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HISTORY AND TURFOSE

Yany empirical relations involving reactivities of
orranic compounds have been shown to be linear involving
losarithms of rate or equilibrium constants. At constant
temperature, *the logarithm of a rate constant for a reac-
tion ig linearly related to the standard free energy of
setivation @A0F) while for a reaction the logarithm of

>

the equilibrium const=ant, ¥, is proporticnal fo the stan-
1

o]

dard free energy of reaction (A

Trn the 1030's "linear fr

D

e energy relationships" were
atudied hy Hammett? for = number of systems involving side
chain reactiong of benzene systems. Specifically, Hammett
studied substituent effects using the ionization of sub-
stituted benzoic acids as his standard system. His work
led to the formulation of the "Hammett equation" which
descrihes meta- and para-substituent »"Tnets on side ch=in
reactions of benrene derivatives and ig quantitatively

3

siven 29:

log (k/ko)

G’C’ (1)

O‘@ (2)

or

i

log (K/ko)

k or ¥ represent the rate constant or equilibrium
constant, respectively, of the reaction involving the meta-

. : 2 W -
or para-substituted benzene derivative, and ko or ¥  rep

1
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5
resent the rate constant or equilibrium constant, respect-
ively, ¢f the reaction involving the parent system. The
volar constant, J , represents the polar effect of the sub-
stituent on the reaction relative to hydrogen and is, by
nature, independent of the reaction type. The reaction
constant, é?, measures the suscentibility of the reaction
to polar effects and is, by nature of the linerr free en-
ergy relation, 2 constant for all substituents and depends
only on the reaction series, temperature and solvent.

For the icnization of substituted benzoic acids at

OSOC, Hammett defined 6>= 1.000 and then used the relation,
I'eya’s =
log (¥/¥ ) ae

to caleulate values of g for many substituents., The equa-
tion was found to be a2aprlicable to all but a few members

of a series of fifty-two reactions. The definition of 6) =
1.000 for the henzoic 2cid reaction is a2 purely arbitrary
se]ectionl and is defined as such for the lonization of
benzoic acid because of the linear relation between log of
k for this "standard" reaction and log of k or ¥ for so
many other reactions.

The Hammett equation was applied to a series of 351

. . 3L .
reactions by Jaffe' in 1953 ' and was found to describe

[Ty

reactivities in all but a few reactions. By this time,
however, a sienificant number of exceptions had been

recorded contradicting the uniqueness property of the
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substituent constant, g . One example was most evident.
The ionization of pégg-nitrobenzoic acid gave a value of
g = 0.778 for the para-nitro group. However, this value
of ¢ proved inapplicable when applied to other reactions,
such as reactions of anilines or phenols, where a value
of 0 = 1.27 was required for the para-nitro group.2

This dual value of g-observed for the para-nitro substit-
uent was observed with other substituents as well when
applied to reactions of anilines and phencls. The in-
creased value for qalwas attributed to cross-conjugation
of the para-nitro substituent with the 0  in phenol an-
ions or the :NH2 in anilines which could not be explained
in HFammett's equation by a simple polar substituent con-
stant (g ). These "duality of substituent constants”
were observed further in the reaction series examined by
Jaffe',

The concept of "duality" was extensively criticized
by Wepster in the 1950‘5.5 Wepster viewed this high value
for g- as a result of not only resonance interaction of the
pggg—substituentﬂ;ith the aromatic ring, but also as res-
onance interaction of the reaction center with the para-
substituent through the ring. Thus, a multiple number of
values or a "sliding-scale" of values for 0 should be
expected rather than one value for "normal" reaction series

. . . . 2
and a2 single high value for "abnormal" reaction series.
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This resonance contribution to the polar constant is most
pronounced in electron withdrawing substituents.

In fact, with the substituents in the ortho-position,
steric effects become significant to the point of the fail-
ure of the Hammett equa’ciomlL The failure of the Hammett
equation for ortho substituents was studied by Kindler.u’6
He first observed a relationship between the basic hydroly-
sis of ethyl meta- and para-substituted cinnamates and the
corresponding rates of einyl meta- and para-benzoates.

The failure of ortho-substituents to obey the relation was
attributed to a steric "ortho effect" for the benzoate
system.

Iater, Ingold devised a more general method for sepa-
ration of polar and steric effects in ester hydrolysis.a
According to this proposal, the ratio of the rate constants
of alkaline to acidic hydrolysis is a function of the pol-
arity of the substituent, even though both show steric
effects.

