6ﬁ9—phenyl—<x—2-gluccse

~at 25% in water, I = 0.10M. (B):(BH') = 1:5.

(Diethanolamine )M PH,;
0.020 8.3k
0.016 8.3k
0.012 - 8.35
0.008 8.36
0.004 8.37
0.002 8.37
ky = 16.02 x 1072 M sec”
k. . =5.13 x 107% sec”

int,

Kobsd. * 10° Kealc, * 107

3.81 3.72
2.90 2.08
2.60 2.44
1.79 1.79
1,13 1.15
0.83 0.83

s.D. = 0.74%.

s.D. = 0.9%.

N
(@]




Table 114 -

The diethanolamine catalysed mutarotation of 6-chloro-6-deoxy- x-D-

glucose at 25° in water, I = 0.10M. (B):(BH') = 1:5.

(Diethanolamine)t  pH, kg, X 107 k. x 107

0.020 8.3k 5.73, 5.76 5.85 :
0.016 8.34 L.,76, 4.68 4,93 W
0.012 8.35 bk, b20 L, 02 |
0.008 » 8.%6 3.18, 3.23 - 3.11

0.004 ‘ 8.37 2,09, 2.16 2.19

0.002 8.37 1.76 1,74

ky = 22.83% x 1072 M sec”” i S.D. = 0.64%. i
K, = 1.28 x 107 sec™ . 8.D. = 0.78%. ;

Table 115
The diethanolamine catalysed mutarotation of 6-cyano-6-deoxy-ZB-D-

glucose at 25° in water, I = 0.10M. (B):(BH') = 1:5.

(Diethanolamine)M PH,g k psd. * 107 kKo o1e. ¥ 107
0,020 8.34 12.01, 11.76 11.57
‘;"0,016 | 8.3k 9.89 10,18
0,012 8.35 8.73, 9.08 8.79 ii
0.008 8.36 7,49, 7.19 7.40
0.00k 8.37 6.06 6.0 |
0,002 8.37 5.31 5.32
ky = 3472 x 102 M sec” ;8. = 1.06%.
K, = 4,65 x 1072 sec” | ;  S.D. = 0.5%.

int,




! int.

!

|
|

Table 116

The dietharnolamine catalysed mutarotation of/g-Gentiobiose

at 25° in water, I = 0.1CM. (B):(BH') = 1:5.

!

(Diethanolamine )M. PH, K ed. ¥ 105 K, 10, X 10°
0.020 8.34 _ 3.2k 3.2h
0.016 8.3h 2.77 2.77
- 0.012 -+ 8.35 2.29 2,29
0.008 ' 8.%6 18 1.82
0,00k 8.37 1.35 1.35
0.002 8.37 1.11 1.1
ky = 11,80 x 102 M sec™t 5 S.D. =1 1.20%.
k. = 8.79 x 10_4 sec™ ! ; S.D. = 5-37%-

1325
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Table 118
The DC1 catalysed muterotation of 6'de°XY"°(-2—glucose at 25o

in water, I = 0.10M.

| (_Dé‘_’:)-_ﬂ o Kobsa, * 10 Keate, * 10
0,100 1.08 | 19.12 19.31
0.080 1.19 15.73 15.96
0.060 1.27 12.47 12.61
0.040 _ 1.40 9.4k 9.25
0.020 | 1.65 6.02 ‘5.90
0,010 2.00 . k.18 L, 22
kDBO»f = 16.77 x 100 M sec"1_ ;  S.D. = 0.66%.
ke, = 2.54 x 107" sec” ! ; 5.D. = 0.97%%.

~a. PD = pH meter glass electrode reading +0.40 (ref. 196)

Table 119

The DC1 catalysed mutarotation of ~-D-xylose at 250 in water,

I = 0,10M.

(Eﬁ &2 kobsd. x 103 k<:alc. 103
0.100 1,08 3.40 3,45
0.080 - 1.19 2.80 2.84
0.060 1.27 2.21 2.23
0,040 1.40 1.64 1.62
0.020 1.65 1,0k 1,01
0.010 2.00 0.70 0.70
kDB°+ = 30.47 x 1070 M~ sec” :  8.D. = 0.63%.

Kint, = 4.00 x 107 sec™” . S.D. = 1.02%.



Table 120

The DC1 catalysed mutarotation of X-D~glucose at 250 in water,

I = 0.10M.

D0 )M
0,00

0.100

0.080
0.060
0.040
0.020

0.010

+
59,0

kint.

a5

1.08
5.19
1.27
1.40
1.65
2.00

9.63 x 102w sec-1‘

1.12 x 1O~4 sec-1

Table 121

i

0.65%.
1.34%.,

The DC1 catalysed mutarotation of 6-O-methyl-ot-D-glucose at 250 in

water, I = O.10M.

(D,0")M

-2 =

0,100
p.oSo
fo.o6o
0.0L0
0.020
0.010
kD30+

int,

o5

1.08
1.19
1.27
1,40
1,65
2.00
7.38 x 1072 M sec | -

9.96 x 10—5 sec H

fl

i

0.68%.
1.18%,

Y
N
Ut
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Table 122
The DC1 catalysed mutarotation of 6—acetaﬁido—6—deoxy—/3-Q—glucose

at 25° in water, T = 0.710M.

(D§O+)M s kg ¥ 0f K 1o, X 10"
0.100 1.08 ‘ 7.36 7.48
0.060 1.27 4,76 L,79
0,040 1,40 3,047 3,45
0.020 1.65 , 2.15 2.10
0.010 © 2.00 1.k v' 1,43
kD50+ = 6.73x10° M sec”'  ;  S.D. = 0.8%.

K = 7.57 x 1072 sec”| . 8.D. = 1.42%.

int.
Table 123

The DC1 catalysed mutarotation of 6—Q—pheﬁy1r41—2—é1ucose at'25o

;inlwater, I = 0.10M.
[

'(D:o+)g Dy K pag. ¥ 10* k g x 100
0,100 1.08 7.64 7.63
0.080 1,19 6.18 6.27
0.040 1.40 | 3.61 3.55
0.020 ° 1.65 2.19 2.19
0.010  2.00 1.5 1,51
kb30+ - 6.80x 102 sec’ 5 8.0 = 0.78%.

= 8.33 x 1072 sec | . S.D. = 1.4%.

int.




Table 124

The DC1 catalysed mutarotatior of 6-chloro-6-deoxy-&-D-glucose

at 25° in water, I = 0.10M.

(D30+)M
0.100
0.080
0.060
0,040
0.020
0.010
kD30+

kint.

PD,e
1.08
1.19
1.27
1.40
1.65

2.00

5.30 x 1072 M| sec

6.47 x'10_5 sec“"l

-1

Table 125

Sobsd., X 10" kog1o, * 10
6.08 5.9k
4,80 4,88
3.78 3.82
2.75 2.77
1.73 1.71
117 1.18
S.D. = 0.6%.

S.D. =" 1.52%.

The DC1 catalysed mutarotation of 6—deoxy-(x-Q-gluco—hepturonic acid

‘at 25° in water, I = 0.10M.

-+
(DBO M

0.100
C.080
0.060
0,040
0.020
0.010
kDBG*

kint.

i}

a5
1.08
1.19
1.27
1.40
1.65

2.00

4,78 x 102 M~ sec
-1

6.14 x 10—5 sec

-1

i

0o70%-
1656%0



Table 126

&he DC1 catalysed mutarotation of 6—cyano-6—deoxy—19—B-glucose at

+
(DZO M

0,100
0.080
0.060
0.040
0,020
0,010
kD30+

int.

250 in water, I = 0.10M.

o5

1.08
1.19
1.27
1.40
1.65

2.00
-1

2,67 x 1072 M sec

3.34 x 1072 sec”

Table 127

-1

e

1.

0.68%°
1.3%.

The DCL catalysed mutarotation of/g-Gentiobiose at 250 in water,

I = 0.10M.

-+
(D30 M

0.100

n

pD25

1.08

1.65

2.00

8.81 x 102 M~

8.92 x ’IO"5 sec

L

x 10

9.84
7.80
6.13
4,38
2,72
1.75
S.D.

S.D.

kobsd.

0.72%.
1.92%.
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Table 130

The 4-methylpyridine catalysed mutarctation of 6—deoxy-0(12—glucose

at 25° in water, I = 0.10M. (B) : (EH') = 1:1.
. . . 7’ 3 e 3
(4-methylpyridine)M PH,,s kaq, X 10 k 9., * 10
0.080 6.10 1.87 1.89
0.060 6,12 1.65 1.6k
0,040 6.13 1,40 1.39
0,020 €.16 1.13 1.4
0,010 6.18 1.02 1,02
ky = 1210701 sec”! 5 8. = 0.9%.
b 9
kint. = 8.96 x 10 sec ; S.D. = 0.3%.
Table 131

The 4-methylpyridine catalysed mutarotaticn oftx-Q-xylose at 250 in

int.

| water, I = 0.10M. (B) : (EBH') = 1:1,
(b-methylpyridine) PH,, 'S x 107 k. % 107
0.100 6.08 4,66, 4,65 L4.79
0.080 6.10 L,05, 4,06 ‘4,10
0.060 6.12 3.47, 3.40 3.42
6aoho 6.13 2080, 2.73 2.73
0.020 6.16 2.10, 2,08 2.0k
0.010 6.18 1.67, 1.70 1.70
ky = 343x1070 K sec™! 5 8. = O0.63%.
= 1.28 x 1072 sec” . 8.D. = 0.5%.




