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^ABSTR^A.CT

îne decarboxylatíon of salicylie acid in
quinolfne has been found to be first order with
respect bo Ëhe aeid. The influenee of subsËiËr¡ents

on Ëhe raËe of decarboxylatÍon of salieylic acid

has been studied and the Hannett equation applied

to the data. In general, electron-donating

substituents have been found to favour and electron-

withdrawfng subsültuents to hinder decarboxylation

in quinoline.
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.TNTRODUCTTON

The sÈudy of the effecË of changing substituents on the 
=.,¡:,,1reactivity of a compound has fo¡red the basis for a large parË ,'.,..,.",,

of physical organic chemistry. Hamrnet,t, who firsË defined and

organÍzed thls fÍeld. of chemistry, related subsÈiËuent effeets
in aronatic compounds Ëo acÍdities aad. reaction rates. This -.,i,':

¡,1,..t,.,.',

relatlonship is knorsn as the Ha¡n¡nett, equation. Ha¡meËtrs 
:..).:::::.

substituenü constaats are val1d. for reaetlon sites on benzene r''1"..'

sid.e chains. For reacËions wiËh the reaetion siÈe on Ëhe

benzenenuc1eus,H.c.Brownhasrecent1yprovid'ednewsr¡b-

stitu.ent consüants.
'

iRate data were obtained in this laboratory by 
l

Prysiazniuk on the decarboxylation of anühra¡ril-ie aeÍd ín 
i

ì

boiling niÈrobenzene. Since the reacü1on obeyed second. ord.er

kinetics and. electron-d.onating subsÈituents favoured. d.eearbox- 
:'

:.- ,

ylationr âB electrophilic replacenenË of the carboxyl by a ,jË
-:-":''_proton from another acÍd molecule was postuLated. An applica- ;,,..-l::

tíon of the l{amqreËt equation to the rates of d.ecarboxylation 
:'' '

showed a reasonably good fit when either Ha¡nmetËts or Brolrnrs

substiËr¡enb consEants were used,.

To fi¡rther Ínvestigate the mechanism of deearboxylation

of aromatic acids and to test the appli-cation of the Ha¡nraett

equation to decarboxylation rates for other aromatic acids, the

study of the rates of decarboxylation of substituted salÍeylic

iìl;:rl:-::l-
;:L.i::':.::1':
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acid uras begun and is Èhe subject of this thesis. It raras

desirable to nse the sa¡ae sol-vent for the study as that used

for anthranilÍe acid., namely nitrobenzene, but the rate of
decarboxylation of salieylic acid in nitrobenzene was found Ëo

be too slow to be suitable. QuinolÍne was ühen chosen as

solvenË where d.ecarboxylaÈion was found Ëo be about fifby tines
faster for salicylic acid.

i.ir.l 1::



HTSTORIC.A,L

Ohemists have observed. the decarboxylaüion of earbox- ::
ylic acids and have nnad.e use of this mode of deeonposition in :1i:r:r'r:'rl

syntheses since the early days of chenistry. The first
deearboxylation reacËion *ras reported by Gay tussac who observed 

,ì.::!,:i:::ri:,,r.:

that carbon dioxide was evolved when anhydrous oxalic acid was ,:l'.-¡liiti.

heaËed (11) . The deconnposition of malonic acÍd into carbon ,i,.,,,,,,.i ,,
' :: l'.:,..¡'-:

dioxide and. acetic acid, which as a type reacbion has become

one of the most wid.ely used. reactions in organic chemistry, was

discovered by Heintzel ín 1866 (t6¡.

Early reports showed that elecbron-withdrawing groups

atbached to the / carbon of aliphabic acids decreased bheir

stability. Nitro-, cyano-, sulfo-, monochloro-, dichloro-r and

trichloro- acetic acids v¡ere reported to d.ecompose with

evolution of carbon dioxide, whereas acetic acid was found to
., ..'=..i.,i1'remain undecomposed ftbelow a dulI red heatlr (20). Moreover , 
r 

.',
numerous early authors stated. that soda lime and. organic bases '';,:l;',',,,.",',.,;ì,

facilitated d.ecarboxylation (trZOr30). This evi-d-ence ind.icated. 
:

that the anion of an aliphaLic acid decarboxylaüed more readÍly

than the free acid and. that the roLe of the electron-withdrawing .,,:.,::.r.,:,i

group or the organic base was Ëo aid ionization of þhe acid to 
i:r:-' =1ii

its ani-on.

.

However the ease .of decarboxylation of aromabj-c acids

showed opposing tendencies. Although benzoic acid. was found to ;:¡'r ;,
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be stable aE 3g}o C. in a sealed. tube, Zrl+r6-trinÍtrobenzoíc

acid (20) and 2,1+r6-Erlhydroxybenzoic acÍd (L7) could both be

decarboxylaËed in hot w'aÈer. Henmelmayr (17) reported the

results of a stud.y on the ease of d,ecarboxylation of over forty
hydroxy-, bromo-, nitro-, and amino- benzoic acids in water and

aniline. He found that in a series of mono- or dihydroxy-

benzoíc acids at least one hydroxy group r^ras needed in an ortho

or para positÍon to induce d.ecarboxylation under the given

condÍtions. However electron-r'¡ithd.rawing groups such as bromo

and niüro substituenbs attached to an acid with ortho and./or

para groups facilitabed, d.eeomposition. The following exalrples

are cited:

ïn boiling anlline
for I hour

ïn boiling aníline
for t hour

ïn boiling water
for I hour

COOH

o
AH I4%

c00FI

o,"
OH

5t+i6

c00H

-,o;i
OH

I+t$"

DecarboxylaËion

CTOH

o'-
3Lf'

cooH

'"O*
OH

96"/,

coou

oo-
OH

t+gíß

NH

Relative

ì,ct0H

,ooo*
o/,

COTIÍ

o
OH

tt+fr

#r'
25/,

Amounb of
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Early reports have also sËated that connon hydroxy

aromatic acÍds deearboxylaÈed in the melt, for example,

salicylie, 2-hydroxy-1-naphthoic, protocatechuic, garlic (20)

and nr¡.nerous substituted salicylic acids (t). Anthranilic ..i¿
and meta and para aminoben zoíc acÍd.s (2o) were observed. to
d.ecompose above their melting points to yield carbon dioxÍde

and anil-ine.

Ir4ore receRt investigations attempbed to deËermine the
kinetlc rate law followed by an acid undergoing d.ecarboxylation

in order to establish a mechanism for decarboxylation. B.R.

Brown in a revÍew article titled, ttThe Mechanism of Ther¡nal

Deearboxylationn, (4) classified dàcarboxylations into uni- and.

bi- moleeular electrophilic replacement reactions.

the ',uni-mol-ecular reactions, which he calIed SEl, were

dÍstinguished by the following rate-determining steps:

H+(solvent )
R- + COZ B-H + COZ

/.oR-c: ------à
'o-

(a)

(b)

Reaction schene (a) shows d.ecarboxylation occurring from the

anion of an acid and proceedÍng through a carbanion inbermediate

which obtains a proton from the solvent bo form the product RH.

