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) : - SUMIFARY

Available evidence concerning the mechanism of acid catalysed
amide hydrolysis and the roles played by intramolecular hydroxyl
groups‘are briefly reviewed. Methods of treating kinetic énd
eéuilibrium data obtained from studies of reactions in moderately
concentrated mineral acids are summarized,

The rate enhanceméents observed upon the inclusion of a ¥or d
hydroxyl group in alkyl anilides are thought to be the result of a
greater availability of a nuclsophilic species at the reaction
centre,

The possible significance which can be given to the results of
hydration parameter and linear free energy treatments of rate data
from moderately concentrated acids is discussed. These paramsters
at least indicate ghat water psrforms another function besides that
of nucleophile in acid catalysed amide hydrolysis,

' All kinetic parameﬁers derived indicate that the intramolecular
and intermolecular reactions proceed by similar mechanisms,

A study was carried out of the acid catalysea lactonization of
some bicyclic and olefinic hydrox& ahilides in which ﬂhe reactive

groups are held in constant close proximity.




Apnormal absorbance changes over normal anilide acid
catalysed hydrolysis indicate that the reactions being monitored
have changed in some way, It is suggested thét the rate
determining step in the reaction has éltered. Two mechanisms for

the reaction are proposed,
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~ INTRODUCTION

The concept of participation of a suitably disposed,
Aintramolecular hydroxyl group in the hydrolysis of alkyl anilides
in agueous and moderately concentrated mineral acid éélutions is
studied in this work,

Accordingly, as an introduction, intramolecular participation
in amide hydrolysis, relevant treatments of kinetic data obtained
in moderately concentrated mineral acids and the general
characteristics of acid catalysed amide hydrolysis are briefly

reviewed,




The bydroxyl Grovo,

Hydroxpl proups are prezent as substituents in many organic
moiecules and, albthouzh their normél electronic substituent
effects are not often of great importance, they, in their role as
intramolecular catalysts, can have profound effects on organic
reactions,

The manner in which, and the extent to which the hydroxyl
group fulfils the role of intramoleculaf catalyst depends upon
the nature of the reaction in ﬁhich it participates and its
disposition to the centre of recaction,

Thus, in the acid catalysed dehyaration of 1,k dihydroxy
L-pethyl n~pentane to 1-hyiroxy, h-methyl, L-pentene the
hydrexyl group can be viewed1’" as an internal general basec,
facilitating the formation;by abnormal dehydration, of the
terminal olefirn,

In the alkaline hydrolysis of steroidal alicyclic 1,3
diaxial hydroxy acetates, facilitation of the hydrolysis with
respesct to the acetate and the 1,3 diaxial methoxy acetate of
the same steroid has been attributed3 to general acid catalysis
by the aleoholic group toc either the alkyl or acyl oxygen of
the ester group, which in turn activaltes the ester group to
attack by nucleophiles,

Thus, although the intramclecular hydroxyl group can



participate as a general scid-base catalyst, it ray, in
favourable circumstances, also participate as an intramolecular
nuéleophilic catalyst, lNucleophilic participation by
intramolecular hydroxyl groups has been particularly in evidence
in the hydrolysis reactions of suitable hydroxy amides where
large numbers of N-»0 acyi migrations have been observed,h’s.
The probable steric requirements of certain N—>0 transfer
reactions were demonstrated by Van Tamelené in an investigation
of cis(1) and trans(2) 1,é-acylaminocyclOpentanols. Under
acidic conditions the trans isomer would not react whereas the
cis isomer readily underwent the transfer reaction at room
temperature, The trans isomer was found to rearrange to

produce the inverted cis product upon refluxing for 24 hours in

acidic conditions,

OH OH

oo Tl

(1) | (2)

Further insight into the steric, electronic and energetic

requirements of acid catalysed N—0 acyl migration reactions
was provided by Benrath et al,'8 who studied the cis and trans

isomers of (3) and (4) and the corresponding series of

cyclopentanes,

w
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(4)

Benrath et al observed that, in.géneral, the transfer rates
in-compounds of the type I were a factor of 2-3 greater than the
rates of acyl transfer in compounds of the type II,

" In the cyclohexane series the trans isomers were found to
react faster than the cis isomers whereas in the cyclopentane
series the reverse was found, the rate of reaction of the trans-
isomer on;y becoming measurable by the authors at 13000.

Also, electron releasing substituents in the para position
in the aromatic ring were found to increase the transfer rate

whereas electron withdrawing substituents decreased the rate.




Imcleonhilic carticination by intramolecular, aliphatic

hydroxyl group in the acid caibalysed hydrolysis of amides was

firmly established when Zurn9 found the rates of hydrolysis of

- w -hydroxy ¥ -butyramide and d -valeramides in IN HCl to be

factors of 18 and 45 respéctively, greater than the rates of

hydrolysis of the corresponding n -alkylcérbOamides._
Intramolecular nucleophilic attack by an aliphatic hydroxyl

group had previously been postulated’o to account for the rapid

hydrolysis of allohydroxylysyl-glycinamide in étrong acid after

being first suggested to explain the observed hydrolysis of

aldonamides11.

i

[AS

" Bruice and Marquardt ~ compared the rates of hydrolrsis of

acetamide and )-hydroxybutyramide over the pH range 5-10 at 100°C,

0 ct+

Using the results of Zurn® they observed that the pH rate profile
of L-hydroxybutyremide has three distinct regions, In two of
‘these regions, common to the pH rate profile of acetamide, in
moderately strong acid and base solutions,the pseudo first order
rate constant was observed to be dependent upon the oxonium ion
concentration and the hydroxide ion concentraticns respectively.
Thé rate enhancements of 15-20 observed in these regions for the
hydrolysis of L-hydroxybutyramide compared to the hydrolysis of
~n-butyramide, were concluded to be due to intramolecular
participation of the hydroxyl group. A plateau near neutrality

in' the pH rate profile of L~hydroxybutyramide was shown to

\n




indicate the presence of an efficisnt spontaneous unilmolecular
solvolysis due to the presence of the hydroxyl group with
resultant rate enhancement over the rate of solvolysis of
n-butyramide at neutral pH of 800, Thus these authors corcluded
that A-hydroxyoutyramide hydrolysis‘occurs via the formation -

of intermediate J-butyrolactone at all pH values and they

present the following scheme to represent hydrolysis at all pH values,
0 Q ;

k., . _ : )
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Fig., I

.

Thus the observed rate for the neutral and alkaline regions is

described by equation (1).




~d’ jamide -
—a = (kg [OH ] +x ) [amde]. (1)
13
Witkop ~ discussed the results of Zurn9 and suggested that the
acid catalysed hydrolysis of L~hydroxybutyramide proceeds by

nﬁcleophilic attack of hydroxy oxygen on the carbonyl carbon

- of the protonated amide with direct transfer of hydroxy hydrogen

to ﬁitrogen.

Martin, Hendrick and Par'cell“L extended the study of the
bydrolysis of L-hydroxybutyramide into the strong acid region.
They observed the hydrolysis rates over a series of temperatures
and over a series of concentrations of perchleric acid up to
8.75 molar, By using a kinetically determined acid dissociation
constant for the amide, Bunnetthé correlations of the observed
rate constant, corrected for the fracticn protonation, with the
water activity gave w values of 0.37, 0.55 and 0,30 for
temperatures 150, 25° and 35°C respectively

Determinations of k1 ,the first order rate constant for
hydrolysis of the vrotonzted amide led to a value of 14.6 K cal/
mol for the activation energy, of -28e.,u, for the activation
entropy and a value for the pre-exponential factor, log 4,
of 7.2,

Based on these resulis, and upon literature values for

activation parameters of straight chain amides,these authors

-2




observed that this hydrolysis reaction was characterized by
comparatively low activetion energy and pre-exponential factor
and by a more negative entropy of activation, They concluded
that the pronounced lowering of the activation energy more than
offsets unfavourable changes in log A and AAS* and leads to an
enhanced rate, The more negative activation entropy for the
hydrolysis of L - hydroxybutyramide compared with straight chsin
amides is consideréd indicative of nuclecphilic attack by the
hydroxyl function at the amide carbonyl to form a cyclic

lactone intermediate, - |

In this work, the rate - acidity plot shows the normal32
meximum observed in amide hydrolysis at Ho= -1,7 at 2500,
and tﬁus leads the authors, on the basis of the accepted
explanation of the existance of the rate maximum67to conclude,
although the derived e value according to Bunnett'shé criterion
is unclassifiable, that water is involved in the rate determining
step, ' Tt is suggested that determined value is low by 3-5 units
due to a heavily hydrated hydroxyl group since similar obser'vedl‘Lé
anomalies in @ values for the lactonization of L-hydroxybutyric
acid are explained in this manner, It is finally concluded that
| the true w value should fall well within the range >>3.3 which

would be in agreement with their hypothesis that water is

involved as a proton transfer agent in the rate determining

step.



Transannuler participotion was suggested to account for the
instability in the solid state and in solution of 10, 11 dinhydro,
syn 11-hydroxy, syn 5-carboxyamido, 5H, dilbenzo a, d

cycloheptene’s (5).

(5)

A
CONH,
The corresponding lactone was found to form with the evolution of
ammonia in this compound, whereas the corresponding anti 11-
hydroxy and the 11 unsubstituted compound were found to be stable,
Based upon predictions of electronic effects of szlicyl
substituents on the rates of alkaline hydrolysis of 5-nitro-
salicylamide and salicylamide in the event of either intramclecular
general acid (5b) or general base catalysis (5a) predominating,
Bruice and Tanner16 concluded that the 18 fold rate decrease
observed, when considering the observed rate at the plateau region
of the sigmoid pH-rate profile, upon the introduction of the 5-nitro
" substituent could best be explained by the mechanism (5a) involving

an intramolecular general-base-catalysed reaction of the icnized

amide,



B

0- \9—H
\_»H
(5a) ~ (5b)

This conclusion was based on the argument that the general-acid-
catalysed mechanism would be inconsistant with the observed rate
decrease since nitro substitution would have an‘acid strengthening
effect on the phenolic group and would also make the amide group
more susceptible to nucleophilic attack,

“Ina re-analysis of the data, Capon and Ghosﬁ12.concluded
that the observed substituent effects do not allow an unambiguous
assignment of mechanism to be made, (n the basis of the expescted
effect of the known phenolic dissociation consvant ratio on the
consequent relative rate reguirements for the alkaline hydrolysis
of the two benzaﬁides, and also upon the cocncentration of the
postulated reactive form for intramolecular general acid catalysis,
these authors reasoned that the general acid catalysis mechanism
could not be ruled out and thus no unaébiguous assignment of
mechanism could be made, |

Concérted intramolecular generaimbase nucléophilic catalysis

has been suggested17 to account for the hydrolysis of the amide

function in compounds of the type (6).



"

v (6)

The hydrolysis of h-hydroxybutyranilide at pH 9,0 was

found by Cunmingham and Schmir18 to be catalysed specifically

by phosphate and bicarbonate buffers, From their results they
concluded that, in the absence of phosphate or bicarbonate ion,
‘the reaction involved intramolecular nucleophilic participation

by the hydroxyl function to form a tetrahedral intermediate

which breaks down to products in a rate limiting step, Although
considerable rate acceleration was achieved and was thought to

résult from the availability of a mechanism involving the breakdown

of a neutral or zwitter ionic intermediate, the advantage of

spacial proximity of the reacting groups was thought to be largely
offset by an unfavourable partitioning ratio for the anionic
carbinolamine predicted as an intermediate in the proposed reaction
mechanism (Fig II). In the hydrolysis in neutral or alkaline solution
ofzz-phényliminotetrahydrofﬁ;Z§:17£t is thought that rate determining
hydration also leads to this type of intermediate, capable of yielding
aniline and butyrolactone or A-hydroxybutyranilide at acid or alkaline
pH respectively, Also, at fixed pH, the presence of phosphate or
bicarbonate buffers causes increased yields of aniline but not of

reaction rate because intermediate formation is the rate determining

step in this case. In the 4~ hydroxybutyranilide hydrolysis at fixed



Fig, II

pH, the phosphaté or bicarbonate catalysts afe thought to change
the rate limiting step to that of cyclization by specifically
bifunctionally catalysing the breakdown of the proposed neutral
carbinolemine intermediate to products via cyrclic transition

_states (7) and (8),

| fé o Q. JO(H)
O/ N\~ /P\
o
RNH

0
' H
RNH  §

O O-X ...,Q‘

0

(7) | (8)




Ceonsistant with these proposals, it was observed that a shteady
value of rate was achieved as catalyst concentration was increased,

Belke Su and Shafer19 studied the hydrolysis of N-phenyl and
N-benzyl 2-hydroxymethylbenzamide, They found that acids and
bases enhanced the hydrolysis rate by catalysing the lactonization
of the hydroxy amides to phthalide,

Kinetic evidence indicated that the lactonization of the amide

is a multistep process with a change in the rate-controlling step

occurring at apnroximately pH 8,

Fig, IIIL.
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The dependence of the catalytic efficiency of bases upon the
pKa of their conjugate acids suggests that, below pH &, the rate
aetermining step for base catalysed lactonizations was diffusion
controlled proton transfer between catalyst and intermediates (11)
and (12). Their results also suggested that the rate determining
step for the observed acid catalysed reaqtion below pH 8 involves
the'catalysis of the elimination of the amine from the intermediate
(13) by the conjugate base of the catalyst.

Above pH 8, cyclization to the carbinolamine (10) was considered
to be rate detefmining and general base catalysis of the
lactonization was observed,

« The following structure (14) was thought to be a possible
representation of transition states for the acid and base catalysed

transition from (9 ) to (10).

In this structure A or B is a proton acceptor other than HZO
or OH, Acid catelysis would be observed when the remaining group
(B or A) was HQO, and vase catalysis would be observed when the

remaining greoup wes OH,

14
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Efficient catalysis by imidazole is observed in this amide |
hydrolysié and is thought to demonstrate ths feasibility of an
imidazole facilitated attack of a hydroxyl group on an amido grbup
as a modal.for the'acylation of a serine proteinase by its
substrate.;

The mechanistic conclusions drawn by these authors are contrary
to-the findings of Schmir eb a2l in their studiss of h-hydroxgybubyr-
anilide lactonization and of 2-phenyliminotetrahydrofuran hydrolysis,

Recently Schmir et a1l Th

studied the hydrolysis of 1-benzyl~imino 1,3
dihydroisobenzofuran in accordaance with the possibility that the
hydrolyéis intermediate would be similar or identical to that
produced in the lactonization of N;benzyl 2-hydroxymethylbenzamide
if the amide hydrolysis proceeds through an O-protonated form by
hydroxyl group nucleophilic attack, It was demonstratasd that the
reaction products were pH dependent.in the same way as were the reaction
products of 2-phenyliminotetrahydrofuran hydfolysis. Overall the
behavior of the compound parallels that of iminolactones and imidate
esters previously studied. These authors concluded that the
lactonization of N-benzyl 2-hydroxymethylbenzamide proceeds via a
mechanism qualitatively similar to that previously suggested far L~
hydroxybutyranilide in which the rate limiting step is intermediate

formation or intermadiate breakdown at acid or alkaline pH

respectively,
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INTRANCLLCULAR PARTICIPATICH OF OTHER FUNCTICWAL GROUPS I ALIDE

HYDROLYSIS,

Examples of intremolecular participation of a variety of

functional groups in the reactions of carboxylic acid derivitives

. h,5
are legion '~ , The majority of studies of intramolecular

participation of this type have had esters as the subject of
investigation and significantly less work has been done on the
éeemingly analogous hydrolysis of amides.

Of the intramolecular functional groups which have been
investigated as possible participants in amide hydrolyéis, the
principle subjects of study have been the hydroxyl group k=19
and the carboxylh group, The first recognized instance of
intramolecular narticipation was recorded by lLeach and Lindleyzo
who recognized that the hydrolysis of L-leucyl-l-asparagnine was
denendent unon the mole fraction of the intramolecular cerboxylate
group in the undissociated formn, A mechanism involving
varticination of the undissociated carboxyl function was then
suggested, |

'Thé respective requirement for carboxyl and carboxylate anion
in amide and ester hydrolysis was recognised by Bender et a121 for
' the ﬁydroxysis of the mono amide and mono methyl ester of phthalic
acid, |

- 2 ‘s
Nitrogen participation in the form of imidazole 2 ’ pyr1d1ne23,

25 Ly5

pyridine _I_\_I_-oxide2A , aromatic amine ~ and amide has been



implicated in the intramoleculariy catalysed hydrolysis of amides,
In the case of imidazole participation in amide hydrolysis, the
rate enhancements although not «s large as in ester hydrolysis are
sufficiently large teo sugrest nucleophilic catalysi326. The most
sigﬁificant feature in this case is that it is the protonated
imidazole which is implicated zs the catalytic speciesh.
Intramolecular amide groups can have a profound effect as
nucleophilic catalysts, The amide anion is an ambident nucleOphiie
and a variety of mechanisms are seen‘which proceed through
intermediates such as oxazolones, oxazolenes, benzoylanthril
and imide327.
'Sulphur pafticipation has been demonstrated for thiocamides,

26
thioureas and dithiocarbamates ,

17
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CCHPARTOON CF INT HHCLECULAR ARD TUTRANCLICULAR CATALYSIS

Although the same chemical principles govern both
intramolecular and intermolecular reactions, stringent sterco-
chemical requirements are often present in the former which can
cause the intramolecular reaction to proceed by a different route
than the bimolecular reaction, The proximity of the catalyst to
the reaction centre leads to the predominance of nuecleophilic over
general écid-Base ;catalysis in intramolecular reactions,

Comparison of the first order intramolecular reaction with
the second-order intermolecular reactions is possible for similar
reactions prroceeding by the same type'of mechanistB. This
comparison is achieved by calculating‘the effective concentration
of intermolecular cetalyst required for eguivalence of the rates of
intra- and intermoleculer reactions, On a mole fraction vasis,
if this figure is less than unity then it is feasible that the
simple local concentration effect is sufficient to cause the
observed rate enhancement, The maximum in this calculation oceurs
where the derived mole fraction is unity, this corresponding to the
>reac£ant being completely surrounded by catalyst molecules,
However, the large rate enhancements observed for some intra-
moleculaerly catalysed reactions exceed this maximum and it therefore
necessary to invoke other factors to explain these large rate

increases,

It is statedh’that the intramolecular reactions should be



favoured over simple biﬁolecular processes since, in the latter,
a considerable loss of translational entropy must accompany the
bringing together of reactants to form a transition state, Also,
favourable orientation of the catalytic group with respect to the

reaction site inan intramolecular reaction has been suggested to

lead to additional entropy advantage over the bimolecular reaction%

- Although examples of comparable intramolecular and inter-
molecular reactions have been recorded in which the observed rate
enhancement can be attributed to a more favourable activation

entropy29

, the activation gnthalpies being approximately equal,
other examples, have been recorded in which the enhanced rate of
the intramolecular reaction is due to a more favourable activation
‘enthalpy in the nresence of an unfavourable activaticn entropy,

.or, in which an enhanced rate is observed in the presence of

unfavourable enthalpies and entropies of activation31.