Table 13%2

The 4-methylpryidine catalysed mutarotation of -D-glucose at 25

in water, I = 0,10M. (B):(BE') = 1:1.

(h-methylpyridine)M P, K og, X 107 ki, X 107
0.100 6.08 1.80 1.85
0.080 6.10 157 | ‘ 1.57
0,060 6.12 1.30 1.28
0,040 6.13 1.00 o 1,00
0.02C ' 6.16 6,72 _ 0.71
0.010 6.18 0,57 0.57

kg = 1.h2x 1072 w7 gec™! ; $.D. = 0.65%.

kint.= L,28 x 1O~4 sec"'I 3 8.D. = 0.52%.

Table 133

th L-methylpyridine catalysed mutarotation of 6-O-methyl- ox-D-gluccse

at 25° in water, I = 0,10M. (B):(EH") = 1:1.

(4-methylpyridine)M fféé K psd. ¥ 10" K 1c. ¥ 10t
0.100 6.08 21.07 21.72
0.080 6.10 18.20 18.11
0.060 | 6.12 430 14,51

‘o.oqo 6.13 11.13 10.91
10,020 6.16 7436 7.30
0.010 6.18 5.47 5,50

k, = 1.80 x 102 10 sec™? 5 S.D. = 0.7%.

k., = 3,70 x 1o"LF sec” ; S.D. =

0.88%.
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Table 134
The 4-methylpyridine catalysed mutarotation of 6-acetamido—6-deoxy—ﬂ-—_]2-

glucose at 250 in water, I = 0,10M. (B):(BH+) = 1:1.

(4-methylpyridine)M fﬁéﬁ K ped. * ’|ol+ K. 1c. ¥ 104
0.060 6.12 . 15.84 15.92
0.040 - 6.13 . 11.78 11.75
0.020 6.16 7.6k | 7.57
0.010 6.18 S.45 5.48

kg - 2.09 x 1072 i1 sec™ ; S.D. = 1.54%.

int.= 2+39 % 10'4 sec™ ; S.D. = 2.26%.

Table 135

The Lf—methylpyridi'ne‘ catalysed mutarotation of 6—9-phenyl—o<—l_)_-glucose

at 25° in water, I = 0.10M. (B):(BH') = 1:1.
| (h-metiylpyridine)M Pl k, g %10 k. X 107

0.060 . 6.2 3,41 3.38
0.040 6.13 2 2.35
0.0%0 6.4 1.86 1.83
0.020 | 6.16 135 1.3
0.010 . 6.16 0.76 0.80
0.005 6.17 0.57 0.5k

ky = 5.17 x 1072 w1 sec™! ; S.D. = 0.8%.

k - 2.80 x 107" sec”] ;i  S.D. =

2.3%.




Table 136

M, -

The L-methylpyridire catalysed mutarctation of 6—chloré»6-deoxy~cx—2-

glucose at 25° in water, I = 0.10M. (B):(BH") = 1:1,

The L-methylpyridine cétalysed mutarotaticn

(4-methylpyridine)M pH25
0,060 6.12
0.040 6.13
C.03%0 6.14
0.020 6.16

0,010 6.16
0.005 6.17
2 'kB = 3.2h x 1072 ! gec” ;
' ~4 -1
kint._ 2.62 x 10 ' sec H
Table 137

. glucose at 250 in water, I = 0.10M.
(4-methylpyridine)M pH25
0.040 6.13
0.030 6.1k
0,020 6.16
0.010 £.16
0,005 6,17
ky = 3.32x 1072 M sec™! ;
kint. = 1.88 x ’IO-J1L sec ;

Kobsd, * 10° Kpppo, X 107
2.16 2.20
1.62 1.56
1.22 1.23
0.92 0,91
0.59 0.59
o.k2 O.k2

S.D. = 0.8%%.
S.D. = 0.91%.

of éfcyano—é—deoxyhxgeg—
(B):(BH") = 1:1.

Xobsa, * 10" calc.™ 10?

15.12, 15.14 15.15
11.84 11,84

8.52 8.52
5.22 5.20
3.5% 3.50
S.D. = 0.76%.
S.D. =

1.64%.




Table 138

145,

The 4-methylpyridine catalysed mutarotation of/g-Gentiobiose at

25° in water, I = 0.10M.

(4-methylpyridine)M

0.060
0.0k0o
0.030
0.020
0.010
0.005
2 1

ky = 2,59 x 10
k, 3.53 X 107 sec

t.

(B): (BE")

pH25

6.12
6.13
6.14
6.16

6.16
6.17

-1

sec

1

“e

= 1:1.

18.08

13.76 °

"11.50

9.02

6.24 -

}"'078

‘S D. =

u.

S.D.

0.85%.,
0.744%.

19.06
13.89
11,29
8.71
6.12

4.83
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Table 140

The Y~ethoxypyridine catalysed mutarotation of 6-deoxy- o -D-gluccse

at 25° in water, T - 0.10M. (B):(BHE') = 1:1.
- 1di ’ 3 3 5
(4-ethoxypyridine)M pH25 K peq. * 10 K 1c. ¥ 10
0.050 6.73 1.86 1.87
0.040 6.7k 1.6k 1,67
0,030 6.7% 1.49 ©1.48
0.020 6.73 . 1.30 1.29
0.010 6.75 1,10 1,09
0.005 6.75 1.00 1,00
‘ =2 =1 -1 , S
kB = 1,932 x 10 M ' sec ; S5.D. = 0.75%.
. kint.z‘ 9.01 x 10_4 éec-1 ; 5.D. = o.éq%o
Table 141

The h-ethoxypyridine catalysed mutarotation oflxig—xylose at 250 in

water, T = 0.10M. (B):(BEY) = 1:1.

(4=ethoxypyridine)M B K ped. X 10° ko x 107
0.050 6.73 3.98, 4.0k _ 4,06
0.040 6.7k 3.50, 3.48 . 3.52
0,030 6.73 2.95, 2.99 2,99
0.020 6.73 2,49, 2,48 2.46
0.010 ‘ 6.75 1.96, 1.95 1.93
0.005 6.75 1.65, 1.64 1,66

ky = 5.33 x 1072 ¥ sec” ; $.D. = O0.4%,

1.39 x.1072 sec” ; S.D. = 0.24%.

int, =




Table 142

The 4-ethoxypyridine catalysed mutarotation of x-D-glucose at 250

in water, I = 0,10M. (B):(BE') = 1:1.
s as : - L
(4-ethoxypyridine)M pH25 obsq, X 10
0,050 6.73 15.13
0.040 6.74 13.13
0.030 6.73 10,84
0.020 6.73 8.97
0.010 6.75 6.66
0.005 6.75 5.hkh
' -2 -1 -1
ky = 2.20x 10 " M sec ; S.D. = 0.70%.
kgl = 4,38 x 107 éec—q ; S.D. = o.h&%.
Table 143

The Lt-ethoxypyridine catalysed mutarotation

at 25° in water, I = 0.710M.

(h-ethoxypyridine)M

5
k,
in

0.050
0.0QO

0.030

- 0.020

t.

0.010
0.005
= 2,67 x 1072 1!

= 3.75 x 10-4 sec

(B): (BE")

pH25

sec
-1

6.73
6.74
6.73
6.73
€.75

6.75
-1

= 1:1.

16.48
13.67
11.97
9.38
6.73
k.97
0.74%.

0.62% .

S.D.

1}

S.D.

1

N

calc.

15.39
1%.19
10.99
8.79
6.58
5.48
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Table 14k

The 4-ethoxypyridine catalysed mutarotation of 6—acetamido-6-decxy—/312—

gluccse at 250 in water, I = 0,10M. (E):(BH+) = 1:1.

(4-etroxypyridine)M ffgz K psd. X 10t LI 10"
0,050 6.73 20,43 20.93
0.040 6.74 16.53 V 17.34
0.030 ' 6.73 13.51 13.75 |
0.020 ‘ o 6.7% 10,43 10,16
0,010 6.75 6.80 , 6.57
0.005 6.75 4.6k k78
kg = 3.59 x 1072 M sec™] ;  S.D. = 0.9%.
,'kint. = 2.98 x 107 §ec—1 ; S.D. = 1.40%.
Table 145

The L-ethoxypyridine catalysed mutarotation of 6-O-phenyl-o -D-glucose

at 25° in water, I = 0.1CM. (B):(EH') = 1:1.