Reaction scheme (b) shows a zwitterÍonic form of an acid

undergoing decarboxylatíon again through a carbanion interrnediate

. ,,O (solvent )Ht-B-t- -----> Ht-R- + COZ B-II + COz\o_
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whieh exchanges iËs proËon wÍÈh the solvenü to for"n the producË

BTI.

Fírst order kinetics were found. for the d.ecarboxylation

of aliphatie acids that contained electron-withdrar¡rrÍng groups

aËtached. to the d carbon. Xxa.urples of these were the d.ecarbox-

ylation of trihalogen acetie acids (t+), dibromonalonic acid.

mono-anion (25), andd-nitroisobutyric acid (ZT) in water.

Since for the brihalogen aceËie acids the aetivation enefgy for
the decarborrylation of the sodir¡n salt was found to be identical
Ëo that of the aci.d it was concl-uded that decomposition occurred

from the anion. .0.lso in the laÈter two cases it couId be shor^¡n

by varying Ëhe hydrogen ion concentration in buffered. acid.

solutions ËhaË decarboxylation proceed.ed. from the anÍon of Ëhe

acÍd. For these acid,s a carbanion intermed.iate was deËecËed by

addlng bromine üo the acid undergoing decomposition.

Acids which decarboxylated from the free acid were

those where zwit,terion formation or j.nËernal hydrogen bonding

could occurö Picolinic and. quinaldic acids (l+l ïrere exarnples

u¡here decarboxylation was believed to occur through the zwitter-
ion of the acid . þ -x"to acid.s such as o(r<-dimethylacetoacetie

/
and malonÍc acids (4,) were thought to decarboxylaËe from an

inLernally hydrogen-bonded form. The net effect of the forma-

tion of a zwiËterion or hydrogen-bonded form of the acid was

to make Lhe earboxylrþre or completely anionic. This evidence

has allowed, Bror¡¡n and. Ha¡rmick (4.) to d.erive the following

l.:.,i :: -: .l.l
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empirical rule from experimenta] resulbs, namely that the

carboxyl group is usually in the anionic form before Sg1 decar-

boxylation.

For the bi-nol-eeular replacenent reacËions, SpZ, the

foLlowlng rate-deterrninS.ng steps Ìr¡ere gÍven:

n-c'a * Ht --+R-Ii\0-

(c)

+ COZ (d)

These reaetion steps depend oa the attack of a proton on the

c( carbon of the free aeid or anÍon.

The bi-molecular replaeement reaction was fÍrst suggested

by Schenkel (31) in 1948 who found that anthraeene-9-carboxylic

acid was decarbáxylated more readily in acidlc than in basic sol-

vents. However exanples of decarboxylation in acidÍc aediun had

been reported, much earlier, e.g. in 1879 aniline and carbon

dioxide were found as products when p-aninobenzoic acid was heated

in coneenbrated hydrochloric aeid (341, and in Lt99 mesj.toic acid

(2rtrre-(AEl]:COttrCOOttl was reporËed to decarbo:qylate Ín boíling 
¡,¡;*:¡¡r

phosphoric or hydroiod.f e acids (22). Numerous investfgaËions have l,",ti,..,,,

sÍnce shor¡,rn bhat rat,es of d.ecarboxylation of various aromatic

acids, which have a high electron densiby on Ëhe carbon o( to

Èhe carboxyl, are in faet proporËional to the hydrogen ion
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concenürabion of the solvenü.

The fj.rsË quantitaËive evidenee for the binolecular
mechanism was produced, by schubert (32) who found that Ehe

d.ecarboxylation of mesiËoic acid in sbrong sulfuric aeid üÍas a

pseudo first order process r^rith the rate varying with ehanging

acid concentration. Willi (,36) and Liquori (21+) both found the

raüe of d,ecarboxylation of garninobenzoic acid. Ín hydrochloric

acid solutions to be approximately proportÍonal üo the concen-

tration of the free organic acid.. However stevens (3Ð suggesËed.

a mechanisn for the d.ecarboxylation of anthranilic acid in
acqueous sulfuric acid wh.ich posbulated. an attack of a proËon

on the zwitteríon of anthranilic acÍd.. Brou¡n and lia¡nmick (j)
used liquld resorcinol as solvent in a study of the raËe of
decarboxylation of 2-, Zrh-, and 2rl*16- hydroxy-benzof.c acÍds

and their data ttÍas consistent wit,h the bÍnoleeular reaetion

mec-hanism, the solvent acting as a proËon d.ongr.

ït Ís interesting to refer baek to Hennelmayrts work

(page l+'t and note that a bimolecular mechanism can explain Ëhe

feculÍar resulüs he obtained., naroely Ëhat sËrongly electroa-

donating groups Ì{ere necessary to induee d,eearbo:rylatlon and

ühat el-eetron-withdravring groups then facÍl-itated, d.ecarboxylat-

ion. He did not measure rates as such, but dete¡uined amou.nts '

of carbon d.Íoxide evolved., when a series of acids rn¡as heated in
boiling water or aniline for one hour. Catalysis by phenolíe

products whose acid. strengühs increase wj.bh eleetron-withdrawÍng
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groups would yierd a resurt as observed by Henme}nayr (refer
to examples cited on page {.). This observaËion is furËher

borne out by reports ühat the anÍsic acid,s can be distilled
under vacuum without deeompositÍon (20) whereas salicylic acíd.

n¡ill decompose almost completely inio carbon dioxid.e and. phenol

ab a similar temperature (1). Although the nethoxy group Ís
only slightly less electron-d.onating than the hydroxy group (21),

the anisic acid,s apparently do not d,ecarboxylate readily in ifre

nelË, probably due to lack of eatalysis by product.

More recent studies on the effect of subsbibuenüs on

the rate of d.eearboxylaËion brere made by Beringer (3) who found.

that the rate of decarboxylaËion of mesiüoic acid in aqueous

sulfuric or phosphoric acfds urere relatively insensitive to
changing electron-releasing substíËuents in Ëhe position meta

to the carboxyl.

An investigation into ühe effecb of para substÍtuents

on the rate of decarbo:rylation of arylidenemaLonic acid

derivatÍves in boilÍng pyrÍdine was mad.e by Corey (8). The

Han¡oetË equation was applied to rates of four substituenÈs and,

a smooth curve was obtained instead of a straight line as

predieted by the Hammett equation when flammettls subsÈitr¡ent

eonstants were used.. However these poinüs show a linear
relationship if plotted agaÍ.nst Brownrs substituent constanüs

which appeared, in the lÍterature mueh later.

l::ì::)!:.
i;:.',ir',::j
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lüilli (35) found the rates of decarboxylation of
g-nethyl-, g-raethoxy-, g-hldroxy- and g-amÍno- salicylic aeids

increased ia that order ín aqueous hydrochlorÍc acid solution.
These raËés showed a good linear relationship when the logarlËhn

of the rate constants rtere plotted againsË Brownrs subsbÍtueat

cônsbants. It was evident Ëhat a proton attack on the o( carbon

of'salicylíe acíd was the rate-deterraining süep.

