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Receat advances ia the stbudry of aceteal hydrolvsis and
the use of acetals in model systens for tue investisation
of enzynically catalysed hydrolysis are reviewed,

The kinetics of +the hydrolysis of bhenzaldenyde sub-—
stituted (X) - phenyl methyl acetals and suvstituted (Y) -

benzaldehyde pnenyl methyl acetals were measured in

nivelate,

acetate, dl-deu%ero-acetate, B —chiloropronionate, formate

aad cinloroaceivate buffers, and ia hydrochloric and deutero-—

o.

nloric acids. The aydrolysis rates measured in buirfer

olu tions, oi the twelve acetals stuaied were found to be

C’I

dependent oa thae conceatration oi undissociated acid and
show t0 be authentic examdles of general acid catalysig,
with reference to curreat opinions taat such observaiions

st be nanifesivations of solvent, electirolyte or huffer
effects.

The d,-acetic acid catalysed d4—methanolysis 0f benze
aldchyde »henyl meinuyl acetal was followed in a high resolu-
tion TelleR. spectrometer and the initial bond fission found
to occur beteen carvon and tue phenolic oxygen, T4
seened not uvareasonavle Lo assume that the same Drocess
ocecurs olso in the hydrolysis reactition,

Brpasised and Temuett linear free energy relationshins

werce iound to correlate the catalyitic coastants obtailuned

froa tue hydrolysis oi voth (X) and (T) substituted-scetal



Ly oy e m’ N . » . JOR .z Eo - e o
wornco.  Tee catalytic coasitsits of the suvstituted (7) -
(1

-
2

mienyl acctals incressszd &8 the electron-ithdrawiig Dower
of (X) increased, ané the positive p value increased con-
sistently ae the catalytic power of the buffer decreased, viz.
0.4% in chloroacetate to 1.25 in pivalate. The P value for
the hydroaium ion catalysed reaction was -0.45,
Similarly, the negative p values obtained from the sub-

tituted (7) - benzaldehyde acetals increased in megnitude
from -2.04 ia chloroacetvate 0 =2,34 in pivalate, with a
value of -1,94 for the hydronium ion catalysed reaction,.

As the electron - withdrawing power of (X) increased,

l..

the Brdasteda value decreased coasisteatly from 0,96 for
X= p-ile0 to 0,49 forX = m - 70,. Coaversely as the
electron - withdrawiug power of (Y) increased, the a value
increased from 0.63 for [ =2 - 10 o 1.05 for m - O,,
Solvent isotone effects Ik ~O+)/¢(D30+\, indicated not
only a coa81Sueacy of mechanism in the hydrolysis of all
substrates studied, but the trend in values, from 0.62 for
= p-1'e0 to 1.1 for X =1 - 302, and 0.33 for T = p-le0d
to 0,66 for v =zn - I, correlated vith the a and p values
in detemmining the relative amount of bond naking and brak-
ing in the transition states.

The recults obtained were all indicative of an A"SEQ

mechanisn in the genexral acid catalysed hydrolysis of aronatic

aryl nethyl acetals, with concerted »roton transfer to



pheaolic oxygen and carbon-shenolic onxyren bond Tission ia

“tne rate liniting sten and vihere incivient carboniun ion
stability and leaving group ability, mather than a hizgh

relative cGegree of nroton. transfer in the transitioa state,
viere comniensurate to faster hydrolysis rates, The Com-—
parison of tuis data with that obtained in other reaction
series indicates that iacipient carbonium ion stability
anG leaviag group ability are prerequisites for the obser-
vation of genersl acid catalysis in acetal hydrolysis,
although relief of svteric strain fthrougy carbonium ion’
formation is also relevant,

The hydrolysis of benzaldehyde methyl acetyl acylal,
the nossible intermediate of acetate anion nucleophilic
attack on benzaldenhyde phenyl methyl acetal, was found to
be general acid catalysed, and is believed o be the first
reported example of vuffer catalysis in acylal hydrolysis.
The hydrolysis of p-netiylbenzaldehyde methyl S-phenyl
thioacetal was carvied out in wealk-ascid buffers, aad the
results suggested, although not conclusively, that this

substrate night also be catalysed by undissociated acid.
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TTRODYCTION

"It is not generally appreciated how little is under-
stood about the mechanism by which enzymes bring about
their extraordinary and specific rate accelerations".

w.P. Jencks.l (1969)

The mechanism of the enzymically catalysed reaction
has been studied over many years, and the recent statement
by Jencks indicates the complexity of this important cata-
lytic system, A more specific example of the problem is
that the elucidation of the amino acid sequence and ultim-
ately the three dimensional struc*bure2 of the glycosidase
lysozyne led to0 an intensive chemical and biophysical
investigation of that system which has not yet revealed the
exact mechanistic principles involved.  Workers in this
field have sought model systems in an attempt to explain
the mechanistic and rate differences observed between glj—
coside hydrolysis in the enzymic and non-enzymic systems,
The significance of the "aon-general" behaviour propounded
in more recent work must be interpreted with caution,
although it is hoped that it will lend itself to a closer
insight of the enzyme problem.

The aim of this introduction will be to outline the
- most significant of the mechanisms suggested to account for

the "extraordinary and specific rate accelerations" of the
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enzymically catalysed hydrolysis of glycosides, and the‘
model systems used to explore these hypotheses, A
brief review of the generally accepted mechanism of acetal
hydrolysis will be followed by a more detailed discussion
o£ the requirements necessary for the observation of
general acid catalysis and the physical parameters incor-—
pofated in such an investigation, The enzyme lysozyme
will frequently be referred to because of {the more
detailed knowledge surrounding it, although it must be
remembered that "We do not understand the mechanism of
action of any glycosidese",

B. Capon.3 (l971)

The existence of enzyme-substrate complexes as inter-
mediates in enzymically catalysed reactions has been shown
either by isolation and chemical characterisation of the
complex, by accommodating observed rates with the formation
and breakdown ol such intermediates, or showing that a |

common intermediate is formed with specific substrates in

the enzymatic reaction (see Ref. 1).  The general enzy-

matically catalysed reaction is then described, on this

basis, by equation (1) in which ES represents the inter-

mediate complex.
ot

E+S &=
ko

Tne formation :

ihe observed rate enhancements brought about

k :
ES 3>E+P '0.......'..'(1)

and nature of this intermediate complex

is critical to



by enzymes, and the rate of fowmation (kz) of products (P)
will depend on the ease of the chemical breakdown of the
substrate within this enviromuent,

Glycosidase catalysed hydrolysis resemble the acid
catalysed hydrolysis of alkyl aand anyl glycosides in that
bond fission in the substrate usually occurs between

carbon 1 and the anomeric oxygene.

K&\BQ

FPig, 1.

This has been demonstrated for several glycosidase
catalysed hydrolysis,5 including the lysozyme catalysed
hydrolysis of tri-N—acetylchitotriose in 018—enriched
water, where the products, d1-1~aoeLV1 chitobiose and
N—acetylglucosamlne contain the label at position 1 only.4

Further, since these reactions are formally nucleo-
philic substitutions of the saturated carbon 1, the hydro-
lysis by the enzymes proceed either with inversion or
retention of configuration (Fig. 2)

Fig. 2.

+ H20
Retentionug//// \ Fa \\\\\’Inversion
[ Don

H + ROH + ROH



several processes have been forwsrded o explain the
facilitation of glycosidic oxygen bond fission after forma-
tion of the enzyme substrate complex, and thus the enhanced
rate of enzymic catalysis, S1x such processes are des- |
cribed below, although it is unlikely that one single pro-
cesses accounts for the overall catalytic power of the
enzyme, or that these processes are always distinguishable
from each other, Model systems have been forwarded %o
exenplify several of these processes, and these will also
be mentioned.
i) a microscopic medium effect.
ii) electrostatic stabilization of a carbonium ion
intemmediate ‘
iii) conformational distortion of the substrate
iv) nucleophilic catalysis by a functional group of
the substrate
v) intra-complex mucleophilic catalysis
vi) intra-~complex general acid catalysis.

i) The microscopic medium effect is somewhat of an unknown

factor necessarily involving the environment within the
enzyme—éubstrate complex, which is only realised to a
limited extent at the present time, Phillips and co-
workers determined not only the three-dimensional structure
of lysozyme, but also the enzyme complex formed with the

inhibitor tri-N-acetyl chitotriose, and identified the



active site as a hydrophobic cleft of the enzyume made

up largely of amino-ccid side chains such as valine,
phenylalanine, leucine and tryptophan.6’7 Analogous
hydrophobic centres have been ascertained, in several
enzymes including, for example, chymotrypsin,S which has

a "Tosyl HoleM, In the case of lysozyme it has been
argued by Peru;l;z9 that the catalytic efficiency of the enz-—
yme may result from the reaction taking place within the
low—- polarity region of the hydrophobic cleft, however dis—

pute arises over the relative importance of polarity and

dielectric constant.5 (for a discussion on hydrophobic forces

see Jencks Chpt., 81)

Micelles have been used extensively in the study of
hydrophobic forces in aqueousvsolution sincé X—ray examinag-
tions have shown them to simulatle globular proteins, such
as enzyme, both in structure and property.lo Consider-
ably more work has to be completed, howeVer, before the
rate enhancements generated by microscopic medium effects
can be determined with regard to general acid catalysis,
electrostatic stabilisation and nucleophilic catalysis,

ii) Electrostatic stabilisation of a carbonium ion inter-

mediate has been forwarded as a factor in the rate enhance-

ment of several enzymes, The concept was first suggested

12
for the mechanism of the action of a-amylase by Koshland.



llore receantly it has been incorporated in the mechanisnm
of action of 1lysozyn » craont? Prillips®s 14
action o ysozyme proposed by Vernon™ - and Phillips

vhich invoives the carboxylate groups of Glu-35 and Asp=52.

Pig. 3. iGLU-35

“"."{).__§Q

0

|
0=C

|

ASP-52

It is suggested that Glu-35 acts as a general acid
catalytic entity, while the Asp-52 ionised residue sta-
bilised the incipient oxocarbonium ion by formation of
an'ion pair (see also ref,15). This postulate, however,
has recently come under scrutiny by Dunn and Bruicel6 who
suggest that, on the basis of a model system employing
methoxy methyl esters of substituted phenols, rate enhance-
ment is a steric ratier whan electrostatic effect,

The anionic surfactant cataiytic system of Cardes et
afu‘which utilises reagenfs such as sodium dodecyl sul-
phate to form micelles, and consequent inclusion complexes,

would appear to support the theory of electrostatic



('/0
stabilisation, although allowence is made for the possib-

ility of geometrical distortioan caused by substrate sub-

stituents, In this instance, reference is not direccted

at enzymic action, although the model system proceeds via
an intermediate complex analogous to the enzymic process,
It is difficult to estimate the relevance of this system

to the enzymic reaction, as is the extrapolation made by

Dunn and Bruice above,

iii) Steric requirements and conformational distortions
17,18 19

Strain and orientation™ have been studied to
date with a semi-quantitative evaluation only. Conforma-
tional distortion in the N-acetyl-glucosamine-lysozyme
comnplex was suggested by Phillips14 and Vernon13 , Wnere,
if the reaction proceeds via a carbonium ion, it was pro-
posed that the residue D of MAG-6 would adopt a half-chair
conforme tion to facilitate more favourable non-bonded
interactions between C(6) and 0(6) and the enzyme. Fig.4(a)

Fig, 4.

 CH,OH |
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The binding to lysozyme of Heacetyl-D-xylosamine
Fig. 4(b) as studied by T.17.R. spectroséopy,go and
N~acetyl—glucosamin821 were found to be very similar,

The more recent publication by Storm and Kosh-
land22 has evoked some difference of opinion on the hy-
pothesis of "Orbital Steering". This concept is pos-
tulated to account for the catalytic efficiency of an
enzyme in terms of an orientation factor related to
angular preferences of electiron orbitals, Capon,23
however, has argued in some considerable detail that it
is not justifiable to invoke this concept to explain the
variations of rates in the lactonisation of the hydroxy
acids studied and Bruice et al concluded that "if

orbital steering does exist, exverimental and theoreti-

cal evidence to support this concept have yet to be

presented".49

Nucleophilic Catalysis.

It was mentioned earlier that hydrolysis of glyco-
sides proceeds with either reteantion or inversion of
configuration,. An important factor in the mechanism
for those glycosidase catalysed hydrolysis which pro-
ceed with retention may be nucleophilic assistance by

a group in the substrate or a group in the enzyme, The

. . S T QEaton 2
subject has come under discussion by Fisher and Stein, E

'l o 1T -
Bender and Breslow,BO Mayer and Larner,j and Van Tunen-

15 . . X
daele and De Bruyne T° who have considered assistance by



a. functional group of the enzyme, and Lowe, who has
considered assistance by a functional group of the
substrate.

Although acetals and glycosides normally react
through carbonium ions and do not require nucleophilic
assistance, the situation could conceivably be differ-
ent within an enzyme-substrate complex where a strong
nucléophile could conceivably be held in close proxim-
ity to the glycosidic centres,

iv) Nucleophilic particivation by a functional group of

the substrate in the enzymic reaction has been investi-

gated by attempting to simulate the process in a model
system using acetals and glycosides,

The acid catalysed ring closure of dimethyl acetals
of glucose and galactose revealed a 30-300 rate increase
over that predicted from related substrates, and Capon
and Thacker33 concluded that nucleophilic attack by the
C-4 hydroxyl group was synchronous with acetal bond
fission,

Fig. 5.

HOCHZ

H H

OH
OH




L0,
However, the authors statel that the reaction type

could not be classified a¢ a hydrolysis. Speck et al69
have suggested that the acid catalysed hydrolysis of
methyl-thioacetaldehyde diethyl acetal occurs with neigh-
bouring group participation of the methyl thio function
to form an intermediate sulphonium ion (see page 30 ),

Fig., 6 shows one of the mechanisms that has been
suggested for the action of hents egg~white lysozyme on
B=l—-4~ linked oligosaccarides of N—aoetylglucosamine,39
Lowe suggested that the neighbouring amido-group of the
substrate facilitates bond fission in complement to the
general-acid catalytic function of the carboxylate group
of the glutamic acid residue 35 of tine enzyme.

It has been demonstrated.that p-glycosides of
N-acetyl-glucosanmine frequently react with neighbouring
amido group participation4o although Raffery and Rand-
Meirl® have indicated that the 2-acetamido group is not
essential for enzyme activity. The products of lyso-
zyme-catalysed reactions can be either inverted or non-
inverted indicating that néighbouring acetamido groups
of the substrate could be involved rather than nucleo-
philic moieties in the enzyme.,

v) Intra-complex nucleophilic catalysis is shown Gia-

grammatically in Iig.7 for hydrolysis by a p-glucosi-

dase where the nucleophilic residue (M) acts in



Fig.6

Te)
7 o
4 S 3 B ol
N Lo 4 PR &
I 0 | '®) [
O —
| 4 e £ A (o”
N
o |
) /7
, n X
MW/.C./ | Q_q *
d Txe N 29~z g
o~ = | o n@ ©
- O O a ™ Q o N
B — )] T N\ X
o /° On, . < O /CIC 2
T <’y O @) / o
N T O T =
Y ~ T o v
24 T N 8 <
I N\ / O \C.l..
I



Pigs 7




conjunction with the general acid catalyﬁic function
of the acid residue (HA) Fig.7.

The overall retention of configuration in the
substrate is then a result of two inversions in a
"push~pull" mechanism, Koshland first proposed this
méchanism in 1953 which was described, logically, as

2ky25 The inter-

a double-displacement mechanism,
mediate in this reaction sequence would be a covalent
glycosyl enzyme,26 the intervention of which has not

yet been proven in any glycosidase-catalysed reaction}?ZY
although a covalent glucosyl enzyme intermediate has
recently been isolated from the reaction of sucrose
with sucrose phosph%%lase, wnere binding between the
substrate and enzyme via an ester linkage was proposed,48
A dubiety concerning this mechanistic hypothesis lies

in the fact that nucleophilic participation would aopear
to be relevant in the reactions of both p-amylase
(inverting) and a—-amylase (non-inverting).  The alter—
native suggestion is that the proposed nucleophile may,
in fact, form an ion pair with the carbonium ion inter-
mediate, and the steric cause of the catalysis then
depends on. the direction in which the water molecule

can attack the carbonium ion of the ion pair<8 (see

also Ref.5).

The possibility of carboxylate nucleophilic



participatioa in the appareant intramolecular general
acid catalysis of 2~carboxyphenyl—B—D-glucoside34’35
Pig. 8(a) was excluded by investigations of Capon and
Smi%h,56 and Page,37 who investigated the enhanced
rates of hydrolysis of acetals (b) and (e¢) in Fig.S8,
whose behaviour resembled that of (a)

Fig.3.

CO,H

Ph

0 H-
CH,0CH,

(b) COH  (c)
In (b) possible intermediates were synthesized
and shown not to be intermediates at all, and in (c)
nucleophilic catalysis was shown to be impossible

because of the unfavourable stereochemical disposition

of the carbonyl group.
Intramolecular nucleophilic assistance by a car-

boxylate group was shown to function in the acid
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catalysed fission of the acetal bond in the cycliza—
tion of phthalsaldenydic ecid acetal, however, overall
nucleophilic catalysis was not prevalent.38 Intra--
molecular nucleophilic catalysis has been claimed in
the hydrolysis of 2-carboxybenzylidine catechol,3/
and i1f this claim is true, it will be the only one
recorded (see Ref.%3).

vi) Intra—complex zeneral-scid catalysis.

Over the last two decades, intracomplex general
acid catalysis has been incorporated as a relevant
feature in probably every mechanism of glycosidase
action (see Ref,5), and its relevance has already been
suggested in the preceeding sections, After forma-
tion of the enzyme-substrate complex it is proposed
that an acidic group of the active siteof the enzyme
transfers a proton. to the glycosidic oxygen concerted
with fission of ‘the carbon-oxygen bond of the sub-
strate. Fig.9 shows this process diagrammatically
with some of the acidic groups which have been suggested

to act in. this way.
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Some considerable amount of investigation has been
carried out in the study of the glycosidase-catalysed
reactions of aryl glycosides, since, in man} inétanoes,
these substrates have been found to hydrolyse as well
as the natural substrates (see Ref.5). It is then
possible to determine such kinetic parameters as sub-
stituent effects, which, although not necessarily being
a direct reflection on the natural substrates, would
lend themselves to a comparative overall picture of the
natﬁral substrate catalysis mechanism. The sub~
stituent effects of a limited number of glycosidase-
catalysed reactions have been reported aad consequently

the correlated data forms only a small part of the over-

all picture, Table 1 shows data extracted from several

L6e



such studies. (see Ref.3).

TABLE 1
Bnzyme : Substrate rho value ref,
B-Glucosidase Aryl-pg-D-Glucosides 1.0(meta) 41
1l.5(para)
a-Amylase Aryl-o-lTaltosides 2.0 4.2
- Lysozyme Aryl-g-D-di-N-acetyl-

) chitobiose 1.32 43
a-Glucosidase Aryl-ag-D-Glucosides 0o 44
B-Xylosidase  Aryl-p-D-Xylopyrano- -0.25(meta) 46

sides +0,108(para)
Acid Hydrolysis -0.06 to -=0.66
Alksline Hydro-
lysis +2,5 to +2.8

In. the transition state of a general acid cata-
lysed reaction, the proton transfer from the catalyst to
substrate would be incomplete and therefore a rho value
intermediate between that of a ~OH catalysed reaction
(involving unprotonatedleaving group) and the H30+ cata-
lysed reaction (involving a completely protonated leav-
ing group) would be expected, as is the case,

Fig. 10

17.

A%~
A o8 3
-OQAr ~0Ar  \_—\.. OAr
6+ 6+ B+ Oroé-

5-

H3O+ catalysed OH™ catalysed gen, acid catalysed



13,

ne rho values reported in Teble 1 are then con-
sistent with enzymic resctions proceeding with general
acid catalysis. (see iater section on Hammet opvalues),

It would be extremely useful, in this light, if
the enzymically catalysed reaction could be simulated
under non-enzymic conditions since the p values obtained
above could have beea derived from Keat values which were
composed of several microscopic rate and equilibrium con-
stants, rather than the microscopic rate constanté (k3
in equation. 1) for thé breakdown of the enzyme-(substi-:
tuted) substrate complexes, Unfortunately the non-
enzmyic hydrolysis of aryl glycosides almost always pro-
ceed via a specific acid catalysed mechanism,36 and the
problem must then. be approached by way of the following
model systems to attain a reasonable comparison,

Model Systems for General Acid Catalysis.

The following systems have been most widely used
in the study of general acid catalysis in glycosides and
acetals in a non-enzymic reaction.
a) The study of a system in which a catalyst, although
not an enzyme, would simulate the enzymic mechanism by

reacting via an intermediate conplex (association-

prefaced catalysis).

b ) Intramolecular general acid catalysis, where the

‘catalytic group is part of the sane molecule in which



bond fission occurs, A stereochemically favourable
reaction centre might then result in enhanced, and
therefore observable general acid catalysis.

c) Bifunctional catalysis, where a potential nucleo-

phile and the catalysing group are part of the same mole—
cule in which bond fission occurs, il.e. an extension of b).

d) To study intermolecular geaneral acid catalysis.

The use of enzyme-like catalysts has not heen exten-

sively studied although it is an attractive proposition,.
The use of micelles in the study of hydrophobic forces in
agueous solution (see Ref.l) and their ability to enhance
the rate of hydrolysis of orthoesters and acetals47 has
already been mentioned. The rho values for the surfac-—
tant-catalysed reactions of these substrates are con-
stantly lower than those in the agqueous phase suggesting
a greater exteat of carbon-oxygen bond cleavage in the
transition state of the micellar phase, This behaviour
was rationalised as a function of electrostatic sfabili-
sation although the various substituents could conceiv-
ably alter the position of the substrate on the micellar
surface or groups on the micellar surface could alter the
polarity of the substrate substituents as was suggested

by "wnendacle and De Bruyne,46

for ‘the enzymic hydrolysis
of B -D-xylopyranosides.

Other eazyme models have been used, usually



implementing the binding of small molecules to polymers
of known structure in aqueous solution, and of these
clathrates have been most widely used. (see Ref,l1l).

b) TITntramolecular General Acid Catalysis has already

been mentioned with reference to 2-carboxyphenyl-p-D-

Glucoside.34’35

The pH-Rate profile of this compound
wa.s found to be sigmoidal with a pseudo - first order
rate constaat dependent onlyron the concentration of
glycoside with ionised carboxyl group. At PH 4 the
hydrolysis rate is lO3 times that for 4-carboxyphenyl-g-
34

D~glucoside., This type of behaviour would appear to
be general for phenolic glycosides and acetals with ortho
carboxyl groups. Intramolecular nucleophilic participa-
tion has already been elimina‘ced%’37 and the two pos-
sible mechanisms left are; intramolecular general acid
catalysis with simultaneous vroton transfer and aglycon
carbon - oxygen bond fission (Fig.ll(a), or specific acid
cataiysis involving a special electrostatic or field
effect being exerted by the carboxylate anion on fhe pro-
tonated intermediate Fig. 11(Db). It has been pointed
out that it is extremely difficult to differentiate
between these two types of mechanisms,l since transition
state 11(a) could be regarded as being stabilised by

intramolecular hydrogen bonding, of which much of the



energy is electrostatic, the transition states 11l(a)
and 11(b) are very similar and could pass through the

same intermediate 11(c).

Fig, 11.

21,



22,

The hydrolysis of similar glyéosides and acetals
all lead to the formation of the highly stabilised sali-
cyclic anion 11(d), and this factor, rather than car-
boxylate group proximity, may be of greatest importance,
Lttempts to study possible intramolecular general acid
catalysis without this stabilising feature have proved
abortive, 52,53

The hydrolysis of many acetals and glycosides has
been shown to involve specific rather than general acid
catalysis with rate enhanced by a neighbouring cafboxy1~
group.Sl Sevéral workers have investigated the possibil-
ity of intramolecular general acid catalysis with suit-
able stereochemical and structural requirements. (see
Ref.34). Tarsen et al’% have shown substantial rate
enhancement in the hydrolysis of glucopyranosides con-
taining carboxylic residues in the aglycon group, whereas
other substituents in the aglycon moiety of alkyl glyco-
sides affect the rate only slightly (see Ref.5). Bruice
and Piszkiewicz53 have interpreted several such reactions
involving carboxylate groups as A-l mechanisms with rate
enhancement due to inductive effects and although the
kinetic equivalence of such mechanisms has been shown to
be similar, orientation of carboxylate group, and basicity
of the acetal or glycoside oxygen atom are also factors of

considerable importance.94 It is therefore rather



dangerous to classify all such reactions in the same
mechanisn,

1.6 has shown

The recent work of Duann and Bruice
intramolecular general-acid catalysis in the hydrolysis
of ortho-carboxyphenyl methyl acetals of formaldehyde,
whére the positive rate enhancements were too large to
compare with the calculaﬁéd specific acid catalysed rate

constant for the undissociated form of the. same acetal 12(a)

(a)

The concept of general acid catalysis is most pertin-
ent to the mechanism of action of lysozyme since it is
argued that the glycoside is general acid catalysed by
proton donation from an acidic group of the enzyme Glu-35).
However, the electrostatic role of Asp-52 has been ques—

tioned by Dunn and Brulce who found the di-ortho-



24,

carboxylate substrate 12(b) insensitive to the ionisa-
tion of the second carboxyl group and concluded that
steric, rather than nucleophilic or electrostatic par-
ticipation was involved.

¢c) Bifunctional Catalysis  Bruice and Piszkiewicz o> ? ¥0

found that the rate constant for the spontaneous hydroly-
sis’of o-carboxyphenyl-2-acetamido-2-deoxy-B-D-gluco-
pyranoside was 7.l times greater at 78.2°C than that for
the o-carboxyphenyl-B-D-glucopyranoside mentioned pre-
viously, Because of the similarity of the}o* constants
for acetamido and hydroxyl groups, the authors suggested

a concerted nucleophilic general acid mechanism, Fig.13%.

Me Me

It has been pointed out however, that since specific
acid catalysed reactions of the acetamido glucosides are

generally 2-3 times faster than the unsubstituted gluco-

sides at 78.2 C, this would give a rate difference of
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only 2-% times for the di-substituted compound,- assum-
ing the enhancement in.genefal acid'ca%alysis followed
that of specific acid catalysis,

d) Intermolecular General Acid Catalysis. The

mechanism of the hydrolysis of acetals and glycosides
has been reviewed by Vernon,57 Long,58 Cordes,59

60 and Ingold,61 and general acid catalysis by

Be Miller
Bell,62 Jencks,1 Bunnett"” and Eigen,lo4 consequently,
only a brief discussion of the salient factors involved
will be given here,

Whereas acetals appear to be exclusively acid cata-
lysed, certain glycosides do undergo hydrolysis in
basic conditions, however, the main concern here is with
acetals since they have been used more extensively in
the search for general acid catalysis. ‘The hydrolysis
of glycosides and other acetals until very recently have
provided a classical example of specific écid catalysis
(A-1) in acidic aqueous solution, and the detection of
general acid catalysis has been the detection of "non-
general" behaviour.

The concept of general acid catalysis has already been
mentioned in systems where the catalytic group is held

in close proximity to the site of bond fission. It is

relevant, therefore, to outline the factors involved in



the classical A-l mechanism, and the structural and
other changes which must be made 1o obéerve inter-
molecular catalysis by the undissociated acid in aqueous
solution.

