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| -',ABS_TRACT'- o

A series of 3 5 dlmethyl-éqsubstltuted benzoic -
acids has been prepared and a. study made of thelr lonlza;
'}tl©n cwnstantso_ A satlsfactory Hammett correlatlon was

‘obtalned wzth the compounds contalnlng small by~ substltuentso,'
:F®r:the compounds_Wlth bulky 4esubst1tuents:a degree:of |

?steric~inhibitiéﬁ*offfesonancé>6f:theléfdér?6f'70%fwas _
‘calcﬁﬁated{ EVLdence was obtalned supportlng the add1= -
C~t1v1ty of © values in the Hammett Equatlon and for a low |

'sterlc requlrement of the proton

viii



INTRODUCTION.

-The free energy change for a.reactlon depends on both-
'a potent1a1 energy term and a klnetlc energy term 1 The
‘ klnetlc energy is constant 1n a, reactlon ‘series. properly
'planned and run ‘and the change in 1og (k/k )9 .which is a.
-measure of the free energy change, is. dependent on ‘the
rchange in the potentlal energy term° ~Any or all of.four
factors, not separable by thermodynamlc methods,; may contri-
bute to the potentlal energy termh (l) polar:lnteractlons,
'(2) resonance 1nteractlons, (3) sterlc interactions, and
(4) potentlal energles of solvatlon, These four factors -

- are ba51cally electrlcal 1nteract10ns, elther ‘of attraction
fﬁcor repu151on,a,<” | | |
S Polar lnteractlons are assoc1ated w1th coulombic
forces whlch result from charge separatlon w1th1n the sub~
‘stituent and the functlonal center, They‘requ1re a 0 bond
or'Space-for'thelr"transmLSSLOn; The separation of charges
- ean result frOm dlfferences in electronegatlv1t1es of the.
atoms 1nvolved resonance lnteractlons, or poles (unit
electrlcal charges) w1th1n the substltuent or the functional
'center,

Resonance lnteractlons requlre a quantum;mechanlcal

descrlptlon° A resonance rnteractlon is an interaction that



requiﬁeé.atzleastitwb“vélénéefbondbstfudtﬁres for the
adequate-desCriptioniof-a‘bond,

Sterié.interactionsAresult from van der Waal'ts
type forces. The interaction mayAbe16ne.eithefyof‘attraca'
‘tion or repulsion, but thé latter is geﬁerally involved in
considerations-of reactivity. Angle strain energies are
usually'élassifiéd as steric interactions. | '

Potential energiés.of solvation make up the fourth
factdr.in“the potential éhergy term. These energies may
be directly'related to aﬁy'or all of the other three factors,
or 'may be moreISPecifié-solvation interactions.’

RéSOnance'within the substitueﬁt‘may lead to a reson-
~ahéeﬂcoﬁtribution’to the polar effect of the substituent,
”Thgt.ié, in aromafic systems thg‘resopanqglgf the substituent
Awith_the:benzene ring éont;ibutes;indirept1y (by induction)
to detérminiﬁglthe'netueiegtroﬁ“deﬁéity;étfthe functional
center. Hence the polar effect may berregarded as being
made up of a resonancé-contribution and an_inductive'contfi—
bution, the latter Being consideréd to arise from a polar
interaction referred to a given site in the_subétitueht,

The present work,; which concerns the prépgration of
a.series:of.3QSAdimethyl~4—substituted benzoic acids and a
study of their ionizationreonsﬁantsg‘was undertaken as an
attemﬁt‘to provide a critical'tést‘of the quantitative
values aséribed in the lite:aturevto resdnanéé and inductive

contributions to the polar effect. In addition, the



ionization constants of these compounds -with their para- .
‘substituent anst@a'meta;substituents provide a check on
the validity.of the additivity-ofzc values. in the Hammett.
Equation. .The ionization constants of some compounds 4
notably the hydroxy- and amino-compounds, also provide.
valuable informaﬁion relating to the steric requirement

of the proton.



HISTORY

The most general relationship known forjthe'effeét
of substituents on rates and equilibria in aromatic systems

is'the‘Hammetf‘Equationz'
log (k/k,) = po

where ¢ is a paramefer characteristic-of the substituent and
P is a cgnstant,dependenf on the nature of the reaction.
jSigma'is aaquantitdtive measure of the pdlar'éffect~that a
given: substituent has on a meta or pard reaction site in a
benzene ring. Hammett origiﬁally'defiﬁed o as :equal to

log (K/K;) for the ionization of sﬁbstituted”benzqic acids
in»wafefvat 25°, where the subscript-zero refers to thef
unsubstltuted benéene derlvatlve, Rho is a quantltatlve
measure of the susceptibility of a glven reactlon series

to polar'substltuents° | ,

| The fundamental principle upon w&ich the Hammett
Equation rests iS’the postulate that the effect of structure
on rates and equilibria is usudlly ‘determined only by the

polar'effect‘of'the‘sﬁbstituentos

That is, in a given
reactlon serles the free energy change caused. by varying
the substltuent 'depends. only on the differences in the polar

effects of .the substituents9 and that the resonance, steric,



‘ and'solvation contributions to the7potehtial energy term
are -constant.