Prysiazniuk (291 for¡nd thaË electron-releasing subsËit-

uenbs favoured d.ecarboxylatlon .of anthranÍ1ic acLd Ín boiling
nitrobenzene and. since the rate showed. second. ord.er kinebics

¡¡ith respeèt to .the acid, a proton attack on carbon o( by another

acid moleeule'was postulated. The d.ecarbo:<y1atÍon of g-aninoben-

zoic acid u¡as_ also found to be second order and autocatalysis

was observed for the d.ecarboxylation of g-hydroxybenzoÍc acid

in nitrobenzene.

The problen of deöemining the role played by a parti-
cipaËing solvent moleeu-Ie in a decarboxylation reacülon has

been attacked, by Yankruich (fO¡ and. Clark (7ll, Yankwich found

the deearboxylatíon of malonic acid (and to a mueh lesser exËent

the nono-anioi) was catalysed by quinoline. The reaction showed.

firsË ord.er kinetics ¡¡iËh respect Ëo the acid and the rate was

proportlonal to the concentratfon of quÍnoline in an inert
solvent. A spectroseopic sËudy of the free rnalonie acid in
quinoline-dioxane solutions showed carboxyl soLvation ¡¡hich was

not shown by the anÍo¡r. It was thoughË that the d.irect influence
;..: . !
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of the quinoline l4ras probably on the hyd.rogen atom of the câr-

boxyl group resultj.ng in a hydrogen-bonded söructure of the

follou¡ing type (38 r37) z

,/
- 0-H --- N

\

A series of rates of decarboxylation found for malonic acid in
dfoxane eontaining progressívely larger a¡nounts of qufnoline,

v{rere extrapolated Èo pure quinoline and Ëhis value was found to
be higher than thaü observed experÍ-roentally in pure quÍnoline.

Yaakwlch concLuded that carboxyl solvation in the free acid

though apparently a necessary prerequisite to the specÍfic

catalytic aeÈion of quinol-ine was ninËrinsicallyß fnhibÍtive
to the course of d.ecarboxylation.

Clark (7) nade a systematie study of the kinetfes of
i

deeomposiË1on of malonic aeid innon-aqueoTrs basie type solventso : 
:

The daËa showed that an Íncrease in Ëhe effective negaüive 
i,..,..,;.i

charge on the nucleophÍlÍc atom of the solvent lowers the ,"'""''
,'. ,t t, '..,

enthalpy of acËivaËion of the reaction, Ðd Clark sËated thaË i,:,,t,i-,

thissubstantiaËedapostu1atefirstmad'ebyFraenke1and
Tankwich (10), naraely that in Ehe deeomposibion of malonic acid

in quinolLne a transition compJ.ex r,sas forrned between the carboxyl .ì:¡...: l

ii:rril::fi
carbon atom of the acid and the unshared pair of electrons on

the nitrogea atom of the a¡aine. As mentioned (page 10) Yant<wieh

maÍntained in later publicaËj.ons that malonic acid solvation

ín quinoline occurred through the carbo:<yI hydrogen. C1ark also
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showed froa hÍs kÍneüic data that the entropy of acËívatioa

became progressively more negaËÍve as the sberic requlrements

of the catalytic solvent increased.

i':-.lY:iti*l



EXLERI}6ENTAL

Materials
, ' ,, 

., .'

Quinoline, syntfretic grade, nas dríed over potassíun

hydroxid.e petlets and. fracti.onated. under vacuum. The fraction
at 101 - 1030 C. (8 - 9 *r.) was collected and sbored over ,: ,.i

' 
"'t;;t 

t" 
'

' poÈassium hydroxide pellets. The index of refraction was 1.6Zln6 .,''";:

i at zio c. (lÍterature value , n|h'9 L.6zb5l. ,ì,,-,,- ¿J 
..:,,.,,,.:

Most of the subsËiËuted salicylic aeids were available 
ì

eommercially aRd are listed in Tab1e I with relating d.ata. 
:

i

, Except where a solvent of recrystallization is given, the acid.s 
l

were found to have a sharp nelting point (about .5o c. ) and 
l

I

vrrere used wíthout purification. A. sharp nelting poÍnt for the 
i

acid was used as criteriæ of purity. The remainj.ng acids

studied ulere synthesized. as d.escribed in the following para-

graphs. Since only small quanbÍties of an acid 'h¡ere required, ,, ,,,,i

, 
yield was sacrificed for puri-ty in recrystallizati.on steps. t:,:''.:

, ,,,..,

:..::.:-:..

All melting poinÈs below 2350 C. were debermÍned in a ',".'

ÏIershberg melting poinÈ apparatus (1S) using conventional short

Anscfiütz enclosed-scale thermometers for which the calibrati.ons
:. ' i:. .,

had been checlced against a platinum resistance thernomeËer. i¡.:¡.'ji'

Thesi1iconef1uidintheapparabus.t,,üasheatedexterna11yby

resistance wíre wound arounci the base arm and controlled by 
,

means of an Autotransformer. Ternperature reproducibility of
È.1o C. was achieved with sone care. 1.','',
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5-Mglhoxylalicylic acid was prepared by methylating

5-hydroxysalicylic acid (1L). A solution of 7.1 gm. (.O52 moles)

J-hydroxysalicylíc aeid. (Eastman Organic Chemical) :.n 40 nI.
101 sodir:m hydroxide solution (.1 mole) was refluxed with ) m!.

dimethylsulfate (12.L g&o ¡ .1 mole), The latter and, another

4.0 ml, LO% sodíum hydroxid.e solution r,Íere added. in small a¡nounts

alternatively over a period of four hours of refluxing. The

cooled solution was acidified with hydrochloric acid r'¡hich

precipiËabed bhe impure 5-methoxysalicylic acid. This acid was

filtered and refluxed. with I0% sodir.m hydroxÍde solution to
hydrolyse esLer impurities. The acid rrras recovered. by acidifi-
cation and after recrysballization from benzene and from water

the yield was 2.8 gm. (37% of Èheoretical) wiËh melting point

Ll+5.7 - Ib6.2a C. (literature values, !t*3.5o (14.), Lt+5 :rh6o C.).

l+-Methoxysalicrr] ic acid uras prepared by methylating

d-hydroxysalicylíc acid (te¡. The same meühod was used as in
bhe preparation of 5-methoxysalicylic acid. [-Hydroxysalieylic
acid was an Eastrnan Organic Chemical. The yield was 1.5 gtro

(ZOy, of theoretical) wibh melting point 1-55.g - 156.30 C.

(literature values, I5ù,o , !57o c. (12 ) ).

5-Methylsalicylic _acid r/ìras prepared by reacting p-cresol

r¡¡:ibh carbon tetrachloride and potassium hydroxide in the

presence of copper (3g). Amixture of 66 gn. (.61 mole) g-cresol,

3OO gm. (2 noles) carbon tetrachlorid.e, 200 mI. )Ofo poïassium

hydroxide solution (l.J mole) and J gr. copper (B.D.H.