Thus, if the initial premise is correct, other entropy and

énthalpy factors, which can be of sufficient magnitude to overcome
any favoufable changes incurred in the transition from inter-
molecular to intramolecular reaction, must have been neglected,
Large entroby parriers to reaction can arise from a requirement
for the orientation-and electrostriction of a number of surrounding
soivent molecules. Ring closure reactions of flexible chain
molecules, which invariably occur in intramolecular nucleophilic

-catalysis, generally have unfavourable entropies because of the

19



loss of internal rotation upon ring formation, Similar

unfavourable entropies are thus expected for the formaztion of
transitiqn states which require a similar loss of freedom of
rotationzs,

It is almost certain that such processes as desolvation,
dispersion, solvent interaction and the associated free energies
have to be taken into account in intra- as well as inter-molecular

' 28

reactions™,

Jenks28 has suggested that the rate of ring closure in the
Q0
Ar 0
Orast O™
cq 0

COZH
co,
2
(15)
ester (15) is facilitated by the carboxylate group not being
solvated by water on the side which attacks the ester and hence
does not require to undergo a desdlvation process at this site,
Other considerations which have toc be taken into account
in 5 comparison of intramolecular reactions should include
conformational, electrostatic and steric effects in the two types

. 32
of transition states™ .

‘ Although there are a few reactions in which significant



additional rate acceleration could be expected from favourable
orientatior or rotomer distribution of the reactants in an
intramolecular reaction in which the catalytic group and the
reactive centre are in fixed reactive position, the view is held
that, for the great majority of reactions, it is unlikely that
orientational requirements are so strict that induction of a
favourable orientation will lead to a large rate acceleration
and that the very large rate accelerations which are observed
in some intramolecular reactions are too large to be explained

in these termszg.
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CCHPARISON CF INTRANOLECULAR AND ENZYIIC CATALYSIS,

In recent years consider2ble advances in intramolecular
cetalysis have been made, stimulated in large part by the
hypothesié that intramolecular catalysis can serve as a simple
model of the intracomolex catalysis exhibited by enzymes, and
fostered by the hope that modes of catalysis postulated for
enzymic systems, but not observable in intermolecular systems,
would appear in intramolecular systems,

The view has thus been expressed that the>very large rate
enhancements observed in some intramolecular reactions are too
large to be expressed in terms of local concentration effects,
favourable orientation and rotamer distribution= , yet there

-

exists factors as large &s 101'2 between the rates of enzymic and
intramolscular reactionsBB.

Effects to explain the large catalytic activity of enzymes
have involved the concept of simultaneous concerted involvement

32

of twe or more catalytic groups® ., The suggestion that this
mechanism is involved in certain reactions has been cr:i.‘r.icj.zed'?’}‘L
and it has been suggested that electronic coupling is a prerequisite

for multifunctional catalysis and that most quoted examples are

merelj examples of tautomeric catalysi53§.
Changes in reactivity induced by structural variation in

intramolzecular lactonization of hydroxy acids have induced Storm

and Koshland36 to propose 'orbital steering'! as the factor which



N
T

causec large ribe enhancements in intramolecular and enaymic
catalvazgz 1”mese authors suggest that proximity combined with a
highly sensitive orientation factor for resction related to the
shape of the atomic orbitals should provide factors large enough to
bridge the gap between the observed rates of intramolecular and
enzymic'catalysis. This suggestion was tested by consideration of

the rates of lactonization of the series of hydroky acids, structures

(16) to (19) and their corresponding thiolacids,

()P{ (:}{2(3}4 ‘;f:::zf?:::;?:(}()‘i fﬁf::Z{?é;;;r

e () (1) CHsOH  OH (,,y COOH

Correction factors applied to the observ:d rates gave second order

19 ., .
rate constants of which k, was approximately L6 times greater than

16
ko

The concept of 'orbital steering! has been critized37-ho. it
has been suggested that the magnitude of the applied corrections wes
inadequate and that it is premature to invoke this new concept since
the observed difference in rates coula arise solely from the
differencés in the increases in strain and 1osseé of rotational
37

freedom in going to the transition state

Milstein and Cohen! found that as a result of alkyl



2,
spbstitution in the aromatic ring and side chain of hydro-
coumeric acid to give compounds (20) to (23) increased in the
rate constants in the lactonization at pH 7 by factors up to

1
10 ‘were observed,

(200 (21) (22) (23)

This effect was attributed to a unique interlocking of methyl
groups producing & severe conformational restriction of the side
chain and increasing greétly the population of the most productive
cbnformer. This suggested narrowing of the distribution of
conformational population by eliminating non productive isomers
was termed "stereopoﬁulation contfol“ by these authors and was
suggested as a model for conformational restraint imposed by an
enzyme gn a substrate which would have a close-~-fitting multipoint

' attachment,

Similar large rate increases were observed in a system of

2
fixed conformation (24) b .



¢ooH CONHR
- (24)

By varying the R groups,rate increases over 10 powers of 10 were
observed, the introduction of a second R3 alkyl group into a system
with R1 and R2 alkyl groups having disproportioﬁately large effects,
The large changes in rate were foﬁnd to reflect exclusively
activation enthalpy changes, the activation entropies being actually
less favourable for the more reactive compounds, ~ The authors concludc
that a simple buttressing effect of the four coplanar substituents
forces the reactive groups into closer proximity and raises the
energy of the initial state relative to the transition state for
cyclization,

I+ has been pointed out39 that it can be established that
translational4and overall rotational motions provide the important
entropic driving force for enzymic and intramolecular réte
accelerations, Internal rotations and unusually severe
orientétional requirements are considered to be of seéondary
importance, It is estimated that the loss of translational and
overall rotational entropy in going from second to first ofder
reaction in solutions is approximately 45 e.u., (standard state

.1’M at 250). Although this large loss of entropy can bs

partially compensated for by low frequency motions in the



e
O\

products and urinsivion state, effective concentrations

approaching 108M can be accowibed. for without the introduction

36,41

of new concepts or terms,



ACTDITY FUNCTIONS AND THEIR APPLICATICHS Tou &:IDES,

In dilute agueous solution of strong acids the protorn
donating power of the mediunm isvacceptably defined as the
concentration of oxonium ion, In concentrated solutions of acids
the solvent is essentially no longer water and the proton donating
jpoWer of the medium cannot be expressed so simply,

Attempts to define this and related powers for a variety of
systems, and to apply the interpretations of tﬁese attempts to
the thermodynamic and kinetic behaviour of organic solutés in
céncentrated solutions of acids and bases have led to the
evolution of the broad subjéct of acidity functions, The subject
has been recently thoroughly revieweth and the following
discussion deals briefly with the salient features which can be related
to a study of amide hydrolysis in cbncentratqd ;cid solutions,

The original acidity function concept was proposed by Hammett
and Deyruphh.who suggested that the proton donating power of
- strongly acidic solutions could be referred to a thermodyhamic
standard state in water by the stepwise application of
progressively less basic indicators in progressively stronger acid
solutions, |

For the proteolytic equilibrium of the indicator In, a neutral
Bronsted base;

(2)

HIn" === In + K



o)

the thermodynamié equilibrium constant can be written
= |
ayte fp, [in] (3)
fym™ [

where activities, activity coefficients and concentrations are

K =

symbolized by a, f and []respectively. Considering the ratio
(aH%;fIn/thn+ ), although the component terms are separately
indeterminable, the term as a whole can be experimentally

determined and is of the type to offer physical meaning.

This ratio is defined as

h - aH+’ fIn T ( )
o f b
. HInt

‘and thus equation (3) can be expressed as

[1n]
B (5)
[ ]

The Ho scale is referred to a standard state of infinite dilution

-log ho= Ho = pK -+ log

in water where activity coefficients become unity so that equation

(5) becomes
pH = pK + log ( [In] / [H Inﬂ ) (6).

The Ho scale mey thus be viewed as an extension of the pH scals

into strong acid.

However, for the general base B in proteolytic equilibrium



W
)

ot , +
BH;;:—E:BTH (7)

the thermodynamic dissociation constant can be expressed

_ 2ppefp .[B?
Kyt = A [ig;,d (8)

but sustituting for ayt from equation (4) in equation (8) gives

KBH; - ho-[B}; iB Tyt
, CF] Ypit frn

()

Thus the construction of an acidity scale based upon a series
of progressively weaker bases depends upon the assumption that
the activity coefficients of all the indicators respond in the
same way to changes in acidity, and the general applicability
' of these scales depends upon the ratios of activity coefficients

being indepmendent of the structure of the base, so that the ratio

(f.r £ .1,
B HIn+/ B In
equation

) is equal to unity and a plot of the

B, = pKg+ + log ( [B] / [BH"’] ) - (10)
is linear with unit slope. A
.Those organic solutes, which do have similar activity
coefficient behaviour to the series of primary anilines used to
establish the H  scale, will obey these conditions, and the
derived pKpyt values for such compounds, referred to as Hammett
bases, will be the thermodynemic equilibrium constants referred to

the standard state free =snergy of ionization,



(&

Those compounds which do not it equation (10) musl be
regarded as following a different acidity function and the pKBH+
values derived from a plot of equation (10) would be the Ho valus
for the solubtion in which they are half converted to their
conjugate acids, This type has among its numbers aryl olefins,
aliphatic ethefé, phenols and, notably, amides, It has thus
been observed that groups of bases with different structures and
basic sites of ten show significant deviations in acidity function
behaviour from that of Hammett bases, |

Hammett and Deyruphh noted that the Hb acidity function could

correlate the rates of certain reactions, Thus the observed rate

constants, k, were found to be consistant with equation (11)

log k + H, = constant. , (11)
The rates of other reactions were found to correlate with

the acid concentration.

ko proposed that this distinction was

Zucker and Hammett
associated with precise differences in mechenism, On the basis
of equations (12) and (13), respectively depicting generalized Al

aﬁd A2 mechanisms for the hydrolysis of an organic solute S in

acid solution,

o fast 4 slow o
S+ H &= Sﬁ T?_A —3» products (12)
+ fast. ot slow % i
S+ H' mmmi SH + Hy0 —;&A ——>> products (13)

(o)
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Zucker and Hammett = oroposed two general cystems to account for
_the effects of highly acidic media on the rates of oxonium ion
catalysed reactions. Well documented derivations produce two

general equations for the observed rate constants of 41 reactions

{s] | k, h fqe gt
1 1 = _] - * L ] '*'-—"‘Z_'_,“ ( 1 1&)
[s*]{'ﬁﬁ] Kot fpef

( where ky is the observed first order rate constant, k, is the
3
rate constant for the slow step, £ is the activity coefficient
‘ 3 '
for the transition state A for the slow step ) and for the

observed rate constant for the A2 mechanism,

[s] % ,[H'F]‘ LgeTytea, o (15)

k= m . -
[S-i}ytgHﬂ K+ f

( where k2 is the rate constant for the rate of loss of the sum

+
of equilibrium concentrations of S and SH for the bimolecular

rate determining step ),

These equétions include the activity ccefficient ratios
( fs.fB;{+/fB.f*) and ( fg.fy" .&N/f-::—). The Zucker-Hammett
hypothesis, in requiring lo§ok1, the logarithm of the pseudo first
order rate constant, to be linear with unit slope in -H; or-log10
[H+] , requires at least one of the activity coefficlent terms
to be constant over the range of acid studied. This is analagous

to requirements inherent in. the original acidity function concept
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ﬁhich have not been found to be generally obsorved, Thus, the

now established fact that changés in base structure can lead to

the need for significantly different acidity functions leaves no
doubt that the Zucker-Hammett hypothesis based on H.o will not be
generally applicable,

L6 .
Bunnett noted that plots of (log koot Ho) and of (log K s

b
=log [ﬁX] ), or appropriate other functions for more basic substrates,
were often linear, or approximstely so, in log & _and that their
slopes defined parameters ( w and cu?respectively) useful for
classification of reactions. The parameters w and of were
associated with the manner of involvement of water in the rate
determining steps of reactions of established mechanish thus
developing an empirical criterion of mechanism,

Theoretical significa,ncel‘L6 was added to this empirical
treatment by a consideration of the generalised-equation for the

acid catalysed reaction of the organic substrate S in which each

species is considered as fully hydrated.

+ s 11 + - ) 10 .(16)
S(HZC’% —l~H(H’,201)1 9:7.‘::'_- S..(HQOI)3 + (s+n-p dz
SH(H20) + (t-p)H?O —-B'A(Hzoz —3» products (17)
p &
The rate law stemming from these equations is
_  k [S/H 0) ‘H%{(H C)‘f:‘ a(t—s-n) fS(H2O>S.ffI(HpO): (18)
Rate = I {?lst Tk oY 2 n} H,0 ©

K = 2 £71 +
LB
SH ?ﬂzo)t
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In the case wiere [O_H ]<<{u j . [o] = [b] . Thus when lcgarithms

are taken the following equation is obtained:

. ¥
log Kgpg~ log [H(Hzox)1 ] = (t-s-n) lecg a,+ log —
“SH
| | (19)

Thus if the activity coefficient terms are medium independent

M,

-«

F
log kypg-log [HBC] will be linear in log ay ( with slope
2
approximately equal to (t-s-n),
Congidering the protonation equilibrium of a Hammett base in

which a1l species are fully hydrated

+ + '
B(H,0) + H(H,0) &= BH(H.0) + (btn-a) H0 (20)
2% 275 27a 20

leads to the definition of the acidity function

[H(Hgo)ﬂ fB(Hgo)be(Hz())K

o =
bin-a

& f +

W ,, : BH(Hzo)a

R
From this equation (21), an expression for [H(Hzo)n]may be
_obtained which when substituted in equation (18) yields, upon

taking logarithms and rearranging,

£ 5(,0) Thi(u,0)*

log k +H = (t-s+b-a) loga + J.og(k/KS H+)+log; o
N o
obs o W fB(HQO)b f(Hgo)t,

33

22)



Again, if all the assumptions concerning the activity cezftricients
in the construction of the acidity function ho and corcerning the
generality of anplication of the function to other bases of

different structural types are applied then (log K st Ho) should

b
be expected to be.linear in log a, with slope w equal to

_[(t-S) ~ (a-b)] . Thus this hydration hypothesis in its extreme
form relates w to the hydration of the transition state less
substrate in the protonation of an indicator base, Since these
assumptions have been shown to be not generally correcv, this
hydration parameter treatment suffers from the same types of

limitations as described for the Zucker-Hammett treatmenth5.

47

" It had been noted that although log I for uracils'' and many

primary, secondary and tertiary benzamide and napthamide derivatives

+

SH
(where I= TTETT_J was & linear function ol -Ho the slopes were often
5,8-51

appreciably less than unity Edward and wang52,in noting
that nropionamide was not a Hammett base, suggested that the
vdifférence in ionization behavicur of amides was due to a difference
in the cationic hydration in that the amides were more hydrated.
Thus the appreciable difference between the ionization behaviour of
amines and amides and the significant difference in the resulting .
activity Eoefficient behaviour led Yates et §l53 to define 2 new
acidity coefficient, QX’ based upon mezsurements of the extent of

the protonation of a series of primary amides in concentrated acid

solutions, No amide, however, was found to link the weakly bkasic



amides in concentrated ccid solutions with standsrd stats nure
water and so A«nitroanilide[ which was found to overlap with the
strongest amide base used, 2-pyrrole carboxamide] was employed for
this purpose.

The Hy spales for various concentratea acids have been
determined and it has been observed that H; is not a unique function
of water activity for HCl and H2SOh since generally (HA_HO)HQSO
;:> (HA-HO)H01¢. -Discussions of this deviatiqn b
between Ho and HA have considered individual activity coefficient
variation or variation in hydration requirements between protonated
amides and aminesSh 3 this leads to the conclusion that protonated
amiées are H-bonded to more solvating watér molecules than are
primary anilinium ions, A4 simple picture of the solvated amide has
been produced50’53 . Consistant with th: fact that, in H,50 , Hy
:>'Ho is the finding that fAH+ increases faster than fBH+'(where
AH+‘= anilinium ion and BH+ = benzamide cation ),

Yates and Stevens55 criticised the application of Bunnett's
relationship to amides and to other bases which have been shown not
to follow Hjy.  They suggested that a modified hydration parameter
treatment incorporating the hy acidity‘function would be more
appropriate. The theoretical derivation of this treatment is
similar to that described above except that the general indicator

base B refers to the amides used to construct the H, acidity

function53 Thus, this derivation, when considering a weakly



basic substrate, gives the following relatinnship for the first

order ratec c v :
' constart kobs

a r-Hb-a)=(s-p)

k h £ £ +
A S(H»0)s *BH(H20)3 w
ohs™ T ° : T = . (23)
C KSH f f
‘ (1{20,3 B(Hzo)b

based on equation (16) and the representation for the slow step in

the general acid-catalysed reaction

o, o, |
SH(H,0) + r(Hzo)_i‘_> A (Hzo):-—> products (25)

Equation (23) closely approximates to

k
r : .
Kobs™ e hy & : o (26)
SH o

since fS(H?O)S and fB(HQO)b refer to the same type of species and

it is a2 much less extreme assumption than that used in the Bunnett
hydration parameter ‘t,rezﬂ:ment',h6 to suggest that.these terms will
approximately cancel, For the same reason the term (b-a)-(s-p)

will be effectively zerb. Taking logarithms and rearranging leads

to log ky o+ Hy =r log a, + log k/Kgy+ : : (27)
For more basic substrates protonated to an appreciable extent the

corresponding equation can be shown to be

log k .- log (hy/Xgp+ +hy)=r log a + log K/ Kyt (28)
Thus r can be more directly related to the mumber of water

molecules required to convert the protonated substrate to the

transition state.
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Bunnettand Olsen” * - P diverse reastions
: Tyt 3 ~ 2 44 €y % v . ey 9% - “f 3 3
an soletions of the siwme minsrsl acld, Linear relaticnships

existod between loglQ ond/or 3

ké the second order rats coefficient as k& . / [ }-I+] .

