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INTRODUCTION

From a survey of the existing work in the literaturs it
becomes immediately apparent that the vast field of aromatic
nucleophilic substitution has recelved remarkably 1littles atten-
tion during the development of theoreticsal organic chemistry in
the last three decades. This fleld has received so little
attention that the term, aromatic substitution, hes become
identified almost solely with electrophilic substitution. The
ultimate object of this study is to contribute to the backlog of
knowledge about thsoretical organic chemistry.

Considerable attention has recently been directed toward
the study of the mucleophilic displacement resctions of
activated sryl halides. Ono of the striiking features of the
reaction is the regularity with which fluoride appears as a mors
reactive leaving group than the other members of the halogen
fanily. The normal replasement order for this resction is
F> Q1 > Br with fluoride leaving considerably faster than the
other two and little difference betwsen chloride and bromide.
This order stands in sharp contrast to the behavior of the halides
in displacements at saturated carbon atoms where fluoride is
alrost impossible to replege., The primary object of this work
was o gain more information about the mechanism by which the
meleophilic substitution of hslogen is carried out,



To gain knowledge of the mechanism, the effect of factors
such as steric requirement of nucleophile and changes in solvent
on the replacement of halogen by nucleophiles were studied care~
fully. It was found that by increasing steric requirements in
the nucleophile and changing to solvents with much lower solvatw
ing ability than those normally used, & complete reversal of the
order of replacement of halogens could be schiewved, that 1s
Br > C1 > F. The kinetics of the resstions were followed by
appropriate analytical methods, ususlly either titration of the
excoss mucleophile or displaced halide ion, The mechanism opsrate-
ing wae then determined for each reastion by correlating the data
with the proper rate expression,

The work reported should be of value as an ald to clarify-
ing the mechanism of replacement of activated aryl halogens. The
conglusions resched are based on kinetic evidence and are worthy
of being drawn since they fall into a heretofore untouched phase
of aromatic mucleophilic substitution,
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HISTORICAL REVIEW

The Nucleophilic Displacement of Aromatic Halogens

It has long been known that nitro groups in the ortho and pars

positions activate the replacement of halogen from l-halo-2,h-
dinitrobenzenes by nucleophilic reagents. Pisani (1) recorded the
attack by H,0 and Ew on pleryl chloride in 185h. Bunnett and
Zahler (2) reviewsd the subject of arematic nucleophilic substitu-
tion thoroughly in 1951. It is apparent from this excellent review
or a search of the literature that the vast field of aromatie
mcleophilic substitution has received only very slight attention
in the development of theoretical organic chemistry compared to the
more familiar electrophilic subatitution,

The group displaced in muclecophilic substitution is almost
never hydrogen in direct opposition to sleetrophilic substitution
where hydrogen is nearly always the group displaced. Undoubtedly
the most common and useful reaction involving mucleophilic displacee-
ment is the displacement of halogen by bases of various types,
Replacement of halogen from lehaloe2,lLedinitrobensene has found
many uses in preparative organic chemistry (2,p. 277). This 1s
particularly true for the readily available l-chlorow2,hi=dinitro-
benzens which has also been used extensively as a substrate for
mapy and varied kinetlc studies particularly in the past decade,
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thesis. Rbheinlander's rate constanis were confirmed experimentally
for both aniline and Nemethyl aniline with lechloro=2,h-dinitro-
bensene and l-bromo-2,l-dinitrobenszene and extended to inolude
1~fluoro=2,h=dinitrobenzene in ethanol solution. Methylaniline was
found by Rheinlander and in this investigation te always react
slower than aniline even though it is the stronger base. Rhein-
landerts specific objective was to ascertain whether the reactions
were unimolecular or bimolecular and to obtain evidence for the
existence or non-existence in appreciable quantities of intermediate
additive compounds, He found that anlline bases react with l«haloe
2,i-dinitrobensenss in & bimolecular fashion of a somewhat special
type, in that the veloelty coefficient varies slightly with the
initial concentration. He reports no evidence for obtaining additive
compounds in appreciable proportions, However, an increase in the
concentration of base or halogenoecompounds diminishes the velocity
coefficlent appreciably, the effect of the former being the more
marked. A recent publication Ly Ross (9) gives a very convincing
explanation of the decrease in rete constants with inereasing
eniline concentration. Kinetic and spectroscopic evidence is given
to show that the observed rate decresses are attributable to
molecular compound formation between aniline and lw-chloro-2,h-dinitro-
benzens in ethanol. In some solvents, for example ethyl acetate,
complex formation ocours to a minor sxtent and no deorease in rate
is observed.



Kinetic Studies of the Displacement of Fluoride

Singh and Peacock (10)and Van Opstall (11) have thoroughly
studied the kinetics of the reaction of primary aromatic amines
with lwchloro=2,li=dinitrobsnzenes in ethanol. Ths kinetics of
micleophillc displagement of fluorine had received very little study
until Chapman (12, 13, 1k, 15, 16, 17) began his extensive investi-
gation in the fleld about five years ago. Host organic fluorides
resct very slowly with nucleophilic reagents and determination of
fluoride, in contrast to the other halide ions, does not lend ltself
well %o kinetic studies. The initlal research in the area carried
out by Chapman was an attempt to correlats pharmacological activity
and chemical reactivity by replacing other primery alkyl halides
with fluoride. Work done by this group since that time has been
more physical-organis in nature with the primary objective being that
of determining the mechanism of nuoleophilic displacement of halogens
in general. Kinetic studliea carried out by Chapman show the mucleow
philic displacement of fluoride from lefluorc-2,L-dinitrobensens by
aniline in 99.8 per cent (by weight) ethanol to be approximately 56
times as fast as bromide and 42 times as fast ss chloride from the
same aromatic nucleus., A difference in stoichiometry is observed in
the displacement of fluoride compared to the other halogens. The
smine hydrofluoride rescts almost as fast as the free amine but the
other amine hydrobhalides will not react appreciably with the sube
strate, The reaction of aniline with l-fluoro-2,L-dinitrobensene



obeys the rate law

(1) %" k(a=x) (bex)
much better than
(2) § = K(a~20) (bex) ,

which is followed by the l-chloro-, lebromo-, or leiodo analoge.