'Ihis;pestulate~holdssonly*inrreaction series.which
ﬁeet,thé*followihg conditions:-'(l) therepis-no-sterié
interaction between the.substicuent énd the :reaction
-center, (2) there is hqfunusuél resonance -interaction
between the -substituent and.the:reactibn:center,‘(3) there
is nO‘neigﬁbering grdup participation, and (&) there is mo
:change -of reaétionrmechanism;‘ Any failurefof'the-Hammett
“Equation>cahiusually~beitraced to a reaction series in
~which ﬂnezorjmdre:of.these'conditiéns-have:not been met.

| Jafﬁé“s:c@mprehenSiveireview4rshewed that experi-
»mentallywmeasured rate -and equilibrium constants for 3180
treactionsAfolléwed the Hammett‘Equatidn?with a median
precisien of‘iIS%.' This ‘widespread applicabilitY‘éf'the'
.Hammett;Equation.suppopgs'thé.fundamental postulaﬁe upon
which it is based. -

Any”methddAdesignéd to achieve—thegseparation“of
‘resonance and inductive polar effects must take into account
allAfaétorSAWhiqh contribute'to the'pqtential energy term %é
j(the kinetié:energ§-¢hange-ichonStant in-a.reactionxseries)ﬁ
Thé:successtofgthe-Hammgtt'EQuatiOn indicates that the-only
‘variable in a properly-run‘reaction series is the polar
effect -and the problem becomeS‘one:of;aeviéing-reaction

series where :either theareéonanée?polar“effect~or the



inductive polar effect will be eliminated. Then the
ﬁﬁmvalues obtained for the substituent in the reaction
é;riesvwill be a measure only of the other effect; and
comparison with the normal ¢ value will give a quanti-
tative measure of the relative iﬁportance of each
effect.

Roberts and Morela;nd5 prepared a series of
4-substituted bicyclo[2.2.2]octane-1l-carboxylic acids
and their esters and measured k/ko for three reactions.
The reaction rates of each of the different compounds
were found to parallel one another throughout the series.
Since the compounds contained no unsaturation, the only
effect the substituents could exert was an inductive
polar effect.

TheAresults obtained by Roberts and Moreland
show that there is a definite contribution of the
resonance polar effect to the total polar effect. In
every case the o' is closer to the Hammett o than to
the Op’ as would be predicted from w-bond resonance
theory.

In 1930 ingold6 proposed that the ratio of rate
constants (kB/kA) of alkaline to acidic hydrolysis of an
ester is a function only of the polar effect, although

each taken by itself might be affected by other effects.



Following along the lines of Ingold!'s proposal, Taft7

formulated the following equation for the normal hydrolysis

of esters.
ok = (1/2.48)[log (k/k )p- log (k/k),]

o* is analogous to the Hammett substituent constant but
expressed with an asterisk to denote its different nature
and origin [i.e., o* # log (K/K,) for the ionization of

carboxylic acids]. To adjust the o* values onto approxi-
mately the same scale as the Hammett o values,'Taft intro-
duced the factor 2.48.

The Taft Equation involves three basic assumptions.
(1) The relative free energy of activation (.. log k/ko)
for these reactions may be treated as the sum of independent
contributions from polar, resonance, and steric effects.
(2) In corresponding acidic and alkaline reactions, the
steric and resonance effects are the same. (3) The polar
effects of substituents are markedly greater in the alkaline
than in the acidic series.

The accepted mechanism of ester hydrolysis8 supports

assumption (2) regarding steric effects.

OH 0]
\ H /
R——<;--6-R R—C-::0—R
H OH
Acidic Transition Basic Transition

State State



The two transition states differ only in the presence of
two small pfotons, so the substitﬁent‘steric effects-must
be very nearly equal.

The mechanism alSO‘supports-assumptLOn (2) regarding
~resonance effects. A resonance effect would arise from
-conjugationibetween the substituent ard the ester functien
in the tfansition state. However, both transition.statesv
arersaturaﬁed“With resPect'to~such-conjugation.