In the absence of a suibable ressiion for which rate or
equilibriom date was available over a bread concentration range,
Bunnett and Olsen choss to correlste a,ec;,wj nental eguilibriuae
or rate data ageinst the eguilibriws ;;:ro"c, nation of & hypothetieal

aromatic primary amine, 3, of j E&L gsro, Ifor which a plot oi Jog

I versus Ho has slope 1,00,

Ho = pﬁsff*- +aeg {3]/ {28 (e

)
Assuming that the e:;ﬁ.:im"x?ﬁ,iag aqaotient a1 d %,x.a second

order rate coefficieni for the protonsiion anﬁ r%c‘&m 108

substrate S follew the equations W

_%i‘j +H =¢_ (H
3

oz 14 } bE p?’qﬁ+ : {307
:«} ) + log x”:’ Rt (31}

where (%) o iz & paramwbsr which expressss the response of

o

2 ' : * gy p T oo Y LM - &
eguilibriwe to changing seld concentration,

pKeoF &3 the theramodynamis pK for the bass $ relerred to infinite

dilaticn in waler,
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log kr is the phenomenological rete coefficicnt for the step

= . : L A

sH log kr is the phenomenclogical rate coefficicnt for the step
N A

logsi + H,0 ———=> Transition state

L

2
* 0 ] s » N
in log k, 1is the second ordur rate coefficient at infinite dilution
‘$ r is a parameter which characterises the kinetic effect of
changing the reaction medium,
Since the overall reaction rate can be expressed as k [é! .
. obe stoic,
+
and k, Eﬁ{] ’

log k, = log k , . -log [S}#} (325

[s] + [t

¥hen the sign and magnitude of these parameters is considered

obs

bl

it can be seen that they repreéent the relative rates of changé
of the factors under considerztion and the equilibrium quotient
of the hypothetical base, Bunnett and Olsen show that these

parameters are properticnality constants between the logarithms

of activity coefficient ratios.

log fBefs = 10 Tmr o (33)
Lsp+1p Ige Tyt
+ - | o
log fSH . = ¢r log me ) . . (33)
* ' :
f fg . £t

where all terms have their usual significance,
Medium effects on rates andeguilibria have been interpreted

in terms of hydration change. Although Bunnett and Olsen recognise



this hypothesis as extreme, in the ebsance of any indication of

the extent of this factor on medium effuscts, they discuss the
magnitude of ¢ values in thesce terms, Cbnsiderimg the protgnatioﬁs
and reactions of substrate S and hypothetical base B (equations 16,17

and 20 ) the following relations are derived:-

b= | (35)

-

(b+n-a) (b+n-a)

‘oe

47 _ (p-s) -(a-b) _ (t-p)
e

On thisbasis, for 3,5 -7 mineral acid, (b+n-2) is approximately
L.5 and average hydration changes can be expressed as a.5g# or cu!.
Three mechanistic catsgories of 4} have been envisaged and
areg listed in table i, |
| Equations (30) and (31) can be added to obtain the approximate

expression suitable for very weak bases

. o
log k= <{>(HO +10g [0 ) + 108 K& (36)
| Ksut
from whiché) = (4}@ +(§>I-, ) is noted, (37}

Kresge et a158 have suggested an approach to the study of
mechanisms in concentrated acid solutions, This approach, which
does not rely upon the use of H,, considers the equilibrium
formation of a pretonated intermediate and its conversion- te
products; The basic cencapt lies in the ability to represent
the activity cosfficient of the transition state, f*, by the

equation
TR foX o , o
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where < represents the extent to which the transition state
resembles the protonated intermediate

From the generalized mechanism

S + H‘." = sut fl_f___”: products (3%)

the experimental rate constant Kopg Will be

k £+ f

k = "t H S

obhs [H ]m__. (_w)
KSH"' I¥

which leads to the equat.lon, where I is the ionization ratio 3’{4}

]

log,, __-_lf_c_vl)_g,__ = Klog,, (1/ [“I{P + log,, (k KSH':<-1) (L1)
[+ | ,
~ from which the parameter o can be determined, By comparison
with the l.f.e.xf. equations it can be shown that oA is related to
the parameters ¢ and d[)e by the equatio;l
o« = (4) 1) / (§-1) | | (42)
This test of mechanism was first applied ‘go hydrogen exchange
reactions in trihydroxy- and trimsthoxybsnzene,
However, this parameter would appear to be limited to cases

where the transition state lies between substrate and protonated

subs‘bréte”-



_THE  HYCBCLYSIS  GF  ALTDES

The subject of amide hydrolysis has recently been reviewed59
and it has been pointed out that, althcugh the mechanism of
alkaline hydrolysis of amides has been determined, doubts about
the vrecise mechanism of acid hydrolysis still remain59’6o and
the existance of a mechanism general to amides of varying
structures has been ques’t,:‘Loned?.lP

Thus the following discussion deals briefiy'éith evidence for,
and conclusions concerning the mechanism of acid catalysed
hydrolysis ofvamides since this is a subject under consideration

in this work,




Acid - Catalvsed Amide Hydrolysis,

The reactions of carboxylic acid derivatives have been the
subject of continued investigation over a long period and the
topic has been :c\'—WiewedB:2 « In many cases, general and
sﬁbsidiary mechanisms have been proposed and identified, The
hydrolysis of simple esters, for example, has been shown to
proceed by an AAc2 mechanism in aquecus acid, whereas sterically
hindered aromatic esters have been shown to proceed by an AAC1
mechanism32 . The base catalysed hydrolysis of amides has
proved to be relatively straightforward59 , @s have the mechanisms

of hydrolysis of acid halides and anhydrides:%% but, although
_extensive studies have been carried out59'the nature of the
general mechanism of acid-catalysed hydrolysis of amides has not
yet been unambiguously established 59,60 ,

The experimental rate constanﬂs for the hydrolysis, in
concentrated agueous HCl solutions, of a diverse series of amides
have been shown to be approximately proportional to the HC1

61

concentration ~ .,

The acid catalysed hydrolysis of amides were studied by

Reid®? who showed that, in reasonably dilute acid solutions, the

rate of hydrolysis was first order in both total amide and total

hydrogen ion concentrations.

The most notable feature of the kinetics of acid catalysed

hydrolysis of amides is, however, the existance of a maximum in

g



the plot of rate against acid concentration, This was first
63

‘observed by Benrath and has been found to occur generally in

the hydrolysis of & number of aliphatic and aromatic amides in

bL4-67

strong acids o The position of this maximum has been shown

to vary depending upon the structure of the amide and upon: the
nature of the'aéid, but generally occurs at acidities numerically
greater than the pX, of the amide 32.

Examinations of the effects of substituents on the hydrolysis
of aliphatic and aromatic amides have been carried out, In
benzamides meta or para electron attracting substituents on the
benzene nucleus were found to accelerate and electron releasing
substituents found to decelerate the hydrolysis ratesée, whereés

69,70
9

orthe substituents, independent of their polsr effects

62

retard the reaction through steric hinderance .

In aliphatic amides the rate of hydrolysis was found to be

_69,71,72 .
governed by a combination of steric, = ., polar and conjugative
substituent effects of which steric effects were most important .

Thus the rate of hydrolysis of n-butyramide is twice as slow as
that of n-propiOnamide69 .

Studies of the deuterium isotope effect on the acid catalysed
hydrolysis of acetamide °0?"*and benzamide 2 in HCL showed that in
both cases the effect of the change from H20 to DZO as solvent was

to shift the entire profile so that the maximum occurred at lower

ecid concentration, The hydrolysis of these amides are found



wo proceed more rapidly in D20 at low acid concentrations and

more rapidly in HZO at high acid concentrations., Since, cn the

basis of a fivefold smaller autoprotolysis constant,D O is believed
Thy75 :

to be less basic than H,0,"%'? | these observations can be

explained in terms of the following reaction scheme7k.

s
S+ Hg=2si
ST+ H 0= 1" > products

In the less basic solvent, D?O, the substrate will be able to

(43)

compete more favourably for the deuteron than for the proton in
HZO' Thus the concentration of the conjugate acid will achieve
a meximum more quickly in-D,0 than in Hy0, provided the second step
does not show an inverse eifect, Thus in low acid concentrations
the pre-equilibrium controls the isotope effect and the reaction is
more rapid in Dy0 than in H;0., At high acid concentrations the
amide is largely in the form of the conjugate acid in either solvent.
The displacement on the conjugate acid would be expected to be
slower for DZO than for H20 since the former is the weaker base,
Thus, on the basis of kinetic and substituent effect evidenqe,
the acid catalysed hydrolysis can be discussed in terms of a
pre-equilibrium protonation followed by nucleophilic attack of
water on the conjugate acid 59, but it has been recognised that
the inverse solvent isotone effect observed at low acidities does

not rule out rate determining proton transfer if it were accompanied



6

by other covalency changes 7

Arrhenius parameter results are also in accord with
the bimolecular mechanisné1b’77578’79’8o.

Bender 32 sunmarized the data obtained and noted that the
hjpothesis of nucleophilic attack by solvent water on the
protonated amide intermediate as the rate determining step
effectively accounted for all the experimental facts, and
represented the proposéd mechanism as follows

i

1 , |
R-C-iHR' + H,0" hydrolysis products (44)
e

To account for the appearance of a maximum in the hydrolysis
rate versus acid concentration plot, hypctheses involving
complete ionization and subsequent salt formation,63 a
changing mechanism as acid concentration is increased were
discarded in favour of the suggestion that the decrease in rate
at intermediate acid concentrations was due to decreasing water
activity 67 . It wes suggested that the maximum occurred at
the point at which the inereasing acid concentration had a
proportionately smaller effect in enhancing the acidity than in
decreasing the water activity.

This hypothesis was found to account quantitatively for
the changes in the rate of hydrolysis with acid eoncentraﬁion§1c .

Thus the experimental rate constant, k, , can be related to



the second order rate ccnsbant . k2, by the expression

ko s= KKt [HBO"‘]/(KAH-# n) | (45)

where Ilest the equilibrium constant for the dissociation of the

prbtonated amide and ho is the Hammett bl acidity function,
In the light of the earlier discussion53 s h, should perhaps
bé used here instead of hy. |

Generally for weak bases or at low acidities, K>> h,

and equation (45 ) simplifies to the following expression

koo~ s [H30+] | (46)
Thus a linear dependence of the experimental first order rate
constant on the concentraticn of the hydronium ion is predicted
and is.found in dilute acid solution61c .
However in strong acid solution, when K<< h,, equation (46)

simplifies to
k. =k K [Ho /Mn (L7)
obs 2 3 o :
~Since h, increases with acid concentration much more rapidly

than [H30+] y Kopg decreases in high concentrations of acids.

‘When K <<h o Protonation of the amide will be substantially
complete ; the decrease in the rafce of hydrolysis can thus be

regarded as a consequence of the decreasing availability of

water,
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Other forms of the equation ( 45) have bsen anplied to the
nydrolysis of o-nitroacetanilide in H2SOLT7 .
In substituted benzamides, the effect of é, sustituent could

be manifested in either the pre-eguilibrium step, in the
subsequent rate determining step or in both steps, The Hammett

'Pconstants would bear the theoretical relationship to one

another,

P overa;l = Pi P, | o : (12)

where 1 and 2 refer to the pre-equilibrium and rate determining
steps respectively, It is possible to determine all three fp

constants independently and it was found that the above
relationship was closely approximated by the experimental data 68
thus corroborating the proposed mschanism,

Attempts to determine the unique or predominant centre of
protonation in the conjugate acid of amides in acidic media has
led to the collection of a large number of experimental
observations obtained by a large variety of physical and'chemical
methods, These observations have been reviewed 59,82 and the
conclusion was reached that, although protonation of amides occurs
in both of the possible positions , O-protonation predominates |
and N-protonation occurs to only & small degree, Ferhaps the

strongest evidence for these conclusions comes from proton n.m.r.
L=3

work on acetamide, N, N dimethyl acetamide , formamide and N, N



dimethyl formamide83w t low temperatures, where sclvent
exchange was slow, resonances were assigned to CcéH, Also,
resonances assigned to the methyl groups of N, N dimethyl
formamide, in different environmments as a result of partial
double bond character of OC»HMez, remained unchanged in strong
aqueous acids, thus suggesting that the O-protonated form
predominatss,

Observations of the loss of both cis and trans coupling of -

L~bound and N-bound protons of formamides at a low degree of
protonation led Liler85ﬁ85 to assert that this is consistant only
with N-protonation,

Also, low activation energies for exchange of the two N-H
sites of [ﬁ’% in concentrated acids are accounted for by Iiler
in terms of a taufomerism of the O and N protorated cations with
the N-protonated species increasing in concentration on proceeding
to dilute acids

However Martin122

pointed out that, in formamide, since both 57’

bound nrotons underzo acid-catalysed exchange at comparable rates,
simultangous collapss of both g¢is and trons couplings of the (-

and N~ bound orotons would be expecied and that no conclusion
concerning the sipe of protonation can be reached from this result.

By considering proton exchangs ratgsix1fc:mamidws at acidities whers
the amide is only fracticnelly protonated, Martin provides quantitative

estbimates of the molar ratio of Q- to N~ protonated amide in dilute

acid solutions. He shows that for J-Methyl acetawdde this ratio ie

R
of the order of 3xi0 .
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The virtual absence of oxypen exchangs in the acid catalysed
. hydrolysis of amides, demonstrated in diiute acid;7o and recently
confirmed in both dilute and G;QM HC1  cannot be reconciled

with an O-protonated intermediate, Also, on the assumption that
the predomingnt.cation in agueous acids is the O-protonated form,
it has not proved possible to justify a simple AA02 mechanism or,
to formulate another suitable mechanism of acid-catalysed amide
hyaroly51532'59.

The genefal existance of a maximum in the plot of rate against
acid concentration considerably comnlicates tests of acidity
function behaviour as a criterion of mechanismﬁB.

For the posfulated Ajo2 mechanism, the Zucker-Hammett
hypothesis, when tested, is found to break down in even
moderately concentrated acids when applied to amide hydrolysis.,

In applying the empirical hydration paraméher treatment

he
to acid-catalysed amide hydrolysis, Bunnett initially used K_ -+

SH
values of uncertain validity, The w values thus determined
for the hydrolysis of benzamide and 4-nitrobenzamide,
acetaride, propionamide and acetyglycine were redetermined by
Bunnett and Olsen using more reliable, spectrophotometrically
determined KSH+va1ues for the equilibrium protonation of
emides. The results are displayed in table (1) . Where

plots to determine w show a degree of curvature, it was usually

‘% ° . .
found that(L plots wers close to linearity, Curvature was
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attributed to a decreasing nmumber of water mslecules in the
. transition state with inecreasing 2cid concentration,

Since comparison of the iénization behaviour of amines and
emides clearly shows that 2mides do not follow the Ho function,
the w values‘cannot be simply related to hydration changes in
the rate determining step,

The modified hydration parameter treatment for amides,
by using the amide acidity function, Hy, avoids the necessity
of assuming the activity coefficient behaviour and the solvation
requirements of the reactants and the transition state parallel
the activity coefficient behaviour and the solvation requirements
of the primary aniline bases and their cations used in the
construction of the acidity function HO. Initially, when
applied over a restricted acidity range, good straight lines

&
for a series of amides were obtainé%i Values of r determined

for the hydrolysis of benzemide and A-nitrobenzamide in agueous

H,S0

550, were 2.6 and 2,7 respectively,

These values agree fairly well with the vglues of the parameter
b ', the number of water molecules, in addition to the hydration
sheath of the protonated amide needed to form the activated
comple}i&9 Thus, a value of 3.3 was obtained for this parameter

over a relatively short concentration range in stoh,
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Thus both authors came o the same coiuclusion as to the

_nature of the transition state (fig.IV)

H,0 Vi
2 j”.“'H\\oT;".....é’/ NH.  (H.O)
Hzo.....H/’ 2 2 7a

Fh

Fig,(IV)

Application of the linear free energy relationship (l.f.e.r.)
treatment for reaction rates proposed by Bunnett and Olsen?7 gave
typical values as in table ( 1 ), This treatment, however, was
found in several cases to give non-linear plot29’73’87 . This
non-linearity in the 1.f,e.r. treatment of kinetic data was
discussed by Bunnett and Olsen 56 in terms of a mechanism involving
two pathways occurring simultaneously.

. 6ic,69,88
Several authors ’ 9,88,89

had oreviously suggested that acid
catalysed hydrolysis of amides could go via tw§ mechanisms
involving distinct intermediates and transition states depending
upon whether the oxygen or the nitrogen of the amide had been
protonated.