Further kinetic studies by Chapman dealt with the interesting
cage of replacement of chloride from chloronitropyridines. It is
conmonly asserted that in aromatic systems the cyclic nitrogen atom
and the substituent nitro group cause similsr disturbances of the
aramatic eleotron cloud. Aniline and pyridine were used as the
mcleophiles. Aniline replaced chloride from l-chloro=2,li-dini tro-
benzene approximately 3O times faster than pyridine and from
2-phloro«-Senitropyridine about 10 times faster. This is the oppo-
site from what would be expected from consideration of the basic
strengths of the two bases, although basic strength is admittedly
a very poor measure of nucleophilic power. 7o explain this anomaly
Chapman proposes that there is important hydrogen bond formation in
the transition state between the hydrogena on the nitrogen of the
attacking aniline molecule and the oxygen of the ortho-nitre groups
or the cyclic nitrogen in the substituted pyridine. This faotor
alone is not bellieved to entirely acoount for the differences in
rate. The formation of the transition states for the reactions of
primary amines is probably attended by & greater increase of solva-
tion than with pyridine, This second factor, or other factors such
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respulsion energy” in the formation of the transition state. All
previous explanations of this large increase in rate for fluoride
had been attributed to solvation of the fluorlde in the transition
state,
The Meohanism for Nucleophilic Displacement of Halogen
from Activated Aramatic Compounds

Chapmen and hia cowworkers propose s straight forvard bi-
molecular mechanism for nucleophilic replacement of halogen from
an activated position and are critical of a propossl of Berliner (19)
that the mmﬁm may progeed through an intermediate. Berliner has
studied the nucleophilic displacement of halogens (bromine, chlorine,
and iodine) from the alphaw and bets~positions of naphthalenes. The
greater reactivity of the alpha-position in naphthalene, predicted
bty modern theories of orgenic chemistry, is well substantiated by
substitution reactions, measurements of physical constants, and
quantum mechanical calculations., The alpha-position should also be
more resctive toward nucleophilic displacements but experimental
evidence points out very clearly that the beta-position is the more
reactive, but both alpha and beta halogens are more reactive than

the corresponding halobensenes. Although the reaction appears to
be preferred electronically (and therefore energetically) at the
alpha~position, the probability for reaction is greater in the une
hindered beta-position, Substitution of the halonaphthalenes with
8 nitro group ortho to the halogen (the nitro group always in the



1= or the 2~ position) gave ihe opposite result. The alpha-halogen
wvith an activating Em—nitrc group was replaced considerably faster
than bets-halogen activated by an alpha-nitro group, This is best
explained on the basis of steric inhibition of resonance of the
nitro group in the alphawposition, If the nitro group is not
goplanar with the naphthalene ring, because of interference with the
peri hydrogen, the beta-halogen will be less activated and the rate
will fall off accordingly.

The reactions without nitro activators are presumsbly Sy2
displacenents and the transition state is subject to steric
hindrance. If the same mechanism is assumed for the nitro activated
reactions, it is difficult to see why the alpha~halogen flanked by
an ortho-nitro group would not be in an even more stericly hindered
position. Berliner proposed a two-siep mechanism for the reaction
vith halogenonitronaphthalenes. The first step leads to the forma-
tion of either a fairly stable intermediate or actually an inter-
mediate compound. In either case this intermediate would represent
a "wvalley® in the potential energy diagram, The sscond step in the
reaction is the breaking of the carbon halogen bond with a character-
istic energy of mtivati,m of its own. There is no wvay Berliner's
proposed two-step mechanlem can be distinguished from a one-step
mechanism on the basis of date available at the present time.

*gubstitution, nucleophilic, second order.
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The Comparison of Aromatic Substituents As Activators
for Nucleophilic Substitution

A more recent work Ly Berliver (20) was an important contri-
bution to the study of the effect of substituents on nucleophilic
displacement. This subject has also received a great deal of study
the pest five years by Bunnett and co-workers and by Miller.
Berlinerts work includes mucleophilic displacement of bromide from
h~gubstituted-2=nitrobromobensenes with groups in the L position
which are deactivators, such ss methoxy. Very few investigations
of this type have been made since the reactions are very slow,
Berliner was able to get a good Hamett (21) equation fit for the
nacleophilic displacement of bromide from L-substituted-2-nitro-
bromobenzenes with piperidine. A rho value of L.95 was obtained.
The standard compound was ortho-nitrobromobenzens, This is of
interest because of all the reactions listed by Hammett nomwe
involves direct mucleophilic attack on the ring., All are side

chalin reactions.

Bunnett has been by far the most prolific American contributor
to the field of nucleophilic displscement in the past dsoade. A
large portion of his work has dealt with the comparative astivation
of groups toward micleophilic substitution in L-substituted-2-
nitrochlorobensenes (22, 23). The following order of astivating
power was found: NO,>GH,50,> (Clia) ' > CN >CHy00 > C1 > H, It

should be noted that (Ci,) jn* deactivates nitration more strongly
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than nitro but it scotivates nuclesophilic displacement less strongly.
Bunnett explains the anomaly as being a consequence of the different
polarization and polarizability of the two groups. Deactivation is
principally ceused by polarisation effects and the (CHs)J group
evidently polarized the ring somewhat more strongly than the nitro
group. Activation results not only from the polarisation effects

of groups but also from their pelarizability effects; that is, from
the capacity of the groups to secommodate a positive or negative
charge in the transition state. A plot of log k versus sigms for
replacement of chloride from Li-substituted-2-nitrochlorobentenss
with methanolic sodium methoxide (where the lL-substituents are the
ones whose order of reactivity was compared sbove) gave a rho value
of 3.9. This is a very high value but not so high as the L.95

value reported by Berlimer and Monasck (20)., Other information
regarding the activating effects of various groups has been summarize
ed in the review by Bumnett and Zshler (2,p. 307).

The prineipal interest of a later work by Bunnett and Davis (2})
was to compare the reactivity of nucleophilic reagents. The rate of
reaction with l-chloro-2,li~dinitrobensene with hydroxide ion, phene
oxide ion, piperidine, methoxide lon and thiophenoxide ion fell off
in the following order: 4thiophenoxide iom > piperidine > methoxide
ion > hydroxide ion. ..& ¢omparison was made between the pair of
ions, hydroxide and methoxide, and ammonis and methylamine, In each

case, 48 a hydrogen was replaced with a methyl group, the increase
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in strength as a nucleophile, as exemplified by & large increase
in rate constant for the reaction with l-chloro-2,Li~dinitrobensene,
was a great deal more than would be expected, Methyylamine reacts
800 times as fast as ammonia and methoxide ion reacts 33 times as
fast as hydroxide ion,

The most recent investigation by Bunnett and co-workers (25)
extends the study of activatien by different substituents of nu-
cleophilic displacement of chlorine from li-substitutede2-nitrochloro-
bengenes and Lie-substituted-2,6~dinitrochlorobenzenes bty methoxide
ion. The 2,6~dinitro~sompound provides enough activation to permit
the substitution of deactivating groups in the L position and still
obtain & rate rapid enough to make kinetic study feasible. New
L substituents used in addition to those mentioned above were CFy
and phenylaso. The phenylaso group does not fall on the straight
line of a Hammett plot and this is explained quite convincingly as
being due to an exceptionally low entropy of activation. This un-
expectedly low entropy of activation is attributed to two effects.
In the transition state quinoid type structures such as ths follow-
ing must plsy a fairly important role,

@—H‘\ N0, —©

=N N0,
AN
™ o c1 ”_©<cx
0CHg OCH,

The restriction of rotation about carbon-nitrogen bonds entails a



13

loss of entropy which no small group such as nitro oould approach.
The second effect takes into account the large size of the phenylaso
group and the exceptional opportunity for stabllization of the
negative charge in the transition state.