Following this line, Taft proposed the following equa-
tion describing the polar effect of a substituent R as il-

lustrated in the hydrolysis of the ester R—COO-R‘:LL

7*:[(10g k/ko )B - ( log k/ko )A] /2 .48 (3)

g—* represents the polar effect of a substituent as meas-

ured from ester hydrolysis and is a purely polar effect;
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k represents the rate constant for hydrolysis of the sub-
stituted ester, R-COO-R, while k, is the rate constant for
hydrolysis of the parent ester, Me—COO-Rt B and A refer
to the basic or acidic catalyzed hydrolysis. The factor
2,48 is an arbitrary constant introduced so the values of
g * will be put épproximately the same scale as the
Hammett g values. The terms on the right side of the equa-
tion have the following significance: (log k/kO)B repre-
sents the sum of polar, steric, and resonance effects of
R: (log k/kO)A represents the sum of steric and resonance
effects of R, the difference giving the purely pelar effect
of R. The steric effect of R can thus be suitably repre-
sented by the equation:

E, = (log k/k_ )y (4)
although for both aliphatic and aromatic systems in which
R contains a Tl - system conjugated with the ester function
there is a resonance contribution to ES.

The resonance contribution to substituent effects has
been studied in terms of polar parameters.2 The inductive
contribution to the substituent effect, o—&,.is based on
aliphatic and acyclic reactivities and is reaction inde-
pendent. The rescnance contribution, Q‘h, was shown to be
reaction-dependent, but an unenhanced resonance parameter,
Crho' was defined, in terms of an "insulated reaction

series," as the resonance contribution, when the reaction
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center was not conjugated with the ring, which results in
no direct resonance hetween the reaction center and the
ring. The values of (j“i, and Crﬁo were thus appropriately
combined to yield the normal substituent constant (T‘O.
Taft's procedure is baséd on three assumptions:
1. The relative free energy of activation can

be treated as a sum of independent confribu-
tions from peolar, steric and resonance effects,

N

. Tn corresponding acidic and basic catalyzed
hvdrolyses the steric and resonance effects are
cancelled in the difference:

( log k/ko ) = ( log k/ko )4

2. The polar effects of substituents are much

r er in basic than in acidic catalyned ester
V

Tf assumption (1) were invalid, Taft's entire argu-
ment would be vouded, for it is on this principle that sep-
aration analysis is feasible. Support for this assumption
is provided by the usefulness and validity of results ob-
tained in applyving it. Justification of assumption (2)
lies in the similarity of transition states of both acidic
and basic catalyzed hvdrolysis of esters. Recorded values
of‘e? supply evidence for assumption (3). Since for basic
ester hydrolysis, 6? commonly lies within the range +2.2
to +2.8 and for acidic ester hydrolysis between -0.2 to
+0.5, the polar effect is observed to be much greater in

the basic reactions.

Since, in acidic hydrolysis of esters, the polar effect
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of substituents was found to be small, it was possible to
relate a function of the rate constants to steric effects.
Taft found that a number of reactions conformed to the

equation:

Tog (k/k ) =& E (5)

where & represents the steric susceptibility constant.
For example, the acidic hydrolysis of ortho-substituted
benzamides conforms to this equation which indicates, for
this reaction series, that the polar effects of the ortho-
substituents are zero or nearly so. Further examples of
the applicability of this equation are very limited since
polar effects must be minimal in reactions correlated by
this relation.

However, wider applicability may be obtained from
the summation of the steric contribution above and the vpo-
lar contribution previously described into a final equa-

tion proposed by Taft and Pavelich:7

log (k/ko) =gre* +$ B (6)

This equation assumes the validity of assumption (1) pre-
viously introduced. The applicability of this equation
has been extended over the range of basic and acidic

catalyzed ester hydrolysis and has been applied to the
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hvdrolysis of aromatic and aliphatic amides and in modi-
fied form, to basic hydrolysis of anilides, and to reac-
tion systems quite different from those defining U‘* and
ES.R However, thé validity of application may only be de-
termined through experimental results. It is these re-
sults which either suprort or invalidate the assumption
that the free energv of activation, and thus log of the
rate constant, can be expressed as a sum of independent po-
lar, steric and resonance contributions. Validity of this
assumption is the heart of the Taft-Pavelich equation.
Herein lies one of the purposes of this research. g *
values are independent of reaction type and applicability
of the Taft-Pavelich relstion to other systems utilizing
substituents with recorded @ * values provides additional
evidence for the wvalidity of the Taft assumption mentioned.
Valid application ¢f the Taft relation also provides infor-
mation related to the reaction steps within the reaction
mechanism,

“inally, the Taft relation has been applied to a con-
siderable number of aliphatic and aromatic systems for
which steric interaction has caused failure in the Hammett
equation. However, relatively few ortho substituted arom-
atic svstems have been studied. Application of the 2-par-
ameter Taft equation to such selected systems provides a
good opportunity to test the "independence of effects”

assumption made by Taft. The proximity of groups in the

H
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ortho position can easily present steric effects not found
in other systems.