(h-ethoxypyridine)H. B, ko %107 k i, % 107

. 0,050 6.73 .30 k.36

f 0.040 6.74 3.56 _ 3.56
0.0%0 6.73 2.76 S 277
0,020 6.73 1.99 1.97
0.010 6.75 1.19 1.18
0.005 6.75 0,78 0,78

ky = 7.9% x 1072 0 sec™’ 3 S.D. = 0.6%.

k. = 32.86 x 10 sec—1‘ ; S$.D. = 1.58%.

int.
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Table 146

The L-ethoxypyridine catalysed mutarotation of 6—chloro—6—deoxy~o(i2—

glucose at 25° in water, I = 0.10M. (B):(BE') = 1:1,

(4-ethoxypyridine)M Bl k., x 107 k. x 107
0.05C 6.73 2.97 3,07
0.0k0 6.74 2.7 2.51
0.030 6.7 1.95 1,96
0.020 o 6.73 143 1.4
0.010 ' 6.75 0.90 0.85
0.005 6.75 0.56 . 0.57

k= 5.55x 1070 M sec” . S.D. = 0.6%%.

kop = 2.9 x T sgc'1 ] S.D. = 1i25%°

Table 147
The Y-ethoxypyridine catalysed mutarotation of 6—cyano-6-deoxy1%312-

: + ’
gluccse at 25° in water, T = 0.10M. (B):(BH') = 1:1.

(4-ethoxypyridine)M Pl gmﬂ.x1§ ~l%ﬂc.xﬂ&

0,050 6,73 3.57 3.47

" 0.0k 6.71 2.71 2.8l

0,030 6.73 2.19 2.20
0,020 6.73 1.59 1.57
0.010 6.75 | 1,01 0.93
0.005 - 6.75 0.60 0,61

ky = 6.35x 1077 M sec™t 5 S.D. = 0.7%.

ko= 297 x 107 sec . S.D. = 1.66%.




Table 148

151,

The L-ethoxypyridine catalysed mutarotation of/g—Gentiobiose at

25° in water, I = 0.70M.

(4~ethoxypyridine)M

0,050
0.040
O;OBO
0.020
0.010

0.005

():(2E")

s

6.73
6.74
6.73
6.73
6.75
6.75

= 1

kobsd.

S.D.

S.D.

1.

X 104

23.25
19.26
15.79
12.07
8.07
5.84
0.74%.

)

0.91%.

23.61
19.68
15,74
11.81
7.87

5,91
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Table 150

The L-acetylpyridine catalysed mutarotation of 6—deoxy—<x-2—g1ucose

at 25° in water, I = 0.10. (B):(BH") = 10:1.

(4b-acetylpyridine)M. Eﬁgi K psd. ¥ 104 K 1c. ¥ 10t
0.200 k.55 1034 10.32
0,150 4,58 10.01 | 9096}
0.100 L4.,61 9.4k 9,60
0,060 4,63 .42 | 9.31
0.020 .65 9.02 9,02

ky = 7.20 x 107w gee™! i S.D. = 2.8%.

ko, = 8.88 x T sec” i S8.D. = 0.1%.

Table 151

The 4-Acetylpyridine catalysed mutarotation of x-D-xylose at 250 in water,

I=0.10M. (B):(BH') = 10:1.

(k-acetylpyridine)M ffgg K 1 ed. x 10" K 16, % 10"
0.200 4,55 ' 16.86 16.83
0,150 4.58 16.13 15.87
0.100 4,61 TR 1491
0.060 | 4.63 14.28 BT
0.020 4.65 13.39 13.39

ky = 19.14 x 107 w1 sec™ ; S.D. = 1.31%.
K. . = 1.30 x 107 sec” | . S.D. = 0.17%.

int
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Table 152

The hk-Acetylpyridine catalysed mutarotation of(x-B—gluccse at 250

in water, T = 0.10M. (B):(BH') = 10:1.

(h—écetylpyridine)ﬂ pH25 kobsd. x ’lO4 kcalc. X 104
0,200 4.55 5.27 5.31
0.150 4,58 4,93 . 4,98
0.100 4,61 4 72 4,65
0.060 4,63 4,39 k.39
0.020 A 4,65 4,10 4,13

kB = 6.55 % 10-4 M—’l sec-1 3 S.D. = 1.5%.

‘kint. = 4,00 x 107" sec | ;. S.D. = 0.24%.
Table 153

The L-Acetylpyridine catalysed mutarotation of 6—Q—meth1y><X-2— glucose

at 25° in water, T = 0.10M. (B):(BH') = 10:1.

(k-acetylpyridine)M R K ped. x 10" K 10, ¥ 10"
0.200 | 4,55 Lok k.93
0.150 4.58 k.55 k.59
0.100 e .28 | .26
0.060  L.63 3.96 3.9
0.020 | 4.65 3.73 3.72

kp = 6.68 x T w sec™! ; S.D. = 1.4%%,

kint. = 3,59 x 10_4 sec_1 H S.D.

0.21%.
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Table 154

The L4-Acetylpyridine catalysed mutarotatiorn of 6-acetamido~6~deoxy—/g—

D-glucose at 25° in water, I = 0.10M. (B):(BE') = 10:1.

(4-acetylpyridine)M fﬁéﬁ K pea. 1oLP K 1o, ¥ 10"
0.200 k.55 3.79 3.78
0,150 4,58 3,54 3.50
0.100 L.61 3.17 3.23
0.060 k.63 - 3.0b 3.00

ky = 5.5k x 107 w1 sec™! ; S.D. = 10.65%

ki b, = 267 x 107" gec™ ; S.D. = 2.68%.

Table 155 .

‘The 4-acetylpyridine catalysed mutarotation of 6-O-phenyl- X-D-glucose

at 25° in water, I = 0.10M. (B):(BE') = 1:1. |

(4-acetylpyridine)M PH kg % ?04 Esélsg_f;lfi
-0.200 k.55 7.35 7.59
0.150 4,58 6.37 6.46
0.100 L,61 5.4k 5.36
0.060 L.,63 k.57 L b7
0.020 4,65 356  3.58

ky = 22.22 x 107 w7 sec™ i S.D. = 1.25%.

= 344 x 107! sec™t 5 S.D. = 0.48%.

int.
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Table 156

The L-acetylpyridine catalysed mutarotation of 6—chloro—6—deoxy-cx-2—

glucose at 25° in water, I = 0.10M. (B):(BH") = 1:1.

(k-acetylpyridine)M sz5 LI ’IO}+ K 10, X ’IOL'L
0.200 4,55 4,14 4,17
0.150. 4.58 3,74 3.72
0.100 L6 3.26 3.27
0.060 4,63 2.93 : 2.91
0.020 L .65 2.55 ' 2.55

ky = 8.99 x 107" M sec” ; S.D. = 1.3%%.

ko4, = 237 x 107 sec™" i 8.D. = 0.3%.

Table 157

The L-acetylpyridine catalysed mutarotation of 6—cyano—6—deoxj—/§1£—

glucose at 25° in water, I = 0.10M, (B):(BH') = 1:1.

(k-acetylpyridine)M pH25 K v ed. x 10" K 10.% 10"
0.200 k.55 2.4 2.43
0.150 4,58 2.18 2.17
0.100 461 1.94 . 1.92
6.060 4,63 1.73 - 1.72
0,020 : 4,65 1.50 T.51

ky = 5.10 # 107 M7 see” i S.D. = 1.68%

k. = 1.41 x 107" sec™ ; S.D. = 0.6%%.

int,
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Table 158

The b-Acetylpyridire catalysed mutarotation of/g-Gentiobiose at 250

in water, I = 0.10M. (B):(BE") = 1:1.

(4-acetylpyridine)M pH25 K psd. ¥ 104 K 10 % 104
0.200 4,55 5.53 5.63
0,150 4,58 5.22 5.12
0.100 4.61 4.51; 4,61
0.060 463 ‘ Chsh : L2
0.020 o 4,65 3.76 2.80

ky = 10,19 x 10w seet ;8.0 = 3.0%.

kit = 359 x 10~ sec” . ; $.D. = 0.84%,
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Table 160
The 2,6-lutidine catalysed mutarotation of 6-deoxy- x-D-glucose at

25° in water, I = 0.10M. (B):(BE') = 1.1.

(2,6-lutidine)M B k, o x0  x_ x10
0.050 6.87 9.65 | 9.62
0.040 6.87 9.32 9.38
0.030 6.89 | 9.12 - 9.15
0.020 6.90 8.93 8.92
0.005 6.92 8.58 8.57

ky = 2.32 x 102 w7 sec”] ; S.D. = 3.14%.

k - 8.45 x 107 sec”" ;  S.D.

int,

il

O
n
N

Table 161
The 2,6-lutidine catalysed mutarotation of X-D-xylose at 250 in water,

I=0.10M. (B):(BH") = 1:1.

(2,6-1utidine)M Pl K g X 100 ko x 107
0.050 . 6.87 1.7k 1.73
0.040 6.87 1.65 1,66
0.030 6.89 1.58 ‘ 1.58
0.020 6.90 1,51 1.51
0.010 | 6.89 1.4k | 1,44
0.005 6.92 1.38 1.40

ky = 7.40 x 1072 w1 gec™ ;  S.D. = 1.24%.

k. = 1.36 x 1072 sec | ., 8.0, = 0.15%.

int,
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Table 162
The 2,6-1lutidine catalysed mutarotation of o-D-glucose at 250 in

water, T = 0.10M. (B):(BH') = 1:1.