’

A-1 mechanism

The following discussion is adapted mainly from the
compfehensive review of Cordes.59 The first step in
classical acetél hydrolysis in acidic aqueous solution
is a fast pre-equilibrium protonation of the subétrate
followed by a rate-determining loss of alcohol to give
an oxohium-oarbonium ion, wnich is attacked in a fast
step by water, equation 2,

+H
Ry OR Ry OR ;
NN N

/ \ WS / \_ +a0H / SoR

R;  OR R, OR RS

B rome No=0 &—— \c/ Tt
Rg/ R2 OR
Cordes originally proposed four possible'tranSition
states for the acid catalysed hydrolysis of acetals and
ketals, each of which were derived from the conjugate

acid of the substrate since a proton, or its kinetic

equivalent was shovm to be involved in the transition

26,



state from the rate 1aw of these hydrolysis (Fig.l4)

6+ ol ) T

é_R' - &+l 6+) 5+
\/ 5+ ./O' R Q-+:R---0H2
: ] ~ N
C Hp0 .(|} R = /C\ c\
0-R 0=R

0=R OR //

(L) (2) (3) (4)

Transition states (3) and (4) above, were ruled out
after it was established that, for most cases, the hy-
drolysis of acetals proceeded with carbonyl carbon-
oxygen bond cleavage., Tucas and O'Gorman65 found that
hydrolysis of acetals derived from opiically active alco-
hols yielded the alcohol with the same optical rotation
as the starting material. The possibility that the
alkyl carbonium ioa (3%) above might be formed during the
hydrolysis of acetals prepared from alcohols capable of
forming stable carbonium ions was studied, however even
here no racemisation or rearrangement was observed.66 |
Transition state (4) was excluded by the observation that
methanolysis of phenethyl alcohol -~ derived acetal yielded

phenethyl alcohol and not the corresponding methyl ether?9

7

Isotope tracer studies by Bourans et a16 corrobdrated
these findings, since the hydrolysis of benzaldehyde di-
n-butyl acetal and n-butyraldehyde di-n-butyl acetal in
018 enriched water yielded alcohols of normal isotopic

content.
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Lines of evidence derived from several sources
indicated that solvent was not involved as a nucleo-
philic reagent, and therefore (1) in Fig.l4 described
the transition state for the initial reaction in which
covalent bonds to carbon are broken.

oecond order rate constants for acetal and ketal
hydrolysis are extremely sensitive to structural alter-
ations in both the aldehyde and alcohol moieties. The
acid catalysed hydroljsis of a series of m-substituted
diethyl acetals of benzaldehyde in 80% aqueous dioxan
are correlated by the Hammett 0 values and yield a rho

68 unich is thought consistent with a

value of =3%,3%5,
rate determining carbonium ion formation, where electron
donation from a polar substituent favours both pre-
equilibrium protonation and carbonium ion stabilisation,
The electronic requirements of these two processes are
reflected in the reduced p value of QO;66 obtained by
Nath and Rydon4l for the acid catalysed hydrolysis of

a series of substituted aryl-g-D-glucopyranosides,

Table 2 shows the p values obtained in the hydrolysis

of various acetals. (see chapier on Hammett Equation).,
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TABLE 2

Rho values for the acid catalysed hydrolysis of various acetals

Substrate and sub-

stituent position

Solvent

>uomAOM&vm

ditto

<
S
o<

m

R

50% m@tmosm

dioxan.

ditto

MNO

50% aqueous
dioxan

20% dioxan
water

mmo

Temp °C
30

30

25

30

30

30

Correlation

log W\Wo = PO P
log k/k, = P[o+r(dZ0)] p

r
log W\Wo = PO p

o

. +

log W\Wo = p[o+r(0-0)] P

log w\wa

log w\wo

a) In the presence of sodium dodecyl sulphate.

il

r

po P

pa p

o

It

Rho

lu -um

-3.35
0.5

llw.wm
-4,1%

llu QNW
0.5

Ref.
68

68,127

11

68,127

100

84
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Speck et a1%d suggest that the acid-catalysed
hydrolysis of methyl-thioacetaldehyde diethyl acetal
occurs with neighbouring group participation of the

methyl thio function (Equation 3). oH
. 3

/X

| : :
CH3 S CHp ?HF—‘—" CH3SCH2('JH — CHg-?H——)CHijCHQC (3)

OR HOR 0
OR -~ .O0R OR H
Although the polar substituent constants for methyl
thio and methoxy functions are siﬁilar, the former
compound hydrolysis about 100 times faster than the
latter, indicating rate determining formation of the cyc-
lic sulphonium ion since both molecules of ethanol
liberated appear simultaneously, Such nucleophilic
participation has not been observed intermolecularly.
Schalegar and Long70 have reviewed the use of entropies
of activation as a criterion for acid catélysed reactions
in aqueous solution, Compiled data57 indicates thét
AS is usually near gero or slightly positive in acetal
hydrolysis indicating an A-l mechanism proceeding with
unimolecular decomposition of the protonated substrate.
The valuesobtained for the volumes of activation of
these reactions fall into the range AV = - 2 to+60m3/mole
which is also indicative of a unimolecular reaction,

When solvent participatioan is encountered V=-6 %o

~10cm?/mole. Tt



Correlated data has shown that deuterium solvent
isotope effects on the rates of hydrolysis of acetals,
ketals and glucosides fall into the range kD3O*7kH3O*? to 3
which is in agreement with the theoretically predicted
values for a unimolecular (A-1l) specific acid catalysed
12,73

mechanism,

A-?2 Mechanisnm,

Cyclic acetals, derived from diols, are of interest
because of the possibility that ring opening, i.é.‘carbon-
oxygen bond cleavage, other than carbonium ion formation,
might be the slow step in the hydrolysis mechanisﬁ.
Reversibility of the unimolecular opening of a dioxolan
ring, for example, could result in an A-2 mechanism,
since internal recapture of the carboniun ién by the
bound hydroxy leaving group will be faster than capture
by solvent water, and hydrolysis can then proceed only
with solvent attack on the formlﬂg carbonium ion (see ref59
Fife and Brod74 have substantiated such a mechanism with
their findings on the hydrolysis of 2-aryl—4,4,5,5 tetra-

methyl dioxolanes, where this compound is hydrolysed

approx. 5 x 1051nore slowly than acetophenone diethyl

acetal (Fig. 15)

31':
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Only when attack by water oa C(2) is concerted with
fission of the ring (pathway B) can hydrolysis occur,

a process which is slowed down about 540 fold on the
introduction of a 2-methyl group.

There have been several studies of cyclic acetals77—84
however the mechanisms‘of thelr hydrolysis are not as
‘unanimously accepted as is that of their acyclic counter-
parts. Although the general census of opinion favours
the A-1 mechanism for cyclic acetal and ortho esterSS

o 1428% 11a orvik®’ favour the Ao

L.

hydrolysis, Fif

N
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mechanism for tetramethyl dioxolan hydrolysis,

Credibility for a mechanistic pathway other than
A-1l would be lent by showing that reversibility of the
ring opening steb occured during the acid catalysed
hydrolysis., If ring closure of the intermediate resul-
ted in an isomer or different compound, this might be
detected, however studies by Watts®? and CedarS® were
not sufficiently accurate to be conclusive, although
Hughes87 has reported an authentic acetal migration which
occurs, in part, in the hydrolysis of 1,6-anhydro-2,3-0-
isopropylidene-B~-D-talopyranose, Capon and Page56
have recently reported ring opening reversibility and con-
sequent isomerisation during the acid catalysed hydrolysis
of benzaldehyde acetals of 2,3%-exo-norbornanediol, and an
A-2 mechanism suggested.

In an attempt to understand the comparable rates of
the lysozyme~catalysed hydrolysis of thioglycosides and

7 an acetal oxygen was replaced

corresponding glycosides,
by sulphur in order to study mechanistic differences which
night arise due to lower basicity din the latter in the

acid hydrolysis of 2—aryl~l,3—oxathiolanes.76 The rate
limiting step was indicated by low isotope effect and

P=-2.81 to be unimolecule~decomposition via limiting

fission of the carboa-sulphur bond,
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A-5p2 Mechanism,

Intermolecular general acid catalysis has been well

59,92 1

established in the hydrolysis of ortho esters, W

ever the search for such catalysis in the hydrolysis of

alkyl acetals has been unsuccessful .,

If general acid
catalysis does occur in the enzymatically catalysed hydro-
lysis of glycosides, it should be observable also in
acetals with favourable structural features, |
Mechanistically, specific acid catfalysis implies a
reversible initial proton transfer, whereas general acid
catalysis implies rate-determining, or partial rate-
determining proton transfer, which may or may not be rever-
sible, The free energy versus reaction co-ordinate dia;

gram for a specific acid catalysed reaction is shown in

Fig. 16.
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To obtain rate limiting proton transfer it is neces-
sary to change the acetal structure such that T.S5.1 has
a greater free energy than T.S5.2, wnich may be achieved,
assuming the free energies of T,S.1 and T.5.2 follow
those of Tl and I2,9O by lowering T.S.2 or raiéing T.S.1,
or both,

If the reaction co-ordinate can be used as a guide
to the amount of bond fission when plotted against the
potential energy curves of the reaction,92 then, if T.S.2
is lowered by having either a more stable carbonium ion
or a better leaving group, there should be less carbon-
oxygen bond fission in the new transition state Fig.l7(a).
Similarly, if the basicity of the acetal oxygen is reduced
T.S.1 will occur later along the reaction co-ordinate,
indicating a greater degree of proton transfer to the

acetal oxygen.



Fig.

17

® 200080000 0000000003000 $0g00000000000080¢009 Co0cce 0000 o000

w_u.e-..qi.”"\.. R Yy YT T PO VY T Y ¥ TY FYrveey

36.

Reaction Co-ordinates

TS 2

~~
1)
- ~
N
b—
)
=TT~
0
~

TS1

PE




, 3.
If the two transition states do not merge (Fig.l7)

then the slow step would be proton transfer between the
two oxygen atoms (T.S.,1' T.5.2')., The free energy versus
reaction co-ordinate diagram Fig.l8, similar to Fig,l6,
indicates the situation where T.S.1l' and T.S.Qi merge

(see Fig.1l7), and describes a concerted A-Sp2 mechanism.

Fig.,18.

T.S.

A

S+H30+ . ‘ \ . .

Reaction Co-ordianate

Decreased basicity and increased carbonium ion
stability as a result of replacing the acetal proton by
an alkoxy group is manifested in the general acid catalysis
of ortho esters,

Bunton and De Wolfe93 have formulated a quantitative

estimate of specific - acid catalysed hydrolysis of an

-
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of an ortho-ester or acetal.

+kl " -
S + Hz0 = SEf + Hy0

=

SH+ —) Products
k2 ’
A steady-state treatment of the conjugate acid SH' results

in a second order rate constant

kk
Ky = t 2/( k_5 [H50]4+ko)
In an A-l mechanism k_l[H20]5>Igp so that
Iy = ki k

or, kzzkH Ké .co-ooooco-oa--co.n.coon.oo(4‘)

K
2/1_1 (Ho0]= /xa

In order that the inequality k_l[H20]2>k2 should not
hold, but k_j (H,0]xk,, the authors suggest that k, could
be increased by increases either in kg or K,. By estima-
ting the pKa of the conjugate acid of the substrate and
knowing the second order rate constant,it is possible to

evaluate whether or not k2<<k_1 [o0] and therefore the

mechanistic type. Anderson and Capon;94 have calculated,
on this basis, that on going from dimethyl formal (specific
acid catalysed) to benzaldehyde phenyl methyl acetal,
general acid catalysis should be observed in hydronium -

ion catalysis, and therefore possibly by other acids in
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this latter compoupd which exhibits all the structural
requirenents for general acid cataiysis.,  These authors
did, in fact, observe such catairysis in mixed aryl methyl
acetals of benzaldehyde in several aqueous acid solutious.
The rho value of +0.836 obtained for the acetic acid
catalysed reaction of m-substituted phenoxy-group deriva-
tives was interpreted as indicating an A-Sp2 mechanism and
the importance of carbonium ion stability was stressed
although a phenolic leaving group with low pKa would
increase ko (equation 4) and thus the observed catalysis,
A closer look at this mechanism will be presented in the
discussion section, -

A continuous change in_mechanism‘has been reported by

Fife and Jao'°

in the hydrolysis of a series of tetra-
hydropyrans, by changing the moiety on the acetal carbon.
The solvent isotope effect for the hydronium-ion catalysed
hydrolysis of 2-ethoxytetrahydropyran is k(DgO*ﬁ/k(H3oﬂ=2;82
whereas for the 2-substituted aryloxytetrahydropyrans they
are less than this, decreasing withincreasing electron-
withdrawing power of the substituent to a minimum of 1,33
with the p-nitro substituent. The entropies of activa-
tion also became more negative traversing the same series;

2-ethoxy-(+7.9e.u); 2-phenoxy-(-3.0c.u); to the 2. (p-

Nitrophenoxy)-tetrahydropyran (-7.6e.l4). General acid
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catalysis was observed in these two latter compounds with
formate buffers in 504 aqueous dioxan. A rhd value of
-0.92 was obtained for the H30+ - catalysed hydrolysis of
the series of 2-substituted phenoxy compounds, There
would appear, then, to be a continuous change of mechanisnm,
with complete proton transfer in the transition state of
the 2-ethoxy compound (A-l), to a concerted proton trans-
fer and C-0 bond breaking with the p-nitrophenoxy deriva-
tive (A-Sp2). ‘
Pig.19.

H\ /H
Os+

eeea e
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The authors emphasise the importance of oxygen
basicity in faéilitating general acid catalysis, they
did not, however, report the Brgnsted a-coefficient nor
the solvent isotope effect and rho value for the formic

acid catalysed reaction. A rho value of + 0,9 was later
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reported by Fife and Brod64 for the formic acid catalysed
hydrolysis of the p-chloro and p-nitro compounds which
indicates a grealer degree of C-=0 bond fission in the
p-nitro intermediate than in the p-chloro. Since the
basicity of the p-nitro compound is less than that of the
p-chloro, and the resulting alkoxy carbonium ions are
identical, the greater degree of C-0 bond fission and con-
sequent rate enhancement might then be attributed to
increased leaving group stability in the p—ni%roxyphenyl
compound, Again, this aspect will be discussed later,

A study of the acid catalysed hydrolysis of benzalde-
hyde methyl S—(substituted phenyl)thioacetals has been
made by Fife and Anderson95 in 20 dioxane-water, The
reduced basicity of the acetal was expected to give rise
to observable general acid catalysis with partial rate
determining protonation since the rate of proton transfer
parallels the series OH.......@>OH .......ﬁ>0ﬂ;......s
and the pKa of thiovhenol is 6.5 compared to 9,98 of phenol.,
(ref. 97). That this system reporitedly gaﬁe no such cata-
lysis is rather surprising, considering the observations
of Anderson and C‘apon94 above, In both cases the car-
bonium ion stability is ideﬁtical aad in the thioacetal
feduoed basicity should enhance general acid catalysis since
the carbon-sulohur bond was found to break in the rate deter-
nining step. However an A-l mechanism was suggested with

Pre—equilibrium protonation, i.e. siumilar to that postolulated



for the hydrolysis of 2—ary1,-1,3-oxathiolanes.76

Buffer catalysis has recently been observed in acetals
with low basicity due to highly electronegative substi-
tuents in the alcohol moiety,98 and in tropane diethyl
ketal which has a poor leaving group but very great
stability in the incipient carbonium ion.99 Although
general acid catalysis has been repérted in the hydro—'

100 .
other workers have been

89,99

lysis of benzophenone ketals,
unable toobserve any buffer catalysis.,

Steric Effects.

It has been suggested that steric effects may be of
some importance in helping the developing carbonium ion
alkoxy at the reaction centre to go from a tetrahedral
towards a trigonal configurative during acid hydrolysis.
This effect could be less important in ortho ester hydro-
lysis because of decreased carbonium ion character caused
by electron delocalisation of the neighbouring élkoxy
groups. In the hydrolysis of benzophenone ketals where
20(a) is a possible intermediate, both phenyl groups can-
not be in the plane of the carbon-oxygen bond, and the
inductive effect of the forming trigonal transition state

may be destroyed, resulting in reduced stability and con-

sequent slower hydrolysis than that observed with benzalde-

hyde acetals. Fig. 20(b).
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TRANSTITION-STATE TUEORTIES AND SOLVENT EFFRECTS.

Several emvirical paraﬁeters«are frequeatly used‘in
the study of the mechanisms of hydrolysis, It seens
pertinent, therefore, to discuss them in view of the
work undertaken in this thesis, Jencksl has pointed‘qut
that rate accelerations brought about by general acid or
base catalysis cannot be attributed only to hydrogen bond
formation in the transition state, but also the amount of
carbon-oxygen bond formation and breakdown that is stabili-
sed by The presence O0f a proton, the amount of proton
transfer in the transition state, and the strength of the
acid catalyst. These quantitative relatioanships may be
approached empirically by the use of struciture-reactivity
correlations,

There is also anincreasing awareness of the role of
solvent and electrolyte effects on the mechanism of a
reaction, and their relevance in. acid catalysis will slso
be discussed.

ELECTROLYTE AND SOLVEIT EIMECTS.

It is generally accepted that salt effects can be
compensated for in general ac;d catalysis by maintaining
constant ionic strength with added electrolyte, and
thus obtain a range of buffers with constant ionic
strength and pH. Tnis assumption implies that all +he

activity coefficients iavoivedi, i.e, of buffer components,



reactants, and intermediates, are influenced equally
by ions derived from the buffer components and added élec—
trolytes. ‘

Long and McIntyrelO2 found that the salt effects up-
on the acid hydrolysis of dimethoxy methane could be
explained, in part, in. terms of the effects’of salts on
the activity coefficient of the substrate, Bunton and
Reinheimer103 have extended this investigation t0 more
reactive substrates in the hope of finding a relationship
between salt effects and mechanism. These authors com—
pared the kinetic salt effects upon acetal and ortho-
ester hydrolysis with those upon the protonation of
primary amines aad triaryl carbinols, since added salts
affected the protonation of those substrates differently.
It was observed that salt effects on the transition
states, relative to those of the anilonium ion, decreased
in the sequence orthoacetate orthoformate)ketalyacetal,
and it was suggested that the transition state structures
are close 10 those of the conjugate acids and consistent
with a mechanistic change from A-1 to A-Sp2 along the
series from acetal.to ortho-ester, i.e. with lncreasing
carbonium ioa stability. Therefore as an acetal attains
a more stabilised carbeonium ion, i.e. tends towards an
A-Sg2 mechanism, salt effects could conceivably bé

increased, with systemation variations in solvation effects
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around the forming carbonium ion as the extent of
delocalisation of charge varies.,

The rate of proton transfer is decisively deter-
mined by the distance between the donor and accepter
groups at the moment of transfer, and, in the classical
picture, this distance will have a great influence on
the‘activation,energy since it will determine how well
the potential curves along the reactive co~ordinate over-
lap. Experimental data has shown that proton transfer
can become quite slow when there is interference between
accepter and donor. (for references to this discussion
see ref., 104)

In the transfer of a proton through an aqueous
medium it is kanown that the species doesnot exist as
an isolated elementary particle but rather as the hydro-
niun ion H3O+, in which the positive charge is delocalised
through the protons, wnich are therefore able to form
relatively strong hydrogen bonds, building up secondary
hydration H90¢; Tertiary hydration at the peripheral
protons of this complex also exists, simulating the hydro-
gen binding in water structure. It is therefore plau-
sible that a salt or aprotic solvent could disrupt the
transfer of a proton through such an "ice-like" cluster,
resulting in reduced rate of proton transfer, the rate

limiting step of which is solvent sphere rearrangenent,
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although this need not necessarily inhibit pre-equilibrium
proton transfer, ihen the pKa of the gcid formed in a
reaction is less thén that of H30+, the reaction is no
longer diffusion controlled, but proton transfer becomes
the rate limiting step. It is apparent then that these
two mechanistic types, i.e.pre-equilibrium, and rate
determining proton transfer, could be confused when the
ionic strengtn of the buffer and electrolyte increase,

and when aprotic solvents are used,

In view of the claimed general acid catalysis in the
hydrolysisof trimethyl orthobenzoate,lo7 Salomaa et allo8
have measured the catalysis of triethyl orthobenzoate in
67.4/32.6 w/w dioxan-water chloroacetate buffers using
three different electrolytes to maintain constant ionic
strength, in an attempt to show that appareant buffer
catalysis may in fact be a manifestation of electrolyte
and solvent effects. These authors did, in fact, obtain
three slopes of differing magnitudes and even different
sign when they plotted [HA ] versus kopg for the three sets
of buffers, and the importance of this finding and its
diréct implication on the work reported in this thesis
will be discussed later.

An interesting example of a non-linear relationship

between kopg and acid concentration in the general acild
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catalysis of keten acetals has been demonstrated by |
Gold and Vatermen. 0>  These authors found that at
high concentrations [0.32M ] of buffer solutions,
especially for weaker acids, the rate of the buffer
catalysed reaction to the rate, increases less rapidly
than expected from the results at low buffer concentra-
tions, and they explained the apparent discrepancy by
postulating dimerisation of the undissociated acid,

and association between the carboxylic acid and its

anion., Fig. 21

0 0 /O
C—R R— 0
O._._

ceers He—e
R—C
0—E- 07

/\

0
BN ¥
H 8¢20 R Elg.Q}

These associations were assumed to be catalytically
inactive, although catalytically active association has
been suggested by RossottilO6 t0 account for the anomalous
rate enhancement in buffer catalysis of a mechanistically
different reaction.

These apparent electrolyte, buffer and solvent effects,
end the conclusion of Bunton aad Reinheimerloa‘that
"o, .aaventitious salt effects could be a source -of
apparent buffer catalysis in these reactions in which
general acids or bases are only weakly catalytic,
especially when large amounts of an added salt were used

to maintain ionic strength" will be compared



to the corresponding effects observed in the hydrolysis
of mixed aryl alkyl acetals in the discussion section,
where it will be shown ﬁhat,.in aqueous solution contain-
ing about 1% dioxan and low ionic strength, pronounced
buffer catalysis is observable, although at higher con-

centrations there is a "falling off" effect,
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@ BRONSTED CORRELATION.

Proton transfer from catalyst to substrate is'é pre-
requisite for allacid-catalysed reactions. The reaction
rates of H30'+ in agueous solutions have been studied for
a great variety of organic bases, and in most cases the
rate constants of recombination approach the limiting
values for a diffusion controlled reaction, i.e.

1010 - 10ll M?l sec:l For the reaction

H50 4 S == SH” 4+ H0
an appreciable gain in free energy is connected with pro-
ton transfer since H30+ is a very strong acid, and
pKH3O+<g:PKSH' Howeverl if the pK of the acid formed
is less than that of HBO the reaction is no longer
diffusion controlled and the proton transfer can become
the rate limiting step in the reaction and thereby
accessible to direct kinetic investigation, especially
if this ste? is the first one (see ref.104) Such a
reaction type has been studied by Kresge et a1109 with
the hydrolysis of vinyl esters, and their findings are
discussed shortly. |

Although transition>state§ cannot be observed directly
there has been reason to believe that the Brgnsted
relationllo may be capable of lending some insight to the
problem, although the extent of its usefulness is subject

to question, The constant in the relation (equation 5)

has been considered to equal the degree of proton transfer
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‘at the transition state to equate the bond order

of the forming bond,112 to be inexact in any quanti-
tative capacity.lo5
The general process for proton transfer may be

represented in equation 5 as |

S 4+ HA &= (S@:E....H...---.A&".‘)T—v——-* sut + A L. (05)
and the Br¢nsted relation for the forward reaction can
be represented és in equation 6, where Ky, is the acidity
constant A

log kyy = log G+ alog KﬁA ......;.....(6)
of the catalysing acid and kg represents the catalytic
activity of the acid. It is an empirical fact that plots
- of log kyp against log Kgp are linear with slope a, the

. exponen
Brgasted 3

, when a homogeneous set of cvatalysing
acids is employed. G is ignored in most discussions
although it might include an individual statistical
correction for multifunctional groups, whereas a indicates
the dependence of the reaction on the catalysing acid and
has a value between zero and unity, as Brgnsted antici-
pated, although the iinear relationship, which results
from a mechanism expansion, should hold only for a limited

pK range., (see refs. 62 and 104)., Examples of a greater

than unity and less than zero have been reported recently

122
in deprotonation reactions.

51,



The equilibrium constant of the overall reaction
shown in equation(5)is K, and is equalto the acidity
constant of the catalysing acid, Kgp , divided by the
acidity constant of the protonated substrate Kgpg o
thus giving rise to equation 7

log Ky = log @ +ta(log K +1og Kgy) eowsee(T)

This expression indicates that the Brgnsted relation not
only correlateé the rate and acidity coanstants described

earlier, but also the rate and equilibrium constants

of the proton transfer process itself, Kresge et 21109 .

further reduced this equation to that shown in{8), where
§R is the substituted |

a = GRAF*
6R AF°

...‘.'I...(B)
stabilisation operatorlll(b)for the catalysing acid,
and A® is a free energy change. The Brgnsted exponent

is now reduced to a ratio of the substituent effects on

55,

the free energy of activation of a proton transfer process,

to a substituent effect on its overall free energy change.

If 2 represents the order of bond being formed between
substrate and transferring proton, i.e. the extent of
proton transfer at the transition state, then for

a =7, 6RAE*'must equal Z 8RAF® ,  Although the authors
concluded from their studies that they did not consider

this equality to hold for any real and complex systenm
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since intermolecular effects could produce a difference
of 0,1 or more between xand Z, these effects might be
closely similar for a series of similar substrates
undergoing the same reaction with a set of homogeneous
catalysts, Therefore, although a would not numérically
equal Z, it might provide a good relative measure of
transition state structure.

On this basis, for the hydrolysis, by a set of homo-
geneous catalysts, of a reaction series in which the sub-
strate structure change is very small, the variation in -
a may be interpreted as indicating the extent of separa-
tion:of the proton from its base in.thé slow step of the
reaction. A highoa value (near 1.00) would indicate a
large degree of separation and attachment to the substrate,
while an a value near zero indicates a xrelatively low
degree of bond fission. That general acid catalysis
is difficult to observe if the value of a falls near to
these two extremes is discussed by Bunnett.63 When «
is high, a high buffer concentration is required to counter-
act the high hydronium ion catalysis and consequently salt
effects cbuld be involved. High a values usually accompany
specific acid catalysis. Spon%aneous water catalysis
competes with buffer catalysis when low a values are

encountered, and general catalysis may no longer be

recognisable.



‘The rate constants for general acid-base catalysis
are subject to statistical corrections to take account
of the number of sites in the acid or base that can

136

donate or accept a proton. The modified Brgnsted

expression then for general acid catalysis then becomes:
log(kga /p) =log Go -oA(PKy + L1og P/q) ....(9)
where p is the number of equivalent protons whaich can
be transferred from the acid and ¢ is the number of
sites which can accept a proton in the base, Such
corrections are not usually large, but they will be
discussed later when implementing the Brgnsted equation.
The small consistent deviations, or '"anon-conformity"
of sume carboxylic acid buffers in Brgnsted plots has
recently been investigated by Kresge et al,lo9 and will

be discussed with the Brgnsted plots obtained in this

work.