The Hammett reaction constants p supports assumption
-(3). Fér the -reaction of meta- and para-substituted benzoates,
‘pB=+"22'-'<e=28 pA—-02-+059. B |
‘Perhaps the mpst striking conflrmatlon nf both Taft's
o* values and Roberts and Moreland's o values ‘comes from a
comparison of'the two. Because of thewavailabilityiof'the
data, Taft‘gave his o* values for -CHZX WﬁereaslkobertSfaﬂd
Moreland's ‘data are for simply ~X,A4The5avéragé_value for. the
10

ratio o' /o%* was found to be 0.450, and no significantwdevia- 4

tion from:this wvalue was observed.



DISCUSSION

I. Preparation of Compounds

All of the compounds used in this study were .
synthesized from meéitylene (1). Nitration of ‘1 gave
nitromesitylene (2) Which on oxidation with chromic acid
géve 3,5-dimethyl-4-nitrobenzoic acid (3).- Reduction of
3 with'hydfogen'iﬁ the presence of rhodium-carbon catalyst
-gave 3 S-dimethyl-4-aminobenzoic acid (4) which was acetylated
to the N-acetyl derivative (5) and alkylated with a formic-
7ac1d formaldehyde solution to produce 3,5-dimethyl-4~dimethyl-
amlnobenzol¢ acid (6). ‘

Dlazotlzatlon of 4 followed by decomposition of the
"diézonium salt gave‘the 4-chloro- (7), 4-bromo (8),‘4-cyano-
(9), énd 4-hydroxy- (10) derivatives-@f 3,5—dimethyibenzoi¢
acid. Alkylation of 10 with ethyl'iodide resulted in forma-
tien of 3 5- dlmethyl 4 ethoxybenz01c aCld (11) after hydroly51s
i'of the - ethyl ester.

- Acetylation: of mesitylene with acetic -anhydride and.
aluminum cHlOridg foiloWed by vigorous oxidation gavé'a low.
yield of 3,6rdimethylferephthalic acid (12) which was con-

verted to the ‘dimethyl ester and partially“saponified by
‘“3;5~dimethyl—4ecarboﬁethoxybenzbic acid (13). Oxidation of

mesitylene with nitric acid‘gave-3,5-dimethylbenzpic acid.

9
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. Ionigation constants of the carboxylic acids were
measured potentiometrically in 50% by volume aqueous ethanol

and'are;gebulate@'in‘the first'column.in.Tabie 1.
7"110 'Resulte" -

In Flgure 1, the @bserved pK s have been plotted
as a funetlen of Zo. The Hammett Equation predlcts that
'the_pointS'obtaieed.in such a‘plot wlll lle-on a stra;ght
line wﬁth_p,ffor thiefreactionwll_equalito 1.522. It-ié
appafénﬁ_frem.Figurell-thatﬁ With ﬁhe}eﬁceptionaof'3;5;’
~dimethylbenieie acid; the'compoﬁnds with small9 stmetfical,
é—substltuents do f@ll@w the predlcted Hammett correlatlon°
H@wever, definlee dev&atlons are n@ted f@r those compounds
Wlth bulky 4-subst1tuents The presence of the two methyl
. groups ertho to the larger subetltuents has caused them to
thet @ut “of the plane @f the rlng thereby dlmlnlshlng thev
resonance c@ntrlbutlon to thelr total polar effect. For»
these compounds contalnlng large 4~subst1tuents§-20.ls not
an accurate measure of the total polar effect, and dev1at10ns
from a Hammett c@rrelatlon should be expected

The departures fr@m the 11near relatlenshlp are in
the dlrectlen that classxcal theory weuld predict. The«aNO2§
qCO@CH3ﬁ,and,~COO veubstltuents~arevelectr0n withdrawing
'grqﬁpsiand.inhibitionfof reSohance-should make‘the-cerfe~

-sPonding5acidS'weaker‘than'the Lihear plot would suggest.
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TABLE - 1. ==I@nizat1@n Constants and Slgma Values For 3,5-
‘ Dmm@thyl éasubstltuted Benzalc Acnds