.'r" 1Ì::
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rprecipitatedn) were stirred under refl-ux for two days. The

rnixture was acÍd.ified with hydrochloric acíd and. t,he excess

carbon Ëetraeh1orid.e evaporaËed. A layer of excess g-cresol
containing a large part of the desÍred product remaíned on the

surface of the solution. The E-cresol layer uras poured off and

¡¡hen the aqueous solution cooled crude 5-raethylsalicylic acíd
preeipitaËed and was filËered. The remaÍning product in the

g-eresol layer was obtained by exbracËing vnith boÍling water.

the g-cresol could be separaËed froue the aqueous solution by

filtering through a wet filÈerpaper in a heaËed, funnel. Tie1d.

of crude produet after five extractions uras 2o gn. (65f" of
theoreüical). Âfter Ëwo recrystallizations from water I gn.

pure prod.uct ï,¡ere recovered wíth nelting poinË Lt'9.6 - L{jO.6o C.

(literature values, rU6 - LItTo ßg') , ljlo , Li,zo, L5jo c. )

l+-Nitrosalicylic acid Ïras prepared by treatíng 
'

4-nj.Ëroanthranilic acid Ìrith nibrous acid. A solution of 9.1
gm. (.05 mole) &-nitroanthranilic acid (prepared by Prysiazniuk ,,'.-.

(29\) in 33 mL. concentraËed su,lfi¡rÍc acÍd and lr5 ml. ¡¡¡ater was :tt,,
cooled. to 5a C. or less and. stirred with a magnebic stirrer.
A solution of l+ gn. sodil¡m nÍtrite in 10 ml. water was ad.ded

in snall- a¡nounts olrer a period of elght to Ëen minutes. ^&fter ,:;::.:,,i,:;i:,!:::r rÍ i,:i'

stirring the solution for anoüher ten bo fifteen rcinutes, Ít ¡¡""i'rt"'"':

was poured i.nto 200 mI. boiling vn¡ater. The solution was boiled

briskly and cooled.. J-NiËrosalieylic aeid. precipitated on

cooling, ffid after two recrysËallÍzatj.ons from aqueous aLcohol



lt

3 r ürere recovered (33% of theoretical ) wibh nerting point
234.8 - 235.3 o C. (literatu,re values, 2260, ZZ9 - Z3Oo,

2350 C. ).
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ApparaË-rlg

Apparatus for Manometric Runs

.,"-..t't-.t'

The raües of decarbo>cylation for most of the acids üiere :::'': :

followed manometrically in a system as shor.m on page L9.

The reaction vesselr âs drarm on page 20 (dimensíons 
,,.,,,,,,,,,:

j.n cn. ), was br¡ilÈ out of a 3l+/l+5 ground glass joÍnt designed :' :' :

to hold J n!. of soluüion and about 15 c.c. vapour Ëo be ther.n- ,.,,.,;..:"'

ostabed entirely throughouË a run. The tube leading out of the

reaction chamber and. connecËed to a manometer hras of 2 wm.
'

eapi11arytubingsothaüamininrr¡nvo1r¡¡ueofgaswasexposedto

varíations iR room temperature. Near the reaction chanber 6 tnt".

tubing, 2 cüt. in lengËh, was included to prevenË cond.ensed. 
:

solvent frlm rising up the capillary and into the nanoneüer.

I

The reaction vessel was kepb at 200.0 t.Io C. in a 
::

manostated ühemosËat, page 19. The ther-oostat eonsísted. of a ',: :. :.:.
,... 

_a: _': :. :.:.:. 
. :!

2-litre flask containing boiling nitrobenzene manostated at .,,,,,,,,,ii

600 nr¿. pressure and heat,ed with an electric heaËing nantle (ll) ':':'::::::;:

regulated at 80 volts by an Âutobransfor-s¡er, The tenperature

in the ther,oosbat was measured by an iron-constanÈan thenno- 
,,..,,,,.,,.,,,,.

cor:.ple (T) permanently placed in a thermocouple well (W) . The ffi;i
dÍfferenee Ín poËential created by the hot and coLd juncËioa

of the thenoocouple, (the cold. junction was kepb in ice water in
a Dewar flask (J)) sras measured wiËh a Tinsley portable

potenÈiometer type 318¿lD (p). ttReference-Tables fon Thermocouplesü :1:,,.,,,,,,,',,
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(20¡ hrere used bo converÈ potential difference üo temperaËure.

To obtaÍn a constant and reproducible temperature in
tbe the¡rostat, it ldas neeessary Ëo manostat the therrnostating

liquid., and preferably near atonospherlc pressure. A mano-

stabing system as shown on page 19 was connected through a

condenser (N) to the thermostat. The source of low pressure

for the manosËat was a waber aspirator (Å), kept in constant

operation d.uring a run eonnected bo a flask (f) provided with

a capÍllary leak (f). When the manostat regulator (R) actívated.

the electronic relay (g), the valve (G), a Honeyweli solenoid.

gas valve model Vlþg5, opened the sysËem to the Iow pressure

flask and Èhe pressure in the Èherrnostab was decreased accord-

1ng1y. To avoid surging and exeess overbhooting a bal-Iast

flask (B) and a eapillary (C) were Ínserbed between the

thermostát and. the low presuo"" flask. The manosbat was found

to fr¡.netion more satisfacÈorily if the system was provided wiËh

a small leak (1,,). The pressure in the system could be read

on bhe manometer (U). A drying tower (D) filted ùf"ith Drierite

placed between bhe water aspiraLor and the system kept water

vapour from entering Ëhe theruostat. The system was opened. bo

bhe atmosphere through a stopcock (S). The manostat regulator

could be adjusted to any pressure regulatlon, by evacuating the

system with the regulator stopcock (T) open, and ab bhe desired

pressure closing it again.



-22

Appar+tus for Gravj¡netric Runs

The rabes of decarboxylatÍon for sone of the acÍds

were followed gravimetrically bo check Èhe rate constants

obbained by bhe manomebric method. Since the gravimetrie

method is based on Ëhe measurement of the irreighÈ rather Ëhan

the volume of carbon dioxide produced a less elaborate temp- i1,l;:,r¡,t

erature conËrolling system was required. to produce reproducible 
r'j':'::¡ ':1::':'

decarboxylation rabes

the reaction vessel¡ page 20, was similar to that used

by PrysiaznLuk (?9) but of slightly modified design. The vessel

was built from a 34/t+5 ground glass joint and was designed

wÍth a gas inlet as well as a thermocouple well. A cavi.ty near

bhe top held the sample pellet before a run was begun. A f9/22

ground glass joinL connected bhe flask to a condenser.

The reaction vessel was kept at 2OO.0t.2o C. in a
: -l:-.::i':l:::-'

L-IiËre thermostatr page 23, containing boiling n'ïtrobenzene at ':',i¡.:,:.,.:,
; : . :'. r-:': .::.