54.
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IS0TORPE EFFECTS,

(for references to this discussion sece Jencksl and
Bell62,113)

Empirical data has indicated that for acid cata-
lysis reactions involving slow proton {ransfers, the
deuteriun solvent isotope effect kH2O/kDZOD>1, and
for pre-equilibirum proton transfer kHQO/kD2O<<§,l’ll6’ll7

Isotope effects are frequentiy used as evidence for
or against the occurrence of rate determining proton
transfer, and in the diagnosis of reaction mechanism in
general, however it has become increasingly evident that
the detailed interpretation of such effects is more com-
plex than has been supposed.l The existence of solvent
isotope effects smaller than "normal" means that there
is a difference in the zero-point energy and position of
hydrogen in the starting material and the transition state.
Reactions which are subject to specific acid catalysis
exhibit inverse deuterium isotope effects although such
effects have also been observed in general acid catalysed
reactions, ?92r 945105

It should be mentioned, however, that isotope effects
carried out in mixed solvents may lead to erroneous

conclusions because of the differences in rate of proton

exchange between the transferring proton and solvent.,
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The nature of the atom which is being transferred is
then dependent on the solvent composition e.g. the
primary solvent isotope effect for triphenyl ortho-
formate is different for reactioﬁs in agueous dioxane
and in water with added solubilising agent.lla
Primary kinetic isotope effects are useful, for
an investigation or reaction meohanismsbll3’ll5 however
quantitative estimates must necessarily involve simpli-
ficationsll4 and it has been suggested that secondary
isotope effecits might lend themselves better to an

investigation of reaction.mechanism.l

118 yave studied the kinetic secondary

Cordes et al
deuterium isotope effects for hydrolysis of acetals and
ortho-~-formates, The variation in isotope effect for
the hydrolysis of substituted benzaldehyde diethyl acetals
indicated that the extent of carbon-oxygen bond cleavage
in. the transition states of these acetals increased as
the stability of the derived carbonium ion decreased,

i.e. C-0 bond cleavage increased along the series, |
p-methoxy<?—hydrogen<?-nitro substituted compound.‘ If

the Bronsted avalues could be compared with these findings

*

then it would be expected that a would also increase along
the same series uince this would also reflect the tendency
of the transition state to resemble more the intermediate

carbonium ion, with protonated leaving group. This aspect




will be discussed in the next chapter, although the
authors do point out the dangers of correlating these
parameters since the Brgnsted o values for ortho-ester

hydrolysisgz’lo7

do not reflect the extent of C-0 bond
cleavage in the transitioﬁ states as indicated from the
corresponding a-deuterium isotope effects, It should be
menvioned however, that the parameters obtained from the
hydrolysis of trimethyl ortho-benzoate in 704 methanol-
water solvent107 must be considered suspect after the
findings of Salomaa et al on the mixed solvent studies
of the closely related triethyl oxrtho-benzoate hydro-
lysis., 108 |
It was predicted theoretically that when

APK =DKpp - PKgp =0
i.e. when there is a "symmetrical stretch"

Koverennns Hevvvoeens
in the transition state of the reaction

AH + B —) A 4+ HB (charges omitted)
then the primary isotope effect should reach a maximum
since the focus acting on the hydrogen atom are in
balance and consequently there is no motion of the hydro-
gen atom and isotopic substitution leads to a lack of
zero-point energy change to offset that in the stretch-

ing vibration of the reactant. Several

workers have reported an apparent maximum near ApK= 0,

(e
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and it has been frequently used as a guide to the transi-
tion. state structure in the rate-limiting proton transfer
reaction having a sensitivity greater than that of the
Brgnsted a component.122’124’12%see also ref, 121)

Ythereas the results of Dixoﬁ and Bru.ice124

125

_ suppoxrted
the findings of Goodall and Bell®“’ who presented a
20-point graph covering a ApPK range of about 20 units
with ky/kp meximum near ApK O, Bordwell and BoylelQl
suggested that corrections for secondgry isotope effects
would have the effecti of "flattening" the curve, although
a slight maximum did still exist in the curve around |
APK =-1 to =2, These authors concluded that "the hope,
which at one time seemed bright, for a simple general
correlation of Brgnsted coefficients, kinetic isotope
effects and solvent isotope effects with the extent of
proton transfer in the transition state‘has proved vain',

Although it is appreciated that a direct comparison
of these parameters cannot, as yet, be made, their

relative vaiues will be discussed later with reference

to the hydrolysis of mixed aryl alkyl acetals,
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HAMMETT STGIA RHO CORRELATTON-2°

The linear free energy relationship (L.F.E.R.)
between the logarithms of rate or equilibrium constants
can be expressed by a formulation similar to that of the
Brgnsted relation as shown in equation (10);

log Kp - 1log Kapo = po (10)
where K, and Kpg represent the rate or equilibrium con-
stants of the substituted and unsubstituted substrates
respectively. The interpretation and implications of
the Hammett Relationsinip have been excellently .0
reviewed,63’130’131 and only the observed deviations
from the empirically expected linearity will be discussed
here.

The proportionality factor p is usually obtained
from the plot of the rate constant for the reaction versus
‘the substituent constant (o) for meta- and para-
substituted compounds, In these latter compounds, how-
ever, difficulties arise when the substituent is capable
of electron donation by resonance, énd here 0+ values are
used,

Although deviations from Hammett plots can be
removed by accounting for var&ing polar and resonance
effects in a modified substituent constantlsz’lsa’l34
curvature can also be a manifestation of a mechanistic

change caused by the presence of certain substituents,
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or when the measured rate constant is a composite quan-
tity dependent on. the rate and equilibrium comstants of

1
» It is apparent then, that, as with

several steps,
the Brgnsted plot, deviations from linearity may not be

a result of experimental error, as often hitherto assumed,
but‘indicative of a mechanistic, or otherwise significant
change. A, L.,F.E,R.must therefore be calculated with
caution to fit the electronic requirements of the reaction,
and conversely, these requirements must be estimated
cautiously from the best fitting relationship.

In contrast to acid or base catalysis, the spatial
requirements within an enzyme-substrate complex would
appear to introduce a supplementary factor which necessi;
tates separate Hammett plots for mete—~ and para- substi-
tuted phenoxy substrates (see Table 1 pagei7). Several
authors have observed this phenomenon in enzymically
catalysed hydrolysis, and it has been suggested that the
meta- and para- substituents are no longer held rigidly
from the reaction. centre such that steric interactions are
negated, but rather the proximity of a residue on the |
enzyme surface may affect, for example, the normal polar
effect (o) of the substituent, and although these sub-
stituent dewivatives do not fit an isokinetic line, it
is thought that the substrates are all hydrolysed by the
same basic mechanism (see ref, 46 and references therein)

These above consideratioans, with the ohservation that




the p values obtained from enzymiéally catalysed hydro;
lysis may be derived from K¢ vaiues containing more
than one rate or equilibrium constant then demand
caution when comparing p values of enzymically and non-

enzymically catalysed hydrolysis.
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SCUSSION




All Tables aand Graphs referred %o nunerically, but
not aldhabetically, ia this discussion are to e found in

the experimental section.

iscussion

Uatil 1968 there were no renorted observations of
general acld catalysis in acetal hydrolysis, éince wien,
however, there have been several and these will be reported
in this discussion, Varying opinions have been exdressed
coucerning the authenticity of these reporvs, and it would
seen pertinent, therefore, to discuss this topic before all
else and to allay any suspicion wihich might be directed at

the authenticity of the observed general acid catalysis

reported in this thesis,

Buffer Catalvsis: Solvent and Blectrolyte Lffects,

r

Througiout the experineantal work the technique of
Y 116 ST R - o] (- - a mag - PR S
Bell was used, aad the pseudo first order rate constant
for the hydrolysis of nixed aryl alkyl acetals (1) were

ER]

determined at various buffer concentrations, but with

buffer ratio, ionic strenzgtlh,.and pI nheld coastant,




Ope T vl
—L. +
H>0
M OL ;
. X Y | A
+CH30H

rereennne(1)

For all the buffer solutions used, the concentration
of the undissociated acid was taken as the stoichiomefric
concentration and the results of the variation of the
rate constants with buffer concentration af 25°¢ and at
ionic strength 0,05 are given in Tables 1 to 10616f the
experimental section,. From these tables it is readily
appareant that the observed rate constants (kgpg) increase
with increasing buffer conceatration at constant pH (see
Table 107). The catalytic coefficients (lgy,) of the car-
boxylic acids were obtained from a least squares plot of

k versus concentration of the undissocilated acid [HA].
L]

obs
These plots were linear when determined at low buffer con-
centrations, <0.03l! and ionic strenzth 0.05!!, however

curvatare concave to the horizontal axis [HA]_became

apvarent at higher buffer concentrations, 0.030 to 0,100
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Tables 32 and 35, and Graph 1 indicate clearly this
Phenomenon, and Tables 34 and 35 indicate the small but
significant difference in catalrtic coefficient obtained
when ionic strength changes from I=0.050 to I =0,100H,

The dependence of the acetic acid catalysed hydro-
lysis of benzaldehyde vhenyl methyl acetal on acetic acid
concéntration, ana not acetate ion, has been shown by the
pH - independence of the reaction in three acetate buffers
of differing pH but constant ionic'streﬂgth,g4 and the
theoretical considerations that this compound should exhibit
catalysis by general acids has been mencioned in the intro-
duction, A detailed investigation of the rate law, howe
ever, will De left until section 3 of this discussion.

The phenomenon. of curvature in plots of kg, vS. [ HA )
in a general acid catalysed reaction has been reported
infrequently,37’105’106 nowever, in the author's opinion,
in many instances failure to observe such curvature could
be an oversight resuliting either from the assunption that
deviation rrom linearity was a result of experimental error
(it is extremely simple to draw a straight line through an
obtuse curve) or from the range of buffer concentration
employed being such that there were too few points, esdecially
at lower concentrations, to detect any "abnormaliiy" or

105

deviation from linearity. Gold and Vaterman observed

that, in the general acid catalysed hydrolysis of keten
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acetals, a slight curvature concave to the concentration
axis was perceptible at higher concentrations in the

graphs of kob vs. [EA]. Tais obsexrvation was explained

s
by the authors as involving a diminution in +the concentra-~
tion of the free acid caused by dimerisation of acid and

association of acid and anioas-

2H:A#(HA)2 .loo..Q.Kd
H:A"I"A- A U— PAZ— 'ooo-on-Kass

which is described by equation (2)5

A[HA] = [HA]S_boiCh ~ [HA] eps5
a2 . - e '

2Kd [_’"IA]e_f_': :+i{ass [l’lAjeff[A Jeff‘ o...o.o(.g)

i

where stoich = stoichiometric, and eff = effective,
Experinental curves were satisfactorily computed using
reasonable values for Kd and Kass° and since then this
interpretation has been applied to similar results obtained
in methanol.l37 TThereas Gold and Vaterman found this non-
linearity with weaker acids only and not, for example, with
dichloro-, cyano-, and chloro-acetic acids, the slopes of
kobs vs [HA] obtained in tne hydrolysis of mixed aryl
methyl acetals would appear to be concave for all of the
acids used includinz formic (féble 32 and Graph‘l) and
avparently so for chloroacetic wvien the catalytic coefficient
~1 Zfl se -1

reported in this work (3.77 x 10 ¢~ over the buffer

raage 0,005 to 0.025 !, I =0,05) is compared with that
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2 5L oot

ob%ained by Capon and Anderson’” (6,58 x 10~ sec

over the buffer range 0.030 to 0.444, I = 0,10l) where

tie intercepts and pI values were respectively 3.49 x 102
sec™t (pH = 3.10) and 5.15 x 1072 sec™t (pH =2.,99). This
discrepancy is unlikely to be caused by the change in ionic
strength coasidering the analogous results shown in Tables
%4 and 35 for the acetic acid-catalysed‘hydrolysis when

I = 0,05 and 0.,10.

Wnen using stroanger acids, Gold and Yaterman corrected
for the contribution to the catalytic coefficient from
hydroniun ion catalysis, although they found that the
corrected valuesof kyy and kst from equation (3) were then
denendent on the value of kH O+used.

Kops ==ko'*'kH3O +[H3O]-+kOH_[OH“] + ke [AFMK, TA"

=k g + Ky [HA]

Most acids, however, were found to require very
little, if any, correction as can be seen from their
results,105 vhereas some considerable correction would be
necessary to "Straighten out" the concave curve shown in
Graph 1 and that described above for the chlbroacetic acid
catalysed hydrolysis. The catalytic inactivity brought
about by dinmerisation and assotiation might then be app-
licable throughout the range of buffers used in this work,
including the stronger acids, although Gold ead Vaterman

thought it to exist only in weaker acids where they
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concluded hydrogen bonding to be more important.

The observations of Rosottilo6 are in coaplete con-
trast to those mentioned above, where, in a mechanisti-
cally different reaction to that of keten acetal hydrolysis,
Rossotti considered an association which led to a cataly-
tically active species to explain an anomalous rate
enhancement, This explanation is also feasible consider-

ing the suggestion that carboxylic acid dimers exist as the

mono-hydrogen bonded species.l38

éo
R—C]
O—

oo----::
\g
5

x
|

Although these explanations coanveniently account
for the observed phenomena, the possibility of a mechanistic
complication rather than a proverty of the buffer cannot

readily be onitted. Ta such cases curvature has been

accounted for by correcting the kobs_valaes in view of the
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established mechanism for the reaction, e.g. see ref 139,
116
Bell  has showa that for the general reaction

sequence:

S + Hi oy S BV 4 A7

k.
3 Ht—'&z_) Products
1f k_p> ks ice. basicity of S<<A”, and kox k_j then
experimental results would indicate catalysis by acidé
other thaa hydrogen ioi, ¢lthough a complex quantitative
oehav10@r would vesult since velocity (k) is partially
dependent on the actual proton traasfer and parvlally on
an equlllo“lum coatrolled by hydrogen-ion concentration:
k= (e [ T, [ 23] Mgyt g, o (] 4, [74])
where TAH, S is the_catalyﬁic coefficient characteristic
of acid and substrate.

Considering the reaction under discussion (l) for
which the reaction pathway is showa in (4) - see section 2
and ref 94,

PhCH(O!le )OPh + .A(:_—‘_:? PRCT—tOre + HOPh + A~

4)

PhCH——Ove + H,0 —E2y2roducts

Since +the basicity of PhCE(Olfe }0Ph <TOPh and A™, then

.
K_1 [02h] [A7pole [TA]
ssuming a iirst order reactioa dependent on [HA], and
L N ¢ cEt. How o
steady-state concentvration of SH Howvever, ifor the

approximation l,»k_; Vo be apvolicaple to (4) would require
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ko [Hy0]= k_; [EOPh][A]vhich is highly ualikely consider—
ing the relative basicities of H,0 and HOPh, It then seems
much more probable that ky[H,0]>> k_j [HOPh][A=] so that

k=k :ﬁAH,S [AZ].

The possibility that observed general acid catalysis
might be a manifestation of specific salt and electrolyte
effects has also been proposed recently (see introduction
and ref. 103).

It was mentioned earliexr that Salomaa et g}log had
investiigated the hydrolysis of triethyl orthnovenzoate, a
similar reaction to that previously investigated by Kwart
and Pricelo8 who concluded that trimethyl orthobenzoate
was subjeét t0 hydrolysis 1y general acids in 705 methanol-

water solvent. This latter reaction was recently investi-
1

gated by Cordes ewu gl“4o who sougnt geheral buffer catalysis
for the hydrolysis of methyl orthobenzoates in both agueous
and 705 dioxan-vater media. The hydrolysis of trimethyl
orthobenzoate aad the ortho—gfﬁethoxy-, p-nethyl-,
p-chloro-, and p-aitro-benzoate anoiogues in a wide range of
buffers and buffer coacentratioas showed no consistent
evideance for general acld catai&sis in. either aqueous or

30,5 dioxan-vater solvents. The obsexrvations of Salomaa

et al are even more surprising. ‘haereas Cordes et al
employed lithium chloride to maintain ionic streagth,

I-0,50, Ivart aand Price used potassium chloride, I=0,01,
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and Salomaa et al used three diffevent electrolytes, viz,
sodium chloride, sodium nitrate aad sodium perchloraté,

I =0.10, These latter authors using sodium chloride
found what appeared to-be a general acid catalysed hydro-
lysis of triethyl orthobenzoate in 67.4: 32.6 w/w
dioxane-water chloroacetate buffers with slope (kHA) of
1.23 x 1072 Lfl sec~l, which alone is inconsistent with
the above observations of Cordes et al considering the
similarity of substrates and the very small deviation
cauéed by substituting lithium for sodium salts of
chlorineolo% I{ would be exvected therefore that the tri-
methyl and triethyl orthobenzoates would be expected to
hydrolyse by very similar mechanisms in aqueous dixoane,
and if this were the case (compare, for example, the
similar hydrolysis mechanisms of methyl and ethyl ortho-
formates,l4l benzaldehyde dimethyl and diethyl acetals68’89
and the reduced steric effects prevaleat in ortho-ester
hydrolysislo3) then presumably the apparent mechanistic
change is a result of the 37.455 alteration in the dioxane
content of the aqueous;dioxane bufférs. However, even more
inconsistent are the rate constants observed by Salomaa

et al for the hydrolysis of triethyl orthobenzoate employ-
ing éodium aitrate and sodiun percihlorate bufiers

(0,530 x 1072 1L sec™ and -0.515 x 1072 1T sec™, Figl




vnich demonstrates clearly the complications involved

not oaly whnen the media is a mixed agueous-aprotic solvent
vhere the tType or even content of the aprotic species is
altered, but also waen different electrolytes (anionic
change) are used to maintainionic strength in such a

medium,

k x ?i.03sec"l

A: Sodium chloride
B

Sodiuvm nitrate

ce

<
L X}
o
Qo

iiun perchlorate

[ A Y
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Pig., 1. The hydrolysis of triethyl orthoformate in

aqueous dioxane chloroacetic acid buffers with

varying electrolyte, I = 0,10, and at A,SO:C..:LO‘B
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An important omission in the data of Salomsa et al
is the individual pH values of the various chloroacetic
acid buiffer solutions used, It has been reported earlier103
and was also experienced by the author, that unless Freshly
preparéd buffer solutions are used, erroneous kinetic
results can be obtained, arising from a pH variation in
chloroacetic acid buffers caused by hydrolysis of chloro-
écetate ion to glycolate ion aand hydrochloric acid,
especially at high ionic strengths. Also Salomaa et al
indicate no corrections to pH values obtained in solutions |
containing about 707 dioxane and since DH meter readings
pH(apn) in mixed solvents may not give the correct pH |
values of the buffers (see ref 63) then it would be
difficult to justify a plot of kgyg vs. [HA Jeven if pH(app.)
were constant, which they do not state it is.

Kankaanvera and Iahti have found general acid
catalysis in the hydrolysis of 2-methoxyethyl orthoformate
in aqueous nedia, and an A-SEZ mechanisn Suggested vhereas

the same reaction is proposed (o proceed via an A-l mecha-
141,154

. .
nism in 655: 355 dioxane-water solveat. Also the

hydrolysis of ethyl orthoformate was thought by these
authors to be A=l in agueous éioxanercontrary to the
earlier findings of De Jolfe and Roberss ™ that in this
solvent system there was strong catalysis by general acids

although ia aqueous buffers specific hydroaium ion cata-

lysis only was apparent.



It has been calculated that oroton transfer is

142

faster in ice than in water and that aay salt or avrotic
solveat which disrupts the proton transfer from a hydroaniun
ion to an orthoester by changing the "ice-like" clusters

of water should hinder this process although an equili-
briva proton transfer may not necessarily be inhibited (see
introduction and refs 103, 143). If equilibrium proton
transfer were inhibited it might reasonably be expected
that general acid catalysis involving concerted or rate
deternining proton transfer sunould become more apparent -

in aprotic-agueous solvents. De 'Tolfe and Roberts
accounted for observed buffer catalysis in agueous diokane
aand not in water by suggesting that in the latter the high
oxonium ion coancentration renders it unobsexvable whereas
the addition of dioxane reduces this concentration without
affecting the buffer acid concentration i.e. in the equation

T + 1
k = ka3o+ [-130 ]+ L [im]

obs
the term kH3O+ [H3O] ‘is reduced thereby allowing kHA[?A]

to become nore ajparent. Although the catalytic coefiicient
of the acetic ascid catalysed hydrolysis was observed by

De Volfe and Roberts 1o increa§e with decreasing dioxane
content of the buffer, the swamping effect of the oxoniunm
ion renders it unoberservable in totally aqueous buffers.

\ : . AP N RS
These authors then lend weight to the suggestion by Swain 9
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that general acid catalysis is much more common than
formexrly supoosed and that its observation is made dif-
ficult by the magaitude of the hydronium ion catalysed
reaction wiich necessitates the use of inordinately high
concentrations of weak acids and electrolytes, but vhich
in turn considerabvly complicates the task of interpreting
the experimental results.

I+ seems anomalous that there is no apvarent con-
sistency of mechanistic change in going from agueous to
aprotic-aqueous solvents and vice~versa, and in view of-
the complexity of the mixed media, especially with regard
to the results of Salomaa et al, the hydrolysis reac%ions
reported in this thesis pertain to 93¢ agueous solutions
as described in the Kinetic Experimental chapter, excedt
in the hydrolysis of benzaldehyde diphenyl acetal and
p-methylbenzaldenyde S-phenyl methyl acetal (Tables 41 and
106) where solubility provlems were encountered, although
these results vere interpreted only on a comparative basis.

103 140

s a7 . - 2 - By ~ -1
Bunton and Reinheiner, and Jordes et al have

3 g e 1.0 o - . - B b -, gy 02 -
carried the investigations of Long and lcIatyre, con=

cerning salt effects on substrate and transition state,

to more reactive orthofornates and acetals. The observa-
tion was made that the addition of salts with small high-

charge/density cations such as lithium increased both the

Hammet+t Ho acidity function by reducing the aifiinity o
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water molecules to protons, and also effectively catalysed
an acid hydrolysis, and the nypothesis presented that larze
specific cation effects, in the sequence Li+ < Ea+ < Eit are
characteristic of slow proton transfer to electronegative
atoms, Also that anionic effects, although large upon
the measured reaction rate constants (cf Salomaa et allo7),
are reduced when effects upon initial state activity are

103 . L

accounted for, It is also of interest to note that
the semilogarithmic plots of k/lkg (k and ko represent the
first-order rate constants in the presence and absence of
added selt) versus the -alkali halide concentration for
the hydrolysis of p-nitrobenzaldehyde diethyl acetal in
0,005!1 HCL with varying.salt concentration (alkali chlorides)
were plotted as "sensible straight 1ines"l4o although it
would apoear that they would ian fact be fitted better by
curves coancave to the salt concentration (horizontal) axis
(see also ref 116), Tais observation would support the
theory that specific salt effects rather than buffer effécts,
would explain the "falling off" effect described earlier in
plots of l g VS, [747], since buffer effects were proposed
%o be effeclive only in wealer acids-whereas salt effects
would be consistent throushout the range of buffers used
in the hydrolysis of mixed aryl nethyl acetals., Also
Buanton and ReinheimezGloaobserved a decrease in the

relative salt effects on the transition state of orthoacetate>



orthofornate >ketal > acetal, and suggested that the
stractures of the traansition states were close to those

of the conjugate aclds and were consisteat with a mech-
anistic change from A-l o A-S;2 in going from acetal to
orthoester., Therefore 1f the mechanism of an acetal
hydrolysis were described by an A-Sp2 rather than A-l
mechanism, as 1s the hydrolysis of mixed aryl methyl acetals,
it seems reasonable 10 presume that specific salt effects
should be increased aad might be manifested as the "falling-

offteffect described earlier.

4

It is appareant that although the nost suspect reports
of observed general acid catalysis are those carried out
in mixed aqueous-aprotic solvents the effects of electro-
lyte and buffer concentrations, and change in both cationic
and anionic moieties in the electrolyte should be examined
in any solvent systen employed. 7ith reference to the work
reported in this thesis, the effect of buffer and electrolyte
concentrations has already been discussed, and Tables, 24,
25, 263 53, 54, 55; 75, 76, 77 describe the effects of
the electrolytes potassium chloride, sodium anitrate, and
sodium perchlorate on the formic acid catalysed hydrolysis
of benzaldehyde m-methoxypienyl metnayl and m-methoxybenzalde-
hyde phenyl methyl acetals, and the acetic acid catalysed
hydrolysis of benzaldehyde p-methoxyphenyl methyl acetal

lMaximum deviations between the catalytic coefficients
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reported in Tables 24 to 26 is 8.15; between Tables
53 to 55 is 2.8%; and between Tables 75 to 77 is 7.1,
General buffer catalysis is also apparent in the chloro-
acetic acid catalysed of benzaldehyde phenyl methyl acetal
in 20:80 - diozane-water (v/v) solvent at 40°C (Table 40)
where the catalytic coefficieat calculated at 25°0

-1 -l ~1

approx. 2346 x 10 sec vhen assuming that a
&)

2

, o '
tenperature decrease of 10C  approximately halves the

observed rate) is only slightly less than that observed
-l -1

. ~1 ,
in agueous medium (3.771 x 10 sec , TMable 31)
On the strength of the above observations it is

assumned that specific salt effects (anionic or cationic),

if not totally absent in the gcid catalysed hydrolysis of
mixed aryl methyl acetals are small enough to be ignored
when working in the buffer range 0,005 to 0,030 M and
with ionic strength, I=0.05, i.e. that the influence

of the ions, derived from the buffer components and added

electrolyte, on the activity coefficients involved, if not
identical, differ by & neglizibly small margin. Although
salt effects may be extremely useful in the kinetic
investigations of hydrolysis reactlons it is not the author's
intention to iavestigate them here, but rather chose the
above coaditions where ihey are ineffectunal, however a

suggestion for further research might be to investigate

specific salt effects especially in mixed solvent systems

where  the reaction mechanism would not seen to be drastically
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2. vite of Bond IMssion

Thélhydﬁolysis 0l aromatic aryl methyl acetals, (1)
could follow two pataweys, Fig. 2, involving phenoxy1~
or methoxyl- carbon bond fission. The relative rates
of these two modes will depend on the relative abilities
of methoxy~ and phenoxx_éroups to stabilice the develop-
ing carboniun ilon in the transition state, also on their
relative leaviag group abilities in the acid catalysed
hydrolysis reaction. Al%héugh orovon transfer to oxygen
would favour tie methoxy rather than the phenoxy group, bond
fission between carbon and the phenoxy oxygen, which is
the more favourable leaving group, would result in the
more stable methoxy carvonium ion. The possibility of
Phenoxy-carbon bond fission process 1s supported by the
greater hydrolysis rate of benzallchyde phenyl methyl acetal
than that of benzaldely e dimethyl acetal, Graph l. There-
fore, if methoxyl-carbon bond fissilon were occurring in
the slow step of hydrolysis of tue phenyl methyl acetal,
the rate should be increased and notv decreased on replacing
the phenoxy oy a methoxy groud.

The following kinetic H,I.R. experiment describes
the acetic acid catalysed methanolysis of benzaldehyde

phenyl methyl acetal, and shows that bond fission occurs
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between carbon and the phenoxy oxygen, and it would seenm

reasonable to suppose that the same process apolies to
the acetic acid catalysed hydrolysis also .04

The acetic acid catalysed methanolysis of benzaldehyde

vhenyl nethyl scetal,

Tne site of ianitial bond fission in the dl-acetic
acid catalysed d -methanolysis of benzaldehyde phenyl
methyl acetal was investigated by following the reaction
~in a Varian HA-100 I.I!.R. Spectrometer. The two possible
modes of boad fission are snowa in Fig.Z2.

If the reaction proceeded via pathway A, an initial
shift of the mixed acetsl methoxy protons (c) to the
dimethyl acetal nmethoxy protons (d) would be observed,
along with an upfield shift of the methine acetal proton (a)
to that of (b). Subsequently a free-irethanol signal (e)
would. be observed,

Fission via pathway B would show a loss of the methoxy
protons (¢) with immediate production of free methanol (e)
and no initial change in the methine proton (a).

If pathway A were followed, the equality (5) would be
applicéble: |

sinoe [Ho] = 3[1,] and [Fgl+ [H,] = 30%,

then ["Ha]/[gb] RaA 0+ 0m)y e i(5)

whereas if pathway B were followed, the inequality (5) would
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S

be apnlicable:
since [ ¢ 1<3[Ha]s [Fe]> 3[Hp]s -2nd [Hg]=0

then [ Ba]/[H)>[Te 1/([5g0 #701) wonvnnnrnan(6)

Although the ne thine signals were clearly distinguishable
on ‘the 1000 Hz - sweepd spectrums

pheajl nethyl acetal methine (8)e.e.e611 Hz4

dimethyl acetal methirne (b) eeeeed34 Hzg
a 500z - sweep — spectrum was required for +he necesgary

resolution in the nethoxy region of the spectrum, 323 to

3%5 Hz s
phenyl nethyl acetal methoxy (Clesee334 Bz,
dimethyl acetal wmethoxy (d) ceeee323 Hz.
free methanol methoxy (e) ceessDBD Hzo

Tese signals were ideantified by the addition of
12 pls of absolute methanol To standard 1G5 solutions of
‘the approu*labe acetal in tetradeuterated methanol,
Experimental: 0,050 gmms of analytically pure benzaldehyde
phenyl methyl acetal ia 0,50 nls,. tetradeuterated methanol
(0+47 1 solution) were injected iuto an IIIR. tube with

2 pls (21) mono-deuterated acetic acid, and the tube sealed.

.

Tae d4 —nethanol o suoplied by CIBA and found to be
99.95 pure by T.l.R. Spectroscony against llerclk "Shectro-
grade" dioxane standard. Internal T.0M,5. standard was

used,
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CH (c) CH (d)

| @CH(a) H(b)
‘@ -PhOH ‘c €03
B |-CH,0H A J-CHBOH
(e) | (e)
: CH(a) H(b) |
@/ ./c 03
-PhOH

Tig. 2, dg - methanolysis of benzaldehyde phenyl methyl

acetal (q_aceﬁic acid catalyst®)



@ \M (47) |‘
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Nb’ )M\

(iii) b (vi) k
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Integration of the methoxy peaks was perfomed by

repeatedly cutting out and weighing the signals, and using
the average valucs so obvained, Although thig procedure
is sonewvhat crude, 1t was found to be more satisfactory
than measurement or using integrals, and the deviations
wvere small enough to make the results meaningiul,. 4L
progran to calculate peak areas is at present belng written
in this deparitment, and will be applied to the data &s soon
as. possible,

Between eéch spectrun the sealed tube was incubated in
a thermostat bath retained at 65°C by an efficient electroﬁié
relay system, Tig. 3 (i) to (v) shows the expanded nethoxy

signals obtained after (i) zero time, (ii) 60 mins.,

(B3

)

(v

A

(iii) 100 mins., (iv) 140 mins., (v) 130 mins. Fig.

o

shows the spectrun obtained from the dy- acetic acid cata-

4-methanolysis of benzaldehyde dimethyl acetal after
60 nins at GSOC.

lysed d@

Although the complete spectra are not shown hére; a
signal of increasing strength at 534 Hz (dimethyl acetal
methine) was observed in the spectra (il) to_(v) indicating
an imnediate ioss of phenol as described in pathway A.