Studies of aliphatic hydroxamic acids have shown that
their =2cidic hydrolysis rate constants are pseudo-first
order under conditions of excess catalvtic aci,d.9 Correl -
ation of log k with only ¢g—* or RS proved to be very poor.
However, utilization of the ?-parameter relation provided

a fairly good correlation, This result contrasts with that

for the acidic hvdrolvsis of amides for which good correl-

o

ation results between log k and Eq wit

2L
on polar effects. '

little dependence

Extension of the two parameter relation to grtho sub-
stituted henzohydroxamic acids allows *his comp=rison to

be extended to an aromatic systemr in which, in the orth

‘position, steric effects should have 2 much greater influ-

ence than in the meta or pz2ra positions.

Indications are that since f? * & 0 in the 2cidic hy-
drolysis of aliphatic hydroxamic acids, the polar effects
of the substituents in the nucleophilic attack by water on
the protonated hydroxamic acid should not predominate in
importance over the polar effects of the substituent in
the protonation step within the mechanism.g These two
steps can be illustrated by the following accepted mechan-

ism'Q.]O,]l
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R-C-N-H + HT = R-C-NH
C)'
OH OH
OH 0
Ir1 / ®©
R-C=NH + H.0 —> R-C-0H + :NH_-QH
® | 2 3

OH

Tastly, it has been suggested that g-* is not an ac-
tual measurement of polar substituent eifects for alkyl
substituents which have small g-* values (0 to —0.3).8
Such small values of g-* might arise from imperfect steric
‘cancellation in the Taft analysis (assumption 72). This
is explained by considering the uncertainty of the Taft

expression. Ritchie claims that for reactions which obey

*ha Taft equation

+ (1t /] - 3 et
log \k/ko) f) T

the value for g-* for all alkyl substituents might as well
be 7ero as be the value obtained from Taft's relation. He
considers the g% values tc arise from interaction of var-
ious types of substituent effects. In other words, that
Taft's assumption of the free energy of activation being

a summation of independent substituent effects is fallacious.
By the use of alkyl substituents, and others, in various in-

dependent systems, valid confirmation to the Taft relation

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11
not only strengthens the premise that g% values used are

a valid indication of the polar effect of substituents,

but also that Taft's free energy assumption is a correct

one applicable to a wide variety of reaction systems. In
addition, further light is automatically shed on the effects

of ortho substituents on hydroxamic acid reactivities.
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EXPERTMENTAT, METHOD, APFARATUS AMD SYNTHESE

1

Preparation of Crtho-Substituted Methyl Benzoates

The prtparation of the above mentioned benzoates for
use in the preparation of ortho-substituted benzohydrox-
amic =2cids fonllowed a general procedure 1llustrated by the

. 10
preparation of methyl ortho-bromobenzoate.

The following
procedure is, therefore, applicable to the prevparations

of all es

«t

ers: methyl ortho-ethoxybenzoate, methyl ortho-
methoxybenzoate, methyl ortho-bromobenzoate and methyl
ortho-nitrobenzoate.

Ortho-bromobenzoic acid (25 erams) was refluxed with
100 ml., of A.C.5. grade methanol and 5.0 ml, concentrated
snlfuric acid (977%) for seventy-two hours. The resulting
solution was quenched with solid sodium carbonate and made
basic (pH¥ 10) with aqueous sodium hydroxide (~2¥%). The
crude methyl ester was extracted with diethyl ether in
three 50 ml., nortions. The ether solution was dried with
magnesium sulf=2te and the excess solvent air evaporated
vielding the liguid yellow ester. The vield was 21.64
grams (~837), The following table illustrates the prod-

uct yields for each ester obtained,

12
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13
TABLE T

YIELDS OF PREPARED ESTERS

Compound Yield, gramsa
Vethyl ortho-bromobenzoate 21.6
Methyl ortho-methoxvbenzoate 18,0
Yethyl ortho-ethoxybenzoate 19.4
Mathyl ortho-nitrobenzoate 23.2

qvields are based on 25

<

g. of the corresponding acid,
Prepvaration of Methanolic Hydroxylamine

Fydroxylamine hydrochloride (U4A,7 g) was dissolved in
240 ml, of methanol. Potassium hydroxide (56.1 g) was dis-
solved in 140 ml. of methanol. Roth were dissolved at the
boiling point of the solvent. The potassium hydroxide
solution was added to the hydroxylamine hydrochloride sol-
ution at approximately 60°C. The mixture was cooled over-
night to complete precipitation of potassium chloride,
The mixture was then filtered to separate the solid potas-

sium chloride from the methzanolic hvdroxylamine solution.
Preparation of QOrtho-Bromobenzohydroxamic Acid