Joseph Miller and his co-workers at the University of Western
Australia bhave done considerable work on the problem of activation
of groups toward molwphilie substitution by different substituents.
The activating or desctivating power of substituents has been de-
fined and measured in the form of substituent rate factors which
Miller abbreviates, S. R. F. The substituent rate factor is defined
as the ratio of the rate of reaction of a substituted halobenzene to
the rate of an unsubstituted halobenzene. By definition the 8. R. F,
of hydrogen » 1, In the first paper (26) of the series, S. R. F.'s
are calculated for the following substituents: mﬂﬂe. p-ﬂoz,
p-COpMe, p-CO5, p-CH4, p-Cl, and p-dH,. A following investigation (27
of the resction of l-halogeno~2,h-dinitrobenzenss with sodium nth-
oxide or sodium penitrophenoxide in dry methanol found the usual
order of replacement, ¥ > €l > Br > I. This order is explained ty

pd
¥iller as follows,

A nucleophilic substitution resotion will generally be facilitated
by variation of the replaced group, X, so that (a) X is more electro-
negative and more able to go off as X, and (b) the bond Ar-X is as

weak as possible. These two factors are opposing for the halogens.
The first varies P > ClL > Br > I and the opposite order is obtained
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for the second faotor. The bond energy factor (a) is the more
important one in most mucleophilic displacements and causes the
order of replacement of halogens to be F > Cl> Br > I, but Miller
predicts it might not be if 1. the differences in electronegativity
vere small, 2, there is little sctivation by other groups, and

3. the nucleophilic power of the reagent is small, 7This thesis
contains the study of the case whers a weak nucleophile Nemethyle
aniline was used and the oppesite order of replagement of halogen
from l-halo=2,li-dinitrobenzens was found to be Br > C1 > P. A weak,
non-ionizing solvent, nitrobensene, makes the rate of replacement
of fluoride much slower in comparison to chloride and bromide than
s hydroxylic solvent such as alcchol. The seme order ls found in
ethyl alcohol but the rates of reaction converge considerably.

A further study (28) of substituent effect on mucleophilic
displacement dealt with ortho-effect and para-effect. ortho-Effects
were shown to exhibit considerable variation in both megnitude and
character. This 1s to be expected since a substituent in the ortho=
position has a good chance of having a steric factor superimposed
on its normal polar behavior which usually reduces its effect as
compared to the same substituent in the para-position (19). The
evidence presented in thls work shows that the ortho-effects are
mainly polar and not geometrical in origin for a number of substi
tuents. para-Effects vary much 1@;3, and variations are associated

with a change in the extent of conjugation of the substituent group
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and the ring. The most recent investigation of the series (29)
determined the activating power of the halogens in a group of
mcleophilic substitution reasctions. The order of decreasing acti-
vating strength was found to be I > Br > Cl > F with fluorine

approximately equal to hydrogen,

The Mechanism for Displacement of Halogen
from Mono-halobensenes

Displacement of halogens from mono-halobensenes with powerful
micleophiles are usually difficult reactions requiring rather
drastic experimental conditions and often give the order of
reactivity Br > C1> F (30, 31, 32). These reactions must go by a
mechanism other than direct displacement. One reaction of this
type, the reaction of aryl halides with amide ion in liquid
ammonia (33), has been shown to go through an elimination additien
mechaniem involving at least transitory existence of an electrically
neutral "benzyne" intermediate., Tracer study using clh provides
very convineing evidence for a mechanism that proceeds through a
symmetrical intermediate,
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EXPERIMENTAL ¥

The Displacemsnt of Halogen from l-X-2,L-Dinitrobenzenes
by NeNethylanlline

Freparation of reagents

1-Fluoro-2,k~dinitrobensene (Fastman Kodak Go.) was recrystal-

lized from sbsolute ethanol, m.p. 25 to 26°,

1-Chloro=2,li~dinitrobensene was prepared by adding 100 ml. of

chlorobenzene cautiously to a well stirred mixture of 200 ml.

fuming nitrie acid and 100 ml. of concentrated sulfuric acid. Upon
completion of the addition of the chlorobenzene, the reaction mixe
ture was heated carefully for five mimites, just warm enough to
avoid the formation of dense brown fumes, and poured into two liters
of ice water. A 56 per cent yield of light yellow, crystalline
material was obtained after six recrystellisstions from 80 per cent
ethanel, m.p. 51 to 52°,

l-Bromo=2,li~dinitrobenzene (Eastman Kodak Co,) was recrystallised

from 80 per cent ethmol,}m.p. 71 to 72°. |

N-Methylaniline (Eastman Kodak Co.) was purified by acetylation

followed by recrystallization of the acetyl derivative from water to

» ‘

All melting points and boiling points in this section are un-
corrected. Unless ctherwise noted, the reagents were reagent grade
and were used without further purification,
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a constant melting point, 101° to 102®, Hydrolysis by aqueous
hydrochloric acid followed by fractional distillation gave a pure,
colorless product, b.p. 81° to 82° (1k mm.),

Ethanol was purified by drylng commercial absolute ethanol by
the method of Lund and Bjerrum (3L). The product obtained gave a
negative test with aluminum ethoxide in bensene indicating that the
material contained less than 0.05 per cent water (35).

Kinetics of the dia&%mmt of halogen from 1~Y=-2,li~dinitrobensenes
rebengene soiven

The tertisry amine product formed by the resction of Nemethyle

aniline and leX«2,hi-dinitrobsnszenes is a red erystalline material
which forms highly colored sclutions. The first method of analysis
which was tried as & means of following the abowe resction was an
attenpt to follow formation of the colored product spectrephoto-
metrically. Solutions were made up and the ultra-violet and
visible spectra of all produsts and reactants were run in a Carey
recording spectrophotometer. All of the compounds were shown to
obey Beer's law and a wave length of 5h0 millimicrons wes found to
give appreciasble asdsorption by the produst and almost no adsorption
by any of the resctants in ethanol, The highly colored complex
formed between N-methylaniline and nitrobensene (36) (discussed
below) adsorbs to some extent at 540 millimicrons. N-methylaniline
hydrohalides and the tertiary amine products tend to settle out of
the cold nitrobensene solution in the spectrophotometer cells
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cansing serious errors in determination of the optical densities

and thus making the analytical method worthless,

The rate of displacement of halogen was followed by potentio-
metric titration of excess N-methylaniline with perchloric aeid in
glacial agetic acid. A Beclmann pH meter, Model G, was used as a

potentiometer with glass and silver-silver chloride electrodes.