Pige 3 (ii) also shows a substential signal corresponding
to the nethoxy of dimethyl acetal (%328 Hz) with a small

signal at 3%5 Oz corresponding to free methanol., It is
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difficult to decide, even with the use of Fig 3 (vi)

vhether this latter signal is produced entirely by the
brealdovm of the dialkoxy intermediate of pathway A, or
if a small proportion is a direct product of the first

L

sten of pathway B, Taroughout the series, the mixed
acetal methoxy decreases steadily, the dialkoxy acetal
methoxy reaches a maxinum near that shown in Fig. 3(iv)
before decreasing again, and the product, methanol, increases
steadily,

The peak areas of the methoxy grouds were nmeasured, and
the ratios [H V[HJand [HJA [Eql4He]) calculated, Table A.
An equality of these ratios (5) would appear to hold vithin
the linits of éxperimental error, and certainly the in-

equality (6) would not seem to be applicable,

Table A,
e s [lelfm)  Bol/(melema)  5SE0L TS
(1) /o - 1/0 - "
(ii) 1.60 1.52 55
(11i) 0593 1.00 T
not shown 0.50 0.52 ‘ =455
(iv) 0.31 0.29 K7
(v) 0.26 0.28 ~T55

T4 is therefore concluded that the site of inltial bond
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fission ia the methanolysis of benzaldehyde phenyl methyl

acetal is between the acetal carbon and the phenoxy oxygen

as descrived in Tig. 2 pathway A.

%. Kinetic Rate Law.

—

The general equation for a general acid-base catalysed
hydrolysis is:

= ko + kH30+ [530+} + k_OH" [0~ 1+ kep— [A7] +kAH [AE ]

ko_bS' =
0050-00(7)

Mixed aryl alkyl ccetals, in common with the majority
of acetals studied, are ndot subject to base catalysed
hydrolysis59 and therefore the term kyy- [0H™] in (7) may be
omitted, The possibility of involvenent of the term
kp~ [AT] has been eliminated vy the investigatlons of
Capon and Anderson? 4 wao, as Cescribed earlier, found the
general acid catalysedhydrolysis of benzaldehyde phenyl
nethyl acetal devendeus only on the concentration of
undissociated acid and not oa conjugate base, although the
possibility of nucleophilic participation by 4~ cannot be
ruled out siance specific hydronium ion catalysis with nucleo-
philic participation is kinetically equivalent to catalysis
by HA (see introduction). Presumably, if nucleophilic
catalysis was prevalent in the hydrolysis of mixed aryl
alkyl acetals it slhiould also be apparent in the hydrolysis
of benzaldehyde. dimethyl acetal, although Table 102 and

Graph 1 would indicate the independence of hydrolysis rate
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of this latter compound on unaissociated acid, and there-
fore acid anion [A™] concentration, Tae hydrolysis of
the potential internmediate in the acetic acid catalysed
hydrolysis of benzaldenyde phenyl methyl acetal, benzalde-
hyde methyl acetyl acylal (I), was investigated in sev ral

buffer solutions, Tables 97 to 10l.

OCH3

CH
\

O\Ci___CHB (I )
b

Conclusive general acid catalysis was observed in the
hydrolysis of (I) and is belLieved to be the first reported
case of general buffer catalysis in acylal hydrolysis,
however, the reaction rates of this substrate were too
fast to compare directly with those of the substitutéd_
phenyl methyl acetals, which is not surprising considering
the vast aifference of pKa in the leaving group of (I),

4,76, and those of the substituted-phenyl acetvals, 3.4 to 10,

and the presence of (I) was never observed in the reactions

.

studied. It nay be significant, however, that the Dresence
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of an acylal intermediate was not observed in the N.M,R.

experiment described in the preceeding section.

£

Equation (7) is reduced to:

kobs = kin-b + I(-'HA[H:A] o-vooo.o.oooo(VS)
” +
Vﬂlere Lin_b — k0+kH'50 [H3O4-] oloco-toto.(g)

Where an evaluation of k. can be made from the intercept
of the plot of ky;g vs. [HA] which has a slope of Iy,

and the kint values obtained from the hydrolysis of mixed

aryl methyl acetals are showa in Tebles 136 and 137. The

5 - + 3 z : a 1lat T
values for kH o [H3Of] in (9) were calculated from the

3

plots of kobs Vs, 0 }1a the nydrociloric acid catalysed

"3
hydrolysis reactions with[IC1l] = 0,001 to 0.0002 II and

I= 0,050 ggaiin maintained with KCl. The intercepts of

these plots were, with one exception, observed o be slightly

negative, which, although indicating a negligible spontaneous

factor kg, would suggest a degree of experimental error

caused by the lower acid concentrations waich were made

3 1.3

necessary by the reaction velocities encountered,  7ith

—4 .l -
acid concentrations 4 and 2 x 10 1 HC1l, there is

apparently a nore complex behaviour with the substrate of

. ) ~ -4 Fan
comparative concentration (aporox. 2.5 x 107 ' ), and there-

fore koos [0.001] I H 1 values were used in determinations

such as solvent isotope gffects, rather than values of

Iy o
3
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The substantially positive intercent (5.18 x 10~4
sec™l) in the plot of Eyps ¥s. [HCL] in the hydrochloric
acid catalysed hydrolysis of benzaldehyde @}nitrophenyl
nethyl acetal (II) would suggest a significant spontaneous
factor ky to be apvlicable to the kinetic rate law of this
compound, This is reflected in Table 136 vhere the
relative constancy of the intercept values kint ovtained
in the acetic and pivalic acid catalysed hydrolysis would
suggest a spontaneous pPH-Independent reaction at »E values .
greater than about 4.5 (kipps 1.3 X;lO-B sec"l) and Table 140
where the pi-corrected values of k. (logarithmic )indicate
the increasing importance of spontaneous catalysis as pKa
of the catalysing acid decreases, whereas the other acetals -
studied show apvroximately constant values, Similar
observations have been made in the hydrolysis of substrates
in vhich there is both a good leaving group and»a relatively
stable incipient carbonium ion. The hydrolysis of 2-(p-
nitrophenoxy )-tetrahydropyran (III)GL'L is characterised by
a pH-independent reaction at pH values greater than 4.0 and
benzaldehyde nethyl 3—(2,4—dintrophenyl)thioacetal(IV)95
at plI values greater than l.5.

Increasing the ease of bond breaking by strong electron
withdrawal in the leaving group would be expected Lo greatly
increase the rate of spontaneous.reaction but decrease the

rate of hydronium ion catalysis by decreasing basiclty,
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thereby nalking tThe dH-independent reaction easy to detect
with these compounds, Accordingly (II) is vH-independent
at pd 4.5 (leaving groudn pHa  8,40):; (III) is pE-
independent at pH 4 (pKa of leaving group T.15); and (IV)
is pH-independent at pH 1.5 (pKa of leaving group 4.,1)
Pronounced general acid catalysis and a fast pH independent
reaé%ion at pH greater than 10 is also observed in the hydro-
lysis of tropone dilethyl ketal (V)99 where C-0 bond breaking
is facilitated by the great incipient carbonium ion stability,
although the hydrorium iloa catalysed reaction is also |
facilitated by the comparatively high basicity (poor leaving
group ability) so that the pH-independent reaction is
observable oaly at higher pH values,

An alternative formulation to the proposed shontaneous
unimolecular brealkdown of the wnorotonated acetal which is

showa below,

N 02‘
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would involve water catalysis with nroton transfer not
having progressed to a significant extent in the transition
stateo The functiouning of water as a general acid 7s
unlikely, however, coasidering that the point Ffor spon-
taneous catalysis would lie far above the extranolation of

e

the nlot of log kHA versus pla 1ln Graph 2, where the
Brgnsted coefficient is 0.49. It might also be reasonably
expected that the reaction would be much slower in D0 than
in Hp0 solvent vhereas the solvent 1sotone efrfects k(H00)/
K(D50) of compounds II, III and IV are all less than or

near unity and increase with increased ease of spontaneous

catalysis;. H/LD 0.46, 0.9, and 1,1 respectively, while
that for V is ky /hp=1.2. |

Fife and Brod also observed the point for spoataneous

catalysis to lie far sbove the line obtained in the Bréasted
plot for 2~(p-nitronhenoxy)-ietraly d;opmraa(TIW) vaere the
Brdasted coefficient, @ = 0.5, is alnost identical to that
obtained for benzaldehyde m-aitrophenyl methyl acetal (IT).
Tese authors also suggested a unimolecular decomposition to
occur, rather than generpl catalysis by water,

N s O N A A9 ad-lTyxr
and Anderson for the spontaneous catalysis of onoae diethyl

n

O N P
ketal (V) and benzaldehyde methyl o*(u,4~ﬂlﬂlb10$ﬂeﬂyl)

\,

thioacetal (IV) alwhough with (V) a vater-catalysed reaction

could not be conclusively elininaved,

Tie low re elative apandaace of the molecular ion in the
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mass soectral analysis of‘g-nitrobenzaldehyde phenyl methyl
acetal (II) and the observation that the nareat peal is the
incipient methoxycarbonium ilon (see Preparative Ixzperimental),
would also reflect the comparative stabilities of these
moieties. ‘hereas the narent peaksvin.tﬁe n.S. analysis
of the corresponding H and p-metihylbenzaldehryde homologues
of (II) and the Ermetﬁylbegéaldehyde methyl thiovhenyl
homologue of (IV) are also the incipient methoxycarbonium
loans, the lack of observable molecular ion signals in the
two latter p-methylbeanzaldehyde compounds would indicate
extremely facile C-0 and C-S boad cleavage because of the
very stable incipient carbonium ions formed, similar to that
obtained in tropone diethyl ketal (V). Therefore, as was
the case with (V), it might be reasonable to expect that
these two conpounds would alsoc show a pH-independent
reaction, although again.at higher pH values than those
stndied, because of the increased ease of the hydronium
ion catalysed hydrolysis. A

The depeandence on buffer catalysis of p-nethylbenzalde-
hyde methyl thiophenyl hydrolysis is showa in Table 106,
and although a rate increase is observable, it canaot be
considered conclusive evidence for general acid catalysis

because of the small change in both kobs and 0.D. There-

fore both the p-methylvenzaldehyde thiophenyl and
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2, 4~dinitrothionhenyl mixed acetals may ve comsidered border-
line between A=l and A—SEQ mechanisns wihere the increased
carboniun ion stability and leaviang ability facilitates
C-S bond cleavage, waich is considered more difficult
than in the oxygen acetal analogues, and'where eage of
protvon transfer to sulvhur is less than that to oxygen;95
4; llechanisn

It was concluded that the site of initial boand fission

in. the general acid catalysed hydrolysis of beaaaldehjde
phenyl nethyl acetal occurs between carbon and the phenoxy
oxygen, and the ineffectvrality of aaionic change with
reference to Cl , NO% and C10; , and the lack of observa-
tion of an acylal intermediate has been described. There
are then two possible mechanisms to describe the observed
buffer catalysis viz, a rate determining proton transfer
 from moleculer acid %o ohenoxy oxygen followed by a rapid
breakdowa of the resulbting conjuzate acid (lMechanism 1);

+

or a concerted displacement of the Ph.0H===0lle groud by

the catalysing acid (llechaanism 2).

The reverse of %he rate determining step (R.D.Sy of
Mechanism 1 can be coansidered as a diffusion contrplled
proton transfer from the very strong conjugate acid of the
Subsfrate %o the conjugate base A™, aad should therefore

~ . ., ad - . s K "t‘-‘
be indevendent of the dase strength of A, and coasequent.s
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Irecnenion 1
/)MG:F _Me
AH + PhC% ——)PhCH ___) phCH A"
| “oph
H
,/is- l— PhOH

'PhCHO + MeOH ¢— 122 prcHLOMe

Hecnanisn 2 :I:

Me \ s-.-/OMG |
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exhiblt a Brpasted coefficlent of 8= 0, within the range
of acid catalystis used.  Then, assuning o= 1-8, the a
value for the foxrverd reactioa would be expected to equal
1, which is not the case, except waen grnitrobenzaldéhyde
phenyl methyl zcetal is capnloyed as Substrate.63’l68
Also, if the reaction progeededlwith proton transfer as:
the R, D, S, it mizht be exnected that the reaction velocity
should increase with increasing basicity of the acetal,
the reverse of vhich was found in practice. The catalytic
constants were found to increase as the basicity of the
acetal oxygen was decreased by substituting more electro-
negative groups in the phenoxy molety; D-Ile¢H g .. .m=I'gee. |
n~NO0o, Evidence supporting the avnlicability of Mechanism. 2
will be presénted in the following sections with refereunce
t0 Brgnsted and Temmett coefficients, and to solvent iso-
tope effects, A comparative correlation of these results,
their significance regarding the current opinions described
in the introduction, and a comparison of them with other. |
reported examples of buffer catalysis in acetal hydrolysis
will be made.

5¢ Brgasted y coefficient

Pables 103 to 119 and Graphs 2 to 6 describe the o

values obtained in the acid catalysed hydrolysis of aromatic

———

aryl methyl acetals, Kresge et’g}}09 observed that wien
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the number of Dpoints in a 3r¢nsted plot was greater
than three, staadard deviations becaue reasonably small,
and this was the case in the above plots where the five
points taken in each case gave relatively low standard
deviations and high correlation coefficients. Yhereas
Kwart and Prioelo7 concluded that small structural changes
in the carboxylic acid cétalysts did not cause any signi-
ficant alteration in the Brgasted slopes for the acid
catalysed hydrolysis of methyl orthobenzoates, and that
"the strengths of the acids chosen is their most signifi-
cant,. distinguishing characteristic", Kresge et al observed
small but real deviations from such a relationship when |
employing substituted -~ carboxylic acids in vinyl ether
hydrolysis (Kwart and Price included in their investigation
the catalysts, tri-, di-, and mono- chloroacetic acids,
and 2-chloropropionic acid). Kresge et al attributed the
Observed positive deviations to inmtermolecular interactions
between catalyst aand substrate, and the negative deviations
of pivalic acid catalysed reactions to hydrophobic forces.
The positive deviations were sugcested to result from an
additional energy-loveriag interaction between electro-
negative ly - substituted catalysts and the substrates to
viiich a proton (oositive chazge) was being transferred,
and conversely that nositively charged catalysts e.g,
H30+and anilinium ion, should experience an energy-raisiag

interaction, Ta the reaction series studied ia this
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thesis, ecuation 1, the catalytic coefficient for the
anilinium verciloxate catalyoéd hydrolysis of beunzaldehyde
i ) -1

phenyl methyl acetal kAH = 3

Table 105) is approrzimately 3.5 times slower than the

corresponding acetic acid catalysed reaction (lz,. = 1,29
AH

1072 gfl sec“l, Teble 34) although the catalyst pKa values,

4,60 and 4,76 respectively, are very similar, and the

hydronium ion catalytic coefiicients invariably fell below

that expected from the Brﬁnsted slope, Graphs é to 6, The

negative deviations of the points for hydronium ion cata-

lysis have frequently veen opserved in the extrapolation of

Brgansted plots even where statistical correctioas have been

apnlied, and it has been sugzested thatv elther the concen-
tration of non-hydrozen-bounded water nignt be better apnlied,

therefore lowering the coaventlonal magnitude of the acldity
15 G

coastant, PKEBO - -i.74, and consequeantly moving a
negatively deviatiag catalytic coefficlent toward the
correlation line, or that the true acldity constant might
be best evaluated by fitting the hydroaiun ioa catalytic

coefficients to Brgusted corvelation lines.  The literature

values of nI O obtained by Tittiag the observed catalytic

A

coefiicients uO the correlaiion lines show a rather wide

. . ol

variation from reaction Lo recaction. Thereas Kresge et al
observed a raage of values fron -0,2 (etayl cyclohexeayl

ether), %o +0. 7 (etuyl isopropenyl ether) in the hydrolysis

105,158
of = Several viayl ethers, Gold oad Wateraan obtained
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values of 1L1.52 and 1,96 ia the hydrolysis of cyanoketen
dinethyl acctel and 2-dichloronethylene~l,3-~dioxolane.

With refereace to mixed aryl methyl acetals a similar
evaluation ol the negavively deviating kH30+ catalytic
coefficlents from Graphs 2 to & gave rise to the following
pKH7O+ values, which, although being varied, were so in

a sgstematic manner viz. in the hydrolysis of benzaldehyde
substituted (X) - phenyl methyl acetals: X=m-H0,(0.1);
X=n-P (0,25); X=H(0.25); X=n-7e(0,65); I=p-11e0(1.1l);
and in the correspoadiag substituted (Y) - benzaldehyde
acetals: Y=u-7(0.35); ¥=7(0.25); Y=p-11e0(0.25),

These results would indicate that the aovarent acid
strength of the hydronium ion decreases as substrate leaving
group ability aad incipieut carboniwm ion stability decrease
i.e. as the « values increase (see Tables 134 and 135).

The differeace in PH 0 values is then less than that
~for the g, values amongst the substrates used indicating
that electronic requirenents are or ggduced importance
ia the hydronium ion catalysed reaction than in the undis-
sociated veak acid catalysed reacfion, where increasing
leaving group ability and carbonium ion stabllity are nuch
more influeatial., This point will be talen up again
1a section ¢ (Hamuett relation), although it is interesting

to note here that tue noint for hydroanium ion catalysis of
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benzaldehyde—di~i@u—acetal is coasidered o fit the Brpnsted
correlstion line, extranolated fiom three points, and that
electronegative effects were found to be of more importance

in hydronium ion, ‘then in undissociated weak ac1u, der01]51s

(OS = 0.6).165
The spread of valuesfor pKH 0 ontaiaed in the

hydrolysis of viayl ethers was interpreted by Kresge et al

as being suggestive of such factors as 1nuermolecular erfects

and that the value of ¥y o might dest be deduced from the
3

£l -n e

fit of the hydroaium ion catalytvic coefficients based not

on carvoxylic acids but rather oa nositively charged cata-~

=)

lysts. Gold and ?aterﬂan15” sugorested thet the negative
deviations of +the hydroaiun ioa cavalysed reaction oanloL
be read iato too deeply because of the long extrapolation
required of the logarithmic catalysis-law relatioa aad the

J
‘)

o

consequent seasitivity to the homogeneit; oi the catalysts

used, Vith regard to these two points, it seems apparent

that no definite conclusioas can be drawvn from the negative -

...<.

sJJ

deviations fron tae Brgasited plots in Graphs 2 o 6 which

vere obtained from carboxylic acid catalysts whose absolute
homogeneity must be considered susvect wWith regafd’to the
fallowing observations, althoish the coastancy of catalysts
enployed in each case should render the deviatlons available

o

for comvarative ewaminaiioa as described avove,

Statistical evideuce from Tavles 103 o 119 indicates
That e o coerficients from the Drgasted nlots may ove
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consistently high Lecause of the use of electronegatively-

substituted catalysts., From the twelve tables shown,
although only 555 of the points corresponding to catalysis
by chloroacetic acid lic above the correlation line, 80
of those corressonding to 2-chloropropionic acid do, while
75% of those correspoanding to Fformic acid catalysis, of
PKa between the +two electroaegatively-subsiituted aéids,
lie below the line (omitiing those values where the
residual <10~2), |

The effect of intemolecular forces has been descrived
in the introduction as producing a difference of 0.1 units
or more between « and the ovder of boad being formed (Z)
although +the values of a within a closely sinilar sérics
of substrates uindergoing the same reaction with a set of
homogeneous catalvsts might provide a good relative measure
of traansition state structure. ' @old and WatermanISB
have also stated that although they did not consider & to
be a quantitative measure of the degree of proton transfer,
they thought it slhould still be correct to interpret the
increase in the value of « along a geries of related reactlons
as reflecting the increasing resenblance oi the transition
state o the reaction product.

It seens reasonable to coaclude that the consistent
increase iﬁ<1(0.49 to 0.96) along the series of benzalde-

- o hd > al
hyde substituted-onenyl nethyl acetals g—ﬁozez n-31
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m-7<-Te0<I<)-lTe<)-11e0 showa in Tavle 134 is indicative

of the +traasition states gpoin; from "reactant-like" 4o
"product-lile" i.e. Pﬂqu;uD”e, although these values are.
represenitatvive 0r a relative rather than &bsoluté order of
proton transfer. Although the hydrolysis rates of those
acetals with higher o values are more devendent on the
strength of the catalysing acid, and the transferring proton
considered to be nearer the substrate, those acetals with
lower a values have greater catalytic coefficients indicat-
ing that the increased leaving groud ability, and therefore
increased ease of C-0 bond fission, must be dominant, which
is consistent ~ with an A—SEQ mechanism, described by

<o %

llechanisn 2 (the aaomalous rate increases of the p-ile and

DP-Ile0 hoirologues will be discussed shortly).

A sinilar argunent can be applied to the substituted-
‘benzaldcnjoe vhenyl methyl acetal series, Table 135, wiere
the o values decrease consistently from 1.05 (standard'
deviation= 0,036) for the m-nitro homologue to 0.63 for
the p-methoxy homologue, Merefore the transitioa states
may be cousidered to have a relatively greater de rree of
proton traasfer, or be more "product-lilte" along the series:
Q~MeOﬁQ¥Ne<ﬁzgrﬁeo<£rp<g-ﬂog. Azain the greater catalytic
coefficients were observed vhen g was low, indicatiag that

althou oh proton traansfer is more advanced and that there

may be a greater degree of -0 bond fission caused vy
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electronegative substituents in the benzaldehyde moiety,
the overall hydrolysis rate is increased when the incipient
carboniun ion is made more stable,

The study of the secondary kinetic isotope effects on
the hydrolysis of substituted-benzaldenyde diethyl acetals
by Cordes et gl}lB indicated that the extent of C=0 bond
cleavage in the transition state increased, as the stability.
of the incipient carbonium ion decreased,along the series
p-1leQ<H<p-10, although hydrolysis rates increase with
increasing stability of fhe incipieat carbonium ion, i.e.
p-11e0>3>0~10,,  Cousideriag that the intermediate methoxy-
carvonium ions in this series is comparable with that of
the mixed aryi methyl acetals, aad the leaving group, although
differeat, is also coastant, there would appear to be a
favourable correlaiion of secondary isotope effects and
Brgnsted parameters with regard to the amount of bond
breaking and making in the transition states.

It is also pertineat to note that although the extremely
high o values oblained for benzaldehyde p-methoxyphenyl
methyl acetal {0.96) and n-nitrobenzaldehyde phenyl metayl
acetal (1.05) umignt be cousidered indicative of a specific
acid catalysed mechanisn, general acid catalysed reactions
have been observed vhen o is equal to or near 1.0, and
1s considered detectable because of the negative deviation

of the hydronium ion catalysed reaction from the Brgasted
correlation line as described earlier (see ref, 163),
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Whereas Jeacks aac Sander 163required relatively high
~concenvrations oi wealker acid buffers to determine cata-—
lytic coefiicients in the Brdasted plot with a=1.0,
this vas not necessary with the m-nitrobenzaldehyde
and p-methoxyphenyl mixed acetals,

IV is councluded that the general acid catalysed
hydrolysis of arounatic aryl methyl acetals proceeds by
an A—SEQ mecnanisn describved by llechanism 2 where leaving
group ability (with consecuent reduced acetal basicity) and .
incipient carboniun ion stability are both of coasiderable

importance in facilitating carbon-phenoxy oxygen bond
fission in the R.D.S.

Table B has been constructed in. order to determine
the influence of leaving group ability and carbonium
ion stavility ia the reported general acid catalysed
hydrolysis of other acetals vhich are also thought to
proceed via an iA-Sp2 mechanisil. "mereas Table 135 shows
the inportance of carbonium ion stability in the methoxy-
carboniwi ioa moicty, Table B(i) shows the dramatic rate
decrease, aboult 300 fold, when this stabllity is further
Gecreased (mavles 40, 41 ead ref.37). Vhen the inclpieat
carboniwa ion stability is Ffurther reduced, agaln with the
sane phenoxy leaving groud, seneral acid catalysis is no

longer observadle as has been shovm for Tthe compounds in
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Ref: 16,34 76 36

Table 3(ii) shows the catalytic coefficieats obtained
for 2-(p-nitronhenyl)-tetrahydropyran (III),64 tropoae |
diethyl ketal (*-J)99 and benzaldehyde »dhenyl methyl acetal
(VI), Tavle 34, Although tae leaviag group ability of
III > VI, the increased carbvonium ion stability of VI ﬁakes
the hydrolysis rates comparabvle. "hen the leaviag groud
ability is fufﬁher decreased general acid‘oatalysis is

~usually no longer observable, e.g. in the substrates shown

in Fig, 5.
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Table 10

'{iqraph 1

although vhen the incipieat carvonium ion is made exiremely
-stable, as in tropone diethyl ketal (V), buffer catalysis
is observable,

The acetic acid catalysed hydrolysis of benzaldehyde
di—tbu~acetal(VII) also has a »ronounced general acid

. catalysis,

H(OtBu)z

<
[ ]
o |
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2 N ~r ’Lo""l n"l,: —-l .. =0
(%425 x - I "sec” ™ in aqueous acetate buffer at 25°0)
L . R 165
and its Lydrolysis thought to procesd dF an A=5p2 mechanisn

although 1ts leaving group ability must be cousiderably less
than that of a phenoxy groun, Therefore, although car-

boniun ioa stability and leaviag groud ability are of
& J

extreme importance in the observation of general acid

|-..v

drolysis, it anpears that release

of steric strain in Fforming the alkoxy carbonium ion of

VTI can also zive rise to such a mechanism, It seenms
feasible to extranolate this argumeant to the lysozyne-
sqbstfate connlex vhere the formation of a carboanium ion
night relieve steric strain in the ground state of the
distorted hexose uait which isvundergoing cleavage from the
stable chair coaforation to a half-chalr conformation
resenbling that of fhe arvonium ioa intermediate. Hereby
enhancing the ease of formation of the traasition state
~and waling possible catalysis by a weak acid in the eazyme-
substrate couplex (see iatroduction and refs. 165, 13-15, 20,
2l and 43), V

6. Hammett P corwelation

' P - -
The P values obtained from the general acid catalysed

hydrolysis of benzaldehyde substituted (X)-phenyl methyl
acetals, implementing the Famnett linear free energ
relationship (L.7.E.R).

log k/k = po N @ X0}
) :
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are shown in Tables 121 to 125, and Graph 7. The values
obtained were all positive, and increased in magnitude
with decreasing strength of the catalysing acid, there-
fore iandicating that the amount of C~0 bond fission in thé
transition state varies with the catalysing acid,

In Fig, 6 where a general acid HA is transferring a
proton, H , to the acetal oxygen, as A" becomes a stronger
base (HA a weaker acid)  +the amount of negative charge

Pig, 6

on the phenolic oxygen, and therefore the amount of C-0
bond cleavage, will increase, If this were not the case,
and all the acids were transferring a proton to a base of
the same strensth, it would be expected on the basis of

l q n e~ - ! .. Kl
Heammond g postulate »90 that the degree of proton traansfer
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in the t{raasition state would increase as the strengtn
of the acid iacreased, Tais would lead to the P value
becoming progressively more negative as the strength of
the catalysing acid increased, the reverse of what is
found, Coaversely, the increasinz negativety of the
P values for the general acid catalysed hydrolysis of
subs%ituted (Y) - benzaldehyde phenyl methyl acetals with
decreasing strength of the catalysing acid would indicate
that the amount of positive charge on the acetal carbon
must increase, C-0 bond fission increases, as A~ becomes
a stroager base,3 Tables 126 to 130, Graph 8.