Methyl ortho-bromobenzoate (21.6 g) was added to the
hydroxylamine solution described above., The solution was
filtered and let stand for seventy-two hours to complete

reaction, The solution was then buffered to a pH~~6 with

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1.25N acetic acid and the excess solvent air evaporated to
approximately 20-25 ml. The crude crystals were filtered
and weighed., Some of the crystals were then dissolved in
175 ml. of 1.25N acetic acid, and the solution was allowed
to stand twenty-four hours. Those crystals which did not
dissolve were removed by filtration and allowed to dry
overnight. They were weighed and the ferric chloride test
was applied to a small amount of the crystals (5,0,05 g).
(For explanation of the ferric chloride test, see "Prepar-
ation of Reaction Solution and Kinetics Procedure.") The
ferric chloride test was strongly positive; the crystals
were dissolved in hot ethyl acetate, the solution was
cooled and the resulting crystals were removed by filtra-
tion. They were washed with benzene and dried in air to
yield 11.5 g, mp 148-150°C. The product was recrystal-
lized twice from hot 3:7 (v/v) ethanol:water. The pro-
cess gave 7.5 g of the hydroxamic acid, mp 177-17800,

12

1it.~¢ 178-180°C.

Preparation of Ortho-Nitrobenzohydroxamic Acid

Methyl ortho-nitrobenzoate (10.0 g) was added to 100
ml. of the above mentioned hydroxylamine solution with
shaking. The solution was warmed for twenty minutes at
about 50°C and then allowed to stand at room tempefature
overnight. A small amount of crystals (~0.3 g) was formed

and the crystals were collected. This substance exhibited
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a weakly positive ferric chloride test. The reaction
solution was then buffered to pH~6 with 1.25N acetic acid
and air evaporated to a dark orange o0il (~30 ml.). The
0il gave an intense positive ferric chloride test. The
0il was dissolved in 20 ml. of 2-butanone and 4 ml. por-
tions of concentrated hydrochloric acid (37.1%) were added,
followed by fTiltration after each addition. The additions
were continued until there was no resulting precipitation
from the 2-butanone solution. The collective precipitate
was dried and showed a negative ferric chloride test.

Tre slightly acidic mother liquor was air evaporated
to about 10 ml. and cooled at -10°C for twenty-four hours
to yield prism-like yellow crystals. The crystals were
collected and gave an intensely positive ferric chloride
test. They were recrystallized three times from ethyl
acetate, dried and weighed to yield 1.35 grams of the
ortho-nitrobenzohydroxamic acid melting at 131.5-132.5°C.
Purity analysis of this compound is found in Tables II and

Iv.
Preparation of Ortho-Methoxybenzohydroxamic Acid

Methyl ortho-methoxybenzoate (18.9 g) was added with
shaking to 200 ml. of the above mentioned hydroxylamine
solution and allowed to stand for twenty-four hours. The
resulting solution was then buffered to pH~6 with acetic

acid and then evaporated by an air stream to yield crude
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crystals in an oily mother liquor. The crystals gave a
positive ferric chloride test. The crude product was re-
crystallized thrée times from ethyl acetate and once from
3:7 (v/v) ethanol:water. The yield was 0.85 g, mp 124-

.

126°¢C,
Preparation of Ortho-Ethoxybenzohydroxamic Acid

Méthyl ortho-ethoxybenzoate (19.4 g) was added to 200
ml. of the above hydroxylamine solution with shaking and
allowed to stand for seventy-two hours. The resulting
solution was buffered with acetic acid and evaporated in
an air stream until crystals just began to form. The so-
lution was then placed in a freezer for one hour to yield
crystals which gave an intense positive ferric chloride
test. The crystals were recrystallized three times from
3:7 (v/v) ethanol:water. The yield was 2.19 g, mp 124-
125.5°C,

Each of the above listed esters and new hydroxamic
acids were structurally analyzed by infrared spectroscopy.
The hydroxamic acids were also analyzed for percent carbon,
nitrogen and hydrogen by Galbraith Labs., Inc., Knoxville,

