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STUDIES ON THE MECHANTSMS OF ÐECARBOXTLAîTON OF

PÏRIIIINÍi- AIüD PTRROLE- CARBOXYLIC ACTDS

IN AQUEOUS SOLUTTON

by

Gord.on Kwok-Jr¡ng Lee

ABSTRACT

The rates of d.ecarboxylatlon of pyrld.1ne-carboxyllc

acld.'s have been studled. at hlgh temperature ln aqueous

solutlqn wlth varylng pE and. constant lonlc strength. The
'

unsy4ndtrlcal shapes of,::..tÎte rate versus pE curves lnd.lcate
that the d-ecarboxylatlon of these acld-s ls not the d.ecom-

posltlon of a slngle specles. A probable mechanlsm, 1n-

volvlng the d.ecarboxylatl,on of both ühe neuüral specles and.

the anlon, ls postulated-. The results of the cl3-atrretlc
lsotope effects on pyrld-Lne-Z-carboxyllc and- pyrld.ine-2,

3-d1carboxyllc acld.s agree wlth the proposed. mechanlsm.

The pE d.epend.ence on rate at constant 1onlc strength
for pyrrole-2-carboxyllc ac1d. has also been exanlned.. The

results, together wlth trre cI3-klnetre lsotope effects,
lnd.lcate that lts d.ecarboxylatlon mechanlsm resembles that
of anthranlllc ac1d..
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I. INTRODUCTION

A number of areas of Chenlstry have proflted_ 
ii,,,,:r.,lmmeasurably through the use and. stud.y of the process of :i''''::::i:

d.ecarboxylatlon. The frequent occurrence of d-ecarboxylatlon

ln the d.egrad.atlve ano synthetlcal proced.ures of organlc 
r,,.:..:

chenlstry and. d.urlng ühe enzymlc reactlons of blochenlstry, ,.1,.,.
I. ''':'

and. the use of the d.ecarboxylatlon reactlon to lllusþrate l-,,.,,,.
- j::'t'::""' : .'.,-.r: :r

'' 
'' ," ',ühe fund.arnentals of reactlon klnetlcs ln solutlon, are

:a sufflclent lnd-lcatlon of lts lmportance. organlc chemlsts 
iearly recognlsed. the vaÌue'of d-ecarboxylatlon and- applled. l

lt as a stand.ard. neühod. for the d-egrad.atlon and. synthesls
of molecules, Physlcal chemlsts have used- d-ecarboxylatlon :

ì

technlques ln thelr fund.amental stud.les of reactlon i

'l
klnetlcs 1n solutlon. An extenslon of thls work forrowed-

i1n the d-evelopmenü of mechanlstlc stud.les of the d_ecar-

boxylatlon process parülcuIarly by thernal and. catalytlc 
,:,i'iri.,
.: :::.:.-, f:l ì

means. success ln thls d.lrectlon has grven lnpetus üo 
i,,,.r.,.,

lnvestlgatlons of the mechanlsm of enzymlc d.ecarboxylatlve i''1"""":"'

reactlons ln the blochemlcal fleld.r

.__Dgcarboxylatlons of organlc acld.s have been

stud.led- ln the melü (56), solld. (19; BZ), gas phase (il,
aqueous (27t 93), and_ non-aqueous solutlon (Z6t 30)¡
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and. have been carrled- out by a number of proced.ures.

Inc1ud.ed. anong these are anod.lc (88), metal-caha]..yzed" (þ1; 87),

photochenlcal (38¡ ?3), and- more recently, hlgh-pressure (10)

method.s. Enzymlc reactlons have been observed. to be

the cause of numerous blochemlcal d.ecarboxylatlons (5?).

An excellent revlew of the d-ata ls glven by

Brown (14), and. many examples lnvolvlng aIlphatlc acld-s

can be found. 1n the d-lscusslons by Hlne (tlil and. Kosower

(5?)', More recently, I¡ü1111 (96) and- Long (62) also present

very thorough and. up to d.ate d.lscusslons of the subJect,

A varlety of mechanlsms have been suggested by these

authors, each appllcable to certaln types of acld,s.

In the succeed.lng chapter of thls d.lssertatlon,

the mechanlsms of d-ecarboxylatlon w111 be d.lscussed- and.

exanples from the llterature w111 be glven. In vlew of

the relevance þo our work, a speclal sectlon w111 be

centered. upon the d-ecarboxylatlon of aronatlc amlno

acld.s ln aqueous solutlon. Works publlshed. on the

d.ecarboxyl-atlon of pyrld.lne- and. pyrrole-carboxyllc acld.s

w111 be covered. at ühe end. of the chapter.

'f:':."nï;43
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II. LITERATURE REVIEW

A. GENEEAL

In a very general sense, d.ecarboxylatlon of an

acld. RCOOE lnvolves separatlon of H and- R from the CO2

moletyr and- the conblnatlon of R wlth H. The mechanlsms

of d.ecarboxylatlon vary wlth the seçlì.tence ln whlch these

processes take place,

, Evld-ence has accr:roulated. to s'how that d-ecarboxylatlons

may occrlr elther by a unlmolecular or by a blmolecul_ar

mechanlsm. The unl¡nolecular d.ecomposltlon of acld- molecules
was iknorrrn many years ago from klnetlc lnvestlgatl0ns.
Many organlc acld.s T{ere proved. to d.ecarboxylate ln the

form of thelr anlons¡

RCOã 

-f 

n- + COZ

Eoweverr some organlc acld-s are known to be d.ecarboxylated.,

more rea011y as free acld.s ¡

RCo2H fnco! 

-) 

ER + Coz

The blmorecular mechanlsm ïras ftrst suggested by schenkel
a¡rd. Schenkel-Rud.tn (Zel 1n 1948 t

RCO2E + Ërl' 

-) 

RE + COZ + f
The occurrence of thls mechanlsm was supported by rater
stud.les.
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Slnce d.ecarboxylatlon can be consld.ered. to be

essentlally a repracement of the carboxyl group by hyd.rogen,

the followlng formulatlons of electrophlrlc substltutlon
have been put forward. (1¿l¡ 49t T6r, analogous to the
orlglnal terrolnology used. 1n allphatlc nuc1eophlllc
substltutlon reactlons !

Ssl ( a) n+ncof 

-l 

nn + coz

sg2 ( a) Bco2E + E+ 

-) 

RE + coz + E+

(b) Rco; + H+ 

---l 
RE + cor

L)

Electrophlllc substltutlon by a unlmolecular process ,
d.eslgnated. as sgl, can coneelvabry occur by the d.eearboxylaülon
of the free acld- morecure (or zwltterlon) or anlon. The

synbol su2 1s used. to d.escrlbe the electrophlllc replacement
by a blnolecular mechanlsm. *.

l::ìr: ii:::..::i!a:



B. UNIMOLECULAR MECHANISM

Exa^mples of the Sg1 (a) mechanlsm can be found. by

exanlnlng the case ln whlch the acld molecule ls able to
exlst as the zwltterlon. Nltrogen-conüalnlng acld.s of the

ø(-a^nlno type, such as p1collnlc, qulnald.lnlc and- lso-
qulnald.lnlc acld.s, have been stud.led. by Brown, Hammlck and_

co-workers (1¡ 11¡ LZt 31). The actlvatlng electron
acceptance here arlses from the hetero N atom whose greater

electronegatlvlty compared. to carbon becomes lmportant,
Flrs,t ord.er klnetlcs rrere observed. 1n the d.ecarboxylatlon

of qulnald.lnlc acld- 1n qulnollne. There ls evld.ence to
show that the d.ecarboxylatlon probably proceed.s through the
zwltterlon form' rhey showed. that the nethyl betalne,
l-nethylqulnollnlun -2-carboxylate (r), whlch courd. not

coo-

I
tautomerlze to a non-zwltüerlonlc form, d.ecomposed. relatlvely
rapld.ly therefore the analogous zwltterlon (rr¡ ls
probably the forn of the acld. that d.ecarboxylates.

7\
\J

\

tNt
I

.iit::i:: lrl
'.: - :..í ¡i
::.1.a.: :1'.
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slow )
o--Q"-o-

+ COZ fastt

\
cRzo- ' DcB2oE

IT ÏII IV

The exlstence of the 4-qulno1yl carbanlon lntermed.late (rrr¡
Ïras supported by the fact that, ln carry,lng o-ut the d_ecar_

borylatlon ln such reagents as ald.ehyd_es, ketones, qulnorrne
and. aromatlc nltro compound.s, one couId. lsolate fron the
reactlon mlxtures other substances, an example of whlch 1s
glven by (VII) ¡

+ cBz-o )û
E

V VI VII

best examples of allphatlc acld.s whlch

Sgl (b) nechanlsm are trlhalogenoacetlc
cannot form zwltterlons, but the

Anong the

d.ecarboxyLaüe by an

acld.s. These acld.s

\\

tx4
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neLqative substltuents recluce the actlvatlon energy for the

kreterolytic flsslon of the carbon-carbon bond- sufficlently
to enable d.ecarboxylaülon to occur at observabl-e temperatuïês r

The kinetlc wcrk of Verhoek and. hls colleagues (2t 22i t+Z¡

8¿e; 86) and of Johnson and Moelwyn-Hughes (50) has proved.

thaü trlfluoro-, trlchloro- and. trlbromo-acetlc acld.s

cì.ecompose &s the anlonsi

X3C-CA2 X3C- + COZ

some other acld.s capable of yle1d.lng falrly süable

carbanlons also have been found. to d.ecarboxylate by flrst-
order reacülons of thelr anlons¡ êogr phenylproplolic
acld. (31+) , and. 2,4r6-Erlnti;robenzoLc actd. ( g4; Bi:,) , Wtth
2r4r6-trinitrobenzo.lc acl'd., the rate of d-ecarboxylatlon 1s

a maxlmum und.er cond.itlons l¡here 1t 1s completely d.lssoclated-
lnto lons. A1so, ad.d.ltlon of base to aqueous or alcohorlc
solutlons of thls arornatlc acld_ lncrea.ses ühe rate of
d-ecomposltlon' l4athematlcal analysls of the data shows that
a reactlon of flrst ord-er wlth respect to the anlon is
lnvolved., rt ls perhaps surprislng to note the stablllüy
of the 2r4r6-ürlnttrophenyl anlon (rx) o evrd.enced by the
relatlve eâse of ôecomposltlon of the rerated- caruoxyrate
anlon (vrrr) r but thrs rs further supported by the observatron
of d-euterlum exchange of trlnltrobenzene 1n alka1lne ethanol
soluülon (53) 

"

t,-r':''

i:ì:.::ì
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Noe

coz
oeN

For several p-keto acld.s, lt has been d.emonstrated.

that the d-eearboxylatlon lnvolves both the a¡r1on and. the

zwitterlon forms of the acld.s" rhe relatlve rates of
d.eoomposltlcn of anlons and. of the und.lssocrated- acld.s

for several p-keto acld-s have been measured_ and_ are

si:mmarlzed- ln Table I,

TASIE I

al-ütoNs IN__WaIEB 
--

+

IX

Acld
Relatlve k

ffi Temporoc Ref ;

Çoz

I
Noe

Acetoacetlc 53
øif-DLmethylacetoacetlc 1-Bóc,{#-DLmethylacetoacetlc 189 1 18 ?tCâmphor-J-carboxyltc a4 .1 9g g
Dlhyd.rox¡rnal elc I 4O ZO 3?Acetoned.lcarboxyllc 

- L 2,5 50 lZMalonl c l-0 1 óO b\
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r: .'.
': 1..

The klnetlc equatlon for the d.ecarboxylatlon of
acetoacetlc acld- ln aqueous solutlon has the. form. (90) ¡

rate = rfcnrcocnzco2n] + k,[cnrcocnzcoâf

That part of the reactlon d.ue to the acetoacetate anlon

was bel-leved. to proceed. by the carbanlon mechanlsm (90) ¡

cn3-c-cn ,fgfi; #*- [."ri* n¿ <-> ,"31=r", 
]

* EaO

fas-t . (cE3) 2c=o + oH-

rn a stud.y of the reactlon as a whole, ped.erisen used_

d,ro(-d.lnethylacetcaceËLc acld- to avoLà the type cf keto*
enol tautomerls¡n that could. conpllcate the stud.y of aceto-

:

aeeülc acld- ltself ( Zt) . slnce dr4-d.lnethylaceüoacetlc
acld., whlch car:not exlst 1n an eno11c formn ls rea.d.lly
d.ecarboxylateã, Ped.ersen (Zz) concrud.ed. that lt ls the
zwltterlon form of thls acld. (x) that d_ecarboxylatesr

0+OEO'il
cn3-:ca(cu3) 2-co2r -- cryå-c(cH3) z-é:

xo-
I

g"ü ,i
cE3-co-cu( cE3) 2 urr-å=c @H) 2 + coz ÈtË
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l,Iesthefiner and. Jones ( 89) f ound. that the rate of d.ecarboxy-

latlon of o(ro(-d.lneühylacetoaceü1c acld. 1s vlrtually
lnd.epend.ent of the d.leleotrlc constant of the solvent.

Slnce a reactlon whlch takes place by way of a polar

lntermed.late should proceed. more rapld.ly 1n solvents of

hlgh d.1electrlc constant, they therefore conclud.ed. that
Ped.ersen's zwLlterlon (X) cannot be an lnüermed.late.

Instead, ühese authors suggest that 1t ls the hyd.rogen-

bond.ed. forn of the acld. (XI) which 1s d.ecarboxylated..

E
O CHall)CIIS-C=C\ +

bu3
coz

these two vlews must be alnost ld-entlca1, slnce the

zwltterlon (x) ls very llkely a contrlbutor to the hyd.rogen-

bond.ed. structure (xr), because the nuclear conflguratlons
lnvolved- are ld.entlcal. slnllar1y, the d-ecarboxylatlon of
2-pyrld.ylacetlc acld- nay occur through a hyd.rogen-bond.ed

f orm (XII ) . Eowever, thls ld-ea carlnot be extend.ed. to
ll-pyrldylacetlc acld. (Zil ,
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C, BIMOLECULAR MECEANTSM

It ls only wlthln the 1ast Ëwenty years that
' .,: .t ;.

d-ecarboxylatlon by a blmolecurar mechanlsm (suz¡ has 'l ..'

been flrnly estabrlshed.. schenkel and. schenkel-Rud.ln (Zel

flrst suggested. ln 1948 that some organlc acld.s are d.e- i :

carboxylated. by a blmolecular electrophlllc substlüutlon ,,,,:'.,,

mechanlsm¡

krE* + BCO2H HR + COZ + H+ ,, r . Sg2( a)

ln whlch the rate ls d.etermlned. by the attractlon of a

proton by the carboxyrlc acld.. The klnetlcs are then
governed- by the equatlonr

rare = kl(n+) (ncornJ

Two posslbllltles arlse. The proton may atluac]x the un-
d.lssoclated. acld. molecule yleld.lng a klnetlc equaülon

of the type shoi^rn above. on the other hand-¡ the reactlon
could- take place beüween a proton .and- the acld. anlon¡

-+ k2E' + RCO2 --ë HR + COz

when the klnetlc equatlon wou1d. be¡

rate = kz(f) [nco;)

rr""t Sg2 (b)
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For elther mechanlsm, the rate ls d.epend.ent on the atüractlon

between a proton and. ühe carbon atom aLpha to ttr" carboxyl

group3 Reaotlon generally occurs at an unsaturated. carbon

atom, thereby allow1ng the new carbon-hyd.rogen bond. to
form completely 1n the rate-d-eüermlnlng step wlühout the

necesslty for a slnultaneous breakage of the carbon-

carbon bond., C-E bond. formatlon ls also expected- to be

favoured. by electron-d.onatlng substltuents and. aromatlc

rlngs bearlng such groups bond.ed. to ühe beta-carbon of

the carboxyllc acld., a more conmon and. favourabre sltuatlon
would. be to have the alpha-carbon ltself part of the

aromaülc rlng system. Molecular structures of thls type

would. be expected. to d.lsperse the poslülve eharge of the

carbonlrrm 1on lntermed.late and- presumably the transltlon
state lead.lng to lt,

Slnce the for¡oatlon of the anlon w111 lncrease

the el-ectron d.enslty on the alpha-carbon atom, lt may be

expected. that the second. mechanlsm ( sEz(b) ) wrll requlre
Less actlvatlon energy than ühe flrst ( spz(a) ). However,

1t ls posslble that boüh mechanlsns wlLl occur, slngly
or slnultaneously, and. an analysls has to be mad.e for each

type of acld. stud.led..

!: n,,..1..

i:' I ': ,
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whlch the

_13_

example of an acld_ whlch ls d.ecarboxylated

mechanlsm was found. by examlnlng, .the case ln
anthracene-!-carboxyllc acld. ( Xfff ) deconposed.

XIII

more rapld.ly 1n acld.lc sorvents (chroroacetlc and. sulfurlc
acld.) than ln baslc (/r8-benzoqulnollne) or neutral solvenüs
(7 5) . Anthrace ne-)-carboxyllc acld. possessed- certaln
structural features that could. accommod.ate a blmorecular
d.ecomposltlon, the alpha-carbon¡ belng 1n the p-posltlon,
ls more reactlve to electrophlles because of 1ts relatlvely
hlgh electron d.enslty, Furthermore, the carboxyl group

ln thls posltlon ls sterlcalry compressed. by the perl-
hydrogen atoms (6?),

other evld.ence for a blmolecular mod.e of aþEac]x

ln d.ecarboxyratlon was put forward. by schubert and. hls
co-workers (77 t 78) ln thelr stud.y of mesltolc acld_ ln
strong surfurlc acld. sorutlorrsr rn thelr work, they found.

a proportlonallty between the pseud.o-flrst-ord.er rate
constants and. ühe concenüratlon of the hyd.roxonlrr¡n 1on

c00H
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ln aqueous acld. contalnlns 80-100Í of sulfurlc acld., and.

theref ore'proposed. tltat the d.ecarboxylatlon occurred by

a speclflc hyd-roxonlr:.n catalysls havlng the rate equatlon
ln the formt

raüe = r[nro+J [acra]

Eence, the reactlon was suggested. to occur by a SU2

mechanlsn of the followlng typer

CEot< )oH
."rO>( + ä30+ rast,

-l-1cn,

.oE
tn/
\

Heo

j.""'

ö.",
óot

coz H3o'
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Bothner-By and. Blgelelsen (B) measured_ the carboxyl_cL3
klnetlc lsotope effects for ühe d.ecarboxylatlon of natural
mesltoló acld. Ln 86ft surfurlc ac1d. sorutlon at gzoc.
süevens É'g!. (Bzl have slmultaneously measured. trre c13
an¿ Cl& lsotope effects und.er the same cond.ltlons, uslng
a sample of mesltolc acld. wlth o.B% c14 tr,. thu carboxyl
group, Below ls a s,un¡nary of the results of both sets of
¡vorkers I

Tenperature (oCì

6o t o,5

6L,-z + 0,5

92,0 + Onl

60,0 + 0,5

Isotooe

-

c13

ct3

c13

c14

100(k/r* - 1) Ln 16

3,8 t 0,1

3.7' ! o'3

3.2 ¡ 0,1

10.1 + 0,5

Ref,

B2

B

I
82

These results lnd.lcate thaü carboryl carbon bond_-breaklng
occurs 1n the sr-ow step of the d.ecarboxylaül0n, 1n agreement
¡vlth Schubertrs proposed. ¡rechanlsm.

L , :.,-.r.r:
r. --: .:..._'l..,
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D, AROT{AÎIC A],ÍINO ACIDS IN AQUEOUS SOLUTION

Benzol-c and. mosü monosubstltuted. aromatlc acld_s r.,:,,:i
:: -l::;:;,

are very stable ln aqueous solutl0n, Decarboxylaül0n
l

occurs at neasurabre rates onry vrhen there are present
elther several nltro groups oxr conversely, groups wlth i,:,,,.,¡,.,:

l¡i'.!ir'i
:. . | ,lespeclally hlgh elecÈron-d.onatlng power. Thusr for exaJnple, i.r,'''i

o- and. p-enlnobenzolc acld.s (64) are srowly d.ecomposed. ln [:t;i,:
aqueous acld- solutl0n at ?ooc¡ The hyd.roxybenzoLc acld.s
are more stable¡ thelr d-ecarboxylatl0n ls only observed.

below the bolrlng polnü of water when, along ¡v1th ühe o_

or p-hycicxi¡ Eroup, a furthcr er-ectroä-d-oä aiîng group 1s
present,

a number of aromaülc a¡slno acld.s have been observed.
to und-ergo d.ecarboxylatlon ln aqueous solutlon und.er

relatlvely n1ld. cond-ltlons !

i¡,,,.,.',NEZATCOOH 

--+ 

ArNH2 + COZ 1 

.',,..

The earllest stud.les were those of McMaster and. shrlner
(64) who stud-led- the stablllty of the three monoemlnobenzoic i,:.;:;:,:¡;;,

acld-s ln bolllng aqueous solutlon. The extent of reactlon [ìli#

¡,ras d.eternlned by tltrating the und.ecomposed. amlno acld.