650 mlr.. pressure heated by means of a heating manËle (H), con- i;',',:,'it:';ll;i':t:'

trolled by an Autotransfomrer set at B0 volts. The thermostat

was connected through a condenser (U) to a low pressure flask
(E) which in turn was evacuated by a water aspirator (A). The i;:r¡¡x¡r;;,;,:.,

i;:.ii:ir,.,,:,:€ir:,

pressure was adjusËed with adequate sensiËivity by a leak

controlled with a pinch clanrp (Y). The temperature was

deternined in an identical manner to thab described on page 18'
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The absorption trainr page 23 t consisted of two

condensers (LrQ), a n-butylphthalate bubbler (B), a drying

tube containing indicati.ng Drierite (D), a Ëïro-vray stopeock (S), 
,.,,,,.

absorptíon tubes containing Caroxite (an indÍcating .å.scarite )

(CrC), another two-vray sbopcock (S), a DrierÍte U-tube (G), an

Ascarite U-tube (U) and a florrymeter (F). The condensers were 
.,,,,

of the Liebig (t) and. Graham (A) types and,, with Ëhe n-butylph- ,'':l'

thalate bubbler completely elÍminated organic vapours from the ll,;:.l

Ërain. n-ButylphËhalate is suÍtable because of its l-ow

vo1ati1ityandgood.so1ventproperties.ThedryíngËube(D)
served to remove water vapour which may have entered the system

when the apparatus Ì'ras opened. The gas strea¡o could be 
I

directed, to either absorption tube by neans of the Ëwo-way

stopcocks (SrS). The U-tubes (G) and (Ii)prevented atmospheric 
l

i' water vapoÌrr and carbon d.ioxi¿e fron entering the absorption ,

tubes.Thef1owrateofgasËhroughtheabsorptionbrainfor
d.ifferent mns could. be eompared. by means of the flor,vmeter. i-i,,t,

;.',r-,,Nitrogen, which was used to sweep the carbon dioxide out of ,ri
the reaction vessel and along the train, lüas passed through

Ðrierite (K) and Ascarite (M) U-tubes before entering the rea-

ction vessel. '

ffi

i. ..:.i:
!.i .1
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Procedure

Manometric

The reaction vessel was cleaned w1üh hoË ehromic acid

cleaning solution, water, aeetone and ether and dried in a

vacuum oven over-night. Before a run the vessel was allowed.

to cooL whÍle connected to a vacuum pu¡ûp and dry nitrogen was

adriiËted into the vessel afüer the punp was disconnected. The

acid to be d.ecarboxylated was weighed on a Bunge balance in a

l-O n1.. weighing bottle and. 6 mJ-. quinolÍne were added from a

10 rs.l.. syringe. Iflhile solution was being attained, the

weighing bottle was sbored in a desiccator until its use. A

quantiüy of 5 mI. quinoline soluti.on was iajected into ühe

reaction chamber j.n each run by means of a hypodermle syringe

fiËted wiËh a [-inch needle. For those acÍds whieh decarbo:rylated

quÍckly the vessel was placed into the the¡uostat to heat up

'to 2OOo C. before the soluËion was injected.. Âfter about five
minuËes an open-end nanometer of 2 mn. capÍI1ary was atÈached

firmly to the capillary of the reacËÍoa vessel with a 3 crtr.

length Tygon tublng and the þressure readings taken as a

function of time. .An electric second counter was used to

indicate the tine elapsed from the beginning of heating. After

at least three half l-ives of bhe run, a final pressure reading

was taken.

i....:.

r:.:.. :.'

i1:.ì:.:

| .i:-:
jii":l

:,::! i:
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.A,s described, speclal precautions were taken to keep

the quinolÍne solution and the reacbi.on vessel dry. Quinoline

is reported to be very hygroscopic (21 and iÈ was found thab

rates of decarboxylaËion were accelerated Íf Ëraees of moisture

conta.mÍnated the solution. Since Brith our present system the

iniËial coneenüraüions could noÈ be calculated explícfbly, the

final pressure reaciing on the manometer was taken as propor-

tional to the ÍniÈial concentrablon, i.e. the concentraËion at

the ËÍme of conneetion of the manoueter. The reporËed nolarj.ties

were caleulated on the basis of the weighË of the acid and the

volume of quinoline added, The maximum solubilÍtíes of some of
the acids in cold quinoline l¡Iere snallr fu-E:_ .02 M for þ- ar1¿

5-nitro- and 5-¿¡11ino- salicylie acids, and thus only snal1

changes Ín pressure with Èíne could be observed. therefore

precise temperaËule control $ras required for reprod.ucibilÍtl,

sj.nee pressure ehanges as a function of temperature vrere

comparable in magnítude to pressure changes due to decarboxy-

lation.

The kiaeËics governÍng the deearboxylation of salicylic
acid in quinoline u¡as found to be fÍrst order. One molecule

of salieylic acid decomposes bo yield phenol and carbon

d.ioxide.

i.-:l r1:: ii
l..i:.lr:i:ìt.:i
ir:::!.i:::'i'::.

c00H

OH

-_à

+
OH

coz
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For the reaction,

Acfdè Phenol + COZ

we have the follow"ing differential proporüionality:

_ $f^t o( [¿], .r. åå

where [nJ' the coacentratation of Acid at tÍme t
and P is the pressure of CO, aË time Ë. BuË,

[n]r a( Pr-Pr

where Pa is Ëhe final pressure reading. Then,

dP-,* = k(poo-pt)dË

where k is the specific rate constant. On inbegration,

tn**n(Pr-Pr)= - # t r losro(%-Po)

where Po is Èhe iniËia1 pressure.

The slope of the ploË l"gl.(P.o-Pt) vs. t is equal to

-k/2.3O3. The rate constanü, k, for each run was calculaËed.

frorn the slope of Ëhe best straighb line through the points of i:,, .

ir:;:¡:r',.,,.

the logro(P.o-Pt) gs.. t pLob. Table II lists the pressure 
iì;,r,,

read.Íngs for a Ëypical manometric run. The ploË of i:iì:ì:.:;':

1o810(&-Pt) vs. t for this run Ís showr on page 2p.

i..,',:.','.,
1',i.ì.r:: i:
i::i-ì;::r,,.
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Tab1e fI

TIET

.012 M. J-lilitrosalicylic Acid in QuÍnolÍne @ 2000 C.

Time _(_sec. ) Pressure (nm.HE) foE (Ro-p)

1500

2000

25OO

3000

3600

t+9OO

7 t+oo

8200

9000

LLz5O

13900

15000

L.862

1.837

1.815

l.7gL

L.7 60

r.696

1.600

t.559

r.5tg
1.1+15

r.322

1.255

17.0

22.Q

2b.l+

27.8

32.2

40.0

l+9.8

53.ti!

56.6

63.6

68.6

7l-.6

too (8 hrs.) 89.5 (p*)
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GravimetrÍc

The acid to be decarboxylated was shaped into a pe11et

Ì{ith a hydraul-1c pellet press. The peIIet was weighed oa a :,',,,

Bunge balance and placed. into the eavity of bhe reaction

vesselr pâBe 20. The reaction vessel- was pJ-aced into the

thernrostat, page 23 and nÍtrogen rras slowly passed. inüo the 
:r, 1,

vessel to sweep out abmospherie carbon dioxide and. moisture. 
"t"'

îhen 10 ml. quinoline were introduced. into the vessel r,riüh a :,',i¡,

10 c.c. syringe and the absorption train connected through the

two cond.ensers. The thennocouple was inserbed into the well

Ín the vessel and. the d.esired Ëeroperature üras obtained. quickly 
i

-by adjusting the pressure Ín the bhermosËaË and. the flow rate

ofnitrogenenteringthevesse1.idhenthetenrperatureremained
constant at 2OOo C. the vessel was turned so as to bring the 

:

cavity up causing the pellet to d.rop Ínto the solvent. The gas

strea.m was directed. into the weighed absorption bube by means 
:;:¡::

of the two-nray stopcock and the timer turned. on. The absorp- l,:¡,.:

tÍon tubes ïìrere weighed períod.ically. :,,;r,.,.,.,,

Iü was neeessary to have a good eondensing system

abovethereactionvesse1sinceafastf1owofnitrogenvt¡as
I r':':'' : i

,j used to minimize the time d.elay in the nrovement of carbon dioxid.e l,.ili*

from vessel to absorption tube. Hot quinoline quickly dissolved

the peIlet of acid after ib dropped into bhe solvenË. The

absorption tubes weighed about t¡.0 gul. and increases of weight

' of 3 to 10 mg. due to absorbed carbon dioxide ï¡ere weighed on , 1.
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a Bunge balance. The concentration of the solution in each

run was calculated on the basis of the acid weighed and the

quinoline added as solvent. Hov¡ever this concentratÍon was

checked. by having 6he run go to compleËion. The nr¡nber of
moles of carbon dÍoxide recovered ¡¡ere usually over 9O{" of tlne

number of moles of acid originally in bhe pel-let.