Tennessee. The following tables list these analyses.
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TABLE II

ELEVENTAL ANATYSIS OF PREPARED HYDROXAMIC ACIDS

Compound Analysis % C % N % H

Ortho-nitrobenzo-

hydroxamic acid Theoretical h6,16 15.38 3.32
Observed 46,10 15.32 3.36

Ortho-methoxybenzo-

hydroxamic acid Theoretical 57.48 8.38 5.43
Observed 57 .65 .44 5.28

Ortho-ethoxybenzo-

hydroxamic acid Theoretical 59.65 7.73  6.13
Observed 59.74 7.76  6.29

Infrared Analysis (Ester Preparations)

The characteristic ester peak observed at 1730-1715
cm'l is represented by the corresponding carbonyl absorp-
tion.13 The following table illustrates the observed band

for each ester prepared.

PN S—

TABLE III
TNFRARED ANALYSIS OF PREPARED ESTERS?

Frequency of

Compound Carbonyl Absorption
Methyl ortho-bromobenzoate 1727 cm"1
Methyl ortho-nitrobenzoate 1726 em™1
Methyl ortho-methoxybenzoate 1726 em™ !
Methyl ortho-ethoxybenzoate 1724 em™t

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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®Esters were all oils and samples were run as oils
between salts.

Infrared Analysis (Hydroxamic Acid Preparations)

The characteristic hydroxamic acid peaks observed at

1 and 1640-1620 em™t represent the N-H stretch

3300-3200 cm”
absorption and carbonyl absorption respectively.13 The
following table illustrates the observed bands for each of

.the new hydroxamic acids prepared.

TABLE IV

INFRARED ANALYSIS OF FREFARED HYDROXAMIC ACIDS?

Carbonyl N-H

Compound Absorption(cm_l) Absorption(cm'l)

Ortho-bromobenzo-

hydroxamic acid 1620 3220
Ortho-nitrobenzo-

hydroxamic acid 1625 3220
Crtho-methoxybenzo-

hydroxamic acid 16258 3300
Ortho-ethoxybenzo-

hydroxamic acid 1630 3250

ZAcids were powders and samples were run as Fluorolube
mulls between salts.

Selection of Acid Solvent for Kinetics

For convenience, water was the first solvent tested.

The water was doubly distilled and all of the prepared
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hydroxamic acids, except ortho-nitrohenzohydroxamic acid,

were tested for solubility at the 0.01N level and found to
be soluble in hot water. 3Since water proved to be sult-
able, no other solvents were tested,

Preliminary kinetic runs at 90.00 t 0.05°C using an
acid concentration of 0.214M hydrochloric acid indicated
the rates of hydrolyses of some of thes hydroxauic =2ids
would be too small for convenient measurement. An increase
in the hydrochloric acid concentration to 0.AQN was re-
quired. The new solution was standardized with a 0.,574M
sodium hydroxide solution which was standardized with a

0.250" potassium hydrogen phthalate solution. The follow-

ing table illustrates the standardization results:

TARLE V

STANDARDIZATION COF ACID SOTVENT

Trizl ml MNaOH used HCY calculated
1 10,47 0.607V
2 9.51 0,600
3 ¢.51 0.604N

average HC1 = 0,605V

Preparation of Standard Ferric Chloride Solution

Terric chloride hexahydrate, 2 grams, was dissolved
in 200 ml. of distilled water with 5-7 drops of concen-

trated hydrochloric acid (37%) added. The solution was
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filtered and 10 ml. aliquots were pipetted into 25 ml,
volumetric flasks. One flask was diluted to 25 ml. with
distilled water and used as the blank solution. The others

were used as sample flasks.
Preparation of Reaction Solution and Kinetics FProcedure

The reaction solution was prepared in the following
manner: a 0.01M solution of the prepared hydroxamic acid
was made by dissolving the appropriate weight of acid in-
to 15 ml. of 0.605¥ hydrochloric acid. Solution was ac-
complished by steam heating the outside of the 15 ml. re-
action tube until all of the hydroxamic acid had dissolved.
The solution was then placed in a constant temperature oil
bath held at 90.00 = 0.05°C. The reaction solution was
given typiecally five to ten minutes to come to tempera-
ture. At this point, a 1.00 ml. aliquot was pipetted into
one of the previously prepared sample flasks containing
the standard ferric chloride solution. The sample was
then diluted to 25 ml., with distilled water, and the ab-
sorbance of the solution determined on the Beckman D. U.
spectrophotometer using two l-cm Beckman quartz cells at
a wavelength setting of 520 nm. The absorbance was de-
termined relative to the previously prepared blank
solution.