It is rather difficult to compare these results with
other reported examples of general acid catalysis in acetal
‘hydrolysis since such an exteasive study has not been pub-—
lished, although a small positive p value ( 0.9) has
‘recently been found for the formic acid catalysed hydrblysis
of a series of 2-(para-substituted-phenoxy)-tetrahydro-
pyrans64 which is comparable with the correspoading value
(0.67) for benzaldenyde sﬁbstituted—phenyl nethyl acetals,
and the value (-2,0) obtained from the acetic acid
catalysed hydrolysis of sbustituted-—benzaldehyde ai-"ou~
acetalsl65 which is comparable to the corresponding value
obtained from the substituted-benzaldehyde vhenyl methyl
acetals (-2.3), with the small differences in magnitude

DPresumably being iacurred by the culminative effects




of experinentval.errors aqd slightly di
requirements brougnt avout by the difiering relative
stabilities of incinient carbonium ion and leaving group.

The "non~conformity" to a Heammett L,F,L.R. of meta-
substituted comoouaas by homologous para-(electron releasing)
substituents has been observed frequenﬁly,63 135,167 and
although an overall linear fit can often be obtained vhen
ot rather than 6 substituent constants, br a Yukowa-Tsuno
L.P.E.R, is implemented (see e.g. Table 2, introduction), as
will be demonstrated shortly for substituted—benéaldehyde
_mixed acetals, such relétionShips cannot be applied when
positive deviations from a positively sloéed Hammett relation;
ship are incurred, such as that showa in Graph 7 for the
benzaldehyde substituted-phenyl me*hV1 acetal series., The
Positive deviations of tue para-methyl-, and para-methox
phenyl acetals can only be accounted for by assuming é
resonance interaction of these substituents with the phenoxs
oxygen,'whereby, although leaving group ability is com-
paratively poor, the much increased basicity facilitates
greatly the proton transfer process, and the deviation
becomnes more pronounced as the strength of the catalysing
acid increascs, Tn the hydroniun ion catalysed hydrolysis,

the small negative slope shownm in Granh 9 would indicate

Fiy

different 1£ nortance

that electronic reguireneats are o

here than in the wealk—-acid catalysed reaction, and that
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proton transfer is devendent on the acetal basicity rather
than ease o C=0 boand fission, which conclusion i1s suv-
stantiated by the better L.F.E.R. obtained vhen O' sub-
stituent constants are inplemented (comvare Tables 131,
143, 149‘and Grapoh 12)., Although the use of ot coustants

are usually indicative of substituent-carbonium ion
67

resonance stavility, this is not always the case.
If the upward curvature in the Brgausted plot of log kyy
vs, ¢ Graph 7, were to denote a uecﬁaaistic change in the
hydrolysis of the para-suvstituted Uaeayl acetals, the
pronounced burier catalysis ovserved might indicate that
a rate limiting protoan transier were ocourring; l'ech—
anism 1, or even a specific hydrouium ioa cavalysis with
nucleo—philic participation, although, again the intermediary
of an acylal intermediate was unobservable, Murther dis-—
cussion of these two nossibilities will be deferred to the
following section (7) where the solvent isotope efifccis
obtained are indicative of a coastancy of mechanism.
The small positive p values obtained with wealk veneral
acids in the hydrolysis of benzaldehyde substitut ea—onenyl
methyl acetals (P = 0,43 to 1.25), and the smallnegative
value obtained with hydronium ion catalysis (=0.45 wiﬂnc?
Table 149), are comparavle not ounly to the correshoading

values obtained from the formic and 1y1r031u3 ilon catalysed

hydrolysis of 2-(para-sudsiituted nhenoxy) -
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tetrahyGronyraas, P = 40,9 and -0.9 respeo%ively, but
also 1o the lysozyme-catalysed hydrolysis of »phenolic
glycosides where P = 41,23, and the hydronium ion caba-
lysed reaction where P = —0060 and =0,43, Aot aad, in
fact, to the P values of eazymically aad hydronium ion
catalysed hydrolysis shown in Table 1 ofvﬁhe introductions

"There is evideince that some of the carboxylic acid
groups of lysozyme have abnormally high pKa va}ues, one
of these being the glutamic acid =35 residue, which, as
was described in the iatroduction vould De mainly ionised
in the pH regioa 5 to 6 and able to provide general acid
catalysis for the rupture of the glycosidic.bond. This
suggestion was described earlier as being supporived by the
obsexrvations of intxamolecular catalysis, analagous to

the oronosed "intra—-comonlex" general acid catalysis, where

p -« - ) . - . . ] . “1[- 16
aa interanal carvoxylic acid group is suitably orie entated’?
36,437 - .

o The recent observatioas of iatermolecular general
acid catalysed hydrolysiso iqlaceﬁals, where
hydrolysis is structurally icdentical o that of glycosides,
would substantiate the nneory, and 1t 1is interesting to
note that the p factor obtained from the pivalic acid
catalysed hydrolysis (pKa = pH =5.05) of benzaldehyde
substituted-phenyl acetals, 1,25, is almost identical to
that obtained from the lysozyme-catalysed hydrolysis of

substituted-phenolic glycosides,p =1.23, although this

latter value night have been derived from koat values
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ynich are couposites of seversl rate and equilibriun

6]

constants (see iatroduction). -

Grann 3 indlicates substantially vositive deviations,
from the Hammett L,P.E.R., of substituted (meta)- oeaﬂaldehjde
pnenyl methyl acetals, of the nara-substituted \electroa
donating) honologues although the residuals Of'kHA obs, and
kHA calc. for fhe gfmethyl compound are comparable with the
residuals for the other fouxr compounds,. Excellent correla-
tions are ovtained for both metz— and para- substituted
compounds when the data is f£itted to a Yukava-Tsuno L.T.E.R,
12T wvhen r = 0.,5:

log k/lky . p[o+r(07-0)] ceeenena(11)

yvnere r© = 0.5
although increasingly negative P values with decreasing acid
basicity are still observed, Tables 142 to 146, Graph 10,
The megnitude of the p value obtained from the hydronium
ion catalysed hydrolysis, p =-1.9 impdlementing equation (11)
Graph 11, would indicate that elecironic effects are more
inportant in the weak-acid catalysed hydrolysis, where
P = 2,04 to -.34, suggestiag azain a more facile droton
transfer reaction and reduced impnortance of C-0 boad Ifission
in. the R,D.5, of the hydronium ion catalysed reaction. 'Tere

the benzaldenyde-moiety cubstituents affectving more the

acetal basicity than iancinieant carboaium ilon stabllity in

Qs
.
<

Tthe hydrolysis of mixed acetals, it roald e exected

the hydroniun lon catalysed reaction would exnibit a greater

Leaa
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-

negative p value, as those observed in the specific acid

Fa)
L

catalysed hydrolysis of benza Ieavue Giethnyl aoeuQWS
vhereP = -3,35 (see Table 2 introduction),.

LElthough the P value for the acetic acld catalysed
hydrolysis of substituted-benzaldenyde di t’ucjl acetals(VII)
was found to be -2.,0, and is comparavle to the corresponding
value of -2.8 for the saoqtﬂtuued-oeazalueAJde phenyl methyl
acetals, the hydronium ion catalysed hydrolysis of series
(VII) was fouad to be more deneadent on electronic require-
ments (bH30+=5-4,O),also the kH + catalytic 000¢¢1c7eat vas
observed to lie on, or Very neaé, the Brgasted corrvelation
line obtained from wesk génevaL acids, If the observations
mentioned in seoﬁionvS could be appnlied here, i.e. the less
negative deviatioas of the kv of point from the Brgnsted

slope was indicative of a gre g ser carbonium ion stability
and/or belter leaving group avility, it would indicate that
hutanol was a betier leaving grou® than. phenol, which is
extremely unlikely, and the hydromium ion catalysed hydrolysis,
whose P value is similar to that of benzaldehyde diethyl
acetal,GS night then be regarded as uandergoing an A=l
mechanism withC=) bond fiscion only in the R,D.S.

The internediacy of the substituent coastonts o and o"
observed by Mife aad Jao68 for thé acid catalysed hydrolysis
of substituted-benzaldenyde diethyl acetals was interpreted
by these authors as indicating & traasition sitate resembl-

ing more the conjugate acid +than the substrate, and by
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Cordes as ﬁeing fully consistent with rate determining
N .o P N oz
carvonium ion formation. Although the R.D.,S5. in an
A~5p2 mechanism does involve carbonium ion formation, it
also involves proton transfer, and the o values reported
p

in Tables 1%4 aad 135 indicate a varyiag range of "product-
like" transition states, It seems, threrefore, that the
interpretation of the intermediacy of ¢ and oF is best
129

given by Capon, Perizins and Rees who suggested that the
observed rate constants were composite values o£ the equiii—
brium constant for protonation, revresented by ¢, and the
rate constant for heterolysis, represented byot,

Hamizett plots vaich product "coacave-upward" curves,

and are thought to be indicative of mechanistic or transition

state change, have been reported although invariavly for

35

nucleopnilic substitution reactions. The dewendence of

the degree of "anon-linearity™" in such a reaction has been

shovm by Fuchs and Eisbetl62

to be strongly influenced by

the solvent polarity, and the measurement of enthalpies of
transfer of transition state from one solveat to another

has been suggested to be an experimental measure of transition

state structure.163 Therefore an application of These

observations might be of interest regardiing the substvituent

L)

effects in mixed axryl alkyl acetals.
Schreckl35 concluded from nhis review of non-~linear

Hemmett »lots that deviations from a straignt line aprear




TABLE C.

Deviations from 'Linear! Hammett Plots.

The following ovmmw&méwoﬁm are from 'Linear' Hammett Plots; log W\Wo = PO,
in which the mﬁdmdw&ﬁmﬁ&m referred to (X) are in the pars position, and the
catalyst in each case %mm HC1.

. Substrate / obs.<theor.?® obs=ztheor.? obs. >theor.® ref.
(x) benzaldehyde di-bu
acetals loomw lomu H 165
IZDN
P o= l.h.oo . -

benzaldehyde methyl

(x) thiophenyl acetals -0CH, ~CH, H 95
_ -C1
P = -0.9 | -No,
- 2=(x)ohenoxy tetrahydropyrans -OCH, -CH, H 76
_ T =C1
D = IIO-O -
| NO,
at obs = Wm ot observed: theor. = theoretical Wm ot from Hammett correlation line
3 . 3
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nore striking when the line is flat (Pis small) than when
the line is steepn (p is large) and that small deviations
from the latter may not be talen toe seriously vhereas
those observed from flat curves might be interpreted as
evidence for a maximum, minimunm, or curvature in the Dlot.
Although there is undoubltedly some truth ian this statenent,
Table C would indicate that whether p is large or Small,
constancy in deviations might be equally significant., |

7. Solvent Isotopne Lffects.

Toe Ky o /k570 solvent isotope effects referred to
2 2
in this discussion are those obtained from ko values at
0.001 If HCL and DCL, and not those obtained from the slopes
of kobe versus [ICL] oxr [DCLl] for reasons mentioned in
section 3.

Solvent isotope effects (S.I.E) for acetal hydrolysis
resctioas involving pre-equilibrium vrovoan traasfer have
been found to fall intvo the range kH/kD= 0.3 to 0;5,59
where the two to three fold rate increases in D0 compared
to HZO are ‘taken to ve representative of & unimolecular
A=) reaction in accord with the theoretical prediction.

The Giffereace in overall rate is postulasted to occur
“because the equilibrium constant of the conjugate acid is
some twa to three times higher in.Dgo than in H,0 at a

given acidity since the cdeuterated substrate in D?O is
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TABLE D

Solvent Isotope Effects of the hydrolysis reactions believed to involve proton
transfer to oxygen in the rate limiting step.

Substrate ‘ ‘ mo~<a5& Temperagture Wm\ww ,_WMM.

2-(p-nitrophenyl)- 50% dioxan + r

tetrahydropyran: water . 30°C 50 \Uuo+ = 0.75 76

tropone diethyl tris HY/ 4

ketal | vater 15°C tris D'=1.49 99
120/m,0 =1.16

Benzaldehyde di- + |

thu-acetals - ditto 25°C | muo \uuo+ = 1,11 165

Catechol Benzaldehyde . o +

acetals | ditto mm.o muo \Uwo+ = 0,92 37

Benzaldehyde diphenyl | . +

acetals 20% dioxan Hy07p ot = 0.67 37

water 3 -
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generally a wveaker acld than the protoanated substrate in

lv, 59972
HZO’ i

Althougn pre—equilibriua protoa transfer reactions
(A=l and A~2) have faster rates in D20 than H,0 it does
not follow that reactions with proton transfer occurring in
the rate limiting step should show S.I.E, in the normal
direction, The most conmoanly and accented reason for
the occurreance of small or inverse isotone effects has
been reckoned to be the maintenance of zero-point energy
because of the transferring protoan veing bonded to either
proouct or reactant aand aot undergoing translation at the

1

highest energy point, i.e. traansition state. The classi-

fication of general acid catalysed hydrolysis of acetals in
this category is exemplified ia Table D which shows both

small and inverse S.I.8s. observed from reactions believed

to involve proton traasfer ia the rate limiting step. ~ The

values for ortho ester hydrolysis also show inverse values;

H30+/D3O*'= 0.4 to 0,5.59 Taereas all the hydrolysis

reactions in Table D are postulated to proceed via an A-Sp2

mechanism, when proton transfer oanly becomes the rate limit-

105,158
ing step the S.I,B.is usually mucn higner, ’

Fife and Jao'76

observed an increase in kfiz0%)/k(Dz0t)
with increasing electroun-withdrawiag power of the substituent

in the series 2—(para—subst;tuted phenoxy)-tetrahydropyran,




Lz

viz: 2-17¢0(0.35); p—=Te(0.40); F(0.42);

~C.L

~~
O
L]
1
>

A

e

2-
p-=10, (0.75), and concluded that the increasin
reflected the exteat of nroton transfer in the transition
state being almost complete with the p~ife0 compound, and
steadlly decreasing uatil, with the p-70, compou Ad, reduced
acetal basicity brought about by increased leaving group
ability made protonation more difficult and facilitated C-0

bond cleavage, scuh that proton transfer and bond breaking

were concerted (Fig 19 introduction). The S.I.Es. observed
in. the hydronium ion catalysed hydrolysis of benzaldehyde

substituted-vhrenyl methyl acetals, Teble 133, arec similar

in trend with those found above, 1aorea311b from..Q.62 for

the p-l7e0 compound to 1,10 for the m-iT0, compound, but whereas'
the values obtained by Iife and Jao, with the exceptvion of

the p-nitrophenyl homologue, were all in the accepted region
for an A-l mechanisn, and were indeed found to be described

by such a mechanisn, the values for the substituted-dhenyl

-

mized acetals and p-nitrophenyl tetrahydropyran are all
EN)

greater than 0.6 aad are described by a concerted A-S,2

mechanisn, Also the S.T.BEs., reported in Table 133 corrobvorate

with the a values rejorbted in Table 1%4 in indicatiag &
reduced relative degree of nrotoa transfer, oxr "product-lile"

traasition state, along the series: EﬁKGO(kH/kD:=O.6?)n

- 2-11e(0.65); 7(0.69); o-?(0.37); and n- ’02(1;10), and would
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1.0

nere vas 1o UeClOGlOL"C change ianvolved
wvivhin the series, as nigat have been suggested from the
non-linearity of the Hammett Plots, section 6.

In agreenent with the above results, the k(H30+)/k(D30+)
Sel.ES, For the hydrolysis of substituted—benzaidehyde pnenyl
ﬁebljl acetals, Mable 139, are all greatef haa 0,6 and
increase as the relatvive amount of proton,ﬁraﬁsfer in the
transitioa state decreases along the series: m-~I1(0,66)s
ﬁ(0.69); p-re(aorox, 0.97); 2-17¢0(0.3%), in accoxrd not
only with‘%he observed values reported in Table 135 but
also with the secondary kinetic isotope effects observed by
Cordes et al for the acid catalysed hydrolysis of substituted-
benzaldenyde diethyl acetals (ref. 113, 140 and section 5).

The values of ky (4c0H)/ky(AcOD) showa in Tables 133 and
139 do not agree well with the correspoading k(HCL)/k{(DCL)
'values, with their numerical significance oven t0 speculation
and only their overall magaitude indicating the possibility
of them beloanging to & mechenism involving proton transfer
in the rate limiting sten. 51@11aﬂ1w tne values of
k(AcOH)/k(4cOD) would aprear to be someviatb inconsistent,'
although it mizght be tentatively suggested that ﬁhevvalues
reach a maximum with p-nethylbenzaldenyde and n-nethoxy-
phenyl acetals if the irregularities of tine other values

were construed as arising from experimeatal error. This

meximum should only be reached vien:
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AKX PK (¥A) = pK (BH)

it

0 (apnroximately)
in. the reaction:

HA+ B—HEB +A (charges omitted)

where the transferring protom is eou1dlot,at from. ﬂ and B,

—

A eevocccsocld esesssesed (see introduction)

Although this would not be the case in the ground states,

it might be considered apvlicable to the transitioa states,
vhnere the relative amount of proton. traasfer to the sub-
strates in question, p-methylbenzaldehyde and n-mne thoxy—

Phenyl acetals, may be considered similar with respect to

their observed « values which are 0.692 and 0,703 respectively,

with a combined standard deviation of 0154, If the de-
gree of C-0 boand fission were that much more ad#anoed in
the transition state of D-methyl-benzaldehyde than in m-
methoxyphenyl, which is coaceivable considering the high
degree of stabilisation of the incipienf carbonium lon
brought about by the p-methyl substituent, then the basi-
cities of the developiag phenolic leaving groups might be
equal at some point aloang fheir reaction co-ordinates where
they apnroximate the vasicity of the develoving conjugate
~base of the catalysing acid (see sectlon 6 and mechanism 2)
It is anwreciated that this 1s raﬁher far reaching
speculation vased on sonmewvhat irregular values but is poésibly~

supported by the Ffollowing owservations: (i) that the
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observed o values were thought to be about 0.1 uait too
nigh, i.e. greater than the order of boad being fomed (Z)
between proton and acetal, therefore briangiangz the  values
nearer the theoretical values of 0.5 vhich is considered
indicative of a symuetrical tranéition_state. (ii) that
maximum isotope effects have beeun observed from pA»X £ O,
although near it (see introduction and ref 121), and (iii)
“that it has been forwarded that the concent of a syanetrical
fransitionhs%ate involving the rupture and formation of

two different Donds becomes someviaat elusive and therefore

d
a = 0.5 may not, in fact, characterise the transition state
for »nroton transfer between two bases of equal strength,.

C o o . - v 158,105
This latter was postulated by Gold and Waterman
‘wno found the £,I.B2., corresnonding to a=0,62 much greater
than that found when a = 0.5 ia the general acid catalysed
hydrolysis of keten acetals.
> . 124 = ] K

Dixon and 3ruice, anon; st others, coancluded that,
if their resulits were not fortuitous, taen transition state
symetry is dedendent on grouand state basicities, although
criticism has been levelled at their experimental evidence
to suvport their claimed maximum S5,T.E, and at the insensi-
tivity of Ky /kD to the symaetry of the transitioa state

in general (see iatroduction and ref.l2l)
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h

It would ne extreaely interesting, therefore, to situdy .

5

he general acid catslysed aydrolysis of bhenzaldehydlc methyl

L

acetyl acylsl (I). ™e relatively small deviation of (I)
froa tiie slone in Granh 13 might indicate that the reaction
mecianism is differente from that observed with The nixed
aryl allkyl acetvals. If this were the case the high 5,1.Es,
k(AcOH)/k(4cOD) = 3,04 and k (AcOH)/k(4Ac0D) = 2,59 would
indicave a rate determining proton transfer mechanism, hov-
ever if the mechanism is constant, these S.I.Es. might be
indicative of s maximum where ground state basicities are

equal,
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RESULTS
The following parameters may be aésumed constant
throughout the following results section unless other-—
wise stated. |

Temperature = 2500 Ionic Strength = 0,050

Absorbance change during hydrolysis measured between
0.D. =0.1 to 0.,D.= 0,9
pH'values of the buffer series were strictly monitored
and the maxinum allowed deviation was 0.02pH units.
The hydrolysis of the compounds was followed by
measuring the release of the aldehydic product~at the
apnroprlate wavelength: |
Benzaldehyde Substltuted—?henyl Methyl Acetals .. 250mp
Substituted - Benzaldehyde Phenyl Methyl Acetals,...

B -NO,; 245 mp P -Me ;3 26l.5 mp
m -F 3 248 mp D =Meo; 278 my

il -Meosy 255 mp
The values quoted in the following tables were

obtained from the generalised least squares programmes
described in. the Kinetic BExperimental Section. Although
these values are given to four figures this does not
reflect the reproducibility of the technique, which |
was usually + 2%, and the last of these figures is there-
fore not significant. . |

Individual p%smeasurements are showvn in Table 107.




TABLE 1 . . lee.

The Chloroacetic Acid Catalysed Hydrolysis of Benz-
aldehyde I'-Titrophenyl Methyl Acetal

[orcm,coom J=lcacrc00 1 /25 pHys = 3010

(an Ju K, 10° sec™ K_.1,10° sec™
0,025 3.650; $.622;5 3.870 3.789
0.020 3.358; 3.3625 3.365 3,366
0,015 3,132; 2,873 2,842
0,010 2.608; 2.582; 2.559 2,518
. 0,005 2,063; 2,030; 2,035 2,094
-1 - -1

kHA = 8.474 x 10 a M . sec 0.85% error

kT 1,671 x 1072 sec™t 0.49% error
TABLE 2

The Formic Acid Catalysed Hydrolysis of Benzaldenyde
m-Nitrophenyl 'ethyl lcetal

[rcoon ] = [HC007]; PHog = 3.565

[m4] u Kgpg 107 sec™t K_,1,10° sec™
0.0225 10.11; 10.19; 10.77 10.39
0.018 9.29%; 9.107; 9.640 9.322
0.0135 8.543 . 8.253
0,008 7.208; 7.5803 7.669 7.185
0.0045 6.,125; 5.941 6,312 6.116

Kpp = 2,374 x lO"1 -1 sect | 1.074 error

I

5.047 x 1077 sec -i 0.61% error

kint




TABLE

The R-Chloronropionic Acid Catalysed Hydrolysis of

Benzaldehyde n-Jitrovhenyl [lethvl Acetal

[(HAIM
0,025

. o:ogo
0:015
0.010
0.005

kHA,=2.3O9 X 1
%ﬂ;4JUﬁxldaswc

TABLE 4

Kobs

103 sec"l

10,36
‘92088;
7.673
6.165;
5.417;

ot x

9.596; 9.333
8.954; 8.715

6.588; 6,546

=1 -1

sec
-1

LC1C0H,CH,CO0H] = [CLCH,CH,C007];  pHpp = 4.00

1
Kcalc

102 sec™

9.382
8.727
7:572
64417
5.262

0.93% error

0.74% error

The Acetic Acid Catalysed Hydrolysis of Benzaldehyde

m-Nitronhenyl llethyl Acetal

[(maTm
0.025

0,020
0,015
0,010
0,005

k) =8.849 x 1072 17l sec™

Kobs

107 sec"l

3.3T4;
3.028;
2.757

2.214;
1.864;

3.412; 30478

3.123; 2,945

2.254;
1.695; 1.555

2,133

14

kit 1.269 x 1073 sec™t

[cr,co0n] = [cH,C007]5  pHyg = 4.675

3 -1
Kbalclo sec

3,482
3.0%9
2,597
2,155
1.712

0.79% error

0,67% error

127,
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The Pivalic Acid Catalysed Hydrolysis of Benzaldehyde
m—-ilitrophenyl Methyl Acetal

[(crs)5cc00m]) = [ (Ci15)50C00™ 15 PH25 = 4.91
(Al Kops 107 sec™ Roglc 107 sec™t
0.025 2.997; 3071 3,061
0.020 2.721; 2.735; 2.667 2.711

0,015 2,%11; 2,280; 2,402 2,361
0.010 1.978; 2.007; 2.087 2,011
.'o.oo5_ 1.747; 1.689; 1.576 1.661
kpp =64998 x 10™2 M- ~1 sec™t 0.86% error
k. =1.311 x 1077 sec"l 0.567 error
TABLE 6

The Deuteroacetic Acid Ca talysed Hydrolysis of Benzalde-
hyvde m=Nitrophenyl lethyl Acetal

Len,co0p 1 = [cH4C007]; pDp5 = 5.14
[aln Kobs 107 sec™t Keale 107 sec™t
0.025 4.1303 4.263%; 4,091 4,119
0.020 3.513; 3.319 3.484
0.015 2.8%73 2.755; 2.890;
2,892 2.849
0.010 20,3623 2.212; 2,129;
2,153 2.215
0,005 1.601; 1.572 } 1.580
kpy =1.269 x 1071 1t sec™t 0.77% error

kit 9.455 x 10~4 sec"l 1,245 error




TAETE 7
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The Hydrochloric Acid Catalysed Hydrolysis of Benzaldehyde

m=jlitroohenyl lethyl Acetal

pHog f 3.10
[E*]M Kops 10° sec™t Kogle 10° sec™
0.001 2,181; 2.156 2,084
0.0008 1.643; 1.674 | 1.678
0.0006 1.255; 1.170 1.271
0.0004 0.9128; 0.8535 0.8646
.0.0002 0.4512; 0,4729 0.4582
KEF = 2,032 x 10" gfl sec™t 0.69% error

k4 = 5.18 x 1074

TABLE 8
The Deuterochloric Acid Catalysed Hydrolysis of Benz-

aldehyde n—7itrophenyl Nethyl Acetal

PD25 = 3.1%
[ 1y Kobs 10° sec™t Koalc 102 sec™t
0.001 2,006; 1.95% 1.985
0.0008 1.59%; 1.509 1.555
- 0.0006 1,176 1.093% 1,126
0.0004 0.6894; 0.7007 0.6973
kﬁﬁ = 2,145 x 10% M-l sec—l 1.24¢% error

k; p ~=2601 x 1070




TABLE 9
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The Chloroscetic Acid CatalySed Hydrolysis of Benzalde-—

hyde m-Bromovnenyl MNethyl Acetal

[cE,c1c00m] = [C1CH,0007]/2;  pHys = 3.10

[ralm Kyps 107 sec™ K 41, 10° sec™
0,025 349555 3.973 5.938
0.020 ' 5.660; 3.6%4 3,553
0,015 3.071 3,168
0,010 2.858; 2,538 2.784
. 0.005 2.444; 2,481 24399
gy =7.695 x 107 17t sect 1.29% error

-1

kin’t:' 2.014 x 10—2 sec 0.64% error

TABLE 10,
The Formic Acid Catalysed Hydrolysis of Benzaldehyde

m-Bromophenyl Hethyl Acetal

- lucoor ] = [rc00T; PHys = 3.565

[EA ] M Kobs 107 sec™t Kealc 107 sec™t
0,027 9.901; 9.932; 9.754 10.148
0.018 8.392; 8.923 8.198
0.009 6.866; 6,058; 5,941 6,247

Ky = 20168 x 107t M’l sec™t  1.28% error

k‘.'Lnt= 4,296 x 10™) sevc""L : ' 1,01% error
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The P~Chloropronionic Acid Catalysed derolens of
Benzaldehyde m-Bromophenvl lflethyl ucetdl

[o1cE,0H,000H | = [CLCEE,CH,C00™ 15 pHé5 = 4,00

[AA] 1 Kobs 107 sec™t Koalc 107 sec™t
0,025 8433 | 8417

0.015 6.701; 6.738 6,670

0.010 5.T75 5.797

kpy T 1,746 x 10 -1yl s}ec"l 2.46% error
ki ¢~ 4.051 x 1077 sec‘l  1.70% error
TABLE 12

The Aoetlc Acid Catalysed Hydrolysis of Benzaldehyde
m-Bromnophenyl lMethyl Acetal

[cr 0008 ] =[CH5C007];  PHpg =4.675 |
[EA] & Kgyg 100 sec™ Kya1e 10° sec™
0.025 1,713 1.731
0.020 1.537; 1.464 1,495
0.015 1.220 1.259
0.010 1.093%; 3.00% 1.023
0.005 0.7530 0.7867

kpy = 40722 x 10‘2g-1 sec—t 1.31% error

Kint = 54507 x 10~4 — 1.53% error
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The Pivalic Acid Caua]ysed Hydrolysis of Benzaldeavde
m-Bromonhenyl Methyl Acetal

[(cr)c coor] = [(cHz)CC007];

(ral m Kobs 107 sec'} Keale 103 sec™t
0.025 1.090; 1,140; 1,132 - 1.132
0.020 1:04%; 0.96293 0.9645 0.9878"
0.015 0.9160; 0.8823 0.8433
0.010 0.7262; 0.6622 0.6989