For the kiaeticswe have as before,
-:.'-.:'l:.'

¡: t: -- .1

loeto({o-x) = -#t* logtoxo

where X stands for the moles of carbon dioxÍde weÍghed. at tÍrne t,
and X.o stands for initial nr¡mber of moles of acid (in our

ealeulaËions Ëhe aecunulated mofes of carbon dioxide prod.uced

Ilrere used for fn") , and k is bhe specific rate constant.

The rate eonstanË for each run üras ealculated from Ëhe

slope of the best straighË line through the points of the

l"*l_O(&"-X) vs, t plot. Table IfI Lists the carbon dÍoxide

weights for a üypieal gravinetrie run. The plot of logr'lr*-X) 
., ,,,

vse t for thÍs run is shovi¡n on page 33.

i'r:,:,::¡-l:' 
''r,'ríri!.:iri :

iì-j:,,:fi
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Table III

TïPrCAt GR.âVIMETRIC RUN NO. g

.165 M. 5-Nitrosalicylic .A,eíd in Quinoline @ Z0Oo C.

Time (sec.) CO, Weight,s (gp.)
(x)

TotaL COc (nole)
(x x ioel

loe ()r."-x)

1200

2600

3500

5000

6ooo

7000

8500

10300

11500

.0090

.oo73

.OOlu6

.oa6h.

.0039

.0045

.0048

.0058

.oo29

2.OI+

3.71

l+176

6.zL

7 .LO

È.zz

9.2O

10.5

TT.2 .

16.r

-2.81+9

_2.got,

-2.929

-3.003

-3.0b3

-3.101

-3.158

-3.250

-3.308
t- (10 hrs,I .ozt7
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RESIILTS ^ANÐ OBSERVéTIONS

Tables fV and V list the observed rates of decarboxy-

lation of salÍcylle acid and thirteen subsbituted salicylic
: _:::..t:;:.:-;:,:

acids. ...._.::;:....i:

The decarboxylatíon rabe of salíeylic acid Ín quÍnoline

was found to be first order with respect to the acid,. For most

acids the plot of loSrU(P*-Pt) vs. b bras linear over a period

of tr¡o or three harf l1ves. For sone acids¡ €,A. 5-hydroxy-

and. 5-nethyl- salicylic acid a gradual increase in rate was

noËiceable after about one half l1fe of the f,trnr

Quinoline riras chosen as solvenË when decarboxylaËion

of salicylic acíd in nibrobenzene was found to be too slow for
a study of the effect of electron-releasLng as well as electrori-

l

nithdral'ring subsËituents on the rate of d,ecarboxylation. However ,

the few triaLs perforted, with salicylÍc acÍd in niËrobenzene :

shor'¡ed that second, ord,er kineties were obeyed, and. a rate i-::-:,,r::-;:.

constant of about 2 x I0-4 litre moles-l ssco-l was obtained.. 
t1';: 

',:'

:,iì, 
i:-,;.,,the eaüalyËic effect of quinolLne on the rate of decarborylation :1::: 

l

of sallcylic acid was thus found to be about fifËy fol-d..

ït was found that decarboxylation in quinoline proeeeded i,,: :..::,.:.::.

,,,,,.;,,.;.,
smooËh1yfora11substitutedsa1icy1icaeídsandonthegravÍ-
metric runs beËter than 9O/, of the Ëheoretical carbon dioxide

üras usually obtaÍned,. However the quinoline d,arkened, eonsid.-

erably for some acids after the reaction had proceeded for 
¡::i,,:::.::,rr:,r.:.,
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. 
sone ti-ne. m-rodosalicylic aeid showed a faster rate than

expecbed and, sÍnce the odour of iodine tras present afüer the

runr which was indicative of a side reactLon occurring in hoÈ

quinoli.ne, tbe study of this compound was not pursu.ed.

o-Anisic acid shorced a decarboxylation rate of approxi-
..mately that of salicyJ-ic acid (k, o-anfsie acíd = 1.1 x 1O-4

'lsec.-}; kr salicylic acid, = 1.OB x lo-tr sec.-I) afüer an

rinducÈionil period; i'e. for a gravimetric run at .2 M concêr!-

tration of aeid in quinoline evolution of earbon dioxi.de could.

be debeeted only after a period of fifteen minuËes and for a

manomeËrie run aË .066 Mrpressure increases were prod.uced only

after one hour. Of interest is the observabion that bhe qu5.no-

line solution ehanged col-our through red to brown imnediately

on the addÍtion of the pellet to the hot soLvenË. fr solution
of o-anisie acid in quinoline wÍll not show this colour at

roon temperaüüF€¡

AnÈhranilic acid showed littIe or no decarbo:<ylation

in quinoline.

::i:::ì:,:

t'-::i'.,:l
I :..-.



DÏSCUSSTON

Mechanisn

The linited exploration as yet into the d.ecarboxylation

of saI1cyI1e acÍd in nitrobenzeae indicaÈes that a mechanism

sinilar üo that for anthranilÍe acid in nitrobenzene could be

possíble. .at least the second, ord.er kineËics observed, are

consistent wiüh the mechanism proposed for anthranilic acid.

Ilowever deearboxyLation of salicylic acid in quinollne

has been found to be first order with respect to the aeid, and

aeeelerat,ed by elecËron-releasÍng substituents in para position.

Accord.ing to the reactÍon schemes for d,ecarboxylaöion

as crassífied by Brovrn (page 5l first order kínetícs could. be

shown by acids decarboxylating spontaneously fron Ëhe anion.

However the known exaraples of these acíds have strong eLeetron-

withdrawing groups influencíng the carbon-carbon bond. to be

broken in the deearboxylation. Moreover CIorey (S) has shoranr

that phenols and carboxylic aeid.s are inappreciably ionized. Ín
pyridine (tne basiciËy of pyridine is only slightly less than

that of qrrinoline (13 ) ). The decarboxylaËion of the &ono-

anion of malonic acid was found by Tankr,füch (page 10) to be

much less catalyzed by quinoline than the di-acid. Fron these

three pi.eces of evidence iË can be concluded that deearboxy-

lation from the anion would be hindered by electron-releasing
groups and by .the effeet' of quinolÍne. 'The reverse is found
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to be Ëhe case in Ëhe decarbo:irylation of salieylic acid in
quinoline.