4=Substitu@nt' ,f:pKaa ‘ 6b:‘iﬁdc .-éqédi ~Aqe '6¥f'
' R R e N )
eN | |4:90 % .0150.66| $0.52|+0.53|-0.01|+0.08
N0, IR Y 9L-% .01 +0.78| +0.64|0.53|¢0.11/+0.15
CQ@CH3..':_' S, 44‘3 .01 ¢O;45 +0.31 +0;18 ¢O,13 ¢0,i5 |
Br . - |5. 56‘3 .01/ #+0.23} +0.09|+0.10{-0..01{~0.22
€ fs 59 + .01]+0.23]+0.09 +0.08[40.01]-0.26
NH¢OCH3 |68 g uol 0.00| =0.14|+0.02|~0.16|-0.28
Ben?@ic Acid| 5. 71 & 003’v - I y -
H, 6.00 & .01 .00(-0.14|-0:19+0.05|(0.00)
oC,H;, . |6.02 & .01]-0.24|-0.38]-0.20|-0.18|-0.49
€00" |6.21 £ 02| 0.00|-0.14]-0.33|20.19
N(CHy), . |6.23 g .01|-0.83/-0.97|-0.34|-0.63|-0.93
QH |6, 46 % 001 -0,37(-0.51{-0.49|-0.02]-0.62
W, |6.86 . .02|-0.66{-0.80|-0.76 |-0.04 |-0.76

| _?All’meaSurements‘are in 50% by volume ethanol-
‘water and are'unc@rrected'f@r'liquid junction potentials.

bSlgma values -are taken from the compllatlons of
‘McDaniel and Br@wnll based on the ionization of benzoxc
aclds

®To obtain 20 -0.1& 0= 2 x (o_ )GH j-Was;added‘to'
“the sigma value of th@ substltu@nt piCHy o

. d%he experimentally'determlned-pK "s and ap value
of 1.522 were substituted into the Hammett Equation to-
-obtain o, h : .

e ' ‘ |
®To ‘obtain 40, o was subtracted from Zo.

fTo obtain Ogs Oy, as. glven by Taft and Lewis,
was, subtracted fr@m O,
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C@ﬁ@@rS@Eyg thé aN(CH3)25.=002H59van@w;NHCOCH3 groups aﬁe“ ; 
<@1ectr@n d@nating ‘groups and : r@sgnance lnhlbltl@n should
make th@ @@rxesp@nd;ng aclds strongero- It is evndent from .
~:Flgure 1 that these effects are actually @bserved

. The last two columps ‘of . Table. 1. list valu@s for Ao
band T As calculated Ao 1is the change in the p@lar effect
due to sterlc lnhlbitl@n of. resonance in’ the 4»subst1tuent
That is, it is the resonance contrlbutlan to the polar -effect
'that has beeﬂ ellmlnat@d by the res@nance inhlbltl@n gaused
1by the . @rth@ methyl gr@ups The Ur values are- the resonance -
‘contrlbutlans to the total polar effect-as~ca1@ulated=fr@m g
‘Taft and Lewis 01 valuesolz Although the Ao and- O values :
’ sh@w ‘good agrgement for the =N02 and =CO@GH gr@upsss serlous
A-deviatn@ns are observed for the. vNHCOCH39--@CZH5¢ and N(GH3)2~
groupsg (No 01 values are ‘available. for the COQ™+~ion- so -
»rcwmparls@n lS not- p@ssnble at this tim@ ES |

Taft“s 0. values have been pl@tted agalnst the

1exper1mental1y—determ1ned b values<1n Flgure 2. wvAn excellent - -

"correlatlon is @bserved° ﬁour @f the flve pOLHtS of 1nterestna»
and Mh@ orxglnaalle thhlh 0. 02 0 unlts @ﬁ a stralght llne,
The re8@nance @ontrlbutlon to the p@lar effect |
 @bs@rv@é in th@ present ‘study is not. the .same -as - that L
:@bserved by Taft and by Roberts9 as. eVLdenced by the dlffer—
'ences between Ao and © " but the lmnear correlatlon of‘Flgure

2 suggests that the observed Ao values are proportlonal tQ
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\_ |
;ﬁff@h@*éf“valués;@fﬂTéft; ’This must}mean*thatithé;proﬁ@fti©n .>
< of c:5actualiy~eliMinat@d by f@rcimgfthe éysubstituéné‘out

} ',g,“@f the plane of the ring is canstamt in th@se f@ur compoundso-

”?f@h@ pr@p@rtl@n of r@s@nance lmhibltl@n in these @@mp@unds |

‘"f?ﬁ is ab@ut 7@%9_'

The @bserved data9 as pl@tt@d in Flgur@ 19 pr@v1de

| f:ia faV©rable check on the validlty of the addltiVlty @f c

'“3"7"va1@@5 in the’ Hammet Equation. The reaction center-ls

'Tk‘j ;imfluemc@d by the polar effects @f three substltuents and

'tlﬁ,y@t fiV@ out of the siz expected points givea within experi-

' ;m@ntal_@rrorg a llnearjplat with the right slope. This

x%?ﬁfihaiéateéﬁthatf in pfbper1r@écti@nisetiésﬂvlog'(k/ko)_= pZo

‘ “5f5is a valid form of the Hammett Equation,

. That the amlno and hydr@xy compounds 11@ on the line
lwglends gpeciflc 1mf©rmatl©n relatlng t@ the sterlg requlr@ment_