" The failure of the hydration parameter, the modified hydration
parameter and the linear free energy relationships to give linear
plots for the hydrolysis of benzamide N-mnethyl benzamide and
N, N-dimethyl. benzamide in HCL led Bunton et a1.73 to further

suggest the existance of two distinct mechamistic paths, with

transition states I and II-in figure ( V )e
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Assuming the activity coefficients of the free amides and
the activity coefficients of ions of like charge to be essentially
medium independent, an assumption which has been described as
87

unyealistic,” an application of the Bronsted-Bjerrum rate

equation gave equation (49)

= (K ) a
Cy (I1CACH+ + K,Crpp ) N (49)

where CA is the st01cn10metr1c COﬁcentration of amide, If‘

X is the amount of protonated amide III, equation (49) becomes

kobs } k1CH (f-ex) + k2 . (50)
aw"°< <

This treatment was found to correlate the observed data,
Smith and Yateséo suggest that the problem of curvature

in r-type plots cannot easily be explained by postulating
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dual competitive mechanisins since this wonld require, for the
structurally different amides stﬁdied, the improbable equality
of the enthalpies of activation for each pathway.  The
requirement that this equality should remain, over a large range
of acid concentration , since the enthalpy of activation for
the protonated species is observed to be medium invariant over
this range, is also improbable, These authors conclude that
curvature of r -type plots is likely to be due to the medium
variation of the ratio of the activity coefficients of the
protonated species and the transition state, The
non-coinecidence of r -type plots for amide hydrolysis in HClOA
and'HZSOA has been reported as invalidating evidence for the
assumed medium independence of the activity coefficient ratio
by Moodie et 31.87 who observe that the activity coefficient
ratio clearly varies with the nature and the concentration of
the strong acid and that derived r values are not reliable
for this reason.

| Yates and Smithéo conclude that the absence of curvature
in r =-type plots for other substrates, such as esters, suggest
that, on the basis of Hammond's postuiaté?) the conjugate acids
of these species should resemble their transition states to a

much greater degree than the amide conjugate acid resembles its

-

conjugate acid, ¢
0
Yates and Smith observe that values of hydration parameters
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in general will be materially affected if 8, values and
observed rate constants do not refer to the same tempecrature.
They demonstrate that reported variations of the enthalpy
of activation,lﬁfi*of amide hydrolysis with medium concentration
are largely due to the incorporation of a temperature of a into
AF, |
25

Thus plots of log ka versus log a_”~ , where ka is the

specific rate constant at varying temperatures and aw25 is
the water activity of a particular medium at 2500, will
result in a set of non-parallel r-type plots as T is varied,

The conclusion is reached that, since ZXH% can be shown to
be medium independent when the temperature variation of a is
taken into account, and since the shape of the r-type plots
is constant, as determined by the factor log (k/KA)‘(fSH i/f*)
derivable from equation (25) , the curvature of the r;tspe
plots must be due to the manner in which the entropy of the
reaction varies with the medium,

A suggestion that amides hydrolyse only by way of a
much less predominant N-protonated amide as the reactive conjugate
acid has been used by Yates and Smithéo to explain the slowness
of amide hydrolysis; the non-observation of O18 exchange

73

concurrent with acid-catalysed hydrolysis'~ ,  The curvature

-

of r-type plots can also be explained on this model since,

if the reaction were to proceed by & minor conjugate acid form
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with significantly different pk and acidity function dependence,
the correction term for substrate protonation would follow a
complex, changing acidity function.

These suggestions are stated to be independent of any activity
coefficient behaviour,

A suggesﬁion tﬁat the rate maximum in the plot of rate
against acid concentration corresponds to a maximum in the
00n¢entration of the'§~protonated form in a medium dependent'
tautomeric equilibrium of the two forms has been forwarded.92
but has been criticized®?,

Amides containing highly electron withdrawing N-substituents
have been shown to undergo unimolecular hydrolysis in concentrated
HZSOL by fission of the N protonated form 77 .

O'Conner et al Ik recently reported that, by a survey of
correlations of acid catalysed amide hydrolysié by the hydration
parameter treatments, the l.f.e.r, treatment and the empirical
two-term mechanism, a classification according to structure
becéme obvious, Aromatic amides were found to correlate poorly
with hvdration parameter and 1l.f.e.r, treatments but correlated
well with the empirical two term mechanism;whereas,for alibhatic
. and pseudo-aliphatic amides (anilides) the reverse situation
applied, Thej thus suggested that the mechanism for acid

catalysed hydrolysis of arometic amides involves complications

which are not present in the hydrolysis of aliphatic amides,
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If amide hydrolysis proceeds to an intermediate by attack

3

of water on an O-orotonated conjugate acid, it has been suggested61c

that the tetrahedral intermediate generated in the hydrolysis of a
suitablg imidate ester would be a good model for that intermediate,

Based on this suggestion, Yates et al116

studied the acidie
hydrolysis of series of related N substituted benzamides and methyl
tenzimidates., A change in benzimidate hydrolysis product from ester/
acid to amide at high acid concentration, and variances inkZXH% values
with inqreases in acid concentration suggested that a change in raté
. determining step was occurring. If the two re;ctions proceed via
similar intermediates, the O18 exchange which would now be expected

in coneentrated acid solutions in amide hydrolysis was not observed.
The sharp contrast between the amides and imidates in the effect of
successive N substitutions on respecpive [&H* values, and the effects
of these substitutions upon relative rates suggested to these authors
that it is unlikely that each amide cbnsidered hydrolyses by a
mechanism similar to that occurring in imidate hydrolysis.

Thus it was concluded that reaction, in amide hydrolysis, via
a minor N~§rotonated form;for—chgnges of mechanism with substitution

»

would account for the observed results,
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PREPARATIVE  EXPERIMENTAL.,

A1l starting materials were commercial samples and were
generally of an analytical reagent grade, They were purified
by recrystallization or distillatién before use,

Melting points were measured oh a Kofler-Reichert hot stage
melting point apparatus and are uncorrected,

I.r; spectra were recorded using Perkin-Elmer 237 and
Pye Unicam SP1000 spectrophotometers and were calibrated by
polystyrene-film spectral bvands, - The following abreviations
are used:- s : strong; m : medium; w : weak (intensities)
def : deformation; str : stretch; skel : skeletal;
assyﬁ : assymmetric; sym : symmetric.

N.m,r, spectra were recorded as approximately 10% solutions
by 60 MHz Varian T-60 and 100 MHz Varisn HA-100 spectrometers,
Chemical shifts were measured downfield from internal T.M.S. and
are quoted in parts per million, The chemical shift quoted for
rultiplets is normally the centre of that multiplet., The

integration value of each peak and its multiplicity are given in
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parenthesis and where, upon shaking the solution with DQO, exchange
.of any nroton(s) nroduces a change in the spectrum, the change
is recorded in parenthesis, |

Elemental analysis were determined by the analytical staff,
- The University of Glasgow and are quoted as percentages.

A11 analytical and preparative thin layer chromatography
(t.1.c.) was carried out on Kieselgel 'G', as the stationary phase,

of thicknesses 0,25 mn and 1,0mm respectively.



foutes to Y - Aryl ¥ and d Hydroxy Amides

The majority of the 4 - hydroxy butyranilides and 5 - hydroxy
valeranilides were prepared by the adaptation of a general route
to the aryl esters of J - hydroxy butyric acid and 5 - hydroxy
95,96

véleric acid -,

This adapted route involves the proteétion of the hydroxyl of
the hydroxy acid with the benzyl reSidué, which can be easily
removed by hydrogénolysis under mild conditioné?Z

The benzylbxy acids, prevared from the corresponding lactones

95

s can be condensed with an aniline in the presence of N -‘ethoxy
carbonyl, 2 - ebhoxy, 1,2 - dihydroquinoline98 (EER) to form the
benzyloxy anilide.

Hydrogenolysis under mild conditions 77 vields the corresponding
hydroxy anilide,

This route was used in all cases except where there was a group
more susceptible to hydrogenation than the ether linkage in the

molecule or where the hydroxy anilide could be formed directly

from the anilide and lactone,
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Prepsration of ) - Beawyloxy Butyric icid

Anhydrous toluene ( 75ml } is brought to reflux in a 2 litre,

three-necked flask fitted with a condenser, a dropping funnel and
a.mechanical stirrer, Finely ground potassium hydroxide ( 35g,
0.625 mol ) is added to the stirred solution, 4 - butyrolactone
2g, 0.25mol) is added dropwise over 4O minutes, Dry, redistilled
benzyl chloride ( 95g, 0.75mol ) is added dropwise over 4O minutes.
This mixture is refluxed for 4O hours.
The toluene is removed b& vacuum distillation and £he residue
is refluxed in potassium hydroxide solution { 1 litre,2molar; 5hours).
The aqueous solution is cooled, extracted with ether ( 3x150mls )

and acidified with concentrated HCl, The acidified soluticn was
extracted with ether ( 3x270mls ) and the ether layer was washed
with brine and dried over anhydrous magnesium sulnhate, The

ether is removed by vacuum distillation to yield crude 4 - benzyloxy
butyric acic¢ (23.3g, O,12mol;- 48% ). Distillation of the product
o0il under reduced pressure gave a ciear 93%,1£3pt. 750-15h°C/
0.95m Hg ( 1it. b.pt. 140-144°C/ 1,0m Hg ' ).

N.m.r. (CDCl5):é 2.08 (m,2), 2.56 (m,2), 3.62 (t,2), L.58 (s,2),
7.38 (s,5), 10.18 (s,1); i.r. (neat) 3 : 3300-2400 {m),

[H,bo‘nded O-H str.] , 1705 (s)[0=0 str.] , 1580, 1490 (m)
[Aromatic C=C strJ , 14,50 (m), 1375 {(m) [assym. and sym.

C-H def.] , 1030 (m) [c-o str.] ; 890, ThO, 700 (m)[f&romatic

. C-H out-of-plane bemi] .



Preparation of 5-Benzyloxy Valeric Acid

Using the procedure outlined above, 5-valerolactons (25g,

0.25 mol) yielded 5-benzyloxy valeric acid (28.0g, 0.146 mol;
95

L

58,1%); b.pt. of product oil 152-153 C / 0,95um Hg
ﬁ.m.r. (cDe15) d & 1.68 (m,L), 3.48 (£,2), h.50 (s,2), 7.33 (s,5),
9.06 (s,1); i.r.(neat) N : 3350-2400 (m), 1700 (m), 1595 (m),
1485 (m), 1450 (m), 1380 (m), 1040 (w), 890 (m), 730 (w),

690 (e, |




Preparati-n of 8 - Aryl ) - Benzyloxybutyramides,

Several N ~ aryl J - benzyloxybutyramides were prepared

from L -~ benzyloxy bupyric acid and an aniline by the method

of Belleau and Malek 98. This synthesis involved the addition,
vin»approximately 7% excess, of the condensing agent EBE

( X - ethoxycarbonyl, 2 - ethoxy 1,2 dihydroquinoline ) to an
equimolar solution of the acid and the aniline in dry benzene.
This solution was left overnight at room tempefature. The
benzene was removed by distillation under reduced pressure
yielding an oil which was crystallized at 0°C from ethyl. acetate
/ pet - ether (b.pt. L0-60°) giving in each case, ‘a white,
crystalline solid, Recrystallization from the same solvent
system yielded the pure anilide in 80 - 90% yield, The

infra - red spectra of these compounds showed bands in the
following ranges with the corresponding assignations :-

3480 - 3260 (m) and 3370 - 3120 (w) [NmH str.] , 3050 -3030 (w)
[Aromatic C-H str{’ , 2960 - 2930 (s) and 2890 - 2860 (s) [C_H str}
1705 - 1645 (m) [Amide I, 0=0 str.], 1575 - 1535 (m)[ hmide I ,
N-H bend] , 1610 =1585 (m) and 1505 - 1460 (m) [Aromatic C=Cstr.] R
175 1455 (m) and 1385 - 1370 ()[assym. and sym, C-if def]
1085 1025 (m)[C-O str] 915 ~ 665 ( m, several bands )

[Aromatic C-H out - of - plane bema.

The following compounds were prepared by this method

[6aN
LS
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H - Phenyl L - Benzyloxylutyramide

m.pt. L6-47°C. ( Found: C, 75.95; H, 7.11; N, 4.93.

0,7}{191\102 requires G, 75.8%; H, 7.1%; N, 5,207 ); n.m.r.
(00013):J 2.10 (q,2), 2.48 (d,2), 3.63 (%,2), L.56 (s,2),

7.36 (s,10), 7.85 (s,1); i.r. (nujol) N :3320 (m), 3260 (w),
3030 (w), 2930 (s), 2860 (s), 1655 (m), 1532 (m), 1598 (m),

1460 (m), 1445 (m), 1378 (m), 1085 (m), 910 (m), 763 (m), 750 (m),
698 (m) em

N - (p - Tolyl) 4 - Benz; yloxybutyramide

m.pt. 64-65°C, ( Found: C, 75.71; H, 7.28; N, 5.16.
CqgtloqNO, requires C, 76,305 H, 7.47; N, h.94% );
n.m.r. (CD013):<{ 2,00 (d4,2), 2.23 (s,3), 2.35 (d,2),
3.54 (t,2), L.48 (s, 2), 7.09 (d,2), 7.21 (d,2), 7.30 (s,5), 7.6k (s,1);
f.r. (mujoi) N : 3280 (m), 3180 (w), 3030 (w), 2940 (s), 2860 (s),
1645 (m), 1540 (m), 1460 (m), 1455 (m), 1375 (m), 1075 (m),

825 (m), 750 (m), 700 (m), en T, |

N-(m-Tolyl ) A - Benzyloxybutyramide

m.pt. 59-60°C { Found: C,75.56; H, 7.31; N, 5.16,
Cyg 21NO requires C, 76.30; H, 7.47; N, L.94% );
" n.m,r. (cml Y: 8 2.10 (d,2), 2.48 (4,2), 3.65 (t,2), 3.80 (s,3),

Le56 (5,2), 6.90 (m,h), 7.39 (s,5), 7.70 (s,1); i.r. (nujol) 3
3250 (m), 3150 (w), 3040 (w), 2960 (s), 2890 (=), 1660 (m), 1550 (m),
1610 (m), 1490 (m), 1460 (m), 1380-(m), 1080 (m), 890 (m), 800 (m),

750 cm'1 .



M - ( p = lcthoxyphenyl ) L - Benzyloxybutyramide

m. pt. 70-71°C. ( Found: ¢, 7256 H, 7.31; N, 5,16,
Cygllyy N0y requires C, 72,22; H, 7.07; W, L6875 )

.M T, (CDc:LB):J 2,02 (d,2), 2,40 (4,2), 3.51 (t,2),

3.7 (s,3), 5.53 (5,2), 6.91 (4,2), 7.20 (4,2), 7.29 (s,5),
7.75 (s,1); i.r. (nujol) N : 3320 (m), 1525 (m), 1600 (m),
1500 (m), 1460 (m), 1375 (m), 1035 (m), 830 (m), 750 (m),
700 (m), en™',

N - ( m -~ Methoxyphenyl ) L - Benzyloxybutyramide

mopto 60-6100 ( FOund.' C, 72005; Hy 7.06; N’ 1&0723

Cygtl,yNO, requires C, 72.22; H, 7.07; N L.68% )3

n.m,r, (§D013):J 2,11 (d,2), 2.49 (d4,2), 3.60 (t,2),

3,80 (s,3), 4.53 (s,2), 6.90 (m,4), 7.36 (s,5), 7.76 (s,1);
i.r. (nujol) v : 3310 (m), 3040 {(w), 295¢ (s), 2850 (s),
1658 (m), 1540 (m), 1605 (m), 1500 (m), 1470 (m), 1380 (m),
1045 (m), &80 (m),805 (m), 795 (m), 760 (m), 740 (m), r
710 (w), 695 (m) om '+ |

N . ( p - Chlorophenyl ) A - Benzyloxybutyramide

m.é’c. 68-69°C.  (Fownd: C, 67.20; H, 5.92; N, L.40.
C17ﬁ18N0201 requires C, 67.40; H, 5.98; X, L.62% )
n.m.r. (6D01,): & 2.13 (,2), 254 (t,2), 3.69 (£,2),
161 (5,2), 7.31 (s,4), T.41 (s,5), 8.08 {s,1);

1,1, (mujol) 3 : 3310 (m), 3190 (w), 3040 (w), 2940(s),

2870 (5), 1653 (m), 1535 (w), 1590 (w), 1490 (m), 1465 (m),

1360 (m), 1080 (m), 915 (=), 260 (n), 825 (m), 750 (m), 675 (w)en

1
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- ( m - Chlovcphenyl ) i - Benzyloxybutyramide

m.pt. 60-61°C. ( Found; C,67.60 ; H,5.85; N, 4,91,
CyrHyglO,CL requires C, 67,40; H, 5.98; N, ;,62% )

nom.r. (00015):d 1,98 (t,2), 2.47 (t,2), 3.57 (+,2), 4.50 (s,2),
6;2_0 (m,k), 7.30 (s,5), 8.15 (5,1); i.r. (nujol)V: 3260 (m),
3180 (w), 3040 (w), 2940 (s), 2860 (s), 1665 (m), 1540 (m),
159 (m), 1465 (m), 1455(m), 4382 (w), 1084 (m), 835 (m),

825 (m), 760 (m), 725 (m), 710 (m) on™ .