^- r r iwlth alkall. Anthranrllc acld. was found. to d-ecarboxylate ;

; ...:. -:: . l
i .:- .1-.

ir :r:.:'.. -i::l- ¡ìÌ,it'!
i:::,iì: r: ìii:il.
i, .': ;
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t¡y a flrst-ord-er process twlce as fast as p-amlnobenzolc

( these auühors attrlbutlng thls to the proxlrnlty of
the o::tho-amlno group)n whlle m-amlnobenzolc acl.,L had. not
d-ecarboxylai;ed- aftet three hours und.er slmiler cond-ltlonsa 'r':';:'ìl

Élnce the work of McMaster and shrlner, mechanlstlc
lnvestlgati-ons of d.ecarboxylatlon of aromatlc a¡nlno acld.s

ln aqueous solutlon have been concentrated. u.pon a.nthtanlllc ,,,,:.,,.
,_ ,. ,

(Bz) t p-amlnob et:rzorc (gil and- p-amtnosallcyrlc acld-s
i','.t,',':',(67.t ?4r 92) , r':::: :

Kinetlc stud-Ies of amlno acld.s ln aqueous solutlon
arÞ compllcated. by the fact i.lnat .Lhe¡r nay be present as

neu'bral moleeule, zw'ttberlon, catlon or anlon. Any one

or more of these organlc specles may d-ecarboxylate"

Although the ratlo of neutral moleeule to zwltterlon ls
lnd.epend.ent of pH,, üre proportlons oi the other specles
present ln solutlon vary wlth the acld.lËy of the solutlon, 

1.,,,,,,,.,,,

'consequently, tl:e rates 'of d-ecarboxyratlon of arnr.no acld.s it :',
.::l'. ., '..'ln aqueou-s solullon may vary wlth the acld.lty of the r;.:i.:r:i'-.j.

solutlon, and. the manner ln rvhlch they vary may be expected.

to ytr-eld. lnfornatlon about the nature of the organle
species und.ergolng d.ecarboxylatlon"

BJeruum (6) rras proposed- that in aqueous solutlon
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of an amlno acld., four organlc specles are ln equlllbril¡m
wlth each other, and. they are present 1n a proportlon
d.epend.lng on the hyd.rogen 1on concentratlon. Taklng
anthranlllc acld. as an exa^nple, these specles, referred.
to as BJernrm specles t ûay be represented. by the followlng
s¡mbols r

Q¡ganlc specles Abbrevlatlon

lí:.! ..r.,

t..

cooH

*"!
EzA* Catlon

EA Neutral specles

Zw1 tterl on

Anlon

co0H

NEz

co;

NHz

coz

NHi
z

)l!ì11,..i:':ji

A



E2A*

It ls also exped.tent to fet [ff]
cenfratlon of ampholyte, 1oê"

hyd.ronlun lons

refer to the total cofr-

-L9

are shown belowThe equlllbrla

omltted..

wlth the

[*] = ["o] (r)

uÌrere bire ucrnoeÏr'¿t:'a?':ons (ui., aL ltigit iorrio sLrengLir, i;ire

actlvltles) 'of HA and. z ate represented. by [gAj ana lz).
slnce the ratlo lz)/ín4 = Kz varles wtth lonlc strength,
but not wlth pH, for most purposes the ampholyte may be

treated. as a single specles"

the equlllbrlum constants whlch relate the four
organlc specles are d.lfflcult to evaruate (60), but they
can be related to the measurable loni- zatron constants,
Kl and- Krr of the equlIlbrlar

rDv
N

EzAo

K2
N 

--' 
E+' + A-

1-.-r.i,-r'r-
l. _.11 .'. -: r,'
l:i r '' r'.

I

I

;

I

l

l

I

I

I
I

I

I

It'
j

Il.
I

I
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and_ *l=

K2

KB=

A

KD=

and.

K1=K4

I
KD

=À +
Kc

of

al lr) In-]

¡rt
Fza

n+ì ( fse
[szt'J

[#] t¿ H'l [e-
(tEAl r-V,

The equlIlbrlum constarits Ko , KB , Kc, and. Ko oan also
be expressed. 1n terms of

Ka= [ne] ["*
Hea

Kc= Al '[E+

[z] [q*]

-f¡rrAf

+ [n

the four organlc specles asr

or fneì = ro fnreI

---or ( z1 = r" [nr*+]\' 
-T-

l:;¡'!

K,= þ) = K* = Kc¿ -TmJ- -q- - -ç-
KeKc = KgKp

Substltutlon for tEA] ana (z) leads to the retatlonshlpsr

+KB

l-
K2

I'lhen the total concentratlon amlno acld- ls [tl ¡ 1,e.¡

[cJ = ["rt']
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then, from the above relatlonshlps, the concentratlons

of the lnd-lvld.ual BJerrun specles aîe glven by the equatlonsr

[".o*l = - [.] _*r¡<z/IE J'* KL/,7n1+ t

[*J =

rn a'solutlon of concentratlon [cJ wlth respect to tota]_ 
.

amlno acld., [u2e+J and [o-J approaeh [c] ar tow and. hlgh
ìpE respectrvely, ana INJ reaches a maxlmu.m when [g*] rles 
I

between K1 and K2, By settlng a[n)7a¡n1) = 0, 1t 1s found. i

that [rJ reacrres a maxluum when (.gI =r@t that ls, at
the lsoelectrlc polnü, where pH = L/Z ( pKt + pKZ ),
slnce lz) ana IHAJ are both proporülonar üo [rqJ, and. the
proportlonallty ls lnd.epend.ent of pEr 1ü folLo¡qs that both 

i,,,,.,,,i,.

[gA) and. I z) w11]- also have thelr maxlmum values at the 1::'::'''::

lsoelectrlc polnt,

t.ti.:r.:-

In prlnclple, any of the f our f orms of anlno acld.s ffil
can d.ecarboxylate, and. the rate of d.ecarboxylatlon should.

be greatest at ühe pH where the concentratlon of that form 
:

1sgreatest.Thesamew1].1betrue,oroourse,foranyother
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(non-BJerrun) specles ln equl]-lÌ¡rlum wlth one of the
Bjerrr,m species, or nlth one of these and_ water, so long

as the equllf-brr-um d-oes not 1nvolvø galn or loss of protons.
i 
:::-:::ìì'

The arornatlc ani-no acld- for whlch the eftec| of
pE upcn rate of d.ecarboxyratlon'i.n âqueous solutlon has 

:.,.
ir:: .1.- l:,been most thoroughly exa¡tlned. ls p-amlnosaIlcyllc acLd- o i:,r,,,;..,,.,

reraIl taþe of ,, ,

i .'l-' i '':

i: 
.,,..,1,

d.lsappearance of acld- was flrsü ord.er wlth respect to total ,

acld. 1n solutlonn and. the pseud.o flrsü order rate constant f

was a functlon of the pH of the solutlon" Rate of d.e-

carboxylatlon was observed- 'bo reach a maxlmun at the
lsoelectrlc polnË, anð. lt was conclud.ed. that the rate-
corrtrolllng step lnvolves the protonatlon of p-amlnosallcylate
anlon, A-.r at the f;posltron of the aromaûlc rlng" However,

lt was also found. that, although the rate d.ecreases as

the pH ls d.ecreased. below bhe lsoelectrlc polntr lt d.oes

not d'ecrease as fast as d.oes Èhe ealculated. value of ir,,,.,...,'.

[nlteJ " Therefore , #.he zwltterlon may also be subJect to 
i';:':":":

d.ecarboxylaülon by proton attack at the l-carbon¡ so triat '.r'¿

the overall rate expresslon becomes ,:
ii- ;":': ' :1, 

,. ., .,i.,

-¿[cJ=krtn*]te-) + k,,[E+JINJ ,..o"(1)dF-

wlth k' larger than ktt by a factor of about l-0"



-,+,-.-":*-'*-'r.¡;É?ä!¿.:ÈryÊr.?.-.å::;:¿.ã:,i: :ifi;:tiÌ::ãi,::ì:,.aiiìi:i¡,ij:!'iill

-23-

suehtly d.lfferent ronclusLons were d_rawn by Rekker
and. Nauta (?t+), who lnvestigated. ûhe uv absorptlon spectra
of Þ-a;ntnosallcyltc acld- and. rerated. compound.s and. therr 

ir,.,.rates of d-ecarboxylatlon" They found. that the protonated_ Ì

specles d.ld. noi d.econpose, but that the fp*tê aü varl0us
hyd-rogen lon eoneentratloïE T.ras proportlonal to the amount of ,

i'l¡,:¡i1,free acld- or zwrttetLon present, as calculated. fron the known j..',Ì;.ì
i..'.d-issoclaülon constants of the acrd. (g4). rn agreement wlth i;,,:,;,,:,::r:
i,: ,,i.r.:.:.: :
J: 
.: : :

l{'!11.1's flndings (92), the¡ also observed_ a maxrmum ln the
rate of d.ecarboxylatlon of p-amlnosallcyllc,acld ln aqueous
solutlon aù the lsoelecirlc polnüo 'but d_ld not f1nd. any
d-ecarboxylatlon ln strong acld. where l,li111 ,s klnetlc expresslon
shows lt shoul-d- be appreclabie, The reactlon was conclud.ed 

il

to be a flrst-ord.er d.ecarboxylatlon of the zwltterlon. i

The cr.ecarboxylatlon of p-amlnosalrcy1lc aclcl ln
aqueoÌrs solutlon r{as also lnvestlgated. by Liquorl and_

Ri-pamonte (61) ' They too, observed. the rate=marrmun at
the lsoelectrlc polnt at ZS'C, but concLud_ed. that Ëhe rate_
confrolllng step 1s a flrst-ord-er d.ecomposltion of the
molecular acld- HA.

I'.:1".r'.:i:

ïn ord.er to d-etermlne whether a slo¡v proton transfer
or a rupture. of a carbon-carbon bond. rfas lnvolved. ln the
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rate-d.eternlnlng step, stevens and. co-woLq{,ers (Bz) looked.
for an lsotope effect ln the d.ecarboxy.laüion of anthranlllc
acld- both ln nelt and. ln aqueous solutlon'wlth varylng pE. 

,,

None was found. 1n elther case, a relatlvely broad. maxlmum

ln ühe rate r^ras observed. ln 0.?sN sul-furlc ac1d. (wlthout
uslng buffered. solutlons or constant lonle strength) at 

t:the temperature of bolrlng. water. unforËunate1y, no pE 
.,.

r e qa¡q vv.t.y t ¡l.rJ l,,II 
i:

measurements were mad.e, and. the effect of acld.1ty on the 
i,

lonlzatron equ1llbr1 a was consld.ered. only qualltaülvely. f'

;Fowever¡ they concrud.ed. that the raüe controlllng step 1s 
i
)

protonatlon of the zwltterlon at the l-carbon. i

îhe pH d.ependence of rate of d.ecarboryratlon uslng
p-a¡nlnobenzolc acld. was carefully lnvestLgated. by wtttt (gil.
Ee found. ühat the rate of d.ecarboxylatlon lncreases wlth
lncreaslng hyd.rogen-lon concentratlon, but. d.oes not reach
a maxlnun aü the lsoelectrlc polnt (pE = J), nor even at
PE = r,?t the hlghest acld.lüy stud.led.. Ee showed. thatras
wlth p-a.nlnosalrcy11c ac1d., hls d.ata can be, ascomrnod.ated.

by equatlon (1) wlth k,, = ZJ¡'-,.

of changlng pE upon the rate and. mechanlsn of, d.ecarboxylatlon
of 4-nethyl- and. &-nethoxyanthranlllc aclds. rhe d.ecar_
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box¡rlatton was fclloived. by notlng ùhe ehange 1n conoentratlon

of substltuted. anÈhranliic aci-d wlth tlne spectropho.bo-

metrl-caIly by neasurenents mad.e 1n alkallne solutlon r,ühere

all the acld was i-n anlonlc form, Although the effect of
acid,lty upon the rate of d.ecomposltlon of anthranllic acld_

ln ac¡ueous soluLl-on had. been lnvestlgated. earller by stevens
and. co-workers ( 82) , no buffered. or constant lonlc strength
solutlons lrere used-, rt was on rather qualltative evld.ence

t}rat they conclud.ed- þhat the rate-d.etermlnrng step was

probonation of the zwltterlon at carbon 1.

Dunn and- co-workers (z?) found. that both Þ-methoxy-
and. 4-methylanûhranlLlc aci-d.s d.ecarboxylated. by a flrst-
ord-er process at a constant pH, They showed. ühat ühe raüe
ls a maxlmum at a pH of about 1,r r"4, whereas the
lsoerectrl-c pH was found" to be 3,j, and. d.ecreases at both
hlgl:er and. lohier pH values. The observed d.epend.ence of
the rate constant, k, upon pE obtained- by ùhese authors
ls shom graphlcally ln Flgure 1, since the pII d.epend_ence

of the rate constant courd- not by accounted. for by reaction
of any conbLnatlon of BJerrum specles, 1t was conclud.ed.

that d-ecarboxylatlon must take place vla some lntermed.late
whlch 1s not part of ühe BJernrm system"

ì .j-ì. :

-: :a.-:.-

:,';:r:,: r: :

Dunn et, al-o (?7) have proposed_ a mechanlsm for
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.ll

FIGURE 1

The observed. prlti cÊerpend-ence of the rate constant

for the d.ecarboxpÏ.æ$lcrn of 4-nethoxyanthranlllc

acld. at 6OoC and 1a.n1.e' strength of 0.5 .
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the reactlon ln v¡hlch the non-BJerrunì, tnterneälates
fl- .tf *flZA , EA , anÕ. HZ are formed. by protonartlon of the

a1-earbon of HA, A- and :z respectlvely" Thls mechanlsm ls
sho'¡rn 1n Equatlon (Z) ,

assumlng that all three non-BJerrum lntermedlates
d-ecarbox¡rrate¡ the foll-owlng expresslon was d.erlved. tz?)
for the rate of d.ecarboxylatlon¡

-. tsl- + ( r,*r" /Kt + urxo/rc) [".]] xdt = [r'r] {xon,

*
k

k +k k on)/x2,f*

+ u+/r$ ) LH+l

+ (k+ + k

where [*] = ["o] + Lrl
and. K1 anð, K2 are d.eflned_

qf+= E+

Ka
N , T--" H+

+N

+A-

. , .. t.(J)

' o ' ' . . ( ll)

. r ... .( J)

slnce the ratro b4 t¡r\ ls lndepend.ent of pHr HA and- z
nay be comblned. und.er the

may then be s1np11f3.ed. to

slngle, symbol N,. Equatlon ( 2)

i.

i'--: :..: . : :'
l.- ì;::Ì.,. i'i:.:.:,!l -::a ' .:



.,ïj',.,

droo-
Ç/llrni

r¡zo

A

.1 

lunrrl

EA

"-ll

g

HA-

l.

Hza

l.
-+K

o"",

Oï,+ O;:-"O;;;
, .¿la*[u'J

coos .
r:--r

NEe Kc

o0-

NHza/Ë

. . r r.'( 2)
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K.
gN+ 

-- 
N

Ko..)
A-

1l;
J-.
coz

-EA

ï[

k-R
x.i

J-"
coz

rrrr..(6)

-. ._1..., -!t..ir. -t.:l
i\;.I. ì-.: i:.-+ir ;::';
i'-:' .:--": :

The rate expresslon then

u = 
uo*t1, n u**t H]
' Kl + t".]

slmpllfles to¡

u"rcl + k* [r1]
X ( t^ + k_a) xä * ( r+ + a_sa) [H1]

...r.r(l)':

As lt stand-s, equatlon (z) ¿oes not frt the d.ata,
because the L*l' terms of the n'merator prevent the
rate from becomlng snall at Iow pEe For the rate to d_ecrease

at low pH, 1t wlLl requlre elther that kEA = 0 or that
k'= 0r but not both' That 1s, ln ord.er for equatlon (z)
to represent the mechanlsm, EzAo must partlclpaf,e, but
elther 1t ls not formed- d-lrectly by protonatlon of HA and.

Z (kga = 0), or lt d.oes not d.ecarboxylate (k+ = O). fn
the forner case, the mechanlsm becomesr
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m[+
Kr

krf

coz

A

Ki 1f"Þ \ - *
. . HÃHzao

¡+

caz

and

¡ = 
kAKrKz

Kr + TFI- 
x

the

HN+

and. ln latter caset

r . . . r ' ( 8)

Kr KC

1[u{r-
J'"
coz
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and.

r - ktKrrz + knerr [f] u"xlmx (k*+k-e)Kru

.. ,(9)

Du¡rn et, al, conclud.ed. that mechanlsm ( g) requlres a.

klnetlc lsotope effecü at both Iow and hlgh pH values,
whereas mechanlsm (9) requlres an lsotope effect at row
pE but can accommod.ate an effecü or none at hlgh pïI.

Dunn and. Bucclnl (29) solved. the problen by
measurlng the carboxyl-cf3-nnetlc lsoüope effect for
&-methoxyanthranlllc acld. at 6ooc ln aqueous soLutlons of
d.lfferenü pH and. constant lon1c strength. The klnetlc
lsotope effects are summarlzed. belowr

Ë

-o'3
L.3

ll. o

Loo(k/k* - l) tn %

,n.z ! o,l
1,4 t 0,1

0.2 ¡ 0,L

thus, a large effect of 11,2f, wae found. at l_ow

- -IEr and- no lsotope effect was found. at hlgh pE, Therefore,
the reactlon proceed.s vla mecha¡rlsm (9), ln whlch both of

r FA and. z may be protonaüed. to forn Hzao and. Hz* t buü

. nelther Ezao not HZx d.ecarboxylate d"lrect].y.

1,,:
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slnce there ls no cr3-carboxyr klnetlc rsotope
effect at low acld-lty, so k-4 1s snaLl compared. to k*,
and. because there 1s such an lsotope effect at hlgh
acld-lty, k+ ls snarl compared. to k-na, Hence, equatlon (g) c€ul

be red.uced. to ¡

¡ = F¿IçrKe + knrKr [E+] v"xl,
@x

.r'r"(tO¡

:.fi.::i

iÍ:
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E. PYRIDINE-CARBOXYLIC ACIDS

The read-y d.ecarboxylatlon of pyrld.lne-carboxyllc

r acld.s was early appreclated.. Hlstorlcally, the reactlon
played. an lmportant role ln the stud.les of orlentatlon
of qulnollne, lsoqulnollne, and. the benzoqulnollnes (58).

,i Decarboxylatlon occurs more read.lly than wlth benzene-

, carboxyllc acld-s, and. ln the sequence Z> l+> 3. The

I

I and- a catalyst glves qulnollnlc acld., but at temperature

>-¿;>J;:!¿:r:::.:¿7i.::,.¡..:.È;,:.'::..:i1:r:r:rjl-ts:):ìil:i:¡r-1j.L!:ì:¡t:!Þ""tî¡

d.ecarboxylatlon üemperatures of soIld. pyrld.lne-d.lcarboxyllc ir,::,t

acfd.s d-epend- roughly on thelr strengths as acld.s the 
I

stronger the acld.o the lower the temperature (48). At

185919got, pyrld.lne-Zt3r4 -trlLcarboxyllc actd- glves
pyrld.lne-3rll-d.lcarboxyllc acld., whlch above lts m,p.

prod-uces¡oa1n1yn1cot1n1cw1thsome1son1cot1n1cacl.d-(l+?).

The easler removal of an 4- than of a p-carboxyr group has 
i
I

llmportant practlcal consequences, for the oxld.atlon of 
i

qulnollne at 15oo- l9ooc wlth sulphurlc and. nltrlc ac1d. l

i.:r: t:r:.:::hlgher than 2looc nlcotlnlc acld. results (g?) . For the same lr,:..r,,,

reasonr "ald.ehyd.e co111d.lne,, ( 5-eth¡¡1-2-nethylpyrld.lne )

ls also a valuable source of nlcotlnlc acld" (Sl-).

Three reactlve forms whlch could. posslbly be the
1n1ü!a1 reactants ln the d.ecarboxylatlon of plcollnlc ac1d.

were 'postulated. 1n the llterature. They are the un-lonlzed.
acld- (xrv), the chelated. form (xv¡ and. the zwltterlon form (xvt¡. 

i:Ìi.ir:,.
l:..-i: :,:.r:tl
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3t+ -

--=Q o*,.
E

XTV XVT

Reactlve form (xrv) was not consld.ered. as a pcsslbillty
(65t7otBS) for lt has been falrly v,¡ell estabrlshed. ln the
Llteraüure on d.ecarboxylatlon of other aclds that the
lnltial reactanü 1s an anlonlc or lntramolecularly trydrogen
bond.ed. structure rather than .bhe free acld. except Ln the
ease of the d.lbaslc acld.s oxaIlc and. malonlc (4) " Both
forms (xv) a.nd. (x\¡T) lncreese f;he. posi.tlve potentLe_L of
the rlng nltrogen and. red.uce the electron d.enslty cn the
d-e.arbon whlch could. then exert an attractlon on the carbon
to carboxyl palr of electrons, d-rawlng them toward. the ring
and- favourlng release of carbon d.Loxld.e.

The form (XV) was suggested ln the r^¡ork of Ðoerlng
and. Pasterraak c¡n d- pyrld-yJ-acetlc acld.s (zil " sinlrar
cycllc lntermed-lates have been proposed. by lrl11g (gr) and.

Muus (66) ln il:elr work on p- keio acld.s" Hammlck (uy),
on the basls of hls work wli)h qulnald-lnlc acid. ln qulnollne,
suggested. that the heterocycllc (- amlno acld-s, plcollnlc,
qulnald.lnlc, and. 1s'qu1na1d.1n1c acld.s, probably d.ecarboxylate

ln the forn of ühe1r zwltterlons (from XVI).
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The d,ecarboxylatlon of plcollnlc acld" wlth the

carboxyl-ate group 4 to a quaternary anmonlum functlon

Ì{as suggested by Brown. (14) tp proceed. at an accelerated.

rate presumabLy attrlbuted. to lniluctlve stabll-l zaLLon of

the carbanlon ln the form of an ylld. lntermed.late (XVII) ¡

û
E

,lO+co.--O
E

)ryII

In an attem.pt to d.ecld.e between the hyd.rogen-

bond.ed. strucüure (XV) or the zwltterlonlc structure (XVf ¡

for plcol-lnlc acld- as the specles und-ergolng d.ecarboxylatlon,

the uncahaLyzed. reactlon rates of p1colln1c acld. and. some

of ltsnethyl d.erlvatlves were d-etermlned. by Cantwell and-

Brown (Lil , Klneülc d.ata for the d.ecarboxylatlon of
plco1lnlc and. methyLplcollnic acld-s 1n p-d-lnethoxybe rlzene

are shown 1n Table II.