(2,6-lutidine)M B k,  x10 k. x10°
0.050 6.87 ! 4.86 4,89
0.040 6.87 4,65 L.71
0.030 6.89 L, 57 4,53

- 0.020 6.90 4,22 4.35
0.010 | 6.89 o k2 : k17
. 0.005 6.92 L.05 ' 4,08
k, = 1.80x 107 M sec” 5 . S.D. = 2.3%.
KL 4,00 x 107" sec”] . 8.D. = 0.2%.
Table 163

The 2,6-lutidine catalysed mutarotation of 6-0O-metkyl-o-D-glucose

at 25° in water, I = 0.10M. (B):(BH') = 1:1. ,
4 i

(2,6-1utidine)M PH,5 ' K peq, X 10 K .10, ¥ 1C
0.050 6.87 k.73 h.73
0.040 6.87 4,5 4,50
0.030 6.89 B T S
0.020 6.90 L.o6 L,o3
0.010 6.89 3.75 , 3479

- 0,005 6.92 3.70 3.67

ky = 2.36 x 102w sec™! 3 S.D. = 2.64%.

King, = 3:55 x 107" sec™t 3 5.D. = O.ho%.
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Table 164

The 2,6-lutidine catalysed mutarotation of 6—acetamido~6—deoxy-/3-D-

glucose at 25° in water, I = 0.10M. (B):(BH) = 1:1.

(2,6-1utidine)M fﬁé& K psd. ¥ 10" K 1e. ¥ 10"
o.oﬁo 6.87 5.25 5.25
0.040 6.87 4,70 © bo72
0.030 6.89 4,18 4,19
0.020 6.90 3.70 3,67
0.010 6.89 3.13 3.4

k, = 5.27x 100 M secT| ;8. = 2,98

kit = 2.61x 107 sec™ i  S.D. = 1.56%.

Table 165

The 2,6-lutidine catalysed mutarotation of 6fg—phehyl—<x—2—glucose

at 25° in water, I = 0.10M. (B):(BH') = 1:1.

(2,6-1utidine)M ffgg kg, X 10" K 6. X 10
0.050 6.87 8.97 ’ 9.34
0.040 6.87 7.98 8.09
0.030 6.89 6.97 . 6.83
0.020  6.90 5.76  5.58
0.010 6.89 | 4,30 4,32
0.005 6.92 3.69 3.70

ky = 12.55 x 100 ¥ sec” 3 S.D. = 0.8%

king, = 307 x 167" sec”] ;  S.D. = 0.hlg%,




Table 166
The 2,6-lutidine catalysed mutarotation of 6-chloro-6-deoxy- X-D-glucose

at 25° in water, I = 0.10M. (B):(BH') = 1:1.

(2,6-1lutidine)M pH, K 1eg. X 104 K 10, ¥ 10t
0.050 6.87 5,60 | 5.59
0.040 6.87 5.08 5.03%
0,030 6.89 4,40 446
0.020 ‘ 6.90 3.80 3.89
0.010 6.89 3.35 3.33
0.005 6.92 - 3.05 . 3.05

ky = 5.65x 107 M sec” ;8. - 1.12%.

kb, = 2.76 X'1O—4 sec | ; s, = o.&q%n

Table 167

The 2,6-1lutidine catalysed mutarotation of 6—cyano—6—deoxy-/3—Q—glucose

4
“at 25° in water, T = 0.10M. (B):(BH ) = 1:1.

(2,6-1utidine)M f§§2 K 1ea, X ‘ot K, 10, ¥ 10"
0.050 6.87 7.83% | 7,94

j 0.040 6.87 7.05 6.98

f 0,030  6.89 6.13 6.01

' 0.020 6.90 4,98 5.05
0.010 6.89 4,01 - L4.08
0.005 6.92 3.62 3.60

= 9.66 x 102 M " sec”! 3  S.D. = 0.90%
k = 3,11 x 107" sec”” . 8.D. = 0.41%.

int,
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Table 168

»

The 2,6-lutidine catalysed mutarotation of/g—G'entiobiose at 250 in

Cwater, I = 0.10M.  (B):(BEY) = 1:1.
(2,6-1lutidine)M - pH k x 10" k x 10"
- 25 obsd. calc.
0.050 6.87 5.15 5.18
0.040 6.87 h.éz 4,90
0.030 - 6.89 | h65 ' 4,61
0.020 | . 6.90 k.30 _ 4,33
0.010 6.89 ' k.05 4,05
0.005 6.92 3.91 , 3,91
k, = 2.81x 107 N sec”! 3 S.D. = jl".99%'.,
king, = 3:77 % 107 gec™" ;  8.D. = ‘;;5.3;7%.
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Table 170 °

Bronsted Plots for catalysis by L-substituted pyridines.

(a)  6-deoxy- o-D-glucose

pKa

6.67
5.98
5.22
3.48

B= o.47

(b)  &-D-xylose

pKa

6.67
5.98
5.22

3.48

B = o.18

.
]

6 + log kB(obsd.)

L, 29 :
4,09
3.76 -
2.86

S.D. = 2.47%.

6 + log kg (obsd.)

b.73
.5k
4.18
3.28
5.D. = 2.36%.

(¢) o -D-glucose

pKa

6.67
5.98

5.22

3.48 ‘

/S = 0.50

6 + log kg (obsd.)

L, 3k
L,15
3.78
2.82

S.D- = 20“’(%.

6 + log kg(cale.)

.38
.05
3.70
2,88

6 + 1;3g kg (calc)

4,82
kg
413
3.30

6 + log ky (calc.)

ek
4,10
3.72
2.84

165.




(a)

(e)

Table 170 (cont.)

6-C-metkyl- o ~D-glucose

.I.)Ea 6 + log k; (otsd.)
6.67 L. 4z
5.98 h26
5.22 3.87
3.48 2.82

0.54 P 'S.D. = 2'.36%.,

6—acetamido—6—deoxy—/3—Qfglucose

6 + log kg (calc.)

k.57
k.19
3.78
2.84

K 6 + log ky (obsd.)
6.67 k.56
5.98 - b,32
5.22 3.86
3.48 2.78

0.58 ; S.D. = 2.30%.

6-0-phenyl- & -D-glucose

6 + log k; (calc.)

- 4,66
4,26
3.81
2.79

6 + log k B

(calc.)

K, 6 + log ky (obsd.)
6.67 k.90

5.98 , 4.7

5.22 b.22
3.48 3435

0.51 ;3  8.D. = 2.54%.

4,97
.61
2k

3.35

166




167,

Table 170 (coht.)

(g) 6-chloro—6—deoxy—c¥—Qfglucose

K 6 + 1oé kg (obsd.) 6 + log kg (calc.)
6.67 4 7k | | 4,8k
5.98 4,51 . I 43
5.22 4,02 o k.00

3,48 2.95 2.96
B= 059 5 S.D. = 2.3%. '

(h)  6-cyano-6-deoxy-A-D-glucose

X, 6 + log ky (obsd,) 6 + log k; (calc.)
6.67 4,80 ' C 4,92
5.98 b2 | : il
5.22 3.98 .92
C 3.8 2.71 2.7%

B= o069 ; 8D = 2.2%

(1) B -Gentiobiose
g%ﬁ 6 + log L (obsd.) 6 + log ky (calc.)
6.67 B , | b0
5.98 b b bo3h
5.22 4,00 3.9
3.48 3.01 3.03

B= 0525 3 s.0. = 2.4
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Table 172

The formic acid catalysed mutarotation of 6-deoxy- «-D-gluco-hepturonic

acid at 250 in water, I = 1.0M. (HCOZH)i(HCOZ—) = 51,

, L X
______(HCOEH)M pHZ5 kobsd.x 10 kcalc. x 10
1000 2.71 ‘ 7.53 . 7.39
0.80 2.72 6.77 6.71
0.60 2.73 5.94 6.03
0.’+0 2.76 5.35 5.35
0.20 2,80 k.69 L,67
1Fslope = 3.0 x 10-4 M-1 Se°_1 H S.D. = 1.76%.
King, = 2*99% 107" sec™" ;' 8.D. = 0.73%.

Table 173

The formic acid catalysedvmu'tarotatiovn of 6-deoxy- —g—gluco—hepturonic

acid at 25° in water, I = 1.0M.  (HCOH):(HCO,") = 2:1.

(HCOZH)M PH, o K s, X 10" k.1, X 10t
1,00 2,10 12.36 12k

0.80 3,12 11.40 1.1

0.60 3.3 9.56 9.79

0.%0 3.15 8.56 8.46
0.20 3.16 7.1 7.1%

Kglope = 6-64 X 10w st s = 1.4%.

= 5.80 x 107" sec™ ;  S.D. =

91%.,
int, 0.91%



Table 174
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The acetic acid catalysed mutarotation of 6-deoxy—cx—Q—gluco-hepturonic

acid at 25° in water, I = 1.0M. (CH,CoH): (CH
3

(CH3CO2H)E pH25 kobsd. x 10

1.00 3.85 1.93, 1.96

0.80 3.84 1.86, 1.84

0.60 3.85 1,75, 1.68

0.40 3.85 1.64, 1.66

-4 -1 -1
kslope =5.63x 10 ' M  sec ; S.,D° =
int., = 1.38 x 1072 sec” ; $.D, =
Table 175

3002 ) = 5:1,

k X ’IO3

calc.
1,94
1.83
1.71
1.60
3.7k%.
1.1%%.