The relative quantity of remaining unreacted hydrox-

amic acid is determined by the absorbance of the ferric
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chloride-hydroxamic acid complex which forms in the sample
flask. As the hydroxamic acid concentration decreases
during hydrolysis, so does the concentration of the com-
plex and thus the absorbance. The complex which forms is
the characteristic purple magenta complex between ferric
ion and the hvdroxamic acid functional group.ll At the
complex concentration range under Beer's law has
heen shown to apply.9

The cells were calibrated by filling both with dis-
tilled water and measuring the absorbance of one relative

to the other. The following illustrates the results:

Sample Cell Rlank % T
A B Q9,8
B A 100.3

Each 1.00 ml. sample aliquot was taken at a specified
time interval depending on the speed of the reaction. The
sbsorbance of each aliquot was taken for each sample run
and the data plotted to obtain the observed rate constant.
The following table illustrates the number of runs taken
for each compound and the observed rate constant. For

explanation of kob derivation, see "Use of the D. U,

S.

Spectrometer.”
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TABLE VI

OBSERVED RATE CONSTANTS FOR HYDROLYSES OF HYDROXAMIC ACIDS

% Wean Observeq
Compound Trial Deviation k (sec ™)
Ortho-methylbenzo- 1 2.42 x 10_2
hydroxamic acid?® 2 2.59 x 10_%
3 2.44 x 10
3'9§verage 2.53 x 1077
]
Ortho-methoxybenzo- 1 2.07 x 10:3
hydroxamic acid 2 2.20 x lO_u
3 2.18 x 10
2.57 L
Average 2.15 x 10
Ortho-ethoxybenzo- 1 1.62 x 10_i
hydroxamic acid 2 1.67 x 10_,,
3 1.64 x 10
0.97 | n
Average 1.64 x 10
Qrtho-chloroben%o— 1 1.66 x 10_2
hydroxamic acid 2 1.98 x 10_5
3 1.82 x 1072
L 1.82 x 10
h,L9g 5
Average 1.82 x 10~
Ortho-bromobenzo- 1 1.01 x 10_2
hydroxamic acid 2 : 9.75 x 10-5
1.02 x 10 -
1.80 -5

Average 1.00 x 10

a'b'[‘hese acids were previously prepareg by J. R.
McDowell, mp 13C.5-131"C and mp 159.5-160.1°C respectively.

The Constant Temperature 0il Bath
Reaction temperature was held constant at 90.00° p

0.05°¢C by a constant temperature oil bath. The basic
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apparatus'emp]oyed is illustrated in Figure 1 on the follow-
ing page.

The reaction cells were held at constant temperature
by immersion into the constant temperature oil bath (4).
A heatine coil was connected to a voltage regulator to
supply the necessary heating to keep the o0il tath at con-
gtant tempera®nre .3). A thermoregulator (C) was immersed
to the same depth as the thermometer (D) which had been cal-

ibrated in 0.1°9C increments, %o ensure accurate tempera-

+.

ture calibration, The thermoresulator wes connected to

the inpu* terminals of a relay (E) which was, in turn,
connected to the voltage regulater., The thermoregulator
was then set at QO.OOOC. To prevent extensive heat loss

through +*he walls of the bath, the container was insulated

A}

cal stirrer (F) was

e

with vermiculite packing. A mechan

3

It

also emploved to ensurs even heating throughout the bath,

The apparatus, after bteing constructed, was tested for

I

twenty-four hours to ensure precision in temverature con-

. . + °
trol. Variation was never greater than - 0.057°C,
Use of the Beckmen D, U, Spectrometer

The D. U. Spectrometer was used to determine the ab-
sorbance of ferric ion-hydroxamic acid complex for each
aliquot of the reaction solution. kobs. is calculated via
the direct relationship between measured absorbance and

hydroxamic acid concentration. The following derivation
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illustrates this relationship between measured absorbance,

k , and hydroxamic acid concs:—m’t:r‘a*b:ion.lLL Since the hy-

obs.
drolysis rate is pseudo first order in hydroxamic acid,

a _ _kt
IOP; (a_x) h 2.303 (7)
where a = initial amount hydroxamic acid,
x = amount of acid reacted in time t, and
k = first order rate constant,.

Concentration of the hvdroxamic acid may be related
to some physical property,,l%, which is directly propor-
tional to concentration. For the above rate expression

this mayv be illustrated as:

S
Tog, (;f—,() = log ( T, -l (8)

where/L¢>= measured property at time infinity, and
o = measured property at time = 0.