_f@f the pr@t@no I& lS appar@nt fr@m &h@ I'values obtalned byf

‘ 35;'Taft and Lew1513 that “the ' resonange contrlbutlon ls ‘the mag@x4f

"ffacth in-the - polar @ffect @f b@th the hydr@xy and amino ,f}

16

‘@f@@psg B@th Hamm@nd 'and WGpsterls have-cr1t1c12ed Brown *'

“.;’;f@r ass&gning a Slgnlflcamt effect to ‘the sterlc requ1rements

;a@f_;@f the pr@t@n in Br@wn and Q@W@rk@rsﬂ

16 studles @f anlllne

‘ -Ej,and anllinium ccmp@undsa: N@ st@rlc lnhlblthH of reSQnance o

Tfa;hag be@n @bservad f@r the hydn@xy and amino comp@unds in the' 

pfesenﬁ study, thus supp@rtlng the crlt1c1sma Alth@ugh the

- fr@@ amine, and n@t an anlllnlum fon or compound was
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éXamined;:the same ¢onclusion should apply, for ‘the change

z.tO sp3‘shbu1d result in the -NH3+ being -

17

in bonding from sp

of smaller effective size than the free -NH, group.



| EXPERIMENTAL

1,,;Exgparati©n @fﬁC©m@QQnd§ B '>_'f

4, &ﬁ%ﬂm@m
e Mesityl@ne was nitrated a@@©rding to the pr@cedur@

18 The quantlties glven were

_. givem in W@rganlc Symth@s@s W
‘fquadrupled and th@ alrodrled pr@duct @btalned £rom the :

steam dlstillatl@n was used WlthOut furﬁher purlflcatlonp

Bc'(ﬁﬁS Dim@thvl Qunltr@ben201c A@ld
| Inm a 151;5 3-neck flask fitted Wlth a. stirrer,

: dr@pping funn@l and condenser was add@d a mlxture of |64 g

"»f©f nitr@mesitylen@, 300 ml @f glaclal acetlc acxd and

80 ml -of g@ncentrated sulfurlc ac:i.dg the mlxture heated '

'ﬁ't@© r@ﬁlux amd the dr@pwxse addlti@n @ﬁ a. S@lutl@n @f 120 g.

  ?©f chr@mium triox1de in about 400 ml of water begunoA_The
| dr@pplng rate was cantlnually adjusted t@ malntaln -a moderate
‘Q'reflux and the Stlrring was c@ntlnued f@r 30 mlnutes after‘
.the addltl@n @f the chr@mlum trlox1de SQlution had been
F@@mplet@d The reactlon mlxture was p@ured onto about 750
ce. of ice and cooled ln an ice bath w1th intermlttent |
;s&nrrimg . The c@ld mixture was fllter@d by suctlon and
Athe solid Washed well with 500=1©0® ml. of watewr. untll the
flltrate was clear 'The solld was placed in 100 ml - of 10%;”‘»

‘sodium hydrox1de salutlon stlrred well and the mlxture wWas

.‘17
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filtered by suctién; The residue, after thorough washings 
with wéter'and 10% sodium hydroxidé solution, was steaml

| distilied from basic solution to récover more-starting‘
ﬁéterial, The filtfate was acidified with 100 ml. of 6 N
hydrochloriC<aéid solution, cooled in an iée l-aath.9 and the
'cold'mixture was filtered by sudtiOn té collect the precipi-
tate. Repeated recrystallizations of the crude product from
95% ethanol solution yielded 8-15 g. of very faintly §Ellow
crystals, m.p. 225.5-227° (lit.'? 212-217°). Anal, Ccalcd.
for'C9H904N: eq..wt,,'195n Found: 197 = 4. |

D=Dimethyl-4-aminobenzoic Acid

A mixture of ZO'g,-éf 3,5-dimethyl~4-nitrobenzoic
écid, 0.5 g. of 5%'rhodium on carbon catalyst, and about
_300‘ml° of 95% ethanol solution was heated until ali of the
- acid had dissolved- ‘The black susPension wészplaced'in a
Paar Preésure.Reaction Apparatus énd shaken ﬁith’ﬁydrdgen :
until the stoichiometric amount had'Been takeﬁ up (three
moles ‘of hydrogen ?er mole of starting materiai),, When
rea;tioﬁ was ¢ompleté,_the‘reaction mixturevﬁas poured intox
500’ml,'of 95% ethanol solution, the mikturevheated to dis-
'Slee.tﬁe white solid, and'thé resulting'éuspeﬁéioh“filtered
‘by-gravity.  Concéntration.of the filtrate and xepeated
reérystallizations yielded 6-8 g. of long white'needles,

20

m.p. 257-257.5° dec. (1it.”0 242°), Anal, Calcd. for CgHy 10,N:

eq. wt., 165. Found: 166 + 1.