The acetic acid catalysed'mutarotation of 6-deoxy-o -D-gluco-hepturonic

acid at 25° in water, I = 1.0M. (CH3002H):(CH3002")‘= 2:1.
(CH,Co_H)M P, kg x 107 k. x 107
1.00 4,28 3.21, 3.23 3.22
0.80 L,27 3.02, 3.06 3.05
0.60 4,27 2.89, 2.87 2.88
0.40 .27 2.72, 2.69 | 2.70
Kelope = 8+61 % 107w sec%q . S.D. = k%,

= 2.%6 x 1072 sec” ! . S.D. = 1.12%.

int,
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Table 176
The acetic acid catalysed mutarotation of 6-deoxy- e -D-gluco-hepturcnic

acid at 250 in water, I = 1.0M. (cH Co2H):(CH (302' ) = 1:1.

3 3

3 , 3
(CHBCoaH)gI pH25 K psg. X 1C kK .16, X 10
1.00 4,63 4. ho, 4.33 4,41
0.80 L4.63 4,15, 4.16 4,15
0.60 4,61 3.91, 3.90 3.89
0,40 4.59 3.59, 3.65 3.62

- =3 ] =1 . -
kslope =1.22 x 10 ° M §ec ; S.D. = 2.75%.
kint. = 3.09x 1072 §ec_1 3 S.D. = 0.78%.
Table 177

The acetic acid catalysed mutarotation of 6—deoxy-—a—_I?_—gluco-hépturonic

acid at 25° in water, I = 1.0M, (CHBCOZH):(CHBCoaf) = 1:2,
(G, Co H)N Bl kg % 107 k.. % 107
0.50 4.9k b.72, bk 479
0,40 493 456, b.62 . b5l
0,30 4,90 W35, k27 4,28
0.20 4.89 4,02, k.00 4.03
Kglope = 2:5% x 1077 W sec™ 8D = 3%

int, = 252X 'IO—3 sec_1 H S.D. = 0.7%.




Table 178

172

The acetic acid catalysed mutarotation of 6—deoxy—cx—Qfgluco-hepturonic

acid at 25° in water, I = 1.0M.

(CHBCozﬂ)M_ %
0.200 5.32
0.160 5.31
0.120 5.30
0.080 5.29
Kl ope 4,50 x 1072 M
int, = 2+99 x 1072 sec

sec
-1

(CH COZH) :(CH

3

k x 10

obsd.,

L.84, 4,90

L,71, L.k
4,60, L.60

k.33, b4.33

3 S.D.

H S.D.

Table 179

3

CoZ_ ) = 1:5.

k b'd 103
calc.

k.89
L.71
k.53
k.35
L.7%.
0.6%%.

The pyridine catalyéed mutarotation of 6—déoxy—0(—Q4g1uco—hepturonic

acid at 25° in water, I = 0.30M. (PyridineX(Pyridinium) = 4:1.

sec

(Pyridine)M pH25
0.500 5.90 °
0,400 5.9
0.300 5.92
0,200 5.93
0.100 5.93
= L =3 ]
kslope = L,67 x 107 M

1

int,

L 43 x 1077 sec—1

=1

obsd

K x 10°

6.71
6.38, 6.29
5.84, 5.77
5.58, 5.35
4,88, 4.90

H S.D.

H S.D.

1

Koale, * 107

6.76
6.30
5.83
5.37
4.90

5.65%.

1.67%.
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Table 180
The pH rate profile of the Spontaneous mutarotation of 6—deoxy—o(12—

‘gluco-hepturonic acid at 25° in water, I = 1,0M.

*

Hos spontames rate  dt.) spontanatis rete
2.00 2.28 x 107" sec | 2.69 x 107 sec”
2.75 598  mom 5.66 . "
3.13 5.80 " " 5.20 M "
3.85 1,38 x 1072 " M 1.37 % 1072 "
o 27 2.36 w  w q 2,31 m o
.61 _ 3.09 " " 311" n
4,91 550 .o 367 n u
530 3.99 . ® " ‘ ' k.11 " "
5.92 4 L3 " " 4,39 " n

* The pH rate profile was calculated using a program written ?y

Dr. B. Capon using a gereralised least squares procedure according

7

to the method of Wentworth12 and Deming128 to fit the expression

\ - ~el 1+ 107 )
/ k= (kg 10 27/K + ks)/( /K,
*here kgH and k_ are the rate constants for the spontaneous mutarotation
: S

of the unionised and ionised forms of the acid and Ka is the dissociation

constant of the acid.
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Table 181
The HC1 catalysed mutarotation of 6—g—(g-hydroxyphenyl)—/g-g—glucose

at 250 in water, I = O.10M. '
+ b L

(_I_Ig_o__) P Kovsa, X 10 Ko, * 10
0,100 0.98 12.17 12.59
0.080 1.09 10.82 . 10.72
0.060 1.21 8.77 ‘ - 8.85
0.040 1.bo 714 _ 6.97
0.020 1.68 5.06 5.10
0.010 1.98 4,17 . k.16

ky gt = 9437 x 1072 Y sec™! ;  S.D. = 1.0%%.

iit. = 3.23 x 10'4 sec” ; 5.D. = 0.,94%.

Table 182

The pyridine catalysed mutarotation of 6f9—(gfhydroxyphenyl)-/gig— '

glucose at 25° in water, I = 0,10M. (Pyridine):(Pyridinium) = 1:2.

(Pyridine)M PH, 5 K ped. X 10" K 010, X 10"
- 0.050 L.96 14,25 14,24
0.040 4,99 ‘ 12.65 12,54
6.030 ' 4,99 10.71 | 10.84
0.020 5.03 9.10 2.15
0,010 5.03 7,58 745
0.005 5,03 6.50 6.60
ky = 16.97 x 1072 w7 sec“1 ; S.D. = 1.36%.

T
kint. = 5.75 x 10 sec 3 S.D.

0.73%.




Table 183
The pyridine catalysed mutarotation of 6ﬁ9L(g—hydroxyphenyl)-/g_g_

gluccse ot 25° in water, I = 0.10M. (Pyridine):(Pyridinium) = k4:1.

(byrigine)tt  pHyo ko X 107 k__ . x10°
0.400 5.89 7.66 7,75
0.300 5.90 ' 6,29 | 6.37
0,200 5.93 5.01 4,99
0,100 - . 5.93 3.71 3,61
0.050 5.9k 2.84 29

oy = 1,38 x 102 M sec™'. 5 S.D. = 1.21%.

k= 2.23x 107 sec” ! . S.D. = 1.11%.

Table 184

The L-methylpyridine catalysed mutarotation of 6-O-(o-hydroxyphenyl)-A

‘ o +
ﬁg-glucose at 25 in water, I = 0.10M. (B):(BH') = 1:1.

(4-metbylpyridine)d pH,, ko i X 10 ko X 10°
0.060 612 5.92 5.87
0.040 6.13 L.98 5.04
0.030 6.1k hes 4,63
0,020 | 6.16 4,25 4,21
0.010 6.16 3.78 3.80

ky = b5 x 102 M sec™! 5 8D = 2.1%.

kint. = 3.38 x 10 sec ; S.D. = 0.70%.

175.




Table 185

176.

The 2,6-lutidine catalysed mutarotaticn of 6—9-(g—hydroxyphenyl)1%?52—

glucose at 25° in water, I = 0.,10M. (B):(BE') = 1:1.

(Lutidine)M

0,030
0.020
0.010

0.005

Pas  Kopeq, X 10° } Keale.
6.89  1.18, 1.21 -
6.90 1.6, 1,03 -
6.89  1.15, 1.14 .
6.92  1.07, 1.16 -

As can be seen from the zbove results, general base catalysis

is not readily detectable since tke rates of mutarotation are faster

than the maximum rate which tke Polarimeter 141 can accurately

/

measure (k = 10

In addition, catalysis by 2,6-lutidine is

[ s
small in comparison with the spontaneous rate and so falls within

experimental error at this rate.

From the above data we can say that the spontaneous rate of

mutarotation of 659—(g—hydroxyphenyl)f%3—gfglucose at pH 6.90 is

greater than 1.0 x 10-2 sec’
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Table 186

Comparison of the spontaneous rates of mutarotation of 6—9—pheny1—cx-g—

glucose and 619-(gfhydroxyphenyl)fxf—g—glucose at 25° in water.

Spontaneous Rate at 250 of

Eﬁéﬁ .6j9~phenyl- -D-glucose 6~0~(o-hydroryphenyl)glucoss
2.00 3.1 x _10"4 sec” ! . 3.2 x 107" se(;—’l
5.00 2.9 " " 5.8 x 107 "
5.92 5.2 n o 2.2 x 107 "
6.1k 2.8 oo , 3.4 x 1070 o
6.90 3.1 " > 1.0x 1072 n

A plot of the spontaneous rates of hydrolysis (excluding the
last value) for 6-0-(o-hydroxyphenly)-glucose against (0H™) gave

a straight line of slope 2.28 x 10”7 (see discussion section 4.8).