On the basls of the d.ata obtalned., they could_ not

d.ecld.e whether f orm (XV) , the cycllc f orm, or f orm (XVI ) ,

the zwltterlon form, ls the pred.omlnant lnltlal reactant
slnce both can take part ln the mechanlsm proposed. by these

authors ¡
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caz

Methyl substrtutlon of the pyrld.lne rlng has a proncunced-
effec't on the rate as weil as the actlvatl.n energy of
d.ecarboxylatlon, Eor¡ever, from ühese stud_leso no d_eflnlte
conclusl0n could. be reached- as to the nature of the
lnltlaI reactant 1n the deca::boxy1.at10n processr

rn cantr^rell an. Browns' subsequent studles on the
d-ecarboxylatlon mechanrsm of plco11nlc acid_ (16), the rates
of decarboxylatron of thrs acld. were d.eternr.ned. ln acld.lc,

\

ï

i :-t-t. :::i:.
i'.1::::.:::

f: ,.i . ... . r'.-:

i :'

Ç

(+
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baslc and. polar neutral solvents. The observed. raües were
found. to be flrst ord-er ln al1 cases, and. ln the ord.er of
neuüral solvent

The raüe constants ln neutral, acld.lc and. baslc soivents
are quoted- from the ¡rork of cantwelL and.,Brown (16¡, and.
are shov¡.n 1n Table ïIf ,

The d.ataobüalned. lnd.lcated. that the rate of de_
carboxylatl0n of plcollnlc acrd. ls 10were0 and. the actlvaül0n
energy ralsed. by both acld.lc and. baslc solvents. NeutraL
polar solvents aldo have a pronounced. but varled_ effect.
the suppresslon of the rate by acld-lc solvents was bel_leved.
to be caused- by conpetltl0n between the ac1d.lc hyd.rogen
of plcollnlc acld. and- the acld.lc hycr.rogen of the solvent
(phenolr AoH) for the nltrogen of the pyrld.lne rlng,

AOE
_Ð

cooE 0
EOA

cooH

l1

Ç.
H

l,s=-9

AOE or coo-

';l::: r.'.:r:ì

ij:.:;;::
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TABLE TTT

FTRFT-ORDEB RATE
Prcor,rlrrc ¿crn-ffi

coNSrANrs FoB 
=.åTLgSÆ.oðrI,Arr 

or\ or
SOLVENTS (re¡

ofemDn. C"

L?L,5
r79 "0
r9t+ 

" srg0,5

r74"2
178"8
183,0

NEUîRAI SOLYÐNTS

r * rg1, "é".
p-Ðluethoxybenzene

2,16
3'glr'
5.97
9.18

poBromoanisole
z.60
3,gr
5.39

Nl trobenzene

ACIDTC SOLVENT€,

Temp.-n oc"

phenol
170"0
r74.0

p-Nl trophenol
169.0
r73.5
r79.2
r82 "6

BASIC SOLVENTS

Tenp." oc* kx roþ, sec"

Anl11rre
l.68,5
173.6
r77,0

i..,'
1:.'

L.2L
I,Bg ,,., ,z.lry il'l',,¡::

ir':::. 
j::::i

j.....::1r::
ì: :: :-..1

I

Qulnollne
t69 "z 1.04!72.5 r.6?178"5 2,56

frlbutylamine
0 "92r.7g
?.\7+,vi

r"75
3,06
4.?l
5,82

l69 "or74,6
r79 "o1ö3"0

L6B"s
r73" 5
T7g,o
i.82" 5

k x 1oþ. sec,

0 ,60
1'03

o "220.34
0"75
1,otl

l: .!:- 
_:: : ':11
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rn the case of baslc solvents (anrllne, qulnoIlne, trl-
buüylamlne), a probable acld--base equl11brlum between
ühe acld- ln questlon and. the base, Bs to forn the a'ron
could- have helped. to red.uee ühe reactlvlty.

B ()1*
o
E

lt

From a consld.eratlon of the over-ar-l observed.
effect of solvents on the acülvatron energy of d.ecarboxylatlon
and- an anarysls of ühe effect of sorvatlon on the potentlal
energles of the two forms, the chelated. forn (xv¡ and. the
zwltterlon form (xvr¡, cantrselL and. Brown favored. the
z¡rlüterlon as the lnltlal reactlng foru,

l.:':
.::

i

ù
I
I
I

fI

+

[=o 
or

o
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cr-ark ad.d-erl to the lnvestlgatlon bir stud.ylng the
d-eeart¡oxylatlon of plcol1n1c acld. ln the nolten state,and.
1* p-cresol, anlllne, phenetollr p-chlorophenetcle,
p-d.tnethoxybenzene and nltrobenzene (tB¡ " The flrst_ord.er
re'üe constants are quoüec froryr hls work and. presenteri tn
Table trv" Eer tn this an. subsequent süud-ies in 7.2

more polar solvents (Zt¡, found. that the rate was ln the
orcLer of baslc solvenüs ) neuËral solvents ) acld.lc eolvents,
wh10h ls not ln agreemenË wlth cantwell and. Browns,
flnd-lngs' Ee also fowrd. that the res*rts ln d.lffer.enü
solvents conformed very c10se1y to s slngle lsoklnetlc-
ternpera.tr-r_re .l-1ne J n e.n en{;hs.-l_p}r_en.r,rcl}, p.l-et r'lhi- eh l.ies
paraS-iel to a slnllar llne obtalned- prevfously for ühe
d-ecarboxylatl0n of oxamlc acld. and- 1Ès d.erlvatlves ln
Èhe molten state and. ln a varlety of solvents (zo¡ " on
thls evld-ence ancr. on lnfornatron presentecr earl.ler by
Fraenkel e! ê1," (:,6) Èhat the d-ecarboxylatlon of oxamlc t
acld-'in qulnollne lnvolved. Ëhe fornation of an actlvaüed.
oompLex between unl0nlzed. acld. and. the nucleophlllc
solvent, clark, ln a d.lfferent vlew from cantrcell and.
Bronrn" favoured- the hyd.rogen-bond. form of plcoJ_lnlc ac'd
(xv¡ oyer Elne zwJ.tterton(xvr).

l:1 i:

i .r . ..:. :',
i -ii'.ìt,;.-r,:l!
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TABLE IV

FIRST-ORDER RATE COI.ÏSTANTS FOR rHE I)ECABBOXYLAÏIOIü OF MOLTENCOLINIC ACID PICO SEVERAÍ, SOLV

Þvstep

Mo1ten plcollnlc ac1d.

P1collnlc acld. +
p-d.lmethoxybenzene

Picoli-nlc acid. +
p-chlorophene tole

Plcolinlc acld. +
phenetoie

Plcolinlc ac1d.
nl ürobenzene

Plcollnlc acid.
anll lne

Plco1lnle acld_ +
p-cresol

Tenp. (oc)

l.67,t+7
L73.67
180,61
LBI+.zz
lBB,35

txro4( sec-1r.

1.28
2,46
3.73
7.05

L0,57

L "643,74
B,7I

1.75
l+"r5

11,13

Av. d.ev,

0,02
0.02
0.02
0 ,0¿l
0.0þ

o.o2
0,03
0.02

0,03
0.02
0,04

0.01
0.005
0 ,01
0,04

0.01
0,01
0.03

0 "020,02'
0,02

o.Q2
0 "020.03

L70.56
1BO "61LgI.20

L72.1t,6
]-82,72
Lgz "Bg

150,7t
L59.60
165.t+7
168.2

L72,36
180,5Õ
r89.6i

0.37
0.665
1. rB
1"53

r,73
3,52
6.69

160,37
:.68,35
t 78,go

I7O "t+5L79.70
r89.61

L "20
3.gB
3.gB

T,T9
?.79
6 "69
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However, it l.s the author¡s oplnlon ühat, in
changlng solvents canùwell and. Bro"*rr ha,l- changed. solvent
polarlty as rvell as solvent acld.lty, and. that the rate
d-lfferences ln d.lfferent solvenie rcere snar-l enough to
be caused. by the polarlty changes alone, Clark had. ad.d.ed_

to the lnvestlgatlon by i-nereaslng the nr¡-nber of solvents i i::...::
:..1:;: I.;I..;.;

stud'led', and- in hls resuLtsr d.lfferences in rates obtalned_ r''1"''"'

ln d-lfferent solvents were even smaller, Therefore, 1t
ls feLt that the efÍ'ect of acld.lty on rates as reported.
by these authors ts not too rellab1e,

Krnetlc l4'carbon-lsotope effects on d.ecarboxyiatlng
plcoL1n1c acrd. ln the fused state as well as ln qulnorlne
and- phenols vre¡'e stud.led. by zlotowskl and. zlellnskl ex_
perl'nenüally and. compared- to a theoretlcal nod.eI ( gB) .
The klnetlc lsotope effeet ls quoted. from thelr work and.
presented. ln Table V"

These resurts show that the c-c bond. 1s broken 1n
or before the rate-d.eüernlnlng step of the d.ecarboxyratlon,
¡rhlch agrees wlth the ylld. type of mechanlsm proposed. by
the workers prevlously quoted." rt 1s lnterestlng to note
that the lsotope effect ls notlceabty larger ln acld.lc
soLvents than ln basle onesn However, ttre auühors d.1d.

not comment on thls polnt,

l: ,-:r i, :.-j
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TABLE V
---

PrcQLrN_rc_AcIp_ Ar t86oc_ ( gB)

SoLvent
Ir

kc'^/u",n ) - t] rn fr

rt^ì À
¡,¡ (;.L U

QuLnollne

o-NltroÍ¡henol

Phenol

o=lrleth¡rlphenol

Hyd.roqulnone

lq1Y¡()

l+,7

5.0

5,4

5.1l.

5"6
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The most strlklng propertles of pyrrole-carboxyllc
acld-s havlng the carboxyl group d.lrectly attached. to the
nucl-eus 1s thelr read.y d.ecarboxylatl0n. Thls occurs when
the acld.s are heated. und-er a varlety of cond.ltl0ns ¡ the
ease varles w1üh the character of other substltuents present,
Melü'ng 1s usually accompanled. by d.ecarboxylatl0n, and.
preparatlve proced.ures have used. d.ecarboxylatl0n by heat_
lng aü re.uced. pxessure (40), by heaüLng ln glycerol,
2-a'nlnoethanol and- aIkall, and. d1stll-Iatlon from weakly,
acld. s olutl on (L? t 35). .,

No quantltatlve d.ata are avallable to pernlt an
assessment of the effect of subsültuents or carboxyl group
orlentatlon upon ease of d.ecarboxylat1.r1. rt 1s belleved.
that ln the py*ole serles, the behavl0ur observed_ ls
slnlr-ar to that of hyd.roxybenzolc acld.s havlng one or more
hyd'roxyl groups ortho an. para to the carboxyl group (13).
rn these cases of d-ecarboxyratlon faclrltated. by electron_

o
E

coz H+



.. 
. ., .._.,,,-" t .¡ ...:11:"i.j1-;::.\':,.:!:,,...a.,-1
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releâ,sl,ng groups (L3) t iü ls l1kely that the nechanlsm
lnvolved- 1s that d.enoteo (r+¡ sE2¡ but whether ühe acld.
or lts anlon ls rnvolved- ls not knoml, Rough qualltatlve
comparlsons suggest thaü pyrrole-2- aîð,. -J-carboxyllc
acld.s are d.ecarboxyrated- about'as read.lly as the resorcyrlc
aclds (23¡ Zt+).

l.
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_t+z_

ITI. OBJECT OF' TEE PRESENT l,iORK
-Ir: 

---

slnce mechanlsms proposed. 1n the llterature for
the d-ecarboxylatlons of pyrld.lne- and. pyrrole-carboxyllc
acld.s are based. entlrely on qualltaülve evld.ence, and_

arguüents by analogy wlth the substltuted. benzolc ac1d.b,

lt was ühought that 1ü nay be d_eslrab1e to stud.y these
d.eoarboxyl-atlons ln aqueous soLutlono rn thls case,
quantltatlve- measurements of the effect of acld_lty on
rates are posslble.

The nechenlsm of the d.ecarbox;,1aÈ1on of pyæole_
carboxyllc acld.s have -not prevlously been examltred_,

Pyrrole ls generarly thought to resemble anll-lne and.

phenol, so the d.ecarboxylatlon nlght be expecüed. üo

resembre that of anthranlrlc or sallcyIlc acld., rü was

üherefore an obJecü of the present work to flnd. out lf
the acld- d-epend.ence of pyrrole-carboxyllc acld. d.ecar-
boxylatlon resembles that of anthranlLlc or sallcyrlc
acld. pref.lously d-escrlbed.,

l:r:r; ,::.

i:ì,

.:¡



nnsgl,le ANo úrscussrorvr!

1. P1collnlc aclÈ

rt r¡as shown earller ln the Thesls thaü for an.'-._-

, anrno acld- lf the concentratlons (or, at hf-gh lonle st_
rengths, the actlvltles) of HA and. z are represented. by
l'- nlue] and- Lrl, then the concentratlon of total amphoryte

's [*] = t"^] + lrl, and ürat [o,] reaches a uaxlmum when.
pH = L/z (pK1 + plz); that 1s, at the lsoerectrlc polnt,
srnce [zJ and L*r are borh proportl0nal ro [NJ ana the
proportlonallty ls lnd.epend.ent of pEr lt follows that' boüh t"4 and lrl wlIl also have ühelr maxlmum values at
the lsoelectrlc polntn rf the rate-controlllng step ln
the clecarboxylation of plcoIlnic acld. 1s Ëhe flrst-ord.er
or pseud'o-first-ord.er d-ecomposltion of any of the BJerrr-rm
specles , HzÑ, HA, z, A-, a plot of the rate constant
agalnst pH should- show the sarne lnflectlons as the concentrat-
lon versus pE plot for the correspond.rng specles as shown
ln Flgure Z.

-48-

IV.

., tr other word.s, 1f the llterature
the d.ecarboxylatlon of plco11nlc ac1d. (vla

A.

mechanlsm for
neutral specles)
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FTGURE 2

pH d.epend.ence of substrate concentratlon of plco1lnlc

acld. 1n aqueous solutlon at ZSoc

-2( Kf and K, were taken to be 8.32 x 10 * , and.

4.?g x to-6 respectlvery (33) )
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ls correct, the rate of d.ecarboxylatlon should be a maxl_
mum at the lsoelectrlc pH, The lnvestlgatlon therefore
began Ï¡lth an attenpt to test thls requlrement of the
llterature mechanlsm.

A statement ln sld.gwlckts neIl-knolir. book on

nitrogerr compound.s read.s (ZÐ z

"The pyrld.i'ne-d-carboxyllc acld.s are d.êcarboxylated.
very easlly by heatlng with hyd_rochlorlc acld. . o 3.,,,
ïn ord-er to conflrn thls statement, attempts were mad_e

to d.ecarboxylate plcollnlc acld. ln aclueous solutlon" A

stock solutlon rvas mad-e up by d.lssolvlng 2 g of plcollnlc
acld- ln one llter of d.1stll1ed. water. TvÍo nl allquots
of the stock solutlon were then wlthd.rawn and. inJected.
lnto seven flasks each contalnlng 100 nl of buffered_
solutlons of pH = 2¡ pH = 5¡ lN NaOH, 5N NaOE¡ lN E2SO4I

2N H2so4. and- 5N H2so4. Theså solutf.ons Ïrere kept r.efluxing
and- the evaporatlon losses were ¡alnlnlzed by uslng water
cond-ensers. The w spect::a of these soluülons were taken
ln approxfunately one-d.ay lntervals, and. 1ü was found.

that the w spectra remaln.ed. unchanged. afüer two weeks,
lnd.lcatlng no d.ecomposlülon had. occumed. 1n any of these
solutlons. Therefore, sld.grvlckrs süatenent seened. to be

lnvalld. 
"

ì' : ..-: :;
l: :: irr j.j

:t:'rl

i':i:." .



rn some subsequent experlments on the d_ecarboxylatlon
of plcol1nlc acld., lt was for¡nd. that 1t d.ld. not d_ecarboxylate
at a rn'easurable rate unt1l the tenperature reached. 150%. ,"t,r,r;..,

Numerous d-1fficultles were encountered- ln trylng to stud.y
the effect of changlng pH upon the rate at such hleh temp_ 

:eratr¡re' the reactlon vessels used- by Dunn et, aI, (2Ð at i,':,r,i:,:,:,,,

' o 
s used when fiÌ . ^a !r-- 

'"'i
ó0 c canr¡ot be used. when the temperature of the solutlon ls i: ., .

;1on. Eowever, 1t was found- that '',"",:-""'-"¡

sealed- ampoules of 2 mL capacltles can stand. such hlgh
temperature, and. the a.mpoule technlque was therefore used.
for the raüe measurements.

rn ord.er to test the hypothesls that the rate should_
be a maxlmun aü the lsoelectrlc pH, rates w111 have to be
measured. ln buffered. solutlons at constant 1onlc strength.
The folIowlng buffered. solutlons as suggested by Bates (Ð 

i

r{ere tested- separatery for thelr stabl1ltles at hlgh tenp_
erature ¡

Acld.1c conponent Bajslc component

HCI_

ECl

Cltrlc acld.

Cltrlc ac1d.

For¡llc acld_

Glyclne

NarH cltrate
NaOE

NaTIIPOU

NaOH

pH Ranse

!.0-3.7
1,0-5,0 '

2 "2-6.5
2.2-B 

" 
o

2.8-Ilr.6
l:';
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Nlne ampoules, each contalnlng the saJ'e buffered. s,ol.utlons,
were kept ln the o1l- bath at 15ooc for one weerhn and. three
ampoules were l'ú.thd-rar,r¡r ,at t,rtg. beglnnlng, the u¡1d.d.le and_ the 1.,,,

end' of the experlment. These 
'rere cooled. d.own Eo zJoc for

pE measure¡rents, rt was found. that for arl the buffered.
solutlons mentloned. above, the pH's before and. after ühe
experlment had. a d.lfference of between 1 to z pH rinlts,
probably d.ue to the d.ecomposltlon of the organlc components
of these buffered. so1-utlons at l-JIoC.

Tn subsequent experlments, lt was found. that the
pH of phosphaüe buffer remalned. unchanged. after belng kept
for 500 hours aË 1Jooc, and. the followlng buffered solutlons
were therefore used. for the rate measurements ln thls lnvestl- i

gaülont

i:.:r": :.l

il:-::- ---

Buffer

ECI_

HCl-NaH 
ZpOt+

pH reeÍ'on
%

0-2.2.

L.B-l&,,2

l+,0-6,1+

.: -::.--.,.-. -

ì_-...

NaHrPO4-NarHpO4

The rates of d-ecarboxylatlon of plcoIlærc acl¿ were ir.r':; +¡'

measured-byus1ngtheabovebuffersford.1ffere.nüpHreg1ons,

and- ampoules as reacülon vessetrs. The rates were obtalned_ l
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spectrophotornetrlcally by folrowlng the change ln concen_
tratlon of ühe acid- wlth tlme, The absor'l¡ance measurements ,

were ma.d.e ln alkaline solutlon where all the ac1d. 1s 1n the i .

1,'r';.r i; ., ,.anlonlc form, and. at wavelength '¡rhere the absorbance of the
reaction prod.uct, pyricì-ine, ls neg1iglb1e. The w spectra 

l

of plcollnlc acld. and_ pyrld.Lne are shovør ln FLgure 3, As 
i,,i,,:.,..,:i
l:.': r",:'ì.:,'-ishovnr ln the Flgure t 2?5 mlr¿ l{as chosen as the wavelength i.,¡..,,,,,,,,

for the rate measurements.

Flrst-ord-er plots of the logarlthm of absorbance
agalnst trme gave excelrent flüs up to more Enqn 90ft
converslon" A typlcal plot of 1og. absorbance versus tlne
for the d.ecarboxylaülon of plcollnlc acld_ at 150"c , and.

P= L"0 ls shown ln Flgure 4.

Table vr record-s the rates obtalnecl on the d.ecar-
boxylatlon of p1colln1c acld. at 1J0oc ln buffered- solutlons ,,,,:.,.,,i,,

wlth pH measured- at z5oc" and. 1onlc strength tfr ¡ of 1.0" i,.,rìr.,.: 
'

i:.: :,I:::;,::j::: :::. .:

Enough d-ata are avallable to show thaü the rate ls a
maxlmum at an lntermed-late pII and. d_ecreases at both hlgh and.

low pH. The pH at the maxlmum cannoü be d.eternlned. preclsely 
t:,,:,:,.,,::...:r,,;

because Ùhe pHts were measured. at ZJoc lnstea.d. of 15ooc. ii'í..¡*
Eoweverl1tw111beshom1nthesubsequentstud.1eson
qulnollnlc acld. that the pH's of buffers slnlLar to these i
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The W spectra

ln IN NaOH

- 
Plco11n1c

"r"" Pyr1d.lne,

FI,GURE 3

of plcoIlnlc acid. and- pyrld.lne

acld.rC= 2,BxfO-4iul
C = 2,8 x 10 M
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FIGURE 4

A typlcal plot of 1og. absorbance versus tln"e

for the d.ecarboxyTatTon of p1col1n1c ac1d. at

t5ooc t fL= l.o .

t+"¡-.:-r
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TABLE VI

EATES OF D-ECARBOXYLATTOI'I gF priol,rNrc AcrD *{T I<OoC. ,/ú( = 1,0
( l+rrn pE AT z5oc )

Buff,er* k x 107. s-I

* The synbols A, B

NaHUP04-Na2HpO4

and. C refer to HCl; HCI_NaIIZPOU ; and

buffers respectlvely"

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B
B
B
B
B
B
B
B
B
B
B\
B
B
B
B
c

c
c

c

pItr at 2(oc

0.L21+
0.252
0.&11
0.599
0.735
0,832
0,98t+
I'11 ,

1.38
r.53
1" 68
L.75
L,78
2 ,0r
2.L6
T.78
1. BB
2.0I
2.24
2.29
2 ,38
2.6r
2,92
3,og
3,25
3.4r
3"64
3. 81
3. BB
4.os
l+,oz
t+. 53
5"03
5.45
5,74
6.24

l::;.:"::i'

l- .61
2,Lg
2,92
3.78
It, S?
5.54
6,zz
7.07
8.20
9.2r
g.B4
g. 81

10 .1
i0,4
10 ,5
10.0
10.0
I0.2
10.4
I0,7
r0.6
10 ,ll
10.1
9.52
8,99
8.55
7.63
7.02
6. Bo
6,49
6. so
5,62
5.10
5 'r45.r7
5.or
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were found- to lncrease 1n pH by less Ëhan 0,1 unlt oïr

cha'grng temperat're frcm zsoc to 95oc, therefore, 1t nay
be. safe Ëo assume that the pEos may lncrease about o.z
unlt on changlng from zsoc to tjooc. The results appeared_

1n Table vr are reprod.uced. ln Table vrï wlth the assumptlon
that' pHos lncrease 0,2 un1ü on changlng from zsoc to r50oc.