Returniag to Brou¡nrs reaction scheme (b) (page 51 ,

fÍrst order kinetics eould also be observed for zwitterionic
or hydrogen-bonded forqms of the acid, But where the hydrogen

of the carboxyl is eiüÏrer transferred. completely as in the

zwitterion or only partially as in the hydrogen-bonded forru, the

net effecb is that of decomposition occurring from the anion.

However d.ecarbo:cylatÍon from the anion is hindered. by eleetron-

releasing substituents and quinoline (as concluded from work

done by Yankw:ich). ft has been found that Lhese two effects

aid the decarboxylabion of salicylic aei.d and on this basis

Brov¡nts reaction scheme (b) is also ruled out as a possible

nechanism for the decarboxylation of salicylic aeid in quinoline.

From evidence by Yankr^rich (37 ,38) the carboxyl of

malonic aeid. must be in the free acid form for quinoline-

eatalyzed. deearboxylation to occur. .4, consideration of the

probable hydrogen bonding in sallcyIic acÍd and anthranilÍc

acid may explain Ëhe observed catalytic effect on bhe decarbox-

ylation of the forrner but not bhe latter. In salicylic acid

phenolic hydrogen bonding Ís known to take place, but in

anbhranilÍc acid it is probable thab the carboxyl hydrogen

chelates t¡ith the nitrogen of the amine (23).
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Thus:

o-l{
Itoo

I

c-o
I

I,{

otù
'}Kn

Salieyllc .Acld AnËhranilie Acid

ïf in fact the carboxyl must exist as the free acid for
quinoline to be effective in decarboxylaEion, salÍcylic acid

should decarboxylate nore readily i-n quinoline than anthra-

nilic acidrwhich is found to be the case.

Since electron-donating subsbi-tuents favour the decar-

boxylation of salicylic acid in quinoline the reacbion scheme

(c) (page 7), demanding a high elecbron density on bhe ç( ca.rbon

of the free acid, seems the most likely mechanism to apply to

this sysLem, This mechanism woul-d show first ord.er kinetics

when eibher the solvent donated the proton in the rate-debermin-

ing stepr or bhe proton hras donated internally. For salicylic
acid ín nitrobenzene second order kínetics indicates the

probability of a bi-molecul-ar mechanism i-n action with one acid

molecule playing the part of proton donor in the replacement

reaction. For salÍcy1ic aci.d in quinoline first order kinetics

indicate either proton donation occurring internally or by a

solvent molecuIe. ^A,lthough protonated quinoline wouId. be an

effective proton donor, the concentration of this species ín

quinoline should be very small corresponding to slight -.ionization
i: i.'
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of ühe acid molecule. This leaves one possibility, namely that
the proton must be donated j-nternally by salicylic acid in
quÍno1ine. A mechanism r^¡hereby this could occur is outLined.

in the following equations:

'\g
i+

,/H

- ,H

H

oÅ

totoo+

\-\N>

-

\-\r) \.\./

'i 
-B

r''1 G-o

\.4

+
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This mechanÍsm might be plaeed in the category of the

so-called four-cenüre-üype reaction defined by Hine (19) as

those reactions ttÍn which the atoms in the reactant(s) siraply

change their configuratíon to that of the product(s) without

eLectron paÍring or unpairing and. wiËhout the for"r¿aËion or
destruction of ions. There are four (or more) tcey atoms, each

of which is simultaneously forgring a new bond and breaking an

oId one Ín the Ëransitlon state.n A sÍmilar mechanism has been

suggested by TankwÍch (10) for the d.ecarboxylation of free
malonic acid in quÍnoline and. by various authors for the

deeomposiÈion of þ -ueto acids (4) alühough in the latter case
I

only primary and noË terbiary amines markedly catalyse decarbox-

ylation. However Ëhe role played by quinoline j-n decarboxylaËion

has not been d.iscovered as yet. Yani*vich (fO) has shown that
hydrogen bondÍng between the carboxyl hydrogen and the nitrogen

of quinolíne occurs by neasuring the shifts of the carbonyl

absorption peak of malonic acid in quinoline-dioxene solutions.

This evidence seems to sr.r.ggest bhaË if this hydrogen bonding or

conplexing aids decarboxylation, a nrolecule of quinolÍne

stabilizes the transition state in the decarboxylation. It may

occur in Ëhe folloro:ing manner:

\Z
I

O--'r'zO\,""*\-
littf-.coo

I
0\. rr

.Fl

\z
I

\*
oo"lo"..HrNV

¡l
ll

trt\r-rp
Io_,

co2+ caH?N + 0H3C00H
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The decarboxylation of anisic acid cannoË occur by the

mechanism proposed since chelation beüween the carbonyl oxygen

and ühe phenolic proton, which plays an important role i.n our

mechanism, is not possible for anisic aci.d. EvÍdence has been

reported. for meËhoxy acids rearranging to fo¡m phenolic and

ester products and el-ecËron-withdraw:ing groups, nanely the nltro
group, facilitated these rearrangements (28). The ninducËionlt

period observed for anisÍc acid. in bhis ínvestÍgation nay imply

a free radical reaction where salicylic acid is an internediate

and ühe rate of decarboxylation observed may have been that of
salicylíc aeid itself.

ì..-.,
i-!ri::.,.
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The llasnett EquatÍon

The llannett equation was originally based on the effeet
of changing sr*bsüituents on the aeidities of aromatic acids and 

,,1,,',',r,,:

reactivities of aromatic sÍde chains (15). The elecËrostabic,

inductlve and resonance effeets of a suUstituent on a reaction

site vrere combined into an experimentally determined constant, 
;.:.,,,,,,..,,

characterisËic of the substítuent from one reaction to another. .-''."i,.:'¡

The FI¿¡mmetË equaË1on süated that Ëhe logarÍthm of the ratios of 
i,r.,...::,,,:

the dÍssociaËion constants (or rate constants) for the subsËi-

tuted bo the unsubsüituted. acid (or reacbant) ivas proportional

to sima, c, the substibuent constant:

3. proportionalÍüy constant Iþ9, P , Ì¡'as incLuded.i i

-tlosro#r = Pr 
",._o I

Siena was defined as the logarithn of the ratio of the acÍd :.

dissociaËion constants for the substituted. Ëo the unsubsbituËed ::t':"","'1

, 
- -'- 

t, 
,' ,' ,t'

benzoic aeid,s Ín water aË 25o C. This l4ras equivalenü to settÍng l..,.tt',,,

rho equal Ëo unity for benzoie acids. @ was called the

reaetion consËant and .cor¡Id be interpreted as Ëhe susceptibilÍby

of ühe reaction rate to changes in electron d,ensiËy at the , ,,,,i.i.-,
ir=:::;lr-:

reacbion site.

slightly larger values for sigma have been found for

strongly electron-withdrawing groups when in Ëhe para position

roero f; o( c
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to phenols and ainines due to strong eonjugative interaction

with bhe reaction site. A new series of siff'Âa values has been
+

d.etennined by Iil.C. Brown which he called signa p1us, T,
substiËuent eonstants to be used. for electrophitic replacement

reactlons occuring on the ben zene nucleus, which are slightly
larger for electron-donating groups due bo strong conjugative

interaction with the reaction site.