When Nemethylaniline is added to nitrobenzens a deep red
color forms due to complex formation. This is an often-observed
phenomenon with poly nitro compounds and the complexes are stabi-
lirzed by amino groups in the sesond molecule (36). Since second
order kinetics were observed throughout the run in every case
studied in nitrobengene, the amount of material complexed with the
substrate mugt have been very small,

Samples prepared from L ml. of 0.5 M N-methylaniline and
2 ml. of 0.5 M 1-X=2,li~dinitrobenzens dissolved in nitrobenszens
were sealed in ampules and placed in a well insulated thermostat,
Samples were removed at regular intervals and frozen to quench the
reastion. After rapid filtration of the sample, the unrsacted amine
in the ssmples was titrated potentiometrically with 0,1 N perchloric
acid in glacisl acetic acid. N-methylaniline hydroehloride and
hydrobromide did not interfere with this analysis, and the hydro=
fluoride was insoluble in cold nitrobensene and was removed
- quantitatively by the filtration procedure,
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The reactions of all three hale ¢ompounds with Nemethyle
aniline have the same stoichiometry in nitrobenzene solvent,
|

R NO
&
2@«#—@33 N x»@-me — )N -C}--m2 + @-1:“5:
B

The rate :m,

(1) % » k{a~2x) (b=x), a = Amine concentration

b = 1-X2,L~dinitrobenzene
congentration

which simplifies to
1 x
G k= wosy
if a » 2b, gave good segond order rate constants in all three
cases. Typical runs arve summarised in Table I, The temperatures

at which reasctions were run and the rate constants obtained are
found in Table 1I.

Some diffioculty was encountered when the reastion of
Hemethylaniline with l-fluoro«2,h-dinitrobensene was carried out
in glass tubes at low temperatures which necessitated long time
intervala., The rate constant dropped consistently. The trouble
wag fmml to be due to the action of hydrogen fluoride on glass
and the consequent release of N-methylaniline, This could be
carmtgd by using copperxr mbcs wvhich were carefully cleaned with
hydrofluoric acid before use. The tubes were sealed before being
placed in the thermostat.
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Table I

Rate Constants for the Reaction of Nemethylaniline
with 1-X«2, h~dinitrobenzene in Nitrobensene Solvent at 120°

o MEL WP WE

increment l‘wh"" ‘1.molv"1 l.mole™t
hours BOG,™ sec,~1 sec, 1
b 2.7 9.02
2 2.78
3 2.80 8.55
h' 2086 8 [} 11
5 2.00 2.70 8.62
6 2.79 7.75
7 2.78 8.71
10 1.72
25 1.97
50 1.73
% 1.5k
100 2.00
Average 1.82 2.75 8.5

Kinetios of
7 ?&x‘ e‘n

~ The resction of Nemethyleniline with l-bromo and l-chloro-
2,h~dinitrobensens was follcwed by determining the amount of
halogen displaced by the Volbard Method. Ten ml. of 0.2 M
ﬁ«m‘hmrmmmm mixed with 10 ml. of 0.1 M halo compound in
individual stoppered tubes which were immersed in a thermoatat.
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Table II

Rates of Displacement of Halogen from leX~-2,lL~Dinitrobenzenes
by NeMethylaniline

ﬂﬂ»w o 7 t
dise Temp. k x W71 | Mksal./ 3
?Md %lmt ’Q. ‘1.”@1"‘ ‘MC‘ MIQ.' w"m [ Y ¢ P9

¥ Nitrobenzens 131.5  267%10

F Nitrobensens 120 182520 10 ~56
61  Nitrobensens 131.5 LhooZLo

Cl  Nitrobenzems 120 2750250 12 48
CL  Nitrobenzene 25 15= b 12

2 § Nitrobenzene O 7% 3 10

Br  Nitrobensems 131.5 13000250

Br  HNitrobenzens 120 84507350 n =kl
Br  Nitrobensene 25  54.7-1.6 12

F  Ethanol 50 L.53%0.7 -68
F Ethanol M 12.4%0.7 7

¢l Ethanol 50 6.22% 2 -62
¢l Ethanol 76 16.6% 2 8

Br  Ethanol S  13.7% 2 -50
Br  Ethanol 76  51.0% 1 12

87he values listed were caloulated using the values for the
rates at the particulsr temperature and at the highest temperature.
This procedure was adopted becsuse the low precision of the low
temperature rate constants was compensated by the very large
temperature intervals,
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Table III

Rate Constants for Displacement of Halogen
from l-Xe2,h=-Dinitrobensene by Aniline in Nitrobensene Solution

Tempera~ Halogen k x 10%
ture displaced 1.mole™ sec,t H Kcal./mole
26,5 F 23.3
26.5 g1 2.h9
26.5 Br L.70
50.0 ¥ 135 1h,.3
%040 €1 : 10.5 1.8
50,0 Br 21.h 12,4

~ The comparison of rate constants in this table with those
obtained by Chapman and Parker (38) in Table IV show clearly the
large decrease in rate when the sclvent is changed to nitrobensene
from sthanol. But of greater importance ls comparison of the
ratio of the rate constants of l-bromo=-2,Li-dinitrobensene and
1-fluoro-2,li-dinitrobenzene in ethancl with the ratio of the
respeative rate constants in nitrobenszens.

The stoishiometry of the reaction of aniline with l=X-2,L~
dinimﬁansm is evidently the same in nitrobensens as the same
reaction with Nemethylaniline, page 19. Two moles of base are
used up fo:f each mole of halo compound, The rate law

& » amine concentration

o . .
(b) g5 = k(a-2x)(bwx), b = 1eX«2,li~dinitrebensene
: eoncentration

which integrates to give
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1
(5) k= i3 5%\5:5—
il a = 2b, gave good second order rate constants in all three

cagen,

Chapman and Parker (38) ran the displacement of halogen from
1eXe2,h=dinitrobenzenes by aniline in ethanol. The results are
surmarized in Table IV,

Table 1V

Rates of Displecement on leXw2,li-Dinitrobenzenes
by Aniline in 99.8 Per Cent Ethanol®

Halogen x wk
dis- *s0 <1 -1 : b 4
placed l.mole sec. A~keal./mole A8~in e.u.
r 168 5.8 -h9
01 2.69 10.6 "‘hB
Br 4.05 10.6 ~42

Sprom the summery by Chapmsn and Parker (38).