Table 187

178.

Tests for intermolecular catalysis in the mutarotation of :-

a)

(b)

6-deoxy- X -D-gluco-hepturonic acid.

(Sugar)M

0,082
0,115
0.255
0.26k
0.346
0.356
0.466

0.500

Buffer

0.4M Pyridine

1"

"
. "
"
"

6—9f(9fhydroxyphenyl)—¢3—gfglucose

(Sugar)M

0,026
0.048
6.074
0.079

0.128

Buffer

0.1M pyridine

"

pH

)
59

1"
1"
"

7"

pH25

5.9

"

"

3
K psa. X 10

6.20
6.24, 6.25
5.98
5.82
6.09
6.01
6.07
5.89,

k x 107

obsd.-
3.59
3.65
3,52
3.50
3.66, 3.47




Table 188
The phenclate ion catalysed mutarotation of 6—9—pheny1—<x—27glucose

at 25° in water, I = 0.10¢.  (Phenol):(Phenolate) = 10:1.

(Phenolate)M o py kg x 107 k. % 107
0.006 9.12 8.78 8.88
0.00k 9.13 6.43 - 6.4
0.003 9.13 5.26 5.18
0.002 9.1k 3.92 | 3.9k

K - = 1.2 W sec™ 3 8.0, = 1.85%.

ko4, = 1.47 x 1077 sec”) ; S.D. = 4.48%.

Table 189
The dissociation constant of 6—9—(9—hydréxyphenyl5~/3—gfglucose
Fat 250 was determinéd spectrophotometricaliy by meaéurement of
fhg,optical density at zero time at 290 nm in 0.1 M HC1l, O.1M NaOH
and at seven pH's around pH 10
| pKa = 9.67.
Adjusting this spectrophotometrically determined pKa by the procedure

30

recommended by Albert and Sergeant1 gives a thermodynamic pKa of

9.78.

179.
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Table 190

The pyridine catalysed mutarctation of 2-deoxy-o¢-D-glucose at 25

in water, I = 0.10M. (Pyridine):(Pyridiniun) = 1:1.

(Pyridine)ﬂ pH25 kobsd. X 103 kcalc. X 103
0,080 5.33 4,07 4.03

0.060 5,34 3,42 3,37

0.040 5.36 2.70 2.71

0.020 5.37 2.00 2.0k

0.010 5.38 1.73 o 1.71

ky = 3.32 x 102 M1 sec™ 5 8D = 1.49%.

kg, = 1.38 x 1072 sec™ ; - S.D. = 0.8%.

Table 191

The pyridine catalysed mutarotatiorn of E—Q—methyl—/g—g—glucqse

}at_250 in water, I = O0,10M. (Pyridine):(Pyridinium) = 1:1.

(Pyridine)M EH-aé K oq, ¥ 10" cale. ¥ 1_(f
0,080 5.33 11.96 12,09
0.060 5.34 10.53 10,35
0.040 5.36 8.59 8.62
0.020 5.37 6.83 6.8
0.010 5.38 6.04 6.02
ky = 8.67 x 1072w sec” ! ; S.D. = 0.8%.

= 5.15 x 107 sec™ i  S.D: = 0.3%.

int
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Table 192
The pyridine catalysed mutarotation of 2—acétamido—2—deo>:y-o(—P_-—

o . :
glucese at 25~ in water, I = C.10M. (Pyridine):(Pyridinium) = 1:1.

(Pyridine)M Py K oog X 10" K 10 x 10"
0.080 5.33 8.77 8.81
0.060 5.3k 7.86 7.8k
0.040 5.36 6.87 6.86
0.020 5.37 5.89 . 5.88 -
0.010 5.38 5.39 ' 5039
ky = 4.88x 1070 M sed™! 5 8. = 0.9%.
K, = 491 x 107" gec™ . S.D. = 0.2%.
Table 193

The pyridine catalysed mutarotation of 2—amino—2-deoxy-—o(—E—gluccse

: : +
|hydrochloride at 25° in water, I = 0.10M. (B):(BH') = 1:1.

(?yridine)M | zf_zé obsd. ¥ 104 k0. X 104
0.080 5.33 9.01 8.97
0.060 5.34 8.01 7.91
0.040 5.36 : 6.76 | 6.85
0.020 | 5.37 5.74 5.79
0.010 5.38 5.30 - 5.26
ky = 5.30 x 1072 M sec”! ; S8.D. = 0.9%.

= 4.73 x 107 sec” s S.D. = 0.3%%.
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Table 195

183.

The 4—methylpyridine catalysed mutarctation of 2—deoxy—(xj2—glucose

at 25° in water, I = 0,10M. (E):(BH') = 1:1.

(4-methylpyridine)M

cd

k

X ’IO3

obsd.

H S.D. = 1011%0

=
0,060 6.12
0.040 6.13
0.030 6.1k
0.020 6.16
0.010 6.18

ky = 8.84 x 1077 1" sec”

k., = 1.65 x 107 sec”

;s S.D

Table 196

6,86
5.1k
L.29
353

2.5

1

1426%.

k ' x 10

calc.

6.95
5.19
4,30
3ok
2.54

The 4-metkylpyridine catalysed mutarotation of 2—g—methyl—f812—glucose

at 25° in water, T = 0.10M. (B):(BH') = 1:1.

(4-methylpyridine)M

PH,5
0.060 6.12
0.040 6.13
0,030 6.1k
0,020 6.16
0.010 6,18
0.005 6.18

Ky = 2,17 x 1072 M sec”

' -4
kint. = 5,15 x 10  sec

-1

Kobsd. * 10" Kealc, * 10"

17,72 18.18
13.81 13.84
11.86 '15067
9.70 9.50
7.24 7433
6.27 6.2k

. 8.D. = 0.7%.

;  S5.D. = O.h2pe.




Table 197
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The L4-methylpyridine catalysed mutarotation of Z-acetanmido-2-deoxy~ X-

D-glucose at 250 in water, I = 0,10M. (B):(EH+) = 1:1.

(4-methylpyridine)M

0,060
0,040
0,020
0.020
0,010

0,005
2 -1

'kB = 1.267 x 10 ° M

kint

= 4,84 x ’IO—4 sec

©

s

6.12
6.13
6.14
6,16
6.16
6.18

-1
sec

-1

~e

L
kobsd. x 10

12,11
9.78
8.74
7.48
6.20
5.45

0.9%%e

S.D. = 0.22%.

S.D.

]

Table 198

The L4-methylpyridine catalysed mutarotation of Z—aminc—Z—deoxy—(x—Er

' +
glucose hydrochloride at 25° in water, I = 0.,10M. (B):(BH ) = 1:1,

(4-methylpyridine)M

kg

kint

0,060
10,040
0,030
0.020
0.010
0,005
= 1.365 x 7072 M~

=4.73 x 10’4 sec

s
6.12
6.13
6.4
6.16
6,16
6.18

-1
sec

-1

-e

L
K bsa. X 10

12,49
10.22
8.86
7.52
6.18
5.35
0.78%.
0.34%.

S.D.

SIDO

1

kcalc°

L

x 10

12.92
10,19
8.83
7,46
6.10

5.41
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Table 200

The h4-etloxypyridine catalysed mutarotation of 2-deoxy—~ x-D-glucose

at 25° in water, I = 0.10M (B):(BE') = 1:1.

(k-ethoxypyridine)M PH,; K peq. X 10° k16, * 107
- 0,040 ' 6.74 8.16, 8.22 8.18
0.030 6.73 6.46, 6.84 - 6.79
0.020 6.73 5.40, 5,40 ' 5.39
0.010 6.75 4.1, 4,15 4,00
0.005 6.75 3.1k, 3.36 3,30
ky = 13.95 x 1070 N sec”! S.D. = 0.7%.
k. = 2.60x 107 sec” ! . 8.D. = 0.4%%,

The L-ethoxypyridine catalysed mutarotation of 2-O-methyl- ﬂ—g—gl.ucose

at 25° in water, I = 0.10M. (B):(BH') = 1:1.

(4-ethoxypyridine)M P, kg X100 kg % 10°
0,050 6.73 2.26 2.29
0.040 6.74 1.99 1.92
0.030 6.7% 1.52 1,57
0,020 6.73 1,22 1,21
0.010 - 6.75 0.90 0.86
0.005 6.75 0,67 0.68

ko= 3.58 x 102 M secT! 3 8.D. = 0.78.

k = 4,98 x 10"" sec 1 ; S.D. = 0.66%.
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Table 202
The k-ethoxypyridine catalysed mutarotation of 2-acetamido-2-deoxy- -

D-glucose at 25° in water, I = 0.10M. (B):(BH") = 1:1.