- 0,005 0.6008; 0.5%38; 0.5064  0.5544

gy, =2.889 x 1077 T see™

kin£f4.099 x 104 sec™t

'0.78%_error
0,6%% error

TABLE 14

The Deuteroacetic Acid Catalysed Hydrolysis of Benzalde-
hyde m-Bromonhenyl lHethyl ACetal

[CH3000D] = [CH3COO]; PDys = 5.14
[pal 1 Kobs 10° sec Keale 107 sec™t
0.025 1.687; 1.556 1.589
0.020 1.261; 1.347 1.348
0.015 1.126; 1,027 1.105
0,010 1,064; 0.7749 0.8629
0.005 0.5788; 046496 0.6207

kpa =4.846 x 1072 1~ sec~t

klnt s

-4 _ -1

784 x 10

0,98% error

1.57¢ error
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The Chloroacetic Acid Catalysed Hydrolysis of Benzalde—
hyde m~-Iiluorophenyl Iiethvl Acetal

[c1om,coom] = [oicmyc0071/25 pHps = 3.10

[(RA] u Kobs 10° sec™™ Koale 10° sec™
0.025 2,981 2.990
10,020 2.,615; 2.648 2,702
0,015 24497 2.415
0,010 © 2,147; 2.207 2,127
-0,005 1.816; 1.785 1.8%9
k. =5.752 x 107 Ig_"l sec™t : 1.25¢% error

int Hh2 X sec

0.57% error
TABLE 16

The Formic Acid Catalysed Hydrolysis of Benzaldehyde
m-Fluorophenyl lethyl Acetal

 [mcoorn] =[mC007]; pHpg = 3.56

(maly Kobs 107 sec™t - Kaale 107 sec™t
0,0225 T.844 ' ' ~ 7.856
0.0180 7.456 7.432
0,0135 6.817; 7.189 7.007
0,0090 6.626; 6.392 | 6,582
0.0045 5.94%; 6,368 6,157

kpp 94439 x 102 r_{'l sec™t ' 2.97% error

-1

kg 2.732 x lO"'3 sec 0.62% error




TABIE 17

134,

The B-Chloropronionic Acid Catalysed Hydrolysis of Benz-

aldehyvde m—Iluorophenyl MNethyl Acetal

[cacmpcroco0m] = [oneHaCHoC007);  pHos = 4.00

(AAT M Kobs 107 sec™ Keale 107 sec™
0.030 5.925; 5.768; 5.544 5.855
0.020 5.234; 4.929 5.038
0,010 433525 4.258; 4,092 4,241
ikHAv = 7,969 % 10"2§§"1 sec™t 0.47% error
’kint=:3k444 x 1077 sec -1 0.34% error

TABLE 18

The Acetic Acid Catalysed Hydrolysis of Benzaldehyde
m-Fluorophenyl lMethyl Acetal

[0}13000}1] = [om,0000;  pHpg =4.675
(2l n Kypg 10° sec™ Kyq1e 10° sec™
0.040 1.562; 1.629; 1.651 1,553
0.030 1.207; 1.355; 1.291 1,307
0.015 0.9353%; 0.8656 0.9%91
0,005 0.7118: 0.6918; 0.6890 0.6936
gy =2.455 x 10-21~1 sec-l | 0.47% error

ki i 56708 x 1074 sec 0.345 error |




TABLE 19
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The Pivalic Acid Catalysed Hydrolysis of Benzaldehyde
m=Fluorophenyl Methyl Acetal

[(cn3)3 cooom] =[(CH%)sC.000"];  pHps = 4,91

[AA] 1 Eyps 10% sec™ Kya1o 107 sec™t
0.025 8.562; 8.533 8.584

0,020 7554 | | 7.573

0.015  6.563; 6.777 6.563

0,010 55773 54388 _ 5.552
kHAF=2.O22 x 1072 gfl sec™t 1.89% error
kin€=3'530 x 10~4 sec™t - | 1.98% error

TABLE 20

The Deuteroacetic Acid Catalysed Hydrolysis of Benzalde-
‘hyde m—iluorophenyl HMethyl Acetal

[CHBCOOD] =[caacooj; PDyg = 5.14
[HA] M - Kous 10° sec—1 Koale 107 secnl
0.025 1.411; 1.430; 1.398 1.409
0.020 1.164; 1.256 1.219
0.015 1,061; 1.013; 0.9628 1.031
0.010 0.9242; 0.8761; 0.9000 0.8416
0,005  0:6063; 0.6642; 0,6452 0.6525
gy =3.783 X 1072 b sec:"'l 0.89% error
k& 40633 x 107% se 0,95 error
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The Hydrochloric Acid Catalysed Hydroleis of Benz-
aldehyde m-iluorophenyl Methyl Acetal.,

pH25 = 3,10 ,
(2] u Kobs 10° sec™ " Kogle 10° sec™
0,001 2.4863 2,472 | 2,377
0.0008 1.778; 1.889 1.884
0,0006 1.394; 1.%46 1.391
© 0.0004 0.9083; 2.8720 0.8978
. 0,0002 0.4175; 0.3983 0.4047
EH = 2.466 x 10% gfl sec™t ' 0.85% error

k. =-8.89 x 10“4 sec“l
int

PABLE 22

The Deuterochloric Acid Catalysed Hydrolysis of Benzalded
hyde m-Fluoroohenyl Methyl Acetal

| _ .
C[D*] X K, 10° sec™ K 1, 10° sec
0,001 2,805; 2.903% 2.873
0.0008 2,13%; 2,229 | 2,191
0,0006 1.495; 1.499 1.509
© 0.0004 0.8323; 0.3435 0.8271L
0,0002 0.1432; 0.1438 ‘ 0.1453
k. = 3,409 x 108wt sect | 0.66% error

D A
1nf" -5.365 x 10 =3 sec




TABLE 23 -
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Tne Chloroacetic AcidCatalysed Hyirolysis of Benzalde-
hyvde n-lethoxy-nhenyl Methyl Acetal

[ cilcm,co0m ] = [ CLem,c007]/2; PHog = 3410

2 -1 -
(A ]M Kops 10 sec Kogle 107 sec™
0.025 4,6T1; 4,509 : 4,579
0,020 4.167; 4.29% 4,276
0.015 3.937; 3.987 3,973
-1 .-1 -1
kHA = 6,062 xlolg sec %.09% error
k. .=7%.064 x 10 2 sec — 1,05%
int 3,004 x 10 sec « 05% error'
TABLE 24

The Formic Acid Catelysed Hydrolysis of Benzaldehyde
m=lethoxyohenyl lethyl Acetal

[HCOOH] = [HCOG] ; DHog = 3.565; Electrolyte KC1

o o a1

[HA] M Kops 10 sec Kogic 10 sec
0.025 1.329; 1,332 - 1.350
0.015 1.252; 1,261 1,236

0,010 1.173; 1,189 1.179

0.005 1,109 1.113 1.122

Ky = 1o142 % 107t Li—lsec-l 3,199 error

k. = 1,065 x 10"2 sec"1 0.47% error

int
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The Formic Acid Catalysed Hydrolysisof Benzaldehyde
n-‘ethoxyphenyl I'ethyl Acetal
[®coon] = [ ECOO I; PHys = 3.565; Electrolyte Na NOg
[HA] M Kobs 10° sec ™ Keale 10° sec”
0,025 1.359; 1.392 1.376
0.015 1.244; 1,265 1.251
0.010 1.215; 1.178 1.188
0,005 1.124; 1,121 1,126
| kgpy = 1.249 x 107t Efl sec™t %.29% error
kint= 1.063 x 1.0--2 sec~2 0.53% error
TABLE 26

TheTFomic Acid Catalysed Hydrolysis of Benzaldehyde

m-lfethoxyohenyl Hethyl Acetal

[HCOOH ] = [EC00 ];

[HA] 1
0.025
0.020
0,015
£ 0.010
0.005

kg

int

2 -1

Kobs 10 sec

1.388; 1l.392
1.358; 1.319
1.28%; 1.254
1.242; 1,219

1,105; 1.171
1.220 x 10'1 M-l sec

1.094 x 102 sec™+

-1

K

PHys = 3.565; Electrolyte NaClO,

2 -1
calcflo sec

1.399
1.338
1.271
1,216
1.155

2.48% erroxr

0,424 error




TABLE 27 : : 139,

The g-=Chloropronionic Acid Catalysed Hydrolysis of
Benzaldeayde m-liethoxv-onenyl llethvl Lcetal

[01CH,CH,C00H ] = [CLCH0EC00™ ]5  pHps = 4.00 |
3 -1 3 -1

[HA] H Kopg 107 sec Kogle 107 sec
Ojagg———— 6.,110; 6,015 6,097
0.020 5.5465 5.766 5,806
0.015. 5.494; 5,619 5.515
0,020 5.4073 5.360 5224
0,005 4.73%; 4.864 42972

Ik, = 5.822 x 1072 gfl :siec"l 3.15% error

kint='4.64l x lO-a_éec 0.535% error

TABLE 28

The Acetic Acid Catalysed Hydrolysis of Benzaldehyde
n-liethoxynhenylllethyl Acetal

'[cH300 E]= [CH,0007]; pHys= 4.675

(HA] M Kops 107 sec™" Kealc 107 sec™
0.025 1.596; 1.574 1.591
0.020 1.431; 1.479 . 1.46%
0,015 1.%%6; 1.350 1.335
0.010 1.217; 1.214 1.208
0,005 1.052; 1,137 1.079
Ky =2¢554 x 1072 gﬁl sec™t 1.19% error

= < -4 -1 cf,
kint, 9.522 x 10” " sec : 0.41% error




TABLE 29 ' : 140,

The Pivalic Acid Catalysed Hydrolysis of Benzaldehyde .
m=Metnoxyohenyl Methyl Acetal,

[(CH3)3O CO0H] = {(0H3)ccodj; PHog = 4491

4 -1 4 -1
[HA] M K g 10 sec Kog1c 10 sec
0,025 9.645; 9,728 9.712
0,020 9.074; 8.692 8.865
0.015 T+838; T.884 8.018
0,010 T39%5 T.136 7.170
- 0,005 6.249; 6.315 - 6.323
Koy = 1.695 x 1072 gfl sec™ 1.45% error
L -4 -1 et
kint~ 5.476 x 10  sec . 0.64% error
TABLE 30

The Deuteroacetic Acid Catalysed Hydrolysis of Benzalde-
hyde m-l'ethoxyphenyl llethyl Acetal ,

[CE5C00D] = [CHzC00]; PDyg = 5.14

. -1 -1
[DA] M K bs 104 sec Keale 104 sec
0,025 8.035; 8,221 8.145
0.020 74362 T.493
0.015 6.925; 6,922 6.842
0,010 6.337; 5.988 6.190
0.005 . 5,625; 5.203 5.5%8
Kpy =1.303 x 1072 E'l sec™t 1.98% error

k.  =4,837 x 1074 sec ™ 0.76% error
int




TABLE 31

The Chloroacetic Acild Catalysed Hydrolysis of

141,

Benzalde—~

nyde Pnenyl llevhyl Acetal

[C1CH,CO0H] = [010H2000 1/2; pH25 - 3.10

mAIH Kobs 10° sec™t Keale 102 sec™t

0.025 4.328; 4,469 4437

0.020 43465 4,244 4,248

0.015 4.044; 4,052 4,059

0.010 3.865; 3.864 3.871

kgp = 3.77L X 107t Mfl sec 2;65%;érror
-1

k;nt™ 3.494 x 1072 sec | 0.67%

T

error




TABLE 32

The Fommic fcid Catalysed Hydrolysis of Benzaldehyde

Phenyl ilethyl Lcetal

int=

[HCOOE ] =[HCOO™]; PHys = 3565
[ HA] Kobs 10° sec™t cale 102 sec™t
0.045 1.318; 1.317 1,317
0,036 1.273; 1.261 1.267
0.027 1.223; 1.214; 1,213 '1.218
_ kHAé= 5¢535 X :LO"2 gfl sec:—l 3.99% error
| k, & 1.069 x 1072 sec™t O.7l§ error
[HA]' M Kobs 10° sec™t ale 102 sec™t
0.027 1.22%; 1.214; 1,218 1,219
0.018 1.161; 1.163; 1.146 1.153
0,009 1.086; 1.082; 1,085 1.086
kHA = To453% x 10™2 g‘l sec™t 2.30%4 error
kin5= 1.019 x 102 sec™t 0.31% error
for [HA] = 0.045 to 0.009;
| kyp =6.610 x 1072 Efl sec.:"l 1.42%}error
k. . =1.031 x 1072 sec™" 0.22% error
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TABLE 33

The B-Chloronronionic Acid Catalysed Hydrolysis of Benz-
aldehyde Phenyl llethyl lcetal

[c1croCHLC008] =[C1CHLCALC007); DHp5 = 4.00

(AA] » Kobs 10° sedt Koale 10° sec ™
0.030 8.027; 7.791 7.84%
0.020 T.341; 7.220; 7.303 7.357
10,010 6.959; 6.872; 6.872 6.870

kpp = 4.865 x 1072 gflsec"l 3.18% error

1

k 6,384 x 102 sec” 0.49% error

int™
TABLE 34

The Acetic Acid Catalysed Hydrolysis of Benzaldehyde
Phenyl MNethyl Acetal

[CHgCOQH]={CH3006]; szi = 4.675
3 —

(BA] 1 Kops 107 sec K a1e 10° sec ™

0.025 1.342; 1.%39 1.348

0.020 1.2845 1.309 1.284

0.015 1.2093 1.220 1.219

0,010 11,143 1.155

0.005 1,092; 1.099 ‘ 1.090

kg =1.290x 1072 M‘—lsec~l 1.85% error
= 1,026 x 10~3 sec—t 0.%65% error

kint




TABLE 35

The Acetic Acid Catalysed Hvdrolysis of Benzaldehyde

lﬁf 4‘ L]

Phenyl I'etiiyl Acetal

[cE5000H] = [CE5C00];  pHp5= 4.46; Ionic Strength 0.100

[HA1 1 Kobs 107 sec-'l
0.010 1.351; 1,352
0,020 1.455; 1,482
0.030 1.630; 1.638
0,040 1.752;5 1.718
0.050 1.875; 1.878
kg = 14352 x 1072 gﬁl sec ™

= 14207 x 10™3 sec™t

(AT M Kobs lO3 sec'-l
E:EE;;-— 2.1473. 2.149

0,080 2.2593 2.243%

0.090 2.232; 2.326; 2.338
0.100 2.4265 2.473; 2.407

gy = 94485 x 10772 gfl sec™L

= 1,474 x 1072 sec™t

k in:
for [HA]=0,010 to 0,100
kgy = 1.242 x 10 M sec

- -3 .-l
kintz 1.231 x 10 “ sec

Keoale 103 sec

-1

Kcalc

1,342
1.478
1.613
1.748
1.88%
1.227% error

0.37% error

‘ -1
103 sec

2.138
2,233
2.%28
2.422
3,51% error

1.91% error

0.54% error

- 0,274 error




TABLE 36 ‘ 145,

The Pivalic Acid Catalysed Hydrolysis of Benzaldehvde
Phenyl llethyl Acetal

[ (CH3)=C.CO0H ]=[(CH3)3000" J; pHos = 4.91

[HA] M Ky 107 sec™ Kyp1o 107 sec™
0.030 8.3%5; 8.,07%; 8.589 3.3%4
0,020 Te439; T.834; T.531 7577
0.010 6.67635 6.785; 6.949 : 6.819
kgp = T.573 X 1072 gi_'l sec_l 2.12% error.

-1

ki 6.063 x 1Q"4 sec 0,464 error

TABLE 327

The Deuteroacetic Acid Catalysed Hydrolysis of Benzaldehyde
Phenyl lMethyl Acetal

- [CH4C00D] = [ CH5000™ J; pDyg = 5.14

[pA] M Kobs 104 sec™t K.olo 104 sec™t
0.025 7.008; 6.864 7.028
0.020 6.544; 6.529 6.525
0.015 6,223; 6.104 6,023
0,010 5.6265 5.,491; 5.608; 5.519
5.267 | |
0.005 5.06935 4.955; 4.995 5.017
kg = 1.005 x 1072 gt sec™ 1.61

k.i.nf 4,514 x 10”4 sec™t 0.55




TABIE %8. 146,

The fydrochloric Acid Catalysed Hydrolysis of Benzalde-—
hyde Phenyl llethyl Acetal :

+7 1 2 -1 ‘ TA2 can=t
[ET] 1 K ps L0 sec K. g1c 107 sec
0.0008 2.891; 3.154 3,092
0.0006 2.234 2,267
. 0.0004 1.402; 1.,40% - 1.441
0.0002 0.6015; 0.6422 0.6155

I+ = 4,129 x 107 1™ sec™ 0.69%

-1 -

ke -2.100 x 107 sec

TABLE 39

The Deuterochloric Acid Catalysed Hydrolysis of Beaz-—}
aldehyde Phenyl HMethyl Acetal

pD25 = 3.1% - .
[D:+] M Kobs 102 sec™ Koalo 10° sec™t
0.00L 5,816; 6.060 Y 6,102
0.0008 4.694; 4.798 4,639
0.0006 5.210; 3,232 3.178
0,0004 1.672 1,715
0.0002 0.2519; 0.2546 0,2532
kyt = T.311 x 10t 1t hsec"':L 0.65% error

k. =-1.2086 x 102 sec™t
int




147,
TABTE 40 ol

The Chloroacetic Acid (207-Dioxan; 80%-Water;v/v)
Catalysed Hvdrolvsis of 3engaldehyde Phenvl Methyl Acetal

[ CLCH,C00H] = [C1CH,C007] /25 T=40°C; pHyq = 3.21

2 -1 2 -1
[HA] M Kops 10" sec Koa1c L0 sec
0.020 4,409 4.376
0,015 : 4,007; 4.009 4,063
0.010 3.845;5 3.751 3.750
0.005 . 3,414 3437
L kHA = 6.255 x 10 T I 7 sec 2,92% error
' =2 -1 :
k4= 30124 x 10 sec 0.69% grror
TABLE 41

s 807 - Vater; v/v)
e Ulvohenyl Acetal

The Chloroacetic Acid (204 -~ Dioxan
Catalysed FEvdrolvsis of Benzaldehyd

[ C1CH,CO0H ] = [C1CH,C007]/2; T - 40°C; PHyq = 3.21

[HA] M Kops 10° sec™ Kealo 10° sec

0.025  3.161; 3.198

0.020 3.069; 3.086 3.076

0,015 %.012 2.954 .

0.010 2.831; 2,863 2.833

0.005 | 2,667 2,711
kﬁA;=2.435 x 1073yt sec™t 3.97%‘error
X, =2.58) x 10~% sec™t 0.6%% error

int




r43,
TABLE 42 '

The Chloroacetic Acid Catalysed Hydrolysis of Benzalde-
hyde n-lfethyl-nhenyl lethyllicetal

[ CL CHLCOOH J= [CLCH,C007]/2; PHog = 3.21

[HA) 1 Kops 102 sec™t Kpnje 10° sec™
$0.025 6.40%; 6.435; 6.389 6.389
0,020 6.2%2; 6.081; 6.085 6.152
0,015 5.9343 5.842; 6,024 5.914
0.010 5.704; 5.670; 5.653 5,676
gy = 4,755 x 107 M—l sec-'l 4.31% error
kint= 5.200 x 1072 sec™t 0.68% error
TABLE 43

The Formic Acid Catalysed Hydrolysis of Bengzaldehyde
p-rietnylohenyl lethyl Lcetal .

[HCOOH] = [HCOO™J; PH__ = 3.565
222 1 2 -l
[FA] M K g 1O sec K..7, 10 sec
0.025 1,562; 1.559 . 1565
0.020 1.502; 1.514; 1.469; . 1.504
1.477
0.010 1,417 1.384
0.005 1.339; 1.306; 1.317; 1.323
| 1.317
kppy = 1.208 x 10~1 y-1 sec-l ' 1.99% error
L |

1.263 x 107° sec™ 0.28% error

I{int :




TABLE 44

The 8-Chloropropionic Acid Catalysed Hydrolysis of

Benzaldehyde p-etnylohenyl Metayl Acetal

[ C1CH,. CH,CO0E ] =[ C10H ,CH,000~); PHyg= 4400

[FA] M Kops 107 sec™
0.025 9.325; 9.472; 9.523%;
9.394
0.020 9.20%; 9.064; 8.862
0.015 8.591; 8.724; 8.859
ﬁ' 0,010 8.26%; 8.289; 8.351
1 0.005 7.951; T7.965; T.844;
, T897
Ky = T.521 1072 Efl sec™™

-1

kint = T.549 x 1072 sec

TABLE 45

The Acetic Acid Catalysed Hydrolysis of Bengaldehyde

-1

K 103 sec

calc
9.429

9.054
8.678 -
8.3%02

7.926

2.16% error

0.34% error

p-lethylphenyl liethyl Acetal

lomsco0r] = [cE,C00T5  pHys = 40675

[EA] M K ps 10° sec™t

0.025 1.,5203 1.5403 1.563

0.020 1.460; 1.424; 1,466

0,015 1.438; 1.367; 1.392

0.010 1.309; 1,287

0,005 1.304; 1.258; 1,24%
oy = 1,322 x 1072 a1 seol

3 -1

k 1,201 x lO- sec

‘ ’ 1
Koale 103 sec

1.532
1,465
1.399
1.333
1.267
2.127 erfor

0.38% error




TABLE 46 150,

The Pivalic Acid Cavalysed Hydrolysis of Benzaldehyde
p-liethylphienyl Methyl Acetal

[(053)30000H] = [(CH5)4CC007]; pPHpg = 4.91

[HA] X K.y 10% sec™ K,,1o 10% sec™
0.025 9.135 9.178
0,020 8.864 8.903
0.015 8.T9T - 8.629
0.010 8.580; 8.174 8.354
. 0,005 8.182; 74907 8.079
kgp = 5.493 x 1077 E"l sec™t 4;05% efr9r
kint:z 7.805 x 10~% sec~t 0.42% error
TABLE 47

The'Deu%eroacetic Acid Catalysed of Benzaldehyde
p-llethylohenyl lethyl Acetal

. ‘ = -v ; = .l
{bH3coon] [cnacoo] PD,c = 5.14
ba]lum K 107 sec™t K 103 sec~l
- = obs .calc
0.025 1.69%; 1.70%; 1.718 1.735
0,020 1.658; 1.649; 1.622 1.633
0.015 1,555; 1.5%8; 1.519 1.532
0.010 1.417; 1.459; 1.479 1.430
0.005 -~ 1.309; 1.282; 1.327 1.328
EDA‘= 2,0%3 x 10-2 1=t sec—Lt 1.75%4 error
= -3 nn=lk ' 4
k, ,=1.227 x 10 7 sec 0.41% error

int




TABLE 48

151,

The Hydrochloric Acid Catalysed Hydrolysis of Benzalde-

nyde p-lietnylonenyl lethyl AcCetal

4 2 =1
[HE*Y]M K, pg L0° sec
0.001 5.6503 5,589
0.0006 3.2725 3237
0.0004 2,119; 2.134
- 0.0002 0.9681l; 0.9639

kt= 5.765 x 167 W sec™t

= -3 =l
kint"l‘846 x 10 sec

TABLE 49

L2
KCalc 10° sec

5,580
4,427
3,274
2,121

0.9682

0.64% error

The Deuterochloric Acid Catalysed Eydrolysis of

Benzaldehvde »n-lletnylonenyl iethyl Acetal

PD,y= 3153
[p*] M Kobs 10° sec™t
0,001 8.3223 9.005
0.0008 6.7205 6,734
0,0006 444145 4,512
0.0004 2.480; 2.378
0.0002 0.4498; 0.4286

lepf= 1,028 x 102 -1 sec-1

kint"l'628 x 10 sec

Keale 10° sec™t

84650
6.595
4,539
2,484
0.4280

0.63% error




TABLE 50 | | 152,

The Chloroacetic Acid Catalysed Hydrolysis of Benzalde-
hyde p-llethoxy Pheayl lMethyl Acetal

[crca,co0m] = [o1cH0007]/2; pH = 3.10
[HA] M Kons lO2 sec-l Keale 102 -1
0.025 8.90%; 9.118 8.979
0.020 8.313% o 8.334
0.015 7.589; 7.684 7.688
0,010 7.103; 7.010 7.04%
0,005 6.391; 6.41% 6.398

EHA = 1,291 x 10° I sec 1.48% error

-2 o1

k4= 5.752 x 107 0.39% error
TABLE 51

The Formic Acid Catalysed Hydrolysis of Benzaldehyde
p-ilethoxyvhenyl liethyl Acetal

[HCOOH] =[HCOO]; DHyg = 3.565

(mAlw Kops 102 sec™t Koale 10% sec™
0,0180 2.326; 2.296 2.329
0.0135 2.2535 24252 2,239
0.0090 2,167; 2,197 2,149
0.0045 2.,051; 2.043 2,060 .

kg =1.989 x 107t ﬁflsec"l 34355 error
Iy 1,971 x 1072 sec™t 0,415 error




TABTE 52 153,

The R-Chlorooropionic Acid Catalysed Hydrolysis of Benz-—
aldehyde p-"etnoxyonenyl llethyl Aceval

beketd S

[CLCH,CH,CO0H] = [CLCHLCHLC00 15 pHog = 4.00

[FA] 1 Kobs 10° sec™t Koale 102 sec™t
0.025 2.205; 2.148 2,178
0.020 2,094; 2.144 2,108
0.015 2.088 2,036
0.010 1.972; 1.9%9 1.965
0.005 1.933; 1.843 1.894
kpp = 1.422 x 10-1 i—l sec~1 2.%%% error
ki 4= 1.823 x 1072 sec™ | 0,27% error
TABLE 57%

The Acetic Acid Catalysed Hydrolysis of Benzaldehyde
p-Hethoxyphenyl Methyl Acetal

[cr3c00m ] = [CH30007); pHo5 = 4.675; Electrolyte KCl

FEATM Kobs 107 sec™t Keale 107 sec™t
0.025 2,231; 2,192 2,219
0.020 2.154; 2.149 2137
0,015 2,042; 2,055 2,055
0.010 2,006; 1.931 1.973
0.005 1.911; 1.897 1.890
kya = l.648 x 1()"'2 gﬁl — 3,114 error

k L - 0,462 error

int= 1.808 x 1077 sec”




TABLE 54

The Acetic Acid Catalysed Hydrolysis of Benzaldehyde

p-llethoxyphenyl Neunvl icetal

lcr50008 ] =[ CH5C00]; PH,5 = 4.685; Electrolyte NaNOg

[Ral u
0.025
0,020
0,015
0.010
0.005
kgp
Kint =

TABLE 55

1.630 x 10~
1.898 x 10

Ky 100 sec™t

2,3463 2,243
2.207; 2,209
2.161;
2,0%34; 2,094

1.969; 1.968
2

-3

24152

Eflsec

-1
sec

-1

Heale

107 sec"l

2.306
2.224
2.14%
2,061
1.979
34334 error

0.42%'efror

The Acetic Acid Catalvsed Hydrolysis of Benzaldehyde

p-lethoxypnenyl Heuayl Acetal

[CHBCOOH]=[CH3000-ka25 =4,6953 Electrolyte.N30104

[HA] 1
0,025
0.020
0,015
0,010
0.005
gy =
kintf-=

1.677 x 10

K 10° sec

obs

-1

2.307; 2.290
2,223

2.135; 2,165
2,081y 2,076

2,008
—2 -1 g

-3

1.902;

-l
1.891 x 10 “sec

ot

Kbalc

lO3 sec:"l

2.310
24226
2.142
2,059
1.975
3+ 08% efror

0.%8% error

154,




TABLE 56 155,

The Pivalic Acid Catalysed Hydrolysis of Benzaldehyde
p-liethoxyphen7l Ilethyl Acetal

[(CHz)%C.CO0H] = [(CH3)5C.C007); PH = 4.91
, 3 =1 3 -1
. [HA] m Kobs 10 sec Kecalce 10
0.025 1.26%; 1,254 1.277
0,020 1.219; 1.228 - - l.215
0.015 1l.144; 1,185 1.154
0,010 1,121; 1,092 1,092
0,005 1,0465 1.00% 1,031
: -2 =1 -1
kpg = 1.229 x 10 M sec 1,544 error
-4 . ' .
kint=: 9.69% x 10 . sec 0.26% error
TABLE 57

The Deuteroacetic Acid Catalysed Hydrolysis of Benzalde—
hyde p-liethoxyohenyl ITethyl Acemal .