As shorsn in Table vrr s the rate maxlmum appears to
occur aü about pH of 2.4 aE t5ooc, The rates of d.ecarboxy-
l-atJ-on of plcolinlc acld. at rJ|oc and ¡u = 1,0 as shown ln
Table VII âre ploüted. ln Flgure 5, The most noticeable
fao*rr¡o a? +LLvú'v^!ü u.¡- !r:e :ßtc vs pE profllc as sêcìì 1n Fi-gure 51s i-r,s
unsymmetrical shape" Thls a10ne terls us that the d.ecarboxy_
latlon ls not the d.ecomposltlon of a slngle specles, because
the ooncentraËlon profile of the neutral ac1d. would. be
sJ¡Trnetrlcal about the lsoelectrlc pE as shown ln Figure zo

:-,

:":J-i.r r- -' ::

'' ':." '

.: -:-::.
::::i:1:As suggested by Evans

molecular specles whlch occur

acld. ean be represented. by the
XIX and. XX"

et gf. (33), the three
ln aqueous solutlon of p1collnlc
structural formulae XVIII,

(a) .(b)
\*#

XÏX

DcooH D
H

XVTTT

cooH coo-

xx
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TABLE Vrlf
OXYLATION

pE at 1<ooc

( wttn pn et tqooc I

Bufferx

1 .61
2,lg
2.92
3,78
4.5?
5,54
6,zz
7.07
B.zo
9.2L
9.84
9. 81

10 ,1
l0 "410.5
10.0
10,0
1Q ,2
10,It
L0,7
10 .6
10 .ll
10.1

g ,52
I "gg8.55
i.6j
7.02
6. Bo
6,49
6. so
5.62
5.10
5.L4
5.r7
5.01

'' 0.324
0.452
0.611
0.798
0.935
1.03
1..18
1, 31
1.58
L,Z3
1,88
t.g5
1.98,
2.2r
2.36
1. gB
2.OB
2.2r
2.44
z.trg
2.58
2.81
3.r2
3.29
3.45j,6r
3,84ll. 01
ll. oB
4,zs
l+,zz
I+.?3
5.23
5.65
5.91+
6.44

Data from Table VI ¡ pH's at 1J0oC

ZsoC, and. an lncrease of 0,2 unlt

k x 107. s-l

are from those measured. at
from zsoc to t5ooc ls assuaed..

A
A
A
A
A
A
A
A

.A
A
A
A
A
A
A
B
B
BI
B
B
B
B
B
B
B
B
B
B
B
B
c

c

c
c

+

* The s¡mboIs A, B and. C refer to HClt EC1-Na,HZPO4 ¡ and.

l-. .:

I:.:: :)..
I

NaHe PO p-NarreO* buff ers respectlvely.



t!-:ÌÍ-.-j.1

FIGURE <

pH d.epend.ence of experlmental rate constants for
the d.ecarboxylatlon of plco1ln1c acld- at l-J}oC,

lU = 1,0 r
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In an aqueous solutlon
equ1Ilbrla, analogous

consld.ered_ (39) ¿

of plcol1nlc acld., the follonlng
to anlnobenzolc acld.s, can be

Dcoo-
E

xrx (b)

a
û...-

H

XVIIT

The catlonlc specles behaves as a d.lbaslc acld_ for whlch
two thernod.ynamlc d.lssoclaülon constants K, and. K, can be

measured by the usuar method.s. These are related_ to the
constants of the above equl1lbrla by

Kr=Ke*h

I/Kz=t/Kc+t/Kn

xx

i:;1':.
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Kz=xo/rcr=xr/ttç

The unsJrmxeetrical shape of the raie vs, pH curve

fo:r plcollnlc acld. as shown ln Flgu:re S suggests that the
d-ecarboxylatlon of thls acld- ls not the d.econposltlon of
a slngle specles. The reactlon may lnvolve slnultaneous

d.ecarboxylatlon of two or more of specres xvrïr 'co xx.
Slnce the lefi hand. sld.e of the mexlmurn approaches zero

at lower pH, whereas the rlght hand. sld.e seems to level
off at hlgher pH, the reactlon, besld.es lnvolvlng the

d-ecarboxylatlon of the neutrar specles, xrx, may also
l.nr¡o-J.we t'he deca::box3rl.at1on of the anion. xx. This can

be represented. 1n the followlng scheme I

I ..¡.:.'

i.

'ì" ":'

1.. ..':.
i::.:l i

cooH

or
ooH D*- D c00-

E

K
HzA'

*r,
N

l.
J-
Çoz

-,Y¿rA_

1

lu
I

J
coz
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where Kr. = tI]h+

and.

[*] =

For N caz

the rate expresslon ls¡

-*rbf = r lcj
*_

=kLNJ

, k¿e [cl

F,oI = t-lîil

[o-]=-i,,tlf-LJ 

["]

= ['.]

K, [*]
= [.]r

J- K-). 
-Fl

JT

k

or k=

ln-l /r, xr/ ln*J

ko ..,.. (11)

j ri',:,;, ';
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cozFor A

fhe rate expresslon 1s¡
.' :::ì

#=k[c]=k-[A-]
k-Kz [cl '. jj .:.:

.',: . l.-,

or k= .....(12)

and. thc overall raüe constent fcr the reactlon ls the
ad.d.ltlon of equatl ons ( f f ¡ and. (l.Z) ,

x = k" [4 * t-tc,
,...,(13)

rn ord-er to obtaln k* and- k-"ln equatl0n (13),
and- eventually to carcurate the rate constants at varlous
hyd.rogen lon concentratlons, lt 1s necessary to know the
values of K, and. K, at, t5OoC and- ¡t= 1.0. AccorÖlng to
Evans, Eerlngton, and. Kynaston (3il, the pK, and. VKrof
p1col1nlc acld are 1,08 and. 5.J2 respectlvely. These were

measured. at zsoc and. at lonlc strength of 0"03. slnce
K1 and. K, were not measured. at¡t= 1.0r the lonlc strength

k-Kz

[H+]/Kt + 1+ K,/LH\
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of our experlmenÉ", 1t w11t be necessary to esgLmate thern

by an extrapoì-aü,ton of the Ðebye-Hückel theorg to thls
rânÉBlriÊf..'ü.eg¡:Lgr,s;@Ê@;,È,lag-',1f,,1,ü 1s assumed. that 1onlc
strength w111 have llttle effect on the actlvf.ty of the
neutral specles' N, then 1t follows that:

( Kr )1*o= ( Kr )0,03*

and.

where K represents observed. 1onl zaþron constant, f represents
actlvlty coefflclent, a'd. the subscrlpts ouüsid.e parentheses
refer to lonlc strengühs" rntrod.uclng ühe slnrple Debye-
Hücke1 relationshlp for actlvlty coefflclenü f.n aqueous

soIut1 on

-1og f =

t.:.::

('^)

6)
( Kz )1"0 = ( Kz )0.03 )r I

0

a

I

q

t

glves (

or pK1 =

The pK fs

our rate

K1 )1.0 = 5.55 x 1o-2 ana ( KZ )1.0= ?.!g x tO-6
!.2J anö. pKZ = S.I4 at y+= 1 . O .

nentloned. above were neasured. at zs@ço whereas

measì.rrements were car::Ied- out at 15OoC.
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Unfortunately; ürêasrlrenent of lonLzaþIon constants aþ

t5Ooc proved. to be lnposålbIe. However, although no

work has been publlshed. on the temperature effect of

lonlzatlons of plcollnlc acld- ln the llterature, temperature

d.ependence of glyclner ârr a¡n1no acld-, has been reported. (54)

from lOoC to JOoC, and the results are sunmarlzed. ln
Table VIII.

T.ABTE VIII
TEI'IPERATUR4 DEP4NDENCE OF GLYCINE IN AQUEOUS soLUTToN

h: : :ì.ji,,-'::. i,

{tr:.:'l ,il'ì1,
i. .. .:

Tempq oC

10

r5

20

25

3o

35

llo

t+s

5o

pKt

2.397L

2,3BoO

2.3640

2,3503

2.339t+

2 .33L2

2,3266

2.3242

2,3200

pKz

10.1928

lG. o4g3

9.9]03

9.7796

9.65L?

g .5300

9.4124

9.2988

g.rB87

the equlllbrlum constants whlch relate the organlc specles

of glyclne ln aqueous solutlon may be represented- ln the

foLlowlng equlllbrla (5Ð z
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slN-å-coou - -5r= njx-fl-coo- ,---{2-, uru-ã-coo-) E r¡--- -t-- i

stephenson and. sponer (81) stud.led. the near ultravlolet
absorptl-on spectra of the pyr1d.lne monocarboxyllc acld.s

ln water and. ethanol solutlons, and. concrud.ed. that plc.o1ln1c
acld- exlsts prlmarlly rn the zwrLt,erLon form 1n water.
Thls vlew is also ln agreement with the frnd.lngs of
Green and. Tone; (3Ð, Therefore, as analogous to glyclne,
we can relaüe the equlllbriun constants, Kl and, KrL of
plcol1nlc acld- to 1ts organic specles 1n aqueous solutlon
as follows:

As shown 1n lable VIII, the temperature seems to
have a d-rastlc rnfluence on pþ of glyclne, whrch d.ecreases
one whole pK un1t, from l.O.Z to g.Ag; whereas pKl does not
seem to change very much ln the temperature range of
10oc to Jooc. By analogy to g1yc1ne, we may assume that
ühe nK, of plcolrnlc acld. probably d.ecreases to a very
large extent from 25oc to lJooc r but pKt only sllghtly
d'ecreases. slnce the pKt and. pK, were calculated. to be

r.25 and. 5.14 respectlvely at zsocr rrê can further estlnate



ir:¡::1 - r-*-'+r+rrà¡À%lw:iia,T+,::;:;qrii ;}i..::i?:i!.ër.*t#!"i;;#?!:ip., .

6Z-

ühat the varue of pKz probably would. be between J to 4,

and. pK, probably wou1d. be s11ghtly less i.,lnarl I.Z at
15ooc.

The general rate expresslon ( equatlon (13) )

can be slrnpIlf led. lf we consld.er when prr <2, tine Kz/ lH\
term 1n the d.enomlnaüor may be neglected-, and. equation (13)

t¡ecomes .

r::::-.._- :.

k" [**] + k-K.,tr- L ¿ --Z
r+rrffi
tH'J ( ln 'l /r1 + )

irlso, 1f' we assume that k* woul,L have a value
as great as k- , and. slnce K,

and. equatlon (14) thus becomes 3

,....(14)

a& 1 aa-åqV .l.liar> v

" [*1] y' u-w*

k=
{+kKt

[H*] + Kl

or t/k = ¡n+l 7u#r, + r/ko

From the llnear plot of l/k vs. [H+l ,
glve the value of t/U*Xr, whereas the
glve the value of L/ko.

The d.ata ( pH of 0 to Z ) from

to plot 1,/t< vs. [n1 . The calculatlons

.r..,.(15)

the slope should.

lntercept should.

Table VII were used.

are shown ln Table IX,
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TABLE TX

Ë
0.324

0.452

0.611

o,7gB

0,935

1,03

1,18

1.31

r.58

I,73
1.88

r.g5

I.gB

trtl x,::1oZ

47.t+

35.3

24.5

L5 "g
LL,6

9.33

6.6r

4.90

2,63

1, g6

L.3Z

T.T2

1. 05

kx107
1,61

2,rg

2.92

3.78

4.5?

5,5,4

6,zz

7.07

8,20

9.2r

9,81+

g. 81

10.1

1 x 1o-l
62,r

45.7

3lþ'3
.>A Éçeo)

2r.g

18.1

L6"l

14.1

]-2.2

10,9

LO,2

I0 ,2

g,g0

l

I

!

PTCOLINTC ACID
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FIGURE 6

Plot of l/k versus t-.1 f or p1o911nlc acld
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and. are plotted. 1n Flgure 6. A good. llnear plot was obtatned.,
and. from thls ne get:

ko = 1,20 x to-6 """-1Ito
k Kt = 9.65 * 10-'

or Kl = B,o5 x Lo-Z ( pKl

The pKt of 1,09 obtalned. from the
wlth our prevlous assumptlon that
l-ess than I.2.

Equatlon (Ii) can also be slnplifled_ if we consld.er
when pH7 zt 1,ê,, ["*] less than I0-2, slnce the pK,
obtalned. from the plot of 1/k vs. l-n! r" 1.09, ühe term

= 1.og )

plot 1s qulüe agreeable

pK, wouId. be slightly
,1. ::

ir -. .:

¡¡¡fl/\ 1n equatlon (13) wlIl be neg1lglb1e, and the
equatlon thus becomes¡

ru _ k" [HÌ + k'Kz

ffi
or * (*l + K) = k" [H+]

From rhe llnear plor of o(tuT +

should. glve the value of k*, and.

the value of k-Kr.

+ k-K,

.) vs¡ t*l 
:the- lntercept

c D û . . , ( f6)

rrr,,.(L7)

the slope

should_ glve i.iÈ*=j.' r

ït was assumed. earller that nK, wou1d. be between
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J anð' 4, and- pK1 was found. Èo be r.o9 fron the prevlous
plot. rn ord-er to have a best f1t lnüo ühe experlmental
rates vs. pE proflIe, we further assune ühaü pK, would. be
about 3.?t or K, =-1,99 x lO-4. Thls value of K, was used.

to pLot u("*l + r)o". [H+] . ur" calcurarlons are shonm

ln Table xr,and. are plotted. 1n Flgure ?, Fron the llnear
plot, the fol1ow1ng values were obtalned_¡

átk=

The values of ko obtalned- from Flgure 6 and. Flgure ?

3re qulte agreeable, and. the average value of k* would.

L,lll x to-6 """-1"

k-Kz =

k-=

Substl tuülng
lnto the general rate

I,oB x 1o-6 "u"-tr
g.g x 1o-11

4.96 x 1o-7 .""-1

1.14 x 10

the values of ko , k-, Kl and.

expresslon ( equatlon (13) )

be

K2

glves I

k=

8,05 x 1o tH-l -- ...,(18)

}flth varylng hyd-rogen 1on concentraËlons substltuted. ln
equatlon (18) r d.rfferent values of k were obtalned., and.

the constructlon of a theoretlcar rate vs. pH proflle

-ll9.9 x 10

J rl: :.1.:'i;rrì
j;.r;::.ì:1ir.ì:r:tirì

)

I

l

i.ìi5:i?-'i¡¡ ::,
i:1i:-;¡::,::'1,:;

ll



pH t"tl x 1oI+

72

r4Ef"E,.X
',''''r!;È_

PÏCOLTNTC ACID

- zB, j
L7.5

g.5B

7.L2

5,54

4,45

3,41+

2.97

2.82

2.59

2.LB

rxlo7 * GT* n) * ,.oto

2.58

2 "BT

3.a2

3,29

3.45

3.6r

3.84
ll. oI
ll, oB

4.22

l+.23

26.3

l-5.5

7 .59

5.L3

3.55

z,l+6

r,45

0.977

0.832

0.603

0.186

Lo.6

10,4

10.1

9.52

8'99

8,55

7.63

7,02

6. Bo

6, jo

5.62

30.0

TB,2

Y.õó

6.zB

4.98

3.80

z.62

2,08

L.92

L.6g

r.23

vs. tFT FoR

o KZ = I.99 -lLx10



FTGURE 7

Plot of k (-t . o) versus t-f for plcollnlc acld.
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was posslble' Rate constants calculated- from equatlon (lB)
are presented. ln lable XI, and. are plotted. ln Flgure B.

rn Flgure Ir the exped.nerrÈa1 :rate constanËs wfth varylng 
;,¡.i,r,,.:a

pE values were also lncIud.ed., As shorrn 1n the, flgure, .

ühe theoretlcal varues have an excellent flü lnto the
experlmentaL results. Therefore, we may be ah,ï,e to assume *.,,.1,,i,

that our proposed- mechanrsm agrees w1üh the iefnetlcs of '''''t:'

i; ., ,..the d.ecarboxylatlon of plcolln1c acld- ln aqueous solutlon. |..*

rn ord.er to compare the d.ecarboxylaüfon of plcollnlc
acld- wlth thaü of anthranlllc acld-, the cl3-rlneülc
lsotope effee.t of plcolrnlc acld- at t5ooc and¡,=r,o were

d.etermlned., anil the results are shown ln Table xrr.

rf the ylld- mechanlsm ls correct, mtn only one

specles d-eearboxylaürng, trre c13-klnetlc lsotope effect
should. be lnd.epend-ent of pHr but the results sho¡m 1n

Table xrr seem to have a small d.epend_ence on pH. Thls
could- be explalned. lf the specles d.ecarboxylatlng at hlgh
pH 1s d.lfferent from the one d-ecarboxyratlng at lower pH

as postulated- on page 61' Eowever, trre c13-k1net1c lsotope 
¡,,.i,.i*

effect on pyrld.lne-carboxyllc acld.s w111 be d.iscussed. later
when work on qulnorlnlc ac1d. has been covered.



TABLE XT

EATE CONSTANTS CALCULATED FROM EQqATION (TA¡ FOR THE ÐECAR-

o.851
r.2g
r.92
2.76
3.Bl+
5,07
6,32
7.6.r
8.62
9,42

l-0,1
L0.4
l-o .6
l-o .6
10.5
10.3
g,B2
9.27
B.59
7.87
7.L3
6.ss
6. oB
5,73
5.tt'7
5 "3t
5.oll
4,99

Ë
0
0.2
0,4
0.6
0.8
l_.0
I,2
1...þ
r.6
1.8
2.0
2,2
2.4
2,.6
2.8
3,0
3,2
3.4
3.6
3.8
4.0
l+.2
lr'.4
Ll,6
Il. B

5,0
6.2

tnoJ * ro?

1000
63t
398
25r
L59
100
63,t
39,8
25,I
L5.g
10,0
6,3L
3,gB
2,5r
L.59
1.00
0,63r
0,398
0,25l-
0.r59
0,100
o,o63t
0.0398
0 "025r0.0159
0,001
6.3r x ro-4
6,gt x to-5

k -x 107. s-l

i, i,
i:-'

l',
l..l

7.2

noðylllrrou or_grcogl¡rc acto ¿r 15ooc, ¿, = t.o

iJ'':



Plot of calculated- rqte constants versus pE for
the d.ecarboxylatlon of plcollnlc ac1d. at 15OoC,

fL = 1,0
* Rate constents calculâted. from Equatlon (18)

O Experlnental- rate constants
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TASLE XTT

-

t3c --KTNETTC ISOTOPE EFFECTS ON TifE ÐgC4qBOXTLATION

OF-PICgLINIC ACID ê.r 1<0oC and. fr,= ]*.g

Bufferx pE at z5oc fi Reactlon l3caz/Izcoz roo( tr:2/kt3 - 1 )

B

B

B

A

A

A

B

B

B

2,4L

2,4r

z.4L

1.13

T,T3

1,13

3.95

3,95

3,95

l_00.0

100 "o

l-00.0

L5,6L

15 "6L

T5,6L

il+,?6

i-Lt.,Z6

l.þ.?6

0.0L0362

0 "0]-0357
o "0L0356

0.010148

o, o1o14g

0 ,010147

0.010165

0 ,010162

0.01016¿t

to HC1O4 and. HClO4-NaHrpO4

2.25

2,23

2,26

2,06

2.09

2.08

;i.::t ¡.:,rri

, .:.i ' .

The symbols A and- B refer
buffers respectlvely.
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'2. 

6-Methy1p1colln1c acld

In the preced.Lng sectlon, a mechanlsm has been

proposeå for the d.ecarboxylatlon of plcoIlnlc acld.. The

nechanlsm flts the experlmental results very welr lf we

assune that; the d.lssoclaËlon constants of plcollnlc actd

both lncrease (pK's d.ecrease) wlth temperatrlpê, rt was

further assu¡qed. t]nat pK2 d-ecreases to qulte a large extent,
¡vhereas pKt only changes sllghtly. ln golng fron z|oc to l5ooc.
However¡ the proposed- mechanisn Is not concluslve, slnce the

pKrs were not actually measured. at t5ooc, rt was thought

that wlth elther electron-d.onatlng or electron -a,tþracllng
substltuents ln plcol-lnlc acld.r wê may be abre to flnd a

substltuted. plco11nlc acld. whlch can d.ecarboxylate

conveniently below 10ooc where the d.lssoclatlon constants
can be measured. experlmentally.

rt was therefore d.ecld.ed to contlnue our stud.y on

the d-ecarboxylatlon rnechanlsm of plcoIlnlc acld. ¡{1th p1collnlc
acld.s havlng electron-d.onatlng and. electron-aütractlng
substltuents. 6-Methylp1collnlc ac1d. ls cornmerclally

ava1lab1e and. vras trled. whlle S-nttroplcollnlc acld. was

belng syntheslzeð..

The W spectra of 6-nethylplcol1n1c acld. and_ lts
d.ecarboxylatlon prod.uct, 2-p1collne' ( 2-nethyl"pyrld-lne) t

l.'.:
t: -:'.

i'

l:riii i:
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are shown ln Flgxrr-e )a and ZBO ny ïras choseel as the wave-

length f or rate measì.Lrement,

' ll -' 'r''"':"

unfortunaüely, lt was found. that the rate of d.ecar-
boxylatlon of 6-methylplcorlnlc acld. ln aqueous solutlon
at L5ooc was slower than that of plcollnlc au,td. ltseIf .
The d-econposltlon was also found. to be frrst-ord.er, and_ the
plot of logarlthn of absorbance ver'sus tlne geve excellent it:;:,,';',,ì:,:t,,t:

flts'up to more than 9o% converslon. A typlc,al prot of rog,
absorbance versus tlme ls shown ln Flgure 10, and. the rates
obtalned.. on buf fered. solutlons are record.ed_ ln Table xrrr,

Al'though the'd.tssoelatlon constants, Kl and. Krr of
6-nethylI¡1co11n1c ac1d. courd. not be measured. experlmentally
at 150oc, lt is very interestlng to note Ëhat, lts raüe versus
pE proflle seemed. to be qulte s1m1lar to Ëhaü of p1co11nlc
acld'' The rate rs a maxlmum at an lnterned.ra.te pE and. d.e-
creases at both hlgh and. 10w pH. The uns¡rnmetrical shape
of the rate versus pH curve can be seen ln Fl-gure 11.

The d.lssoclatlon constants of 6-nethy.tr.p1co11n1c

acld. were reported. ln the rlterature by Homes and. crlmmln
(I+6), and. have the fol1owlng values¡

pKl = 0,9 (p = 0.J and. at LBoC)
pKZ = s.Bj (.,r.= O,OZ and. at ZJ'C,¡



FIGURE A

The W spectra of, 6-nethy1p1co11n1c acl'd. and.

Z-plcollne In lN NaOE

Gæ' 6-tlethytplcollnlc acld., C = 3.0 x tO-4
_LL

---.aaa. ^ 
ht - -r./--EL(jUJ_i-lIg, v = ).ú X J_í./ I'r

. .1:: 1:.:' :t ; ,

ii,

l::l



. i rr:,:'.,1:;1

\q

o
o
>{
d
4JÉ70
Èt
a
Þ
d
f{
H

80

270

l,lavelengthrn¡c
::ì,1.::':.ì

250 290 3r0



h1!i]

FIGURE 10

A typlcal plot of 1og. absorbance versus' tlme

for the d.ecarboxylatlon, of 6-nethy1plcol1n1c

acld. at t5Ooc t /tL = 1.0ìi .
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TABLE XITT

AT L<ooc, 4r = 1.0

1,, . ,'

1.:':::.::.:

f.r :'rr: 1 .'. ,.