(h-ethoxypyridine)M P, K g ¥ 10" ko % 10t
0,050 6.73 13.66 14,12
0.040 6.7k 12,32 | 12.33
0,030 6.73 10,69 10655
0.020 6.73 8. 74 8.76
0.000 6.75 213 6,97
0.005 6.75 6.0k 6.08

ky = 1.79 x 1072 w1 gec™ s S.D. = 0.70%,

kipp = 5019 x 10’5 sec | ; | S.D. = 0.28%.

Table 203
The L-etlLoxypyridine catalysed mutarotation of 2-amino—2-deoxy—cxf£—

~ . : + .
glucose hydrochloride at 250 in water, I = 0.10M. (B):(BH ) = 1:1.

(4-ethoxypyridine)M PH, 5 K ped. ¥ 10" kK 1o, X 10
0.050 6.73 14;30  _ 14.51

i 0.040 6.74 12.57 12.57

; 0.03%0 6.73 10.90 10,63

| 0.020 6.73 9.05 8.69
0.010 6.75 6,58 6,75
0.005 6.75 5.8k 5.78

ky = 1,94 x 102wV sec™! 3 S.D. = 0.80%.
- 4.81 x 107 ; 8.0, = 0.38%.

int,
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Table 205

The lL-acetylpyridine catalysed mutarotation of 2~deoxy- X-D-glucose

at 25° in water, I = 0,10M. (B):(BH') = 10:1.
) - 3 3

(4k-acetylpyridine)M pH25 kobsd. x 10 kcalc. x 10
0.200 4.55 2.19 2,20
0,150 4,58 1.95 ; 1,98
0,100 4,61 1.78 1.76
0,060 4,63 ' 1,62 1,58
0,020 | L,65 1.40 1,41

ky = bz x 1072 1 sec”] ; S.D. = 1.9%%.

ko= 132 1072 sec™ i 8D = 0.3%.

Table 206

The 4—acety1pyrjdihe.catalysed mutarptatidn of Zﬁglmetkyir%gég—glucose

at 25° in water, I = 0.10M. (B):(BH') = 10:1.

(4-acetylpyridine)M ffgé K psd. * 10" K o1c. ¥ 10t
0,200 bo55 7.17 | 7.21
0,150 4,58 6.67 ) 6.65
i 0.100 L.61 6.18 ‘ 6019
; 0,060 4,63 5.61 5.66
| 0.020 4,65 5.21 5.21
e 1 x 103w sec™! ;8D = 1,27
k = 4,99 x 107" sec” i S.D. = 0.23%.

int,




190,
Table 207

The L-acetylpyridine catalysed mutarotation of 2-acetamido-2-deoxy- X~

D-glucose at 25° in water, I = 0,10M. (B):(BH') = 10:1.
) e l

(4-acetylpyridine)M pH25 kobsd. x 10 kcalc. x 10
0.200 4,55 6.10 6.05
0,150 4,58 5.69 5.76
0.1CO 4,61 5,52 5.47
0.060 4,63 5.27 5¢23%
0,020 .65 h.99 5,00

ky = 5.8% x 10‘” M7 sec™! ; S.D. = 1.306.

kinp. = 4,88 x 10'4 sec” ! ; | S.D. = 0,15%.

Table 208
" The 4—acetylpyridihe'catalysed mutarotation of 2-amino-2-deoxy- ™X-D-

glucose hydrochloride at 25° in water, I = O.1QM.' (B):(BE) = 10:1.

(k-acetylpyridine)M £§§2 K peq. X 10q K 1o, ¥ 104
ooaod 4,55 6.00 6.0k
0.150 4.58 5.53 | 5.70

j 0.100 L,61 5.38 - 5437

f 0.060 4,63 5.12 5.1

| 0.020 L .65 4,79 4.85

ky = 6.61 x 10w sec! 3 8D = 2.6%%

-4 -1
= M ollo = 0048 .
kipp, = 471 x 107 sec i .S.D %
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Table 210

The 2,6—1utidine catalysed mutarotation of 2-deoxy- x-D-glucose at

25° in water, I = 0.10M. (B):(BH') = 1:1.

(2,6-1utidine)M Bl Ko a. ¥ 10” k1. ¥ 107
0.100 6.84 3.46, 3.46 345
0,080 6.84 3.38, 3.31 3.34
0,060 6.84 3.20 3,23
0.040 6.87 3.16, 3.13 3.12
0,030 6.89 306 3.06
0,020 | 6.90 3?02 3,00
0.010 6.89 2.93 2.95

ky = 565 x 10700 sl 5 s = 3.0%

k= 2.89 x 107 sec” . S.D. = 0.4,

Table 211

The 2,6-lutidine catalysed mutarotation of Z—Q—methyl—fg-g—glucose at

25° in water, I = 0.10M. (B):(BH') = 1:1.

(2,6-1utidine)t PH,g Kpsg, * 10" K. 10, X 10t

i 0.050 6.87 6.5k 6.66

; 0.040 6.87 6.40 6.36

| 0.030 6.89 6.02 6.07
0.020 6.90 5.88 5.78
0.010 6.89 5.40 ' 5.48
0.005 6.92 5.33 5.34

ky = 2.9% x 1070 M sec” 5 8D = 1A%

king, = 5:19 x 107" sec” ;0 S.D. = 0.18%.
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Table 212

The 2,6-lutidine catalysed mutarotation of 2—acetamido—24deoxy-fog—

gluccse at 25° in water, I = 0.10M.  (B):(BE') = 4:1.
. I 4
(2,6-1lutidine)M pH25 K psa. X 10 K 10, ¥ 10
0.050 6.87 5.65 - 5.65
0.040 6.87 5.53 5.52
0.030 6.89 5.37 5.38
0,020 6.90 5.23 . 5425
0.010 6.89 5.16 5,12
0.005 6.92 5.07 5.05
ky = 1.34 x 1072w sec—1 s . S.D. = 2.4lg. | A
L 4,98 x 107" sec ; 5.D. = 0.21%.
Table 213

The 2,6-lutidine catalysed mutarotation of 2—amino-2—deoxy—6112—

: +
glucose hydrochloride at 25° in water, I = 0.,10M. (B):(BH') = 1:1.

(2,6-1utidine)M 2 ko eq. ¥ igi K 1o, X 10t
0050 6.87 " 8.31 8.23

!' 0.040 6.87 | 7.53 760
0.030 6.89 6.95 6.97
0.020 6.90 6,38 6.3k
0.010 6.89 5.60 5,71

Ky = 6.47 x 1070 M sec™l 5 8D = 2.1%.

iy, = 5.01 x 107 sec”] i S.D. = 0.7%.
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Table 215

‘Bronsted Plots for catalysis by L-substituted pyridines.

S

]

(a) 2-deoxy- ~-D-glucose
E{Q_ 6 + log kg (otsd.) 6 + log kg (calc.)
6.67 5.145 50217
5.98 L.ok6 4,880 .
5.22 h.s21 - 4,508
3,48 3,646 | 3,655

/3 = 0.49 ; S.D. = 2.65%.

(b) 2-0-methyl- /6) -D-glucose

PK_ 6 + log ky (obsd.) 6 + log ky (calc.)
6.67 4.554 4,62k

5.98 4,336 : | 4,284

5.22 3.938 , 3.911

3,48 3,045 | 3.055

0.49 ; - 8.D. = 2.48%.

195.




(c)

(a)

Table 215 (cont.)

2-acetamido-2-deoxy- x~-D-glucose

196.

6 + log kB(calc.)

-pK_a 6 + log k (obsd.)
6.67 L.252

5.98 4,103

5.22 3,488
5,48 2.766

_ 0548 H SoDc - 2."}2%.

4,293
3,960
3,593
2,753

2-amino-2-deoxy- ~D-glucose hydrochloride

6 + log ky (calc.)

& 6 + log kg (obsd.)
6,67 : 4,288

5.98 4,135

5.22 3,72k

3,48 - 2.820
6,49 ; S.D. = 2.42%.

4,394
4,056
3.685
2.835
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Table 217
The HCl catalysed mutarotation of B—Q-methyl—;g-g—glucose at 250

in water, I = 0,10M.

(H§O+)M PH,  Kpea. ¥ 1gﬁ kcalcolx 10"
0,100 0,98 14,60 14,46
0;080 1,09 12.66 , 12,58
0,060 1.21 | 10,68 10,67
0,040 _ 1.40 8.67 . 8.77
0.020 1.68 6.82 | 6.88
0.010 1.98 5.95 : 5.93
o = 9,49 x 1072 M sec” 3 8., = 0.71%.

int. = 4,98 x ’IO—L} sec'-’l ; S.D. = 0.3%.

Table 218

The HC1 catalysed mutarotation of 2-acetamido-2-deoxy-oX-D-glucose at

25° in water, I = 0.10M.

(00 - By Kobsa. * 10! Kaio. X 10"
0,100 C.98 1C.89 11.09
QL080 1.09 9.82 | 9.83
0.060 1.21 ' 8.6L ' 8.58
b,ouo 1.40 743 735
5.020 1.68 ~6.07 6,07
0,010 1,98 5.k 5.45
kH30+ - 627 x 100w sea™t ;3 S.D. = 0.69%.