N - ( p - Bromophenyl ) L~ Benzyloxybutyramide

m.pt. 77-78°C. ( Found: C, 58.4h; H, 5.16; N, 3.84.
CqpHligNOBr requires C,58.60; H,5.19; N,4.02% );

n.o,r. (CDC]_B),: d 2.00 (t,2), 2.50 (t,2), 3.60 (t,2),

155 (8,2), 7,26 (8,40, T34 (5,5), .00 (s,1); iur. (mujol) D :
3350 (m), 3290 (w), 3040 (w), 2960 (s), 2890 (s), 1650 (m), 1535 (m),
1590 (m), 1490 (m), 1470 (m), 1370 (m), 1080 (w), 835 (w), 825 (m),
760 (m), 725 (m), 710 (m), cm

N - (m - Bromophenyl ) 4 ~ Benzyloxybutyramide

m,pt, 50-51°C { Found C, 58,71; H, 5.20; N, 4.07.
CyqHlygh0, requires C, 58.60; H, 5.19; N, 4,02% );

n.mr. (CDC1q):d 1,99 (£,2), 2.48 (t,2), 3.60 (t,2),

L.52 (s,2), 7.35 (m L), 7.20 (s,5), 8,10 (s,1); .7, (nugol) N

3300 (m), 3200 (w), 3050 (w), 2940 (s), 2870 (s), 1660 (m),

1535 (m), 1590 (m), 1485 (1), 1460 (m), 1380 (m), 1085 (m), 800 (a),

-1
765 (m), 730 (»), 710 (m), cm .
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Preparation of N - Aryl

5 - Benzyloxyvaleramides

Several aryl - substituted Naryl 5 -~ benzyloxyvaleramides

were prepared from 5 - benzyloxy valeric acid and the corresponding
gniline by the method of Belleau and Malekgg. The preparative and
purification method employed was the same as that described for the
synthesis of the 4 ; benzyloxybutyranilidés.

The following compounds were prepared by this method:

N - ( p - Methoxyphenyl ) 5 - Benzyloxyvaleramide

mept. 82-83°C ( Found C, 72.07; H, 7.28; N, L.47.
CygllygNO3 requires C, 72.82; H, 7.40; N, L.A7% );

n,m.r, (CDClB): 4 1.70 (m,h), 2,30 (t,2), 3.50 (%,2), 3.72 (s,3),

Lok8 (s,2), 6.75 (d,2), 7.35 (d,2), 7.36 (s,5), 7.89 (s,1);

i.r. (nujoi) ¥ : 3320 (m), 3250 (w). 3050 (w), 2920 (s), 2850 (s),
1655 (m), 1535 (m), 1598 (m), 1510 (m), 1450 (m), 1370 (m), 1035 (m),
820 (m), 800 (m), 730 (m), 690 (m) cu .

N - ( p - Bromophenyl ) 5 - Benzyloxyvaleramide

m.pt, 108-109°C. ( Found C,59.78; H, 5.75; N, 3.95.
cmﬁzonozBr requires C, 59.70; H, 5.56; N, 3.87% );

n.m.r, (cnc13):5 1,71 (m,4), 2.36 (£,2), 3.52 (t,2), L.46 (s,2),
7.28 (s,L), 7.30 (s,5), 7.70 (s,1); i.r. (nujol) ¥ & 3320 (m),
3180 (w), 3030 (w), 2920 (s), 2850 (s), 1660 (m), 1520 (m),

1587 (m), 485 (m), 1450 (m); 1370 (m), 1065 (m), 815 (m),

745 (m), 695 (m) en” .
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- ( p - Chlorophenyl ) 5 - Zenzyloxyvaleramide

C . .
m.pte 96-97°C. ( Found C, 68,195 H, 6.60; W, 4,40,

CygHool05C1 requires C, 68,03: H, 6.34; N, L.40% );

nomer. (0DC13):d 1,72 (m,h), 2.35 (£,2), kb8 (5,2), 7.23 (s,4),
7.31 (s,5), 7.83 (s,1); i.r. (mujoel) ¥ : 3330 (m), 3200 (w),
3050 (w), 2940 (s), 2870 (s), 1660 (m), 1530 (m), 1595 (m),

1495 (m), 1465 (m), 1380 (m), 1085 (m), 820 (m), 750 (m),

700 (u), 670 (m) cu ',

N - ( m - Chlorophenyl ) 5 - Benzyloxyvaleramide

m. pt. 59-60°C. ( Found C, 68.28; H, 6.58; N, 5.41,

20072
n.m.r, (CD013>':J 1.72 (m,4), 2.37 (t,2), 3.52 (£,2), L.48 (s,2),

019h NO.Cl requires C, 68.03; H, 6.34; N, L.40% );

7,20 (m.4), 7.3k (s,5), 8.0 (s,1); i.r. (mujol) ¥ : 3330 (m),
3280 (w), 3040 (w), 2940 (s), 2870 (s), 1673 (m), 1538 (m),
1595 (m), 1465 (m), 1430 (m), 1380 (m), 1080 (m), 875 (m),
785 (w), 750 (m), 740 (m), 700 (m) en™ '+



Preparation of § and d Hydroxy Anilides

Depending upon the susceptibility of the aromatic substituent
in the benzyloxy anilides to hydregenation, either of two standard’’
methods of benzyloxy ether hydrogenolysis was used.

For those compounds in which only the ether linkage was
susceptible to hydrogenation the following method was used:-—

a) To the benzyloxy anilide (5x10-3mol) dissolved in ethanol (50ml)
to form an approximately 10"3 molar solution, 10% by weight of 10%
Palladium on charcoal is added, This solution is then stirred in an
atmosphere of hydrogen until analytical t,l.c. shows that all the

. starting material has been hydrogenolysed, The catalyst is filtered
off, the solvent removed by distillation under reduced pressure and
the product, generally a white solid, is recrystallized from ether
acetate/pet-ether (b.pt. hO—éOOC.) to constant melting point,

The following compounds were prepared by this method:-

N - Phenyl 4 - Hydroxybutyramide

m.pt. 80-81 C. ( 1it. m.pt. 74-75° 77 ,83-8," 101, 78-79° 102, )

( Found: '0,66.90; H,7.25; N,7.60. Cale. for CyoHy4ti0,, C,67.02;
H,7.28; N,7.77% ); n.m.r.‘(CDCl3)C( : 1,95 (8,2), 2.42 (s,1;

D,0 exchange), 3.73 (,2), 7.35 (m,5), 7.67 (s,1), i.r. (mujod) 3 :
3320 (m), 3245 (w), 3190 (w), 3040 (w), 2920 (s), 2850 (m), 1670 (m),
15L5 (m); 1600 (m), 1498 (m), 1370 (m), 1050 (m), 905 (m), 750 (m),

690 (m) cm".



N-(p~"Tolyl )4 - Hydroxybutyranide

- mpb. 104-5 C. ( Found: C, 68.,31; H, 7,71; N, 7.02,
C11H15N02 requires C, 68,37; H,7.82; N, 7,25% );

n.m.r. (CDC13): 4 1,93 (t,2), 2.32 (s,3), 2.50 (t,2), 2.68(s,1;
-DZO exchange ), 3.70 (t,2), 7.07 (d,2), 7.33 (d,2), 7.65 (s,1);
i.r. (mujol) ¥ : 3330 (m), 3190 (w), 3280 (w), 3040 (u),

2930 (s), 2860 (s), 1665 (m), 1548 (w), 1600 (m), 1515 (m),
1450 (m), 1380 (m), 1055 (m), 918 (m), 820 (m), 730 (m) o',

N - (m-=- Tolyl ) 4 - Hydroxybutyramide

m,nt, 87-88 C, ( Found: C, 68.52; H, 7.96; N, 7.16,

C NO, requires C, 6%,37; H, 7.82; N, 7.25% );

111580,

n.mr, (CDClg):d 1,95 (t,2), 2.32 (s,3), 2.51 (t,2), 2.60 (s,1;

D,0 exchange), 3.75 (t,2), 7.20 (m,4), 7.55 (s,1); i.r. (nujol) Y :
3335 (m), 3300 (w), 3190 (w), 3040 (w), 2930 (3), 2860 (s), 1665 (m),
1550 (m), 1610 (m), 1498 (m), 1450 (m), 1360 (m), 1080 (m), 900 (m),
790 (m), 745 (m), 705 (m) en” ',

N ( p - Methoxyphenyl ) 4 - Hydroxybutyramide

m.pt. 97.5-98,5°C. ( Found C, 62,94 H, 7.11; N, 6.62.

Cy415NO5 requires C, 63.13; H, 7.27; N, 6.69% );

n.m.r. (CDCl3):c5 1,88 (t,2), 2.87 ( s,1; D)0 exchange ), 3.62 (t,2),
3.69 (s,3), 6.71 (4,2), 7.29 (d,2), 7.80 (s,1), i.r. (nujol) 3 :
3310 (m), 3290 (w), 3200 (w), 3040 (w), 2940 (s), 2870 (s), 1650 (m),

1550 (m), 1602 (m), 1502 (m), 1460 (m), 1380 (m), 1040 (m), 920 (m),

835 (m), 705 (m) cu™ s



0 ( m - Methoxvphenyl ) | - Hydroxybutyramide

m.pt. 98-99°C. ( Found C, 62.94; H, 7.11; K, 6.62.

Cy4Hy5N045 requires C, 63.13; H, 7.27; N, 6.697; )3

n.m.r, (CDClB): § 1,95 (t,2), 2.30 (s,1; D,0 exchange);

2.55 (t,2), 3.75 (t,2), 3.79 (s,3), 7.28 (m,5), 7.55 (s,1);

i.r. (nujol) ¥ : 3370 (m), 3250 (w), 3190 (w), 3056 (w), 2920 (s),
2850 (s), 1660 (m), 1545 (m), 1600 (u), 1480 (m), 1440 (m), 1370 (m),
1045 (m), 905 (m), 765 (m), 680 (m) eu™',

N - ( p - Methoxyphenyl ) 5 - Hydroxyvaleramide

m.pt. 97-98°C. ( Found C, 64.54; H, 7.64; N, 6.26.

C12H16NO13 requires C, 6L4.55; H, 7.67; N, 6,27% );

n.m,r, (CDClS): d 1,68 (m,4), 1,99 (s,1; D0 excharge);

2.37 (t,2), 3.65 (t,2), 3.77 (s,3), 6.80 (d,2), 7.32 (m,3);

i,r, (nujol) ¥ : 3400 (m), 3305 (w), 3190 (w), 3040 (w), 2920 (s),

2860 (s), 1650 (m), 1535 (m), 1600 (m), 1510 (m), 1460 (m), 1370 (m),

1060 (m), 820 (m), 710 (m), 690 (m) cu -
For those compounds which contained another residue which was

susceptible to hydrogenolysis under the conditions of method (a)

the following procedure was used:=

(b) To & solution of the benzyloxy anilide ( 5x10"l‘mol) in

ethyl acetate (25 ml) anproximately 107 by weight of 10%

Platinum on charcoal catalysf vwas added., The solution was stirred

and hydrogen, dried by passage over anhydrous calecium chloride,

was bubbled through. The reaction was followed to completion

by analytic t.1.c. (aporoximately 48 hours).  The catalyst was



filtered off, the solvent removed under reduced pressure and the

resultant white crystalline product recrystallised from

ethyl acetate to constant melting point. Yields were generally

in excess of 80% for procedure and the products showed the usual

spectral characteristics. The following compounds were prepared

by this method:-

N - ( p - Bromophenyl ) J - Hydroxybutyramide

m.pt. 16,5-117.5°C, (Found C, 46.54; H, 4.60; N, 5.32.
CyoHyoN0yoBr. requires C, 16,70; H, L.68; N, 5.43% );

n,m,r, (CD013): § 1,60 (s,1;.D0 exchange); 1.94 (t,2), 2,50 (t,2),
3.72 (t,2), 7.40 (s,4), 7.42 (s,1); i.r. (mujol) ¥ : 3350 (m),

3300 (m), 3120 (m), 3040 (w), 2940 (S), 2870 (s), 1648 {(m), 1/590 (m),

1490 (m), 1440 (m), 1370 (m), 1060 (m), 925 (m), 850 (m), 825 (m),
750 (m), 70 (m) cm-1.

N - ( m - Bromophenyl ) 4 - Hydroxybutyramide

m.pt. 116°C, »( Found C, 46,513 H, L.78; N, 5.21.

C1OH12N02Br requires C, 46.52; H, L.69; N, 5.43% );

. n.m.r, (CD013):J 2,09 (m,2), 2.62 (s,1; D,0 exchange);

é.69 (t,2), 3.83 (£,2), 7.56 (m,4), 7.99 (s,1); i.r. (nujol) N
3340 (m), 3297 (w), 370 (w), 3020 (w), 2920 (s), 2850 (s),

1670 (n), *540 (m), 1585 (w), 470 (m), 1480 (m), 1370 (m),

-1
5050 (m), 900 (m), &75 (m), 775 (m) em



¥ - ( p - Chlorophenyl ) 4 - Hydroxybutyramide

m.pt. 96-98°C, ( Found C, 56.6; H, 5.68; N, 6,62,
CaotolO05CL requires C, 56,20; H, 5.71; N, 6,567 );
n.m,r, (CD013): d 1,8 (s,1 D0 exchange) 1.9 (t,2), 2.53 (t,2),
3.7 (t,2), 7,20 (4,2), 7.45 (d,2), 7.80 (s,1); i.r. (mujol) d :

3290 (m), 3240 (w), 3180 (w), 3060 (w), 2920 (s), 2850 (s), 1663 (m),
1540 (m), *370 (m), 1055 (m), 900 (m), 820 (m) cm-1',

N - ( m ~ Chlorophenyl ) 4 - Hydroxybutyramide

m.pt. 96-97°C. ( Found C, 56,115 H, 5.50; N, 6.61.

C4oHyoNOSCL requires C, 56.19; H, 5.61; N, 6,56% );

n.m.r. (CDC13)5 d 2,00 (q,2), 2.51 (t,2), 2.67 (s,2; Dy0 exchange);
3.71 (t,2), 7.27 (myh), 7.73 (s,1); i.r. (nujol) N : 3345 (m),

3290 (w), 3245 (w), 3080 (w), 2920 (s), 2850 (s), 1675 (m), 1597 (m),
1590 (m), 1980 (m), 1460 (m), 1370 (m), 1052 (m), 900 (m),

875 (m), 780 (n) o . -

N-(p- Bromopheﬁyl ) 5 - Hydroxyvaleramide

mopt. 122-121°C. ( Found C, 48.34; H, 5.13; N, 5.11,

C,,H,,NOBr requires C, 48.53; H, 5.18; N, 5.14% );

n.m.r, (CDC1,):d 2.08 (q,2), 2.50 (t,2), 7.46 (s,4), 8.26 (s,1);
i.r. (mujol) Y ¢ 3390 (m), 3300 (w), 3180 (w), 3030 (w), 2920 (s),
2850 (s), 1655 (m), 1590 (m), 1485 (m), 1455 (m), 1370 (w), 1048 (m),

875 (), 720 (m) cu



Th

-

{ -~ ( p ~ Chlorovhenyl ) 5 - Hydroxyvaleramide

Cm.pt, 416-117°C,  { Found C, 57.95; H, 6,003 N, 6,28,

Cq4H, NO,CL requires C, 58.0%5 H, 6.19; N, 6,15% );

nomr. (C0C15): d 1,66 (m,5), 2.36 (t,2), 2,65 (t,2), 7.33 (m,5);
f.r. (nujol) ¥ : 3370 (m), 3290 (w), 3180 (w), 3040 (w), 2920 (s),
2850 (s), 1655 (m), 1535 (m), 1590 {(m), 1490 (m), 1460 (m), 1370 (m),
1045 (m), 820 (m), 720 (m) eu™',

N - ( m - Chlorophenyl ) 5 - Hydroxyvaleramide

m.pt. 65-67°C. ( Found C, 57.62; H, 6.18; N, 6,16,

GyqHy NOC1 requires C, 57.99; H, 6.195 N, 6.15% );

nomr. (CDCL,): d 1.70 (m,k), 2.36 (t,2), 2.85 (s,1; D0 exchange);
3.61 (t,2), 7.23 (m,4), 7.68 (5,1); i.r. (mujol) 3 : 3340 (m), 3300 (w),
3200 (w), 3040 (w), 2940 (s), 2860 (s), 1658 (m), 1540 (m), 1590 (m),
1480 (m), 1465 (m), 1380 (m), 1045 (m), 900 (m),810 (m),

700 (m) —



Preparation of scne 5 - Hydroyyvaleranilides

from Valerolactone,

This method of direct formation of 5 hydrexyvaleranilides
from valerolacﬁone and an aniline was carried out as described
by Knobler et al 79 .

Redistilled d -valerolactone (0,025 mol) and the redistilled
aniline (0.125 mol) were heated under reflux for 2 hours, The
excess aniline was removed by distillation at low temperature
(- approximately 70°C ) under oil pump vacuwm,

The residue was taken up in ethyl acetate and the solution
was clarified with charcoal, The product was precipitated as a
solid by addition of pet-ether and cooling to -10°C, in each
case except that of N ( m - Methoxyphenyl ) 5-hydroxy valeranilide
~ where initial purification by preparative t,l.c. was required
( 20% ethyl. acetate/chloroform; band at Rf 0.16 ) before
crystallization would occur., The solid was crystallized in
each case from ethylacefate/benzene. The spectral characteristics
of these compounds prepared by other routes were identical.

The following compounds were prepared by this method:-

N ~'Phenyl, 5 - Hydroxyvaleramide

99 ,
m. pt. 66-67°C. (lit m.pt. 68-70°C. ~* ). ( Found C, 68,06;

H, 7.82; N, 7.10. Cale, for Gy H,N0,: C, 68.37; H, 7.82;
N, 7.25% )3 nomr, (COCL): 1,65 (m,h), 2.34 (t,2), 2.95
(s, 13 Do exchange), 3,61 (£,2), 7.33 (m,5),8.18 (s,1);

i.r. (mujol) @ 3450 (sh,w), 3400 (w), 3280 (w), 3040 (w),
2930 (s), 2860 (s), 1670 (m), 1550 (m), 1605 (m), 1480 (m),

) -1
1460 (m), 1380 (m), 1075 (m), €90 (m), 820 (w), 725 (m) em



N-(p=-Tolyl ) 5 - Hydroxyvaleramide

m.pt. 102-103°C. ( 1it. m.pt., 115°C) ( Found C,69.44s H, 8,13;
N, 6.55. Cale. for Gy He MO, C, 69.54; H, 8.27; N, 6,76% );
nom.r.  (CDCL,): & 1,70 (m,4), 2.29 (s,3), 2.36 (t,2), 2.77

(5,15 0,0 exchange); 3.68 (£,2), 7.10 (4,2), 7.41 (4,2), 7.91 (5,13
i, (mjol) Y 5 3390 (shyw), 3310 (), 3200 (w), 3040 (w),
2930_(s), 2860 (s), 1656 (m), 1540 (m), 1590 (m), 1470 (m),

1460 (m), 1380 (m), 1060 (m), 905 (m), 820 (m), &75 (m) en™',

N(m-Tolyl ) 5 - Hydroxyvaleramide

m.pt. 69-70°C. ( Found C, 69.44; H, 8.30; N, 6.53.