-:,a, :' . -::Buffqr*

A

A

A

A

A

A

B

B

B

B

c

At z<oc

0.225

1' 09 r,

1,41

r.64

1.85

2.05

2.2I

2. 50

2.79

3.53
l+.1+6

o+Ar 150 c'.

--

0,425

L.2g

1,61

L.8ll

2.05

2,25

2,4r

2,?O

?,gg

3.73
l+.66

Lx fo?, sll
2.Lg

5.1+8

6.6?
4, r¡/v .7'.J

7.42

7 ,53

7 ,8r

7 .57

7,40

6.25

4,l+8

The symbols A, B and- c refer to HCl¡ Hc1-NaH2po4. , and.

NaHTPOU-Na'HpOU buffers respecttvely.
Data from those measured- at z|oc, and. an lncrease of o.z
unlt from zïoe to 15ooc ls assumed..

of the solutlon



FTGUEE 11

pIl d-epend-ence of experlmental rate ,constants for
the d.ecarboxylatlon of 6-methy1p1collnlc acld-

al t5ooc t ¡tL = L0 .
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slnce these values were not obtalned. at Èhe lonlc strength
of our experlment ( ,þ= 1"0) t âyr extrapolatlon of the Debye_

Eüekef theory w111 be necessary. The calculatlon 1s slmtrIar
to'that of pleollnlc acid., and. the follovrlng values were
obtalned. at f -1.0¡

1..,:;:

o,9l+ aE L8oc

S.6t+ at 2Joc

1.15 x 1o-1 at

pKt

pKz

Ktor

As prevlously
(equatlon 13) for the

ls¡

k=

KZ = 2"2g x irO'6 aþ

mentioned_¡ the general

mechanisn proposed. for

kKz

t".n] 1+ Ëi)

can be neglected., Tf we assune k" [H{

1n

lEoc

z5oc

la.';
i .,, :::

l.':-
I

:

l

I

:

i

i

i

'I

l

i

rate expresslon

plco1lnlc ac1d.

"..(r:)

ïf the sarne meehanlsrn apprles to 6-nethylp1eol1n1c aeid_,

the calculated. rate constants should. agree wlth our
experlmental values"

At pH ( Z, ,the rerm *z /FI ühe d.enomlnator

k-I.t2, thenr
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k= r" [n+1w
or L/u = [u+] /r"r1 + t/to 

:

A pLot of r/8. versus [ul r" shor,ne ln Flgure 12, and. the
calculations are shown ln Table XIV,

( pKt = 0.89 )

From the llnear p1ot, the foIlowlng values are obtalned.:
ko = 7.g3 x :to-7 """-1
U1, = 1" OZ x LO-6

or K, = 1.29 x 10-1

t,: - t.:,

:': . i:

Aü pH ) Z, [n+]txa term w111 be neglected-, and. thls lead.s to

k = 
a" [n+] + a-r,

t".l + Kz

or rf Þi+l + Kz) - k" IHT + k-K,
Agalnr 1f we assume t]'at pK2 changes d-rastlcaIly fron
?SoC to t5OoC, and. a value of 3.gS ls used., a llnear
plot or r( [nf + Kz) versus t-l ls obtalned. as shorqn in
Flgure IJ. calculations are shown 1n Table xv. A value of
3-9 x 1o-7sec-1*"" obtalned. for k] and. z,69 x ro-7su"-l for k*,
rnsertlng all the values of K1r Kz, k-, ko to equatlon (13),
the general rate expresslon becomes¡

IH+] +1+ L.Iz x10
Z.gt * ro-7 [u{] + b.3Z x 1o-11

.tJ, * tt 
-

,,,,, ( 19)
k=

t"-J
tul



FIGURE 12

Plot oî I/k versr.ls t"-l f or 6-methylpicollnic acld
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'T,}Btr,?,,ÍffV--

cALCULATTONS EOR--IEEILQI o¡' r - vs, [gI Fon à-r,{erHrr,-

PICOLINIC ÂCID

E
0.425

r,2g

I.6L

1, 84

2.05

[u{] x ro2

3?,6

5.r3
2.46

r.t+5

o'891

kxlo7
2.rg

5,1+8

6.6?

6.96

7.1+2

I/k x :rO-5

45,?

18. 3

15.0

1¿1,4

:-3.5



lli

Plot of [".J ror
acld

-' r.' ;'rì . .

FtrGURE 1"

. (q . *) versus

6-nethylpl co1lni c
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43,2

3l.,2

IO"(')

8,36

1.86

0.601

_89_

r"aËI;E' xv

6-untryLprcol,rNrc AcrD

þ1 x to4 axto7

i i:..:
t.:..,

pH

2.25

2 "4r
4t (U

2.gg

3.73

4.66

56,2

38.9

áU ¡V

LO.2

1. 86

0.2L9

57.3

4o.o

2T,L

11.3

2,gB

L,34

7 .53

7 ,8A

7.57

7.1+o

6.25

4,48

o Kz = I'LZ x 1o-4

i:::ï;i.i
iì,1;:ii

CALCULAT]ONS rHE PLor or x ([n] + K vs. hT FoR
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'l

Baüe constants wlth varylng hyd.rogen lon concentratlons

cal-culated. from equatlon (19) are presented. ln Table xvr,
and. are plotted. ln Flgure rl+. As shoum 1n Flgure 1þ, the.
'experlmental results f1ü very well wlth the theoretlca:L
raüe constants, and. the results obtalned- from 6-nethyl-
plcollnlc acid. seem to agree wlth our proposed. mechanism

for plcol1n1c acld_r i':.i: ::

taa::1

"_-:^i::- (:

Il'l::ìj ...:,-:ì
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gABtE XVI

ú'Âtc FROII EQU oN (1 FOR DECAR- l . )t-

.TTON 
.OF 

6-M ICOLINTC AC

tnï x 103

15ooc .0

6jt
398

z5L

L59

63 -r
25,r

10,0

3.98

r,59

Q.63r

0.25r

0,100

o.03gB

o,oI5g

r x ro7, s-1

L.23

1 .91

2.66

3.52

5,26

6,55

7,2r

7,49

7 ,52

7.2a

6.hr

5.75
tt.95

4,39

i....
i--r-_'1.:-
,']'''. --.:Ë

0,2

0.4

0,6

0.8

r.2
L.6

2.0

2,4

2,8

3.2

3,6

þ.0

l+,4

þ.8

l':!;i:/:;:...|' ¡:<



FIGU-RE_ t,[

Plot of calculated. rate constants versus pE for
the d.ecarboxylatlon of 6-nethy1plcollnlc acLd. aþ

t5ooc, ¡tL= L.O

- 
Rate consüanüs calculateö from Equatlon (19)

O Experimental rate constants

-rÞi-ãi

:i:i::1r;
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3. 5-Sltroplcollnlc acld.

rn the preced.lng sectlon, 6-methyrplcollnlc acld. ),,:,,,,;,,
':: :,: ì; ::was for:nd. to d.eearboxylate at a slower rate than 1ts

parent acld. at 15ooc, and. consequently¡ the d.etermtrnatlon j

of 1ts d-lssoclatlon constants at a temperature correspond-lng : ., .

to lüs d.ecarboxylatlon temperature was not posslbre.
rü was therefore d.ecld.ed. to contlnue the search for a

substlüuted. p1collnlc acld. whlch'ca¡r d.ecarboxylate at
a temperature below 10OoC.

5-Nltroplcollnrc acld. was chosen because nltro,
ln contrast to methyl whlch ls electron-d.onat1ng, ls
consld-ered. to be a strong electron-wlthd.raw1ng grou-p. glnce

ühe electron-d-onatlng substltuent was found. üo lnhlblt
the rate¡ the electron-wlthd.rawing substltuent nlght be

expected. to enchance the rate.

The w spectra of 5-n1trop1co11n1c acld. and. lts
d.ecarboryLatlon prod.uct, J-nltropyrld.lne, are shown ln
Flgure L5t and. ZBJ mg was chosen as the waverength for
rate measurenent.

The deeonposltlon was found. to be flrsü-ord.er, and.
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FTGURE 1I

The W spectra of 5-nltroplcollnlc acld-

3-nltropyrld.lne ln lN NaOH

T 5-Nltroplcollnlc acld., C = ",5,,.* 
tO

....'....3-Nltropyrld-lne, C = 2.J x 1O-*M

-l+
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the plot of J.ogarlthn of a'psorbance agalnst tlne gave

exeellent flts up to gofr converslon. A typlcal plot of
Log' absorbance versus tlme ls sho¡,m ln Flgure 16, and. the
rates obtalned. at 15ooc on the buffered. solutlons wlth pH

measured. at 25oc anö.1*= J-.e are recorded. ln Tabre xvrr. As-

shown ln Table KVrr r the rate of d.ecarboxylatlon of S-nrtro-
pl-co11n1c acld. ls, as expected., faster than 1ts parent
acld,, Howevern lt 1s not fast enough to d.ecarboxyl.ate at
a temperature below 1O0oC where ühe d.lssoc1aülon constanüs

can be measured.. slm11ar to plcorlnlc and- 6-methyl-p1col1nlc
acld-s, a maxlmum can also be observed. ln the rate vs. pH

proflle for J-nltroplcollnlc ac1d.¡ but, slnce the d.lssoclatlon
constants of thls acld. ïrere not reported- 1n the llterature at
any tenperature, a d.etalled. lnvestlgatlon of the pH d_epend._

ence of thls acld. was felt not to.be usefúl. However, more
d.etaLled- d-lscusslon of the d.ecarboxylatlon mechanlsm of
plcollnlc acld- wLlr be found. ln the nexü sectlon on the
süud-les on qulnoIlnlc acld.,

itt.'.ìi:::..Ìii
tli r:::jr-1r'rl:
i- !.¡1,,r:
irr.-: t:'



FIGURE 16

A typlcal plot of 1og. absorbance versus tlme

for the d.ecarboxylatlon of 5-nltroplcoIlnlc
acld. at lJOoc t /K = L.O .
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TABLE XVII

RATEÊ 0F pEgARBOXITATToN o

AT 15ooc , ßL = r. o

B_uffeg"

A

A

A

B

0.l.,22

0,752

1.50

2.1+?

pH, at z<9c k x 106, s-I
r.73

¿ cv>

2.1"8

L.92

* The synbols A an. B refer to HCl and- HCl-NaH2po4

buffers respectlvely,
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l*. eulnolinlc acld_

slnce 1ü was found- in the preced.lng sect-lons that
¡¡4,-,-,r..:6-nethyl- and. J-nltrop1collnlc acrd-s d.ecarboxylate too

sIowly at a tenperature below 10ooc, the search for another

subsültuted. plcollnlc acld. whlch ""rl d.""æboxylate conven- i,:i: :.,.

lently below loooc was continued.. 
:'':: ':'' 

i.:':::::'.:,:t:'.:
1,: :-''

!j:.-i.:.i .ir;- ,.: 
,;

jr:¡''t;'l¡t 
'¡'A paper on the chromatographlc d.etermlnatlon of

iqu1no11nlc acid. (pyrld.ina-2r3-dlcarboxylic acld.) a.mong 
i

l

other pyrld-lne d-erlvatlves was reported. by palllnl g!. g!. 
i

.l(69), and- the nost strlklng aspect of thls paper was lts 
I

comments about the d.ecarboxylatlon of qulnollnlc ac1d. to

"

nlcoülnlc ac1d. ( J-pyrld.lnecarboxyllc acld-) . It was re- i

t,

ported. by these authors thab qulnollnlc ac1d. could. be I

'

d-ecarboxylated. quantitatlvely 1n aqueous solutlon to nlcotlnie
acld. when heated. for 21 hours at rzooc in a sealed. tuber i¡.¡....,:,r.,

' 
' 

ttt 't
Qulnollnic acld. can also be regard.ed. as a substltuted. 

¡,rr,,i,,,,.,,.

prco11nlc acld.r' and- slnce 1t can d.ecarboxylate quantltatlvely Ì::i;:1':1::::

:to nlcotlnlc ac1d. ln only 21 hours aË 120oc, lt w111 be very 
,

llke1y that 1t can also d.ecarboxylate aE a measurable rate
Ir,,,.i;,i.i. :Ì..i..1,

at a tenperature below loooc . i..di'ìl

The W spectra of quinollnlc ac1d. and. lüs d.ecar_

boxyl-aülon prod.uct, nlcotlnlc acld.c are' shovrn ln Flgure r?,



'1.

.:Ji 
.

l,'i:]:1

FÏGURE 17

The W spectra'of qulnollnlc and. nlcotlnlc acld.s

1n lN NaOH

-b

-'Qulnollnlc 

aeld., C = 2.5 x I0 M

-&trtettoi ÀIicotlnlc acld., C = 2.5 x 10-* lr1

.r::.a:::-:,r:i
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270

Wavelength, mß
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l_00

and' 280 n7r was chosen as the wavelength for rate measuremêrrt,

rt was fo'¿nd. thaü qulnollnlc acld.r âs expected_ t cata

d-ecarboxylate at s measurable rate at gjoc, and. lts d.ecar-
boxylatlon prod.uct, nlcotlnlc ac1d., ls very stable at thls
temperaturê¡ Flrst-ord.er plots of the logarlth¡a of absorb-
ance agalnst tlne gave excellent flts up to more than 90l.
converslon. A typlcal plot of 1og, absorbanee versus tlme
for the d-ecarboxylatlon of quinollnlc acld. at gïoc, and.

1u=,'I,0 ls shov¡n ln Flgure 18,

slnce the d-ecarboxylatlon of qulnollnlc ac1d. was

camled. out at gsoc and- the d.etermlnattron of pH at that
tenperature ls posslble, the pE measurements were mad.e at
both z5oc and. gsoc on the sane serles of buffer solutlons
coverlng the range of each buffer compound. and_ havlng ühe

sane composlülon as those used. for rate d.etermlnatlonso
The effect of temperature on buffered. solutlons ls shown

ln Tab1e XVIIL

By plotülng pH at gf C agalnst pH at ZsoC, 11near
callbratlon curves were obtalned. whlch could. be used- to
calcuLate from measurements mad.e at zsoc the pH of solutlons
tobeused-forrated-etern1nat1onsatg5oc.D1fferences1n

:

i.::1,::_.::;_

.: .' ;j, ,.t .
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FIGURE 18

A typlcal plot of 1og, absorbance versus tlne

for the d.ecarboxylatlon of qulnollnlc acld. aþ

gsoTt ¡tL = I,0 .

J ::r,'l.l
i.''
I
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TABLE XVIII

TIE FFFEÇT oF I4MIERATVBP oN rHE pH's sF rHE BuFFER sor.uTroNs

Buffer*

A,'
A

A

B

B

i r .:":::'
1-.;,t:::::;

l

j
l

ì

!

I

i
l

i

l

Ì

B

c

c

pH at 24oC

0,115

L.25

2.OO

2r39

2.88

3,gz

" 5,a3

6.zJ-

pH at 9<oc

0.l-63

1,31

, aâ.ç, w'J

2.46

2 "95

3,gB

5.11

6.zz

I i:.;...
:.:

i.:-..".

* The synbols A¡ B and. c ref er to HCl; HCl-l{aH zpou ; and.

NaHrPO4-NarHPO4 buffers respectlvely,
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pH at the two

unlt.
tenperatures were usually less than 0.1 pE

Tabl-e xrx shows the varlatlon wlth pE ln the rate
of, d.ecarboxylatlon of qulnollnlc acld. at gsoc ln buffered.
solutlons of lonlc strength 1.0.

I'n an aqueous solutlon of qu1no11nlc acid_, the
follow1ng equ111brla Ïrere suggested by Lecco and. saper (5Ð¿

cooE KrIr
COOH*

H3A' HzA

K^

A

rf the mechanlsm proposed. for plcollnlc acld. also applles
to qulnollnlc acid.¡ 1,€.¡ the reactlon, besld-es lnvolvlng
ühe d.ecarboxylatlon of the neutral specles, HZA, may also

l.nvolve the d.ecarboxylatlon of ih" monoanion, HA-, then,
1t can be represented. ln the followlng scheme:

HA-

i ,r. , ..,. :

'i-:..:.: ::.:

.:..t...1 r.'., -.:-.'

.:::-.:-"::.!.. :,
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TASLE XIX

nerqs op orcen¡oxylêuo¡¡ oE Qutlol,l¡uc 4clo et o.oc.rr.= t,o
Buffer*
A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

pH at o(oc

0.079

0.18g

0.373

o . t+l8

0.464

o ,570

0.702

0.781

0.907

0.97r

1.11

L.35

1.52

1 .61

1.90

2.rg

2,8?

3,4r

3.gB

k I l-06, s-l
L.69

l.g2

2.2!+

2.2,6

2,3t+

2,50

2,5?

2,66

2,7I

2.76

2,76

2.67

2.56

z "42

2 "Il+
l_. 84

r.25

1,0B

1.06

B

B

B

B

i :,.::¡,1i,..r,r.i::,:
|';:t' . r. 'r.:'::
i :';.-" ,..' .. 1...1
I.1-ìrl''.-,.ì Il

The symbols A and_ B

respectlvely,

.:.i,

refer to HC1 and. iICl-NaH2pO4 buffers
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.Kr
llaA 

-
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Kn Ka

- 

a-

-

HA

l.
coz

Eza

þ"
coz

where

["r4 =

t-
!,

f.

Kr=

["n-] =
rzïszü

t".l

[":o*j +tneal +t*] +[n=j =þl
Slnce lt was reported by Lecco and. Saper (SÐ that
pKZ and. pK3 of qulnollnlc ac1d. at ZsoC T,{ere 2.43 anð,

5.06 respectlvely, the concentratlon of A= ln the pH

reglon where our rate measurements were mad_e ls very
small, and. therefore

K I"{ [*]ñ- 
= -L 

- L4 
Fz{

[":o*] + ["re] +

[ure] [un] +
-T1

[*-] = [.1

["ro] + r, [nre] =þl-lEï---
[EzA] =



*106-

coz

taþe expresslon 1s ¡

k=

*

.,.,.(20)

...r..(21)
È'ìiiì1ii:rì

i.lir!]1ì':...;

k
For

For

H/t

the

-a [c] = x[c] = r<"[ure]

or

k
TIA coz

the rate expresslon 1s:

-a [c]rr-

or

= x lcl = k- {*-]

kKz

k

/KT.+ 1 + Kz/

/\+ 1 + Kr/
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and. the overaJl rate for the reactlon ls
of equatlons (ZO¡ and- ( 2l-) ¡

the ad.d.ltl on

::.L=s-f >=_yj_ô:.¡t¿i¡l¡:tì

:,, :','.t.-..,..
1..: a.:.:

k=
..,.i,¿i r ..r
'k- lFj k-Kz

o...r.r(22)

Slnce the rates of d.ecarboxylatlon of qulnollnlc"

acld- were d.etermlned. at g5o C, and- the measurement of

d.lssoclatlon consüants at thls temperature 1s posslble,

K2 of thls acld- was d-e,üernlned- spectrophoto¡netrlcal1y

at gsoC and- lonlc strength of 1.0 by the nethod. of

Dwrn and- Kung ( za¡ . The absorbance measrrrements of varlous
buffered. so1utl,ons of"thls a,cld. were carrled. out at
262 ry*., At thls wavelengthr the absorbance d.ue to free

-.acld , HZA, ls much more s1gn1fl cant than d.ue to the

monoanlon, EA-. The data are shovm ln Table XX.

For the d.lssoclatlon of qulnollnlc ac1d. 1n water,
K2

HzA

--the d-lssoclatlon constanü, KZ, may be expressed by

E+

L*ol [u*]Kz=
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TABLE XX

EXPERIMENTAL DATA OF pH A}{D CORRESPONDTNG ABSORBA}ICE OF THE

VARIOUS BUFFEBEÐ'S'gI¡IftrIÐt$S,:rSF QUINOLINIC ACID AT o <oC

fL = 1,0,
-tLC =1.5x10'M

Buffer*

A

A

A

B

B

B

B

B

B

B

t = )JoC

^= 
262 nltL

pH at g:joc

0.301

O. BþO

L.2g

L;68

2"L5

z.l+z

2.?o

2,99

3.18

3.65

4.09

Absorbaqce

0.335

0.33r

0.322

o "2gB

0.273

0,257

0.245

0.239

0,237

0.237

0.237

* The synbols A and. B

respectlvely.
refer to HCl and- HC1-NaHrPO4 buffers

l _: , ,. r': :,t i.

i'- .' ':
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where the quanlLtles ln brackeüs represent molar con-
centratlons, rf the total concentratlon of acld. (1onlzed
plus wr-tonlzed_) ls C¡ 1,G,¡ C = FZ4 + t*l , then

so that Kze

K2C =

Kz [se-] = [ua-] [u+]

["oJ [*T + Kz["o-]

lonl (f"t . *)

of

aue

of

["o] =

Slmllarly þrol =

Slnce hyd.ronlrrn

or ultravlolet reglons,
equlllbrlr¡m sol_utlon of

o=furo* fu¿-

where O"rO t" the absorbance

of l;n-lonlzed- ac1d., HZA, and.

ühe equf.llbrlum concentratlon

t".l (' - nr¡\
[nzA]

Kzc

c [u*]

[oï * Kz

lon d.oes not absorb ln ühe vlslble
fhe total absorbance, A, of the

E2A 6-l HA- ls glven by

the equlllbrlun concentratlon

- ls the absorbance of
monoanlon EA-. For a
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Lcm ceJl¡ Ëhe Beer-Lambert relatlonshlp converts the

prececllng equatlon lnto

A = tr,^ [*r*l + tw [*1

where f = molar absorptlvlty.

When the expresstons for ["zA] and l"nl derlved.

above are lntrod.uced.f thls becomes

slnce A, ttfl , and- c are observable quanültles, the above
.)equat1.onconta1nson1ythreeunknol.nrs'K2rt¡,6and.tn"'

The computer progratn prepared. by Leggate and. Ðunn (60) j

was used. to calculate Ko. The pKo obtalned_ by the computer 
'

¿ - ¿ ' 

^n "':lwas 1.90 t 0.03, and. the varues of C€rr, and- C€r* were i,,',,,,r

lr.- : .' .: :,:0.339 + 0.002 and. 0.233 * 0,001 respectlvely, The calculated, ij,,,,,':,,.'' 
:

curve and. experlmental polnts are sho¡m ln Flgure ]I9.