= 4.82 x 107" sec ; S.D. = 0.2%.

int,



Table 219

The HC1l catalysed mutarotation of 2-amino—2~deoxy-D(1E—glucose

hydrochloride at 25° in water, I = 0,710M.

+ b L

(H,0" )M EH_EQ K oq, X 10 K, 1., X 10
0,100 0.98 | 5.03 ‘ 5.03
0,080 1,09 - k.96 e ke
0,060 1.21 4,90 . : 4.89.
0,040 1.40  L.80 .81
0,020 1.68 475 b7k
0.010 1.98 L ,70 L,70

kg gt = 3.65 x 10w seq—1 . S.D. = 357

L,67 x 10-4 sec—1

“e

S.D. 0.16%.

,int.

199.
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Table 221°

The Equilibrium Proportions of the Sugars studied

less accurate.

s ¥
Sugar observed" literature
(ref.)
6-deoxy—2—g1ucose 31 ‘69'
D-xylose » 37 63 35 (6)
D-glucose 37 63 36 (6)
6-0-methyl-D-glucose 35 65
6-acetamido-6-deoxy-D-glucose 32 68
D-gentiobiose 21 69
619-phenyl—2-glucose 22 68
6-chloro-6-deoxy-D-glucose 33 :67
'6—deoxy12-g1ucoheptﬁr6nic acid 36 6k
6-cyano—6-deoxyi9—glucose 39 61
2—g1ucose—6—phosphate 31 (32)
2-deoxy-D-glucose ' 55 45
2-amino-2-deoxy-D-glucose HC1 61 39 - | 63 ~ (131)
g~acetamido—e-deoxy—g—glucose 66 ‘151)
?-Q-methyl—g-glucose 50 50
* The spinning side bands of the D-OH peak render these results

201,
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Table 222

Vapor Phase Chromatography of substituted pyridines

Instrument:- Pye Argon Chromatograph
Conditions:- Column A - 10% 20M PEG
Column B ~ 1% SE30

temperature - 50°; argon flow rate - 44 ml/min.

Compound Column Retention Time (minutes)
pyridine A : : 13
ih—methylpyridine . A ' ‘ 28
L-ethoxypyridine , B 9.5
k-acetylpyridine B o 7.5
2,6-1utidine o A a1

e

Level of detection 0.5%.




Table 22%
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Mutarotation of 2,3,4,6-tetramethyl-ex ~D-glucose in benzene at 25°

Catalyst Initial catalyst

ccncentration M

2-pyridone

- 6-methoxy-2-pyridone

blank in benzene

0,100

0,1C0

0,100

0,010
0,010
0.010
0.001
0.0C1
0,001
0.1C0
0.100
0.1C0

0.010

© 0.010

0,010
0,001
0,001

0.0C1

Initial TMG
concentration M

0,102
0,101
0,102
0,099
0.102
0.100
0.100
0.100
0.099
0.100
0,102
0,101
0,100
01192
0.102
0.097
0.098
0,100
0,100
0,101

0,100

7.9

8.0

1.6
1.8




Table 224

Mutarotation of 2,3,4,6-tetfamethy1—cx—2—é1ucose'in dioxan at 250

Catalyst

Initial catalyst

concentration M

2-pyridone

6-methoxy-2-pyridone

pyridine/phenol

6,7-dimethoxy-
isoquinol-3(2H)-one

0,100
0.10C

0.100

0,010
0,010
0.001
0.1C0
0,100
0.100
0.010
0.010
0.001
0,100

both
0.010

0,010

Initial TMG
concentration M

obsd . x 10

20k,

6

0,010 -

in
catalysts

0,100

.0.098

0,101

0,100

0.100

0,101
0,100
0,100
0,101
0.100
0,100
0,099
0,101

0,101

0,101

0.1G0

-1
sSecC

2775
282.9
2877

5.0
4.8
L9
< 1.0
390k
345
37.5
3.8
|
1.2

=~z 0.1

5.2
7241




Key for tables 225 - 227

The following conventions are used in the tables 225, 226 and
227 which follow:-

The results show the correlation coefficients of linear plots

of certain functions - either log kcat or the difference between two

log kca 's - against the inductive substituent constant & of tre

t

various substituents. The catalytic coefficients are denoted by

" " . - o~ ) - -
kcat. where the apprcpriate catalyst is subscripted. i.e. kHZO is
the catalytic coefficient for catalysis by water. The abbreviations

used in the tables are:-

H30+ - hydronium ion 3 D30+ - hyérated deuteron
HEO - water H DZO! ~ deuterium oxide
;8 - hydroxide ion 3y lut. - 2,6-lutidine

Py - pyridine $ MePy =~  lL-methylpyridine
EtOPy - L-ethoxypyridine 3 AcPy -~  L-acetylpyridine
Morph. - morpholine H Tris. =~ Tris

Dieth. - diethanolamine H

The results are tabulated giving in the first row, tke correlation
coefficient when the results for all eight sugars are included in the
calcula£ions. Subsequently the appropriate result for each sugar is
omitted in turn frem the linear fit calculations, and the correlation
coefficient listed.

The values given in the final row, are the slopes of the plots wher
all +hre coﬁpounds are included in the calculations i.e. they correspond to

the correlation coefficients given in the first row of the tables.
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Table 228

The pyridine catalysed mutarotation of &-D-mannose at 250 in water,

I = 0.25M, (Pyridine):(Pyridinium) = 4:1.

" (Pyridine)M P, Koped. 107 k.. X 10°
0,150 6.02 b,17, 4,08 414
0,100 6.03 2.93, 3.20 31k
0.050 6,05 2.20, 2.21 2.13
0.025 ‘ 6.06 1.62, 1.61 1.63
kpy = 2.00 x 102" st ; s.p. = 1,20%.
kHzo(HZO) = 1.1%3 x 107 sec| 3  S.D. = 1.1,

Table 229

The pyridine catalysed mutarotation of O(—_Q—mannoée at 250 in water,

I = 0.25M, (Pyridiriej:(Pyridinium +). = 2:1.

(Pyridiief% szE

0.150 5.62

0.100 5.64

0.050 5.66

p.025 5.67

!

kpy = 2.00 x 107 M sec™ s

‘ - -1
ky O(H 0) = 1.06 x 10 5 sec ;
502

Kobsd. * 0 Keate, X 107
3.74, 3.99 k.06
3,10, 3.10 . 3,06
2.11, 2.03 | 2.06
1.58, 1.54 1.56
S.D. = 1.52%.
S.D. = 1.33%.

212.




Table 230

The pyridine catalysed mutarotation of et-D-mannose at 250 in water,

I = 0.25M, (Pyridine):(Pyridinium) = 1:1.

The pyridine catalysed mutarotation of &-L-rhamnose at 250 in

I = 0.25M, (Pyridine):(Pyridinium) = 4:1,

(Fyridine)t Ples

/0.150 ' 6.02
0,100 6.03

0,050 6.05
0.025 , 6.06
kp = 1,87 x 1072 M7 sec” |

K O(HEO) = 2.67 x 1077 sec
2

-1

k x 10

obsd.
5.4, 5,34
4,61, k.65
3.71, 3.66
3.06, 3.1

SODO

il

S.D.

i

’ Keale, *
5.47
ko5
30,61
3ok

2.68%.

102%.0

(Pyridine)M Py K, oq, X 107 ko %

0,150 5.28 4.28, 4,03 4,01

0.125 5.32 3.5, 3.35 353
0,100 5.3k 3.03, 2.92 2.0h

0,075 5036 2.63, 2.63 2.56

0.050 5;37 2.10, 2.08 2.08

0.025 5.39 '1.57, 1.60 1,60

0.012 5.39 1.37, 1.32 1435
: ku = 1.93 x 1072 w7 sec™! ; S.D. = 1.6%%..

kHZO(HZO) = 1.1 x 1077 sec S.D. = 0.9%.

Table 231

water,



21k,

Table 232
The pyridine catalysed mutarotation of & -L-rhamnose at 25° in water

I = 0.25, (Pyridine):(Pyridinium) = 2:1.

(Pyridine)M B, kg % 100 ko, x 107
0,150 5.62 5.31, 5.37 5.38
0,100 5.64 L, 45, 4,54 4,48
0.050 5.66 3.56, 3.59 3.57
0.025 5.67 3.05, 3.18 ‘ 3,12

kpy = 1:81 x 102 M sec™t 5 S.D. = 1.99%.

kHZO(HZO) = 2.67 x 1072 sec” | s = ' 0.9%

Table 237

‘The pyridine catalysed mutarotation of x-L-rhamnose at 250 in water,

I = 0,25, (Pyridine):(Pyridinium) = 1:1.

(Pyridine)M P, kg * 107 k . %100
0.100 5.3k L.63, 4.60 A
0.075 5.36 4,18, 4,33 k.19
;0.050 5.37 3.66, 3.67 3.68
!0.025 | 5.39 3.18, 3.18 3.17
 0.012 5.39 2.93, 2.90 2.91

Kpy = 2.05x 102 w1 sec™t 3 8. = 2.66%

by o(H,0) = 2.66 x 1073 sec™? ;5 s.D. = 0.96%
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