CyoH g0, requires C, 69.54; H, 8.27; N, 6.767 ); n.m.r, (CDC15);d
1,66 (m,L), 2.29 (s,3), 2.36 (t,2), 2,91 (s,1; D,0 exchange);

3.65 (t,2), 7.20 (m,4), 8.08 (s,1); i.r. (nujol) N : 3350 (m),

3250 (w), 3190 (w), 3050 (w), 2920 (s), 2860 (s), 1650 (m),

1555 (m), 1608 (m), 1490 (m), 1470 (m), 1380 (m), 1045 (m),

870 (m), 780 (m), 695 cm-1.

N ( m - Methoxyphenyl ) 5 - Hydroxyvaleramide

m.pt. 65-66°C, ( Found C, 6L.565 H, 7.67; N, 6.27.
Cy HygNO, requires C, 64,275 H, 7.62; N, 6.56% )5 |
n.m.r. (09013);6'1.71 (my4), 2.40 (m,b3 DO exchange gives m,3);
3,70 (t,2), 3.77 (s,3), 6,95 (m,L), 7.75 (s,1); i.r. (nujol) v o
3400 (m), 3295 (w), 3200 (w), 3020 (w), 2920 (s), 2855 (s), 1655 (m),

1535 (m), 16250 (m)’ 1465 (n), 1450 (m), 1370 (m), 1055 (m), 840 (m),

. -1
780 (m), 700 cm .



Preparetion of I - Nitropreryl & and d Butyro - and Valero

Chloroamides

This series of nitroanilides were prepared by the standard
method’03bfrom 4, - chlorobutyryl chloride and 5 - chlorovaleryl
chloride,

The following were prepared by this method:-

N -( p - Nitrophenyl ) 5 - Chlorovaleramide

m.pt. 109-110°C. ( Fownd; C, 49.39; H, 4.65; &, 10.55.
ColNp05CL requires C, 49.28; H, L.Shs N, 11.54% )5 nomr.
(CD013)J p 2,27 (q,2), 2.66 (t,2), 3.69 (t,2), 7.71 (d,2),
7.98 (s,1), 8.21 (d,2); d.r. (nujol) ¥ : 3480 (m), 3370 (w),
3050 (w), 2960 (s), 2880 (s), 1705 (m), 1565 (m), 1598 (m),
1505 (m), 1470 (n), 870 (n), 760 (m), 745 (m), 670 (m) eu™ .

N - ( p = Ntrophenyl ) 5 - Chlorovaleramide

m.pt. 136°C, ( Found C, 51.36; H, 5.06; N, 10.92. C,,H,4l;04C1
requires C, 51.46; H, 5.10; N, 10.91% ); nom.r. (CDCl;) d :
1,96 (m,L), 2.52 (£,2), 3.58 (£,2), 7.65 (d4,2), 7.90 (s,1),

8.16 (4,2); i.r. (mujol) Y : 3300 (m), 3220 (w), 3040 (w),

2930 (s), 2870 (m), 1675 (m), 1553 (m), 1615 (m), 1595 (m),

1510 (m), 1460 (m), 1375 (m), 870 (m), 840 (m), 780 (m), 700 (m),

650 (m) cm-1-



N - (m « Nitrophenyl ) 4 - Chlorobutyramide

Y ™ ~ - o
m.pte 60°C. ( Found: G, 48,98; H, 4.49; N, 11.10, C N0

107117003
requires C, 49.28; H, 4,543 N, 11,54% ); n.m,r, (CD013) 4

Gl

2’25 (q’2)9 2'62 (tlz)) 3.70 (t,Z), 7056 (d’z), 7.85 (5,1),
8.00 (8,1)’ 8-35 (m,1); i.r: (nu,jOI)q H 3370 (m), 3300 (W'),
2930 (s), 2860 (s), 1703 (m), 1575 (m), 1610 (m), 1595 (m),

1503 (m), 1475 (m), *382 (m), 870 (m), 755 (m), 734 (m), 700 (m),
665 (m) — '

N - ( m - Nitrophenyl ) 5 - Chlorovaleramide

m.pt. 77-78°C. ( Found: C, 52.01; H, 5.29; N,

CyqHy3N05C1 requires C, 51,465 H, 5.10; N, 10,91% );

n.m,r, (CDC13) d : 1.93 (m,4), 2.52 (t,2), 3.58 (t,2), 7.52 (d,2),
7.94 (m,2), 8.48 (m,2); i.r. (mujol) N : 3280 (m), 3200 (w),
3040 (w), 2950 (s), 2880 (s), 1670 (m), 1550 (m), 1615 (m),

1535 (m), 1470 (m), 1360 (m), 835 (x), 815 (m), 745 (m) cn” '™

N



Froparation of I - Nitrophenyl § and § lydroxy Amides

N - nitrophenyl hydroxy zmides were prepared, as described
in the literature 99, from the corresponding N - nitrophenyl _ -
chloroamide by alkaline hydrolysis of the alkyl halide residue in
pfesence of the anilide,

| The chloroanilide (1g) was taken up in a small amount of
ethagol. This solution was then added to 150 mls of a refluxing
miiture of 33% ethanol and sodium carbonate solution, .After 2
hours, when analytical t.l.c. showed the desired producg to be
present ( Rf 0,06, CH013), the solution was cooled.

The ethanol was removed under reduced pressure and the aqueous
solution was extracted with ether (3x150mls), The ethereal layer
was dried with anhydrous MgSOL and the ether was evaporated under
reduced pressure, leaving in all cases a yellowish crysgalline
solid, Preparative i.l.c. of this solid (CHClB) in which the
lowest Rf band was removed gave in the order of 50mg, 2x10“h mol,

5% of a yellowish solid in all cases, This solid was recrystallized
(o} . -
from ethyl acetate and pet-ether ( b.pt. 40-60 ) to give off-white

crystalline material,

This method was used in the synthesis of the following

compounds : =



N - ( m - Hitrophenyl ) 4 - Hydroxybutyramide

m.pt. 125-126°C. ( Found: C, 53.48; H, 5.27; N, 12.47.
Cyotanlia0) requires C, 53.57; H, 5.39; N, 12,497 ); n.m.r.
(ééD”50>cf 2,15 (q,2), 2.56 (t,2), 3.42 (%,2), 6.52 (s,1;

D,0 exchange), 7.90 (m,4); i.r. (mujol) ¥ : 3450 (m), 3240 (w),
3290 (w), 3050 (w), 2920 (s), 2850 (s), 1675 (m), 1560 (),
1605 (m), 1470 (m), 1460 (m), 1380 (m), 1060 (m), 900 (m),

810 (m), 750 (n) on~ -

N - ( p - Nitrophenyl ) 4 - Hydroxybutyramide.

m.pt. 112-114°C. ( Found C, 53.35; K 5.33; N, 12.60. C10Hy o0,
requires C, 53.56; H, 5.39; N, 12,497 ); n.mr. (a°Dis0) &
2.10 (q,2), 2.60 (t,2), 3.40 (t,2), 6,50 (s,1; D0 exchange)

i.r. (nujol) 3 : 3360 (m), 3250 (w), 3195 (w), 3040 (w), 2920 (s),
2850 (s), 1620 (m), 1560 (m), 1590 (m), 1500 (m), 1460 (m),

1372 (m), 1050 (m), 900 (m), 850 (m), 750 cm™'. |

N - ( p - Nitrophenyl ) 5 - hydroxyvaleramide.

m.pt. 195-116°C, ( Found: C, 55.28; H, 5.84; N, 11.97. Cy H, N0,
reqﬁires C, 55.46;3 H, 5.92; N, 11,767 ); n.m.r, (d6DHSO) d :
1,62 (m,4), 2.46 (t,2), 3.47 (t,2), 6,48 (s,1; Dy0 exchange) 7,91
(a,2), 8.27 (4,2); i.r. (mjol) ¥ : 3380 (m), 3260 (w), 3190 (w),
3040 (w), 2930 (s), 2850 (s), 1675 (m), 1555 (m), 1595 (m),

1460 (m), *380 (m), 1040 (m); 900 (m), 840 (m), 770 (m) cm .



81
N - ( m - Nitrophenyl )} 5 - Hydroxyveleramid-

mpt. 87-88°C. ( Fourd: C, 55.33: H, 5.95; N, 11.95. Gqqiy, o0,
requires C, 55,465 H, 5,92; N, 11.76% ); n.m.r. (déDMSO) d :
1,60 (m,4), 2.40 (t,2), 3.50 (t,2), 6.42 (£,1; D,0 exchange),
7.;65(13,1), 7.98 (m,2), 8.75 (t,1); i.r. (nujol) X : 3370 (m),
3300 (), 3200 (), 3040 (), 2940 (s), 2870 (s), 1680 (),

1535 (m), 1595 (m), 1490 (m), 1465 (m), 1380 (m), 1050 (m),
890 (m), 815 (m), 750 (m) eu”.



Prenaration of U fAryl n - Butyramnides

a) Preparation of n - Butyryl Chloride

Normal butyryl chloride was prepared by the standard
103 °
method'93 . b.pt. 99-101°. (it b.pt. 100-101%C. ).

b) Preparation of Some N Aryl n - Butyramides,

Some substituted n - butyranilides wefe prepared from
n - butyryl chloride and the corresponding aniline by the standard
- method 103. These compounds which were generally low melting
solids were crystallized from ether/pet-ether ( b.pt. 40-60°),
In the case of meta methyl, meta brome and meta nitro
butyranilides no crystallization could be induced fron solvents
and hence these compounds were purified as oils by preparative
t,l.c. ( band at Rf, 0.31; CH013 ). After this purification,
the meta nitro isomer crystallized when left as an oil at —15°C.

Spectral data was in accord with expected values and ﬁas
assigned as before,

The following compounds were prepared by this method:-

4 - Phenyl - n - Butyramide.

103 ‘
m.pt. 94.5-95°C, ( 1it m.pt. 95°C, ) . ( Found: C, 73.63; H, 8.09;

N, 8.36, Calc., for CqgHygNO C, 73.59; H, 8,03; N, 8,56% );
nom.r. (€0015) d & 1,00 (£,3), 1.20 (m,2), 2.32 (t,2), 7.30 (m,5),

7.55 (s,1); i.r. (mjol) :73260 (m), 3200 (m), 3030 (w), 2930 (s),

2860 (m), 1655 (m), 1545 (m), 1595 (m), 1500 (m), 1465 (m),.
-1
1380 (m), 905 (m), 865 (m), 855 (m), 700 (w) cm .



N
H-(-m-"T51 ) - n - Bubyramide.

105 |
An oll, 1L 0.31; CHCly . ( Foundi C, 74.22; H, 8,79; W, 7.26.

Cale. for Cy4Hy NG : C, 74.54; H, 8,53; N, 7.90% ); n.m.r,
(cuc1z)d : 0.9 (t,3), 1.72 (m,2), 2.30 (s,3), 2.33 (t,2),
7.1 (m,4), 7.45 (s,1); i.r. (mujol) ¥ : 3320 (m), 3270 (w),
3_2io (w), 3060 (w), 2980 (s), 2670 (m), 1663 (m), 1558 (m),
1615 (m), 159¢ (w), 1495 (m), 1460 (m), 1385 (m), 902 (m),
880 (m), 790 (m), 765 (m), 700 (m) cm™ . |

! - ( m - Methoxyphenyl ) n - Butyramide

=

m.pt. 33°C. ( Found: C, 68.53; H, 7.97; N, 7.36. G4ty 10,
requires C, 68,37; H, 7.82; N, 7.252 ); n.m.r, (cDG14) d

0,96 (t,3), *.80 (m,2), 2.33 (t,2), 3.77 (s,3), 6.94 (m,4)

7.7% (8,%); icr, (nujol) ¥ : 3320 (m), 3200 (m), 3160 (w), 3040 (w),
2960 (s), 2870 (m), 1660 (m), 1555 (m), 1620 (m), 1600 (m), 1485 (m),
1460 (m), 1380 (m), 970 (m), 905 (m), 880 (m), 780 (m), 735 (m),

700 (m) cm“1.

N-(m - Bromophenyl ) n - Butyramide.

An oil, Rf 0,31; CHCly, (Found: C,49.563 Hy 5.20; N, 5.69.
CyoHy NOBr requires C, 49.62; H, 5,005 ¥, 5.80% )3

n.m.r. (6DCL) § 10,96 (£,3), 1.75 (m,2), 2.33 (£,2), 7.40 (m,4),
7.92 (5,1); f.r. (mjol) I @ 3320 (m), 3200 (m), 3140 (w),

3090 (), 2980 (s), 2890 (s), 1664 (m), 1545 (m), 1595 (m),

690 (m) cmd.'



i - ( m - Nitrophenyl ) n - Butyramide,

‘m.pt. 57-58°C. ( it m.pt. 59°C, ). ( Found: G, 58.11;

H, 6.07; N, 13,44, Calc. for CyoHyglialy C, 57.59; H, 5.81;
N, 13.45% ); nom.r, (09013) d :1.00(¢,3), 1.74 (m,2),

2.41 (t,2), 7.92 (m,4), 8,26 (s,1); i.r. (mjol) ¥ :

3320 (m), 3200 (w), 3150 (w), 3110 (w), 3050 (w),

2990 (s), 2890 (m), 1670 (m), 1540 (m), 1620 (m),

1600 (m), 1485 (m), 1355 (m), 900 (m), &30 (m),

745 (m), 685 (m) em',

N - ( p - Bromophenyl ) n ~ Butyramide,

mopt, 111-112°C, (it m,pt. 114-115°C, 10k ), ( Found:

C, 49.87; H, 5.05; N, L.6L. Cale, for Gy, N0Br

C, 49.62; H, 5.00; N, 5,80% ); n.mr, (CDC1y) d :

0.95 (t,3), 1.76 (m,2), 2.33 (t,2), 7.40 (s,4), 8,00 (s,1);
i.r. (mujol)d : 3300 (m), 3190 (w), 3125 (w), 3040 (w),
2950 (s), 2870 (m), 1657 (s), 1531 (w), 1494 (m),

1470 (m), 1380 (m), 935 (m), 925 (1), 835 (m),

825 (m), 750 (m) cu™ '«
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Preparation of Bicyclic Hydroxy Anilides

The prenesration of this type of compound was attempted
by several routes,

Reduction of the corresponding N ~ phenyl imide by sodium
borohydride in methanol, by which method h-- hydroxybutyranilide
has been successfully produced from N - phenyl succinimide 101 s
led to the isolation of the imidine ( 26 ), with further reduction

being unattainable under these conditions,

(25)
A route involving a Diels - Alder reaction between
cyclopentadiene and the dienophile,‘cis J, - hydroxy crotonanilide

‘was forestalled at the final stage by the successful preparation

ofﬁe@@mymﬂﬁeQB)&thcwm@mﬁmlmwm(W)

by reaction with anilino magnesium bromide.



| + PhNHMgBF&—»
-0
. o o CHOH

(1) . (28)

I.  Reduction of N - Phenyl, Endo, Cis, 2, 3, Imido, 5- Norbornene

a) Preparation of the Imide

.

The imide (26 ) was produced by refluxing the corresponding
endo norbornyl 2, 3 dicarboxylic acid anhydride ( 1.6Lg ) with
a slight molar excess of aniline (1,2 g. ) overnight in glacial
acetic acid ( 50mi ).

| This method was based upon that used by Horii et a1101 in

the production of succinimide. The resultant oil was crystallized
from ethyl acetate/pet-ether ( b-pt. 60-80° ) yielding the pure
imide m,pt, 153°C, The i,r. and n.,m,r. spectra were consistant
with expected data, '

b) Reduction of the Imide,

This attempted reduction of the bicyclic imide to the

correspbnding bicyclic hydroxy anilide by the literature method

produced a crystalline material which analytiecal t,1l.c, showed %o



consist of two compounds ( fifs 0,20 and 0.56 ; CHClB/ 2055

ethyl acetate ). The lower Rf compound was icolated by preperalive
t.l.c. . The resultant material was recrystallized from ether,
m,pt. 1hh-1h5oC. . Fromi,r., n,m.r, and mass spectral evidence

it was concluded that the compound isolated was the norbornyl

endo, N - Phenyl 2,3 imidine, Parent ion : ( m/e) 243 ;

n.m,r. (cDe1,) d 1 1.0 (m,6), 2.48 (m,3), 2.92 (m,1), 422 (d,1;
D0 exchange), 5.28 (d,1; goes to s,1 upon DZO exchange), 7.40 (m,5),
i,r. (nmujol) I & 3280 (m), 3050 (), 2960 (s), 2875 (s), 1662 (w),
1612 (m), 1588 (m), 1502 (m), 1470 (m), 1385 (m), 1070 (m),

810 (m), 795 (m), 730 (m), 700 (m) e,

-



1I, By a Liels - Alder Reaction

The proposed scheme involved finally a diene synthesis
involving 1,2 cyclopentadiene and L=hydroxy, cis crotonanilide as

diene and dienophiie respectively:

AR

+ . l' | »

; HOH
C b

" H \CONHPH CONHPh

(29)

Préﬁaration of the Dienophile,

h-hydroxy, but-2-ynoic acid was prepared from propargyl
alcohol by the method of Jones1o7.