19

D. 3. 5 Dlm@@hV1=4=Nc&@@tvlamln@bGHZOi@ Acid

_V A SQlutiQn @f ) 8. @f 3, Sodlmethyl=4=amlnobenzalc '
',a@idﬂ 20 ml of acetic anhydrld@, and 300 ‘ml. of ‘benzene -

f;iwas f@fluX@d f@r 24 h@uzs The reactlan mlxture was c@oled

in an iC@ bath and the mlxture flltered by suctlon to col=

o lect th@ pr@c1pitat@ R@crystalllzatl@ns fr@m 95% ethanol.

o 5©1uti@n yleld@d ab@ut 1. 5 g. of l@ng white naedlesg m.p.
"1 _27@?272 50, Anal Calcd f@r CM 1303§”- eq. Wt 207, :
F@unds 209 + 1 ' - . »

Es 325 Dlmethvl 4~d1m@thylamln@benzo;c Acld
A mlxture @f 5 g. of 3 Sadlmethy1=4=am1noben201c

a@1d9 15 ml. @f é@% aqu@@us f@rmaldehyde9 and 300 ml of

- formic acld was r@fluxed for 12 h@urs,A ‘The sqlutlon was

; @@@1@d t@ r@@m temp@rature and 10 ml of concentrated

- hydr@@hl@f&c &@ld added i The excess solvent was removed'

_ by distillati@n under r@duced pressureo. The r@81due Was :

neutralized Wlth lO% sodlum hydrOXLde s@lutlun and the"f

| mlxtur@ was fllt@red by suctlon to’ callect the prec1p1tateo
Th@ @rud@ pr@duct was recrystalllzed from 95% ethanol solu- .
"@i@n ‘yielding. about 1 S gq_Qf col@rless9 clear- crystals9

- m, P- 1865 Sﬁw@ 5° d@c Analo ,. Calcd for cllﬁwozl\n eq.

,wtqg 19§b F@umda; 195 o !

Fc 3§5 Dimethvl»&=br@moben @ic Acid
1.

Pre aratlon of Cu‘r@us Br@mlde Solutlona-~Twe1ve

grams of anhydr@us COpp@r sulfat@ was hydrated and pulverized -
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in’about 35 ml. of water, To this solution was added 10.5
8- of . sedlum br@mlde and the mlxture was warmed. >Six.grams
of sodium blsulfite was dissolved in about 45 ml, of 10% |
| sodlum hydrOXLde solutlon and this alkallne solutlon was
added dropwxse to the warm c0pper sulfate sodlum bromide
solutlen untll the green color had’ been dlscharged -The
whlte precxpltate was flltered by grav1ty from the mlxture
‘and lmmedlately dlssolved in. 35 ml -of 48% hydrobromlc ac1d

solutlonﬁ

20' Dlazotlzatlen and Bromlnatlon of 3. 5 Dlmethvl 4—

ti,-—A suSpenSLOn of 5 g¢ of the amine in 50

'ml of 48% hydrobromlc ‘acid solutlon was heated untll the
‘eolutlon became clear, and cooled by addltlon of ice and.
:1mmers10n 1n an 1ce bath A solutlon of 2. 1 g of sodlum
nltrlte in 35 ml of water'was added dropWLSe w1th stlrrlng
- to the cold amlne solutlon The cuprous bromlde-hydrobromlc'
~acid sdlutlon was added rapldly and with stlrrlng to the
dlazotlzed eolutz.onn The reactlon mlxture was left in the
ice bath for about 15 mln,, with. 1nterm1ttent stlrrlng, and
allowed to’ stand at room temperature for 3 hrs. The reac-
tion mlxture was boxled for 3 m::.m9 cooled overnlght5 and
p@ured 1nto 300 ml of water. The mlxture was filtered’ by
suction and the»crude'product'washedeell on ‘the filter;
Repeated recrystalllzatlons from 95% ethanol solutlon |

- 1elded about L 5 g. of white crystals, m, p 219.5-220.5° :
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(1it.2! 214-215°). Anal, Calcd. for CoHg0,Br: eq. wt.,
229, Found: 229 + L,