If we consld.er the general rate expresslon,
equaülon (ZZ), 1,êr¡

l.'.- .,r: . .:-,.

l.: r:,:i1;: i
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FIGURE 19

PLot of pF and- correspond.lng absorbance of the

varlous buffered. solutlons of qulnollnlc acld. at

gsoc, ¡{L = I.o

- 
Curve obuained r-rom ùhe computer

o Experlmenial polnts

:.i
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lf can be slnpllfled. at the reglon where

pKZ of qulnollnlc acLd. was d.etermlned. to

k=
+

i*If we further
as great as k

and. equatlon

assume that k would.

-, and., stnce rr([n11
(23) thus becomes

'' '. . r.(23)

have a value at least

, rhen k{s[ET ù u-Kz,

ploü

xxl,

pE ( 0.9. Slnce

be 1,90 at gsoT,

reglon, and.ühe term KZ/ FI ls not lmportant 1n thls

o" t*l + k-

ln

't-
Jô. =

*kKt

K1

or t/u = [u+] 7x"r, + t/uo .......'(24)

The d.ata ( pH 1O.g ) fron Table XIX were used. to
l/u vs, [oT . The calcu]atlons are shown ln Tab1e

and. are plotted. 1n Flgure ZO.

From the llnear pl_ot, ttre foll.owlng values

obtalned.¡

3.1.8 x 10-6 """-1
= 2,gg x tO-6

= g.55 x 1o-1

were

k

k

tÊ

It
K1

K1

i¡

K2
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TABLE XXI-

celcur,arroms rgF rHn pr,or o¡, i - vs.. [nT noa eurryor,rmrc acro

.Ë
0.079

0.189

4.373

o,ll18

o.464

0.570

0 "702
0, 781

lst x ro]
8 r3t+

6.t+7

I+.zE

3 .82,

3.1+4

2.69

L.gg

L.66

kxro6
L.69

L,g2

2.21+

2.26

2'3lt

2;50

2,57

2.66

t/u * :'o-5

5.92

5.2L

Lt.46

4.1t3

4.zT '

4. oo

3.89

3.76
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Plot

F'+GURE'20

of l/k veax.-'s;us ["Ï for qulnotrÍnfc acld.
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The general rate expresslon, equaülon (ZZ), can

also be slnpIlfled. !f we consld.er the reglon where pE ) L.S.
slnce the K, obtalned. from Èhe prevlous prot was g.55 x ro-1
the term [n{ Zf, w1J-t be negJ-lglble a¡rd. ühe equaËlon

becomes

k=
*¡gk [H'J + kKz

or - (-t + K) = k" [Hl + k'K2

rhe plot or o ("*] * Ç o", ["1 ls shown ln Flg're 2r,
and- the calculatlons a.re sho¡,rn 1n Table xxrr. From the
llnear plote ühe values of ko a¡rd. k- ares

k* = 3.32 x 1o-6 """-1
k- = L.OZ x to-6 "u"-I

ti..

'::t:

The values of k*
qulte agreeable,

obtalned. from Fl.gures 20 and. 2L are

a¡rd. the average value would. be 3.25 x 10-6sec-1

i I i:: .rj

t.' :

Substltutlng the values of k*,
the general rate expresslon glvesr

k ,.KL and. K, lnüo

3.25 x ro-6 [**] + -RI.29 x 10k=

t"{ T55"ro=r +1+



tt-'r:r,-j

FTGURE 21

Prot or k (t"t .r *) versus: t-T f'oæ qulnoI.lnlc; ac1d.
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TABLE XXII

QUINOLINTC ACTD

I+.zB

3,72

2.52

1,91

1,llo

1" 30

'r.27

L,52

l"6L

L,90

2,lg
2.87

3.1+L

3.gB

30,2

2l+,6

L2.6

6.Ir'6

I,35
0,389

o.lo5

2"56

2.tt'z

2,L4

1. 84

r.25

1,0B

l, 06

11.0

9,00

5.39

3.52

I.?5

1.40

1.35

* KZ = L"26 ^-tx10

::.1, i:.ia r, j-
i::: :1..1..i
I l . r''

vs. [rl ron

[*1* o x10- kx10- k
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Equatlon (25) was used. to calcurate k at varylng hyd_rogen

lon concentratlons, The theoretlcâ.I rate vs. pE curve

for qulnollnlc acld-, üogeËher wlth the experimental
resultsr are shorrn 1n Flgirre zz and. the calculatlons
are shovrn ln Table )ürrr, As shorr,n in Flgure 22, the
experlrnentai results glve excerl-ent flts to the calculated.
values.

rn ord.er üo obtain more informatlon about the
d.ecarboxylatlon mechanlsm, the c13-k1net1c lsotope effect
of qulnollnlc acld. at gsoc and, ¡u= 1,0 was d.eÈermlned.,

and. the resulüs are shown in Table X)CIV.

The general rate expresslon, equatl0n (22) , car7.

be re¡v:cltten for the ind.ivldual lsotopes as¡

1- kiz [f] + 4.r*,
'Lz =

{, þ.1 + ú:*l.,

'... .(26)

,.tr*(21)kr3 =
t;

ì :1i1.: l:.,1_ :

i¡¡r¡ì:.;¡::¡.:r,:.ii.

i1:.fi\:l{r-'iÌ
l:::iiì.. '''

:

/t7 + 1+ *z/l

þ= i,5l . ui,o,
\s ti, lul + u]f, rrû.r.(28.)
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E]:GSEE..æ,

Plot of calculated. rate constants

the d.ecarboxyJ-atlon of qulnoIlnlc

Í* - l.o
+- Rate constants calculated- from

o Experlmental rate constants

versus pH for
acld. at 95oC,

Equatlon (25)
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TABLE XXIII
RATE CONSTANTS CALCULATED FRgM EQUATTON (2<I FOR THE DECAR.

BOXTLATION OF QUINOLINTC ACID AT g5OC. 1îL- 1.0

É
0

0.2

o .ll

0.6

0.8

1,0

I.2
L.ll

-|.ô

1.8

2,0

2.2

2,1+

2.6

2.8

3.0

3,2

3,1+

3.6

þ,0

t+.6

x to3

1000

Øt
398

25L

]59

L00

63..L

39.B

25.r

J-5.g

10.0

6 ,3L

3.gB

2.5L

L.59

L.00

0.63:-

0,398

0,25I

0.100

0,025r

k x ro6, s-l
1.58

L,g5

2,27

2"51

2,6?

2,73

2.73

2.64

2.+6

2,2t+

2.OO

r.77

r"56

1"40

r.27

L,T9

1,1þ

1.09

1.07

1,04

1.03

r¡5;i
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TABLE XXIV

-

ft ReactLon r3co 
r/rzco, r.oo( kr|/rßr3 - 1)Buffer*

A

A

A

A

A

A

B

B

B

B

B

B

pH at gsoc

l. otl

1.011

I, Oll

0

0

0

2"63

2.63

2,63

3,95

3.95

3,95

L00 .0

100,0

1'00.0

38,3I

6.686

6,9:-9

6,422

6.758

6,4zo

9.\tt5

9,075

6.764

o, oto4e4

o. olollt9

o'. oroll2o

0.010197

o. o1o14þ

o. otol4o

o,oI0I52

o ,010154

0.010157

o, otot63

o,010165

0.010161

2.82

2.84

2,87

2,71+

2.74

2.70

z,6T

2.66

2.6?

Th" synbol-s A and- B refer to HC1o4 and. HClo4-NaHzpoþ

buffers respecü1ve1y,

cl3-rumprrc trorepn EFFEcrs oN îHE DEcARBoxyLATï

oF_guINoLINIC ACp AT g<oc and. .r = 1.0
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From equatlon (28)

["*]

lf
k:.z
:
k:^z

- L22

Kzktz

Ð

kIz
kr3kr3

ki: ["ï Kz

*rrlkl.z - kiz

fti't --*-
\krz

x
Þ"r2x-x
kiz

xi, [äT

ttt.l Kz
*L3

.rr....)..(29)

AtpH-

:.i
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and. equaülon ( 28) becomes

l+k:'.z ktzq;=ü
and. k r/k 3 at pH = 0 was f ound. to be L,OZ}[ )

l*+
theref ore ka2/1x13 = L"OZ84

At PE = 3.948

\,zKz

:5s*, ) ri, tH-l

and- equaülon ( ZB) becomes

... . .. ( 30)

Etz/k',3 = uir/xi, = t. 0267 r. . . ., q ( 31)

ItklZ/k'*Z was prevlously found. üo be 3.Ig .... "(1,Z)

rhe values of uirtui3, {a2/r13, Ki2/k;2 of equarions

(30)', (31), (32) are substttuted_ to equatlon (Zg), and

aþ pH = 2.632, t,he calculated. value ot k r/k, is LOZZ3

whlch ls ln excellent agreement wlth the experlmental

result.

| !,. !:j. _

l ::
| ::-1:
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From the results on the cl3-rtrretlc lsotope effect
of qulnollnlc acld., 1t ls lnterestlng to note that the
lsotope effect ls sllghtl-y. snaller ln the anlon than ln
the neutral specles, Though the d.lfference 1s small, it
ls outsld-e the experlmental error. rn plcorlnlc ac1d.,

the sane trend- was observed.. Thls further agrees wlth
the report by Zlotowskl and. Zlelinskl (98) who fowid- t]nat,

tr¡e clþ-lsotope effect of plcollnlc acld- ls l-arger ln
acld.lc solvents than ln basic ones ( thelr resurts rÀrere

quoted- 1n page ¿14 of thls Thesls ) .

r'i':l-:i;i
I , ':, :..
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5. Ð,ISqgssLA4e on the eSg¡oxffetf_gn necþant-

of -p.yrl-d.l,Ee-carboxyl_1 c eg!êq

In the preced.lng sectlons, a d.ecarboxylation

-.echanle.m for plooIlnlc and. subsültuted- plcol_i,nlc acld.s

has been proposed.. Thls mechanlsn flts the experlmental
d.ata for p1coilnlc and. 6-nethyrplcoltnlc acld.s very ¡¡el1
lf the pKås $rere assumed. to ch4nge d-rastlcally fron zsoc

to L5ooc, lrhereas pKís only eha.:rge s1-1ghtlyo The wcrk on

Ëhe subsequent d.eter¡olnatlon of the pK2 of qulnollnrc
acld. at 95oc agrees verJr well v¡1th thls assunptlon,
Lecco and. saper (5Ð had. reported. that the ÞK^ of qulnollnlc
ac1d. nas 2.43 at zsoc artd¡*= r.0¡ but the pK, obtalned-

ln tlrls work at gsoc and.¡u= 1.0 was 1.90. ThaË lf r a
'':lìri:ji-:

change of more than 0.5 pK unlts was observed. ríôn zsac

to gsoc, and- 1ü wourd. not be surprisf,ng 1f the pKå" for
boüh plcollnlc and. 6-methylplcoLlnlc would_ change more

: than 'one pK r:nlt from ZSoc to t5ooc.

The nKt of qulno1ln1c ac1d. was not measured. ln
thls vrork, nalnl-y because the nK, 1s so snall (near zero)
thaü when d.eter¡rlnlng it spectrophotometrically, some

w spectr:a have to be measured. at 1onlc sÈrength of
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greeter than 1, rshereas Èhe Lonlc strengths of all the

decarboxylaülon experiments performed- on the pyrld_lne-

carboxyllc acld.s were kepÈ at a constant value of 1,0"

A1so, no work has been reported- on the pK, of qrtlnolf-ni-c

--ac1d- at any temperature, end.-hence no -comparlson can be
.'made wLth the pKI of A"A2 aE gfe obtalned. from the plot

---.of L/k vs, Lnl] " ïlowever, lt ls be].ieved, that the pKl

obtalned. fron the plot ls reasonable slnce the pll, for
-pyr1dlne-21¡5-d-ioarboxyiLc acld at Z59C T{as reported. Èo

be o.5 (69).

It ls l_nterestlng to note tha.t the ratl o f ar

the varuês 1r* (rate constant of neutral speci-es d.ecar-

boxylati-on) and. k- (rate constant of anlon d.ecarboxyïai;ton)

for quLnollnle acld- ls about 3 to 1. Slnce the pHos **d
pK, of thLs acld. '/¡ere measured- at the saue temperature

and. saJre lonlc strengËh ln whlch- the rate measrlrements

were ca:r.rled. out, wlth the only assirmptlon be!-ng the

value of pK, whlch ls belleved. to be qulte reasonable,

the values of k* and- k- obüalned- would. seem to be qulte

---icrrable. Thls further conflrms ùhe small ratlo of k*
- to k- .obtalned. earli.er for prcorlnle e,nd. 6-nethy1p1co11n1c

acld.s.

a,:,,1

t:
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a-It nust be remembered, however, ilraü k^ is tkre

rate constanü for d.ecar"ooxylatlon of i;he totaI of neutral
specLes, unlonlzed acf.d. plus zicliterlon. :

[*]= [*] + LrJ

Earller workers have postuJ-ated. 'uhaË only zwltterlon
.i - ' - r- r ' r'i d.ecarboxyLates (1t+¡ þ4)o and ihls seems to Tie a reasonable
, assumptlon 1n vlew of the greaü a.d.vantage of co^ over

::. 4
II COO# as leaving group ln the d.ecarboxylatlon of anthranlllc

' (2?) and- sal1cy1lc acld. (gZ) ln aqueous solutlon" If
.4

I only Z ð,ecarboxylates, then the rate cons tant, IÇ f or
:

i - d.ecarbox¡rIatlon of Z cou]fl be much l-arger than the overall
rate constanrt f or C.ecarboxylatlon, ko, whlch ls based. on

' [ro] ,

Recalllng (page ZO) that [Z]/LUÃ = KZ,, it follows

lzl = tll t9
U, + I

Then, lf only Z d.ecarboxylates,

1 that

d(coD) o - .

äl-- = ko lÌrl =,Ã;Vtr

so that x oä*,k vï;T """(3J)
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rt'ri'as reporteð (39) that Elte K, for plcollni-c, nlcot1n1c
anrd- lsonleoi;lnlc acld-s are L5, 10 anð, 2J respectlvely,
arrd. lt ls believed. that the T{.Z.protcab1y would. be also
large for qulnoLinlc acld." lherefore, the k* obtalned- ln
o:rLT experl¡rents are epproxlnaieLy equal to t).(rste
corrstant for the zwltterlon d.ecarboxylatlon),

rt ls perhaps surprlslng to note Ehat the rate
constant for the zwltierlon d.ecarboxylation k;) 1s not
mucir larger ühan the rate constant for the anrion

d.ecarboxyratlon (k-) ln the pyrldlne-carboxylLc acl&s"
rt nlght have been expected. that the rinlË posi-tlve charse
on ühe nltrogen of the zr^¡ltterlon would. have exerted. a

large stabil-l zl,ng effect on the carbanlon (y11d.) prod.uct

by loss of co2 and-, presumably, therefore on the'transltlon
state Iead.lng to 1t, However, lt may be noted- that
carculatlons suggest tlat, the posltrve charge on the
nltrogen of pyrld.1n1r¡¡n lon d.oes not mueh lncrease the
alread.y large electron oeflclency at the d-carbon of
pyrid-lne ln the ground- state (32). The sane calculatlons
show ühat the electron aütractlon of the rlng nltrogen,_ ___9

whether charged.'or uncharged.r ls exerted_ largely through
the 6-bond. skeieton of the rlng rather ühan through the ä

bond.s. If lt ls assumed- thet electronlc effects ln the

,1: j: 
_
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tre,r:.sLt1on state are slnll-ar buo Ëhose 1n the ground.

state¡ ühese calcul-atlons *iff agree wlth the report

tÏnaþ p1co3-1n1c acLd d.ecarboxylates mueh faster than

nlcotlnlc or lsonlcotlnic aeld. (97) r and. our observatlon

that nltro and. methyl sulrstltuents ln the 5 ano, 6 posltlons

of plcollnlc aclö have much less effect on the rate of

clecarboxylatlon tlran d.oés the carboxyl group l-n the 3
posltlon (qulnollnlc acld.).,

f.-. -:

It 1s posslble, however, ühat the acceleraÈlng

effect of the ortho-carboxyi group ln qulnollnlc acld-

could. be aË least partly sterlc. By forclng the 2-carboxyl
group out cf coplanarlty with the r1ng, a J-substltuent
would. d.ecrease conJugatlon of the 2-carboxyl group rclth
the rlng and. so weaken the carbon-carbon bond. to be

broken ln d-ecarboxylaËf.on, It nay be noted, tha"i; J-a1ky1

substltuents have been found. to lncrease the raüe of

deearboxylatlon of plcollntc acld. in non-aqueous solvents
(15), although alkyl substltuents elsewhere d.ecrease the

rate (l-5) .

rt 1s aLso posslbre, of course, ihat the l-carboxyJ- l,;.i
i iì :,:::

group of qulnoLlnlc acld. has sone k1nd. of nelghbour'lng-
group lnteraction v¡lth the d-eparülng cor or Èhe d.eveloplng

carbanlon, Thls vsould. be an lnterestl^ng subJect for f

.future r{ork.
i'':lir
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Our mechanlsm proposed. for the d-ecarboxyiatlon

of p1co1lnlc acl-d. lnvolves anlon d.ecarboxylatlon, and- in

baslc solutlono thls woul-d. be pred.ominant, Carbanlons

can also be generated- by other nethods, and" lt is lnterestln6ç

to compare the ease of carbanion formatlon by d.ecarboxy-

]atlon and. by other m.ethod-s o

Kan+azoe êt_ gI . (52) reported that pyrld-ine

exchanges hyd.rogen excluslvely at the 216 posltlons at

22OoC ln D2O -NaOÐ. However, Zoi-tewicz ano Smlth (gg},

ln thelr stud.y on the hyd.rogen-d-euterlum exchange for
pyrld.lne, reported- ühat ln D2O-NaOD at 198oc o the pyrld-lne

protons at all positlons exchange, and. 1n the ord-er of
t+Þ lr5 j2 216. They suggested- ùhat the ¡nechanism for
exchange in baslc solution most ilkely involved. removal

of a proton from pyrld.lne by d-euterioxid.e" lhe resultant
pyrld.yl carbanlon then abstracted. a d.euteron from solvent

to form exchanged. prod-uct. Thls can be shorrn as below:

Q
Ð

OD Dc0

D^O

D

ö

;

0oD- \

.;r::li lr.::
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If the ord.er of reactlvlty reported- by Zol-tewl-cz

and. Snlth ( i- e., L+>3r5> 2'6 ) fs'correct, then 1n

baslc solutlon, 4-pyr:ld.1necarboxy1f-c ac1d. ( lsonlcotlnlc
Ìr :.r

acld.) nlght be expected. to d.ecompose fasüer than 2-pyrld.lne- "'

carboxyllc acld. (plccl-lnlc acld.). In ord-er to test thls
hypothesls, the d.ecarboxylatlon of lsonlcotlnlc acld. '

1:-

was ca:rrled. out 1n baslc solutlon. , ,

-t,,'

The LtV spectra of lsonlcotlnlc acld- and. pyrld.lne"

are:.shown tn Flgure 23n and. 2BO my was chosen for rate
measurement.

The rate of d.ecarboxylation of lsonlcotlnlc acld.

was measured. spectrophotometrlcally as prevlously d.escrlbed.

for the other pyrld.lne-carboxyllc. acld.s. Ilowever, no

d.ecarboxylatlon of 1son1cotlnlc acld. was observed. ln
IN NaOH after 20 d.ays (so that k <4 x 10-9sec-1), whereas

the rate of d-ecarboxylatlon of plcol1n1c acld. in lN NaOH

at the same tenperature was found. to be about 5 x n-?"""-1.
In oüher worcls, the rate of d.ecarboxylatlon ls 1n the 

1

ord.er of 2) 4, even when li ls the carboxylate salt
' 
t"' 

'rather than the oarboxyllc e.cld. whlch ls d.ecarboxylatlng. i 
.

the ord.er seems to contrad.lct ZoLtewIcz and.

S¡olths' (99) flnd"tngs and. ts ln agreement rvlth the results
i::ri.'.r,:l!:
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The UV spectra of

ln 1N'NaOH

- 

Isonleotlnlc
t"t "'?tt Pyrld-lne r C

FIGURE 23

lsonlcotlnlc acld. and-: pyrld-Ine

-4acld.rC=3.0 x10 I{

-;i= 3.0 x 10 IYi

,-. .r1, l
l':'r. ' ìa'¡.'.:.::
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of Kawazoe g[. al, ( 52).. Eowever, 1t lg qulte posslble

that the tr'ansf.tlon staüe lead.ing to carbcn-ca:rbon bond.

breaklng wot¡Ld. be d.lfferent from that l-eadlng to C-H

bond. breaklngr'and. thus the ord.er of carbanlon formati-on

may be d.lff erent f or pyrf-d.lne and. pyrld.lne-carboxyl !o
acldsc :

F1na11y, tine C!3 lsotope effect may be consld.ered..

In anthranlllc (27) and sallcyllc acid.s (EZ), where

protonatlon of the ø(,-carbon preced-es coz cleavages, the

former ls rate-controlllng at 1orç acld-ity:and. the latter
o# la{ æl¡ oa{ | ¡t }-'r rt 

^hôâ^rrô¡t1 
rr llaa¡a { o ^ ".l-3--r., aa*{ a-¿&<):- e!v_'+: uy' , .¿¿L-¿ v.aaJ:_!.:J , i,_iir:-!- !.) u v .=::_;:U L:.j

lsotope effect at hlgh acld.lty but not at lov¡; We have

shown t]nat for plcollnlc and- qulnollnlc acl-d.s there 1s

a cl3-rlnet1c lsoüope effect at both row and. hlgh acld.ltlesn
thls shows that c-c bond- breaklng ls always rate-controlllng
in plcollnlc acld.s and. agrees wl"ttr the carbanlon mechanlsm

proposed. f or these acld-s "

Eowever, lt was found. thai trre Cl3tsotope effect
ls sllghtly less 1n the d.ecarboxylatlon of the carboxylate

a¡rlon than ln that of the acj-d. (zwltterlon). The d.Lfference

ls not much outslde the experlmental erroro but appears

to be real. If so¡ lt shows that C-C bond. breaklng has

i.:.:.].i''":t .
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Proceed.ed. further ln the transl-tlon state d.erlved. frorn

the z¡sltterlon than 1n that for the anlon. lhLs 1s lnterestlng
'' 1 

r'l

and. perhaps unexpected-. It would. show that the energy

maxlmr.u¡. (transltlon state) coneÈ sooner In,the bond.-

breakLng process for the stronger bond. (lf bond- strength

canbere1ated'torateofbond.u""*l.i,.g).Ifoneuse"......
the.s1np1-enod.e]..ofastreüched-spr1ngfortheC-C.bond,

then lt woulÖ be expected. that a stlffer sprlng (stronger

bond.) would reach 1ts eLastlo lln1t (transttlon state)
aþ a srnaller extenslon than would.' a soft spring (weaker

bond.). Th1s, however, l-s rrnd.oubtly a too nalve nod.el.