Dry, redistilled ethyl bromide (100g, 0,92 mol) was added
dropwisé to a stirred mixture of oven-dried magnesium turnings
(24g, 0.99 mol) and anhydrous ether (400 mi) in a 2 litre,
3-neckéd flask fitted with a reflux condenser, a dropping funnel

and a mechanical stirrer.

Vhen this addition was complete the reaction mixture was

refluxed for 30 mins,

Pronargyl alcohol (éBg,<5x1O"1mol) in anhydrous ether (100 ml)

was added dropwise, with vigorous stirring to this soluticn of

)
ethyl magnesiunm bromide cooled to 0°C,

[6e)

[N



As this addition proceeds, the solid acebylenic Grignard
reagent is précipitated and the reaction mixturs becomes a thick
slurry.,

When the addition is complete the reaction mixture is allowed to
cbme;to room temperature, Carbon dioxide gas is then bubbled
thfough'the stirred slurry overnight,

‘The product salt is decomposed by acidification with ice-cold
bench HCl, The resultant squeous solution is saturated with NaCl
and subjected to continuous ether extraction for 48 hours, The
ether extracts are extracted with 5% NaHCOBSolution. This
solution is acidified with bench HCl and then extracted
continuously with ether for 48 hours.

The ether extracts are dried over anhydrous MgSQ’and thé ether
distilled off under reduced pressure to yield a tan cloured solid
which was recrystallized from ethyl acetate to give 24.2g,
0.242mol, 48.5% of the fawn coloured acetylenic hydroxy acid m.pt.
120~121°C, n.m.r. (déDI-ISO) d : A.25 (s,2), 7.4 (bos.,25 DO exchange) ;
i.r. (mujol) : 3800-3100 (b,s)[H-bonded -o-H] , 3400-2360 (b,s)

Iﬁtramolecular H-bonded -O—H] , 2960 (m), 2890 (m), 2270 (m)

and 2150 (m), [CECstr.] , 1710 (m) [c=o str.] , 1035 (m)[C—-O str.]

-1
cil .

Preparation of the Anilide of 4 - Hydroxy 2 - Butynoic Acid

This acetylenic hydroxy anilide was prepared from 4 - hydroxy
' o8
but-2-ynoic acid by the method of Belleau and lalek using



EREDY as condenting agent,

b = hydroxy but-2-ynoic acid ( 2g, 2x10™wol ) is slurried in
enhydrous ether (200ml). Aniline ( 1.90g, 2%10 ™m0l ) and BEID

( 5g, 2x*0-2mol ) are added and the slurried solution of the
reactants are stirred overnight., The hydroxy acid slowly dissolves
in the solvent and the product is precipitated as a light coloured
solid,

When the reaction is complete, ethyl acetate is added to
dissolve the precipitated product and the mixed solvent organic
layer ié washed with bench HCl ( 2x100ml ) to remove quincline and
excess aniline, with 10% NaHCO5 solution ( 2x100ml ) to remove
unreacted acid, and finally with water ( 2x50ml ).

The orgahic solvent layer is dried over anhydrous MgSOh and
the solvents ere distilled off under reduced pressure to yield
( 3.08, *.71x10 mol, &7% ) of the acetylenic hydroxy anilide.

This product is recrystallized from ethyl acetate to constant
melting point,
m.ot. 143-144°C. ( Found C,68.58; H,5.37; N,8.0L. C4,HgNO,
requires C, 68.57; H,5.18; 1,8,00% ); n.m.r, (déDMSO) d :

4,00 (d,2. D,0 exchange gives 5,2), 5;51 (t,1; D0 egchange),

7.33 (m,5), 10.70 (s,1; D0 exchange); i.r. (mujol) ¥V : 3240 (w);
3180 (w), 3140 (w), 3050 (m); 2930 (s), 2860 (s), 2235 (w),

1635 (m), 1615 (m), 1605 (m), 1590 (m), 1562 (m), 1500 (w),

1435 (m), 1340 (m), 1070 (m), 902 (w), 890 (w), €02 (m), 755 (s),

-1
735 (m), 690 (m) cm .
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4 = Hydroxy, Cis Crotonunilide,

This olefinic hydroxy anilide was produced by hydrogenation
of the acetylenic hydroxy anilide over 5% Palladium on BaSOL
catalyst poisoned with a measured amount of sulphur/quinoline
pbison.

| The conce?trated catalyst poison solution is produced by the
standard msthod08’133 This concentrated solution is diluted 100
fold in ethyl acetate, The dilute solution of catalyst poison
thus produced is added to the reaction mixture of substrate,
catalyst and solvent immediately prior to exposure to the
atmosphere of hydrogen ( 0,01ml of diluted poison solution

per milligram of catalyst used ). The ratio of catalyst to

substrate used is approximately 1 : 3 ( w/w ).

The hydrogenation proceeds swmocthly upon exposure of the
stirred reaction mixture to the atmosphere of hydrogen., When
the calculated amount of hydrogen has been absorbed the reaction
is terminated, the catalyst filtefed off and the solvent removed
under reduced pressure leaving a fawn coloured solid which i.r.

and n,m.r. spectra show to be the desired product, This solid

is recrystallized from ethyl acetate. The yield of this

reaction is quantitative,

m.pt, 150-151 C. ( Found C, 67.69; H, 6.50; N, '7.81;.
Cyolty 410, requires O, 67.78; H, 6.263 N, 7.90% );
n.m.r.(déDMsO)aJ . 4.58 (n,2; d,2 upon D30 exchange ),

| L.93 (+,1; DO exchenge ), 6.16 (m,2), 7.36 (m,5), 10.0L(s,1;
€ ’ 2
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D20 exchange ); in a decoupling experiment, irradiation at
L.58ppm simplified the olefinic resonances o the following :=-
6,01 (d,15 J =12cps ), 6.21 (d,1; J = 12cps );
i.r, (nujol) N : 3400(m), 3300 (w), 3160 (w), 3040 (w), 2950 (s),
2éso (s), 1660 (m)‘, 1555(m), 1638 (m), 1600 (m), 1497 (m), 1382 (m),
1060 (m), 812 (m), 788 (w), 765 (m), 70k (m) eu .



O
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IIT  Preparation from +he Corresponding HNorbvornyl Lactone

a) Endo Cis 2,3 Carbolactone Norbornane

This compound was prepared from norbornane 2,3 dicarboxylic
: . . 1
acid anhydride by the method of Vaughn et al 07 , as described

in the following section,

b) Preparation of Endo, Cis 3 Hydroxymethyl, 2 - ( N - Phenyl

Carbonamide )  Norbornane,

The hydroxy anilide ( 28 ) was prepared from the lactone
( 27 ) by reaction with aniliﬁo magnesium bromide based on the
method described in the literature 11&.

The anilino magnesium bromide was prepared by addaition of
aniline ( 0.65g, 1.79x10~2mol ) in anhydrous ether (i0ml) to ethyl
magnesium bromide ( 1.79x10—2 mol ), prepared in the normal
manner 103, in anhydrous ether (25mls), This milky suspension
was refluxed for 15 minutes before dropwise addition to the lactone
( 1.36g, 8,8Ax10'3mols ) in anhydrous ether (15ml), The reaction
was carried out under anhydrous conditions with stirring throughcut.

Stirring was continued for 60 minutes at ambient temperature and

then at reflux temperature for 2 hours,

Water (20mls) was added and then sufficient normal HCl to
decompose the salt formed (1€mls),  This mixture, in which the
hydrox& anilide was precipitated, was filtered to give 75% of

the theoretical yield of hydroxy-ahiiide. ‘The remainder was
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obtained from the separated, dried ( over anhydrous }gSC, ) ether

k

layer, The product, a white crystalline solid was recrystallized

from ethyl acetate to m.pt. 197-198°C. ( Found: C,73.39; E,8.17;
N,5.70. Gyl gli0, requires C,73.4k; H,7.815 U,5.714 );

namr. (@0880)S ¢ 151 (m,6), 1.66 (m,1), 2.33 (m,2), 2.90 (m,1),
3.61 (£,2), L.21 (£,1; D, ‘
D,0 exchange); i.r. (nujol)~ :3410 (in), 3260 (w), 3200 (w),

0 exchange), 7.32 (m,5),10.69 (s,1;

3150 (w), 3070 (w), 2960 (s), 2870 (o), 1667 (m), 1558 (m),

1600 (m), 1510 (m), 1470 (m), 1382 (m), 1024 (m)}, 800 (w), 766 (m), |
752 (m), 700 (m) en™ -

In CC1, the amide I, amide II region had the following bands:

1686 (m), 1773(m), e, No band was observed between 1650

and 1450 cm71.



Preparation of Indo 2 - ( I - Phenyl Carbonamids ), Indo

6 ~ Hydroxy Norbornane

T?:Bhtdroxy anilide ( 31 ) was prepared from the corresponding
lactone ( 30 ) by the method descrlbed above.

OH ONHPh
(30) , (31)

Reaction of the lectone ( 30 ) (2.76g, 2x10_2mol} in
. : - ?
anhydrous ether (15ml) with the anilino magnesium bromide (42107 mol)
in anhydrous ether (35ml) produced the hydroxy anilide ( 3.93g, 1.72

-2 .
x 10 mol, 88 %), recrystallized from ethanol to m,pt. 151-152°C

(Fbund.C 73,123 H, 7.55; W, 6.51 . 015H.9No9 requives C, 72.70;
H, 7.41; N, 6,06% ); n.m.r. (d6 MSO) J ¢ 0.91 {(m,1), 1.29{s,2),
1.80(ri,3), 2.16(m,1), 2.74(m;2), ke 10(m,1), L.k2 (d,1; D0 exchange)
.20(m,5) 10.50(s,1; D0 exchange)s i.r.(nujol) 9 3380(w)
3260 (m), 3100(m), 2940(s), 2875(s), 1660 (m), 1620(m), 1600(m),
1563(m), 1500(m), 1470(m), 1450(m), 1260(m), 1800{w), 770{(m),
700(m) ., |

In CClh solution the following bands were observed in the amldeI
amide II spectrai region : 1728(w) 1680(m) em™ ! , no band was

-
observed between 1650 and 1450 em .



Preparation of some DBicyclic § - Lactones

A series of six bicyclic § - lactones were prepared from
the corresponding anhydride by recduction with sodium borohydride
in isopropanol according to the method of Vaughn et al109 .

. Analar isopropanol (20mls) and powdered sodium borohydride
(1.7x10-2mol) were stirred at room temperaturé-for 30 minutes.,

To this mixture a solution ( or a stirred solution ) of the
bicyclic anhydride (1x10—2mol) was added dropwise over 15 minules
with stirring, This mixture was stirred at room temperature for
36 hours whereupon the solvent was distilled off under reduced
pressure yielding a white solid,

Concentrated hydrochloric acid (7.5ml) in crushed ice (25g)
was added and the mixture was stirred for 60 minutes at room
temperature over a steam bath for 30 minutes and again at room
temperature for 3 hours., The mixture was extracted with ether
(3x150m1). The ether extracts were washed with bicarbonate
solution (5%, 2x50mls), with water (50mls) and were then dried
over anhydrous magnesium sulphate, The ether was distilled off
under reduced pressure generally yielding a clear oil which could
be erystellized from ethyl acetate/pet-ether (b.p. kO-éOO )e In
the case of the exo 2,3 ¥ - carbolactone [2,2,1] heptane

cryétallization did not occur and preparative t.l.c, (CHClS) was

used as the purification method, | Preparative t.l.c., was used as



an additional purificaﬁion method in the case of both the
bicyclo-octane lactones since initial crystallization proved
difficult, The infra red specira of these compounds were simple
with C=0 stretch occurring in the 175Ocm."1 region and C-0 stretch
in the 1380cm51region.

Endo 5 - norbornene 2,3 dicarboxylic acid anhydride and
endo 2,3 dicarboxylic‘acid anhydride bicyclo 2,2,1 5 - octene
were commercial samples, Exo 5 - norbornene 2,3 dicarboxylic
aclid anhydride was prepared from the endo anhydride by thermal
isomerization by the literature method116 . Selective
'Crystallization from benzene and repeated recrystallizations
from the same solveni produced the pure exo anhydride, m.pt.
142°C ( 1it. mpt. 142-14°0 1),

The saturated anhydrides were prcpared by.catalytic
hydrogenation over supported Falladium catalysts 7 from
the corresponding unsaturated compound,

The following compounds were prepared by this method:-

Endo 2,3 § - Carbolactone Bicyclo [?,2,1] 5 -~ Heptene

m.pﬁ. 130-131°C ( 1it. m.pt. 130°C ).

( Found C,71,88; H,6.73. Cale. for <:9Hmo2 : £,71.98; H,6.71% ).
nom.r, (CC15)d : 1.56 (q,2), 3.23 (m,4), 3.81 (d,1), £.30 (t,1),
6.32 (s,2); i.r. (mujol) Y : 3060 (w), 2940 (s), 2860 (s),

-1
1750 (8), 1636 (w), 1465 (m), 1385 (m), 1050 (m) ecm .



Indo 2,3 ¥~ Carbolactone Bicyclo [2,2,1] Heptanc

m.pt. 120-130°C, (sublimes)

( Found C,71,08; H,7.95, Calc, for Colly 50, = C, 71.03;

Hy 7.95% ); numer, (CDC13)d & 1,49 (s,6), 2.33 (m,1), 2.61 (m,1),
2,89 (m,2), k26 (4,2); i.r. (mejol) v : 2930 (s), 2860 (m),

1755 (m), 1465 (m), 1383 (), 1070 (m) cu™ .

Exo 2,38 - Carbolactone Bicyclo [2,2,1] Hept - 5 -~ ene,

mpt. 42°C. ( Found C, 72,243 H, 7.00. CgHy0, requires

C, 71.98; H, 6.71% ); n.m.r. (CDOL,) d : 1,53 (s,2), 2.65 (s,2),
2,92 (m,1), 3.29 (m,1), 4.08 (d,2), 4.50 (t,1), 6.23 (m,2);

1,1, (mujol) ¥ : 3060 (w), 2930 (m), 2860 (m), 1795 (m), 1630 (w),
1460 (m), 1387 (m), 1090 (m) cm™.

Exo 2,3 §- Carbolactone Bicyelo [2,2,1 Heptane

An oil; vpurified by preparative t.l,c., ( Rf 0.58; CHCl3 ).

( Found C, 7%.%1; H, 7.89. CQHQO requires C, 71,03;

H, 7.95% ); n.m,r. (CDCl3)Cf : 1,45 (m,6), 2.18 (m,1), 2.49 (m,2),

2,66 (m,1); i.r. (nujol) N : 2935 (m), 2860 (m), 1750 (m),
1465 (m), 1380 (m), 1060 (m) om .

Endo 2‘,3 ¥ - Carbolactone Bicyclo '[2,2,21 Oct - 5 - ene

m.pte. 94-95°C. ( Found C, 72.90; H, 7.11, C, H, 0, requires
C, 73.15; H, 7.37% ); n.mr. (CICL,) d : 1,48 (a,b), 2.75 (m,3),
3,10 (m,1), 6.32 (m,2); i.r. (nujol) ¥ : 3050 (w), 2940 (s),
2670 (), 752 (m), 1670 Gv), 1460 (m), 1378 (m), 1060 (m) cm™ .

D
(o9



2,3 § - Carbolactone Bicyclo [2,2,2_] Octane

m.pt. 153-155°C, ( sublimes 95°C, )

( Found C, 72.26; H, 8,77, Calc, for CygHay 0y ¢+ C, 72,263

H, 8,49% ); n.m,r. (CD013)J : 1,62 (m,9), 2.06 (s,1), 2.67 (m,2),
136 (m,2); i.r. (mujol) + 2930 (s), 2865 (s), 1755 (m),

1465 (m), 1388 (m), 1065 (m) cm s
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Determination of th: Hydrolysis Froducis)of Endo, Cis 3 Hydvorz-

s . .
methyl, 2-(}{-Phanyl Carbonamide) Norbornans in Aqueous

Perchloric Acid (0.54).

The bicyclic hydroxy anilide (20. mz) in absolute ethanol
(5 ml) was added to aqueous perchloric acid solution (0.5 M,
500 ml) at 50°C and left for 20hours (10 half- lives ). This
solution was cooled, extracted with 5x200 mls ether. The combinsd
ather layers wers washed with water (100 mls) dried éver anhydrous
MgSOh and evapbréted off under reducsd pressure, The ether was
redistilled before use, -

The vroduct was further dried over PZOS giving 11,25 mg of a
dark brown oil (theoretical product of lactone : 12.72 mg )e T.L.C.
of this material.shawed that the main product was lactone (Rf 0,68).
Other minor products at lower Rf values were bbserved, No
carboxylic acid proton, olefinic or hydroxyl proton was observed in

n.m.r. spectrum (CDCly). Infra-red spectrum of this raterial

showed a carbonyl band typical of the expscted lactone,
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Determination of the Hydrolysils Froduct(s) of Endo 2-{N-Phanyl

Carbonamide), Endo 6 Hydrowxy Horbornanz.

The bicyelic hydroxranilide (20,0) mg in absolubte ethanol
(5 ml) was added to aguaous perchloric acid solution (0.5 M,
500 ml) at 50°C and left for 3 hours (MO half lives), This
solution was cooled extracted with 5x200 mls ether, The ether
extracts were washed with water (100ml) dried over anhydrous
MgsoA and the ether was removed under reduced pressure. The ether
was redistilled before use,

The product, dried over qusunder o0il pump vacuum was a& dark oil
- and wéighgd 11.05 mg, (theoretical weight of a lactcne product: 12,30
jg )o TIC of this material shoﬁed that thé ma jor product was lactone
(Rf 0.64). “TLC showed that other minor products of lower Rf had
been formed.