The data for the rates of decarboxylation of the sub-

stituted salicylic acids, lab1es ïV and V, were applied to the

Hanmett equation using Brorunts substituent constanüs. Using

i'

A plot was made of the logarithu of the rate constant of the

subsbítuted salicyJ-ic acid versus sÍgma plus (Table Vf &, page t+.6).

A süraight lÍne tnt"n will go ührough or faII near all
Ëhe poÍnts cannot be drawn for the Hammett equation plot,

although in general the slope of rhg is negative, i.€. electron

reLease favours and. electron wit'hdrawal hind.ers deearboxylation

of salícylic acid in quinoline if Ëhe o( carbon is considered

as the reacÈion síte.

The best straight line for all Ëhe points as calculated.

by bhe least squares nethod (9) has a comparatively small value

of Iþ9r namely -.75 (line L), and the d.eviations of the points

from this line are large. Since this line does not pass t'hrough

the following form of the Hamnett eqrration:
+

log1gk = Pn* logr6ko
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Tabl-e Vï

DATA FOR THE HÄ¡{IVTETT EQUATION PTIOT
..... _ :.:: ;. j

Strbstítuent

4-NHe

4-oH

4-CH3o

l*-C2H50

5-Nlre

5-cH3

5-OH

5-eH30

5-cI

5-Br

5-Noe

4-Nûa

H

Loe _E

-2.796

-2.8L6

-2.789

-2.791+

-3 . ó91

-3.884

-3.778

-3.72CI

-3.786

-3.855

-3.973

-4.0s3

-3.965

groJ,iIlrrs d (ó)

-L.3

-.92

-.779
_.79*

-.L6

-.066

.T2T

,.Ot*7

.3gg

.l+O5

.671+

.7go

0

* f, for ArHrO has not been given by Brow:o;

the value for CH3O is used.
ì il' . lr:. i:l .:

ä!r':i:rlhi,:ri.'r';
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the poi-nt for salicylic acid itself, and. since the rates of
decarboxylation of all the substitr¡ted acids, except 5-methyl-
salicylic acid, are Ín facÈ faster than anticÍpated by bhe

Hamnett equaËion the evid.ence suggests that both elecüron

donation and electron wiËhdrawal is effective in aiding decarbox-

ylation. Al-1 the substituents under consid,eration are thought

Ëo have conjugative characberistics and in the proposed

mechanÍsm conjugatÍon of a substituenË wÍth the reaction site
probably has a pronounced effect on Lhe rate of decarboxylation.

Since 5-nethylsalieyJ.ic acíd decarboxylates aË a rate sinilar
Èo that of salicylic acÍd iË seens eonjugatíve effects are noË

in operation for this group in our system.

These observati.ons suggest that proton attack on bhe o( carbon

may not be the only rate-determíning step in operation in the

decarboxylation of salicylic acíd in quinoline but rather that
bond-making and bond-breaking of the phenolic hydrogen to the

two oxygen atoms and possibly the carbon-carbon bond-breakíng

may all be involved in the process. However proton bond.-raaking

and bond-breaking from phenolie to carbonyl oxygens only involves

an electronic shift and seems an unlikely rate-debermining süep.

But since the rates of decarboxylation of the sËrongly electron-
d.onating substitr¡ents, g-arnino, g-hydroxy and g-alkoxy do not

falI on bhe line d,rar^¡l¡. through the neta substfbuents, (Iine B,

slope -.47 by least squares nethod) and in fact appear to fall
on a line of zero slope (fine C, the rates are very sÍmilar for
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all four substituenÈs) tfre rate-deteroiníng step governing the

rates of these acid.s may be d.ifferenb than that for the meta

substituted acids and may involve a sËep not greably affecËed , 
,

by moderate changes in electron donaËion, Such a rate-determ-

ining step may be Ëhe breaking of the carbon-carbon bond. in the

deearboxylation process. 0n considering bhe folLow'Íng examples 
r,,.,.,,t.of possible transitíon or inter"uediate sbates: ,..,,

i.:.i,

the transfer of the proton as indicated on page 4.0 to the o(

carbon may have been facilitated by strong conjugative electron

donators to ühe extent thaË the rabe-deternrining step becomes

the breaking of the carbon-carbon bond. Since the carboxyl

group in ühe above structures cannot Ëake part in conjugation

the cleavage of the carbon-carbon bond. in these acid.s eannot

be affected greatly by moderate changes in electron donation

by the different groups if our predicted mechanisn is correcË.

In snmming up the main features of the proposed.

mechanism for the deearboxylatlon of salicyl-ic acid in quÍnoline

it has been suggested that an inbernal replacement of the

carboxyl group by a proton occurs in the decarboxylaÈion process,

o
rl
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and Ëhat for 5-amino-r 5-reethoxy-r 5-hydro:cy-: 5-chloro-r
5-bromo-¡ 5-nitro-, 4-nitro- and 5-nethyl- salicylic acids and.

salicylic acid ibself the ráte-d,ebe¡aining step is thaÈ of the 
tir..ì:

proton attack. But for /r-anino-r [-hyroxï-r /ç-neühoxy- and. i::':'::i

&-ethoxy- salicylíc acid the rate-d,eüerraining step may be ühe

breaking of the carbon-earbon bond'' 
;r:fi;''''

FtrËher investigations into the æechanism of d,ecarboxy- 
r'-"''"'.:

i.'..1'' '', ,,

IaËion of salicylic acld in qulnoline should tesË the validÍty ir.,"'

of the proposed mechanism by d.etermining Èhe rate of decarboxy-

IaËion of salicylic acid in various modificaÈions of the present

system. In this connection the following suggestÍons are mad,e:

1.Sa1icy1Ícaciddecarboxy].atedinnitrobenzenecontaining
progressive1y1argerconcentrationsofquino1inewou1d

d.eter^nine bhe ord.er of bhe reaction with respeet to quinoline.

2. Salicylic acid. decarboxylated in substituted quinoline 
i

solutions would índicate the influence of changing electron 
;;1,.:,,

d.ensity on the nitrogen atom oa the rate of decarboxylation. ,.,,,,,,¡,
:.:.r::.:

3. ûalicylic acid with inert subsÈi-tuents in ühe 5 positÍon ::::;:,::::

(e.g.. 5-meËhylsaIÍcylic acid.) deearboxylated in quinoline

and 2 or I substituted quinolíne r,roul¿ dderraine the effect 
ii,,,r:,¡:,..*of sterÍc hindranee on decarboxylatÍon. iiìË

lr. An isotope effect if observed. for Èhe d.eearboxylatlon of
deuterated salieylÍc acid. 1n quinoline would be consisbent

I^[iÈhtherreehanismproposed.forthedecarborqy1ationof

salicylic acid ín quinolíne. ,,r::,:":
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5. An isotope effeet 1f observed in the decarboxylation of
salieyllc acid w:ith C14 as carboxyl or o( carbon, would.

substantiate Ëhe suggestÍon that the breaking of Ehe earbon-

carbon bond. rras part of the rate-deterrøríniag sÈep.
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