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THERMAL TRANSCARBOXYLATION REACTIONS.

.

THE STUDY OF CARBOXYL GROUP EXCHANGE IN THE COURSE

OF KETONE FORMATION

a.l unlabelled carhozyl sroups (Fi;.l) can be observed in the ketonic
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SUMMARY

The course of carboxyl group exchange in the thermal
decorposition of a mixzture of disodiwm adipate and pimelate has
been studied using Mo tabelled compounds: The exchange data
obtained from the residual acide and ketone formed point to two
different incorporaticn processes. This phenomenon can be well
interpreted by presuming the presence of a malonta type inter-

mediate formed in the decomposition process.
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Tubie 1.

Decouposition narvamecers of the starting salts

vecouposition Isothermal measurenents

Salts? Gewp. °¢ at 45000 for one hour
Initial DIG peak Conversion Cp/Ch2
of salt %
ANa 440 430 0 -
Pia 410 500 70 - ‘
ANa,, . 90 -
Pual1:1) 400 480 20 3.2

Ha: visccium acipate; PNa:uisodium
ate.

8 vureviations: Al
pinel

.
v

ECp/Ch: watio of cyclorentanone and cyclohexanone rorued

The excranze cata ol carboxyl grouprs (rfable 2) point to the
daiiierent Teatures c¢i two rTracticolly icentical transforiations.
I:is manifests itself i1a tne cifierent incorporation of the carvexyl
CSCUL arised 1Tow tlie other salt into vhe residual acids ana ketones
Jorned. Jne wata given im Yavie 2. for Ada do not satisfy the
couciticns oi tuhler’s umechanisa. Ln this case, coatrary to the data

for rua, tne eict

L& observed in ¢y clopenvanone was considerably

tien iu ¢ .e recovereu adiric acla i.e. the exchanre reaction
wess nut o, recvee thie Lomation ol setone. At the same tiwe it is

aico weovn® Ghat uncer sucn exericental conditions, no change of

e aivexr xetene for.ation can be

fo

TALICUCUIVIEY, 1.€. N0 wloli
ovserven in cynlonentanone. _nese considerations support the assunp-
sicn o owu cyelopenitanos s roruation anu carboxyl sroup exchanse

Lreseed TuOL L & conion invteracdiate.
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Excnanie dava of carboxyl _rouis

. . o . . . 102 4 o
Salt mixture? feump. Tiue Conversion Racioactivity (_QEEEE) xcaane=

wole ratio: o wine oi salt % 7o
1:1 s . - [P
Initial Resicue ketone L
acid acid  rorumeq ACic ketone
14 . - ) L
ANa-" 'C 430 S0 50 2%.00 22.52 J.81 4.2 23.4
PNa 40 0 745 1.22 54.8 21.2
ANa-T4c w30 %0 75 2%.00  22.30  10.10 1.7 2%.5
PNa 20 0] 5.00 0,57 o2z Je o
ANa 75 ¢} Q.4 1.8 2.3 ol WY
zia1%c 430 20 2 231 13.8  15.00 5541 1443
—rn a e o
Ada c 23 - 0 2.l 25eul - - -
PNa 370 60 0 9 G - _ -

& bbreviavions: Ala: acinic acic ciscdiam sul:,

riias Fi.elic acaid ciscaiwm sals.

b. .. e ) N : e . .
=~.!nese particulers give tie <xkbvent 0 eqguilrilfrid. arstro.utiui
in percentaje.

Dtnis comwon igtermsdlace satu.ia Conuein Loe car.oedyl o meur o
Pna, in a position tiatv allews cycler wngoiuene soruailun uy inces oUg-
tion of tle carooxyl sroun.

It seews rsasosatle (C ausuwe CUICT LA L telleLiute L3os.€
K-carvoxyiateu .FOGUCU O 4.3, Ziniiosl,, Sosoui,levien ol oo in
tne e&-rositicn .ay alzc oe cxyeccéc. SO SUEaURA G LOD e daend
tile stucy of the toeraal TIansic.o aLLons ST L wno=1 1 d =il e s Wiy La S
acid triscciwm salt (Ewa,, &.10 - cnsane=1,%, —rlc Lo, l.c aoow i

sccium selt (Flay.