A s1lght1y nore sophistlcated. mod_el can be obtalned.

from the Harnmond- postulate (44A'). It proposes that tran-
slt1on states for end-othermlc reaqtlons (such.as d-eca:rboxy-

latlons) resemble prod.ucts nore than reactants. It mlght

be expected- from thls tinat the transitlon state for a more

end.othernlc C-C bond. breaklng wouId. occur later ln the

breaklng process than wouId. ihe transltlcn state of a

less end.other¡olc C-C bond. breaklng. If li ls assuned. that
the slower c-c bond- breaklng (that of the plcollnate anlon)

1s more end.other¡alc ühan the faster one (zwltterlon) ,

then the transltlon sÈate for the anion should. resembLe

prod.ucts more than that for the zwltterlon, and_ should.

therefore have a larger ç13 lsotope effect. Thls ls the

Ìr',.. r.ì'
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opposlte of v¡hat ls observed., so some of the assumptlons

lnvolved. ln the argument must be unjustlfied., It' l,s

unfortunate EhaE the dlfference ln lsotope effects 1s so

sriall as to be uncerteLn and therefore unsafe to base

ar.Ly conclu.slon upone

I

l.:l
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B. PTRnOlg-zlcABBOXy=I4C AçrE

In the prevlous sectlon, a mechanj-sm has been

proposed. for the d.ecarboxylatlon of plcollnlc acld- ln
aqueous solutlon, whlch ls qu-lte d.ifferent from that
found- for other aromatlc ar¡lno aclÖs such as anthranillc
and. p-amlnobenzclc aclds, Slnce pyrrole ls generally

belleved. to resemble anlIlne or phenol more þh'an pyrld-1ne ,

1t nas of lnterest to fi.nd. out lf the'd.ecarboxylation of
pyrrole-carboxyllc acld-s resembles Ehat, of hete:rocyeIlc
pyrldlne-carboxyllc acld.s or the amlnobenzolc acld-s¡ and-

pyrrole-Z-carboxyllc acld. was chosen for ilrls purpose,

l.:::;.

The IIV spectra of pyrrole-Z-carboxylic acld_ and_

1ts decarboxylatlon prod-uct, pyrrole, are shonn: ln Flgure 24n

and. ZJO np was chosen as the wavelength fcr rate measure-

ments,

Pyrrole-?-cayboxyllc acld. was found. to Cecar-

boxylate very read.lly even at low temperature, and. the

raües of d-ecarboxylatlon of thls acld- were obtalnea

spectrophotoneürlcaI1y at 5OoC by follovrlng the change in
concentratlon of the acld- with.tlne" Flrst-ord.er plots

of the logarlth¡r of absorbance agalnst tlne gave excelrent

flts up to nore tlnan )Oft converslon. A typlcal plot of
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lt-ì

rrcunn e4

TheWspectra.ofpyrro1e-2.carboxy11cac1d.arrd.
pyrrole ln lN NaOII 

ì

_IL

--' 
Pyrrole-Z-carboxyl-lc acld-, C = I.L x 10' M

-LL""'t.'' Pyrrole, C = 1.1 x 10 FI

¡:-!f):j!
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' 1og, absorbance versus tine for the aeearbox¡'lailon of

thls ac1d. at JOoC 1s shown in Flgure 25.

Tabfe XXV record.s the rates obt,aine<i on the d.e-

carboxylatlon of pyrrole-Z-carboxylle acld. at SOoC ln
buffered. solutions wlth pï[ measured. at ihe sâae temperature

and, lonlc strength of 1.0. Some.rates obtalned. at hlgh

acid.lties ( vrhere /u7l.O ) are also lnciud.ed-.

In ord.er to galn more lnformatlon about tlne

d.ecarboxylaülon mechanlsm of pymoite-Z-carboxyllc acid-,

tfre Cl3-carboxyi klnetic lsotope effects were also d.eter-

mlned.. lhe resuits are sholqn 1n Table )iXVI.

In ord.er to lnterpret the rates as a functlcn of
pH, lt ls necessary to know the lonl zatlon constants of

pyrrole-2-carboxylic 
""f4" McCay and. Schnld.t (63) had.

reported. t}r.at the pKt and. pI(2 for pyrrole-Z-carboxyllc

acld- were I.J anö. 4.4 respectlvely. the maln purpose of

these authors was to d.eter¡nlne ühe d-lssoclatlon constants

of prollne by tltratlon. The tltratlon curves for prollne

and- pyrroLe-2-carboxyllc acld. reprod-uced. from l'lcCay and.

Schrnld.t are shown ln Flgure 26. As shown in the f lgure,

only one polnt was obtalned. ln each tltratlon curve for



f';Y.¡

FIGURE 25r\. 7
A typlcal pLot of 1og. absorbance versus tlme

for the d.ecarboxylatlon of pyrrole-2-carboxyllc

acld- at 5ooc t lL = L.o !
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TABLE X]fi¡

BATES, oF .DECAB¡0XYLAT49Ií gF. PsPE0tE=-2-céRBoXYLIc AcIÐ AT

5ooc. ,a = 1. o

E&rê
c

B

B

B

B

A

A

A

A

A

A

A

A

A

A

A

A

.A

A

A

o
É-at--59-9.

?,32

3.t+r

2.93

2.66

2 "L9
T.B2

a.5L

L.32

0.992

0.795

0,603

O,4IÐ

o"3gg

0 "332

0.l_8r

o.079

- 0.16r ( 1.&5N )#

-0.396 ( 2.4gN )#

-o,Bzz ( 6,64ru )/f

- l-.01 ( 10 . 3N t#

<-1
kx10'rs*

2.?3

3.2r'
:3.115

4.zz

6 ,01

g.t3

12,3

24.2

34,8

49'a

69.g

72,0

B&.'l

105

]-26

168

208

318

357

)i: - .,,::,'¡

iti,s

--+-The synbols A, B and. C refer to HCl; HCI-NaYZP% ; and.

NaE2PO4-Na'HPO4 buffers respectlvely.
1.. .j::¡l# Ionlc strength > 1.0 ,
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TABLE XäVI
i'::j,:
.:' r

qlr-*rmart. ïsorope EFFEcrs

PYBROLE-2'-.CABBOXTLtrC ACID A.T
o0c

pE at sooc fi Beaetlon

OÑ TEE DECA.RBOXTL,A,TTON

0.010301

_ _0.010301

0'" 010:too

a,010296

0.0l.0292

CI 
" 
010300

o.010052

0 . otoo56

--.€,ot_0053

HC1O4t EC1O4-NaH'PO4 and

L3co 
r/rzco, i-to( Etzlk.'3.1)

OF

Buffer+

--.
AtÀ

,A
A

B

B

B

c

c

g

0.I02
_=o"102

0.L02

2.63

2.63

z,63

-o.602

-0.602

--e.602

100 
" 
0.

100,0

L00 .0

10.05

I "9t+5
--43ú3

23.3L

22.96

- --22.74

G,.Otl3

0 ,088

0.016

2i83

2.79

2.8A

The symbols A, B

4N HC1O4 buffers

and- C refer to

respectlvel y"

i..: :::'i



The ti-tratlon curves for Proline

carbox¡rIlc acl¿ (6Ð

O Prollne

X Pyrrole-Z-ca;baxlrlic acLd.

and. pyrrole-2-

rti. .r:;rì :'
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pyrrole-2-carboxyllc acld., and. these authors estlmated.

the d.lssoclatlon constants of pyrrole-?-carboxylic ac1d.

by analogy io prollne. Iherefore, lt 1s belleved- that the

reported. values of pKt and. pK, for pyrroLe-Z-carboxyllc

ecld. are not üoo rel1ab1e.

It was therefore d-ecld.ed. to d.etermlne the pK1

of p¡rrro7,e-?-cantoxyllc acld. spectrophotometrlcally at

5OoC and. at constanü lonlc strength of 1.0. However,

lt was found- tlnaþ the UV sþectra,remalned. r:nchanged. ln
the reglon of pH - 3 up to 10N ECl ( as shown in Flgure ZZ ).
therefore, 1t would- appear Ehat the pKL ls actually
negatlve, wltlch 1s not 1n agreement wi.th McCay and.

Schnid.ts' rough estlmatlon.

Isotope effects for pyrro1-e-2-carboxyllc acld.

as sholnn ln Table XXVI resemble those of anthranillc
ac1d. (29), whlch suggests that the d.ecarboxylatlon

¡aechanlsm of thls ac1d. nay be slmllar to that of anthr-

anlIlc ac1d. prevlously d.escrlbed. 1n page 32 of thls Thesls.

Equatlon (10) 1s reprod-uced. here for convenlent reference¡

kAK1K2 + x*r, [ir+l

ii,-:::

tf lrkKz
Kr + t"Ï kKz + r_* [n+l

x

. . . . . . . . . . ( 10 )
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4I.çSEE-?Z

The W spect::a of pyrrole-2-carboxyllc acld- at

varlous acld.ltles :

Temperature = 5ooc

Ionlc strength = 1.0
-4Concentratloh. = 1.0 x 10

æ Thê spectra ln buffered. solutlons of PIl = 2.98i

2.0II']-,56¡ and. lN, 2N, 4N and. 8N EC1

rerdrrer fþs spectrUm 1n f.ON ECl

oI'

HC
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Slnce p\ ls nore negatlve than the lorrest pH we stud.led.

( pË = -l-.01 or 10.3iü KCI- ), [n{ wrff be negI5.glbie wtrth

reepect to K1 a.E tlne pE reglon where the rates of d.ecar-

boxylatlon were obtalned. .

Itr a reglgn rrhere there l.s no Cl3-carUoxyl klnetlc
lsotope effecù, the rlght hand fractlon of the general

rate expressLon ( equatlon (10) ) nust equal to unlt¡r,

slnce the rate constant for carbon-carbon bond. breaking,
tÊk , appear only Ln thls fractlon. Und.er thls cond.ltion,

*equation (10) can be red.uced. to

k=
k¿KrKz + x*r, [n+l

- 

:;----..........----_
K1 + [e'l

x1 .,...(34)

slnce *tV [nl "* p:reviously assuned., equatlon (34)

wll-l become

k = kgK2 kga, LHt] ....'.(,35)

A p3-ot of k versus [n{ f" shorrn ln Flgure 28 and. the

cal-culatlons ln lab1e XXI'II. Fron the llnear p1ot, ihe

followlng values were o'otalned.!
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F'TGURE 28

Plot of k o*, þI*l for pyrroi-.e-Z-càrþoxyllc acld.

i.: ..:: '
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CALCULAÎTONS FOR

^ Lll? -

TABLE XXVII

Th-E PLOT OF.K VS" tnI FOR PYRROLE-z-

CABBOXTLTC ACID

PE

'

7.32

g.tþ:r
:

2.93

2.66

2.Lg

I, 82

1.51

t4+]d
,\, 0

0.389
'

1,18

2.Lg

6.46

!5.L

30 19

É
k x i-Or
---

2.?3

2.BO

3.2r

3.45

4.zz

6,01

9,13

1ì': r- lì



k,A = 2"I0

tr#z = 2,9

1l+B

x 1o-3 sec-I

x l-0 ' sec-t

In a reglon where there ts cl3-carboxyl klnetlc
lsotope effeet, the right hand. fraction of equation (10)

d.oes not equal unlty, and. slnce K,

equatlon thus becomes

k=

plot, kHA

and- equaflon

ho hl

1+ _*--r
F-K2

c e. e. "(36)

kf' and. therefore

ß6) becomes

, ..(37')

l-

^-HA

, , , .(38')

11-k - k'*ffi +

r = (o*z + hAh) 
'x

From ühe prevlous

r.*[ir*l ] k{2,

-k -_. lH'l
1 + -llJIL r

, -*tr *
Jt l\a/,

.j:...:i ;t_:ìi$:,j
:. r1'

or

k Kzk.'A



A p1oü ot I/k versus l.ll4 i-s showr ln Flgu-re 2Ç anö,

the calculatlons ln Table ffiVIÏI. Fro:n the llnear plot,

the foliowlng values vrere obùalned:

-?
hA = 2.26 x lO-' """-1

:*-,o,/f riz = 5.83 x 1o-1

The values of k* obtalned. fron Flgr:res 28 and. 29 ave

qulte agreeable, and. the average value for kr*n is
-?2.!B x 1o-r """-1.

I,¡1th varylng hyd.rogen 1on concentratlons subsflfuted. ln
equatlon (39), d.lfferent values of k are obtalned.. The

ca].cuLatlons are slÌo,l{-n ln'Iable XXIX, anC. the pLot ls
sho¡¡,n 1n Figure 30. As sho'*':r ln ühe flgure, the experl-

menta]. results have excellenü flts lnto the calculated.

values ( except at hlgh acld.lËles where lonlc strengüh

ls noü constant ).

17,+j

l .; :.:
': l-

r1-:1:

, kiIA, u-*/u"rc1
Ilnto ühe generaL raþe erpression governlng the :'ate constants 
i

ln ühe pH reglons we stud.led. ( equation (36) ) , then I

,- = (,e xto-5 + z,LB x 1o-3Ð.
L + 5"83 x IO-t [81 .:

i:,..,i
:.i','.
i'::::

...t..(3g) ,r"'.y'':
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TABTE XXVTII

PE H: x 101

Troi{s FOR

1.60

2,.50

3.6L

3.99

4.66
¿Éôw.)7

8.34

oF'l/k vs ln+J

CARBCXYLIC ACIÐ

t/ ln'J
.t

kx10/ 1 x 1o-2

0.795

a.6oj

o.4l+3

0.399

0,332

^ ' .t O.rlJ¡¿UJ-

0,079

6.zs

þ. oo

2,77

2.5r

2,L5
14õ

!.20

3l+ "B

ltg 
",0

69.g

72.0

8¿+.1

'r^É.

tz6

28,7

zo.4

14., 3

L3,g

11.9
(ì C.)
7a¿L

?.g4

i:-,...1..::i
l:i:;:a..:

'-a 
lj
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r¡$LE XXTX

. r;:

RATg gONSTAT'ÏTS CALCU-LATED FROÌ4 EQUAgToN (3o)jOR lEE DECAR-

BOXYIATIqN_OF FYRROLE-2-CARBOXïLIC ACrp 4T.-50oC, /r = L0

Ë
.7.32

3,1+I

2,93

2.66
.2,L9

1.82

1.51'

7,32

o.gg2

0,795

0.603

o.l+l+3

o,399

0,332

0.181

0.079

-o,l-61

-0.396

-0.822

J,01

[gt x roz

Lt,?g x to-6

0,0389

0 .I-L8

. 0,2lg

o .646

T.5L

, 3.og
IL.?g

l.0.2

16,0

25,0

36.A

39 "g
l+6.6

6s.g

83.4

t45

zL+9

66t+

1030

kx10-,s-
2.90

2.gB

3.L6

3.38

4.3L

6.r3

9.45

12"g

23.?

3t+.7

49.9

6T.s

73.L
g2.6

to7

r,z4

L73

22'3

29B

320
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FIGURE 30

PIôt of calculated-'rate constants versus pH for
the d,ecarboxylatlon of pyrrole-Z-cariooxyllc acld.

at looci , ¡Q = L.0

æ trate consÈants calcuiateo from Equai;lon (39)

O Experlmental rate constants



-153-

g

l

i ,: i'::::
rì1:::/r:.4



- Lst+ -

Equatlon (39) shcws that a fu1l cl3-Arrretic

lsotope effect will not be observed. ur:.ttl lO77 rO, The

magnltud-e of ihe fuJ.l lsoi;ope effect can be calculated.

-from the d-ata of Tab.r-e ]O(VI as f oll-ows ¡

'Equatlon (37) can be rewrltËen for ihe lnd.lvld.uaI lsotopes

ag3

kEA IETElz =

\-3 =

k-,"o [sÏ
ìÉ' Jå

k:'zKz

, L-+1*ËA Ft I

Èå .lt
kt aKz

ù...i].".(ll0)

d o. e r ¡ . . ' . . ( 41 )

. . . . . . . . o . (l+2)

and-

k:-.z

kr1¡

_a_*{dl
+ ....'.rE-

kl3Kz
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å' .tt
If 1 = full lsoËope effect = k;Z/E;3

{**then k-^ = ki,/iLt
lf

and. lntrod.uclng the valr¡e of k., o to equatlon (42\ t
L)

lk -^ ["1-lr¡.J\

-Fîrk::nz

k_HA [EÏ

-?Ff=fk:'zKz
,. ).., .. ..(I+3)

ln &¡U perchlorlc acid., the lsotope ef,fect obtalned

2.8Lfi, therefore equaülon (tÐ) becomes

]- 0281
¿l k-À
--ç:-;ç- | = l.krzLz)

'll' * , ^^ -^-]-¡chere tr_ru/k.,Kf rvas prevlously found- to be 5.83 x 10 .

Equatlon (44) can be solved- to glve 1 = 1.0þ0,

Drrnn and. Bucclnl (29) obtalned- a ful1 isotope effect of
I+.zfi for the d.ecarboxylatlon of l&-nethoxyanthranlllc

acld- at 6OoC, therefore a fu1l lsotope effect of 4,0fi

for pyrrol-e-Z-carboxyllc acld. would. seem to be qulËe

reasonable.

. &r k-rro
JT .Tè

klzKz 
...o,,..,(r+4)
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In concluslon, lt 1s belleved. Ena-u the d-ecar-

boxylatlon mechanls¡n c'f pyriole-Z-carboxyllc acld. sèems

to resemble tnaþ of anthranlllc acld" prevlously proposed.

by Dunn and. co-workers i 27, 29 ) i wlth the only maJor

dlfference 'oelng tnaþ p¡'rro1e-Z-carboxyllc acld. 1s such

a weak base that lt 1s not protonateÕ ln the acid. concent-

ratlons stud-led.¡ so that the rate d-oes not d.ecrease aÈ

hlgh acld.ity.

¡:

iììlîl'::,:ì,:i
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EæErr'1EUT4T,

MATERLAfiS

1. . . Pvrldl¡g-,4Lltq d eil{at:lÏeå
The pyrld-lne-carboxyllc acld.s and some substituted.

pyrlcilnes used. Ln thls lnvestlgatlcn are llsted ln Tabre xxxo

al-ong wlth an lnd.lcation of the source and. meltlng or

bo11Lng polnt of the partlcular compound.. the pyrld.lne

and. substltr¡ted" pyrld"lnes ï¡etre freshly dlstllled. before

used., and. al-I the acld.s were purifled. by one or more

recrystalllzatlon from anhyd.rous benzene ( except S-nltro-
plcolLnlc aeld. whlchr was recrystallized- from waÈer). The

neLtlng polnts glven are for the recrystalllzed. acld.s

d.etermlned. FrlÈh a Flsher-Johns meltlng polnt apparatus,

The rate of heatlng wlthln looc of the neltlng polnü was

nalntalned. at 1oC per 2 mlnutes,

Preppratlon of (-n1troplcollnlc acld.

The nethcd reported. by thone and. Goebel ( g3)

-for the preparatlon of thls aclcr l.ras closely followed..

Dlphenyl ( Z¿l $n) , L? gn of 2-bromo-5-n1tro_
pyrld-x-ne (r a K Laboratorles, rnc,)o and.9 gn of cuprous

cyanld.e were melted- Ln a 1C0 n1 r¡ld.e mouth flask, heated.

Vo

Ar

1..,.,

lr 
-. i:i ,,'al

i: ,: ,- -'

ììi:: \1":ì

i';.,. :



Pvrld.lng Source

Parent Mathesono Colenran and. BeII

2-Me

3-Noe

ÎABLE )Cü(

PYRTDINE AT\TD ITJ:| DERIVATIVES

z-CO 2E

3-cof

Ald.rlch Chenlca1 Co,

4-corn

Alctrlch Chenlcal Co.

2-c02H-6-ue

Al-d.rlch Chenlcal Co.

?-CO2H-5-N0z

A1d.rlch Chenlca1 Co.

2,3-(COIH) 
2

Ald.rlch Chemlcal Co.

J. T. Baker Chemlcal Co.

l-t¿l (b. p.)

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

' : ':.):!:i,

Syntheslzed. In thls work

130 (b. p. )

Ald.rt"ch Chemlcal Co.

2L7 (b. p.)

L37 - 138

Lrs.25 ( 55)

236 48

I29.t+ ( 55)

323 325

21,6 ( 55)

l_28 -Lzg

136.5 138 (?)

210 2I2

23t+ . 5-235 .5 ( ?)

191

323 - 325 0)

t29 (15)

2rr 2L2 ( 83)

I

H
Lrr
CÞ

I

190 (55)

. .:..,::.
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il
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r{l!h stlrrlng for two hours at 205 - 10oC. The melt was

then po'.ted- lnto a mortar and. ground. " The resld.ue ln
Èhe flask was pulverlzed and- extracteù wlth 200 nl of

, acetone to r.¡h1-ch the orlglnal powd.er melt was ad.d.ed-.

The solutlon was ad.d.ed. to 300 nl 6N gCf o preclpltatlng
the d.lphenyle wh11e the 2-cyano-5-nItropyrld.lne renalned-

in solutlon. The precLpltaüed. d.lphenyl was extracted. wlth
150 nl 0"1N HCï, whlch was comblned. wLth the orlglnaI
acld. extract, and. the acld- solutlon rcas d.lstllled. ln vacuon

glvlng riore d.lphenyl 1n the d-lstlllate, and. leavlng a

resld.ue of J-nltropyrld.Lne-2-carboxamld-e (r). From the noüher

11qu1d., more (I) was obtaLned. and- the total yleId. was

/+"8 gm, wirlclr on reorystalll zatron from acetlc acld-

gave yellow leaves¡ rtrepo 244 - 5oc ( 11t., zt+6 ?oc (g3) ).

lt'.6 gn of (I) wereheated. at lOoC 1n 100 nl
corlc. Hcl for two hours. The solutlon was then d.lluted.

wlth rcater, and. J-nltroplcollnlc acld. crystall Lzeù out
at once. From the nother 11qu1d., nore of thls acld- was

obtalned-, and. the yleld"o after belng recrysüalllzed. from

water, was I"2 gltrr The acld. was ln the form of pale

yellow leavesu and. had. the m"po of ZIO - LZ1C ( 11t.,
21L - rzoc (83) ).

f--'1ir

l¡.:

i.::
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2. Pylrole and. lÈs d.erlvatlvs

3-H,eIg
Pyrrole (f a

and. the frastlon bolllng
"-tJzoç (z+¡ ) .