Since absorhance is directly proportional to the concen-

tration of hydroxamic acid, equation (8) may be written

as:
log (=2=) = log (Ro R (9)
a-x Ay -Ax
Since A, = 0 for the hydroxamic acid-ferric ion complex,

because a2t time infinity no hydroxamic acid remains, the

rate expression is finally represented as:

log A, = 57303 + log Ao (10)
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A plot of the log of measured absorbance (log AQ versus
time (t).yields a slope of 'kobs./z'BOB' Excellent psuedo-
first-order plots were obtained in all cases.

Absorbances were determined at a fixed wavelength
value which had been previously chosen based on the alipha-
tic hydroxamic acid series.9 A value of 520nm represents
the wavelength maximum for the aliphatic series. Since
the same tvpe of complex forms in the aromatic series, the
same wavelength value was used. The table illustrating

values of k for each compound and their percent de-

obs.
viations was presented above. From these values, applic-
ation of the observed rate constant to the Taft-Pavelich
equation was made., The next section gives a detailed

discussion of this application.
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RESUTLTS AND DISCUSSION

The values of E)*,{ﬁmd log k in equation (6)
were determined by the method of least squar'es.15 Since

the Taft-Pavelich equation is expressed as:

log k = e*g-‘i* + & B, + log k_ (6)

PN -
it may also be represented in a linear algebraic fashion

As:t
7 = Bx + Cy + A (11)
where: 7 = log &k
=} :ee:-
c=9
x = 0%
= F
y = Eg
A = log k
o

Since ES and g% are functions of the substituent and =z
was determined experimentally, a least squares treatment
vielded calculated values for A, B and C and hence for log

k

o e* and & . The following table lists values for g— ¥,

Es and log k used in the least squares treatment. Solution
of equation (11) using the least squares treatment yielded
calculated values not only for e* and 5, but also for log

ko. From this determination, e* = ~0,87, §= +0.76 and

27
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log ko = -4,6). These calculated values define the least
squares fit of the data obtained for Es’ g, and log ki’

which is illustrated in Figure 2.

TABRIE VIT

NRTHO-STIRSTTTUENT FARAVETERS USED TN THE

TEAST SQUARES WITTIPLE REGRESSION ANATYSIS

Ortho- loe kb Giﬁ‘ g7 log kb
Substituent (exp.) N (calec.)
-CH,% ~L,A0 0 0 -, 61
-C3 =L, 74 +0.,37 +0.18 -4, R0
-OCH -3.62 -0.22 +0,00 -3.47
-OC?HS -3.78 -0.,1R +0,90 -3.77

i]it. vaJues, Reference A,
k, sec =
"rom Table VI, log k (experimental) = -4.,50 which

compares very favorably to the calculated value for log
ko = -b,61., Determination of the standard deviations for
the graphical representation of the least squares treat-
ment of €>*. log k. -JES and log k, (Figure 2) yielded

values of 0.082, 0.048 and 0.022 respectively.
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Since the experimental results give a straight line
with relatively little scattering (Figure 2) calculated
values for 63*, and 5: obtained from the least squares
treatment, are representative values. The statistical
sisnificance of the observed data with the two parameter
Taft-Favelich equation, 2s determined by least squares
calculations was determined by the calculation of the
coefficient of multiple regression (Correlation coef-
ficient). This value is the square root of the ratio of
the explained variation to the total variation of the ex-
verimental data, For the system studied, the correlation
coefficient (R) was calculated to bte 0.998, For a per-
fect correlation, R = 1.000. The value of 0,998 indicates
near perfect correlation between observed data and the ES
and g~* parameters.

The reliability of the correlation coefficient as a
measure of statistiecal significance depends upon the num-
ber of data sets used in *the leas*t squares treatment and
the number of variables calculated. The F—testl5 allows
for these factors and was applied to the calculated cor-
relation coefficient. In this case, the number of data
sets was five with three variables calculated. The F-
test indicated the correlation to be within the 1% sig-

nificance level, i.e., a very high level of significance
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can be attributed to the correlation.

The calculated value of E>*<ZO is in agreement with
that obtained for the aliphatic hydroxamic acid series
previously studied.9 However, this @* value is in con-
trast with the acid catalyzed hydrolyses of amides in
both the aliphatic and ortho-substituted benzamide series,
which show little or no dependence on polar effects.