[cr 3c:oon] = [01—13000']; pDys= 5.14

[EA] 1 K. 10° sec™ K., 100 sec™
0.025 | 1.209; 1,224 1.229
0,015 1,147; 1.118 1.121
0.010 © 1.074; 1.089 1.067
0.005 1,009; 0.9963% 1.013

kHA = 1,078 x 10-“2 g—l secm:L 2.2%% error

k = 9,594 x 10-'4 sec""l _ 0.%8% error

int




TABLE 58 - 156,

The Hydrochloric Acid Catalysed Hydrolysis of Benzalde-
hyde v-ilethozyphenyl Methyl Acetal

pH25 = %.10

[2Y] 1 Kops 10° sec™ Kealo 10° sec™
0,001 9.090; 7.733 8.511
0.0008 742925 54952 6.728
0.0006  4.83%; 4.906 44945
0,0004 3.089; 3.22%; 3.619 3.162
0.0002  1.417; 1.468; 1,198 . 1.379

kgt= 8,914 X 10T g’l sec ™™ | 0.61% error

11't-4'04 x 10 X sec-l

TABLE 59

The Deuterochloric Acid Catalysed Hydrolysis of Benzalde-
hyde vp-l'ethoxyohenyl lfethyl Acetal

1 -1 1 =1
[(pYu Kops 10 sec Kog1c 10 sec
0.001 1.3565 1,354 1.344
0,0008 1.034; 1.043 1.038
0.0006 0.7407; 0.7256 - 0.7313
0.0004 0.3874; 0.4478 014249
0.0002 0.1210 , 0.1185

- -1 :

kpi= 1.532 X ZLO2 M t sec 0.72% error
2 -

k -=-1.879 x 10~ sec
int _




TABLE 60

The Chloroacetic Acid Catalysed Hydrolysis of m-Nitio=- .

benzaldehyde Phenyl etnyl Lcetal

[ c1 cuycoom]=[c1cn,c007]/25  pHpg = 3,10

3 -1 3 -
[HA]l 1 Kops 107 sec Kog1c 10° sec
0.025 1,919; 1.932; 1.885 1.919
0,020 1.,810; 1.819 1.821
0,015 1.7265 1.747 1.723
0,010 1.621; 1,639 1.624
0.005 1.492; 1.51%; 1.542; 1,473  1.526 |
-2 =1 -1
kg, =1.968 x 10 M sec 2.57% error -
3 ool )
klnﬁ‘l 428 x 10 0.59% error
TABLE 61

The Formic Acid Catslysed Hydrolysis of m-Nitro-
benzaldehyde Phenyl liethyl icetal

[HCOOH] = [HC00™]; DH25 = 3.565

- -1
[HA] i Kobs 104 sec L Keale 104 sec
0.027  4.504; 4.464; 4.464 43467
0.018 4435635 4.375 4.3%4
0.009 4.2225 4,210 4201
ko= 1,476 x 1077 g—l sec™t 4.76% error
-1

k= 4.068 x 107% sec 0.77% error

1

—

7o




TABLE 62

The B~Chloroprovionic Acid Catalysed Hydrolysis of
n-Nitrobenzaldehyde Phenyl letnyl Acetal

lereom,cr,co0m] =[0LCHECHL0007]; DHps = 4400

-1 -

Al Kops 10* sec Keale 10% sec™t
0.025 2.007; 1,850 1.927
0,020 1.907; 1.879 1.872
0,015 1.732 1,817
0.010 1.791 1,762

-3 -1 -1 '

Kegy =1.105 x 10 3{,_5_ sec 7.47% error

k‘in%: 1.651 x 10.4 sec‘l . 0.95% error

TABLE 63

The Acetic Acid Catelvsed Hydrolysis of m-Nitrobenz-

aldehyde Panenyl lletayl Acetal

[cr;Co0m] =[0H,C007f PHyg = 44675

(HA] 1 Kobs 105 sec " Keale 10° sec
0.025 4.5%6; 4274 - 4.396
0.020 4,298; 4.269 4,26%
0.015 4.087; 4,112 4.130
0,010 3,942; 3,989 3,997
0,005 3.930 3.865
-4 -1 -1 |
kHA=2.656 x 10 I  sec 4,094 error

K, E3.752 x 10-5 sec 0.49¢ error

L5

-~




TABLE 64 159,

The Pivelic Acid Catalysed Hydrolysis of m—Nitrobenz-—
aldenyde Phenvl Ilfethyl ACetal )

[ (CH3)5C.CO0H] = [(CH3)%C.C007]; pHos = 4.91

(RA] 1 Kobs 10° sec™t Konle 107 sec™t
0.025 2.281; 2.254 2,261
0.020 262375 24215 2.225
0.015 2,179; 2.173 2,183
0.010 2,144 2,151
f0;005 2,127 2.114

kHA = T.387 X 10“5 Eflsec-l 5.C0% error

kint™ 2,077 x 10'-5 s;ec":L 0.88% error

TABIE 65

The Deu%eroacetic Acid Catalysed Hydrolysis of m-Nitro-
phenyl Methyl Acetal »

[ orzc00m] = [omsc007]; PDyg = 5.l4

[DA] 1 K, 10° sec™ K, 107 sec™
0:025 4,3043 4.359 44299
0,020 4,115; 4,131 4174
0.015 4,085 4,049
0,010 3.866; 34926 3.923
0.005 3.8563 34799 3,798
kpy = 2.504 % 1074 Efl sec™T 5.57% error

- =1 ) ;
kst =3.673 x 10 2 sec 0.72¢5 error




TARTE 66

The Fvdrochloric Acid Catalysed Hydrolysis of m-Nitro-

benzaldenvae Pnenyl Methyl scetal

R K w"103 sec™t
[e)e]S]

0.001 1.4185 1.483

TABLE 67

The Chloroacetic Acid Catalysed Hydrolysis of m-Fluoro-—

~ beanzaldenyde rnenyl l'efhyl icetal

[c1icm coom] = [C1CH,C00™ ] /23

2 -1
[HA] M Kobs 10 sec
0.024 10.655 11,143 10.76
0,020 10.00; 9.351
0.010 8.827; 8.912
0.005 T.734; T.882
1 H_l sec—l

—

k = 1.456 x 10~
HA 456 x

. )
kint= 7f229 x 10 sgc

pH - = 3.10

25 ;

2 =1
K 10 sec
calc

10.87
10.14
9,417
8.685
T.957

1.31 error

0.33% error

160,




TABLE 68 ' 161

The Formic Acid Catalysed Hvirolysis of m=-Fluoro-
benzaldehyde Pnenyl Methyl /icetal

[HCOORT = [HCOO™); pHps = 3.565

(AT M K, 10° sec™ K, 10° sec™
0.0225 2.605; 2.662; 2.633; 2.641
2.669 |
0.0180 2.491; 2,576 2,552
0.0135  2.540; 2.472; 2.469 2,462
0.0090 2.%61; 2.311; 2.373 2,372
' 0.0045 2.254; 2.349 | 2,282
kgy = 1.994 x 10™2 ﬁrl sec
k., = 2.193 x 10'-'3 sec >
PABLE 69

The B—Chloronronionic Acid Catalysed Hydrolysis of
m=Fluoroocnzalaehyde pPhenyl Hethyl Acetal

[ C1CH ,CH ,CO0H] = [C1CH,0H 0007} Pl = 4.00

[HA] M K, 107 sec™ K 10 107 sec™

0,020 1.241; 1.203% - 1.212

0.015 1.145; 1.173 1.16%

0.010 1.129; 1.116 1.114

0.005  1.057; 1.061 1,065
kpp=9.816 x 10™2 ﬂ‘l sec™L 4,49 error

k£ 1.016 x 1072 sec™* - 0.54% error




TABLE 70

162,

The Acetic Acid Catalysed IUdrolys:Ls of m-*luorobenzalde—

hyde Paenyl llethyl Acetal

Lerscoon] ={0H3000"]; DHp5 = 4,675

[EA] 1 K. 10% sec™ K, 10% sec™
0.025 2.617; 2.589 2,614
0.0620 24546 24504
0.015 2.238 2,395
0,010 2.34%; 2.167 2.286
0.005 2.185; 2,196 2,177

k2,185 x 10'313"1 sec™1 4,244 error
k; £2.067 x 10~4 sec"l 0.79% error

TABLE T1

The Pivalic Acid Catalysed Hydrolysis of m-Fluorobenzalde-—

hyde Paenyl llethyl Acetal

[(0113)30.00051]=[(CH3)3c.coo*]; PHos = 4,91

[rA] 1 s 104 sec™t K.ale 104 sec™t
0.025 1.609; 1.479 1.537
0.020 1,445 1,459
0.015 1.369 1,381
0.010 1.286; 1.409; 1,28% 1.303
0.005 1.235 1,224

kHA=1.563 x 1070 I;.E_'"l sec™t 2.45% error

~4 sec™t 0,66 error

k. =1.,146 x 10
int




TABLE 72 163,

The Hydrochloric Acid Catelysed Hydrolysis of m~Fluoro-
benzaldenyde Poenvl I'ethyl Acetal

pH25 = 3,10

3 -1 3 -1

[H¥] I Kopg 107 sec Kogle 107 sec
001 8.6765 9.159  9.182
.0008 7.6493 6,853 ., 7.219
.0006 6.067; 5.341 5.256
.0004 53,2093 3.225 3.29%
.0002 1.522; 1.199; 1.272 1.3%0

kH+ = 9,315 x 10° gfl sec"l » 0.63%5 error

‘ -4 -1

kint_~ -6.3% x 10 sec

TABLE 73 .

The Deuterochloric Acid Catalysed Hydrolysis of m-Fluoro-
benzaldenyde Phenyvl liethvl icetal

. PHyg = 3013

[P 1 Kops 10 seo ™" Keale 10° sec™
0.001 1.3293 1.370 1.397
0.0008 1.080; 1,115 1.08%
0.0006 0.7326; 0.8395 0.7698
0.0004 0.42805 0.4485 0.4564
0,0002 0.1499; 0.1376 0.1429

kot = 1,567 x 10" Il sec 0.6%% error

= 1,706 x 1077 sec




TABLE 74

164,

The Chloroacetic Acid Catalysed Hydrolysis of m-Methoxy-—

benzaldehyde 2henyl lethyl Acetal

[CH,C00H]= [CH

(AT 1
0.025
0,020
0,015
0,010

g =

K™

TABLE 75

500071/2; l?H25:= 3,10 . )
Kobs 10" sec Kcalc 10" sec

3.629; 3,587 %3.584
3.398; 3,405 3434
3.358; 3.342 3.284
© 3.1063 34130 3.134
R R | s

2,999 x 10 ~ I T sec 3.,63% error

2,834 x 1072 sec™t 0.64% error

The Formic Acid Catalysed Hydrolysis of m-Methoxybenz-

aldenyde Phenyl Methyl Acetal

[BcooH] = [HCOO™];

[8A] u
0.025
10:020.
0.015
0.010
0.005

7.892 x 10

kint=

K lO3 sec

abs

1

10,01; 10.02
9,463; 9.882
9.302; 9.101
8.917; 8.715

8.271; 8.400

-2
3

sec

H"l sec

-1

-1

Kéalc

szs = %.565; Electrolyte KOL

107 sec"l

10,06
9.629
9.195
8,760
- 8,326
'1;95% error

O. 33‘/’; erroxr




The Formic Acid Catalysed Hydrolysis of m-Methoxybenz-—

aldehyde Phenyl llethyl Acetal

[Bcoor] =:[HC00™];

PHp5 = 3.565;

Electrolyte NaN03

3 -1 3 ~1

[BFA] It K,pg 107 sec K.q1o 107 sec
0.025 10.02; 10,08 10.26
0,015 9.5765 9.309 94433
0.010 9.206 9.018
0.005 . 8,166 84603

kHA'== 8.295 x 1072 Mfl sec” 2.97% error

-3 - '

kint== 8.189 x 10 ~ sec 0.52% error

TABLE 77

The Formic Acid Catalysed Hydrolysis of m-Methoxybenz-

aldehyde Phenyl llethyl Acetal

[ECOOH] = [HC00™]; DpHps = 3.565; Electrolyte NaClo4.
_ 3 -1 3 -1

[FA] M K g 107 sec K g1c L0~ sec

0.025 10.,11; 10.23 10.38

0.020 10,025 9,907 9.930

0.015 9.3743 94594 9.484

0.010 9.289;5 9.409 »9;037

0.005 8.274; 8.294 8.591 |
ke, = 8.928x 1072 Efl sec™t 1.903%% error
kip = 8.144 x 1072 sec™t 0.36% error

165.




TABLE 78

The B~Chlorooronionic Acid Catalvsed Hydrolysis of
m=tiethoxyobenzalcehyde Phenvl ethvl Acetal

[c1cm,.cH,.CO0E] = [C1CH,.CH,. CO07]; DHpg = 4.00

[HA] M Kobs 107 sec-l Koale 103 sec™t

0.025 4.452; 4,482 4 477

0,020 4,268; 4,295 4.294

0.015 4,005; 4,171 4,111

0,010 %.999; 3.921 3.927

0.005 3.703; 3.713 3744
kHA:=5.667 x 1072 gfl sec'1 2.73% error

= oz =3 on—t 467 ex

kint %.561 x 10~ - sec 0.46% efrgr

TABLE 79

The Acetic Acid Catalysed Hydrolysis of m-lethoxy-—
benzaldenyde rhenyl lethyl Acetal

[CH,CO0H]= [CF,C007]; Dy = 4675

[EA] M Kobs 10* sec™ Koale 10% sec™t

0.025 10.21; 10,04 10.01

0.020 9.496; 9.560 9.528

0.015 B.T47; 9.156 9.046 .

0.010 8.330; . 8.564

0.005 8.153; 8.045 - 8.082
kyp=9.638 x 1073 11 sec-l ~ 2.16% error

k‘n€=7.6oo x 1074 sec™t 0.38% error

L
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167,
TABLE 79(a)

The Deuteroacetic Acid Catalysed Hydrolysis of m-Methoxy-—
benzaliehyde Paenvl lletnyli iLcetel

[CHECOOD] = [cn3coo 13 PH,s = 5014

[DA] 1 K us 10% sec™t Koale 10* sgc—l
0.025 5.469; 50291  5.368
0.020 5.011; 4.923 4.9%4
0.015 4.3833 4.494 44501

kbA = 8.667 x 1077 1{1 sec™t 5.29¢% error

k., =3.201 x 1074 sec
~int

2,984 error




TABLE 30

The Pivalic Acid Catalysed Hydrolysis of m-Methoxy-—

benzaldehyde Phenvl "ethyl Acetal

[(015)50.000R] = [(075)50.0007]5 9% = 4.91
[EA] u Kopg 10 o™ Koaio 10% sec™
0.025 547843 5.492 5,501
0.020 543595 5.009 5.138
0.015 444615 4,710 4;775
0,010 4.188; 4,508 4412
0,005 4.26% 4,089
kHA = 7.259 x 1077 z“l sec™t 1,98% error
-4 o oL

TABLE 81

0,624 error

The Chloroa oetwo Acid Catalysed Hydrolysis of D-Meth]1~

benzaldehyde Phenyl lMHethyl Acetval

[crcroC00m] =[C10HC007]/2; pHos = 3.10

[HA] M Kops 10l sec“l Keale 10l sec
0,025 1.7%46 1.324
0,020 1,178; 1.204; 1,220 1.218
0.015 1,172; 1.162; 1,051 1,111
0.010 11,0093 1.009 ; 1,004
0.005 0.9121; 0.96965 0.7559; 0.8979

0.8947 |

lpy = 2.131 % 10° gfl sec™t 1.79¢% error

1

k, = 7.914 x 10° =2 o™t 0.64% error
int - .




TABLE 382

The Formic Acid Catalysed Hydrolysis of p-Methylbenz-

aldehyde Phenyl [lethyl Acetal

[rC00E ] = [HCO0™ 15 pHos = 3.565

- 2 1 o a1
[HA] ¥ Kobs 10° sec Kﬁalc 10° sec
0,025 4,9302; 3,826 4,278
0,020 3,798; 4.506; 4.149 4,096
0.015 4.171; 3.496 3.914
0,010 33,7795 3.595 3,732
0.005 3.8%23 3.442 34549
-1 -1 -1 ‘ :
kppy = 3.644 x 10 UK  sec 3.98% error
Iy = 3.3%67 X 1072 sec | 0.60% error
TABLE 83

Thé-B-Chloroperionic Acid Catalysed Hydrolysis of p-
Methylbenzaldehyde Chenyl lletnyl Acetal

[c1cH,0H,0008] =[CLCH,CH,C00™ |; PHyp = 4400

[HA] M K, pg M0Zsec™ K a1 10° sec™t
0.025 3.200; 3.141 | 34137
0.020 2,912; 2.963%; 3.005; 3,019
3. 147 ' |
0,015 . 2.851 24902
0,010 - 2,819 2,784
0,005 2.729; 2.644; 2,641 2.666

kgp = 24351 X 107t r;z"l sec ™ 3.69% error

k. .= 2,549 x 10—2'éec -1 . 0.54% error

int

169,




TABLE 84 17o.

The Acetic Acid Catalysed Hydrolysis of p-Methylbenz-
aldehyvde Pheavlliethyl Acetal

[61,0008] =[CH50007; DHps = 4.675

[HA] I K . 107 sec™t K 107 sec™t
= obs calc
0.025 3.420; 3951  3.8%9
0,020 3,2165 3.345 %4293
0,015 245355 3.051 2747
0.010 2.,166; 2,173 2,201
-1 =1 -1
gy o= 1.092x 10 H 0 sec 1.82% error

-1

k¢ = 1.109 x 10"3 sec 2.59% error

TABLE 85

The Pivalic #cid Catalysed Hydrolysis of p-Methylbenz—
aldehyde Phenyl lMethyl Acetal A

' [(CHs)BG.COOH]=[(CH3)50.COO-]; pHos = 4491

[HA] M Kobs 10° sec . Keale 10° sec-l
0.025 2.557; 2.5%3 2.546
0,020 23213 24333 2,322
0.015 2,063; 2:135 2,099
0.010 1.817; 1.815 1.875
0.005 1,661 1.652

kHA = 4,469 x 10~2 gfl sec™t 1,345 exrrox

kint= 1.428 x 10"‘3 seo‘l 0,604 error




TABLE 86 171,

The Deuteroacetic Acid Catalysed Hydrolysis of p-liethyl-—
benzaldehvde Phenyl lMetayl /Lcetal

[ca,c00p]=[CE5C00-]; pDy5= 5.4

[DA] X Ko 10° sec K .1, 10° sec™
0,025 1.835 : 1.795
0.020 1.529; 1.697 | 1.639
0,015 1.42% 1.484
0,010 1.404 | 1.329
0,005 1,178; 1.165 1.173
Ik, = 3.110 x 1072 1t sec™t 1,664 error
king= 1.018 x 103 sec™t 0.66% error
TABLE 87

Tﬁé ﬁjdfocalorlc Acid Catelysed Hydrolysis of p ethyl-
benzaldenyvde Phenyl lethyl Acetal

pH25 3410
|H+| Kobs 10"l sec":L
0,001 1.083; 1.082
TABTE 88

The Deuterochloric Acid Catalysed Hydrolysis of p-Methyl-
benzaldenvde Phenyl llethyl Acetal v

= 3.13

PD o
R |

+
[D*] Kops 10 sec

0,001 1.178; 1.109




TABLE 89 r72,

The Chloroacetic Acid Catalysed Hydrolysis of »-Methoxy-
benzaldenyde Paeayl Methyl fcetal

[Cr4C00){oE,,0007] /2; pE = 3,10

[ma] © ¥ 10" sec~]2'5 K 10" sec™t
—= obs calc
0,025 3.473; 3.496 3. 486
0,020 34182 3,193
0.015 2,912 2,901
0.005 2.219; 2.468 2.316
kHA = 5.849 x 10° mfl sec“l‘ " 3.,85% error

-1 1.73%. error

kint™ 2.02% x 107t sec
TABLE 90

The Formic Acid Catalysed Hxdrolysis of p-lethoxy-
benzaldehyde Phenyl Metnvl iAcetal

[ HCOOH] = [HC00™]; PH, = 3.565

[HA] M Kobs 102 sec "t Koale 10% sec™
0.025 11.74 11.138
0.020 9.821 10,326
0.015 9.016 9.270
0.010 8.460; 8.495 8.214
0:005 7.082; 7.047 7.157

kpp = 2,112 x 10° gfl sec™t 177 error'

kK, = 6,102 x 10”2 sec™! | 0;69%}error

int




TABLE 91 | - 173.

The B-Chloronrovionic Acid Catalysed Hydrolysis of
p-ethoxy-benzaldenyde Phenyl ITethyl Acetal

[c10m,CH,C00H ] = [C1CHL0H,0007];  PHog = 4400

[EA] 1 Kops 10° sec™t Koglc 10° sec’l
0.025 8.%03; 7.847 - 8.217
0,020 T.495; 7.7663 7,463 T7.601
0.010 6.65%; 6.7163 6,414 6.368
0,005 5.981; 5.248 5.751
k, = 1.232 x 10° 1t sec™ 1,567 error
_ -2
kint" 5.1L35 x 10 sec 0.51¢% error
TABILE 92

The Acetic Acid Catalysed Hydrolysis of p-Methoxy-
benzaldehyde rrhenyl ilethyl Acetal

[cH COOH] [0“3000 ],pq25._ 4e675

(FA] M Kops 10° sec -t Koale 102sec -t

0.025 1.554; 1.583 | 1.587

0.020 1.420; 1.%68; 1,639 - 1.446

0,015 1.349; 1.350; 1.300 1.305

0.010 1,165; 1.195 1.164

0.005 3.075; 1.050; 0.9403 1.024

| k gA =2.814 x 10-L N‘l sec~t 1.07¢% error
k. .=8.8%0 x 10 =3 5 -t 0.46% error

int



TARTE 9%

The Pivalic Acid Catalysed Hydrolysis of D—Netaoxy—

benzaldehvde Zhenyl Ieuﬂyl Acetal

[(CH3)30 coor ] = [(Cx 3)30 C007J; PHog = 4.91

AT M Kobs 102 sec™t Koalc 102 sec™
0.025 1.185; 1.226 1.204
0,020 1:;080; 1,081 1.087
0.015 0:9831; 0.9554 0:9699
0.010 0.8%92; 0.869% 0.8528

10,005 0.7196;3 0.7430 0.7357 -

Kppy = 2.342 x 107 -1 g -1 gec™t ‘ 1,054 error
ks 4= 6.186 x 10™° sec - 0.48% error

TABLE 94

174.

The Deuteroacetic Acid Cata alysed Pydrolysis of p-Methoxy-

benzaldenvie ~llenyl Letnyl Tcetal

[CHjCOOD]::[”H3uOO I; Pl = 5,14

[DA] u K ps 107 sec™ Koalc 107 sec™
0.025 T.7675 T.T38 7.736.
0.020 - 7.007; 7.205 7.096
0.015 6.337; 64423 6.456
0.010 . 5.827; 5.818 5816
0.005 5.2093 5.159 5:175

Epy = 1279 x 10"l gfl sec™ 1.29¢% error

k1= 44536 X 1077 sec™t 0.504 error



TABIE 95 | 175.

The Hydrochloric Acid Catalysed Hydrolysis of p-tethoxy—
benzaldenhyae Phenyvl ITethyl Acetal

PH,s= 3.10
[E*f] 1 Kops 10" sec™ Konle 10" sec™"
0.00L | 3.042; 3,062 34263
0.0008 2,4693 2.589 2.584
0.0006 1.875; 1.803 1.904
0.0004 1.442; 1.266 1.225
0.0002 0.5118;5 0.5461 0.5449

-1

kﬁ = 3.398 x 102 gfl sec 0.88% error

- -1
kinf—'l’352 x 10 sec
TABLE 96

The Deuterochloric Acid Catelysed Hydrolysis of p-Methoxy-—
benzaldehyde Phenyl liethyl Acetal

PD25='3.13
[p*] 1 Kobs 10" sec™t Koalc 10" sec™t
0,001 3.650; 3.750 3.797
0.0008 3.061; 34059 2.950
0.0006 2,180; 2.126 2,103
0.0004 1.213; 1.218 - 1.256
0.0002 0,4148; 0.4125 044095

kp+ = 4,235 x 102 17t sec™ 1.01% error
k. =-4.370 x 10 2sec™"
= -4, ba :
ing >



TABIE 97 176

The Torw1c Acid Catalysed Hydrolysis of Denzaldehlde
Methyl Acetyl Acylal

[ HCOOH] = [HC00™]; PHps= 3.565

‘ 1 -1 _1
[HA] 11 Koypg 107 sec Keale 10t
0.025 2,109; 2.,074; 2.092 2,099
0,020 1.944 1.993
0.015 1.903; 1.898 - 1.886
0.010 1.8443 1.793 1.780
- 0,005 1.63%65 1,685 1,674
kyy =2.122 % 10° E~1 sec™t 5.96% error
-1 - .
= 7 A
kint: 1.563 x 10 sec 1.18% error
TABLE 98

The B—Chlorooronlonwc Acid Catalysed Fjdrolyqls of
Benzeldenyde I'etnyl Acetyl ACJlal

CH,C007]; PHyp = 4400

[c1cH,,0H ,000H = [C1CH

[HA] 1 Kobs l§ secal Koalc 10° se¢~l
0.025 7.255; 7.234 7.%20
0.020 7.133; 7.060 7.071
0.015 6.946; 6.838 v 6.822
0.010 6.616; 6.590 6.573
0,005 6.274; 6.231 ‘ 6.324

kHA = 4,980 x 10_2 Eﬁlﬂiee—l 4,407 error

- — - - rg ,
int"'6‘o75 x 10 = sec 0.,58% error



TABLE 99
R 177,
The Acetic Acid Catalysed Tydrolysis of Benzaldehyde
Hethyl Zcetyl icylal

[crscoon]=[ 01,0005 DHp5 = 4.675

[AA] 1 Kobs 10° sec™t Koale 10° sec™t

0,025 3.341 34343
0,020 3.069; 3,091 . 3.084

0.015 2,746; 2.838 . 2.825

0.010 2.6893 2,465 2.566

0.005 2,2865 2.317 2.307
gy = 5.179 x 107t g"l sec™t '1.56% error

-1 0.49% error

kit~ 2.048 x 1077 sec
TABLE 100

The Pivalic Acid Catalysed Hydrolysis of Benzaldehyde
iethyl Acetyl iAcylal

[(053)3ccooa}= [(CHB)BQCOO—]; PHog = 4491

-/

HA] M Kops 167 sec™t Koale 107 sec™
0.025 1.609; 1,601 - 1.599
0.020 l.444;5 1,454 1.450
~ 0.015 1.293; 1.309 | 1.302
- 0.010 1.1465 1,147 1.15%
0.005 1.010; 1,010 1.005
kHA = 2.972 x 107t gfl sec™t 1.36% error

-3 y
kint= 8.559 x 10 “ sec | 0.79 error



TATTE 101

178,
The Deuteroacetic Acid Catalysed Hydrolysis of Benz—
gldenyde Iesnyl Acetvl Acylal

[CE5C00D] =[CH5C007];  pDp5 = 5.14

2 -1 2 -1
[DA ] g; Ko L0 sec Koaje 10 sec
0.025 1.35%; 1.353 1.354
0.020 1.2643 1,269 1,269
0.015 . 1.174; 1,175 1,184
0.010 1.122 1,099
0.005 1,002 1,013
-1 -1 -1 *
kDA'z 1,705 x 10 M sec 2+33%% error

1 0.62% error

k = 9,231 x 10-'3 sec
int. .




L79.
TABLE 102

The Formic Acid Cataljsed Hydrolysis of Beazaldehyde
Dimetnyl iLcetal,

[gcoon] = [mcoo~] ; 25 = 3,565

| , 3 3 -1
[EA] 1 K s 0 sec K n1e L0~ sec
0,045 70381; To428 7-4‘33

0,036 T.346; T.444 7387

0.027 © T.448;5 T.364 7.341

0,018 7.237; T.28L 7.295

0.009 T.361; T.124 - T.249

cz, =l -1 ,
kpy = 4:599 x 107K sec 38.95% error
kint~ 7.203 x 10'.'3 sec™! 0.83% error
 DABLE 103

The Hydrochloric Acid Catslysed Hydrolysis of Benzalde—
hyde Dimetayl Acetal

pH25 3410
Ef e Kobs 102 sec™ Koolo 107 sec™
0,001 2.964; 2,968 2,958
0.0008 2.449; 2.377; 2.406 2.347
0.0006 1.719; 1.628 1.736
0.0004 1.097; 1,113 1,15
0.0002 0.53053 0.5159; 0.,5042 0.5135
e, = 3.055 x 10° E-l sec™ 0.58% error

-4 -1
Ki,g =9.80 x 10  sec



TABLE 104

The Deuterochloric Lcid Catalysed Hydrolysis of Benz—

aldchyde Dimethyl Acetal

pD25 = 3.13
(D4 X Kypg 10° sec™
0.00L 94032
0.0008 7.53L
0.0006 5e3273 4,832
0.0004 2.561
10,0002 0.830%; 0.8133

kp+ = 1,048 x 102 kL sec~!

k. =-1,2732x% 10_2 sec—l
int

Keale 102 sec'l
9.204
7.108
5,013
2.918
0.8224

0.78% error



TABLE 105 +8L.