Thermal Transcarboxylation Reactions 455

As 1s evident from laple 3. Eua and Pliia show different
decoupositions. In the decourosition oi Prila a well-defined second
cecourosition step can be observed wihica probably corresronds to
tie gecouposition of Pka rormed. The tiermal transiformation of
sia affords cyclopventanone as the maln proauct, while the same
reaction of Filia yields ¥Pia anu falls to produce cyclohexanone.
Jaus, the relatively sreat aifference of exchange data of ANa and
Pa (lable 2) can ve reaaily interpreted by the great difierence
or cyclisaticn ability of ENa and PI'ila observed in the thernal

transforuation jrocess oI these salts,

rable 3

wecoirosition uata of tricarboxylic acid salts

wECOMECSATION 1 o gt nermal measurements

teny.
Salvsd
Inicial w¥G reup. Jiune Conv. Products formed %
peas O¢  uin, % Adipic Pimelic Cyelo- Cyclo-
acid acid pentanone hexanone
Bia 400 465 430 60 100 trace - 60 -
FTia 3% 229 400 120 100 - 70 - 0

8. bbreviations: Bia: 2utane-1,1,4-tricarcoxylic acid trisodium salt;

rP¥a: rentane-1,,5-tricarboxylic acid trisodium salt

In orcer to verify radiocactivity incorporation into cyclo-
rentanone through Bla, butane-1,1,4-tricarboxylic acidk1-carboxy-140)
trisocium salt was preparea and transtormed into cyclopentanone
\#iz.3). Phe couplete aecomposition of this salt produces cyclo-

pentanone with 25% of the molar activity of the tricarboxylic acid.
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Fig. 3
The formation of sucn malonate type intermediates cannot ve
interpreted on the vasis of Kiihler! mecnanisua, out can be easily
deauced irou bthe mechanism \Ffiw., 4) propcsed by Neunnoefrer and

7

Paschke’. oK ~Carbanions umay ovviously, particiyate nct only in

w

stone
forrnation wut also in various jrocesses, viz.carboxylasion and nyd-

rogen splitcing reactions.

+ -—
R-CH,~COOL: —H_ 5 R-CH-COULe

=5 ~COUL
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R-Ch-COON
. . gt . l/O_
(RCH2/200 + 1-.2\:03 -— h-vHZ—C\OLI
Fig. 4

1he carpoxylation ;rocess ylelds ualonate tyre froducts (rid. 35

unstable at tae reaction teurerature (fatle »),

- +co‘2+m+ , GOl
%-CH-COOY, m——5——m R - CH
'-coa-r.:* N Con
Fiz. 5

anae are transicriwed into the starting sait alter qecur 0Uy-
lation ana subsecquent rotcn abstraction (Fig.6). In our interrreta-

tion the exchange of carboxyl groups tawxes rlace in the reaction of
o <.
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Fig. 2. - \
R=CH-~1"Co0M R-CH,~"*coon
——
-~ -
R=CH,-GOOM R-CH-COOM
Fig. 6

According; vo the concept discussed above the exchange reaction
rroceeds with participation of carbon dioxide. Consequently, an ex-
chanse between carboxyl groups and 14002 is to be expected. The ex-
merimental results collected in Table 4 show significant 14CO2 in-
corporation with a similar pattern observed for the exchange of car-
boxyl sroups (lable 2). ine results are in yood agreement with the
wechanism proposed abqve. At the same time, these observations point
to the practical iuportance of this exchange reaction in the field of
isotopic tracer technicues. A detailed study of the reaction is in
rro-ress in our laboratcries,

rable 4

Yoo . .
! CO, incorycration data

reaioaceivity Lxcnqngeg

. Seup. Jiue  Lonv. AU/ D ”

Yo min, 5 acic  kotone acia  «etone
Alva + H 440 o 7e U,711 2,720 20,8 43,0
1t -

+ M0, 450 50 85 0,300 1,360 23,4 73,6
rila + b 410 120 40 0,34% 0,101 18,8 5,9
+ 1960, 420 120 5y 1,380 0,150 40,4 8,8