The observed rate constants used in the calculation
of f’* and § are overall rate constants, i.e., a composite
of two steps in the previously introduced accepted mech-

. 9,10,11
anism:

0 OH
” + ]
R-C-N-H + H —= R-C-NH
! @ !
OH ~ OH
OH 0
! Vi @
R-C-NH + H,0 —> R-C +1NH_, -0H
@ ! 2 \ 3
OH OH

Buglass énd coworkerslﬁ have calculated rate constants for
the second step for a series of para-substituted benzohy-
droxamic acids and report a positive Hammett € value for
correlation of those rate constants. This value for E> is
consistent with the proposed bimolecular mechanism. Fur-
ther examination of their data indicates fair correlation
between their observed overall rate constants and Hammett

T values with the overall_€>value being negative. This
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result, which is also consistent with the aliphatic hydrox-
amic acid seri_es,9 is consistent with the ortho-substituted
benzohydroxamic acid series where 5>*<:O. From this re-
sult and the studies of Ruglass and coworkers, the first
step in the above mechanism is seen to be susceptible to
polar effects to a much greater extent than is the second
step. The reason for this greater suéceptibility is seen
when one considers a comparison of electronegativities
between the hydroxamic acid hydroxyl group and the corres-
ponding amide hydrogen. Displacement of electrons from
the carbonyl center toward the electronegative hydroxyl
group creates a partial positive charge on the carbonyl
carbon. Addition of H+ should, therefore, be more diffi-
cult in hyvdroxamic acids than protonation in amides with-
out the effect of the electronegative hydroxyl group.

With protonation more difficult, polar effects of ortho-
substituents should be felt to a greater extent than
thev would be in amide protonation.

€> was initially defined in terms of substituted
benzoic acid ionization reactions and was assigned a value
of 1.000 for this reaction in which electron withdrawing
substituents augment the extent of ionization.l There-
fore, for any reaction where electron withdrawing sub-
stituents accelerate the reaction.(b will be positive,
Conversely, where a reaction is accelerated by electron

releasing substituents,ﬁD will be negative. Since for
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the system studied in this research, 6?* (overali) =
-0,87 and for step (2)€> N, it can easilv be seen

that the extent of the initial protonation of the ortho-
substituted benzohydroxamic acid is increased by sub-
stituents which exhibit electron releasing effects.

The caleulated value of & = +0.76 is consistent
with the positive value obtained for the aliphatic hy-
droxamic acid series. A value of Jﬁ> 0 would be predic-
ted for large substituents in the orthe vosition since

& measures the susceptibility of the reaction system
to steric effects. Since correlation with the two para-
meter Taft-Favelich egquation is excellent, the 5‘ value
obtained should be 2 representative value for the steric
parameter.

& was initially defined in terms of the acid hy-
drolyses of esters and assigned a value of 1.000 for that
reaction. Therefore, for larger substituents which slow
the reaction in proportion to their size, ES beccmes more
negative with a positive value for § . The mzgnitude of
S— indicates whether susceptibility to steric effects of
the reaction system being studied is greater or less than
those in the reaction defining & . The magnitude of
steric effects within a reaction system is, therefore, a
function of both the reaction's susceptibility to steric
effects and substituent size. For acidic hydrolysis of

ortho-substituted benzohydroxamic acids, the polar and

S
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steric effects, relative to an ortho-methyl substituent,

are given by 63*0"" and J'Es respectively. The polar
effect is larger than the steric offect for the ortho-
chloro- and ortho-bromo-substituents while the reverse is
true for the ortho-alkoxy groups relative to the ortho-

methyl substituent. This is illustrated in Table VIII,

TABLFE

v
- i

<
=

I

=

OVERALL FOLAR AND STE
OF QRTHO~5UBS

T

RIC CONTRIBUTIOKS
TITUENTS

Ortho-Sub- SE ()“a— log k,
stituent * (cale.)
_cn3 0 0 -, A1
-C1 +0.14 -0.32 -, R0
Ry 0 -0.33 -, ob
-0C,H +0.,68 +0.16 ~3.77

foalculated from equation (6A).

The proximity of ortho-substituents in the system
gstudied affords the possibility for the need of a correc-
ted value for ES due to possible interactions not accounted
for in the simple two parameter Taft-Pavelich equation.
Complications caused by substituent proximity is often re-
ferred to as the "Ortho—}.?f‘f‘ec*:".LF However, correlation
with the simple Taft-Pavelich equation proved to be ex-

cellent (R = 0.998). Such satisfactory correlation sup-
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plies further support for the "independence of effects”

assumption made by Taft in his formulation of the simple
two parameter equation.

Thus, in conclusion, this research extends the useful
range of application of the Taft-Pavelich equation and
supports that approach to understanding substituent ef-

fects on reactivity.
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