No carboxylic olefinic or hydroxyl proton was observed in
n,m,r, spectrum of this material in CDClB. Infra-red spectrum

showed carbonyl band typical of the expected lactone.
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inetic Experimental

Solutions

Perchloric acid solutions were prepared by dilution of
Analar 72'75HC'.10LL .
in the first instance, Upon tempesrature equilibration, the

This dilution was carried out approximately

diluted solution was titrated against standard sodium hydroxide.
The volume of water required to bring the molarity of the
approximately diluted acid to the required level was then added.
Distilled water was used in the preparation of all acid
solutions,

Stock solutions of substrates were made up in Analar 'Absolute!
éthanol‘and was either used freshly prepared or stored at deep
freeze temperatures which greatly extendéd the useful life of

the solution,
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Spectrophotometric Rate Daterminations,

The reported rate constants were determinsd on a Cary Model
1}, spectrophotomster, This spectrophotomster was fitted with a
five-cell holder and thermostatting arrangements,  Constant
" temperature was achieved by using a Lauda electronically
thermostatted wafer bath. Circulation of the water from this
bath through the central spindle of the cell holder, through
channels in the cell-compartment and finally around the reference
cell holder enabled temperatures constant to £0,03°C to be
achieved, The temperature drop between the water bath and the
cell holder was 1-2° over the range 45-65°C.

The temperature was measured in the cell by a thermometer
calibratéd by a N.P.L. calibrated thermomster, the cell
compartment being temporarily sealsd by a close fitting 'perspex!
lid.

Stoppered, 10 mm.,Spzctrosil, quartz u,v. cells were used,
Geherally 3 mls of acid was added and approximately 30 minutes
allowed for temperature equilibrium, 10, 15 or 20 microlitres
of the stock 1.5 x 1072 molar solution of the substrate iﬁ ethanol
was _injected into the acid solution depending upon the molar
extinction‘coefficient of the substrate, - All reported rate
‘eonstants for aqueous acid solutions therefore refér to solutions

approximately 0.5% in ethanol,

After addition of the substrate stock solution to the u.v.
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cell, the contents of the cell were stirred with a 'polythens!
“stirring rod,  Absorbance changess wesre then monitored.: Tha
pen recorder slide wire on the spectrophotometer drove a highly
accurate linsar potentiometer across the ends of which was applied a
constant voltage from a Mallory 1.35 volt battery, typs RM-42 R. |
The output from this potential divider was fed to a Solartron
Compact Data Logger which digitizad the absorbance reading. The
digitized reading was then transferred onto 5-channel ﬁaper tape,
via a Creed punch, at convenient time intervals. Usually-
100~700 values were taken,

Tﬁe first order rate constants were determined using a
generalized 1east—équares program, written by Dr. B, Capon,

7 and Deming118 .

based on the procedure of ‘.*entworth1
Evaluation was performed on an English Electron KDF9 computér.
The slopes and intercepts of all linear activation paramster,
rate-acidity correlation plots and amide pK,y+ determinations

were also determined by a gensralized least-squares procedure.
on the above device and on & Digico Micro 16P computer,
Statistical errqrs‘arising from the computations of rate

constants, slopes of lines and other parameters where recorded

refer to standard deviations unless otherwise stated.
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Dstermination oif Dissociation Constants

To datermine the dissociation constants of the conjugate acids
of the series of anilides under study, their u.v. spsctra in 1M and

91 perchloric acid werae first recordszd on a Unicam SPBCO spsctro-

3

photometer, In generesl the spectra of these anilides exhibitad a
band in‘the range 240-250 nm, |

It was ndtad ihat in the large majerity of cases ths only
change which took place on going frem lower to higher acid
concentration was a decreass in the absorbance of the masdmum.

Only in the cases of p-lMethyl, p-Methoxy and p-Nitrosubstituted
anilides were shifts of the maxima obssrved. The p-Methyl arilides
exhibited a s]lght blue shift (approximately 2 nm), the p-lizbhoxy
anilide a red shift (aporoximately 10 nm), The p-Nitroanilidss
exhibited two maxima in 1,0m perchloric acid at 315 nm and 222,0 num
The most intense of thess maxima at higher wavelengh exhiblied

a very large blue shift over this concentration rangs with a

ailst

}at

correspondlna decrease in molﬂr extinction coefficient,
the band at lower wavelength PthbltGd a small blus shift (2,0nm),
the molar extinction coefficient de reasing greatly,

Thus, in general, the molar extinecticn coefficient at ths
single wavelength of ths maximum was observed for each anilida

for a series of acid concentrations. From the plot of £ Az

119 120

against H0 and HA for this single wavelength the extinction

coefficient of the non-protonated and fully protonated amides

A N
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ware estimabed according to ths criteria of Yates et ai’’ From

the values of the molar extinction =~ soefficient & g, for the
nen~protonated species, € BH+ for the fully protonated spescins and
€ for the amide/protonated amide mixture at intermsdiate acid

concentrations, the ionization ratio I ( [BH+] / [B] ) was

dsterminad by the eguation
€5_ €

r——r 7 (43)

The operation to determine the individual aﬁsorbance
values for each anilide at different acid concentrations involwved
a rapid injection - stirring ~ absorbance reading sequence which
was complete within a range of 5 to 10 seconds. These operations
were carriad out at 50.0O using the same‘equipx_xent describad in
the previous section., Generally, each absorbance valua used was
the mean of t'._vo or three readings, From thess readings € valuss
were derived . However, for some more reactive compounds a
graphical method of correction was required., The wavelengths at
which this data was observed are listed as)\max m tables 3 to 21;.
for each anilide;derived values of & , €pyty €ps Tand log I
a.revélso listed in thess takbles.

The logarithms of the ionization ratioa thus determined
were plobtted against H and H; valuss for perchloric acid

solutions according to equations (44) and (45).



log I

b

M (pK -H_ ) (4k)
log I =d + cHy : ' (45)
Results from equation (44) are listed in table(25)., M is a
measure of the pfotonation behaviocur ci‘k the amide relative to
pr:il.t.nary aromatic amines used in the determination of HO and is
listed as the slope of the plot. The value pX is the Ho val;.i—a
at 50% protonation of the amide substrata,

Results from equation (45) are listed in table (26), The
slopes of thz plot log I agamst H;g in general lie fairly closa
to unity, The value -d/c is the H, value at 50% protonation
~and -is taken to rspreseant the thermodynamic pKe.+ values of
the amides, The derived values of log I were also used in

equation (1,61) in order to- estimate pKSH+ valuss according to the
6
metbhod of Bunnett and Olsen5 .

log I + Ho = (1)3) (Ho+ log [Hﬂ ) + Pyt (16) |

Results of these plots are listed in table (26A),
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TABLE 1 : Clessification of the Function of Water in ths Aate

Determining Step

o]
'}
5]
[
w
[¢]

tions in Moderatelv Conconbrabed

§
Solutions of INinsral Acid According ho Bumnotis Hrdration

Parameter and L, F.E,R, Treatments,

Function of Water w qf $
Is not involved T -2,5 to 0.0 0.0
Acts as nucleophile 1.2 to 3.3 - -2 : 0,22 to 0.56

Acts as proton 3.3 -2 0.58

transier agent

Some typiecal values 2 of these parameters for amides are listed
below: S w ¢
Provionamide (HCL,400) 2,69 = 0.57
Benzanide (HCl,25O) 3.9 | ' 0.60
(HC10,95°) 97 0.9

pNO,Benzemide (H,00,,25°) 1.79 0. 4d




TABLE 2 : Concentration, Acidity Function, Waber Activity and

Related Parameters for Aqueous Perchloric Acid Solutions

Acid _HW) ~(H +log H+ ) -HTEL) 1oz & oA i
Molarity o 0 A W
0..01 -0,18 | ~0.13
0.10 0. 13 0,37
0.5 0.06 0,18 0,008
1.0 0.32 0.32  0.03 0,018
2.0 . 0,82 0.519 0.45 0.043
3.0 .32 0,813 0.76 0.081
4.0 180 1198 1,08 0.135
5.0 2,33 1,531 B 1.2 0.215
6.0 2.8 2.112 1.75 0.330
7.5 375 2.875 2.30 0,602
9.0 5.4 heis6 3,00 0.983

10,5 6.65  5.629 3




-t

TABLE 3 : The Degree of Protonation of Butvranilide in

Perchloric Acid Solutions

Reid o Te T Togl

molarity
0,001 1020
0.01 - 982 0.0227 ;1.6hL
0.1 1030 |
1.0 976 0.0465  =1.3325
2,0 970 0.0764 =1.1175
3.0 906 0.427 . =0.3696
440 882 0.636 -0.2965
5.0 835 .28 0.109%
6.0 778 | 3,425 0.5346
7.5 752 6,04 0.7810
9.0 723  4h.00 1.6435
10.5 712 '

A, 2k0.5mm

Plots of € against Ho and H, yield common values of € and £ —

of 9900 and 7950 respectively,
Linear lesst squares treatments yield :-
+
1) Slope ~03.61%2 : 0.032, interceot -1.472 - 0.098 and
| : ‘ +
2) Slope -0.9998 ¥ 0,027 , intercept -1.358 = 0,064
for plots of log I versus Ho and Hy respectively, Derived values of

3 . -+ - 3 - -+
H valuegs at 50% protonation and of pKAH-Z* arg «2,31-0,12 and 1.359.0,081
(4]



TABLE ) : The Dsgree of Protonation of B - Phenyl 4-Hydroxy-

butyramide in Perchleric Acid Solutions,

Acid C107x e B I logl
molarity . - 4

0.01 1064, |

0.1

C.5 1027 0.074 -1.1308
1.0 1012 D. 1417 . -0.8488
2.0 9% 0.408 -0.3898
3.0 95 0,551 -0.2590
4O 878 1417 0.1512
5.0 8h2 2,452 0.3892
6.0 810 590 0.6670
7.5 778 13,50 1,130
9.0 768 28,00 C1LLLT3
10.5 755

Npax 240.5 nm. |
Plots of € against H, and H Ayielded common valuss of€B and € BH+ of

10;500 and 7,600 respectivaely.

Linearv 1eas’§ squares treétments yislded := |

1) Slope -0.512 fO,.()37,, intercept -0,953 i-0.095

2) Slope -0.822 1“0.037; intereept ~0.841 0,058

for plots of log I versus H{J and HA respectively. Derived H<> and

Hy values at 50% protonation ars displayed in tables 25 and 26.

—
N



TABLE 5 : The Degree of Protonation of N - (p-Tolyl) 4-Hydroxy-

butyramide in Perchloric Acid Solutions.

Acid 10 'x e h I logl
Molarity ‘ :

0,01 1185

0.1 |

0.5 146  0.05Th -1.2413
1.0 1119 0, 1546 : 40.8110
2.0 1088 0,282 ~-0.5500
3.0 1049 0,498 -0;3030
beo 989 1,012 ~0.0053
5.0 935 1,917 0.2822
6.0 897 3,228 0.5090
7e5 860 6.776 0.8310
9.0 830 33.5 SR WCP)X:
10,5 790

)\ma.x 24,3.0 nm

Plots of € against Ho and Hy yields common values oi‘ €p and € BH+ of
11,650 and 8150 respectively. J

"~ Linear leastk squares treatments yield

1) Slope -0.512 20,026, intercept 1,020 Yo.068

2) Slope -0.816 0,030, intercept -0.934 20.046

for plots of log I versus H_ and H, respectively. Derivad H and H,

values at 50% protonation are listed in tables25 and 26,



TABLE 6 : The Degree of Protonstion of N ~ (m-Tolyl) j~Hydroxy-

butyramide in Perchloric Acid Solutions,

I*A;:gigrity ?Oo,lx ¢ - ! Log!t
1.0 1102 0.0514 o -1,2890
2,0 1036 0,269 ~0,5702
3,0 999 0.428 -0.3686

4.0 936 ©0.830 . =0,0809
5.0 8l 1,53 0. 1847
6.0 816 2,96 0.4713
7.5 3 11,05 - 1.0435
9.0 9 57.57 | 1,7602

10.5 697 |

N pay 242.0 nm

Plots of £ against Hj and Hy yield common values of £ and éBH+ of
of 1120x10 and 710 %10 respectively.

Linear lesast squares treatments yield

1) Slope -0.594 : 6.032 , intercept -1.220 T o.088

2) Slope =0.974 Y o.037 , intercept -1.177 : 0, 060

’for plots of log I versus Ho and Hy respectively. Derived Ho and

HA values at 50% protonation are listed in tables 25 and 26.



TABLE 7 : The Degree of Protonation of N - (p-Methoxyphenyl)

L=Hydroxyvaleramide in Perchloric Acid Solutions,

heid 10" x ¢ . I log I
Molarity -
0.01 1276 0.0328 ~1.4841
10,10 1310 |
0.5 1283 0.0162 -1.7905
1.0 1260 10,0732 ~1,1355
2.0 1234 0. 146 ~0,8356
3.0 - 1165 | 03 ~0.4012
40 1063 o5 0.0274
50 1030 1,445 0.1599
6.0 937 4055 0.608
7.5 875 16.6 1,220t
9.0 855 87.0 1.9395

10,5 811 | )

Naax 260
Plots of € against H_ and H, yield common values of éB and €+ of

12,900 and 850 respectively.

Linear least squares treatments yield :-

1) Slope -0.69l 0,041, intercept -1.4kb 0. 108

2) Slope -1.112 fb.oa5, intercept -1.340 T0.047

for plots of log I versus H  and H, respectively, Derived Ho and

H, values at 50% protonation are listed in tables 25 and 2&.



TABLE 8 ¢ The Degree of Protonation of N ~ (Q«Methoxyphenyl)

h~Hydroxybutyramide in Psrchloric Acid Solutions.,

Acid 107'x ¢ 1 log I
Molarity | .

0,01 986 0.,0265 ~  ~1.5768
0.1 976 S RETA  =1.9431
0.5 981 . 0.109 -0,9626
L0 950 0,293 -0,5331
2.0 906 0,342 40,4660
3.0 896 | 0,758 -0, 1203
4.0 832 2,02 0.3054
540 754 3,80 0.5798
6.0 704 9.76 0.989%
7.5 663 87,75 19432
9.0 63k 8775 19432
10.5 634 |

>\max 244,0 nm
Plots of € againsf H, aﬁd H, yield common values of €B and € gt of
9850 and 6300 respectively.
Iinear lezst squares treatments yield .
1) Slope -0, 570 iﬁ0,0EZ , intercept -1.278 M 0.0
2) Slope -0.982 : 0.Q,1 , intercept -1,122 Io.0
for plots of log I versus H, and Hy respectively. Derived K, and

H, values for 50% protonation are displayed in tables 25 and 26,
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TABLE 9 ¢ The Degree of Protonation of N - (p~Chlorophenyl)

h-Hydroxybutyramide in Perchloric Acid Solutions.

1

: ﬁgiﬁr Lty 10 x € 1 log I
0.01 140
0.5 W9 0.02757 ~1.5600
1.0 . 14,25 0,01235 ~1.9080
2.0 1408 0.05665  -1.2468
3.0 130 0.281 05515
4.0 1262 - 0.695 ~0,1580
5.0 1217 1,081 00,0340
6.0 1s3 2,085 0.3192
.5 1078 6,065  0.7830
9.0 1030 40,00 1.6010
10.5 1000
Ay 247.0 mm

Plots of € against H, and Hy yield common values of €g and € g+ of
' 1L.BOO and 10,200 respectively,

Linear least squares treatments yield:-

1) Slope-0,5670 lLO.}OSB, intercept -1.671 0,135

2) Slépe-1.069 ib.O?B, intercept =1.559 To.112

for plots of log I versus Ho and H, respectively. Derived valuss

of Ho and H, at 504 protonation are displayed in tables 25 and 26,



'TABLE 10 : The Degree of Protonation of N~(m-Chlorcphenyl)

L-Hydroxybutyramide in Perchloric Acid Solutions.

f&gi:rity 19 xe¢ I log I
0,01 1143 0.021 -1.678
0.5 1141 |
1.0 1138 0,0272 -1.5655
2,0 1103 0.0366 =1.4367
3.0 1090 0. 1605 ~0.7945
4.0 1061 - 0,211 | -0,6690
50 976 | 0.354 ~0.4510
6.0 o2 1,049 0.0208
7.5 815 | 1,576 0.1972
9.0 822 8.72 0.9402
10.5 807 27.32 1.4361
N oy 242.5 om

Plots of é against Ho and Hy yield common values Of»éB and € BH+ of
11,500 and 8100 respectively. ‘

Iinear least squares treatments yield :-

1) Slope -0.607 10.027,intercept ~1.507 20,066

2) Slove -0.942 10,030, intercept 1,359 Z0,0k4

for plots of log I versus Ho and H, respectively, Derived values of

Hé and Hy at 50% protonation are displayed in tables 25 and 26.



TABLE 11 : The Degree of Protomation of N - (p - Bromophenyl)

L=Hydroxybutyramide in Perchloric Acid Solutions,

-1

Acid 107 x € I log I
Molarity ‘

0,01 1657 0.0068 -2, 1675
0.5 1656 0.0091 ~2,0200
.00 1680

2.0 1615 0,125 -0.9515
3.0 1553 0.317 -0.5015
LO 185 0,648 -0, 1888
5.0 1405 S 1.310 “~ 0.1270
6.0 1368 1.910 0.,2810
7.5 1296 heb95 0.6522
9.0 1236 20, 160 1,3200
10.5 1209 |

A max 250,0 nm

Plots of € against Hj and H, yield common values of € 5 and éBH+ of
16;600 and 12;* 50 respectively.

Linear least squares treatments yield t-

1) Slope ~1.025 10,075, intercept -1.541 0,116

2) Siope -0.650 0,067, intercept,-1,679 20,173
for plots of log I versus H, and Hy respectively, Derived values of

H and Hy at 50% protonation are dlsplayed in tables 25 and 26,



TABLE 12 : The Degree of Protonsiion of Ne(m-Bromophenyl)

L-Hydroxybutyramide in Perchloric Acid Solutions.

Acid 107 % € 1 log I
Molarity ‘
0.01 1384
0.5 1356 0.0354  =1.452
1.0 1356 0.,0354 1,452
2.0 1300 0.2060 -0,685
3.0 127, 0.3057 ~0.5149
4.0 : §226 | 0.5410 -0,26