Prne value of RT has been subtracted from the values of E

listed by Chapman and Parker to effect the conversion to heats of
activation.
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Investigation of the Cleavage
of 2,2',h,kt-Dinitroeé~s-butyldiphenylether
by Weak Nucleophiles

Preparation of 2,2',L,L'-dinitro~6~g-butyldiphenylether

2,Li=Dinitro=6=s~butylphenel (Dow Chemical Co.) was re-
orystallised from n-pentans until pure, m.p. 40" to 41°, The
sodium salt was made by stirring the substituted phenol with
excess aqueous NaOH and ¢gollecting and drying the red insoluble
materisl formed, The first attempt to prepare the ether was by
resction of the sodium galt with lefluorow2,l-dinitrobenzene in
absolute ethanol seintion. This reaction gave an excellent yleld
of the undesired 2,li~dinitro«bes-butylphenyl ethyl ether by
attack of the ethoxide lon formed by the equilibrium below,

a-Bu s~Bun

O + HOGgHly — ozu-q:n + NaOC,Hg
Wl 2

The reastion could not be made to go in nitrobenzene solvent at
125%, The preparation was finally accomplished with the phenol
itself as solvent. Stlcchiometrie amounts of the reactants,
26,22 grams (0.1 mole) of the sodium salt and 18,61 grams

(0.1 mole) of l-fluoro~2,h~dinitrobensene, were mixed with an
excess of the phenol in a sealed tube. The materials were care-
fully dried before use. The sealed tube was heated for L8 hours
at 110° in an oil bath. The melting point of the ether is much
below this temperature (4O® to L1®) and fortunately both the
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sodium salt and le-fluoro=2,li-dinitrobenzene dissolved in the
molten phenel. At the end of the heating period the reastion
mixture was allowed to cool and the csked mass was dissolved in

& chloroform, carbon tetrachloride and water mixture and extracted
with 2 per csnt sodium carbonate solution until the water layer
no longer became red from the sodium salt of the phenol. The
ohloroform, carbon tetrschloride solution was evaporated to dry~-
ness and the grayish solid was recrystallized from 95 per cent
ethanol, Four recrystallisations and & treatment with animal
-charcoal gave 8,32 grams (19.9 per cent) of white crystalline
‘material, m.p. 180° to 182°. Elemental analysis gave the follow-
ing results: H, caloulated 3.L473 per cent, found, 3.L475 per cent}
¢, caloulated 47.295 per cent, found, L7.4O per cent.

Preparation of l~chloro-2,li=dinitro=6-s~butylbensens

This compound had been previously prepared by Hawthorne and
Cram (39)s A mixture of L.6 grams (0.019 mole) of 2,li~dinitro=
6~g~butylphenol, 8.3 grams (0,053 mole) of bensene sulfonyl
chloride and 20 ml. of freshly distilled NyN-diethylaniline was
sealed in a pressure tube and heated at 100* for 18 hours. The
tube was cooled, opened, and the dark blue tar was dissolved in
150 ml., of bensene. The benzene solution was washed twice with
exceas 6 N sulfuric acid, twice with water, twice with 10 per cent
sodium carbonate solution and was dried over potassium carbonate,
No unrescted phencl was recovered by acidification of the basic
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excess aniline lesving 2.08 grans (65.2 per cent) of finely divided
blood red crystals of Ne2,l~dinitro-é~s~butylphenyl aniline., Re-
crystallization from ethanol gave a pure material, m,p. 148° to
9.

Preparation of N-2,li-dinitrophenylaniline

A quantitative yleld of K=2,h~dinitrophenylaniline was
obtained by combining 2.60 grams (.01 mole) of l-chloro-2,h-
dinitrobenzene and an excess of aniline. The mixiure was warmed
gently and went to completion almost immediately. Extraoction of
the dilute hydrochloric acid removed the excess aniline and left
a reddish tar which recrystallised from ethanol to give long,
soft needles, m.p. 148° to 1L9°,

gl::uvap of 2,2',l,h!~dinitrowbeg~butyldipheny]l ether with veak
i

The weak nucleophiles, Ne-methylaniline, p«chlorcaniline and
penitroaniline were hested with 2,2', )L, Lt'«dinitro=beg-butyldi=
phenyl ether in ethanol and in excess base as its own solvent.
Reactions were attempted in sealed tubes placed in an oil bath at
120* for sas much as three dsys, Upon removal of the aniline base
with acueons hydrochloric acild the original ether reprecipitated
unchanged,
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Cleavage of 2,2',k,lit-dinitro=6eg~butyldiphenyl ether with aniline

When aniline was used as the attacking agent, the ether wae
cleaved at temperstures as low as 25", The reaction went to
completion in 12 days, The reaction mixture was poured in dilute
() nydrechloric asid and a reddish oil formed on standing. Two
rearystallizations from ethanol gave a red crystalline material,
mepe 148% to 149°. A mixed meliing point with the original ether
gave a deep depression to 118 to 125°., Vhen mixed with a pure
sample of B-2,h~dinitrophenylaniline (prepsration, pege 29) no
depression of melting point was observed. Thsrefore, it was cone
cluded that clesavage by aniline occurs by attack at the less
hindered position.

The Kinetics of Diasplacement of Chloride
from l=Chloro-2,l-dinitrobensene with Bensoste Ion

Preparation of silver benzoate

Forty grams (.33 mole) of bensoic acid was treated with 11,7
grams (.33 mole) of ammonium hydroxide in 300 ml. of water.
Addition of 56.7 gfmas {+33 moles) silver nitrate to the mixture
gave & heavy white crystalline material which was flltered, washed
with water and methanol, and dried in an oven at 70", The pro-
duct weighed 39 grams (53 per cent) and did not darken with age.
The use of ammonium hydroxide sumo& very superior to the more
commonly used sodium hydroxide which gives products that darken
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badly. Further purification by rwmtalliutm wag done with
acetonitrile as solvent. The process is a blt tedious due to the
insolubility of the silver salt in acetonitrile.

Reaction of silver bensoate with 2.—~ahlaz-o~2ll¢~dinumbennm in
acetonitrile

The insolublility of silver benzcate in acetonitrile limited
the concentration to less than 005 M. Five ml, of .005 M silver
benzoate was added to 5 ml, of ,005 ¥ l-chloro-2,L~dinitrobenzene
in scetonitrile in & tightly stoppered tube. The contents were
frogen in a dry ice bath, evacuated, and sealed off. The sealed
smpules were placed in an oil bath at 77°. The dsired displace-
ment reaction did not proceed cleanly and the reaction mixture
becane filled with a heavy, black, tarry deposit. Analysis of the
mixture for halide ion geave wvery erratic results. It was decided
to use potasaium bensoate as benzoate ion source rather than
silver benzoate.