G. J3,5-Dimethv)-4-chlorobenzoic Acid

The procedure given for the preparation of 3,5-

dimethyl-4-bromobenzoic acid was used. (Six grams of
sodium chloride was used instead of 10.5 g. of sodium
bromide, and concentrated hydrochloric acid was used
instead of 48% hydrobromic acid solution.) Repeated
heating with decolorizing charcoal in 95% ethanol solution
and repeated recrystallizations from 95% ethanol solution
yielded about 0.8 g. of white crystals, m.p. 217.5-218.5°
(11:.22

184.5. Found: 185 + 1.

220°d). Anal. Calecd. for CgHg0,Cl:  eq. wt.,

H. 2,Q-Dimgthzl_4-czanobenzoic Acid
1. Eg" paration of Cyp roug-Chloride Solution.--A

solution of 2.1 g. of sodium bisulfite and 1.4 g. of sodium
hydroxide in 20 ml. of water was added slowly and with
stirring to a solution of 9.5 g. of copper sulfate hydrate
and 2.5 g. of sodium chloride in 31 ml. of hot water. The
mixture was cooled to room temperature and the residue
washed by decantation and dissolved in 16 ml. of water.

2. Preparation of Cuprous Cyanide Solution.--Five
grams of sodium cyanide in 8 ml. of water was added to the

cuprous chloride solution slowly and with stirring.
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3. Diagotization and-Nitrilationfof 3,5-Dimiethyl-

4~ amlnobenzoic Acid.--A suSpens;on of 5 g of the amine in

50 ml of concentrated sulfuric acid was heated until the
solution becamezclear, and cooled by addltlon of ice and
immersion'in an ice bath. Axsolutlon~of 2?2Ag,ﬂof'sodium"
nitrite-in 10 ml. oflwater was added droprise witﬁ stirring
to“the cold amine solution. The solution was,neutraliéed
to litmuys by 'addltion of about 300 g. of anhydrous 'sodium
carbonate. The cooled cuprOus cyanlde solutlon was rapldly :
added with stirring to the diagzotized solution. ‘The reac-
tion mixture was allowed tojwarm to ‘room temperature,‘with
intermittenttstirriog, and to-stand overnight; The reaction
mixture was poured into 300 ml"of Qater andrenough'6 N
hydrochlorlc ac1d solutlon was added to effect complete
precipitation. The crude product was flltered by suction.
and WaSBed ﬁell.on the flltera »Repeatedvheatlng.w1thAv
decolorizing charcoal in'glaciai'acetic acid and repeated
recrystalllzatlons from glaclal acetlc ac1d yielded about :
0.4 g. of white needles, m.p.. 216. 52 218° .Anal Calcd

for C eq; wt. , 175; Found:.,lIS_i'l.

10 Ho0yN

I;' 3.5~ Dlmeth lf4"h5dr0xAben201c Ac1d

A suspenSLOn of 5 g. of 3 g = dlmethyl 4—am1nobenzolc
acid in 50 ml. of .concentrated sulfuric acid was heated
until the 'solution became clear, and cooled“by‘addition

~of ice and immersion in an ice bath. A ‘solution of 2.2 g.
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of sodium nitrite in 10 ml. of water was quickly added with
stirring to the cold amine solution and the 'stirring con-
tinued for about 5 min. ' The reaction mixture was removed
from the ice bath, heated:nearly to boiling, and allowed
to cool to room temperature. The mixture was filtered by
suction and the crude product washed well on the filter,
Repeated heating with decoloriging charcoal in 95% ethanol
solution and repeated recrystallizations from an ethanol-
water solvent pair yieided‘about 1l g. of product, m.p.
226.5-227.5° (1it.?3
eq. wt.,, 166, Found: 166 + L.

'218°). _Anala Calcd. ﬁqr C9H1003:

Anhydrous ‘sodium carbonate was added to a soluéion
of 3 g. of crude 3,5-dimethyl-4-hydroxybenzoic acid in 200
ml. of 50% gthanol solution until the litmus ‘end point was
reached. The 'solvent was removed by warming under reduced
pressure. EBEight milliliters of ethyl iodide and 200 ml. of
absélute ethaﬁoilwere added to the dry sodium salt-excess
sodium carbonate ﬁixture»and the ‘resultant mixture refluxed
for 36 hours. The reaction mixture was cooled and acidified,
but the product was obtained as an oil. The 0il was extracted
wifh ether, the‘gther removed, and the residue dissolved in
10% sodium hydroxide solution. The mixture 'was filtered and

the filtrate acidified with 6 N hydrochloric acid solution,
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The resultant mixture was filtered and the crude product -
"waehedeell,onvthe filter. Repeated recrystalllzatlons
‘ftom.an ethanolewatef7Solvent-palr.ylelded about'l»gq~of“.;
& white powder, m.p. 186-188°. " Anal. Caled. for Cy;H;,05:
‘eq. wt9;_194¢ Found: '195,;72, | - -