The fAniline/Anilinium Perchlorate Catalysed Hydrolysis
of Benzaldenhyde Phaenyl llethvl Acetal

2.

[ Aniline]=[Anilinium? PH,s= 4.685; Ionic Strength=0,10

(] 1 Ky 107 sec™ R 1, 10% sec™
0,050 746335 T.497 7.597
0.040 7.115; 7.293 7,222
0.07%0 6.706; 6.940 6.848
0.020 6.607; 6.578; 6.425 6.473
0,015 6.49% | 6.285
0,010 ' 5.902; 6,053 6,098
kpy = 3.749 x 10_31:1_._1@0-1 3.60% error
k. .= 5.72%3 x 10~4 sec™t . 0.82% error

int

TABLE 106

The Formic Acid (2074 Dioxan/807% water; v/v) Catalysed
Hydrolysis of wn-lethylbenzaldehyde Thiophenyl Methyl
Acetal, (I"aximum O.D. Change during aydrolysis 0,20 units)

[Hcoom] =[H0c007]; PHys =4.00

[(FA] M Kobslo3 sec™t Kool 10 sec™t
0,025 75375 T.537; T.520 7.530
10,020 7.349 | 7.365

0.015 Te221; 741793 T.217 T.199

0,010 7,034 | 7,034

0.005 6.969; 6.716 6.869

Ky, = 3.309 x 1072 gﬁ_-lseo-l 5,005 error

k.  =6.,703 x 1677 sec™? 2.13% error

int -
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Brgnsted 2Lots

The following tables indicate the dependence of
the catalytic coefficients (kHA for the general acid
catalysed hydrolysis of mixed aryl alkyl acetals) on
the dissociation constant of the catalysing acids (Kpy)
by plotting log Ik, versus pKa according to the Brgansted
,equationcllo
log ky, = 1log Gy anXa
Statistical corrections have not been applied because

of the uniformity of the catalysing carboxylic acids where,

in each case, p= 1 and ¢ = 2 in the equation:
log (kHA/P) = log G =—-a(pKa log P/q)
The following values of pKa are used ;127
Chloroacetic acid 2,870
Formic acid 3.752
B-~Chloropropionic acid 4,100
Acetic acid 4.756
Pivalic acid 15,050
H,0* ~1.74
abbreviations:
C.C. = correlation coefficient

S.de = standard deviation.



135,
TABLE 103

Benzaldehyde m=Titrophenyl Methyl Acetal

pKa log ki, obs log kpms calc, residual

2,370 1.9281 1.9009 -2,7239 x 10™2

34752 1.3754 1.4661 +3,0671 x 1072

4.100 1.3634 1.2945 -6.8879 x 10~?

4:756 2.9469 2.9711 | #2,4239 x 1072

5.050 2.8450 . 2.8262 ~1.8791 x 1072
@ = 0,493 C.C. = 9.90 x 10-1

S.d. = 0,041 (8.23%%)

TABLE 109

Benzaldehvde m-Bromovhenyl Methyl Acetal,

EEE log kHA obs log kHA calc residual
12,870 1.3862 1.9104 +2,4185 x 1072
3,752 1.2902 1.3395 +4.932% x 1072
4,100 T.2420 Ta143 ~1.2772 x 10~%
4,756 5.6741 5,6897 +1,5598 x 10~2
5.050 2.4608 2.4994 +3,8610 x 1072
@ = 0,647 C.C. = 9926 % 107t

S.d., = 0,065 (7.52%)



TABLE 110

186.

Benzaldehyde m—Iluoronhenyl Hethyl Acetal,

pKa

2,370
3,752
4,100
4.756
5.050
@ = 0,668

TABLE 111

log k

“HA

. 7599

Rl

2.9749.

2.9014
2.3901
2.3%058

log ng calc,

residual

. =6.8161 x 10™2
+1.2775 x 107+
~3,117% x 1072
+4,1987 x 1072
~7.0408 x 102
9.89 x 10~

0.057 (8.49%).

Benzaldehyde n=Methoxyonhenvl Methyl Acetal

pKa

————

| log kHA obs

| log kHA calc

2.870
3,752
4,100
4,756
5,050

a = 0,708

1.7826

1.0577
2.7650
2.4072
2,2292

residual

~5.9807 x 10~2

+4.0888 x 1072
+3,73%0% x 10~2
~1.9158 x 1072
~4.9227 x 10~2

9.948 x 10~L

0.042 (5.9%%)



} 187.
TABLE 112

Benzaldehyde Phenyl lMNethyl Acetal

EEi log kHA obs log kﬁA caic residual
2,870 1.5764 . 1,5840 +7.5807 x 10~3
3,752 2.8724 3.8995 +2,7138 x 10-2
44100 2.6870 2.6295 -5.7514 x 10=2"
4,756 3.1106 2.1204 49.8216 x 103
5.050  3.8793 3.8923 +1.2974 x 1072
@ = 0.776 | CoCe = 9.99 x 10-L
S.de = 0,022 (2.85%)
' TABTE 113

Benzaldehyde p=llethylohegyl Methyl Acetal
Efi log kHA‘ObS log kHA calc residual
2,870 1.6772 1.7933 +1.,1612 x 107t
3.752 1.0820 1.0124 ~6.9616 x 1072
4100 5.876% 2,7043 -1.7204 x 1071
4,756 2,1212 2.1234 +20224 x 1077
54050 3.7798 3.8631 +1.2331 x 10~%

o = 0.885 - ¢.C. = 9,87 x 107%

S.ds = 0.084 (9.51%)



TABLE 114

Benzaldehyde n-llethoxypnenvl lethyl Acetal

iKi log k  obs log k_ cale residual
2..870 0.1109 | 041600 +4,9117 x 10~2
3.752 1.2986 1.3133 +1.4668 x 1077
42100 1.1529 2.9792 -1.7572 x 107t
4,756 2.2170 2.3494 *1.3239 x 107
5.050 2.0896 2,067L ~2.2455 x 1072
‘@ = 0,960 | 0.C. = 9,91 x 107%

S.d. = 0,076 (7.87%)

v ik



TABLE 115

m-fitrobenzaldehyde Phenyl Methyl Acetal

pKa

2.870
34752
4,100
44756
5.050

o =

log kHA calc

1,046

116

PABTE

ﬂFFluorobenzaldehyde Phenyl lMethyl Acetal,

2,2518

343295

Z.9657
£.2798
5.72%6
c.C.
S.d.

It

9,90 x 10~
0.086 (8,19%)

PKa

2.870
3752
4,100
4,756
5.050

o =

log kHA~calc

0.916

1.1205

3,3125

—

i

residual
~4,2240 x 1072
+1,6054 x 10~%
~7.7725 x 10~2
~L.4444 x 1071

+1,0%86 x 10™+

1

residual
~4,2637 x 10™2
+5.8356 x 102

+1,6502 x 10™2

+5.%184 x 1072

~7.0552 x 10~2

9.97 x 10-.1 ’
0,038, (4.18%)
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TABLE 117

m<lethoxybenzaldehyde Phenyl Methyl Acetsl

oKa log I, obs log k,, calc residual
2.87 1.4770 1.5237 +4,6650 x 1072
3,752 2.9388 28394 ~9.9415 x 1072
4.100 2.5643 2,5694 +5,1021 x 1073
4,756 3.9240 2.0605 +7.6470 x 1072
5050 3.3608 3.8320 ~2.8807 x 1072
a = 0,776  C.C. = 9.945 x 107t
S.de = 0,046 (5.92%)
TABLE 118
p-lfethylbenzaldehyde Phenyl Methyl Acetal
?Ka log kHA obs ' log‘kHA calc residual
2.870 0.3286 0.2743 ~5,4285 x 10~2
3,752 1.5616 1.6636 “+1,0200 x 107t
4,100 1,371% ' 1,4226 +5.1338 x 10™2
4,756 I.1821 2.9684  -2,1369 x 107%
5.050 = 3.6502 5.7648 #1.1464 x 107
Ca= 0,692 | 0.0, = 9.75 x 107t
| S.d. = 0,092 (13.247)



-TABLE 119

p-tiethoxybenzaldehyvde Phenyl Methyl Acetal

pKa log kHA obs log kHA calc residual
2.870 0.7671 0.8402 +7.3089 x 1072
3,752 0.3247 0.2406 -8.4072 x 1072
44100 0.0906 0.,0041 -8,65%3 x 1072
4,756 1.449% 1.5581 +1,03883 x 10~1
5,050 1.3696 1.358% ~1.1%19 x 10~2
a= 0,679 | ¢.Co = 9.89 x 1071

| S.d. = 0.059 (8.80%)
PABLE 120

Behzaldehyde Nethyl Acetyl Acylal

Efi‘ log kHA obs 1og'kHA calc  residual
3,752 0s3267 0.333%%3 = +6,5880 x 10-3
4,756 1.7145 1.6854 ~2.9086 x 10™2
5,050 1.4732 . 1.4957 +2,2498 x 1072
@ = 0,645 ¢.C. = 9.98 x 107t

S.de = 0.039 (6.01%)
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Graph 4
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- 0.0
log k Substd. Benz.
HA
- 1.5
- 1.0
- 2.5
— 2'0 e 7.
tog H,0%(0) 1.62
- 3.5
_ Y=m - NO, (o)
— 340
n-F (x)
H (&)
~4.5
— 4.0 ) el ,
Brgasted Plots for Substituted (¥)-
5 5 Benzaldehyde Puenyl lMethyl Acetals,
) PKa of acid
| | | | ! | | 3

..200 -1.0 0.0 l.o 200 . 300 4.0 500



10" k}
& gA

2.0
1.5
— 1,0
~ 0.5

[~ 0'00

Y=p = Meo (o)

196,

Graph 6

Substd, Benz.

Brgnsted Plots of Substituted (¥)=—

Benzaldehyde Phenyl Met‘hyl. Acevals,

R -Me (&)

@_ - Meo (x)

RLCH of acidl ‘ )

0.0 1.0 2.0 3.0 - 4.0 5.0



197,
Hammett Plots

The foliowing tables indicate the dependence of the
observed catalytic coefficients (ky, for the general acid
catalysed hydrolysis of mixed aryl alkyl acetals) on the
substituent constant (0) of the substrate, acéording to

the Hammett Equation.-20

= PO +
Log kHﬂ Log kHA (o)
The following values ofo are used. 22

mw~ NO, 0,710 | H 0.000
W - Br 0.391 p'- He  =0.170
n - F 0.337 D - Hed 0,268
n - MeO 0,115 |

The values of ky, corresponding to the hydrolysis of
p-lle-, and p-MeO- substituted-phenyl, and p-HMeO- substituted-
benzaldehyde acetals are omitted from the’calculations
because of their consistently large positive deviations
from the slopes (p)

- abbreviations: C.Co. = oorrelétion coefficient

S.d. = standard deviation
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TAZLE 121

The Chloroacetic Acid Catalysed Hydrolysis of Benzaldehyvde
supstituted-rnenyl lethyl Lcetals

c log kHA obs log kHA calc residual
0.710 1.9281 1.9588 +3.0654 x 10™°
0.391L, 1.3862 1.3213 -6.491% x 10™2
0.3%57 1.7599 1.7930 +3.8117 x 1072
0.115 1,7826 1.7023 -3.0250 x 1072
0,000 1.5764 1.6528 +7.639% x 10™2

P= 0.4%31 , C.C. = 8.65 x 10~t
S.d. = 0.145 (33.5%)

TABLE 122

The Formic Acid Catalysed HyGrolvsis of Bengaldenyde
oubstituted->henyl ethyl Acetals

Y log k A obs log kHA calc residualv
0.710 1.3754 1.3304 +4,9979 x 1077
0.391 1.2902 1.1677 ~1.2243 x 107t
0.337 2.9749 | 1.1317 +1.5632 x 1071
0.115 1.0577 2.9337 ~7.3936 x 10~°
0.000 2.8724 2.9070 +3.4645 x 1072

P = 0.667 . = 8.62 x 10-1
Sede = 0,226 (33.95)
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TABTE 123

Thef?—@hloronrowionio Acid Catalysed Hydrolyvsis of Benz-—
aldenyde bupsiituted--henyl Methyl icetals,

c log k_A obs ‘ log kﬁA calc residual
0.710 1.3634 1.3962 +3.2751 x 10™2
0.391 1.2420 1.0732 ~1.6884 x 10™1
0.3%7 5.9014 1.0185 . +1.1709 x 10™F
0.115 5.7650 2.7937 +2.8716 x 1072
10,000 2.6370 2.6773  =9.7211 x 1077

p = 1.0L2 C.C.0 f= 9.34 x 10-1

S.d. = 0,221 (21.84%)

TABLE 124
The Acetic Acid Catalyvsed Hydrolysis of Benzaldehyde
Substituted-rienyl HMethyl Acetals

K | log 1 obs log kﬁA calc residual
0.710 2.9469 2,9413 ~5.5791 x 1070
0,391 2.6741 2.59%5 ~8.0645 x 102
0.337 2.3901 2.5346 +1.4447 x 107%
0.115 . 2,4072 2.2925 -1.1472 x 107t
0.000 2.1106 2.1671 +5.6474 £ 1072

P = 1,000 .~ CiCu = 9,44 x 107

S.d. = 0,219 ( 20,17%)



TABLE 125

The Pivalic Acid Catalysed Hvdrolvsis of Benzaldehvde
mubstitused~-rilenyl Iethyl ‘cetals .

o log kHA obs log kHA calc residual
0.710 2,8450 2,8413 ~3,7099 x 107D
0.391 2.4608 2.4441 ~1.6679 x 102
0.537 2.3058 2.3769 +7.1089 x 10™2
0.115 2.2292 2,1005 ~1.2871 x 10~%
0.000 3.8793 3.9573  +7.8010 x 1072

o ='1;245 © G.0. = 9,71 x 107t

C Sede = 0.176 (14.13%3)

e




TABLE 126 201,

The Chloroacetic Acid Catalysed Hydrolysis of Substituted-
Benzaldenyde fanenvl llethyl Acetals

o 1og'kHA obs - log kHA calc residual
0.710 2.2940 3.2825 ~1.1501 x 1072
0.357 1.1631 1.0738 ~8.9309 x 107%"
0.115 1.4770 - 1.5447 +6.7747 x 1072
0.000 1.5764 1.7887 42,1231 x 10t

~0,170 0.3236 0.1494 ~1.7925 x 107t
p = -2,121 ¢.¢, = 9.79 x 10-L
S.d. = 0,254 (11.99%)

- TABLE 127

The Formic Acid Catalysed Hvérolysis of Substituted-

el 74

Benzaldenyce Phenyl llethyl .dcetals

c vilog kHA obs log kHA calc residual.
0,710 3,1690 3,0148 +4,5328 x 102
0,337 2.2541 2.1950  =5.9125 x 1072
0,115 2.9%88 2.7783  =1.6047 x 10™t
0,000 2.8724 1,0805 +2,0812 x 10™%

~0.170 1.5616 1,5272 ~3.4360 x 10™2
= = 9,88 x 107t

P= -2,628 C.C.
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The 5~Chioronro¢oionic Acid Catalysed Mydrolysis of Substituted-—
Benzelaenyde Puenyvl Methvl scetals, .

o log kH A 008 log kHA calc residual
0.710 3.0434 © 3.0287 #1.4671 x 10~
0.337 3.9920 3.9736 ~1.3%67 x 10~2
0.115 2.5643 2.5440 -2.0309 x 1072
0,000 2.6870 2.8%69 +1.4936 x 10™F

~0.170 1.3713 1.2698 ~1.0151 x 10~
P = —0.547 C.Co= 9.94 x 10™*
Sede = 0,155 (6.10%)
TABIE 129
he Acetic Acid Catalvsed Hvdrolysis of Substituted-
Benzaldenyde Pheayl llethyl icetals

Lo log k A obs log kHA calc | residual
0.710 4.4242 £.3419 ~8.2307 x 10~2
0.337 343395 3.3899 +5,0%85 x 1072
0.115 3.9840 2.01%6 +2.9623 x 1072
0,000 5.1106 2.3367 +2,261% x 107

~0:170 1.0382 5.8144 ~2.238% x 107t

P = =2,809 C.Co = 9,85 x 107F
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TABLE 130
The p1 110 Leid Catelysed Yvdrolysis of Substituted—
Beagaldeivyoe Pheavl lethvl iLcetals
- log k obs log k. calc residual
EA HA .
0.710 5.8685 - 5.9367 +6,8195 x 1072
0.337 3,1939 53,0696 ~1.2432 x 107t
0.115 3,86083 3.7438 ~1.1696 x 10™+
0.000 3.879% . 2.0931 +2,138% x 10~%
~0.170 2.6502 2.6095 ~4.0746 x 102
p = =3.037 6.0 = 9.9 x 107

Sede = 0.242 (7.965%)
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TABLE 131

The H7drocihloric ‘eid Catalyvsed Nrcrolv01) of Benzaldehyde
Substituted—raenyl Jlevuyl scetal (0,00L L HACL) .

o log k obs log kHA calc residual
0.710 2.3094 2,2358 -2.3581 x 1077
0.337 2.3941 2.44%3 +4,9632 x 10~2
0.000 2.6126 2.5565 -2,6101 x 1072

o =  =0.423 0.0 = 9.61 x 107t

S.de = 0.12 (28,62

Y¥hen Hammett plot - is inclusive of p~- Me and p-lte0 sub-

stituted compounds (see graph 9)

b =  —0.602 C.C. = 9.55 x 107
S.de = 0.103 (170977;) '
TABLE 132

The Hydarochnloric Acid Catalysed Fydrolysis of Substituted—
Benzalaehyce Zueayl liethyl Acetal (9,001 i HCL)

o log k obs log k calc residual
0.710 3.1617 S 3.1162 ~4.5503 x 102
04337 3.9503% 3.9620 +1,1743 x 10~2
0.000 02,6126 2,7263 +1.1%67 x 10~+

~0.170 1.0410 1,1113 +7.0773 = 10~2
-0.263 1.4347 1.3340 -1.5069 x 10-1
o _ —2.263 | C.Coe= 9.94 x 107t

Sodg = Ool4’9 (6'57‘;;)
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TABLE 134

Catalvtic

Coefficients, Bronsted «, and Hammett DN.<mHﬁmm for Substituted(X)—~

Phenvl Methyvl Acetals.

Chloro- B-Chloro—~
acetic A Formic A propionic A Acetic A wW<®Hwo A o
X=m-NO, | 8.474x107'| 2.374x107Y 2.309x107% 8.849x10~2 | 6.998x102 | 0.493
mBr | 7.695x107Y 2.168x107Y 1.746x1071 4.722x1072 | 2,889x1072 | 0.647
m=F | 5.752x107Y 9.439x1079 7.969x1072 2,455x1072 | 2.,022x1072 | 0.668
m-Meo| 6.062x107Y 1.i42x10"% 5.820x1072 2.554x10"2 | 1.695x1072 | o0.708
H | 3.771x107Y 7.453x1079 4.865x1072|  1.290x1072| 7.573z107> | 0.776
p-Me | 4.755x107Y 1.208x107Y 7.521x1072 1.322x1072 | 5.493x107> | 0.885
p-Meo| 1.291x10° | 1.989x107Y 1.422x107% 1.648x1072 | 1.229x1072 | 0.960
p|+0,431 +0.667 +1.012 +1,090 +1,245
as m-Br, m~F, m-Meo, and H only

calculated from ni-NO

Nv




TABLE 135

QN&@w<&wo Coefficients, Brdnsted o, and Hammett P? values for Substituted (Y) -
wmbmmwgmr<@m Phenvl Methyl Acetals

owHowol o B-Chloro- . :

acetic A Formic A propionic A Acetic A Pivalic A o4
Y=-NO, | 1.968x107°| 1.476x107>| 1.105x107> 2.656x10"%| 7.387x107% | 1.046
m-F | 1.456x107%| 1.994x107%| 9,816x107> 2.185x107° | 1.563x107> | 0,916
m-Meo | 2,999x107 | 8.685x107%| 3.667x1072 |  9.638x107°| 7.259x107> | 0,776
B | 3.771x107t| 7.453x1072| 4.865x1072 1.290x1072 | 7.573x107> | 0.776
p-Me |2.131x10° | 3.644x107| 2.351x107% 1.092x1071 | 4.469x107% | 0,692
p-Meo | 5.849x10° | 2.112x10° | 1.232x10° 2.814x1071 | 2.342x1071 | 0.679

o lo.121 -+ |2.628 —2.547 2,809 -3.037

a: calculated from m-NO,, m-F, m-Meo, H, and p-Me only




TABLE 136

k; ¢ Vvalues for Benzaldehyde Substituted (X)-Phenyl Methyl Acetals

‘Chloro- . B-Chloro-

acetic A ﬁowawo A Hwodwobwo A Acetic A Pivalic A

X=n-No, |1.671x1072 | 5.047x1073 |4.1075x1073 | 1.260x1072 | 1.311x1073
m-Br |2.014x1072 | 4.296x1072 |4.051x1073 5.507x10~% | 4.099x10™%
m-F  |1.552x1072 | 5.732x107° |3,444x107> 5.708x10”% | 3.530x107%
m-Meo |3.064x107% | 1.065x1072 |4,641x107 9.522x10~% | 5.476x10™%
B [3.494x1072 | 1.019x1072 |6.384x107™> | 1.026x107> | 6.063x10™*
pMe |5.200x1072 | 1.263x1072 |7.549x10™3 1.201x107° | 7.805x10™%
p-Meo |5.752x1072 | 1.971x1072 [1.823x1072 1.808x1072 | 9.693x10™%




TABLE 137

X

int values for Substituted (Y)-Benzaldehyde Phenyl Methyl Acetals
Chloro- :B=Chloro- ,
acetic A Formic A. propionic Acetic A Pivalic A
Yem-NO, [1.428x107° |4.068x107* |1.651x107 3.732x107° | 2,077x107°
m-F  [7.229x107° |2.193x107> |1.016x107° 2.067x10”% | 1.146x107*
m-Meo P.834x10™% |7.892x107> |3.561x107> 7.600x10"% | 3.686x107%
H  B.494x10"2 |1.019x1072 |6.384x10™> 1.026x107° | 6.063x10™%
-Me .914x1 .367x10" . x10™ . x10™ . x10~
b-Me [7.914x1072 [3.367x107% |2.549x1072 1.109x107> | 1.428x107°>
$-Meo p.023x107% [6,102x1072 |5,135x1072 8.830x107" | 6.186x107>




i TABLE 138

Primary Detuerium Isotone Effects for Benzaldehyde Substituted (X)=Phenyl Methyl
Acetals, Benzaldehyde Acylal Methyl Acetal, and Benzaldehvde Dimethyl Acetal.

a 4 b
w»oom\w>oou ko(Acom)® RHOL /i oy, SHCL /iy
. Jeo(AcOD) _
X=m-NO,, 0.697 | 0,460 | 0,947 . 1.096
m-Br | 0.975 . 0.499 -
ni—T 0.649 0.422 0.724 0.866
" moMeo 1,960 - 0.668
B 1.283 0.779 0.565  0.690
pP-Me 0.650 0.336 0.561 0.649 |
p-Meo 1.529 0,646 0,5819 0.623
Acylal 3.038 2.595
Dimethyl | . 0,292 0,326

o

Catalytic coefficients from slopes ‘ofk_, . Vs. (HC1] and [DC1]

S

bs k values taken at [HC1] and [DC1] = 0.001 M

obs

. - N - - — ”
c: values ooHHmo&mm for acid concentration i.e. wo = Wwb&\mMuQ+oH duQ+



TAPLII 139

"Primary Deuterium Isotope Effects for Substituted AMv.lmmbNmH@mr<&o Phenvl

Methyvl Acetals.

: , . d a , b

w>oom\w>oow WMMWmeW wmop\wwmu FBC1/ep 0y

YT=m-NO,, 1,060 ‘ 0,348 |
- F | _ . 0.627 0.661

‘m=Meo 1.112 0.093

H 1.283 0.779 0.565 0.690
P-Me | 3.513 0.374 0.,970°
p-Meo 2.199 0.667 0,802 0.825

a: catalytic coefficients from slopes of k_ , Vs [HC1] and [DC1]

S

b: k values taken at [HC1] and [DC1] at 0,001 M

obs

c: value relatively uncertain since it was not done for other wvalues of

[HC1] and ﬁunum

d: values corrected for acid concentration i.e. k = k.

o Haé\mm
3

a
Q+ow ) bua+
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TABLE 140 |
Log .AWMS&\mmwo+v for Benzaldehyde Substituted (X) - Phenyl Methyl Acetals.
Chloro- B-Chloro- ‘ Deutero-~
acetic A, TFormic A, propionic A, Acetic A, Pivalic A, acetic A.
X=m-NO, 1.3230 1.2680 1.6136 1.7785 2,0276 2.1156
m-Br | 1.4040 1.1981 1.6076 1,4159 1.5229 1.7180
n—F 1.2909 1.3234 1.5371 1.,4315 1.4578 1.8059
m-MeO | 1.5863 1.5923 1,6666 1.6537 1.6485 1.8290
H 1.6433 1.5731 1.8051 1..6862 1.6927 1.7946
p-Me 1.8160 1.6664 1.8779 1.7545 1.8024 2.2289
p-MeO 1.8599 1.8597 1,9322 2.1220

2.2608

1,8964




TABLE 141

Log Awwné\mm ot) for Substituted (Y) - Benzaldehyde Phenyl Methyl Acetals.

3
, Chloro- B~Chloro- Deutero-
| acetic A. Formic A, propionic A, Acetic A, Pivalic A. acetic A,
T=n-NO, |0.2548 0.1744  0,2178 0.2469 0,2275 0,7051
n—F 0,9588 0.9060 1.0069 0,9904 0.9692
m-Me0 |[1.5524 1.4622 1.5515 1.5558 1.4765
H 1.6433 1.5731 1.8051 - 1.6862 1.6927 1.7946
p-Me 1.9984 2.0922 2.4063 11,7199 2.0648 2.1477

p-Me0 12,4060 2.3504 2.7105 2.6210 2.7014 2.7967




217.

. s
Yulava-Tsuno D, .5 .R.

The following tables indicate the devnendence of kHA’
for the general acid catalysed hydrolysis of‘substituted-
bernzaldehyde phenyl methyl acetals, on the compound sub-
stituent constant [ 04—r(0+~ 0)] of the substréte, according

N - ] 127
+to the Yukave~Teuno L.F.D.R. {

log k/k, = p[o 4r(otoo)]

‘The values for 0 are those described ea:lier,lss‘and
+ - 166
the followiag values of 0 were used:
m - 0, 0,662 il 0.000
n-F 0.337 - p-lle 50.306
ITeO 0,047 p-ile0 -0,764

\lB
i

The value of 0,50 has been used for r in the above
. . (R} ) .. ! +
equation, resu Liing in tae following [0+ 0.5 (0 =0)]

constants:

m - 10, 0.636 H ~0.000
n - F 0,337 plle  =0.236

m - le0 0.031 p-17e0  =0.516



TABDE 142

The Chloroscetic Acid Catalysed Tydrolysis of unlDothU'fZed—
Beagalidehyae Pneayl letayl 0o ToLS ,

[c’—t; 0.5 (0+..0')] log k obs log k calc residual

1 HA
0.636 2.2940 12,3076 +1,3632 x 10™7
0.337 1,16%1 1.0381 - =1.2501 x 10~L
0.031 1.4770 1,550 +8,1983.x 1072
0.000 1.5764 0 1.7233 . 41,4739 z 107t
~0.2%6 0.3286  0.2040 ~1.2461 x 10+
~0.516. C0.767L 0.773T +6.6035 x 1077
P = 2,035 0.0, = 9:92x 107t
S.ds = 0.129 (6.327)
Tlie Fo::mi