K Laboratorles, Inc,) was d.1stlIled.

at L28 - 30oC was collected. ( llt.,

Pyruol,q-2-carbo4yl1 c acld.

Pymole=2-carboxyllc acld. (K & K Laboratorles,

Inc.) was recrystalllzed. twlce wlth anhyd.rous benzene,

vacuum d.rled. and flnally subI1ned. und.er vacuum. The prod.uct

had. a nel-tf-ng polng of zO4 - soc ( 11t,, zotioc (zt+¡ ).

'. 1

Ì:.

l
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B. .BUFFER ANÐ STA]ÍDARD SOLUTIONS

Eydrochlorlc acld. (tn tfre pH reglon 0 2.2),
hyd.rochlori.c acld.-sod-lun d.lhyd.rogen phosphate (tn the pE

reglon 1.8 - 4.2), and. sod.lun dlhyd.rogen phosphate-d.1sod.1.um

hyd.rogen phosphate (tn tfre pE reglon 4.0 - 6.4) buffers
were used. for the rate measurements. All buffers were

ad.Justed. to lcnlc strength of 1.0 by ad.d.ltlon of potasslrrn

chlorld.e .

The phosphate buffer was chosen because 1t was

found. 1n some prellmlnary experlments that the pE of thls
buffer remalned unchanged. after belng kept for Soo hours

at 1J0oc. Alson the phosphate .buff er showed. no abs'orbance

1n the wavelengths where the rate measurements Írere mad.e.
jrn the pE reglon 1.8 - 2,21 some rates of d.ecaro-oxylatlon

at a partlcular pH -were measured. 1n both hyd.rochlorlc
acld. and. hyd.rochlo;'1c acld--sod.llm d.lhyd-rogen phosphate

buffers, and. the rates 1n these two d.lfferent buffers
Trere f ound. to be the saJne r

' i;t.:.=In those experlments where carbon d.loxld.e $ras to be i"'.,'.'..i ¡t

coLlected. for isotoplc ratlo measurements, perchlorlc
acld. ¡'ras substltuted. for hydrochrorlc acld. because of
the volatlllty of the Latter¡ 

l
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Stand.ard. solutlons of perchlorlc and. hyd.rochlorlc

acld.s were mad.e by d.llutlon of the bottle acld-s. These

solutlons were further stand.arlzed. by ü1tratlon wlth

stand.ard. sod.i-u.u hyd.roxLd.e soLutlon uslng a mlcro burette.

È_ . r.:1.:r::.r l' t' -
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C. PE I|ÍEASUREMENTS

ALl pE measurenents were mad.e Ì{lth a Badlometer

mod.ei llC pE meter wlth sh1eld.ed. glass and. calomel electrod.es ;,¡,

1nce11s--thermostatted-tot0'1oc"At25octhee1ectrod.es
Írere Bad.lometer G2o2F (glass) ano K100 (calonel) i aþ

gSoc !h"y erere Rad.lometer e3OzBE (gla.ss) and. K4016 (calonel). 
.1,:,

The meter was callbraüed. agalnsÈ Natlonal Bureau of

lrogen phthafate

buffers at the approprlate temperatures, Measured. pll's
r{ere reprod.ucJ-ble to 10.003 pE unlt and are assumed. to
be accurate to 10.01 unlt.

't:.::1 .

i'..
,:.: ..j'-:

D'' ABSORPTTON SPECTRA AI{D ABSOBBANCE MEASUREMENTS

absorptlon spectra were measured. on a Beckrnan DK-l
spectrophotometer, A Becknan Ðu spectrophotometer was used.

wlth natched. celrs for the absorbance measurements. The

=-epp¡oprlate buffer solutlon was used. as a stand.ard. tn the
reference ce1l. For the rate d.etermlnatlon, the lnstrument
was set at the pred-etermlned. optlnr:m wavelength throughout ii.*:
the d-etermlnatron. I{easurements Ì{ere reprod.uclble rurühln

90.01 unlt of absorbance. 
,
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i.E. Dqt¡nt4IIê,ffON op,,;fRe fOI\TfZAtiO\T CO.NSrANT OF'

QUINOTINIC ACTD AT O<OC.

: Stock solutlon of qulnol.lnlc acld. was prepared.

O.lN sod.lun hyd.roxld.e solutlon (about l.J n1) and. then

d1l-ut1ng to one 11ter wlth d.lstlIled. water contalnlng

sufflclent potasslr¡m ch1or1d.e to glve an lonlc strength

of 1,0. Allquots 15 nI) of thls stock solutlon, d.ellvered.

from an automatlc bureËte, rrere d.l1uted. to 50 m1 wlth the

approprlate buffer to glve the solutlons on whlch pH and-

absorbance d.etermlnatlons were mad.e,

The spectrophotometrlc work was carried. out on

a Beclnnan Mod.e1 DK-1 spectrophotometer. The lnstrument

wes equlpped- with a Beckrnan 9252? Temperature Regurated.

Cell Eold.er whlch r{as thermostatted- at g5.O 1 LOoC. In
ord.er to secure a sultable wavelength f.; "tl¿y, several

conplete UV absorptlon spectra of qulnollnlc acld_ were

obtalned. at gsoc at pH of o.z to 4.2 and. ln the wavelength

reglon of 200 - 4OO m¡. A sultable wavelength of 262 np
was chosen where the' absorbance d.1ff erences betlveen these

absorptlon curves were the largest. :

i.: . :' il' :

i:lì,r:ìì.!
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In the actual lonlzatlon. constant d.etermlnatlon,

the lnstrument was set at a flxed. wavelength of 262'n7.

throughout the d.eternlnatl.on. A serl es of d.etermlnatlons

of absorbance at varlous hyd.rogen 1on concentratlons

were then mad.e. For each solutlon, a record. was mad.e of

the absorbance over a perlod. of several mlnutes durlng

r¡hlch the Èenperature of the cell oscl11ated. between

glloC and. g6oc several tlmes. Thls üenperature varlatlon
prod.uced. changes ln the absorbance of noü Fore than

0.002 absorbance unlts.

i :.. . -'

:j:j,. .ir:
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F. RATE ¡,IEASUREMENTS

1. Pyrld-1ne-earboxyllc acld.s .

.:

The change In concentratlon of pyrld.lne-carboxyllc

acld- r¡lth tlme was followed- spectrophotometrlcalry by

rneasurements mad.e ln alkallne sorutlon where aIl the

acld. 1s ln the anlonlc form, and. at wavelengühs where

the absorbance of the reactlon prod.uct ls negllglble.
The waverengths chosen for the acld.s 'stud.led. r{ere record.ed.

lnd.1vld.ually ln the chapter of .Results and. Dlscusslons

ln thls d.lssertatlon,

The rate measìrrements vtrere carrled. out at 95.0 t
0'1oc a¡rd. 150.0 t o.loc. At these hlgh tenperatures
the evaporatlon losses were found..to be consld_erable, so

the ampoule method. was used-. About Ëwenty to thlrty ng
of the pyrld.lne-carboxyllc acld. was d.lssolved. ln J0 nl
of the buffered. solutlon. Elghteen ampoules (z nt capaclty)
each contalnlng about l.J nl of the stock solutlon were
sealed. and- kept ln the thermostatted. bath. After ten
nlnutes, two arnpoules were wlthd.rav¡n and. coored. to z|oc
for pE measure'¡ent. T¡ro more sanples of two ampoules each
were wlthd.ravm for pE measurements, one at the ¡old.d.le and.

one at the end- of the rü,,¡ The three sanples had. the same

:-;: \

-r:i::j-
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pE wlthln.0.008 unlt ln all the runs reported. ln thls
Thesls.

One ampoule was wlthd.rawn each tlme at approxlmately
-- -- equar tlne lntervals, and. the reactlon was quenched. by

-- placlng the a^mpoule ln r,rater. Approxlmately one mI of the
-solutlon was i;hen wlthd.rawn from each a.npoule and. lnJected.

lnto welghed. 25 ul vol¡metrlc frasks contalnlng lJ n1 of
lN sod.lr:m hyd-roxld-e solutlon eaoh. The flasks ?fere rewelghed.

and. the welghts of the allquots ïrere calculated. as a
d.1ff,-erence: ln welghü".Afüer dlruülon to the nark wlth lN
NaOH. the solutlons T,irere read.y for the spectrophotometrtc

d.etermlnatlon of the concentratlon of the anlon. The

absorbance per gram of the allquots was ca,iculated..

2' Pyrrole-2-carboxyll o- acld.

As wlüh pyrld.lne-carboxyllc acld.s, the change

ln concentratlon of pyrrole-2-carboxyrlc ac1d. wlth tlne
--- ---*^--¡üas "followed spectrophotometrlcally by,measurements ma¿e

1n alkallne solutlon where all the acld. ts 1n the anlonlc
form, and. at a wavelength of Z6J rywwhere the absorbance

of the reacül0n prod.uct, pyrrole, 1s negllgLble"

Ì iri
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A Z5O ml round--botton flask lrnrnersecl io the neck

ln an o11 bath at 5A,0 + O.IoC served. as the reactlon
vessel. The flask wlth 200 mI of buffered. soluülon was

ailowed. üo come üo the baih temperature, then 50 mg

of pyruo)-e-2-carboxyllc acful- d-lssolved- In about Z mL of

0,1N sod.hirn hyd.roxld.e solutlon was ad.d-ed.. The flask
was shaken, and. three sa.mples of about 20 ml each were

wlthd.rawn at the beglnnlng, the mtd.d.Ie and- the end. of the

run, and, were cooled, to Z5o C f or pE rueasuremenbs, The

three sanples had. the sâlne pE ln all the rwrs reported..

At approxlmately equal tlne lntervals, 2 nr allquots Ìrrere

wlthd-rarn¡n for absorbance measurements and. immed.lately

lnJected- lnto welghed. 25 mL volu.metrlc flasks contalnlng
aÏ:out 15 ml of lN sod.lun hyd.roxld.e solutlon each. It had.

been found- experlmentally t]nat thls stops the reactlon
sLnoe pyrrole- Z-car]ooxyllc ac1d. ln lN lrïaoH d-ld- not change

concen.tratlon on being kept a'c room temperature for Ëwo

weelcs. The volumetrlc frasks were rewelghed., then fl1led.
to the ¡rark with IN sodli¡m hyd.roxld.e and- set asid.e for
spectrophotometrlc measurements. Absorbances were corrected.
to correspond. io a consta.nt welght of a11quot.



t69

G. cf3-i^gngoxrl içlnigttc lsoropn gtrrncr

The hlgh vacuum system was of a convenÈlona]

d.eslgn and. ls shown schematlcally ln Flgure 3!'. It r¡as

used. to coll-ecü and. purlfy the carbon d.loxld.e prod.uced.

ln the d.ecarboxylatlon. The two-way stopcocks ( f - VII )

were greased. wlth Ap.lezon "M' stopcock grease, A rotary

o11 punp and. a mercrlry d-lffuslon puqp were used. to attaln
the hlgh vacuum. A l{cleod gauge.: was also connected. lnüo

the system ln ord.er to measure the vacuum,

2. Pgtermlnatlon of the extent of reactlon
ln the d-ecarboxylatlon

n ühls work, ühe extent of reactlon was measured_

spectrophotometrically. Thls proced.ure was found- to be

slmpler than the earller nethod- reported. by Durtn and.

Bucclnl (29), lqho deüermlned. the extent of reactlon by

measurlng the amount of carbon d.loxlÖe evolved- ln the

d.ecarboxylatl on,

About 200 ng of the acld. stud.led. ¡ras d.lssolved_
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ln 100 nI of the buffered. soluËlon, and. ln ord.er to d_eter-

mlne the extent of reacËlon, three sa.nples of exactly
one ml- each vrere plpetted. out before the d.ecarboxyLatlon

ana aftet ihe d.ecarboxylaiion was stopped." These sanples

rrere lnjected. lnto 50 ml volunetrlc fLasks contalnlng
about 30 nL of lN NaoH ea.c]n, then fll1ed. to the mark wtth
IN sod.lun hyd.roxld.e solutlonn The absorbances of these

solutlons lrere measured. ln Beclanan DU spectrophotometer

at a flxed. r¡avelength, The absorbances of the d.lfferent
sam.pl-es wli;hd.rawn at the sane tlne were d.lfferent fron
eac]n oüher by not more than 0,005 absorbance unlts"

3. Proced.ure

no1lnlc a

For compJ-ete d.ecarboxylatlon, four sanples

were prepared- by d.lssolving J0 ng of the carboxylle acid.

1n J0 n1 of buffereo soLution eacho The reactlon vessel
Ìias a 2J0 mr flask contal-ntng a ground. glass joint (B/zu)
and. a stopcock A. The reactlon vessel was attached- to the
hlgh vacuun system at u keeplng the stopcock rv closed-,

The reactlon mlxture was frozen ln d.ry lce-acetone bath
and, was d-egassed. ti-Il a hlgh vacuì.lm Ïras obtalned.. lhe

I

t..:
L, .1:
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stopcock A was then closed..and. ühe reactlon vessel was

allowed. üo come to the room temperaturs¡ The mlxture was

frozen agaln and. v¡as d-egassed, Thls process was repeated.

four to flve tlmes to ensure that a]-l the d-lssolveC.

oarbon d.loxld-e and- oxygen had. been removed- from the reactlon
mlxture.

All the four samples so prepared. were kept
together ln the o11 bath'aþ 50"0 t 0.1oC (pyrrole-Z-
carboxyllc aeid.) or 95.o t 0.loc (qulnollnlc ac1d.) for
three fireeks to ensure conplete d.ecarboxylaülon. The

sanrples were then taken out from the bath and. the reactlon
was chilled. ln watero The vacul¡n ll-ne r{as flamed- thoroughly
to ensure thaù there were no organic lmpurltles ln the
system' the sample (carbon d.ioxld-e) collectlng bulb was

attached. at T and. the reactlon vessel at u to the vaouum

llne keeplng the stopcock a closed.. îhe whole system

was evacuated- t111 a hlgh vacuum nas lnd.lcated by the
Ìvlcl,eod- gauge ' The stopcocks rï, v, vr, and. vrr were

then closed.' Bul-b p was rrnmersed. rn Iiquld- nltrogen bath
and. stopcock A was opened. keeplng the reactlon vessel ln
lce cooled- water' The reactlon mi-xture 

'ras 
sürrred_ by

means of a nagnetlc stlrre¡ for one hour" Assumlng that
all the carbon d.loxld.e had. been transferred. by ihls tlme
quantltatlvely lnto the bulb p, the stopcocks A and ïv

.:j:_f 
:_:
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erere closed., Bulb P was brought to the room temperature

a¡rd. then 1t was cooled- ln d.ry lce-acetone bath whereas

buLb O was lmmersed. ln methanol--liqu1d nltrogen bath.

After flfteen ,nlnutes, the stopcock V was opened., thereby

transferrlng the carbon d.loxld.e from bulb p to o. l,later

and. other hlgh bo1I1ng lmpurltles were trapped. ln bul-b

P. The carbon d.loxld.e collected. ln the bulb o was further
purLf1ed. by d.lstllIatlon under hlgh vacuum through the
burbs o and. N and. was eventually collected. ln the sa^np3-e

bulb lrnmersed- 1n llquld. nltrogen,

Sepples f or partlal.d.ecarbox¡r1atlons were
prepared. by d.lssolvlng 200 ng of the organlc acld. ln 100 ¡ol

of the buffered. solutlon. after evacuaülon, they r{ere

kept 1n ühe o11 bath for the length of tlne estlmated.

from the known rate constants to glve the d.eslred. percent
reactlon, and. then were üaken out. rhe extent of reacülon
was d-etermlned. spectrophotometrlcafly, and_ the carbon
d.loxld-e so prod-uced. v¡as purlfled. and. collected. as d-escrlbed.
above.

Mass-spectrometrrc analyses of trre 13co 
2/rzco,

ratlo were ca""led. out wlth an artas MAT ¡rass spectrometer
GD 150 wlth d.uar collectors" pr10r to each analysls,
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the sanples Írere scanned- and. no lnterferlng lnpurltles
rrrere found. to be present,

The lsotope effecü, 100 t þ - , ), wasor3
calcul-ated. (¿+) fron,the equatlon ¿r

k
#= roe ( r.*l)'r3 log(r-r"f )-E- t

o

where R* 1s the ratl o L3cor/"ro, when the fraction ofrt
acld- d-ecarboxylated. 1s f, and. Ro is the sane ratlo when

d.ecarboxyaa.flon ls couiplete,

(b)plcotlnlcacld

Slnce 1t was lntend.ed. tc measu¡e tfre C13-

klnetlc isotope effect for picollnlc aeld. ln aqueous

solutlon at l-sooc, the reactlon vessels used. for qulnorlnlc
qrrd- ¡:yrr ore-2-carboxyl-1c acrd.s woul,d- be requlred, to
wlthstand pressures ìrp to about 10 atrnospheres. rn thls
case, ernpoules of 50 nl capacltles wlth long narrow

necks and. ground. glass Jolnts were mad.e, For compreüe

decarboxyla.tlon, 30 ng of plcollnlc acld. r¡ras

. .]:
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d.lssoLved. ln 30 nl buffered. solutlon and. transferred¡- lnto

the arnpoule, The arnpoule was then attacheÖ to the hlgh

vacuum llne and. d.egassed. several tlmes ln the same way

as d.escrl'oed. before. the Ìlâ,rrow neck was then sealed.

off wlth a torch und.er vacuum. Four sampres T¡ere prepared.

ln thls manner, and. were praced. ln ühe o11 bath aþ 150.0 t
o;l-oc for one month to ensure complete d.ecarboxylatlon.

The samples were taken out from the bath and.

cooled. ln water. Each arnpoule was placed. lnto a long
üube B wlth a ground. glass Jolnü on the sld.e as shown ln
Flgure 32. a d-evlce c rras then attached. ùo B throueh the
slde arm so that the hook of c engaged. the neck of the
anpoule, and. the tube B was then attached. to the hlgh
vacuum 1lne aÈ, u. The whole system was evacuated t111
a hlgh vacuum was lnd.lcated by the Mcleod. gauge. I,Ilth
rrr of the hlgh vacuum Llne closed., c was then üurned.

--.360' and. the neck of ühe ampoule was thus broken, allowlng
the carbon d.loxld.e generaüed. from the d.ecarboxylatlon to
escape. From then on, the co1lectl0n and. purlflcatl0n of
carbon d.loxld.e was the sgme as d.escrlbed. before.

Samples for partlal
prepared. by d.lssolvlng 200 ng of

d.ecarboxylatlon were

plcoIlnlc ac1d. 1n l_00 nI



I FrcuRE 32

A devlce for.breaklng ampoule und.er hlgh vaeuum
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of the buffered. soLutlon, and- they .were transferred. to

arnpoules of lt25 mI- capacltles wlth long narroïr necks and.

ground. glass Jolnts, After belng evacuated and. vacuu¡l

" sea:Led., the¡¡ were kept ln the o11 bath at f50oC fo"
the caLculated. length of tlme, and. then were taken out.
The carb.on d.loxld-e so prod.uced. was collected. and. purlfled.
ln i;he sane way as the compiete d.ecarboxylatlon.

Mass-spectrometrlc anaryses and. calculøt!-ons
rrere carrled. out as prevlously,, d.escrlbed."
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VI. SÏIMMARY

The varlatlon ln rate of d.ecarbozylatlon wlth
varylng pE at constant 1on1c strength of 1,0 has been

measured. at 150 + O,loC wlth plcollnlc, 6-nethy1p1co11nLc

arrd. J-nltroplcollnlc acld.sr errd aþ 95 1 0,1oC'wlth
qulnollnlc acld.. The results show ühat both the zwltterlon
ar¡d. the anlon of these acld.s d.ecarboxylate. The rate of

d.ec.omposltlon of the zwltberlon ls aho:ut 2 to 3 tlmes
'':.

as great as that'of the anlon,

, The C.l3-carboxyl kinetlc lsotooe effects on the

d.ecarboxylatlon of plcol1n1c and. qulnollnlc acld.s have

been d.etermlned- 1n aqueous solutlons of lorr1c strength
1,0 at 150 J O.loC and. 95 ! 0.1oC respectlvely. For.

p1col1nlc acj.d-, the lsotope effect, 100( \Z/\l - 1 ),
ls found. to be 2.25% at pE 1.1J and 2.OB/" at pH 3,95t
whereas for qulnol1n1c acld-r the lsotope effect ls found.

to be 2.BI+% at pE 0; z.Tjfr at pH 2.6J and. Z.6m pH 3,95,

3. lhe flrst lonlzat1-on constant of qulnol1nlc

acld. ( Kù has been d.etermlned. spectrophoËonetrlcalJ-y

ln water at gsoC and- lonlc strength of 1,0. The value of

pKZ 1s found to be 1.90 t OlO3.

2.

l.': -'.1,Ì
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4. A mechåfi.lsm 1s proposed. for the d.ecarboxylatlon

of pyrld.1ne-carboxyllc acld.s 1n whlch both the zwltterlo4

and. the anlon lose carbon d.ioxld.e to prod.uce carbanlons

¡çh1ch then abstract protons from solvent' It,has been

sho'!^rn that thls mechanlsm can account for the varlatlon

of rates wlth varylng pE and. also tfie Cl3-carboxyl klnetlc

lsotope effects.

5. The rates of rl-ecarboxylatlon of pyrroLe-2-carboxyllc

acld. have been measured. at 50 + 0,IoC 1n aqueous solutlon

wlth va:r¡¡lng pE and. constant ilrrf" strength of 1,0n It
hostleensh.owntheüthepK.l-ofthjsae,1dtsnegat1.ve'

tfre Cl3-carboxyl klnetic lsotope effect on ühe d-ecarboxylatlon

of thls acld. has also been d.etermlned- 1n aqueous solutlons

of 1onlc strength 1.0 at 50oC. The lsotope effect f-s

fonnd- to be zero at pH 2.63 anô.2.8I% at pH -0.602.

. It ls conclud-ed. ühat the d-ecarboxylatlon mechanlsm of
*----pymole-2-carboxyllc ac1d. resembles that of -anthraiellie

acld. 1n whlch the anlon ls flrst protonated- at the alpha-

carbon and- then losés carbon d.loxld.e,
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