2 Abbreviations are same as in Table 1.

2 Dhe composition of mixture: 10 mM salt, 2 mM 14002 (spec.act.
1.88 . 107 dpw/mi)

c

fhese rarticulars give the extent of equilibrium distribution
in percentage,
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BAX i Ial.. LAL

Sodium salts were rrepared by neutralisation of aaueous solu-
tion (or suspension) of che acius witi an eguivaleunt asount of ilaOH.
Tne solution was evaporated to cryness ana dried in vacuo at 200 ¢
for 2 hours. Purity of Jhe 3 roducts was checkeu vy lla analysis.

Adivic acid-1,6-1"C,, and pisclic acid~1,7- -G, were odtained

from tne resrective &, w -dibromo alkane and K140H by a uethoc

1

described by R.J.Speer ec al.1 Butane—1 ,1,4-tricarboxylic acid and

pentane—1,1,o>~-tricarboxylic acid were vrepared according to the rro-
12

cedure of L.C.Cheney et al.

Butane-1,1,4-tricarboxylic acid-1,1-carbogyl—140

1

lalonic acid — 1—1401 was prepered from ciloroacetic acid and
K140N Tollowing the nrocedure wescribed by L.il.gal et al.13 andé then
esterfied~14 The synthesis was Iurther carriea out by an arnalc-ous
uethod used ZoX tae radioinactive sample. Yield: 47 ;5 (bHased on qucl

m.p.: 139140 °C.

~ethoas Ior the study of carboxyl :zxcrange reactions

The reaction conditvions were cuacsen on tae uasis 01 derivatograr
recorded by a L0l tyre, riuey-raulik cerivato_rapin in N2 streal
(15 1/hr). Results are given in lables 1 and 3.

rhe decomrosition of calts was rericriew in a i.eval path ieruo:
tat, workin:; with 2% accuracy in the terterature van e apilica.

&4 . I 4., .
1 C + Plla anu Alia + PNa—1 C (wole ratic: 1:1, was

rhe nixture of ANa-
decouposed in nitrogen strean (5 1/hr;. lhe cyclorentanone and cyclo-
anexanone Iormed were coandensea in a tiap cooled to =830 °C, taen
analyzed and serarated by a sas carow.atograpa (CaRIU EXPa tyTe).
For racioactivity determinations, the pure coxronents were convertea

into the resrective semicarcazones, chen ;uriried by crystallizotion.



Thermal Transcarboxylation Reactions 459

Radioactivity was aetermined by a PACKARD IRI-CARB Liquid Scintilla-
tion Spectrometer.

The solic residue was dissolved in water and a neasured amount
of FNa and Ala was adaed to the aliquot part for the determination
of the conversion by the isotope ailuticn wethod. The aqueous solu-
tions were acidified with concd. HCl to pH 1, then evaporated to
dryness. The carboxylic acids were extracted from the soiid residue
with hot ethyl acetate. lne etnyl acetate solutions were evaporated
and the pimelic acld was extractea with hot benzene. On cooling, the
viunelic acid jreciiitated rrom the benzene solution was recrystallized
several times. ‘The acipic acid, which is not soluble in benzene, was
recrystallizec Ifrom concd.nitric acid. Purity of the sanmples thus ob-
tained was checked by n.p. and C-H analyses. Radiocactivity of the acid
samy les was deterained by a rethod iaentical with that applied for the
sericarbazon: samnles (fable 2.

The excnan,e reaction of carboxyl groups and 002 carried out
unéer 14002 yressure (about % atm.) was studied in the following way:
14002 (¢ ris) was aisctillec with liquid’nitrosen to the sodium salt in
a tuve. Tue.:ube was sealed, placed in a therrostat and kapt at an
aprrolriate .e..crature., Llhie systen was openeda and 14002 recovered
in the Lorm ox EaCOE. The ietone rorned was extracted with ether.
Fursner T Tccedures anu measurenents were carried out as described

abeve (fable 24,

xefcieices
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