Kinet:l.c; of the reaction of potassium benzoate with leX«2,l=
Iini irobe {n 60 per cent dioxane solution

Potassium benzoate was prepared by adding slightly less than
a stoichiometric amount of potassium hydroxide to a well stirred
slurry of benzolic acid and heating, The water was then evaporated
off and the solld was recrystallized several times from ethanol
and dried in an oven at 70°. A nice white crystalline product was
obtained,
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with 10-ml. portions of distilled water, and the threc agueous
layers containing the excess silver nitrate were cambined for
analysis., The excess silver nitrate was determined by titration
with potassium thiocysnate. The normal Volhard technique of
using ferric alum as indicator was not sensitive enough to give
good results. The end point oould be found much more sccurately
potentiometrically using a Beckmann pH mater, Model (1, as a
potentiometer with a silver electrode in the titration cell and
a standard calomel elegtrode connscted by a salt bridge filled
with potassium chlorate.

A typicel rate run with sugual concentrations of benzoate lon
and l-chloroe-2,i~dinitrobensene is shown in Table V.

Table V

Rate Constants for Reaction of Potassium Bensoate
with 1-Chloro~2,L-dinitrobenzene in 60 Per Cent Dioxane at 93°

Time increment minutes kx 1’05 l.mole"1ges, "t
720 L.27
960 L.37
1Lko k.20
1680 h.21
2760 L.30
7650 k.03

Average he23
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A second run was made with samples containing 0.1 M benseic
acid (concentration of the two reactants, 0.05 M) to see if the
equilibriun

0 0
I I

@—a.axa-azc = @-a-aa+x*+w'

were important and if the attacking agent could have been hydrox-
ide ion and not benzoate ion. The rate constant obtalned

(3.67 x 10™° z,,mnh"lsm.‘l) was close enough to that obtained
with no bensoic acid added to almost rule out the possibility of
- the above eqauihrium‘a being important, To further establish
this point a run was made with the consentration of potassium
benzoate twice that of the auhstr;t-. The rste constant,

h.23 x 10~% l.mala'laaq.“l, was the same as that obtained in
the first run. The consentrations used and the rate constants

obtained are summerized in Table VI,
Table VI

Rate Constents for Reaction of Potassium Bensoate
with l-Chloro=2,ki-dinitrobenzens with Varying Congentrations

of Reactants
Cong, potassium Conc, 1-0l-2,l~ Conc, bensoic y m5
benzoate dinitrobensens aoid 923 1
Ren  molea/liter moles/liter  moles/liter l.mole™'sec.”}
1 0.0500 0.0500 Lh.23
2 0.0500 00,0500 0.1000 3.67

3 0.0667 0.0333 h.23
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| The reastions of potassium pemethoxy bensoate and p-nitro-
benzoate with l-chloro-2,l~dinitrobensene were carried out in an
identicel manner with that described above for the potassium sslt
of the unsubstituted bensoic acid. The rate constants are
summarized in Table VII. A plot of log %5 yarsus sigma gave a

surprisingly low value of -0.207 for rho for the reaction.

The displacement of iodide froam methyl lodide by bensoate ions

To compare the displacement of halogen from an alkyl halide
by benzoate ion to displacement from an actiwvated aromatiec
position, the potassium salts of pemethoxy bensoic acid, benzoilc
acid, and p-nitrobengoic acld were reacted with methyl lodide.

The reaction conditions and method of analysis were identical with
those in the preceding section, It was umecessary to use nitro-
benzene to wet the silmr halide, since silver ioedide does not
interfere with Volhard determinations, The reaction

| Agx + KCHB —> AgONS + KX
doss not ocour if X~ ias bromide or lodide (k1). The reastion wes
first run at 93° in sealed ampules and proceeded to completion in
& few hours, A pemple without the bensoate attacking agent
showed a considerable amount of displeced iodide after a few hours
of beating at 93°. This was attributed to hydrolysis at the high
temperature., The resction was then run at a lover temperature of
25,5° where hydrolysis is much slower but still mot negligible.
Corrections for the amount of hydrolysis were applied by running
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The Kinetics of Nucleophilic Displacement of Chloride
from 1=-Chloroe2,h-dinitrobensene by Hydroxide
in 60 Per Cent Dioxane

Bunnett and Davis (2h) ran the reaction of sodium hydroxide
with lechloro~2,h-dinitrobenzene in 60 per cent dioxane at 25,2°
and found a bimolecular rate constant of 6.62 x 10~2l.mole"lsec."1,
The extent of reaction in all samples was estimated by potentioe
metric titration of chloride liberated using & silver electrods
¥8, glass electrode cell. It was desired to duplicate these
results and to compare the rate constant for the reaction of
hydroxide ion in 60 per cent dioxane-water with the rate constant

for deuteroxide ion in 60 per cent dioxane~D,0.

Samples containing 10 ml. of 0.0k5 M sodium hydroxide and
S ml. of 0.045 M 1lechloro-2,li-dinitrobenzene were plsced in tightly
stoppered tubes and immersed in a well regulated water bath at
25,5°. At regular time intervals the tubes were removed and the
contents were analyzed for chloride ion by the same procedure
described on page 32,

The reaction involves two moles of sodium hydroxide for each
mole of l~chloro=-2,li~dinitrobensene as can be seen from the
following ecquations

KO,

B0,
2 NsOH + C1 ’@‘"""z — 3 Na0 @-mz + NaCl + B0
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Therefore, the rate constant should be given by Equation h

(page 19)¢

, x
k= Y (5x) b = concentration of the

‘l=gchloro=2,li~dinitrobensens
The average rate constant found was 6.32 x 10"21 .mole~lgec, 1,
The small difference between this value and Bunnett and Davis'
valus is probably due to differences in technique.
The Kinstics of Nucleophiliec Displacement of Chloride
from l-Chloro-2,l=dinitrobensens by Deuteroxide
in 60 Per Cent Dioxane

Sodium deuteroxide was prepared by weighing rapldly & small
piess of sodium metal of about the desired welght and then plac-
ing a freshly cut portion of comparable size in 60 per ocent

| dioxsne in vmo. The resulting solution was standardized by

titration with standard acid,

The rate run was made using conditions, technique, and
analysis identical to that desoribed adbove for hydroxide ion. An
average rate constant of 1l.l x 10°%1 .u016" 800, "1 vas found by
this method which is indicative of an isotope effect which will
be discussed later.