'~K, 3 5= Dlmet}:l éJ

O S
arbox bEnZOlCPACld

o :t MeSLtylene was acetylated and acetome31tylene

=ox1dlzed accordlng to the method of. Hufford and NoyES.Zéa |

-quantltles of an-unldentlfled fluorescent white solld;were.
dbtéiﬁéd in addition to the dicarboxylic acid. . The dicar-
boxylio{ecid was extracted with and initially tectystallized
1‘fmom‘95% ethaﬁolfeolution Flnal recrystalllzatlons were
‘made from glac1a1 acetlc ac1d9 and flne white crystals;

-mop 302a304° (11t 25 297~ 293 ),wereobtalned Anal.; Caled.
for C10:1004v eq. wt s '97.. Found: 98 & 1, B o

ALgl 3$5 Dlmeth¥1-4~carbomethoxzbenZOLC Ac1d
l“ regaratlon of the Dlmethgl Ester°-~The procedure '

26 Anhydrous

used was a. modlflcatlon -of the method of Fetst
'sodlungarbonate was added to a solutlon of 5 gg-of ‘the
3dieatbdgy1ic-acid'in abouthOO_mlq,of’50%'ethanol solution |
untiiuthe'iitMusuend pointlwas reeched° :The solvent was
'tehove& bf-warming‘under reduced pressure. About;lo g. of

:diMethyl sulfate and ZOQ-mltiof methanol'were added t?,Fhéf~'
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dry sadium Salt excess sod;um carbonate mlxture and the :1~7"7
reactron mlxture refluxed for 40 hoursor ‘The ‘excess. methanol
was removed by warming under reduced pressureg‘ The res1due‘.
was extracted wich ether, the ether removed and the new |
re31due vacuum d:;.st:.lled° The dlmethyl ester b011ed at i
120-130°/0'5-1 5 mm. and-melted at 70-73°°( It was used
wlthout purification in the next step C o

2? Partlal szrOlXSlS of the Dlestero--A solutlon

of 3 g. of the dlmethyl ester, 5 .g. of potassrum-carbonate, :

~ and 200 ml,. of 50% methanol solutlon was refluxed for one
hour, ‘The clear solutlon was acldlfled wrth 6- N hydrochlorlc
acid solutron and the mlxture frltered by suctlon to collect

. the precmpltate The crude‘product-was recrystalllzed from
water and long white crystals,’m p.152. 5- 154° (lit, 27 154°)§/'A
‘were obtarned,"éggié. Ca}Cdf.iqr-CllHLZQAf]ﬁeqi.wc°}'208" |

Found: 209 iFLD

M. 3.5- Dimethglbenzoic Acid

Me51tylene was ox1dlzed acc@rdlng to the procedure
~of Snyder, Adams and McIntosh Jrrzs_ Repeated recrystalllza- .
. tions from 95% ethanol solutlon ylelded shlny Whlte leaves -
m.p. 172-172.5° (1it.2? 165.5-166. 50). “Anal, Calcd for

'CéHlOOZ; eq. wt.; 150,' Feuud: 15; i-la
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1I. Determination of pK;'s

The sampleS“to be run were dried at 505‘for 24
hourS‘under:4~% mm, pressure. Duplicaté determinations
were made on each compound and good agreemeirit of values
was*oﬁtained. _ ‘ f

In a typical determination, a tefidnwéovered magnetic
stirring bar and 50-125 mg. of samplé~were placed in the
titrating vessel. Exactly 50 ml..of anhydrous ethanol was
pipétted"intd’the’titrating vessel and the sample was .
allow;e"‘gd.}tc.).*dissolve° As soon as solution of the sample
Waschﬁﬁleteg 50 ml. of ion-free water was pipetted into
the titrating vessel, The pdtentiometric titrétioﬁs were
followed on a Beckman"Mbdel G pH Meter, standardized before
'éach run with Beckman pH 4 buffer. After each addition of
base, an equal volume of anhydfous alcohol wag added befofe
‘the pH was recdfdedg The solutions*were=constant1y‘stirred
énd‘all titrations were carried out at 25°,

Carbonate~free sodium hydroxide was used’as titrant.
It was standardized by titrating against potassium acid

' Phthalate samples in 50% ethanol solution as above. -
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