The Displacement of Chloride from l-Chloro-2,L~dinitrobensene
by Phenol and Triethylamine in Benzens Solution

This resction of phenol with lwchloro-2,l~dinitrobensene in
benzene was first tried without the presence of triethylamine. As
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was expected, no svidence of reaction could be found after heating
at 77° for 72 hours. When a trece of waine wes added, displaced
chloride was found in measurable quantities after 72 hours, but
the reaction was too slow to determine an accurate rate oconstant.
Reastions run with equimolar amounts of phenol, triethylamine and
l-chloro=2,li~dinitrobensene proceeded at an essily followed rate
but gave complicated kinetics.

The procedure and method of analyeis was the same as that
used in the reastion of hydroxide ion with l-chloro-2,Ledinitro-
benzene (page 37). Runs were made with all three reagents at
equal concentrations, 0.25 M and 0.125 M, and with the phenol and
l~chloro~2,li=dinitrobensens concentrations both 0,125 M in the
presence of 0,25 M amine,

When samples were removed from the odl bath for analysis,
triethylamine hydroohloride precipitated from the reastion
mixture as it cooled, 4 series of samples were run as before but
containing & carefully weighed quantity of the amine hydrochloride
to determine the effect on the rate of having this product of the
reaction present initially in sizable emounte. Attempts to add
the salt as a bensene solution failed due to ite almost complete
insolubility in benzens. The presence of phenol in bensens ine-
creases the solubility considerably, Excess amine hydroshloride
was used in all oases to maintain a saturated solution. The
presence of the large amount of amine hydrochloride made analysis
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for displaced chloride much more difficult. It was necessary to
filter carefully the water layer from the separatory funnel, since
the amount of silver chloride formed was large and not all re-
tained by the benzens~nitrobensene layer. Large amounts of silver
chloride in the titration besker gave poor end points and erratie,
low values for chloride ion replaced, The extra filtration
necessitated a large smount of weshing and the solution to analyze
was quite dilute, but surprisingly sharp end points and very cone
sistent resulis were obtained,

Infra-red spectra of solutions of phenol and tristhylamine
of the same concentrations used for kinetlc studies were run to
deternine the amount of effect the amine has on the O-H bond
stretching frequency of the phenocl. The spectrum of a phenol in
bensene solution saturated with triethylamine hydroohloride was
run to determine the same effect by the salt. Thess spectrs are
found cn pages 42 and Lk of this thesis.

Instantaneous rate constants were determined by plotting x
(the amount of reastion) vs. ¢ (time) and finding $¥ by the
mirror method. A mirror was plaged on the curve at each experie
mentally determined point and turned until the line seemed to
continue through the mirror. A line drawn along the bottom of the
mirror is anmalmmm and is perpendicular to the
tangent. The negative reciprocal of the slope of the normal is

thualapaaftmtmgmtmmmoz“atmp&ntmm
dat

curve,.
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Table VIII

Data Obtained for the Reactions Phenol, Triethylamine,
and l-Chloro~-2,l-dinitrobensene

Goncentrations (mole/l,) aogasmnuﬁ.as
Time T-chloro=g,ii= Eristhyl= ochloride ion dx
min, phenol dinitrobsnsene amine {(mole/1,) at
900  0.25 0.25 0.25 0.0376 k.33 x 1075
1200 0,25 0.25 0.25% 0.0396 3.85
1500 0,25 0.2% 0.25 0.0L05 3.50
200 0,25 0,25 0.25 0.0572 3.0
990 0,125 0,125 0.125  0.0093 7.8k x 1070
1230 0.125 0.12% 0.125 0.01125 7.h2
260 0.125 0.12% 0.125 0.0187 6.54
k500 0.125 0.125 0.125 0.0266 L8
1085 0.125 0.125 0.250 0,014k 0.0 x 1075
1380 0©.125 0.125 0.250 0.0162 9.68
1685 0.125 0.125 0,250 0.0196 8.75
k80 0.125 0.125 0.250 0.0281 7.60
060  0.12% 0.125 0.250 0.0297 7.23
9% 0,128 0.128 0.250 0.0335 6.h3
7155 0.12% 0.125 0.250 0.0530 6.3k
2220 0.0833  0.,0833 0.0833  0.0053k 1.78 x 106
2790  0.0833 0.0833 0.,0833 0.00610 1.55
3630 0.0833 0.0833 0.0833 0.00713 l.kh
81O  0.0833 0.0833 0.0833 0.00753 1.26
k290 0.,0833 0.0833 0.0833 0.00805 1.24
560 0.,0833 0.0833 0.0833 0.00976 1,16
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The rate determining step for the' reaction of Nemethylaniline
with sotivated aryl halides must be represented by the following
equation since the reaction is first order with respect to both
the nucleophile and the hale compound.

H

| + -
(p-mcty » x=-( w0, —> @4{ i @-mz . X

0, ciy o,

This reaction msy proceed in two steps with the formation of an
intermediate with a tetrahedral configuration at the carbon
attached to the halogen. Two trangition states would then be
found on either side of the unstable interwediate. Since bond
breaking is so impertant in the rate determining step of reactions
with Nemethylaniline, if it is a two~step mechaniem, the second
step must be rate determining., Existing data do not enable one

to distinguish between 2 one and two~atep procsss.

The reaction illustrated by the equation above is probably
endothernic so a dscresse in the stability of the products of
this step would shift ‘uie transition state configuration toward
that of the reaction products. This was accomplished by using a
nucleophile with considersble steric requirements and a very poor
solvating solvent, nitrobensene,

The activation energles md entropies listed in Table II are
not highly accurate because the accurately measured rate cone

stants span only relatively amall temperaturs intervals, The
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of replacement, F > Br > Cl is found in nitrobengens. The rate
constants found in Table III show fluoride to be 6.3 times as
fast ag bromide which is replaced roughly twice as fast as
chloride. In this reaction the transition state must have a cone
figuration very similar to producis and bond forming must be much
more important than the bond breaking step.

It is instructive to gompare the rates in nitrobensene with
those in 99.8 per cent ethanol (Table IV), The reaction is much
faster in the latter solvent as would be expeoted. Also, as was
expected, the fluoride replasement is a grest deal faster in
gomparison to the bromide, L1.5 times, and chloride, 62,5 times,
than it is in nitrobenzene selvent. This is in line with the
results observed with N-methylaniline even where a reversal of
order was found. In every case, the rate of displasement of
fluoride is markedly incressed when the solvent is changed from
nitrobenzens to ethanol. This is due to the greater energy of
solvation of fluoride in the hydroxylic solvent ethanol.

| In both ethanol asnd nitrobensens, the reaction of aniline
with l-halo-2,l~dinitrobensens reverses the position of fluoride
from slowest to fastest but bromide is still replaced about

twice as fast as ahlnridp Just as it is vhen N-methylaniline is
the nucleophilic reagent. This can probably be attributed to the
greater pohrinbimty of the bromide ion and increased steriec
effects of the larger atom,
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The Cleavage of o Sterically Hindered Ether
wvith Weak Hucleophiles
It was hoped that by using a weak nmucleophile, attack on
mmatmmmhmwenﬁufthcmmbrm of the
2,2t Jhylit wdinitronbes-butyldiphenyl ether could be cbtained. If
in the resction of Nmethylaniline or other weak bsse with the
ether, the intermediate

Ry = phenyl
Rg = methyl or hydrogen

could exist long encugh to allow ring 2 to become perpendicular
to ring 1, the formation of the quinoid type intermediate
KO

0= \;/ - ¥0,"
could provide a low energy path for the breakdowm of the intere
mediate which would have a structure very similar to products.
This would be the reversal of normal cleavage where attack always
ocours on the less hindered position (L3).

The successful reversal of the displacement order of
halogens by incressing the importance of bond breaking in the
transition state leads one to believe that the cleavage of the
highly hindered 2,2',k,l! ~dinitro~6es-butyldiphenyl ether might
te made to go by an analogous mechanism. If a weak nucleophile
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could be found that would attack the hindered carbon, the bond
breaking step would be easier than if the base had sttacked the
carbon at the less hindered end of the oxygen bridge.

’;‘2
s-Bu N-R, 0~ Ry = phenyl
0N @ 0 @ -n\ R, = methyl or hydrogen
N0, M0, 0

It is impaaéi.ble for ring 1 to become perpendicular to ring 2
without interference between the ortho nitro group on ring 2 and
ortho nitro or the secondary butyl group on ring 1l.

The weak nucleophiles tried, N-methylaniline, p-chlorcaniline
and p-nitroaniline, would not cleave the highly hindered ether
even in excess base as solvent and with prolonged periods of
heating in a pressure tube at high temperature.

The stronger nucleophile, aniline, cleaved the ether at
temperatures as low as 25° in excess bass as sclvent. Cleavage
slgo occurred in ethanol solvent, but in both solvents the
secondary amine obtained was the one produced by attack at the
less hindered position.

The Hucleophiliec Displacement of Halogens
ty Benzoate Ions
Only one cese has been reported in the literature of the

preparation of an ester by replacement of an astivated aromatio
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halogen with carboxylate ion. Kym (Lh) reports the preparation
of 2,l=dinitrophenylbenzoate by reaction of sodium benzoate with
1=chloro~2,li-dinitrobenzene. Ko kinetic studies of reactions
with cerboxylate ions as nucleophiles are to be found in the
litersture. It was dscided to oarry out some reactions of this
type and to follow the kinetles, if possible, and perhaps gain
some knowledge of the ocarboxylate ion as a mucleophile, The
benzoate fon was of particular interest since iis strength as a
micleophile could be varied by adding elestron withdrawing and
repelling substituents. It was also hoped thal atiask on the
labile lehalo~2,lL~dinitrobensens system might prove an easy path
for preparation of esters,

8ilver benzoate was the first compound used aa a source of
bensoate attacking agent. Many silver salts are soluble in
acetonitrile and this solvent was preferred to hydroxylie
solvents, such as water, which might hydrolyse the reagent and
provide hydroxyl ion which could in turn attack the substrate,
Silver bensoate also provides the attractive possibllity of added
driving femt for the reaotion due to eleatrophilic attack Ly the
| gllver ion on the displaced halogen and subsequent precipitation
of the silver halide. As mentioned on page 31 of this thesis,
silver bensocate was very sparingly solubls in acetonitrile and
the resstion with l-chloro-2,li-dinitrobensene in asetonitrile
solvent did not procsed cleanly. The resction mixture became
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conjugated position should decrease the strength of mcleophilic
center. A plot of log % versus sigma gave a surprisingly low
value of 0,207 for rho for the replacement of activated aryl
chloride with bensoste ion.

The low value of rho for the replasement of activated aryl
halogens with substituted benzoate ions made it of interest to
compare this reaction with replacement of halogen from an alkyl
halide by these zame anions. HMethyl iodide was chosen as the
substrate, Iodide is more easily replaced from an alkyl carbon
then the other members of the halogen family due to its greater
polarizability, The replacement of iodide by bensoate lons proe
oseded at a rapid rate at 93° in 60 per cant dioxane solution but
nhwgom%mafmmpwmmtmm to hydrolysis at this
rather high temperature. The reastion was carried out at 25°
where hydrolysis was very slow and could be acoounted for by
running blanks. The rate of reaction at this low tempsrature was
quite slow and rether difficult to follow. The rates of reaction
of ths p~methoxy, p-nitro, and unsubstituted benzoate lons with
methyl iodide fall in the smme general order as for replacement
of the activated axyl chleride, p-Methoxy and the unsubstituted
benscate ions react at almost equal rates with the p-methoxy
aliahﬁy faster. The p-nitrobenzoate ion reacts noticeably slower
than the other two. The rho value for the reaction is -0,120,

Heither of the two cases studied, replscexent of an activated
aryl halide nor an alkyl halide, gave & large valus for rho.
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Methoxide ion reacts 33 times as fast with lechloro~2,hw-
dinitrobenzene as hydroxide ion and an interesting close parallel
iz observed in the low mwoleophilic resctivity of amonia as
compared to methylsmine., With l-chloroe2,li-dinitrobenszens in
ethanol, methylsmine reacts 800 times as fast ss ammonia, Ammonia
is a weaker base than methylamine, but this vast difference in
micleophilic reactivity must relate to some special effect of
replacing a hydrogen atom by an slkyl group. Whatever this effeat
18, it no doubt is also responsible for the high reactivity of
methoxide as compared to hydroxide.

Since the most obvious difference between s hydrogen and a
methyl group is the difference in mase, it seemed of interest to
see if an isotope effect could be found. This wes dons by measur-
ing the rste of the reaction of deuteroxide ion with l«chloroe
2,h~dinitrobenszens and then comparing it to the rate of reastion
of hydroxide ion with the same substrate. Unfortunately, it is
not poesible to use exactly the ssme solvent for the two reactions,
The deuteroxide reaction was carried out in 60 per cent diaxane
and 40 per cent dewterium cxide, and the hydroxide reaction was in
60 per cent dioxene and L0 per cent water solvent.

As gan be seen by comparing rate constants for the two
reactions, there is an increase in rais of approximately 76 per
cent (from 6.32 x m’zl.mh'lm.'l to 11.1 x m‘zl.mh'luc."l)
when the hydrogen of a hydroxide ilon is replaged by a deuterium
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